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TipnBe,[\CHbI JJ:OKa3aTeJJbCTBa cymecrsosaHHH y MHOfOKJJCTOqHbIX opraHH3-
·. MOB HOBOH CHCTCMbl OHOJIOrl!qeCKHX peryJJHTOpOB nerrrH,D;HOl'i rrpnpO,D;bl (unro­
MC,[\HHOB), Koropb!e OKa3b!BaIOr crreumpnqecKoe J(eifcrBlle Ha ypoBHe KJJeroq­
HhIX IIOIIYJJllUHl'i. TipeJ(IIOJiaraeTCl'!, qro B OCHOBe MCXaHH3Ma JJ:CHCTBHll E.HTO­
Me,[\llHOB ne:iKaT rrpouecchl MeJKKJiero<rnoro o6Mena If rpaHcMeM6pa1rnoro 
rrepenoca 11H¢opMaunoHHhIX cnrnaJioB. Ha octtoBamm l!MCIOll(HXCll cse,n;ennfr 
H3JiaraIOTCH cospeMeHnhre rrpeJ\CTasJJeHHll o anaqeHHH nerrrnJJ:eprnqecKol\ pe­
ryJIHUHH B pa3BJllFIIH MHOfOKJJCTQqHbIX CliCTeM. 

BBE,ll;EHHE 

HocJI1e.noBaHi11e perymnopHbIX 1MexaHH3MOIB IMHonoKJW'.OO"IIHbIX oHcreM 
npie~cTalBJ.IHeT co6oii OJI.HO :m3 1Ba}KJr1eii:umx 'Hanrpa1B.JrnHHH OOBpeMaH.HOH OHO· 
Jiorn:n. Paa·pa6oTKa 9'I'oro Ha1rnpaBJieHHH ,LJ,a1cT B03'MOiKHOCTb nOiHHTb npwiiIIHbl 
HH,LJ,lllBH,LJ,yaJI"l:.:HOro pa31BH'TllH 01pra1HII3iM•OB, nayqurb 1Me.xaHH3Mbl .n;mpcp.ep1eH­
UIIpOBl\llf !If cn1eIJ}laJIH38UHII KJieTDIK, o6i.HCHHTb inpHHUHIIhl peryJIHUIUI cne­
UIIaJIH.3HipOBaHHbIX TKaHeii:, o6MeHa H :BOOrnp6H31Be,aeHHH reHer:Hq1ec:KOH H!H­
<f>opMaIJJHH. TioaHaH:He peryJIHTOpiHbIX Mexau:n:aMoB :nopMa,JihHO'DO n naroJio-, 
rnq·ec1m:m pocra, a TaI<:iKe. paatBHTiMH 1KJI1eT01K II03'BOJI1ll'r 6oJiee rny601KO 
II3Yll'IITh cpH3HOJIOI1HrtieCKJHie rnpouecicbI, nporeKaIOIUIIe IB MHOrOKJiero1qHQM op­
raHH3Me, II H'X IH3'Memm1m1 !B )'1CJIOBHHX rraro.T.Iorn::n:. 

Cq.HraeTcH, 11·ro ipeiry.JIH'I'OpHh!e 1MexaH1n:aMhI KJieTOIK BO.lHIHKJI1PI Ha aa,pe 
.9BOJIIOU!HH 1B 1peayJI'bTa'Te 'II'H1m1.16Hpyiomn:x 6IIOX'HMHfllec1mx p1ea:KUHH [22, · 
159]. B npouecioe cpop1MHIIHYBalHIHH MHQiI10KJie11oq·HhIX Ci!ICTeM OHM 1Kooip111.nHn­
poBaJiin: COOTHome1me IKJieTOK pa3JI1H'qlHbIX no1nyJIHUHH, a TaK}Ke KOHTPOJIHtpO· 
BaJIH n:x .mmp1cp~peH11JHipOIB'KY 'II 1npo.T.I!IicpiepauM10 1B xo~e 1paaBHTHH. E»m Mexa­
HII3MbI, cpyHIKJUHOHHIPYIOIUHe IHa ypolBIHe 1Me'iKKJieroqHbIX ·B381HMO)leHCT'.l!rnH, 
OIJe1BH,ll!HO, 6bIJ.I.II IB<eJJ.YIUHMllI B ynpalBJieHUIH 1pOCTOM u 1pa3IB'H"r:H'eM KJieTOiK ,U:o 
CTaHOB.JieHIIIH onen:n:aJiiH31nipo1B8iHHbIX ip·eryJIHTopHbIX ClfiC'DeM [ 23]. B npo­
uec1ce eioBepmeHcTIB01BaH1HH opratHnaMO!B oylli/eCTBeHtHo ycJIO:>KHHJrnch Iii MX 
CTpyKrypa. Ha1npn1Mep, TIOHBllJIHCb 1MeM6pa1HO-peu1eH'.I'O)pHble, Heli:poMe.n;Ha­
ropiHbie H .n:pyirue •BtH,lLbI 1Ha.rtKJI1eT()ltlHbIX MeXaH1ll3MOB, llfH'reI1p1H1pyIOll.l/ll!X tj)y1HK­
UHH KJieroq1i-r.b1x nony.T.IHUIHH Ha YiPOBHe ·Ue.T.Ioro opra1HiH31Ma. MHoiKecr11Mrn­
HOCTb 1na.nKJieroqHbIX ·peryJIHTOpiHbIX 1MexaHH3MOIB npeJJ.nOJiaraer cyrruecTBO-
BaH1He yH1HIB1epcaJibHbIX nocpe,uHIHKOB THna UHKJI:nqec'KHX IH)l:KJIOOTHJJ.OIB ;a. 
nepe.na'll1e nmpop1MaUJHroHH1'>IX ommaJIOB 1B KJie'J'Kln. 

HeK!oTOpbrie npe~cTalBJ.IeiHHH o 1snynp1H1KJieT01I1H1b1x peryJIH'TOpiHbIX 1Mexa­
HJJaMax syKa·p:H011HIJ:•e1c1m:ic 'KJ.I•e'I'OK .na10r H31BecTHble !B H8iCTOHIUee llipeMH rM­
IIOTe3bI [·16, 74, 84, 86, 132, 152]. HaH160.ne.e 06oc,H101Ba1Hhl cne.zr.y10IUH1e roo­
peTurqeo1me MO)leJllH !BHY'J1PHKJl<eTOq1HOH peryJI1HUH1H cpyH!KUHH reOOB: 

1. fiHIC'l'OHhl BJiiHHIOT Ha PHK~noJin:MiepaaHy10 1J)ea'KHJUO inyTeM 06ipa30Ba­
HHH ~oMnJieKcoo ic LLHK JIH6o 11.a1MeHHIOT a·RTHIBl'IOC'Tb PHI\-noJIHMepa3bI IH 
TeM 1ca1MbIM 1perryJI'HPYIO'TOHPrrea PHI\ [57, 67, 109, 146]. 

2. AcpqrnHuTer ·DHC'DCXHOiB 'K LLHK aa1B1HOHT OT CTeaefrH ux cpoc1cpop:n.T.IHlpO­
saJJIIH, MeTn:J.InpoBaiHIIH 'll a·ueTHJiupoBa1HJm1. YOMJ.Iemrn sTii:X npov.eceoB s.e,uer 
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K yMeHbI.UeJH'IUO cnooa6.HOCTlI ~lI'C110UIOB 'OBH3bIIBaTb ,llHK, t:I'J10 IB CBOIO Ol.!e­

pe.nb IJ3bI3bl1B3'e'T ylBeJI:It'IeHIIe e'e. aK11HBIHOC'!1lI [ 56, 114, 115]. 
3. KrncJihre HJJ.epHbie 6eJI'KH eneu:rr¢iHtiecwrr peryJiirr1pyIO'T TpaHICK:P'H!IlU:HIO 

H 1penJiittKau:1mo ,llHK. ,ll'epernpec10HH . ,llHK nov:r, 1BJliF!HHHeM IK:llCJlbIX HJI:E'!PiHbIX 
6eJII\jOB a1KTHBupy,eT 11paHcKpilllilllJllIO PHK (20, 59, 68, 110, 132]. l1iM1ero11rn 
II JI.PY~lle rHJ1iOTC3bI, 0,[lJHaKo 1HH O)l;Ha H3 IHiUX IHC 'HBJJ!5IICT,CH o6ru:enpil13H31H· 

HOH. 
TaKII1M o6paaoM, pa31Hoo6pa3.H1h1<e MexaHH3Mbl 1peryJIHil)Hll (H1epB1Hhie, rop­

MOHaJI'b1Hh1e, MeJI,Ha11op:HblC, IBHy11p1HKJICTOltIHb1'e)' HC·CMOTPH Ha MHoroypoBHie· 
Byro m~paipx1mo, iBbUTIOJI'HHIOT B Hpll1Hiurnrne e,ZJJ111Hy10 3a.natiy 1B IMH101roKJIC'!10tiHOM 
opra1H1II13Mie, a ·aMieHIHIQ· 1Ko1op.nun,au!l!IO 061MeiHa u :Bocn1po1n3BCJ1,emrH re1HieTH'tie­
o.woii: :llmpopMa1IJJIH. PH.n oTetJecTBeHHbIX a1Bropo1B pa'31BI11BaIOT u.neII o cy­
mecT'BOBaH1llll •CITeUjIIaJibHblX C%C'TCIM MHOroypoBHCBOH nmHOH. 1peryJIHU!Hlll [ 12, 
23, 24, 29]. 0.mnawo Ha 10Cif10)1.IHHllliHllH .neHb CBC}l,CIHllll 0 lli'.JOOpJJ.HiHllliPYIOIIJ:iHX 
OHCTICIMax MIH'OIDOE'.JJICTOl.!.HOPO op1ra!H'II3Ma 'HC.[(OICTaTOltJIHO JI.JIH TODO, t:ITU6bl 061>­
f!1CHH'Tb 1upoueochI pocTa, pa3,BlllTIIH, onerr;llaJI1H3a1JJ;Hll IKJIC'I'OK, a Ta'K1)K'C HX 

B3alH'MO[):J.efrcTBiHe Ill OOIB:MCICTHOC ¢YHiKIJJHOHF!ipOBalH1He. Hp:ll 'IIOCJICJI.YIOll.J.CM 
H3JIOiKcC:HHH Ma'I'epiHaJia MbI TaKiK:e 001'.JJI'll IB03'M0iKHblM lll'CTiiOIJib30BaTb TalKOe 

0606ru:a10ru:e~ ITIOHH~He, KalK 6HOJIIQ!~IItJeCKalH peryJfHIII!IIH ('H1JIII 6illopieryJIH· 
Il,llH), Koropoe o6'be,LJ;llHHCT Bee MexaHII3MbI (Ha)lKJieTOl.!Hbie, Me}KKJieTOl'.JHhle 

'.Ii 'BiHYTPHKJI1CTIOl.!Hhle)' 1peryJI1Hpy10mue o6MieH ill BOCITiipiCm3,BC)J)C!Hllle re1HiCTl1'1'.J'C· 
aKoli 1rnHcpopMamrn B MHiOlf\O'KJierotJiHOM ap:raHill3Me. Hac1105!1ru:aH pa6orn !He 
cra1BHT CIBOeH u:eJibIO pa1cC1M0'!1peTb 11Ke ypoBirn 6noperyJIHII!U:ll IMHO'rOKJICTO"l­
HblX CHICTeM. 0CHIOIB:HaH 3aJJ,a1tJa 'Pa60Tbl 3a'Ii:JJliIQ'lla!C'J1C5I IB a.HaJiiHl31e cpaiKTHltJe­
OK!OTO MaTepnaJia 0 MOJI1eJ{yJU1iplHblX 'Miexa:IJ;ll31Max MCi2KKJI,e"J10l.!IHiOH 1peryJIHII!Iilll 

H B 1II3JIO}KCHl1Uf 1CIBeJJ,eH1llH 0 'HOBOM 1KJiac1ce 6inopery,JI15I'I10ipOB IMCiKKJieTQtl1HbIX 
IB3alI!MO)lCll1CTB'HH - ~H'I'01Me,n:;1rnax [ 39]. 

liH<l>OPMAUliOHHhIE MOJ1El\Y J1hI ME)i(I(J1ETOtIHhIX B3AHMOJlEI1CTBHI1 

Ilo .naHIHbIM 3,Jie:K"l1POHHoil: MHIKJpoaroonnll, Me'}K)ly 1MeM16pa1Ha1M1ll 1COIIIip1RKa­
ca10r.uux1cH KJI:e'l'O!KJ IB10e1r)J.a 'HIM1eeTC5I. TaiK H.a3bIIBa,eMOC Me:lKIKJI1e"l101'.JiHOC lllpOCT­

pllHCrnO, 1ri;pe:n;cTa1BJIHIO;IIJ:ee 10060H: IIJ:eJib B HeOKOJib'IW i00'J1CH a:Hlf\CTlpeJMOB 
[ 48]. Cyru:ecTBOBaHllle Me}KKJiiCTO''-IHOro npocrpa1H1crna xaipaKreipHo .UJI1H CB1cex 
KlOHTa'K:'DIIipyIOru:llx KJileTOIK, KOTOpbie IB. 3TllX ycJIOBIIIHX 1ooxipa1H5IIO'DCH KaiK. ca­
lMOC:T05I11eJII:>HbI·e eJllllHHU:bl. TeM Hie M«~Hee 1B o:mH01poJLHOii 'IJiony.JIHIJJHll, ·Ka:R 
IJ1pa1BHJIO, IIOME'iPJKrnBaer1c51 noC'I'OHHIHOe wOJI1HCCJ:ec11Bo 'KJieTOtJHlhIX .:iJieMeiHTOB. 
310 o6'bHiCHIHiC"J1CH HiBJIC:HllCIM KiOHTa!KTHOf\0 'I'Op.Mo:meHHH, KOTOpoe 3aiKJIIOtJa­
eTCH 'B H31MiCHCiHJHll 'CK:OpOCTII n1poJI1IIicp,e,pa,u;n:ll KJI1eTOiK B 3alBiHICIH'MOCTH OT 'UX 
IIJIOTHOC11II ,1J3 orrpiCJ!,eJieHIHOM o61>eMe. lfa1Be1CTIHO raK:>Ke, 1"1110 O}l,IHHIOtJIHbIC 'KJieT­
KJII HJilll He60111bI111He ITTpynnhI :KJI,C110K .He 'B iOOCTOHHIIIH 1C03,!l3Tb ycJIOBHH, iHeo6-

XOJI;llMbIC AJIH HX ,nH1cp1cpe:p1enuapo1BKJH [ 88, I 02, 156]. 9m u 1U;pyir'llie <PaKThI 
yiKa3bl'Ba1IOT Ha B3a'HMOJ.J.elicrnae oT,meJibiHhIX KJI.e''!10K B norryJIHUJHH. MmKIHO 
!:TOJiaTaTb, '!110 'Ta:Ka5I oornaeoBaHHOCTh 1npe,IT;C'TatBJIHCT oo6QH pe3yJibTaT 6:llO· 
JIODlltJCOI\jQH peryJIHU:llill M!HOrOKJieTOltJHOH CllCTeMbl,. 

PaccMOTlpiIIJM Hewo11ophre Mexa1HJn3!MbI Me.mKJIC'DOtJHhIX IB3all1MOJI.eii:ic11B1Hli, 
K0'!10pbie MoryT ll'Mle,Tb BalKIHOe 3HatJeHlle 1B 1neip1e:n:atie 1pery,JIH110pHbIX C'.IlrHa­
JIOIB OT !KJICTKlll K KJICTKe, ill nyTll nepe)I.a11'.J'H MOJICIK'YJI - Ha'H60JJCe BepOHTIHbIX 
H!Cl<OllTeJiefr lll:H¢opMaU:HOHHhIX 1cnnHaJIOB. Xoporuo 1u31BeCTIHO, 1t:I"I10 B ¢:n3,uo1110-
r11qecK1llx Y1CJIOBHHX HCIKOT'O'Phie 1BH.[(bl iK:OIMMYHIIIKall!IIH M1e}K):ly 'KJleTKaM:n 
ocyru:ecTBJIHIOTICH c TIOIMO!IJ:bIO HJIOTHblX 'KOHTaK"110'B, IHOCH!IJ:llX 'Ha3Ba1Hlle ru:,e. 
JICIBhlX MOCTHK:OB, HJIH coe.LLllHeHlllM [ 5, 32]. YcTaHoB.JieHo, q:·110 'tJepe3 nn:.n1po­
cpIIJibHh1'e Ka1HaJibl

1 

ru:eJieBJDIX MOICT1ll'.K'OIB 'Il3 KJ'IC'T.Kll IB IKJICTKY ,1nocrynaIOT' pa3-
JI1II1qHble illOHbI 'H IMOJICIKYJibI c 'MOJieKy,JIH'ptHOH IMa!CiOOH ,rr;o 10 Tb!IC. }l,aJibTOH 
[71, 112, 113, 118, 134,, 137]. 0Jl!H3'K10, no,H1CiKjO'J10'PbIM .naHIHbIIM, npu 'lIIOTIOJib· 

30IBaHHH KpaawneJieii: JI..JIH 'Il'3YtJCHHH MOC'TUKOBOH ITI'PIOIHillIJ:alC'MOC'TiH MOI'YT 6hITb 

JI.OnyJ,Il)eHbl cy:ru:ec11B>eHHble omrn6Kn 'B 01U:eH'Ke ITIOJIJ11"1a·CIMbIX pe3yJI'bTa''!10B [71 ]. 
HM'eIOTCH ~oc1a11001Ho y6e}l,'HTCJihlHhle ,moKa3aTeJwcwa rono, rtJro Ma1K1p0Mo-
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JrnKyJihI He 11parnc1rroipT'H1pyro11cH rro meJN:mhIIM 1M'OC'THKa'M I 136]. B c1BH3H c 
3'11HM 113 rH<liCTOHI1{1ee 1BpeM'51 HieBIQ31M02klHO ic,n,eJra11b OK'O'H'qa''J.1eJibrHbie BbrBO,lI,bl 0 
3HaqeH'H:H meJI1eBblX IMOCTirl\iOB 'B ne'P'eHoce :urnpop1Mall!1IIOH1HbIX MOJieKyJI H 
CTerreHllI 11IX ytrnCTillH 'B i61IOip1ery,JIHUHfli MHOiriQKJI1e11oq1HbIX 10HCTeM .. 

I1po6JieMa npe,z:i:1CTalBJI5leTCH CJIO:lK:HOH 1BiBHAY 11oro, lJ'TO ,lJ,O lialCTOHIIl.ero 
B!peMie'H'II 1He yicTalHOHJieHa 1IJ1p1rnpo,ZJ;a Mle)KJKJie'J.10lJHbIX 'lllH<Poip.Ma1UIIOiHIHbfX MOJie­

KYJI. EcTb narr1Hb1e, q'J.10 TaKHe 1611,operyJIH1101pb1, Ka1K 31M'6'p1ncmaJii>Hbie iaHJJ,y:K· 
TOpbl, HetKOTOpbie m:m'PII)l:Hble I101p'MOHbI III 1qiaii<:ropb1 1pOcTa, o6Jia\llaIOT 11pa1HC· 
MetM6paHHbIIM ;:i:eucT1B1neM. Eme B rnpoueoce qiopM:111poBa1HIIH 5IHII:eKJieT:KJH IB ee 
npoTOIIIJia'3MY nocTyirraIOT !f!H'cpop1MaUlltOHIHbie MOJieKY,Jlbl, IHe06X!O,IJ;IIMbie ,ll;JIH 
pa181BH'TIHH 3apq,1I,bIIIIa [19]. B xo,n;e 1cos1pcmaH1HH 51i'r11,e1KJI1eTKH CHH11esH1pyIOTCH 
3M6'pi110HaJib1Hbie 'II'H)J.)'iKTopbI, urparomrne 'Ba21myro 'POJib .B :tta1qaJiblHb1x IIIPO· 
ueocax op1ra1rroo6pa310Bamrn [30]. YicTa1H01BJI1eHo, qyo OHH IHIMeIO'T 6eJI1Ko1ByIO 

IIp1upoAy H ornpe,neJIHIOT Raup a1BJ1eHne KJierorrmou J.tH1cpcpepeHil!npoB1K1H [ 150, 
160]. I1o IHeK:OTOlpbIM .n,a!HIB:bFM, n 1eHCT'BHe 31M6piIIOIHaJibHblX 'IIH'JtY,KTOipOB 1Ha 
KJI1e'!'KH IIe orno1opeJJ.ye11cH UHJKJilll'lJeC:KHMH nyKJieo11HJna1MIH [ 103]. Ifa KYP'H'HbIX 
3apOJJ,bI1II1eii: 6bIJI !ITOJiyq,eH 'BbliCOKOO'I1HIUeHHblH WHICJibIH i6eJIOK c MOJieKyJI51p· 
Hoii: Ma1oooii ,...., 30 Thie. naJib'l'OH, naaBaiHHbIH 1BereTa.rms1rrpyromHM rpaKrnpoM 
[ 150]. I1:pn )1,eHC'I1B:H'H Ha 3K'J10,ll;ep1My rncT1pyJI,bI TplHTOHOB OH HIH,ZI,yn;wpyeT 
KOIMnJieKc Meso]lep1MaJibHbIX Ill aKTO~ep1MaJihHbrx TKaueu. CJJe.uyeT orMeT'H'Tb, 
lJTO B aM6rpno1rraJibHOM nepHo,ZJ,e KJieTKJH rnMemT ,nocTaTOlJHO ooJibllIOe KOJIH· 
t.J:eC11BO rueJie,BblX 1MOC11HiKOB, lJTO y1Ka3bl1Bae'T Ha (B03MOJKJHOe yqacTHe 3TlIX 

CTPJ'iKTYiP' '13 nepeMerueH!lI1H iJIH'cptOipMaiU:JIOIHHbIX MOJieKyJI [32). 
BrroperyJIH'TOiphI, B,JIIIHIO'I1(1rne Ha n1po1.I;eocb1 1pocTa iH pa31B'H"~IIH, mrnpo'Ko 

pacnpoc11pa1HeHbI IB TKaHHX MHo:ro1K.iieToq1noro opra1n11sMa. K na1H60Jiee il:l3· 
B'eiC'"f'HbIM :peryJIHT01pa1M TaKoro 1po'll,a O'TIIOC51'TIC51 'KieHJIOHbI - 5lHJJ,OreH'Hble TKa­

IH0CIDCU:Hcp1Iil'I,eCKlle 'HiHrn6IITOpbJ rrpoJiurpepa'I'll'BHoli a1K11HBHOCTtII 'KJ1e110K. Teo­
p1nH KeHJIOH,HOH 1peryJIHJ~1JijJI OCH'O!BbI1B3eTiC51 Ha npH'Hl~ll'Ile ynrpa 1BJICH'l115l pOCTOIM 
TKa1m1 ,c ITTOIMOII{blO O''I'pIIUaTeJih'HOH 1oi6rpaTHtoii 1CBH3tll [ 155]. KeiiJIOHbI 6hIJIH 
06aa1py:lKeHbl ICIHa'tJaJia IB '3IIH,1I,epMHCe MblllICH [76, 78], a 1BIIIOCJie,1J,CTiBHH IH B 

.rr:pyrnx T'Ka1H5IX [ 77]. HpeJI:TIOJia1raIOT, q'J1o B perry JIHUll'H n1poJinrpep a'11FIBH1oi1 
aiKTFI1BHOC'flll '9TillI,ZI,<t!1piM'Hrca np,'HHiII1Ma1IOT yqa1C'T:He )I.Ba 1rnIIna6IITopa: G 1-Keii:JIO:H, 

rnpenH11crnyrorunu 1BxoJKJI,eH111IO KJieTO'K 1B cpasy C!HIHT,esa llHK, Ill G2-KeHJIOH, 
nperrn11c11ByIOI11ilIH :BcTyinJiie<HHIO KJieToK B !M1HT0\3 [ 96]. KaK yicTaHOBJieHo, 
G 1 - H G 2-'Keli,JIOH pa3,JI'll'qaIO'J1C51 no 1pH.,11,y 'tPH3ll'KO·XHMHqecKlllx c1BOH1C'T'B [82, 
121 ]. fy;:i,'BIHH [ 18) 1BbI,IJ,IBUrae'T' ~lliIIOTe3y, oorJiaCHO K!OT'OpOH o6pa30Ba1HHe 

G 1-iKeii:JI0Ha 0 1rnpC1,1I,eJIHe11cH aK'TIHIBauueli one1uHaJib1HbIX 'K'eHJIOIH'HbIX re;rroB B 
Olll{'jpone, IK1QIHT'POJI1HpylO'Il{eM J('Hcprpepe'H'llJllipOBKY iKJieTKH, a o6pa30Ba1H'lle 
G2·~KeHJIOIHa aK'TIIBauneli rerroB B oneporre, yrnpaiBJI1mome!M KJieToq1HbIM 
U11IKJIOM. HMeIO''I'CH 'Ta1KiKe naittHbie, OBH,,1J,eT1eJibCT,ByromHe, tJ110 rnocpe,11,HHKaMH 
B1HyT1pH1KJie'rO'tJHbI'X II:POIUeOCO'B, CB5133HHbIX C peryJirnpyIOIUHiM JJ,eHCTBHe'M Keii:­
JIOHOB, 1cJI1y:lKaT 11JiHKJlluq,ecKHe ;nyKJieo11H1J(bl [ 120]. 

I1orrbIT'l<JII 1110Jiy'IrIITb 'BbIOOKOOllHIUeHHbie 1rr roMorerHHb1'e np,errapaTbI :Keii:­
JIOHOB nioKa 16esyienemHhI. EcJI'll patHbllle rr1p1eJJ.IIOJia1raJin, ti:TO KeHJIOHbI 1npiF!· 
\HaJJ,JI,e:lKaT 'K rJIH'KOI11piOTelIJJ.31M c !MOJ!e'KY.JIH'PHOII Maocoii: 25-30 Tb!C. )J,aJibTOH 
[79], 'TO, TIO nocJieJJ.\HIIiM J(a<HllbIIM, HeKOTOpbre ll3 3'T1lIX :cpaKT'OlpOB npeJJ;CT3B· 
.'!HIOT 1Co6oii: KlltCJlbl'e rJIIIK'OIH:mTlI,11,bl c .MO:Jle'KYJIHpnoii: Ma,oooii: 1He 6oJiee 5 TbIC. 
,11,aJrnmH [ 108]. B CBH3II :c 9THM cymec1myer 111peJIJ110JIOiKeHne, tJTO B 06h1q­
Hhrx ycJIOIBIIIHX 'K1eii:JI0H 10B5133'H 'C IHOOll'TeJieM 111I111a TPHK ,c MOJie1KyJIHp~rrou 
MaCCOH ,...., 25 TbIIC. naJib'J10H [ 107]. 

J13yq,ernrre KeHJIIQIHQIB, rC0,11,ep:arnmuxcH B llJll'PKYJllHIPYIOIU,lIX KJie'J1Kax, npe,1I,­
CT3BJIHeT oco6bIH lIHTepec ,11,JIH IIOHlIM3Hll5I MeX3HlI3MOB caMoperyJIHIJ,HH KJIC· 

TOtJiHbIX 1rnorry,JI51,urrii:. Ta1K, H3Hecmro, q110 Keii:JIOH, ,BbI,!1,eJieH'Hbiii: H3 npaHyJI011,1n­
'TOB K!pOBll, IB ,KYJibType KJ!e11Q!K KOICTHOro M03:ra H!Hrn6n1pyeT B,KJIIQlJCiH<II1e 
3H-'11IIMH,,l.JjHHa ''flOJlbKO B rrpe,ZJ;1meiC''J1BeHHIUKH rpanyJIOllJllTOB, 1He BJIH5151 rnpn 3TOM 
Ha npyme tpOCTKH [ 141], a 31pH1Tporr:IITa1p1HbJH Keii:JIO:H IHHII1ll6HpyeT tCHHTe3 
llHK TOJlbKO IB 9tpilIT1po6.rracTaX 1K!OC'11HOI'O M03ra H He lI3!MeHiHe'T BKJIJOqeHH51 
3H-rnM,nnurra :B .UHK 1M1HeJIOHJJ,H'hix rH JIIHMrpoHJl!Hhrx KJieTOK [ 69]. T1Ka1Hei01Ie-
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LJJlfilJH''l'eiC:KHe JIH:M<jlo1..mrapHbie J{,eliJIOHbI 6hIJIH BbI,UeJieHbI rrpaKTHl'le<CKH H3 
B1cex opraiHOB H 'TKaHet'l JIHJM1<jlorHl,lI;HOH iCiHiCTeMbl pa3JIU'IIHI11X 'BiH,LT;OB )KJHBOT!HbIX 
[ 45, 63]. HanpHMeip, 3K!CTpa'KT IH3 JIHMcparntJeCKl!x y3JIOB, 1co,rr.epJKar.u:nt'r KeiI­
JIIOiHhI, .BbI3bIBa,JI rro:n.anJieHHe CHHTe3a .UHK TOJib'KO 'B JIII:IIM<jlOlJ.iHTax, HO IHe B 
ripaHyJiounrax HJIH 3'p1nrpo11JH'TapH:OM ipiocrKe K'OCTHODO 'MOsra [ 119]. B Ha­
C''1105Jll.lee B'peMH 1HeT JJ.OKasareJihCTB, tJTO npoJI1:miH:~paUHH T- H B-JI'HM<jlo1u1-
TOB perymripye11rn pasJIHtJHbIMH wei'wonaMH. 0.rr;HaKo 'cyi.u:ecrByer rrp·e.rr:rroJio· 
lK€HHe, "l'TO .KaJK,UaH norryJIHlJjHSi JllliM'<jl01IJHTl01B 1lfMeeT eo6crn·eHIIbie 3H,UOrelH· 
Hble 1mmi6iHTOpbI 1MIHT01'H1lJeCKOH aKTHBiHOC'~H [ 45}. 

Hcxom1 H3 KpaTK'oro o6sopa JI'HTPpaTypbI, 1110,n11B.ep:lK,llaroi.u:ero Keii:JIOH· 
Hyro reop1HIO yin1pa1BJieHilfSi pOCTOIM TKaHet'r, IMO)KHQ 3aKJI!OtIH'Tlb, lJ1'0 ITOKa iH!Me­
ercH 1ne,mocrarotJH10 1cBe,neHHiI o MC}KiKJie11oti1not'r p·erymm;nn 1rr·poueccoB nipo­
m1¢iepa1urn. TeM 6oJiee, l!TO npH3Hamrn Keil:JIOHOB B KatiecTBe e,UHHCTBeHHhlX 
cpaKTOpOB caMopery JI51IJJU! KJierotIHbIX rrorry JI511TJIH ne l103BOJI51eT o6'b51CHHTb 
CJIO}l{Hhle MeXaHH3MbI MeJKKJieTOtIHbIX B3aHMO,UeHCTBHH. .TIO-BH,UHMOMy, 

,11,aJihHCHllnIH rrporpecc B 3TOH o6JiaCTH 6y,ner 3aBHCCTb OT ITOJiytieHHH BbICO· 
KOOtIHll.leHHhlX KeiIJIOHOB, orrpe,neJieHHH HX crpyKrypbr H nsyt1eHIIH MexaHII3· 
Ma ,UCHCTBHH. . . 

HapSIJI.y c 'Keil:,JioHaMH 6oJihll10rr 1HHTepec JJ.JISI HOCJie;1;0BaH1HH 'tKa1Hecrre­

Ui!i1<jlH1t1ecKHX .inpouecOO(B 6noperyJISIUH'II npe)liCTa:BJIH!OT Ma'KPOM0JI'eKyJHip1Hbie 
ropM'OHbI, 1perym'nopbI 'POC'Ta II Ta!K Hai3bi'BaCMhY.C air.ne3HOHiHb!e cj.>aKTIOpbI. 
CBe,rr.eHHH JIH'Teipa'TJ'iPhl o MexaHH31Max peryJin•py101i.u:e'ro ,uet'lerBHSI mpMOHOB 
1fl c).>aKTO!pOB 1poC'Ta IBeCI:IMa 'IllPOTirnopetIHBbI. B OOOTBCTCTB!HIH c iH'MCIOll!JHMHiCH 
npe.rr;cTalBJIC!H'IIHMH 0 1B'TOp1IIqlHbIX noe:pe,ILH'HKax 1rrepe.ua1qn IH:H¢lopMaIJ,HOHHhIX 

CIIrHaJIOIB 'MO)KJHIO 'ccpopMyJI1H'pOBaTb HeCKOJII:iWO THIIT011C3, o6'bHC:HSl!OlUHX cne­
IJ.IICpH1rnCKYIO a'KTI1Ba1I.11!1!0 6HOOH'H'Te3a np:n yqa1CTHiH uAM<I>: 

1. AK11nBaUHH 11paH10Kjp!H11:u:nu Hat11n1HaeTcH IB inpoueoce iB3aH1Mo,n:ee1c'!1Bm1 
uAM<'I> co cneua<jlllltieCKHM uAM<'I>·CBH3bI1Ba!OlllHM 6eJIKOM. 3ror KlOMITTJieKC 
'llepe3 uAM<I> 1ooe,rr.1IIHS1eTCH c .UHK B6JIH3:H 1rnpOMOTOpHOH 30Hbl orrepioHa, 
06ecmet11HBaH TeM 1caMbIIM np1nK1p.e<rrJI1eH1He 'K Het'l PHK-noJIHJMeipashr [60, 1311. 

2. YiBeJIH1tICHHe 1BiHy11pi!IKJie11otIHOf'O ·co,rr.ep2K3HHH uAM<'I> 'BhI3bI'Baer nep@­

MeI.UeHIHe BiHY11Ph 'KJie11KH MeMi6:pa!HHbIX npoTeHHKIHIHa13, o6Jia,Ua<IO!lllIX cy6-
crpaTHOil: errnlli!l<jl1UtIHOC11bIO. 2hm nporeHIHKPIHa3bl oneu:ncpHtI,eCKl!I 1B33HMOJJ;et'r­
CT\BYIOT c 'Ka'l(JHM-,.ron:6o 1B1HyTp1HKJieTOtJHhIM 1cy6c'!1paroM H IH31MeHHJOT cpyHK-
11JmHaJII:1Hoe cocroH!HHe KJier:KII [149, 151]. 

3. uAM<I> aK11IIB~pyer IB1Hy11puKJ1eTot11Hh1<e peryJIS1rop1Hhie 1npoTeHHhI, KO 
Toph1e 1B03JJ.elicTBYIOT' Ha 1nporeHiHKHH33hI, ,cnell.'H<jll!IqecKH 'H3MCIHHJOll.lHe <PY:HK 

UHOHaJil::IHOe '00C'I10511HIHie ;KJieTK!H [ 6, 94]. 
Ba*HOe sna'tleHHe 'B 1peryml!IIJHIH <PYH'll'.ll!HH KJie110K rnMeer 1COOTiHOrneHiHE' 

KO!H'IJ,C'HTpan;HH uAM<'I> H uf M<I>. Tipe,1I!ITIOJiara10·r, 'tITO )'1BCJTHtICIHHe 3'!10f0 CO· 
OTHOIIleHIHH CJiy)KJHT crnnHa.rooM JJ,JHI JJ::H'<jl<jlepemJ;HipOB!KH KJIC'TKIH, a yMeHbme­
Hlfe - ,UJIH rrpOJIHcpepaIJ.HII [ 104, 154]. 0,nHaKO pesyJihTaTbI pH,Ua HCCJie,UOBa­
HHH ,ae corJiacyro11cS1 c upe.mcraBJieHIH5IMllf o p10JIH un1K.iiIIt1eOKHX Hy1KJieo11n,11,01B 
!B nepe,ua1t1e :nmpopMaunoHiHhlX cFt:rHaJioB, nocrymaioi.u::Hx 1B 1pesyJihTa,re ,ueli­
CTBHH Ha KJI•CTKH-1M1HiIIIeH1H rrenTH,UHhlX 1roipMOH01B H ¢iaKTiOpOB ipocTa. B MHO· 
rotJHCJieH1HbIX pa16orax noKasaiHa onoco6Hocrb 3"J1HX 1rrerrrn.uoB upoH1HKaTb 
BHy11pb 1000'TBe'l1CT1ByJOLUHX 'KJICTOK H Ha,KanJIHIBaTblCIH IB cy6KJICTOtIHbIX <P·pa'K­
l!)HHX. T,pa1H1aMeM6ipa1H1Hoe ,ueil:cT!B1ne ycra,H<OBJieHo JJ.JIH I1HirroraJia<Mnt1e1CK:HX 

pIIJIH3HiHr·I10pMIOHOB [ 105], TlpOITHbIX rO!p'MOHOB mrroc).>nsa [ 58, 62, 65, 83, 
126], 1H1ucyJIH'Ha [92, 99, 101}, rnro1Kar0Ha [64], 3imr,nepMaJibHOro <jlaiKmpa 
pocra [81, 111, 123], <!Ja1KT101pa pocra IHe!plBOB [ 116, 161] :H IHCKOTOpbIX .n•py­

liHX. B ·CIBH3H c 19THM tBhICKa3bI:BaercH 1rnpeJllnOJioJKeHl!Ie, tIT.O B KatieCTBe no­
cp1e,IJJHHKa B KJie'DKe )J;CHIC'TByeT ·CaM ro1pMOIH, cpaKTOP ipOCTa HJI'H rnpo,n:yKTbl 
!HX B'HYTPHKJie'f\OtIHIOlf01Il,PC06pa30'BaH1HISI [27, 98, 100, 148]. 

OoooeHHOC'Tb a,nre31!IOHJHhl:X: <jlaK11opoB ('wc:JJHr1aiK11HHOB) 3a1KJIIOt1aercS1 IB 

TKaaecne~Hcp1HtI0C1KOIM 1BJIHSIHl!IH Ha npotIHOCTb MC}KKJIC'TOtIHbIX KOHTaKTOB 
[ 5}. l\iOHTaKTH!Hbl 16bIJiilf IIlOJiyt1eHbl '!I3 TKaiHH ITe'tICHllf IH Jier~mro K!pbIC [ 31, 
33]. OJ1Jna1wo HX 1pOJib B pery,JHIUIHH MemKJieTOtIHhIX 1BsaHMOJJ.eli1cTBHir H Me­

xaHH3Mhl ,n:eHCTBHH ,01pa1K11H1tI1ec1wn 1:ae H3ytieHbI. 
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B nOicJie.zmHe ro)lhI 60Jiblll01e 1B1HHMa1H1ne y)leJIHe11cH 1peryJIHTOpiHbI1M nenrn­
. ..n.aM, CO)lep:11rnmHiM105I iB pa3JIIHqHbIX c:neIJ;HaJI11131HipOBa'HHbIX 'TKa'HHX op:raHI:I31Ma 
(HepBHOH, IIf.MMJllHIHOH, KHrnerq1HOH lI )l1p.) 11 11p1HHHIM8IOllJ.HM yqa·crne B Me)K­

·KJleTOqiHOH 1oarna.JJu3aµ;u:11. ITpeJJ;TIOJiaTaIOT, '!TO cymec11ByeT 'CJHCTeMa rnenTH)l­
Hhix peryJI.srro:poB, cirnooo6HbIX ocymec11BJI.HTb ic:ne11M<j>lf'qecKyID CBSI3b MaJihIX 
.T'pyrm KJieTOK Me)l{J)ly 1co60H. lll TeM 1caMbIM BJIIUHTb Ha1 HX <j>y1HKLl)H01Ha,JiblHYIO 
aKTHBHOCTb [ 8, 9, 51]. C'IHTaeTCH, 'ITO 3TH rrerrTH)lhI · H:ecyT OT KJieTKll K 

'lWeTKe onpe)leJieH'HYIO 'llH<j>OpMaumo, 3anil'C8'HHYIO iC TIOMOlll.b!O: C0011BeTCT· 
1

By10meli noc.i:re'1l)OIBaTeJiblHOIC11ll aMifiHOI\!,I:liCJIOT [7, 51 ]. 
PeryJIH'l'Op:Hhie mmTH)lhI o6Jia)laIOT rnupoKlllM cineKTpOM 6iuoJiorn1q.ecKoli 

aKTllBIHOCT1ll, 'l!TO yKa3bl1BaeT Ha 'B.a:lKHOe 3H3'q1eHne 311llX. MOJieKyJI B 11\!00IP)llli· 
HaII!llll cpyiHIK'UHH M1Ho1rOKJieToq.f1oli 10HCTeMbI. PaooMOTpillM ·6oJI,ee 1IIOVJ:1p00Ho 

BOIIpoc 0 IlOJIH<j>J71HKUllOHaJiblHOCTll 1perymnop.HbIX rren'I1llcD.IOB. }fa o6ump'HOH 
rpy:rrnhI 311HX 1Beiuec'I1B naH6oJiee no)l1po6Ho 1II3yqeHhI neiiiponenrn,nhI (1Ba3o­

'HpeocIIH, OKiCIITOlIJHH, .JI1u6ep':tt1Hhr 1n craTIIHhI, cppa1r1MeHThr AKTr, :::>HKecpaJiru­
HhI, 3H)lop1<j>HHhr II ux npou3BO)l1Hbre). Ka1K H3'B-eenHo, OHIH ·BJI'llHIOT .Ha n&M.HTh, 

-06yqerme, IlOB1e,!l)ElHHe; 3MOUJHIH, 6oJieByIO tJ)'1BCTBHTeJihlHOCTb, TepMoperyJIH-
UIIIO, I<POBHHOe )laBJieHIIe, <j>yHKUIIII )KeJie3 li )lpyrnx opraHOB. [ 9, 70, 89, 
124, 145, 153, 157]. MnonHe a1B·mpb1ctfH'TaIOT, 1tITO 1peryJIH1pyroiuee JJ.eil:cwne 
HCH'POTICTI'Tlll.lliOB Ha KJieTKH iQBSI3alHO iC iHX IBJlll15IHIIeM Ha II1pOBO')J:Il'MOCTlb :,ErnpB­
HblX OKOIHll:aHHH lli IMO)lyJIHIJ;IIeH a<j>1<j>eKTQB 1He:H1po1Me)llii3'TOpOIB Tl'IJTia MIOHO· 
aMH1HOB [66, 87, 128, 143, 147]. Ha1np!II1Mep, 3H,ZI;OK!pllllHHhie a1<j>1<j>eKThI am<:e­

·¢aJI1ll'HOB CB5!3bIB3!0T 1C IMO)lY,JISIUIIfCH IHMH JI;O<j>aM'HHep1rifiqeaK!OH peryJllSllllJllH Ha 
rlliTIIOTaJialMO·rl!JTIOcp1I:13apHOM yipoBHe [ 140]. 

B 1CIBHa:I:1 c· TeM, lll'I'.O MeX3!HH3MhI noJmcpy:HKUllOHaJibHoc11I1 HefrponenTH,ZIOiB 
He H3ytJeHhI, B IHalC'l105Illl.ee 'BipeMH 1He npie,11!C'TalBJIHe11c5I IB03MO:>K1Hbl'M oueHIHTb 
"TIOJIHOCTb!O 31Ha1q 1eHme 3'1101H rpyTIIIlbl <j>lll.JlHOJIODiflqe1CKH a1KTHIBHblX B·eIUeCTB B 
·ttH11erpa111Hu «pyH1KII,1Hli: M'HOVOKJieTOlll'HOI'O op1raH1II3Ma. B 1pHAe 1pai60T nipuBo­
_)lH11a51 <j>a1K:Tbl, 10BH,n:eTeJ1bCT'BYIOIIIJlle ()I() yqac11HH 3H)l<ffeHIHblX nenTll')lOB B 
!IYJe)Kidlf1CT<eMH1oli: pe'I'yJIHUHlll. YcTa1HOBJieHo, tJTO HeKoTOpble IHeiilponenTH)lhI 
npu.cy11cTByIOT 'B 31Ha1qH'TeJih.HIOM ·K!OJIIH'lec'I1Be B ,l\!O)Ke 1H 1K1HIIH~tI1HHKe [ 14, 72, 
'97, 127]. K 'l!H•CJIY o6IUHX nenTUJI;OIB )lJIH 1M03ra 1II )l{JeJiyJJ!O'l!1Ho-I<urneiq1ao1ro 
11pa1na 011HOOSIT 9HIKe<j>aJIHHhI, cy6cTaHumo p' COMaTOCTaTH'H, iBa303KTHBHblH 
KlllIIIetJ'HbIH ITIOOTH,U, IHeli·poTeH3HH, ra1crp1rnH, XOJieu:ac110KJH!H!HH [ 127, .133]. 
~B «::JBOIO 10'l!epe.II.b 061Haipy}l<:eHIHbJe lB 3'K!CTpa1KTaX M03ra 1HJHillC'll1Hble rreII11llllhI, 
KaK npe)llil'@JlaraIOT, Bbl'TIOJIH5!1JOT HefiipiOMe;LI.1HaTop1Hble ¢YHK!UHH, 'lJTO c6.JIH)Ka­
~T HX IC 111pyrnnofr 1Hefl1ponen11HJI;OB [75, 93, 133, 142]. IToJiytJeHhI TaK:>Ke .naH-
1Hhie, 1C1BIH)leTeJIJ:,:CTByIOIUHe, 'tI'I'O ·qm:3iuoJIOI"HtJ1CICKH a:KT'IflBHble Be,mecTBa KllUIC'tI· 

Hll1Ka yqa1c11ByIDT B 1pe:ryJIHil)lllI rnnoTaJiaMO-nllTI01<j>H3ap1HOH iCJFI1CTCIMbl [ 50]. 
):lpyrofr 1n1pHMep nO)lOOiHIOH 1Me2KicncTeMHOH peryJIHI.Llllll - nenTH.II.HaH OBH3b 

.1Hep1BHOH llf IIllMMYHtHOH oucTeM opra:HH3Ma. YcTa1HOBJieHO 1p1eryJIHpy10iue1e B,JIHSI­
H:ll1e <j>H3illOJIODH:i;IeCKJH 3'K'l1ll'B'HbIX 1Bemee11B rlllTIOTaJia1My1ca II 1Hefiponen11llt)lOIB 
1ia <j>ynK'u,HOHaJiblHYIO aKT1llJBHOCTh JI.HIM<j>oII.z:r:Hofi TKaHH [26, 34, 122). Ha·psi­
.)ly c 3THM OT'Meii:eHo )le.illcTBne :HeKOTOpbIX llMM)'iHOperym1ipyIOUJ.'HX [JieJIITIH,ZIOB, 
"1I·pO)lyUHpyeMblX 11HIM)'1C()M H 'KOCTH!i>IM M031I10M, Ha <j>y;HKII;lIOHaJibHyIO a'.KTIHB· 
HOCTb pa3JIHXIHbIX OT)leJIOB fOJIOBHoro M03ra [ 15, 21, 47, 138]. B roJIOBHOM 
M03re TaiK)KC o6Hapy)l{JeHhI 1Basoa:KT1HIB1Hble neTI'11H,UbI - 6pa,rr;HK:HH'HIH, p·eHll'H, 

a.H1I'IIIOTeH31lIH II ,np. [135, 145]. 
B 1psi,ne 1pa160T pa1ccMaTpHBae11csi 06iuei6HoJI01rHtJecKoe .3Ha'tJeHille peryJIH· 

TOpHbIX 1nenTHJlOB, il\!0110poe, 'KatK 'IliOJiairaIOT, 33iKJ1!01tiae11c5I IB 1COf JiaooBalHHIII 
,¢yHKI.I;HH KJieTotJHhIX Fiony.trsiUHH Ha 'pa3JI'H'tJlHhIX ypoBIHSIX opra1HI:13Ma [ 8, 46, 
'55]. C e11oii TOII'K!H S'pe'HHSI ·B IM'HOJ10KJie11otJ1HOIM opraHH3Me ,n:oJI:>K1Ha 1cyiuecT· 
'lBOBaTb IlOJIHicpyH'KI.I;HOHaJibHa5I nemm)J:epnIIIL!eOKaH CllCTCMa, 1lliHTC'f.piHJpy10masi 
Jla3JIHlll:Hbie :nonyJISI'U:llH KJie'mK IB e.llilf!Hoe ueJioe. He 1ncKJI10qeHo, tJTO B 16JIH­
}Kalirnee 'BtpeMSI 113 1pa3JIHq:HbIX TKa1HSIX M·HOfOKJieTO'l!IHOI10 oprnHIH31Ma 6y)lyT 

BbISI.BJie'Hbl o6IUH:e I1p)'IIl1Ilbl peryJISI'I'OpHbIX m~TI'THJJ;OB. 
Bonpoc o B1ffY11JHl1KJ1e11oti:HbIX nocpeJI.HUKax 1,ZJ,JIH peryJIH'I1Qp1HhIX 1nenT:a.n;oB 

.l)KOHtJaTeJib'HO !He perneH. Y 1BeJillf'tl0HIH1e co~ep)KaHH1SI UH1KJllfflJ:0CIK1HX HyKJieoirn-
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Ta6Auqa t 
CpaeH.UmeAbHaR xapaxmepucmwca uH.cpopMat1U01tHblX Mo11eicy11 MeiJICic1temo'tnblX 

esauMoiJeuomeuii 

BnHllHHe Hll KJ!eTKH Mexaaaaw nepeAO- YpoaeHb 
'la HHlj>opMat\HH perynllll,11H 

rpynrra Dp11po11a 
BelJ.\eCTB BeU\eCTB 

<J>yHKl\HO- IJ,llTOf!Hlj>lj>e- MeM6paso- Tpasc· MeJK• TKaHe· MeJKCHC• 
cmmH<!>011- H8JlbHble peHll,upOBK8 pell,enTOp- MeM6· KlleTO'I- TeMHblli 

H0CTb 1•3MeHeH!HI Hb!Jl paHHI>lit Hblll 

8M6pHOHaJib· TienTH)l.hl - - + -
Hble HH,ll.YKTO· 
Pl>i 
<l>aKTOpbI poc- To :>K.e + - + - + + -
Ta 
KefiJIOHbI f JIHl<OTieTITH· + - + - + -

)I.bl 
TI£:nTH)l.Hble TienTH)l.bI - + : + + - + 
ropMOHhl 
Perym1rop11ble To :m:e - + + + 
nenTH)l.bI 

.llOB IB COOTBeTC'l1BYIOIIlllX KJieTKax npOillCXO,lI!HT nplH IB03.l(eHCTB!HH rHIIOTaJia­
MH'qeCKHX 1rrenmJJ;01B [28, 117], Al(Tf 1H eI10 ¢iparMeHmB [158], cy6cTaHUHH 
P [95, 125) H 1Baaoa1KTH'B1Horn ,Kllmettl!oro nenrnna [73]. HapHny 1c 9THM H:Me­
IOTCH qrnKThI, CBIH.l(eTeJIIYC11BYIO'IU:He 06 011cy'.t1CTBHH C'B$13'll ecpcpeKT'OB perymt­
TOpHbIX nerITH.llOB c CHCTeMOH Il;I:!KJIHlJeCKHX HYKJieOTH.llOB [85]. 

T a:roaM o6p a 30M, MO :IKIHO CllJHTaTb .llOilrns aHHhlM yiq a1ctn e p a3Jl!HitJIHhIX M a1K­
poMoJI eKy JI 1B peryJIH!JiHU MeJK11merro1tJHbIX B3a1H1M10JJ.eilcriBniI. B Tai6JI. 1 cpaB, 
HHJBaIOTICH 1Han60Jiee H3ytJeHHhle 6'uoper'yJIHTO!pb1, yqac11By10n:r:a1e B Me}!{·KJie-
11otJiHhIX IB3aHMO)J.eikTIBIIHIX. l\aK CJie,IJ,yeT :HS npnBeJJ;eHIHbIX :.lla'H'HbIX, HHqJOp· 
MaUH'OtHIHblll o6MeH M<e:IK.lly iKJieTKaMIIi np01ll1CXO:ZJ.iHT npll iHeil!ocpe,I1.ic11BeHIHOIM 
yqacTHIH 1Ben:r.ecrB rneil'Tlli)J.H>Oll npnpo;i:1r. Onna:Ko :nu OJJ,Ha 'll3 npuBe.ll,eHHhIX 
rpyirm 'H!HcpOpiMa:U;'HO'H:HbIX MOJieKyJI He xapaKTElp'll3yeTCH 1BiOeMH CIBO:lkTBaMH. 
KJOTOpbie HB,JIHIOTICIH He06:X:OiZJ.HMbIMH .llJIH ouope1ry.JIH110p:OB 1MIHOl'OKJie''f!OlJHOH 
OHCTeMbI. I1ocJ1eJJ,1Hue .n:omKIHhI o6Jia.n;aTh 11Ka•Heonell!H'cp:H"NIOC11b:i0 ill Tpa1Hc­
MeM6p,a1H:HB'IM nelicTBiHeM, cnoco6HocThIO 1co20paHHTh H nepeHomt'T'h oneuucp1n­
tJecKy10 1n:H1cpop1Ma[(lmo, a ra'KJKce yqacT'BoBa'Th 'Ka1K B MeiK1KJie11oqHoli, TaK n B 
Me}!{1C'IICTeMHO:ir ,peryJIHUHH. B ,CBH3'Il c ::>TIIIM MO}!{IHO npeA'TIOJiaraTb JIIII16io· 
0 cyn:r.ecTBOBaHIIII KOMIIJleKCOB rrerrTH.llOB, Ka}!{)J.hlll II3 KOTOpbIX HMeer onpe­
;i:eJieHlHOe iperynnpy10n:r.ee ,1.1,e:irc11Bne, JIH6o o cym.ecrBoBaHn1n HeH3'BecTHhIX 
parnee cprH3IIOJIOI1II"leCKII aK11HIBIHblX Bew:ec11B c ne1p1elJHCJieH1HbEM'Il 1C1Bo:irc11BaMH. 

Bbl,UEJ1EHHE H BHOJ10fH4ECKA5I AKTHBHOCTb UHTOME.UHHOB 

Ha ocHOBaHH'II auaJiusa ;i:aHHhIX JEHTeparyp11 H ipe3yJihTaroB 1co6crneH­
HbIX HIOCJie.llOBaiHIIH (1973-1978 rr.) Ha'MII 6hIJIO 'Bhl.ll'BIIfHYTO npe.lIITIOJIO}!{e-
1me, corJiaCHO K0110pOMY B opraiHiH3Me HIMee11cH CHCTeMa 6HOJIOl'HqecKHX 
pery,JIHTOp10IB, ocyn:r.ecT'BJIHIOILJiHX nepeHOIC cneuHcpllI"leCKOH IliHcpopMaU1HiH, He-
06x10)ljHIMOH :ZJ.JIH IHOpMaJibHOfO cpyiHKUIHOIHHpOIBaH:HH, 1pa3rBIHTHH II B33IlrMO)l;eH­
CTBHH KJie"roq1H11x noinyJIHU:HH [ 40 ]. B nipoue:oce ,n.aJibHeilmeil 1pa60Tbr, npo­
iBeJJ;eHHOH HaMH [ 39] :B 3TOIM iua1'11pa1BJie:Hil'Il, 1CcpiOpM1H'POBaJI'HCb nipie;i:cra1B­
JieHmI o :HOIBOM 1KJiacoe 1n.Hcpop1MaUIIOHH1rx MOJieKyJI - UiH'TtOM1e~HHax. Tep1MHH 
«[l;HTOMeJI.H:H» o6pa30BaH OT I'peqeCKOII'O. 'CJIOIBa XUTO<J- KJI1e11Ka H JiaT'H'H'C'KO­
f\O mediator nocpeJJJHHK n B1Be,IJ,eH .llJIH 06osHa'tJ:e1F.rn5:! ne:nr:rr,ILHhIX MeJI;Ha­
TopioB, cneu:aqmqecKJII rperyJIHpyIOIII.HX npoueochI 'Pa3'BHT:HH 1II rs3ai:rrMO)l;eilcT­
BHH KJieTOilJiHhIX nonyJIHlIJHH B opra'HH31Me, a TaK)K<e .llJIH 'B~.n;eJI·Nfllrn 9"THX Be­
meer'B m o6n:r.eH: rpynnbI 1pery.JrnTopa11x nenTH,UOB. 
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Deip1BQHait!aJihHo <1J'H3:H10JIOI1ttiqec1m aK'tHIB'Hbie 1BemecTBa, 1Ha31Ba:H1Hb1e 1Bno­
CJH~)I!CT1B1rnH UIHTIOMeJJ:HHaMH, 6hI.JllH o6Haipy:arnHbl B TKa!HIH 'fOJiiQIBH'O!I'O MOBra. 

MeTO)l;OM IKH'CJIOTIHOil: s~KCTpaiKII;HH c :noCJieAy10meii reJihXIP'OIMaToriparcpHeit: H3 
nHnoTaJiaMuiq1ec:Koil: i06.11acTH 1Mo3ra ObIJiiH IBhI,n:eJieHhI "6noJiorHqe01me perym1-

TOpb1, 'R'OTIOpb11e 01Ka3bUBaJI:H 1BbipaJKeHHOe 'BJl<H.5IH1He !Ha sallI!HTIHbie cpy1rnum1 
op<raiHlfl3Ma, reMOIJi033 IH penip10JJ.ytK'!1H'BHyID 1Clfl!C'TeMy [ 13, 34, 53]. 3rn Be­

mec'11Ba npe.mcTa'BJlHJIH oo6oli net!TIIJJ:bl 'c iMoJieKyJrnpiHOH 'Maocoft ,..... 10 Thie • 
.uaJib'I10H II o6Jia,n;aJIH 'CIIlOOOi6:HIOC'TbIO H'HJJ.yu:mpoBaTb npoueoCbl .u;Hcpcpepe.HUU· 
piOBKH 1B nony.11Hurnu KJieTIOK, JI10Ka,Jinsy10meit:,oH 1B TOH 06.11a1c1m riunoraJiaMy· 

ca, '1'13 'R'OTIOpoit: OHH 6bIJllH IBbI)l:eJieHbl [ 54]. 0)liHa::im UIIlTQIM1eiIJll:l1HbI MOJKIIIO" 
noJiyqarb ins !KJie1101K rpasJJIH'quoro nrponcxoJKJJ:emrn, 'HICTIOJib3YH KIICJIOT,HYID 
3l\iCTpa1K1:.r,n10 'H He'KI0110pbre anoco6hl oqlHCT1KH III cp·paiKUHOHHpOIBarHHH nernTIII.IJ:OB 
[38, 39, 43]. 

B Ha1c110Hme·e Bpe!MH Hau160111ee noJIIHO HsytJ:eHbI 1oocTaB, cp1ns1uroo-X:Il'MH'tJ:e­

cKae 10BOHCTBa H cpyiHK:UOOHaJibHaH aKTUBHOCTb UJHTIOIMe,IIJHHIOIB, Bhl.n;eJie'HJiblX 
H3 oprnH01B H 'TKa'H1eit: JIHM1cpoH,ll;H'OH oIIcTeMbI [37, 38, 39, 41]. KaK ycraHoiB­
JI1eHo, 3T'H 'peryJrnropbl npe,lliCTalBJ15IlOT 1co6oit: IIe!Il'I1H)l:bI OCIH'OBHOlfO xapa!KTe­

pa c 'MOJI«:~KYJIHpHoii Mai0coft OT 2 AO 10 'TbIC. ,ZJ.aJib'TOH. B apouecce nsytJ:e'HHlH 
cpyHiKIJ,IHOIHaJibHOil: aKT:H'BHOCTlil ll!HTOIMe.LI!lilH'O'B, BbI(ll;eJie'H:HbIX H3 ''11KaHIII 11m.1yca, 
KIOCT:HOro M03ra 'H JIHIM1cp0UU110B KpiOB:H JK1HiBOl'I1HbIX, 6bIJllH 'Bhl5I'CIHeHbI HeKOTO­

pbre npli!HcUHIIlbI 'IleJII'.I'Il)l:'HOH M'eiK!KJle'T01llHOH ·peryJJIHUIHiH :H Jl)OKa3a1Ha cnerm­
cputI.HJOCTh .n.eikTtBIIIi.51 Be!IUOC:11B B OTHOIIIeHHH KJieT()'TIIHblX 'TIOIIIYJJHIJ,H.H, HIBJJHIO­
Il(iltXCH :acxo1,11;HbiiM 1MarepHaJIOM ,n:.JISI HX inoJiyiqeam:::si: [ 39, 41]. B:noJIOrH'tJ:ercKaH 
a1K:TH<B'H01C'Tb ll;lilTOMe,).l,'IIHOIB H'3ytJ:aJiaCb B KyJibT)'ip1e JIHMcpOH.II.1HbIX IKJieTOK '11li­

My.ca, •KOCTHOrO M03ra, Jl'H!Mcpa,TH'l!e!CliJHX ys,JIOB, 'oeJI1e3elHIRJII H ·KPOB1H"M'O'p1(Jl\JHX. 
CBHHOK, a TaKJK:e KOCTHOfO M03ra H KpOBII s.n:opOBbJX JIIO).l,eH [ 39, 41, 42]. 

DocJI1e IHH'Ky6a1UHH 1KJiero1K c :HccJie,n:yeMhIIMIH 1BemecTBaM1H 'B 'KJOIHUelII'TPalJ.IHH 
OT 102 AO 1 o-s !M1Kr/1MJI oue1mBaJIH1Cb 31HjCITI1peccnH MeM6pa1HHbIX peuenT:OpoB 
T- H B-JiiHMcpou1HTOB B peaKUHHX 1po3ie11Koo6pas0Ba1HJ11H re s1puTpOUHTaMU :H HX 
cpyHKUUOH.aJibHaH a1KT1H:BHOCTfh IB 'peaKIJ,IHH 16JiaiCTTpaH1ocpop1Mau;HH. KpoMe 

11oro 'B norryJJHI:('H1II JI'aMcpon:m~oB KIPOIBH qeJioBeKa HMIMY:HIOcpJiyoP'ecueH''DHbIM 
Me'I'O:UOM c M'OHOKJIOIHaJiblHbIIMH aHTIITeJiaMH OKT3, OKT4 u OKT8 orrpe)].e­
JIHJIOCb 'KiOJI!ll'lle1cr1Bo T-JIHM'cpOUIHTOB 1H HX cy6nonymruuft, a c anTH.TeJiaM1H 
npO"I1H'B 'KJraooo:s IH1M1MyHor,JI06yJI'HiHIOB (A, G, M) _,co,n:epJKa1HHe BJg+·JI:HrM­

cpourrTOB n <000T:Bie11cTByIOIUJHX cy:6rronyJIHU1HH 3TiH'X IKJieTOK. Bbwo ycraH'01B­
JieHo, l.!TO UHT'OMeJJ:HIHbI T:HMy1ca, ;RJOC'THOlrO IM'O.Slfa IH JI'HiMcpOU'HTOIB 'K'pOtBH 
o6Jia,n:aIOT pa'3JIIHl.!HOH 61IOJIOrHtJ:CICKIO,ft aK'J1IliBHOICTblO H )(eHICTIBYlOT T'Ka!Heorre­

U'Hcj:)IIl.!eCJKIH Ha onpe,n;eJI,eJH'HbIX :narrax .z1m:cp1cpepeHIIHlpOBKIH Jlil:llMcpo1HJJ:HbIX KJie­

TO'K [39, 41 ]. TaK'HM o6pa.soM, ~KaJK,n:aH cy:6nonyJIHUirn ,JI1IIM1cpounT01B Ha:i;;o­
JJ:H11CH no.n: KOHTl,POJieJM 1nentH,UIHbIX Me.n:rraropolB, 1rnpo.n:yunpyeMbIX pa3JIHl!'Hbl­
MIH orpra:Ha1MH 1H 'KJiieTKaMIH H'M1MyH1Ho1it: OlfiCTeMbI. HapHAY c '3TIHIM ,Bo3'paicratHHe 

· nJIOTHoc11rr e:neurHQYHf".Iemmx 'peuenTIOIPIOIB T- :H B-JIH'M!cpOUH'TOB no.n. IBJIHHHHeM 
COOTHeT'CTBYlOllI.IIX n;HTIOMe;LJ;HHOB conpoBOIJK,Uae11CH yBeJIIH'tJ:CIHHICIM 1BHY11PIHKJie­

'J10TIHOro ypoB.HIH ii,AM<P H yMeHbIIIeH'HeM ioo.n:epJKaHrHH uf M<P, a no.n.a'BJie'Hlrre 
srocmpeccHIH 1penon11opoB T- :n B-JI'IIMcpounToB Il'pOTH1BonoJioJKtHbIMH 'H3Me­
He:H'HH1MIH IB ICIHICTeMe uAM<P H ufM<P [ 41, 42]. DO-IB1R.ll!HIMOMy, 1COIO'THomen:He 

UHKJIH1tJ:1ecmmx nyKJieomu.n:orB cJiyJK'HT orpaJKeHIHeM rnpouecK:a .rr:Hcp,cpepeHII;H­
poBR!H, nipoacxo.n:m:rJiero IB H:H.II.YUHipyeMbIX EJieT!Kax. PesyJih'TaTbI npoBe.,neH­

HbIX 1H1ccJieJI;o1BaHHH IUOKJa3bIBaIOT 1IIJp1H1JI1urr1mrnJihHYIO B03MO'JKIHOC'Tlb BIHYT'PU:C:Hc­
TeMnoit: pe:ryJIHL~HH (ca1M10P'ClfYJI'5IlljHiH) RiOJIH'lJe!C'l1Ba u <PY'H'KU:HO:HaJibHOH 
a1KT'HIB1HOCTH 'IlOIITY.JIHU'HH JIH1Mcp01H'iIJlHb!X KJie'J10K (pnc. 1). YiTIHTbI1Ba1H paenpOCT­
paHeHIHOCTb llH'TOMe,n:UIHO!B 1B 'pa3JTHtJJHblX 'TKaHHX opraHlH3Ma IH ux 6HOJIOrJi1qe­

CKHe ICJBOHICITIBa, MO:tKHO rrrpeJJ:TIOJrnraTb 06 y:HHBepcaJibH'OICTIH ,n:aHHOrO Mexa­

HIH3Ma !peryJIHUHH. 
Ilipu apari:rnHTeJibHOM tHsyqeHIHH 6.HOJIO'rH'll,eCKOH atKT:IllBHIOCTiH UHTOMe.ll)H­

HOB, IBbI)],e:Jie'HIHbIX IH13 IHeplBHIOH H JIHiM'cpO!H;ll,HOH TKialHM, 6hl,JIH BbHf!BJIElHbI KaK 
IllpH'Hll,'H:Il'HaJibHlbie pa3JIIIIlq1HH, 'TalK 'H 'H'eKO'TO'Pbie oi6ruHe ilJepTbl B IHX .n:eit:1CTB'HH 
Ha ,pa3JIHl!HbIC OHCTeMbI iH cpyHKiUUIH 'OplfailIH31Ma. 06o6meHIHbie pesyJibTaTbl 
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Ta6.11uqa 2 
Buo11oeuttecKan aKmueH.ocmb qumoMeaunoe, eblae11eHH.blX us pa311UttHblX opeanoe u 

mx:anea · · 

l(HT0Me)lllllbl 

no11asaTeJ1b 

I I [' rHnOTaJla• 
CCblJIK8 6110JIOr11t1eCKOil 8KTHBllf>CTH KOCTllhlil 

THMYC MOar a1rn<!>Hs 
MYC 

;npo,u.OJiiKHTeJibHOCTb iKH3HH Mb!lllefi + H + - {3 ,61} 
.lJ.H<iJ<jJepeHuttpOBKa cTBOJIOBb!X KJieTOK + 0 - + [34, 52] 

KOCTHOrO MOsra 
Jln¢¢epemmpoBKa T -JIHM<jJoil,HTOB H 0 [3,44,61) 

KJiero'IHblfi HMMYH»TeT 
.U.11¢¢epettu11posRa B·JillM<jJoul!ToB + + - [10,11,44) 

H ryMopaJibHbIH llMMYHHTeT 
-OnyxoJieBblfi pocT - H - 0 (2,61) 
TeM0Roarym1I1,Hi! - + - + (25,49,53] 
·Crpecc - H - + [2,17,36) 

flptlMll'la11ue. «+• - CTHMYJl511lllll (ysen11t1em1e). «~» -yrHeTeu11e (yMeHbWeHue). 0 - He BJIHHeT, H - He 
. HCCJ1e,110BaHO. 

-0paBHJHTCJJlb'HOI10 .. H3)'tJ:CHHH U:H'TQ/MCJJJIHO'B. B O,lJ,HJHa'KOBblX .SKICUepHMelITaJib· 
HbIX MO,ZJ.eJUIX npe.rr.cTalBJieHbI 1B Ta'6JI. 2. Z:hH C!Be,ZJ.eHiH'H B HeKoropo:fi CTeneHH 
.'Il0,lJ;TBep2KJJ;aIOT BbI1pa2KeHHyro cnenm::qmtIHOCTb JJ;eHC'I1BHH lffiOCJie,ZJ.OIBalHHbIX 

- f --z 
--- J 

' ' " ' ',, / ,-I 
y (/!!) 

: i 
rl ,-J 

Tz @J . 
Rt1Mrpouumt11 Kpoffu r---.. 

I \ 
. I \ 

neputpepu'lec- PeeynRUUR OliMe -
KUC PUMtpouD- HO u eeHCfflUl/CCKOeo 
f(tJIC opeaHtJI ZOMeocmuJa D /TTl(UlfRX 

Pnc. 1. CxeMa MeiKKJieTO'IHofi perym1unH JIHM<jJonnHofi cncTeMbl 
c y'laCTHeM URTOMe,U.HHOB [39]. 1 THMyc, 2 - KOCTHbltt ?.mar, 
3- JIHM<l>ounrbl. T1, T2, Bi. B2 - cy6rrorrym1unn JittM¢ounros 

"Me;ZJJ!aTO'P'OB IB O'I'HOIIIeHHIFI pa3JIH1tJ:1HblX CHICTe'M MHOI101KJieTOtJHOlfO OipralH.1H3Ma, 

:a TalK2K'e ;:i:aroT nipe,lI!C'TalBJICIHHe '°' mHpOTe 1cneKTpa HX 6JIIOJIOrHtJ:eOKOH aKTHB­
'llOCT'H. 

POJib LIJ1TOME.U.HHOB B CHCTEME BHOPEfY JI5IUHH 

OrnpeJJ:eJI,eHJHe pO:JI'H .I.Wf!TOMeJJ::m110B IB 6Hoperymn1;n1n M.H01rOKJI,eTortrnoro 
-OpralHIH3Ma H IH3ytJ:erHHe IHX cpyHIKUHOHammo:fi aKTH!BIHOCTH ,B ycJIOBH,flX naTO­
JIOI'liJI npe.D)cTa1BJIHIO'J.1CH O:JXHHM'H H3 Harn160Jiee Ba:m:'Hblx ~BonpocoB. B irnlierC'T· 

Be 11eopeTHJlieoooir MO)J:eJI'H IMbI 1npe.rr.JiaraeM o.z:rJHY :Hi3 IB03MO)KHbIX C:l()eM e,llH­
'80H CHiCT'eJMbI 6ruopery.JIHUHJH MHOrOKJie'I'OtJ:HOI'O opraHH31Ma c yt1acTHeM 
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~IHTOMe,ZUllHO'B. B 00011BeTC"I1BH'lI c .n.aiHHoil: rHnOT·e3oil: ·Il'POH'BJieHIHH 2KH3!Htt 
paccMaTpHiBaIO"I1C,fl KaK ll0C1105IHIHO 1pa3BlI'BaIOII(li'HICH npouecc o6MetHa H BOC­
:npO'H3Be,ll.eHIH5I reHerrHl!ec1mil: HJH1cpop1Ma1uHH, 1B031HHIKaIOIIJJHH B pe3yJibTaTe .n:n­
aJieK'I'Hl!eCKIOrO B3aHMOJ1.eil:cT1B1nH re'Ho:B H cpaiKmpoB 1Hx rperyJrnu:m1. Gornac­
f!O pnc. 2, Jiro6aH 1RHcpo1pMan;aH, 1Ka1K nocTyna10ma15I 'B op1raHH3M, TaK H 
{)TBe11HaH, KOH11pOJIHipyeT·C5I CIHCTeMOil: 6HoperyJim.I;HH, iooxipa:mtromeil: BhICO­

Kyro ·CTerreH'b CTa6HJibHOCTH cpyH1KUHOH\Hip01Ba'HH5I 1reHOB y 'MIHOrQKJieTOl!IHbIX 
<0praHH3MOB. CJJe,ZI;oBaTeJihHO, rna1B1Ha5I aa,ll.al!a ciHcTeMhl 6m:>iperyJI5IIJ!Hll 
aaKJI!Ol!ae11c51 IB ynpaBJietHHH reHeTH1l!eCI\'HIM roMieOC'Ta30M ill 3aIIJ;lITHhIMH 
·¢YHKUHHMH (IHM!MyHHTeT01M, .reMOCTa30M, 1penapa·TH'BHbIM'H H a,ll.anTaUHO'H· 

HbliMH npoueccaMH)' 'HMe!OIIJ;H'MH, 110-iBIH)lHMOMY, o6IIJ;He peryJIH'I10pHbie Mexa­
IHJH3Mbl. B 1CB010 otiep~.1I.h tH1HcpopMa:UHH 06 H3MeHeHHHX oropy2Karomeli cpe,11.h1 

-CJiyJKHT cpaKTOpOM, KOTOpbill 'li!HJJ.YUHipyeT T1paHocpopMaumo, Heo6XO,llHMYIO 
.UJIH COX1paHeHIHH onpe,ll.eJieHHOfO ypoBH5I cpyHKIJ;llOHaJII>HOH aKTHIBHOC''T'H 
'KJieTOK. TI03110My eCTb 'OHOBaHHR npe,11.noJiara'Th, t.1110 saa:HJMo,11.elicTBHe reHo­
Ma c IHH¢opMall!HOHiHbIIMH 'MOJie:KyJiaMH HIMeeT Bammoe 3HarrrelHHe KaK )lJIH 
-coxpam.~HHH re!He11ntiecKoro roM1eocTa3a, TaK ill ,11..JiH mlJibHeiirnero pa3!B'H'THH 
K.JieTOK, CIB5!3aHHIOro c npuo6peTeHHeM HMH IHOBhIX cpyHK.UHOIHaJibilihIX 

""CBOikTB. 

Tio Halll'HM TI1pe,ZI:CTa1BJie'HH5IM, UIHTOMeJJ:HHbI OTHIOOHTCH K Me,11.HaTOiplHOMY 
31BeHy CUCTeMbI 6Ho1peryJIHU!Ui H yqac'.11BYIO'T B 1Mexa:H1H31Me 1Me2KT8HHbIX B3aH­
MO)I,eHCTBHH Ha ypioB'He nony.JIHUHil: Ci11e1IJ,1HaJIH3Htpo1Ba'H:HbIX KJieTOK. BoaMO)K­

lIO, '-ITO 1C 'IlOMOIUblO lliHTOMe,11.HHOB 'IlO,!I.,!1.ep)KIJfBae11cH ornpe.n.eJI~HHoe COO'THO­
!illCHHe KJie"J10K, HaXOVJ:5IIUHXC5I 1Ha 1pa3JI'll'IIHhlX C'Ta)llHHX pa31BIHTF!5I, a noJiyl!ae­

Ma51 c HHMH IIIHcpopMaUHH np·e,ZI:C'TaBJI5IeT co6oil: ll'HHIJ;HH1pyrom;Hil: ¢aK'TOip 

flocmynalfJUIO_R ____ __ 

uHtpopnoqun 

UmfJemffoH 
1----1--t----:<U.~HtpDpNO/.lUfl 

Pnc. 2. CncreMa 6noperyJ!lHJ;Hll MHOrOKJiermuroro opraHn3Ma 

.naJibHeihneil: UHTO,lI!HcpcpepeHUHPOBI\'H. 9ro •COrJiacyeTC5I c COB1peM·eiiiiHbl1MH 
nip•e)l,CTa1BJieH1H5IMH 06 IH36npa'I'eJihHOH a1K11IIBaIJ,HIH reHOB, JieJKam;efi 1B OICHO­

ll1e pa3BH'.m51 !KJie1'0K [23, 24, 152].' 
KaKJOBbI B031MO)KHh1e BHy11pHKJie>TOl!Hh1e Mexa1HH31MbI JI.eil:CTBHH UHTOMe­

)liHHOB B C0011Bie''l'C11BIHH c 1H10Bbl'M'H aa1H1HbIM1H 06 HHTepHa,JIIH3alJ!Hill nenTHJJ,'HbIX 
peryJIRTOPOB [27] H npHBeJJ,eHHblM Bblllie cpaKTHl!eCKHM MaTepHaJIOM? Tio­

BlI,ll.H'MOMy, UH'TOMeAHHbI, KaK ll ,!I.rpy1I'He nenTH,ZJ!Hbie ·peryJIH'I'Oiphl, np01HHKa5I 
BHyTpb iKJiie'TKH, ·B3a'HMOJJ,eil:CTBYIDT c 1reHOMOM H TaKHM o6pa30IM iperyJI1npyIOT 
ero cpyHK'UH0HaJih1HyIO a1KTHBJHOCTh. CJieJJ/QIBaTeJibHO, 1B upouecce 1perym1pyro­
m.ero ,rieHCT'BH5I l(llTOMe11JjIIiHOB MoryT yqacTBOBaTb T'p>H !B3aHMOCB513aH1HhIX 
MexaHH3Ma: 1) TpaHicMeM6pa1HiHbIH, cnoco6cTBYIOIUHH JJ;BH)l{eHHIO UHTOMe,11.ll­
Ha BHy11pb KJI•eTKH. TipH 3TOM, no-1BH:.U:HM01My, H3MeHH,eTCH n.JIOTHOCTh 1orreum­
¢H'l!e:CroHx 'Me:M6pa1H1HhIX ipe,u1em:1opos; 2) 6uoeHepreTHl!eCKJHH, 1IJJpeacra1BJIHro­
Ul'HH ·oo6oil: 1BHYTPIHKJieTOliH'Oe 3IHepreTH'L!eC1Koe 3'BCIHO,. 1BKJII01JeHiHe KOTOJ>ODO 
OOII:PSDKeHO tC H3MeHeHHeiM co,11.ep)KaHHH ll:HIKJI'Hl!eCKHX HyKJie<Y11Il,Zl;OB; 3) .9iillH· 
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reuenrqecKrrli, yqacTByromrrli B nepeJJ.a"lle rrHcpopMaurroHHoro crrrnaJia c­
M€)1,lrnTopa Ha reHroM. Corna:oHo :up111H1u1mrra,11blHOH cxeMe (pn1c. 3), IJJHToMe­
JJ:HIHhI noope,ZI.CI1BOM TpaH1CMeM6pa1H1HO'fO nep€H'OCa IHH!QlOipiMaII!HH pe:rym1pyroT 
KJI1eTK1H, Haxo1JJ.1HmIIec.H iHa ornpe.rr.eJieHHhIX 1CTaJJ.HHX JJ.H'cpcpepeHnH1pOB'KIH. B rn­
KOM 1Bap1ua:HTe H!eJib35I HCKJllOtIIHTh H :Hienocpe,n.c'flBeJHIHOe IB3atHiMO:D;eHCTBHe­
nenTH)I;OB c HyKJieHHOBbIMH K1HCJIOTaMH. 

J 

flponuqiepaquH jjuq}[pepeHt.tupofiffa 

Pnc. 3. CxeMa MexaHH3Ma JI.eikran51 unroMeJI.HHOB (UM). 1- MeM· 
opaHa KJieTKH, 2 - UHTOI!J133Ma, 3 - 51,ll.po 

Hapyrnem1e MeJJ.1rra11opHoH: perymru1rnrr n cooTB1e:TicTBeHHIO nepeH101ca one-· 
u;rrcpnq,eicKOH HIHcpopMaUHH '13€,ll;eT 1K 1pa31BH'I1HIO naTOJIOrHH IMe'JKKJieTOqHblX 
K'OOnep aurrfI, 'l!TO :HeH3MelH!HO iCOII'p>OIBO)KJJ.ae11c51. C'HHJK>eHHelM y1CTOfrIJIHIBOCTH' 
opraHIHS'Ma 'K noeipeJKJJ.a10rn:n1M cpaKToipaM. B Kaqe1c"11Be npnMeipa 1MOJKHO yKa-
33Tb IHa IHeKi0110pbIC JI,aHHbie 0 .HapyrneHIHIH MeJJ.HaT'CllpiHOH peryJIH11I!HH UplH 
O'TIYXOJieBOM 'POCTe. npe,n::noJiaraeTCH, qTO onyX'OJielBbie 1KJI1eTK:H TepHIOT >C;no­
C06HOCTb orrnresrrpoBaTb 3HJJ.oreHIHbJ1e pery.mnopbI poem { 118]. Ha noBepx­
HOCTH 'TaKHX KJieTOK COJJ.eip1KH11CH MelHbllle 1peueinrnpoB K pery:rrnTOpa1M 
pocTa, tieM Ha no1Bep·x'HocTH 1HOipMa,JiblHbIX ,xJI>eT'OK [ 139]. Y1c'TaH01BJieH!o, q'TO· 

3JIOK3ilJ,eCTB1e'IHIHb!e KJieTKJH HMeIOT H'H31KHH Y!POBeHb 1~AM<t> [80, 106, 129, 
144]' npe,mcT31BJI5IJOIUHH ·oo6oil, KaK 'IIlpe,UIIOJiaraIOT, OICHOBHOH KiOIII11pOJib>HblH' 
Mexa1H1H3'M KJOH'TaKTHOJ:10 HHIJ1.H'61H•pOIBaH'HH KJieTOK 'Il TpHrr·ep npon1eOCOB JJ.1Hcp­
<}>epe1HIJjHp01BK:H [ 129, 130]. Ha1p.HJJ.y 'C 3'THIM He1mmph1e II;HTOMeJJ.'HHhI o6Jia­
JJ.3IOT BhlpaJKeHHOH npOTHBOOIIYXOJieBOH aKTHBHOCTbIO H cnoco6HbI IIOBbI· 
rnaTb Buyr1pmKJI1eTOq:Hoe 100JJ.epJKa'H1rre uAM<t> [ 1, 3, 35, 42, 91]. MoJK1H<> 

Hpe.rr.noJioJKHTb, 'IJTO :rrpn onyXJoJieBoH: 11pa1Hccpo1pMaIJjHH IB KJieTKax 11rnpyrna­

eTo.H Bbl\pa160TKa ICOOTBe11CTBYIOIUHX UHTOMeiZJ,1HIHIOB. 
BoJiblllOH HHTepec 1npeJJ!CTa:BJIHeT raK:lKe IB'OOMOJKHOCTb aKTIH1Ba1urrrr c no­

MOIUhIO ll!HTOMe,n:nH!OB KJJe'110qHbIX iIIOIIIY,JiflU:HH, iIIO!ll:Be1praromHX'CH HHBOJIIO~HH 
B upoueooe 1CTa1penrr51 opra1H1HSMa. TaK, ycTa.HOIBJieno, 'tl'TO HHTOMeJLillHbI,. 
!BbIJJ.eJI1eH>Hbie ins ~mmpnsa rr THMyca, 1Ha1ps:c,ny c !II>OBhiimeHtrreM npoTHiBoonyxo­
JieBoH: pes,HCTelH'THOICTH CiIIOCo6icTBYIOT cymecTBCHHOMy y1BCIJITfqeJHHIO npOJJ.OJI­
:lWHTeJII~HOCTH JKUSIH!H JK'HIBOTHhIX [3, 4, 61, 90]. TaK!HM o6pa.soM, no HMeIO­

mrrM'CH JJ,3HHhIM, xa1paKTetp1Hsy10rn:rnM JJ,ellicTIBHe U!HTOMeJ(HHIOIB B y1C.JIOB'HHX 
naro.Jionrn, MOJKHO cyJl!HT'h o nepcn>eKTH:BIHOcTH 3Toro HaITiparB.JieHJHH 11110cJieJJ.o-

11rn>HHH JJ,,JI.H 1MeJJ}HII;HHbl. 

3AK.Jll04EHI1E 

Heo6xo,IJ;rnMo 011Me11HTh, q'J1o usyqe:Htae cpyiHKlJ!HOHa,JibHOH aKTUBiHOCTH H 

MexauHS'MOB .rr.ei'Icrn"HH I.J,HTO'Me)IJH:HOB OTIKipbI'Ba·eT nyTh K 1perneH1IIIO pH,na Teo­
peTrrqecKHX H npaKrrrqecKHX npo6JieM B o6JiaCTH 6HOJIOfHH MHOfOKJieTOq-
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il:lbIX 10HCTeM. flipe,u,noiCbIJIKOH ,lll.I.SI 3)()1fO MoryT CTaTb iccpopMHpoBa1Bll1HelC1.SI 
.npeJ(1C'TalBJH~HJH.SI 0 pery.JI.SIUHIH re1HeTHfl!ec1mfl: aK11HBHOIC'TlH, iCBH3aHHOH c 'Me:>K:­
KJieTO'lHbl\M o6MeH01M H T'pa1HoMeM'6paHHbDM nepeHOOO!M '6noperyJI.SITOipOB THlna 
lT;HTOMeJJ.HiHOB, ooJia)J,aIOIII;llX TKaHeioneuncpurqeoKH'M r,emo11pon!HhIM .u.e,lic11BH· 
eM. c TIOMOIII.hIO 'TaKllX Be[[J.eC11B KJieTKH 1B 1COICTO.Hmrn 06iMel11HJBaTb1C.SI :H:Hcpo1p­

MaU1nefl:, nocTyi11a10III;efr 'II'3 oropy:>KaJOill:efr cpe,u,b1 1n,JI:n OT .ll.'pymx 'KJieToK. Dipn 
9TOM IIOJ1y11aeMa.SI :irncpopMaIJ.HH CJIY:>KHT CTHMyJi:oM K ,aaJibHeiimeMy pa3Bll­
THIO KJieTO'K IH np1m6peTeH'HIO IHIMH H!OIBblX 10BOiier:B, Hieiooxo,riHMhIX J(JI.SI ooxpa­
HeHJHH reHeTHlieCHO•J10 'J10MeOC'Ta3a H a,[(a1nTaUmH K H31MElH.SIIOIII;H'MIOH ycJIOIB'H.HM 

1owpy)f<a10ruerr 1cpe.nbr. B HOpiMe IIJHTOMe,rr;HHbI peryJ1Hpy10T ¢H3HOJIOnll11eo1me 
nipouec:CbI, 1C'BH3atHHbie c 3alIUHTHbIMIH <PY1HKi1I;H.SIMH 'll 'pa3~BIITlleM 01pra!H1ll3Ma,­
,pe11a1paTHBHblie rnpoueiacbI, 1KJieT01li:Hb1e u1M1MyHHbie 1p1eaKUHH, 1reM·o111oe3, reMo­

K!Oa1rym1un10, pernpOJJ:YKTH1BHbie 1cpyiH'KUH:H opraHH3Ma Ill 'PH.LI. JJ;pyrux. Ba:>K:HbIM 
:npeJIIC:Ta'BJIHeTC'H TalK::lKe 'H3y11e,H1He .u;efl:CTIBIHH ~HTOMeJJ,HHO.B Il'p!H 11aroJ1orHH, 
-OBH3a1H1HOH c IHaipymeHIHeM Me:>K:1KJle'T'OtIHblX IB3allilMOJ(eiierBHH 1B opra:HHi3M1e. 

TaKJnM o6pa30M, ;paapa:ooTKa .u;a:HIHOro Hanipa1BJ1·eHH.SI !HapHJI.Y c 'pemeHlieM 
Ba:amefomBx TeoperH111eciwHx 111po6J1eM OHOJIOf'HtieCKofr 1peryJI1.Sil(HH rn0'3BOJI.SieT 
HaMeTHTb HOBbie IIIO)l;XOJ(bl K .Jieq1eH1HIO HeK0110ipbIX 3aOOJieBa/H'HH ltJeJIOBeKa. 
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