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Aunnomayusn.  VccnenoBaHbl  OCHOBHBIE  COBPEMEHHBIE MHCTPYMEHTBI M METOJIUKH
SMUTCHETUYECKON, JTUETUYECKOM U OMOMHKPOOMOTHMYECKOW 3alllUThl 30POBOTO  CTapeHHS.
VICKyCcCTBEHHBIM ~ MHTEIJIEKT,  HEHpOCeTH  «MO3r—MUKpPOOMOTa»  IMO3BOJSIOT  YIPABIAThH
B3aMMOACUCTBUEM TI'€HETHYECKUX M DIUICHETHYECKMX IPOrpaMM CTApeHUs U  310POBOTO
nonronetusi. HoBast  ympaBmsgemass 310poBast OMOMHKpPOOMOTa W TEPCOHAIM3MPOBAHHOE
(byHKIMOHATIBHOE U COAIAHCHPOBAHHOE MUTAHUE «MO3Ta 1 MUKPOOHOTBD) — 3TO JTOJITOBPEMEHHAs
MEIUIUHCKasg MporpaMMa IalUeHTa, KOTopas I03BOJSET KOMOMHHUPOBAaHHOMY IPUMEHEHHUIO
MUTATEJIbHOM OSMUTCHEeTUKU U (PapMAIUIeHETHKH, a TJIABHOE  IPOBEICHHIO HPOQUIAKTUKU
noaunparmMasuu. MynasTUMOJANbHbBIE MHCTPYMEHTBI, OMOYMIIUPOBAHUE, HEHMPOHHBIE M MO3TOBbBIE
YUIbl, TEXHOJIOTUH CEKBEHUPOBAHUS CIIEAYIOLIET0 (HOBOIO) MOKOJEHHUS CO3Jal0T OMOMapKephl s
yTpaBJIeHUs] CTPYKTYPOH 3710pOBOM OMOMUKPOOHOTHI M (PYHKIIMOHAIBHOTO MMUTAHUS, B 3aBUCUMOCTH
OT JOCTUTraeMBIX LENEBbIX MoOKa3arened. (DyHKIUMOHAIBHBIA MPOAYKT IUTAHUA C IOMOIIBIO
OMOMapKepOB U TEXHOJOTHI NCKYCCTBEHHOI'O MHTEJIEKTa SIBJISIETCS LIEIEBOM MUTATENbHON cpenoit
KaKk JuIs OopraHu3Ma B L€JIOM, TaKk M i OMOMHUKPOOMOTHI B YAaCTHOCTH. XPOHOMEIUIIMHCKUE
TEXHOJIOTUM — 3TO MATE€MaTH4YeCKHE€ MOJEIU M HUCKYCCTBEHHBIH MHTEIIEKT, KOTOPBIC
MPECKa3bIBAIOT OMOJOTMUECKUI BO3pPACT uelloBEKa C MOMOIIbI0 JaHHBbIX MeTwinpoBanus JHK,
MoIu(UKallUM THUCTOHOB, peMojenupoBaHue HykieocoM u MUKpoPHK, u sBustorcss nambonee
TOYHBIMU OHOMapKepaMu Mpoliecca CTapeHus. ODNUTCHETHUYECKHEe MEXaHM3Mbl (METHIIMPOBAHUE
JHK, monudukamuu ructono, HKPHK) B3anMocBsi3anbl 1 00pa3yloT «3MUIE€HETHYECKYIO CEThY.
dakropsl 00pa3a >KU3HU U BO3JCHCTBUS OKpYXKaroIeil cpebl OCTaBIISAIOT SMUTEHETUYECKUE CIEbI
Ha Hamel /JIHK, xoTopsle BIMSAIOT Ha SKCIIPECCUIO T€HOB, HEKOTOPHIE U3 HUX OKa3bIBAIOT 3aLIUTHOE
neiicTBue, a Ipyrue — BpeaHoe. ['eHeTndeckue U aMureHeThyeckue (akTopbl oOecreunBaoiye
JIOJITOJIETUE M CBEPXAOJITOJIETHE, TPEOYyIOT OT YeloBeKa pa3yMHOIO0 HOBOTO B3aUMOJEHCTBHS C
NPUPOAOH U OOIIECTBOM,  OTBETCTBEHHOCTH 3a OyAyIIHe 370pPOBbIE TOKOJICHHUS.

Abstract. The main modern tools and techniques of epigenetic, dietary and biomicrobiotic
protection of healthy ageing have been studied. Artificial intelligence, brain-microbiota neural
networks allow to control interaction of genetic and epigenetic programs of ageing and healthy
longevity. The new managed healthy biomicrobiota and personalized functional and balanced
nutrition of ‘brain and microbiota’ is a long-term medical program of the patient, which allows the
combined application of nutritional epigenetics and pharmacepigenetics, and the main thing to carry
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out prevention of polypragmasia. Multimodal tools, biochyping, neural and brain chips, next-
generation (new) sequencing technologies create biomarkers to manage the structure of healthy
biomicrobiota and functional nutrition, depending on the targets achieved. A functional food
product using biomarkers and artificial intelligence technologies is a target breeding ground for
both the body in general and biomicrobiota in particular. Chronomedical technologies are
mathematical models and artificial intelligence that predict human biological age using DNA
methylation data, histone modifications, nucleosome remodeling, and microRNA, and are the most
accurate biomarkers of the aging process. Epigenetic mechanisms (DNA methylation, histone
modifications, ncRNAS) are interconnected and form an ‘epigenetic network’. Lifestyle factors and
environmental exposures leave epigenetic marks on our DNA that impact gene expression; some
have protective effects while others are harmful. Genetic and epigenetic factors that ensure
longevity and super-longevity require a reasonable new human interaction with nature and society,
and responsibility for future healthy generations.

Knrouesvie cnosa: HOBas SNUTI€HETUKA, HOBas YyIpaBisgeMas 3710poBas OMOMUKpPOOMOTa,
BO3PACTHBIE 3a00JIeBaHNUs, BOCTIAJICHHE, OMOMapKephl, SITUTCHETUIECKUE Yachl, STUTEHETUYECKast U
JMeTHYecKas 3alluTa, T0JIroJIeTHE.

Keywords: new epigenetics, new manageable healthy biomicrobiota, age-related diseases,
inflammaging, biomarkers, epigenetic clocks, epigenetic and dietary protection, longevity.

Llenbto uccnenoBaHusl SBISETCS YCTAaHOBUTh OCHOBHBIE COBPEMEHHBIE WHCTPYMEHTBI U
METOIUKH SUTCHETUYECKOM, TUETUICCKON 1 OMOMUKPOOMOTHYECKOH 3aIIUTHI 3J0POBOTO CTAPEHUS
U J0JITOJIETHSI YEJIOBEKa Pa3yMHOTO.

B HacTosmem wucciaenoBaHMM  ObUIM  PAacCMOTPEHBI  CIEAYIOUIME SIUI€HETHYECKHeE,
MHUKPOOMOTHUYECKUE U AUETUYECKHUE MPOOJIEMBI:

I'epoHTONOrMYECKHE W TEpPHATPUYECKHE MYIBTUMOJAIBHBIE METOAWKH WM HHCTPYMEHTHI
3aIMTHOTO COMPOBOXKACHUS nonronetus Homo sapiens.

VcKyccTBEHHBIN MHTEIUIEKT M HEHPOCETH «MO3T—MHUKPOOHOTa» SBISIOTCS U MHCTPYMEHTOM
SMUICHETUYECKOTO PETYINPOBaHMs (PYHKIIMOHAIBHOTO MaKpOOMOTHYECKOTO MUTAHUS «MO3ra—Tena
(opranuzmMa)—MHUKpPOOHOTHD.

CoBpeMeHHasl SIUTeHEeTHYeCKass, MUKpOOMOTHYECKas U JUeTHYecKkas 3amuTa H. sapiens u
Mo3r H. sapiens, ¢ momompto co3nanusi (KyJbTHBUPOBaHHS) HOBOH  HEPCOHU(PHIMPOBAHHOM
3JI0POBOM OMOMHKPOOUOTHI.

CoBpeMEHHOE U CBOEBPEMEHHOE BHEAPEHUE HMUTCHETHYECKUX IIOCTYJIATOB IMHUTAHUS OT
«310poBOE MUTAHUE MaTepu — JIydllee Hayalo >KU3HW» N0 «370pOBO€ NMUTAHHWE YEIOBEKa —
o0ecreyeHHOe 3/10pOBO€ CTapeHue» MO3BOIUT APPEKTUBHOM peanu3alnuu mporpamMmm J0JIroIeTHs U
cBepxaonronerus H. sapiens u mosra H. sapiens.

OnureHeTvka IMpeanonaraer Oojiee HIMPOKOE MPEACTaBICHHE O pa3BUTUU OpraHu3Ma u
(YHKIIMOHUPOBAHUU T€HOMAa M PacCMaTpUBaeT I€Hbl U OKPYXKAIOIIYI0 Cpedy KOMIUJIEKCHO, KaK JBE
HEpPa3pbIBHO (YHKIMOHUPYIOIINE CHUCTEMBbl, U OOBSICHSAET Takue OUOJOTHMYECKUe SIBJICHMS, Kak
IUTACTUYHOCTD PAa3BUTHS M 00pa30BaHNE MHOXKECTBA (DEHOTUIIOB HA OCHOBE OJHOT'O F€HOTHIIA.

OnUreHeTHYeCKue MEXaHU3Mbl 33/ICHCTBOBAHBI OT BHYTPUYTPOOHOTO pa3BUTHS PEOCHKA 0
cTapeHusi B Oosiee mo3aHeM Bo3pacTe. DYHKIMOHAJIbHBIE MPOMYKTHl MUTAHHUS U HMX IEJIEBbIE
MUIIEBbIE KOMIIOHEHTHl MOTYT BBI3BIBaTh 3alUTHBIE SMUT€HETHUYECKHE MOIU(PUKAIMM Ha
MPOTSDKEHUH BCEH KHU3HM, IPUYEM MHUTAHUE HA PAaHHMX dTarax >KU3HU 0COOCHHO BaxxHO. [Tomumo
TeHEeTUKH, OOlIee COCTOSHUE 370POBbS MHAWBHIyyMa MOKHO pPAacCMaTpuUBaTh KaK HHTETPAIUIO
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MHOTHMX 3KOJOTMYECKUX CHIHAJIOB, HAUMHAIOIIMXCSA B MEPHOA OEpEMEHHOCTH U JEUCTBYIOLIMX Ha
MPOTSDKEHUHN )KU3HECSITEIbHOCTH Yepe3 AMUTeHETHIECKUE MOAU(UKAITUH.

MuKpo— ¥ MaKpOHYTPHEHTHl (PYHKIMOHAIBHBIX MPOAYKTOB IHUTAaHHS B COYETAHUU C
bpyKTamMM M OBOIIAMU MOTYT OKa3blBaThb cxojaHoe BozieictBue Ha JIHK ¢ snurenermueckumum
npenaparamy. boree niyOokoe MOHMMaHHE SMUICHETHYECKUX S(PPEKTOB M CUTHAJIBHBIX IyTEH,
aKTHUBHPYEMBIX (DYHKIIMOHAJIBHBIMU THIIEBBIMH KOMIIOHEHTAMH, OKa3bIBaeT IOTCHLIUAIBHYIO
[IOJIb3Y ITUTATENIbHBIX BEUIECTB, JJI1 HAIIEro 340POBbS U CHUKCHHUS BOCIPUMMYMBOCTU K BO3pacT—
acCOILIMMPOBAHHBIM  3a00JICBaHUSAM. [IntarenpHas (pyHKIIMOHAIBHO—COaTaHCUPOBAaHHAs )
SIUTCHETHKA MOXKET COUETaThCsl C JIEKAPCTBEHHBIMU CPEACTBAMM ISl CHHEPIUYECKOTO BO3IEHCTBUSA
B LIEJIAX JIGUCHUS WIN MPOQUIAKTUKY U OBITh aJanTHpOBaHa JJsi OEpeMEHHBIX JKCHIIUH C LEJbI0
CHIDKCHHS OpeMEHH XPOHHYECKUX 3a00JIeBaHUI y TOTOMCTBAa MOCPEIACTBOM «IMUTCHETHUYECKH
300poBOM» ueThl. Kak B pa3BUTHIX, TAK M B Pa3BUBAIOLIMXCS CTpaHAaX ONTHUMM3aLUs palloOHa
IUTaHUS Marepei SIBIAETCS CIOKHOM IMpoOiaeMoil 0OLIEeCTBEHHOro 3apaBooXpaHeHus. bymymas
pabora B 007acTH TUTAaHUS W OHUTCHETUKA MOXKET MPHHECTH 3HAYUTEIBHYIO MOJb3Y
OOIIECTBEHHOMY 3[paBOOXPAHEHUIO, a NEPCOHAIM3MPOBAHHOE IUTAHHE MOXET CTaTh YacTbiO
MEAMIMHCKOM MporpaMMbl NallMeHTa.

Monudukanuun ~ MeTaOOIMYEeCKOW  AKCIIPECCMM  T€HOB  BKIIIOYAIOT — KPAaTKOCPOUHOE
METHJIMPOBAaHUE THCTOHOB, alleTWIMpOBaHHUE, hocPopuInpoBaHUe, YOUKBUTHHUPOBaHUE U Oosee
nonrocpounsiil caiieHcuHr JIHK kak pesynsrar metunupoBanus JTHK.

CoBpeMeHHasi SNHUICHETHYECKas 3ammra Mo3ra H. Sapiens mo3BoyiseT C  IMOMOIIBIO
TEHETUYECKUX M DIUTCHETUYECKUX IIPOrpaMM CTAPEHUs YIPABIATH 3I0POBBIM JOJTOJIETHEM,
IIOCPEACTBOM MYJIBTUMOJAJIBHBIX HHCTPYMEHTOB:

—KOMOWHUPOBAHHOTO W THOPHIHOTO MH(POPMAIIMOHHOTO KJacTepa B TUArHOCTUKE, JICUCHUH,
npoUIAKTUKE U PEa0MIINTAIINY KOTHUTUBHBIX HAPYIICHUH U KOTHUTHBHBIX PACCTPOMCTB;

—pEeryisiiuM 3MUTCHETUYECKUX YacOB I10J KOHTPOJEM HCKYCCTBEHHOI'O HMHTEIUIEKTa s
paHHel TUAarHOCTHKH, JICYCHHs 1 NPO(UIAKTHKY 37I0pOoBOro ctapenust Homo sapiens;

—AIUTCHETUYECKOIO PETYJIUPOBAHUSA CEPACYHO—COCYAUCTOrO CTAapeHUs I 3aMeIJICHUs
Pa3BUTHS COCYANCTON JEMEHITMU U 00JIe3HH AJblreimMepa;

—MpOoQUIAKTUKN MOJMIpParMa3uu 4Yepe3 KOMOMHMPOBAHHOE IPUMEHEHUE MUTATeIbHON
SMUICHETUKU U (PapMIITUTEHETUKH;

—HYTPUT€HETUKHA U HYTPUT€HOMHUKH — MEPCOHAIMU3UPOBAHHOIO (PYHKIIMOHAIBHOTO MUTAHUS
«MO3Ta 1 MUKPOOHOTBI» — MEIUIUHCKON IPOrpaMMBbl MallMEHTA;

—OMOYMIMPOBAHUS,, HEWPOHHBIX M MO3IOBBIX YHIIOB, TEXHOJOTHMH CEKBEHMPOBAHUS
CJIE/IIOIIErO (HOBOTO) MOKOJIEHUS [l CO3/IaHMsI HH(OPMATUBHBIX OMOMapKepOB;

—HOBOM 3nurenetrku H. sapiens u mo3ra H. sapiens [1-2].

KonnyectBo BuioB OakTepuil MUIIEBapUTENBHOIO TpakTa yenoBeka jgocturaer or 10 Teic
mramMMoB — 110 50 Teic. KonnuecTBeHHOE coneprkaHue 3THX OakTepuii HaXOIUTCS B Mpenesiax COTeH
TPUJUTMOHOB, a C BUPYCaMH — IIPEBBIIIAECT KBaJPHUIUTMOH. KOoIM4YecTBO FEHOB B XpOMOCOMAX YeJIOBEKa
nocturaer 25000; mMukporeHom BKirodaeT A0 5—10 muH reHoB. BoccraHopneHue (3ameHa) Bcex
AYKapHOTHUYECKUX KJIETOK Y YeloBeka TpeOyeT He MeHee 20—25 jeT, 3a 3T0 BpeMsl BCE CUMOMOTHYECKHE
MHUKPOOPraHM3Mbl MEHSIIOTCS HE MEHEE IATU-IIECTH pa3, YTO CBUIETEIBLCTBYET O BBICOKOM
aJlaNTallMOHHOM CHOCOOHOCTH uenoBeyeckoro Hajgopranmsma. bonee 80% sSHeprum yenoBeka
CHHTE3UpYyeTcs B MUTOXOHAPHSIX, 20% sSHepreTuyeckoro oOecredeHusl 4esloBeKa IMPUXOIUTCS Ha
MHUKPOOPraHW3Mbl KHILIEYHHKA. YCTaHOBIEHO, 4To 90% sHepruu i KIETOK MHUIIEBAPUTETHLHOIO
TpaKTa MPOW3BOAUTCSA KHUILEYHBIMU OakTepusiMd. VIMEHHO MUKPOOPraHU3MbI SIBISIFOTCS KITHOYEBBIM
3BEHOM, CTapTepaMH BO3HHKHOBEHMS, a 3aT€M HBOJIIOIMU M Pa3HOOOpa3usi OMOJOTMYECKOW KHU3HH,
BKJIFOYAsl YEJIOBEKAa, HA Halel ruiaHere. MOJEKyJISIpHBIMM, KJIETOYHBIMM M CPEAOBBIMH  OCHOBaMH
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37I0pPOBbSI U JAOJITOJIETHUS SIBJISIFOTCS METareHOM M STIIMTEHOM YeJIOBeKa U MOIHOLUEHHOCTh UX pealn3aliu
B KOHKPETHBIX YCIIOBUSIX €r0 KH3HEAeATeIbHOCTH [3—6].

HeiiponereneparuBHueie M BO3pacT — aCCOLMUPOBAHHBIE XPOHUYECKHE 3a00JI€BaHUs, MpPU
KOTOPBIX UMEIOT MECTO TaKHe MaTo(pU3UOJOTHUECKUE MPOSBICHUS KaK HECTaOUIbHOCTh T'€HOMA U
SIUT€HOMA, OKHMCIUTENIbHBIM CTpecc, XPOHUYECKOE BOCHAJIEHHWE, YKOPOYEHHE TelloMep, yTpara
MPOTEOCTa3UCa, MUTOXOHApUAIbHbBIE TUCPYHKINHU, KJICTOYHOE CTapeHHe, UCTOUICHHE CTBOJOBBIX
KJIETOK W HapylIeHHEe MEXKJICTOYHOH KOMMYHHUKAIIUM TPEUMYIIECTBEHHO HHHUIIUHPYIOTCS
HecOalaHCHPOBAaHHBIM MUTAHUEM U IUCOANTaHCOM CUMOMOTUYECKON KUIIEUHOW MUKPOOUOTHI.

C Bo3pactoM 3(p¢EeKTUBHOCTh pabOThl CHUCTEMbl AKTHBHBIC paUKaJbl/aHTUOKCHIAHTHAS
3alIMTa CHIKAETCSA, YTO MPUBOAMT K HAPYIICHUIO pabOTHl JBIXAaTENbHOW IIeNH TepeHoca
ANIEKTPOHOB M YMEHBIICHUIO oOpa3oBanus AT®. YBenudeHne oOpa3oBaHUS aKTUBHBIX PaJHKAIIOB
KHCIIOpOJa U JIUIUJOB B MUTOXOHJPUSIX COMPOBOXKIAETCS MOBPEkKACHUEM (PYHKUUN MOCIECIHUX U
MIPUBOAMT K MPEXKIEBPEMEHHON THOEIH KIIETOYHBIX CTPYKTYP U KJIETOK. Jl0NroIeTHIo cCrioco0CTByeT
MOBBIIIICHHAS AKTHMBHOCTh psifia OEIKOB, CBS3aHHBIX C AHTUOKCUAAHTHOH 3amurtoir (Mn-SOD;
Cu/Zn, SOD; mMuToXOHApHaibHas Karaja3a). AKTUBHbBIC PaJMKalbl yCUIMBAIOT NpoiardepaTHBHbIC
MIPOIIECCHl U BEDKMBAEMOCTh KIIETOK B OTBET Ha (PM3UOJIOTUYECKUE CTPECCH U CUTHAJIBI, aKTHBHUPYS
KOMITEHCATOPHbIE TOMEOCTaTHUECKUE OTBEThI [7—11].

B pe3ynbrare mNUIIEBAPUTENBHON JEATEIBHOCTH KHIIEYHOH MHKPOOUOTHI 00paszyeTcs
OTPOMHOE KOJMYECTBO Pa3HOOOpa3HbIX HU3KOMOJIEKYJSPHBIX COEIMHEHUI, B TOM 4YHUCIE U
00JalaroIuX HEWPOrOPMOHAIBHOW aKTUBHOCTHIO [8, 11-14].

[Tonnmanue MexaHU3MOB (PYHKIIMOHHUPOBAHUS T€HOMA, SIIUT€HOMA, UX B3aUMOOTHOIIECHUHN C
(dakTopaMu cpeapl MOBBINIAET TOYHOCTh JMArHOCTUKM 3a00JieBaHUM, MO3BOJSIET pa3pabaThiBaTh
NepCOHN(UITMPOBAHHBIE JTUETHl W BBUIBISATH CpPEOU M3BECTHBIX WM BHOBb CO3MaHHBIX
JICKAPCTBEHHBIX CPEJICTB T€, KOTOPBIC MMEIOT SITUTCHOMHYIO HallpaBlIeHHOCTH [15].

OcHOBHOE  BHUMaHHE [UIsl  peaju3alii  3TOr0  MOAXOAa  YACNSeTCsl  CO3IaHHUI0
NepCOHU(PUIIMPOBAHHBIX MUIIEBBIX PAIIMOHOB Il POAUTENEH (IIPeXKIe BCEro KEHIIUH B IETOPOTHOM
BO3pacTe) M JeTeil BO BCE MEPUOAbl MX MKU3HU IIOCIE POXKIEHHS, a TaKKe COXPAHEHUIO U
BOCCTAHOBJICHUIO KHUIIIEYHON MUKpPOOHOW 3KOJIIOTMHU OyIyluX Mmarepeid, OepeMeHHBIX U KOPMSIIIUX
KEHIIUH. bosblioe 3HaueHNe UMeeT MoAJepKaHNe Ha HY)KHOM YPOBHE BCEX ITAIllOB CTAHOBJIECHUS U
CYKLIECCUM MHUKPOOMOTBHI KHIIEUHMKa Oydyllero dvesjoBeka. bonee mmpokoe mNpuUMEHEHHe s
ONTHMHU3AIMH THILIEBBIX PAIIOHOB HACEICHUS HAaXOAAT (YHKIMOHAJIBHBIE TPOAYKTHl IHTAHHSA,
MO3BOJISIIOIIME IIEJICHANPABIEHHO KOHCTPYUPOBAaTh NHILEBbIE PAIMOHBl C YY€TOM 3THUYECKOU
NPUHAUIEKHOCTU TOTpeOuTeNnel, UX BO3pacTa, MpodeccHH, SKOJIOTHUECKUX M TeorpapryuecKux
0COOEHHOCTEH pernoHOB UX mpoxkuBanus [16].

Takue mpomykThl, NpeAHA3HAYEHBl JUISI CUCTEMAaTH4eCKOro (peryispHoOro) ymorpeOieHus B
cocTaBe OOBIYHBIX NUILEBBIX PAlMOHOB BCEMHU TPYIIAMH 3/I0POBOTO HACEJIEHUS, COXPAHSIOIINE U
YIIyUIIAOIINE COCTOSIHUE UX 37I0POBbs M CHUKAIOIINE PUCK aTMMEHTapHBIX 3a001eBaHui, Onaronaps
HAJIMYUIO B COCTaBe MOJOOHBIX MPOIYKTOB (DYHKIIMOHAIBHBIX HYTPHEHTOB, CIOCOOHBIX OKa3bIBaTh
OonmaronpusATHbIN 3hdekT Ha Pusnonornyeckue GyHKIUN, METa0OINYECKUe W/UIU TIOBEICHYECKUE
peakiu opraHu3mMa 4yeioBeka [16].

B kareropuio (yHKIIMOHAJIBHBIX MPOIYKTOB OTHOCAT IMPOIYKTBI, €CTECTBEHHO COIEpXKAIHe
TpebyeMble KoM4ecTBa (PyHKIMOHAIBHOTO MHIPEIUEHTA WIK TPYNIbI UX; HATypallbHbIE MPOIYKTHI,
JOTIOTHUTEIIBHO OOOTalIeHHbIe KaKUM-TH00 (YHKIIMOHATBHBIM WHTPEIMEHTOM WIIM TPYNIOH WX;
HaTypajbHBIE TIPOAYKTHI, W3 KOTOPHIX yHAJleH KOMIIOHEHT, TPEISTCTBYIONHMH TPOSBICHHUIO
(HU3MONIOTMYECKOM  aKTUBHOCTM — NPUCYTCTBYIOUIMX B  HUX  (DYHKIMOHATBHBIX  MHIPEUEHTOB;
HaTypalbHble TMPOAYKThl, B KOTOPBIX HCXOQHBIC IOTEHIMAIbHbIE (YHKIMOHAJIbHBIE WHIPEAUECHTHI
MOIM(UIMPOBAHBl TaKKMM OOpa3oM, YTO OHM HAYMHAIOT TIPOSIBISITH CBOIO OWOJIOTMYECKH AKTHBHYIO
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(MBHONIOTNYECKYI0 aKTUBHOCTD MIJIM 3Ta aKTHBHOCTh YCHJIMBACTCS;, HATYPAJIbHBIC TIUIIIEBIC MPOIYKTHI, B
KOTOPBIX B PE3YJIBTATE TEX WM HHBIX MOAU(UKAIINN OHOYCBOSEMOCTb BXOMISIINX B HUX (PYHKIIMOHATBHBIX
MHTPEIMCHTOB  YBEIIMYMBACTCS; HATYPAIbHBIC WIIM MCKYCCTBEHHBIC MPOIYKTHI, KOTOPIE B PE3yJIbTATe
NPUMCHEHUSI KOMOWHAIMKM BBIIICYKA3aHHBIX TEXHOJIOTUYECKUX IPUEMOB, MPHOOPETAIOT CIHOCOOHOCTH
COXpaHITh W YAydllarh (U3MYECKOE M TICHXMYECKOE 3[0pOBbC YENIOBEKA W/WJIM CHIDKATh PHCK
BO3HUKHOBEHHMS 3a00mneBanuii [17-18].

Kuriednas MEKpOOHOTa UTpaeT KU3HEHHO BAXHYIO POJIb B Pa3IMYHBIX ACIEKTaX 3J0POBBS
4yenoBeka. MHOTOUUCIICHHBIC HWCCIICOBAHUS CBS3allM W3MEHECHUST B MHUKPOOHOTE KHIICYHHUKA C
pa3sBUTHEM pPa3MYHBIX 3a00j1eBaHni. Cpe OrpoOMHOTO OaKTEpHALHOTO COOOIIECTBA KUIIEUHUKA
OudumodakTepun — 3TO PO, KOTOPBIH JTOMHUHHUPYET B KHUIIEYHHKE 3J0POBBIX TPYIAHBIX JCTEH,
TOTJa KaKk B 3pEJIOM BO3PACTEe YPOBHHU HIDKE, HO OTHOCHUTEIBHO CTAOWIBbHBL. Hanmuume pa3iudHbIX
BHJI0B OuduaodakTepuii U3MEHSAETCS C BO3PAacTOM, OT ACTCTBA J0 NIyOoKo# crapocTtu (Pucynok 1).
Bifidobacterium longum, B. breve u B. bifidum kax mpaBuiio, JOMHHHPYIOT Y HOBOPOXKIECHHBIX,
torga kak B. catenulatum, B. adolescentis u, a Taxke B. longum onu Gonee pacnpocTpaHeHbI y
B3pocibix [19].

@ Bifidobacteria

| Other ~60-70% ~30 -40% ~10% ~0-5%

b8 ERE
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bifidobacteria Early life Adulthood
s, Old age
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i Obesity/ ™
NEC . \ Diabetes Cancer
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Pucynok 1. Ilpu poxxaeHun ypoBeHb OnpumodakTepuil HAXOAWTCS HA CaMOM BBICOKOM ypoBHeE. B
CIIy4asiX €CTECTBEHHOTO JIETOPOKACHHUS ATO YUCIIO Hanboiee BENUKO npu poxkaeHnu [19].

VY6enutenbHble OKa3aTeNIbCTBA YKa3bIBAIOT HA HAJMYME OKHA BO3MOXXHOCTEW B paHHEH
KHM3HH, BO BpeMs KOTOPOTO M3MEHEHHs B KUIIEYHOH MUKpPOOHOMN KOJIOHM3AllMU MOTYT MPHUBECTU K
MMMYHHOH JHCPETYyJsUH, KOTOpas MNpeapacrojiaraeT BOCIPUUMYMBBIX X035I€B K 3a00JIEBaHUIO.
XOTsl SKOJIOTUYECKHE 3aKOHOMEPHOCTH MHUKPOOHOM CYKIIECCMM B NEpPBBIA IO KU3HU ObUIN
YaCTUYHO OIPENEICHbl B  KOHKPETHBIX 4YEJIOBEYECKMX Ipynnax, TaKCOHOMUYECKHE U
(GyHKLIMOHAJIbHBIE OCOOCHHOCTH, a TakKe IOpOTrd pa3HOoOOpasus, XapaKTepU3yIOIUe 3TH
MUKpPOOHbIE U3MEHEHHUSI, IO OOJIbIIEH YacTH HEW3BECTHBI. YCTAHOBJIEHBI, HAUOOJIEEe BaXKHbIE CBS3U
MEX/1y BPEMEHHOM MO3auKOW MHUKPOOHOW KOJIOHM3AlUU KHUIIEYHHKA W 3aBUCSIIMMU OT BO3pacTa
UMMYHHBIMH ~ (DYHKIMSIMHM, KOTOpblE 3aBUCAT OT HHUX. B3aumopelcTBHE MEXIy CIIOXKHOU
9KOCHCTEMOM M HMMMYHHOM CHCTEMOM XO35IMHA BEAET K IMOHMMAHUIO Ba)KHOCTH TEMIIOPAJIbHO
CTPYKTYPHUPOBAaHHBIX CTPYKTYp Pa3HO0Opa3us, KIIOUEBBIX IPYII U MEXKIAPCTBEHHBIX MHUKPOOHBIX
B3aMMOACUCTBUNA ISl AKOCHUCTEMHBIX (YHKIMI HMeeT OONbLIOW MOTEHIMAN JUis pa3paboTKu
OMONIOrMYecKd OOOCHOBAHHBIX MEPONPUSTHH, HamNpaBleHHbIX HA TMOUIEp)KaHHE WM YIydllIeHue
Pa3BUTH UMMYHHOM CUCTEMBI 1 TIPEYTIPEXKICHUE 3a00I€BaHUH.
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B xoHeuHOM cuere, BBISBICHHE KPUTHUECKUX COOBITHI 1 ()aKTOPOB, BIMSIONINX HA YCTOWYUBOCTh U
(YHKIIMOHHPOBAaHWE MUKPOOMOMA, MO3BOJIUT pa3zpaboTars 3(h(eKTUBHbIE MEPONPUATHS, HANpaBICHHbIC
Ha TO/UICpYKaHWE W/WIM YIydllleHHe pa3BUTUSI MMMYHHOM CHCTEMbl M TNPOMUIAKTHKY 3a00JICBaHHMA.
BeinosHeH orpoMHbIi 00beM paboThl, YTOOBI MOHATH 3aBUCUMOCTH IMMYHHOM CUCTEMBI OT MUKpOOHOMa
KUIIIEYHHUKA peOeHKa, MHOTOE €Ile MPECTOMT BBISICHUTH O KOHKPETHBIX MEXaHU3MaX, OTBETCTBEHHBIX 32
5Ty moarotoBky (PucyHok 2). VYiydmieHue Hamiero mnoHuMMaHus OyleT NPOUCXOAUTh B pe3yJbrare
NPONODKEHUST  MEKIMCUMIUIMHAPHBIX ~ COBMECTHBIX ~ YCWJIMA ~ MMMYHOJIOTOB,  MHKpPOOHOJIOTOB,
KJIMHULMCTOB, OMOMH(OPMATHKOB H 3K0J10r0B [20].

Bacteria Fungi
@ Enterobacteriaceae A Malassezia
@ Bifidobacterium A Rhodotorula
@ Bacteroides A cCandida
@ Clostridium A Unknown
@ Lactobacillus
@ Vveillonella

Lachnospira
© Roseburia .

P>

..oo-

P >

.O.o-.
»

°

. (o]
@ a @ A
S we o _&°
Birth 1 month 3 months 6 months

Bacterial alpha-diversity

—mfrrfﬂfm//////////I/”///// G ////
-

Funga a pha diversity

Pucynok 2. Haumbomee pacmpocTtpaHeHbl OakTepuaibHble (KpyTrH) W TPHUOKOBBIE (TPEyroIbHUKH)
TaKCOHBI B TCYCHHUE MEPBBIX 6 MECAIEB KU3HM YeJoBeKa. Pa3mep Kpyra IponopuoHaIeH OTHOCHTEIBHOMY
o6uTHIo bakTepuanbHBIX TakcoHOB [20].

Kumeynass MukpoOHOTa — 3TO JMHAMMYHAs CHCTEMaA, KOTOpas €KEIHEBHO IEpECTpauBaeTCs B
COOTBETCTBHU C ITUILIEBBIM PALIMOHOM.

Mukpobruora MIaJEHIIEB M B3pPOCIBIX HMEET Ba)XKHOE 3HA4YE€HUE Ui (PU3HOIOTMYECKHX
MeTa0OJIMYECKUX MPOLECCOB (MHUIIEBAPEHUsI) U JOKHA OBbITh CHocoOHa cHaOXaTh XO3iMHA
METa00IMUYECKUMH TpPEAIIECTBEHHUKAaMHU, OWOJIOTMYECKH aKTUBHBIMH MOJIEKYIaMH, KOTOpbIE HE
MPUCYTCTBYIOT B OCHOBHOM B palMOHE W HE MPOM3BOAATCA camMuM Xo3siuHOoM (Pucynok 3).
[TornomieHre MUTATENbHBIX BEIIECTB MPOUCXOAUT HAa YPOBHE KHIIEYHOTo Oapbepa, OOLIMpHON
TIOBEPXHOCTH dMUTENHs okolo 400 M? MojJepKUBaeTCA 3a CUeT MIOTHOTO COETMHEHHS MEKIY
squeiikaMu. 3710poBas MHMKPOOMOTa KHUIIEYHHKA MOXKET MOJYJIUpPOBaTh MeETab0NIM3M XO3HMHA
ANUTE€HETHYECKON perynupoBkod. CrenoBarenbHO, M3MEHEHHBI COCTaB MHUKpPOOHUOTHI Oyaer
MoJ1aBaTh a0EPPaHTHBIN CUTHAN KJIETKaM-X0351€BaM, YTO MPHUBEIET K HapyIICHHIO 0OMEHa BEIeCTB
[21]. B Hacrosimiee Bpemsi, MajlO YTO HM3BECTHO 00 OTHAJICHHOM BIHMSHHM ITUX OakTepuil Ha
9YKapHOTHUYECKYI0 SIMICHETHYECKYI0 peryasanuio. B mocnegnee Bpems nuddepeHIuanbHoe
metumnupoBanne JJHK u koBasneHTHas Monudukanusi TMCTOHOB, PETYIHUPYIOMIUX TPAHCKPHUIILUIO
TeHOB, OBUIM CBSI3aHBI C NMUTAaHHEM. BbUTO MOKa3aHO, YTO KaK HEAOCTAaTOYHOE, TaK U M30BITOYHOE
NUTaHWE BO BpeMsl OEPEMEHHOCTH W/WIM JaKTalluh HMHIYLUUPYIOT YCTOWYMBBIE MOAM(PHUKALNN
MIOTOMCTBA Yepe3 MPOrpaMMUPOBAaHUSl T€HETUUECKOro HacienoBaHus. CBs3b MEXIYy MUKPOOHOTOM
1 3MUTeHETUYECKUMU MOAU(PUKAIMAMHI JOHKHA ObITh JOTIOJIHUTENBHO HCCieloBaHa. DIUreHeTHKa
NpOSIBIIIET ~ YHACJEJOBAaHHBIE  XAapaKTEPUCTUKM  (TaK  Ha3bIBaeMOE  «3IUTECHETHYECKOe
IPOrpaMMUPOBAaHUE»), UMEHHO KJIETOYHOE MHUKPOOKpYKeHHe (OaKkTepuasibHble MOBEPXHOCTHBIE
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AHTUTEHbl U CEKpeTHpyeMble O€NKM, HU3KOMOJCKYISIpHbIE COCOUHEHUs U3 OakTepuil u
OMOJIOTUYECKH aKTHBHBIE MOJEKYIBI, MOCTyMAIOMINE Yyepe3 AUETy U oOpalaTbiBacMble KUIIEYHOM
MHUKpPOOHOTOI) OCTaeTCs HBM3MEHHBIM OT OJTHOTO TIOKOJICHHSI K Apyromy [21].

Mother microbiota Offspring gut microbiota
Offspring
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Maternal mitk
microbiota

skin
microbiota

Molecular
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bacteria
and cells

Fetat'gut
crobiota Genetic programming

Early nutrition
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Directbacteria-cell
interaction
Bystander effect
Bacterial soluble

Epigenetic regulation factors
of gene expression

Patients with Normal microbiome DNA methylation
. . . T pﬁthogen Histone acetylation
infectious diseases Non-coding miRNA
Impaired metabolism /|! ¢ o\
/) ‘ |‘ ‘ ! / }
Patients with chronic /lAbermnt microbiome UNONU Y
metabolic di

Depression; Obesity; Diabetes; Impaired metabolism
Cardiovascular dysfunctions

Pucynok 3. Cxemaruyeckoe TMPEICTABICHUE O KOJIOHU3AIMM KHUIICYHHKA CUMOMOHTHBIMH
OaKkTepUsAMHU HauMHAas C YMOPHOHATIBHOM Cpe/ibl B yTpoOe MaTepH BILUIOTH IO PAHHErO IMEePHOAa JKU3HU U OT
MUJIQJICHIIEB JI0 B3POCIbIX ocobeit [21].

Normal microbiome

Healthy individual

Normal metabolism

«Muxkpobuonornyeckas MnaMaTe» OyleT AOCTaBIATh MpsIMble M ClydyailHble CHUTHaJIbI B
1eseByt0 sueiky (yeBas manens) (Pucynok 4). Ilocie moBepXHOCTHOrO B3aUMOJEHCTBHSI KIIETOK
(HampuMep, pacTBOPHUMOE OaKTEepHaIbHOE COCAMHEHHUE, B3aMMOJICHCTBYIOIIEE C PEHEeNTOPHBIM
KOMIUIEKCOM KJIETOYHOH TIOBEPXHOCTH) BHYTPHUKJIECTOYHBIE NYTH AaKTUBAIlMA CHUTHala OymayT
MOIyNupoBarbcsi (Hampumep, ¢ochopuarpoBaHne MMTOMIA3MATHUECKUX OEJIKOB KHHA3aMH,
sepHas TpaHCIOKalus (PakTOpOB TPAHCKPHUIILIMU), TEM CaMbIM BIMSS Ha OalaHC MEXITY
aKTUBalMEel U reHeTu4yecKuM OnokupoBaHueM TpaHckpunuuu metunupoBanueMm JJHK n nxkPHK.
Hyxneocomsl cocrosar m3  rtuctoHoB u nByxnenodedyHor JIHK. Korma munaykneotumer CpG
HE3TWINPYIOTCS B oOmactu mpomotopa reHa, PHK-monmumepaza (PHKnosn) moxer cBs3biBath u
aKTHUBHPOBATh TpaHCKpumuuio (cmpasa). MerunupoBanue CpG-auHYyKIeoTHIOB (KpacHbIe
cumBoutbl) metwtpancdepasamu JJTHK pexpyrupyer rucronauanerunazy (HDAC) / rucroHoBbIH
KoMIuiekc Metuntpancdepassl (HMT), koTopselil B CBOIO odepenb yIalduT aleTUIbHbIE TPYIIbl U3
TMCTOHOB M METHJIHUpYET cleuu(puueckue OCTaTKH, oOuMi 3(p¢eKT KOTOpPBIX 3aKiIodyaercs B
NOJAaBICHUM TpaHCKpumnuu. IlokazaHa Takke TPAaHCKPUIILIMOHHAS W/MIM TPaHCIALMOHHAS
unrepdepenims Hekoqupyromeit PHK (akPHK) [21].

Uccnenoano [21], uro mepemaya Ouoiorndeckoid WHGOPMAIIMH OT OJHOTO IOKOJCHHUS K
apyromy ocHoBaHa Ha JIHK, To HauOonee Hacnenyemble (EHOTUNMMYECKUE MPU3HAKH, TAKHE Kak
XpOHHUYECKHe MeTabonndeckre 3a00JeBaHUs, HE CBA3aHBl C TEHETHMUYECKOH BapuabernbHOCTHIO
nocienoBarenbHocTel [JHK. Herenernueckass HaciieqyeMocTb MOXET MMETh HECKOJIBKO NPUYMH,
BKJIIOYAs AMUT€HETUYECKUM, pOIUTENIbCKUM 3(PPEKT, afanTUBHOE COLMAIbHOE 00yUYeHNE U BIUSHUE
9KOJIOTUYECKOHN cpeabl. PaznuueHue 3THX NPUYMH MMEET pellarollee 3HAYeHHE I pa3pelleHus
OCHOBHBIX (DEHOTUIMUYECKUX 3araioK.
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Pucynok 4. CBsi3b MEX Iy MUKPOOHOTOM M SMUTCHETHISCKUMU MOTU(puKarmsmu [21].

Target cell

VYOenurenbHble 10Ka3aTeNbCTBA YKA3bIBAIOT HA TO, YTO U3MeHeHus B akcipeccun JJHK uepes
pa3iaMyYHbIE B3MUICHETUYECKUE MEXaHU3Mbl, MOTYT OBITb CBSI3aHbl, CO CXOJCTBOM MEXIY
POAUTENSIMU U TOTOMCTBOM C TOYKHU 3PEHMSI UyBCTBUTEJIIBHOCTH K METAOOINYECKUM 3a00JI€BaHUSIM.
Cpeau HEreHETMYECKHUX HacleAyeMbIX MPHU3HAKOB (DYHKIHOHAIbHOE IUTaHHE OObBICHAET
JIOJITOCPOYHOE TMPOTrPaMMHPOBAHUE 3KCIIPECCUU TE€HOB, OTBETCTBEHHBIX 3a METa00JIMYECKUe
3abosieBaHUs BO B3pociioM Bo3pacte. Iluranme mMoxkeT (opmMHpoBaTh HEaleKBaTHYI0 MUKPOOHOTY
KULIEeYHUKA (IucOMO03), BbI3bIBAS SIUTEHETHUYECKOE JIEPEryMpOBaHUE TPAHCKPUIILUHU, KOTOPOE
MOXET HaOJIIoIaThCs IMPU XPOHUYECKUX 3a00jeBaHUAX oOMeHa BemiecTB. J{McOMO3 MOKET ObITh
OCHOBHON NPUYMHOW HACJIEIYEMbIX SIUICHETUYECKUX MaTTEpPHOB, OOHApYKEHHBIX B CBSI3U C
MeTabonnmueckuMu 3aboneBanusMu. [locnennue gocTHKEHNUS B 00JaCTH MUKPOOMOMAa KUIIIEYHHUKA,
HNOATBEP)KJAIOT TUIIOTE3y O TOM, 4YTO MHKPOOMOTa KHUIIEYHHKA MOXET CII0COOCTBOBATh
MOJIEKYJIIPHOMY NE€PEKPECTHOMY CTOJKHOBEHUIO MEXAY OaKTepUSAMH U OKPYKAIOIIMMHU KJIETKaMH-
X0351€BaMH, KOTOPOE KOHTPOJIMPYET MATOJIOTHYECKYH0 SIIUTE€HETHYECKYI0 CUTHATYPY.

MuxkpoOuonornyeckasi aMsiTb — 3TO OCHOBHOM PETYJISATOP AMUI€HETUYECKUX CUTHATYpP, TEM
CaMbIM  yKa3blBasg, 4YTO pa3iIW4yHble IPUYMHBI HETCHETUYECKOW HACIELYEeMOCTH MOIYT
B3aMMOJICHCTBOBATh B CIIOXKHBIX MY TSX AJIsI ONy4YeHus HacienoBanus (Pucynku 5-6).

ITocnencTBust IUCPEryIISIME UMMYHHOTO OTBETA

HepocrarovHoCTb
HepocTaTouHoCTb HenocrarouHocts KOHTpORNS
KOHTpOnS WMMYHHOTO nponudepaLmm
AYTOUMMYHHBIX orBera nMMdoLuTOoB
peakuui

ViMvyHogedummbl 3roKayeCTBEHHbIE

AYTOUMMYHHbIE numdonponudepa

3a6051eBaHNs TUBHbIE
3aboneBaHus

PI/IC}’HOK 5. HOCJ’ICILCTBI/ISI AUCPCTYJIAIUNA UMMYHHOI'O OTBETA.
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Baxneiiine GpakTopbl, OKa3bIBalOLINE BIMNSHNAE HA HMMY HHY IO
CUCTEMY
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TpaBMbl’

onepauyuu
Pucynok 6. OcHOBHBIE (PaKTOPHI, OKa3bIBAIOIINE BIUSHIE HA UMMYHHYIO CHCTEMY.

UmmyHHas
cucrtema

HapkoTuku, B TOM yucne
HUKOTUH U arnKoromnb

KoMOMHHMpOBaHHOE OCHOBHOE JAEHCTBUE pa3IMYHBIX SIUT€HETHMYECKUX (DakTOpoB Ha
YeJI0BEKa U3 pa3IMYHbIX MCTOYHUKOB, IIPUCYTCTBYIOLIMX B OKpYyKarollei cpene. XOoTs HEKOTOphIe
U3 HUX MOTYT OBITH ITOJIC3HBI [T 30POBbS U TIOBEACHUS, IPYTHE MOTYT OBITh BPEAHBIMH U MEIIATh
TEJy W TOJIOBHOMY MO3TY, CO3/1aBasi IMcOaaHC, KOTOPBI MOXET MPOSIBISATHCS Kak OOJIe3Hb WIN
IICUXOJIOTMYECKOe paccTpoiicTBO. HekoTopble M3 MepedrclIeHHbIX OJaroTBOPHBIX — BIUSHUN
BKJIIOYAIOT (U3MUECKHE YNPAKHEHUS, MHKPOOHOM (TIOJIE3HBIE KHILIEYHbIE OaKTepuu) H
QIBTEPHATUBHYI0O MEIWIMHY, B TO BpeMs KaK BpEIHBIC BIMSHHUS BKIIOYAIOT BO3JCHCTBUE
TOKCUYHBIX XUMHYECKHUX BEHIECTB M HAPKOTHUKOB 3J0ynoTpeOnenusi. Takue ¢axTopbl, Kak aueTa,
CE30HHBbIE M3MEHEHUs, (UHAHCOBOE IIOJIOKEHHUE, ICUXOJIOIMUYECKOe COCTOSIHHE, COLIMAJIbHbIE
B3aUMOJICHCTBUS, TEpaleBTUYECKUE IMIpernaparsl M BoO3JAeHCTBHE OO0JIE3HH, MOTYT OKa3bIBaTh
0J1arOTBOPHOE MJIM BPEAHOE BO3/ICHCTBHE B 3aBUCUMOCTH OT KOHKPETHOTO XapaKTepa BO3/EHCTBUS.
Taxum 00pa3oM, OKpysKarolias cpeia JOMOIHIET U GOPMUPYET 3/10POBLE YETOBEKA.

Muxkpobuonoruueckass namsaTh OyJeT OCTaBaThCsl CTaOMJIBHOM, KOIAAa pallMOH MUTaHUS U
MHUKpPOOHMOTa OCTAlOTCsl MOYTH HEeM3MEeHHbIMU. COIllacHO 3TOM MOJeNH, B HAcTOAILIee BpeMs
U3BECTHO KaK »JIUICHETUYECKOEe MPOrpaMMHUpPOBAaHUE, BEpOSATHO, SBIsETCs He Oojee ueMm
HEreHETUYECKOM HaclleyeMOW CHUrHaTypoi, BO3HMKAIOIIEW B pe3ylbrare MOJIEKYISPHOTO
CKpEUIMBAHUS  MEXAy  NPOKapuOTaMH  KHMIIEYHHKa  (MeTaboJIMTOM  MHUKPOOMOTBHI) U
SYKapHOTHMUECKUMH KJIETKaMu. OTa TMepeKpecTHas IoMexa BbI3Bajia Obl HENPEpPBIBHYIO
MEPECTPOIKY KIETOUYHBIX T€HOB Yepe3 aKTHBALMIO CUTHAIBHBIX IMYTEH B KIIETKaX-X035€BaX, TEM
CaMbIM KOHTPOJIMPYS SIUTCHETUYECKYI0 CUTHATYpy. DMUIeHETHKA MOXKET ObITh UCClIeJoBaHa OoJiee
WIA MEHee MPOCThIM CIOCOOOM, M3ydasi CUTHATypy 3a0oJieBaHMM, BIMSHUE MHUKPOOHOIOTHYECKON
NaMsATH TOpa3/lo TpyIHee paclIugpoBaTh M3-3a BOBJIEUEHUS MHOTMX NepeMeHHbIX. MccnenoBanus
O4YEeHb HEOOXOAWMBI ISl TOTO, YTOOBI Pa3M4aTh, YTO SBISETCS NPHUYMHHBIM U YTO SIBISETCS
COBMECTHBIM SIBJICHUEM B TPHAJIE «IUETe—MUKPOOHOTEe—3IHUreHeTrke» [21].

Oba xo3drMHA KIETKM W MHUKPOOBI B3aMMOJEHCTBYIOT JAPYr C JAPYIOM 4Yepe3 MHOMXECTBO
MOJIEKYNl U MexaHu3MoB (PUcyHOK 7), KOTOpble 3aBHCAT OT CIIOCOOHOCTH OOOMX THIIOB siU€eK
anantupoBarbes K (1) maHHOM cpene, TO €CThb KHUIIEYHHKY XO35iMHA; (2) a IpH JICUEHUH, T. €.
CTIEIMATTFHOM paIlMoHe MATaHUs; WK (3) P BOCMAICHUN KUIICYHUKA. DTH MEXaHU3MBI SIBIISTIOTCS
ruOkumu (4), (5), MOCKONIBKY OaKTepHH, 0COOEHHO MaTOOMOTHI, UCIIONB3YIOT CBOH CIISIIIUI apceHas
BUPYJIEHTHOCTH B 3aBUCUMOCTH OT NMAaTO(QHU3UOJIOTUIECKOT0 CTaryca Xo3siuHa [22].
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Pucynox 7. OCHOBHBIE OCOOCHHOCTH MOJICKYJIIPHOTO THAJIOTa MEXKTY XO3SIMHOM M KUIICYHHKOM JUIS
MHIYKIUH 3a001eBanuii U nHdekmii [22].

Favouring STEC infection

B uccrnenoBannm [23], ycTaHOBJIEHA CHIIbHAS CBSI3b MEXAY MHKPOOHMOTONW KHINCYHHKA U
MHOTHMH 3a00JICBaHMSIMH YEJIOBEKAa, W IOHMMaHHE JWHAMHYECKUX TIEPEKPECTHBIX CBSI3EH
B3aUMOJCHCTBUS XO3MHA M MHUKpoOa B KHILIEYHHMKE CTajJ0 HEOOXOAMMBIM sl OOHapy)KeHus,
npodUIaKTUKU WIKM Tepanuu 3aboneBaHuil. Jluera, nmurarenbHble BELIECTBA, (papMaKoIOrHUecKue
(bakTOpBl ¥ MHOTHE JIPyTH€ CTUMYIBI MTPAIOT JOMUHHUPYIOIIYIO POJb B MOIYJISIIIMA MHKPOOHBIX
KOMIO3HIWK KHIeyHnKa. DakTopsl, CBI3aHHBIC C AMHUTEIHEM, BKIIOYash BPOXKICHHBIE HMMYHHBIC
CEHCOpbl, AHTUMHUKPOOHBIE MENTH/bI, CIM3UCTBIM Oapbep, cekpeTopHble IgAs, smuTenHaIbHbIE
MHUKPOBOPCUHKH, SMHUTEIHAIbHbIE IJIOTHBIE COCIMHEHMS, META0O0IM3M SIUTEIHs, KUCIOPOIHBIN
O6aprep u naxe MUkpoPHK yuactByroT B (hopMupoBaHMM MHUKpOOMOTHI. YKa3zaHHbIE (DAKTOPHI,
KJICTOYHOTO KHIIEYHOTO DIIUTENHUS CEIEKTUBHO «BBIOMPAIOT» MHUKPOOBI M BIUSIOT HA MHKPOOHBIN
coctaB. [lomydeHHBIE pe3yabTaThl, MPEIOCTABISAIOT BO3MOXHOCTH sl Oojee 3(PPEKTUBHOIO
KOHTPOJII MHOTHX 3a00J€BaHUN M TNPOTHO3UPOBAHMS KIMHUYECKOTO YcIeXa TpaHCIUIaHTalluu
bexanbHOIt MUKPOOHOTHI [23].

BaxHpiM (QakTopoM sBISETCS TOHUMAaHHWE TOTO, YTO COM3MEPHMBIE MHUKPOOPTaHHU3MEI,
KOTOpBIE COCTABIISIOT YEJIOBEYECKYI0O MUKPOOHOTY, SBISIIOTCA HE MPOCTO MACCAXUPAMU B XO3SMHE,
HO MOTYT (aKTHYECKH YIPaBIATh oOIpeaeneHHbIMU  (yHKkuuaMu [24]. Mukpobuota u ee
MUKpOOHOMa, KaK YCTaHOBJIEHO, UMEIOT HE TOJIBKO aCCOLMALINIO, HO U KJIIOUEBYIO MOIYIHPYIOIIYIO
poib. brarogapst mydmeMy MOHMMaHHIO MEXaHM3MOB W BKJIaJia MUKPOOHMOTHI B 9TH 3a00JIeBaHUS,
OynyT pa3paboTaHbl HOBBIE TEpaleBTHUECKUE CPEJICTBA W CTpaTeruy M MOJIYJIMPOBAHUS
MHUKPOOHOTHI JJIS JISUEHUS! WK NpodMIakTUKU 3a0oneBaHuil. Kpome Toro, B HEKOTOPBIX Clydasx
3TO MOXET OBITh BO3MOKHOCTH HCIIOJIH30BaHUS MHKPOOMOMBI ISl BBISBICHHS 3a00JICBaHHH,
CBSI3aHHBIX C KHUIICYHUKOM, JIO TPOBENEHUS OOBIYHOMW JHAarHOCTUKU. B  Oymymem Oymer
NPOBOAMTHCA  CTpaTU(UKAIM MalMeHTOB Oosnee TOYHO st Oosnee 3((EeKTUBHOIO JIEUCHHUs
(Pucynox 8). 3aboneBaHus Me4eHW W MUKpoOMoTa kumieyHuka. [ledens momywaer 70% cBoero
KPOBOCHAO)KEHUSI M3 KHWIIEYHHWKA dYepe3 MOPTATbHYI0 BEHY, TaKUM OO0Opa3oM, OHA IOCTOSHHO
MOJIBEPTaeTCsl BO3JCHCTBUIO KHIIEYHBIX (DaKTOpPOB, BKIIOUash OaKTepHajbHBIE KOMIIOHEHTHL. B
HACTOsIIIee BPEMsI YCTAaHOBJIEHO, YTO MUKPOOHOTA KHILIEUHUKA U XPOHUYECKHE 3a00JIeBaHuUs TIEYeHU
TECHO CBfI3aHBl MeXIy co0o0il. [IMcOmo3 KuIlleYHMKA, LEJIOCTHOCTh KHIIEYHOro Oapbepa u
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MeXaHH3Mbl UIMMYHHOTO OTBETa TICYCHH Ha TYMOpaJbHBIC (PAKTOPHI, MOTyYCHHBIC U3 KHUIICUHHKA,
CBUACTEIBCTBYIOT O TIOTEHIMAIBHON aKTyallbHOCTH pPa3pa0OTKM HOBBIX METOAOB JICUCHHS
XPOHUYECKHUX 3a00sIeBaHuit reueHu [24].

Lifestyle Diet Xenometabolites

i High fat
Srl:;k}:g? low fibre Drugs «swess
Exercise high protein
hlgh choline

Bacteroides Fragilis

L Mucosal S. gallolyticus
Genomic !lum‘::eld d\ésbie;tnsy ; ‘drivers’ E. Faecalis
icrobi ncre; el i
pr:‘condi::‘n?ng Network coabundance Polyps i
yP F. nucleatum

l Microbial genotoxicity

a
Inflammasome Cancer

1. Chronic (e.g. UC)
ZAMHabolicgeg. 5 Mucosal

endotoxemia ‘passengers’

Pucynok 8. Pojib KHIIIEYHOH MUKPOOHOTHI B 3THOJIOTHH paKa TOJCTOM KUIIKH [24].

Hayunble naHHbBIE, KacarolMecss MUKPOOMOTHI KHILIEYHHKA, MO3BOJIAIOT OOBSICHUTH CBS3b
MEX]Jy NMUTATEIbHBIMHM BELECTBAMU U 4YepTaMH ueloBeKa. MHKpoOMOTa KUIIEYHHKA HE TOJBKO
HETOCPEJICTBEHHO B3aMMOJICHCTBYET C COMAaTHYECKHMMH KIETKAMH CBOETO XO35MHA, BIMSASA Ha
0COOEHHOCTH YeJIOBEKa, KaK B CIy4ae TPEHUPOBKH MMMYHOJIOTHYECKUX CETEH, HO M BHIpa0aThIBaET
pasNUyHble XUMHUYECKHE BEIeCTBa, KOTOpPblE MOIYT HEMOCPEACTBEHHO MOAM(PUINPOBATH
onoxumuueckue myTu denoseka (Pucynku 9-10).

Cocmag HOpMAbHOIL MUKPOGPIOPBI KUWIEUHUKA
63p0CI020 UenoseKa:

» aHA3poGHBIE GaKTepHH |l
(6budunobakrepun U HGakTEPOUABI) '
— 90-95% ot obwmero koaMyecTsa

MHKPOGOB; JIaKToGauILLILI 5M¢MA053KTGP""
» aspobHas MuKpoduiopa

(kuuIeyHbIE [aJIOYKH,

JaxTOOALMIUIBI, CTPENTOKOKKH) - 1-

4%; 0
» 0CTATOYHASA MUKpoduiopa  Crpenrokokii

(cTahHIOKOKKH, KJIOCTPHINH,

nporey, apoxxu) - (0,01-0,001%).

b3 Knocrpiam

Pucynok 9. CoctaB HOpMabHOW MUKPO]IOPHI KMIIEUHUKA B3POCIOro yemoBeka [24].
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Good and Bad Bacterial Flora

HED

BIFIDOBACTERIA ESCHERICHIA COLI LACTOBACILLI
The various strains help to regulate  Several types inhabit the human gut. Beneficial varieties produce
levels of other bacteria in the gut,  They are involved in the production vitamins and nutrients, boost
modulate immuna responsesto of vitamin K2 {essenticl for blood immunity and profect
invading pathogens, prevent clotting) and help to keep against carcinogens.
tumour formation and bad bacteria in check.
produce vitamins. But some sirains can lead to llness.

eW

CAMPYLOBACTER ENTEROCOCCUS FAECALIS CLOSTRIDIUM DIFFICILE
C Jajuni and C coli ara the strains most A common cause of Most harmfull following a course of
commonly associated with human disease. postsurgical infections. antibiotics when it is able to proliferate.
Infection usually occurs throught the
ingeslion of contaminated food.

Pucynox 10. HopmanbHast u narojorudeckast ¢iopa kumrednuka [25].

CoctaB MUKPOOHMOTHI KUIIEYHHUKA KOJIEOJIETCS B 3aBUCUMOCTH OT TOTJIOIICHHSI MUTATEIbHBIX
BEILIECTB €r0 XO3IMHOM, U COCTaB MUKPOOMOTHI KHIIEYHUKA BIHMSIET HAa Pa3IMYHBbIC YEIOBEUECKUE
4epThl TaK XKe CHUIIbHO, KaK M Ham rensl (Pucynok 11). [TosTomy BIoiHe pa3syMHO MPEANIOI0XKUTD,
9YTO BO3JCHCTBHE NHUTATEIBHBIX BEIIECTB HA YEJIOBEYECKHE UYEPTHI OyJAeT MPEeICTaBIsATh COOOM
KOMOMHHPOBaHHBIE PE3YJIBTAThl KAK MUKPOOMOTHI KUIIEYHUKA, MOAHU(PUIIMPOBAHHOHN MOTIIOMCHHEM
NUTaTEIbHBIX BELIECTB, TaK M CaMHX IUTATENIbHBIX BeIlecTB. VccimenoBaHO, YTO MHKpPOOHOTA
KUIICYHUKA SBISETCS  HEJOCTAIOIIMM 3BEHOM MEXAY [UTATeIbHBIMH  BEIIECTBAMH U
Moan(UKAIUAME YETIOBEUSCKUX uepT [26].

/"Human Diet \

[Metabollc dlseases] [IBD ] [lmmune diseases]

LUNEN

Carbc;b.\dnle

X 4 7

Modified gut microbiota + Nutrients

Pucynok 11. [puHnmnuansHas cxemMa o TOM, KaK IUTATEIbHbIC BEIIECTBA BIUSIOT HA YEIIOBEYECKUE
4epThI Yepe3 KHIICYHYI0 MUKPOOHOTY [26].

Biustane MUKpOOMOTHI KUIIEYHWKA HA (DEHOTHUIIBI YeJIOBEKa CTaJ0 OypHO pa3BHUBAIOIICHCS
00acThI0 WCCIENOBAaHUNW U TMpPEACTaBiIseT co00il HOBYIO MapagurMy BO3MOXKHOCTEH IS
MPUMEHEHHS B MEIUITMHE U IMHIICBOM MPOMBIIIUICHHOCTH [26].

MHoOro4HcIeHHbIE COBPEMEHHBIE HCCIICIOBAHUS, YCTAHOBWJIM CIEAYIOMHE (PYHKITUH
KHIIIeYHON Mukpobuotsr [1, 11, 14, 16, 18, 27-31]:

1. 3ammutHass ~ ¢GyHKOWS ~— (KOJIOHW3AIMOHHAs ~ PE3MCTEHTHOCTh)  3aKJIIOYaeTcss B
MPEAOTBPALICHUN KOJOHM3ALMU  SKENYJOYHO—KHUIIEYHOTO TpPaKTa YCJIOBHO-TIATOTEHHBIMU U
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MAaTOreHHBIMM ~ MHUKpPOOpPraHu3MaMu. MUKpOOHBIM aHTaroHU3M peau3yeTcsi MOCPEACTBOM
KOHKYPEHIIMHM 32 TIHUTaTeNbHbIE BELIECTBA M PELENTOpPhl aAre3uH, a TAKKE 3a CYET BBIPAOOTKU
OpPraHUYECKHUX KHCJIOT, MEPEKUCH BOIOPO/A, aHTUOMOTHKOMOAOOHBIX BEUIECTB — OaKTEPULIMHOB,
MPENSATCTBYIOIUX POCTY NaTOI€HHBIX MUKPOOPTaHU3MOB.

2. [IumeBaputenbHas GyHKIUS peaau3yeTcs 3a CUeT, KaK Peryisinuu (GyHKIUH KUIIeYHUKA,
TaKk W HEMOCPEACTBEHHON YTHJIM3AIMM MUTAaTeNbHBIX cyocTparoB. OOmurarHas Mukpodiopa
TOJICTOM KHIIKK B HOpPME 0OeCleunMBaeT KOHEYHBIH THAPOIN3 OEIKOB, OMBUICHHE >KUPOB,
cOpakMBaHHE BBICOKOMOJIEKYJISIPHBIX YITIEBOAOB, KOTOpble HE a0COPOMPOBAINCH B TOHKOW KHIIIKE.
[IporeonuTrueckue MHUKpPOOpPraHu3Mbl  (OakTepouIpl, HOpPMajbHas  KHILEYHAs  IMaJIOYKa)
bepMeHTUPYIOT — MpoTeuHbl. Hekoropele mocTynamomue ¢ [UIIed  BEmeCTBa  MOTYT
MeTa0OIM3UPOBATHCS TOJBKO KHIIEUYHOW MHUKpoduiopoil. Tak, caxaponutuueckas MHUKpogiopa
pacUIeIUISIeT LEJUTI0I03Y U TEMULEIUIION03Y 10 KOPOTKOLENOYEUHbIX )KUPHBIX KUCIIOT.

3. JleToKCUKallMOHHAS ¥ aHTUKaHIeporenHas Qynkuus. HopmansHas mukpoduopa cnocooHa
HEHTpanu3oBaTh MHOTME TOKCHYECKHE CyOCTpaTbl M METa0ONUTHl (HUTPAThl, KCEHOOMOTHKH,
TUCTAMHUH, MYTAareHHbIE CTEPOMJIbI), IPEJOXPaHAs SHTEPOLUUTHl U OTAAJIEHHBIE OpraHbl OT
BO3/ICHCTBHSI MOBPEXKIAIOMINX (PAKTOPOB U KAHIIEPOTCHOB.

4. Cunrernyeckass (ynkuua. HopmanpHas Mukpoduopa obecreyMBaeT CHHTE3 MHOTHX
Makpo— U MHUKpPOHYTpHEHTOB: BuUTamMHHOB rpynnsl B, C, K, dbonueBoil, HUKOTHHOBOI! KHCIOTHI.
Tonpko KuIedHas Tano4yka CUHTE3UpyeT 9 BuTamMuUHOB. CHHTE3 TOPMOHOB M OHMOJIOTHYECKH
aKTHBHBIX BEIIECTB JIGKUT B OCHOBE PErYJISTOPHOrO JEHCTBHS MHUKPOMIOpHl Ha (YHKIUU
BHyTpeHHux opranos u [{HC.

5. Ummynnast Qynkuusa. Kak wu3BecTHO, cnm3uctas o000J0YKa KHUIIEYHUKA 0O01azaeT
cobctBeHHOU nuMdOUIHON TKaHbio, m3BecTHOW kak GALT (gut-associated lymphoid tissue),
KOTOpasi ABJSETCS OJHUM M3 3HAYMMbBIX KOMIIOHEHTOB MMMYHHOI CHCTEMbI Makpoopranusma. B
CIIM3UCTON 000JI0YKE KUIIEYHUKA JOKaTU30BaHO 0K0JI0 80% MMMYHOKOMIIETEHTHBIX KIIETOK, 25%
CIIU3UCTON OOOJIOUKM KHUIIEYHHKA COCTOMT U3 HMMMYHOJOTMYECKHM AaKTUBHOW TKaHU. Takum
00pa3oM, KHIIEYHUK MOXKHO paccMarpuBaTh KaK Camblii OONBIIOW MMMYHHBI OpraH 4eloBeKa.
Muxkpodnopa ydacTByeT B (OPMUPOBAHMM KAaK MECTHOro (akTuBauusg mnpoxykuuu IgA,
(arouuTapHO aKTUBHOCTH), TaK U CUCTEMHOr0 UMMyHUTeTa. CaMo Hanuuyue OakTepuil OKa3bIBaeT
IIOCTOSIHHOE aHTUT€HHOE TPEHUPYIOLIEE NEHCTBHE.

6. I'enernueckas ¢yHKuus. MUKpoOHOTa SIBISETCSI CBOETO PONa «TE€HETUYECKHM OaHKOM),
0OMEHUBAsICh T€HETUUYECKUM MaTepuajioM C KJIETKaMU 4eJloBeKa myTeMm (arouuro3a. B pesynbrare
3TOr0 MUKpOOMOTa NpUOOPETAET PELeNTOPhl U JPYTrUe aHTUTEHBI, IPUCYIIHE XO3IUHY U JieNatoline
ee «CBOEW» Uil MMMYHHOM CHUCTEMbl. OIHUTENUAlbHbIE TKAaHU B pe3ylbTare Takoro ooOMeHa
npuoOperaroT OakTepHaldbHblE AHTUTEHBI. V3BECTHO TakXe, YTO MHMKPOOpPraHM3MBbl BIUSIOT Ha
AKCIPECCHUIO T€HOB MAaKPOOPTaHU3Ma.

7. «CynepopranuzMeHHas». Kumieunas MUKpodopa — CIOXKHEHIINI «cynepopraHu3my», He
YCTYNaOLINH TF000MY IpyroMy >KU3HEHHO Ba)KHOMY OpIaHy.

TexHonorust npousBOACTBa (YHKIMOHAIBHBIX MPOAYKTOB NHUTaHUSA. @DOYHKIMOHAIBHO—
MakKpoOMOTUYECKHUE MPOAYKTHI U3 MBITOTO, EIBHOTO 3epHa (MILEHUIBI, pUca, TPEUKH, OBCA, PKU,
KyKypy3bl, COM, Tpoca, MIIeHa), TepMOOOpabOTaHHOIO C HCIOJb30BAaHHMEM TEXHOJOTMH B3phIBA
(mapom), ¥ coxep)kaT HaTypajbHbIE HE MOJBEPrHYTHIE TEPMUYECKOH 00pabOTKe pacTUTENbHbIE
N00aBKH: PacTOPOIIN, JIbHA, aMapaHTa, ToNMHaMOypa, THIKBbI, UIMIIOBHUKA, KeApa, JJaMUHAPUU,
CTeBUH, CHHUPYJIMHA, BUHOTPAJHON KOCTOUKH. IHHOBAIIMOHHOCTH LIMKJIA MPUTOTOBIEHHS] TOTOBOTO
7e4yeOHOro MPOAYKTa MUTAHUS 3aKIIOYAeTCs B HCIOJIB30BAaHUM COBPEMEHHBIX HAaHOTEXHOJOTHH ¢
IIPUMEHEHUEM MMITYJIbCHOTO TEIUIOBOTO BO3AEUCTBUS AIUTENbHOCThIO 10 cex. Mmmynsc
o0OecreunBaeT pa3phIXJICHHE 3€PHOBOTO MPOMYKTa M3 BHYTpH KIETKH 7—10 CeK W W3MEIBUCHHE
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MEKTUHOBBIX CBSI3€H B PACTUTEIHHOM CBIPHE, TEM CaMBIM YITydlIaeTcsi OMoJIoTnyYecKasi J0CTyTHOCTh
pactuTenbHOM KieTku [16].

B wuccnenoBanuu [15, 29, 31], monm HabmomeHueM Haxomwiuch 41 MAlUEHT C Pa3TUYHON
MATOJIOTHEN KENIyJOYHO-KUIIEYHOTO TPaKTa: XPOHUYECKUM IMaHKPEaTUTOM — 14, 3pO3UBHBIM
racTputoM — 7, TracTpod3odareaqbHOll peduIroKCHOW O0Ne3HBI0 — 5, XPOHUYECKHM
racTpoJyoJ€HUTOM — 3, MOCTXOJELHMCTIKTOMUUYECKUM CUHAPOMOM — 6, CHHAPOMOM
pa3IpaKEeHHOTO KUIIEYHWKAa C TpeolsafaHueM 3amopoB — 4, s3BEHHOW OOJIE3HBIO
JBEHAIIATUIIEPCTHOW KUMKW — 2. CpegHuii Bo3pacT O0ibHBIX coctaBuin 57,1+1,3 roma. ¥V
OOJIBIIMHCTBA MALMEHTOB HMEJIO MECTO COYeTaHue 2-X WIM  3-X TacTPOIHTEPOIOTHUECKHX
3aboneBanuii. Crearorenaro3 UMenI MECTO y 5, CTeaTrorenarut — y 3, TUIIOMOTOPHAsl AUCKUHE3Us
TOJICTOM KUIIKW — Y 7 MallMEHTOB.

BonwpHbie ObutM pa3zieneHsl Ha 2 Tpynnbl: 31 MaMeHT COCTaBUII OCHOBHYIO rpymmy, 10 —
KOHTposibHY10. [lanuentsl ocHoBHOW rTpynmbl noiaydanun DI «Camapckuii 310pOBSIK» C
¢uToxomnonenramu, mo 60 r 2 pasza B AeHb (yTpoM H BedepoM). 31 MaMeHT mosydaa MUTaHue
«Camapckuii 370pOBSIK» C (DUTOKOMIIOHGHTaMH Ha (OHE KOMIUICKCHOH MEIUKAMEHTO3HOH |
¢uznobansueorepanuu. Kontpombnas rpynmna (10 mamuwentoB) nmpunumanu DI «Camapckwuii
3IOPOBSIK» 0€3 KaKoh-In00 Teparnuu.

[Ipu mocTymieHnu B peaOMIUTAlMOHHBINA KOMIUIEKC OONBHBIC MPEIbSIBIISIIN KaI0Obl HAa 00U
B anuractpuu (46,3%) u B mpaBoMm mozpedepne (26,8%), uzxory (44%), TUCKOMPOPT B SIMHUTACTPUN
(32%) u B mpaBoM moxapedepne (20%), B3myTHe U ypuanue xuBora (39%), ropeus Bo pry (19,5%),
oTpBIKKY (54%), TotHOTy (10%), 3amopsl (56%), auapeto (12,2%).

[Ipu onenke cunapoma nutonusa yuutbiBaiid ypoBHU AJIT m ACT B kpoBu. Cungpom
X0JIeCcTa3a OICHHBAIM 110 YpOBHIO OwmmupyOmHa, menodnoit ¢ocdorazer u I'TTII B kpomw,
JUMAIHBIE OOMEH — MO0 ypOBHIO XojectepuHa, xonectepuna JIITHII, xonecrepuna JIITOHII,
xosectepuna JITIBIT u Tpuriunepuios.

HccnenoBanue O6uoneHo3a kuieyHuka y 41 GONbHOrO BBIIBUJIO HAPYIIEHUE HOPMAIbHOTO
cocTaBa MUKPOQUIOPHI TOJICTOM KHIIKH 110 JeueHus (y 85,3% manueHToB).

VY o00cnenoBaHHBIX OOJIBHBIX BBISIBIEHBI O0OILME 3aKOHOMEPHOCTH B XapaKTEPUCTHKE
9YOMOTHUYECKOTO COCTOSIHMS TOJICTOM KHILIKH: M3MEHEHO O0Illee KOJIMYEeCTBO MUKPOOPIaHU3MOB C
OTHOBPEMEHHBIM CHIDKEHUEM coJepKaHusi OudugoOakTepuii, TakTOOAKTepHUil W KHILIEYHOMN
MaJOYKH; OTMEUYEHBI KaueCTBEHHBIE M3MEHEHUSI MUKPOQIIOPHI TOJICTON KHIIKH; BBISBIEH BBICOKHUMA
MIPOLIEHT BBICEBaHMSI  YCJIOBHO-IIATOT€HHBIX SHTEPOOAKTEPUil: TeMOJTUTUYECKUX u
JIAKTO30HETaTUBHBIX IITAMMOB KHIIIEUHBIX MAT0YeK, KIOCTpUInH, rpruboB pona Kanauaa.

Y 95,0% HaxomuBmIUXCA TON HAOIIONEHHEM OOJNBHBIX YCTAaHOBIEHO MOJOKUTEIBHOE
BOCCTaHOBIICHHE OnolieHo3a kumeynnka (Pucynok 12) [15].

[TomydeHbl OAHO3HAYHbBIE JI0KA3aTENIbCTBA POJM KHUIIEYHOW MHUKpPOOHMOTHI B Pa3BUTUU
arepocKiepo3a, OXHUPEHHUs, caxapHOro nauabera, apTepualbHOW THIEPTOHHUH, a TakKkKe
aINIEPTUYECKUX, ayTOMMMYHHBIX U MHOTHX Jpyrux 3a0oneBanuii. B mocnenHee Bpemsi akTUBHO
o0Ocyx/aercss pojib KUIIEYHOW MHKpPOQIIOpHl B pa3BUTHH 3a0ojeBaHui mnedenu. [lokazaHo, 4To
JUTUTEIIBHO CYIIECTBYIOIIUN HUCOM03 KHUIIEYHHKA, B OCOOCHHOCTH CHHAPOM HW30BITOYHOTO
0aKTepuaIbHOTO POCTa, MPHUBOAUT K PA3BUTHIO HEAIKOTONBHOTO CTEaTo3a M CTeaTorernaruTa,
BHYTPUIIEYCHOUHOTO HWHTPATOOYISIPHOTO XOJIecTa3a, a Takke (QYHKIMOHAIBHBIX HapyIICHUN
BHETICYCHOUHBIX JKETIHBIX TyTeit [15, 18].

Pazpaboran m BHenpeH [32] KOMOWHUPOBAHHBIA W THOPHIHBIA KiacTep B JAHArHOCTHKE,
JIeUEHUH, MPOPUIAKTUKE U peadMINTAIMH KOTHUTUBHBIX HAPYIICHUH U KOTHUTHBHBIX PACCTPOMNCTB.
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CuHTe3 BHTAMHHOB ¥Ycepoenue noHoB Na, K, Ca,

rpynnsl B, PP, K, Mg, Zn, Fe, Cu, Mn, P, Cl nn
CruMynanus GuoTHHA
MEePHCTAIBTHKA

HeTokcHKALHA H
BBIBECHIE

TOKCHHOB
Ileopgepxupaer

HOPpMAJbLHYH CHHTE3 AMHHOKHACJIOT

CIAH3NCTYHY

KHUIeMHUKA : Perynnaumns
HMMYHHTeTA

VuaacTeyer B = i
MPHCTEHOTHOM : |
NMILEeBAPeHUH Obpazyer = CuHTe3
Guonaenru | FOPMOHOB

Pucynok 12. ®yHk1mu HopManbHOH MUKpodIopsr [32].

YenoBeuecknii MO3r — IJIABHBIM MHCTPYMEHT M CaMblil LIEHHBIM pECypc Ha HalICH IIaHETe.
Hogas snureneruka H. sapiens u mo3r H. sapiens ymnpasisieT B3auMOJICHCTBUEM TCHETHYCCKUX H
AMUICHETUYCCKUX MPOTrPaMM CTAPSHUS U 37I0pOBOTO Josronetus [32].

I'eneTnueckue U 3MUreHeTHYecKrue (pakTopel, OrpaHUYUBAIOIINE TPOAOJDKUTEIBHOCTD XKU3HU
4eJoBeKa, 0e3yCIOBHO, SBIAIOTCA  NPAaBOMEPHBIMU  acleKTaMH  OMOIrepOHTOJIOTMYECKHX
MCCIIEIOBAaHUN, OCOOCHHO C TOYKHM 3PEHUS MEAUIIUHCKON AKOHOMHUKH. [IpOIomKUTEIbHOCTD )KU3HU
HE MOXET OBITh IPUPABHEHA K JJTMTEIBHOMY TIEPHOLLY 37I0POBbsI U 3710pOBOTO cTapeHwus [1].

ONUreHeTHYECKUE 4Yachl — 3TO MareMaTHMYeCKHE MOJEIN M HCKYCCTBEHHBIN WHTEIICKT,
KOTOpBIE MPECKa3bIBalOT OMOJOIrMUYECKUI BO3PACT YEJIOBEKA C MOMOILBIO ITaHHBIX METHIMPOBAHUSA
JHK u sBnstorcs Haubosiee TOYHBIME OHMOMapKepamH Ipoliecca CTapeHus. leHeTuueckue U
SIUT€HETHYECKUE (PAKTOPhl, OrPaHUYUBAIOIINE MPOAOKUTENBHOCTD KU3HU YEJIOBEKA, SBISIOTCS
aKTyaJIbHBIMH B  OUOTEpOHTOJIOTHMUECKUX, OMOPU3NYECKUX, HEHPOPHU3UOIOTHYECKUX U
HEWPOUMMYHOJIOTHUYECKHX HccnenoBanusx (Pucynok 13) [1].

KoMOMHMpOBaHHBI W THOPHIHBIA KiIacTep B JAWArHOCTHKE, JICYCHUH, NPOPUIAKTHKE H
peadbunuTanuy KOTHUTHBHBIX HApyIIEHUH M KOTHUTHUBHBIX PAaCCTPONCTB IMO3BOJIET YCTaHOBUTb,
OTPaHUYMBAIOT JIN BO3PACTHBIE M3MEHEHUs KPOBOTOKA WJIM INEPEHOC NHTATENBHBIX BELIECTB W3
KPOBH B MO3T' (YHKLUMIO TKaHEH B CHJIBHO JIOKQJIM30BaHHBIX O0JAcTAX MO3ra MU MpsAMO HIU
KOCBEHHO MPUBOJSAT K HAPYILICHUIO CTPYKTYpbI U GyHKIUH [32].

KoHCTpyKIMST «KOTHUTHBHOTO MO3Ta» TPENCTAaBISIET CO00W HAOOp NMEPEeMEHHBIX, BKIIOYAs
UHTEJJIEKT, 00pa30BaHWE M YMCTBEHHYIO CTUMYISILIMIO, KOTOpas MPEINOJIOXKHUTEIbHO IMO3BOJISET
MO3Ty aJanTHpPOBaTbCsd K OCHOBHBIM TATOJOTUSAM, HOAJIEPKUBAasi KOTHUTHBHYIO (DYHKIIHIO,
HECMOTpS Ha JIeXKallue B OCHOBE HelpoHHbIe M3MeHeHus. Mo3r H. sapiens taxke ykas3bIBaeT Ha
YCTOWYMBOCTh K HEHpPOMATOJOTMYECKUM TMOBPEXKACHUSIM U MOXET ObITh OINpeiesieH Kak
CHOCOOHOCTh ~ ONTUMHU3UPOBATh WM  MaKCUMHM3UPOBaThb  MPOU3BOAUTEIBHOCTH 32  CUET
3pPeKTUBHOrO HabOpa HEWPOHHBIX CETeH W/WIM aNbTepPHAaTUBHBIX KOTHUTHBHBIX CTpaTerui.
[To3HaHue B JETCKOM BO3pacTe, YpOBEHb OOpa30BaHUs M 3aHATHS JUIS B3POCIBIX — BCE 3TO
HE3aBUCHMO JIPYT OT Jpyra croco0cTByeT GOPMHUPOBAHUIO KOTHUTHBHOTO pe3epsa [20, 32].

UccnenoBanne «PaHHSAS TMAarHOCTMKAa KOTHUTHBHBIX HAPYLIEHUI» MOCBSLIEHO AKTYaJbHOU
3aj1a4e COBPEMEHHOW MEIMIMHBI — paHHEMY paclo3HABaHHIO KOTHUTHBHBIX HapymieHuil [33].
PaccmarpuBaroTcsi Moaxosl K JTMAarHOCTHKE, 0OCYKIA0TCsS BOIMPOCHI MAaToreHe3a U CHCTEMaTUKU
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KOTHUTHBHBIX HApPYIIEHWM, NCUXOMETPUUYECKHE U MATOINCUXOJOTMUYECKHE METOAMKHA OLEHKHU
KOTHUTHUBHBIX PACCTPOICTB, MOAXOABI K KOMIUIEKCHOMY INCHXO0(apMaKoJIOTHYECKOMY JIEUCHUIO U
Npo(UIAKTUKE KOTHUTHUBHBIX PacCTPOMCTB. Pe3ynbrarhl OpMEHTHPYIOT Bpada Ha HCIIOJIb30BaHHE
MYJIBTUIUCIUIUIMHAPHOTO  MOAX0Ja K  IMOHUMAaHHMIO  TpobjJemMbl  HeWpoaereHepauud U
(bOpMHUPOBAHUIO HAYYHO—OOOCHOBAHHBIX AJITOPUTMOB BEJCHHUS TaKUX MalueHToB [34].

DbiTeCHeHne
Kommencansnan naroreHos
Muxpo¢nopa

* Mukpobrnota BAMsSIeT Ha peakTUBHOCTb K
cTpeccy W TPeBOXHOE MOBefeHWe, perynupys
HacTpoWKM  peakTUBHOCTW  rurotanamo —
rmnocpu3apHoin CUCTEM bl

+ CoumanbHbli cTpecc, B Te4yeHWe TONbKo 2
4acoB  M3MEeHseT  BMOOBOA  cocTaB U
COOTHOLI EHME POAOB MUKPOBUOThI

* Hanuume peuentopoB «xo3dWHa» WU ero
6akTepuin, onpeaensioT NpeapacnooXeHHOCTb
K BocrmanutefibHbIM N NHOPEKLNOHHBIM
CTUMYnam

* 70 % Hawero MMMyHUTETa — nuUMdpougHas
TKaHb B KUWeEYHWKke. 300opoBbe NMMAPOULHOM
TKaHW Takxe nopaepXuBaeTcsi MUKpodpropow

Cermen‘mpounuue

O V 5 ; erynaTopHbie
Passutne Th17 S T-knetxu

Pucynok 13. CTaOWIbHOCTE IMMYHHUTETA 3aBUCHT OT 37I0POBOl MUKPOOHOTHI KUIieuHnka [1].

KorHuTuBHOE CHW)KEHHE SIBISCTCS OTIMYMTEIBHOW YEPTOM CTapeHHs HEPBHON CHCTEMBI,
XapaKTepU3yeTCsl YBEIMUECHUEM IMOTEPH NaMSITH U YXYAIICHHEM YMCTBEHHBIX CIIOCOOHOCTEH, 4TO B
CBOIO O4YepeNb CO3/MaeT ONAaronpUATHBIN (OH AT Pa3BUTHS HEUPOIETCHEPATUBHBIX 3a00JIeBaHUI
[35-37].

Paccmotpensl  cmocoObl  [38-41] coxpaHeHus 3((eKTUBHONW HEWPOIUIACTUYHOCTH, C
MOMOIIBIO HCIIOJIb30BaHUSI TPUHIIUIIOB CBOEBPEMEHHONW MPOPUIAKTUKU XPOHUYECKON HILEMUU
TOJIOBHOTO MO3Ta YeJIOBEKa, BIUSHUS [IUPKATUAHHONW OMOPU3NKHA ¥ XPOHOMEIUIINHBI, TIPUMEHEHUS
HOBBIX AaCTICKTOB META0OJIOMHKH M COAJIaHCUPOBAHHOTO (PYHKIIMOHAIBHOTO THUTAHUS, C IICNIBIO
KIIMHUYECKOTO TMPUMEHEHUS KOMOMHHMPOBAHHBIX aKTUBHBIX METOJOB TOBBIIMICHUS KauecTBa
(GYHKIIMOHUPOBAaHUS  TOJOBHOrO  Mo3ra 4yenoBeka. CoBpeMeHHas  MHOTOYpPOBHEBas U
nou(yHKITMOHATbHAS HWH(POPMAIIMOHHAS W JJICKTPOMArHUTHAS «IEPErpy3Ka» MPUBOTUT K
MePECTPOKE HEUPOHHOM CETH. JTa MepecTpoiika He JODKHA UCKAXKaTh PE3YIbTaTOB MPEIbIIYIIETO
BO37eicTBUs (BO30YkaeHus, oOydeHHS M T.[1.), T. €. HE JOJDKHA 3arparuBaTh OOpPa30BaHHBIX
HEHPOHATBHBIX KOMITAPTMEHTOB BTOPHUYHBIX HEHPOHHBIX CETEH.

Mo3r crapeeT, Mbl CKJIOHHBI UCITBITBIBATE KOTHUTUBHOE CHUKCHUE W TIOABEPKECHBI OOJIBIIIEMY
PUCKY HEHpoOJeTreHepaTHBHBIX 3a0oiieBaHuil W jAeMeHIHA. CUMITOMBI XPOHHYECKHX HEPBHO-
TICUXMUYECKHX 3a005IeBaHUN Takke 000CTpPSIIOTCS B mporiecce crapeHus. OQHaKo Mpolece CTapeHus
HE OKa3bIBa€T Ha JIIOJEH €IWHOOOpPa3HOro BO3ACUCTBUSA, U, MO CYTH, MPOIIECC CTApeHHs HE
MPEJICTABISIETCS  €AMHOOOpa3HbIM  JaKe€ BHYTPH  OTACIBHOTO  dYeloBeka. COBpEeMECHHBIE
HEHPOBHU3YyaIM3AIIMOHHBIC WCCIICOBAHUS CTAPSHUS MO3ra W HCIIOJIb30BaHUS HH()OPMATHBHBIX
OMOMapKepOB CTapeHHs] OpraHu3Ma, BKJIIOYas JIMHY TEJIOMEp, SMUTCHETUYECKHUE Yachl W CHUITY
3axBara W T.J., YCTAaHABIMBAIOT MPOTHO3 XPOHOJOTMYECKOTO BO3pacTa y 3I0pOBBIX rofeil. B
HACTOAIICE BpEMs OHU MPUMEHSIOTCS K TPYIIIaM HEBPOJOTHYCCKUX M TCUXHATPHUSCKUX
3a0oneBaHui, 4TOOBI N1aTh TPEACTABIEHHWE O TOM, KaK AITH 3a00JeBaHUs B3aUMOJECHCTBYIOT C
MPOLIECCOM CTapeHMs, M J1aTh WHAMBHIyallbHBIE MPOTHO3BI O OyayIleM 370pOBhE MO3Ta U Tela.
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Hccnenyercs MHTErpaldy pa3iMYHbIX BUAOB OMOJOTMYECKUX U3MEPEHMH, KaKk W3 MO3ra, Tak U
TeJa, YTOOBI IOCTPOUTH 00JIee TOTHBIC MOJICNH Tpoliecca Onosoruueckoro crapenus [28, 34, 42].

OnmauM u3 Hamboliee MaryOHBIX W3MEHEHUH, MPOUCXOMANINX Ha MOJEKYJISIPHOM YpPOBHE B
TOJIOBHOM MO3r€ BO BpEMsl CTapeHHUs, ABISETCS MOAU(UKALUS SIUTCHETHYECKHMX MEXaHHU3MOB,
KOHTPOJIUPYIOUINX SKCIPECCUI0 TEeHOB. B pe3ynbrare STUX SMNUICHETUYECKUX H3MEHEHUH B
TPAHCKPHUNTOME OOJBIIMHCTBO (YHKIMA MO3ra, BKIIOYAs CHHANTUYECKYIO IJIACTHYHOCTD,
o0Oy4eHHe M MaMsTh, C BO3PACTOM CHHXKAIOTCS. DIMUTCHETUYCCKUE MEXAHH3MbI, U3MCHSIOMIUECS B
mpouecce  crapeHus, BiimoyaioT — MmeTwiupoBanue — JIHK,  moaudukanum  THCTOHOB,
pemMojienrpoBanue Hykieocom u MukpoPHK—omnocpenoBannyto peryssiuio reos [43].

DKcIpeccusi TEHOB B CTaperollleM MO3T€ 3aBHCHT OT TPAHCKPHUIIIIMOHHBIX CHUTHAJIOB,
TCHEPUPYEMBIX  BO3PACTHOW  (DU3HMOJIIOTHEW, B3aUMOJCHCTBYIOIIEH C TCHETHYECKHMMH U
SNUTeHETHYECKUMH mporpamMmamMu. B cBoio ouepenp, GhakTopbl OKpYXkarolie cpelbl BIUSIOT Ha
SIUTCHETUYECKUE MEXaHU3MbI, TaKHe KaK SIUTCHETUYecKas CBSA3b C OKpY’KaIoLIEH Cpeoi MOXKeT
CIOCOOCTBOBATh HAKOTUICHUIO KJIETOYHOTO MOBPEKACHHS, BOCIIPUUMYNBOCTU WIIA YCTOMUYHUBOCTH K
cTpeccopaM, a TaKXe BapHaOCIBbHOCTH TPACKTOPUU BO3PACTHOTO KOTHUTHUBHOTO CHFDKEHUSI.
OnureHeTndeckue MexaHusMbl, MetwiupoBanne JIHK u Momudukanmum TUCTOHOB, W3MEHEHHE
CTpyKTypsl XpomatuHa u poctynHocts JHK. Kpome toro, mansie nexomupyrommue PHK,
HazpiBaeMble MHKpoPHK (MuPHK), cBaseBatorcss ¢ MeccenmkepHoin PHK (MPHK) ans
pPETYIUPOBaHUs TPAHCISIHMHA. |JIaBHBIE COBPEMEHHBIC TIPOOJIEMHBIC BOIPOCH], KacarOIIHUECs
AMUTCHETHYCCKUX MEXaHU3MOB PETYJISAIINH SKCIIPECCHH T€HOB, CBSI3aHHBIX CO CTAPESHUEM TOJIOBHOTO
MO3ra U BO3PaCTHBIM KOTHUTHBHBIM CHIXKeHHeM [1, 15].

DONUTeHeTHKa CTapeHus U JOIrojeTHs o0ecredrnBaeT yrIyOJeHHbINH aHAIN3 SIMTUTeHEeTUIECKOI
MIPUPOJIGI CTAPEHUS U POJH SIUTCHETHYECKUX (DAKTOPOB B OMOCPEIOBAHUN CBS3H MEXKIy PaHHUM
KU3HEHHBIM OITBITOM, 37I0POBHEM W CTAPCHHEM Ha MPOTSHKCHWH BCEH JKM3HHU. B mimaBax Bemaymimx
MEXIYHApOIHBIX aBTOPOB HCCIEAYETCS BIHMSHHE HEONAaroNnpHsITHBIX YCIOBUN B paHHEM BO3pacTe,
KOTOpbIE MOTYT MPHUBOAUTH K HAPYIICHUIO SIUTCHETHYECKUX INyTed, a TakkKe MOTEeHIIHUA
KOPPEKIIUU OJTHUX HAPYIMICHHBIX IyTEH C TIOMOIIBIO IICJICHANIPABICHHBIX TEPANICBTHUCCKIX
BMEIIATEIhCTB. DMUTEHETHICCKIE YAChl — JTO MAaTEeMATHICCKUE MOJICIIN, KOTOPHIC MPEICKA3bIBAIOT
OMOJIOTMYECKHI BO3pacT YeloBeKa ¢ MOMOIIbI0 AaHHbIX MertunupoBanHust JIHK wu sBisrorcs
HamOosee TOYHBIMU OMOMapkepamu mporecca crapeHus. CoBpeMeHHas MpoOieMa COCTOUT B
MMO3HAHUHU MOJIEKY/ISIPHBIX MEXaHU3MOB, YIIPABIISIONIMNX CKOPOCTHIO TaKKUX 4acoB [27].

[eHHAsT perynsus sBISETCS BaXKHEUIINM Y3JIOM B 3TOW CETH. DIUTCHETUYCCKUE METKU U
(bakToOpbl TPAHCKPHUIIIMKA WUTPAIOT KIFOYEBYIO POJb MOUTH AJS KaXJOro KJIETOYHOTro Mpoliecca, a
BO3PACTHBIE U3MEHEHUSI B PETYISAIMU T€HOB, B CBOIO OU€pelb, MOTYT BBI3BaTh MOSBICHHUE JIPYTHX
MIPU3HAKOB CTAPCHUS B pe3ylibTare AP dekra CHE)KHOTO KoMa. J[pyruM KITFOYEBBIM MOMEHTOM B POJIH
SMUTCHOMHBIX M3MEHEHHUH C BO3PACTOM SIBISETCS TO, HACKOJIBKO IUIACTHYHBI M YCTOHYHBBI
snuUreHoMHele ceTu. [loHMMaHHe TOro, Kak SKOJOTHYECKHE CTUMYIBl MOTYT MOAYIHUPOBaTh ITHU
CETH, HE TOJIHKO MOBBICUT HaIllle MOHUMAHUE CTAPEHUs, HO U MOXET IMPUBECTH K OTKPHITUIO HOBBIX
(w1 mepenpodUIMPOBAHHHUIO) COCIUHEHHUM, KOTOpPhIE MOTYT 3aMEIJIUTh WU Jake OoOpaTuth
BCITSATH TPOTPECCUPOBAHUE CTAPEHUSI.

Ha xj1eToyHOM U MOJIEKYJISIPHOM YPOBHSIX — JETEPMHUHAHTHI CTAPEHUS JJIsi KOHTPOJIS Havdalia
U TPOTPECCHPOBAHMS CTApPEHHS, BKIIOYAIOT TOTEPIO TMOJE3HBIX KOMIIOHEHTOB W HAKOIUICHHE
BPEIHBIX (PaKTOPOB. DIUTCHETUYCCKUN MPOTpPecc B OOJIACTH BBISABICHHE PA3IMYHBIX (DAKTOPOB,
BIIUSIIONINX Ha MPOIECC CTAPCHHS M JOJTOJICTHS, JISIAIOT aKIICHT, KaK 3TH JICTCPMHUHAHTHI BIUSIOT
Ha TPONOJDKMTEIBHOCTh JKM3HM H. Sapiens, SBISIOTCS COBPEMEHHBIM MEIUKO-COIUATBHBIM
WHCTPYMEHTOM, a  TakkKe  MYyJAbTUMONAJIbHBIM  KJIHOUOM  MEKIUCIUIUIMHAPHOTO U
MEKBEJIOMCTBEHHOTO B3aumozercTeus [1, 27, 32].
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KoruutuBHOE CHUXEHUE SIBISIETCA OTIWYUTEIBHOM YEpPTOW CTAPEHHS HEPBHOM CHUCTEMBI,
XapaKTepU3yeTcsl YBEIMUECHHEM MTOTEPH NaMITH U YXYALIEHHEM YMCTBEHHBIX CIIOCOOHOCTEH, YTO B
CBOIO OYEpEeb CO3/1aeT ONaronpHsTHBIA (OH IS pa3BUTHUS HEHpPOJEreHepaTuBHBIX 3a00JCBaHUH.
OnxuM u3 HanOoJsee NaryOHbIX W3MEHEHUH, TPOUCXOAIUX Ha MOJICKYJIIPHOM YPOBHE B FOJIOBHOM
MO3re BO BpeMsl CTapeHus, SBIAETCS MOAU(UKALMSA SIUTCHETUYECKUX MEXaHU3MOB,
KOHTPOJIMPYIOLIMX 3KCIPECCUI0 TE€HOB. B pe3ynbrare 3TUX SMNUIEHETUYECKUX H3MEHEHUH B
TPAHCKPUNTOME OOJBIIMHCTBO (YHKUMH MO3ra, BKJIIOYAs CHHANTUYECKYIO IJIACTUYHOCTD,
o0y4eHue U namsTh, C BO3PACTOM CHIDKAIOTCS. DNUTN€HETHYECKHE MEXAHU3MBbl, U3MEHSIOUINECS B
mporecce  cTapeHusi,  BkiaodaroT — Mmertwiuposanue  JIHK,  Momudukanum  THCTOHOB,
peMonenupoBanue HykieocoM 1 MukpoPHK—onocpenoBannyro peryinsnuio reHos.

CoBpeMeHHbIE JaHHbIE, KaCAIOIIUEC U3MEHEHHH AMHUTCHETUYECKUX MOTU(BUKAINNA BMECTE C
MOJIEKYJIIPHBIMU MEXaHU3MaMHU, JIEKAaT B OCHOBE HAapYIICHUs TPAHCKPHUIILIMM HEMPOHAIBHBIX T€HOB
B nporiecce crapenus [41].

CrapeHue CBSI3aHO CO CHM)KEHHEM HECKOJIBKMX KOTHUTHBHBIX ITPOLIECCHI: 3MM30HYECKast
amMsATh, BHUMAHUE M HCIOJHUTENbHbIE (QYHKIMHM, KOTOPbIE 3aBUCAT OT THUIINOKAMIAa U
npedpoHTanbHO Kopbl. TeM He MeHee, HE Bce JIOOM CTAPEIOT C OAWHAKOBOW CKOPOCTHIO.
BapuaGenbHOCTh  TpPAaeKTOpPUM  KOTHUTHBHOIO  CTapeHUs CBsi3aHA C TIEHETUYECKMMHU U
HKOJIOTUYECKUMH (pakTopamMM, KOTOpBIE BIMSIOT Ha HAKOIUIEHHE KIJIETOUHOIO MOBPEXICHHS U
BOCIPUUMYHUBOCTb WJIM YCTOMYMBOCTb K CTPECCOpPaM CTapeHMs. ITa U3MEHUUBOCTh B KOTHUTUBHOE
cTapeHue (EHOTUIIOB MOJYEPKUBAET, YTO XPOHOJOIMUECKMH BO3pAcT SBISIETCA ILJIOXUM
HIPEIUKTOpOM (YHKLIMOHAJIbHOrO ymajaka. Ckopee, (YHKUMOHAJIBHBIA WM (DU3MOIOTHYECKUN
BO3pACT, onpenesieMblii 6nomapkepamu (T. €., OMOJOrMUecKUil BO3pacT), 00eCHeunuBaeT JIy4dlIyto
OLICHKY TpAeKTOPUHM YCIELIHOINO0 WM IaTOJOTHYECKOTO CTapeHus. MUKpOUMI U TEXHOJIOTHS
CEKBCHUPOBAHMS CIIEAYIOLIETO IOKOJIEHMS IO3BOJIAECT HCCIEN0BATh JKCIPECCUIO THICAY T'EHOB,
KOTOpBIE MOTYT OBITh HCIIOJB30BaHBl B KayeCTBE OHOMAapKEpOB (H3MOJIOTHUECKOro u/(Min)
(GYHKLIMOHAJIBHOIO BO3pacTa M yKa3aTb Ha MEXaHMU3MbI, JIeXKallMe B OCHOBE HM3MEHYMBOCTH
crapenus [32, 36-37, 40-41].

OnTtumuzanusi HEWpPOOMOJOTUYECKUX U XPOHOMEIMIIMHCKUX IPOLECCOB, BO3MOXKHA IPHU
LUPKAJUaHHOM BBIPAOOTKE MEJIATOHMHA M OO0ECHeYeHMM €ro JUINTEeNIbHOW KOHLIEHTpAluu B
OpraHu3Me 4YelloBeKa, MOCPEICTBOM paboThl TPEX COCTABIISIONINX:

—ynotpebienus (PyHKIMOHAIBLHOTO U cOATaHCHPOBAHHOTO MUTAHKE, COAepIKallee B OOIbIIOM
KOJIMUYECTBE pacTUTENIbHBIE OeKu [16].

—BO3JICHCTBHS CBETA ONPEIENICHHOM JUTHHBI cBeToBOro criekTpa [30],

—aKTHBAIMU MTPOTPHOLIEIITUBHON CEHCOPHOI CHCTeMBI MpH (pu3ndeckoit Harpyske [30].

JlinrenbHbld, Oonmee 15 MuH, spkuil cBeT crumynupyeTr Helponbl CXS runoramamyca u
TOPMO3HT BbIpaOOTKY MenaroHuHa smudu3om. B uccnemoBanusx H. I1. Pomanuyk [16, 27, 30]
pa3paboTaHa MeETOAMKa BO3JCHCTBHS Ha LMpKaJUaHHbIE OHOJOTMUYECKHE PHUTMBI YeJIOBeKa,
yCTpOHCTBa (OYKOB) COCTOSIIIETO M3 HCTOYHMKA THTAHUS, CBETOAMOIHBIX M3JIydaTesei,
PEryJasTOPOB PEXHUMOB IOJAUYM CBETOBOTO IIOTOKA, BBIOJIHEHHOTO B BHJE OYKOB, HM3JIydareseu
CBETOBOTO TTOTOKA, TEHEPUPYIOIINUX IMHUKOBYIO JUTMHY BOJHBI B 00sactu oT 480+5 am 110 490+10 HM
Y CMOHTHPOBAHHBIX B BHJIE KOHIEHTPUUYECKUX KPYTOB, IJIMIICOB WIX JIMHUN HAa CBETONPO3PAYHON
OCHOBE, a B JJIEKTPUYECKYIO LeNb Ol0Ka M3IydaTeseil BKIIOYEHO pejie-TNpephiBaTeNlb CBETOBOIO
MOTOKa C MOCTOSHHBIM BpemeHeM 400 Mc, aBTOMaTHYECKH YIIpaBiisieMoe OT OJioKa peryisuuu
SIPKOCTHU CBETOBOT'0 MOTOKA. Vcrnoiabp3yeMble cBETOMObI CMOHTHPOBAHBI B BHJI€ TOPU30HTAIbHBIX,
BEPTUKAJIBHBIX WJIM KPYTOBBIX JIMHHUM, MEXY KOTOPHIMU UMEETCSI CBETOIIPO3PAUYHbIE TPOMEXKYTKH,
HEOOXOMMBIE Il OCYIIECTBICHHUS 3puTenbHON (yHKIMU. CBETOAMOABI MMEIOT JAMana3oH JUIMH
BOJH B CHHEH YacTW BUAUMOro crektpa BeandnHo oT 48015 mm go 490+10 mm. Mcrounmk
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IUTaHUS CBETOIMOJOB CMOHTHPOBAaH B ompaBe O4dkoB. [locie BKIIIOYEHUS NUTAHUS KHONKAMHU
YIPaBJICHUS 33al0TCS PEKUM CBETOBOTO MOTOKA IO MOKA3aTeNsIM IPKOCTH YaCTOTHI 11ay3 CBETOBOTO
MOTOKA MO CYOBEKTUBHOMY MPEANIOYTCHUIO YETIOBEKA.

@OyHKIMOHAIBHbBIE IPOLYKThI IUTAHUS Pa3IMYHbIE 110 COCTaBY, C CUCTEMHBIM BO3JI€HCTBHEM
Kak Ha TyMOpajbHble U TOPMOHAJbHbIE LUpKaJuaHHbIE KojeOaHMs, TaKk MW  Ha
NEpCOHU(UITUPOBAHHOE COCTOSHUE 3/0pOBbS, M €ro MNOJMMOPOMAHOCTb. BrioueHue B
KOMOMHUPOBAaHHYIO  cXeMy  (YHKUMOHAJIbHOTO  MPOAYKTAa MHUTAaHUS  OOYyCIOBJIEHO  €ro
cOaJaHCUPOBAaHHOCTBIO 10 COAEPKAHMI0 MHKPO— M MAaKpO3JIEMEHTOB, BUTAMMHOB M MUHEPAJOB,
KJIETYaTKM W Jp., HEOOXOIMMBIX MYXCKOMY UM JKEHCKOMY OpraHu3My 4eJOBeKa Kak Jyis
npo(UIAKTUKY TOPMOHAIBHBIX HAPYIIEHUH B PENPOAYKTUBHOW CUCTEME, TaK M JJIsl AUETUYECKOTO,
npOoQHIAKTUIECKOTO U (PyHKIIMOHAIBLHOTO MUTAHUS MIPH JUCCOMHHU, TECHHXPOHO3e [16].

KoHueHTpaus MeIaToHnHA B KETyJOYHO—KHILEUHBIX TKAHAX IPEBOCXOIUT YPOBEHb KPOBHU B
10-100 pa3, a B )KeqyqOYHO—KHUIIEYHOM TpakKTe 1o KpaitHeit mepe B 400 pa3 Oonbliie MeIaTOHUHA,
4YeM B IIMIIKOBUIHOH jxene3e [27]. OpraHu3M 4enoBeKa MpeAcTaBlsieT co00l CUMOMOTHYECKOE
COOOIIECTBO MHOTOYHMCICHHBIX JYKAPHOTHUECKUX, MPOKAPUOTUYECKHX KIIETOK, BHPYCOB W
apxebaktepuii. OOIIee YUCIO COMATHYECKUX M 3apOIBIINIEBBIX KIETOK AOCTHraer 1 TpiH, a
MHUKPOOHBIX Ki1eToK — cBblmie 100 TpaH. B cucTeMHO-MHTErpaTuBHON EATENBHOCTH T'OJIOBHOIO
MO3ra 4eJ0BeKa HaCUUTHIBAETCSI OIPOMHOE KOJIMYECTBO — MpUMepHO 10 MIIp/ CBA3aHHBIX MEXAY
c0o00i1 U MOCTOSIHHO B3aMMOJICHCTBYIOIIUX KiIeTOK [35].

B wuccnenoBanusx H. I1. Pomanuyk [16, 29] ycTaHOBIEHO, YTO CHUCTEMHO—JIOKAIbHOE WU
WH/MBUYallbHOE COUYeTaHHOE (MEIUKAMEHTO3HOE M HEMEAMKAMEHTO3HOE) BMEILATEIbCTBO B
LUPKAJUAHHYI0 OCh «MHMKPOOMOTa—KHUIIEYHUK—MO3[» C IOMOIIbIO €XKEIHEBHOIO YIOTpeOIeHUs
(YHKIMOHAJIBHBIX MPOAYKTOB IMUTAHUS, TOJIOKUTEIHFHO BIUSET HA KOTHUTHBHOE U ICUXUYECKOE
3I0pOBbE 4E€JOBEKa. BucrepanbHbli M KOTHUTUBHBIM MO3I pPEryiaupys YpPOBHHU MeJIaTOHMHA
U3MEHSIOT (DIOpy KHUIIEYHHKAa W YIy4dlIaroT aHTUMHMKpPOOHBIe neicTBus. (DyHKIMOHAIBHOE U
cOajaHCUpOBAaHHOE IUTaHME  O0ECHEeYMBAIOT IMPKAAMAHHOE (YHKLUHMOHUPOBAHHE HEWPOOCH
«MO3T—KHIIEYHUK» C OJHOBPEMEHHBIM ITHTAHUEM «MO3Ta» U «MHKpOOHOTHD». HoBas koHuenmms,
paccmarpuBaroiasi MUKpOQIJIOpYy KHILIEYHHKAa Kak KJIIOUYEBOM  PEryjisTop TMOBEIEHUs U
(YHKLIMOHUPOBAHMS TOJIOBHOTO MO3ra, MPEACTaBIsSeT cOO00M cMeHy HapaurmMbl B HEHpOHayKe U
KIIMHUYECKOHN repuarpum.

Brenpenne wu300pereHus [16] mo3BONMIO MONYyYUTHh MHINEBON MPOMYKT JJS TOAABICHHS
CBOOOJHO-PAIMKAJIbHOM ~ aKTMBHOCTH, HMHBA3UBHOM  JETOKCHKALlMM OpraHW3Ma  4YellOBEKa,
ONTUMM3ALMK HEMPOTEHHOM PETYNALUU COCYIUCTOTO TOHYCa M BOCCTAHOBIIEHUS! PEIPOTYKTUBHBIX
(GYHKLMH y JIUI] MY>KCKOTO U ’KEHCKOT'0 T10J1a.

[ToMuMO BIUSHUS JUETUYECKUX MPHUBBIYEK HA AIHUTCHETHYECKYIO PETYISIIHI0O MeTa0oIn3Ma
CYLIECTBYET €Ill€ HECKOJIbKO COLUaIbHBIX (PaKTOPOB, TAKMX KaK PEXUM CHa, BpeMs IpHeMa MUIIU U
pabourie cMeHbI, KOTOPBIE BBI3BIBAIOT LIMPKAIHOE paccoriiacoBaHue. /laxke oJjHa HOUb HEJIOCHIIAHUS
NPUBOIUT K TUIEPMETUIMPOBAHUIO PA3IMUYHBIX TKAHECMEU(PHUECKUX YaCOBBIX TI'€HOB, YTO
MPUBOAUT K TOBBIIIEHNUIO MHCYJIMHOPE3UCTEHTHOCTH M HApYyLIEHHIO TOJEPAHTHOCTH K IJIIOKO3E.
Kpome Toro, MeraboiuTBl SBISAIOTCA CyOCTpaTamMH, HCIOJNb3YeMbIMH U1l  (OPMUPOBAHUS
MoAM(UKAIMKA XpOMaTMHAa M UrpaloT (QyHIAMEHTAJIbHYIO pOJIb B JEATEIbHOCTH BCEX
OuoxuMHUYECKUX MyTeil. bputo mokazaHo, 4To MeTabOIUTHI, BRITEKAIOMIUX U3 PAa3IMYHBIX MHIIEBBIX
WUCTOYHUKOB MOTYT CIYXHTh CyOCTparaMu il TPaHCKPHUIIIMOHHBIX ()aKTOPOB M THCTOHOB
MoaupuKauud (EepMEHTOB, KOTOphIE IOTOM BIMSIOT Ha YIUIOTHEHHE XpomatuHa. C apyroit
CTOPOHBI, CYIIECTBYET HECKOJBKO JIMHUI J10Ka3aTeNIbCTB TOrO, YTO SMMUIEHETHKA, B CBOIO OUYEPEb,
MOXeET BIMATH Ha METa0O0IU3M U OOJIE3HH.

—G)
@ - Tun nmuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 85


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 6. Ne2. 2020
https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/51

[Iutanue m sHepreTMueckuil OOMEH SBISIOTCS OJHUMHU M3 HauOojee BaXHBIX (DYyHKIMH,
HEOOXOIUMBIX Uil TOAAepKaHus (QHU3NUecKOod (GOpPMbI W BBDKMBAHUS OPraHU3Ma, U TOITOMY
SIBJISIFOTCS. MOLIHBIMU JIBHKYILIUMU CHUJIAMH 3BOJIIOLIMH.

Jluetnueckass MOIyJISALUS SIMICHOMA. XOpOIIO M3BECTHA BaXKHAasl POJIb SIUTCHETUYECKUX
MEXaHU3MOB B Pa3BUTUU U (PyHKIMOHUPOBAHUU Mo3ra. OHAKO Iporpecc B 3TOH 001acTH Ha IMyTH
K [IOHUMAaHHIO MEXaHU3MOB BBI3BAHHBIX JUETOM M3MEHEHUH OIPAaHHYEH B IIEPBYIO0 O4YEpEIb M3-3a
HEIOCTYITHOCTH MO3Ta OT JKHUBBIX CyOBEKTOB UEJIOBEKa B COYETAaHHH CO CIOXKHOCTBIO
SIUTCHETUYECKUX CUTHATYP PA3JINYHBIX TUIIOB KJIETOK B FOJIOBHOM MO3TE.

Bce Gonbliie TaHHBIX CBUJIETEIBCTBYET O TOM, YTO PA3IMYHbIC FMUICHETUYECKHE MEXaHU3MBI
(metumupoBanue JIHK, w™omudukammm rtucronoB, HKPHK) B3auMocBs3aHbl U 00pasyioT
«QUUTEHETUYECKyl0 ceTh». Habmomaemblii (enotun — BriIO4as III0OATbHOE 310pOBBE U
BO3PAaCTHBIC IIPOLECCHl — SBIAETCS KOHEYHBIM pE3yJbTaTOM psfa HHTETPAJIbHBIX CHUTHAJIOB.
dakropsl 00pa3a )KU3HU U BO3JCHCTBUS OKPYXKAIOLIEH Cpeabl OCTABIAIOT SIUT€HETUYECKHE CIIE/b
Ha Hawel /JIHK, xoTopsle BIUSAIOT Ha SKCIPECCUIO TEHOB; HEKOTOPBIEC U3 HUX OKa3bIBAIOT 3ALIUTHOE
neiicTBUe, a Apyriue — BpeaHbl. borareie hpykTamMu U OBOLIAMHU TUETHI MOTYT OKa3bIBaTh CXOTHOE
Bo3aeiicteue Ha JIHK c¢ »snurenermueckumu mnpenaparamu. bonee miyOokoe nNoOHHMaHue
SMUIeHETUYECKUX A(P(PEKTOB U CUTHAIBHBIX IyTeH, aKTUBUPYEMBIX OMOJOTHYECKH AaKTUBHBIMU
MUILEBBIMA KOMIIOHEHTAMH, MIOMOIVIO OBl OLIEHUTh POJIb M MOTEHLHUAIBHYIO MOJb3Y MUTATEIbHbIX
BEILIECTB JIJIsl HAIIero 310poBbs (Pucynok 14) [2, 44].

it ’w— S

i 4. Memomm, XO/IHH,
(1 ( . BMOAKTHBHBIE BElLECTBa
\ 7 . nocTynaoT B KAETKK

( Bone
\ marrow

3. I'IuTaTEIIleale‘ UuTosuH
BellecTsa
BCACLIBAIOTCA B
TOHKOM KHLUEYHHKe ||
U C TOKOM KpOBH
TPaHCMOPTHPYIOTCA

K KAeTKam

leTunbHbIe rpynnbl

N MeTuaupoBanue [IHK nogaBnneT 3KCNPECccHio TEHOB

Pucynoxk 14. MexaHn3M BIHsSHHSA MM HA STTUTeHeTHYeCKUe Moanukanuu [19, 44].

[IurarenpHass DSIUICHETMKA MOXKET COUYETATbCAd C JIEKAPCTBEHHBIMU CPEACTBAMH IS
CUHEPrUYecKOro BO3JEHCTBUS B LENSIX JICUCHUS UM NMPOPUIAKTUKN UM ObITh aJlaiTUpOBaHa s
OEepeMEHHBIX JKEHUIMH C IeJIbI0 CHIDKEHUS OpeMEeHM XPOHMYECKHX 3a00JieBaHUI y IMOTOMCTBa
MOCPENICTBOM 3IUTCHETHYECKU 3/J0POBOM queThl. JlanbHelie nccieaoBaHyst B 001acTH MUTaHUS U
SMUICHETUKA MOXKET MPUHECTH 3HAYUTENIbHYIO T0JIb3y OOILIECTBEHHOMY 3/IpaBOOXPAaHEHHIO, a
MIEPCOHAIIM3UPOBAHHOE NMUTAHUE MOXKET CTATh YAaCThIO MEIUIIMHCKON IPOrpaMMBbl ITALUEHTA.
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Mosr perymupyer KUIIEYHHK M €ro MHKPOOHMOTY IOCPEICTBOM HEHPOaHATOMHUYECKHUX,
MMMYHOJIOTHUECKUX M HEWPOIHJAOKPHUHHBIX HEHpPOCETEBBIX IMyTeH, COOOLIAIOIIMXCS C MOMOIIBIO
HEHpPOMENNAaTOPOB, HEUPOIIENITUOB WIN MPOAYKTOB MUKPOOHOTO MPOUCXOXKIEHNUS, BIUSIOLIMX Ha
MHUKpPOOHOTY KulledyHHKa. COOTBETCTBEHHO, MUKPOOMOTA KHILIEYHHKA BIMSET Ha MO3L. OTH JBa
cioco0a (popMUPYIOT JBYHAIPaBIEHHYIO CBSI3b M B3aUMOJEHCTBUE MEXy KMIIEYHUKOM U MO3IOM
(Pucynok 15) [45-46].

— Neuroanatomic pathway —

— Immunological pathway — \

|

Top- > Bottom
2 Neuroendocrine-HPA
down -—-T— : —— -up
axis pathway
manner manner
\ Neurotransmitters,

\ neuropeptides ,
\ microbial-derived
products

)
J
Pucynok 15. B3aumogeiictBue mMo3ra u MUKpoOHOTHI. O0Ias KOHIEHINS IBYHAIIPABIEHHONW OCH:
KUIICYHUK—MO3r—MHKpoOuoTa [46—47].

JlucOaKTepruo3 KHUIICYHUKA MOXKET OBITh BBI3BaH PANIMYHBIMK (HAKTOpPaMHU OKpPYKaIOIICH
CpeJibl, B TOM YHCJIe TAKUMU KakK JINETa, CTPECC, BO3ICHCTBIE aHTHOUOTHKOB, TOKCHHOB, JICKAPCTB U
naroreHoB (Pucynok 16).

HenpasunbHoe NuTaHue
{6ONbWOE KONMYECTBO MU, NPOCTHIE YINERBOADL,
WCKYCCTBEHHBIE KDACUTEAN, KOHCEPBAHTDI,
HATPTY! 4 necTLMA) BocnaaurensHble
npotieccobl B
KHLUIEeYHUKe

FfenbmuHTO3

XpoHuueckune
BeckoHTpONbHOE v ocTpble
oyMLEeHHne HHbeKLun
I{HI.I.IE"IHH‘I"{E (BWM, renatuTbl C v B,
KAUIMOWU repnec » apyrue)
Aunaber,
Xvmuorepanus, OHKONOTrMYecKue
NPOTUBOBUPYCHARA zaboneBaHuz,
Tepanua, pagMoTepanva, 6one3nn neveHu
ropmoHoTepanma

M NOAMENYA0UHOM
AHTHOMOTHMKOTEpanuAa Kenesb

Pucynox 16. [Ipuunnbl nucoakrepuosa [46-47].

TlepcnexmusHblmu ABIAIOMCA NPOOONAHCAIOWUECS HAWU CIMPpame2udecKue Uccie0o8anus
8 0bnacmu 2eHemuKU U INULEHEMUKU CePOedHO-COCYOUCbIX 3A001e6aHUl
B wuccrnenoBannm, paspaboran u BHenpeH [48] cmoco0 OICHKHM BO3PACTHBIX W3MEHEHUH
CepACYHO—COCYUCTOM CHCTEMBl OpraHW3Ma 4eJOBeKa, 3aKIIOYaIONIMiCS B  ONpPEACIICHHU
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Onogu3nueckux U OHOXMMHUYECKMX TIOKa3aTeledl OpraHm3Ma 4YejoBeKa, TMpPH KOTOPOM
nonosnHuTeNnbHO MpoBoaaT OKI' u OxoKI' cepana, 1 Mo OTKIOHEHUSM yKa3aHHBIX MTOKa3aTesled u
nokazanuii m3Mmepenuid OKIT m DxoKI' cepama cymsT o CTPYKTYpHO—(YHKIHOHAJIBHBIX U
MeTabO0IMUECKHX M3MEHEHUSX B JIOKAJIBbHBIX KPOBEHOCHBIX COCY/IaX, PETMOHAIBHBIX COCYIUCTBIX
OacceliHax, OTIMYAIOLIUIICS TEM, YTO OCYIIECTBISIOT OJHOBPEMEHHOE H3MEpPEHHE CUCTEMHOIO
apTepUaJIbHOIO JaBJICHUS HA JIEBOM M IIPABOM ILIEYE, JIEBOW U MPABOM JOABDKKE Ul ONpPEAEICHUS
3HAUEHUH JIOIBDKEYHO-TICYEBOTO MHAECKCA B JIEBOM M NPaBOM IOJOBUHE TYJIOBUIIA U CKOPOCTH
pacupoCTpaHEeHHs] IyJIbCOBOW BOJHBI B JIEBOM M IPaBOM IOJOBMHAX TYJIOBUILA, a BO3PACTHBIC
U3MEHEHUSl CEPIECYHO-COCYAMCTOM CHUCTEMbl OpraHh3Ma 4YeJlOBEeKa OLEHHUBAIOT [0 BEIMYHMHE
JIOJBIKEYHO—TIJIEYEBOTO MHAEKCA U YKAa3aHHBIM I0KA3aTeIsiM M3MEPEHUN B MOMEHT PETUCTpaLiH
TOr0 HMIYNIbCA, a TaKKe IO TIOKa3aTelsiM COCTOSHUS IICHTPAJIbHOW U mepudepruecKoi
reMOIMHAMUKH, WU3MEHEHUIO Te€OMETPUU Cceplilia, paboTe cepAeyHO—COCYAUCTOM CHUCTEMBI, TEMILY
BO3PACTHBIX U3MCHEHHI M UX B3aUMOCBs3u [48].

CrapeHue CBS3aHO C NPOTPECCHUPYIOIIMM CHIDKEHHEM CTPYKTYpbl W (YHKLIMH CEpAeYHO—
COCylIHuCTOM cucTeMbl. Hakorienue noKa3aTenbCTB CBA3BIBAECT CEPACUYHO—COCYIAHUCTOE CTApEHHUE C
SIUT€HETUYECKUMH H3MEHEHMSIMH, BKJIIOUAIOLUIMMH CJIOKHOE B3aUMOJCHCTBUE METUIIMPOBAHUS
JIHK, mocTTpaHCHAsSIUOHHBIX MOAU(UKAIUN TUCTOHOB U JMHAMUYECKOW 3aHATOCTH HYKIIEOCOM,
perynupyemMoil MHOTOYMCICHHBIMU SIUTeHEeTHYecKuMu (aktopamu. JlocTikeHus B 00JacTH
T€HOMHOW TEXHOJIOTMU IPUBENU K NIyOOKOMY MOHHMMAHUIO PEOPraHM3allud XpOoMaTHHA Kak IpU
CEPJIEYHO-COCYUCTOM CTApEHUHU, TaK M mpu 3aboneBaHusx. OOOOIIEHBI MOCIEAHUE OTKPHITHS B
00JIacTH AMUTNeHETHYECKMX MEXaHHW3MOB, YYacCTBYIOIIUX B CEpPACYHO—COCYIAHMCTOM CTapeHUU U
3a005IeBaHUSAX, U OOCYXKIAIOTCA TMOTCHIUAJIbHBIE TEPAaNeBTUYECKUE CTPATErnu IS 3aMeJICHUs
CepACYHO-COCYIUCTOTO CTapeHuss © OOphObI C CONYTCTBYIOUIMMHU 3a00JICBAHUAMH IyTEM
OMOJIOJKEHUS AMUTCHETUYECKUX CUTHATYP JI0 MOJIOJIOTO COCTOSIHUS.

Crapenue cepiiia — 9TO CJIOXKHBIN MpPOLIECC, XapaKTePU3YIOMIUCA CHIDKEHUEM (QyHKIUI
ceplilla U PEeMOJICTUPOBAHUEM >KEIIYJOUYKOB U IpeIcepAHil. DTOT MPOLECC BKIIOYAET YTONIIIECHHUE
CTEHKH JIEBOTO JKENyIO4YKa BCIEICTBHE THUNMEPTPOPHUH KapIHMOMHOIMTOB, YBEIHYECHHUE pPa3MepoB
JIEBOTO TpEACepausi, YTOJIIEHWE M YIUIOTHEHHE HWHTHUMBI COCYIOB BCJIEACTBHE OTJIOKECHMUS
KoJulareHa M Kajibliug. Cpeau 4YeTKO OIpPENETICHHBIX NPU3HAKOB CTAPEHUs, BKIIOUasi T€HOMHYIO
HECTaOMJIBHOCTb, YKOPOYEHHUS TeJIOMep, SMUTeHETHYECKHEe H3MEHEHMs, IMOTEepI IpOTeOocTasa,
HapylLIEHUE PEryNslMU BOCIPUATUS NMHUTATENbHBIX BEIIECTB, MUTOXOHJIPHAIBHYIO JUCPYHKIIHIO,
CTapeHue KIJIETOK, MCTOIEHUE CTBOJIOBBIX KJIETOK M H3MEHEHHE MEXKKJIETOUHOM CBS3M, MHOTHE
0COOEHHOCTH 4YacTO HaOIIOJaroTCs M MpHU CepAEYHO—COCYIUCThIX 3aboneBaHusx. Hampumep,
YKOpOUYEHHE TEJIOMEp CBS3aHO C CEPJIeYHO—COCYAUCTHIMU 3a00J€BaHUSAMHU. YKOPOUEHHUE TEJIoMEp
OTpaXaeT KyMYJSITUBHYIO HAarpy3Ky BOCHAJIMTEIbHOTO, OKHCIMTEIBHOIO, BO3PACTAIOLIEro C
BO3pacToM Iporpeccupymoiiero ¢uodpo3a cepauna, Tak Kak MNpopUOPOTUYECKHE CHUTHAJbI
YCUJIMBAIOTCS IIPU CTAPEHUH.

Haiinenst naToQpu3N0IOrUYeCKue ACIIEKTBI (YHKLIMOHUPOBAHUS CHUCTEMBI
HEUpOpePIEKTOPHOU PETYIAINN apTepHAIBHBIX cocynoB. Haiinena Ouodusudeckas NpHYUHA
pa3BUTHS MEPBUYHON apTepUaIbHOW THIIEPTOHHH, KaK HApYLIEHHE KapAHOCUHXPOHU3UPOBAHHOTO
MeXaHu3Ma aHTU(IATTepHON cTaOwiM3anuMu CcocyaucToil cucrtembl. Ha ocHOBe aBTOpckoi
KOHLENIMU (PYHKIIMOHUPOBAHUS CUCTEMBI HEMPOPEPIEKTOPHOH peryssiiy apTepruaIbHbIX COCYI0B
MOoKa3zaHa  0co0ass  BaXXHOCTb  JO3UPOBAHHOTO  CHIDKEHHS — apTEpUajIbHOTO  JaBJICHUS
AHTUTUIIEPTEH3UBHBIMU JIEKAPCTBEHHBIMM IpenaparaMd J0 IOpora BO3PAaCTHOM HOPMBI MOJ
KOHTPOJIEM  JIOABDKEYHO-TIJICYEBOro  MHJeKca.  [IpumMeHeHume  HOBBIX  Omodu3HUECKUX,
ANEKTPOKAPAUOIOTUYECKMX M KIMHUYECKUX MAapKepoB OLEHKH 3()(HEKTUBHOCTH JICUEHHUS U
IIPOTHO3a OCJIOXXHEHUW Yy TMAlMEHTOB C IEPBUYHON apTepUaIbHOM TUIIEPTOHHEH ITO3BOIWIN
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BHEJIPUTh BOCCTAHOBUTEILHO—PEAOUIUTAIIMOHHBIN CUCTEMOKOMILIIEKC MeponpusaTuii. CUCTEMHBIN
QITOPUTM HMHHOBALIMH BOCCTAHOBUTEJILHOM MEAWIUHBI JJIS pEIICHUS MpOoOJIeMbl EPBUYHOM
apTepUaIbHOM THIEPTOHHEH M yBEIMYEHHUS MPO(EeCCHOHAIBHOTO JOJTOJETHS COCTABISCTCS
WHAWBUIYAIbHO C TMO3UMLUM JOKa3aTeJbHOW MEIMLMHBL, JaHHBIX T€HEeTHMYECKOIro Iacrlopra,
OMOJIOTNYECKOrO BO3pacTa, npogeccuoHaIbHOM NesTeNbHOCTH, BepU(PULIHPOBAHHON
noiuMopouaHocty [31].

OneHka cTapeHUs OpraHu3Ma 4YellOBeKa B CYIIECTBYIOUIMX CHOc0o0ax IMPOBOTUTCS IO
BEJIMYMHE OTKJIOHEHHUS WHAMBHUIYalbHOTO OMOJIOTMYECKOTO BO3pacTa 4YeJoBEKa OT €ro
KaJEeHJapHOTO BO3pacTa, IMPH O3TOM OIPEIENAeTCs] IOBBILIEHHBIM PHCK PpaHHEro pPa3BUTHUSA
BO3PACTHOM MATOJOTUHU, KOTOPBIN BIMAET Ha KAYECTBO M MPOAOIDKUTEIBHOCTD KU3HU.

Omnpenenenne OMOIOTMYECKOTO BO3pacTa M WHAMBHUIYAIbHOH CKOPOCTH CTapeHHs 0co00
aKTyaJIbHO JJI1 OLEHKM M IPOTHO3MPOBAHUS pHUCKA DPa3BUTHs HauOojee pacHpOCTPaHEHHBIX
XPOHUYECKUX 3a00J€BaHUH COBPEMEHHOIO 4YEJOBEKAa, CIEMJIEHHbIX C OHTOIC€HETUYECKUM
Pa3BUTHEM H MPOILIECCAaMU CTapeHUs YEJIOBEKa: apTephalbHasi TUIIEPTOHUS, UIIeMUYecKas 00JIe3Hb
cep/ilia, O)KUpEHue, caxapHblil Auabder 2 Tura, aTepoCKIepo3 U Ip.

Hacrosimee wu3o0pereHMe HampaBlIeHO Ha JOCTHKEHHE TEXHMYECKOrO pe3yJbTara,
3aKJIIOYAIOUIETOCS B MOBBIIIEHUH JIOCTOBEPHOCTH M OOBEKTUBHOCTH OLIEHKHM BO3PACTHBIX
U3MEHEHUH CepleUyHO-COCYAMCTON CHUCTEMbl OpraHu3Ma 4esjOBeKa 3a CYeT ydeTa IoKas3arelis
JIOJBIKEYHO-TIJIEYEBOTO HMHJEKCA, KaK OMOMapkepa B KPOBEHOCHBIX COCyJaX M PErHMOHAJIbHBIX
COCYOUCTBIX OacceliHaX, B COBOKYNHOCTM C MOP(QOJOTHYECKUMHU (CTPYKTYpHBIMH) U
(YHKUMOHAJIBHBIMH (AMHAMHUYECKUMH) MOKA3aTeJIIMU CKOPOCTH CTapeHHsl CepAeyHO—COCYAMCTON
CHCTEMBI.

HoBbIM B 3asBIIEHHOM Ccroco0e SBISETCS TO, YTO TNPHMEHSETCS CHUCTEMHBIM IMOIXOHA C
U3Y4YEHHUEM TMIATUIECATU IOKa3arened (MapKepoB) — KOI(PQPUIMEHTOB CKOPOCTH CTapeHHUs
CepACYHO-COCYIUCTON CHUCTEMbl M OHMOJIOTMYECKOrO0 BO3PAcTa, KOTOpPbIE OCHOBAaHbl HAa OLCHKE
BO3PACTHBIX U3MEHEHUH TOKa3aTelell B pa3InyHbIX BO3PACTHBIX I'PyMIax, T. €. B IIOOOM BO3pacrTe.

Ha ocHoBanum momydeHHBIX JaHHBIX (50 MapkepoB) NMPOBOISAT IUATHOCTUKY ITOPAKCHUS
OpraHOB-MUIIEHEN y OOJNBHBIX C apTepualbHON T'MIEpTeH3UEH, CyasIT 00 aTepOCKIEPOTUUECKUX U
JAPYTUX W3MEHEHHUSX KpPOBEHOCHOIO COCYAd, COCTOSIHMM ILEHTPAJbHOM U mepudepudeckon
reMOJMHAMUKH, U3MEHEHWU T'€OMEeTpUHU cepla, padoTe Bceil cepAedHO—COCYIUMCTON CHCTEMBI B
LeJIOM M MpH HapyUIeHHM JeNaloT BBIBOA O CTENEHU BO3PACTHBIX M3MEHEHMSIX CEepIeUHO—
COCYIUCTON CUCTEMBI.

VKa3zaHHbIE TPU3HAKU SIBISIIOTCS CYIIECTBEHHBIMH M B3aMMOCBSI3aHbl € 00pa3oBaHUEM
YCTOMYMBON COBOKYITHOCTH CYIIECTBEHHBIX MPHU3HAKOB, JOCTATOYHOM JJIs MOJIyuyeHHUs! TpeObyeMoro
TEXHUUYECKOTO pe3yibTaTa.

Kpome Toro, oueHb BaKHBIM B 3asiBJIEHHOM CIIOCOO€ SIBIISIETCS BO3MOXKHOCTH pa3pabaThiBaTh
QITOPUTMBI TepalmMM M OLEHHWBaTh A(PPEKTUBHOCTh IMPOBOJUMOIO MEIUKAMEHTO3HOIO U
HEMEIUKaMEHTO3HOI0 JICYCHHsI BO BpPEMEHHM C 3aJaHHbIM HHTEPBAJIOM U TOA KOHTPOJIEM
50 6uormoka3areneii (OnoMapkepoB).

[Tony4yeHHbIE TIPU KIMHUYECKUX HCCICAOBAHMIX 3HAYCHUS M3MEPSEMBIX IOKa3aTelell W mx
B3aMMOCBSI3b MO3BOJISIIOT OJHOBPEMEHHO MPOBOJIUTH PAHHIO TUATHOCTUKY MOPAXKEHUS OPraHOB—
MHUILIEHEH y OONBHBIX ¢ apTepUaIbHOM TUIIEPTEH3UEH, aTepOCKIePOTHYECKUE U APYTHe U3MEHEHUS
KPOBEHOCHOTO COCYy/a, COCTOSIHUE IIEHTpPajJbHOW W mepudepuyeckor reMoJMHaMUKH, W3MEHEHUe
reOMETPHUH cepla, paboThl BCel CepIeUHO—COCYANCTON CUCTEMBI B LIETIOM.

B Hactosimee Bpems mpeiaraeMblii crioco0 OLIEHKHM BO3PACTHBIX HM3MEHEHHH CcepiedHo-
COCYIMCTON CHUCTEMbl OpraHM3Ma YelOBeKa HMEET JOCTAaTOYHO OCHOBAHUHM Il KIMHHYECKOTO
NPUMEHEHHST B TIPAKTHYECKOM 3JIPABOOXPAHEHHWH, IIUPOKOTO BHEAPEHHS B  AITOPUTMBI
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MPOPUIAKTHYECKUX 00CIeI0OBaHUN, TMPOPOCMOTPOB U OOCIECTOBAHUN TMAIIMEHTOB MEIUIIMHCKUX
YUPEXKACHUN [JI1 CUCTEMHOW OLIEHKH BO3PACTHBIX M3MEHEHUN CEPICYHO—COCYAUCTOM CHCTEMBI
YeJIOBeKa — KaK HaJIeKHBIX, BOCIPOU3BOJIMMBIX MOKA3aTeseH, MO3BOJISIIOIIUX HA JOKIMHUYECKOU
CTaJW{ BBISIBUTH MAIMEHTOB C TIeMOAMHAMUYECKHA 3HAYMMOW MAaTOJOTHEd apTepuil HUKHUX
KOHEYHOCTEH, MOBBIILIEHHBIM PUCKOM HAJIUYHS aTePOCKICPOTHUECKUX MOPAKEHUN B KAPOTUAHOM U
KOpPOHApHOM apTepHalbHBIX OacceiiHax, a TaKKe YTOUHUTh PUCKH PAa3BUTHUS CEPIACUHO—COCYAUCTHIX
OCJIOKHCHUH.

Crapenue cepilia — TeTepOreHHbIN MPOIECC, XapaKTePU3YIOIIUNCS MOBBIIICHHBIM YPOBHEM
aKTUBHBIX  (opMm  kuciopona, mnoBpexaeHueM renomHoi  JIHK, snurenermueckumu
MOMU(UKAUAMA M YKOpOoueHHeM Tenomep. [lociencTBusi ctapeHuss B COOTBETCTBUU C ITUMHU
BPEIHBIMH W3MCHCHUSMHU BKIIOYAIOT JCPEKTHBIA OCTKOBBIH TOMEOCTa3, MPOTPECCHPYIONIYIO
MOTEPIO MPOIIECCOB KOHTPOJISI KayecTBa W HAKOIUIEHHE AUC(YHKUMOHAIBHBIX OpPraHesl, KOTOpble
HEMOCPEACTBEHHO BIMSIIOT HA MOMYJISIIIMYA KapAHUOMHOLUTOB, PrOPOOIACTOB U CTBOJIOBBIX KJIETOK.
Takue cTOXacTHUUeCKHWE HapyIICHUS, UHUIMUPYEMble KaK BHEIIHUMHU, TaK W BHYTPEHHUMH
CTHUMYJIaMH, B KOHEYHOM HTOTE MPHUBOAAT K HAPYIICHUIO COKPATHTEIHHOW (DYHKIIUH, CHIKCHHIO
MoKa3zareyied TeMOAMHAMHUKH, a TAaKXKe K HAPYUICHUIO PEreHEPaTUBHBIX PEaKIUi Ha TPaBMbI H
CTpeCcC—CTUMYIIHI.

CrapeHne 4eoBeYeCKOro Mo3ra — 3TO CI0XKHOE, MHOTOMEPHOE siBIeHUe. {7151 mpaBUIbHOTO
pelIeHusl He TOJIBKO MEIUIIMHCKUX, HO U COLUAIBHBIX, TICUXOJOTUUYECKUX M IIPABOBBIX BOIIPOCOB,
CBSI3aHHBIX C OTUM SIBJICHHEM, HEOOXOIUMO 3HATh M YYHUTHIBATH MHOTOYHCIICHHBIC AaCIIEKTHI
3I0POBOTO, YCKOPEHHOTO M MATOJOTMYECKOro crapeHus. B Onmxaiiiime aecsaTuneTuss HeoOXoauMo
OyIeT HalTU pelIeHHs M0 YIPABICHUIO MPOTPECCUPYIONINM CTApPEHUEM HACEICHHS C TeM, YTOObI
YBEJIUYHUTH YUCIIO JIUII, TOCTUTAOIINX YCIEITHOTO 3/I0POBOTO CTAPEHUSI.

XpoHHYECKass MIIEMHS TOJIOBHOTO MO3Ta 4YeJOBEKa COCYAHMCTOrO, TOKCHYECKOTO,
MeTaboIMYeCKOro U CMEIIaHHOTO FeHe3a UMEET MECTO Y OTPOMHOTO 4Kciia OONbHBIX, HAXOIAIINXCS
B MHOTONPO(UIBHBIX CTAllMOHApaX U OOPALIAIOUIMXCS 32 OKAa3aHHEM MEIUIMHCKOW MOMOIIU B
aMOyJIaTOPHO—TIOJTUKIMHUYECKUE YUPEIKICHHUS.

B coBpemenHoll MeaMIMHE, W B YacTHOCTM B HEBPOJOTMU U Helpoduznoioruu,
MPUMEHSAIOTCS CIEIYIOIUE TPUHIUIBI IEYEHHUS] XPOHUUECKON MIIEMUHU TOJIOBHOTO MO3Ta YeJIOBEKa:

1. Bo3melicTBUe Ha cocyaucTeie  (PakTopbl (KOPPEKIHMS  apTEepHalbHOTO  JIaBICHHS,
MpoQUIAKTHKA OCTPBIX HAPYIICHUH MO3TOBOTO KPOBOOOpAIIICHMS ),

2. BOCCTaHOBJICHHE MO3TOBOTO KPOBOTOKA, YIIYYIIIEHUE IIepeOpaIbHOr0 MeTaboIm3Ma;

3. yAay4llleHre U cTa0uIn3aIis KOTHUTUBHBIX (DyHKITUH;

4. KOppeKIus APYTUX KIMHUYECKUX MPOSBICHUHN 3a00IeBaHUS.

OpnnuMm U3 HauboJiee COBPEMEHHBIX MEPCIEKTUBHBIX MOAXO00B B MEAMKAMEHTO3HOM JICUCHUU
JTUCIUPKYJISATOPHOM SHIIE(ATONaTUH SBISETCS MPUMEHEHHE Ba30aKTUBHOW, HEMPOMETAO0IUIECKOM
U HEHPOMpPOTEKTHBHOW Tepanmuu C MOMOIMIbI0 Ha3HAYEHUS KOMOWHHUPOBAaHHBIX JIEKAPCTBEHHBIX
MEIMKAMEHTO3HBIX MpenapaToB, 00IaAAOIINUX MOIUMOJANBHBIM NEHCTBHEM (aHTUTHIIOKCHYECKOE,
MeTabonueckoe (HOOTPOITHOE) U COCYIOPACIIUPSIONIEE).

OpHako BBIIENIEPEUNCIICHHBIE COBPEMEHHBIE KOMOMHUPOBAHHBIE JICKAPCTBEHHBIC TTPETIapaTh
B JICUEHUU XPOHUYECKOW HIIEMHUU TOJIOBHOTO MO3ra 4YeIOBEKa OTHOCATCS K MEIMKAMEHTO3HBIM
CpeICTBaM, MPEUMYIIECTBEHHO MPUMEHSIOTCS B aMOyIaTOPHO-TIOTUKINHIHYECKHUX, CTAllMOHAPHBIX
1 CaHATOPHO-KYPOPTHBIX YUPEKACHHUSAX ISl KYpCOBOM TEpamiu OCHOBHOTO M COITyTCTBYIOIIETO
3a00eBaHus, TPHUBEANIETO K HWIIEMUM MO3Ta, W HE COAep)KaT KOMOMHHPOBAaHHBIX
HEMEJMKAMEHTO3HBIX CPEJICTB.
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B mpopormkaromemMcst IpyroM UCCIIeIOBAaHHH W300pETEHUE OTHOCHUTCS K 00JIACTH METUITUHBI,
a UMEHHO K HEBPOJIOTUU U HEHPO(DU3HOIOTHH, U KacaeTcs AUETUYECKOTO, MPO(QUIAKTHIECKOTO U
(GYHKIMOHAIBHOTO MUTAHUS [TPU XPOHUYESCKOM HUIIIEMUH TOJIOBHOTO MO3ra yesioBeka [29].

Hacrosmee w300peTeHHe HANpaBJICHO Ha JIOCTHOKCHHE TEXHHYECKOTOo  pe3ylibTara,
3aKJIFOYAIONIETrOCs] B IMOBBIMICHWH JUETHYECKOTr0, (PYHKIIMOHAIBHOTO W MPO(HIAKTHICCKOrO
BO3ACHCTBHS (DYHKIIMOHATBHBIX MPOAYKTOB NMUTAHHUS HA OPraHU3M YEJIOBEKa MPH XPOHUYECKON
WIIIEMHH TOJIOBHOTO MO3Ta 3a CUeT BBEACHHS B PAMOH (DYHKIIMOHATIHHBIX MPOIYKTOB IMHTAHUS,
cOaTaHCUPOBAHHBIX TI0 COJCPIKAHUIO HEOOXOIUMBIX MAaKpPO— M MHKPOHYTPHUEHTOB, BUTAMHHOB U
MHUHEPAJIOB, KJIETYATKH, HEOOXOJAMMBIX IS JAMETUYCCKOrO0 M (DYHKIMOHAJIBLHOTO IUTAHHUS IPU
XPOHUYECKON WIIEeMHH TOJOBHOTO MO3ra 4YelIOBeKa, a Takke I NpoQHIaKTHIeCKON
PEBUTATN3AIMH Ba30aKTHUBHOM, HEHPOMETa00INYeCcKOi U HEUPOIIPOTEKTUBHOM (DYHKIIMH TOTIOBHOTO
MO3T'a YeJIOBEKa.

VYKa3aHHBIH TEXHHUYECKHHA PE3YJIbTaT JAOCTUTACTCS TEM, YTO B MPOAYKTE (DYHKIIMOHAIBHOTO,
JUETHYECKOTO U MPOPMIAKTUYECKOTO MUTAHUS I OONBHBIX ¢ XPOHUYECKOW UIIEeMHUEH TOJOBHOTO
MO3ra, TMPEACTABISIONEM COOOW 3aJMBacMyl0 TMpPU  YIOTPEOJCHUH IKUAKOCTBIO CMECh,
W3TOTOBIICHHYIO W3 3KOJIOTUYECKOTO IEeITbHO3EPHOBOTO HATYPAIBHOTO CHIPhS, NMPOU3BEICHHOTO B
P® u He comepxaiero reHHO—MOJU(PHUIIMPOBAHHBIX OPTaHU3MOB, COJIEPIKAIIETO BBICYIIICHHOE
3€pPHO TBEPJOH MIICHUIIBI, TEPMOOOPAOOTAHHOE METOJIOM B3phIBa, apOy3HbIC CEMEHA, CEMEHA JIbHA,
pacTopoIIIy, JONMOJHUTEIHLHO BBEICHBI BBHICYIICHHBIC 3€pHA PIKH, TEPMOOOPAOOTAHHBIE METOIOM
B3pbIBa, PACTOTYCHHBIC YACTHUIII YCUEBHIIBI, TPEIKMX U KEIPOBBIX OPEXOB, COSl (B BHJIE OKApHI),
MYEJIMHAs TIepra, MOPOIIOK TONMHAMOYpa, CIUPYJIUHBI, JAMUHAPHUHU, JKCHBIICHS W KaMEHHOTO
Macia.

KoMITOHEHTBI HAXOAATCS B CIEAYIONIEM cOOTHOIICHNH, /100 T TOTOBOTO CyXOTro MPOAYKTa:

1) 3epno TBepaoii mienunsl 19,5-20,5;

2) 3epuo pxku 19,5-20,5;

3) cos 19,5-20,5,

4) ueueBnna 10,5-11,0,

5) cemena npHa 5,0-5,5,

6) pacropomma 5,0-5,5,

7) moporiok TonuHamOypa 2,5-2,75,

8) apOys3ubie cemena 2,5-2,75,

9) rpeukue opexu 2,5-2,75,

10) keaposbie opexu 2,5-2,75,

11) nepra muenunas 2,5-2,75,

12) nopoiok cniupyaussr 2,5-2,75,

13) noporok jsamMuHapuu 2,5-2,75,

14) nopomiok skenpiiens 0,5-0,75,

15) mopormok kamenHoro macia 0,5-0,75.

VYKa3aHHBIH TPOMYKT COATAaHCHPOBAH 110 COACPKAHHIO MHKPO— ¥ MaKpOJJIEMEHTOB,
BUTaMHUHOB U MUHEPAJIOB, KJIETYATKH H JIP., HCOOXOIUMBIX OpraHU3My YejIOBeKa JUIS COXPaHCHUS
WHTEJUIEKTYalbHbIX, TBOPYECKUX, MPOU3BOACTBEHHBIX CIOCOOHOCTEH M TIOBBIIICHHUS KauecTBa
KU3HU, a TaKxke Ui TPOPUIAKTHKUA XPOHMUYECKOW HIIEMHH TOJOBHOTO MO3ra, C IMOMOIIBIO
CHUCTEMAaTHYECKOTO YIOTPEOJICHUS JUETHYECKOTO, MPO(UIAKTHICCKOTO W (YHKIIMOHAIHHOTO
MMATAHUS 3as8BJIEHHOTO COCTaBA.

VYKa3aHHbIE TpPHU3HAKU SIBISIOTCS CYIIECTBEHHBIMH U B3aMMOCBS3aHBl C 0Opa3oBaHUEM
YCTONYMBON COBOKYIMHOCTU CYIIECTBEHHBIX MPU3HAKOB, JOCTATOUHOM M7 MOITy4YeHHs TpeOyeMoro
TEXHHUYECKOTO Pe3yibTara.
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VYCTaHOBJIEHO C MO3UIIMH JO0KA3aTeIbHOW MEIMIIMHBI, BO-TIEPBHIX, 4TO Oosiee 33% rpaxkiaH,
CTpaaroIINX MICUXUYECKUMU paccTpoiicTBaMu JUYHOCTH (mempeccus, TpeBora,
HEMOTHUBHPOBAHHBIE CTPAXM), HCIBITHIBAIOT NEe(DUIIUT BUTAMUHOB «B» B pallioHe MOBCEIHEBHOTO
nuTaHus. Bo-BTOphix, OBICTpas MPOU3BOACTBEHHAss W TBOPYECKAsh YTOMIISIEMOCTb, a TakKXke
CHIDKEHUE MHTEJUIEKTYalIbHBIX CIIOCOOHOCTEH, CBUIETENBCTBO ASPUINTA Kee3a U HEe0CTaTOuHOE
cogepxanne ButamMuHOB B3, B6, B9 (donueBas kucnora) B opranmsme. DoiueBas KUCIOTa
CIOCOOCTBYET COXPAHEHUIO M YAaCTUYHOMY BOCCTAHOBJICHHIO KPAaTKOCPOYHOH M JIOITOCPOYHOM
MaMsITH, YCTOWYUBOCTH 3alIOMUHAHMUS.

B-Tperbux, aMHHOKUCIIOTHI (B T. 4. ¥ He3aMeHUMbIe) 1 BuTamMuubl (B3, B6, B9, B12, C u ap.),
a TaKXke BEIyIIHe MUKPO- U MAaKPOAJIEMEHTHI (MarHui, LIMHK, CEJIEH U JIp.) JJIs TOJIOBHOTO MO3Ta B
OpraHu3Me€ UYeJOBEKa HE CHHTE3UPYIOTCS, a IMOCTYHNAloT TOJbKO C MHUIIEH U SBISIOTCA
npodunakTuyeckuM 06a3ucoM MO MOAJIEPKAHUI0 (PYHKIIMOHUPOBAHUS HEHPOMETaOOINYECKUX U
MHTETPAaTUBHBIX  TMPOLIECCOB  BBICIICH HEPBHOM  JIEATEIbHOCTH  4YeJIOBEKa IOCPEACTBOM
rapMOHM3aIMK  OMODU3MUECKHX, OWOXMMHYECKMX M TOPMOHAJIBHBIX B3aUMOJCHCTBHI B
IUKJIMYECKON CUCTEME «XPOHOOUOIOTHS — XPOHOMEIUIIHAY.

B HacTosiiieM M300peTeHNH HCIONIB3YIOTCS CIIOCO0 MONy4YeHHs (DYHKITMOHATBLHOTO TIPOIYKTA
MUTaHUs C UCMOJIb30BAHHEM HHHOBAI[MOHHBIX TexHomoruii [18].

B pamkax HacTosero u300peTeHHs] pPacCMaTpUBaeTCs HOBBIM CIEAYIOMUNA COCTaB
(YHKIIMOHATBHOTO  MPOAYKTAa NHTAHHUS I TPOPUIAKTHYCCKOTO W JIUETUYCCKOTO IMUTAHUSA,
COJIepKALUA:

—BO-TIEPBBIX, POXb 19,5-20,5% B 100 r roToBOro cyxoro npoaykra — kak 0a3zoBbrii OIIII,
HEOOXOAMMBINA I BOCIIOJHEHHUS HEIOCTAIONIMX IOJE3HBIX BEUIECTB, TaK U IIEJIbBHO3EPHOBOI
MPOAYKT — «Iaropmay Jisi OMOCHHTE3a BUTAMUHOB M OMOXMMHYECKHX PEaKIUid B OpraHu3Me
KEHILUHBI (3HAOKPUHHOMN U JIp. CUCTEM);

—BO-BTOpPBIX, yeueBnna 10,5-11,0% B 100 r roToBOro cyxoro npoaykTa — Ba)KHbIM UCTOYHUK
xenesa u (onueBoit kucinotel. OHa ciocobHa obecrnednTs 10 90% CyTOYHON HOPMBI STUX BEILECTB,
HEOOXOIMMBIX 4eJOBEKy. YeueBHIIAa CONEPKUT OONBIIOE KOJIUYECTBO CIIOKHBIX YIJIEBOIOB U
aMUHOKHCIIOT, HEOOXOAUMBIX NIl OBICTPOrO MPOTEKAHUS OMOXMMHUYECKUX HEHpOMeTadoInYecKux
MPOLIECCOB B KIJIETKAX MO3ra;

—B-TPETHUX, BIIEPBBIC BBEJIEHA LIeIbHO3EpHOBas dKosnorndeckas 6e3 I'MO cos 19,5-20,5% B
100 r TroTtoBOro cyxoro mpoaykra co cpeaHero [loBomkbs € (YHKIHOHAIbHBIMHU
XapaKTePUCTUKAMU, PEIIAIOIIMMHU IMOCTABICHHYIO TEXHUYECKYIO 3a/1a4y;

—B-4€TBEPTHIX, BBEJCH MOPOIIOK TOMUHAMOYypa, KOTOPbIil comepkuT 10 20% CyXuX BeIlecTs,
cpenu KoTopbix 10 80% comep:KuTcs MOIMMEPHOTO ToMoiora GpyKkTo3sl — UHYIHHA. TonmuHamOyp
AKKyMYJIUPYET KPEMHHUH U3 MOYBBI U OTHOCUTCS K «KpPEMHE(PUIBLHBIMY» PACTEHUSAM, COACpNKAHUE
3TOro 3JeMeHTa cocTaBisgeT 710 8% B pacueTe Ha cyxoe BemecTtBo. Kpome Toro, comepxur
8 aMHUHOKHUCIIOT, KOTOPbIE CUHTE3UPYIOTCS TOIBKO PACTCHHSIMU U HE CHHTE3UPYIOTCS B OpraHU3Me
YeloBeKa: AprHMHHWH, BAJWH, TUCTHAWH, W30JCHIIMH, JEHIUH, JU3WH, METHOHHUH, TpuUnTo(daH,
(dheHunanaHuH;

—B-TIATHIX, JOOABIICH TMOPOIIOK CHUPYJIMHBI, UMEIONUHA B CBOEM COCTaBE ITOJIHOICHHBIN
0€NoK, YINIEBOMBI, XUPHI, MUKPO— U MaKpOAJIEMEHThI, BUTAMUHBI, (UKOLIMAHWUH, OeTa—KapOTHH,
JTUHOJIEBYIO KHCIIOTY U JpyTHUe OMOJIOTHYECKH aKTUBHBIE KOMIOHEHTHI. Kak MOIIHBIN aHTHOKCHUIAHT
CHUPYJIMHA NPEJOTBpaIlaeT IPeKIEeBPEMEHHOE CTapEHNE B pe3yJbTare OKUCIUTENbHBIX MTPOLIECCOB
B OpPraHu3ME;

—B-IIIECTHIX, BBEJCHA JaMHUHapuUs, KOTOpas OONIagaeT MPOTHUBOOIYXOJEBOW AaKTHUBHOCTHIO,
AHTUMHUKPOOHBIM, aHTUOAKTEPUATbHBIM M TPOTHBOBUPYCHBIM ACHCTBHEM. AHTUMYTareHHbIM |
PaIONPOTEKTOPHBIM JCHCTBHEM, a Tak)Ke MPOTUBOBOCHIAIUTEILHON M UMMYHOMOMYJIHUPYIOIICH
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aKTUBHOCTHIO. B mamMuHapuy KOHIEHTpAalLKs MarHus MpeBbIIIAeT TAKOBYIO B MOpcKoil Boxe B 9—10
pas, cepsl — B 17 pa3, 6poma — B 13 pa3. B 1 kr namMmuHapuu COAepKUTCS CTOIBKO 1HO/Ia, CKOJIBKO
ero pactBopeno B 100000 1 wmopckoit Bombel. CopepxaHue MONHCAXapuaoB (QyKOWIaHA U
JaMUHApUHA  CIOCOOCTBYEeT  MPO(HUIAKTUKE U JIGYCHHUIO  CEpACUYHO—COCYAMCTBIX |
epeOpoBacKyIApHBIX 3a00eBaHuil. JTU 3a00JIeBaHUSI BO MHOTOM 3aBUCAT OT OaslaHca JTUMHUIOB,
HapymieHHe  KOTOPOrO  MPHUBOAMT K  TOBBIIEHHOH  CKJIOHHOCTH K  0Opa30BaHUIO
aTepOCKIIEPOTUUYECKHUX ONSIIEK B cocynax. JIaMUHapUH Tak)Ke OKa3bIBaeT TMIOTCH3UBHBIN d((heKT
Y TIPOSIBJISIET aHTUKOATYJISIHTHYIO aKTUBHOCTb, KOTOpas cocTanigeT 30% OoT akTUBHOCTH TellapUHa;

—B-CE/IbMbIX, HaTypaJIbHO€ JKOJOTMYECKOe CIEeIHUalbHO MepepaboTaHHOE (IS JIydiei
YCBOSIEMOCTH) KAaMEHHOE Macjo, HEOOXOAMMOE /Jisi OpraHr3Ma 4YeJOBeKa, BMECTE C JIPYIMMH
KOMIIOHEHTaMH, BXOISIIMMHU B JIaHHBIA COCTaB, /Ui JOCTHMKEHUS MPOQUIAKTHYECKOro Oasuca 1o
nojAepxKaHuio (PyHKIMOHUPOBAHUS HEHPOMETA00INYECKUX U UHTETPATUBHBIX MPOLIECCOB BBICIICH
HEPBHOMU AESITEILHOCTH YeJIOBEKA, MOCPEICTBOM IrapMOHM3AIMN OMOPU3NYECKUX, OMOXUMHUYECKUX
U TOPMOHAIBHBIX  B3aMMOJACWUCTBUNA B  IUKIUYECKOH CHCTEME  «XPOHOOHMONOTHS —
XPOHOMEIUIIHAY.

Knunnueckue wucnbiTanus npoBoauiuchk B denepasibHOM TOCYIapCTBEHHOM YUPEKICHUHU
«Poccuiickuii HayuHbIi 1IeHTp BoccTanoBurensHOM Meaunuubl U Kypoptonoruu (OI'Y «PHL] BM
u K») Munzapasconpazsutuss PO B mepuon ¢ 20.10.2009 . mo 19.03.2010 r. mo moroBopy
Ne1389/09 ot 20.10.2009.

YCTaHOBNICHBI CIENYIOMUe KIMHUYECKHE 3(PQPEKTh NpU yMoTpeOIeHnn (yHKIHMOHATBHBIX
MPOAYKTOB MUTAHUS B PEKOMEHIYEMBIX J103aX U PEKUMAX:

1) reponpoOTEeKTOPHBIH,

2) e3MHTOKCUKAIIMOHHBIH,

3) npeONoTUYECKUH,

4) renaTonpOTEKTOPHBIMH,

5) mIpoOHUOTHYECKHUH,

6) aHTUOKCUJITAHTHOE JICUCTBUE

7) NOCTOSIHHBIN CUHTE3 (PEPMEHTOB U TOPMOHOB.

Pesynprarel KaMHHYECKOTO HccienoBaHus 3(pQexTUBHOCTH (QYHKIMOHANBHBIX MPOAYKTOB
MUTaHUS C (PUTOKOMIIOHEHTaMU B MPEJIOKEHHBIX 103aX I(PPEKTUBHO MPUMEHSIOTCS B KaueCTBE
JUETUYECKOro, TPeONOTUYECKOTO U (PYHKIIMOHAIBHOTO MUTAHUS IPU UIIEMHH TOJI0BHOTO MO3Ta.

JlanHblil  (QyHKIMOHATBHBIX TMPOAYKTOB IMHTAHHUS CONEPKUT AHTUOKCHUIAHTHI, BUTAMUHBI,
MUHEpabl, GUTOMPOMYKTHI, MUIIEBbIE BOJIOKHA, MUKPO— M MakposneMeHThl 0e3 Hammuus [MO,
KOHCEPBAaHTOB U TMUIIEBBIX XWMHUYECKUX J100aBOK, HEOOXOMUMBIC Ui JOCTHXKEHHUS YKa3aHHOTO
pesyibrara.

310pOBOE CTapeHUE YeJIOBEKa CBA3aHO C YIPABIEHUEM COLMAIBHOM, 3KOHOMHUYECKOH,
«METa0OTMYECKON», TMOBEACHYECKOM M TICUXWYecKou nesTenbHocTH. [Ipodunaktuka sBuseTcs
HAWTYYIIUM CIOCOOOM M30€KaTh KOTHUTHBHBIX HApYUIEHHH W KOTHUTHUBHBIX PAacCTPOUCTB,
0COOEHHO y4MTbIBasi 00ne3Hb AJblreliMepa — Kak IpobieMy OOIIECTBEHHOTO 3paBOOXPaHEHUS
[49].

bonesnp AsbureiiMepa — 3TO pa3pyLIMTENIbHOE HEWpoOAereHepaTUBHOE 3a0oseBaHue,
CBSI3aHHOE cO cTapeHueM. lIpsmas mpuumHa Oone3HH AnblreiiMepa OCTaeTCs HESICHOH, HO
MOSIBIIAIOTCS.  SMUAEMHOIIOTMYECKUE JaHHbIE, CBS3bIBAIOIIME JaHHYIO HEHpOAereHepauo ¢
MUPKYJIUPYIOIMIMMH KOHIIEHTPAITUSIMHA TOMOIIMCTEMHA W BUTAMUHOB TPynnbsl B. DnureHeTndeckuii
aHaJIU3 MOKa3all, YTO TKaHU TOJIOBHOTO MO3Ta Mpu O0sie3HU ATbIreliMepa U aabIreiMeponoqo0HbIX
3a00/IeBaHUSX HMMEIOT TMOBBIMIEHHBI YPOBEHb AalETHJIMPOBAHUS TUCTOHOB IO CPAaBHEHHUIO C
HEBPOJIOTHYECKHA HOpPMaJIbHBIM MO3roM. [Ipeamonaraercsi, 4TO BbI3BaHHBIE TUETOW AMUMYTAIlMU B
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paHHEM BO3pacTe MOBBIMIAIOT PUCK Pa3BUTHS PA3IUYHBIX XPOHMUYECKHX 3a0ojieBaHUN B Ooljee
MO3HUE CPOKH KU3HU M MOTYT JaXe MepeaaBarbcs OyaymIMM TIOKOJIEHUSM IO aHAJIOTHH C
myTtamusmu  nocienosarenbHoctd  JIHK. Opnako 1oka3are MPUYMHHO-CIEICTBEHHYIO CBSI3b
SIUICHETHYECKMX M3MEHEHHH y YeloBeKa J0CTaTOuHO CitokHO [50-51].

Takum 06pa3zom, BeI3BaHHBIC IUETOW U3MEHEHHS B SMUICHETUYECKOW PETYISIIIMA MOTYT ObITh
BHYTPEHHUM aJalTUBHBIM MEXaHH3MOM, TIOCPEICTBOM KOTOPOTO JHETa MOXET MOAU(DUIIUPOBATH
IKCIPECCHIO TEeHOB, PETYIHPYIOIUX METa0O0IM3M, YTOOBI TPHUCIIOCOOUTHCS K JIOJTOCPOYHBIM
M3MEHEHUsIM B uTaHuu. HacienoBanue Takux U3MEHEHH MOXKET ObITh JIOTUYECKOW aJanTaleil B
MOMYJIALMK, U JalibHEHIIee U3ydyeHUue 3TOM TeMmbl OyleT MOAAEp)KUBATh MapaurMy, B KOTOPOMH
ceMeliHOe HaclelOBaHWE pHUCKa 3a00JeBaHUs TepenaeTcs He TOJNbKO TeHaMH, HO |
SMUIeHETUYCCKOM HH(pOPMaIIeH, HAKOTUICHHOW 3a MpeabLayIue mokoieHus [49].

B wuccnenoBanuu [29, 48, 52] peannzoBaHO MpO(MIAKTHYECKOE BO3JICHCTBUE HA OPraHHU3M
YeJ0OBEKa 3a CYET BBEICHUS KU3HEHHO BAXKHBIX MUIIEBBIX BEIIECTB B (DYHKIIMOHAJIHHBIA MUIIEBON
OPONYKT JJIs TOJABICHHUS CBOOOAHOPAIMKAIBLHOW AaKTUBHOCTH, WHBa3UBHOW JIETOKCHKAIIUU
OpraHu3Ma 4YeJOBeKa, ONTHMHU3ALUU HEHPOTeHHOH pEeryisiiid COCYIUCTOTO TOHYyca IIpH
apTepHAIbHON TUIICPTOHUM W BOCCTAHOBJICHUS PEIMPOMYKTHBHBIX (PYHKIUN Yy JIMIl MY>KCKOTO U
YKEHCKOTO T0JIa MTyTeM ONTHUMH3AINH KaYeCTBEHHON CTPYKTYpPhl KOMIIOHEHTOB MTPOAYKTA.

bnarorBopHOe BiIMsSHUE HAa IHUPKATUAHHYIO CHHXPOHHU3AIIMIO, KAYeCTBA CHA, HACTPOEHUE U
KOTHUTHUBHBIE TIOKA3aTeNId — 3aBHCAT OT BPEMEHH, MHTEHCHMBHOCTH M CIIEKTPAJIBHOTO COCTaBa
CBETOBOTO BO3/CHCTBHS. MyJIbTUANCIUILIIMHAPHOE W MYJIBTUMOJAIEHOE B3aUMOJICHCTBUE B TPHAJIE
«MO3T—TJIa3a—COCY/Jbl» TO3BOJISET BBIABUTH PaHHHE OHMOMapKephl Kak OOIIEro YCKOPEHHOrO M
MATOJIOTMYECKOT0 CTAapeHusi, TaK M CBOEBPEMEHHO JIUArHOCTHUPOBATh HeEHpoIereHepamum, u
npoBecTH YPPEKTUBHYIO HEHPOpeaOMIINTALINIO KOTHUTUBHBIX HapyIieHui [53].

C mo3ummu J0Ka3aTeNbHOW MEIWIMHBI 3HAHWE T€HETHYECKOW MPEApacIoNOKEHHOCTH K
pPa3BUTHUIO TE€X WIM HHBIX (PYHKIHMOHANIBHBIX HApyIIEHUH U 3a00JeBaHUil TO3BOJSET B
MepCOHU(UIIMPOBAHHON MeNULMHE TMpoBeCTH JPPEKTUBHbIE OHO— U PEBUTATH3AINOHHBIC
mepornpustus [54].

B3anMoCBs3b TaHHBIX MOHHTOpPWHTA OMOJOTMYECKOTO BO3pPACTa YEIOBEKA C OMOIIOTHYECKON
cpenoii (HepalMOHaNbHOE THUTaHHE, W JUCOAlaHC TMHUTATENbHBIX KOMIIOHEHTOB, MOTpedlIeHUE
aJIKOTOJII M HEKAaueCTBEHHOH MHUTHEBON BOJbI, HEPETYISIPHBIM COH M HapyIIEHUE MUPKaTUAHHBIX
OMOPUTMOB, pa3IMYHbIe WH(OEKIHUH, JUTUTSIBHBIA TOPMOHAIBHBIA JHCOATaHC, TOKCHKOMAHUS,
CUTApPETHBIN [IbIM, BBIXJIOMHBIE Ta3bl, 3arps3HEHHE aTrMocdephl), a TAKKE C TCUXOJIOTHYECKOU
(kmuMaT B ceMbe, Ha paboTe, HANTUYME/OTCYTCTBUE Jpy3ed U T. J.) U C DIEKTPOMArHUTHOU
(xommbroTep, MOOUNBHBIA TenegoH, CBU-meub, TeneBU30p U Japyras ObITOBas TEXHUKA,
MPOXOAAIIAsl PSAOM C JOMOM BBICOKOBOJIBTHAS JIMHHS DJIEKTPOIIEPENadd W T. JI.) TO3BOJSIOT C
MOMOIIBIO TTPOTPaMM «AKTHBHOE J0JTOoNIeTHEe» U «[ eHeTHKa 1 SIIUTeHeTHKa» YIIPABISATh 37I0POBBIM
crapenuem mosra H. sapiens [1, 15].

B cBs3u ¢ 3TUM OIEHKa NPONOIDKUTENFHOCTH JKU3HHM 4YEJNOBEKa HAa OCHOBE MEIHMKO-
COITMAIBHOTO M OMO(HU3MKO—MaTeMaTH4ecKoro TIOAXOa BO B3aWMOCBSI3M C TE€HETHUYECKOH,
MaTeMaTHYeCKOW U OMoPHU3NIECKOl OolleHKaMu (OMomoKaszarean u OnoMapKepsl) BIUSHUSA (akTopa
CIIy4aifHOTO MyTareHe3a Kak Ha T€HOM YellOBeKa B MpOIlecce >KU3HEAEATEIbHOCTH, TaK M Ha
MOMYJISALIUIO B 1I€TIOM, TIO3BOJISIET MPOTHO3UPOBATh YPOBEHb OTKJIOHEHUS YaCTOTHI aJUIeNIsi OT HOPMBI,
KOTOPBII CBHICTEIBCTBYET O MEIMKO—IeMOrpaguuecKoii CTabmIbHOCTH B peruone [1, 15].

Jns  BOCCTAaHOBIEHHMS  UHUPKAJAMAHHOM  HEUPOIUIACTUYHOCTHM  MO3Ta  IpeaJiaraercs
MyJIBTUMONATIbHAS CXeMa: LUPKAJAMAHHBIE OYKH, (YHKIMOHAILHOE MHUTaHWE U (QU3NYecKas
aKTUBHOCTh. Pa3paboran u BHeapeH [32] KOMOMHUpPOBaHHBIH W TUOPUAHBIA KjIacTep B
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IUArHOCTHKE, JIEYEHUH, TMNPOPUIAKTHUKE U peaOWIuTallMi KOTHUTUBHBIX HApylIeHUH U
KOTHUTHUBHBIX PaCCTPOUCTB.

KoMOMHMpOBaHHBI M THOPHUIHBIN KJIacTep B IMATHOCTHKE, JICYCHUH, NPOPHIAKTHKE WU
peadHIMTaI KOTHUTHBHBIX HAPYIICHUI U KOTHUTHBHBIX PaCCTPOMCTB, BKJItOYaeT B cebst [32]:

1. UckyccTBeHHBIN MHTELIEKT, [14 Meauiuny u nudpoBoe 31paBoOOXpaHECHHE.

2. ICKYyCCTBEHHBII HHTEIUIEKT — MHCTPYMEHT OOBEMHOW OIIGHKH J>KH3HH IIallMeHTa,
CEeMEWHOro aHaMHe3a, (U3MKAIBHOTO O0CHenOoBaHUsA, Oaraped HEHPOINCHXOIOTHYECKUX TECTOB,
nabopaTopHBIX TOKaszarenel (OmomapkepoB), OMOpU3MUECKUX TMoOKazarenel (OMoMapKepoR)
COCYIUCTOTO CTapeHusi CEepIeYHO—COCYANCTON CHUCTEMBbl, HEHPO(U3NOIOTMUYECKIX HCCIETOBAHUIM,
HEHpOBHU3yaIn3allui, CEKBEHUPOBAHUS HOBOTO ITOKOJICHUS U JP.

3.eneruky (TEHOMHBIE WCCIICOBAaHUs) W OIUTCHETHUKY (SMUTEHOM W  CTapeHue,
(heHOTUTTMYECKHUE UCCIICIOBAHUS U JIP.).

4. Heitporicuxonoruueckoe tectupoBanne (MOCA, MMSE, Mini-Cog, FAB, TMT, GDS #u
ap.).

5. KoMOMHUpOBaHHYI0 W THOPHIHYIO HEHpPOBH3yaJM3allMI0 C CEKBEHHPOBAHHEM HOBOTO
MTOKOJIEHHUS.

6. MeTaboOMHKY, METareHOMHKY, MHKPOOHOTY: cOalaHCHpPOBAHHOE, (YHKIHOHAIbHOE U
0e30MacHOe MUTAHUE.

7. IckyCCTBEHHBIN UHTEUIEKT U UCKYCCTBEHHbIE HEUPOHHBIE CETH.

8. buounnupoBaHue, HEUPOHHBIE M MO3TOBBIC YUIIBL.

9. KoMOuHUpOBaHHYIO U THOPUAHYIO peaOuINTAIIHIO.

10. ITepconudunrpoBaHHoe yIpaBieHne OMOBO3PACTOM.

11. Menuko—conuanbHOe U SKOHOMUYECKOE COIPOBOXKICHUE TpU 00Je3HU AJbIreiimepa, B
T. 4. C IOMOIIBIO OBITOBBIX pOOOTOB U MEAULIMHCKUX OHOPOOOTOB.

YenoBeka: ¢ ero MHGOPMAIMOHHON «Ieperpy3koi» (MHTEpHET, COTOBas CBS3b, U [Ip.) U
ANIEKTPOMArHUTHONH COBMECTUMOCTBIO: IPUPO/IA, OBIT, IUPKAJAUAHHBIE TAKETHl U «IKOTAKETHI».

KoHTponb 1 jedeHne cocyaucThix (PakTOpOB pUCKa M SHIOKPUHHBIX HAPYIICHHH MO3BOJISET
CHU3UTh PACIPOCTPAHEHHOCTh UIMTEIBHOW HETPYIOCHOCOOHOCTH CPEOu MOXKHWIOTO HACETICHHUS.
KoMOuHMpOBaHHbIE U THOPUAHBIE METObl HEMPOBU3yaIM3allMH B COAPYKECTBE C TEXHOJIOTMSAMU
HCKYCCTBEHHOTO HMHTEJJIEKTa, TIIO3BOJISIOT TOHATh M JAMAarHOCTUPOBATH HEBPOJIOTHYECKHE
paccTpoiicTBa M HaWTH HOBblE METOIbl HelpopeaduiuTanuu U  MEIUKO-COLHAIBHOTO
COIPOBOYK/ICHHSI, KOTOPBIC MMPUBEAYT K YITYUIICHHIO ICHXHUYECKOTO 310poBbs [50-51].

bynymas peanuzanus mapajurM CHUCTEMHOM OMONOTMM M CHCTEMHON HeWpodu3noioru,
OCHOBAHHBIX Ha KOMIUJICKCHOM aHaju3e OOJbIINX U ITYyOOKUX I'eTepOreHHbIX MCTOUYHHKOB JaHHBIX,
Oyger uMeThb pellarollee 3Ha4eHue JJid  JOCTHKEHHMs Oojee MIyOOKOro MOHUMaHHS
naroQu3noNorud  OONe3HH AJsblreiiMepa, C HCIOIB30BAaHHEM COBPEMEHHBIX TEXHOJIOTHH
uHTEeppEiic «MO3T—KOMITBIOTEP» U  «UCKYCCTBEHHBIN WHTEIUIEKT», Ui TOr0 YTOOBI YBEJIWYHUTH
MH(POPMALIMIO KOTOPYIO MOMKHO M3BJI€Ub OT JOKIMHUYECKMX U KIMHUYECKUX IOKa3aTeseH.
WuTerpanust pa3nMuHbIX UCTOYHUKOB WH(OPMALMU TIO3BOJIUT HMCCIIEOBATEISIM TOIYYUTh HOBYIO
LEJIOCTHYI0 KapTUHY MaTo(PU3NOIOTHYECKOro Ipoliecca 3a0ojeBaHusi, KoTopas OyleT OXBaTbIBaTh
OT MOJICKYJISIPHBIX M3MEHEHUI 10 KOTHUTUBHBIX MposiBieHuit [1, 27-28, 32, 34-35, 38, 50-51].

B nomonHeHne K HEWPONCHXOJIOTMYECKHM TecTaM, KOMOMHHPOBAHHBIM W T'HOPHUIHBIM
TEXHOJIOTHSIM HEHPOBU3YyaIHM3alli{, COYETAHHOMY HCIIONB30BAaHUIO COBPEMEHHBIX TEXHOJIOTHMA
nHTEpPec «MO3r—KOMIBIOTEP» U «UCKYCCTBEHHBIM MHTEIIEKT)» MO3BOJIUT O0Jiee KaueCTBEHHOMY
HCCIIEIOBAHUIO MOJIEKYJSIPHBIX M KIJIETOUHBIX COOBITHI, KOTOpbIE YHPABISIOT pa3BUTHEM OOJIE3HU
AJplreiiMepa, pexkie YeM MpOosIBATCS KOTHUTHUBHBIE CUMIITOMBI [42, 49].
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bonesnp AumnbprreliMepa W UCKYCCTBEHHBIM wuHTEUIEKT, [I4 Meaumuuaa u  1mdpoBoe
3paBOOXPAHEHUE — 3TO COBPEMEHHBI KOMOMHHUPOBAHHBIM W TUOPUAHBIN WH(POPMALMOHHBINA
KJIacTep B JMArHOCTHKE, JICUCHUH, TPOPHIAKTHKE U peaOMIUTalMi KOTHUTUBHBIX HApyIICHUH H
KOTHUTUBHBIX DPAcCTPOWCTB, JJIsl paclidpeHHs pecypcoB wmo3ra H. sapiens. MckyccTBeHHBIN
UHTEJUIEKT — MHCTPYMEHT OOBEMHOW OLIEHKM KM3HM IAl[MeHTa, CEMEHHOro aHaMHe3a,
¢usukanpHOr0  0oOcienoBaHus, OaTaped  HEMPOICHUXOJOTMYECKUX TECTOB, JabOpaTOPHBIX
nokasareneil  (OMomMapkepoB), HEHPOPHU3UOIOTMYECKUX HCCIENOBAHUN, HEWPOBU3YaTU3AIHIH,
CEKBEHUPOBAHUSI HOBOTO MOKOJIEHUS U Ap. VICKyCCTBEHHBI MHTEIUIEKT — CTPATerM4eCKUi IyTh
HOBBIIICHHUS KAYECTBA U MPOJIODKUTEIBHOCTH KHU3HU OOJIBHBIX ¢ Ooe3Hbro Aubireiimepa [38].

SlnepHoe  mepenporpaMMUpOBaHHE — HM300pakaeTcsi Kak ~ MHOTOCIOWHBIM  IpoLecc.
MHOroypoBHEBBI XapakTep SACPHOIO IEPENpOrpaMMHpPOBAHHUS OTpPakaeT OrPAHUUYEHUE B
[OTEHIIMAJIe Pa3BUTUS M CTapeHUs, KOTOpPOE MMEET MECTO IIpU Iepexoje OT SHLEKIeTKH K
B3pOCJIOMY BO3pacTy, KOIZla Ka)KJA0€ OrpaHHYEeHUE MepernporpaMMUpyeTcsi, 4ToObl BHOBb 00OpecTH
MOTEHIIMAJI, KOTOPBIM OHO KOTIa-To 00amano [47].

Bynymue uccnenoBanus OyyT onpenensTh, MOKHO JIM TaK OMOJIOAWUTH APYTHE MPU3HAKH, TEM
caMblM IIOCTaBMB BO3pacTHOE IE€PENPOrpaMMHUPOBAHUME HAa OCHOBY, HE3aBUCHUMYIO U
HKCIEPUMEHTAIbHO OTACIMMYIO OT IepenporpaMMupoBaHus pa3BuTus. Kpome Ttoro, Gonbioi
uHTEepec OyaeT MNpPEeACTaBIATh H3yyeHHE TOro, MOXHO JIM IEpernporpaMMHpOBaTh BO3pAaCTHBIE
IIPU3HAKU CTApPEHUS HE3aBUCUMO JAPYT OT Apyra.

Age-associated Senescence-associated
DNA methylation DNA methylation

in vitro

+ To predict chronological age « To predjct passage nqmbgrs or
+  To estimate biological age population doublings in vitro
To provide quality control for cell
culture and cellular products
To estimate the impact of culture
conditions on cellular aging
» To determine effects of senolytic
drugs

Pucynok 17. [1o1€3HOCTh AMUTEHETHYECKUX YaCOB JUIs cTapeHus [55].

* To adjust life-style for healthy
aging

« Toinvestigate association with
age-associated diseases

DONHUIreHeTUYECKNEe U3MEHEHHUs B IPOLIECCE CTAPEHMs XapaKTEPU3YHOTCS MHOKECTBEHHBIMU
SMUTECHETUYECKUMH YacaMu, KOTOPhI€ MO3BOJISIIOT MPOTHO3UPOBATh XPOHOJIOTHYECKUIM BO3pPACT HA
OCHOBE cTaTyca MeTWIupoBaHHs. HecMOoTps Ha WX TOYHOCTh M TIOJE3HOCTh, OMOMapKephl
AMUTEHETHYECKOTO BO3pacTa OCTaBIAIOT Oe3 OTBeTa MHOTHE BOIPOCH 00 SMUTCHETUYECKOM
cTapeHWU. B uacTHOCTH, OHM HE TMO3BOJSIOT OOBEKTUBHO OXapaKTepU30BaTh HEIMHEHHbBIE
SMUTECHETUYECKNE TCHJICHIINKM CTAPEHUS Ha MPOTSHKEHHH BCETO JKM3HEHHOTO IMKIIA, YTO SIBIISETCS
KPUTUYECKUM BOIIPOCOM, JICKAIIUM B OCHOBE 3TOW 0OJACTH MCCIIEIOBAHUN. 37€Ch MBI Tpe/jiaraeM
KOMIUIEKCHYI0 OCHOBY JUIsl peILIeHUus JToro Bompoca. Hama Moaenb, BIOXHOBIICHHAS
HBOJIIOLIMOHHBIMU MOJIENISIMHA, CIOCOOHA YYHUTHIBATh YCKOpEHHUE/3aMeJIeHUEe JMUTeHETHUYECKHX
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W3MEHEHUH, TPUCTIOCA0IMBasi MOJICTBHBIN BO3pACT MHAUBHUIA, STTUTCHETUUECKUI BO3PACT, KOTOPBIM
CBSI3aH C XPOHOJOTMYECKHUM BO3PACTOM HENMHEHHBIM oOpasom. IlpumeHenue 3ToH Monmenu K
naHHbIM MeTunupoBanus JIHK, u3mMepeHHbIM B HIMPOKUX BO3PACTHBIX JUAla30HaX, OT POXKICHUS
0 CTapoCTH, W OT JBYX THIIOB TKaHEW, IMO3BOJIAET NPEANOIOKUTh, UYTO YHUBEPCAIbHBIN
Jorapu(MHUUECKH TPEH] XapaKTepU3yeT SMUTCHETUYECKOe CTAPEHUE Ha MPOTHKEHUH BCEH KU3HU
[55].

CrapeHure M pEIUIMUUPYIOLIEE CTAPEHUE OTPAXKAKOTCS KAaK BBICOKO BOCIPOU3BOAMMBIMHU
m3meHeHussMu MetunupoBanus JIHK (DNAm), Tak ¥ 3HAUUTETBLHBIM TEPEKPHITUEM MEXKIY 3THMH
SNUreHeTH4YeckuMu Moaudukamusmu. C Apyrod CTOPOHBI, 3TH JBa Ipollecca MOTYT ObITh
OTCJIKEHbI HE3aBHUCHUMO C TIOMOIIbIO JIHMICHETHYECKUX CHTHATYp, KOTOPBIE MOTYT OBITH
HCIIOJIb30BaHbI I Pa3IMYHBIX IPUIOKEHUH.

Permumnnupyromee crapeHne KJIETOK IN VItr0 4acTo paccMarpuBacTCs Kak aHAIoOr CTapeHUs
opranm3mMa invivo. Ha camom zene oba mporecca CBs3aHbl ¢ (PYHKIIMOHAIBHBIM pacragoM M
MOJOOHBIMH MOJIEKYJISIPHBIMA MonuuKanusiMu. Ha snureHeTn4eckoM ypoBHE pPEIUTMLUPYIOIIEe
CTapeHUE U CTApEHUE BbI3bIBAIOT XapaKTEpHbIE U3MEHEHUs B narrepHe Metwinposanus JJHK, Ho B
pa3HbIX ydacTKax reHoMma. PazimuyHble SIUT€HETUYECKUE CUTHATYpBl, KOTOPbIE YacTO Ha3bIBaIOT
SIUTCHETUYECKUMH YacaMu, O0OeCHeurBalOT IOJIe3HbIE OHMOMapKephl: CBSI3aHHBIE CO CTAPEHUEM
SMUTeHETHYEeCKuEe MOAU(UKALMKA MOTYT HCIOJIB30BaThCS ISl KOHTPOJNS KadecTBa KIIETOYHBIX
IIpenapaToB WU JUIsl BBISICHEHMS BIMSIHMS YCJIOBUI KyJbTUBHUPOBAHMSI HA COCTOSHUE KJIETOYHOIO
crapeHus. Bo3pacT—acconMMpOBaHHBIE SMUTEHETHYECKHE MOAM(UKAIMHM BO3JAraroT OoJbIIne
HAJEX/Ibl Ha OMpeeNieHue XPOHOJIOTHYECKOT0 BO3pacTa B Cy[eOHON MeIHUIIMHE WM HA BBISIBICHUE
MapaMeTpoB, BIUAIOMIMX Ha OuoJormueckoe crapeHue. HecMmoTpss Ha ATH pa3iuyusi, €CTh
HEKOTOpbIE MOpA3UTEIbHBIE CXOACTBA MEXJIYy CTAapEHHEM U BO3PACTOM, CBSI3aHHBIM C
MetumnupoBanueM JIHK, TakuMu Kak MoiHOE OMOJIOKEHHE BO BPEMs INEPENpOrpaMMHpPOBAHUS B
WHIYIIUPOBAHHbBIEC IUIIOPUIIOTEHTHBIE CTBOJIOBbIE KJIETKH. B Hacrosiiee BpemMsi HESICHO, YTO
3acTaBIseT SMUTCHETUYECKUE Yachl paboTaTh, MOTYyUYEHHbIE JOKa3aTeIbCTBA CBUACTEILCTBYIOT, UTO
OCHOBHBIE MEXAaHHU3MBI O0OOMX IPOLECCOB CBA3aHBI C AHAIOTUYHBIMH MOTU(PUKAIMSIMUA B KOJC
TUCTOHA WJIM XpOMaTHHe OoJiee BBICOKOIO MOpsaKa. PerumMnupyroiiee crapeHue MpeAcTaBiseTcs
MOAXOAIIEN MOJENBHOM CHCTEMOW Ul JIy4IIEro IMOHMMaHHUS TOro, Kak CTapeHHE OpPraHH3MOB
MOXXET YIPaBISITHCS AMUTeHETHYECKH [56].

HccnenoBaHo, 4TO KJIETKU 3apOABIIIEBOM JIMHUM COXPAHSIOT MOTEHIIMAN K pereHepaluy BUaa
HEOIpEeAENEeHHO JI0Nro, KIETKHM B XoAe AU(PPEepeHUUpOBKH NPETEPIEBAOT NPOTrPECCUBHBIC
MOAM(UKALINU, KOTOPblEe OTPaHUYMBAIOT JHOO MX CIIOCOOHOCTh K HEOTPAaHMYEHHOW perIMKaluu
(HampuMep, MPOUCXOAUT B MOMEHT MJIM OKOJO TMOTEePH IUIOPUIIOTEHTHOCTH (MIEepexo]
IUTIOPUIIOTEHTHOCTH), MO0 Ha MOCJIEAYIOIIUX 3Tanax, KOTOpble OrpaHUYMBAIOT UX MOTEHLHAT K
pereHepauuu U pocty. CoBpeMEHHbIE MOJEKYJSPHBIE IOAXOAbl K pPEreHepaTUBHOW MEIUIUHE,
TakhMe KakK [epenporpaMMHpOBaHME KIETOK Ha  IUIIOPUIIOTEHTHOCTh WM  YacTHUYHOE
nepenporpaMMUpOBaHie Il MHIYLHMPOBAaHMS pEreHepaluu TKaHed, 3(PQEeKTUBHO 0O0palarT
BCIISATH OOJIBIIMHCTBO MapKepOB CTAPEHUS U MMEIOT 3HAUUTENbHBIN MMOTEHIIHAN Ul KIMHUYECKOTO
NpUMEHEHHs Ipu ctapeHuun [57].

B uccnenoBanuu [58], ycTaHOBIIEHO, YTO MUKPOOMOM HUIPAET KIIOYEBYIO POJIb B COXPAHEHUH
30pOBbS M NpOQHIAKTHKE 3a00leBaHUi, M CYHIECTBYeT 3HAYMUTENbHBIM HHTEpeC K
TEpaneBTUYECKOMY TapreTUPOBaHUI0 MUKpPOOHMOMa, a Takke K pa3paboTKe 3Toro 60oraroro pecypca
B YCWIHAX MO OTKPBITHIO JieKapcTB. OJHAKO Bce OOJbIIE JaHHBIX CBUIETEIBCTBYET O TOM, UYTO
MHUKpPOOHMOTa KHILIEYHMKA caMa MOXKET BIIMATh Ha JEWCTBUE IEJOro psla KCEHOOMOTHKOB, Kak
07aroTBOPHO, TaK M MOTEHUHUAIBHO BpeIHO. TpajWIIMOHHO KIMHUYECKHE HCCIeI0BaHus,
olleHHBaoIue (apMaKOKMHETHKY HOBBIX JIEKAPCTBEHHBIX CPEICTB, B OCHOBHOM HWIHOPUPYIOT
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BaKHOE TIPSIMOE ¥ KOCBEHHOE BIIMSHHE MUKPOOHOMA KUIIIEYHHKA HA MeTa0omm3M U 3()(PEKTUBHOCTh
JICKAPCTBCHHLIX CPCICTB.

Loaadi A LR

Unrestricted

a _ germ-line
:T/:su v 01 Cellular aging: immunodeficiency, AMD, etc.
= EFT: repression of regeneration
< P g Somatic
@ ey NT: Restrict fetal growth, adapt to endothermy restriction

Repression of adult growth

Pucynok 18. Dtansl comatndeckor pectpukuuu [57]. BM/I: Bo3pacTHast MaKkyssspHasi IereHeparus;
AT: mepexon y B3pocibix; DDT: smOpuonansHO—(eTanbHb nepexon; HT: nHeonatanprbril nepexox; 11T:
[InropunoTeHTHBIN NEPEXOI.

HecMmoTpst Ha HEKOTOpbIE BaXKHbIE HAOIONEHUS 3a META0O0IU3MOM KCEHOOMOTHUKOB B LIEJIOM,
CYLIECTBYET JIMILb HEMOJIHOE MPEACTaBIEHUE O MaciiTadax BIMSHHUS MUKpOOMOMa KOHKPETHO Ha
MeTaboIM3M U abCOpOIMIO JTEKAPCTBEHHBIX CPEICTB, a TAKXKE O TOM, KaK 3TO MOXET BIUATH Ha
CHCTEMHbIE€ KOHIEHTpPAllMM HCXOAHBIX COEAMHEHUH M TOKCHYHBIX METAaOOJIMTOB. 3HAYEHUE Kak
MHUKPOOHOro MeTabonu3Ma KCEHOOMOTHKOB, TaK W BIMSHHUA MHUKpOOMOMa KHUIIEYHUKA Ha
(epMEeHTHBIE CHCTEMBI ITEYEHU X03s51MHA, TEM HE MeHee, HaOupaeT 000pOTHI M MPEACTABISIET COO0H
JOMOJTHUTENBHYIO TMPOOJIeMYy B YCHIHMSX IO OTKPBITHIO JIEKAPCTBEHHBIX CPEICTB, HMMEIOIINX
MOCIEICTBUS JJIS YJIy4dlIeHUs Pe3YyJIbTaToB JICUCHHUsS WJIIM IPOTUBOJAECHCTBUS HEOIaronpHUsTHBIM
JIEKapCTBEHHBIM peaklusM. B HacTosiee BpeMsi MUKpOOHBIE (PAKTOPBI JOJKHBI YUUTHIBATHCS MIPU
onpenesieHu  (apMaKOKMHETUKH  JIGKAPCTBEHHBIX  CPEACTB W BIMSHHUA,  KOTOpOe
ABOJIIOLIMOHUPYIOMIMA ¥ JUHAMUYHBI MHUKPOOMOM MOMKET OKa3blBaTb B 3TOM OTHOLICHHH.
WuTerpupoBaB BKJIaJ MUKpOOMOMa KHIIEYHUKA B COXpAaHEHHUE 37I0POBbS U IMaTOreHes Oose3Hel K
MeTabOoJIM3My KCEHOOMOTHKOB, COCPEIOTOYHMB BHMMAHHE HA TEPaNeBTUYECKUX BMEIIATEIbCTBAX,
(bapMaKoJIOrH4eckoM JEUCTBUM JIEKAPCTBEHHBIX CPEICTB M XUMMUYECKUX OHOTpaHcOpMaIusix,
KOTOpbIE B COBOKYITHOCTH SIBJISIFOTCSI CTpAaTerHY€CKUMU B JI0Ka3zaTesibHOl MenunuHe (Pucynok 19).

A) merabonuyeckue HUIIM B MUKpOOMOME KulleuyHuka. Jlokamu3anus U IpOCTpaHCTBEHHAs
OpraHu3aIysl KUIIEYHOW MHKPOOMOTHI HEOJHOPOJHBI IO BCEMY JKEIIyOYHO-KHILIEYHOMY TPaKTYy.
Ota AMHAMHUYECKash SKOCHCTEMa KHUIIEYHHKA COCTOMT M3 MHOTMX YHMKAJbHBIX OCOOCHHOCTEH,
TaKMX KaK MUKpPOHMILIH, IpagueHTsl pH u nquHamuueckne MUKpOOHO—TKaHEBbIE B3aMMOJEHCTBUS,
MMEIOIIUE OTHOLIEHHE K MUKpPOOHOM OmorpaHcopmanuu. Camas BbICOKasl IJIOTHOCTb OakTepuit
TIIPUCYTCTBYET B TOJICTOH KHIIKe, TpHueM mHociennue ouenku 10'% GakTepuanbHBIX KieTok B
TOJICTOM KHIIKE CBA3aHbI C MUKPOOHBIMHM T'€HaMH, KOJUPYIOIIMMHU LIMPOKHH CHEKTp (hEepMEHTOB,
HEOOXOAUMBIX sl OnoTpaHChOpMAIMM KCEHOOMOTHKOB.JTH OaKTepuu, BEPOSITHO, HambOoee
Ba)XKHBI JIJIs1 ()apMaKOMHKPOOMOMHKH M OOHMTAIOT B PEaKIIMOHHOM Kamepe co cpeqaum pH 6,4—7,0 u
Ooslee HHU3KUM OKHUCIMTEIbHO—BOCCTAHOBHUTEIBHBIM IMOTEHIIMAIOM, Ye€M JApYTHe >KeITyJI04HO—
KMIIeYHble HUIIK. [lapunanbHOE JaBieHHE KUCIOpPOJa MO JKEIyJOYHO—KHUIIEYHOMY TPAKTy TaKXkKe
BHOCHT CBOM BKJIaJ] B 3T METa0OJNYECKUE HUIIIH.

B) daxtopsl, BiaustoNMe Ha cOcTaB ¥ (QYHKIIMOHUPOBAHUWE META0OJUUECKON HHIIHM TOJCTOU
KUIIKM. Ha KOMIIO3WIIMOHHBIE XapaKTEePUCTHKH MHUKpPOOMOMa KHUIIEYHHMKA OKa3bIBAET BIIMSHHE
HeNbli psii (akTOpOB, NMPU STOM HAYAIbHBIM MOCEB M TPAEKTOPUS JBWKEHHS K 310POBOMY
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MOAOOHI0 B3POCIOMY Pa3HOOOpa3vi0 M CTAaOMIBHOCTH OMNPEHEISIOTCS CIOCOOOM  JOCTaBKH
(ecTecTBEHHBIN UM KECAPEBO CEYEHNE) M PAHHUMU CXEMaMU KOpMJIEHUS (TPyIHOE BCKapMJIMBaHUE
MIPOTUB MUCKYCCTBEHHOTO BCKapMIIMBaHUs). [ €HETHKA XO3sIMHA TaKXKE UTPAET OMPEIEICHHYIO POJIb,
KaK U reorpaduyueckoe IMoJIOKEHHE, B TO BpPeMs KaK CTPEcC Ha MPOTSHKEHUU BCEU JKU3HH MOKET
paccMaTpuBaThCs Kak yrposa i pasHooOpaszus MukpoOrnoma kuiiedHuka. CuuTaeTcsi Takxke, 4To
«3amnajiHasy AUeTa HapyllaeT MeJOCTHOCTh MUKPOOHOMa KHIIIEYHHKA, B TO BPEMS KaK TOBBIIIICHHOE
MoTpedJieHne KJIETYATKU CBS3aHO C TIOBBIIICHHBIM pa3HooOpasueMm. Dusnueckue YIpakHEHUs
MOTYT TaKXke CIOCOOCTBOBaTh CTAaOWMIBLHOCTH MHUKpPOOHMOMA 3/I0POBBS, XOTS IMPOLIECC CTapeHus
CBSI3aH C CY)KEHHEM pa3HoOoOpa3us, Kak M MHOTrHe OOJIe3HEHHBIE COCTOSHHMS WU 4pe3MepHoe/
HeIenecoo0pa3Hoe uCnoiib3oBanne aHTHONoTHKoB (Prucynok 19).
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PI/ICYHOK 19. MCT36OJII/I‘IGCKI/IG HHUIIIN B MI/IKpO6I/IOMe MUIICBAPUTCIIBHOI'O TpaKTa, UX JIOKAJIU3aluud 1
IMPOCTPAHCTBCHHAA OpraHU3aliua [58]

HccnenoBansl [58] MukpoOHbIe OMOTpaHchOpMalMK, CBUAETEIbCTBYIOT, YTO KOMIUIEKCHBIE
pa3nmuuusi MOTYT He 00s3aTelbHO TPHUPABHUBATHECA K  (YHKIMOHAIHHBIM  HM3MEHEHHSIM,
WH/IMBUyTbHO—CIIEIIM(PHUECKII TeHEeTHYECKH COCTaB IeHOMa XO3sSWHAa OOBSICHSET HEKOTOpHIC
pasnuuMs B XapaKTEpUCTHKaX MHKpOOMOMAa KHIIEYHMKAa M MOXET BIHMATh Ha MeTabosndecKue
pe3yabTatel. Hampumep, MukpoOHbIe (pepMEHTHI, Takue Kak B-TIIIOKYPOHUIA3bl, MOTYT OTIMYAThCS
M0 CEJEKTHBHOCTH CyOCTpaTa M aKTHBHOCTH, B 3aBHCHMOCTH OT OakTepuil, M3 KOTOPHIX OHHU
BO3HUKAIOT. [/Ipyrue m3BecTHBIC ()aKTOPHI, BIMAIONINE HA COCTAB MHUKPOOMOMAa KHUIIEYHHKA, TAaKHE
KaKk BO3pacT, TOPMOHAJbHBIA CTaTyC W TIOJI, TakXe MEePeKPBIBAIOTCS C IepeMEeHHOU
(bapMaKOKMHETHKOHN Npernapara U BIHSAIOT HA OTHOCUTENIBHOE COJEpKAHHWE T'€HOB, KOAUPYIOLIMX
(dhepmeHThI MeTabomM3Ma KCEHOOMOTHKOB. MeTa00sn3M KCEHOOMOTHKOB X035MHA TAK)KE 3aBUCHUT OT
[MUPKAaTUAHHBIX PUTMOB, M 3TO MOXET TaKke OBITh HCTHUHHO MHKpPOOHOW (epMeHTaTHBHOMN
JESITeIbHOCTH MOTOMY YTO CTPYKTYypa COOOIIECTBA MHUKPOOMOTHI KMIIEYHHKA U METabOIN4ecKu
JeSITeNbHOCTh TAKXe OTJIMYAIOT OHOJIOIMYECKMMH pHTMaMH. Takke IOKa He SICHO, CKOJIBKO
MIEPEMEHHBIX, CBSI3aHHBIX C M3MEHEHUEM COCTaBa M CTAOMILHOCTH MUKPOOMOMa KHUIIIEYHUKA, B TOM
qyciie AUeThl W Treorpaduu, OCTaBISIOT CBOM Cl€l Ha CIHOCOOHOCTH K KCEHOOMOTHUYECKOMY
Metabonu3My. OJHMM M3 NPUMEPOM MOAUGDUIMPYEMOH NPUPOAbI MUKpOOMOMa KHIIEYHUKA B
KOHTEKCTE JUeThl U Teorpaduu sBIsSeTCS mepeaaya OaKTepHATbHBIX T'€HOB, KOAMPYIOLIMX
nopdupaHasbl, arapa3bl W CBS3aHHBIE C HHUMH OJKH OT MOPCKHX KpPAaCHBIX BOJOpOCIEH K
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OaKkTepHsiM, OOUTAIOLIMM B JKEITyJOYHO-KUIIEYHOM TPAKTE SIMOHCKUX MHIAUBHUIYYMOB B PE3yJbTaTe
ux norpebieHuss MopckuMu Bojopocisimu (Pucynok 20).
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Pucynok 20. ®akTopbl, BAUSIONIHE HAa META0O0IM3M KCEHOOMOTHKOB MUKpOOHOMa KHIleuHuKa [58].

MHorue KCeHOOMOTHMKM TaKXKe BIHUSAIOT Ha XapaKTePUCTUKA MHUKPOOMOMa KHUIIEYHHKA
(Pucynox 21). Oto BKItoUaeT B ceOs GapMaleBTHUSCKUE COSAMHCHHSI, TAKUE KaK MET(HOPMHH U
METOTPEKCAT, U MCUXOTPOIMHbIE areHThl, TAKME KaK OJaH3amuH. /[pyrue penenTypHbie MpernapaTsl
CBSI3aHBl C M3MEHEHHSIMH B pa3HOOOpa3suu MHUKPOOMOMa KHUIIEYHHKA, BKIIOYAs HHTUOUTOPHI
MPOTOHHOW TIOMIIBI, OMTMOMIBI U HECTEPOUHBIC MPOTUBOBOCIAIUTEIbHBIC Mpenapatsl. [Iuimessie
COCJMHEHUS TAaK)KE€ OKA3bIBAIOT 3HAYUTEIHHOE BIHMSHHE HA MHUKPOOMOM KHUIIIEYHHKA, BKIIIOYAS
noJugeHoNbHbIe (PUTOXUMUYECKHE BellecTBa (pecBeparpo, (IaBOHOM/IbI), MOJMHEHACHIIICHHBIE
KUpHBbIE KUCIOTHI M CIOXHBIA 3¢up pacturensHoro creposna. Kpome Toro, skosorndyeckue u
MPOMBIIJICHHBIE XUMHKAThl, BKJIOYAas DHIOKPUHHBIE pa3pyHIAlONIAe XUMHKATHI, TsDKEIbIe
METaJUTbI, IECTULIUABI M 3arPS3HUTENH, OKa3bIBAIOT BIMSHUE HA CTPYKTYpPY, COCTaB M (DyHKIHIO
MHKpoOHOMa Kuieynnka [58].

MukpobroTa KHMIIEUHUKA 3KcrpeccupyeT Oonee 3,3 MUITMOHA OAKTEPHATIBHBIX T€HOB, B TO
BpeMs KaK T€HOM YeJIOBEeKa JKCIpeccupyeT Toibko 20 Thicsd TeHOB. [ €H-TIpOayKThI MHUKpOOa
OKa3bIBAIOT PEINAIONIee BIMSHUE HA PETYJSIUIO MEpEeBapUBAHUS NMHIIM W pPa3BUTHE UMMYHHOU
cucrembl. MccrnenoBanuss moAaTBepxkAaoT  [59], YTO MaHUOYJSLMU C  HENAaTOr€HHBIMU
OaKkTepHaJbHBIMM IITAMMAaMHU B OpraHU3ME XO3SMHA MOTYT CTUMYJIHMPOBATh BOCCTAHOBIIEHHE
MMMYHHOTO OTBETa Ha MaTOT€HHBIC OaKTepWH, BBI3BIBAIOIINE 3a00JeBaHUs. Pa3amyHble OIXOIBI,
BKJIIOYAsl HCIOJIb30BAHWE HYTPULEBTUKOB (IPEOMOTUKOB M TNPOOMOTHKOB), a Takxke (¢aros,
CKOHCTpyHpoOBaHHBIX ¢ momotibio cucteM CRISPR/Cas, 6pun pa3paboTaHbsl B Ka4eCTBE HOBBIX
METOJIOB JIeUeHHUs AucOMo3a (M3MEHEHHH B MHKPOOHOM COOOIIeCTBE) M PaCHpPOCTPAHEHHBIX
3aboseBaHui (HarpuMep, Auadera, OXKUPEHUS U JIp. ).

B wuccnemoBannu [59], OBLI chellaH TPOTHO3 Ha JCHCTBUS M MOJICKYJISIPHBIC TOJIXOJIBI,
HaIpaBJICHHBIC Ha 3alIUTy OKPY’KAIOIMIEH CpeIbl U MUKPOOHBIX SKOCHCTEM 4YeoBeka. V3MepeHus
HKOJIOTUYECKUX, (PHIIOMETAreHOMHBIX U MUKPOOHBIX METAa00INYECKHX U3MEHEHHH B MUKpPOOHOMax
TpeOyIOT CHEeUUAIN3UPOBAHHOIO M CJIOKHOTO Habopa 3HaHMHA. COTPyIHHYECTBO MEXIY
YHUBEPCUTETAMH, HCCICIOBATEIbCKIMI YIPEKICHUSIMHU, HEPAaBUTEIIbCTBEHHBIMHA OPTaHU3AIMSIMA
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U crienuaniuctaMu (papMarieBTHIeCKON MPOMBIIUICHHOCTH UMEIOT KITIOYEeBOE 3HAYCHHUE JUTS OI[CHKU
KaK 6I/IOJIOI‘I/I‘-IGCKOI‘O, TaKk H" q)apMaI_[eBTI/I‘-ICCKOFO BO3II€I>iCTBPI$I Ha DJ3KOCHUCTEMbI MU BBISICHCHUA
MEXaHHu3Ma HeﬁCTBHﬂ HOBBIX COG[[I/IHGHI/Iﬁ B OpraHu3Me X03siMHa U €ro MI/IKpO6I/IOMaX. ITone3nocTh
METareHOMHON ()YHKIMOHAIBHON PEKOHCTPYKIIMHU JJIs IPSAMOM acconuaru GyHKIui coobiecTa
¢ eHOTUIIOM Cpelibl OOMTaHUS U XO3MHA OyJeT MMETh peliarolee 3HAYCHUE JUIsS HAJIeKAIIEro
M3yYEHUS] KOHCTPYKIMKA M MPOU3BOJICTBA 00JIee IKOJOTHYHBIX (DapMaleBTHUYECKUX MPOAYKTOB ISt
Oyay1iei mepcoHaTn3uPOBAHHON METUITUHBL.

¢ AR
ok N

Pucynok 21. KceHOOHOTHKH, KOTOPbIE H3MEHSIOT MUKPOOHOM KuIiedHuKa [58].

Takum oOpa3oM, MOHMMAaHHME MEXaHU3MOB (QYHKIMOHHPOBAHMUS T€HOMA, SMHUIE€HOMA, HUX
B3aMMOOTHOUIEHUH C (akTopaMu OKpy’Karomield cpeabl IOBBIIAET TOYHOCTh JUArHOCTUKU
3a00JeBaHMN, TO3BOJISIET pa3padaThiBaTh MEPCOHU(PUUUPOBAHHBIE (YHKIMOHAJIBHBIE IHUETHl U
BBISIBIIATh CPEU MU3BECTHBIX WJIM BHOBb CO3JAHHBIX JICKADCTBEHHBIX CPEACTB TE€, KOTOPBIE HMEIOT
SMUTE€HOMHYIO HalPABJIEHHOCTb.

Heilpooch «MHKpOOHMOTa—KHIIEYHUK—MO3I» TPEACTaBIAET COOOW TUHAMUYECKYIO MaTpHUILy
TKaHell M OpraHoB, BKIIOYAs KEIyJOYHO-KUIIEYHYIO MUKpPOOHOTY, UMMYHHBIE KIJIETKH, TKaHU
KMIIIEYHHKA, JKEJe3bl, BEre€TaTUBHYIO HEPBHYK) CHUCTEMY U TOJOBHOM MO3r, KOTOpBIE
B3alMOJICHCTBYIOT CIIO)KHBIM Ppa3HOHAIpPABJIEHHBIM 00pa3oM dYepe3 psAJ aHATOMUYECKH U
(U3MOIOTHYECKH Pa3IMUHBIX cucTeM. JlonrocpodHble BOZMYILEHHSI 3TOW TOMEOCTaTHYECKOI cpeibl
MOTYT CIIOCOOCTBOBATh MPOTPECCUPOBAHUIO Psijia HAPYLICHUH MyTeM U3MEHEHUs (PU3NOJIOTHUECKUX
MPOLIECCOB,  BKJIIOYas  AKTUBALMIO  TUIOTaJaMO-THNO(HU3apHO—HAANOYEUHUKOBOM  OCH,
HEHpPOMEANATOPHBIX CUCTEM, UMMYHHOU (DYHKIIMU ¥ BOCHIATUTEILHON peaKkIuu.

[IpomomxkaroTcst HCCIEIOBaHUS TOTO, YTO TPWUIMOHBI MHMKpPOOOB, HACENSIONIMX Halll
KUIIEYHUK, SIBIISIOTCS CYIIECTBEHHBIM (PAKTOPOM, CIOCOOCTBYIONIUM IICUXUYECKOMY 3/I0POBBIO H, B
PaBHON CTENEHM, MIPOrPECCHPOBAHUIO HEPBHO-TICUXMYECKUX PACCTPOMCTB. DKCTpaopAUHApHAas
CJIIOKHOCTb JKOCHCTEMBl KHIIEYHMKA M €€ B3aWMOJCHCTBHE C KHIIEYHBIM DJIUTEIUEM IS
NpOSIBICHUST (PU3MONIOTHYECKUX M3MEHEHMH B TOJIOBHOM MO3T€, BIMSIOIIMX HAa HACTPOCHHUE U
nosezieHre. H. sapiens nMeer yHUKaIbHOE COOOLIECTBO MUKPOOHOTHI M 37I0POBOI OMOMHKPOOHOTHI,
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KOTOpast MEHSIETCS O] BO3JCHCTBHEM psiia (PaKTOpOB, BKIKOYAS AUETY, GU3HUCCKUE YITPAKHCHHUS,
CTpecc, COCTOSIHUE 3/I0POBBSI, TCHETUKY, «CBOIO TIOJMIIPArMa3uioy» u T. 1.

CoBpeMEHHbIC ~ MHCTPYMCHTBI M  METOJMKHA  DIHUICHCTUYCCKOH, JUETHUYECKOW U
OMOMHKPOOMOTHYECKOH  3aIUTBI  3JOPOBOIO  CTapeHUS — OTO  MEKIMCHUIUIMHAPHBIE,
MEKBY30BCKHE M MEKBEIOMCTBCHHBIE HAIPABJICHUSA, KOTOpbIe (OKYCHPYIOTCS Ha HM3YYEHHH
HEPBHOW CHUCTEMBI M BIIUSHUS MO3Ta Ha MOBEJACHUE U MBICIUTEIBHYIO CIIOCOOHOCTH Jironei [1, 32,

42, 49].
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Pucynok 22. DnureHeTmdeckas 3aluTa MUKPOOMOMa: MYITHMOJAIBEHOE, MEXIUCIUIUIMHAPHOE U
MEKBEIOMCTBEHHOE B3aumoeiicTeue [59].

HoBas snurenernka H. sapiens ynpasiseT B3auMOJICHCTBUEM SITUTCHETHYSCKUX MEXaHHU3MOB
CTapeHusi U JoNrojeTus ¢ Ouosoruend, 6modusukoit, Gusmonorueit u (akropamu OKpyKarolei
Cpeabl B peryisauuu Tpanckpunuuu. CtapeHne — 3T0 CTPYKTYPHO-(QYHKIMOHANIbHAs MepecTpoiika
(mepenporpaMMHUpOBaHNE) W TOCTENEHHOE CHIDKCHHE (DU3MONIOTHYECKUX (DYHKIUN OpraHusMma,
KOTOpbIE MPHUBOJAAT K BO3PAaCTHOW MoTepe MNpOPEeCcCHOHATbHOW HPUTrOJHOCTH, OOJE3HSAM, U K
cmeptu. [loHMMaHWe NPUYUH 30pPOBOTO CTApPEHMSI COCTABISET OJHO W3 CaMbIX MPOOJIEMHBIX
MEXIUCIUITIMHAPHBIX HalpaBJIeHUI.

I'eneTnueckuii ¥ SNUI€HETUYECKUN BKJIAa B CTAPEHHUE U JOJTOJIETHE YEJIOBEKA OTPOMEH. B 1o
BpeMs Kak (paKTOpbl OKpY’Karollled cpeabl M 00pa3a KM3HU BaKHbI B 0oJiee MOJIOZIOM BO3pacte,
BKJIaJ] TE€HETHUKU NposBIsAeTcss Oojieeé JOMUHAHTHO B JOCTM)KEHMM JOJTOJIETHS W 30pOBOM
CTapoOCTH. OIUI€HOMHbIE H3MEHEHHMs BO BpeMs CTapeHHs IIyOOKO BIMSIOT Ha KIETOYHYIO
(GYHKIHIO M CTPECCOyCTOMUUBOCTh. JlMCperynsius TpaHCKPUIILIMOHHBIX U XPOMAaTUHOBBIX CETEH,
BEPOSATHO, SBJIAETCS BAXHEWIIUM KOMIIOHEHTOM CcTapeHus. B  Ommkailimem Oynayiiem
MCKYCCTBEHHBI MHTEIUIEKT U KpymHOMacHITaOHasi OMonH(opMaIiioHHasi CUCTeEMa aHaJIu3a CMOXKET
BBISIBUTH BOBJICUEHHOCTh MHOTOUNCIIEHHBIX CETEN B3aUMOIEHCTBUS.

Buisoowi:
[TpoOKUTETFHOCTh  JKM3HU  YEJIOBEKAa B 3HAYMTEIBHOW CTEIICHH  OINPEAeIsAeTCS
SIUT'E€HETHYECKHU.
OnureHernyeckas WHpopMmalus — oOpaTuma, HAlld HCCIEAOBAaHUS MAIOT BO3MOXKHOCTH
TEpaIeBTHUECKOTO BMEIIATEILCTBA IPU 3JOPOBOM CTapeHWHW W CBSI3aHHBIX C BO3PACTOM
3a00/ICBaHUIX.
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Mukpobuosiorndeckasi  mamsaTh  OyJeT  OCTaBaTbCsAd  CTAaOMJIBHOM, KOrjga  paiuoH
(YHKITMOHATBLHOTO (30POBOr0) MHUETUYECKOTO MUTAHHS U 370pOBasi OMOMHKPOOHMOTA OCTAIOTCS
MOYTH HEM3MEHHBIMHU.

HckyccTBEeHHBIH MHTEIEKT, HEHPOCETH «MO3r-MHUKPOOMOTa» TO3BOJSIOT — YIPABIATH
B3aMMO/JICIICTBMEM TE€HETUYECKUX M HIHUIeHEeTHYEeCKHX IMpOrpaMM CTapeHUss U 3740pPOBOTO
JOJITOJIETHS.

Hogas ynpasisiemas 310poBasi OMOMUKPOOMOTA M IMEPCOHATN3UPOBAHHOE (PYHKIIMOHATHHOE U
cOamaHCUpOBAaHHOE MHUTAHHUE «MO3ra M MHUKPOOHUOTBI» — 3TO JOJTOBPEMEHHbIE MEIUIIUHCKUE
MIPOrpaMMBbI MMalUEHTa, KOTOPbIE MO3BOJISET MPOBEICHUIO MPOPUIAKTUKY MOTUITPArMa3UH.

MynbTUMOIabHBIE WHCTPYMEHTHI, OWOYHUIIMPOBAHUE, HEHPOHHBIE W MO3TOBBIC YHIIBI,
TEXHOJIOTUM CEKBEHUPOBAHMS CJIEIYIOIEro (HOBOTO) MOKOJICHHS CO3JAl0T OHMOMapKepsl It
YOpaBIEHUS CTPYKTYpOH 3I0pOBOM OHOMUKPOOHMOTHI ¥  (DYHKIMOHAIBHOTO MUTAHUS, B
3aBHCHMOCTH OT II€JIEBBIX MTOKA3aTeNeH.

OYHKIMOHANBHBIA  MPOAYKT THUTAaHHWS C T[OMOIIbI0 OWOMApKEpOB U  TEXHOJOTHH
MCKYCCTBEHHOTO MHTEJJICKTA SIBJISIETCSA 11€JIEBOM MUTATEIILHON CPeIon Kak JIjIsi OpraHu3Ma B 1EJIOM,
TaK 1 1J11 ONOMHUKPOOUOTHI B YACTHOCTH.

XPOHOMEIUIIMHCKHE TEXHOJOTUU — OSTO MaTeMaTUYeCKUe MOJEIN U HCKYCCTBEHHBIN
MHTEJJIEKT, KOTOpbIE MPE/CKa3bIBAIOT OWMOJIOTMYECKUN BO3pPACT 4YEJIOBEKa C TMOMOINBIO JIaHHBIX
metunupoBanus JAHK, monudukanuu rucronos, pemoaenupoBanue HykieocoM U MukpoPHK, u
SIBJISIIOTCS HanOoJiee TOYHBIMU OMOMapKepaMu Mpoliecca CTapeHusl.

dakTopsl 00pa3a KU3HU U BO3ACUCTBUS OKPY>KAIOIIEH Cpellbl OCTaBISAIOT SMUTCHETUYECKUE
ciensl Ha Hamed JIHK, koTopble BIUSIOT HA SKCHPECCUIO0 T€HOB, HEKOTOPHIE U3 HUX OKAa3bIBAIOT
3allUTHOE JCHCTBUE, a IPYyTUe — BPEIHOE.

l'eHeTnyeckue W OJNHTCHETHYSCKHE (PAKTOPHI: O0O0ECIEeYMBAIONINE 3I0POBOE CTapeHUE,
JIONTOJIETHE U CBEPXJOJroJieTHe, TPeOYIOT OT YeslOBEeKa Pa3yMHOrO HOBOT'O B3aMMOJCHCTBHS C
MIPUPOIOH 1 0OILIECTBOM, U OTBETCTBEHHOCTH 3a OyIyIIKe 3J0POBbIC TOKOIEHUSI.
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