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[IpexncioBrne peJakTopa MmepeBoja

Ilpepnaraeman BHHMANWIO COBETCKOIO UHTATENs KHATA O
MPOMCXOM/CHIN JRUBHM Ha. 3eMie HANHCAHA U3BECTHHIM
aMEepHKAHCKAM yueHHIM npodeccopoM mukpodmomorum [a-
saiickoro ynnsepcutera (Mamoa) Huaapom @oxcomom. 3amm-
Masch MCCHEI0BAHMAMI B 00JACTH XHUMHYECKOH 9BOMIOIHUE B
pamrax HACA (NASA, HanuomanpHoe yupasieHne mo aspo-
HaBTHKe 1 HCCJHe0BAHMI0O KOCMHYECKOTO IPOCTPAHCTBA,
CIIIA), nmpodeccop Poxcom mnpossma Oodbimoli mHTEpec K
npobaeMe TPOMCXOK/CHAA RU3HE B IEJOM, 4TO W OPHBEIO
€ro K ReJIaHNI0 CHCTEMATH3HPOBATH O OI@HHTH CYIIECTBYIO-
mEe B Hayke NpeJcTaBjenns, Kacalonlmecs 9ToH mpoOaeMsl.

IIpessne Bcero cuefyer OTMETHTB, 4TO ABTOP NEAHKOM H
MOMHOCTBIO CTOMT Ha MAaTePHATHCTAYECKAX MO3HIUAX, pac-
CMATpPHBAsA BOBHHKHOBeHHEe RH3HM Kak HeusOeKHBII pesyiib-
TaT 9BOJIOIMOHHOTO PasBHTUA MaTepuu. AHAIH3 BTOH 3BOIIO-
Oud OH HauWHAET C XHMHOUECKoro cocraBa DBcememmoii, mo-
BeHMNUX JaHHEIX CIEKTPOCKOINH S3BEe3J[, MEKSBe3JHbIX 00aa-
KOB W TyMaHHOCTei, yOeAHTeNbHO NOKA3aBMINX eIUHCTBO
XHMHYeCRoro cocraBa DBeerenmnoil, ompeenseMoro CmCTeMOi
xmMiuecknx amementoB Menpeneesa. [lamee aBrop paccMar-
puUBaeT COBpPeMEHHLIE B3TIAALI Ha Npomecchl o6pasoBanus
INIAHETHBIX CHCTEM, BO3PACT 3Be3]l W NIAHET, 3aTeM Iepexo-
IOET K BOIpPOCaM BO3HAKHOBEHHS H DBOJNOIWH 36MHOIl aTMoc-
depsl W npomeccaM XMMHEYECKOH DBOMIONNA HA MPHEMUTABHOR
3emue. B atom paspmene aBtop mofpo0HO ONMHMCHIBAET MHOTO-
YHCIeHHBIC DKCTIEPHMEHTH 10 a0HOTeHHOMY CHHTE3y Opramm-
YECKUX BEIIECTE W3 HEOPraHHmYeCKAX KOMIOHEHTOB, HPOHCXO0-
JIAMEMY 110j] IefiCTBHeM pasINvYHBIX dHeprerTHyeckux Haxro-
POB: BIEKTPHTECKHX pAa3pAfioB, pagHanuy, TeMIepary-
pHL I T. I

Cremys nseectHniM npepcrapnennaM Omsarepa n Moposn-
Ia, aBTOp OIpeJeNAeT MOHATHE (JKUBHE» KAK SROIOTHIECKOE
CBOIICTBO, JTHIOb Ha KOPOTKHIl MUr OpOABIAIONIEECH KAK
cBoiicTBO mugmBmayyMa: «fHusmb ecTh cBoiicTBO MaTepunm,
HOPUBOJisililee K CONPSIKEHHOH UNPKyIAnmn OmodTeMeHTOB B
BOJ(HOI cpefie, JABMKUMOH B KOHEYHOM cueTe dHeprueil coi-
HEYHOr0 W3IYIeHus 00 IMyTH yBeanmuenus ciaoskuocTH». [[am-
HOe OIpejlelleHMe HOCAT, HAa MOl B3MIAM, CIUMKOM o0mui
XapakTep: OHO HOJUEPKUBAET BABHCHMOCTEH TKHSHHM OT OKpY-
Mmalomeii cpeasl, no Be (UKCHpPYeT Tex ee MaTepHaJbLHBIX HO-
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cureneit (Geaxn, HYKJIENHOBHIE KUCTIOTH U 7p.), 6ea KOTOPHIX
sKuaEs BooOime HeBoaMo:HA, CBOMA BCIO CJAOMHOCTH XUMA-
YECKHX COeMMHEHMH U HX TPeBPANenuil B JRUBOM OpraHW3Me
K o0meMy TepMUHY (IHPRYIANNN ON0dIeMEHTOB», aBTOp,
TeM HE MeHee, BEIHY/KIPH OpH jaibHeilimeM N3T0:KeHAN pac-
KPBEITH CMBICH 9TOr0 00INEro ompeselennsd, HAa3BaTh Te KOHK-
peTHBIe TPYTIB XAMUTECKAX BEI(eCTB, KOTOpHe 3ammdposa-
HEl B 9TOM OIpeJeJeHnm.

Ilepexoma or paceMOTpeHus mepuofga XAMHIECKOH 8BOIIO-
U} MaTepun K HaYaJLHOMY Iepmoay OmoJoTHIecKoil aBOJIo-
I[N, ABTOP, KAK 8T0 OOBIYHO N JieJlaeTcA B JIUTEpaType TaKo-
TO pofia, M3JaraeT MmpejcTaBieHus O IPOTOOHOHTAX — IpoMe-
JKyTOUHOH cramumm ororo mepexorma. Om pacecMmaTpuBaet
UMeonImecs B JUTEPAaType TUMOTeTHYecKHe MOJelIH IPOTO-
fmOHTOB — KoamepBaThl, MuKpocdepsl, caMOCOOPKY MOJIEKYJI
Ha ()as0BBEIX TpaHmUAX, afcopOImI0 MaJBlX OpPraHmYeCKHX
MOJIEKYJl Ha TINHHCTHIX MpHepamax. Paccmarpupas mopesnn
OPOTORJETOK, aBTOpP 0cO0EHHO IOAUEPKABAeT TPYAHOCTH,
BO3HHKAWOIHE Npn 00bACHEHNA BO3MOMKHOCTH MPEONOJIEHHA
KOHIEHTPAIIIOHHOT0 pasphBa IIPH IIepexofe OT MOHOMEPHBIX
OpPTraENTEeCKUX MOJERYI K TOANMEPHOMY MaTepmany, HoclIy-
JRUBIEMY Cy0CTPaTOM BORHMKAOIINX MPOTOKIETOK. 3/leCh OH
MPHUXOJAT K BHIBOAY, 4TO NPOTOKJIETKE 00pPa3OBHIBAJINCH B
nepBOoOBITHLIX BOJIoEMax M3 MOJAMEDPHEIX BEMIeCTB OJHOBpe-
MenHo ¢ o0pasoBaHmeM Majanlx opraEmuecknx mosexyd. ITpo-
TOKJIETKH HBOJIONHOHAPOBAIN OKOJIO JIBYX MHJLIHADHAOB JET,
nmpuvyeM B JTOT HepHOJ| Y HUX HOABHINCH W HBOTONUOHMAPO-
BaJIN TeHeTHYecKuil n OeJOKCHHTe3HPYMOMIWil ammapaTel H
Gmarolaps WM HACIeIyeMblil 00MeH BEmecTB.

Wasnowus B jroctymmoil hopMe OCHOBHBIE MpPeCTABICHES
COBPEMEHHOH TeHeTHKN 0 nepefave HacjaeacTBennon wndop-
Malnm W MeXamu3Max CaMOBOCHPOW3BeJICHAA ;KMBOM KIeTRH,
8BTOD BBICKABLIBACT CBOW JOTAJKN O BO3MOJKHBIX TYTAX BOA-
AOKHOBeHHA y HOpPOTOKIETOK reHeTHdeckoro anmapara. Taw
KaK BOIPOC 9TOT 0 HACTOAMIET0 BpeMeHH moyTh me paspabo-
Tal, IpeAcTaBIeHAA aBTOpa OKaMKyTca O0eayclOBHO mnoJIe3-
HEIMH OpH ero obcysEmennu B GymyIimeM.

B mocmenmeil rimaBe KHUTH aBTOP BBITENAET Psijl BOIPOCOR,
ABIAIOINXCA emle HeJ0CTaTouno 000CHOBAHHBIMU, MOIUepPKA-
BaeT IPeAmoNOKuTeNbHEI XapakTep MHOTHX WHCNOIb30BAH-
HBIX NpeAcTaBleHuil, BO3MOKIbIC ANLTEPHATHBHLIE MONXOJIHL,
B wacTHOCTH, 0N OoTMeuaer cnophble BOTIPOCH B KOCMOJOTHH,
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B NOJIX0/IAX K M3YUEHHIO COCTaBA MEPBHYHOM aTmocdeps Sem-
am, TpyAHOCTH B mpobreMe XuMmueckoil ssomonuu (mpoGie-
Ma BHIOOpA), POIBL ONTHUECKHX H30OMEPOB B MeXaHmaMe 0TGO-
pa mpegdnoNOruIecKuX CHCTEM M T, II

B mexom tpya @oncoma mpeficTAaBIAET HECOMHEHHYIO IIeH-
HOCTh If «I0003HATENTLHOTO YHTATENs, WHTEPECYIOIerocs
ROCMOJIOTHEl» — 10  ompejiesennio asropa. [loGaBmo, uto
KHnra 0eccropHO 3aMHTEPECYeT CTY/eHTOB GHOMOTHYECKHEX I
CMEMKHBIX cuenuangbHocTeil. OHa HamICaHa TPOCTHIM, FACHBIM
f3BIKOM, 0OraToO WIMIOCTPHPOBAHA PHCYHKAME, cxeMaMmm, Tal-
gunama. Ee usmamme nomoannt GUOIHOTEYRY KHHAT Ha 9TY
TeMy, paHee NepeBeIeHHHIX Ha pycckmili Asmk., H atum kum-
raM aBTOp W OTCBUIAET umTaTelell, meraomux boree rayGoko
BHUKHYTHL B cyThb ofcyiaemoil 0podieMel.

I'. A. Jle6opun




IIpegucaosne

9T0 KpaTKmil Pacckas o JOJATOM HMyTH NPUKIOYEHHI, Ha-
YaBmIeMCA Ha 3ape MO3HAHNA M He HMeiomeM KoHma. Ero
nexb — O0BACHUTE (a MOMKeT GBITH, U MOMOYL BOCTIPOU3BECTH)
BO3HMKHOBEHHe KUBHHN Ha Hameil miaHete. Bmecre ¢ Tem
Ba/KHO TaKyKe JeTaabHO 00CYyAHTH (eHOMEH FKUBHH MOJ TeM
YIIOM 3peHAA, ABIACTCA JH JKU3Hb PEIROCTHI0 1 YHEKYMOM,
mIu ke 310 oOBIYHOe M HeoOXxogmMoe cBoiicTBO BeemeHHOil.

B neropum, aureparype u oabKiIope MBI YacTO CTAJNKH-
BAEMCSH C YOUBICHHEM, TOPOA{ICHHBIM ITHMH MbICaAMHE. Jlnmb
HeJABHO — B TeueHue NpPOULIOro CTOIETHA W B HAYANE M-
HEIIHero — HayKa U TeXHAKA cHAOAWIN HAC NaHHBIMH, II03-
BOJMBINEMH PA3BHBATHCA HAMIMM 3HAHHAM, a YyBCTBO Y/IHB-
deHUA CI0COOCTBOBANO (JOPMYINPOBAHMIIO IIOJNE3HLIX TEOPHIl 0
npupose BeeaeHHoiT m 0 TOM MecTe, KOTOpoe B Heil 3aHMMa-
er genoser. O0beluAEB METOMBI, TEOPHIO W AAHHBIC CIEKTPO-
CKOINH, ACTPOHOMEI, (UBNENM N XHMIKH TOKA3alil, 4TO COJ-
HeYHAS CHCTEMa [0 CBOEMY XHMHYECKOMY COCTABY eJUHa CO
Beeit Beenennoii. C moMompio AfepHoil (PUBAKN W acTPOHOMMAN
CTAJI0O BOBMOJKHBIM IOCTPOEHME IIKAIBL BPEMeH [ HBOIIO-
AN 3Be3J] W BO3pacTa TOPHEIX MOPOJ W MeTeopnToB. Bmaro-
Japsa JOCTH;KeHHAM ACTPOHOMAHM, (U3MYecKoil XHMHH W Teo-
mormu OwLTa paspaforana peaHCTHYCCKAS TOYKA 3PEHMA Ha
o0pasoBaHme W pasBHTHE ITAHeT W HA Pa3BUTHE ILTAHETHBIX
armocdep. OcHoBy TEOpHH BOSHHKHOBEHUA FRUBHN COCTABJIA-
0T XHMHYecKHe H Ouosornmueckme jgamasie. CymmecTBeHHBIT
BRIaj BHOCHT Tawske (uimocodua. OOBLERTHBHEIE Pe3YILTATHL
pafoT, MONYHYeHHLIe NPH HaOMIOAEHHH © B HKCOEPHMEHTE,
MO3BOJAIOT BINIOTHYIO TOJONATI K BONPOCY O IIPOMCXOKICHNH
JEH3HE., 9T0 MOH0 cOpMYyIHmpOBATL TAK: (JIA KasKIOro
coOBITHA cyIecTByeT pasyMuoe obsacnenney. Opan odnacnHe-
ousA ceifuac raykyres 00jlee PasyMHBIMH, YeM JIpyrHe, B TO
BpeMs KaKk HEeKOTOpEIe COOBITHA [0 CHX IOP OCTAIOTCA He-
obpacEnMBIMT HabmogennaMu. B aToM ogapoBanme HayKm.

Mosa wmura paccumrama Ha JT0003HATEILHOTO YHTATEJ,
HHTEPeCcYINerocsi Haykoi BooOmle M KOCMOTOHHEH B YacT-
poct. fI meiTaloeh ofocHoBaTE B Hell CBOIO TOURY 3pPEHus
Ha COBpPEMEeHHOe INOJOKeHme NpPoOIeMBl  ITPOUCXOAIeHHA
musan. Beith Moyker oma me OecmpucTpacTHa, HO, AyMAaIo,
q9T0 # HAPHCOBAJ PEANbHYIO KAPTHHY TOTO, KAk B PA3NNIHBIX
ofmacTAX HAYKM TPeJIIPUHNMAIOTCH COrJACOBAHHEIE HeicT-
BUfI, Hanmpasjiennbie & obmeit mem,
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Jlasi Toro wrodeBl JOCTHYML COBPEMENHOll CTYNeHHW pas3Bu-
THSA, OHONOTMYCCKNM CHCTeMaM [noHafgo0miIoch O0YeHbL MHOTO
ppeMenn (coTum n ThiCAYN MEINOHOB Jer). Maysaem mm Mur
POBHAKHOBEHNE JKHSHN 10 TAKWM HCTOUHHKAM, KAK HAIIA
demas, Apyrse IIaHeTHl WIA METEOPHTHOE BEMIECTBO, MEI
HEMOCPeJICTBEHHO PACHONATAEM JINIIb KPATKAM MITOBEHHEM
gacrosanero. [lpn mayvennn BOMpPOCOB MPOMCXORIEHAN KU3-
HII Heo0XOJMO IONBITATLCA NPOYecTh U BOCCO3[ATh [IPOMLIOE,
B YACTHOCTH, /I TOro 4To0bl HAilTH XuMH4Yeckme m Mopgo-
JOTHYECKIe CBHETENLCTBA IPE/INIeCTBOBABIINX 00pasoBanmil
m ompefenuth Boapact ropubix mnopoxa. [lo cymecrsy, mpo-
GieMa BOBHNKHDOBEHHA FKH3HM ecTh npobiieMa BOCCO3TamusAa
ApesHeiinieli u3 seex apesHux mucropmit. Yem ayume Mul
YACHUM CHTYAIWI0, CYIECTBOBABIIYI0O B MepBOOBITHLIE Bpe-
MeHa, TeM Gojee JOCTOBEpPHBLIMHN U HAJEKHBLIME OyIAyT DKCIIe-
PUMEHTH], B KOTOPLIX HMUTHPYIOTCA paHHHE COOBITHA.

Hpomorauseii Tpya m jocroiiHble BOCXHINEHHs AOrajgKh
MHOTHX HcclefoBaTeneil B aToii o6IacTH HAMIU OTpaMkeHHe
B KHHOT® JONIML B caMbix o0mux geprax. Hexoropeix us Tex,
K10 BHec Ooabmioil BKIam B npobieMmy, m3-za HeOOJIBIIOrO
ofbeMa KHETH MHe He YJaloch Jlame YIOMAHYTH, ¢ APYTAMA
A npocTo He corraceH. fl mpomy usBmHEHUA y Tex, KOro aTo
Morao Obl 00HAETH, H HAJEIOCh, YTO Co BpeMeHeM (BO3MOMKHO,
[ociie TPOBEAEHHA JONOINUTENBHEIX BKCIePAMEHTOB) HAIIH
TOYKN 3peHus cramyr Oomee Gamawumu. Jlormueckoe meco-
riacue — KpaTyailmuil myTh Me:ily yMaM#, 0 COOTBETCTBYIO-
IEe SKCHePUMEeHTH JIOJKHBL NPHBECTM K paspelneHui0 005L-
CKTHBHEIX DA3HOIIACHIL.

Kasp 3, Qoacas
Centabps 1978 r.
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Yacro yreepadaior, uro @
HacToaupee pemMa UMENOTCR éce
ycaogus 048  BOIHUKHOBEHUSR
RPUMUTUGHBLY HUGLLX CYUeCTE,
KoTopule umeaucv kozda-ro. Ho
ecau 0wt ceiiuac (u o wakoe 310
Goavwoe ecaul) 8 wkaxom-aubo
TEnAOM  MasewbrOM 600oeMe,
codepacaujem ece HeobGxodumsie
coau ammonus u gpocfiopa u
docrynnom eoadelicreuio ceera,
Tenaa, dAeKTpUYECTEA U T. M.,
xumuuecku obpasoeaaca 6Beaok,
cnocobuuiil ® daavnellwum ece
Goace CAONCHBIM RNPEBPAUjEHU-
am, 10 9707 Geaok HeMedaenno
Gua Out paspyuen uAu no2ao-
wen, uTo Gbla0 HEEOBMONKHO 6
nepuod 80 603HUKHOBEHUR Hu-
eulx cyujecre.

Yapas Japeun



Trasa 1 Xnmug Beegennoit

A Tuzanrekas vymanmocts 6 cozeesduu Opuona.
Iry TymannocTs ¢ patione emewar Opuorna moxno eudeTv 8 GUHOKAD.
Ona umeer oxkoao 15 ceerosvix aer 6 duamerpe u codepicur raxoe Ko-
AUMECTEO 2a3a U nblau, KoTOpozo docraroyno das obpasosanus 100000
38ead pasmepom ¢ mawe Coawye. ITo odna us MHOUX TyMarwnocrel
@ naweti Iararture — Maeunon IHyru, Juamerp KoTOpOli 0KOAO
100 000 ceeroswvix aer. Tymannocres Opuona, 0oTCTOAWAR OT KRAC KA pac-
croanue okoao 1500 ceeroswix aer, seafserca Oaunatiwel K HaMm TY-
Mannoctvio. (Porozpagus cdeaana e Jukrckoii oGcepsaropuu ¢ uc-
noavaoeanuem 120-dwiimogoeo reaeckona-pefaenropa Maynr-I'amuae-
Ton. Bocnpouseodurecs ¢ awbesnoeo paspewenus HACA.)




llopadok — nepewii aaxon Hebec.
Anercanap [lon

BeliiiuTe Ha yAUNY B ACHYI TEMHY0 HOYL W B3IIAHATE Ha
sgesfel. Cpein HHX OJHH — JREJITHIe WJIN OpaH/KeBBIe, APY-
rue — Geanie, TpersH — roaxyOuie. Ilo cBomM BEAEMEIM pas-
mepam m OXIeCKy OHH H3MEHAIOTCA OT eJlBa 3aMETHBIX IIPO-
CTHIM TIIa30M [I0 TAKAX #APKHUX, 49TO KAKEeTCHA, B HX JyYax
npeaMeTsl Moram 0wl or6paceiBath TeHm. Baaromaps Texecko-
Iy MO0 Y3HAJN, YTO HEKOTOpble H3 3THX OOHLEKTOB BOBCE
He 8BesJiBl, a TaJaKTHKH — TPOMAJHBIC CKOIJIEHHA  3Be3[;
Ipyrue MPeACTABIAIT c000il TYMamHOCTH — OrPOMHEIE CBe-
Tammeca oblaKa rasa W IBUIN, HAXOJAU[HEcH BHYTpH Hamei
lanarTurm.

3aMeuaTelbHO, CKOJIb Majiog YMCJI0 HAYYHBIX NPHHIMIOB
AOCTATOYHO JUIA OOBACHEHHS BCEro HTOr0 H300MIHA W PAZHO-
o6pasusa: XNMIIECKOTO COCTABA, PACCTOAHHI, BOBPACTOB, MPO-
HCXO:KJIeHNA H SBOJdOIUM 3Be3n w nianer. Onmm W3 Tarmx
MPAHIAIOB TJIACAT, 4TO PACHPOCTPAHEOHHOCTH XHMHYECKHX
aJeMeHTOB ofpmHakoBa Bo Beeii Bceenenmoit, [Ipespamenus
BIEMEHTOB U PeaKIny Me/KILy HAMH SABISIOTCH (PyHIAMEHTalb-
HEIMH CBOIiCTBAMHM HX CTPOEHUHA, KOHLUEHTPAUMN M YCIOBmil
orpy:xaioneii cpejel. Xumus 3eman u Connna nogummsercs
TeM JKe 3aKOHaM, 4To U XmMmg jnoboi apyroit obmactn Bee-
JeHHOIL,

Omnpenenenue XHMHYECKOT0 COCTABA 3Be3Jl, VIATCHHBEIX Ha
Gonbmme paccroanus, mian xors Osl Hamero Comnna momawa-
Iy MOMKeT NOKA3ATHCH HeBepOATHO TPYAHON 3amgadeil, Epum-
CTBEHHBIM CBABYIOLUIMM 3BEHOM Meyky HadIomaTereM © aTH-
MO TeJaMU SABIAETCA MaxydaeMmulii uMu cser. Ho, okasmBaer-
¢, aToro siocrarouno. Ceer, mainyuyaeMmelii 3Be3foil, MOMHO ¢
TIOMOIIIBIO CIEKTPOCKONA PA3NOMNTh Ha COCTABIAINNE ¢
PasINYHBIME YacTOTaMil KONeOAHNI; CHeKTPANBHBIC IUHAH
Aanyt nE(opMAIHI0 0 OPHCYTCTBHM H COJCPRAHUN TeX Wi
UHBIX XUMHYECKUX 3JIEMEHTOR.

B campix ofmmx veprax CIHEKTPOCKOI COCTOHT M3 IpH3-
MBI HIR JEPPaKINONHOI PeIeTkn U y3KOoil IiedH, pacmolo-
KeHHON Meky m3ofpamenneMm aseafasl m QOTOMIEHKON WIH
ApyruM npueMnnkoM nanydenns. He pasmomennwiii ma co-
crasisone Geaplil cBer mpejcrapiaseT coboil OME U3 BUJIOB
QIEKTPOMATHATHOIO M3JYy4YeHHsA 3BE3[bl; OH COCTOHT U3 COBO-
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- Puc. 1.1. Coextp amexkTpomarsuTHOTO manytenma, CHeKTp mpocrtmpaer-
~ ¢A OT BBYKOBBIX BONH J0 KocMmuieckmx ayueit. Ocobuii maTepec mpea-
eTaBIAeT AMANAS0H OT AaiabHeidl yabTpadmozeToBoll Mo BHAuMOi ofxa-
CTH BKJIIOYHTENBHO; B STOT [HAmason nomajgaer GOabmas gacTs sHep-
A DafaoIero Ha 3eMi0 CONHEYHOTO H3NyYeHHA,

KYIMHOCTA OT/eIbHBIX (JOTOHOB, 9HEPIrHH KOTOPHIX TPOIOp-
NAOHAJNBHLE WX 4YACTOTaM. 3aBHCHMOCTh ME:RAY SHeprueit m
9acTOTOH, a TaK/Ke MecTO, KOTOpOe 3aHHMAeT BHANMEIN CBeT
CpeJl JAPYTHX BIeKTPOMATHHTHBHIX HB3XydYeHHM, MpeJcTABICHH
Ba pme. 1.1.

Ha puc. 1.2 mokasano, kKak B COeKTpocKome OeJblil cBeT,
conmepKammii JoTOHBEI MHOTHX YacTOT, pasmaraercs m ofpasy-

RN I

Korrexmaoptas

3
-
5

Hemoywux cBema
POMONATCMUHNG

Pmc. 1.2. Cxema mpoctoro cumexktpockona, CBeToBEe My9d OT HCTOYHH-
Ka OpOXOJIAT Yepe3 y3KyIw INelib, 3aTeM 4epes JHH3Y W B BUje mapai-
TeNBHOTO NMy9Ka HAfaoT Ha opusmy (mim JudpaknmoHHY0 pemeTRy),
KoTopas pasjedseT JydYd pasimumbIX uacTOT. Bropas ammza cobupaet
Jiyuam @ HAUpPABIAET MX Ha NPHEMHUEK H3JydeHdmdA, Yem yiKe meib, TeM
dyuilie pasfejienne Jydeil M0 4acToTaM,
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ercsl CIeKTp maobpakennii ienn, kasoe U3 KOTOPBIX OTBe-
YaeT y3KOMY JHAlasoHy 4YacToT W3JaydeHHsd.

PaccMoTpuM B KauecTBe mCTOUmMKA CBeTa pAacKaJenHoe
nobexa tBepoe Teno. B aTOM cayuae nomyuaercs cmmommoir
HempepwiBHeli cmexrp. [lox neficTBmem Tenmma  suaerTpomsl
aTOMOB, COCTABIAMIAX TeJ0, MepPexoaaT Ha 0olee BHICOKHE
9HePreTH4eCKHe YPOBHM; 3aTeM OTH HIEKTPOHBI BO3BPAIIAIOT-
cA Ha Gollee HE3KHe yDOBHI, NpUYeM TeIuIOBas oHEePTHS,
Omarojiapsi KOTOpOil 2IeKTPOHE TMomajalT Ha Gojlee BHICORMI(
9HEpPreTHYeCKNUHl ypoBeHb, BHOBEL BhIjlesAeTcss B {opme doTo-
HoB (cmerosoii smeprmu). Packamennoe jpofexa Texo wuamy-
yaeT (POTOHBI NMPAKTHYECKH BO BCeM HHTEpBAJe YaCTOT BH-
JIIMOTO CHEeKTpa.

Ilpn marpepanum kaxoro-mmGo aleMenTta B raszoodpasmom
COCTOSIHNH B €ro CleKTpe ma TemMuoyM (one mosmiasercs nabop
APKHX SMHCCHOHHBIX JIUHHII, CBOICTBEHHBIN JAHHOMY oie-
MEHTY, KOTODBIii MOMHO HAa3BaTh ro «OTHEYATKAMH [ATdh-
ues». ATOMBI KajK[I0ro leMenTa HMET OlpejleleHHoe, eMy
OJIHOMY MHpHCYyLlee 9YHCIO MPOTOHOB M 3MeKTpoHOB. Ilpm ma-
rpeBaHNN JIEKTPOHLI NepexosAT Ha Gosee BLICOKMIl dHEpreTH-
yeckmii yposenb. IIpm Boasparte sTux asextpomos ma Gomee
HUBKHE DHepreTHUecKHe YPOBHM HX HHEpPrHs Boa0y:maenns
BeICBOOOsKIaeTcA B (hopMe HCIycKaeMbiX (POTOHOB, YACTOTHI
KOTOPBIX XapaKkTepHsl /A JAaHHOTO dIeMeHTa.

Busyanbnas aMHCCHOHHAS CHEKTPOCKONHA HCHONB30BA-
mack B XIX B. PoGeprom Bynsemom u I'ycrasom Kupxrodonm,
KOrga oOHM paspaaTeiBainm mpocThle cIOco0Bl OOHAPYKEeHHA
MEeTalIOB, OCHOBAHHEIE HA OKpAcKe MIaMeHH, BHocs comn
pasinmyHBIX METAJJIOB B INIaMsA, MCCHE0BATeNIH HaOIonama
XapaKTepHYI0 I 3THX METANIOB OKpACKy IIaMeHd. JTa
OKpacKa IpefcTaBIAeT coGoil mpeobrajaiomuii IBeT B CHERT-
pe mcmycKanuA cooTBeTcTBylomero Meramia. Hampumep, wy-
COYeR XJODHCTOr0 MATPHA NpPH BHECCHNHM B INIAMA  JlaBai
HEITYI0 OKPACKy, XJOPHCTHII HUKeXb — 3eeHyi0, a XJ0pH-
CTHI KajMuil — myprypHOo-(1oIeToByi0.

CymecTByior cneKkTpsl eije OJHOTO BHUJa, HPeCTaBIAI-
mue coboii maGopsl TeMubIX JuHumii Ha cseroM dome, Jto
CHeKTPEI IOTIOIIEHNSA; OHH BOSHHKAIT NPH HPOXOMKICHHN
Geioro cBeTa OT PACKANEHHOro TBEPHOTo Tela wuepes Goaee
XONOJIHBIe IApBl Kakoro-mmbo xuMmueckoro axementa. Merod-
HEE Oeloro cBera memyckaer oTOHBI Beex 4actor. TeMHEBIE
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Prc. 1.3, Yuactor #edToit o6JacTH COEKTpPA 3Be3JbI-THTAHTA CIIEK-
TpajJbHOro Kiaacca R-1 (ceepxy) B CpaBHEHHH CO CHEKTPOM HeOHA
(6Hu3y), Ha OCHOBAHHMHM KOTOPOr0 yCTAHABINBAETCHA INKAala [JIHH BOIH.
Haj meckomskaMm JHHUAMHE NOFTOIMEHNA YKA3aHH [IHHEl BOJIH N
ofbo3BaTensr 2JIeMeHThI, OTBETCTBEHHBIE 324 HX MOABRJIeHHEe, (CHBKTP na
Jlukcroii ob6cepsaropun Jwde3Ho mpefocTarien A-poM COMEpPaOM.)

JAUHUN OTBeYA0T TeM (poToHaM, KoTopele GBUIN MOTIOMEHHI
DIEKTPOHAMH, HAXOAHBIIHMICA HA HUBKHX JHEPreTHYeCKHX
YPOBHSX, TOCKOJBKY MMEHHO B JAAHHLIX MeCTax CIEKTpa pac-
MOMOMEHbl TOJ0CH HX cobcTBeHHbIX uyacTor. [loaTomy pam-
HEIT BUJ CIIEKTpa Ha3HBaT pasHoCTHEIM. [lia mioGoro aie-
MEHTa YAaCTOTH JUHEH B CHEKTPAX HCIYCKAHHA H IIOTJIOIIE-
HUOS COBIATAIOT.

Cuerrpockonua — riaBHeiinas TOYKA CONPHKOCHOBEHES
acTPOHOMHE W XUMuHD. AHQJU3 CBeTa, M3Ty4aeMOro 3Besfia-
mm, faer GoraTeie cBefenus o6 uX xmMmyeckoM cocrase. Ha
puc. 1.3 mpejacraBien THONYHBIA CIEKTP 3Be3fbl. AHBaxHs
mo/100HBIX CIEKTPOB IO3BOAAET HE TOJBKO HJeHTH(PUIHPOBATH
XHMAYECKHe DIeMeHTHI, HO J[aeT TaKKe W JAPYryio mEQOpMa-
muio. Hampumep, cpaBumBag OTHOCHTeJNbHBe WHTEHCHBHO-
CTH SMHCCHOHHBIX JIMHWH OJHOrO MW TOTO ke dIeMeHTa, MO-
HO MBMEpUTh TeMmepatypy mcrousmka. OrHOCHTENILHOE CO-
NlepARanEme Ka:JAO0TO BHIeMeHTa MOMKHO HANTH, H3Mepsas
OTHOCHTENbHEIE HHTEHCHBHOCTH €r0 TMIABHEIX CIEKTPAILHBIX
mumnii. KpoMe TOro, ma cmeKTpa MOKHO ONpEJENHTH CKO-
pocTh 00BEKTAa OTHOCHTENBLHO HAOIIONATENA.

C womma XIX . Owuto sapermcTpupoBamo Godee 2 MIIH.
cnekTpos npuMepno 15 Teic. aBesn n Coianma, m Ha OCHOBE
BTHX CIHEeKTPOB OBUIN cjelansl BBIBOJE 00 UX XUMHYECKOM
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cocrape. He Menee Ba/KHBIM ABIAETCH 3aKJAUEHNE, 4YTO BCIO-
nay Bo BcenenHoii CymecTBYIOT OfHH B Te e XHMHYECKHe
DJIEMEHTH W BHINOTHAKTCA OJHM W Te jKe (PUaMvUecKHe 3a-
KOHBI.

Horjia cser yjameHHBIX 8Be3J M0 IyTH K HaOIoOaTeNn
UpOXOAMT 4uepes ofdaKa MeK3BE3JHOTO rasa, B CHERTpax
3Beaq NOABIAKTCA TeMHBIe JHHHH, COOTBETCTBYIOIHE MOJIO-
caM morjdomeHnsA. AHaam3 STHX IIOJOC IO3BOJASET ONpese-
JAUTH, KAKHE ATOMBl H MOJIEKYJIBl IPACYTCTBYIOT B Me;K3Be3fl-
HOM IpOCTPaHCTBE.

TymamHOCTH BHJHBE B MaJOMOINHEII TelecKonm Kak caabo
CBeTAI[WECH 3Be3jbl, HO HA CAMOM Jielie 3TO OrpoMusie o6ma-
KA rasa W UBUIH, pacupejeleHHble Me;py sseafamn, Hamy-
genme 3Bes]l Bo30y:KIaeT COCTABAAIIINE TYMAaHHOCTh Tas U
NBUIh, BaCTABIAA MX TyCKiao cBeTuthed. lloaToMy crnexTp
BTHX CBETAIIMXCH TA30BEIX O0JaKOB mpeJicTaBAAnT co0oi
CHEKTpPHl HCIyCKaNHA,

Munanonsl cnexTpos, saperumcrpupoBanEeix or Coxmna,
8Be3Jl, Me:K3Be3JHBIX O0JAKOB H TYMAHHOCTEH, BIIOJHE JO-
CTYIHB WHTEPHOPETAIUA IpH WUCHOIb30BAHMM YIUBHTEIBHO
HeDOMBIIOro YMCIa OCHOBHEIX IOJOKEHHIT,

Bo-nepsrix, Bce ot 00BEKTH, COCTABIANIINE NOYTH BCE
BemecTB0 Beesennoil, mMeIOT, M0 CYIIECTBY, OANHAKOBHIH XH-
Muyeckuii coctas. B tabx. 1.1 nmpumsemeno ormocmTenbHoe Co-
Jep:iaHMe CaMBIX pAacHnpocTpaHeHHBIX dlIeMeHTOB Bo Bee-
JIEHHOIA,

Taauya 1.1
Copepxanne 8o Beeneunoii
HeROTOPEIX N3 Hanbolee pacnpocTpaHeHHBIX DIEMEHTOB
OTHOCHTENb- OTHOCHTEb-
Atou “ime, nci0 AT “iue, wneao
ATOMOB ATOMOB
Bopopoa 10 000 000 Haipuit 17
Fennu 1 400 000 Marauii 290
Jlaruii 0,003 AnoMmuaami 19
Yraepon 000 (Docdop 3
Azor 910 {ammii 0,8
Knenopon 6800 Apron 42
Heon 2800 Ransnmil 17
Heneao 80
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Pac. 1.4, 9dderr Jlonaepa. Korpa teno mpubnmkaerca g Habdaonare-
Ji0, YACTOTHI BCEX BHJIOB €r0 JIEKTPOMATHHTHOTO MATYUCHHA MOBLIIIA-
I0TCA 110 OTHOMEHHI0 K cHCTeMe oTcueTa HabmiomaTens npsasmo uponop-
LHOHANLHO cKopocTh. Horma Teno yjansieTcs, 4acToTH BCeX BUJIOB ero
DJIEKTPOMArANTHOrO M3JY9eHHH HNOHHKAIOTCA IO OTHOMIEHHI) K Habio-
AaTeqo NpOHOpIHOHANLHO ckopoctH. [IpmbGamskalommeca Teja mawT
¢momeToBoe cMemenme (MOBLIIEHHME YACTOTHI) BHUMOLO CHEKTpa, &
YAQIAKIOHECH — KpacHoe (MOHHKenHe JacTOTHl).

Bo-Bropeix, mouTH Bee BemiecTBo Bceemenmoil HaxoiuTes B
BH/IE [BYX HpOCTEHINAX XUMHIECKHX 3JIeMEHTOB — BOJIOPO/ia
u rexuA. Boldeimas gacTh OCTANLHBIX DJIeMEHTOB: YIWEpon,
a30T, KHCJOpPOJ, HEOH, MarHuwil, KpeMmHumii, cepa, ¢rop, aiio-
MMHHI, XJ0p, aprol, KaJabluil W 3KeIe30 — PACIOo/KeHa B
HayaJle NepHOAHYECKOH Tabauibl.

B-tpersnx, B cuexrpax moutu BceX ralakTHK HaOuaiofaer-
cfl JIOINIEPOBCKOE KpacHoe CMEIleHHe: JacTOTH BeeX (DOTOHOB
YMeHBIIEHb — CABHHYTH 10 HAOpPaBleHNI0 K KpPAcHOil JacTH
coexrpa (puec. 1.4). Uem panpmie ranakrnka, TeM Ooxbme ee
KpacHoe cMelleHNe. JTO 03HAYAET, YTO TANAKTHRE YAATIAKNTCA
or mabaofaTelns, HaXosAmerocsa B M000ii TOIKe DPOCTPaHCT-
Ba, M3 amammsa kpacubix cmemenmii ciefyer, aro Beeaennan
pacImmpseTcsd, MOCKOIbKY BCE TATAKTHKE YHAAIAIOTCA APYT OT
apyra.

Ho mouyemy Bceenemmas pacmmpsaerca? Ilouemy pacmpo-
CTPAHEHHOCTH HJIEMEHTOB CTOJNB IPOCTO CBABAHA € MOPANKOM
HX pACIOJOKeHHs B IIepHOJHYECKOH cHcTeMe! ITH BOIPOCH
Ne/KaT BHe NOJs SpeHHs JAHHOH KHATH; OTBETH Ha HAX JIyY-
e BCEr0 MCKATh B KHMIaX N0 KOCMOJOTHH W B TEOPHAX BO3-
HUKHOBeHNs DBceenemmoil. 37ech MBl OTpaHHYNMCA YCIAOBHA-
ME OmmpKaimux & HaM obgacTell IpoCTPaHCTBA.

Ha Bompoc o pacmpocTpaHemHOCTH M BHAAX XHMHYECKAX
BIEMEHTOB MOJKHO JIaTh OTBET, KOTOPBLI XOpOLIO cOrjacyercs

¢ OTKpHITHAMA B obiaactu afepHOill UKW @ ACTPOHOMHM.

Onnauo TOYHOCTh 9TOT0 OTBETa B KOHEYHOM CHeTe NOKOHUTCA
Ha KOCMOJIOrum, KOTOpas IOKa pasBATa HEJ0CTATOYHO,

“/



18  TIABA 1

Bopopoj — nanbosee wacto BeTpedalouuiics m  caMbli
npoctoit diaement. Ero aroM cocTonT m3 OFHOTO IPOTOHA |
OJIHOTO dJIeKTpoHA. Ecam mpeanonoimuTs, 4T0 HepBHYHOE Be-
mecTBo BeemenHoil COCTaBIAN MCKIIOTHTENBHO BOJOPOJ, TO
MOKHO OOBACHUTEL He TOALKO HAJMYMe, HO H PACIHPOCTPaHEeH-
HOCTH BCEX OCTAJBLHEIX 9JIeMEHTOB B HACTOAI[Ee BPEMS.

B rawoit nepsmunoii Bcememmoii, cocrosameidi m3 4mcToro
Bojiopofia, o0pa3oBanuch 3Be3fsl (MOJEIL ITOTO IIpoOIEcca
Ooymer obcy:xmarbesa B T 2). 3Be3jsl ABAAKTCA MOBOJILHO
KPYIHBIMH TPaBHTAINOHHO CBA3aHHBIMA CKOINIEHNSME BeIe-
cTBa, B X0jie 00pa30BAHUA KOTOPHIX TeMIEPaTypa MOBEIIIAET-
¢A HACTOJABKO, YTO HAUTAHAIOT IPOTEKATH AJIEPHBIE PEARIHMA.

Jlns 3Be3q OCHOBHOM SIIEPHON peaKIueil ABIAETCA CIMA-
HOe fAfep aTOMOB Bojopoja. B 9rToil peaknum BOJOpO Ipe-

@ Toomon
W Hedmpor
) * Jpexmpont
H He
10079 a.e. M. 40026 aen.

Pearyus causnus amomod odopoda

g

Beicoxas meamepamypa
e ———————
u dabrenie

4H

1He i

4x10079 a.em ———————= 40026acem t+  nepeun, snbubanenmras
(4.0516 a.e.4.) 0029 a.em.

Pamc. 1.5. Cansame aToMoB BOjlopo/ia ¢ oOpasoBammeM AaTOMa rejAf.
Onmn aToM renmsA nerde, 9eM 9eTnipe aToOMa BOJIOPOA; ned)em- Mace
COOTBETCTBYET BHIeAAMelica SHePrUl HATYIeHNA,
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- ppamiaercs B requil ¢ seijienenneM asHeprun (pue. 1.5). Mac-
~¢a fAjlpa aTOMa Tedus, COCTOAIIEr0 U3 BYX IIPOTOHOB M JBYX
HeHTPOHOB, TOYHO uaMepeHa u cocrasiaser 4,0026 arommoit
equanIsl Macest (a.e.M.). IIpm paBrenmax u Temueparypax,
J0CTATOMHO BBICOKHX JUIA TOro, uTo0Bl HAYANACH peaRmusA
CJUSHUA BOMOPOMHBIX ATOMOB, WeTHIPe aTOMa BOJOpOAA CJH-
palorca B ommH artoM reaums. Ho macca ojHOro atoMa Bojo-
poga pasma 1,0079 a. e. M., u, ciefloBaTeNbHO, YeTHIpe €ro
atoma uMeior maccy 4,0316 a.e. M. Pasmocts Memay Maccoit
YeTHIpeX aToOMOB BOJOPOJla W MAccoil OJHOTO AaTOMAa TeJans
pasra 0,029 a.e. M.: 9T0O — MaJeHbLKO@ YHCJIO, HO HMEHHO OHO
- gemwxer Beenennoii. [To sakonmy coxpameHHs Macchl u 9Hep-

IHH 9Ta PasHOCTh MacC IPEBPALAeTcs B PHEPrHI0 H3Iyde-

mua. CornacHo ypasHenuio JilHmiTeiiHa, SHEPrHs paBHA Mac-
~ ce, yMHOKeHHOIl Ha KBajpaT ckopoctu csera. [IpeBpamenne
. BOJIOPOJa B TeJuil compoBoKJaercs HeOoMbIION TOTepeit
macesl — 0,7% Ha Kamablil aTOM reiaus — U BHICBOOOKIeHAEM
| KOJOCCATbHBIX KOJIMYECTB SHEepPruu.

Peaknus camanua aToMOB BOAOPOJA, UPOTEKAINIAA B HEl-
pax sBesji, 00BACHAET, MOYEMY TreJiii — NepBHYHLI HPOAYKT
CAMAHNA — ABIACTCA, COTMACHO HAGNIOJIGHHAM, BTOPHIM MO
pacIpOCTPAHEHHOCTH XHMHUYECKHM diaeMeHToM. B jmpyrux
3BE3[IHLIX AJEPHBIX PEARIHAX, B KOTOPBIX IeJHil yIacTByeT B
KauecTBe KOMIIOHEHTa, ofpasywoTca Gomee Tamexsie, a TakmKe
HecTaOMIBHBIE PaJHOAKTHBHBEI® DIEMEHTHI, JAIOI[He NpH pac-
najie Apyroe TAMKeJble DIeMEHTDI.

‘B mCKIOINTENLHO TOYHBIX dKCHePHMenTax ajepuoil dusn-
Kk OBl yeTamosieHs Hau(ojee BEpPOATHBE YYACTHHKH pe-
aKIuil, OPOTEeKAIMUX B 3BL3JAX, W ONpeJeNeHsl IX CKOpO-
cru. Camplil mpuBIeKaTeNbHbIT acnerT 310l obaacTu mecne-
NMOBaHMIl COCTOMT B TOM, HYTO ¢ TOMOIbI0 TEOPETHUECKHX
BHIUMCJICHNI, OCHOBAHHBIX HA JTHX JKCIEPUMEHTAX, MOKHO
NpEJICKa3aTh Bech M3BECTHHIN HAGOp dIEMENTOB M WX OTHO-
CHTEITBHYI0 PAaCHpOCTPAHEHHOCTD, ACHCTBUTENbHO HAOIIOAI0-
myioca Bo Beeaennoii.

IlepBrie umeTO BOJOPOANLIC BBEAJHI YracaiT; HEKOTOPHIe
13 HHX, B3PLIBAsICh KAK CBEPXHOBLIE, BEIOPACEIBAIOT CBOE Be-
IMEeCTBO B ME/K3BE3JHYI0 cpejy, TAe Temeph MOMHMO BOJIOPO-
Ja mosBJAI0TCA GoJlee CI0/KHBIe BIeMEeHTH — IPOYKTHL fAep-
HBIX NpPEBPAaINeHuil B 9TUX 3Be3gax.

Menonbsys masectubie 3HAYEHHS PACIPOCTPAHEHHOCTH
QIEMEHTOB U H3BECTHBIe 3HAYCHUA CKOPOCTeHl AEPHBIX pe-
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QRIUil BEYTPH 3Be3fl, MOJKHO BBIYACIATHL Bo3pacT Bcemenmnoii.
On cocrasiasger or 10000 go 13000 mam. aer. [Ipyroil, mesa-
BHCHMBIl IIyTh BBIYICIEHNA Bo3pacra BceleHHOH OCHOBaH
Ha cKopocTAX pasferanma raJaKkTHK, ONeHABAEMBIX [0 Kpac-
ubiM ememennaM. Ecnn gonyeruts, uro Beememmas pacmmps-
eTcA ¢ MOCTOAHHON CKOPOCTBIO, TO DTOT MeTOJ] NPHBOJHAT K
ToMy ke smavenmio soapacta — 13000 mam. xer.



Inasa 2 B(_)3pa-0'l‘ 3BE3J1L
H 1JIaHeT,
Hepl{_OﬂH‘IGORaH cucTeMa
SJIEeMEeHTOB

A Bud Coanya 6o epema aarmenus ¢ 1970 2. Coan-
ye, 86eada cpednux pasmepos, no macce npesocxodur SeMaio npuMep-
Ko @ 300000 pas. Ono cocrour 8 ocnosnoM ua eodopoda, nodeepawie-
20CA 2PABUTAYUOHHOMY CHATUIO, U TeMRepaTypa € e20 yeHrTpe acaed-
ereue peanyuu cauanun adep godopoda cocrasaser 15 man. K. Coanye
codepaur koauuecrdo eodopoda, docrarounce dan noddepmanus no=
CTOAHNO20 NOTOKA 9Hepeuu no kpainel Mepe 8 Tevenue euje 5000 man,
aer.



Oueaudnoe — aro ro, wezo nu-
Ko2da ne euduwb, noka KTO-

nubyds ne cgopryaupyer aro
docraTtouno npocro.

Ranna Tubpan. IMecok m nena

Bospact (nim Bpems ;KUBHH) 3Be3/sl MOMKHO B [ pHHITAIE
onpesieanTh, MCXOJAA U3 TOrO, YTO 3BE3Ja HIITYUAET DHSPIHIO
B KOCMHYECKOe NPOCTPAHCTBO ¢ H3MEPHMOil CKOPOCThI0. DHep-
rufA, COOTBETCTBYIOIIAf ee Macce, o0yCIOBJIeHA ANePHBIMH
peakmuAMIE, H, XOTA Macca 3Be3jibl 0YeHbL BeJINKA, OHA He
OeckoHevHA.

B kauecTBe mepBoro NpHONIKEHHA PACCMOTPHM 3BE3TY
¢ Maccoil m, NepBOHAYANEBHO COCTOANIYI0 MCKINYATEILHO N3
Bojtoposia. IlomHoe KommvecTBO BHICBOOOMKIAEMOI €10 ameprun

E cocrasiaser
E = 0,007 me?,

rae 0,007 — nedext maccni, npoapnAwmMAiics B BUe oHep-
THM B XOJle CANAHMA YeThIpeX BOJAOPOIHBIX ATOMOB B aTOM
reinf, a ¢ — CKOPOCTH CBETa.

Jlasa aBesjibt ¢ Maccoil, pasnoit Mmacce Commma, E=1052apr.
B macroamee sBpems mommpocts manyuenna Coanna cocrasis-
er 10" spr/rog. Ecam 61 Comune mamayvano sHEpPrui ¢ aToii
MOCTOAHHOI CKOPOCTBIO, TO IPOIOIKHTEILHOCTh €r0 JRHBHN

On11a OB

Y 100 000 smuam. mer.
104

Opmaxo 8ToT TPHOINKEHHBII Pe3yibTaT [aeT 3aABHINIEH-
HYI0 TpOJONRHTEIBHOCTE JRH3HH, TMOCKOIBKY, 110 Mepe TOro
Kak TpOTeKaer CIHAHNE BOJOPOJHBIX ATOMOB H 3Be3a CTa-
peer, paBHOBECHE 3Be3JIbl CBUIAETCA. SBE3JIHI TIPEICTABIAIT
coboii MaccHBHBIe Ta30BEIE Tela, B KOTOPHIX HATPABIeHHBIE
BHYTpPh CHJIBL IPABUTAIINOHHOTO CHLATISA YPABHOBEIIEHBI CHIIA-
MH TH/POCTATHYECKOTO JaBIEHNA, HANPABICHHBIMU HAPYKY.
Ecan Temmepartypa 3Besfipl Iajaer, TO JaBieHHe BHYTPH ee
MmoHMW;KAaeTCA W 3Beama cmmMaerca. HaoBopor, ecam Ttemire-
paTypa IOBBIIIAETCS, TO JaBJeHHe BO3PACTAeT W 3Be3fga pac-
mupaeres. llpomece ciauAnuMA BOTOPOAHLIX aTOMOB B3aBHCHT
OT TEMIepaTypsl: ¢ POCTOM TEMIEPATYPHl €T0 CROPOCTH YBen-
YHBAETCH.

Maccusnsie 3Be3/is! HMeIOT Goiee BBICOKHE TeMIOEPaTypHI,
yeM 3Be3jisl He(osbImoro pasmepa, m OBICTPEE PACXOAYIOT BO-
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gopoa. B pnepsom npnlanikeHnu, clelaHinoM HaMu, ciaejyer
JIONOJHATEILHO YYECTh KaK M3MEHEHIS B PABHOBECHH B3Be3JIHl
B XO0JI¢ ee 9BOJIONMN, TAR M BaBHCHMOCTh ME;Sy MAccoil u
TeMIepaTypoii.

Opur u3 cnocof0B MOCTPOEHNS KapTHHBI SBOMIONAN 3Bes-
IBl B BRIYUCICHISA €e BO3pacTa 3aRM0YACTCS B aHAIUH3e GOMb-
moii cayuainoil Beibopkm sBesm. [lpm arom uwamepsior pac-
CTOAHHA N0 3Be3T, UX BUAMMBII JeCK W IBeT KasKI0i 8Bes-
mel. Paccroanne fio 0JH3KUX 8Be3 MOKHO M3MEPHTH METOOM
mapamiaKca.

Ecan ussectns BupuMpii 6Jeck U paccTosHue /10 3Be3Ibl,
TO MOJKHO BBIYHCIHTHL ee alCOMIOTHYI0 3Be3JIHYI0 BEJHYHHY,
IIOCKOJIBKY BHAMMELI OJeCK 8Beslibl 00paTHO IPONOPIMOHATIEH
paccrosHmo o nee. AOconioTHAas 3Be3jHaA BEINUNHA eCTh
(yHKIHMA CKOpOCTH BHICBOGOIK/I@HHA OHEPIHH HE3ABHCHMO
0T ee paccTOAHNA 0 HaGTOgaTeNl.

Liper sBesgbl ompejedseTcs ee TeMOEepaTypoii: roiyGoit
LBET COOTBETCTBYET 0YCHBH FOPATHM 3Be3jiaM, Oeaslii — rops-
YHM, & KPACHBIH — OTHOCHTEIbHO XOJOHBIM,

Ha pme. 2.1 mpepcrasmena pmarpamma [epommpysra —
Peccenna, oTpakamoiias 3aBHCHMOCTE MEEAY abGCOTIOTHOM
8BE3JHOI BeNMUMHON M IBETOM s (OJBIIOro 9Yicia 3Besfl.
Ilockonbry dTa KIaccHYeCKAA AMarpaMMa BIVIIOUAET 3Be3JIkl
BCEBO3MOJKHBIX Da3MEpPOB W BO3pacTOB, OHA COOTBETCTBYET
«cpefiHeil» 8Be3Jle HA PABIHYHBIX CTAJUAX €€ DBOJIOINH,

BonpmuucTeo 8Be3j pacmojiaraercd Ha NPAMOTAHENHOH
YACTH JMArpaMMbl; OHH HCUHITHIBAIOT JAINL HOCTENEHHbIe U3-
MEHEHHs PABHOBECHA IO MEpe BHITOPAHHSA COJIEP/KAIIerocsa B
HuX Bojiopoaa. Ha oroii wacTu gmarpaMmel, KOTOpas HA3LIBa-
eTcA IIaBHOIl mOCHeoBaTeILHOCTHIO, 8Be3/isl ¢ Oonbmiell Mmac-
coit mMmeior Golee BBICOKYIO TeMmepaTypy; B HHUX OwicTpee
NpOTeKaeT pearIus CAUFHAA aTOMOB BOJODPOJA, W IPOJOIIKH-
TEIBHOCTh MX JKUSHM MeHbIIe. 3Be3[bl ¢ Maccoil MeHbIIeil,
YyeM CoJHeYHas, uMeoT Oojsee HHU3KYI TeMIepatypy, CImf-
HEEe BOJIOPOAHBIX aTOMOB IPOTEKaeT B HUX Me[JeHHee, W Mpo-
JOJEATENLHOCTE uX Kuann Oonbme, Korna wakan-mubo asea-
Ja TIaBHON mocaejoBarenbHOCTH HMspacxoxyer oxono 109
CBOHX HCXOJIHHIX 3alacoB BOJOPOJA, ee TeMIepaTypa CHUBHT-
¢ W mpousoiijier pacmmpenme. Hag mpeamomaraioT, KpacHEe
TUTAHTH OPEeACTaBIAIOT cob0il «COCTAPUBIINECT) 3BE3MIbl BCOX
pasMepos, NpUHafIe;RaBIINe paHee IIaBHOI MOCIEL0BATENb-
HOCTH,
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== Npacrsie zucatimst

Aveapughm cxopocmu Boiclobancienus snepeud

Denste kapruxi —_—
-——""'..—-—____,_____z—:_'__.-—__-:.-—
—
—
Toryboie  Benvie Kpacnwe
Libem
[opsue Xonodrisie

Saeapugm mexnepamypsl

Puc. 2.1. [Juarpamma epumupyura — Pecceana, oTpamaoiias aabu-
CHMOCTb Mesk/ly alconoTHoll 3Besnoil Beanuniol 1 TeMueparypoil 1ia
foasmoro ymena spesp B upefenax mameii Manaxroxn, Ha aty ama-
TpaMMy HAaHeceHHl JAaHHBE A MHOMKeCTBa 3Besf, ni00ad OTHeIsHAA
TouKa mpejcTapasier cofoi spesfly. Ilockonsky Brifopka spes] siBager-
cA caydaiiHoii, 9Ta AmarpaMma JaeT (yCpefHeHHYIO» HCTOPHIO 3BE3/IBL

ITpn ToumoMm ompefeleHHu Bo3pacTa 3Be3fnl aTm (harro-
PHI ClleAyeT NPHHEMATH BO BEMMaune. Berumcnenna ¢ mx yge-
TOM IOKa3LIBAIOT, 9TO HE OfHa 3Beafa B mameii [amarTuxe
me crapme 11000 mam. mer. Hexoropsie mManeHbRHE 3Be3[hl
HMEIT HTOT BO3pacT; MuHorue Gosiee KPyUHble 3Be3jibl ropas-
no moxosxse. CaMble MaccHBHBIE 3Be3J[bl MOTYT HAaXOAHWTLCA Ha
riaapHoil mociaeposarensnoctn ne Gomee 1 mam. ger. Coamnme
1 3Be3]ibl MONO0OHEIX pasMepoB HAXONATCA HA TAABHOH mocie-
nosarensHOcTH okomo 10000 mum. mer, mpeskie weM mocTH-
raloT cTajguil KpacHBIX rmranToB, Boapact, BEIYHCHEGHHBIN Ta-
koM cmocobom, coctasaser Bcero 109% or pesyasrara,
noayuennoro B nepsom npubammxennu, — 100000 man. xer,
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T. €. B Opejnonoxennn, 4ro GyaeT M3pacxof0Ban Bech BOJIO-
poxt. Bropoe npufankenne 6bu10 yyumeno, mo Mul e Gyem
paccMaTpuBaTh 371ech, KAK 9TO OLLIO CIETaHO, TAK Kak Gojee
TOYHBIE Pe3yJAbTATHl HE BHOCAT HUYEro HOBOTO B HAIIR
mpefcTaBaeHua 00 9BONIOIUN 3BE3Jl B TOH Mepe, B Karoit oHE
CBABAHBL ¢ BOIPOCAMH NPOMCXOMJIEHNA FKUSHI.

Temepb, KOrja HaM H3BECTHBI MAaKCHMAJbLHEIE BpeMeHa
srusnan aBeal n Connna, MOAKHO NEpeiTH K CJeyOIEeMy Bo-
IIpocy: KaKOB BO3pAacT Hameld IJIaHeThl M MOJAOOHHIX eil Tex?
Ho mpeskze ueMm oTBeTHTH Ha 9TOT BOMPOC, €ro ciegyer cdop-
MyJHPOBATH Kak MoKHO Oomee Toumo. Mel Mmomem ompepe-
JATH, KAK JIOITO KaKoif-TH00 MHHepaJl HAXOMMICA B KPHCTAJ-
JMYECKOM COCTOAHMH, WIH B TeUYeHHE KaKOr0 BpeMeHm
ONpEJIeTCHIbIH MEeTeOPHT Mo/Bepraiica GoMOapAnpoBKe KOCMHE-
YeCKUMH JyYaMH, WIH Jaske (B Tropasfgo MeHee BHYIIH-
TETRHBIX MacmTabax) CKOJBKO JeT JamHOMY KyCKY Jepesa.
B feificTBHTeNIBHOCTH «BO3PACT» JIaeT OTBETHI Ha BCE BOIPO-
CHl THIA «KAK JIOJITO, B T€YCHHE KAKOTO BPEMEHH WIH CKONB-
KO JIeT IPOILI0 ¢ HeKOTOPOro coOBITHA), TIPHYeM OTBETHL HA
OTH BOIPOCH OCHOBLIBAIOTCH HA ATOMHOI XUMEH,

Hamprii aroM 1106010 XEMHUECKOTO HIEMEHTa COCTOUT U3
Aapa, HAXONAIIETOCA B IEHTPe W COCTOAMIET0 M3 TMPOTOHOB W
HefiTPOHOB, I BHeINHero oblaxka OTPHIATENLHO 3apAKEHHBIX
AIIEKTPOHOB, 00JafaloIIx Topas/io MeHbpmeil Maccoi. Opmum
na TpuyM¢oB xuvMun ObIT0 o0BACHenAe Ha hu3NIecKoil 0cHoBe
TOr0 sMImpHueckoro (haxra, uTO diIeMeHTHl Moryr GeITH pac-
TMOI0KeHsl B BHE TMepuoJnYeckoil TabIENB, B KOTOPOl OHK
cJeyIOT JIPYT 3a APYTOM B HOPHJKe, COOTBETCTBYIOMIEM WHC-
Jqy TpoTOHOB B WX Axpax (pme. 2.2). dieMeHTH, pacmoio-
JReHEbIe TakuM  00pasoM,  HPOABIAIOT  TEPHOJUYECKH
MOBTOPAIOINIECECH CXOJCTBO XNMUUECKNX CBOMCTS.

AToM npocreiiniero HreMeHTa, BOAOPOAA, COCTORT W3 eJiH-
CTBEHNOr0 TPOTOHA, CBA3AHHOTO ¢ OjanmM aiexTporoM. Ho
UHeHo0 HeiiTPOHOB B AZPE BOJOPOANOTO aToMa HEOMpeJiesTeH-
HO — OHO MO;KeT HuaMemsThes. (DOpMBI BojOpoja ¢ pasimd-
HBIM YHCIOM HEelTPOHOB HA3BIBAIOT usorTonamu eodopoda, mx
Macesr maMmensworea ot 1 go 3 a.e s (pue. 2.3). Msoronsr
BOJIOPOJIa MOJKIO OTAEJNTEH JPYT OT JIpyra 0 H3MepHTh KOJn-
YeCTBO Kajis/I0T0 U3 HIX.

Pasnmunsie m30TONEl OJIHOTO M TOTO JKe BIEMenTa COMep-
JRAT PABHOE YACIO HEHTPOHOB B AApPAX WX aTOMOB., XOTA XH-
MHYECKHEe CBOIICTBA WA0TOMOB RAMAOTO JAHIOr0 diIeMenTa,



1A o
] 2
(o e He
1,008 | A MA IVA VA VIA VIIA | 4,003
3 4 § 6 7 8 9 10
21 Li Be B c N (8] F Ne
6,941 [ 9,012 10,81 [ 12,01 | 14,01 16,00 | 15,00 20,18
11 12 13 14 15 16 17 18
3 Na Mg VIIIB Al Si P S Cl A
2299|2431 | IB IVB VB VIB VIIB ———~——— 1B 1IB |2698]28,09]40,97|32,06 | 35.45|39,9§
19 20 2 22 23 24 28 26 27 28 29 30 3t 32 33 34 35 36
4| K Ca | S Ti i Cr | Mn| Fe | Co [ Ni |Cu | Zn-| Ga | Ge | As | Se Br | Kr
39.10| 40,08 | 44,96 | 47,90 | 50,94 | 52,00 | §4.94 | 55,85 | §8,93 | §B,71 | 63,55 | 65,37 | 69,72 72,50 | 74,92 [ 78,96 | 79,90| 83,80
37 | 38 39 | 40 | 4t | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 5o | s | 52 | 53 | 54
5] Rb | Sr Y Zr | Nb | Mo | Tc Ru | Rh Pd Ag | Cd In Sn Sb Te I Xe
84,47 | 87,62 | 88,91 | 91,22| 92,91 | 95,94 | 98,91 | 101,1 [102,9 [ 106,4 | 107,9 112,4 14,8 | 1187121,8) 12761269 1311
55 6 x| 71 2 73 74 15 76 77 78 79 80 81 82 83 84 8¢ 86
6] Cs | Ba Lu | Hf | Ta W |.Re | Os Ir PE Aul He LT Pb | Bi Po | At | Rn
132,9]137.3] [175:0] 178,5| 1809 | 183,90 186,2 | 190,2 | 192,2 | 19,1 | 197,0 | 200,6 | 204,4 [ 207,2 | 209,0 | (210) | (210)] (222)
87 | 88 |+] 1e3
7] B | Ra Lw| —1 —
(223) |226,0] [(257)
57 (8 59 60 61 62 63 (13 66 67.] 68 6y 70
*JlaHmanudu la | Ce | Pr | Nd | Pm | Sm [ Eu | Gd | Tb [ Dy | Ho | Er | Tm | Yb
138,90 | 140,1 | 140,9 | 144,2 | (147) | 1504 | 152,00 147,1 | 158,9 | 162,5 | 164,9 | 167,3 | 168,9 | 173,20
891 5o || 91 192 |93 |94 ] 95 | 96 | 97 |98 | 99 | 100 | tor |02
T ARmurud Ac | Th | Pa | U | Np | Pu |Am | Cm | Bk | Cf | Es | Fm | Md | Neo
(227) | 2320 [ 231,0 | 238.0 | 237.0 | (242) | (243) | (248) [ (247) | (251) | (254) | (253) | (256) | (254)

Puc. 2.2. Tlepmouueckas cucTema siemenTon. Bee osnementsi MOTyT ObITh pasMelleHEl B BHIe Talaunsl B NOPAAKE,
premanx obomouxax. Ha
OCHOBE HOJOKeHUA 7000T0 diaeMeHTa B HePHOHICCKOIl CHCTEMEe MOJKHO NpeCKasaTh ero XUMHYecKoe IOBeieHme.

COOTBETCTBYIOIIeM YHCIY HOPOTOHOB B HX Apax # PacHoJOREeHMIO HNIEKTPOHOB B HX
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@ Tpomon
& Hedampon
* nexmpon

Bodopod, 1a.em.  Jeimepuds, 2 a.e.m. Tpumud, 3a.e.m
Seamodsuboid Yemodrubod Padusaxmubusit

Pmc. 2.3, Haoronmst Bozopoia. ¥V Beex Tpex H30TONOB BOJOPOAA MMEET-
cH eINHCTBEHHEI OPONTANLHBII 3JIEKTPOH, HO OHH OTIHYAIOTCA MO Mac-
ce Afep (m mo ycroiiwusocTn). YCToHUABLIe BOJOPOJ U JieiiTepmit mMe-
10T OJIMH NPOTOH H OJIMH HPOTOH MIIOC OINH HETPOH COOTBETCTBEHHO;
B Ajpe HecTalmiabHOro (pagNOAKTHBHOTO) TPHTHA HAXOJATCA OJMHE
OpoTOH W [IB& HEHTpOHA.

N0 CyIecTBy, COBHNAJAIOT, MeHJIy WH30TONAMH CYIIECTBYIOT
JIBA BAa/KHBLIX PAsNNIUsA, KOTOPSIE W COCTABJIANT OCHOBY /s
cXeM oIpefielennsa Boapacra.

Bo-mepBrix, B yIRTPAMHKPOMUPE ATOMOB W MOJERYJa XH-
Mmueckme peaxnnn ofycloBnern mx cxopoctamu. [Ipm onmm-
HAKOBBIX YCKOPAIOUX BO3JelicTBHAX Gojlee TAMieNble JaCTH-
el OpuoGperanT Menbloine CKOPOCTH, deM 0olee JerKie.
B peayanrate aToro (oiee Jerkme WM30TONBI JIErde BCTYOAIOT
B XNMHUYECKNe pearmui, OLICTPO MPOTEKAWINHe B OJHOM Ha-
npapirennn. Tag, B GHONOTHYECKAX CHCTEMAaX M30TON A30Ta
YN pearupyer merue, wem Gomee Tsamemsrii maorom N, u
moaToMy OHOIOTHYECKHE CHCTEMBl CTPEMATCH HAKOMHTH GOIb-
mee xommuectso "N, gem '°N. Awamormuno mpomcxomamT m
oboramenune nzotonom '*C po cpasmermio ¢ '*C m '°0 mo
cpasrenuio ¢ '®0. dro cexextnBHOe oforamenmue GHoIOTHYe-
CKAX CHCTEM JEerkuMH N30TONaMu MoKeT OBITH M3MepeHo.

Bo-propeix, m3oronsl 006Jafa0T PasTHYHON  yCTOIIHBO-
crpi0. Dusnueckas Teopusa TMOKAa He MOMKET ATOTO OOBACHATE,
Ho ()aKThl TAKOBBI, YTO HEKOTOPHIE COUETAHMS MTPOTONOB H
HeliTPOHOB YCTOWYMBEIL, TOT/Ia KAK JPyrie HEYCTOMYINBHI ©
nojBepraioTes pammoaxtusmoMy pacmnaay. W somopon 'H, m
neiitepnit 2H yeroitansi, mo tputnii *H pacmapaercs, sricso-
GosKIas BBICOKOCKOPOCTHOI HIIEKTPOH, HasbiBacMblil P-gacram-
neit; 8 atom nponecce *H npespamaercsa B *He. Maotonn yr-
gepoaa '?C n 3C yeroitunss, o '"C pacnajgaercs ¢ ocBobO -
neHneM B-vacturmel, npeBpamiasck B yeroiumsbii N,

Asarornamo nzoroms kaaua °K u YK yerofiunsei, mo

O
{
/



28 IVIABA 2

Tipumep oc-pacnada

‘ 206
g Pb 8 ec-uacmuy
A= g1 A= 76i(o2 "> 16) + (Bcezo 16 npomono
L = 238 Z = 206 (238 - 32, u 16 Hedmporob)

Mpumep [3-pacnada

40K ‘OCﬂ
oot i A= 4o (s 11 i 1 ngm:mpaemwmw
Z = 4 Z = 40 (e meHAEmEA) AR 3
lpusep saexmponHoes 3axbama
K WAr
A = 19 A= 18 (|9 i 1) + ?J;..mma”
Z = 40 L = 40 (He mensemen)

Pme. 2.4. Mexanwavu pajimoaktanroro pacnana. CymeeTsyeT TpH THOA
pacmajia paimoaKkTHBHBIX H30TOONOB: HCOyCKaHHE (-9acTHIEL, B KOTO-
poM AZpO OJIHOBPEMEHHO TepAeT [IBa NPOTOHA H /Ba HeiiTpoma (a-ua-
cTHny); P-pacmaj, B KOTOpOM TepAeTCA OAMH BEICOKOANEpPTeTHIECKHiT
PAEKTPOH, M BJEKTPOHNLIH 3aXBaT, B KOTOPOM Tepfercd OjIAH BHICOKO-
sHepreTudeckui (y) dorom,

4K pacmajaercs, MCUycKas P-4acTuily T TpeBpamasch B
40Ca. K moer pacmajaTbCa m 10 ApyroMy nyTm (HaswiBae-
MOMY IWyTeM dJIEKTPOHHOTO BaxBaTa), B KOTOPOM OJWH W3
HAXONAMMAXCA HA OpOHTe HAEKTPOHOB B3aXBATHIBATCHA AIPOM
H coemuHAETCA ¢ mporonoM, oOpasys ueiirpoH. B atom cmy-
gae mpoaykroM smiserca ‘CAr,

Muorne na Gonee CIOKHBIX SAEMEHTOB, HMEOINX O00Ib-
miee YHCIO MPOTOHOB M HEHTPOHOB, pacmafanTcs HAa MPOTYK-
Thl, KOTOpble CAMH paHoaKTHBHbL. PAaMm pagnoakTHBHOTO
pacnajia xapaktepuayerca nosenenue 25U m 28U. Yacto B
9THX MpOIleccax pacmajia UCNYCKAOTCA (-4acTHIbl (AXpa re-
JWs1, COCTOAMME U3 JBYX HeliTPOHOB M JABYX NMpPOTOHOB).

[Tponecen pacnaja pajuoAKTHBHEIX W30TONOB MOKHO TOJ-
pasgelHTh Ha FPYNOE 00 THOam pacnaga (pme. 2.4). fAmpa,
HCOyCKawomupe 1exTpon (f-vactumy), me mpocto BHIOpacHBa-
10T HaXOmuBIHiicA Ba op0HTe MJIEKTPOH; OH MOABIAETCA B
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Afpe mpu pacnajie HelfTpOHA HA NPOTOH M aleKTpon. B aTom
mpomecce, HA3bIBAEMOM B-pacnajioM, aTOMHBI HOMep yBeJm-
YMBaeTCA HA eHHHIYY W OJMH 2JeMEHT NpeBpailaeTca B Jpy-
roit. IIpn a-pacmajge aToMHBIE HOMEp YMEHBIIAGTCH Ha MBe
eMHHUNGLI (TepAKTCA JBa NMPOTOHA), a Macca — HA YeTHIpe
(nBa mpoToHA mIIOC Ba HEHTPOHA) HA KAa;KAYI0 BRIOpachBae-
MyI0 @-9acTHIy. JJIeKTpoHHBIH 3axsar (mam K-saxsar) sB-
JageTcsA mpoiieccoM, o0paTHBIM HCOYCKAHWIO [-9aCTHIBL, MO-
CKOJBLRY IPH 9TOM HPOTOH AJpa 3aXBATHBAET BHYTPEHHMUIl
amerTpor ¢ H-opOute m cramosmrces meiitponom. Ilpm K-za-
XBaTe ATOMHLIH HOMEp yMeHBIIaeTcs Ha eJUHUIy, a Macca
ocTaeTcsa HeH3MeHHOI.

CropocTh, ¢ KOTOpOil pacmamaeTca pajiHOAKTHBHBI H30TOI
raxoro-mu0o ajemMeHTa, CTPOTO HOCTOAHHA A HEro, OHA HE
3aBHCHT HU OT KaKNX u3MeHEHWN oxpy:aomei cpexs. Cko-
pocTu pacnaja ofBIYHO BHIPAKAIOT B IEPHOAX MOXYpacmaja;
nmepmojl NoJypacnajga maoTona — dTO BpeMs, Tpebyemoe A
pacmajia MOJOBHHBI €r0 MMeWINerocs Koamdectsa. Torja Kak
TOYHBI MOMEHT pacmajia KajKIoro OTAeNBHOr0 aToMa Mpej-
CKa3aTh HEBO3MOMKHO, MEPHOBI IMOXypaciaja OMpeAeIsnT CO
3HAYUTENBHON TOYHOCTHIO, HOCKONBKY 9TOT INPONECC MOTIA-
HSeTCA CTATHCTHYECKUM sakoHaM. [lake B 0YeHb MaJeHBLKHX
no pasmepy o0Opasnax BellecTBa OPHCYTCTBYyeT 0OJbIIOe dmC-
m0 artoMoB, Bampumep 1 r yrIepofla  COEEPKHT  OKOIO
5-10?% aTomos.

B ra6a. 2.1 npuBejieEs mepHoJiBl MOJTypacnaja u KOHCTAH-
TH pacmaja HeKOTOPHIX 2JIeMeHTOB, Hambolee 9acTo HMCIONb-
ByeMBIX JUIA ycTaHOBJeHHsa Bospacra, Cymmocts GompmmECT-
Ba CXeM yCTAHOBJIEHNS BO3pACTA COCTOMT B M3MepeHHH COJIep-
JRAHUA MATEPHHCKHX W (mim) [ouepHHX H30TONOB ¢ OYeHb
BHICOKOI1 TOUHOCTHI0. OTHOMmIEHNE H30TONOB, MOJACTABICHHOE B
coOTBeTCTBYOIIYI0 (POPMYITy, [aeT BOSMOMKHOCTH  ONEHHTH
BO3pacT BEmeCTBAa. JTOT BO3PACT OTBEYAeT BpPEMeHH, B Tede-
HHe KOTOPOTO MUHEPAJN HAXOJWICA B KPUCTALINYECKOM CO-
croguun, Huske DPUBOAMTCA HECKONBKO MDPHMEDOB.

Vraeponase ('“C) wacel, paspaGorannsie YWILIapAOM
JInG6m, nmpuEOCAT GOMBOIYIO MOMB3Y B apXeoJOTHH W B JlaTH-
POBKe pAsIMYHBLIX COOBLITHI, MpUYeM X HPUHENEN WITIOCTPH-
pyeT NpUEIANE METOA0B JAATHPOBKH B TEJOM. 3eMJA ¢ 1O-
CTOAHHON CKOPOCTBIO MojBepraercs GomMOGapImpoOBKe BEICOKO-
DHEPreTHYECKAMH YaCTHIAMH KOCMAYECKHX Jydeil. Irtm
BBICOKOCKODOCTHEIE YACTHUIIB, B OCHOBHOM DDOTOHEI, B3aMMO-
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Tabauya 2.1

[Mepnoas moXypacmajaa u Jpyrue JAAHbIE 0 HEKOTOPBIX BIEMEeHTAX,

HCNOALAYEeMBIX MPH OmpejelieHwil Bo3pacTa

Mepnon KoucranTa
Hg;gh;tl:;.lrﬁ K,::l‘;m’fll‘l:“ Baxg pacmana nnnm;«j:’:mna. p?m% ana'
11C N i-Pacnan 5,7-10° 1,216-10™9
b 11 40AT DAeKTPOHEKI 1,3-10* | 0,585-10710
3axBaT
40Ca f-Pacman 4,720-10710
87Rb 8751 » 4,7-1010 1,474.10~11
282Th 208Ph 7 6 | a-Pacman (pan | 1,39-101" | 4,99-1071
a-JACTHIL pacmaja)
235() 20°Ph | 7 To we 7,:43+108 9,72.10710
a-4ACTIL
238[J 206Ph p 8 » 4,51-10° | 1,537.10710
a-9aCTHI

! B gexkoTopulX cly4adx BMECTO NepHONOBR MOMYPACHANA MCOONB3YIOTCA KOHC-
TaATH pacoana. HoueranTa pacnaga J cBA3apa ¢ DepHOAOM OOJypachaga cje-
aywouam obpasom:

In2 0,693
[epuon monypacnama = R iR

jleiicTByoT ¢ Modexyaamn atmocdepst ¢ ofipazoBannemM HeiT-
POHOB, SHEPTHA KOTOPHIX JOCTATOYHA JUIA TOTO, 4YTOOBI HX
norrotmwim Axpa "N, HKampeii atom “N, noaseprmmiicsa
TAKOMY BO3feiicTBHI0, mpeBpamaetcs B '*C — pajmoakTHBHBIII
A30TON ¢ TepmojioM moiypacmazga o730 mer.

Waoron "C oOpasyercsi m pacxomyercsi ¢ NOCTOSHIBIMH
ckopoctamn., C momomipio cnenmanbHLIX cueTunkon I'eiirepa
Il TOYHBIX XHUMHWYECKAX anaan30B MOKHO U3MEpATH KOJMUecT-
Bo "C mo oTHOmenw Ko BeeM WaoTomaM yraepoma. OGummii
samac yriaepofa ma 3emie — JIByOKHUCH YIJICPORa B BO3JyXe
i B OKeaHax, KapfoHaTHble MOHEPANbl B TOPHBIX TOPOJax u
JKEBBIE OPTANN3MBl — COZICPIKNT paBHOBecioe Koamuectro 'C,
pasroe 1,2 - 102 r ma 1 r scero yraepopa.

HKorna opranmam noruGaer, cofgep:aummiics B neM yriepoj
BpeMeNNo BLIBOANTCA U3 MHPOBOTO KPYTrOBOPOTa  Yriepojia,
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Comepsxanne '“C B HeM maummaer yOLIBATH, IOCKOABLKY B CH-
cTeMy He NOCTyIaeT HOBBIL yraepop. [las uccaexyemoro o6-
pasia fnammsie o cofiepskannm '“C m Bcero yriaepoma MoOKHO
00beMHATE C AAHHBIME O TIepHOfe MOAypacmafa yriaepoja
(omma komcTaHTA) M 0 paBHOBecHOM Kommuectee '‘C (mpyras
KOHCTAHTA) M MOJYINTH BPEMs, MPOLIE/IIee ¢ TOr0 MOMEHTA,
Korjla oOpaser Obl BBIBeJEH M3 IuKIa yriaepoga. Ha mpax-
THKe TOYHOCTH W OXBAT MaMepeHuil orpanndenst. [lia cumere-
met C rpamnma npoxoanT Ha YpPOBHE, OTBEYAIOIMIEM IpPHMep-
no 10 mepmomam noaypacmaja, wian 57 300 mer, — Bpemenn,
3a woropoe ocraercs scero oxono 0,001 ero pasmosecHoro
smavenns (man 0,16 paco./mun-r).

ITOT OTPE30K BPEMEeHH — BCero JUINL MTHOBEHHE B XPOHO-
gdornn 3emun, [ AaTHPOBKM APEBHHX TOPHBIX MMOPOJ HEOO-
XOAUMBL ApyTHe MeTojsl. IIpHHIMI MCHONL30BAHUA pagHOAK-
THBHBIX H30TOMOB WM HX IPOJYKTOB OCTAETCH MOJE3HBIM, HO
B IAHHOM ciiydae TPeGyioTcs M30TONMEL ¢ GONBIINME IIepHoJa-
MH TIOJypacnaja.

Paccmorpum ypamonocuyo nopoxy. omyerum, drto Bee
MaTepMHECKNEe M30TONBl BOILIA B €€ COCTAB BO BPEMA KpH-
CTANAM3AIN W HU MaTepHHCKHEe, HH J0YEpPHHe H30TONBI C
Tex I0p U J[0 HACTOALIEro BpeMeHH He ObLIM yTepAwsl (Ha
NpaKTHKE JanHoe JONMYINeHHe COPaBe/UIMBO JIANEKO He Beer-
ma, m Ml emnie croakHemcs ¢ atum). Ilopoxer, B cocras Koto-
PHIX BXOJAT ypaH W TOpuil, cojepmar oba m3oToma ypama
(28U, 2%5U) u 2%2Th mapsagy ¢ 4YeTHIPEMA M30TONAMH CBHHIA
(204Pb, 206Pb, 207Ph, i 208Ph),

“Nzoron 24Pb me oofpasyercsi KAKUM-IM00 WBBECTHHIM
PaHOAKTABHEIM HCTOYHIKOM I, TIO-BHINMOMY, ABISETCA mep-
BHYHBIM m3oTomoM. Tpm fApyrmx msoToma NpeCcTaBIAIOT CO-
Goif ITPOAYRTHL paclajga yPaHOBBIX W TOPHEBHIX M30TOIOB.

B ra6n. 2.2 opuBefeHsl pofoHAYAILHUKA Pa3iHYHEIX W30-
TOII0B CBUHIA U UX TEPHOAB moxypacmaja. B umeaxbmHoM
cilyuae OTHONIEHHS CBUHI@A K ypany (WIm TOPHIO) OJSHBL
HPUBOMATH K OAHOMY M TOMY 7Ke 3HAUYeHHI0 BO3pacra, 4To
ofecIeunBaeT HE3ABHCHMOE IOATBEPIKIEHNE TPABHILIOCTH
pesyabTaToOB OmpejiesieHns. UeMm crapire mopojia, TeM MeHbIIe
B Heit ypama m Goabme csunina. Ornomenue 2°7Ph/*%Ph mo-
FKeT CIY/RATH B KauecTBe 4acoB, MocKoasKky %1 nmeer ropas-
710 MeHBIIWii TIepuoj moxypacnaja, vem 25U,

druM cmocoGom GBLT ompefieien BO3PACT MHOTHX TOPOT,
H B LEJOM pesyibTaTsl BIOMHe cordacyioresa Mmexay coboit,
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Taauya 2.2

HeTounwEn HBOTONMOB CBHANA, HANIEHHLIX B MUHEPATAX, COMeP:KANmX
ypau u Topmiit

pexmecTsenumK [Tepuon llfg}.rtxgpacuana. P([ggn-rgg ﬂ:::::gn
Heussecren 204Pb (2,0%)
2381 (cpepHee cojep:kaHue) 4,5.100 208Ph (18,8%)
23 (EmMsKoe OTHOCHTE/JIbHOE 7,13-108 207Ph (20,6%)
co/leprRaHue)
23Th (mamBHCIIee OTHOCH- 1,39- 1010 208ph (58,6 %)
TeJIbHOE CoJleprRanue)

! IlponentHoe cojep:kanue HAOTONOB CBUHIA MPHBEAGHO A MeTeo-
para Canyon Diablo.

KmouoM K yenmexy MeToja SBAAETCA AHAIHS YPAHOHOCHBIX
MHUHEpPAJOB, KOTOpBIe B IEPHOJ KPHCTALIA3AIMH  COJIepsKRaT
MaJI0 CBHHIIA WJIN BOOOIE €ro me CO/epsKart.

IlockoaBKY B KadecTBE 4YaCOB MOMKET CJAY/KHTH OTHOIIE-
mue 207Ph/2%Ph, mia BBUMCAEHHA CpeJHEro 3HAYEHHS JTOrO
OTHOIIEHNA H OIEHKH Cpejiero Bo3pacra 3eMianm ObLIH H3y-
yeHsl 00pasibl 3eMHON KOpHI, TIYOHHHBIX OKeAHHIECKHX
0CaJIkoB M JIPYTHX paitoHos. B aTnx uccrejopanmAx OblIa mo-
aysena semmamna 4500 wmum. smer. Ilo cymectBy, cxomEBII
IOJIXO0/l, B KOTOPOM WCIIOJB3YIOTCA KAMEHHEIE W JKeNe3HbIe
MeTeopATHl, TaK/Ke JaeT A Bo3pacTa 3eMin 3HAYEHHe
4500 muH. Jer.

It mudpsl OTHOCATCA KO BPEMeHH, IPOIIeJIeMy € MO-
MeHTa KPHCTAJIM3AINH JIpEBHEHmHAX o0HApY/KHBaeMbIX Ha
3eme mopoj mWaAnM ¢ MOMeHTa o0pasoBanma MeTeopuToB. Boa-
pacT TOpOJI, UOJABEPrUIMXCS KpHCTalIm3anmn B Oolee mosf-
nue cpokn (ot 4500 jo 500 mam. merT masaj), MOMKHO ompe-
NeJInTH ¢ Toil sKke ToyHocThio (okoxo 4% mum Gombmieii). Io-
ponel, ofpasopasmmecs 3a mepuoyx 500 mam. jer mHasaj fo
HAIDHX JHeil, Mo 0oJbLIeii YacTH OCAJOTHBIE; BTO CO3JAET
ocolbie TPYIHOCTH IIPH AaTHPOBKE yPaH-CBUHIOBBIM METOJIOM.
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OjHaKo B 9TOT KOHKPOTHBIH IPOMEIKYTOK BpeMenu, ue)i‘anunﬁ
B reoJiorpyeckoM npejcrapiennn, BpBMOHl]Oﬁ l\IaClHTaI Ilpﬂ-
HATO JIJaBaTh B TEpMOHAX 0cajkoo0pasoBaHusa § HocjeoBa-
TeJLHOCTH  Bajerauns  OHOIOrHYECKHX  OxkaMmenejocrei,
B raba. 2.3 npusejieHsl BO3PACTHI, METO[bI UX ONpeAdICHHA
I riaaBHble 0coDeHNnocTH NOMHOH Te0XpPOHOJIOTHYECKON TIKAJEL.

Taﬂqua 2.8
leoXpoHONOTHYECKAA [MKAA
BospacT, dpderTneAbe MeTonb |MaaBEwe ocobennocTa
9pa MM, JeT NATHPOBKH Bemn
Hame spems 0—1 4G
Kalinosoi 1—62 QcajiouHBe CJI0H,
HeMaanatbat, Obusme ncKonae-
HocTh  OKaMeme- f| Lo " ol
aocreit
Meaosoit 62—230
[laneosoii 230—570 | PammoMerpmuec-
KHe MeTOJIH
[poteposoii 570—2600 | U/Pb, K/Ar, Murponexomnae-
Rb/Sr MEIE, BIEpPBEE
cB00OHELI KHCJI0-
pon
Apxeii 2600—3600 [TpoToGnonTtil
Joapxeiickan | 3600—4500 XuMmieckan 2Bo-
O

JlocToBepHOCTH YPAH-CBHIIOBOTO METOJa MOeT OBITh
NpoBepeHa Kak [0 BHEIIINM, TAK W 110 BHYTPeHHHM HE3aBH-
cumpiM jgapmeiM. G 9toit measio MoryTt ObITH HCHOJAL30BAHBI
JipyrHe MHHepalbl, KOTOpEe COAEp/RAT MajJo ypama, HO J0-
crarounoe kommuectso ‘°K mam 8Rb. Hanpmmep, K mepien-
no pacnagaercs Kak jio ‘°Ca, tax m g0 ‘°Ar. ““Ar MO/KHO BBHI-
cB00OIUTL U3 MAcchl MOPOAbL W M3MEPHTH ero KOJIMYecTBO.
Pesyaprats namepennii kommzecrsa K m ““Ar » muHepaixe
CBHICTENLCTBYIOT O BpeMeHH €To HpﬂCTﬂ.Jl.ﬂIi:?.a[l,l-IH.

MeTo bl JATHPOBKH, 0 KOTOPBLIX TOJNBKO YTO HLIA Pedb,
NO3BOAMIN TOCTPOMTL BPEMEHNYIO WIKATY HCTOpU: 3eMiIH ¢

2—266
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moMmenTa ee octemmanna 4500 mim. ger mHaszajg m A0 HACTOSA-
mero sBpemenn. Temeph Hauia 3ajada COCTONT B TOM, YTOOBI
BHYTpH 5TOH BpeMeHnHOIl MKAJIB YCTAHOBUTH, KAKOBBL OBLIT
yCIOBHS Ha TPHMHTHBHONW 3eMmie, Kakoro poja arMocdepy
nMena 3emas, karas Obura TemmepaTtypa, Kakoe OBUIO JaBie-
Hue, Korga ofpasoBajuUCh OKeAHEl W Kak 00pasoBalach caMa
3emus,



Trasa 3 O0pasopanne MiIaneTHbIX
CHCTEM

A Onurep u ezo enyrnuxu. (€ awbesnozo paa-
pewenus HACA.)

2‘



Mo — aw0du, u nauw ydea — no-
8MAGATH TAUHCTBENHBLE HOGbLE
MUDPBL U 6TOP2ATLCA 6 HUX.

Jix. B. IDoy. Yenosex
H CBepXYe/IOBeK

OcHoBHbIe 3aMeyYaHnsd, KOTOpble OBUIN cHelanbl B NpeJsIy-
OuX rIapax, No3BoigioT HaMm Oolee TOYHO cOpMyIupoBaThL
BOIPOCKH TPONCXOMAECHNA FRISHE N BILIOTHYIO MOJOHTH K HX
H3YYEHNIO,

Bo-miepBrix, 970 BO3MOKHO Grarofgaps HMEOMAMCHA CBefie-
maAM o xumun Beemennoil, RoTopeie JaeT HAM aHAJIN3 CBETa,
naxyuaemoro 3sesmamu. Ha ocmose atux cBefenmii Oblrm cje-
Jansl BBHIBOIBI O TOM, UTO BCe XHMHYECKHe JIEMeHTHl W 0X
peaknnm wa Jofoil 3Besse u B M000il razakTHRe HOIMMHA-
J0TCA OMHUM H TeM ke (mamueckum zaxoHaM. B macrosmmee
BpeMs y Hac HeT NPUYHH MOJaraTh, 4To (YU3WUeCKHe SBIE-
Hilfl — BIEKTPOMAaraNTHOE H3TYUCHIle, pacnan pajinoakTHBHBIX
H30TONOB, TATOTEHHE W T.II. — HEOjMHAKOBE Bo Beeit Bee-
JMeHHOI,

Bo-Bropsix, Gombiioe smavenyne B MBYYCHHM MPOUCKOI/IL-
N0 JRUBHE UMeeT ToT (PaKT, 4TO CPOKH JKHU3HN 3BE3J, B TOM
uyncae n ComHna, mofmaiotes pacyeraMm. B merom maccupmbie
3BE3J(bl JKHBYT MEHBINE, a MeHEe MacCHBHBIE — JI0JLINE, 3Be3-
Abl crnerTpanasHoro knacca G, tarme, kax Commie, maxogarcs
Ha TaaBHON mochemosateabroctn okomo 10000 man. ger.

Jrtn aea 0600menns BuoOANe PA3yMAL H MOATBEp/KAAI0TCA
HaOTIOIennAMH, [0, 4T00bl ¢ yCHeXOM NPHMENATL WX [OpH
M3YYEHNW BOMPOCOB TMPOMCXOMJICHNA JKUNH, Me0OX0IMO He-
moAaLaoBaTh gurocoeruii TpUEIND: «oH ofuH Haba0gaeMblii
mporece He MOMRET O0BACHATHCH CAYUANHBIMH COOLITHAMMIY.
Ecin Obl MBI, BMECTO TOTO WT00LI OBITATHCH HaliTH rayOmnmbie
OPHYNIE [POTlecca, TPA3HANN BOAMOKHOCThE YHCTON caywaii-
HOCTH, TO MBl He Moran Onl OpMyJIHpOBATEL 3aKONLI 1 IEAAThH
obofmenna o xapakrepe nporecca WIN OPOBEPATH WX dKCIe-
PUMEHTANTLIO.

Cayuaiinoe coGpiTHe N CTATHCTHYECKH ChayyaiiHoe coOBI-
THEe — JIBa COBEPIIEHHO pasubiX NOHATHA. Eciu mCnorb30BaTh
DOHATHE CAYTAWHOTO COOBITHA ¢ HOBNIHE TEOPHH BEPOATHO-
CTH, TO ¢ €ro NOMOINLI0 MOM¥KHO H3y4aTh COGEITHA, KOTOphIe
HMEI0T HeCKOJLKO BO3MOKHBIX mexojos. Hampumep, npm cos-
peMenioM COCTOSHAW BHAHWI MBI HE MOMKEM IpPe/CKasaTh,
KOTfla pacnajercd Kam/plil OTACGIBHO B3ATHIN pajunoaKkTHBHBII
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arom. Ho jyuin Goabiioro umesia TakAX aTOMOB MBI ¢ GOMBINOIN
TOUHOCTLIO MOYKOM CKasaTh, Kakoso OyJer umeio atoMmos,
pacnaBmmxcd B TeYeHHE JAHIIOT0 OTpe3ka BpeMeHw,

Boeuto 0bl HenpaBHIBHO HCIIONBAOBATH CaydaiinocTs s
o0'LsCHeHNA COyYaiiHOM TIPHPO/IEI OT/CIBHOr0 cOOLITHA B He-
TopuueckoM miane. PacemMorpum TorT (paKT, 4TO aMAHOKHCIO-
TEl BeTpevawTes B iByX ¢opmax, obosmagaemsix L u D, ko-
TOpHIE ABIAKTCA 3ePKANLHBIME 0TOOpAKeHNAMH JAPYT Apyra
(nmontpoGuee e, B ra. 12). Bmecre ¢ Tem B Gearax Bcex may-
YeHHbIX OPTaHU3MOB Haiilens T0AbKO0 L-hopmMer aMumokmenor,
Hoaroe BpeMs cumTalNoch, 9TO MOJEKYJIBl, ABIAOILHECH 3ep-
KaJbHBIMH 0TOOpasKenuaAMI IPYr ApPYra, UMET HAeHTHYHbBIe
usuveckue csoiicrsa, Iloatomy Obuo 661 BechMa 3aMAaHYNBO
«00BACHUTEY (PAKT HCNOMB30BAHNA B HAMMX OHOJOTHYECKHX
mponeccax L-, a me D-ammmokucior Hekoil wuWcTOpMYeCKoil
cayuaitHocTeio B xofe spoxionun. Opmako Taroe ofbsicHeHUe
OOCTYJHPYET HANIY YHHKATBHOCTH, Y€ro Mbl, OBITH MOKeT,
He 3acrmyRuBaeM. K Tomy ke ecam Ob1 MBI npumEAIN (Prioco-
dmuio cayvaiinocTn cofwiThii, To MEl He cMoran Osl ofpamarth-
cA K DRCIEPUMEHTY. AXbTepHATHBHOe 00TLACHEHHE Mpennod-
THTEILHOT0 NCIONL30BAHNUSA L-aMHHOKHCIOT COCTONT B TOM,
9T0 9TO MPOHCXOJINT MO KAKHM-TO TOKA HE N3BECTHBIM HaM
BAKOHAM,

(Murocofcroe TONATHE CAYIANHOCT HAXOIHT CBOE MECTO

n B mpobieMe NPOHCXOK/IEHAA FKA3NM, KOTAa MB HMEeM Jelo
¢ MOMeNAMH H TEOPHAMO BO3HAKHOBEHHA MIAHETHHIX CH-
creM. Beumn mpeamosiensl TeOpHn JIBYX THIOB.
+ B ocmose Teopumit ofiHOr0 THOA JexaT Karactpodmueckne,
pelKme Wi MOYTH YHHKANLERe coOpitma. B mux mpegnoma-
raercs, 4ro an0o Kaxas-To sBesia npomuia Oamsko ot Coun-
Ia WA CTOAKAyJaack ¢ mnM, aunbo CoXHie cosepmenHo CIy-
9aiipo MpoInIo Yepes IVIOTHOE 005JAaK0 Me:i3Be3JHoro rasa n
nein, B mioGoM cayuae B pesydabTaTe NpPOHCHIEAIIHNX COOBI-
THii ofpasoBalicsi YHHRANbLOLII Habop mianer, W3 KOTOPHIX
Semyia — caman HeoOsrumas., B Mopessax, mocTpoeHHEIX Ha 0C-
HOBE TeopHii 9TOr0 THMA, 06pasoBanme NJIaHeT «0OBACHACTCAN
caygaiimpIM coOBITHEM, U M03TOMY Mbl He OyaeM B jladbHei-
meM nx ofcymaaTs.

B Mofiensx m Teopmax BTOPOTO THHA CYNTAOT, 4TO IJIaHe-
TE OpefcTaBasiorT coboii oOpumeii moGouHEL TPOJYKT 06pa-
30BaHNA B8Besl. JTa TOYKAa BpeHHsA, BIHEPRbie BLHICKA3ARHAA
B XVIII . Kantom n noanmee passutas Hoiinepom, Aasse-
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poM n HamepoHOM, HOATBEP/KIAETCA TENBIM pPAJOM CBIIe-
TEJBCTB.

Momonsie ape3gsl OOHAPY:KHBAWTCS BHYTPH TyMamHO-
creii — obiacTeil OTHOCHTENLHO KOHIEHTPUPOBAHHOTO MEH-
3BE3/INOTO Taza M OBUIH, PasMepsl KOTOPBIX COCTaBIAIOT He-
CKONBKO cBeToBLIX Jer, TymMannocTu BeTpevaloTess Mo Beeit
pameit CanakTuke, W moaaraioT, 4YTO 3Be3/ibl W CBA3AHHBIE ¢
HUMI INTaHETHLIC CHCTEMbI 00pasylTca BHYTPH ATHX rpoMaj-
HBIX 0GJaKOB MaTepmiL.

C moMOmpio CHeKTpPOCKonun OBLIO MOKA3aHo, YTO MEK-
3BEBIHOE BEIIEeCTBO COCTOMT U3 rasa — BONOPOJA, reads H
HeOHa — U IBIIEBBIX YACTHLl, MMEIOUX pasMepsl [MOpPAIKA
HECKOJBKHX MHKPOH W COCTOALHX M3 METAIOB # JPYrux
amementos. [lockoabry TteMmueparypa ouenn mnaka (10—
20 H), Bce BemiecTso, KpoMe yOOMAHYTHIX Ta30B, HAXORHTCH
B 3aMepsmieM COCTOAHHE Ha MBUIEBBIX vacTHmax. bBomee Ta-
JREJIBIC DIAEMENTEl I HEROTOpPOe ROJUYEeCTBO BOJOPO/AA BEIyT
CBOE IMPOUCXOKJEHHE OT 3BE3J MpeJmecTBYOINY HOKOJe-
[uil; HEKOTOpBIE N3 THX 3BE3] B30PBAJNCH KAK CBePXHOBEIE,
BEPHYB B Me/K3Be3HYI0 Cpelly ocTapmmiica Bojopox m odo-
raTaB ee O0OpasoBaHHBIMH B HX Hejpax 0ojdee THAMKEILIME
pIEMEHTaMII.

Cpeasas KOHNEHTPANHA rasa B MEK3Be3(HOM OPOCTpaHCT-
se — seero 0,1 aroma H/em®, torma kak wonmenTpamus rasa
B rymauuocTAX npubmmasutensbmo 1000 atomos H/em3, 1.e. B
10000 paz Gombme. (B 1 cm® Bosgyxa comepmuntes npumep-
go 2,7:10" momerym.) XoTa TyMamHOCTH COCTOAT HKAK OB
A3 BakyyMma, O1arojiapA rpOMajHBIM pasMepaM, HaMepAeMBIM
CBETOBBIMH TOJIAMH, OHH COJlep:KaT KOJHYECTBA BemectTs 6o-
jgee yeM JIOCTATOMHBIE A THICAY 3Be3J| U NIANeTHBIX CHCTEM
pasMepoM ¢ mamy.

Horpa rasoneuiesoe 001aK0 CTAHOBATCHA OCTATOYNO GOJb-
MUM B peaylbraTe MeIEHHOTO OCeNaHAsa 1 clhumanus (ax-
KpeIun) Me;K3Be3/IHoTo rasa W OB MO fAeilcTBHEM rpa-
BHTALNE, OHO CTAHOBHTCH HEYCTOHYUBBIM — B HEM Hapyma-
erca OaMM3KOe K DPABHOBECHIO COOTHOIICHHE MEMKIY JaBlIenu-
eM W TpaBATANUOHHBIME cnmaMmi, [paBuUTalUOHOBIE CHJIBI
npeofiagaior, u mModToMy ofaaro c:knmaerca. B xome pammmx
(haz cmaTtus Temnio, BicBOGOMAOINEECH NPH MpEBpAIeHHN
rpaBUTAmHOHHON 9HEPrHN B 9HEPrH0 M3IYYEeHHA, JETrKo
nokujgaer ob6aako, MOCKOJBKY OTHOCHTENbHAH MJIOTHOCTH Be-
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Tipomusbesdret duck (a7 Coanewnod cucmenl
no argece apeeeiicem ee § 2-3 pasa)

Puc. 3.1. Ofpasosanme 3peafl W NPOTONVIAHETHEIX CHCTeM myTeM dpar-
MEHTAUHA Ta30MLIICBOl TyMaHHOCTH,

mecTBa Mana. ITo Mepe BO3pacTamms IJIOTHOCTH BEI[eCTBA
HAUMHAIOTCA HOBBEIE BAKHBIE M3MEeHEHHH,

BeaepcTBne rpaBUTAl@mOBHBIX W ApyruX  (ayRTyanmi
kpynuoe obiaxo apobuTes Ha obmaka MeHBIIEro pasMepa,
KOTOpBIE B CBOI0 ouepefb o6pasyior (parMentsi, B KOHEYHOM
cueTe 110 cBOeil Macce W pasMepaM B HECKOIBKO pa3 TPEBBI-
wralomue Hamy Commeumyio cumcremy (pue. 3.1). Takue 06-
Mara HasbIBalT mporoasesfiaMu, HoHeuHO, HEKOTOPBIE MPOTO-
spessl MaccupHee, ueM mama Commeumas cucTeMa; OHH
o6pasyior Golee kpyuHbie u 0o0Nee TopAume 3Be3[sl, TOTMA
Kak MeHee MaCCHBHBIE IPOTO3Be3fs 00pasyloT MeHbIINE M
GoTee XOTOMHBIE 3BE3[Bl, KOTOPLIE DBOMIONMOHIPYIOT Me/IeH-
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Hee, wem nepBwie. Pasmeprr mporossean orpamndenm BEpX-
HUM HPEeroM, BLilIe KOTOPOro Hpomsoimia Obl JaibHeimasn
(parMenTaims, 1 HIKANM TpeexoM, ONpPeIeNAaeMBIM Tl
MHHHMAJIBION Maccoil, kKotopas Tpebyercsa s HoepRanusg
ANEPHBIX PearIii,

Cmavama moremmmannnmas  rpaBmTanmoEEam 9HePTHA,
fIpeBpamaomasncs B Teiio (dHepruio W3TydTeHns), B Xoje
TPABUTATIMOTHOrO C/RATHS HPOCTO u3nydaercsa napysmy. Ho mo
Mepe TOTo, KAK IIOTHOCTH BEIleCTBa BO3PACTAET, MOTIOMALT-
A Bce Goxbiee KOMMYeCTBO HUEPIHN HATYIHUS o B pesyiin-
Tare Boapacrtaer Temuneparypa. Jleryuue coegmmenms, nepBo-
HAYATBHO HaMEpaling 1a TacTHNax b, HAYAHAOT MCIIa-
parees. Tenepn k Hy, He w Ne npumemmusatores: rarme rasm,
Kak ammmak (NHs), meran (CHs), mapsr somm (H:0)
muaunetsii Bofopox (HCN). Otu rasm NOrJIOIA0T mocse-
AYIOITIe MOPINIT JHepPruy W3iryIenisd, TUCCOENPYIOT W T0jl-
BEPraloTca MWOHUIATII,

I'pasntanuonnoe cikatHe mpoOTEKAaeT N0 Tex mop, IOKa
BBIICIAIONIAACA DHEPTHA HBIYYEHUA PACCEMBACTCS TPH IMCIA-
PEeHHM 1l MOHU3AIWI MOIEeRy. Ha yacTunax usuim, Korja wmo-
AIERYJIEl TIOMHOCTBIO MOHH3HPYIOTCS, TeMmepatypa GhicTpo
BO3pacTaer jio TeX Iop, MOKa cikaTHe NOYTH NpeKpaImaeTcs,
TaK RKak JlaBJeHHe raza HAUNHACT YPABHOBCIIMBATEL CHIB TH-
roreana. Taxum ofpasom sakanunpaercs ¢asa Gurerpozo
PPABUTATIHOHHOTO ciRaTna (Kommanca),

B aror moment cBoero paasutms NPOTO3BE3/Ia, OTBETAT0-
@ag nameii cucreme, mpeicTaBIgeT coboOil THCK ¢ VTOJMMeHI-
M B IenTpe OpHMepHo Toro ke pajamyca, uto n Comxmewnas
CHCTEMa, 10 [0 Macce 10’ Kpaiilieit Mepe B Tpu pasa mpesoc-
XOIAIMIL ee Temepemnee sHavenime. Ero TEMIIEPDATYPEI TTPH-
mepro 1000020000 K » mnentpe u PHOJIN3ATENBHO
1000 K na yporme opfnTsi [Onurepa.

Taroii nporossezgusrii ANCK NPOTOTHALT dBONIONTOHEDO-
BATh: B HEM UPOMCXO/UT ITePecTPoiika W OH MEIIeHHO CIKH-
Maercs. CaMa NpoTosBesjia TOCTENEHHO CTATOBHTCH Bee Go-
Jee KOMITakTHOI, Golee MaccmBHOlN n Goxee ropaveil, Tak Kak
TENeplh TETLI0 MOXNeT H3AyYaThesl TONLKO ¢ ee MOBepXHOCTIH.
[lepenaua remna mwa rayGums OpOTO3BE3NIBI K €e TOBePXHOCTH
OCYHIECTBIALTCSH ¢ MOMOUILI0 ROHBEKIMOBHLIX ToK0B. O6IacTh
OT MOBEPXHOCTH MPOTO3BE3/BI I0 PACCTOANNS, DKBUBAJEHTHO-
ro opbure ILryroma, sanonmena raszonsuIeBEIM TYMaHOM,

B xope atoro caosmoro pAja cEaTuii  (KOTOpBIL, Kak

/

e,
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moJiaraior, morpeGoBai, camoe Membmee, 100000 IeT, a CKO-
pee 10 MIH. JeT) MOMEHT KOJMYECTBA JBUIKEHHS CHCTEME!
Aommen coxpapnthes. Bea lanaxruka, wacreio kotopoii ss-
JAKNTCA TYMaHHOCTH U HblIeBble 06laka, Bpamaercs ¢ me-
puozom 1 oGopor B 100 mam. zer. ITo mepe cikaTnA NBLIEBBIX
00/IaKOB X MOMEHT KOJAMYECTBA JBIGKEHHS He MOMOT H3Me-
HATBCA: UM CHIbHEe OHN C/KUMATCA, TeM ObicTpee Bpaifa-
tores. Baarogapa coxpanenmio MoMenta wommuectsa apmKe-
=I5 opMa CARUMAIOIIEr0CsH OBUIEBOTO 00JaKa MBMEHAETCH OT
chepuueckoit k jueroolpasnoii. Ilomaraor, uto B KOEEUHOM
cueTe CyIeCTBYeT BO3MOKHOCTL 00pasoBAaHIA JIUCKOB JBYX
BHJIOB: ILIOCKHX, B ()OpMe JeNEMKH, KOTOpble AAI0T HAYAIG
cucTeMaM JIBOMHBIX 3Be3ll, U [PYyrux — B (hopMe AUTHMILbI-
FIa3yHBH, B KOTOPHIX O0pasyercs eJHMHCTBeHHAS 3Be3ja H ee
njaneTHas CHCTeMa,

l'azonbiressie YacTHIB B YIUIOMEHHBIX nepngepriiabx
obracTaAX Bpamalomeiics OpPOTO3BE3/Ibl  B3AUMMOJCHCTBYIOT
APYT C APYTOM BCIeJCTBHE TYPOYJICHTHOCTH M BA3KOTO Tpe-
HuA. B pesyabrate spauennme BHemmux obmacreii yecKropseT-
Cd, a Bpauenne IleHTpa samemaserca. [Iporoapesna memien-
HO pacTeT OyTeM AKKpPeNumn, 1o Mepe Toro Kak Bce DOJbLIINEe
KOJMYECTBA NbUIN W rasa B 3aMeIAIOmeiics BHyTpeHHEeil 30-
He NepexofiAT Ha BCE YMEHbIIAOIIECa opOuTH.

IIpn maGmonennn TymamnOCTell, B KOTOpBIX Cceifuac pos-
AAIOTCA 3BE3JIbI, OBLI BLIABIEH YNHRAIBHEIN THI 3Be3j, HA3bI-
Baembrii TnmoMm T Teanna. Moskno BHJETh, KaK U3 OTHX
B3/l ¢ CUJIOH BRIOpachiBaloTes OGmuUpHEe 06TaKa BemecTBa.
Hoaromy Mbl npeanomaraem, uto B cBoe Bpems B xose thazsr
MEJJICHIOT0 CHRATHA HMEI0 MCCTO B3PBIBOMNO0OHOEC HOTEYOIIHE
COJIHEYHOrO BeTpa, B XOe KOTOpPOro OONBINOE  KOJIHIECTBO
BEIeCTBA NPOTO3BE3/Ibl GBIIO ¢BBIAYTOY 0GPATHO B MEIK3BEH/I-
HOe HpOCTPANCTBO. ¥ MPOTO3BEs[bI OCTAdOCh OT 'f3 0 /4 ee
HCXO[{HON Macenl. dTo u GblI0 10 BemecTso, KOTOpOe coxpa-
HIVIOCH JUIA JladbHeHmel sposomnmmn,

ITo mepe cskaTus ocrasmerocs seuiecrsa IPOTO3BE3/IbI ero
TeMIlepaTypa CTaHOBHJIACL JIOCTATOYHO BRICOKOM I mauaja
pearium camAnusa aroMoB Bojopona. C npuroxom Goapmero
KonmvyecTsa aneprum Gaarofapsa a1oit peaxiun TeMoepary pa
CTAHOBHIACH JIOCTATOUHO BBICOKOH I TOro, utoGnl ypasio-
BECHTH CHVIBI JLANbHEIiero rpapnrannonnoro cicarns. Ilpo-
TO3BE3JIa BCTyIAJa HA [IABHYID [10CACI0BATENBHOCT b,

[lnanersr gopmuposamuce us ocTaBunxcs rasop i MBUIN
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Prc. 3.2. TMouesmy suemmme nnamets Goapme? OGBeM MPOCTPAHCTBA,
OXBATEIBACMOTO BryTpemueil nuameroii (3) npH ee JABHAEHHN, TOPA3A0
MeHBIIe 0(beMa, OXBATHIBAEMOro BHEMIHEil naanetoit (I0). Mo oaroil
OpuumHe BREIIHHE NAAHETH AOMKHK  COTepiKaTh ropaafio Goasmie
BEIIECTBA, €CNH Npellod0IKATL, YT0 ra3  MLAEBHEE TACTHILI (1A
PABHOMEDHO pACIpE/lelienhl N0 BCeMY HPOTO3BE3THOMY JUCKY.

pa mepudepun MPOTO3BE3JHOTO JHMCKA. Xora ofprumo cum-
TaloT NJAHETH MaccuBHBIME ofmextaMm, ofmas macca BeexX
naager cocrasaser scero yumb 0,135% maces Conxmeunoit
cuerembl. Hamm miamersl #, Kak Opeinosiaraior, IUIAHETH,
ofpasyiommecs B 1060M OPOTOIBEITHOM JIHCKE, pacmonara-
joTCA B JIBYX TaBreix somax. BmyTtpemnss 30ma, KOTOpas B
Conmeunoii cmcreme mpoctupaetca or Meprypus fao mosca
acTepomson, mpejicTapaser cofoil 30my MeARNX OAAneT 3eM-
Horo Tama. 3yeck B (hase MEJUTCHHOro CiKATHA MPOTO3BESTIBI
TeMIepaTypl HACTOABKO BHICOKH, 4TO HCHAPAIOTCA MeTaJIbl,
Brenriss XoJX0nas 80HA COfIP/KAT TaKme rasel, KaK H,, He
p Ne, # 9acTHIB!, TOKPHITHIE 3aMEP3IINMN JeTydmMH BeIe-
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Prc. 3.3. Mereopnt Murchison, 28 centabps 1969 r. owomo r. Mepun-
con (Ascrpamma) ymam meteoput. Kampasti roj ¢ Semieil cralxmpaer-
s oxonto 10 000 meTeopuTOB, XOTA HAXOMAT WX IOPasio MeHbie, 3a mc-
RIIOYEHHEM JIYHHEIX HOPOJ, MIOCTABIEHALIX ¢AMojioHaMm» !, meteopu-
THI — OJIMHCTBEHHLIH HCTOYHHE JIOCTYIHOTO /I8 M3YICHHA BHE3eMEOTO
BemecTsa. MeTeopuTnl ABnAWTCA (bparMenTaMm ArperaTom JouJiaHeT-
HOIO BEMecTBa: HOfofHble arperaThl BAPLEPYIOT MO pasMepaM oT Ihi-
JHHOK JI0 TAKAX MACCHBHEIX 00heKTOB, Kak acTepomjel Uxap m Ilepe-
pa. (C mwbesnoro paspemenus HACA.)

! JIyHHBIe opoasl ObIIN JOCTABIEHK TaKiie COBETCKAMH AMC «JlyHa-16»,
«Iyra-20» n «JIyRa-24», — IIpum. nepea.

creamun tnma HoO, NH; u CHy Dta BHemmsasg soma ¢ mia-
neramu tuna IOmurepa copepint ropasjgo Gonnme Beniectsa,
4eM BHYTDeHHSsA, MOCKOIBKY oHa HMeeT GOJNLITHE pasMeps
(puc. 3.2) m nockonpry GOTBIIAs YaCTh JTeTYYNX BENIECT,
HepBOHAYANLHO HAXONUBIIUXCH BO BHYTPEHHE 30mHe, BRITA-
KUBAGTCA Hapy/Ky B pe3yJbTaTe JACATCILIOCTH MPOTO3BEIJIHL.
Ms-3a cymecrsenno Oolee HH3KEX TeMIEpaTyp BHEIIHEX 00-
JacTel CHCTEeMBI OTHOCHTEJILHOE Collep:HaHue 3JEeMeHTOB B
BeIecTBe 30HEI ¢ nJdaneramMu Ttina [Ommrepa exopno ¢ ux
coflepsRanneM, HalileHHBIM JUisi TYMAHHOCTeH W 3Be3j.

Topsigas soma Mampix miamer OBICTPO OCTHIBAET, €@ Be-
HECTBO HPEJICTABIEHO TMBIIEBBIMI YACTHIAMI T arperataMiu B
OCHOBHOM HEJeTYUNX, XPYOKUX U MIOTHBIX MATCPHAIOB 36M-
HOIO THOA, 1O OOJLITeH YacTH JNIIEHHBIX JeTYUUX BEHeCTR
H Tas0B.




44 [JIABA 3

Jdro Hambosee BePOATHAs HPAUHHA, O0BACHAIOMAS HAJIM-
une B mameii Commeunoif cmcreme (M, BO3MOKHO, B JPyrux
MJIAHETHBIX CHCTECMAX ¢ OJHOI 3Beafoil) MIAHET ABYX THUIOB:
BHYTPeHHHUX HEGOJII:IHHX IVIOTHBIX ILJIaHET 3eMHOIN0 THIIA H
Hapy/RHEBIX, XOJOJHbIX KPYIHBIX H MeHe¢ NJIOTHEIX MIAHET,

Hak TorpKO Macca mMpoTONIAHETH JOCTHTAda KPHTHYECKO-
ro 8HAYEHNHA, OJHH TPABUTANNOHHLIC CHILI Vie HEe MOIIH
fompme obecneynBaTh AKKPENHI0 MBUIEBHIX YACTHI[ TYMaH-
noctm. Arperatsl nefonnmoro pasmepa (puc. 3.3), Beposrnee
Bcero, 00pasoBbIBANACH 32 CUET CJAATNAHNA IBUIEBBIX YaCTHL

Pmc. 3.4. JJyna. Ee xapakTepmoif 0cOGCHHOCTBIO ABIAOTCA KpaTepst
BCEBOBMOMHBIX PASMEPOB, BOBHUKINNE IIPH yAapax MeTeopHTOB, H pac-
H0J0MKEHHbIe MeHly HAMHI OTHOCHTeZRHO ILIOCKHe o0JacTH — MOpi,
KOTOPLIC panbille CYUTAIM JABOBLIMH HOTORAMHA WIH MOTOKAMH ByJka-
HHYeCKOTo nemia. OJHaKo cKopee BCeTo MOpsA 00PasoBaHbl PACILLICH-
ULIMII OpH ylapax MeTeopuToB BemjecTmaMi. Hpartepol, poapacr koto-
purx 4600 man, ger, orpaskanT mponece ofpaszoBanMA IIAHETHL HyTeM
arkpeunn arperatos. (C mwoGesmoro paspemenns HACA.)
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HOKPHITHIX CMOJHCTHIM, KICHKAM OPraHMYecKHM BelecTBOM
W JbaoM, Toj meiicTBmeM (eppOMATTATHBEIX I 3JIEKTPOCTATH-
yeckux cul. Bee atu (DaKTOpH, BMeCTe B3ATHIC, AEIICTBOBAIN
107100HO TPOTOILIAHETHOMY KI€I0 H odecrevynBald HempepsiB-
Hoe obpasoBanue U poct arperatos. B To iKe Bpema gurykrya-
oup B WBAYYeHHN OHEPIAH I[POTO3BE3JI0il, TOTOBHBIIEHCH
BCTYIIUTH HA [NIABHYIO [OCTEI0BATE/NLHOCTD, BbI3bIBAIM ILIAB-
gemue Gausmeskaiux arperarToB. IpymHBIe arperaTsl INTaBH-
Jquch 3a CUeT BHYTPeHHEHl TeIuOThi, BBEIAEAABIICHCA IIPH
pacnajie KOPOTKORHBYIINX PagHOAKTUBHEIX HB30TONOB, TAKHX,
wanpumep, xax Al (Koporxomusymume ainementsi o6paso-
BHIBAJACH B #/IePHBIX peariiAX BO BpeMA panmero GypHOro
mepexofia OT IPOTO3BE3JBI K 3Be3Jle. JTH DJEeMEeHTHI, TAK e
KaK ¥ MHOTHE JIpyrie cOeulnenns IpoToapes/ibl, Ol BHOpO-
mensl, KOT[a 1pOTO3Be3ja BCTyHNaja Ha IVIABHYIO IOCTeT0Ba-
TeIbHOCTh. )

Jlanpueiimee muasienne, Iepemiaska u (QOpMHpOBaHEe
arperaToB IpUBEIH K 00pPa30BaHUI0 ILIAHETOHJOB, Macca KO-
TopeIX Oplia JOCTATOMHA /I TOTO, 4YTOOBI cofpaTh BOKPYT
cefs KpylHble arperaThl 3a CYeT TPaBUTAIMOHHOTO UPUTAKE-
musa. C proii cxeMoil cormacyercsa W Halmume KpaTepos, KOTO-
phle BUJIHBL Ha BCeX IUIaHETAX 3€MHOH TPYNIbl Ha CHYTHH-
kax Semum m Mapea (pme. 3.4).

TlnameTony; pasMepoM ¢ KpPYHOHBIT  acTepoHji  OCTHIBAJ
HeCKOMBKO MIILINONOB Jer. Iliamera pasMmepa 3eMiIH BCKOpe
[ocae 0OpasoBamus MIABNIACK, I JUIA OCTHIBAHMS I JATbHel-
nreft sBomONEI eif TpeGosagoch 3HauMTeNbHO OGoibmie Bpe-
MEHH.

BepoaATHo, OCTATKM rasa W MBUIEBBIX WACTHI, KOTOPBIE
yACPRUBAIACH CIIAMH TPABATAILNN ofpasylomuxes MIamer,
GLULL BEIMETEHBI CHIBHBIM COJHEYHBIM BETPOM, HCITYCKACMBIM
MpoOTO3BE3JIO Ha CTAJMH THIIA T Teasma. Hexoropele us
aTHX BHIOPOCOB 00DPA3OBBIBATH ROMETHL B nawmeit Coamednoit
cnereme,

B paccMoTpenHoii rumorese 00pasopamys MIAHETHRIX CH-
eTeM ILIAHETH CUNTAIOT HOPMATBHEIM HPOJYRTOM (OpMIpo-
BAHIA 3BE3[ W MX MOJPasfensaiorT Ha JBe IPYIILL nedobLIne
[IOTHBIe TUTAHETH THHA SeMIH H KPYNHBIE MeHnee IJIOTHLIe
mirapersl Tuna [Ommrepa.

Eerp u Karme-inb0 OKA3aTENLCTBA, TOJATBEPHRIAIONHE
janEyo rumotesy? B acTponoMuueckue ONTHUECKIe npubo-
pBl HeJIb3si PAsTIAjeTh IMTaneThl BONH3M 3BE3]L Nax moxasai
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Boiempo Spawianuuecs Besdel  Mednenno Bpausaruguecs sbesdst

Yuruperue cnexmpansrod Hebonvwioe yaiuperue crexmpasrod
Aunu D e L

Pue. 3.5. V Guictpo Bpamamiuxca 3Beds mHalmolaeTcA sHATHTENbHOE
yIOTHPeHne CHeRTPANLHLIX AMHMI, TOT[la KAk ¥ ME[JIeHHO Bpamaiommx-
CA 3Be3]l 9TO ymumpenme ropasjo Mensme, [(na GoXbIIHHCTBA 3Be3[
tana Coanmna xapakTepHo HeGOJABINOE YMHPEHHE CHEKTPATBHEIX JH-
HEil; clefoBaTeNpHO, OONBIIAHCTBO 3BE3J BPAMAETCA MEIJIeHHO K
AMeeT [IAHeTHBIe CHCTEMEL

Ban ne Hamn, MoHO m3yuaTh GJU3KNe 3Be3]bl, TAKHE, KAk
ssesfia Bapmappa, BeiaBias woneGaHus B cOOGCTBeHHBIX JIBH-
FHEHUAX, KOTOPbIE MORIO OOBACHUTL TONHKO IPABUTAIHOHHBI-
MU B3ANMOJICMCTBUAMU 3Be3[bl 110 Kpailmeil Mepe ¢ OHOMI
naaneroin pasmepos IOnmrepa. Ogmako 510 0veHb KpOMOTIH-
Bl MeTOJl, I OH HENDHMEHHM K 0ojlee yIaJeHHBIM 3Be3[aM.

Y0enurenbHbie Pe3yibTaThl aer cruexrpockonud, Eeam
crpaBejInBa 00IIas Teopnsa 00Pa3oBAHNA INTAHETHBIX CHCTOM,
TO MOMEHT KONHMYeCTBA [BUKEHNA B3Be3flbl JOIKEH OHITEH
MajbiM, a MOMEHT KOJHYecTBa JBIGKeHNns ee IUIaHeT —
Gonpumuy. CiejioBaTenbHO, €CIH CPABHATH CKOPOCTH Bpalie-
HOsA 3BE3]] BOKPYT CBOHUX OcCeil €O CROPOCTBIO BPAINEHHOA Ha-
mrero Commiia, T0 MOJKIO BBIABUTL Te 3BE3JIbI, Y KOTOPHIX ecTh
INIaHeTHBIE CHCTEMBI.

CropocTh Bpamenus 3Besjibl BOKPYT cBOEil 0cl M3Mepsior,
npumensas afpderr Jomnepa (pue. 3.5). Pacemorpum Obierpo
Bpawatmyoca sseaiy, Cuextp csera, uaiyuaeMoro yaaaaio-

i
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muMIes 0T HabmiofjaTesns yyacTHaMu IHOBEPXHOCTH, Gymer
CMEIaTBCA B KPaCHYI0 00JacTh, a CHEKTP CBETA, M3TydaeMo-
ro npubMAKAMEMECA yYacTRAMH, — B (uoTerosyo. Ecam
M3MEePHTE MupHuy 000l JUNNE 3Be3JHOT0 CHEKTpa, TO OHA
fomKHa OBITh GoJlee IMMPOKOH /1A TeX 3B, MOMEHT KOJH-
UeCTBA JBH/REHHS KOTODPHIX BeIHWK, I MeHee MMHPOKOH s
TeX, ¥ KOTOPEIX OH MaJ, T.€. 3Be3l, UMCIONIAX MITAHETEHL,

Beuto ofmapymeno, 4o MmaccHBHEIe ropadme i GHICTPO
9BOMIONUOHUPYIONINe 3Be3/(kl BPAIIANTCHA OBICTPO., S3BE3JH
COeRTPalbHEIX KiaaccoB oT F2 no M, B ToMmM uumeme wame
Connne n Gomee 939% sBesq, HAXOJAMUXCA HA MIABHON mOCIE-
MOBATENBLHOCTH, Bpamaiorcsa Meprenno, Haxmm ofpasoM 6wun
HOTEPAN UX MOMEHT KoxmiuecTsa jsmskenua?! Ilo-suammomy,
OH mepemen k mraneram. B mameit Taxaxtnre comepimures
oromo 10'! ameam, u, cormacHO ATOMY KPHTEPHIO, HOYTH Kark-
Has U3 HUX JOKHA UMETD INTAHETHYIO CHCTeMY,



Tuasy 4 BosnnkroBenne u
ABOJIOIIAA 3€MHOI
arMoc(eprl

Hasepocenue eyarana Cypresti. [Mocae arozo
yaRanuieckoeo usgepmenun 8b6ausu Heaanduu obpascearca Hoewlli
0CTPO6 us eyaranuxeckux nopod uw nenaa. baasodapa nosaeaenuio
31020 ocTpoga 6uoAdeu noAYHUAU BOBMONHOCTL USYHATH 8ACEACHUE
Ho8uLX o0aacTell pasAuMHLIMU OP2AHUBMAMY,



Buavase mup 6ula nuuro:
He Gwao nu nebec, nu semau,
KU KocMocd.
On Gwia nuuro u noromy no-
MBLCAUA:
A 6ydy. H useepenya acap.

(Ernmerckmit Texcr)

IMpumntusnan 3emiasa npeacrasiasia coboit Gecnopsamoanstit
KoHraoMepat cepnueckoii popmbl, COCTOAMIT U3 arperaTos,
B 3HAYNTeNbHONl vacTu pacliiaBieHHBIX OGrarofaps BLICBO-
Gomnamolmeiics TOTeRNUANLHON OHePrHm TIPABATALNM, pac-
majy KOPOTKOKHBYIIMX pAaJIMOAKTHBHBEIX HB0TONOB W Mepe-
MEHHOMY MOTOKY manydenns ColHIa, BCTYHDAIOIMEro Ha rIaB-
HyI0 nociaefosarenbnocth. I'azooGpasuoii armocdeps me Gbi-
ago; mpuMepno 4000 mum, mer masajn 3emuas cocToguga o
Gombmeii wacTh w3 OKHMCIOB, cojleil, kapGoHaTOB, KapGHIOB M
TUAPH/IOB METAJJIO0B B 3aXBAYEHHLIX BO BHYTPeHHAE MOJOCTH
JAETYYHX BEINECTB, KOTOPHE MePBONAYANLHO CIYMKIID B Ka-
uecTBe ¢KiedA». Bea mpommas m coppememmas  arMocdepa
3eMilit, Tak e KaK W APYTHX IUIAHET 3eMHOTr0 Tuma, o6paso-
BHIBAZach u ofpasyercs ByJIKaHAMH, UBBePTAOMUMEA JTeTydHe
BellecTBa, KOTOPHIe 3aTeM BHJOMABMEHAIOTCA [O7 BIWAHHEM
OKpY/KaOMHuX YCI0BHil,

Xomrang Ha OCHOBe HA3AMNINOT0 TEOPETHYECKOr0 AHAIM3A
BHIABIJI T Tashl, KOTOpEIe ¢ HauOoILIIeil BEPOATHOCTHLI0 MOT-
10 BBEIIEIATBCA HA pasiMUHBIX CTAAHAX DBOJIONAM  Hameil
NJIaHeTsl, HO MHEHHA OTHOCHTENBHO MNOCJAeAyomeidi cymb0b
OTHX rasoB B SHAYNTENBIOH Mepe pacxofaATCH.

Cormacno nepsomauaiabuoit aprymentanuu  IOpm n Omna-
puna, mepBm4nas atMocdepa COCTOANA M3 MeTaHa, aMMHAKA
U BOJABL. OTOT BHIBOJ BHepBhie GbLT Cllelam HA OCHOBE H3y-
YeHHA JAHHBIX O PACTIPOCTPAHEHHOCTH BJIEMEHTOB B KOCMH-
YeCKOM MpOCTpaHCTBe, a Tawke Toro akra, 9T0 BOLOPON
ABIAGTCA OTHOCUTEJNLHO manGoiee pacnpocTpAHeHHBIM aJe-
mentoM. [IpnasaTo cunrarh, UTO INIANETH 3eMHOTO THHA 00-
pasyloTcs B OCHOBHOM I3 YCTOHYHBLIX HEJeTYYHX ArperaTos,
B KOTODBIX BOMIOPOJ| XOTA M NPHCYTCTBYET, HO BCTPEUAETCH He
B ouenb Oomnmux komuvecrsax. OGparnte BunManme, Hanpmu-
Mep, HACKOIBKO PeJIKH HA 3eMie Apyrie JeTyvyme BemlecTsa,
B n300IWINN BCTpeuaoIiHecs B KOCMOCe, TAKHe, KAK reJmii,
HEOH, Kpuirtomn, keenon u pagon. Buecre ¢ TeM Bofopos non-
sen Obla Obl IpHCYTCTBOBATH B KOMNYECTBAX, JAOCTATOMHLLY
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JUIA TIOMHOTO BOCCTAHOBJeHHA BceX (hopM yriepoga m asora
70 MeTaHa W AMMpaka B CJaydae JOCTHKeHHA pAaBHOBECH.
Opmako Jia HACTYIUIEHNA XUMHUECKOTO pABHOBecHA Tpeby-
eTcs BpeMs, a Ha mepBuumoil 3emae B atMocdepy HelpephiB-
HO MoCTylajdnm HOBRe ByJaraHmueckme rasel. M ecam mpm
temueparype nssepsenns 1200°C cmech ByIKaHHYeCKHX ra-
30B HAXOJUTCHA B PaBHOBECHI, TO IIPH TemmepaType arMmocde-
put 25°C oma fazeka oT Hero.

PyRroBojiICTBYSiCh 3TUMH CO00pAKEHIAMA, HEKOTOPHIE HC-
CJIEIOBATENH CKIOHHB ¢«HATHHATH) DKCIePHAMEHTHI 10 XHMH-
YecKoil aBoMoNmE ¢ arMoc(eps:, comeprRaliell mepedncieH-
HEIE BEITIE MOJHOCTHIO BOcCcTaHoBIenunie coennuenna. Ho xo-
TA MOPUpPOJa U MOJYMHAETCH ONpejleJellioMy HOPAXKY, OHa
B BHICIIEll CTETIEHH CIOKHA, N Ka/KeTcA COMHMTEILHBIM, YTO-
Obl B pearkumAx yriIepoga M asora (HCIIYCKaeMbIX BYJRAHAMI
B opMe OKHCH Yrieposa, JABYOKHCH Yriaepofa 1 rasoobpas-
HOTO 430Ta) ¢ BOAOPOJAOM 00pA30BBLIBAJNCH TONLKO METAH I
amMMmak m GeieTpo mactynmio pasuosecne. IOpnm  ByygBEEYD
cBowo rumotesy B 1953 r.; om pacemorpen m anpTepHATHBHYIO
TOYKY 3peHus, CONTACHO KOTOPOil Ha IYTH K pPaBHOBECHIO,
BEPOATHO, MOTIH OBl CYyNECTBOBATH HEKME «CJHOKHBIC CMOJIH-
CTHIE NPOMEKYTOUHBIE TPOAYKTHY. IIpakTHaecky, no-BHIRMO-
My, pasymmo npeiacTaBuTh cefe armocepy mnepBoGHITHOM
3emau B BHJe CMeCH CBE/RHX BYJIKAHHYECKHX rasoB, HEKOTO-
PHIX BBICOKOBOCCTAHOBJIGHHBIX COBJMHEHNI M CMOIMCTHIX IPO-
MERYTOUHBIX TPONYKTOB,

B monenn Xomramga MOCTYIUPYIOTCA TPM OCHOBHBIE CTa-
jqun. llepsas, mpemmecteoBasiman (HOPMUPOBAHMIO 3EMHOTO
Afpa, Ha3uBaeTCA CTajmeil TOpAYMX NEePBUTHBIX BYJIKAHOB,
Bropaa naswiBaeTcsl mociaesiepHoil crajueil BYJNKAWOB ra-
BAMCKOro THIA, W TIOCIeRHAA — Onojormyeckoit. Pacemorpum
KAMKIYI0 13 HUX OT/eILHO.

B xome crajgmm ropavYux NEPBHYHEIX BYJKAHOB, KOTOpas,
BeposATHO, mpojiomkanacs or 4500 mo 4000 mam. mer masan,
aapo 3emiun eme me copMHPOBATOCE W BHYTPEHHAS 9YacTh
ITaneTsl MOJIBeprajach OBICTPBIM W 3HAYMTEABHBIM  CTPYK-
TYpEBEIM nepectpoiikam. Byrkammueckoe rasoswienenne Obl-
N0 OCHOBHBIM BUJIOM AKTHBHOCTH MOREDXHOCTH 3eMJA B Tede-
mite 500 srn. xer atoro nepwopa. CerofiHa Mbl MOKeM ITPHro-
TOBATH CMECH MIRECTHHRIX 3EMILIX MUHEPAJIOB, PACITABATEL HX
npu 1200°C — tremneparype ByJKanHYecKoil MarMsl — m Ha
ocHoBe ofmieil XEMEUM TpeJCKa3aTh BEPOATHHIC COOTHOIIEHHS
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pasIuvyHBIX rasoB, KOTOphe GYAYyT BHIIENATHCA M3 JAHHOM
MarMBel, DTO IHpe/icKasaHie OCHOBAHO Ha KOJMYECTBE INPH-
cyTCTBYIOLIEro KHejaopoia. Bo Bpems J0AjepHOH  cragu;m
HCTOPMN Hameil IIAHeTH MeTAJINYecKoe jKelxeso, M3 KOTO-
poro ceifuac COCTOMT spo, OBLIO pacmpejeleHO MO BCEMY
ee oobemy. Ecam, caepyn Xosmanjy, cMemmaTh ;Kejieso ¢ Ta-
KOMI MHHEpAJaMH, KaK KpeMIueBble W MAarHHeBHIE NOPOJIEI
COBPEMEHHBIX BYJIKAHHYECKHX pACIIABOB, TO MOKHO OOHa-
PY/RATH, 4TO JIaBJIEHHE KHCIOPOAAa B Xofe J0AAepHOi crajpuu
oputo kpaiime mnasnm —10~'25 aa,

3Hasg KOAMUECTBO KMCJAOpOjia B MePBHYHBIX BYJIKaAHHYEC-
Knx BHIOpOCax M YUNTHIBAsS XMMHYECKOe paBHOBECHe, BHIUHC-
JAAI0T COOTHOMIEHNE PasinyHbIX, 00BIYHO BCTPEUAOIIUXCA BYI-
KAHMYeCKHX Tas0B M [PEJICKa3bBAIOT, KAKWe Tassl OPHCYTCT-
BOBAJIM B JIOCTATOYHOM KOJHYECTBE IIPH TeMIepaType MarMbl
1200°C.

Pacemorpum ciepryiomue ofpaTuMbie peakiiun:

1 k

H, 4 o3 0, —:k_:- H,0,
PR

CO + Tozz CO,.
ks

ITockonery nMeloTea JabopaTopHble MAHHBE 0 KOHCTAHTAX
cKopocTeil 9THX peakidil (A B BHIIENPUBEJAEHHBIX YypaBHe-
HHUAX), 3HAA KOJMYECTBO KHCJIOPONA, MOYKHO BBHIBECTH COOT-
HOIIGHUA [ JBYX JIPYTHX BEINECTB B K0 M3 NpHBe-
MEHHBIX peaklmii, Tak e KaK B ciIydyae J000# peakmmm c
ydacTieM RHCIOPOJA.

Horpa pasmenne kmenopopa pasmo 10-'25 arm, ormome-
HIE BOJIOPOJ : Boja cocrapisier npumepno 2:1, T.e. Bojopo-
7la BbljleJseTcss B 7iBa pasa OoJbuLie, YeM BOASHOTO mapa.
Ornomenue OKHCHL yraepoja : IBYyOKHCh YIIEPoJa paBHO IpH
atoM mpumepno 5: 1. Meran, kak BeificHAeTcHA, IpeCTABIA-
er coboil BTOpPOCTENEHHBI KOMIIOHEHT — OTHOIIEHHE Me-
Tad : Apyorucs yraepoga pasmo 0,0019:1., B Taba. 4.1 mam
Hanboiee BEPOATHEII COCTAB TA30B, BBIICAABIINXCA BYIKAHA-
MU IPIMUTHBHOH Semurm.

Armoceproe naBirenne rasoBoii cMecH pPacCYHTATH [0-
BOJIBHO TPYIHO; BEepPOATHO, ONO Je/Rallo B Jinamasone OT no-
JOBHHBL [0 JIBYX COBpeMennbIX snatennii armocgepHoro pas-
Tenud,

o

Lleds
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Tabauya 4.1
Cocras aTmocdepbl NpEMUTHBHON JeMan
OCHOBHRKE rassl BropocTenenubie rass Cnenossle rassl
Bopopon JByorncs yraepojga | Meran
Boasmoil map Cepa JlByoRuch cepu

Asot
Ornes  yraepoja
Ceporopiopos

CpenusAa TeMmepaTypa MOBEPXHOCTH [PHMHTHBHOIN 3eMuan
6b1a Gan3ka K coppeMennoMy sHauenmio 25°C, a ofmee gaB-
aenme OblIO JOBONLHO BbicOKHM. Boja, sujeassmagca B BH-
ne mapos, KOHjEHCHPOBajJach M BHIAJAANA B BUjIE OYEHb
CHILABIX M TOMTH HEIpepbIBHBIX gupHeil. OOpasossiBanmnch
mHersiy0OKIe BOXOEMBl U IPYJbL, B KOTOpPBIE C JIO:KIAMO [OIa-
Jajd BYJKaHUYeCKHii Iemnest, cO3laBaBliNil NOCTOAHHYI Kpac-
HYI0 JIBIMREY.

Armocepa upnMuTHBHON 3eman Owina AZOBUTONH, XOTA
1 MMeJia BCe HeoOXomuMoe U T0ro, yTodbl B KOHEUHOM CHETe
noABmAAch #u3HL, YeaoBex Mor Gnl HAXOANTHCA HA HPUMU-
THBHOH SeMle TOJLKO B TOM clyuae, ecau OBl OH JILIIAJ Ye-
pes akBajanr m ObLI O7IET B BAlUTHBIN KOCTIOM, Hpexoxpa-
ol ero ot jeiicrsua yantpadgmoneronnix Jgyueit Comm-
na. B dopmupyionmxea osepax m pojoeMax Boga Obliaa
MYTHOIl, IO NpPECcHoii, a He cONenoii; ona He ycue/ira 3acoiuTb-
¢A, TAK KAK elle He [POH30ILIO0 3aMeTHOr0 BhIBETPHBAHMUS
MUHEPAJIOB, a e¢ MOBEPXHOCTH OBLIa MOKPBITA CJOEM MEIKO-
ro memia.

[peacrapasn  cefe XUMHUCCKYI0) 00CTAHOBKY, PaccMOT-
pUM Temeph HCTOUHHEN JHEPrild, CymecTBOBABIIME HA NpPH-
suatuppoit 3emie. Commie ¢BeTINIO TOTja Tak Re, KaAK 1 ceif-
vae. o B To BpeMsa CONMETHEI CBOT MPOXOIIIT YEpes aTMoc-
depy cosepuenno nuoro cocrasa, B mamm aun atMocdepa
cojiepasuT KHCJIOPOJT, 3anac ROTOporo moCTOAHHO IOMOJHAETCH
dorocuureanpywnmmn pacrennami, Cefivac B BepXuux €Io-
gx  armocdepsl KNCIOPO; CIILHO HoTJionaer yinprpaduomre-
rosoe uanyuenne Connma n obpasyer 030HOBLIE cJ0il, KOTO-
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PhIil MOTJIONIAeT MOYTH BCe KOPOTKOBOJHOBOE (BEICOKODHEpTE-
THueckoe) yabrpadmoneroBoe uaayuenme. 4500 mmm, ger
Hasza; 9T0 ObUIO He Tak; Torfa Oonbmias wacTh CONHEYHOTO
BBICOKODHEPTeTHYCCKOTO YILTPAdIOIeTOBOro M3IyUeHNA J0-
cTurasga 3emmoit  nosepxmocTH, OrpoMHbBle  KOJUUECTBA
oroxuMuuecKoil aHeprum OBIM B TO BpeMs JOCTYNHBL A
B3aNMOJICHCTBHS €O BCEMH KOMIOHeHTaMm atMocepsl m ux
mpopykramn., Hoporkosommosoe yiabTpadmoneToBoe UamIywde-
une CoNHIIA JOCTHraNo MOBEPXHOCTH SeMJII ¢ CaMOTO Havaxa
n po npumepro 2000 surm. ger masajx, xorjga OHOTOTMYECKHM
nyTem o0pasoBalcs CBOOOMHENT KHCIOPOA, JT0 HIIyvYeHHe
GBLTO B BHICIIEI CTeNMeHH BasKHO JUIA BO3HUKHOBEHHS M 9BO-
IonuH sKa3Hn B xoje mepseix 2500 mum. Jjer.

JlpyruMm meTOYHMKAMM 3HePrHH, ropasgo Gojgee MOIIHEBI-
MH B [epBOOBITHYIO DIIOXY, 4YeM ceiiuac, Opian DICKTPHYECKHE
paspsajpl 1 Temsora. [laa nepBoOBITHON 3eMHOIT TOBEPXHOCTH
Oblla XapaxTepHa BbICOKAS BYJTKAHWYECKAA aKTHBHOCTH. Hiap
JZABOBHIX ITOTOKOB, HBINBABIIMXCH B NPYJsl 0 03€pa, coO3a-
Bal pasHooOpasime OBICTPO MEHSIOIMXCA YCIOBIIl W IIOCTaB-
JSI IOCTATOMHO DHEPTUE JUIsl TIPOBEIeHNs MHOIHX pPearImit
cunTeaa; o aToM moiijier peus B . H, Hacto Hpoxomman
cuabHble JuBHH, a Hebo Owbwio B oflakax BYJKAHHYECKOIO
merzra. [TouTH HOCTOSHHO UPOHCXOAUAN TPO3b, BO BPEMS KO-
TOPBIX BBICBOOOMIANNCH Gosblnne KOIMYEcTBA DHEPIHH B BH-
Je SIeKTPHYECKHX paspPAoB Kak Me:may ofjIaKaMm, Tak u
MeKIy OOJAKOM M MOBEPXHOCTBIO 3eMIIL,

Bee eme B n300miImm BCTpeYadHCh OCROJKM, OCTABIINECH
mocie ofpasosauna miaamer. B rpaBwranmomnoe nome 3emim
momafain O0LEKTHl pasMepaMil 0T UBUIAHOK JI0 MACCHBIBIX
ATPETATOB, UTO BBI3LIBAJIO MOCTOAHHYIO METEOpHTHYI0 GoMmOap-
JPOBRY. SHAYUTEJAbHAA YacTh TEILIOBOIl SHEPTHH BHICBODOK-
jajiach NpU HaJeHNN U yAapax MeTeOpHTOB, a TaKKe IIpH
B3anMozelicTBun arMocepHslx yAAPHEIX BOJH C HOBEPXHO-
eTei0 1 armocdepoit Semim.

Bemecrso npuMuTnsHOil 3eMiIn B KOCMHUECKHX MAciiTa-
fax OpLIO OueHb MOJOJBIM, KHOpOTROMUBYIIHE PaHOAKTIIB-
HBIe 2JCMEHTHI pacnajaiuch, GJarogapsa geMy HOBBIIIAIACH
TEMIIEPATYPA BHYTPEHHEN 49acTH 3eMIn 1 arkTHBH3HDPOBAIACE
ByJKanmueckas jesreavnocts. «Donosagy paananma Ha 1o-
BEpPXHOCTH OBUIA 3HAUNTEILIO BHIIe 0E30MACHOr0 JUIA JKHBRIX
OPraHu3MOB YpOBHS. JUEprus pajHoaRTHBIBIX PACHAjoB B
dopme B-uactuu, u-vyacTuiy u V-ay4eil Oblia JOBOJALHO 3HAYM-
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TenpHA, B Tadm. 4.2 mpuBefieHEl OTHOCUTEILHEEIC KOJIHYECTBA
HHEpPrUH, TeHepupyeMble pasHoo0pasHBIME MCTOYHHKAMH,

Tabauya 4.2
IIaBuble NCTOYHHKN BHEPrun HA NpUMUTHBHON 3emie
Bug uIM npodcXoieHHe dueprusa, OTHOCHTETbHAA

9Hepruy Kaq/cM*/ron SHEepruA
CosnEeuHoe KOPOTKOBOJ- 570 712
HOBOEC
Yaprpaduoneronoe n3my-
qenne
DieKTpRYecKne Pasps/ibl 4 5
PajinoaKTHBHOCTL 0,8 ¢
BysnkaHERYeCcKOe Temo 0,13 0,16
Vaapu MeTeopuToB 0,05 0,06

OueBHIHO, YTO NPH TAKOM OOWIAWH M pPaszHoodpasum BUJIOB
DHEePrUH Tra3bl, BHIETABINNECH BYJIRAHAME, JOMKHBL ObuId
BCTYIAThH B MHOTOWHCITEHNBEe clI0:KHble peakuun. Bompoc o
TOM, K YeMy OPHBOJST HPOUCXOIAIINE IPH 5TOM B3amMOJeii-
CTBHSI MEKIY BEIeCTBOM U DHeprmeii, Mbl 00CYJZHM B T O.

Ilocae TOro KAk B pe3yJbTaTe pPaAHOAKTUBHOTO pacnajia
I IPABUTAIMONIOTO C/KATHA BHYTPEHHAA TeMuepatypa 3eM-
au Boapocia, okoxo 4000 mumi. jger masaj NoJaypacniaBieH-
Had BHOYTPEHHss YaCTh INAHETH MOJBEPriIach Pe3Koil Iepe-
crpoiike. Merammmueckoe — Kene30 W NHKeNb,  panee
HAXO/JIBIINECS B BePXHEH MAITHH B CMECH € JIDYTHMH MUHEpa-
TaMu, Telepb 06pazoBam PACIIABICHHOE JKEIE30-HUKeJeBOe
Afpo, HOBEPX KOTOpPOTo Ierim Hopas MaHTua n kopa. [Ilo
Te0X POHOMOrMIECKIM JamHLIM, o0pasoBaHue AApa MIPOU3OILIO
CKRAUKOM KAaK CJeCTBHE HEeNPepHIBHOTO INIABIEHNA IIYOOKMX
puyrpennnx obnacreil. Ilocme dopmuposanua Agpa B paH-
HIOI DTIOXY BHYTPeIHee CTPOCHEmE Hanleil INIAHETH B Teve-
ane 4000 MimH. JTeT 0cTaBajioch, 1Mo cymecTBy, Oe3 maMeHeHWi
(pme. 4.1).

ITockonnky mpn ofipazoBanmn A7pa N3 BepXnedl  MaHTUHN
Oblmo yAaJdeno MHOTG METAANIYECKOro jKelesa, COCTaB BYJI-
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- Rope
— Manmun
Buewiree A0

-~ Brympennce
adpy

Pumc. 4.1. finpo, ManTnA W Kopa 3eMJm.

KaHMUecKHX MarM CHJILHO M3MEHWUICH, BO MHOTHX OTHOINEHH-
AX OH cTaJd CXOAHBIM C COCTABOM COBPEMEHHBIX BYJIKaHHUEC-
Kux marMm. Pacnias cocTOsd B OCHOBHOM M3 OKHCIOB MeTaj-
gos n wpemuna, Taknx, Kak. MgO, SiOz, FeO n FesOs.

Jna momoGmmix cOMasoB OBLTIO BRIYACAEHO JABJIeHNe K-
caoposa: omo coctasaano 10-"! arm. Xors ora menmumma
Bce emie O4eHL Malia, KONUYeCTBO KHCIOpOAa BO3POCI0 Ha
atoii cragnm mpumepno B 100000 pas mo cpaBHeHHIO ¢ TeM,
Kotopoe Gero0 o ofpasoBaHmA 3eMHOTO SJpa.

dTa cTajNa Ha3pBaeTcs cTajgnell BYJIKaHOB raBailcKOro
THmA; € Tex [op Kak Opomaomuio obpasoBaHme fJIpa, MHHEe-
paJbHBli COCTAB MAHTHH M KOPHl COXpaHAETCA BIMIOTH 0 ma-
mux jueil. Byagansl y:Ke B TO BpeMs BLIJIQJANN T Ke Ta3wl,
yro n ceitvac. IlogoGnele wepThl cX0ACTBA MO3BOIAIOT TIPO-
BCPUTH TEOPHIO, MOCKOJLKY MBI MOKEM BBIUHCIHTH Ipejmno-
JaraeMble COOTHOIIENUs BYJAKAHNYECKHX Tas0B I CPaBHHUTH
UX ¢ cOBpeMeHHBIME, KoTophie ompenenensl. [Ipm Tarom cpas-
HeHUH BHIABIAETCA XOPOIIEE COBAjicHHE.

Kax cBujerenbeTBYIOT IMONyUeHHBe COOTHOIIEHHS, B IIe-
pHOJ TaBaiiCcKoil BYJKANNICCKOl CTAAN COAEp/KaHNe BOJBI B
100 pas mpeBmmaer cojep:kanme BOJOPOA, COAEpPIRAHHe
AByokmen yraepoga B 40 pas mpeBnimiaer cojiepikanme OKH-
e yraeposa, npeobaanatomieii dopmoii cepnl  ABIAETCHA JIBY-
OKNCH Cephl, METAaH HOYTH MOJNOCTHI0 OTCYTCTBYET, A A30T
npopoiukaer BugenAaTses. B tabm 4.3 gam coctaB ByJaKa-
HUYECKOro rasa B MOMEHT ero BRIIeIeHuf.
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Tabauya 4.8

Armocepa npavuTHBHON Jeman,
00pasosannan BYJIKAHNYECKIMA razoBbiMm BhIGpocaMn

OcHOBHBIE rassl BropocTeneHHbE rasm Cnenossie rass
Boasmoii map (B okea- | Cepa Meran
HEI
Heyokues  yraepopa | Oxues yraepoaa Ceposopopon
(B oxeaHm)
Asor
JIByoKuch cepu Bojopon

B xopme mepspix 500 murm, mer cramum BYJIKAHOB rasaii-
CKOTO THIA AKTHUBHOCTE OblIa BCe eINe JIOBOABHO BBICOKOH,
YAapel MEeTeOpHTOB CTAHOBWINMCH (oNee peIKUMH, OKeas!
COXPaHAMN CBOM PA3MEPLl M BICOKYIO KOHIEHTPAIMIO COIM,
a dIEKTPHIECKNe paspafbl ObIN OveHbL wacThiMu. Bee ermre
npeobnajano GoabmuncTBo (opM smepram, mpueymux npe-
ABITyUIeit 9pe, BRIWYAA KOPOTKOBOJANOBOE yabTpaduoieroBoe
nanyvernne Comnna. Bamuwpim acmexrom oaToii cragmm 6suro
T0, UTO B pesyiLTaTe BO3JEHCTBUA pasAmuEbIX PopM bHep-
rHH HCXOJHBI rasoBelil coctas aTMocdepsl UBMEHMICA: BOJI-
Hble Maphl cKomjaeHCHpoBajguch B (opme jomeii, yrieruc-
Apiii rasz B GONBIIMX KOMHYECTBAX pPACTBOPAJCA B OpicTpO
BOZHIKAIOUINX OKeAHAX, a 430T HaKAIMBAJICA B atmocdepe.
B xome Guictporo (opmuposamus oxeanmos armocipepa, Be-
POATHO, COCTOfJIA IIABHBIM 00pasoM H3 raszoofpasmoro asora
U [BYOKHCH YTIepoja, cofepxanne kotopoii 6muro 0,039%
(r.e. Takoe e, KAk B HACTOsIIEe BpeMs), W JAMb caeqo-
BBIX KojmyecTB napyrux rasos. Ilpmeyrersylommit B meGoms-
LIHX KOJUYECTBAX BOJOPOX, HO-BHIAMOMY, OBICTPO COETHEAI-
CAl ¢ IBYOKHCBIO cephl, 00pasys cepoBojopof, mam Gbut yTpa-
YeH BCHECTBHE YTeUKH BOJOPOja M3 BEPXHHX  CJ0EB
atMocgepul.

Paccmarpnpaemasn Beinie ctaus SBOJONNH armocdepnl
mavanach 4000 mau. ner masajx m npojomkazack mpaMepno
1500—2000 mam. xer; oma sabepmmgach K TOMY MOMEHTY,
Korja Hagajdoch Omoxormueckoe o0pasoBamme KECAOPOAA,
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B xoje aToro AMMTENLHOTO BPEMENHOT0 ImpoMe:kyTra dusi-
YecKue YCIOBUs ORPY/RAIONEN Cpesl MOCTeNenHo H3MeHd-
JHCh: BYJTKAHMYECKAs AWTUBHOCTL majanza, odbeM W cole-
HOCTH OKEAHOB YBeJIUTHBAANCH,  4YacTOTa  METEOPHTHOI
GomOapmupoEkn yMenbinatacs. Ho na Semio mpojomKanro mo-
CTYIATh BHICOKOPHEPTETHYECKOe YibTpa(HOIeToBOE W3IyUe-
ane Commma. B taknx ycioBusx BOSHHKIA JKH3HDL, OJHAKO
HOABABINAsACSA KuBasg Marepusa Oblia He crocofHa kK o0Gpaso-
BaEMI0 Kucaopojia myrem gorocunresa. Taxum obpasom, ar-
Mmochepa TOTO NEPHOJIA, BO MHOTOM CXOIHAs ¢ COBpPEeMEHHOIi,
KapAuHAILHO OTIMYaJach OT mociejneii —B meil me ObLIO
¢BOOOIHOTO KUCIOPOJA.

HMenno &k sTOMy BpeMeHH OTHOCATCH JpeBHeiimme oca-
JOYHBIe TOPOIBI, 9TO CBH/ETEIBLCTBYET 0 (DOPMHPOBAHHE IIO-
CTOAHHBIX OKeanos. IlepBrie U3 M3BECTHBIX 0CAIOTHLIX TOPOJ
uMeror Bodpact okono 3800 mam. jmer. XuMmMmnueckne JaHHbIe
06 9THX MOPOJiaX MOATBEP:KJAKT HAINM INpejcTaBleHus of
yeaosuax toro spemenu. Ornomenns, npesaee 4000 mun, mer,
IpeCcTABIeHbl TOJILKO KPHCTANIHYECKIMH II0POfaMi;  9TO
CBUJIETEILCTBYET O TOM, YTO B CYIIECTBOBABIIUX B TO BpeM:d
MeIRKHX NpYAaxX ¥ 03epax BYIKAHHYCCKHI menex, 06IOMKH
mOpoji U PYyrHe OCajKH eImle He ycrean codpaTbes, mepeme-
HMIaThCA MW CKOHIEHTPHPOBATECH, JIA TOr0 4T0OH (hopmupo-
BaTh OCaj0uHBIe TOPOJIEL

Tperbs, u TOCTeHsAA, CTagmA dBoIONHE  arTMocdeps,
HaszbiBaeMas OMONOTHMYeCKoil, Xapaxkrepuayerca oOpasoBann-
eM cBobofHoro Kmegaopopa. Kucmopos ofiiajiaer BEICOKOI pe-
aARIMOBHOI CI0COOHOCTHIO; OH COEIUHAETCA € PasTNYHBEIMH
pIeMeHTaMu TOPOJ W CBODOJHO Pearupyer ¢ TaKkmMu ByIKa-
HOUECKAMI TasaMi, KaKk OKHCH YIJIepoja, JABYOKHCH Cephl H
Bofiopojl. B orcyrerBme skusnm B arMocgepe moran Ov1 coxpa-
HUTHCA JHNOIL CHEJOBEIE KOMMYECTBA RKICIOPOJIA, W, JeficTBi-
TeIBbHO, B THX YCIOBHAX KHCJIOPOJ MOCTENENHo 00pasyercs
u pacxoxyercs, Ero ofpasosaunme apmsercs pesyabratrom dgo-
TofMccormany Bomel. B atmocdepe ma GONBIMINX  BHICOTAX
BOJIAHOI Tap IOBEPraeTcs BO3JlelicTBII0 yabTPadhuoIeToBO-
ro usnyuenus Conmma:

Conmeunoe yaerpaduoneToBoe HaTydeHne

2H,0 — 0, + 2H,,

Ha atux Bmicotax raszoo0pasHbrii BOAOPOJ YIETYUHBAETCA ©
SeM/IH, a KHCIOPONT OCTAETCA B CBOOOJHOM COCTOSHHE ¥ CIIO-
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cofen BCTYNATH B PEAKINI ¢ MHHEpPAJaMi 1 rasaMi, uMelo-
UM MEHBHIYIO CTemeHb oKuciaenus, Takum nyreMm moeTo-
suHo obpasyercs okomo 2-10'2 r gmemopopa s roju, Ila nep-
BELI B3MJIAJ 9TO YHCIO KaKeTcd GOJNBHINM, OfIHAKO, ecJm
MBI  BCHOMHHUM, 49TO COBpeMeHHble (OTOCHHTE3UPYIOUIE
pacrenmna 00pasyloT B TOf B 00I(eil CIOMRHOCTH  OKOJO
181-10%° r gucaopoja, To nepsas mudpa yme He Gymer mpo-
M3BOJINTE Ha Hac ocoforo BleuaTiaennsa. B mgeficTeuTennmo-
CTH M3 YKASaHHOT0 KOIWIeCTBA KIICIO0POMA, 00pasyIol[erocs
npu ¢oTocuuTe3e, B COBpeMeHHOH armocdepe ocraercd
roasko 12-10%° r. Ocrampusie 171-10%° r B rox memomnay-
[0TcA B mpoleccax BeiBerpusanusa, OQcTaTtor, KOTOpHIA cpaay
He HCIoIB3YeTcs npu BeiBerpuBanmm, coctabuser 20 % -mbti
(o o0beMy) ypoBeHL KUCJAOPOjiA, MOCTOSHHO IPHCYTCTBYIO-
mero B arMocgepe.

Armocdepa, copmep:ramand cBOGONHBIN KHCIOPOT, HAYATIa
pBONIOIONHPOBATL okoo 2000 mum, ser Hazafg, Korma ¥
(hOTOCHHETEBNPYIOMMX OPraHu3MOB pasBUIach CHOCOOHOCTH
MCIONB30BATE BHANMELI CBET KAK UCTOYHMEK DHEPTHU M BOJY
KAaK JOHOP SIEKTPOHOB. Kucaopoj sBIserTcs M0OOYHBIM IIPO-
AYRTOM IIPOTERADINNX OpH aToM mpomeccoB. (BeleHHA 0
OPHCYTCTBUH CBOOOMHOTO KUCIOpOJAA CBEPX TeX CHeIOBEIX KO-
amuecTs, Koropsie o0pasyorca npu (PoTogECCONIATNE, OBIIH
MOJYUYEHBl TIPH U3YYCHHH COCTOANMA OKICICHHA jKeje3a B
0CaJIOYHBIX Iopofax. Beuto 1moKazaHo, 4TO HOPOJBI MOJOKE
2000 MIH. TeT XapaKkTepHayIOTCsa ropasfio OONBINEH CTEIeHBIO
oxucimennd, deM Ooiee fpeBmue.

Harormurenue csobomnmoro wmeaopoga B atmocdepe, Bepo-
ATHO, upoxopmio Jmueitno ¢ 2000 wmam. ger masam o
600 mirm. Jer masaj, KOT/Ia BOSHHKIN CJI0KHBIe MIOTORIETOY-
meie dopmel muanm. [locre Toro, kak B arMocdepe HaKONMICH
cBOOOHBI  KHCIOPO/ (POTOCHHTETHYECKOTO  TPOHCXOFKJIe-
HIf, OH JOM/Ken ObLI NMOrIouAThH yIBTpaduoIeToBoe H3Tyue-
une Comuma u cosmasath 030HOBEIL (O3) caoil. B pesyrbra-
Te COJMHEYHOe yAbTpaduoIeToBOe M3IyIeHNEe BHE3AIHO Iepe-
CTAJ0 JIOCTHTATH MOBEPXHOCTH 3eMian. XOTA 9T0 M3TyIeHne
obecrieunBaeT IPOTEKANNe XUMHYECKUX DEARIWiH, 0HO CIIO-
co0HO Takike paspylaTh OpraHmyeckue coejHeHHa u OHO-
jgorpueckue cucremsl. QopMupoBanue 030HOBOrO dKpama ObI-
JIO OJHIM W3 CaMbIX 3HAYHTEILHBIX COOBITHII B HCTOPHHA OpH-
POJIHON CPEMTBI, TTOCKOIBKY OHO IO3BOJIIO PA3BHTBCA BeMHBIM
GuosoruuecKuM cucreMaM.



Cnasa O XuUMUUeckas dBOJIOINS

Irenepument pu — Muasepa ¢ UCKPOGBLM
paspadom. B aTom 9kcnepuMenTe cHECh METAHA, AMMUAKA U 80DAHBLY
rapos 8 deyxaurpoeoli xoabe nodesepzaerca gosdeticrauio noecToARHO-
€0 dAekTputeckozo paspada mewdy deyma saextpodamu. Obparure
BHUMAHUE HA URTEHCUGHOE OTAONMEHUEe ROAUMEDHOZO0 GEU4ECTEA HA
nosepxnoctu crexad. (C awbesnozo paspewenua HACA.)



w.CRUNA aMel

Bes xeocra u wewyu,

Hecva morpaa nosdpsa

C mopdolo weronuipa,
Jdazyuunoe Gedpo

H cosunoe nepo,

Awepuy nomer u cauasn

B roadoscroii worea saauen!

IMMexconp. Maxder !

B mauame cymectBoBanma 3eman, okomo 4500 mum. jer Ha-
ajl, Ha IOBCPXHOCTH 3eMHOH KOpel (hopMumpoBanmes memkme
03€pa 1 upyapl ¢ OpecHoil Jo@eBoil Bopoil, CoJlepsRalme
Byakammieckuii  memen. Temueparypa na ee HOBEPXHOCTH
Obl1a  KoMHATHOI — oKoMo 25°C, Byarannueckasn nesrens-
HOCTh, TPO3LI, NAJIEHHA METEOPUTOB, BEICOKOIHEPTETHIECKOS
yasTpadmonetoBoe mamyuenme Connna — Bee aTy I1POILeCCHI
GBI OUEHB HHTENCHBHEIMI, I BCE BHIbI aueprun uMerTuch
B maobummm. B atmocdepe npumeyrternopamm riaBmEbiM obpa-
30M_a30T, OKMCH YTIEePOfa, BOJAOPOJ W BOMAHON map.

IIpn n3menennn ycaoBmii mamensames n rasel, cofepKa-
mmecst B armochepe. Xumuveckme peawium Gbiim obparumnl
U 3aBHUCETH OT ORpy:alomux ycaosmid. Hanpumep, B peaxiyun

€O+ 8H, > CH, + HO

Oxrnen Bomopop Meran Boga
yraeposa (b us0bTKe)

ROIMYecTBO o0pasyiomuxcs MPOyKTOB onpefenseTcss Koam-

IECTBOM HCXOMHLIX BeIlecTB W TeMIePATVPOil okpy:kaomeit

cpenpl. Moskno nopcunrats, 9o ecan BOJIOPOZL HAXOIUTCH B

u30BITRE, TO OpH KOMHOATHOM TeMIeparype NPaKTHYECKH Bes

ORHCE yriepofa OBICTPO TPEeBpPATIASTCH B MeTall,
Ananorumunsim 06pazoM B peaxmin

N; + 6H, - 2NH,

Azor Bomopos AMMuag
(B m3buiTre)

HOYTH BeCh a30T IPEBPAIMAeTCH B AMMMIAK.

IIpoananusuposan ypaemenna atnx peakmmi, CKOPOCTH
KOTOPLIX W3BECTHHI, MOKHO Gbino OB npmiitn K 3akmogenmio,
uTo armocthepa cocTosma m3 Merama m avmmaka. OHAKO 3To

! Mepeson B. MMacrepmaxa,
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qepecuyp YUpOLleHHbil HOAX0]; N3BECTHO, YTO MPH HCCIae/0-
BAHIN PaHHOX TOPHHIX IOPOR 1e ObI0 HAeHO HIKAKHX
CBHJETENBLCTE B TOJB3Y  CYN[ECTBOBAIMA MeTam-aMMuavunoil
armocepst. Ecan 01 meran maxommwica B uzobuiamnu, ou Obi-
CTpo HOpeBpaTmicAd Obl BO BCEBO3MOKIIBIC YTJIEBOJIOPOALI W
ged)Th W TN NPOAYKTH o0napyssmsainck O B BHje OTI0-
FREHNIl XAMHYECKn BUJAON3MeNeHnblX YTIeBOJOPOIOB M Tpa-
¢ura B Tomme panpux mopox. Ho mopobumXx oTaomennii
TaM HeT.

Ecan 6m1 B armocepe mpneyTeTBOBAT aMMHAK, TO OH OBbI-
cTpo pacTBOpaANcA OH B BOJOEMAx ¢ 00pasoBaHmeM THJpo-
OKNCH AMMOHHA — CIJIBHOTO OCHOBAHHA — 1 TOTJA LpPYIIbI
n ozepa Obiim OBl ropaspo Golee METOYHBIMI, YeM ceildac.
Bmecte ¢ Tem m3BecTHO, WTO pammme DOPOJB COfleps;KaT Cm-
JUKATH, KOTOpEIe He MOrIn OBl OcamaTheA B CTONB MIET0Y-
nelx yeaoenax. K tomy ke, ecan Onl B aTMocdepe B camoMm
nexe OpI aMMuaK, on OBICTPO pasdokmiIcs 6ul moj AeiicTBHEM
coIHeYHoro yanTpaduoaeToBoro manrydennd.

3naunt, namn ypasuennsa mesepusi? Her, omm mpocto me
orpamaioT garTnaeckoro nojomenna gaen. Tpyamoers cocront
B TOM, YTO KasK[0e M3 NPNBEJIeNHLIX BHIINE YpaBHEHWl cOOT-
BETCTBYET HEKOTOPLIM HepeajbHbIM YCIOBHAM ¢ Kamkaas pe-
aKkUuA paccMaTpuBaerca nsonmpopanno. B peiicreuTensrOCTH
e Bce KoMTomenThl aTMocdephl HAXOAUIACH B CMECH APYr
¢ APYroM, B3AWMOJENCTBOBAIN MesKAY co0oii m ¢ mpoxyKTamn
peakunm BO BCEBO3MOKHBIX KomOmmanmax. Peanbubie caom-
fple NPHPOJHEIE YCJIOBHA NJNIOCTPHPYET cXeMa, IpejcTas-
aenmas na pue. 5.1,

B npmpojie spAR Am maiiiyTeA yCJAO0BUA, IPH KOTOPHIX OT-
jeapHas pearmms upoTekana Obl MIOIMPOBAHNO JIO CBOETO
noamoro sasepmennd. [Ipn mpoTexannn peakimun Me#s1y yda-
CTBYIOUINMA B Heil KOMIIOHEHTAMH BO3MOKAE PasInIHKie B3a-
nMojleiicTRIA, 9TO 3a KOPOTKOE BpeMsA TpPHBOJUT K obpaso-
BANHIO CAMBIX Pasno00pA3WBEIX M BeChbMAa CJIOKIBIX Coejniie-
HHii. I§ TakuM coefMHENHAM OTHOCATCA  «CMOJIHCTHIE
NpoMesKyTOUHbie NPOAYKTHY, KOTOpHe, KaK npejuioaaraer
[Opn, moran 006paszoBaTheA M3 YHOMAHYTHIX BBIINE HCXOJHEIX
pemnects. Ocranbuele NPOAYKTH NpefcTaBiArm coboii camwbie
pasamdNbie OPranmyeckue COENNHENHsA, MOCAYKABIIEE OCHO-
BOil BOBNMKIOBENNA KA3NN Ha 3eMmie.

MokHO AU OPOBOANTL MOJENLIbIe OKCIePAMEHTH, He
amasi TouHoro cocrtapa mexonmoii atmocgeps? Peanwsno co-



Tasv, oideasroussecs us nepluunsiz Bpamaral,
a(CO,) + 5(CO) + e(Ny) + d(H0) + e(Hz) + £(S)
+ g(H)S) + A(CH,) + i(SO;) + «+»

1

Tpu Bosdeidicmbuu pasruursix Budol snepeust peacupyom ¢ abpasodatiies
PaSHOOGPAIHHX  MAABIX OPEANUNYECKUR COEOUNENIL

JF(HCN) + k(HCO;H) + [(CH4CO,H) + m(HN(CN)y)

Luanucrmoid  Mypabsunas  Ykcyeras Auguananud
Giodapad Kucroma Kucaoma

o ﬂ(HgNCHgCOﬁH} £ 0wl
Dhugun

Tpu Gosdedembuu pasauareix Budol swepeuu peazupyrom ¢ obpasobanuem
bBonee CAOHCHBIX OPEANUHECKUX COBOUNMENUL

| i
l I

| I |
li‘: N/C SNo) N éC\C.— N%
R-—(I:—co,n lOl e] <
R—C Gai—c C<
NH, i SNTTUTN CHy— (CHin—CO,H
Amuroxucaomst Tapumudurer — ITyputst HUpHpIE KeAomel
(R-pastuqnoie (R-pasauynole  (R-pasauynse
HURecKue 2pynisi) apynist)
HKIUUONGADNDIE
2pynnst)

Pme. 5.1. Cxema mpomecca BLIIeJeHHA Ta30B @3 MEPBAYHLIX BYNKAIOR,
Crpounnle nargackEe GYKBEI YKASLIDAIOT HA KOANYECTEA TeX MM MHLIX
KOMIIOHEHTOB,
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cTaB TepBHuNOil aTMoclepsl MOCTOAHHO Memalcs; 210 Obl-
Ja MEHAIOIASCH, CAOBHO B KaJelocKome, CMech CBEKHX
ByJKAHMUECKAX Tra30oB M JIETYUHX IIPOAYKTOB peakmii,
B KOTOPHIX OHH ydacTBOBaam. B To e Bpemsa cBoiicTsa Beex
o0pasyomuxcsa NPOAYKTOB 3aBACEJIM B OCHOBHOM OT eJIMi-
CTBEHHOTO raza — BOJAOPOJA, IPHYEM BOJAOPON OBLI TIaBHBIM
HPOJYKTOM BYyJKaHMYeCKHX rasopsix Bhijedennmii. Hax wbl
VBHNM Jlajiee, B peaKiuAX, MPOTEKAINX TPH BO3JeiicTBHH
pasIMuHBIX HCTOYHHKOB dHEPrum Ha J100yio rasoByil0 CMECh,
cOfIep/Kamnyio BOJOPOJ, 00Pa3yIOTCA OJIHN M Te JKe MPOAYKTHL

Cynpfa mepBHMYHEIX BYJIKAHHUECKIX Ta3oB 3aBucelia oOT
nBYX (JaKTOpPOB: BO-IEPBHIX, OT CKOPOCTell peariluil i B3amMO-
AeilcTBHIl rasoB M HX PasHO00PA3HBIX HPOJYKTOB C PasimIHBI-
MU BHIAMI DHEPTHH, T. €. (DAKTOPOB, ONpeeNAIINX XuMAde-
CKYI0 HBOJIONHIO, BO-BTOPHIX, OT CKOPOCTH YTEUKH BOJOPOJia
u3 Bepxunx cioes armocepsr. Cnra TAroTenus 3eMman Hefo-
CTATOMHA, JUIA TOr0 4YTOOBI Y/AeP/KHBATHL BOIOPOJ B BePXHAX
npenerxax armocdepbl IpH CYIMECTBOBABIINX TeMIepaTypax,
M T09TOMY BOJAOPOJ ¢ MOCTOSHHOI CKOPOCTBIO ICYe3as M3 at-
mocdepsi, T. e. arMocepa sBoIOIHOHIpOBaTa ¢ obpasosa-
HIeM PasiIudHbIX IPOYKTOB.

C 1897 r. 6u10 IpOBEIEHO MHOJKECTBO MOJIEIBHBIX dKCIe-
PHMEHTOB, Ha OCHOBAHHN KOTOPHIX NPUIOLIH K 3aRI0YEHUIO,
4TO IpH BO3JEHCTBHI dHEPTHH HA NepBHYHbBIe rassl o0pasy-
erca Gonprmoit Habop Opranmdyeckux coejinHeHHil, CHHTE3NPO-
BAHOBIX cayuaiimeiM ofpasom. Hpome Toro, B cocras sroro
foapmoro mabopa HeGMOTOTIYECKIX CORJMIEHNIT OMKeH BX0-
MuTh HA00p MaJBIX OPraHMYECKIX MOJEKYJ, Heo0XOJMmMBIX
aurs Gmosormdeckoii spomonuu. Huke MBI onmmeM HeckoIbKO
KIACCHUECKAX HKCIEPHMEHTOB 10 XHMHYeCKoil »Boaonmm,
HOJTBEPRIAONIX 9T0 oflee 3aKI0IeHNe,

B 1953 r. Mumep n IOpn na Unkarckoro ynmeepcuTeTa
NPUAYMAIN CHCTEMY JUIA MPAMOTO DKCHEPHMEHTa, B KOTOPOM
MeTaH, aMMHAK M BOJla TOJBEPTAINCH [eHCTBIIO dITeKTpHye-
cKkoro paspsza. IlpaBia, mcKpoBbie PaspAjbl He OTHOCATCA K
manboee pacrnpoCTPAHEHHEIM BHJIAM MEPBHUHON oHeprum, Ka-
KUM, HAIIPEMEp, ABISAETCS CONHeYHOe YAbTpadmoneToBoe m3-
Jyuenme, HO eciu OBl OHH BOCIIONAB30BAINCH HOCTEIHHM, TO
8T0 OYeHb OCIHORHIIO O sKcmepmMent. VapectHo, uto Xm-
MHYECKNe CBA3HN MOTYT 00DABOBEIBATECA M PaspyImaTheA Ipn
BO3JleiicTBIN TIOOBIX BUIOB dHEPTHM.

Annapar Muanepa — IOpu nsobpamen na puc. 5.2, Ilocte
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Hekpobuie arexmpadst
lazabar yasa
Kpat ~
—
E.’. Xoavounetiun
=

Kunsuias boda

N

Prme. 5.2. Annapar I0pn — Munnepa 11a okemepuMenToR ¢ HWCKPOBHIME
paspaiaMu,

OTKAYABANHA BO3JYXa B PEAKIMOHHYI0 KAMEPY BIYCKAIOT ra-
3Bl — MeTan m ammuak, Hunamas sona cayKuT meTOYHAKOM
BOMAHOrO mapa, a ¢ IOMOIIBLIO XOJOJILINKA MO/IepRIBACT-
¢ TUPKYJIANNA TasoBoil cMecn Yepes cocyj, B KOTOPOM pac-
HONOMKeHbl neKpossie saexrponsl. [locae menpepmismoro mpo-
NYCKAaNmmsa MCKPHI B TeUelne HecKOALKHNX JHell npm nanpsse-
mmn 60000 B, 9to nmo KoamuecTsy SHEPTHE SKBHBANEHTHO
nepuony 50 Mai. mer na mpEMHTHBHOI 3emie, Bojuyo (asy
HOJBEPrIH XHMHYCCKOMY Aanaiudy JUIA BHABIeHUs o6paso-
BABIINXCA OPTAHMYECKHX COeIMHeNHil,

Paspenenne, npentudukaiimn m KolndecTBeHHAA OTEHKA
OPranmgecKuX COeJMHEeNHil B cMecH — JIOJTasgs W TPyHoeMKas
sagava. Ho satparsl Tpyma oxynaioTcs TeM, 9TO HPH ATOM
6bl710 00HApY7eHO OueHnbh MHOIO CAMBIX DPA3HO00pPA3HBIX Ma-
JApIX opranmuecknx Morxexyi. Cpeam HHX — aMIHOKHCIOTHI,
13 KOTOPHIX HMOCTPOCHE! OelKH JRKUBHLIX OPramm3MOB, U ApYrue
Majble cOeImHeNnns, TaKkme, HANPAMeEp, KaK MOJOYHAA KHCJIO-
Ta, yuacTByiomasa B OnoIOrmyeckoil yTHANBANHUH CAXapos.
CIICOK HEKOTOPHIX U3 DTHX coejinuennii npusegen » rabm. 5.1,
Cpasy e Gpocaercsa B T1a3a, 9T0 ovYeHbL MHOTHe Ouoiormge-
CKH Ba/KHble coefmuenud o0paayoTcs ¢ OOMLINOI JETrKOCTHIO
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1 B msoOnanm. Haiiensl TakKke Manpie opranmieckne coejm-
Henms, KOTophie e HCHONBL3YIOTCA 10BCeMecTio B Ooxmmm-
yecKUX mpoleceax, 1 60JLII0e UHCI0 BLICOKOPEAKIONHOCHO

cOOHBIX OYeHb TPOCTBIX coejnuenny

i, Taknx, Kak IAHHCTHIIl

BOJIOPOJI, MYPABBUHAA KHCJIOTA, YKCyCHAA KUCIOTA, MOTEBIIA

I HuanaMul,

Ta6auya 5.1

[IpocTsie OPramiiecKie COEJNHeHNs, MOXyIeHHbe HpH NPOMY CRAMIIN

nekpsl uepesz emecs CH,, NH; m H,

(BBIXOJI JaH M0 OTHOINEHHI0O K MYPaBbHIH

OrHocH Te/b-
Coegnuenue Hbl BLIXOD
Tamnue 270
Caprosnd 21
Ananun s 145
N-MeTHIIATa HIH 4
F-AnaBEnH 64
a- AMUHO-H-MACJIHAA RHCI0TA 21
a- AMHHOH30MACIIAHAA KHCJI0TA 0,4
AcnmaparmHoBasg KHCI0Ta 2
TayraMuHOBafA KHCIIOTA 2
HMuBONYyKCYCHAR KHCIOTA 66
HMnEOYKeycHAS—IPONMOHOBAA KHCI0TA 6
MoJiogHAST KHCIIOTA 133
MypaBpuHAs KHCIOTA 1000
VKeycHasg KUCIOTA 64
[IponuonoBag KUCIIOTA a6
a-OKeHMACTAHAA KHCIIOTa 21
flarapHan Kpemora 17
Mouepunna 8
N-MeTuaMo9eBUHA 6

O6muii xo7 moJoOGHBIX pearmmil, 3amycRaeMLiX B Pe3yib-
TaTe BOBAEICTBISA JHEPIHH MCKPOBOTO Paspija, MOAIHO 3allu-

caTh B BHJIE

Ilepsmansie _, PeaxnmonnocnocofnbIe

rassl HOPOMEKYTOTHLIE
MPOJYKTHL

3—266

= [Tommmep

% OpranmuecKHe
coe[MHeHNA
(Gmomorngec-
KOe  TOJMHO-
FHECTEO)
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/ dnexmpod U3 soa0mod rpoderoRd

KRpare

Abyxaumpobas koabe

lasobas cMech:
OKUCh YeAEmaia,
asanm,
fodapod

Hexpabod paspsd

FBoda

Pmc. 5.3. mognunmponannnrii srcnepuvent H0pn — Mummepa ¢ mexpo-
BLIM paspsafoM. [IByxanTpoBas konba, coiepskamas HeGOJBIIOE KOJIU-
YeCTBO BOJLI, COGJWACHA ¢ MHCTBEHHHLIM OICKTPOAOM W HMeeT Ha-
BepxXy Kpad, Yepea Kpanm yIaiseTcd BO3[YX I BBOIHTCH rasoBag CMECh.
Bercorosonbraaa warymka (30000—60 000 B) coemmusgeTca ¢ emHCT-
BOHHEIM BEPXHMM BIEKTPOJOM W pPaspAKaeTcsi maj BOANOI IoBepx-
vocThio. [locie mpomyckanus paspsjia B Tedyenme HECKROJILKAX JHeil
PeaKUMONHLI COCYl MOMKHO WEMoCpeJCTBEHHO COCJHHHTL ¢ Opubopa-
Mif, OTpefeTAITHMA BHJL 00pPABOBABMIMXCA JIeTYIHX MPOAVKTOB,
MosHo TakiKe OTKPHITE COCYT M HOMBEPTHYTH XUMHYECKOMY AHAAH3Y
ofipasoBaBminecs HeJdeTydme TPOAYKTHE, pacTBOpmMEle B Boge. [Imoe
CYTOK NpOTMyCKamAfl WCKPEl 10 IPHTOKY BHEPIHH  9KBHBAJCHTIL
40 MIH, TeT TPEMATABHON 3eMIMH.

C 1953 r. momoGmEle SKCHEPUMEHTHl NPOBOIMIN MHOTIE
WCCTeloBATeNN, KOTOPLIe HCHOONB30BAIN IIPH HTOM pasube
rasel W pasmble merosnnkm sHeprum (pme. 5.3). Oum ycosep-
NIETICTBOBAIA MOOTHE METONLI OPTraHmIeckoro XHMHIEeCKOTO
amanusa. Beerpma, Korja mcXofumas cMech Ta30B CO@PAT
yraepoj (B cocrase Kaxkoro-nmbo raza), asor, BOAY M HeMHOIO
BOZIOpO/A, OOIImil X0j peakumii ofuHakoB. B pesyianrare 06-
pasyioTes DPeaKnNoOHHOCHOCOOHEIe NPOMEKYTOUNEIe COef[mHe-
HIA, WHPOKNit HaGop MATBIX OPTAHNIECKHX COeJNHeHmi m
HoImmMepHoe BemecTso. Ilpomece orTimuaeTcA HN3KOIT aHepre-
Todeckoil apeRTHBHOCTEIO, OHAKO HeT OCHOBAHMIT Ipemmo-
JIaraTh, 9TO OHA JION#HA OHITH BBICOKOIT, IOCKOIBLKY B TO Bpe-
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TTHOZBCERGUORNGAA TTEYD

Tepmonapa Koapyetoni smeefur

NN

Boixad
2aswos

NH; JAabyeuna
\ ) 3N (NH, 0f)

Aedaraz 6ang

I

i
: . Tpancder Oymemp  Pezynupyemeill UGTavHAR
CH, Jolpina ducmuraupobanas TUmarus

(ioda

Puc. 5.4. DKCOepHMenT mO TepMmucckomy cmmTesy. Meram, amMMumar m
BOMAHON map HpOXOAAT uepes TpyOKy, HAXOAANIYIOCA B MU Tpybxa
COTIEYRAT MOPOIIKO0OOPABHKE METANINYCCKIEe KATATA3ATOPE W Harpe-
paerca po 900°C. Tasml pearmpyioT, ofpasys mejeTydme OPOJYKTEL KO-
TOpHIe YAABIHBAKTCA HA BHIXOAE TPYORIM.

Msl Pa3ImuEble BUAB dHeprun Gbiam AOCTYNHEL B JI0CTATOTHO
fonBIMmuX KOJINYECTBAX.

Mckpossie paspsjsl B rasoBbix CMeCAX TPeJCTABIANT
coboii mump ofmy ua (OpM NPHTOKA HSHEPTHA B epBoOLIT-
WHIX OPEpOAHBIX ycaosmax. K mpyrmm gopmam OTHOCATCA
yapTpadmonerosoe manydeHme, Temio (pume. 5.4), ynmapunbie
BOJIHH, P- W y-maaydenma (pue. 9.0) W KOCMUUECKHe JIydi.
BeuIn TOCTABTEHH OHKCIEPUMEHTL ¢ ICIOAB30BAUNEM OTHX
BHJOB DHEPIIH W DPAIHIHLIX CMeceil NepBHIHBIX Ta30B.

Ipynna Amgepca B UmkarckoM ymuBepcuTeTe H3ydana pe-
axnun tonma @nmepa — Tponma, B KOTOPEIX TasoBbie CMecH
HArpeBaTCs 710 BHICOKMX TEMIEPaTyp (600—900°C) B 3a-
KPHITEIX COCYJax B TPHCYTCTBHM pPyJ, PASIMINEIX METAIIOB
Kak KaTalmsaTopoB. B 5TuX BKCIEPHMEHTaX HMHTHPYIOTCH
Pearmun MEKTY TasaMn UPIMATHBHON atMoceps m 9acTh-

3*
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Tasalelti pesepbyap

TOTReMHBILl MEXAHUIM

lasofas cMECs,
nodbepearouyasca
obayqenue

Pme. 5.5. Anmapar aaa y-obmydenns meTana, aMMmaka o pojsl. Meran,
AMMAAK W BOJAHON map BBoAATcs B npubop depes Kpad B HEKHEN
xoxbe, MOMEMEHHOli Ha HYTH Y-JIydeldl, HCOYCKAGMLIX MCTOTHHKOM;
Koa0a 9KpanMpOBAHA CBUHIOBOII miacTaHKkoil. Bepxuas wonGa B gamn-
HEHImeM CIy#HT HCTOYHHKOM Ta30B W pesepByapoM, He MOCTYIHLIM
u3nyuenno. B neii mpofiykTH CHHTE30B MOTYT HAKAIIMBATHCHA, HE HOJ-
BEPrafgch paspymienmio 1noj JAeicTsHeM pajHalfm.

MH JaBOBBIMI moTokaMmu. B Monenwnnnix srcmepmMenTtax OBLTO
BBIJIJIEHO0 MHORECTBO CaMbIX PasnoodpasibiX OpraHmvYecKux
Mosiekyn. Brimm ofmapysennt me TONBKO aMHHORNMCIOTEL, 1O
I YIIeBOJ0OPOJIE], NpeJiecTBelNKA Caxapon, OCHOBANNA HY-
RIGHHOBBIX KHCIOT, MRUPHBIE KNCJIOTH § pPeakimOHHOCIHOC00-
HBle mpoMesyTodnnie coefuuenus. B raba. 5.2 mama crogka
Peay.bTaToB, MOJYyYeHHBIX B PAe MOAOOHEIX SKCIEepPHMEeHTOB.

Kaxk noxasan Bap-Hyu, ymapanie Boausi, cpaBnmmbie ¢
BOJIHAMW, BO3NUKAIONIMMH IPH TajJelnH MeTeopHTOB, MOTYT
BOafleiicTBOBATH Ha razoofpasnnle KOMIONENTH, B peayabrare
9ero o0pasynTes aMHHOKHCAOTHL H  PEARNNONTOCIOCOOHEIE
OPOMERYTOUNEIe COeNNHenIs.

B ravecTBe HCTOYHHKA DHEPTHH NCHOIL30OBAJIOCH TaKiKe
m3Jayvenne IUTAHTCKOTO AYTOBOTO paspafa B aproHe, MMUTH-
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Hexoroprie opranmueckne COeJIHHCIIN,
mina Dmmepa—Tponua upn narpesammm

¢ MeTalInYecKaMn KﬂTﬂﬂESﬂTUpﬂMH

Ta6auya 5.2

ofipasyomuecs B peakmmnax
rasos CO, H, mn NH; o 900°C

«Buoaocuvecrue»
AMUNOKEUCAOMB

Faunnm

Ananun

Banna

Jleiinnn
Usoneiinnn
Acmaparunonpas
70T
[ayramuHoBan Kucno-
Ta

Tupoana

[Tponun

KHC-

Opuurton
JInzna
T'nernana
Apruans

«Heguonozuveckues
AMUNOEUECA0 ML

N-Mernaraunun
g-Anannm
a-AMIHOHZ0MACTAHARA
HKHCI0Ta
a-AMHHO-H-MaCaAHa A
KHCJIOTA
f-AMunomsoMacaanas
KHCJIOTA
T-AMEHOU3OMacCTgEAR
KUCIOTa

tBuoaozuyecrues
azomucmsle 0cHOBAHLN

Aneann

Fyannn
KeamaTnn
Tumun

Y pannn

«HeGuonoauecries
A30MUCIRE DCHOBANUS

Memamun

Ammenna

Huanyposan wmcaora
['yapummodennna

Maawe pearyuonno-
CROCOGHBE MOJEK [fabl

Muamnersiii Bogopon
Dopmanbjerns
Mypasbnaan Kucnota

YreycHas KucaoTa

MogesnHa B cxoxpnuie
coeIMHeHIST
Pyanupune w  cxonmwne
coeInHEeHHA

Hupnue kucaomu

Bee Bujm, corepkas
mre o1 Cyy 1o Cyy

Yeneaodopodu

uporoe pazroo6pa-
3d€  yrIeBo/lopPojioB,
CXO[IHEIX ¢ BhI/l@JIeH-
HEIMA U3 YIVIMCTEIX
MCTEOPHTOB

pylomee BLICOKOIHEpreTmieckoe yanTpaduonerosoe manyuenne
Connmna, kotopoe wepes oxmo ma Propuga Marmms IOHaan0 B
CMECh MCXO/HBIX Ta30B, B Pe3yabTaTe 9€ro NpOMCXONMN CHH-
163 aMHHOKHCIOT, MOTNMEPOB B MIOIWX ADPYrHX COeXHHenmil,

B kawectse mcroummka sweprum paamoakTmeHOrO pacna-
Ad MOMHO WCIONL30BATL YCKOPUTENh aJeKTponos. B rpymne
Ranpsuna s Bepriu ofayuann cyecn MeTaHa, aMMuaka o
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BOJIBI 1 O0HAPYIKIIIN B HOX peakmHOHHOCHOcOGHbIe MpoMey-
TOUYHLIE COeJINHEHNS W PAJK COeJMHENNii, YYACTBYIOUIHNX B
OUOIOrHIeCKNX 1IpoIleccax, B TOM HICAe AeHmiL.

Bo Becex nposememmnix sxcuepuMeHTax OBLIN HOJYUEHBI
B 0o0meM CXOHEIe Pe3yJabTaThl, MOATBEPKNAIIHE TEOPHIO
xnMmueckoii sBosmonun. DBrlmo mokaszamo, 9To mpm Bo3feiicT-
BHO BCEX BUJ(OB BHEPIHH Ha rasoo0pasubie YIJIEpoji, asorT,
BOly W BOJIOPOJl CHAYAJA IPOHCXOJHT CHHOTE3 peaKkIHOHHO-
CIOCOOHKX MPOMEMKYTOYHBIX COeAHHEHHil. JTH COeMHeHHA
Jal0T 3aTeM MHOKecTBO OmojormdecKnx m OAm3KmX K Omofdo-
IHIeCKNM OpraEmiecknx Kommomentos. Jlas Toro uaTobml
CYIHNTH O INpomeccax Ha UPHMOTHBHOI 3emue, meoGXoxmMmo
paccMaTpmBaThL He OIUH OTAEJBHO B3ATHII SKCHEPUHMEHT, a
BCI0 IX COBOKYIHOCTL, 3aMETHM Takke, 9T0 HAPARY € MAJLI-
MH OpranmYecKAMH MOJEKyJaMi B CMeCH BCEerja HaxofAaT 1mo-
aunmep. B Taba. 5.3 mpuBefieH CONCOK NPHMEPOB peaKnHOH-

Taauya 5.3

MponykTei, ofpasywmnmecs B DRCIEPAMEHTAX MO XNMIYECKoii pBOMIO-
i

I'aam
H,0 (o{0] CO, H, CH, N, NH,

PeaxnnonnocnocoGHEe TPoMEXYTOUHEE OPOAYKTH

HCN HCOH HCO,H
[InamncTwii BOAOPOA Mopmansyierns MypaBbnHas KHCIOTa
N(CN), OCH,CHO CH,CO,H
JninnasaMun Caukonessll aNBACTHA  YHCYCHAA KHCJOTA

Manue opraEWdYecKHe COCJHHCHAR
Amunorucaomen ! COTHR, B TOM 9mcyie ¢OuoJOrA9ecKmes
Huprwe wucaome: Bee Bujn, comepxamme ot Cgy no Cyy
YVeaesodopodu: cnomnpan CMeCh

Asomucmue ocnosanus: ypanmn, NATO3WH, THMHH, afilcHWH, [yaHNH,
KCAHTHH, FHNOKCAHTHH, TPHASHHH

J pyzue maawe opearuueckue coedurenus. MOYeBHHA M ee NPOMBBOJ-
Hsle, TYAHHjHH B ero NpoM3BoJHEE, MOHO- B JUKAapOHOBHE KHC-
J0TH

Hoaumep
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HOCITOCOGHBIX TIPOMEKYTOUNBIX COeJMHEHIT M MaJbiX opra-
HUYECKAX CcOeANHeHnii, ofpasylonnxca B pKCIepUMenTax o
PEKOHCTPYRIII TePBOOBITHBIX YCJIOBMI,

LayGoro m nosppodno mayuas meGuosormueckmii (Moens-
HEI) cmHTes amuHokucnor, rpymma Mumrepa muz Jla Xomrst
iu rpynna Jloyrecca us unceregosarenseroro nentpa HACA B
Jdiimce obmapy:sumi, 4To B Xofe cHuTesa obpasyorcs ece
BO3MORIIBIE BHJIBI aMUHOKHCIOT. I3 cocras cunTesmposammbix
AMHHOKMCIOT BXOJIAT PaBHbIE KOJIMYECTBA 3ePKAIbHO 0ToGpa-
maeMex L- m D-hopm, a Tamme GonpmmmeTo «Gmomormue-
CKHX» aMHHOKHCIOT.

Wrax, mposefienibie dKCIEPHMEHTH HOATBEPHKAAOT HC0
XIMIYEeCKOIl DBOJIONUA — IIPeJICTABICHNSA, COIIACHO KOTOPO-
My BCe Maible OpraHmyeckue MOJeKYJE, 00BIYHO HCIIOIb3ye-
Mble B Guosmormuecknx mpomneccax, obpasyiores ms Gonee mpoc-
THIX KOMIOHENTOB IIPH BO3JeiCTBHH HAa HUX pPasIHYHBIX BH-
JIOB DHEPIHm.

Rarosa pambmeiiman cyap0a HOBOCHHTE3MPOBANHEIX Op-
Famm9ecKIX BellecTs, MOABABIINXCA Ha NepBoOHITHON Sem-
ae? Heworopwie meryume serectsa, raxne, kax HCN n gop-
MaJbJIeTH/, ocTamich mo Ooapmmeil wacTu B atMocepe m B
YACTHYHO PACTBOPEHHOM COCTOSHMN B Bojoemax. [pyrue, B
TOM HHCIe AMIHOKHICITOTH 1 A30THCTHIE OCHOBAHNS, B OCHOB-
HOM DPACTBOPHIINCEH B BOJ0eMAX. YTIEBOJOPO[BI 1 KAPHLIS
KHICITOTBL ¢ JUIMIIOA IeNbi0 NIaBAJN 1A MOBEPXHOCTH BOJIHL
B puje mwienkn. Ilox peiictemem yasrpadmornerosoro mainyde-
na Commila m APYrux BHAOB HHEPTHH HAPALY € CHHTE30M
OPraHmvIeckix coefnHeHnil HPOMCXONMI0 TaKkKe WX paspymie-
ume. JT0 NPUBEI0 K CTAHIHOHADPIOMY COCTOSHHID — HePexXOLy
KOMIIOHEHTOB 13 Ta30BOil CMeCH B OPTaHMYECKIE COEIMHeHIIT
u 00parHo:

CropocTk 00pasoBaHuA
H, +CO+ N, + H,0= Oprannuecrne

CKOpOCTh paspyHIeHHdA COeINHEeHNA.

Cropoctn ofenx peakuuil 3aBmcAT OT NPHTORA HHEPIH,
Briamcienus, npoeejieHible JUIA ONpeAeIenusa KOJTIecTBA
aMIHOKICIOT, PACTBOPENHBIX B BOJOEME B CTAIMOHAPHOM CO-
CTOAHNM, jAI0T OYeHb HN3Kme 3uadenna — mopsaxa 10 mmi-
JMOHNBIX Jl0Jell TpaMMa Ha JUTP AIA JI000H 13 aMHHOKMCJIOT,
Takoit Bojoem, Komedrno, He MO#eT OBITh «OPTaHUYECKHM
Gy 1boHOM», GOraTHIM HU3KOMOJERYIADHBIME IIPeJTIecTBeHHN-
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KaMu, CIOCOOTHM K B3PEIBONONOOTOMY DPHIBRY, obecieunsa-
jouemy paasntie snsun. Ckopee 9T0 HEOOBIKIOBEIHNO pPas-
faplieHHOE (CYCJ0¥», COJAEepAamee OpraHmIeckne COJNHeHnsd
1 memuoro monor Mmerasios. llo-BmpmMomy, HeKoTOpas 9acTh
NPUCYTCTBOBABIIMX TAM LOJMMEPHBIX BEM(ECTB OMyCRAIACH HA
JIH0 MEeIKOBOALA, & MOBEPXHOCTE CILIONIL MOKPHIBAJACh TOH-
YaimmM MacAAOMCTEIM HAJETOM.

Kazanocy 6, nnuTOMRHAA HKOHINEHTpPALAs OprannyecKHux
COeJIMHEHUI B BOJOeMe ABIAETCH HENPEofoNmMoil nperpamoil
Ha NyTA K BOBHIKHOBERMIO FRUBNN, NOCKOIBKY JUld GOXBIIIH-
cTBA OHOJOTMYECKHX Hporeccos neobxofmma Golee KOHIEHT-
pUpOBAHHAA CPejld, 4eM HaIl THNOTETHIECKNil BOJIOEM. Onna-
KO, KaK MBI yBmjuM B TiI. 7, GmarofapAa MHOrOYHCIEHHBEIM
npomeccaM BO3HUKHOBEHIE FKU3HU BCE 7Ke BO3MOMKHO B 9KO-
JOTHUECKHUX NUIIax, mopo0HbIX paccMaTpUBAEMOMy HaMU BO-
H0eMy.



Tnava 6 Onpejesnenne KisHmL

A Bud 3emau ¢ oxosoaynnot opburwt. (C arobes-
nozo paspewenusn HACA.)



Bapraaocs. Xausrue wopvku
Hwvipasucy no nase,

H xpruokorasu searxu,

Kar miomsuru e mose.

Jslome  Happosr !

MomaTne KUBHBY OYeHL TPYAHO HETIKOM I NOJHOCTHIO OI-
PefelnTh; ¢ Kakoil Obl CTOPOHBI MBI HH OBITAINCH K HEMY
IONOMTH, BCerjla ocTaeTcst OULYHENHe, UTO OHO YCKOJIb3aer
or Hac. Moo mocresiosarh (eHOMEHOIOTHIECKOMY 110/IXO0LY
H COCTABUTH CIIICOK CBOMCTB JKMBOTO: JKIBOE CYIECTBO JIBI-
HETCH, eMy NpuCyIy (YHKIHN BbISIeHsA, THTAHNA I MeTa-
Oosmama, OHO pacrer, BocHpOM3BOUT cebe MONOGHBIX W T. JI.
Tpyasocts, ¢ KOTOpOii CTANKWBAIOTCA TPH MCHOXB3OBAHMM
9TOTO IMOAX0Jia, COCTOHT B TOM, 4YTO M3 I0J0OHOTO CIHCKA
BCEIZa HAMJyTCA WCKIIOYeHHA, CTABAIEE NOJ Yrpo3y camo
onpepesenne. Takoe onpepeneHme — B BHIe HPON3BOILHOTO
CIINCKA CBOWCTB — BPAJ[ JH SBIAETCA  (DyHTAMEHTAILIBIM,
Hanpmwmep, B caydae Bupyca, pacrymero Kpueraiia, Gaxre-
PHAIBHOIT CIOPH WM CIOMKHOIN, ofiajaomeil NCKYCCTBETHEIM
Pa3yMOM BBIYHCINTEABHON MaIINHbl OHO OKa3bIBAETCHA HEYIOB-
JIEeTBOPUTEILHEIM,

Opurunanpublil 1 yCHEmHBLL M0/1X0/ ¥ TpobIeMe oupeme-
JenusA musHu ObL1 paspaboram Omsarepom m Moposuiem, n
MBI Oymem emy caenoBarb. QAo m3 0CHOBHBIX 3aTpyaHeHnil
B ONpeje]eHnn JKE3HI COCTOMT B TOM, UTO MBI HACTOILEO
GIm3KN K JKHBOIi IPUpOZle W CAMI B KAROI-TO CTermemm npu-
HaIeRHEM K Heil, YTO CYN@CTBeHHBIE YEPTHl JRU3HN OKA3B-
BAIOTCA CKPBITHIMU 38 MACCOI BTOPOCTENEHHEBIX MOIpOGHOCTEIr.
B nieficTBUTENALHOCTH e, eCIM MBICIEHHO BBIATH 33 ITpejielsl
Hamell cHHe-3eJeHoil MIAaHeTHl M B3MIAHYTH Ha HEe CO CTo-
POHEL, TO IVIABHOi M €/[HHCTBEHHOIl HUTEHIO, CBA3KIBAIOMIEIT APy
C JIPYTOM BCE JRHBbIE CHCTEMbI, OKAKETCA DROJOIHYECKOe PaB-
nopecme. sRm3HL — 510 BKOJIOTITECKoe CBOIICTBO, OHA JTIID
HA KOPOTKHil MUI HIPOABIAETCA KaK CBOICTBO MHAMBHJYYMA.

JKOJIOTHYECKHe TPONECChl OTPAKAIOT eULICTRO PA3HO0D-
PASHEIX CIOMKHBIX OHOMOTHTECKHX CHCTeM, HEIpPEephIBHO BCTY-
HAUUIX IPYr ¢ APYroM B CAMBle PAs3Jmdnbie, 9pe3BLIYaiHo
CAORHBIe B3AHMOOTHONICHN; UX 0OBbefuHser obmaa Temyen-
IHA: KaK MOKHO IOTHEee UCHOJIBIOBATH TO, YTO OKPYKAIONAs
cpejia LpejlocTaB/isieT HM B BUJE ChIPbA I BHEPrHH. JKOI0IN-

! Tleperog C. fI. Mapmaxa,
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qeCKHil MOJXO0J K OINpeJeleHnio FKHBOTO IIO3BOJIAET HaM,
yCTpanmB YACTHOCTH, BEIABATEH TIABHOE.

CopmysmpyeM u 3aTeM NPOAHAIM3HPYEM ONpesieleHue
muann, nappoe Oumsarepom un Moposmuem.

JKH3Hb ecTh CBOMCTBO MaTepHH, NPHBOJsILee K COMPs-
KeHHOH UMPKyJsiiy 6GHO3JeMeHTOB B BOJHOI cpere,
IBIKIMON B KOHETHOM cuere SHEepPrueil cOJNHeIHoro Hs-
JyUYeHHSl MO NYTH YBeJHYEHHs CJO0XKHOCTH.

Ilpasaa, w3 aToro ompejiellenns HUKaK He ClIeyeT yHH-
KaJBHOCTH YeJ0BeKa, HO 00aj1aeT I OH elo Ha camoM jeie?
Topo6moe ompejeiernne UMeeT PAJL BAFKHBIX IPENMYIIECTB, 10~
CKOJIBKY KAsK[0e ero MOJO/KeHne MOKeT OBITh HOABEPTHYTO
DKCIIepEMeHTanbHoil mpoBepke. OHO OCHOBHIBAETCH Ha HeJlaB-
HO copMyImpOBAHHOI B Ouojornveckoil mayke obueil Teo-
pHI, COrMIACHO KOTOPOii NOTOK YHEpruu, TeKyIHil Yepe3 cuc-
TeMy, CTPeMUTCS OPrAHNM30BATH, YCIOMHATH e€e. JTO ompere-
JeHue HROJIOrMYecKoe, OHO OPHEHTHPOBAHO HA CHCTeMY B
eIOM — MUPKYJIALNHA OH02IeMeHTOB He MOJKeT OCYIIeCTBIATh-
¢ Oe3 ydacTHA NEPBUYHBIX HPOJAYIEHTOB, KOHCYMEHTOB I
JeCTPYKTOPOB. DKOIOTHIECKOe eJIMHCTBO €CTh CYMMa BCEBO3-
MOJKHBIX [eHCTBHII, MPOMBBOANMBIX PACTEHHAMHE, FRABOTHRIMI
H MHKpPOOpPTraHI3MaMM.

Yo npomsomuio GBI, ecianm ¢ Hameil miameTst 1o Bo:mIed-
cTBy meuesim Bee pacrenua? Odemp ckopo B armocdepe me
0CTANOCH GBI CBOGOIHOTO KHCJIOPOJa, 030HOBLIL 3Kpan OB ObI
YHEYTOMeH, 1 OONBIINHCTBO FKUBLIX CYIIECTB, €CJu He Bee,
nepecranm OBl cymecTsoBath. Ecim OB mewesnnm Bce MIKPO-
OPranm3MBI, OCTAHOBIIICA GBI BO3BpAT GMOMIEMENTOB B MX M-
pOjIbie IMKILI: HUYTO He MO0 OBl pacmajarhes o TeMm ca-
MEIM 00eCIeYHBATH HOMAEPIKKY HOCIHEeIYIONIM TOKOIeHIAM.
Mgp! Bce 3aBHCHM JIPYT OT Jipyra.

Teneph, NPUHAB NPHBEJiCHIOE BBIIIe OIpejelenue -
I, MBI MOKEM To-HOBOMY, Gosee TOUNO COPMYIIPOBATH BO-
npoc «Hak BO3HHEIA JKU3HB?», & MMEHHO:

Kak BO3HHKJA CONMpsiZKeHHAs UHPKyasuus GnosjieMeH-
TOB B BOJHOII cpejie, ABHKHMAs B KOHEUHOM cueTe SHep-
rHeil H3JAyueHHs MO MYTH YBEJHUEHHS CJAOKHOCTH?

Ilpese Bcero Gomee mojpofmoro amanmsa Tpebyer mo-
HaTHe «omoaneMenThi». I OGmosieMeHTAM OTHOCATCS YIJIepon,
Bopopoy, asor, Kueaopox, Pocdop u cepa (CHNOPS). Io-
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ueMy nMenno atu, a ge apyrue? Ilosemy ocmoBoii skusnun ne
cTan KpeMHmil, a ocHoBoii jwixanua — ¢grop? Bee 6umonte-
MEHTHl IPHCYTCTBYIOT B KOCMOCE B JIOCTATOYHOM KOJIMYECTBe,
I KajKOplili M3 HOX He3aMeHuM JUIA TOil by aRIIEN, KOTOPYI0
OH BBINOJNHAET. JTH JJIEMEHTHI, 3a HCKIIOUEHHEM, MOKeT
ObiTh, (ochopa, npepcrapasam coGoil TAasHl W WAHATATBHO
Obum Toit (opmoil BemiecTBa, HA KOTOpYIO BoajeiicTBOBAIA
JHeprus m3JyvYeHus B nepByio odepenab. Bee, uto O6bL10 B mHa-
Jugun — C, H, N, O n S B Buje rasos, — momxno 6ui10 pe-
arnpoBaTh, Tjle I KaK TOJBKO BO3MOJKHO, M TOATOMY MBI Ta-
KHe, Kakue Mbl ecTh. Her Hukaknx ocHosaumit osRujIaTh gyero-
mmbo WHOTO [AnA M060il JPYroil MIaHeTbl 3eMHBIX pasMepos,
HaXo[ALIeIICA B COOTBETCTBYIOMIeH obmacTn TeMIepaTyp OTHO-
CHTeNABHO cBoeil sseannl. [lovemy me wpemmmit? Iotomy, uTo
ATOT SIEMEHT BCe BPeMA y4acTBYeT B IOCTPOEHHN KpPHCTAI-
amgecknx mopox. Kpemmunii me mmeer rasooGpasmoii dopmsr,
Ha KOTOpYI0 MOria Obl BO3/IeiiCTBOBATH HHEPIHA MIIYIeHIIA.
Kaxoii 651 opranusm Mbl HU AHAIN3NPOBATE, Pe3YILTAT Beel-
na O6ymer omumM m TeMm ke: Gosee 90% ero macesl cocTaBi-
1ot 6mosnementst CHNOPS.

Obssarensioe maamame BOAHON Ccpens — Ipyroe Hemnpe-
MEHHO@ H [OBCEMEeCTHOe OMOJOTHYecKoe CBOIICTBO FRHBOTO.
Te Gmonormyeckme cucreMbl, B KOTOPHIX KH3HEHHbIE npoiiec-
CHl 3aMepIIH, Takue, Kak CHOpbl GakTepwmii u Bogopoceil min
Aiina pauka Artemia, ne yHKIUOHHPYIOT W COZEPIKAT MAJO
BO/BL. Bee dynknmonmpyonime cuereMbl cOCTOAT B 0CHOBHOM
u3 BOJBL. Buoxmmuueckme peaknmum mpoTeralT B BOJe, mo-
CROJNBKY OOMBIIMHCTBO OPraHUYecKNX COeJHHEHTil M3 OmoI0-
I'IYeCKOTo MOJAMHOKeCTBa BojlopacTBopumsl. Te oprammueckme
COEJIMHEHNS, KOTOPble OBIIN JIeTYYNMI, PACCEHBAIICH B AT-
mocdepe, re pearmpoBaim W pacnafaiuch 0K JeHcTBIeM
oHeprum msaydenus. Te e, KoTopwle He pacTROpAINCH B
BOJle, IOTPY’KaluCch Ia [HO BOAOEMOB I HE YYACTBOBAIN B
fanbueimunx paaumojeiictsuax. B Bogmom pacreope ocrasa-
JHCH NPEeNMYIecTBeHHO BOJOPACTBOPHMEBIE OpralmiyecKne Be-
mecrea. TaxoBo macaencTso, KOTOpoe OCTABHIA HAM TepBIY-
HaAg HKOJOTHIeCKAn 00CTaHOBKA.

HonsTue «conpsmennas MUPKYIALNA G1I02TEMEHTOBY Tpe-
Oyer nexoroporo moscuenns. W na 3emie, m B APyTHX MecTax
Beeaennoii cyniectsyior neGuonornueckne UnKImIecKe npe-
Bpaienusa MarTepuu, ABIKHMBIe aneprueil nsmydgenms. Hanpu-
Mep, KHCI0POj MOkeT 00pasoBeBaThCA Oaarogapa (orosuc-
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JHEETHA H3NYYEHUA

Opeanuqecnud
goeciap
Opearuyeenuil I Opzanudechiud
asam ) (ga,remi )
A (AVAVL V=
Heopeanuverxud Heapearu- COrz
Asom ueCK Ll
qacgian

Opearuqeckas

Opzaruyecnud
fndopad £hd
Opeariyecnut
Heopaarmvecnud e Heapearweckas
Gadepod ; cepa

Heapeariuvecxul

- Kucaapod

Puc. 6.1. OmaarepoBekme conpsentnie KPYTOBOPOTEL GHODIEMeHTOR.
JHEPTAA MIMYUeHHs] SABISCTCH JBIGKYIEGH CHIOf Kpyrosopota doc-
(opa. Bee ocraibHbIe KDYTOBOPOTLI  OHODIEMENTOR NOJKIIOYeHBI K
aTOMY KpPYroBopory m Oaarojapa aToMy paboTaioT ¢ NpPHCYIAME WM
CHOPOCTAMIT,

COIHAINE BOJBI I 3aTe€M PEarmpoBaTh ¢ BOJOPOJOM BYIKAHM-
UeCKOr0 MPONCXOMJIeHIIA, BHOBD HMOAB/SACE B COCTABE BOMIEL
B 6uonmormueckux cmcreMax rarme NPOHCXOAAT MUKIMYCCKIE
OpeBpamenns BelllecTsa, HO OHMW OTIHIAIOTCH 0T ayajiormd-
HBIX Npespamenuii B 1efHoIOrnyeckux cucteMax TeM, 4To
BCE OHH CONDPAREHBI JIPYT ¢ APyroM. 9To Moskio WabTiogaTh
B MpOIEcce pocTa OPraHm3MOB — BAKOHOMEPIIOTO, YIOPATO-
HeHHOr0 BO3PACTAHIA WX PasMEPOB I KOMMYECTEA BCEX KOM-
INOHEHTOB. TE\HOQ He COH]"Jﬂ?RBHIIP. 6][03.]'[9319!]'1‘()“ nMeer MecTo
1 B OKOJOIHYECKIX IIpoleccax B Mmacmrade Beeil NJIAMETHI
(pme. 6.1). Iuxa doedopa mpuBOIUTEST B ABAKEHITE pHeprIei
usnydenusa. C Kamabiv 000poTOM HTOr0 LUKIAa BO BCEX 0C-



TAIBHBIX [UKIAX TaKiKe OPONCXOAAT HPeBPAINEHNA ¢ MpPH-
CYMIOMHI UM CKOPOCTAMIL,

«/lsmuMan sneprueii mamyuenmay 03HavaeT, 4T0 B KO-
HETHOM Cu4eTe BCEMH OHOJOIHYECKHMN CHCTEMAMH JBHKET
omepruAa BujmMoro maaydenusa Comuna. Hu 6Gmomormueckmii
Kpyrosopor dochopa, nm Karoii-amdo JIpyTOii KpyroBopor He
COBEPINACTCA CAMOIPOH3BOIBHO; WX [BH:KYIEH CuI0i ABIs-
€TCH CONMMeTHAA DHEPTUs, KOTOPAs y4acTBYET B 9THX IIpOIlec-
cax aubo HemoCpeJCTBEHHO, KAK B Caydae (orocunTesa, aubo
KOCBCHHO, KAk B ciyvae HOeJANHA pPACTeHUii TPaBOAAHLIMH
AOBOTHEIME, JHEPINsA, MOJI00HO0 BPEMEHHN, — CIOIRI0E IOHS-
Tne, KOTOpoe MOJ/laeTcs M3MEPeHHI0 TOJLKO B XOJie ero B3am-
MOJICCTBHA ¢ BEIIECTBOM: OHO YCKOIB3ACT OT HAc, KaKk TOIb-
KO MBI CTPeMHMCA OPOHNKHYTE B €ro cymuocts. (DakrTom oc-
TAeTCHA TO, UTO HHEPIUs BHIILIBAET NPEBPANNCHHS COCTOSHMIL
semecrsa. Horpa sti npespamenus conpssensl, Kak OHM ¢O-
UPAKEHEl JUiA OMOIeMEHTOB, MBI HMeeM [el10 ¢ OmoJormue-
CKOIl CHCTeMOI — TAK TOBOPHT HAII OIBIT.

Beposatno, manGonee cymecrsenmmri, UHTYATHBHO OYEBHI-
HBLil 7T 3aIyTaHUBI aCHEKT JAHHOTO HAMM oupe/ieleHNs JKU3-
HI BSaKII0YeH B CJOBOCOYETAHHN (110 NYTH YBeIUYEHHS
cnoikHOCTHY. CIOBY «CT0KHOCTEY GEIIO OTAAHO npeamourenne
Jiepest cIoBOM «HH(OPMANTAY HOTOMY, UT0 MOCIeHIIt TepMuH
HMEET CIMIMKOM MHOIO pPasJHIHBIX 3uavenmit. Kak moxasad
HMapsnn, npu ecrectBernonm orfope m3 oGO momyaAIHK
BHIOIpAeTcs TOIBKO To DOJIMTOKECTE0, KOTOpoe Hamboiee
CT0CO0H0 K MAKCHMATBHOMY YBEIHICHUIO YHCACHHOCTH B CBO-
€il aromormueckoii numte, [leficrme Takroro orbopa ocHOBAHO
Ha TeHeTHYeCKOl HSMEeHYMBOCTH, NPHCYIIeil OOMyJALNAN, a
TaKiKe Ha TOM, UTO Kaik/Jas HOMYJIANNA HOTCHI[HANBLHO CLO-
co0ma K BOCIIPOI3BEEHII0 cebs B orpomMioM nsosITKe. Pyko-
BO/ICTBYACH TONDLKO BTUMH IPEJICTABICHUSME, MOKHO OBIIO kL
OPHilTH K TOMY, YTO Mup JOMAKeH OBITH HaceTei cBepxpas-
BUBIIUMICA MUKpoGamu, ¢riocofHBIME GLICTPO & adperTuBrO
B3aMONHATE JTI006Y10 MOTeRIMAIBHO JOCTYIINYIO HOIIY W moja-
BUTE BCIO OCTANLHYIO0 JKu3HL. M Tem ne memee ma 3emue cy-
IECTBYIOT He TOXBKO MHKPOOHI, CYINECTBYIOT IO, pacTemus,
HACCROMBIC 11 T. JI., KOTOpLIe NPEJCTABIAIOT CODOM y)(uBI-
Teabno caomubie opranmamel.  IMo-supnmomy, wumernorcs s
OoNLIIOM Ko/MYecTBe HUIIE, Hef0CTyINbe JUSL MukpoGos, B
KOTOPBIX HAXOMAT MpuOeKiiile CIOMRHbEe OPMBI — MHOTORIE-
TouHble opranusMsl, B Oyaywem B Gmomormueckux Teopusx



OINPEAEJIEHNE HHU3HN 79

1e06X0INMO KAK MOMKHO [OJHee Y4YecTh CBOiicTBA HHI N
cinpaBaTheA ¢ mpoGmemoii cnomnocTu. B macrosmee Bpems
ATO HEBO3MOKHO: ceifuac erie me pemena 3ajada Jaske H3-
mepenns konmuecrsa nndopmanmn B JIHK raroro-mmbo op-
rapmama. Ho cpemn cpoficTs mummn BeIeaseTcs 0/HO: 00bean-
HeNHe XapaKTepHCTHE, CBA3AHHBEIX ¢ pasMepaMu U BPeMeHeM,
Ha Omomormueckoil mkaie.

KieTkn MOKpPOOPranusMOB Majlbl; HX pasMepsl Orpanmyi-
paroTcA B ocHoBmoM anddpysneil HeoOXONMMBIX OpraHmYeCKAX
coeIHHeHNiI U3 OKpYKalolleil cpefnl, TaKk Hak 00beM KIeTKH
poapacraer NPOmOPHUMONANEHO KyOy JnHeilHHIX pasMepos, a
[IOBEpPXHOCTE, 1epes KOTOpylo ocyuiecrnisercs fuddysus, —
s KBajpary. OtMmernm Takske, uto jus mponecca Anddy-
sum Tpebyercs onpejieneEHoe Bpems. bBozee caomnbie 1
KPyIHBle 5yKAPHOTHYECKHe KIeTKH pPa3Bmilich H3 arperatos
MOKpOOHEIX KieToK. HpuTmdeckoe smauenme B arperarax
HPEMOTHBABIX GAKTEPHENo00HHIX K/IeTOK HMelo yBelndeHne
gHyTpenmeii MOBePXHOCTH 0Jarofaps WCHOIB3OBAHNIO MHORE-
crsa MeMmGpamusix cucrem. CaefcTmem BTOT0 ABMIOCH BO3-
pacramme ppemenn feiaenns Krerkn. Hosbie, Gonee crommbie
KIETKH Obiim crocobmbl OeicTpee o6pabaThIBaTh MOCTYNAIOINE®
CHIpBe W 3aHAMATW APYIY0 BPEMEHHYI0 HHIIY: BHYTPH Go-
Jdee CIOMKION KIeTKM 3a MCHELINEe BpeMs MO0 IPOMCXOIHTDH
Gonple MOTEKYIAPHEIX coObiTuil. Jlas 3ausrTus HOBHIX HNNI
fHUI0 HENOCTATOUHO BO3PAcTalOMmell CIOKHOCTH Pa3BHBAIO-
HmxcA OmOJOrHYecKOX CHUCTEM. HeofxopuMel  Obuim TakiKe
daykTyanum oKpyaiomieil cpefpl, KOTOphle BINAIM HA BOC-
npouseejenne 6n0NOTAYECKNX CHCTEM B n30BITOYNIOM KOJIMIe-
¢TBe 1 TeM CAMBIM NpHUBOAMIE K orTfopy mambosnee mpmcro-
cODIeHILIX,

CpoBojHEfi KUCJIOPOA CTal JOCTYNEeH TiaBmbiM obpasom
Gararojaps MeTadoausMy (OTOCHHTEZUPYOULX ChHe-3elenbX
pojopoceii. B orser ma mpucyrersue crofOAHOro KICIOPOJA
PA3BIUINCH CJOKIBIE DYKApPHOTHIECKHe KIETKH, HOCKOILKY
O MOTJIN HCHOJIB30BATH KICIOPOJ, WA TOTo 9T00K BO MHO-
r0 pas yBeAMuNTH CKOpocTH OHOJIOIMYECKOro MpPOM3BOJCTBA
smepram. BepoarHo, 910 OBIIO CcamMOe BajKHOE JOCTHIKEHHE B
DBOMIONEN 110 HANPABJIEnumio K MHOroKJAeTodnbiM hopmanm
FKHBIIIL.

XoTa p HacroAmiee BpeMs OHOJOrHYecKas Teopusd He MO-
AKeT, NCXOAA M3 NEePBHYNBIX NPHHIANOB, aJeKBATHO ofBaC-
HHATH, TOYEMY CJOKHOCTh CHCTEM, JIBHFKAMLIX pICprHeit,
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JOJRIIA BO3PACTATH, NPOCTHIMI (PH3MYECKUMII BRCHEPUMENTa-
MH JIOKa3agno, 9T0 HTO JAEHCTBHTAILHO TaK.

Kaaccnuecknii yMO3puUTEABHBIH HKCIEPUMEHT COCTOMT B
CJAeIyIONeM: ecn IOJBePrHYTE OJHY 13 CTOPOH 3aMKHYTOTO
cocysia BO3JeilCTBNIO TOYEYHOI0 MCTOYHMKA TeIjia, 9T0 aHANO0-
THYHO TOTOKY 9HEePTHH H3JAydYenns, TO KOHIEHTpanmd Moie-
Kya1 rasa B cocyfe BOJM3N HMCTOYHEKA Temja NOHHBNTCH, a
BJIaJ1 OT HEero — IOBBICHTCA., ¥ NOPANOYEHHOCTE CHOTeMBI, Ta-
KuM 00pasoM, BO3pacTeT, MOCKOJBKY, [0 Mepe HOCTYIIeHHA
SHEPIUM, KOHIEHTPAIIs MOJeKya raza B cocyje Oyjer crano-
BHTHLCA Bce Gosee ynopspovdemHoit.

Benenersie meajgerBaTHOTO XapakTepa  CYIMECTBYIOTIeit
Gmostormyeckoii Teopun BeckMa TPYAHO OHEHHTE TAKOro pojia
ynopsfouentuocts B Omosornuecknx cucremax. Iloxa mpnmem
rumnoTesy, uro mwobas OmonormuecKas CHCTEMA XapaKTepusy-
eTcA onpesienennoil ynopagouenHocTeio (manm madopmanmei,
I CJOKHOCTHIO, mim necaydaiinsim Xapaktepom). [lomyc-
THM TaKKe, 4T, Korja depes Gnosormieckyio Jaunbo meGmomo-
IHIECKYI0 CHCTEMY TedeT MOINHEI MOTOK «BEICOKOKAYECTBEH-
HOil» sHeprum majaydenusn, weGoJablIag 4acTh €ro TPATHTCA HA
CO3Tanme YHOPA0UEHTIOCTH, 8 0CTaJXbHAA HepexXoanT B «IHus-
KOKavYecTBen nbiily BA DHEPTHN — TeIio.

Ilop conpskenmem NMKJINYSCKNX Npenpamenyii Omosie-
MEHTOB TOJ[PA3YMEeBAIOT, 4T0 Bee DHOJOTMYECKNe CHCTeMBI He-
HOJAB3YI0T o0lme MaTepHasbl, W 3TO JeiicTBATEAbHO Tak. Bo
BCeX JRHBBIX OPranmsMax oCyNIeCTBIAIOTCA CXOAHbIe Omoxu-
MHYeCcKHe NpeBpallenns, OCHOBAHNLIE NAa YAWBHTEILHO Ma-
JIOM umcle oprammdecknx coepunennii. M3 corem ThicAu op-
rannvyecKnx COeJNHEeHuii, KOTOphle MOMHO MOXYYNTh, B Omo-
XHMAYECKHX IPOIEeccax IMOBCEMECTHO HCH0JIB3YIOTCA JHIh
okoimo 120. K mmm ortHocatea 20 amumoxmcsaor, 4 ammmpa,
5 ocHOBAHWII HyKJIeHmmOBBIX Kmeaor, 20 BHTAMHHOB W Pa3Ho-
pojmas rpynna Majiblx MOJEeKyJ, TAKHX, KaKk opranmyecKne
rucaotsl, ochar n sopa. HeGonpmoii nadop raaBHbIX opra-
HAYECKHNX CcoeiHHennii, ofmuil Ias BeeX FKUBLIX CHCTeM, 103-
BOJIAET AROCHCTEMAM JleiicTBOBATH a(D(PeRTHBIIO HAa PA3THIHBIX
TpoNIECKAX YPOBHAX.

Aror nebouninoii nabop coejMienii cocTapasgeT OCHOBHYIO
Maccy CyXoro OCTaTKa BeeX opragmsmon. Umesao pazimimbix
Kaaccor nojnMepon eute Menbuie, OcnoBy ¢yXoil Macchl JIi0-
Goit pynwnmonupyonieii OHOJOTAICCKON CHCTEMBl COCTABIA-
10T OeaKn, DOMHCANAPH/bI, JUINHAL I HYKJIEHHOBHE KOCIOTEL.
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W 3pecs nmpocrora m yHHBEPCAABHOCTH MOIMMEPHBIX CTPYK-
TYyp B OHOJOTHYECKNX CHCTEMAX OTPayKaloT HeoOXOoAuMOCTh
obmtero Tpodueckoro YpoBHA B AKOCIHCTEME.

Heobnigaiino ciaouas BEIYNCAHTEIBHAA MAITHA COCTONT
H3 Ha0OpoB OCHOBHBIX eiMHML. ANaJOTHYHEIM ofpasoM Bce
OnosiornyecKmne CHCTeMBl MMEOT OCHOBHY eAUHHILY — KIeT-
Ky, orpanndennyio memOpanoit. Jlmanasom pasmepos kmBEIX
KJIeTOK 0uYeHb y30K. Pasmep Gartepmanbmbix, mim mpokapuo-
THYECKUX, KIETOK 04eHb MaJ, OT '/ 10 2 MKM B momepeunmke
(1 meM=1-10-% m). OyrapmoTmueckme KJIeTKH, IMeIOIIme
APO W Opraueinasl, 60jee KPyNHEIE 0 YCTPOEHBI CI0MHEe; mX
pasMepel aeyxar B anmanazoHe or 5 g0 20 mrm. Hietka or-
TpaEmuMBaeT 4acTh Bopmoil cpeast (asoBoit  rpammueil —
MeMOpamoil, 4To0sl HPHCOOCOOUTE BTY Cpeiy /s OHOCHHTe3a.

Quznueckne 3aKOHE AuP@Y3HN MaNBIX MOJEKYX B BOIe
Pe3ko OrpanmyHmBAOT TOT MAKCHMAJLHBIN pasMep, KOTOpHIil
MOKET UMeTh KiaeTka. Mmmmmanenbii pasmep KIeTKm orpa-
HpYen KoamdecTsoMm (yHKImi, KOTOPLIe OHA AOIKHA OCYyIle-
CTBIATEL JIA Bocmpomssenenuda. Bupye — oro medyERmmONN-
pylomas 0OmoJornueckas cucreMa: COMIACHO HALIEMY oOIpe-
JIGJIEHITI0, ero HeJb3fl Ha3BATh JKNUBEIM, OH MPEJCTABIAET CO-
Goif MOKPHITHIT OemKaMm (IMOPHI] JIA IOJKOKHBIX HWHHEK-
nmit», 3an0NHeNHBIH HyKIenHosoil kucroroit. Cropee our mpo-
JAYKT KIETKIH.

Bce wietknm mMmeoT ofmHAKOBHIE TeHEeTHIECKHH m Oelok-
CHHTe3MPYIOUil anmaparhl, ONHCAHNE KOTODBIX MBI JajuM
B ri1. 9. O6pacuenne Toro, Kak BO3HHKIM NONRo6HBIe ammapa-
THI, — OfiuH n3 #anfojiee TPYDHBIX ACHEKTOB BOMpPOCA O Ipo-
mexoskpennn Kusnn., B ria. 10 MBI mombITaeMcs JaTh Takoe
o0BACHeHHe. .

Bo Bcex OmonormuecKnx cmcreMax OelKm ABIATCA TeMH
MONEKYIAPHHMA MAIIAHAMI, KOTOphe O0OYCIOBIMBAIOT TOH-
HocThr OmWOCHMHTE3a MOAUMEPOB ® OBICTPOTY NpeBpamienusd
pemecTs u aneprni. OQuens neoabmoe 9nciao Geakor (ecan
Takme BooOmie CymIeCTBYOT) JieiicTBYIOT camn mo cebe, uaiie
BCero oHn (IYHKOUONNPYIOT B KOMINIEKCe ¢ MOHAMH METaJIoB
win apyrovn momamn. Ocofo BhIeanM [Ba npmMepa — mHa-
amume marmnmsg B Xjaopodmiie m wkeqesa B reMorizobmne. It
METANAR FN3Henno HeoOXoamMel Ui (DyRRIMOHUPOBAHIH
GUOMOrHIecKns CHCTEM, XOTS OHM He ABIAOTCS Omodiemern-
TaMu, OpHYeM HOHLI METAJIOB dame CBA3AHE HOHHBIMH, a
pe Kosajentumivn cpassami. He ssasgschk ydacTHAKamu Ouo-
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JIOTHYECKOIl CTPYKTYPHI, HMOHEl METAJ/IOB MMEIOT pelmawiniee
aHavenne A QyHKIHOHUPOBAHAA OGHONOTHYECKOIl CHCTEMBL
Jame cTonp KpaTkmit 0630p ocHOBHEIX ocofenmocteii Gmo-
JTOrHYeCKHX CHCTEM SCHO JeMOHCTPHPYET, 9TO FPAHMYHEIE yC-
JOBHA JUIE pasdMepoB W (PYyHKUHOAATBHON NPHPOAH KIETOK
3ajlanel (DUBMYECKIMA U XHMHYECKHMH 3aKOHAMHI H TpOILec-
camu. Hpome Toro, HakmaJbiBaeMoe 9KOJOTHIECKOI CHCTEMOIT
orpanmienye, CBA3aHHOe ¢ 06M{HOCTHI0 TpogMiecKHX ypos-
Heif, IPHBOANT K YHHBEPCAJBHOCTH OWMOXHMHYECKHX IpOlec-
COB, MPOHCXOJAUINX BO BCEX OHONOTHIECKNX CHCTeMAax.



Tmasa 7 IIporoGuonTHL

Opzanuveckue MUKpPOCTPYKTYPE, noAYyueHHBLE
& aKcnepuMenTe ¢ UCkpoeuiM paspadom Had nosepxmoctvio eodw. Ha
arotli mukpogoroepagun 6wt eudure kanalo 6odw, 63ATYI0 npaMo us
axcnepuMenTaabnot koaGol; XI10000. B nodoGreix sxcnepuMenrax
okoao 60% eowedwezo 6 peanyuio yeaepoda 0GHAPYHUBAECTCR 8 MUK-
poctpykrypax. boaee kpynnvie 06bekTol, ROXONUE HA KEAETEU, UMENOT
okoao 15 mrm 6 duamerpe. lpu Mukpockonuueckom usyuenuw Goaee
EpYnKHbLX CTPYKTYP NROKAG3AHO, ¥TO OHW uMelT iasoeyro epanuyy; npu
UBMEHEHUU OCMOTUNECKOU ARTUEHOCTU Cpeabl, a NOTGPOIE OHU 636elte-
Hul, OHW HaGyxawr waw cicumarrcs. Hodobnsie erpyrryput obnapy-
HUGANWTCRE NOUTU 60 BCLX IKCHEPUMEHTAX C UCKPOBLIMU paapuc?rmu,
6 Koropuix npucyrcréeyer eodnas (fasa, ecauw @ ucxodwoil easoaoil
eMecu Hwer uaburounozo roauvecrea aodopoda. (Porozpaus awbeano
npeﬂocmmena aaGoparopueti akszofuoaceuu, [agatickuli YHuUGepCu~
Ter.



«Huuezo ne emiidery, — crazats
Aauca. ¢ ne ymew eepurs @
HEGepOATHBIE GeuflL).

«T'vt npocro daeno ne ynpas-
Hasacvy, — npednoaowura Ko-
poaesa — wg raou 2o0dvk R KaM-
dwil denwv 3aHuMasacy ITUM RO
noauaca. Cayvaaocw, uro do aa-
éTpaka R ycneeaia o0HUM Ma-
XOM noeeputh 8 WecTb Heaepo-
ATHBLX sewyelin.

Jsione Happoaa !

«ITpoTo6nonT» — TepMnH, MPURATHI 118 obo3naueHus Mpo-
MEeKYTOIHOTO 3BeHa B MPOIecce BO3HHKHOBEHNA FRM3HI, Ha-
XOIAMIETOCH MEMAY 9BOJIONHONNPYOTIHMI XIMATECKAMI CO-
e[IHHEHUAME ¢ OJ{HOH CTOPOHBI W ABHO OmogormgIeckuMu gop-
MaMH, HMeNINMI TeHeTHYecKimil annapar i moJBepramoli-
MHCA JapBHHOBCKOMY oTOopy, — ¢ japyroii. Ha cragnm obpa-
BOBAHHA HTOr0 NPOJAYKTA YiKe HOABIINCH HEKOTOpble OHOJI0-
THYeCKHe TPH3HAKHE, B TO BpeMa Kak JIpyrue HaXOAWINCh B
COCTOANNN PA3BUTHA.

Jasg rtoro wrofer 00BLACHNTL BONHKHOBEINME KIETOTHEBIX
Gopm musum, Oblr paspaboram NeNBIT PAJ THHOTETHYECKIX
Mojesieil, Kak JabopaTopubix, Tak u Teopermuecknx. Bee onm
IPEJICTABIATOTCA /[0 HEKOTOPOI CTENEeHN BePOATHEIMIT 1, He-
coMHenno, OBl B uICIe JPYrUX HCNPOOOBAHEL B TeveHue
1500 mam. mer semuoit meropum mesrpy 4500 m 3000 mum.
IeT Hazap.

Onapu ¢ COTPY/HHKAMI HPeIOHIT B KadecTBe MOJean
NPOTOKIETOR KOAlepBATHBIE KAIIM, MOCTPOCHIbIe M3 cMeceil
ROJUTOWJIHBIX JacTui. B ponm HTHX yacTal MOTYT BEICTYIATH
JUINIHBIe, B 3HAYNTENBHOIl CcTenenn HecnemrpuInbie Makpo-
MOJIEKYABI, CBASHLIBAIIING MOJERYJIBl BOALI M TPH TOAXOJf-
mux smavennax pH, KomnewmTpammum coim 1 TeMIepaTyphl
o0 LeUHAOIMEcH JIPYr ¢ APYroM ¢ oOpasoBamueMm Koarnep-
BATHEIX CTPYKTYP, 10 pasMepaM HANOMHHAIOINNX KIETKH.
Cmecn, B KOTOPHIX 00pasyoTCA KOAIEPBATHI, JETKO TOJYUYHTE
B JaGopatopmi, nanpmMep cMemmBag pas0apiIeHHBIe PACTBO-
pel skeratnmel  (Gesok) m rymummapabura  (mommcaxapmu).
Pactrop ocraercs mpospawnbiM, €CAI €U0 He HOJKICTATEH;
PN TOJKNCJICHIIN JKe 0CAMK/IAI0TCA YacTHOBI Koanepsara, T. €.
AIs Toro, wrolHI ieiatnHa W TyMMOapadmk BCTYIIL BO

! Tlepenop B, Opma,
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Baanmojieiicrsie n 06pasoBain CTPYRTYPHl KIETOYHEIX pasMe-
poB, neobxomumo Huakoe smadeHue pl. Hoamepsarer mosmo
TaK#e NOAYYNTh N3 MOJNAJeHINIOBOll KUCIOTH (HOoAmmyRIeo-
tnga) u roeroma (Genka). AnmazormambeiM o0pasoM B3amMo-
JeiicTBYIOT m MHOTHe ApYTHe HOAHMepHbIe MOJEeKYJHl, XOTH
B ROJKIOM KOHKPETHOM ciydae jyuia ofpasoBammsa Koalepsa-
TOB TpeOYIOTCA onpejieJeHnble BHeIIHNe YCIOBHA.

Mopenbipie cHCTEMBI YPEe3BLIYANNO ITOJME3HBI, MOCKOIBRY
OHH MO3BOJAIOT H3YYaTh NpPOTeRaHue cnelmpnyeckux CHHTe-
THYECKUX T OHOXHMHUIECKNX peakiuii B cuCTeMAaX KJIeTOIHEIX
pasMepos, OT/IeTeHHBIX OT BHeNIHeil Cpefibl, B KOTOPBIX II0-
KaJdbHBIe YCJHOBHA MOTYT CHJIBHO OTIMYATBECA OT YCJIOBHID
pHemHeii cpeyisl. Hanpusmep, kaxk morasan Onapun, Koamep-
BATEI, COCTOANINE 13 PHOOHYKIENTOB0Il KHCIOTH H THCTOHA,
npu mobasmennn moamnykieornidocdopriIassl B mpHCyTeT-
pan agemosmuandocdara CHATEIUPYIOT HONMHYKICOTHT —
NOMHAJEHIIOBYI0 KNCJ0TY, DTOT Hpouece WjaeT u 0e3 Koa-
HepBaToB, MO CYMIECTEEHO TO, YT0 B NPHCYTCTBHH A0CTATOY-
HOTO KOJMYecTBA THCTOHA KOATEPBATHL  VBEINUNBAIOTCH B
obbeMe 11, BO3MOMKHO, MEXAHNTECKIM IyTeM HelATcA HajBoe.
HKoauepsarsl apyroro Tmma, BRA0OYAINIe T00aBISHHBIT XJI0-
poduiLI, HepPeHoCcAT HIEKTPOHLl ¢ KpacHTejs-floHOpa HA Kpa-
CHTeTB-AKIENTop, MOJeNupys Ojui m3 »ranos (oTOCHHTe3a.

B MOJeJILHBLIX KoallepBaTHbIX cHCTEeMaX MCHOJL3YIOTCA Io-
JUMepsl OMOJOTIYeCKOT0 TPONCXOMACHNA: OeIRN, HyKIenHo-
BBle KHCJAOTHL 1 nojucaxapuanl. [las skeTpamomamum K ycio-
BuAM enie 0e3’RU3HENHOr0 «MaTeHBKOTO TeIJIOTO0 BOIOEMan
HE0DX0NNMO HaKOTLIENHe Cayuaino 00pasoBaBIIMXCs IOJIMMe-
poB, ernocodunIx obLeanuATLCs B 1noj00ubie crpykrypol. Cpe-
[l MHOMKECTBA KOALEpPBATOB, COCTOAMMUX M3 XAOTHYECKH CHH-
Te3WPOBAHNBIX IIOIHMEPOB, Te, KOTOpHe GObLIM  crocolmbl
Me[JIenHo CHHTE3UPOBATh JONOJIHUTEIbHBE KOJIMIECTBA CXOJ(-
HBIX TOJIUMEPOB, MOLMU PACTH I TOJABeprarscs orbopy JuIi-
TeapHoe BpeMA. B KOHIE KOHIOB TIOCIHE0BATEILIbIE 3TAIBL
orfopa MOIIM IPHBECTH K Pa3BUTHIO o0Mena BelecTB M Ha-
CJIeJICTBEHHOCTH.

Xord aTa MOJeah MCKAOUNTENBLHO M0Je30a, Mie KajReTosd,
qro oma Hesepna. Jlas npurorosienna koanepsatos B nabo-
paTopnm T[)E‘ﬁ_\”()T(‘.H O4Yelbh BBICORNE KOMIENnTpalmn noJjmMe-
pos. o n 1nepeoGHTHLIX BOJOCMAX IPHCYTCTBOBAA BechMa
pasbaprennsii GyapoH, cofepsraluii Hefoapmme oprammie-
crue coepmmenusd, CIefoBaTelbio, A TOTQ 4TOOB HH3KOMO=
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JAeRyJAPHBIE IpeIIecTBeHHNKN pearupoBain, obpasys monn-
Mephl, OHU MO/UKHEI OBLIN HPEOJO0JETh HepBhlil KOHIEHTpA-
OHOHHLIH paspeIB.

Urobn1 obpasosainch KoAalepBaThl, HOTBHBIOHECH B pas-
0aBieHHOM pACTBOpE, MOJMMEpPH! AOMKHLL OBUIN OPeoJoIeTh
BTOPOil KOHIeHTpanuoHHEIN paspeis. Hakomen, camm kKoamep-
BATH JOMKHEL ObLIn OCYHIECTBIATHL AAIbHEHMHIl CHHTE3 B
ouenb pasbaBmenHOM pactsope. Hmke ME1 eme MmEOro pas
OyfeM CTAIKHBATECA ¢ HpPoOJIeMOMl HpPeojloleHHA KOHIEHTpa-
HIOHHOIO PA3pPHIBA.

TeopeTHueckn MOMKHO HailTH cmocolBl oboiitn npobGiemy
KOHIEHTPAIMOHHOTO PA3PHIBA, HO OHH HPENCTABIAINTCA CHO-
pee TOKeNAaHHAME, He/KelIHm IPaBION0A00HOI pPeaabHOCTHIO.
Hanpumep, Bnoiime BepoATHO, 9T0 MHOTOYICIEHULIE Heraydo-
Kne BojgoeMbl, pa3dpocaHnble MeKIAy KPYHHBIMH BYJIKaHaMH,
mHTEHCHBHO Hemapsuimces, Ilpu sToM ypmamsmace soga m Je-
Tyunme OpraEmvyecKue COeJHHEHHsA THOA (OpManbJernja u
CHHIIIBLHON KHCJIOTEI 1 00pa3oBHRIBAJICA [elCTBHTENLHO Golee
romnenTpuposanusiii Oyaeom. Mmorma B Bojloemax jo ciue-
NVIOIIEro 0K OCTABAINCH TONBKO BIAKHAH TIHHA W ML
HecoMHEHHO, 3T0 T MOLIO, U JIOJKHO GEIIO IPONCXOJNTE, HO
9TOT INpPOIEcc elle e IPOAHANM3MPOBAH  JIOCTATOYHO HOJ-
pobHo.

B BojoemMax nmpucyTCTBOBANU TAaKKe COMH THIA XJOPHCTO-
ro HaTpusA. XOTA B NepBOOHITHBIX BOJ0EMAX COJIePHRANOCh TO-
paao Memplme cojeil, yeM B COBPeMEHHOM OKeame, KOIMYECT-
BO NX MOJIEKYJ BCe e Jaleko NPeBOCXOHI0 KOJIMYeCTRO
MOIEKYJ OpraHmIecKHX BelleCTB. ¥ YNTHIBAA, 4TO B XO[e He-
napenus KOHIEHTPHPYIOTCH H Te, M Jpyrue, NPOBEleM Tpy-
Oyio omenky. NonmemnTpanmsa coleil B BogoeMe Moria OBITH
npubmmsurensao 1,5 r/fax (10% xommemtpammm comeii B co-
BPEMEHHBIX OKeamax), a obfm@as KOHNEHTpPAUUA [BajiuaTi
aMIHOKICTOT Moraa Obire okoso 2-10~1 rfa. Mrax, ormome-
Hie KOTMIECTB MOJEKYI COMHM M AMHHOKHCIOT OLIIO mpuban-
gurensno 10 000 : 1. IMomusa, 910 MBI JOAKHEL HPHIITH K CHH-
Tesy HeperyIspHHIX Mojeryn1 Geara, mpejcrasum cede cay-
qailible CTONKHOBEHNA MOJEKYJ AMHHOKNCIOT JAPYT C JAPYTOM.
TpyaHOCTH COCTONT B TOM, YTO MOJIEKYJla aMHHOKHCIOTH Oy-
mer crarkmBathes ¢ moxexyiami comm B 10000 pas uaue,
geM ¢ MOJIeKyJdaMmm jpyroii amunormcaorsi! B janmmom mpm-
Mepe He YUHTHIBAETCA Takme TOT (akT, YTO AMUHOKHCIOTH —
He eUICTEEHIOE HOJMHOecTBO ofmiero mafopa HeJleTydux
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OPraHnmM9eckux coejuneHnii B BHICHIXaomem Bogoeme. Ce-
JOBATEIILIO, AMHHOKRNCJOTE MONIN CTATKHBATLCA M PeATHpO-
BaTh € JIPYTHMH MOJICKYJIAMI OPraHHYecKHX COeJMHeHmil m ¢
MOIEKYJIaMI COMell 3MATNTe]bHO 9Yalle, 4eM ¢ MOJeKyJdaMiu
Apyrux ammnokuciaor. K romy e mo mepe mcnapemms mop
AeiictemeM yabTpaduoneToBoro msaysenuss Connna OBICTpO
paspymaioch Bce, 4to Obl WM CKOHIEHTpHpoBaZoCh. B o0co-
OnIX yeaommax, n gaGopatopum, KONIeHTPUpOBAHE JeilcTBH-
TEIbHO NPOHCXOAUT, Ho 06pasosanie KOAMEPBATOB B peaib-
HOM MUDE — COBCeM Jpyroe JeJo.

Has mopean nporokieror, seiiBHEYTOI Dokcom, Tar:ke
XAPAKTePHUEl NPARTUYECKNE 3aTPY/HeHns, CBA3AHHEE ¢ IIpe-
OZl0JIEHNeM KOHIeHTpanuonuoro paspsisa. Kak n mojens Omna-
paua, Moznens (Dokca mayuanace BechMma TIATEIBHO, OHAa
Broane aroro sacay:kmusaer. Ecam cmecs ammmormenor ma-
TPETh M 3aTeM MepeuecTH B BOAY, TO H3 Hee MOKHO BhIje-
JTL moamveps!, nassannble Mokcom nporemmonpamm. Ipo-
TeHHOUBl npejicTasaaioT coboii GenkoBonomobGunie MOJIEKYIIBI
CO CIYYAIHOl HOCIE/I0BATEALHOCTEI0 AMHHOKICIOT, KOTOpEIe
00pasyloTca ¢ oTHenienneM oo MOJIEKY/IBI BOJIBI HA KaiKk-
fIyio nenTuanyio ceasb. Pacteopsi nporennonnor npu oxmask-
Aenum mytaeior. Horma mx pacemarpmsamm s MHKDOCKOIT,
obrapysmin cepst aumavmerpom okoso 10 MKM, HAOMHHAW-
e KAeTKH, Ka#/as H3 KOTOPLIX HMeeT TONCTYIO, KaK CKop-
Jayna, nporemHomianyio memOpawy. Wmorma 6eum samernnr
ofpasoBanns, NMOXO/KHe HA NOYKH, a TAK/Ke CIBOCHHBIE qa-
crunst (puc. 7.1).

IIporennonn, woropsiii merko noayunTs B Jabopatopmm,
ABIAACTCA GeclOpsAI0THOl CMEChI0 JIOBOJBIO KPYMHEIX NOJH-
MepoB, Goabmeii gacTeio nommnentumos. On HoJIBepraeTcs
TACTHMHOMY pacliemiennio moj jeiicteneM gepmentos, pac-
HienAAnmux GeJkn GHOTOrHYECKOTO NMPONCXOMKIe .

DoKe 1 ero COTpYANMKE MOKA3AMI, YTO TAKNe IPOTEHHON-
Abl, IMEIONIIe HEePeryiApHyIo CTPYKTYpY, 0041a/1a10T NIHPOKIM
NalopoM HEe3HAYMTEABHBIX KATAINTHYECKHX aKTHBHOETEI.
Onn mpexnoaaraior, uto aMuHOKmCIOTH KOHIeHTPHPOBAIHCH
B HCHAPAIOIINXCA BOMOEMAax M 3aTeM IOJ AelcTBHeM TeIlLia
JIABOBBIX IIOTOKOB IJIH B XOJe BHICYIONBAHNA MMOJ AeiicTBHEeM
COMUeTHBIX Jydeil moimmepnszonanuch. Iocue o npoTen-
HOWALL mpeTepriesaanm camochopry B mukpocdepst. Mmkpo-
chepur npeacrasisor cooii HNONYJAINHI0 NPOTOKIETOK, HOJ-
Beprasimxca or6opy B COOTBETCTBHN ¢ NX KATAAATHIECKHME
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Puc. 7.1. Mportennonaare Mukpocdeps!, cunTesnpoBanunle a-pom fu-
roMm. CMech CyXMX AMEHOKHCIOT KOHJAEHCHPYeTCA 00j jAeficTBHeM Tem-
I8 HIR KOHJGHCHDYIONIMX AarenToB ¢ 00pasoBaHueM UPOTEHHOWJIOB,
Oxnaskienne CyCHEHSHH [POTEMHONJA B BOJE HPHBOAUT K MOABJICHHIO
muEpocgep.

AKTHBHOCTAMN, HeoOXOAUMBIMKN [ NepRHYHoro MeTabo-
ausMa.

Ilporennomnnrie Mukpocdepst Jerko TpUroTOBUTH, W ATO
flenaeTes BO MHOIAX MKOABAEIX naGopatopmax. Heobxopnmo
BCEro JHiiL NAarpeTh KYCOK JaBbl Ha rasoBoil ropenxe, Gpo-
CHTH HA TropAYyio Jasy JoEKy cyxuax L- mum D-amuumormcior
I CMBITH C JaBHE HOJydennble MPOTEHMHOHJE 4amKOil BOJEL
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IlentpannuniM ocraeTcs BONPOC: OTKYAA B PEAJLHOM Jo-
OHOJOTHYCCKOM MUpPE B3SANCL YNCTHIE, CYXne, KOHIEnTpupo-
Bamible I OUTHYECKH aKTuBuble aMunokmeaorsi? Bropoii Bo-
Npoc Kacaercs NPUpPOAE NOTPAHMYHBLIX CJI0eB B IPOTEHHOMI-
neix Mukpocepax. RaeTkn nmelor JannonpoTengnyio Memipa-
HY, TOHKYI0, KAk NayTHHKA, Yepe3 Koropylo myreM auddysmn
MOTYT MEJJIeHHO0 HPOHNNKAThL PA3IHMIHBIE MAJBIE MOTEKYIIBI.
Ilporennonansie mMukpocdepsl orpaEMYeHH TOJICTHIMH, Tpy-
OLIMII HACTOENUAMI YacTH4HO rAApododHbX OenakoB. JTH Ha-
CI0eHNA HACTOJIBKO TOJCTH, 9TO HATOMIIHAIOT CKOpee IIOYTH
HempOHNTaeMble KIeTOMHbe CTeHKN WIH 000/109KH CIOp, TeM
KIeTOYHEIE MeMOpambl.

Bepman npepmonoskmi, 4To KIOYEBEIM MOMEHTOM B ofpa-
B0BAHNH TOJAUMEPOB 13 HeGOJBIINX OPranudyeckux MOJdeKyJ
ApIfeTcAa nx ajacopduusa ma MIMHHCTHIX MmuHepanax. Mporme
BHJIBI TJNH JleiicTBHTeNbH0 BechbMa addeRTHBHO I H3bnpaTean-
1o aacopOupyioT AMIHOKIC/IOTHI, A30THCTEE OCHOBAHNA H Ca-
xapa. B Monenn Bepnama KoHmenmTpauumoHHBII paspelB Ipe-
ojiosieBaetcs Gaarogapda NPHCYTCTBHIO TN, HOBBIIIAIONMNX
JORaJbHLIe KOHIEHTPAIAH IOJIMepoB ‘Buosormueckoro Tuma
€O ¢Jayuaiinoil moc/aeioBaTeLHOCTHIO COCTABIAIONINX ero Mo-
momepos. Ilpepnoxaraercss, uro ma Oosee mo3[Hei cragmm
OTH TOJAAMEPHl CAMOOPTAHM3YITCA B NMPOTOKAETHH M IIOMY-
JANNA TePBHYNBIX NPOTOKIETOR CJAY:RHT OCHOBOI [IA oTGopa
T€X, KoTOophle 006.71aai0T CHHTETHYECKoil m MeTafommueckoii
akTuBHocTsI0. Oupenesenuas CIOMKIOCTD 3AKIIOYACTCH B TOM,
4TO BEINECTBA HA IVIMIAX MOTYT PaspylIaTsesd IOJ JleiicTBHeM
yabrpadmonerosoro maaydennd. K Tomy ke mmorme mnosm-
MEpHBIe BelnecTsa ajcopOmpyloTcs TOPasjio CHILHee, TeM Ma-
JEle MOJEKYJbI, 11 CTAHOBATCH HeJOCTYHHBIMH JiIA Jadbmeii-
mux npeppamennii. Tem me Memee mMexanmaM KomuenTpupo-
BaHWsA 1A IJMHAX OCTACTCA HONE3NBLIM I 3aCHYKHUBAET Jajlb-
TeHIIero ma3yIeHus,

Bo Bcex sEImeonmcamHLIX MOJEIAX NPOTOKIETOK OCTAETCHA
HePeIenHoil riasmas mpodjiemMa HpeoioleHnA KOHIeHTpaIi-
OHHOTO paspuiBa. B ¢BA3M ¢ HTHM BOBHOKAET BONPOC: HET
J anbTepHATHBHEIX moxxoyos? fl mmumo cumraio, 9T0 €cTh,
M HHKE OCTAHOBIIOCH Ha OHOM W3 HHX, KOTOPOMY A 0TAal0
HpeanoaTenne.

Ilpn BosueiicTBum sueprom ma cMech TEPBHYNBIX Ta30B
obpasyioTcA me TOABLKO Majble OpraHmvecKHe MOIEKYIBl —
HEH3MEHHOo 00Hapy/KuBaeTcA TAKAe W IOJNMepHbIl MaTepi-
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Pumc. 7.2. Opranmueckne MUKPOCTPYKTYPH, 00pasoBaBIImecs Moj Meil-
CTBHEM HMCKPOBOTO Paspsjla HaJl NOBePXHOCTHI0 BOJLL ITH (hoTorpadmm
Kamm Bojikt nocie 20 u OponycKkaHuA HCKpL CeJlanel B (ha30BO-KOH-
TpacTiHoM Mukpockone; X900, Bonee wpyumsie cdepnt mmenoT B jma-
meTpe okono 20 meMm, OGparnTe prumanne Ha ofmime Godee Menkmx,
IMOX0KHX Ha Gam‘epnn 00BERTOB B HA o0mIHe MeJIROTO MBMS})&I‘IHOI‘O
MarepuaJa, sanoimgioiero Golee Kpymonnie cTpykTypel. (C mobesnoro
paspemenua aabopatopnm oksobmosormn I'apaiickoro ynmsepcmrera.)

a1, B COCTAB KOTOPOTO OOLIYHO BXOJAUT IOYTH BECh YIJEpPOj,
VYaCTBOBABIINIL B peakimi. JTOT, B OCHOBHOM ruapodhobHbIii,
MaTepHaj He YAAeTcs IOJHOCTHI0 0XAPAKTepH30BAThH ¢ XIMH-
yeckoil Toukm 3penms. B o0BYHLIX SKCIEpHMENTAX C DIEK-
TPUYECKHM PA3pAIOM ON BHABIAETCA B (hopme ocajka (Kom-
JeHcaTta) Ha JIeKTPOJlaXx i HA CTEHKAX PeaKMUOHHOTO COCYJIA.
{Tosmumepsl o6pasyioTea TakKe M TOTAA, KOTAA HIeKTpHYECKad
HCKpa NPOXOAUT 4epe3 cMech razoB M I0CTUTAET IOBEPXHOCTH
Bojisl. B aTOM ciyuae OpraHmmuecKHil Marepmai; BHIIAAeT B
BHJle TOHKOII MACIAHHCTOIl IUIEHKNM Ha TOBEPXHOCTH BOJDL
Ilpn nmepeMeImUBAHUN WIH BCTPAXHBAHUN TUIEHKA OT/Ie/sAeTcH
oT moBepxmocTH u obpasyiotcs cdepyisl pasmepom or 1 jio
20 MEM B jumameTpe, a TakikKe Oosee CIOKHLIE CTPYKTYpHI.
Hosoobpasosasmmecs cdepynas nmeoT ToHKyo rujapodod-
Bylo MemOpany, KoTopas okpysaer jApyroii MemGpanononod-
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OB MaTepuaa m 9acTh Bojuoro pactsopa. Pume. 7.2 muawer-
pupyer cjoiHoe CTPOEHme ITOro NOJINMEPHOro MaTepmaJa,
JWIA KOTOPOro XapaKkTepHsl JIOBOJBHO BBICOKNE BHIXOJLI.

IlonoGubie opranmueckne MUKPOCTPYKTYDEI, OUeBHIHO, 5B-
JAOTCA PesyabTATOM CcaMOCOOPKN MOIMMEPHOTO MaTepmaJa
Ha IMOBEPXHOCTH BOJBL 3aBepmiuB camocOOpKY, OHI MeIeHHO
omyckaoTes Ha muo Bomoema. Ho ecam permcrpmposath cko-
pocTh 00pa3oBaHUA ATHX CTPYKTYpP IYyTEM HPOCTOrO MOACYETA
IIOJi MEKPOCKOIOM HUX KOJINMYECTBa 9epe3 pasimdanie Ipome-
/RYTKH BpeMeHH IOCJe Hadaja peaKIoun B HCKPOBOM paspsAfe,
mabiiojaeTcs YAMBHTEJbHAA Belb: YHCI0 MHIKPOCTPYKTYp
AKCIOHEHIUANBEO BO3PACTAET CO BpeMeHeM. JTO CBHJIETelh-
CTByeT 0 TOM, WTO OJ{HA CTPYKTypa, MO-BUANMOMY, CIY/KHT
neaTpoM mus camocOopkn apyrmx. Taxaa ke KmHeTHKa aBTO-
KaTaJuTudeckoro pocra mabamogaeTcA W B GmojormuecKnx mo-
OyIANAAX pacTymux KIeToK. B mocrenyomux raaBax Mbr
Oypem o0cysmaTe m [pyrHe CBOICTBA OPraHWYECKHX MHKpO-
cTpyKTyp. VX cymecTBoBanme OPHBOAUT HAC K CAeAyIOIIEMY
KJII0YeBOMY IIOJIOKEHNIO,

ITpoTtokaeTkn oO6pa3oBLIBAJHCL B MePBOGHITHHIX BOJO-
eMax H3 MOJIHMEpPHOro BelllecTBa OJHOBPeMeHHO ¢ 00-
pa3oBanneM OPraHHYECKHX COelHHEHHH.

Wrax, nna obpasoBamma MpPOTOKIETOR He TpebywoTesa cme-
HEAlbHbIe KONMeHTpannonHue Mexammsmil. [IpoTokmetkm B
GoabIIOM KOJH9eCTBE HAXOAWIHCH B BOJ0EMAX C CAMOro Ha-
wana, obpasysch OpH BO3JEiCTBHA dHEPrNE HA HEPBHYHLIE
rassl n naenky. Ilocne oGpasoBanmua OHM OMYCKAIOTCA Ha JIHO
ROJI0EMa, T/le OKA3EIBAIOTCA BAMUIIEHHEIMHA OT paspymImTelb-
HOTO JieiicTBOA CHJIBHOTO YITPa(uojgeTOBOTO M3IYTeHNL.

HMalor nu ApeBmeiimme TOPHEEIe HOPOAL Kakne-HHOy[AL He-
nocpe/icTBeHHEe JOKASAaTEeNbCTBA CYMECTBOBAHMA HPOTOKIe-
tok? Kak mokEO OTIMYNTE WOoOHBIE CTPYKTYPH OT OCTAT-
KOB MCTHHHO GHMOJOrmYecKnX CTPYKRTYp?

Jina orsera ma aTm Bompocw Gl paspalotam psAj MeTo-
nos. B ogmoM m3 HmX 0CAJ0YHYI0 MOPONY PACTBOPAJN B CMe-
¢ NIAaBNKOBOil m codsnoli Kumeaor. Ilpm sToM MmHepaibHAA
OCHOBA pPacTBOPANACH, & HENOBPeHJIeHHOEe OpraHmyeckoe Be-
[HECTBO BHICBOOOMIANOCH, W €T0 MCCAeNOBANI 3aTeM MO MHK-
pockonom. IIpm maydenmm ApYroM MeTOJ0M MHHEpaasl pas-
pesaqm Ha TOHKHe MAACTUHKH, HOJHPOBAJIN HX H HCKAIHW IOX
MEKPOCKOTIOM HCKOTNaeMble KIETKH, JTO yTOMHTEIBILI TPY:
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Prc. 7.3. Oprannveckne MUKPOCTPYRTYpHI, ofmapy:kenmnie B. Harm B
cirioueTeix Metaksapuutax na Heya (Ppemnangma), [lannsie, no-
JyvYeHHEIe TPH HX H3YUYCHAH, CBH/ICTEJLCTBYIOT 00 alHOTeHHOM CHI-
Tese aTAX cTPYKTyp. (C mobesmoro paspemenna g-pa B. Harm.)

JuIst Toro 9To0bl 00HAPYRUTL HCKOMAEMbIE KIETEH, HeoOXo/m-
MO TIPOCMOTpeTh Mmorme m Muorme obpasunt. Cbop m yera-
HOBJIeHIE BO3PACTA JIPEBHUX MOPOj camm no cefe ABaA0TCH
Hesderkoil sapjaveil. Eme Tpymmee pemmuTh, Kakue KpPHTepPHA
OmoreHHOCTH NPUMEHHTH K HAOMIOAEMBIM HCKOHAeMBIM 06-
pas3oBaNUAM OPranmIeckoro TPONCXOMRASHINA.

Baprosomsio n Jlonc Harn n nx corpymmmkn B Apnzon-
CKOM YHHBEPCHTETe JIaj| ONHCANTe JPeBHeilmny 03 M3BecT-
HBIX OpPragm4ecKux MHKPOCTPYKTYDP, HMEIOIuX Bo3pact
3769+70 mmum. mer, Koropsle ObIIN HAMJEHBl B CIIOANCTOM
verakBapunte m3 Heya (I'pemmampna). Ux npumepsm npep-
CTaBlIeHbl HA puc. 7.3. 9TH MUKPOCTPYKTYPH WEHTHIHE
MHKPOCTPYRTYpaM, o0pasyionimMcs TpPH HCKPOBOM paspsje
14/, TOBePXHOCTLIO BOJHI.

Bonee ppesume ocajounsie mopojsl He obmapymKnBamores,
DOCKOJIBKY yCTOMIMBaA cucTeMa okeanos obpazopanach e pa-
nee 4000 man. aer masan. Broame sepoATHo, 9TO Te CTPYKTY-
peI, 0 KoTopeix ccobmanu Harm, ApaAoTCA NpPOTOKIETHAMH,
Mo Kpaiimeil Mepe mo csoeil MopdoJormm ONM WX HANOMHHA-
wor. Crpykrypsr na Mcya ovenn noxoskm mna oprapmueckme
MIKPOCTPYKTYDEI, TOJyUYeHnLic 3 I0EHoadpUKancKnX oca-
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pounteix mopox dopmammit Onpepsaxt (3400 mam, mer) n
Our-Tpu (3000 smau. aer).

Hrag, naxojkn MuKpomcKomaeMbiX CBHAETEALCTBYIOT O
TOM, 9TO OCTATEHM MPOTOKAETOK MOMKHO ODHADYHTH B 0CAJI-
Kax, nMeromnx sospact 3000 mau. mer m Goixee m 4To Wavmn-
paa ¢ 3000 mam. Jger masajg m MO WACTOAIMIEe BPEMA CJIOTK-
HOCTh MIKPOCTPYRTY]D H3MeHfAeTcA.

HApepmeiimmme n3 napecTHHIX MIKPOMCKONAEGMEIX, HECOM-
melno GuoNornIecKoro npomcxoKaena, 6eun naiigens Jlyn-

Puc. 7.4. OxaMeneBmme 0CTATRA CHHE-3eACHEIY Bojopoceii, naiiicHnbe
JI. Harm B crpomatommre Tpamepaans Boapactom 2200 mam. Jer.
(C awbeasoro paspemennsa a-pa JI. Harm.)

/

-
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Pme. 7.5. CTpoMaToamThI. 3TN MIACTHHYATHE OTIOMKEHHA KapOoHATOB
XapaKTepU3YIOTCA BOJAHHCTOH caomcrocThio., OHE ABIATCA pe3yabTa-
ToM ocajKoo(pasyomei [eATeALHOCTH CHHe-gelleHHIX Bojopocieii m
HeKoTopuix GakTepmii. X0oTA B MOpofax 8TOr0 THIA MHKPOHCKONAEMEIE
COXPAHAIOTCA DPEeJKO, caM0 HAJHYHe TAaKoro GHOJOTHIECKH WHJYIHPO-
BATHOT0 MOpOfi006pasosanna — CYIMECTBEHHOe CBUJIETENBCTBO B MOJb-
8y pammeil Omomormdeckoii meaTensnocTn. JToT 00pasen NpeCTaBIALT
cofoil 9acTe J(peBHEMEro W3BECTHOTO CTPOMATONATA W3 CHCTEMH By-
aasaito (IOmman Pomesma), Boapact kotoporo 3100—2700 mam. aer,
(C nwbesnoro paspemenns HACA.)

com Harm B crpomaromntax Tpamcsaans (Bospact 2200 mumm.
aer). OEE HACTONBKO CXOAHLI ¢ COBpeMEHHBLIME CHHE-3€JeHb-
MH BOJOPOCHAMHE, 9T0 HX MOMKHO OTHECTH K ONpEJelTeHHBIM
rTakcomoMudeckuM rpymnmam (puc. 7.4). Baprxoopu n Ilond
coo0Iuim 0 HANOMHHAIIAX (AKTEPHH NAJ0YKOBUIHEIX 00DH-
eKTax, BLIIENeHHBIX m3 ocajounsix mopop opmamum Dur-
Tpa B IOxmoit Adpnre, macemreisaomumx 3000 man. ger.
ITH DaTOYKOBMAHBIE NCKOMAEMble MOryT OBITH OCTATRAME
NPOTOKJIETOR mam Oaxrepmil,

CrpomaTonnTs npefcTaBaAioT cofoil peaveHse m clIouc-
Thie OTIO;KeHNA KapOomaToB B ocafouHbX nopojax. Omm Bo3-
HUKIH B peayiabraTe ocajaxoobpasyiomeil neatenbnoctn goro-
CHHTe3UPYIOINX CHHe-3eJemblx Bojopocieil (pue. 7.5). drm



TEOAOTHYECKHE COBBITHA BPEMA, FHOAOTHYECKHE OCOBERHOCTH
TMAH. JET HASAZ

Ofpasobarue Jemau 4500
Ammocghepa neplodt crmadue
Tleakue npydor FPatinas

XUMUYerKas

borouus
Obpasobanue adpg —————— — — 4000
Jemau

J800 Muxpocmpgrmiypsr Heya.

Cmabumnas okeatiieckas cuememd— J500

[Tepbvie ocadoswsie napody
Hexanaemsie ocrmamyi
TPaMaRAEMIK
Amm i ——————— 3000
mﬂ;ﬁm e Crmpomarmenurmel
(n;;gpﬂm CUNE~3ENEHDIE *
b U,
2700 . )
2200 TTepBule MuKpodeKonaemse
Buongeuveckas —— ZGIW
Jyxapuomuecnue
"Padﬁ:“” Kucaopod l Jﬁiﬂpﬂ#&'frﬂﬂﬂﬂeﬂw
]
1000
1
‘%' Teplute uckanaemsie DEMATIRG
Codepacarive 607 MHGZIKACITIOUHBIX
Kucaopoda npedsiaen 3% 1
I
Obpasabane caspemenbix # TnofeArcaroases
KOHTUHEATIOB NOGAE PACKENA duonoeuvecKan
Tanzey 1 abomoyus
1
a

Pme. 7.6. Teomornmeckne u Omosormuecknme coORITAA HA OAHOIT @ TOil
#Ke BpeMeHHOI mraje.
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e/HICTBENINEIe B CBOEM pofie CTPYKTYPHl AT HAILIyYIIee B
HACTOALIEE BPEMs OHO3NAUIOE JI0KABATEILCTBO CYIECTROBA-
mua Takux Qopm Emsnm, Kak nogopocan. [lpesmeiimme m2
M3BECTHBIX CTPOMATOINTOB BCTpevyaioTes B cuereMe byaasaiio
(IOmnan Popesus), ux pospact or 3100 o 2700 mum. xer.

ITH [aHORle OPHBOAAT HAC K YOe:KJleHiio, 4T0 2BOJIOITA
OPOTOKIETOK MPOMOJKANACH B TedeHHe OrPOMHOTO TIepPIOa
BpPeMeHN, HAYNHAA OT UePBHIX NPOTOKIETOK oKoixo 4500 mun.
JeT Hasa; W JIOCTHrasd HAWBLICIIEHl TOUKH HPHMEPHO uepe:a
1500 Mam. zer, Korja HOABMINCE OAKTEPHN H CHHE-3eJIeHbIe
pojlopocau. B aTy paHmOn 5HOXY Y NPOTOKIETOK MOABIUIACE
1 HBOMIONMOHNPOBAIN TeHeTHYecknil H GeloKCHHTe3mpY0mmil
anuapaThl, a Takme 00yCJAOBIEHHLIT BTHME JBYMS ammapara-
MH HacJexayeMmblil o0Men BelecTs.

Jlaa Toro uToGb mpefCcTABUTL BO BPEMEHH IIaBHLIE CO-
OuITHA, MMeRlIne Kak OmOIOrmYeckoe, TAK W TeoJOrmYecKoe
3uavenne, ME HAHECJH UX HA BpeMeHHY0 mkamy (pue. 7.6).
B ynomanyteiii Beinte nepuop B Tevenne 1500 mam. xer mpo-
TOKJIETRH 110/IBEPrajich pPasnoo0pasubiM — HCOBITAHHAM, pe-
3YNBTATOM KOTOPHIX OLIJIO BOBHHKIOBEHHE HCTHHHO OMOJIOTH-
geckux (hopm.



laasa 8 Oprannmueckne aBTOMAaTH

A @oroaus merana nod deiicreuem yavrpaduose-
ra. Hoxasannan sdecy peakyuonHas kKaMepa waz0TogAeHA U3 Hepaa-
eerowell cTaiu u nOoKpLITa 8040TOM Gam TO20, wTOoGbl ee NOBEPXHOCTH
Gulaa kak MOKHO MeHee peakyuonnocnocobuoii. Tepes cucremy wpa-
HO8 ug KaMepbl OTKAXUGAETCA 6030YyX, u eéeodurca Tyda MeTan uUiu
dpyeue zaser. yuor yavrpaguoaerosozo ceera nonadaer enYTpbL Ka-
Mepul uepea OKHo us (fropuda Mazuuf, RPORYCKAIOUje20 8Ce UIAYHe-
nue ¢ daunoll eoanwt eviwe I70 wm. Herounur yavrpaguoaerosozo
usayuenun (ne nokasan) — e2uzanmrckas dyzoeas apzon08AR AaMna &
Hecaedosareavexom yentpe HACA e Diimce. ockoabky Mmuosue npo-
dyrrer aTol pearyuu Heaerywu, OHU CTPEMATCA CKOHOEeHCUPOBATHCR
Ha nogepXnoctu oxna us ropuda maznus. IMoarony 8as noddepananus
aTux npodyrros & 2asoolpasnod COCTOAHUUU OKHO nodozpesaerTci Ha-
epesareasnoti aenroli. [C aroGesnozo paspewenusn d-pa Jyatiepa (Hen-
cuaveancruil ynusepcurer).]

4—266



Menvwyio crenens caoxmnoctTu
AgTOMATA MOWHO CKOMREHCUPO-
earb 3a cueT cOOT8ETCTRYlOUje-
20 nOGLIWEHUS CAONCHOCTU UN-
crpysyuil.

Iiwon don Hefimann

PaccMoTpes BeposATHBIE MYyTH BO3HUKHOBEHHWS NPOTOKIETOY-
HEIX CTPYKTYD, MBI ellle He O0CY:KIain HH uX JAeATelbHOCTH,
HA UX BO3MOMKHOCTH K 9BOJIONUN. JTa riiaBa Oy/er mOCBAIe-
HA TEOPeTHYECKOMY auaJm3y CBOIICTB m Tpebopanmili K KOHCT-
PYKIHH TpOCTEeHMNX MOJEIBHBIX OPraHuvecKux aBTOMATOB,
a TaK/Ke B3AMMOCBA3N MeKJy MOJENbHBIMH CHCTEMAMH I Be-
POATHBIME COOLITHAMI B XO0Jlé BO3HHKHOBEHUS HEPBEIX IPO-
TOOHOHTOB.

Cauraior, 970 aBTOMAT ABISAETCA YCTPOIICTBOM, CHOCODHBIM
K caMonpousBoibnbiM jleiictuam. Yenopedeckuii oprasusm n
faxTepumaibHas KIeTKA — OPHPOJAHEE ABTOMATHl N3YMHTE/Ib-
HOIl CJIO7KHOCTH; MCKYCCTBeHHEIE MEeXaHMIECKNe COOPY;ReHHs,
TaKkme, KaK BEIYACJIUTEILHAA MAINHA mian TeldeOHHEIN KOM-
MYTATOp, TOKE ABTOMATH, HO ropasio Gojiee mpOCTO YCTPOeH-
Hble. B aT0il rnaBe MBI HMOCTABHM MBICJEHHBIN DKCIEPHMEHT,
aajadeii Koroporo Oyjier cosjjanme MpOCTEIIEr0 W3 BO3MOK-
HEIX OPranmveckuX ABTOMATOB ¢ YYeTOM B KauecTBe Tpammd-
HEIX YCJOBHil HAUINX MpeJcTaBiednii o GHOIOrAm KIETKH H
spaHmili o0 xapakrepe pHemmeil cpemsl 4000 murm. mer masaj,
Kak Mbl yBUguM, 3TH aBTOMATH MOryT OBITH l{papme TIPOCTHI-
MH, HO TOJLKO B TOM CIy4ae, ecan OKPYRAOMIad cpefa mMeer
CJOKHEL XapaKTep.

Ilepeoe epanuumoe ycaoeue: GUOAOUHECKAR KACTOUHAR
reopus. Jlus Toro urobBl OTTPAHHYATEL YACTh BHEIIHEN cpe-
nel, Tpebyerca rpammna paspena ¢as, mam memOpama. B Bog-
HBEIX CHCTeMaX TrpaHnna paagena as mommma OBTH THIPO-
(ho6moii. Hamocs aunumel ma HOBePXHOCTH BOJAK OpH mepe-
MeIIMBamuM, MOMHO NOJNY4nTh cepylisl, BOZHUKAOI[HE B
peayiabrate caMocOOpkm JanmuaoB. J[[eficTBETENLHO, KAk IO-
KasaHo B onbiTax ¢ Koamepsaramu OmapmHa, MPOTEMHOH/IHEI-
mu mukpochepamn Dokca m OopraHmUECKAMO MHRPOCTPYHTY-
paMm, IOJYyYeHHBIMO  MHOI0, duactnumo  rugpodo0HbHR
MaTepuaJ B BOQHBIX cHCTeMax cnocobeH K camocOopke ¢ 06-
pasoBanmeM ceprnuecKux YacTHm,.

Bropoe epanuunoe ycaoeue: aHepaus U ee peyenTopul.
Yro KacaeTcsa DHEPTHH, TO 3/lech, BHIUMO, MMEETCA MIAPOKHI
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e

Pue, 8.1. Crener nopupnnonoii Momxe- 1
kyiel  Tlopdupuusl pasianyawTes op-
ranigecKuMil (DY HEHOHAIBLITLIMIT e o
CPYOIAMI, NPHCOEJHHENNBIMI B [10J0-
mennAx 1—8, u cuocolHOCTEI0 K KOM- g
naexcooOpasonanmio ¢ pasuLiMi HoHa- 2
MH MeTallla, CBAILIBAKMIMUCA © de- N i
THIPbMA IHPPOJALHLIMH a30TaMM.

CH

4

ZzZXT

HC

mabop BOAMOMKDOCTEI — OT HCHONLAOBATNA — NOTEHIHATBHOM
XUMHYECKON DHePruy CONHeYHOro NPONCXOMIeHNs, 3aKII0Ten-
HOIl B MaJbIX OPraHHMYeCKNX MoJjerylax, 0 HenocpeicTBeH-
HOT0 HMCIIONB30BaHHUA codHeqnoil sneprnu. PasGepem mocnej-
HEil caydyail (KOTOPOMY # OT[AI0 DpenouTenne), MOCKOIALKY
CONHEYHAA DHEPTHA ABIAJIACHL W ABIAETCA Mpeobiagaomei
dopmoii mocrynmoii smeprmn. B mactosniee Bpems m B mo-
caenaytomue 2500 man. ner manGolee BLICOKOIHEPTETHYLCKOM
9aCTBI0 COJHEYHOTO cHeKTpa Oyjier KOpPOTKOBOJIHOBOE YJIBT-
padmoseToBoe mBIywYeHNHE. JTOT BUJ| DHEPLUH ABIACTCH [0-
CTATOYHO MOIHEIM JUIs HemocpeAcrBennoro olpasosadmst ©
paspymeHHs XUMHYECKHX cBaseii Meskay OunoajeMeHTaMu u
JIETKO IIOTJIOIMAETCA PasHo0OpPA3HBIMI OpPranm4ecKuMI CcOoegn-
unernsamu. Iloaromy ncnmoanzosanme B KauecTBe dHEPrEE COJI-
HevHOro yaAbTpaimoaeToBOr0 M3JIyuYeHusa ovens ynobno.
Yrobm sra sHeprua He Oblla yTpauena, HeoOXOIHMO He-
M0IB30BATH CIENHANbHBIe penenTopst yibrpaduonera. O6siu-
HO pPemenTopsl MOJAeMNPYOT 10 THIY TeX, KOTOphle MCIIONb-
ayiorca (POTOCHHTESNPYIOIIMH OPraHm3MaMul, T.e. 00 THIY
nopdupunos. Iloppupnmsr upefacrasiaaior cofoii  naoCKMEe
CONpsREHHBIE CHCTEMbI, IOCTPOCHIbIE H3 UETHIPeX MOJEKyIl
NHPPONa, YAeP;RABAGMBIX BMECTe MeTHJIeHOBLIMH MOCTHRA-
mu. [lopdupmnsr pasamuaioTes MemRmy coboil aaMecTHTENsA-
MH, pacIoJMOMEHHBIMH ¢ BHEIIHell CTOpOHB  NHPPOJIBHBIX
rpynn (pue. 8.1), u obnanaor nexslM pajom ofLUX TOXE3-
HBIX cBOiicTB., Bce oHN mordomalT Kak BRANMOE, TaK H yib-
TpaduoNeTOBOe HBIYUCUIe ¥ CIYHRAT HOATOMY HPEBOCXOIHEL-
Mu peuenropamm smeprun. Bee omHm rtnapododun u 0YeHB
INIOXO PACTBOPAIOTCH B BOJe: B OCHOBHOM OHH LIPHCOEIHHE-

4.
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oTeA K ruapoobnsiv rpannmam pasiexa (pas opranmuecKoro
aproMaTta. Bee omm olpasyor KoMmnJgercsl ¢ HOHAMH — Me-
TaJIOB.

Yersipe aToMa azoTa ONUPPOILHBIX KOJEIN CMOTPAT BHYTPD,
H UX TPOCTPAHCTREHHOE paclofo;KeHne W sapaa cnocodeTBy-
0T YJAeP/RAHHI0 HOHOB METANIOB, BAJCHTHOCTH KOTOPBIX MO-
AKeT MEHATLCA. ITO IO3BOJIAET TAKOMY MeTaJIo0PTraHmYecKo-
My pemnenTopy IepeHoCHTh HIEKTPOHBl, Hepexois MPH JTOM
ua oxnoro coctosHus B jpyroe. Ilopdupnuwm moryr obpaso-
BEIBATLCA TIYTEM COUETAHHsA HUPPOJIOB, KOTOPHE JErKo Moixy-
YUTh B DKCHEPHMEHTAX M0 MMHTAINH XHMHYECKOH DBOJIOIMN.

Tperve epanuunce ycaosue: ycroliyueas eHewnas cpeda.
Cnomuoe ctpoenme GHOTOrHYECKHX CHCTeM TIO3BOIAET UM
npucnocabinBaThed K MEHAIONINMCHA BHEIIHIM YCIOBHAM O B
CBOIO Ovepenb maMmenmATh nx. [{aA oprammuecKUX aBTOMATOB
MBbl JIOJIFHBl IONYCTATh HAINYHE MOCTOAHHBIX BHEMINNX yCI0-
Buil. JTO [OTMymienne HOMOKeT HaM NEpPeHecTH MOTeHINnalb-
HYI0 CJO#HOCTL aBToMata B 00JacTh MHCTPYKOWII — B camy
BHemnow cpeay. IToatomy npu cosganmm BHeIIHEH cpejn!
MBI oGecmegnM: 1) [OCTOAHHBI W HeOrpAHNNYEHHEI TPUTOR
BCeX HeoOXOJINMBIX MANBIX OPraHHYEeCKHX MOJEKYJd B HOCTO-
AHHBEIX KOHIEHTPAINAX; 2) TOCTOAHHBIH DPATOK SHEPrHH
H3IyUeHUA W TOCTOAHHBIE (PUAHUECKHe IapaMeTpsl, TaRue,
Kak Temmepartypa, pH m comep:kanme comeii.

JonycruMm, uro B Hameill OpOCTOil CHCTEMe HIPUCYTCTBYIOT
MOJERYJIAPHBIE IIPEJIIeCTBEHANKN MeMmOpanm, nopdupmasl m
elmle OJUH BUJ MATBIX MOJEKYT — MOJEKYJIb-MHANICHA, TH-
NnuHble TPefCTABATENH MAlbLIX MONERYJI, YYACTBYWOIINe B
npomneccax Guocuntesa. Ha puc. 8.2 mpencrasien o6oGmien-
HEIIl BUJ] OPOCTOTO OPraHWYECKOTO aBTOMATA.

IlIpn o6mejnHennn Bcex cOCTABHBIX 4vacTeil mammeil cmere-
MBI Tpomaoiifer caeaywomee. Penentops sHepranm — nopgupn-
HB — GyayT mormomarth yasTpadmoneToBoe mamydenme. B xo-
[ie 8TOT0 MpoIlecca BIEKTPOHBI perenTopa mepeiinyT Ha Gomxee
BBICOKHI SHEpPreTHuecknil ypobeHL W o0ecnedar mpoTeKamue
HeoOxonuMBIX peaknuii anbo memocpencTBeHHO, ANG0 TmyTeM
cO3laHNA MPOTOHHOTO TpaanenTa, B ciywae memocpemcTeen-
HOTO y9YacTHA MOKHO TpPEeNCcTaBuTh cefe Maayo MOTeKyiIy-
MHONTEeHb, CKAReM AMHHORMCIOTY, KOTOpas MOM/KHA AKTHBH-
poBaThes WIS TOrO, uTOOR CBABATLCA € MOJERYJI0H Apyroii
aMHUHORNCIOTH, B cilyuae NMpOTOHHOTO TpPafgHeHETA MOKHO
HOPE/NON0KRUTE, YTO BEICOKOIHEPTeTHIECKHE BIEKTPOHEI BEI-
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fnacmonmré NOMOK CONNEYHOLO YACTPAhUCALTIOBIZ0 U3AYYENS.

T

Puc, 8.2. Ipocreitmnii opranmgecknii  asromar, [loCTOAHHBEIT TOTOK

yastpadmoteTosoro manyuenus uagaer Ha cepy, OTAEICHHYIO OT
okpyaomeil cpean (hazosoil rpanmieil ¥ HecyNIyio Ha cBoeil HOBEPX-
HOCTH pPemenTophl H MOJEKy/ILI-MHUIICHH,

KauuBawoTca u3 cdepyas mapy;Ry (x0T Takoil MexaHHSM
Mosker OwiTh m neapdenTuBHpM). ITO NpUBEIET K YCTAHOB-
JNeHNI0 TpajueHTa 3apsAjga, KOTOPHIl ofecnevdT HpOBejeHHE
XUMHYECKOil paboThl — IOMIMEPH3AINIO I AKTHBAII0 MO-
JeKyI-MHOIIeHeit,

Mrak, wamu Manabie MOJEKyIbl-MULIeHH aRTUBHPOBAIINCDH
H IOJHMepusoBaiuch 0Jarofaps NpeBpalieHuio dHEPTEN 13-
Ny4YeHnA € NOMONIbI) PEHEeNnTopa 1 BBICOROIHEPreTHIECKH X
AJIEKTPOHOB B HOTEHIUANLIYI0 XHMHYECKYI0 SHEpruio., Jro
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GyjeT HpoucxXojliTh KAk Ha BHYTPeHHel, Tak 1 Ha HAPY/KHO
nopepxuocti cepyin. OO6pen, sawmodennsii soyrTpu cde-
pydl, KomewueH, TOIJla KaK BHEIIHNHil 00beM MO/KHO BO BCEX
DPAKTHYECKUX CJIYYafAX CUHTAThH OeCKOHEHHBIM, MOCKOIBKY
MBI CUHTAEM BHEITHIOI CpeJy HemaMeHHoil. ABToMaT maMme-
HHT CBOHCTBA CBOEr0 BHYTPEHHEro MPOCTPAHCTBA, HMCIOIL30-
BAB MOJHOCTLI0 OOJNBIIYI 4acTh CBOMX MOJEKYI-MHIIEHEN.
HKorga aro npomsoiijier, BO3HUKHET KONIEHTPANHONHEI Tpaju-
ent. Coapymu Oyaer HaxoAuThesA GOIBINE MOJIEKYI-MUMIEHEH,
YeM BHYTpH, U T0dTOMYy OHH HaunyT aad@yraupoBaTh
BHYTDb aBTOMAaTa.

B xonne wkommos B aBTOMaTe HAKONHTCH IOMNMEp B Bbl-
COKOIl KOHIIEHTPAIMH, I PeaKIHH MOJeRyJI-MOmeHneii GyayT
nojiasiensl, T.e. cepyra «ympers, oma me Oyjmer Goubime
(ynxnumornposats, IlpojlomsuTenbHoe  BEICOKOAHEpTETHYEC-
Koe yabTpaduoleroBoe H3JAydeHHe paspymiuT ajcopiHpoBaH-
Hble nopupuasl 1 MeMOpaHy, W ee KOMIOHEHTH OyayT BEI-
cBOOOIKJIEHB M CTAHYT AOCTYOHBIMH JIs BRIIOUEHHAA B ClIe-
AYIOHNIHX MOKOJTeHUAX.

CymecTByer u Apyras BO3MO'KHOCTL: HOJUMEp, HAXOMsA-
m@iics BHYTPM B BRICOKON KOHIEHTPAIINH, MOKET B3aHMO-
neiicrBosarh ¢ )a3oBoil TpaHHUEH U ee HpPEAIIeCTBEHHNKAMHE,
BBIZBIBAA YBeJWUeHHe IMOBepXHOCTH paszjena Pas m B KOHIE
KOHIIOB MPHBONA K Jejenmio asroMarta. Bmoen oGpasosas-
muecs JouepHme aBTOMATHI OYyAYyT comep:iarbh HacTH pOIH-
TeJbCKOTO ABTOMATA, a TaKsKe BHOBb BRJIIOYHBIIHECH BEIIeCT-
Ba perenrtopa un (asonoii rpamuifel. 3aMETHEM, YTO B HTOM CJIy-
4yae CHHTe3NpPOBAHHBIN POJUTENAMI MOMUMeEp pacipeeaseTcs
MeRIYy NOTOMKaMu caydaiiapiM oGpasoM.

[Tockonbry, cormacHo npegmoNoReNHI0, B ORPYRAalomei
cpejle MOJleP/RUBACTCA MOCTOANHEASA KOHUEHTpanusa memGpas-
HBIX W APYTUX NpejliecTBeHHNKOB, Mbl OyAeM HMeTh CTaluo-
HAPHY) CKOPOCTH CHHTE3a HOBBIX aBTOMATOB TOCDPEICTBOM
camocOopkl, (UKECHPOBAHHYIO CKOPOCTL HOJHIMEpPU3AINN MO-
JeRyJ-MHUINeHell U MOCTOAHHY CKOPOCTH Jierpajlaluu «IocTa-
PEBIINX» aBTOMATOB.

B cnyuae ciossnoii BHemmeil cpepl, KOTOpPag HCKYCCTBeH-
neiM 00pasoM MNoJJiep/KuBaeTCH MOCTOAHHOI, OYeHb HeDHOIb-
[I0e YN0 OTHOCHTENLHO NPOCTHIX OPraHnvYecKHX MOJeKyl
MOJRET OTpajkaTh JAeATeJbHOCTL KUBBIX KiIeTok. MMennmo mo-
BTOMY Hama Mofeih He TpebyeT (epMeHTOB WINM reHeTHIEC-
xoro ammapara. Jlaer nm orTa MoJelh OPraHUYECKHX &BTOMA-
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TOB KAKOH-TH00 KII0Y K NOHNMAHNIO NPONCXOICHNA M Ha-
OpaBieHns pasBUTHA paHHEl KIeTouHoil kusuu? Urobn
OTBETUTHL Ha 9TOT BONPOC, PACIIMPHM IOJAXO0J, OCHOBAHMEBIL
Ha MOJEJBLHBIX aBTOMAaTax, I PAcCMOTPHM Temephb, KAk Mmo-
jnobnas cmcrema Moriaa Oel Bectn ceGs feilicTBUTENBHO B
CIOKHEIX YCHOBUAX BHEIIHEH Cpelibl B MAaJEHLKOM TCIIOM
BOJIoEME,

B ra. 7 mp oGocHOBANIM IONOMKEHHE, COTIACHO KOTOPOMY
NPOTOKIETKN 00pasoBaluCch U3 MOIHMEpPHOrO0 MaTepmajza ofi-
HOBPEMEHHO ¢ 00pa3oBaHEEM MANBIX OPraHMmYECKHX MOJEeKyJ.
Y 1nofo6HEIX NPOTOKIETOK 00HADYKHBAETCHA CIOMKHAA TDamil-
na paspgena ¢has, uMeronmias rugpodobHKEIT Xapakrep, W no-
aToMy onu cunoco0HEl usbmparenasno afcopbupoBaTs mopdupu-
HBl H CXOJIHBIe ¢ HAMH Majble OpraHmdyeckmne moxexryast ITop-
¢upnuEel, ajacopOUpoBaHHbIE HA BEIIECTBE  NPOTOKIETOK,
MOTYT CIY/KUTDH PEIeNTOopaMn yiabTpaduoneToBoro na3Iydenns,
VCTaHABIMBATH IPOTOHHEIE TPAaJHEHTH N IPeBPamaTh dHEp-
TAI0 U3IYYeHHS B TOTEHNUAJILHYI0O OHEPrHI0 XHUMHIECKOH
CBASM.

CymecTByer Goibmioe KOJ@YECTBO MONEKYJI-MUIICHEL.

K BuM MOKHO OTHeCTM aMHHOKHCIOTH, OCHOBAHNA HYKJIEH-
HOBBIX KUCIOT, IPEJIECTBeHHHKH CAXapOB, HEOPraHMYeCKHil
doedar u gp. M3 uux moryr GHITH DOCTPOEHB! HEPETYJIApPHLIE
moJuMephl aMHHORHCIOT (6earn), HyRIeOTHIOB (HYHKIEHHO-
BEI® KHCIOTH) m caxapos (moamcaxapmast). Hamommmm, uro
opraEmyeckuil «Oynbom» ouenp pasbasien. Jlwbas ammnmo-
“guecaora mpucyrerByer TaM B KommeHTpamum 107 M; arto
agaqnT, 9r0 B Kamapx H00 mrM® (mpubanaurenpmsiii o6beM
cpejiHeil MPOTOKIETKA €' PafiycoM O MKM) COAEP:RHTCA OKO-
a0 3-10* momeryn wkasmoit amMmHOKHCIOTH, Ecim cumrtats,
gro mpucyreryer okono 200 pasnmuHBIX BHJIOB MalbIX MOJe-
KyJd, TO B KajKI0il BEOBbL 00pa30BaBmIelicA MPOTOKIETHE MO-
meT comepmarbea Beero 6-10° Manmix opraEmuecKHX Mode-
KyJ1. BEyTrpenEnit o6beM sammiieH OoT BHENIAUX BO3JIeHcTBMl
W OTHOCHTEJABHO MalX 1o cpasHenmio ¢ BHemuNM. Ilo Mepe
TOro Kak MOJEKYJB-MANIEHH BRIIOYAKTCA BHYTPH IpPOTO-
RIGTKH B HeperyJapHbIe MOJMMephl, A Kak/l0il N3 HuX BO3-
HEKaeT KOHIEHTPANUOHHBEIH TPAJUHEHT B BHYTPhL HPOTORIET-
Ki andyaanpyoT HOBhIe MOJEKYJIEI-MUIIEHH.

Takum mytemM npoTORIeTKa MpeojodeBaeT KOHIEHTpaNn-
OHHBI paspeiB, npaBaa, sddexrTnsHOCTE 8TOr0 Ipomecca He
cpapEnMa ¢ B8PEeKTHBHOCTHI0 COOTBETCTBYIOMIET0 IpOMecca B
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passuroil Omomormvueckoil cucreme. B namein Mojenn cxois-
HOCTL, BRIPDA/KAIOMAACH B pasHooDpasmn BO3MOMKHOCTEN, B Or-
POMAOil cTemeHy BI3pacTaeT yiKe B [€PBOM NOKOJICHHEX IPO-
TORNETOK, NMOCKOJBKY OoibIee umcjao  MOJERYI-MATICHEN
obycioBianBaeT n GoNbilee YHCI0 BO3MOMKHBIX peakumit  u
BaanMopeiicTeiil. B mocaemyomux 1NokoMeHHAX  CI0MKHOCTD
BO3pacTaer enie OpicTpee, TAK KAK HeperyiaspHble HOIMMEpb
aMHHOKMCJIOT 1 HYKJICAHOBBIX KHCIOT BINAIOT HA XOJ peak-
HUH MeRIy MOJeRYIaMu-MAUIHeHIMI.

CreiiEMaH NoKasal, uT0 HEPEryJApHbIEe NOINMEpsl aMHHO-
KHCJOT He ABIAIOTCH «CTATHCTHYCCKN» HEYNOPAI0UCHHBIMI,
B sapucumocTn o1 CTPYRTYPH  aMHUOKHCIOTHOTO «XBOCTA»
HaOJI0AI0TCA OTRIOHEHHS OT YHCTO CTATHCTHYECKOH BEPOAT-
HOCTH CTpPOENHA MOJNMEpPOR, TAK Kak OOJBHINE MAacCUBHEIE,
a Tarie OJIHONMEHHO 3ApPAH{EHHBIC ¢(XBOCTBEIY OTTAJIKUBAIOTCH
apyr ot apyra. llosromy afuorenmsie noanmMeps aMHHOKHCIOT
HE ABIAIOTCA WHCTO CTATHCTHUYCCKAMY, a OTPaRaloT HHIUBU-
AYAILHYK APXUTEKTYPY MOJEKYJa COCTABISIONMX HX aMu-
porneaor. To ke camoe cupaBe/WTHBO H JIisA 0000 mpoIec-
ca almorenHoil noTMMepu3ammu, B KOTOPOM HCIOJB3YIOTCH
HHBKOMOJERYJIsApULIe Opejmecrsenuukn Oosee veM OJHOTO
BUJIA.

Har norazan Moke, nporennonjin, o6pasyomuecs myTem
HEeYNopAJOYeHHOI noanMepusannu, ob6IagaoT MUPOKAM Ha-
Gopom caalpiXx KaTaJNTHUECKUX aKTUBHOCTeH. JTH ARTHBHO-
CTH — elle Oj(Ha XapakTepueTuika ciaoxkuaocTn cmereMsl, [Ipo-
TORKJETKH, cojiepikaniine OeTKH €O CJIyuyailHBIME IOCTeA0Ba-
TEeILHOCTAMH AMHHOKHCIOT, Takike  001agaloT [THPOKAM
CHeKTPOM CIa0LIX KATAJANTHYECKWX AKTUBHOCTEN u 0Jjaro-
Aaps UM B JladbHelilleM pasBEBAaiOT cBom MeTaboXmyecKue
croco01oCTH,

Ilo mepe HaromIeHHA pPa3INYIHBIX TOJHMEpPOB NPOTORIET-
Ka YBeIMYNBAET [OBePXHOCTHL cBomx MemOpaH. B pesynnra-
Te crabble CHJIBI B3aWMOJICliCTBUSA, Y/eP/HNBAKIIHE KOMIO-
HeHTsl MeMOpain BMeCTe, CTAHOBATCH HEJOCTATOMHBIMH, H
OPOTORIETKA BRIHYEJIeHna 00pasoBaTh MOYKY WA PasjiemThes
majisoe. Hamm rumoreTnueckne HIPOTOKIETHH He HMEOT re-
HETHYeCKOTO Martepuaia win cnemudmuueckoi cmeremsl Gel-
KoBoro cnmTesa. [Ipm pemennm jio0ble BemIecTBa, cOJep/KaB-
muecss B POAUTENLCKOIl TPOTOKIETRe, CIyTailHBIM 00pasoM
YACP:RUBAIOTCA OJHAMHI TTOTOMKAMH M yTPAuMBAKTCA APYyrH-
mu. OmHaro y:e 3fech HAMEYAeTCHA TeHJeHUNa K oOpasopa-
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Pmec. 8.3. Haconnenne adperTnBAEIX nmAMii motoMcTBA NMPOTOKIETOH.
Opma npoTokiaerka «S», odaafawoimas cnocodHOCTLIO K CANTERY, MOMKET
B Iyumem ciaydae 00pasoBaTh eIHMHCTBEHHYI INHHI HOTOMCTBA, MO-
CKOJILKY OHA He nMeeT FeHeTHWMeCKHX MeXanusMoB Iaf TOro, qTo0L
neperaTh aTy ¢10co0HOCTE NOo9epHuM OPOTORAETKAaM. Jloqeplme HOYK#,
noMevennsle «X», He MOAYIHAH cHATeTHUecKHx (ymrumil u Goabuie
He MOTYT HOTKOBATLCA

A@io onpenedentoi Jgmaum noroMros, [Tporowknerkm, Gomee
apexTuHo mpomaBoAmNe HEIKN, TTOTE3HEIE A MeTabon3-
Ma, JajyT HAYaJo JTHHNAM NOTOMKOB, KOTOphie GymyT OTO-
Opaubl yiKe Ha 9Toll pamHéll crajud. 10 HEd(PeKTHBHBI T
naccuBBbil BH7 othopa. Bo Bcem coolfmectse npoTORIETOR
OyIyT makamimBathes Te M3 HHUX, KOTOpLIe JaAyT HAYAJI0
HOTOMKAM, ycHeiinee Apyrix HPOU3BOANIMM HeyuopsI0ueH-
nsie nogumepsl, OHY U3 3THX BO3MOKHOCTEl WIIIOCTPHPYET
puc. 8.3.

Urak, ma aToil pammeli cragnm BO3HNKHOBEHWS 7KA3NN
MBI TOJy9InaE reteporpodisie hOTOCHATEINPYIONIHE OPranns-
MEl, nenonbayonme Y O-uanyuenune. [Tporornerra wenoabay-
et anepruio Y®-nanyuennsa Jyuig cosfanus mOJANMEPOB; 9TOT
npoitece Tpebyer nOCTOANHOTO n 1HeGONBIIOro NPATOKA BEEX
AMHUTIOKHCNIOT, OCHOBAHUN NYKIEMHOBLIX KUCIOT, caxapon
APYTHX MAJbBIX opraHudecknx mojexyin. Heperyaapasie nous

%S
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Mephl AMHHOKHCIOT, 06pasyomue KOMIIEKCEI ¢ HOHAMU Me-
TAIOB, HAJENAI0T MPOTOKIETRY HaOOpoM caafBIX KaTaJuTH-
YeCcKAX AKTHBHOCTOH, KOTOpHE HACHEAYIOTCA eIHCTBeHHOIN
amHuel moToMcTBa. To e MOJKHO CKasaTh W O TAKHX HEYIIO-
PATOUEHABIX DOINMEpPaxX, KaK HYKJICMHOBBIE KHCIOTHL M ca-
xapa.

IToroMen npoTOKNETOR, HajeNeHHble KATATHTHYECKIMIN
AKTHBHOCTAMMH, CYUIECTBOBAJIM JHIIb 0YCHL KOPOTKOE BpeMms,
paspyuiasich NpH BHICHIXAHNH BOJOEMOB WIH OIyCKagch Ha
Takpme rAyOMHEIL, Tjle DHEPTrHA u3Tydennsa OwlTa yike HeJo-
crynua. Opmaxo arm paHEme dopmsl obdafanm cmocoOHo-
CTBI0 K OBICTPOIl m ToBTOpsIomeiics camocbopke. Momno
npeacrasnth cefe, kak Ha nporsmenun 500 mam 1000 mmm.
JeT B BOJ0eMax TPOMCXOAMAn OecuucilIeHHBIe HKCIEPUMEHTH
¢ mpoToKIeTRaMu. BepoAaTHee Bcero, mepBEIMM BOSHHKIN ho-
TOCHHTETHYECKHEe reTepoTpodbl, HMCHOXB3YONINE YIbTpadmo-
JeT, U ¢ UX NOABIeHHEeM OTKPBLIOCH MHOZKECTBO IMOTeHIIHATL-
HEIX 9KOJIOTHYECKHX HEUM. PaccMOTPEM MpPOTORIETOUYHHIX IIO-
TOMKOB, KOTOpBle CHavala OmuIn cmocoGHBI K doTocHETesy
mpH moMmoma yasTpadmonera, Ho coflepskaam HaGop cayuaii-
HeIM 00pa3oM CuHTe3upoBaHHbIX Oeaxos. Itu Oelaxm ocyme-
CTBIAJN HENPEPHIBHYI0 MOJIHMEPH3ANNI0 AMHHOKHUCIOT ¢ HC-
HoJIB30BAHIEM XHMHUYECKON dHepruau TPOIYKTOB pacmajga pas-
PYINIMBIIEXCA TPOTOKIeTOK. [[aske HaxoACh BHe mpeieloB
BO3JIEICTBHA SHEPIUM WM3MydYelnsd, TaKme MOTOMKH BCe Ke
npojomKamm QyHKIHOANPOBATh, BO3MOMKHO IOBBEIMIAsA Bepo-
SITHOCTH TOABJTEHNA 4YepelyIImnxca INHIE MOTOMCTBA B 3Toil
HOBOIl reTeporpodmHoil nuime,

PasemBasg ocHOBHEIE JIOBOJIBI B MOJE3Y reTepoTpohHOrO
OprafmEaMa, OCYIECTBIAIMEr0 (JOTOCHHTEs IPH MOMOINH Yilh-
tpadmonera, 1 HereHeTHYECKHX JMHMI MOTOMCTBA, MBI MOJ-
YaJHBO JIOMYCKANM, YTO NOJIMMEpHl CAXapoB, aMHHOKHCIOT 1
HYKIA€0TH/I0B 00pa30BBIBATACEH HEIIOCPEICTBEHHO MyTeM CTOMK-
HOBCHOI AKTHBHPOBAHHEIX HH3KOMOIERYISAPHBIX IpeJuIecT-
BEHHAKOB, JTO JOMyINeHne TpebyeT mepecMOTpa, W HEKE MEI
OCTAHOBHMCH Ta MEXaHN3Me CHHTe3a IOJANMEpPOB B TIPOTO-
KIeTKe.

BoapmmmaeTeo GHOMOTHYECKIX peaRHuil  mOTIMePH3AIHT
NpPOTEKAeT MyTeM COeJNHEeHHA JBYX MOJEKYJ € KaiKyI{uMCH
OTHICIUICHITEM MONEKYJIEl BOJBL. JTH peAKIun  COBepIIeHHO
ommb0UH0 HAZLBAIOT PEAKIHAMY KOHJEHCAIHH ¢ OTIIEILIe-
HHEM BOJBI U3-3a TOr0, YTO CyMMapHOe ypaBHeHUE BBIIIATHT
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caeayomuM obpasom:

=50 )
|l e
R 0H B O D
I |
N N
SR o
H-—H H \TLI
AMHHOKHCIOTA AMNIHOKHCIOTA
H™ O Hi 0

| 1 5
—R—C—C—N—C—C—OH + HOH _

N " R
i

JlamenTap Bona

JleiicTBUTEILEO, JUTA TOTO YTOOBI COCJMHNINCH IBE MOTe-
KyaBl aMAHOKICIOTH, HE0OXOIUMO YIAINTH MOJEKYITY BOJIHI.
Hexao, onuako, B TOM, 4TO B HANIEM NEPBHYHOM BOJIOEME
AMHHOKHUCIOTHL W JIPYrie OpejiliecTBeHHIKN HAXOAATCH B HC-
RAIOYUTENbHO pasfaBIeHHOM BOJHOM pacTBope. Bopga ke
HNPUCYTCTBYET B TAKOM KOJOCCANbHOM M30BITKe, YTO 3/eCh

eBa M MOIJIa TPOTEKATH T4 WM KAKAA-THOO APyTras peak-

IusA KOMAEHCAIIUA ¢ OTHIeIIenneM Bojel. B npumnnmnme ¢ imo-
A06HOIT TPYMHOCTLIO CTATKHBAIOTCA U B CHHTE3¢ MOJNIYKIe0-
THOB, I B CHHTe3e MOJNCAXAPHJIOB, HO MBI PACCMOTPHM BCE
Ha IpHMepe CHHTe3a: NOJHIeNTHIOB.

MaBectnsr Tpn crocoba TpeOIONeHAs  TPYAHOCTEl, CBA-
BaHHEIX C BOJIOI: BOJY MOKHO Y/IAJUThH BHICYIINBAHIEM, aMu-
HOKHCJIOTHL MOKHO TIEPEBECTH B XHMHUYECKH PEeaRI[HOHHOCIIO-
cobayio opMy I AKTHBHPOBAHHBIE AMUHOKICIOTBL MOKHO
3aCTABATH COEUHATLCHA ¢ TOMON(LIO (hepMeHToB.

Hecmorpa ma 1o uto GoabIIOe YHCIO HPOTOKIETOR YACTO
HOJIBEPTANOCH TIONEPEMEHIOMY BBICYUINBAHNIO M yBIAJKHE-
HUI0, OTHOCHTENLHLIE KOHOOHTPAIME AMHHOKHCTOT BHYTPH
IPOTOKIETOR 0CTABANNCL O4YeHL HesHauuTeapnsimMim. Tewm He
MeHee Mbl BCe-TaKi JIONYCKAeM, YTO B KAKOH-TO CTenemm
CHHTEe3 HOJHMEPOB MOI HPOHCXOANTH OGJArofaps  BHICYIIH-
BAHUIO,
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Tumotresa, npepgmozaraomas ygactne (JepMEHTOB, KajKeT-
Csl HEeCOCTOATENbHOIl, BO-TePBBIX, NMOTOMY, 9TO B TOT paHHHH
nepuoji epMEeATATHBHBIE AKTUBHOCTH, HOCHTENAMH KOTODHIX
ABIANNCH OEIRY €O clyvaiiHoil Moc/jef0BATeILHOCTRI0 aMIHO-
KHCJOT, OBIIN 0UeHb CHa0BIMH H, BO-BTOPHIX, TOTOMY, 9T0 BCE
H3BECTHBIE (JePMEeHTHl He COeIMHAIOT aMHHOKHCIOTH, a Ipe-
BPAI[alOT MX CHavyajia B peakiuoOHHOCHOCOGHBIe (DOPMEI, KO-
TOpbIe 3aTeM ROHJEHCHPYIOTCH.

Ocraercsi eJNHCTBEHHAR BOBMO/KHOCTE — CJI&IATH aMITHO-
KHCJIOTHI pearnuoHHOCcHOcoOHEMIL. B ycmoBusx 3eminm oc-
HOBHOIl MeXaHH3M, ¢ IOMOMIBIO KOTOPOTO Malble OpraHmuec-
Kne MOJEeKYIbl MOMKHO CAeJdaTh PeakIHONHOCIOCODHBIMA B
BOJTHOM pacTBOpe, 3aKII0YAETCHA B COCJAMHEHHN HTHX MOJEKYJI
¢ pasamuneiMu hopmamu doedara.

ITpu nepemnoce ocharmoii rpynuer sueprna BhICBOGOMTA-
eTCHa I MOIVIONIAeTCs, T0ATOMY B OMOJOTHYECKUX CHCTEMAX
Oiaroflapa TAKHM IepeHocaM JHEepPrHA B3aIacaeTca W 3aTeM
HCHOAB3YETCA B PEAKUNAX KOHICHCATME Win B o0MeHe Be-
uwects. B Hactosmee Bpems BHICOKOaHEpreTHUECKUe CBAZM,
o0pasyemble Me;xay docaTaMu U OpraEmUYeCKUME COeIHHe-
HIAMH, 00ecrevnBaloT IpoTEKaHHe BCeX OMOMOTIYECKHX pe-
axnnii. He mermoueno, uTo o910 OBUTO CHpaBeINBO U IS
MPOTOKIETOK.,

PaaGepem mpocroii mpuMep menomb3oBanua peaknmii KOH-
AeHcanuu ¢ artusarueii gocdaroMm H OMH BO3MOKHBIE TYTh
obpasosanus BeICOKOdHepreTHuecknx docdaros.

Pacemorpuy coepunenie, nassisaemoe nmpodocdatom

0 0
I Il
HO—P—0—P—O0OH,
i i
oH OH

KoTopoe s kparkoetm Oyaem obosmavats P—P. Ceasn
Messy asymsa QocedaraMu CogepHHT NOTCHINAILHYIO XHMH-
YECKYI0 DHEPTHI0, KOTOpag MOJKeT BHICBOOOKIATHCA LA ak-
THBAlLIN oprapnvdecknx coepunennit. Hanpumep, mpocreitmasn
AMIHORICTOTA IMHIUET MOMKeT OBIThL AKTHBUHPOBAHA CJEAYIO-
M obpasoM:
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Canmus [Inpofocdar  Mocdopusiii agup Heopranugec:
[IHIHHA Kuit gochar

ITpn nmepenoce gochara Ha rANNUE YACTL IHEPIHU Teps-
ercs, HO caokHOapupHas cpasb (ocdara nm raunuEa cojuep-
AT Oodee 4eM JOCTATOYHO PHEPTHM JJf IPOBEJEHHS peak-
I(HH:

Fannua—P + Fapmupa—P — Donquo—rangaoe—P -+ Py

JlBe aKTHBHPOBAHHbLIG Jurmnun Heoprann-
MOJICKYIE MIANHHA 9RCKUIT
docdar

Caenyer OTMETUTH, 4TO JMTLIHIUH OCTAETCA B AKTHBHPO-
BAHHOM COCTOAHUH I IpPH OTOM HCKIIOYAETCH peakiufg KOH-
JIeHCAHA C OTHIeNJICEHHEeM BOJbI, TAK KaK B JIAHHON peaxIui
y4acTBYIOT AKTUBHPOBAHHBIE MOJERYJIH aMMHOKHCIOTHL |
npoucxoaut nepenoc docedara. Ouens MHOrHe Majdble OpraHu-
vecKHe OMOMOIEKYyIbl CHOCOGHBI JIETKO BCTYIATh MOYTH BO
BCe pearIii B IPHCYTCTBHH GONBIINX KOJMYECTB BOJABI B TOM
M TOABKO B TOM Cjydae, KOIJa OHH aKTHBHpoBaHBI (Pocda-
toMm. OOuIuit BEIBOJI 3aKII0UACTCA B CIEYIONI[EM:

Cunres noaumepos 8 nNpoOTOKAETRAX obecneyueaall ak-
TueupoganHble ¢06¢dTOM npoMeXNcyrounvle coedunenus.

Peaxnun KOHJeHCAIUH ¢ OTHICINIEHMEM BOJBI HE CBOMCT-
BeHHBI COBPEMEHHBIM OMOXHMHYECKHM IIporeccam, i, I0-
BHAMMOMY, 9TO NPaBUIO CIeIyeT OTHECTH W K TeM Bpeme-
HaM, KOTjla CYIIeCTBOBAJM IIPOTORJIETKH. Peakuum ¢ mepe-
mocom docdarta u ceilwac, M TOrja COCTABIAAJIM eHHCTBEH-
HBIT IyTh OCYINECTBIeHHsA KOHjeHcanmii B OoratoM  BoJoil
OKDPY KeHUM,

" Ocraercn HepbisicHeHHBIM emfe ojum moment, Jlaa mpose-
JleHnA peaknuii neperoca (ocdhata TpedyeTcs MCTOUHUK Bbi-
coroaneprerudeckoro gocdara, npocreiimeii gopmoil Koro-
poro ssiaserca umpodocdar. Jra Mojeryma Heyceroiiumsa B
BOJHOM pPAacTBOpE, U HOITOMY HpOTORIeTKe ObLI J0CTymen



140 TVIABA 8

Janmb pacTBopenusiii neoprannuecknii goedar Py Orryna me
MOT B3AThCA He00XOAUMBIN 78 peaknuil B HPOTOKJIETHKe IIH-
podochar?

Horja ofocofaennan cuereMa, cofepikamas perenTopsl
BHepPrHH, MOJBEPraeTes RO3JEMCTBUIO DHEPIHA  N3TYYeHusd,
BIEKTPOHBI MepenocaTes fa Golee BRICOKHe JHEpPreTHYecKme
VPOBHII: OHO MOTYT Kak Onl mepexaunBaThea uepes MemOpa-
gy. Tagkom myrem yeranasjiuBaercs rpagunent 3apajioB, KOTO-
pBIT ABIAETCA JOCTATOMHO WHTENCHBHBIM JUIA IPOBEJIEHIA
CJAEeAVIOLLeil pearium:

P| + Pi L o P—P
Heopranngeermii doegar [TupodochaTt

Beposito, otocaTernieckoe obpasopanne mmpodocdara
OBLIO OJHIM 13 BayKHBIX CBOIHCTB NMEPBHYHOr0 MeTaboxmaMa
npororreror. Cospemennsie (DOTOCHHTE3UPYIOMHE KIETKH
dopMupyOT TPOTOHUBIE TPaJNENTH 3apaAfia IS [POBEJeHNA
cunresza ajenosuntpudocdara nz axenosnumpudocdara mmdo
HOmoCpencTRenno — Kak 1npn nuwindeckom (oedopnanposa-
Hin, 100 KOCBEHHO — Kak HmpH HeruranyeckoM doedopnim-
poBamitn. JToT mpoitece ropasno Oonee ndexTuBenH, YeM Me-
xapnaym obpasoBarns mmpodocdata, TPeIOReHARIH JIf PO~
TOKJIETOK, HO CXEMA ero mo CyI[ecTBY Ta ike.

3aMeHa pearnmii KOHAEHCAINN ¢ OTINEIJIeNHeM BOJBI Ha
peaknuu ¢ mepemocom (ocdara, cOCTABIAIONNE OCHOBY Ha-
mux OGHOXHMUYECKHX HpPONECCOB, HAYANACL ¢ NEpBoil mporo-
raerxoil. Moger OLITH, NMEHHO MMOITOMY B COHPHAREHHBIX
pearumax kpyrosopor gocopa ABHKET KPYroBOPOTAMH BCEX
oCTANLHBIX (HOAIEMEHTOB,
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A daextponnas murpogorozpagfus adepnoii u mu-
roxondpuaavnoti JHK ua nevenu wpwicwy; X72000. Moaeryaw JHE
pacnpacaenbl HA OYEHbB TOHKUX KOAAOOUCEHIX RACHKAX W OTTeHeHbl
CRAAEGOM RAGTUHBL U nadaaduf. Beavie narma — aro meavuaiiuue of-
geperus 6 naenne. Moaexyawe JHK wupunoii npumepno 20 A awizasn-
dar rak Goaee Temuvle, Gecnopadouno cKEpyuenHble U GBITANYTHLE
TaKu. B orauvue or adepnoil aunetinoii JHK muroxowdpuaavnas
HHK seanerca koawvyesoti. (Poro anbeano npedocrasacno @-por
Puanorrom, Hecaedogareavcrnuil yentp HACA e Jiimce.)



Ainwredn 6ua npas: Boz ne
uzpaer & wocru co Beeaennoil.

Mer MoKeM co3/laTh NPABAONOAOGHYI0 MOJedb HpPOTOKIETOR,
BOBHUKABHINX B DaHHHUH OepHOJ B HEYCTOMUYNBBIX MEIKHX
Bopoemax. Ho aTu mpotokneTsm BechMa JaleKnm OT TOrO, 9TO
Mbl Ha3Bad® OBl KIETKOil, [OCKOJbLKY OHH He HOMEWT HO re-
HeTH4eCKOTo, HA OeJoKCHHATe3Upylomero anmaparta. JlwGoii
HeperyJApHbIH NOIHMep, CHHTE3HPOBAHHLI B TPOTOKIETKE, B
JyumeM ciayuae mMor Gbl NMepejaBaThCA OT OJHON KIETKH Jpy-
roii B KaKOii-TO OJHOI JUHUN [OTOMCTBA M B KOHIE KOHIOB
nojeeprea 0wl pacmany. B mocimemyiomux riaBax  Mel [10-
OBITAEMCAl IOKA3aTh, KAK BHYTPH HPOTOIJIETKUN MOCIm BO3-
HHKHYTh, OpaBjia BecbMa NPHMHTABHBIE, HO (DYHKIHOHHDYIO-
mue, TeHeTHUYeCKH n GesokcHETesnpylonmii annapartel. Cym-
HOCTh HAIIero MOJX0/ia COCTABHT BHUMATEIBLHBIN aHAIN3 TOrO,
KaKUMH BO3MOKHOCTAMM K BaauMojeiicTsmio obaajanm Te
MOJMMMEepbl, KOTOpble Xa0THYECKH 00pasoBLIBAANCE BHYTPH
OPOTOKIETOK.

B pannoii rmaBe Mbl ocTamoBHMCA Ha Hanbolee xapakrtep-
HBIX 9€pTax TeHeTH4ecKoro n OeJOKCHHTe3HPYIOMIero amma-
paToB coBpeMeHHBIX Omonornuecknx cucrem. Tepmur «uudop-
Malua» OTHOCATCA TOMLKO K crlenunduyecKoil mociaeroBarelib-
HOCTH AMHHOKHCJIOT NJIH A30THCTHIX OCHOBAIMMIL.

Femernuecknii annapatr B COBPEMEHHON KJIETKe MpeJ-
crasiaen jiesokcupnbonyknennoBoit kuciaoroir (JIHKH), B mo-
neryiae Kortopoii xpanutca unodgopmanma. JIByxumemoueunas
noxuMepaan moaexyna [JHI cocrout ms asormeTeiX ocmoba-
amit — ageanna (A), tumuna (T), murosuma (C) m ryanm-
na (G), Kammoe n3 KOTOPBIX COEJMHEHO ¢ caxapoM (Jesokcu-
pudoaoit). [locaegoBaTennio pacnoloKeHHbie MOJCKYIHl ca-
xapa ynepmmsaioress BMecte docdopuadupusivin  cBazsaMu.
Jisyxmeprnas smojieas smoneryawm JIHIN  npepcrapiema na
puc. 9.1. OcToB MOJAEKYABl cOCTAaBAAWT JiBe caxapodocdarnnie
nenouxn. Mundopmanus, xpamsauasca B 9Toil Moderyje, sa-
KII0YeHa B HocjefoBaTenbHOCTH ee ocHoBammil. Hampan
nens JIHK cocront na caxapodocdarnoro ocroBa m ociopa-
HUil, OTXONAIINX OT OCTATKA caxapa, H MMEeT XHMHYECKH
aajlanoe panpapienne, B nexom monexyay JIHKE cocrapnamor
JIBE TeMNH, CHORHEIM 06pa3oM BaKpyUeHHbIe O{HA BOKPYT Jpy-
roft, mymme B MpOTHBONONOIKHBIX HANpaBieHmAX o yaep-
#uBaeMble BMecTe claluMu BOOPOANbIMU cBA3AMH, 00pasyio-

¥
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OEMHCA My OCHOBAHWAMH (IITPUXOBBIE JHHHH  HA
puc. 9.1). Monexyra JIHK comepmunt cotnn Teicad map oc-
mopannii, [Ise nenn [IHK ynmep:usaiotres BMecTe Bo0poaHEL-
M CBA3AME TOJLKO B TOM CJaydae, ecli OHH KOMIUIEMEHTAp-
HBI, T.e. ecli OHM MOAXOMAT ApYr Apyry. A obpasyer nse
pojtopoanbie ceasn toabko ¢ T, a G oGpasyer Tpm Bojopom-
HEIe cBA3H TOALKO ¢ C. 9Tn npasusa cnapueéanus ocHOBanuULl
JIeAKAT B OCHOBE KONUPOBAHUA U (DYHKIHOHHPOBAHMS TeHETH-
YECKOro amnapara.

Ecnu mocaeoBaTeqbHOCTL OCHOBAHHE 1A OJHOO U3

Caxap

QochoduadipHas
cBass

Puc. 9.1 Bropmanan cTpyktypa Apyxnenodednoft  mojewynn JUITH.
(KopubGepr A. Cunres JAIK. — M.: Mup, 1977.)
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yuactros nemn [[HR seraagur exemyommy ofpasom:
AGCTAGCTAGCT

—

TO, COTIACHO TIPABIJIAM CIIAPHBANNA OCHOBANNi, KOMIUIEMEH-
TapHas UeNnb JOMKHA OBITH

TCGATCGATCGA

I COOTBETCTBYION[NI YYACTOK MOJIEKYIBI JOJKEH COMep/KATh
KOMILIEME@HTApPHBIE Iaphl:

AGCTAGCTAGCT

>

TCGATCGATCGA

Irn [Be KOMILIEMEHTADHBIE Menn 00pasyioT [BOMHYIO
CITHPAJID.

Bararogapa crporoil cnernudmyHOCTH CIIapHBAHAA OCHOBA-
it moxeryra JIHK cmocoGma Geite mepemocunxom mudop-
marum. [lpn perummranmn Moxeryust JIHIN oGpasyiores nse
MOYTH, HO He COBCEM WJIEHTHYHBIE OUEPHHE MOJERYIBI, TAR
KAk B XOjle PEINIHKAIINH OpH CHApUBAHUH OCHOBAHMIl BO3-
MOKHEl OIIMOKI.

B pacrymeii riertke mpomecc peramramum 0onbmoit Mo-
aexyasr [IHR cocronr ua pama sramos. Ilpesae scero wpym-
HBII «pacmiieTalomuiiy Gejqok  pasfenseT ABYXIENOYedHyio
MOJIERYJIY B 0c000il TouKe pocTa TAKuM 00pA3oM, UYTO OCHOBA-
HIIfi OKA3BIBAOTCH OTKPBITHIMIL:

FPacnremaratyud Gexor

3aTeM ma Rajioil Henn 3aHiMaeT CBOe MeCTo JAPYToi ClIos-
0Bl GETKOBEI KOMILIOKC — HOJIIMepasa.

TMomimepasa———u |

N/ANY/ANV/ANY/N
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C moMOIbI0 TOAHMEpPA3hl TPOUCXOANT MOAGOD MOJERYI-Tpes-
[MIeCTBeHHNKOB U3 o0Imeil cMecnm HYRIEOTHIOB 1O TpaBHIY
cmapusanna ocuopapuil, Ecium ocmopanmma momobpamsi mpa-
BHJLHO, TO MOJHMEpasa CMEIIAeTcs Ha OJHO OCHOBAHWE, Mpo-
mecc Toadopa MOBTOPAETCA M J(Ba COCE[HHX OCHOBAHHA J0-
yepHeil 1enn CoeHuAI0TCN.

HoBocurmesipoBarias
TocAeaabameABHOCITIG

OnucaHUEIM  CMOCOO0OM TNOCTEA0BATEILHOCTE OCHOBAHUIT po-
maurenanekoil Moneryant [IHK ouens Toumo kommpyercs ¢ o6-
pasoBaHHEM JBYX JIOUePHHX MOJeKyJI. 3aMevaTeXbHoil o0co-
Gennoctpio pemnumkamun [[HK sasasercs To, 9aro ee Toumocts
obecreunBaeTCA COCNHATLHBIMI  (hepMenTaMn  perIHRarui,
CIOCOOHBIMA OTIIMYNTh MPABWIBHBIE TAPHl OCHOBAHHI OT He-
npaBmabHBIX. Takum ofpasoM, TouHAs pEIVIMKANUA MOJERY-
ant [THK ofycnosnena kar crpykrypoit JIHKR, Tag n mpupo-
H0it (hepMeHTOB peIliKa I,

Harum obpasom urdopmanus, sarmodensag 8 JIHK, me-
PEeBOJUTCA ¢ A3BIKA OCHOBAHWII Ma fA3BIK AMHHOKHCIOT B MO-
aexyine Gemka? Hiuke Mpl yBHAUM, 4TO B Ipomecce Takoro
‘mepesojia (B IpoIecce TPAHCHAIMN), TAK 7ke KAK W B IPO-
mecce pemmmrannn K, Baskayo poan mrpanor w npasmia
cHapuBAHEA OCHOBAHWIL, N B3aMMOJICHCTBHA CHOMRHUBIX Gel-
KOB.
Pubonykunenuossie kuenorst (PHR) cnaresnpyores s Ba-
fle oxHONenoueunsx Monmexyn ma moseryire THH. Ocmony
cerpyrypst PHE, tax e wax m JIHK, cocrasnser caxapo-
doedarnsii octos. I RamoMy ocTaTky —caxapa, KOTODBIi
gfieck mpejcTapien punbosoii, MPHCOEUHEHO OO0 W3 OCHO-
gagmii: A, G, C nan U (U — ypammi, coeinnenne, poAcTBen-
HOP THUMUHY; TPH COAPHBAHUN OCHOBAMHII MMEeT OfNHAKO-
BYI0 ¢ HHM KOR(HTYpAaImio).

Cunres momexyn PHE mpomexopnt ¢ moMompbio paaimny-
HEIX (JEPMEHTOB, B 4ACTHOCTH MOINMepas; B pedy’abTaTe CHH-
Teaa obpasyorca nenn PHI, nocmenoBarennmoctn KOTOPBIX
KOMIVIEMEHTApPHBI OT/ieabusM yuactkam neneii JIHI A
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e Pacrnemenrold yvacmok

Curimestupobannas #a JH morexgaa PRK

PHR-nmonmyepasa, roTopag TpecTaBaser co0Oil J[OBOIb-
HO KpynHELD (epMenHT, B KOMINIeKCe ¢ KoepMenTaMu HavH-
Haer cumTed ma ompemeienmoM yuactke JIHK, umeromem
crenmIecKy0 MOCJCA0BATEIbHOCTh OCHOBAHNIl, COTIACHO
mpaBnjaM cnapusanms ocHopanmii, Eeam koMmmaemenrtap-
mocth Mesy ocmoanueMm B nenn J{HIK u ocmosammem B me-
mi PHK pocrurmyra, 1o npnMblkaomine Apyr K Apyry OCHO-
paunsa PHH mommMepusyioress B 0JHOM H3 IEHTPOB IMOJUME-
pasel; BTOT IHpollecc IOBTOPACTCA BAOIABL OJHON M3 Iemeit
JHR nmo tex mop, moka mosmMepasa He JOCTHrHeT crernudu-
ueckoii mocaenosatenvaoctn ocuoBammii [IHK, dymrmmomm-
pywomeii kax crom-curnaj. OfpasopBapmmecss TPAHCKPHITHL
PHR npu atom orcoegunaores or Moaerynast [JHK n temeps
MOryT y4acTBOBaTh B cuutese Oeaxos. Honumpyeres Toabko
omna us asyx meneit [ITHI, mpnuem onars-rakm PHR-nomn-
Mmepaaa ysmaer, kakas uens JIHR nomsna wommposarses.

ITo sromy emurOoMy mexanusmy ua [JTHH cumresnpyores
PHR-TpamckpmOTl  Tpex KiaaccoB: rpamcmoptHas PHR
(rPHK), marpmumaa PHR (MPHR) n pubocomman PHHK
(pPHR).

pPHH nmocme pacmemienmsa un MoAH(QHRANE ¢ HOMOMILIO
depmenTos BMecTe ¢ IATHIO jlecAaTKaMn Oeaxos opMmmpyer
pudocoMy — VHUBEDCATBHYI0 OPraHeLIy JRHBBHIX CHCTEM, Ha
KOTOpOil 11 mponcxoxuT cobersenno cunres Genka. Baarogapsa
crierudmueck 0PraHN30BAHHON 1TOBEPXHOCTH pHOOCOMBI HA
Heil MOryT OBITH coOpaHBl Bee HeoOX0HMBle I cunTeda Ge-
Ka HCXOJIHBIE BCIECTBA B HY/KHBIX IIPOCTPAHCTBEHHBIX COOT-
HOIIEHHUAX,

B nocneposatensmoctun ocnopannii MPHI sakoguposana
nuHeiiHas mocxenoBaTensHocts aMunokncaor. Ilocre cunresa
na JIHK MPHHK cnocofna maxomurn pubocomy, ma mosepx-
mocTH Kotopoit oma Bmecte ¢ THH yuactsyer B mpomecce
JleKO/AHPOBAHIH,
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N E I T e

Puc. 9.2. TlocaenoBaTeabHOCTH OCHOBANMIT M BTOPHYHAS CTPYKTYpa
omuoii w3 momexya TPHE (Holley, The Nucleotide Sequence of a
Nucleic Acid, 1966, Scientific American, Inec.).

Cymectsyer Goxee apayarin kmaccos TPHHK, pasamuaio-
muxes nocxeosarenproctamn ocHopanmii. Bee TPHI cun-
Tesnpytores Kak jauneiinsie Tpanckpunti JIHI, a satem noj
meiictBuem paga depmentos nojsepraorea  Mojuduranmn:
HEKOTOpPBIE OCHOBAHUA MOTHIUPYIOTCH, APYTHe OKCHMETHIH-
PyIOTCA, TpeThH BoccTamasiuBawTes u T. 7. Hocxe mopndu-
ramnii TPHI dopmupyiotes Bropuunsie (HasbiBaeMble «Rie-
BePHLIM JHCTOM») W TperTnumsie crpykType moxexyx TPHE,
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K oamomy us csofoannx ronnos momexynrs TPHK dgepmen-
TATHBHBIM [TyTeM NPHCOCJANHACTCH OJUH I TOT jKe TPHILIET
ocuoannit (CCA), a K wonmesoMy A aTOro Tpummera HO3J-
Hee TPIKpeILIAeTesas aMuspokncirora. B cpemmeil metie Kie-
BEPHOTO JHCTA dKCHOHMPOBaNsl Tpu ocuosamua. Ha pue. 9.2
noKazaHa BTOpHYHAs CTpyRrypa ojmoit wa Momexkyn TPHH.
Tpn man Gomee KOHIEBHIX OCHOBANI BCET/A OCTAIOTCH He-
cnapeHHsiMn B cmay reomerpun puboszogocedarioro ocropa.

tPHR onpenenrennoro suja ¢ nomomibio ocoforo dgepmen-
Ta cuenuuuecKn IPHCOSAMHALT OJHY H3 AMIHOKHCIOT, JITOT
depmenT mMeer IEHTP, Y3HAWMNI COOTBETCTBYIOIYID €My
moneryay TPHHK, menrp, ysnawonpmii ompemeiesHyio aMmEo-
KACJOTY, N IEHTp, CBABBIBAIONINIT aMIHORICIOTY ¢ KOHIEBBIM
A TPHR.

Jlst KIeToR, aRTHBHO CHHTE3NPYIOINX (eJ0K, Xapakrep-
HO IIpHCYTCTBHE OOJMBIIOT0 wnejaa priocoM, BRICOKOe comep-
manne TPHR ¢ mpucoeinnenusivMm ® HIM COOTBETCTRYIOMIM-
MO AMHHOKHCJIOTAMH W UHTCHCHBHOE 00pasoBanne KOl
uPHH.

Ha pue. 9.3 nmpencrasiena ynpomenHas cXeMa CHHTe3a
denka. MPHR ofpasyer menpounyio cBasb ¢ onmpegeqesnbiM
yuacTkoM pmbocomsl. IIponece neroinmpoBaniia HAYNHACTCH B
«cTaproBoM» KoMmmierce, cocroameMm na TPHR n mernomnna
(y Gaxrepnii — dopumayieTnonuna). Tpu sRCIOHMPOBANHBIX
ocuopannsa (anturomon) TPHI maxomar coorBercTByIoNmii
rpumter (wopom) B MPHIN w msammojeiictByior ¢ mum co-
riacHo npasmiaam cuapusannsa ocnosannii, Co caepyongum
romornom B MPHR momer BzanmojieiicTBoBaTh TONLKO KOM-
mIeMeHTapHeil eMy antuxogon coorsercrsyiomeit TPHK, me-
cyIneil aMMHOKNUCIOTY; BCE OCTAJNBHLIE, HEIOAXOJAINHe aHTH-
KOJIOHBI OTBepraiTcA. B peayanTaTe HPOMCXOSNINX B3aNMO-
neficTBHIl JIBe aMPUHOKICJIOTHEI OKA3BIBAIOTCA TeCHO COJMMeNn-
HEIMH HA TTOBEPXHOCTH PROOCOMBI TAKIM 00pA30M, UTO MERIY
HAMHI (bl‘p.\i(’l'lTﬂTlIBHblM IYTeM JICTKO (36[)113)’(}705! nenTujaaas
cBasb, [lpnm oOpaszoBanmu HENTHAHOI CBA3H 0CBODOIKIALTCH
nexoropoe wonmuectso vuepron n MPHHK nepejsuraercsa sme-
pex ma oJitH TPHILIET; IIpolece moadopa KOI0H — aHTHKOJIOH
0 Tochejyomee o0pasopanie NenTHaHoil CBA3N MOBTOPAETCA
MHOTOKPATHO JI0 TeX Mop, T0Ka e JOCTHTAeTCH (CTOT»-TPH-
Jer, ne I\'O,Illlpylﬂll.llll"l HIT 0JIHY 113 aMIHORHCIIOT,

Hame cxemartnuecroe nanosenne mponecca OmocHHTesa
Ge;ﬂ{a MOZKET HorasaThcs CHOJKHBIM, XOTH Mbl CTB.]_)EIJ[HCI! BCE



Pme. 9.3. Cxema cmmTesa Oenka

(Crick, The Genetic Code: III, 1966, Scientific American, Inc.).
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ynpomath. B feiictBnTeasHocTH e B kaskmoil ma ¢as aroro
mporecca, €cJH paceMOTpeTh ee moppodHO, Oyayr obmapy-
JKHBATHCA BCE HOBble M HOBBIe Aetamu. OfHAKO A HAIINX
meJjeil JIOCTATOYHO YACHUTH, UTO B IEJIOM B TeHETHUECKOM H
OeJOKCHHTE3UPYOIEM anmapaTax HCHodb3yercs OoIbIIOi Ha-
Oop GeaxoB m KO(aKTOPOB, MPHYEM KaiIb U3 HHX HMeer
MHOKeCTBO cHenu(Hueckux y4acTKOB, PACIO3HAWMINX KAK
HYKIEOTH/IHEIE [10CHEM0BATENBHOCTH, TAK W pA3AUYHBIE aMu-
sokncaorsl. Madopymarun, sakrouennas B MOCHeA0BATEIBHO-
crn ocmosamnit JIHH, vepemaercs Gosiee KOpOTKMM mnocde-
popatensnoctaM pasangneix PHIK, koropsie mopndunupyior-
ca caomneivn Oenxamn. B nopbope TPHR u coorsercrsyio-
meil efl aMEHORHCJOTHl Tak/#ie YTacTBYeT CeMeicTBO 0coOBIX
Gexxos. C mOMOMBIO CHENMaJNLHBIX MEXAaHH3MOB IOCTE0BA-
TeIBHOCTH OCHOBAHUII MEpeBOAUTCA B  I[MOCAEJOBATEIBHOCTH
aMHHOKHCIOT Tak, 4ro Kamueti tpunmer [JHK orsewaer op-
noii orfenbHoll amMuuorucaore, [lo-BupmMoMmy, remeTHYeCKHi
KOJl YHHBepCalem: TPUILIET, KOJAPYOIINi NAaHHYD aMHAHO-
KHCJIOTY ¥ MBYYeHHBIX B macTosmee Bpemsa Oawtepnii, Komm-
pyer Ty e caMyi0 aMHHOKHCJIOTY B PACcTHTENBHBIX HJIN FHH-
BOTHBIX KIETKaX,



e Tl

[

A I

Tmasa 10 IIponexosmienne
reHeTHYeCcKOro ammapara
IPOTORJIETKH

A Bud wma Kaaugopnuio ¢ okoaodemnoid opGuret,
(C arobesnozo paspewenus HACA.)
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Mw ece cozaacnwl, uwro Bawa
reopus cymacwedwas. Bonpoc,
no Koropomy mer  paadeau-
Alch, — docTarouno AU OHQ
Geaymna, urober GuiTe npaeuab-
Hou?

Huase Bop

Kaxnm ofpazoM y HPOTORIETOR, KOTOpPHE MBI IIOCTYJIHPOBA-
JH, MOTJIa Pa3BATLCA CHCTEMA, XapaKTepPH3YWINAACA ONHCAH-
HEIMI B TDEJBIAYIIell TIaBe B3aUMOOTHOIEHMAMH MEKIY
OearKaMum ¥ HYKIEMHOBHIMH RKuciaotramu? B oroil rmaBe M=l
paccMOTpHM ONHY U3 BO3MOKHOCTell Taxoro passurua. Mu
He Oyjem IpocCHe;KHBATL BECh XOJl 9BOJNIONUM 9TOl CHCTEME!
(koropmiii, Bo3MOkHO, 3auan Oomee 1000 maH., ner), moka-
JReM JIHIIb, KaK MOIVIH BO3HUKHYTH CaMble XapakTepHbe ee
CBOIiCTBA.

Jlan Beex IpOTOKIETOR XapakTepna ofma obmas mpoGie-
ma. Jlaske ecau cayvuaiino B Kakoil-HuOy/b NPOTOKIETKE OKa-
saycsa OBl mONE3HBIN eii 0eJOK, BO3MOKHBEIH NyTh, KOTOPHIH
Gpl rapaHTHpOBAJ MBTOTOBIEHHEe KOIWil sToro Gemka s me-
penadun Jl0uepHIM MPOTOKIETHAM, oTcyTcTBOBak. Iloaromy
npu o0pasopaHmM [OYEPHHX KIETOK OH MoKer OBITH mepe-
JaH TONBKO Of{HON m3 HmX. V3-8a OTCYTCTBHA BOCHpPOU3BENIE-
Hus He Opro u30BITHA cmenudMYeCKHX  HACHELYeMBIX
CBOICTB, KOTOpPHe MOrim OBl IIOBEPTHYTHCA €CTECTBEHHOMY
orbopy.

ITporoxnerku [AeiCTBHTENIRHO CONEP/KAANM MOXMMEpPHl He-
peryJsipHoil CTPYKTYpHI, UpHYeM CKOpee BCero OHH He OBLIM
rakuMu GonbmnMM, Kak coBpeMeHHble Gmomommmepsi. ITep-
puuHele «Oemknmy» mpepcraBaannm co0oit coBceM HebGonbmue
MOJIEKYJIEI, COCTOAIIHE IPHMEpHO U3 5—7 aMHHOKHCIOTHBIX
OCTATKOB (B OTIHYHE OT COBpeMEeHHEIX GeIKOB, HACUHTHIBAIO-
mux 100—300 ammpormeaor). IlepBmuEEle DOIEHYKIEOTH-
OBl TamiRe cojepskamm He MmnamoHnl, a 10—12 ocmoBammi.
M=uorme sxCnepEMeHTH, B KOTOPHIX NPOBOAMWIN MOXHMEpH3a-
OUI0 AMHHOKHCIOT W HYKJIGHHOBLIX KHCJIOT B HePBHYHBIX
yCHOBHAX, NOATBEP#AanT 9T0 o0mee mojxoienne. Ecan
NepPBUYHEIe HOXHMEpH ObUIM TaKEMH He0OJBIIHMU, TO KaR
oan (gysxnunonnpopanu? Haranmrmueckmii aKTHBHBIL TEHTP
depmenTa moutH Beerga mMeer HeGOJNBINOe YMCIO AMEHOKHC-
JotEEIX ocratkoB. OcranrbHag 4acTh KPYOHOI GHOMOIERYJIE!
Hy;KHa IA KOHTpOXs, cTabuimsanud, [OCTHKEHHA CIENH-
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HUECKHX BHYTPHKACTOUNLIX LEHTPOB, T. €. oHA  CJHAYHT
OCUTEeNIeM CBOICTB, BA;KIBIX JUIA 1EIOCTIHOTO KOHTPOAs, HO
e JUIA Karajusa OTAeJbHoil peaxiinm.
"~ B cooTBeTcTBAHM ¢ ITHM MBI MOKeM HECKOJLKO CHUBNTEH
- MacmTa0HOCTL NpobaeMbl M OPPAHHMHTLECA PACCMOTPEHHEM
cHHTe3a HeDOJBIIHX cHeimIeckux MelTH0B U OTHTOHYK-
- JIEOTHJIOB.
Ham me norpedyiores Ttawske HH BBICOKOpassuthie (ep-
- MeHTHI, HU 0co0ble moBepxuoctu riauf. [[iaaodnacnenns Boa-
HHKHOBEHNA reHeTHueckoil n OeNOKCHHTE3UpYIOIel cuerem
. Ha caMOM TpocTelilieM yposHe HaM HOHAHO0OUTCH TOIBKO pac-
- CMOTpPEeTDL B3alMOJIeliCTBIA KOPOTKUX NOXMHYIJIEOTHIOB JBYX
. THIOB, HEO00OXOANMEIX I M3TOTOBIEHNA KOPOTKOTO HEITHJIA.
3 Jus mavana gomycrum magmune HeGOIBIION 2eneparTopHoll
- PHR, xoropas BHIDOJHACT KaK reHeTHYECKYI0, TAR M MaTpHy-
Hyl0 poab, a Tamme meboapmioro cemeiictsa mpoto-TPHH.
Rax morna 6m paGorats tawkan cucrema? Pacemorpam ot-
JIeTbHO  TeHeTHYeCKHil w OeJOKCHHTEINpPYIOIIUN  acIeKTH
9TOiIl MepBUMHON CHCTEMEI,

[TpepcraBbre cefe MPOTOKIETRY, COAEPIRAILYIO TPYIILY
[ moammykieoTnjoB ammoii oroxo 12 MmMomomepos  (fopera-
Mep). B mexoTophix cayuasx a10 Morim OHITh IHHEHHbE MO-
JICKYbl, HO, NOCKOAbRY OpeJIIeCTBCHIURN HOMIHYRICOTHIOB
HAXOMMINCH B OOMBLIIOM passejleHun 1 Honajajinch HEYacTo,
BEPOATHRE BCETO, JIOZIEKAMep 3aMBIKAJCH 1[0 THOY TroJ0Ba-K-
XBOCTy ¢ cOpasoBaHmeM MaJeHBLKOIl KOJABIEBOIl  MOJEKYIIEI
3T0 MOKHO TOKasaTh B Jabdopatopmi). Hompiueswie gopuer
OOJUHYRJICOTHIOB XUMuUUecku (ojee yCTONYMBE, YeM JImHeil-
Hble, HOCKOILKY B HHX HET HU CBOOOJHBIX THAPOKCHILHEIX
rpymm, i ceoGommerx dochaTHEIX rpymu, JIOCTYNHBIX  JUIA
cmanuoro paspymenna. (OcnoBamis ROIBHEBOH MOIEKYIIbI
cBOOOTHBI W MOTYT CIIAPUBATBCHA €O CBODOJHBIMH HYRJIEOTH-
JAMH COTJIAaCHO HpPaBiljiaM ClHAapuBaHHA ocHoBammil., Meien-
HO ¥ ¢ ommOKaMi Ha 9T0H KONBLEBOH reHepaTopHOl MOJeKy-
Je Bce jKe BO3MORHO 00pa3oBanie KOMMIl KOMILIEMEHTAPHO-
ro momumepa Oes yuactma depmenta. Ogmaro Tar e, Kak
8T0 NPOHCXOMMT B HEKOTOPHLIX COBPEMEHUBIX OaKTepHalb-
HEIX CHCTEMAX, CHOTE3 KOMILIEMEHTAapHOil KONmH MOKeT
OpOAOIBKATLECA W 3a TOUKOIl wnunpanmu, n Torga obpasyercd
Monekyna Ooiee jummHHas, vem mcxognasa. He ncrmoveno
TaKike, YTO PEIIMKAINA MOKeT cayuaiimpyv obpasoM HAYH-
HaThes B m060i Toure woasua. [loatomy
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nocaedosareabHocTU KROMRAEMEHTAPHBLY KONUL A6AKI0TCH
peayabrarom yurauveckur nNepecTaHoGor 2€HCPRTO‘[JMOL7,
nocaedosareAbHoCTU,

TaruM myTeM MOryT CHHTE3NPOBATHCA KOMIJIEMEHTApPHBIE
Konnm HeOONLIMUX KOMLIEBLIX TEHEPATOPOB, a Takme 00ab-
mme W Majble JuueiiHbie Monerydbl. Cxema aTamoB mepBHY-
Hoit pensukanun npepcrandena ma pue. 10.1. ITockombry
KONMPOBAHNE MOTJ0 HAUNHATLCA B 11000il TOUKREe MaJeHbLKOTO
JIBeHAINATHWICHIOr0  TeHepaTopa, JUHEHHbIE MOJERYIbl
npejicTasaaoT coboii peayabTaT CAYUANHLIX  IIKJINUYECKHX
NepecTaHoBOK  IIOBTOpAIONIeics TenepaTopmoil  mocjeoBa-
TeJbLHOCTH.
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Puc. 10.1. Boamosknble TPOAYKTE PeNANKAOHA OPHEMATHBHONO AOJEKA-
HVEIE0THA,
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HOI[yCTHM, qTO HOHRKJINYeCKne K(J.\IIF.TIQML‘HTH]lllhl{:‘ Konnn|
pemoanain gyaknun MPHE, a nncanvecrnii remepaTop —
repernueckyio  gynknnio. Heboawuine (a sarem n Gomee
. KPYUHBIE) OIHTOHYKJICOTH/HBIE (PpParMentsl, MOTyYeHHBE B
peayabTaTe MepecTaHOBOR, CAYKAAN TeM HalOpOM, M3 KOTO-
poro moram orbuparnhes nepBuunsie TPHH.

Ha avoii cragnn BosuuKaeT oCHOBHAA TPYAHOCTL. Y HBIHE
ceymectyomux TPHK nopGop npasmabmoil aMumokmenors,
COTJIACHO ee AHTHKOJIOHY, OCYNIECTBIACTCH KPYMHBIMH BHICO-
KooprannzopaHObIME Oenkamn, Hakum ofpasom B mepsmu-
HOIl cucTeMe JIOCTHTAJCH TpPAaBWILHBIL nosbop Gesa atnx gep-
mentor? Humme mMbl obcyjuM psap npeanono:kenuii, KoTopuie
MO0 CBOEMY XapaKkTepy NpPOTHBOpPEYAT HAIIEMY NPHHIHNY He
ofcys/1aTh BEPOATHOCTL HCTOPHUECKAX CIAyYailHOCTEH.
ITpessge weM OpeoaoneTs 3Ty TPYAHOCTH, OCTAHOBMMCH
Ha HEKOTOPHIX HCXOAHKIX TMOJOREHHUAX. B macTosAmee Bpemsa
B CHHTe3e (RIKOB MCIONL3YITCA JABAANATEL ¢ THIIHEM aMAHO-
KHCJIOT, KOTOPbie TOJPas3fedAl0TcA Ha Yerslpe TIPyImbl: oc-
HOBHBIE, cojiep/Raiue Gonbire aMIHOTPYII, 1eM KapOoKCHIb-
HBIX TPYTI, HaNpuMep JTH3IH; KICIbe, cofepsanine Gobiie
KapOOKCIILHBIX TPYOT, WeM aMHHOTPYII, HaNpHMep acmapa-
FAHOBAS KHCJIOTA, HENONApHBIe, COJepsKaIiue Yriaepomblil
CKeJeT ¢ eJUHCTBCHHON aMnuo- m RapOOKCHILHON TPYIIIoil,
HanpuMep JeHINH; U HOJAPHbIe, TMEOIHe JAONOTHATEIbLHBIE
THIPOKCHNIBHBIE IPYONBl, nanpumep cepmd. Heboanmme mep-
BHUYHBIE TENTAb, HMeBIIHe cIa0yi0 KAaTATNTHYECKYI0 AaK-
THBHOCTH, Moriau Ge3 ocoboii morepnm (pyHKOHN B3auMOJEiicT-
BOBaTH ¢ J000fl M3 aMHUHOKACIOT, MPHHAIEKAMAX K 0dHOU
u roii sce epynne. Wtak, Hama 3ajiaua CY/KHBAaeTCs; TEmepb
MBl JOIURHBI ONpeeanTh cmocod mogbopa OTAENLHBIMHO IEp-
ppuEsiMa TPHH me kaskmoil m3 pgBajgmaTsm aMOHOKHCIOT, &
Kaskoll ma werwipex rpynn. Oame ma cmocofoB cocTOMT B
CIeAYIOmeM: KOPOTKIil OTPe30K mocaefoBaTeqLHOCTH OCHOBA-
HOil y armenTopuoro kKomma nepBuuEeix TPHK neficrBoBan
Kak auckpmmumatop (pme. 10.2). JlmckpmMmuuaTop ¢ ompeje-
JeHHOll MOCTeN0BATEILHOCTHIO OCTHOBAHWI Mor BeOmpaTh ¢
MOMOIILIO BApAJA, BOJAOPOANBINY CBA3el win Apyrnx caadbix
B3auMojieficTBAil, NPUBOAAINX K TPHTAMKEHHIO UJIn OTTal-
KHBAaHMI0, AMIHOKHCIOTE OJION CPYyNILl Yaine, 9eM ApYTroil.
ITpn arom cemeiictsa nepsuunsix TPII, mmeomue pasmny-
HBI€ MOCHeJl0BaTEeTLHOCTH JINCKPUMHHATOPOB, CBA3BIBAJINCE CO
coenuduvecknMy (YHKNHOHATLHEIMI TPyNIaMi AMUHOKHC-

A
>
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(1) Pue. 10.2." TMocaeopaTeasnocTn

\ (2) OCHOBAHMI,  CHHTE3NPOBAHHLIE
= HAYMHAA € pA3INYHBIX  TOYCK
/U (;\ (3) reHepaTopa, NpPeiCTaBIAOT C€o-
C C Goit KopoTKHe MOJERyJLl I[ep-
[ Buunsix TPHH. Onm ssasworca

\
MOJIEKY/IaMH, CHHTe3HpoBan-
G\ ]"BHEpamaﬂ U (4) HLIMH B pe3yaeTaTe MOUHRIAYe-

A AI CKAX JUHeHHLIX nepecTaHoOBOR,
3 o B KOTOPLIX  JIHCKPAMHHATOPLI
 § 0 C 8 1 onpe/ieeHuEM 00pa3oM CBA3A-
HLI ¢ AHTHKOJOHOM.
Kopomwue xomnaemenmaprioe
KOMUU—AUREARGIE NEPECITTIA-
HOGK, HAYUHAIIUGUEER ¢ DA3
HbIX ITIOHEN HHUGUALGHH
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aor. Te w3 axTmBmpoBaHHHIX B BuHAe (ocdopuuix asdupos
AMHHOKACIOT, KOTOpPbe OpUOIMAAINCh K [AUCKPHMIHATODY
(mm He OTTANKHBANNCHL OT HEro), MOINIH CBABATLCA ¢ KOHIE-
poii rpynmoit TPHK, B pesyawrare wero oOpasoBmiBamachk
agTupuposansan gopma nepenynoii TPHHK. CeasriBanne amn-
mokncaorel ¢ TPHK, Boamommbo, ofecneunBamock sHeprueit
nupodocdarroii crazm.

B aroii cxeme ecThb ofHa CyIIeCTBeHHAs TPYAHOCTH: HA
HEepBBIH B3MJAJ He ACHO, KaKEM 00pasoM MOJKET CYMIecTBO-
BATh Kakoe-Tu(0 COOTBETCTBHE ME/KAY AHTHKOAOHOM M JUC-
kpumuEaropom nepsuunoii TPHH.

Ho ma camom Jeine ompejelernoe COOTBETCTBHE CYIIECT-
ByeT, H ero MO;KHO morasaTh. llpemcraebre cefe muKRInue-
CKYI0 [OCHe/I0BaTeIbHOCTs HeOOMbINOoro AoJeRaHyKICOTHIHO-
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ro reseparopa. Ilpoamammanpyem numneiinple xommnm prToii Imo-
cIeloBATEABLHOCTH, HAUHHAOWEECHs ¢ JM000ro HYRICOTHA.
Bee rommnm pommpn OpITh KOPOTKEMN 1 OUHAKOBOIT JUINHBL
Hazosem opun komel JuHEHol KOnum AMCKPUMUHATOPOM, a
JIpyToii y4acToR, HAXOAAIIHIICHs Ha ONpeJeJeHHOM NOCTOSH-
HOM paccTosHHHE 0T Hero, OyjaeT HpeAcCTaBIAThL coboil amTH-
romoH. IlockonbKy Bee JnHEiiHBIE KON ABIAITCA pe3ydb-
TAaTOM NIUKIMYECKNX nepecTanoéok TeHepaTopHOil moclegoBa-
TEJABHOCTH, MBI NPHAEM K HeM3MEHHOMY pesyJabTary:

8 a0foM TPAHCKEPURTE, NOAYHEHHOM 8 Pe3yAbTaTe YUKAU-
AUYECKOl nepecTanoskl, Kaxdomy OUCKPUMURATODY CO-
oreercreyer edUNCTGEHHBIL AHTUKOOOH.

Heckonbko npumepos ciyuvaiio BRIOPAaHHEIX KONMI re-
HepaTopHLIX IOCJae[oBaTeabHOCTell mpupegeno Ha puc. 10.2,
IIpoanamusnpyiite wakme-uubynn apyrue um ybeamrech, 9T0
UX aHTHKOJOHBI OY/YT /IS HUX eMHCTBEHHBIMI,

OnncannHoe Beime 00pasoBaHEe KOPOTKOH MEpPBAYHON
TPHR wmaaocrpmpyer NpmHEIUOD TEPECTAHOBOK  JIMHEITHON
MOCTEJIOBATENILHOCTH: HEe MCKIIOYeHO, 4TO0 WMEHHO TAK CHH-
resupoBamuck nepssie TPHR. [Ipn wonmposammm remepartop-
HOHl MONeKyasl 1000l JIWHB, JINHHON WIH KOPOTKOH, B
MONYYeHHBIX MyTeM JIHHeinnX NepecTaHoBOK MOJERyIax
Beerga Oyaer HabaOAATHCA COOTBETCTBHE MEMRAY JUICKPHME-
HATOPOM H aHTHKOJONOM.

Bonee rpynusie momerynn TPHI mpepcrasmaor coGoii

JMPONYKT falbHeilmeil 9BOMIONNN, HO IPABIIO MEPEecTAHOBOR

npaMenuMo n Kk HuM. CoorseTcTBme MEKAY JUCKPUMEHATO-
poM H AHTHKOJOHOM CYIIeCTBYeT TOJbKO Omarofaps mepe-
craHoBkaM. Jiiren m300pes 0YeHL NPOCTYI0 U HATIATHYIO
urpy: mocaeposarensuo 80 pas Opocaior ueTHIpexrpaHHLIE
KOCTH, Kaykjgas rpamh koropuix momedvena A, G, C n U, n
SaNHCHIBAIOT CIYYaillyIo BHIDAJAIONIYI0 OPH 9TOM MOCIENI0-
BATEJALHOCTH OCHOBAHMII, KOTOpPAA NpecTaBiIfger coboil moim-
HYKJICOTH][ €O cIyuaifHO{l 10Cie/0BaTelbHOCTEI0 OCHOBAHMIL.
Ileas mrpei: MCMONL3YA BTY MOCAE0BATEILHOCTH W TpPABHIA
cIapumBaHUA OCHOBaHMWIl, HaiiTm Taroii crnocod CKIagbpIBaHOA
MOJERYIbl MOTMHYKISOTH/A, KOTOPLIH ofecmewma Obl MakcH-
MaJBHO BO3MOKHOE UHCJI0 KOMIUIEMEHTAPHO CIapeHHBIX
yuactkoB. Ilourm Bcerja mnoixydaercs CTPYKTypa THOA Kie-
sepHOro Jjmcra, mamommpaiomas TPHH. Bro, mo-summmonmy,
CBHIETEALCTBYET 0 TOM, uTo npn gopmupopanmn Goree yc-
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ToiimueelX hopm Janneiibie Moxeryns PHK co cayuaiinoit mo-
CHEIOBATENLIOCTLI0 OCHOBAWHIT 9acTo 00Pa3yloT CTPYKTYPDI,
nopobusie TPHR. Opgunako coorsercrBne Memay puckpuMuna-
TOPOM Il aHTHKOJIOHOM NPUCYIIE TOJNBKO HOCAe[0BATEBHOCT M,
IIONYYeHHLIM B peayibTaTe [epecTaHOBOK OHOTO re-
Heparopa, TOr[la Kak BO 6cCeM CeMeiicTBe CaAy4aliio CHNTe3N-
POBAHHBLIX TOCHAeoBAaTEIbHOCTEH  (TAKMX, Kak [OCIe0Ba-
TeabHOCTH JiireHa) ero HeTr, NOCKOJALKY OHH HEe HPOHCXOIAT
ot o0uiero remepaTopa.

CymecTByioT Jn JaHuble, DOATBEp:KAAIONNe, YTO I[OCIe-
JIOBATEJdbLHOCTL OCHOBAHUI JUCKpUMUHATOpa cnocobma cnemu-
(myeckn B3aNMOJIENCTBOBATL ¢ AMIHOKHCIOTAMI Pa3JHYmbIX
rpynn? Cakxcmmpiep n Ilommamuepyma uetko nmoxasamu, uTo
cuennduueckie B3aNMOJRIHCTBIA MEKIY aMHHOKHCIOTOH m
OJMUTOHYKIEOTHOM JICHCTBHTENLIO CYHIECTBYIT. 9TO I10J0-
WHeHHe NONTBePHIAeTCH TAKIKe 1 TeM, uTO cOBpPeMEHHEIe (ep-
MEHTEl (TOTHMEpbl aMHHOKHCAOT) ¢ OONbHION  TOYHOCTHIO
pacnosHaloT cnenumduuecKHe ROPOTKUE HOCIE0BATeILHOCTH
HYKJIEOTUJIOB.

Bmapoe ocrobarie
U £ A G
61818 UCU T UAU UGU U
5 UL‘(‘.]”“ ucc | U:\C]Tyr L'GC]C i
UUA]L UCA |P°C_| UAA non [UGA non [A
uuGl=" il ucGl  “YWAG nen |UGG Trp |G
ounl il ecu? (Z‘-\\L\}Hi‘ CGUT, ICJ L
ilieuc i| cce GAC TNE Hlpee 1c|8
C . Leu<| - Pro . “lc Arg 1 =
B| | Cua 7| CCA ™™ | CAALG), "1 CGA | TR THA
g CUG | CeG: CAG CGG G
8] |auuj ACU T AAL:}A_ A(;U]‘; Huls
AUC [lle | ACC AR Pl Rea RS EEnS
5|4 | aval ACA |Thr AAA]L ] A(}A]A S
AUG Met | ACG | AAGI R GE s
GUU T GCU T GAU ] Asp | GOU g
GUE GCC GAG | Rl GGel <
Glgua [V |cca |Al ('-AA]G] cea S |a
GUG GCG GAGIY'™ . | GeG G

Pue. 10.3. Tenernuecknii kon, Kammgomy rpuminery — xofony MPHK —
COOTBETCTBYeT ammuoknciaora. Hojon, noMedeHHBIH «nony», He ompefe-
AAGT HW O[HY M3 aMHHOKHCJOT; OH CATHAJU3HpyeT 00 OKOHYAHHI
mponecca cHATe3a,



TEHETHYECKHUR ANMNAPAT IIPOTOKJIETHKH 129

Ipn moGom oOBACHEHNN MPOHCXOGKICHNA  HepBHYHBIX
rPHR Bozunkaer eme opmo sarpyaunenue. Rasamocs 6wl mer
HEKAKNX HeoOXOJUMBIX OPUHUNH  CYIECTBOBAHIA  HUMEHHO
TAKOTO TEeHEeTHUeCKOro KOAa, a He KaKoro-Hubyjn pyroro.
CoBpemenHEIT reHeTHIeCKHl Koj mpejcrasren ma pue. 10.3.
20 amumormenor womupyorea 64 (4X4X4)  rpumreravu
OCHOBAHMII, T. €. KOJ BBIPOMKIACH, TAK KaK OJIHON aMUHOKIC-
aoTe cooorseTcTByer Oosee weMm oann kojoH. llowemy denmi-
AJaHNH y Beex opranusMoB Kojupyerca tpumaeramm UUU
u UUC? Xoremocy Obl npuspath ma HOMOILL HCTOPHYECKYIO
CIyuailHOCTL M ecrecTBennbiit ordop m  mnpexcrasuTh  cebe
BO3MOJKHOE MHOT00Opasue OJMHAKOBO BEPOATHRIX KOjoB. Ho
10 OBt OBl He HayuHsli nopxon. Pacemorpum  jpyrme
BAPHAHTH OTBETA Ha BTOT BOTPOC.

B coorsererBum ¢ mpasiiom  o0mpOoCTH  TPOPHUIECKHX
yPOBHEIT B 3KOJNOTHII JJisi BCEX OPTAHMOSBMOB  HEOOXOIHMMO
AUIIG CXOJACTBO MAJBIX MOXEKYJ, Y9acTBYONI(IX B uX O1o-
XUMHYECKUX ITpoIeccax; B HeM Her TpeboBanna oOIHOCTH
remernueckoro koma. Ilabop ocmosammii — A, G, C m U
(wam T) — orpanmven, no Koj caMm 1o cebe He ONpe/ieiaeH.

Mcnonbayst apryMenTsl [AapBHHOBCKOTO CCTECTBEHHOTO OT-
Gopa, MOJKHO IPEJCTABUTL CHTYALMIO, HPHBOJANYIO K YHH-
BEpPCATBLHOCTII KOMAA JUISl BCEX CIOMHBIX OPTanu3MoB, KIETKH
ROTOPBIX mMeloT sjpa. HioeTkn 8Toro Tuma ABISIOTCA Pesyilb-
TATOM KOMOHHAUNN M JICJAeHHIl PasinyHbBIX CHMOHOTHYECKAX

OKapHOTOB, CJEBl KOTOPHIX OCTawTcA u noHbine. Hampun-
Mep, XJOPOIIACTHl  3CJMEHBIX  PACTEHN — dYKAPHOTHYECKUe
oprane/uisl — 061a1aoT cBOMME COGCTBEHHLIMII OeJOKCHHTE-
BAPYOIINM M TeHeTHIeCKHM annapatamu. B aToM oTHOmeHuH
¢ HAMH CXO/IHBI MUTOXOHJpIM BCeX DYKApPHOTHYECKHX Kie-
TOK. Y HUBEDCAILHOCTE KOJIa SIBISETCA Ba/RHBIM TpeboBammeM
cuMOm03a, MOCKONBRY KieTka mocrasiser moxexyiast TPHR
M s cebA, W Ui CBOMX CHMOMOTHYECKHX KOMIOAaHLOHOB,

Ham memsBecTHBI NMpHYMIEL, 10 KOTOPHIM B XO[e pamHei
9BOJIONHE NPOKAPHOT NOABHICHA e[NHbL Koji. OfHako eciu
661 (1 910 Gonbmmoe ecim) rAyOOKHX XEMIYECKHX wiu usn-
YECKNX TPHUNH IOABIEHHS YHIBEPCATBIIOr0 Kojga He ObLIO,

‘%To CIEI0BANO0 OKMATH, 4YTO Mbl OOHAPYKIIM Obl KAKIE-TO
- Apyrme Kojst y Oakrepmii, TAKCOHOMHYECKH JaleKo OTCTOSA-
ﬁfr HX JIPYT OT JIpyTa,

~ Hmeionmees B macrosmee BpeMs JIORA3aTelnLcTBA, MOJI-
TBepH/ai e YHUBEPCAIBHOCTh TeHETHIeCKOT0 KOAa, O0c-
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JIUHelRsIe KOMUL eeHepamapa

P-Amuroxucaoma
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P-Amurioxucaoma

Pme. 10.4. Mopjeas npmummTuBHOTO menTjpnoro cmnTesa. KoporTkas
KOJNbIeBasg TeHepaTopHas MOCHAeI0BATeNLHOCTh CAVKHT KAK reHeTHde-
CKHM MAaTepHAJIOM, TAK M NepenocuymkoM HHE@OPMAIHH B NeNTHIHOM
cuaTese. Hommm remepaTopHOil MocTefoBATENBHOCTH, MOJyYeHHBE B
pesyibTaTe JWHEHHLIX NepecTAHOBOK, HeCylIHe AMHHOKHCIOTH OIpe-
JIeNIeHHEIX TPy, mpEcoenuenuse (ocdoadupHoil CBASBID K IHCKPH-
MHHATOPY, BEICTDAHBAIOTCA, COTACHO NMPABHJIAM CIADHBANHSA OCHOBA-
Huii, Bgons remepatopa (MPHK), Gmarojapa uemy ofecmedmpaeTcA
HeoOxoiuMoe I 00pa3oBaHus MeNTH/IHON CBASH PACHOIOKeHHE aMH-
HokmcaoT, ITOCKOMBKY AMHHOKHCIOTH HAXOMATCA B AKTHBHPOBAHHOM
opme docoprrix supos, omeprus, Tpebyeman fus o0pasoBaHMA
TeNnTHAHOH CBASH, AOCTYNHA B JIOCTATOYHOM KOIHIECTBE,

HOBaHHl Ha OJHOM NpoORapHoTHYecKoM opramusme Escheri-
chia coli, ko xoToporo coBmajgaer ¢ KogoMm sykapmor. [lo cmx
IOP He HCCIe0BANNCH HAKAKHE JAPYTHE HBOJONHOHHO OTHa-
nemnusie oT E. coli mpoRapHOTEI ¢ NeNbI0 ONpefednTh, Jeii-
CTBHTENBHO I TeHeTHIecKHmit KOJ YHHBEDCAJeH A BCeX
NPOKapHOT.

HNrag, mpuxoauTca OpH3HATH, YTO CYIECTBYIIIAX IaH-
HBIX TIOKA HEJ0CTATOYHO VA J0KA3aTeIbCTBA YHABEPCAIBHOC-
TH Koja. Bosmoskmo, rarag-au0yms HoBag undopManms B
aroif obmactn Gymer moxyuena mpum M3ydeHHH Takmx Oanre-
puit, rax waoctpupun, Eme Gomee samamumphiM (mpasfa,
MaJOBePOATHLEIM B HAWN JIHE) [PeJCTABIAeTCH HCCIeI0Ba-
HIE KOla BHE3eMHEIX OPraHH3MOB.

Ocrapisia mepemeHEHM BOTPOC 06 YHUBEPCAIBHOCTH
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Kojia, onpoGyeM BOCHPOHBBECTH CHOCO0, KOTOPHIM TPUMATHB-
HBll  ¢reHeTHueckuiiy mpoToOHOHT MOT OBl CUHTE3NPOBATH
cuerpuuecknii GeNOK, M NMpejUIOAENTE, KakuM o0pasoM OH
Mor Obl IlepefiaBaTh 910 CBOMCTBO [OTOMCTRY.

Cormacuo Hameil THIOTe3e, MPOTOKIETRKA CONEP/KAT IHK-
JUUECKHIl TeHepaTop W ceMeiicTBO KOpOTKEX (a mosime m
Gomee mumumEIX) Momeryn nepsuuHeix TPHH, rampas na
KOTOPHIX HeCeT aMHHOKHCJIOTY M3 TPYIIBI, COOTBETCTBYIOMIEI
ee IUNCKPHMHEATOPY. 3ajava COCTONT B TOM, 4T0GH cuHTE3H-
poBaTh HeOONBImION NATH-CEMIWICHHBIH NEeNTH[, HMeOIIHii
crnemuuueckyo mocaemosaTensuocts (pue., 10.4).

JlomycTnM, 4TO KOXBLIEBOil reHepaTOp MIN ero KOMIUIeMeH-
TADPHLIE KOIMH CIYRHJIH Kak HepBHYHBEIM TeHETHYECKUM Ma-
TepuanoM, Tak u mexmMm gsoiiankomM MPHH. [las toro wroGur
HOOXYYHTh NeNTH] ¢O0 coenEduYecKoil IOCTe0BATEILHOCTEIO,
MBl JIOJZRHBI JUIIb OPEJICTABATH, KAK HEPBHYHEIE MOJEKYJIEI
TPHH, mecymme aMuUHOKNCIOTHI, B3amMOJEHCTBYIOT ¢ Mat-
pumeil, Tak 9T0 AMHHOKHCIOTH pACIONATralTCA B HY/KHON
nocaenoBatenbuocTn, Bo Mmormx cayuasx mopbop aMumO-
KHCJIOT ¢ MOMOINBI0 B3AMMOJEIICTBAA KOIOH — aHTHKOIOH Oy-
JleT HeNpaBHIBHBIM, W TOTAA mpolnecc OyHaeT saMemIATHCA.
Ho B o0mem cunres Oymer muarm. Taxmm oGpasoM, mpoTo-
KIeTKa, 00Jafiaoimas reHeTHYECKHM ammapaToM, CMOZKeT
BCTYNNTh B HOBEIl MHD JaDBEHOBCKOTO €CTECTBEHHOTO 0TOOpA,
MOCKOJBKY Temeph OHA CHOCOOHA H3TOTOBIATHL KOIHH CIIENH-

HYeCKAX NENTHIOB B CBOEr0 NPUMATHBHOTO IeHETHYECKOTO
arepuana. Bee ocranpmoe — fiemo mcropuu, Buopouem, Tak
aIm aTo?




Tmasa 11 DBOMIONIA TPOTOKIETOK,
00JIa1a1onnx
IeHeTHYEeCKIM
annapaToMm

Oramenesuwue tpuaoturwe, Tpusoburer emecre
C UCKONGeMLIMU RAeYenOzUMU U eylKaMu HREARIOTCA OKAMEHEAOCTR-
MU, COUDETEALCTEYIOWUMU O TOM, 4TO CAOJNCHBlE MHOZ0KAETOUNBIE
ghopmnt acusku eosnurau okoao 600 man., aer nasad. Irum gopman
npedueergosaau 2000 man, aer agoaroyuu Mukpobuuvlx u 0dHOKAETOU-
noix fopm, Bdecy noxasano ckonaenue meckoavkux ocobell Ellipsoce-
phalus hoffi. [C aw6esnozo paspewenus Hall (Foothill College, Los
Altos, California).]



Xumus — xopowo, npupoda —
ayuwe,

dppanm Pakep. Buosnep-
reTHYECKHE MeXanmaMBl

- C mosBIeHWeM NPHMUITHBHOrNO TEHETHYECKOTO ammaparta 06-
. JIaflaBlipe M JITHHH NPOTOKJIETOR MOIVH mepefasaTh olenw
JIOYePHAM KIeTKaM CHoco0HOCTL CHHTe3UpoBaTh coemudun-
geckne noanmentuael. OOpasyomumecs u3 3THX JOYEPHHX
KIETOK JHHHH JIABAIH CeMeiicTBa POJCTBEHHBIX MPOTOKIETOR
¢ HACTEIYeMBIMH CBOHCTBAME, KOTOpBIe ObUIH crHocolHBl TOJ-
BepraThcsi HCTHHHOMY JIAPBHHOBCKOMY €CTECTBeHHOMY o0TGo-
~ py. Mm kpaTko paccMOTpEM STOT MexaHH3M u o0CYyAmM Teo-
~ peTHYeCKH JaibHeiimiee pasBnTHe panHeil KIeTOUHOI N3N,
B nporokmerke ¢ npuMHTHBHBIM TeHeTHYECKAM amnmnapa-
TOM CO/lep#iajoch JHMIL HECKOMBKO KOPOTKHX  KOJBIEBBIX
MOJIERYJ TeHepaTopHoil HYRJICHHOBOH KHCIOTH W HECKONBKO
rgoporenx mepsmumEeix TPHH. Dtoro easa mocratoumo pas
MOIyYeHns OJHOT0-ABYX NOJUNENTH/IOB, COCTOANINX M3 UeThl-
Pex-IATH aMHHOKUCIOTIIBIX OCTATKOB KasKaeiii, Harum oGpa-
30M B 1000HOI NPHMATHBHONH CHCTeMe MOINIa BO3HNKHYTH
~ emocoGmoeTh CHHTE3NPOBATL cHeruduueckne NOJATENTH/B,
970 MO3BOJNIO passuThea Merabonmueckum (GyEruamaM?
Bo-mepBrix, mukanueckuii remepaTop, HANPHMEp W3 fBe-
. HaJOATH HYRKICOTHNOB, MOKCT PEIIANNPOBATLCA HEIPEPHIB-
Ho, o0pasya MOJeRYTbl ropasfo OOIBIIET0 pasMepa, 9eM HC-
e, KOTOpPBIE CAMH MOTyT BaMBIKATLCA B KONBIo (pnc.
- 11.1). Jlas storo meolxoinMo HalaWune HECKOABKAX MeNTH-
& non KaTaausupylomnx ofpasoBanne OTUTOHYKICOTHMOB.
é Iocrenenno obpasyiorcs HoBbie, Golee NIUHMALIE MONEKY-
. OB ABYX THIOB: KPYNHble KOALIEBLIe W JHHedHBe MOIEKY-
JIBI, TIOAYYCHHBIE B PesyJbTare IIKINYECKNX IepecTanoBOK.
'—'I[epnme MOTYT CHYKATH HOBLIME Te€HEpaTopaMm, TMOCKOILKY
OHNM TMEI0T MHOTOKPATHO Y/IBOEHHYIO IIOCTEI0BATENLHOCTH
epBonavalLHOro remepatopa. Kpynasie anneiiasie MOTEKY b
myTem camocGopkn OymyT mepexoinTh B Ooiee yeToliumBYIO
- Kompopmanmio ¢wiaesepHoro ameray, OHAE OPEACTABAAIOT
coboil ceMeiicTBO NUAEiHLIX MONEKYH, MOTYYEHHEIX B pe-
ByALTaTe CHATE3a Ha YABOGHHBLIX IOCTe0BATENBHOCTAX WC-
ANOro remepaTopa, T. e. ABAAIOTCA (ojlee KPYMHLIME Tep-
muneivn TPHR. Tawum oGpasom, Temeps B npoTokIeTke
MeeTcs remeTHueckmil anmapar, cocroamuil n3 80 m Gomee




134 TIOABA {4

Tepbuunnd eerepamaop
— U~
L
r 3
A 6 CC-U—A~G=C-U—ArC=Colfgts o
b J
N SE AR
C—=" o
B pesybimame pen/ukauuL) o8pasyomes
Roynnsie
Konsyeloie zenepamapst
e ey e

LUAUHHOIE KORUL~ALHEIHNE KUKAUYECNUE

cmanofxu, obpasyroaue npu Giopre
% cmabunky Qopmy

OH
B

Pre. 11.1. Penauranuma KOTBNEBEIX reHepaTopoB ¢ ob6pasosammem Goaee
KPYOHBIX I CIOMKHEIX CTPYRTYP.

HYKIEOTHJIOB, KOTOPHIH TMO3BOJAET CHHTE3WPOBATH MOBTOPAIO-
mIEecA TMONHIENTH/L ATHHOH 0KOMOo 25 OCTATKOB, N HECKOIb-
KX HeOONBIINX IEeNTHIOB,

Hecommenno, konuposanne MEePBUYHBIX TeHEPATOPOB IpPH
[IOMOII HepPBHYHBIX MNENTH0B — Ipomecc Herounsii. Hpym-
HEIE TEHePATOPE! COJEP/AHAT MIOTOKPATHO MOBTOPEHHYIO MOCITe-
JIOBATEIBHOCTL NePBUYHOIO TeHEepaTopa, W B HEKOTOPHIX H3
MOBTOPOB MOTYT OBITH OTKIOHEHHS OT HCXOJHON [OCHIefoBa-
Teapnoctn ocHopammii. Ecaum mabmopanTcs AeiicTBHTENBHO
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CYIIeCTBeHOEIE MAMEHEeHNA MePBUYHOT0 TeHeTHYECKOTO MaTe-
puasia, Ha3bIBaeMbie MyTAIHUAME, TO MOKET HavyaThed JleiicT-
BHE ECTECTBEHHOTO 0Thopa.

o IlocpemcTBOM AymIMKADNN B peAyIUIHKALNN 00Jagan0mme
. HACJHe[CTBEHHOCTBHIO TPOTOKIETKH MOIMH JIOBONBHO OBICTPO
pasBOTH cHOCOOHOCTL K CHHTE3Y KPYOHBEIX OeIKOB, mUMelo-
HEX Muo;kecTso pasimmubnix Gynrmuii, Cam  remeparop,
. B3aMMOJEIiCTBYA ¢ KpPynubIMu OeJKaMis, MOr NpeBPATHTHCA
B KPYOHYI0 KOIBIEeBy0 mpotoxpomocomy. Ilocae Toro rak B
- €OCTaB OPUMOTHBHOI KIETRH CTAMI BXOANTH (OJbOINE MOIe-
Kyasl, o0xagaionine (HyuKUMOHATLHBIME  BO3MOKHOCTAMH,
MOKHO TOBOPHTH 0 ee OHMOJOTHYECKOH mpupoje.

Har MBI mpepmomaraeM, B 9T0 BpeMA BHEIIHAA cpejia
mpefcTaBiaaa cofoil MOCTOSAHHBI MCTOYHHK BCEX HeoOXogm-
MBIX MaJbIX MOJEKYJ B HI3KHX KOHIEHTDANHAX, a B Pe3yab-
Tate  (POTOCHHTETHYECKOTO  HCHOAL30BAHNA  COJHEYHOTO
YAbTPa(HOIeTOBOr0 MBMYUCHHs CTAHOBIIIACH JOCTYNHON XH-
MuvecKas sHeprua A moayvenus nupodocedara. Ilocae sace-
- JIEHHS DTOM CPe/ibl HePBIYLILIMI KIETRAME GH0JI0THYecKOil mpH-
~ pojsl oma maMensuack. HerkoTophle HE3BKOMOJERYISAPHEIE M-
~ TaTeJbHBIE BeIIeCTBA MCIOIL3OBAINCH OBICTpEe, YeM BHENTHAS
~ gpejia MOTVIa UX TOCTaBJIATH, Haunmmano cuiibno CHa3plBATHCH
~ papnenne orGopa, Oaarojaps KOTOpoMy NpHOGpETANN MpPEeNMY-
. mecTBa KIETKH, CMOCOOHEIe MOAH(UIUPOBATE COEJMHEHUA,
. pojcTBeHHEIe HemocTaiomuM. Vemoasays aTy apryMeHTanuio,
- Topbsurn mpepcraBmil pasBuTHE KIETOUHOTO MerafommaMa
 Kak orbop, WAymmii mar sa IATOM B 00parioM Hanpagae-
- Huw, or Goiee CIOMRHBIX MABIX MOTEKYI K ﬁgnee TPOCTRIM.
B memom wmeraGommam mpefcraBisier cooif psaj crajiuii,
OCYIIEeCTBIAEMBIX mocpeacTeoM (epMeHTOB, Ha KaykAOH H3
KOTOPHIX MOJERYJNA CJerka BHJOM3MEHSETCA [0 TeX Mmop,
moka He obpasyercs HeoOxopumoe coefmuenme. Hampumep,
AMHHORHCIOTA Jeiliud ofpasyeTcsa ua nuposnnorpa:moﬁ KA~
CIIOTEL B DAY TpeBpamienii:

HpOBHHOT PaHAS ®@epument 1 ®epment 2 @epment 3

> (a) o A6)  ——=Jloik-
KHCJIOTa
- CO, + AKTHBY-
poBauioe TR
IBYXYI-
Jeponfoe
coenHen e

0]

~ Ilpeamono:xmm Temeps, UTO BO BHEIIHEH cpejie HCCAKAET
ICTOUHNK JeiliuuEa, TpeOyomeroca IA cunresa Oexka,
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Kuaersn, roropuie cofiepiar Gexann, cnocobieie Mogundmimmpo-
Bath Bee eme aocrynuoe coeanunenne (6), Oyayr orbuparses
¢ Goabmeil aderTuuocTsio, ADAJOTHYHO TPH HCTONEHNHH
coepumenua (6) Oyayr orobpankl Te KIeTKH, KOTOpbie ClO-
cobnsr Mogudmmuposars (a) B (6) m sarem (0) B aefimui.
ITogo6naa cxema 9BONIONUY XapaKTepHa A Beeil COoKBo
cetn OHOXHMHYECKHX peaKIuil KIOTKH; OHa NOAYMHAETCA
TpeGoBaEAAM PasBHTHA OOMIHOCTH DKOJOTHYECKUX Tpoduye-
CRAOX YpoOBHEii Ha ocHOBe 00ufero mabopa MajbIX Opramnye-
CKAX COeMHeHMIl,

Bece Ouomornveckme CHCTeMEBI MCHOJIL3YIOT OJHHAKOBBIE
oy GHOXHMHYECKHX NPeBpaIeHnil — OJiHHAKOBRIE TIYTH Me-
TaboNM3Ma CAXapoOB, CHHTE3a AMHOHORNCIOT, CHHTE3a MW pac-
maja supos m T. . [aa obuggoctn TpoduyecKux ypoBHEH
B aKojJOTHR Tpebyerca ToAbLKo ofmuii nabop MaablX MOJERYI
H, No-BUpuMOMYy, He Tpebyerca yHuBepcalbHOCTH Metaboman-
gecknx myteil. CymecTByion[yio yHEUBEpPCATbHOCTL MeTabomn-
JecKHX MyTeil MO#HO o0BacHUTSL ABosko., Cormacno mepeBoMy
o0'BACHEHIIO, BCE COBPEMEHNbBIe HHBBIE CYIECTBA ABIAIOTCA
MOTOMKaMB efuHoll ucxommoil momynanmu., Msr orBepraem
910 O00BsCHEHHEe, IOCROILRY AMsA 00bACHENHA ReIaeMOro
peaynbTaTa B HEM HCIONL3YeTCS MCTOPHUYECKAs CAYJalHOCTh.
Jlpyroe o0BACHeHHE COCTOMT B TOM, MTO RajKJbli Meradomm-
YeCKUil MyTh B COBPEMEHHBIX OHOXHMUYECKHX IIpOIEccax fR-
nAeTes peayJabTaTOM SBOJIONUN B HANPABIEHHHN MAKCUMAIb-
HOTO MCIOJB30BAHNA €IUHCTBEHHO MPUTrofiuslx Monerya. Ceii-
yac 8T0 00BsACHeHHEe OCHOBAHO Ha TOM YOe/RJeHHH, 9TO BO
Bceenennoii cymectsyer mopsamox. ¥ Hac HET APYroro Croco-
0a mpoBepuTh NPHHIUNI NCHOMB30BANASA €NHCTBEHN0 IPUTo/-
HBIX MOJeKyJd, KpoMe H3YYCHHS JRU3NH, HMEINedl He3aBHCH-
MO@ IPOUCXOJKIAeHHe, a 9TO HEJOCTYIIHO.

ITo mepe ssomonnm MeTabolXmyeckux myTeil co BCe BO3-
pacraomeil CKOPOCTHIO BO3HHKAIOT HOBBIE DKOJOTHYECKHE
pamu. Hapsagy ¢ mpyrmvun dgopmaMm meraGonmama Bo3HHKA-
10T reTepoTpodHBIe CHCTEME — T€, KOTOPHie HCIOAB3YIOT B
KauecTpe HMCTOYHIKOB XHMHUYECKOH NOTeHINATBHON aHeprum
OpraEuyYecKkue COeTHenH L.

Connme sBiseTca NOCTABIIMKOM DHEPrHH, HO BMECTE C
TeM ero ya:mpacbnonemnoe H3Tydenne NOBPE/KAAeT KICTKH,
TAR KaK IO JIEHCTBIEM BTOr0 M3JIydenns MOKeT HAPYHIaTh-
CA CTPyKTypa OelkoB m HyKIeMHOBBIX Kuciaor. [Hopdupumnsr,
POTE KOTOPEIX MBI O0CY: /@il pamee, NONIOIIAIT W yIBTpa-
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guonerosoe mamyuenme, m BuamMmbii cser. B Bopmoemax ma
ray6nHe HeCKOALKUX MeTpoB 60abmIas 4acTh yaeTpaduonera
MOTJIONIAeTCA BOJ0H, TOTJAa KAK BOUNMEIN CBET MOMJIOMIAETCA
HesgaunTensno. MoHO OpeAcTaBHTH cebe MHTCHCHBHBEIA OT-
0op OpraHn3MoB, NPOXOAUBIIKMI B TOT pAHHUI OEPHOJ B OT-
HOOIEHNH HNCNOJL30BAHAS BHAEMOro coilseuHnoro csera, [laa
TaKoro 0r00pa CYIIecTBENHBIM ObLIO Hainume B OpPranmaaMe
xaopopuimra  (mopdmpuna) m (pepMeHTHOH  TpPaHCOOPTHOI
CHCTEMBI BIEKTPOHOB.

Hag Tonnko nossmianes hoTocuHTE3UpPYIONINE RICTKH, HC-
NOAb3YIONIe BAUMblA CBET, B KauecTBe MOO0UHOIO MPOIYK-
ta (orocuntesa B arMocepy cTad BHEICBOJOKIATHCA MOJIEKY-
anpueii kneaopoa. Co speMenem Omosornyeckas MPOLYKIAsA
KHCAOpojla Olpejieliniia ero pacxofoBaine B re0JOrHuECKMX
uraax, O3ouoBsll sKpaH, He NpomycKawMMil yabTpaduoie-
TOBOE H3JIyUenne, HOABHICA B BEPXHHX caoAx atMmocdeps
3emim orono 2250 man. et pasaj. C Tex mop W mpuMep-
o o 600 maun. Jer Hasaj ypoBeHL KHCIOpOa B aTMmocdepe
[OCTENEeHHD BOApacTal [0 ero COBPeMEHHOro 3HAYEHHA —
20% (mo o6bemy). Horjga 910 npoumsouuio, NOSBAJNCH HOBLIO
SKOJOTHYECKUE HUOIM, a NpH KOHIEHTPAIMH cBOGOIHOro Kuc-
Jopofa, npespimaiomei 3%, eTas0 BO3MOMKHOBIM €ro HCHOTE-
30BaHIe B KAYeCTBe BRICOK0A( (e KTHBHOrO aKkuentopa siaeKT-
poHOB B aspobuom Metabormasme.

Bce oTu m mmorue apyrue coObITHA MOrYT MNPORCXONUTH
noclie NoABJEHNS B HpOTUK‘JIOTNB remeTn4decroro amnmapaTa "
cucTeMbl cHHTe3a (enka, o0yCTOBANBAIONINX CYICCTBOBAHHE
KIETOYABIX MNOMYJIAINNH, NIA KOTOPBIX BO3MOYREH ecTecTBel-
aeii orbop. Hag Tonbko mnosmaserca wierka, obJafgaonias
ATHMU JBYyMf OPHUBHAKAMH, BO3HHKHOBENNE JRA3LH YiHe He
popolaema,
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A Hepeniti caed ueaosena na Ayne, (C awbesnozo
paapewenus HACA.)



<8 KOHYe NYTl HAUUX NOUCKOE
Mmer npudem Tyda, orkyda Mui
Hauadu, U énepevie Yanaem aro
MeCTO.

T. Yamor

B atoM ouepke 0 WMPOMCXOKICHHH JKUBHE MHOTOe OCTANOCh
momyuienueM, a eie Goabme Bosce He ObuIo 3arpomyTo. OT-
qacTn 970 OBLIO CJleaHo i TOro, 4To0h He YIOYCTHTH W3
BHja INEHTpAJIbHEIE NPOGIEMEI, OTYACTH JJIA TOro, 4To0Hl A
MOr H3JOMUTH CBOK TOYKY BpPeHNsA, a HE NPOCTo AaTh 0030p
B3IVIAJIOB JIPYTUX HCCIe0BATeNell, HOAPOGHO paceMOTPEHHBIX
B MHOTOYMCIGHHEIX KHuTax. K Hmacroamemy BpeMmeH:m B 00-
JacTH NPOMCXOKICHHS JEH3HN OCTAJCS INEIbll PAJ CIadbix
MecT H BOIPOCOB, KOTOpHEe TpefyT mepecMoTpa WIH IIOJ-
KpemIeHnA parTamm,

Xopomo m3BECTHO, YTO MHOIHE Majble 0PrauuvdecKue Mo-
Jexyasl 00Tajal0T ONTHYECKOIl akTHBHOCTBI0. ONTHYECKH aK-
TUBHBIE MOJERYJABl ABIAIOTCH 3€PRAJBHBIME 0TOOpAKeHAAMHE
ApPYT Ipyra, nogo6Ho Jepoil m npasoit pyxe (pme. 12.1). Ho-
I7[a aMHHOKUCJIOTHL CHHTE3HPYIOTCA HeOMONOrHYecKuM IIyTeM,
ofipasyloresi paBHEIe KoamdecTBa 06omX sHaHTHOMEpOB (3ep-
KaJbHO-CHMMETPHUYHEIX (opM) Ramoil aMmHokucaoTsl, Taw,
AKCHEePAMEHTHPYS ¢ HCKPOBBIM DAa3pAIOM HJIH BBIEIAA aMi-
HORHMCJIOTEL I3 METEOpHTa, MBI HAXOJUM DABHEIE KOIMYECTBA
L-samnma u D-Bammua, L-nmeiimmma m D-meitnmna u 1. .

4 (Oﬁoanaqelmﬂ L u D ormoearca k ONTHYECKHM CBOHCTBAM
yieTeIX opM DHAHTHOMEPOB. )

Jlna Guonorngeckux cuerem TpeOyTes — OupefeleHILIe
DHAHTHOMEDHI: B OeIKAax HCHOAL3YIOTCA TOAbKo L-ammmo-
kmeqorsl, B PHH — toabko D-pnbosa m 1. 1. 9ro cvasamo ¢
TeM, uto mpocrpancTsennas gopma OGmomoamMepos Tpedyer
mammung wim BeeX L-, wim Bcex D-momomepos. Hu omnn Ge-
J0K He Mor OBl HMETh CTPYRTYPHI C DEryJiiipHOIl IepHOIHt-
HOCTBIO, Tpefyemoil A KaTaTuTHYeCKHX CBOMCTB, ecinm Gbl
B mero Bxomumian w L-, w D-amunoxnciors. Touno Tak e
PHK me OGpura OBl HpocTpaHCTBEHHO YHOPAMOMEHHOI TENbio
ocmoBamuii, eca Obl B €e CTPYRTYPHOM OCTOBE MCIOIL30-
samnch Kak L-, tax m D-dopmur pudossr,

Ho nouemy B GmomoamMepsr BXOJAT TOAbKO L-aMumonume-
aoTel wan Toabko D-caxapa? Jloaroe BpeMmst cumtaim, 4T0 XH-
MuvecKne cuoiicrBa L- m D-pmamTmomepos mjentnuns:, Ecan
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Jebas pyra Tpabas pyxa
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Puc. 121, L- m D-amantnoMepsl Kak 3epKalbmbie oToOpaskeHnus ApYT
Apyra.

Op1 970 OBLIO TAK, TO pasyMHO OBLIO OBl NPEANOIOKNTL CIY-
gaiinsii BeIOOp Tex mam Apyrux uaomepos. Ho, suaumo, aro
HE TaK.

Ecau et mpocmotpute mioGoit cnpaBoyHHK Ho (Puanke u
XHMUHN, Bbl ¢PA3y saMeTHTe, 4T0 (PUIMUECKIEe CBOHCTBA HEKO-
TOPBIX HHAHTHOMEPOB CIJILHO BApLUPYIOT. 3aMETHO OTIH4Ya-
I0TCA_PACTBOPHMOCTH, TOUKH IJIaBNeNNs H JIpyrue cpoiicTpa.
CiefioBaTe bHO, ONTHYECKHE H30MEpbl, MCIOJIb3yeMble B O10-
JOTMYECKNX cHucTeMax, Obuim 0TO0paHBI B X0jie 9BOJIOIUH,
HO-BUNMOMY, B CBA3H ¢ Te€M, uTo onum o0JaJalm KaKkuMi-TO
Gosee mpermouTHTeNLHBIMIT CBOIICTBAMII,

TuMann HelaBiHo MCCAEOBAJ CROPOCTH IOJUMEPH3AINN
cmeceil aktuBupopanusix L- pn D-amunorucior. On oGHapy-
AW, 4TO 00pasyoluecs MOINMepsl BCEIa COpep/Raiu 60ib-
me L-, wem D-amumoxucior. [[pyrue uccaenosarenn coolima-
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a1 0 MoA0OHBIX ABIEHHAX KAK O J000NBITHOM OTCTYIICHUR
oT OOMEMPUHATOTO OTOKEIL.

Jlas Toro 4TO0B! TOURO BHIACHNTE, KAKHE XHMIUecKne
ocofermocTit L-aMIHOKMCAOT TOBBIAIOT BEPOATHOCTE UX M0~
JIMMepH3aIi, tpebywoTest jaxpmeiimmne necaegosanns. Ha-
omomerna TuManHa CBHIETENLCTBYIOT B HOAL3Y TOI TOUYKN
peHIls, COTMACHO KOTOPOil ONTHYECKAE M30MEpH, BXOJAILe
B COCTAB OMOJIOTHUECKHX CHCTEM, eJWHCTBEHHO IPHTO/IHBI
JUIA BHITIOAHAEMBIX HMI QyHRImil 0 ot0op UX MPOHCXONI
He CJAyvaiino.

Ha nporsskennn Beeil KHUTH MBI NMOTL3OBAINCH JOMyNIe-
HIAMI, OCHOBAHHBIMI Ha YCPEINEHHBIX JAHHABIX. Hama mra-
HETa, KOTOpas COCTONT M3 BEIIeCTBA, MOBCEMECTHO BCTpeta-
pomerocst Bo Beenennoii, ofpasopanach U3 0CTATKOB Ta3olib-
7eBOfi TYMAHHOCTH OKOJIO CBOEil IPOTO3BE3/BI. Oma, nojgobno
MHOTHM JIPYTHM [JAHeTaM, HAXOJANIMCH B Toil 3Ke obaacTn
H MMEIOUUIM TOT ’Ke pasMep, TyTeM Aerasarin npnofpena
atmocepy, B KOTOpOil TPOTERAII CAMBIC paznoodpasisle
XUMIUeCKIe Pearijini, TpIBejmie B KOHIe KOHTOB K oOpa-
soBammio Guocdepst. Ecam JOCTATOWHO TINATEJABHO MOXOUTH
K M3YYEHHIO BOIPOCOB: IOWEMY MBI YCTPOCHH TAK, A He WHa-
qe: fOUeMy KIGTRH HMEIOT WMEHHO Takue, a He JApyrie pas-
MepBl; Kak OyJler pasBHBATLCA CHCTEMa HACJC/ACTBEHHOCTI,—
70 MOJKHO HaitTH Ha Hux oreeTsl. MoNO jadke mpWiTH K
JAKRMIONEHNI0, UTO TYTh CO3/lanus OGHOJOrHYECKAX — CHCTEM,
xapamepnm“l s seeil Beedennoii, ecth eMHCTBEHHBIT |
HARAYYOINii IyTh, moio0no TOMY KAk B Iieil cymecTsyer
e/ITHCTBeNTBIN 1 HARTYYIINET OYTh  CAMAHMS  BOJAOPOHBIX
ATOMOB,

Ho me Oymer Ju Takag TOYKA 3pemus B e TBATeALHOCTI
yromuennoii opmoii ‘«3eMHOTO mopmauama»? Her mu apyrux
TAKNX K@ XOPOmMX TyTeil, TOMIMO W3BECTHOr0 HAM, N0 KO-
TopeIM MOFa Obl PasBUBATLCA akocucrema? Rax orbop B
xoje XIMMHYECKOil 9BOJNWOINE, Tak I ecTecTBEHHBIE  0TGOP
NPOTOKIETOK, O00MANAIONINX  HACKE/ICTBEHNOCTRIO, BCJICIYIO
MPOTERABIII Ha MPOTAMEHHH JUIHTeJNBHEIX TepHojos BpeMe-
HH, B OBOJIOIHOHNOM OTHOWIEHHI MPECTABIAILN coboif nono-
pOTHBIE MYHKTHI, K KOTOPBIM, €CaIIl Of GBITI OJ{HAAIBL POil-
Jlennl, BO3BpaTta mer. Byno Hp('.\mnm'm NOCTCT0BATEIALIOCT
cobniThii B Xojte ordopa uuoii, Morau Obl MBI caMul OBITh Ta-
KIMIf, KAKHEe MBI €CTh?

Cejiuac Ha HTH BOIIPOCH OTBETHTH HEBO3MOIRHO. Mpt mo-
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AeM NPHBECTH CepPLe3Hbe NPHYMHLL, CBHAETENLCTBYIOMEE O
TOM, UTO €JMHCTBEHHO BO3MO;KHBEII Halop OmosnemeHTOB —
9T0 TOT, KOTOPBIN MBI MMeeM, HJIH 9UTO KIeTKA — BTO JOTHYe-
crag efmmmia A aoboit axocmeremsl, Ho Mel He MomkeMm
maiiTn yOeanTeNLHBIX JIOBOJOB, NOKAZHIBAIONIAX, YTO JanHAasfd
aRocucTeMa Jlo/ykHa Onta OB TPOH3BECTH JAHHBIN BHJ| je-
PeBBeB WM YelToBeKa.

OnuE n3 maro Ha NYTH K Pa3peuIeHnio 9TAX BOMPOCOB —
H3yYeHNe JRH3HM Ha JPYTrux NJaHeTax, BO3HHKIIE He3aBH-
CAMO H BCIE/CTBHE CXOJAUBIX ¢ 3eMHBIMI coObITHi. Muccms
«Burumray ma Mapce me coolmmia o HaJINTHE TAM KAKHX-
auGo OPramMvYecKHX BemIecTB HIN MIKpPoOOB, 1, CleoBaTeNb-
HO, Ha Mapce mer :mm3mn. Benepa, mo-BHINMOMY, CINIIKOM
ropava. ¥ Meprypusa mer armocd)epbl, n 01 CANINKOM OJIH30K
k Comnny., Tarme ruramrckne nnamersl, kak IOmutep n Ca-
TYpH, MEI BooOIie He ofcysjaeM yiKe MOTOMY, uTO OHH CO-
BEPIIENNO0 OTIAHYHBI 0T 3eMIN B XIMHYECKOM M (i3HuecKoM
oTHOmIeHWH. Buanmo, ;KH3HB — sABIeHHe, BO3HHKIIee B MHpe-
nenax ConmeuHoll cueTeMsl TOABKO Ha Hamreit 3emie. BrITh
OJIUHOKHMEI — TparmuHo. Jlaske ecan Obl HAIIMMH KOMIAHNBO-
HaMu OBIIN MapcmaHCKue MUKpoOLI, ObLTo0 OB BaMAHUMBO mC-
HONTBL30BATE WX JUIA NPOBEPKH 3/IPABOCTH HALIEro MOCTYJIATA
0 mem30e:RHOCTH BO3HUKHOBenus usunm. layuenme gopm
JRUSHN  HE3ABACHMOTO TPOMCXOM/ENAS IMO3BOAMI0 OB HaM
OIleHNTH, B KaKkoil cTememm B mpoleccax orhopa meiicTByer
CAyYailHOCTh.

Jlas Toro wro0sl MOMYYNTH yTEINEHHe 10 IOBOJY HAMIEro
opmaovecTBa B CoxHeunoil cucTeMe, MOKHO II0Pa3MBICTHTH
Haj 3aMeuanmeM, uto B mameil 'amaxtuxe oxomo 10'! amean
H, COrJacHo NPHHATOH HaMH Mojedn 00pasoBaHUA 3Beaj,
IIaHeThl — Hen30e:REEIT Hexopx aToro mponecca. Ho urofwf
JIOKa3aTh, UTO MBI He OJMHORN, MBI JOMKHBI OTIPABHTHECA K
apesjlaM WM cjelaTh Tak, 4TOOB 3Be3[bl NPHOAN3MINCH
K HaM,
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Cnyckaenwit annapar «Burunzas. (C arobeano-



Mut deru eocvmozo Ous.
Toputon VYaitaaep

B »sroit kumMre HeT OTBETOB WA BCE BOMPOCHI, CBA3AHHBEIE C
NPOMCXOMICHHEM RH3HH, MOCKOAbKY HA MHOTHE BOIPOCHI MbI
mnpocto He sHaem ortseroB., Ofnako Ha pAJ BONPOCOB MBI MO-
NBITATHCH OTBETHTH. IHEKOTOpble OTBeTHI OBLIN JaHbl B BHJE
arToB, —HEKOTOPBIE — B BHIe BEPOATHHIX MOjeJei, a apy-
rie — B BujJe OpaBAomnojo0HBIX JOTajioK, KOTOpHE eme
OpejiCTONT MpPOBepHThH B OyIYIIUX 9KCIepAMeHTaX. ITu
OTBeTHI He Becerga ObLIM HACTOALKO YeTKUMH M FACHLIMI, HA-
CKOJIBKO aToro o0bigmo Tpedyer mayunHas Momorpadmsa. Ha-
NOMHHM, OJHAKO, 9TO IJaBHAs Ielb KHETH — BEpaboTarth
JIOrMUecKN eINHYI0 JOKalbHYK0 KocMojaormio. B pmamHoi riaa-
Be MBI OTMETHM Teé 00JIaCTH, B KOTODBIX CIIOPHbie MOME@HTBI
n gorajarm mpeoduaajaioT Hag (axtaMu, W OpeIOMKHM P
9KCIEPHMEHTOB, B KOTOPBIX OUIYLIAETCHA NOTPEOHOCTE.
IIpesxne Bcero mraneTsl He 00A3ATEIABHO ABJIAIOTCH 00BIY-
HBIM pesyibratoM poskaenna sseaf. Heworopsie acrponOMBL,
nanpumep Hymap, cuumraoT, 4T0 HOUTH BCe 3Be3JIHLIE CHC-
TeMBl TIPH CcBOEM 00pPa30BAIIMH CTPEMATCH CTATH ABOHHBIMII,
qame BCETO TAKOTO THIA, TJ¢ OfHa M3 3BE3]l OTHOCHTEILHO
BeIMKa, a Jpyrag coscem Mmana. B camom pmene, ecaum 6wl
macca IOnnrtepa B maTh pas upeBBIIAJMA €€ TENEPENTHee 3Ha-
yenme, oH 0BT Obl OCTATOUHO OOXBIIUM IS TOTO, 4TOOBI B
HeM Havyainch BHYTPEHHHE TepMOAJepHbIE peakIuu, W Haia
cucreMa Moria Obl OBITH JIBOITHOI, COBEPIIEHHO OTAUYHOI OT
TOTO, YTO MBI ceiluac umeeM. XOTA Hall ZOBOJ B IOIB3Y
MOBCEMECTHOCTH — NJIAHETHBIX  CHCTEM OCHOBAT HAa HH3KOM
MOMEHTE IHeHTPAIBHOI 3Be3JIkl Hammell cHeTeMbl, MOKHO cele
npeJicTaBUTh, KAK Takadg npobaema Gpura paspelneHa B JiBOii-
HOM cHCTeMe: He HCKIIOMeNo, IT0 OOIblIasg 3Be3[a epejania
4acTh CBOETO MOMEHTa KOJANYECTBA [BIGKCHUA  MEHBIIEMY
cnyrauky. Ceifiuac Tpyauno crasath, Kakad U3 ABYX THIOTE3
Ommxe ® mernHe., LpuncTBeHHBIE ONpemeNeHnBe  JaHHEBLE,
KOTOPBIMH MBI pacrojaraeM, OTHOCATCA K Hamreil co6cTBeH-
HOIl TIaHeTHOH cucreMe. Y HAc HET NPHUNN CYATATH, HTO
CO3/IABINIE ee CIJIEI B KaKOM-IN00 OTHOMIEHUN YHUKAJBHBL
Honeuno, Muworne acnertn KocMorommm mMexum Onl Oogee
HpoYHOe OCHOBAHNE IOCHE TOrO, KaK MBI CMOrIm Obl OTBe-
THTH HA BONPOC, OOBIYIBI WM pPEJKA I[JIAHETHBIE CHCTEMEL.
Caepyer Tax/Ke OTMETHTH, 4UTO NpUBEJEHHBIE B JANHOM
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KHATe MpejcTaBleHnsA 0 NepBaunoil arMocepe He ABIAOTCH
obmenpnuaTeiMu. Hexoroprie uccaenosatenn, ocmoBmBas
CBON 3aKMI0UEHHA Ha JAHHLIX, KACAWIINXCA XHMNYECKOTO
paBHOBeCcH#, CYATAIOT, 4TO dTa atMmocdepa cocTosia ua Me-
taHa W ammuaka. Mgel yKe ynomuBanm o0 aToM B . 4.
Opraxo Mel He ofcy:Kpaam Apyrue BO3Momkmbie aTMocdeps,
COCTOAIIAE B OCHOBHOM H3 JBYOKHCH Yriepoja, BOALL U a3zo-
Ta, ocobenHo Te, Kotopnie paccmatpusaer Pyom. Cormacmo
Py6m, conepranne AByOKmHcH yriepoja B atMocdepe mpaMm-
THBHOI 3eman ObLI0, BEPOATHO, rOPasfio BhimIe, 9eM ceifuac,
BoamosiHO, 9T0 AHCIBUTEJIBHO TAK, HO CYIECTBYIOT (harThl,
He OOATBep:Kfaimue artoro noloxkennsa. Bo-nepeeix, Py6n
He NPUHUMAET B PACYer, 4TO B HOEPBUYHBIX BY/JIKAHNYECKHX
BeIGpocax ObuIO MO Kpaiineil Mepe B NATH paa 0oJbmie OKHCH
yriepojia, yeM jiByokucH. Bo-BTopsix, ecan Ovl IByOKHCH yr-
Jepojia NPACYTCTBOBAJA B 3HAYHTEJNBHBIX KOJNMUECTBAX, TO
oma pacTBOpmIack OBl B BOJe OKEAaHOB, WTO NPHBEN0 OBl K
3aKUCJEHHI0 9T0Hl BoAwl. DBhIBeTpHBamme HOpPOj MPOTEKAIO
661 OveHBL OBICTPO, W IOBTOMY MHIHEpAJbl, OTIAraBIIAECH B
0cajIouHbIX MOPOJAX, MOMKHLI O Obl BeChMa OTIHYATHCA
oT mopoj, orTaarasmmxcs noske, Oamako sToro me HabmiO-
faeTcA; B M3BECTHBIX OCAMOTHBIX MOPOJax ne obHApPYHEHOo
HII HaMeKa Ha Moj00HYI0 HeoHOPOJIHOCTD.

B-Tpersnx, MBI MCXO[MJIN U3 TOFO, YTO B HKCHEPHMEHTAX,
IMOTHPYIOIUX XHMHYECKY) SBOJIONHI0, MOTYT OBITH ¢ Jer-
KOCTRIO MOJYYeHbl Bce OHOMOHOMEpHL 9TO BepHO IHIIL B ca-
MoMm oOmeM cmbicie. Tarne coemmenns, Kak caxapa, KOTo-
phle 0uenh peakmuonnocnocobmel, oOpumo He ob0HApPYHHBA-
JOTCA B DKCTICPUMEHTAX, HMUTHPYOUMX XUMHYECKYIO
apoaonnio. Caxapa Moryr GuITH CHHTE3UPOBAHB B KOHIEHTPU-
POBaHHBIX I(ETOYHBIX pacTBOpax dopManbIernja, o 9To Mo-
CHYFRMJI0 apryMeHTOM B MOJb3Y BO3MOKHOCTH HMX CHHTE3a,
OJIHAKO HH OJIHH U3 caxapoB He OBUI o0HAPY/EEH B PeAKIAAX
¢ MCIIOJNB30BaHNEM HCKpOBOTo paspspa. [lis xmMmka-opramm-
Ka 910 He JIOWKHO OBITL YIMBHTENLHO, MOCKOJIBKY TH0GbHIe
CHHTE3HpOBaHHBIe caxapa OmCTpo mpopearuposann 6ul ¢ 06-
pasylomuMucs B u3000T1N peakiuonnocnocofupMn  npoMe-
myTouHsiMn coeymuennaMu, OOmenpuuaTeIM ABIAETCA MHE-
mue, 9T0 B OTKPHLITOM 1 GOJBIIOM Mupe, rje CylniecTBOBAaJIN
MaJenbRie TelIble BOJ0EMBI, caxapa MMel MHOKECTBO MUK-
POHMII, HO B 3aMKHYTOM o0beMe HeOOXbmO KOMGBI mepuof
uX noaypacnaja Gbll CAMIIKOM Max AIA TOTO, 4T00BI XHMHK
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MOT BHIGTHTH N 00HADPY;KUTH HX TpesKje, YeM OHE Ipopearu-
PYIOT ¢ APYrAMH KOMIIOHeHTaMHU.

Eme opgmy TpyAHOCTh B XHMHYECKOH DBOTIONNN IIPECTAB-
aser coboii «mpodaema BoiGopay, C MOMOIMIBI0 KAKIX XUMIYe-
CKHX MeXaHusMoB OblI cfieTad BeI0OD MMEHHO TeX AaMHHO-
KHCJIOT, KOTOPEIE COCTABIAIOT OMONOTHUECKOE ITOJMIOMRECTBO?
ITouemy B maGop OYyPUHOB M NHUPAMHUAHOB BXOAAT HMEHHO
Te, KOTOpHe 00HAPYKUBAIOTCA B OGHMONOrHYECKIX CHCTEMax, a
He Kaxkue-mubo npyrue? OTBersl Ha mojo0HEIE BONIPOCH! Haii-
JeHBl MMOKAa JHIOb B O4YeHb HeOONBIIOM HIC/IE ciaydaes, HO
eCTh BCE OCHOBaHHA HANEATHCHA, 4TO CKOPO HX OyaeT 3HAUN-
rersH0 Gombme. Hampumep, memaBHO OBLIO O0HAPY:REHO, UTO
KOMIIIEKCH! T[JIHH ¢ HEKOTOPEIMI HOHAMH METAJUIOB CHeIH-
(hmvecKnm CBA3BIBAIOT TOJNHKO AMHHOKHCIOTH, BXOJAAN(NE B
GuomorniecKoe IOJMHO/KECTBO, W COBCEM HE CBA3HIBAIOT JAPY-
rue aMHHOKHCJIOTH. BBuIo Mokasamo Takike, 4To MypUHOBBIC
H NHDPHMAINHOBLIE OCHOBamNs, NCHOIb3yeMble B OHOIOTH-
YecKHX NPOIeccax, ABIAKTCA HAH00Jee YCTOUYNBHIMU CpPEJii
OCHOBaHUil, CIIOCOOHBIX CHAPHBATBCH ¢ TOMONIBIO BOJOPOIHBIX
cpaseit, HaunbGombmas TpyaHOCTH, K paspeennio Rompoﬁ
IOKa HeT NOAXO/OB, BAKMIOMACTCA B Kpaiime Heycroirtusoii
IpApojie CcaxapoB W TOH IEHTPANBLHON POTH, KOTOPYI0 OHN
urpaiotT B MeraboimsMe B HelXoM. I{ajKercs JOTHYHEIM, 4TO
caxapa JOUKHBL OBITH KpPAeyroJbLHBIM KaMHEM obMema Be-
IMeCTB, HOCKOABKY HX MOJEKYAB CTOJL YYBCTBHTOILHBI K
m000My BOBJEHCTBIIO M HEYCTOHYUBHI, HO MOKa Her yOeju-
TeILHEIX padoT, B KOTOPLIX 3T0 ObT0 OB WEeTKO MOOKABAHO.

JleiicTBATENBHO JU CHAYAJNA JIOMKHBI OBIIM  [OABHTHCA
NPOTOKIETKH MM ’Ke ¢ NOMOINBI0 TJIHH, DBATIOPHTOB M Jp.
Mmoram OpiTh oOOecmedeHsl JOCTATOYHO BBICOKHE JOKAILHLIR
KOHIEHTPAIIH MOJMMEepoB i MeTalolIH3M HOABHICA 0 TpPO-
Torneror? B coorserctBum ¢ «GputBoit Onkama» (upnuim-
IOM, KOTOPHIA COCTOMT B TOM, UTO CJleJAyeT LpPeJANOuYNnTaTh
THIIOTe3Y, BBOJAIIYI0 HAHNMEHBIICE YHCIO IIPEJIION0KeHHil)
Hanboaee BePOATHBIM ABIAETCA BAPHAHT, COIIACHO KOTOPOMY
cHAuUaJa NOABHINCH MPOTORIETKH. [|aHHBIEe 0 MHKpPOHCKOIAae-
MEIX MOATBEp:;KAAT 9TOT BapuanT., OxmaxKo mW3BECTHO, YTO
HECKOJBKO TPYOI MCCIAEJ0BATENEeH AKTHBHO U3YYA0T BIUA-
HIE pasauyHbIX FANHUCTBIX MAHEpPAJOB Ha HOJUMEpH3aluio
' aMUHOKHCJI0T u myKmeotupos. Ilpaewm an oum, npopomxkas
BAHEMATLCA HTHMN BODPOCAMH, U He TEepAloT IH OHW 3psa
Bpema? Her. Haxosa Obl Hm GBla HemocpefcTBeHHAs pOIb
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rauA B nepBo0BITHBIE BpeMeHA, OHH (M APYrHe XOPOIIo 0Xa-
paKTepusoBaHHBIE MOBEPXHOCTH) INpeACTaBAAIOT cOGOH HBY-
MepHble AHAJOTH pPa3THYHEIX MOBEPXHOCTeHl BHYTPH IPOTO-
KieTKn., Bce, 9TO MBl y3HAeM O XOpONIO ONpEeIeleHHEIX Io-
BEPXHOCTHBIX CBOMCTBAX TIHH, MOKHO ¢ GOJBLIINM ycuexoMm
OpEMEHNTh KO MHOTHM BHYTPEHHHM MOBePXHOCTAM, pasrpa-
HEYmBaiommM paszasie assr nporokteror. Onmako mpepmo-
JReNHbe B DKCIEDPHMEHTAX ¢ IIMHAMH MEXaHH3ME KOHIEHT-
pUpPOBAHAA, BRIIOTAIINEe HCIApeHHe, HYMRAAOTCA B CAMOil
TmarenbHoilt mposepke. Horga mpepmomaraioT, 4T0 BOMOEM,
cofieprRammil AMHHOKNCIOTH, MCHApPAETCA M B HEM OCTA0T-
¢A KPHCTANINYECKNe AMHHOKHCIOTH, CNOCOOHEIC BCTYNHTH B
peaxiiio KOHJeHCAINH ¢ OTHIeTJIeHNeM BOJB 3a CYeT HATpe-
pamngA, Heobxonmmo ydecTh abcomorHo Bee. Hpome ammmo-
KICJIOT TaM OPUCYTCTBYIOT W Jpyrue BemecTsa. Hukro eme
He BHIGIAN NPOAYKTH, ofpasywiiuecs B woabe ¢ MOPCKOit
BOOIT B YCIOBUAX MCKPOBOrO paspafia W He TMOJBEpPraj ee
CO/IEP/RAMOE HATPEBAHUIO JJA TOro, 4T00B HOCMOTPETH, UTO
NpH ATOM ITPOMCXOJMAT.

Kax passmics remermuecknit anmapat? Ilpeamomennniii
arech MexaHmaM — BCero IHIOb joraika. JloGoii mpegmarae-
MBI MexaHmaMm OyJieT JOTajgKoil, MOKA Mbl He HONYyYNM KOH-
KPeTHBIX JIAHHBIX, OCHOBAHHBIX HA aHajn3e BHE3EMHOI KHa3-
mu. lemernuecknii ammapar — npoxykr npmMepro 1000 mrm.
JIeT ABONIONAW, W CTPORTH JIOTAJKI O TOM, UTO IPOMCXOJIIO
B BTOT NMPOMERYTOK BpeMmenn, GyayTn HeyBepeHHBIMH B JaH-
HBIX, KACAIONIIXCA OKpy/Kaiomleil cpefsr m myTeil orbopa,
néurn Gespaceynmo. Hosoe B mpejerasmennoil sjecs cxeme
COCTONT B TOM, UTO MEMKAY JUCKPUMHHATOPOM H AHTHKOJ0-
pom nepsnunoii TPHH oGasarenbno cymniecrsyer cooTsercrt-
pue, o0ycaoBiennoe nepecranoBkamu, HoHewyHO, HOBH3HA He
Jl0KasBpBaeT CIPABEUINBOCTH JOTajKH, W TNOAo0HBEIe JOraj-
Rk — Beero Jumb joragkm.  IHo aro mpegmomoskemme Gonee
geM J0TajKka. XOpoImo M3BeCTHO, UTO B HACTOSIIEE BPeMs Cy-
mecTByeT (PUKCHPOBAHHOE COOTBETCTBIE MeKIY OeXKOBLIMI
I HYKJICHHOBRIMH mochefoBaTeabmocTaMu, Yrober oto coor-
BETCTBHE CYIIECTBOBAJO ceiltac, OHO B KAKOM-TO BOJIE JIOJIK-
HO OBIO CYIIECTBOBATH M IPH BO3HNKHOBEHHH  CHCTEMBI,
B mofpix Mexammamax, TperaraeMsix g o0bLACHeHNs BO3-
HUKHOBEHIA TEHETHYECKOTO almapara, 95T0 0DCTOATEILCTBC
HeobX0INMO YINTHIBATE,

B or0it KHmEre omycKaloch, UTO MeXaHH3M 0TGOpa, Ho-
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CPEeJICTBOM KOTOPOr0 ONTHYECKN aKTHBIBIE (DOPMBI aMIHO-
KHCJOT, caxapoB M JIPYTAX MOJCKYJ CTaIH KOMIOHEHTAMK
BBOJIOIMOHHDYIOIIX HPeON0N0THYeCKUX cHeTeM OJarogaps
HAINYHI0 Yy OAX aHanTHoMepebix (opwm, nasecren. [lo-pun-
MoMy, ato He Tak. [lpejnosennsiii MexaHH3M OCHOBHIBAJCH
Ha TOM, 4To (uamueckne cpoiictBa L- uw D-amantmomepos
orauuaiores. Hewroropsle ueeienoBaTesdn He NPHAAIOT 3Hade-
HISA HeOOMBIINM PasiINuuAM MEEKIY JHAHTHOMEPAMH; [pyrae
YTBEPHJIAIOT, UTO BTH PasInuns Nponcrexaior ot daboparop-
HBEIX OIMO0R WM BeXeAcTBHE padoThi ¢ HeYHCTHIMA 0Gpasia-
it L- u D-hopm. Mssectna Beero aminbk oxna padora Tusman-
Ha, ynoMmmuaBmascs B M. 12, measio Kotopoit Geizo Hemo-
Cpe/ICTBEHHO MOKa3aTh HeDOTbIIMe pasnmyig B (H3HYECKHX
cBOICTBAX SHAHTIOMEPOB, XOTA HEOOXOAMMOCTH TaKHX pabor
cosepmenno ouesnjua. B 1969 r. Moposui na ocuose teope-
TAYECKHX PAcyeTOB INPIINEJ K BBIBOJY, UTO Medy sHAHTHO-
MepaMB  IOMKHBL CYHIeCTBOBATH HeDOJbIINe PA3INUdns, HO
HAKAKHX OKCIEPUMEHTANBHBIX JIAHUBIX, [OJTBEPIKIAI0IIHX
aTOT BHIBOJ, OH He mpefctasuia. Kax morasamo B o6cTos-
reapHOM o03ope Tumanma, mayunag JATepatypa H3o0umIyer
npuMepaMu HeGOoNbIX pasmdmii  Meskjly OHAHTHOMEepaMIl,
TagK 4TO 0CTAETCH TOABKO RIAATH PerIalouinX HKCHepHMeHTOB.

T'unoresa ofpaszoBanug CJHOKHOI DYKAPHOTHUECKON KIeT-
KH Kag peayiabrar cuMOHOBa TPOKAPHOTHHECKHX KIETOK, 00-
JIajaBIINX Pa3dNYHBIME BO3MOKHOCTAMI, OBICTPO 32BOEBAJIA
HOMyJASPHOCT, OIHAKO OHA OTHOCATCA cKOpee K mHpobiewe
paumeit GHONOrNYecKoil aBOJIONHN.

OcranoBwrach J 2BOTONIA na vemonere? flBasercs mm
JeJOBEK KOHEYHBIM sTamoM passurna jxusnn? Cumrath Tag,
BCE PABHO UTO INPUJIEP/RUBATLCA B3TIAJA, COTIACHO KOTOpPO-
My 3emas naxonures B Hentpe Beemenmoii. Eue na 3ape
pasBUTHA TeXHUKH BO3HIIKIO IpejicTaBlIeniie 0 CAMOBOCIIPO-
N3BOJIAMIIXCH aBToMarax. BeIUHCIHTeIBHBIM ManIHHAM paspe-
mIef0 YYacTBOBATH B IMAXMATHBIX TYpHHpax IpH YCJIOBHM,
4YTO BpeMsd, KOTOPOE OHH HCIONB3YIOT JUIA IepeIBUKens
¢uryp, orpanuueno, JxcnepuMenTaidbHas paborta BoGxacTH
HCKYCCTBEHHOTO MHTEMTEKTA BBIYHCANTEIHLHBIX MAUINH 3aI1ia
CTOIE JIaJleK0, YTO HeROTOPHIE MAIIMHEL CIIOCODILI PasroBapu-
BATH ¢ HIYEr0 He MOJ03PeBAIOIHM cofece/IHHKOM i MPOAB-
J5TH CyNIeCTBeHHBIe vejoBeveckne kauectBa. DodamMompo, Mbl
ABJAEMCHA PAasHOBHHOCTHI0 cO00pA3NTENLHLIX 00e3bAH, KOTO-
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peie clpoekTHpoBain eile Gosee coo0pa3UTeNbHBIE BHIYACIE-
TeJdbHEBIE MaUIHHEBI, caeays B(}TECTBBHHOM}’ PasBuUTHIO BCGJIBH-
Hoil. [laske ecim 9T0 TAK, MBI OCTaBHM HATIHM BBEITACJTHTE] b-
HBIM MallUHAM B HAaCcIe/JICTBO OJHO O04YeHnb qeioseuecroe
KauecTso, Moer ObITh, CaMOe YeJ0BEYECKOE H3 BCEX — JII0-
onslTeTBO,

J

9
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