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AHHOTaAMSA

COBpeMeHHbIe B3IJIs1Jbl HA BO3HUKHOBEHUE XKHW3HHN CBA3BIBAIOT
C TIpolieccaMu, — TOAYUHSIONIMMUCS ~ TEOPUM  BEPOSTHOCTU:
«Bo3HUKHOBEHHE JKM3HU Ha 3emyie COOTBETCTBYET CO3JaHUIO
camoyiietTa ,,bOMHI“, yparaHoM TIPOHECHIerocs Hall CBaJKOM».
3By‘{I/IT BreUYaIAKOIE MW HE YYUTBIBACT TO, UYTO JKH3Hb —
9TO 4YacTh KpyroBopota. CienoBaTesbHO, 3BOJIONUS KPYroBOpOTa
co3maer ku3Hb. KpyroBopoT BO3HHMKaeT mo 3akoHaMm [Ipupomnsl.
CrnenoBatebHO, XW3Hb BO3HUKAET 3aKOHOMEPHO, TOJBKO HYKHBI
YCJIOBHSL.
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BBenenune

W3BecTHO, uTo MHOrooOpasue [Ipupons! jerko pasiaenauThb
Ha ’)KMBOE U He kuBoe. JKrBOe 3T0 NposBIIEHU KU3HHA. Bonpoc
«Yrto Takoe ku3Hb?», «[l1s yero maHa kKuszHb?» 0OCYKIACTCS
C MOMEHTa MNOSABJIEHUS pa3yma y uyenoBeka. OTCyTCTBHE OTBETa
CO3JaeT CUTYALMIO, KOT/Ia ’KUBOE CYILECTBYET, HE 3Has JIJIS1 YETO.
Ho! «Ecnu 3Be3/1pl 3a:KUTaloTCs, TO KOMY-TO 3TO HYyKHO». Komy
HYKHO BO3HMKHOBEHME xu3HN? Hu pesmrus, Hy HayKa He aloT
OTBET Ha 3TOT BOIPOC.

Ha ocHOBE COBpEMEHHBIX Hay4YHBIX B3IJII0B, 3aKOHOMEPHO,
KM3Hb HE JIOJKHA BO3HUKHYTh. CIlly4yallHOCTh BOZHMKHOBEHUS
’KM3HU CTOJIb MaJIa, YTO YEJIOBEK ITIOUTH EIMHCTBEHHOE Pa3yMHOE
cyectBo Bo Beenennon. Tak i 3107

Jl71s1 0ObsiCHEHH 1 ITpoliecca BOBHUKHOBEHUS KU3HU PacCMOT-
pum [Ipupomy Bokpyr ceosl.

Ku3Hb 3TO KpPYroBOpOT BelIECTB B mpupone. s kpyro-
BOpPOTa MPOIECCHl IOJKHBI ObITh 3aMKHYThI U LIMKJIMYHBL. 3a-
MKHYTOCTb BBIPA)KaeTCsl B TOM, YTO JIMHUY IIPE/ICTABIISIOT COOOH
OKPYXKHOCTH, IJIOCKOCTh UMeeT popmy cepsl, chepa 00beM-
Ha, 00beM 3aMKHYT BO BpeMeHH. Kak moHATh «O0beM 3aMKHYT
BO BpeMeHM» ? «O0beM 3aMKHYT BO BpEMEHU» 3TO HAlll MUP MO-
)KEeT HAXOIUThCS TOJBKO MEX/Y MPOILLIBIM U Oyaymum. Mexay
IPOLUIBIM U OYIYyIIMM CYIIECTBYeT MOMEHT «ceiuac». Creno-
BaTeJIbHO, HAlll MUP 3aMKHYT B MOMEHTe «cernvac». [na dan-



TAaCTOB ITOT BHIBOJ HeceT nevasb. [Ipu Jio0oM pa3BUTUM ITUBH-
JIM3aLUM, YEJIOBEK HE CMOXKET BBHIUTH IOTYJATH MO MPOLITIOMY
wm Oynymemy. Ho ecth u pagoctHoe n3BecTre. 3aMKHYTOCTb
HE O3HavaeT U30JIMPOBAaHHOCTh. Halle Tesio 3aMKHYTO, HO YeJlo-
BEK HE U30JIMPOBaH OT BHEIIHETO MUpa. AHAJIOTMYHAS CUTYaIHs
CO BpeMeHeM. YenoBeK He MOKET BBIMTH U3 MOMEHTA «Cendac»,
HO OH He JIMILIEH BO3MOKHOCTH BUJIETh U UyBCTBOBATH Oyyliiee
Y TPOIILJIOE.

Crnenymomiee ycioBue, OOecIeurBaloIiee CyIIeCTBOBAHUE
KU3HU — [IUKJIMYHOCTD. [IMKJIMYHOCTD BBIpaXaeTcs B Pa3sBUTUA
ITpupons! ¢ nosropenuem. IloBropenue naer no cxeme: Jlnnus,
00pa3oBaBINasCcs U3 TOYEK, 3aMKHYIACh B KpyT. Kpyr 3amkHyscs
B cpepy. Cepa cranoBurtcs mapom. [lap crsirupaercst B TOUKY.

JlI CylecTBOBaHMS KPyroBOpPOTa BEIIECTB, ITPOLIECCH KPY-
rOBOPOTA JIOJKHBI OBITH pa3/ie/ieHBbI.

HeobpartumocThb X012 BpeMeHU CO371aeT BOZMOKHOCTh pasjie-
JIEHUsI TIPOLIeCCOB BO BpeMeHu. [IpocTpaHCTBO MO3BOJISET pas-
JeNMUTH TPOIECCHl TI0 MeCTy JercTBus. HeoOparmmocTs xoma
BPEMEHH, U MPOCTPAHCTBO CO3JAIOT YCJIOBHUS VIS CYILIECTBOBA-
Husl Kpyropopota. Ho! KpyroBopor nomxeH BO3HMKHYTb. s
BO3HUKHOBEHHS KPyrOBOPOTa HEOOXOAUMO HAJIMUME BCTPEUHBIX
IIPOLIECCOB, Pa3JeJICHHbIX N0 BPEMEHU U MecTy aeuctBus. Oc-
HOBOM, BCEX JJISl BCTPEUHBIX MPOLIECCOB, ABJISIETCS CYILIECTBOBA-
Hue B [Ipupone nnepuuu. ViHepuus sBIsieTCs BCTPEUHBIM MIPO-
1eccoM Jooomy mporieccy. VHepius ogHOro mporiecca He CIio-
coOHa co3/1aThb KPyroBOPOT, T.K. POTUBOAEHCTBHE OCYIIECTBIIS-



€TCsI 10 OCH BO3JICUCTBYS, T.€. HA OMHOU JIUHMH. /{7151 BOSHUKHO-
BEHUSI KPYTOBOPOTa HEOOXOAMMO min 2 Mporiecca, pacrooKeH-
HBIX TI0 HOPMaJK (IePIIeHIUKY/ISIPHO) APYT K Apyry. [lepneniu-
KYJISIDHOCTb JIByX JIMHUI CO3/1aeT TOUKY nepeceyeHus. [lepblii
MpoIlecC SBJISIETCS] TOUKOM Ha BTOpOM Tporiecce. VI Hao60poT.
Bropoii mporiecc siBisieTcst TOYKOH Ha iepBoM mporiecce. Uto bl
TOUYKa OJTHOH JIMHUM, MOIJIA CIMTHCS C JIMHKUEHN JPYroro mporiec-
ca, OHA JIOJKHA UMETh BO3MOXKHOCTh CTaTh JIPYTHM MPOIECCOM.
sIBneHue nepexona OIHOTO COCTOSIHUSI CUCTEMBI, B JIPYToe COCTO-
SIHUE, Ha3bIBaeTcs TpaHcdopmanyen. CyliecTBOBaHUE UHEPLIMA
¥ TpaHcOpPMaIMK CO3JAI0T BO3MOKHOCTD /ISl BOSHUKHOBEHUS
U CYyILIECTBOBAHUSI IIPoIiecca KPyroBOpoTa.

7151 KpyroBopoTa HeOOXOIMMO UMETh HallpaBJieHue mpeodpa-
3oBanus1. Hanpaenenue nmpeoOpasoBanws co3naet [lorpedurerns.
s BosHukHOBeHus [lotpedutenss HeoOxomumo Hammuve Pe-
cypcea, T. e. KonmnuectBa norpedisiemoit cuctemsl. ClrieioBatesib-
HO, KPyroBOpOT BO3MOXeH Ipu nosieniennu [lorpedurens u Ko-
muectBa. [Torpedutenb OBICTPO MCUYE3HET, €CIIU PSAAOM He Oy-
ner KomnuectBa/Pecypca. Cnenosarensno, [lorpeburens non-
’KeH ObITh MOABMXKHBIM, Npu Hamuuuu Pecypca, i Konnye-
CTBO JIOJDKHO camo TipuxonuTh K [Torpedutesmo. Yro ObLI0 TIEp-
BoIM [loTpeburenem? [ns cymecrBoBanus [lorpedurens non-
’KEeH CYIIeCTBOBaTh Mporiecc norpednenus. [Ipomecc norpedine-
HUS HE MOKET BOSHMKHYTh Ha OCHOBE MHEpLIWU. MHepuus cyie-
CTBYET BO Bcex mportieccax. Tpancdopmariusi mo3BosisieT nepeBo-
auth KommuectBo B Apyryio ¢hopMy, 4TO CO3/1a€T BO3MOKHOCTb



st ero norpednenus. Camasi pacripocTpaHeHHasi TpaHcopma-
s B [Ipupone 3to Tpancopmanus sHepruu. CrieioBaTesbHO,
KosmuecTBO BO3HUKJIO HA OCHOBE JBVMIKEHUST SHEPTHH.

B mpupone cymiectByer MOCTOSIHHOE JBVKEHHE SHEPruu
OT 3B€3]1 B TPOCTPAHCTBO. DTO IBUKEHHE CO3/IAET OIpeieJIeHHOEe
KomuectBo sneprumn. KonmmdyecTBo sHEprum rmo3BonIio BOZHUK-
HyTh [lorpeduremo snepruu. CrenoBaresbHo, niepsbiil [ToTpe-
outenb ObLT [ToTpeduTenem sHepruu 3Be3 .



PazBurue IloTpeourens

[lepBbIM LMKJIMYECKUM MPOLIECCOM ObLT HarpeB — OXJIak/e-
Hue 1wianer. [Tnanetsl cramu nepsbiM [loTpedutenem sHepruu
3Be3]. [loTpebnenre ObUIO B BUAE 3a/IePKKUA SHEPTUH U3ITyde-
HUS 3BE3[], B IPOCTPAHCTBO, TpaHC(opMalel SHEPTUU BbICO-
KOTO TOTEHIMaja, B SHEPIUI0 HU3KOIO NMOTEHUMAIA. 3afepKKa
SHEPruM 3Be3[] NOIHsJIa TEMIIepaTypy IUIAHETH U co3/1ala DHep-
ruio Ilnanersl. JloctarouHble pa3Mepsl IUIAHETHL U €€ COCTaB CO-
3[AI0T yCiioBUs, Korjaa Dueprus [LnaneTsl oOnagaeT xapakTepu-
ctukoit «KomuuectBo». Hanmmumwe Kommuectsa DHeprum [lna-
HETHI, NMO3BOJIsIET BO3HUKHYTh [loTpedutemo Dueprum Ilnane-
Tol. [loTpeduTensiMu SHEpruy, Ha TUIAaHETe, CTAHOBSITCS IBHXKeE-
HUE aTMOC(epbl U KPYTOBOPOT XKUAKOCTH. IBrxeHne atMocge-
PBI, TIapbl KUIKOCTU M KOHJEHCAT MapoB oOMaJaloT SHepruei.
CnenoBatenbHo, Bo3HUKaeT [ToTpedutens seprun arMocdepslt
Y KOHJIEHCATa MapoB (KUAKOCTH). DHEPrus KUAKOCTA PacTBO-
pser muHepaibl. JKuaKocTb, BMECTE C PaCTBOPEHHBIMU B HEU
MUHEpaJIaMH, CUJION IpaBUTALMU, COOMPAETCS] B MOPSI U OKEaHBbI.
JIBrxkeHre armocepbl Co3JaeT HUKJIOHBI, KOTOPbIE COMPOBOXK-
JAI0TCS TPO30BBIMU pa3psaamMu. IIpy rpo30BbIX pa3psiax BO3HH-
KAIT XMMUYECKHE MTPOAYKTHI U3 MOJIeKyJ atMocgepsl. Ha atom
Tarne, pusnyeckue npouecchl pa3sutus [lorpedutens, TpaHc-
(popmupyroTCA B XMMHUYECKHE ITPOLIECCHl. XMMUYECKHE ITPOLEC-
CBI UIMEIOT [1BA ITyTH, OTHOCUTEJIBHO SHEPIMU UCXOJHBIX BELIECTB:



— CUHTE3 XUMUUYECKUX BELIECTB, UMEIOIINX BHICOKUIA SHEepre-
TUYECKUM MMOTEHIIUAJ. DTOT CHHTE3 BOZHUKAET KAK MPOTUBOAECH-
CTBUE JIBHKEHUIO (PU3MYECKUX MPOLIECCOB BBICOKOW SHEPIUU;

— 0Opa3oBaHue MOJIEKYJ C HU3KUM MOTEHIIUAJIOM SHEPIHH.

B Ipuposge unayr oba mporecca. Mosekyse, ¢ HU3KUM TIO-
TEHIIMAJIOM SHEPIUH, TPYAHO BCTYIIUTh B KPyroBOpOT, T. K. I1o-
Tpebutesib BO3HUKAET Npyu Haymunu KonmyectBa snepruu. Cre-
JIOBaTeJIbHO, KPYTOBOPOT BEIIECTB BO3HUK HA OCHOBE MOJIEKYII
C BBICOKMM SHEPreTUYECKUM MOTEHIIMAIOM.

dusznyeckre Mporeccel co3Janu HakorieHne Konndectsa
XUMHUYECKUX BEUIECTB, UMEIOIIUX BHICOKUI SHEPTETUYECKUU TO-
teHuuan. KommyectBo co3nano ycioBus AJisi BOSHUKHOBEHUS
[Motpebutens xumuyeckux BerecTB. [lorpedurens mpeoOpasy-
€T MOJIEKYJIbl C BBICOKMM IOTEHLIMAJIOM YHEPIUU, B MOJIEKYJIbI
C HU3KUM MOTEHIIMAJIOM SHepruu, TpaHcdopmupys Konrdectso
B UCXO/IHOE cOCTOsiHUE. Tak BO3HMKAEeT XMMUUYECKUI KPYTrOBO-
pOT.

[MporuBoneiicTBys (anasor nHepimu) [lorpeduresno xummde-
CKHUX BelllecTB, B KonnuecTBe BO3HUKAET MPOLIECC 0Opa30BaHMS
HOBBIX MPOIYKTOB, OoJiee yCTOMUMBBIX K BozaencTBuio [lorpe-
outens. Tak BosHukaer KauectBo. [yist Matepuu, KadectBo 310
00pa3oBaHME HOBBIX XUMUYECKUX COCAMHEHUN, OTIMYAOIIAXCS
OT UCXOJHBIX BellecTB U BenlectB KonnuecTBa. Bo3HMKHOBEHME
HOBBIX XMMUYECKHUX BEILECTB, Ipu nepexoae Kommyecrsa B Ka-
YeCTBO, CIOCOOCTBYET pacIIMPEHHIO KPYrOBOPOTA — KPYT TPaHC-
popmupyetcs B Top uim chepy.



[TpeoOpa3oBaHre TOYKW B JIMHUIO, JIMHUM B KpPYyr, Kpyra
B 00BeM (cepy, Iap Win TOp) €CTh SBOMIOIUOHHBINA CKaYeK.

[TepBbIM XUMUYECKUM KPYTOBOPOTOM ObLT KPYTOBOPOT HEXKU-
Boi1 [Tprpozpl. DBOMOIIMOHHOE pa3BUTHE KPYrOBOPOTA MPUBETIO
K BO3HMKHOBEHMIO c(hepbl/TOpa KPyroBOPOTa XMMUYECKUX Be-
niectB. Cdepa/Top KpyroBopota XMMUYECKHX BEIIECTB MMEET
KPYTOBOPOT, PacIiojlo;KEHHBIN 110 HOPMaJIH (IIEPIEHAUKYJISIPHO)
K Ha4aJIbHOMY KpyroBopoty. KpyroBopor «HopMaJsib» BO3HUKA-
€T U 3aKaH4YMBaeTcs B IUIOCKOocTU HexuBou I[lpupompl. [lnoc-
KOCTh HexxuBo# [Ipuponsl sBisiercs: ogHoBpeMeHnHo [lotpetu-
TeseM ¥ KonmmuecTBoM JUist KpyroBOpoTa «HOpMasib». IToTped-
JICHWE, 3aKaHuyMBawlleecs B IUIOCKOCTA HexuBou I[lpuponsl,
ectb aHasior cMeptu. [lorpediieHne, BOSHUKAIOIIEe U3 MIIOCKOCTH
HE JKUBOU MPUPOJIBI, ABJIAETCS AHAJIOIOM poxaeHus. [Ipomexy-
TOK MEXJy BOBHUKHOBEHUEM M PACIIA/IOM aHAJIOTMUYEH IPOLEeC-
cy xkwu3Hu. CrieoBarteybHO, IPUMUTUBHOE MOTPEOIeHUe, B Kpy-
TOBOPOTE «HOPMAaJib», €CTh aHAJIOT KU3HHU.

BO3HUKIIMI aHANOr KWU3HUA AOJIKEH COXPaHATBCS, NPU W3-
MEHEHHUAX BO BHEIIHEM MHpe. BricTpble mponeccsl KpyroBopo-
Ta VUCYE3HYT, IPU YXYIIIEHUU BHEIIHUX YCJIOBUM Ha JJIUTE]b-
HBIA Cpok — Bce KonmuecTBo Oyner mcrnonb3oBaHO. MejjieH-
HBI KPYTOBOPOT AHAJIOTa JKWU3HU, MOIBEPKEH CWJIBHOMY BIIH-
SHUIO, OT BO3MYIUEHMHA B KPYrOBOPOTE€ HEKMBOU IPUPOBI.
OO6pa3HO TOBOPSI, ISl MEJUIEHHOTO KPYroBOpOTa, YAApbl CY/b-
ob1 ot [Ipuponsl OyayT ciumkom dactbiMu. ClienoBaTesbHO,
1151 CTAOMITBHOCTY CYIIIECTBOBAHUSI KPYTOBOPOTA KU3HH, XMMHU-



YyecKre WM (PU3NYECKHe MPOIEeCChl, CO3/IAIIIE KPYroBOpOT,
JOJIKHBI UIMETh KOPUIOP CKOPOCTH MPOLIECCOB. DTOMY YCJIOBUIO
Y/IOBJIETBOPSIIOT HEKOTOPBIE XUMHIUECKHE Mporiecchl. Harpumep.
Ok¥crieHne KUCIOpOIOM BO3/1yXa COeIMHEHUH yIiepoaa:
MeJIEHHOE — TJIEHUE TIPH TEMITEpaType OKPYXKaloIen Cpelibl;
OBICTPOE — TOpEHHE.
KusHp gomwkHa Obl1a 3aHATH CPEMHHOE MONOKEHUE MEKLY
XOJIOIHBIM ME/JIEHHBIM TJIEHHEM U OBICTPBIM TOPEHHUEM.



YciaoBus1 BOBHUKHOBEHHUSA KN3HU

Ecmm paccmarpuBars npoueccel B IIpupone, kak paBHOBec-
HbIE, TO BOBMOXHOCTh BOSHUKHOBEHUS )KU3HU paBHA HyO. s
BO3HUKHOBEHUS )KU3HU, TPOLIECC IBOJIOMH, TOIKEH CO3/1aBaTh
HAKOIUIEHUE MOJIEKYJI C BHYTPEHHE! SHeprueil u He JOIMYyCTUTD
UX TOJHOW JErpajlaliu, JO UCXOLHOro cocrosHuA. s sToro
JOJIKHO OTCYTCTBOBATh PAaBHOBECHE B ITpOLIECCaX CHHTE3a U Jie-
rpagaimu. MiMeHHo Tak Bce u oOctouT B mpupone. IIpoueccs
CHHTE3a U Aerpajaliiy 3aBUCAT OT TeMIiepaTypsl. M3BecTeH 3¢-
(bekT yBemUYeHM 1 CKOPOCTH XMMUUYECKHUX peakiuil B 2—4 pasa,
IIpY NOBBIIIEHUH TeMIieparypsl Ha 10 rpagycos. [Ipu Bpamennn
IUIAaHET BO3HUKAIOT Mepenapl TeMieparyp. Hakorienue norex-
Maja JHeM U JIerpajialivsi HOUblo, MPOUCXOAUT MPH PA3HBIX TEM-
neparypax. B pesynbrare, oopasoBasieecs: jHem Konnvectso,
HE JIerpagupyeTr MOJHOCThIO B TEMHOE BpeMs CYTOK, cO3[aBas
npeoOJagaHue mporecca CUHTEe3a, HaJl POIIeCCOM Pacraia, uTo
BeJIeT K HakoIIeHuto konndectBa Pecypca. CienoBatesibHO, 17151
BO3ZHUKHOBEHMS KU3HU, IIJIAHETHI JOJDKHBI BPAILAThCA.

7Kv3Hbp BO3HHKAET HAa OCHOBE, PHOOPETEHHOM B XOJI€ BOJTIO-
VY, CIOCOOHOCTH MaTepHH UCIIONB30BATh SHEPreTHUECKHe TI0-
TOKM Ha MECTHOM YpOBHe. PacTutenbHOCTb mpeoOpasyeT IHep-
rvio (POTOHOB B XMMMYECKHE MPOAYKTHI. KUBOTHBII MUp I0O-
TpeOsieT pacTUTEIbHOCTh. XHUITHUKK NOTPeOsioT keprTB. Mc-
NOJIb30BaHNE SHEPreTUYECKMX MOTOKOB BO3MOKHO TpaHChOp-



Malyen uiM KoHcepBalyen sHepruu. Tpancdopmariys uim KoH-
cepBalsl 3TO MPOTUBOIEICTBUE IBUKEHUIO WIA TOPMOXKEHHE
IBokeHus1 sHepruu. CrenoBaTesbHO, KU3Hb BO3ZHUKAET, Kak
MIPOTUBOAEWCTBUE MOTOKY 3Hepruu. Ha HavyayipHOM 3Tame, mo-
TOK SHEPruM MPUXOIUT HA IUIAHETy W IUIaHeTa KOHCEPBUPYET
1 TpaHcopmupyeT 3Hepruo. Tpancdopmanys u KoHCepBaLyA
SHEPryuM 3aBUCUT OT XapaKTEPUCTHK IJIAHETHI M ITPOIIECCOB MPO-
UCXOASAIIMX HA HeW. XapaKTepUCTUKaMU IUIAHEThI, BJIMSIONIN-
MU Ha ITPOXOK/IEHUE SHEPreTUYECKUX MOTOKOB, SIBJISIETCS HAIU-
yre aTMocepbl, BpallleHUe IJIaHEeT, BO3MOXHOCTh 9HJOTEPMHU-
YECKMX XMMHUYECKUX peaklUii, HaJIn4YKe BeleCTB 00J1aJaloIuxX
OOJIBILION IHEPrOeMKOCThIO (Boaa). Iist cyliecTBOBaHUSI aTMO-
cdepsl, MIaHeTa AOMKHA UMETh Maccy, MO3BOJSAIOIIYI0 CHIaM
TPaBUTAIIM COXPAHSATh Ta30BYI0 OOOJNIOUKY. YeM cuiibHEe BbI-
paxeHa TpaHcdopMallMsi MOTOKa BHEIIHEH SHEpruu Ha IUlaHe-
Te, TeM OOJIbIlIe ITAHCOB BOSHUKHOBEHUSI KU3HU Ha Hell. [loror-
HUTEJIbHBIM YCJIOBUEM SIBJISIETCS IPUXOJ ONITUMAJILHOTO KOJTNYe-
CTBA SHEPruM.



Xoa nponecca Ha 3emJie

Hanmuuue arMocdeps! ¥ BOfibl, PUXOA JOCTATOUHOTO KOJU-
JyecTBa SHEPruM, CO3aeT YCIOBUS ISl 00pa3oBaHus aTMOochep-
HBIX HMKJIOHOB. [Ipu gocratouHoil Temmiepatype, atMmocgepHbie
IMKJIOHBI COMPOBOK/IAIOTCS IPO30BBIMU pa3psifaMu. [ po3oBbie
paspsabl B aTMocdepe, COMpOBOKAAIOTCS 00pa30BaHUEM OKHUC-
JIOB a30Ta, AMUHOB U aMUHOKUCIIOT. OKUCIIBI 230Ta, B3AUMOJEH-
CTBYSI C BOJIOW M KHCJIOPOZIOM BO3[yXa, 00pa3yloT a30THYIO KHC-
J0Ty. B3auMozeicTBys ¢ MUHepaslaMt IJIaHEeThl, A30THASI KUCJIO-
Ta 00pa3yeT COMM a30THOM KUCIOThl — HUTpaThl. Tlon neitcTBu-
€M KUcJoposa ¥ (hOTOHOB, AMUHOKHUCIIOTHI M aMUHBI OKUCIISTIOTCS
JI0 a30Ta ¥ BOIbI. Tak BOHUK KPYrOBOPOT a30THBIX XUMUYECKUX
BelecTB. I3 Monieky (Toyek) oOpa3zoBajiach 1eMOYKa, 3aMKHYB-
11asicsi B KpyroBopoT Majioro nuamerpa. «OpraHuzatopoM» Kpy-
TOBOPOTA a30THBIX XUMUYECKHX BellecTB Oblna sHeprust CosH-
na. /{71 BOBHMKHOBEHUS KU3HU, KPYTOBOPOT JIOJDKEH PACIIIU-
puthbcs. s pacimpeHusi KpyroBopota, a30THbIE COSIMHEHMS
JOJKHBI OBITh YCTOWYMBBI K BO3JEUCTBUIO COJTHEYHOW SHEPrUU
Y KUACIOpOoJa. YCTOMUMBOCTb MOXKHO TOITYYHUTh:

— n3osMpysch. Tak B BOjie OCYILECTBIIAIACH 3alUTa OT pa3-
pyiieHust (poTOHAMU M OKHUCJICHUsI KUCJIOPOIOM.

— UCNONb3Ysl/TpaHCOPMUPYS ONACHBIN (PAKTOP, CHHKAsI €ro
AKTUBHOCTb MOJTHOCTHIO WJIM YaCTUYHO.

B nipupone pasBuBamchk 06a BapuaHTa. EcTecTBEHHBIM «OT-



060poM», B BOJIE HAKATIJIMBAJIMCH a30THBIE COEIMHEHUS:

— OTHOCHUTENIBHO CTaOWJIbHBIE, TIPH BO3JEHUCTBIM KHCIOPOIA
1 (POTOHOB;

— 3alUTUMBUIMECS OT paspyllalolieil SHepruv (POTOHOB,
TpaHcopmaler 1 noTpediaeHrneM SHeprun GoToHOB. TpaHc-
opmanms u morpedieHue sueprun (hOTOHOB MMEET BAPUAHTOB
peamu3anyu. OJUH U3 BAPUAHTOB 3TO MPOBEIECHUE XUMUUECKUX
peaKIMil, NOITIOIMAIIIUX SHEPrul0 (POTOHOB. 11 XMMUYECKUX
pEaKIuil, NOIJIOMIAIOIIMX SHEPTUI0 (POTOHOB, HYKHO ChIpbe. Chl-
pbe JTOJKHO OBITh BCEIZa PSIOM, IMOSTOMY OCHOBHBIM CBHIPhEM
JOJDKHA Oblla cTaTh cpefa.

JlJ1s1 BOBHUKHOBEHUS KMU3HU WM aHAJIora )KU3HU JOJIKEH Cy-
IIECTBOBAaTh KPYrOBOPOT, PaCIOOKEHHBI MO HOpMaiu /Tmiep-
MEHIMKY/ISIPHO K KPYroBOPOTY HE KUBOUW mpupoabl. Kpyroso-
POT «HOPMaJIb» MOXET BO3HUKHYTh TOJILKO B OOBEMHOM KPYTo-
Bopote. [Iy1s1 0Opa3zoBaHrsi 0OObEMHOTO KPyroBopoTa HeOOXOIM-
MO pa3HOOOpa3ue XUMUIECKUX peaknil. XUMUYeCKHe peakiium
A30THBIX BEILECTB MMEIOT MaJIO BAPUAHTOB. BO3MOKHOCTBIO, CO-
3[aTh MHOKECTBO XMMUUYECKUX COeAMHEHUI, 001aAaeT yIepo.
Oxwucibl yraepoaa Beeraa npucytcrsoBaiu B [lpupone. B utore,
YIJIEKUCIIBIN Ta3 U BOJA, CTAJIU ChIPhEM 1Sl OBbILLIEHUS 3 PeK-
TUBHOCTH 3alLUTHl a30TCOIEPXKAIIMX MOJIEKYJI, OT Pa3pylleHUs
(poroHamu. B 3TOM Ci1ydae, a30THbIE COEMHEHM S JOIKHBI BECTU
XUMHUYECKHE PEaKUM OT YITIEKMCJIOTO ra3a 1 BOJbl, K COeJMHe-
HUSIM yIJiepoJa BbICOKOM 3Hepruu. Mosekysa a30THOro Coeu-
HEHM 1, /17151 OCYIIECTBICHU S TAKOW XMMUYECKOU peaKIvu, T0MK-



Ha UMETh CIIOCOOHOCTb:

— BBOIUTH B CBOHM COCTaB BOAY M YIJIEKUCIBIA a3, oOpasysi
C HUMU C/Ia0yI0 XMMUYECKYIO CBSI3b. DTUMHU CBOMCTBAMU 00Ja-
JAl0T aMMUAK U AMUHBI.

— MOJTYYMB KBaHT SHEPrUU, TPaHC(POPMUPOBATH YITIEKUCIIBIIA
ra3 ¥ BOjly B XMMUYECKOE COEJUHEHME.

(10 CBOMCTBO AMMHOB MOHO ITPOBEPUTH). CHHTE3UPYyEMBbIM
XUMHUYECKUM COeIMHEHUEM CTaJI YIJieBobl. B pe3ynbrare, 1im-
TEJIbHO COXPAHSIIMCh a30TOCOIEPKAIIME MOJIEKYJIbI, CIOCOOHbIE
TpaHC(POPMHUPOBATH IHEPIHI0 (POTOHOB B IHEPIUIO YITIEBOJOB.
Tak co3panachk 3amuTa ot paspyuieHus potoHamu. Bo3Huk xu-
MUYECKHUI TPOIYKT, aHAJIOT KaTaau3aTopa (y4acTBYeT B IIPOLeC-
Cce, HE BXO[ISl B COCTaB HAYaJIbHOTO M KOHEUHOT'O MPOJYKTA), pac-
LIMPUBLIMKA KPyrOBOPOT M co3fatoimmii Hopoe Konmuectso — yr-
JIeBOIbI. YTJIEBO/BI, MO/ BO3JIEHCTBIEM KUCIOpOIa U (DOTOHOB,
paspymanuce. B utore yrieBoasl U a30THbIE COEAMHEHUsI CO-
3111 KPYyroBOpOT XUMHUecKux coequHenui B [Ipupone. Bos-
HUKIIUI KPYrOBOPOT XMMUYECKUMX COSJUHEHWN He ObUT JKH3-
Hbl0. JIJIs1 BOBHMKHOBEHUs KU3HU HYXHa Nepenada MHGpopma-
MU 110 HACJIE/ICTBY, T.€. CO3/IaHKe ceOe MOJOOHBIX.

BocnponsBozcTBo cede mogoOHsIX MoJieKy:1 (Wi pparmeH-
TOB MOJIEKYJ]) BO3HUKJIO BOJIIOLIMOHHO, KaK IOBBIILIEHUE CTa-
OUJIBHOCTH MOJIEKYJI, OTHOCUTEJILHO CTAaOMJIBHOCTH OTIEIbHOM
MoOJIeKyJibl. MosieKkysia, aHaJIOr Karajau3aTropa, CO3/aB YIJIEBO.,
CIOCOOCTBOBaJIa BOSBHUKHOBEHUIO «OTTUCKa» ceOsl Ha yIJIeBOJIe.
VYrneBox crayl MaTpuLiel M HOCUTENEM a30TCOAEPKAIIEn MOJe-



KYJIbI.

Marpunia npucoenuHsiia K cebe aMUHBI M AMUHOKHCIIOTBI
U3 cpefpl, ¢ 00pa30BaHUEM KOMUM aKTUBHOIO (hparMeHTa a3oT-
coziepkalliell MoJieKysibl. KonMuecTBo akTMBHBIX (hparMEHTOB
CTaJI0 YBeIMUYMBaThCs. Bosbllioe KOIM4ecTBO (pparMeHToB CO-
3[1aJ10 BHYTPY MOJIEKYJIbl KOHKYPEHLMIO. B clencTBum KOHKY-
PEHIIMY, BO3MOXHOCTh MOJIEKYJIBI TTOTPEOIATh (DOTOHBI CHU3U-
J1ach, YTO CHU3WIO CTaOMJIbHOCTh MOJIEKYJIBI, M MOJIEKYJIa CTa-
Jia pacniagatbesi. Pacnan Monekysibl CHU3MII KOHKYPEHIIUIO BHYT-
PY MOJIEKYJIBL. DTO MO3BOIMJIO aKTUBU3UPOBATHCS (PparMEHTaM.
[Tporecc cuHTe3a ceGenogoOHbIX (PparMEHTOB U BO3MOKHOCTD
pacriaiaTbCsl Ha YacTH, CO3JaJIM YCJIOBUS AJIS1 PA3MHOXEHUSI MO-
nekyi. B pesynbrate, ciyyaiiHble XMMUYECKHE ITPOLIECCHI Pa3BU-
JIMCh B 3aKOHOMEPHOCTb. IBOJIIOLIMOHHO MPEUMYLIECTBO TOJTY-
YHJTM MOJIEKYJIbI, CIIOCOOHBIE 3(P(EKTUBHO TpaHC(HOPMUPOBATD
SHepruo (pOTOHOB B BOCIIPOM3BOACTBO ceOe MOJ0OHBIX MOJie-
KyJI ¥ yIJieBoAbl. XMMUYECKUI NPOAYKT, aHAJIOT KaTaau3aTopa,
co3gai cepy KpyroBopora, B KOTOPOM MOSIBWIMCH (POTOXUMU-
YecKHe TPOIECcChl — HET HeOOXOMMMOCTH B MOJHUSIX JUISI 00-
pa30BaHUs XUMUUYECKHX COEIMHEHUI BBICOKOTO SHEPTETUUECKO-
ro NnoTeHuana, JocTatoyHo (poToHoB. Karanuruueckas XuMu-
yeckas MOJIEKyJIa crajia monekyon IIporoxnsau. MoxHO cun-
TaTh, YTO MOJICKYJIbI, IOTPeOIsONMEe (DOTOHBI, BOSHUKIIA CITy-
yaitHo. Ho! Monekysibl BO3HUKJIM BCIIEICTBUE PA3HOOOPpA3UsI XU-
MUYECKUX PeaKliid, HAJIMYUs JIMTEIbHO JIEHCTBYIOIIETO MOTO-
Ka (POTOHOB, €CTECTBEHHOIO IPOLIECCA YCIOKHEHUS U YIOPs-



JOYMBAHUS CTPYKTYPbl XUMUYECKUX COSTUHEHUM, YTO MPUBEIIO
K BO3HUKHOBEHMIO (POTOXUMUYECKHX TTporieccoB. CiieioBaresib-
HO, (DOTOXMMHYECKHUE MPOLIECCH BO3HUKIIN 3aKOHOMepHO. City-
YailHOCTb, (TOYHee MaJiasi BEPOSITHOCTh) MCIIONIb30BAHUS HEP-
T'Y MOJTHUH, IPEBPATHIACh B 3aKOHOMEPHOCTb UCTIOJIb30BAHUS
9HEepruu (POTOHOB.

DOoTOXUMHUYECKHUI TPOIECC YBEIUYMI CTAaOMIIBHOCTD MOJIe-
KyJI ¥ 9BOJIOIIMOHHO JIBUTAJICS K TIOBBIIIEHHIO 3(P(PEeKTUBHOCTU
notpeoienust poTOHOB, Kak (hakTopa paspyiawiero. Momieky-
JIbl «BO3JTIOOMI» Bpara cBoero. «Bo3moOuB» cTaium ero norped-
nsthb. [loTpebmsis Bpara, BOCHpOM3BOAWIN ceOe TONOOHBIE MO-
JIEKYJIbI.

Sro Obul TiepBbI Tamn. [Ipu BHeNIHEM pa3pyliaoieM BO3-
JEWCTBUM, MOJIEKYJla CTAaHOBUTHCS CTAOMIIbHEE, eCl O0Bbeau-
HSEeTCA B cUCTeMy MOJeKYI1. D(P(PEKTUBHOCTh UCIIOIb30BAHUS
(¥ 321U THI OT) (POTOHOB MOBBIIIAETCS, YBEIMUEHUEM IJIOTHOCTH
AKTMBHBIX (DparMeHTOB B eIMHUIIE 00beMa. YBeIMUeHe II0T-
HOCTHU aKTHUBHBIX MOJIEKYJI, B €IUHUIIE 0OBEMa, MOXHO CO3JaTh
YBEJIMUMBAs:

— MOJIEKYJTy WJTH KOJIMYEeCTBO (DparMeHTOB MOJIEKYJIbl, TIOTJIO-
amx GOTOHBI;

— KOJIMYECTBO MOJIEKYJI.

VBenuueHue pa3mepa aKTUBHOW MOJIEKYJIbl UMEET HeloCTa-
TOK. BoJblniast TMHeiiHast MoJieKyJia, MOrJia MOTepsITh CBOU CBOM-
CTBa, T.K. BOBMOXHOCTb Pa3pyIIEHUs] WIA CMSTHSI MOJIEKYJIbI
pacTer ¢ yBeaudeHueM ee AHbL. YToOB! He ObLTo cMsATHS, (hop-



Ma OOJIBIIION MOJIEKYJIBl JIOJKHA OBITh KOMITAKTHOM, KECTKOM
Y yIIPYTOW. DTUM YCJIOBUSAM YIOBJIETBOPSET (popMa mapa, Topa
u kpyra/criupainu. [llap nmeeT camyio BBICOKYI0 KOMIAKTHOCTD —
XapaKTEePUCTUKY €CTeCTBEHHOM CTaOWJILHOCTU MOJieKysbl. Ho!
[Ilap umeeT npoOIeMBl ¢ MPUXOIOM SHEPTUU U CHIPbS B IIEHTD,
BO3HMKAET KOHKYPEHIIMsI BHYTPU MOJIEKYJIbI MEX/1y aKTUBHBIMU
(pparmentamu. Cepa, Kpyr MOryT ObITh CMSITHI U CTaTh MaJlo
(pynkimmonanbabl. CaMblil BHITOJHBIA BApUAHT 3TO 00pa3oBaHUe
cnvpanu. Crimpalib yCTONYMBA TPU TEMIIEPATYPHBIX IBUKEHUSIX
aTOMOB B MOJIEKYJIE, JIETKO

NOJIyYUTh SHEPruio U chipbe. [Ipu pasMHONKEHUM, crMpalb
Jlerye KOMUpoBaTh, yeM cepy, Top uiam map. OOpa3oBaHUIO
CUApaJI COCOOCTBYET BpallieHre 3eMiir (aHAJIOTUYHO 3apOXK-
JaTcsi aTMocepHble LMKJIOHBI). B pe3ysbrate ecTtecTBEHHOro
otOopa 1 BpaieHus: 3eMJIH, a30TCOepXKaIlrue MOJIEKYJIbI TTpH-
oOpenu (popMy criupaiu.

VYBenuueHue pazmepa MOJIEKY/Ibl MOKHO 3aMEHUTh MOBBIIIIE-
HUEM KOHLIEHTpalMyu MoJjekyl. sl yBeauueHusl KOJIM4YecTBa
MOJIEKy1 B 00beMe, MOJIEKYJIbl Hal0 YAEep/KUBAaTh B KOMIIAKT-
HOM BHJIE HE XMMUYECKHM COocoO0M. BapuaHT HEXUMUYecKo-
r0 COeJUHEHUS CO3/IaeTCsl, OObEIMHEHUEM MOJIEKYJI HA HOCUTE-
ne. Hocutenem MoskeT ObITh CaMa MOJIEKYJIa, CTaB ABOMHOM CIH-
paibio. [IpuoOperts hopMy ABOITHOI crimpaiu, a30TcoepKalas
MoJiekysa crana 6enkom. B kadecTBe HOCUTENSI aKTUBHBIX MO-
JIEKYJI MOXKHO MCIOJIb30BAaTh, CO3/1aBAEMbIE U3 BOJBI U YIJIEKHUC-
JIOTO Ta3a, MOJIEKY/Ibl yriieBooB. Hocutenms MoxeT ObITh BHYT-



¥ 1 BHE aKTHBHBIX MOJIEKYI. BapuaHT HOCUTENIsI BHE aKTHMBHBIX
MOJIeKYJ1, npeanouTurenbiee. Hocurtenb OqHOBPEMEHHO CTaHO-
BUTCS 3alIUTON a30TCOAEPKAIIUX MOJIEKYJI OT BO3/ICHUCTBUS KUC-
Joposa u hOTOHOB. 3aluTa 3T0 U3oMAIMA. M3onsaius crnocoo-
Ha COXPaHUTDb CYIIECTBYIOIIEE COCTOSTHUE U MOTYyOUTh MPOILIECC.
Morekysbl COXpaHSIT BO3MOXXHOCTh CYIIIECTBOBATb, €CJIU HOCH-
TeJb OyAeT MPOITYCKaTh Chipbe U (POTOHBI. CIOCOOHOCTHIO MPO-
MYCKaTh ChIpbe M (POTOHBI, 0OJIaIaeT MOJIEKY/Ia YIjaeBoja, uMe-
I0I1asi COOTBETCTBYIOIIEE TeOMETPHUYIECKoe cTpoeHue. Paznene-
HUE Ha 3aIUTY/HOCUTEIb U BHYTPEHHUE MOJIEKYJIbI CO3/IAJI0 CIie-
UAJIM3aIMIo B eIMHON cucTeMe. [lasiee craya paboTaTh 3BOJIO-
1M1, DBOJIONMS CTIIMATN3AIMY TIPUBEJa K YCUIICHUIO CBOMCTB
U 1oTpedoBajia yCJIOBUI. YCIIOBUS Jierdye cO37aBaTh B 3aMKHY-
TOM IIPOCTPAHCTBE — MOsIBIIIACh 000710uKa. B kauecTBe 000104-
KM, KaK HOCUTEJISl ¥ 3aIUTHI, UCTIOJIb30BAIMCH CO3AHHBIE YIJIe-
BoAbl. Tak Bo3HuKIIA [IpoTOKM3HMD.

s co3nanusi ce0ernogoOHON MOJIEKYJIbl HyKEH CBSI3aHHBIN
a3zor. KonmyectBa aMMHOB M aMHHOKUCIIOT, OOPa30BaBIIMXCS
€CTEeCTBEHHBbIM IyTeM, B MPUpPOJe oueHb Majo. HyxeH Obu1 uc-
TOYHMK CBSI3aHHOTO a30Ta. CBs3aHHBIN a30T, B BUJE HUTPATOB,
B nipupoje Obl1. TpancopMaliyss HUITPATOB B aMUHBI BO3MOK-
Ha TOJIbKO BOCCTAHOBJIEHMEM aTOMAapHBIM BOIOPOIOM. ATOMAap-
HBIW BOIOPOJT BOBHUKAET MPU Pa3JIOKEHUU BOJIBI MO]1 IECTBUEM
’KECTKOTO 3JIeKTPOMArHUTHOTO W3JTy4YEeHUsI, HApUMep YIbTpa-
(puoneroBoro. [Ijist oCcylIECTBAEHUS] STOM PeakMK (U 3alIUThI
OT yIbTpauoIeTOBOTO U3Ty4eHUsT), HEOOXOAUMO CO3/1aTh I0-



BBIIIIEHHYIO KOHIIEHTPALIMIO HUTPATOB PsiioM. UTO Obl MOBBICUTH
KOHIIEHTPAIIMIO HUTPATOB, MX Halo aOCcoOpOMpOBaTh M3 OKpY-
xKatoried cpeapl. Kak HUTpaThl ynepkuBaauch Ha HOcUTeNe, s
HE 3HAI0, HO PaCTEHUs 3TO MOTYT JiesIaTb. BO3MOKHO, HUTPATOB
OBLJIO I0CTaTOYHO MHOTO B Bojie. [laniee, HUTpaT B BOAHOM cpejie,
NOJIy4YuB J103y yibTpaduosnera, TpaHC(POPMHUPOBAJICS B aMUHO-
kucnoty. Mimest 0607104Ky 1 BOBMOKHOCTh aOCOPOMpPOBATh HUT-
parthl, ClOCOOHas1 «pa3MHOKAThCS» MosieKyna [IpoToxu3Hu cTa-
Jia IPOTOKJIETKOM KU3HHU.

BriBoa. ’Ku3Hb BO3HMKaeT Kak ClIE/ICTBUE: ABUKEHUS Bpe-
MEHHU, TpaHC(OpMaUK SHEPTUM, UHEPLMOHHOCTH U OOBEMHO-
CTU MaTepHuajIbHOrO MUpa, CIIOCOOHOCTH MaTepPUU HAKaIUIUBATh
SHEPIUI0 XMMUYECKMMH IpeoOpa3oBaHusiMu. Bee 3T mporecchl
ectecTBeHHBI. DTMU cBolicTBamu [Ipupona obnagaer Bo Beeit
Bcenennoii. CrieioBaTesibHO, KU3Hb 3TO €CTECTBEHHOE COCTO-
sauue cywectsyomen [Tpuponel. i1 BOSHUKHOBEHUS KU3HU
HYKHBI YCJIOBHSI.

HayuHo, 3aKOHOMEPHOCTb BO3HMKHOBEHMS JKU3HH, CJIETYyeT
u3 pocra 3HTporua BO Bcenennou. Poct sHTponuu Bo Bce-
JICHHOM CO3J1aeT MPOTUBOAECUCTBYIONIMI TTpoliece (Kaxao0e Aeu-
CTBHE CO3/1aeT MPOTUBOEHCTBHUE). POCT SHTpONUYU 3TO POCT Xa-
0ca U IOHWKeHue SHeprum cucteMsl. CieoBaTesIbHO, MPOTUBO-
JEWCTBYIOIIUM MPOLIECCOM CO3/IAeTCsl YINOPSI0UYMBAHUE U POCT
sHepruu. [yig Matepuu, ynopsiouMBaHUe U pOCT SHEPTUH, J10-
cTUraercs NpoueccamMy, BEAYIIMMH K BO3HUKHOBEHMIO CIIOXK-
HBIX BELIECTB C BHYTPEHHEN (XMMHUYECKOW) SHEPrUEH. DBOJIIO-



s TpaHcpopMHUpOBaa XMMUYECKHE TTPOIIeCChl, B OMOIornye-
CKHe, T.€. IPUBEJIa K BOSHMKHOBEHHMIO :KM3HU. CaMa KU3Hb, pa3-
BUBAsCh, Co3aa cebe MPOTUBOAICICTBYE B BUE TOJIABJICHUS
*ku3HU. [TogaBneHue ocyiecTBiseTcs: NoTpedaeHrueM, 171 mpo-
JOJDKEHH ST CBOEH KU3HU. MO3T pacimpuii notTpediaeHue 10 yHU-
gyToxeHus1. Pazym pacrmput notpedieHue U yHUITOKEeHUE IPH-
PYYEHHUEM U pacIlUpuJl, AJis MOIydeHus1 KoMgopTa U yI0BOJIb-
CTBHSL.

7Ku3Hb, BOBHUKHYB, KaK MPOTUBOJIENCTBUE POCTY SHTPOIUH,
CO3[AaeT CBOM IPOLIECCHl MPOTUBOACUCTBHUS, aHAJIOTHYHBIE PO-
cTy sHTponuu Bo BecenenHou. Bo3HMKaeT 1iernoyka npoTuBOAe-
crBuil. [Ipoliecchl, aHaJOTUUHBIE POCTY SHTpoNUU BO BcesneH-
HOW, HAaIIPaBJIEHbl HA Pa3pyllIeHNEe YIOPSA0UEHHOCTH U MOHUKE-
Hue 3Hepruu. IIporeccel, aHaTOrMUHblE BOSHUKHOBEHUIO JKU3-
HU, CIIOCOOCTBYIOT YIOPSZIOUMBAHUIO U TIOBBIIIEHUIO TTOTEHIIN-
ana. Kaxpoe cienyroliee mpoTUBOICHCTBIE BbIpakeHO ciadee
MCXO/IHOTO. DTO CBSA3aHO C TEM, UTO B Mape «JIEUCTBUE — IPO-
TUBOJEWCTBIE» OIMH KOMITOHEHT 00SI3aTesIbHO pacCpeloTOUEH.
Ha ypoBHe BceneHHOU, pOCT SHTPONMHU SBIISETCA paccpesoTo-
YeHHbIM IpolieccoM. Ciie1oBaTesbHO, POLECC CaMOOPraHu3a-
11U, SIBJISIETCS KOHIIEHTpUPYIOLMM mpoiieccoM. HarsinHo 310
BUJTHO Ha IJIABAIOIIMX OCTPOBax Mycopa. Mycop B OKeaH BbIOpa-
CBIBAIOT PAaCCPEOTOYEHO, a MPOLIECCHI IPOTUBOAEMCTBUS CO3/1a-
10T KOHLIEHTPALIMK MyCOpa B «OCTPOBa». [1J1s1 )KMBOTo, TPOTUBO-
JEVCTBUE CO3AAJIO CIEAYIOUIYIO MOCEI0BATEILHOCTb.

Bo3HuKHYB, XU3Hb CO3/jaJ1a MPOTUBOIENCTBUE KU3HU — KOH-



KypeHimio. KoHKypeHIMsI pa3jaesnsseT M BO3HMKAET MPUHIIMIIL:
«Kaxnprii cam 3a ceOsi». Ha aTOM 3Tane pa3Butue 1o 10 ypOB-
Hs1 (hOPMHUPOBAHUS KJIETOK.

[TpoTuBOAEHCTBYE pa3fe/iCHUI0 CO3AaJI0 OObeAMHEHUE KJle-
TOK B )KHMBBIE CUCTEMbI — BOJIOPOCJIH.

ObbenuHeHne B KUBYIO CHCTeMY TIOTpeOOBAJIO pa3/ie/ieHusl.
Paznienenue peaan3oBaioch BOSBHUKHOBEHUEM (DYHKITMOHATBHO-
CTH B €JUHUYHON XMBOU cucTeMe. «Kax bl OTBEYAET 34 BCE».

Bo3HukHOBeHME (DYHKIIMOHATBHOCTH CO3/aJI0 MPOTUBOIEH-
CTBHE — OOIUHAKOBOCTD XHBOTO.

OaMHAKOBOCTh KMBOTO CO3/1aJI0 MPOTUBOJEHCTBUE B BUJE
pasz/iesieHust Ha J1Ba MoJa.

Paznienienue Ha JBa 10J1a MOMYYHIIO MPOTUBOJIEHCTBHE 00h-
¢AUHECHUEM B BUIBL.

Paznienenue Ha BUIbI TO3BOJIMIIO OCBOUTH CYIITY ¥ aTMOCepy.

[Tpoliecchl MPOTUBOAECUCTBUS, NEpeNLIu U3 cepbl KUBOTO,
B cepy He xkuBoro. Dpomouus [Ipupoasl Ha 3emiie, cozgana
MECTOPOKACHHUS MOJIE3HBIX UCKOMAeMbIX. /KU3Hb, MPOTUBOAECH-
ctBys [Ipupone, pa3pyiiaer MECTOPOKACHUS.



JBOJOIMA NPOTOKJIETKHA

DBOMIOIMOHHO, TPOTOKJIETKA Pa3BUiIa (PYHKIIMIO BOCIIPOU3-
BOJICTBA MOJIEKYJI, B (PyHKLIMIO pa3MHOxeHUs1. [IpoTokieTka cTa-
Jla KUBOU KJIeTKOU. Pa3MHOXEHUE Ha YPOBHE KJIETKH JIeT4Ye BCe-
IO OCYHIECTBJISITh KOMMPOBAHUEM BHYTPH KJIETKH, C MOCJEIYIO-
MM pa3esieHeM Ha HE3aBUCHMBbIE CUCTEMBI. [laniee KiieTku mo-
BTOPUJIA TYTh MOJIEKYJI, OObEAMHUBIINCH COOO0I0, KAK HA HOCH-
Tesie. Bo3HMKIIast cuctema KJieTok oopa3oBajia Bogopociu. Boa-
Hasl cpejia co3/IaBajia paBeHCTBO BOJOPOCIIEH, Kak MoTpeduTeei
SHEepruy BHEIIHEro Mupa. Bopopociu 3aBucenu OT ABMKEHUS
BOJIbl U HE MOIIA YIIPABJIAThH cuTyauuei. CecTBUEM 3TOro CTa-
Jla KOHIIEHTpalus BOJOPOCEN B OTACNIbHBIX MecTax. Bricokas
KOHIIEHTpalIvsl BhI3BaJia ruOesTb YaCT BOIOPOCTICH, OT HEIOCTaT-
Ka cBeTa W MUTaHus (ornopsl Ha BHEWHUN mup). CusbHenme
BBUKIIA. PasnokeHre moruOmmx BOAOPOCEN CO3/IAI0 B BO-
JIe TIOBBIIIEHHYI0 KOHIEHTPALMIO BENIECTB, HY)KHBIX 1JIs1 pa3BU-
TS CUJIbHENIIUX Bogopocield. CUIIbHbIE CTaIA CUJIbHEE. YCuIle-
HUE CUJIbHBIX, CO3/IAJI0 CUTYaINIO, KOT/1a, AJisl IOBBIIEHU S CBOE!
CTaOWJIBPHOCTH, CHJIbHBIE HAYQJIM YTHETATh CJIA0bIX (€CTeCTBEH-
HBII 0TOOD). Credosamenvho, npu paseHcmee 6HEUHUX YCA08ULl,
svlocusaem CUNbHEUUIIL.

Ha xakom-T1o 3Tane yraereHue crajio cneuuanusanuen. Cre-
UaIM3alMs COBEPIIEHCTBOBAIACh U TPHBEJIa K BO3HUKHOBE-
auo [lorpedureneii Bomopocineit. [lorpebuten Bomopocien



YCKOPSUTH THOEITh BOJOPOCIed. YCKOpeHre ruOeii BOqopociie
MOXHO JIOCTMYb, OTPAaHWYMBAS UM AOCTYIl K SHEprum (hoTo-
HOB WM MOTpeOssisi ux cok. OrpaHndenue npuxogaa (poToHOB
K BOJIOPOCJISIM MPOILECC TUTENIbHBIN U MaiodddekTuBHbIi. [To-
TpebJieHue CoKa MO3BOJISIIO YCKOPUTH TMOEITh BOIOPOCIIEH U J10-
MIOJIHUTETHHO TIOJTyYUTh NIUTAaHKUE B BUJIE COKa Boopoceit. Jls
noTpeOieHnsT COKa HEOOXOIMUMO Pa3pyIIUTh 0OOJOUKY KJIETKH
Bofopocieil. Ha HauanbHOM 3Tare 3TO MPOUCXOAWIIO TPEHUEM,
3a CYeT eCTeCTBEHHOro Kojie0aHus BOJOpOCiel B Bojie U Oosee
MIPOYHONM 0OOJIOUKON Y CUJIBHBIX Bopopoceit. Paspyienue Tpe-
HIEM, 000JIOUKH CIaObIX BOJIOPOCIIEH, IPU XaOTUYHOM KOHTAaK-
Te, UMeJIo HU3KYIo 3¢ dekTrBHOCTh. KoneGanus cpeapl yckopsi-
JIO TIpoliecC MPOHUKHOBeHUs1, U [loTpeduteny nepeHsm CBOu-
cTBO cpenbl. [ToTpeduTen HaYamm «IPhI3Th» BOJAOPOCIH, HE 3a-
BUCUMO OT KOJieOaHuil B cpejie OOMTaHMsI, CO3aBasl MMyJIbCAIIHIO
CBOMX YYaCTKOB. DBOJIOIIMOHHO BO3HUKIIM YYaCTKU, CIOCOOHbIE
OBICTPO HapyaTh 0OOJIOUKY M MPOHHMKATh BHYTPb KJIETOK BO-
nopociueid. [lns ycuneHust mnoTpeOUTeNIbCKUX CBOWCTB, KOJTMUe-
CTBO BrpbI3AIOIIUXCS Y4acTKOB y [loTpeOuTeNns yBeTUYUIIOCH.
3to yernuiio ctadmiibHOCTh [loTpeduTess. 3abpaB nurare/ibHbIe
BEIIIECTBA «TPBI3YH» CTAHOBWJICS OECMONIE3HBIM MOTPEOUTEITIO.
PackuibiBaThCsl «TphI3yHaMU» HE PAIMOHAJIBHO U «TPHI3YHbBI»
HAYUYWINCh OTAENSTHCS OT OECHOJIE3HOW KJIETKH BOJOPOCTEH.
Yro ObI OTIENUTHCSA, HAJI0 OCIaOuTh CBsA3b. [losiBUIIach (pyHKIUS
«KOHTaKT — CO3/aJl CBs3b, MOTPeOUT — yOpan cBsa3b». OTpada-
ThIBast (PYHKIMIO «CBSI3b — pas3zienienre» [lorpeduteny ycrmm



dynkmo nynscupoBanusi. [Tynbcaiyst OTAEIBHBIX «TPBI3YHOB»
co3laiia u3MeHeHue OanaHca CWJI B Cpelie CYIECTBOBAHUS —
Havasioch ApvkeHue Ilorpeduteneii Bomopociei. s cHuke-
HUs pacxojia COOCTBEHHOW SHEPIuu, «TPhI3YHb» SBOJIOIMOH-
HO m3MeHsu popmy. Popma, UCTIONB3YsT SHEPTUIO KONeOaHU
BOJIH, TO3BOJIMJIA CONMM3UTH YACTOTY KOJEOAHUUN <«TPHI3yHOB».
BosHukinme oqHOBpeMeHHBIE MYyJIbcalliu (PE30HAHC) YCKOPHUIIU
JBUKeHWe. Pe3oHaHC TO3BOJIMII YyBCTBOBATh JPYTUX «TPHIY-
HOB». BO3HHMK 0OOMEH CHUTHAJIOB U CKOOPAMHHUPOBAHHOE JIBUKE-
Hue. OyHKIMS ABUKEHUS OCJIOKHSIIA padOTy «TPBI3yHA» U 9BO-
JIIOIIMOHHO TIPOM30IIIa CHEelMaIn3als Ha OpraHbl BUKEHUS
Y OpraHbl MPOHUKHOBEHUS B Uy)KUE KJIETKU. Mek/y «Ipbl3yHa-
MU» W OpraHamMH IBWDKCHHS OCYIIECTBIISIACh Tepeaada IuTa-
TEJIbHBIX BEIECTB uepe3 0000uKu. Bo3HUKHOBeHMEe (hyHKIMN
neokenus y [orpebureneit Bomopociiei, moTpedoBaio yBeu-
YUTh OOMEH BelllecTB. [l yckopeHus mpoliecca repeiauu SHep-
'MW BO3HUKJIA KaHaJIbl OOMEHA MUTATEIbHBIMH BEIIECTBAMU.
Bo3HMKHOBeHHME KaHAJIOB OOMEHa YCHJIWJIO CBSI3b MEXITY
KJIETKAMH, CO3/1aB €IMHYI0 KUBYIO cucTeMy. B enuHOI KUBOU
CHCTEME CHITOCTh M TOJI0/1 cTauii oO1mu. OOI11ast CHITOCTh YCIIO-
KarBaJia, OOIIMIA TOJIoN COo3JaBasl IBHKEHHE. B3anmMonencrsue
MEXJy KJIETKaMU CO3/1aBaJi0 MHOXECTBO CUTHAJIOB. CHUTrHAJIBI
CKJIQJIBIBAJIUCh B OAWH OOIIMI curHail. JleficTBUe OCyIlecTBIs-
JIOCh MO Haubojiee 3HAUMMOMY CHTHAITy, OCTaJIbHbIE CUTHAJIBI
CTaHOBWJIUCH MMoMexoi. OOIue CHrHaJibl, 0 HOPMAJbHOM CO-
CTOSIHUM KJIETOK, CHUKaM 3(h(eKTUBHOCTh yrpaBieHus. [{nu-



TeJIbHOE JeNCTBIE OOIIEro HOPMAJIbHOTO CUTHAJIA CO3/1AJI0 TIPH-
BBIKAQHUE K HEMY, U OOIIMI CUTHAJT CTal BOCHPHUHUAMATBHCS KakK
(pon. IlpesbinieHne curHana Hajg (POHOM ONPEAENISUIO 3HAYM-
MOCTb CUI'HaJIa ¥ CO3/1aBajlo CTUMYJ K JeATeIbHOCTH. [ 1o-
BbIIIEHU 3(P(EKTUBHOCTH YIIpaBJEHUs, BO3HUKJIA MOJYUHEH-
HOCTh 3HauMMoMy curHainy. Camas 3(pdeKTuBHAA NOAUYMHEH-
HOCTb 3HAYMMOMY CUI'HaJTy BO3HMKJIA, KOra (hoH IIprHoOpes cro-
COOHOCTb OOBEUHATHCS C CHJIBHBIM CUIHAJIOM. DTO YCUIINJIO
crumyi Juis pearuposanus. IloncrpanBarbes M ycuaMBaTh CUT-
HaJ 3T0 OBITh MOCpefHUKOM. [locpenHuK pasBUBajCA M CTal
YIPaBJIEHUEM, ITOJAIOIIMM CUTHAJIBI YIIPABJICHNS] HA OCHOBE MH-
opmanium OoT OpraHoB. YmpapiieHUEM ObUIM 3ayaTKU MO3ra.
CrnocoOHOCTb MOCPEAHUKA YCHIIMBATh CUTHA YCKOPHUIIO BOJIO-
LIMOHHBIN TNporecc pa3Butusd. CienoBaTesbHO, BOSHUKHOBEHUE
MO3ra YCKOPHJIO 3BOJIIOLMIO.

«['ppI3yH» 0KeH ObUT MWJINTH HY)KHOE, a He BCe MOAPAL.
Jl1s1 orpeneneHns «HyKHOTro», BO3HUK OpraH MIeHTU(pUKALIH,
CITOCOOHBIN OTPEHEIUTh: «CBOU — UYKOW» U «KHBOE — MEpT-
Boe». Korma ero 4yBCTBUTENBHOCTb BBIPOCHA, OH Pa3/EIWICH
Ha OpraHbl BUOpalMy U XMMUYECKoro B3aumozencTeus. Opra
BUOpaly pas3fenunsics Ha OpraHbl ocs3aHusl M ciayxa. Opran
XMMHYECKOTO B3aMMOIEUCTBUSA Pa3feniICsa Ha OpraHbl BKyCa
Y YyBCTBOBaHMS KOMIIOHEHTOB cpefipl. i YCIIEIIHOro IBUXKe-
HMS1 IOHAJ00MIICS y4eT BIMSHUS I'PaBUTALIMU — MTOSIBUJIOCH YyB-
CTBO KOOPAMHAIIMY I10 BEPTUKAJIM, KOTOpask SBOTIOLIMOHHO Pa3-
BUJIACH B KOOPIMHALIMIO IBAXEHUN. Bee 310 yermmio mosr. Mosr



CTaJ1 yNpaBJIeHIIEM TeJa.

[Ip1 BOZHUKHOBEHUM CKeJeTa, AJIsl YIyqlleHUs] YIpaBIeHUsI
TEJIOM, MO3T CHEeLMaIM3MPOBANICS, OTIAB YIpPaBJIEHUE TeJoM
CMUHHOMY (CKenieTHOMY) Mo3ry. OcTajibHble Opranbl HHGpopma-
UM TIEPEMECTUIIHCH K MO3TY. BO3HHK OpraH KOHTPOJISI M aHAJIH-
3a — roJIoBa.

B mecrax, ¢ 4OCTaTOYHBIM KOJIMYECTBOM MOCTYIUIEHHUSI SHEp-
', HeOOXOAMMOCTb B MOJIABJIEHUM KOHKYPEHTOB OblJIa BbIpasKe-
Ha cado0 ¥ SBOMIONHS 1IJIa TIO ITyTH MOBHIIEHUs TOTPeOIeHUS
(otonoB. POTOHOB, BHICOKOW SHEPTUH, OOJBIIIE HA CYIIIE.

[Tporiecc BbIxoAa Ha CyIIy Hayajics B MeCTax BIAJEHUs peK
B Mops. YacTh Bomopocieil BOIHAMU BbIOPACHIBAJIO Ha Oeper.
BHe mops, 1isi BoHopocien yclIoBUsl OTHOBPEMEHHO YTydlIia-
JIMCh W YXYALIAJIUCh. YJIy4lIaJUCh, TaK KaK BOJOPOCIH MOJY-
yayii 6osbilie (POTOHOB M CHUXKAJIUCh TIOTEPU SHEPTrUU Ha Tpe-
OZI0JIEHHE OCMOTHYECKOTO AaBJIeHUsI MOPCKOW BOIBI. YXy/la-
JICh BO3JEUCTBUEM KHUCJIOPOJa BO3yXa, MEpenagoM TemIepa-
Typ ¥ I3MEHEeHreM ypoBHsI pek. CBeTa BOIOpOCIsiM ObLIO I0CTa-
TOuHO. /{11 cTabunm3anuy CymecTBOBaHUsI BONOPOCTIEH, TIOHa-
J06usoch odecriedeHus KJIeTok BoAoi. B Bomopocisix BOSHUKIIO
IPOTHUBOpEYHME: Bilara OblIa HUKE TTOBEPXHOCTH, CBET BHIIIE T10-
BepxHocTH. [IpoTuBOpeuns paspeaorcs pasJejeHueM Ha J1Be
(pynkimu. Yacth Bomopociiei ctana pacTu B TPYHT, PEBPATHB-
IIUCh B KOPHU. YacTh cTasa ucnonb3oBaTh sHepruto ConmHIa, s
oOecrieueHus KU3HEICATEIbHOCTH KOpHel 1 Bepxa. [l 3amm-
TBl OT KMCJIOPO/a BO3/1yXa (B MOPCKOM BOJIE €r0 MaJjio) U COXpa-



HEHM S BHYTPUKJIETOUHOW BOAbI, YCUJIWIIUCH 3aIIIUTHBIE CBOCTBA
0005109ku. Tak BOAOPOC/IN CTaJIM PACTUTEIBHOCTBIO.

PaBHOMEpHBIN CJI0M pPaCTUTENILHOCTH (B BOJE IBUKEHHUE CO-
3[aBaJIO MIepeMelTMBAHUE WU PUOIM3UTEIbHOE PABEHCTBO) CO-
3[1aJ1 KOHKYPEHLIMIO 3a nonydeHue poroHoB. KoHkypeHuusi co-
3[a1a ABMKEHNE K CBOOOAHOMY TomydyeHuto sueprun ComHia —
pocty/pa3Butuio BBepX. jis1 pa3BUTHS BBEPX, (DYHKIIMST ONOPHI
YCWJIAJIACh. DBOJIIOLIMOHHO NOSIBWIMCH TpaBa, KYCTApHUK, JIepe-
BbSI.

PocT pacteHnid cOXpaHWJI KOHKYPEHIMIO Mexkay HUMu. Pac-
TEeHUs], JINIIEHHbIe (POTOHOB T'MOJIM, HO YacTh CyMesia MOBPEUTh
(cmyJaifHO ¥ 3aKOHOMEPHO) 0007104Ky cBoux [lonaButeneii. [1o-
BpeIUB OOOJIOUKY, OHM HAYajd IMOJy4aTh MUTAHUE, TOJB3YSCH
cokoM [lomaBurenen. Bocrionp3oBaBmmce npenmyiectsom I1o-
JaBUTENE B CBOMX IEJISIX — BO3MIOOMIIM Bpara CBOEro W CTa-
mu [MorpebutenssmMu cubHBIX. M3 3TUX CUACTIIMBYMKOB BO3HUK-
7o HanipaByienue [loTpeduteneii pacTUTETLHOCTH. YCHIIEHUE 3a-
MIMTHBIX (DYHKIMI OOO0JIOYKHN OCIOKHUIIO TIOTPEeOJIeHNE PacTu-
TesabHOCTU. [IpoHUKHYB B KieTKy, [loTpebutens momyyan cok
u3 3101 KJIeTKU. [Ipuxon coka, B HApyIIEHHBIM Y4acTOK, U3 ApY-
T'MX KJIETOK, ObLI 3aTpyAHEH IUIOTHOM OOOJIOYKOM KJIETOK. ITo-
TpeOUTeNsIM PacTUTETLHOCTY TOHAIOOWITUCH «TPhI3YHbBD», CIIO-
COOHBIE TepeMelaTbCsi OT KJIETKU K KieTKe. BapuaHT «oTy-
CTUTh Ha TIOMCKM TUIIK» CBOET0 «IPhI3yHa», BElNEeT K rudenu
0coOu. 3aueM «IphI3yHY» BO3BpaIllaThCs, €CIIU IUIIA BIiepeu ?
[Mostomy 3Bomoust pasputusi [loTpeduTens npuBena K MpH-



obperenuio [lorpeduTesieM CIIOCOOHOCTH IBUTaThCS CaMOCTO-
STEJIBHO, JIJIs1 o0ecrievueHus1 ceOs1 MUTAaTeIbHBIMU BEIECTBAMM.
DBOJIONHMSI YCHITUIIA CTIOCOOHOCTD IO MOTPEOICHUIO PACTUTENb-
HOCTU ¥ JIOCTUIVIA YPOBHS UCIIONB30BAHUS OOJBIIMX OOBEMOB
PaCTUTEILHOCTH — MOSIBUJIMCH TPABOSIIHBIC.



Cnoco0Obl pa3MHOKEeHHUSs

Ha ypoBHe KJIeTKM pa3sMHOXKEHHE UIET KOMMMPOBAaHUEM ceOs,
C TIOCJIE/IYIONINM JIeTICHUEM.

KonmpoBanwue cructemoii cebst coXpaHsieT CTaOUIbHOE COCTO-
SITHAE CHUCTEMBI M 3aMeyIsieT ee TPUCIOCOOIeHre K N3MEHEeHHU-
siM Bo BHerHeM mupe, 4To co3paer npotuBopeure. s ocnad-
JIeHUsI IPOTUBOPEYMST HEOOXOAMMO pasziesieHne chcTeMbl. Kpo-
Me KOMMPOBAaHUS, Ui paslesieHrsi, CYIIECTBYET pasJiesicHue
no ¢yskimsaM. Paznenene Ha (DyHKIIMOHAJIBHBIE YaCTH YCTpa-
HSET IPOTHBOpeYre. DBOMOIMOHHO, TPOTUBOPEYre B (DYHKIMN
Pa3MHOXEHUSI, Pa3pelInioch pa3fiejieHUeM OJHOIOJION KUBOU
cuctembl Ha ABa nosia. OIuH NoM CTaOWIbHBIHA, TPYyror Croco-
6eH ObicTpo TpucrnocadnuBarkes. [IpucnocodneHre K u3MeHe-
HHSIM BO BHEIITHEM MU pPE OCYLIECTBIISIIOCh Yepe3 BOCIIPOU3BO/I-
CTBO COBMECTHOT'O MOTOMCTBA. /i1 co3qanus Tiofa I0CTaTroy-
HO OBUIO OOBETUHUTH 3aTOTOBKY OCOOEH Pa3HbIX TIOJIOB M BHIPAC-
TUTh OOBETUHEHHYIO CUCTEMY. BBIpacTuB, OTIYCTUTH BO BHEIII-
HHUI MU JUISI CAMOCTOSITE/IBHOTO CYIIIECTBOBaHMs. Bhiparuba-
HHe 11072 TpeOdyeT CTa0MIIbBHOCTU U 0COOb «CTaOUIbHOCTh» B3l-
na Ha cebs 3Ty GyHKIMI0. Ocodb OBICTPOro MPUCHOCOOICHUS
HE BBIpalyBaja o, a cooupana WHGOPMAIMIO O BHEIIHEM
MHpe U UCKaJla MecTa | MyTH oOecreveHrst CTaOMIbHOCTH CBO-
emy pomy. Tak co3manoch pasjieliecHHe Ha MYXKCKOW U JKeH-
CKHU TIOJL.



Crioco6 miprcniocoOieHus1, pa3ieieHieM Ha JiBa Tojia, Beeria
UJIET C 3ara3/ibIBaHieM. 3ana3IpIBaHue HeOOXOAMMO /IS ICKJTIO-
YeHUs BIIMSIHUSI KPAaTKOBPEMEHHBIX (pakTopoB. [1is ’KUBOTO MM-
pa, IpoJOIkKeHNe BUAA, IOKHO ObITh SKOHOMHYHBIM. DKOHO-
MUYHOCTbH JIOCTUTJIaCh MUHUMU3AIUEN TUIOAA WM Pa3BUTHEM,
Jyepeys CTa/IuM.

CraauiiHoe pa3BHTHE 0COOEd BBI3BAHO TEM, UTO Pa3MHOKeE-
HUE KHUBOT0, C (DYHKIIMOHATbHBIMU KJIETKAMU, TPOCTBIM JIEIEHH-
€M, CJIOKHO. [T pa3MHOXKEHHMSI, CJIO)KHASI CUCTEMA YCPEIHSIACh
U CHOBa (popmHpoBaiack. Uem crioxHee M KpyIHEe KUBasl CHU-
cTema, TeM OOJIbIIle CTaaui ObIO HY)KHO /ISl €€ pa3MHOKEHHUS.
Tak MpOMCXOAUT pa3BUTHE HACEKOMBIX: OaO0UKM — siiflia — ryce-
HUIBI — KYKOJIKK — 0a00YKY ¥ KOMap — sTilia — TMYMHKA — Komap.
[epexon ot craguu K ctaguu TpeOyeT TpaHC(hOPMAaIU KUBOK
cucteMbl. Kaxaas Tpancdopmaivst MOXET UMETh VJTH TIOTYYUTh
OTKJIOHEHHE OT HOPMAJIbHOTO pa3BuTHs. PocT koiMuecTBa cra-
JIViA BeIeT K MOBBIIIEHUI0 BO3MOKHOCTA BOZHUKHOBEHUST MyTa-
uit. iMest ckeseT, XUMUYECKU U (PU3MYecK CTaOUITbHBIC YacTh
Tesa, pa3MHOKEHHE STUM CIIOCOOOM OBUIO TYOUTENBHO /IS KH-
Boro. JlioOoii cO6oil B cTaauy TyOWIT WM YBEIUYUBAT BO3MOK-
HOCTb MYTAIlUil y KUBOU cucTeMbl. [0aTOMYy 3TOT Criocod pas-
MHOKEHHUSI COXPAHIJT TOJIbKO HACEKOMBIX.

I MoBBIIEHUsT CTAOWIIBHOCTUA (POPMUPOBAHUS CJIOKHOW
’KMBOW CHCTEMBI, HEOOXOOUMO CHHM3UTh 3aBHCHUMOCTDb ILIOfA
OT BHEIIIHEro Mupa. 3aBUCUMOCTh OT BHEITHETO MUpPa MOXHO
CHU3UTh, YCKOPUB Mpolecc (popMUpPOBaHUs IUIOAA. YCKOPUTh



(pbopmupoBaHMs IJI0AA 3TO YBEIMUYUTh IIAHC BO3HUKHOBEHMS
MyTauui. Yem cioxHee KHUBas CUCTEMa, TEM BbIILE BEPOST-
HOCTb BOBHMKHOBEHHS B HEW MyTaluii, pu ObICTPOM (pOpMHPO-
BaHuu 1uioAa. 1o 3toil npuuuHe, npucnocoOneHre, YCKOpeHu-
€M Pa3BUTHS U101, CTAJI0 TYIMKOBOW BETBbIO SBOJIIOLIMU. YBe-
JIMYNTH CTAOMJIBHOCTh PA3BUTHS IJIOJA MOXKHO, COKparasi Ko-
myectBo ctaguid. CokpallieHre KOJIMyecTBa CTaauil, noTpedo-
BaJIO MpeoOpa3oBaHUil B BblpaluBaHuu mioga. [lo anamorvu
C pPa3MHOXEHHEM KJIETKU, OCOOM BHIPAIMBAIIA MaTpPUILy BHYT-
pu cebs1. MaTpuiibl 00beAMHSIIACH TIPOIIECCOM OIUIOAOTBOPEHUS
B €/IMHYIO cCUCTeMY. DTOi cCcTeMOl Oblia ukpa/sauno. Aira/vk-
pa IpeAcTaBiIsM coO00il HAOOp MUTATENbHBIX BEIIECTB U 3apo-
apil. EcTecTBEHHO HAIUTMCh OXOTHUKHU MO HUX MOTPEOJICHUIO.
Jl71s1 coxpaHeHrsT TOTOMCTBA TIOHAI00MIACh (DYHKIIMSI OXPaHBI.
3aberas Brepe], OTMEUy, UIMEHHO B 3TOT MOMEHT 3a4aTKU MO3-
ra MNpoJEMOHCTPUPOBAIUA CBOIO BaXXHOCTb U 3HAUUMOCTb. EcTte-
CTBEHHBIM OTOOPOM, BOZHUKHOBEHHUE (DYHKITMU OX PAHbI U/ UK-
pBI TITOCh ObI 1onro. UIrHopupoBaTh rudests MoTOMCTBA He pa-
IMOHATBLHO. Mo3r, 06paboTaB MH(pOPMAIIUIO O TUOENN KJIAJKH
SIMII, 1Al KOMaHy B reHel — Oepeub Kiaaku suil. Knagku cra-
JIV TIPSATATh U OXPaHSATh OT oTpeduteneit suil. [lorpedurens co-
BEPLIEHCTBOBAJI TIOMCK KJIAJ0K, )KEPTBbI COBEPIIEHCTBOBAJIM 3a-
HIMTY KJIaJ0K. B utore, mporiecc coxpaHeHus KJIaJIoK sIMI CTH-
MYJIMPOBaJI Pa3BUTHE MO3Ia.

7KuBoe, BBICOKOTO YPOBHS CJIOKHOCTH, TPEOYeT TUTETHHOTO
(popmupoBanus. g 3TOro Kjiacca KMBOIO, pa3BUBATLCS CIIO-



cOOOM KJIaJIKU SIMII, OYeHb cJIokHO. HeobxonqumocTs hopMupo-
BaTh B ce0e S0, MaCKUPOBATh U OXPAHATh €0, OrPAHUIMBAJIO
cBoOony xuBoro. I[lepron Tpanchopmanyu stiilia B )KU3HECTIO-
COOHBIN BBIBOJIOK, CHMXXaJI CIOCOOHOCTh BBIKUTH B CYIIIECTBY-
olMX yciaoBusx. Hanpumep, u3MeHeHue KiMmara, 3a Mepuof
OT KJIAJIKU SIUI] IO )KU3HECTIOCOOHOTO COCTOSTHUS BHIBOJIKA, MOT-
JIO TIOTyOHUTh TMOTOMCTBO. Yem OoJibliie W10, TEM TPYIHEe ero
BBIPACTUTh B TEJIE U TEM CJIO)KHEE €ro COXpaHuTb. Bec Moxer
pa3gaBuTh CKOPIYIy siila (Mpy NMepeBOpaurBaHKM), a TOJICTAs
CKOpJIyIa, CIIOCOOHAsI BBIIEPKATh BEC sIiilla, MOXKET He JaTh BbI-
JYNUTLCA T10y. BO3HMKIIIEE MPOTUBOpEYHE MTPUBENIO K YXOIY
OT CKOPJIYIIbl, KAK YYaCTHHMKA BbIpAIllMBAHUS TUIOJA U OUYEPETHO-
MY COKPAIIEHUIO KOJIMYecTBa CTaguil. DyHKIMIO 3aI1UTHI, HE CO-
3pEBIIIETO TUIOMA, B35JI0 HA ceOsl TeJI0 CAMKH, TIOKa 3apOIbIIil
HE MPEBPATUThCS B 3peJiblid TUI01. BO3HUKIIO BHYTpUYTpOOHOE
pa3BUTHE.

BHyTpuyTpoOHOE pa3BUTHE aHAJIOTHMYHO IMPOIECCY JeIeHUS
KJIETKM, HO Ha Oojiee BBICOKOM ypOBHe pa3ButHs. [Ipm 3tom
crocode pa3sMHOKEHUs McYe3ia HeOOXOIUMOCTh B 3allIUTHOW
0007104Ke, CHAOKEHUU 3apOjIbIIIia OOJIBIIIUM 3a1IACOM MUTATENb-
HbIX BellecTB. [11on, muTaHue U KUCIOpo[, MOMydald U3 CH-
cTeMbl OOeCITieueHus KU3HeaesATeIbHOCTH Bcero Tena. Otnana
HEoOXOAMMOCTh B oxpaHe 1uiofa. Criacasi ce0sl, criacaiv v IUIof.
Her Hyxapl BelpanuBath Oosnblioe siiiiio. Cpa3y BbIpalldBaeT-
cs mnoa. He HyxkHa 3akiazka B 1o UHGpOpMAaIMKU O BbIXOE
u3 guia. BmMecto nHpopmalu o BbIXOAE U3 SWIIA, 3aKJIaJbIBa-



nack apyras uagopmaius. Beixon ocyecTBisieTcs poioBbIMU
JEeUCTBUAMHU HOcUTeA ioaa. Ilocne poxkaenus, oy pa3BruBa-
€TCs1 IOl KOHTPOJIEM POAUTENS/JIEN.

YuuteiBasg HEOOXOAMMOCTD MMOMCKA MUIIY M MHOIAA MaJioro
KOJINYECTBA IMUIIY BO BHEIITHEM MUPE, BOHUKJIO ITPOTUBOPEYHE
«MaJIbIii TJI0[1, JIeT4Ye BBIHOCUTD, MEHbIIIe (PYHKITMOHAILHOCTb» —
«OOJIBIIION TUIO, BhIEe (DYHKIIMOHAIBHOCTh, TPYAHEE U JIOJTb-
1Ile BbIHAIMBaTh». [IpoTHBOpeure OBIIO pa3pelieHo pasjese-
HUeM (DYHKIIMOHAIBHOCTY HA JBa dTana. MuHuMasnbHas (pyHK-
IIUOHAJIBHOCTH JI0 POXJICHUS U OBICTpPOE MPUOOPETEHNE OCHOB-
HBIX BUIOB (PYHKIIMI TOC/IE pOKAeHus. MUHUMU3AIUS BHYT-
pUyTPOOHOTO TJI0/1a, CO3/ajia TUIOJ, He CIIOCOOHBIA CaMOCTOSI-
TEJIbHO TUTAThCS TOciie poxkaeHus. [loaromy nepBoii moa pas-
JefieHre nonajga (pyHKIMs nprueMa nuiy. [IeTeHsl He Croco-
OeH cpa3y JI00bIBaTh MHIILY, ALY ITOCTABJIATh IOJKHBI POJIATE-
7M. Y pOIUBIIErocs JeTeHsbla (PyHKIUS MUIIEBApEHUsT MUHU-
MU3HpoBaHa. [IJis mepecTpoKu OpraHu3Ma, OT CHAOXKEHUS ITH-
TaHUEM OT Tejla MaTepu, K CAMOCTOSITEIBHOMY YHOTpPeOIeHUI0
MIUIIM, He0OXOAUMO BpeMsl. [leTeHblIIy HyKeH MPOMEeKYTOUHBIN
BapuaHT nuim. HoBoposkieHHBIN JeTEHBII UMeeT C1ad0 pa3BU-
Thble OpraHbl KU3HENESATETBHOCTH U MO3TOMY MUTAHUE JIOJIKEH
MOJTy4aTh YacTO U MaJIbIMU MOpIUsMU. TBepaoi nuiia He MOrJia
OBITh T.K. JIs1 €€ IOTpeOieH!sI OMHOBPEMEHHO HYKHA KUJIKOCTb.
JlJ1st KOpMJIeHH sl IeTeHBIIa TIOHAI00MICS TTPOYKT, KOTOPBIH 3a-
TOTaBJIMBAJICSA POJUTEISIMU M3 TIMIIH, TIoTpednsieMon umu. s
[Tpupomsl, TyOmrpoBaHue OMUHAKOBBIX (DYHKITHIA HE PaIlIOHAITb-



HO. DYHKIMIO CHAOKEHU S JeTeHBIIIA MUIIEH B3sila Ha ceOsl JKeH-
cKkast ocoOb. YTOOBI jKeHCKasi 0coOb MOIJIa BCEraa 00eCeYnTh
JIeTEHBIINIEN MUIIel, OHa IOJKHA ObLla BCEra UMeTh TUIILY Je-
TEeHBIIIEH ¢ coOON. 3aroToBKa NMUIMM ISl JIeTeHbla Tpedyer
BpeMeHH. Bo3HUKIIasi cuTyarus pa3penmsiach mpuoopeTeHreM
JKEHCKOM 0COOBI0 CIIOCOOHOCTH BBHIPAOOTKM muIy. st ObICT-
pOro pocra MOTOMCTBA M MUHHUMM3AIIMK Beca KEHCKON 0coowu,
NUIIA JOJKHA ObITh MUTATEbHOW. B pesynbTare 3BOMIOIMOHHO
BO3HUMKJIA XKUJIKAs TUTATEIbHAS [IUILA HOBOPOXKICHHBIX IETEHbI-
11eid — MOJIOKO W HOBBIH KJIACC KUBBIX CYIIECTB — MJIEKOUTAIO-
muecs. CUrHan o HeoOXOAUMOCTH TIporiecca 0OpPa3oBaHUsI MO-
JIOKA JJaBaJIO Pa3BUTHE IUIOAA.

Bce BbllIeonucaHHble MPOLECCHl OCYIIECTBIISIIOTCSI HA OCHO-
Be uH(opmanuu, Haxoasmeiics B JTHK. [nsa xuBoro, ¢ 60b-
1I0M (DYHKIIMOHAIBHOCTBIO, 3aKJIa/IKa BCe MH(OPMALIUUA O €ro
pyskuusx, yenoxssina JHK. Bo3aukio nporuBopeuue: «bosb-
111e “UHMOPMAIHH 110 HACTIE/ICTBY, TIOTOMCTBO O0JIee TOTOBO K CY-
IIECTBOBAHMIO U O0Jiee CIOCOOHO BBUKUTD — YBEJIMUCHUE pa3Me-
pa JJHK noBslmaeT puck nosiBjieHus MyTtaiuii». Borpoc onsAre
ObL1 perieH pasaenenueM. Wudopmaims, HeoOXonumas ajis
HOpPMaJIHOTO CYIIECTBOBaHMSI, Pa3/ieniach HA HACJEICTBEH-
HYI0 (MHEPTHYI0) U PHOOpeTaeMyIo B rporiecce Ku3Hu. [1osiBu-
JIMCh (PYHKITMOHAJIBHO Pa3BUTOE, HO HE 0OyUYEeHHOE TIOTOMCTBO.
Hnst mpuoOpeTeHus: HeOOXOAMMBIX HaBBIKOB, BO3HHUKIJIO 00yue-
HUE JAETEHbIIIEN POAUTENISIMU U UTPhI IeTeHblen. Irpbl ciyxu-
JI COBEPITIIEHCTBOBAHMEM 3aJIOKEHHBIX HAaBBIKOB, Ha OOJIerYeH-



HOU mpakTHke. [ ycrenHocT! o0yueHusi, urpa J0JHKHA ObITh
YAOBOJILCTBUEM. YIOBOJILCTBUE OT UT'P BO3HUKAJIO, KAK peasin3a-
11 NOTEHIMaNA AeTeHbla. GYHKIMA pOoaUTEsIeH 3aKI04aIach
B 00y4YEeHUH TOMY, UTO Ha MEPBBIX MOpaxX He MPUHOCKIIO YOBOJIb-
CTBUSI IETEHBIIITY, HO ObLJIO KU3HEHHO HEOOXOIUMO IS TTOCTIe-
JYIOIIEro CyIIECTBOBaHUS (BOT Kak JeTed HaJo yuuTh). B pe-
gysbrare, JJHK ocranoBWIOCH B yBE/IMUEHNMH pa3MEPOB U Iepe-
JaBaJI0 OCHOBHYIO MH(popmaiuio. [lononHuTebHyI0 HH(pOpMa-
LUIO JIETeHBIII MOTyYall OT poauTeneil. Pogurenu ero kopmuin
¥ OTHOBpeMeHHO 00yJasu. B urpax motomcTBo 10BOAMIO (hyHK-
IIMOHAILHOCTH /10 HOpMBI. OOydYeHne pOAMTEsISIMH TIO3BOJISIIO
MIPUCTIOCOOUTHCS K CYIIECTBYIOIIEMY BHEITHeMY Mupy. Bpems
00y4eHUs1 ONTUMAJIBHO TIPY MaJIbIX 3aTparax MOTEHIUAIA POIH-
TeJIeW ¥ HAJIMYAX BO3MOXKHOCTH 3(P(PEKTUBHO BIUATH HA HEXKE-
JlaHue JeTeHblla yuuTbes. [loatomy oOyueHre Hayaioch ¢ AeT-
CTBa, a HEe C JOCTUXEHHS pa3MepoB 3penoit ocoou. Bo Bpems
Pa3BUTHsI CPadATHIBAIM 3aKOHBI KOHKYPEHIIMH, T.€. €CTECTBEH-
HOTo OTOOpA.

HewmHoro otBiekycs.

Kenckuit on 310 1Be X XpoMocoMsl. [IBa Kpecra 3TO Mak-
cHMaJsibHasi CTaOMIIBHOCTh — BeeleHHast Tak yCTpoeHa, T.e. TeHe-
THYECKask TEOMETPHSI JKEHIIUHBI OJIMIIETBOPSIET CTAOMILHOCTb.

My:kckou 1o 310 X u Y xpomocomsl. He ckomnieHcupoBaH-
Hasi 00bEMHO— T€HEeTUYeCKU Y XpOMOCOMa CIIOCOOHA AKTUBHO
B3aMMOJIENCTBOBaTh ¢ BHemHuM Mupom. ¥V (Urpek) — HECKOM-
NEHCUPOBAHHOCTh MMEET MHOIO BAPUAHTOB IIOMCKa IOJIy4Ye-



HUS CTAOMIIBHOCTH. MHOTOBapUaHTHOCTb U AKTUBHOCTHIO CO3/1a-
IOT TIOBBIIIEHHYI0 YyBCTBUTEIBHOCTBIO MYKCKOTO TOJa, K BO3-
JeVICTBUIO BHEITHUX (PAaKTOPOB, YCUIIMBAsI aKTUBHOCTD TTPUCTIO-
coOJIeHusl, OAHOBPEMEHHO BbI3bIBasl €0 MOBBIIIEHHYIO THOEIb,
npu ocaabneHnu PyHKIMK nprcrnocoOenus (Bo3pact, 60Je3Hb,
TPaBMa).



CMmelieHHbIIT CHMONO3

[MoTpebneHue pacTUTENLHOCTH YMEHBIAIO MUINEBYI0 Oa-
3y [lorpebuteneii pacTuTenbHOCTH. BO3HHMKIIO MpoTHBOpEYne:
«0bompie [ToTpeduteneit, GobIle MAHCOB COXPAHUTHCS UM KaK
pony — Gomnbinie [loTpeduteneii, Gombilie BEpOATHOCTh THOEIN
OT HexBaTKU nuiw». [IporuBopeune pemmsnocs TeM, uro Iotpe-
OUTENTN PACTUTEITLHOCTH PA3JIE/IWINCh Ha TIAPA3UTOB 1 CUMOMO3.
[lapa3uTel, yHUUTOXABIIME PACTUTEIBHOCTD IIOJIHOCTBIO, CO Bpe-
MEHEM JIMKBUJUPOBAJIM CBOIO MHUIIIEBYIO 0a3y U ObLIM BbIHYXK/E-
HBl MEHSATh MECTO OOMTaHUsI WU TMOHYTh. CUMOMO3 TIPSMOIA,
mesxy [lorpedutenem u nuineit He Bo3MoskeH. [1oaTomy Bo3HUK
CMENIEHHBIN, TI0 BpeMEeHU U MeCTy, CuMOu03. [I71s1 CTUMYIIpo-
BaHM S Pa3BUTHS PACTUTENIBHOCTH, UTO O0ECTIEUMBAIIO CYILIECTBO-
BaHUE TPABOSIJHBIX, IPOLIECC IBOJIIOLIMOHHO OCTAHOBUJICS Ha CO-
3IaHUK TPABOSIAHBIMU BEIIECTB, HYXKHBIX ISl Pa3BUTHSI PAaCTU-
TEJIBHOCTU. TpaBOsAgHBIE, CBOUMU OTXOAAMM, CTAIH YJIy4dlIaTh
cpeny oOuTaHus. YiydllleHHasi cpefia OOMTaHUsI CTUMYJIMPOBa-
Jla pOCT pacTUTENbHOCTH. B pe3ynbraTe CMEmeHHOro cCUMOHO-
32 BBIPOCJIA YCTOMYUBOCTh YUYACTHUKOB MIPOIIECCA B CYILIECTBYIO-
IIeM MUpe, a KPyroBOPOT pacHMpwiIcs U cran rudde. M3 sto-
IO CJIelyeT, YTO MHEHUE «BbIKMBAET CUIBHEUIITNI» BEPHO TOJb-
KO 151 KOHKYPEHILIMU OHOTUITHBIX cucTeM. 11 mapel «Konmnye-
ctBo — [loTpedurtenb» 3TOT NMpuHIMI ryouteneH. [Ipu orpaHu-
YeHHOM (JIMMHUTUPOBAHHOM XOTs1 Obl pecypcoM CoJHITa) KOJIH-



YECTBE ChIPbSl U SHEPIUH, CHIILHEUIITN, ObICTpee BCeX IMOTPeOUT
M MOrMOHET OT HemocTaTKa muinu/moreHnuana. CUIbHENIN,
JUIsl BOSHUKHOBEHMS )KU3HU HYXeH. ISl CyllecTBOBAaHUS KU3-
HU, CUJIPHEHINNI TOJIKEH CITIOCOOCTBOBATh COXPAHEHUIO U YITy4-
IIIEHUIO TOTO, YTO OH TnoTpediser. [Ipu nmpenebHOM COBEpITICH-
ctBe [loTpeduTens CBOe COBEPIIIEHCTBO TIEPEBOIUT B CO3/IaHKE
ycioBui 1 ynpasienus: Konmmuecrsom. KonnuectBo xuBet/pac-
TeT noj KoHTposiem [loTpedutens.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npenocraBieH OO0 «JIutPec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha JIutPec.
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MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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