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IteariSixaqifinuii eK3aMeFr * oSos'qsxosafi KoMrroHeHr arecrarrii ua6ymx KoMrre-
reHTHCrefi, nu:uaueHux craHAapror,r nr.rrqoi ocsiru ra Aocraruix Arq npoSeciffHoi Ai-srt-
uocri :a cneuia,.rsuic'rro 091 - Eioliilir ra 6ioxirraia.

Itea,ri$ixarJiirtllit icnur 4lrrr :,r1o6yBa.{is OIIII <EioSi:aKa) Apyroro (uaricrep-
crxoro) pieur eauroi ocniru 6yae npoBeAeHo y rpyAHi 2O2q poKy.

cDopl,rar [poBeAeH H;t - o.tHr,t r,r.

Ex:antesauinna poSora cKrartalerbc, 3 25 recrorzx 3aBAaHb, rr{o Marorb no rrorl4pr4

eapiauru eilnoBiai, 3 flKl{x ,rn irrre orr4r'r npaBuJrbH ufi. Ha BHKoHaHH, Tecry eiAso-
[v'rbcx 60 xn.

flporpanaa r<na,ri$ixauifrrroro er(3a\,r'jrry':4o6yeauie OIIII <Eio$isura> cneqianurocri 091

- Eio,roriq ra Sioxinriq cxiraAaerLcrr :l rar(ux po:4inin:

1 . flpo6"rrenrrr i nurau Hfl cyq acHoi 6 i t-r.t orii
2. 6ioiu$opMarr4Ka
3. Exo,rorivua 6io(li:uxa
4. Eiorpi:aKa rpaHcroprHHx npoqecin
5. EioSi:uxa N,r'qgis

6. EioSi:uuui :aca4p{ eHepreruLrFror'r) nreraSo,'ri:vy (aurn. moeoro)
7. Biocpi:rlKa ceHCopHr.rx crrcreM
8. Merolo,roris FrayKouHX ltoc,riilir;rrs y 5io(ri:uui

Ilporparvra cKnaAeHa cniepoSirHrlr(ij\,rr.j rca$eapa 6io$iszxr.r ra 6ioinSopMarnKr4 6io.rrori.{-
Horo (tarcynrrery Ilneiecbxoro narliorrarbrroro yuirepcurery ilreui IsaHa @pauxa.



1. TIPOEJIEMI{I ilI4TAI{H'I CYTIACHOI EIOJIOTIi
lo,'roerri erarrrr B crarroB,'reHui c\'.rilcrroi 6io,rorii. Xapanreptrcrr.rKa nsaeuoniguoclls trriN oKpe-

Mr.IN{H <ouircauur>. CrpyxrS,pua opraui:arrilr rrusoi uarepii. IHrepaxrouixa: esaeN{oaii 6i"uox-AHK i 6i-
nox-6i,rox. feu-peryraropui naepexi x;riruuu. Eioin$opuarur(a: ro:rogHi ruerorfl.rni ni4xo4u, ponb y
c-vuacuiir 6io:rorii.

K;riluHnuli quK.fr: crpyr(Typa. Cr'pvxrvpa r,riruuuoro ur.rKJry, pecrpuxuiiiui roqru y x:ri:ruuuouy
qurc:ri ra ix 6ioxiNri.rHi.rii :uicr. Cuuxlrorri:aqil x,rirr.rHlroro ur.rKny B nonynf,uii rcrirun. Ponr Cdk-
uuKriHosnx r{oMrureKcin y peryruuii xlirrruHoro rIHKny. BusHa.reHnq i saranrHa xapaKrepr{crrrKa urrro-
xiuis.

flo;rinenrngui rlran'roprr pocry (rrir roniurr) - ro,ronui pery,rnropu npo,riQepauii i gu{epeuui-
auii n".rirr*r rBaprrH i ,rroAuHu. Pornuri iHcy,riHonoai6nux Saxropin pocry. PoAuua eni4epuanbHoro

$axropa pocr)'. Poruua rpor'r6oqur&plri)it) (-rarropa pocry. PoAuua $arcropa pocry $i6po6,racrie. Po-
ALIHa rpilHctf oplryio.loro Qar<ropa pocT) ' rr't?--f HtI) .

Cnpnrxeulrfl pcuerrropin : perl'.iirr-ropHr.r\rr'r crrcreNralrrr x,qirrrnu. Crpyxrypa nna3N.{aru.{uoi
uer'r6paHu ra r'relr6paHHxx pelenropie. ( neur.iQiuui peuenropn no,rinenrunH]rx Qar<ropia pocry. lurep-
Hanisa[i, :rirasl-peuenropHr.ix xor'rnlelicis ra i] 6io:roriuua po,rr, Bnyrpiurrsor.nirr.t*ra curHarisauis,
Peuenropu ra G-6i,rriu r,raJxraurquoi rrer'rOpaHrr: cnprxeuur r'ri>x Hr.rMH ra ponb y uexaui:ltax aii uuro-
xiuis. flporeiuiriua:ui xacrcaAu'ra ix po,ir, y'nepeaaui perynrrropHxx carHaJrin y xniruny: carua:muufi
IIIJrflx Ras/MAPK. Curua,rrui (tyuxqii n1rr,11,irrie po3uenneHux cpoc$oniniais. Yqacrr, nporeiHxinag A i
C y nepeaa.ri peryrirropHux curua,rin v ri,rirrrHi. Cnrua,rssuii ru,r.sx JAMTAT y rBapr{HHr{x r:iirunax.
Porr 6i,rxie Smad y nepeaa.ri perynrrroprlrx cr4rHa:rie ulrroxiHaN{H polr{Hu rpauc$opMyrorroro $axropa
pocry 6era-run1'. TpaHcxpnnuiiiHi cfanri,prr (rra npux,ra,ti NFkappa B). MexaHi:uu plriiHyBaHHx 6rnxie
v x,lirusar, Po,rr ra rrexaui'lur tfyurui(.)jl\naHn, nporeacoN{. Po:rs 6i,rxie-uanepouin y ruriruni. Mexa-
His\,Ili rpaHcnoKarrii 6i"uxis y rc,riruui rer ric.rauigHln. qxi Br.r3Harralorr, loxaui:aqilo 6irria y x;iiruHi. Cex-
peronaui ra uert6panni 6i,rxrt - rrpaKr14,rriL' 3acrocyBaHr-rrt cKeposauoi rorarisauii 6inxis.

Mo;Iemylnpui nrexaHi:nru ralrucl)orerre3y. XiuiqHr.rii ra nipycuufi xauqepoteHe3. llporooHrore-
HH ra oHKoreHL{. Mo"uexy;rlpni Hrexani,r,rrr lii Sirxoenx npo4yxria nporooHKoreHis. BHyrpiururox,ri-
Turtria:rona,ri:auiq ra Sioiroliqui e,racrr:irocri 6i:rxclnux npogyxrin [porooHr(oreuie. 3e'q:oK npogyxria
oHrorenin ir ncl;inenrrri1Hr.{N,{r.i tbaxropayil pocr'\/. Aurlrouxoreuu reHH-cynpecopr4 nyxJrur{Horo pocry.
Mo.nexy,rrpui uexaui:lur ,tii asrnouKor t' jiirr. OcuogHi ifenoruniuui xapaxrepucrrrKlr sroqricHr.rx xriras.
AnrorcpuHua pery,rrqis. @esorunoei o:iuixr.i s-rrorricriux i rpauc$opuonaulrx xlirun. Oco6mreocri pe-
ry:uqii nponirfepauii xliruu nin qac arorr<icuoro pocry. Brpara r(oHTaKTHoro iuri6ynauux pocry x.ni-
rnH. AeroKpuHHa pery:rruir rcrirunHnr rlrr nxqii:r. 3uiur.r y crpyxrypi i $ynxqixx nreu6panHr.rx peqenro-
pis rc,rirriu nil qac :,rosxicuoro pocr),'. 3r.iirru l,uexanirl'rax [epeAarri perylrropHux cr{rHauis eia peqe-
nropin Ha n,'ra3Nlaruquiit nelr6paui ilo 81r\'rpiLtrHboK:riruuHux MoxeKynflpsux uiureueii.3r,riuu B eKcrrpe-
cii cneuu$iqul.rx resin ni,il qac :,rolxiclr,.,ro pocry. Teopir 6ararocraAiiinoro KaHueporeHe3y ra ii cym.
Mo:rexy.unpui r'rexasi:Mu.qii r(aHueporeriin, Ilpouoroprr ra iHiuiaropu KaHueporene:y. XiuiqHr.rit ra si-
pycHnii KauueporeHe3: 3araJ,rbHa xapai{re pr.rcrnKa. Crpyr<rypa ra 0ynxuii perpoaipycie. Eiror p53 i xa-
HrIeporeHe3.

Mo,rercy"rrpni rrexauilnu crapilil:l i :arur6e,ri n,rirun. Qi:io:roriqHa cMeprb nrirprH y 6ararox-
liilrnuux enrapioruuHux opfilHi:Mie. 3lrrrpofpaN,roBarra cN,repTb x,riraH. Anonror: qurorvropfoloriqsa i
6ioxivriqna xapaxrepfic'rnra. Iurly'Kropr.l irironro3y. Clynpecopu anonro3y. Anro$ari.a. HesanporpaMoBa-
Ha (sHnaAKoBa cN,reprb rurirns. uexpos).

Mo,'rexyrrrpui rreranilnrrr nounri]1.'rrrrx laxBoproBanr,. flia6er i oNrzpiuux. flaroreseru.rHi acne-
xrn lia6erl'. Mo,rexl .itflpH()-rcHernqui r,, '\itl-tilNtLl. ltxi .itexalb B ocHoBi po:erlrxy nia6ery. Arepocx,re-
po'l i ceprteeo-cyrnrlHi 'ra\BoprcBauHn. liirroriuu i napaxpr.ruHo-aBToKprrHHa perynsqix npu arepocKne-
pori. CHlf ra aeroillvHui :axsoproBar-ri r r. ( lna:txosi 3axBopK)BaHI{tr.

fesna iuxeuepin. feHHa repani:r. .\{crani:nu Br.rHHKFreHHr{ pe3r{creHruocri lo rixis. KlouynauHx
)r(utsHx opraHi:r,ria. CronSypoei xriruurr 'fpaucreuni opranismu. Eioeexropu. Eioin>xeuepix. Mo:rexy-
lapui ruexaui:rruu rf oprr,ryear-rux ir,ryuoror i,rrroi pi:HolranirHocri. T-xliruusrzit ra B-xnirulauuiz iuyuirer.
fi6puaouua 6iorexso,roris ra N,{oHor(Jou:r.rr,ui aurnri:ra. flporapioll.rui ra enxapioru.rui x::iruuni 6io-
pearflopr.r y 6iorexrro,roriflx. floc'rrpancrirnlii{Ha uo,ru$ircauirr 6irxis: 6io:roriqne 3HarreHHfl. Pery:rxqir



excnpecii leniB rir Lrac rporlecia po:nrr r i.:\ v lBapHH i ,ru0epeHuiauii ix xlirus. Kpuruuui Ina naop0o-
reHe3y nepio4u e eu6piolene:i reapuu r,i ixuii.r Brr,rHB Ha po3Br.rrox. flougrrs lrpo teHerr{vuy i enireHe-
rHtIHy iu$opuauiro nia LIac rpouecis 6io. rori.rHoro po3Burxy. [Nepe:ra i uero4rr orpr{MaHur cron6ypo-
stlx xrirHH. EiioueluqHi ra erH.rHi rpoS.rr'rir.I orprrMaHr{r i auxopucraHH.fl cron6ypoellx xliuzH.

Hauo6iorexuonorii i nanorrarepl:,.ru A;rq 6io,'rorii i nreanqrrun. Hanoruarepialu, <posylrHi> ua-
repia,ru, ix nnxopucraHH, Anr{ rocraBxrr rircapcrxrlx cy6crasuiii i reHerzrrHrlx uarepia,rin. BioceHcopu:
rrpr.rHulrnr4 crBopeHHn i'rac'rocr, eaHurr.

Eioe'r-lrrca: nop)'trrerrrrfl errrrrrrrr\ iroplr uavxosoi gin,rsnocri. Hayxona iAerr, crarr.f,, rrpoeKT.
llpo6,reuH 3axltcry iure,rexrya,rsnoi e,rr,Jrrocri e uayui. EKorori.{Hi npo6ner'llr: r.lro6armue noreuliuux,
3arpo3a 6iopi:rror,raHirto. :a6p1,nuenrur ;1onxi:r:rx. Euepreruuui npo6:rer,rpr. BianoerrosaHi Ax(epena
eHeprii. Eiotra-nHeo. ()5'eKrr{eHa 6ioelrriri: 6io:6por. 6iorepopu3M, KnoHyBaHHrr opraHi:uia, rpaHcreuui
opraui:ntH" rpaucnraHrauir rr\aHLrH i Lrplauis. orpHN,raHHs eu6piouanrHnx cron6ypoaux xliruu.
Cy5'exrunna 6ioeruxa: IropvrileHHr eru,rrlr\ llr.)p\'r Havxoeoi riq,usuocri. Hayxoaa i4er. crarrr" npoeKr

- LLIJlflx ,Xo ntarepia,rlbFlo-TexHi.rHolo :rii6,. ,p1g,1911H, l{avKoBoi niq,'Irrtocri ra uayxOro-rexgiqgoro [porpe-
cy nrcrcrBa. llpo6:reun 3axucly illre.lrcri r r anbHoi elacHocri n Hayui.

2.Б IOIHΦ OPIVIATИКA
BcTyrI Дo 61oiHф opMaTIIК II.I_Ц O I[lI(C Д HK i 6iЛoK.Ц cHTpaЛЬHa ДO「Ma MOЛ CК yЛЯpHOT 6iOЛ OFiT

XX CTOЛ iTTЯ ,i CyЧaCHC TЛ yMaЧCHHЯ 3 11)tiК И 30py CΠ i「 eHCTИ KИ Й TeOpir iHф OpMaЦ ii.Б iOiHф OpMaTИKa
ЯК CИ HTC3 MCTOД iB MOnCК

)′
ЛЯpHOT 6iOЛ 01:た I｀CHCTИ KИ ,iHф OpMaTИ KИ i CTaTИ CTИKИ o MaprapcT O.Д cЙ

「
oф

i ΠCpШ i MOД CЛ i CBOЛIOЦ iI HAΠ .TcopiЯ l!|)IIЙ HЯTHИ X TOЧ KOBИ X MyTaЦ iЙ (PAM)ヽ 4.ДeЙ
「
oф .

HyKЛCOTИД,KOДOH,aMiHOKИ CЛOTH::i13aЛ ИШ OK― CЛCMCHTapHi OДИHИЦi iHф OpMaЦ iT,ЯKИMИ OΠCpyC
6ioiHфopMaTИI(a.TИΠルI ДaHИX.lЦO「eHぜ ln)IoTЬ FCHOMHi,TpaHCК pИΠTOMHi i ΠpOTCOMHi MCTOД И ДOCЛ i―

Д)I(CHЬ.IHTepaК TOM.CИ CTCMHИЙ aHaЛ i3.1)0.lЬ 6ioiHф opMaTИЧHИX MCTOД iB y 6iOЛOriЧ HИX ДOCЛ iД〉KeH―
HЯx.Ж ypHaЛ Nuclcic Acids Research― 〕IPヽ )13iД HИК y CBiTi 6iOiHф OpMaTИ KИ .

Б10iHф OpMaTHЧ Hi CCpBiCИ Ha BC6-1lopTaЛ i NCBI― PubIMcd,GcnBank,Gcnomc,Taxonomy,GEO
datascts,HaЦ ioHaЛЬHИЙ ЦeHTp 6ioTexHo.k,「 iLIHoi・ iHф OpMaЦiT CIIIA(NCBI)一 cTpyKTypa i фyHKЦil

ⅣIaTe、 laTIIЧ IIi■ loД eЛ i l―IAII-1(olillcゝ IITyaЛЬHi 3aCaД IIo БiOЛ O「 iЧHa MOД eЛЬ― Ha ΠpИ KЛaДi a6eTК И

i MOBИ .I:Ц O TaК e iHф opMaЦ iЯ ?CIIMBOЛ l■ lC ΠOBiДOMЛCHHЯ .lЦO TaKe ЧaCTOTa,iMOBipHiCTЬ  Ta BipO「 iД―

HiClЬ ΠOД iT? IMOBipHiCTЬ (Ч aCTOTa)Tl)[キ ::IЯ IIHЯ ΠiДΠOCЛ iДOBHOCTi(CЛ OBa)y ΠOCЛ iДOBHOCTi(TeК CTi)一
MOД CЛ i SCpllyЛ Лi i N′Iaplく ()Ba.11011Я II夕lI;〔 :il(3o B()i cI｀ alИ c11lК H cTocoBHo aHaЛ i3y HA「 I.()КpcⅣli BИ ΠaДКИ

BИКOpИ CTaHHЯ  CЛ CヽlellTiB БaЙC30BOT CTalliC´ 114КИ,BipO「 iДHOCTi i pi3HOヽ4aHiTIIИX p03Π OДiЛ iB i卜10BipHOCTi

ДO p03B'Я 3aHHЯ 6ioЛ o「 lЧ HИ x 1lИTaHЬ .

卜IaTe、 laTII・IHi ⅣloД eЛ i eBOЛ 10Ц il・ iti■ t「ICOTIIД IIIIX ΠOCЛ iДOBIIOCTeЙ ,卜40Д CЛ i CBOЛ IOЦ iT HyКЛeOTИД―

HИ X ΠOCЛ iДOBHOCTCЙ  ЯI(Π pИ KЛaД Πapaヽ 1、
｀11,11130BaHИ X MOДCЛCЙ .MoД eЛЬ Д 〉I(aKCa― Iく iMypИ  JC169,・ 11・ Πapa―

MCTpH. TeOpiЯ  NIOЛ CК y∫lЯ pHO「O FOД IIHHlll＼ tl. 'i・  1lpaKTИ ЧHC 3aCTOCyBaHHЯ . 
´
FИΠИ MaTpИ ЦЬ 3aNIiIЦ CHHЯ 一

OДИHИЧHi.C卜 IΠ ipИЧHi、 ΠapaヽleTpИ 30BaHi.|~'tl11011И  HИ 3Ь KOi CKЛ aДHOCTi B Hノ I`I Ta ⅡOBTOpИ .

110BTOpИ ― KiЛ ЬКiCIIO ДOMiHaHTIIti tll)()lDMa Op「 aHi3aЦ ii FCHCTИ ЧI10FO MiaTCpiaЛ y.HeCTpyKTypOBaHi

6iЛ KИ ЯK llpИ КЛaД ΠOCЛ iДOBHOCTeЙ  3 HI131,i(010 CKЛ aД HiCTI().

IIopiBIIЯ IIIIЯ IIAII― I(oIIЦ enTytt.■ LIIi 13aCaД IIo EBoЛ IoЦ iЙHa cΠ opiД HcHicTЬ (「OMOЛ OFiЯ)ЯK KOH¨

ЦenTyaЛ ЬHa ocHoBa ΠopiBHЯ HHЯ 卜IA「I.:1)ヽ 1()Л OFiЧ HiCTЬ , ΠOДi6HicTЬ , iД cHTИЧIIicTЬ . J~IOKaЛ ЬHC i FЛ06a―

ЛЬHC BИ piBH10BaHHЯ .Π iДHOCЛ iДOBHOCTi.||,OI aJlИ HИ、Ш Tpaф И,paXyHOK BИ piBHЮ BaHHЯ .EBoЛ Ю ЦiЯ HAΠ

ЯК ΠpOЦCC N4apKOBa.MoД cЛ i NlapК oB[| :l aHaЛ i3i「CIICTИ ЧHИX ΠOCЛ iДOBHOCTeЙ . MaTpИ Цi MyTaЦ iЙHИX

ДaHИx PAM.卜 4aTpИЦi BL()Sヒ|ヽ4.E、IΠ il)1lЧ IIi、 IaTpИ Цi КOДOHIIИX 3a卜 IiIЦ CHЬ i l'XHC 3aCTOCyBaHHЯ  B OЦ iH―

Цl cBoЛ IoЦ ll HAΠ .

Π oIIapHe BIIPiBIHoBaIIIIЯ IIAI~1,|||,HllЦ HΠ
「
paф iЧ HOFO iЛ IOClpyBaHHЯ  ΠOnapHOFO BHpiBHK)BaHHЯ

I―IA「I.1‐ИΠИ IIcpe6yД ()B HAI~1.,IК i N10レ I(Hil lヽ IIЯ BЛЯT'1 3a ДOΠOMOFOIO ДOTΠЛOT― aHaЛ i3y― ΠOBTOpИ ,ΠOBHi i

ЧaCTК OBi iHBCpCil.Π OHЯTTЯ ・・BiК Ha'｀ BI・ I1llillI[()3aH HЯ .1lpИ КЛaДИ ΠpO「paNI BiДКpИTOFO TИΠy ДЛЯ ДOTΠЛOT―

aHaЛ i3y Ha piBHi OК peヽlИ X 
「
CHiB i FCHい lヽiB.N/1eTOД И ДИHaMiЧ HOFO ΠpOFpaMyBaHHЯ  y BИpiBH10BaHHi

I―IA11. .へЛlヽopИTM ЛOI(aЛ ЬHO「 O BИ piBIIIOL[ilI['lЯ  CMiTa―yOTepMaHa 3 BИ KOpИ CTaHHЯM yHiTapHOi MaTpИ Цi

3aMiIЦ CHЬ .ノ J`I「OpИ TNI FЛ 06a■ЬIIOFO BHpi,31il、 )BaHHЯ :HiД eЛЬ卜laHa‐ BaHЧ a.IIOpiBHЯ HHЯ paXyHК iB BИ piBHIO―

BaHHЯ  HAI‐I Ha ocHoBi yHiTapHOT MaTp剛 1:la BL()SUM62.



Ana.ri: PHK. Bu.qs,'IeHu.s pPHK ii IPHK y reHoN{ax. Aua.ris ,q,aHr{x RNAseq. Ba:u ,rauux TPFIK.
flepea6aueHHrl BroplruHoi crpyr<rypu PHK ra ouinxa ii cra6i,rruocri. Ba:n AaHux pPHK n,u norpe6
MoneKynqpuoi raxcoHouii. Basu AaHHX HeKolyrcqux PHK. Easlr 4aurzx BaqBrreHH, CRlSPR-e:reueurip y
reHoMax 6axrepift.

3. EI(OJIOTIqHA EIOOI3IIKA
Tncx. AruocQepnnrl rucx. THcx so,qu. Bn,rue rucKy Ha rruei opraui:vrz.
Po:qunuicrs ra:is y pigunax. BnnriproeaHHs rHCKy. Birep. flpuuuuu BHHr.rKHeHHl airpy. ftapa-

NIerpI{ nirpy. Crpeconi clrryaqii, noe'q3aui : eirpon. Burue nirpy Ha xtusi opraui:r,lu. BurnriproeaHHx
napanerpia nirpy.

fpaeiraqiq. BH:Ha.Ienux rpanirauii. Bn:rnn rpaeiraqii Ha xr.rsi oprauisuu. Bunaiproaauur rpaair-
poui:ny. Bi6pauii. [Iapauerpu ni6pauiii. Bn:rue ai6paqifi ua opraui:M n]oAuHrr. Bi6pauii ra rBapr4Hr.r.
Bumipronauul ni6pauitt. KorueaHHq ra xsuri. OcnoeHi Br{3Har{eHHl. 3eulerpycu. I-{yuani. Bn:urn npa-
po.qHux Korrr.rBaHb Ha rBapHH. Bul,ripronaHHs npHpoAHr{x KoJrrrBaHb.

Arcycruuui drartropu cepeAoBurqa. Xeuri B npyxuoNry cepe.(oBrrrqi. Xapaxrepucrr{Kr.r 3ByKoBHx
KoJlIIBaHb. YrnopenHx snyxin rBapr4HaMr{. Oisuqui npouecu, rqo cynpoBoAxy}orb norrupeHHfl 3ByKy y
HaBKoJIluuHE,oNIy cepeAoeuui. Axycru.rHa xovryuixaqix rnapr.rH. [lyrrr. OcHosHi BH3HaqeHHs. Po:noli,r
ui,vNly sa iureHcueuicrrc. CylrapHuri ruvl,r. Po3noai;r uryuy 3a qacrororo. Bn:rue [ryl.ry Ha xxei opraui:-
l,tr. BnnaiproBaHFrq piauie rxyMy. 3syxoaa i:o,,rsqis.

Bo"uoricrr,. IlaparrerplI BoJrorocri. Bnliue eororocri Ha xuei oprani:nu. BuvriprcnaHng eorolocri.
Bo:roricm rpyHry. BnuiproeaHH.r Bororocri rpynry.

Temneparypa. Ter,rneparypni rIKarrH. Teuneparypa aruoccpepu. Tenueparypa rpyHry. Teranepa-
r)"pa BoAoiiM. Bn:rue reN,tneparypa Ha xtHni opraHi:rvru. BuuiproBaHH.fl reN{neparypri.

OnaAu. flapauerpra onanis. B:aeltortis ouaAis 3 HaBxoJ'rr{uuil,r cepeloBrrrueM. Isoronu B onarax.
@paxqiouyBaHHfl isoronie. Cra6irsHi isoronr y npoueci ouarin. Buuiproeannq onaAin. Kuc.irouii aouti.
B ulripneaunr :a6py.uneHr, B orraAax

.flpupogui nuuponrinroeaHHn. flapalrerpu coHflrrHoro BunpolriurosaHHs. Burus coHsqHoro Br4-

uponriurceaHHx Ita x<rlni opraHisx,{n. Burue avnponinroBaHHrr y:mrpa$io:reroeoi o6nacri cneKTpa Ha
Nuri oprauisxau. ArN{occpepne enupouiHroBaHHfl. BunpouiHroBarrHq seN{uoi noaepxui. A:m6eao. Bunri-
ploBaHH.fl npllponHux nunpouiuronaHs. KsaHrosi s,Tacrueocri eunpouinroBaHHs. 3axonr.r relJroBoro BH-
npouiurorauun. KoporxoxBaJ'IboBe coH-srlHe nunpouilrroBaHH.fl. [onroxnu:rE,oBe Brlrrpouistosanu.fl 3eNr-

noi noeepxui.
Mexalropeuenuirl. Bngsaqeun.s N{exaHopeuenropia. MexaHopeqenropa urxipn. Becru6ynopeuer-

uin. kirepopeuenuix. MexaHopeuenuir ), pH6. MexaHopeuenuis y rioNrax. I-panipeuenuiq. Ko\aaxH la
rpaairauin. fpaaipeuenqix poclau. Axycropeuenui.s. Axycropeqenqir y ccaeuie. Axycropeuenuifl y
nruqi. Axycropeuenuis y pu6.Arycropeqenqiq y KoMax.

Tepru opeuenuiq. MexaHi:ltlr repMopeuenu ii. Ten,roea uyr,runicrb rBapr.rH.
(Doropeueuqiq. (Doropeuenuiq y Kol{ax. 3opoaufi aua,ri:larop pu6. 3opoauit asatizarop nraxia.

3opoanli aHanisarop ccaeuis. Mexaui:url sopy ccanqin.
(ri:lIna qBnul lepeHeceHun. Euepreru.rHnit 6a,'iaHc rfi:uuuux ra 6ionori.rHr{x cl{creM 3 HaBKo-

,luruuilt cepegoBl{tueN{. .flsuula fiepeHeceHut. llepeueceHHs MacH: Bona ra po::.ruueui perroBuHl4. flepe-
HeceuH, N{acI{ B rpynri. IlepeHeceuHs Macu (.lurfy:ix). !u(ly:ix qepe3 xlirnuu. Ocuoc. AKrueue rpaHc-
IIopryBaHI{r. KopeHena cucreMa. I{cu:relra. 06'euuuii norix. @:roerura. BulripronaHH.fi rroroKin coxy.
IlepeueceuHfl BoALI nig.13. peuegiaqii. Ilepeueceuux :a6pyaurosa.rie pocnr{Horo.

3nriua eurpouii. flapar,rerpu repMoIuHani.ruoi cprcreMll. ilepurafi 3aKoH repMorrrHaMircu. flpyrufi
3aKoH repMonllHar,rixu. Enrponifl. PienoBax(Ha repN{oAr.rHauixa. HepiBHoBa}r(Ha repMoAr.rHauixa. Tepl,ro-
au t tarr i qH i cHrH Ta repMo-f Hr raHr i.rH i nororrr.

flepeueceHHn llacrl: BonrHa napa ra ra:u. TpaHcnipauil. fa:oo6uiH. BuuiprcraaHHfl ra3oo6nriny.
3a6pylueuHfl IIaBKonr4 urHE,o ro cepenoBr.r ura rpaHcrloprHlrNru saco6al,ur.

BttnirponyBaHIIfl r eoAHoi nonepxui. [ucnepciiiHe rrepeHeceHHr MacH. MoAe:rrceaHHrr ttotulrpeH-
n.a :a6py.uueHb B arMoc( epi. flepeHeceuul norirpt ra napu niA qac pe ue4iauii.



rlacrunr<u y HaBKo!.rrrrrrHboNry cepeAoBrrrqi. @i:uxa qacrrrHoK. Aepo:oni ra 6ioaeposori. HaHo-
LIacruHI(LI ra pene4iaui.fl HaexorurrrHboro cepe.qoBnrr,ta. Cnor. Trorrononafi lunr. ilepeueceuur iuuy,rr,-
c1,. flepeueceHH, iuny,rscy (e'n:xicru). More,rroeaunq sN{iHr4 urnugrocri nirpy no6,rus\' :evHoi rroBepx-
ui. Mo,qerrcBaHH.f, :naiuu ursrlAxocri nirpy y pocnHHHoN{y noxpuni.

flepettecelrHq ereKTprrKrr. Erexrpoxiui.rHnfi noresqial. floreuuian crroKo]o ra rroreHuia,r aii.
36yg,'runicrb pocrlrHHr.rx xriruu. E:rerrpoxiueruqsi N{eroAr.r peue4iauii.

fleperreceuHrr rerr,.rorn. llepeueceHH.s rerrrorr.r qepe3 TennonpoBianicrr. CrauioHapHa rerrnonpo-
silHicrs xpi:r ruap peqoBhrlr. flepeueceuH, relJrorr{ qepe3 xoueeKrri}o. flepeHeceHHfl Terr:lorfi Lrepe3

runponriHroBaHHrr. flepeueceuH, relroru qepe3 ilapoyrBopeHH.fl .

YgapHi xau,'ri. Hac,'riAKu Ar.fl x{uBrrx opraHislria, nogin 3a cryrreHeM ypax(eHH.r. KoHry:ii, rx ua-
citi.{ox Mexauiquoro BrrnHBy yAapHr4x xBrrJrr,. Bn:rus pi:uoro rany sa6pyAHeHH-fl, BrrKJrHKaHoro BoeHHu-
trll.t Aislru (nupnu ni4 nu6yxiB, or(orr{, roxcuqsi perroBuHu eiA uomory paKer i pyx aarxxoi rexsixu i
r.g.) ua xruni opraui:r,rrl.

O:ouonul"r urap. BuuiproeauHr o3oHy. flapuurcoeufi e$exr. BururipronaHH, BrJrr.rBy napHrrKoBoro
ecfexr,v. EHepreruuuufi 6auasc sel,rHoi nonepxui. E,Hepreru.rnuii 6a,rauc Jrr{crKa ra pocnuHrr. Euepreru-
.iHrl fi 6a-rlaHc TBapr.r Hrr. Eu epreruunnfi 6a,raHc eoAo ii},r.

4. EIOOI3I,IKA TPAHCTTOPTHT,TX IPOUE CrB
3ara,rsHa xapaKTepucrlrxa rpaHcltoprHrdx npouecie ra npoqecin 6ioe:rexrporeHe3y. K:racrn(lixa-

qix rpaucnoprr{Hx npouecie. TpaHcnopr Bonu. flacueHuii i arrueHuii TpaHcnopr. IlepenHuo-aKrneur.{fi
TpaHC rt opr. B'ropiluuo-axras uufi rpaHcno pr. Yu in opr, cr.rM nopr, aHTufropr.

Crcnal ra crpyKrypno-$yuxuiouamHa opraHi:aui, MonexynrpHr.rx KoMrroHeHrin 6ioneu6pau.
Menr6pauui 6i,rxlr, Byr,'reBoAr.r ueu6pau. Tunu nsaeN{o.{ifi nreru6pauuux KoMloHenris i ix polr 1,

SyuxuioHysaFrui 6ionreu6paH.
K,raclrtlircaqin rpaucroprHrrx 6i,rxis. Kaua:rn i nepenoutuxu: 6y.uona ra $ynxuii. Kana,ru i ne-

peHour{Klr xx cfepl,reHrH: 3acrocvBaHH.ri reopii rxBrrrxocrefi. AHa,ri: craqiouapHoro craHy.
MeroAu Aoc,riAixeurrrr rpaHcrroprHrrx npoqecin (peurreuocrpyKTypHriii aua-ni:, e:rexrponul.iil

napauarHiruuir pe:oual{c. ,rrrepHuii uarHirHali pe:ouaHc, ereKTpoHHa uixpocxouix, 4zQepeuqia,rrHa
cxaHyroqa KanopuN,rerpir, ueroA rfircauii uoreuqia,ry, MeroA pe3oHarrcHoi uirpauii eHeprii i uo,rexy,'rx-
puoi uirueui).

Peecrpauix crpyN,ry, rqo nporixae qepe3 oraHo.rHufi KaHaJr. Meror rTerrr-KJraMny. Heaeluxi nao:re-

Kynu qK uore,ri Kaua,ris i nop. fpauiurlnuH. arraN{euuruH" Hicraruu, aucporepurruH.
Xapaxrepr{crrrKa nop i narra,rin. Ll-li,'ruuui xauauu. -flaepni noponi KoMrrr'reKcr.r. flopuuu.
Meru6pauui peuenroplr. Hixorusosufi aqeru:rxoriuoeuii peuenrop. Ilorenuiau:a,re>xnuii narpie-

sHii xaHar. Ka,rsuiesufi xasa,r. 3Ha.reuns peuenropis i xaua,rie y n:aetrroAii x:rirus i: cepenornuleu.
Yuinoprepu, cr.rlltroprepfl, aHTrrrroprepu. XapaxrepucrfiKa aKTHBT]HX [epeHourrlKis. ulo BHrio-

pHcroBylorr euepriro riapo,'ri:y AT@ a6o rfoc$oeuolnipynary. AxrusHi rpaHcnoprui cucreuu, crpr-
>xeHi s [epeHocoN,r e:rexrpouie a6o nor:ruuaHH.f,M csirra.

T paucu o pr H ee.rr e r(Tp o"u irin. !urf ysir. flo:reruueua turf y: ix.
Tpaucuopr ioHis. IoHua pieHoaara. E:rexrpoxini.{Hrii noreuqia,r. fi4paraui.a iouie, Iouua pinuo-

Bara Ha rrrexi po:4i:ry cfas. floleiiinnri eneKrpulrHuit ruap. floHuaniecsxa pinuoeara.
E,rexrpolnrfy:iiiua reopir rpaHcnopry ionin qepe3 r'reu6pauy. PisHqHHs eneKrpoArr$y:ii Hepuc-

ra-fI.ranxa.
Mo,rexy:upsi ocnonu nepBHHr"ro-aKrHBHoro rpaHcnopry ionin. AT@a:z P-runy. AT@a:u V-runy.

ATcDa:u F-runy.
Mo.ueny.rrnpHa opraHi:auiq Na*, K* -rroMrrrr. Mo:rercy,rrpui ocHoeu crBopeHHq enexrpoxiuiuHo-

ro rpa4ieury ioHin. Na*, K* -rroMrra. Morexy:rxpHa opranisarlig. MexaHisN{ ri4poniruuuoi pear<uii. Mo-
4rlrpixaroprE i iuri6iropu Na*, K* -AT@a:r.r.

Oprani:auiq Ca2*-uoNrrrrr B nreu6paui. Kiseruxa rpaHcnopry Caz*.Cxelra poOoru Ca2*-uounu.
AT<D sn Nro.qynqrop Cal*-norrnu. Ca2* rx iHgyrcrop xourpopuaqiilnux nepe6yaoa 6i:rxie.

ATtDa:u Fr/Fo - runy r,riroxounpiri, xnoporrracris i 5aKrepifi. Axrunui rpaucnoprHi cncreltn.
cnpaxeui 3 npouecoNr ilepeHocy e:rexrponin a6o nor:rlrsaHH-s csirra. I{uroxpoNl-c-oKchAa3a.



EanrepiopoAoncuu : H*-uouua
Mexanouyr,rprsi iouui KaHaJrr{. EyAona, Synxqii. 06'eu - perynloud cucreN{u rpaHcnoprf iouie

r{epe3 rrrra3Marur{"y;;*ra;;"y.Na*, K*, cl - 
-KorpaHcropr, Na*/H*, Na+/ca2*-, cl-/HCo3* -o6vin.

Men16pauui nopu. ruo crBoprororbcf, eK3oreHHL{N{Ir areHTaMI{. Toxcunu i uuro:riru'{ni 6i:II<u'

fleplreaoi,ri:auiq 3a AofloNrororo ilerepreHrie. ocN{orl4tlHoro tuoK.v. nil liero ereKrpt{LlHolo no-

:rq. Y.{acrs KoMrroHeHrin vrelr6paH B pelynquii N'{era6o:riqutlx npoqecin' 3ara'rlua xapaKrepllcrl{Ka rre-

peaaui iHcpopvauii e rcriruHi. Ponr ionie y rr,rera6ori'rHI{x rpouecax 3a f{acrro uerl6pau'
' 

vo:,exy:r.apui uexasi:r,ru inrerpauii x:riraHsoro nera6oli:lry.
Crpyxrypuo-SyuruioHa,.rbHi Mollrrbinauii no,'reryllpHlrx KoNIrIoIreHris 6ioNleN'{6pau :a yuon

BrnrlBy rpi:rlxo-xil,ri'IHux areHrie.
Mexaui::nru Hy1xeon.rra3Nrarr.lrrHoro rpaHCrropr,v. Eyaoea i sracrHsocri x4epuoi nopr'r' Eneprerltra

HyKneoqurottJra3N{arntIHoro rpaHcnopry. tlrn'n Ran. TpaHcnopr 6i'rxoBHx KoNlrorleurie'

A.nrrepuarusHi N'{exaHisuu ivrnopry 6inxie'

5. EIO@I3IIKA M'f3IB
It,racrr{rixartii r-r{nie m,fl3oeux BoJroKoH i cxe:reruux lr'q3ie. @yHxuil ra x,'racucpiKauis l't'qgoel4x

TKaHUH , *opqro-,pyuxqioHanL,Horo i ricroreserr4qHoro npnHuunia. PisHl'iuq e 6yaoai ra Syuxuiony-

saHHi rrorepeqHocN,ryracrlrx ra rnaAeHE,Kr.rx r,r's3oeux xrir,nH. Ocuoeui xpllrepii. xlacu0ir<auii runie

l,r's3oBux BOJIOK9H: xapa6Tep CKopoLIeHHl, runn.qxigTb cKOpOrIeHHq, run OrucuIOBa'[E'HofO O6uiny'

Crpyxrypa py<oeoi oAuutlt{i.- - 
Mls:osi peueuropu. EyAona N,r'fl3oBoro BepereHa. Inrpacfy:a,'rL,He M'f,3oBe BoJloKHo 3 qAepHolo

cyrrKoro, JraHuro)Kr(ooo-*.prri iHrparpy:a,,rssi tr't's3oni soroxHa. Bulu M's3oBl{x peuenropie' Eyloaa ra

{rvnxuioHl,Bar*1, iurpa$r,ran"nn,..riraoBnx Bo-loKoH: ABox runie BojIol(oH 3 fl,repHoro cyN{Korc (ruHa-

r'li.ru,x i craruqsux) i no,roxoH 3 flnepHr4N,r rraHulox(xou. EyAoea M'rt3oBoro BepereHa' Pisnuus n SyHx-

qiouyaauui ,u ..r.opuiii peueuuii pisuoeulin cyuuacro-qlepHux inrpacpy:a,'rbHux M'q3oBl{x BOJIOKoH 3

Be,ruKolo ra N{anoro rxBrrAKoAlero peaxuii. @isiororiuua po:rl KoporKlrx ra AoBrIrx JIaHuroxKoBo-

qAepHrx iHrpa$y:a:6Hnx M'fl3oBux BoJror(oH a cnprliiurrri iucfopvauii npo pieeHs iruronipHicnoro npo-

uecy sr,tiHla AoBII(I'IHId M's3a.

At[epeurHa ra et[epeurua irtrepsaqin inrpa(by3a,'IbHl{x M'q3ospIx Bo.]loKoH. Hepnono-

c,vxoxr,,rbHe BepereHo. Birrui Hepnoni 3axiu.IeuHq. Kourpo:rl craHy cKeJrerHHX It'q3in:i cropouu UFIC

H.poouo-nr,rro". 3'enHasus. Kopxoni uoroneiipoHu. @yHxqioHynauHx xlirus Beua. <Dynxuii r{yrnuBo-

ro crrp*rHoj\{o3KoBoro By3Jra, -n6u- i raul,ra- uoroneiiponie e ctrcretnti xourpo:uo Nl'rl3oBoi axrueHocri'

fipxye rocrcuHarrrgr{He ranbMyBaHux a-ur(ra-rrrorouefipoHia i ueupxN{e npecHHalrrllqHe larbMyBaHH'[

anrifa-l,roroneupouin. Oyuxuii iHxancylsouurr* ra sirsHl'{x HepBoBIlx saxiH'IeHs B KoHrpoJrli crauy

tu' lt3ogoi cIICTeNIIT.

Mexauira, eHeprerr{Ka ra pery!.rfluifl crroporreHurt. Molexylrpui l'rexaui3MH M'q3oBoro cKopo-

,anrrr. a"r"rlryrrro-ruaoBa xapaxTepr.rcrr.rKa cI(opoLIeHFIr. CrpyrcrypHa ocHoBa npyrxuocri lt'n3y' Axru-

eHi inacHsHi trexasiqni xapar(TepHCruKti IlonepeLIHoc]\{,vracroro l{'lt:1'. I:olterptrutle cKopoqellHfl'

3B,r3oK AoB)r(r{Ha*HarrpyxeHrrr. Teiauyc. IsoroHi.rue cKopoqeHHq. 3anexHicrq uixt HaBaHTax(euHgu i

AoB)r(r{Ho}o M'rr3a. L,ueprerurcu .noporlnur, pinu.aHns Xirua. flapauerpu floreHuiany Aii rouiquux ra

dra:nux BonoKoH. B:aeNro:s'g:or uiN :6y.[Neuuxu i cxopoueHHsN{'

Cne,rcrnr,rir nr,fl:. Eyaona. faHi elexrpouuoi nrixpocxonii. PosMiureHH.s aKrHlloBHx ra Nliogl4Ho-

erax rfinarr,renrie. OcHoarri crpyxrypui e:relreuTu M'fl3oBolo Bo:roKHa: IIo3AoB)I{rre po:luirqeuus roec'rl'Ix i

roHKr.rx upororfi6prr, norr.p.uuuii pospi: capxouepa n pi:nux Ai:rsuxax. Ei:rxu nolepellHocMyfacToro

I,r'x3y. finoresu M'.rr3oBOto c6opoLreHHr. raayrruis ssaeN{oAii roscrux Ta roHKI4x $i:raueuria'

Touiqui ra tlla:ui ul'q3oei Borror(Ha. BgaeMo3e'g:ox uixt sLIeirlHeHH.sM iouis Ca, no'leHuia"lo\a

Aii ra cKopoLIeIIHr*,. yr".rt rponouiuy C ra iouin xa:rsUilo s perynaUii ct<opoueuux'

Cepueuuil n,fl:. Oco6:111eocri .rplrnrypro-{yuxqioua,'IE,ttoi opraHi:auii. Crpyxrypui oco6-rrunoc-

ri r,rioxap.ua. E:rexrpl.r.ri{i sracrusocri x,{ioKapaa. Biouexauixa ii eHepreu4l(a cKopoqeHHs cepueBoro

u'a3y.



f,raAeHrxi u'q3lr. Her,r'q3oea Sopua pyxnuBocri. Eyaona rnal1eHbKolr'q3oeoi rc,rirusr.r. floreHui-
a,'r aii rJTa.{eHi,Krzx u'.sgin. 3g'ggox l,ri>x :6yaxreHHqNr i cxopoueuuxu. Pery:rxqix cxopor{eHHq - po:c:ra6-
r'IeHHs fnaAeHbKux l,t' t3is.

flpun,ragn uem'q3osoi {opmu pyx,'ruBocri. Pyxorrricrs poxapiorurrHrrx opraui:ltin, eyrcapioruu-
nux x:riruu, alte6oignui{ pyx.

PosraAu po6oru nr"r3is. Tllnn uionarifi. Po:punr.r ra nourKoAxeHHq tr,t'q3is. Po6ora m'xsin npll
ypaxreHui xpe6ra. YurxoAxreuHr M"I:in niA qac 6oiioeux aii;l.

flpore:ynauH s si r"r csnoB rrx. Ei on iqu i tlpore3H. Mioe,rercrpuvui upore:u.

6. EIOOI3I4TIHI 3ACAAI,I EHEPIETI4qHOTO METAEOJII3MY (AHTI. MOBOIO)
Bioenergetics and thermodynamics. Thermodynamic basics in bioenergetics. Free energy ar-rd

equilibrium constans. Entropy, enthalpy etc.. Additivity of changes in standard free energy.
ATP as a source of energl,storage. Energ-v transler fiom ATP: two stages of ATP hydrolysis. ATP

and bioluminescence. Other nracroergic compounds.
Electron flux as a source of biological energy. Methods of electron transfer. Restorative poteutial.

Nicotine dehydrogenases. Flavin dehydrogenases.
Respiratorly (electron-transport) chain of mitochondria. Electron transfer reactions in

ntitochondria. Universal electron acceptors and transporters. Multi-enzyme complexes of the respiratory
chain. Energy storage in the proton gradient.

ATPase and oxidative phosphorylation.
Cher-r-rica1, conformal and chemiosmatic theories of coupling of respiration and oxidative

pirosphorylation. Prof. Peter Mitchell.
Structure of ATPase. The structure and role of the Fr domain. The structure and role of the Fo

domain. Tl-re mechanism of oxidative phosphorylation. Transport of adenine nucleotides.
Adenylate Kinase and AMP Signaling Net'nvorks. Aden1,'late kinase as a bridge between energ)'

generation and utilization sites.
Methods of cellul:rr bioenergetics. Isolation of mitochondria and cells. Evaluation of enzyme

activity. Polarography. pH-metry. Positron emission tomography.
Nuclear magnetic resonance: spectroscopy + tomography.
Biophysical bases of motion. Mechanism of muscle contraction. Energy sources lbr muscle work.

Glycolysis durir-rg muscle contraction. The movement of lashes and flagella.
Bioenergetics muscles. Bioenergetics of white and red muscles. ATP hydrolysis and oxidative

phosphorylation. The role of phosphocreatine. Muscle heat production. Heart energy.
Energetic of photosynthesis. General information about photosynthesis. Physico-chemical bases of

photosynthesis. Efficier-rcy of photosynthesis. Integration of photosynthesis in chloroplasts. Proton and

electron cl,cles in thylakoids.
Features of bioenergetics in aerobic and anaerobic bacteria.
Are free radiczrls healthy? General cl-raracteristic and sources of Reactive Oxygen Species.

Processes of lipid peroxidation. Antioxadative defense of cells.

7. BIOOI3I4ITA CEHCOPHI{X CI4CTEM
flpegivrer i 3angarrHrr Oio$i:nxlr ceHcopuux crrcreNr. 3axou <cueuu(tiuHux HepBoeux enepriii>.

flpe.qnrer 6io$i:nxu ceHcopr{HX cr{creM. Po:li,ru ceHcopuoi 6iocfi:uxlr. 3aralr,ua xapaKreprlcTHxa

06'exrrreuoi i cy6'exrusHoi ceucopHoi 6iotfi:nxu. Llyrlunicru aHaui:aropin opraui:uy -TTIoAIIFIH B 3a-

6e:ne.reHHi 6esnexu Nurre,qiqmuocri. IIoHqmq (ceHcopHrrii oprau>, (ceHcopHa cucrex,Ia) (<aua,ri:a-

rop)), <ceucopui peuelropr{>. I{lacucfixauis ceHcopHlix cr{creM. CencopHi pe[erlropl{, ixul rcracuQi-

Kauifl. CnequQiuHicrs ceucopHllx crlCreN,I.

Mexzrni:uu peuenuil. 3ara,rsui oco6,rrrsocri (ryHnrriorryBaHHfl ceHcopHllx cHcreNI. llpouecu
rpaHcAyKuii i rpancQopnauii y peuenropax. CeHcopHa \,{epexa. Eranu rpaHcAyKuii y cencopHllx peue-

nropax. Mexaui:u reuepauii i s,racrusocri peqenroprroro noreHuia.,rly. Tpauc$opMauis i nepexo,r-.'sau-

Hrr peuerrropHoro noreuqia,'ry. (rasHa i roHi.rHa siAnoeilr nepBr{HHoro aQepenra. Aaanrauifiui upoueca
y peuelropax. Oprani:auir i BJracrHBocri ceucoptloi nepex<i.



CeHcopue niguyru. CuiasilHotlreHHq MoAa,[sHocri i ceiAor',{ocri. B:racranocri ni4uyrrs. IHreH-
cueHicrb niguyru. A6comorurlii nopir ei4uyrrx. Cy6'exruesuii auQepesuiausulzfi noporu. 3axon Be-
6epa-@exnepa. 3axoH CrieeucoHa. flpocroposi eracrueocri eil.ryrrr. l(ourpacr. r{acosi s,racrusocri
ni4uyrrn. KpurauHa qacrora 3Jrurrr. Alanraui{ i ceucuru:aqiq. Mole,rr}oBaHHq r{epBoBlrx xlirr.ru (ueii-
pouia) i nefipounux Mepex.

3ara,rr,ua xapamTepucrl{Ka :oponoi ceHcopuoi crrcreMrr. Elexrpouarsirsufi crreKrp i enqIaNae
ceirro. Cxoroniqsuii i $oroniqnzii :ip. Ilepu$epuqHa i qeurpalrHa rracrr.rHa :oponoi ceucopuoi cucre-
uru" Eylona oqHoro x6:ryxa. @yuxuii c:ri:sux 3ano3. CruososuIi,reuus" 3HarreHHq i pery:rauix [apacr{N{-
rIalHtIHoIo i culrnaru.{Horo HepBoBHMH cucreN,raMrr. CuHaponr cyxr4x oqeii. 3inr.ruq. Peaxuiq siHr.rui ua
oceirileuHl, yLracrb rrapacnMnarH.ru oi i cuunaru qu oi H epnoai cl.rcreuu.

Onrlrqsa clrcreMa orca. {iorrpuvuuii ailapar oxa. @opruyBaHHr :o6paxeuHs Ha cirxieui. I']ery,-
nquir gionrpu.tuoro anapar-v oKa. AxouoAauir. flopyrueuux (ropr,ryBaHHq :o6pa>xeuHs Ha cirxieui (xa-
TapaKTa, npec6ionil. a6o eiKoea naneKo3opicrr, acrr{rMarr{:u, ccpepuuna a6epauiq, xpoN{aruuHa a6epa-
qiq, Naionir, rinepnerponix. r:rayxoua) ra ixux xopexuit.

Cirxiexa ora. Mero.qu Aoc:riAxreHHq cirrcieKr oxa. flprnra o$ra-usvrocroni.s. CrpyxrypHa opraui-
sauis cirxiBKH rlpl4N{arir. Ceir,roLr)/rirr.rBa, siilxoea ipairgy;nHa qacrHHa ci'rxieru. i-{eurpa-urna.suxa i
)I(oBra [J]xMa. C,'rina n:rrrN,ra. @yrlxuii criranoBux r{acrr.rH cirr<iexH. Toarquua cirxieKr.r y pisuux nilli-rrax.
XIzsreHHq cirxisxu. Bi4urapyeaHH.r cirxiexr.r eig cy.uusuoi o6o:roHxr.r ora. LLIapu cirxiexz. Oprani:aqil
peuerlroplloro anapary cirxinxu. fycruua rraJrraqor( i xon6o.rox y pisurlx qacrr{Hax cirxieKr. ixul :ara-
,lsua ri:uricrr. Crpyxrypa narluqox i xo:r6oqox. Cnexrpu notnlrHaHHq rar,'rurrox i r<ol6o.{ox. Tuuu xor-
6oqox.

flpouecu rpallcAyrcuii y droropeqerropax cirxiexr. Bsil,rxHeuurr 3opoBoro KacKany. Peaxuir
i:oueptt:aqii 11-uuc-perrrHarro, pon6 poAorrcriHy, rpaHcryuuny, $oc$o4iecrepa:u ufMO. TeMHoeui.
crpyM. Eranu niAct.i:reuur y 3opoBouy xacxa4i. ilepnunuufi i nropuuunfi peqenropui uoreuqiala rarru-
qox cirxiexu. BurtxneHHl 3opoBoro r(acxa4y. IJurcn poAoilcnHy. Eioxiuiqna ocHoBa csir.'roeoi i renrsonoi
aaanrauii :opoaoi ceHcopuoi cucreN{r.r.

Fleriporrua Mepcxa cirKieKu. Po,rr 6ino:upia. ropre3oHTarbHr{x i auaxpuHoBux x:riruu. Cuou-
raHHa axrusuicrs raur,rio:Hrrx x-ri'ruH. Hepnoni x-uiruuu or-r-, off- ion-off-runy. PeqenlopHe rone raH-
r:riossux r;riruH. I(o,rsopocneuuQivua opraui:auin peqenropnrzx uo:ria. Ilarepa,rbHe rarrbMyBaHr{s y
cirxieui ora. Haiise6e:neqsiuri rpaeull ora nil.rac sifiHu. Eiosiqne oxo (a6o :oponuii ueiipouur.rti npo-
re3 qr{ ueiipoir,runaur).

Ko,rsopoelrii :ip. Teopir oIIoHeHrHHx xo:mopin fepinra. BuurlxueHn.s nic,rs o6pa:ia. Ko,utopoc-
neuu$iuHi rl{Iru raHrilio:sux x,uirns. S-xor6o.{xosaii xaHa,r. llopyureHHs KonE,opoBoro 3opy.

flcuxo(riu.Irca 3opoBoro crrprrriurrrrfl. @isiororiqHa ocHoBa i sn:HaqeHHr i rocrporu :opy. Tou-
KoBa. cerapa6i;mua, uouiycna i Qopr,reua rocrpora :opy. To.rroBa. cerapa6i:nna. uoHiycua i Qopr,,reriHa
rocrpora :opy. I(pururIHa Llacrora 3Jruru ceirrosux nepexriHr. Einory.nlpurrfi :ip. Cnpurirurrrr r;rr4-
6vsu. Einoxy:rxpna KoopAuHaqix pyxy o.{ei.i. Pyxu oueii rpu po3rnflAaHHs cKJranH}rx npe4uerie. Caxxa-
gu. 3oponi i,rro:ii.

3ara,rsua xapaxTeplrcrlrl(a c,ryxonoi ceucopuol cr{crerrrr. Eyloaa eyxa: 3oeuiurue, cepegue i
nuyrpiruue (:anurrca) Byxo. cDyHxuii cepeAHboro Byxa. Y:ro4xteuu.q iNaneHAaHcin. Crpyrcrypuo-
rfyrrxqiona,uua opraHi:auiq sasurxrl. Kopriin oprarr. C,ryxoai npouecu y euyrpiruHboMy ayci. C:ryxo-
nuii ru,rsx. I {eurpa,rrna L{acrlrHa c:ryxoeoi ceHcopr"loi clrcreMH.

flpoqecu'rpallcA-yltltii irpauc{ropnrauii y arryrpiurHboNry nyci. tlacrolr{r -tuenepcir. ptt;lr, Si-
xyuoi xeLLri y :aeurqi. Po:nolin LracrorHux uaxculryr,riB B3AoBlr( ocnoeHoi rr,reu6paHu. Ilocrifiui noreH-
qia,rit raua:rin 3aBr.rrr(rr (euloxox,reapuufi noreuuia,r). Mixporpounii noresuia,r sasrlrxu. MexaucrilaHc-
ayxuis y BonocxoslIx xriruHax. Xapaxrepricrr4xa Bo,'loKoH cnyxoBoro HepBa. Arvruniryluo-qacrorHe
nepexo,qyBanH, cJ'ryxoBoto peuenropHoto noreHqiary.

llcuxoQi:rrra crlyxy. fpanuui c,nyxonoi LryrnuBocri. I:orpoHu. Moeua o6,racrs. flopir po:pi:Hen-
H.fl r{acror. fyuHicrr 3ByKy. llopir po:pi:Heunfl. ctrrv 3ByKy. 3eyrona rpaBN,{a. C,ryx n yMoBax uyMy.
Alanrauiq clyxoaoi cettcopuoi urcreN,ru. Cnyxoea opieurauix y npocropi. flopyureuH.fl cnyxy. 3oeuiu-
uifi c,ryxosufi auapar. Eu,loxox:reapuuii rrpore3. Eioaxycruxa ra 6oporr,6a : ruxiAHuKaMr.r.



Hrcxosa ceHcopHa cucreMa ,'rroArrHrr. 3araussa oprauisauis i eilactunocri. Flrcxoeufi entte:rttI.
K:riruun HroxoBoro enire:riro. MexaHisNa rpaHcAyKrlii y uroxonax uefipouax. Crpyxrypa peqerlropHux

Moirer(yn. Hroxosa qrr6y:ruua. Mixrrurirui*ri 3s'.fl:xu y uroxoeifi qu6y.nuui. I-{eHrpa-usui se'.sgKu nroxosoi
ceucopuo'i cncreMrr. K:racu$ixaqix naxyulrx per{oBr.rH. O:rsSaxrusHi i ols$axrtlsuorpuriuiua,utHi :a-
laxlr. I{ounencauig sanaxie.

CMaKosa ceHcopHa cucreMa !.rrcArruu. CNlaxoei peuenropl{ fl3Lrta. K,racraSixauia. po:uiuleHHfl.

BJracrnnocri it iuuepnaqiq. 3ouu cneuurfiuuoi ceucopuoi vyuunocri. I-{eurpaJrbHa qacrllHa cMaxosoi

ceHcopnoi cHcreMu. Cl,raKoei pea{oBr.{Hu. KnaoiQixauix. Bu6ipKoBe BTIKJIToLIeHH.I. Kourpacr.
Corrarouicuepalrr,Ha cerrcopHa cucreMa Bia.{yrrs pinuonaru. Eyloea necru6yllpHoro anapary (oro-
riroeuii alapar i uiexo,roni xaua,ru). OpieHrauia nisrcoroeux xaHa-uie e npocropi. Borocitoei xlirusu
eecru6y-uxpuoi ceucopHoi cucreuu. Tpaucaynqix y BoJrocI(oBHx x.niruuax. AAexsarui cruuylu peqen-

ropin oro,riroeoro anaparv i ninxo,roeux xaHa-[in. I{eurpa-.rrHa LIacrIlHa necru6y:rrpHoi ceucopttoi ct'tc-

reN{r4. Becrlr6y:upHi pe$lerccn. Y:ro,qrresicrs ar(rr4BHocri oro:rirosoro anapary i peuenropie ruui. Bec-

urSy:upur.iii sicrarn.
C:ryxosa opieurauir y upocropi. flopyrueuiu cnyxy. 3onuiuruiii c:tyxoallii arapar. Bi6poxnopo-

6a. Komeapui iunnaul.r. Eioniqni Byxa. Ar<y6aporpaBN{a. Ororeuaroua. .Bu6yxoBa rpaB},{e By-

xa/axycruuHa rpaBMa i arpara c,rryxy. Po:po5xa nilxo,qis go rixl,nauHs nocrpa)KnarHx 3 aKyrpaBMolo.

Couarn.rHa uy'r;lunicrs. PeqenropHufi arapar urxipu. Tepr'ropeuenqis. Xo;ro:loBi i ren,roei pe-

uerropr4. Tarru-utni peqenropu. fludly:uui.r Aourx. I(iuecrerHtIHa qyrr]reicrb. Eugoonpore3yBaHHrl.

Eraonpore3yBaHHfl. flporesu: rrrexasiqui, a6o uroai; 6iouriuni, a6o uioe:rexrprz.rHi; ri6pr.r4Hi (rcol,r-

6iuonaui) i cneuia:mni npore:u AJrrr neBHux au,rie nis:muocri. EH4orcopnopa:mui opaHl{. lllryuHi
opraHr{.

3ara.nsui uig.lyrrn. 6o,rbosa ceHcopHa crrcreNra. Houiqenuil. Tunu i xounoueHru 6o,1110. Es,qo-

reHHe i eraoreurre riLrrbNrvBauur 6o1rc. M's3oee eig.lyru i rcinecresiq. Peuenropu l.t'l:in i cyxox<u,rr,.

Binuyru no3rr pyxy crrrru. Biguyrrx ro-rroAy. Anerur. CHricrr. Bia.iyrrq cnparu. llpea6cop6rnaHe i

nocraScop6rr{BHe yraMyBaHHq cnparu.

s. METOAO,TIOTIfl HAyI(OBI4X AOCTIAXEHb y EIOOT3I4III
Hayxa ii naynoni Aoc.niAirteuHrr y cyrrircr{oNr}' ceiri. BuulrrcsesH, ra eao,rtouis HayKH. Bu,ru ra

o3HaKH Hay1oBoro .qoc,niA;xenHq. OcHoBrri uavxoei rareropii (uero,t .qoc:ti.I;xeHHrt, Ha.YKoBi ( axril. aaui"
rinole:n, reopii). Opraui:aqil uayronoi Airr,rsuocri n Yxpaisi. Cucrena HayKoBI{x cryneuin i seaHr e

iuurux rpaiuax. OcuoeHi uayxoni 3aKnaArr Yrcpainu 6io:roriqHoro cnprMyBaHHs. Micue 6ionorii ra 6io-

Qisr.l<u cepeA rpupoAHuqllx HayK. Cyvacui 6iorfi:uuui MerorI'I Aoc:rinxteHuq.
MeroAoloril, nlerogurca i tneroArr rraynoBoro Aoc,riqxenHfl. OcHosui noHqrrq: MeroA, Meron,fi-

xa, 3aci6, anropurM eiii. O6'exruBHa ocHoBa 3acrocoBuocri uerolis. Tliuo,roris N.terorfis. 3aranssona-
yxoni \,reroAr{.

Ocuoeu NreroAo,rrorii ;roc,ri.qixeus euniprlLrHoro pinHx. Mero-qu eltnipuuuttx roc,riAxeHb. OcHosl'f

N{ero,qoJtorii loc,rilxeHb reoperr{qHoro piaHx. Mero.4tr reoperLIqHLtx roc:ri.qxtesr.
Cyruicrs rrayr(oBrrx Aoc,'riAareus, iini oco6rlrsocri ra rc,racntlixaqin. Oonoeni erallu HayKoBI'lx

Aoc:ri.qlreur (nocrauoBxa Melu. 3aBAaHb, o6'exra ii npeguera Aoc,'tiA>iteuut, :rireparypuuii noruyx, Sop-
N{yn}oBaHHq 3asAaHHs. an6ip n4erorie Aoc,ri.qxieuHJ{ ra BuNIorI{ Ao uux, eKcrrepuNleur, o6po6xa ii aHa,ris

pesy,urariB eKCneplrNreury, orfopNr.rleHHfl pe:y,rsrariB eKCnepHMeury). OcuoeHi si,{oNaocri npo aiaxpur-
rs, suHaxiA i pauioua,ri:a'ropcrrci npono:uuii. flpanoei HopMH oxopoHlr suuaxoAis ra niAxpurrin. Hay-

KoBa rBopr{icrs. CuueKrI{I(a.
Iut[opivrauir"rue ra6e:rrcrreHrrfl HayxoBoro Aoc;riAxelrufi. Bi6:riorpa(ri.lut'tl"t ailapar Ha]'KoBIix .:Io-

c,ri/lx<eut. flpaau:ra cKraAaHHq 6i6:riorpa$iquoro orlicy Arq crucKia nireparypr.r i axtepe,r. Ilpanula
6iO:riorparpiquoro orucy oKpeN,{r,rx eulie goxyr,reurin. Po:rauryBaHH.s 6i6iriorpa$i'IHI'Ix :arucia y cruc-
xax ,rireparypu i .dx(epen. flpanula HaBeAeHHf rrurar i 6i6:riorpaQi.rHux rrocuJlaHb y rexcrax uayxoeu.r i

lraBrraJrbHrrx po5ir.
flouryrc iuQopnrauii y npoueci Haynonoi po6our. Oco6.rueocri rolxyKy iurfopuauii e internet.

Medline, BioMedNet. OcrrosHi noruyxoei cucreN{u gnr po6orH 3 HayKoaoro :rireparyporo 6io::criq-
uoro npo$i:lo.



ExcuepuuelrT sK MeroA HayKOBOlo AOC:liAxteHnq. 3ara'lsHa xapaKTepllcrHKa I1poueclB ]IayKoBOfo

IOcirilxreHux @opnry:rroBaHH, TeMLI HayKOBOlo {ocJ'IIAX(eHHq Ta BI'I3Har{eHHX po6o'toi rinoresu' Busua-

qeHH' eKcneprrMeury. Br,txouaHHs reopeT,qH[x i npur<na4ulIx HayKoBI{x AOCliANenr' Po:rl eKClepIIMe-

,,y u o,p,uarr,i ,nuynou,, sartrie' oco6:rueocri 6iorroriqHoro eKc[epIIMeHTy'

[poniaHi *,.roAoro.i.Ilri xonueuuii XX cr. 3ara.nsnoHayrcoai'T:l:i:tiuni npr{uul4nH: BHN{orlI

4Oreopii,nepeeipuicTl,MaKcIIMar'IbHacui.rssicrr,[pocToTa'[polHocTn'IHiN{Orxj]tlsocri'MeroAo',rori-
.rHe s a6 egnerreHHrl rrtixtAicuun:riuapHux Aoc:li A>xeur'

f[pegcran,reHH,IIra-vK0BIIxpe3YIsraris.flpaan:rrHeIIpeACTaBneH'HffLIHCJIoBI{X3Ha[IeHboTp},l-
Mal{ux pe:y,rsraria. 3acrocyBaHHfl CTaTucTHtIHoi oonooxr, pe:y:rrraris. HarIqAHe ilpencTaBJleHH'I pe-

:ylurarin y rur:r-agi ra6lut{l', pl'tcyurin, ricrorpau' 4iarpau pi:noro rrrry'

(lropn*r BrrpoBaAlneHHrr pe3y,rsrarin HayKoBoro uocnirxeurrq. MoHorpa$ir, HayKOBa crarrq'

re3, AorroBiAi. Pe6epar,.qonoeig", ur.ryn, o"i'' Iu$opuaUia' iutilopuaqifiHa 3aIIUcKa' seir no HayKo-

solocrilniii po6ori. oco6lHsocri nuponaAxeHHq pe3ynlraria HayKoBofo 'qocliANesux y nupo6HIIIITBo'

Bl.rAn rcna,ridrirraUiri,l,rx po6ir *raricrpa. iur-o'u xapaKrepl'Icrl4Ka e,Aie xeanic[ixaUii;inux po-

6ir. ililrorosqri.r eran po6oru HaA KypcoBOlO (xea-uiQirauiiiuoro) po6ororo. po6ora HaA reKcroM Kyp-

cogoi (xea,ri$ixauiiiuoi) po6orri. flpr,ruqun axaAeui.ruoi 4o6pouecgocri. fl:rariar. Aurt,ttr,rariarui ctlc-

reNru. Otfopr'uen*,, *ypto"oi i neanicf ixauiiiuoi po6ir' 
euti ceN{iHap, :ara,uui npa-

Clopuu :eirnocri rpI'I HayKoBoMy nocnilxenHi' Hayr<onrlii :nir' nayxol

Buna BeAeHns :anptcie e(clepu\{eHT1B' 'lluoi po6orn. CyrHicrb ra- 
Of.oHirauii cauocriirHoi pooorlr cryleurin. Heo6xilHicrb caN'rocr':li;r:i::;:r;'i;

crpyKr,vpa catrlocrilisoi po6oru. Po,lr, ra uicue BHI(IaAaLIa e opraui:auii cauocriiiHoi po6oru' lnluntlY-

a,risaqig ra axrnei:auiq caN{ocrifisoi po6oru. uf:r.flxu rroAa,rbrrroro yAocKoHar'rroBaHH'I cal'locrifiitoi

po6oru. Ilpaxrr1uni f.nonn.rruuii cryleurosi uloAo opraui:auii calrocriiiltoi po6oru

fliAroronrca Ao 3axrrcry i :axuct r.yp.our,x i gttn'roml'I 
l,r^o6it' 

Hanncasufl 'qoIIoBlAl l IIlAloTo-

BKa rpe3eHrauifiuoro r,arepialry. ilonoaixeusr niA qac Aonosiri' kepisHriureo i peueH3yBanur raa"ii$i-

xauiiiuux po6ir' fiuceprauiiirta po6ora : o,,'o,r.
I{ayxona ro *aioLo,roriqna Iry!'IbTypa flI( qI'IHHI{K niAeI'l,IeHHl etfexrrannocri nayxoBol A1{nLHo-

cri. Ilougrrs Hayr{oBoi ra neroAoro.irroinyruryprr' CyuacHi yMoBn Sopr'ryaaulrs HayKoBoi xy:,orypu'

ftpo6nerrra uiAeHUreuHx erpexrueu".r;;;;,.*"_l;;::::cri ra pi:*ro*,a*ri,q ni.qxoris ro fi poae'r:auux'

pe(r.nenci,r HaA BnacHuu Aoc:ri.quur{K,rN,r .qoceiAoNr flx 3aci6 niaorru.rnr ecferrunuocri Hayxoeoi Aiqrl-

uocri.
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