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IpeaucioBue K 4acTu 2

Ecim Tbl BHYTpEHHE, HECOMHEHHO,
CO3Haelllb, 4YTO HE ISl COOCTBEHHOM
IOTEXU XO4YELb Thl YYMUTbH JIIOJCH, HO
9yTo cam bor mpu3bBaeT T€OS K y4H-
TENbCTBY, TO IOWIH IO ATOMY ITyTH.

Dnuxkmem

[lepBast yacTp HamIero MocoOus JaBajia OTBET Ha BOMPOC: KaK yCTPOEH
mup? B HacTosei, BTopoit yacTu, 0OBbCHAETCS, TOYEMY OH TaK yCTPOEH.
31ech U3J10KeHbI TPOOIEeMHbIE BOMPOCHI OUOIOTUH, KOCMUYECKHUE ACTIEKThI
KiuMara, Ouochepbl M UYEIOBEUECKOW IMBUIIM3AIMK, JJIEMEHTHI OO0IIeiH
TEOPUU DBOJIOLUU OTKPBITHIX, HEJIMHEHWHBIX, NUCCUMIATUBHBIX JUHAMUYe-
ckuX cucteM. M3noxenue matepuana BEAETCS ¢ MO3ULUNA TEOPUU CaMOOp-
raHU3alui — CUHEPreTHKU.

N3 14 tem Bropoit uwactu 2 Tembl (16 u 19) moaroroBieHbI
P. M. MedraxyTauHoBbeiM, ocTaiibHble — P. A. bpaxe. O0miee penakTu-
poBaHue nocobus BeinosHeHOo P. A. bpaxe.

P. A. bpaxe
P. M. MedraxyTnuHos



Y10 TaKO0EC JKU3Hb?

I[J'Ifi JKHUBBIX CHUCTCM XaPAKTCPHBI
BBICOKasA YHOPpAAOYCHHOCTb —
3HAYUTCILHO Ooee BBbICOKas,
4eMm y JIFOOBIX M3BECTHBIX HaM
HCXKHNBBIX CUCTCM.

I'. Kacmnep

16.1. Yto TaKo0€ KU3Hb?

Onpenesienne Ku3HU. YenoBeK MPOSBIISI UHTEPEC K MTO3HAHUIO KU-
BOTHOI'O M PAaCTUTEIILHOI'O MHpA €II€ HA CaMbIX PAaHHUX dTanax 3apoxKJe-
HUs dyenoBedyecTBa. Kpome Toro, 4to 3TOT MUp OBLT JIJI1 HETO UCTOYHUKOM
CPEACTB K CYIIECTBOBAHUIO, OH TauJ MHOYKECTBO OIMACHOCTEU ISl KU3HHU.
bbUIO BaXKHBIM 3HATH, KAKWE KUBOTHBIE WJIM PACTEHUS CTOUT UCIIOJIb30BATh
B CBOMX MHTEpECax, a KAKUe HET. 3[IeCh Mbl, 0Ky, BCTpeUaeMcs ¢ mep-
BOU KJacCU(UKAIINEH )KUBBIX OPraHU3MOB — IOJIE3HBIE U BPEHBIC.

ITo Mepe HaKkOmIEHUs] 3HAHUM MOSBWIMCH UJEU O €IUHOM CTPOECHUHU
BCEro pa3zHOo00Opa3us OpraHu3MoB. BakHEHIITUM IIaroM B MOHUMaHUHU 3TO-
ro crajo otkpbiTue B 1839 r. T. IlIBanHoM u M. lllneiinanoM KiIeTOYHOTO
CTPOCHHSI PACTUTEIbHBIX U KHUBOTHBIX OpraHu3MoB. Oka3anoch, 4TO He-
CMOTps Ha paziauune B ¢popMe, pazMepax U Jaxe HEKOTOPBIX NETaIsIX XU-
MUYECKON OpraHu3alvy, CTpoeHrne U (YHKIHUU BCEX KJIETOK OJUHAKOBHI.
O6ocHOBaHHEM E€IMHCTBA OPTaHMYECKOTO0 MHUpa TMOCTY>KWJIU 3aKOHBI Ha-
CJIEACTBEHHOCTH, HA3BaHHBIE 110 HMEHAM YYCHBIX, OTKpPBIBIIMX UX:
I'. Mengensa, I'. ne ®Ppusa, K. Koppenca, K. Uepmaka, T. Moprana,
Jx. Yorcona u ®@. Kpuka. OTu 3aK0HBI paCKpbIBAIOT MEXaHU3MBbI IIEpeaaun
HACJIEICTBEHHOCTHU OT KJIETKH K KJIETKE, a Yepe3 KIETKU — OT OJIHON 0co0u
K Ipyrou.

Pa3HooOpa3ue KHMBBIX OPraHU3MOB CO3JA€T TPYAHOCTH IJisi OJIHO-
3HAYHOI'O0 OIIPEIECICHUS KU3HU. MHOTHE MBICIUTENN U YYEHBIE B CBOMX



IIONBITKAX JaThb ONIPEACICHUE >XU3HM, YKa3blBalIW JIMIIL HEKOTOpHIE €€
cBoricTBa. Tak, ApUCTOTENL MHTEPIPETUPOBAT €€ KaK «IMUTAaHUE, POCT H
onpsixiaeHue»; A. JlaByazbe NpuHUMAaN €€ 338 «XMMHUYECKYH (DYHKLHIO»;
N.II. ITaBoB onpenensan XU3Hb KaK «CJI0KHBIA XUMHUYECKUU MPOLIECCH;
A.N. Onapun cuuran ee «0coOOH, OYEHb CIOXKHOU (POpMOHN ABUKEHUEM
MaTEepUm».

JInst mpakTUyecKux Lened yaA00HO MCIOIb30BaTh TAKOE OINPECIICHHE,
r7ie cCoOOpaH KOMIUIEKC CBOMCTB KU3HU. PaccMOTpUM YacTb U3 HUX.

CaoiicTBa Ku3HM. JKuBBIE CylllecTBa B3aWMOJIEHCTBYIOT C OKpY-
JKarolen cpeaoi mocpeAcTBOM 0OMEHa BEIIECTB, KOTOPBIN JENIUTCS Ha JBa
nporecca — accumunayuro (aHadboauzm) U ouccumunayuro (kamaooausm).
[Tox accumunsinuedt moHMMaeTcsl Mpoiiecc 0o0pa3oBaHHUsT W OOHOBJICHHS
KJIETOK, a MOJ JUCCUMMIIALIMEN — pACIICIUICHHE OPraHUYECKUX BEUIECTB
JUisi oOecriedeHrsl OpraHu3Ma dHEeprueil U BeleCTBaMU C IIEJIbI0 MOJAep-
KaHUS KU3HENEATEIBbHOCTU. B opranmsm mocTymnaroT BeliecTBa, HEO0O0XO-
JTUMBIE JJIS €T0 JKU3HH, a B pe3yJbTaTe Mpoiiecca 0OMeHa BEIIECTB U3 HETO
BBIJIEJISIOTCSI HEKOTOPBIE MPOAYKTHI B OKPYIKAIOIIYIO CPENY, T. €. OPTraHU3M
SABJISICTCSI OTKPBITOM CUCTEMOM.

OO0s13aTebHBIM CBOMCTBOM >KM3HU SABJISIETCSI CHOCOOHOCTh COXPAHSIThH
YIOPSIAOUYEHHOCTh HA ONPEACIIEHHOM W JOCTATOYHO BBICOKOM YPOBHE.
JleficTBUTENBHO, B TIpoliecce OOMEHa BEIIEeCTB B KJIETKE YeJIOBEKa COriaco-
BaHHO mporekaeT Oosiee 10 000 xumuueckux peakuuii. Opranusm npu
YKU3HU MOCTOSTHHO CAMOOOHOBIIAETCS, T. €. B HEM MOCTOSIHHO BOCCO3/IAI0TCS
CTPYKTYpPBI, COOTBETCTBYIOIINE U3HOLIECHHBIM WUJIM yTpadyeHHbIM. /(15 nox-
Jep’KaHusT HEOOXOJIMMOIo TMOpsAKa HEOOXOAMMO 3aTpauuBaTh YHEPTHIO.
VYBennueHue CTENEHU YIMOPSAOYEHHOCTH BEHAET K CMEPTH OpraHusma, a
YMEHBIIEHUE — K HEBO3MOXXHOCTH OOMEHA BEIIECTB, a 3HAYUT, K HEBO3-
MO>XKHOCTU caMOOOHOBJeHUsl. OpraHu3M CTapeer, YTo, B KOHEUHOM HUTOre,
TaKXe BEJET K CMEPTH.

Jnst caMOoOOHOBJIEHUST W OOECeueHUs >KU3HEACATEIbHOCTU >KUBBIC
(GbopMBl MCTIONB3YIOT T€HETHYECKYI0 HH(pOpPMAIMIO, KOTOpas XpaHUTCS B
HaCJIeICTBEHHOM BellecTBe kieTok (monekynax JIHK) u otbupaercs B xo-
JIe €CTECTBEHHOT0 0TOOpa, MO MPUHIUITY MOJIE3HOCTH. DTa UHPOpMaLUs ¢
nomoiplo pudbonykiaenHoBeix kuciaotr (PHK) nepenocurcs Ha 6enok, ko-
TOPBIN MOCTOSTHHO 0OHOBIsieTCsA. Kax1oe HOBOe MOKOJIeHUE OEIKOBBIX MO-
JIEKYJI COXpaHseT UCXOIHYIO CTPYKTYypy. B utore, 6enku HecyT B cebe oji-
HY U Ty k€ MH(OpMAIUIO U BBHIMOJIHSIIOT OJHU U T€ ke (PYHKIUU, HEOOXO-
JTUMBIE KIIETKE U BCEMY OPTaHU3MY.

Takum 006pa3omM, MbI IPUILLITU K BAXKHOMY CBOMCTBY JKU3HU. XPAHEHUIO
HacneocmeeHHou ungopmayuu 6 moaexyrax /[HK u ucnonvzosanuio ee 6
npoyecce HcuzHeoesameabHOCHU.



[Tpo10IKUTETLHOCTD KU3HM OPraHu3MoB orpanuyeHa. [ToaTomy co-
XpaHEHUE KU3HU BO BPEMEHH 3aBUCHUT OT JIPYTOro €€ CBOMCTBA: CNOCOOHO-
Ccmu K PazmMHONCEHUIO.

Eme ogHM CBOMCTBOM >KM3HH SIBISIETCSI cnocoOHOCmb K pocmy. OHO
MPOSIBJIIETCSI B XOJI€ WHIWBHIYATbHOTO PA3BUTHsI OpPraHU3Ma — OHMO2e-
He3se.

CyImIecTBYIOT CBOWCTBA, OTpaKAIOIINE YHUBEPCAIBbHBIC TMPUHIIUAIIBI
KU3HH B TIPOCTPAHCTBE M BPEMEHH. TakMM CBOWCTBOM SIBJISICTCS, HATPHU-
MEp, BKIIOUEHHOCMb OP2AHUIMO8 8 NPOYecC 2801I0YUU, TIOATOMY KHU3Hb HA
3emiie coxpaHseTcs BOT yke 0osiee 3 MIIp JieT.

Wtak, ¢ y4eToOM pacCMOTPEHHBIX CBOWCTB, onpedeium JHCU3Hb KaK
MAKpPOMONEKYIAPHYIO OMKPLIMYIO CUCMEMY, CHOCOOHYIO K CAMOBOCHPOU3-
600cmay u camoobHosnenuo (0oMmeH seujecms).

16.2. CTparerus :xu3Hu

Haxoku y4eHbIX MOKa3bIBAIOT, YTO >KM3Hb Ha 3€MJI€ CYIECTBYET Ha
npotsbkeHuu 3,5 miipa Jiet. M3 Hux Gosiee 3 MuIp/ JIET OHA OTPaHUYMBAIACh
BOJIHOM cpenioit oObutanusi. Koraa »u3Hb BbIILUIA HA CYIIY, YK€ CYIIECTBO-
BaJIM IPOKAPUOThI, HU3IINE U BBICIINE PACTEHUS, IPOCTEHIINE MHOTOKJIE-
TOYHBIE )KUBOTHBIE, BKJIOUask [I03BOHOYHBIE.

[lepBble OpraHu3Mbl COBpEMEHHAas HayKa Ha3bIBaeT IPOKApUOTaMH,
WIM JOSAEPHBIMU. OTO OBUIM OJHOKJIETOYHBIE CYIIECTBA C IPOCTHIM
ctpoeHueM. K HUM OoTHOCATCS OaKTepuu U CUHE-3€J€HbIe BOIOPOCH (1ua-
HoOakTepun). B Teuenue 6onee 2 Mip JieT IPOKapUOTHI ObUIH €TUHCTBEH-
HBIMH >KMBBIMH OpraHM3MaMH. 3a 3TO BpPEeMs NOSIBUIMCh MEXaHU3M (oTo-
CUHTE3a U DYKapHOThI, WU €PHbIE OPTaHU3MBI.

@OTOCHHTE3 OTKPBLI JOCTYII K COJIHEUHOM »Hepruu. llosBinenne pac-
TE€HUI, KOTOPbIE UCIIOIB30BAIN 3Ty SHEPIUIO JJI CBOEH >KM3HEAECATEIbHO-
CTH, NPUBEJIO K 00pa30BaHUIO KUCiIopoaa B atMochepe. B xone aBosnonuu
HOSIBUJICS. MEXAHU3M JIbIXaHUS.

Okouto 1,5 mitpa net Ha3aa NOSIBUIIMCH OPraHU3MBbI 3YKapUOTHYECKOTO
tuna. OHM OTJIMYAIOTCS OT MPOKApUOT 0OJiee CIIOKHBIM CTPOEHUEM U
0oabpIIMM 00BeMOM HaclieacTBeHHOM uHpopmanuu. Eciu JIHK y 6akrepuii
cocrasisier 4-10° map HyKIeoTHIOB, TO ¥ MiekonuTaomux (2 + 5)-10° map.

[lepBble 3yKapuOTHl UMEIHN OJHOKIETOYHOE cTpoeHue. C HUX 3BOJIO-
1uen, okoao 600 MITH JIET Ha3al, MOSABUINCh MHOTOKJIETOUHbBIC OPTraHU3MBbl,
U3 KOTOPBIX MOSBUJIOCH LIMPOKOE pa3HOOOpa3ue KUBBIX CYIIECTB. XOPJIO-
BbI€ )KUBOTHBIC MOSABUINCH 0K0J0 500 miH set Ha3zazd. [lo cBoeMy cTpoe-
HUIO OHM CYIIECTBEHHO OTJIMYAJINCh OT OCTAJIBHBIX OpraHu3MoB. C 3Bouto-
IUEHd XOPIOBBIX CBA3aHO IOSIBJIEHUE IMO3BOHOYHBIX JKMBOTHBIX, @ U3 HX



u3 ux rpynnsl, npuMmepHo 200 — 250 MiH J€T Ha3aa, BO3HUKAIOT MIIEKO-
NUTAIOLKE, OCOOEHHOCTHIO KOTOPBIX SIBISIETCS OCOOBIM THUIT 3a00THI O MO-
TOMCTBE — KOPMJICHHE JI€TEHbIIIEeH MOJIOKOM. HOBbIE OTHOIIEHUS MEXY
POIUTENSAMU U TIOTOMCTBOM IPHUBOJAT K YKPEIUIEHUIO CBA3M MEX]Y MOKO-
JICHUSIMU, TIepeAayde OIbITa. DBOJIOLMS OTPsA/la IPUMATOB MPUBEJIA K MOSB-
JICHHIO YeloBeKa okoyio 1,8 MJIH jeT Ha3a.

MpbI nepedyuciiuiad OCHOBHbIE IYHKTBHI Pa3BUTHS >KU3HU OT MPOCTEM-
IIMX OJHOKJIETOYHBIX OPraHu3MOB 0 JIOJEW, HAJEICHHBIX pa3yMoM U
CIIOCOOHOCTBIO K CO3UJATENbHON AesTenbHoCcTU. Ha kaxaoM stane pas3Bu-
TUS KU3HU TPUCYTCTBYIOT CaMmble pPazHOOOpa3Hble (POPMBI KHUBBIX CY-
HIECTB, OTJIMYAIOLIKECS APYT OT Jpyra CTPOEHUEM, BBINOJIHAEMbIMU (PYHK-
IUSIMUA M BpEMEHEM MOSABJICHUS B X0/€ 3BOOIMU. Ha coBpemeHHOM 3Tane
HBOJIIOIMU Ha 3€eMJIe COCYIIECTBYIOT KaK MHOTOKJIETOYHBIE 3yKapHOTHYe-
CKHE€ OpPraHU3Mbl, TaK U OAHOKJIETOUYHbIE, U TPOKAPUOTHI, IPE/ICTABIICHHBIE
OAaKTEpUSIMU U CUHE-3€JICHBIMU BOJOPOCIISIMH.

Takum 00pa3oM, IBONIOLUS XapaKTEPU3YETCsl CIACAYIOIMMMHU OOIIMMU
yepTaMu:

® XU3Hb B IPOLIECCE PA3BUTHUA MEPEXOAUIAa OT MPOCTEUIIUX OJIHO-

KJIETOYHBIX K 00Jiee CIOXHBIM, KaK IO CTPOEHUIO, TAK U MO BBINOJ-
HAEMbIM (PYHKIIMSIM, OpTaHU3MaM;

e J1100bIe (OPMBI JKU3HU COXPAHAIOTCS N0 TEX MOp, MOKa YCIOBUS

oOuTaHMs YAOBIETBOPSIOT UX 3apocaM;

® OPraHu3Mbl IPOXOAAT CTAJANU KaK YBEIMYEHUS, TAK U YMEHbBIICHUS

YUCJIEHHOCTH U PaCIPOCTPAHEHHOCTH.

Ha mpotskeHun Bcero BPEMEHH Pa3BUTHUSA KU3HU MOXKHO BBIIEIUTH
TPH TUIIA IPOTPecca, OTIMYALIUXCSA APYT OT ApyTa.

buonozuueckuii npoepecc HabnogaeTcsi, KOrjaa UaeT yBEIUYEHHUE KO-
JM4YecTBa 0c00€H, pacuupsieTcss TEPPUTOPUST X OOUTaHUS, HAPACTAET KO-
JIMYECTBO TAKCOHOB — IMOJYMHEHHBIX IpyImn Oosiee HU3Koro panra. [lpu-
MEpOM 3/IECh MOTYT CIIY’KUTh HACEKOMBIE U MJIEKOITUTAIOLIHE.

Mopgpoguszuonocuueckuti npoepecc CBI3aH C U3BMEHEHUEM B CTPYKTY-
p€ OpraHu3MOB B XOJ€ 3BOJIIOIMU. Takne U3MEHEHHUS TTOMOTalT UM BbI-
KUTh U PACCETUTHCS B cpejie 00MTaHus ¢ 00siee CIOKHBIMU YCIOBUSIMH.

Heoepanuuennwiii npocpecc onpeaenseTcss TaKUMUA KPYNHBIMH 3BO-
JIOLIMOHHBIMU U3MEHEHUSIMU, KaK IMOSBJICHUE KIIETKH, CHadajga MpoKapuo-
TUYECKOM, a 3aTEM 3yKApUOTUYECKOM, BOBHUKHOBEHUE MHOTOKJIETOYHOCTH,
XOpJOBBIX, TO3BOHOYHBIX U T. .

Bbonee cioxkHble opraHu3Mbl MOTPEOIIAIOT OOJIBIIIEE KOTUYECTBO IHEP-
UM [T TIOJICPKAHUS KUZHEEATEIbHOCTH U UCTIONB3YIOT OOJIbIINN 00b-
€M TeHeTHYeCcKoW WHGOpMAaIMU MPU BOCIPOU3BOACTBE. B cBs3u ¢ 3TUM
OTMETHUM €III€ /IBa CTPATErMYECKUX MPUHIIMIA PA3BUTHUA KU3HU: YBEINYE-
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HUE BHYTPEHHEW SHEPIrUU U T€HETHYECKOW MH(OpMAluu B MPOLECCEe KU3-
HEJEATEIbHOCTH.

16.3. KiteTka — 3j1eMeHTapHAasl eIMHUIA KUBOT O

Knerounas teopus Obuia co3naHa HemMenkuM 3o0o01o0roM T. [lIBaHHOM
B 1839 r. B cBoux pabotax oH onupaincsa Ha Tpyabl M. Illneiinena, moato-
My aBTOPCTBO TE€OPUHU IMPUMHUCHIBAECTCS UM OOOHM.
B ocHOBE COBPEMEHHOM KIIETOYHOU TEOPUH JIEKUT TPHU IOCTYJIATA:
1. Kakue Obl mpocTble WK CIIOKHBIE (POPMbI HY TPUHUMAIA )KU3Hb, B
KOHEYHOM MTOr€ B CTPYKTYPHOM, (DYHKIIMOHAJIbHOM U T€HETHYe-
CKOM IlJIaHE OHA OIPENEIISIETCSA TOJIBKO KIETKOM.
2. B nacrosiiee BpeMs KIETKM OOpa3yloTcs JUllb MYTEeM JElIeHUS
IIPEALIECTBYIOIIEHN KIETKU.
3. XOTs KJIETKA U ABJISIETCA CTPYKTYPHOU €IMHULENA MHOTI'OKJIETOYHO-
ro OpraHu3Ma, IOCJICIHUN XapaKTepU3yeTcs psiioM CBOUCTB, KOTO-
PBIX HET y OTIEIbHBIX KJIETOK. HOBBIE KauecTBa MOSABISIIOTCS B pe-
3yJIbTaTE B3aUMOJACHCTBUS KIETOK.

Tunbl kiaeTok. HecMOTps Ha CylIeCTBOBAaHHUE B MPUPOJE OIPOMHOTO
qucia KJIETOK, pa3inyaroimuxcs no ¢gopme, pazmepaM, PyHKIIMOHATBHBIM U
XUMHUYECKUM OCOOCHHOCTSIM MX MOXKHO DPa3/eiuTh Ha JBa THUIA: NPOKA-
PUOMUYECKUU U IYKAPUOMUYECKUU.

[IpokapuoTudeckas, uiau Oe3siepHas, KJIETKAa OTJIMYACTCS MaJlbIMU
pasmepamu (0,5—3,0 MKM), OTCYTCTBHEM 000COOJIEHHOTO S/Ipa U CUCTEMBI
meMOpaH. ['enetnueckuit matepuan npejacranieH B JJHK ogHoit konbiieBoi
XpOMOCOMOM, HE OTJEJICHHOW MeMOpaHOW OT LMTOIUIa3Mbl W JIUIICHHOU
TUCTOHOB (TMCTOHBI — O€JIKM KJIETOYHBIX sziep). B mpokapuoTHyeckux
KJIETKaX OTCYTCTBYET KJIETOYHBIN IIEHTP, € HE CBOWCTBEHHO BHYTpPHKJIC-
TOYHOE MEPEeMEIICHUE [TUTOTUIa3Mbl. BpeMs 00pa3oBaHus KJIETKU U3 MaTe-
PUHCKOW HCUMCISIeTCS JecsITkamMu MUHYT. K mpencraBUTeNnsiM 3TOTO TUIIA
MOHO OTHECTH OaKTEepUHU U IMAHOOAKTEPHUH (CHHE-3€JICHBIC BOJIOPOCIIHN).

DyKapUOTUYECKUM THUIl KJIETOYHOI'O CTPOEHHUSI CBOMCTBEHEH KakK MpO-
CTEUIIINM, TaK U MHOTOKJICTOUHBIM OpraHu3Mam. B nurormiazme mpocrei-
IUX HAXOJSATCS MHUHHUATIOPHBIC TEJbIla, KOTOPBIC BBIMOJHSIIOT (DYHKIIUU
OpPraHOB MHOTOKJICTOUYHBIX OpraHuW3MOB. Tak, Hanmpumep, [UTOCTOM, LIUTO-
dbapuHrc u nopomuiia B UHPY30pUu UTPalOT POJIb MUIIECBAPUTEIHLHON CHC-
TE€MBbI, & COKPATUTEJIbHBIE BAKYOJIN — BBIACIUTEIBHON CUCTEMBI.

CTpoeHne 3yKapuOTH4eCKOH KJIETKH. YTOPSJOUYEHHOCTh BHYTPEH-
HEro CTPOCHHUS KJIETKH O00eCreYrBaAETCsl IMyTeM JIeJIeHUsI ee o0bhema Ha OT-
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JeJbHbIE STYEUKH, OTJIMYAIOIIUECS IPYT OT Apyra XMMHUYECKUM COCTAaBOM M,
KaK CJIEJCTBUE, BBHINMOIHsAEMbIMHU (QyHKIUSAMU. Pa3fenenue ocymecTBiaseTcs
OMOJIOTMYECKUMHU MeMOpaHaMH, COCTOSIIIMMH W3 JABOWHOTO CJIOS JIUIINUJIOB
(>KHUpOB) CO BCTPOEHHBIMU OEIKOBBIMU MOJIEKyJaMu. MemMOpaHbl BBINOJI-
HAIOT OapbepHyI0 (YHKIHIO U 00€CTeUnBaOT U30MpaTelIbHYI0 MpOHULae-
MOCTb BEILIECTB.

Kiietku oTaenstoTcs OT OKpy:Karollel cpe/ibl KJIETOYHOU 000JI0YKOMH,
VI IIJ1a3MajeMMON. BHEIHUN €€ CIION — 2IUKOKANUKC — UMEET TOJILLHU-
Hy nopsaka 10 + 20 HM B COCTOMT M3 TIIMKONPOTENHOB U TIIMKOJIUAIHIOB.
BuyTtpennuii cioit, Tonmmuuon 0,1 + 0,5 MKM, Ha3bIBaCTCA KOPMUKATbHbIM
(KOPKOBBIM).

Kiietka coctout u3 s0pa n yumonnazmsel. SI1po, OTIEIEHHOE OT LIUTO-
I1a3Mbl  O0OJIOUKOM, CONEPKHUT SOPLIUKO, XPOMAMUH W HYKIEONIa3M)y
(sLAEpHBINA COK).

B snpeimkax nmpoucxoaut oopazoBanue pudocomanbubix PHK.

XpomaTuH mpeacTaBisieT coboi mHTepdazHyto (opMy CyIIecTBOBaA-
HUS XPOMOCOM.

AnepHbiit cok o0pa3yeT BHYTPEHHIOIO cpeny siapa. Ero ocCHOBHBIMU
KOMITOHEHTaMU SIBJISIFOTCS OCJIKH.

[{uromnnasma BKIIOYAET BEIIECTBA, 00pa3ylolllee BHYTPEHHIOIO CPEdy
KIJIETKU (Mampuxc, 2Uaioniasma), 6KI0YEHUsl U Op2aHellbl.

['manmoruiazma oOBEAUHSET BCE BHYTPHUKJIETOUHBIE Telblla U obecrie-
YUBAET B3aUMOJICHCTBUE UX APYT C APYTOM.

[Ton BKJIIOYEHUSMH MOHUMAIOT HEMOCTOSHHBIE KOMIIOHEHThI MaTPHK-
ca. K HuM oTHOCATCS 3amacHble MUTATEIbHbBIE BEIIECTBA (KUP, TJIUKOTEH) U
MPOAYKThI, BBIBOJIUMbBIEC U3 KIIETKH.

Op2anennamu Ha3bIBAIOT MOCTOSIHHBIE KOMIIOHEHTBI IIUTOIIa3Mbl, KO-
TOpBIE BBITIOJHSIOT ONpeneieHHble GyHKINHA. PaznuyaroT crienuaibHble U
o011ero 3HaueHusi opraHesuibl. CrnenuanbHBIMA OpTraHeJUIaMH, HalpuMeED,
ABJISIFOTCSI MUKPOBOPCUHKH BCACBIBAIOIIEH MOBEPXHOCTU SMUTEIUS KUILIEY-
HUKA, CHHANITUYECKUE My3bIPbKH, MIEPEHOCSIINE HEPBHOE BO30YKIIEHUS OT
OJIHOW HEPBHOU KJIETKU K JAPYTOW, PECHUYKU JMUTENHUS OpPOHXOB U T.I.
CrnenuanbHble OpraHesulbl, Kak MPaBWIO, B 3HAYUTEIBHOM KOJUYECTBE
BCTPEYAIOTCS B KJIETKAX, BRIMOJIHSIOMUX cielupudecKkrue QyHKIIIH.

K opranemnam oOliero 3Haue€HUsI OTHOCSTCS d1eMeHmbl KAHAIbYEBOU
U 8aKYOJISIPHOU cucmeMbl B BUJE IIEPOXOBATON U IIaJAKON IIUTOILIA3MATH-
YECKON CEeTH, MUMOXOHOpUU, NIaAcCmuHYyamsili Komniexc 1 onvoxcu, pubo-
COMbL, NOUCOMDBL, TUZ0COMbL, NEPOKCUCOMbL, MUKPODUOPUILILLL, MUKPOMP)-
OO0UKU U YeHMPUOTU KIeMOYHO20 YeHmMPA.

KananbiieBast 1 BaKkyoJIIpHbIE CHUCTEMBI 00pa30BaHbl COOOIAIOINMU-
CS WIM OTACIbHBIMU TPYOYaThIMU TOJIOCTSMHU W PACHPOCTPAHSIIOTCS IO
BCEH HMTOIUIa3Me. JTa CHUCTEeMa IpeJICTaBiIeHA TJIAJIKOW M IIEpOXOBATOM
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IUIa3MaTUYECKUMHU CeTsAMU. ['naakas ruia3maTudeckasi CeTh CBsi3aHa € 00-
MEHOM YTJIEBOJIOB, )KHUPOB U APYTUX COEAMHEHUI HEOETKOBOM TPUPOIBI.

K memOpane 1mepoxoBaToil mia3MaTUYecKOd CEeTH MPUKPEIIEHBI MO-
JMCOMBI, TIO3TOMY OCHOBHOM ()yHKLIMEW Ha3BAaHHOUN CETH SIBISIETCS] CUHTE3
oenka. Taxxe B 00JaCTH IIEPOXOBATOM CETU MPOMCXOAUT COOpPKA LIUTO-
m1azMaTuyeckux memopad. I1o kaHanbliaM MPOUCXOIUT MEpEMEIEHUE Be-
LIECTB.

MUTOXOHAPUHN — CTPYKTYPbl NATIOYKOBUIHOU (POPMBI, KaK MPaBUIIO,
BeTBsmuecs. Tommmua coctaBisieT okoao 0,5 mxMm, gauHa — 5 + 10 MM.
O00504YKa MUTOXOHAPHUI COCTOUT U3 ABYX MEMOpaH, BHYTpEHHss1 MeMOpa-
Ha COJIEPKUT MATPUKC OPraHeilibl, COAEp KAl COOCTBEHHBIN armapar
cuntesa Oenka (JIHK, pubocomsl, Tpancnoptasie PHK u dbepmentsl, yua-
CTBYIOLIME B MPOLECCE TPAHCKPUIILIMKI U TPAHCIISILUN ).

OyHKIMY MATOXOHAPHUM 3aKIIOYAIOTCS B U3BJICYEHUH, ITyTEM OKHCIIE-
HUS, DHEPIrUM U3 HEKOTOPBIX XMMHYECKHX BEIIECTB U IMOCIEIYIOUIErO €€
xpaHeHus B Buje Mosiekyn AT® (anenosuntpudocdara).

[InacTuHYaTei KOMIUIEKC ['0JbIKH 00pa3oBaH COBOKYMHOCTHIO YII-
JIOLLIEHHBIX AUCKOOOpa3HbIX LUCTEpH. B miacTMHYaTOM KOMILIEKCE 00pa-
3YIOTCSl BAKyOJIM, COJEpKalue OeNKH U pa3jIudHble COCIMHEHUs, MOoJJie-
YKaIIre BbIBOJY U3 KIETKU. 31€Ch TAKKe 00pa3yrOTCs JTM30COMBI.

Pubocoma npencraisier co00il OKPYriayr0 puOOHYKIEHHOBYIO YaCTHU-
1y, COCTOSIIIYIO U3 ABYX CyO4acTUI] — OOJBIION U Majoi, KOTOpbie 00be-
muHsoTess B npucytctBun uH@opmannonHot PHK (MPHK). Ha onnont
uPHK, kak npaBumio, HaXOAUTCS HECKOJIBKO prbocoM. Takyro CTPYKTypy
Ha3bIBAIOT noaucomou. Ilomucomsl HaXoaATCs B CBOOOJAHOM BUJE B THMAJIO-
I1a3Me WIM MPUKPEIJIEHbl K MEMOpaHaM IIEpOXOBATOM IIa3MaTUYECKON
cetd. Ml B TOM, M IpyroM city4asix OHU SIBJIIFOTCSI MECTOM CHUHTE3a OesKa.

JIuzocombl — 310 My3bIpbku auameTpom 0,2 + 0,4 mMxm. OcHOBHas
(GYHKIMS JTU30COM CBsi3aHA C MEpeBapUBaHUEM Pa3IMYHBIX XUMHUYECKHX
COCAMHEHUM.

Ilepoxcucomamu Ha3pIBatOTCS My3blpbku guameTpom 0,1 + 1,5 mMkwm,
OorpaHMYEHHbIE OHOM MeMOpaHoil. BHyTpeHHsIs cpena opranesuisl 00pa3o-
BaHa MEJKO3EPHUCTHIM MaTPUKCOM, COJEPKALIUM OEJIKOBBIE BKIIIOUEHUS U
pa3ianuHble GepMEHThI. DTH (HEPMEHTHI SBJSAIOTCS KaTaau3aTopaMH B peak-
LUSIX META00JIMYECKUX IIUKIIOB.

MuxkpouOpuiisl — JUIMHHBIE U TOHKHE oOpa3oBaHus. OHU BBINOJI-
HSIOT MEXaHWYECKYI0, KapKacHYIO (DYHKLHUIO, a TaKKe MIPUHUMAIOT y4acTHe
B OpraHU3alMM HAMPABIECHHOTO ABUKEHUS PA3JIMYHBIX OPTaHEII.

K MukporpyboukamM OTHOCAT TpyOuaTble OpraHesulbl, JIMIICHHbIE
MeMOpaH. OHU coepxaTcsi Kak B CBOOOJHOM BHJI€ B OCHOBHOM BEIIIECTBE
LUTOIUIa3MBbl, TAK U B Kad€CTBE DJIEMEHTOB >KT'YyTUKOB M PECHHYEK IICH-
Tpuosnei. CBOOOAHBIE MUKPOTPYOOUKH BBINOJHSIOT OMOPHYIO (PYHKIIMIO,
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onpenenss GopMy KIETOK, U, KDOME TOr0, CIOCOOCTBYIOT I1I€JIeHAINpaBIIeH-

HOMY IIEPEMCIICHNIO BEIICCTB KIICTKH.

[enTpuonps npexacrabisger codor monbld mumuHap. Ee yHkius co-
CTOUT B IOJIAPU3ALIMU NIPOLIECCA JIETIEHUS], B PE3YJITATE YETO CECTPUHCKHE

XPOMATHHBI pacXodTcs B aHa(aze MUTO3A.

Ha puc. 16.1 npencrapiena cTpykTypa 0000IIEHHON )KUBOTHOM KJIET-
KU, BBISIBJICHHAS C MIOMOIIIBIO 3JIEKTPOHHOTO MUKPOCKOIIA.

[Noryomenue wim cekpenus y
OCHOBaHHSI MUKPOBOPCHHOK
DK301MTO3 CEKpETHpYe-
MOTO TIPOAYKTa

MukpoBOpcHHKa

DopMUPOBAHHE TUHOLIU-
TO3HOI'O IIy3bIPbKa

o a® e .~
CekpeTopHBIil ITy3bIpeK [THHOUUTO3HBIH ITy3BIPEK
WJIY TpaHyJia O ?}‘3&% © !

® ~— :\% [najkast mwia3maTnye-
© o N\ CKasl CeTb

o 0 MuKpoTpy6OUKH
IMy3bippku Tonbmku o \© o ©

v Q o D JIuzocoma
Anmnapar onbmxu CB00OOIHBIC pHOOCOMBI,

paccesiHHbIE B IUTOILIA3ME

MuxkpodunamMeHTbI [entpronn
Muroxonapus

[lTepoxoBaTtas miaz-
MaTH4ecKast CeTh
Pubocomsl, cBsi3aHHBIE © -“(

SAnepuas obomouka
SAnepnas nopa

S npeiuiko Snpo

Ia3MaTHYECKOM CETHIO

,.\ I'erepoxpomarun

ITna3maTuueckast
MeMOpaHa

DyXpoMaTHH

[uronnazma

Puc. 16.1. Ctpykrypa 0600meHHo# xuBoTHOM KieTku (U3 ku. I'pun H., CrayT V.,
Teiinop /. buonorus. T.1./Ilox pen. P. Conepa. — M.:Mup, 1996)

B pactutenbHbIX KIIETKaX, KpOME IEPEUYUCICHHBIX CTPYKTYp, HaXo-

TATCSL naacmuosl U 8akyouas (puc. 16.2). Paznuyaror 3 Tumna miacTum: Xio-
poniacmsl — 3€IIEHbIC; XPOMONIACHbl — KPACHBIE, OPAHKEBBIC U JKEITHIE;
Jletikoniacmol — OECIIBETHBIE.

XoportacTel — JBYMEMOpPAaHHBIE OPTaHeIIbl MPOO0JITOBaTON (Gop-
MBI, oOecrieurBaronme mpoiecc GoTocuHTe3a. XpOMOIIIACTH — JBYMEM-
OpaHHBIE OpraHeJUTbl IMAPOBUIHON (OPMBI, COAEPIKAIME KPACHBIHN, JKell-
ThI M OpPaH>XEBbI MUTMEHTHI, B CBSI3U C YEM MPUAAIOT OKPACKY IBETaM,
JUCTBSIM U TUI0AaM. JIeHKOImIacTel — JABYMEMOpaHHBIE HEOKPAIICHHBIS
IUTACTHIBI IApO0Opa3Hoi (GOPMBI, Ha CBETY MOTYT MEPEXOAUTH B XJIO]



mwiactel. OCHOBHAsI (DYHKILIMS: 3amac MUTATEIbHBIX BEIIECTB B BUJIE Kpax-
MaJIbHBIX 3€PEH.

Bakyonp npeacraBisier co60ii MEMOPAHHYIO MOJIOCTh, 3alOJHEHHYIO
MaTPUKCOM LUTOIUIa3Mbl. BBINOMHAET PYHKIUIO PETYNISALMH OCMOTUYECKO-
ro J1aBJICHUS

ITmasmonecmbr
Knerounas creHka CpenunHas mia

CTHHKa

Kierounsle cTeHKH

Snepuas obomouka PuGocomsl

SnepHas nopa
Snpo Snpeimko

[lepoxoBaTas mias-
MaTH4YeCKasi CeTh
Cpsi3aHHBIC prOO-

I'erepoxpomarux COMEI
DyXpoMaTHH XmoporutacTs
'mafkas mna3MaTHyecKas Obonouxa
ceth XJIOpoIUIacTa
[Tna3matnueckas memOpana I'pana
IuTomnazma MHUTOXOHIPHS
MukpoTpyOouku Armmapat ["omsmxu
Kierounsrit
MukpodhrIaMeHThI COK Baxy-

T

Tonomnact | ©™®

ITy3e1pex
Tonpmxn

Amnmapat ['oxpmxu

Puc. 16.2. Ctpykrypa 06061eHHo# pactutenbhoii kinetku (U3 xu. I'pun H., CrayT V.,
Teinop 1. buonorus. T.1./ mox pen. P. Comepa. — M.:Mup, 1996)
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Kputuka «HayyHoro kpeayuoHu3sMa»

Benp u3BecTHO, YTO MpH OOBIYHOM
TEYEHUH COOBITUH MOPSAOK B MPUPO-
JIe BCErJa CTPEMUTCS YMEHBIIUTHCS U
IIOTOMY HEJIETKO INOHATH, KaK JKHBOE
MOTJIO BO3HHMKHYTh U3 HEXHBBIX
IPENIIECTBEHHUKOB.

I". Kacmnep

17.1. KpeanumoHHU3M U €ro COBPEMEHHOE COCTOSIHHUE

Kpeammmonusm (0T nat. creatio — TBOpPEHHE, CO3IaHUE) UCXOUT U3 yOe-
YKIEHUS, YTO KU3Hb Ha 3emiie Oblila COTBOPEHA HEKUM CBEPXbECTECTBEHHBIM
cyiectBoM — borom. Dta uaes J€XHUT B OCHOBE MOYTH BCEX PETUTHH (CM.
cemuHap 2). Ee moanepxuBaeT U psax OOrOCIOBCTBYIOIIUX YYEHBIX, CTPEMSI-
HIMXCS JOKa3aTh, YTO JOCTHXKEHUS HAYKH JIMIIb MOATBEPKIAIOT HATMCAHHOE B
bubnuu, Kopane u apyrux cBsmeHHbIX kKHurax. B 1650 r. upnanackuii apxu-
enuckon Amiep ApUCCKUN IpHILEN K BBIBONY, yTo bor cotBopui mup B 4004
r. 1o PoxzaectBa XpucToBa 1 3aBepLINI CBOM TPyl COTBOPEHHUEM YEJIOBEKA B
9 yacoB ytpa 23 okTs0ps. CTOdb «TOUYHBII» pe3ynbTaT Allep MOJy4uIl, aHa-
JU3UPYS TeHeAIOrn4yeckoe apeBo Oubielickoro Afgama, CKiaabiBas BO3pacThl
€ro MOTOMKOB BILIOTH 0 XpucTa. OHAKO CETOAHS Ty JaTy Mbl MOXKEM pac-
CMaTpHUBaTh JIMIIb KaK UCTOPUYECKUU Kyphe3, MO0 moiydaercs, 4to Ajam
KU B TO BpeMmsi, Korja B Mexaypeube Turpa u EBdpara yxe cyiiecTBoBasin
KpYIMHbIE TOPOJa-roCyJapCTBa.

Tem He MeHee, KpeallMOHU3M He KaHyJ B HEObITHE, a YCHEIIHO MPOa0J-
’KAET CYILECTBOBAaTh IMOJ BBIBECKOW TAaK HA3bIBAEMOTO «HAYYHOTO KpEalHo-
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HU3May». DTO HampaBJIeHUE B XPUCTUAHCKOM, INIaBHBIM 00Pa30M, IMPOTECTAHT-
ckoit Teonoruu cpopmupoBanock B 70-x rr. XX B. Ero uaeonoru I'. Moppuc,
JIx. Yutkom6, . I'um, X. Knapk, JIx. [Tapkep, H. Cerpeiisz (CILIA), A. I1u-
Kok (BenukoOpuranus), B Iupc, I1. Osepxare, V. I'epbep, 3. @ep (OPI') u
JIpyTHE CTaBAT CBOEH IENbI0 MOJABECTH HAYUHYIO 0a3y moj OubIencKyo Kap-
TUHY MHpO3JaHus. LIeHTpbl U HHCTUTYTHl KPEAIMOHHBIX HCCJIEAOBAHUI B
Ann-Apb6ope, Can-/luero (CILIA) u apyrue mpoBOAST aKTHBHYIO paboOTy B
paMKax W3JaHMsS U PACIIPOCTPAHEHUS JIMTEPATYypPbl KPEAIMOHUCTCKOTO TOJIKA,
MOATOTOBKU MPENoAaBaTeIeii HaydHOro KpealuoHU3Ma sl IIKOJ U KOJUIE.-
&Kel, ydeOHbIX MocoOui, KHUHO- U BUAECO(UIBLMOB MO npeamery «HaydHbiid
KpealnuoHU3M», KOTOPbI BKIIIOYEH B yUeOHbIE TJIaHbl psiga YUEOHBIX 3aBejie-
Huii CIIIA, 3anagaoit EBponibl 1 ABCTpaiiuu.

EcTtecTBeHHO, YTO MOJAOOHOTO poAa «IPEIMET» KOHKYPHUPYET C KypcoM
«KoHmenmum COBPEMEHHOI0 €CTECTBO3HAHUSA» B Bompocax (HOPMHUPOBAHUS
MHUPOBO33PEHUS U TIOHUMaHUs MPUPOJIbI, IOATOMY MBI HE MOXKEM OBITH O€3y-
YaCTHBIMU HaOJIOJaTeNIIMU MPOHUKHOBEHHS BBIIIBUTAEMBIX B HEM HIEH B
yMBbI yyauiencss Moiojexu. Llenpio 1aHHOro cemMuHapa SIBIS€TCS CUCTEMHbBIN
aHanu3 «HayyHoro kpeanmoHM3Ma», BBISIBJICHUS COJEPKAILIUXCA B HEM MO3H-
TUBHBIX U HETAaTUBHBIX MOJIOKEHUM U 0OOCHOBAHHE C MO3UIIUM COBPEMEHHOMN
HayKd TeX (aKkTopoB, KOTOPHIE KPEAIMOHU3M CUUTAET MPOTUBOPEUAIIMMU Ha-
OJTFoTaeMOoM peaJTbHOCTH.

17.2. Aprymenranusi CTOpoHHUKOB « HayuHoro kpeanyuoHuzma»

B ocHOBy cBO€M apryMeHTaluu O COTBOPEHMH Mupa borom wmpaeosnoru
«Hay4yHOTO KpeannoHn3May 3aJI0KUIH JIBa TE3UCA:

1. IlpotuBopeurie MeXay BO3HUKHOBEHHEM CJIO0KHOOPraHW30BAHHOU
Bcenennont u cineayromuyM U3 BTOPOTrO Hadaia TEPMOJUHAMUKHA TTPUH-
LHAIOM BO3pPAaCTaHUS SHTPOIIUU.

2. IlpoTtuBopeunie MexAy BOJIIOIMOHHBIM yueHueM JlapBuHa u HaOIO-
JTaeMO€ HepPaApPXMUECKOM CHUCTEMON TaKCOHOB (OTCYTCTBHE HEMPEPHIB-
HOW MOCJIEIOBATEIIBHOCTH H3MEHSIOINUXCA W MEPEeXOAAIUX Ipyr B
Jpyra BUIOB).

[To obenm 3aTpoHYTHIM MpoOIeMaM y 3alIUTHUKOB KpealMOHU3Ma HET
€QUHCTBA B3MAN0B. Hampumep, mo mnoBoay IIECTH «IHEW TBOPECHUS»:
I'. Moppuc u [Ix. YUTKOMO cUuTarOT UX OyKBaJIbHBIMU JTHSIMU CKOPOTO U HE-
JlaBHETo TBOpeHus mupa. A. KactaHc — JHAMHM yCKOPEHHOIO PETBOPEHUS HO-
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BOT0, 00JIee COBEPIIIEHHOTO MUpPA, YeM paHee CO3/IaHHBII €ro YepHOBOM Bapu-
ant. Y. I'epOep u B. [lupc cuutator 371 THU re0JIOTMYECKUMHU STIOXaMHU.

B Bompoce 3BOIONMOHHOIO Pa3BUTHUS JKUBOM NMPUPOABI Y KpEalMOHU-
CTOB TaK)K€ MUMEIOTCs pasHoriacus. I'. Moppuc, OCHOBBIBasICh Ha TaHHBIX I1a-
JIEOHTOJIOTUH, CYUTAET, YTO BCE BHUJIBI HE3ABUCHUMBI APYT OT APYra U pasjaelie-
HBbl HE3aIlOJHEHHBIMU ITpoMexxyTKamu. 1o B. Ilupcy Bo3HUKHOBEHUME COBEp-
LIEHHBIX BUJOB Y€pe3 CIIy4yalHble TyIUIMKALWUN U JIE€JIEUUN T€HOB WIN PEKOM-
OMHALIMKA XPOMOCOM HEBO3MOXKHBI, TaK KaK OOJBIIMHCTBO MyTallui, Kak MOKa-
3BIBAIOT PE3yJbTaThl OMOJOTUYECKUX MCCIEIOBAaHUI, UMEIOT HEraTUBHbBIE T10-
CIIEACTBHUs. YHUBEPCAIBHOCTh U HEM3MEHHOCTh N'€HETUUYECKOTO KOJAa KaK Me-
XaHU3Ma Mepeaayu HacleICTBeHHOW nHpopmanuu, no Muenuto B. [Tupca, kak
pa3 M yKa3bIBalOT Ha €ro 00)KecTBEHHOE MpoucxoxaeHue. He orpuimas poib
MyTallMii ¥ pa3BUTHUS B JKHMBBIX opraHu3max, A. KocraHc cuMmTaer, 4To OHU
HaIIPaBJISIIOTCS U KOHTPOJUpPYIoTcs: borom. PazBuTue 3TuxX B3rJs10B IPUBEIIO
K MOSIBICHUIO meono2uiecko2o 3eonioyuonusma. Ero croponnuku I1. Oepxa-
re, 3. ®ep, O. llmronp0ek mojaratoT, YTO OCHOBOW SBOJIOLUU SIBISETCS
TBOpueckas Bosist bora. OiHako B paMKax 3TOTO HANPABICHUS B KPEAllMOHU3-
M€ UMEIOTCS U Apyrue B3risaabl. Tak, A. [IMkok He OTpHUILIAET posib ciiydasl B
ABOJIIOLMH, CUUTAs, YTO bOr co37a1 MHOrOBapUaHTHBIE BO3MOXHOCTU Pa3BU-
THS.

[Togpo6HOMY pa3bopy pa3nuuHbIX TeueHH B «HaydHOM kpearmoHu3-
Me» U €r0 KPUTHKE Ha OCHOBE COBPEMEHHBIX JOCTHXKCHHUU (PU3UKH, KOCMOJIO-
run B Onosiorum nocesieHa kaura C. B. I[CBHTOBOﬁ*.

17.3. Uro ropoput Hayka?

Kak BuauTte, COBpEMEHHBIN KpEalMOHU3M HE CTOJIb MPOCT, YTOOBI €ro
MOXHO OBLIO pPAaCKpUTUKOBATh B HECKOJBKUX CJIOBax. JeWCTBUTENBHO, CO-
IJIaCHO BTOPOMY Hayally TEPMOJAMHAMHUKHA B M30JIUPOBAHHON CHUCTEME BCE
mpoiiecchl Hanbosiee BEPOSITHO MPOTEKAIOT B HAMPABJICHUH, MPUBOJAIIEM K
BO3pacTaHuIO dHTponuH (cM. cemuHap 14). Bo3HUKHOBEHHE CII0KHOOpPTAHU-
30BaHHOM HaOJrogaeMoi BceneHHON ¢ ee MHOTOYHCIEHHBIMU TaJIJaKTHKaMH,
3BE€3[laMU, TUIAHETAMHU, KU3HBIO U Pa3yMOM CBHUAETEIBCTBYIOT O TOM, YTO Ha-
ma BeenenHnas He sSIBIsi€TCS] M30JIMPOBAHHOM CHUCTEMOM, a OTKpbhITa (MK ObLia
OTKpBITA) MO OTHOIIECHHUIO K HEKOTOPOMY BHEIIHEMY BO3zeucTBHI0. OO0 3TOM
’K€ TOBOPUT M MosiBUBIIASCA B XX B. TeopHsl boabmoro B3peiBa, N0 KOTOPOU

" JleBsitoa C. B. Peruirsst 1 HayKa: mar K mpuMupennio. — M.: MT'Y, 1993. — 168 c.
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Hayayio Hauie BceneHHol moioKWIo HavaBIieecs: OKoJao 15 Mipn et Hazan
ee pacmupenue (cMm. cemunap 9). [Io 1TaHHBIM KOCMOJIOTHU B IIEPBbIE MICHOBE-
Hus nocine bosnbioro B3psiBa B 3aposkaaroilyiocst Beenennyio ObU10 Ucnyliie-
HO OT'POMHOE KOJIMYECTBO SHEPTUH B BUJE U3IIYUEHUS], MAKCUMYM CIIEKTPAJIb-
HOU TJIOTHOCTH KOTOPOT'O MPUXOJUTCSA HA BUAMMBIN AUana3oH JUIMH BOJH. [1o
Mepe pasnyBaHusi BceneHHOM, oHa oxJa)xaanachk, U TENEpPb 3TO TaK Ha3bIBae-
MO€ penukmogoe uznyyeHue Bcenennou HabmoOgaeTCs B paJuOBOIHOBOM JIHa-
nazone. OHo ObuT0 Mpenckasano Jxopmkem (['eopruem) ['amoBeiM B 1946 T.
U DKCIIEpPUMEHTALHO 0OHapy>keHo B 1965 1. ¢ moMomibio paauoTeneckona A.
[len3zuacom u P. Bunbconom (CILIA), ynoctoenHbsiM 3a 370 oTKphiTHe HObe-
JIeBCKOW mpeMuu no ¢usuke. «BoT BuANTE, — TOBOPIT KPEAMOHUCTHI, —
caMo€ pa3BUTHE HAyKU MOATBEPKIAET, 4TO MUpP ObLT co3maH TBopoMm, a pe-
JUKTOBOE M3JIyYeHHE KakK pa3 M €CTh TOT CBET, yTo ObUI VM co3/aH B mepBbId
JICHb TBOpEHUA!»

Henerko oTBeTUTH KpealMmoOHUCTaM M Ha BOMIPOC, IOUYEMY B MPUPOJIE HE
HaAOJIOIAI0TCS TIepeX0AHbIe (POPMBI JKHUBBIX OPTraHW3MOB, MOATBEPIKIAOIINE
TUTaBHBIN, HBOJIIOIIMOHHBIN MyTh pa3BuTus. Hurne He oOHapyskeHbI HCKOIae-
MBbI€ OCTAHKH X)HUpad, y KOTOPBIX 1Iesi Obuia OBl BABOE KOPOUYE, YeM Y UX HbI-
HEIIHUX npenacraButeneid. He HailieHbl 1 OCTaHKM CIOHOB € 00Jee KOPOTKUM,
4yeMm Tenepb, X000ToM. Takoe BleuaTIeHUE, YTO CYIIECTBYIOIINE HBIHE BUbI
MOSIBUJIMCH YK€ BIOJIHE CIIOKUBIIUMUCS. UTO KacaeTcsi TMHO3aBPOB M MPOUYUX
BBIMEPIIIMX JKUBOTHBIX, TO KPEAIMOHUCTHI HE BO3PAXKAIOT MPOTUB €CTECTBEH-
HOr0o 0TOOpa, HO ¥ UX OHM CUUTAIOT HE CTYMNEHSIMH 3BOJIIOLIUU, & CAMOCTOS-
TEJIbHBIMHU BUJIAMH, TPEAHA3HAYEHHBIMU ISl TOW I€0JIOrMYECKOM AMOXH, B KO-
TOPYIO OHM OOMTAIN Ha 3emiie.

Kak cnenyer u3 coBpeMeHHOM OMOJIOrMM pa3BUTHS, OCHOBAaHHOM Ha J0C-
THKEHUAX MOJEKYJISIPHOW T'€HETUKH U SMOPHOJIOTUH, MHOTHE BOIPOCHI, CBSI-
3aHHBIE C MPOCTPAHCTBEHHOW OpPraHU3alMeH KUBBIX OPTAaHU3MOB B XOJI€ BU-
000pa30BaHMs HE MOTYT OBITh TIOHSTHI C TTO3HMITUN OJHOW JIUIITL OMOJIOTHH, a
TpeOyrT OoJiee 001Iero, cHHEpreTnyeckoro noaxoaa. C oCHOBaMHU CHHEpTe-
TUKH — HAyKW O CAMOOPTAaHM3ALNHU CIOXKHBIX JUHAMUYECKUX CUCTEM MBI IO-
3HAKOMHUMCS T103K€, B KOHIIE HAILIETr0 Kypca, a IOKa OrpaHUYMMCSl KOHCTaTa-
et Toro (akra, YTo MPOIECC CAMOOPTaHU3ALUN POUCXOAUT HE HETIPEPHIB-
HBbIM 00pa3oM, a CBsA3aH ¢ OudypKauusmMu, P KOTOPHIX MPOUCXOIUT KauecT-
BEHHAsl NIEPECTPOMKA CUCTEMBI, U NIEPEXOJAMHU B OJTHO U3 BO3MOXKHBIX €€ CTa-
MOHAPHBIX COCTOSTHUM.

B nenom cuHeprerrka HE MMEET HUYErO MPOTUB KpPEalMOHU3Ma, €CIU
noJl TepMUHOM bor moHUMarh BHEIIHEE MO OTHOIICHUIO K cucteMe (Bcenen-
HOM MM KaKOW-TuOO ee yacTu) Bo3zaeicTBHE. Toraa, coraacHO XOpOIIO H3-
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BecTHOMY npuHuuny Kropu (cM. ceMuHap 12), cumMeTpust CUCTEMBI TOHMKA-
eTcst (T.€. IPOUCXOIUT YIOPSIOYEHHE), U B HEH COXPAHAIOTCS JIUIIb JIEMEH-
Thl CUMMETPUH, OOIIKE C AIEMEHTAaMU CHUMMETpHUM Bo3aeicTBus. EcTh naxe
onpezaeneHHas mojbp3a oT «HaydHOro kpeanMoHuU3Ma»: OH 3a0CTpPSIET IPO-
OJieMHBIE BOMNPOCHl HayKH, MOOYKJasi YUEHBIX 3aHATbCA UX Oosee IiyOoKoi
mpopaboTKO. ITO BOBCE HE O3HAYAET, YTO MBI NMpu3HaeM «HayuHbrii kpea-
IMOHU3M» KaK Hay4YHYI0 TEOPHIO WIH Y4eOHYIO0 IUCUUIUINHY. MBI TONBKO OT-
Ka3bIBa€MCsl OT €r0 BYJIbrapHOM aTeMCTHUYECKOW KPUTHKH, MEPEHOCS MOCIE-
HIOIO B INTIOCKOCTh HAyYHOH IUCKYCCHUHU.
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I'mnoresnl 0 MPONUCXOKIACHUN KU3HU

Kak ObITh C W3MEHEHUSIMH, KOTOpBIC
MPOU3OIILTH MUJUTHAP/T JIET Ha3aj U MPH-
BEJIM K TOMY, YTO OCCUMCIICHHBIC aTOMBI
YIIepo/ia, paccesHHbie B HEOOJBIIMX
MOJIEKYJIax JByOKHCH YIJIepoja, METaHa,
KapOOHATOB M T.J., CTAJIKMBAIUCH JI0 TEX
nop, Moka He oOpa3oBaiu OENKOB, a 3a-
TeM He cHOpPMHPOBAIU T€ KPYIHBIC aK-
TUBHBIC TJIBIOBI IJIOTH, KOTOPBIE MBI Ha-
3bIBAEM CETOJIHS <OKMBOTHBIMU»? MOKeT
JIM COBPEMEHHAasi TEOpUsI CUCTEM CKa3aTh
YTO-HUOY /b MO 3TOMY MOBOAY?

V.P. Dwbu

18.1. IlocTanoBKa Bompoca

[IpoOneMa BOZHMKHOBEHHUS KU3HU HA 3eMJI€ U BO3MOXKHOCTh CYIIECTBO-
BaHMsI €€ BHE3EMHBIX (HOpM sBIISIETCS (PYyHIaMEHTAIbHOM HE TOJNBKO JJisi OHO-
JIOTUU, HO U JUIsl €CTeCTBO3HAHUsS B 1eioM. Cpeau OCHOBHBIX THIIOTE3, IbI-
TAIOIIUXCSA KAK-TO OOBSICHUTh BO3HUKHOBEHHUE >KM3HU, HamOOJee H3BECTHBI
CJIETyIOIIHE:
® KH3HBb ObLJIa COTBOPEHA HEKUM CBEPXbECTECTBEHHBIM CYIIIECTBOM —
borom (kpeamumonusm). Ota runore3a ObUla HaMU TOAPOOHO pac-
CMOTpEHA Ha MPOIIJIOM CEMHUHApE;

® JKM3Hb BO3HUKJIA CIIOHTAHHO U MPOJOJKAET BO3HUKATH U3 HEKUBOU
MaTepuu (CaMONpPOU3BOJILHOE 3aPOKAeHHE KU3HN);

® KU3Hb CYIIECTBOBAJIa BCErjaa (CTAIIMOHAPHOE COCTOSIHHE KHBOIO
MHpa);
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® KH3HB ObLTa 3aHECEHAa Ha 3eMIIIO U3BHE (MMaHCTepPMMus );

e KM3Hb BO3HUKIJIA B X0/I€ 3aKOHOMEPHOT0, CAMOYCIIOKHSIOILErocs pa3-
BUTHUSI IPUPO/IBI (OMOXMMHYECKAS IBOJIIOIHS).

PaccMoTpuM KpaTKo MOCHIEIHNUE YETHIPE THIIOTE3HI.

18.2. Camonipou3BoJIbHOE 3aPOsKICHHE JKUZHU

Hapsny ¢ rumore3oit 0 coTBOpeHHMH K)u3HU boroMm m3maBHa OBITOBAIH
MPEACTABIICHUS O CAMOITPOU3BOJIBHOM €€ 3apOKACHHUH 0] BO3JCHCTBUEM HE-
KOEro «aKTUBHOTO Haudana». Apuctorens (IV B. 10 H. 3.) cuuTaln, 4To Takoe
AKTUBHOE HAYaJIO0 COJEPKUTCS B OIUIOJOTBOPEHHOM SIHIlE, THUIOIIEM MSICE,
conHeyHoM cBere. Eme B XVII B. rojutanACKui €CTECTBOUCTIIBITATENb SIH BaH
['enpbMOHT monarani, 4To aKTUBHBIM HAa4ajiOM, CTUMYJIMPYIOIIUM BO3HUKHOBE-
HUE KU3HU, MOXKET CIY>XUTh 4YesoBedeckuil moT. OH omucan 3KCIEpUMEHT, B
KOTOPOM SIKOOBI 32 TPW HEJENH CO3/aJl MBIIICH, UCIIOIL3Ys TPI3HYI0 pyoar-
Ky, TOPCTh MIIIEHUIIBI U TEMHBIN Kad.

VYnap 1o rumores3e CIOHTAHHOTO 3apOKJICHUS KU3HU HaHec B 1688 T.
uTaIbIHCKHUM Ouosor u Bpau ®panyecko Penu. Penu ycrtanoBum, uro Genble
YEPBSIYKH, MOSBIISIOMIMNECA B THUIOIMIEM MSICE, — 3TO JUYMHKUA MyX. [IpsiMbiM
AKCIIEPUMEHTOM OH JOKAa3all, YTO MSICO, HAXOAMBIIEECS B IUIOTHO 3are4yaTaH-
HBIX COCyJaX, KyJa MyXW HE MOTJHM 3aJIETaTh, HE YEPBUBEIO. TaK MOSBUICSA
3HAMEHUTHIA npuHUKUN Penn: «Bce )xnBoe — U3 KUBOTO». Te€M HE MEHEE T'u-
MOTE3a O CaMOIPOM3BOJBHOM 33apPOKJICHUU KUBBIX OPraHU3MOB U3 HEKUBOU
MPUPOABI €lIe JO0JITO TOCIOACTBOBANA Cpelu y4eHbIX. Ee mpuBepkeHIamu
obuu ["anmuneit, [lekaprt, ['erens, Jlamapk.

B 1860 r. Jlyu I[TacTep mokasaju, 4To mpoIecChl THUEHUS CBSI3aHBI C KU3-
HEJIEATENHbHOCThIO OaKTEepHil, MOAITOMY MPOAYKTHI MOTYT OBITh COXPaHEHHI,
€CIIM MX HE TOJBKO TepPMETUYECKH 3alledaraTrh, HO €II€ WM MNPEABAPUTEIBLHO
MPOCTEPUIIN30BATh MTyTEM TEIUIOBOH 00paboTku. TeM camMbIM BOMPOC O HAIIU-
YU B THHIOIIEM MsCE KaKOTO—TO «aKTHBHOTO Hauajay OBII CHAT OKOHYA-
TEJIbHO.

Onbitel Penu u [TacTepa noaTBepAWIN, YTO AJis1 BOBHUKHOBEHUS KUBOTO
opraHu3Ma HeOOXOJUM JAPYTOW KUBOW OpPraHu3M, HO MOPOJAWIN HOBYIO MPO-
OJieMy: OTKyJa B3sUICA CaMbli TIEPBBII )KUBOM OpraHu3m?

18.3. CraunonapHoe CoCTOsIHME )KHUBOT'0 MHpa
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Ota rumnore3a He TpeOyeT OTBETa Ha IMOCTaBJICHHBIN Bbilie Borpoc. [lo
MPEJICTABIICHUSIM €€ CTOPOHHMKOB, *H3Hb CYIIECTBOBaja BCErja, HO M3—3a
W3MEHEHHS BHEIIHUX YCJIOBUN MPOUCXONUIIO U3MEHEHNE BUJIOB KUBBIX Opra-
HU3MOB M MX YHUCIICHHOCTH. B KauecTBe J0Ka3aTebCTBA OHU MPUBOAAT TPH-
Mep C KHCTenepou pbiooil — matumepuen. CorjacHO MajJeOHTOJIOTHYSCKUM
JTAaHHBIM CUUTAJIOCh, YTO KUCTEMepble BhiMepau cBeime 100 muH JieT Hazai.
Ho, BoT, B 1938 1. y 6eperoB Manarackapa OblJ BEUIOBIICH KUBOMW MPECTaBU-
TeJb 3TOro Bujaa. OTHAKO HAJIMYKE Pa3pbhIBOB B MAJICOHTOJIOTHYECKON JIETOIH-
CH DBOJIIOIUM €IIe HE MOXET CIY>KUTh JOKa3aTeIbCTBOM TOTIO, YTO KUBAs
MpUpoO/ia CYIIeCTBOBAJA BCET/IaA.

18.4. Ilancnepmust

Ota runoresa (0T rped. pan — BCE U Sperma — CeMsl) O TTOBCEMECTHOM
pacrpocTpaHEeHUH BO BcCeneHHOM 3aponblllield )KUBBIX OpraHu3MoB. B cyie-
CTBOBaHHE TaKUX 3apOIbIlIel (CIIOp MUKPOOPTAaHU3MOB) BEpUIIM MHOTHE yue-
Hble koHIa XIX — Havama XX B.: aHrauickuil ¢usuk sopa KenbBuH, HeEMeIT-
kit xumuk 0. JIubux, mBeackuit pusznko—xumuk C. AppeHnyc, pOCCUMCKUIT
akagemuk JI. C. bepr. YBepeHHOCTh UM TpuaBajio 0OHAPYKEHHE B METEOPH-
Tax HEKOTOPBIX OPTraHUYECKUX COCAMHEHUN — «IPEAIIECTBEHHUKOB >KHBO-
ro».

OTa rumnoresa, Kak U TUIOTE3a O CAaMO3apOKICHUU KU3HH, HE IIpeyiara-
€T HUKAaKOTO MEXaHW3Ma JJIsl €€ IEPBUYHOIO BO3HUKHOBEHMS, a ITPOCTO Iepe-
HOCHUT UCTOYHHK KU3HU B Apyroe Mecto Beenennoi. Kpome Toro, ¢ OTKpbITH-
€M KOCMHYECKHX JIyuel U BBIICHEHHUEM I'yOUTENbHOTO ACHCTBUS paJualuu Ha
Ouonoruueckre 0ObEeKThl OHA MOTEpsa CBOE 3HAYCHHE.

18.5. buoxumMuueckast IBOJIIOIAA

OCHOBOIIOJIOKHUKAMU 3TOM THIOTE3bl CYUTAIOTCS HAll OTEUYECTBEHHBIN
yueHbii A. M. OnapuH ¥ aHrIMHCKUM ectecTBoucibITaresb J[. XoJaenH.
A. W. Onapun B 1923 r. BeICKa3ajl MHEHHUE, YTO OPraHMYECKHE BEIIECTBA —
OCHOBA U3HU — MOTJIM BO3HUKHYThH U3 00JIe€ TPOCTHIX COCIMHEHUI B OKea-
HE TI0JT BO3/ICHCTBHEM YIbTPAPHOIETOBON COCTABIAIONICH COTHEUHON pajna-
Uy, OeCHpensITCTBEHHO MPOHUKAaBIIEH Ha 3eMJII0, TIOCKOJIbKY 3aJepyKUBAB-
IET0 €e 030HOBOTO CIIOS B MepBUYHON aTMocdepe eme He Obl10. He Obu1o 1
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kucnoponaa. Ero orcyrcrBue obieryano CMHTE3 OPraHUYECKUX COSAMHEHMIH,
KOTOpbIE Jyulle o0pa3ytoTcsd B OeckucioponHoi cpene. CxoaHble UIEU B
1929 r. Bricka3biBas u JIx. XonjaeiH. OH mojaral, 4To B OK€aHe, HaJl KOTo-
pBIM HaxoAWJIach Oorartas JBYOKHCBIO KHCJIOpOJa NepBUYHas armocdepa,
MOTJIM BO3HUKHYTh OTPOMHBIE OPTaHWYECKHE MOJIEKYJIbl, 00JIa/laBIIue TMPHU-
3HakaMu xu3HHU. CornacHo OmnapuHy, OpraHHYECKUE BEIIECTBA, HAKaIlJIMBa-
ACh B OKeaHe, 00pa30BalM «IEPBUYHBINA OYyJIbOH», B KOTOPOM ILIaBajl CKOa-
T'YJIUpPOBaHHBIE B KOMOYKHU CTyIHEOOpa3HbIe CTYCTKU — Koayepsamul (OT Jar.
coacervus — CTYCTOK). JTH KOalEpBaThl MOJYyYHUIIM CHOCOOHOCTh YBEJIMYHU-
BaThCs B pa3Mepax, JEIUTHCS HA YACTH U MOABEPIaThCsl XUMUYECKUM HU3MEHE-
HUSIM Ha FPaHUIIE pa3jiesia ¢ OKpYyXKarollel cpesloH, T.e. MpuoOpean Mpu3HaKu
poCTa, pa3MHOKEHHS 1 0OMEHa BEIIECTB — METa00JIM3Ma.

B 1953 r. Cronnu Mumnep (CILIA) npeanpuHsiia MONBITKY KCIIEPUMEH-
TallbHOW TpoBepkH Trunote3bl OnapuHa—XodaerHa. B co3maHHOW UM ycra-
HOBKE OH CMOJIEJIMPOBaJ YCIOBHS, MPEANOI0KUTEILHO CYLIECTBOBABIINE HA
panHeil 3emue. Hag kunsimed BOJIOM HAaXOOWIICA pe3epByap, COJEpHalUn
KpOME BOJSIHBIX NTapOB METAH, aMMHAK M BOJIOPOJ MOJ BHICOKUM JABJICHUEM.
CMech ra3oB B TEUEHHME HEIENM IMOABEPrajyd BO3ACHCTBUIO 3IEKTPUUECKUX
pa3psI0B BBICOKOTO HAIPSIKEHUS, MOCTIE YEro B «JIOBYILIKE» ObLIIO OOHapyke-
HO 15 aMMHOKHUCIOT, B TOM YHCJI€ TJIMLHH, aJaHUH U acClIapTMHOBAsi KUCJIOTA.
[TozmHee B MOAOOHBIX HKCIEPUMEHTAX OBLIM CHHTE3WPOBAHBI MPOCTHIE HYK-
JIEUHOBBIE KUCIOTHI. OCTAIOCh TOIBKO OOBSICHUTH MOSBJICHUE MEXaHHU3Ma ca-
MOBOCTIPOU3BEICHHS JKUBBIX OPTaHU3MOB.

Kak crano uzBectHo mocie onbiToB YoTrcoHa u Kpuka (1953), renernue-
cKkasi nH(GOpMalIKs 3alUCHIBAETCS B BUJIE MOCIIEI0BATEIILHOCTH HYKJICOTHIIOB B
MoJiekynax ne3okcupudonykiennoBoi kuciotel ([JJHK). Iloka nesicHo, uTO
MOSIBUJIOCH PaHbIIE: AMUHOKUCIIOTHBIE 1IETTOYKH (O€JIKM) MIIH TIJIaH UX CUHTEe3a
(JIHK), nnm ke, BOSHMKHYB HE3aBUCHMO APYT OT APYra, OHU CIIy4alHO OKa3a-
JIUCh UJICANTbHO MPHUCIIOCOOICHHBIMUA K COBMECTHOMY IPOIIECCY — COXpaHe-
HUIO U Tiepeaade HacieacTBeHHoW nHpopmaruu. Kak 661 To HU OBLITO, U3 pac-
CMOTPEHHBIX TUIIOTE3 UMEHHO MOCIEAHSS MPEACTABISAETCA B HACTOAIIEE Bpe-
Msi HanOoJiee MPaBaONOJ00HO OOBSICHSIONIEH BOSHUKHOBEHUE KU3HU HA 3eM-
Je.
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I'eHHasi MHIKEHEPHUS U MOJIEKYJISIPHO-TEHeTHYEeCKHe
TEXHOJIOTHH

Korma cynaran mnocekutaer kopaOnb B
Eruner, pa3Be oH 3a00TUTbCS O TOM, XO-
POLIO WK Xy10 KOpaOesIbHBIM KpbIicam?

Bonvmep

19.1. KpaTrkas ucTopusi reHeTUKH

YenoBeuecTBO BOT YK€ OKOJIO THICSYH JIET U3MEHSIET BBIPAINBACMBIX
UM DacTeHUs M KUBOTHBIX. MOXHO CKas3aTh, 4TO B EBpome yxke ner crto
OPOAYKTHl NMHUTAHUSI U3TOTABIMBAIOT HU3 KYJBTYpP, MOJYYEHHBIX METOJIOM
orOopa. BeipamuBaemble BHJIbI 371aKOB, KOPHEILJIOI0B, JOMAIIHUX KUBOT-
HBIX U T. JI. MOJXYYaJUCh IMyTeM CKPEIIMBAHUS OTOOPAHHBIX IO YKEJIAHUIO
YEJI0BEKA IK3eMIULIPOB. HblHEHNE 36pHOBBIE HE HAIIOMUHAIOT CBOMX JU-
KHX IIPEIKOB, KOPOBBI UMEIOT MaJIO CXOJICTBA ¢ OyHBOJIAMHU.

B XX B. NOSBWINCH HOBBIE METOHBI CEIEKIUUA — MOJEKYJSIPHO-
TFE€HETUYECKUE. DTU METO/Ibl pa3padOTaHbl TEHETHKOMN (OT rped. genesis —
IIPOUCXO0XK/IEHNE) — HAYKOW O 3aKOHAX HACJIEACTBEHHOCTH M M3MEHYHUBO-
CTH OPraHM3MOB M METOJAX yIpPaBJICHUA UMHU. E€ TOCTMIKEHHs NPUBEIN K
pPa3BUTHIO T€HHOW MHXKEHEPUU U OMOTEXHOJIOTMH. ['€eHHast MHKEHEpUs OT-
JUYAETCSA OT CENEKLIMM TEM, YTO YJIy4YIIaeT XapaKTEPUCTUKHU KUBBIX Opra-
HU3MOB IIyTEM IEPECANKN B HUX UyKOIO T'€HETMYECKOro Marepuaina. Ta-
KUM 00pa3oM, cTUpaeTcs Oapbep MEXAY BUIAMH, T. €. TFOOOMY JKUBOTHOMY
MOXHO IE€PECaTNUTh I'€H APYroro KUBOTHOTO WIIH JaX€ PACTECHHMs, a pacTe-
HUIO — T'€H )KMBOTHOTO.

Od¢uunansHoil gaTol pokaeHus reHetuku cuuraroT 1900 r., korga
X. ne @pus, O. Uepmak—3einnenerr u K. 3. Koppenc HezaBucumo apyr ot
Ipyra BTOPUYHO OTKPBUIA M MOATBEPANIN 3aKOHBI Menaens. OnHako nep-
BbIE MOMBITKM ONHMCAHMS MEXaHU3Ma Mepeaadn HacJleICTBEHHbIX O0JIe3HEN
obutn npeanpussThl emie B XVII — XIX BB. Tak, Hanpumep, Moneptbion
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B 1750 r. onmcan npouecc nepenadn noauaakTuiauu. [lpuuem qoctuxkenus
YYEHOT'0 IPEABOCXUTHIIN PE3YJIbTAThI, Iody4YeHHbIE [. Menaenem.

AHnrnuiickuii ncuxosior u anrponosior @. 'ansToH B 1865 1. peano-
JIOKWJI, YTO CIOCOOHOCTH YENOBEKa 3aBUCAT OT HaciencTBeHHOCTU. OH
IPEASIOKUIT U3YUaTh SBJICHHS, KOTOPbIE MOTYT YJIYUIIUTh HACJIEICTBEHHBIE
KauecTBa (3710pOBbE, YMCTBEHHbIE CIIOCOOHOCTU, OJIAPEHHOCTh U T.1.) Oy-
OyIIUX TOKOJeHUU. B nanbHeiem ero mjaen crnocoOCTBOBAIM Pa3BUTHUIO
€62eHUKYU — HAYKW O HACIEICTBEHHOM 3/I0POBbE YEJOBEKA M IyTAX €ro
yiaydiienus. UM Obuin pa3paboTaHbl T€HEATOTMYECKU M OJIM3HELOBbIN
METObl HCCIIETIOBAHUIN TEHETUKH YEJIOBEKA.

B tom xe 1865 r. MOHax aBrycTuHCKoro opaeHa I'. Menaenb OTKpbI-
BaeT CBOM 3aKOHBI HACJIEICTBEHHOCTH, KOTOPbIE OH BBIBEJ, HAOJOAas 3a
rOPOXOM. Y4YEHBIM CUMTajl, YTO HACJIECIACTBEHHBIM MaTrepuajn IHUCKPETEH,
T. €. NPEACTABIEH OTICIbHBIMUA HACJIEJACTBEHHBIMU 3aJaTKaMHU, OTBEYarO-
IIMMU 32 pa3BUTHE ONPENEIICHHBIX NMPU3HAKOB opranu3Ma. [lo yrBepxne-
HUI0 MeHzens pa3BUTHE OTAEIBHOTO MPU3HAKA 00ecreurnBaeTcs napou a-
JICJIbHBIX 33JIaTKOB, MPUIIEAIINX C MOJOBBIMH KJIETKAMU OT 00OOUX POIUTE-
nent. [Ipu oOpazoBaHUM raMeT B KKyl U3 HUX MOMAAAeT JIUIIb OJUH U3
Naphl AJUIEIBHBIX 33JaTKOB, CAMM 7K€ FaMEThI BCET/1a YUCTHI.

B 1868 r. mBeiinapckuii Bpau ®. Muiiep BeIIEIAET U3 SAAEP JEUKOLU-
TOB, MMOJYYEHHBIX U3 THOSI, BELIECTBO, HA3BAHHOE UM HYyKJIenHOM. [1o3xke, B
1899 r., ObLT BBEEH TEPMUH «HYKJIEHMHOBAsl KUCIOTa» (HBIHELIHAS CyO-
CTaHIUSl HACIEACTBEHHOCTH — JE€30KCUPUOOHYKIEUHOBAs KHUCJIOTa WIIU
JTHK).

B 1888 r. B. Bonpaeiiep ONUCHIBAET MUTO3 U MEHO3 — COOTBETCT-
BEHHO JICJICHHE COMAaTHYECKUX M TOJIOBBIX KJIETOK, B IPOLECCE KOTOPBIX
XPOMOCOMBI 3aKOHOMEPHO PACIPEAEIISIOTCSA MEKY JOUYEPHUMHU KIETKAMM.

B 1902 r. T. boepu u Y. C. CeTTOH NpeaIono)uiid, YTO HACIEICT-
BEHHBIE 3aJaTKH, yKa3aHHble MeHaeneM, HaxoIATcsT B XpOMOCOMax, a
cycrs 7 ner B. MoxanHcen HasBan ux cenamu. B 1910 1. amepukaHcKuii
ouosor T. X. Mopran ompenenser pacrojoKeHUE Pa3IUYHBIX T'€HOB B
XpOMOCOMAaX MYXHU Jp030(puibl. 3aKOHbBI CLEIJIEHHOTO HACIEICTBEHHOTO
Marepuasa, yCTaHOBJIEHHbIE MOpraHoM ¢ COTpyJIHHUKaMH, COCTABIISIOT OC-
HOBBI T€HETUKH.

Heo6xonumo 3ametuth, uto B 1908 1. K. Koppecom Obutn 06Hapyke-
Hbl (PaKThbl, JOKA3bIBAIOLIME HAJUYKME B KIJIETKAX HACIEACTBEHHOIO MaTe-
purana, pacnoJIararoiierocs He B XpOMOCOMaX, a B Pa3IMYHbIX HATOIIAa3Ma-
TAYECKUX CTPYKTYpaxX M OINPEAECISAIOIIEr0 HUTOIIa3MaTUYECKYIO Haclel-
CTBEHHOCTb.

[IpumepHo B TO k€ BpeMs X. ge Opu3oM ObUIM 3a70KEHBI OCHOBBI O
MYyTallMOHHOM U3MEHYMBOCTHU, KOTOPAs CBS3aHA C U3MEHECHUSIMU B HACJE/-
CTBEHHBIX 3aJ]aTKax WUJIU XPOMOCOMax, YTO MPUBOAUT K U3MEHEHHIO IpH-
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3HaKoB opranusma. [1o3xe ObUIO BBISIBIEHO MyTareHHOE JEHCTBUE Ha XPo-
MOCOMBI U T€HbI PAJUALMOHHOIO U3Jy4YEHUS, ONPEACICHHBIX XUMUYECKUX
BELIECTB U OMOJOTUYECKUX areHTOB.

B pesynbTaTte nccnenoBaHuil ObLIO yCTaHOBIJIEHO, YTO HACIJIE€JCTBEH-
HOCTbh U U3MEHYHMBOCTb OOYCIIOBJIEHBI ICCTBUEM OJHOW U TOMU K€ MaTepu-
aJIbHOM CyOCTaHLIMU, a MPOSIBJIEHUE TOTO UJIM MHOTO MPU3HAKA 3aBUCHUT OT
XapakTepa B3auMOJCHCTBUS I'€HOB.

B nepsoii nonosuHe XX B. pemaics BOIPOC O XMMUYECKOM COCTaBE
HACJIEICTBEHHOW CyOCTaHUMU. AHAIM3 XMMHYECKOIO0 COCTaBa XPOMOCOM
MOKa3aJl, YTO OHU COCTOSIT B OCHOBHOM U3 OEJIKOB U HYKJIEMHOBBIX KUCIIOT.
B 1928 r. ®. I'puddut noctaBui onbIT Ha MHEBMOKOKKAX, B KOTOPOM MpO-
ucxoauia TpaHcopMalysi HEKOTOPbIX HACIEACTBEHHBIX MPU3HAKOB OJIHO-
ro 0akTepHabHOTO IITaMMa o AedctBueM apyroro. M tonsko B 1944 r.
O. DiiBepu, ucnosb3ys pe3yJbrarhl onbiTa ['puddura, noxasan npuHani-
JIEKHOCTh HACJIEACTBEHHOTO MaTepuaia K HyKJIEMHOBBIM KHACIIOTaM.

[lepBble pe3ynbTaThl MO KIOHUPOBAHUIO YKUBBIX OPraHU3MOB OTHO-
carca k 1938 r., xorga I'. lllmemaHHy ynaercss MOJy4YUTb HIAECHTUYHBIX
onusnenoB canamanap. B 1943 r. H. E. bopnady ¢ nomonisio MeTo10B re-
HETUKHU YAAETCS 3a HECKOJBKO JIET MOJHATH YPOXKAWHOCThH IMILIECHHIIBI C
750 xr no 2,7 ToHH c rekrapa. B nepuon ¢ 1945 no 1950 rr. B naboparopu-
X BBIPAIIMBAIOT NIEPBBIE KJIETOYHBIE KYJIbTYPbI )KUBOTHBIX.

MounekymnsipHasi OMOJIOTHSI KaK CaMOCTOsITENbHAsT HayKa c(hOpMHUpPOBa-
jack k 1953 1., xorga amepukanckuii 6uodusuk /. YOTCOH U aHIIHi-
ckuii 6nodu3uk u renetuk . Kpuk OTKpbhUIM IBOWHYIO COUPATIb CTPYKTY-
pei IHK. D10 cramo Bo3MOXHBIM Onaromapss Tomy, uro B 1951 r.
P. ®panknun caenan yerkue peHtreHorpapuueckue cuumku JJHK. B ato
7K€ BpEMsI BBIPAILIUBAIOT IEPBBIE KIIETOUYHBIE KYJIbTYPbI YEIOBEKA.

Bo Bropoy mosioBuHe XX CTOJETHS HCCIEIOBAHUs HAIIPABJICHBI HA
U3YYEHUE CBOMCTB HYKJIEMHOBBIX KHCJIOT, UX TE€HETUYECKUX (PYHKIUH,
Croco0OB 3allMCU U CUUTHIBAHUS HACIEACTBEHHOW MH(OpMALUU, CTPYKTY-
pPbl TEHETUYECKOT0 KOJAa, MEXaHU3MOB PETYJIMPOBAHUS AKTUBHOCTU T'€HOB
npy GOPMUPOBAHUU OTIIETBHBIX IPU3HAKOB U (PEHOTHIIA B LIEJIOM.

B 60-x rr. XX B. crapanusimu M. Hupenbepra, C. Ouoa, X. Kopansl u
JOpyrux ObUI MOJHOCTHIO PAaCHIM(PPOBAH F€HETUUYECKUN KO, YCTAHOBIIEHO
COOTBETCTBHE TPUILIETOB HYKJIEOTHIOB B MOJIEKYJIAX HYKJIIEMHOBBIX KUCJIOT
OTpeIeNICHHBIM aMUHOKHCIOTaM. Poccutickuit 6uoxumuk I'. I1. 'eoprues B
1961 r. oTKpBLIT B Apax KJIETOK KUBOTHBIX siiepHyto PHK, u3 kotopoii 06-
pasyercst matpuuyHas PHK. B 1967 r. qpyromy poccuiickomy OHMOXUMUKY
A. A. baeBy ynanock pacmidpoBaTh MOCae0BaTEILHOCTh HYKJICOTHIOB B
tpancnoptHoit PHK.

B 70-x rr. XX B. cTajqivu aKTUBHO pa3paldaThIBaThCS METOJbI T'€HHOMN
unxeHepun. B 1973 r. Obuta npoBenena nepsas tpanciuianTanus JJHK ox-
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HOT'0 KHMBOTHOTO Jpyromy. 9T1o yaanock caenarb C. Kosny u O. Hanr u3
Ctaudopackoro ynuepcuteta: yuenole coenunmim JIHK Bupyca u 6akre-
puun. BnocneacTBum MeTolaMy T€HHOM MHXKEHEpUU ObLIM CKOHCTPYHPOBa-
HbI UCKYCCTBEHHbIE€ F€Hbl UHCYJIMHA, COMAaTOTPONIMHA U UHTEp(EepoHa.

B 1984 r. C. Yunnaacen u3z KeMOpumaKkcKoro yHuBepcurera B AHIIIUU
KJIIOHUPYET OBEI] U3 MEPBUYHBIX IMOPUOHAIBHBIX KJeToK. B 1986 r. rpynna
aMEpPHUKAHCKHUX YUYEHBIX U3 BUCKOHCHMHCKOrO YHUBEPCUTETA KIOHUPYET KO-
POBY M3 MEPBUYHBIX 3apOABILIEBBIX KJIETOK. SI. BUIMYT KIOHUpYET HJIeH-
TUYHBIX OBEL] U3 3apOAbIIIEBbIX KJIETOK Ha 9 JIEeHb UX Pa3BUTHA.

K xonnmy XX cronerusi, Onarogapss HOBBIM  MOJICKYJISIPHO-
FEHETUYECKUM TEXHOJIOTHUSAM, CTAJIO BO3MOYKHBIM ONPENEIINUTH IOCIEA0BA-
TEJIBHOCTh HyKJIeoTHI0B B Mojekyie [JHK renomoB paznnuHbIX opraHus-
MoB. B 1990 r. naunnaetcst ocymectienne Human Genome Project ¢ 11e-
Jb10 paciiu@poBKU reHoma uenoBeka. CormacHo stomy npoekty JIHK-
TEKCTBI TEHOMA JIFOAEH, KOTOPBIE MPEICTABIICHBI B KOJIMYECTBE 3 MIIPJ Hap
HYKJIEOTUI0B, OyayT npountanbl kK 2003—2005 rr.

B utonie 1996 r. 4. Bunmyt u K. KamnOenn kinonupytot oBity [osu,
0 yeM coobmraercst B geBpasie 1997 r. B cnenyromeM roay J1Be rpyIiibl
YUEHBIX YCIIEIIHO BBIPAIMBAIOT CTBOJIOBBIE KJIETKU. B TOM ke rony yaaer-
Csl MOJIHOCTBIO paciin(poBaTh reHOM KUBOro cymiectBa — uepBs C. ele-
gans.

B 1999 r. renetuk K. Bentep oduinanbHo npucrymnaer kK pabore mno
PACKpBITHIO MEXaHU3Ma YEJIOBEYECKOW HACIIECICTBEHHOCTH, a4 BCETO JIMIIb
JEBATH MECALEB CIYCTS YUYEHBI, IO COBMECTUTENBCTBY MPE3UJIEHT YacT-
HOM aMEpUKaHCKOW KoMITaHuu «l{enepa reHOMUKC», MPEACTABISET PE3yJib-
TaThl CBOMX UCCIIEOBAHUN.

19.2. I'enHass HHKeHepHS U ee TOCTUKECHUS

['enHast MHXKEHEPUS — 3TO METOJ OMOTEXHOJIOTHH, 3aKITFOYAIOIIHICS
B UCKYCCTBEHHOM M3MEHEHUU I'€HOTUIIOB XKHUBBIX OpraHu3mMoB. OHa M03BO-
JSET TPENloJIeBaTh MEXKBHUIOBBIE Oapbhepbl U MEPEHOCUTHh T€HETHYECKYIO
uH(bOpMAIMIO U3 OJHOTO OpraHu3Ma B JApyroi. Kak u3BecTHoO, B MOCieno-
BarenbHOCTH HyKineotunoB JIHK 3anucana nadopmainus 00 aMHHOKHUCIIOT-
HOM CTPYKType BCEeX OENIKOB JKMBOTO Opranmu3Mma. M3meHeHue 3Toi mocle-
JIOBATEJNILHOCTH, UCKIIFOYEHHE OJHUX M BKIOYEHUE JAPYTUX HYKICOTHUIOB
MPUBOJNUT K CHHTE3Y B KJIETKaX HOBBIX OCIKOB U IMOSBICHUIO y OpraHu3Ma
HOBBIX CBOMCTB. CyIIHOCTh T€HHOW WHXKEHEPHUH, TAKUM 00pa3oM, COCTOUT
B TOM, YTO B I'€HOTHII OPraHU3Ma BCTPAUBAIOTCS WIM UCKIFOYAKOTCS U3 HE-
IO OTJEJIbHBIE T€HbI WU IPYNIbI TEHOB.
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Ha cnoBax Bce BBIMIISIANAT IPOCTO, @ JJIs NPAKTHYECKON peanu3anuu
3TOM HMAeH MOTPeOOBAIOCH CO3[aTh OYEHb CIOXHBIM MHCTPYMEHTapUil U
pa3paboTarh CrielMabHbIE TEXHOJIOTMUYECKHE METO/Ibl, OCHOBAHHBIE HA MO-
CHEAHUX NOCTHKEHUAX MOJIEKYJSIPHOM T€HETUKH. DTH METOJBI B HACTOS-
1iee BpeMsl BKJIIOYAIOT B ¢€0sl CIEeIYIOLIUE ITAMbL:

- pecmpuxyus — paspe3anue JJHK, nHanpumep udenoBeka, Ha (par-
MEHTBI C MOMOIIbI0 COOTBETCTBYIOIIUX ()EPMEHTOB;

- Jueuposanue — BKIIOUEHUE (parMeHTa C HY>KHbIM I'€HOM B ILIa3-
MUJIbI — KouiblieBbIe MoJIeKyJbl JIHK, cocrosine n3 HECKONBKHUX ThICSY
nap HyKJIEOT/AOB;

- mpancgopmayus — BBEJEHUE PEKOMOUHAHTHBIX (COACpPIKAIIUX UYy-
YKEPOJHBIN reH) TUIa3Mu B KJIETKU OaKTepuil U X pa3MHOKEHUE;

- CKpuHuHe — OTOOp CpeaH KOJOHHMM TpaHC(HOPMHUPOBAHHBIX OaKTe-
pHU TEX, KOTOPBIE CONEPIKAT HYKHBIN I'EH.

C moMouIpl0 3TUX HOBBIX OAKTEPUl MOMXKHO MPUTOTOBUTH HY>KHBIN
0eJIoK, 3aKOJUPOBAHHBINA BBEJIEHHEM B HUX TeHoM. Hanpumep, BBens B re-
HOTHUN OaKTepUU KHILEYHOW MaJIOUYKU T'€H W3 FeHOTHIA YeJI0BEeKa, KOHTPO-
JMPYEMBI CHUHTE3 MHCYJIMHA, YYEHBIM YJAJOCh MCKYCCTBEHHO IOJYYUTH
YeJIOBEYECKUW MHCYJIMH MPU MOCPECTBE OAKTEpU KUIIEYHON MaJOUKH.

TpynHee, HO BO3MOYKHO, BBECTH B HY>KHbIE T'€HbI HENIOCPEICTBEHHO B
3apoablll opranu3ma. [lomydeHHble TakuM 00pa3oM pacTEHUs U JKUBOTHBIE
Ha3BIBAIOTCS 2eHemuyecku mMoouguyuposannvivu. I'eHeTH4ecku Moaudu-
LUPOBaHHbIE pacTeHUsl 00JaJat0T MHOTMMHU MPEUMYILECTBAMU MO CpaBHE-
HUIO CO CBOMMH «HATypaJIbHBIMU» COOpPAThIMU: CITIOCOOHOCTBIO COMPOTHUB-
JSAThCS OOJE3HAM W BPEAMTENSM, MPOTUBOCTOSITh HU3KUM TEMIIEpaTypam,
MOBBIIIEHHON BJIQXXHOCTH, 3aCyXaM M JIPYTUM HEOIAronpUsiTHbIM MPUPOI-
HbIM ycnoBusiM. OHM 00y1anaroT OOJBIION ypokaiiHOCThIO. JlocTuraercs
ATO MyTEM BHEAPEHUS B I€HOTHUII PACTEHUS I'€HOB JAPYIUX PACTEHUM, JKH-
BOTHBIX U Jlaxe 4YeyioBeka. Tak, B MOAM(MUUMPOBAHHYIO KYKYpy3y ObLIU
BKJIFOUEHBI T€HBbI PBIObI, a B KapTodenb — ckopnuoHa. Takoil kaprodens,
BBIBEJICHHBIN aMEepUKaHCKOM KoMIaHuen «MOHCaHTO», HE OOUTCS MepeyB-
JIAYKHEHUs TOYBBI M 3aCYyXH, JA€T BBICOKME ypOXKau U, CaMO€ TJIABHOE, €T
HE MOEAAET KOJIOPaACKUN *KyK. TomaTbl, KOTOPbIM NMPUBHUTHI F€HBI TIy0O-
KOBOJHBIX aKyJl, MOTYT XpaHUTbCS MpPU KOMHATHOW Temmeparype Oojee
noJiyroja u He noptutbes. B M3paune gaxe BbIBEJEHBI TOMAThl KyOuye-
ckoil (opmbl. X sKOHOMHYHEE YKIIaJbIBaTh B ALIMKH U TPaHCIOPTHPO-
BaTh.

VYyensie u3 Pocnunckoro nncruryta B lllotnanauu, rae Obuia Boep-
BbIE CO3J/laHa KJIOHMPOBaHHAas oBevka J{oyin, 0ObsIBUIN O HAMEPEHUH CO3-
JaTh TEHETHYeCKH MoAuuUUpoBaHHYIO Kypully. Eil yxe mnpuaymanu
uMsi — bputHu. Ilo 3ambicily yuyeHbIX, OHa OyJeT HEeCTU sila, coaep a-
LI1E IPOTEUHBI, IOPAKAIOIIHNE PAKOBBIE KIIETKH. AMEPUKAHCKHUE YUEHBIE U3
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KoMnaHuu «Ji-O¢ MPOTEenH» BHIBEINU T'€HETHYECKH MOIU(MUIIMPOBAHHBIX
nococen. Ilo pasmepaM OHM IIPEBOCXOIAT CBOUX «JIAUKHUX)» POIACTBEHHUKOB
B HECKOJIBKO pa3, BeC HabuparoT B 4—6 pa3 ObicTpee, 0ojiee YyCTOWYUBHI K
00JIe3HSIM U OBICTPEE Pa3MHOKAIOTCS.

19.3. IIpo6aembl, CBA3aHHBIE ¢ TEHHOW MHKEHepueil

[Ipu3HaBass OYEBHUAHBIEC IOJOKUTENBHBIE KaUYe€CTBA T€HETUYECKA MO-
TUQPUIMPOBAHHBIX MPOAYKTOB, MHOTHE Y4YEHbIE HE CIelaT MpPU3HABATh
osarom (popcupoBaHHE WX MPOU3BOJCTBA, IPEAYIPEXKIAs, YTO UX pacHpo-
CTPaHEHHE MOKET UMETh HEKEJIATEIIbHbBIC MOCIEICTBUS IS YEJIOBEYECTBA.
AHITIUHACKUE Ta3eThl YK€ OKPECTUIM TaKue MPOAYKThl «efao dpaHKeH-
LITEHA», T. €. IOPOKIAECHUEM T'€HHSI, CIIOCOOHBIM 0OpEYB €ro ke caMoro Ha
ruoelb.

Yro xe HacTopaxuBaeT ydyeHblXx? Creunanuctsl «['puHmmc» ycraHo-
BUJIM, YTO OT MbUIbLIBI T€HETHYECKH HM3MEHEHHON KyKypy3bl TMOHYT HeE
TOJIBKO HACEKOMbIE — BPEIUTENIH, HO U O€3BpeHbIC I Hee 0a00UKU —
naHanpl. OHM K€ BBIICHWIIM, YTO €CJM NHUTATHCSA B TEYEHUE HECKOJIBKUX
MecsleB KaprodeneM KoMnaHuu «MOHCAaHTO», TO KEITyJOK HAaUMHAET BbI-
pabaTheiBaTh (PEpPMEHTHI, HEUTpaANIU3YIOIIKUE JieueOHOEe JEHCTBUE aHTUOMO-
THKOB TPyIIbl KaHaMHLMHA. AMEpUKaHCKHe uccnenosarenu u3 [lapayn-
ckoro yHuBepcutera (mrat Muauana) Y. Mroup u P. Xoyapn ycranosuiuy,
YTO CaMKH TE€HETHUYECKH T€HETHYECKH MOAM(PUUUPOBAHHBIX JIOCOCEH-
TUTAHTOB IPUBJIEKAIOT B YEThIpE pa3a OOJbIIE CAMIIOB, YEM HMX «ECTECT-
BEHHBIE CECTpBI». B pe3ynpTare ¢ TaKOW K€ CKOPOCTBIO — B YETBEPO
0O0JbIIEH — PacHpOCTPAHSIOTCS B MOIMYJISILIUKU JIOCOCEH U UX U3MEHEHHBIE
reHsl. Ho HOBbIE MPU3HAKU €11I€ HE MPOLUIH CTAIUI0 €CTECTBEHHOI0 0TOOpa
Y ITIO3TOMY OKa3bIBAIOTCS HETOCTATOYHO CTOUKHMHM.

EcTb eme oaHO, BRI3BIBAIOLIEE ONACEHUE, 00CTOATENLCTBO. ['eHeThue-
CKM M3MEHEHHBIE CEIbCKOXO3SIMCTBEHHBIE KYJBTYPhl MOTYT CKPEIIMBATHCSA
CO CBOMMH JUMKUMHU POJCTBEHHHKAMH M IOPOXKAATh «CynepcopHsaku». Ha-
IpUMEp, C POJCTBEHHUKOM OBCa — OBCIOTOM — U Ce€lvac TPyJIHO OOpOTh-
cs. Yto xe OyAeT, eciiu CO3JaHHbIi C MOMOIIbIO TEHHOW HHKEHEPUU 0CO00
KU3HECTOMKHMM OBEC BHEIPUT B HETO CBOU I'€HBI?

VY4eHble HE MOTYT NOKa C YBEPEHHOCTBbIO OTBETUTH Ha BOINpPOC, 0€3-
BpPEAHBI JIN F'€HETUYECKH MOJIU(PHUIIMPOBAHHBIE MPOAYKTHI JUJISl YEIOBEKA.
Ha BbIsiIcHEHHE 3TOro BoINpoca MOTPeOyeTcs BpEMs, pPaBHOE IMPOJIOJIKHU-
TEIBHOCTH KU3HHU XOTs Obl 2—3 mokosieHuid monei. Tem Bpemenem (up-
MBI-IIPOM3BOJUTENN T€HETUYECKH MOAM(PUUIMPOBAHHBIX PACTEHHH U KU-
BOTHBIX B NIOTOHE 32 NPHOBUIBIO PA3BEPHYJIM IMIMPOKOMACHITAOHYIO pEKJIa-
My B cpeacTBax maccoBoil nHpopmanuu. Tospko B CHIA ronoBoil 00bem
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phIHKA MUINEBON OMOTEXHOJOTHUU OlleHuBaeTcs B 50 MuuiMapaoB AoJiia-
poB. PacnpocTpaHeHne reHeTUYeCKH MOIU(DUITMPOBAHHBIX MTPOIYKTOB MH-
TaHUs B CTPaHax TPETHErO0 MHUPA CTAJIO OJHOM M3 KIOYEBBIX MMO3ULUN
BHemHer noymTuku CIIA. Benp Oonee cToMKkue M SKOHOMUYECKH BBITO/I-
HbI€ TEHETUYECKH U3MEHEHHBIE COPTA BBITECHSIOT TPAAULIMOHHBIE €CTECT-
BEHHBIEC KYJBTYPhl U3 000pOTa U CTABAT MUPOBOM CEIbCKOXO3SIMCTBEHHBIN
PBIHOK B 3aBUCUMOCTb OT aMEpPUKaHCKUX KoMnaHui. [loatomy oHuM HE ka-
JICKOT CPEACTB Ha NMHUAP-aKUUU U MOJKYII IMOJUTUYECKUX NEATENEN, OCYIE-
CTBIIAIONIUX JIOOOMpPOBaHUE WX TPOIYKIIMU HA CAMOM BBICOKOM YPOBHE.

Urto kacaeTcsi MpOCThIX MOTPEeOUTENEH, TO KAk bl YEIOBEK, MOKYyIas
TOT WIX WHOM MPOAYKT, BIIPABE 3HATh, COACPKHUT JIM OH MOCTOPOHHUE Te-
Hbl. [IpousBoauTenn o0s3aHbl yKa3blBaTh 3TO HA YINAKOBKE, & MbI JIOJKHBI
UMETh MPABO BHIOOpA: MOKYIATh U YIOTPEOJSITh TaKyl0 MPOIYKIIUIO B K-
11y WJIA HET.
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20

K.]IOHI/IpOBaHI/Ie: INTIOCbI 1 MUHYChBI

OrpoMHBII TMOTEHLMANT KIOHUPOBAHUS
JUTS 9eJIOBEKa, B YACTHOCTH ISl 0Oer-
YCHUSI y4acTH OOJIbHBIX, TIEPEBECHIT ITH-
YEeCKHE MPOOIJIEMBI.

JI. Jlonanvocon

20.1. TexHuKa KJIOHUPOBAHUA

KnonupoBanue, kak METO] MOJy4YeHHUS MOTOMCTBa C HAaOOpPOM T'€HOB,
UJIEHTUYHBIM POJIUTEIHLCKOMY, 0€3 MOJIOBOTO PAa3MHOKEHHUS WJTH C €r0 HETOJI-
HBIM y4YacTHEM, U3BECTHO B Hayke AaBHO. OHO MMEET MECTO y pacTeHHi, y
MPOCTEUIINX U U3PEAKA BCTPEUYAETCA Y HEKOTOPBIX )KUBOTHBIX. JTaAIl HCKYCCT-
BEHHOT'O KJIOHMPOBaHMs Hadasicsa ¢ KoHIa XIX B., Korja HEeMeUKui aMOpHo-
jor I'. JIpum mosiydusn KIIOHBI MOPCKOTO €Xa M3 pa3pe3aHHOro Ha YacTU dM-
Opuona. Benen 3a atuMm, Takxke B ['epmanuu, I'. lllmeman momy4yusn romo3u-
TOTHBIX OJIM3HELIOB TPUTOHA TMEPETSIKKOW OIIIOAOTBOPEHHOM SMIIEKIETKUA B
obnactu sigpa. ITa METOAMKA TOJIYYEHUSI UCKYCCTBEHHBIM IyTEM, T10 CYTH JIe-
J1a, OTHOSIUIIEBBIX OJM3HEIIOB JIOCTHUTIIa CBOETO COBEPIICHCTBA B KOHIE XX B.:
B 70-x rr. B CCCP H. Kienko mytem pasaeiieHus 3apOojbIleld MOoJy4yusia
OnMM3HEIoB Kposrka, a B 80-x rr. anrauiickuii omonor C. YwinaaceH pasfe-
JIWT HA YETBEPTUHKU 8-KJIETOYHBIC SMOPHUOHBI KOPOBHI, TIEPECANI UX B HEOTI-
JIOAOTBOPEHHBIEC SIMIIEKJIETKA CBUHBU, 3aT€M BBEJI B SMUIIEBOJ OBIIbI, a J0pa-
IIMBaJ YMOPHUOHBI, UMITJIAHTUPYS X B MAaTKy KOPOBHI. Tak ObUIM MCKYCCTBEH-
HO MOJy4Y€HbI OJIU3HEIBI KPYITHOT'O POTaToro CKOTa.

Haubonee sddekTuBHBIM CcIOCOOOM KJIOHUPOBAHUS MIICKOIUTAIOITUX
ABJISIETCA APYTOM METOJ — MEPECATKH SEp U3 COMATUUYECKHX KIIETOK B Jie-
HYKJICUPOBAHHBIC SUILIEKIECTKHA. ETOo mepBbIM NMPpUMEHMT XaMMEPJIUHT B OIIbI-
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Tax C MOPCKOM BOAOpOCIbIO Acetabularia, umeromieid aBa OJIU3KOPOJICTBEH-
HBIX BHJA, OTIHYaromuxcs Gopmoil musnku. OH OTAENAN sSAepHbIE YacTH Y
o0erx BOAOPOCIEH U MEHSUI UX MECTaMH, MepecakuBasi B BOJAOPOCIb IPYroi
dbopmbl. B xoxe neneHusi, eCTECTBEHHO, MOMYyYalUCh JOYEPHUE BOJOPOCITH
TOM (OPMBI, OT KOTOPOH OBLIO B3ATO s7Ap0. B 1952 1. momo06HbBIC ONBITHI OBLITH
npojaenansl P. bpurrcom u T. Kunrom Ha jsrymkax, a B 1967 r. anriuiickue
ouonoru noa pykooActBoM b. I'epioHa B3siu KJIE€TOYHBIE A/Ipa U3 KULICYHU-
Ka MOJIOJBIX TI'OJIOBACTHUKOB IIMOPLEBON JIATYIIKHM M BBIPACTUIIM KJIOHBI JIsI-
rymkd. B 1995 r. B lllotnanauu 11 BunamyT BeiHYN 1Ba siapa u3 3MOpHOHA
OBI[bl, BCTABWJI B JCHYKJICHUPOBAHHbBIC SULIEKIETKH, B3AThIE OT APYIHX OBEIl,
MMILJIAHTUPOBAJ UX B MAaTKU JIBYX Pa3HbIX CAMOK U MOJIYYWJ JBA T€HETUYECKU
UJICHTUYHBIX sirHeHKa. Hakonen, B 1996—97 rr. S. BunMyT ¢ cotpyanukamu
BBIPACTUJIM IIUPOKO Pa3peKIaMUPOBAHHYIO IPECCOU OBEUKY Jlommm.

Cratbs S. BamyTta u ero 4 koser, omyOJMKOBaHHAs B (PeBpPaIbCKOM
Homepe «Nature» 3a 1997 r. HazpBaach «Ku3HECOCOOHBIE TTOTOMKH, TOTY-
YeHHbIE U3 (DeTaTbHBIX U B3POCIBIX KIETOK MICKOMUTAIOMINXY. Y YeHbIE B3sUIN
JIOHOPCKHE KIJIETKM U3 DMUTEIUS MOJIOYHOM JKeJIe3bl CYKOTHOW IIECTUIIETHEU
oBITeI MOpo a6l Finn Dorset. Ix BeIpammBanm B «0€IHOW» MTUTATEIHHOM Cpe/ie,
colepxame B S5 pa3 MEHbIIME KOHIIEHTPAllMM BCEX KOMIIOHEHTOB, YE€M
0OBbIYHO. B 3THX HEOMAroNpUATHBIX YCIOBUSIX KIETOYHBIE SApa MEPEXOAUIIN B
HEAKTHUBHOE COCTOSIHHE. 3aTeM OpalluCh JECATKH HEOIUIOJOTBOPEHHBIX SHIIE-
KJIETOK (TIOJTy4eHHBIX METOJIOM CyIepoByaluu) oBiibl mopoasl Scotish Black-
face, U3 KOTOPBIX C MOMOIIBI0O MHUKPOMAHHUITYJIATOPA YOAJISJIU MPOHYKIEYC.
Sitnexnerky 0e3 siipa ¥ AMUTETHATBHYIO «TOJOAHYI0» KIETKY IMpHUCachIBaIN K
KOHIly MUKPOIIMIIETKH ¥ MPOIYCKaJIM 3JeKTpuueckue paspsaasl. [lepBoliii pasz-
PSI IPUMEHSIICA AJI CIUSHUS KIETOK, BTOPOU — /I CTUMYJISALIMM MEXaHU3-
Ma JipoOsnenus. [loaroroBneHHble TakKUM 00pa3oM SIMIEKIETKH UMILIAaHTUPO-
BaJIUCh B MaTKHU oBell. Takoe rpyboe BMeNaTeIbCTBO B IPUPOIHBIN MpoIiecc
OEpEeMEeHHOCTH, Yallle BCErO OKa3bIBATUCH HEYJAUHBIMU: «OBeuka J{ommm» mo-
JTy4uIiach Jinib ¢ 250 pasa.

Ha cBOli MeTOJ KJIIOHUPOBAHUS C HUCIOIb30BAHUEM JJIEKTPOCTUMYIISILIUN
aBTOPBI MTOMYYHIIA TaTeHT. Ho BOT 4TO cTpaHHO... B 0TeuecTBEHHOM KypHaje
«buoduszuka» 3a 1987 (T. XXXII, Bbin. 5) ObU1a onmyOauKoBaHa MOApOOHas,
Ha 13 crpanunax, crares JI. M. Halinoxsna, b. H. Benpunnesa, T. A. CBupu-
noBor 1 B. A. HukutrnHa «DIJIEKTPOCTUMYJIUPOBAHUE CIUSHHS KIETOK B KIle-
TOYHOU WMHXKEHEpUn». B gaHHOM paboTe HAIIM y4YeHBIE OMHUCAIA PEKOHCTPYK-
A0 3UTOT MBIIIN U UCKYCCTBEHHOE MOJYy4YeHUE NOTOMCTBA IPAKTHYECKHA TEM
*e MeTo1oM. KIToHMpOBaHHYIO MBIIIKY — allbOMHOCA, MOTy4YeHHyo Ha 10 et
panbie Jlonnu, uccneaoBaTend HazBaiu Maikoil. CHavyana aBTOpbI MOCanu
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CBOIO CTaThIO B..., HE IOBEPUTE: KOHEUYHO ke, B «Nature». Ho Tam ee octaBuim
6e3 BHuMaHus. OQuH U3 aBTOPOB, wieH-KoppecnonaeHT PAH, nupexkrop UH-
CTUTYTa TEOPETUUYECKON U dKcnepuMeHTabHOU onodusuku PAH JleBon Mu-
xaunoBuy YalloXsiH, IpaB/ia, MbITAJICA MTOCTaBUTh BOIIPOC O HAILIEM IPUOPH-
TeTEe, HO O€3yCHENTHO.

20.2. [IpakTHYecKast M0J1b3a OT KJIOHMPOBAHUS

TexHnueckas cTopoHa MpoOIeMbl KIOHUPOBAHUS BBICIINX )KUBOTHBIX, HE
HCKJIIOYasl YEJIOBEKA, B HACTOSALIEE BPEMsI MOKET CUATAThCs pelleHHon. Ocra-
eTcsi oTpaboTarh aeranu. Yero xe HaM OKUJIaTh OT 3TUX UCCIETOBAHUIL?

VYoke ynoMsHyTbld Hamu . BUiIMyT cuMTaer, 4To KJIOHMPOBAHUE NACT
HaJEKIy ThicayaM OOJIbHBIX C paHee HeusJeuuMbIMU 3aboneBaHusMu. Ha ce-
TONHAIIHUN JEHb IPEXKICBPEMEHHO I'OBOPUTH O IOJHOM KIOHUPOBAHWUM Ye-
JOBeKa, TeM OoJjiee UTO MOMBITKHA KIOHUPOBaHUSA 00€3bsH, MO KpaiiHeil mepe
10 2000 r., octaBanucek 6e3ycrneniHbiMi. Ho mepcrnekTuBHBIM MOKHO CUUTATh
KJIIOHUPOBAHUE CMBOJI06bIX KIemOK dYMOPUOHOB — IPEIUIECTBEHHUKOB KIle-
TOK B3pOCJIOTO Y€JIOBEKa. JTH, €Ile HE ONPEACIUBIINECS B CBOUX (PYHKIMX,
KJIETKA MOTYT 3aMEHMTh IOTMOIIME TKAaHW OpPraHu3Ma, KOTOPbIE CaMOCTOS-
TEJIbHO BOCCTAHOBUTHCS HE MOTYT. DTO OMOXET IpH JiedeHuH Oose3Hu [lap-
KMHCOHA, CaXapHOro auadera, MOBPEXKICHNUN TIeUeHH, nodyek u aprpute. Ceii-
qac JJIs 3TUX LieJiell ucnoib3ytoT MaTepuan aboptoB. Hamo mu roBoputh, 4To
IpUMEHEHHE SMOPUOHAIBHBIX KJIETOK, OJTYYEHHBIX OT COOCTBEHHBIX KJIOHOB,
HE JOCTUTIIHNX 9-HENEIbHOr0 BO3pacTa, MPEACTaBIsAETCA 0ojiee pa3yMHBIM B
HPaBCTBEHHOM U MEIULMHCKOM OTHOILIEHUAX. Y CIEXH, JOCTUTHYTBIE B DKC-
IIEPUMEHTAaX I10 BBIPALMBAHUIO U3 CTBOJIOBBIX KJIETOK OTHEJBHBIX TKAHEU U
OpraHOB JKMBOTHBIX, IIOKAa3bIBAIOT, YTO JAHHOE HANpaBlIcHHE BepHoe. B Smo-
HUU y>K€ BBIPAIIMBAIOT TaKUM O0pa3oM ria3a u ymu Jarymku. IlepecaxeHn-
HBIE B3POCJIBIM JIATYIIKAM BMECTO POJHBIX, OHU IIPEKPACHO NMPWKWINCH, U ITU
JSATYIIKH OJIArOTMOTYYHO KWK OOJIbIIE MecsIIa.

[Tponomxkatorcst pabOThI U MO KIOHUPOBAHUIO JKUBOTHBIX. 3A€Ch JIUAM-
pytot Benukobputanus u fnonus. SInoHckue ydeHble, B 4aCTHOCTH, OOBSBU-
JUM O HAMEPEHUHU IMOJYyYUTh KJIOH MaMOHTa. C 3TOM LIEIbI0 OHU BBIE3XKAIU B
SIKyTHIO B IOMCKAX >KMBBIX KIJIETOK W3 COXPAHUBIIUXCS B YCIOBUSAX BEYHOU
MEpP3JI0THI TYIIIl MAMOHTOB. B KauecTBe CyppOraTHON MaTepH MPEAoIaracTcs
MCITIOJIB30BaTh CaMOK MHIMKMCKOTO cioHA. [IlaHChl Ha ycniex 31eCh HEBEIUKU: B
DKCHEPUMEHTAX 110 KJIOHUPOBAHUIO MIICKOIMUTAIOIIUX PE3yJIbTATUBHBIMU SIB-

34



nstorest uiib 0,3%. bepeMeHHOCTD ke y cloHuX JumTtes 9 MecsneB. Tak 4To
MOHAIOOUTCS 1IeJI0e CTAJ0 CIOHOB U JIET JAECITh OKUIAHUS MaJICHBKOTO uy/1a
— pOXJIEHHS] MAMOHTEHKA.

ABcTpanuiickie OMoJIOTM HaMepeHbI KIIOHUPOBaTh BeiMepIiero ooiee 60
JIeT Ha3zaja TacMaHuickoro Turpa. Hamexxay B 9TO mpeanpusTHE BCeseT Ha-
xoaka uenoit mosiekynsl JIHK B 3acnuproBanHom B 1896 1. Tene TurpeHka,
Kak 3asBWI pykoBoautenb npoekta J1. Konran uz Cugnes.

SINOHCKME T€HETUKH YK€ BBIPAaCTWIIM KJIOH KioHA. Corpyanuku MHCTH-
TyTa IJIEMEHHOTO KMBOTHOBOJCTBA MPOBUHIIMM Karocmma BOCIOIB30BAIMCH
XpOMOCOMAaMH 3MUTEIUANBHBIX KIETOK KJIOHUPOBAHHOTO OBIYKA, B3SITHIMU Ye-
pe3 3,5 Hexenu mocie ero pokaeHus. B3ATele U3 HUX sapa BBEIU B KOPOBBU
AULIEKIETKH, JTUIIEHHbIE COOCTBEHHBIX siiep. Korna oninogoTBOpeHHbIE TAKUM
00pa3oM SIMIIEKJIETKA COBEPIIATN HECKOJIBKO JIEJICHUHN, UX UMIIAaHTUPOBAJIU B
MaTKy CypporatHoii Marepu. B urore poawmicst 370pOBbIi TEIEHOK. JTH IKC-
MEPUMEHTHI Jal0T Ba)KHBIA MaTepuan o crenenu coxpannoctu JJHK B pe3ynb-
TaTe€ MHOTOKPAaTHOI'O KIIOHUPOBAHUS.

20.3. Bo3moOkHBbIe HeraTHUBHBbIC IMOCJICACTBUS KJIOHHUPOBAHUSA
YeJI0BeKa

VYcnemnpie 3KCIEPUMEHTH MO KJIOHUPOBAHHUIO BBICHIUX JKUBOTHBIX M
MPUHIMIHATBEHAS] BO3MOXKHOCTH MOJYyYECHHS YeJIOBEUECKUX KIIOHOB MPUBEIHU K
MOSIBJICHWIO MHOYKECTBAa paHee HE CYIIECTBOBABIIMX TMEpPE]l YEIOBEUECTBOM
po0JIeM IOPUINYECKOTO, COIMAIBLHOT0, PETUTHO3HOTO M MOPAIBHOTO XapakK-
Tepa.

1. [IpuBnekas TaJaHTIWBBIX OMOJOTOB U MEIUKOB, CO3/1aBasi UM BBHITO/I-
HBIC YCIIOBUS JJI1 HAyYHOW pabOThI, OYEHb OOTraThie JIIOAUM U KPUMHUHAJILHbBIE
aBTOPHUTETHl MOT'YT BBIPACTUTH JIJIsi ce0s 3a0JaroBpeMeHHO HEKOTOpPOE KOJIH-
YECTBO COOCTBEHHBIX KJIOHOB Pa3HOT'0 BO3pacTa Ha «3armuyacTuy»: JJIsl Tiepeca-
KM, B cllydae HEOOXOJMMOCTH, 3yOOB, Tjla3, KOXH, MOYEK, NMEYCHHU, JIETKHX,
ceparna, CEeMEHHUKOB, KOHEYHOCTEH M IPYTHX OPTaHOB, a TAKXKE TICPEITMBAHUS
KpOBH, TIEpECaKi KOCTHOrO Mo3ra u T. m. O0mamas TeHETHYeCKON UICHTHY-
HOCTBIO C OPTaHM3MOM XO35IMHA, TaKWe OpraHbl He OyIyT OTTOPraThCs MpHU
nepecajKe U UAeaIbHO MOIXOAT 711 3aMEHbI U3HOMIEHHBIX WIIM YTPadyeHHBIX
B pe3yibTaTe yBeubs. [Ipu 3TOM 00 WHTEUIEKTyaJlbHOM ypOBHE Pa3BUTHS
KJIOHOB MOYKHO HE 3a00THUTHCA W J1ake, HA00OpOT, oreparueii Ha TOJIOBHOM
MO3T€ OHU MOTYT OBITh JOBEJICHBI JO «PACTUTEIBHOT0» CYIEeCTBOBaHUS. Tak
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MOXXHO MPOJIATHh (PU3HOJOTHUECKYIO TTPOJOJDKATEILHOCTD KU3HH JIIOJICH 10
150 — 200 net. DT0 MOPOKAACT PsAT COMYTCTBYIOIIHMX MPOOIEM:

- KPUMUHANU3AYUS HAYKU B CBS3H C €€ HCIIOIb30BAHUEM JUIsl BhIpalll1Ba-
HUS YEJIOBEUECKUX KIIOHOB C IEIBIO0 CO3JaHUsS JIMYHOIO OaHKa OpraHOB IS
nepecajky u30paHHOM KaTeropuu JIuil;

- KpUMUHAIU3AYUSL 3AKOHOO0AmMeIbCmead B CBSI3U C HEU30EKHBIM CTpPEM-
JICHUEM BBIIICYKAa3aHHBIX JIUI] OTPAHUYUTh TPAKIAHCKHE MpaBa KIOHOB WU
JaXKe TIOCTaBUTh MX BHE 3aKOHA. Takoe omaceHue BIIOJIHE 0OOCHOBAHO, TaK
KaK KJIETOYHBIC Si7jpa XO35MHA (2 OH BOJICH TMOCTYIaTh C HUMH Kak 3abjaro-
PacCyIUThCs) MOXKET OBITh BHEIPEHO B JICHYKJIECHPOBAHHYIO SHIIEKICTKY HE
TOJIPKO YEJIOBEKa, HO M OJIM3KOPOJCTBEHHOTO >KMBOTHOTO, HAIPUMEp, IIIHM-
MaH3€e, a MPOIEeCC BBIHANIMBAHMS dMOPHOHA B MEPCIIEKTUBE MOXET CTaTh HC-
KYCCTBEHHBIM (B OOKCe);

- KOoH@hauxm ¢ penueueii, Tak KaKk HEU30€KHO BBISIBUTCA HEO0XKECTBEH-
HBIM XapakTep AYIIW 4YeJOBEKa, €CIU MPU3HATh €ro MCKYCCTBEHHO IMOJTy4YeH-
HBI KJIOH TaK)Xe YEJIOBEKOM.

2. CoderaHue TEXHUKH KJIOHUPOBAHUS C METOJIaMHU T'€HHOW WH)KEHEPUHU
(cMm. cemuHap 19) MO3BOJIUT TOJIyYaTh KJIOHBI C 33JITaHHBIMU XapaKTePUCTHUKA-
mu. Hapsimy ¢ 0e3yclioBHO TOJIE3HBIMH pe3yJIbTaTaMH: KOPOBBE MOJIOKO,
OJIM3KOE TI0 CBOEMY COCTaBY K KEHCKOMY, MPOAYKTHI TUTAHKS, 00J1aTafOIIIMHI
Je4eOHBIMA CBOMCTBAMH M T. II., CTAHET BO3MOXKHBIM CO37[aHUE Ha Oa3e Jeso-
BEUCCKUX KJIOHOB OHMOpPOOOTOB. B pe3ynbrare MOTYT TOSIBUTHCS YEIIOBEK-
coJiiaT, yenoBek-cayra (modep, cekperaph, TEIOXPaHUTENb, HIHbKA U T. J1.),
paboune, TpUCTIOCOOICHHBIC K OTPEeICHHBIM MPO(eCcCUusiM, CIIOPTCMEHBI IS
KaXJIOTO BHJa CIIOpTa OTACIBHO, CEKCyaJbHbIE MapTHEPHI, YTO MPUBEACT K
HOBBIM MpoOiiemMam:

- 0cobo usowpenunas gopma pabcmea, KOrja B UHTEIUICKTyalbHbIE U
(M3HOJIOTHUECKHUE XapaKTEPUCTUKH KIIOHA 3a0JIarOBPEMEHHO M CO3HATEILHO
BHOCSTCS KOPPEKTHUBBI, 00pEKAroIIUe ero Ha 3alporpaMMHPOBAHHYIO KEM-TO
KU3Hb;,

- co30aHue 6uopobOmos8 ¢ NOBLILUECHHBIMU YMCMBEHHBIMU CNOCOOHOCTS-
mu (4€TOBEK-MaTEMAaTHK, YEJIOBEK-UHKEHEP | T. I1.) MOJicem npusecmu K 3a-
xXeamy nOCieOHUMU 61acmu W CO3JTAHUIO0 HOBOW «ITUBUJIU3AIMIY: KICTOUHBIC
sJIpa CBOM, SIMIIEKJIETKH OT JKCHIWH-a00pUTECHOB HJIA >KMBOTHBIX, BHIHAIIIBA-
HHE TUI0Ja — HUCKYCCTBEHHOE. B Takol MpOTUBOECTECTBEHHOW LIMBHIIN3AIUU
YeJIOBEK CTAHOBHUTCS HEHY)KHBIM 3BEHOM U MOJXKET OBITh COXpaHEH B HEOOJIb-
IIIOM KOJMYECTBE 0COOEH JUIIh B KAa4eCTBE PE3EPBHOTO OaHKa T€HOB IS 00-
HOBJICHUS TeHO(OH .
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3. B Hacrosiiee Bpems elie Majo 4TO M3BECTHO 00 OOpAaTHOM BIIMSIHUH
OKpY Karolel cpeibl, 00pasa >KM3HU U TTOBEJCHUS Ha (POPMHUPOBAHKE U U3ME-
HeHue cTpykTypbl JIHK B XpoMocoMax comMaTHyecKux KJIETOK B3pOCIOrO Op-
ranu3ma. OHAKO OTKPBITHI CUTHAJIBI, UMECIOIIUE BOJTHOBYIO MPUPOAY, KOTO-
pBIMH OOMEHHUBAIOTCS ApPYyT ¢ ApyroM paznuunble yuactku [IHK, snepnbie
CTPYKTYPHBI C IIUTOIIA3MAaTHUYECKUMU CTPYKTYpaMu U OT/AENIbHbIE KIeTKU. Be-
POSITHO, 3TH CHUTHAJIBl SBISIIOTCS YacThIO YPE3BBIYANHO CIIOKHOW €IUHOU
SHEPTroMH(OPMAIIMOHHON CUCTEMBI YejioBeKa — ero ouomnons. TyT ecTh Hax
yeM 3aayMarhbesi. Kak mokaszanu McCiieoBaHus CIeIUaIucToB U3 PocinHCKO-
ro MHCTUTYTA, TOTO CaMoro, rjae Obuia co3mana opma Jloium, ee XpOMOCOMBI
BBITVISIAT, IO MEHBIIEH Mepe, Ha 6 JIET craplie, 4eM y €€ OJHOBO3PACTHBIX
CBEpPCTHHUI] (OHM COOTBETCTBYIOT BO3PACTY OBIIbI JJOHOPA). Tak 4TO OpraHu3M
Honnmm yxe npu poXKaeHUH ObLT MPEKIASBPEMEHHO COCTAPUBIIMMCS. DTO OT-
KPBITHE BCTPEBOXKUIIO MHOTHX YUYEHBIX, KOTOPbIE YBEPEHBI, UTO 00JIee CTapbie
KJIETKU YS3BUMBI K TTOBPEXKICHUSIM Ha T€HETUYECKOM YPOBHE U IMOJBEPKEHBI
pa3BuTHIO paka. [locneniHoe U HEYKIIIOKee KIIOHUPOBAHKUE YETIOBEKA B TAKOM
CJIydae MO>KET MPUBECTH K CICAYIOIIUM HE MPECKa3yeMbIM IMOCIEICTBUSIM:

- 8 KJIOHAx Oy0em HAKANIUBAMbCs «2py3 Kapmbly, COOTBETCTBYIOUTUN
COCTOSTHUIO OpraHu3Ma X03siMHA Ha MOMEHT U3BATHS KJICTOYHBIX SIACD;

- cpawusanue Heno8euecKux KIemoO4HbulX s0ep C IHCUBOMHbIMU sllye-
KJIemKamu U 8bIHAUUBAHUE IMOPUOHOB 8 UYHCOM OPSAHU3ME UTU UCKYCCMBEH-
HO Hapywum npupooHyio 2apMOHU0 OUOnojell, 9TO MOXKET HEeXelnaTelbHO
CKa3aThCsl Ha (U3MOJOTHH U TICUXOJIOTHH KJIOHOB, a 3aTeéM, B CHIIy 0OpaTHOM
CBsI3U, Ha ero renax. CioBoM, npupoaa OyJIeT CTPEMUTHCS K CAMOYHHUUYTOXKE-
HUIO HaBSI3aHHBIX €U ITyTEW 3BOJIFOLIHAH.

3aBepiias TeMy, aBTOPHI XOTEIH OBl eIlie pa3 MpeaocTepedb OMOI0TOB OT
HEOCTOPOXXHBIX M HEKOHTPOJIHUPYEMBIX JKCIEPUMEHTOB MO KIOHHUPOBAHUIO
YeJI0BEKa, YTOOBI HE TTOBTOPATH OLTMOOK CBOMX KOJUIET — (PU3MKOB, YbH OIIBI-
ThI TIO PACHICTUICHUIO U CHHTE3Y aTOMHBIX sJiep MOPOIMIN Maccy MpobiieM B
HaIel XKU3HU. DTO HE O03HAYaeT MPHU3bIBA 3aMPETUTh MOIO00HBIC MCCIIEIOBA-
HUs, HO TIPEJIIoaraeT, 4YTo y4eHbI HeceT mepea 00IecTBOM HPAaBCTBEHHYIO
OTBETCTBEHHOCTH 3a WX TocyieacTBUs. CaMu K€ UCCIIeNOBaHUs JTOJDKHBI MPO-
BOJIUTHCS B paMKaXx CHEIUAIBHO MPUHITOTO 3aKOHA O KJIOHUPOBAHUH.

[To sTOMy 3aKOHY KIJIOHBI JIFOJIEH JOJKHBI UMETh T€ K€ FOPUINYCCKHE
mpaBa W OOS3aHHOCTH, YTO OOBIYHBIC JIFOAU. UeToBEeK HE JOJKEH KIOHHPO-
BaTbCs Oe3 ero mucbMeHHOro coriacus. OH JOJDKEH IO COOCTBEHHOH BOJIE
ONpPENeIISATh, PA3PELUIUTh JIU €r0 KIOHUPOBAHUE MOCIE CMEPTHU WJIU HET (IIpaBo
COOCTBEHHOCTH Ha reHeThdeckui koj). CreayeT 3ampeTuTh KIOHHUPOBAHHE
HECOBEPIIICHHOJIETHUX. BbIpaluBaHue 4ea0BEYECKUX KJIOHOB BHE Teja KEH-
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[IMHBI, HAI[PUMEDP, B JTAOOPATOPHBIX YCIOBHUAX, TAKXKE JTOJDKHO OBITH 3arpe-
mieHo. U yke, KOHEUHO, CIIeAyeT 3alpeTHTh KIOHHPOBATH YOWHII, JPYTHX
YKECTOKUX TPECTYITHUKOB W OJHMO3HBIX HCTOpHYecKuX JnuHocTed (I'mTiepa,
Jlenuna, CtanuHa u 1p.).
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21

CoHeuHas1 aKTUBHOCTh U COJTHEYHO-3€MHbIE CBA3H

Tot ¢akr, uTo xu3Hb OHOChEpPbl 3eMIIH 3aBU-
CHUT OT COJIHEYHBIX SIBIICHHM, TaBHO CTaJ TPIO-
u3MmoM. Ho Bnepssie npod. UmkeBckuil noka-
3aJ] CTENEHb 3TOM 3aBUCUMOCTH U €€ MHTHM-
HyI0 ITyOuHYy. B 3TOM 3akioyaercst ero rpo-
MaJIHas 3aciyTa.

U3 Memopanoyma o Hayu-
HbIX mpyoax npogeccopa,
ooxkmopa A. JI. Yuodicesckozo
(Meoicoynap. Konepecc no
ouonocuyeckol  Qusuxke u
OUOI02UYeCKOU KOCMONOGUU.
Hbm-ﬁopx, 1939 2.).

21.1. IMKJIBbI COJTHEYHOM AKTHBHOCTH, UX KJIaccupuKaAIus
U [IpUpoaa

11-nethne umkabl. B 1843 r. HeMeukuid acTpOHOM—IIIOOUTEIND
I'. [lIBabe oOpaTui BHUMaHUE, YTO KOMMUECTBO MATeH Ha CONHIE U3MEHS-
eTcsl ¢ MepUOANYHOCThI0, Osn3Kkoil K 10 rogam. IlIBeiinapckuii acTpoHOM
P. Bonbd (1816—1896), u3yuuB pesynbraThl HaOmoaeHuid 3a ComHIEM,
coOpanHbie B [{ropuxckoit ooceparopuu ¢ 1610 r., moaTBEepAMII 3Ty 3aK0-
HOMEPHOCTh, TIOKa3aB, YTO KoJIeOaHMsI COJIHEYHOM aKTUBHOCTH, JACHCTBU-
TEJIbHO, CYIIECTBYIOT, Ipu4yeM co cpeanum nepuogoM 11,1 roma. On xe
IPEIJI0KUIT KOJTMYECTBEHHO OLIEHUBATh 3Ty aKTUBHOCTb 1O (hopmyJie

W=10N,, + N, 21.1)

rae W — Tak HasbiBaeMble yncna Bonbda, a Ny, 1 N — COOTBETCTBEHHO

YHUCJIO TPYIII COJTHEYHBIX MATEH U YUCIIO CAMUX IISITEH, HAOII01aeMOE B Te-
YeHHE T0/1a, MOCKOJIbKY 3(PEKT OT MsATeH, COOpaHHBIX B TPYIIIbI, CHIIbHEE,
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4yeM OT OAMHOYHBIX nsATeH. Ha puc. 21.1 nmoka3zana onpenensemMas BbIpake-
HueMm (21.1) xpuBas IIMKJIOB COJIHEUYHOM aKTUBHOCTH, XapaKTepu3yemas
quciioM IaTeH Ha CoJHIe.

200 —

150

100 —

50

i | | | | |
1750 1800 1850 1900 1950 2000
Todet

Puc. 2.1. 11-neTHHe HUKIIBI COTHEYHON aKTUBHOCTH, BHIPAKEHHBIC YEPE3 YK CIIA
Bonbda

Oxka3ajaoch, 4TO NEPUOJAMYHOCTHh KOJICOAHMH COJTHEYHON aKTHUBHOCTH
HEMOCTOSIHHA: MEXK/y ToJlaMd MaKCUMyMOB uucen Boibsda npoxonur ot 7
1o 17 ner, a Mexay rojaMu MUHUMYMOB — OT 9 1o 14 ner.

1 1-neTHHE UKIIBI MPOSIBISIOT ce0s HE TOIBKO B KOJIMYECTBE ISITEH Ha
CounHile, HO ¥ B MHUPOTE UX HAOIIOJACHHSI OTHOCUTEIHLHO COJIHEYHOTO JKBa-
TOpa. DTO HArJsAHO BUIHO Ha TaK Ha3bIBaeMOW auarpamme «06abodex
[Inepepa» (puc. 21.2), Ha3BaHHOI B yecTh HeMenkoro ydyeHoro I'. [lnepe-
pa. B Hauane 11-neTHero mukia MaTHA OOBIYHO MOSIBJISIOTCS HA MIUPOTAX

@ =125-30° or sksaropa CoiHia, a B KOHIE IMKIa — Ha MIMPOTaxX
+5-10°.

22-jeTHHEe HUKJbI. lccneqoBaHWe MAarHUTHBIX ITOJIEN CONHEYHBIX
IISITEH, OTKPBITHIX B Havalle XX B. aMEpUKAaHCKAM acTpoHOMOM Jlxk. Xeu-
JIOM, TIPUBEJIO K BBIBOAY, YTO UX MOJISIPHOCTh MEHSET 3HAK IIPU MEPEXO0JIE
OT OJHOrO LHMKJIA K Apyromy. I[loaTomMy, ¢ y4eTOM MarHWTHBIX IMOJEHN IIs-
T€H, MpaBUJIbHEE TOBOPUTH O 22-JIE€THUX LMKJIAX KOJIEOAHWUN COITHEUYHOU
aKTUBHOCTU. YUETHbIE M HEUETHBIC LIMKIIbI XapaKTEpU3YKOTCA MPOTUBOIO-
JI0’KHOM MOJIIPHOCTHEO MArHUTHOT'O TOJIS TIATEH.

40



: Todet
ol (7
~ 11 newn
f T

Puc. 2.2. JIuarpamma «6abouek llImepepar»

BekoBble mukiabl. PaccmaTpuBas MOIYJSIUIO BBICOTHI IHKOB COJI-
HEYHOM aKTMBHOCTHM Ha puc. 21.1, MO)KHO NMPUWUTH K BBIBOAY, YTO MOMHUMO
l1-neTHUX 1 22-1€THUX LMKIOB CYHIECTBYIOT TAKKE LHUKIBI C MIEPUOANY-
HOCTBIO OKOJIO 80 — 90 yleT — Tak Ha3bIBaeMbIC BEKOBBbIC LMKIBI. Heko-
TOpbIE UCCIEN0BATENN BBIACIAIOT U O0Jee AJIMHHBIE HUKIIbI, HO UX CYIIEe-
CTBOBAaHHE HEJOCTATOYHO OOOCHOBAHO M3-32 TMOKAa KOPOTKOIO BPEMEHHU
TOYHOTO KOJIMYECTBEHHOI'O IMOJICYETAa CPEIHETOAOBOTO KOJMYECTBA COJI-
HEYHBIX IISITEH.

21.2. Ilpupoaa HUUKJIMYHOCTH COJTHEYHON AKTUBHOCTH

[IepByto THUIOTE3Y, OOBACHSIONIYIO |1-TE€THIOO ITUKIMYHOCTH COJI-
HEYHOW aKTUBHOCTH, BbIBUHYJ emie P. Bonbd. Ee HaszpiBaoT mianerap-
HOW rumote3oii. Bonsd oOpaTun BHHUMaHue Ha OJIM30CThH nepuojaa obpa-
umieHus Onurepa Bokpyr Connua (11,6 net) u cpeanero nepuoaa IUKIOB
cotHeuHOM akTuBHOCTU (11,1 TOMa), MPEnNnoa0KuB, 4TO, MOAXOAS OJIMKE
Bcero K ConHiy B nepurenuu, KOnurep cBOMM MOITHBIM I'PaBUTALIMOHHBIM
MoJieM BO3MYyIIaeT mpoiiecchl, npoucxosaiue Ha Connie. pyrue 6omnee
MEJIKHe TUTAaHEThl 00YCIIOBIMBAIOT BEKOBBIE U MIPOYHUE ITUKJIBI.

OpHako cTporue MaTeMaTW4YeCKHUe pacueThl Mmokazaiu, 4To 3hdexT
rpaBUTALIMOHHOTO BO3MylleHHs] noBepxHoctu ConHia FOnurepom ciumi-
KOM cj1a0, 4TOOBI BBI3BaTh TaKUe KOJIeOAHUS €ro aKTUBHOCTH. BoT modemy
MOSIBWJIACh JIpyras, MArHUTOTHAPOAUHAMMUYECKAsl, THIIOTe3a, CO3/1aTellb
KOTOpOM amepukaHckuil uccienoBaresb ConHama X. ba0kok oObICHUI T1e-
PUOANYHOCTh COJTHEYHOM AKTUBHOCTH IMPOLECCAMH, MPOUCXOMASIIMNMHU Ha
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camoM Counile. Moaenb ba0koka Obl1a 4ucTo PEHOMEHOIOTHYECKOM U CO-
cTosla B JIOMYIIEHUH, 4TO u3-3a AuddepenimanpHoro Bpamenus CoHia
UMEIOT MECTO HEYCTOWYMBOCTH €r0 COOCTBEHHOT'O MarHUTHOTO TOJIS, B KO-
TOPBIX W3MEHSAETCS MJIOTHOCTh COJTHEYHOMW IJIa3Mbl, BOSHUKAIOT BUXPEBBIC
BOPOHKH U BBIOPOCHI BEIIECTBA — BCIBIIIKH, OTUETO U MOSBIISIOTCS MSATHA.
Onnako HU Mozenh baOkoka, Hu Ooliee MO3AHIE TeopeTndeckue Moenu P.
JleiiToHa U APYTUX YYEHBIX HE OOBACHAIOT, OTKyJa Oepercs MMeHHO 11-
JICTHSSI IUKJIMYHOCTh COJTHEUHBIX TSITEH.

[TosToMy MOSIBMIIMCH pa3IMYHbIC BapUaHThl KOMOMHHUPOBAHHBIX T'H-
noTe3, KOTOpbIE OOBEAMHSIOT ONMKUCAHHBIC BBIIIE TUTAHETAPHYIO U MarHUTO-
THAPOJMHAMHUYECKYIO0 TUNoTe3bl. X cyTh cocTouT B ToMm, uTo lOmmrep,
XOTSl U HE OMpeAeNseT BeINUNHY KOJeOaHW COJIHEYHOW aKTUBHOCTH, SIB-
JSIeTCS CBOETO poJia UX CHMHXpOHU3aTopoM. OH, Kak MasgTHUK B 4acax, MOJ-
JIEp’)KUBAET TOCTOSHHBIA MEpPUOJA 3THX KoJjiebaHu#, o0pazys BMecCTEe C
ConHileM aBTOKOJIEOATENbHYIO CUCTEMY. PONb K€ OCTaNbHBIX IUIAHET CY-
IIECTBEHHO MEHBIIIE M CBOJUTCS TOJIBKO K MOIYJISIIUSIM OCHOBHOTO, 11-
JIETHETO IIUKJIA.

21.3. CoaHeYHO—3eMHBIE CBA3H

Boinaromumiicst poccuiickuit yuensii A. JI. YmxkeBckuit (1897—1964)
Ha OCHOBE CTaTHCTUYECKOW 0OpaOOTKH MHOTOUJICHHBIX SKCIEPUMEHTab-
HBIX JaHHBIX YCTAHOBUJI KOPPEISALUIO MEXAY UUKIAMU COJIHEYHOM aKTHUB-
HOCTH W TEPUOAMYHOCTHIO KPYMHOMACIITAOHBIX METEOPOJIOTUYECKUX,
Ooroc(epHbIX U COIUANTBHBIX MPOIECCOB. UMKEBCKUI pa3paboTan Tak Ha-
3BIBAEMBIN Memo0 HAN0NCEeHUsl SN0X, CYyTh KOTOPOro B TOM, YTO UCCIEaye-
MBbIE€ SIBJIEHHUSI YCPEIHSIOTCS MO rojaM HaOIIOJEHUN, OTCUYUTHIBAEMBIX OT
HeHTpa HanboJiee OJIM3KOro MUKa COJTHEYHOM aKTMBHOCTH, U CPAaBHHUBAIOT-
cs ¢ ycpeaHeHHou kpuBoil Boneda (puc. 21.3).

Oxa3asiock, 4TO OJHU NPHUPOAHBIE SBJICHUS, TAKWE KaK 4acTOTa U UH-
TEHCUBHOCTb MOJISIPHBIX CHSHMI, 4acTOTa rpo3, Oypb, yparaHoB, CMEpUEH,
KOJIMYECTBO OCAJKOB, BBICOTA YPOBHS 03€p, NPUPOCT JPEBECHHBI U ypO-
YKaHOCTb CEJIbCKOXO3SIMCTBEHHBIX PACTEHUM, YHCICHHOCTHb TIPBI3YHOB,
000CTpeHHE CepACYHO—COCYIUCTHIX U HEPBHO—TICUXUYECKHUX 3a00JI€BaHUI
IOYTH MOJIHOCTBIO MOBTOPSIIOT BPEMEHHOM XO[ 11-neTHuX nukioB (Kpu-
Bas 1). [lpyrue siBneHus, HapuMep, SMUAEMUN U SMTU300THH, 00YCIOBIICH-
HBIE JIEATEIILHOCTHIO MATOTEHHBIX MHUKPOOPTaHU3MOB, KOJIEOIIOTCA B MPO-
TUBO(Ja3e ¢ 3TUMH LHUKIaMU (KpuBas 2). MHOrue sIBJIE€HUS CUJIbHEE MPOSB-
JSAI0T ce0s HE B MAKCUMYMax MJIM MUHUMYyMaXx COJTHEYHOW aKTUBHOCTH, a B
TOJIbl €€ PEe3KOro noabema win cnaaa (kpusas 3). K Hum otHOCSTCS 0c000
pa3pyLINTEIbHbBIE 3EMIIETPSCEHNUS W W3BEP)KEHUS BYJIKAHOB, KOJIMYECTBO
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BHE3AITHBIX CMEPTE OT MHCYJHTOB U MH(PAPKTOB, pOCT YMCIIA aBapuil Ha
TPAHCIIOPTE U MPOU3BOACTBE, KOJIUYECTBO JTOPOKHO-TPAHCIIOPTHBIX MPO-
WCIIECTBUM, MOBBIIICHUE YaCTOThl COIMATILHBIX KOH(DJIUKTOB Ha SKOHOMH-
YECKOM, STHUYECKON WA PEJIMTUO3HOM MOYBE, JIOKAJIbHBIC BOMHBI U JP.

<=

6 Fode

Puc. 2.3. ConocraBnenue npupoaHbIX sBJIeHUN (KpuBbie 1—3) ¢ yCpEeTHEHHBIM ITHKOM
COJTHEYHOM aKTUBHOCTH (CIUIOIIHAS JIHHHUS) IO METOIY HAJIOXKEHUS SMOX
A. JI. UmxeBckoro

KakoB ke Mexanu3Mm s3tux 3aBucuMmoctei? Ilpexne Bcero ciemyer
OTMETUTH, 4TO MsATHA Ha COJIHIIE CBA3aHBI C COJIHEYHBIMU BCIBIIIKAMU, B
pe3ysbTaTe KOTOPBIX B OKOJIOCOJHEYHOE MPOCTPAHCTBO BBIOPACHIBAIOTCS
y3KOHAMNpaBJIeHHbIE MOTOKH YacCTHI[ COJTHEYHOW IIa3Mbl, TJIaBHBIM 0Opa-
30M, NPOTOHOB M 3JEKTPOHOB BBICOKOW 3HEpruu. OHH BBI3BIBAIOT BO3MY-
HmieHre MarHutocgepsl 3emiid, a Haubosee SHEPrUYHbIE YACTHUIIBI MOTYT
IPOHUKATH Yepe3 HEEe M BHICHINIATHCSA B aTMoc(hepy, BIUIOTH JI0 €€ CaMOro
HIDKHETO C€J10s — Tpornocdepsl B Ipe/enax NpoCTPaHCTBEHHO OTPaHUYCH-
HOI 00nacTu. 31ech OHM MOPOXKIAIOT BO3MYLIEHUSI T€OMarHUTHOIO MOJI,
BbI3bIBasi MATHUTHBIE OYpU U CTUMYJIUPYSI U3MEHEHUSI METEOPOJIOTUUECKUX
YCIIOBH.

Bo3zaeiicTBrue konebaHui COJIHEUHONM aKTUBHOCTH HA KMBOTHBIX U Ue-
JIOBEKa OKa3bIBAETCA YEPE3 M3MEHEHHsI B COCTABE KPOBU U XapaKTepe ee
JIBWKECHUS B CEPACYHO—COCYAUCTON cucteMe. KpoBb COCTOWUT U3 nia3zmbl
(kuaKOM 9acTh) ¥ (POPMEHHBIX JIEMEHTOB — SPUMPOYUMNO8, JEUKOYUMOB
U mpomoOoyUmos, HaXOA[IMINXCS BO B3BEIICHHOM cocTostHMM. [1nasma kpo-
BU COCTOUT U3 BOAbI (0K0J0 90% Macchl), HU3KOMOJEKYJSPHBIX COEIUHE-
HUM OPraHWYEeCKOr0 M HEOPTraHWYECKOTO XapaKTepa — COJEeM WM 3JIeK-
TPOJIUTOB, YIIEBOAOB, JINIIHJIOB, OPraHUYECKUX KUCIOT U OCHOBaHUH, IIPO-
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JTyKTOB OOMEHa, BUTAaMUHOB U OeskoB. [[nazMa mocTosHHO 0OMEHHMBaETCS
JJIEKTPOJIUTAMHA C MUKPOCPEAON KIIETOK, OITOMY HUX COAEPKAHUE B HEU
BIIMSET HA BO30YAMMOCTh U COKPATUMOCTD KJIETOUYHBIX 3JIEMEHTOB OPTraHOB
TeJla U MPOUCXOSIINE B HUX OMOPHEPreTUUeCKue MPOIECChl. DIEKTPOIH-
Thl B IJIa3M€ KPOBH, IPUTPOLUTAX U TKAHEBOW MUKPOCPE/IE B OCHOBHOM
MPEICTABJIEHBl KATHOHAMU Na', K', Ca’, Mg+ n aamonamu Cl, HCOj,
HPO42', SO42'. Bo3MylieHusI TEOMarHUTHOTO TOJSI BBI3BIBAIOT U3MEHEHUS
WX KOHIEHTpALUM, YTO BJIMSET HA (PU3UKO-XUMUUYECKHE CBOMCTBA KPOBU U
ma3Mbl. MI3MEHSIIOTCS OCMOTHYECKOE JaBJICHUE KPOBH, €€ BA3KOCTb, KOJI-
JouaHasi CTaOUIBLHOCTh U Jpyrue napamerpbl. MoJio0ii, 310pOBBIi opra-
HU3M TPaKTHUUYECKU HE 3aMeyaeT ATUX M3MEHEHUH, JIETKO aJalTUpPYsCh K
M3MCHUBIIICHCS T€OMAarHUTHOM 00cTaHOBKe. HO OOJBHBIC M MOXKUIIBIC JIIO-
1 TaKOM CIOCOOHOCTHIO 00J1aJIat0T B MEHBIIEH Mepe, OHU METE03aBHUCH-
Mbl. Hapyiiienne kpoBOoCHaOXXEeHUSI COCYI0B TOJIOBHOTO MO3ra MPUBOIUT K
OBICTpON YTOMJIIEMOCTH, TOTEPE BHUMATEIBHOCTHU, 3aTOPMOKEHHOCTHU
WU, HA000pOT, — K BO30YJIMMOCTH, HEPBO3HOCTH, HEAJEKBATHOCTH JICH-
CTBUM. DOTUM  OOBSICHSCTCS  IIOBBIIICGHHAs  9YacTOTa  COIUAILHO—
MOJIMTUYECKUX KOH(MIUKTOB B TOAbl MOJAbEMA U CIaJa COJTHEYHON aKTHB-
HOCTH, KOTrJa HaONIOmaroTCs HamOOoJIee MOINHBIC M YaCcThIC BCHIBIIIKA Ha
Counnie.

Ortcrona ciemayer, 4YTo HaOMIOJICHUs 3a KOJICOAHUSIMU COJIHEUHOM akK-
TUBHOCTH U MIPOTHO3BI €€ BO3MOXKHBIX U3MEHEHHUI UMEIOT OTPOMHOE IMpaK-
TUYECKOE 3HAYeHHEe. DTU 3HAHUSI MOTYT MOMOYb B MPO(PHIAKTUKE MHOTHX
3a00sieBaHM, 3a0JarOBPEMEHHO MOJATOTOBUTHCS K BO3MOXHBIM TPUPO/I-
HBIM KaTakJIM3MaM, U3MEHECHUSIM KJIUMara W Jep>KaTh MO KOHTPOJIEM CO-
AATbHO—TIOJIMTUYECKUE MPOIECCHI.
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Kocmunueckue HUKJIBI: KIINMAaT U Y€JI0BCK

TTopaBmsromiee OOJIBITUHCTBO buzuKo—
XUMHYECKHX  IPOILIECCOB, Pa3bIrPhIBAIO-
IUXCsl Ha 3emMJie, TIPEJICTaBISIIOT co00i pe-
3yJbTAaT BO3JACHCTBHS KOCMUYCCKUX CHII.

A. JI. Quorcescruii

22.1. Kocmuueckye NIHKJbI, CBA3aHHbIE ¢ OCOOEHHOCTAMM
3¢MHOM OPOUTHI

Hapsiay ¢ nukiiaMu COJIHEYHOM aKTHBHOCTH, MEPUOAUYHOCTH KOTO-
pbix coctaBiset 11, 22 wim okosio 100 siet, Ha 3emMiie CyIIECTBYIOT IIUKIIBI
JUIMTEJIbHOCTBIO B JIECATKHU ThICAY JIET. DTH LIUKJIbI 00YCIOBIEHBI OCOOEH-
HOCTSIMU OpOUTAJIBHOTO JIBHKEeHUS 3eMiu Bokpyr ConHua (puc. 22.1).

HaxkJioH 3eMHoIi ocu U ee nmpeuneccusi. Och BpalieHus: 3eMJIM HAKJIO-
HEHa K nositocy Mupa (Bokpyr kotoporo Bpaiarotcst CoJiHIle U BCE TIaHe-

ThI COJIHEYHON CHUCTEMBI) Ha yroll & ~ 23,5°. DTOT yroy He MOCTOSHHBIIM:
¢ nepuoroM I, =41TbIC. IET OH UCHBITHIBAET HEOOJIBIINE KOJICOAHUS U3—

3a BO3MYILAIOLIETO JCUCTBUS Apyrux IaHer u Jlynel. Hanuuue yrna Ha-
KJIOHA 36MHOM OocH 00yCIJIOBJIMBAET CYIIECTBOBAHUE YETHIPEX CE30HOB Iofa.
Hampumep, mist ciydasi, nzo0paxkenHoro Ha puc. 22.1, 8 CeBepHOM moITy-
mapuu 3eMiu (BBepXy) cedyac JIeTo, Tak Kak B Jro0oe Bpems cyTok Ce-
BEPHBII MOJIFOC OCBELEH — TaM NOJISIpHBIN 1eHb. B FOxHOM nomyiapuu,
Ha000pOT, 3uMa, a Ha KO)kHOM noJtoce — noJisipHast Houb. Yepes noiroaa,
Korja 3emuisl clienaet noja—ooopora Bokpyr CoJjiHIla, a OHO Mpu Habmro/Ie-
HuU ¢ 3emiu Oyzaer B co3e3auu CTpesnblia, CUTyalusl U3MEHUTCS Ha Mpo-
TUBOMOJIOKHYIO0: B CeBepHOM momymapuu Oyaer 3umMa, a B FOxHoMm — sie-
TO. B MpoMexyTOYHBIX MOJOKEHUSIX OyAyT UMETh MECTO OCEHb M BECHA.
Hampumep, xorna CoiHile okakeTcsi B HarpaBiieHUU co3pe3nusi Poi0, Oy-
JIET IeHb BECEHHETO paBHOAECHCTBU (21 mMapTa).
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T { Cossazdue Fpariora’

A F ( Honzpras seesda’

Puc. 22.1. PaznuuHble BUBI BpallleHUs 3eMJIU: CyTOYHOE (BOKPYT cBoei ocu P) u ro-
nudHoe (1o opoute Bokpyr CosiHIa); BpallleHHe caMoil OpOUTHI U IIpeLieccusi 3eMHOMN
OCH BOKpYT noioca mupa 171

Ho och Bpamenust 3emiau cama Bpamjaercs BOKpYr mosroca Mupa ¢
nepuopoM 7', =20 TbIC. JIET, ONMMCHIBAas CO BPEMEHEM KOHHYCCKYIO I10-

BEPXHOCTh. JTO SIBIICHHUE Ha3bIBaeTCs npeyeccueti 3eMHOU ocu. OHO OBLIO
OTKpBITO euie Bo Il B. 10 H. 3. IpeBHErpedeCcKuM aCTPOHOMOM [ unmapxom.
B nepeBone ¢ JNATHHCKOIO praecedo O3Ha4aeT «IpenuiecTByro». Jleiao B
TOM, YTO IIPELECCUOHHOE BpalleHUE 3€MJIM HAIIPaBJIEHO HABCTPEUy rOAnY-
HoMy. [loaToMy ¢ TeueHueM BpeMEeHU MPOUCXOIUT ONEPEKEHUE THEH paB-
HOJICHCTBHSI OTHOCUTEIBHO MOJ0keHHsI CoNHIIA Cpeiu MPUBBIYHBIX 3HAKOB
3oaunaxka. Ilonemus 7', Ha 4uciI0 9THX 3HaKOB (12), momydaem, 4T0 Bpems

OMEpPEeKEHUsT WM MPEIUIECTBUS HAa OJIMH 3HAK 30JHaKa COCTABIISAET YyTh
OounbIe, yeM 2 ThIC. JIeT.

31ech YMECTHO OTMETHUTh, YTO MPELECCHs] 3€MHOM OCH OKa3bIBajloO B
JPEBHOCTH OTPOMHOE BIIMSIHUE HA PEJIMTHO3HBIE KYJBTHl U UX CHUMBOJIUKY.
Oxono 5 ThIC. JIET Ha3aj, Ha 3ape LUBUIIM3ALNM, JCHb BECCHHETO PaBHO-
NeHCTBUA HacTymnal, koraa ComnHie nmepememanocs K co3se3auto Tenbna.
3710 OB JIeHb, KOTJIa MOCIIe JOATUX 3UMHUX MECSIEB, A€Hb, HAKOHEL, CTa-
HOBWJICS JUIMHHEE HOYHU U, KaK AyMajH, CUJIbl 1oOpa MoOeX1anu CUIIBI 3J1a.
[ToaTomMy KOpOBa WM OBIK CUMTAJINCHh CBSIIEHHBIMH >KUBOTHBIMU (BCIIOM-
HUM, HalpuMeEp, JPEBHEErMNETCKUA KysibT Mcuabl, m3o0pakaBuiencs c
KOPOBbEH MOPJOH, WM KPBUIATHIX OBIKOB BaBWJIOHSH — KepyOoB). IIpo-
IO Kakoe-To BpeMs, U CoJiHIIE B JI€Hb BECEHHETO PAaBHOACHCTBUS Iepe-
MECTHJIOCH K co3Be3anio OBeHa. Temepp cTano MOAHBIM B JKePTBY Ooram
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IIPUHOCUTD SITHEHKA WM Ko3yieHKa. HakanyHe poxxaeHus Xpucra JI€Hb Be-
CEHHEr0 PaBHOJCHCTBUA CTAJl NIPUXOIUTHCA HA mojokeHue ConHna B co-
3Be3auu Pu16. Ha 3T0 Bpems npuiiencs HOBbI MUCTUYECKUI MOABEM, CBSI-
3aHHBIA C OKMJaHHEeM Meccuu. M3BecTHO, yTOo BO BpeMeHa Moanna Kpe-
CTUTEJSI CUMBOJIOM IEPBOXPUCTHAH OB HE KPECT, a U300paxKeHHe PhIOHI,
Y UIMEHHO pbIOY OHHU €JIM Ha COBMECTHBIX Tpare3ax.

Kosebanus 3xcueHTpucurera 3emHoii opouthl. [lon sxcyenmpu-
cumemom OpOUTHI TOHUMAETCS CTENEHb €€ BBITSHYTOCTU. MaTteMaTuiecku
HKCLIEHTPUCHUTET DILTUIICA e BhIpaKkaeTcss PopMyion

e=+1-b%/a>, (22.1)

rie au b— COOTBETCTBEHHO BEJIMYMHBI OOJBIION U MaJOW MOIyocei 3Ji-
Jaunca. DKCUEHTPUCUTET 3eMHOU OpOUTHI KOJIeOJIeTcs, MpaBaa, He CTPOTo
NEPUOUYECKHU, U3-32 HECOBMAJACHUS MEPUOOB BpAIlIEHUs TUIAHET COJIHEY-
HOM CHCTEMBI U, KaK pe3yJIbTaT, UX Pa3JIMYHOTO BIMSHUSA HA 3€MIIIO B pa3-
HbIE MOMEHTHI BpEMEHHU. 3HAUEHUE e KoJiebsercs okoio BeanunHbl 0,028 u
ceituac  cocraBmser 0,0167. MakcumaapHOEe K€ €ro 3HAYCHHE
emax = 0,0658.  Cpennuii  mepuon  KojeOaHUM — SKCLEHTPHUCHUTETA

T, =100 TBIC. NICT.

Konebanus 3KCIEHTPUCUTETA, KOHEYHO, U3MEHSIIOT TEIJIOBOM PEXUM
3emiM, HO HECYIIECTBEHHO. PacueTbl MOKa3bIBaIOT, YTO OTHOCUTEIBHOE
WU3MEHEHHE CPEIHEr0J0BOr0 KOJIMYECTBA TEIUIa, MOJIy4aeMoro 3emie oT
ConHua, wu3-3a KojeOaHWN OSKCIEHTPUCHUTETAa COCTaBJSIET BCErO OKO-
710 0,2 % .

Bpamenue opouTsl 3emian. Masio Toro, 4to 3emisl Bpamaercs BO-
KpYT CBOEH OCH, a €€ OChb BPAILLAETCsl BOKPYT IoJ0ca Mupa, 4yTo OHa Bpa-
maercs 1o coer opoute Bokpyr CoulHla, Tak emie 1 cama opOuTa noBopa-
yuBaeTcs BOkpyr CosHna ¢ nepuogoMm 7 = 10T1hIC. JleT (mepuon Bparie-

HUS niepurenust opoutsl, cM. puc. 22.1). [lepurenuii 3eMHOI OpOUTHI TEepe-
MENIAeTCsl OTHOCUTENBHO 3BE3]1 B Ty K€ CTOPOHY, KyJa Bpallaercs Mo op-
oure 3emis.

Ilepeuncriennsie LuKIbI ¢ nepuogamu I, ~ 26 toic. net, T, = 100TsIc.
net u T';; =10 ThIC. €T OKa3bIBAIOT B COBOKYITHOCTH OYEHb CYIIECTBEHHOE
BJIMSIHUE Ha I7100aJIbHbIE M3MEHEHUS KIIuMaTa 3eMIIH.
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22.2. AcCTpoHOMHUYECKAsi Teopusi IJI00AJbHBIX H3MEHEHUM
KJIAMaTa

To, 4TO MOTOHBIE YCIIOBHS 3aBUCAT OT HAKJIIOHA 36MHOM ITOBEPXHOCTH
K COJHEYHBIM JIyuyaM, MOHUMaIM B TIIyOOKOM JpeBHOCTH. [lo-rpeuecku
Klima xak pa3 u 0003HauaeT «Hak1oH». Tak 4TO MOHATHE «KIUMAT» TOs-
Bwiock emie B [peBHeil ['peunn. Bee Mbl, xuByiue Ha 3emiie, sIBIsSIEMCS
CBUJICTEIISIMU OTHOCUTEIHHO HEOOJNBIINX BapHalluil KJIMMaTa Kak Mo Ce30-
HaM roja, Tak M oT roaa k roxy. Ho, oka3biBaeTcs, C HHTEpBAJIOM B He-
CKOJIBKO JICCSITKOB MJIM COTEH THICSY JIET MPOUCXOAT OCOOCHHO CHIIBHBIE,
3aTparuBaronye BCIO 3eMirto (TIo0anbHBIC) U3MEHEHHUS KIIMMAaTa; UMEIOT
MECTO MEpPUOAbl OJIECHEHUS, KOT/1a 30Ha JIEMHUKOB B CeBEpHOM MOyIla-
pun mnpoctupaercss or CkanauHaBuu u ceBepa Bocrounoit Cubupu no
UYepnoro Mops u [lamupa. Kak nokasan rorocnaBckuil yuensii M. Musan-
KOBMY, SMOXU OJICACHEHUsS] 00YCIIOBJICHBI, IJIABHBIM 00pa3oM, Tpems (ax-
TOpaMH: Tpeleccreil 3eMHOW OCH, BpallleHUEM IepUrelius ee OpOUTHI U
KOJI€OaHUSIMU KCIEHTPUCUTETA OPOUTHI.

Cytp Teopun MmuiiankoBuya B cienyromieMm. Korga B jgeTHee Bpems
st CeBepHOTO MoMymapus 3emiis OKa3bIBaeTcsl B adeInu, TO JIETO J0JIT0e
U XOJIOAHOE, a 3UMa OBIBAET OTHOCUTEIHHO TEIUIOW, HO KOPOTKOM. Takas
CUTYalHsl MPOJIOJKAETCA HECKOJBKO THICAY JIET MOJPSA, U 3eMJisl 3Ha4Yu-
TeAbHO OCThIBaeT. Jlegnukyu B CeBEpHOM IMONyLIAPUH HAYMHAIOT CIIOJI3aTh
K I0Ty. YBEJIUYMBAECTCS OTpa)xkaTejabHasl CIIOCOOHOCTh 3eMiu (anbh6edo), u
IPOLIECC OJIEIEHEHNS HapacTaeT JIJABUHOOOPA3HO.

BaumarenbHblii yutaTens 3ameTuT: «Ho Beas B KOxHOM monymapuu
3aTO KaK pa3 Bce HA00OpOT — KapKoe JIETO U XoJioAHas 3uMa». Ho Bce ne-
JI0 B TOM, YTO OCHOBHAsI 4acCTh CYIIIH Ha 3eMiie cocpeaoToueHa B CeBepHOM
nonymapuu. JIenHUKH xe ¢ AHTApKTHUJIBI CIIOJI3AI0T B OKEaH U TarT B BO-
ne. IlosToMy HEAHUKOBBIE 3MOXU CBS3aHbI C MOXOJIOJAHUEM KIMMaTa
MMeHHO CeBEpHOro MoJIyIIapHs.

Ecnu 6b1 HEe BparieHue opOUTHI U KoJieOaHUs €€ dKCIICHTPUCUTETA, TO
3MOXHU O0JIeIEHEHUSI MTOBTOPSUIUCH Obl C MEPUOAOM IPELEeCCUH, T. €. Kaxk-
neie 26 ThIC. 1eT. BpaiieHue nepurenus opoUThl yKOPAuMBaET dTOT EPUO]T
10 21 toIc. neT Tak Obl U OBLIO, €cii Obl HE U3MEHEHHSI SKCLIEHTPUCUTETA,
MPOUCXOAIINE, KAK U3BECTHO, CO CPEIHUM Tepro1oM 0koy10 100 ThIC. JeT.
[ToaTOMy B MTOr€ JIETHUKOBBIE 3MOXU HACTYNAIOT HEPETYJAPHO C MEPUO-
JIOM TO OOJBIINM, TO MeHbIINM, ueM 100 TEIC. JIeT.

B xonm4ecTBEHHOM OTHOIIEHUM Teopusi MunaHKOBUYA BBITJISIUT TaK.
B Hacrosiiiiee BpeMs TpaHuIla JICTHUKOB MPUXOIUTCS Ha 65° ¢. m. MuaH-
KOBHMY BBIYMCIIWIJ KOJIMYECTBO TEIUIOTHI, NocTynaromee oT CosHIa Ha 3eM-
JIIO 32 JIETHIOKO MOJIOBMHY IoZla Ha YPOBHE ATOM IIMPOTHL. 3aTeM, 3Has, Kak
U3MEHSIOTCS MapaMeTpbl OpOUTHI, HAIIeNl SKBUBAJICHTHBIE IIUPOTHI (IIUPO-
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Tbl MMJIaHKOBHMYA), COOTBETCTBYIOIIME TEILUIOBOMY peXHUMY 65° B mpo-
nwioM i B Oyaymem. Eciu, Hanpumep, @,, = 70°, TO 3TO 03HAaYaeT, 4TO B
paccMaTpUBaEMbIii MOMEHT BPEMEHH Ha 65° C. II. KIIMMAaTHYECKHUE YCIIOBHS
ObUIM Takue, Kak HbiHE Ha mmpote 70°. CnegoBarenbHO, TpaHULIA JIETHU-
KOB IPOXOJuja Ha 5° rokHee, yeM ceiyac. Ha puc. 22.2 NpUBEICHBI IM0-

JTOOHBIE pacyeThl, OXBATHIBAIOIIUE TIEPUO BpEeMEHHU OT | MIIH JIeT Ha3aja B
npomuiom g0 400 et Bepen Ha Oyayiiee.

[
I
I
EDD I I l I l
-1000  -z00 -a00 -400 -200 0 200 400

I mele. N

Puc. 22.2. BpemeHnHbI# X0 KUPpOThl MUJIAaHKOBUYA U ATIOXHU OJIEICHEHHUS

DTH pacyeThl MPUBOJAT K BBIBOAY, YTO B MPOILIOM JICAHUKHA HACTY-
nanu 25, 72, 115, 187, 230, 685, 855, 970 ThIc. JeT Ha3al, a B OyaylieM
JIETHUKOBBIE TIepUOIbl oxuaarores uepes3 170, 215, 260, 335 toic. ner. Ha-
CKOJIBKO 3THUM pe3yJibTaTaM MOXHO IOBepsTh? OKa3bIBaeTCs, MaTEPHKO-
BBIH JIey OefieH H30TomoM Kuciaopoga 0. ITpo6br baa (KepHSbI), B3STHIC C
pasHbIX TIyOuH B ['peHnannuu u AHTapKTUIE, TTOKAa3aJId, YTO X JaTHPOB-
Ka BO BpEeMEHU (€€ MOXKHO MPOU3BECTH, U3MEPSASI CKOPOCTh paciiajia Uu30To-
na '*0) xopomo KoppeIupyer ¢ NpeacKasaHHsIMI TeopHH MUITaHKOBHYA O
MPOIIEHTHOM COOTHOMICHHH H30TOMOB 'O 1 '*O B JICIHHKOBBIC EPHOMIBI 1
MEXTy HUMHU.

22.3. JIeTHUKOBBIE DIIOXH U YeJI0BEK

CorylacHO COBPEMEHHON TEOPHM AHTPOIIOI€HE3a YEJIOBEK Ha 3emile
NOSIBUJICSL OKOJIO 2 MJIH JIET Ha3ajd. DTO MOATBEPKIAETCS HCKOMAeMbIMU
OCTaHKaMU paHHUX Homo, oOHapyK€HHbBIMU B psie pailoHOB BocTouHOo#
Adpukn (Tanzanus, Kenus, Dduonus) HEPEIKO BMECTe C KaMEHHBIMU
«IpaopyAUsIMU» TPyAa U OXOThL. B reoXpoHOJOrnyeckom IiKane BpeMEeHH
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3TO COOTBETCTBYET JICAHUKOBOW 3I0Xe (IJICHCTOLIEH) YETBEPTUYHOIO Tie-
proaa KaiHO30MCKOM 3phl. 1103TOMYy 4eTBEPTUUYHBIN MEPUOJ HEPEIKO Ha-
3bIBAIOT AHTPOIMIOTEHOBBIM MIEPUOIOM.

OKcnepuMeHTallbHbIE (DAKThI U3 00JACTU CPaBHUTEIHLHON OMOXUMUM,
UMMYHOJIOTHUHM, MOJICKYJIIPHOM TE€HETUKH TMPUBOASAT K BBIBOAY, UTO
OMOJIOTUYECKH  YENOBEK OJIKE€ BCEro CTOUT K  aQpUKAHCKUM
YeJI0BEKOOOPa3HbIM 00€3bsiHaM (noHeuodam) W B TEPBYIO oOdepelb K
IIMMITIaH3e, ¢ KOTOpor mMmeer okoiao 90% omauHakoBbIX TeHOB. OOmias
DBOJIIOIUS 00€3bIHBI W 4YeJIOBeKa Hadajach okoio 20 MIIH. JeT Hasajg C
HaZICEMEINCTBA HnOH2UOOOMUHUO08 (pUC. 22.3), K KOTOPOMY OTHOCSTCS
ETUNTONMUTEK W JIPUOTUTEK — HEOONBIIHNE Y3KOHOCHIE 00€3bsSIHbI, BEIIINC
NOJTy IpeBECHBIN-TIONyHa3eMHbBIN 00pa3 sxu3Hu. [lonaraior, 4to pasneneHue
TOTO  HAJCEeMEWcTBA  HA  CEMEWCTBO  TMOHTMJ W TOMHUHH]
(4eT0BEKOMNOI00HBIX) MPOU30ILIO HE paHee 14 W He mo3aHee 6 MIIH JieT
Haza/l.

Heanpepranen
CunanTpon
[TutrexanTpon

ApXaHTpOIbI

H. sapiens
300 TBIC. IET

40 TrIC. ;MeT

H erectus

1.6 My, mer
ABCTpATOIHTEE

11
FMTARSE H. habilis

Topunna 4.5 —46 mnu.net

Tomuanmu
14— & mmH. DeT

Ilonrunu

IlonrugoroMHEHIEL

Puc. 22.3. PoocioBHOE IpeBO YeIOBEKa
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CeMeiicTBO TOMUHH/I M3HAYAJILHO OBUIO MPEACTABICHO ABYMsI MOJCe-
MelcTBamMu: ABcTpanonurek U YemoBek. ABcTpaonuTekamu (OT JaT.
Australopitheciae — 10HbIe 00€3bsIHbI) Ha3bIBAIOT BHIMEPIINX YEJIOBEKO-
o0pa3HbIX 00e3bsiH, ele 0oJee MOXOAUBIINX HA YEIOBEKA, YEM HBIHE KU-
Bymre moHruapl. OHuM wumenu poct okoimo 120 — 130 cm, maccy
30 — 40 kr, 06bem mo3ra 500 — 600 CM3; MepEIBUTAIIUCH Ha JIBYX HOTax,
Hapsly ¢ pacTUTENbHON ynoTpeOisuin MscHyto numty. [lo MHeHuto aHTpo-
II0JIOTOB, MO3JHUE ABCTPAIONUTEKH (IIPE3UHKAHTPOIIbI) YK€ H3TOTOBIIA-
JI1 IPUMUTHBHBIE KAMEHHBIE OPY/IUsl, B OCHOBHOM M3 TaJIbKU, PacKaJbIBast
€€ 1 UCIIO0JIb3Ysl KYCKH C OCTPBIMU KPasMH.

ABCTpaJIONUTEKU U CTAIH NPEAIIECTBEHHUKAaMU €IMHCTBEHHOTO PoJia
Homo (YenoBek) B OJHOMMEHHOM mojceMeincTBe. [Ipousonuio 3to, Kak
y>K€ OTMEUYaJIOCh, BO BpeMsl OAHOTr0 U3 ojieaeHeHui. CypoBble KIIMMaTHYe-
CKHE€ YCIIOBHS, HEXBATKa MUIIM MOTPEOOBAIM MEPEXOA OT CTaJHOTO Mpo-
JKAUBAaHHSI K HOBOM COLMAIIBHOM CTPYKTYpE€ TPYNIIbL: pa3AciieHue TpyJa U
00s3aHHOCTEM, pa3BUTUIO PEYU, OCBOCHHUIO OTHS M OJEXKIbl. Takum oOpa-
30M, BOIPEKH PACIpPOCTPAHEHHOMY MHEHHMIO, YTO YEJIOBEKa CO3Jal TPy,
YeJIOBEKA CO3/1JT XOJIO.

[lepBbIM BUOM uenoBeka Obul H. habilis — 4denoBeKk yMesblid, cMe-
HUBIIMICA OKoJIO 1,6 MJIH JeT HazaJl BUAOM YEJIOBEK IPSIMOXOISAIIMMA
(H. erectus). TlocnenHuii TOJHOCTHIO BBITECHWJI aBCTPAJIONUTEKOB IMPU-
MEpHO | MJIH. JIeT Ha3a, 0 3TOr0 COCYUIECTBOBABIIMX COBMECTHO C YEJIO-
BekoM. H. erectus o0yajas MOIIHBIM TEJIOCIOKEHUEM, HAIATrJIa3HUYHBIM
BaJIMKOM, YTOJIIIEHHBIM CBOJIOM 4Y€perna, BhICTYNAIOIIUM 3aTbUIKOM U ApY-
TMMU IPUMHUTHBHBIMHM Y€pTaMHu. DTOT BHJI YEJIOBEKA HA3BIBAIOT TAKKE ap-
xaumponamu (0T Tped. archaios — APEeBHUU U anthropos — 4YENOBEK).
K apxanTponam OTHOCAT NUTEKAHTPONOB, CUHAHTPONOB, HEAHJEPTAJIbLIEB
U IPYTHUX IIPEACTaBUTENEH EPBOOBITHBIX JTHOJEH.

[Tomararot, 4TO MO3/IHKUE HEAHAEPTAIbIBI U MOJOKUIN Hayauo COBpe-
MEHHOMY BHJY 4YelOBeKa /. sapiens — YE€JIOBEK pa3yMHbIM. 3aHSJIO 3TO
HEMAJIBI MTPOMEKYTOK BPEMEHH, HO MPOMU3OLLI0, MO-BUAUMOMY, HE MO3/-
Hee 40 ThIC. JIeT Ha3aj, cys Mo JAaTHUpoBKe uepena u3 nemepsl Hua (Ce-
BepHbIi KannmaHTan).

Kak nosiBiieHHE 4eoBeKa, Tak U €ro paccesIeHHe 1o 3eMIIe CBA3aHO C
JIEAHUKOBBIMH 3M0XaMH, KOTOPBIX Ha MPOTSHKEHUU YETBEPTUYHOTO MEPUO-
na Obu10 Heckonbko. Ilpu pocTe neAHMKOB Ha MX OOpa30BaHHE YXOAUJIO
00JIBIIOE KOJUYECTBO BOJIbI, U YPOBEHb MHUPOBOIO OKE€aHa MOHWXKAJICS Ha
85 — 120 m. IIpu 3TOM COEAUHSANNCH OTAENbHBIE YaCTH CYLIH, Onaroaaps
4yeMy MOT IPOUCXOIUTh 0OMeH ¢ayHoil. Hanpumep, BO BpeMsi MOCIEAHETO
oJieieHeHus (0KoJIo 25 ThIC. JIeT Ha3aa) Ha Mecte bepuHrosa nponuBa 00-
pasoBaics nepemieek, coenuHuBmni Asuro ¢ CeBepHont Amepukon. llo
ATOMY NEpelIerKy ApeBHeMIre KuTean YyKOTKH Mepenuid Ha aMepHUKaH-
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CKHII KOHTMHEHT U PacCEeWINCh 1Mo Bcelt Amepuke. Eiie panbiie 1moao0-
Has UCTOPHS MPOU30ILIa ¢ ABCTpaliMeil: BO BpeMsl MPEANOCIeIHEro oJie-
JeHeHus (OKO0JIO 72 ThIC. JIET Ha3a/d) YPOBEHb OKeaHa MOHU3UJICS MPUOIH-
3utenbHO Ha 120 M, octpoBa MHmoHe3un ciuBanuck ¢ MHOOKHATaCKUM
MOJIyOCTPOBOM, a OT TenepemHedt HoBoil ['BuHeM ABCTpalivdio OTIETSI
nponuB mupuHOi okosio 100 kM. Ero cBoOOAHO Morium mpeojolieTh Ha
CBOUX JIOAKaxX MPEJIKU HBIHEIIHUX APaBUAMNCKUX HapoaoB MHIokwuras,
KOTOPBIMU aBCTPAIMICKUE aOOPUTEHBI UMEIOT MHOTO CXOKHX YepT.
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23

Dpakrajabl
I'eomerpust mpupoas! ppakTanbHal

b. Monoenvopom

23.1. IlousiTue o ¢ppakraiax

@paxkmanamu 0OBIYHO HA3BIBAIOT OOBEKTHI, APOOSIIHECS caMOno100-
HbIM 00pa3om. TakoBbI, HapUMEpP, PEKU C UX MHOTOUYUCICHHBIMHU MPUTO-
KaMM, MaJIbIMU PEUyIIKaMUd U PY4YbsSIMH, a TaKkKe M3BHIIMCTas Oeperonas
JVHUSL MOpEH, TOBEPXHOCTh 00JAKOB, TOphL. Ype3BbIUaliHO MIMPOKO pac-
IpoCTpaHeHbl (PpakTalibHbIE CTPYKTYPHl B JKMBOM MPHUPOJE: KPOBEHOCHAS
CHUCTEMA KUBOTHBIX U YEJIOBEKA, SMUTEINN KUIIEYHUKA, KEITYHbIE MPOTO-
KU, JIErOYHas TKaHb, HEPBHAsA cucTtema U T.J. OTIWYUTEIbHBIM PU3HAKOM
dbpakTagoB SBIAETCS WX PA3pPBIXJICHHOCTh B 00BEME, M3PE3aHHOCTH IO
TUTOMIAAN WJIM M3JIOMaHHOCTH TuHUU. Ha3Banue ¢paxran (ot nar. fractio —
pasilaMbIBaHUE) KaK pa3 U OTPaXKaeT 3Ty OCOOCHHOCTh MEPEUUCICHHBIX
00bekTOB. X 00BbeM, miomaab, JJIMHA YK€ HE MOTYT CIYXXUTb METpHUYe-
CKOW XapaKTepUCTUKON OOBEKTa, TaAK KaK CTAHOBSITCS HEOIpPEIEICHHBIMU
BEJIMYMHAMM U 3aBUCAT OT LIEHBI JEJICHUS UCTIOIb3yeMOT0 U3MEPUTEIHLHOTO
npubopa. Hampumep, uzmepsis JIMHY KaKOTo-IMOO ydacTka OeperoBoi
auHAA [WHYpoM 100-MeTpOBOM IMHBI, IIHYPOM C y3€JIKaMU 4epe3 Kax-
IIbIA METP, PYJIETKOM C CAHTUMETPOBBIMU JECIECHUSMHU U JTUHEHKON C MUJI-
JUMETPOBBIMHU JICJICHUSIMU, Mbl TIOJIyYUM PA3HBIE PE3YJIbTATHI, TaKE €CIIH
BBIpa3UM HMX B OJIMHAKOBBIX €IMHUIAX JJIMHBI — MeTpax. He Bcerga maxe
BO3MOKHO OJHO3HAYHO YyKa3aTh, K KAKOMY T'€OMETPHYECKOMY THUIy MpH-
HAJUICKUT AaHHBIM 00bekT. Ha puc. 23.1,a moka3aHa joMaHasl JHHUSA, a
psanom (puc. 23.1,0) — 3akpailieHHas TIOCKOCTh, TMOJIy4eHHas OJITUM
MPOJIOKEHUEM ATOM JIMHUM B MpEJIeNaX OrpaHUYEHHOM TUIOIAau KBaapa-
ta. Ho r1ie rapanTus, yTo paccMaTpuBas 3TOT YEPHBIM KBAJpaT MOJ CHJIb-
HBIM YBEJIMYEHUEM, Mbl HE YBUJIUM BCE TY K€ JIMHUIO C HE3aKpalICHHBIMU
y4acTKaMHU UCXOJHOTO KBajapara?
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Puc. 23.1. [Iponomkasi oueHb JOIT0 U3IIOMAaHHYIO JIMHUIO (@) B OTPaHUYEHHBIX
Ipezaenax KBagpaTa, co BpeMEHEM MepecTaeM OTINYATh €€ OT 3aKpalleHHON Ho-
BEPXHOCTH 3TOT0 KBajparta (6)

Yro xe B TakOM ciiydae u30paTh MEPUIIOM PacCMATPUBACMBIX O0BEK-
TOB U KaK YOEIUTHCS B TOM, YTO AJIEMEHTHI UX CTPYKTYPhl JEHCTBUTEIHHO
0o0saatloT cBOoMCTBOM camonoaodus? Ctporoe ompeneneHue (pakrania,
JAaHHOE aMepUKaHCKUM MarematukoM b. ManaensOpotom (1975), 3Byunr
TaK:

Dpaxmanamu HA3618AIOMCA 00BLEKMbL, Y KOMOPLIX MONOA02UYECKas
PA3MepHOCmb MeHbuLe Xaycoophoso.

Jaaum HeoOxonuMble TIOSICHEHUS. B reomeTpun mon pazmepHocmoio
MHOXMCecmea TIOHUMAETC MUHUMAIbHOE YHCIIO KOOPAMHAT, HEOOXO0IUMOE
JUISL 3aJIaHUSl B 3TOM MHOKECTBE IOJI0KEHUSI MAaTepHAIbHOW TOUKH. JlJist
TOYKH 3TO 0, 11 TUHUKM — 1, JJIS TOBEPXHOCTH — 2, JIJIT 00bEMHOTO Te-
na — 3. Tononozus n3ydaer 00ObEKThI, CBOMCTBA KOTOPBIX HE U3MEHSIIOTCS
npu Aegopmanusx, MPOU3BOAUMBIX 0€3 pa3phIBOB U CKIIeUBaHUU. Tonono-
2U4ecKas pasmepHoCcms MHOdicecmea dy — 3TO TeOMETpUYecKas pazMep-
HOCTh, Ha €JMHUILY MPEBBIMIAIONIAS PA3MEPHOCTh pa3pesa, JAEIAIIETr0 3TO
MHOECTBO Ha JIB€ HECBSI3HBIC YaCTH, MPUYEM TOIMOJIOTHYECKAS pa3Mep-
HOCTh TOYKH IOJIaraeTcsi paBHOM HyJt0. Toraa /st JMHUK CHOBA MOJIy4aeM
dr=1, nng noBepxHoctu dy =2 u T. A. B mo0OoM cityyae 3To 11e10€ YUco.

Tenepp npeacraBuM cebe MHOMKECTBO IJIEMEHTOB HEKOW CTPYKTYpHI
(puc. 23.2), cocrosiiei, HallpuMep, U3 OMPEIeIEHHBIM 00pa3oM PacIiojo-
KEHHBIX TOYeK. Pa300beM 3TO MHOXKECTBO HAa OJMHAKOBBIC SUYCHKU C JIU-
HEWHBIM Pa3MEpPOM ¥ U MOJCYUTAEM KOJUYECTBO SYEEK, COAEPIKALIUX XOTS
OBl OJIH AJIEMEHT MHOXKECTBA.

Xaycoopgosoii pasmepHocmvio MHodcecmea (IO UMEHU HEM. MaTe-
matuka . Xaycnopda) nasvieaemcs npeden omHowleHus 102apugma duc-
J1a AYeeK pa3douenus 3mo20 MHONCECMBA, COOePIHCAUUX XOMsL Obl 00UH €20
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aneMeHm, K J102apugmy eiuyunsl, 00PAmHou TUHEUHOMY pasmepy A4elKu,
npu e2o cmpemaeHuu K Hyaw:

d,, =lim VO (23.1)
H 5o ln(l/r)

OTO O3HaYyaeT, YyTo ISl MPOBEPKH (PPAaKTATBHOCTU KaKOTO-THOO0 00B-
€KTa €ro Hy>KHO pa30uTh Ha SYEHKU B MPOCTPAHCTBE OOJNBIIEH pa3MEpPHO-
CTH, MOJACYUTATh YKa3aHHOE OTHO-
nieHue, 3aTeM pa3outh Ha Ooliee

— N

MEJIKME SYEUKH, CHOBA IIOJCYMTATH ﬁ\jr [y
3TO OTHOIIEHUE | T.A. Eciu y momy- o o \lka.]
YEHHOW IMOCJIEeI0BATEIbHOCTH YHCET L hd olo
CYILIECTBYET Mpefel, TO OH U Oyner .'. )
xaycaopdoBoil pazMepHOCTBIO dy . :
JAaHHOTO 00BeKTa. Eciu ke ero to- N——y Y=
MOJIOTHYECKasi pa3MEepHOCTh dr OKa- =
YKETCS MEHBIIEH, YeM dj, TO OOBEKT o e
ABIIAETCS (QPAKTAIOM.

[IpoustrocTpupyeM IpUMEHE- Puc. 23.2. K onpeaenenuto xaycaopdo-
HUE dTOM METOJMKHU Ha TIPUMEPE W3- BOI pa3sMEPHOCTH MHOYKECTBA

BECTHOM M3 MaTEMATHUKU KpPUBOLL

Koxa (puc. 23.3). Ona nonydaercsi B pe3yJibTaTe MOCJIEA0BATEIHHOTO IMO-
CTPOCHUS TPEYTOJIBHOIO 3y0lla Ha UCXOJTHOM OTPE3Ke €IMHUYHON IJIMHBI U
BO3HUKAIOIIUX MIPU 3TOM OTPE3Kax BTPOE MEHBIIIETO pa3Mepa.

=73 AT AT é’\j\—(_/\_

Puc. 23.3. Tpu nocnenoBarenbHbIX 11ara nocTpoeHus kpuon Koxa
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Jlerko BUAETH, YTO JUIMHA OOpa3yrOIIMXCS HAa A-M IAare OTPE3KOB
(pa3mep sueriku) 7, =1/3". Uucao 3eMEHTOB CTPYKTYPbl — TOYEK Iepe-

noMa (MMEHHO OHHM 00pasyloT kpuByro Koxa) N(r,)=4". Xaycmopdosa
pa3smepHOCTh 00bekTa d, =In4/In3~1,26, a ero Tomosoruueckas pas-

MepHOCTh dy = 1, T.e. ycnoBue dy < dy BBIIIOJIHEHO.

Yacro A npoBepkH (HpakTaIbHOCTH TOTO WJIM MHOTO 00bEeKTa ObIBa-
eT yaoOHee Moib30BaThes HE omnpeaeneHneM ManensopoTta u Gopmyoi
(23.1), a MPOCTO BBHIYUCIUTH €r0 TaK HA3bIBAEMYIO pPA3MEPHOCHb CAMONO-
ooousi:

_InN

D .
Inn

(23.2)

3aeck N — 4muCi0, MOKa3bIBAIOIIEE, BO CKOJIBKO pa3 YBEJIMYMBACTCSA KOJIH-
YECTBO OJIMHAKOBBIX AJIEMEHTOB CTPYKTYPhI IIPU MEPEXO0JIE K CICAYIONIEMY
mary ApoOJeHUs, a # — YHUCII0, MOKa3bIBaroIee, BO CKOJIBKO pa3 IMPH 3TOM
YMEHBIIIACTCS JIMHEHHBIA MacITad 3THX 3JeMEHTOB. Tak, s 00BEKTOB,
U300pakeHHBIX Ha puc. 23.4, nmomydyaem: ais oTpeska D = 1; myis kBajgpara
D=2, nna kyba D = 3.

!

|
|
I
I I :
|

Puc. 23.4. Tpu nocnenoBaTeNbHBIX NEPBBIX 11ara IpoOJIeHNs B TMHEHHOM
Mmacmrade 1:2 orpeska, KBajapara u Ky0a

Paccmotpum teneps xkosep Cepnunckoeo (puc. 23.5), Ha3BaHHBIN Tak
B 4eCTh Mojbckoro Mmarematuka B. Cepnunackoro (1882 — 1969).

[Ipumenenne  dopmynsl  (23.2) B 3TOM  cioydae  JaeT
D =1n3/1In2 = 1,58. Jlnsa xpuBoit Koxa pazmMepHOCTb caMO10o1001sI COBIIaA-
naeT ¢ xaycaophoBoil pa3sMEepHOCTHIO:

D=d, =1n4/In3.
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Puc. 23.5. IlocnenoBaTenbHble MArk NocTpoeHust koBpa CeprnuHCKOro

Tak BOT, ppakmanvHbiMu A61810MCS HE I0Oble CAMONO00OHO OpObsi-
wuecss obvekmol, a MOIbKO maxue, ¥ KOMopulX pa3smepHOCmb CAMON000-
ous sensemcst OpobHol eenudurol. B 4acTHOCTH, 00BEKTHI, H300paKEHHbBIC
Ha puc. 23.4, He ABnsA0TCA Ppakrtamamu. PasmepHocTh (pakrana Bceraa
OPUHUMAET MPOMEXKYTOYHOE 3HAYCHHE MEX]y TOIMOJIOTHYECKUMHU pa3Mep-
HOCTSIMH T€X OOBEKTOB, OT KOTOPBIX OH YJAISIETCS M K KOTOPHIM IpHUOIIH-
KaeTcsl.

B psne cmydaeB (hpakTanibl OIy4arOTCS B PE3yJIbTaTE TIOBTOPEHUS 10
OTIpeIeIEHHOMY 3aKOHY HEKOTOPOrO 3JIeMEHTa CTPYKTyphl. Hampumep,
B3SIB JINCT Oymaru, meperudasi ero mo JuaroHajid W paspesas 1o crudy, u3
MOJIYYCHHBIX TPEYTOTHHUKOB Yepe3 JOBOJBLHO OOJBIINOE YHUCIO TTOKOJICHHM
MOJTydaeM CaMOMO00HO BETBAIIYIOCS CTPYKTYpPY, HA3bIBAEMYIO <«JIpaKo-
HOMY» (puc. 23.6).

MR |

Puc. 23.6. ®pakranbHblil «IpaKOH», IOTYUYEHHBIA U3 TPEYrOJIbHBIX 3JIEMEHTOB
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23.2. @pakTajabl B IpUpoae

Kak yxe ykasbiBasoch B 1. 23.1, OeperoBasi JUHHUS 4acTO HE MMEET
€CTEeCTBEHHOT0 Macitaba JUIMHBI M TpeacTaBiser coboi (pakran. Ha
puc. 23.7 noka3aHa 4acth nodepexbs Hopseruu, uzpezannas 007IbIIMMHI U
ManbiMu propaamu. [lokpbiBast KapTy CETKOW W3 KBaJIpaTHBIX SYEEK, IO
dbopmyie (23.1) MOXXHO ompenenuTh XaycaoppoBy pasMepHOCTh THobepe-
Kbsi. HopBexckuii yuensii EHc Denep UCnonb30Ban S4EUKU pasMepoM »
oT 80 kM 10 0,6 KM U TTOTyuns 3HaueHue dy =~ 1,52.

Puc. 23.7. YacTp 6eperoBoii muaun HopBerun oOHapykuBaeT ppakTaabHBIA XapaKTep
(13 xu. @enep E. @pakransl. — M.: Mup, 1991)

[loHsiITHO, YTO 4YeM MeHbIIe MaciuTaOHas €IWHULIA JJIMHBI 7, TEM
OoJbIIee 3HaYEHUE M3MepsaeMon JUTMHBI L mobepexbsi Mbl noiryyaem. Cy-
IIECTBYET CTEIIEHHOMN 3aKOH BHUJIA

L(r)~r®, <0, (23.3)

r7Ie TOKa3aTeNlb £ CBSA3aH ¢ XaycaAophoBOM pasMEPHOCTHIO dy clie-
TYIOIIAM 00pa3oM:

dy=1-¢. (23.4)
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BenuunHa & mMoxeT ObITh HaiifieHa u3 puc. 23.8 Kak yrioBod Kodd-
dbunment mnpsMoit L(r), m300pakeHHON B JBOMHOM JoTapu(MUUecKoM
maciuraoe.

L, xm

10"+

10° | I { I | 7, kM
1 10 100

Puc. 23.8. Onpenenenune ¢ppakraabHON pa3MepHOCTH OEPETOBON JTMHUHU TTOOEPEKbS
Hopgeruu. (U3 xu. ®enep E. @paxransl. — M.: Mup, 1991)

Bo mHorux ciydasix ¢gpaxrtaibl oOpa3yrT BETBUCTHIE APEBOBUIHBIC
dbopmbl — AeHApUTHI (0T Tped. dendron — nepero). [lpuMepom Takux
dbpakTaiaoB SBISIIOTCS MOPO3HBIE Y30pbl Ha CTEKJIE, MOTOJIKE morpeda u
JPYTUX TMOBEPXHOCTSIX, HA KOTOPBIX MPOUCXOAUT OTIOKEHUE U KPUCTAIIIN-
3aiusl BOASHbIX Kamnenb. Ha puc. 23.9 moka3zaH Takoil y30p, B3STBIA W3
Internet (aBTop A. TPOLEHKO).

OdyeHb 4acTo NEHIAPUTHI 00pa3yloTcsa MpHU
KpHUCTaJUIM3allid MeTAJUIOB. M3BeCTHBIN pyc-
ckuit Metaiurypr XIX B. [I. K. UepHoB onmcan
JNEHJIPUTHBIM KPUCTAUl, HAWICHHBIM BHYTPH
100-TOHHOTO METAIIIMYECKOTO CIAUTKA. B mo-
JIOCTH 3aCTBIBIIETO METajlJla BHIPOC BETBUCTHIN
Kpuctayn JniuuHoM Oonee 40 cM. DTO camblid
OOJBIION U3 M3BECTHBIX JACHAPUTOB METAILJIOB.
CamMopoJiHble MeTaulbl — 30J10TO, cepedpo,
MeIb U JIpyrue — B MPUPOJE YacTO BCTpeya-
1otca B popme aenaputoB (uut. mo kH. [lac-

kosibekass M. II. Kpucrammer. — M.: Hayka,
1978. — C. 143).

JleHapuThl BO3HHUKAIOT B pe3yabTare or-  Puc. 23.9. Mopo3sHslii y30p
pannueHus auddysuell arperanuu ocaxiae- Ha TOTOJIKE Morpeda

" http://phys.web.ru/db/msg.html
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MBIX [IPU POCTE KPUCTaJIa aTOMOB. ATOMAaM JIerye 0CecTh BOJIM3U BBICTYNA
CTPYKTYpBIL, YEM B €€ rI1yOuHe, MonacTh KyJa MajJOBEPOSTHO, HE «3aCTPSIB»
1o NyTH. SIBneHue orpaHnyeHHoN Auddy3uei arperauu ObII0 OTKPHITO U
ormcano I1. Muknreiv' B 1983 T. BHEMaTenbHOE M3y4YE€HUE TAKUX CTPYK-
Typ (puc. 23.10) mokaspIBaeT, 4TO JESHIPUTHI MPEICTABISAIOT CO00H ¢hpax-
manvhble kiacmepwsl (OT aHTI. cluster — TPO3/b).

Puc. 23.10. ®pakranbHbIi KJIacTep, BHIPAIICHHBIA B YCIOBHUAX OrpaHHUYCHHON T dy-
3Wei arperainueid (3JIeKTpOHHBIN pecypc: http:// www. codent.ru/progr/fract/info4.php)

Jiis kpuctammu3anuy (pakTalbHBIX KJIACTEPOB ompeseseHue (pax-
TaabHOU paszMepHocTH 1o dopmynam (23.1) — (23.3) He coBceM yn00HO.
OOBIYHO B ITHUX CIydyasx HAXOMST TaK HAa3bIBAEMYI0 MAacCOBYIO pa3Mep-
HOCTb d,,, OTIpeiesieMyto (hOpMyIIOit

M ~ R, (23.5)
rae M — macca gactuil B cepe paauyca R. B yacTHOCTH 1Ji1 KPUCTAJIIOB,

BBIPAIICHHBIX B YCIIOBUSX OTpaHUYCHHOW Auddy3uei arperanuu, Muku-
HBIM OBIJIO TIOJIYYEHO 3HaueHue d,, ~ 2,4.

" Meakin P. Formation of fractal clusters and networks by irreversible diffusion-
limited aggregation. // Phys. Rev. Lett. — 1983. — P. 1119 — 1122.
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MaccoBasi pa3MEpHOCTb XOPOILIO MOJIXOJIUT TAaKXKE ISl OMHCAHUS
(dpakTadbHBIX CBOMCTB pa3iIMYHbIX MOpowKoB. I[lopomku o0pasyroT
BJIO)KEHHYIO JPYT B Jpyra cucrteMy kiactepoB (puc. 23.11) mioTHOCTHIO
£ . Uepe3 n MOKOJEHUN IUIOTHOCTh MOpOLIKA P CTaHOBUTCS PAaBHOU p,, a
paguyc knactepa R-r,. Macca oObema mopoiika paaunycoM R Oyner
OMpenenaThcsi BepakeHueM (23.5), rae teneps d,, = d + In p/In r < d, Tak
kKak p<1, a r > 1 (d — pa3MepHOCTh, TPOCTPAHCTBA, paBHas 2 Ha

mwiockoctu win 3 B oobeme). Ha puc. 23.11d=2,r= 7, p= 0,7 u d, =
1,82.

Puc. 23.11. Knacteps! pa3Horo pasmepa, oOpasyemMble mpu araoMmepaiuu noporka. (U3

ct. Onoda G.Y., Toner J. Practical dimensions of model particle packings having multi-

ple generations of agglomerations / Comm. Am. Ceramic Soc. — 1986. — V.69. —
P. C.278 — C.279)

OrpomMHO€ KOTUYECTBO (PpaKTaTbHBIX 0OBEKTOB MOXHO HAOIIOAATh B
XKUBOM mipupoje. He nMes BO3MOKHOCTH pacCMOTPETh 3/IECh BCE MHOT000-
pa3ue U KpacoTy (pakTaJbHON TapMOHHMM XHUBBIX OPraHU3MOB, OCTAHO-
BUMCS JIMIIb Ha ABYX npumepax. Ha puc. 23.12 noka3zansl portorpaduu c
PUCYHKOB PaJHOJISPHI, BBIIOIHEHHBIX HEMELKUM 300JI0r0M J. I'ekkenem
B 1902 r. MsI yxe roBopuiid 00 3THUX MPOCTEHUIIUX >KUBBIX OpraHU3Max,
MOSIBUBIIMXCS HA 3€MJI€ OKOJIO 2,5 MIIpA JIET Ha3aJ M BXOISAIIMX B COCTaB
MOPCKOTI'0 IUIAHKTOHA, HA CEMHUHApe 12 B CBSA3M C NX CUMMETPHUEN.

[lepeiinem Tenepps OT NPOCTEHIIMX K HAMOOJIEE CIOKHBIM >KMBBIM Op-
ranu3maM. Ha puc. 23.13 npencraBnena ¢ororpadus OpoHXOB YeloBeye-
ckoro Jerkoro. s OpOHXOB XapakTepeH NOCTOSHHBIM KOdDPUIIMEHT
BetBieHus (6ubypkauun) d / dy =d / d» = 2", rne d — nuamerp pemsime-
rocs y4actka, a d; u d, — COOTBETCTBEHHO JUAMETPbl 00pa3yrOIIMXCS BET-
Beil. [lokazarens cremenu 1/3 momydaercst 37ech M3-3a TOTO, YTO TOCTIE
Oomnpioro uucia Oudypkanuii OpoHXHadbHAs TKaHb JOJDKHA 3arllOJHUTH
MIOYTH MOJHOCTBIO BCE TPEXMEPHOE MPOCTPAHCTBO, OTPAHUUEHHOE JIETKUMH.
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Puc. 23.12. ®pakranbHOEe MHOTOOOpa3ue paauoyisipuid (3IEKTPOHHBIN pecypc:
http://www.aires.spb.ru/worldnews/Radiolar/radiolar.html)

Puc. 23.13. BponxuansHoe apeso (M3 ct. Collet J.H. The lung // Scientific American —
1966. — V.214. — P.56 — 68)
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23.3. ®pakTajibl B 3IKOHOMHUKE

B xonme XIX B. amepukanckuil ¢unaHcuct Yapnb3 oy oOpatun
BHUMAaHHUE, YTO IICHBl HA aKIUU MOABEPKEHBI UKINYECKUM KOJIeOaHUSM:
3a pOCTOM CJeyeT MajJeHue, MOTOM CHOBA POCT U MaJIeHUE U T. 1. ITO Ha-
TOJIKHYJIO €r0 Ha MBIC/Ib, YTO MOXKHO MPOTHO3UPOBATH JajbHEiIIee moBe-
JIEHUE LIEHBI, €CIIM U3BECTHO €€ HampaBlIeHHue 3a nociaeaqaui nepuo. Ciyc-
Ts OoJiee YyeM MoJIBeKa, APYyrol aMepukaHckuil punancuct, Panpsd Dmnmor,
YBJIEKIIIACH TOJBKO YTO MOSBUBIIEHCS Teopuer (paKkTaioB, MPHUILIET K BbI-
BOJY, UTO KaXKIbI MUK IIEHbI MOXKET OBITh MPEACTABIEH COBOKYIMHOCTHIO
0osiee MENKUX MOJOOHBIX K€ MUKOB, JUIsl KOTOPBIX UCXOJHBIN MUK SIBIISIET-
cs TpeHnoM (puc. 23.13). Takum obpazom, KojebaHue 1EHBI HOCIT (pak-
TaJIbHBIN XapakTep.

Puc. 23.13. BonHoBas nuarpamma DiiuoTa (IyHKTHPOM MOKa3aH LeHoBoH nuk J{oy)

B cnyuae, ecnu TpeHJ JMHAMUKH LIEHBI HapacTaeT ((pakran HaBepXx),
Ha BOCXOJSIIEM ydyacTKe OOJBIIOrO MHUKa HAOJIOAAOTCS MATh MOJTYBOJH
KOJIe0aHWl OTHOCHUTENbHO TpeHaa: Tpu nuka (1, 3, 5 — ux Ha3bIBaIOT Oa-
pamu) v aBe Brnaauuel (2 u 4). Ha HucxopseM ydyacTke BO3HUKAIOT JBa
6apa (1 u 3) u ogna BnaguHa (2). [lo-Buaumomy, 3tu uucna: 3/2 u 2/1, sB-
JSIOIMMUCS OTHOIIEHUSIMU uncen PuboHauyu, B npejiene CTPeMIIMMUCS
K 3onotomy ceueHuto @ = 1,618 (cm. cemunap 1), BIOXHOBUIU DJUIMOTA
Ha MOMCKU ONTUMAJIBHOM CTPATErHH B ONEPALIMAX C LIEHHBIMH OyMaramu.

Oxkazanochk, 4TO Ha HApaCTaIOIIEM TPEHJe AJauHa Oapa 3 cocTaBiseT
npubnusutensHo 1,618 nmuuel 6apa 1, a 6ap 5 yacTo paBeH no jyiuHe Oa-
py 1. Kpome Ttoro, amuua OGapa 5 o0biuHO cocraBiger 0,382 wnm
0,618 ~ 1/® paccrossHuUs, MPONISHHOTO 1IEHOK OT Havaia 6apa 1 10 KoHIa
0apa 3. EcTecTBeHHO, 4TO HanOoOJIee BBITOJHO BXOAWTH B PBIHOK IIOCIE
IPEOJ0ICHHSI HOBOM 1IEHOBOM BEPIIMHBI, UTOOBI OKa3aThCsl HA BOCXOSILEM
YYaCTKE CJeAyrolero nuka. [[is 3Toro Mcnoyib3yroTCsl TaK Ha3bIBa€Mble
cron-opaepel. CTom-opJep Ha MOKYIKY MOMEIIAETCS HAa BEpIIMHY (WU
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YyTh BBIIIE) MOCJIEIHETO MOJTHOCThIO chopMupoBaHHOro 6apa. Ctom-opaep
Ha MPOJAXy MPHUMEHsSETCs, eciau (paktan GpopMupyercs BHU3 U yCTaHAB-
JMBAETCS HA HU3WHY ITOCJICTHEH BITaIUHEI.

B
ol |
A III

C

Puc. 23. 14. Paccrossuine AC MeXIy OCHOBAHMSIMHU KpalWHUX OapoB mHKa (371eCh OHU
M300paxKeHbl KUPHBIMU CTOJOMKamu) OoJjbine, yeM ux ynanenus AB u BC ot Bep-
[IMHBI [ICHTPAJIBHOTO 0apa, 9To 00ecreurnBaeT BEKUBAEMOCTh TaKOTO (PpakTana

VYyacTHUKaM pbIHKa — TpelJepaM — OY€Hb Ba)XXHO MPABUIIBLHO pac-
YUTATh YPOBHU YCTAaHOBKH CTOI-OpJIEPOB. Tak Kak OHU CBA3AHBI C YUCIAMHU
®dubonayun, nx HazpiBatoT GubdoypoBHsiMu. OnHAKO HA MPAKTUKE BCETrAa
JIETKO OMIMOUTHCS B UACHTUUKAIMKU (paKTana, MOHATb, MPEOIOJICET TN
[[eHa DKCTPEMYM LIEHTPAIBHOTO Oapa Wiu HEeT. DHTY3UACT UCIIOJIb30BaAHMUS
(DpaKTaIbHBIX METONOB B aHAIM3¢ (DMHAHCOBOrO PhIHKA B Bubsmc
MPEIJIOKUI JUIsl IPOCTOTHl UTHOPUPOBATH BHYTPEHHHUE Oapbl, KOTOPHIC HE
BBIXOJIAT 3a TPaHUIIBI NIpeabayIIero 6apa. bomnee cTporuii moaxoa cCOCTOUT
B TOM, YTO UCTHUHHBIN WJIU KU3HECIIOCOOHBIM (hpakTayl TaKOB, UTO JIMHUS,
COEIMHSIONIasi OCHOBaHUS KpaHUX 0apoB NOJKHA OBITh OOJbIIE KaXKIOM
U3 JIMHUMN, COEIUHSIONICH 3T OCHOBAaHUS M BEPIIMHY LEHTPAIBLHOIO Oapa
(mna dpaktana HaBepx). Puc. 23.14 neMoHCTpUpyeT Kak pa3 TaKyr CHUTya-
IUIO.

NuTepecHO, 4YTO TpEyrojbHblE 3JIEMEHThl H300pPAKEHHOTO Ha
puc. 23.14 nenoBoro ¢pakranga Mo3BOJSIIOT paccMaTpUBaTh €ro Kak (pak-
Taj «JIPaKOHHOro» Tuna (cM. puc. 23.6).

* (3 ~
Bunbsmc b. «Toproseriii xaoc» u «HoBble u3mMepeHus OUp>KeBOW TOPTOBII». —
M.: Arammtnka, 2000.

64



24

CoJIMTOHBI

S mpocnenoBai 3a HUM BEPXOM, U KOTAa
Har"Hajl €ro, OH IIO-IIPEKHEMY KaTHIICA
BIIEPENl CO CKOPOCTHIO MPUMEpPHO 8—9
MUJIb B 4acC, COXPAaHHUB CBOW IIEPBOHA-
YaabHBINA NPO(UIs BO3BBIILICHHS JJIMHON
OKOJIO TPUALATH (YTOB M BBICOTOH OT
¢yTa 10 nmonyropa ¢yToB.

Jlowc.C. Paccen

24.1. Ynapusie BouiHbI. Y paBHeHue broprepca

BoJiHOBBIE SIBIEHUS YPE3BBIUANHO HIMPOKO PACIPOCTPAHEHBI B MPH-
pOJE M UCIOJB3YIOTCS B TEXHUKE. 1107 BOTHAMU MOHUMAKOT MPOLECC pac-
MPOCTPAHEHUSI BO3MYILIEHUH B Cpelie. DTU BO3MYILECHUSI MOTYT UMETh pa3-
JUYHYI0 (DU3UYECKYI0 TIPUPOJY, B CBSI3U C YeM TOBOPST 00 AJEKTpoMar-
HUTHBIX, aKyCTUYECKUX U MPOYuX BoJiHaX. Hambosiee HarisiiHbIMU SIBIISI-
IOTCSI BOJIHBI Ha ITOBEPXHOCTH JKUJKOCTH. byiem B ganpHedmeM g omnpe-
JEJIEHHOCTU UMETh B BUJly UMEHHO HX.

Ecnu Ha MOBEpXHOCTH KMJIKOCTH B KaKOM-JTMOO ee MecTe ObUIO OKa-
3aHO HEKOTOPOE BO3MYIIAOIIEE BO3ICUCTBUE, A 3aTEM OHA OKa3ajach Ipe-
JIOCTABJICHHOW camoii cebe, TO, OUYEBUTHO, YCKOPEHHUE @ HEKOTOPOH YacTH-
161 )KUJIKOCTU B 00JIACTH BO3MYIIICHUSI PABHO HYJIIO:

du oOu OuOx
a=—=—+——=0

Ll — (24.1)
dt ot ox ot

[TockonbKy MpoU3BOAHAS OT KOOPAMHATHI X IO BPEMEHU ¢ paBHA €€ CKOpO-
CTH U, TO BeIpaxkeHue (24.1) MOKHO niepenucaTb B BUIE
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win 00JIe€ KOMIIAKTHO:
u, +uu, =0. (24.2)

B (24.2) u nanee nepeMeHHbIE HHJIEKCHI IPUA BEIMYMHAX O3HAYAIOT, UTO OT
JTAHHOW BEJIMYMHBI O€peTcsl MPOU3BOAHAS MO YKa3aHHOMY MHIEKCY.

B Bs3KO# cpele Ha 4acTUIy )KUIAKOCTH JEHUCTBYET CUJIa BHYTPEHHETO
TpPEeHUs!, MPOMOPIIMOHANIbHAS BTOPOM MPOU3BOAHOM OT CKOPOCTH MO KOOP-
JMHATE, U ypaBHeHUE (24.2) npuHUMAET BUJ

u, +uu, =wi,,, (24.3)
rae v — KO3(pPUIUEHT KUHEeMATHYECKOW BSI3KOCTU Cpeibl. Y paBHEHUE
(24.3) 6but0 moyueHo broprepcom u HocutT ero ums. OHO OMHMCHIBAET
yoapHbie 60IHbL B CPEJIE, PACIIPOCTPAHSIOIINECS BAOJIb KoopauHaThl x. Ha
puc. 24.1 nokaszad npodusb yaapHoi BosHbl. s yno0ctBa mo ocu abc-
IIUCC Ha PUCYHKE OTJIO)KEHO PAacCTOSHUE OT (pOHTA BOJIHBI, UMEIOILETO
KOOPJMHATY X.

Uo

(<wn) ¥

— U

Puc. 24.1. I'paduk ynapHoii BOIHEI

Kaxk BumHO u3 puc. 24.1, ¢ pocTOM BSI3KOCTH cpelibl mpodib PppoHTa
yJAapHOH BOJIHBI CriakuBaeTcsi. BbicoTa U KpyTH3Ha (poHTA MaTeMaThye-
CKHM ONpEACIISIETCS HEJIMHENHBIM cllaraeMbIM Ui, B ypaBHEHUU broprepca.
Uem Oosbllie 3TO cllaraeMoe, a OHO 3aBHUCUT OT BEJIMYMHBI HAYAIBLHOTO
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BO3MYUIEHUS (TaK KaK u, MPONOPLHUOHATIBHO €MY), TEM Kpyuye (pOHT BOJI-
HbI. B BSI3KuX cpenax uMmeeT Mecto ouccunayus (0T nar. dissipatio — pac-
cesitHue) sHepruu. [losToMy mpu pacrpocTpaHEHUHU B AMCCUIATHUBHON cpe-
Jie BbICOTa U KpyTHU3HA ()pOHTA yJIapHOM BOJIHBI IO MEpE €€ paclpocTpaHe-
HUSl YMEHBUIAKOTCS, U BOJIHA 3aTyXaeT.

24.2. Coautonbl. YpaBHenue Kopresera — ne Bpusa

B 1834 r. mornanackuii GU3MK U HHXKEHEp-u3obperarenb JKoH
Ckort Paccen momyuymsn OT mpaBUTENbCTBA MPEAJIOKEHHE H3YYUTh BO3-
MO>KHOCTH HABUTAIlMU MAPOBBIX CYJIOB MO KaHANy, COSAUHSIONIEMY DUH-
Oypr u ['mazro. /o aToro mo xaHamdy XOAWiH Oap>kKu, KOTOPBIE TAIWIN JIO-
maau. Mcnonb3yst 0cOOEHHOCTH CyIOXOCTBA MO KaHaiy, Paccen omHax bl
CTOJIKHYJICS C COBEPIIICHHO HEOOBIUHBIM siBicHHeM. Korja Gapska HEOxu-
JAHHO OCTAHOBWJIACh, BOJIa, KOTOPYIO OHA IMpHUBENa B JABUKEHHE, OTOpPBa-
Jachk OT HOCA CyJIHA U B BUJE OOJIBIIIOTO OJMHOKOTO BO3BBIIICHUS, HATIOI0-
Oue BOJSHOTO X0JMa, OBICTPO MPOJOJIKIIIA CBOU IyTh BIOJIb KaHana. Pac-
ceJl Ha JIOIa Iy MPOCKaKall 32 HUM OoJiee MUJIU, [TIOKa OH HE 3aTyX U HE 3a-
Tepsiics B uarnbax kanaia. B ceoem «Jloknane o BonHax» Paccen HazBan
00Hapy’>KEHHOE UM SIBJICHUE «YEIWHEHHOW BOJIHOW TpaHcisuuun». Ha3pa-
HUE CONUmMOHbl YeAWHEHHBIE BOJIHBI (IO aHTI. solitary waves) TMOTYy4YWId
no3xe, B 1965 r., korja BbISICHUIIOCH, UYTO OHU BEAyT ceOsl T0JI00HO YacTu-
naMm (dJIEeKTpoHaM, MPOTOHAM, HEUTpOHAM M T. [.): MPU CTOJIKHOBEHUU C
JPYTUMU TaKUMH BOJIHAMHM OHU OTTAJIKMBAIOTCS OT HUX, KaK OWJIbSPAHbBIC
Iapel.

CoBpeMEHHOE OIpENIETIEHUE COJIUTOHA TaKOBO: COAUMOH — JMO Yye-
OUHEHHAs 80JIHA, COXPAHAIOWAs C80I0 POpMY U CKOpOCmb 8 npoyecce pac-
NPOCMPAHEHUs U NOCEe CMOJIKHOBEHUS C OPYUMU YeOUHEHHbIMU OTHAMU.

UTo Xe yAep>KUBAET COJUTOH OT MPEBPAILCHHS B yAAPHYIO BOJHY U
onpokuasiBaHus? OKa3bIBAE€TCS, KPOME TUCCUMNAIMU €CTh €Ie OJHO SBJIC-
HUE, BBI3BIBAIOLEE CIJIAXKMBAHME, a TOYHEE, PACIOJI3aHHUE BOJIHOBOIO
bponTa — OJucnepcus (ot nat. dispersio — pacchlinianue). B nucnepcron-
HOU cpejie pa3iuyYHbIe 10 YaCTOTE CIEKTPAJIbHbIE COCTABJISIOLIME BOJIHO-
BOT'O BCIUIECKA PAaCIpPOCTPAHAIOTCS C Pa3HON CKOPOCTHIO, MOATOMY M MPO-
UCXOJUT €ro YMEHbIIIEHHE 10 BBICOTE W pacnoiizanue no mupune. Korga
JUCTIEPCUOHHBIE 3(PPEKThl KOMIIEHCUPYIOT HEJIMHEHHBIE, BOZHUKAET BOJHA
MOCTOSIHHOT'O MPOQUIISI — COJIUTOH.

DTy 0COOCHHOCTH M y4uiu roymaHjickue yuensle uaepuxk Morannec
Kopreser u I'ycraB ne Bpus, npunaB B 1895 r. ypaBHenuto broprepca
(24.2) 6onee oOuuii BU:
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u, + (c0 + u)ux +pu, =0 (24.4)

VYpasuenue (24.4) naszpiBarot ypaBHenueM Kopresera — ne Bpusza (KaB).
3nechk ff — K03PGUIUEHT AUCTICPCUU, C) — CKOPOCTh PACTIPOCTPAHCHHUSI
JMHENHOUN BOMHBI (T. €. OOBIYHOW NEPHOIUYECKON BOJTHBI MAJIOW aMIUIUTY-
JIbl) B TaHHOM cpeie.

[IpencraBuB pemieHue ymnpouieHHoro ypaBHenus KnB 0Oe3 nenunei-
HOTO cnaraeMoro (uu, = (), B BUJE IJIOCKON OeryIei BOJHbI

U= uoez(a)t—kx)

(149 — aMIUIMTy1a BOJHBI, @ - 9acTOTa, k = @ /cy — BOJIHOBOE YHUCJIO), TIO-

. . 73
Jy4daem, uTo U, = i@ u, U, = — iku, U, = ik’u. TlofcTaBisisi 5TU BBIPAXKEHUS B
(24.4), nonydyaem

3
o =cok— pk”. (24.5)

VYpaBuenue (24.5) Ha3bIBaeTCA OUCHEPCUOHHBIM YPAaGHeHuem s
ypaBHenust KnB. OHo BbIpakaeT 3aBUCUMOCTH ()a30BOM CKOPOCTH BOJIHBI V

(B oO111eM cityyae HETMHEWHON) OT YaCTOTHI:

(0] 2
v=2=c —p*.
. co—

OTcrona BUIHO, uyTO B OTCyTcTBUE Aucnepcuu (S = 0) V' = c.

24.3. ®a30Bblii NOPTPET HEJUHEHHBIX BOJIH B INCCUNIATUBHOM
cpene. BosmoskHblie pemnenusi ypapHenuss KnB

BBojisi HOBYIO TEpEeMEHHYIO Vv = u — o, IpuBeaeM ypaBHeHue KaB k
Oosee MpoCTOMY BHIY

v,+w +pfv . =0. (24.6)

[Tepetinem B (24.6) OoT x K TaKk Ha3bIBaeMOU «OeryIiel KOOpIUHATE)
E=x—Vt. Torma v, =dvid&, v,=—Vdv/d&, a (24.6) mpumeT BUA

d’v dv
ﬂd—§3+(V_V)d_§_O
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[IpounrterpupoBas nociaeaHee ypaBHEHUE M0 &, TIOTy4aeM

S
dcfz ov’
mw?
rne U = —7+z — TOTCHIMAIbHAS (QYHKIHS, XapaKTepU3yroIias Imo-

TEHIMAIbHYIO SHEPTUIO YACTHIIBI KHUAKOCTH eAMHUYHOM Macchl. Ee rpadu-
YyecKas 3aBUCMMOCTb OT OTHOCHTEJIBHOM CKOPOCTH V YAaCTHIIbI H300pa)keHa
Ha puc. 24.2 a.

Puc. 24.2. Onpenensiembie ypaBHeHueM KB noteHImaibHble SJHEPTUs YACTHUIL KU KO-
ctH (a) u (ha3oBbIi MOPTPET UX KoeOaHuit (6)

Bemuuunsl v u dv/dé xapaktepusyloT cocTosiHue (1o rped. phasis)
YaCTHUILBl KUJIKOCTU B MPOU3BOJBHBIM MOMEHT BpeMeHU. B cBsi3u ¢ 3TuM
mwiockocth (v, dv/d&) smnsercs ¢Ga3oBOW IJIOCKOCTHIO, @ COBOKYITHOCTH
M300paKEHHBIX Ha Hel (Da30BBIX TPAEKTOPHI YacTHIl Ha3bIBAaeTCsA UX ¢ha-
306bim nopmpemom (puc. 24.2, 6). 3aMKHyTbhle TPAaeKTOpUU Ha (ha30BOM
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MOPTPETE COOTBETCTBYIOT KOJICOAHUSIM (BOJIHAM) MOCTOSIHHOW aMILTATY/IbI.
Onnunc (kpuBas 1), HanpuMep, COOTBETCTBYET TAPMOHUYECKUM KoJieOaHu-
aM (BosHaM). [Ipy ManbIX OTKIOHEHHUSX OT PaBHOBECHS MOTEHIMATIbHAs
SHEprust yacTHll OyIeT 3aBUCETh OT CKOPOCTH IO 3aKOHY, OJM3KOMY K Ha-
pabonuueckomy. IloaTOMy B JaHHOM peXuUME Mbl OyAeM HMETh JEIO0 C
K8a3uecapmonuyeckumu konebanusamu u eonnamu (puc. 24.3, a).

)
L - -
a
¢
\%
W — —
6
4
\%
e ———— = =
(3
4

Puc. 24.3. Paznuunble BUbI perieHus ypaBHeHusa KnB: kBazurapMoHndecke BOJIHbI
(a), xHOMATBHBIC BOJHBI (6), COUTOHHI (8)

[Tpu HecKONMbKO OONBIINX OTKIOHEHHSIX OT PaBHOBECHS MOTCHIIHAIb-
Hasl PHEPrsl YaCTUIbl OTKJIOHSETCA OT mapaboisl, a ee (a3oBas TPaeKTo-
pUsl CTAHOBUTCS AW1I€00pa3HON (KpHBas 2): OTKJIOHEHUSI OT PaBHOBECHS B
OJIHYy CTOPOHY MPEBBIMIAIOT OTKIOHEHUS B IPYTYI0 CTOpOHY. Takue Koie-
OaHust (BOJHBI) HAa3bIBAIOTCS KHoudanvHuimu (puc. 24.3, 6). Hakonen, npu
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OONBIINX OTKIOHEHHSIX OT PaBHOBECHS, B CYIIECTBEHHO HEJIMHEHHOM pe-
xume, (pazoBas TpaeKTopus oOpa3yeT HE3aMKHYTYyIO merito (Kpuas 3).
Eif-ro m cooTBeTcTBYyeT onmHOTrOpOas yeAWMHEHHAas BOJHA — COJUMOH
(puc. 24.3, g). I'pacduk conuToHa B CTapbIX NMEPEMEHHBIX X, ¢ TIOKa3aH Ha
puc. 24.4. Ero npodwis onpeaensiercs ¢yHkmuei f{x) = sech x, koTopas
Ha3bIBACTCS «THIEPOOTMUESCKUM CEKAHCOMY:

u = Asech? _L , 247 4

rae gl

L=y128/(ad) (24.8)

L | x
1 !
V=c,+1/3a4 — (24.9) Puc. 24.4. TunuuHbIi mpoGuiIb CONMUTOHA
ypaBHeHus KaB

COOTBETCTBEHHO IIMPHHA U CKOPOCTh PACIpPOCTPAHEHUsI coNUTOHA. KoHKpeT-
HOE 3HaYEHHUE MapamMeTpa ¢~ 1 3aBUCUT OT THIIA BOJIHBI (IUIOCKAs!, TUHIPU-
Jeckasi, cpepudeckast u T. 1.).

N3 (24.8), (24.9) BUAHO Ba)XKHOE CBOWMCTBO COJUTOHA: C POCTOM aM-
IUIMTYABl €70 IIMPHUHA YMEHBINAETCs, a CKOPOCTh Bo3pacraer. Puc. 24.2
NPOSCHSIET MOCIEA0BATEIbHOCTD MPEBPAIICHUS KBa3UTAPMOHUYECKUX BOJH
MaJol aMIUIMTY/bl CHavalla B LIETIOYKY COJIMTOHOB (KHOMIaJbHbIE BOJIHBI),
3aT€M B OTAENbHBIA COJMTOH MPHU BO3PACTAHUM OMNPEACIIAIONICH aMILIUTY-
Iy KojeOaHuM BeIMUYMHBI BO3MYIIEHHUS PAaBHOBECHOI'O COCTOSIHUSI IIOBEPX-
HOCTHU KHJIKOCTH.

24.4. CoMTOHBI B IPUPO/Ie U TEXHUKE

ConuTOoHBI B Y3KMX KaHajaxX, MOJ0OHbIE TOMY, KOTOPBIM HaOIIO1aT
JIx. C. Paccen, He eIMHCTBEHHBIE COJIMTOHBI Ha Bojie. [IpuMepom conauTo-
Ha, onuchiBaeMoro ypaBHenueM KnB, siBnsieTcs Takke yyHamu — Orpom-
Has MOpCKasi BOJIHA, JocTuraromas 50 M B BBICOTY U paclpOCTPaHAIOIIAsCs
co ckopocThio A0 1000 km/4. [lyHamMu BO3HMKAIOT TP MOJBOJHBIX 3EM-
JSATPECEHUSIX B PE3yJIbTAaTe€ CABUTra BBEPX WJIM BHHU3 MPOTSKEHHBIX y4acT-
KOB MOPCKOTO JIHA.

Ha mope mMoryT BO3HUKaTh U COJIUTOHBI JIPYTrOro THUIA — TaK Ha3bl-
BAaEMBbIC 2pPYNNOoGble CONUMOHbI WIHA conumonsl ozubaroweu. OHU Tpea-

71



CTaBIIAIOT COOOM Tpymnmy amIUIUTyAHO-MOYJIMPOBAHHBIX MEPUOTUUYECKUX
BOJIH, Y KOTOPBIX OTHOAOIIasi OMUCHIBACTCS TUNIEPOOIUUECKUM CEKAHCOM.
[Tox orubaroreit 00bIYHO HAXOAUTCS 0KOJIO0 14—20 BOJHOBBIX I'pebOHE. B
LEHTpPE IPYIIIbI, TAKUM 00pa3oM, HaXOJIUTCA CaMbIil BBICOKHM, OT CEbMO-
ro 1o xaecaroro, rpedenb. OTCI0a MPOUCXOJUT U3BECTHOE BBIPAKCHHE
«eBATBIM Bam». B ornmume ot conmutoHoB KaB, rpynmoBbie COMUTOHBI
ONUCHIBAIOTCS APYTUM YpPaBHEHHEM — TaK Ha3bIBAEMbIM HEIMHEHHBIM
ypaBHennem Ipeaunrepa (HYI), mosToMy MX Ha3bIBalOT TAKKE COJIUTO-
Hamu HVYIUI. Baxsoli OTIWYUTENbHON OCOOCHHOCTHIO TaKMX COJUTOHOB
ABJISIETCS TO, YTO UX CKOPOCTh HE 3aBUCUT OT aMILIATYIbI.

Comuronsl HYII MOryT uMeTh M 3J€KTPOMAarHUTHYIO, B YaCTHOCTH
CBETOBYIO, npupoAy. C HUMH CBSI3aHO, HANIpUMEP, SIBJICHUE CAMOUHOYYU-
POBAHHOU Npo3payHocmu — TPOCBETICHHE HENPO3pPavyHOM Cpelbl IMpU
MPOXOXKIAECHUU CKBO3b HEE MOIIHOTO MMITyJibca cBeTa. OOBbICHEHUE 37eCh
npocroe. Cpena Henmpo3paydHa, €clii UMEET MECTO HorjouieHue ceera. [lpu
JIOCTATOYHO OOJIBIIIOM KOJIWYECTBE MaJjalomuX (HOTOHOB MOAXOAAIIEH Yac-
TOTBI BCE aTOMBI CpeJibl B 00JACTH MPOXOKICHUS CBETA, MOrJIonias ux, me-
pelayT B BO30YXKIEHHOE COCTOSIHUE, M Cpe/la CTaHeT Mpo3pauHoi. Tak u
MPOUCXOIUT TPHU MPOXOKICHUH YEPE3 HEMPO3PAYHYIO CPEAy NEPEAHETO
¢bpoHTa CBETOBOrO MMITyJhca. MaKCUMyM HMITYJIbCa TOTJIONIAETCS YKe
MEHBIIIE, a €r0 33aJHUNA (PPOHT CTUMYJIUPYET OOpATHBIN MEepexo]; BO30yxk-
JIEHHBIX aTOMOB CpP€Jibl B OCHOBHOE COCTOsIHUE. M3imyyaemas UM 3HEprus
BO3BPAIIAETCSI CBETOBOMY HMIYJIbCY, KOTOPBIA IMPOXOJIUT 4YEpe3 Cperdy.
Cam uMIyJIbC, €CTECTBEHHO, COJIEPKUT B ce0e TpyMITy 3JIEKTPOMArHUTHBIX
BOJIH (BOJIHOBOHM TakeT) TpeOyeMol 4YacTOThI, T. €. MPEACTaBISIET CO0O0M
conutoH HYIII.

B Hacrosiee BpeMst BenyTcs paboThl MO UCIOIb30BaHUIO TPYIIOBBIX
COJIMTOHOB JJIsl IEpeaaund MHPOPMAIIUU IO ONTUYECKUM BOJHOBBIM CBETO-
BOJaM Ha cCBepxOoJbllde paccTosHUs. B  OOBIYHBIX BOJIOKOHHO-
ONTUYECKHUX JIMHUSAX CBSI3U H3-3a JUCHEPCUU MPOUCXOAUT PACION3AHUE U
NEPEKPBITUE CUTHAJIOB C MOTepel mepeHocuMoil umu uHdopmanuu. [lo-
sToMy uepe3 kaxapie S00—600 kM NpuUXOAUTCS YCTaHABJIMBATH PETPAHC-
JSTOp, MPeoOpas3yIONMInii ONTUYECKUI CUTHAM B DJIEKTPUUYECKUN C COXpaHe-
HHUEM BCEX €TI0 MapaMeTPOB, a 3aT€M BHOBb B ONTUYECCKUU IS JAlIbHEUIIIEH
nepenayu. CTOUMOCTh TaKOTO 000PY/IOBaHUS YPE3BBHIYAITHO BEJIMKA — JI0
200 MyH 10JUTapOB HAa KaXAYH PETPAHCIALMOHHYIO cTaHIuio. [IpumMene-
HUE B BOJIOKOHHBIX JIMHUSX CBSI3U COJTUTOHOB, COXPAHSIONTUX CBOIO (hopmy
B MPOLECCE PACIPOCTPAHEHUSI, BBITJISIUT B CBA3U C STUM BEChbMa MPHUBJIE-
KATEJIbHBIM.

Bonpinx ycrnexoB B JaHHOM HANpaBJICHUU JTOOUIACh U3BECTHAS aMe-
pukanckas ¢pupma Bell Laboratories. Eme B 1972 r. cotpyanuk 3Toi up-
Mbl Aliupa XaceraBa mpejacKazajl BO3MOXHOCTb CYIIECTBOBAHUSI COJIMTO-
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HOB B ONTHYECKON BosiHE. BrociencTBuuM OHU OBUIM OTKPBITHI AKCIIEPH-
MeHTanbHO. OCTaIOCh TOJIBKO HAYYUTHCSA YIPAaBJIATh JUCIEPCHEN CBETa B
BOJIHE, YTOOBI MOKHO OBUIO MOAJEPKUBATh (POPMY PACTPOCTPAHSFOLIUXCS
B HEM COJIMTOHOB HEOTPAHUUYEHHO J0Jr0. Takas TeXHoyorus Obliia Co3/1aHa
Beayumm crneuuainucroM ¢upmsl Bell Jlunnom Momnienayspom. CyTh Me-
TOJla B TOM, YTO CBETOBOJ] pa30MBAeTCsl Ha CEKIMH C YEPEAYIOLIMMUCS IO
3HAKy 3aKOHAMM JHCIepCHU. B HEYEeTHBIX CEKLIHSIX CBETOBOW HMMITYJIbC
paciupseTcsi, B UeTHbIX — C)KMMAETCs, B pe3yJibTaTe uero ero (popma Boc-
craHaBnuBaercs. [1oj00HbIe TEXHOJIOTUH MO3BOJIAT MepeaaBaTh HHpopma-
LU0 110 ONTHUYECKUM JIMHUAM CBSI3U 0€3 pEeTPaHCISTOPOB MO MEHbILIEH Me-
pe Ha 5—6 ThIC. KWIOMETPOB.

Comutonsl HYIII onmchIBalOT Takke MPOLIECCHl PACIPOCTPAHECHHUS
BO3MYILIEHUN JOMEHHBIX CTEHOK B ()epPOMArHETHKAX U CETHETODIEKTPH-
Kax, MPOXO0KJICHUE HEPBHBIX UMITYJIbCOB B KUBBIX OPraHM3Max U MHOTHE
Jpyrue mpouecchl B Onosornyeckux cucreMmax. CorpyanukoMm MHctuTyTa
mammHoBeauss PAH, nokropom ¢usuko-maremarnueckux Hayk C. B. Ile-
TYXOBBIM pa3zpaboTaHa KOHLEMLUS KUBOTO OPraHu3Ma Kak MHOTOYPOBHETO
aHcaMOJIs1 COJTMTOHOB.

Kpome conutonoB KaB u conutonoB HVYII, B HacTosiiee BpeMs U3-
BECTEH PsJ COJUTOHOB, ONUCBHIBAEMBIX JPYTMMH YPAaBHEHMSIMHU: CUHYC
['opnona, XoxioBa-3abonorckoit, Kamommesa-IleruamBumu u ap. s
00pa30BaHUs 3TUX COJIMTOHOB, KPOME HEIMHEWHOCTH U AUCIIEPCUH, BAXKHO
Biusinue 3¢ ¢dekToB pedpakuuu U audpakiuu BoaH. MBI npeaocTaBiiseM
CTYJIEHTaM BO3MOKHOCTb CaMOCTOSTEJIbHO O3HAKOMUTBHCA C STUMHU HHTE-
PECHBIMH HEJIMHEWHBIMU YEAMHEHHBIMH BOJIHAMH, BOCIIOJIb30BaBIINUCH CO-
OTBETCTBYIOILIEH JINTEPATYPOH.

73



25

JleTepMUHUPOBAHHBIN XAa0C

W npexxzie yem oH czelnan NOJHBIN KpyT,
Hpyroii ero 3aMKHYJI, BOBHE CIJIETEHHBI...

25.1. Mexkny mopsiikoM U XaocoM

Jlanme

B marepuanax cemunapoB 14, 15 mbl yke Kacaiuch mpoOieMbl COOTHO-
[ICHUS TIOPSIIKA U Xaoca B OTKPBITHIX cHCTeMax. TaM ObUIO MOKa3aHO, YTO B
TaKUX CHCTEMaxX aHaJloTaMHU PAaBHOBECHOTO COCTOSIHUS (KOTOPOE BO3MOXHO

=

X

Puc. 25.1. O6pa3zoBanue npeaeabHOro MUKIa U
aBTOKOJIeOaHuil B cucTeMe

TOJBKO B W30JIMPOBAHHBIX CHUCTE-
Max) SIBJISIFOTCSI TaK Ha3bIBAEMbIC
CTallUOHAPHBIE COCTOSAHUS. OTH
COCTOSIHUSI MOTYT OBITh KaK yc-
TOMYUBBIMH, TaK U HEYCTONYUBBI-
Mu. COCTOSHHE CHUCTEMBI CUYHUTA-
€TCA YCTOMYMBBIM, €CIU €ro Ma-
Jble BO3MYLICHHUSI 3aTyXarOT BO
BPEMEHU, U HEYyCTONYUBBIM — €C-
JM OHU HApacTalOT BO BPEMEHH.
YCTOMYUBBIM COCTOSIHHUSIM CHCTE-
MBI COOTBETCTBYIOT npedeibHble
yuxiel Ha (a30BOM TIIIOCKOCTH.
Puc. 25.1 nwamoctpupyer 3Ty
CUTYAIlMI0 B TMPOCTPAHCTBE CO-

CTOSIHUM (X,X) — (a30BOM IIOCKOCTH, TI€ X — OTKJIOHEHHE CHUCTEMBI OT
paBHOBECHsI, a X — €ro MPOU3BOJHAs MO BPEMEHHU (CKOPOCTb OTKJIOHEHUS).
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[Tpu ManbIx BO3MYIICHUAX aMIUTUTYJa KOJeOaHUW OTHOCHTEIHLHO PaBHOBEC-
HOTO cocTosiHug O BO3pacTaeT, O YEM CBUAETENIBCTBYET CHUPAIBHO PACKPY-
yuBaromascs ¢a3oBas TPaeKTOPHSI.

[Ipu OonbIIMX BO3MYILIEHUSX HMEET MECTO HEJIMHEHMHOE OrpaHuyYeHue
aMIUTUTYJIbl  KOJ€OaHWil, WU OHH
HauyMHAOT 3aryxaTtb. OO0 »3ToM %
CBUJIETEIIbCTBYET CIIUPaJIbHO
CKpyuuBaromasicsa (asoBasi Tpaek-
Topus. B pe3ynbrare BMECTO He-
YCTOMYUBOT'O MOBEINEHUSI CUCTEMBI
B HEW BO3HHUKAET HOBBIA yCTONYM-
BBIA PEXKHUM — TNEPUOJUYECKUE
asmokxonebanus ~ OMpeNeIeHHON
aMIUTATYbl, KOTOPHIM OTBEYAET =
npeaenbHbld Uk /[ Ha (a3oBoit
TIJIOCKOCTH.

XOTsl COCTOSIHUE CHUCTEMBI U
ObUIO HEYCTOWYUBBIM, €€ Jallb-
HEWIllee TOBEJCHHE OKa3aJloCh
BIIOJIHE NPEACKA3yEMbIM WM, KaK
TOBOPAT, demepMUHUPOBaAHHBIM Puc.25.2. HeBo3moskHas cuTyanus B CUCTEME C

. BYMs (Da3OBbIMHU IICPEMECHHBIMU: IICPECCCUCHUC
(o1 7mar. determino — omnpeme- Y b pem P
(ha30BBIX TPACKTOPHIA HAPYIIIAeT 3aKOH IPH-
as10). B geTepMUHUPOBAHHBIX

o LII/IHHO—C.]'Ie,ZICTBeHHOI\/JI CBA3U
mpolieccax JACUCTBYET 3aKOH IPH-
YHHHO-CJICJICTBEHHOW CBSI3U: 3HAsl HAYaJbHBIE YCIIOBUS, MBI MOKEM MpEJICKa-
3aTh JaJbHEHIIIee TToBeIeHUE CUCTeMbI. BooOpasum teneps npoiiecc ObICTpoi
CMEHBI HapaCcTaHUs aMIUIUTYbl BOSMYIICHHS €T0 HETMHEHHBIM OTPaHUYCHU-
€M U PE3KHM YMEHBIIIEHUEM 33 BPEeMsI, MCHBIIIEE OTHOTO MEePHO/1a KOJICOAHUIA.
Torma (a3oBas TpaekTopusi HEW30€KHO JIODKHA CaMoIlepeceKaThCs
(puc. 25.2). Touku nepecedyeHusi 03HA4Yar0T, YTO OJJHOMY M TOMY K€ COCTOSI-
HUIO CUCTEMBI OTBEYAIOT Pa3IMUHbIE HavajdbHbIe ycioBus. [lomydaercs, 9To B
JNETEPMUHUPOBAHHON CHCTEME HapyIllaeTcsi 3aKOH MPUYMHHO-CIIECTBEHHON
cBsizu. [lonmydueHHoe MpOTUBOpEUNe T0Ka3bIBa€T HEBO3MOXKHOCTh peanu3aluu
BOOOpakaeMoro nmpuMepa Ha MmIOCKOCTH.

25.2. lerepMUHUPOBAHHBIN Xa0C
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[IpoTuBOpeune, KOTOPOE MbI MOIYUH-
JU BBIIIE, pa3peliaeTcss B MPOCTPAHCTBE
Tpex u Oosee ¢azoBbIX n3MepeHuii. Ha puc.
25.3 mokazaH xoJ (a30BOH TPaeKTOPUHU B
TPEXMEPHOM HEJIMHEMHOW IOUCCUNATHUBHOU
cUCTEME. 3/1eCh TPACKTOPHUSI MOXKET, HE Iie-
pecekasich caMa ¢ co00i, TOCTUTHYTh HEKO-
TOpPOr0 yJAalieHHus OT pPaBHOBECHOTO CO-
crostHust O U, UCTIBITAB JIEHCTBUE MEXaHU3-
Ma HEeJIMHEHHOT0 OrpaHWYeHHs], BHOBb Bep-
HYTbCSI B OKPECTHOCTb JAHHOTO COCTOSIHHMS.
Jlanee, M3-3a HEYCTOMYMBOCTH 3TOrO CO-
Puc. 25.3. Crpanmelii aTTpakTop,  crogmps mpomecc OyeT MOBTOPSThCs. Ec-
nonyudenusid 3. Jlopeniiom u3 Mac-
canyceTckoro  Texmonormeckoro Tt PAHO FIIH IO3JTHO TPAEKTOPHS 3aMKHET-
VHHBEPCHTETa cs, 3T0 OyAeT oO3HayaTh CYLIECTBOBAaHUE

XOTSI U CJOXKHOTO, HO TMEPUOJAMYECKOTO

npoiiecca. B chnydae amepuoanueckoro
mpolecca 3aMblKaHle TpaeKkTopuu He mpousoitaer. [lponecc ocraercs nerep-
MUHUPOBAHHBIM, XOTS M CJOXKHBIM, TIOXOKUM Ha XaoTHdyeckuil. Mbl MoxxeM
€ro BOCIPOU3BECTU BHOBb U BHOBb, 33J1aBasi TO K€ CAMOE HAYaJbHOE COCTOS-
HUE CUCTEMBbI. DTO M UMEIOT B BUJY, KOTJa TOBOPAT O OemepMUuHupO8anHom
xaoce. C OHOUN CTOPOHBI, MOHATUS OemepMUHU3M U Xa0C TIPSIMO TPOTUBOIIO-
JIOXKHBI 1O CMbICTY. HO ¢ JIpyrou CTOpPOHBI, MPOLIECC HACTOJBKO CIIOKHBIM,
YTO YacTO MBI JIUIIb B SKCTIEPUMEHTE (MOJECITBHOM WIIM PEAIbHOM) 3aMeyaeM,
YTO OH BOCIPOM3BOJAUTCS, a OMPEICIUTh COCTOSIHHE CUCTEMBbl B MPOHU3BOJIb-
HBIi MOMEHT BPEMEHH, 3aJaB HayaJIbHbIE YCIOBUS, MOXKEM TOJIbKO TUIIOTETH-
yeckd. CIUIIKOM CIOXHBI YPaBHEHUS, KOTOPBIE JUJIsl TOTO MPHIILIIOCH ObI HC-
MoJIb30BaTh. Tak 4To (popMaNBHO ATO BHITTISAUT KaK Xaoc.

Janee, kak Obl J0ir0 HE KpyTHiach (ha3oBasi TpaeKTopus B (pa30BOM
MPOCTPAHCTBE, B CIydyae TUHAMUYECKOI'O0 Xa0ca OHA HE BBIXOJUT 3a MPEIebl
HEKOTOPOW MPOCTPAHCTBEHHO OTPaHUYEHHOU 00J1acTH — ammpakmopa (puc.
25.3). HanomHuM, 4TO aTTpakTOpaMH Ha3bIBalOTCs 00jacTu (a3oBOro mpo-
CTpaHCTBa, MpUTATUBAIONTHE K ceOe (pa3oBbie TpaekTopuu (OT aHTIL. fo attrackt
— TpUTATUBATH). Takue aTTpakTOphl HA3bIBAIOT CMPAHHLIMU AMMPAKMOpa-
mu. HazBanue Obuto mpuaymano ¢paniry3ckuMm ydensiM @. Takencom. Ot
MPUBBIYHBIX ATTPAKTOPOB — TOUYEK WJIM IIUKIOB, COOTBETCTBYIOIIHUX YCTOM-
YUBBIM 3aTyXaloLUUM WJIM HE3aTyXaloluM KoJeOaHUsIM, CTpaHHbIE aTTPaKTO-
PBl OTJIMYAIOTCS IBYMsI OCOOCHHOCTSMM: MX TPACKTOPHS HE 3aMBIKAETCS M UX
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pexuM (QyHKITMOHUPOBaHUS HeycToiumB. [Ipuyem sTa HEYyCTONYMBOCTH BCe-
r/1a SKCTIOHCHIMAIbHAs! DTO O3HaYaeT, 4To 000 Majloe Ha4aJlbHOE BO3MY-
menue pexxkuma D(0) mamee BO BpEMEHHM HApacTaeT IO DKCIIOHEHITUATLHOMY
3aKOHY:

D(t)=D(0)exp(A ©), (25.1)

rae A= limllnw — (25.2)
wat D)

MaKCHUMAJIbHBIN NOoKa3aTens JIsmyHoBa.

beuto Ob1 ommOKOM MpeacTaBiIsITh cebe CTpaHHBIA aTTpakTop (puc. 25.3)
B BHUJIE HEKOU JedopMHUpOBaHHON cripaii. HeycTONYMBOCTh CHCTEMBI BBI3bI-
BaeT KCIOHEHIMaIbHOE pa3beranue (pa3oBbIX TPACKTOPHUH, a AUCCUTIAINS —
orpannueHue (azoBoro oobeMa. B pesynbpTare mpou3BONBbHBIN IeMEHT (a3o-
BOro 00beMa CO BPEMEHEM MO OJJHUM HAMPAaBIICHUSIM MOXKET pacTITUBaThCs, a
M0 JPYTUM CXKUMATbhCS, MOCTETIEHHO 3aIOJIHSISI BECh CTPAHHBINA aTTpakTop, 06e3
MPOCBETOB MEXKy BUTKaMH. Takoe moBeaeHHe (Pa3oBO TpaeKTOPUU Ha3bIBa-
eTcsa ee nepemewiusanuem. PexxuUM NepeMenIMBaHUsl COOTBETCTBYET CIUIOII-
HOMY CIEKTPY MOIIHOCTH B KOJI€OATEJIbHOM MpOLecce, T.e. B HEM MPUCYTCT-
BYIOT BCE YacCTOThI U3 HEKOTOPOTO MHTEepBaia. PaHee cunTanoch, 4To 3TO SIB-
JSIeTCs IPU3HAKOM CITy4allHOTO Tpoiiecca. Terneps Mbl 3HaeM, 4TO MOJOOHBIM
CBOMCTBOM MOTYT 00J1a/1aTh U JETEPMUHUPOBAHHBIE TTPOIECCHI B HEMUHEHHBIX
JIIMCCUMNIATUBHBIX cHcTemMax. 1103ToMy MX M Ha3bIBAIOT JETEPMUHUPOBAHHBIM
Xa0COM.

25.3. lerepMUHUPOBAHHBIN Xa0C U (PPAKTAIBLHOCTH

Camornoao0HO€e IKCIIOHEHIIMAIBbHOE pa3zderanne pa3oBbIX TPACKTOPHUH MO
CTpaHHOMY aTTPaKTOPy O3HAdaeT, 4yTo OHM (pakTanbHBL. TONBKO 3Ta (hpak-
TaJIbHOCTh HAOJIO/IaeTCS HE B OOBIYHOM I'€OMETPHUUECKOM MPOCTPAHCTBE, a B
¢dazoBoM mpocTpaHcTBe. KoHEUHO, ISl CTPOroro J10Ka3aTreabCcTBa 3TOrO yT-
BEPIKJIEHUSI HaJl0 Obl BHIYMCIUTE OJHY U3 (paKTAIbHBIX pa3MEepHOCTEN (Xayc-
nophoBy, caMono100us, MacCOBYIO UJTH JIp.) (pa30BOM TPAEKTOPHUH U MOKA3aTh
ee npobHoctb. Ho BBeneHHble B cemuHape 24 ymnoMsiHyTble (pakTajabHbIe
pPa3MEpHOCTU OMPEENIECHbI JJI1 T€OMETPUUECKOr0 MPOCTPAHCTBA U HE BCEr/a
YIOOHBI JUIS BEIYUCIICHUH.
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CymiecTByeT, 0JIHAKO, CBA3b MEXAY (PpaKkTaabHON pa3sMEPHOCTHIO CTpaH-
HOTO aTTPaKTOpa M JIAIYHOBCKUMHU IMoKa3zarensimu (25.2). HemocpeacTBeHHbIH
pacuet nokasartesns JlssmyHoBa no gopmysie (25.2) 1uist CUCTEM C SKCIIOHEHIIH-
QIbHOW HEYCTOMYMBOCTHIO (DA30BBIX TPACKTOPHUI MPAKTUUYECKU HEMPUEMIIEM
n3-3a OOJNBIION OMIMOKK, BO3HUKAIOIIEH faxke mpu manoM 3HadeHuu D(0) 3a
cueT oueHb ObicTporo pocta D(¢). [ToaTomy Bce Bpemsi cueta T’ pazOuBaeTcs
Ha 7 TPOMEXKYTKOB JUTUTEIBLHOCTHIO 7. Ha KaXk10M MpOMEKYTKE BBIYUCIISIIOT-
Csl JIOKanbHble nokasamenu Jlanynosa (Ipu OAMHAKOBBIX HAYAIbHBIX YCIOBHU-
ax) A; o popMmyie

_1 Di(T)
A —;ln D(0)’

(25.3)
Jlnst monmy4denusi A Hy’>KHO yCPEHUTD BCE A;:
A=—>12. (25.4)
Bripaxxenue (25.4) MOXHO MPEJCTaBUThH B BUJIE

_ Di(T)
A= mTlnll;[ OB (25.5)

Tak BOT, 7151 BBISIBJICHUS (PPAKTATBLHOCTH CTPAHHOTO aTTPaKTOpa MOKHO
HaWTH €ro TaK HAa3bIBAEMYIO JIANYHOBCKYIO PA3MEPHOCMb, TPEMIOKEHHYI0 Ka-
manom u Mopke:

i
dL = ] + z ! . (25.6)
=]V

j+1

B (25.6) npeanonaraercs, 4To A; = Ay = ... > A, aj ONPEACISICTCS U3 YCIOBUN
M+ 20,0+ + .+ A+ A4 <0.

®pakTasbHOE CaMOMOA00NE CTPAHHOTO ATTPAKTOPa MO3BOJIAET €ro BOC-
CTaHOBHTb, 3HAS JIUIIb PEATU3AINI0 OJTHOW U3 KOOPIUHAT UCXOTHOTO (pa3oBo-
ro npoctpanctBa x(f). [lomoxxenne Touku B (ha30BOM MPOCTPAHCTBE KOHCT-
PYHUPYEMOTO aTTPAKTOPa MOXKHO OTPEIEIIUTh M-MEPHBIM BEKTOPOM
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y(t)={x(2), x(t + 7),...o x(t + (m—1)z)}.

CymectByeT Teopema TakeHca, yTBep:KAaromiasi, 4YTO CKOHCTPYHPOBAHHBIN
TaKUM 00pa3oM aTTpakTop OyAET TOMOJOTUYECKH IKBUBAJICHTHBIM HCXOHO-
My aTTpaKTopy, ecinu m > 2dy +1, rne dy — xaycnopdoBa pa3sMepHOCTh HC-
XOJTHOTO aTTpPaKkTopa.

B 3akitodeHne oTMETUM, UTO ACTCPMUHUPOBAHHBIA Xa0C U CTPAHHBIC aT-
TPaKTOPHI OB OOHAPYKEHBI MMPAKTUUYECKH BO BCEX O0JIACTAX COBPEMEHHOIO
€CTECTBO3HAHUA: B (DU3HKE, PATUOTEXHUKE, XUMHH, OMOJIIOTUH, SKOHOMHUKE U
T.1. To, 4TO TO MHTEPECHOE SIBJICHHE HE OBLJIO OOHAPY)KEHO paHblle, 00Yy-
CJIOBJICGHO TE€M OOCTOSITEJIbCTBOM, YTO OHO HAOIIOAACTCS HCKIIOYUTENIHHO B
HEJIMHCWHBIX CHCTEMaxX M JIOJDKHO OIMCHIBATHCS CHUCTEMaMH YPE3BBIYAIHO
CJIOKHBIX HEIMHEWHBIX AU PepeHnanbHbIX ypaBHeHUH. B HacTosmee Bpems
€IIe He CYIIECTBYET OOIIe TEOpuM peIlIeHUs] HEeJIWHEHHBIX ypaBHeHH. [lo-
ATOMY, MOKa HE OBLIM MOCTPOEHBI MaTeMaTUYECKHE MOJIENH, B KOTOPHIX BO3-
HUKAaeT JIeTePMUHUPOBAHHBIN Xa0C, SKCIIEPUMEHTATOPBI, JaKe CTAIKUBASCh C
HUM B psJie CIy4yaeB, IPUHUMAIIM €ro 3a MPOSIBICHUE OOBIYHOTO Xa0ca, a TEO-
PETHKHU HE MOTJIU JAaTh MPaBUIHBHOTO 00BICHEHUS HAOM0JaeMbIM (pakTam.

B coBpeMeHHBIX TpuOOpax M 3KCIEPUMEHTaX BCE Yallle HCIOJIB3YIOTCS
CBEPXBBICOKHE 3HAYCHUS JABJICHUS, CKOPOCTH, TEMIIEPATYPHI M JPYTHX Hapa-
METpPOB. ITO TpeOyeT NMPHUHIIMIUATIHLHO HEIMHEWHOTO MOJX0J/la K OMHCAHHIO
M3Y4aeMbIX MPOIIECCOB, TPUMEHEHUIO METOJIOB MAaTEMAaTHYECKOTO M KOMIThIO-
TEepHOTO MojenupoBaHus. [103ToMy MBI Bce yallle W 4Yaile CTaIKUBaeMCsl Ha
MPAKTUKE C IETEPMUHUPOBAHHBIM Xa0COM.
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26

Camoopranusanusi B Ipupo/ie

[Toxkanyit HeT Takux obiactei, KOTOpbIe
HE BXOJAT B KPYT Mpo0JIeM, CBSI3aHHBIX C
CaMOOpraHU3aLUeH.

I'. pon Depcmep

26.1. IlpuMepsl caMOOpPraHu3aly B HEKUBOW NpUpPoIe

B OTKpBITBIX cHCTEMax BHYTPEHHEE MPOU3BOJACTBO SHTPOMUHU MOMKET
OBITh CKOMIICHCUPOBAHO €€ YMEHBIIICHUEM 3a CUET OOMEHAa YHEPTUU C OK-
pY)KaromIe cpeiod, W TOJHAs SHTPOMHS CHUCTEMbI MOXET OBITh J1aXe
yMeHblIeHA. [Ipy1 3TOM BO3HMKAIOT HEYCTOMYUBOCTH, KOTOPBIE BBI3BIBAKOT
HapylIEHUE pPaBHOBECHS U MOTYT HapacTaTh 10 KPYIMHOMACIITaOHBIX
¢dykryanuii. HaunHas ¢ HEKOTOPBIX KPUTUYECKUX JJISi TaHHOW CHUCTEMBbI
3HaYEHWW BHEIIHUX MMOTOKOB YHEPTUH, dTU (PIYKTyaIrluu MOTYT BBI3BIBATH
€€ MePEXO0]] B OAHO U3 BO3MOXKHBIX CTALMOHAPHBIX COCTOSIHUN, XapaKTepH-
3YEMbIX OTHOCHUTEJIBHOW YCTOMYMBOCTBIO U ynopsigoueHuem. CyliecTBeH-
HO, YTO KOHKPETHBIN THUII YIIOPSAJIOYEHUS ONPEAEISAETCS HE BUJIOM WM Be-
JIMYMHOW BHEUIHETO BO3JICMCTBHS HA CHCTEMY, a CIIOHTAHHOW MEPECTPOu-
KOW camoi cucteMbl. 1103TOMy Takoe SBJIEHHE MOJYy4YHIIO Ha3BaHHUE CAMO-
opeanuzayuu. Hayka o caMOOpPraHM3alu OTKPBITBIX JUHAMHUYECKUX CHC-
TE€M MMEET HECKOJIbKO Ha3zBaHui. OJIUH U3 ee OCHOBaTelel, OenbruicKui
busnko-xuMuk pycckoro npoucxoxaenus U. Ipuroxun (1917 — 1983)
NPEANOYUTACT TEPMUH «HEpasHo8ecHas mepmoounamuxa». OH Ha3Bal
yHOpsI0YCHHBIE 00pa30BaHMsl, BOSHUKAIOIINE B OTKPHITHIX CHCTEMAaX B XO-
7ie HeOOpaTUMBIX MPOLIECCOB, OUCCUNAMUBHBIMU cmpYyKmypamu. Jluccuna-
IIUsI DHEPTUU B CUCTEME 00ECTIEUMBAET CBSI3b MOPOKIAEMBIX (DITYKTyarlus-
MU KOJUICKTUBHBIX (DOPM JABMKCHHS CUCTEMBI — TaK HA3bIBAEMBIX PABHO-
8eCHbIX M0O. Y CTOWYUBBIM KOHPUTYPAIUSIM dTUX MOJ U OTBEYAIOT BO3HU-
KAIOIIKME YHOPSIAOYEHHBIE CTPYKTYPBI.
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Takum 00pa3oM, BbI3BaHHbIE BHEIIHUMM BO3JCHCTBUSIMU U HEOJHO-
POIHOCTSIMU CUCTEMBI Cily4aiiHble (PIIyKTyalluu ee napamMeTpoB MPUBOASAT K
HEYCTOMYUBOCTSIM B CYNEPHO3UIMU PABHOBECHBIX MOJI, KOTOPbHIE CIIyXaT
TOJIYKOM JIJIsi CHOHTAaHHOT'O BO3HUKHOBEHHSI UX HOBBIX, 00JIE€ YCTOMUUBBIX
KoH(purypanuii. C yueTroM COBMECTHOTO JIEUCTBUSI MHOTUX (HaKTOpPOB, 00Y-
CJIOBJIMBAIONIMX MPOIIECC CAMOOPraHU3allMM B HEPABHOBECHBIX CHUCTEMAX,
Hemenkuit pusuk I'. Xaxen (p. 1927) nazBan HayKy 0 HEH cuHepeemukotl
(oT Tpeu. synergetike — COBMECTHOE JIEHCTBUE).

[Tpouieccsl camoopraHU3allii ONMUCHIBAIOTCS HENMHEWHBIMH U de-
pEeHUMaIbHBIMM YpaBHEHHUAMU. boiiee TOro, camoopraHuzanus SBISETCS
XapaKTEPHbIM MPU3HAKOM MHOTMX HEJTMHEHHBIX npoueccoB. [loaTomy Teo-
pHUsl CaMOOPIraHU3aluU PSAOM YUYEHBIX HA3BIBACTCS TAKKE HEIUHEUHOU Ou-
Hamuxou. ECTECTBEHHO, YTO MCIOJIb3yEMBIE B DTOM HAayKe ypPaBHEHHS U
METO/Ibl MX pElIeHUs] TPEOYIOT COOTBETCTBYIOLIEH MaTEeMaTUYECKOM MOJ-
TOTOBKHM M HE BCErja MpocThl. Mexay TeM, XapakTep caMOOpPraHu3aluu U
BO3MOXHBIE THUIIBI BO3HUKAIONIMX B €€ XOJ€ CTPYKTYp 3a4acTylO JIErKO
npecKa3arh, IPUMEHsIs 00IIHUe MPUHIIUIIBI CAMMETPHH.

Poct kpucramioB. B kadecTBe nmpumepa CTpyKTypHOM CaMOOpPraHHU-
3al[MM 4acTO NPUBOIAT POCT KPUCTAJUIOB M3 HACBIIICHHOI'O PacTBOpPa WIH
pacmiaBa. OTKy/Ja aTOMbl «3HAIOT», B KaKOM IOPSAKE UM HAJIEKUT CO-
€IMHUTBCS IPYT C APYTOM, YTOOBI CO3/1aTh XapaKTEPHYIO AJIsl TaHHOTO Be-
IeCTBa KPUCTAIIMYECKYIO pemeTky? [lokakeM 3To Ha mpumepe AByX IO-
auMop¢HBIX MoauUKalui yriepojaa: anMasa u rpadura (puc. 26.1).

[To cBOMM (pu3HYECKUM CBOICTBAM 3TO JIBa COBEPIIECHHO Pa3HBIX Be-
LIECTBA, XOTSI OHU U CJIOKEHBI U3 OJMHAKOBBIX aTOMOB. AIMa3 — JIHDJIEK-
TPUK, NPO3pAaYHbIA U OYEHb TBEPAbIH. ' paduT, HAMPOTUB, XOPOIIO MPOBO-
JUT DIEKTPUYECKUI TOK, HETIPO3payHbIi U MATKUM. OKa3bIBaeTCs, BCE ETIO0
B TOM, YTO B KpPHUCTAJIJIE ajiMa3a aTOMBI yIiepoja IUIOTHO yIaKOBaHbI, 00-
pa3ysi KyOM4ecKyro peweTky (kjaacc m 3m) ¢ TpaHELIeHTPUPOBAaHHBIMU KY-
OUyeCKUMU sSYeKaMu, a B KpUCTaJljIe rpaguTa aToMbl 00pa3yroT CIOUCTYIO
pelieTKy rekcaroHajibHOW cuMMeTpuu (kiacc 6/mmm).

B OCHOBHOM COCTOSHMM aTOM YyIUIEpOJA MMEET CIEAYIOLIYH JJIEK-
TPOHHYIO KOH(PUTYpAIHIO:

1s? 2¢? 2132

WA

JIBa HecmapeHHBIX BAJICHTHBIX JICKTPOHA, HAXOASIIUECS B COCTOSTHUMU
2p, HE MOTYT 00pa3oBaTh YETHIPE CBSI3U C BAJICHTHBIMH AJIEKTPOHAMU CO-
CeHUX aTOMOB (YTJEpOJl YETHIPEXBAJICHTEH), MOITOMY KpUCTAILIU3AIUs
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BO3MOYHA JIMIIb C YYACTUEM BO30YKIEHHBIX aTOMOB YIJIepoAa, UMEIOLIUX
KOH(UTypaLnio

1> 2s' 2p°

AMIENIENERE

Puc. 26.1. Kpucramnuueckas cTpykrypa anmasa (a) u rpadurta (6). B rpanenentpupo-
BaHHYI0 KyOMUYECKYIO 3JIEMEHTapHYIO sUE€HKy ajma3a BKIIIOUEHBI €Ie YEThIpe aroma
(moka3aHbl OeNbIM LIBETOM), IPUHAUIekKAIME APYTON peleTke, cABUHYTO! Ha 1/4 mpo-
CTPaHCTBEHHOW JHMAaroHaIW TEPBOW pEIIeTKH. DJIEMEHTapHas sdelika rpaduta mpen-
CTaBJieHa B BUJ€ poMONUECKOi npu3Mbl. Bxosiue B Hee aTOMBI TakXke BbIJeNIEHbI Oe-
JBIM LIBETOM. Ps/TIOM MOKa3aHO CTpOEHHME U B3aUMHOE PACIIOJIOKEHHE 3JIEKTPOHHBIX
opbOuTanei, nepekpriTHe KOTOPBIX 00ECIIeYNBAET BAJICHTHBIE CBA3M aTOMOB

Jlanee BO3MOXXHBI BapHaHTHL... B anmMase Bce 4eThIpe CBSI3U PaBHO-
LIEHHbl U TETPAdPUYECKU PACIONOKEHBI B MpocTpaHcTBe. Kak xe 3To
BO3MOXHO? Benp 2s- u 2p-opOutaiu OTJIMYaAKOTCs APYr OT Apyra (BCIOM-
HUTE (QOPMY «INEKTPOHHBIX OOJIAKOBY» M3 UIKOJBHOTO Kypca XHUMHH:
s-opoutanu umeroT chepuieckyro popmy, a p-opoutaiu — GhopMmy raHre-
neut. [lorumanne npo6nemsl npunuio B 1931 r., korga amepukanckue (u-
3uko-xumuku JI. ITomunr u JIx. Cnelrep, a Takke, HE3aBUCUMO OT HHUX,
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amepukaHckuil puznko-xumuk P. Maminken u Hemenkuit xumuk @. XyHJ
IPUILLIIM K BBIBOJY, UTO S- U p-3J€KTPOHBI MOTYT HaXOJUTHCA B THOPUAHBIX
COCTOSIHUSIX, TPOMEXYTOUHBIX MEXIy S U p. ['mOpunnbie sp-opOuTanu
MPEICTaBIIAIOT U3 ce0s raHTeIn HEeMPaBUILHOU (POPMBI C CUIIBHO Pa3BUTOMN
OJIHOM CTOPOHOH W €IBa 3aMETHBIM 3a4aTKOM APYroi. ITO oOecreunBacT
OJIMHAKOBOCTh BCEX YETBIPEX CBSA3EM M YCTOMYMBOCTb TETPAdIPUUYECKON
KOH(UTypaluy U3 aTOMOB yTJIEpoa B KpUCTAIJIE aiMa3a.

B rpadute arombl yriepoia pacnoioKeHbl OCIOINHO, B BUIE CTPYK-
Typbl U3 LIECTUYTOJIbHBIX SYEEK, IPUYEM HMEKOTCS aTOMBI JIByX COPTOB:
OJIHM PaCIIOJIOKEHBI HA OJTHOM JIMHUH, IPYTHE — HAIIPOTHUB LIEHTPOB SIYEEK
coceqHero cios. [yis mepBoit KaTeropuy aTOMOB XapaKTepHO 00pa3oBaHME
p — p-CBsI3€H, MpaB/aa, JOBOJIBHO CcIa0bIX, MEXAy CIOsMU. Tpu BaJeHTHBIX
AJIEKTPOHA aTOMOB BTOPOM KaTE€ropuu 0Opa3yrOT pacxolsdIluecs IMOA Yr-
aoMm 120° cBsI3M MOCPENCTBOM Sp-TUOPUIIHBIX OpOHUTANIEd C COCETHUMU
aTomMaMu, a 4-i BaJICHTHBIN AJIEKTPOH OTPBIBAETCS OT aTOMa U CTAHOBUTCS
CBOOOJIHBIM HOCHUTEJIEM 3apsiia (MeTaInYecKasi CBS3b).

C TOYKM 3peHMs NMPUHIMIOB CUMMETPUHU IMPOLECC KPUCTATIU3ALNHU
BBITJISIIUT CIEAYIONIMM 00pa3oM. AJMasbl pacTyT B YCJIOBHSIX BBICOKHX
temmneparyp (cBeime 1000 °C) u gaBneHui (HECKOJIBKO ThICSY aTMocdep).
[To mpunuuny Kropu (cMm. cemunap 12) nepecedenue rpynmnbl CUMMETPUA
G = 00/ 00 mm UCXOAHOU CHUCTEMBI — XAOTHYECKOTO PACIIOJIOKEHHS aTo-
MOB YIJIEpOJia C NPEAEIBbHONU I'PYIION CUMMETPUH CKAJISIPHOIO BO3JECHCT-
BUsI (HarpeB M BCECTOPOHHEE CXKATHE), XapaKTepU3yeMOW TOW e caMoi
NpEAENIbHON TpyHmmnol o / oo mm, HE MEHIET €€ CHMMETPHUU:
G'=G =00/ mm. 1o n OyZneT rpynmna CHMMETpUU (PU3UIECKOTO CBOKCT-
Ba G, = 00/00 mm, NOArPYyNIbI KOTOPOM 1o npuHuuny HeliMana onpene-
JSAIOT CHMMETPHIO BO3HUKAIOLIEN CTPYKTYphl: Gs < Gp. B ycnoBusx paau-
QJIbHO CUMMETPUYHOIO BO3JCHCTBUS alMa3 KPHUCTAJUIM3YETCs B KyOudye-
CKOW CHCTEME, OINHCBIBAEMOM KJIACCOM CHMMETPUHM m3m, COJAEpHKaLUM
ciaeayronmi Habop 3yieMeHTOB cummeTrpuu: 3L4,4L; 6L, 9PC. Ucnonb3o-
BAHHBIA 3/1€Cb CUMMETPHUIHBIN MOAX0Jl, KOHEYHO, HE pPEIIaecT BOIPOCOB,
MO4YeMy ajaMa3 KpHUCTAJUIU3yEeTC UMEHHO B CUCTEME Kiacca m3m, a HE B
JIPYTUX TUMAX KyOWYECKUX sSYeeK, M Mo4YeMy MpH TOH K€ CHUMMETPUU BO3-
JENCTBUS APYTHE BELIECTBA MOTYT KPUCTAJUIN30BAThCSl B UHBIE CTPYKTYPbI
(BmpoyeM, Takke KyOW4eCcKOW CUMMETpPUHU). DTO 3aBUCUT OT KOHKPETHBIX
3HAYEHUH PHEPIrUU XMMHUYECKUX CBSI3€M MEXIy aTOMaMU U MHOTHX JAPYIUX
0o0Jiee CIIOKHBIX YCIOBUM, 00CYX IAEHUSI KOTOPBIX BBIXOJMT 32 PaMKH JaH-
HOTO nmocoOus. OTMETUM JIUIllb, YTO Tpymnna m3m, NIedCTBUTEIbHO, SIBIISCT-
¢ 1o npuHuuiy Helimana omHOW W3 NMOATPYNI TPYIIIBI CUMMETPHM He-
MOABUYKHOIO 11apa 00,/ o0 mm.

['padur kpuctammM3yeTcss MpU ropa3io MEHBUIUX TeMIlepaTypax Hu
JABJIEHUAX TUIIA OJTHOOCHOrO cxatusi: G, = o/ oo mm. Iloatomy ycToitun-
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Basg KOH(UTypalus aTOMOB B KPUCTAJUIMYECKOM pelieTke rpadura a0mKHa
OMKCHIBATHCS OJTHOM M3 MOATPYIII IPYIIIBI CAMMETPHUH 00/ comm M oo / mm.
C yderoMm TpeOOBaHUM TPAHCISALMOHHON COBMECTUMOCTHU SIUEEK M Pa3iiv-
yuii B uX 0a30BBIX T'PaHsIX, MEPICHIUKYISPHBIX HAMPABICHUIO COKATHS, U
OOKOBBIX TpaHSAX TojydaeMm sl rpadura kmacc 6/mmm ¢ HabopoM die-
MEHTOB cummMmerpuu Lg 6L, 7PC. Menee CUMMETpUYHBIE MOATPYIIIBI Xa-
PaKTEpPU3YIOTCSI MEHBIIIEH SHTPONHEN U MEHEE YCTONYHBHI.

B ycroBusx HEOJHOPOIHOTO POCTA, OCOOEHHO €CIM OH MPOUCXOIUT
OUYEHb OBICTPO, KPUCTAILIIBI PEAKO BHIPACTAIOT COBEPIICHHBIMU. Yalile Bcero
OHU 00pa3yIOT MPU ITOM OeHOPUMIbI.

B maTtepuanax k cemuHapy 23 Mbl IPUBOIUIIN IPUMEPHI AEHAPUTHOTO
pOCTa KPUCTAJUIOB JIbJIa B MOPO3HBIX Y30paX U UHBIX CIy4dasX OrpaHUYeH-
HOM auddy3ueil arperan aTOMOB WiIH MoJieKyl. JleHapuTHyo gopmy
UMEIOT U OTJEJbHbIE CHEXXUHKU. 32 CBOIO HEJOJTYIO KU3Hb CHEKUHKA YC-
NIEBACT BHIPACTH JUIIb «BIIUPHY, TAK KaK HauOoJee MPOYHbIC CBSI3U MOJIE-
KyJbl BOJIBI 00pa3ylOT B IVIOCKOCTH (KPUCTAILIBI JIbJIa IPUHAAJIEKAT K T'eK-
caroHajgpbHON cummeTpuu). [103TOMYy CHEXMHKH UMEIOT B LEJIOM LIECTH-
yroibHyto ¢opmy. (ITo-Buarmomy, BIiepBblE Ha HIECTHYTOJIbHYIO (QopMy
CHEXXUHOK 00patui cephe3Hoe BHUMaHue enie M. Kemep B cBoelt kHure
«O 1mIecTHYroNBHBIX CHEeKUHKAX», onmyonukoBanHou B 1611 r.). Bepmmas
HIECTUYTOJIbHUKA HECKOJbKO BBICTYHAIOT MO OTHOIIEHHUIO K €r0 TpaHsiM U
no3ToMy 00JafaroT OOJIbIIEH BEPOSITHOCTHIO K 3aXBAaTy HOBBIX MOJIEKYI
BOABI. B pe3ysbrare Takol KOHKYPEHLIMM 3a IMUTATEIBHOE BELIECTBO CHE-
KUHKU pacTyT HEpPaBHOMEpHO, o00pa3ys ICHIPUTHbIE KOMIUIEKCHI —
@paxmanvusie kiacmepwt (puc. 26.2).

J-
, <

O/JK

Puc. 26.2. OtnenpHble TUIBI CHEXXUHOK (M3 KH. P.B. bornanos. OT MoJeKyJIbI K KpH-
cramry. — JI.: Xumus, 1972. — C. 66)

9.
\/

i
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PaccMoTpuM B KadecTBE yHpOIIEHHON MOJACIN CHE)KMHKU TaK Ha3bl-
BaeMylo Tpuaaunyeckyro kpuyro Koxa (puc. 26.3 cp. ¢ puc. 23.3), nouy-
JaeMylo B Mpejesie U3 PaBHOCTOPOHHETO TPEYroJbHUKA MPHU MOCTPOCHHUH
Ha €ro CTOpOHaX 3yObEB B BHJIE PABHOCTOPOHHHX TPEYTOJBHUKOB BTPOE
MEHBIIIETO pa3Mepa, YeM HUCXOIHBIA TPEYTOJIbHUK.

[Ipumenenue Qopmyn (23.1), (23.2) k durype, u300pakeHHON Ha
puc. 26.3, nact d,;, =D =1In4/In3~=1,26. IloHATHO, YTO peanbHBIE CHE-

KUHKH, KaKk 1 cHe:kuHKa Koxa, Takke UMeroT TpoOHYI0 pa3MEepHOCTD U SIB-
JS0TCA (PpaKTaaMH.

Puc. 26.3. Tpu nocnenoBaTenbHbIX NEPBBIX 11ara noctpoeHus kpuso Koxa. Ha tpets-
eMm mare (k= 3) sTa purypa HalmOMHUHAET CHEIKUHKY

B cuiabHO HEpPaBHOBECHBIX YCIOBHUSX B KpPUCTANIaX BO3MOXKHBI U
WHBbIE cllydyan camoopranmsaunu. Ha puc. 26.4 moka3zaHsl TpOCTPaHCTBEH-
HO-YIIOPSI0YEHHBIE CTPYKTYpPbI, Bo3HUKatomue B ciiaBe Fe — Cr — Ni no-
cie oOJydeHHUs TBEPAOTEIbHBIM JIA3€POM B HUMITYJIbCHOM pexume. Ju-
TEJIBHOCTh MMITYJIbCOB cocTaBiisuia 10—20 He. YnopsaoueHue BO3HUKAIO,
Ha4yMHAasi C HEKOTOPOro KPUTHUYECKOrO 4Yuciaa UMIYJbcoB. Jlo oOmydeHus
MUKPOCTPYKTypa cIulaBa OblIa OJHOPOJAHON. BakHO, 4TO OJHOTUIIHOE
BO3JICMICTBHE HA MOBEPXHOCTH CIUIABA MPUBOJUT B Pa3HBIX IKCIEPUMEHTAX
K pa3JIM4HbIM NPOCTPAHCTBEHHO-YIOPANOYEHHBIM CTPyKTypaM. Takas
MHOT'OBapUaHTHOCTb, KaK Mbl 3HA€M, SIBJIIETCS IPU3HAKOM CaMOOPTraHU3a-
LIUU B CUCTEME.

85



Puc. 26.4. ITpocTpaHCTBEHHO-YIOPSAIOUEHHBIE CTPYKTYPbI, BOZHUKAIOIIIHNE B CIIJIABE
Fe — Cr — Ni mocie uMItyibCHOTO JiazepHoro Bo3aercTBus (300 uMiynibcoB). YBenude-
Hue 450x. (U3 cr. Xmenesckass B.C. IIporeccel camoopranuzaiuu B TBEpAOM Tene //
CopocoBckuit oopazoBarenbHbii xKypHAIL. — 2000. — Ne6. — C. 90)

26.2. IIpumepsl caMOOpraHu3aluu B ;KUBOM NpUpoae

Camoopranuszanusi B rpuOHBIX KOJOHUSIX. MHOrHe 1ieceneoopa-
3yIOlUe TPUOBI (3UTOMUIIETHI, HECOBEPILICHHBIE TPUOBI U JP.) XapaKTepH-
3YIOTCS KOJIOHHAIBHBIM pPOCTOM ocobu. Y omgaux r1puboB (Mucor,
Coceromyces) d4ale BCTPEYAKOTCS 30HAJbHBIE CTPYKTYpbI, y JPYrUX
(Mortierella) nmeeTcst TeHAEHIUS K 00pa30BAHUIO MPEPHIBUCTHIX KOJbIlE-
BBIX 30H pPaJHallbHO-CUMMETPUYHOTO THIA WJIM JaKe B BUJE JIOMACTEH.
[Tpuuem, B 3aBUCUMOCTH OT YCJIOBUH BhIpalluBaHus (Buj cyOcTpara, TeM-
neparypa, BIaKHOCTb, CBETOBOM PEKUM U TIp.), CAMMETPHUS KOJIOHUU MO-
KET U3MEHAThCS (puc. 26.5).

OObsicHeHME OCOOEHHOCTEW HEOJHOPOAHOrO0 POCTa KOJIOHWUU U Tie-
PHUOIMYECKOr0 CIIOPOHOUIEHUSI B MUKOJIOTHYECKOW JiuTeparype (0T rpeu.
mykes — rpu6) orcyrcTByeT. CuuTaeTcs, YTO NPUPOJIa STOTO SBJICHUS HE-
u3BectHa. [lonbiTaeMcs pa3oOparbes B 3TOM BONPOCE, MPUMEHSISI IPUHITH-
el cumMmeTpun Kropu u Heiimana (cm. cemunap 12).
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Puc. 26.5. 3onanbpHas 1 JoMacTHas caMoopranu3aius B rpubax suna Mortierella, Boi-
pateHHbIX B pa3HbIX ycinoBusx (M3 xu. Kuzne pactenuit. T.2 / Tlox pen. M.B. I'op-
nenko. — M.: [IpocBemenue, 1976)

BcnenctBue ocMoTpodHOTO (OT Tped. osmos — AaBleHuE U trophe —
NMUTaHUE) CIMOco0a MUTAaHUS TPUOBI BBIACISIIOT B OKPYXKAIONIYIO CPEIy
(bepMeHThI, pa3iararoiue BEICOKOMOJIEKYISIPHbIE OPTaHUYECKHE COCIMHE-
HUS cyOcTpaTa JO MOHOMEPOB, CIIOCOOHBIX MPOHHUKATh YEpPe3 KIECTOUYHBIC
MeMOpaHbl B Telo rpudba — maniom. JupdyHaupys Bo BCe CTOPOHBI OT
pacTylero TamioMa, 3Th (EpMEHThI MEePEBOAST CyOCTpaT B COCTOSIHUE,
CUMMETPHUSI KOTOPOrO MOXET OBbITh OINHCAHA TMPEAEeNbHOW TPYIION
G = oo/ mmm (TpyIina CAMMETPUHU UINHAPA UIH KPYTa).

['pynny cummerpun G, BO3JIEHCTBHS B JAHHOM CIydae MOKHO pac-
CMaTpuBaTh, KaK TPyNIy paauanbHbIX Tpancusuuii: G, = T,, B o0meM ciy-
yae MpeAesIbHO MaJlbIX, Ha KOTOPbIE PacCIpOCTPAHSAETCS BO3MYLIEHHE OT
tajuiomMa. PHU3NYECKOW MPUYMHOM 3TOr0 BO3MYILEHUS SIBISETCS BBICOKOE,
10 100 at™, TypropHoe (0T JIat. turgor — B3JyTHE, HATIOJTHEHUE) JTABJICHUE
B KJIETKaxX MUIIENHUs, epeaaBaeMoe cyocrpary. [lpu atom cienyer umers B
BUJIy BO3MOYKHBIE CyTOUYHBIE U JIpyrue (pU3HOJIOTHYECKHUE PUTMbI B KOJie-
OaHUSAX Typropa.

B cootBerctBum ¢ npunnunamu Kropu u Heitmana rpynma cummer-
pun Gy TpMOHOM KOJOHMH MOXKET OBITh HaliZIeHa KaK
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G, coo/mmm (1 1T,. (26.1)

[Tepebop MOMyCTUMBIX BapUAHTOB AJIEMEHTOB CUMMETPHUH 1O (HOPMY-
ne (26.1) npuBOAUT K BBIBOAY, YTO BO3MOKHBI JIMIIb CIEAYIOIIAE THUIIBI
KoJoHuu (puc. 26.6): kpyropasi (a), 30HAIBHO—KpyroBas (0), 30HAJIbLHO—
CEeKTOpHalIbHA (68), paaualbHO—ITy4yeBas (2) U MPOMEKYTOUHAs MEXIY 30-
HaJbHO—CEKTOPUAJILHON M paHalIbHO—Ty4eBOM — JjionactHas (0). OObIu-
Hble TPHUOBI, BCTpEUaAIOIIMECs B JIECy, TaKXe 4acTo 00pa3yloT KOJOHUHU
(«BeIbMHMHBI KOJIbIIA»), HO UX (popma ObIBaET HENMPABUIBLHOM M3-32 HEO-
HOPOAHOCTEN JIECHOTO CyOCTpara, KOpHEW JepeBhEB, BHITANTHIBAHUS U
YHUYTOXEHUS MULIETUS (TPUOHUIIBI) JTFOJBMHU U )KUBOTHBIMH.

Puc. 26.6. Bo3moxxHbI€ TUIIBI CaMOOPTaHU3alUNA TPUOHBIX KOJOHUMU: KpyroBas (a), 30-
HaAJILHO—KPYToBas (6), 30HATBHO—CEKTOpHANbHAS (6), paauaibHO—Iy4eBas (2) U Mpome-
KYTOUYHAsI M1y 30HAIIbHO—CEKTOPHAJILHON U painaibHO—Ty4€BOI — jonacTHas (0)

CroxacTuyeckue aBTOBOJHbI B MUOKapjae. VIMIynbChl, BHI3BIBAIO-
M€ COKpAIEHUE CEPICYHON MBIIIIBI — MUOKAPOd, BO3HUKAIOT B He-
OOJIBIIIOM CKOIJICHWH MBIIIEYHBIX BOJOKOH, HA3BIBAEMOM CUHYCOBbLIM
(MHOTIA €T0 HA3BIBAIOT TAKKE CHHYCHBIM, CHHOAPTPUAIHHBIM, CHHYCHO—
MPEACePAHBIM) V310M M PACTIONOKEHHOM MEXKIy MECTOM BIIAJCHUS BEpX-
HEl MOJIOM BEHBI M YIIIKOM IpaBoro npeacepaus (puc.26.7).

CHHYCOBBIM y3€JI Ha3bIBAIOT G0OuUmenem pummad, WIA netcmMeKepom
(oT aHTII. pacemaker — 3aaBaTenb Temna). B ero kierkax BojgHa BO30YX-
JICHUST BO3HUKAET 3a CYET KOJeOAHWI Pa3HOCTH MOTEHIIMAJIOB MEXKIy Ha-
PY)XHOW M BHYTPEHHEH CTCHKaMHM KJICTOYHBIX MeMOpaH HM3-3a pa3HOW KOH-
IIEHTPAIM NOHOB KaJius M HaTpHs. B pa3HbIX (pa3ax cepaeyHbIX COKpalle-
HUH MPOMCXOAWT aBTOMAaTHYECKOE M3MCHECHHE MPOHUIIAEMOCTEH MeMOpaH
M0 OTHOIICHHIO K JIaHHBIM HOHAM, B PE3yJIbTaTe YEro PEeKUM padOTHI CH-
HYCOBOT'O y3J1a SIBJISIETCS agmoKoiebamenvhbim, a BO30yK/1aeMble UM BOJI-
Hbl  SIBIITIOTCS ~ A6mMOGOJHAMU.  YKa3aHHBIMH  aBTOKOJeOaTeIbHBIMU
CBOMCTBaMHU 00JIaJAI0T U KIJIETKU HEKOTOPBIX JPYTUX yY4aCTKOB MHOKap/a,
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BaMu O6J'IaI[aIOT 1 KJICTKHM HEKOTOPLIX APYTIUX YyH4aCTKOB MHOKapaa, OJJHAKO
YacToTa UX KoJieOaHUH 3HAUNTEIbHO MEHBIIIE.

Daprrian Aapma

MONGR SEHE
P ,
. Curyeosiil yaen

e 3
f’t Muro npedeepdus

Puc. 26.7. TlocnenoBaTenbHble MOJOXKEHUS (PPOHTA aBTOBOJHBI HA TOBEPXHOCTH
cepana. Yucna yka3zaHbl B MIJUTHCEKYHAAX

B HOpMe yacToTa BO30YXIEHUS NMEWCMEKEPHBIX KIETOK COCTaBISET
70—80 ynmapoB B MHHYTY, @ CPEIHSSI CKOPOCTb PACIHPOCTPAHECHUS aBTO-
BOJIHBI — OKO0JI0 1 m/c. [InMHa BOJHBI IPU 3TOM HECKOJBKO Oosbiie 1 M,
T. €. 3HAYUTEJIbHO MPEBBIIAET pa3Mepshl cepana. Tak yTo mpu HOPMaJIbHON
paboTe cepjilie COKpalaeTcss MpakTUYecku menukoM. Konedanus «3amac-
HBIX» BOJUTEEH PUTMA MPU STOM MOJABISIOTCS.

[Ipyn maronoruu (BpPOXKAECHHOW WM TPUOOPETEHHOW H3-3a OO0JIE3HU
WM TPAaBMBbl), KOT/Ia OTKa3bIBAET €CTECTBEHHBI CUHYCOBBIN y3ell, B paboTy
MOTYT BOBJIEKATbCSI «IEMCMEKephl BTOPOTO nopsika». [nuHa Bo30yx1ae-
MBIX WJIM aBTOBOJIH MOXET ObITh HAMHOTO MEHbILIE pa3MepoB cepaua. To-
I71a MOTYT OJTHOBPEMEHHO BO3HUKHYTh HECKOJIBKO JIOKHBIX BEAYLIUX LIEH-
TPOB, BO30Y’KJasi paccorjiiacoBaHHble Mex a1y co0oil aBToBOIHBL. X cymep-
MO3UIMS MPUBOIUT K pa3pbiBaM BOJHOBBIX (PPOHTOB M BO3HUKHOBEHHUIO
a8moeoNH08020 Xaoca. B MenUIIMHE TaKOW pexuM padOThl cepiala Hazbl-
BaloT Quopunniayueti. Ilpu HeM ceplle mepecTaeT COKpamaThes Kak 1enoe,
HAaYMHAETCs MOJEPrUBaHUe €ro YacTed, U OHO MEPECTAET BBIMOIHATH CBOU
¢bynkuuu. Bo3HukHOBEHME pekuMa PUOPUIUISIIMN TPUBOAUT K CMEPTH Ye-
JIOBEKa yKe uepe3 S— 6 MuH. Eciii B Te4eHME 3TOro BpEMEHU BpadH ycIie-
BAaIOT MNPUMEHUTH Odeubpuriamop — NpuUOOpP, CO3MAINIUNA KOPOTKHE
ANIEKTPUYECKUE UMITYJIbChI BhICOKOrOo HampsikeHuss (V= 5 kB, I =20 A,
t= 0,01 ¢), To uHOTIa yJaeTcs BOCCTAaHOBUTH pabOTy CHHYCOBOTO y3Ja.
(ITepuognyecku NEWCTBYIOIIMM MCTOYHUKOM, YacTOTa KOJeOaHUl KOTOPO-
IO TPEBBIIAET YACTOTY JIOKHBIX aBTOBOJIH, TIOCIEIHUE MOXKHO MOJaBUTH).
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3areM OOJBLHOMY MPEACTOUT JOJTO€ JICYCHHE B CTAIlMOHApPE, MOCKOJBKY
«BBICOKOBOJIbTHASI BCTPACKA» CEPJIla MPUBOANT K IMOBPEKACHUAM CEpJIeU-
HOW TKaHU W BbI3bIBaeT MUKponH(DapkTel. Kpome Toro, nedudpmmisarop He
yCTpaHseT MPUIHHY 3a00JICBaHUS U MIPUMEHSIETCS TOJIBKO B KPAHHUX CITy-
qasixX ISl CIACCHHSI YMUPAOIIETO YEIOBEKa.

Jlonroe BpeMs CUMTAJIOCh, YTO 3JOPOBBIM YEIOBEYECKHI OpraHU3M
npeObIBaeT B COCTOSIHUU 20Meocmasd, T. €. BO3BpAIlaeTCs B PAaBHOBECHOE
COCTOSIHUE TIOCJI€ CHATHUSI (DU3UYECKON HArpy3KH, BBIBEAIICH €ro M3 TOTO
cocrosinus. I[locnenHue wmcciaenoBaHMs MOKa3aldM, YTO CEpAILe U APYrue
(bU3HOTOTHYECKUE CUCTEMBI PA0OTAIOT OTHIOb HE C MMOCTOSTHHBIMU XapaK-
TEPUCTUKAMHU JIaXKE€ B COCTOSSHHH MOKOs. Hampumep, puTM cepAedHbBIX CO-
KpaIeHNi HCIBITHIBACT TMOCTOSSHHBIE HEOONbIHe (IYKTyaln#, KOTOPHIC
Ha MEPBBIN B3I KOXKYTCA XaoTudecKuMu. OHAKO BBISICHIIIOCH, YTO JTO
HE XaoTHYECKHe, a TaK Ha3blBaeMble cmoxacmuueckue (OT Tped.
stochastikos — ymMmeronuil yrajaeiBaTh) Koneoanusi. CToOXaCTUYECKUM Mpo-
1iecc mpeackasyeM (mpeayrajapiBaeM) Wik AETePMUHUPOBAH, T. €. COCTOsI-
HHUE YYaCTBYIOIIEH B HEM CHCTEMbI OJHO3HAYHO 3aBHCHUT OT €€ MPEbITy-
IIUX COCTOSIHWHA. BONBIIMHCTBO MPOIIECCOB B JKUBOW MPUPOJE UMEHHO Ta-
KOBBI. DTO TIO3BOJISIET OPTaHU3MY JIYYIIE TIPUCTIOCOOUTHCS, B YEM-TO JTaXKe
MOJITOTOBUTHCS, K BO3MOYKHBIM U3MEHEHUSIM YCIIOBUN OKPY>KAIOIIEH CPEJIbI.

JAunamuka nomyassuuu. CamoopraHuzanusi IMEET MECTO HE TOJBKO
npu MopdoreHe3e eTUHUIHOTO KUBOTO OpraHu3Ma, HO U Ha YPOBHE nony-
JIAAYuy — COBOKYITHOCTH OCOOEH OJHOTO BHA, JUTMTEIIBHOE BpeMs 3aHU-
MAaIOIUX Kakoe-Tn0o reorpadudeckoe mosoxkerue. OgHa U3 TMEPBBIX MO-
JieNe JMHAMUKHA POCTa MOIMYJISIUU Oblla pa3paboTaHa aHTIIMHCKAM CBSI-
HIEHHUKOM ¢ SkoHOMHUCTOM T. Manbtycom (1798). B cBoeit kuure « Omnbit
0 3aKOHE HapOJOHACEJICHUS» OH MPEACKAa3all SKCIIOHCHIIMAIIBHBIN pOCT Ha-
CeJICHUS B €CTECTBEHHBIX YCIOBUSX U CHEJIall BBIBOJ O HEM30EKHOCTH OeI-
CTBEHHOT'O TMOJOXKEHHUs, 0e3pa0oTHIbl M THOETU <JIMIIHUX» JIOACH, He
CIOCOOHBIX BBIICPKUBATh KOHKYPEHTHYIO O0pBHOY C IpyruMu Oosee sHep-
TMYHBIMU WIH YJAYIUBBIMU JIFOIbMHU.

MaremaTH4ecKl 3TOT BBIBOJ| OMHUPAETCS Ha CIEAYIOIIUE MPOCTHIE
paccyxnenud. Ilpupoct HaceneHHs] B €QUWHUILY BPEMEHH, €CTECTBEHHO,
MPOMOPLUUOHAJIEH YK€ UMEIOIIECICS YUCIEHHOCTH MOMYJIsIuU N:

N N, (26.2)
dt

rie k — pa3sHocTh MexAy Kodh UIIMEHTaMH POKIAEMOCTH U CMEPTHOCTH.
Ecimu k = const, To, paznenuB B (26.2) nepeMeHHbIE, €r0 JErKO MPOUHTET-
pUpPOBATH:
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%N = kdt; N = Ny, (26.3)

rae Ny — YUCIIEHHOCTh MOMYJISINY B HaYaJbHBI MOMEHT BpeMeHH ¢ = ().
I'paduk 3aBucumoctu (26.3) mist £ > 0 (poxkaaeMOCTh MPEBBIIIAET CMEPT-
HOCTB), k < 0 (CMEpPTHOCTh IIPEBBIIIACT POKIaeMOCTh) U k = O (paBHOBECHE
MEX]ly PO’KIAEMOCTBIO U CMEPTHOCTBIO) MOKa3aH Ha puc.26.8, a.

M M
ML - - _
P m/—>
k=10
NI:I NEI
k=1
0 t 0 t
it &

Puc. 26.8. BpemeHHass AMHaMuKa 4YHclia 0coO€i B MOMYJSIUH 110 Teopuu MambTy-
ca (a) u Oepxronbera (0)

Bo Bpems maTuieTHero rutaBaHusi Ha kopabne «burne» Y. JlapBun
oOpaTui BHMMaHHE, YTO YHCICHHOCThH TMOMYJAIMA B Pa3IUYHBIX MECTax
3emuin  KOHTposipyeTcsi dakropamu cpenbl (IPOCTPAHCTBO, KOJIUYECTBO
UMK U T. 11.), YTO MPUBOJUT K KOHKYPEHIIMH MEXTy ocoOsmu. Haxonsch
nmoJ BiMsiHueM ujer Maneryca, Y. /lapBuH npuiien Kk BBIBOLY O CyLIECT-
BOBAHUU B MPUPOJIE €CTECTBEHHOTO 0TOOPA.

Y4yer ¢GakTopoB, OrpaHUYUBAIONIMX SKCIIOHEHIIUATBHBIN POCT TOMY-
asuuu, Obul caenan B 1838 r. DepXroabCTOM, MPEUIOKUBIIMM BMECTO
(26.3) cnenytolee ypaBHEHHE:

d—N = N - N ), (26.4)
dt N

rae N, — npenenbHas YUCICHHOCTh, KOTOPOH MOXKET JOCTUYD OIS
B JIaHHBIX ycioBusx cpeabl. Korna N<<N,,, ypaBHeHue (26.4) coBnajaer ¢
(26.2), HO, MO Mepe pocta N, HAUMHACT CKa3bIBaThCS OTPAHUYCHHOCTH
IMPUPOJIHBIX PECYpcoB, M TIpu ¢t —> o N — N, a CKOpOCTh MPHPOCTa
dN / dt — 0 (puc. 26.8, 0).
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VYpaBuenue (26.4) HazbiBaercs .Jjocucmudeckum ypaBHeHuem Dep-
XI0JbCTa (TEPMUH «JIOTUCTUKA» TMOSBHUIICS €LI€ BO BPEMEHA OCHOBATENS
HayKH O CIOco0ax J0Ka3aTesIbCTB U OMPOBEPKEHUN — JIOTUKU — JIPEBHE-
rpeueckoro dunocoda Apucrorens (IV B. 10 H. 3.) U NpUMEHSETCS MPU
CBEJICHUU JIOTHYECKUX PACCYKACHUM K (POPMATIbHBIM BBIYUCICHUSM ).

Borpoc 0 KOHKpETHBIX OMOJIOTHUECKMX MEXaHM3Max OTpaHUYCHUS
YUCJIEHHOCTU MOMYJIALMU YCIOBUAMU MPOKUBAHUS TIOKA €M1 10 KOHIA HE
saced. OQHAKO WM3BECTHO, YTO €CJIM B3SITh JBAa OJUHAKOBBIX aKBApUYMa U
MIOMECTUTh B OJWH JIECSITh TOJIOBACTUKOB, a B JPYroil — CTO, TO B MIEPBOM
BCe JieciaTh 0e3 mpoOieM MpeBpaTATcs B JIATYIIAT, a BO BTOPOM IPOIIECC
Pa3BUTUS 3aMEJUISIETCS, U YaCTh I'OJIOBACTUKOB 3aKOHCEPBUPYETCA HA MPO-
MEKYTOUHBIX CTaauAX pa3BuTuda. Eciu ke Tenepb B3SITh BOAY U3 BTOPOTO
aKBapuyMa M NEPEIUTh B IMEPBBIM, I'I€ HAXOASATCA BCErO AECATh TI'OJIOBA-
CTUKOB, TO 3aTOPMO3UTCS Pa3BUTHE U ATOr0 HEOOJBIIOrO YHCIa ToJOBa-
cTUKOB. CTasio OBITh TOJIOBACTUKH B MIPOIIECCE CBOETO PA3BUTHUS BBIACISIOT
B Cpelly HEKOTOPbIE XMMHUYECKHE BEUIECTBA, SIBJISIONIMECS CUTHAJIAMHU O
KOJIMYECTBE YK€ UMEIOIIUXCSl 0COOEH.

B MHCTHUTYTE DKOJIOTHM PACTEHUM U KUBOTHBIX Y pAIBCKOTO HAYYHO-
ro 1ueHTpa AkaigemMuu Hayk, pykooaumom akajgemukoMm C. C. [lIBapuem B
70-x rr. XX B. OBUIH NPEANPUHSTH SKCIIEPUMEHTHI, IPU3BAHHBIE OTBETHUTH
Ha BOIIPOC: Ha KOTO CHUJIbHEE [EWCTBYET MPHUKA3 «IIPEKPATUTh PpPa3BU-
THe!» — Ha JalleKuX JIPYyr OT Apyra TrOJOBACTUKOB WM Ha WX OJM3KUX
pOoACTBEHHHKOB. OKa3anoch, 4TO Ha POACTBEHHUKOB. [IOHATHO, 4TO TpH-
poja mpenrycMoTpenia U 3Ty CTOPOHY NpOoOJIeMBbI, BeAb U30BITOK POJICTBEH-
HBIX 0CO0€¥ B MOMYJISIIUN MPUBOIUI ObI K OJIM3KOPOJCTBEHHOMY CKpEITH-
BAHUIO U BBIPOKIECHHUIO.

bonee Toro, aBTOpHI MOKa3ajiy, 4TO MPOLECCHI, PETYIUPYIOLIUE YNC-
JIEHHOCTh TOMYJISILIUKU, TPOUCXOAAT YK€ HAa MOJIEKYJISIPHOM ypoBHE. OHHU
M3TOTOBUJIM KAIlIMILy U3 TKAHEW TOJOBACTUKOB, TaK HA3bIBAEMBIN rOMOTE-
HaT. DTOT TOMOI€HAT IOMECTUIIM B BOJly C PACTBOPEHHBIMU B HEW MPOJIYK-
TaMH KU3HEAEATEIbHOCTH T'OJIOBACTUKOB. OKa3anock, 4YTO YPOBEHb CUTHA-
JIOB, M3[IJaBa€MbIX T'OMOI€HATOM, 3aBHCHT OT KOHIEHTpPALMH METaboJu-
TOB — TIPOJyKTOB OOMEHA BEIIECTB B PACTBOPE.
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27

CnHepreTnKa A MBIIIJICHUC

Xots wu3ydyeHue (yHKIMOHHPOBAHUS
AJIEMEHTOB MO3Ta, HECOMHEHHO, SBIISI-
€TCsl BOKHOW 00JACThIO MCCIIEIOBAHUS,
CTOJIb )K€ OYEBHUIHO, YTO JUIsI KOHTPOJIS
3a JBWKCHHUCM, Ui 3pCHUA, CIIyXa U
T.JI. pelaroliee 3HaYeHue UMEeEeT COoria-
COBaHHOE B3aUMOJICHCTBUE «OJIOKOBY,
00pa3yromux Mo3r.

I Xaxen

27.1. MbllieHue, ero CTyneHu u (popmMbl

OBOJIOLMOHUPYSI 10 MyTH MNPOrPECCUBHOTO YCIOKHEHUS CTPYKTYPHI,
KUBasg MPUPOJA co3dalla MO3T — OpraH, PEryJIupyIOIUNA KU3HEHHbIE
GbyHKIMM OpraHuM3mMa, B TOM 4YHCJE BBICIIYIO HEPBHYIO EATEIbHOCTD,
BKIIIOYAst Mulutienue. 1o MBIIUIEHHEM MOHUMAETCS MPOIECC MO3HAHUS
OKPY’KaIoIIero MUpa Ha OCHOBE €ro 0000IIEHHOTO OTPAXKEHHUSI U BHYTPEH-
HUX MepexxuBaHui. HaumHaeTrcs 3TOT mpouecc ¢ IMOCTPOCHUS CeHCOMO-
MOPHBIX cXeM — OPTaHU30BAHHOM MOCIIEIOBATEILHOCTH IEHCTBUM, COCTAB-
JSIOMMX ompesenennyo ¢Gopmy noBenenus. C pa3BUTHEM CIOCOOHOCTH
MBICTICHHO aKTHBHPOBATh CEHCOMOTOPHBIE CXEMBbI, HE COBEpIIasi KOHKPET-
HOTO JeHCTBUS, (QopMHUpyeTcss COOCTBEHHO MbllieHue. Paznmmuaior Tpu
cTtynend win (a3pl MblnuieHUus. OcOOEHHOCThIO MEpPBOM (a3bl ABISIETCS
CnoCcoOHOCMb NpedCcKazams pe3yibmam Oelcmeus, He cogepulas e2o Qax-
muuecku. Bropas daza npeacraBisier cobol cnocobHocms K 102UYeCKUM
PAcCydHcOeHUsIM U UCNOTb30BAHUIO KOHKPEMMHbIX NOHAMUL 6 npedenax pe-
anvHuix coovimuii. TpeThs aza — 3TO cnocobHocmsb K abecmpazuposariiio,
HOCMPOEHUIO U OYeHKe SUNOME3.

[To-Buaumomy, mepBasi ¢aza MBIILUICHNUS CBOMCTBEHHA Y>K€ BBICIITUM
KUBOTHBIM. Ha OCHOBE TOBTOPSIOMIMXCS pa3IpakUTENIed M3 BHEIIHETO
MHUpa U B MPOIIECCe HAYYCHHS B TaMATH (OPMHUPYIOTCS YCTOHYMBBIE 00pa-
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3bl IIPEIMETOB U ACUCTBUU — apxemunog mviuiieHus. VInaye roBops, 310
00pasHoe mbluileHue, HE CBI3aHHOE C aHAJIM30M MOCTYyMaole nudopma-
L[MU, €€ PA3JI0KEHUEM Ha TUCKPETHBIE COCTABJISIOIIME U IOCJIEI0BATEIb-
HBIM TIEpeOOpPOM BapHAHTOB OTKJIMKA CUCTEMbI HA XapaKTep BXOJHOTO CHUT-
Haja. JTO B YHCTOM BHUJE AHAN02080€ KOOUposaHue UHPOpMalUH, Mpe.-
noJiararoiiee MnojgoOHYI0 peakiMio Ha MOJOOHBIA pasipaxutenb. B muc-
KpPETHO MaTeMaTHKe UJIEs O TOM, YTO MCIOJIb30BAHME MMAMSITH MPU KOJU-
pOBaHUU TOBBIMAET €ro dPPEKTUBHOCTh 32 CUET CXKATHUsl B OJOKH, Oblia
BbICKa3aHa Jinlb BO BTopou nojiosuHe XX Beka K. llleHHoHOM.

Oc00EHHOCTBIO YEJIOBEUECKOTO MO3Ta SBISIETCS €T0 (DYHKYUOHANbHASL
acummempus, COCTOALLIAS B TOM, YTO Ka)KJI0€ MOJyIIapue TOJIOBHOIO MO3ra
UMEET B ONPEIEICHHOM CMBICIIE CBO€ COOCTBEHHOE MBIIIEHUE: JIEBOE 00-
pabaTeiBaeT HH()OPMALINIO AHATTUTHYECKU U TTOCTIEA0BATEIbHO, BRIpaXKas ee
B CJIOBaX WJIM 3HaKaX, COCTABJSIOIIMX HEKOTOPBIN A3BIK, @ MPABOE — OJIHO-
BPEMEHHO M 1IEJIOCTHO, BhIpaxas nH(popmaiuio B oopaszax. M3ydyenne Kopbl
TOJIOBHOTO MO3Tra OOHApyXWJIO U CTPYKTYpHBIE Pa3iuyMsl B €ro JIEBOM U
npaBoil yactu. B yacTHOCTH, OKa3a10Ch, YTO y MOJABISIONIEIO YHUCIIA JIHO-
nel (MpaBOpPYKUX) y4acTOK KOPbI BUCOUYHOM JOJU, MPUMBIKAIOIINN K 30HE
BepHuke, cieBa 3HauuTeNbHO OOJbINE, YEM CIIpaBa. ACUMMETpHUS MONY-
[Iapuil UMEET MECTO YK€ Yy HOBOPOXKJIeHHBIX. OHa OOHapyXeHa MpHu U3y-
YEHUHU HCKOIAEMBIX YEPENOB JaXe y HEAHJEPTAIBLEB U, CIEAOBATEINIBHO,
3aKpEIIEHa FEHETUYECKHU.

Bmecte ¢ Tem mo3r oGmamaer ompeneneHHON IutacTUYHOCThIO. [Ipu
yAAJIIEHUN BUCOYHBIX 30H JIEBOI'O MOJIYIIAPUsS Y B3POCIHbIX JHOJEH pa3BUBa-
eTcs HeoOpaTuMblid nedekT peun — adasus. [lonoOHas onepanus y aerei
MJIaICHYECKOr0 BO3pacTa HE MPUBOJIUT BIIOCJIEICTBUM K HapyLIEHUSIM pe-
yn. yHKIMY NOBPEXACHHON YacTu OepyT Ha ce0s Ipyrue y4acTKH MO3Ta.

Kopa rosoBHOro mo3sra siBjisieTcs NpoayKToM HanOoJsiee MOo3JHEN 3BO-
JIOUUHU )KUBOTHOTO Mupa. [loaTomy Beiciine (a3bl MBILUIECHUS, CBSI3aHHbBIE
C aHAJIM30M, OHSATUHHBIM U a0CTPAKTHBIM MBIIUIEHUEM — TO, YTO COCTaB-
JsieT (PYHKIUIO JIEBOTO MOMYILIAPHs, CIOKUIUCH JIMIIb B XOJ€ HBOJIIOIUU
yesioBeka. MaTeprallbHO OHU OCYHIECTBIISIFOTCS B MOOYIbHBIX KOJIOHKAX,
00pa30BaHHBIX BEPTUKAJIBHO CBA3aHHBIMU HEHPOHAMH PAa3HBIX CIOEB KOPHI
Mo3ra. MHOroKpaTHOE NOCTyIIeHne HHOpMalluu B KOPKOBBIE MOAYJIH, €€
UUPKYJSLNS B HUX TPUBOJUT K AIEKTPUUECKUM U XUMUYECKUM W3MEHEHH-
AM B cHHarcax. BripabarpiBatorcs crierududeckiue GepMeHThI, H3MEHSIIO-
1€ MPOHUIIAEMOCTh CUHANITUYECKIX MeMOpaH U 00ecTeunBaroIue u3Me-
HEHUE CTPYKTYpPbl HEMPOHHOI TKaHU 0 MPUHLUIY «3aMOK — KJIKOY», YTO
COCTAaBJISIET OCHOBY JIOJITOBPEMEHHOM MaMsTH.

Jlnst yero npupone nmoHago0uI0Ch NPOCTPAHCTBEHHO Pa3/IeNUTh yda-
CTKA MO3ra, YNPAaBISAIOIINE aHAlumuyeckum (3HAKOBBIM, CIIOBECHBIM,
uu(ppoBBIM) U cunmemuyeckum (00pa3HbIM, KOHTUHYAJIbHBIM) CIIOCOOAMHU
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pacnio3HaBaHus U XpaHeHUs nHpopmanuu? [ToHATHO, YTO MOOI0YHOE Xpa-
HEHUE aHAJIOTOBBIX OOPA30B WJIM apXETUIOB OAHAXIbI MOJYYEHHOU U 00-
paboTtanHolit mHOpManuu TpeOyeT WHON OpraHu3alMy TMaMsTH, YeM €€
CpaBHEHHUE C yXe MMeroleicss nHdopmaleii, aHaiau3, OleHKa U ornpee-
JIeHUE MecTa B MepapXuu MOHATHH. B mepBoMm ciydae Mbl UMEEM €TI0 C
nojob6uemM OMOJIMOTEYHOIO KaTajiora ¢ MHOXKECTBOM IojkaTaioros. Bo
BTOPOM — € MOJ100MeM pabovero Mecra CiysKaiero oTjaena NepBUIHON 00-
paboOTKM W KOMIUIEKTAMK B OuOnunoreke. SIcHO, 94TO MOTpeOHOCTH B MO-
CJIETHEM BO3HHMKAET JIMIIb TOT/1a, KOT/1a OMOIMOTEKa TOCTATOYHO BEJIMKA.

27.2. IBosonus MbiieHus. MHTEJIeKT

CyObeKkTuBHBIN 00pa3 peasbHOr0 MHUpPa, MOCTPOEHHBI Ha OCHOBE
BCEH COBOKYMHOCTU 3HAHWU (co-3HAHWE), HAKOIUJICHHBIX MYTEM MBIIILIe-
HUS, B Quiiocodun HazbiBaeTcs coznanuem. OHO NEIUTCS HA 0OujecmeeH-
Hoe M unousudyaivHoe coznanue. IlepBoe npeacTaBisier co60i OTpakKeHHe
00IIecTBEHHOTO OBITUSI B (hOpME PENUTHH, HAyKH, UCKYCCTBa U T. . BTo-
poe — oTpakeHne 0ObEKTUBHOI'O MHUpa B MO3re CyObekTa no3Hanus. Muau-
BUJyaJbHOE CO3HAHHE MPOSBIIAET CeOS C ABYX CTOPOH: KaK CAMOCO3HA-
Hue — OlLIEHKa CaMOT0 ce0s C COIMANBHON TOYKU 3pEHUsI, YTO SBISETCS OC-
HOBOM BHYTPEHHETO0 MHUpa uejioBeka (dyuiu), U Kak MuUpoco3Hauue — 1o-
CTpOEHHUE TUIIOTE3 U MOIbITKA MOHATH CTPOEHUE OKpYy Karomiero mupa. Ha-
JM4YKME CTIOCOOHOCTU K a0CTparupoBaHUIO, MMOCTPOCHUIO U OIEHKE TUIIOTE3
Ha3BIBACTCS UHMeNeKmoM U YMoM (OT JarT. intellectus — ym).

OTcroza sICHO, YTO Qyllla U UHTEJUIEKT HEe OAHO U TO xke. [yma — 31o
Ta 4YaCTh UHJIMBUIYATHHOTO CO3HAHUSA, KOTOpasi OPUEHTHPOBAHA HA CAaMOTO
cyObekTa. IHTeIeKT — Ta 4acTh, KOTOpask OpPUEHTHUPOBAHA HA BHEIIHUM
mup. U gyma, 1 MHTEIJIEKT HeMaTepuanbHbl. DTO 0a3bl 3HaHMUM B UH)OP-
MAI[MOHHOM CHUCTEME «UeJOBEK» MU MHOE CYIIECTBO, 00JIaaroIiee Co3Ha-
HueM. OHHU SABISIOTCS BUPTYAIbHON PEaTbHOCTHIO, JOCTYIMTHON K MHTEpaK-
TUBHOMY OOIIICHUIO B TOH Mepe, B KOTOPOW CaMH TOTO YKEJaioT.

Jlyma ¥ MHTEJUIEKT MMeIoT MHGPOpMaIMoHHyI0 npupoay. Mupopma-
IIUI0 MO’KHO TIepe/iaTh Ha PaCCTOSHUE WM COXPAHUTh B TOM WJIM UHOM BH-
1ie, HaIpuMep, Hareyarath Ha Oymare. OJHaKko, camu 1o cebe, ayIia u UH-
TEJUIEKT HE MepefaroTcs B TOTOBOM BUJIE OT OJHOr0 CYObEKTa K APYroMy,
TeM 0oJiee HEe COXPaHSAIOTCS B HEU3MEHHOM BHUJE Ha KaKOM-TMOO MaTepu-
QIbHOM HOCHTENIe. DTO 03HAYaeT, YTO OHM MPEACTABISIIOT c000il uHPOp-
MAIlMIO B JICHCTBUU, T. €. IBJSIOTCS CUCTEMaMU THUTIA UHGOpMaAyus niroc ee
9HepeemuyecKull HoCumernb.
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XapakTepHbIM NPHU3HAKOM YE€JIOBEYECKOTO MBIIIJIEHUS SBIAETCS IO-
CTpOEHHE BHayasle TpyOoi BepcuM BXOAHOW MH(POpPMALIMH, a 3aTEM €€ IO-
clieIoBaTeIbHOE YTOYHEHUE Bce Oosiee MEIKUMHU AeTaiaMu. OJHUM U3 aB-
TopoB’, P.A. Bpaxe, ObLIO OKA3aHO, YTO 3TOT IPOLIECC AHATOTHYEH OPIMo-
2OHANILHOMY 6ellgllem-anHaau3y, TpeoyimeMy HalIu4dus 1ByX (UIbTPOB —
CIJIKMBAIOIIET0 (HU3KOYAaCTOTHOIO) M JI€TAJU3UPYIOUIEro (BbICOKOYAC-
TOTHOTO), POJIb KOTOPBIX BBIIIOJIHSIOT, COOTBETCTBEHHO, MPABOE U JIEBOE
MOy LIAPHS .

13 otux npencraBnenuii bpaxke™ ObLia IpemiokeHa CHHEpPreTHYe-
CKasi MoJieNTb (popMUpOBaHUs WHTELIEKTa (puc. 27.1). B ee ocHOBE JEKUT
pasnenbpHas aHanoroBas U 1udpoBasi 00padoTKka HHPOPMAIIUU C UCTIOIB30-
BaHHMEM HU3KOYaCTOTHOTO M BBICOKOYACTOTHOTO (PUIBTPOB U €€ CBEACHUE
BOEJIMHO uyepe3 PpakTaabHOe (IPOMEXYTOUHOE MEXKAY JAUCKPETHBIM U He-
IpepbIBHBIM) TpenacTaBieHue. [Ipu 3ToM ceMaHTHYecKas HENOJHOTa WH-
dbopManmy KOMIICHCHUPYETCS camMomomooneM neraneil. MarepuaibHbIe
CTPYKTYPBI MO3Ta (CUCTEMBI) 0003HA4YCHBI HA pHC. 27.1 MPSAMOYTOJIbHUKA-
MU CO CKPYTJIEHHBIMH yriamH, a UuX QYyHKUUU — MPOCTO NPSIMOYTOIbHU-
KaMH.

Hedurut undopmanuu o MOAPOOHOCTAX OTOOpaX)KaeMoro OOBEKTa
noOyX/IaeT CUCTEMY K CyOBbEKTHBHOW OIEHKE YPOBHS CIJIaKUBaHUA JI€Ta-
JIell Ha OCHOBE CPABHEHHUSI XapaKTEPHUCTUK CUTHAJa U HAKOIUIEHHOIrO B Ma-
MsATH cioBapsi «hopm». Takoe oTpakeHue NEWCTBUTEIBHOCTH C Y4E€TOM
COCTOSIHHSI CUCTEMBI MOXHO Ha3BaTh ncuxuxot. Ha 0CHOBE NICUXUKHU CTpO-
UTCS BCA JAIbHEHIIIasi cCaMOOpraHu3aIus maMaTu U QyHKIHI Mo3Ta.

31ech BaXHO OTMETUTh, YTO aCUMMETPHS MO3ra IOSIBISETCS U I€He-
TUYECKU 3aKPEIUIAETCS Y MXUBOTHBIX C JOCTATOYHO XOPOIIO Pa3BUTOMN
HEPBHOU CHCTEMOH B MPOLIECCE HAKOIJIEHUSI aKTUBHOIO YKU3HEHHOT'O OIIbI-
Ta W Nepexoja K LejneBbIM aeicTBusAM. OHa BIepBble OOHAPYKUBAKOTCSA Y
XOP/AOBBIX KUBOTHBIX: B 3a4aTOYHOM (hopMe y pbIO u ampuduii, a HaunHas
C MTHUll, JIEBOE mojdymapue OepeT Ha ceOs (yHKIMH aHaau3a 3BYKOBBIX
curHasioB. [lcuxuka MIIEKONMUTAIONIMX, OCOOCHHO NMPUMATOB, YK€ J0CTa-
TOYHO XOpOILO Pa3BHUTA, a UX MO3L OKa3bIBAETCA B COCTOSHHUM 3alIOMHUTH
3By4YaHHE JI0 HECKOJBKUX COTEH CJIOB, 0003HAYAIOIIUX KOHKPETHBIEC MOHS-

* bpaxe P. A. Mo3r ocymecTBisieT BeiBIieT-aHau3 curHasioB? // Tp. MexmyHap.
Hay4.-TeXH. KOH(]. «CoBpeMeHHble HHPOPMALMOHHBIE TexHonorum». — Ilensa, 2000. —
C.17 — 18; bpaxe P. A. ®pakranbHoe cxxatne HHPOPMALIUU B MO3Te HA OCHOBE OPTOTO-
HaNbHOTO BeiBneT-ananusa // Tam xe. — C.19 — 20.

** bpaxe P. A. I'eHe3HUC €CTECTBEHHOTO MHTEIUIEKTa M METOJBI CO3/1aHUSI UCKYC-
ctBeHHOro wuHTeluiekrta // Tp. Mexnynap. koHd. «KoHTHHyallbHBIE JIOTHKO-
anreOpanyeckre UCYUCICHHUS U Hepo-MaTeMaTHKa B HayKe, TEXHUKE U IKOHOMHKE). —
VYnesgaoscek, 2001. - T. 1. — C. 35— 38.
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tus. OgHAKO HEpa3BUTas TOPTaHb HE MO3BOJISET UM UX MpOU3HOCUTh. Ho
W3BECTHBI YCHEIIHBIC MOMBITKH 00YyUYEHUS TOPUIUT U IIMMITIaH3€ MalbIeBON
a30yKe TJIyXOHEMBIX C 1IeJIbI0 aKTUBHOTO MOJIb30BAHMS CBOMM «CJIOBAPHBIM
3amacomy.

PeBOJIFOLIMOHHBIM 1IaroM Ha IyTH OYEJIOBEUYMBAHUS MBIIUICHUS CTAJIO
bopMHUpOBaHUE 8MOPOT CUSHANBHOU cucmemsbl, TAe UHGOpMALUS KOAUPY-
€TCsl Yepe3 €€ CIOBECHOE NpeAcTaBieHue. B renesuce pona Homo 31o cra-
JIO €/IBa JIX HE TJIABHBIM COOBITHEM, MTO3BOJIUBIIIEM BBIKUTH OMOJIOTHYECKU
CTOJIb €J1a00 3alIUIIEHHOMY CYIIECTBY, HE MMEIONEMY HU MOIIHBIX KJIbI-
KOB, HU OCTPBIX KOT'T€H, HE CHOCOOHOMY HACTOJIBKO OBICTPO O€raTh, YTOOBI
y0exaTh OT XHMIIHBIX 3Bepeil WK JOTHATh U TOOBITH B UIILY Oosee cradbIx
KUBOTHBIX. Kak METKO CKa3ayJ BBIJAIONIUNCS aMEPUKAHCKUN OMOXUMHUK
A. Cent-Zlpepan: «Mo3r HE eCcTb OpraH MBIIUICHUS, @ OpTraH BbDKUBAHUS,
KaK KJIBIKH WJIH KOTTH.

27.3. HeilpoHHBIE CeTH

MoaHBIM TEPMHUHOM HEUpOHHble cemu CeWdac Ha3bIBalOT KAK peallb-
HbIE CETU HEHPOHOB HEPBHOM CHUCTEMBI, TAK U 00JIACTh MPUKIAAHOW MaTe-
MaTUKH, TPAaKTUUECKH HUKAK HE CBSI3aHHYIO ¢ Ouosiorued. B mociegnem
Clly4yae 1oJi HEMpPOHHOM CEeThI0 MOHUMAIOT CUCTEMY W3 OOJBIIOrO 4ucia
HEJMHEHHBIX (DYHKIIMOHAJIBHBIX 3JIEMEHTOB C OINPEICICHHOW apXUTEKTY-
pOM HEJIMHEHHBIX CBSI3€M MEXy HUMHU. JTa apXUTEKTypa Mpouia JOJTrUi
NyTh OT KJIACCUYECKON MOCIEA0BATEIbHON apXUTEKTypbl ThiopuHra — (hoH
Heiimana x mHorocnonHomy nepcentpony Mak-Kamnoka — Ilurca — Po-
3eHOnaTTa (prc.27.2) ¥ TONoJOTuYeCcKH 00JIee CIIOKHBIM CUCTEMaM CBSI3EH.

Puc. 27.2. Cxema nepcentpona Maxk-Kamnoka — [Tutca — Pozenbnarra. [lepcenton (ot
JaT. perseptio — BOCIPUSTUE) — YCTPOMUCTBO, MOJICTUPYIOIIEe BOCIPUITHE U PACIIO3HA-
BaHHE 00Pa30B, MPE/JIOKEHHOE aMepUKaHCKUM yueHbIM @. Po3enOmarTom B 1957 .
IOCJIe TOT0, KaK ero cooredyecTBeHHHKH Y. Mak-Kamnok u V. Ilutc BBenu noHATHE
(dbopMalIbHOTO HEUpOHa
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HelipoceTeBble METO/IbI O3BOJISIIOT PEIIATh 3aJa4H NPOCHO3UPOBAHUS
BPEMEHHOM 3aBUCUMOCTH (PYHKIIMI MHOTMX NEPEMEHHBIX, KaXjaas U3 KO-
TOPBIX, B CBOIO OYEpE/lb, 3aBUCUT OT BpeMeHU. CUTrHaJl K HEKOTOPOMY 3Jie-
MEHTY HEMPOHHOW CETH NPUXOJIUT HE TOJBKO OT 3JIEMEHTOB CBOETO CJOS,
HO C 3ama3/IbIBAaHUEM BO BPEMEHU — JIaroM (OT aHTJI. /ag — 3ara3/ibIBaHue) —
oT 31eMeHTOB Jpyrux cioeB. CornmacHo teopeme TakeHca ais Jr000TO
BPEMEHHOI'0 pPsijia 3HaYeHUH BCEr/la CYIIECTBYET Takas INyOMHa morpyxe-
HUS B JIArOBOE MPOCTPAHCTBO, KOTOpasi 0OECIeUnBaeT OJJHO3HAYHOE Mpe/-
CKa3aHUE CJIEYIOLIEro 3HAa4€HUsI 3TOTO psija.

HeiipoceTeBble METO/IbI BBIYUCIECHUN — HEUPOKOMNbIOMUHS — YCIICIII-
HO HCTIONB3YIOTCS JJIs MPEACKa3aHus MOBEACHNUS (PUHAHCOBBIX BPEMEHHBIX
pPANOB, HAIIPUMED, Kypca akiMil. B KOHTEKCTE HBOIIOLMMY WHTEIIEKTa HEW-
POKOMIIBIOTUHI MHTEPECEH TEM, YTO IMPOTHO3MPOBAHUE OCYLIECTBIISETCS
10 pe3yJbTaTaM NpPeabLAYLIUX WM MPOOHBIX HUCMBITAHUN AMHAMUYECKOU
CUCTEMBI, ONMCHIBAEMON TaHHOW HEMpPOHHOU ceThio. Takum ob6pazom, HEll-
POKOMIBIOTHHT MO3BOJISIET PEIIaTh 3a0ayu camMooOyyeHus U SIBISETCS XO-
pOILIEl MOJENBI0 MPOLECCOB, MPOUCXOAAIINX B TOJOBHOM Mo3re. lIpu
3TOM, B CWJIYy MapajuieJbHON 00padoTKU MHMOpPMAIMU U KOHTHUHYaJIbHON
IPUPOAbl HEUPOHHBIX CETEU, HelpOKOMHbIOMUHZ MoOoerupyem @OyHKYuu
npagoz2o noayuapus Mo3ed.

Jns nmanmpHEHIIEro BaKHO OCO3HATh TOT (U3MYECKU (akT, dTO
OosblIasi COBOKYNMHOCTh PETYJSPHBIM 00pa3oM paclojOKEHHBIX CTPYK-
TYPHBIX JIEMEHTOB YHEPreTUYECKN HEYCTOMYMBA U CIIOHTAHHO PacIafaeT-
Csl HA 0oMeHbl — 00JIaCTU C PA3IMYHON OpueHTauuen ynopsjaouenus. [lpu-
MEpPOM TaKUX TOMEHOB SIBJISIFOTCS, B YaCTHOCTH, O0OJaCTH CIIOHTaHHOM Ha-
MarHM4YeHHOCTH B (peppoMarHeTHKax. TKaHM MHOTOKJIETOYHBIX KUBBIX Op-
raHU3MOB TaKxe moiasepxkensl pomenuszanuu. C. B. Ileryxos” mpuBoauT
MHOTOYHMCJICHHBIE TPUMEPHI JOMEHOB B CTPOCHUM PACTEHUN U KUBOTHBIX,
B TOM YHCJIE B CTPOCHUH HEPBHOM TKaHU. B cBeTe U3J105KEHHOIO NpeCTaB-
JSI€TCSL BEPOATHBIM, YTO OIMCAaHHAs BBIIIE MPOTSHKEHHAs MHOIOCIOMHAs
HEHPOHHAs CETh TUIIA MEPCENTPOHA MTPU ONPEIETEHHBIX BHEIIHUX YCIOBU-
AX TaKXKe JO0JDKHA UCHBITHIBATH (PAa30BbIM MEPEX0J] B CBOEH TOINOJIOTUU U
pazOuBaThcs Ha HetipooomeHrwl (puc. 27.3).

Henunelinble BO3MYyILIEHUST JOMEHHOM CTPYKTYpbl HNPUBOIAT K pac-
IPOCTPAHEHUIO BJOJIb TPAHULl TOMEHOB (IO JOMEHHBIM CTEHKaM) yeIu-
HEHHBIX BOJH MOCTOSHHOIO NMpoduis 0e3 AUCCUIAUUU SHEPrUU B OKpY-
JKarolee MPOCTPaHCTBO — coaumoros (cM. cemunap 24). B cinydae 6uo-
0OMeH08 UMEIOT MECTO OUOCONUMOHBL, Ha BAXHYIO POJIb KOTOPBIX B CaMO-

*[TeryxoB C. B. buoconuToHsl — TaiiHa kUBOTO BemecTBa. OCHOBBI COJIUTOHHON
ouonorun. — M.: «I'TI Kumpckas Tunorpadus», 1999.
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OpraHM3alMy KUBOW Martepuu ykasbiBaeTcs B kuure C. B. Ileryxosa. [lns
HeUpoOOMeH08 YMECTHO TOBOPUTH O HElPOCONUMOHAX.
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Puc. 27.3. HeliponoMeHsl B IEPCENTPOHE

Tenepb Mbl MOXEM CBECTH BOEJIMHO OINKCAHHYIO BBIIIE CUHEPIreTHYe-
CKYIO MOJIEJIb UHTEJUIEKTA, LIEHTPAJbHBIM MOJOKEHHEM KOTOPOU SBIISIETCS
Ipe/CTaBlIEHUE O BeHBieT-IpeoOpa3oBaHu MH(OpMAUU B MO3Te, U H3-
JIO’KEHHYIO 311€Ch TEOPHI0 HEMPOHHBIX CETEM C yYETOM BO3MOKHOCTH CY-
IECTBOBAHMS B HMX HelpoconuToHoB. Kak Gbuto mokasano Bpaxe', Ha
pOJIb BEHBJIETOB, IO KOTOPHIM BO3MOYKHO Pa3J0KEHHWE CUTHAJIOB B MO3TeE,
MOTYT NPETEHJI0BaTh COJINTOHBI HEJIMHEWHOro ypaBHeHus llpenunrepa.
HelipoconuTonsl, 0 KOTOPBIX IIUIA P€Yb, TAKOBBIMU U SBIAIOTCA. [loaTsep-
KICHUEM BBICKA3aHHBIM HJIESIM CIYKUT SKCIIEPUMEHTAIbHOE OOHapyXke-
Hue  BelBIETOB BO30YIMMOCTH B CEHCOPHBIX HEHPOHAX.

BaxxHO, 4TO B HEMPOHHBIX CETSIX MOTYT CYLIECTBOBATH dPPEKTHI nep-
konayuu. Eciny cylecTByeT HenpephIBHbIN Yepe3 CBSI3aHHbIE MEXy COOOM
HEHPOHBI IIyTh Y€pe3 BCIO HEMPOHHYIO CETh, TO TOBOPSIT, YTO OHA IEPKOJIU-
pyer (ot nar. percolare — mpoTekatb CKBO3b u4TO-T1M00). Hanmenburyio
IUIOTHOCTh HEMPOHOB, MPU KOTOPOW CETh MEPKOJUpPYET, OyJeM Ha3bIBATh
nopozom nepkoaayuu. 110 NTOCTMKEHUN IOPOTa IEPKOJIALMU CBSI3aHHBIC

*Bpaxe P. A. Mo3r ocymiecTBisieT BeiBieT-aHanu3 curHaios? // Tp. MexmyHap.
Hay4.-TexH. KoH}. «CoBpeMeHHbIe nH(popMaImoHHbie TexHonorum». — I[lensa, 2000. —
C. 17-18; bpaxe P. A. ®pakranbHoe c)kaTHe UHPOPMALMU B MO3T'€ HA OCHOBE OPTOTO-
HaJbHOTO BelBier-ananusa // Tam xe. — C. 19 — 20.

** Hasty J., Collins J.J., Wiesenfeld K., and Grigg P. Wavelets of excitability in
sensory neurons // J. Neurophysiol. —2001. — V. 86. — P. 2097 — 2101.
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MeXay cOoOOW HEWpoHBI 00pa3yloT camonojoOHble ((ppakTanbHbIE) KIa-
cmepbl, yTOBIETBOPSIOIINE IPOCTOMY CTEIIEHHOMY 3aKOHY:

n(s)y~s ", (27.1)

rae n(s) — YUCIO KJIACTEPOB, COJEPIKAIIUX § CBA3AHHBIX MEXKIY COOOM
HEHPOHOB, a T — IOKAa3aTelb CTENEHU.

MaciitabHasi UHBApUAHTHOCTh TMEPKOJISIIMOHHBIX KIJIACTEPOB COXpa-
HSETCSI B MHTEpPBAJIE OT PACCTOSIHUSA MEXKIY COCEOJHUMH HEHUPOHAMH M0
pa3mepa Bcell ceTu. PaccTosiHue, Ha KOTOPOM BEPOSATHOCTH MPUHAJIEAKHO-
CTH JBYX HEWPOHOB K OJIHOMY U TOMY >K€ KJIacTepy yObIBaeT B € pa3, Ha3bl-
BaCTCs KOpperayuonHot oaunou ¢ camoopranuzanuu cetu. [lo moctmxe-
HUU [OpOra MepKOJIALNN ¢ CTAHOBUTCA PAaBHOM pa3Mepy CETH.

YnoOHol PpakTanbHONU pa3MEPHOCTHIO MEPKOJISAIMOHHBIX KJIACTEPOB
SBIIICTCS MACCOBbIL nokazamenv d,, yKa3bIBaIONINi, CKOJIbKO CBSI3aHHBIX

. d
HEUPOHOB («Maccy») HaxoauTes B Kpyre paauyca R: M (R) ~ R™ . Oka3bl-
BAETCs, MEXKY 7 U d,, CyIIECTBYET MPOCTast CBA3b:

r=1+2/d,,. (27.2)

Beipaxkenust (27.1), (27.2) mo3BOISIOT KOJIMYECTBEHHO OMUCATh 3aKO-
HOMEPHOCTH CTOXaCTHYECKH BO3HUKAIONINX (PaKTAIBHBIX KIIACTEPOB B
HEUPOHHOMN ceTH. B KMBOM MO3re 3TH KIIACTEPHI MOXKHO OTOXKJIECTBUTH C
OTKPBITBIMU aMEpPUKAHCKUM yueHbIM Kenco memacmabunonvimu nammep-
HamMu, BOBHUKAIOIIMMHU B MO3r€ MIPU €r0 aKTUBALIMU. DTOT MPOLECC MPOUC-
XOJIUT B YCIOBUSIX CAMOOP2AHU308AHHOU KpumuyHocmu (CM. CEMHU-
Hap 15) — ecTeCTBEHHOM COCTOSIHUM HOPMAJIbHO (YHKIHOHUPYIOIIETO
Mosra. JleHcTBUTENBHO, €ciii Obl MO3T ObUI B TOKPUTHYECKOM COCTOSIHUH,
TO €ro camoopranuzanus Obuta Obl OrpaHUYEHA JIMIIb JTOKATLHBIMHU 00J1ac-
TSMHU, a €CJIU Obl OH HaXOAWICA B HAJAKPUTHUYECKOM COCTOSTHUH, TO BKIIIO-
yanuch Obl cpa3y BCe HEUPOHBI, Yero He mpoucxoauT. Kak mokasan oauH
M3 OTLIOB-OCHOBATeJNIeW CUHEPreTuku I'. XakeH, 3TO MO3BOJISIET MO3TY BbI-
MOJIHUTH (YHKIIMIO aHaliu3a TMOCTYMAIIIMX B HETO BHEIIHUX CHTHAJIOB.
CBoro kHUTY, U3naHHywo B ['epmanuun, XakeH npopouecku HazBan «IIpun-
IIUTIBI pa0OTHI TOJIOBHOTO MO3Ta: CHHEPTETUYECKUIA MOIX0]] K aKTUBHOCTH
MO3Ta, TOBEJICHUIO U KOTHUTUBHOM AESTEILHOCTIY.
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27.4. Kak mbl nymaem?

Wtak, 4TO MBI UIMEEM B YEJIOBEUYECKOM MO3r€ IMOMHUMO CIIOXKHO Opra-
HU30BAHHON HEUPOHHOU TKaHU? — Pummbl CIEAYIOINX TUIIOB:

e Jnenbra-put™ (yactota 0,3 — 3,0 I'u, ammiutyna 50 — 500 MxB);

e t1oTa-put™ (3,0 — 7,0 'y, 10 — 30 MxB);

e anbda-putm (7,0 — 14 I'u, 1o 100 mxB);

e Octa-put™ (14 — 35 T'r, 5 — 30 MxB).

PsanoMm mccienoBareneil OTAECIBHO BBIICIISIIOTCS TaKKe

e curma-put™ (13 —-14Tu) u

e ramma-putm (35 — 100 I'n).

OTu puTMbl OOHAPYKUBAIOTCS Ha 271ekmposnyeganocpammax (I31)
TOJIOBHOT'O MO3ra, HO X MHTEPIIPETALNs BCTPEYAET CEPbE3HBIE TPYIHOCTH.
Jleno B ToM, yTo 3anucu D3I oTBeeHUI SABISIOTCS KOMOMHAIUSIMU CHT-
HaJIOB OT MPOCTPAHCTBEHHO PA3HECEHHBIX B MO3T€ MCTOYHHUKOB, a 4aCTOT-
HbIE JUAaIla30Hbl pUTMOB NepeKpbIBatoTCA. [[03TOMY MX yacTOTHas W mpo-
CTpaHCTBEHHAsl JIOKaNW3alus 3aTpyJHEHAa, a 4acTO HEBO3MOXXHa. TeM He
MeHee aHaliu3 uMerolencs nHGOpMaIMK IO PUTMaM TOJIOBHOTO MO3Ta I0-
3BOJISIET BBICKA3aTh CJIEAYIONINE COOOPaKCHHUS:

1. CambIii HU3KOYACTOTHBIM M CaMblii MHTEHCUBHBINA, JEIbTa-PUTM,
MO-BUAMMOMY, SIBJISICTCSI CAMBIM JIPEBHUM HEHPODU3UOIOTHUESCKIM PHUT-
MoM. OH yTpaBJsieT peryaaTOpHbIMUA GyHKIUSIMH opraHu3ma. OH MpUCyT-
CTBYET JlaXKe TOTJla, KOrJa HET JPYTUX PUTMOB, B COCTOSIHUSIX MEIJICHHOU
(HauanbpHOM) (pa3pl CHA U TIIyOOKOW MeIUTalUM, KOrAa OTKIIOYEHO CO3Ha-
HUE.

2. ToTa-puT™M IPOABIISIET ce0sl, KOTJIa OPraHU3M HAaXOJUTCS B COCTOS-
HUSIX TpaHca U IIyOokoro runHo3a. OH akTUBH3UPYET paboTy MOJCO3HA-
HUS ¥ TIOBBIIIAET PereHepalmoOHHbIe CIOCOOHOCTH, YIPABIISET NaMAThHIO.

3. Anbda-puT™M 00HApYKUBAETCSA TOJIBKO Yy YeNIOBEKa W HAOJIOIAaeTCs
B COCTOSIHUM paccpenoToueHus. OH yIpaBisieT CHHTETUYECKUM, 00Opa3HbIM
MBIIIJIEHUEM. Y OOJBIIMHCTBA JIIOJCH alb(a-puT™M MOSBISETCA, KOT/Ia 4e-
JIOBEK 3aKpbIBAET Ijla3a, U MCUE3aeT, KOI/a OH UX OTKPHIBAET. Y HEKOTO-
PBIX MCHBITYEMBIX alb(pa-pUTM B SBHOM BHJIe€ BOOOwLIE OTCyTCTBYeT. Kak
MPaBUJIO, ATO SIPKO BHIPAKEHHBIE TYMaHUTAPUU, MBICIISIIIIHE O0Opa3HO U HC-
OBITHIBAIOIIME  3aTPYyJAHEHHS B  pelIeHHMH MpoljeM  abCTpakTHO-
JIOTUYECKOTO XapaKTepa.

bera-putm Bo3HukaeT Ha D3I, Korja Mo3r HaXOJIUTCS B COCTOSIHUU
MBICTUTEILHON aKTUBHOCTU. CUUTAETCsl, UTO C HUM CBS3aHO JIOTHYECKOE
MBIIIIJIEHUE. Y JKUBOTHBIX 3TOT PUTM TaK)KE HE OOHAPYKUBACTCS.

BaxxHo orMeTuthb, yTo anb(da- u OeTa-puTMbI CO3/1aI0T B MO3T€ YeJ0-
BEKa MUMOJIETHBIE CTPYKTYpPHBIE y30pbl — MATTEPHBI. B M03re gaxe BbIC-
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IIUX JKUBOTHBIX «YyBCTBUTEJIBHBIE TPUOOPHI PETUCTPUPYIOT JIUIIb U30JIH-
POBaHHBIC U HEPETYISPHBIC AJIEMEHTHI 3TUX BBICHIUX (QPYHKIHI». DTH PUT-
MBI CBSI3aHbI C aCUMMETpUeH (YHKITUI JIEBOTO U MPABOro MOJIyIIapuil MO3-
ra, KOTopasi y *KMBOTHBIX BbIpakeHa ciabee, yem y dyeioBeka. B ciydae
«KOH(JIMKTA TOJyIIApUi» BO3HUKAET paccoriiacoBanue anbda- u OeTa-
PUTMOB, YTO XapaKTEPHO ISl NICUXWYECKUX paccTpoiicTB. Hanpumep, ru-
nepakTuBanus anbda-puTMa OOBIYHO HAOIIOJAETCS TPH TMapaHouu. Mo3r
«3aIMKIIMBACTCS» HAa HaBA3UYMBBIX 00paszax u ujaesx. bera-putM upesmepHo
3aTOPMOYKEH, ¥ YEJIOBEK OKa3bIBAETCS BO BJIACTH BHYTPEHHUX IEpEKUBa-
Huil. TopMmokeHue anbda-puT™Ma B YCIOBHSX THIEPAKTHUBAIMU JEIbTa-
pUTMa Ha TaK Ha3bIBAEMBIX «IIAMAHCKUX» YacToTax (2 — 3 ') xapakTepHo
1u1s snunerncud. [1o3ToMy olHUM U3 CIOCOOOB JICUECHHUSI TSXKEIbIX MCUXU-
YeCKUX OOJIBHBIX SIBISIETCA PACHICITICHUE MOTYIIapUil TOJIOBHOTO MO3Ta.

3aTpoHyTas TeMa UMEET OIPOMHOE 3HAYEHHUE B KOHTEKCTE CaMbIX pa3-
HBIX TTPOOJIeM, CBSI3aHHBIX C €CTECTBEHHBIM MHTEJUIEKTOM: TICUXOTPOHHOTO
opyXus, MoAuUKAIMU TIOBEJACHUS, HEHPOPU3UOJIOTUH, TCUXUATPUH,
MICUXOJIOTUU, OOYyYEHHMsI, ayTOTPEHUHTA, KPUMHUHAIUCTUKU (YTEHUE MBbIC-
Jeit) u ip. 371ech Mbl OCTAHOBUMCSI HAa OCHOBOITOJIAraloIe Jyisl TEOPUHU UH-
TeJUIeKTa MpodiieMe uHmyumueHo2o mviuiieHus. Ilpu srom Oyaem omnu-
paTbCsl Ha BBICKA3aHHBIE BBINIE MPEICTABICHUS O BEUBJIET-aHAIU3E HH-
(bOpMaIMOHHBIX CUTHAJIOB B TOJIOBHOM MO3T€ YeJIOBEKa.

[Ipexxne Bcero oOpaTUM BHUMAaHHE HA OYEBUHOE CXOACTBO MEXKIY
coxpaHeHueM HMHGOPMAIMK B MO3T€ M TMPOIECCOM 3aIUCH 20102PAMMbl
(uHTEepPEPEHIIMOHHON KapTHUHBI, COOTBETCTBYIOIEH Dyphe-CBEpTKE 00b-
EKTHOTO CHWTHaja ¢ TAPMOHHMYECKOW OMOPHOW BOJIHOH). B 00omx ciydasx
uH(pOpMAaITUs 3aMUCHIBAETCS HE JIOKAIBHO, @ B MPOCTPAHCTBEHHO pacIpe-
nejaeHHOM Buje. B 000uX cilydasix UCTONBb3YIOTCS OTIOPHBIE BOJIHBI (B CIIY-
yae MO3ra — OIMCAHHbBIE BBIIIE PUTMBI). B 000MX ciydasiX CUMTHIBaHHE
nH(pOpMaIKU OCYIIECTBIISIETCSI C UCIIOJIb30BaHUEM OIMOPHBIX BOJH. B 000-
UX CIIy4asiX MOXXHO TMOJYyYUThb YBEIMYEHHOE M300pa)keHue: B royiorpaduu
IIPU UCMOJIb30BAHUU OTIOPHOM BOJIHBI MEHBIIEH YAaCTOTHI, YEM IIPU 3aIUCH;
B Cllyyae MO3ra — IepexoJid K CUMTHIBAHUIO MH(OPMAIMU C MOMOIIBIO
HU3KOYaCTOTHOTO TATa-PUTMA, MO3BOJISIIOLIETO KPYIHO BBIAEIUTH HEKOTO-
pbie PparMeHThI U3 TAMSTH.

N3BectHO, 4TO, B omyimune oT Dyphe-aHann3a, BEMBIIET-aHAIU3 I10-
3BOJISICT JIOKAJIM30BAaTh YaCTOTHBIC W TIPOCTPAHCTBEHHBIE OCOOCHHOCTH HC-
CJIEAYEeMbIX CUTHAJIOB C HECTAIIMOHAPHBIM clieKTpoM. Kpome Toro, optoro-
HaJIbHBIM BEMBIIET-aHAJIN3 C UCIIOJIb30BAHUEM MIPOCTPAHCTBEHHO Pa3eieH-
HBIX HHU3KOYACTOTHOTO (CTJIaKMBAIOIIET0) M BBICOKOYACTOTHOTO (JeTalu-
3UpyoNIero) GUIBTPOB MO3BOJSET IMOIY4YaTh MOCIEAOBATEIBLHO YCIOXK-
HAIOLIHUECS BEPCUM HCCaeayeMoro curnaia. OTcroaa siCHO, 4TO MPaBoe Mo-
JylIapyue MOo3ra BBITIONHAET (QYHKIIMU HU3KOYACTOTHOTO (PUIIbTpa, U allb-
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ba-puT™ SBISETCS 711 HETO OMOPHOM BOJIHOM. B CBOIO odepensb jeBoe mo-
Jyliapue BBINOJHSAET (DYHKIMH BBICOKOYACTOTHOIO (puiibTpa, a OeTa-puTMm
SIBIISIETCS JUISI HETO OTIOPHOW BOJTHOMW. TeTa-puTM CIIy)KHT JIJIS1 MHTEPAKTHB-
HOTO J0CTyna K MH(pOpMallUU, XpaHsIIencs B TIIyOMHaxX mamsTH (MOoaco3-
HAHUM) B €llI€ HE MPOAHAIM3UPOBAHHOM, HO CBEPHYTOM BUJIE.

N3yuenue D3OI mo3BosisieT caenarbh BBIBOJ, YTO PUTMBI T'OJIOBHOTO
MO3ra, CTOXaCTUYECKU MU3MEHSIOUINECS 10 YacTOTE U aMIUIUTYIE, SIBIISIOT-
Csl LENOYKaMU COJMTOHOB (HEMPOCONMTOHOB) WJIM IEepeMaciTadupoBaH-
HBIMH BeliBjieTaMu (HEHpOBEWBIIETaMU), HEOOXOIUMBIMH ISl OCYIIECTBIIE-
HUSL TpeX (QYHKIMA MBIIUICHUS: JTOTUKO-aareOpandeckoro (paruoHalbHO-
ro), 00pa3Horo (AMOIMOHATBLHOI0) U UHTYUTUBHOTO.
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28

CuHepreTuka 1 JKOHOMHKA

...1 BOWHBI, U COLMAJIbHBIE IOTPSICEHUS BKIIIO-
YalTCS B PUTMUYECKUMH NPOLECC PpPa3BUTHUSA
OOJBIINX IUKIOB M OKa3bIBAIOTCS HE HMCXOJ-
HBIMU CHJIAMH 3TOTO pa3BUTHSA, a GOPMOIL ero
nposieneHus. Ho pa3 BO3HMKHYB, OHH, KOHEU-
HO, B CBOK OY€pE€Ib OKa3bIBAIOT MOTYIIECT-
BEHHOE, HMHOTJa NepTypOupyloliee BIUSHHE
Ha TEMII M HANpAaBJICHHE SKOHOMUYECKOH /M-
HaMUKHU.

H. J[. Konopamuves

28.1. MeToabpl MHMCCI€IOBAHUA CONMAILHO-)KOHOMHYECKHX
CHCTEM

B Marepuanax k ceMunapy 23 Mbl y’Ke KacalucCh MPOOJIEMbI CaMOOP-
raHu3alid B SKOHOMUYECKON 00JacTH, 00CYyK/1asi BOJHBI DJHOTA B JUHA-
MUKe IIeH Ha akiuu. Kak okaszanoch, 3TH BOJIHBI OOHApYXHBAIOT (pax-
TaJdbHBIC 3aKOHOMEPHOCTH. Ha 3TOM cemMuHape MbI IOTOBOPUM O CHHEPTE-
TUYECKOM TIOJIX0JIe K SKOHOMHUKE ¢ OoJiee oOmux mo3unuii. YenoBedeckas
IIUBUJTM3AIMS TIPEJICTABIISIET COOOW TIIOOANBHYIO eunepcucmemy CBS3aH-
HBIX B TOCYIapCTBEHHBIEC 00pa30BaHMsI cynepcucmem, KAKOBBIMH SBIISIOTCS
meppumopus (T), coyuym (S), npaso (J), nonumuxa (P) u sxonomuka (E).
Kaxxnas u3 3TuX CymepcucTeM ACIHUTCS Ha 0oJiee MEJTKHUE, HO TOXKE CIIOXK-
Hble cucTembl. Hanpumep, TeppuTopusi BKIItOUAET B CeOsl TAKUE CUCTEMBI,
kak nanamadr, ¢paopa u gayHa, KOTOpbIE MOKHO OOBEAMHUTH B re0OHO-
[IEHO3; T0JIE3HbIE UCKOMAaeMble, KOTOPbIE BMECTE C reoOroIeH03aMu 00be-
JTUHSIOTCST B MPUPOJIHBIE PECYPCHI; a TaKKe pa3iuyHble dKocucTteMbl. Co-
IIUYM JICIIUTCS Ha TAKUE CHUCTEMbI, KaK HAIMH, THOCHI, PEIMTHO3HBIE, TIPO-
W3BOJICTBEHHBIC, CEMEIHBIC U MHBIE OOIIHOCTH; YKOHOMHUKA — HA MaKpO- U
MUKPOIKOHOMHUKY. Bce 9TH cucTeMbl MOKHO OOBEANHSATH B PA3IMYHBIX CO-
YETaHUSIX B 3aBUCUMOCTH OT TOTO, KAKUE CBSI3U MEXKITy HUMHU HAC MHTEpE-
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cytor. Torma mosy4aroTcsi TakMe€ CUCTEMHbIE OO0pa30BaHMs, KaK HaIMO-
HaJbHas MOJUTUKA, PETUOHAIIbHASI DKOHOMUKA U JIp.

BakHO OTMETUTB, YTO CBSI3U MEXKIY CUCTEMaMU MOTYT OBITh B3aUMO-
MOPOXKAAOMMMH (T€HEPAaTUBHBIMU, KPEATUBHBIMH), MOHIKAIOIIMMH HH-
TPONHIO B OOBEIMHEHHOW CYNEepCUCTEeMEe, M B3aWMOIPEO0JIEBAIOIUMU
(IM3PYITUBHBIMHE), TTOBBIIIAOIMH dHTpormio. Ha puc. 28.1, ¢” mokasanbl
ATH CBS3HM B CYNIEPCUCTEME «TOCYIapcTBO». Kak u MHOTHE OMOIOTHYECKUE,
COIlMAJIbHbIE, ACTPOHOMHUYECKHE U JPYTrU€ CYNEPCHUCTEMBI, COJEpIKalIue
YIOPSIAOUMBAIOIIKE (1K) U pa3ynopsAIoYnBaronine (#Hs) CBSI3U, 3Ta LEIO-
CTHOCTb TPEJICTABIISIETCS. B BUJIE IPEBHEKUTANCKON neHTarpaMmmbl. Criiomni-
HBIMH JIMHUSIMU CO CTPEJIKAMU Ha HEll 0003HAYEHBI KPEAaTWBHBIC CBS3H, a
MyHKTUPHBIMHA — JU3PYNITUBHBIC.

Jannas koenumuenas newmazpamma pa3OMBAETCS HA CUCHEMHble
mpuaowvl AByX TUIIOB:

T-—>S-—>P-—>T T—S—J]J«-T
S—J -—E-—3S S—J —P«-S
J—P-——>T-——1] J—P—DE«—-]
P—-E-—S-—P P—E—T<«-P
E—T-—J-—E E—T—S«-E

Tpuaapl epBoOro TUmna XxapakTepU3yrTCs OJHOU KPEATUBHOU CBSI3bIO
U IByMs TU3pYNTUBHBIMU. OHU MO3BOJISIIOT UCCIEA0BATh 3aBUCUMOCTD JIH-
HAMHUYECKOM MEPEMEHHOM, OMUCHIBAIOIIECH CUCTEMY, OT JIByX MapaMeTpPOB,
OJIMH U3 KOTOPBIX paculeruisitomuil. Tpuaasl BTOpOro Tuma coaepxar IABe
KpEAaTUBHBIE CBSI3M U OJIHY JAU3PYNTUBHYIO CBSI3b. OHM ONUCHIBAIOT 3aBU-
CUMOCTb JUHAMHUYECKOM NEPEMEHHONW CHCTEMBI OT OJHOIO IApaMeTpa MpHU
BO3MYIIIAIOLIEM JEHCTBUU BTOPOTO.

[TonuTnyeckas kapTa Mupa MOAOOHA HeUpOHHOU cemu TOCYIAPCTB-
HelpoHoB (puc. 28.1, 6). Ee ciion MOryT ObITh BbIIEIEHBI pA3JIMYHBIM, XOTS
U HE MPOU3BOJBHBIM 00pa3oM. 3aMeuyarelbHbIM pEe3yJbTaTOM JIArOBbIX
CBOWCTB HEMPOHHBIX CETEU SABISETCS BO3MOKHOCTb MPOCHO3UPOBAHUS OT-
KJIMKa CETH Ha €€ BHYTPEHHUE U BHEUIHUE BO3ACHCTBUS. [ '0Cy1apCTBEHHbIE
HEHPOHHBIE CETH Pa3BETBIIIOTCSA Ha (PpaKTalbHbIE YaCTH: PErHOHBI, pec-
nyOnuKu, 00J1acTH, paliOHbI, HACEJICHHBIC MyHKTHI, YIHUIIBI, TBOPHI U KBap-
TUPBI, 00pasys paxmanvHble Kiacmepol.

%

bpaxe P. A. Jlunamuika pa3BUTHS: CTOXaCTHYECKUE KOJICOAHUS U TIPOTHO3 TPEH-
na // Ilpobnembl yCTOHUMBOTO pa3BUTHUS: WIUTIO3UU, PEATbHOCTH, MPOTHO3. — TOMCK:
Tomck. roc. yausepcuret, 2002. — C. 79 — §3.
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Puc. 28.1. KoruutuBHas neHTarpaMma rocyJapcTBEHHON LIEJI0CTHOCTH (a) M HEUPOH-
Hasl CeTh TOCYIapcTB (6), Ha KOTOPOU BBIIETICHBI IOMEHBI

[IpoTsoxkeHHast HelpoHHAs CeThb HEYCTOMYMBA W pa30MBaeTcs Ha OT-
JeabHbIe 00J1aCTH — JIOMEHBI. B HEMPOHHOM CETH rOCYIapCTB 3TO COIO3BI
(EBpocoro3, CHI" u ap.) u BoeHnsie 6;10ku (Hanpumep, HATO).

Hcropuyecku nepBbIM METOAOM UCCIEAOBAHUS 3BOJIFOLIMOHHBIX IIPO-
[IECCOB B COIIMAJBHBIX M KOHOMHUYECKMX CHUCTEMax CTaja MaTeMaTh4e-
ckasi craTucTuka. OQHAKO MHOXKECTBO SKOHOMUYECKHX IMapaMeTpoB Ja-
JIEKO HE Bcerjaa oOpasyeT CTaTHCTHUYECKHH aHcaMOib, MO3TOMY JaHHBIN
METOJ] YaCTO OKa3bIBaeTCs HempuemieMbiM. Kpome TOro, MHOTHE SIBJICHUS
KOKYTCSI HEOKUJIAHHBIMU (2MepodiceHmubiMuy). ITO MOTpeOoBalo MOUCKA
HOBBIX, COBPEMEHHBIX METOJ0B M3YUCHUs] JUHAMUKU PA3BUTHUS MOJTO0HBIX
cucteM. OCHOBHBIE U3 HUX XOPOILIO WITIOCTPUPYIOTCS ONKMCAHHBIMU BBIILIE
KOTHUTHUBHBIMHU CXEMaMHU U HEMPOCETEBBIMU NIPEACTABICHUSAMMU.

KoruntuBucruka. Kaxnas cBsa3p Ha puc. 28.1, a B MaTeMaTu4eCKOM
OTHOILIEHUU COOTBETCTBYET HEKOTOPOMY YpaBHEHUI0. B nrore nmomyvaercs,
0 MEHBbLIEH Mepe, NATh YpaBHEHUN (U1l pa3IMYHbIX TUIIOB CBSA3EH) C IIs-
ThIO HEU3BECTHBIMU. BBUAY TOro, 4ro 3TO, Kak MPaBWJIO, JIOCTATOYHO
CIIOKHBIE HENHWHEWHbIe TudQepeHInanbHble ypaBHEHUS, Takas CHCTeMa
MOJKET OBITh PEIICHA JIUIITh YUCICHHBIMA METO/IaMu. B pe3ynbrare onuchl-
BAION[UE CUCTEMY IUHAMHUYECKHE MapaMETPhl OKa3bIBAIOTCSI BHIPAKCHHBI-
MU Yepe3 KOIPDUIIMEHTHI, ONpeaeseMble HAYaIbHBIMA W TPaHUYHBIMH
ycnoBusiMH 3a1aud. KoHeuHo, npencTaBiieHHbIe HA puc. 28.1, a cuctemHble
napaMeTphl SIBJISIOTCS CIMIIKOM OOIIMMH, HO CJI€AyeT UMETh B BUIY, YTO
KOTHUTHUBHBIE CXEMBI MOPOXKAAIOT OJIHA JAPYTYI0 M BKJIAJBIBAIOTCS JIPYT B
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npyra. OHM TO3BOJIIOT CyXaTh KOJMYECTBO MOHSATUM, MOJI KOTOPHIE MOJI-
BOJUTCSA MOHUMAaHUE, U BbIOMpaTh TpeOyeMblii ypoBeHb MoHUMaHus. [lo-
ATOMY KOTHUTHUBHUCTHKA CE€MYac MIMUPOKO HUCIOJB3YyeTCs Il MOACIHPOBa-
HUS SKOHOMUYECKUX, TOJIMTUYECKUX U COLUAIIbHBIX CUTYalUH.

Teopust karacTtpod. OnrcanHble BbIIIE CUCTEMHBIE TPUA/IBI IEPBOTO
TUIA TIO3BOJISIIOT UCCIIEIOBATh JUHAMUKY Pa3BUTHS CUCTEMbI B TEPMHHAX
teopun katactpod. Ha puc. 28.2, a mokazaHa moBepXHOCTh KaTacTPO(dbI
TUTA «COOPKay JIJIsi IBOJIIOIMHU YPOBHS £ SKOHOMUYECKOTO Pa3BUTHUA [TO-
cyJapcTBa] B 3aBHCHUMOCTU OT MPOBOJUMON SKOHOMHUYECKON MOIUTUKU P
(HOpManbHBINA (akTop) U MpaBoBOro 1Mojs J (pacuerusironuii paxrop). U3
HEro CJIEAYET, YTO ATO Pa3BUTHUE MOHOTOHHOE (YCTOMYMBOE), €CJIU MOJIUTH-
YECKUE PEIICHUS MPUHUMAIOTCS B YCIOBHSIX OTCYTCTBUS Oudypkammum mpa-
BOBBIX BO3MOXKHOCTEH (KpuBas 1) M MCHBITBIBAIOT CKa4doK (KaTactpody),
€ciM MpaBa CyOBEKTOB HPKOHOMUKH HAXOMSTCS B MPOTHUBOPEUHH JPYT C
npyrom (Kpusas 2).

bnaronaps cBoeil HarJISIIHOCTU TEOPHUS KaTacTpod HAUMHAET WHTEH-
CHUBHO BHEJIPATHCS B COLIMOJIOTHIO, MOJUTOJOTHIO U SKOHOMUKY. OJHaKo
€e METO/Ibl MO3BOJISIOT OMPEACIUTD UL mpeHO Tipoliecca. BHyTpenHue u
BHEIITHUE BO3MYIICHHUS CHCTEMbl MPHUBOMAAT K KOJIEOAHUSIM OTHOCUTEIHHO
TpeHaa (puc. 28.2, 6). llepuoa 3Tux KoaeOaHUIl 3aBUCUT OT pPa3MepPOB CUC-
TEMBI, a UX XapakTep (KBa3UIEPUOJUYECKUI, KHOUJAIbHbINA WIH COTUTOH-
HbII1) — OT ypOBHA BO3MYyIIeHUs. Ero MOYKHO HCClenoBaTh, MPUMEHSS K
KpacBOM 3ajade, MOCTPOCHHOW HAa OCHOBE KOTHUTHMBHOM CXEMbI, METOJ
BO3MYILICHUM.

Puc. 28.2. OBomouunonnsii (1) u katacrpodudeckuii (2) myTH pa3BUTHS YKOHOMHKH B
CHUCTEMHBIX IMapaMeTpax MOoJUTHKAa — MpaBo (a) ¥ KonebaHus TpeHaa pa3Butus (6):
1 — cnabble BO3MyIIEHHS, 2 — YMEPEHHbIC BO3MYIIECHUS, 3 — CHUIJIbHBIE BO3MYIIICHUS
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Puc. 28.2, a miurocTpupyeT Takke BaXKHOCTh IEPEXOIAHBIX 30H B pas3-
BUTHM CHUCTEMBbI, TaK Ha3bIBAEMBIX yguuieHcos (z). OHU MOTYT BCTpeYaThCs
U B TOPU3OHTAIIBHBIX CIOSIX, U B BEPTUKAIbHBIX, U BO BHEIIHUX CJIOSIX (Ha
pucyHKe He mokazanbl). Ilepexoapl cucTeMbl U3 OJHOIO CTAI[MOHAPHOTO
COCTOSIHUSI B APYTO€ MPOUCXOJAT 10 pyciam (r). OaHaKo MonacTh B pycio
CJIOHO, ¥ CUCTeMa varie Oyxmaaet mo dacoxepam (j). ImeHHO oHHM oripe-
JENSI0T 2MEPOHCEHMHOCMb €€ TIOBEICHUS.

HeilipoxkoMnbOTHHI. HellpoceTeBble TEXHOJIOTMU B KOHTEKCTE JaH-
HOM TEMBbI TaKX€ UCIOJIb3YIOTCSI JOCTATOYHO MIMPOKO. B coueranuu ¢ me-
TOJAMH HeuemKou J102UuKu OHHU TO3BOJISIIOT MPOTHO3UPOBATH IOBEJACHUE
CHUCTEMBbI Ha OCHOBE PE3YyJIbTATOB MNPEAbIAYIINX UK MPOOHBIX UCIIBITAHUM.

HenunHelinasg 1uHaAMMKA, BKIIOYAIONIAs B ce0s TEOPHUIO Xao0ca, Teo-
pu0 (ppakTajioB, TEOPUIO LIYMOB U JPYTUE MO3BOJISIET MOHATh, UTO KO-
nebaHus mapaMeTpoB CUCTEMbI OTHOCUTENIBHO TPEHIa Pa3BUTHS Yallle BCe-
ro He SIBJIIOTCS CTOJb MPOCTHIMH, KaKk M300pakeHo Ha puc. 28.2, 6. CyTb
31eCh B TOM, YTO B CHUCTEMaxX C MaMATbIO KOoJeOaHMs, KaK MpaBUiO, Cmo-
xacmuueckue. B $ha3zoBoM mpocTpaHCTBE COOTBETCTBYIOUIUN UM ammpax-
mop XapakTepuszyercs BecbMa CIYTaHHOW Tpaektopueil (puc. 28.3, a),
BUTKH KOTOPOM, XOTS U HE BBIXOIAT 3a IPEAEIbl HEKOTOPOU OTPaHUUYEHHOU
00J1acTH, HO HUKOTJ]a HE COBMENIAIOTCS APYT ¢ Apyrom. [loatomy u rpadux
KOJIe0aHUI COCTOUT U3 CaMOMOI0OHBIX ((PpaKTaTbHBIX BO BPEMEHH) IMHKOB,
HUKOT/Ia HE MOBTOPSIIONIUX APYT Apyra B TouHocTH (puc. 28.3, 6). Tak kak
CTOXACTUYECKUE MPOLIECChl YACTUYHO JIETEPMUHUPOBAHBI, TO MPUMEHEHUE
JAHHBIX METOJIOB IO3BOJISIECT MOJYYUTh OOJee TOYHYI0O BPEMEHHYIO JUHA-
MUKY pa3BUTHS CUCTEMBI, YEM YIIOMSHYTHIC BBIIIIE.

BeiiBier-ananu3. CtoxacTuyeckue KojeOaHusl MPEeACTaBISIOT CO00M
HaKJIaJIbIBAEMbI HA OCHOBHOM MpOlLIeCC IIyM OMpeeeHHoro Tumna (oT Oe-
Joro 10 4epHoro). dypbe-aHalu3 CIEeKTpa TAKOTo IIyMa He BCEraa M03BO-
JSI€T BBIABUTH YJENbHBIA BKJIAaJ HHU3KOYACTOTHBIX M BBICOKOYACTOTHBIX
rapMOHUK B XapakTep kosieOaHuii. Becbma nepcrnekTUBHBIM METOJOM aHa-
JIM3a CUCTEM C «MSATKHM XaoCOM» sABJISIETCS BelBieT-aHanu3. OH 1aer BO3-
MO>KHOCTbH PEaJIn30BaTh CXEMY MOCTEIEHHOTO MPUOIUKEHUS MOJIETH MPO-
1ecca K OpUTHHAILy IMyTeM MOCTPOEHHUS BHaudaje HauboJiee MPOCTOU €ro
BEPCUU U TOCIEAYIOIIETO YCIOXHEHUsI ee 0ojiee BHICOKOYACTOTHBIMU JIe-
TaJSIMH.

Ot uccienoBaHNsi NPUYNHHO-CJIEICTBEHHBIX 3AKOHOMEPHOCTEl K
TEOPHH CJIOKHOCTH. /[MHAMHUKA Pa3BUTHUS TAKOW CJIOKHOM TMIIEPCUCTEMBI,
KaK 4eJioBeYecKasi IUBIIIM3AIUS, HE MOKET OBITh OMUCaHa B paMKax KakKo-
ro-TO OJHOTO MOJX0/Ia UK MeTo1a. Besikue BOCTOPr 1o MOBOAY TOTO WIIH
MHOTO HOBOT'O METOJ/Ia UCCIeAOBaHUsI — He 0oJiee YeM WJUIIO3Msl, TaK Kak
BCE€ 9TU METOJIbl ONIEPUPYIOT BEChbMa OTPAHUYCHHBIM YHUCIIOM MapaMETPOB U
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CBSI3€H MEXKIY MOJACUCTEMAMU JAaHHOU cucTtembl. CaMU K€ CBS3M NPEATIO-
JararoTrcs HensMeHHbIMH. Ho citoxHbIe cuctemsl sgooyuonupyiom! B pe-
3yJbTaTe€ KOTEPEHTHOIO HAJOKEHUS MAJIBIX BO3MYIIEHUHN IO JOCTHKEHUU
napamMeTpaMy MOPSAAKa ONPENEICHHBIX IIOPOTOBBIX 3HAYEHUN IPOUCXOIUT
KaueCTBEHHAsl IIEPECTPOIIKA CUCTEMBI U €€ IIEPEX0] Ha HOBBIM YPOBEHb Op-
TaHU3al1U, C HOBBIMH CBS3SIMU MEXIy noacuctemamu. [loaromy Bbisun-
BaHHWE KAKOM-TO OJIHOM M3 HUX, HAIPUMEP, SKOHOMHUKHU (YTO XapaKTEpHO
JUISL TEKYIIETO NCTOPUYECKOI0 MOMEHTA) WM coluyma (AJ11 CpPaBHUTEIBHO
HE/IaBHETO IMPOLLIOro), Hen30€KHO MPUBOAUT K JIOKHBIM MporHozaM. Tem
OoJiee TakoW MOJXOJ HE MO3BOJISIET ONPENETUTh MyTH YCTOMUNBOTO pa3BU-
THUS TOJOOHBIX CUCTEM.

[TpuunHoil 3THX OmMUOOK, Kak oTmeuaeT P. I'. BapaHueB*, ABJIACTCSA
BCE €IIE CBOMCTBEHHBIN YEIIOBEUECTBY Ounapuzm mviuineHus. OH 3aKioya-
€TCsl B UCIOJIb30BAaHUM OMHAPHBIX JIOTMUYECKUX LIETIOYEK TUIA «Ja — HET»,
«ECIIA — TO», KIIPUYMHA — CIEJICTBHUE», ONPEACIAIOIMX JIUHEUHBIN MTOAX0T
K PEIICHHIO NMpo0JieMbl U HUCHOJIb30BAHNE METOJOB YETKOW Joruku. OaHa-
KO CJIOKHBIE CUCTEMBI XapaKTEPHU3YOTCS TPUAI0N «HEIMHEMHOCTh — KOre-
PEHTHOCTb — OTKPBITOCTHY. lloaTOMY /U MX aHanu3a HEOOXOJUMO Mpu-
MEHSTh METOJbI crodcHblx cucmem (theory of complexity), kak crnpaben-
auBO UMeHYIOT cuHepreTuky B CIIA. IIpu 3TOM MBI JOJIKHBI YETKO OCO3-
HaBaTh, 4TO Mbl X0TUM? Eciln HaC MHTEpECYyeT JUlIb IPOTHO3 TPEHIA Pa3-
BUTHS CUCTEMBI, TO JOCTATOYHO aHAJIW3a INPOCTBIX KOTHUTUBHBIX CXEM U
METOZ0B MaTeMaTU4eCKOr0 MOJEINPOBAHNS HA OCHOBE ITIOCTPOCHUS Kpae-
BBIX 3aJa4 U UX YHUCIEHHOro perieHus. HeGompiine koneOaHus OTHOCH-
TEJIbHO TPEHJIA MOXHO MCCIIEN0BATh C IOMOLIBIO JIMHEUHBIX METOAOB aHa-
nu3a, HAIpUMep, METoJa BO3MYIIeHHH. AHanu3 Ooyiee CIOXKHBIX Koieba-
HUM TpeOyeT NPUMEHEHHsS] METOJIOB HEJIMHEHHON nuHaMuKu. Eciin e Mbl
XOTUM TOJYYUTh 0OJIe€ TOYHBIM MPOTHO3 Pa3BUTHUS, TO HEOOXOAMMO HC-
II0JIb30BATh HEYETKHE KOTHUTHUBHBIE CXEMBI, METOAbl HEUETKON JIOTHKH,
HEYETKUX HEMPOHHBIX CETEH, BEUBIICT-aHAIN3 U APYTHE.

28.2. IKOHOMHUYECKHE UKJIBI
O,ZIHI/IM HaI/I6OHee paCHpOCTpaHGHHBIM THUIIOM CaMOOpFaHI/ISaIII/II/I, Ha-

6JII-0,HaeMBIM B COHOHAJIBHO-3KOHOMHUYCCKHUX CHCTCMaxX, SBJIACTCI KoJieOa-
TEJIbHO-BOJIHOBOM THII YIOpAAOUCHUA. B sxoHOMMYECKOI JIMTCPATYPC IJIA

’ bapannes P. I'. Ilpeononenne Ouxapusma B pa3BUTHH HOOC(HEPHOTO MBIIILIE-
Hust // Tp. Mexnaynap. koH(. «KoHTHHYaIbHBIE JOrHKO-anredpandyeckue u HeilpoceTe-
BbI€ METOJIbl B HAYKE, TEXHUKE U IKOHOMHKE». — YIbsiHOBCK, 2000. — T.1. — C. 16
— 17; bapanues P.I". HennHelHOCTh — KOT€pEHTHOCTh — OTKPBITOCTh KaK CUCTEMHAas
Tpuaaa cuHepretuku // Moct. — 1999. — No29. — C. 54 — 55.
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0003HAUEHHUS ATOTO SIBJICHHS YaIlle BCETO HMCIOIB3YETCS TEPMHUH «IIUKID».
HaunbGonmpuii ”HTEpPEC Y SKOHOMHUCTOB BBI3BIBAIOT CJICAYIOIINE ITUKIIBI:

— NOIUMUK0-0en080u Yyuki (4—>5 1eT), CBsI3aHHbIN C BBIOOpaMu B Op-
ra”bl BIACTH U MPUYPOUYMBAHUEM BAXKHBIX HIKOHOMHUYECKHX IIaroB
MPaBUTEIHCTBA K MPEABBIOOPHON CUTYAIINH;

— Oenogout  yukn (6—12 71er), 0OYCIOBIEHHBIH COIMATBHO-
SKOHOMHYECKUMHU TPUYMHAMH, B YAaCTHOCTH HECOBEPIICHCTBOM
PBIHOYHBIX MEXaHU3MOB: Pa3HUIIEH MEXITy HOMHUHAJIBHON U peaib-
HOI1 3apabOTHOM MIIaTOH, OMEepPEKAIOIINM POCTOM IIEH H JIp.;

— cmpoumenvubiid yuxn (uukn Kysnena, 15—25 net) — uuki, BbIsB-
JICHHBIA aMEPUKAHCKUM SKOHOMHUCTOM YKPAWHCKOTO TPOUCXOXKIe-
Hus, HoOeneBckuM JaypeatoMm C. Ky3HenoMm, KOTOpBINA CUMTal, YTO
OCHOBHOMW €T0 MPUYUHOW SBISIOTCS JIeMorpaduuecKkue mporecchl,
BO3pacTHas MUTPAIUS HACEJICHUS M CBSI3aHHBIC ¢ HEH KoJIeOaHUs B
o0BeMax JKIJIUITHOTO CTPOUTEIHCTRA,;

— yuxn Konopamwvesa (45 — 65 net), oOyCIOBICHHBI CMEHOUN TeX-
HUKH, BHEJPEHUEM HOBBIX TEXHOJOTUH U Pa3BUTHEM HOBBIX OTpac-
JIell MPOMBIILIIEHHOCTH;

— yuxn noaumuyeckoeo audepcmaa (100—150 ner), npuurHON KOTO-
pOro SBJISIETCSI HEPABHOMEPHOCTh SKOHOMHUYECKOTO Pa3BUTHUS pa3-
HBIX CTpaH, MOSBJICHUE HOBBIX MPETEHJEHTOB Ha MUPOBOE JIUJEP-
CTBO, 000CTpeHHe OOpbOBI 3a PEeCypchl, «KU3HEHHOE MPOCTPAHCT-
BO», PBIHKHU COBITa U cdepa BIHSHUS.

Haunbonbiiero pazmaxa nocruraet nuki KonaparseBa (IJIMHHbBIEC BOJI-
bl KoHZlpaTheBa mim OOJbIIIME BOHBI KOHBIOHKTYPHI). BBIBO O cymiecT-
BOBaHMHU Takux BoJIH Obul cienad H. /1. KongparseBeiM B 1922 1. Ha ocHO-
Be aHanm3a OOJBIIOr0 YHCIIa PYKOHOMHYECKUX IMOKa3aTenei (MHIEKC IIeH,
roCyJapCTBEHHBIC JOJTOBBIE 0053aTeNbCTBA, HOMHHAIbHAS 3apaboTHas
miaTa, IMOKa3aTeW BHEITHETOPTOBOIO 000pOTa, M0OBIYA YT, 30JI0Ta,
IIPOU3BOJICTBO YYTyHA, CTIM U T. J.) PA3JIMYHBIX CTPaH 3a BPEMS OKOJIO
100—150 ner. Lukner KonaparbeBa xapakrepusytorcs (a3oil mogbema u
dazoit cnaga. Bo Bpemsa noawsema (nogwiuiamenvuou ¢hazvl) SKOHOMHKA
CTpaHbl HaXOAUTCS B COCTOSIHHHM IMOAbEMa W CTPYKTYPHO HEOJIHOPOIHA,
BO3HMKAIOT HOBBIE OTPACIIH MPOU3BOJICTBA. [lanee sHeprusi, 3aTpaueHHas Ha
O00prOy 3a cdepbl BIUSHUSA U CYIICCTBYIOIIUE COIHUATBLHO-TIOJUTHYCCKUC
OTHOIIICHUS, HAYMHACT yracarh. J[MCCUNIATHBHBINA MPOIIECC 3aMEIISIET TEM-
B Pa3BUTHS, HaCcCTynaeT (pasza cmana (nonuscamenvras gaza).

EctecTBeHHO, UTO M3-3a TECHOM CBSI3U SKOHOMMKH C IMOJIMTUKOM, Tpa-
BOM, COLIMYMOM U APYruMU cynepcucteMamu (cM. 1. 28.1) Ha uukn Kona-
paTheBa HAKJIAIBIBAIOTCS APYTHE IUKIBI, IPUYEM HE TOJBKO IKOHOMHYE-
CKHE, HO TaKXXE COIIMOKYIbTYPHBIE, COTHEYHOW aKTHBHOCTH H TIP.
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Ctporo roBopsi, TEpMHH IHKJI (M Ja)X€ BOJHA) HE COBCEM Yy/AaucH.
[{ukn mpeamonaraeT MOJHYIO MOBTOPSIEMOCTh TMpoIlecca 4Yepe3 KaKoe-TO
BpeMsi. DKOHOMHUYECKHE, KaK U MPOUYne, UKIBI CKOpee HOCAT CTOXacTuye-
CKUI XapakTep U (PpaKkTaibHbI BO BPEMEHHU.

28.3. K cuHepreTuyecko IKOHOMHUKE

Hcnonb3oBaHMe MaTeMAaTUYECKUX METOJOB B SKOHOMHUKE MMEET JaB-
HIOK0 HUCTOPHUIO. ABTOp 3HAMEHUTOM KHUTH «OCHOBBI 3KOHOMHYECKOIO
ananuza», [1. CamyaibCOH, B COPOKOBBIX rofgax XX B. pa3faeiany SKOHOMH-
Ky Ha ITh 3TanoB. [lepBblil 3Tal CBA3aH C KIMEHEM IIBEHLAPCKOT0 3KOHO-
mucta JI. M. O. Banbpaca (1834—1910), BbIABUHYBILIETO WUJEU NETEPMHU-
HUPOBAHHOT'O PABHOBECHS M CTaTUYECKOTO YPOBHs. BTOpOIi 3Tan OTCUMUTHI-
Ba€TCs OT UTaNbsIHCKOro 3koHOMuUcTa B. Ilapeto (1848—1923), ocHoBare-
Jsl CPAaBHUTENBHOM CTAaTUKU B 3KOHOMUKE (3akoH Ilapeto). Tperuii stan
cBs3aH ¢ padboramu JlxoHcoHa, Ciynkoro, Xukca u AjieHa 10 MaKCUMHU-
3allMM JEUCTBUSA SKOHOMHUYECKOro oObekTa. YerBepThil 3Tanm CMy3JIbCOH
CBA3BIBAET C OTKPBITUEM MPUHILMNA COOTBETCTBUSA. Hakonel, nsATHIM
3Tan — 3Tall CPABHUTEIbHOW AMHAMUKHU. Celdac mocie NosiBICHUS 3HAKO-
BOM KHWUTHU KWUTAMCKOro »KOHOMHUCTA 3aHra Boii-buna «Cuneprerudeckas
HPKOHOMHKA. BpeMsi 1 nmepemMeHbl B HETMHEUHOW SKOHOMUYECKONH TEOPUN»,
HaAMMCaHHOM BO BpeMsi paboThl aBTopa B llIBenuu, 3TOT 3Tanm yaiie Ha3bl-
BAIOT 3TAIIOM CUHEPreTUYECKOU SKOHOMUKH.

Hcnonp30BaHMEe METOJIOB CUHEPTETUKU B DKOHOMUKE — HE JJaHb MO-
Jie, a HacyllHas MOTPEeOHOCTh BBIWTU 3a MpeEZelibl CTaTUYECKOro aHaIu3a
KBa3UCTAllMOHAPHBIX COCTOSIHMI. OKOHOMHKA MOXET W JIOJDKHA CTaTh
IpEeIMETOM CUHEPIeTUYECKOr0 MOJICIMPOBAHUS, TaK KaK SKOHOMHKA 00Ja-
JAET BCEMH MPU3HAKAMH CaMOOPTIAHU3YIOUIUXCSI CUCTEM: CI0KHOCTBIO, OT-
KPBITOCTBIO, HETMHEHHOCTBIO, AUCCUIATUBHOCTBIO, HEYCTOYMBOCTHIO. bo-
Jiee TOro, B YKOHOMHKE €CTh OBICTPbIE U MEJICHHBIE TAPAMETPHL. Y CTAHOB-
JIEHO, YTO HEKOTOPbIE U3 MEJJICHHBIX MapaMeTpOB BEAYT ce0sl KOJUIEKTUB-
HBIM 00pa3oM (CUMHEPreTUYeCKH) U MOTYT UTpaTh POJIb MapaMeTpPOB MOPs/I-
Ka MpU CTPYKTYPHBIX NIEpeCcTpoiikax cucrteMbl. @pakTanbHas MpUpoaa KO-
HOMHYECKUX LHUKJIOB U CTOXAaCTUYHOCTh KOJIE€OaHU OTHOCUTEIHLHO TPEHAA
HBOJIIOLIMM CUCTEMBI TaKKe€ MOATBEPKIAET MPABOMOYHOCTh CHHEPIreTHYE-
CKMX METOJOB B UCCIIEOBAHUH COLMAIIbHO-)KOHOMHUYECKUX cHCTEM. B 1e-
JIOM CUHEpreThyecKas SJKOHOMHUKA Mpe/CTaBisieT coO00i HOBOE Harmpaslie-
HUE B OOBSICHEHUU U TPOTHO3UPOBAHUH SKOHOMUYECKUX MPOIIECCOB.
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29

Hoocdepa u HoochepHOe MBILILJICHUE

Jymaro, 4TO TBOpUYECKHE pPECypChl pa3dyma
MOTYT OBITH NMPUPABHEHBI JIUIIb K YHEpre-
THYecKuM pecypcam CosHIia.

Y. Aummamos

29.1. Pa3BuTHe npeacTaBjieHud 0 HOOc(epe

Tepmun «Hoocgepa» (0T Tped. nus — pa3yM u sphaira — chepa) —
cdepa pazyma — ObUT BBeZieH B 1927 1. dpaHIly3cCKMM MaTeMaTUKOM U (prio-
codom D. Jlepya nns o603HaueHus Oyaymiero coctosiuus omocdepsl. Ipyroit
bpaniy3ckuil yueHslii, naiseontosnor, ¢uiocod u teomnor I1. Teiisp e lap-
JieH, B cBoell kHure «®eHoMeH venoBeKa» 000CHOBal 00pa3oBaHHE HOOC]e-
pBI ¢ TeocO(CKON TOUKH 3PEHUS, PACCMATPUBAs €€ KaK «CBEPX)KU3HbBY B EI1H-
CTBE 4YeJI0BEKa, Npupoasl 1 bora.

OrpomMHOe BIMSHUE HA Pa3BUTHE KOHIEHIIMH HOOC(EPHl ¢ HAyYHBIX I10-
3unmil okazanu padotsl B.W. Bepnanckoro. mes ecrectBeHHOHay4yHOE 00pa-
30BaHue, BepHaackuil goka3an He TOJbKO KaueCTBEHHOE H3MEHEHHE aTMO-
cdepsl, Tuapochepsl U TUTOCHEPHI TOT BO3AECHCTBUEM KUBBIX OPTaHU3MOB, a
3aTeM U TEXHUYECKOU JeATeTbHOCTH YeI0BeKa, HO U COIPOBOIUI CBOH BBIBO-
JIbI KOJIMYECTBEHHBIMU pacdyeTaMu. [Ipex e BCero oH yCTaHOBHII, YTO IS CY-
[IECTBOBAHUS KU3HU HEOOXOUMO HATUYHUE TPEX YCIOBHH — BOJIbI, COTHEY-
HOTO M3JIyU€HHUs U TPaHMIIBI pa3jiena cpel. [maBHyro posib B mpeoOpa3oBaHuU
SHEPTUU COTHEYHOTO M3IIyYeHHS UTparoT pacTeHus. B mpoiecce ¢poTocunresa
OHHU BBIJICJISIIOT KUCIOPOA, MOCTyHAIOMIHNi B aTMOC(EpPy, KOTOPHIM IbIIIAT BCE
a’poOHbIE KUBbIE OpraHu3Mbl. B pe3ynbrare >KU3HENEesATENbHOCTH OaKkTepuit
MPOUCXOJIAT MPOIECCHI MUIIEBAPEHUS Y )KUBOTHBIX, PA3JI0KEHHE MEPTBBIX Op-
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raHU3MOB, 00Pa30BaHUE IJIOIOPOAHOTO CIIOS MOYBHI (TyMyca), He0OX0IUMOTO
JUIS TAJIbHEWIIIETO POCTA PACTEHUM.

WNHaye roBops, >KMBOE BELIECTBO CYIIECTBEHHBIM OOpa30M H3MEHHIIO
Bechb 00MK 3emin. M 3To npu HUYTOKHO MaJIOM KOJIMYECTBE MO CPABHEHUIO C
Maccoil 3emiln: €clii BCE JKMBOE BEIIECTBO PABHOMEPHO PACIpPEICIUTh MO €
MOBEPXHOCTH, TO TOJIIMHA TAKOTO CJIOA cocTaBUT Bcero 2 cM! Ho rmobane-
HOCTb BO3/ICMCTBHSI )KMBBIX OPraHM3MOB OOYCJIOBJIEHAa MX OBICTPHIM Pa3MHO-
KEHUEM M CKOPOCTBIO KPYTOBOPOTA BEILECTB 10 CPABHEHUIO C I€0JIOTUYECKU-
MU TpOIleCCaMU. 3a BCE€ BpeMs CYIECTBOBaHUS OMOC(epbl OHA IMPOU3BENa
2,4-10%° T %MBOTO BEIECTBA, YTO MPEBBIIIACT MACCY 3EMHOMH KOPBI B 12 pas.

OBoJOLMS KMBOTO MHUpa MpuBena K mnosBieHuto Homo sapiens —
NPUHIUIIMATIBLHO HOBOro (¢akropa Oucdepsl, CO3JaBLIETO TexXHOChepy U
CTaBIIIETO, BCIEJACTBUE 3TOr0, CAMBIM MOTYIIIECTBEHHBIM CYIIECTBOM Ha IIja-
Here. Ecnu nelictBue Guocdepsl A0 MOSIBICHUS pa3syMa y:Ke HOCHIIO TUIaHe-
TapHBIM XapakTep, TO C €ro MOSBJICHUEM U PA3BUTUEM YEJIOBEYECKON LIMBUIIN-
3alliy BCTaJl BOIIPOC 00 OTBETCTBEHHOCTH YEJIOBEKA 3a JalbHEHIee pa3BUTHE
O6uocdepsl B 1IeTIOM U €ro YacTu — venoBeuectBa. B. U. BepHaackuii onpene-
JIWIT 3TO KaK HEOOXOAMMOCTb K0960.1t0yuu IPUPOABI U YesoBeka. Takoe HOBOe
ABOJIIOIIMOHHOE COCTOSTHUE Ouocdephl MoJa BO3ACUCTBHEM MpeoOpasyroliei
IJIaHETY TBOPUYECKOW CHIIBI pazyMa M HasbiBaeTcsi Hoocepoi. [locnequss pa-
6ota B. W. Bepnanckoro, ony0nukoBanHas B 1944 r., Ha3siBasack «Heckoiib-
KO clioB 0 Hooc(epe». B Helt oH mumeT: «Celdac MbI TIEpeKUBAeM HOBOE
re0JOrM4ecKoe 3BOJIOLMOHHOE H3MEHEHHEe Ouocdephl: Mbl BXOJIUM B HOO-

chepy».

29.2. HoocdepHasi peaibHOCTD

[TosiBnienue B 6uocdepe yenoBeka MPUBENO, B KOHIIE KOHIIOB, K TpaHIu-
O3HBIM, HO TIOKA €Il[e CTUXUUHBIM U3MEHEHUsIM, KaK B camoi Ouocdepe, Tak u
BO BCEM OOJIUKE TUIAHETHl. YHUYTOXEHbI OFPOMHBIE IUIOLIAIH Jieca, MOSBU-
JIMCh HOBBIE ITYCTBIHU, PYKOTBOPHBIE 03€pa U MOps. [I1axThl U pyTHUKH OKpY-
YKAIOT OTPOMHBIE TEPPUKOHBI MyCcTON mopojbl. Co3naHre HeOOXOAUMBIX IS
TUAPOIEKTPOCTAHIIUM BOAOXPAHWIMIL U3MEHHUIIO BO MHOTMX MECTax KJIMMaT.
[ToBepXHOCTH TUIaHETHI TOKpPbUIA MAyTHHA KEJIE3HBIX U aBTOMOOMIBHBIX J0-
por, IMHUHK 3neKkTponepenaun. Bo3Hukia mpobiieMa 3aXOpOHEHHs paguoak-
TUBHBIX OTXOJIOB, TOSBIISIOIIUXCS B pe3yibTare pabOThl aTOMHBIX AJIEKTPO-
craHuuil. [Ipeanpuarus MeTauTypru4ecKor, paguodIEKTPOHHOW U XUMHYE-
CKOM IPOMBILIICHHOCTH 3arpsA3HUIM PEKHM U MOYBY TSKEIBIMUA METaJUIAMMU,
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CEIbCKOE XO3SMCTBO — OPraHUYECKUMHU COEAUHEHHSIMHU. BOKpYyr roponos-
METrarnojIrucoB 00pa30BaCh OIPOMHBIE CBAJIKU OTX0JI0B. B Ouocdepy BbIOpa-
CBIBAIOTCSI HEU3BECTHBIC €M BEUIECTBA U XUMUYECKHE COCIUHEHUS, CO3AAI0TCS
HOBBIE, T€HETUYECKH MOJU(PUIIMPOBAHHBIE PACTEHUSI U KUBOTHBIE. UenoBek
HAYMHAET AKTUBHO BMEIIUBATHCS B CBATAs CBATHIX KUBOW MPHUPOJBI — T'EHE-
THYECKUU KOJI. Bce 3TO mpu3Haku TOro, 4YTo MPHUHATO HA3bIBAThH IKOJIO2UYE-
CKUM KPUSUCOM.

Ho na pyGexxe BTOPOTo M TPEThErO ThICAUYENETUI YelloBeuecKas IUBUIH-
3alys BCTYNMHJIA B KpU3HC elle 0osiee OOMIMPHBIN, KPU3UC CUCTEMHBIH, 3aTpa-
THBAIONINI BCE CTOPOHBI YEIOBEYECKOTO OBITHS M OKPY>KAIOIIEeH ero mpupo-
nbl. Kak ormeuaer akagemMuk Poccuiickoil akaJeMuu €CTECTBEHHBIX HAYK, JIH-
pekrop MHcTUTyTa HicTopun ecrecTBO3HaHusA U TexHuku A. I'. Hazapos, oH
BbI3BaH mepexofoM Ouochepbl B HOBYIO OHMOCHEPHO-HOOCHEPHYIO CTaJUIO
paszBuTusi. Ha 310l HOBOM cTaanu HOOChEpHOUM caMOOpraHU3alMK Ha TEePBBIN
IUTaH BBICTYNAOT MHGOPMAIIMOHHBIE B3aMMOJECHCTBUS U MPOLIECCH YIIpaBIie-
HUSL.

CyTp JaHHOTO KpHU3HCa B TOM, YTO B TaKOW CJIOKHOW M IEIOCTHOM CHUC-
TeMe, Kak Hoocdepa, JIOKaJbHble HApYIICHHUs] CTAIlMOHAPHOTO COCTOSIHUS TIPH
JIOCTAaTOYHO OOJIBIIOM MX KOJUYECTBE MOTYT COTJIACOBAHHO (CMHEPTEeTUYECKH )
BBI3BaTh MEPECTPOMKY BCEU CHCTEMBI, IPUYEM HE B JIYUIIYIO JUI1 YEJIOBEKa
cTopoHy. Beixon u3 cnoxusmerics cutyauud A. I'. HazapoB Buaut B co3na-
HUU HOOCepHo20 KOMNieKca CTPaHbl B 1IEJIOM U €r0 PErHOHANIbHBIX 3BEHBEB.
Ienp 3TOrO KOMILIEKCA, IO MHEHHIO Ha3apoBa, NOIKEH CTaTh MEpexosl OT ec-
TECTBEHHBIX NPUPOIAHBIX U UCTOPUUYECKH CIIOKUBLIMXCS MPOU3BOJICTBEHHBIX
TEXHOJIOTUYECKUX IPOLIECCOB K MPUPOAHO-TEXHOJOTUYECKUM LIMKJIIAM Bellle-
CTBa M SHEPro-uH(POPMALMOHHBIM MMOTOKaM, TPEOYIOIIMM YNPaBICHUS U KOH-
TPOJISL.

ITo mHenunro akagemuka B. M. I'mymkoBa, KaXKAbli U3 3TAOB CTAHOBJIE-
HUS HOOC(Eephbl XapakTEepU3yeTCsi CBOMM TUIOM ympaBieHus. Ix cMeHa cBs-
3aHa ¢ HEOOXOIMMOCTHIO Tiepexofa K HOBBIM (opmaM HH(DOPMAIMOHHOTO
eIMHCTBA: OUOCHEPHOro, COIMOKYIbTYPHOT0, TEXHOJIOTUYECKOTO U T. 1. Oco-
OCHHOCTBIO HBIHEIIHETO dTara Pa3BUTUS HOOCQEPHI SBIAETCS TI00aTU3aIus
HPKOHOMHUKH M CBSI3aHHBIX ¢ HeW (PMHAHCOBBIX U MH(OPMAIIMOHHBIX MOTOKOB.
CryneHsMu Takoil riodanm3anuu ctaiu co3ganue EBpocoroza, BecemupHoro
TOProBOro oOIIecTBa, Internet, TpaHCHAIMOHANBHBIX U MEXIOCYAaPCTBEHHBIX
MoHomnonui. OTCIoJa ClIeyeT, YTO MPUPOTHO-XO3IMUCTBEHHBIE (HOOC(EPHDBIE)
KOMIUIEKCHI Pa3HBIX CTPAH JOJKHBI B IEPCIEKTUBE OPIraHUYECKHU CBSI3bIBATHCS
B €IMHYIO MUPOBYIO MAayTHUHY, YTOOBI 0OECIEUNTh LIEIOCTHOE YIIPABIIIEMOE U
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KOHTPOJIMPYEMOE BO3JICHCTBHE BCE BO3PACTAIONICTO BIUSHUSA 4YCIIOBEKAa Ha
ounocdepy.

29.3. ®opMupoBaHue HOOC(HEPHOr0 MbIIILJICHUSA

Pa3BuTre S5KOHOMUKH, HAYKH U TEXHUKU B XX B., TOCTIKEHUS B 00JaCTH
PaMORIICKTPOHUKH, BBIYUCIUTEIHLHOW TEXHHUKH, TEICKOMMYHHUKAIIMH, aBTO-
MOOHMJIECTPOCHHSI 3aIIOJIHUIN OBIT COBPEMEHHOTO YEJIOBEKa BCEBO3MOYKHBIMHU
yI00CTBaMH, 0 KOTOPBIX OH PaHEE W HE MeUTas, MOPOJIMIN MOTPEOUTEITBCKOES
OTHOIIIEHUE K OOIIECTBY M IIpupoie. B 3Tom He Ob1710 OB HUYETOo IJI0XO0TO, eC-
7u OBbI 9TH MaTepHaIbHbIE IICHHOCTH HE BBITECHIIIN B CO3HAHUU OOIIIECTBA TI0-
TpeOJIeHs] Ha BTOPOM IUIaH MHbBIE IIEHHOCTH: UCTOPUKO-KYJIbTYPHbBIE, HPABCT-
BEHHbIE, 00pa30BaTEIbHbIE U JIP.

[lonnmanne HOOC(EPHOTO EAMHCTBA YEIOBEKAa M TPUPOJBI MPUBEIIO
MHOTUX YYEHBIX, MPOU3BOJACTBEHHUKOB U TMOJUTHKOB K OCO3HAHUIO HEO0OXO-
JTUMOCTH ()OPMUPOBAHUS B OOIIECTBE HOOC(HEPHOTO TBMKEHUS U HOOCGhHepHO-
20 moiunenys. Ero uepraMmu J0MKHBI CTaTh CIIEAYIOLIHE :

® BBHICOKHI YpOBEHb KPUTHYHOCTH K TOCYJapCTBEHHBIM, OOIIECT-
BEHHBIM U COOCTBEHHBIM MPOCKTaM;

® YCTaHOBKA HA CO3JIaHUE MPOJYKTOB, HE YXYIIIAIOIINX COCTOSHUE
omochepsr;

® TPOEKTUBHOCTH Ha Oymay1iee;

® YCTaHOBKAa Ha KOOMEpPAaTUBHOE PEIICHUE HAYyYHBIX U MPOU3BOJICT-
BEHHBIX 33]]a4 B UHTEPECaxX BCEro YeJIOBEUECTBA;

® JIOMHUHAHTHOCTh Ha TMOCTAHOBKY W pEIICHHWE HECTaHIApTHBIX 3a-
nau;

e YyCTaHOBKA Ha MOHMMaHHWE (OmHUparolieecs Ha OOIIMPHBIC 3HAHUA)
MPOLIECCOB, MPOUCXOIAIIUX B MMPUPOIE U OOIIECTRE.

OTnuunTensHOl 4epToil HoocepHOro YenoBeKa JIOJDKHA CTaTh BBICO-
Yaiflliasi OTBETCTBEHHOCTh TEpe]] YeTOBEUECTBOM 32 CBOU MOCTYIIKH.

Baxnyto 3a7ady B pacrnpocTpaHeHUH HOOC(HEpHBIX 3HAHUN U HOPMUPO-
BaHMM HOOC(EPHOTO MBIIUICHHS BBHITIONHAET Poccuiickas akajgemusi ecTect-
BeHHBIX Hayk (PAEH) u ee pernonansHbie cTpyKTypbl. B acTHOCTH, B YIIBsI-

" Cnaprun B. Hoocdepras mearornka. O popMHPOBAHHE HOOCHEPHOrO MEHTAIIH-
teta // buocdepa (DnexTpoHHBIN HayuHBIH xypHa). — 2000. — Ne2. [DneKTpoHHBIH pe-
cypc]. http://www.ihst.ru/~biosphere/Mag2/spartinA.htm
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HOBCKE CO3/IaH U YK€ Ooliee JECSTH JIeT aKTHBHO paboTaeT perruoHaibHBIN
ueHTp PAEH «HoocdepHbie 3Hanus U TeXHOIOTUWY. BXosmire B HEro oT/ie-
JICHUS1 3aHUMAIOTCS pa3pabOTKON U MPOIMAraH 0l SKOJIOTUYECKH O€30MacCHBIX,
SHEPro- U pecypcocOeperaroux TEXHOJIOTUN, MATEMaTHYECKUM U KOMIIbIO-
TEPHBIM MOJICTUPOBAHUEM HEITWHEWHBIX MPOIECCOB B TEXHHUKE, YKOHOMHKE,
MEIUIIMHE, COLMOJOTUU, OOpa30BaHUM M JPYTHUX OO0JIACTIX YEIOBEYECKOU
JESATENIbHOCTH ¢ Y4€TOM MX HOOC(hEpHOU 3HAYUMOCTH.
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3akJII04YeHue

Korna g ne 3uan UctuHbl — 719 MEHS TOPBI
ObLTM ropamu, a peuku pekamu. Korna xe s

yBuzaen MctuHy — TOpBI mepectanu ObITh
ropami, a peuku pexamu. Ho xorga s mpo-
HUuKCcs VICTHHON — rophl CHOBa CTalH To-

paMH, a peYKH peKaMH.

Jlao L]3v1

BoT ¥ 3aKOHUMINCH HAIIM CEMUHAPHI, TMOCBSAIIEHHBIC MPOOJIEMHBIM H
JIMCKYCCHOHHBIM BOIIPOCaM €cTeCTBO3HaHUA. KOHEYHO, MBI HE CMOIVIM 3a
CTOJIb OTPAHWYEHHOE BpPEMsI OXBAaTUTh BCE BaXKHBIE MPOOJIEMBI, TeM Oosee
cenaTh 3TO JAETaIbHO U CTPOro. JTO JAeno mnpodeccruoHanoB. Mbl ke pac-
cMoTpenu ¢ Bamu nunib KOHIENIIMN COBPEMEHHOTO €CTECTBO3HAHUS, T. €. CO-
BPEMEHHYIO TPAaKTOBKY HM3y4aeMbIX MPOoOJeM, OOMICTIPUHATYIO TOUKY 3pEHUs
10 3aTPOHYTHIM BOIIPOCAM.

MpbI Hauanu ¢ ApeBHEUINX MU(POJOTUIECKUX U PEITUTUO3HBIX MPEACTaB-
JeHui 00 yCTpoNCTBE MHUpA, a 3aKOHYMJIM CaMbIMHU IMOCJIEIHUMH UCCIEI0Ba-
HUSAMHU TI0 (PU3UKE, XUMHUH, OMOJIOTUH U KOCMOJIoTud. Bo3MoxHO, 4TO, 10 Me-
pe yCloXHeHus maTepuaina, Bel BpemeHamMu nepectaBaiv ero moHUMAaTh U Te-
pSUIM OPHEHTALMI0O B PAa3sHOOOpa3uM 3aTPOHYTHIX MpoOieM, He BUACTU HUX
B3aMMOCBSI3M U BHYTPEHHEro enuHCTBA. Ha mocneaHux 3aHATHSIX MBI MOCTa-
palKcCh MNPOWLIIOCTPUPOBATH 3TO €IUHCTBO, MCHOJIb3YH0 CHHEPTreTUYECKUU
MOIXO0/ K TIpodeme.

[TomHuTE, YTO Cama 1o cede HU OJHa TIIyOOKasi MbICIb B TOJIOBE HE POXK-
naercsi. TpeOyroTcss MHOTO BPEMEHHM U CaMOCTOSITENIbHBIX Pa3MBIILUICHUMN,
yTOOBI B CO3HAHUHM BO3HUKIIA HE ()parMeHTapHas, a [eOCTHAs KapTHHA MHUpa
B €€ pa3BUTUU U rapmonud. [IpuBeneHHbI B KOHIIE TTOcOOUs Oubmnorpadu-
YECKHI CIHCOK MOMOKeT Bam B 3Tux 3anarusx. OaHako ycnex Kk Bam npuaer
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TOJIBKO B TOM clly4ae, eciu Bbl MpoHUKHUTECHh 3aMHTEpecoBaBlier Bac mpo-
OyieMoi, Bcell AyIIoi 3aX0THTE €€ MOCTHYh, MO0 Kak ckazan U. B. I'ete:

[TeprameHTBI HE YTOJISIIOT KaXbl.

Kuntou k MyZIpoCcTH HE Ha CTpaHUIIAX KHMUT.

KTo K TaitHaMm KU3HU PBETCA MBICIBIO KX I0M,
B cBoeit nyuie HaxXOAUT UX POJHUK.
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