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®DOH/1 OLIEHOYHBIX CPEICTB M0 AUcUUILTHHE « KOHIIeNIK 1 MeTo bl OMOIOTHYECKIX HAYK)
o HanpasneHuio noarotoBku 06.03.01 «buonorus» GI'OY BO «Yenl'V»

ctp. 2

IHACHOPT ®OHJAA OHEHOYHBIX CPEJICTB
Hanpasnenue noarorosku: 06.03.01 buosorus

Jucuurmaa: KoHtenmy 1 MeTo bl OMOJIOTHYECKUX HAYK
CemecTphbl u3ydeHus: 6
®dopMa IPOMEKYTOYHON ATTECTALIMK: 3a4ET

2. MIEPEYEHb ®OPMHPYEMbIX KOMIIETEHIIUM U DTAIIBI X

POPMHUPOBAHUA

2.1. KomneTeHuu, 3aKpeniéHHble 32 TUCIHIJIHHOMI
I/I3yquHe JOUCIHUITIJINHBI «KOHHCHHI/II/I U MCTObI 6I/IOHOFI/I‘-ICCKI/IX HaYK)) HaHpaBHCHO Ha
(dbopMUPOBaHUE CIETYIOIINX KOMITETCHIIUH:

Kogpt PesynbTarst Konwt v conepxannie | IlepeueHp IU1aHUpYEMBIX PE3YIbTATOB
KOMIICTHIINH OCBOEHHUSA WHIUKATOPOB 00y4eHHs 110 TUCHUIIIIMHE
(mo ®I'oC) OIIOIL
Conepxanue
cornacHo ®I'OC
VK-1 CriocobeH VK-1.1. Beimonusiet 3HaTh:
OCYILIECTBIISATE nouck uapopmanuu, | g noctmwkerus YK-1.1 3HaTh: }
. | ompenenseT KpUTepUu | OCHOBHBIC BU bl HCTOYHUKOB 3HAHUM
MOUCK, KPUTHYECKUI
CHUCTEMHOI'O aHaju3a | MO JUCLUUILIMHE
aHAIMS | CUHTC3 MOCTaBJICHHBIX 3a/1a4 | YMETh:
uHOpMaLH, VK-1.2. Ucnonedyer | J{nst noctuxenus YK-1.1 ymers:
MPUMEHSITh KPUTUYECKHUM aHAIIU3, | OCYIIECTBIATH MOUCK U
CHUCTEMHBIN 110 X0 CUCTEMAaTU3allnu0 U HHTCPpIIpCTALIUIO I/IH(l)OpMaIlI/II/I;
JUISL PelleHus 00o011eHne MOJIb30BaThCA Pa3HBIMU BUJIAMU
uH(pOpMaIUU s CUCTEM
MOCTaBJIEHHBIX 3a/1a4
pelIeHus MOMCKA TAHHBIX, IPUMEHSIEMBIE B
MOCTaBIIEHHBIX 3374 | Npo(ecCuoHaTbHON
JIeSITEIIbHOCTH
Bnaners:
Jns moctmkenns YK-1.2 Bnagers:
TEXHUKOU MOJy4YEHUsI COBPEMEHHON
MH(pOpMaLIMU IO Pa3HOOOPa3HBIM
npobaeMaM OHOJIOTUH
IIK-1 CriocobeH npumensTh| TIK-1.1  IlpumeHnser | 3HaTh:
COBPEMCHHBIC TPUHIAITBI QHATIH3a Ins poctmkenns I1K-1.1  3HaTh:
MeTozEl 06paboTky, MH(OpMALHH, TEOPETUYECKUE OCHOBBI COBPEMEHHBIX
aHanmai 1 chHTe3a TPUHIMIIBL  PAabOTBI IKCHEPUMEHTAIBHBIX METOL0B
TI0NIeBOH, . | coBpemennoit VMeTh:
MIPOU3BOJICTBEHHOMN 1 :
J1aGOpaTOpHOt annapatypel W ns  poctmxenus TIK-1.5  ymers:
GHOIOYECKOI BBITHC/ITCILHBIX MPUMEHSATD AKCIIEpUMEHTAJIbHbIE
I/IH(I)OpMaL[I/H/I, CpencTs METOAbI onoJiornu B pa6OTe C
TIPaBUJIA COCTABIICHUS IIK-1.5  Mcroms3yeT | guonormueckumu 06beKTaMU B
METOJIbl  paboThl  C

HaYyYHO-TCXHHYCCKUX

MOJIEBBIX U JIAOOPATOPHBIX YCIOBHIX

B OI'eOY BO (el 'V»
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IMPOCKTOB U OTUCTOB

COBPEMEHHOI
arrapaTypou U
BBIYUCIIUTENIHBIMU
CpeicTBaMu; METO/IbI
CTaTUCTUYECKON
00paboTkH
MOJTyYEHHBIX
AKCIIEPUMEHTAIBHBIX
JTAHHBIX

Bnaners:

COJAEPKAHUE OHEHOYHBIX CPEACTB 1O AUCHUIIJIMHE
3.1. Buabl OlIeHOYHBIX CPEICTB

Kon

HanmenoBauu
€ OLICHOYHOT'O

HanmenoBanu
€ OLIEHOYHOI'0

No KonTponmupyembie CpeACTBa HA
KOMITCTCHITUH/TTAHUPyEeMbIe CpeacTBa s
/i TEMBI/pa3Ieibl MIPOMEKYTOYH
pe3ynbTaThl 00y4eHUS TEKYILEro z
Oif aTTecTalnuu
KOHTPOJIS
Ne 3apanus
YK-1 1. Tlousitue n| Cobecenosan | 1-18
Jna  noctwxenus YK-1.1| Bumbl 00beKTOB ue / yCTHBIN
1 3HAaTh:  OCHOBHBIE  BHJBI | OHOJOIHMYECKOIO orpoc,
UCTOYHUKOB  3HAHMW 110 | IIO3HAaHUSA U JTOKJIaJ, 3cce,
JTUCLUTUIHHE CTPYKTYpPY TeCT
Ymers: OMOJIOTMYECKUX HaYK.
Jna  poctwxenus  YK-1.1 | 2. OcHoBHBIE
YMETB: OCYIIECTBIATh MOMCK | KOHLECIIINA
u HWHTEPIPETALUIO OMOJIOTHYECKUX HayK:
uH(pOpMaIUK; TOJIH30BATHCS Onorenes, — KiICTOYHAs

pa3HbIMU BUJAMH CUCTEM

MTOMCKa JAHHBIX,
MIPUMEHSIEMbIE B
npodeccnoHaTbHOM
JIeATEILHOCTH

Bmaners:

Hna  pocrmkenus  YK-1.72

BJIAJICTh: TEXHUKOHN MOIyYeHHUs|
COBPEMEHHOM MH(popMauu 1d
pazHooOpa3HeIM  MpobiIemMam
Ouonorun

TEOPHsI, TCHETHYECKUE
MEXaHU3MBbI U
IBOJTIOLIHS,
(heHOoTUNOoB,
CHHEpIeTHKa,
KOHIICTIIIUS PETYJISIUH,
BUTaMHHBI u

TEOpHst

KO(hepMEHTBI, TOPMOHBI.

3. KOHIICTIIINU
OMOJIOTrMYECKHUX HaYK:
9KoJIoTUs U 6uocdepa,
0COOEHHOCTH JKHBBIX
OpTraHHU3MOB,
OHMOJIOrMYECKHE PUTMBI

B OI'eOY BO (el 'V»
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4. O630p n Hoxnan Keiic-
KrnaccuuKanus sananne (COI)
METOI0B
OMOJIOTHYECKUX
HCCIICIOBaHMI
[K-1 1. Ilousarue u| CobOecenosan | 1-10,16-18
s moctmxkenus TIK-1.1 | Bujgbl 00bEKTOB ve / yCTHBIN
3HATh: TEOPETUYECKUE | OUOIOTHYECKOTO onpoc,
OCHOBBI COBPEMEHHBIX | IIO3HAHMS M | JIOKJaJ, 3CCe,
IKCIIEPUMEHTATBHBIX CTPYKTYpPY TECT
METOI0B OHMOJIOTMYECKHX HAYK
Hnsa poctmwxkenuss  [IK-1.5| 2. OcHoBHbIE
YMETh: MPUMEHATh | KOHIICIIUU

IKCIIEPUMEHTAJIBHBIE METOJBI | OHOJIOTHYECKUX HAYK:
Ouonorun B  paboTe c| OMOreHes, KI€TOYHAs
OMOJIOTUYECKMMU OOBEKTaMH | TEOpHs, TEHETHUYECKUE
5 B TIOJICBBIX W JIA0OPATOPHBIX | MEXaHHU3MEI u
YCIIOBUSIX IBOJIFOLINS, TEOpHs
(dheHoTUNOoB,
CHHEpIeTHKa,
KOHIICTIIIUS
peryJisiuy,
BUTaMHHBI u
Ko(epMeHTHI,
TOPMOHBI.

3. KOHUENIUU
OMOJIOTrMYECKHUX HaYyK:
9KOJIOTHUS u
ouocdepa,
0COOEHHOCTH KHUBBIX
OpTraHUu3MOB,
OMOJIOTrMYECKHE PUTMBI

Ipumeuanue: munogvie 3a0anus, Kpumepuu U NOKA3AMENU OYEHUBAHUSL 8 PAMKAX
meKywe2o KOHmMpOJisi Npe0Cmasienvl 8 paboueli npocpamme OUCYUNIUnbl (Mooyis). [lonnvle
KOMNIEKMbl OYEHOUHbIX CPEOCME U KOHMPOTIbHO-USMEPUMETbHBIX MAMEPUANO8 XPAHAMCS HA
Kagedpe.

3.2. CoeprxaHue OLIEHOYHBIX CPEACTB

OreHOYHBIE CPEICTBA MPOMEKYTOYHOM aTTECTAIMH 10 JUCTHILTHHE «KoHIenuy u
METO/IbI OMOJIOTUYECKUX HAYK» MPE/ICTABICHBI IEPEYHEM BOIIPOCOB K 3a4ETy U KPATKUM
TUTAHOM OTBETA Ha HHX.

Bonpocul k 3auemy

B OI'eOY BO (el 'V»
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1. CucreMHBIN TOIX0
HAIPaBJICHUE METOIOJIOTUH HAYYHOT'O TIO3HAHWSI, B OCHOBE KOTOPOTO JICXKHUT PACCMOTPECHUE

00BEKTa KaK CUCTEMBI: LIEJIOCTHOIO KOMILJIEKCA B3aMMOCBS3aHHBIX 3JICMCHTOB

(H. B. banay6epr, B. H. Canockuii, D. I'. KOauH); COBOKYITHOCTH B3aUMOICHCTBYIOIINX
00bexToB (JI. pon bepranandu); coBokynHoCTH cyniHocTel U oTHomeHui (A. . Xom, P. U.
Deiimpxun, no3aauii JI. bon bepranandu).

OcCHOBHBIE TPUHIIAITBI CHCTEMHOTO TIOIX0/1a:

L es10cTHOCTB, ITO3BOJISAIOIIAS PaCCMATPUBATh OJTHOBPEMEHHO CUCTEMY KaK €TMHOCIIEII0e
U B TO K€ BpeMsl KaK IMOJACHCTEMY ISl BBIIIIECTOSIIINX YPOBHEH.

HMepapXu4yHOCTH CTPOEHHSI, TO €CTh HAJTMYKE MHOXKECTBA (IO KpaitHel Mepe, TBYX )
AJIEMEHTOB, PACIIOJIOKEHHBIX Ha OCHOBE MO JYMHEHUS SJIEMEHTOB HU3IIIETO YPOBHS 3JIEMEHTaM
BBICIIETO YpOBHs. Peanu3arius 3Toro nmpuHIKIIA XOpOIIO BUIHA HA TpUMeEpe 1000
KOHKpETHOU opranmu3anuu. Kak u3BecTHO, 1r00ast OpraHu3aius IpeCcTaBiIseT OO0
B3aMMOJICHCTBHUE JABYX MOACHCTEM: YIPABIIAIONICH U yrpasiasieMoil. O1Ha MO TYMHAETCS

JIPYTrOil.

CrpykTypu3anms, N0o3BOJISIONIas AHATTM3UPOBATh AIEMEHThI CUCTEMBI U UX
B3aMMOCBSA3U B paMKaX KOHKPETHON OpPraHW3allMOHHON CTPYKTyphl. Kak nmpasuio, npouecc
(GyHKIIMOHMPOBAHUS CUCTEMBI 00YCIIOBIIEH HE CTOJIBKO CBOMCTBAMH €€ OT/IEIBHBIX AJIEMEHTOB,
CKOJIBKO CBOMCTBaMM CaMOM CTPYKTYPBI.

MHo0:keCTBEeHHOCTbD, [T03BOJISAIOIAs UCII0Jb30BATh MHOKECTBO KUOEPHETUUECKHUX,
9KOHOMMUYECKUX U MATEMATUYECKUX MOJIEJIEH JIUIsl OTIUCAHUS OTAEIbHBIX JIIEMEHTOB U CUCTEMBbI
B LIEJIOM.

CucreMHOCTB, CBOIICTBO 00BEKTA 001a/1aTh BCEMH MPU3HAKaAMH cUCTEMBbI [IpUMEHUTENBHO K
OMOJIOTMU MOKHO OTMETHUTD, YTO JKUBBIE CUCTEMbI BCEX YPOBHEH OpraHU3alMy MPeICTaBIIsIOT
co00i Hepa3pBIBHYIO CTPYKTYPHO-(PYHKIIMOHATBHYIO COBOKYITHOCTh OPTaHU3MOB H CPEIIbl MX
OoOUTaHUs, CBSI3aHHYIO IOTOKAMU 3HEPTUM, BElIeCcTBa U HHPOpMaLUU. ITO OTKPHIThIE
CaMOPETYJIMPYIOLIMECS U CAMOPA3BUBAOLINECS CUCTEMBI, COCTOSIINE U3 ITOJICHCTEM.
CrnenoBatenbHO, )KUBas IPUPO/Ia SIBISIETCS LIEIOCTHONU, HO HEOJHOPOIHOM CUCTEMOM, KOTOPOI
CBOMCTBEHHA MEpapXxuyecKas opranusanus. Mepapxuueckuil NpuHIMI OpraHU3alun
MTO3BOJISIET BBIIETUTH B )KUBOM MPUPOJIE OTAENIbHBIE YPOBHHU, UTO YAOOHO C TOUKU 3pEHUS
U3Y4EHHUs )KU3HU KaK CIOKHOTO MPUPOJHOrO sIBJIcHUS. OCHOBHBIE CBOICTBA KMBOIO.

1. Xumunuecknii coctas. )KuBble OpraHU3Mbl COCTOST U3 TEX )K€ XUMUYECKUX DJIEMEHTOB, YTO
U HEXKMBBIE, HO B OPraHU3Max €CTh MOJIEKYJIbI BEILIECTB, XaPAKTEPHBIX TOJIBKO AJIs AKUBOTO
(HYKJIEMHOBBIE KUCIOTBI, OCJIKH, JTUIH]IBI).

2. INCKPETHOCTH U LeJIOCTHOCTE. JIt00as 6uonoruueckas cucrema (KieTka, OpraHu3M, BUI)
COCTOMT U3 OTAENBHBIX YacTell, T.e. TucKkpeTHa. B3aumoneiictBue 3Tux yacrteil oopasyer
LIEJIOCTHYIO CUCTEMY (HAaIpUMep, B COCTaB OPraHW3Ma BXOAT OTJENIbHbIE OPTraHbl).

3. CTpyKTypHasi opranu3amnus. Bce KuBble CHCTEMBI - 3TO KOMITJIEKC CIIOXKHBIX
CaMOPETYJIUPYIOIIUXCS MPOILIECCOB 0OMEHA BEIIECTB, MPOTEKAIOUINX B OIPEIEICHHOM
MIOPsAJIKE, HAIIPABJIEHHOM Ha MOJAECPKAHKUE ITOCTOSHCTBA BHYTPEHHEN CpPENIBI.

4. Pa3npa:kuMocTh U ABM:KeHHe. Bce )KuBoe pearupyeT Ha BHEILIHKE BO3AeHCTBUS Oyaroaaps
CBOUCTBY paszdpadicumocmu. Hanpumep, pacTeHUs: pearupyroT Ha pa3ipakuTelld B BUJIE
TPOMU3MOB (M3MEHEHUS HAIlPaBJICHMsI pOCTa MO HAIPaBIEHUIO K CBeTY). JKUBOTHbIE OTBEYAIOT
Ha BO3JIeiicTBHE ABMKEHHEM (YOeraroT IpH BUJIE OMACHOCTH, IBUXKYTCS K MHUIIIE U T.I1.).

5. CamoperyJsinusi M romeoctas. JleiicTBue pa3zapakuTesiell BHEIIHEH cpesibl MPUBOAUT K
M3MEHEHHIO COCTOSIHUS oprann3Ma. CrocoOHOCTh OpraHu3Ma MPOTHUBOCTOSATH BO3IEHCTBUIM
cpensl obecriednBaeTcsi FoMeocTa3zoM. [ omeocmas — MOCTOSIHCTBO BHYTPEHHEHN cpeibl
opranusma. ['omeocras noaaepKuUBaeTCsi KOOPAMHUPOBAHHON AEATEIBbHOCTBIO KIIETOK, TKAHEH

u ()([))FaHOB oprannisma, 4To ABJIACTCA IMMPU3HAKOM CaMOPCTYIISAINN.
6. O0MeH BE€IIECCTB U JHCPIruA. JKusnie OpraHu3Mbl — OTKPBITEIC CUCTEMEI, O6M€HI/IBa}OHII/IeC$I
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https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%B0%D1%83%D0%B1%D0%B5%D1%80%D0%B3%2C_%D0%98%D0%B3%D0%BE%D1%80%D1%8C_%D0%92%D0%B8%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%B4%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9%2C_%D0%92%D0%B0%D0%B4%D0%B8%D0%BC_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%AE%D0%B4%D0%B8%D0%BD%2C_%D0%AD%D1%80%D0%B8%D0%BA_%D0%93%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%80%D1%82%D0%B0%D0%BB%D0%B0%D0%BD%D1%84%D0%B8%2C_%D0%9B%D1%8E%D0%B4%D0%B2%D0%B8%D0%B3_%D1%84%D0%BE%D0%BD
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BEILIECTBOM M SHEPTUEH C OKPYKAIOUIEH CpPeIon.

7. CamoBocnpousBe/ieHHe U caM000HOBIeHHe. CaMOBOCIIPOU3BEICHUE PEATTUZYETCS YEPE3
pasHble (hopMBbI pasMHOKeHHUs (Oecronoe u mojoBoe). CaMOOOHOBICHHE — MIPOLIECC CO3IaHUS
HOBBIX KJIETOK M YHHUYTOXXCHHUS JIMITHUX B OJTHOM OpTaHU3Me.

8. )KuBomy opranu3My cBOICTBEHHA HACJIEACTBEHHOCThb, KOTOpasio0ecrieunBaeTcs
csorictBamu Mostekyibl JIHK. IIpu 3T0M MOTYyT BO3HUKHYTH HAapyILEHUs, KOTOPBIE BEAYT K
U3MEHEHUIO IIPU3HAKOB Yy IOTOMKOB - K3MEHYHBOCTH.

9. Poct u pa3Butue. OpraHu3Mbl HACIEIYIOT TEHETHUECKYIO HH(OPMAIIHIO O PAa3BUTHU TEX
WIN UHBIX IPU3HAKOB OT CBOMX pOAMTENEH. DTO MPOUCXOAUT BO BPEMsI HHANBHUYaIbHOIO
pa3BUTHUS — OHmMozene3a. Ha onpeneneHHOM dTare OHTOI€HE3a OCYILLECTBIISIETCS pOCm
OpraHu3Ma — yBeJIMUYEHHE Pa3MEPOB 3a CUeT OMOCHHTE3a HOBBIX MOJIEKYJI U YBEJIUYEHHUS
KOJINYECTBA KJIETOK. PocT conpoBoxxaaercs pazsumuem — HEOOPaTUMBIM IPOLIECCOM
U3MEHEHU

10. DBoJronusi. DBOIOUS — MPOLECC PA3BUTHUS K M3MEHEHHS KU3HEHHBIX (POPM,
XapaKTEepU3yeTCsl MOBBIILIEHUEM YPOBHSI OpraHU3aliy IpeICTaBUTeNEH OCIEeNYOIIHNX
HOKOJICHUH 110 CPABHEHUIO € IPEALIECTBYIOIIMMU OKOJIEHUSIMH. I C MOMEHTA POXKJIECHHS 110
CMEPTH. IIKOJIaX MapajlieJIbHO C ECTECTBOZHAHUEM PEILAIMCh 110 CYIIECTBY T€ XK€ 3a7aun
0CO3Ha HHUS )KUBOTO ITOCPEACTBOM BBIPAOOTKU KaTErOpHaabHO-IOIMYECKOr0 anmapara
BOCIPOU3BEICHUS I€HCTBUTEIBHOCTH U IPOHUKHOBEHUS . Pe3toMupys 1oCTUXKEHUS B
MO3HAHUS )KUBOTO B TPAIULIMU (HHIIOCO(UU IPUPOJIBI HEOOXOAUMO OTMETHUTD CIIEYIOLIEE.
dunocodsl BEIpabOTAIH TEOPETUIECKOE MPEICTABICHUE O )KUBOM, KOTOPOE MOKET OBITh
HPUHATO B KAYECTBE OHTOJIOIMYECKOI'0 OCHOBAHHUS IPOBOIUMOIO HCCIIEI0OBAHUS.
Haubonpmmii Bkiaa B GOpMYITHPOBKY JAHHOW KOHIICTIIUU BHECIH MTPEICTABUTEIH HE
MELKON KjIaccuueckoil guiaocoduu B 31oxy, Korjaa Guiaocous U ecTeCTBO3HAHUE
COCTaBJISUIM OAHO 1iesioe. JKrnBoe Kak 00bEKT TEOPETUUECKOI0 O3HAHUS KOHIIETITya
JU3UPYETCs B BUJIE opraHndeckoi nenocruoctu (M. Kanr), kauecTBeHHas onpeielIeHHOCTh
KOTOpOM yCcMaTpuBaeTcCs B €€ ca MOAKTUBHOCTHU (CaMOOpraHU3aliu), OCMbICIIMBAEMOMN Ha
OCHOBE BO3BPAaTHOr0 NMpUYMHEHHUs (camonpuunHeHus). CyliecTBEeHHBIM MOMEHTOM
CaMOOpraHU3alllU SABJSETCS] CTAHOBJIEHUE IIEJIOT0 U €0 YacTe! B €JMHOM IPOLIECCe UX
UCTOPUKO-TEHETUYECKOTO pPa3BU THs. 3aMKHYTasi IPUUYUHHOCTh 00ECIieunBaeT
CaMOOpPraHU3alMIo B BUJIE YCTOWYUBON (POPMBI.

3. HayuHo-TeopeTndeckue MO MO3HAHUS )KUBOTO

B HayyHOM MO3HaHUU KUBOTO BBLACIAIOTCS ABE JOCTATOYHO aBTOHOMHBIX BETBHU:
0JIHAa U3 HUX BOCXOJIHT K €CTECTBO3HAHUIO ((PU3UKO-XUMUUYECKHE U OMOJIOTHIYECKUE
HAyKH), Apyras — K COIIMOTyMaHUTapHOMY Mo3HaHuI0. CaMblil 00K B3I HA
HBOJTIOIMIO OMOJIOTHYECKOTO TTO3HAHUS B PYCJI€ TEOPETHKO-HAYYHOTO B aCIIEKTE
KJIACCUYECKON HAayKH MOKA3BIBAET, YTO MPHU CO3/JTaHUH TEOPETHUECKUX MOJIENEH JKUBOTO B
X0JI€ Pa3BUTHS HAYKH MPUMEHSIIUCH Pa3IUYHBIE UCXO/IHBIE MPUHIIUTIBI KOHIIETITYaTu3aIlii
¥ MOJICIIMPOBAHMUS )KUBOTO O0OBEKTA, a TAKKE Pa3TUYHbIE METOABI IIPECTABICHUS UX
OpraHu3aIu U GyHKIIMOHUPOBaHUS. B uTore BeIpab0TaHO MHOXKECTBO MOJIENIEH U
BapHAHTOB UX KJIacCU(UKALNU, 00PA30BABIINX KOHTUHYYM MTO3HABATEIHHOTO
npoctpancTBa. OO0IIas UX yepTa 3aKJIF0YaeTCs B TOM, YTO «OJTHO CYIIlee B CBOEM
(haKTUYECKOM TMPOSIBICHUN OOBSCHSIETCS U3 APYroro Cymero. ITo MBIIUICHUE HAXOIUT
CBOE KJIACCUYECKOE BHIPAKECHHUE B MPUUNHHO-aHATUTHYECKOM METO/IE UCCIICTOBAHMS
€CTeCTBO3HAaHMS. ET0 OCHOBHON MOTHB U €r0 MOATBEPKIECHUE 3aAKITI0YEHO B TEXHUYECKOM
OBJIQJICHUH MIPUPOJION KaK CPENCTBOM....» [8, ¢. 8]. HeT HamoOHOCTH TOBTOPSITH yXKE
YCTOSIBITUICS ¥ OOIIEPHHSITHIN HCTOPUKO-TEHETUUECKUN aHAIIU3 MOJEIeH JKUBOTO B
€CTECTBO3HAHMH, U3JI0KEHHBIN, HanpuMep, B padotax B. . Kpemsiackoro [67]. B
OOIIETTPUHATOM MPEJCTABICHUHU CYTh EPBBIX €CTECTBEHHOHAYYHBIX MOJIEIIEH )KUBOTO,
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pEaTM3yIOMIMXCS B IBYX TPOTHBOCTOSIIMX IMapaUrMax — MEXaHUIM3M U BUTAITU3M —
0TOOpaxkaeTcs B MOHATHH «PEIYKIIHOHU3MY, B KOTOPOM KOHCTATHPYETCSI PACCMOTPEHUE
YKUBOUW TIPUPOJIBI CKBO3b MPU3MY TEXHHUECKOTO IKCIICPUMEHTA M OTIPEICIICHUE €€ ObITHS
100 MOCPeCTBOM Ha0Opa MPOCTPAHCTBEHHO-BPEMEHHBIX KOOPAMHAT (MEXAHUIU3M),
1100 MOCPEICTBOM BBEICHHS OCOOBIX BUIOB «HEBECOMOI» MaTEPUU M OCOOBIX
HCIIO3HABa€MbIX

«OYUIEBISIOMUX» CHJI (BUTAIN3M). C METOIOJIOTHYECKOM TOYKH 3PEHUS JIOITYCTHMO

CKa3aTh, 4TO MPUHIUN PEAYKIIMOHN3MA O3HAYAET CBE/IeHUE (PEIYIIPOBAHUE) CUCTEMBI K €€

AJIEMEHTAM U HX CBSI35IM.

4. HayuHas kapTHHa MUpa

Hayunas kapTHa Mupa — 3TO OJlHa U3 BO3MOKHBIX KAPTUH MHPA, I03TOMY €M IIPUCYILE KaK
4TO-TO 00IIIee CO BCEMH OCTAIbHBIMU KapTHHAMU MHpa — MH(OIOTHYECKON, PEITUTHO3HOM,
dmocockoit, - Tak U HEUTO 0COOEHHOE, YTO BBIJEIAET UMEHHO HAYUHYIO KapTHHY MUpa U3
MHOr000pa3us BCeX OCTaIbHBIX 00pa3oB Mupa. Kak u Bce ocTajibHbIE KApTUHBI MUPA,
HayyHas KapTHHA MUPA COAEPKUT ONPEICIICHHBIE IIPEICTABICHUS O CTPYKTYpe
IIPOCTPAHCTBA U

BpPEMEHM, 00BEKTaX U UX B3aUMOJICHCTBUSAX, 3aKOHAX U MECTE YEJIOBEKA B MUpPE. ITO TO
oO1iee, YTO IPUCYTCTBYET BO BCSIKOM KapTUHE MUpa. [ 1aBHOE %€, YTO BbLAEIAET UMEHHO
Hay4yHYIO0 KapTUHY MHUpa U3 BCEX OCTAJIbHBIX KAPTUH MUPA, - TO KOHEYHO K€ “‘Hay4YHOCTh”
9TOH KapTHHBI Mupa. [1oaTOMY, 4TOOBI MOHATH 0COOEHHOCTH HAYYHOW KapTUHBI MUPA,
HE00X0/IMMO MOHATh OCOOCHHOCTh HAyKH KaK CHEIMAIbHOI0 BHJIA YEIOBEUYECKOM
JesrenpHOCTH. HayyHas kapTuHa MuUpa BO3HUKAET KaK albTEPHATHBA PEIUTHMO3HOW. Mup u
4eJIOBEK 3/1eCh pacCMaTPUBAOTCS KaK 0OBEKTHI HcciieoBaHus. HayuHas kapTuHa mupa
chopmupoBaIach B HOBOE BpeMs 10/ CUIIbHBIM BIMSHUEM HJI€U 3BOJIIOLIMOHU3MA U
MaTEeMaTU4YeCKOoro ecrecTBo3Hanus. HayuHas kapTuHa Mupa MHTEHCUBHO HAYMHAET
ckiansiBateed B X VI-XVII Bekax, korjia Ha CMEHY T€OLEHTPU3MY IPUXOIUT
TeJMOLIEHTPU3M U BO3HUKAET KJIaccHuYecKas MexaHuka. [lon HaydHoW KapTHHOW Mupa
MOHUMAIOT LEJIOCTHYIO CUCTEMY MIPEJCTaBICHUH 00 0OIIMX CBOWCTBAX M 3aKOHOMEPHOCTSAX
MHUpa, KOTOpasi BO3HUKAET B pe3yjibTaTe 0000IIEHUS U CHHTE3a OCHOBHBIX HayYHBIX
HNOHATHUI U NPUHIUIIOB, OTPAXKAIOLINX 3TH OOBEKTUBHBIE 3aKOHOMEPHOCTU. B HayuHOM
KapTHUHE MUpa clieayeT pa3nnyarh oomeHayuynyo (OHKM) u yactHonayunyto (HHKM)
kapTuHbl Mupa. B OHKM 0000111at0Tcst 1 CHHTE3UPYIOTCS Hay4YHbIE 3HAHUS, HAKOIUIEHHbIE
BCEMH HayKaMHM O MPUPO/JIE, 0OIIECTBE, UEIOBEKE U pe3ybTaTax ero aesreabHoctu. Cpeau
YHKM Ha3bIBaloT GU3NYECKYI0, XUMUUYECKYIO, KOCMOJIOTHYECKYI0, SKOJIOTHYECKYIO,
MH(OPMALIMOHHYIO U T.JI. KapTUHBI MUpa. COOTBETCTBEHHO, HAPSIy C MOHITHEM
¢$u3nUecKoil peaJbHOCTH B HAYYHOH KapTHHE MUpPA MPUCYTCTBYIOT MOHATHS
OMOJIOTMYECKOM, COIUATBHOM, UCTOPUYECKON U JTaXKe JIMHTBUCTHYECKOW PEaTbHOCTH.
Kaxnas u3 3Tux peagbHOCTEN TakKe NpeACTaBiIseT cOO0N CHCTEMY TEOPETHUECKUX
00BEKTOB, OCTPOCHHBIX OMOJIOTMUECKUMH, COLIMOIOTMUECKUMH, UCTOPUYECKUMHU U
JMHTBUCTUYECKUMU TEOPUSIMH COOTBETCTBEHHO. [ TaBHass 0COOEHHOCTh HAYYHOW KapTUHBI
MHpa COCTOUT B TOM, UTO OHA BbICTpauBaeTCs Ha 6a3e hyHIaMeHTaIbHbBIX PUHIIUIIOB,
JIeKalIMX B OCHOBE TOM Hay4YHOM T€OpUHU U TOM 00JIacTH HAyKH, KOTOpas 3aHUMaeT B
JAHHYIO SIIOXY JIMUpyroliee nojoxenue. Hayynas kaptuHa Mupa npearonaraer, 4ro
OKpPY’KaroIINi HaC MUP COCTOMUT U3 ABYX Hadald — GopMbl U MaTepuu. opmbl — 3TO IPOCTO
Jpyroe Ha3BaHUE Ul PA3IUYHBIX MATEMaTHYECKUX CTPYKTYP, COCTABIISIOUINX KaK Obl
3aKOHOMEPHBII U JIOTHUECKU CKEJIET BCeX MPOIIECCOB U ABJIEHUH B Mupe. Takum oOpazom,
B OCHOBE BCET0 JIS)KAT CTPYKTYpHBIE ()OPMBI, BBIpaXKaroliye ce0s B Uuciiax, orepanusix u
oTHoHIeHMsIX. HayuyHast kapTuHa MHpa TakkKe MPeArnoaaraeT, YTo CTPYKTYpbI-hOpMBI
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00JIeKal0TCs B MAaTEPUIO U PEAU3YIOTCSI TAKUM 00pa3oM B BUJIE OECKOHEYHOTO
pa3zHo00pa3us UyBCTBEHHO BOCIIPUHUMAEMBIX SIBJICHUM U mpoueccoB. CTPYKTYpbl HE
IIPOCTO MOBTOPSIIOT c€0sl B YyBCTBEHHO-MATEPUATIbHOM MUPE, OHU BO MHOTOM
npeoOpas3yroTcs, 0CIabAI0TCS U cMeluBatoTest. Haydnas kapTuHa Mupa rnpeamnosaraer,
YTO MBI MO’KEM ITOHATH OKPY’KAIOIUI HAC MU JIMIIb B TOM Mepe, B KAKOM MBI CMOXKEM
YBHJIETh 32 HUM JISXKAIIHE B OCHOBE (DOPMBI- CTPYKTYpPBbI. CTPYKTYpPBI COCTABIISIIOT
IIOCTUTAaEMYIO Ul HAlIETO pa3yMa 4acTb MUpa. GOpMbI- CTPYKTYpbI COCTABIISIFOT
JIOTUYECKYIO0 OCHOBY HE TOJIBKO JIEXKAIllel BHE HAILIEIO CO3HAHUSI pEaIbHOCTH, HO OHU K€
ABJISIFOTCSI JIOTHUECKUM (DyHIaMEHTOM 4YeJI0BEUECKOro pasyMma.
CTpyKTypHOE €IMHCTBO YEJIOBEUECKOTO pa3yMa U MHpa — 3TO YCJIOBUE MI03HABAEMOCTH
MUPa, IPUYEM, I03HABAEMOCTH €0 UMEHHO 4epe3 CTPYKTYpbl. MOKHO 1103TOMY F'OBOPHTH O
JBYX BUJaX MPUHLMIIOB HAYYHOU KapTUHBI MUPA: | ) BHYTpEHHHUE IPUHLIMIIBI HAYKH,
o0ecreunBaroIMe Hay4YHblii METO/1 IO3HAHUS KaK ONMCAHHbII BbIIIE METOJ
BOCCTaHOBJICHUS CTPYKTYD, JIEKAIIUX 32 BUAUMOMN 000JI0UYKOI YyBCTBEHHOTO
MUpa,2)BHEIIHUE IPUHLUIIBI HAYKH, OIPEEIIAIOLINe COSMHEHNE HayKH KaK METo/1a
MIO3HAHUS C TOW WM KapTUHOU Mupa.Hayka MOKeT COeIMHUTHCS ¢ 10001 KapTUHOW MUpa,
JaUIIb Obl He ObUTH pa3pyllieHbl BHYTPEHHUE NPUHLIUIIEI HayKu. C 3TOM TOUKU 3peHus
YUCTOH (T.€. HOCTPOEHHOM TOJIBKO HA OCHOBE BHYTPEHHMX MPUHIUIIOB) HAYYHON KapTHHbI
MUpa He CylecTByeT. Bo Bcex Tex ciaydasx, KOrja Mbl TOBOPUM O HAYYHON KapTHHE MHUpa,
BCEr/ia CyLECTBYET Ta WM UHAs
KapTHHA MHpa (KaK CUCTeMa BHELIHUX MPUHIIMIIOB HAyKH), KOTOpasi COrJlacoBaHa ¢
BHYTPEHHUMHU IPUHIUIIAMHU HAYKA. MOYXHO FrOBOPUTH O YETHIPEX HAYYHBIX KapTUHAX
Mupa:l) maHTencTuyecko Hay4YHOU KapTUHE MHUPa — 3/1€Ch BHYTPEHHUE IPUHLUIIBI HAYKU
COEIMHAIOTCSA C MAHTEU3MOM (3TO KapTHHA MHUpa 3110XU Bo3pokaenus),2) 1encTuueckoit
Hay4YyHOW KapTUHE MHpa — 3/1€Ch BHYTPEHHUE MPUHIUIIBI HAYKH COEAMHSIIOTCS C IEU3MOM
(“mensm”, wiu “yueHue o ABOWHOMN UCTHUHE” - 3TO yUY€HHUE 0 TOM, 4To bor Bmemancs B Mup
TOJIBKO B Hayajie ero COTBOpeHus, a 3areM bor u Mup cyIiecTByloT COBEpLIEHHO
HE3aBHCHUMO JIPYT OT APYTa, I03TOMY UCTUHBI PEJIUTUU U HAYKU TaKXKE HE 3aBUCAT JPYT OT
npyra. Takas kapTuHa Mupa npuHUManack B snoxy [Ipocelenus),3) arencTuueckon
Hay4YyHOW KapTUHE MMpPA — 3/1€Ch BHYTPEHHUE NPUHIUIIBI HAYKH COEAUHSIOTCS C aTEU3MOM U
MaTepuaIn3MoM (TakoBa COBpeMEHHasl Hay4yHas kapTuHa mupa). B Cpennue Beka
TOCIIOCTBYIOLIAs PEIUTUO3HAs KapTHHA MUpPa CIUIIKOM ITO/IaBiIsija CyIleCTBOBAaHUE U
pa3BUTHE BHYTPEHHUX MPUHIIMIIOB HAYKH, B CBSI3U C YEM Mbl HE MOXEM Ha3BaTh
CPEHEBEKOBYIO KapTUHY MHpa HayyHOU.4) TEUCTUUECKOW HAayqHOH KapTUHBI MUpa
“Ten3M” — 3TO y4EHUE O COTBOPEHUH MUpa borom n nocTossHHON 3aBUCUMOCTH MHUpPa OT
bora). PazButue coBpeMeHHOI Hay4yHOU KapTUHBI MUpa TOBOPUT 3a TO, YTO ITOCTENIEHHO
U3MEHSIOTCS BHEIIHNE IPUHIIMITBI HAYKH, OClIabiseTcs BIAMSHUE aTen3Ma U MaTeprain3Ma B
COBPEMEHHOM Hay4yHOI KapTHHE MUpa. B ocHOBe Hayku HaxoUTCS 0COO0E OTHOILIEHUE
4eJI0BEKa K MUPY. MHp MOYKHO 3CTETUUECKH CO3€PLATh, BOCIIPUHUMATh €r0 KPacoTy U
TapMOHUIO U BBIpa’KaTh UX HA OCHOBE XYyJI0’KECTBEHHBIX 00pa30B U npeacrasieHuil. O mupe
MOHO (PMII0CO(CKU PAa3MBIIUIATH, MBITasiCh OTBETUTH HA BOIIPOCHI O MIPUPOE MUPA, ETO
cyOcCTaHIMaJIbHBIX OCHOBAaHUSX, O MECTE
4eJI0BEKa BO BeeneHHOH, 0 cMbICiIax KU3HU U IIPEIHA3HAUYEHUH YEIIOBEKA.

5. Cucrema OMOJIOTHYECKUX HAYK

Cucrema 6101, HAyK Ype3BbIYafHO MHOTOIUIAHOBA, YTO O0YCIIOBIEHO KaK MHOT000pa3ueM
MIPOSIBIICHUH KU3HU, TaK U pasHOOOpa3ueM (Hopm, METOJIOB U 1IeJIeH MCCIICTOBAHMS KUBBIX
00BEKTOB, U3yYEHHEM >KMBOTO Ha PA3HBIX YPOBHAX €ro opranuzauuu. Be€ aTo onpenenser
YCIIOBHOCTD JIH000M cuctembl Ouon.Hayk. OHUMU U3 NEPBBIX B b. CIOXUINCH HAYKH O
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YKMBOTHBIX - 300JIOTHS U PACTEHUSX - OOTaHMKA, a TAK)KE aHATOMHS U (PH3HOJIOTHS YEIIOBEKA
- OCHOBa MeIMIMHEL J[pyrue kpymnHsie pasens! b., BeigensemMbie 1o 00beKTam
UCCIICIOBaHMS, - MUKPOOHOJIOTHS - HAyKa O MHKPOOPraHu3Max, THAPOOHOIIOT S -HayKa 00
OpraHu3Max, HaceJIIOIUX BOJHYIO cpely, u T. 1. Buyrpu b. chopmupoBanucs 6osee y3kue
JVCIATUTMHBL, B TIPEJIeNIaX 300JI0THH - H3yYarOIUe MICKOITUTAIOIINX - TEPHOJIOTHS, TITHI -
OPHHUTOJIOTHS, PECMBIKAIOIIUXCS U 36MHOBOIHBIX -TEPIETONOT U, PbIO U ppI0000pa3HBIX -
UXTHOJIOTHSI, HACEKOMBIX - SHTOMOJIOTHSI, KJICIIEH - aKapOJIOTHsI, MOJUTFOCKOB -
MaJIaKOJIOT U1, MPOCTEHUIINX - TPOTO300JI0THsT; BHYTPH OOTAHUKH - H3y4arOIIUe BOAOPOCIH -
QJIBrOJIOTHS, TPUOBI - MHKOJIOTHSL, JINIIIAWHUKY - TUXCHOJIOT U, MXH - OPHOJIOTHS, ICPEBbSI U
KYCTapHUKH - IeHApoJorHs U T. A. [Tonpasnenenue TUCHMILIMHE HHOTIA HIET i€ TiyoxKe.
MHoroo0pa3ue opraHu3MOB U pacHpeeiIiCHHE UX MO TPYIaM U3y4al0T CUCTEeMaTHKa
KUBOTHBIX U CHCTEMAaTHKa pacTeHH. b. MOXKHO 1Mopa3AeuTh Ha HEOHTOJIOTHIO,
U3YYaIONIYIO COBP. OPraHWY. MHUP, ¥ MAJICOHTOJIOTHIO ~-HAYKY O BEIMEPIIUX KUBOTHBIX
(maneo3oosorusi) U pacteHusx (maneodboranuka). [p. acnekt kinaccuduranuu 0oL
JMCIATUIHH - TIO0 UCCIICAYEMbIM CBOMCTBAM U TPOSIBIICHUAM )UBoro. DopMy u cTpoeHue
OpPraHU3MOB M3Y4at0T MOP(OJIOTHY. TUCIHUIIHHBI; 00pa3 )KW3HU )KUBOTHBIX M PACTEHUH U
UX B3aUMOOTHOIICHUS C YCIOBHSMHU BHEIITHEH CPEJIbI - SKOJIOTHS; U3YUEHHUE Pa3HBIX
(YHKINH )KUBBIX CYIIECTB - 00JIACTh UCCIIEAOBAHUI (PU3HOIOTUY KUBOTHBIX B (PU3UOJIOTHH
pacTeHHit; MPEeIMET UCCIICAOBAHMI ICHETUKH - 3aKOHOMEPHOCTH HACJIEJICTBEHHOCTH U
WU3MEHYHBOCTH; ATOJIOTUU

-3aKOHOMEPHOCTH MTOBEICHHS JXKUBOTHBIX; 3AKOHOMEPHOCTH WHIMBHyaTbHOTO PAa3BUTHS
u3y4daeT YMOPHOJIOTHS WK B 00Jiee IUPOKOM COBP. IOHMMAaHUH - OMOJIOTUS Pa3BUTHS;
3aKOHOMEPHOCTH UCTOPUY. Pa3BHUTHUS -3BOJIIOLMOHHOE yueHne. Kaxkaast u3 Ha3B. QUCIUIUIHH
JENUTCS Ha psn O6osee YacTHBIX (Hamp., MOpdoorus - Ha PyHKIMOHAIBHYIO,
CpaBHUTENBHYIO U JIp.). OTHOBPEMEHHO MPOUCXOIUT B3aUMOIPOHUKHOBEHHE U CITUSHHE
pas3HbIX oTpacieit b. ¢ 00pa3oBaHHEM CIIOKHBIX COUYETaHHMIA, HAIP, THCTO-, IIATO- WX
IMOPHODU3NOTIOTHS, TUTOTCHETHKA, YBOJIOIMOHHAS U DKOJIOTHYECKasi TEHETUKA U JIp.
AHaTOMUS H3y4aeT CTPOCHUE OPTaHOB M UX CUCTEM MaKPOCKOIIMYECKH; MUKPOCTPYKTYPY
TKaHel M3yJaeT TUCTOJIOTHUS, KJIETOK - IIUTOJIOTHUS, a CTPOEHHUE KJIIETOYHOTO si/ipa -
KapHoJIoTHs. B TO ke BpeMs ¥ THCTOJIOTHS, U ITUTOJIOTHS, H KAPHOJIOTHS UCCIICIYIOT HE
TOJIbKO CTPOEHHE COOTBETCTBYIOLIUX CTPYKTYP, HO M UX (PYHKIIMH U OHOXUMHY.
CBOICTBA.MOKHO BBIICIHTH B b. TMCIMITIIMHBI, CBS3aHHBIE C UCIIOJIH30BAHUEM
OTpeIeNIEHHBIX METOJIOB UCCIIE0BAHMS, HAlpUMep OMOXUMUIO, U3YYaIOLIYIO OCH.
YKU3HEHHBIE MTPOIECCHl XUMHUY. METOJJaMH U TIOAPA3ACIEMYIO Ha PsiT pa3ieinoB (OHOXUMUS
KUBOTHBIX, PACTEHUH U T. 11.), OMO0(U3UKY, BCKPHIBAIOLLYIO 3HAYEHHUE (PU3NY.
3aKOHOMEPHOCTEH B MPOIIECCcax KU3HEACSITEIPHOCTH U TaK)Ke MOpa3IesiieMyto Ha PsijT
oTpacieil. buoxumuu. u 6Mopu3NY. HarpaBIEHUS UCCIEIOBAHUHN 3a4acTyI0 TECHO
NEepEerIeTatoTCs Kak MeX /1y coO00H (Hamp., B paAualliOHHONW OMOXUMHHM), TaK U C Ap. OUOI.
JUCHUIUIMHAMMU (Hamp., B paguoduonorun). Baxuoe 3HaueHne numeer OMOMETpusi, B OCHOBE
K- pOH JIexaT MareMaThy. 00paboTka OMOJI. JaHHBIX C LEIbI0 BCKPBITUS 3aBUCUMOCTEH,
YCKOJIb3aI0IIKX MPH OMMCAHUM €JMHUYHBIX SBJICHUHN U MTPOLIECCOB, MJITAHUPOBAHUE
AKCTIEPUMEHTA | JIp.; TEOPETHY. U MaTeMaTHd. b. TO3BOJISIFOT, TPUMEHSISI JIOTHY. TTOCTPOCHHSI
U MaTeMaTh4. METObl, YCTaHaBIMBATh OoJiee 001mue 0o, 3aKOHOMEPHOCTH. B cBs3m ¢
M3y4eHHEM )KHBOTO Ha Pa3HBIX YPOBHSAX €0 OPTaHU3AIUH BBICISIFOT MOJIEKYIISIPHYIO
OMOJIOTHIO, HCCIIETYIONTYIO KU3HEHHbIE MTPOSBICHUS Ha CyOKIETOUHOM, MOJIEKYIISIPHOM
YPOBHE; ITUTOJIOTHIO U TUCTOJIOTHIO, N3yUYarOIIne KIETKH U TKAaH! )KUBBIX OPTaHU3MOB;
HOMYJSIIMOHHO-BUAOBYIO b. (cuctemaruky, 6uoreorpaguio, momyJissiuOHHbIE HApaBIeHUS]
B TEHETHKE W DKOJIOTHH), CBSI3aHHYIO C U3YUEHHEM OIS KaK COCTABHBIX YacTeH
J11000T0 BHJIa OPraHM3MOB; OHOT€OIIEHOJIOTHIO, U3YYaIOIyIO BBICIINE CTPYKTYpHBIE YPOBHU
OpraHu3aIy )KU3HU Ha 3eMIie, BIUIOTh 10 Ornocdepsl B 11ej1oM. BaxkHoe mecto B b.
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3aHMMAIOT KaK TeOPeTHY., TaK U IPAKTUY. HAIPABJICHUS UCCIICOBAHUI, PE3KYIO TPAaHHILY
MEX/y K-pPBIMU TPYTHO IPOBECTH, T. K. TF000E TEOPETHY. HAlpaBIeHUE HEM30EIKHO CBA3AHO
(TpsIMO MJIM KOCBEHHO, B IAHHBI MOMEHT HJIM B OyIyIlIeM) C BBIXOAaMH B IPAKTHKY.
Teoperud. uccae0BaHUs AETAIOT BO3MOKHBIMU OTKPBITHS, PEBOTIOIMOHU3UPYIOIIUE MH.
OTpPACIIU TMPAKTHY. AEATEIHLHOCTH, OHU 00ECIICUNBAIOT YCIIEITHOE PA3BUTHE MPUKJIIATHBIX
JUCLUTUIMH, HAIIP. IPOM. MUKPOOHOJIOTUN M TEXHUY. OMOXUMUH, 3aLIUTHI PACTCHHH,
PAaCTEeHUEBOCTBA U )KHBOTHOBOJICTBA, OXPAHbI IPUPO/IBL, TUCIUTUINH MEANKO-OHOJI.
KOMILIEKca (apa3uToJIOT s, UMMYHOJIOTHS U T. /1.). B cBOIO 04epenpb, oTpacian MpUKIIaIHOM
b. oboramaror Teopuio HOBBIMH (haKTaMy M CTAaBAT Iepe]] Hell 3aja4un, onpeaesieMble
noTpeOHOCTAMH 0011ecTBa. M3 MpakTHUECKH BaXKHBIX TUCIUILIMH OBICTPO Pa3BUBAIOTCA
OnoHNKa (M3y4eHHE TeXHUY. IPUIIOKEHUH OHOJI. 3aKOHOMEPHOCTEH ), KOCMHYeCKast
Ouonorus (M3y4eHue Ouo. 1eicTBUs (PaKTOPOB MUPOBOTO IPOCTPAHCTBA B IPOOIIEM
OCBOEHUS KOCMOCA), aCTPOOHOJIOTHSI WITN

9K300H0J0Tus (MCCIeI0BaHueE )KU3HU BHE 3eMiln). 3yueHuem uenoBeka Kak IpoayKTa u
00BEeKTa OMOIL. IBOJIOIMH 3aHUMAETCS Psil OMOJI. JUCIUIUIMH - aHTPOTIONOT U, TEHETHKA U
9KOJIOTHS YeJIOBEKa, MeJl. TeHETHKA, ICUXOJIOTHs,- TECHO CBSI3aHHBIX C COI[HATIbHBIMU
Haykamu. Oco0o0 clielyeT BIICTUTh HeCcK. (pyHIaMeHTaIpHBIX oOsactelt b., necnemyronmx
HanOosee o0uIHe, MPUCYIIHE BCEM JKUBBIM CYILIECTBAM 3aKOHOMEPHOCTH U COCTABIISIOIINX
OCHOBY CcOBp. 00mieii b. 310 Hayka 00 OCH. CTPYKTYpHO-(YHKINOHATIHHON €TMHHIIC
OpraHu3Ma - KJIeTKe, T. €. IUTOJIOTHUS; HayKa O SIBICHUIX BOCIIPOU3BEACHUS U
IPEEMCTBEHHOCTH MOP(O-(PU3NOIOTHY. OPTraHU3aINHY )KUBBIX (POPM - TEHETHKA; HayKa 00
OHTOTEHe3¢e - OMOJIOTHs Pa3BUTHS; HayKa O 3aKOHAX UCTOPUY. Pa3BUTHS OPTaHUY. MHpa -
HBOJIIOIIMOHHAS TEOPHSL, a TakkKe Pu3uUKo-xuMud. b. (Onoxumus n ouodusnka) u
busnosnorus, n3yvaronme QyHKIHOHAIbHBIC TIPOSBICHUS, OOMEH BEIIECTB M YHEPTUH B
KHUBBIX OpraHn3Max. 3 npuBeAEHHOTO JaJleKo HE TOJTHOTO MepeyHs OO, JUCIUTUTHH
BUJIHO, KaK BEJIMKO U CJIOXKHO 3[JaHue COBP. b. M Kak Mpo4HO BMECTE C COCEAHUMH HayKaMH,
U3YYaIOMIIMHU 3aKOHOMEPHOCTH HEKUBOW TPUPO/IBI, OHO CBSI3aHO C MPAKTUKOM.

6. OCHOBHBIE TOHATHUS U MOJIOXKEHUSI CHHTETUYECKON TEOPUH IBOTIOLUN

CuHTeTHYeckas TeOpHsl IBOJIOIMY — COBPEMEHHBIN TapBUHNU3M — BO3HHUKJIA B Havyaie 40-
x To70B XX B. OHa mpecTaBiseT co00i ydeHHe 00 IBOIIOIMN OPTaHUYECKOTO MHUPA,
pa3paboTaHHOE Ha OCHOBE JAHHBIX COBPEMEHHON T€HETHKH, SIKOJIOTHH U KJIaCCHYECKOTOo
JapBUHM3MA. TePMHUH «CUHTETUYECKas» UJIET OT Ha3BaHMSI KHUTY U3BECTHOI'O aHTJIUHCKOTO
sBosroroHucTa J[x. Xakcian «OBOJIOLUS: cCOBpeMeHHbIH cunTe3» (1942). B pazpabotky
CUHTETHUYECKOIN TEOPHUH IBOJIFOLIMU BHECIH BKJIa/l MHOTHE YUEHBIE.

OCHOBHBIE MOJIOKEHUS] CHHTETUYECKOM TEOPUH IBOJIIOLIUH B OOIIUX YepTaxX MOXKHO
BBIPA3UTh CIEAYIOMUM 00pa3oMm:

MarepuanoM JiIst H3BOJIIOLIUH CTY>KaT HACIEICTBEHHbIE U3MEHEHNS — MYyTaluu (KaKk
NPaBUJIO, TEHHBIE) U X KOMOMHALINY.

OCHOBHBIM JIBUXKYIIUM (haKTOPOM 3BOJIIOLIUY SIBIISIETCS €CTECTBEHHBIH 0TOOD,
BO3HHUKAIOIIUA HAa OCHOBE OOPBHOBI 32 CYIIIECTBOBAHHUE.

Hanmenbiiell enHMIIEN 3BOTIOLNY SIBIISETCS MOMYIISIIINS.

OBOJIOIMS HOCUT B OOJIBIIMHCTBE CIy4YaeB IMBEPIeHTHBIIN XapakTep, T. €. OJIUH TaKCOH
MOJKET CTaTh MPEAKOM HECKOJIBKUX JOUEPHUX TAKCOHOB.

OBOJIOIMS HOCUT MOCTENEHHBIN U JUIUTENbHBIN XapakTep. BugoobpazoBanue kak sTar
HBOJIIOIIMOHHOIO TIpoliecca MpeICTaBseT co00il mocne0BaTeIbHYI0 CMEHY OHOM
BPEMEHHOM NOMYJISALHAN YEPEI0N NOCIEYIOIINX BPEMEHHBIX OMYJIIALNAN.

Buna cocront n3 MHOXKECTBA COMOTYMHEHHBIX, MOP(OJIOTHUECKH, (PU3NOIOTHIECKH,
HKOJIOTMYECKU, OMOXUMHUYECKU ¥ T€HETUUECKH OTJIMYHBIX, HO PENPOAYKTUBHO HE
W30JIMPOBAHHBIX €UHUL] — MOABUAOB U MOMYJIALNH.
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Bup cymiectByer Kak 1IeJI0OCTHOE U 3aMKHYTOe oOpa3oBanue. LlenocTHoCTh Buaa
MOIJICPIKUBACTCS MUTPALIUSIMEA 0COOCH M3 OTHOH MOMYJISIUHU B IPYTYIO, TIPU KOTOPBIX
HaOMroaeTCsl 0OMEH ayuIeNIIMH («IIOTOK TEHOBY),
Makpo3Bosrorust Ha 0oJiee BBICOKOM YPOBHE, 4eM BHI (POJI, CEMEHCTBO, OTPS, KJIACC U
Ip.), UJIET IMyTEeM MUKPOIBOIIOIHMH. COrflaCHO CHHTETHYECKON TEOPUH SBOIOLINH, HE
CYIIECTBYET 3aKOHOMEPHOCTEH MaKPOIBOIIOIMH, OTITUYHBIX OT MUKPOIBOTIOIHMH. HBIMU
CJIOBaMHU, JIJIsl SBOJIIOLIUHU TPYIIN BUJIOB )KUBBIX OPraHU3MOB XapaKTEPHbI T€ Ke
MPEIMOCHUTKH M IBHXKYIITUE CHJIBI, YTO U JITII MUKPOIBOJTIOIIHH.
JIro0oii peanbHBbIi (2 HE COOPHBIN) TAKCOH UMEET MOHO(PUIICTH-UYECKOE TIPOUCXOXKICHHUE.
DBOJIOIUS IMEET HEHAPABICHHBIN XapaKkTep, T. €. HE UCT B HAIIPABJIICHUU KaKOK-
I1M00 KOHEUHOM LIETH.
CuHTeTHYeCKas TeOpHsI SBOJIFOIMH BCKPHUTA TNIYOMHHBIE MEXaHU3MBI 3BOJIOIHOHHOTO
mpolecca, HaKoIMuiIa MHOXKECTBO HOBBIX (DAKTOB U JOKA3aTENIbCTB ABOJIIOLIUU HKUBBIX
OpPraHU3MOB, 00BbETUHIIIA JAHHBIE MHOTHX OMOJIOTHYECKHUX HayK. Tem He MeHee
CUHTETHYECKas TEOPUS IBOJIOIUU (UM HEOJapBUHU3M) HAXOAUTCS B pyclie TeX UAeH u
HaIpaBJIeHUH, KOTOpbIe ObuTH 3a0XkeHbl Y. JlapBuHOM.

7. EctrecTBeHHBIN 0TOOD, €ro GOpMbI U BIHsIHHE Ha reHOGoH ] monyisauuii OT6op — 310
g depeHmraIbHoe (HEOJMHAKOBOE) M HECITydaifHOE (3aBHCHMOE OT
IpUCIOCOOIEHHOCTH ) BOCIIPOU3BO/ICTBO T€HOTHUIIOB. TO €CTh B OCHOBE MeXaHH3Ma 0T0opa
JICKUT HEOTMHAKOBAS IPUCIIOCOOICHHOCTD, HITH HepaBHAsA cpeaHss 9)(HEeKTHBHOCTh
BOCIIPOU3BOICTBA 0CO0EH, UMEIOIIMX Pa3IMYUs 10 HEKOTOPBIM IeHETUYECKH
00yCJIOBJICHHBIM MpU3HaKaM (peHoTHna. AGcomoTHas nmpucnocodieHHocTs (F)—3to
BEJIMYMHA, sIBIIsAOLIasics QyHKIKEH OT IBYX KIIIOUEBBIX [IE€PEMEHHBIX: BEIKUBaeMOCTh (B) u
w1010BUTOCTH (I1) BEDKHBaeMOCTh — IPOLIEHT OIUIOAOTBOPEHHBIX SIUII, CEMSH WIIH
HOBOPOXKJICHHBIX, JI0)KMBAIOIIMX JI0 CTAJUU Pa3MHOKEHHS (B CpETHEM);

[11010BUTOCTH — YUCIIO TOTOMKOB, IPOM3BOIUMBIX (B CpPEHEM) OTHOM MOJIOBO3PENON
0c00b10. OTHOCHTEBHAS IPUCTIOCOOIEHHOCTh BhIpaXkaeTcst K03 uunentom
npucnocodiernoctd W. I'ne F(1) u F(2) — koaddunrentsr abcomoTHOM
npucnocobiaernocTn CpaBHUBAaEMBIX TEHOTHIIOB. B 3HaMeHaTeh OOBIYHO CTAaBUTCS
3HayeHue F 1 Haubonee npucnocoOieHHOro reHoTuna, 1yt kotoporo W=1. Cuna
OTCEUBAOIIEro 0TOOpa m3MepsieTcs kodddunmenTom oroopa S. Uem BrIre S, Tem ObICTpee
OyzaeT MpOMCXOIUTh NMMHUHALIUSA JaHHOTO reHoTuna. [y Hanbosee mpucrnocoOIeHHOTO
reHoruna S = 0; /lng neranpHoit MyTauuu S = 1 (31MMHHALIKS B IEPBOM MTOKOJIEHUN).
[Ipenen nemorpaduueckoro HaChIEHUs YKOJIorndecKoi Hutu. OTO0p, TO €CTh U3BMEHEHHE
4acTOT (PEHOTUIIOB ¥ T'€HOTHUIIOB (aJuiesieil) B 3aBUCUMOCTH OT pa3inyuuil B 3pPEeKTUBHOCTH
pPasMHOXKEHUs UJIET MOCTOSTHHO. B To ke Bpems puxcanus ogHUX ajuienei u 3TMMUHALUS
JIpyrux (aJuIesIbHOE 3aMelleHne) 0oJiee BEpOsITHO B YCIOBUSX JOCTHIKEHUS MIpeelia
JeMorpagpuecKoro HachIIIEHUS 3KOJIOrMYECKON HUILH, T.€. TAKOT0 pa3Mepa MOMyJIsAuH,
JATBHEHIINI POCT KOTOPOTO HEBO3MOKEH BBUIY OIPaHUYEHHOCTH KOJIMYECTBA PECYpPCOB B
3aHHMaeMoM apeasie. To ecTb B MOMYJSALUH ¢ IpeAeabHbIM pazMepoM B 1000 ocobeit
MIOJTHOM JIMMUHAIMH BPETHOTO TEHOTUTIA MOYKHO OXKH/IaTh C BEICOKOW BEPOSITHOCTBIO TIOCTIE
cHIDKeHUs ero yacToTsl A0 1/1000 ITpuunnel HapymeHus pacueToB: Bkiaa ciydaitHbIX
OTKJIOHEHMH 4acToT (apeiida reHoB).

[IneifioTponHOE NEHCTBHE TeHa: HOBasi MyTallUsl MOYKET OKa3bIBaTh MOJIE3HBINA Y QEKT B
OTHOILIEHUU OJTHOW (PYHKIIMHU, HO BPEAHBIM 3((PEKT B OTHOIIEHUH KaKon

- TO Apyroi ¢pyHkuMU. HermomHas meHeTpaHTHOCTh U BApHATHUBHAS SKCIIPECCUBHOCTh T'€HA
— HEYCTOMYNBOE (PEHOTHITHUECKOE BBIPAYKEHHUE OJTHOTO M TOTO )K€ BapUaHTa TeHa Y pa3HBIX
oco0eil, 3aBUCUMO€E OT CPEJOBBIX MM CIIy4alHbIX (hakTOpoB. DPPeKThI

cooTOOpa — BIHMSHUE CUEIUICHUS C IPYTHMHU TeHAMH, TIOJBEPKEHHBIMU 0TOOPY B OOJIBINEH
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CTCIICHU, YEM aHaHHSpreMBIﬁ T'CH. CHGHJ’ICHI/IG C BPpECAHBIM I'CHOM 6yz[eT INPpUBOJUTL K

COBMECTHOM 3IMMMHAIINH, 4 CIICTIJICHHUE C TIOJIC3HBIM T'€HOM — K COBMECTHOM (PHKCAIINH.
OnucTas - HEOAMHAKOBOE MTPOSIBIEHUE OHOTO U TOT'0 ’K€ BApUaHTa I'€Ha U €ro alallTuBHON
[IEHHOCTH B Pa3HOM I€HETUYECKOM KOHTEKCTe (KOMOMHAIIMK BCEX OCTAIBHBIX T€HOB B
TeHOTHUIIE KOHKPETHOTO Opranu3Ma). [ 'eHeTu4eckii KOHTEKCT MU MOJI0BOM Pa3MHOKEHHUH
BBICOKO MHAMBHUAYAJIEH U OIPENEIAETCSI KOHKPETHOM

KOMOWHAIIMEH T€HOB POJIUTEILCKUX 0CO0eH B KOHKPETHOMU nape. HemocTosHCTBO yCIIOBUiA
Cpelibl, BeAylllee K IEPEMEHYMBOCTH a/IallTUBHOM LIEHHOCTH KaX/10I'0 BapUaHTa FeHOTHUIIA B
pa3HbIX NOKOJIEHUsX. [I0BTOpHOE NOsIBIEHNE MyTALMI WJIK UX TIPUTOK U3 COCETHUX
MOIYJIALUH.

8. 'enernuecku neTepMUHUpYeMbIe 00JIE3HU

[lepBUYHBIM U TJIABHBIM 3BEHOM MATOT€HE3a TeHETHUYECKH JIETePMUHUPOBAHHBIX 00JIE3HEH
SBIISICTCS MYTaIUsl — CTOWKOE CKaYKOOOpa3HOe N3MEHEHHE HACTIEICTBEHHOTO arlnapara
KJIETKH, HE CBA3aHHOE C OOBIYHON pEeKOMOWHAIMEel TeHETHMYEeCKOro MaTepuaa.

CXO,Z[HHM C MYTaHHCﬁ ITIOHATHUECM ABJIACTCA OI[HOHYKJ'IGOTI/II[HHﬁ HOJ'II/IMOp(i)I/I?»M (aJ'IJ'IeJ'ILHLIC
BapHuaHThbI FCHOB). B Hacrosmee BpCMA OIIMCAHbI ACCATKH aJIJICJIbHBIX BAPHAHTOB OIIPCACICHHBIX
T'CHOB.

PaznmuaroT HECKOIBKO BUAOB MYTallMd, BO3HHUKAIOIUX 104 BJIHMAHUCM MYTArc¢HOB.

Comaruueckas MyTalyuAa NpOUCXOAUT B COMATUUYCCKUX KIIETKax WM MCYEC3ACT U3 IMOIIYJIAlUU CO
CMEPThIO HOCHUTEIIS, HE TIEPE/IaBasiCh B MOKOJICHUAX (JaHHAS MyTallUsl B TOM pa3zelic yueOHnKa
HE paccMoTpeHa).

I'epmunaTiBHAs (TaMeTHYecKas) MyTalus BO3HHMKAeT B IIOJIOBBIX KIJIETKAax W BIUSET Ha
HACJIICTBEHHOCTh OTOMCTBA. MyTanust MOKeT ObITh I0JIe3HON (Kak (hakTop 3BOJIIOLMHU) U
BpenHoil. [lo »ATHOJOrMM pazIUyYalOT CIOHTAHHYIO (BBI3BAHHYIO HEOIPEJEICHHBIMU
SHJIOTEHHBIMH (DaKTOpamMH) U WHAYLHPOBAHHYIO (0OYCIOBIEHHYIO MyTareHamu) MyTaluIoO.

B 3aBucuMocTH OT cTemeHH U (OpPMBI MOBPEKACHUS T'€HETUYECKOTO ammapara paziudyaroT
TEeHHYIO " XPOMOCOMHYO MYTaIHIo.

I'ennas Myranus — 3TO HapyLIEHHE TPUILUIETHOIO reHeTndeckoro koaa monekyssl JJHK. B ee
OCHOBE JISKUT HapylleHHe crneun(puyeckoil  IMociefoBaTeNbHOCTH  IYPUHOBBIX U
NUPUMUJIMHOBBIX OCHOBAaHUN (TOUEYHAss TE€HHas MYTalUsi Cpeld BCEX TEHHBIX MYyTalHi
coctaBiseT 95 %). Pexxe HabmomaroTcs CTPYKTypHble HM3MeHeHus Moisekynsl JHK —
BHYTPUT€HHAs JIeleHUs] (OTpbIB M TOTEpsl YacTU T€Ha), MHBEpPCUs, HHCEpUUs (BCTAaBKH),
TpaHciaoKauus, Aymuukanus. CIIOHTaHHbIE MyTalluy BO3HUKAIOT B PE3YJbTaTe JECUCTBUA €IIE
HEJ0CTAaTOYHO H3YYEHHBIX SHJOTEHHBIX (aKTOpOB (MOrpemIHOCTel B paboTe reHEeTUYECKOTo
amrmapara B Ipolecce pealn3aluy reHeTHuecko nHdopmarum). Yactora UX MO CPaBHEHUIO C
MHAYUUPOBAHHBIMH MYTallUsIMU HU3Kass. MyTaiusi MOKeT KacaTbCsi KaK CTPYKTYPHBIX, TaK U
PETYJIATOPHBIX T€HOB. MyTalnusi peryjiasTOpHOrO T€Ha NPUBOAUT K HW3MEHEHHIO KOJIMUYECTBA
OJIHOTO 1581078 HECKOJIBKUX OeNKoB 0e3 U3MEHEHUS 170:¢ CTPYKTYpBHI.

MuTOXOHIpHanbHble TEHbI, KOAUPYIOIIME B MHUTOXOHIPUAX YacTb PUOOCOMANIBHBIX H
tpancnoptHbix PHK, ¢epmenToB okuciaurensHoro ¢ocopuarpoBanusi, TakkKe MOTYT
MyTHpOBaTh, MPUYEM YACTOTa MYyTalMi y HHUX BBIIIE, Ye€M Yy SACPHBIX T'EHOB.
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XpOMOCOMHaH MyTaloust — Oosiee TsmKEIIOE IMOBPEXKACHHUE HACJICACTBCHHOI'O allllapara. Ona

3aKJII0YAETCS B U3MEHEHUU WIN CTPYKTYPBL XPOMOCOM (CTPYKTYPHASI AHOMAJINS, WIN
XpOMOCOMHas abepparusi, — JAeNIeIHs, TPAHCIOKAIHs, TPAHCIIO3UIINS, MHBEPCHUS, TYTUIUKALINS;
HUTb XPOMOCOMBI MOXKET Pa30pBaThCs B OJHOM WJIM HECKOJIbKMX MECTaX, €€ CETMEHThl MOTYT
MOTEPATHCS WM HENPaBWIBHO COEIWHUTHCS), WM MX KojJudecTBa (Kak pe3yiabTar —
HEPACXOXKIEHUE TOMOJIOTHYECKUX XPOMOCOM B raMeToreHese). Jleiaenus npuBoIuT K IOTEpe
XPOMOCOMHOTO MaTrepuaja U CIYXKHUT MPUYUHON OoJjiee YrpoKalolUX IOCIEICTBUH, YeM
TPaHCIIOKAIMS ¥ MHBEpCUs. B BO3HMKHOBEHWH HEKOTOPBIX XPOMOCOMHBIX abeppaiiii UMeroT
3HaYEHHE HE OJIHO, a HECKOJIbKO MEPBUYHBIX COOBITUH (IIs1 (OPMUPOBAHUS ONpEAeICHHBIX
TPaHCIOKAIM HE0OXO0AUMO MTOYTH OJHOBPEMEHHOE BOSHUKHOBEHHE JABYX JENEIUNA ¢
MOCJIEAYIOIIHUM o0beAMHEeHHEM pa30pBaHHbBIX qacreil).

AHTI/IMyTaIII/IOHHbIe MexaHn3Mbl. B OpraHu3Me CyHmeCTBYHOT MHOT'OYHCIICHBIC MCXAaHU3MBEI,
KOTOpPBIC MPEAOTBpallalOT IIOABJICHUEC MYTallMHh, BOCCTaHABJIMBAKOT MYTaHTHBIfI I'CH,
MPCIATCTBYIOT €I0 pCain3allui NI KOMIICHCUPYIOT BBI3BAHHBIC UM HAPYIICHHA.

Ha wmonekynsipHoM ypoBHE KOMIICHCATOpPHAsI peaKIusl 3aKIo4aeTcs B HHAKTUBAIUU
SHOTCHHBIX MYTareHOB (HapUMep, aKTUBHBIX (OPM KHCIOPOJAA) C MOMOIIBI0 €CTECTBEHHBIX
AQHTHUOKCHIAHTHBIX CHCTEM.

I'eHeTnyeckoMy amnmapary CBOMCTBEHHA OIpeleicHHas HaaexHocTb. He kaxnmas 3ameHa
azoTucTOro ocHoBaHus B Moisiekyne JIHK nmpuBoaut k omumbOke B ciydae ee peaylIuKaluu.
JBoitnoi xapakrep cnupanu JJHK — oaun u3 pakTopoB 3T0il HaIe)KHOCTH, TOCKOJIBKY B CITy4ae
OJIHOLIETIOYEYHOr0 noBpexkaeHuss mMoiekyisl JIHK BoccTaHOBIIEHHE NMPOUCXOAUT IO MaTpPHIE
npyroii uenu. Kpome TOro, B KIETKE CYILIECTBYeT cHUCTeMa (EpMEHTOB penapanuu
nospexxaernoit JJHK (cm. puc. 3), KoTopsle pacno3HarT aedeKT, BBIPE3aroT 3TOT (hparMeHt (¢
MOMOILBIO 3HJIOHYKJI€a3bl), PACHICIIIAIOT €ro (1oj AeHCTBUEM 3K30HYKJEa3bl), CHHTE3UPYIOT
HOpMAaJIbHBIN (hparMeHT (KCMOob3ysl MOIMMEPa3y) U BIIUBAIOT €T0 (C MOMOILBIO JIUTa3bl). ITOT
3alIUTHBIM ~ MEXaHU3M  BOCCTaHaBIMBaeT OKoo 95 %  CHOHTaHHBIX  MYyTalMi.

[Tockonbky koaupyroume nocienosarensHoctu JJHK cocraBmstor He Gonee 10 % renoma
(cumraercsd, uro naxe 2—5 %), a ocHoBHas 4yacth JIHK He Hecer unHdopmanum 00
AMHHOKHUCIIOTHOHM NOCJIEI0BATENbHOCTH O€JNKOB M HE KOAUPYET CTPYKTYpPbl pUOOCOMATIBHBIX U
npyrux tunos PHK, myTanuu B 3TUX yacTsx reHoMa, O4EBHUIHO, SIBISIOTCS ~ HEHTPaJIbHBIMU .

Takue TpyOble HapyIlIeHUS TEHETUYECKOro armapara, Kak XpOMOCOMHBIE aleppaiuu, He
penapupyroTcs, T. €. MOP(OJOTHYeCKH HE BoOcCTaHaBIMBArOTCA. OIHAKO WHOTIA WX
CYIIIECTBOBaHME KaKHMM-TO 00pa3oM KoMmreHcupyeTcs. Hanmpumep, cOanancupoBaHHBIMU HHOT A
OBIBAIOT XPOMOCOMHBIC TPAHCIOKAIIMHA, BO3MOXXHO IIOTOMY, YTO Ha0Op TEHETHYECKOTO
MaTtepuana BCe-TaKH MOJIHBIN (a HE JNePUIUTHBIIH).

B OTJIMYUC OT MYTaHTHI)IX COMATHYCCKHX KIICTOK, HpOTI/IB KOTOpBIX CYHICCTBYIOT I/IMMyHHBIe
MEXaHU3MbI 3alIUThI (TMMHHAIUS aHOMAJIbHBIX OCJIKOB C IMOMOIIBIO QHTUTEI, & MYTAHTHBIX
KJICTOK — MOCPEICTBOM IIMTOJIN3a U (haroluTo3a), MyTaHTHBIE ITOJIOBBIC KIIETKH HE IMOAMAaIaroT
MOJT ICHCTBHE ATHUX 3alIUTHBIX MeXaHU3MOB. OJIHAKO €CJIM OHU BBDKHBAIOT, TO YACTO TEPSIOT
CIOCOOHOCTh K OIUIOJOTBOPEHHI0. Kpome TOro, ¢ BO3pacToM pempoayKTHBHAS (GYHKIIHS
4eJoBeKa 0calisieTcs, TOJOBbIe KICTKH PEXE OIIOAOTBOPSIOTCS M HEMAJ0O XPOMOCOMHBIX
abeppaliii B MOJOBBIX KJIETKaX, 4aCTOTa KOTOPBIX C BO3PACTOM YBEIWYHBAETCS, OCTAIOTCS

0e3 MIOCIEACTBHIA.
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CJ'IGIIYIOH_[I/IC 3alIUTHBIC MEXaHU3MBbI PCATTU3YIOTCA YXKE Y IIOTOMKOB, IIOJTYUYUBIINX MYTallUuIO B
HaCJICACTBO.

CyliecTBYIOT T€HETHUECKHUE MEXaHU3Mbl KOMIIEHCAIIMU. TaK, eClIM MYTaHTHBIN I'eH B MOJOBOU
KJIETKE — PELECCUBHBIN, TO y TOTOMKOB B T€TE€PO3UTOTe MpPH HAIUYUU HOPMAJIHLHOTO
QJUIETPHOTO TeHA MyTalus PEHOTUITNICCKH HE TTPOSBIISETCS (HOPMAIBHBIN T'e€H JOMUHUPYET HAJT
NaTOJOTHYECKUM  aiieneM). HMHorga TreTepo3uroTsl Jaxe IMOJMydaloT — CeJIEeKTUBHOE
MPEUMYILIECTBO (HOCUTEIN T'€Ha CEPIOBUIHOCTU SPUTPOLIUTOB YCTOMUMBHEI K Malisipuun). Eciu
MYTaHTHBI T'€H JIOKAIU30BaH B X-XpOMOCOME, OTBEYalollell Yy 4eloBeKa 3a MHOTHE
MATOJIOTUIECKUE TCHETUYCCKUE TTPU3HAKU, OOJBIITMHCTBO M3 KOTOPHIX PEIIECCUBHBIC (HAIIPUMED,
reH reMo(UIuu), TO MPOSIBICHUS 3aBUCAT OT I0JIa HOCUTENS: KEHIIUHBI OYIyT 370POBBIMH,
HaJu4he X-XpOMOCOMBI C MOBPEXKJACHHBIM T'€HOM Yy HUX OYyJIeT KOMIEHCUPOBATHCS JIPYrOM,

HOPMaJIbHOM X-XpOMOCOMOIA.

Metabonu3Mm TaKKe HMEEeT ONpeleNieHHBbIH 3amac mpoyHocTH. He kaxkmoe HapymieHue
NIEPBUYHOMN CTPYKTYPBI OCIKOBBIX MOJICKYJI IPUBOUT K HAPYIICHUIO UX KOH(POPMAIIUH, TaK KaK
OHHM IUIACTHYHBI (HEMall0 MYTalWid TEHOB TEeMOIJIOOMHAa COBCEM HE WMCIOT BPEIHBIX
nociencTBuii). OyHKIUS OeIKa MOXKET COXPAHSITBCSA U B CIIydae CHUIKCHHSI €r0 KOHIIEHTPAIHU
(maorma nmoctarouno 50 % aktuBHOCTH (QepMeHTa). MHOrHMe (YHKIMH B OpTraHU3ME
00€CIIeYMBAIOTCS PA3TMYHBIMU META0OIUIECKUMU MY TSAMH, IOITOMY TIPU MOBPEXKICHHH OHOTO
U3  HHX  KOMIIGHCAI[USI  MOXET  IMPOHMCXOIUTh 33  CYeT  JIPYTHUX.

Ha ypoBHe 11€7I0CTHOrO OpraHu3Ma CyIIECTBYIOT TaKue€ IPUCIOCOOUTENbHbIE ()EHOMEHBI, KaK
NEHETPAHTHOCTh (BEPOSITHOCTh (DEHOTHUITMYECKOTO TPOSIBIICHUS TE€HA) M OJKCIPECCUBHOCTH
(cTeneHb KJIMHUYECKOTO MposBiIeHUs) reHa. OHM 3aBUCAT U OT I€HETUYECKUX (PAKTOPOB, U OT
¢dakTopoB oOkpyxkatoued cpeapl. IlenerpanTHocTh HuUKOrga He ObiBaer 100 %. [laxe
JOMUHAHTHBIM TPU3HAKaM CBOWCTBEHHA HEMOJIHAs [EHETPaHTHOCTh U BapualenbHas
AKCIpecCUBHOCTh. IHOTIa AKCIIpeccus ONpeiesseTcs] ypOBHEM MOJIOBBIX TOPMOHOB (HaIIpUMeEp,
peanu3anys reHOB, OTBETCTBEHHBIX 3a OOJIBICEHHE, 3aBUCUT OT YPOBHS aHAPOTEHOB, MOATOMY
OHa OrpaHU4eHa y keHUIMH). [Ipogomkaercs qUCKyccusi OTHOCUTENBHO BbIIETIEHUS Kilacca Tak
Ha3bIBAEMBIX JMHAMUYECKUX MYTallUi, KOTOPbIM CBOMCTBEHHA BapHalelibHas NEHETPAHTHOCTh
B COYETaHHMM C HETIOJHBIM TIOMUHHpPOBaHUEM. JJi1 HEKOTOPBIX O0Je3HEH, BEI3BAHHBIX UMEHHO
TaKUMHU MYTaLUSAMH, XapaKTEpPHO HAapacTaHME CTENEHU TSHKECTH B MOKOJECHHSX (Harpumep,
CUHAPOM JIOMKOH X-XpOMOCOMBI, MUOTOHHYECKAsI TUCTPODus, HEHPOJETreHEpaTUBHbBIC
Oone3Hy, xopes I'eHTHHTTOHA).

[Tonmynsiuyst HE MOAJNEP/KUBAET HOCHUTEIEW BpeAHBIX MyTauuil. He BbDKMBAIOT WM HE NAOT
MOTOMCTBa OOJIBIIMHCTBO HOCHUTENIEH XPOMOCOMHBIX abeppaluii U BpEIHBIX JTOMMHAHTHBIX
T'€HOB (€CTECTBEHHBIN 0TOOP). DTOMY CHOCOOCTBYET M TPAJUIMsS OTPaHUYEHUsI OpaKkoB Cpeau
KPOBHBIX POJCTBEHHUKOB.

JanbHelme 3BeHbs MaTOreHe3a 3aBUCAT OT BUJAa MyTallud — T€HHas OHa WJIM XPOMOCOMHasl.
Ha sToM ocHOBaHWM pa3nmuyalOT ABE TPYIIBI 0O0JIe3HEH — MOJICKYJISIPHO-TEHETHUECKUE
(cOOCTBEHHO HACNEACTBEHHBIE) U XPOMOCOMHBIE.
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9. MonekynspHble OCHOBBI KaHIIEPOTE€HE3A.

HpuHL;uI’lbl COGp@M@HHOlZ OHKO2EHHO-AHMUOHKO2EHHOU meopuu Kanyepocernesa.

1. B ocHOBe COBpeMEHHO MOJIeNI KaHIIEPOTeHEe3a JIEKUT KOHIETIINs OHKOT'€HOB
(MPOTOOHKOTEHOB) M aHTHOHKOT'E€HOB (T€HOB-CynpeccopoB). Benyinyro poisib B hopmMupoBaHuu
OITyXOJIM MT'PAIOT JIBa KJIacCa HOPMAJIBHBIX PETYISATOPHBIX T€HOB: MPOTOOHKOTECHHI -
aKTUBATOPHI nponudepannu u AuPpHepeHINPOBKH KIETOK U CYIIPECCOPHBIE IeHBI
(aHTHOHKOT€HBI) - MHTUOUTOPBI 3TUX MpoLeccOB. Taxke BBIAEIAIOT TPETUHN KJ1acce
OHKOACCOIIMMPOBAHHBIX '€HOB, K KOTOPHIM OTHOCSIT MyTaTOPHbBIE T€HBI.

2. [TyckoBBIM 1 00s13aTEIBHBIM COOBITHEM B KaHIIEPOTEHE3E SBIISAIOTCS HEJIeTalbHbIC
MOBPEXCHUS TPOTOOHKOT'€HOB M T€HOB-CYIIPECCOPOB B BHJIE MX CTPYKTYPHBIX H3MEHEHUIA.
[ToceancTBUSIMU TaKUX TEHETUYECKUX MOBPEXKIACHUN (MyTalMii) SBISIETCS aKTUBALIUS
OHKOT'€HOB M MHAKTHBALIUS TEHOB-CYIIPECCOPOB U MYTaTOPHBIX T€HOB. B pe3ynbraTe MmyTanuit
BO3HHKAIOT HapYIIECHHs OanaHca MeXy HUIMHU, TPOMCXOAUT yTpaTa KOHTPOJIS 38 HOPMaJIbHBIM
KJIETOYHBIM POCTOM, TU(PEpeHIIMPOBKON U Tpoiudepanneii, KOTopble, B KOHEYHOM CYETE,

MIPUBOJIAT K 37I0KaUECTBEHHOM TpaHChOopMaIuu
KJIETKU U Pa3BUTHIO HOBOOOpa30BaHUSI.

3. Manurau3upoBaHHbIN KJIOH HE BO3HUKAET ITyTEM OJAHOKPATHOTO MYTAIl[HOHHOI'O COOBITHSL.
AXTHUBAIH OTHOTO OHKOT'€HA HJIH, HA000POT, MOTEPH (PYHKIIMHOIHOTO AaHTHOHKOTEHA,
HEJ0CTAaTOYHO JUIsl IPEBPALLEHUS HOPMAJIBHOM KJIETKH B OIlyX0JieByt0. Ha ocHOBaHuM
MaTeMaTHYECKOr0 MOJEIUPOBAHUS IIPEAIIONATraeTCs, YTO U1 IPEBPALLEHNS HOPMAIbHOU
KJIETKU B OITYXOJIEBYIO TPEOYETCsI HE3aBUCUMBIX CIIy4alHBbIX MyTallMii KAK MUHUMYM B 4-5
reHax (IpOTOOHKOI€HaX, F’eHaX-Cylpeccopax). Y cIOBUE COCTOUT B TOM, YTOOBI 00a COOBITHS
COBIIAJIM B OJTHOM M TOM ke KieTKe. TOJIBKO MpH 3TOM HOpMasbHas KJIETKa CTAHOBUTCS
pakoBoii. Ha nene, npu BOSHUKHOBEHMH KOHKPETHOT'O OITyXOJIEBOTO KJIOHA AJIs Peau3alnuu
KOHEYHOI'0 pe3ysIbTaTa He0OX0IMMO ropaszio 0OoJiplee KOJUYECTBO MYTAllMOHHBIX 11AroB.
Kaxnas omyxoib, TaKUM 00pa3oM, UMEET CBOM FeHeTUUECKUI MOPTPET, KOTOPBINA 1
OINPEIENAET €€ CBOWCTBA.

4. [IpoucxoeHre MyTaHTHBIX [€HOB, YYAaCTBYIOIIHUX B KAHIEPOT€HE3€E, MOXKET OBITh
paznuuHbIM. [IoBpexIeHNS OHKOT€HOB U T€HOB-CYIIPECCOPOB B COMaTHYECKHUX KIIETKaX
OpraHu3Ma MOT'YT ObITh CJI€JCTBHEM BO3/ICHCTBHUS HA YEIOBEKA Pa3IMYHbIX SIK30T€HHBIX U
SHJIOTE€HHBIX (PaKTOPOB. B 3TOM ciyyae OHM HEe HACIEIYIOTCS, HO OIPEIEISIOT
TpaHcpopMaIi0 UMEHHO TOW KJIETKH, KOTOpasi UX MpruodpeTaeT. bonbIIMHCTBO U3BECTHBIX
PaKoB OTHOCHUTCS K JaHHOMY TUILy. [IoBpex1eHus, 3aTparuBaroniye NoTeHIMAIbHbIE
OHKOTE€HBI (AHTHOHKOTEHBI), MOT'YT OBbITh B IIOJIOBBIX KJIETKA. B 3TOM cilydae oHM HaclieqytoTcs
yepe3 MOJOBUHHBIN HA0Op XpOMOCOM OJTHOTO U3 poJuTeNel, co3/1aBast MPeANOChUIKH JIs
peanu3aiy HacleayeMbIX CEeMEHHBIX (OpM paka (HacleACTBEHHO! IPEApacloIoKEHHOCTH K

paxy).

5. PakoBas kJieTKa repeaaeT CBOK aHOMAaJIbHOCTb IO HACIIEACTBY CBOMM JJOYEPHUM KIIETKaM
yepe3 MEXaHU3Mbl TeHETHUECKOT0 KJIacCH4YecKoro HacienoBanus. [loatomy, ¢ mo3unuii
MOJIEKYJISIPHOM T€HETUKH, paK SIBJISIeTCS TeHETHYECKUM 3a00JieBaHueM (3a00JIeBaHUEM TeHOMA
KJIETKH!), BBI3BAHHBIM U3MEHEHHUSIMHU B TPOTOOHKOT€HAX (MJIM FeHaX-CyIpeccopax).
ITockoIIBKY OIYX0JIb — TeHeTHYECKasi 00JIe3Hb- OHA He3apa3Ha.
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6. IIponudepanus sBiuseTcs HEOOXOAUMBIM KOMIIOHEHTOM Ipoliecca Kanieporenesa. OHa
MOJKET OBITh Pe3y/IbTaTOM I'eHEeTHUYECKUX U3MEHEHUH B KJIETKE, UJIH CBsI3aHa C IPYTHUMHU
(U3NOTOTHUECKUMH WM TATOJIOTMYECKHUMHU MIPOIECCaMH U IPEIIECTBOBATH H3MEHEHHUIO B
renome. Perummkanus JIHK B nponudepupyromux kiieTkax aemaer ux oosnee
YyBCTBUTEIbHBIMU K MyTallUSM. B aKTUBHO AeNnAIMXCA KIETKaX YBEIMUNBACTCS TaKXKe
BEPOATHOCTH CIIOHTAHHBIX MYTAllU, TOATOMY Mpoudepannsi MOXeT ObITh OXapaKTepru30BaHa
KaK paHHss CTaaus KaHueporenesa. Henensmascs, nuddepeHunpoBaHHas KieTka He
03JIOKA4eCTBIISETCSI.

7. 'enernyeckasi KOHIIETILINS KaHIIEPOTeHe3a MOIpa3yMeBaeT, UTO MOMYJIISALHUS OIYX0JIeBbIX
KJIETOK - 3TO PE3yJbTAT Pa3MHOKEHHS, HAYABIIUICSA OT OJTHOW KJIETKH — POAOHAYAIbHULIBI
KJIOHA, PeTepIIeBIICH OMYyX0JeBYIO TpaHCPOpMaIUIO. B 3TOM COCTOUT CMBICII TpeACTaBICHUS
0 MOHOKJIOHAJIbHOM Pa3BUTHH 3JI0KAYECTBEHHBIX OIMYXOJIEH.

8. B Hacrosiiee Bpemsi KaHIIEpOr'eHe3 MOHUMAETCs Kak CTaJiuiHBIN, CTylIeHYaThli Ipoliecc, B
OCHOBE KOTOPOTO JISKUT KOHUENIMS MHULIMALIMY, IPOMOLUY U nporpeccur. CoriaacHo 3Toi
KOHIIETILIUY, B PE3YJIbTAaTe HHUIMALIMYU KJIETKA IpeTepreBaeT HeoOpaTUMble H3MEHEHUS
TEHOTUIIA, KOTOPbIX, OJTHAKO, HEJOCTATOYHO JIJIs €€ MIPEBpALEHHs B olyxoJieByto. Ha cragumn
IPOMOLIUH B KJIETKE MPOUCXOAAT IPOLECCHI, MPUBOAIINE K (POPMUPOBAHUIO OITYXOJIEBOTO
¢deHoTuIa, T.€. NPEBPAIICHUIO MHULIMMPOBAHHOMN KJIETKH B 3JI0Ka4€CTBEHHYI0. B ocHOBe
IIPOrPECCUU OITYXOJIX JIEKUT IPOLIECC HapalllMBaHUs 3JI0KAYECTBEHHBIX CBOMCTB OIIyXOJIEBBIX
KJIETOK ITyTEM 0TOOpa COOTBETCTBYIOLIMX KJIOHOB. Ilepexo1 oT 01HOM cTaguu KaHIEpOoreHe3a K
Jpyroii (mocieayromen win npeablIylei) IpOUCXOJUT B pe3yIbTaTe BO3AEHCTBHSI SK30I€HHBIX
Y SHJIOTCHHBIX (PaKTOPOB, KOTOPBIE MOT'YT, KaK CIIOCOOCTBOBATH, TAK U MIPOTHBOCHCTBOBATH
3TOMY IIpOLIECCY.

9. BaxxHyr0 poJjib B pealiu3aliii MyTaliil 1 KaHI[EpPOreHe3a UTPAIOT TakKe (PaKTOPbI pUCKa U
aHTUpHcKa. FiMeeTcs B BUILy pOJIb BO3pacTa, MoTa, MTUTAHMSI, BPEIHBIX MTPUBBIYCK, HACTIEICTBEHHOCTH,
CoLIMaNbHO-TeorpauuecKux 1 MPUPOAHO-ITHUYECKUX (PakTopoB. [lokazaHo, 4TO dakTOphl 00pasza
JKU3HHU M OKPY>KAIOIIEH CpeJibl SIBJSIOTCSI OCHOBHOM TpUYMHON pa3BuThs 90-95% 310KauecTBEHHBIX
OIyXOJIEN YeoBeKa.
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OCHOBHBIM HampaBlieHUEM MPUMEHEHUS TPAHCT€HO3a JJIsl TeHETUYECKON MOAN(pUKauU
KYJIbTYPHBIX PACTEHUH SBIIAECTCS MOBBIIICHUE UX YCTOMUYUBOCTU K HEOIATONPUATHBIM
BO3/ICHICTBUSAM OKPYXKAIOLIEH cpeibl, B YaCTHOCTU BUpYCaM U repOuiuaaM. Metos noiydeHus
TPaHCTEHHBIX PACTEHUI, yCTONYMBBIX K BUPYCaM, OCHOBAH Ha BBEJICHUU B HUX TPAHCI'€HOB,
SKCIIPECCUPYIOIMINX B KJIETKAX MOHOKJIOHAJIbHbBIE aHTUTEINA, HAlIPaBJIEHHbIE IPOTUB BUPYCHBIX
OenkoB. Yarle Bcero Juist co3JaHUs TPAHCTEHHBIX PACTEHUM UCIIOJIB3YIOT CIEAYIOINUN OIXOI.
Cerment T-JIHK BoIpe3aroT u3 Ti-Tia3Muibl ¢ MOMOIIBIO PECTPUKTA3 U BCTPAUBAIOT B
CTaHJapTHYIO T1a3Muay-Bektop 6akrepun Escherichia coli. PekomOnHanTHas miasmua
pasMHOXKaeTcs, U B yuacTok T-/IHK BcTaBisioT Hy)KHBIN I'eH Tak ke, KaK ¥ B OOBIYHYIO
IUIa3MHUJTY, C UCTIOIB30BAHUEM PECTPHUKTA3. Takoil MONEKYISPHBIA THOPH]T BBOJAT B
Agrobacterium tumefaciens, cogepsxaruii Hen3mMeHeHHyO Ti-11asmuay. biaarogaps mporeccy
PEKOMOMHAIIUYU ITPOUCXOTUT 00MEeH romosiornurbiMe yuacTkamu JJIHK pekomOunanTHoi#t u Ti-
wiazmua. B pesynprate monyunrcs pekomOuHanTHas Ti-ma3Musa, Hecyias Hy>KHBIH TeH.
JenaroT HeOOIBIIOE MOBPEXKICHUE B PACTUTEIILHOM TKaHH, BBIACISAETCS COK C KHCIIOM
peaxIel U BBICOKOW KOHIIEHTpAIMEH JIMTHUHA. DTO CIIEU(PHIECKH CTUMYITHPYET
9KCIIPECCHIO T€HOB Vir-o0mactu. JINTHUH B3aUMOJIEHCTBYET C MPOAYKTOM I'eHa VirA,
NepEJAeTCsl CUTHAJI BHYTPb KJIETKU, aKTUBUPYETCS IPOAYKT I'eHa virG, 4To B CBOIO O4YEpE/b
aKTHBHPYET OCTaJIbHBIC TeHbI BUpYyaeHTHOCTH. benok VirD2 B komrmiekce ¢ 6enkamu VirCl u
VirD1 BHOCHT O/IHOIICTIOUEYHBIE Pa3pPhIBBI B HYKJICOTHIHBIC TIOCIEIOBATEIEHOCTH MIPABOW U
neBoy rpanun T-JIHK. Cunresupyercs HoBas uens T-JIHK, a crapas, ¢ npucoeiMHEHHBIM K
5'-xonny VirD2, Beitecusiercs. [Iporiecc moBTopsieTcs, U B KJICTKE HAKATUIMBACTCS
onnorenoueunas T-JIHK, rotosas k nepenocy. 3arem komiuieke T-JTHK ¢ 6enxamu VirD2 u
VirE2 HampaBieHHO IEPEHOCUTCS B KIETKY PACTEHHUS C IIOMOIIBIO MTPOIECCa, CXOTHOTO C
OakTepuaabHOU KOHBIOTanuen. IlepeHoc mpoucxoauT yepes My, a 3aTeM yepe3 KaHall B
KJIETOYHOU MeMOpane pactenus, copmupoBanusiid 6eaxom VirE2. VirD2 u VirE2
cnoco6ctByroT mponnkHoBeHuto T-JIHK B renom pactenus. CaiiTbl HHCEPIIMH CITy4YaiiHbI.
[Tpouecc nautcst okono 30 MuHyT. EnuHNYHbBIE pacTUTENbHbIE KIIETKU 3apakatoTcs,
BBIpAIIMBACTCS 1IeJI0€ PAaCTEHHUE, BCE KJIETKH KOTOPOTO OYAYT SKCIIPECCUPOBATh HYKHBIN T'eH.

11. Cneuuduueckoe MNpUMEHEHHE OMOTEXHOJIOTMYHBIX IPOLIECCOB JUIsl PELIECHUs
npo0iieM OKpyKarolel cpefpl: mepepaboTka O0TX0JI0B, 00prda ¢ 3arps3HEHUSIMH,
TUKOB, HEQTSIHBIX 3arPA3HEHUN.
Crieruduueckoe npuMeHeHNe OMOTEXHOIOTUYECKMX METOJIOB JIJIsl PELIeHHUs TpodieM
OKpY’KaroIllel cpeJibl, TAKMX KaK repepadoTKa 0TX0A0B, OUMCTKA BOJIbI, YCTPAHEHUE
3arps3HEHUH, COCTABISIET NPEAMET IKOJIOTHUECKOW OMOTEXHOIOTHH.
B cBs13u ¢ pocToM ropooB U pa3BUTUEM MPOMBIIIEHHOCTH BO3HUKIIN CEPBE3HbBIE
HKOJIOTHUECKUE POOIIeMbI: 3arpsi3HEHUE BOJIOEMOB, HAKOIUICHHUE SI0BUTHIX BEILIECTB, B TOM
YHClie KaHLEPOTe€HHbIX, OBITOBOTO MycOpa U OTXO0/I0B, 3arpsA3HEHHE BO3TyXa.
OpHaKo MHOTHE CO3JJaHHBIX YEJIOBEKOM HU3KOMOJIEKYJISPHBIX COSAMHEHUH (110XUMHUKATHI,
JETEPreHThl) U BHICOKOMOJIEKYJISIPHBIX ITOJIMMEPOB OKa3aJIMCh YCTOMUMBBIMU U HE
pasJiaraioTcss MUKpOOpraHu3Mami, T.e. Tpedyercs pa3paboTka 0oJiee yCOBEpIICHCTBOBAaHHBIX
TeXHOJOTUil. OOBIYHO IS YTHIIM3AIMH OTXO0/I0B IPUMEHSIOT KOMIUIEKChl MUKPOOPTaHU3MOB U
crienManbHble IPUOOpHBIE YCTpOoHCTBA. MHOTHE U3 CO3/1aHHBIX YEIOBEKOM XMMUYECKHUX
BEIIECTB MPOSIBISIOT OMOJIOTUYECKYIO AKTUBHOCTD: 00J1aal0T MyTareHHbIMH,
KaHIEPOTeHHBIMH, TEPATOT€HHBIMU CBOWCTBAMH, HAPYIIAIOT CTPYKTYPY KIETKH.
Hekotopsie 3arps3astomux 6uochepy BEMIECTB 0 CBOEMY TPOUCXO0XKICHHIO SBIISTIOTCS
IPUPOJHBIMH coelMHEeHUsIMU. Hanpumep, KOMIIOHEHT JIpeBECHHBI JIUTHUH, 00pa3yIoLuiics B
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3HAYUTENBbHBIX KOJIMYECTBAX KaK OTXO/ LEJIIF0JI0O3HO-0YMaKHON POMBIIIIIEHHOCTH, -
onacHbli nosuttoTanT. K uncity 3arpssasomux 6uocdepy BelecTs IpupogHOro
MPOUCXOXKACHUS MTPUHAIIICIKAT U MHOTHE apPOMATUYECKHE U TaJIOr€HCOIepIKaIne
YIJIEBOJIOPO/BI.

Buoxumuueckue ocnogbl Memo0oe buono2uieckuti O4UCmMKU CMo4nblx 600. bruonoruueckue
METO/Ibl OYUCTKU CTOYHBIX BOJI OCHOBBIBAIOTCSI HA €CTECTBEHHBIX Mpolieccax
KHU3HEICATEIILHOCTH TeTepOTPOGHBIX MUKPOOPTaHU3MOB.

MuKkpoopranu3msl, Kak U3BECTHO, 00JIaJJat0T LEJIbIM PSZ0M OCOOBIX CBOMCTB, U3 KOTOPBIX
CJIEZyeT BBLICTHUTD TPU OCHOBHBIX, IIMPOKO UCHOIB3YEMBIX JUIS LIEIeH OUYMCTKH:

1. CnocoGHOCTB MOTPEOIATH B KAUECTBE UCTOUHUKOB IIMTAHUS CaMble Pa3HOOOpa3HbIe
oprannyeckue ( 1 HEKOTOPbIC HEOPTaHUYECKHE) COCMHEHHUS JIJIsI TIOJTyYCHUS] SHEPTUU U
o0ecrieyeHus CBOEro (yHKIMOHUPOBAHHUS.

2. Bo-BTOpPBIX, 3TO CBOMCTBO OBICTPO pa3sMHOXKAThCS. B cpeHeM uncio GakTepuanbHbIX
KJIETOK yaBauBaeTcs uepe3 Kaxasie 30 MuH. [1o yTBep K IeHHIO YUIEHBIX, €CIIH ObI
MHUKPOOPIaHU3Mbl MOTJIN Obl OECIPENSITCTBEHHO Pa3MHOXKAThCsl, TO IPU HATMYUU
JIOCTATOYHOT'O IIUTAaHUS U COOTBETCTBYIOIIMX YCJIOBMM 3a 5 — 7 THEH Macca TOJIBKO OJTHOTO
BUJIa MUKPOOPTaHU3MOB 3aI10JIHIIIA Obl 6acCeiHbI BceX MOpel U OKeaHOB. JTOro, OJJHAKO, HE
MPOMCXOIUT KaK M3-3a OTPAHNYCHHOCTH HCTOYHUKOB MTUTAHUSA, TaK U OJaromaps
CJIO’KUBLIEMYCSI IPUPOTHOMY IKOJIOTHYECKOMY PaBHOBECHIO.

3. CrtocobHOCTH 00Pa30BHIBATH KOJIOHUU M CKOIUICHUS, KOTOPBIE CPABHUTEIBHO JIETKO MOXKHO
OTJENIUTh OT OYMILEHHOM BOJIbI IOCIIE 3aBEPIIECHUS ITPOLIECCOB U3BATUS COAEPIKABIIMXCS B HEH
3arps3HEHUMN.

B >xuBoii MUKpOOHaNbHOM KIIETKE HEMPEPHIBHO U OJJHOBPEMEHHO IMPOTEKAIOT JIBa IPOLIECcCca —
pacnaa MoJIeKy: I (KaTaboJIM3M) U X CHHTE3 (aHa0OIN3M), COCTABJISIOIINE B I[EJIOM TIPOIIECC
oOMeHa BeliecTB — MeTaboau3M. MICTOUHMKOM UTaHUs IS TeTepoTPOdHBIX
MHUKPOOPIaHU3MOB SIBJISIFOTCS YTJIEBO/IbI, )KUPbI, OCJIKH, CIIUPTHI U T.JI, KOTOPbIE MOT'YT
PacCIIEIIATHCS UMH JTMO0 a3pOOHBIX, JIUI0 AHAIPOOHBIX YCIOBHUSX.

Bech MK B3aMMOOTHOILIEHUH KIIETKU C OKPY’KAIOLIEeH Cpeaoi B MPOLecce N3BATHS U3 Hee U
TpaHc(hOpMAIMK MUTATEIBHBIX BEIIECTB ONPEACISCTCS U PETYIUPYETCS COOTBETCTBYIOIUMHU
depmenTamu. DepMeHTHI JIOKATU3UPYIOTCS B LIUTOIIA3ME U B PA3IMUHBIX CyOCTPYKTypax,
BCTPOCHHBIX B MEMOpaHy KIIETKH, BBIIEISIOTCS Ha MOBEPXHOCTH KIETKH WM B OKPYKAIOIIYIO
cpeny. Obiree conepxanne hepmeHTOB B KiieTke qocturaet 40 — 60% ot olriero conepkanus
B Hel 0elka, a coJiepikaHue Kaxaoro u3 epMeHToOB MokeT cocTaBisaTh oT 0,1 1o 5% ot
conepxanus 6emnka. [Ipu 3ToM B KileTkax MOKeT HaxoauThes cebiiie 1000 BUIOB pepMEHTOB,
a KaX/1yl0 OMOXMMHUYECKYIO PEAKIIHIO, OCYIIECTBIISIEMYIO KIIETKOM, MOTYT KaTalu3upoBaTh 50
— 100 monekyn cooTBeTcTBYIOIIEr0 pepmerTa. Hact hepMeHTOB NpeACTaBIAIOT OO0
CJIOXHBIE OeTKU (TIPOTEHIbI), CoAeprKale Kpome O0enKoBoil yacTu (anodepmeHTa)
HeOenKoBYyIo yacThb (kodepmeHT). Bo MHOTHX citydasix KoepMeHTaMH SIBJISIOTCS BUTAMUHBI, a
MHOT/Ia — KOMILUIEKCHI, COAEPIKAIIe HOHBI METAJLIOB.

[Tporecchl GMOXUMUYECKOTO OKUCIIEHUS Y TETEPOTPOQPHBIX OPraHU3MOB JIENISAT HA TPH IPYIIIIBI
B 3aBUCHUMOCTH OT TOTO, UTO SIBJISIETCS KOHEYHBIM aKIEITOPOM BOJIOPOIHBIX aTOMOB WU
AIIEKTPOHOB, OTHICTISIEMBIX OT OKHCIsieMOro cydcTpara. Eciim akiienropom siBisieTcst
KHCJIOPOJ, TO 3TOT MPOILECC Ha3bIBACTCS KIETOYHBIM JIBIXaHHUEM WM MPOCTO JBIXaHUEM; €CITH
aKIETITOP BOJIOPOJIa — OPTAHMUYECKOE BEIIECTBO, TO MPOIECC OKUCIICHUS Ha3bIBAIOT OpOKECHNUE:
HaKOHEI €CJIM aKIIETITOPOM BOJOPO/Ia SBJSETCS HEOPTaHMUECKOE BEIIECTBO TUIIA HUTPATOB,
Cyb(aToB, TO MPOIECC HA3BIBAIOT aHA3POOHBIM JIBIXaHHEM, FITH MIPOCTO aHAIPOOHBIM.
Haubosee nonHpIM sIBIsIeTCS MPOLIECC OKUCICHHUS, T.K. €ro MPOIYKThI — BEIECTBA,
HECIIOCOOHBIE K TAITbHEHIIIEMY B MUKPOOHATIHLHOM KIIETKE U HE COJIEpIKaIie 3arackl SHEPTUH,
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KOTOpasi MOIJIa ObITh BEICBOOOX/I€HA OOBIYHBIMU XUMHUECKUMH peakuusaMu. [ 1aBHbIE U3 3THX
BEUIECTB, KaK YK€ OTMEUYalI0Ch — JUOKCHU]L yIJIEpOaa U BOJA.

AspoOHas IUCCUMMIIALMA CyOCTpaTa — yIiaeBoJ0B, OEIKOB, KUPOB — HOCUT XapaKTep
MHOT'OCTaIMHHOTO MIPOLIECCA, BKIKYAIOIIEr0 IEPBOHAYAIIBHOE PACLIECINIEHUE CII0KHOTO
YIJIEpOCOEPKALIEro BellecTBa Ha Oosiee IpocThie CyObeIMHUIIBI ( K IpUMepy
NOJICaxapyuabl - B IPOCTBIE caxapa; )KUPBI — B )KUPHBIC KUCIOTHI U TIUIEPO; OCIKH — B
AMHHOKUCIIOTHI ), IOJBEPraolIUecs B CBOIO OUepe/lb, NabHEHIIEH 110C/Ie10BaTeIbHON
Tpancpopmanuu. [Ipu 3ToM JOCTYIHOCTH CyOCTpaTa OKUCICHUIO CYIIECTBEHHO 3aBUCHUT OT
CTPOEHUS YIIIEPOIHOIO CKEJIeTa MOJIEKYJI (MIPSIMOM, pa3BETBICHHBIN, IMKIMYECKUI) U CTEIIEHN
OKHCIICHHS YIIIEPOAHBIX aTOMOB. Hanbosiee JIerko JOCTYIMHBIMH CUUTAIOTCS caxapa, OCOOCHHBI
I'eKCO3bl, 332 HUMH CJI€yI0T MHOI'OATOMHBIE CIIUPTHI (IVIMLEPUH, MAHUT U JIp.) U KApOOHOBBIE
KHCJIOTBHI.

bposkenue sBisieTcs MpoLeccoM HEMOJIHOTO PaCcUICIUIEHUSI OPraHUYECKUX BEILLECTB,
IPEUMYLIECTBEHHO YIJIEBOJIOB B YCIOBHSIX 0€3 KMCIOPOAa, B pe3ysibTaTe KOTOPOTro
00pa3yroTcs pa3IMuHble IPOMEKYTOUYHBIE YACTUYHO OKHCIIEHHBIE IPOAYKThI, TAKUE KaK CIIUPT,
[JIMLEPUH, MypaBbUHAsI, MOJIOYHAs, IPOMIMOHOBAs KUCIIOThI, OyTaHOI, alleTOH, METaH U JIp. ,
YTO HIMPOKO UCIIOJIb3YETCSl B OMOTEXHOIOIMH JUIsl [TOJIy4Y€HUs LeNeBbIX MpoyKToB. [1o 97%
OpPraHHUYECcKOro cyOcTpaTa MOXKET MPEBPALAThCs B TAKME NOOOYHBIE MPOYKTHI U METaH.
depMeHTAaTUBHOE aHaIPOOHOE paclieneHre OEIKOB U aMUHOKHUCIIOT HAa3bIBalOT THUEHUEM.
Crnemyer OTMETHTD, YTO B IPOMBIIIJICHHON OMOTEXHOIOTHH [T TOTYYCHUS Pa3THIHBIX
HPOAYKTOB MUKPOOHAIBHOIO IPOUCXOXKIEHUS (KOPMOBBIX MM MEKAPCKUX JIPOXIKEH,
Pa3IUYHbIX OPraHUYECKUX KUCJIOT, CHUPTOB, BATAMUHOB, JIEKAPCTBEHHBIX IIPENIApaTOB)
MCIIOJIb3YIOTCSI YUCTBIE KYJIBTYPBI, T.€. MUKPOOPTraHU3MbI OJJHOI'O BUJIA 3a4aCTYIO
CEJIEKIIMOHUPYEMBIE, CO CTPOIMM IMOIEP>KaHUEM BUJJOBOI'O COCTaBa, COOTBETCTBYIOIIUX
YCIIOBUM NUTaHUs, TEMIIEPATYPbI, AKTUBHON PEAKLIUU CPEBI U IIP., UCKJIFOYAIOIIUX IOSIBIICHNE
WIM pa3BUTHE APYTUX BUJIOB MUKPOOPTaHU3MOB, UTO MOTJIO OBl IPUBECTHU K OTKJIOHEHUIO
KayecTBa M0JIy4aeMoro MNpoayKTa OT YCTaHOBJIEHHBIX CTaH/IapTOB.

[Tpu ouncTKE CTOYHBIX BOJI COAEPIKALIMX CMECh PA3HOOOPA3HBIX IO XUMUYECKOMY COCTaBY
3arpsi3HeHUH, KOTOpble MHOT/Ia Ja’ke BeCbMa TPYIHO UAEHTU(UIPOBATh aHATUTUYECKUMU
MeTo1aMu, OMoMacca, OCyIIECTBIISIONIAast OUUCTKY, TaKKe MPECTaBiIseT cO00H cMech, a
TOYHEE, COOOLIECTBO Pa3IMUHBIX BUJOB MUKPOOPIaHU3MOB U MPOCTEHIINX CO CIIOKHBIMU
MEXy HUIMH OTHOIIEeHUsIMU. Kak BUIOBOM, Tak U KOJIMYECTBEHHBIN COCTaB OMOMACChI
OUYHCTHBIX COOPYKEHUH OyJIET 3aBUCETh OT KOHKPETHOTO METO0/1a OMOJIOTUYECKOW OUUCTKHU U
YCIIOBUH €T0 pealn3alyH.

Konucmpykyuu aspomenkos. KoHCTpyKTHBHOE 0(hOpMIIEHHE a3POTEHKOB ONPEEIsieTCs
HPOMYCKHOW CIIOCOOHOCTBHIO OYMCTHBIX COOPYKEHUH, UCXOTHBIMU XapaKTEePUCTUKAMU
MOJJIeXKAIIEH 0YMCTKE BOJIbI, OTPEACISIONIMMHU PEXUM padOThl a3pOTEHKOB, TUIIOM
a’paliioHHOro 000pyJOBAHUS IS 110/1a4H BO3/lyXa U IIepeMelINBaHN s, KOHCTPYKIHEH JpyTrux
COOPYKEHHI, BKIIFOUAEMBIX B TEXHOJIOTHYECKYIO CXEMY OYMCTKH CTOYHOM BOABI U ap. [Ipn
KOHCTPYMPOBAaHUH PELIAIOTCS BOIIPOCHI ONITUMAJIBHOTO Pa3JIoKEHNUsI KOMMYHHKAIIHH,
MOJIBOJSIINX K @3POTEHKAM CTOYHYIO BOJly Ha OUHMCTKY, IMPKYJISILIUOHHBIM aKTUBHBIN I,
BO3/yX, KOMMYHHUKaIU, OTBOASIUX UJIOBYIO CMECH U3 aOPOTEHKOB B COOPYKEHUS
UJIOOTACICHUS M H30BITOYHOTO aKTUBHOTO MJIa Ha 00paboTKYy.

JI71st KpyIHBIX OYMCTHBIX COOPYKEHHUI MPUMEHSIOTCS, IIIaBHBIM 00pa3oM, MPSMOYTOJIbHBIE B
IUTAHE aDPOTEHKH C THEBMATUYECKOM adpaliuei, XOTsI UMEIOTCS KPYITHbIE OUNCTHBIE
COOPYKEHHSI C MEXaHMYECKON cCcTeMO aspannu. [1Jig cpaBHUTEIHHO HEOOIBIINX OUMCTHBIX
COOPYKEHHM NPUMEHSIOTCS KaK MIPSIMOYTOJIbHBIE, TaK U KPYIJIbIE B IUIAHE aDPOTEHKH C
MTHEBMATHYECKOM, MEXaHUUECKOW MJTH TTHEBMOMEXaHUYEeCKOH a’panueit. OHo# u3
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CYILIECTBEHHBIX XapaKTEPUCTHK a3POTEHKOB SIBJISICTCS UX CBSI3b C COOPYKEHUSIMHU
MOCIIEAYIOLIETO pa3ieiaeHus wioBoi cMecu. C 3TOi TOUKHU 3peHHsI pa3InyaloT adPOTEHKH C
OTJENIHBIMU OTCTOMHBIMHU COOPY)KEHUSIMH, T.€. C HE3aBUCUMBIM APYT OT JIpyra
TUAPABINYECKUM PEKUMOM pabOThl a9POTEHKOB M BTOPUYHBIX OTCTOMHUKOB, U a9POTCHKH -
OTCTOWHUKH, B KOTOPBIX 3TH JIBA COOPYKEHHS ONPEIeTIeHHBIM 00pa30M r'HApPaBINYECKH
CBsI3aHbI ¥ B3auMocCBs3aHbl. LIInpoko npruMeHsieMble a3pOTEHKH JUIsl KPYIHBIX M CPEIHUX
OYHUCTHBIX COOPYXEHHI NPEACTaBIsIET COOON MPSMOYTOJIbHBIN B TUIaHE pe3epByap,
pa3/iesieHHbIN Ha ABa-uyeThIpe KOPUA0pa MPOI0JIbHBIMH MEPErOpOIKaMu, 00ECIIeUNBAIOIIUMU
IIPOTEKaHNE 110 HUM WI0BOM cMecu. KopuaopHoe ycTpolicTBO a3pOTEHKOB [103BOJISIET
OTHOCHUTEIIBHO JIETKO PeIlaTh BOMPOCH! MOJIBOAA OUUIAEMOMN KHUAKOCTU U UJIa B @3POTEHK U
0TBO/Ia MJIOBOM CMECH HE3aBUCHMO OT TEXHOJIOTHUECKON CXeMbl paboThl adpoTenka. [llnpuna
KOPHUI0pa MOXKET COCTaBJIATh 4,5 — 9 M (a mHOT A M O0JIee) pu TIIyOorHE ero a0 6 M. [[nuHa
A>POTEHKOB MOXKET JIOCTUTATh HECKOJBKUX JAECATKOB METPOB B 3aBUCHMOCTH OT IPOITYCKHON
CIIOCOOHOCTH OYUCTHBIX COOPYKEHUH.

Tlonyuenue sxonocuueckoti yucmou suepeuu. buozas. IK0JIOTMUECKU YUCTYIO SHEPTHUIO MOKHO
MOJTyyaTh MyTeM MpeoOpa3oBaHusl COTHEYHON SHEPTUU B AIEKTPUUECKYIO C TOMOIIBIO
COJIHEYHBIX KOJIJIEKTOPOB, a TAaK)Ke U3 OMoraza 1 MUKpOOHOTO 3TaHOJIA.

buocaz — 310 cmeck u3 65% merana, 30% CO2, 1% cepoBoaopo/ia U HE3HAYUTEIBHBIX
npuMecel a30Ta, KHCIOpOo/1a, BOJIOPOA U yTapHOTo ra3a. DHeprusl, 3aKiroueHHas B 28 m3
Oworasa , 5kBUBaJieHTHa dHeprun 16,8 M3 nmpupoanoro raza; 20,8 n medru; 18,4 1 qu3enbHOTO
TomMBa. B ocHOBe monyueHus: 6uorasa JIeKHUT MPOLIeCC METAHOBOTO OPOKEHUs, WIH
METaHOI'€HE3 — MIPOLIECC MpeBpallieHne OMOMAaCChl B SHEPTHIO.

buomemanozenes — cnoxxHbI MUKPOOMOJIOTUYECKUH MPOLIECC, B KOTOPOM OPTaHUYECKOE
BEIIIECTBO Pa3Jiaraercs 10 JUOKCUIA YIIIepoa U MeTaHa B a9POOHBIX YCIOBUSX.
MuxkpoOuonoruyeckoMy aHa3poOHOMY PA3JI0KEHHIO MOIA0TCS MPAKTUYECKH BCE
COEIMHEHUS TIPUPOTHOTO MIPOUCXOKIACHHUSI, & TAKKE 3HAUUTENIbHAS YaCTh KCEHOOMOTHUKOB
OopraHuueckoil npupo/sl. B aHaspoOHOM mporiecce OMoMeTaHOreHe3a BbIIEIAI0T TPU
NOCJIe10BaTeNNbHbIE CTAMU, B KOTOPBIX Y4acTBYIOT cBbIlle 190 pa3auuHbIX MUKPOOPTaHU3MOB.
Ha nepeoti cmaouu noj BIUSHUEM SKCTPALIEIUTIONIIPHBIX (PEPMEHTOB (PePMEHTATUBHOMY
THJIPOJIU3Y MOABEPIatOTCS CII0KHBIE MHOTOYTJIEPOHBIE COETUHEHNS — OCJKH, JIUMTUABI U
noJrcaxapuabl. BMecTe ¢ THAPOIMTHYECKUME OaKTepUsIMHU (PYHKITUOHUPYIOT U
MHUKPOOPIaHU3MBbl — OPOAUIIBIIUKH, KOTOPBIE (PEPMEHTUPYIOT MOHOCAXapH/Ibl, OPraHUYECKHE
KHCJIOTBI.

Ha emopoii cmaouu (aunaorenes) B npoiecce hepMeHTalMK y4acTBYIOT JIBE TPYIIIbI
MHUKPOOPTaHU3MOB: alleTOTCHHBIE U TOMOAIETOTeHHbIE. AleTorenHsie H2-mpoaynupytromiie
MHUKPOOPIaHu3Mbl (DEPMEHTUPYIOT MOHOCAXapU/bl, CIIUPTHI U OPraHUYECKUE KUCIOTHI C
oOpazoBanuem H2, CO2, HU3MUX )KUPHBIX KUCIOT, B OCHOBHOM alleTaTa, ClIupTOB U
HEKOTOPBIX IPYTUX HU3KOMOJIEKYJISIPHBIX coeAuHeHuil. Jlerpaganus OyTupara, mponuoHara,
JaKTaTa ¢ 00pa30BaHUEM alleTaTa MPOUCXOAUT IIPU COBMECTHOM J€MCTBUM alleToreHHbIx H2-
npoayuupyrouux 1 H2-yrunusupyromux 6akrepuii. ['oMoarieTaTHble MUKPOOPTaHU3MBI
ycBanBaroT H2 u CO2 , a Takyke HEKOTOPBIE OJJHOYTIEPOIHBIE COCTUHEHUS YE€PE3 CTATUIO
oOpa3oBanus aneTui- KoA u npeBpaiiieHle ero B HU3KOMOJIEKYJISpHbIE KUCIOThI, B OCHOBHOM
arerar.

B 3axniouumensrotl mpemuetl cmaouy aHa pPOOHOTO Pa3I0KEHUS OTXO0/10B 00pa3yeTcsi MeTaH.
OH MOXeT CUHTe3UpOBaThCs Uepe3 CTauio BoccTaHoBieHUs: CO2 MONEKyISIPHBIM BOJJOPOIOM,
a TaKKe U3 METUJIHOM Ipymibl anierata. Hekotopble MeTaHOBBIE OaKTEPUU CITIOCOOHBI
UCIOJIb30BaTh B KauecTBe cyOcTpaTta popmuat, CO2, MeTaHOII, METUIIAMUH U JIpyTHe
apoMaTHYECKHE COeTMHEHUS:
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4H2 + CO2 — CH4 +2H20

3H2 + CO — CH4 + H20

2H20 + 4CO CH — 4 + 3C02

4HCOOH CH — 4 + 3CO2 + 2H20

4CH30H — 3CH4 + CO2 + 2H20

CH3COOH CH — 4 + CO2

Oco0oe MecTO B yTHIIM3ALMK OTXOA0B 3aHUMAaeT METaHOBOE cOpaknBaHue. OHO MO3BOJISIET
MOJIy4aTh U3 MECTHOTO ChIPhsi OMOTa3 KaK JOKaJIbHBIM HICTOYHHUK SHEPTUH, a TAKXKE YIYy4IIaTh
Ka4eCTBO OPraHUYECKOT0 Y0OpEHHs U 3alIUIIATh OKPYKAIOUIYIO CPEAy OT 3arpsi3HEHHM.
DKOJIOTUYECKH YUCThIE UCTOYHUKHU SHEPTUU HE BIUAIOT OTPULIATEIHLHO Ha OKPYKAIOUIYIO
cpeny.

B 3aBucuMOCTH OT TemMnepaTypbl IPOTEKAaHUS MTPOLIECCa METaHOBBIE OAKTEPUH Pa3eIIAIOT Ha
Me30- U TepModmiibHbie. OnTUManibHas TeMiepaTypa A Mme3opuinbHbIX 6aktepuii oT 30 10
400C, o nns repmodunpHbix oT 50 10 600C. B 11eom repmMouinbHBIA Mpolecc MeTaHOTreHe3a
U/IeT HTHTEHCHBHEE Me30(DHIIBHOTO, IPUTOM B 3THX YCIOBHUSIX aHA3POOHOH 1mepepaboTKu
OTXO0JI0B CyOCTpaT 00e33apaxxMBaeTCsl OT MAaTOreHHONH MUKPO(IOphI U renbMUHTOB. [Ipu
aHadpPOOHOM mepepaboTKe OTXO0I0B JKUBOTHOBOJCKHUX (hepM MUKPO(IOpa METAHTECHKOB
(aHa’poOHBIX pepMeHTEepPOB) HOPMUPYETCS MPEUMYILIECTBEHHO U3 MUKPOMIOPHI KEITYA0UHO-
KHIIEYHOT'O TPaKTa TaHHOTO BHJA )KUBOTHBIX M MUKpO(]IIOpHI okpyxKaromei cpeabl. [Tocie
orpezieNieHus: Cpoka pabOThl METAHTEHKA MPH YCTAHOBICHHOM TEMIIEPATypPHOM pEXKHME U Ha
MOCTOSITHHOM CYOCTpate 00pa3yeTcs CPaBHUTEIBHO CTAOMIIBHBIA KOHCOPIIMYM
MUKPOOPTaHU3MOB.

Jist momy4enust 6uoraza MOXHO HCIIOJIB30BaTh OTXO/IBI CEIBCKOTO X035 CTBA, HCIIOPYCHHBIC
MPOIYKTHI, CTOKM Kpaxmal nepepadaThIBAIOIINX IPEIIPUITUN, )KUIKUE OTXO/IbI CaXapHbIX
3aBOJIOB, OBITOBBIE OTXO/bI, CTOYHBIE BOABI TOPOJIOB U CIIMPTHHIX 3aBO/IOB. [Iporiece Benercs
npu temmeparype 30 — 600C u pH 6 — 8. 10T ciocob nonmyueHus: 6uorasza mUPOKO
npumenstoT B Muaun, Kutae, Sinonuu. B HacTosiee Bpemst 1711 MpOU3BOCTBA OMOTrasa varie
HCTIONIB3YIOT BTOPUUHBIE OTXO/IbI (OTXObI )KHBOTHOBOACTBA M TOPOJCKHE CTOUHBIE BOJIBI), 4EM
MIepBUYHBIC (OTXOJIBI 3€PHOBOICTBA, TTOJIEBOJICTBA, XJIOMKOBOICTBA, TUIIEBOM, JIETKOMH,
MUKPOOHOJIIOTUYECKOM, JIECHOHN U IPYTHX OTpaciieil), 00IaJaroX CPaBHUTEILHO HU3KOM
PEeaKLMOHHON CIIOCOOHOCTBIO U HYK/JIAIOIIUECs B IIPEIBAPUTENIbHOI 00paboTKe.

B peakTopax mist 06paboTKH 0TXO/0B Mo/1aya 0TXOA0B U 0TOOp 0TpabOTaHHOTO CTOKA
OCYILECTBIISICTCS] B HU)KHEH YacTH peakTopa. Pesxum ero paboThl MOKET OBITH KakK
NEePUOANYECKHUM, TaK U MOITYHENPEePBhIBHBIM. PeakTop 00bIYHO nMeeT /Be (1iu OoJiee) CeKIUn
JUISL pa3/ielIeHus CTaIhii mporuecca.

CoBpemMeHHOE COCTOsIHHME MPOOJIEM U MEPCIIEKTUB B 00JIaCTH MOJTy4YeHHs Ororasa
CBUJIETEIHCTBYET O TOM, UTO aHA’POOHASI KOHBEPCHUSI OPTAHUYECKUX OTXOJ0B B METaH —
HanboJiee KOHKYPEHTOCIIOCOOHAast 00acTh OnodHepreTuku. OCHOBHOE MPEUMYIIIECTBO OHorasa
COCTOHT B TOM, UTO OH SIBJII€TCSI BO30OHOBISIEMBIM HCTOYHUKOM dHEpruu. Ero mpoun3BoacTBo
OyJeT TakKe JUIUTEIbHO, KaK CYIIECTBOBAHUE KU3HH Ha 3eMJIe.

12. cnionp30BaHMe HAYYHBIX JOCTHKEHHUN B 00JIACTH (PU3UKO-XUMHUIECKOH OMOJIOTHH
U QyHIaMEHTAIbHBIX OMOJIOIMYECKUX AUCIUILIUH B OMOMHIYCTPHH.

[Tupokoe nCHoab30BaHUE B OMOJIOTMH METOAOB TOYHBIX HAYK — XUMUH, (DU3UKH,
KpHucTaorpaduu — MPHUBEIO K BOSHUKHOBEHUIO HOBBIX HAYYHBIX HAIPABIICHUH, TAKUX, KaK
6uodusnka, GMoopraHuvecKas XUuMHs, MOJIEKYJIApHast OMOJIOTHs, MOJIEKY IsipHast Onodu3uka u
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T. II.

Ycnexu, nocturayteie 3a nocienuue 10—20 et B GU3UKO-XUMHUYECKON OMOIOTHH,
3HAYUTENBHBI U Pa3HOOOPa3HbI, HO MBI OTPAHUYUMCSI (PparMEeHTAPHBIM PACCMOTPEHHUEM JIHIIb
JIBYX BOIIPOCOB: O MaT€pUaILHOM CyOCTpaTe MpOIEeCCOB KU3HECATCILHOCTH M PETyJIAIIUN
MPOTEKAIOIINX B OPraHU3Me MPOIECCOB 0OMEHA BEIIECTB.

DJIeKTPOHHAS MUKPOCKOIIHS C Pa3peleHteM 10 2 A oTKpbLia HOBBIA MUP CTPYKTYPHBIX
oOpa3oBaHuil B kieTke. OCOOEHHO BaKHBIM U HHTEPECHBIM 0Ka3aJI0Ch YCTAHOBJIEHUE TOI'O
(axTa, 4TO CTPYKTypHBbIE 00pa30BaHU AApa U LUTOILIA3MbI BHIIOIHSIOT
CIelHaTU3UPOBaHHbIe QYHKINU. B sa1pe mporcXoauT CHHTE3 HYKJIEHHOBBIX KUCIIOT,
HYKJICOTH/I0B, HYKJIEONPOTEN0B, Oaroaps 4eMy odecreunBaeTcs poLecc nepeaadu
UH(OPMALINH, OCYILECTBIIIEMBI Ha TCHETUYECKOM YpOBHE. B MUTOXOHAPUSX 3a CYET SHEPTHH
OKHCIICHUSI Pa3JInYHbIX BEILECTB 00pa3yroTcs Ooratele SHEprue CoeIMHEH s, B YaCTHOCTH
aneHo3uHTpUpochopHas KucioTa. IMEHHO B HEl, KaK U3BECTHO, B CBSI3SIX MEKIY
dochaTHBIMU IPYNIIAMU aKKYMYJIUPYETCsl SHEPTHs B JIETKO YTUIM3UPYEeMOil popme.
Pu60CcOMBI — HHYTOXkHO Majible yacTuIlbl, He Gonee 200 A B muamerpe, ¢ kodpdumenToM
cenuMmeHTanuu (ocaxaenue) 70S, cocrosiue U3 IByX HEpaBHbIX CyOUacTHIL ¢
kodppurmentamu cequmenTanmu 30 S u 50S, ciry>kat MecToM cuHTe3a 0eNKoB. JIn30coMBI
IPEICTaBISIOT COOON MEIIOYKH, 3aI10JIHEHHbBIE PACTBOPOM ITHApOJIa3, 001a1al0MX 00JIbIIOMN
pacIeTIIonIel CHIION U T. A. B KieTke mMpoKo MpeacTaBiIeHbl KOMIUIEKCHI, 00pa30BaHHBIC
pas3IMYHBIMU BELIECTBAMU, O/IHAKO BayKHEHIIas yacTh KJIETKH U €€ CTPYKTYPHBIX
KOMITOHEHTOB — OEJIKH.

Ha uckmounrtensHayro pois 6enkoB emie B 1838 r, o6parun Buumanue I'. Mynbaep, Ha3BaBIIHiA
UX OPOTEUHAMH, T. €. IEPBEHIIMMH WM BaXKHEHIIMMU 110 3HAUEHUI0, 0€3 y4acTHsI KOTOPBIX
YKU3Hb HEBO3MOKHA. B 1895 1. o1MH U3 KpynHENWIINX MpecTaBUTeNed OpraHnuecKoil XuMuu
A. don beiiep, HaCTpOEHHBIN BeCbMa CKENTHUYECKH, CYUTAI, YTO HET HUKAKON HaJeX bl B
OmkaiiieM OyyIIieM BBISICHUTH TPUPOY Oenka. JIFoOOMBITHO, YTO YKe uepes MsITh JIET A.
beiiep okazaincs caunerenem padot J. Gumepa u @. ['opmeiicrepa, ycTaHOBUBIINX

MENITUTHYIO CTPYKTYPY Oernka.

B 1916 1. O. A6nepxanpaex u A. @oJ0p CUHTE3UPOBAIH MENTH, COCTOSABIIMK U3 19
AMUHOKHCJIOTHBIX OCTaTKOB M JJaBaBILIUI sl peaklMid, XapaKTEPHBIX JUIsl OCJIIKOBBIX BEILIECTB.
Opnnaxo 3HaHME Jaxke BceX 20 KaueCTBEHHO pa3iIM4HbIX aMUHOKHUCIIOT, BXOASAIIUX B COCTAB
Oenka, He o0ecreunBaio paciuGpoBKU ero cTpoeHus. Ynucao BO3MOXKHBIX codeTaHuit 20
AMHHOKMCIIOT COCTABJISIET Gomee AByX KBUHTHILTHOHOB (2-108). [TosToMy ycTaHOBUTS
MOCJIE0BATEIHHOCTh aMUHOKHCIIOTHBIX OCTaTKOB B MOJIEKYJIe Oelka Ka3ajaoch JIeJIOM MOYTH
0e3HaIe)KHBIM, HE TOBOPS y’Ke 00 UCKYCCTBEHHOM JIabopaTopHOM ero cuHTese. [Inonepom B
sToM obnactu okazaincs d. Canrep — mononoit 6uoxumuk KemOpumpkekoro yHuBepcuTeTa,
npeanpuHsABIINN B Hayase 40-X roJJoB UCCIeI0BaHUE IEPBUYHON CTPYKTYPBI OETKOBOTO
TOpMOHA MHCYJUHA, cocTosAero u3 51 amunokucnotsl. Pabota notpebosana 10 ner
HanpspKeHHOTro Tpyaa. Ee pesynbraTsl Obun onmyOnukoBansl B 1953 1. 1 cTany ogHUM U3
BAKHEWIIMX HAYYHBIX JOCTHKEHMI Hamrero BpeMenu. Bekope C. Myp ¢ coTpyiHMKaMu B
pe3yibTarte TpexJeTHel paboThl pacin(poBaid NEPBUUYHYIO CTPYKTYPY O€lKa, COCTOSIIEro U3
124 aMUHOKHUCTIOT, — MOJHKEITYA0YHON pruOOHYKII€as3bl.

Heckounbko sieT Ha3aa B COBMECTHON paboTe IBYX J1a00paTopuid, pyKOBOAUMBIX aKaJEMHKOM
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10. A. OBunHHUKOBBIM M akajieMuKkoM A. E. bpayHiiteliHoM, Oblia yCTaHOBJICHA ITIEPBUYHAS
CTPYKTypa acrnapTaTTpaHCaMHHa3bl — OesKa, coCToAEero u3 412 aMHHOKUCIOTHBIX OCTAaTKOB.
B Hacrosimee BpeMs OCIeJ0BaTEIbHOCTh aMHHOKHUCIIOTHBIX OCTAaTKOB B O€JIKaX HIMPOKO
AHAIM3UPYIOT BO MHOTHX JIAOOPATOPHSIX MUPA, U YUCIIO paciin(pOBAHHbBIX IEPBUUYHBIX
CTPYKTYD, BeposTHO, npudmmkaercs K 1000. [Tpu 3Hanum nocnenoBaTeIbHOCTH
pacroIoKeHUs] aMUHOKHCIIOTHBIX OCTaTKOB B O€JIKE CHUHTE3 €ro yKe He KazaJcs
HEBO3MOXXHBIM. W IeHiCTBUTENBHO, YK€ OCYIIECTBIICH Ja00paTOPHBIM CHHTE3 psia OEIKOB, B
MEPBYIO OYepeib FTOPMOHA UHCYJIMHA U (pepMeHTa puOOHYKIIeasbl,

[TapannensHo XMMUYECKOMY aHAJIM3y aMUHOKHUCIIOT B 50-€ ro/bl Bce 00JIbIlle BHUMAHUS Havall
MPUBJIEKATh PEHTTEHOCTPYKTYPHBIN aHAIN3 KPUCTAITNYECKUX OEJIKOB, O3BOJISBILUI
OTIpeNeNATh UX NPOCTPAHCTBEHHYIO KOH(purypanuto. IMenHo Giarogaps 3Tum
HCCJIEIOBAHMSIM YAAJIOCh MPEACTaBUTh MPOCTPAHCTBEHHYIO CTPYKTYPY MUOTTIOOMHA, o- U [3-
nenei remoriao01uHa, puoOHyKII€asbl, Jin3ouuMa 1 Jip. OueHb MHOT'O YCUIIMHM TPATUTCS Ha
ornpezeNieHue MPOCTPAHCTBEHHOW KOH(MUTYpALMH, WIH TPETUYHOU CTPYKTYpPbI OEIKOB-
dbepmeHToB. IHTepecHa HCTOPUS YCTAHOBJICHHSI OSITKOBOM TTPUPO bl pepmeHToB. [1o-
BUJMMOMY, BIIEpPBbIE, BIIpOoUeM, 0€3 I0CTaTOUHBIX OCHOBAHMI OEIKOBYIO TPUPOaY (pepMEHTOB
noctynuposai H. E. JIsckoBckuii B 1862 r., micaBIIviA, 4T0 OSIKH MIPU U3BECTHBIX YCIOBUSX
MOTYT UTPaTh posib pepmeHTOB. OUeHb YETKO Ha OEIKOBYIO NPUPOAY PepMEeHTOB yka3biBai .
I1. [TaBnoB. B ero «Jlekmusix o ¢puznonorum» untaem: «DepMeHTHI — Tela OEIKOBOM
npupoaby. OnuH u3 ero corpynuukoB E. A. ['anuke B pabote, onyonukoBanHoi B 1901 r.,
pUpaBHUBAT (PEPMEHTHI KO «BCSKOMY OCIKOBOMY BEIIECTBY», a APYroi COTpyAHHUK, B. H.
Kepcren, B 1902 r. nmucan: «IlermcuH — odeHb c0kHOE OJIKOBOE BelecTBo». KeraTu, 3To
MOJIHOCTBIO MOATBEPAMIIOCH: JIUIIL COBCEM HEIABHO B PE3YJIbTAaTE PEHTT€HOCTPYKTYPHOIO
aHanu3a H. C. AHzpeeBoll y1anoch YCTaHOBUTh TPEXMEPHYIO CTPYKTYPY HEICHHA.

Wrak, B 1aboparopuu U. I1. [TaBnoBa Ha pyOesxe 1ByX CTONETUH U B camMoM Havane XX B.
OenkoBast mpupoaa GepMeHTOB ObLIa HE TOJIBKO MOCTYJIUPOBAaHA, HO U IKCIIEPUMEHTATIHLHO
JIOKa3aHa IPUMEHHUTENbHO K (PEPMEHTY XKeJlyI0UHOro coka — nerncuny. HecmoTps Ha 310, B
byHIaMEHTAIBHOM PYKOBOJCTBE 10 SH3UMOJIoTHH 1. Diinepa, BoimeameM B 1925 1.,
TOBOPUTCS: «IH3UMOM. .. Ha3bIBAIOT BELLIECTBO KUBOTHOI'O UM PACTUTEIBHOTO
MIPOUCXOXKICHNS HEU3BECTHOTO COCTaBa M HEU3BECTHON CTPYKTYphI». A B 00CTOSATEIHHOM
yuebHuke K. Onnenreiimepa u P. Kyna (1927 r.) ckazano: «Bce ¢pepMeHTHI, BbIIETICHHBIE 10
HACTOSILEro BpEMEHU NPUOIU3UTENFHO B YUCTOM BUJIE, HE IAIOT peaKMi HU Ha O€JIKH, HU Ha
yraeBobl. Bee nmonydennsie P. Bunbmterepom uncreiinue npenaparbl pepMEHTOB HE
coziepkar OesKa 1 yrieBogoB». CUMTAIOoCh TakKe, YTO (PepPMEHTHI BCET/1a MPOSBISIOT CBOE
KaTaJUTHUYECKOE JIEHCTBUE, IPUCYTCTBYS JIMIIb B HUYTOKHO MaJIbIX KOJIMYECTBAX.

[Tonryuenue B 1926 1. JIxx. CaMHEpOM KPUCTAJUIMUECKOHN ypeas3sl U J0Ka3aTeIbCTBO €€
6enkoBoi pUpobl, a 3aTeM noaydenue J{. Hoprporom B 1930 r. kpucTtamimgeckoro
nerncuHa, HakoHel, oTKpbiTue b. A. Dnrensraparom u M. H. JIro6umosoii B 1940 r.
(bepMEeHTaTUBHBIX CBOICTB MHO31HA — Oelika, cocTaistomiero 40% BceX MBIIIEYHBIX OEIKOB
Y BBICHIMX )UBOTHBIX, IPOTUBOPEUMIIN OOIIETIPUHATHIM B3rJsAaM. JIMIIb ocie MOBTOPHBIX
npoBepok nanuble J[. Hoprpona, a Takke B. A. Durensrapara u M. H. JIrobumoBoit Obutu
06€30roBOPOYHO MPUHSATHI U COCTABUIIM OHO U3 OCHOBHBIX IMOJIOXKEHUN COBPEMEHHOM
SH3UMOJIOTHUH.

CBoiiCTBa U CTpOEHHE OCIKOBBIX BEIIECTB, NX TIEPBUYHYIO U TPETHUHYIO, T. €.
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IIPOCTPAHCTBEHHYIO, CTPYKTYPY, YCIOBUS aCCOLMAIIMU B 00JIee KPYIHbIE KOHTIIOMEPAaThI
(ueTBEepTUYHAS CTPYKTYpA), a TAKXKE JUCCOLUAIMIO Ha COCTABISIONIUE KOMIIOHEHTBI U3yYatoT
B HACTOSIIEE BpeMs TJIABHBIM 00pa30M Ha BBIJICIICHHBIX U OUUIICHHBIX MperapaTax
NuauBuayanbHbix pepmeHTOB. B KauecTBe mpruMepa cI0KHOT0 KOHroMepara (hepMeHTOB
MO>KHO Ha3BaTh MUPYBATACTHAPOTrEHA3Y CKEIETHBIX MBIIII, 00JIaJAI0NIYI0 MOJICKYIISIPHBIM
BeCcOM OKO0JIO 10 MIIH., TOMOTEHHYIO MIPH CETUMEHTAIIMH U OCYIIECTBIISIONIYIO 110 KpaitHei
Mepe MATh OTACIBHBIX (PEPMEHTATUBHBIX aKTOB; DTOT OSIKOBBIN KOMILIEKC JIETKO Pa30HUTh Ha
COCTaBHBIE YaCTH, KaXKasi U3 KOTOPBIX TaKke 001aaeT CII0KHON YeTBEPTUYHOM CTPYKTYpOit
Y TIOJIBEPracTCs B OMPEACIICHHBIX YCIOBUSIX JIaJbHEHIIIEH TUCCOIMAllUY HA UHANBUYyalbHbBIE
OeJIK1 ¢ MOJICKYJISIPHBIM BECOM B HECKOJIBKO JIECSITKOB THICSY — B CpeiHeM 0Ko0JI0 50 ThIC.
TakxuMm 00pa3oM, B CTPYKTYPY HAYATBHOTO KOMIUIeKca ¢ 10-MHIUTHOHHBIM MOJIEKYJISIPHBIM
BeCOM BXOAHT 0K0JI0 200 MHAMBHUIYATLHBIX OCITKOB.

MeTo/1bl 2JIEKTPOHHOM MUKPOCKOIIHH, YIIbTPALCHTPU(YTUPOBAHHUSI, BBICOKOBOJIBTHOTO
anekTpodopesa, CeKTpo — U HIyOPUMETPHH, SIIEPHOTO MATHUTHOTO U DJIEKTPOHHO-
napaMarHUTHOTO PE30HAHCA, MAacC-CIIEKTPOMETPUH U paarorpaduu, a TAKKE APYrHUe METOIbI
(UBUKY U XUMUU IIUPOKO BOBJIEKAIOTCS B aHAIN3 CTPYKTYPHI KaK MOJIEKYJ (PEPMEHTOB B
IIEJIOM, TaK M OTJICJIbHBIX MX YaCTCH.

EcTecTBeHHO MOCTaBUTH BOMPOC: ¥mo npedonpedeisiem npoCmpancmeeHHyo (mpemuinyio)
cmpykmypy 6e1Ko6, B UaCTHOCTH OETKOB-(DepPMEHTOB, a ClieI0BAaTeNbHO, U JOPMHUPOBAHUE UX
AKTUBHOTO IICHTPA, OT KOH(PHUTYpaIUU KOTOPOTO 3aBUCUT BBIITOJHECHHE KATATUTHYECKOM

byHKIIANA?

B Hacrosiee Bpemst Ha 3TOT BOIPOC MOXKHO, TO-BUJIUMOMY, OTBETUTh OJHO3HAYHO. B camoit
MOCIIEA0BATEILHOCTH AMHUHOKHCIIOT B MOJIEKYJIe Oelka 3aJ10KeHa MPOCTPAHCTBEHHAS
CTPYKTYpa, KOTOpas CBsi3aHa ¢ 00pa30BaHUEM B IIEMTM AaMUHOKHUCIOTHBIX OCTATKOB MEPEruooB 1
neresb, GOPMUPYIOIIUX OETKOBYIO IIIO0YITy.

OnHO U3 HOBBIX, BXKHBIX U NEPCIIEKTUBHBIX HAIIPAaBICHUN B GU3UKE U XUMUHU OeKa —
JeTaJIbHBII aHaJIN3 CBOMCTB OT/EIbHBIX AMUHOKHUCIOTHBIX OCTaTKOB, 00YCIOBIIMBAIOIINX
U3rHOBI M TTOBOPOTHI MENTHIHOMN 1eTH. DTO HaNpaBlieHUE UCCIIEA0BAaHUM IIMPOKO
npencranieHo y Hac B MHctutyte 6enka AH CCCP B padotax akagemuka A. C. Cniupuna, O.
b. IItuueina, B. U. Jluma u ap. [loxpa3aenrs aMuHOKHMCIOTHI Ha rUpO(oOHBIE (Mable,
cpenHue 1 Ooplne) U TuIpoduibHble (Malible U 00JbIINE), OHU CHOPMYIUPOBATIHU P
IPaBUJI, OTIPENEISIOMUX Ty POJIb, KOTOPYIO UIPAIOT B 00pa30BaHUM NEperu0oB u cnupaneit
NEeNTHIHOM LeNnH OT/AeIbHbIE AMUHOKHCIOTHBIE OCTaTKH, BXOASIIME B IEPBUYHYIO CTPYKTYPY
6enka. [IpocTpaHcTBeHHas CTPYKTYypa psija O€JIKOB, Mpe/IcTaBIeHHasi HA OCHOBAHUU 3TUX
IIPaBUJI IO PaCUETHBIM JaHHBIM, XOPOIIO COOTBETCTBOBAJIA PE3YyIbTaTaM, OJy4YEHHBIM
AKCIEPUMEHTAJIBHO ITyTEM PEHTTEHOCTPYKTYPHOIO aHAJIN3A.

Takum 06pa3om, TPETUYHYIO CTPYKTYPY O€Kka CO BCEMHU €ro OMOJIOTHIECKUMHU
O0COOCHHOCTSIMHU, a JUIsl PEpMEHTOB _ KAaTAIUTUYECKYIO aKTUBHOCTD MIPEIONpeeisieT
CTPYKTypa NEepBHYHAs, T. €. IOCIEeI0BATEILHOCTh PACTIONOKEHHUS B OEITKe aMUHOKHCIIOTHBIX
ocTtatkoB. Tem Oostee BayXxHO OBLIO BBISICHUTDB, KaK CKJIAABIBACTCA U UEM MPCAOIPEACITIACTCA
MepBUYHAs CTPYKTYypa OelKa MpH ero CHHTe3e, 00eCreYnBaroieM MoJIHOe OOHOBICHHE OEITKOB
B Pa3HBIC CPOKH B 3aBUCHMOCTHU OT UX JIOKAJIM3allhuU B OpraHax W TKaHAX, Ka4€CTBa U
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GyHKITUN.

Pa3BuTtHe uccnenoBanuii mo 3Toil mpodiieme HacuuThIBaeT HeMHoTruM 6osee 20 ner. Ux Hayano
MOYKHO OTHECTH K 50-M rojjaM Hallero CTOJIeTHs, Korja Obljia BEISICHEHA CTPYKTYpa
ne3okcupubonykinenHoBou kuciothl (JJHK), BXxoasiieit B coctaB XpoMaTrHa KJIETOYHOTO
A1pa, 1 Korja ObLIIM 0XapaKTepH30BaHbl pasHble PopmMbl pubonykienHoBoi kuciotsl (PHK),
MPUCYTCTBYIOIIEH KaK B siIpe, FaK U rJIaBHBIM 00pa3oM B LIUTOILIA3ME.

B pesynbrare niuTenbHBIX M 00CTOSTENbHBIX UccaenoBanuii 3. Yapraddom u ero
corpyaHukamu B 1950—1953 T ObIIM yCTaHOBIIEHBI 3aKOHOMEPHOCTH, Kacaroluecs
COJIEpXKaHUs YEThIPEX HYKJICOTUAOB — JBYX IYPHUHOBBIX U JIBYX MMPUMUIUHOBBIX B COCTaBE
JHK. DT 3akoHOMepHOCTH MOay4YniIn HazBaHue npaswi Yapradda, CornacHo um B JJHK
CoJIep>KaHue TyPUHOBBIX W MUPUMHINHOBBIX HYKJICOTHIOB OJMHAKOBO, TaK JK€ KaK o0IIee
KOJIMYECTBO AMHUHO — M OKCH — CO€IMHEHUNA. OJTHOBPEMEHHO C XUMUYECKUMU
uccienopanmsiMu Yapradda ps uccienopareneit, ocooenno P. @pankinud u M. YuikuHc,
MIPOBOJIUJIM PEHTT€HOCTPYKTYPHBIM aHANIN3 BBIIEJICHHBIX U OuMIleHHbIX npenapaTtos JJHK.
YuuThIBas HAKONUBIIKMECS PE3yJIbTaThl IBYX HAIPABICHUN uccienoBanui, /1. Yorcon u .
Kpuk c 3amedarenbHON IPO30pIUBOCTHIO MPEI0KIIIN B 1953 r. mpOCTpaHCTBEHHYIO MOJEIH
JHK B Buae ABOMHOM CIIMPAIIA, COCTOAILEH U3 JIBYX aHTUIIAPAIIIEIbHBIX HYKICOTHUIHBIX
nenei ¢ oouieit ocero. PUucyHku 3710t MoJeny mpuBOASTCS OOBIYHO BO BCEX yUEOHHKAX MO
Ouonoruu.

[TyprHOBBIC ¥ MUPUMUIMHOBBIC HYKJICOTH/IbI COSTMHEHBI B TOW CIIMPAIIU TIOIapHO
BOJIOPOJHBIMU CBS3SIMHU U 0OpalleHbl BHYTph Hee. BUTku crimpanu o0pa3yroT OOJbIIyIO U
Maryro 6oposaku. [Ipeamnonaranack, 94To B 00IbIIUX OOPO3IKAX PACIIOIOKEHBI OSITKU
IIEJIOYHOTO XapaKTepa — TUCTOHBI, oOpasytomue ¢ JJHK HykaeonpoTenHbIii KOMILIEKC,
crocoOHBIN K Auccouunanuu 1 oceodoxaenno JIHK. B HacTosimee BpeMs 1omycKaeTcs Takxke
Jpyrasi CTpYKTypa XpOMaTHHA SiApa: YEThIPe PA3IUMIHBIX TUCTOHA COSIMHEHBI ITOTIApHO,
bopMupys KapKac UM CTEPKEeHb, BOKPYT KOTOPOro crnupaneodpasHo HakpyueHa JJHK,
BCTYTAIOIAsl B PEAKIUIO C THCTOHAMHU, 00pa3ys HyKJI€OopoTenaHbIN KoMIUIeKe. bonbiryio
POJIb B U3BMEHEHUH CTPYKTYPbI HYKJIEONPOTEUAa JOKHBI UTPaTh MOTUPHUKAIIMY THCTOHOB
yTeM UX METUIMPOBAHUS, alleTUINPOBaHus U pochopunrpoBanus. MccnenoBanus B 3Toi
00J1aCTH BeyTCS BECbMa HHTEHCUBHO.

Kak yxe ynoMuHanoch, pu00COMBI POKAPUOT COCTOAT U3 JIBYX CyOUacTUIl: MaJIOH 1
6ombmioi. bonpmas cyobenunmia cocrout u3 AByx PHK u conepxxut 6onee 30 pa3nnyHbix
6enkoB, Manas cyouactuna cogepxut ogny PHK u 20 pasnnunbix 6enkoB. B HacTosmee
BpeMsi O€IKOBbIE KOMIIOHEHTHI pOOCOM BBIJIEIEHBI U OXapaKkTepu30BaHbl. X JTokanu3anus u
B3aMMHOE PacIoIOKeHUE N3ydeHbl 1 onucaHbl. Ha oo kax ol cyduacTuiibl 1 puO0oCoMBI B
LIEJIOM BBINAJAET PsJI CIIOKHBIX aKTOB B Ipoliecce cuHTe3a Oenka. B uccnenoBaHusax 3Toro
npoliecca JJOCTUTHYTHI 3aMevaTesIbHbIE Pe3yIbTaThl, KOTOPbIE HEBO3MOXKHO 00OUTH
MOJTYaHHEM. XOTsl, KOHEYHO, Halll 0030p OyJeT MOBEPXHOCTHBIM U CXEMaTHYHBIM.

Cob6onnas MPHK B iuTomnnazme ¢pukcupyercs Ha Maioil cyduacTuiie pudocoMbl, KOTopast
CIeUHATU3UPOBAHA HA CBA3BIBAHUM PA3JIMYHBIX KOMIIOHEHTOB, YYaCTBYIOIIUX B CUHTE3€

oenka. Crona xe, K MaJiol cyouacTuile, cBsizasmieit MPHK, moctaBistoTcss aMUHOKHUCIIOTHI,
Tpancnoptupyemslie crniennpuueckumu TpaicnoptasiMu PHK (TPHK) B Buze amunoanui-
TPHK. XapakrepHbie koMOMHaIUU U3 TpeX HYKI€OTUA0B (Tpuruietsl) popmupyrot B TPHK
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AQHTUKO/IOHBI, KOMILLIEMEHTAPHO CBS3bIBAEMbIE TPUILIETAMH HYKJIEOTHI0B — KOJIOHAMU
matpuuHoii PHK. B aToT MOMEHT k Maioli cyOuacTuiie mpucoeauHseTcs 0ombIas, GopMupys
HeNbHYI0 prdocoMy. ClIeyrOIUN TAll 3aKIF0YAETCS B IEPEIBUKCHIH — CKOJbKCHHUH
pu6ocombl mo MPHK ¢ nepexonom amunoammi-TPHK ¢ manoii yactuiel Ha 00JbIIyt0. 9T0O
OCBOOOKIaeT Mayt0 CyOUacTHILy JJIs aKIIEITUPOBAHUS cienyromiel amuaoanmi-TPHK.
Tenepb oCyIIeCTBISCTCS CUHTE3 MENTUTHOU CBS3H.

OO6pa3zoBaBiIuiics MeNTH cHavana yaep;xxkupaetcs Ha amuHoai-TPHK, pacnonosxenHoit na
MaJiol cyOJacTulle, a 3aTeM Mepe/IBUraeTcsl Ha OJIMH TPUILIET U pa3MellaeTcs Ha O0bIIoif
cyOuacTue, BBITeCHAA OKa3aBirytocs ceooboanoii TPHK. Ha cBoboanyro Mamyto cybuacTuiry
JnocrasisieTcss HoBast aMuHoauuia-TPHK, n akT cuHTe3a nenTuaHoM CBs3U MOBTOPSIETCS A0 TEX
0P, 0K HE MOCJIEyeT CUTHAI TEPMUHALIMY — 3aBEPILIEHUs CUHTe3a. Toraa nentuaHas Lemb
MEPEXOJIUT B Cpely, Tae GopMUpYETCsl TpeXMepHas CTPYKTypa Oelka yke COTJacHO APYTruM
3aKOHOMEPHOCTSIM.

CrnosxHbIi mpoliecc cCuHTe3a 0eKa, OCYIECTBISIEMbId B MUHYTHBIC U Ja)K€ CEKYH/IHbIC
WUHTEPBAJIbI BDEMEHHU, BO MHOTHX JICTAJIIX OCTACTCs Hepacin(ppOBaHHBIM, XOTs OOIHIA TUIaH
€ro sSICCH. OTKpI)ITO MHOTI'O MHANBUAYaJIbHBIX O€JIKOB U BBIICHCHO, YTO OHH Y4aCTBYIOT BO
B3aMMOY3HaBaHHH KOMIIOHEHTOB CHHTE3a, B CUTHAIM3AIIMY HayaJia, MPOJIODKCHUS U
npeKpaleHus CHaTe3a. B To e BpeMsi MeXaHU3M OCYIIECTBIIEMbIX 3TUMH OelTkaMu () yHKIIHHA
OCTaeTcs 3araJlouyHbIM M TpeOyeT NalbHEeHIINX uccieoBanuil. Bee paccka3aHHOE OTHOCHTCS
TJIABHBIM 00pa30M K CHHTE3y OejKa y MpOKapruOTOB.

BosBpariasich k BOpocy 0 HAaCJIEeICTBEHHOCTH MPOIECCOB, CBA3aHHBIX C OMOCHHTE30M OerKa,
MOKHO C(hOpPMYITHPOBATH CIIEAYIOIIEe TOJ0OKEHUE: XapakTepHas cTpykrypa JJHK
npenonpeaenser crpykrypy MPHK, nocnenoBarenbHOCTh TpUILIETOB HYKI€0TH10B B MPHK
npeonpeenseT MepBUIHYI0 CTPYKTYPY CUHTe3upyeMoro Oenka. Tak, mocneaoBaTebHOCTh
«/IJHK — MPHK — 6enok» — 3T0 0CHOBHasi 1orMa MOJIEKYJIsipHO# Ouosioruu. OaHako
CPaBHHUTEIHHO HEAABHO BBISICHUIIOCH, UTO MO/ BIUSHUEM (pepMeHTa 00paTHON TpaHCKPUIITA3bI
MoxeT rpoucxoauts popmupoBanue JJHK Ha nucnonszyemoit B kauectBe matpuiibl PHK. Eciu
yuecTs, uto Matpuunyto PHK, kogupyrornyio cunTe3 onpeaeneHHOro 0enka, MOXHO
BBIJICTIUTh, TO UCIIOJB30BAaHUE €€ Kak MaTpulbl Juis cuHTe3a [JHK paBHOCHIIBHO MOTy4eHUIO
IeHa 3aJaHHOr0 TUIIA, IPEAONPEAEIAIOLIEr0 CBOEH CTPYKTYPOU Kaue€CTBO CUHTE3UPYEMOTO
Oenka. Jta mpolsemMa akTUBHO pa3pabaThiBaIach B PsAJie HAYYHO-HUCCIEA0BATEIIbCKUX
YUPEXKJIEHUH Halllel CTpaHbl COBMECTHO ¢ HEKOTOpbIMU HHCTUTYTamu '[P u YCCP n
3aBepUIIach IpUCYKJIeHHEeM ['ocy1apCcTBEHHOM TPEMUH 3a 3TH UCCIIEJOBaHUSI OOJIBLIIOMY
KOJUJIEKTUBY HAyYHBIX paOOTHHUKOB BO TJIaBe a akaJieMukoM B. A. DHremapraparom.

Henb3s HE yHOMSIHYTh O KPYIHBIX yCIeXaX, JOCTUTHYTHIX B OMOCUHTE3€ HYKIICOTH IOB
Pa3IMYHO CI0XKHOCTH, a TAKKE O JJA0OPATOPHBIX CUHTE3aX HYKJIEMHOBBIX KUCIOT C 3ajaHHON
MOCJIEI0BATEIbHOCTHIO HYKJICOTH/IOB.

Kak u3BecTHO, mociae10BaTeIbHOCT HyKJ1€0TH10B BO MHOrMX PHK ycTanosnena. Ilepsuunoii
crpykrype TPHK npunaroT 06s14HO hopMy KIIeBEepHOTO JUCTa. BhIsICHEHA TakKe U
npoctpancTBeHHas ctpykrypa TPHK ¢denmnananuna, Y Hac Bkiiajg B 3Ty 00J1aCTh
HCCJIEIOBaHUM BHECEH akaJeMUKOM A. A. baeBbIM, KOTOPOMY y/aJOCh BBISICHUTh
MOCJIEI0BATENbHOCTh HYKJICOTUAOB B 1BYX BannHoBBIX TPHK. MM pa3pabotan Takxke MeTo
xumuueckoro paspeszanus TPHK Ha yacTu, no3Bosstomuii J10KaIn30BaTh B MOJIEKYJIE
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OTJIebHbIE (PYHKIIMOHAIBHBIE TPYIIBI U OLICHUTh UX POJIb B PEAKIUAX, XapaKTEPHBIX IS
TPHK. B Hacrosiiiee Bpemsi B HECKOJIBKUX 3apYOEKHBIX J1a00paTOpUsAX U y HAC
pa3pabateiBaroTcs mpobaemsl uckyccrseHnoro cuatesa JJHK u PHK c 3apanee 3aganHoi
MOCIIEA0BATEIbHOCTHIO HYKJICOTHIOB, DTO OOJIbINas U ClI0XHas 3a1a4a. Ee peenue Oyaer
UMETh CEpbE3HOE MPAKTUYECKOE 3HAUCHUE.

HccnenoBanusi, 0 KOTOPBIX s TOBOPHII IO CHX TIOP, IIPUHITO OTHOCUTH K MOJICKYJISIPHOM
Ouosorny, Tak Kak OHM KacaroTcs HHPOPMAMOHHON (PYHKIINH HYKJIIEHHOBBIX KUCIIOT U
peanu3amyu 3Tol QYHKIUH B crieruduueckoM onocunTe3e OenkoB. Hapymenue nim
BBITIQ/ICHUE JIFOOOTO 3BEHA, YYaCTBYIOIIErO B OMOCHHTE3e OCIIKOB, HEM30EKHO MPUBEIET K
NaTOJIOTUYECKOMY COCTOSTHHEO OpraHnu3Ma. BBy HCKITIOUHTEIBHOTO Pa3HOOOpa3us GyHKIIUI
0enKOB — (hepMEHTATUBHBIX, PELIEITOPHBIX, TPAHCTIOPTHBIX, COKPATUTEIBHBIX, UMMYHHBIX U
T. JI. — TPOSIBJICHUS MIATOJIOTHH MOTYT OBITh TAKXKE BeChbMa pa3inuHbIMU. [laxke mpu
HapyleHnu 00pa3oBaHus TOJIBKO OAHOTO Oenka-pepMeHTa, HallpuMep Y4acTBYIOIIETO B
OnocuHTe3e KopepMeHTa, HEOOXOJMMOT0 MHOTHUM JICTHIPOT€HAa3aM, HaOJI0JAF0TCS BEChMa
CJIO’KHBIC TIATOJIOTUYECKHE TIPOSIBIICHUS.

HeOe3bIHTEpECHO, UTO KaK B MPOLIOM, TaK M B HACTOSIIIEE BpeMsl aHaIU3 JedekTa oOMeHa
BEIIIECTB HEPEKO MPUBOIMI K OTKPBITHIO paHEee He U3BECTHBIX (PEPMEHTOB U KaTAIU3UPYEMBbIX
umu peaknuid. Tak 6110, HanpuMep, ¢ 6oJe3HbI0 Pudcama, onrcanHoii B Havae 60-X T010B
HAILIEro CTOJIETUS. DTO TSKEJIOe HacleICTBEHHOE 3a00JIeBaHIE HEPBHOM CUCTEMBbI IPUBOJIUT K
paccTpOUCTBY MOTOPHKH, 3aKJIFOYAIOIIEMYCsl B HAPYLLIEHUN KOOPANHALIUN JBUKECHUN.
Oxkazaznocsk, 4To 3T0 3a00JIEBaHUE CBA3AHO C HAPYLIEHUEM O-OKHCIICHUS )KUPHBIX KUCIIOT.
Takoil myTh npeBpalleHnuil y MIEKONUTAIOIINX U YeJIOBEKa PaHee He ObUl U3BECTEH; €r0
aHaJIU3 IpUBEJI K ONMCAHUIO HOBBIX (PEPMEHTOB U IPOMEKYTOUHBIX NIPOJYKTOB OOMEHa
BEILIECTB.

IToHATHO, HACKOJIBKO BaXKHO 3HATh MEXaHU3M H ITOCJIEI0BATEIbHOCTh IPOTEKAIOIIUX B
OpraHu3Me peakiyii, 4To0bl UMETh BO3MOXHOCTH BBISIBUTH HAPYLIEHHOE 3BEHO B UX TEUCHUU U
1[eJICHAIIPaBJIEHHBIM BO3/IEHCTBUEM YCTPAHUTDh JE(EKT.

B opranuzme 6enku ¥ HyKJI€UMHOBBIE KHCIOTHI IIUPOKO 00Pa3yroT KOMILIEKCHI HE TOJIBKO
MEXy COOOH, HO M C IPYTMMH BelleCTBaMH — JIMIIUAAMH, YTTIEBOJaMH, MUHEPAJIbHBIMU
BEIIECTBAMM, BXO/1 B COCTaB (PU3MOIOTUYECKUX KHUAKOCTEN U KIETOUHBIX CTPYKTYp. B
pacpoBKe CTPOCHUS U GYHKLUHN STUX COEIMHEHUN TaKKe JOCTUTHYThI KPYITHBIE YCIIEXH.
BeolsicHeHBI Bee ATanbl, KOTOpbIE MPOXOAUT OMOCHHTE3 X0jIecTeprHa U3 anetui-KoA,
OCYILECTBIISIOLINICS C UCIIOBb30BaHUEM O0OUX YTIEPOJHBIX aTOMOB allETHIIBHOTO OCTaTKa.
VY CcTaHOBIIEHBI ITyTH MOCIIEAYIOMIEr0 00pa30BaHUs U3 XOJECTEPHHA CTEPOUHBIX TOPMOHOB U
XKeMTYHbIX KucioT. [Ipoananu3upoBaHa posib JUNKAOB B HOCTpOeHUH MeMOpaH. JfoctaTouHo
W3YYEHBI ITyTH CUHTE3a JKUPHBIX KUCIIOT U CIOXKHBIX JUIUIO0B, a TAKXKE POJIb JIUIIUJI0B U
YIJIEBOAOB KaK UCTOYHUKOB 3HEPTUH, TOTPEOIIEMOM OpraHu3MOM.

Kak B mpocThIX, Tak U B 060Jiee CI0KHBIX MHOTOKJIETOYHBIX OpraHU3Max Mpolecchl oOMeHa
BEILECTB ¥ SHEPI'MH, CUHTE3a U pacliajia, pa3BUTHS U AeTpagaliiy IPOTEKAOT 3aKOHOMEPHO U
cnakeHHo. [IpyunHa yrops104eHHOCTH XMMUYECKUX PEAKIUH, IPOTEKAIOIINUX B OpraHU3Me,
JIEKUT B CTPOrOM U MHOTOCTOPOHHEN UX peryssiuu. CHCTEMBI pEryJIINN UCKIIOUYUTEIBHO
pa3sHOOOpa3Hbl M OTHOCATCS K PA3IMYHBIM YPOBHSIM — OT BIMSHUS LIEHTPAJIbHON HEPBHOU
CUCTEMBI Ha MpoIlecChl 0OMEHAa BELIECTB /10 U3MEHEHUH B MPOHUIIAEMOCTH KJIETOYHBIX
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MeMOpaH WU B MOJICKYJISIPHOU CTPYKTYpe pepMeHTOB. J1JIs HIUTFOCTPAIIMH ATHX TIOJI0KEHUH
COLIJIEMCS Ha UCCIIEIOBAHMUSI 110 MpobieMe CBepThIBaHMs KPOBHU, poBeAeHHbIE b. A.
KynpsmossiM B MI'Y Ha 310pOBBIX MOJIOABIX JIFOAAX — CTYACHTAX.

Oxka3zaJioch, 4To MOCJIe MIEPBOTo SK3aMeHa B 3MMHIOI0 CECCHIO Yy HUX Ha0II0AaeTcs 3aJepxkKa, a
MocJie MOCJeIHEro AK3aMeHa B KOHIIE Y4eOHOTo rojia — SIBHOE YCKOpPEHHE B 00pa30BaHUU
cryctka. b. A. KynpsioB npuxoauT K BEIBOAY, YTO JUIUTEIIBHOE CUCTEMAaTUYECKOE
AMOLMOHAIBHOE HAIIPSKEHHUE MPUBOAUT B KOHIIE TOJIa K UCTOIIEHUIO CUCTEMBI,
oOecreunBaroIIel 3aluTy OT TUIEPKOAryJISIUY, T. €. OT MOBBIIIEHHON CBEpTHIBAEMOCTH
KpoBU. JJ1s LIEHTpaIbHOM HEPBHOM CUCTEMBI 00sI3aTEIbHA CMEHA JICSITEIBHOTO COCTOSIHUS U
MTOKOSI.

13. I[Iporpamma «I'eHOM YeTOBEKaY.

Ipoext Yenoeuecknii I'enom (anra. The Human Genome Project, HGP) —
MEXIyHAPO/IHbIH HAYYHO-MCCIICIOBATEIbCKHIA MTPOEKT, INIABHOM IEJIbI0 KOTOPOTO OBbLIO
OTIPECIUTH TIOCIIEI0BATEIIBHOCTh HYKICOTHIIOB, KOTOpbIe cocTaisiroT JHK, n
uneHTuunupoBath 20—25 THIC. TEHOB B YE€JIOBEYECKOM reaomel, Aror MIPOEKT HA3bIBAIOT
KPYITHEUIITUM MEKIYHAPOIHBIM COTPYIHUYECTBOM, KOT1a-THOO0 MPOBOTUBIITMMCS B
ouomnornuni4.,

[IpoexT Havasnca B 1990 roay, nox pykoBoactBoM JDxkeiiMca YOTCOHA MOJT STUA0K
HanwmonansHoit opranuzanuu 3apasooxpanenust CIIIA. B 2000 roay Obu1 BblyileH pabouuit
YEPHOBUK CTPYKTYpPbI F€HOMA, MOJHBIN reHoM — B 2003 rofy, 0IHAKO U CETOIHS
JIOTIOJTHUTEIIbHBIN aHaIN3 HEKOTOPBIX YUaCcTKOB elié He 3akoHueH. YacTHoit kommanuei Celera
Corporation 6buT 3aMyIleH aHATOTHYHbIH MapalIeTbHbINA MPOEKT, 3aBEPIIEHHBIN HECKOIBKO
panee MexayHapoaHoro. OCHOBHOU 00bEM CEKBEHHPOBaHUSI ObLT BHITTOTHEH B YHUBEPCUTETAX
u uccnegosarenbckux nentpax CIIA, Kananer u BenukoOpurtanuu. Kpome oueBuaHOM
byHIaMEHTAIBHONM 3HAUMMOCTHU, OTIPEIETICHUE CTPYKTYPhI YEIOBEUECKUX T€HOB SIBIISICTCS
Ba)XHBIM IIIarOM JJIsl pa3pab0TKU HOBBIX MEIMKAMEHTOB M PA3BUTHSI JPYTUX aCIEKTOB
3/IpaBOOXPaHEHUSI.

XOTs 1eNbo MPOeKTa Mo paciinppoBKe FTeHOMa YeIOBeKa ABIISIETCS MOHUMAHUE CTPOCHHSI
reHOMa YeJIOBEYECKOTO BUJIA, IIPOEKT TakXkKe (POKYCHPOBAIICS M Ha HECKOJIBKHX JAPYTHX
OpraHM3Max, Cpei KOTOpbIX OakTepuu, B yacTHOCTH, EScherichia coli, Hacekomble, Takue Kak
MYIIIKa APo30Quiia, ¥ MIEKOIMTAIOIINE, HATPUMED, MBIIIIb.

W3HavaabHO MIIAaHKPOBATIOCH OIPE/ICIICHUE MTOCIIEI0OBATEILHOCTH 00JIee TPEX MUJLTHAP/IOB
HYKJICOTHJIOB, COJICPIKAIINUXCSI B TAIIOWIHOM YEJIOBEYECKOM IeHOME. 3aTeM HECKOJIBKO TPYII
0OBSIBHITH O TIOMBITKE PACITHPUTH 33724y 0 CEKBEHUPOBAHUS JUILIOUIHOTO TEHOMA YEeI0BEKa,
Cpeau HUX MeXIyHapoaHbli npoekT HapMap (anri.), «Applied Biosystemsy, «Perlegeny,
«llluminay, «JCVI», «Personal Genome Project» u «Roche-454».

I'enom 00010 OTACJIBHO B34TOTO OpTraHHU3Ma (I/ICKJ'IIO‘laH OJTHOSMIIEBBIX 6J'II/13HCI_[OB )51
KJIOHMPOBAHHBIX )KI/IBOTHBIX) YHUKAJICH, ITO3TOMY OIPECACIICHUEC ITOCIIEA0BATCIbHOCTH
YCJIOBCYCCKOI'0 rcHOMa B IPUHIUIIC JOJI?KHO BKIIFOYATh B cebs u CCKBCHHUPOBAHUC
MHOT'OYHCJICHHBIX Bapnaunﬁ KaXJ0ro rexsa. O)IHaKO, B 3a/la4M IIPOCKTa «I'eHOM "enoBeka» He
BXOIWJIO OIMPEACIICHUC TTOCICIOBATCIILHOCTHU BCeil ﬂHK, HaXOJAIISHCS B UeIOBEUECKUX
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KJIETKaX; & HEKOTOPbIE FeTePOXPOMATHHOBEIE 00J1acTH (B OOIIEH CII0KHOCTH OKOJIO 8 %)
OCTaIOTCsI HECEKBEHUPOBAHHBIMU 10 cUX 1OP. CyIeCTBYIOT MHOTOUMCICHHBIE ONIPEICIICHUS
«TI0JTHOM ITOCJIE0BATEIbHOCTH YEJI0BEUECKOTr0 reHoMay». CoriacHO HEKOTOPBIM U3 HUX, TEHOM
y’Ke MOJIHOCTBIO CEKBEHUPOBAH, a COTJIACHO JIPYTUM, 3TOrO eII€ NPeACTOUT Ao0UThes. B
HOMYJISIPHOM Mpecce ObIII0O MHOYKECTBO CTATEH, COOOLIAIOINX O «3aBEpUICHUN» TeHoma. Ha
JTAaHHBII MOMEHT 3aBEpLIAETCS 3Tall CEKBEHUPOBAHUS '€HOMA, TO €CTh OIPEeAEICHUs opsaKa
pacmoIoKeHUs HYKIICOTHIOB B HYKJIEMHOBBIX 1ersx yenoeueckoit JJHK. CoGcTBeHHO
paboThI 110 UHTEPIIPETALIMM PE3YIbTATOB CEKBEHUPOBAHMS €111e BIiepeau. ITo U OyneT
pacu@poBKa WK npouTeHne renoma. ['paduk ncropuu pacmuppoBKY MPOEKTa MOKA3ZHIBAET,
YTO 00JIbIIAS YACTh 10 CEKBEHUPOBAHUIO YEJIOBEYECKOT0 reHoMa Obljla 3aKOHYEHA B KOHIIE
2003 roga. OgHako eié ocTaéTcsi HECKOJIbKO PETMOHOB, KOTOPBIE CUUTAIOTCS
HE3aKOHYEHHBIMU:

+ [Ipexne Bcero, HEHTpaIbHbIE PETMOHBI KAXKI0H XPOMOCOMBI, U3BECTHBIE KaK
LIEHTPOMEPBI, KOTOPbIE COAEpkKAT OOJIBIIOE KOJTHMUECTBO MOBTOPSIOIINXCS
nocienoBarenpbHocTel JJHK; nx ci10:KHO CEKBEHHpPOBATh IIPU IIOMOLIU COBPEMEHHBIX
TeXHoJoruil. LleHTpoMephl UMEIOT JJIMHY MUJUTHOHBI (BO3MOYKHO JI€CATKU MUJITHOHOB)
nap HyKJICOTHIOB, H, 110 OOJBIIIOMY CUETY, OCTAIOTCS HECEKBEHUPOBAHHBIMHU.

+  Bo-BTOpBIX, KOHLIBI XpPOMOCOM, Ha3bIBAEMbIE TEIOMEPAMHU, TAK)KE COCTOSIIINE U3
MOBTOPSIONINXCS TIOCIICI0OBATEIIBHOCTEH, U TI0 ATON MPUYHHE B OOIBINNHCTBE U3 46
XpPOMOCOM HX pacuin@poBKa He 3aBepiieHa. TOUHO He U3BECTHO, KaKas 4acTb
MOCIICI0BATEIIHHOCTH OCTAETCS HE pacin(pPOBAaHHOM J0 TEIIOMEp, HO KaK | C
LEHTPOMEPAMHU, CYHIECTBYIOLIME TEXHOJIOTMYECKUE OTPAaHUYEHUS IPETISITCTBYIOT UX
CEKBEHUPOBAHUIO.

» B-tperbux, B reHOME KaX/10I0 UHJIMBUIYyMa €CTh HECKOJIBKO JIOKYCOB, KOTOpPbIE
COJICPIKAT WICHOB MYJIbTUTCHHBIX CEMEHUCTB, KOTOPBIC TAK)KE CIIOKHO paciInpoBath ¢
MOMOIIIHI0 OCHOBHOTO Ha CETOAHSIIHUN AeHb MeTona hparmentupoBanus JIHK. B
YaCTHOCTH, 9T CEMENUCTBA KOJUPYIOT OCJIKH, BAXKHBIC /1T UMMYHHOU CUCTEMBI.

+ Kpowme nepedyncieHHbIX PETHOHOB, OCTAETCA €IE HECKOJbKO Operie, pa30pocaHHbIX
10 BCEMY '€HOMY, HEKOTOPBIE U3 KOTOPBIX JOBOJIBHO KPYIHBIE, HO €CTh HA/IEK/1A, YTO
BCE OHU OYIyT 3aKPBITHI B OJIMKAUIIINIE TOJIBI.

, 1 MAJIOBEPOSITHO, YTO OHA
COJICPKHT T'€HBI, OJTHAKO ITO OCTAHETCS HEU3BECTHBIM, IIOKAa OHU HE OYAYT IMOJIHOCTBIO
CeKBEeHHpOBaHbl. [loHnMaHue QyHKIMI BCEX T€HOB U UX PETYJISIIIUN OCTaeTcs JaIeKO
HenosHbeIM. Posie Mycoproii JIHK, 3Bomironus reHoma, pasnuuus MeXly HHIUBUIYyMaMH U
MHOTHE JPYrue BOMPOCHI IMO-IIPEKHEMY SBISAIOTCS PEIMETOM HHTEHCUBHBIX HCCIEA0BAHUH B
1abopaTopUsax BCEro MHUpa.

14. Onxorensl. PHK-conepskariue BUpPYCHI.

nepBbIe ATHOJNIOTUYECKas poJib BUPYCOB ObU1a mpoaeMoHcTpuposana B 1910 r. I1. Paycom Ha
pUMepe CapKOMBI Kyp, XOTsI TUIIOTE3a O BUPYCHOM 3THOJIOTHH OITYXOJICH BBICKA3bIBaJIaCh U
panee. B 30-e rogst XX B. Obl1a moka3zaHa posib GMIBTPYIOIIUX areHTOB B Pa3BUTUU MANUILIO-
MBI ¥ paKa KOXKH Y KPOJIMKOB, paKa MOJIOYHOM

JKenesbl y Mbliel, TuMdomel y ublidr. B 1946 r. poccuiickuii Bupycosor JI. A. 3uns6ep
ony0irKkoBai MoHorpaduio «BupycHas TeOpHs IPOUCX0XKIEHHS 3710Ka4eCTBEHHBIX HOBOOO-
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pa3oBaHUi», B KOTOPOU U3JI0KHUJI CBOKO BUPYCOI€HETUUECKYIO TEOPUIO MPOUCXOKICHUS
onyxoJiei. OCHOBY 3TOH TEOPHH COCTABIISACT MOCTYJIAT O HEOOXOUMOCTH TECHOTO B3aH-
MOJICHCTBHUS TCHOMOB BUpPYCa U KJIETKH JUIS MTOCIeAyIomIel ee Tpancopmaruu. biarogapst
Pa3BUTHIO MOJICKYJISIPHOM OMOJIOTMH, BUPYCOT€HETHYECKAs TEOpHsl OHKOreHe3a B Havase 70-x
roaoB XX B. HallIa 3KCIIEPUMEHTAJIbHOE MTOATBEPKICHHUE.

B Hacrosiiee Bpemst yCTaHOBIIEHA CBS3b MEXKAY BUPYCHON MH(EKIUEH 1 nmocieayomen
TpaHnchopMmanuen KIeTKU JIsi BAPYCOB, BXOSIINX B CIETYIONIUE ceMeicTBa:

PHK-conepxamiue: cemeiictBo Retroviridae.

JTHK-conepxkamue: cemeiicrBa Papillomavi-ridae, Polyomaviridae, Adenoviridae 12, 18, 31,
Hepadnaviridae, Herpesviridae, Poxviridae

Hawu6osee Xopoiio u3y4eH MeXaH|u3M BUPYCHOTO OHKOTeHe3a y npejacrasureneii PHK-co-
JepKalix BUPYCcoB cemericTBa Retroviridae.

PHK-coaep:xanue OHKOreHHbIe BUPYChI
CemeiicTBo Retroviridae sximouaet 7 pogoB (cM. pa3a. 17.1.11).

OHKOBUPYCHI SIBJISIIOTCS CI0)KHOOPTaHU30BaHHBIMU BUpYycaMH. BUPHOHBI TOCTPOEHBI U3
cepaueBunsl (quamerp 70—80 HM), OKPYKEHHOU JIMITIOPOTEHHOBOK 000JI0OYKOM C IUTIAMHU.
Pa3smeps! 1 hopMBbI HIUMOB, a TAKKE JIOKATU3AIUS CEPALICBHHBI CITY>KaT OCHOBOM ISl OApa3-
JiesieHns BUpycoB Ha 4 mopgosiornueckux tumna (A, B, C, D), a Takxe BUpyC ObIUbEr0O
JeiKo3a.

BoNbIIMHCTBO OHKOTEHHBIX BUPYCOB OTHOCHUTCA K TUIly C. ODTOT TUI pacpOCTPaHEH CPEAU
pBIO, MpecMBIKAIOIINXCS, ITHILI, MIEKONUTAOLIUX, BKIItoyas yenoseka. K tuny B otHocsTCS
BUPYCBI, BBI3BIBAIOIIME PAK MOJIOYHOH Ke€JIe3bl Y MBIIIEH, a HEKOTOPbIE OHKOBUPYCHI 00€3bsTH
IIpUHAUIekKAT K TrIry D.

Kancun oHKOBUPYCOB OCTPOEH MO KyOU4eCKOMY THITY CHMMETPHH. B HEro 3akiroueHbl HyK-
JeonpoTenH U (pepMeHT peBepTaza (oOpaTHas TpaHckpumnrtasza). OT HaIMuus 3Toro (hepMeHTa,
OCYILECTBIISAIOLIETO 00paTHYIO (J1aT. retr0 — oOpaTHBIN), U IPOU30IILUIO Ha3BaHUE CEMENCTBA.
PeBepraza o0nanaeT ciocoOHOCTHIO TPAHCKPH-

6uposats JIHK kak na marpunie PHK, Tax u JIHK, a Takxke Hyk/1ea3HOW aKTUBHOCTBIO.
['enom mpecTaBieH AByMs MASHTHIHBIME TO3UTHBHBIMU Tienisimu PHK, T. e. reHom oOnagaet
muruionAHoCcThI0. O6e Monekynbl PHK cBs3anbl Ha 5'-KoHIE BoIOpoAHBIME cBsizsamu. C 5'-
KOHIIOM Kaxk101 1enu cBa3ana TPHK kiieTouHOro npoucxoxaeHus, Kotopas CIy>KuT

3aTpaBKOW MPU TPAHCKPUIIIIMU T€HOMA.

['eHOM COCTOUT U3 CTPYKTYPHBIX U PETYJIATOPHBIX T'eHOB. [lociieoBaTeIbHOCTD CTPYKTYPHBIX
TeHOB OT 5'-KOHIa K 3'-KOHILy clieayromas: gag—pol—env.

Gag koqupyeT CUHTE3 TPYIIOoCIeIN(UISCKUX aHTUTCHOB KaIlCH/1a, OCHOBHBIMH H3 KOTOPBIX
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sBisroTCst Oenku kancuaa ¢ p27—p30. Pol kogupyet peseprasy. EnV koaupyeT GeNKu MIKITOB
000JIOUKH.

CTpyKTypHBIE T€HBI C ABYX CTOPOH OTPAaHUYEHBI JJTMHHBIMU KOHIIEBBIMU TOBTOPAMH, MOTY-
yuBmumu HazBanue LTR {long terminal repeat, anri.), KoTopbie BHIIOIHSIOT PETYJISITOPHYIO
dbyHKIMIO. B MX cocTaB BXOIAT CaliThl, CBSI3bIBAIOIINE 3aTPaBKy, koTopoi sBisieTcss TPHK, u
KJIETOUHbIE TTosIMMepa3bl. Kpome Toro, uMeeTcsi TeH-TpaHCaKTUBATOP, SBIISIOIIHICS
YCUJIUTEJIEM TPAHCKPHUIILIUH.

ITo kpasim LTR orpannueHbl NOBTOPSAIOLIMMUCS I1OCJIEI0BATEIBHOCTAMHU, KOTOPBIE IPECTAB-
JSIFOT YYaCTKH Y3HABaHUs B ITPOLIECCE MHTErPAL[MM [TPOBUPYCA B TEHOM KIIETKH.

KyabTuBupoBanue BupycoB. He KyIbTUBHPYIOTCS Ha KYpUHBIX SMOpHOHAX,
KYJIbTUBUPYIOTCS B OPIaHU3ME YyBCTBUTENBHBIX JKMUBOTHBIX, a TAKXKE KYJIbTYPax KJIETOK.

Penpoaykuusi BupycoB. OHKOBUPYCHI IPOHHUKAIOT B KIIETKY IMTyTeM dHa0IMTO3a. [locie ocBo-
00X IEeHUS U3 BaKyOJIM HYKJICOKarcH1a HaunHaeT (yHKIIMOHUPOBATh peBepTas3a. DTOT MPOIeCcC
BKJIFOYAET 3 drarna:

+ cunre3 JAHK, na marpune PHK, npu ucnons3oBanuu TPHK B kayecTBe 3aTpaBky;
+ (QepmeHTaTUBHOE paciierienne Mmatpuanoid PHK;
+ cuHTe3 KomiuiementapHor Hutu JIHK nHa matpune nepsoi autu JJHK.

Bce Tpu sTana ocymiecTBisoTCs peBeprazoil. biarogaps nanuuuio Ha LTR nuHBepTHPOBaHHBIX
MOBTOPOB, JuHelHas Ayxuenodyeynas JJHK 3ambikaercs B kosbo u uaterpupyet B JJHK
KJIETKU.

Tpa"ckpunuus y4acTKOB XpOMOCOMBI, COOTBETCTBYIOIIUX T€HOMY IIPOBHUPYCA, OCYILECTBIISIET-
cs ¢ nomotieto kierounot PHK-nomumepassr 2.

Cy1iecTBYIOT ABE OOJIBIIINE TPYIITBI OHKOBUPYCOB: SHIOT€HHBIE U SK30TCHHBIE.

BHIIOFCHHLIE OHKOBHUPYCHI ABJIAKOTCA COCTABHBIMHA 3JICMCHTAMU I'CHOMA BCECX OPraHOB U TKa-
Hell opraHnimMa 4€JI0OBCKa U )KUBOTHBIX U IMEPCAAIOTCA ITIOTOMCTBY OT OJJHOT'O ITOKOJICHHUA
APyromy, T. €. KBEPpTUKAJILHO», HOI[O6HO OOBIYHBIM KJICTOUYHBIM I'€HAM. 9H,Z[0FCHHLIC
OHKOBHUPYCBI HE ABJISAIOTCA OHKOI'CHHBIMU IJIsA HpGHCTaBHTeHCﬁ TOT'O B4 )XUBOTHOI'O, B
KJICTKAX KOTOPOI'0 OHU HAXOAATCA B BUAC MOCTOAHHOTIO I'CHETHYCCKOI'O 3JICMCHTA.

JK30reHHbIe OHKOBUPYCHI PACTIPOCTPAHSIOTCS «TOPU30HTAIBHOY» OT OJTHOW OCOOH APYTOH B
(dbopmMe BUPHOHOB.

MexaHu3M OHKOreHe3a, BbI3bIBAEMOT0 OHKOBHUPYCAaMHU, CBSI3aH ¢ G yYHKIIMOHUPOBAHUEM OTIC-
T€HOB, KOTOpPBIE UMEIOTCS B TEHOME BCEX KJIETOK UEJIOBEKA U KUBOTHBIX. B HOpManbHbIX
3JIOPOBBIX TKAHSAX 3TOT ONC-T€H HAXOJUTCSI B HEAKTUBHOM COCTOSIHUH, B TaK Ha3bIBaEMOM
¢dbopMme npo-oHKOreHa. B HacTosIee BpeMs 3BECTHO O0Jiee JBYX JAECATKOB ONC-TEHOB,
(YHKIMOHUPOBAHUE KOTOPBIX MPUBOAMT K TpaHchopmanuu kieTku. Hanpumep, src-ren
CBsI3aH C pa3BUTUEM capKoMbl Payca y Kyp, ras-reH ornocpeayeT pa3BUTHE CAPKOMBI Y KpBIC.
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Bximrouenue B renom kinetku JJHK-npoBupyca MoxkeT npuBOAUTH K aKTUBALIMU ONC-TeHa, pe-
3yJIbTaTOM uero OyneT pa3Butue Tpanchopmaiuu kietku. Kpome toro, B nmporecce
uckinouenus JIHK-npoBupyca u3 XpoMOCOMBI KJIIETKH OIIC-T€H MOKET BCTPOUTHCS B BUPYCHBIN
TEHOM U B COCTaB€ BUPYCHOI'O T'€HOMA II0IIaCTh B HOBBIE KJIIETKH B aKTHBHOM COCTOSIHHM.

[TocnenoBaTenbHOCTD OJJHOTO M TOTO 5K€ MPO-TOOHKOTEHA MOXET OIPEIeNIATh TpaHc(hopMu-
PYIOILYIO aKTUBHOCTh OHKOBUPYCOB Pa3HbIX KUBOTHBIX.

AKTHBaIUS IPOTOOHKOTEHA MOXKET OBITh PE3yJbTATOM YBEJIWYCHHUS TPAHCKPUIIITUOHHON
aKTUBHOCTH BCIIE/ICTBUE JICHCTBUS TpaHCAKTHBATOPA, pacnosiokeHHoro Ha LTR renoma
IIPOBUpPYCA, a TAKKE PE3YJILTATOM IIEPECTPONKHN FEHETUUECKOT0 MaTepHralla, Kak CI€ICTBUE
BKJIIOYEHUS IIPOBUPYCA B T€HOM KJIETKH.

ITomumo OHKOBHUPYCOB aKTUBAIIUIO ITPOTOOHKOI'CHA MOT'YT BbI3BATb MYTAI'CHBI, II0OABUKHBIC
TCHCTUYCCKUC 3JICMCHTHI.

OHKOBHPYCHI 9YBCTBUTENBHBI K 3PHPY, TeTepreHTam, GopMaInHy, THAKTUBUPYIOTCS TIPU
temriepatype +56 °C. Ycroiuusbl Kk Y @-1ydaM U HU3KUM TEMIIEpaTypaMm.

K cemeiictBy Retroviridae ornocutcs mpumepro 150 BUIOB BUPYCOB, BHI3BIBAIOIIMX PAa3BUTHE
OITyXOJIeH Y )KUBOTHBIX, M TOJIKO 4 BH/Ia BBI3BIBAIOT oryxouu y yenoBeka: HTLV-1, HTLV-2,
BUY-1,BUY-2.

15. Css3b cTpyKTYypHl U PyHKIMH OenKOB. benkopast uHxenepus. buounrer.

benxku — 310 BEICOKOMOJIEKYIISIPHBIE a30TCOAEPKAIIME BELIECTBA, COCTOSIIME U3 OCTaTKOB
AMHHOKHCIIOT, CB3aHHBIX MEXKy OO0 MENTHIHBIMU CBS3sIMH. bekn nHave Ha3bIBaloOT
IIPOTEUHAMU;

[TpocThie 6eTKK TOCTPOCHBI U3 AMUHOKHUCIIOT U TIPU TUPOJIHN3E PaCHaaloTCsl COOTBETCTBEHHO
TOJIbKO HA aMUHOKHUCIIOTHI. CII03KHBIE OCJIKH - 3TO JIByXKOMIIOHEHTHBIE OCJIKH, KOTOPBIE
COCTOSIT M3 KaKOro-1100 MPocToro Oeiaka U HeOeIKOBOro KOMIIOHEHTA, HA3bIBAEMOTO
npocteTuueckon rpymnmoit. [Ipu ruaponuse ciaoKHbIX 0€IKOB, TOMUMO CBOOOIHBIX
AMUHOKHCIIOT, 0OCBOOOXKTAIOTCSI HEOEMKOBasi YaCTh UITH MPOAYKTHI €€ pacnaaa. [Ipocteie 6enku
B CBOIO OYEPE/Ib JIEIATCS HA OCHOBAHUHM HEKOTOPBIX YCIIOBHO BHIOPAHHBIX KPUTEPHUEB HA Pl
MOJATPYII: MPOTAMUHBI, TUCTOHBI, aTbOYMHUHBI, TTIO0YIUHBI, TPOJAMHHBI, TITIOTEIUHBI U JP.

Knaccugukanus cnoxHbIX O€JIKOB OCHOBaHa HA XUMUYECKOW MPUPO/IE€ BXOSILETO B UX COCTAB
HEeOEeIKOBOro KOMIIOHEHTa. B cooTBeTCTBUM ¢ 3TUM paznuyaroT: pochonpoTenHsl (conepaT
(bocPopHyIO KHCIOTY), XPOMOIPOTEUHBI (B COCTAB UX BXOJSAT MUTMEHTHI), HYKJIEOIPOTEUHBI
(conmepkaT HYKJIEHHOBBIE KHCIIOTHI), TIMKOIMPOTEUHBI (COAEPHKAT YIIIEBOIbI), TUMOMPOTEHHBI
(comepaKat JTUMHUABI) U METAJIONIPOTEUHBI (COIEPKAT METAILIIBI ).

3. Ctpykrypa Oenka.

[TocnemoBaTenbHOCTD PACTIONOKEHNST aAMUHOKHCIIOTHBIX OCTATKOB B TTOJUTICTITHAHON TeTTH
0eTKOBOI MOJIEKYIIBI ITOJTyYnIa Ha3BaHUe IEPBUYHON CTPYKTYpHI Oernka. [lepBuunas
CTPYKTYypa Oeka, TOMHMO OOJIBIIIOTO YHCIA eI THIHBIX CBSI3€H, OOBIYHO CONEPIKUT TAKKE
HEeOOoJIbIII0E YUCIIO TUCYNbPUIHBIX (-S-S-) cBa3eil. [IpocTpaHcTBeHHAS KOHPUTypaIHs
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NOJIMIENTUIHOM LIeTIH, TOYHEE TUIl HOJUIENTHIHON ClIMpalii, ONPEEAsSeT BTOPUYHYIO
CTPYKTYpY Oesika, OHa MpejicTaBlieHa B OCHOBHOM 0-CIIMPaNbl0, KOTOpasi pUKCUpOBaHa
BOJIOPOJHBIMHU CBSI3SIMU. TPETHYHAA CTPYKTYPA -MIOJUIEHTHAHAS LETb, CBEPHYTAs LIETUKOM
WJIM YaCTHYHO B CIIUPaJib, PACIIOJIIOKEHA WM YIIaKOBaHA B MPOCTPAHCTBE (B II100YIIE).
W3BecTHast CTaOMIIBHOCTD TPETUYHOW CTPYKTYpHI Oesika 00ecrieuuBaeTcs 3a CUeT BOAOPOAHBIX
CBsI3€i, MEXXMOJIEKYJISIPHBIX BaH-Aep-BaaIbCOBBIX CHII, 3JIEKTPOCTATHUECKOTO B3aUMOICHCTBUS
3apsKEHHBIX TPYI U T 1.

Yemeepmuunaa cmpykmypa 6eika — CTPYKTypa, COCTOSIIIAs U3 OIPEIEICHHOT0 Yncia
MOJIMTIENTUIHBIX TETeH, 3aHUMAIOIINX CTPOTO (PUKCHPOBAHHOE TIOJI0KEHUE OTHOCUTEITHHO

JpyT ApyTa.

BeaxoBas un:keHepus (anrii. Protein engineering) — pasen OMOTEXHOJIOTUH, KOTOPBIH
3aHMMAaeTCs pa3pabOTKON TOJIE3HBIX WM IIEHHBIX OEIKOB. DTO OTHOCUTEIHHO HOBAS
JMCIUILIMHA, KOTOpasi HalpaBJieHa Ha ucciieoBanue GosianHra OeNKoB U NPUHIIUIIOB
MoAM(UKAIIMU ¥ CO3/IaHMs OCITKOB.

Cyl11ecTBYIOT ABE OCHOBHBIE CTPATErHu JUIst OEIKOBON MH)XKEHEPUH: HAIPaBICHHAS
MoauduKaiys 6eyika U HarpaBJIeHHAs SBOJIONUS. DTH METO/IbI HE SIBJISIOTCSA
B3aMMOUCKITIOYAIOIINMHE; UCCIIeI0OBATENN YacTO MPUMEHAIOT 00a. B Oynyiem, Oonee
JETAIbHOE 3HAHKUE CTPYKTYPhI U (YHKITUU OCITKOB, a TAKXKE JOCTHKEHUS B 00JIACTH BBICOKUX
TEXHOJIOTHI, MOJKET 3HAYUTEIHFHO PACIIMPUTH BO3MOXKHOCTH OEJIKOBOM MH)KeHepuH. B urore,
JaKe HEMPHUPOIHBIC AMHUHOKHCIIOTEI MOTYT OBITh BKJIFOUCHBI OJ1aro1apsi HOBOMY METO.Y,
KOTOPBIH MTO3BOJISIET BKJIFOYATh HOBBIE aMUHOKHCIIOTHI B TEHETUYCCKUMA KOJI.

Buno4un — MUKPOMHOKECTBO JIM00 MaTpUIla C HAHECEHHBIMU MOJIEKYJIaMU O€JIKOB,
HYKJIEMHOBBIX KUCIIOT, OMOMAaKpOMOJIEKYI WM OMOCTPYKTYP AJIsi OJJHOBPEMEHHOTO
IpOBE/IeHUs OO0JIBIIOTO YUCIIA AHAITU30B B OJHOM 00pa3lie; WU 3JIEKTPOHHOE YCTPOMCTBO,
coJiepxaliiee OMoJIOrHuIecKre MoJIeKyJIbl. buosornueckue MUKpPOUHUITBI ITUPOKO HUCTIOIb3YIOTCS
B IN Vitro nuarHocTtuke. B ocHOBEe MexaHM3Ma IeHCTBUSI OMOYHITOB JIGKHUT MOJICKYJISIPHOE
pacrio3HaBaHHME aHATM3UPYEMbIX MOJIEKYJI MOJIEKYJIaMU OHOTONIMMEepaMu, HAHECEHHBIMU Ha
YuIl. DTO PACIO3HABAHUE IOCTPOEHO JHOO0 HA B3aUMOJECHCTBUY PELIENITOPOB C JIMTAHJAMHU
(HampuMep, aHTUTEIl C aHTUT'€HaMHU ), JIN0O0 Ha THOpUAN3aluU KoMIuieMeHTapHbIX neneit JJHK.
B yactHOCTH, pa3paboTaHbl OMOYUIIBI, PACIIO3HAIOLINE KOPOTKHE OJIMTOHYKICOTUIHbIE
[IOCJIEIOBATEILHOCTH U MO3BOJIAIOIINE NETEKTUPOBATh €ANHUYHBIE MYTAllUY B I'€HAX.
Hanopa3mepHas JyiHa OJMTOHYKIIEOTHA0B, HAHECEHHBIX HA MUKPOYHIL, SBJIIETCS OJHUM U3
KJIIOYEBBIX (PaKTOPOB, ONPEIENIAIONINX UX BBICOKYIO 3()(heKTUBHOCTD U cnerduuHocTs. Ha
nosepxHoctu JIHK-unna nmmo6unn3oBansl oauronykiaeotuisl. [Ipu nodaBnenun
aHanmu3upyemoro oOpasia kommiaemenTapHas tapretaas JJHK B oOpasie popmupyet aymiekc
C OJINTOHYKJIEOTUIOM Ha 4uIie. B pe3ynbraTe reHepupyercs CUrHai, CBUAECTENIbCTBYIOIMIMM O
HAJIMYUU B IPoOE€ COOTBETCTBYIOMIETO 00bEKTa (MH(EKIIMHU, OHKOMapKepa U T. 11.)

16. MonekynspHbIe MEXaHU3MBI PETYISAINN KIETOYHOTO IIAKJIA.
KneTouHslii UK - 3TO NEPUOJ )KU3HU KIIETKH OT OJJHOTO ACJIEHUS 10 IPYTOro WIN OT IETICHUS
10 cMepTh. KieTouHbli HUKIT COCTOUT M3 HHTEp(]a3bl (Iepro/1 BHE AIEHUS) U CaMOTo
KJIETOYHOTO JIEJICHUS.
Ecnu knetka cobupaercs Korjna-HuOyab JeIUThes, TO nHTepdasza OyAeT COCTOATh U3 TPEX
nepuoioB. Cpasy rmocie BbIX0/1a M3 MUTO3a KJI€TKA BCTyHAaeT B pecuHTeTnyeckuii i G1
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Nepuo, Aajiee MepexoaUT B CAHTETUUECKUHN WK S MIEpUOJT U ITOTOM - B IOCTCUHTETHUECKUI
nn G2 nepuoa. G2 nepro1oM 3akaHUMBaeTCs MHTEp(da3a v 1mocje Hee KJIeTKa BCTYIaeT B
CIEAYIOLIUNA MUTO3.

Ecnu kieTka He IUIaHUPYeT CHOBA JIEIUTHCS, TO OHA KaK Obl BBIXOJIUT U3 KJIETOYHOIO LIUKIIA U
BcTynaet B nepuon nokosi, uinu GO nepuoa. Ecnu knerka, Haxonsamasics B GO mepuoje, cHoBa
3aX04eT JEIUTHCS, TO OHa BeIXxoAuT U3 GO nepuoaa u Bcrynaetr B G1 nepuoa.

JUTnTensHOCTh MEPHO0B KIETOUYHOTO UKJIA pa3inyHa. Hanbonpmum nocTossHCTBOM
oTimuarorcs S, G2 nepuoabl U MuTo3, a G1 nepuona oueHs BapuadeneH. Tak, G1 mepuos
MOJKET IPOAOJKATHCA OT 2-4 4 J0 HECKOJIBKUX HEZEINb WK Jaxe Mecsales. Kak npasuo,
MIPOJIOJDKUTEIILHOCTE S-Tiepro/ia BapbupyeT oT 6 10 8 4, a G2 nmepuoja - OT HECKOJIBKUX YacoB
110 nostydaca. JmuTenbHOCTh MUTO3a cocTaBisieT B cpeaneM oT 40 1o 90 munyrt. [Tpuuem
camoii KOpoTKo# (a30ii MHUTO3a MOKHO cuuTaTh aHadazy. OHa 3aHUMAeT BCETr0 HECKOIbKO
MUHYT.

G1 nmepuoj xapakTepu3yercsi BBICOKON CHHTETUYECKOW aKTUBHOCTBIO, KOTOpasi IOJKHA
YBEJIMYUTH CBOM 00BEM JI0 pa3Mepa MaTEPUHCKOMN KJIETKH, a 3HAYUT, U KOJIMYECTBO OpPraHel,
pa3IMyHbIX BellecTB. HeMmoHATHO, moyeMy, HO KIIETKa, MPEeXk/Ie YeM BCTYIUTh B CIEAYIOLIUI
MUTO3, JOJDKHA UMETh pa3Mep, paBHbIA MaTEPUHCKON KiIeTKe. M moka 3Toro He Npou30uIeT,
KJIeTKa IpooipkaeT octaBathes B G1 nepuoae. Buanmo, eMHCTBEHHBIM UCKITIOYCHHEM U3
ATOrO SBJSETCS APOOJIEHHE, IPU KOTOPOM OJacTOMEPHI IETATCS, HE JOCTUTasi pa3MEpOB
UCXOJHBIX KJIETOK.

B konne G1 nepuoga npuHATO pa3innyaTh CielUaIbHbIi MOMEHT, Ha3bIBaeMbli R-Toukoi
(TOuka pecTpuKInU, R-MyHKT), OCIe KOTOPOTo KJIETKa 00A3aTEIHbHO B TEUEHHUE HECKOJIBKHUX
yacoB (00bryHO 1-2) BcTymaeT B S nepuon. [lepuon Bpemenn Mexay R-Toukoit u Hayanom S
nepuojaa MOXHO paccMaTpHUBaTh B Ka4€CTBE OATOTOBUTENIBHOIO JJIsl IEPEX0/a B S MEPUOI.
Camplil riaBHBINA IPOIECC, KOTOPBIM UIET B S Mepuoie, - TO YABOSHUE WM PEIyIIUKALUs
JIHK. Bce ocranbHble peakiuu, TPOUCXOISIINEe B 3TO BpeMsl B KJIETKe, HAllPaBJICHbI Ha
obecneuenue cunreza JIHK. K takum BcrmomorarenbHbIM IIpolieccaMm MO>KHO OTHECTH CUHTE3
TMCTOHOBBIX O€JIKOB, CHHTE3 ()EPMEHTOB, PEryJIUPYIOLIMX U 00€CIEeUNBAIOIINX CUHTE3
HYKJICOTHUJIOB U 0OpazoBaHue HOoBbIX HUTEH JIHK.

Cymnocts G2 nepuoaa He COBCEM MOHATHA B HACTOSIILEE BPEMsI, OZTHAKO B ATOT IIEPUOJ
IIPOUCXOIUT 00pa30BaHUE BEIIECTB, HEOOXOJUMBIX JIJISl caMOro nporecca Muro3a. B G2
Hepuo/Jie MPOUCXOIUT CUHTE3 OETTKOB, U3 KOTOPBIX 00pa3yloTcss MUKPOTPYOOUKH BepeTeHa
nenenus (TyOyauH, TMHENH, HEKCUH, CIEKTPHH), Mporucxoaut cuHTe3 ATO.

Celiuac sBIS€TCS YCTaHOBJIEHHBIM, YTO ITPOXO0KAEHUE KJIETKHU 110 BCEM NIEPUOAAM KIETOUYHOTO
IIUKJIAa CTPOro KOHTpoaupyercs. [Ipu 1BHKEHUH KIETOK MO KJIETOYHOMY ITUKIY B HUX
HOSBIISIOTCS U UCUE3AI0T, AKTUBUPYIOTCSI U MHTUOMPYIOTCS CIIELUANIbHBIE PETYIISTOPHBIE
MOJIEKYJIbI, KOTOpbIE 00ECIIEUNBAIOT:

1) npoxokaeHHe KJIETKH O OIPE/ICIICHHOMY EPHO/ Y KJIETOYHOTO [IUKIIA

2) mepexoj1 U3 OJJHOTO MEPUO/Ia B IPYTOM.

[TprueM mpOXOXKACHUE MO KaXAOMY MEPHOY, a TAKKE Mepexo]] U3 OAHOI0 Nepuoja B Apyrou
KOHTPOJIMPYETCS pa3IMyHbIMU BemecTBaMu. Ceifuac Mbl MONpoOyeM BBISICHUTB, YTO K€ 3TO 32
BEIIECTBA U YTO OHHU JIEJIAIOT.

OOm1ast cuTyanus BBITJIAAUT TaK. B KJIeTke MOCTOSIHHO MPUCYTCTBYIOT CHEIMAIbHbIE OSJIKH-
bepMeHThI, KoTopble yTeM (pochopuInpoBaHus APYrux OENIKOB PErylIupyloT aKTUBHOCTh
T€HOB, OTBETCTBEHHBIX 32 IPOXOKJAEHHUE KJIIETKH 10 TOMY WJIM HHOMY NIEPUOAY KIETOYHOIO
UKIa. DTH O0eIKr-()epMEHTHI Ha3bIBAIOTCS ITUKINH-3aBUCUMBIMH TIPOTEMHKIHAa3aMH (cdc).
OHU IPUCYTCTBYIOT B KJIETKE TIOCTOSHHO, HE3aBUCUMO OT IEPUOAA KJIETOYHOI'O LIMKIIA, TO €CTh
OHM UMEIOTCS B U30BITKE. J[pyruMu coBaMu, MX CUHTE3 WM KOJIMYECTBO HE TUMHUTHPYET WU

B OI'eOY BO (el 'V»




®DOH/1 OLIEHOYHBIX CPEICTB M0 AUcUUILTHHE « KOHIIeNIK 1 MeTo bl OMOIOTHYECKIX HAYK)
o HanpasneHuio noarotoBku 06.03.01 «buonorus» GI'OY BO «Yenl'V»

HE PeryJupyeT NPOX0KICHHE KIETOK M0 KIETOYHOMY HUKITY. OIHAKO MPU MAaTOJIOTHH, €CITH
CUHTE3 UX HAPYIIEH, CHIYKEHO MX KOJIMYECTBO UJIM UMEIOTCS MyTaHTHbIE (POPMBI C
U3MEHEHHBIMH CBOWCTBAMH, TO 3TO, KOHEYHO )K€, MOXKET IOBJIHMATH Ha TeUCHHE KJIETOYHOTO
UKJIA.

[Touemy >xe Takue HUKIMH-3aBUCHUMBIC IPOTEMHKHUHA3BI CAMU HE MOTYT PETrYJIUPOBAThH
MIPOXOKACHHUE KIIETOK 110 MepruoiaM KJIETOYHOro nukiia. OKa3bIBaeTCs, YTO OHU HAXOJIATCS B
KJIETKaX B HEAKTUBHOM COCTOSIHUH, a JJISl TOTO YTOOBI OHM aKTUBHPOBAIKMCH U HAYAITN
paboTaTh, HeOOXOIMMBI CIIeIUANbHbIE aKTUBATOPBL. MU sBisitoTCst MKIMHBL. VX Takke
MHOT'O Pa3HbIX THIIOB, HO OHH ITPUCYTCTBYIOT B KJIETKaX HE MOCTOSIHHO: TO MOSIBIISIOTCS, TO
ucuesaroT. [losiBeHNe U HCYE3HOBEHHE LIUKJIMHOB 00YCIOBIEHO UX CHHTE30M U OBICTPHIM
pa3pyleHHeM, TO €CTh HATMYKE [IUKJINHOB JJUMUTUPYET WIH PETYIUPYET padOTy IIUKIHH-
3aBHCHMBIX NMPOTEMHKHUHA3. [IprueM cMHTE3 Kax/10ro UKIMHA IPOUCXOIUT B CTPOTO
OTIpeIeIeHHBIN TIepHO/] KIIETOYHOTO IIMKIIA. B onH nepros 00pa3yroTcs OJTHU IUKIUHEI, a B
npyrou - npyrue. Tak, HanpuMmep, MpoxoxaeHue kieTku no G1 nepuoay KIETOYHOTO UK
o0ecreynBaeT KOMILIEKC IIMKINH-3aBUCUMOM MTpoTenHKuHA3bI-2 (cdk2) u nukimaa D1,
UKIUH-3aBUCUMOI MTpoTenHKKHAa3bI-5 (cdkS) u nukmuna D3. [IpoxoxaeHue yepes
CHeNHaNTbHYIO TOUKY pecTpukuuu (R-mynkr) nepuoga G1 koHTposmmpyet Komruieke cdc2 u
nukiuHa C. [Tepexon kinetku u3 G1 neprosaa KIeTOYHOTO LKKIA B S IEpUO KOHTPOIUPYET
komruieke cdk2 u nuknma E. s mepexona kinetku u3 S neproaa B G2 nepuo He0OX oMM
koMmruiekc cdk2 u nuknuH A. L{ukiuH-3aBHCHMas TpoTenHKuHa3a-2 (cdc2) u nukiauH B
YYacTBYIOT B repexoe kieTku u3 G2 nepuona B Muto3 (M niepuon). [uknwa H B coemnaeHnn
¢ cdk7 Heob6xoaum st hochopUIMPOBAHUS U aKTUBAITMUU cdc2 B KOMILUIEKCE ¢ IIMKIMHOM B.
Peryssinus ki1eTo4HOro nUKIa

G1 nepuox cdk2 + rukmmn D1 cdk5 + rukmmn D3

R-mmyakT nepuona G1 cdc2 + nukmmnn C

nepexon u3 G1 B S nepuon cdk2 + mukimn E

nepexoa u3 S B G2 nepuos cdk2 + mukiaua A

nepexon u3 G2 nepuoza B muto3 (M nepuon) cdc2 + nukiaun B

nukiaH H + cdk7 HeoOxoaum i pocopunupoBanus U akTUBaMuu CAC2 B KOMITJIEKCE €
nukiInHoMm B

17. buonoruyeckue puTMbl. XpOHOOUOJIOTHS.

buonocuyeckue pummoi - (OUOPUTMBI ), TUKINYECKUE KOTIEOAHNUS MHTEHCUBHOCTH U XapakTepa
OHMOJIOTUYECKHX TPOLIECCOB U siBIIeHUH. OHN OMOIOTHYECKHE PUTMBI OTHOCUTEIHEHO
CaMOCTOSITENIbHBI (HallpUMep, YaCTOTa COKPAILICHUH cep/ia, AbIXaHus ), APYTHe CBA3aHBI C
NpUCTIOCOOICHNEM OPTraHU3MOB K T€O(U3NIECKUAM IHKIIaM - CYyTOYHBIM (HaIIpuMep,
KoJIeOaHUsI MHTEHCUBHOCTH JIEJIEHUS KJIETOK, 0OMEHA BEIIECTB, IBUraTeIbHON aKTUBHOCTH
YKUBOTHBIX ), IPUIMBHBIM (HanpuMep, OMOJIOTHYECKUE MPOLIECCH] Y OPTaHU3MOB, CBSA3aHHBIE C
YPOBHEM MOPCKHUX MPUIMBOB), FOJUYHBIM (M3MEHEHUE YUCIEHHOCTH U aKTUBHOCTH
’KHBOTHBIX, POCTa ¥ pa3BUTHS pacTeHuil u Ap). Hayka o OGmonornyeckux purmax -
XpoHoOuosorusi. buonornyeckue puTMbl — GyHAAMEHTATIEHOE CBOWCTBO OPraHUYECKOTO
MUpa, 00eCTIeYMBAET ero CIOCOOHOCTH aaNTaIllui U BEDKUBAHUS B IIMKJIMIECKH MEHSFOIIIXCS
yCIIOBUAX BHeLIHeH cpefpl. [IocKoabKy B OMOPUTMOIOTMYECKOM acleKTe 3J0POBbE
NpeCTaBIsieT COOOH ONTUMATFHOE COOTHOIIIEHHE B3aNMOCBSI3aHHBIX PUTMOB
¢u3nonaornueckux (GPyHKIHUNA OpraHu3Ma U UX COOTBETCTBUE 3aKOHOMEPHBIM KOJIEOaHUIM
YCIIOBHI Cpe/ibl OOMTAaHMS, aHAIN3 U3MEHEHNH STUX PUTMOB M UX PACCOTIIACOBAHUS IIOMOTAaeT
ri1y0e MOHSATh MEXaHW3Mbl BOBHUKHOBEHHUS M PA3BUTHS MATOJIOTHYECKUX MTPOIIECCOB,
YAYYIIATh PAHHIOIO IUAarHOCTUKY O0JIe3HEH U OnpeaenuTh Hanboiee 1enecooopasHble
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BPEMCHHBIC CXEMbI TCPAIIEBTHYCCKUX MepOHpHHTHﬁ.

Xponobuonoeus - paznen OMOIOTUH, U3y OMOJOTHUECKUE PUTMBI, IPOTEKaHNE
Pa3IMYHBIX OMOJOTHYECKHUX MPOLECCOB (IPEUMYILECTBEHHO IMKINYECKUX) BO BPEMEHHU.
XpoHOOUONOTHS - HOBBIH MOAXO/ IO BBISIBICHUIO MHANBUYaTbHOIO XPOHOTHIIA YEIOBEKA,
rpaduyeckoe u3o00paskeHue KOTOPOro Ha3Balld CYTOUHOM, HEJIEIbHOM U rOJOBOU
(U3HOTOTHYECKUMH KPUBBIMH.

Xponomeouyurna — 310 0071aCTh METUIIMHBI, B KOTOPOI HCIIOJIB3YETCs MPEACTABICHUE O
OMOJIOTHYECKUX PUTMAX, KOTOPBIE U3YYalOTCsl B paMKaxX XpOHOOHOJIOTUU. XPOHOMEIUIIMHA
(KaK 1 cama XpOHOOHOJIOTHS) — 3TO MOJI0Aast 007aCcTh MEKAUCIUIUIMHAPHBIX UCCIICIOBAHUH,
KOTOpas HaXOJAUTCA B IPOLECCEC CTAHOBJICHUS. B XPOHOMCOUILIMHEC HAXOOAT CBOC NPUMCHCHHC
METO/Ibl MATEeMaTHUECKOM 00pabOTKH BPEMEHHBIX PSI0B, KOTOPBIE UCTIOJIB3YFOTCS JIJIsl aHAJIN3a
PUTMHYECKHX TPOSIBIICHUH (DU3MOIOTUIECKUX MPOIECCOB OpraHu3mMa. Takum oopazom
XPOHOME/IUITUHA OKA3bIBACTCS HA CTHIKE HAYK: MEIUIIMHBI (JUArHOCTHKA H JICUYCHHUE
3a00JeBaHuil), XpoHOOHOIOTHH (pa3paboTKa TEOPETUUECKUX MPEACTABICHUIN) U MAaTeMaTHUKU
(pa3paboTka METOI0B MAaTEMaTHYECKOTO aHAITN3a PUTMHUYCCKUX MTPOSBICHU ).

18. buocdepa u HOOChEpa
brocdepa — COBOKYITHOCTh YacTel 3eMHOM 000JI0YKH (JTUTO, THIPO U atMocdepa), KoTopast
3acesieHa )KUBBIMU OpraHU3MaMH, HAXOJIUTCS O] UX BO3JICHCTBUEM U 3aHATA MIPOIYKTAMH UX
KHU3HEICATEIILHOCTH.
Bbuocdepa oxBarbiBaeT yacTh arMochephI 0 BBICOTHI 030HOBOTO 9Kkpana (20—25 k), yacTh
auTocdepsl, 0COOEHHO KOPY BBIBETPHBAHUS, M BCIO THApocdepy. Hikuss rpannna
OITYCKaeTCsl B CpeTHEM Ha 2—3 KM IOJI TOBEPXHOCTh CYIIU M HAa 1—2 KM MOJI IHO OKeaHa.
Bepnanckuit paccmaTtpuBan 6mocdepy Kak 001acTh KU3HHU, BKIIFOYAIOIITYIO HapsITy C
OpraHu3Mamu U cpeay ux ooutanus. OH BBIJEIWII CEMb Pa3HbIX, HO T€0JIOTHYECKU
B3aMMOCBSI3aHHBIX THITOB BEIIECTB:
* ’KMBOE BEILIECTBO,
- OMOTEeHHOE BEIIECTBO (TOPIOYHE UCKOIIaeMbIe, U3BECTHSAKH U JIp., T. €. BEIIECTBO,
co3/laBaeMoe M nepepadaThiBaeMOe )KUBBIMH OpraHU3MaMu ),
* KOCHOE BEIECTBO (00pa3yeTcs B mpoIieccax, B KOTOPBIX JKUBBIC OPTaHU3MBI HE Y4acCTBYIOT),
- OMOKOCHOE BELIECTBO (CO3/1aeTCs OJJHOBPEMEHHO >KUBBIMU OPraHU3MaMHU U B XOJI€ IIPOLIECCOB
HEOPTraHMYECKOW MPUPOIBI, HAIPUMED TIOYBA),
* PaJIMOAKTUBHOE BEIIECTBO,
* paccestTHHBIE aTOMBI
* BEILIECTBO KOCMUYECKOI0 MPOUCXOXKIEHUS (METEOPUTHI, KOCMUYECKas IbLIb).
buocdepa cocrout u3 Tponoceps! - HUKHEH 4acTH BO3AYIIHON 000JI0UKH 3eMIIn
(atmocepsr), BoHON 0007104KH (THIpOocdephl) U BEpXHEH yacTu (Ha r1yOuny 2-3 KM)
TBEp10¥ 0005109KH (TUTOChHEPHI).
Tepmun «noocghepa» BBenen B. Y. Bepuanckum B Hauane XX B. [lepBoHauanbHo Hoochepa
NPEeJCTaBIIIACh KaK «MBICTsIas 000104ka 3emiin» (0T Tp. nogs — «yM»). B HacTosmiee
BpeMsi 101 Hoocepoil moHUMaroT 6uochepy, MpeoOpa3oBaHHYIO TPYIOM U HAYYHON MBICIIBIO
YeJIoBeKa.
B uneane noocdepa noapazymeBaeT HOBBIH ATal pa3BUTHS OMOCPEPhI, B OCHOBE KOTOPOTO
JICKUT pa3yMHOE PETyIHMPOBaHNE B3aUMOOTHOIIIEHHUH YeloBeKa U IPUPOIbI.
OpHako B TaHHBI MOMEHT Y€JIOBEK BO3/IEHCTBYET Ha Orocdepy B OOIBIINHCTBE CITydaeB
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ryoutenbHo. HepasyMHas X03siicTBeHHas 1€ATeIbHOCTD YeJI0BeKa MPUBEIa K MOSIBICHUIO
I00ATBHBIX TIPOOIIEM.

[To mHenuto BepHaackoro, OCHOBHbIE MPEANOCHUTKH CO3JaHUsI HOOC(EphI CAeAYIOIIHE:
pacceseHue 4eJI0BeYecTBa [0 BCe MOBEPXHOCTH 3eMJIH U (PU3MUECKOE YHUUTOXKEHHE BHJIOB,
«KOHKYPHUPYIOILLHUX C YETOBEKOM,

paIuKaibHOE YCOBEPIICHCTBOBAHUE CPEJICTB CBS3U U CO3J[aHUS €IUHON HH(POPMALIMOHHOM
CHUCTEMBI U €IMHON CUCTEMBbI KOHTPOJIS HaJ JIFOIbMH,

co3/1aHue 1 pa3paboTKa HOBBIX HCTOYHUKOB YHEPTUU (ATOMHOM, TEOTEPMUYECKOM, «TYHHOI,
«TaHTJIUEBOI),

«0IBEM 0J1ar0COCTOSIHUSA TPYSAIIUXCI» U «T100e1a IEMOKPATHI»,

YCTaHOBJICHUE «PABEHCTBA BCEX JIFOAECH», IPUUEM HE TOJIBKO PaBEHCTBA I1EPE]] 3aKOHOM, HO U
Jpyrux ero Gopm,

YUPEKICHUE EUHOTO IJIAHETAPHOTO MAPKCUCTCKO-JIEHUHCKOIO TOCY1apCTBa,

BOBJICYCHHE «IIMPOKUX HAPOJHBIX MACC» B 3aHATHE HAYKOH,

MIPEBPAILCHHUE YETIOBEYECTBA B «T€OJOTUYECKYIO CUITY».

AKaJleMUK yTBEpXAaJl, YTO 3TU COLUATIbHbIE pEPOPMBI U KATAKIU3MBI C/IETAIOT «I1€PEXO0]T K
Hoocdepe» HeoOpaTUMBIM.

BepHanckuil yrBepKaa, 4To 4€I0BEYECTBO B XOJ€E CBOETO Pa3BUTHUS IIPEBPALIACTCS B HOBYIO
MOIIHYIO «T'€0JIOTHYECKYIO CUITY», CBOSH MBICIIBIO U TPYIOM MPEoOPa3yIOIIyIO JHUK TUIaHETHI.
COOTBETCTBEHHO, OHO B IIEJIX CBOETO COXPAHEHUS JTOJKHO OyaeT B3sTh Ha ce0s
OTBETCTBEHHOCTH 3a pa3BUTHE Ouochepsl, peBpaliarolieiics B Hoochepy, a 3To moTpedyer ot
HETO ONPEIeIEHHON COLMaIbHOM OPraHU3aALMU U HOBOM, SKOJIOTMYECKON U OJJHOBPEMEHHO
T'YMaHUCTUYECKOHN ITUKHU.

4. MOPAJOK MPOBEJAEHUSA U KPUTEPUU OLLEHUBAHUSA
MMPOMEXKYTOYHOM ATTECTAIIUUN
4.1. Ilops0K NpoBeeHUsI TPOMEKYTOYHON aTTeCTALMHI

KpurepreM ycremHocTi OCBOEHHUs yueOHOT0 MaTepuaia 0 OKOHYAHHIO y4eOHOro cemecTpa
(mpomexyTo4Hasi aTTecTallus) SBJISAETCS SKCIEPTHAs OLEHKA MPEeroJaBaTelis, YUUTHIBAIOLIAs:
TEKYIIYI0 YCIIEBAEMOCTb B TEUEHUE CEMECTpa, KOTOpas CKIAAbIBACTCS W3 TECTUPOBAHUS,
OTBETOB Ha BOIPOCHI, BHIITOJIHEHUE U 3alIUTa JOKJIAJI0B,
Hanucanme scce u BblloNHEHUE Keiic-3amanuii (pazpabotka COII). Ilpouexypa 3aueta
IIPOBOAMTCS B BHJIE MMCHbMEHHBIX OTBETOB Ha OJIMH U3 MPENJIOKEHHBIX BOIPOCOB C yYETOM
TEKYIIEeH ycreBaeMOoCTH B ceMecTpe. [Ipo1omKUTENBHOCT IPOBENEHNUS 3a4eTa — 45 MUHYT.

4.2. Kputepuii oleHUBAHUS POMEKYTOYHON ATTECTALUM 10 BUIAM OLlEeHOYHBIX
CpeACTB
4.2.1. Kputepuu oueHUBAHUS T€OPETHYECKOr0 BONPOCa

P C3yJIbTAT 3a4CTa Tpe60BaHI/IH K 3HaHUAM

3aurteHo CTYACHT IJIyOOKO W TOJHO BIaJEeT COJEp)KaHHEeM Y4eOHOro
MaTepuaia; yMEeT CBA3BbIBATH TEOPHUIO C MPAKTHUKOM, pelaeT
3aJa4l, TEOPETHYECKHUE BBIBOJBI IOATBEPXKAAECT IPHUMEpaMH,
¢dakTaMu, JaHHBIMH Hay4YHBIX HCCIIEJOBAHHUM; OCYIIECTBISET
MEXIMPEAMETHBIE CBA3M, NpPEUIOKEHMs. JlemaeT BBIBOABI
JIOTUYHO, 4YeTKO. SICHO M KpaTKo Wu3jJaraeT OTBEThl Ha
MOCTaBJIEHHbIE BONPOCHI; YMEET OOOCHOBBIBATH CBOU
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CyXJIeHUS U TpOoPECCHOHATBHO-TUYHOCTHYIO MO3HUIMIO I10
u3inaraeMomy Bompocy. OTBET HOCUT CaMOCTOSTEIbHBIN
XapakTep, HO COJIEpP’KaHUE OTBETA UMEET OTJIEIbHbIE HETOYHOCTU
(HecylIecTBEHHbIE OIIMOKM) B HU3JIOKEHUU TEOPETUYECKOTo U

MPAKTUIECKOTO MaTepuana, OTJIMYAETCS MEHbIIICH
00CTOATENBLHOCTEIO, TTyOHHOM, 000CHOBAHHOCTEIO u
MOJIHOTOM; JOMYIICHHBIE OIMIUOKU UCTIPABJISIFOTCS
CTYJICHTOM ocJie JIOTIOJIHUTEIbHBIX BOITPOCOB
IK3aMeHaTopa.

VuuteiBaeTcs y4aCTu€ B JUCKYCCUAX Ha IIPAKTHYCCKUX H
CCMUHAPCKUX 3aHATHAX, YPOBCHb OTBCTOB Ha KOHTPOJIbBHBIC
BOIIPOCHI, HAITMCAHUS TCCTOBBIX 3aﬂaHHﬁ U IIOATrOTOBKAa

JIOKJIa/10B.

He 3aureno CTYJIEHT HMEEeT pa3po3HEHHbIE, OCCCHUCTEMHbIE  3HAHUA: HE
YMEET BBIICNATh TJAaBHOE U BTOPOCTEIIEHHOE, JIOMYyCKaeT
OLIMOKH B ONpeIeNeHUH MIOHATUH, dbopmynrpoBKe
TEOPETUYECKUX  TOJOXKEHUHM, HCKWKAaeT HX CMBICI; HE
OpPUEHTUPYETCS B MIPOrPaMMHO-METOIUYECKHX,
UCCIIEJIOBATENIbCKUX ~ MaTepHajax,  OecropsaodHO u

HCYBCPCHHO n3jaaract Marcpuali; HC  yMCCT COCOUHATDH
TCOPCTUICCKUC ITOJIOXKCHU A C HpaKTHKOﬁ; HE YMCEET
MNPUMCHATDb 3HAHUA IJIA 000CHOBaHHS U O0BICHEHHUS (i)aKTOB,
HC YCTaHABJIMUBACT MCKIIPCIMCTHBIC CBA3U.

YuureiBaeTcs ydqactTue B JUCKYCCHUAX Ha TIIPAKTUUCCKHUX U
CCMUHAPCKUX 3aHATHAX, YPOBCHb OTBCTOB Ha KOHTPOJIbHBIC
BOIIPOCHI 1 HATMCAHHW TCCTOBBIX 3a11aH1/1171.

4.3. Pe3yabTaThl IPOMEKYTOYHOM ATTECTAUMH ¥ YPOBHU C()OPMHUPOBAHHOCTH
KOMIIETEHIINI

[Tpu moaBeIeHUH UTOTOB YYUTHIBAIOTCS PE3YIbTAaThl TEKYILEH aTTecTaiu. MITOroBbIit KOHTPOJIb
10 JHUCIUIUIMHE TPOBOJUTCS MO CHCTEMe 3ader/He3ader. Ha 3adere cTyneHT oTBedaeT
MUCHMEHHO Ha OJMH BOIIPOC, MPH MOJTHOM OTBETE, CTYACHT MOJIy4aeT 3a4eT 1no aucuumiuHe. K
clade 3avera JOMYyCKAITCS CTYJIEHTHI, uMmeromiue He meHee 80% MocenieHHbIX 3aHsATUH, He
MEHEe OJTHOTO JIOKJa/a M BBICTYIUICHUSI HA CEMUHAPCKUX 3aHATUSIX U TOJOXKUTEIBHYIO OIICHKY
3a Tect. CTyIEeHT HMMEET TpaBO IIOTACUTh CBOK 33JOJDKCHHOCTh BO BPEMsSI TEKYIIHX
KOHCYJIbTAIMI UITU B X0/1€ TPOMEKYTOUHOM aTTeCTAIIHH.

Oco0eHHOCTH TIPOBEACHHUS TTPOIICAYPHI OIECHUBAHUS PE3YJIHTATOB 00YUCHISI MHBAJIHUJIOB | JIHI] C
OTPaHMYEHHBIMHU BO3MOKHOCTSIMH 3JI0POBbsI 0003HaUEHBI B paboyeil mporpaMMe JTUCIUTUTHHBI
(Momyist).

YpoBHU chOPMUPOBAHHOCTH KOMIIETEHIIMN ONPEEIISIOTCS CIEAYIOIIUM 00pa3oM:
1. Beicokuii ypoBeHb COPMUPOBAHHOCTH KOMIIETEHIIMN COOTBETCTBYET OLICHKE OTIINYHO:

- mpeamnojaraet (GopMHUpPOBAaHWE KOMIIETCHIIMA Ha BBICOKOM YypOBHE, TOTOBHOCTH K
CaMOCTOSITENIbHOM ~ Mpo¢eCCHOHANbHOW  JESATENbHOCTH:  (OPMUPYIOTCS  HABBIKU
COCTaBJIEHUS] MH(POPMAIIMOHHBIX 0030pOB MO0 HAIIMOHAJIBHOM M MEXIYyHapOIHOM
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IMPAKTHUKE ayJauTa, HaBbIKM CHCTEMATHU3AllMU JaHHBIX, HCO6XOI[I/IMBIX AJI1 pEeHICHUS
O9KOHOMHUYECCKHUX 3aJ1a4

CTYJEHT CIIOCOOEH apryMEHTHUPOBATh COOCTBEHHYIO TOUKY 3PEHHSI 110 TUCKYCCHOHHBIM
BOIIPOCAM JIMCLMIUIMHBI, PEIIaTh CUTYallMOHHbIE 3aJa4d, KPUTUYECKH OLICEHHUBATh
UHPOPMALIMIO O COCTOSIHUM M TpoOJeMax pa3BUTHS ayJUTOPCKON JeATeNbHOCTH,
(bopMynupoBaTh COOCTBEHHBIE BHIBOJIBI.

2. CpenHuil ypoBE€Hb COOTBETCTBYET OLIEHKE XOPOLIO:

npeznonaraet GopMUpoOBaHKE KOMIIETCHIIMI Ha 0oJiee BBICOKOM ypOBHE: (pOpMHUPYETCS
KOMIUIEKCHOE 3HAaHUE OCOOCHHOCTEH MPUMECHEHUS W TMOHMMAHHUS HAIlMOHATBHBIX U
MEXIYHAPOJHBIX CTaHIAPTOB ayAuTa, YMEHUE cOopa, aHaiM3a U 00paOOTKH JTAaHHBIX,
HEOOXOUMBIX JUIS PEIICHHS CUTYAIMH B TIPOIIECCE ayAUTOPCKUX MPOBEPOK;

CTYACHT crocoben AaBaTb PAa3BCPHYTHIC OTBCTBI Ha TCOPCTHUYCCKUC BOIIPOCHI
JAUCHUIITIMHBI Ha YPOBHC HC HUKC OLICHKU «YHOBJICTBOPUTCIBHOY.

3. bBazosnlit YPOBCHBb COOTBETCTBYCT OLICHKEC YAOBJIICTBOPUTCIILHO:

mnpeamnojaracTt (1)OpMI/Ip0BaHI/IC KOMIIETCHI[MM HAa HAaYaJIbHOM YPOBHE: 3HAHUEC OCHOBHBIX
ITOJIOKEHUH HallMOHAJIbHBIX u MCKAYHAPOAHBIX CTaHIapTOB ay,Z[I/ITOpCKOﬁ
JCATCIIbHOCTH,

CTYIEHT crmoco0eH OTBedaTh Ha BONPOCHl B (opme 3akpeiToro tecra. KonnyectBo
MpaBUJIbHBIX OTBETOB — HE MeHee 50%.

4. Hwuskui YPOBEHBb COOTBCTCTBYCT OLICHKC HCYTOBJIICTBOPHUTCIILHO.
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