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TEMATUYECKWUIA NNAH

MeToponorusa Haykn EctecTBo3HaHue. 3Tanbl pa3BuTUs ECTECTBEHHO-HAYYHOM
KapTuHbl Mupa. MNepBas rnobanbHas eCTECTBEHHO-HAy4YHas peBooLns ApuctoTens.
eoueHTpuyeckas cuctema mmpa. Apxumes n reometpus EBknnpa. Bropas rnobansHas
€CTeCTBEHHO-Hay4Hasa pesonoums. 'enmoueHTpuyeckasa cuctema mmpa KonepHwuka.
3akoHbl ABmxeHus nnaHeT Kennepa. 3akoH BcemupHoro TaroteHns HetotoHa. 3akoH
COXpPaHeHUs MaTepumn n ABmxeHus JlomoHocoBa. PoxaeHne Haykn 006 9neKkTpuyecTBe.
Teopwsa anekTpomarHnTHOro nons Makcesenna. KBaHToBasg MexaHvka 1 KOpnycKysipHO-
BOJIHOBOW ayanuam. CneupasnbHas Teopust OTHOCUTENBHOCTU U ee NocTynaTsl. MpuHumn
39KBMBAJIEHTHOCTN B 00LLIEV TEOPUN OTHOCUTENBHOCTU. Paclumpsioulascs BceneHHas.
OnemMeHTapHbIe YacTULbl U CUIbI B pupoae. TpeTbs rnobanbHas eCTeCTBEHHO-HAy4Has
pesonouusa. O6beanHeHne dusmkn. HYetseprtaa rnobanbHas €CTECTBEHHO-HAy4yHada
peBonoLNS.

Xumua B EctecTtBO3HaHMU. B3anMOCBA3b €CTECTBEHHbLIX HayK. YPOBHMU
opraHmsauun matepun. MNepnogndeckmin 3akoH O.N. Menpeneesa. OcHOBHas
npobnema XMmMumn Kak Hayku.

YPOBHU pPasBUTUA XUMUYECKUX 3HAHWN. YHeTbipe aTana pasBuUTUS XUMUWN.
YueHne o cocTtaBe BeulecTBa. lNpobrnema xummnyeckoro anemeHta. lMpobnema
XUMUYECKOro coeanHeHnsi. 3akoHbl MOCTOSIHCTBA cocTaBa BellecTsa lNMpycTta. 3akoH
KpaTHbIX OTHOLWeHWn [danbToHa. 3akoH ABoragpo. MNMpobrnema co3faHUs HOBbIX
mMatepuanoB. CTpykTypHas XMmMus. IBOOLMA MOHATUSA “CTPyKTypa” B XMMUWN.
Mepvopg, TpnymdanbHOro WeCTBUS OPraHNYeckoro CUHTEe3a. YYEeHUe O XUMUYECKUX
npoueccax. Metoabl ynpaBneHusi XMMUYeCKMM MPOoLECCOM. OBOJIIOLMOHHAA XUMUSI.
MyTn OoCBOEHMS OMbiTa XUBOW NPUPOAbI.

Bvonorvs B coBpeMeHHOM ecTecTBO3HaHuu. Tpu “obpasa Guonorum”.
TpaguumorHasa Guonorus. buonorunyeckas cuctema JIMHHes. PU3MKO-XUMMYeckas
Ouonorua. 3BonouMoHHasa Guonorusa. Teopus asponoumn JapBuHa.

Buonorunyeckne saepneHuss. GopmMbl U YPOBHU XU3HU. MonekynspHo-
reHeTU4Yeckuii ypoBeHb. lNMpoucxoxaeHne xm3Hu. CoBpeMeHHOe pa3BuUTue
3BOJIOUMNOHHON Teopun Y. HdapsBuHa. MonekynsapHO-reHeTu4eckmnin noaxoq,.
M3yyeHne MONeKynapHbIX OCHOB BOCMPOM3BOACTBA XM3HW M MNPOLLECCOB
XU3HEeOeaTeNnbHOCTU. 3aKoHbl reHeTukn Menpens. OTKpbITUe reHeTUYeckolr ponn
HYKJIEMHOBBIX KMCNOT. OTKPbITUE MONEKYNSAPHbIX MEXAHU3MOB FEHETUYECKOMN
penpoaykumm mn 6uocuHtesa 6enka. OTKpbITUE MONEKYNSAPHO -FEHETUYECKUX
MEXaHU3MOB M3MEHYMBOCTU. M3ydyeHne MONEKYNSPHOM OCHOBbI OOMEHa BELLECTB.
OHTOreHeTnyecknin ypoeHb. OTKpbITUE KNeTkn N'ykom. M3ydeHne CTpoeHus KneTku
LLiIBaHHOM. [MpokapunoTbl KU 3ykapuoTbl. Apxebaktepuu. [MONynaunoOHHO-
OVoLEHOTMYECKNIA ypoBEHb. [Monynauusa. BuoueHos. BroreoueHos.

BuocdepHbiii ypoBeHb. YueHre BepHanckoro o 6uocoepe. MoHaTue Hoochepbl.
HeunsbexHocTb nepexopa 6uocdepbl B Hoocdepy. MHoroobpasne X1BbiX OpPraH13MOB
- OCHOBA OpraH13aummn 1 yCTonumBocT Brocdepbl. MnobanbHbI 9KONOrMYeckuin KpUsmc.
PaupoHanbHoe MCNonb30BaHWe NMPUPOOHbLIX PECYPCOB M OxpaHa Ouocdepbl.
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HAYYHbIA OB30P*
1. METOO40J1I0Nr'MA HAYKU ECTECTBO3HAHME
1.1. CopepXxaHue MNMOHATUA eCTeCTBO3HaHue

B HacTOsLee Bpems Nog TEPMUHOM €CTeCTBO3HaHue MOHMMAeTCs, npexaie
BCEro, TO4YHOE ecTecTBO3HaHMe. TOYHOEe eCTeCTBO3HaHMuEe - 3TO BMOJHE
odopmneHHoe (4acTo B MartemaTtumyeckmx dopmynax) ToyHoe 3HaHue 000 BCEM,
4YTO OENCTBUTENbHO CYLLECTBYET UM MOXET CyLlecTBoBaTb BO BceneHHon. OgHako,
O4YEBUIHO, YTO 9TO 3HAHME HE ABNAETCH OKOHYaTENbHBIM UTOrOM 3HaHui o MNpupoae,
a Wb TeM, 4YTO M3BECTHO YesIOBeYeCTBY Ha AaHHOM 3Tane ero pasBuTus.

Y10 MHTEepecyeT TOYHOe ecTecTBO3HaHue? lMpobnembl, KOTOPblE BO3HMKAKOT
B 3TOW BecbMa 0OWMPHON o6nacTum NO3HaHMSA camMble pa3dHoobpasHbie - OT
YyCTPOMNCTBA U MPOUCXOXAEHUS BceneHHOM [0 MO3HAHUSA MOJIEKYNSAPHbIX
MEXaHN3MOB CYLLECTBOBAHUS YHUKANIbHOrO 3eMHOro aBneHus - >XKusHu.

A Kak Ha3bIBaloT y4eHbIx, paboTaloLlmx B 06nactn ectectso3HaHma? B nanekune
BpemeHa ApuctoTenb (384-322 0o H.3.) HasdbiBan nx ¢Guankamum umnu
dusuvonoramm, n6o OpeBHErpeyeckoe CMoBO (PU3UC, OYEHb GIM3KOE PYCCKOMY
C/IOBY mMpupoaa, NnepBOHAYaibHO O3Ha4Yaso MPOUCXOXAeHue, co3paHue. Takoe
onpeneneHne MOXeT nokasatbCs HaMm, XxuBylwM B 20 BEKE, HECKOJIbKO CTPaHHbIM!
B cpenHel wkone eCTeCTBEHHbIMU HaykaMu OObIYHO CUYMTAOT PU3UKY, XUMUIIO,
Ounonoruvio, acTpoHOMMIO, reorpaduio. B BbICLIEN LIKONE KONMMYECTBO €CTECTBEHHbIX
HayK yBENMYMBAETCS BCMEACTBME MX OENEHUSA Ha Yy3KO Cheunann3vpoBaHHbIE
OVUCLUUMINHBI.

B HacTofwee BpemMsa CNEKTP Hay4HbIX MCCNEOBAHUN B €CTECTBO3HAHUN
HEeOObIKHOBEHHO LUMPOK. B cucTteMy ecTecTBeHHbIX Hayk, MOMUMO OCHOBHbIX Hayk:
dNINKN, XUMUM 1 BMONOIMM BKITIOHAIOTCS TakKXKe M MHOXECTBO APYrux - reorpadus,
reosiormsi, aCTPOHOMMS, 1 JaXe Hayku, CTOSLME Ha rpaHuLe MeXay eCTeCTBEH-
HbIMW N FYMaHUTAPHbIMU HaykamMu - Hanpumep, ncuxonoruda. Llenbio ncuxonoros
ABNAETCA MU3y4YEHMEe MOBEAEeHUSA YEeNOBeKa U XMBOTHbIX. C OQHON CTOPOHLI,
NCUXOJIOTS ONMPAETCS Ha Hay4Hble LOCTUXEHMS Buonoros, paboTalowmx B 06nacTtu
dN3N0N0rum BbICLLEN HEPBHOW AEATENLHOCTU U HAOMOAAWMX 3a AEATENbHOCTbIO
Mo3ra. C gpyroii CTOPOHbI, 3Ta Hayka 3aHMMaeTCcs U coumanbHbIMK, T. €. 00LWecT-
BEHHbIMU SIBEHMSAMU, NpuBAekas 3HaHua M3 obnactm coumonoruun. CoumnanbHas
NCUXOJIOrns, HanpuMep, UCCnenyeT B3aMMOOTHOLLIEHWS rpynn foael B obuiecTse.
Mcuxonormsa, akkymynuMpyst 3HaHUS BCEX €CTECTBEHHbIX Hayk, NpeacTaBnser cobom
KakK Obl MOCTUK, MEPEKUHYTbIN OT BbICLUEN CTYMEHbKN €CTECTBEHHOrO 3HaHUSA K
HaykaM, LEefNblo No3HaHUs KOTOopbIX saBnsitoTcs Yenosek n O6LLECTBO.

Bbl, n3yyasi rymaHuTapHble Hayku, HaBepHOe, MPeKkpacHo MNpeacTaBfseTe nx
B3aVIMOCBS3b C Haykamu, uaydawowmmu Mpupoay. koHoMuUcTam He oboliTuck 6e3
3HaHUA reorpadum n marematukun, dunocodam - 6e3 oCHOB HaTypdunocoduu;
COLMONIOr B3aUMOAENCTBYIOT C NMCUXONIOraMn, a pectaBpaTopbl CTAPUHHBIX KapTUH
npuoeraoT K MOMOLLM COBPEMEHHOM XUMUK U T. 4. Taknx NpMMEPOB MOXHO NPUBECTH
6ecyncneHHoe MHOXEeCTBO.

[agalite He 6ynem 3abbiBaTb O TOM, YTO MCTOKWU CIOXHOIrO Mupa, KOTOPbIA
HacC OKpyXaeT, 3ak/o4alTCcs B HEOObIKHOBEHHO FAPMOHMYHOM YCTPOMCTBE €ro
Mpuponbl, NOCTOSIHHO BCTYNAET BO B3aMMOOTHOLLEHUS C Hel. [onpobyiTe 060ATUCH
XOTS Obl HECKOJIbKO AaHen 6e3 nuwm v Bodbl! A MOXeT ObiTb BaM U3BECTEH Cnocob
Kak MOXHO NMpoxuTb 6e3 abixaHna? Mbel Bce — netu MNpupoapl. A Hayka, Nno3HaoLas
€€ 3aKOHbl — MPUPOAOBEAEHME UM €CTECTBO3HAHME.

CyLecTByeT ABa LIMPOKO PaCrnpOCTPaHEHHbIX OMnpeneneHns 3Toro MoHATUS.

* XXKMPHBIM WPUPTOM BbleNeHbl HOBbIE MOHATUS, KOTOPbIE HEOOXOAMMO YCBOUTL. 3HaHME 3TUX NMOHATUIA
OyneT NpoBepATbCS MPU TECTUPOBAHUN.
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1). EcTecTBO3HaHMe - 9T0 Hayka O [lpupoae kak eanHOM LEeNOCTHOCTU.

2). EcTecTBO3HaAHME - 3TO COBOKYMHOCTb Hayk O [pupoae, paccMmaTpruBaEMbIX
KaK efunHoe Lernoe.

Ha nepsbii B3rngan oaTv ABa onpefesieHns pasnnyHbl. JelCcTBUTENbHO, B
nepBOM M3 HUX FOBOPUTCH BCero nuwb 06 ogHoW Hayke o lMpupope, Torga kak
BTOPOE ornpeaesieHne roBOpUT O eCTECTBO3HAHNM Kak O MHOXECTBE Hayk, N3y4aloLLmx
Mpupoay. Ha camom xe gene mexay aTuMu OBYMS onpeneneHusiMm 605bLioro
pasnuums HeT, MO0 noa, “CoOBOKYMHOCTLIO HayK” NoapasymMeBaeTcs He NMPOCTO cyMma
Pa3pO3HEHHbIX HAyK, & €OMHbIN KOMIMJIEKC TECHO B3aMMOCBSA3AHHbIX €CTECTBEHHbIX
HayK, JOMOJHSAIOWMX ApYyr Apyra. 3TO ogHa Hayka.

OTnnunemMm ecTeCTBO3HAHUA KaK Hayku OT CreumasibHbIX €CTECTBEHHbIX Hayk
SABNSETCA TO, 4TO OHO MUCCNenyeT O4HU U Te Xe MNPUPOAHbIE ABNEHUS cpasy C
NO3NLIMIA HECKONbKMX Hayk, “BblMckuBan” Hanmbonee obLlimMe 3aKOHOMEPHOCTU U
TeHaeHumn, paccmaTpuaeT lMpupoay kak 6bl cBepxy. MNpu M3y4yeHUM OTAENbHbIX
€CTECTBEHHbIX MPEAMETOB B CPEAHEN LUKONE, Bbl, BEPOATHO, 3aMETUN, HYTO KaxXabIn
npegmeT - xumud, dunsunka, nnu reorpadusad nMmeet CBOU 0COOEHHOCTMU.
EctectBO3HaHMe, npmnadHaBas cneumdurKy, BXOOSWMNX B HEFO Hayk, B TO Xe BpeMs
MMEeT CBOEN rNaBHOM UeNblo uccrnegosaHue MNMpupoapl Kak eguHOro Lenoro.

3ayem Xxe cnegyeTt mM3ydaTb ecTecTBO3HaHMe? [Ona Toro, 4tobbl 4eTKO
npenctaButb cebe noanMHHoOe eamMHCTBO pupopbl, TO eAnHOe OCHOBaHWe, Ha
KOTOPOM MOCTPOEHO BCE pas3HooOpasue nNpeamMeToB U aBneHuin Mpupoabl U 13
KOTOPOro BbITEKAIOT OCHOBHbIE 3aKOHbI, CBA3bIBAIOLLME MUKPO- 1 MakKpOMMPbI: 3EMJIIO
n Kocmoc, dusnyeckne n xmumMmyeckne SBNeHns mMexay coOoi, XU3HbIo, Ppa3yMOM.

M3yyaq oTaoesnibHble eCTECTBEHHbIE HAYKM, HEBO3MOXHO Mo3HaTth [pupoay kak
eguHoe uenoe. [JencTBuTeNlbHO, NPEeAnosioXUM, YTO Bbl XOPOLUO NPEACTaBnseTe
paboTy OTAENbHbIX OPraHOB 4eNloBeka, HO Bbl, BEPOATHO, HE BCerga 3HaeTe Te
3aKOHbl, KOTOPbLIM MoAYuHaeTcsa paboTa 3Tux opraHoB. [oaTomMy M3ydyeHue
NPeaAMEeTOB MO OTAENBHOCTU - PU3UKU, XUMUN 1 OUONOrUK, - ABASIETCS NNLLL NEPBON
CTYNEeHbKOM K No3HaHuio MNpupoabl BO BCEN ee UEeNOCTHOCTU, T.€. NMO3HaHMI0 ee
3aKOHOB C 00Llell ecTeCTBEHHO-HAy4YyHOM no3uvumun. OTcloga BbiTEKAlOT U Lenun
€CTeCTBO3HaHWS, KOTOpble NPeacTaBnAT coO0M ABOVHYIO 3adady:

LIEJTN ECTECTBO3HAHN4:

1. BbiiBNneHMe CKPbITbIX CBA3EN, CO3A4Al0LWMX OPraHMYeckoe eOuHCTBO BCEX
GU3NYECKUX, XMMNYECKUX U BMOSIOrMYECKUX SBNEHUIA.

2. bonee rnybokoe M TOYHOE MO3HAHME CaMUX ITUX ABNEHWIA.

OT0 mporpamma, NpoAVKTOBaHHAs peasibHbIM XO0O40M Mo3HaHus [pupoapl.

1.2. Mpupoaa Kak eauHbI 00bEKT MUccnenoBaHUSA
€CTeCTBO3HaHUA

EcTecTBO3HaAHME TPaAAMLUMOHHO NoapasaenstoT Ha PpUuanky, xumuo, 61Uonormo
n ncuxonoruvioo. ®OUINKU KMET Oe/10 HEe TOJIbKO CO BCEBO3MOXHbIMU
MatepuasnbHbiMK TeflaMu, HO C Matepuein Boobuie. Xumua naydaet passfinyHble
BellecTBa. [MpegMeT uccneaoBaHns GUOJIONMKM - XMBbIE OPraHM3Mbl, a MCUXOOrns
VMeeT [eNno C NOo3HaHWEeM TallH YenoBEYEeCKOM MCUXUKN.

CnenyeT, oQHaKko, UMeTb B BUAY YCJIOBHOCTb Takoro aeneHuvs. eno B ToMm,
yTo cama lMpupona eguiHa, OHa He 3HaeT Hayk, M300PETEHHbIX Ye/I0BEYEeCTBOM A1
ee no3HaHusa. O4yeHb 4aCcTO B LEHTpPe UCCNefoBaHUs caMbiXx pa3dHO0Opa3sHbIX
€CTECTBEHHbIX HayK CTOUT BCEro OAHO kKakoe-HMOyOob MPUPOAHOE sBJieHue,
KOTOPOE M3Yy4aeTCsd C pa3HbiX TOYEK 3PEHUS, C MO3ULUIA Pa3HbIX E€CTECTBEHHbIX
HayK. Kaxpas n3 gaHHbIX HayK CK/IOHHA MPUMEHATb CBOW crneumanbHble MeTodbl U
noaxodpl Ons co3aaHus COOCTBEHHOro Hay4HOro npencTtaBfieHvs o npegmete. Ho
“Henb3s 06bATb HeoObATHOE”! Kaxaas 13 gaHHbIX HaykK MOXeT “nocTaBnsTb” Nullb
4acTb crneunanbHbiX 3HAHUN 00 M3y4aeMOM CJIOXHOM sBNeHun. NCTUHHOE Xe
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3HaHMe 00 M3y4yaemMoM npeaMeTe Kak €OMHOM LLeNIOM MOXeT ObiTb MOMyY4eHO Mnpwu
ob6beaMHeHUN 3TUX creuuanbHbiX NPencTaBAeHWU, Noucke To4Yek nepecedveHus
pa3HbIX HayK, YCTAHOBJIEHUS B3aWMOCBS3M MeXAy OTAENIbHbIMU OTKPbLITUSAMU U
MoONCKe MepBOHAYasbHbIX MNPUYUH SABNEHUS.

EnnHCTBO 06bEKTOB MCCNenoBaHs NPUBOAUT K TOMY, YTO MOSIBASIIOTCS HOBbIE,
Tak Ha3blBaEMblE ME@XAUCLUIMJIMHAPHbIE HAyKWU, - HOBbIE HAYKM CTOSILLME Ha CTbIKe
HECKONbKNX TPaOMUMOHHbIX €CTeCTBEeHHbIX Hayk. Cpean Hux - 6uodusuka,
dusnuyeckaa xumua, pusnko-xumuyeckasa Ouonorua, ncmxodusuka u T.4.

CerogHs, Hanpumep, BCIO XMMUIO MOXHO Ha3BaTb GU3NYECKON. TO NPOAMKTO-
BaHO HEBO3MOXHOCTbIO OOBACHUTb XUMUYECKNE SFBAEHUS YNCTO XMMUYECKUM
CpencTBamMu U, cnegoBaTenbHO, Heobxoaumo obpatlleHne K pusnke. Takoe obbe-
OVHEHVE XUMUN 1 GU3NKM ECTb HE YTO MHOE, Kak NposiBNeHne eguHcTea Mpupoapl,
KOTOpas, Kak y>Xe roBOpuUioCh Bbllle, HE 3HAET AENIeHUS Ha Pa3Hble HayKu.

TeHOeHUUN Takoro eguHEHUs UM UHTerpaumMm ecTeCTBEHHO-Hay4HbIX
3HaAHMW cTannm npoaBNaATbCA O4YeHb paBHo. Ewe B 1747-1752 ropax
M.B.JlomoHocoB (1711-1765) o6ocHOBan HeOOGXOAMMOCTb NMPUBIEYEHUS PUIMKN
0N 00bACHEHUS XMMUYecknx ssneHnin. OH npuayman ums ans HOBOW Haykwu,
Ha3BaB ee (PpU3nN4Yeckom XMMUEN.

Kpome ©®uaumkm, xumum 1 61MoNormm K eCTECTBEHHbLIM HaykamM OTHOCHATCS U
apyrme, Hanpumep, reosioruss U reorpadus, KOTOpble UMEKT KOMMNIEKCHbIN
xapaktep. [eonorns nsyyaet COCTaB U CTPOEHME HALUEl MMaHeTbl B UX SBOJIOLUN
Ha NPOTAXEHUN MUANNapPAOB NeT. Ee OCHOBHblE pa3genbl - MUHEpPANoOrug,
netporpadusa, BYNKaHOMNOrUSA, TEKTOHMKA WU T.O. - 3TO MPOU3BOAHbLIE OT
KpucTtanaorpadum, Kpuctannopuankn, reoPpusnkm, reoxummm n GUOreoxmMMmnmn.
Takxe n reorpadus “nponutaHa” GU3NYECKUMU, XUMUYECKUMU N OUNONOTNYECKUMMN
3HAHUAMU, KOTOPbIE B PA3HOW CTENeHW MNPOABAAIOTCA B TaKUX €€ OCHOBHbIX
pasgenax, kak: dusndeckas reorpadus, reorpadua noys u T1.4. Takum obpasom,
BCe nccnenoBaHus MNpupoapl CErogHsa MOXHO NPeacTaBuUTb B BUAE OFPOMHOI CeTw,
CBA3bIBAOLLEN MHOTOYUCNEHHbIE OTBETBAEHUA PUINYECKUX, XUMUYECKUX W
OMONOrnN4ecknx Hayk.

1.3. TeHAeHUMN Pa3BUTUA COBPEMEHHOro €CTeCTBO3HaHUS

VIHTerpaumsa Hayku, nosiBIeHME HOBbIX CMEXHbIX ANCUMMINH B €CTeCTBO3Ha-
HUM - BCE 3TO 3HaAMeHyeT COOOW HbIHEeLHMI 3Tan pasBUTUS Hayku. Bcero xe (¢
TOYKM 3PEHUS UCTOPUM HayKn) 4YesioBe4ecTBO B CBOeM no3HaHuu [lMpupopabi
npowWio TpM CTaguu U BCTYNaeT B 4YETBEPTYIO.

Ha nepBoit 13 HMx copmmrpoBannch obLime npencraBieHns 06 okpyXKatoLem
MUpEe Kak O YeM-TO uenoM, eguHoMm. logBmnacb Tak HasbiBaemMas HaTyppuio-
codumd, koTopasa Obina BMECTUNMLWLEM Maen u goragok. Tak npogoskanocb go XV
cToneTus.

C XV-XVI BekOB Hayanacb aHanuTuyeckas cTagud, T.€. pPacy/ieHEeHUE U
BblENIEHME YACTHOCTEN, NPUBEALLMNX K BOSHUKHOBEHMIO 1 PasBUTUIO PUINKN, XUMUN
n buonoruun, a Takxke Lenoro psga Apyrux, 6onee 4aCTHbIX €CTECTBEHHbIX Hayk.

HakoHel, B HacTosillee BpemMs [AenalTcs MnonbiTkn O0OGOCHOBaThb
MPUHLUMNNANBbHYIO LLEeIOCTHOCTb BCEr0 €CTECTBO3HAHUSA M OTBETUTb Ha BOMPOC:
noYyemMy MMeHHO GU3nKa, XUMUsl, BLUONOrUS N MCUXONOTUS CTaNM OCHOBHBIMU U Kak
Obl camMocTosTeNbHbIMKW pa3aenaMmun Haykm o Mpupone?

Mpoucxoont Takke n audpdepeHunauuas Haykum, T.e. CO34aHUE Y3KUX
obnacTei kakoii-nmbo Haykn, OfHaKko, o6LLas TEHAEHLMS UAET UMEHHO K MHTerpaumm
Haykn. [103TOMY MOCNEOHIO CTaamio (YETBEPTYIO) HAYMHAIOLLYIO OCYLLECTBAATLCS,
Ha3blBalOT UHTerpanbHo-aAnddepeHLnanbHON.

B HacToslulee BpeMs HeT HM OAHOW 06NacTW eCTeCTBEHHO-Hay4YHbIX
MCCNeA0BaHNN, KOTOPbIE OTHOCUUCE Obl UCKIOYUTENBHO K GU3UKE, XUMUK UK
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Guonorum B Ynctom Buae. Bece 9T Haykm “npoHmn3aHbl” 06LWMMUY ANS HUX 3aKOHaMu
Mpupoapl.

Ho kak MOXHO npeacTtaBuTb cebe BClo pasHopogHyto Mpupony (BcenewHyto,
XKunsHb 1 Pasym) B Buae eamHoro obbekta uccnenoBaHnsa? B yem e 3aknoyaercs
3TO MCKOMOE edMHCTBO? Mbl fnydlle NoOMMeM 3TO, eCnu MOoMbITaeMcs OTBETUTb Ha
Opyrori BOMNPOC: Ha YeM OCHOBBLIBAETCHA WM OO/MKHO OCHOBBLIBATLCS BCE €CTECTBO-
3HaHue? CyllecTByeT NiM 4TO-TO o0OLlee BO Bcex chneumanbHbiXx Haykax? Bbl yxe,
HaBepHoe, Joraganunck, YTO pedb NonaeT O “uapulle BCex Hayk “ - matemMatuke,
6e3 nornyeckoro annaparta KoTopor He 060MTUCL HU OOHOM N3 eCTeCTBEHHbIX Hayk!

1.4. MaremaTtuka - yHUBepcasibHblil 13bIK TOYHOrO €CTEeCTBO3HaHUS

Bbloalowmncsa ntanbsaHCkun GUsnk U acTpoHOM, OOVH U3 co3aartesien TO4YHOro
ectecTBo3HaHMa Fanuneo lMNanunen (1564-1642) ckasan: “ToT, KTO XO4eT pewaTb
BOMPOCHLI €CTECTBEHHbLIX Hayk 6€3 MOMOLLM MaTeMaTuku, CTaBUT HepaspeLunMyio
3apgavy. Cnegyet namMepsaTb TO, 4TO M3MEPUMO, U AenaTb U3MEPUMbIM TO, HTO
TakoBbIM He sBnsieTcs”.

Heobxoaumas ans TOYHOrO eCTeCTBO3HaHUS MaTemaTuka HauyMHaeTcs C
NPOCTEeNLEero c4yeTa U CO BCEBO3MOXHbIX MPOCTENLLMX n3MepeHuii. No mepe cBoero
pas3BUTMSA TOYHOE EeCTEeCTBO3HAHME UCNONb3yeT BCe O0Nlee COBEPLUEHHbIN
MaTeMaTMyecKnin apceHan Tak Ha3blBAEMOW BbICLLEN MaTEMATUKK.

MaTtemartunka, Kak norMieckuii BelBOA, M CPeacTBO no3HaHus Mpupopdbl, -
TBOPEHME OPEBHUX FPEKOB, KOTOPbIM OHW Hayanu BCEPbE3 3aHMMATbCS 32 LIECTb
BEKOB A0 Hawer apbl. HaumHaa ¢ VI B. 4O H.3. Y rPEKOB C/OXWNOCh NMOHMMaHne
Toro, 4to lMpupoaa ycTpoeHa paunmoHanbHO, a BCe SBIEHUS NPOTEKAlOT MO TOYHOMY
nnady, - “matematundeckomy”. MnartoH (428/427-348/347 po H.9.) oouH un3
OCHOBOMONOXHUKOB HaTypasnbHon dpunocodpun (punocodpun Mpupoasl) HavepTan
B KayecTBe aeBm3a cBoel Gunocodckon WKOMbl cnenywme cnosa: “Hereometp -
na He BowvpeT”.

Fanuneo lNanunen B 0O4HOM M3 CBOUX NMPOU3BELEHUNM, B3BELIMBAS BCe
HUYTOXHble dunocodckme aprymMeHTbl OAHOFO M3 CBOUX OMNMOHEHTOB,
NPOTMBOMOCTABASAN UM UCTUHHYIO Punocoduio Kak OTKPbITYIO KHUMY Mpupopnbl,
OOCTYMHYIO NNLb TOMY, KTO 3HAET A3blK MaTEMATUKM.

Hemeuknin dunocod Ummanyun KaHt (1724-1804) yTBEpxaan B CBOUX
“MeTadn3nyeckmx Havyanax ectecTBO3HaHUa”, 4yto: “B noOGOM HYACTHOM y4EHUU O
npMpone MOXHO HaWTW Haykm B COOCTBEHHOM CMbIC/e (T.e. 4YUCTOW,
dyHOAMEHTaNbHOM) NULb CTOMbKO, CKOJIbKO MMEEeTCs B Heill matematukun”. 3pech
CTOMT NpuBecTn 1 BbickasbiBaHne Kapna Mapkca (1818-1883) o Tom, yto: “Hayka
TONbKO TOrga AOCTUraeT COBEpLUEeHCTBA, KOrga en ygaetcs nonb30BaTbCH
MaTtemMaTuKon”.

Mpn paboTe Hap obLieil Teopuell OTHOCUTENBLHOCTU, Aa U B AalbHENLLEM,
A.9ViHWTelH (1879-1955) HenpepbIBHO COBEPLUEHCTBOBAICS B U3YYEHUUN U
NPVMEHEHNN MaTEMATUKM, MPUYEM CaMbIX HOBEWMLUMX U CIOXHbIX €e pa3nenos.

M3 Bcex BbICKa3blBaHWN BENNKUX NIOAEN (9TU BbICKa3blBaHWS MOXHO Oblio Obl
npuBOAUTL OECKOHEYHO) creayeT, 4TO MaTemaTmka - 3TO “UeMeHT”, KOTOpbIi
CBSI3bIBAET BOEAMHO HayKW, BXOASLIME B €CTECTBO3HAHME U MO3BONSET B3rNsSHYTb
Ha HEero Kak Ha LLe/IOCTHYIO Hayky.

1.5. CocTaBHble 4YaCcTU COBPEMEHHOro ecTecTBO3HaHus

CornacHo y4eHuto 0 cCUcTemMax, BaXHelLlmM CBOMCTBOM CUCTEM CO CJIOXHOM
CTPYKTYPOW SIBASIETCA UX UEepPapXU4HOCTb (OT rpedeckoro hierarchia - nectHuua
COMOOYNHEHUS), @ TakKXe Halnyne B HUX HECKONbKUX YPOBHEN CTPOEHUs unu
opraHm3daumu. Y BbICOKOOPraHM30BaHHbIX CUCTEM MOJNIHEE, penbedHee NPOoSBASETCS
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MPUHLMN nepapxmu ee rnoacucTemM Un CTPYKTYpHbIX ypoBHeN. Bonee Toro, B Takom
cuctemMe yxe AENCTBYET HE MPUHLMUMN PaBHOMPABHOCTW MNOACUCTEM (Mnn
KOOpAMHAUMKN), HO MPUHLUUMN CONOAYUHEHUS, T.e. cyObopauHauum.

MepapxmyHOCTb €CTb U B €CTEeCTBEHHbIX Haykax. BnepBbie Ha Hee ykasan
dpaHuysckuii dnsnk Anpgpe Amnep (1775-1836), KOTOpbIM MOMbITancs HamTu
NMPUHLMUMNbI €CTECTBEHHOW Knaccudukaunum BCEX U3BECTHbIX B €ro BpeM4
eCTeCTBEeHHbIX Hayk. Co3gaHHylo UM KapTuHy Hayk O [Npupoae OH mpeacTasun B
dopmMe “efnHON CUCTEMbI”, COCTOSLLEN N3 PA3INYHbIX NO rNybuHe naen n pasHomn
TOYHOCTU 3KCMEPUMEHTaNIbHOro Matepuana. Puanky oH NOMeCTUS Ha NEPBOE MECTO,
Kak Hayky Oonee dyHOaMeHTanbHyl0, XMMWUIO - Ha BTOPOE, Kak Obl BbIBOAS ee n3
bdU3UKN.

B cepenuHe XIX Beka psoom ecTecTBoucnbiTatenen n ¢unocodos Obiin
BbIABUHYTbHI uaen ob mepapxmm Hayk B GOpMe 4HeTbipex ee MnocsiefoBaTesbHbIX
CTyneHel: MexaHuka, duavka, xumus, dronorus.

Takoro poza naen o cybopamHaLmMm eCTECTBEHHbIX HAYK LLUMPOKO 00CcyXaaloTcs
1 cerogHs. Mpun 3TOM BbIAENAIOT OOHY OYEHb BaXKHYIO NPOBAEMyY: MOXHO /i1 CBOAUTb
BCe OMONornyeckne SIBAEHNS K XMMUYECKMM, a XMMUYeckme - Kk puanyecknum? Takoe
cBefeHue “Bbicluero” K “Hu3LemMy” HOCUT Ha3BaHMe PeAyKLUMOHU3M (OT NaTUHCKOrO
reductio - Bo3BpalleHne, ceeaeHne kK npexHemy). CornacHo 9TOM TOYKE 3peHud,
BCE XMMUYECKNE SIBNEHUS, CTPOEHME BELLECTB MOXHO OOBACHUTb MOCPELCTBOM
dun3nyecknx 3HaHMn. HO cyllecTBYyeT M apyrag To4ka 3peHus, NpPOTMBOMOJIOXHASA
3TON: KaxAabln BUA matepun n kaxpas ee dopma (duanyeckas, xmumMmnyeckas,
Guonornyeckas) HacTonbko 060COONEHbl APYr OT Apyra, 4TO MeXay HUMKU “HeT
npsiMbix nepexonos”. O6LENPU3HAHHON Oka3anacb CpeaHss CUHTeTU4YeCcKasl To4Ka
3peHUst: 1 XMmuio, 1 BMONOrMI OO0 N3BECTHOW CTEMNEHU MOXHO CBECTU K DU3KKE,
T.e. 00bACHATL Yepe3 PuU3nyeckme 3HaHUS.

Okasanacb He MeHee BaxXHOW W apyras naes, xapakrepusyouwas CBA3U
€CTEeCTBEHHbIX Hayk Mexnay coboi. CeroaHs yCTaHOBNIEHO, YTO OrPOMHYIO POJib B
n3yyeHuun MNpupoapl UrpaeT UcMnosib30BaHNEe OMONOrMYECKUX 3HAHWI B XUMUK, a
ornoxnummyeckux - B Gusmnke. OTO HanpaBiieHWe HOCUT Ha3BaHWE Xonu3Ma UIu
UHTerpaTtuama. [eiCcTBuTeNbHO, B XMBOM OPraHM3Me MpOTEKaoT BbICOKOMPOAYK-
TUBHbIE XMMUYECKME peakuum n dbunsmyeckme sgsneHmns. M cerogHa OCBOEHME
“XMMNYECKOro onbiTa XUBOW NPUPOAbl” CAYXUT BAXHEWLWNM HanpaBleHUeEM
Pa3BUTUS XUMUU U XUMUYECKOW TEXHONOMUN.

B cywHocTn, peaykUMOHU3M U XONM3M He MPOTUBOCTOAT APYr Apyry. Mx
pasnuyve 3akalyaeTcd Nulb B HAaNPaBNEHHOCTU OBUXEHUSA MbICIM YYEHOrO:
obpallaeTca M OH NpU 0ObACHEHMM OAHHOTO SIBAEHUS K HUXENEXALLEMY YPOBHIO
€CTECTBEHHO-HAY4YHbIX 3HAHUIA WU OpUEeHTUpyeTCcs Ha Gonee BbICOKOOPraHM30-
BaHHbIN 00bEKT. OTU ABa MeToAa MOryT U AOJIKHbl UCMONIb30BaTbCs BO BCEM
€CTeCTBO3HaHUW, OONONHAY Apyr gpyra.

Kpome Toro, nepapxmss OCHOBHbIX €CTECTBEHHbIX HAayK UMEET LMKINYEeCKU
3aMKHYTbIA XapakTep.

OTO MOXHO 1M306pa3nTb C MOMOLLBID CNEAyYIOLLEN CXEMBI:

B3AMMOCBS1I3b HAYK B ECTECTBO3HAHUM

_ | ®usuka = Xumusa - | Bbuonorua | - Mcuxonorua | —

!

—
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M3 9TO cxembl ICHO, Y4TO XUMUS MMEET CBOMM OCHOBaHuUeM GU3UKy, npu
9TOM caMma sBieTcs OCHOBaHueM gns 6uonorun u ncuxonoruu. fcuxonorus
3aHMMAaET BbICLLEE MECTO, HO BMECTEe C TeM LMKIMYECKM 3aMblKaeTCd C MCXOLHOM
HayKoOW Bcen uenu - Gu3nkom.

LInknnyHocTb - 3TO CBOWMCTBO, nNpucyliee camon lNpupone. Bcem maeecTteH
KPyroBopoT BewecTB B [pmpoae. Kaxable CyTKM HOYb CMEHAETCA OHEM, N KaXObl
rof HacTynaeT BecHa. PacTeHne ymunpas, octaBngeT Ha 3emrne ceMeHa, U3 KOTOpPbIX
3aTeM NOSIBASIETCS HOBas XWU3Hb. M BCce noBTOopsieTcs cHavana. Laxe BcenenHas,
No COBPEMEHHON KOCMOJIOTMYECKOM KOHUENLUMN, NpeactaBnsetT coboi cuctemy
Kak Obl 3aMKHYTbIX MakpOMMWPOB, KaxAbli N3 KOTOPbIX, B KOHEYHOM UTOre, COCTOUT
M3 3leMeHTapHbIX YacTul, coaepXalwmnx, B CBOK ovyepenb, B cebe uenble
KBa3n3aMKHYTble MUpbl. [M0O3TOMY HET HMYEro yamBUTENLHONO B TOM, YTO BCEe
€CTECTBEHHbIE Hayku, nmMmelwme obwmrin o6bEKT nccnenosarHua - Mpupoay,
KOTOPOMY MPUCYLLE 3TO CBOWCTBO, Takke 06NafaloT UM.

CnepoBaTtenbHO, COBPEMEHHOE eCTeCTBO3HaHWE MOXHO MpeacTaBuUTb He
TOJIbKO KakK COBOKYMHOCTb €CTECTBEHHbIX Hayk O [pupoae, HO KaK eoUHYI0 CUCTEMY,
KOMMOHEHTbI KOTOPOW (ECTECTBEHHbLIE HAyKM) ABASIOTCH HACTOJIbKO TECHO
B3aMMOCBSA3aHHbIMW, 4YTO BbITEKAIOT APYr M3 Apyra, T. €. NpeacTaBnsioT cobon
noaJIMHHOE €OMHCTBO.

2. 9TANbI PASBUTUA ECTECTBO3HAHUSA

2.1. MonbiTKa Hay4yHOM cCUCTeMaTU3auuu KapTUHbI Mupa.
EcTtecTBEeHHO-Hay4yHass peBoniouusa Apuctotens

YcBOUTb eCTeCTBO3HaHMe ferye, UCCAeays ero passutue BO BPEMEHMU.
[aBanTe coBepLIMM 3KCKYPCUIO B NMpOLIoe Hayku. Jeno B TOM, YTO B CUCTEMY
COBPEMEHHOr0 eCTEeCTBO3HAaHWSA, Hapsaay C HOBbIMM Haykamu o [Mpupone, Bxoaqar
MU Takne uUctopuyeckme obnacTu 3HaHW, Kak ApeBHerpe4vyeckaa Hatyppuno-
codpua, ectectBo3HaHne CpenHeBekoBbs, Hayka HoBoro BpemeHu u
Kflaccuyeckoe ecTecTBo3HaHue A0 Hadyana XX Beka. OT0 nonctuHe 6e300HHas
COKPOBMULLHNLA BCEX 3HAHWUM, NPUOOPETEHHbIX YEIOBEYECTBOM 3a AONIrMe rofbl
CBOEro0 CyLLECTBOBaAHMA Ha Hawen nnaHeTe. Bbl rotoBbl K nytewecTsuio? Torga
“nonHbin BNepen” B npolunoe!

MonbiTkKa NOHATL M OOBACHUTE MUP 6e3 NPUBIEYEHUS TAWHCTBEHHbLIX CUJ
Obina BnepBble NpeanpuHaTa OPeBHUMU rpekaMu. Havanocb 3apoXaeHue Hayku
B VII-VI B.B. 0o H.3. B LApeBHen [peunn, roe nogaBuanNCb NMepBble HayyHblie
ydypexaeHuns: akagemus lNnatoHa, nuuein Apuctotens, AnekCcaHapUNCKNn My3en.
MmeHHo B peunn Gbina BNepBble BbIABUHYTA MOES O eAVHOM MaTepuasibHOM OCHOBE
Mupa u ero passutun. Camoli reHuanbHoli Oblna upaes aTOMMUMCTUYECKOro
CTpOeHus martepum, BrnepBble Bbicka3daHHas Jleekunnom (500-400 oo H.9.) un
pasBuTas ero yd4eHukom Lemokputom (460-370 oo H.3.).

CyTb y4yeHus [lemokpuTa CBOAMTCS K CNeAylOLLEMY:

1. He cyuwiecTByeT HMYEro, KpOMe aTOMOB WM YMCTOro MPOCTpPaHcTBa (T.e.
nycToTbl, HEGOLITUS).

2. ATOMbl BECKOHEYHbI MO Ymciy U 6eCKOHEYHO Pa3HOOOpasHbl Mo Gopme.

3. N3 “Hnyero” He NPOUCXOAUT HUYEro.

4. H14TO He coBepLUaeTCs CNy4YaiHo, a TOJIbKO MO KakoMy-mbo OCHOBaHWUIO U
B CBSI3M C HEOOXOAUMOCThLIO.

5. Pasnuune mexnay Beljamu npoucxoouT OT pasamyns mx atoMOB B 4UCIE,
BennymHe, dopme 1 nopsake.

PasBuBag yuyeHua Jemokputa, dnukyp (341-270 0o H.9.) NbiTanca 06bACHUTb
Ha OCHOBE aTOMHbIX NMPeACTaB/€HU BCE eCTEeCTBEHHbIe, MCUXUYECKNE U
coumanbHble aBNeHus. Ecnu cymMmmunpoBaTth Bce BO33peHus demokpuTta v 3nukypa,

CoBpeMeHHbI ['ymaHuTapHbli YHuBepcuteT

12



TO, UMes xopoLuee BOOOpaxeHne, MOXHO YyBUOETb B UX TPyAax 3a4aTKu aTOMHOMN
U MOJNEKYNSPHO-KUHETUYECKO Teopuu. YyeHne ApeBHErpevyecknx atoMmcToB
[OLWNo A0 Hac yepe3 3HameHuTyo noamy “O npupone Bewen” Jlykpeuusa (99-56
0O H.3.).

Mo mepe HakonneHns 3HaHMiM 0 MUpe 3a4a4a UX cucTeMaTmu3aumm cTaHoBUIach
BCce Oonee akTyanbHOW. OTa 3apadva Oblna BbINOJIHEHA OAHUMM U3 BENUYaMLLINX
MbICIIUTENEN OPEBHOCTU, y4eHUKOM [naToHa - Apuctotenem (384-322 po H.9.).
ApucTtoTenb Obll HacTaBHUKOM AnekcaHpgpa MakepoHCKOro, BMiOTb A0 €ro
cmMepTu. ApyucTtoTenem ObII0 HanNMcaHo MHOro paboT. B ogHon n3 Hux - “®Ousnke”,
OH paccMaTpuBaeT BOMPOChLI O MaTepun U OBUXEHUN, O MPOCTPAHCTBE U BPEMEHN,
O KOHEYHOM N BECKOHEYHOM, O CYLLECTBYIOLLMX MNPUYMHAX.

B cBoeln gpyroi pabote - “O Hebe” oH npuBen OBa BECKUX O0BOAA B MOb3y
TOro, 4To 3emns He nJockas Tapenka (Kak cyMTanu B TO BPeEMS), a KPyribil wap.

Bo-nepBbix, ApuctoTenb AOragancs, YTo NiyHHble 3aTMEHUs NPOUCXOAAT
Torpa, korpa 3emns okasbiBaeTca mexnay JlyHoii u ConHuem. 3emnsa Bcerga
otbpacbiBaeT Ha JIyHy KPYriylo TeHb, @ 3TO MOXET OblTb NMLIb B TOM Clyyae, ecnv
3emna nmeeTt ¢dpopmy Liapa.

Bo-BTOPbIX, N3 OMblTa CBOWX NYTELLIECTBUIM FPEKU 3HANU, HYTO B HOXHbIX paioHax
MonapHaa 3Be3na Ha Hebe pacrnonaraeTcs HUXE, YEM B CeBePHbIX. [NonspHas
3Be3na Ha CeBepHOM MOMIOCE HaxoAUTCH MPSMO Hag rofsioBol HabnwopaTens
Yenoeky e Ha 9KBATOpPE KaXeTCs, YTO OHa pacnofiaraetcs Ha JIMHUM FOPU30HTa.
3Hasa pasHuuy B KaxyLiemMmcs pacnonoxeHuu lNMonapHoi 3se3abl B Erunte u Mpeuuu,
ApuctoTenb CyMen BbIMUCIUTbL ANUHY akBaTopa! MpaBaa ata OsvHa nosy4mnacb
HEeCcKoJIbko Gonbluei (MpUMEpPHO B OBa pasa), HO BCE pPaBHO B Te BPeMeHa 3To
ObIIO0 KPYMHOE Hay4yHOE OTKPbITUE.

Apuctotenb nonaran, 4To 3emMns HenoABuxHa, a ConHue, JlyHa, NnaHeTbl n
3Be34bl 06palLalTCa BOKPYr Hee Mo KpyroBbiM opbutam.

MHTepecHO, 4To nepBble rnobanbHble HaydHble OTKPbITUS OblIM CAENaHbl
y4eHbIMM HEe B 3eMHOIM obnactu, a B obnactn BceneHckol, kocMmmnyeckon. MIMeHHO
M3 3TUX aCTPOHOMUYECKMX 3HAHUI poaunacb HOBas KapTuHa CTpoeHus BceneHHol,

3Be3abl U
nnaHeTbl
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paspyLlasa BCe CTapble MPUBbIYHBLIE MPeACcTaBneHns 00 OKpyXaloLleM Noaeln Mupe.
OTN 3HAHUS HACTONBKO U3MEHUAN 1 CaMO MUPOBO33PEHNE BCEX XMUBLLMX B TO BPEMSA
N0OEN, 4TO CUTY NX BO3OENCTBUS HA YMbl MOXHO CPaBHUTbL pa3Be 4TO C PEBOJIIOLMEN
- pes3Kkoi MepemMeHon B3rNng40B Ha YyCTPOMCTBO Mupa. Takue “nepeBopoThbl” B
OCHOBax 3HaHWI B Hay4YHOM MMpe TakK WU Ha3blBAlOTCH - €CTeCTBEHHO-Hay4Hble
peBonOLUMN.

Kaxpas rnobanbHas eCTECTBEHHO-HAy4yHasi PEBOJIOLMS HAYMHAETCS UMEHHO
C aCTPOHOMUU (BENMYANLLWIA NPUMEP - CO34aHne TeoOpUM OTHOCUTENbHOCTK). Peluas
YNCTO aCTPOHOMMUYECKME MPOBNEMbI, YYEHBIE HAYMHAIOT SICHO MOHMMATb, 4TO Y
COBPEMEHHOI HayKu HeT AOCTaTOYHbIX OCHOBaHUA NS ee oObsacHeHusa. Janee
HayMHaeTCa pajukalbHbIi NEPecMOTP BCEX UMEKOLWNXCA KOCMOOrMYyeCKnx
npencTaBneHun o mvpe 1 o0 BceneHHol B uenom. 3aBepluiaeTcs eCTeCTBEHHO-
Hay4yHas peBoflOUMA (ecnn Aeno AOXOAUT A0 3TOro) BO3BEAEHWEM HOBOMO
dnanyeckoro ¢yHoameHTa noh HOBble, paiuKalbHO MNEPECMOTPEHHbIE
KOCMOJIOrnyeckme npencraBieHnss 0 BCEM MUPO3OAaHUN.

FnaBHbLIA UTOr NEepBOV ecCTeCTBEHHO-Hay4yHOW peBosouumn, npeobpaso-
BaBLUEN aCTPOHOMMWIO, KOCMOMOrMio U dU3uKy, - Co3aaHne nocaenoBaTesibHOro
YYEHUSA O reoueHTPMYeckom cucteme mumpa, HavaTtoe euie B VI B. OO H.3.
AHakcumMaHapoM 1 ApuctoTenem. ITy HayydHYlO0 PEBOMOLUMIO €CTECTBEHHO Ha3BaTb
ApunctoTeneBoii.

2.2. Apxumep, n reometpusa Eexknnpa

Mepexon K reoueHTpuamy npencrTasnsan coboii NepBbii U 0YEHb TPYAHbIN
war Ha nyTm K NMOHMMAHWID UCTUHHOrO CTPOeHus 3emMam U Kkocmoca. Buaommas
nonycdepa Heba, orpaHNYEeHHAs MECTHbIM FOPM3OHTOM, Oblna [AOMONHEHa
aHanNorMyHom HeBUAMMONM nonycdepon A0 NnosHou HebecHol chepbl. COOCTBEHHO
n cama 3emns, NPOTUBOMNOCTABNIEHHAs OCTanbHOW (HebGecHoW) chepurnyecKon
BceneHHom, 3aHMMalowas B Heli LeHTpasibHOe MOoMoXeHe 1 abCONOTHO HEMOABUX-
Has, cTana cumTtatbcsa cdepudeckon (apoobpasHoii). YYeHbIM TOro BPeMeHMU
C TPYAOM MPULLAOCE CMUPUTBCS C TeM GakTOM, 4TO Ha AMaMeTpasbHO NPOTUBOMO-
JIOXXHOM MYHKTE 3€eMHOr0 LLapa, COrnacHoO 3Ton MOAENM, CYLLLECTBYIOT NI0AN, KOTOpPble
XOAAT MO OTHOLLEHMIO K HAM “BBEpPX Horamn”! [la, oka3bliBaEeTCS, HTO U CaMmM YYEHbIEe
MO OTHOLUEHUMIO K 3TUM NIOASM TOXe “CTOAT Ha rosose”. OTO Tenepb, B 3Moxy
CMYTHMKOB 1 “006bI4YHbIX” KOCMUYECKUX MOJIETOB BOKPYr 3emnu kaxeTcs: “Hy un 4to
30eCb CTpaHHOro? 3emng - wap! IT0 Xe BCEM C neneHok maesectHo!” Ho npeac-
TaBbTe cebe OPEBHMX YYEHbIX, KOTOPbIM “C NeneHoK” Obl10 M3BECTHO COBCEM ApYyroe
- 3emna nnockasl, oHa CTOUT Ha Tpex kuTtax. O4eHb TPyAHO OblNO NomMaTb CTapble
npeacTasneHns 06 ycTpoiicTBe Mupa, TeM bonee npeacTtaBuTb cebe noaein, cTos-
wux Ha ronose! MNMoToMy HacTosILLEee yTBEPXAEHME Uaen o Wapoodbpa3HOCTN Halle
naaHeTbl NPOU30LLIO0 3HAYNTESBHO MO3XE - B 90Xy NEPBbIX KPYrOCBETHbIX NyTeLlecT-
BUN N BENUKUX reorpadunyeckmx OTKPbITUIA, T.e. Nub Ha pybexe XV n XVI Bekos.

Mbl Xe npoponxmm nytewecteue no ApesHen [peunun. VIMeHHO 34ecb
BMEpBblE 3apoOaMAMCb OCHOBbI BCEM W3BECTHOVM LWIKOJIbLHOW reoMeTpum, ee
NnocTynaThl, ee TeopeMbl - ITO HE 4YTO MHOe, Kak nepepaboTaHHble “Havana” EBknvaa
(I B. po H.9.). Ero npenwectBeHHunkn - danec, Mudarop, Apuctotens u apyrue
MHOroe cpenanu ons pasBUTUS TeOMeTPuM, HO BCE 3TO OblIM OTAENbHbIE
dparMeHTbl. EOVHYIO NIOTMYECKYI0 CXEeMY reoMeTpun CMOr AaTtb Tosbko EBknvp B
cBoux “Havanax”- yHMUKanbHOM MPOU3BELEHUN B UCTOPUM HETOBEYECKOM KYbTypbl.

TpyaAHO OUEHUTb TO BAUSHME, KOTOPOEe okazanu “Hayana” Ha Hay4yHylo
[EeATENIbHOCTb MHOMMX Y4YEHbIX, COBEPLUNBLUMX PEBOMIOLMIO B €CTECTBO3HAHUN.
H.KonepHuk Hukorga He pacctaBsancd ¢ TomoM EBknupa. MNanuneo MNanunen takxe
npekpacHo Bnagen ocHoBamu ero reometpuun. A Vicaak HblOTOH* no npumepy
EBknupa Hassan ceson dyHaameHTanbHbll Tpyn “Havana”. Neometpuen EeBknnpa
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Obiln o4apoBaH 1 AMHWTEVH. OH roBopwua: "Mbl nountaem peBHIO peunio Kak
Konblbenb 3anagHon Haykn. Tam Gbina BnepBble co3gaHa reomeTpus EBknmvaa - 1o
4y[0 MbICNN.... TOT HE POXAEH OJ11 TEOPETUYECKMX UCCNeN0BaHNI, KTO B MOJIOA0CTHU
HE BOCXULLANCHA 3TUM TBOPEHMEM”.

[pyrum BbloaloOWMMCS y4eHbIM OpPEBHEro mupa asnsetca Apxumep (287-
212 po H. 9.). OTO ObI1 MepBbLIVI NPeACTaBUTENb MaTeEMATUYECKON OUIUKMU,
CTPEMSALMNCS BOMNOTUTb 3aKOHbl MEXAHWKK (3aKOH pblyara, y4eHue O LEeHTpe
TSXKECTU, O NaBaHUN TeN 1 Ap.) B AEACTBYOLWME KOHCTPYKUMK MawnH. O6Len3BecT-
HbIM B HACTOSLLEE BPEMS SBNASETCA 3akOH Apxumepa. OTOT 3aKOH U3NOXEH B
counHeHnn “O nnaBawowWwmx Tenax”, roe nyTemM JIorMyecknx paccyXaeHuii npuxoamT
K ero dopmynuposke: “Ha Teno, norpy>XeHHoe B XWAOKOCTb, OENCTBYET BbITaNKU-
Balowaa cuna, paBHas BECY XUOKOCTWU, BbITECHEHHOW Tenom”. Janee Apxumeg,
pa3bupaeT yCnoBUSA PaBHOBECKUS MaBaOLWMX TeN, uMmetowmx dopmMy chepnieckoro
N napabonnyeckoro CerMeHToB. BbiBoabl, nony4yeHHble Apxumenom, Obinm
noaTBEPXAEHbl U pa3BuUTbl MaTtematTukamum n mexaHnkamum XIX B. OCHOBHBI
rMAPOCTATUKK, 3aNOXEHHbIE UM nonyydunu passutue B XVI-XVIIBB.

Pa3Be MOXHO Mocne 3Toro He yaAMBASATLCHA FEHMIO ApXMMeLa MU He yBJiekaTbCs
TEMU NereHgaMm o Hem, KOoTopble gownm Ao Hac. OgHa u3d nereHp rnacut o ToM
hanekom cobbiTuun, korga Apxvmepn O4HUM OBWXEHWEM PYKM CMNYCTUN Ha BOAY
TaXenNbI Kopabnb, NOCTPOEHHbLIN Ansa ervnetckoro uaps Mronemes. OH coenan
3T0, Ucnonb3ys cuctemy 6nokoB. [lpyrag nereHaa yTBepXaaeT, Y4To Koraa Apxumep,
1n3o6pen pblyar, oH Obll HACTONIbKO CYACTIMB, YTO BOCKIMKHYN: “[aiiTe MHe TOouky
onopsbl, 1 9 caBuHy 3emnio!”. Hy, a TpeTbss UCTOPUSl, HABEPHSIKA, N3BECTHA U BaM.
Bbl, BEPOATHO, NOMHUTE, KaK ApxMmMeaa, NPUHMMAIOLWEr0 BaHHY 1 PA3MbILLASAIOLIErO
O NpUYNHAX, KOTOPbIE 3aCTaBASIOT Tena AepXaTbCs Ha NOBEPXHOCTU BOAbI, BHE3AMNHO
o3apuna bGnectauwaa naoes o BbiTankMBalollen cune. Fonbli Apxumen, BbICKOYUA U3
BaHHbl U C PafloCTHbIMU Kpukamu : “9Bpuka! A Hawen!” - Bbibexan Ha ynuuy. B
namMaTb 06 3TOM reHun APEBHOCTU NOTOMKM ApxMMena W 4epes3 Beka NPOHEecyT ero
BOo3rnac “Ospukal”, accoummpylomiics Tenepb ¢ MoObIM HEOPANHAPHBLIM HayYHbIM
OTKPbITUEM.

2.3. lFenuoueHTpuyeckas cucrema mupa KonepHuka.
BTtopas ectecTBeHHO-Hay4yHas peBoOJOUUS

Kak yxe 6bl0 ckazaHo, ApUCTOTENb YTBEPXAAn, YTo 3emis HenoasuxHa U1
HaxoauTcs B UeHTpe BcenenHoii. MpepcrtaBneHus Apuctotens o6 ycTpomcTee
MUpa ocTaBanuncb Heablbnembimu 0o XVII Beka. 3TO, KOHEYHO, HE 3HAYUT, HTO B3aMeEH
HMYEro He npeanaranochb.

Tak, Apxumepn (ok.310-230 po H.3.) npennoxun eue B TO BpeM4
reSIMOLLEHTPMYECKYID CUCTEMY “CTPOEHMS BceneHHoW”, B KOTOPOW BCE MaHEeThl, B
ToM yncne n 3emns, BpawaioTtcs Bokpyr ConHua. OgHako, nogo6Has MbICib CAULLKOM
ornepexasna CBOe BpeMs 1 Oblna MOSIHOCTbIO OTBEPrHyTa, B YACTHOCTU M3-32 ee
NPOTMBOPEYNSA apUCTOTENEBOM KapTUHE M1pPa.

Mronement (ok.100-165 H.3.) npeBpaTun naew ApUCTOTENS B MOJIHYIO
KOCMOJIOTMYECKYIO MOAEJIb MEOLEHTPUYECKON CUCTEMBbI MUpa.

3emna CTouUT B LEHTpe, OKPYXeHHass BOCEMbIO chepamMu, U HECYLUUMU Ha
cebe JlyHy, ConHue 1 nnaHeTbl. YTO nexuT 3a nocnepHel cdepoin, He 0b6bSAC-
HANocb. Ho 6bINO Obl HEBEPHLIM CUYUTaTb, YTO cucTema lTonemes NpuHUManach
6e30roBopoyHo. Yxe B koHue Xlll Beka cpeaun y4eHbIx NOsSIBUIOCH HELOBOJIbCTBO
3TON CUCTEMOWN K3-32 €€ CJIOKHOCTU U FrpoMO3aAKOCTU. [ToCTENeHHO Ha4vanu
BO3HMKATb N 6Gonee 060CHOBaHHblE BO3paXeHUs!.

®paHuysckuin punocod Hukonaih Opeamckuii (1320-1382) Bbickasasn MbICb,
4yTO Nerye nNpencTaBuTb cebe BpalleHne camoi 3emnn, Yem BpaLLEHME BOKPYr Hee
OrpoMHOI 3Be3aHONM cdepbl. OOHAKO, Aanblle UOen He noLlen.
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MnaHeTbl

Havano Hay4yHOWM peBoflouUMKN, KOTOpasd HM3Beprina cuctemy ltonemes, a
BMECTE C HEW 1 BCe 3h4aHue mexaHukm Apuctotena nonoxun Tpyn Hukonasa
KonepHuka (1473-1543). KonepHuK elle CTYOAEHTOM MO3HAKOMWACS C UAOES MU O
BO3MOXHOM ABuxeHun 3emnun. OH NpoHuKes ybexaeHuem, 4To Habnwpaembie
OBUXeHUS HEOECHbIX TeN Ny4ylle BCEro OObSACHAITCS ABYMS ABUXEHUSMU 3eMu:
ee BpalleHnemM BOKpPYr CBOel ocu 1 obpalleHveM BMecTe C APYrMMu nnaHetamu
Bokpyr ConHua, KOTopoe HaxoamTca B ueHTpe mupa. B 1543 r. B rog cmeptun
KonepHuka Bbilwna B cBeT ero kHura “O BpateHnn HebecHbix cdep”. KHura BeidBana
60/IbLLON MHTEPEC U MHOFOYMCIIEHHbIE AMCKYCCUN.

Npes rennoueHTpryeckoin BeceneHHo n asuyluelics 3emnu Havana 6bicTpo
3aB0O€BbIBaTb YMbl y4eHbiX. B AHrnnmn teopusa KonepHuka Hawma MPOYHYIO
noomepxky. Tam Bbiwna kHura Tomaca Awurrca (ok. 1545-1595) “CoeplueHHoe
onucaHue HebecHbIx cdep”, rae Aurrc noyT nonHocTblo nepesen Tpya KonepHuka
Ha aHMMNCKNIA A3bIK.

B 1583 r. AHrnunio noceTnn AOMUHUKAHCKUIA MoHax dpkoppaHo BpyHo, roe
OH No3HakoMuscs ¢ Teopuen KonepHuka. Ero ropsdyio nognepxky noen KonepHumka
N npeacTaBneHnii o 6eCKOHeYHOM 3BE3OHOM KocMoce KaTonuyeckme LLePKOBHUKMU
COYNN NMPOSIBJIEHNEM EPETMYECKMX OTHOLIEHUI K LepkBu. B 1600 r. IxopaaHo BpyHo
Oblsl COXXEH Ha KOCTpe 3a epecb, a ero crtpacTHasd npornaraHna HOBbIX
npeacTasneHnii o BceneHHom npueena Kk Tomy, 4to Katonunyeckas LepkoBb npegana
Teoputo KonepHuka aHademe.
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B Poccuio cBeneHusa 0 renMoueHTPUYEeCcKor CUCTEME CTaM MPOHNKATb TOMbKO
B XVII B. Y4yeHbIn MOHax Enudanuin CnaBuHeLKWiA C ABYMS MOMOLLHUKaMWN NepeBen
“Kocmorpadpuio” dHcoHa Bney. 3T0 Obln NMEpBbI PYCCKUIA MCTOYHUK, M3naraBLUnii
Teoputo KonepHuka. Bckope 6bina nepesepneHa un “CeneHorpadus” Fesenusd, B
KOTOpOW Takxke roBopunocb 06 yyeHun KonepHuka. OgHako, 06e KHUMM Tak U He
OblIX HanevyaTaHsbI.

[MepBOn KHUrom, KOTOpas MO3HakOMUAa LWMPOKUA KPYr PYCCKUX NOOen c
yyeHnem KonepHuka ctana pabota ®DoHTeHensa “PasroBop 0 MHOXECTBEHHOCTU
MMPOB”, NepeBEAEHHAdA Ha pycCkuii g3bik B 1740r. OHa B NMPOCTOMN 1 3aHMMATESNbHOMN
dopme 3Hakomuna ¢ Bo33peHuamn KonepHuka, BpyHo, Manunes.

[paHaono3Hble ycnexn HebecHolr mexaHuku (B koHue XVII - Havyane XIXB.)
BbIHyaAMAM Katonmyeckylo LEepPKoBb CHATbH 3anpeT C kHuru KonepHuka, a BMecTe ¢
Hel n ¢ nponsseneHun MNanunesa n Kennepa.

Bennune cospaHHoOn KonepHUKOM resiMoueHTPU4YeckKoi cuctemMbl Mupa
obBHapyxunocb nocne Toro, kak Kennep oOTKpbi1 UCTUHHbIE 3aKOHbI JJUIUNTU-
4eCcKOoro ABMXEeHUs maHeT, 2 HbIOTOH Ha VX OCHOBE - 3aKOH BCEMMPHOro
TAroteHus. Jlesepbe n AgamMc Ha OCHOBaHUM JAHHbIX 3TOM CUCTEMbI Npeackasanu
CYyLLLECTBOBAHME U TEOPETUYECKM OMpPenenunm MecTOHaxoxAeHne HEU3BECTHON
nnaHetsbl (HentyHa), a Fanne, HanNpaBuB TENECKON B yKa3aHHYl0 TOYKY HeEGA OTKPbIN
ee. OT0 NN He TpuyMd ydyeHusa KonepHuka, 3TO M He O0Ka3aTeNbCTBO €ro
UCTUHHOCTU?

CaMblM 3HaMEHUTbIM CTOPOHHUKOM cucTeMbl KonepHuka Obln UTanbSHCKUIN
yyeHbli Fanuneo lManuneit (1564-1642), KOTOPbLIN NEPBbLIM MPUMEHUN TENECKOr
ONsi aCTPOHOMMYECKMX HabnwoaeHuii. OrpoMHoe 3HayYeHne UMenu Tpyabl [anunes
Nno MexaHuke - OHM BO MHOIFOM CMOcCOOCTBOBanM CO3[AaHUIO HEMPOTMBOPEYMBOWA
TEOPUN MEXaHWKN U TaroteHus. Fanunen, noxanyi, 6onblue 4em KTo-nmbo Apyromn
OTBETCTBEHEH 3a pOXOeHMe COBPEMEHHON Hayku. 3HameHuTblh cnop ¢ Katonu-
4YEeCKOW LePKOBbIO 3aHMMa LeHTpanbHOe MecTo B dpunocodpum Manunes, nbéo oH
OJHVM 13 MepBbiXx 00bSABWUI, YTO Yy YENOBEKA eCTb HaZexaa MOHATb Kak YCTPOEH
MuUp, 1 Bonee TOro, YTo 3TOr0 MOXHO A00OUTbCS, Habnaas Haw peanbHbIA MUP.

Fanunen cpenan OTKPbITUSA, MOJHOCTbIO M3MEHUBLUME MPEACTABlEHUE
yenoeeka o0 BceneHHon. MHOroe B 3TUX OTKPbITUSX MPOTMBOPEUYMNIO YYEHMIO
ApuctoTensa v gaBajio O4YeBUOHbIE MOATBEPXAEHUSA MPABUIBHOCTU CUCTEM
KonepHuka.

[anuneir o6HapyXxmnn Ha NOBEPXHOCTU JIyHbl rOpbl, AOMWHbI, - TO €CTb TO, YTO
CBOWCTBEHHO 3eMHbIM naHawadTam. OH yBMAEN ThICAYM U ThICAYM 3BE3M, CAULIKOM
cnabbix, 4ToObl X MOXHO Obllo Habnwpate 6e3 Teneckona, npuieM MneyHbli
MyTb, KaKk Ooka3anoCb, COCTOUT M3 MHOXECTBA 3Be3[, a OTHIOAb HE NMpPencTaBnsaeT
coboin Hekoe aTMocdhepHoe sBNeHNe, kak yTeepxaan Apuctotens. Habnopas B
Teneckon nnaHeTol, Fanunei 3amMeTun, YTO OHW MPenoCcTaBAAlOT COOOK BMoOJHE
pa3nnynMMble CBETALLMECH AWUCKMU, TOrga kak 3Be3abl U npyv camoM O60JbLLIOM
YBENNYEHNM OCTAIOTCS CBETALLMMUNCS TOYKaMKN. DTO 03HAYAET, YTO 3BE34bl HAXOOAATCSH
Ha ropa3no 60MbLNX PACCTOAHUAX OT 3eMU, YEM MIIAHEThI.

HabnioaeHrne 3ameyeHHbIX Ha NOBEPXHOCTM ComHua nsaTeH nomorno anvneto
BbISICHUTb, 4YTO OHO BpaljaeTcs BOKPYr cBoel ocu. lMonyyanocb, 4to u ConHue
COBCEM He maeanbHOe 9PUPHOE Teno, KakMM ero cumtanu Oo cux nop. bonee
TOro, €Cn OHO BpalLaeTcs BOKPYr CBOEN OoCuU, TO M 3eMns MOXET COBepLuaTbh
nonobHoe ABUXeHWe. BolacHMnocb Takxe, 4To y BeHepbl HabnwpaeTcs
nepuoguyeckas cMeHa das, a 3To He Haxoauno 0ObACHEHMS B cUCTEME APUCTOTENS
- MTonemes. Ho, noxanyi, camblM BaXKHbIM OTKpbITUEM [anunes, onyb6ankoBaHHOM
B ero Tpyae “3Be3aHbili BeCTHUK” B 1610 r. 6bi10 HabnoaeHE YeTbIpeX CMyTHUKOB
nnaHeTol KOnutep. O70T dakT JokasbiBan, 4T0 3emMnsa He aBNAeTcCq
€AVHCTBEeHHbIM UeHTpoMm BceneHHOM, a CKopee BCEero, kak 310 U crnegoBaso
13 cuctembl KonepHuka, cama pBmketcss BOKpyr ConHua.
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HabniopeHusa Manunes cornacoBbiBaNUChb C B3rnggamu KonepHuka v, Kpome
TOro, sBNAnnChb ybeautenbHbIM CBUAETENLCTBOM MPOTUB AorMarta O pasaeneHun
Mupa Ha Hebo n 3emrio.

B cBoeli 3HameHuTOlM padoTte “Amanor o OByx rnaBHENLLMX CUCTEMax Mupa:
MTonemeeBoli 1 KonepHnKoBOI”, n3gaHHon B 1632r., oH NPMBOAUT B NOJIb3Y UCTUH-
HOCTWU yyeHusa KonepHuka He TONbKO aCTPOHOMMUYECKME, HO U MeXaHu4eckue
[0BOAbI.

OnpoBepras aprymeHTthl MNTonemes, HanpaBfieHHbIE MPOTUB YTBEPXOEHUS O
BpaLleHum 3emnu, Manunemn npuxoamT K OTKPbITUIO 3aKOHA MHEPLMM 1 MEXQHNYECKOIO
npuHUMna oTHocuTenbHocTn. OTKpbITMEM 3akoHa UHepuun Obi10 IMKBUONPOBAHO
MHOrOBEKOBOE 3abnyxaeHne Apuctotenes 0 HeOOBXOAUMOCTU MOCTOSAHHOW CUbI
ONa nognepxaHns paBHOMEPHOro AsmxeHus. Oka3anocb, YTO PaBHOMEPHOE U
NPSMONIMHEHOEe OBUXEHWE, PAaBHO Kak M MOKOW, MOXET CyL.ecTBOBaTb Npu
OTCYTCTBUM BCAKUX CU. ITO MMESIO OFPOMHOE, HE TOJIbKO YUCTO Hay4yHOE, HO U
MNPOBO33peHYeckoe 3HavyeHne. Kak n3BECTHO, K MHEPUMATbHBIM CUCTEMAM OTCcYeTa
OTHOCATCS NOKOALMECH (HEMOABUXHbBIE) CUCTEMbI U CUCTEMbI, KOTOPbIE ABUXYTCHA
OTHOCMUTENIbHO HEMOABUXHbLIX PABHOMEPHO M MPSMOSMHENHO. PaBHONPaBHOCTb
Taknux cuctem Fanuneit gokasbiBan pasfiMdHbIMW OMNbITAMU U NOTUYECKUMU
paccyXOeHUsamMun.

MmeHHO Tanunein BnepBble 06paTui BHUMAHWE HA OTHOCUTENBbHOCTb
MEXaHMYeCKOoro ABUXeHus, chOPMyIMPOBaB CBOV MPUHLUN OTHOCUTENIbHOCTM,
cornacHo KoTopomy: “Hukakmmum mMexaHM4eckumum onbiTamMu, NPOBEAEHHBIMY BHYTPU
CUCTEMbI, HEBO3MOXHO YCTAHOBUTb, MOKOUTCSA CUCTEMA UNW ABUXETCH PaBHOMEPHO
M NPAMOJSIMHENHO”.

lMpecnepoBaHne NMHKBU3ULMWN, 3aTEM YHUIUTENbHOE CYyAUNULLE NOLOPBaIn
300poBbe Manunesa. OgHako, HECMOTPSA Ha 3anpeT MHKBU3ULUMK 3a YeTbipe roga oo
CMEpPTU, OH TaHO NepenpaBun B rONNIAHACKOE M30AaTENbCTBO PYKOMUCb CBOEWN
BTOPOW GOonbLLOK KHUrK “[Be HOBble Haykn”. MeHHO aTa paboTa gana poxaeHue
COBpPEMEHHON Hayke. [anunen no npasy CYNTAETCHA OOHUM K3 OCHOBOIMOJIOXHMKOB
OMbITHOrO €CTEeCTBO3HaHUA, T.K. MM OblIM BMNepBble B WUCTOPUM HayKu
chOopMyNMpoBaHbl TpeboOBaHUS K HAYYHOMY SKCMEPUMEHTY.

2.4. Kennep n ero 3akoHbl ABMXEHUS NNaHeT

BTOpbIM y4Y€EHbBIM, CbirpaBLUMM PeLLAOLLYO POSb B YTBEPXKOEHNN FreINOLEeHTPU-
yeckoi cuctemsl, 6bin MoranH Kennep (1571-1630). B 1600r. Kennep, BNAOTHYO
3aHgBLINCL uccnengosaHnem Mapca, npuwen kK BbiBogy: opbuta Mapca momkHa
OblTb NINMNCOM.

Kennep OTKpbI/1 TPU OCHOBHbIX 3aKOHA ABWXEHUS MNNaHeT, KOTOpble Tak n
HasblBalOTCA - 3akoHamu Kennepa. B coBpeMeHHON GOpMynmMpoBKe OHWU 3By4aT
Tak:

1. Kaxxgas nnaHeta ABWMXETCHA MO SA/UMCY, B OGHOM M3 (POKYCOB KOTOPOro
Haxogutca ConHue.

2. Kaxxpasa nnaHeTa ABUXETCS B NMIOCKOCTU, Npoxoasulei yepes ueHTp ConHua,
npuyemM naouwiagb cektopa opbuThl, onnucaHHas pPagnycoM-BEKTOPOM MiaHeThl,
M3MEHSAETCHA MPONOpPLMOHANIbHO BPEMEHN obpalleHus.

3. KBagpatbl BpemeH obpalleHns nnaHeT Bokpyr ConHua OTHOCATCS Kak KyObl
MX CpedHuX PacCTOsiHUIA OT Hero.

CospaHuem cBomx 3aKOHOB Kennep nonoxun KoHel, 6onee 4em OByXTbiCcsaye-
NIETHEMY rOCMnoACTBY OOrMaTMYeckol Bepbl B COBEPLUEHCTBO Hebec M npen ob
naeanbHOM KPYroBOM [OBUXEHUN HEeBEeCHbIX TeN kak egUMHCTBEHHO BO3MOXHOM.
Bonee Toro, 3emnsa Oblna OKOHYaATENbHO “CBEpPrHyta” co CBOEro nbegecrtana B
LeHTpe MUpOo3aaHus.
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2.5. 3akoH BceMupHOro TaroreHus HbloTOHa

Ha sTom aTtane pa3BuUTUS eCTECTBO3HAHWE HAXOAWJIOCb yXe COBCEM ONU3KO
OT BTOpPOWV rnoGanbHOW Hay4HO-TEXHMYECKOW PEeBOJIIOUUU, 1S COBEPLUEHUS
KOTOpon “He xBaTano TONbkO” HBIOTOHA C €ero BblgawWUMCA TPyOoOM
“MatemaTnyeckme Hayana HaTypanbHon ¢punocodum”. Ho OCHOBbI MEXAHWKU AN
NOCTPOEHUS TeOpUN TAroTeHnss HeloToHa yxe Obinn 3anoxeHbl Fanuneo Manuneem.

Ucaak HblOTOH (1643-1727) - BblAAWWACA aHITMACKMA PUINK, MEXAHUK,
aCTPOHOM M MaTeMaTuk - cHOPMYNMPOBaN OCHOBHbIE 3AKOHbl KJ1aCCUYECKOMN
MeXaHWKN, OTKPbI1 3aKOH BCEMUPHOro TAroTeHusa, paspaboTtan (Hapsaay c
NeiibHuuem) ondoepeHunanbHOe U UHTerpanbHOe UCHUCEHUS.

HblOTOH No-HacTosweMy 3aHsancsa npobnemoii TaroteHms B 1665r. Cyliectsyet
nerenpa, CornacHo KOTOpOW, yBUAEB B cany nagawoulee ¢ aepesa s610K0, HblOTOH
nooyman: He 3acTaBiseT N nagatb S010KO Ta Xe camasi cuna, Y4To yAepXuBaeT
JlyHy Ha okono3emMHon opbute? OagHako, 3TO TOJIbKO KpacuBas nereHaa.

B menctBuTenbHOCTM nMoHagobunochk Benuyaillee YMCTBEHHOE HanpsikeHue,
obpaboTka MHOrMX 3KCrNepuMeHTaNbHbiX GakTOB ANS TOro, YTOObl MNPUNATK K
dyHOAMEHTaNbHOMY 3akoHy [pupoabl - 3aKOHY BCEMMUPHOro TArOTEHUS.

[focne MHOrOYMCNEHHbLIX PACYeTOB U YTOYHEHUN, HbOTOH AMpuUXOAuUT K
TBEPAOMY YOEXOEHUIO, YTO ABMXEHWEM MnaHeT, JIyHbl 1M BCex Ten, najatolmx Ha
3emnio, ynpaBnsgeT ogHa U Ta Xe cuna, U3BecTHas nof obuumM Ha3BaHUEM -
TAroteHue. lpexae, YeM gasnblie pasBMBaTb CBOIO Teopuio, HblOTOH paspaboTan
HeoOxoauMbIi MaTeMaTMyecKmin annapat. ATo dakTnyeckn Obisia COBEPLUEHHO HOBasd
obnacTb MatemMaTvki - MaTeMaTU4ecKuii aHanus.

B kHure 1 “Hayana” um 6binn chopMynmpoBaHbl TPU OCHOBHBLIX 3aKOHa
AOBWXeHUs, nvewwmne GyHaamMmeHTasbHOe 3Ha4YeHe M B COBPEMEHHON GU3UKE.

3akoHbl MexaHu4yeckoro ABwXeHus HbloToHa:

MepBbIi 3aKOH: BCAKOe Teno nNpebbiBaeT B COCTOSHUU MOKOS UK
PaBHOMEPHOrO MPSMOJIMHENHOIO ABUXEHUS A0 TexX nop, noka AenCTByIOWME Ha
HEero Cubl He U3MEHST 3TOro0 COCTOSIHUS.

BTopoi 3akoH: Npou3BedeHMe MacChbl Tefla m Ha ero yCKOPEHME a paBHO
pencreylowen Ha Hero cune F = M x a, a HanpaBneHne yCKOpeHus CoBMagaeT ¢
HanpaefieHNeM CUIbl.

TpeTuin 3aKoOH: OelCTBUIO BCerga COOTBETCTBYET paBHOE MO BEJINYUHE U
NMPOTUBOMOJIOXHO HarnpaBfiEHHOE MPOTMBOAENCTBME.

[MepBbIn 1 BTOPOW 3aKOHbl HblOTOHA OKOHYaTENbHO OMPOBEPrAIN y4yeHue
ApucTtoTenst o cune n OBMXKeHUU. HbloTOH NpefenbHo SCHO 0ObSACHUA, YTO ONns
noaaepXaHua OBUXEHUS CuUNa He HyxXHa. B ero paboTtax Obinv onpenenexsl u
caMmy NOHATUS CUnbl, Macchl, nHepumn. Kak cnegyet u3 “Havana” HbiloTOHaA, e€ro
OMHaMN4Yeckne 3aKoHbl He TOJIbKO CNeaytoT U3 COOTBETCTBYIOLLMX KMHEMATUYECKNX
3akoHoB Kennepa n lanunes, HO 1 caMmy MOryT OblTb MOJSIOXEHbI B OCHOBY BCEX
Tpex KMHemaTmyecknx 3akoHoB Kennepa n 060mx KnHeMaTU4eckmx 3akoHoB [anunes
(3aKOH MHepUMN 1 3aKOH CBOOOAHOro nageHus).

MiMeHHO HblOTOH BnepBble co3pman eAuHYI0 MEeXaHUKY BCEeX 3eMHbIX U
HeOeCHbIX Ten, C OOWUMK AN HUX 3aKOHAMWU WHEepUUKn, AMHAMUKU, OEACTBUS U
NPOTMBOAENCTBMS, @ TaKKe B3aUMHOIO TArOTEHUS.

Mocnenylowme MHOro4YMCNEHHbIE HAONIOAEHMS NOKa3any UCTUHHOCTb 3aKOHOB
Kennepa v 3akoHa BCEMUPHOIO TAroTeHNA HbiOTOHA. YXXe K KOHLLYY NepBOW MOJIOBUHbI
XIX B. OblIO YCTAHOBJIEHO, YTO 3aKOH BCEMUPHOIO TATOTEHUS CyLECcTByeT
noBceMecTHO B Habniogaemoinn obnactu BceneHHoli. HblOTOHOBCKOE TAroTeHue
MOVUCTUHE YHUBepCcanbHO. OTKPLIIUCH LWMPOKME BO3MOXHOCTU ANS Pas3BUTUA
Hay4YHOro nogxoda kK uccnegosaHmio BceneHHoOM n ee COCTaBHbIX YacTen Ha OCHOBE
NNWb HEMHOTUX PyHOAMEHTaNlbHbIX 3aKOHOB U B3aUMOAENCTBUN, UMEIOLLNX
O[VHAKOBYIO cuUy Ha 3emne, B Hay4yHOl nabopaTopum U B KOCMOCE.
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JNInwb OAMH M3 acnNekToB TEOPUU Ka3ancs HEeyAOBNETBOPUTENbHbIM: CuUna
HbIOTOHOBCKOro TAroTEHUS AENCTBOBana Mo BCEW OrpoMHON BceneHHol, ogHako,
npupoaa aToi Cubl OCTaBanach 3arafo4Hoin. Cam HblOTOH yNOpHO OTKa3bIBaNCS Aaxe
OT MOMbITOK OOBACHUTL MPUPOAY MPABUTALIMOHHON CUSbl. JeNCTBUTENLHO, U3 3aKOoHa
TArOoTEHUS cuna B3ammogencTema mexay asymsa tenamum F = kmM (roe k -
KO3 OUUMEHT NMPONOpUMOHaNIbHOCTM, M -Macca nputdarnsaemoro tena, M - macca
npuTarneBalowero tena). Takoe B3aMMHOE TAroTEeHUE pPasfnyHbIX Ten, He
conpukacalLwmxcs Apyr ¢ ApyroM, BO3MOXHO TONbKO MPWU YCIOBUN MIHOBEHHOIO
[anbHOAENCTBUS U NMPU YCNOBUW, YTO TOYEYHOE Teno obnajaeT mManoil Maccoli m B
LleHTpaslbHOM CWJIOBOM TOJIe TArOTEHWS OCHOBHOMO MPUTArMBaloLLLEro Tena maccol M.

B 1873 r. ¢dpaHuy3cknin maTematuk BepTtpaH paccuntan opOuTbl ABUXEHUS
TOYEYHOro Tena C NOCTOSHHOM MacCoW m, KOTOPOe ABUXETCH B LEHTPaibHOM
CUIOBOM MOJIEe NPUTSXKEHUS K HEMOABMXHOMY Teny maccbl M. Okasanocb, 4to 9Tu
opOuTbl NpeacTaBnsioT cob0li 3aMKHYTblE OKPYXHOCTU B TOM cllyyae, korga
BeNMYMHaA paguanbHOn cunbl nputaxeHus F nubo npsmMo nponopumoHanbHa
TekywemMy paguycy r, nnbo obpaTtHO NMponopLUMOHanbHa ero Keagpary.

B nepBom cnydae Mbl UMEEM O€ENO C 3aKOHOM, aHaNIOrMyHbIM 3akoHy lM'yka =@ F ~ r
(roe r - pagnyc opbuthl, a F - cuna ). Bo BTOPOM - aNbTEPHATMBHOM Clly4ae - Mbl
nosly4aemM yHUBEPCasibHYO CUTy BCEMUPHOro TAroteHusa HetotoHa F = - GmM/r?,
roe G - HbIOTOHOBCKasi rpaBUTALIMOHHAS MOCTOSIHHAS.

Ha T0, 4TO YHMBEpPCANbHas cuna TAroTEHUS B TPEXMEPHOM NPOCTPaHCTBE yObiBaeT
C ypaneHvem o6paTHO MPOMNOpLMOHaNIbHO MMEHHO KBaZpaTy PacCTosiHWUS, obpaTtun
BHMMaHue ewe Ummanyun KaHT: “TpexmepHOCTb NpomMcxoamT, No-BUONMOMY, OTTOrO,
4yTO cyObCTaHUMM B CYLLECTBYIOLLEM MUPE OENCTBYIOT OpYr Ha Apyra Takum obpasom,
4YTO cuna AencTBmMs 0O6PATHO MPOMOPLUMOHANbHA KBaapaTy paccToaHus”.

BaxxHo nogyepkHyTb, 4TO KaHT B npvHUmMne Aonyckan BO3MOXHOCTb CyLLEeCTBO-
BaHMS U OPYrnMxX MUPOB C COBEPLLUEHHO WHbIMU MO Pa3MEPHOCTM MPOCTPaAHCTBAMMU,
BeJb OH Monaras, YTO B HMX COOTBETCTBYIOLLLAS YHMBEPCAsibHas cuna B3anMOAENC-
TBUSI BCEX MaTEPUAsIbHbIX TEN yXXe He Obiia 6bl 06paTHO NPONOpLMOHanbHa KBagpary
paccTosHus.

OpHako, peaynbTaT pelleHus “npobnem bepTpaHa”, npuBeAeHHbIN Bbllle,
03Ha4aeT, 4TO cuia BCEMUPHOIro TaroTeHus F B LLeHTpanbHOM pagnanbHOM CUN0BOM
none, o6paTtHO NPOMNOPLUMOHaNbHa TEKYLLEMY Paauycy r B CTEMEHUM n = 2.

M3 aTnx paccyxneHuin BUOAHO, YTO 32KOH BCEMUPHOrO TArOTEHUS, OTKPbITbIN
HbIOTOHOM HOCUT PyHAAMEHTaNbHbIN XapakTep, MO0 3aTparMBaeT CyLLECTBO HaLLEero
Mupa. BoT noyemy MOXHO roBOpPUTb O BTOPOW rnobanbHOM eCTeCTBeHHO-Hay4YHOW
peBoONOLMKN, N 3Ta PEBONMOLNS, MO CYLW,eCcTBY, Oblla GU3NYECKM 3aBeplleHa
HblOTOHOM.

BTopas rnobanbHas eCTeCTBEHHO-Hay4yHas peBosiouMs, npeobpasoBasLlas
BCe eCTeCTBO3HaHMe npencraBnana cobor nepexon OT reoueHTpu3Ma K
renMoLUEHTPU3MY, @ OT HEro - K MONINLEHTPU3MY.

2.6. YHMBepcasibHblA 3aKOH coxpaHeHus JIoMOHOCOBa

McTopusa yenoBeyecTBa 3HAET MHOrO Pa3HOCTOPOHHE OJAapPEHHbIX nogen. U
cpean HUX OOHO M3 MEPBbIX MECT MPUHAONEXUT BEJIMKOMY PYCCKOMY YYEHOMY
Muxauny BacunbeBuuy JlomoHocoBy (1711-1765). Ontuka u tennoTta,
9NEKTPUYECTBO N TArOTEHNE, METEOPOJIONS U UCKYCCTBO, re0sIorMs U acTPOHOMUS
- BOT Te obnactu, B KOTOpbIX JIOMOHOCOB OCTaBWJ1 CBOW HEM3rnagumblii cnem.

Fny6okoe mayvyeHnme paboOT 3TOro reHus B obnactm GUUKN U XUMUN,
NnpoBeAEeHHOE B Halle BPeMSA, OTKPbIZIO COBEPLUEHHO HOBOE MOHMMaHWe Ponu
JlomoHOoCcOBa B MUpPOBOI Hayke. Bce HaumHaHus JTomOHOCOBa B Hayke Obiniu
HoBaTopckumun. CTtaB npodeccopom, JIOMOHOCOB MOCTPOUS MEPBYIO XMMUYECKYIO
nabopartopuio, U3gan B CBOEM MepeBoAe “OkcnepvMeHTanbHyo BonbduaHckyto
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dunanky”. C nosiBneHnemM 3TOro nepeBoda pycckasd dusmka nosyyuna He TOJbKO
nepBbIi y4eOHMK HA PYCCKOM £13blKkE, HO M OCHOBbI PYCCKOro Hay4yHoro sidbika. OH
paspabotan u npoymtan B 1752-1754 rr. cCOBEPLUEHHO HOBbLIA U HEOObLIYHbIN KypC
dusnyeckon xmMmMum, T.€. NO CYLLECTBY 3aN0XUN GyHAAMEHT HOBOW HaykKWu.

HeoueHum ero Bknag B pasBuTUE eCTecTBO3HaHUSA. JIOMOHOCOB siBNsieTcs
OHWM N3 OCHOBOMOJIOXHUKOB KUHETUYECKOW Teopuu TensioTbl U rasos,
aBTOPOM 3aKOHa COXpPaHEHUsi MaTepun U ABUXEHMUSN, BrepBble npeackasan
cyw,ecTBOBaHue abCoOJIIOTHOro Hyns TemnepaTypbl. JJIOMOHOCOB BMNepBbie
BbICKa3aJl MbIC/Ib O CBSA3U 3NIEKTPUYECKMX U CBETOBbIX SIBIEHNA, 00 3NEKTPUYECKON
npMpoae CEeBEepHOro CUsHUSA, 3almiian BOJSIHOBYIO TEOPUIO CBeTa.

YyeHblli ocTaBun nocne ceba 6onblWIOoe KONMYECTBO UAEN, KOTOpPbIE
ocyuiecTBnanmcb Haykom B TedeHue 100-150 net nocne ero cmeptu. MNpuBenem
KOHKPETHblEe MpuMepbl. 3anucbiBas HAbMIOAEHUS, YTO “HasneKkTpM30BaHHag Yalla
BECOB MPUTArMBAETCS K XenesHow naute”, JIoOMOHOCOB AenaeT BbIBOA, YTO “Becamm
MOXHO BECUTb 3nekTpuyeckyio cuny”. JelCTBUTENbHO, N3 UCTOPUM HAYKU Mbl
3HaeM, 4TO no3xe 310 ObINo peannsdoBaHo nopaom KenbBuHom u Y. TOMCOHOM
B abCONIOTHOM 3NekTpoMeTpe. 3aHMMasCb 3NEKTPUYeCcTBOM, JIOMOHOCOB aenaeT
nomeTtky: “Hapo noctaBuTb onbIT, OyAeT M Nyd4 CBETa MHA4Ye NPENoOMAATLCS B
Ha3NEKTPM30BaAHHOM CTek/e 1 BoAe”. Takoi onblT 6bin No3gHee nposefeH B 1875
r. Keppom, OTKpbIBLLIVM ABOAHOE MpesioMJIEHUE Jlyya B 9JIeKTPUYeCcKoMm rnone
(adpdpekT Keppa).

JloMOHOCOB Obls1 PA3HOCTOPOHHUM U Fy6okuM punocodom, mMeyTaBLLIUM
HanuMcaTb rPaHOMO3HYI0 KOPMYCKYNAPHYIO Gunocoduio Npupoabl, 00BbACHSIOLLYO
BCE ABJIEHNA OPraHN4eCKOn MU HeopraHW4Yeckom npupoabl C €OVHOW TOYKM 3PEHUS.
B cBoux mccnepoBaHMax OH CTPOro PykOBOACTBOBaACH OCHOBHOW maeen:
“Mpupoaa Kpenko AepXUTCS CBOMX 3aKOHOB M BCIOAY OOVHAKoBA”.

2.7. PoxpeHue Hayku 006 3nekTpuuectTBe

... A cenyac otnpasmmcsa B XIX Bek, B KOTOPOM MNPOM3O0LLNIO 3aBeEpPLUEHME
MCTOPUYECKOro aTana pas3BUTUS KNacCUYeckom pu3nkn.

[JeBaTHaauLaToe CTONEeTMe 03HAMEHOBANOCb OFPOMHbLIMU yCcnexamu B
ncecnegoBaHumM Npupoabl aneKTpuyecTBa U MarHetmsama. [lepBoHayanbHO
anekTpuyeckme SGBJIEHUSN - VCKPbl, MOJIHUN, CBOWCTBA NeNOeHCKUX GaHOK
HakannanmeaTb 3apsag - CYMTANUCb COBEPLUEHHO HE CBA3aHHLIMU C SBEHUSMMU
MarHetuama, HabniogaemMbiM1M B MUHepanax HEeKOTOPbIX BUAOB, B MOBEAEHUN
cTpenkn komnaca u 1.4. OgHako patckuin puaunk dpcteny (1777-1851) u
dpaHuyscknin Gmnsmk Amnep (1775-1836) npooeMoOHCTpMpOBann Ha OMbITe, HY4TO
NMPOBOAHUK C 3NIEKTPUYECKUM TOKOM MopoxaaeT 3dPeKT OTKIOHEHUS MarHUTHOM
CTpenku. 9pcTen, BbiCKasasna MbICfb, YTO BOKPYr MPOBOAHMKA C TOKOM CyLLECTBYET
MarHMTHOE NoJje, KOTOPOE SABNSETCS BUXPEBbIM. AMMep no CywecTBy cTan
TBOPLLOM HOBOW Hayku - SJIEKTPOAUHAMMUKM.

AMMep 3aMeTua, 4TO MarHuUTHbIE ABMIEHUS NPOUCXOAAT Torga, Korga no
ANEeKTPUYECKOM Lenu TedyeT TOK, MPUYEM BeNMYMHA MarHUTHOrO OENCTBUS 3aBUCUT
OT WHTEHCUBHOCTU [OBUXEHUS 3nekTpuyecTtBa. [Ong wn3amepeHua 3STON
MHTEHCMBHOCTN AMMEP BMNEpPBbIE BBOAUT MOHATUE CUJbl TOKA, MO3TOMY HECy4alHO
eoMHMLA CUIbl TOKA HOCUT ero ums - amrnep. C NOMOLLBIO CBOEr0 YHEHUSA O KPYrOBbIX
TOKax, OH CBOAWT MarHeTmsam K anekTtpuyecTtBy! OTO OENCTBUTENBHO BENNKOE
OTKpbITHE. AMnep GopMyImpyeT A0 CUX MOP HE N3BECTHbLIN 3aKOH O B3aUMOAENCTBUU
TOKOB. Bonee TOro, oH BbICKA3bIBAET CRenyloLLyl0 MbIC/b: “Bce sBNeHusi, KOTopble
npencTaBnsaT B3aMMOOeNCcTBME ToKa M MarHmuTa, OTKpbITble dpcTenom, BXOAST
KaK 4YaCTHbIM Ciy4an B 3aKOHbl MPUTAXKEHUS 3NEKTPUYECKUX TOKOB”.

Pabota AMnepa Hag co3gaHveM 3NeKTPOAMHAMMKMU Npohosikanacb BrOTb
0o 1826 r., koraoa Bbilen B CBET ero 00006Lwaowmin Tpya “Teopus anekTpoanHa-
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MUYECKNX ABNEHUN, BbiBEOEHHass U3 onbiToB”. B 3TO pabote Amnepom Obina
pa3paboTaHa He TOJIbKO KaYeCTBEHHAs TEOPUS, HO U KOJIMYECTBEHHBIM 3aKOH )1
CuUnbl B3aMMOAENCTBUA TOKOB. OTO OAVH M3 OCHOBOMOJAralouwmnx 3aKkoHOB
ANIEKTPOANHAMUKN.

OcTadeTa, npuHaTas Amnepom oT dpcTena, Obina nepegaHa B pyku BENMKOrO
aHrnuiickoro ectecteoucnbiTatens Maiikna ®apageqa (1791-1867). OH OTKpbIN
SiBJlIeHUe 3NeKTPOMarHUTHOM MHAYKUUU - BO3HUKHOBEHME TOKa B MPOBOOHUKE
BON3N OBMXKYLLErO MarHuTa.

Uccnenys ouanexktpukn, @apanein npuxoamt K MbICAN O CYLLLECTBEHHON PO
cpenbl B 3N1eKTPUYECKMX B3aMOAENCTBUSAX. M3ydasa xapakTep MarHUTHbIX SBAEHUN,
®dapapein CKIoOHAEeTCS K MbICIW, YTO NMepenaya Ccusibl NpeacTaBnseT coboli sBneHue,
npotekawowee BHe marHuta. OH CYMTAET HEBEPHbIM, YTO 3TU ABAEHMS NPEeacTaBs-
0T cobol NMPOCTOE OTTaNlKMBaHME U MPUTSXKEHME HA PACCTOSIHUMM, Monaras, 4To
NPOCTPAHCTBO, OKPY>XaloLLLee MarHUT, UrPaeT CTOJb XE CYLLECTBEHHYIO POJib Kak u
camM MarHuT.

2.8. CospaHue Teopuun anekTpomMarHutHoro nons Makceennom

OTkpbiTUSA, coenaHHble Papageem B 06nactu anekTpomarHeTuama, Obliv
pPa3BUTbI BbIAAKLLMMCA aHMTIMACKMM MaTemMaTnkomM n dusmnkom Makceensiom (1831-
1879). B ero Teopuun anekTpoMarHetnama Obinia yCTaHOBMIEHA OpraHMyeckas CBa3b
anekTpuyecTBa MU marHetnama. OCHOBbIBASICb Ha MAEAX, BblCKA3aHHbIX paHee
®dapaneem, MakcBenn BBOOUT MOHATUE B3NEKTPOMArHUTHOro mnong.

CornacHo Teopun MakcBenna, kaxnas 3apsibkeHHas 4acTuua okpyXXeHa rnonem
- HEBUMOMMbLIM OPEOJIOM, OKa3blBalOLWMM BO3LENCTBME HA OpYrne 3apsiKeHHble
yacTuubl, Haxogawmecs nNob6AN30CTU, T.e. NOMe OOHOW 3apsXXeHHOW YacTullbl
LENCTBYET Ha Apyrme 3apsXeHHble 4YacTuubl C HEKOTOPOWM Cunon. Takue B3rnsapl
Ha NpuMpoAy B3aMMOLENCTBUS PE3KO OTNIMYaIMCb OT HbIOTOHOBCKOW KOHUEMNLUU
TArOTEHUS, TAE NPUTSKEHNE CYUTANOChb CUION MPAMOro B3aMMOLENCTBUS MeXAy
pasgeneHHbIMM NPOCTPaHCTBOM Maccamu. B Teopum Makcsenna ABuxeHue
yacTuLbl, MOMELLEHHON B AAHHYID TOYKY MPOCTPaAHCTBA, ONMPEeAenssocb CUI0OBOM
XapakTePUCTUKON - HaAMPSXXEHHOCTbIO MOJIA B 3TOM TOYKe.

Teopusa anekTpoMarHMTHoOro nons MakcBenna o3HameHoBana coboi Havano
HOBOro atana B pu3nKe M ecTtecTBO3HaHUU. VIMEHHO Ha 3TOM 3Tane pas3BuUTUS
OU3NKM INEKTPOMArHUTHOE MOJIE CTalo PEasibHOCTbIO, MaTtepuasnbHbiIM HOCUTENEM
B3aMMoAencTema. Mmp nocteneHHO cTan NpeacTaBiAsaTbCs 3EKTPOANHAMUYECKON
CUCTEMOWN, MOCTPOEHHOMN U3 3NEeKTPUYECKM 3apPSXEeHHbIX YacTuly, B3aUMOLENCT-
BYIOLLMX MOCPEACTBOM 3J1IEKTPOMArHUTHOrO Mons.

AHanmanpys ceou ypaBHeHus, Makceenn npuwlen K BelIBOAY O TOM, YTO OOSIKHbI
CyLLEeCTBOBaTb Tak Ha3blBAEMbIE 3NEKTPOMAarHUTHbIE BOJIHbI, MPUYEM CKOPOCTb UX
pacnpocTpaHeHus OosxHa ObiTb paBHa ckopocTu ceeTa. OTcioga 6bin caoenad
COBEPLUEHHO HOBbIV BbIBOA: CBET €CTb Pa3HOBUAHOCTb 3J/IEKTPOMAarHUTHbLIX BOJIH.

[MpeanckasaHHble Teopmen MakcBenna 31eKTPOMarHUTHbIE BOJIHbI LENCTBU-
TenbHO Obin OTKPbITEl B 1888r. FeHpuxom lFepuem (1857-1894). OH cymen
OCYLLIECTBUTL nepenayy U npuemM 31eKTPOMarHUTHbIX BOJIH O4YeHb OOJbLLOK OJINHBI
- papuoBosiH. CerogHs Mbl UMeeM [eflo C LefibiM HabopOM 3/IEKTPOMArHUTHBIX
BOJIH, AJIMHA KOTOPbIX BapbUPYyeT OT 3HAYEHUM O4YEHb MasleHbKMX, MEHbLUE, YEeM
1/1000 000 000 000 m OO MHOruMx kunomeTpoB. Bce BMecTe OHM COCTaBASAOT
9/1IeKTPOMAarHUTHbIA cnekTp. 3TO M ramma-, U PeHTreHOBCKME Nyyu, ynbTpa-
buroneToBble U3Ny4YeHUd, BUAUMbIA CBeT, MHPpPaKpacHOEe, MUKPOBOJSIHOBOE U
pagnonanyydeHme. N3nydyeHns Bcex 3TUX BMOOB PACAPOCTPAHAIOTCA B BaKyymMe CO
CKOPOCTbIO CBeTa U UMEET OAHY U Ty Xe npupoay.

TpyoHo npencTtaBuTb kakylo-nmbo BOMHY 6e3 cpefbl, B KOTOPOI/ OHa morna
Obl pacnpocTpaHATbCsa. 3BYKOBbIEe BOJIHbI PacrnpoCTPaHAITCA B Pas3iMYHbIX
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MaTepuanbHbiX cpeax: BO3ayxe, BoAe, TBEpPAOM Tene. [NOBEPXHOCTHbIE BOJIHbI
OBUXYTCS MO NMOBEPXHOCTU BOAbl. B Kkakoi ke cpepe pacnpocTpaHsalTCs
3NEeKTPOMarHUTHbIE BOJIHbI?

Makceenn BO3poaun CTapyo Uaek O CylwecTsoBaHM adupa, 3anosiHaoLe-
ro NPOCTPaHCTBO, KOTOPbIA 1 A0MIKEH OblST CNYXUTb HOCUTENEM 3N1EKTPOMArHUTHbIX
BOJIH. Cuctema OTCYETa, CBA3aHHAas C HEMOABWXKHbIM 3(UpoM, paccMaTpuBanach
Kak abCONIOTHbIA KPUTEPUIA COCTOSIHUS MOKOSt U OTOXAECTBASNACL C abCOMOTHBLIM
NPOCTPAHCTBOM.

Bckope 6biiv NpeanpuHATbl NOMbITKU 9KCNEPUMEHTANIbHOrO onpeaesieHus
ckopocTn 3emMnun OTHOCUTENIbHO 3adupa, HO BCE OHW MPUBOAMAM K OTpuua-
TeNbHOMY pe3ynbTaTy. ddup oOHaAPYXmMTb He yaaBanocb. Hanbonee n3BECTHbI
9KCNEPUMEHTbI amepukaHckoro éusvka MavikenbcoHa (1852-1931). MNocTeneHHO
CT@HOBUIOCb SICHO, YTO HWUKaKOM 3KCMEPUMEHT HE B COCTOSIHUWU BbIIBUTbL dakT
OBVXXEHNS 3eMNn OTHOCUTENbHO 3adwupa.

‘\‘/:'\‘/_’ /\\

OneKkTpoMarHUTHas BOSHa

HenogswxHbin adpup ?

BosHukana ewe ogHa npobnema. Ecnm 3akoHbl MeXaHUKW BEPHbI BO BCEX
VHepuManbHbIX CUCTEMAx OTcyeTa, TO ANs anekTpoamHammkm Makceenna aTto
npaeuno kak 6yato He noaxoaut. Modemy?

2.9. CneumanbHasa Teopuss OTHOCUTEJIbBHOCTU DWHLUTENHA

B 1905 r. Anbb6epT diHwTeiH (1879-1955), cnyxawwmin LLeeliuapckoro
naTteHTHoro 6iopo B bepHe onybnukoBan paboTy, MOCBSALLEHHYK CMeunanbHON
TEOPUN OTHOCUTENbHOCTU, KOTOopas paspelnna npobsiemMbl 3NeKTPOANHAMUKM 1
aKkcnepumeHTa MalikenbCOHa M OKOHYATEeNbHO pas3pyLlunia HemnpoYHble OCHOBBbI
KNaCcCUYEeCKMX MOHATUIM NPOCTPAHCTBA M BPEMEHU. DTa TEOPUSt OCHOBbLIBANIACh HA ABYX
nocTtynarax.

[MepBbIi NOCTYNaT - NPUHLUMMN OTHOCUTENBHOCTU: BCE MHEPUUANIbHBIE CUCTEMbI
oTcyeTa 3KBMBAJNIEHTHbI OPYr APYry B OTHOLIEHUM MOCTAHOBKWU B HUX NOObIX
dU3NYECKUX IKCMEPUMEHTOB.

BTopoii noctynart Teopun HLWITENHA - CKOPOCTb CBETA ABSIETCA NMOCTOSHHOMN
BO BCEX MHEpLMaNbHbIX CUCTEMAX OTCYETA.

[MepBbI NOCTyNatT O3HA4YaeT, 4TO PaBHOMEPHOE N MNPAMOJIMHENHOE OBUXEHNE
Takol nabopaTtopHON CUCTEMbI HMKAK HEe OTpaxaeTcsl Ha pesysibTaTtax NMpOoBOAUMbIX
B Hell OMNbITOB, €C/M OHa He yckopsdeTca U He Bpawaetcsa. [puHumn
OTHOCUTENIbHOCTU YCTPaHUA pPas3nunymsa B MNPOSBIEHUM 3aKOHOB MEXaHWUKU U
3N1EKTPOAMHAMUKN NPU NEPEXOAE B APYrne nHepumanbHble CUCTEMbI OTCYeTa n
OTOPOCKUN KaK HEHYXHYIO MAew O HENoABUXHOM 3dupPe HbIOTOHOBCKONO
abconoTHOro npocTtpaHcTea. MyHAaMeHT, Ha KoTopom 6Gonee OBYX CTONETUNA
“nokounock” 3paHne GuU3nkn, Obll CHECEH OOHMM YOApPOM.
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BTopoi nocTynaTt o3HayaeT, YTO CKOPOCTb CBETA B BakyymMe He 3aBUCUT OT
OBUXEHUST UCTOYHMKA M MPUEMHMKA, OHa OJMHAKOBA BO BCEX HarnpaBieHUsX WU paBHa
300 TbIC. kM/C. Kasanock 6bl 3TO MPOTMBOPEYNT 34PABOMY CMbICHY. JeACTBUTENBHO,
€ecnn KocMuyeckuii kopabnb NpubnnxaeTcs K KakoMy-nmbo MCTOYHUKY CBETa CO
ckopocTbio 100 Thic. KM/C, U eCnn CBET OT 3TOro UCTOYHMKA pacnpocTpaHsaeTcs
co ckopocTbto 300 ThbIC. KM/C, TO TyT 34paBblii CMbIC/T NOACKA3bIBAET HaM, 4TO
OTHOCUTEJNIbHAs CKOPOCTb KOCMUYECKOro kopabns u ceBeTa, M3MepPeHHas 3KUMNaxeM,
nomkHa 6biTb pasHa 400 Teic. kM/c. OgHako, cneyyanbHas TEOPUs OTHOCUTENIbHOCTU
YyTBEPXAAET, YTO B 3TOM Ciyyae Habnogatenb ONpeaennT CKOPOCTb MPUXOASLLErO
K Hemy cBeTa no-npexHemy paBHoi 300 Tbic. Km/c!

XoTH BbIBOAbLI TAKOro poAa MOryT nokasaTtbcs abCcypaHbIMU, OHU MONIHOCTLIO
cornacytoTcs ¢ pesyfnbtataMmu onbiTa MankenbCoHa 1 Heygayen BCex OCTasbHbIX
9KCNEePUMEHTOB, MPU3BAHHbIX MPOAEMOHCTPUPOBATbL BIUSHME OTHOCUTENBHOIO
OBUXEHUS MUCTOYHMKA U Habnwpatens Ha U3MEPEHHYID BENUYUHY CKOPOCTU
cBeTa.

BceneHHasa ycTpoeHa Tak, 4To BCe Habnwpgatenn OOMKHbI NONYy4YUTb B
pes3ynbTaTte CBOMX WU3MEPEeHWi i ofgHYy U Ty Xe CKOpOoCTb cBeTa. lepen nuuUoOM He
noanexaux HUKakKOMYy COMHEHMUIO Pe3yNbTaToB, MOJIYYEHHbLIX B pe3ynbTaTe
MHOXECTBA CaMbIX TOYHbIX 1 CIIOXHENLINX SKCNEPUMEHTOB, HAM HE OCTAETCsl HUYEro
Opyroro, kak Npu3HaTb UCTUHHLIM BbIBOJ, O MOCTOSIHCTBE CKOPOCTM CBeTa, XOTS OH
1 NPOTUBOPEYUT TOMY OFPAHMYEHHOMY OMbITY HALIMX 3HAHUIM, KOTOPbIA MMEHYETCH
“30paBbiM CMbICIOM”.

BbiBOAbI M3 MOJSIOXKEHUW cneunasibHOW TeOpUM OTHOCUTESIbHOCTU:

1. CokpawieHme anuHbl. Kak oTMe4dan paHee oaviH n3 KpynHenwmx Grusnkos-
TeopeTunkoB JlopeHu (1853-1928), asuxeHue nwobdoro obbekTa BAUAET Ha
U3MEPEHHYIO BENNYMHY €ro AfuHbl. Ecnn kocmuyecknii kopabnb NPOHOCUTCS C
60NbWON CKOPOCTbIO MMMO HaxoAslWerocsds B HENnoaBMXHOM COCTOSHUU
Habnopgartensa, To aToMy HabnwopgaTtento onvHa kopabng NMokaXeTcs Kopouye
DEeliCTBUTENbHO Ha BENINYMHY, 3aBUCSLLYI0 OT CKOpPOCTU kopabnsd. Yem 6Gnuxe
CKOPOCTb Kopabns K CKopocTu cBeTa, TeM 6osiee 3aMeTHbIM CTaHOBUTCH 9TOT
addekT, n ecnn 6bl KOpabnb MOr ABUraTbCs TOYHO CO CKOPOCTbIO CBeTa, ero
HabnogaemMas AnvHa okasanacb Obl paBHOWM HyJtO.

2. BameaneHue BpemMeHU. B OGbICTPO ABUXYLLEMCSA KOCMUYECKOM kopabne
BPEMS TeYeT Me[JieHHee, YeM B nlabopaTtopum HemnoasuXHOro HabnwaeHus. Ecnu
Obl HabnoaaTeNb, HaxoAsaWMNCs Ha 3emne, MOr cneguTb 3a YacaMu B neTauein Ha
60NbLLOW CKOPOCTU pakeTe, TO OH npuwen Obl K BbIBOAY, YTO OHWU UAYT MeOJieHHee
ero cobcTBeHHbIX. Ecnv 6bl pakeTy MOXHO OblIo pa3orHaTb 40 CKOPOCTM CBeTa, TO
ana “nokosiwierocs” Habnogatens BpeMs BHYTPM Hee OCTaHOBMJIOCH Obl.

ObdekT 3amensieHns BpeMeHn Ha BOpPTy pakeTbl kacaeTcs OykBaslbHO BCErO,
BKJIlOYAsi MPOLLECChl 1 Aaxe Guonornyeckne puUtMbl akunaxa. pyrummn crnoBamu, C
TOYKM 3PEHUsA 3eMHOro HabnogaTens 4YaeHbl KOCMUYECKOro kopabna craperoT
MeaJieHHee, YeM UX KOoCMu4Yeckme ABOWHUKM. Ecnn oguH n3 gByx GN3HEL0B
COBEPLUNT ONUTENbHOE KOCMUYECKOe MyTellecTBMEe CO CKOPOCTbi, BNN3KON K
CKOPOCTM CBETA, TO MO BO3BPALLEHUN HA 3eM/i0 OH 0OHAPYXWUT, YTO OCTaBLUMIACS
[omMa ero 6pat cTan ropasao cTaplle ero caMmoro (napagokc 6amsHeuoB). dbdekT
3aMeqIeHs BPEMEHU MOATBEPXAEH MHOIMMU 3KCMEPUMEHTaMU C KOCMUYECKUMU
siyyamu.

3. YBenunuyeHue macchl. biTasgcb cornacoBatb CO CMeUVanbHOW Teopuen
OTHOCUTENIbHOCTM BTOPOI 3akoH HbloTOHaA, DUHWTENH 0OHapyXun ewe oOHO
cnepncTBMe CBOEM Teopuu: Macca Tesna 3aBMCUT OT CKOPOCTM ero ABuxeHus. Macca
OBUXYLLLErocs Tena, C TOYKM 3PEHUS HEMOABMXHOro Habniogatens, oka3biBaeTcs
6osibllie Macchl MOKOst TOro Xe Tena. Yem 6amxe CKopoCTb Tena K CKOpOCTW CBeTa,
Tem 6osblle CTAaHOBUTCS €ro Macca, 1 ecnm Obl TeNI0 MOT10 ABMraTbCs CO CKOPOCTbIO
cBeTa, TO ero mMacca Bo3pocna 6bl go 6eckoHeyHocTu. OTcloga cnegyeT, YTO
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HMKAKOE TENO C OT/IMYHOWM OT HyNd MAaCCOW Henb3s pPa3orHaTb OO CKOPOCTU CBETa,
Tak kak gns aToro Tpebyetca GeckoHeyHast aHeprus.

B ToMm xe 1905r. 6bina onybnukoBaHa HebonbLuaa 3ameTka DWHLITENHA, rae
aBTOp HAXOOMUT CBA3b MeXAy Maccon m aHeprumein. “Macca Tena ecTb mepa
coaepxallenca B HeM aHeprum”, - 3akiovaeT OUHLWITENH. Tak, B Hayke MOsIBUIOCH
3HAMEHUTOE COOTHOLLEHNE

E = mc?

roe E - nonHasa sHepruga tena, m - ero mMacca rnokos, ¢ - CKOpoCTb CBeTa.

KnioyeBoli MOMEHT crneuuanbHON TEeOPUM OTHOCUTENIBHOCTU COCTOUT B TOM,
4YTO HUKakyl MHPOPMaLMIO HENb3s nepenaTb ObICTPEE CKOPOCTU CBETA, UHAYe
Obln 6bl HapyweH (yHAaMeHTaslbHbliA 3aKOH NMPUYMHHOCTMU: NMpUYKHA Bcerpa
npenwecTByeT cneacTeunto. Bo BceneHHoM Toraa Hapylmnach 6bl Iormyeckasi CBs3b
COObITUIN: OHM CcTanu Gbl abCOJMIIOTHO ClyYalHbIMW U HenpeackadyembiMu. [o-
BUAMMOMY, AN HAC COBCEM He MJ0X0, YTO MHMOPMaLUSA He PacnpOCTPaHaeTCs
ObicTpee ceeTa!

Mbl 3Haem, 4TO OKpyXawwWuii HaC MUP UMeET TpU namepenHus. MNpuHumas
TOYKY 3peHus HbloToHa, Mbl nNpenctaBnseMm cebe Bpems Kak HE3aBUCUMO
CYLLECTBYIOLNI, HenpekpaLaloLWniics, pOBHO TekyLMii NoTok. Ho cneuwanbHas
Teopuss OTHOCUTEJIBHOCTU YTBEPXAAET, YTO BPEMS HENMb3sl pacCMaTpMBaTb Kak
HEeYTO OTAENbHO B3ATOE M HemaMmeHHoe. B 1907 r. Hemeuknin mMaTemMaTuk
MuHkoBckuii (1864-1909) Bbickadan NpennosioxeHne, YTo TPU NPOCTPAHCTBEHHbIE
1 0fHa BPEMEHHas Pa3MepPHOCTb TECHO CBsi3aHbl Mexay coboli. Bce cobbiTvsa BO
BceneHHoM OOMKHbI MPOUCXOANTb B YeTbipeXMEepPHOM MPOCTPaHCTBE-BPEMEHN.

OMHLWTENH ObICTPO OLLEHUT NPEeUMYLLLECTBO MPOCTPAHCTBEHHO-BPEMEHHOIO
onvcanus anasa cneumanbHOM Teopum OTHOCUTENbHOCTU. C Tex nMop 3aKOHbl MPUPOAbI
3anncbiBalOTCA B YETbIPEXMEPHOM BUAE.

WNTtak, Hawa BceneHHas, no-BuanMomy, 4YeTbipexmepHa. [poCcTpaHCTBO 1
BPEeMS Hesb3s paccMaTpmBaThb Kak He3aBUCUMble GU3NYECKNE CYLLHOCTHU - HanpoTuB,
OHW CaMbIM TeCHbIM 00pa3oM CBSA3aHbl Mexay COOOiA.

CneupanbHasa Teopusi OTHOCUTENBHOCTU MOUCTUHE MPOM3BENa PEBOIOLMIO B
Halem MOHMMaHWKM MPOCTPaHCTBA, BpeMeHU U BceneHHoN.

Ho 3T10 Obina He eAMHCTBEHHAs peBotoLns B duanke Hadana XX B. MNpumepHo
B TO Xe BPeMs B KOPHE WU3MEHWINCb NPEeAcTaBfeHUs O Npupoae U3Ny4eHus u
BelecTBa. OT0 ObIIO U BpeMS CTAHOBNIEHUS KBAHTOBOW TEOPUM UM KBAHTOBOWA
dn3unKn.

2.10. Co3paHne KBaHTOBOW MEXaHUKM.
KopnyckynsapHO-BOJIHOBOI Ayannusm

OcHoBaHHaga Ha ypaBHeHUsx MakcBenna kjlaccuyeckas TeEopUs U3NyvyeHus
HarpeTbix TeN NMPOTMBOpPEYnna peadynbTatamM 3KCNepMMeEHTOB. Bce nonbiTkm
006BACHUTL 3TO C MO3ULUUIA KIAcCUYeCcKon GU3NKN okasanmcb 6e3ycneLlHbIMu.

OTn npoTmBopeuuns paspewmnn Hemeukuii dndmk Make Mnank (1858-1947).
B 1901 r. oH BbiCKa3an NPeanonioXeHne, YTO JHEPrusa M3nyyvyaetcsa mManbiMu
nopumnaMM - KBaAHTaMM, NPUYEM SHEPrus Kaxaoro KBaHTa NponopLuoHanbHa
4acToTe UCNYCKAeEMOro uanyyeHus. CBa3biBalOWMA 3TN BENNYUHBI KOIDDULMEHT
NPOMNOPLMOHAaNbLHOCTM HblHE Ha3blBaeTCs NOCcTOAHHOW MnaHka. Tonbko nocne
3TOro yaanocb MOCTPOWUTb COMNAcCyloLWyCs C OMbITHbIMU OAHHBIMU TEOPUIO
M3Ny4eHunsl, koTopas ycTpaHwuia abCoNoTHO HernpuemMsieMyio rmnoTesy (M3BECTHYHO
Kak ynbTpaduonetoBasa KatacTtpoda), cornacHO KOTOPOM BCe Tena OOJIKHbI
n3nyyaTb B KOPOTKOBOJIHOBOM Auarna3oHe GEeCKOHEYHYID 3HEepruio.
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B 1911 r. OpHcT Pesepdoppm (1871-1937) npeanoxun mopesib CTPOEHUS
aToma, KOTOpPbIA paHee CuYUTancd Menbyvyaillen HeaennMmon YacTULEN.

KeaHTOBas Teopus BeLiecTBa U WU3JIy4EHUS MNoJlydymna NoOATBEPXIAEHNE B
3KCrnepuMeHTax, 06HapyXXMBLUNX, YTO NMpu 0BJy4EHUN TBEPAbIX TEN CBETOM U3 HUX
BbIOMBAIOTCA 9NEKTPOHbI. [1py 3TOM 0Ka3anoCb, 4TO SHEPrUs BbiNeTaloLWMX
9NEKTPOHOB 3aBMCUT OT 4YACTOTbl MafAIOLLEr0 CBETA, @ HE OT €ro MHTEHCMBHOCTW.
OWHLWITEMH 00bACHUA 3TOT Tak HasbiBaeMblii ¢poTo3ddeKkT Ha 0OCHOBE KBAHTOBOM
Teopuu, fokasas, YTO 3Hepruda, Heobxoaommasa ANg 0CBOOOXAEHUSA 9NEeKTPOHa
3aBMCUT OT 4aCTOTbl CBETa (CBETOBOrO KBAHTA), MOrAOLAEMOrO BELLECTBOM.

Bbino pgokasaHo, 4TO CBET MOXET BecTu cebs M Kak 4yacTuua, U Kak BOJHa,
T.e. obnagaetr myanuamom. OOHMM M3 [00KA3aTeNbCTB 3TOr0 CBOWCTBA CBETA
asnseTca uHtepdepeHuusa. NHtepdepeHums ceeTta - 9T0 GU3NYECKOE SBMEHUE,
npu KOTOPOM [iBa Jly4a CBeTa HakfaablBaloTcs Apyr Ha apyra. lNMpn aTom Ha akpaHe
BO3HMKAET KapTMHA YepenylLlmnxcs TEMHbIX U CBETAbIX nosoc. VHTepdepeHum-
OHHYIO KapTUHY MOXHO paccymMTbiBaTb Ha OCHOBE Kak BOJSIHOBbLIX CBOWCTB CBETA,
Tak 1 paccmaTpuBasl CBeT Kak POTOHbI, T.e. KaK 4acTuubl. 13 KBAHTOBOro onmncaHus
cnepyeT, YTO B OOHWUX 4HacTaX 3KpaHa (COOTBETCTBYIOWMX CBETAbIM MOA0CaM)
BEPOSATHOCTb HANTU GOTOHbI BONbLUE, @ B APYr1X YACTAX (TEMHbIE MOJSIOCHI) - MEHbLUE.

OCHOBHaa mnaoesa KBaHTOBOW MEXaHWKW COCTOUT B TOM, YTO B MUKpPOMUpPE
onpenensuoWmMmM ABNAETCA NpencTaBleHne O BEPOATHOCTUM coObITUiA. Ha
MUKPOCKOMMUYECKOM YPOBHE, (T.€. KOraa peyb MaeT 0 GpOTOHAX UM SNEMEHTAPHbIX
yacTuuax BeLLeCTBA) Mbl HE MOXEM TOYHO Mpeackasatb Pe3ynbTaT KOHKPETHOro
aKCnepuMeHTa (Hanpumep, ykasaTb Ha 9KpaHe TOYKy, B KOTOPYK AOJKEH Monactb
¢GOTOH). Bce 4TO Mbl MOXeM cpenatb, - 3TO JIMWb paccyYnuTaTtb BEPOATHOCTb
pas3nnyHbIX UCXOAOB OMbiTa. M TONbKO MpWU HanM4YMn o4eHb GOJNbLLIOro KONM4ecTBa
YacTUL, HaLLIM NPEACcKa3aHMsa xoaa akcnepruMmeHTa ob6peTaoT He0OX0AUMYIO TOYHOCTb.
OTa o4eHb rnybokas MbiCnb NpeanonaraeT NPUHLUNNANIBHYIO OFrPaHNYEHHOCTb HaLLWX
BO3MOXHOCTEN npefckasbiBaTb Pas3BUTUE COOLITUNA.

AcHoCcTb B 9Ty creumdunyeckyio ocobeHHOCTb KBaHTOBOM Teopum B 1927 1.
BHEC Hemeukuii ¢usnk Feisenbepr (1901-1976), aBTOp 3HAMEHUTOrO MPUHUMUNA
HeonpepeneHHocTu. CornacHo 3TOMY MPUHUMMAY, HEBO3MOXHO OOHOBPEMEHHO
OCYLLECTBUTb TOYHOE M3MEepEeHMe ABYX OOMOSHAWMX APYr Apyra XxapakTepucTuk
yacTuy, Hanpumep, ee CKOpPocTu u koopauHaTbl. MpuHuun FeilseHOepra
dyHoameHTaneH 1 o4eHb BaxeH. MeseHGepr HarngaHO OObSACHSN CBOW MPUHLUMN
Ha NpuMepe rMnoTeTUYeckoro Mmkpockona. Ecnm 6bl Mbl 3axoTenn ycTaHOBUTb
KOOPAMUHATY 3JIEKTPOHA, TOYHOE 3HAYEHME MMMYNbCa KOTOPOro YXe WU3BECTHO,
TO A5 TOro, 4To6bl YBUAETHL 3NEKTPOH U ONPELAENUTL Er0 MNOMOXEHNE, HAM MPULLIOCH
Obl OCBETUTbL €ro, T.e. HanMpaBUTb Ha Hero nNy4yok GoToHOB. OaHako OOTOHHI,
CTaNKMBAsICb C 3NEKTPOHOM, NMepeaanyT eMy 4acTb CBOEN SHEprum n TeM CambiM
N3MEHST €ro UMMyNbC Ha HEOMNPEAENEHHYIO BENNYNHY. Takum 06pa3om Mbl U3MEPUM
TOYHYIO KOOPAMHATY 4YacCTULbl, HO €€ VMMYbC OKAXETCH HeOonpeaeneHHbIM.

B panbHenwem Obl1 AOCTUIHYT CYLLECTBEHHbIN NPOrpecc B NOHUMaHUU
npupoabl HacTul, U LWMPOKOM MPUIOXEHUN KBAHTOBOW TEOPUU K Pa3UYHbIM
obnactam ounaunkn. B pesynbtate cuHTE3a KBAHTOBOW TEOPUN 1 CrieuuasnibHOM Teopum
OTHOCUTENIbHOCTM BO3HMK/IAa KBAHTOBAas 3JIeKTPOAMHAMMKA - TEOpUs dfieKTpomar-
HUTHbIX B3aUMOOENCTBUI, KOTOpas paccMaTpuBaeT NpoLecC B3aMMOAEeNCTBUSA
3apSKEHHBIX YacTuL, kak 0O6MeH dpoToHamu.

CospaHne cneuvanbHON TeOpUM OTHOCUTENIbHOCTU U KBAHTOBOW Teopuu -
9TO [Ba PEBOJIIOLMOHHbBIX NMepeBopoTa B ¢dmnamke Havana XX B., KOTOPbIE B KOPHE
M3MEHUNM Hawm npencTaBieHns O NPOCTPAHCTBE, BPEMEHU, U3NYYEHUU U
BellecTBe.
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2.11. Teopus rpaBMTAUWOHHOIrO NoJs JWHLITENHA.
OOuwas Teopuss OTHOCUTEJSIbBHOCTU

B 1916 r. DiAHwTElH ony6nMKkoBas CBOKO OOLLYID TEOPUID OTHOCUTESIb-
HOCTM, COBEpPLUMB €lle OOUH NepeBOpOT B PUIMYECKUX MPencTaBIeHUsX Ha CeW
pa3 0 NpupoAe rpaBUTALMOHHOIO B3aMmopencTeus. “@yHoamMeHT” aToi Teopumn
Obin “3anoxeH” B 1907 r., korga diHWTENH chopmMynmpoBans MNPUHLUN
SKBUBAJIEHTHOCTU. [MOSICHMM CYLLHOCTb 3TOr0 MPUHLMMA.

TepmuH “macca”, OTHOCALLMNCS KO BTOPOMY 3aKOHY HblOTOHA, MMEET CMbICH
WHEPTHOM MaccChbl - Mepbl COMNPOTUBIEHMS Tena MoboMy U3MEHEHUIO COCTOSHUS
ero gBumxeHusa. Ho noHatme “macca” B HblOTOHOBCKOM 3aKOHE BCEMWPHOrO
TArOTEHUS MMEET APYror CMbICA - 3TO TAroTEloWas mMacca UM rpaBuTaLMOHHada
macca. Ewe lNanunen yreepxngan, 4To B rpaBMTaLMOHHOM NoOJjie BCe Tena,
He3aBNCUMO OT MX Macchbl, NpMobpeTaloT 0AMHaKoBble yckopeHus. OTciofa BbITeEKAET
PaBEHCTBO MHEPTHOM U rpaBUTALMOHHOM mMacc. CaM ¢akT Mx paBeHCTBa U TO, 4TO
BCE Tena nagaloT B rpaBUTALMOHHOM MONie C OAVMHAKOBLIM YCKOPEHMEM, Ha3blBAKOT
nHorga cnabbiM MPUHLMNOM 3KBMBANIEHTHOCTU.

YkazaHHOe CBOWCTBO rpaBUTALIMOHHBLIX MOME faeT BO3MOXHOCTb YCTAaHOBUTb
CYLWECTBEHHYIO aHaNoOrnio Mexay ABUXEeHWEeM Ten B rpaBuMTaLMOHHOM MOJie U
OBUXEHUEM TeN, He HaxoAAWMUXCs B KakOM-Nnbo BHELWHEM Mone, HOo
paccMaTpuBaeMbIX C TOYKM 3PEHUS HEMHEepLUaNibHOW CUCTEeMbl OTcueTa.
CBoiicTBa OBUXEHUS B HEMHEPLMANIbHOW CUCTEME OTCYeTa Takme Xe, Kak U B
VHEpUManbHON CUCTEME MPU HaNMUYUU FPABUTALMOHHOrO nonsa. OBuxeHue B
HevHepumnanbHOM CUCTEME OTCYETA SKBMBANEHTHO HEKOTOPOMY rpaBUTALUMOHHOMY
nonio. 3To 06CTOATENLCTBO HA3bIBAIOT MPUHLUMNOM 3KBUBAJIEHTHOCTU. Tak, ecnu
Bbl HAXOOWTECb B 3aKkpbITOlM kabuHe nudTa (Npumep diiHWTElHA), TO Bbl HE B
COCTOSIHUWN OTANYUTb BAUSIHUE TArOTEHUS OT 9D@PEKTOB YCKOPEHHOro ABUXKEHUS.
B Takoi 3akpbiTOM KabuHe HEeBO3MOXHbl HUKaKuMe 3KCNEePUMEHTbI, KOTOpble
no3BoMAnN 6bl BaM OT/IMYUTL SIBNIEHUS, CBA3a@HHbIE C TArOTEHWEM, OT SBIEHWUN,
XapaKTepHbIX A4S YCKOPEHHOro ABMXEHUS. BHYTpM HeOONbLIOM 3aMKHYTOM KabuHbI
addeKT rpaBuTaLMM U YCKOPEHHOrO OBUMXKEHUS HEPa3NnNYUMbI.

OpgHO 13 cnepcTBUM NMPUHLMNA 3KBUBAJIEHTHOCTU - OTK/IOHEHME fy4ven
cBeTa (POTOHOB) BONM3U TArOTEOLWMX MaCC, a CBET, MCNYyCKaeMbll TAroTeloLen
MaccoMl, AOJIXKEH UCMbITbIBATb KPAcHOE cMelleHne. 3To Oblno NOATBEPXAEHO
3KCNepuMeHTasNbHO.

Opyryum kno4yeBbiM MOMEHTOM B 00OLLEN TEOPUU OTHOCUTENIbLHOCTU OblNo
MOHATUE KPUBU3HbI MPOCTPaAHCTBa-BPeMEeHU. OMHLITENH NPeanosioxXui, 4To B
NMPUCYTCTBUM MACCUBHbLIX TEN OOJIKHO UCKPUBNATLCA BCE MPOCTPAHCTBO-BPEMS,
(a He TONMbKO MPOCTPAHCTBO) M YTO JIyYn CBETA M YacTuubl OyayT ABUraTbCcs B
NPOCTPaAHCTBE BPEMEHM CaMbiM KOPOTKMM MyTEM - MO reoAe3udYecKUM JINHUSIM.
(Feonesnyeckas nuHUA Ha coepe - 3T0 ayra). VIHbimMn cnosamu, TAroTEHUE eCTb
CneacTBME TEOMETPUYECKUX CBOWCTB MPOCTPAHCTBA-BPEMEHM BOAN3M MACCUBHbIX
Ten. Yem maccuBHee Te0 U Bbille ero MA0THOCTb, TeM 6O0Jblle OHO UCKPUBSET
OoKpyXalol,ee ero npocTpaHCTBO-BPEMS, U TeM OONbLIYID CUIY NPUTSXEHUS
MCMbITbIBAOT COCeaHMe Tena.

A.Yunep, aMepukaHCKnin GU3NK-TEOPETUK Aan METKYIO XapakTepucTuky obLier
TEOPUN OTHOCUTENbHOCTKU: “BewecTtBOo roBOPUT MPOCTPAHCTBY, Kak TOMY
VCKPUBNATLCS, @ NMPOCTPAHCTBO FOBOPUT BELLECTBY, kak TOMYy OBUraTbCa”.

O6Lwaa Teopuss OTHOCUTENIBHOCTN B KOPHE M3MEHWUNA HalUW NpeacTaBneHns o
npocCTpaHCcTBe, BpemMeHu, 0 BceneHHoi. OHa npuBena K 0Tkasy OT Kakoro Obl TO HU
Obi0 UueHTpuM3ma Boobwe. MeTaranakTuka - Unau Bc Hawa Habnwpaemas
acTpoHoMuyeckasi BceneHHas kak eanHoe Lenoe - ctana onucbiBaTbCst OOHOPOAHOMN
M M30TPOMHOM 6e3rpaHNYHON PENITUBUCTKON KOCMOJIONMYECKON MOLENbIO.
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2.12. Kocmunuyeckmne mopesnuv BCEJIEHHOMN.
TpeTbs ecTeCcTBEHHO-Hay4YHasa peBoJilouus

MNepBas penaTnBucTcKas KocMorsormyeckasa moaens (Moaens BecenerHoi) Obina
npeanoxeHa cammm AHWTeNHOM. 3To Oblna cTaunmoHapHas KoHeuHas chepudeckas
3aMKHYTas MOAesb. 3aTEM POCCUNCKNIA PuU3nK, reodusmnk n KocMosor AnekcaHap
AnekcanpgpoBuy ®Ppupgman (1888-1925) B 1922 r. Hawen pap peweHunin ons
pacwmpsaowmxca BceneHHbix, 3anofiHEHHbIX BEWECTBOM. Tpu moaenu BceneHHon
®puamaHa 1 NOHbIHE Cly>XaT OCHOBOW AN CaMblX COBPEMEHHbIX KOCMMUYECKNX
noctpoeHuii. dpuamaH coenan gBa O4eHb MPOCThIX MPEANOJSIOXKEHUSA: BO-NepPBbIX,
BceneHHasi BbIrNaauT oOMHAKOBO, B KakoM Obl HanpasneHUn Mbl ee He Habnoganm
(n3oTponHocTb BceneHHoOM), N BO-BTOPbIX, 3TO YTBEPXAEHME A0/KHO OCTaBaTbCS
cnpaBea/IMBbLIM U B TOM Cllydae, ecnun Obl Mbl NPOM3BOANAN HAOMIOAEHUS N3 KaKOro-
HMOyab Opyroro mecta (ogHOpogHOCTb BceneHHo#). DT ABa NpeanosioXeHus
COCTaBNSAIOT Tak Ha3blBaEMbI/i KOCMOJIOrM4eCcKuii NpuHLUMN. He npuberas HX K Kaknm
OpyruMm npeanonoxexHvsam, ®puamaH nokasan, 4To BceneHHas He posnxHa ObiTb
CTaTMYECKOMN.

MpennonoxeHne o6 oanmHakoBOCTU BceneHHOW BO BCEX HampaBlEeHUAX Ha
camMOM fene, KOHEYHO, HeBepHO. Kak Mbl 3Haem, gpyrne 3se3gbl B Hawlen anaktuke
06pa3zyloT YeTKO BbIOENSIOLLYIOCS CBETOBYIO MOJIOCY, KOTOpasi MPOXOAUT Yepes3 Bce
Heb60 - MneuHblii NyTb. HO ecnv roBopuTb O AasieKMX ranaktmkax, To UX YACIO BO
BCEX HanpaBlieHUsaX NpuMepHo oauHakoBo. CnepoBaTenbHO, BceneHHasn
OEeNCTBUTENBbHO “NMPUMEPHO” OAMHAKOBA BO BCEX HaAMpaBieHUsX npu HabnogeHun
B MacLiTabe, 60/bLLEM MO CPABHEHMIO C PACCTOSTHUEM MexXay ranaktukamu. Jonroe
BpeMs 370 OblNI0 €ANHCTBEHHBIM 060CHOBaHMEM rmnoTe3bl PpuamanHa kak “rpyboro”
npubnMxeHns K peanbHolii BceneHHoi. HO NMOTOM BbISCHUIOCH, YTO aCTPOHOMMU-
yeckme HabnwoaeHus, caenaHHble B XX B., COracylTcss ¢ KOCMOJIOrMYECKUMU
Momenamu dpuamaHa U CBUOETENLCTBYIOT O TOM, 4YTO BceneHHas paclmpsietcs
N3 HayaslbHOli CUHTYNSAPHOCTU (T.e. M3 O4YEeHb Masoro obbema, rge NIoTHOCTb
Matepun GeckoHeyHa).

OMHLWTENH CHayana BbiCKa3biBal COMHEHUS OTHOCUTENIbHO TEOPETUYECKOM
060CHOBAHHOCTMN KOCMOJIOrnyecknx mopeneir @puagmaHa, HoO BCKOpE MpuaHan
HEeO0O6OCHOBAHHOCTb CBOUX COMHEHWIA.

C Opyroit CTOPOHbI, amepuKaHCckuii actTpoHoMm Xabo6n (1889-1953) B 1929 r.,
conocTaBnasa Habnwgaemoe cucTemMaTuyeckoe [0njepoBckoe “rnokpacHeHue”
[anekux ranaktuK no Mepe mx yaaneHust OT Hac, YCTAHOBWJ/, YTO 9TU ranakTuKu
pPaBHOMEPHO yOangalTcs OT Hawen Manaktuku n gpyr oT gpyra, T.e. BCS Hawa
MeTaranaktuka cucteMaTMyecku pPaBHOMEPHO pacwupseTcd. HanomMHum, 4to
adpdekT Aonnepa - 9TO yBeJMYEHME OJINHBLI BOJIHbI CBETA MPW OBUXEHUUN
MCTOYHMKA 3TOro ceeTa M HabnopgaTens Apyr OTHOCUTENbLHO Apyra.

BbiicHMIOCb, 4TO Hawy, B 0OLEM AOCTATOYHO OOHOPOAHYK U U30TPOTHYIO
MeTaranakTtunky, KoTopasi pPaBHOMEPHO PaCLLUMPSETCS OENCTBUTENBHO MOXHO ONMUCHIBaTb
COOTBETCTBYIOLLEN PENaTUBUCTKON KOCMOJOrMYeckoi Moaenbio dpuamanHa.

O606uiasa cka3daHHOE, Mbl MOXeM YTBeEpPXOaTb, YTO TpeTbs rnobGanbHas
€CTeCTBEeHHO-Hay4yHas peBOoJIlouMs pagukanbHO npeobpasuna HayyHyl KapTuHy
Mupa, N3MEHUB aCTPOHOMMIO, KOCMOJIOMMIO U GU3NKY M O3HAYasna NoJiHblA 0TKa3 OT
BCSAKOrO LLEHTPM3Ma.

Ecnun kaxnayio n3d Tpex rnobasnbHbIX eCTECTBEHHO-HAYYHbIX PEBOJIIOLMNI HA3BaTb
NO MMEHU Y4YeHbIX, 3aBEPLUABLUMX 3TW PEBOMIOLMM, TO NOCNEAHNE OBE PEBOAIOLUN
MOXHO Ha3BaTb HbIOTOHOBCKOM W 3WHLUTENHOBCKOW.

Kak yctpoeHa BceneHHaa? Kak oHa “xuBeT” n pasBmBaetca? KoHeuyHa oHa
unn 6eckoHeyHa? BosHukna nv OHa Kakoe-TO BpeMs Hasag Wiu cyllecTBoBana
Bcerga? byner nu oHa CcyllecTBOBaTb BEYHO UKW KOrAa-HUOyOb HAaCcTynuT ee KoHeL?

BoT Te kfoyeBble BOMPOCHI, KOTOpPblE MPUAAIT KOCMOJIOMMN HeobblYaiHyio
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npuenekaTenbHoCTb. 10 cywecTBy 970 pyHOAMEHTallbHble BOMPOCHI €CTeCTBO3HA-
HUS.

HbloToH npenctaBnan BceneHHyio 6eCckOHeYHOW. Ero 3akOH BCEMUPHOro
TArOTEHUS CTOJIKHYJICS C HEMPEOLOIMMON TPYOHOCTbLIO, KOraa peyb 3awna o BeceneH-
HOW Kak 0 eguHoM Lenom. [eincteutensHo, ecnn 6bl 3Be3nHas BecenenHas obnapnana
KOHEYHbIMW pa3Mepamun B rpaBuUTaALMOHHOE B3aMMOLENCTBME (T.e. NPUTAXEHUE)
BoBneknacb Obl Kaxpaas YacTuua BellecTBa M BceneHwHas ckonancuposana Obl B
eauHylo Maccy. Ytobbl 9TO NpeononeTb, HbOTOH nocTynmpoBan, 4To BceneHHas
OeckoHeyHa, Tak Y4TO CWJbl TArOTEHUS B OAHHOM TOYKE B3aMMHO KOMMEHCUPYIOTCS
N HeT o0Llero LeHTpa, Ha KOTOPbIA Morno 6bl BCe NazaTb.

OTMEeTMM B 3TOW CBS3M OAMH OYEHb BaXHbI (pakT: HO4YHOEe HebO TeMHOoe.
Moyemy? BceneHHas He MOXeT NpencTaBfsaTb COO0OM KOHCTaHTHOEe pacrpeneneHne
3Be3[, GECKOHEYHbIX Mo BO3pacTy M pasmepam. [elicTBUTENbHO, ecnu 6bl 3TO
OblJIO He Tak, TO Kaxablii B3rnan Habnwogarens Bctpedan Obl 3Be3ay, HO HE6O-TO -
TemHoe! O6bACHeHMe 3TOro dakrta JIeXUT B KOCMOJNOrMYEeCKO Moaenu
pacwupsollenca BeceneHHon. Yem ganblie HaxoOuTCs ranaktuka, Tem ¢ 0onbLuei
CKOPOCTbIO OHa yaansieTcs OT Hac, U TeM OOJblUE KPACHOE CMELLEHME NINHUIA ee
cnekTpa. A KpacHOe CMelLeHue Wn3Ny4yeHus UCTOYHMKa ocnabngeT ero
MHTEHCUBHOCTb. Ha onpeneneHHoM pacCTodHUM KpacHoe CMelleHWe CTaHOBUTCH
Tak BE/MKO, YTO Mbl YXe He BUOUM cBeTa UCTOoYHMka. CornacHo 3akoHy Xab6na
(3aKOH pasberaHnsa ranakTuK) OMNPEefeNIeHHYI0 rpaHuLy MMEET MO KparHel mepe
Habnwpaemas 4YacTb BceneHHol, T.e. KpaCHOe CMELLEHME MOpoOXAaeT
KOCMOJIOrMYECKMIA “rOpn30HT”, 3a KOTOPLIM Hall B3rnsg NPOHUKHYTb YXXe HE MOXeT.
Tak kak cnep, oT 00BbEKTOB, JiIeXaLLUMX 32 KOCMOJIOMMYECKUM FOPU30HTOM, HE JOXOAUT
[0 Hac, TO HET HMKaKMX NPoBAeM MU C TEMHOTOM HOYHOro Heba.

Kakoii, kazanocb Obl, NPOCTON BOMPOC, a OTBET Ha Hero notpeboBasn Hawux
COBpPEMEHHbIX 3HaHUI 0 BceneHHom.

[MonblITaemMcs OTBETUTbL TakXke Ha BOMPOC: CYLLECTBYET NN LeHTp BceneHnHon?
Ha nepsbln B3rnag 3akoH Xab66na rnacut 0 TOM, YTO Mbl HAXOOAMMCSH B LEHTpe
pacwmpeHnss Mmpa, U BCe ranaktmku Bo BceneHHOW ypansaTcs OT Hac, T.e. Mbl
KaKk Obl HaxXO0AMMCS B LEHTpe mupa. Ho ecTb n gpyroii oTBET Ha 3TOT BOMPOC.
BceneHnHas OyneT BbIrSAWMTbL OAMHAKOBO BO BCEX HanpaBieHUsSX M B TOM Cry4ae,
€CNN CMOTPETh Ha Hee C KakoM-HMOyab Opyroi ranakTuky (rmnotesa 04HOPOAHOCTHU
BcenenHoii ®pugmana). B mogenn ®dpuamaHa Bce ranakTuku yoansioTcs Opyr oT
apyra. Ha camom pene ato cneacTteBue paclimpeHuss BceneHHOM kak eguHOoro
uenoro. [ng nogCHeHUa 3TOro BaXHOro MOMEHTa CpaBHUM Monesnb BceneHHom C
BO34YLLUHbIM LLApUKOM. HaHeceM Ha HagyTbIi WapuK TOYKK (ranakTukn) n éygem ero
npoaoikatb HaayBaTb. PaccTosHne mexay nobbiMy ABYMS TOYKAMU YBEMYUBAET-
CSl, HO HU OJHY M3 HUX HEeNb3s Ha3BaTb LLEHTPOM paclumpeHus. U ewe: yem 6onblue
paccTosiHMe Mexay To4dkamu, TeM ObICTpee OHWM yaansaiTcs Opyr OT gpyra. Mrak,
onaTb Mopdenb, @puamaHa noackasana HaMm OTBET Ha MOCTaBJIEHHbLI BOMPOC.

HecmoTpsa Ha ycnex 3TO MOOENW U Ha coOrjnacue ee npeackasaHuin ¢
HabnogeHaMn Xabbna, padota PpuamMaHa ocTaBanacb HEM3BECTHOW Ha 3anage,
n nuwb B 1935 r. amepukaHubl Pob6epTcoH 1 Yonkep npennoxunm CxogHble
MOJENM B CBS3M C OTKpbITMEM Xabbna.

CyulecTByloT Tpu pasHble mogenu Ppuamana, Ois KOTOPbIX BbIMOJHUM
KOCMOJIOrmyeckui npuHumn. B nepson moaenn BeceneHHas paclumpseTca MegieHHo
Ons TOoro, 4ytob6bl B CUSly FTPaBUTALMOHHOIO MPUTSXEHUS MeXAy Pas3fvyHbIMU
ranaktmkamu pacwmpeHune BceneHHOM 3aMennsanocb M B KOHLE KOHLOB
npekpawanock. lNocne atoro BceneHHas HauynmHaeT cxumartbea. B ocTanbHbIX
MOJENAX CXaTus He npoucxoauT. B mepeoit mogenu ®puamaHa npocTpaHCTBO
VCKPUBNSIETCS, 3aMblkasicb Ha cebs, Kak NMoBepxHOCTb 3emnu. [MoaToMy pasmepsl
ero KoHeyHbl. Bo BTOpO# Xe mopgenun, B KOTOpPoli BceneHHasa paclimpsaeTcs
OeCKOHEYHO, MPOCTPAHCTBO MCKPUBIIEHO MHA4Ye - Kak MOBEPXHOCTb Ceana, T.e. B
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9TOM cJlydyae npocTpaHcTBO 6eckoHedyHo. B Tpertbeit momenu ®pugmaHa
NPOCTPaAHCTBO MJIOCKOE WM 3HAYUT TOXE OGECKOHEYHOE.

Ho kakas n3 mopenein dpuamaHa noaxoauT Ansg Haweh BceneHHoOn?
MepecTtaHeT nu BceneHHas paclMpATbCA U HAYHET CXMMaTbCA WU Xe byneTt
pacwmpsaTbCsd Be4HO? YTOObl OTBETUTL HA 3TWM BOMPOCHI, HY>XXHO 3HAaTb HbIHELLHIOK
CKOPOCTb paclumpenna BceneHHoOM n ee cpenHiolo NAOTHOCTb.

Mmetowmecs gaHHble Ha CErOOHSWHNI AEHb FOBOPAT O TOM, 4TO BcenenHas,
BEPOSATHO, OyAeT paclumpaTbCsl Be4HO. Kak roBOpUT 3HAMEHUTbLI aHMNUIACKUIA PU3NK-
TeopeTuk CTuBEH XOKWUHr, eJMHCTBEHHOE B YEM MOXHO OblTb COBEPLUEHHO
YBEPEHHbBIM, Tak 3TO B TOM, 4TO €C/nn cxaTue BceneHHon BCe-Takm Npou3onaeT,
TO HUKaK He paHblle, YeM Yepe3 OeCHaTb TbiCAY MUIIMOHOB NeT, nbo no kparHen
Mepe CTOJIbKO BPEeMeHM OHa pacmpgaeTcs. Ho 39TO HE JOMKHO HaC CAULLKOM
TPEBOXUTb: K TOMY BPEMEHW, €CNN Mbl HE Nepecenumcs 3a npegesnbl ConHevyHom
CUCTEMbI, YENIOBEYECTBA OABHO YXe He OyaeT - OHO yracHeT BMecTe ¢ CoJHLUEM.

Bce BapuaHTbl Mogenu dpuamaHa MMeoT obLLee: B KaKO-TO MOMEHT BPEMEHMN
B MpoOWoOM (AecaTb-ABafLaTh MUIAMAPAOB NIEeT Hal3ad) pacCTOAHME MeXAay
COCEeHUMUN ranakTUkamm OONXKHO OblNO paBHATHCHA HylO. B 3TOT MOMEHT
(Ha3blBaeMbIi BonbwMM B3pbIBOM) MJIOTHOCTbL BCeneHHOM 1 KpMBM3HA NPOCTPaHC-
TBa-BPEMEHU O0JIKHbI OblN OblTb 6ECKOHEYHBIMU. [10CKONBKY MaTeEMATUKN HE YMEIOT
obpawatbcsi ¢ 6eCKOHeYHO BONbLUMMYK BENNYMHAMU, 3TO O3HA4YaeT, YTO, COrnacHoO
obLen Teopmn OTHOCUTENBHOCTU BO BceneHHor gomkHa ObiTb TOYKa, B KOTOPOU
camMa 3Ta Teopus HenpumeHuma. Takas Todyka Ha3biBaeTcs 0cobOW mnwn
CUHTYNAPHON. B 3TOI TOYKe HalLM TEOPUN HEBEPHBI N3-32 BECKOHEYHOM MIOTHOCTH
MaTepun 1 BECKOHEYHOIN KPUBU3HbLI NPOCTPaHCTBa-BpemMeHn. CnenoBartesibHO, ecnm
nepen bBonbwnM B3pPbIBOM M NMPOUCXOOUAN KaKMe-TO COObITUSA, MO HUM HENb3s
ObINO0 cnporHosmpoBaTb 6yayuee. CnenoBaTtefnibHO, Te COObITUSA, KOTOPbIE
npovcxoamnm Ao bonbloro B3pbiBa HYXXHO UCKNIOYUTb U3 MOLENN 1 CHUTATb HA4Yanom
oTCcYeTa BPEMEHM MOMEHT BonblIoro B3pbIBa.

WTtak, ecnu BepHa obwas Teopus OTHOCUTENBHOCTU, TO BceneHHas morna
WMETb CUHIYNSAPHYIO TOYKy, Bonblio B3pbiB. HO BOT cnenyet nu n3 obLuein Teopun
OTHOCUTENbHOCTU, 4YTO y BceneHHo OOonXHO ObiTb Havano BpemeHu? OTBET Ha
9TOT BOMpoc Obin nonydyeH B 1965 r. aHrnMinckMm mMateMaTtukoMm u GU3UKOM
Popxxepom lMeHpoy3om. [leHpoy3 nokasdasn, 4YTo Korga 3Be3fa CXMMaeTcs nopn
[encTeneM COBCTBEHHbIX CUJT rPaBUTaLLMK, OHa OrpaHNYMBaETCs 061acTbio, MOBEPX-
HOCTb KOTOPOW CXMMAETCS [0 HyJisl; TO Xe CaMO€e MPOUCXOAUT U C ee 0ObeMOM.
BO3HMKaeT CUHIrynapHOCTbL B 06/1aCTUM NPOCTPAHCTBA-BPEMEHN, OHA HA3bIBAETCS
YyepHoi Abipoi. CTMBeH XOKUHI 3aMETUI, 4TO ecnn B TeopeMe lNeHpoy3a N3MeHnTb
HanpaBfieHne BPeMEHN Ha obpaTHoe, TO a9Ta Teopema Toxe OyaeT BepHa.

B ntore XokuHry n MNeHpoy3y B 1970 r. yaanocb gokasaTb, YTO CUHIyNapHas
Toyka bonblioro B3pbiBa A0MXHA cywectBoBaTb. OgHako, B NociefHWe roabl, C
pasBUTMEM KBAHTOBOW TeOpUU rpaBuTauum, ObiIO MOKa3aHo, 4TO adpdekT
CUHTYNIIPHOCTU MOXET ucye3dHyTb. Celyac BeayTcs MHTEHCUBHbIE pPaboThbl B
ob6nacTn KBaHTOBOW rpaBuTauuu, HeOOXoAMMbIE O/ COeOMHEHUS eOMHOW Teopuu
BCEro npoucxogdauwero Bo BceneHHomn.

2.13. OnemMeHTapHblie 4YacTuubl U CUJiIbl B nNpupoge

ApucToTenb cuuTan BeLeCTBO HeMpepbiBHbIM, - T.e. oGO KyCcOK BellecTBa
MOXHO GECKOHEYHO APOOUTbL HA BCE MEHbLUNE U MEHbLLNE KYCOYKW, TaK U He Oonas
[0 TakoW KPOLLeYHOoM KPYynuHKK, KoTopas aanblue 6bl He genvnacek. OgHako, apyrue
apeBHerpeveckne éunocodsl, Hanpumep, JemMokpuT, NpuaepPXNBaIUCb MHEHUS,
4YTO MaTepus UMeeT 3ePHUCTYIO CTPYKTYPY U YTO BCE B MUPE COCTOUT 13 6OJbLIOrO
yucna pasHblx aToMoB. Npoxoamnn Beka, HO NpoaomKancs 6e3nokasaTesbHbl Crnop
KaKk C TOW, Tak U C APYror CTopoHbl. Crnop 3TOT AJMACSA A0 Havana Hallero Beka,
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noka aHrnunckuini epusmk Ixosedep TomcoH (1856-1940) He oTkpbin B 1897 r.
NPOCTENLLYIO 3fIEMEHTAPHYI0 YacTuLy maTepum - 3neKTPoH. Bckope ctano scHo,
YTO BNIEKTPOHbI OOMKHbI BblIETaTb M3 aToMOB. B 1911 r. aHrnuinckunii omnamk SpHCT
Pesepdopa, ookasan, 4TO aTOMbl BELLECTBa AeNCTBUTENbHO 00/1a4al0T BHYTPEHHEN
CTPYKTYPOW: OHW COCTOSAT U3 MOSIOXUTENIbHO 3apsKEeHHOro sapa U BpallaloLLmxcs
BOKPYF HEro 3/IEKTPOHOB.

CHavyana npepnonaranu, 470 94PO atoMa COCTOUT U3 3JIEKTPOHOB U
MONIOXKUTENBHO 3aPFXKEHHbIX HYAaCTUL,, KOTOPblE Ha3BaM NpoToHamu. OnHako, B 1932
r. xeimc YapgBuk oOHaAPYXWU, 4TO B A4pe €CTb elle M Apyrve 4acTuubl -
HEMTPOHbI, Macca KOTOPbIX MOYTW paBHa Macce NPOTOHA, HO KOTOPbIE He 3apsXeHbI.

Kak roBopunocb Bbille, YacTuubl MOryT cebsa BecTn, nogobHO BONHE
(kopnycKkynsipHO-BONHOBOW Ayanuam). OTKpbITME BOSIHOBOV MNPUPOAbLI 3NEKTPOHA
PaCKpbISIO HOBbIV, CBOEOOpPAa3HbIi MUP ABNEHUN. MN3suHaa Teopust anekTpoHa 6bina
npeanoxeHa solgalowmmca dusnkom-teopetukom M.Aupakom B 1928 r. Ota Teopus
haeT HaM BO3MOXHOCTb ONpeaenvTb, Korga a/1eKTPOH CXOAEH C YacTuLen, a Korga
- ¢ BonHOW. OpHa 13 nocbinok Teopuun upaka 06 snekTpoHe 3aksyanacb B TOM,
4YTO [OJIXKHA CYLLEeCTBOBATb a/ieMeHTapHas vyacTuua, obnagawolas Takumum Xe
CBOMCTBaMU, Kak WU 3NEKTPOH, HO C NOJIOXUTESNIbHbIM 3apsaoM. Takas vacTtuua (mam
aHTu4acTuua) 6bi1a obHapyXeHa 1 Ha3BaHa MO3UTPOHOM. 13 Teopun Jupaka Takke
cnefoBano, YTo NMO3UTPOH WM 3NEKTPOH, B3aMMOAENCTBYS Mexay coboli (peakuus
aHHUrunauum), obpasyet napy (POTOHOB, T.e. KBAHTOB 3JIEKTPOMArHUTHOro
nanyvyeHus. BoamoxeH 1 ob6paTHbI NpoLecc (NpoLecc poxaeHus), korga GOTOoH,
B3aMMOLENCTBYS C S4POM, MpeBpallaeTcs B napy 3JeKTPOH-NMO3UTPOH. Kpome
TOrO, 3NIEKTPOH M MO3UTPOH MOFYT BO3HMKATb U MUCHE3AaTb HE TOJIbKO COBMECTHO,
HO 1 MO OTAENBbHOCTU - NPU B3aMMHbIX MPEeBPaLLEHNIX HEUTPOHOB 1 MPOTOHOB MU
VX aHTU4YacTul, T.€. aHTUHEMTPOHOB 1 AHTUMPOTOHOB.

XapakTepHoe AN BOJIHOBOM MEXaHUKM (MexaHuka, KoTopas paccMaTpuBaeT
yacTuly Kak BOJIHY) BEPOSATHOCTHOE pacnpefefieHne paccmMaTpuBaeMblX HacTUL,
(KaXx[aor 4YacTvmue CcomnocTaBngeTcd BOJIHOBAA (YHKUMS, KBaapaT amMnanTyabl
KOTOPOW paBeH BEPOSATHOCTU OOHApPYXUTb 4acTuuy B onpefeneHHoOM obbeme)
OTHOCUTCHA HE TONIbKO K 3NMeKTPOHY. B cnyyae aTOMHbIX a4ep OHO NO3BONSET
COCTaBNSAIOWMM 3TU 94pa HYKJIOHaM (T.e. MPOTOHAaM N HEMTPOHaM) “npocaynsaTbcsa”
yepes HenpeoAoIUMbIA AN HUX MOTEHLMaNbHbll 6Gapbep HapyXxy - 3TO Tak
Ha3blBaeMbli KBAHTOBO-MEeXaHU4YeCKUin TYHHesNbHbin 3ddekT.

Ewe net gBapuatb NaTb TOMY Ha3ad MPOTOHbl U HENTPOHbLI CYUTANUCH
3/1IeMEeHTapHbIMU YacTULAMMU, HO SKCMEPUMEHTbl MO B3aMMOLENCTBUIO
OBUXYLLMXCS C 6ONbLUMMK CKOPOCTSIMWU NMPOTOHOB U 3NEKTPOHOB NMokasasu, Y4To Ha
camMOM ene NPOoTOHbI COCTONAT 13 ele bonee Menkux Yactuy,. Bnepeble nccnegosan
3TN YaCTuMLbl amepukaHcknii dusnk-teopeTtuk Fenn-ManH. OH Ha3Ban VX KBapKamMu.
HasBaHune “kBapk” B3ATO M3 CTUXOTBOPHOW CTpoku [xornca: “Tpu KBapka ans
MucTtepa Mapka!”.

LUECTb “APOMATOB” KBAPKOB

v M v A A v

u - d - CTpPaHHbIN O4YapoBaHHbIN b - t-

KBapK KBapK KBapK KBapK KBapK KBapK

hék bhE dbd dhd ddd hbe
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M3BECTHO HECKONbKO Pa3HOBMAHOCTEN KBAPKOB: nMpepnonarakpT, 4TO
CYLLLECTBYET MO KpPaMHen Mepe LWEeCTb apoMaToB, KOTOPbIM OTBEYaloT u - kBapk, d
- KBapK, CTPaHHbIN KBapK, 04apoBaHHbI KBapk, b - kBapk v t - kBapk. KBapk kaxaoro
apomMara MOXeT UMETb €eLle U OOUH U3 TPEX LBETOB - KPACHbIN, 3€/eHbI, CUHUNA).
9710 npocTo 0603HaYeHMe, T.K. pa3Mep KBapKOB 3HAYNTESNIbHO MEHbLLE AJINHbBI BOSHbI
BMOVMOrO CBETA M MO3TOMY LBeTa B OObIYHOM CMbICNE CNOBA Y HUX HET.

MTak, Mbl y3Hanu, 4TO HM aTOMbl, HW HaxXOASLMECH BHYTPM atoma MPOTOHbI C
HENTPOHAMN He SABNSIOTCS HeAEeMMbIMU, @ MOTOMY BO3HMKAET BOMpoc: “YTo xe
Takoe HaCTOsLME SNIEMEHTAPHbIE YaCTULLbI?

MockonbKy AJIMHbI CBETOBbLIX BOJIH 3HA4YMTENbHO OOnblLle pasmMepoB atoma, y
Hac HeT Hagexabl “yBMOeTb” COCTaBHble 4acTu aTomMa OObIYHbIM cnocobom. [Ans
3TOM LLEeNn HeoOXOOAMMbI 3HAYMTENIbHO MEHbLUME OJINHBI BOJH.

CornacHo KBaHTOBOW MeXaHMKe, BCE 4acTuubl SBAAIOTCA elle U BOJHaAMU U
YeM BbILLE 3HEPrUs YaCTULbl, TEM MEHbLIE COOTBETCTBYKOLWASA OJINHA BOJHbI.
CnepoBaTtenbHO, OTBET Ha MOCTaBMIEHHbI BOMPOC 3aBUCUT OT TOro, HACKOJIbKO
BbICOKA 3HEPrus 4acTuL, MMEIOLLMXCS B HALWIEM PacropsXXeHUn, NMoTOMYy 4HTO STOW
9Hepruern n onpenenunuTcs, HacKoNbko Manbl MacwTabbl TeX AJIMH, KOTOpblE Mbl
CMOXeM Habnooaatb.

Taknm o6pa3omM, pa3roHsas YacTuubl B YCKOPUTENSX (Hanpumep, B
CUHXPO®da30TPOHE) Mbl NOMYYMM 3HA4YUTENbHblIe 3Hepruu. Baaumopencreya ¢
OPYrvMN 4acTULL @MU, STU BbICOKO3HEPreTU4eCckme 4acTuupbl MO3BONSAT “3arnsHyTb
Brnybb” Tex 4acTul, KOTOpble CUMTAIOTCH dfieMeHTapHbiMU. Tak GU3uKKM y3Hanu,
YTO YaCTULbI, KOTOPbLIE NIET ABaALATb HAa3a, CUNTANIMCL SNIEMEHTAPHLIMU, HA CaMOM
[ene COCTOSAT U3 MEHbLUMX YacTuL,. A YTO ecniv Npu Nepexoe K eule 605nee BbICOKUM
9HEepPrnsam OKaxeTcs, YTO U 3TU MeHbLUME YacTuubl, B CBOIO Oo4epenb, COCTOAT 13
ewe MeHblnx? Korga ata uenoyka obopeetca? lMpaBoa yyeHble, paboTawolme B
obnactn Gpu3nKM 3NeMEHTaAPHbIX YacTuL,, CHMTAIOT, YTO Hayka yxXxe BNaAeeT Unu
noyTW BnageeT cBeaeHUAMN 00 MUCXOAHbIX “KMPnuYMKax”, U3 KOTOPbIX MOCTPOEHO
BCE B Mpupoae.

Tenepb NOroBOpMM O HEKOTOPbIX XapaKTEepUCTUKaX 3JIeMEeHTapHbIX
yactuy. OHM UMEIOT BpaLLaTEIbHYIO XapakTepUCTUKy - cnuH. MNpencrtasum cebe
YyacTuubl B BUAE MaNeHbKMX BOMYKOB, BPALLLAIOLLMXCS BOKPYr cBoelr ocu. OgHako,
Takas kapTuHa He COBCEM MpaBuJibHasa, MOTOMY YTO B KBAHTOBOW MEXaHMKe YacTuLbl
HE MMEeIOT BMOJIHE ONpeAEeNeHHOM OCKY BpalleHns. Ha camom gene CnmH-4acTuLbl
[aloT HaM CBeAEeHUs O TOM, KaK BbIFM9AUT 3Ta YyacTuua, eciim CMOTPETh Ha Hee C
pasHbiXx CTOPOH. Hanpumep, yactuua co cnuHoM O nmoxoxa Ha TO4Ky, T.K. OHa
BbIFISAMT CO BCEX CTOPOH OAWMHAKOBO. HYacTuuy co cnmHOM 1 MOXHO CpaBHUTb CO
CTPENON: C pa3HbiX CTOPOH OHa BbIMSAUT MO-PA3HOMY U MPUHUMAET MPEXHUN
BUA Nub nocne obopoTta Ha 360 °. YacTuuy CO CMMHOM 2 MOXHO CPaBHUTb CO
CTpenoi, 3aToyeHHON ¢ 06eunx CTOPOH: Noboe ee MoJIoXeHUe NOBTOPSETCH C
nonyo6opota (180°). Yactuubl ¢ 6onee BbLICOKMM CMNMHOM BO3BpallaloTCsa B
nepBoHa4yanbHOE COCTOSHME MPU MOBOPOTE HA €elle MEHbLIY 4acTb MOJSIHOIO
obopoTa.

OBPA3HbIE NPEACTABJIEHUA9 O CUMMETPUU
AJNIEMEHTAPHbIX YACTUL, C PASHbIMU CMTUHAMMU

$S=0 S=1 S$=2
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CyLLECTBYIOT HaCTULbl, KOTOPbIE MOCSE NOJIHOro 060POTa HE NMPUHUMALIOT MPEXHErO
BNAA: X HYXXHO ABaXAbl MOMHOCTbLIO NOBEPHYTL! Takme YyacTuubl UMetoT cnuH 1/2.

Bce na3BecTHble YacTulbl BO BceneHHoW MOXHO pasfenutb Ha Ose rpynnbl:
yacTuubl co cnnHOM 1/2, 13 KOTopbIX cocTouT noboe BewecTBo BO BceneHHom
(HENTPOHbLI, NPOTOHbI, NIerkMe YacTULbl - NeNTOHbI U TSHXKeJsble YacTULbl - FTMMEepPOoHbI)
M yactmubl co cnuHom 0, 1 1 2, KOTOopble CO3OAKT CUMbl, OEACTBYIOLLME MEXAy
yacTuuamMm BewtecTBa (POTOHbI M YaCcTULbl Nog OOLMM HasBaHMEM - ME30HbI).

YacTuubl BellecTBa NOOYMHSIOTCS NpuHUUNY 3anpeta Maynu, oTkpbiTOMy B
1925 r. aBcTpuinckum ¢unsmkom Bonbdpranrom Maynu. MNpuHuun Maynu rnacur,
4YTO [ABE OAMHAKOBble 4acCTuLbl HE MOryT CyLw,.ecTBOBaTb B OOHOM W TOM Xe
COCTOSIHUW, T.e. HE MOryT MMeTb KOOPAMHAaTbl M CKOPOCTWU, OOMHAKOBbLIE C TOW
TOYHOCTbIO, KOTOpasa 3agaeTcs NPUHUMNOM HeonpeneneHHocTn. Ecnm yacTtumubl
BELleCTBa MMEIT O4YeHb ONM3KME 3HAYEeHUs KOOpAMHAT, TO UX CKOPOCTU OOJNXKHbI
OblTb pPasHbIMW U, CNegoBaTeNlbHO, OHW HEe CMOryT AO0JIF0 HAaXOAUTbCH B TO4YKax C
3aTUMKN KoopauHaTamu. Ecnu 6bl B COTBOPEHUM MUPa HEe YYUTbIBANCA MPUHLMN
Maynu, kBapky He Mornm 6bl 0OBLEAMHUTLCA B €AUHbIe, YETKO OnpenefieHHble
YacTuLbl - HEMTPOHbI 1 MPOTOHbLI, a Te, B CBOIO o4yependb, He CcMornu 6bl BMEcTe C
aneKkTpoHamu obpasoBaTh OTAE/bHbIE, YETKO OnpeneneHHble atoMbl. bes npuHumna
Maynu BCce 3TK YacTuLbl CKOJancupoBan Obl U NpPeBpaTuInCb B bonee unn MmeHee
ogHopoaHoe “xene”.

B kBaHTOBOWM MexaHuke npegnonaraeTcs, 4TO BCE CW/bl MU B3aMMOLENCTBUA
MeXay YacTuLaMKM BELLECTBA MEPEHOCATCS YacTULaMu C LENOYUCIEHHBIM CMUHOM,
paBHbiM 0, 1, 2. 3To npoucxoanT cnepywowmm obpasom. Hactuua BellecTBa,
Hanpumep, 31EKTPOH MM KBapk, WUCMyCKaeT OPYryl 4YacTuuy, KoTopas sBAseTcs
NepeHoOCYMKOM B3aumMopencTeuga (Hanpumep, GoToH). B peadynbTate oThayn
CKOPOCTb YacTulbl BELLECTBA MeHseTCcs. 3aTeM 4JacTuua-nepeHocunk “Hanetaet”
Ha OPYrylo 4acTuly BeWeCcTBa M NOraowaeTcsa €. IT0 coygapeHne naMeHsaeT
CKOPOCTb BTOPOW 4acTuupl, Kak OyaTo Mexay 3TUMK ABYMS 4acTuLaMU BeLLecTBa
nencTeyeT cuna. YacTuubl-NnepeHOoOCYMKU, KOTOPbIMU 0OMEHMBATCA 4acTuLbl
BelleCTBa, Ha3blBAlOTCA BUPTYasibHbIMU, MOTOMY HTO B OT/M4ME OT “peasbHbIX”
MX HeNb3s HENOCPEACTBEHHO 3aperncTpuvpoBaTb NPW MOMOLLW AETEKTOpa YacTull.
OpHako OHM CYW,EeCTBYIOT, MOTOMY 4YTO OHM co3galoT addekTbl, nogaatolmecs
M3MEPEHMUIO.

YacTuubl-NnepeHOCYNKN MOXHO kKnaccuduumpoBaTb Ha 4YeTbipe Tuna B
3aBUCUMOCTU OT BENMNYUHbI NEPEHOCMMOro MMM B3auMOOENCTBMA U OT TOro, C
KakMMn 4acTvuamMm OHU B3auMOOEeNCTBOBaN.

1.MepBas pa3HOBMOHOCTb - rpaBUTaLMOHHas cuna. OTU CUNbl HOCAT
rpaBUTALMOHHBIN XapakTep. OTO O3Ha4aeT, 4YTO BCHKas YacTuua HaxoauTcs noj,
OENCTBMEM IrPaBUTALIMOHHOM CUJbl, BEIMYMHA KOTOPOW 3aBUCUT OT MacChbl N SHEPTUNU
YacTuubl. ATO o4eHb cnabas cuna, KOTopyl Mbl BOOOLLE He 3aMeTun Obl, ecnn Obl
He ABa ee cneumdunyecknx CBOWNCTBA: rpaBUTALMOHHbIE CUJbl OENCTBYIOT Ha
O0NbLUNX PACCTOSHUSAX W BCErga SIBASIOTCSH CUNaMu NPUTSXKEHUS.

B KBaHTO-MexaHM4YeCKOM MOAXOAe K rpaBUTALLMOHHOMY MO0 CHUTAETCS, YTO
rpaBMTaymoHHas cuna, gencrTeylowas mMexay OByMs YacTuuaMum mMaTepuu,
NMEepPEeHOCUTCH YacTULE Co CMNMHOM 2, KOTopasi Ha3biBaeTCH FPaBUTOHOM. [[PaBUTOH
He obnapaet COOCTBEHHOW MAacCOl M NMO3TOMY MEPEHOCMMAs UM cCuna saBNSGeTCs
panbHogencTeylowen. paButaumMoHHoe B3anmmopencteme mexgy ConHuem u
3emnen 0O6bACHAETCA TEM, YTO 4YaCTulbl, U3 KOTOPbIX cocTosaAT 3emnsa n ConHue,
oOMeHMBaloTCA rpaBuToHaMu. HecmoTps Ha TO, 4TO B 0OMEeHe y4acTBYIOT JMLb
BMPTyaJibHble YacTulbl, cO34aBaeMbli MU adpdekT 6e3ycnoBHO noanaeTcs
M3MEPEHNID, NOTOMY 4TO 3TOT 3addekT - BpauweHune 3emnm Bokpyr ConHua.
PeanbHble rpaBMTOHbI PAcnpPOCTPaHSAOTCA B BMOE BOJIH, HO OHW O4YeHb crnabble 1
MX Tak TPYOHO 3aperucTpupoBaTb, YTO MOKa 3TO HUKOMY He yaanocb CAenathb.

2. Cnepgywowmn atan B3aMMOAENCTBUSA CO30aETCH 3JIEKTPOMArHUTHbIMU
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cunamm, KOTopble OENCTBYIOT MEXAy 3NeKTPUYECKM 3apPSKEHHBbIMU YaCTULLAMU, HO
HE OTBeYaloT 3a B3aMMOAENCTBME TakMX HE3APSKEHHbLIX YaCTUL, Kak rpaBUTOHbI.
OnekTpoMarHUTHbIE B3aMMOLENCTBUSA ropa3fo CUJIbHEE FPaBUTALMOHHBIX:
ANIgKTPOMArHWTHas CUna, AEVCTBYIOWAn MEexXAy ABYMS 3NIEKTPOHaMK, MPUMEPHO B
10 pa3 6onble rpaBUTaALMOHHON CUMbl. B oTnnyve OoT rpaBUTALMOHHBLIX CUI,
KOTOpPbIE SABASAITCA CUNaMu NPUTSXEHUS, OAVMHAKOBbIE MO 3HAKy 3apaabl
OTTaNKNBAIOTCS, PA3HOMMEHHO 3apsXXEeHHble - npuTarneatoTcs. lNepeHocymkamm
9NEeKTPOMArHUTHOr0 B3auMOLENCTBUS ABNAIOTCSA POTOHbI.

3. BaanmopeinctBne TpeTbero Tuna HasbiBaeTcs cnabblM B3aMMoOmencT-
Buem. OHO OTBEYAET 32 PaAMOaKTMBHOCTb W CYLLLECTBYET MEXAy BCEMMU YacTuLaMU
BellecTBa CO CNMHOM 1/2, HO B HEM He y4acCTBYIOT YacTuubl co crnuHom 0, 1, 2 -
GOTOHbI U FPaBUTOHBDI.

B 1967 r. aHrnuiickuii pusmk-teopetnk Abayc Canam 1 amepukaHckunii pusmk
13 NapBapoa CtuBeH BaiiHOepr ogHOBPEMEHHO MPensioxXuan Teopuio, KoTopas
obbeauvHana cnaboe B3aMMOOeNCTBME C 9NIEKTPOMAarHUTHbIM. BaiHb6epr u Canam
BblCKa3anu NpeanosioXeHne O TOM, 4YTO B AOMOSHEHnEe K GOTOHY CYLLECTBYET eLle
TPW YacTULbl CO CANHOM 1, KOTOPbLIE BMECTE Ha3bIBAIOTCS TAXKEJIbIMUA BEKTOPHbIMU
0030HaAMU U1 F9BNAIOTCA NMepeHocUYMkaMu cnaboro B3aMmMoaeincTeusd. ST GO30HbI
Obln 0603HayYeHbl cumBonamn W*, W- n Z° Maccbhl 6030HOB NpeackasbiBanvchb
6onblWwKMK, 4TOObI CO30aBAEMbIE UMUK CUJIbl UMENUN OYEHb MaJNIEHbKM paanyc
nencteug. MNpruMepHO Yepe3 AecdTb NeT NpeackasaHus, NoayyYyeHHble B Teopuun
BaiiHOepra-Canama noaTBepaunNCh 3KCNEepPUMEHTasbHO.

4. CunbHOe aaepHoe B3aumMmopgeicTBue npeacraBnset cobol B3anmMoaencT-
BME YETBEPTOro TUMna, KOTOPOE YAEPXMBAET KBAPKM BHYTPWU NMPOTOHA WU HEUTPOHA,
a NPOTOHbI U HEWTPOHbLI BHYTPU aTOMHOro aapa. [NepeHoCYnKOM CUNIbHOTO
B3aMMOOENCTBMS CYMTAETCS YacTuua CO CAMHOM 1, KOTOpas Ha3blBAETCS FIHOOHOM.
[ NOOHBbI B3aMMOAENCTBYIOT TOJIbKO C KBapkaMu U C APYruMu roOHaMK. Y CUAbHOIo
B3aMIMOOENCTBUS €CTb OAHO HEOOLIYHOE CBOMCTBO - OHO 006naaaeT KOHMaNHMEHTOM
(oT aHrn. confinement - orpaHuyeHuve, yaepxaHue). KoHdpaHMeHT cocTouT B
TOM, 4TO YaCTUUbl BCEraa yaepXxmBaloTcs B OeCLBETHbIX KoMOUHaumax. OauH KBapkK
HEe MOXET CylLLecTBOBaTb camM no cebe, NOTOMY YTO TOr4a OH AOJIKEH UMETb LIBET
(KpacHbIA, 3eneHbIN, CUHWI).

CnepncrteBneM KoH@paHMEHTa SBNSETCA TO, YTO Mbl HE MOXEM Habnwaatb
OTOENbHbIA KBApK MAW FNIOOH. He o03HavyaeT nm 370, YTO camMO NpencTaBieHne o
KBapKax WM raiooHax Kak O 4aCTULAaX HEeCKONbKO MeTadunanyHo? HeT, notomy 4To
CUNIbHOE B3aMMOLENCTBME XapakTepuadyeTcsa elie OOHMM CBOWCTBOM, KOTOpPOeE
Ha3blBAETCS aCUMNTOTUYECKOW CBOOGOAON. DTO CBOWMCTBO COCTOUT B TOM, 4TO
NMpPU BbICOKMX 3HEPrusX CUNIbHOE B3aUMOLENCTBME 3aMEeTHO ocnlabeBaeT U KBapKW,
W TIOOHbl HaYMHaT BeCcTU cebs no4YTu Takxe, Kak CBOOOAHbIe YacTuubl. B
pes3ynbTaTte 3KCMEPUMEHTOB Ha MOLLUHbIX YCKOPUTENSAX OENCTBUTENbHO MOJyYEHbI
doTorpacdum TpekoB (crnenbl H4acTul) cBOOOOHbLIX KBAPKOB, POAMBLUUXCS B
pesynbTaTte CTONIKHOBEHWS MPOTOHA N @aHTUMPOTOHA BbICOKO SHEpPruu.

TUNbl BSAMMOAENCTBUA MEXAY 3JIEMEHTAPHbIMU YACTULLAMU

v v v \
Mocne ycnewHoro o6beauHeHns anekTpoMarHMTHOro 1 cnaboro B3anMoaencT-
BUI CTanm npeonpunHMMaTbCa MOMbITKNU COeguHEeHUd 3TUX OBYX BMOOB C CUJIbHbIM
B3aMMOOEVICTBMEM, 4yTOObI B pe3ynbTate noJjiydmnacb Tak Ha3biBaemMmaad Teopusa
BeJIMKOro o6bveauHeHus. bbino npennoXxXeHo HEeCKOJIbKO BapMaHTOB TakKUX
“BENUKNX" TEOPUN.
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KoHe4yHO, B 3TOM Ha3BaHMM €CTb HEKOTOPAasa A0S NPEeyBENYEHNS: BO-MNEPBbIX,
BCE NMpeasiokeHHble TEOPMN Ha CaMOM AEfie BOBCE HE TakMe yX WU BENvKne, a BO-
BTOPbIX, OHM MNPOCTO He MOoryt obbeauHuTb B cebe Bce 4YeTbipe Buaa
B3aMOOENCTBUN MO MNPUYMHE TOr0, YTO COBCEM HE pacCMaTpuBalOT rpaBUTALMOH-
Hble B3aUMOAENCTBUSA. TeM He MeHee, Takme Teopuu MOryT cTaTb ONpPeneneHHbIM
LiaromM Ha nyTM co3gaHud MOJIHOW Teopunm oObeOgUuHEeHUs, OXBaTbiBalOLLEN BCe
B3auMMoAencTeus. Teopun Bennkoro obbeanHeHus “nponveailoT CBET” M Ha camo
Halle CyllecTBoBaHMe. He MCKNOYeHO, 4YTO Halle CyllecTBOBaHME eCTb CrneacTeme
o6pas3oBaHMg NPOTOHOB. Takaa kapTuHa Havyana BceneHHoW npepctaBnseTcs
Hanbonee ecTecTBeHHO. 3eMHoe BeLLLeCTBO, B OCHOBHOM, COCTOUT N3 MPOTOHOB,
HO B HEM HET HUW aHTUMPOTOHOB, HN AHTUHENTPOHOB. DKCNEPUMEHTbI C KOCMUYEC-
KUMKW flydaMmun NOATBEPXAAIT, YTO TO XEe camMoe CrnpaBensiMBo U ANs BCEro
BellecTBa B Haiwlen [anaktuke!

Kak yxe roBopuiiocb, TEOPUN BEJIMKOTO OObEeAMHEHUS He BK/OYaloT B cebsd
rpaBuUTaUMOHHOE B3ammogaencteme. paBUTaAUMOHHbIE CUMblI TaK Mafbl, YTO UX
B/IMSHUEM MOXHO NMpeHebpeyb, KOraa Mbl UMEeM Oeno C 3J1IeMeHTapHbIMU
yactmgammn mnn atomammn. OgHako TOT GakT, YTO rpaBUTALMOHHBIE CUMbI ABSIIOTCSH
0AanbHOOENCTBYIOWMMUY, Oa €ele U BCcerga cunamum npuUTSXeHUs, 03HadvaeT, 4YTo
pe3ynbTaTbl X BO3OENCTBUSA BCerga cymmumpytotca. CnegoBaTtenbHO, eClin UMEeTCa
[0CTaTO4YHOE KOIMYECTBO BELLECTBA, TO FPaBUTALMOHHbIE CUJbl MOTYT CTaTb 60sblue
BCEX OCTaslbHbiX cuia. BoT novyemy sponouns BceneHHon onpenensetca MMEHHO
rpaBuTaumnen.

BonbwMHCTBO GU3MKOB BEpAT B CO3JaHMEe eOUHOW Teopun, B KOTOPOW Bce
yeTblpe CUJibl OKasanncb Obl PA3HOBUAHOCTbIO OOHOM.

2.14. O6beanHeHue GU3NKU. 3apoXaeHue 4YeTBepTon
rno6anbHOl ecTecTBEHHO-HAay4YHOW peBOosoLUn

YueHbiMM paszpabaTbiBalOTCA TeOpuu, 3aTparveakolme Kaky-nmbo ogHy
obnacTb Hayku. Hanpumep, B XM1UM MOXHO paccynTbiBaTbh B3aMMOLENCTBUS aTOMOB,
HE 3Has BHYTPEHHEro CTPOEHMs aTOMHOro sgpa. Ho yyeHble HagelTcsd Ha TO, 4TO
B KOHLLE KOHUOB OyaeT HalaeHa MosHas, HEMpPOTMBOPEYMBAs Teopus, B KOTOPYIO
BCE YacCTHble Teopun OyayT BXOOAUTb B Ka4yecTBe MPUONMXEHUIA.

PaboTta no co3gaHuio Takol Teopun HasbiBaeTcs obbeguHeHueM GU3nkn.
MocnegHne rogbl CBOEWM XU3HU JUHLITENH NOYTU LEMKOM MOCBATU MOUCKaM
e[MNHOIN Teopuun, HO BPEMS A1 3TOro Torga ewe He npuwno. K Tomy xe SNHLWTENH
0TKa3bIBaNICA BEPUTb B PeasibHOCTb KBAHTOBOW MEXaHUKW, HECMOTPS Ha Ty OFPOMHYIO
pOfb, KOTOPYIO OH Cam Cbirpan B €e pasBUTUM.

Hapexnabl Ha NocTpoeHMe TakoW Teopuu CO BPEMEHEeM Bo3pacTaloT, MbO Mbl
cenvac 3HaunTeNbLHO Bosnblue y3Han o BeceneHHoi. N3 Gurankm Mbl 3HaEM 0 HeTbIPEX
dyHOaAMeHTasbHbIX B3aUMOOENCTBUSAX: cnabblX, CUJIbHbIX, 9NEKTPOMAarHUTHbIX U
rpaBUTaLMOHHbLIX. [lepBble TPU B3aMMOAENCTBUA MOTYT OblTb OObEeAMHEHBI, HO Takas
TEeOpUsa HEyOOBAETBOPUTENbHA, MOTOMY YTO OHA HEe BKJIKOYAET rpaBuTaLMIO.

OcHoBHasa npobnema NOCTPOEHUs Teopuu, koTopas obbeaunHana Obl
rpaBUTaLUN0 C OCTalibHbIMWU CUlaMKU, CBA3aHa C TeM, 4To obuias Teopus
OTHOCUTENbHOCTM NpencTaBnsieT coboi KnacCUYecKytd TEOpUIO, T.e. He BKJIOYaeT
B ce0f1 KBAHTOBO-MEXaHUYeCKUA MPUHLUMN HEOomnpenesieHHOCTU.

[pyrve xe Teopumn CBA3aHbl C KBAHTOBOW MexaHuKon. MNoaTomMy npexnae Bcero
o0LWyl0 TEOPUIO OTHOCUTENIbHOCTU HEeoObXoAMMO 00beAVHUTb C MPUHLUMNOM
HeonpeneneHHocTn. Takne Teopun CO30ABANUCh B MOCNEOHEE BPEMSA, HO Y HUX
Oblf1 BECbMa CYLLLECTBEHHbIN HEOOCTATOK: B HMX BO3HMKaNM GECKOHEYHble 3HaYeHUs]
3Hepruii, macc. dTn “6eCKOHEYHOCTU” MNbiTanucb yopaTb YNCTO TEXHUYECKUM
(MatemaTnyecknm) nNyTeM, HasblBaeMblM nepeHopmupoBkoi. OgHako, y 3TOro
MeToa eCTb CepPbe3HbI HEOCTATOK: OH HE MO3BOJISET TEOPETUHECKN Npeackasatb
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[EeNCTBUTENbHbIE 3HAYEHUS MACC U CUJT, UX MPUXOAUTCA NOArOHATL N0, 9KCNEPUMEHT.
B pesynbTare Mbl MIMEEM TEOPUIO, B KOTOPOW KPMBM3HA MPOCTPAHCTBA-BPEMEHN A0/MKHA
OblTb 6ECKOHEYHOM, HECMOTPS Ha TO, YTO 3Ta BENIMYMHA SBHO KOHe4yHa. MpumepHo B
1976 r. nosiBUNack Hagexnaa Ha peLueHne npobsemMbl ¢ 6eCkOHe4YHOCTAMU. OTO Teopus
cyneprpasutauun. CyTb 3TO TEOPMM B TOM, YTO IrPaBUTOH (4acTMLA, C MOMOLLbIO
KOTOPOW rpaBUTALMOHHOE MOJie B3aMMOOENCTBYET) 00beaMHAETCa C HEKOTOPbLIMU
HOBbIMW YaCcTULAMW MU TOrAa BCE 3TU YaCTMLbl MOXHO pacCMaTpmBaTb Kak pasHble
BUObI OOHOM N TOM Xe “cynepyacTuLbl”, Takum 06pa3oM OCYLLECTBNSETCS 0ObeanHeHme
yacTtuy, matepuun. OpgHako, Oas TOro, YToObl BbIICHUTb BCE JIN BECKOHEYHOCTU
yCTpaHeHbl, NoTpeboBanock NpoaenaTb Takoe KONMYECTBO FPOMO3AKUX N CIIOXHbIX
pacyeToB, YTO MMM HUKTO HE CTan 3aHUMaTbCS.

B 1984 r. o0liee MHEHME YyYEHbIX M3MEHWUIOCH B MOJIb3Y Tak Ha3blBAEMbIX
CTPYHHbIX Teopui. OCHOBHbIMU 0ObEKTAMU CTPYHHbIX TEOPUI BLICTYNAIOT HE
4YacTuupl, 3aHMMAlOLLME BCErO JMLb TOYKY B MPOCTPAHCTBE, @ HEKME CTPYKTYpbI
TNa GECKOHEYHO TOHKMX KYCOYKOB CTPYHbl, HE UMEIOLLME HUKAKUX U3MEPEHUNA,
kpomMe AnuHbl. KOHUbl 3TUX CTPYH MOryT ObiTb Nnn6o cBob6oAHbIMU, NNGO
coeguHeHHbIMU apyr ¢ gpyrom. CTpyHe B KaxAblli MOMEHT BPEMEHU OTBe4YaeT
JIHNS B TPEXMEPHOM MPOCTPaHCTBe. Torga ee ABMXEHME B MPOCTPAHCTBE-BPEMEHU
n3obpaxaeTcs OBYXMEPHOW MOBEPXHOCTbIO, KOTOpas Ha3blBAETCHS MUPOBbLIM
nucToM. TO, 4TO paHbLLe CYMTAIOCh YacTMLLAMN B CTPYHHbIX TEOPUSX n306paxaeTcs
B BUAE BOJIH, Oeryumx no CTpyHe Tak Xe, kak 6eryT BOJHbI MO HAaTAHYTOW BEPEBKE,
€Cnn ee OepHyTb 3a KOHeL,

B Teopusx cynepcTpyH TOXE BO3HMKAOT OECKOHEYHOCTU, HO ecTb
Hajexnaa, YTo B TEX UM MHbIX BUOAx 3TUX TEopuii 9T BECKOHEYHOCTU CoKpaTsaTCs.
Ho cTpyHHbIM Teopusam npucyuia 6onee cepbedHas TPYAHOCTb: OHU He
NPOTVBOPEYMBLI L B AECATU- UM ABaOUATULLIECTUMEPHOM MPOCTPAHCTBE, a He
B 0ObIY4HOM - TpexmepHom! JIMWHMe M3MepeHust - 9To 0ObIYHOE AEeNi0 B HayyHOW
daHTacTuke. Ho 4TO C HMMU JenaTb B HalleM peasbHOM Mupe?

Moyemy Mbl HE 3aMeyaeM 3TU AOMOJIHUTESNIbHbIE U3MEPEHUs, €CNN OHU
cywecTBytoT? lMoyemMy Mbl OwyllaeM TONbLKO TPU MPOCTPAHCTBEHHbLIX U OAHO
BPEMEHHOE Mm3mepeHmne? BO3MOXHO MpuUyYMHA KPOETCH B TOM, 4TO Apyrue
n3MepeHnsa “CBepHyTbl” B O4EHb Manoe NMPOCTPaHCTBO, pa3MepomMm nopsnka
eOVHNUBI, OENIEHHOMN Ha eanHULY C TPUALATLIO HyNaMu Aonam caHTumeTtpa. OHO Tak
Marsno, YTO Mbl €ro MPOCTO HE 3aMeyaeMm.

Ho Torpa Bo3HuMkaeT n apyras cepbesHas npobnema. NovyemMy nuilb HEKOTOPbIE,
a He BCe M3MePEHUs OOJKHbl CBEPHYTbLCS B MANIEHbKUIA LLIAPUK?

OAVH 13 BO3MOXHbIX OTBETOB BbIBOAUTCH HA OCHOBE aHTPOMHOro NMpuHUMna.

AHTPOMHbLIN NPUHLUNN 3aKNIO4aeTcqa B TOM, YTO BO BceneHHoWn, BENMKOW mnu
6EeCKOHEYHOWN B MPOCTPAHCTBE WM BO BPEMEHMU, YCNOBUS, HEOOXOOMMbIE ANS
pa3BuTUS padyMHbIX CyLLeCTB, OyAeT BbIMOMHATLCS TOJIbKO B HEKOTOPbLIX 061acTsX,
OrpPaHUYEHHbIX B MPOCTPAHCTBE M BO BPEMEHU.

[ByX NpOCTPAHCTBEHHbLIX U3MEPEHUI HEAOCTATOYHO SIS TOro, 4ToObl MOrn
pPa3BUTLCA TakMe CNOXHble CYLLLECTBA, Kak noan. TpyaHOCTU BO3HUKAN Obl 1 B TOM
cnyyae, ecnu Obl YMCJIO MPOCTPAHCTBEHHbIX M3MepeHuin Obiio Gonblie Tpex. B
9TOM Cilydae rpaBuUTaUMOHHas cuna Mexay AByMs Tenamu OblcTpee Bo3pacTana
Obl C pacCTOgHUEM, T.K. KOrga pPacCTOsiHME yABaWBAETCs, B TPeX U3MepPEHUsX
rpaBMTaLMOHHAs Cuna yMEHbLUAETCS B YeTblpe pasa, B YeTblpeX U3MEpPEeHusax - B
BOCEMb pa3, B NATW - B LWECTHaauUaTb M T.A4. OTO 3HAYMT, 4TO OpPOMTHLI MNaHeT,
Hanpumep, 3emnu, BpallaoLlwmxcs Bokpyr ConHua, 6bin 6bl HECTabWIbHLI B TOM
CMbIC/iEe, YTO Maneliee OTKIIOHEHME OT KPYroBoW OopOUTbI MPUBENO K TOMY, YTO
3emna ctana Obl apuratbca no cnupanu nmbo ot ConHua, nubo Kk ConHuy. Mbl
Toraa 6bl 1Mbo 3amep3anu, nmbo cropenu. Ja n ¢ ConHuemM TBOpUIoCk Obl HENAOHOE:
OHO MM Bbl pacnanocb Ha YaCcTU, UM CKONINIANCUPOBAB, MPEBPATUIIOCE Obl B YEPHYIO
Obipy. B peadynbTate Mbl NpUXOAMM K BbIBOAY, YTO XM3Hb MOXET CYLLECTBOBATb

CoBpeMeHHbI ['ymaHuTapHbli YHuBepcuteT

36



Wb B Takmx 06nacTax MpoOCTPaHCTBA-BPEMEHU, B KOTOPbIX OQHO BPEMEHHOE U
TPU NPOCTPAHCTBEHHbIX U3MEPEHUS HE OYEHb CUJIbHO WUCKPUBJIEHbI.

JlonyckaeT nn CTpyHHas Teopus cyllecTBOBaHWe Takux obnactein? lo-
BUOMMOMY, Aa. XOTs BMOJSIHE MOryT CyLlecTBOBaTb U Apyrue obnactu BceneHHom
Unu gpyrne BCEJIeHHbIE.

Teopus CTPyH 3aTparvBaeT camMble BaXHble BOMPOCHI MUPO3OAHUSA N ABNISETCH
6onee paspaboTaHHOM COBPEMEHHOI MOMbITKOW OTBETa Ha BOMPOCHLI O Npupoae
dyHOAMEHTaNbHbIX B3aMMOOENCTBUN.

OpHako, HECMOTPS HA OFPOMHbLIA MHTEPEC K TEOPUU U 3amMedvaTeNibHble
DOCTUXEHUS, cnefyeT cka3aTb, YTO OCHOBHble NMpobnembl 34eCb OCTalOTCHA
OTKpbITEIMU. U rnaBHas npobnema - OTCYyTCTBUE SKCMEPUMEHTASbHbBIX NPpeacKa3aHniA.
Kak nmwyT poccuiickne dunsmkn-teopetnkn U.ApedbeBa n U.Bonosuuy B
npenucnoBMn K MepBOMY TOMY KHUIMM MUOHEPOB Teopuu cynepcTtpyH M.FpuHa,
Ox.lWBapua, 3.ButreHa “Teopua cynepcTpyH”: “Mbl MOXEM BNOXWTb BCIO
nHdopmMaumio 06 aNeEMEHTAPHBIX YaCTULAX B TEOPUIO CYNEPCTPYH, HO cama Teopust
CTPYH He Jana noka HUKakmx 3KCNepuMeHTasIbHbIX NpeackasaHuin®.

BrnonHe BO3MOXHO, 4TO TEOPMIO CyNEePCTPYH CMEHUT Apyrasa Teopus, koTopas,
B CUJly pa3BUTUS €CTECTBO3HAHUA U MaTemMaTukm, 6yneTt 6onee TOYHOU U
COrNacoBaHHOM C HaLIMM OrbITOM.

Yto Obl 3TO O3Hayano, ecnu Obl HAM yAaNOCb OTKPbITb Teopuio BceneHHon?
Mbl, K COXaNeHWo, HUKOrAa He MOram Obl ObITb YBEPEHHBLIMY B TOM, YTO HaWAEHHAdA
Teopusa OEeNCTBUTENBHO BEPHA, MOTOMY YTO HMKAKyl0 TEOPMIO HeNb3sa Aokasatb. Ho
ecnun BGbl OTKpbITasg Teopus Gbila MaTemMaTUYECKU HEMPOTMBOPeYnBa 1 ecnn Obl ee
npeackasaHusa Bcerga coBnajanv C 9KCNEPUMMEHTOM, TO Mbl MOrnM Obl He
COMHEBATbLCH B ee NpaBuiibHOCTU. KpomMe Toro, OTKpbITUe Takol Teopun Npou3Besno
Obl PEBONIOLMIO B €CTECTBO3HAHUN.

OpHako, faxe ecnu 6bl HAM OENCTBUTENBHO YAAN0Ch OTKPbITb AVHYI0 TEOPUIO,
9TO He 03Havano Obl, 4TO Mbl cMornM Gbl NpeackasbiBaTb Oyayulee. Ha To ecTb AoBe
npuynHel. Bo-nepBbix, Halle npeackasaHue OyOeT orpaHu4MBaThbCs KBaHTOMEXaA-
HMYECKMM MPUHLMMOM HeonpeneneHHOCTN, BO-BTOPbIX, Mbl HE YMEEM Haxo4uTb
TOYHbIE PELUEHUS YPaBHEHUI, OMNUCHIBAKOLLNX TEOPWUIO.

Ho, kak Obl TO HM ObINO, NONHAs WU HENPOTUBOPEYMBAS eAnHasi TeopUs - 3TO
Wb NEPBLIA War Kk rnobanbHOMY MbllLeHWI0. Hawa uenb - nosiHoe NMoHMMaHue
BCEro npovcxonduero BOKPYyr Hac U B Hac camux. LleHTpanbHbIA BONPOC
COBpPEMEHHOW PU3NKN - 3To 06bEANHEHNE KBAHTOBOW MEXaHWKN C TEOopUen
OTHOCUTENBHOCTU. Ecnn Takoe 06beauHeHVE CTaHET BO3MOXHbIM, MOSBUTCS HOBas,
focene HeM3BeCTHas BO3MOXHOCTb: MPOCTPAHCTBO M BPEMSA CMOryT BMECTe
ob6pa3oBaTb KOHEYHOE YETbIPEXMEPHOE MPOCTPAHCTBO, HE UMEIOLLLEE CUHTYNISPHOCTU
W rpaHuy, U HanoMuHaluee NOBEPXHOCTb 3eMM, HO C OONbLWNM HYUCIOM
n3mepeHuii. C MOMOLLLbIO Takoro NoaxoAa yaanoch Obl, HABEPHOE, 0OBACHUTL MHOIME
13 HabnogaemMbIx CBOMCTB BceneHHo, HanpuMep, ee OQHOPOAHOCTb B 00NbLUMX
macwTtabax 1 OJHOBPEMEHHO OTKJIOHEHUS OT OAHOPOAHOCTU, HabNoaeMble
B MeHblUMX MacwTabax, Takue, Kak ranakTuku, 3Be3abl U faxe 4enoBedyeckune
cyliecTBa.

Bce cka3aHHOe nNoABOAMT HAC K MbICAM O TOM, YTO Ha UCXoae 4yeTBepTas
rno6anbHas ecTeCTBeHHO-Hay4YHasl peBonOuUd, npeponpegensemMas
HEeob6X0AMMbIM, HO OKOHYaTEeNbHO €LlLe HWKEM HE OCYLLECTBJIEHHBIM CUHTE30M,
OOMUHMPYIOLLMM B MakpomacLuTabax obLien Teopum OTHOCUTENBHOCTU DUHLITENHa
C BbICTYyNawWMMN Ha MepeaHuit nnaH B MukpomacwTabax KBaHTOBbIMU
(AMCKpeTHbIMK) NpeAcTaBleHUIMN O CTPOEHUW MaTepun B eOuHylo GU3nyeckyro
Teopuio, oObeanHAOLWYIO BCE 4YeTbipe dyHAAMEHTaNbHbIX B3aMMOOENCTBUS -
rpaBUTaLMOHHOE, 3IEKTPOMArHUTHOE, cnaboe M CUbHOe.

Kaxnabli U3 Tpex Benmkmx npeobpasoBatenein ecTeCTBO3HAHUSA, KakOBbIMU
ABNSANNCh Kopuden aCTpoHOMUM U GU3nKM - ApUCTOTENb, HBIOTOH 1 DMHLUTENH, He
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TONIbKO 3aBEPLUMIT CBOIO KOCMOJIOTMYECKYD UM rnobanbHylo €CTECTBEHHO-HAYYHYIO
peBOIOLUNIO, HO MU co3pan HeobxoouMble GUINYECKME U KOCMOJIOrMYECKNe
npeanochbiik1 Ans OCYLLeCTBNEeHUs nocnenytouleli rnobanbHON eCTeCTBEHHO-
Hay4YHOWN pPEeBOJIIOLMUN.

3. XUMU9 B ECTECTBO3HAHUN. BEJINKUE XUMUYECKUE OTKPbITUA

3.1. B3anmMoCB3b €CTECTBEHHbIX HayK.
YpoBHM oOpraHMsauum martepum

Hawwn 3HaHMg O npupoae HakanavBaloTCs UM Pas3BMBAIOTCA HE XaoTWYHO, a B
CTPOroi nocnenoBaTesnibHOCTU, 0OYCNOBIEHHOW Mepapxuelr ypoBHel opraHusauumm
maTtepun. Npupoga egmHa No CBOEW CYyTU U AeNeHne 3HaHWI O HEN Ha OTAeSbHble
€CTECTBEHHbIE AUCLUMMAVHbBI, HANPUMEP, XUMUIO Un GrU3nky 4acto OGbiBaeT
[OCTaTO4YHO YCJIOBHbIM: PU3NYECKME UAEN HAXOAAT CBOE OTPAXEHWEe B OOBbACHEHUN
XVMUYECKMX MPOLLECCOB, a U3YYEeHME XMMUYECKUX NpeBpalLeHuin BewecTs APYr B
apyra npmBoasaT GU3MKOB K OTKPbITUIO HOBbIX GU3NYECKMX 3aKOHOMEPHOCTEN U
ABJIEHV, HanpuMmep, OTKPbLITUIO BbICOKOTEMMNEPATYPHON CBEPXNPOBOAMMOCTU WUN
OTKPbLITUIO CONUTOHOB. OTO 0OYCNOBNEHO, NPEXAE BCEr0, CYLLECTBOBAaHNEM OOLLErO
ona XMMUKOB U GU3NKOB 00beKTa mMccnepoBaHuUsa - BewecTBa. Ho ecTb u
CYLLLECTBEHHbIE Pa3Nnyns Mexay 3TUMU OBYMS Haykamu: BO-MEpPBbIX, KPYr 00bEKTOB
nccnenoBaHnsa GU3NKM No CPaBHEHUIO C XMMKUE Bonee WMPOK - OT MUKPOMMPA A0
MacwTtaboB BceneHHOMN; BO-BTOPbIX, 3aKOHbl GU3UKN 6onee yHMBepcasbHbl U
NPUMEHUMBbI K LENIOMYy PSay NpUpoaHbIX sBneHuii. O6 9TOM CBUAETENLCTBYET
pasBuTUe OONbLIOro KOJIMYECTBA CMEXHbIX C HEW HayK - (PU3NYECKOW XUMUMU,
reopusuku, 6modpunsnkmn, actpodpmusauku 1 T.4. B 3TUX Haykax y4eHble MbITAOTCH
0OBbACHUTL XUMUYeckne, BUonorMieckne U Bce npoyvme NMPUPOAHbIE SABAEHUS U
NMPOLLECChbl C TOYKM 3PEHUS OCHOBHbIX GU3NYECKUX 3aKOHOB. VI OenCTBUTENBLHO,
npeactaBuMm cebe kak Obl NPeKpPacHO XWUIOCb YenoBevyecTBy, ecnv Obl BECb MUP
ONUCHIBANCA 3/IEMEHTAPHLIMU DUINYECKMMN 3aKOHOMEPHOCTAMU. HO Mbl 3Haem
KaKk Ha caMOM [efle HernpoCcTo YyCTPOeHa edMHCTBEHHad camas npocTas Xusagd
KneTka C ee YHUKanbHOM KIeTOYHOM MeMbpaHoi, n3bupaTtenbHON oS pasHbIX MOHOB,
C pa3HoOOpa3HbIMU KJIETOYHBIMU OpraHennamu, 6e3ykopu3HeHHO obecrneynBato-
WMMN €€ XNU3HEOEATENbHOCTb U C 3arafgo4yHbiM “MO3roBbIM LLEHTPOM” KNETKU -
KJIETOYHBLIM A4POM, COAepXallnuM XpoOMOcCOMbl. [pn 9TOM cneayeTt yyYnuTblBaTb U
TOT akT, 4TO KaxAyl CEKyHOY B XMBOW KJIeTKE BCE WU3MEHAETCH - MPOUCXOoauT
0oO6MeH BelLeCcTB M OOMEH 3Heprmen c okpyxawuwen cpenon, MeHaeTcs LUKN
XN3HELEATENbHOCTN KJIETKW: OHA CTapeeT, UM HanpoTuB, FOTOBUTCH K CUHTE3Y
6enka, B3aMMOOENCTBYET C APYruMu knetkamu u T.4. CoBepLUEHHO OYEBUOHO, YTO
ong Toro, 4tobbl UCCNeaoBaTb Takme CIOXHbIE MPOLLECCHI CleayeT cHavana npocTo
onucatb, yOOCTOBEPUTHCH B UX UCTUHHOCTU U MOBTOPSEMOCTN.

OnuncaHneM sIBNEHN 1 NPOLLECCOB NPUPOoabl 3aHMMaloTC peHOMeHONorM4eckme
Hayku ( OT rpey. "peHomeH” - aBneHue). Lenblo Takux 3HaHUI 9BASETCS onucaHue
NPVMPOAHBLIX ABAEHUIA Ha MaKpPOCKOMMYECKOM YPOBHE, T.€. Ha ypPOBHE, AOCTYNHOM
BOCMPUATUIO OpraHamu 4yBCTB yenoBeka. OaHaKo, COBPEMEHHAsH SKCMepPUMEHTasbHas
Hayka, Mcnonb3yloulas pasHooOpasHble MeToAbl UCCNEeN0BaHUA U HOBeNLlee
obopyanoBaHue: 3NeKTPOHHbIE MUKpockonbl AMP - ToMorpadbl, BbICOKOPa3pPELUMMYIO
CMNEeKTPOCKOMNMYECKYI0 annapaTtypy, BK/4Yas PEHTreHOCNEKTPasibHyl 1 gpyrue
COBPEMEHHbIE METObl MCCNENO0BAHUS MO3BONIIET 3HAYUTENBHO YrNyOUTLCS BHYTPb
M3y4yaemoro npegMeTa - “CryctuTbcs” C MakpOYPOBHSI HA MUKPOYPOBHM.

Ons Toro 4tobbl MNOHATb, YTO CKPbIBAETCH MO, MOHATUEM MUKPOYPOBHMU,
paccMOTpUM, HanpuMep, NPOLLECC MUTOTUYECKOTO AENEHUSA XMBOW KINETKN C TOYKU
3PEHUS PasIMYHbIX €CTECTBEHHbIX HayK. KaXxaon M3 HUX COOTBETCTBYET CBOU
YPOBEHb MO3HAHUSA 3TOr0 SIBNEHUS.
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NTak, nobpo noxanoBaTb B Hally rMNOTETUYECKYIO NnabopaTtopuio, B KOTOPOW
cobpanucb yyeHble, paboTalowme B pasfinyHbiX 061aCTaX eCTEeCTBEHHbIX HayK Haf,
OOHON 1 TOW Xe NPobAemMoli - MUTO30M XMBOW KneTku!

“YTO NPOUCXOOUT C KJIETKOW B Aa@HHbIA MOMEHT?” - crnpocuTe Bbl y Ouonora.
“Knetka penutca Ha OBe”, - OTBETUT OH. - “llpn 3TOM NpoOUCXOAUT pasaerneHne
XPOMOCOM,” - YTOYHUT SMOPMONOr, M3yHalWmMM OaHHbIA NPOLECC MPU MOMOLLM
3NEKTPOHHOI0 MUKpockona. “XopoLo, - FOBOPUTE Bbl, @ YTO NMPU 3TOM U3MEHSETCS
Ha MOJIEKYNISIPHOM YPOBHE B 3TOW camoi xpomocome?” - “A BOT 4TO”, - cnewuT
BaM Ha MOMOLLb MOMEKYNAPHbLIA BMONOr, KOTOPbIA MbITAETCH OOBLACHUTL CIIOXHbIE
Ouonormnyeckne npoueccol, npuberas K 3HaHUSM O CTPYKTYPe U B3aMMOOENCTBUN
OMoNorMyeckn BaxKHbIX MakpOMOJIEKYJ, yHaCTBYIOLLMX B MPOLLECCE AENEeHUs KNeTKn
- OHK, PHK, 6enkoB, nMnnaoB 1 UX HagMONEKynsipHbIX kKoMniekcoB. “Tak-Tak, -
LoymaeTe Bbl, €C/lIM B 9TOM MNpPOLECCe 3aAeliCTBOBaHbl MakpOMOJEKYbl, TO,
HaBEPHOE, OHW MOryT BCTynaTb B XMMWYECKME B3aMOAENCTBUS OPYr C APYrOM U
c Gonee nerkMmu Morsnekynamu, KoTopble Ux okpyxalT?“ - “KoHeyHo!” - TyT xe
COornawaeTcsl C BaMu y4YeHbIi-OMOXMMUK, KOTOPbLIA yXXe CMOAENMPOBA 4acTb 9TOr0
npouecca B nabopartopHoit konbe. - “Ho Beab BCe MOJieKysibl COCTOAT U3 aToMoB!”
- BCMOMWHaeTe Bbl. - “BOT uMeHHO!” - pagyetca GuU3nK 1 TyT Xe OOBbACHSET BaMm,
noYeMy MMEHHO 3TW MOMEKyfbl B3auMOOENCTBOBaNM APYr ¢ Apyrom. - “Hy, yx
HeT,” - BO3MyLLAeTCa mMatemMaTuk, - 6e3 Moeill mateMaTU4ecko Moaenu, kotopas
OMNNCbIBAET 3TOT NPOLLECC BaM He obonTuck!” - N Toxe OyaeT npas. Tak, Ha NPOCTOM
npvmepe Mbl y6eounmucb B TOM, YTO OAMH U TOT Xe (PEeHOMEH Npupoabl MOXET
OblTb 00BbSACHEH C MO3ULUUIA pa3HbIX €CTECTBEHHbIX HayK. OTU MO3ULUU He
npoTtuBopeyaT Apyr APYry, a, HanpoTuB, OOMNOMHAT APYr Apyra, roe-to
nepecekaloTca Opyr ¢ APYyroM, co3faBas MOJIHY0 KapTUHY O4HOro cobbitna. Kak
BUOVIM, MPUYMHA OS99 MPOBEAEHUS UCCNEA0BaHMUS BCEMU 3TUMU PA3HbIMU Haykamu
B [laHHOM Ciy4ae ofiHa - 370 obLiee ANg BCEX CaMO NPUPOAHOEe COObITME, SBIEHME
- MUTOTUYECKOE AENEeHNEe XNBOWM KNeTkn. Ho kakoBo MHOroobpasne MUKPOYPOBHEN
Ha KOTOPbIX MOXHO MCCNeoBaTb 3TO OOHO SBEHME C TOYKM 3PEHNS COBPEMEHHOIO
eCcTecTBO3HaHu4!

Ha aTtom npumepe mbl Takke ybeamnncb B CyLLLECTBOBAHUM HEKOM Mepapxum
3HaHWI, Korga CNOXHbIE SBIEHUS U MPOLLECCHI OMUCHLIBAIOTCS C TOYKMU 3peHUs Gonee
NMPOCTbIX U 3HAKOMbIX. BCMOMHUTE elle pa3 yXe M3BECTHYD BaM CXEMY CBSA3eM
DUBNYECKNX, XUMUYECKUX U BUONOTMYECKMX HayK:

DPUBNKA ———> XUMNA ————> BUOJIOTUA

Ho 9Ta CcBA3b He ABNAETCH YUCTO MEXAHUYECKOWN, NPUAYMAHHOW KeM-TO
CXEMOW, OHa OTPaXaeT Mepapxvio OpraHMsaumn Matepum, Kotopas AenCTBUTENbHO
CyLLLeCTBYET B NpUpPOLE:

OJIEMEHTAPHbIE YACTUUbl ———> ATOM ——> MOIJIEKYJIA —>
MAKPOMOIJIEKYJIA ——> HAIOMOJIEKYJTAPHBIE KOMIMJIEKCbI —->
OPTAHEJ/UIbI KNETKN ————— > XNBAA KINETKA

3.2. Mepuoanyecknini 3aKOH U NepuoguyYeckass cuctema
xumuyeckux anemeHtoB [O.U. MeHpeneeBa

B npeabioyuiem naparpade Mbl yCTAHOBWUIIM, YTO MHOTME XUMUYEecKue
CBOICTBa BELLECTB CErofHs MOXHO OO0BbACHUTb, Npuberas K 3akoHaMm GU3UKN.
OpHako, Tak 6bi0 He Bcerga. Ha 3ape 3apoXaeHus GU3nKuM U XUMUKU OHU
cylecTBoBanun otaenbHo. Kaxaas n3 Hux passrBanach Mo CBOEMY OMNpeneseHHOMY
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nytn. Tem 6onee 3HAYUTENIbHbIMU KaXyTCs FeHualbHble OTKPbITUSA, KOTOPbIe
crnoco6CcTBOBaNN B3aMMOMPOHMKHOBEHUIO HaykK OPYyr B Apyra, ycTaHaBnavMBanu
B3aMMOCBA3b Mexay PU3M4eckKUuMu U XMMUYECKMMU CBOMCTBAMU SJIEMEHTOB.
Benyuiee mecto cpean Hux, 6e3yCNOBHO, 3aHMMAIOT Nepuoanyecknii 3aKoH n
nepuoamnyeckas cumctema xmmmyecknx anementoB . . MeHgeneesa. Pycckui
xumunk . V. MeHpenees coenan 3To OTKpbITMe B 1869 r., coBeplUMB PEBONIOLINIO
B €CTECTBO3HAHUM, T.K. OHO HE NMPOCTO YCTaHaBIMBANO CBA3b MEXAY XMMUYECKUMU
1 GU3NYECKUMIN CBOMCTBAMU OTAESNbHbIX 9JIEMEHTOB, HO N B3aMMHYIO CBS3b Mexnay
BCEMU XUMNYECKUMUN 3fIEMEHTaMK. [pynnbl U psabl NEPUOONYECKON CUCTEMBI CTann
Ha4EeXHOM OCHOBOW AJ19 BbISBIEHUS CEMENCTB POACTBEHHbLIX 3/IEMEHTOB.

MepBbIM NPakTUYECKNUM MPUMEHEHUEM MEPUOONYECKOrOo 3akoHa Obino
ncnpaBneHne BEeMYUH BANEHTHOCTM M aTOMHbIX BECOB HEKOTOPbLIX 3/IEMEHTOB,
ON9 KOTOPbIX B TO BPEMS MPUHUMANUCb HEBEPHblE 3HAYeHUs. TO OTHOCKIIOCh, B
4aCTHOCTU, K MHANIO, LEPUIO, APYIMM PeaKO3EeMENbHbIM 3/IEMEHTAM: TOPUIO, YPaHy.

OCHOBHbLIM NPUHLMMNOM, NO KOTOpoMy MeHaenees cTpoun ceoto Tabnuuy 6bino
pasMeLLiEeHNE 3IEMEHTOB B NOpsSiaKe BO3pacTaHUS UX aTOMHbIX BecoB. OCHOBbLIBAsICb
Ha BaJIEHTHOCTU U XMMMUYECKUX CBOMCTBax anemeHToB, MeHOenees pacrnonoxun
BCE 3JIEMEHTbl MO 8 rpynnam, B Kaxaoh M3 KOTOPbIX pasMellanncb 3/1eMEHTbl CO
CXOOHbIMU CBOWCTBaMM.

MpakTnyeckn 3a gBa roga, B pesysbTaTe HanpskKeHHOW TBOPYECKOW paboThbl
y4eHbIA co34an (B OCHOBHOM) Ty MEepPUOANYECKYIO CUCTEMY 3JIEMEHTOB, KOTOPOW
Mbl MPOOOIKAEeM MoNb30BaTbCA M 00 HaACTosLero BpeMeHn - yxe 6onee 100 net!
OH Obin rnyboko ybexaeH B TOM, HYTO Ny4lMM [0Ka3aTenbCTBOM MPaBUIbHOCTU
OCHOBHbIX MOJIOXEHUN MEPUOONYECKOTO 3aKOHA SABAFETCH OCYLLECTBIEHNE
npeackasaHuin, N3 Hero BblTekalwmx. MeHgenees, B 4YaCcTHOCTM, npegnonaran
CyLEeCTBOBaHNE HEU3BECTHbIX TOrga aHanoroe 6opa, anlOMUHUSA U KPEMHUSA -
akabopa, akaanloMUHUA U akacuumnusa. Bce npeackasaHHble BENUKUMM YyYeHbIM
3NEeMeHTbl AENCTBUTENbHO OblI BCKOPE OTKPbLITbI XMUKamMn. IMu okasanucb rannni,
ckaHaum mn repmaHun. Meton MeHpeneesa no nNpencka3aHuio CBOWCTB eLlle
HEOTKPbITbIX 3/IEMEHTOB C YCMEXoM MPUMEHSICA ero nocrnenosatensmu n B 6onee
nosgHue rofsbl.

KakoBa e npuynHa nepruoguyecknx M3MeEHEHUn GU3NYECKUX N XUMUYECKMX
CBOIACTB 9/1IeMeHTOB? Hayka gana oTBET Ha 3TOT HEMPOCTOM BOMPOC, - OHA KPOEeTCs
B NEepPUOANYHOCTM CTPOEHUS 3NIEKTPOHHBIX 000/104EeK aTOMOB.

Kak BuaHO 13 Tabnuupl 1 B Hayane kaxaoro nepuvona BaseHTHbIe 3/1eKTPOHbI
HaXOOATCS Ha S-MOAYPOBHAX COOTBETCTBYIOLLMX YPOBHEN SHEPruM B aToMax. 3aTtem
B MasblX NeEpMopax npoOUCXoamT 3anosIHEHME 3NEKTPOHAMWU S U P-NMOAYPOBHEN, a B
Gonblinx nepuopax Takke u d-nogypoBHen. B VI n VIl nepnopax, kpome TOro,
HabnopgaeTcsa 3anofiHeHue f-nogypoBHeN. ATOMbl MHEPTHbLIX ra30B coaepxart
HapyXXHble 9NEKTPOHbI BCErAa Ha NOSIHOCTbIO CHOPMUPOBAHHBIX S U P-NOAYPOBHSX.
Takum 00pasoM, XMMUYECKME BNIEMEHTbI OAMHAKOBbLIX MOArpynn nepuoamnyeckomn
CUCTEeMbl XapaKTepuaylTcs aHalornyHbiM CTPOEHUEM 3JIEKTPOHHbLIX 000104€eK
aToma.

OoHuMn 13 Hamboriee BaXKHbIX CBOMCTB aTOMOB, CBSI3@HHbIX CO CTPOEHMUEM
MX 3NEKTPOHHbIX 06004eK, ABNAOTCA 3PPEKTUBHbIE aTOMHbIE U MOHHbIE PaanyChl.
Oka3blBaeTCs, YTO OHU TakXe Nepuoavyeckm U3MEHSIDTCS B 3aBUCMMOCTU OT
BENINYMHBLI aTOMHOIO HOMepa anemMeHTa. [nsg anemMeHToB 0QHOro nepuoja no mepe
yBENMYEHNS NOPSAKOBOro HoMepa cHadana HabnoaaeTcs YMeHblIeHMe aTOMHbIX
paauycoB, a 3aTeM, K KOHLY nepuoaa, ux ysennyeHme. 3t1o HeobbluHoe puranyeckoe
CBOWCTBO HaxoguT NpocToe 00bACHEeHWe, OCHOBAHHOE Ha 3HaHWUW CTPOEHUs
BHELLUHEN 3NeKTPOHHOM 000N04YKKM aTOMOB, NpUHaZexalmx ogHOMY NMepuoay: Bce
neno B anektpoctatuke! [eicTBUTENbHO, B Hadane nepuona Ha BHELIHEN
3NEeKTPOHHOM 060/104Ke aToMa HaxoauTcs HebOosNblloe KONMMYECTBO 3JIEKTPOHOB,
KOTOpbIE pacnosiaralTCs Ha OTHOCUTENbHO GONbLUMX PACCTOSAHUSAX OPYr OT Apyra -
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Tabnuua 1

PACNPEAENEHUE 3JIEKTPOHOB B ATOMAX 3JIEMEHTOB
HAYAJIA U KOHUA NEPUOOOB CUCTEMblI MEHAOEJIEEBA

H
o
M
e Yucno anekTpoHOB Ha YPOBHSAX
3 n p N NOAYPOBHSAX 3HEPruM B atomax
n e
e p a
M n T
e o o
H A M
T a
K L M N (o) P Q
s |[s|pls/pl d |s/pld | f[s|pld|[fl s|pdflsp
H | 1 1
He | 2 |2
Li Il 3 [ 2]1
Ne 1 10 (2 |2]6
Na 111 11 [ 2 | 2]6]1
Ar 1] 1812 |2/6|2 6
K IV 119 |1 2|2[6]|2 6 1
Kr IV | 36 | 2]2[6]26/10 [2|6
Rb V 37 | 2]2|/6|2 6| 10 |2]|6 1
Xe V |54 |2|2]6[26] 10 |2]6] 10 2| 6
Cs VI | 55 |2 |2|6[2 6| 10 |2|6] 10 2| 6 1
Rn VI | 86 |2|2[6]|2 6| 10 [2| 6] 10 | 14| 2| 6] 10 2| 6
Fr VI | 87 | 2]2/6]2 6] 10 2] 6]/ 10|14 ]2[6]10 2| 6 1

cBOOOAHOrO MecTa NpeaocTaToyHO, NO3TOMY OCHOBHBLIM B3aMMOAECTBMEM B 3TOM
cnyyae OygeT npuTsSXKeHue 3JIEKTPOHOB SAPOM aTtoMa, a He deKTpocTaTuieckoe
oTTankKnBaHne OAHOMMEHHO 3apsKEHHBIX ANEKTPOHOB. BOT 1 nonydaetcs, 4to npu
BO3pacTaHMM MOPsOKOBOro HOMepa 3/IEMEHTA yBENMYMBAETCH BeNMYMHA 3apsga
aapa 1 BenmunHa obLero oTpuuaTesibHoro 3apsaa aMekTPoHHOM 060104KM - 3HAUUT
Bo3pacTaeT U cuna KynOHOBCKOro MPUTSXEHUS Mexay S4pOM U dnekTpoHamMu -
NPOUCXoaNT “cTarnBaHue” aneKTPOHHOM 000/1I04KM K LEeHTPY aTtomMa 1 paguyc aToro
aTomMa ymeHblaeTcsa. o mepe e 3anoJIHEHUS 3/1IEKTPOHHOM 0060N04YKM BCe
O0NbLIMM KOJIMYECTBOM 3JIEKTPOHOB, MM CTAHOBUTCH BCe “TecHee U TecHee” Ha
ofHo 06os04Ke N MO3TOMY Y 3JIEMEHTOB, CTOSILMX B KOHLe noboro nepuoaa
Tabnuupl MenaeneeBa, paanycbl aTOMOB BO3paCTalOT - OTPULATENBbHO 3apsiXXEeHHble
3NEeKTPOHbI kKak Obl “pacTankmBaloT” Opyr Apyra, CTPEMSCb yoannuTbCsa ApYyr OT Apyra
Ha MaKCMMaslbHO BO3MOXHblE PaCCTOSHUS.

Bnarogaps aHanornyHbiM PacCy>XOeHUsaM, HallM cBoe OObsACHEeHne u apyrue
nepuognyeckn nameHswowmecs Guanyeckne CBONCTBA BELWECTB: MIOTHOCTb,
TemnepaTypa nnaBfieHNs, NPOYHOCTb CBSA3EN 3/IEKTPOHOB B aTomMe U T.A4.

Ho camoe rnaBHoe 3aknoyanocb B TOM, 4To Tabnuua MeHaeneesa He NPOCTO
napana obbsicHeHne dU3MYECKMM CBOWMCTBAM 3J1IEMEHTOB, a CTaBuia UM B
COOTBETCTBME U UX Xumuyeckme ceoinctBa. OCHOBHbIM MOCTynaToM TabnuLbl
SBNSOCb TO, YTO BaJIEHTHOCTb XMMUYECKOrO 3JIEMEHTA ONpPeaenseTcs YMciiom
3N1IEKTPOHOB Ha BHELLHEN 3NEeKTPOHHOM 000NI04Ke (MO3TOMY 3TU 3NIEKTPOHbLI TaK n
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Ha3bIBAIOTCH - BaJIEHTHbIE 3NEKTPOHbI). BaxHasa posb Nepuoanyeckoro 3akoHa
3aKkyaeTCs MMEHHO B TOM, YTO B HEM YCTaHaBIMBAETCH CBA3b MeXAy CTPOEHUEM
aTOMOB W BANSHWEM 3TOrO CTPOEHUS Ha GU3NYECKNe U XMMUYeckne CBOMCTBA
3JIEMEHTOB.

Benvikne oTKpbITMS NPUBOAAT K BENMKMM NMOCNEACTBUAM: bGnarogaps nepuoan-
4eCKOMY 3aKOHy OblfiM CHavana TeOPeTMYECKM npenckasaHbl, a 3aTeM U OTKPbITbI U
nccnenoBaHbl MHOXECTBA XMMUYECKUX 9NEMEHTOB W BELWLECTB, NOABMNACH
BO3MOXHOCTb MOAENPOBAHNA XUMWNYECKMX NMPOLECCOB - 3aKOH Ner B OCHOBY
TEOPETUYECKON XUMUMN.

B 1872 r. O.W. MenaeneeB nucan: “OCHOBHOI 3aaa4eli COBPEMEHHOM XUMUU
ABNAETCA YCTAHOBJIEHME 3aBUCMMOCTM COCTaBa, peakuui U CBOWCTB MPOCTLIX U
CJIOXHBIX TeNl OT OCHOBHbIX CBOMCTB BXOASILLMX B UX COCTaB 3/IEMEHTOB, YTOObI Ha
OCHOBaHUN M3BECTHOrO Xapakrtepa AAHHOro 3jeMeHTa MOXHO Oblo 3ak/oynTb O
HEN3BECTHOM €lle COCTaBe M CBOWCTBAax ero coeamHeHuin”. C Tex nop MUHyno
Gonblue cTa net. Ha BOOpY>XeHNN COBPEMEHHbIX XMMUKOB A1 YCNELLUHOMO PeLLEeHNs
9TolM 3apaum - ABM c HoBeWwMMM nakeTamu NporpamMm, PacCyUTbIBAKOLLUX
pasdHoob6pa3Hble CBOMCTBA XMMWYECKUX 3NIEMEHTOB W BELLECTB HA OCHOBE
KBAHTOBOM XMMUK, paboTaloWmx C OrPOMHbIMM MacCuBamu OaHHbIX. M kak BO
BpemeHa MeHpeneesa, pesynbTaTbhl NOAOOHLIX TEOPETUYECKMX WUCCNEOO0BaHMUN
NPMBOAAT K PasBUTUIO CUHTE3a CIIOXKHbIX XMMUYECKUX COEOUHEHUI, B TOM 4uche,
OpraHM4yeckoro cuHTesa. 3agada, NoCTaBMiEHHAsd y4YeHbIM B MPOLUIOM BEKe, MO-
NPEeXHEMY OCTaeTCs akTyanbHOW M B HALIW AHU.

3.3. OcHoBHasi nNpoGieMa XMMUU KaK Hayku

L. N. MeHpeneeB HasblBan XMMUIO “HAYKOM O XMMWUYECKUX ANIEMEHTAX U UX
coeanHeHusx”. B ogHuX y4ebHnKkax XMMnio onpeaenstoT Kak “Hayky O BELLeCTBax U
X NpeBpalLleHuax”, B APYrmx - Kak “Hayky, MU3y4aiollylo NpouecChbl Ka4eCTBEHHOrO
npespatleHns BewecTs” 1 1.4. Bce aTn onpeneneHns no CBOEMY XOPOLUM, HO OHWU
HE y4nTbIBAIOT TOT akT, 4TO XMMMUS SIBJISETCA HEe MNMPOCTO CYMMOW 3HaHui O
BelecTBax, a ynopsAo04eHHOM, NMOCTOSHHO pa3BuUBalOWEencsa cuctemMmom
3HaHWI, NMeloLLEl onpeaeneHHoe couuanbHOe Ha3HavYeHne M CBoe MECTO B psaay
OPYrnx Hayk.

Xnmusa kak Hayka ¢ MOMEHTa CBOEro 3apoxaeHus cTaBuna nepepn coboi Becbma
npakTuyeckme LUenm U ¢ Tex Nnop oHa Bceraa Obina HyXXHa YenoBeyecTBy AJi TOro,
4yTO0Obl NOJSly4YaTb W3 MPUPOAHbLIX BELLECTB MO BO3MOXHOCTU BCe Heobxoaumble
MeTanbl U KepaMuky, U3BECTb U LEMEHT, CTEKNIO U OETOH, KpacuTenn 1 nekapcTea,
B3pblBYaTblE BELLECTBA N rOPHOYECMA304HbIE MaTepuanbl, Kayyyk 1 naacTtMacchl,
XUMUYECKME BOJIOKHA U MaTepuanbl N8 3/1EKTPOHUKM C 3adaHHbIMW CBOCTBaAMMU.
[Mo3ToMy BCE XMMWYECKME 3HAHUS, KOTOpble OblIM NMPUOOPETEHbI B TEYEHMUE MHOMMX
BEKOB MOAYMNHEHbI €OMHCTBEHHOM rNaBHOW 3apadve XMMUWU - 3ajade MnoJsyvyeHus
BelleCTB C HeoOXoauMMbIMU cBoOWCTBaMM. “Ho 9T0, - ckaxeTe Bbl, - 3amava
BOBCE W HeHayyHas, a CKopee Mpou3BOACTBEHHas”. [a, OeCTBUTENbHO, XMMNS Kak
HUKakasl gpyras ecTeCTBeHHasl Hayka, TECHO CBsfid3aHa C MPOM3BOLCTBOM HOBbIX
BellecTB. BCcnoMHMM O cambix MepBbIX MOMbITKAX CPeaHEBEKOBbLIX XMMWKOB (BeEpHee
anxXMMuKoB) A006bITb AparoLeHHble MeTansbl U3 OOCTYMHbIX MPUPOAHbLIX COeAVHEHIA.
OTn nonbITkM BbiNM 6e3yCneLlHbIMKU, HO 3aTO CKOJIbKO HOBbIX MPOCTbIX M CIOXHbIX
XUMMYECKMX BellecTB Oblio MonyTHO oTKpbITO! lMpakTuyeckas 3agada - nosyvyeHue
30/10Ta U NJAATUHbI CTUMYNMpPoOBana NMOUCK HOBbIX BELWECTB, UX CUHTE3 WU,
TpaHCHOPMMPOBABLUNCE, pacLUMpPsSia FOPM30HTblI NPeacTaBieHnin 0 MHOroobpasun
BELLECTB, CYLLECTBYIOLWMX B Mupe. NccnegoBaHne Xe XMMUYECKUX U DU3NYECKNX
CBOWCTB UCKYCCTBEHHO CUHTE3NPYEMbIX BELECTB CTaBMIN MNepen ydYeHbIMU yxe
BMOJIHE HAy4HYIO 3adady - OT Kakux ¢$akToOpoB 3aBUCAT CBOMCTBA MOJIyYaeMbIX
BELLECTB M BO3MOXHO N1 3apaHee npenyragartb CBOMCTBA 3TUX COEAMHEHUIA.
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MTak, ocCHOBHas AByeauHas npobnema XumMum - 3TO :

1. MNMonyyeHme BeweECTB C 3a4aHHbIMW CBOMCTBaAMU - MPOU3BOACTBEHHAS
3apava.

2. BbisBneHue crnoco60B ynpaBfieHMs CBOWCTBaMM BellecTBa - 3ajaya
Hay4YHOro nuccnenoBaHug.

CyliecTByeT TOMbKO YeTbipe crnocoba peleHus 3Toi npobnemsbl, KOTOpPbie
CBS13aHbl NMpexge BCEro C HalM4yMeM BCEro YeTblPpex OCHOBHbIX MPUPOLHbIX
$aKTopoB, OT KOTOPbIX 3aBUCAT CBOMCTBA MOJlyYaeMbIX BELLECTB :

OcHoOBHble nNpupogHble ¢akTopbl, BAUSIOWME HA CBOWCTBa nojsy4yae-
MbIX BELLECTB:

1. CocTaB BeLlecTBa (3N1E€MEHTAPHbIA, MONEKYNSAPHbIN).

2. CTpykTypa Monekyn.

3. TepMoAnHAMUNYECKNE U KMHETUYECKME YCIIOBUS XUMUYECKOM peakumu, B
npouecce KOTOPOWM 3TO BELLECTBO MOyvyaeTcs.

4. YpOBeHb OpraHusaumn BeLlecTBa.

3.4. YpOBHU pPa3BUTUA XUMMUYECKUX 3HAHUN

Bcsa nctopusa passutng xmmMmmn gBRgeTCS 3aKOHOMEPHbIM MPOLECCOM CMEHbI
Cnoco0boB peLleHns ee OCHOBHOM Npobnemel. 10 Mepe pa3BUTUS HAYKN U3MEHSANCH
npencTasneHns o6 opraHMsauMM MaTepun, COCTaBe BELLECTB, CTPYKTYpPe MOMEKy,
OblM NONyYEHbl HOBbIE OAHHbIE O CAMUX XMMMUYECKMX Mpoueccax, YTOo, KOHEYHO
X€e, B KOPHE U3MEHSANO0 MU Crnocobbl CUHTE3a HOBbIX COEAUHEHUN, U MeTOoAbl
ncenenoBaHnsa Mx CBOMCTB. [aBante BKpaTLe BCMOMHUM UCTOPUIO XuMun!

3.4.1. Passutue xumum po Hadana XVIl B.
Hatypdunocodpus u pemecsneHHas Xxmmus

NcTopusa xumum no XVII B. - 3TO0 MHOro4YUcrieHHble GecnioaHble MOMbITKN
peLleHns BONpoca O MPOUCXOXAEHUM CBOWCTB BELLECTB Ha MPOTSIXKEHUN MHOMMX
coTeH neT. 3a 9TO BpeMs Obl0 NpeasioxXeHo ABa MPUHUUMNNANBHO Pa3HbIX
06BACHEHVS NPOUCXOXOEHNA CBOMCTB Ten. demokpuT (ok. 470-380 o H.3.), Anukyp
(341-270 po H.) n gpyrne nNpeacTaBMTeNn aTOMUCTUYECKOW Hatypdunocodpumn
BbiCKa3blBa/N FeHManbHble AOragku o TOM, YTO BCE Tefla COCTOAT M3 aTOMOB
pPasfNyHO BENNYUHBI U Pa3Holi GOpMbl, YHEM U OOBACHAETCH UX KA4YeCTBEHHOE
pasnuune. Apuctotenb (384-322 oo H.3.) n Amnenokn (490-430 40 H.9.) 0OBACHSANN
BCE BUAMMOE pasHoobpasne Tes C aHTUaTOMUCTUYECKUX NMO3ULMIA - NOCPEOCTBOM
COYEeTaHUs B TeNe PasiyHbIX SNIEMEHTOB: CTUXMUA UAN 3NEMEHTOB; CBOMCTB: Tenna
M Xofoga, CyxoCTU M BRaxHocT u T.4. Ho cornacurteck, 4TO B TO BPEMS HU OOVH
M3 3TUX CMOCOOOB, - HU aTOMUCTUYECKWUI, HM aHTUATOMUCTUYECKUIA - HEe peluanu
rnaBHOM 3adayvn XMMUK - MOJIyYEHME HOBbLIX BELLECTB C 3agdaHHbIMKU cBolicTBamun! B
3TOT Nepuop uctopunm Hatypdpunocodusa, kotTopas npeacrtasnana cobom
BMECTU/MLLLE BCEBO3MOXHbIX MOEN M OOragok, W npakTuyeckas, Tak Ha3blBaemas
peMecneHHas XMMU4, CYLLECTBOBaIM pasfesbHo.

3.4.2. MNepebiii aTan pa3sutusg xumum - XVII B.
YuyeHue o cocTaBe BeLLecTB

[JencTBeHHbIN cnocob pelweHnss NpobnemMbl MPOUCXOXAEHUS CBOMCTB
BellecTBa NnosiBUACSA BO BTOpoi nosoBuHe XVII B. B paboTax aHMMIACKOro y4eHoro
P. bonna. UccnepoBaHna P. Boiina nokasanu, 4To KayecTBa W CBOWCTBa TeNn He
MMeloT abCoNMITHOrO xapakTepa U 3aBUCAT OT TOro, M3 Kakmx mMatepuanbHbIX
3/IEMEHTOB 9TV Tefla COCTaBfieHbl. Takor NOAxXoA4 oKasancs NMPUHUMNNANbLHO HOBbIM,
OH Kak Obl MO3BONUN NMPUMUPUTL ABa CYLECTBYOLWNX HATYPPUNOCOPCKNX
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npencrtaBneHusa - atommsam [lemokputa m anemeHtapusam Apuctotend. [a,
[EeNcTBUTENbHO, HAMMEHBLLUMMN CYyOCTaHLMAMY BELLECTBA ABNSIOTCA HEAENMMbIE,
Heocs3aeMble NPY NOMOLLY OPraHOB YyBCTB MeJib4aliLllme 4acTu4kn - minima naturalia,
oT/iIndalLWmMecs opyr ot gpyra onpepesieHHbiMu Gun3n4ecKnmm CBONCTBAMMU,
Hanpumep, GopmMoN. ITN YaCTUYKM MOTyT CBA3bIBATbCA OPYr C APyroM, obpasys
6onee KpynHble YacTulbl, kKoTopble P. Bornb HasBan knactepamn. CBA3b ManeHbKUX
yacTuyek B kKnacTepax AOCTaTOYHO MpPOYHad U MO3TOMY Takme KnacTepbl camu
ABNAOTCS Kak Obl HEBMANMBIMU YETOBEHECKOMY 1a3y KMPrinkamm Anas NoCTPOeHUs
peanbHoro ¢usmyeckoro tena. B 3aBucumocTn ot ob6bema n GopMbl KNacTEPOB,
OT TOr0 HaxogdATCs N KnacTepbl B ABUMXEHUW UM MOKOSATCHA 3aBUCAT M CBOWCTBA
caMux NpuUpoaHbIX Ten - npudemM Gopma nosyvyalLmMxcs Ten BOBCE He LOJIKHa
noBTOPATL GOPMY CaMmxX KNacTEPOB.

He HanomuHaeT nu Bce 3TO yXe, BEPOSTHO, M3BECTHbIN BaM CIOXET U3 Ntoboro
COBPEMEHHOr0 y4ebHMKa XUMUU: U3MEHUTE TOJIbKO Ha3BaHue “minima naturalia” Ha
“atoM” nnm “xumMmnyecknin anemeHT”, a “knactep” Ha “ monekyny” u Bce cpasy
BCTaHeT Ha cBom mecTta! Ho OynemM NMOMHUTbL KOMY Mbl 00513aHbl HAUBaXKHENLLMM
OTKPbITUEM O MPOUCXOXAEHUMN BELLECTB U TEM CaMblM CMNOCOOCTBOBABLUUM
PELUEHNI0O OCHOBHOWM NPo6neMbl XMW MOCPEACTBOM YCTaHOBJIEHUS B3aMMOCBSA3U:

COCTAB BEWECTBA ———————— > CBOWCTBA BELLECTBA

OT1OT cnocob MonoXun Havyano yYeHUIO O COCTAaBE BELLECTB, KOTOPOE SIBUSIOCH
NnepBbiM YPOBHEM Hay4YHbIX XMMWUYECKUX 3HaAHUA. BnnoTb 0O NepBOi MOMOBUHBI
XIX B. y4eHMe 0 cocTaBe BELLECTB MPEACTaBAAN0 COOO0M BCIO TOMAALIHIOW XMMWIO.

3.4.3. Btopoii aTtan pa3BuTUS XMMUM Kak Haykm - XIX B.
CTpyKTypHasi Xumus

B 1820 - 1830 rr. maHydakTypHaa ctagmsa npou3BOACTBA C €€ PYYHOI
TEXHUKOW cMeHunacb dabpuyHon ctagueli. Ha npon3BoACTBE MOSIBUNMCHL HOBbIE
MallWHbI, BO3HUKJIA NOTPEOHOCTb B MOUCKE HOBLIX CbiIPbEBbIX MaTepuanoB Ond
MCNONb30BAHNS B MPOMbIWAEHHOCTU. B XxuMmyeckom nNpom3BOACTBE cTana
npeobnagatb nepepaboTka OrPOMHbIX MacC BELLLECTB PACTUTENBHOIO U XMBOTHOIO
NPOUCXOXOEHUS, Ka4eCcTBeHHOe pa3Hoobpa3re KOTOopbIX OblI0 NOTPSicaloLe BENMKO,
a cocTaB ogHooOpaseH: yrnepon, Booopoa, kucnopon, cepa, as3oT, ¢ocdop.
“38HaunT, CBOIMCTBA BELLECTB, - CAENANM BbIBOA, XUMUKWU, - ONPEOENSeTca HE OOHUM
TONbKO cocTaBom!” [10SBMAOCH Ha CBET €elLe U Takoe MOHATUE KaK CTPyKTypa
BellecTBa. Ecnn 3HaHMe cocTaBa BelleCcTBa OTBEYaeT Ha BOMPOC O TOM, M3 Kakux
XUMUNYECKMX 3NEMEHTOB COCTOUT MOJeKyna [aHHOro BeW,ecTBa, TO 3HaHue
CTPYKTYPbl BeLWEeCcTBa AaeT npeactaBfeHne O NPOCTPaHCTBEHHOM PacroioXeHun
aTOMOB B 3TOW camoli monekyne. Bbl, KOHE4YHO, MOMHUTE, Kak B AeTCTBE cobupanu
pasHble MPUSTHbIE BELLMYKN, UCMOJb3Ys CTaHOAPTHbLIM HAOOP U3 OTAENbHbLIX AeTanen,
BXOOSILLMX B COCTaB OETCKOro KOHCTpykTopa. Habop petanei He M3MEHSANCH, HO
Kaxgbl pa3 Bbl MO- pa3HOMY COEAMHSANN UX OPYF C APYrOM M Kaxabli pa3 nonyyanm
4YTO-TO COBEpLUEHHO HOBOe! Bbl camyn TOro He Noao3peBasi, UBMEHSIN CTPYKTYPY,
COXpPaHsAs HEM3MEHHbLIM COCTaB.

AHaNOMrMYHO XUMWUKU BbISCHUAN, YTO CBOMCTBaA BELLECTB, @ 3HAYUT U UX
KayecTBeHHOe pa3HooOpasue 0OYyCNOBNMBAETCA HE TONIbKO MX COCTAaBOM, HO U
CTPYKTYpPOI MONEKyn.

MoxHo cebe npencTaBUTb HACKOJbKO OOMNbLUMMU N CIOXHbLIMY OKa3blBaMCh
NMopo 3T opraHMyeckre MOoJIeKy bl U Kak HEMPOCTO OblNIO0 MOHATb KakMe U3 BXOOSLLMX
B UX COCTaB aTOMbl MPUHUMAIOT y4acTue B KOHKPETHOM XMMNYECKONM peakuumn. BmecTte
C TEM CTaN0 FCHO, 4YTO HE BCe aTOMbl, BXOAslUlME B COCTaB MOJIEKYSbl JAHHOIO
BelecTBa OANHAKOBO XOPOLLO BCTynalOT BO B3aMMOAENCTBME C aTOMaMu ApPYyrux
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MOJEKY, - OKa3bIBAETCSH KaXAYID MOJIEKYly MOXHO YCMOBHO NMOAPa3fAeNnTb Ha
HECKOJIbKO Tak Ha3blBaeMbIX (YHKLIMOHANbHBIX AN PEaKTUBHbIX GI0KOB, B KOTOPbIE
BXOAT rpynnbl aTOMOB, NMPOCTO OTAENbHbIE aTOMbl MW AaXe OTAENbHbIE XMMUYEeCKme
cBa3n. Kaxpas n3 Takmx CTpykTyp o6nafaet CBOEN YHUKanbHOW CMOCOOHOCTbIO
BCTynaTb B XMMMUYECKME peakuuu, T.e. CBOEli peakuUOHHOW CMOCOOHOCTbIO.
BepHyBLINCH K MPUMEPY C OETCKMM KOHCTPYKTOPOM, BCMOMHMM, YTO Mbl TOXE Oblin
CcnocoOHbI, paccmaTpuBasi cBoe “TBOpPEHME”, HaXOAUTb B pa3HbIX €ro 4acTsax
LeTanbku, UMelolme o0OMHAKOBOEe MpefHa3HayYeHne UN Hecylume OOHY U Ty Xe
dyHKUMIO: Koneca - 4Tobbl €3AUTb, OKOLLKM - YTOObI CMOTPETb, MIaCTMaCCOBbIE YrOJIKM
- 4TOObI CKPennATb AeTanu APYr C APyroMm u T.A4.

Taknm 06pa3oM, MO3HaHME CTPYKTYPbl MOMEKYN MEPEBENO XMMUIO HA BTOPOW
YPOBEHb PA3BUTUS XMMUYECKUX 3HAHMI M CNOCOOCTBOBAIO MPEBPALLEHUIO XUMUN
M3 NPENMYLLIECTBEHHO aHaIUTUYECKOM Hayku B HAyKy CUHTETUYecKylo. BosHukna
TEXHOJIOrUsi OPraHM4YecKUuX BEeLLEecTB, KOTOPOW paHee He Obino.

BTopoit ypoBeHb pa3BUTUA XMMUYECKUX 3HAHWUIA NOYy4UsT YCIOBHOE Ha3BaHue
CTPYKTYpHasa XuMusl.

NaBHbIM OOCTUMXEHMEM 3TOro aTana MOXHO Obl10 Ha3BaTb YCTAHOBEHME
CBSI3N MeXAY CTPYKTYPOM Monekynbl U GYHKLMOHANBHOM akTUBHOCTbLIO COEAMHEHUS:

CTPYKTYPA MOJEKYJIbl ———> ®YHKUMNA (PEAKLMOHHAA CNOCOBHOCTD)

3.4.4. TpeTuii aTan pasBUTUS XUMUUN KaK Haykm - nepeasi nonoBuHa XX B.
YyeHue 0 xummMmuyeckux npoueccax

MHTeHcnBHOE pa3BuTME aBTOMOOMIBHOWN MPOMBbILWIEHHOCTU, aBnauuu,
3HEepreTnkn N NPUOBOPOCTPOEHNS B Havane Halwero Beka TpeboBaso KaieCTBEHHOro
Tonnmea ans pabotbl MOTOpOB. CneumarnbHble BbICOKOMPOYHbIE KaydyykKn AN LWWH
aBTOMOOMNEN, NnacTtMacchl ansa obner4eHns ux Beca, BCEBO3MOXHbIE MOJIMMEPHI
1 NOJIyNpOBOAHWMKM,- BCE 3TO OblN0 HEOOXOAMMO MoJlydaTb B GOMbLUNX KOSIMYECTBax,
HO, YBbl, pa3BUTUE XMMUYECKUX HaABbLIKOB HE COOTBETCTBOBAJIO 3anpocam
npoussoactea! [eno B ToM, 4TO cama no cebe xumumyeckass peakumst - Bellb
[0CTaTO4HO KanpusHaga. Hegapowm ewe aHrnmnckunii xumuk M. Loy cpaBHMBan Xxvummio
C “MCKYCCTBOM, CyTb KOTOPOro 3akJjiloyeHa B OEWCTBUM, @ UeNb - B NOnb3e ”
JleicTBUTENBHO, YCNEX CUHTE3a TOr0 WM MHOMO0 COEAMHEHUS 4acTo 3aBucen oT
Kakux-TO Henpenckasyembix 06CcTOATENbCTB. OTOT (akT He ycTpauBan
npoussogutenein! Beop yem npom3BOoACTBO OTNMHaeTcs OT Haykm? [Mpexae Bcero,
MaclwTaboM: y4yeHblii MOXET MONyYuUTb Kakoe-HUOyAb COeAMHEHME B MalblX
KONM4yecTBax, MccnenoBaTtb ero CBONCTBa, onyb6nvMkoBaTb CBOW Tpyd M ObiTb
HeckasaHHO ropablM 3TUM OOCTOSATENbCTBOM. B MHbIX YCNOBUSIX HaxoOMTCs XMMUK
Ha NMPOW3BOACTBE: NMepen HUM CTOUT 3agada Mnosly4eHusl, rnpeanonoxmnm, o0aHOro-
€ONHCTBEHHOro COeAMHEHUs C U3BECTHbIM COCTAaBOM M CBOWCTBAMMU, HO B OOJIbLLMX
KONMYEeCTBaX, C HEOOXOAMMOCTbLIO TPATUTbL HA €ro NPOM3BOACTBO Kak MOXHO MeHbLUEe
CbIpbsi, 3HEPTUN 1 BPEMEHMU. M1I0C KO BCEMY CKa3aHHOMY Ha BbIXO€ U3 XMMUYECKOro
peakTopa - CTPOruMil KOHTPOJIb CBOWCTB MOJIy4EHHOrO coeauHeHus. TpeboBaHuA
LOCTaTOYHO XECTKMEe, eCNMn UMETb BBUAY, H4TO “KAYUK” K ynpaBneHUd MHOMMMU
HY>XHbIMW B TO BPEMSI XMUYECKMMM peakunaMm OTCYTCTBOBA - OOHMX NNLLb 3HAHMI
O COCTaBe M CTPYKType BELLECTB OJ/19 NPOBELEHUNA XMMUYECKOM peakuum 4acTo
ObINO HeOoCTaTO4YHO: Bpoae Obl M HYXHOE KOJIMYEeCTBO BELLECTB, U B HYXHOM
COOTHOLWIEHNM Bpann XMMUKU AN NpoBeaeHust TpebyemMoli XMMMUYEeCcKon peakumu,
a OHa He MAOEeT - He XenawT BellecTBa BCTynaTb APYr C APYroM B XUMUYECKOe
B3aMMOOENCTBME, @ ECIN N BCTYNAIOT, TO BbIXOA peakunn KpamHe HU3KWUI - HOBOIro
coeauHeHns nonyd4aeTcs CoBceM HemHoro! Kakoe yx TyT npoOu3BOACTBO, €Cnu
0OCTaBalOCb HEMOHATHbLIM, KOrAa 1 NMpu Kakux 00CTOATENbCTBAxX BELLLECTBA pearnpyoT
OpYyr C OpPYromM 1 Kakve Gaktopbl BAMSIOT Ha 3TOT “HeynpasBaseMblin” XMMUYECKUIN
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npouecc?! NMoatomy 6Gnarogaps pPa3BUTUIO TEXHUKM U MUMEHHO B 3TO BPEMS XUMUSA
CTaAHOBUTCSl HAYKOW y>Xe He TONbKO W He CTOJIbKO O BELLeCTBaX, CKOJIbKO HayKon O
npoLeccax U MexaHu3amax U3MeHeHUs BELLECTB.

bnarogpapa ToMy, 4TO XUMUKWU HAYYUIUCb YMPaBAATb XUMUYECKUMMU
npoweccamu, ctana 6ypHO pa3BMBATLCS XMMMUYECKas MPOMbILLIEHHOCTb, B BOMbLUMX
KONMM4YyecTBax CTanu NMPOU3BOAUTbLCS CUHTETUYECKME MaTepuanbl, 3aMeHsoLne
[epeBo 1 MeTa, pactTuTenbHble Macna. Ha ocHoBe nepepaboTkn Hedp T BO3HUKIO
NPON3BOACTBO NCKYCCTBEHHbIX BOJIOKOH, 3TUOBOro CnmpTa, Kay4ykoB, BCEBO3MOX-
HbIX PacTBOPMUTENEN; a30T BO34yXxa HayyYMnmMcb NpeBpawaTb B MUHEpPaSbHblE
ynobpeHus. Xumnyeckme nsnenns NnpoYyHo BOLWIM U B OMA NIIOAEN - MCKYCCTBEHHbIE
TKaHW N KOXa CTasiM BbITECHATb HaTypasibHbIE, MbIIO “yCTYNMAO MECTO” CTUPasbHbIM
nopoLukamM W1 LamryHsM, a njaacTMaccoBble LUTaMnoBaHHbIe U3Oenns ctanu gelle-
BbIMW M OOCTYMHbIMWU M0G0 cembe. BbICTpbIMM TeMnamMn cTana pasBUBaTbCHA U
dapmaueBTnka - NPOMBbILLIIEHHOCTb MO NPOM3BOACTBY JIEKAPCTBEHHbLIX MpenapaTos.

WTak, TpeTuii cnocob peLleHNs OCHOBHOW MPOOGAeMbl, YYUTbIBAIOLINIA BCIO
CNOXHOCTb OpraHM3aumm XMMUYECKNX NMPOLECCOB M 00ecneymBLLINA SKOHOMUYECKUN
npuemMnemyto npou3BOANTENIbHOCTb 3TUX MPOLLECCOB B XMMUYECKUX peakTopax,
MOXeT ObITb MpeacTaB/ieH CXeMoli:

OPTrAHU3AUMA XUMNYECKOTO ———> MPON3BOANTEJIbHOCTb
MPOLIECCA B PEAKTOPE PEAKTOPA

3.4.5. YeTBepThiii 3Tan pasBUTUS XMMUM KaK Hayku - BTopas nonoBuHa XX B.
SBONIOUUOHHAA XUMUS

B 1960 - 1979 r. r. nosiBMACS HOBbIA CNOCOO PELIEHUs OCHOBHOW Npobnembl
XMW, KOTOPbIM NOYy4nS Ha3BaHWE 3BOJIOLIMOHHAsS XxumMusi. B ocHoBe aToro cnocoba
JIEXUT NPUHLUUM UCMOMb30BaHNSA B MPOLEcCcax MOJlyYeHUS XMMUYECKUX NMPOAYKTOB
TakmMx yCNOBUN, KOTOPbIE MPUBOAAT K CAMOCOBEPLUEHCTBOBAHMIO KaTanm3aTopoB
XUMUYECKMX peakuuin, T.e. K caMoOopraHm3aumm XMMMUYECKMX CUCTEM. TepMUH
camoopraHu3aums BaM, BEPOSITHO, 3HAKOM, - OH O3Ha4YaeT CroCOOHOCTb CaMOCTOs-
TENbHOrO YNopsAoYEHNST KaKo-HMOYAb CUCTEMbI, COCTOSILLEN M3 XaOoTMYECKOro
MHOXeCTBa HECBSA3aHHbIX Mexay co00li 3/1eMeHTOB. TakOM NpOoLEecC pas3BMBaETCS
BO BPEMEHM N HE 3aBMCUT OT BHELUHWX YCNOBUIA. Bpemsa BbiCTynaeT 34echb Kak oavH
M3 CaMbIX BECOMbIX (PaKTOPOB, MO3STOMY U rOBOPAT 06 3BOMOUUM CUCTEMBI, T.€. O
TOM, 4TO NPOU3ONOET C CUCTEMOWN C TEYEHMEM BPEMEHM. A 4YTO NPOMCXOOMUT C
00bI4HON PUBNYECKON CUCTEMON C TEYEHMEM BPEMEHW, ECN MOTOK 3HEepPrumM nU3BHe
OoTCyTCTBYET? Hy, KOHEYHO Xe, BCe MeAsieHHO pa3pyLuaeTcs! MNMonpolbyinTe-ka NPoXuTb
B CBOEM [oMe B TeyeHune xoTs 6bl 10 net 6e3 pemoHTa! Bpsig nv Bbl CMUPUTECH C
TakuM 06CTOATENLCTBOM W CKOPEe BCEro 3aMeHUTE BCE BbilleAlne U3 CTPOS BELLU
Ha HOBblE, NMepeknentTe oboun, nepekpacuTe Nonbl. A Tenepb NpeactaBbTe cebe, 4To
Obl Oblf10, ecnv Bbl Bbl HE MPOSIBUAN MHMUMATUBBLI U He BHEC/M Obl B CUCTeMy “Ball
[OM” SHEpPruto No BOCCTAHOB/IEHWNIO €ro BHeLLHero obnuka. Moxet ObiTb JOM CaM Mo
cebe oTpemMoHTUpoBancsa? YBbl, OTBET O4eBUAEH - Yyaa Obl He npowsowno! Ans
camMoopraHmsaumm HeobXooMMbl Kak OOMOSIHUTENbHAs SHEPrus, Tak U CNoCOBHOCTb
CUCTEMBI K 3TOW CaMOOPraH13aLmm - BeAb CBaJIEHHbIE B Kydy MaTepuasbl AJ1s PEMOHTA
KBapPTUPbI - JANIEKO HE €€ PEMOHT, HY>XXHbl AENCTBYIOLLME NNLLA, KOTOPbIE 3TOT PEMOHT
OCYLLECTBAT. B HalLMX pacCcyXOeHusaX Mbl CIMLLKOM MHOFO BPEMEHU YAENUAN 3TOMY
nencTeylowemMy “XnBomMy nuuy”, U He 3ps - UMEHHO Habnogas 3a XUMUYEeCKUMMK
npoueccamMm, NPOUCXOAALLMMU B XUBBIX KIETKAX, XUMUKM OOHaAPYXMIM CNOCOBHOCTb
61010rMyecknx CMCTEM K CamMoopraHu3aumm, pa3BuTUIO, COBEPLUEHCTBOBAHMIO, YEro
HET B HEXMBOW Npupoae. XMMUYECKUA PEeakTOp Ha YPOBHE 3BOJIIOLMOHHON XMMUN
npencrtaeT Kak Hekoe noaobue XMBOW CUCTEMbI, AN KOTOPOW XapaKTEPHbI
camMopasBuTUE KU ONpeneneHHoe NoBeaeHme.
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Takum 06pa3om, YeTBepTbi 3Tan Pa3BUTUS XUMUU, KOTOPbLIN NPOOOIKAET-
CS M A0 HACTOsWero BpeMeHn, ycTaHaB/iMBaeT CBS3b CaMOOpraHusauumu
CUCTEMbI peareHToB C MNOBeAEHUEM ITOW CUCTEMBI:

CAMOOPTAHM3ALUNA & ————— > NOBEAEHUE
CUCTEMbI PEATEHTOB CNCTEMbI PEATEHTOB

3.4.6. Cuctema Xumun

WTak, nocneposaTenbHOE MOSIBJIEHME CHayana nepsoro, 3aTeM BTOPOro,
TPETLEro 1, HaKOHEeL,, YeTBEPTOro CrocoOO0B PELLEHNS OCHOBHOM MPOGIEMbl XMW
NPUBOAUT K MOCNEA0BaTEeNbHOMY MOABIEHMNIO U COCYLLECTBOBAHUIO YeThbipex
YPOBHEW PasdBUTUS XMMUYECKUX 3HAHWUN, UK, KakK MPUHATO Ternepb UX Has3biBaThb,
YeTbipex KOHUEeNTyasibHbIX CUCTEeM, HaxOOALIMXCH B OTHOLUEHUAX Mepapxun, T.
e. cybopamHaumm. B cucteme BCel XMMWUU OHW SBASIOTCS MOOCUCTEMAMM TaK Xe
Kak cama Xumus rnpeacrasngaet cobol noacucTemMy Bcero ECTecTBo3HaHMs B LENIOM.
KoHuenTyanbHble CUCTEMbI XUMUN MOXHO MPEACTaBUTb HArngaaHO B BUOE CXEMbI:

A00bemM xumunuecknx cep. XX B.
3HaHUN 4.3BOJIIOLMOHHAA XMMUS
XX B.

3.YuyeHne o xmumMmyeckmx npoueccax
XIX B.

2. CTpyKTypHas xumus
XVII B.

1.YyeHue o cocraBe Bew,ecTBa

Bpems

B pasButuun xumMum nponcxoguT He CMeHa, a CTPOro 3aKOHOMepPHOE, Nocneno-
BaTE/IbHOE MOSBNEHNE KOHLENTYyasbHbIX CUCTEM. [Py 9TOM Kaxaas BHOBb MOSABASAIO-
Lasica cucTtemMa He oTpuuaeT npenblayulyto, a, HaobopoT, onMpaeTcs Ha Hee U
BKJIlO4aeT B cebs B Nnpeobpa3oBaHHOM BuAe. Takum 06pa3om, NOABOAS HEKOTOPbLIE
UTOrK, MOXHO AaTb onpepeneHve Cuctembl xumun. Cuctema XumMum - eanHasg
LLESIOCTHOCTb BCEX XMMWUYECKUX 3HAHWIA, KOTOPbIE MOSBASIOTCS M CYLLECTBYIOT HE
OTOENbHO ApYr OT Apyra, a B TECHOW B3aMMOCBSA3M, AOMONHAT APYyr Apyra u
00beaVHAITCS B KOHUENTYyalbHble CUCTEMbI XUMUYECKUX 3HAHWUIA, KOTOPbIe
HaxoOATca Mexay coboi B OTHOLEHMSX nepapxum. CylecTBoBaHME BCEro YeTblipex
Ccnoco60oB peLLeHNss OCHOBHOW NPO6GIEMbI XMWY HALLO CBOE OTPaXEHWE B AENEHUN
CucTeMbl XMMUN HA YeTblpe MOACUCTEMBI.

BaxHocTb npenctaeneHuii o Cucteme XMMum nydile BCEro 0XapakTepu3oBa
YYEHbIN, KOTOPbIN HaymHan co3pgasBaTtb 3Ty Cuctemy - . U. MeHpenees:
“...Heobxogumbl cuctematmyeckmne obobuleHus, T. e. knaccudukauus, pasaeneHme
0o6Lero; NOTOM HYXHbl 3aKOHbI, ... TMNOTE3bl U Teopuu... Ecnu ewe HeT aTmx
06006LEeHNIA, 3HAHNE elle He Hayka, He cuna, a pabcTBO nepen Mayyaembim”.
MeHpeneeB cuMTan, YTO HET HAyKM B YACTHOCTHAX; OHa - B 0o0LlLeM, B CIUAHUNU
4aCTHOCTEN, B CO34AHNN CUCTEMbI 3HaHM. VIMEHHO Takom noaxon, No3BOANS YHEHOMY
co3naTb CBOWO 3HamMeHuTyilo Mepuogunyeckyio CUCTEMY XMMUYECKUX INIEMEHTOB U
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paspaboTatb B 1860 - 1870 rr. HOBbI NNaH “3maHns XMMUK®, KOTOPOEe B TO BpeMs
COCTOS/10 NNLWb M3 OAHOro “aTaxa” - U3 y4eHUss O COCTaBe BELLECTB.

3.5. YyeHue o cocrtaBe BewiecTBa. MpobGnembl uUx peLieHUsa

Ha kaxgoMm 13 4eTbipex UCTOPUYECKMX 3TarnoB “O00biun” XMMUYECKUX 3HAHUI
BO3HMKaNM CBOW 3a4ayu, KOTopble TpeboBanu pelleHus. MeToabl 1 crnocobbl nx
peweHns He Bcerga Obinv rnagkMMm 1 AO0CTOBEPHbIMU. yTy nccneaoBaHus yyeHbix
4yacTo ObINM 3anyTaHbl U HE MPOCTbl, YEM-TO HaNOMUHaNM NabUPUHT, B KOTOPOM
MOXHO Nnerko 3abnyautbcsl. CKOMbKO OblI0 BbIABMHYTO XMMUKAMU JIOXKHbIX FMMOTES,
KOTOpble B AanbHelwem 6biin onpoBeprHyThl! Mprpoaa He Toponunack packpbiBaTb
CBOW TalHbl, CTaBs UccrnegoBaTefie B TYNUK Ha KaXOOM WUCTOPUYECKMM aTane ee
NO3HaHUS.

PaccMoTpuMM OCHOBHble MPOOSIEMbI, CTOSIBLUME MEPEn YYEHBIMU HA CaMOM
nepBoM 3Tarne - 9Tarne M3y4eHUsi cocTaBa BeluecTBa:

1.Mpobnema XMMNYECKOro 3NeMEHTa.

2.Mpobnema XMMMYECKOro COoeauHEHMS.

3.Mpobnema co3pgaHnsa HOBbIX MaTtepuasnoB, B COCTaB KOTOPbIX BXOAAT BHOBb
OTKPbIBAEMblE XMMWUYECKNE INIEMEHTHI.

3.5.1. PeweHue npoGsemMbl XMMUYECKOr0 3JIeMeHTa

McTopuyeckre KOpHU peLleHmnst 3To NpobiemMbl yXoaaT B rnyOOoKyo APEBHOCTb.
B [peBHen Npeumn BO3HMKAIOT NEPBbIE aTOMUCTUYECKNE TEOPUM O CTPOEHUM MUpa
MU B NPOTMBOBEC UM - MNpeAcTaBfeHns 00 3eMeHTax; CBOMCTBaxX W 3NeMeHTax, -
KayecTBax, NOAXBAYEHHbIX MO3XE JNIOXHbIMU YYEHUAMU anxMMUKOB. Kak Mbl yxe
3HaeM, MMeHHo P.Bolab NoNoXun Havyano COBPEMEHHOMY MpeacTaBfeHUIo O
XMMWNYECKOM 3JIEMEHTE KaK O “MpocToM” Tene WiM Kak O npefene XMMU4yeckoro
pasnoxeHus BellecTBa. Kasanock, 4TO Tenepb XMMuUs NpeeBpaTuiacb B HACTOSLLYIO
Hayky, MOJIOXWUB KOHEL, BCEM aNXUMUYeCKUM 3abnyXxaeHusMm, HO, yBbl, PagoCTb
XUMUKOB Oblna npexaeBpemMeHHoln! Janblue MxX Xaanvu owmnoku.

Jeno B TOM, 4TO XMMUKN, CTPEMSACbL MONYYUTb “NpoCTble Beuw,ecTBa”,
noNb30BaNMCb NPU 3TOM CaMbiM PACMPOCTPAHEHHLIM B TO BPEMS METOAOM -
npokanMBaHMEM “CnOXHbIX BelwecTB”. [pokanMBaHne xe npuBOAMIO K OKasMHE,
KOTOPYIO U MPUHUMANM 32 HOBbI 3neMeHT. COOTBETCTBEHHO, METaNsbl - Xeneso,
HanpuMep, NPUHMMann 3a CNOXHble Tena, COCToAwme N3 COOTBETCTBYIOLLErO
9/IEMEHTa U yHMBEPCanbHOro “Hesecomoro Tena” - ¢nornctoHa (dnormcroc -
rpey. 3a)xCOKeHHbIN).

Teopusa ¢noructoHa (NnoXxHas Mo cBOel cyTu) Oblnia NepBoOil Hay4YHOM
XUMMUYECKOWN TEOPUEN U MOCNYXMa TONYKOM K MHOXECTBY mccnenosaHuii. B 1680-
1760 rr. NOSIBUNNCH TOYHbIE KONMMYECTBEHHbIE METOAbl aHanM3a BELLECTBA, a OHMU,
B CBOIO O4yepedb, CMOCOOCTBOBAIM OTKPbLITUIO UCTUHHBLIX XMMWUYECKUX 3N1EMEHTOB.
B 910 Bpemsa Obinn OTKPbITEI pocdop, kKobanbT, HUKENb, BoAoOpoa, ¢Top, a3orT,
XJI0p U MapraHed,.

B 1772-1776 rr. ogHoBpemMeHHO B LUBeuun, AHrnum v dpaHumm 6bin OTKPbLIT
kucnopon! Bo ®@paHuum ero nepBooTkpbiBaTeNnem Obial 3amMeyaTesibHbli XUMUK
A.J1. Naeyasbe (1743-1794 rr.). OH ycTaHOBWN POSb KMCNopoda B 06pa3oBaHum
KMCNOT, OKCUO0B U BOAbl, ONPOBEPr TeopUo GpOrmcToHa 1 cosgan npuHUMNnManbHO
HOBYIO TEOpUD XMMuUKU. BTo Oblna HacTodwas peBoswUMA B Xxumuun! Emy
npuHaanexana Takxe nepsasi NnonbiTka CUCTEMaTU3aLUUN XUMUYECKUX 3NTIEMEHTOB,
KoTopas B panbHeliwem Obina ucnpasneHa . WN. MenpeneesbiM. Mbl 3HaeM, 4TO
ycnexm B 06n1acTu KBAHTOBOW PU3MKM MOMOMAM 3aTeM YCTAaHOBUTb CIOXHYIO
CTPYKTYPY atomMa BCEX M3BECTHbIX XMMMUYECKMX 3JIEMEHTOB, - 06 3TOM NOAPOOGHO
N3510kKeHO B Nt06OM COBPEMEHHOM y4ebHMKE XUMUW: aTOM npencTasnaseT cobon
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€[IMHYI0 KBAHTOBO-MEXAaHUYECKYID CUCTEMY, COCTOALLYIO U3 MONOXUTENbHO
3apSKEHHOro s4pa U oTpuuaTeSlbHO 3apsiKeHHON 3NeKTPOHHOM 000s104ku. A nopg,
TEPMUHOM XUMWYECKUI 3NEMEHT “npsadyTca” BCE aTOMbl, UMeoLWMe OONHAKOBbIN
3apsan aapa (HO MHOrga OT/iMYaloLWMeCcsd BESIMYMHOM aTOMHOM MacChbl, U3BECTHbIE
BCEM Kak n30Tonbl). Tenepb TpyaHO cebe NMpeacTaBuTb, YTO BCEro Nvllb ABa
cTonetus Hagdan sTa npobnemMa Oblna OOHON M3 CaMbIX 3arafloHHbIX U CIIOXHbIX A1
noHnmMmaHus! Ho 6bino Obl HEenpaBUIbHbIM CYUTaATb, YTO OHa Mcyepnana cebsa
MOSIHOCTbIO B Hawu AHW. O cux nop OCTaeTCs He A0 KOHLA peLleHHbIM BOMpOoC:
CKOJIbKO € BCEro XMMMYECKUX SIEMEHTOB CyLLeCTBYEeT Ha cBeTe? M3BeCTHO ums
camoro nocnegHero, OTKPbITOro B HacTosiLee Bpems anemeHta Ne109 - meliTHepuiA,
KOTOPbIA CYLWECTBYET BCEro Nullb ThiICAYHbIE A0NU CeKyHAbl. MoxHO cebe
NPeacTaBUTb Kak HeNerko y4eHbIM MUCCNefoBaTb CBOMCTBA TakOro HEeyCcTON4YMBOro
anemeHTal A CKOJIbKO HOBbIX 3JIEMEHTOB €ELLE XAYT CBOEro oTKpbITus!

3.5.2. PeweHue npoGremMbl XMMUYECKOr0 COEeAUHEHUS
3akoH noctosiHcTBa cocTtaBa BewjectBa X. lpycta

Mup nomHuT 0 BKNnage JlaByasbe B pelleHne npobremMbl 0 XMMUYECKUX
3NeMeHTax, HoO OH MOMHUT 1 0 paboTax APYroro NpPekpacHoro GpPaHLYy3Ckoro XmMmka
XK. MpycTta, koTtopbii B 1801-1808 rr. ycTaHOBM 3aKOH NMOCTOSIHCTBa COCTaBa,
COrnacHo KoTopomy nioboe nHanBMAyanbHOE XMMWYECKOe coeanHeHve obnapaet
CTPOro onpeneneHHbIM, HEM3MEHHbIM COCTABOM - MPOYHbIM MPUTAXEHUEM
COCTaBHbIX 4YacTelr (aTOMOB) M TEM CaMbiM OTAMYAETCS OT CMECEN.

3AKOH MOCTOAHCTBA COCTABA TMPYCTA (1801-1808 rr.). Bcskoe uuctoe
BELLECTBO HE3ABMCMMO OT €ro NpouCXoXAeHUs 1 criocoba noslydyeHus UMeeT OAuH
M TOT Xe COCTaB.

3akoH kpaTHbix oTHOoweHwii k. danbToHa

TeopeTnyeckoe obocHoBaHME 3akoHa MNpycTta ObI0 AaHO aHrnMYaHUHOM K.
AanbToHOM, SABNSOLWMMCS aBTOPOM APYroro OCHOBOMOJAraloLLEero 3akoHa B y4eHumn
0 COCTaBe BELLECTB - 3aKOHa KpaTHbIX OTHOLWEHU. OH nokasan, 4To BCE BeLLEeCTBa
COCTOSAAT U3 MOJIEKYNl, @ BCE MOJIeKysbl, B CBOI O4Yepedb, - U3 aTOMOB, WU 4YTO
cocTaB NobOro BelecTBa MOXHO NpeacTaBuUTb cebe kak NpocTyo dopmyny Tuna
AB, AB,, A, B, n T.4., roe cuMBonbl A 1 B 0603Ha4aloT HazBaHUA [BYX aTOMOB, U3
KOTOpbIX COCTOUT Mornekyna. CornacHo 9TOMy 3akOHY 3KBMBANEHTOB “COCTaBHbIE
yacTtu Mosekynbl” - atombl A 1 B Moryt 3amewiatbcs Ha gpyrne atombl - C u D,
HanpumMep, COrnacHoO peakuusim:

AB + C ——> AC + B wnin
A,B,+ 3D ——> A,D,+ 3B

MTaK, nagnmm To4Hyt0 GOPMYISIMPOBKY 3aKOHY KPaTHbIX OTHOLUEHWIA.

3AKOH KPATHbIX OTHOLLEHWWN OANBTOHA( 1803 r.): Ecnn onpeneneHHoe
KOJIN4ECTBO OOHOr0 3/IEMEHTa BCTyMaeT B COeOVHEHWE C APYrMM 3J1EMEHTOM B
HECKOJIbKMX BECOBbIX OTHOLLUEHUSX, TO KOMYECTBA BTOPOrO 3/IEMEHTa OTHOCHATCS
Mexay coboi Kak Lenble yucna.

CocTaB XMMUYECKOrO COEAMHEHUS MOXeT ObiTb TOJIbKO MOCTOSIHHbIM. B
nanbHelwem 6narogaps Tpyoam H.A. Bepuenuyca, A.J1. Tei - Jlioccaka, 1O.
JInbuxa 1 Opyrvix y4eHblx 3akKOH NOCTOSIHCTBA COCTaBa BeLecTBa Obl/l OKOHYATEIbHO
YTBEPXAEH M CTan OOHUM M3 OCHOBOMOJSAratoLmx 3aKOHOB XUMUMN.
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3akoH A. ABoraapo O NMOCTOSIHCTBE KOJIM4eCTBa MOJIEKYJ1 B
AaHHOM ob6beme

MonekynsipHast Teopusi CTPOEHMS BELLLECTBA MNO3BOMMIA NO-HOBOMY B3MSHYTh
Ha npouecchl, Npoucxosiiume B ra3oBoii pase 1 gana Havano HOBOM Hayke, CTOSILLEN
Ha CTblke XUMuUM 1 GU3VKN - MonekynspHon dusuke. Hactodwen ceHcauuen
CTano oTkpbiTHEe 3akoHa ABoraapo B 1811r. UtanbaHcknii yueHbIi AMageo ABoragpo
(1776-1856 rr.) yctaHOBWA, 4YTO NPU OAMHAKOBLIX GUIMYECKUX YCIOBUSIX (OABNEHUN
N TemnepaType) paBHble 0O6bEMbI Pa3/IMyHbIX ra30B COLEPXAT PaBHOE 4YUCIIO
Monekyn. JpyruMmn crnoBamu, 3TO O3HAYaeT, YTO rpamMM-mMoneKkyna noboro rasa
npu OOWHAKOBOW TemMrepaType U OaBfieHUU 3aHUMaeT OAMH U TOT Xe obbem. OH
Jaxe CMOr paccumtaTb 9TOT 0O6beM AN CTaHOAPTHbIX PU3NYECKMX YCNOBUIA. [Mpu
nasneHmn 760 mm pT. cton6a u npu temnepatype 0° C oH 6bin paBeH 22,4 n,
To4yHee 22, 414 n. B aToM ob6bemMe npu HasBaHHbIX YCNOBUSIX HaxoauTcsa 6, 023 -
102 monekyn razoobpasHoro BeulecTBa (4ncno Asoragpo).

OpHako, pasBUTME XUMUN U N3y4eHMe BCe BGONbLUEro 4ymcna COenuHEHUN
NPUBOAUAN XUMMUKOB K MbICAIN, 4TO Hapsaay C Beuw,ecTBaMu, UMELWUMU
onpefeneHHbI COCTaB, CYLLECTBYIOT €Lle U COeAMHEHUS MepeMEeHHOro cocTasa -
N 3TO SIBMJIOCb MPUYUHOWM NepecmoTpa NpencTaBieHuini O MONEKYNE B LLENIOM.
Monekynoii, kak 1 npexae, NPOA0JIXKaAIM Ha3biBaTb HAMMEHbLLIYIO YAaCTUYKY BELLECTBA,
CNnocobOHYyl0 onpenensaTb ero CBOMNCTBA M CyLECTBOBaTb CaMOCTOSATENIbHO, HO
Tenepb K MoekynamM CTanm OTHOCUTb U Takne HeobOblYHbIe KBAHTOBO-MexaHUYeckmne
CUCTEMBbI, TAKME KaK MOHHbIE, aTOMHbIE N MeTa/lInieckMe MOHOKPUCTasJibl, A
Takke nonumepbl, 0Opa3oBaHHblE 32 CYET BOAOPOAHbLIX CBA3el. B pesynbrate
npUMeHeHUs GU3NYECKUX METOOO0B UCCNEeO0BaHUS BELlecTBa CTan0 ACHO, 4TO
CBOICTBA peanbHOro Tena OnpenensioTcs He CTONbKO TeM, MOCTOSIHEH WU He
NMOCTOSIHEH COCTaB XMMMWYECKOro COeAMHEHUsl, a ckopee pU3nYeckon nNpupoaon
XMMU3mMa, T.e. NPUpPoaoN Tex Cui, KOTOpble 3aCTaBASOT HECKOJIbKO aTOMOB
00bEONHATLCS B OLHY MOJMEKYIY.

MoaTomy Tenepb NOA XMMUYECKMM COEAMHEHWEM MOHUMAOT OnpeaefieHHoe
BELLECTBO, COCTOSILLEE N3 OOHOMO WM HECKONbKUX XUMNYECKNX SNIEMEHTOB, aTOMbI
KOTOPbIX 32 CYeT B3aMMOAENCTBUA APYr C OPYroM oObeAuHeHbl B HacTuuy,
obnagaroLlyio yCTONYMBOWM CTPYKTYPOW - MOJIEKYSY, KOMIMIEKC, MOHOKPUCTaT WUn
MHOI arperat. 9To 6onee WKMPOKOe MOHATUE, YeM MOHATUE “CNIOXHOEe BeLecTBOo”.
[enctBntenbHo, BeAb BCEM WU3BECTHbl XUMUYECKNE COEANHEHUS, COCTOSALLNE HE
13 pasHblX, @ N3 OAMHAKOBBLIX 3NIEMEHTOB. OTO MOJNEKYNbl BOOOPOAA, KMCNOPOoAa,
xnopa, rpagputa, anmasa u T.A.

Ocoboe nonoxeHrve B psioy MOJEKYNSIPHBIX YACTUL, 3aHMMAT MakKpomoJsie-
Kynbl nonumepoB. OHM cofepxaTt O0MbLIoe YACO MOBTOPSIOLLMXCS, XMMUYECKN
CBSI3@HHbIX APYr C APYrOM B €OMHOE LieNioe CTPYKTYPHbIX eauHuL, - ¢dparMeHToB
MOHOMEPHbIX MosieKkyn, 061aaomx 0ONHAKOBLIMA XMMNYECKMMU CBOWNCTBaMU.

JanbHelilee yCnoXHeHne XMMUYECKOW opraHvMsauun Matepum uaet no nytu
obpazoBaHua 6onee CHOXHOW COBOKYMHOCTUM B3aMMOLENCTBYIOLWMX aTOMHbIX U
MOJNEKYNSPHbIX YacTul, Tak Ha3blBAEMbIX MOJIEKYJISIPHbIX acCcouuaToB U

CXEMA YCJI0)XKHEHUSAA HACTUL, BELLLECTBA

.

AnemeHTapHble ATOMHbIE MonekynsipHbie AccoumaTbl Arperatbl

r
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arperaToB, a Takke ux KomOuHauuii. Npn obpa3oBaHUK arperatoB U3MeHseTCs
®a30BOe COCTOSIHME CUCTEMbI, YEero He NPOMCXOAUT Npu 06pa3oBaHKM accoLmMaToB.
HanomHum, 4to ¢pa3oBOe COCTOSAHUE - 3TO OCHOBHOE (pU3MNYECKOE COCTOSHME,
B KOTOPOM MOXET CYLLIEeCTBOBaTb J1l0O0Ee BELLECTBO (ras, XWUAKOCTb, TBEPAOE Teo).

3.5.3. MpoGnema co3paHusa HOBLIX MaTepuasnoB

Mpupona wenpo “pasbpocana“ cBoOM mMaTepuasbHble Pecypchbl N0 BCem
nnaHete. Ho BOT Kakyl CTpaHHYl 3aKOHOMEPHOCTb OOHapPyXWU yYyeHble
oka3blBaeTCs, yalle BCEro B CBOEV OedaTeNIbHOCTU 4enioBeK MCMNoNb3yeT Te
BELLECTBA, 3anachl KOTOPbIX B MPUPOAE OrpaHnyeHbil!

[MoaToMy B HacTosiee BpemMs nepemn y4eHbIMU-XMMUKaMN CTOAT TPU 3a4auu:

1. MNpuBepeHne B COOTBETCTBUE MPAKTUKN MUCMOSIb3OBAHUS XUMUYECKUX
39NEeMEHTOB B MPOM3BOACTBE C UX peasibHbIMM pecypcamu B nNpupoge.

2. NocnepoBaTtenbHas 3amMeHa METassIOB PasfiMyHbIMU BUOAMMU KEPAMUKU.

3. PacwmpeHne npon3BoacTBa 3/IEMEHTOOPraHUYECKNX COEAMHEHNI Ha Oase
OpraHn4yeckoro CuHTesa.

Mpepnaraetca cocpenoToumTb BHMMAHWE HA YBEINYEHUN UCMONb30BAHUSA Ha
NMPOM3BOACTBE TaKMX SNEMEHTOB KakK ajllOMWUHUA, MarHuii, Kanbuuin, KpemHuii. B
npMpoae 3TV 3NeMeHTbl BCTPEeYatTCs AOBOJIbHO YAacTO U UX [oOblya He COCTaBnseT
ocoboro Tpyaa. Kpome TOro, Mcnonb3oBaHWe 3TUX BELLECTB, COCTABEHHbIX U3
HanbGonee 4acTo BCTpPeEYalOLWUXCH NMPUPOAHbLIX 3JIEMEHTOB NpUBEAET K
MEHbLLEMY 3arpsi3HEHUIO OKPYXaloLlen cpenbl oTxogamu, - npobneme, Tak OCTPO
oulyllaemMoli BCEMU B HacTosilLee BpeMs. Beab oT ee pelleHus OyneT 3aBUCETb
cynbba Halen nnaHeTbl!

Bospocluas Heo6X0AMMOCTb 3aMeHbl MeTaJIJIOB KepaMUKOW Bbi3BaHa TEM,
4YTO NPOM3BOACTBO KEPAMUKM flerye M 3KOHOMWYECKU BbIFOAHEE WM, KDOME TOro, Ha
HEKOTOPbIX MPOM3BOACTBAX OHA MPOCTO HE MOXET ObiTb 3aMeHeHa MeTannaMu.
XUMUKM HAyYMNnCb Mosy4aTb OFHEYMOPHYID, TEPMOCTOMKYIO, XMMUYECKN CTOWKYIO,
BbICOKOTBEPAYIO KEpaMMKy, a Takke KepaMuky Ois 9NeKTpoTexHukn. B nocnepHee
BpeMs Obl1I0 0OHaAPYXEHO yAMBUTENbHOE CBOMWCTBO HEKOTOPbLIX KEPAMWUYECKUX
napennin obnapaTtb BbICOKOTEMMNEPATYPHON CBEPXMPOBOAMMOCTbIO, T.€.
CBEpPXMNPOBOAMMOCTbLIO MPU TeMMepaTypax Bbille TemMnepaTypbl KUNEHUS a3oTa.
OTKPLITUIO 3TOr0 YHUKaNbHOrO GU3NYECKOro CBOWCTBA crnocoOcTBOBaNN pPaboThl
XMMWKOB MO CO3[aHUI0 HOBOW KepaMWKMW Ha OCHOBE KOMIJIEKCOB C Gapuem,
NIAHTAHOM U MeAblo, B34ATbIX B €QVHOM KOMIIEKCe.

AnemeHTOOpPraHnyYeckne cCoenuHEeHUsa - 3TO COeAMHEHUs, B COCTaB
KOTOPbIX BXOOAT Kak OpraHuvyeckme aneMeHTbl (yrnepon, BOAOpO., cepa, as3oT,
KMNCNOpPOA), Tak 1 MPOU3BOAHbIE PAAA APYrMX XUMUYECKUX SIEMEHTOB: KPEMHUS,
dTOpa, MarHus, Kanbuus, LUMHKA, HaATpUS, NUTUS U T.0. XUMUS 3/IEMEHTOOPraHu-
YeCKUX MaTepuasioB C NPUMEHEHUEM KPEMHUA (KPEMHUMNOPraHnyeckas X1umms)
NeXnT B OCHOBE CO3[aHus NPOM3BOACTBA MHOTMX MONMMEpPOB, obOnapaloLmnx
LLEHHBbIMY CBOMCTBAMM 1 HE3AMEHUMbIX B aBUaLuvmM 1 aHepreTuke. A GTopopraHmyec-
Kne coeguHeHus 06nafatoT UCKIIIOYUTENIbHOM YCTOMYMBOCTLIO (AaXe B KMUCoTax v
wenoyax) ocobo NOBEPXHOCTHOW aKTUBHOCTbIO WU MO3TOMY MOryT MEePEHOCUTD,
HanpumMep, KMCNOopPOoA Kak Mosekyna remornobuHal dTopopraHnyeckme CoeanHeEHs
aKTUBHO WCMOJIb3YIOTCA B MeAULMHE ANS CO3[aHUS BCEBO3MOXHbIX MOKPLITUA U
T.AO.

PelueHune npakTnyeckmx 3agad, CToawmx nepe XMmMmkaMmmn B HacTosiLee Bpems
COMPSXEHO C CMHTE30M HOBbIX BELLECTB M aHAINM30M MX XMMMUYECKOro cocTasa.
MoaToMy Kak M MHOro NIeT TOMy Ha3az npobsieMa cocTaBa BeLLeCTB OCTaeTcs
B XMMMUM MNO-NMpPEeXHeMy aKTyasibHOMW.
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3.6. CtpyktypHaa xumua. MNMpoGnembl U pelueHusa
3.6.1. OBonouna nNoHATUA “CTpyKTypa” B Xumum

CornacHo teopuu, BbiABUHYTON AOXx. LanbToHOM, nt0boe Xxmmuyeckoe
BELLECTBO NpencTaBnseT coboli COBOKYMHOCTb MOJIEKys, ob6nagalooLmx cTporo
onpegeneHHbIM Ka4eCTBEHHbIM U KONIMYECTBEHHLIM COCTABOM, T. €. COCTOALUMX N3
onpeneneHHoro Konnm4yectsa atoOMOB OLHOMO, ABYX WU TPEX XUMUYECKUX
anemeHToB. Teopusa cTpoeHus BewecTtea k. [lanbToHa OTBEYana Ha BOMPOC: Kak
MOXHO OT/INYUTb WHAMBMAYANbHOE BELLECTBO OT CMECEN BELEeCTB, HO OHa He
[aBana oTBeTa Ha MHOXECTBO APYrmx BOMPOCOB: kakMM 006pa3om o6beauHSATCA
aToOMbl B MOJIEKYJlY, CYLLECTBYET NN Kakas-TO YNOpPsiA04EeHHOCTb B PacrofioXeHUn
aTOMOB B MOJIEKYNIE UM OHU OObEAMHEHBbI KaK Monano, Cly4anHo?

Ha 3T Bonpockl nonbiTancs gatb OTBET weeackmn xummnk U.9. Bepuenuyc,
XUBLLMIA B nepBoii nonosuHe XIX B. OH Npenioxun HOBYIO MOAENb aToMa B BUAE
anekTpudeckoro gunons. U.49. bepuennyc Ha oCHOBaHuUW ornpeneneHnsa OaHHOro
MM MPOLLEHTHOro0 COCTaBa MHOMMX BELW,eCTB W MNOUCKa SeMEHTapHbIX
CTEXMOMETPUYECKNX 3aKOHOMEPHOCTEN, a TakXe U3Y4EHUS PasfioXeHUs CIOXHbIX
BELLECTB B pacTBoOpe Mnof OeNCTBMEM 3NEeKTPUYECKOro Toka, 3a4ancsd BOMPOCOM:
YTO BNIUSIET HA 3HAK N BEINYMHY 3NEKTPUYECKOro 3apsaa KOHKPETHOro BelecTsa?

[ToyemMy CyLEeCTBYIOT 3NEKTPOMNOJIOKUTENIbHbIE N 3NIEKTPOOTPULLATESIbHbIE
BellecTBa? B yem pasnuyme B CTPOEHUM MONEKYN KUCAOThl U LLENo4Ym Uan LLEeNoYymn
1 HeTpanbHoOM conn? Ytobbl OTBETUTL Ha 3TK BoNpochkl, .9. bepuenuyc BbIABUHYN
rMnoTesy, COrfacHoO KOTOPOI BCE aTOMbl Pa3HbIX XMMUYECKNX SNIEMEHTOB 061aaaloT
Pa3nIMYHON 3NEKTPOOTPULLATENIBHOCTLIO M PACMONIOXU UX B CBOEOOPasHbIn pad no
Mepe YBEeNMYeHUs 3TON caMomn anekTpooTpuuarensHoctu. Utak, U. 9. Bepuennyc
nonaran, 4To MoJiekyna nNpencTaBnseT cobol He NPOCTOE HAarpPOMOXAEHNE aTOMOB,
a onpefeneHHy ynopsaoYeHHYIO CTPYKTYpPy aTOMOB, CBSI3aHHbIX Mexay coborn
3aNIeKTpoCTaTUYeCKMMN CUNaMu.

B 1840 r. B paboTtax ¢ppaHuy3ckoro yyeHoro L. dXepapa Obi0 nokasaHo, 4To
CTpykTypbl WN. 9. Bepuennyca cnpasennvebl HE BO BCEX CJlyyasax: eCTb mMacca
BELLLECTB, MOJIEKYJlbl KOTOPbIX HEBO3MOXHO PasfioXWTb Ha OTAESIbHblEe aTOMbl MOA,
0ENCTBMEM 3JIEKTPUYECKOrO TOKA, OHW MPEeACTaBAdaT Kak Obl €AVHYI0 LLeNyto
CUCTEMY U MMEHHO Takylo HeOeMMYI0 CUCTEMY B3aMMOCBA3aHHbIX APYr C APYrom
aTtomoB L. Xepap v npeanaran HasdbiBaTb Monekynoin. OH padpaboTan Teopuio
TUMOB OPraHMY4eCKUX COeLVNHEHWN.

OpHako, ocTaBancs OTKPbITbIM BOMPOC: Kakne e CUlbl 3aCTaBNsioT CBA3bIBATHCS
aTOMbl B 3TN Camble MONeKysbl? Teopus He JaBana OTBeTa Ha STOT BOMPOC, Kak U He
[aBana KOHKPETHbIX yKa3aHWuii, KacaloLMXCa CUHTEe3a HOBbIX BewecTB. MHoroe,
CBSI3aHHOE CO CTPYKTYPOM MOJIEKYST OCTaBaIOCh HEMOHATHLIM U 3arafo4HbIM.

B 1857 r. Hemeukunin xumuk A. Kekyne o6Haponosan cBov HabnoAeHUs O
CBOWCTBaxX OTAE/NbHbIX 3/IEMEHTOB, KOTOpPble MOryT 3amellarb atoMbl BOOOPOAA B
page coeamHeHuin. OH NpuWen K BbIBOAY O TOM, YTO HEKOTOPbIE M3 HUX MOTYT
3amMelaTb TPy atoMa BOAOPOAA, APYrMe Xe - TONbKO ABa uin gaxe oguH. A.Kekyne
TaKkke yCTaHOBWJ, 4TO “OAMH aTOM yrnepoja ... 3KBMBAJIEHTEH YeTbipeM aTtomam
BoZopoaa”. 3to OblNM OCHOBOMONArawlMe MOJIOXKEHUS TEOPUN BANEHTHOCTU
BELLEeCTB.

A. Kexyne Been B 06mxon, HOBbI XMUMUYECKNA TEPMUH CPOACTBO, KOTOPbLIV ©
0603Havyan KoNM4eCTBO aTOMOB BOJAOPOAA, KOTOPOE MOXET 3aMeCTUTb AaHHbI
XuMmyeckuii anemeHT. OH npunmMcan BCEM 3N1eMEHTaM COOTBETCTBEHHO TpW, ABe
WA OOHY eAvHWULY CPOACTBa. Yrnepop Xe Haxoauncs npyv 3TOM B HEOObIYHOM
NONIOXeHUM - ero atoM obnagan 4YeTblpbMs €AVHMLAMK CPOACTBA. YMCno eamHuL,
cpoAacTBa, npucyuwee AaHHOMY XMMUYECKOMY 3/1eMEHTY Y4YeHbli Has3Bas
BaJIEHTHOCTbIO aroma.
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Mpy o6beaMHEHUM aTOMOB B MOJEKYIY MPOUCXOAUT 3aMblkaHMe CBOOOAHbLIX
eguHuy, cpoacTea. Hanpumep:

[ABa aToma Bogopoda + OAWH aToOM KUcCopopa o6Gpa3yloT OAHYy MOJIEKYNY BOAbI :

H — + H— + —0 — JR—— H—O0_—_—H
JiBe eauHMULbI CPOACTBa Ha ABe eAuHUUbl CPOACTBA,
Ha ABYX aTomMax Bogopoga KoTopbiMU 0Bnagaet
3aMbIKalOTCA OAVH aTOM Kucniopopa

[MoHaTne cTpykTypa monekynbl C nerkon pykm A.Kekyne cBenocb kK
NMOCTPOEHUIO HArNAAHbIX GOPMYJIbHLIX CXEM, KOTOPbIE CAYXWUIU XUMUKAM
PYKOBOACTBOM B MX MPaKTUYeckolr paboTe, KOHKPETHbIM yKa3aHMEM Ha TO, Kakue
NCXOJHblE BellecTBa cnenyeT O6patbh ANS TOro, 4ToObl NOAYYUTb HEOOXOAUMBbIN
XUMUYECKNIM NPOOYKT.

Cxembl A. Kekyne, ogHako, He BCerga MoXHO OblfI0 OCYLLLECTBUTb Ha NPaKTUKE:
XOPOLUO NpoayMaHHasa (Mnn NpuaymMaHHas) peakums He xoTena npoTekaTb CornacHoO
KpacuBon cxeme! 3TO NPOUCXOAUNO MOTOMY, 4TO POPMYJIbHBIA CXEMATU3M HE
y4YnTbiBan peakuMoHHYI0 CNOCOOHOCTb BELWECTB, BCTYMaloLWMX B XUMUYECKOE
B3aMOOENCTBNE APYr C OPYrom.

OTBeThbl Ha BOJHYKOLWME NPAKTUYECKUX XMMUKOB BOMPOCHI Aana Teopus
XUMUYECKOro CTPOeHus pycckoro ydyeHoro A. M. BytnepoBa. BytnepoB Tak xe
kak n Kekyne npusHasas, 4To ob6pa3oBaHMe MOJIEKYST U3 aTOMOB MPOMCXOAMT 3a
cyeT 3aMblkaHUs CBOOOAHbIX €AUHMUL, CPOACTBA, HO OAHOBPEMEHHO C 3TUM OH
yKasbiBasn Ha BaXHOCTb TOr0, C KakuMm “HanpsikeHuem, O6onbliell unm MeHbLUEN
3Hepruen (3To cpoacTBO) CBA3LIBAET BeELECTBa Mexay cobon”. Jpyrumu cnosamu,
A. M. BytnepoB BnepBble B UICTOPUM XUMUK 0OPaTU BHUMAHME HA SHEPreTUYEeCKyHo
HEPAaBHOLEHHOCTb Pa3HbIX XMMUYECKUX CBSA3EN TakuxX Kak, Hanpumep, OAMHAPHOM
C-C, pBoiHoln C-= C unu TpoliHoii Cp C XMMUYecKOon CBA3EN B OpPraHmyeckux
coeauHeHuax. Ero Teopusa ykadana Ha NPUYMHbI aKTUBHOCTU OOHUX BELLECTB U
naccmBHocTu gpyrux. OHa Takxe ykasbiBana Ha Haan4yme akTUBHbIX LLEHTPOB U
aKTMBHbIX FPYNMMPOBOK B CTPYKType MOJeKy.

Teopua A. M. byTtnepoBa cTana gng XMMUKOB PYKOBOACTBOM B UX
npakTn4yeckom pgeaTenbHOCTU. [103Xe OHa Hawna CBOE MNOATBEPXAEHUE U
dunamyeckoe 0O60OCHOBaHME B KBAHTOBOWM MexaHuke. B HacTosilee Bpems noHaTue
"XuMmunyeckas cBs3b” cTano 6onee WMPOKUM. Tenepb Nnog XUMWUYECKOW CBS3bIO
NMOHMMAaeTCs Takol BUA B3aMMOLENCTBUS HE NMPOCTO MeXAy OTAe/IbHbIMU aToOMaMu,
a MHOr4a M Mexny aTOMHO-MOJIEKYNSPHBIMUY YacTuLamMn, KOTOpbIA 00yCoBeH
COBMECTHbIM MCMNONb30BaHMEM UX 3NEKTPOHOB. [pn 3TOM nMMeeTcs B BMAY, 4HTO
Takoe 0606LieCcTBNEHNE SNEKTPOHOB B3aMMOAENCTBYIOWMMM HYacTMLAMN MOXET
M3MEHATBCHA B LWIMPOKMX npeaenax. CylecTByIOT KOBaNeHTHas, NOASIpPHas, NWOHHO-
KOBaNIEHTHas M MOHHbIE CBA3W. TN CBA3WN ONpenenseTcs xapakrepoM Guanyeckoro
B3aMMOLENCTBUS aTOMHO-MOJIEKYNAPHBLIX 4acTuy, APYr C APYrOM.

[log, BaneHTHOCTbIO aTOMHbIX YacTUL, MOHUMAETCH MX CBOMCTBO BCTynaTb
B XMMWUYEeCKOe B3aMMOLENCTBUE, KONNYECTBEHHOW MEPOI KOTOPOro sBNSETCH
CYMMAapHO€ 4MCNO HECMapeHHbIX 3NEKTPOHOB, HEMOAENEHHbIX 3NIEKTPOHHbIX Nap
M BaKaHTHbIX opbuTanein, y4acTByOLWMX B 06pa3oBaHUN XMMUYECKNX CBSI3EN.

BaneHTHOCTb aTOMHOW 4aCTUYKN He ABNAETCH NMOCTOAHHOW BEJIMYUMHON U
MOXET U3MEHATLCA OT eAVHULbI A0 HEKOTOPOro MakCMMallbHOrO 3HayYeHus B
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3aBUCKMOCTU OT NPUPOAbI HAaCTULL-NAPTHEPOB N YCNOBUIA 06pa30BaHUA XMMMUYECKOTrO
COeOVNHEHMS.

Moo NOHATMEM CTPYKTYypa MOHMMAIOT YCTOWYUBYIO YNOPSALOYEHHOCTb
KQ4€CTBEHHO HEW3MEHHOW CUCTEMBbI.

B nepsom npubnmxeHun nog aTOMHOW CTPYKTYpOW cnenyet noHUMaTb
YCTOM4YMBYID COBOKYMHOCTb f4pa U OKPYXaloLWMX €ro 371eKTPOHOB, HaxXxOoAdaLMXCS B
3NEeKTPOMArHUTHOM B3aMMOAENCTBUM APYr C APYroMm.

Moo mMonekynspHOW CTPYKTYPOWM MOHUMAIOT COYeTaHMe OrpaHUY4eHHOro
yncna atToMOB, MMEILMX 3aKOHOMEPHOE PacnosioXeHMe B NPOCTPaAHCTBE U
CBSA3aHHbIX APYr C APYroM XMMNYECKOWN CBA3bIO C MOMOLLbIO BAIEHTHbLIX 3IEKTPOHOB.
MonekynapHylo CTPYKTYpy NoApas3faensdioT Ha aTOMHYI0 (FeoOMeTpUYEeCcKylo) un
3N1EKTPOHHYIO:

MOJIEKYJIAPHAA CTPYKTYPA

v -

ATomHas AneKTpoHHas
CTPYKTypa MOJEKY/bl CTPYKTypa MOJEKY/bl
KoHndopmauusa

3.6.2. MNepvoa TpuymdanbHOro WeECTBMSA OPraHUYeCcKoro CuHTe3sa

Bnarogaps pa3BuUTMIO CTPYKTYPHbIX npeactasneHmin B 1860-1880 rr. B xumun
NosiBUJICS TEPMUH OPraHNYeCcKuil CUHTe3, 0603HaYaBLUMA HEe TOJNIbKO OenCcTBUS
MO MOJIY4EHUID HOBbIX OPraHMYeCKUX BEeLLeCTB, HO W Lenylo 06nacTb Hayku,
Ha3BaHHYO TakKk B MPOTUBOMOJIOXHOCTb BCceobuemMy yBeYeHUI0 aHann3oM
NPUPOAHBIX BeLLecTB. B aTu roabl OGbinv BNepBble CUHTE3UPOBaHbI aHUINMHOBbLIE
KpacuTenu, B3pbiBYaTble BELLECTBA, MHOrMe nekapcrtea. ATOT Nepuon B XMMUK
Obln HasBaH TpuyMdanbHbIM LIECTBUEM OPraHU4YeCcKoro CUHTe3a.

HO BO3MOXHOCTU XUMKNKOB Obli HE 6e3rpaHnYHbl, HacTO XUMUYECKME peakLnn
VIMEJIN OYEeHb HU3KMIA BbIXOL HYXHbIX MPOAYKTOB M OONblUME OTXOAbl MOOOYHbIX
NPOAYKTOB. B KauecTBe Cbipbsi XMMUKN YaCTO UCMONb30BaNu AedULUNTHLIE peareHThb
UM Xe MPOAYKTbl MUTAHUS - 3EPHO, XUPbl, MOJIOYHbIE NPOAYKTbl. ITO ObINO
9KOHOMUYecku HesbirogHo! Kpome Toro, B T0 BpeMs ynpaBisiTb MHOroCTaguiHbIM
OpPraHN4YecknMM CUHTE30M Ha MPOU3BOACTBE XUMWUKM He ymenu. Bce 3Ty npuyuHbl
TOPMO3UN Pa3BUTUE OPraHMYEeCcKOro CUHTE3a.

3.7. YueHne o xumuyeckmx npoueccax. NMpob6nembl n peleHus
3.7.1. MeToabl ynpaB/ieHUS XMMWUYECKMM MpPOLLEeCCOM

YueHne 0 xumunyeckmx npoueccax - 3To Takas o6nacTb Haykm, B KOTOPOM
cyuwectByeT Hanbonee rnybokoe B3aMMOMNPOHUKHOBEHME DUIUKU, XUMUU W
Guonorvn. B OCHOBE 3TOr0 y4eHUs1 HaxXOOATCSH XUMMYEecKas TepMoguMHaMuKa u
KMHeTUKA, NO3TOMY BCE 3TO Y4EHME O XMMMYECKMX MPOoLEecCax B PaBHOW CTeNeHu
OTHOCUTCS Kak K XUMuK, Tak 1 K dnamnke. OCHOBOMONOXHUK 3TOr0 y4eHUs naypear
Ho6enesckoi npemun H.H. CemeHOB roBopua O TOM, YTO “XMMUYECKUIA MPOLLECC
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€CTb TO OCHOBHOE §IBJIEHNE, KOTOPOE OT/IMYaeT XMMUIO OT GU3KKK, AenaeT NepByto
Gonee CNoOXHOI Haykoi.” M pencTBUTENIbHO, XMMUYEcKne MPOLLecChl SBNSIOTCS
Kak Obl MepBOM CTYNEHbKOW MPU BOCXOXOEHUM OT TakMX OTHOCUTENbHO “NMpPocCTbix”
MOHATUI Kak 9NEKTPOH, MPOTOH, aTOM K CJIOXHbIM, MHOFOYPOBHEBbLIM XWBbIM
cuctemaM. B aTOM cMbicnie xumus aBRSieTCs Kak Obl MOCTUKOM, MEPEKUHYTbIM OT
MYHKTYaNbHOM LL@apuLbl HAYK, UMEIOLLLIEN HA BCe CBOE 0ObsCHEHME, OT ee Bennyectea
®Duarkn K MHOrorpaHHoOM, OAMHAMUYHOW, NMEetoLLEeli MHOrOYPOBHEBYIO OpraHu3aLumto
Kpacasuue Bronorum. dunsmka, 006bACHAS XMMNYECKME NPOLLECChbl HA CBOEM SA3bIKE,
no CyTW 3akiagblBaeT Hay4yHblli dyHOAMEHT 1 Ansa OMonorumM, Tak Kak B OCHOBE
XN3HEOEATeNbHOCTN I0O0ro XMBOro OpraHn3ma nexar 6MoXMMMYecKme NMPOLLECCHI.

CyuiecTtByeT 60/bLIOE KOJIMYECTBO peLlaeMblx NPobiiemM B CBA3U C CO3OAHUEM
Y4EHUS 0 XMMMNYeckux npoueccax. NMogpobHoe 1x onucaHme MOXHO HaTK B NtoOOM
COBPEMEHHOM y4yebHuMke no Gpuan4eckoim xmumun. Ho, noxanyin, ogHON U3 CaMbIX
OCHOBHbIX NPo6eM ABnsNach 3agada co3gaHns METOL0B, NMO3BONAOLMX YIPaBNSaTb
XMMUYecknmMmu npoueccamu. encteutenbHo, ecnu 6bl 3Ta 3agadya Obina Obl
MOJIHOCTbIO peLleHa, MOXHO cebe NpeacTaBUTb Kak NPEKPaCHO XMNOCk Obl XMMUKaM
Ha NMpPou3BOACTBE, - BCe 3apaHee M3BECTHO: Oepu Bel,ecTBa B HYXHOM
COOTHOLLEHUW, cOo3daBail COOTBETCTBYOLWME PUIMYECKME YCITOBUSA B XUMUYECKOM
peakTope (Temnepartypy, AaBEHME W T.M.) U XAOWN BbICOKUX PE3YNbTATOB BbIXOAA
XMMWYECKOro npoaykra. Ho Ha camom gene 3agada aTa AOCTATOYHO COXHasdA
OONBLUMHCTBO XUMUYECKNX peakuuii - “CTPONTMBbLIE KOHU”, OHM HAXOAATCSA BO BNacTu
cTuxun. BcnomMmHuTe, HanpuMmep, peakuuio B3pbiBa WUAWM FOPEHUS, KOTOPble Tak
CNTOXHO OCTaHOBUTbL! HO CyLLIECTBYIOT 1 Takue peakuuu, KOTopble MPOCTO He XOTAT
“‘noTn” camu no cede 1 XMMukam NnpUXoauTbCa CTUMYNMPOBATb MX OCYLLECTBIIEHNE.

Kaknmu xe metomamMu nosib3yloTCa XUMUKUM ANS TOro, 4tobbl ynpaBnsiTb
XUMUYECKUM npoLieccom? B camom obuiem Buae Bce METOAbl YNpaBleHUs MOXHO
noapasnenutb Ha ABe Oofbluve rpynnbl: TepMOAMHAMUYECKME U KMHEeTUYeckue.
MepBasa rpynna - TepMogMHaMuUyYeckue MeToAabl - 3TO MEeTOAbl, BAUSIOLINE Ha
CMELLeHNE XMMUYECKOTO PaBHOBECUS peakuun; BTOpasa rpynna - KUHeTu4eckue
MeToAbl - 3TO METOAbl, BAMSIOLLME HA CKOPOCTb MPOTEKAHUS peakunn.

METOAb! YMNPABJIEHUSA XUWMUWYECKUM TMPOLIECCOM

v v

TEPMOAUWHAMUYECKUE KUHETUYECKUE

BNKAIOT

Ha

HanpaBneHMe XMMUYEeCKoi peakuun, CKOPOCTb XMMUYECKOWN peakummn

cMeLlleHne XmMmu4ieckoro pasHoeecusa

B 1884 r. nosiBNsieTCcs KHMra BblAatoLLErocs rosnaHackoro xvmmka sl. Bant-fogda,
B KOTOPOI OH 0OOCHOBas 3akOHbl, YCTaHaBNMBAIOLLME 3aBMCMMOCTb HanpasfieHUs
XUMUWYECKOM peakuum OT UBMEHEHUS TeMMepaTypbl U TennoBoro addekTa peakumn.
B Tom Xxe roay ¢opaHuysckun xumuk A. Jle-llaTtenbe chopmynmposan CBOM
3HAMEHMUTLI MPUHLUN NMOABUXHOINO paBHOBECUS, BOOPYXMB XMMNKOB METO4aMMn
CMEeLLEHNs paBHOBECUA B CTOPOHY 0O6pa3oBaHUA NPOaykTOB peakumn. OCHOBHbIMU
yApasngoWmMMmN pblyaramMm B OaHHOM Cllyd4ae BbICTynanu TemnepaTtypa, LaBlieHue
M KOHLEHTpauua pearmpylowmx BewecTB. [1o3aToMy 9TM MeToAbl ynpaBieHus u
nosiydynsiu CBOe Ha3BaHWE - TepMoAuMUYecKue.
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BcnomHum, 4To nobast xumudeckas peakums obpatuma. Hanpumep, peakuums
Tvna:

AB + CD <=> AC + BD

O06paTUMOCTb peakuuii C/Yy>XUT OCHOBaHMEM PaBHOBECUS Mexay MPsMoi n
obpaTHol peakumsaMn. Ha npakTke paBHOBECKE CMELLAETCS B TY UAN UHYIO CTOPOHY.
[ns Toro, 4toObl XMMUYecKas peakums nowiia B CTOPOHY YBENUYEHUS MPOAYKTOB
peakuun AC n BD, Heobxoaumo nmbo yBennuntb KOHLeHTpaumto Belwects AB 1 CD,
b0 M3MEHUTb TeMNePaTypy UM OaBreHue.

Ho TepmogmuHamMuyeckue MeToAbl NO3BOJIANN YNPaBASATb TONIbKO HaNpaBeHueM
peakumil, a He UX CKOPOCTAMM.

YnpaBneHnem CKOpPOCTbIO XUMUYECKMX PeakLMii B 3aBUCUMOCTU OT PasfiNyHbIX
bakTopoB 3aHMMAETCH CrneunanbHas Hayka - XumMu4eckaa KMHeTuka. Ha ckopocTtb
XUMUYECKOW peakumm MOXET BNIMATb O4EHb MHOIO€, AaXe CTEHKM COCYAa, B KOTOPOM
npoTekaeT peakums.

3.7.2. Katanus n xsummus 3KCTpeMasibHbIX COCTOSHUN

B 1812 r. pycckum akagemumkom K.C.Kupxrodpom 6b1J10 OTKPLITO ABNEHNE
xumundeckoro katannsa. Katanusa npeacrtaesnaeTr coboii Hanbonee 06U n
pacnpocTpaHEeHHbI cnocob NPoBeAEeHUA XUMNYECKNX peakLnuin, 0COOEHHOCTb
KOTOPOro COCTOMT B akKTUBaLWUK MONEKYS peareHta Npu KX KOHTaAKTe C
kaTanuaatopoM. [Mpu aToM npoucxoamnT Kak 6bl “paccnabneHne” XuMmnyeckmnx
CBSI3ell B UICXOOQHOM BellecTBe, “pacTackmBaHue” ero Ha oTAesibHble YacTu,
KOTOpble 3aTeM Jierye BCTynakT BO B3aMMoLencTBue Apyr ¢ gpyrom. B
OT/NINYME OT KaTaNUTUYECKO XUMUn, 3aHnmatrueiica npodbnemamm Katanuaa,
XUMUSA 9KCTPEMalbHbIX COCTOSIHUI pellaeT BONPOC yNpaB/eHNs XMMNYEeCKOM
peakuuen nHadye - 34eCb XMMMNKK NblTAlOTCA “paclwartatb” aTOMbl B UCXO4HOM
MOJieKyne 3a CHeT AOMNOJIHUTENbHOM BHELWHeN aHeprun. OHU UCNONb3YIOT NPU
3TOM MPOCTOMN HarpeB WAM SHEPIrUKD CBETA, a MHOrAa ANs “O4eHb Kpenkux
OpewkKoB” (MONIEKYNl C CUJIbHBIMWU BHYTPUMONEKYNSAPHBIMU CBA3AMU) U
pagnaunmoHHoe obny4yeHne. BTUM BOMNPOCOM 3aHMMAETCH pagunauUuoHHas
XumMus.

3.8. DBONIOUMOHHAA XUMMUSA - BbiCLUAA CTYMEHb Pa3BUTUSA
XUMMNYECKNX 3HaAHUMN

3.8.1. OBONOLUOHHbIE NPOGNEMbI XUMUU

Hayano aBonwUMOHHOW xumuun ceasbiBaloT ¢ 1950-1960 rr. Mona
9BOJIIOUMOHHBIMM NpoGnemMamu crieayeT noHMMaTb NPoOsieMbl CUHTE3a HOBbIX
CNOXHbIX, BbICOKOOPraHM30BaHHbLIX COeAMHEeHnI 6e3 yyacTus yYenoBeka.

CerogHsa XMMUKU NPULN K BbIBOAY, Y4TO UCMNONb3YyS T€ Xe NMPUHUMUNMbI, Ha
KOTOPbIX MOCTPOEHA XUMUS XUBbIX OpraHM3MoB, B 6yayuiem (He NOoBTOPSAs B
TOYHOCTM NPUPOAY) MOXHO OyaeT “NocTPoOUTb” NPUHLMAMANIBHO HOBYID XMMUIO,
HOBOE ynpaB/iIeEHNE XMMWYECKUMW MpoueccamMun - Tak, Kak 3TO MPOUCXOoOuUT B
6o XNBOW kneTke. XMMUKU HAAETCS MONYyYUTb KaTanmsaTopbl HOBOIO
NOKONEeHNsa, KOTopble Obl MO3BONMUAM CO3[4aBaTb, Hanpumep, HEOObIYHbIE
npeobpa3oBaTesin CONIHEYHOro cBeTa. BceM M3BECTHO, YTO B MPOCTOM 3€/1€HOM
NINCTOYKE BHEpPrus conHua npeBpallaeTcs B 3HEPruio XMMUYECKNX CBA3en. A
4TO, ecnu NoA0OHbIN MPUHLUMMN NCMONb30BaTb B HalleM NnpeobpasoBaTesie cBeTa?
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OHeprmusa CONMHEeYHOro manydyeHus 6yaet TpaHCHOPMUPOBATLCH B XMMUYECKYIO
1 3N1eKTpUYeckyio, a 3atem, npn HeobxoaMMocTn - 06paTHO, - B AHEPruto ceeTa.
BoT Obi10 Obl 3amMevaTenibHo!

Mccnenya 6uoxmmMmnyeckne npoLecchl, NpoTekawlie B MbllLAX, YY4eHble
“3aropenucb” naeen cosnaHns HoOBbIX MOMMMEPOB, B KOTOPbLIX XUMUYECKYIO 3HEPTUIO
MOXHO 6bI110 6bl MICNONB30BaTh A/ COKPALLEHUS U PACTXEHUS TakUX MaTepuasnos,
T.e. NpeBpaLlaTb ee B MEXAHNYECKYIO.

OTO BCe KaxeTcs Ham rnoka ¢daHTacTukoi. Ho Beab M yyYeHbiM, XUBLUMM B
npoLsiomM Beke, npobsiemMa CTPOeHUs aToMa kasanacb Hepelwiaemoi. lNoxueem -
YBUOUM, BO3MOXHO, U Bbl CTAHETE O4YeBMALAMU HOBbIX Pa3paboTOK 3BOSIIOLMOHHbIX
XVMWNKOB.

3.8.2. MyTK oCcBOEHUS ONbITa XXUBOW NPUPOAbI

HecmoTpsa Ha TO, 4TO XMMUS B HacTosdllee BPeMS BCE elle ganeka oT
COBEPLUEHCTBA, KOTOPbIM 06NnagaeTt “nabopatopus XMBOro opraHmama”, nyTu K
3TOMY mpeany HamMeyeHbl. YYEeHble CTPEMATCS co3haBaTb NMPOMbILNEHHbIE
aHanorm XMMmMYeckux MpoLLecCoB, NMPOUCXOAAWNX B XMUBOWN npupone. OHU
ncecnenyloT onblT paboTbl OMOXMMUYECKUX KATannM3aTOPOB M CO34al0T Takue
Katann3aTtopbl B nabopatopHbix ycnoBuax. Ocoboli CnoxXHOCTbio paboTbl C
OnoxMMuyYecKMMm Katanusatopamu - pepmMeHTaMu, GBAFETCHA TO
06CTOATENBCTBO, YTO OHWN OYEHb HEYCTONYMBBI NPU XPAHEHUM 1 OBICTPO NOPTATCS,
TEPSAS CBOK AKTUBHOCTb. [M0O3TOMY XMMUKU [oOnroe Bpemsa paboTtanu Hapg
co3faHuem ctabunusaumn pepmMeHTOB 1 B pe3ynbTaTe Hay4MIUCb NnosyyaTb
Tak Ha3blBaeMble MUMMOOUNU3OBaHHble PpepMeHTbl - 3TO DEepMEeHTH,
BblAEJIEHHbIE N3 XVUBOr0 OpraHn3ma v rnpuKpernsieHHble K TBEPLON NOBEPXHOCTHU
nytem mux agcopbumn. Takne 6mMokaTann3aTopbl O4eHb CTAbUNbHbBI U YCTONY MBI
B XMUMMYECKUX peakuusx MU UX MOXHO WMCMNONb30BaTb MHOTOKPATHO.
OCHOBOMOJIOXHMKOM XUMWUN UMMOOUNN30BAHHbLIX CUCTEM SABNSETCSH PYCCKUN
xumnk U. B. Bepe3sunH.

M3ydyeHne cTpoeHus n QyHKUMOHMPOBaHNA GEPMEHTOB B XWBOW Npupoae -
9TO Takas CTyneHb XMMWYeCKOro MOo3HaHus, KoTopas OTKPOeT B AalbHENLWEM
CO34aHne MNPUHLUMNNANIBHO HOBbIX XUMUYECKUX TEXHOJIOTUIA.

3.8.3. Teopus xuMMu4Yeckoii 3BonwOUUM U OuoreHesa

B 1960-x rogax OblnM OTMeYeHbl Cllydanm CaMOCOBEpPLUEHCTBOBAHUSA
HEKOTOPbIX XMMNYECKUX KaTanm3aTopoB B XO04e Xummyeckon peakummn. OBblyHbIE
KaTannsaTtopbl CO BDEMEHEM (Kak 1 BCE Ha CBETE) CTapetloT 1 nsHawmsaTcs. Ho
XMMUKaM yaanocb 0OHapyXuUTb Takue KaTanm3aTopbl, KOTOPbIE HE TOJIbKO He
cTapenu, a, HanpoTme, “mMonodenn” C Kaxaon xmmMuyeckon peakumein! MNMouyemy
3TO NPOUCXOANNO0?

OTBET Ha 3TOT BOMPOC MOMbITanacb AaTb TEOPUS XMMUYECKOM SBOMIOUMN U
OuoreHesa, npensioxkeHHas ydyeHsiM mypa B 1964 r. pycckum npodeccopom A. M.
PyneHko. CyuwHOCTb 3TOW TEeopun COCTOUT B TOM, YTO XMMMYeckas 3BOOLMS
npeacTaBnseT coboli camopa3BUTUE KaTaIMTUYECKUX cucTtem. B xome peakumn
NPOUCXOONT OTOOP TEX KaTaNUTUYECKUX LIEHTPOB, KOTOpble 00/1a4al0T HandonbLUei
aKTUBHOCTbLIO.

CamopasButne cucTemM MpPoucxoguT 3a CYeT MOCTOSHHOro MoraoLeHus
KaTanusaTopamu NnoToka dHepruun, KoTopast BblAENSeTCs B XO4e CaMOi XMMNYECKON
peakumu:
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XnMmunueckasa peakuus

SHepruga Tenna 44 Karanuzartop

CamocoBepLUeHCTBOBaHne

KaTtanumsaropa

3.8.4. HecTtauuoHapHasa KMHeTuKa.
PasButne npepncrasneHnii 06 3B0NIOLUN CUCTEM

B 1970 roabl ObiN0 O0BHAPYXEHO MHOI0 XUMUYECKUX CUCTEM, B KOTOPbIX
MCMOSIb30BaNMCh KaTtanm3aTopbl, B KOTOPbIX C TEYHEHMEM BPEMEHM BCE MPOUCXOANN0
HaoBOopPOT, - NPOLLECC He CTabUNIM3NPOBANCS, Kak 0ObIHHO, @ CTAHOBWUJICS HECTaLVOHap-
HbIM. BbIJ10 OTKPBLITO HECKOJIbKO TUMOB aBTOKOJIe6aTeNbHbIX XMMUYECKNX peaKLuii,
B KOTOPbIX C TEYEHNEM BPEMEHUN MPONUCXOOAT NEPUOONYECKME M3MEHEHUS BbIXOOa
NpPOoAOyKTOB peakuuu. pyrummn cnoBamm, HEOOXOAMMbIM NPOAYKT XMMUYECKOWN peakunmn
TO Bblaensietcs B 60nbLLIOM KOMYECTBE, TO, HANpPOTMB, peakuus NoyTn He naeT um
[axe U3MEHSIET CBOE HarnpaBfieHne, a 3aTeM BCce 3TO MOBTOPSETCH BHOBb. XOPOLUO
39TO WM MJIOX0 Ans XMMnkoB? Okasanoch, H4TO B psade ciydyaeB obliee KOnmMyecTBo
BELUECTBa, No/lyYyaemMoe B XOOe Takoli HeCTaOGWIbHOW XMMMUYECKON peakuuun naxe
NnpeBbILLAaeT TO KOMMYECTBO BELLECTBa, KOTOPOE BbIAENANnocb Obl B XO4e peakuuu,
ecnu 6bl OHa Npoxoausia CTauMOHAPHO UK, T.€. MMesia Obl NTOCTOAAHHYIO CKOPOCTb.

M3yyeHne HecTauMOHaApPHOM KMHEeTUKM Ha4vanocb HeaaBHO. HO yxe ecTb u
npakTuyeckue pesynbtaTtbl. C ee NomMoLllbio OblIM UCCNeaoBaHbl HEKOTOPLIE
9HEPreTUY4eCkn COMPSKEHHbIE MPOLLECCHI, T.e. TakKMe XMMUYEeCKMe MpPOLECCHI, B
KOTOPbIX MPUHMMAIOT y4acTue cpal3y HEeCKONbKO peakuui, o6MeHMBaloLWNXCH
aHepruei popyr ¢ gpyrom. HectaumoHapHble XxMMMUYecknme npouecchbl Obiniu
oBHapyXeHbl U B XUBOW NMpPUPOE.

4. BUONNOTMYECKUE ABJIEHUHA. ®OPMbl U YPOBHU XXU3HU

B pesynbTate BenuKMX OTKPbITUIA BTOPOWM MOJSIOBMHBLI Hallero Beka Guonorus
BbILLSIA HA MOJIEKYNSAPHbLIA YPOBEHb U3YYEHUS CBOUX OOBLEKTOB U SABNIEHUNA ”
ecTecTBO3HaHMe 06peno KOHTYpPbl LENOCTHOW Hayku, UCCreaylwen eguHyto
[Mpupony Bo BCex ee nposiBneHusax. [ogsunacek naxe TeHOEHUNA KBanudULMpoBaTb
6unonornto, XuMmnio U GU3nNKy He Kak caMOCTOATESIbHble €CTeCTBEeHHble Hayku, a
Wb KaK OTHOCUTESNbHbIE YacTy eOMHOro Bcenornowatwuero EctectsBo3HaHus.

BmecTe ¢ Tem He cnenyeT 3abblBaTb O TOM, YTO Kaxgas U3 3TUX YacTeWn
MMeeT CBOM 0COBEHHOCTN, CBOIO crneumnduky. Bruonorns no CNoXHOCTU B HECKOJIbKO
pa3 npeBoCXoAUT XUMUIO U B HECPABHEHHO OOoJsibLUee YUCO pa3d - PpU3KKY.

PeBONIOLUMOHHOE MOTPACEHNE, KOTOPOE MEPEXMUIO €CTECTBO3HAHME C
BbIXOLOM W3YYEHUS XMBOWM MATEPUM HA MOJSIEKYNSIPHBIA YPOBEHb CPAaBHUMO NNLb
C nepeBopoTamu, npomnseeneHHbIMU H. KonepHukom n . HeloTOHOM, NOBANSABLLUNMU
Ha MepeocMbICNIEHUN KapTUHbI Mupa. Beapb 6uonorua 1950-1970 rr. npoHwukna B
TalHbl XNUBOW NpUpoabl, paclundpoBaB MexaHn3Mbl ee GYHKLUMOHNPOBAHUS, aKTUBHO
BTOPrwinchb B OblTWE YenoBeka 1 OKpYXatollen ero cpenpl.
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OpHako, 6uonorus, Oyaoyyn “paBHON cpean paBHbIX” B CUCTEME €CTECTBEHHbIX
HayK, OTMe4yeHa 0coObiM 3HakoM cyabObl. 1o cux NMop HEeT eauHOl TOYKU 3PEeHuUs
Ha ee “00pa3” Kak TeoPEeTMHeCcKOoM Hayku.

BN OJI0rnsal KAK Bbl CYLUECTBYET OAHOBPEMEHHO B TPEX JIULIAX,
PASBUBAETCSH B TPEX OCHOBHbIX HAMPABJIEHUSX :

Bce a1 HanpaBneHns Hay4HbIX MOUCKOB B OMOMIOrMM XOTS M pasnnyaloTcs no
COAEpPXaHUIo, HO NPecnenyloT OAHY U Ty Xe Lesib - No3HaHue ¢peHomeHa Mpupoabl
- XXKusHu. Bce 3T1 HanpaeBfieHns UMeIoT OAMH TOT Xe XUBOW 00beKkT NccrnemoBaHus,
T.e. 00bEKT, OT/IMYaWMNIACA OT HEXMBOW Npupoabl cBOel GYHKUMOHANbHOMN
CNOXHOCTbIO, YHUKANIbHOCTbIO U HEMPeackasdyeMoCThiO.

B HacTodlwee Bpemsa BedyTCs YCUJIEHHbIE MOUCKM 0ObeAMHSIOWEero Havana
ons Bcex Tpex “o6pasoB” OMONOrMM U CO3OaHUA €OUHON Teopun XusHu. Takas
Teopus, 6€3yC/I0BHO, MOXET ObITb CO34aHa NULLb NPY MOMOLLM 3HAHUIA CMEXHbIX C
Ouonorveli ecTecTBeHHbIX HaykK: GU3NKN N XUMUN.

4.1. TpapuMuuoHHaa WnM HaTypanucTuueckas Guonorus.
Buonornyeckaa cucrema JluHHesq

OObLEKTOM U3y4YeHUs TPpaaULUOHHOW Guonorum Bcerga Obila U octaeTca
XuUBag npupoga B €e eCTeCTBEHHOM COCTOSIHUMU. OTa MbIC/b MPUHALNEXUT
Opasmy [apsuHy. dpasmy LapeuHy (oeny senukoro Y.JapBuHa), NpuUHaAnexuT
TepMuH Xpam npupoabl. Bcaknii BxoasaLwmim B 3ToT Xpam, OosKeH Oblnl UCMbITbIBATb
TpeneT n 6GnaroroBeHve nepep KpacoTol M COBEPLLUEHCTBOM co3paHuii Mpupoasl,
a nosHawwuii ee TaiHbl - NPUOBLLEHNE K NMPeEMyOpoCcTM TBopLa, ee CO34aBLUEro.

TpaguumoHHas 6uonorns MMeeT OaBHWE UCTOKU CBOEro 3apoxaeHus. OHu
BOCXOAAT K CpeaHUM Bekam, a CTaHOBJIEHME €€ B CaMOCTOATENIbHYIO Hayky,
NMony4YMBLLYIO Has3BaHMEe HaTypanucTudeckasa Ouonorusa, npuxoamtca Ha XVIII -
XIX BB. MeTogamun 6uonornu ctano TuiatenbHoe HabnaeHne 1 onucaHue ABAEHUIN
npupoapl, a rNaBHOM 3agadvyen - uUx knaccudukauus.

MepBbIi 3Tan UCTOPUU HaTypanucTUYeckoin GMonormm osHameHoBasncsa
nepBbiIMU KnacCcudukaumamMm XUBOTHbIX U pacTeHUNn. MnraHTcknin Tpyn no
KnaccupuumpoBaHUIO OCYLWLECTBAANCA NO4 BO3OENCTBUEM UOEN BEINKUX
MbICIUTENEN APEBHOCTMU.

BepLliurHom mnckycCcTBeHHOM knaccuukauum crtana cucrtema, co3gaHHas K.
JNlunneem (1707-1778 rr.). Bce ero Tpyabl 6bi1M NOCBSALEHbI FPAHAVMO3HOM
cuctemMaTu3auum pacTUTEesNIbHOr0 Mupa rno NpPou3BOJIbHO BbIOPaHHbLIM, 3a4acTyto
€ONHNYHbIM Npu3Hakam. OgHaKko, OHa YeTKO oTobpaxana 3akOHOMEPHOCTU, peasbHO
CYLLLECTBYIOLLME B NPUPOAE M MO3BOMANA BbIAENATL PACTEHNS B OTAEJIbHbIE FPYMMbI.
K. JInHHen HasbiBan aTn rpynnbl TakcoHamu. C MMEHeM 3TOro y4eHoro CBsiI3aHO
BBEJEHNE OMHaApPHOW HOMEHKNaTypbl C 00603HAYeHMEM poja U BuAa, a Takxke
MPUHLMMA Nepapxm4eckoro CONnogYNHEHNS TaKCOHOB U X HAMMEHOBAHNS - KJlaccChbl,
oTpsaAbl, poabl, BUAbl, Pa3HOBUOAHOCTMW.

Bonee 6nn3kumMun Kk npupoae 6binn cucTembl, cCo3aaHHble nosxe A. -J1. XKiocce
(1748-1836), O.-MN. Oekanponem (1778-1841) n XK.-b. Jlamapkom (1744-1829).
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Tpyn X. - B. Jlamapka “EctecTBeHHasa uctopus pactennii “ (1803) 6bin nocTpoeH
no MpPUHUMNY PasBUTUS OT MPOCTOrO K C/IOXHOMY. B HeM yyeHbll akueHTupoBan
BHMMAaHME Ha MPOUCXOXOEHUN OTAENbHbIX TPYNMn PACTEHUI U MbiTancs YCTaHOBUTb
POOCTBEHHbLIE CBA3M MEXAY Pa3HbIMU rpynnamm pacTeHun.

“NepBas MHBeHTapu3auuma” >XUBOTHOrFO MMUpa Benacb HECKOSIbKO WHbIM
crnocobom. brnonoru coctaBnanu dyHoamMeHTaNbHble CBOOKM 3HLUMKIONEOMYEeCcKoro
xapakTtepa. MNpumepamn moryTt cnyxutb Tpyasl K. FeccHepa (1516-1565) “Mctopusa
XnBoTHbIX”, P. Peomiopa (1683-1757 ) “Memyapbl N0 UCTOPUM HACEKOMbIX” U
ocob6eHHO 44-TomHbili Tpyn XK. BproddonHa (1707 - 1788) n ero coaBTOpOB
“EcTecTtBeHHas ncropua”.

OpHOM 13 nepBbIX knaccudukaunii XUBOTHLIX ABNAETCA Knaccudukaums,
cospaHHas K. JInHHeem n npepcrtasneHHas B ero paborte “Cuctema npuponpl”
(1758 r.). DBONOUMNOHHbIA NoAX04 K Kiaccudukaumm LapcTBa >XXUBOTHbIX
npUMeHnnn Heckonbko noadxe X. - b. Jlamapk (1801 n 1809rr.), C.-U. XXoddpya
(1805-1861 rr.) u X. KioBbe (1769-1832 rr.).

CtaHoBNeHne TpaauLUMOHHOM BMONOrnn - 3TO 3apOXOEeHME KOMMNIEKCHOIO U
CUCTEMHOro nogxona K mccnepoBaHuto Mpuponabl, NOCKONbKY 0OBbEKTOM
nccnenoBaHna HaTypannucToB Obia M OCTaeTCs XMBasi NMpupoaa B €€ LieNOCTHOM
1N HepacuyleHeHHOM Buae, BO BCEM ee MHOoroob6pasvu m cnoxHoctu. [Moatomy
MOXHO FOBOPWUTb, YTO MEPBbLIM TpaguuMoHanucTam 6biI0 CBOMCTBEHHO CTUXMUIMHOE,
T.e. HEOCO3HAHHOEe cucTemMHoe MblwneHne. OHO M NO3BOMSAN0 BOCMPUHUMATb
Mpupoay B uenom, BUAETb HEUCKaXeHHble BMeLLaTeNbCTBOM YenoBeka uapsilue
B HEW 3aKOHbI.

B Hawwv gHM TpagauumoHHas OGMONOrMsa He yTpaTuia CBOEero Ha3Ha4deHus.
HanpoTtuB, ee ponb BO3pocna, T.K. Nepepn 4enoBe4eCTBOM BO3HUK/IN COBEPLUEHHO
HOBbIE 3KOnormyeckne npobnembl. A BeOb 3KONOrMSa - 3TO Hayka, uccnepytouias
B3aMMOOTHOLLIEHMS1 OPraHnM3MoB Kak Mexay coOoi, Tak U CO Cpendoin nx obutaHus,
M NO3TOMY HET HWYEero yaAMBUTENbHOrO B TOM, 4YTO €€ BbIBOAblI “onupatoTca” Ha
TPaauUMOHHbIE Buonornyeckne metoabl uccneposaHua MNpupoadbl. Kpome Toro,
nobon ysaxalowmin cebs ydeHbln-6uonor npexae, Yem HavyaTb UCCNenoBaHus B
cBoel obnactn 3HaHui, 06a3aTeNlbHO NPoHabNoaaeT 3a €CTECTBEHHLIM TEYEHUEM
XN3HU, 4TOOblI MOHATb Kakoe MecTO B 00LLel CUCTEME XU3HEHHbIX SBAEHUN
3aHMMaeT TOT MPOLUECC WUNM Ta CTPYKTypa, KOTOPble OH HaMepeH mn3yyaTb.
TpaguunoHHas GUONorns ABNAETCH UCTOYHUKOM HakTOB, MOYEPNHYThbIX U3
HabnoaeHnn peanbHOCTU, ee 00bEKT M3YYeHUs - LLeSIOCTHas XumBas Npupoaa,
BOCNpMHMMaeMass Kkak eaumHas Hepacuy/ieHeHHas cuctema BO BCEM ee
MHoroo6pasumn. A Befb MMEHHO Takas npupoga TpebyeT oT Hac camoro 6epexxHoro
M TYMaHHOro OTHOLLEHMS K cebe.

4.2. dusunko-xummnyeckaa ouonorus

HasBaHune ¢unanko-xmmumyeckas 6Guonorvsa MmeeTt Opa cmbicna. Bo-nepsbix,
9TO MNOHATUE O3HAYaET, YTO NPEAMETOM UCCAEO0BaHNS AAHHOMO HANPaBAEHUS HayKN
ABNAOTCS 0OBbEKTHI XMBOW NMPUPOObl, KOTOPbIE U3Yy4aloTCsa HA PUSUKO-XUMUNYECKOM
YPOBHE, T. €. Ha MOJIEKYNSPHOM N HAAMOJNEKASPHOM YPOBHSX. C ApYyror CTOPOHHI,
coxpaHaeTcsa U nepBoOHavalbHOE 3HA4YeHuMe JTOro TeEPMUHA: MCMNONb30BaHue
PU3NKO-XMMUYECKUX MEeTOAOoB 1 PaCLUMPPOBKN CTPYKTYP U DYHKUUA XNBOM
NnpMpoabl Ha BCEX YPOBHSAX ee opraHnsauumn. Tak nin nHade, pusanko-xmmMmumyeckas
Oouonorusa B Hanbonbllel cTeneHu copencTteoBana cobnnxeHuio Guonorum ¢
TOYHLIMW HayKamMu N CTAHOBJIEHUIO ECTECTBO3HAHUSA Kak eauHOM Haykm o Npupoge.

Bbuonormn-akcnepumMmeHTaTopbl, B NMPUHLMNE, YXe AABHO MCNONb30Banu
pasfnunyHble TOYHble GU3NKO- XMMUYECKMe MeTondbl B cBoei paboTte. Cpean HuX
6binn J1. MacTep (1822-1895), U. M. CeueHos (1829-1905), U.M. Naenoe (1849-
1936), N. U. MeuHukoB (1845-1916) n mHorne gpyrve. IMEHHO OHU MPONOXUAU
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MyTb K PACKPbITUIO CYLLHOCTU MNPOLECCOB XU3HEAEATENbHOCTU XMBbIX OPraHM3MOB.
C Tex nop To4YHble METOAbl, KOTOPbIMU MOMb3YIOTCS YYEHbIE U SKCMEPUMEHTaNbHAs
TexHuka warHynu paneko Bnepepn. Cos3paHne HOBbIX METOLOB CTUMYIMPOBAsO
HAYy4HbI MOMCK, @ CBEXMWE Hay4Hble OTKPbITUS, B CBOK O4yepenb, NPUBOAUIN K
CO34aHnI0 NPUHLMNNANbHO HOBOW annapatypbl.

B HacTosllee BpeMs yyeHble Mpu MOUCKE UCTUHbI MCMOMb3YIOT BECh apCeHan
HaKOMMEHHbIX K HACTOSLWeMy BPEMEHN METOOO0B uccrnefoBaHus xusoro. Cpean
HUX - KaK O4YeHb CTapble - Kjlaccuyeckme MeTOAbl MCCNefoBaHUd, Tak u
yNbTPaCOBPEMEHHbIE, OPUTMHANbHbIE METOAbl, MHOrAa paspabaTbiBaeMble NPSMO
B nabopartopuu. Hanbonee wMpokoe pacnpocTpaHeHue B OGMonorum nony4ymnm
MEeTOoA Me4YeHbIX aTOMOB (MCMNONb3yeMblil And HabnaeHUs 3a nepenBuKeHNEM
M NnpeBpaweHMeM BeLLECTB B XMBOM OpraHmsme), MeToAbl PEHTreHo-
CTPYKTYPHOro aHajim3a M 3JIEKTPOHHOW MUKpoOcCKOonuu (N03BOASOLLME
NccrnenoBaTh KPYMNHble MOJIEKYNISPHbIE KOMMOHEHTbI U CyOMMKPOCKOMNMYECKNE
CTPYKTYpbl B XMBbIX KneTkax); XpomaTtorpadpuyeckue metopbl (MCMNOsb3yemble
npu BMOXMMNYECKUX UCCNEeLOBAHUNAX), CMeKTpaJjibHble MeToAbl U MeTOAbl
30HAVPOBaHUSA B TKaHAX (MO3BOJMSIOLNE CNEeanUTb 32 PaboTOM XMBbIX OPraHoB -
AMP-Tomorpadusa; Y3MN-tomorpadusa, ontudeckme 3oHabl n 1.4.). LLnpokoe
BHEAPEHME KOMMbIOTEPOB MO3BOMMIO aBTOMATU3NPOBATb SKCMEPUMEHTasNbHbIE
YCTaHOBKM 1 NMPUBENO K CO34aHMI0 BOJbLLIOro KOMYECTBA PasfinyHbix ToMorpados
- KOMMbIOTEPHOM annapaTypbl, MO3BONSAOLLEN NOCNONHO aHaNM3MpPoBaTb N0OOWN opraH
WU KNETOYHbI OpraHouA, HE HaHOCs emMy Bpeaa.

B oTnuuve ot ou3MKM 1 XUmMUK, BMONOrMSA NMokKa He pacnosiaraet Takumum
VHTErpuUpoBaHHbIMM TEOPETUYECKUMM 3HAHUSIMUM O MHOr000pasnmn X1UBOW NpUPOaHbI,
KoTopble Moram 6bl cocTaBuTb 6aldy ANs TeopeTuyeckoit 6uonorum. Ha
CerogHsAWHNM AeHb 3TO OOCTAaTOYHO CJlIoXHasa 3ajadva. Benb ona cospaHus
TeopeTnyeckoin 6mMonornm HeobxoAMMO OCYLLECTBUTb CUHTE3 BCEX OOLLUMPHbLIX
3HaHUIN N3 Bcex ob6nactein 6nonorum 1, NpoaHannM3npPoBaB BCE 3TU 3HAHUS O XUBOM,
BbIAENNTb CYLLECTBEHHbIE 3aKOHOMEPHOCTU, KOTOpblE ObiINN Obl MPUCYLLN BCEM
YPOBHSIM opraHus3auun XuBoW maTtepuu. lNpu aTOM cnenyet oCobEHHO
NOAYEPKHYTb TOT PaKT, YTO peyb UOET MMEHHO O XWMBOW, @ He MePTBOM MaTeEpUn 1
NoTOMy B Hayke TeopeTuveckol 6uonorum [omxkHa OblTb JaHa XxapakTepucTtuka
XWU3HW, HE cBOAMMAs K DU3NKE WU XUMUMN.

BmecTe ¢ TeM COBEpPLUEHHO O4EBUAHO, YTO XMBbIE OPraHM3Mbl HAXOAATCHA B
MOCTOSIHHOM B3aMMOLENCTBUM C OKpPYXaloLlen npupoaoi. Bmecte ¢ nuwein oHu
nornowalT 6eCHNcNeHHOe MHOXECTBO OPraHNYEeCKUX N MUHEPaNbHbIX COEANHEHNIA,
KOTOpble NpeTepneBalnT GUOXNMUYECKNE NPEBPALLEHMS B XXMBOM OPraHn3Me 1 3aTem
(B BMOE NMpOAYKTOB pacnaja) BbIBOAATCHA BHOBb B OKpYXalolyl cpeny.
CTpouTenbHbIM MaTepuanomM Ans XUBbIX KIETOK SBASIOTCS MaKpOMOJIEKysbl: 6enku,
docdonunuabl, Xnpbl, HYKIENHOBbLIE KUCNOTbLI. TOpMOHanbHaa perynauus,
OCYyLLECTBSIEMAs B OPraHM3mMe Npon3BOANTCS Tak XE XMMUYEeCKUM nyTem. B obuiem,
Kyna Hu 6pocb B3rnan - Bctoay xumusa! A XMMMYECKOE yyeHMe OCHOBAHO Ha
KOHKPETHbIX PU3NYECKNX 3aKOHOMEPHOCTAX. BOT 1 nonyyaetcs, 4t0o 1 6e3 dpusnkm
B 6uonorum “pganeko He yeneub”! IMEHHO 3TW BE Hayku, BbiIOpaB CBOMM OObEKTOM
NCCNeaoBaHUS XWBble TKaHW U KIEeTKU, CMOMAW AaTb OTBETbl O TOM Kak YCTPOEHbI
XMBbIE CTPYKTYPbl HA MOJIEKYNSIPHOM YPOBHE, CBA3aTb pPabOoOTy XMBbIX KIETOK C
XUMUYECKUMU U PUBNYECKUMU NPEBPALLEHUIMU BUOMONEKYI.

O6beauHeHne BMoNorMN C XMMMUE NOPOAMIIO HOBYID Hayky - OMOXMMMUIO,
Lenbio KOTOPOU SABNAETCH M3y4yeHUe CTPYKTypbl M CBOWNCTB OMOMOJIEKYN
OLHOBPEMEHHO C MX MeTaboNM3MOM B XMBbIX TKAHAX WU OpraHax, T. €. C
M3MEHEHUAMUN 3TUX MOJIEKYN BHYTPU XMBOrO opraHmdma. B uucne oTkpbITUnA,
cOenaHHblX GUOXMMUKaAMK, - BbISCHEHME MPUHLUMMOB MEPEHOCA SHEPTUN B KIETKE,
pacwmndpoBka MEXaHU3MOB, PETYIMPYIOLWNX OCHOBHbIE NyTU MeTabonuama,
yCTaHOBNEHNE PO MeMbpaH, pubOCOM U APYruX YNbTPaCTPYKTYPHbIX 3/1EMEHTOB
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KNETOK, BbIICHEHME TOro ¢akra, YTo MoC/efoBaTeNbHOCTb aMUHOKUCIOT onpene-
NIIeT NPOCTPaAHCTBEHHYIO CTPYKTYpy Oenkos, a, cnenoBaTtesibHO, U UX Guonormyec-
Kue dyHKUUM, NMO3HAHWE MONEeKYJIIpHbIX OCHOB reHeTuku. Mo cytn Guoxumua
NbiTaeTCss 0OBLACHUTL BCE CYLLECTBYIOLWME SBAEHUS, NMPOUCXOAdLME B KIETKE Un
B XXMBbIX XUOKOCTSAX N TKaAHAX Ha A3blke, MOHATHOM XMMMKaM. Takol war OTKpbIBaeT
LINPOKME NEPCMNEKTUBbI AN BO3MOXHOCTEN PErynsaumn n KOPPEKTUPOBKN DYHKLMIA
XUBOro XMMMYeCKUM nyteMm. OH HaxoguT CBOE HENOCPEeACTBEHHOE MPUMEHEHME
B dapmaueBTuke, MeguumMHe N CeNibCKOM XO035MCTBE.

Ha cTbike 6uoxumumn, 6uonorum n ¢epusmkmn B 1950 rr. BO3HMKIA HOBas Hayka -
6uodunsuka. Llenblo 3Toil Hayku aBnseTca oObAcHeHMe psaga 6MOoNorn4yecknx
ABJIEHUN C TOYKW 3peHusa édmaukum. bnodmnankm, paccmarTpuBas CHOXHOe
Gunonornyeckoe siBNeHWe, AenalT MOoMbITKY pacy/ieHUTb ero Ha Heckosbko Oonee
9NEeMeHTapHbIX, OOCTYMHbIX OA5 MOHMMAaHWUS akTOB - CTYMEHeW 3TOro ABMEHUS U
nccnepyloT 3ateM ux dusunyeckme ceolictea. Metogammn 61odusnkm Obino AaHo
00bACHEHME MexaHM3MaM MbILEYHOro COoKpalleHus, NpoBeaeHNs HEepPBHOrO
MMNynbca, akToB GEepMeHTATUBHOIO Katannsa; NpensioxXeHbl MoOeNn MHOMMX
aBTOKOJIebaTesNbHbIX NMpoueccoB, HabnoaaemMblx B 6M00rMN, 0OBbSACHEHbI TaliHbl
doToCnHTE3a. BNOPU3NKOB MOXHO BCTPETUTb CErofHs B ntoOoi Guonornyeckomn
nabopaTtopuun, HayMmHas C 9KOJIOTMYECKOW W 3akaH4YmMBas nabopartopueit
MOJNIEKYNSAPHOM reHeTuku. Cneumdpukor 61Modranyeckoro 3HaHUS SBASETCS YMeHne
onepupoBaTb MOHATUSIMU BCEX YPOBHEN OGUONOruv n GUOXMMumn.

Bnodpunsmnka n 6MoxmMmmnsa ocCyuLecTBMAN AaBHKOW MeudyTy 6GuonoroB 06
06beaVHEHUM 3HAHUIA O CTPYKTYpe M PYHKUMUSX opraHu3ma B uenoM. OpgHako, HU
onoxumns, HM Brodusnka He MOryT OaTb OTBETA HAa OCHOBHOW BOMPOC Guonoruu:
4YeM XMBAd MaTepuUs OTAMYaTCS OT HEXWMBOW M 4TO SABNFETCH TOJIHKOM MNpwn
3aPOXAEHUN XXNUSHWN.

4.3. OBonounoHHaa 6uonorua. Teopusa asonouum Y. JapBuHa

Onsa xuBoi npupoabl pa3BuTue BO BPEMEHU - HEOTbEMJIEMOE U Hamnbonee
XapakTepHoe CBOMCTBO. B Gmonorum ata KoHuenuus obpena GyHKUuMM nnatdopmel,
Ha KOTOPOM MPOUCXOAUT CUHTE3 Pa3HOPOLHOro cneunann3dnpoBaHHONO
6uonormnyeckoro 3HaHus. B ntore copmmpoBanacb AOCTaTOYHO caMoCTosTeNlbHas
ob6nacTb 3HaHW1 - 3BOJMIIOLUOHHAA OGuonorus.

Bam, KOHEeYHO, XOpPOLWO M3BECTHbl OCHOBbI AAapBUHU3MA U3 KypCa CpeaHen
wkonbl. Y. JapBuH co3gan CBOO Teopuio Byayyin TUMMYHBIM HATypasMCTOM: ero
y4yeHue - o, NpucTasnbHbIX HAONIOAEHUI HAL, XXKMBOW NPUPOAONA B CaMbIX Pa3fINYHbIX
ee nposeneHnsx. BecbMma CKpOMHbIE B €r0 BpEMEHA 3HAHUS O XMMWUYECKOM COCTaBe
OpraHnM3mMoB 1 npoueccax oOMeHa BELLECTB HE UMeNu AN HEro CKONbKO-HUOyab
CYLLECTBEHHOro 3HayeHus. Tem He MeHee OOHWUX TONIbKO HabnoaeHWi 1 onucaHui
okazasiocb O0CTaTO4HO, 4TOoObl poawunach rnaBHas uaes, nepepocllas 3aTemM B
LLeJIOCTHYIO TEOPMIO - UAEea ecTeCTBeHHOro otéopa. Y. JlapBuHy yaanoch BbISIBUTb
Takme dakTbl, KOTOpble NMPU UX 00600LLEHMM KaK OKa3asioCb MMEKT yHMBepcasibHoe
3Ha4veHune. Mpoea pasButua (UM 3BONIOLMK), a Takke UCTOPUYECKUn MeTond, Obinn
B34Tbl H2 BOOPYXEHME BCEM €CTECTBO3HAHMEM.

06K 3BOMOLUOHHOW BUONONMK KakK Hayku CNOXWICSA B pe3ynbraTte
06beanHeHns OBYX MOTOKOB 3HaHWIA: CaMOro 3BOJIIOLIMOHHOIO YYEHUS U 3HAHWMN,
MOJIYY4EHHbIX OAPYrMMW HaykaMu OTHOCUTENbHO 9BOMOLMM N €€ MEXAHU3MOB.
CopnepxxaHue 3BOJIOLUMOHHOM BMONOrny NOCTOAHHO paclumpseTcs. HoBble Hay4YHble
OOCTUXEHUS B MOJIEKYNAPHON OMONOrMn, LWUTONMOrMM (Hayke O CTPOEHUU U
GYHKUMOHMPOBAHUM XMBBIX KJIIETOK), NaneoHTONOrnmnm cnocoOCTBYIOT 3TOMY. Y4yeHble
[axe BCepbe3 NoayMbIBalOT: a He nopa /M NPOBECTU HOBbIN 3BOJIIOLMOHHbIA CUHTES
NMoONy4YeHHbIX 3HaHWN. B ero ocywecTBleHUM MHOrme Guonorn BUAAT MyTb K
0DOPMIIEHNIO CAMOCTOATENBbHOM ANCUUNNHBI - TeopeTudeckoi buonorum. OgHako,
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pAO y4eHbIX CUATAIOT, YTO YPOBEHb AOCTUTHYThIX 3HAHWI MoKa elle HemoCTaTO4yHO
BbICOK A/ NOA00OHOI peBonioLuMn B OMONOrUN.

4.4, ®opMbl U YPOBHU XU3HU

Bce 06bekThl XMBOWM 1 HEXUBOI NPUPOALI MO CTPOEHWIO NPEACTABNSAOT COOONA
CUCTEMBbI, AN KOTOPbIX XapakTepHO Mepapxmyeckoe COnodyMHeHne BXOASLMX B
HUX ONIEMEHTOB, T. €. CTPYKTYPHbIX YpOBHeh opraHusdauumn. Cambie
3/IEMEHTAPHbIE N3 HUX OTHOCATCS K 06NnacTy No3HaHUs GU3NKK, - 3TO 3NIEKTPOHbI,
NMPOTOHbI, APYrve 9neMeHTapHble YacTuubl. 3aTeM uayT aTOMHble YPOBHM,
MOJIEKYNSIPHbIE YPOBHU, N3YYEHMEM KOTOPbIX 3aHMMAIOTCS Kak dunanka, Tak n XMmus.
3a MonekynspHbIM YPOBHEM crefyeT cyOMONEKyNsipHbIA, - YPOBEHb UCCNEO0BaHNS
paboTbl MakpOMONEKyn Kak €AuHOro LLenoro; u Tak ganee, BMAOTb OO YPOBHS
OpraHM3mMoB 1 cooOLEeCTB M3 HUX. Kaxaplii HUXeNexallmii ypoBEHb pacrnonaraeTcs
Kak Obl B 000/104Ke BbllleNexallero ypoBHSA M COXpaHsaeT ero ocobeHHOCTH.
[encTBnTeNnbHO, MONEKYNSPHbIA coCcTaB MeMbpaHbl KNeTkn OyaeT oTnmvyaTbes,
Hanpvmep, OT MOJIEKYNIIPHOINO COCTaBa A4pa KIETKW, a KOHKPETHbIN XMMUYECKUN
anemeHT OyaeT Bcerga MMeTb CBOE, OT/IMYHOE OT APYrUX CTPOEHUE 3NEKTPOHHbIX
ob6onoyek. KoHkpeTnsauma 3HaHuMs 06 06bekTe npepnonaraeT CymMMUpOBaHUE
3HAHWIN O ero CTPOEHUN Ha BCEX YPOBHAX 3HaHWUN. A MU3ydYeHMe KaxLoro ypoBHS
opraHvsaumm XnBoi mMaTtepum O0XKHO UMETb OMONOrMYECKUIA CMbICH, T.€. O0JIKHO
OblTb HanpaBneHoO Ha M3yyeHne GeHOMEHa XW3HW, a HE MPOCTO CTPYKTYypbl ee
bOU3NKO-XMMNYECKON OpraHm3aLnn.

Ona HarnapgHoOCTM nNpuBEAEM NMPUMEP HE M3 BUONOrUKU, a N3 XU3HWU.
MpencTtaBbTe cebs BnagenbLem HeGobLIOro 0CoOHsKa. Kaxablin Kupnuy, 3 KOTopbIX
NMOCTPOEH Ball AOM, UMEET TOT Xe LBET, 4YTO 1 LBET BCEro 34aHus. Takum o6pas3om,
paccmatpuBas OTAENbHbIN KAPMWY B CTeHe AoMa Bbl OOQHOBPEMEHHO nojnyyaeTe
MHPOPMALMIO O CBOMCTBax Lenoro goma. Ho moxeTte v Bbl ObITb YBEPEHBI B TOM,
4YTO LBET CTEH B KOMHAaTax COOTBETCTBYET LBETY kupnuyen? [la, - B TOM cnydae,
€CN1 CTeHbl B Bawlem JoMme rofble. HeT, - ecnn oHM MNOKpbIThl 060a9Mn. Kak Mbl
BUOMM Ha 3TOM MPOCTOM MPUMeEpPE, - U3y4yeHne obbekTa Ha 6onlee HU3KOM YpPOBHE
HeceT TONbKO 4YacTb MHPOpPMaumMm 060 BcemM OObEKTE M HE BCerga COOTBETCTBYET
MOSIHOMY MPeACTaBNEHNIO O HEM. FACHO, 4TO ANg TOro, 4TobObl KapTuHa Oblna Gonee
NMOJSIHON XenaTeflbHO OCMOTPETb BCE 3JaHWE CHapyXW, U3Yy4nUTb €ro naaHupoBKY,
y3HaTb U3 KakUX CTPOUTENbHbIX MaTepuanoB OHO CAENaHo, Y3HATb CBOWCTBA 9TUX
MaTepuanoB u T. . B 6onee obuwem Buae 310 1 0603HAYAET CYMMUPOBAHUE UN
CUHTE3 3HaHWI 06 0ObekTe mccnenoBaHus, MONMYYEHHbIX HA BCEX YPOBHAX
NO3HaHUS.

OTO 3apaya apxmcioxHas M He Bcerga BbinonHumada. Cpean yyYeHbiX eCTb
OTKPOBEHHbIE MPOTUBHMKU CTPYKTYPUPOBAHUSA N BblOENEHUS YPOBHEN MO3HAHUS
npu naydyeHun Guonornyecknx o6bekToB. OHM CUYMTAIOT XU3Hb YHUKANbHbLIM
SIBIEHVMEM, HE MOAJIEXALLMM CYXOMY aHanu3y M paccMaTpuBaloT NMPOSBAEHUS XN3HU
BO BCEM ee MHoroobpasun. be3ycnoBHo, 3Ta uaes OYeHb NMpuBNEKaTeNbHasa, HO
TPYAHO He cornacutbcs ¢ TeM dakToM, 4YTO BMONOrMYeckme SBAEHUS camu Mo
cebe - gBNEHUs OOCTATOYHO CIIOXHbIE AN U3YYEHUS U MOHVMMaAHWUSA, CIIOXHbIE MO
CBOEW OpPraHM4eckom CTPYKType M MO0 CBOUM YHKLMOHANbHBIM MPOSBAEHUSM.
MoaTtomy sicHO, 4TO 6e3 AeneHus TakoW CNOXHOM CUCTEMbl HA OTAENbHbIE YacTw,
KOTOpble Obi1 Obl B CMAax OXBaTUTb MO3r MCCNenoBaTens nNpPocTo He 0OONTUCH.
[leneHve xe Ha 4acTm UM ypPOBHU WUCCAEAO0BaHUS MNPOUCXOAUT B COOTBETCTBUM C
peanbHbIMU CTPYKTYPHLIMU YPOBHSAMU XMBOrO OObekTa.

Mpobnema pa3nnyHoi cTeneHn ynopsgovyeHHOCTU U OPraHN30BaHHOCTU XMBOWA
mMaTepun BO3HMKNA y HatypanmctoB euwe B XVIII - XIX B. lNepBbIM TONYKOM K ee
NMPOSIBAIEHNIO MOCAYXWUIO npoo3rnaiwieHne B 1830-e roapl KNeToyHowm Teopun. A B
1846 r. M. LWnenpeH - OoOMH U3 OCHOBaTenem 3Ton Teopumn - cHOpPMynMpoBa
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NMONOXEHNE O CYLLEeCTBOBAHUM XMBbIX TeN “pasnmMyHOro nopsiaka opraHM30BaH-
HocTK”. Hesaponro go atoro 3. Nekkenb BblIABMHYN rMNOTE3Y, COMacHO KOTOPOM
npoTtonnasmMa KjeTku He OAQHOPOAHAa, a COCTOUT M3 KakMX-TO HaAMONEKYNAPHbIX
yacTuu, Ha3BaHHbIX MM nnacTugynamm. C O4HOM CTOPOHbI yTBEpPXAanacb Maes
OVUCKPETHOCTU, T. €. AeNIMMOCTU LLeSIoro Ha CTPYKTypbl 60s1ee HM3KOM opraHn3aumm,
a C Opyroi- 3aTUM CTPYKTypam MNpunucbiBanacb NOCTOSHHAA M CaMOCTOSTeNbHas
byHKUUS.

B nepsoi nonosuHe XIX B. B BUONOrMM nosiBASETCA UCTOPUA Teopuu
cuctem. OgHa 13 nMepBbiXx ee CcTpaHuu Obina noceBslWeHa PeayKLMOHU3MY,
npeactaensiowemMy coboii MexaHucTUu4eckuii marepmanuam. CornacHo emy Bce
BbICLLEE CBOAUTCS K HU3LLIEMY: MPOLECCHI XU3HEOEATENbHOCTN - K COBOKYMHOCTHU

CXEMA KJTIACCUDUKALIUUN CTPYKTYPHbIX

VRO BHER SPFAHASAHA-MATEPHNA
HeXueas Xusasi oo0LwecTBO
npupoga npupoaa
'
NNEM4A
PO[,
cTAmO |
MHOIOKJIETO4YHbIE
OPrAHU3MbI
OPIrAHbl U
TKAHU
KNETKU
OPrAHEJJ1bl
KJIETOK
KOMNNEKCbI
MAKPOMOJIEKYN
MAKPOMOJTEKYJ1bI
MOMEKYJbI
ATOMbDI
AJIEMEHTAPHBIE B
YACTULbI

CTeneHb CZI0KHOCTU YPOBHSA
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X GUINKO-XMMUNYECKUX peakumin. KauecTtBeHHOe CBOeobpasme X1BOro OTpULLanocCh.
MpOTUBHNKOB “penykuMOHMCTOB” B TO BPEMS Ha3blBaiuM BUTANUCTaMMU.
“Butanuctbl” yTBEPXAANN, YTO OPraHMYECKOE LIeI0e HEBO3SMOXHO CBECTU K NMPOCTOW
CYMMe €ero 4acTel 1 OHO yrnpasnsieTcs 60XeCTBEHHOW cunoli. HeCKonbko B CTOPOHE
HaxoAMNUChb B3rnaabl 9KCMEepUMeEHTUpPYOLWMX 6MON0OroB, NpPUAEpPXMBaBLUNXCS
dusmnonornyeckoro pgerepmumHmama. Tak K. BepHap, nonaran, 4to BCE
CTPYKTYpPbl 1 MPOLLECChI B MHOMOK/IETOYHOM OpraHna3mMe onpenensaoTcs BHYTPEHHUMU
npMYNHaAMM OpraHn3ma, NoOUCKOM KOTOPbIX HEOOXOAMMO 3aHUMATbCH YYEHbIM.

B 1920 roabl amepukaHckue punocodsl . BpayH nP. Cennapc paspabotanu
HOBOE MOHATME CTPYKTYPHbie YpOBHU. COrnacHo ux Teopun, 3TU YPOBHU
pas3nnyalTCa He TOJNIbKO KJlaCCaMW CNOXHOCTU, HO U 3aKOHOMEPHOCTAMU UX
dyHKumoHnpoBaHusa. OHU BbIABUHYNM UAEI0 MepapxXm4eckom COMOAYUHEHHOCTU
YPOBHEN, BXOXAEHME KaXAO0ro nocienyluero ypoBHsa B Npeabioyuinii c
obpa3oBaHNEM €OMHOr0 LLENOro, B KOTOPOM HU3KUIA YypOBEHb “BUAEH” B CaMOM
BbiCLLIEM. Tak poannacb KOHUENUUS MHOrOYPOBHEBOW MEPAPXMHYECKON “MaTpeLuKkn”.

[aHHag koHuenuus - 3TO He Teopus Xn3HW. Ho oHa aBnsaeTca apdEKTUBHbLIM
VHCTPYMEHTOM A9 MOJIy4EHUS KOMMIEKCHOrO, UHTErpUPYIOLLLEro 3HaHUS, KOTOpoe
MOXET CNy>XUTb 6230l A1 BO3BEAEHUS TEOPETUYECKON BUONornu.

4.5. MonekynsipHO-reHeTU4eCKuii ypoBeHb

OpHO 13 rnaBHbIX COObITUIM B cTtopun Guonornm XX B. - BbIXOL 3KCMEPUMEH-
TanbHOWN GU3NKO-XMMUYECKON BUONOrNN HA N3YHEHNE MOJIEKYISIPHOIO YPOBHS XNBO
npupoapl. B peadynbtate nccnenoBaHUi Ha MOJIEKYNIIPHO-FTEHETUYECKOM YPOBHE
NPOW30LLJIO HE TOJIbKO C/IMSIHUE OTAENbHbIX GMONIOrMYecKX AUCUUIIINH B “eOuHbIN
GpPOHT” HayK, HO U TecHoe cOnmxeHne BGMONOrMN CO CMEXHbIMU el GU3NKON U
XUMUEN. A 3TO 3HAYUT, YTO NPOBAEMbI, CHMTABLUMECH PaHblue YUCTO Guonormyec-
KUMKW, Tenepb cTanu MNo-cyu,ectBy npobnemMamMu BCEro eCcTecTBO3HaHusA. Ha
CTPaHULbl Hay4YHOW nuTepaTypbl “XblHYN” NOTOK GakTUYECKOro Matepuana, OueHUTb
KOTOPbI KaK NMpuHaanexauimini Kakon-nnbo KOHKPETHOM Hayke mnpakTuyecKu
HEBO3MOXHO.

CyuiecTByeT Tpu rjaBHbie NpoOGsemMbl, KOTOpbie cTann 0O6BHEKTOM
MCCNeaoBaHNs Ha MOJNIEKYJIIPHOM YPOBHE:

1. MpouncxoxaeHne Xu3Hu.

2. MonekynspHO-reHeTU4eCKNI Noaxon, K U3Yy4EHUIO 3BOJIOLMN.

3. V3dyyeHrne MonekynsipHbiX OCHOB BOCMPOW3BOACTBA XM3HW U MPOLLECCOB
XN3HEOEATENbHOCTHU.

4.6. MpoucxoxpeHue XU3HU

Llenas anoxa B nctopun nayyeHmns NpobrnemMbl NPOUNCXOXAEHUS XU3HN CBS3aHa
¢ Tpyoamu A.U. OnapuHa 1 ero y4eHukoB. Mk nccnenoBaHunii y4eHOro NpuxoamTcs
Ha 1950-70 rogpl, XOoTa OCHOBoMonarawwmii ero Tpya “MpoucxoxaeHune XusHu”
Obin ony6nukoBaH elle B 1924 r. Yxe B HeEM Obln U3NOXEHbBI BCE TE UOEN, KOTOPbIE
COCTaBUAM OCHOBY rmvnoTe3bl OnapuHa. maBHas n3 HUX - 3apOXAEHWE XU3HU Ha
3emne - AnUTenbHbIi 3BOJIIOLMOHHbBIN MPOLECC CTAaHOBMEHUS XUBOW MaTtepun B
Heapax HEXWUBOW.

OnapuvH nNpeanoXxun HOBYIO MAOEID XMMUYECKONM 3BOMOLUM, - KOrga nop,
BO34EeCTBMEM CUJIbHOAENCTBYIOLLMX PUBUNKO-XUMNYECKNX PaKTOPOB (TeEMNepaTypsbl,
ynbTPadmnoneToBOoro M PEeHTreHOBCKOrO M3NAyyYeHUs, SNEKTPUYEeCKNUX paspsanos
00/IbLLIOA MOLLHOCTM 1 aTMOCQHEPHOro OaBfeHns1) NPOMCXOAUT CaMOMpPOM3BOJSIbHOE
npeBpalleHne psaa HeOPraHMYEeCKUX COEOMHEHU B OpraHuvyeckme “Kupnunyukm
XU3HU - aMUHOKUCAOTbI, HYKNEo3nabl U HYKNeoTuabl, NPOCTeNLLne noamcaxapuabl
1 B Monekynbl AT®, cnocobHble 3anacaTtb XMMUYECKYIO SHEPIUIO.
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Mpoea xumnyeckoin aonmouum B 1920 ropax “Hocunack B Bo3ayxe”. NogobHoro
poaa aKcrnepuMeHTbl OblIM pacnpocTpaHeHbl BO MHOMMX nabopatopusix Mmupa. 310
HE YOMBUTENBHO, - XUMUS B TO BpemMs Oblia B 3EHUTE CNaBbl U MPOLBETAHUS.
OpHako, nepen y4yeHbiMU, NOAOEPXABLUMMU UOEI0 XUMUYECKOW 3BOOLUK Cpasy
X€ BO3HUK PUTOPUYECKUIA BOMPOC: @ YTO MPOM3OLUNAO pPaHbLUEe - aMUHOKUCIOTbI U
6enkn UM Xxe MOJNeKysbl, OTBETCTBEHHbIE 32 BOCMPOU3BOACTBO XMBOrO - HYKI€0-
TUObl U Hykneo3uabl. JpyruMmmn cnoBamu, ewe B Te rofpl Obli nocTaBieH BOMPOC O
NPOUCXOXOEHNN BCEM U3BECTHOWN “KypuLbl 1 ee anua”, HO TOJIbKO Ha MOJIEKYNIIPHOM
ypoBHe. [MnoTesbl, yTBEPXAABLIME MEPBUYHOCTb CTPYKTYPbl, HAAENEHHON
CMOCOBHOCTbID K 0OMEHY BEeLeCcTB Npu yd4acTum depMeHTOB 00beaMHSNMChb NOZ,
Wwankon rosaobmuos, a rmnoTesbl, yTBEpPXAallwme NepBUYHOCTE MOJIEKYNSIPHOMA
cucTeMbl, BK/oYaloLweli B cebs reHeTMyeckmini kog, HasbiBaiMCb reHoouos.

OpHOM M3 CUNbHLIX CTOPOH runote3bl OnapuHa 9BASETCHA TO, YTO OHa
Haxo4WUTCA B COOTBETCTBUM C IMMNOTE30M 3BONIOLMU J0O6MONOrMYEeCKOn (HEXMBOWA)
MaTtepum 1 3apoXAEHNE XNU3HN NPeaCTaBfIEHO B HEN KaK 3aKOHOMEPHbIA NPOLLECC.
BTopas cunbHasg CTOPOHA - BO3MOXHOCTb 9KCMEPUMEHTANIbHOM MPOBEPKM OCHOBHbIX
NnonoXeHui rmnoTesbl B nabopaTopHblx ycnoBuax. OQHako, ecTb U criabble CTOPOHbI
paccmaTpuBaemon runoTtesbl. Hanpumep, runoteda OnapuHa pgonyckana
BO3MOXHOCTb CaMOBOCMNPOU3BEAEHUSA AOKIETOYHbIX CTPYKTYpP NpU OTCYTCTBUMU
MONEKYNSPHBIX CUCTEM C DYHKUMSAMW FEHETUYECKOrO Koda. [oaTomy npu cuHTese
AMUHOKMCNOT B 1aB0opaTopHbIX YCNOBMAX AOMOMHUTENBHO AOMYCKANOCb BBeAEHME
B “NMepBUYHbLIN OYNbOH” XMMMYECKN CNOXHbIX FOTOBbIX “6/0KOB”, Hanpumep,
depmMeHTOB, 63 KOTOPbLIX peakumsa He wna. B nocnegHve roabl NpeactaBUTENu
Hay4Hou wkonbl A.N. OnapuHa, ocTaBasiCb, B OCHOBHOM, Ha NMO3ULINSAX €ro rmnoTessbl,
NpU3HaloT HEpPELEeHHOCTb MaBHOro Bonpoca Bceil Npobnembl - 4TO UMEHHO
ABNAETCA ABUXYLLEN CUION CaMOpPas3BUTUS XMMUYECKUX CUCTEM U mepexona oT
XUMUYECKOW 3BONIOLUMN K Buonormyeckoin? VIHbIMn cnoBamMu, B pamkax rmnoTesbl.
OnapuvHa He ypnaeTcsl 06bACHUTL MaBHYO NPob6aeMy: NPUYMHY TOro TAUHCTBEHHOIO
cKayka OT HEXUBOW MaTepUn K XMBOW, KOTOPbIA 1 3HAMEHYEeT cOOO Hayvano Xn3Hu
B TOM “3eMHOM” BUAE, B KOTOPOM OHa HaM M3BECTHa.

KpeauuoHuctckue ( oT naTt. creatio - co3gaio) Teopum, B OTaM4Me OT
€CTEeCTBEHHO-Hay4YHbIX rMnoTe3 OObACHANN MPOUCXOXAEHUE XM3HU CYLLLEeCTBOBA-
Huem bora - Co3paTtensi, OCHOBbIBasi CBOe yyeHue Ha bubnuu: “U ckasan bor: na
NpoO3pacTuUT 3eMJig 3eJIeHb, TPaBY, CEOLLYI0 CEMS, EPEBO MNJOL0BUTOE, NPUHOCSLLEE
no poay CBOEMY Mo4, B KOTOPOM CEMS ero Ha 3emine. M ctano Tak.” (beitne, .1,
ctux 11).

CornacHo Bubnuu, Bcnep 3a pacteHusMmn Bor cospgaBan XMBOTHbIX U3 BOApI:
“N cotBopun Bor pbl6 GONbLIMX N BCSAKY AYLIY XUBOTHbIX MPECMbIKAOLMXCS,
KOTOPbIX MPOM3BENa BOA4A MO POAY MX, M BCAKYD MATWLY NepHaTyio no poay ee. U
yBugen bor, 4To 310 xopowo. W 6narocnoeun ux bor, roBops : nnoanTecb u
pa3MHOXaNTeCh, U HANOJIHANTE BOAbI B MOPSX M ANTULBI Aa pa3MHOoXaTcs Ha 3emne”
(BbiTne, rn. 1, ctuxm 21 - 22).

3aTtem, B COOTBETCTBMM CO CBOUM 3amMbIC/ioM, Co3aaTens Npon3BoauT “3Bepen
3EMHbIX MO POAY MX, U CKOT MO poAy €ero, U BCEX rafoB 3eMHbIX MO poay ux.”
(BbiTne, rn.1, ctuxmn 25).

B KpeauuoHUCTCKOM TeOpUM COTBOPEHUS MUPA XUBOTHLIN U PACTUTENbHbLIN
MUpbl CO3[al0TCa cpasy no xenaHuto bora BO BCel CBOEN Kpace U BO BCEM
pasHoobpasuun. Kaxabiin pon, v Bua, Gnopbl U payHbl YHUKaNIbHbI C CAMOr0 POXAEHUS,
MOTOMY 4TO ABNGIOTCA BonsoweHuem boxecTBeHHOro lnaHa, a He cny4yanHomn
CTUXn npupoabl. Bona n aHeprua TeBopua cnayxaT NepBbiM TOAYKOM AN
NpPeBpaLLEHNsT HEXMBON MaTepun (“Boapl” U “3emMnun”) B XMBYIO. IBOMOLMOHHASA
naes npespalleHs O4HOro poaa B APYroi nyteM ecTecTBeHHOro otbopa ¢ no3uumi
9TOl Teopuu NpPencTaBnseTCsa HEHYXHONM: NpMpoAa M3HadvanbHO Obla co3gaHa B
COBEPLLEHHOW FAPMOHUM C OKPYXAIOLLMM MUPOM.
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Hy, a runote3a 61Monoroe o npesBpalleHnn 00e3bsHbl B YeoBEKA C TOYKU
3pEHNs KpeauMuoHMUCTAa, 3BY4MT M BOBCE KOLLYHCTBEHHO. Begb Bor cosgan niogen
rno ceoemMy obpasy n nomobuio 1 nocTtaBun UX Haa Bcel npupondon : “... N pa
BNabl4eCTBYIOT OHU Hapn, pbidamMy MOPCKMMW, M Had NTULAMW HEeOGeCHbIMW, U Hafg,
CKOTOM, W Haj BCEl 3eMfet, U Had BCEeMU ragamMu, NpPecMblKaloWmMMmUcs o
3emne”.(bbitne, rn.1, ctux 26)

Kak ecTecTBeHHO-Hay4Hble, Tak U KpeauMOHUCTCKME Teopun MpPOUCXOXAeHUs
XN3HU, HEe MMes noa coboi OOCTAaTOYHO HayYHbIX OOKa3aTeNbCTB MPOAOIKAOT
CyLLLECTBOBATb BMECTE, U CKJIOHHOCTb MCCNeaoBaTens K NMpu3HaHMIO NpaBuiibHOCTU
TOW WM WHOM rMNoTe3bl MPOUCXOXAEHUS XU3HWU, OoNpenenseTcs Ha AaHHOM aTane
MO3HaHUSA He Hay4HbiMU dakTamu, a ckopee COOCTBEHHbIM MUPOBO33PEHUEM
yyeHoro: cumBosiom Bepbl B Bora mnu ero 6es3sepuemM. MaTtepuanucTtbl
NMPUAEPXMBAKOTCA 9BOJIIOLIMOHHOM rMnoTe3bl co3aaHns XnsHm Ha 3emne, a yyeHble,
Bepdwue B bora, - KpeayMoHUCTCKON.

Bnpouem, pycckuin yyeHblii B.U. BepHapckuii (1863-1945) pewan atoT
BOMPOC COBepLUEHHO MHadve. OH, He Byayyn KpeaumoHUCTOM, “BbIHEC” 3apoxaeHune
XM3HU 3a npenesnbl 3eMHOW MOBEPXHOCTU CYMTas, YTO XW3Hb Ha Hally MiaaHeTy
Oblna “3aHeceHa” M3 kocmoca. YTBepxaas, 4TO XuUBOoe Ha 3emne MoxeT
nopoxpatbCcs TONbKO XuBbiM. OH npuaepxuBanca “npuHumna Pegun”,
chopmMynmpoBaHHoOro B 1668 r. ntanbsHCKMM yyeHbiM - Bpadom P. Pepm: “Bce
XMBOE MPOUCXOOAUT TONBbKO M3 XMBOro”. CerogHs pasBUTME €CTECTBO3HAHUSA He
OMNpOBEPraeT, a BO MHOrOM noaTeepxnaeTt naen B.A. BepHagckoro.

4.7. CoBpeMeHHOe pa3BuUTUE IBOJNIIOLMOHHOW Teopuun Y. JdapBuHa.
MonekynspHO-reHeTU4eCKun nopxon

TepmuH “sBonoums” Obin BNEpPBblE BBEAEH B IEKCUKY OMONOrMn LUBENALLAPCKUM
yyeHbiM LWL.BOHH3 B 1762r., T. e. 3agonro go onybnukoBaHMs cBoero Tpyaa Y.
HapsBuHbiM. Mpuyem LLU.BOHHS NOHMMan nog 3TUM TEPMUHOM He TOJIbKO upeto
pa3BnUTUSA, HO 1 NpencTaBlieHns O POJIM USMEHYUBOCTU U OTOOpa B CTAHOBIEHUM
HOBbIX POPM XMBOro. BTN NpencTaBlieHns npeTeprneBanv U3MEeHeHUs C TeYeHUeEM
BPEMEHMU.

B HacTosiee BpemMs pasnmyaloT TpY TMna U3MEHYMBOCTU:

HacnepctBeHHass M3MEHYMBOCTb - 3TO UBMEHYMBOCTb, 0OYyCNOB/IEHHas
BO3HVMKHOBEHMEM HOBbIX FEHOTUMOB (aHanor “HeonpeneneHHoOn U3MEHYMBOCTU®
Y. OapsuHa.

HeHacnepctBeHHass UBMEHYMBOCTb - 3TO M3MEHYMBOCTb, KOTOpasi oTpaxaeTt
M3MEHEeHUs He reHoTuna, a ¢deHoTuna non BAUSHWEM YCOBUIA BHELUHEN cpeabl
(aHanor “onpepeneHHon mnameH4msocTn” Y. JapBuHa).

OHTOreHeTn4eckas M3MEHYMBOCTb - 3TO M3MEHYMBOCTb, OTpaxaruwas
M3MEHEHUS B X04€ VHAMBUAOYaNbHOro pa3BuUTUS BCEr0 opraHm3ama (OHToreHesa)
WM U3MEHYMBOCTb OTAEMbHbBIX KNETOK B npouecce nx auddepeHumauum (T.e. npm
bGOPMMPOBAHNN UX UHAMBUAYANbHLIX OTANYNIA B MPOLLECCE XMU3HEHHOIO UMKNa).

CoBpeMEeHHbI 3BOJIOLMOHU3M - 3TO HE TONIbKO AapBUHU3M B €ro
M3HavyaNbHOM BMAE, @ MHOrorpaHHoOe KOMIMIEKCHOE y4eHue, cpopMUpOBaBLLEECH
3a rogbl, npowealwme co BpemMeH co3gaHua Teopun Y. HdapsuHa. B 1930-1940
rogax nosiBUNacb Ha CBET HOBas CUHTeTU4Yeckaa Teopusa 3eonawuun. OHa
npencrtaensgeT coboii CUHTE3 OapBMHCKOM KOHLEeNnuun ecTecTBeHHoro otbopa ¢
reHeTukom m akonormen. CyuwlecTBYIOT ABA OCHOBHbIX OT/IMYMUS CUHTETUYECKOW
Teopun sBonounm ot Teopumn Y. lapBuHa. 9T0, BO-MEPBLIX, - MPU3HAHNE B KA4eCTBE
3/IEMEHTAPHOM eAMnHULbI 9BOIIOLMN HE OpraHmM3ma U gaxe He Buga, a MeCTHOM
nonynsiuyn 1, BO-BTOPbLIX, - BblAeNEHME ABYX TUMOB 3BOJIIOLMN: MUKPOIBOIOLMN U
Makpoasonioumn. Mukpoasonioumns 00603Ha4aeT COBOKYMHOCTb 3BOJIIOLMOHHBIX
NnPOLECcCOB B MONYNSALMSAX, CONPOBOXAAWNXCA U3MEHEHMEM FeHOodpOoHOa U
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obpa3oBaHMeM HOBbIX BUAOB. MakposBonoums (unu GunoreHes) - 3To 9BOJIOLN-
OHHble Npeobpal3oBaHns, NPOTEKAKLLME B TEYEHNE OJINTENBHONO MCTOPUYECKOrO
nepvuoga v npueoasiume K o0pasoBaHMI0 HaABUAOBLIX TAKCOHOB. MUKPO3BOMOLMS
[OCTynHa ANs HENMOCPEACTBEHHOrO M3yyYeHus B nabopaTopHbIX YCNOBUSAX,
MakpO3BOJIOLUNS - HET, BCNeACTBME €€ MCTOPUYECKON NPOTSXKEHHOCTWU. V3yyeHue
MUKPO3BOJIIOLMN BOSMOXHO NOCPEACTBOM HAOMIOAEHNS 32 USMEHEHUSMM KUBOTHbIX
N pacTeHuii B npupoge. M3ydyeHne xe MakposBoMoLMU TPeOYeT OO0MONHUTENbHbIX
MCTOPUYECKMX UCTOYHMKOB AJ1 UCCNEenOoBaHUS. Takme OaHHble NpefoCcTaBasnm
CMeXHble O1OoNornyeckne ANCUUMNIVHLI: CpaBHUTeNnbHaa Mopdonorus,
naneoHTonorus u amépuonoruda. B HacTosllee BpemMs yyeHble nepelnv Ha
M3y4yeHne 9BOJIIOLUMOHHBLIX NMPOLECCOB HAa MOJIEKYNSAPHO-TEHETUYECKOM YPOBHE.
Ob6bekTaMy UCCNEAOBAHUIA YYEHbBIX CTaNM BGENKU U HYKIIeoTUAbl, U3bSThble U3 Kak
M3 HblHE XWUBYLINX OPraHM3MOB, Tak U M3 reosiorM4eckmnx CloeB 3aneraHus
nckonaembix. naBHOW nNpob6nemMor MakpoaBoNLMN ABASETCS paclimndposka
nocnenoBaTtenbHOCTU dunoreHesa W HaCNeACTBEHHbIX CBA3en MexXay
opraHu3mamu. 3Ta Hayka NOCTOSIHHO pPa3BMBAETCH, Y Hee Bonbluoe Bruonoruyeckoe
oyaywee. JocTuxeHus B 3Tol obnacTu 3HAHW HENOCPEeACTBEHHO CBS3aHbl C
nporpeccom B 06/1aCTV MONEKYNSAPHON BMONOrMM U FeHETUKMN.

4.8. U3yuyeHne MOJIEKYNSPHbIX OCHOB BOCMPOU3BOACTBA XXU3HU
M MpPOLECCOB XWU3He[eqaTeslbHOCTU

[lBe coBpeMeHHble BMONIOrMYeckne Haykm - MOJIEKYNIpHasa reHetuka u
MoJieKynspHas Ouosiorma 3aHUMatoTCs U3YYEeHNEM CMEXHbIX Hay4HbIX BOMPOCOB,
CBSI3aHHbIX C OCHOBHbIMWU MPoGeMamMu CTPYKTYpPbl U PYHKLNOHMPOBAHUS XNBOWA
NPUPOAbl HAa MOJIEKYNSIPHO-FEHETUYECKOM YPOBHE. POXAEHMe 3TUX Hayk fBiseTcs
noaATBEPXAEHNEM MOLLHOMO MWMHTEerpauuoHHOro mnpouecca (npouecca
00beIHEHUS Pa3HbIX HAayK MPU PELUEHUN OJHUX U Tex Xe 3ajady), NPOoMCXOOdaLEero
B COBPEMEHHOM ecTecTBO3HaHuu. KocHemcsl BKpaTue BOMpoca O TOM, Kakume Xe
npo6nemMbl MPUXOAUNOCHL M MPUXOOUTCH pelwaTtb, npuberas K mMetTopam
MOJIEKYNIIPHOM BUONIOrMM 1 MONEKYNSPHON reHeTuku. B HacToswee Bpems Mx Tak
MHOr0, 4TO He MNpeacTaBAfeTCH BO3MOXHbLIM OCBETUTb BCE MyTU Pa3BUTUS 3TUX
HayK B MOJIHOM Mepe, HO MOXHO MOMbITaTbCHA BbIAENUTbL cpean oOLLen Macchl
pelaeMbiX BONPOCOB Hanbonee BaxHble.

Hanbonee BaxHble OTKPLITUS, CAeNaHHbIE B 061aCT MOEKYSIIPHON B1010rmn
N MONEKYNSPHOW TEeHETUKU:

1. OTKpbITME FEeHEeTUYECKOWN POJIN HYKIENHOBBIX KUC/OT.

2. OTKpbITUE MONEKYNSAPHLIX MEXAHU3MOB FEHETUYECKOWN PENPOAYKLMN U
6unocnHTesa benka.

3. OTKpbITME MOJIEKYNAPHO-TEHETUYECKUX MEXaHU3MOB VM3MEHYMBOCTU.

4. VI3yyeHne MoJiekynsipHbIX OCHOB 0OMeHa BeLLecTB.

4.8.1. 3akoHbl reHeTuku MeHpens.
OTKpbITUE FTEeHeTUYECKOW POJSIN HYKJIEMHOBbIX KUCIIOT

CeropHs nob6OMy LLKONbHUKY M3BECTHO, YTO HAacNeACTBEHHas MHdopmauns
opraHnamoB 3awundppoaHa B OHK. OgHako, 4ToObl AoKa3aTb 9TO Y4YEHbIM
noTpeboBanoCb HECKONbKO AECHATKOB NEeT, a 4Tobbl pacumndpoBaTb CTPOEHME U
CBOICTBaA HYKJIEMHOBbLIX KMCNOT - 6onee cta net. B XVIII n XIX Bekax menanockb
HemMaJsio NorbITOK BbIICHUTb Kak NepeaarTcs Npu3Hakm 13 rnokosIeHUs B MOKONEHnE.
Ho Hayano reHeTuke kak Hayke Oblo MONOXeHO Yewckum ydyeHeiM . MeHnpenem,
KOTOpPBLIA cKpelmBan Mexay coboi pasnuyHbie copTa ropoxa u Habnwogan 3a
N3MEHEHUAMM nX okpacku, dopmbl, BUAA U Op. NPU3HAKoB. MeHaoenb onpegenvn,
4YTO Yy MonyyaemMbix rMOpPUAOB B MEPBOM MOKOJEHUN OOHW MPU3HAKM NOAABASIOT
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apyrue. Hanpumep, XenTbili LBET CEMSH AOMUHUPYET HAZ 3€MEHbIM LIBETOM, Fnaakas
MOBEPXHOCTb CEMSIH HaA MOPWMHUCTBIMU U T. A. Kaxaomy m3 Hacnemyembix
npu3HakoB MeHaenb NoCTaBu B COOTBETCTBME MaTepUasibHYIO YaCTUYKY XUBOTO,
nepenaBaemMoro U3 MNOKOJIEHUS B MOKOJIEHUE, - 3IEMEHTAPHYI0 HOCUTENbHULLY
nHdopmMaunun, 1 Ha3ean ee reHoMm. V3yyas noBedeHNe 1 xapakTep B3aMMOLENCTBUSA
pPas3nMyHbIX FTEHOB MO MX MPOSABAEHUIO B MOTOMCTBE, MeHaenb OTKPbI CBOWU
3HaMEeHWUTbIe 3aKOHbI CKPELLMBaHUS FEHOB 1 caenan goknan Ha cobpaHum bproHckoro
obuiecTBa ectecTBouMcnbITaTenen. Ho B TedyeHre noytn 35 net B Mype He Obio HU
OJHOr0 YY4eHOro, KOTopblii Mor Gbl MO AOCTOMHCTBY OLEHUTb PabOTy YyY4EHOro u
NPOAOIXUTL ero nccneposaHns. OHM ObIM “HACTONBKO XOPOLLO 3abbiTbl Hayko”,
yto B 1900 r. Tpu nccneposatens - ae Apua B NonnaHonn, KoppeHc B MepmaHum
n Yepmak B ABCTpUM, NPOBOAS CBOU UCCNEA0BaHUSA NO OENIEHUIO KNETOK, BTOPUYHO,
HEe3aBMCMMO Opyr OT Apyra, OTKpbiM 3akoHbl MeHpens. YecTb n xBana UM, 4TO
no3xe, 0OHAPYXMB CTaTblO YYEHOrO, OHW YCTYMWIM MPUOPUTET CBOEr0 OTKPbLITUSA
3aKOHOB HaCneaCcTBEHHOCTU MX MEepPBOOTKpbIBaTENO - MeHAeno, BbICOKO OLEHUB
€ro Hay4HbIi NOABWUT.

B Hauyane XX B. 6Gbl10 YCTAHOBEHO, YTO OnucaHHble MeHaenem reHetTuyeckmne
daKTopbl HAXOAATCH B XPOMOCOMaX KJIeTOYHOro siapa.

MapannenbHo ¢ reHeTMkamm BGUOXMMUKU N3ydanu XMMUYECKUA COCTaB saep
XUMBbIX kneTok. Bnepeble monekynbl AHK 6binv BblaeneHbl M3 a4ep neikoumtos
LwBenuapckum droxmummkoMm @. Muwepom BO BTOPOW MOJIOBUMHE MPOLLSIOrO Beka.
lMepBOHaYanbHO OH Ha3Bas BblOENEHHOE BELLECTBO HYKJIEMHOM (OT nat. nucleus -
anpo). 3atem paboTtaBwunii B Ton xe nadbopatopum A. Koccenb oBHapyXun, 4To B
COCTaB HYK/IEMHOBBIX KMUCNOT BXOASAT MYPUHOBbIE I MUPUMUAVHOBbIE OCHOBaHUS
1 npocTenwmne yrneBopbl. B Havyane 1900 rogos B nabopatopuun M. JleBuHa B
CLUA 6bin paclungpoBaH yrneBoAHblA KOMMNOHEHT 3TUX HYKTIEUMHOBbLIX KUCIOT.

B yctaHoBneHuun ponu OHK B knetkax Takxe Obl/I0 HECKOSbLKO 3TanoB.
Ocob6eHHO ycuneHHo pa3paboTkol 3TOro Bompoca 3aHMManMCb aMepukaHckue
yyeHble. B 1944 r. umeHHo B CLLA rpynne y4yeHbix-mukpobuonoros O. 3eepu, K.
Mak-Jleony 1 M. Mak-KapTun yganocb yctaHoBUTb, 4TO cBOOOAHAs Mofiekyna
OHK obnagaet TpaHCGOpMUPYIOLLEN aKTUBHOCTbIO, T.€. CMOCOOHOCTLIO NEPEHOCUTL
CBOWCTBa OT OAHOrO OpraHvMama K Apyromy. 970 OblI0 PEeBOJIIOLMOHHOE OTKPLITUE,
poAMVBLUEE HOBYIO HayKy, W3y4daBLIYD BOMPOCbI HACNEACTBEHHOCTU Ha
MONEKYNSPHOM ypoOBHe. LleHTpanbHOE€ MECTO B 3TOW Hayke OTBOAUIIOCH
nccnepgosaHuio ponn AHK. OHK, aBngadack “xpaHutenbHuuUen” matepuanbHON
OCHOBbI FeHEeTUYEeCKOM MHMOPMaLMKM, KOHTPOIMpyeT BuocmHTe3 Benka B KIeTKax u
OTBeYaeT 3a M3MEHYMBOCTb KNETOK. MiIMeHHO monekyna JHK oTBevyaeT 3a nepepadvy
HacneLCTBEHHON MHGOpMaLMM OT OLHON KNETKU K OPYrOW.

4.8.2. OTKpbITUE MOJIEKYNSPHbIX MEXaHU3MOB reHeTU4eCcKoW
penpoaykuum u OuMocuHTe3a Oenka

M BCe Xe poxAeHue HOBOW Hayku - MOJIEKYJISPHON FEeHeTUKMU CBS3bIBAIOT C
onblITamMu AByX amepukaHues Ax. Bupna v 3.Tantyma. B 1941 r. oHn ycTtaHOBUAU
NMPSMYIO CBA3b MeXay COCTosiHMeEM reHoB (OHK) n cuHTtesom dpepmeHToB (6enKoB).
MosiBMNacL 3HameHuTasa dpasa : “OguH reH - oanH 6enok”.

[Mo3xe 6bl0 BbISCHEHO, YTO OCHOBHOW (MYHKLWEN FeHOB SIBAseTCcs
koompoBaHue cuHTesa benka. B 1952 rogy Ox. buan, 3. Taitym n k. Jlepepbepr
OblM yaocToeHbl HobGeneBcko NpemMmun 3a 3T UCCNEOOBAHUS.

A B 1962 r. Hobenesckasa npemus 6eina npucyxaeHa ®. Kpuky v k. YOTCOHY
3a ycTaHOBJieHWEe MoneKkynsapHoro ctpoeHus OHK. MonekynspHasa 6uonorus
cTpeMnTenbHO passuBanacb! Ha noBecTky AHs Obl BbIHECEH HOBbIV BOMPOC: KAKUM
ob6pa3oM 3anucaHa reHeTuyeckasa nNporpamMmMa M Kkak oHa peanndyeTcsl B KJeTKe.

HanoMHum, 410 cornacHo mopenn YotcoHa - Kpuka reHeTmyeckyto
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nHoopmaumnio B AHK HeceT mocnenoBaTeNlbHOCTb PACMONIOXEHUSA YeTbipex
ocHoBaHuin: A, T, I n L. Heob6xoaumo 6bif10 BbISCHUTb, Kak BCEro YeTblpe OCHOBaHWS
MOTyT KOAMPOBaTb MOPSA0K PACMONioXeHUs B MoJsiekynax 6enka uenbix ABaauaTtu
aMUHOKMCNOT? Pewwun 3Ty kas3anocb Obl HEpaspewwuMyilo npobremMy pPycckuin no
NPOUCXOXAEHNIO aMepuKaHckuii dunank-teopetnk . FamoB. OH npepnoxun ons
KOOMPOBaAHNSA OLHOW aMUHOKUCNOThI UCMOJIb30BaTh COYETAHNE U3 TPEX HYKIIEOTUAOB
OHK. OT1a anemeHTapHasa eguHMua HacneaCTBEHHOroO MaTepuana, Kogupytowas ogHy
aMUHOKMCNIOTY nofyduna HaseaHue KomoH. B 1961 r. runortesa .FamoBa Obina
noaTBepXaeHa amMepukaHCKUMU dKCNepuMeHTanbHbIMK nccnegosatenamm @.
Kpukom n gp. Tak 6bin pacwmndpoBaH MONEKYASIPHbIA MexaHU3M CHUTbIBAHUS
reHeTnyeckom mHdopmaumm ¢ monekynsl AHK npu co3paHun 6enkos.

A BOT pacwudpoBka mexaHnama pennukauum AOHK, T. €. camoyaBoeHus
monekynbl AHK. MatpuyHaa OHK, coctoswas u3 OByX CKPYYEHHbIX MOJEKYNSPHbIX
uenoyek unm HUTen, packpydmpaetcsa. OOpas3yloTCca OBE MOJIEKYNSAPHbIE HUTHU,
Kaxgas U3 KOTOpPbIX CAYXUT MaTPULLEN 19 CUHTE3a HOBOM HUTWU, KOMMNJEMEHTAPHOMN
K Hel. TepMUH KOMMJIEMEHTaAPHOCTb O3HA4YaeT, YTO CUHTE3 HOBOW Lenu npouc-
XOOUT Takum 06pa3oM, 4TO NMociefoBaTebHOCTb HYKeMHOBBIX OCHOBaHWIA B OOHOW
uenn OHK ogHO3HaA4YHO onpegensieT mx NocnenoBaTesibHOCTb B OPYron Lenu.

4.8.3. OTKprTMe MOJIeKyNngapHO-reHeTu4eCkKux MexaHn3moe U3MEHYUBOCTU

Ha MonekynapHO-reHeTM4eCkoOM YPOBHE CYLLECTBYET HECKOJSIbKO MEXaHU3MOB
M3MeH4YMBOCTU. Cpean HUX - MyTauua FeHOB - MEXaHu3M HEenoCPeACTBEHHOro
npeobpasoBaHns CaMUX FEHOB, HaxXOOSLIMXCH B KOHKPETHOW XPOMOCOME npwu
CWNbHOM BHELUHEM BO3AencTBun. [pn 9TOM MexaHU3Me MOopPSA0K PaCMnoNOoXeHUs
reHoB B XPOMOCOMe He u3MmeHseTcd. MyTtaumu (M3MeHeHUs) reHoB ABNAITCS
OCHOBHbIMW “rocTaBLUMKaMn” Matepuana gas npsiMoro aencteus otbopa.

K ppyromy Tuny mMexaHM3mMOB MOXHO OTHECTU pekOoMOMHALMI0 FEHOB, T. €.
CO3[aHVEe HOBbIX KOMOWMHaLU reHoB, pacnosiaralumnxca B KOHKPETHOM
XpomMocome. [pu 3TOM camu reHbl He U3MEHSIIOTCS, a MPOUCXOAUT UX NEePEMELLEHNE
rEHOB C OOHOr0 y4yacTka XPOMOCOMbI Ha APYroi unu xe oOMeH reHamum mexany
OBYMS1 XpOMOCOMaMu. OTO Tak HadblBaemas Knaccuyeckass peKoMOuHaLuns reHos,
KOTOpasi UMeeT MEeCTO rnaBHbIM 06Pa3oM Yy BbICLLUMX OPraHM3MOB MPU MOJSIOBOM
npouecce. MNpu 3TOM He NPOUCXOAUT YMEHbLUEHMS U YBENNYEHMS 06LLEr0 06bemMa
reHeTn4eckoi nHdopmaumm, OH OCTaeTCsl HEU3MEHHbIM.

OpHako, CyllecTBYET elle OAMH TUM U3MEHYMBOCTU FEHOB - HEpPeLUrnpoKHas
pekoMOuHaUusa UM HekKnaccuvyeckas PeKoMOWHaUUs FeHOB, MpPU KOTOPOM
NnPOUCXoauT yBenuyeHne obuiero obbema reHeTnyeckor mHoopmauum. AToT Tun
M3MEHYMBOCTW BO3HNKAET 32 CHET BKITIOYEHWSI B TEHOM KNETKN HOBbIX, MPUBHECEHHbIX
M3BHE FeHEeTUYECKUX 3JIEMEHTOB, KOTOPblE HOCHAT Ha3BaHWE TPaAHCMUCCUBHbIE
(aHrn. - nepeHocuMble) reHeTU4Yeckue 3neMeHTbl. Havyano nsyvyeHus 3TOro
MexaHn3mMa M3MeH4YMBOCTU Obino nonoxeHo B 1952r., korpa M. Jlepepbepr un
H.UnHpep oTKpbUIM 9BEHME TPaHCAyKuuu (nart. - nepemelleHns) reHoB. CyTb
9TOr0 SBJIEHNS COCTOUT B BO3MOXHOCTM nepeHoca monekyn OHK He B “ronom
BMOE”, Kak npu TpaHcdopmMauum, a B COCTaBE BUPYCOB OakTepuii.

B nocnegHee BpeMsi 3TOT BUA PEKOMOMHAUMN Obin TLATENbHO U3y4eH. Bbino
06Hapy>XEeHO HECKONbKO TMMOB TPaHCMMUCCUBHBLIX FE€HOB, Pa3/M4yaloLMXCcs
CTPYKTYpOM reHoma M cnocoBOM CBS3bIBAHUS C XPOMOCOMOW KNETKU-XO39MHa.
Cpenou Hux - nnasMuabl - C/I0XHbIE TEHETUYECKNE SIEMEHTBI B BUAE OBYXLEMNOYHON
konbuesoin OHK, Wnpoko pacnpocTpaHeHHble B KJeTKax XWBbIX OPraHn3MoB, B
TOM YUCNE WM BbICWUX. OTO CaMble aKTUBHblE MEPEHOCYUKN FEeHEeTUYEeCKON
nHbopmaunn. MMeHHoO UM Mbl “0693aHbl” TeM, 4TO MNocCjlie ANUTENbHOrO
MCNONb30BAHUA Kakmx-nnbo nekapcTB, HacTynaeT “MpuBbikaHue” K 3TUM
nekapcteaM. atoreHHble GakTepun, ¢ KOTOPbIMU Mbl BOPEMCS MeanKaMeHTO3HbIM
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nyTeM, CBA3bIBAIOTCS C NNasMuaamu, NpUaalnLLMMU 3TUM BakTepusM YCTONYMBOCTb
N HOBOE NEeKapCTBO MepecTaeT AelCcTBOBaTb Ha OakTepuu, OHU ero kak Obl He
3amMevator.

Mwurpupyowme reHeTn4eckme 3NeMeHTbl MOTyT Bbi3blBaTb KakK CTPYKTYPHblE
NnepecTporikv B XpOMOCOMaX, Tak U MyTauum reHoB. Bo3Huka HoBas Hayka - reHHas
UHXEeHepusi, Lesibio KOTOPOW CTaso co3JaHue HOBbIX GOPM OpraHM3mMoB, B TOM
yucne n BbICWKX, HaAeNIeHHbIX CBOMCTBAMWU pPaHEe y HUX OTCYTCTBYIOLLUX.
TeopeTnyeckylo OCHOBY 3TOW Haykm COCTaBNgeT CO3[4aHne PeKOMOMHaHTHbIX
(rmbpuaHbIX) MOJNIEKYN C HOBbIMWU (HY>XHbIMW) CcBolicTBamMu. Hayka BTOprnach B
caMoOe CBATOE - CO3[4aHMe HOBbIX XUWBbIX OPraHM3MOB W Hay4unacb yrnpasnsdTb
3TUM TMPOLLECCOM.

4.8.4. U3yyeHue MONEKYNSApPHbIX OCHOB OOMeHa BelliecTB

CyllecTByeT TpM OCHOBHbIX TMNa oOMeHa BellecTB (MeTabonuama):

KaTtabonuam unu auccuMumnauusa - NpouLecC PaclLenyieHns CrOoXHbIX
OpraHn4yeckmMx COeduHEeHUn, CONPOBOXAAIOWNACS BblIAENTEHUEM XUMUYECKON
3HEPrnn Npu paspbiBe XMMUYECKNX CBA3EN. DTa sHeprus 3anacaetcsa B GocdaTHbIX
cBasax ATO.

Amdob6onuam - npouecc obpaszoBaHusa B xone katabonmama Menkux
MOJIEKY/, KOTOPbIE 3aTEM MPUHUMAIOT y4acTMe B CTPOUTENbCTBE GONIEE CIOXHbIX
MOJEKYII.

AHabonuM3M UM accuMunauusa - pasBeTBlieHHas cucTemMa MNpouLecCcoB
OMOCUHTE3a CIIOXHbBIX MOJEKYST C pacxofoBaHMEM 3Heprun ATO.

Bce Tpu Tmna metabonmamMa K HacTodAWweMy BPEMEHW MOJHOCTbIO
pacwundpoBaHbl. He nocnegHolo ponb ceirpana npyv 3ToMm dyHoameHTanbHaa ans
BCEro eCTeCTBO3HaHUA UAes efMHCTBa CoCTaBa M MexaHM3MoB (YHKLMOHMPOBAHMUSA
XMBOW NpUpPOabl HE3ABUCMMO OT YPOBHA OpraHu3auuu npencraBnsiolwmx ee
CTPYKTYp. OTa naes nonyymna Ha3saHWe KOHUEenuuum GMOXMMUYEeCKOro eauHCTBa
M BO3HMKNA €elle BO BTOPOWN MOJSIOBMHE MPOLUIOro Beka, HO nojy4ynsna cBoe
pacnpocTpaHeHne Gnarogaps ronfaHackum mukpooduonoram A.Kmovisepy u T.
HAoHkepy B 1926r.

B HacTogLee BpeMsa HakonneH 6oratbin pakTUYeckmnini MaTepman 0 TOM, Kakum
06pa3omM OCyLLeCTBNSAETCA perynMpoBka metabonuama B knetkax. M3yyvaetcs
cneundurka O6uokaTtanusa (pepMeHTaTUBHOro katanusa) u paspabaTbiBaioTcH
TeopeTuyeckne MexaHu3mbl OeNCTBUA pa3numyHbix depmMeHToB. OTKPbITH Tak
Ha3biBaeMble annoctepuyeckme depmeHTbl, B KOTOPbIX MMeeTcs ABa LeHTpa
CBSA3bIBAHUSA C MOJIEKY/IaMUN: OAUH - CBA3bIBAIOLLNIMA M PACMO3HAIOWMNIA UCXOLHbIN
cybcTpaT, T.e. BeWwecTBO, BCTynawuee B OaHHYIO peakuuio, a gpyron -
pacno3HaloLWnN KOHEYHbIA 1M NMPOMEXYTOYHbIM NPOAYKTLl peakunn. BTopon LeHTp,
CB$I3bIBAsSICb C NPOAYKTOM peakLmm, U3MEHSET CBOK KOHMOPMaLMIO (MPOCTPaHCTBEH-
HYIO CTPYKTYpY), YTO BNMSIET HA CKOPOCTb OuokaTtanusa. [oatomy 3T depmeHThl
Ha3BaH eLlle vHadve: perynvpylowme GepMeHTsl unm addekTopbl.

Ewe oauH cnocob perynsumm GUOXMMUYECKMX MPOLECCOB B XMBOW KIETKE
Obln1 06HAPYXXEH MpPU UCCNefoBaHNN MEXaHM3MOB Nepenayn MOHOB YePE3 KIETOUHYIO
MemMbpaHy B 60-e roabl. Oka3anocb, YTO YaCTb XMMUYECKUX BELLLECTB NEPEHOCUTCSH
yepe3 MemOpaHy KNeTKM B HanpasleHWW MPOTMBOMOJSIOXKHOM E€CTECTBEHHOMY. T.e.
NMosy4yaeTcs Tak, YTO MOJEKy/bl psaa BELWEeCTB YCTPEMAAIOTCH HE B TO MECTO, rae
MX HEMHOro, a HaobopOT, - NMPOTMB UX KOHLEHTPALMOHHOro noteHuwana. Knertka
KaKk Obl “HakannmMBaeT” Takue MoNekynbl. Takoin BupA, “TpaHcrnopTa” Ha3biBaeTCs
AKTUBHbIM U OCYLLECTBASAETCS 3a CYET UCMONb30BAHUS 3HEPrUN paclienfieHnsd
dochaTHbIx cBasen ATD.

HeBO3MOXHO NMepeyncnuTb BCe OOCTUXEeHUs B 0OnacTu mMccrnenoBaHus
perynsumn metabonuama knetok. dta o6nactb NOCTOSHHO Pa3BMBAETCH W pajyeT
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HaC HOBbIMW HAaY4YHbIMU OTKPbLITUAMU, KaXO0e M3 KOTOPbIX He nepecTaeT yaMBIATb
COBEPLIEHCTBOM MEXaHW3MOB perynauumM npoueccos obmeHa BellecTB,
OCYLLLECTBNAEMbIX Ha MaKpPOMOJIEKYNAPHOM YPOBHE.

4.9. OHTOreHeTN4YeCckui ypoBEHb

TepMuH oHTOreHes Obin BBeaeH . NFekkenem eule B 1866r. YuyeHbii
noapasymMmeBan nog HUM pacCcMOTpeHMe OCOOEHHOCTEel CTPYKTYPHOW U
GYHKUMOHANBHOW OpraHM3aumn OTAESNIbHbIX OPraHM3MOB, - Kak MHOFOKJeTOYHbIX,
Tak U OOHOKJIETOYHbIX.

B HacTosilee BpeMsa nog 9TMM TEPMUHOM MOHUMAOT CaMOPEryanpyoLLYOCS
nepapxmyeckyld CUCTeMy, ONpenensiolylo corjacoBaHHyl0 peanu3auunio
HacneacTBEeHHbIX NMPU3HAKOB U YHKLMIA, OCYWECTBAAIOWNXCA B npenenax
aBTOHOMHOW XMBOW 0cobu. pyrMmu crioBaMun, OHTOreHETUYECKNn YpOBEHb - 3TO
YPOBEHb M3y4YeHUs1 opraHu3ma kKak eauHOro Lenoro, CUCTEeMbl, B KOTOPOM BcCe
CBSI3aHO, BCE OTPEerympoBaHoO M BCE MpekpacHo paboTaer.

“MUHUManbHOM XMBOM CUCTEMOI” ABNSIETCSA NpocTenwwasn xmBasa knetka. OHa
HageneHa BceMun PYHKUMAMU, NPUCYLWLUMU MHOTOKIETOYHOMY OPraHu3my:
obMeHMBaeTCs C oKpyXXatoLLe Cpeaon, pacTeT U yBEMYNBAET CBO 00bEM, AeNUTCH
U pasMHoxaeTcs, obnagaeT cuctemamm metabonuama unu OGUOXMMUYECKON
perynsauun.

4.9.1. OTKpbITUE KJIETKU aHrIMIUCKUM HaTypanuctom lykom.
U3yyeHne ctpoeHus knetku LLIBaHHOM

... Korpa AHceHc B 1590 rogy v lManuneii B 1610 rogy CKOHCTpyMpoBanu
MUWUKPOCKOM, MOSIBUINCb BO3MOXHOCTWU OJ11 U3YYEHUS MHOTUX OMOSIOrn4yeckmnx
npo6aem HoBoro Tuna. OgHUM M3 MepBbIX MCMosb3oBan Mukpockon Pobept lMNyk
(1635-1704), KoTOpLIA MccnegoBan CTPOEHME XMBOTHBIX U PACTUTENbHbIX TKaHEMN.
Mpu nomowwm Mukpockona ¢ yBenudeHnem npumepHo B 30 pa3 'yk oGHapyxun
KNneTku Ha cpe3e npobku. Mo3xe JIeBeHryk, nonb3yscb SiMH3amMu, OaBaBLUMMU
yBenuyeHne B 270 paas, onucan cnepmMaro3ouabl YenoBeka, 6akTepum NpoCcTenLLmX
1 aapa B KieTkax KpoBu. 9Ty HabnoaeHUs 3a KleTkamu He CONMPOBOXAANNCh KaKUMU-
nMBO CYLLECTBEHHBIMU yCMNexaMmy B TEOPETUYECKOM OTHOLLUEHUM OO0 TeX Mop, rnoka
B Hayane XIX B. He Obina chopmMynmpoBaHa KJIETOYHas Teopus.

B XIX B. 6Guonorus kneTkn ObICTPO pa3BuBanacb. dTOMy criocob6cTBoBanu
KPYMHble OOCTUXEHUS B CO34aHMU NUH3 ans MukpockonoB. Bpoyn B 1833 roay
onucan aapo pacTuTesibHOM KneTku, a lneihpaeH v LWWBaHH B 1839 1. - aApbILLKO.
HoBOW CTyneHbl0 pas3BuUTUS TEOPUU KIETKU SBUIOCb 3HAMEHUTOE MONOXEHME
Bupxoea (1855) :

“Bce kNneTkM BO3HMKAIOT TONbKO B pe3ynbTaTe AefieHUs CyLLeCTBOBABLUMX
paHee kneTtok”.

B 1880 r. ®nemMuHr onucan XpoMOCOMbl U MOCNeaoBaTebHOCTb COObITUI
npu muto3e, a B 90-x rogax npowunioro Beka OblM BbIICHEHbI U BONEE CIOXHbIE
ABNIEHMS, Mpoucxoasiime B KIETOYHOM f4pe BO BPeMsS Meno3a.

4.9.2. [leneHue BCero XWBOro Mupa Ha NPOKaApPUOTbl U 3YKapuOTbI

B 60-e rogbl mukpoobuonoru P. Ctauuap n K. Ban-Hun npepnoxunn
“nopennTb” BECb XVBOW MUP MO YPOBHIO KNETOYHOM OpPraHn3aLmm Ha NpPOKapuoThl
1 aykapumoTbl. [1poBeasa AeTanbHbll aHaNM3 CTPYKTYP U OYHKUUIA MHOXeCTBa
6aKTepuii, y4eHble 0OHapPYXUIN CXOOCTBO MeXAYy HEKOTOPbIMU U3 HUX, CBA3AHHOE
CO CTPOEHMEM uX KNeTok. Kputepuamm Ong HUX G9BASANCH OpraHu3auung
reHeTM4eckoro annapara, CTpykTypa memMOpaH M LMTOnnIasmbl, CTPOEHME OpPraHoB
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nepeaBuXeHns N CTPOEHME KIIETOYHOW CTEHKW M HaKOHEL, CTeneHb OpraHusauuuv
camoii knetku. Okasanocb, 4TO MO BCEM 3TUM KPUTEPUSIM, NMPOKaPUOTbI OT/IMYAIOTCS
OT 3ykapuoToB. Mocne 1962 r. Lenblii KOMMIEKC HayK 3aHMMasNCa U3y4eHnemM 3TOM
KOHUENUMN 1 BbIN0 HalEHO MHOXECTBO NOATBEPXAEHN CYLLEECTBOBAHNS Pa3nynii
MexXay HUMW, B TOM YUCNE U Ha FEHETUYECKOM ypoBHe. BmecTe c Tem B kneTkax
o6oero Tuna ObINO M MHOroO O6OLLEr0, MOSTOMY Y4YEHblE BbIABUHYIM FMAOTE3Y,
COrnacHoO KOTOPOM NPOKapUOTLl 1 3YKapMOTbl UMEIOT OAHOI0 9BOJIIOLMOHHOIO Npeaka
- apxebaktepuu. OpHako, Npu dajbHenlWeM MccnefoBaHuM 0kasasioCb, YTO 3TU
KNeTKN, COBMELLABLUME MPU3HAKM Kak MPOKapUOTOB, TaKk U 3yKapMOTOB HACTOJNIbKO
HEMOXOXM Ha HUX, YTO YYEHbIM MPULLIOCH BbIAENUTb UX B OTAENbHYIO BETBb -
apxebaktepun. o cux Nop MexXay y4eHbiMU BeoyTCa AMCKYCCUM MO MOBOAY TOro,
ABnsloTCA N1 apxebaktepun 6onee OPEBHUMU MO CBOEMY MPOUCXOXOEHWNIO, YEM
NPOKapuoThl N 3yKapunoTbl?

4.9.3. ¢yHKL|,VIOHMDOBaHVIe Ha OHTOreHeTn4eckKkomMm ypoBHe

®YHKUMOHNPOBAHME HA OHTOrEHETUYECKOM YPOBHE OOYCIOBNEHO Hanuymem
B XMBbIX OpPraHn3max XOpOLIO CNaXeHHOW (PYHKUMOHANbHOW CUCTEMHOCTU. Ha
YPOBHE KNETKN 3TO - AP0, pUGOCOMbI, MUTOXOHAPUM U T.A4. Ha ypoBHe
MHOTFOK/ETOYHbIX OPraHM3MOB - COBOKYMHOCTb COCYAWCTOW, AblXaTeNbHOM,
reHepaTUBHOMN, HEPBHOW W NuWeEBaApUTENbHON cuctem. COornacHoO KOHUEMNUUN,
paspaboTaHHol pycckum dpusnonorom M.K.AHoxuHbiM (1935 r.), dyHKUMOHaNbHas
CUCTEMHOCTb 00ycnoBneHa TeM, 4YTO KOMMOHEHTbl CUCTEM He TOJIbKO “B3aMMO-
JEencTByloT”, HO 1 “B3aVIMOCOAENCTBYIOT “ Apyr ¢ ApyroM. T.e. pyHKUMOHMPOBaHME
OTAENbHO B3ATbIX OPraHOMAO0B UK UX CUCTEM HEBO3MOXHO 6€3 COOeNCTBUSA APYruX
HEpPaspbIBHO C HMMW CBSI3aHHbIX. OTUM B3ammopencTeneMm obecrnedmBaeTcs U
LLESIOCTHOCTb KaX0l CUCTEMbI, KOrga MPOLLECChbl HA HU3LIMX YPOBHSAX Kak Obl
OpraHm3yloTcs OYHKLUMOHANbHBIMU CBA3SIMU HA BbICLLUUX YPOBHSIX.

Bca wnctopmua dusmonornm 4yenoBeka M XUBOTHbIX - 3TO UCTOPMUSA
NOATBEPXOEHUS HaNMuUsA Tako OYHKUMOHANbHOMW CUCTEMHOCTU HA OHTOreHeTu-
4YEeCKOM YPOBHE.

4.10. MonynaAuMOHHO-OMOLLEHOTUYECKUI YPOBEHb

B cooTBeTcTBUN C 0OLWENPU3HAHHBIMU CEroaHs NpencTaBfeHUsIMU 3J1EMEH-
TapHbIMU €AUHULAMU 3BOJIIOLUN XU3HM Ha 3emie SBASI0TCS HEe MOJIEKYIIPHO-
reHeTMyeckne CUCTEMbl UM OTAEeNbHblE 0coOU, a uenble nonynguum ( OT. fart. -
HapoA, HaceneHue).

Monynauma - 3TO COBOKYMHOCTb 0cobeit oaHOro Buaa, obnagarmx eamHbiM
reHopOHLOM U 3aHMMaIOLMX OMPELESNIEHHYIO TEPPUTOPUIIO.

TepMuH nonynaums Brnepsble Obln BBeaeH B 1903r. matckmm reHeTukom B.
MoraHcoHoM. A ewe B 1877r. HemMeukunii yyeHblii rugpobuonor K. MebGuyc
npeasioXunn NnoHsaTue GruoueHo3 afst 0603Ha4YeHNs Tako COBOKYMHOCTY OPraHn3MoB,
CyLLEeCTBOBaAHME KOTOPbIX 3aBUCUMO OT abnoTnyeckunx (Hebronormyeckmx) Gakropos
cpeabl. [pyroe Ha3BaHMe OuoueHo3a - coobuwecTBO. EMoLeHO3bl ABNAIOTCS
BTOPbIM YPOBHEM OpraHmaaumm n obbeauHaloT B cebe Heckosbko nonynaumii. B
CBOIO o4yepenpb, OMOLLEHO3bI ABNATCSH KOMIMOHEHTAMU TPETLEr0 HAA0PraHU3MEHHOIO
YPOBHSA - O6MOreoueHO30B, KOTOPble XxapakTepuaylTcs Kak onpenefsieHHbIMN
Ouonormyecknmu, Tak n abmotnyeckummn dakTopamu cpenpl.

B HacTosillee Bpemsi B pamkax MonynsiLMOHHON 6uonorum chopmMmpoBanmch
0Ba TECHO CBA3aHHbIX Mexay coboli HanpaBneHuss - Ouonormyeckoe u
3BOJIIOLMOHHOE. MaBHOe copepkaHue OGMONOrMYeckoro HarpaBieHUs COCTaBNSET
M3yyYeHre nonynsaumin n 6uoLeHo30B, KOTopble, Oyaydn TECHO CBA3aHHLIMU MEeXay
cobon N Cc oKpyXaluwehn NPpupoaon, ONULETBOPSAIOT XWUBble MeXaHU3Mbl
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KpyroobopoTa BellecTB B npupoae. buonoruvyeckas nonynauuoHHas Guonorus
ncenenyeT rpaHnubl NONyNsaUMin AWM NPOCTPAHCTBEHHYIO CTPYKTYPY MONynauui, a
Takke n3yyaeT NMOBEAEHNE XMBOTHbIX B MOMNYNAUUSAX, UX B3aUMOLENCTBUE APYr C
OPYroM (3TONOrMYECKYo CTPYKTYPY MONYNSALUNIA).

CBS3M BHYTPU MONynsguuin M Mexay nonynsaunsaMmn cnyxaT OCHOBHbIM
MEXAHU3MOM COXPaHEHUS UX LEeNOCTHOCTU. Bbifo BbIACHEHO, 4TO MONynauug
ABNsieTcs MeTaboNMYecKn He3aMKHYTOW CUCTEMON, B TO BpeMs Kak GUOLLEHO3 -
MeTaboNnM4yeckn 3aMKHYT Ha cebs, T.e. BHYTPU OMOLEHO30B KPYroBOPOT BELLUECTB
MOXeT coBepllaTbca 6e3 yyacTus cocefHUx GBuoueHo30B. B To xe Bpems
YCTONYMBOCTb GMOLEHO30B 3aBUCUT KakK OT B3aMMOLEWCTBUSA C COCEOHUMU
OrnoueHo3aMm, Tak U OT UX BHYTPEHHEN CTPYKTYpbI.

Ha nonynsuMoHHO-OMOLEHOTUYECKOM YPOBHE peLLaloLlylo pofib urpaet
B3aNMOOENCTBNE COCTABNAOLWMX €ro CO4eHOB. OTO B3aMMOOENCTBUE HOCUT
Tpoduyeckuit xapakrep, T. €. MPOUCXOAUT OOMEH BELLECTBAMU U SHEPIUEN MEXAY
nonynaumaMm nnm GuoueHo3amu.

OBOMOLUMOHHOE HamnpasBfeHne B MONYASILMOHHON OGMONOrnmM CBA3AHO C
pPasBUTUEM YYEHUS O MUKPOIBOMIOUUU, T.e. 00 3BOJIIOLUMOHHBIX Mpoueccax,
NPONCXOAALLNX 32 OTHOCUTENIBHO KOPOTKME NPOMEXYTKM BPEMEHU HA OrPaHUYEHHbIX
TeppuTopuUsax, BKJOYaKLWMX B cebs aBneHUs, npoTekalowme B NONynsaunax u
3aBepLualoLLmMecs B1a00Opas3oBaHnEM.

4.11. BuocdepHbiii YypOBEHDL

CerogHsa obuwenpraHaHHOM (0CoGeHHO B OTEYECTBEHHOW Hayke) aBnsieTcs Ta
cucTemMa B3rnsgoB Ha Guocoepy, koTopyto cosnan B. . BepHaackuin (1863-1945).

Cam BepHapgckuin cebinaetcs Ha XK.- B. JlTamapka, 3ameTmB, 41O “OH gan Ham
npencTaesneHne o ponu Guocdepbl B UCTOPUM Hawer nnaHeTsbl”. OgHako, Jlamapk
He nosfb3oBasics TepMUHOM Ouocdepa 1 B ceoem Tpyae “Mmapobuonorus” (1802
r.) roBOpua nub O TOM, YTO “BCe BeWECTBa, HaxoAslWMecs Ha MOBEPXHOCTU
3eMHOro wapa 1 obpasyioLme ero Kopy, cbopmrpoBanuck bnarogaps AeATeNbHOCTU
XXMBbIX OPraHn3mMoB”.

91y npeto pasnenanu MHorve ydeHble XVIII-XIX BB. Hanpumep, Hemeukuia
ectectBoucnbiTatens A. Fym6onbp B cBovx “KaptuHax npupogbl” (1826 r.) Been
NOHATME “XM3HEHHas cuna”, nog KOTOPOlM OH MOHMMan crneumduyeckyto 060104Ky
3emnu, roe B eOuHyto LESIOCTHYIO cucteMy 06bedMHEHbI MPOLLECCHI, NpoTekatoLlme
B atMocdepe, Ha MOPSIX M Ha Cylle, a TakKe BECb OpraHmnyeckuin mmp. NosgHee, B
1869 rony Hemeukuii arpoHom @. PaTuenb HasBan MOBEPXHOCTb 3eMnu
NPOCTPAHCTBOM XM3HU, a dpaHuy3ckuii reorpad d.Peknto B cBoem Tpyae “3emna”
[an KpacoyHoe onucaHuve ponn Mmpa XUBbIX OpraHM3MoB B npeobpa3oBaHUN nnka
3emnn.

Taknm obpasom, HaumHasa ¢ Jlamapka, B Hayke MOsiBUIIOCb NpenctaBiieHne o
CYLLEeCTBOBAHMM Ha Hallel nnaHeTe HeKoero NpOCTPaHCTBA, FAe eCTb XW3Hb. N3
BCEX TEPMUHOB, NPEAJIOKEHHbIX A5 0603HAYEHMS 3TOr0 NPOCTPAHCTBA YKOPEHMCS
OOMH - Buocdepa, aBTOPOM KOTOPOro Obll aBCTPUNCKUIA yyeHblh . 3ikocc (1875
r.). B TeyeHvne BCeW XW3HW, OH YTOYHSAS U AOMOJSIHAN onpenenieHe TepMmmHa 6uo-
chepa n B 1919 r. onncan 6uocdepy kak “CoBOKYNMHOCTb OPraHM3MOB, OrpaHun-
YEHHYI0 B MPOCTPAHCTBE M BO BPEMEHN M OOUTAIOLLYIO HA MOBEPXHOCTU 3emnn”.

OpHako, 310CC HUYEero He roBOpwsl O reosiornyeckon ponu Guocdepsl 1 ee
3aBMCMMOCTW OT MiaHeTapHbIX GpakTopoB 3emnn. BrnepBble naeio 0 reonornieckmnx
dyHKUMax “XnMBOro BewecTsa”, NPeACTaBAEHHOr0 COBOKYMHOCTbIO BCErO
OpraHn4yeckoro Mmmpa B BuAe “ eauHOro HepasgenbHoro uenoro” sbickazan B. WU.
Bepraackuin B 1919 .
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4.11.1. Yuenune B. U. BepHagckoro o 6uocdepe

B 1919 r. B. U. BepHaackuii nan 0gHO U3 CaMblX NEPBbIX CBOMX OMpPeaeNneHunit
XMBOro BeuwecTtea : “llog MMeHeM XWMBOro BewecTBa s Oyay nogpasymeBaTb
BCIO COBOKYMHOCTb OPraHM3MoOB, PaCTUTEJNIbHbIX U XMBOTHbIX, B TOM 4YuUCNEe U
yesiopeka”. BnocneacTBumM OH YTOYHAN 3TO onpenesieHne. YTOYHEHUS Kacaniucb
cyXaeHnin o TpaHchopmaunm (npeobpasoBaHMN) pasNYHbIX GOPM 3HEPrum, ux
ponn B YHKUMOHUPOBAHUM “XMBOrO BELLECTBA“ M PO “XMBOro BeliecTBa“ B
NCTOPUMN XUMUYECKNX 3NIEMEHTOB Ha 3emne. Mo BepHaackomy XnBOe BELLECTBO -
3TO TO 3BEHO, KOTOPOE COEAMHSAET UCTOPUIO XMMUYECKUX 3IEMEHTOB C 3BOJIOLMEN
OpraHM3MOB W YeNIOBEKa, a Takxke C 9BOOUMEN Bcelr buocdepsl.

OTmMeyasa xapakTepHblEe OTAMYUS XMUBOW MaTepuunm oT Hexuson, B. W.
BepHaackuinn, cnenysa Barnggam Jl.[Mactepa, Buaen OCHOBHOE OT/IMHYME XUBOMO B
ONCUMMETPUM CTpoeHns ero monekyn. OH nogyepkmpan, 4To “B COEANHEHUSX,
CBSI3@HHbIX C XW3HblO, NpeobnagaeT UAM UCKIIOYUTENBHO CYLLECTBYET OAUH
aHTunon”, T.e. OAUH CTEPEOU3OMEpP - JIEBOBPALLAIOLWMA UIN NMPaBOBPALLAIOLLNINA.
HanoMHUM, 4TO rnaBHbI GUONOrMYECKUiA CMbICIT MOJIEKYNIIPHOW AUCUMMET-
pum - obecnevyeHne MOJNIEKYNAPHO-NMPOCTPAHCTBEHHOrO0 COOTBETCTBUA MpU
B3aMMOAENCTBMN MOsekyn. M3BECTHO, 4TO ONTUYECKME CBOMCTBA PaCTBOPOB
(NnpaBoe wnu neBoe BpalleHne NI0CKOCTU Nonspm3auunm noraowaeMoro pacTBoOpoMm
CBeTa) 3aBUCAT OT MPOCTPAHCTBEHHOrO PacnofOXeHUsa aTOMOB B MOJIEKyse
nccnenyemMoro BELLecTBa, MPUYEM 3HAK OMXPOMYHOrO BpaLlLeHUs nNpsiMbiM 00pa3om
CBfI3aH C HanpaBlieHMEM “3akpy4yeHHOCTU” xpomodopa - yyacTka MOJIEKY/bI,
NOrnoLwaoLLero ceer.

Y710 KacaeTcs MPOUCXOXAEHUS Takoro GyHOaMeHTaNlbHOro CBOMCTBA XWBOMO
BellecTBa, To nogo6Ho MacTepy, BepHaackuini paccmaTpuBan ero He kak
nnaHeTapHoe, a Kak KOCMWYeckoe sBneHue, “HaBefeHHOe” Ha XMBYIO MaTeEpUIo
dakTopaMmy KOCMMYECKOro rnopsjika.

Kocmuyeckom xe OH cuuTan 1 npuyrHy 3apoXXOeHUs XXU3HW Ha HaLLen rnnaHeTe.
OH npuaepxusancs npuHumna ®@. Pegn, cOopmMynMpoBaHHOIO UTaNIbIHCKUM YYEHbIM
eule B 1668 roay: “Bce XMBoe NpoMCcXoauT TOMbKO U3 XMBOro”. BepHaackuii, 6yaoyun
no o6pas3oBaHMIO reosIoroM 1 13yyas pesynbTaTbl FEOXMMUYECKON MCTOpUKM 3emnu
MOl C YBEPEHHOCTbIO FTOBOPUTL O TOM, YTO B UCTOPUN 3EMIIN HE ObINIO re0NIormyeckmx
3MOX, JIMLLIEHHBIX XN3HW: “ .. )K13Hb Bcerga 6bina 1 He umena Havana”.

OTn ocHoBomMnosaralowme Te3NChbl OH YTOYHAN B AanbHelwem. Tak, B 1940
rogy BepHazckuii ytBepxapan:

1. Hiurge v HU B Kakmx SIBNEHUSX, MPOUCXOASALLMX U KOraa-nmbo MMeBLUMX
MECTO B 3€MHOI KOpe, He Obl1I0 HaNOEHO CNefoB CaMO3aPOXAEHNS XKUSHN.

2. )Kn3Hb, KakoM OHA HaM NPEACTaBASETCH B CBOUX MPOSIBAIEHUSIX U B CBOEM
KONMN4YeCcTBe, CYLLECTBYET HEMPEPBLIBHO CO BPEMEHW 0Opa3oBaHWS re0NOrmYeckmnx
OTJIOXXEHWUI, CO BPEMEHU apXerCKOM 3pbl.

3. HeT HM ogHOro opraHvama cpeam COTEH ThiCAY Pa3fNyHbIX U3YHEeHHbIX BUOOB,
reHe3nc KOToporo He oTeevan Obl NpuHuuny Peoun.

BepHaackuii “BblHEC” 3apOXAEHME XU3HWU 32 Npenesibl 3eMHOM NMOBEPXHOCTU.
CeropHsiluHee pas3BUTME €CTECTBO3HAHUS BO MHOroM noaTBepxpaeTt uaen B.A.
BepHapackoro.

4.11.2. MHoroo0Opasue >XWBbIX OPraHU3MOB - OCHOBa OpraHuM3auumn
n yctoidumBoctu 6uocdoepsbl

“buocdepa - 9TO0 OAUWH OrpPOMHBIN MexaHu3M”. ABTOPOM 3TOro Teauca Obin
oTeyecTBeHHbI Mukpobuonor C.H. BuHorpagckuii. Cmbicn ero pabotbl “O ponu
MUKpPOoOOB B 00ueEeM KpyroobopoTe XM3HU” 3aKayancsd B NOATBEPXAEHUU
reHnanbHon naeun Nactepa : “Bce ctagnm paboTbl cMepTH 00YCOBEHbI SBIIEHUSMMN
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xun3Hn”. C. H. BuHorpaackuii npooeMoHCTpupoBan He3bibneMoCTb 3TOW uaewu,
npoaHanManpoBaB Kakmm oOpas3oM MPOUCXOOUT raobanbHbii KpyroobopoT
pa3HooOpasHbIX dNeMeHToB Onarogaps OesaTenbHOCTU MUKPOOOB. BbiBOA, 13 ero
paboTbl ObiN rpaHaMO3eH: He Bydb MUKPOOOB C Mx “61aropoaHON OeaTeNbHOCTbIO”,
Halla nnaHeTa okasanacb Obl norpebeHHoOW nofA “ocTtatkamMu cmepTn”, T.e. Mo,
HEepPa3OXUBLLMMUCS OCTAHKAMM XUSHW.

Barnaabl BuHOrpaackoro Haxoannnce B NMOHOM COOTBETCTBUM C NOCTynaramm
Teopun B. N. BepHaackoro. MNpuBeaemM Natb NOCTYNATOB €ro Teopuu, Npyv NoMoLum
KOTOPbIX YYEHbIA NPEACTaBNAAN CTPYKTYPY U GYHKUUN NepBUYHON Guocdepsl.

MocTtynat nepeBbiii: “C camoro Havana 6uocdepbl, Xn3Hb B Hee BXoAsuias,
[omKHa Obina BbITb yXXEe CNOXHbIM TENIOM, @ HE OAHOPOAHbLIM BELLECTBOM, MOCKONbKY
CBSI3@aHHbIE C XW3HbIO €e OnoreoxmmMmmyeckne GyHKUMM NOo pasHoobpasuio 1
CNIOXXHOCTU He MOryT OblTb yAENOM Kakoh-HMOyab O0aHON PopMbl XN3HWU". CMbICH
CKa3aHHOro siceH: nepBobbiTHas Guocdepa M3HavanbHO Oblna nNpeacTaBneHa
6oratbiM OYHKUMOHANbHLIM pa3Hoobpa3nem.

MocTtynar BTOopoi: “OpraHn3mbl NPOSBASIOTCS HE €AMHUYHO, @ B MAacCOBOM
adbdekTe... NMepBoe nosBAEeHNE XU3HU OONXHO OblNO NPOU3ONTU HEe B BuUAe
NnosIBIEHNS OAHOr0 Kakoro-Hnbyab BuAa OPraHM3mMoB, @ UX COBOKYMHOCTW,
OTBEYAIOLEN TEOXUMUYECKON DYHKLMU XU3HU. [LomKHbI ObinvM cpasy MosBUTbLCS
6roLeHOo3bI”.

MocTtynaTt Tpetuii: “B o6LeM MOHOMUTE XWU3HU, KakK Obl HU MEHSINChL €ro
COCTaBHblE 4aCTU, UX XUMUYECKUNE DYHKLUM HE MOTrAM OblTb 3aTPOHYTHI
MOPPONOrnyecknM naMmeHeHrnem”. CMbIC NMPUBEOEHHbIX MOCTYNATOB TaKOWA:
nepsBunyHas Guocdepa Obina nNpeacTaBneHa “CcoBOKYMHOCTAMWU” OpraHM3mMoB Tuna
61OoLLEeHO30B, KOTOpPble U OblN TNaBHOW “AENCTBYIOLLEN CUION” reOXMMUYECKNX
npeobpasoBaHuini. Mopdonorniyeckme N3MeHeHus, T.e. USMEHEHNS B UX CTPOEHUN
He BAVSIIN Ha UX rNoBanbHYI0 “XMMUYECKYD GYHKLMIO”.

MocTtynar 4yeTBepTbiii: “XKMBble OpPraHM3mbl ... CBOMM AbIXaHWEM, CBOUM
nUTaHMeM, CBOUM MeTaboNIM3MOM ... HEMPEPLIBHOW CMEHOWN MOKONEHUN...
NopOXAaKT OAHO N3 rPaHOVNO3HENLLMX NAAHETHLIX BAIEHUN ... MUTPALLMIO XUMNYECKNX
aneMeHToB B Ouocdepe”, No3TOMy “Ha BCEM MPOTSKEHUM MPOTEKLIUX MUSIMOHOB
NeT Mbl BUAUM 00pa3oBaHME TeX Xe MUHepasoB, BO BCE BPEMEHA LN Te Xe
LMKNbl XUMUYECKNX SNIEMEHTOB, Kakme Mbl BUOUM U cendac”.

MoctynaTt nartwiii: “Bce 6e3 ncknovyeHns OYHKUMU XMBOrO BELLECTBA B
6rocdepe MoryT 6biTb MCMONHEHBI MPOCTENLLMMN OOHOKIIETOYHBIMU OpraHn3MamMmm”.

Kakue xe nMeHHO reoxuMmuyeckme GpyHKLUM BbINONHANA 6uocdepa, 4To uMen
B Bugy B. WN. BepHaackun? OH cam gan uMm cnepyloume TEPMUHbBI: rasosas,
KVUCNOPOAHAas, OKUCNNTENbHAs, KabLMeBas, BOCCTAHOBUTENbHASA, KOHLEHTPaLUNOH-
Had, paspyLleHne OpPraHMyYeckux COEeOVHEHUN, BOCCTAHOBUTENbHOE Pa3fiOXeHne,
MeTabonuam n gbixaHme. Kak Buaum, OyHKUMR 3TUX ObINO NPenoCcTaTOYHO:
Gnaropaps CyL,eCTBOBaHUIO 3TUX GQYHKUMI y Brochepbl MPONCXOANSIO CTAHOBMEHME
obonoyek Hawer nnaHeTbl - atMocdepbl, ruapocdepsbl, nutocdepbl U reocdepsbl.
CoBpemMeHHasa Hayka 0 6uocdepe knaccuduumpyeTt aTu QYHKLMM MO NGTU
KaTeropusam.

OQHEPTETUYECKASA
KOHUEHTPALUVUOHHASA

DYHKUUN BUOCDEPDI OECTPYKTUBHASA
CPEOOOBPA3YIOLLASA

TPAHCIMOPTHASA
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OnntenbHoe BpeMs KoHUenuusa BepHaackoro o buocdepe 3amanymeanach, T.K.
OHa He COOTBETCTBOBasa rocrnoacteyowen gorme A.U.OnapuHa, yTBEPXOABLUEN
nael NocTeneHHoro Mop@PodyHKLMOHANBHOIO YCIOXHEHNS XMBOWN MaTEPUN NyTEM
3ameHbl 0gHMX GOpPM Ha apyrue - “6onee NpUcnocobneHHbIe”.

MoonnHHoe Bo3poxaeHune naen B.N.BepHanckoro o CTpyktype u QyHKUMAxX
KaK ApEeBHeN, Tak U COBPEMEHHOW Buocdepbl Npom3owno B cepeanHe 70-x rooos,
Gnaropaps Tpyaam oTedectBeHHoro 6uonora F.A. 3aBap3uHa. Ero rnaBHbIi BbIBOA,
COCTOUT B TOM, YTO OCHOBHbIM (PAKTOPOM CTaHOBNEHUSA U DYHKLLUOHUPOBAHUS
6uocdepbl ObIIM U OCTAIOTCHd MHOTFOCTOPOHHUE TpoduYecKue CBA3WU,
yCTaHOBMBLUMECS He MeHee, Yyem 3,4 -3,5 Mnpa. neT ToMy Ha3azd M onpeaenssline
xapakTep 1 maclTabbl KPyroBopoTa 3/IEMEHTOB B 000/104Kax 3eMnu.

M3 ckazaHHOro cnefnyeT, 4TO K/OYEBYIO POJib B MOHUMAHUM CYLLECTBOBAHUS
XWBOW Npupoabl Ha 6MOCHEPHOM YPOBHE UrPaAET BKOoMormuyeckum daktop. VIMeHHo
emy oteoaun B.U. BepHapackuii pelsatouyo ponb, Korga rosopun o6 ycnoBusx
OYHKLUNOHNPOBAHUS U COXPaHEHUS XMBOrO Kak “eAMHOro Lenoro”, kak “moHonuta
XUn3HU". OCOBEHHO YETKO POJib 3KOJSI0rMyeckoro dakrtopa 06o3Ha4vmnach Torga, koraa
6uocdepa obpena HoBylo GOPMY CyLLLECTBOBAHUS - GOpPMYy Hoocdepbl.

4.11.3. NoHsaTne Hoocdepbl.
Henso6exHocTb nepexopa 6uocdepbl B Hoochepy

Bce, 0 4em rosopunoch Bbllle, kacanocb 6uochepbl B €e eCTECTBEHHOM
COCTOSIHUM, KOrga oHa cyuiecTtBoBana U QyHKLMOHMPOBANA KakK MOAJUHHbLIN
"MOHOINT XMN3HWN", CAMOWN XM3HbID CO34aBaEMbIN N YNPaBAFEMbINA.

CuTyauuns KopeHHbIM 006pa3oM M3MeHunacb, Korga MosBUIICS FaBHbIN
KOMMOHEHT 6Guocdepsbl - yenoBek. OH BbICTYNU Kak MOLLHAsA reosiormiyeckas cuna,
NoJsIoXKMUBLLIAS Hayano nepecTtpoiike 6uocdepbl : Havanacb anoxa Hoocdepbl.

TepmuH Hoocdepa eule B 1927 r. 6Gbin npenioxeH GpaHLy3CKUMN YyYeHbIMU
n ¢punocodamu . Jlepya n MN.Tenspom pe WapaeHom. OnHako, OHM BAOXUAN
B 9TOT TepMUH ocoboe coaepkaHne, UCTOJSIKOBAB €ro kak Hekuin HagbuocdepHblit
“MbICINTENbHbIA NNAcT”, Kak €OWHbIA MOKPOB, OKYTbIBAIOLLMA MNAHETY.

[pyroe ncronkosaHme atomy Tepmuny gan B. V. BepHaackuii. [Nog TepMmMHOM
Hoocdepa OH NOHUMAN Ty YacCTb HaLLEl MaHeTbl U OKONOMIaHETHOrO NPOCTPAHCTBA,
KOTOpasi HeceT Ha cebe nevyaTtb PasyMHON AeATeNlbHOCTU YyenoBeka. Tak Xe, Kak v
6rnocdepa, Hoochepa CTaHOBUTCSA FEOIOrMYECKON CUMON, BAMSIOLLLEN Ha BCce cdepsbl
3emnn.

Takum obpasom, B.W. BepHaackuii pacluvpun ydyeHne o B3aMMHOM BIIVMSIHUMW
XWBbIX OPraHM3MoB U cpenpl, T. €. NPeACTaBNEHNs O NPeaMETe 3KOOru, BKIIIOYMB
B HUX NpoGnembl BOo3aelcTBUA Hoocdepbl Ha Guocdepy.

3HayeHue Tpynos B.WN. BepHaackoro ana yenoBevyectBa OrpomMHO. B
pesynbTate Ux 3KOM0rMs U3 YNCTO BMONOrMYECKO NpeBpaTuiacb B MEXANCUNUMNIN-
HapHy0 061aCTb HE TONBbKO ECTECTBEHHO-HAYYHOr0, HO 1 GUNOCOPCKOro 3HaYEHMS.

4.11.4. PaunoHanbHo€e UCNoJsib30BaHUe NMPUPOAHbIX PECYPCOB U OXpaHa

6uocdepbl

B Hawwm gHW cywecTtByeT A40CTaTOYHOE KOMMYECTBO MPUMEPOB BapBapCKOro
OTHOLWEHUSA 4yenoBeka K npupoae. B noroHe 3a CUIOMWUHYTHbIMW Bbirogamu,
YHUYTOXaeTcs Ta rapMoHus B Guocdepe, KoTopasi cos3gaBanacb Ha MPOTSXEeHUU
MHOIMX TbicayeneTuii. Yenosek “noGeaun” npmpony, 3aHABLUNCHL €€ YHUYTOXEHNEM
1 3abbIBasi NPy 3TOM, YTO U CaM OH SBJISIETCS YaCTUYKOW 3TOIM NMpupoadbl, a, 3HAYUT,
“nobepa” Hag NpPUPOOON O3HAYaeT Ha Aefle, CaMOYHMUUYTOXEeHMe 4enoBevyecTBa.
Hayu4HbI nporpecc, BeayLLUNi K NOBLILLEHMIO YPOBHSA XU3HW NIOAEN CONPOBOXAAETCH
OONbWNMN N3AEpPXKKaMn B BUAE BPEAHbIX ANA XMU3HM XMMWUYECKMX OTXOAO0B,
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MOBBILLIEHHOrO 3/IEKTPOMArHUTHOIO U PaavioakTUBHOMO NU3NyYeHUs!, MOSBIEHNSA HOBBIX,
nocerne Henm3BeCTHbIXx 6one3Her Tuna CMWda, yxyaweHus obuwero 340p0BbS
HaceneHus nnaHeTbl. MHOrMe UCKYCCTBEHHbIE MOJIMMEPHbIE Matepuasbl U MOLLME
CPEeACcTBa BbI3bIBAOT anneprumio, a pagnoakTUBHOE U3My4yeHUe NPUBOAUT K POCTY
pakoBbIX ONyXONen M MyTauMOHHBbIM U3MEHEHUSIM B FeHeTU4YeCKoM annaparte
NnonoBbIX KNeToK. PoxpaloTcsa O0NbHbIE AETU - 3aN0XHUKM KoMdbopTa 1 ynobcTea
npeablayLwmx NOKONEHUN.

[ToMnMO NpPsSMOro BO3AENCTBUS Ha HOOChEPY U 4enoBeKa, TEXHUYECKURN
Nnporpecc paspyllaeT OCHOBbI BCEro XMBOro Ha 3emne - 6uocdepy u cospaet
peanbHyl0 yrpo3dy okpyxalouwein cpefe B rnobanbHbix pasmepax: nponcxoaut
3arpsa3HeHue atmocdepbl, 3eMan U BOAbl - pe3ynbTaTaMy HENPOAYMAHHON
[eaTenbHOCTM YenoBeka. [MOHYT XMBOTHbIE M PaCTEHUS, KOTOPbIE HE CMOIU
NPUCNOCOBUTLCA K CTOJNIb CTPEMUTENBbHBIM M3MEHEHUAM B reocdepe, a 3710
00603HayaeT, YTO NPOMCXOONT HApPYLLEHME TEX CaMblX TPODUYECKNX CBA3EN, KOTOPbLIE
CylLlecTBOBaAM B MPUPOAHLIX MONYASaUMAX OO0 BMellaTenbCTBa B HUX 4esloBeka.
MHorve Buabl XMBOTHbIX M PACTEHUIM MOMPOCTY BbIMUPAKOT, APYrne 3aHOCATCH B
“KpacHyto kHury”. OcnabneHue xe BHYTPEHHE CTPYKTYpbl MOMNyAsUMiA NPUBOONUT K
ocnabneHnio X KOMMEHCATOPHbIX GYHKUUI - Buocdepa yxe He CnpaBnseTcs C
TOM MOLLHOM “Harpyskoin”, KOTOpyio “B3BaINIIO HA €€ XPYyNKne naeyn” 4enoBevyecTBoO.
MpouncxoouT 3acopeHre nnaHeThl, - Hawero goma. [la, nonctruHe cbbiBalOTCA CnoBa
XK. -B. Namapka, kotopeii ewe B 1820 r. npopoyeckn nucan: “MoxHO, noxanym,
ckasaTb, YTO Ha3HaYeHWe YenoBeKa 3aK/4YaeTCs B TOM, YTOObl YHUYTOXUTb CBOW
pon, npenBapuTenbHO cAenaB 3eMHOW Lap HENPUIroAHbIM Ans oOuTaHusa”.

Cnactn 4enoBe4eCTBO MOXET TOJIbKO CO34aHue LLenoro KoMmnaekca Mmep,
KOTOpble MOKa HUKTO HE B COCTOSIHUM NPUMEHWUTb, T.K. AN9 UX peannsauun
HeobxoaumMbl munnnapapbl. Kpome Toro, He06X0AMMO CO3AaHNE HOBOW KOMMIEKCHOM
Hayku, koTopas Obl Mpubnuamnacb No cBoMM MacwiTtabam K yyeHuio o Buocdepe
B.N. BepHaackoro. Takas Hayka AOJXKHA BKIOYaTb B cebs BCe, YTO M3BECTHO O
COBPEMEHHOM 3KOJIOrMYECKOM KPU3NCE, Er0 MCTOYHMKAX, MacLuTabax 1 napameTpax,
a Takxe nyTax MX ycTpaHeHus. Ho noka Takas nporpaMma CyLllecTByeT Nullb B
yMax yyeHbiX. KTo 3HaeT, MOXeT ObiTb, UMEHHO BaM MpPeaCcTOUT MPUHATb y4acTue B
ee paspaboTke M ocyuiecTBneHnn? XXenaem ycnexa!
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3AOAHUS 019 CAMOCTOSATEJ/IbHON PABOThI

1. CoctaBbTe JIorn4eckyto cxemy 6asbl 3HaHWi o Teme Kypca.
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2. Beinonuute npeanaraemble 3aaaHuvs:

3AIAHUE 1
3anonHuTte Tabn.1, cCOOTHECS MMeHa YyYeHblX U FoAbl UX XNU3HU
Tabnmua 1
Mmsa ydyeHoro [oabl XN3HU
ApucToTenb 1791-1867
H. KonepHuk 1571-1630
. Kennep 287-212 po H.9
M. dapagpei 1775-1836
I. Fanunei 1711-1765
. TomMcoH 1879-1955
3. depmu 1643-1727
A. DMHWTENH 384-322 0o H.3
M. HbtoTOH 1564-1642
M.B. JTomoHocoB 1901-1954
A. Amnep 1856-1940

SALAHUE 2

Mocne 3anonHeHns Tabnuubl y BaC OCTAHYTCS oAbl XU3HW BblAaloLLErOCSH
YY4EHOIr0, NPeACcTaBUTENS MaTeEMATUYECKO GU3NKK, KOTOPOMY NMPUHAAIEexaT CroBa:
"OainTe MHe Touky onopbl 1 9 caBuHy 3emnto!” HazoBuTe ero nms.

SALIAHVE 3

Mpopomkmte Tabnuuy NepBoro 3agaHus, BbINUCbIBAs BCTpevyalowmecs BamM B
IOHUTE pamMUnMn B XPOHONIOTMYECKOM MOopsake C ykasaHuem 00651acTu Hay4YHOro
3HaHUS, OOCTUXEHUN YYEHbIX-ECTECTBO3HATENEN.

SANAHVE 4

KTo n3 pycckmx y4eHblix 060CHOBan HeOOXOAMMOCTb MPUBNEYEHUS PUNKN
ONsl 0OBbACHEHUS XUMUYECKUX SBIEHUA N Ha3Ban ee pU3NYecKon Xmmuein?

SALAHVE 5
BcTtaBbTe nponyLleHHbIE MMEeHa.
“Npes aTOMUCTMYECKOrO CTPOEHUS MaTepuun BrnepBble BbickasaHa ... (500-400
[0 H.3) 1 pa3BuUTa €ro y4eHukom ... (460-370) ...".
3ALAHUE 6

CyTb yd4eHus1 [leMokpuTa CBOOUTCS K CreayloLeMy:

abhownN =
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SAOAHVE 7

Mepeuncnute TpM OCHOBHLIX 3akOHa OBWXeHUs. MNMoYyemy 3aKOH BCEMUPHOro
TAroteHma HblOTOHaA 9BUICA 3aBEPLUEHMEM BTOPON €CTECTBEHHO-HAYy4YHON
peBontoLUNnN?

SALAHVE 8

MoxHO nn pasorHatb Gu3mMyeckoe TeNo Maccom 5 Kr O CKOpoCTu ceeTa?
Bbluncnute, CKONMbKO 3Heprum notpebyeTcsa Ans sToro.

3AZJAHVIE 9

B kakom roay v kem 6blna OTKpbITa NepBast aieMeHTapHas yactuua?
Kak oHa HasbiBaeTca?

3AZIAHVE 10

Ecnu BbI npaBubHO pewnTe KpunTtorpamMmmy, TO B BblOENEHHbIX K/eTKaxX (I'IO
BepTVIKaJ'IVI) NMnoABUTCA Ha3BaHWe Msyqaemoﬁ BaMin HayKu.

! HEEE
2
L3 |
4
5
L6 HEEN
7
L]
9
10 |
11
2 |
13 |
14

1. Cospatenb Meproan4yeckoin CUCTEMbI XUMUYECKUX SNIEMEHTOB.

2. OguH 13 asTopoB mogenu OHK.

3. [lpeBHerpeyeckuin yyeHblii, 3aBepLUNBLLNIA NMEPBYIO HAYYHO-TEXHUYECKYIO
PEBONIOLMIO.

4. HanmeHbllasa yacTumua XMMUYeckoro BellecTBa.

5. COBOKYMNHOCTb OPraHM3MoB, OrpaHu4YeHHasi B MPOCTPaHCTBE N BO BPEMEHU
1 obuTalLlas Ha NOBEPXHOCTU 3eMin.

6. O6nactb GU3NKM, OOHUM U3 co3paTenein KoTopol asnseTca Makceenn.

7. Y4eHblil, oNpoBeprinii Teopuio “GnorucToHa”, KOTOpoOMy MNPUHAONEXUT
nepeas B UCTOPUU XUMUN Knaccudukaums XMMUYECKUX SNIEMEHTOB.

8. dusunyeckas Hayka o BceneHHol B LENOM.
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9. OcHoBononarawLwas Hayka B CUCTEME €CTECTBO3HAHMS.

10. Cospatenb Teopun OTHOCUTENBHOCTMU.

11. ABTOp Teopun eCTecTBEHHOro otbopa.

12. CBOWMCTBO aTOMHbIX YAaCTUL, BCTynaTb B XMMMWUYECKOE B3auMMOAENCTBME,
KONMYECTBEHHOM MEPOI KOTOPOro ABASETCHA CYyMMapHOE 4YMUC/I0 HECMapEeHHbIX
9N1EeKTPOHOB, HEMOLEJIEHHbIX 3NIEKTPOHHbLIX Map M BakaHTHbIX opbuTtanen,
yyacTBylOLMX B 0O6pa30oBaHUN XMMNYECKMX CBSA3EN.

13. CMHOHMM TepMKUHa “MaKpo3BOIOLNA”.

14. OCHOBOMONOXHNK TEOPUM BAJIEHTHOCTU BELLECTB, KOTOPbI BBEN B 06UX0L,
XUMUKOB TEPMUH “XMMMUYECcKoe CpoAaCTBO”.

SALOAHVE 11

B nycTble s4eikn YyaliHBOpAa BMMLINTE OTBETHI HA BOMPOCHI Takum 0OpasomM,
4yToOblI NocnegHsas OykBa NpeapiayLlero cnoBa gaBnsiachk nepBoi OykBOM HOBOrO
cnosa.

1. YacTtumyka ceerta.
2. Co3patenb BceMnpHoOro 3akoHa TAroTeHus.
3. YacTb Hawel nnaHeTbl X OKONOMIAHETHOrO MPOCTPAHCTBA, KOTOpas HeceT
Ha cebe neyaTb Pa3yMHOWN OEATENbHOCTM YeNloBeKa.
4. ®dusnyeckas Hayka, uaydalollas niaHeTbl, 3Be3bl U Apyrne KOCMUYeckue
06bEKTHI.
. LleHTpanbHag 4yactb atomMa, COCTodAlWas U3 NPOTOHOB U HEUTPOHOB.
. ABTOp Teopun xmmuyeckomn aponounm XKusHu Ha 3emne.
. HasBaHue kHuru reometpun EBknnpga.
. ®paHLy3CKNin y4eHblli, OCHOBOMOMOXHUK 31IEKTPOANHAMUKN.
. NMepBoOTKpbLIBATENL CTPYKTYPbI aToMa.

SAOAHUE 12

©oo~NO O

3anonHute Tabnvuy 2.
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Tabnuua 2
OCHOBHbIE OTKPbITUA B €CTeCTBO3HaHUMU

AHTMYHOCTL | CpegHue Beka V-XIII | Beka XIV-XIX XX Bek

dusuka

Xumuga

AcTpoHOMUSA

Buonorusa

[eorpadpua

MpoaHanuanpyite pesynbTaTbl Tabnuubl. Ha kakne nepuoabl NpuMxoanTcs
“OypHoe pasBuTne” ToN UM WUHOM 06nacTM Hay4YHOro 3HAHUS?

Korpa npousowno geneHve HaKONJEHHOrO YeN0BEYECTBOM 3HaHUSA Ha
OTOENbHbIE ECTECTBEHHbIE HayKu, anddepeHumauns ecteCTBO3HaHUA?

SAOAHVE 13

B ucTOpuM pasBUTUA eCTeCTBO3HAHUA BbIAENAOT YeTblpe rnaBHbIX aTana
(ecTecTBeHHO-Hay4YHble peBoniouumn). Mepen NPoBedeHNEM ayaUTOPHOIO 3aHATUA
B paboyeit TeTpaau coCTaBbTe NepeyeHb OCHOBHbIX HAy4YHbIX OTKPBITUNA, COENaHHbIX
Ha KaXxAoM M3 3TMX 3Tanoe corjacHo Ttabnuue 3:

Tabnuua 3
OTanbl pa3BUTUA eCTeCTBO3HaHUSA

Mopsapko- | OcHOBHOWM rnoGanbHbI HayyHbI | HadeaHue aTtana | [ata coBep-
BbliA HO- WTOr JaHHOro aTana pasBuTus pasBuTKsa ( Mo LweHus

Mep aTana| (Unu uenb - Ans COBPEMEHHOrO, | UMEHW YYEeHOro) OTKPbITUS
(nam 4eTBEPTOro aTana pPasBuTUS)
nnn IV)

3ALAHUE 14
CocTaBbTe MO OOHOMY OPUIMHaNBLHOMY BOMPOCY, KACaloLWEMYCs Kaxaoro 13
3TanoB pa3BUTUA €CTECTBO3HAHMUSA (BCEro YeTbipe BONpoca ¢ oTBeTaMu). 3anumnTe
BalUX BOMPOCHI U OTBETHI B Tabnuuy 4 (3anofIHAETCs KaxablM CTYAEeHTOM).

Tabnuua 4

Ne ecTtecTBEHHO- Bonpoc OTBEeT
Hay4YHOW pesBosiouun

|
I
[
v
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SAIAHUE 15

MoprotoBbTe NOAPOOHLIE pacckadbl 00 UCTOPUM CaMbIX BaXHbIX (3MOXasbHbIE)
OTKPbITUA, OTHOCALLUXCA K Pa3BUTUIO MPEACTaBAEHUA OTHOCUTENBHO CTPOEHUS
Mupa. Coenarite B TeTpagn KpaTkmMe KOHCMEKTbl MO TeEMaM :

ApuncTOoTeNb 1 reoueHTpnYeckas cuctemMa Mmpa.

H. KonepHuk n rennoueHTpryeckas cuctema Mmpa.

A. DMHWTENH N TeOpUs OTHOCUTENBHOCTH.

CoBpemeHHble Moaenn BceneHHONW M MOMbITKM MOCTPOEHUS €4UHOWN
dunsnyeckon Teopun.

KOHUENUMN COBPEMEHHOIO ECTECTBO3HAHUA
IOHUTA 1

Pepaktop E.M. EBgokmmoBa
Onepatop komnbloTepHol BepcTkn [.B. depotos

M3n. nnu. JIP Ne 071765 ot 07.12.98 r. CpaHo B nevaTb
Tupax 3akas
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