KoHCIeKThI TEKIIMOHHOTO Kypca
Hucuurnraa : EcTecTBeHHOHAyYHasi KADTHHA MHUpa

[lenbro OCBOEHUS TUCHUIUIMHBI « ECTECTBEHHOHAYyYHAs! KAPTUHA MUPAY
SIBJISICTCS:

— (OpMHUPOBAHUE €CTECTBEHHOHAYYHOU KYJIBTYphI CTYACHTA;

— 3HaKOMCTBO C €CTE€CTBEHHOHAY4YHOW KapTUHOW MHpa U CTAHOBJICHHE
OOIIEKYIBTYPHBIX KOMIIETCHIINI ITyTeM Pa3BUTHUSI €CTECTBEHHOHAYYHBIX 3HAHUHN U
YMEHUM, OCHOBAaHHBIX Ha MPUHIIMIAX YHUBEPCATHLHOTO ABOIIOIIMOHNU3MA;

— pa3BUTHE aOCTPAKTHOTO MBILUIEHUS, 00IIel HayYHOU 1 MH(OPMALIMOHHON
KyJBTYPBI.

Hcnonb3yemas qureparypa

[lpy w3ydeHUHM AaHHOTO Kypca HEOOXOMUMO TMPHUBICUCHHUE OTIOTHUTEIHHOTO
Marepuaia U mpopaboTKa JEKIIMOHHOTO Marepuaia ¢ IMOMOIIBI0 CIEAYIONIeH yaeOHOM
JIUTEPaTyphbl:

1. Kum, B. ®. CoBpeMeHHOE €CTECTBO3HAHUE: OCHOBHBIE MPEACTABICHUS

— URL: https://biblioclub.ru/index.php?page=book&id=576347

2. Kapnenkos, C.X. KoHuenuum coBpeMEHHOTO €CTECTBO3HAHMS

— URL.: http://biblioclub.ru/index.php?page=book&id=471571

3. Knumenko, 1. C. EcrecTBeHHO-Hay4yHas KapTuHa Mupa. Becenennasi.
Hao6mtonarens. Undpopmanuss — URL: https://e.lanbook.com/book/256094

4. Tynunos, B.®. Konienimm coBpeMEHHOTO €CTeCTBO3HAHUS

— URL:http://biblioclub.ru/index.php?page=book&id=573158

5. Teopernueckue OCHOBBI €CTECTBO3HAHUSA: KypPC JICKLIMI

— URL: http://biblioclub.ru/index.php?page=book&id=562580 .

6. 3enenos, JI. A. Uctopus u punocodus Hayku

— URL: https://biblioclub.ru/index.php?page=book&i1d=83087.

7. Kapnienkos, C.X. KoHLenuuyu COBpEMEHHOIO €CTECTBO3HAHMS

— URL: http://biblioclub.ru/index.php?page=book&id=435808

Paznen 1. UcTopusi pa3BUTHS U OCHOBHbIE€ KOHLENIIUN €CTeCTBO3HAHUS

Jlexuus Nel. EcrecTBeHHOHAay4dHas 1 TyMaHWTapHas KyJbTypbl. EcTecTBO3HaHME
Kak 00yiacTb Hay4yHOTO 3HaHUA. CTpYKTypa COBPEMEHHOIO €CTECTBO3HAHUS.
Oco0eHHOCTH pa3IM4HbIX OTpaciieil €CTECTBO3HAHUSA. DTalbl CTAHOBJICHUS U
pa3BUTHS ecTecTBO3HaHMS. HayuHble peBOMIOLMH U KOHIENIUU (U3UKU U TEXHUKHU.
Hcropust TEXHUKHU U TEXHONOTHM. TeXHUKa U TEXHOJIOTMU IpEBHErO Mupa. TexHuka u
TEXHOJIOTUU CPEIHUX BEKOB. TeXHMKa U TEXHOJIOTUHU HOBOTO BpeMeHU. TeXHUKa U
texHosoruu 19 u 20 Beka.

Jlextus Ne 2. Matemarnka Kak o0jacTh 3HaHHH. CBSI3b MAaTEMaTUKH C
dunocodueil, KyIbTypoi, TEXHOJIOTHUYECKUM pa3BUTHEM o01ecTBa. Mcropudeckoe
CTaHOBJEHUE MaTeMaThuku. OCOOEHHOCTH KOHIICHIUN OMOJIOTUU U XUMUHU.

EcrecTBeHHOHAYyYHAsi U TYMAHUTAPHAS KYJbTYPbI
Kaptuna wmupa — ¢Quiocodckoe TOHSATHE, OINpEAeNsioniee MpeaCTaBICHUE
OKpy’Xaroliero mupa uyenoBekoM. HayuHnass kapThHa Mupa — TpEJCTaBICHUE
OKpY>KalolIero Mupa CO CTOPOHBbI HayyHOro 3HaHus. Hayka u HayyHOe 3HaHUE
OTIPEACIISIFOTCS METOJJaMU U MIPUHIIMIIAMU HAYKH, METOIaMH (POPMUPOBAHUS HAYUHBIX
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3HaHUH W OOBEKTUBHOCTHbIO HAyYHBIX 3HAHMM. MeToAbl W NPHUHLMUIBI HAyKd U
HAy4HBIX 3HAHUH CPOPMYIHUPOBAHBI COOOIIECTBOM YYEHBIX, ONMUPAIOTCS HAa 3aKOHBI
JIOTUKH, OOBEKTHMBHOCTh HAyYHBIX HCCIIEJOBAaHUM, METOAbl SKCIEPUMEHTAIbHBIX
UCCJIEIOBAaHUI W CpaBHEHHE TEOpHHM C NpakTukol. HayuHoe 3HaHuMe sBisieTcs
VCTOPUYECKH OTHOCHUTENIbHBIM (MpUHLMIBI bekoHa). Hayku npuHATO nE€nuTh Ha
€CTECTBEHHbIC (HAyKHM 00 OKpPYXkalolleM MHpPE BHE YEJIOBEYECKOTO OOIIeCTBa) U
IrYMaHUTapHbIe (HayKH O YEJIOBEYECKOM OOIIECTBE).

EcrecTBo3HaHMe Kak 00J1acTh HAy4YHOTro 3HaHUsl. CTPYKTypa COBpeMEHHOI0
ecTecTBO3HAHUA. OCO0EHHOCTH Pa3JIMYHBIX OTpac/ieil ecTeCTBO3HAHUSA
EcTecTBO3HaHME MOXKHO TMPEXJE BCEro pasleiauTh IO OOBEKTY HCCIEI0BaAHUS.
Hanpumep Hayky 0 )KMBBIX 00ObEKTaX U HE JKUBBIX. Tak e MOXKHO BBIICTUTH (DU3UKY
Kak OOIIyI0 HayKy, M3y4arollyl0 HEKHUBYI0 MaTepui0 U OHOJIOTHIO, H3y4Yarollylo
KuBble OO0BEKTHI. VcTopuueckn W3 (U3MKU BBLAETWIACH XUMHS, Kak Hayka 00
XUMHUYECKUX B3aWMOJICHCTBUAX BewIeCTB. [IpMHATO Tak ke BBIIEHATh U3 (DU3UKHU
aCTPOHOMMUIO, TEOJIOTHIO, reorpaduro. M3 Ouomoruu BBIAEISIIOT OOTAaHUKY (HAyKa O
pacTeHusX), MUKPOOHOJIOTHIO, BaJICOJIOTHIO (HAyKa O YEJIOBEKE), T€HETUKY U Psil
npyrux. Psn Hayk oOpa3oBaHbl Ha CTBIKE JIpYTMX — Hamnpumep, OUOXuUMUS,
¢usnueckas xumuda. EcTb Tak ke HayKu, CBA3aHbIE C MPAKTUYECKUM MPUMEHEHUEM
€CTEeCTBO3HAHUS — TEXHUUYECKHE HayKu, MHPOpMaTHKa, MeauuuHa u T. 1. Kpome
TOTO €CTECTBO3HAHME OINMUPAETCA Ha pAJl HayK OOILIEro xapakrepa, Halpumep

MareMatuka, puinocodusi.
J1OTIOMHUTENBHO:
[1]c.15-22
[2] c.15-76
[4] c.14-29
[6] c.8-30
JTanbl CTAHOBJIEHUS M PA3BUTHS €CTeCTBO3ZHAHUS

OOBIYHO  BBIIEISAIOT PSAJ  OCHOBHBIX  JTalOB  CTAHOBJIECHHS WM pPa3BUTHUSA
€CTECTBO3HAHMSL:

e 5Tan Harypduiocoduu (COOTBETCTBYET APEBHEMY MUPY U CPEIHUM BEKaM)

® STan MEXaHHCTUYECKOM KapTHHBI MHUpa (HOBOE BpeMs)

® STan IEKTPOMArHUTHOM KapTHHBI Mupa (cepeauHa 19 u Hauano 20 Beka)

® 3Tal KBAHTOBO-NOJSPHON KapTUHBI MHpa (HauuHas ¢ 20-x rogos 20 Beka)
OTU 3Tanbl MEHSIOTCS HCTOPUYECKH C XOAOM BpemMeHH. OpHako HMX HEIO0CTaTOK
CBSI3aH C OTCYTCTBHMEM OOIHOCTH 3aKOHOB JUISl )KMBOTO M HEKMBOTO MUpPA, IO3TOMY B
paMKax u3yueHusi Ouosnoruu Owuia chopMupoBaHa ocoOasi IBOJIOIMOHHAS KapTUHA
Mupa (M3y4eHUE MPOLIECCOB Pa3BUTHS). DBOJIIOIMOHHBIE 3aKOHBI MPOCIEKUBAIOTCS
Kak s Ouojornyeckux oObeKkToB (Teopus [apBuHa), Tak W 11 (U3MYECKUX
00BeKTOB (9BOIONMS BCeneHHoM, MIaHeT U T. 1.).
Oran Hatypduisocouu:
Pa3BuTue ecrecTBO3HaAHUS HAYAJIOCh €Ie B aHTUYHOM MHUpE (B OCHOBHOM, B JI[peBHei
I['perun u ee KoNoOHMSIX, B 6-2 Bekax JO H.3.). DTOT MEPUOI XapaKTepHU30BaJCs
CTAaHOBJIICHUEM  Hamypguiocoguu, wii  Guwiocohun  OPUPOIBI,  KOTOpas
paccmarpuBajla MHpP B €ro IEJIOCTHOCTM M OCHOBBIBAJIACH HAa €ro 4YHUCTO



YMO3PUTEIbHBIX UCTOJIKOBAHUSIX.
B ToT nepuon 3aponianch UAeH:

- CTPOEHUE BEUIECTBA U3 aTOMOB (ZleMOKpHT, DTHUKYD);

- reonieHTpUueckas cucrema mupa (IItonemei);

- POCTEHIINE 3aKOHBI MEXAHUKH, THJIPOCTATUKHU (ApUCTOTEINb, ApXUMEN).
Hekotopble W3 3TUX HAEW MNOATBEPAWINCH PA3BUTHEM HAyKH, HO OOJIBIIMHCTBO
0Ka3aJoCch OTBEPrHyThIM. OCHOBHOW MNPUYMHONW OLIMOOYHBIX TEOPUN JAPEBHUX
YYEHBIX ObUI HEAOCTATOK 3KCHEPUMEHTAIbHOW MPOBEPKH BBIBOAOB. OHU MBITAIUCH
CO3/1aTh TEOPUH, KOTOPbIE MOKHO ObLIO ObI MPEACTABUTH HAMISAIHO, T.€ OHU CUMUTAIU
IJIaBHBIM METOJIOM — Habmtonenune. Ho He HamIAIHOCTh €CTh KPUTEPUN UCTUHHOCTU
TEOPUH, A ONBIT, SKCIIEPUMEHT. J[peBHUE yuyE€HbIE Majo CTaBWIH ONbITOB. OHH, B
OCHOBHOM, HaOJIONaIu U Jieialld YMO3PUTENIbHbIE 3aKII0UEHUs, HO BCE JIEJI0 B TOM,
YTO HEKOTOpBbIE CTOPOHBI JEHCTBUTEIBHOCTH HE3AMETHBI Il MOBEPXHOCTHOTO
HaOmogenusi. [lpumep: 3amena reorneHTpuUeckord cucteMbl mupa IlTtonmemes Ha
reJmoLeHTpuuecKkyo cucreMy KonepHuka (cepenuna 16 Beka). I[tonemeii HaOmronan
HeOo, CounHlle, TUIAHETHI, 3BE€3/lbl, UX JBHKEHHUE MO HEOOCBOAY M 3aKIIOYWII, YTO
3emuist — 11ap, KOT OpbIid HAXOAUTCS B LIGHTPE MUPA, @ BCE BOKPYT HEE BPAILLAETCA 110
CIIOKHBIM TpaekTopusiM. Bce 3To HamisgnHo, HO HeBepHOo. HalOmromaremio nuunib
Ka)KeTCsl, UTO OH B LIGHTPE MUPA, & TPACKTOPUHU TUTAHET JIMILb KaKyTCsl CIIOKHBIMU B
npoekuu Ha cepy HebocBoga. Ha camom xe aerne, TpaeKTOpUHU IJIAHET MPOCThI, HO
BpamaTcss oHU BOKpyr ConHia. OTO HE HaNIAIHO, 3TO TPYAHO NPENCTABUTH
HaOoaTento Ha 3eMJie, HO 3TO BEPHO, U JaJIbHEHIIIee pa3BUTHE HAYKU MMOATBEPIANIO
3TO.

Ha 3aBepmatomem »stame Tteopus Harypdmiocobun Obia 0ObEIUHEHA
JPEBHETPEYECKUM YUEHBIM APHUCTOTENEM B psnie padoT (APUCTOTEIEBCKHUI KOPITYC,
Wi «AHHAIB). OTH pabOThl OBUTH NMPHUHSITHI KATOJIMYECKON IEPKOBBIO B KaYECTBE
KaHOHA, T.€ HE MOIVIM OBbITh OCHOpPeHbl. UTO MpUBENO K TOHEHUSIM MPOTUB YUYEHBIX,
nbITaBmuxcs ocnoputh Apucrorens (Konepuuk, JIx.bpyno, [Nanuneit).

JdTan MeXaHUCTHYECKOH KApTHHBI MHpA:

Haunnaercs ¢ pabor KonepHuka (TeamonieHTpUyecKas KapTHHA MUpa, «TEIHOC)» -
connue) u lanuneo [anunes (MHEpUMAbHBIE CUCTEMbI, MHEPIMOHHAS Macca Tell,
Hayaja TpaJAULIMOHHON MEXaHHKH, aCTPOHOMUMH, BBEJICHUE MeToa
AKCIIEPUMEHTAJILHON MPOBEPKH Teopuu). B manbHeitmem padotsl anmmiickux (I'yk,
['anneit, Hproton), ¢panmysckux (Hexapt, ['Amambep, Jlammac, Jlarpanx),
Hemenkux (Kerep, Ditnep, JleOHuUIT) yueHbIX pa3Buiid 3TOT noaxoa. Mtorom stoi
pabotel crtano Hanucanue Mccakom HploToHOM Tpyna «MareMaTHYe€CKHE OCHOBBI
Hatypbuiaocopum» KoTopas cTajga o0Opa3loM HAEH MEXaHHUCTHYECKOTO MHpa,
ONMCHIBAEMOIO0 MEXAaHUKOW W TPABUTALMOHHBIM B3aMMOJAECUCTBUEM TEl. B
JNaNbHEHIIEM 3Ta TEOpUs TOJBKO COBEPIIEHCTBOBAJIACh [0 TOSABIECHUS padoT
Makcgenna u DiiHiuTeliHa. TakuM 00pa3oM, B KOHIIE 17 Beka BENMKUN aHIIIMICKUN
¢u3uk MHcaak HploTOH 3aBeplimyl CO3JaHUE KJAacCMYecKkol MexaHukh. OH
c(hOopMylIHpOBaT OCHOBHBIE 3aKOHBI JIBM)KEHHS, 3aKOH BCEMHUPHOTO TATOTEHUS,
MOHATUS MAacChl, HMHEpUHMH, YycKopeHus. CrenyromuM ImaroM ObLIO CO3JaHue
Heroronom Tpyna «Onrtukay, riae ObLIU U3JI0KEHbl OCHOBHbBIE MJIEU KOPITYCKaISPHOU
Teopun (HU3NYECKOM ONTHKU. AJIBTEPHATUBOM MM ObUIM PabOThI TOJUIAHICKOTO



yueHoro [rolireHca ¢ TeOpuel BOJHOBOM NPUPOIABI CBeTa. lak BO3HUKIIH
MPOTUBOPEUYUS BOJHOBOM M KOPIYCKAISIPHOM TEOPUM CBETA, MPOOJIEMBbI MOHSATHUS
«hupy», TpoOIEMBI «TaTbHEACHCTBUM» U «OTU3KOACUCTBUSMY). DTH TIPOOIEMBbI OBLITH
paspemieHbl TonbKO B 20-M Beke. Tak ke Ha 3TOM 3Tane BO3HUKJIA TEPMOJWHAMUKA
(padotet Kapno, ®@ypwe, Jlxoyns, Maiiepa, KenbBuna, Jlenma, Kraysuyca,
['erpMronmIia).
JTan 31eKTPOMATHUTHON KAPTHHBI MHUpa:
Boinenenne gqanHoro sTtana cBsizaHo ¢ paboramu ®@apazaes u MakcBesuia. YpaBHeHUs
MakcBesuia onpeeuian CBsI3b MArHUTHOTO U 3JIEKTPUYECKOTO TOJIS, CBA3aja 3aKOHbI
anekTpudyeckoro nois KyloHa, 3akoHbl 2leKTpuyueckux TokoB Oma, Awmrmepa u
Kuproda, 3akons maruutHbeix noneid buo-Capapa-Jlamnaca. OTuM ke ypaBHEHUSIM
MOAYMHSIOTCS JJEKTPOMATHUTHBIE BOJIHBL, K KOTOPBIM CTajld OTHOCUTH CBET.
[losiBHiIach 1IKaja 3IEKTPOMArHUTHBIX BOJIH OT JUJIMHHBIX PAaJHOBOJH  JO
PEHTTEHOBCKMX BOJH. DJTO OBUIO TOP>KECTBO BOJHOBOW TEOPHH, TMOSBHIACH WSS
IPAaBUTALMOHHBIX BOJH C IOMBITKOW CBSI3aTh BCE BHUJBI IOJEH B OJHY CTPYKTYDY.
Becb mup npeacTaBisiica B BUIE MOJIEKYJISIPHBIX CTPYKTYP B «MOPE» MOJIEH.
JTan KBaHTOBO-NOJISIPHON KAPTUHBI MUPA:
Bo3Huk 13 npoTuBopeunii, CBA3aHHbIX ¢ 3kcnepuMmeHTamu CroneroBa (poTorddexr),
MaiikenbcoHa (M3MEpPEHHE CKOPOCTH CBeTa), AU(paKUUeld PEHTICHOBCKUX JIydei,
Tomcona (mudpaxius smexkTpoHoB). B pesynbrare mnosBuiauck padothl IlnaHka,
Oiutnmrerina, Jle bpoins, Jlopenna, Ilpenunrepa, Ilaynu, Jupaka. beuia
chopMmynupoBaHa HOBasi Teopus 4-X MEpHOTO MPOCTPAHCTBA-BPEMEHHU (TEOpHs
OTHOCUTEJNIHOCTH) [JJii MEraMupa W KBaHTOBasg TEOpHS MO I MHUKPOMHUpA.
JlaHHBIE TEOPUM PA3BUBAIOTCS 0 CUX I10P.
HayuHnble peBoIonNH U KOHUeNnuun Gpu3suky U TexHuku. UcTtopusi TeXHUKH 1
TEXHOJIOT Uil

Kaxnapiii sran pa3sBUTHS €CTECTBO3HAHUS CONPOBOXKAAJICSA PA3BUTUEM TEXHUKH U
TEXHOJOTHM, C JAPYroll CTOPOHBI MOSBICHUE HOBBIX TEXHOJIOTHM AABAJI0 HUMITYJIbC
pa3BuUTHIO Hayku. Hanmpumep co3gaHue ONTUYECKUX MPUOOPOB MOCTYKHIO TOJTYKOM
K TMOSIBJICHUIO MUKpoOuosioruu. IIpu 3TOM HUCTOPUUECKH TEXHOJOTHU M HayKH
Pa3BUBAJIMCh HEOAHOPOJIHO IO BPEMEHM, YTO JAJO OCHOBAHMS BBIACIATH HAy4YHBIC
PEBOJIIOLIMM W TEXHOJOTMYECKHUE PEBOJIIOLIMU, YaCTO CBSI3aHHBIE C KOPEHHBIM
M3MEHEHHEM >KU3HU YeJIOBEYECKOro 00IIecTBa.

TexHrKa 1 TEXHOJIOTHUH IPEBHETO MUpa
[Ipumepsl  TEXHOJIOTUH —  METAUIYprusi, KopabJIecTpoeHHe, MEIUIIUHA,
V3TOTOBJICHUE TKAHEN U KEPAMUKHU, CTPOUTENIbHBIE TEXHOJIOTHH.

TexHUKa U TEXHOJIOTUU CPETHUX BEKOB
Coznanue mopoxa, apTUJIIEPHH, CTEKIIA, TOPHBIX pa3padOTOK. ATXUMUS U XUMHUECKUE
TexHosioruu. llosiBneHue OOTaHUKM W CENEKIMOHHOW aesTenbHOCTU. [losiBieHue
onTu4eckux npuooposB. [losgBieHNN MEXaHU3MOB U MEXaHUYECKUX aBTOMATOB (YaChl,
urpyuku). [lepBbie pakeTsi.

TexHuKa U TEXHOJIOTUHA HOBOTO BPEMEHHU
[TonBoaHbIE TOAKK M BonoJIa3HOE oOopynoBaHue. [losBnenue crankoB. TexHomoruu
napoBbix MamuH. [lapoxox u mapoBo3. Mcrnonb3oBaHue HePTENPOIYKTOB U rasa.
[losiBnenne xupypruu Kak TexHosoruu. OOHapyKeHHE HOBBIX XUMHUYECKHX



sanemeHToB. Kommac wu npyrue wmarHuTHble mpuOopbl. Bo3zgyxomiaBanue Ha
BO3IYIIHBIX IIApaX.
Texnuka u Texnosoruu 19 u 20 Beka
19-i1 Bek. ONEKTPUYECKHE MAIIUHBI, JJIEKTPOABUIATENN, JJIEKTPOCTAHIUHA U
raJlbBaHUYECKHUE DJIEMEHTBL. ONeTpo TexHosoruu. Co3maHue nepuoanydecKou
cucteMbl MenpeneeBa. Jlpurarenb BHyTpeHHero cropanusi. ®otorpadus wu
kuHocheMKa. [losiBnenue BakuuHbl. [losiBnenue tenerpada u paauo. TexHoNOruu
OpPraHMYeCcKOM  XUMHHM, B3pbIBYaThie  BeniecTBa.  [losiBIEHHE  TEXHOJOTUU
PEHTIE€HOBCKUX U UH(PPAKPACHBIX JTyUEH.
20-i1 Bek. ABuanus. Pakeroctpoenue. Dnekrponuka. @apmanestuka. Tenepunenue.
[TosBnenne OBM. buorexHonmoruu. SnepHble  TexHosiorud. KocMmuueckue
TexHonoruu. HaHorexHonornu. TeXHOJIOrMH OCHOBaHHbIE HAa KBAaHTOBOW TEOPHUH.
JlazepHbI€ TEXHOJIOTUH.
21-ii Bek. [eHeTHUECKHE TEXHOJIOTHH.
J1OMOJTHUTEITBHO:
J1OMOJTHUTEBHO:
[1] c.22-27
[2] c.55-60
[3] c.37-146
[4] c.22-128
[6] c.70-194
Maremaruka Kak o0jacTb 3HaHuid. CBsI3b MaTeMaTHKHU ¢ puitocoduei,
KYJbTYPOH, TEXHOJOTMYECKUM Pa3BUTHEM 001eCTBA
Hcropruueckoe CTaHOBIEHUE MAaTEMATUKH
Maremaruka u3ydaeT 0coOble OOBEKTHl (MaTeMaTUYecKue), KOTOPBIC SIBISIOTCSA
XapaKTePUCTUKAMH peabHbIX 00BEKTOB M mporieccoB. [lepBriMu oObeKkTamMu ObLTH
reomeTpudeckue purypsl (reomerpusi) u uucna (anredbpa). Mcrtopudeckne mEHTPHI
Pa3BUTHUSI MATEMATUKU
HpeBHuii mup : npeBHuil Eruner u mexnaypeuse, apeBuss Uunus, apeBussa I peuus n
rpeuecKrue KOJOHWHU. 3aBeplleHHue 3Toro 3tama — padora «Hauama» rpedeckoro
Marematuka EBkina. Ota Teopust U €CTh dJIEMEHTapHAs TPAJAUIMOHHAS MareMaTrKa
(reometpus u anredpa).
Cpennue Beka : apaOckue crpanbl, Mtanus, Buzantuiickas umnepus.
HoBoe Bpemsi : ®panuus, Axmms, I[epmanckue rocynapera, lommanaus,
Poccuiickas umnepusi, ABCTpHiicKast UMIIEPUSL.
19-20 Bek: EBpona, Amepuka, A3usl.
J1OMOJTHUTEITBHO:
[2] c.51-55
Oco0eHHOCTH KOHIENIUI OHOJIOTHH U XUMHHU
buonorus — Hayka 0 )KMBBIX 00BEKTaX, 3TH 0ObEKTHI pa3HOOOPa3HbI, TOATOMY €CTh
MHOTO  MOApa3AeioB —  OOTaHWKA, IUTOJOTHS, BajeoJIOTHsl, TEHETHUKA,
MUKPOOUOIOTHS, MXTUOJOTUS U T.JI. B OHONOTMH HECKOJBKO 3aTPyAHEHO
AKCIIEPUMEHTAILHOE  HCCIEOBaHUE, JTO IOTPEeOOBAJIO  BHEAPECHHUS  TEOPUH
BEPOSTHOCTEH U CTATUCTUKU. AKTUBHO HCIIOIB3YETCS METO] HAOIIOICHUS.
XuMusl — HayKa O XUMHUYECKUX B3aUMOAECHCTBUAX BelleCTB. ICTOUHMK — alIXuMusl,



OCHOBaHHAas Ha ONIMOOYHOM TIPEICTABICHUH O BO3MOXXHOCTH XHMHYECKOTO
mpeBpaiieHust JT000To BemecTBa B Jiroboe. Jlenmutcss Ha HEOPraHWYECKylo H
OPraHWYECKYI0 XUMHIO. OTO CBSI3aHO C JICJICHUEM BEIIECTB Ha OpPraHUYECKHUE
(monmydyaemble U3 KUBOIO) U HE OrpaHMYECKUE BellecTBa. B panbHeleM
OpraHWYECKHUE BEIECTBA ObUIM KOHKPETU3UPOBAHBI 10 BUTY XUMUYECKUX (OPMYIL.
JIOTIOTHUTEIBHO:
[2] c.206-324
[4] c.104-115,120-124

Paznen 2. ®usnyeckasi KAPTHHA MUPA

Jlexmus Ne 2. ®usuka kak 001acTh 3HaHUN. CBsI3b PU3UKU C TEXHOJIOTHYECKUM
pasButreM obmiectBa. CTpykTypa Gpuznueckoit kKapTuabl Mupa. buodusuka u
busnueckas xumus. [loHsTre Marepuu 1 SHEPrUK. 3aKOHBI COXPAHEHUSI.

Jlexuus Ne 3. [IpoctpancTBo 1 Bpemsi. Teopuu CUMMETPUU U OTHOCUTEIBHOCTH.
Meramup. ACTpOHOMUSI M CTpOEHHE BeesieHHOM. KoHlenum 3apoxxaeHusi, pa3BUTHS
U CTPYKTypa BCcelIeHHON. DU3NYECKIe OCHOBBI aCTPOHOMUYECKUX OOBEKTOB.
['paBuTanimoHHOE B3anumojiericTere. @u3uKa 3eMIIM U reosiorus. Mexanuka u
MEXaHUCTHYECKas Teopusl Mupa. 3akoHbl HeroTOHA. JIBHKEHHE TEll.

Jlekuus Ne 4. DnexkrpoMarHuTHas Teopus noss. BomHoBas u kopnyckansipHas
TEOpUH. DNEKTPOMATHUTHAS KapTUHA MUpa. AKyCTUKA. TepmonnHamuka. MUKpoMup.
MonekyinsipHOE, aTOMHOE U BHYTPUATOMHOE CTPOCHUE Marepuu. KBaHTOBasi TEOpUS.
DneMeHTapHbIEC YaCTHULIBL.

Jlexmus Ne 5. Hanorexnonmoruu. Ilopsiok u 6ecriopsiiok B IpUpoJIE.

CrnyyaiiHble IpOLIECChI U sIBJIEHUA. PalMOaKTUBHOCTh, KBAHTOBBIN 1IYM U
OpOYHOBCKOE JIBH)KCHHE.
du3uka Kak 00JacTb 3HAHUN. CBA3b PU3UKH C TEXHOJIOTHYECKUM Pa3BUTHEM
o0mecTBa
Pu3nka — HayKa, M3ydarouias HEKUBYK) MAaTepHUI0 BO BCEX NPOSABICHUAX. B Hen
ONPEACNSAIOTCA TOHATUS MAT€pUsi U MATEPUATbHBIM MUD, SHEPTHs, NPOCTPAHCTBO,
BpEMsl, Pa3IMYHbIE BUbl B3aUMOJIEHCTBUI OOBEKTOB MaTepHaIbHOIO Mupa. Tak Kak
ATUX 00BEKTOB OYEHb MHOIO, TO (hU3MKa MOCIEI0BATEIBLHO C PA3BUTUEM JEIIIACH U
CTpYKTypupoBajiack. [Ipu 3ToM pa3zBuTue (HU3UKHU MOCTOSHHO 3aBUCENIO OT CO3JaHUS
HOBBIX TEXHOJIOTHI, KOTOPBIE JIaBaJll HOBbIE HHCTPYMEHTHI JIJI SKCIIEPUMEHTATIBLHOTO
uccieoBaHus (U3MYECKUX MPOIECCOB, (POPMUPOBAIIO AKTYaJIbHOCTh PAa3BUTHUS TeX
WIM WHBIX pa3fenoB (U3UKH, CTUMYIUPOBAJIO MPOSBIECHHWE HOBBIX (paHee He
M3BECTHBIX) ABJIICHUI U mpoleccoB, [IpuMepsl: co3gaHne ONTUYECKUX UHCTPYMEHTOB
MPUBEJIO K CO3MaHHMIO (DU3UYECKOM ONTUKU W TEOPUM CBETOBBIX BOJIH, CO3JaHUE
MapOBOM MAIIMHBI TIPUBEIIO K PA3BUTHIO TEPMOJUHAMUKH M CTATUCTHUECKON (DU3UKH,
MOSIBJICHUE HCTOYHUKOB DJICKTPUUYECKOIO TOKA IPUBEJIO K AKTUBHOMY H3YyYEHUIO
MEKTPUYECKUX U MATHUTHBIX MOJIEH, CO3AAHUIO ANEKTPOAUHAMUKHU.
CrpykTypa pu3HM4ecKOH KApTHHBI MHpa
B HacTosiliee BpeMsi MOXXHO BBIJICIUTh HECKOJIBKO HauOOJee Ba)KHBIX pa3/ielioB
(bU3UKH, KOTOPHIE U ONPEACIISIOT CTPYKTYPY (PU3UUECKON KapTUHBI MUpa:

® MEXaHHKa

® TEOpHUSs IpaBUTALUU

® TEpPMOJMHAMMKA



(u3KKa TBEPIOTO TeJa

¢bu3uka KonebaHui U BOJIH

ANEKTPOJMHAMHKA

aKyCTHKa

¢busuka armocdepsl U 3eMIn

aCTPOHOMMUS U KOCMOTOHHUS

MOJIeKyJIsipHas (pu3uKa U cTaTUCTUYECKas (pu3uka

anepHas pusznka

bu3HKa 3IEeMEHTAPHBIX YaCTHI]

(bu3KKa IPOCTPAHCTBA U BPEMEHU, TEOPHUSI OTHOCUTEILHOCTH

bu3HKa 3IEMEHTAPHBIX YaCTHI]

(bu3KKa BBICOKMX SHEPIHid

KBAHTOBas MEXaHUKA U KBAHTOBAsI TEOPUSI TOJIS

(du3uKa HU3KUX TeMIEeparyp

na3epHas pusuka

HOBBIE€ pa3fenbl GU3HKU (TEOPHUsl CTPYH, TEOpHUs TEMHOM Marepuud U TEMHOU

AHEPruu, CynepoObeAMHEHNE TEOPUI B3AUMOCHCTBUI BELIECTBA)
buodusuka u puznyeckas XUMHUA

Hexotoprie paznensl ¢uzuku ObUTM 00pa3oBaHbl B paMKax 0O€CHEYeHUs Pa3BUTHUS

JPyTUX HAyK, OHU HOCAT WHTETPATUBHBIN XapakTep. [Ipumepst:

e Ouodusuka, uzydaer (HU3NIECKre OCHOBBI IPOLIECCOB BHYTPHU OMOIOTUYECKUX

00BEKTOB (HaNpUMep KJIETOK, MeEMOpaH, HEPBHOM CUCTEMBI);

e (uzmyeckas XuUMHs, U3ydaeT (PU3NYECKHE OCHOBBI IPOLIECCOB BO3HUKAIOIIUX
Py XUMHUYECKUX peakuusx (IMpU ATOM CYIIECTBYEeT M XUMHueckas (pusuka,
paccMarpuBaroias HEeKOTopbie (PU3NYECKUE SIBICHUS METOJIAMU XUMUH, HY>KHO
MOMHHTH YTO TEPMHH PEAKIUS U IMHAMHUKA PEAKIIMU ObUIA U3yYEHbl UMEHHO B
XMMHH, a 3aT€M HCII0JIb30BaHbI B IICPHON PU3UKe),

IlonsiTue MaTepum U 3HepPrum. 3aKOHbI COXPAHEHUSA

Jlo xoHna 19 Beka MaTepuio MOHUMAJIA TOJIBKO KaK BEIIECTBO, U3 KOTOPOTO COCTOST
BCce Tena. Bcee 3TM Tena pacmosiaragvuch B HEKOEM THIIOTETHYECKOM BEIIECTBE —
aupe, KOTOPbIA 3aHMMAET BCE IMPOCTPAHCTBO M BE3Jl€ NPOHUKAET (BO BCE IMOPHI
Tena). DJIEeKTpOMarHuTHas KapTUHa MUpPa OCTaBUJIa OTKPBITHIM BOIIPOC O CBOMCTBAX U
CTpYKType Bakyyma (T.€. o0 »ddupa). D10 mpobiemMa pacHpoCTpaHEHUS
AIICKTPOMATHUTHBIX W TPABUTAIIMOHHBIX BOJIH, TaK KaK BOJIHA PACIPOCTPAHSIETCS B
KAKOW-TO Cpene. OHEprusi pacCMarpyuBalIaCh KaK XapaKTEPUCTUKA MAaTepHH,
BBIJIENISIIACh MEXaHWYECKasl U TEIUIOBAas SHEPTUs U SHEPrus IMOJs WU BOJNHBL bbuin
YCTAHOBJIEHBI 3aKOHbI COXPAHEHUs KaXXJIO0U U3 YHEPIUM U BapUAHTHI IIEPEX01a OJHOU
PHEPTMM B  JIPYTYIO C COXpaHGHHeM oOmiero ©OamaHca TIpH  TPCHHH,
TEPMOJIMHAMUYECKUX Mpoleccax, MOMIOIEHUH WU U3TyYeHUHU 3JIEKTPOMArHUTHBIX
BOJIH.

C nosiBieHUEM TEOPUU OTHOCHUTEILHOCTU U KBAHTOBOW TEOPUH, YTBEPKICHUU
Jyajlu3Ma BOJHBI M YaCTHIIbI, OKa3ajJOCh 4YTO IIOJI€, BOJHA KaK M YaCTHUII TOXKE
MaTepuasibHbl. bojee TOro M3 BakyyMa MOXHO CO34aTh Napbl YacTHUIl MaTepUHd U



aHTUMATEpPUHU, KOTOPbIE MOTYT MOTYT aHWTWJIMPOBaTh, T. €. MPEBPATUThCS CHOBA B
BaKyyM OT/IaB SHEPTHIO MOJt0. Takum 00pa3oM, SHEPTUS U MaTepus B3aUMOCBS3aHbBI
W MOTYT TpeBpamarbCcs APYyTr B JIpyra, 4To CIEAyeT W3 3HAMEHUTOW (QopMyIbI
Diinmreiina E=mc’. Kpome TOro, oObIYHOE BELIECTBO COCTOMT M3 MOJEKYIL,
MOJIEKYJIBI COCTOSIT W3 aTOMOB, aTOMbl M3 D3JE€MEHTapHbIX 4actuill. lIpu sTom
MECTOIIOJIOKEHNE W XAPAKTEPUCTUKA AJIEMEHTAPHBIX YaCTHLl B KBAHTOBOM TEOPHUHU
«Pa3MbIThD» B MPOCTPAHCTBE. DHEPTUSl U MECTOMNOJIOKEHUE YACTHUL] HE (PUKCUPOBaHa,
€CTh yCJIOBHE HeorpeaeneHHocTu [eiizen0epra s Hux. B oHUX yclnoBUsAX yacTuila
BeJleT ce0s Kak yacTulia, B APYTHX Kak pacrhpelesieHHas BO BCEM IPOCTPAHCTBE
BonHa (BomHa Jle bpoiinsg). Ilpm 3ToM OCTarOTCA CHpaBeIJIMBBIMH  3aKOHBI
COXPAHEHHMS PHEPTUU U BEIIECTBA, KOTOPbIe HEOOXOIUMO OOBEAUHUTH B OJUH 3aKOH
COXPaHEHUs MaCChI-3HEPTUH.

IIpocrpancrBo u BpeMsi. Teopun cMMMETPHH U OTHOCUTEIBHOCTH
Jlo 20 Beka mpOCTPaHCTBO MOHUMAJIOCH KaK a0COJIOTHAS U paBHOMEpHAs CYITHOCTb,
CBOMCTBA KOTOPOIO HE 3aBHCEIM OT CBOMCTB MAaTr€puH B INPOCTPAHCTBE U €€
IBWXKEHMS. Bpems Taxke BOCHPHUHMMAJIOCHh KaK CaMOCTOSTEIbHAs CYIIHOCT,
KOTOpasl HE 3aBUCEIIa HU OT IPOCTPAHCTBA, HU OT MAaT€pPUM B IIPOCTPAHCTBE, HU OT €€
JBIKEHUS (a0COMIOTHOE BpEMsi, HEKOTOPhIA aOCTpaKTHBIA aOCOMIOTHBIM METPOHOM,
KOTOPBIM OTCUMTHIBAET BPEMSI PABHOMEPHO TEKYIllee U aOCOIIOTHOE JUIsl BceX). Takum
o0pa3oM, MPUHUMAJIOCh CYIIECTBOBaHHE a0COIIOTHOIO NMPOCTPAHCTBA U BPEMEHU, HE
3aBUCAILIAX OT MaTepUH.

[TosiBneHue crnenuaabHOM W OOIIEH TEOPUM OTHOCHUTEIIBHOCTH ODWHINTEHHA
MO3BOJIMJIO U3MEHHUTB 3T MPE/ICTABICHUS:

Oxka3anock, 4YTO MPOCTPAHCTBO, BPEMS U MaTEpHsi B3aUMOCBSI3aHbI:

- CBOIICTBA MPOCTPAHCTBA U BPEMEHHU 3aBUCST OT CBOMCTB MaTepuu, KOTOpasi B HUX
HaXOJUTCA, U OT €€ JABUKECHUS,

- TMPOCTPAHCTBO M BPEMS B3AMMOCBS3aHBl M COCTABIAIOT e€O0uHoe 4-x MmepHoe
npocmpancmeo-epems (nipemyoxeno I. MunkoBckuM B 1908 rofay); 0OBEKT,
CYILIECTBYIOIIMIA B TaKOM 4-X MEPHOM NPOCTPAHCTBE-BPEMEHU, HAET NMPOEKIUU Ha
BOCIIPUHUMAEMBbIE YEJIOBEKOM H3MEPEHHUs, KOTOpbIe, MOJOOHO TEHU OT IpeIMeTa,
MOTYT YBEJIMUMBATHCSI U YMEHBIIATLCS MPU JBMKEHUH O0BEKTA; 3TO ONMPEACIICHHBIM
o0Opa3om mnosicHsAeT 3P(HEKTbl TEOPUU OTHOCUTEIBHOCTH IO COKPAILIEHUIO Pa3MEpPOB
Tena u ap.; caM 4-X MepHbIil 00BEKT HE MEHSIETCS, HO Mbl HE MOXKEM BOCIPHUHSTH €ro
LEJTUKOM.

Ocoboe 3HaueHue i (PU3UKU UMEIH 3aKOHbl CUMMETPHUM IMPOCTPAHCTBA.
M3HauanbHO Ka3ajcsi OYEBUIHBIM OJHOPOJHOCTh U CUMMETpPHUSI HaIpaBICHUN B
MPOCTPAHCTBE, HO PEAIbHBIE SKCIIEPUMEHTHI MOKA3bIBAIOT HEKHE OTKJIOHEHUS B
TAKUX 3aKOHAaX. bbula J0Ka3aHa HEEBKIMAOBOCTH KOCMMYECKOIO IPOCTPAHCTBA
BCEJICHHON (CErofiHs YYE€HbIE CKIOHSIOTCI K PUMaHOBCKOW MOJENIM KOCMOCA).
CumMmeTpusi HapyliaeTcs U B MHUKPOMHUDE, 1€ ObUIM C(HOpMYIHpPOBaHbBI 0COOBIE
3aKOHBI CHMMETPHUH ISl DJIEMEHTAPHBIX YaCTHLI.

Meramup. ACTPOHOMHMS U CTPOCHUE BCEJICHHOM
Hctopruueckn GU3MKKA paccMaTpUBaIM  3aKOHBI JUIsl Meramupa (KocMoca) u
MUKpOMHUpPA (aTOMbl W MOJIEKYJbI) TOXKAECCTBEHHBIMU. (OJHAKO, C TMOSBICHUEM
KBAaHTOBOM TEOpPHUM M DKCIIEPUMEHTAJbHBIM H3YYEHHEM MHUKPOMHpA CTaJH



HAKaIlJIMBaTbCSl MPOTUBOPEYHs], KOTOPhIE HE PAa3pelIeHbl 1O KOHIIA M B HACTOSILEE
Bpems. KBanToBbie 3(eKThl B MUKPOMHUPE OYEHBb CYIIECTBEHHBI, HO JJIsi OOJIBIINX
Macc U paccTOsSHUM 3TH 3G (EeKTbl HE BCerna MOXXHO OIEHUTh U SBHO BBIPA3UTh.
Kpome toro, B Meramupe BO3MOXKHO CyIIECTBOBAHUE JKCTPEMAJIBHBIX IO BEJINYUHE
sHepruii u mnoneil. B ¢Qusuke BbAENEHBI TpaBUTALMOHHOE, 3JIEKTPOMArHUTHOE,
CWIbHOE U cnaboe B3aumojercTBUs Marepuu. Kaxmoe u3 3TUX B3auMOAECHCTBUI
JOMUHHMPYET Ha OINpEACNIeHHbIX pa3Mmepax. B wMeramupe Haubonee BaXHO
IPaBUTAIIMOHHOE, a 3aT€M JJIEKTPOMAarHUTHOE B3aUMOJCHCTBHUE, CUIIBHOE U ciiaboe
B3aMMOJICICTBHS 3€Ch HMMEKT Majoe 3HaueHue. J[{nsg Mukpomupa cUTyanus
oOparHas. EcTe mnonmeITkKu OOBEAMHUTHL 3TH  B3auMoOJeHCTBHUS  (OONBIIOE
00BbETMHEHHE), HO TTOKA 3TU TEOPHUH €IIIe HE SIBIISIFOTCS OKOHYATENIbHO YCTOSBITUMUCH.
Kpome Toro, mpoOGiemMbl ONMUCaHUS PEaJbHOTO MeraMupa MPUBEIH K MHOSBICHUIO
TEOPUU «TEMHBIX» SHEPIUil U MaTepuu, CYIIHOCTh KOTOPHIX MOKA HE MOHATHA. ECTh
npoOyieMa W CyIIECTBOBAHUS TAKWUX IKCTPEMAIBHBIX OOBEKTOB KaK YEPHBIC IBIPHI,
KBa3apbl, HEUTPOHHBIE 3BE3/bl, I1e Oo(puLHaIbHasg (PU3MKA WHOTAA HE MOXET J1aTh
ONMCAHUs CYLIECTBYOIMX TaM IIPOLIECCOB.

Takum oOpa3oM (u3MKa MHKPOMHpA pAacCMATPUBAETCA KaK IPABUIIO
aBTOHOMHO B paMkax HayK AcTpoHomuu u Kocmoronun (Haykd O pa3BUTUHU
kocmoca). CoBpemMeHHasi ACTPOHOMUSI BBIJIETISIET CIEYIOUIUE TEOPUU:

o Teopus 3apoxaeHus U pa3BUTUS BCEIEHHOM.

e CTpyKTypa BCEJIEHHOH, KOTOpas ACIHUTCS Ha 3BE3IHBIC CHCTEMBI, 3BE3IHBIC
CKOILJICHUSI, TAJIAKTUKH, CYTIEPraJIaKTUKU (CUCTEMA CB3aHHBIX TaJIAKTHUK).

o ®dusuka cynepoObEKTOB BCEIEHHON — Pa3JIMYHbIC TUIIBI 3BE€3]l, HEUTPOHHBIC
3BE3/1bl, yJIbCAPhI, KBA3aPhl, YEPHBIE IBIPHI.

o @DusuKa HE 3BE3MAHBIX OOBEKTOB — IUIAHETHI U TUIAHETOWIBI, Ta30BbIC
CKOILJIEHUSI, aCTEPOUJbl, METEOPUTHI, KOMETBI, MEX3BE3/IHasi MbUIb U
MEK3BE3HbIE IPOCTPAHCTBA.

e @Du3nKa KOCMHUYECKHUX MOJIEN U U3ITYyUYCHUH.

Konuenuuu 3apoxieHusi, pa3BUTHA M CTPYKTYPA BCeJIeHHOM

Teopus 3apokIeHUS U Pa3BUTHUS BCEICHHOW B HACTOAILEE BPEMs OCHOBBIBAECTCS HA
Teopur OONBIIOrO B3pbIBA (XOTS €CThb M albT€PHATHBHBIE TEOPUHU, HAIPHUMEP
nyJabCUpylolleld BcelleHHOM). B cooTrBeTcTBUU ¢ Teopuel Oosbiioro B3pwiBa 13,77
MUJUIMAPAOB JIET Ha3aJ BCA BCEJeHHas Obla c)kKaTa B OJHOW TOYKE CHUHTYJISIPHOCTH
(rne ¢u3MKa SIBICHUM HE MOHATHA), Jlajiee MPOMU3O0IIeNl CHIIbHEHIIee pacliupeHun
(B3pBIB), TIOSIBJICHHE MaTrepud, (HOpPMHpPOBAHHWE B Hayaje SJIEMEHTapHBIX YaCTHII,
3aTeM aTOMOB BOJIOPOJIa, (HOPMUPOBAHKUE BOAOPOAHBIX T'a30BbIX CKOILICHUM, KOTOPHIE
CKUMalOTCA ¢ (hOpMHUpPOBAHMEM 3Be3l, IJIAHET U Apyrux oObeKTOB. BHyTpu 3Be3n
HAUMHAIOTCS TEPMOSICPHBIC peaknuu W (OPMHUPYIOTCS pa3HbIE XUMHUYECKUE
AJIEMEHTHI. OBOJIFOLMUS 3BE3[], CONPOBOXKAAECTCS PSJOM 3TAaloOB, B TOM YHCIE
BCIIBIIIKaMU (B3pbIBAMHU) CBEPXHOBBIX 3BE€3]l C BBIOPOCOM PA3IMYHBIX XUMUYECKHX
DIIEMEHTOB B OKPY’KAIOLIEE MPOCTPAHCTBO, CO3MAHUEM HEUTPOHHBIX 3BE3/, KBAa3apOB
U YEPHBIX JIBIP.

e OHIHOBPEMEHHO IPOMCXOIUT pACIIMPEHHE MPOCTPAHCTBA BCEJICHHOM U
bopMUpOBaHUSI TAaKUX 3BE3IHBIX CTPYKTYp Kak TaJakKTUKU U CKOIUICHHS
raiakTuk  (cynepranaktuku). Ilpm »TOM mpogoimkaercss —«pazOeraHuey



rajakTuK (KpacHO€ CMENIEHUE), CKOPOCTb KOTOPOTrO HE yMEHbIIAeTcs. ITO
3aCTaBWJIO MPHUHATH TEOPHUI0 «TEMHBIX» SHEPrUU U BEUIECTBA, KOTOpPHIE U
OTBETCTBEHHBI 32 YCKOPEHHOE PACIIMPEHUE BCEICHHOM.

e YV Kax10M 3Be3/1bl (HOPMUPYIOTCS 3BE3IHBIE CUCTEMBI, BKIIOYAIOIINE TIaHETHI,
acTepou/ibl U KOMEThl. B HacTosiiiee BpeMs y»e HaWJIeHbl MJIAHEThl y APYTUX
3B€3]] M OIpEACNIeHbl HEKOTOphble WX XapakTepucTuku. Hambomee xopormio
M3BECTHO CTPOCHHME HAIIEHd COJIHEYHOW CHUCTEMBbl. 3/1€Ch BBIJICICH Pl
00BEKTOB, KOTOpHIE TPU3HAHBI U1aHeTaMu. [11aHeThl B MOPsIKE ClIeI0OBAHUS OT
Conunua: Mepkypuii, Benepa, 3emns, Mapc, FOnutep, CarypH, Ypan, Hentyn
u [lnmyToH (ecTh pasHOMIacus O TOM, CUHTATh JIM €r0 IUIAHETOM) JBUKYTCS
BoKkpyr CoiHIIa MO AIIJIUICaM, B OJHOM M3 (DOKYCOB KOTOPOTO HAXOIUTCS
Comnnie. OpOuUTHI MIIAHET JeKaT B OJHOM TUIOCKOCTH. Jlajiee HaXOAUTCS TOsIC
Koiinepa u o6mako OopTa B KOTOPOM pacriojiaraio TCA Pa3jINdHbIe OOBEKTHI,
MpU3HABaeMbIe KaK aCTEPOUIbI (XOTS HEKOTOpbIe M3 HUX MoM00HBI [ImyToHYy).
EcTp Tak ke nosic acreponsioB mexay Mapcom u FOnutepom. Bokpyr mianer
MOTYT JIBUTAThCSI CBO U CITyTHUKHU (JIyHBI WM TuiaHeTouasl). [Ipumepsr: Jlyna y
3emnu, ®oboc u [eiimoc y Mapca, 'annumen, Kammcro, Mo, EBpona y
FOnutepa, Tutan u Duuenan y CarypHa (4 e1e OrpoMHOE MHOXKECTBO JIPYTHX,
oOpa3ytrouux konbpua CarypHa), Turanusi, O0epoH u apyrue y Ypana, Tpuron
y Henryna. HekoTopbie acTepouabl UMEIOT CBOM MMEHA, HEKOTOPBIE MPOCTO
0003HAYAIOTCSl KOAUPOBKOM. ACTEpOUIbI COCTABICHHBIE B OCHOBHOM M3 JIbJa
(3amep3ivMe Bojla W Tas3bl), Mpoxoxasmue Hemaneko oT CojHIa MOJy4uITu
Ha3BaHUSI KOMETHI (M3-3a TMOSBICHUS XBOCTA UCIHApSBIIUXCS ra3oB). KomeTs
4acTO XOPOIIO BHJHBI C TOBEPXHOCTU 3€MJIM M MO3TOMY MMEIOT CBOM MMEHa
(xomeTs! ['anmest, Juke, buabl).
du3nvecKue 0CHOBbI ACTPOHOMUYECKUX 00beKTOB. [ paBuTALIMOHHOE

B3anMojeiicTBHE

[lepBoe MaremaTumyeckoe omnucaHue TpaBuTanuu pgan HeioToH (Kiaccuueckas
teopusi). OcHOBBIBasiCh Ha paboTtax actpoHoMmoB (Kerep u apyrue) oH mpeayioKul
dbopmyiy, KOTOpasi CPaBHUTEIHHO TOYHO OIHKCHIBAJIA 3aKOHBI JIBMDKCHUSI HEOECHBIX
tell. B coorBeTcTBUU ¢ Hblomonosckou meopueu macomenus CUIIa B3aUMOACHCTBUSA
2-x Ten onpenensercs GopMyIoun :

F=y*M,*M, / R* tne y — nocrosHHas Taroteauss, M; u M, - macchl tein, R —
paccTosHMEe MEXIy TeinamMu. Tak Kak Tela JEUCTBYIOT ApPYr Ha Jpyra, TO OHHU
HAUMHAIOT JIBUKEHUE OTHOCUTEIBHO LIEHTPA MAacC 3TOM CUCTEMBI. DTO 3HAYMT, YTO HE
npocto 3emiia aBHkercss BOKpyr CoinHia, HO U CoJHIE JBUXKETCS BOKPYT LIEHTpA
Macc. Ho mockonbky 3emiss MHOro Menbliie CoJIHIIA, TO MX UEHTP MacCc BHYTpHU
Connua. Torma neiictBue 3emun Ha CosHile npuBoguT K mnpeneccun CoyiHIa —
MOCTOSTHHOMY JABMXeHHI0 CoJHIla MOX0XKEeMYy Ha BpallleHHe BOKpYr ocu. Jlpyrue
maHeTsl Toxke AeictByroT Ha CounHile, ocodeHHo IOmurtep, mo3TomMy LEHTP Macc
cuctembl Connue-tOnurep Haxomutcst BHe ConHIA. AHAJIOTMYHO CYLIECTBEHHO
B3aUMOJICHCTBHUE B cucTeMe 3emus-JIyHa ¢ mipeneccueil 3emim, KoTopasi yCKOpSIET €€
BpallleHUe W YMEHBIIAET JJIMHY CyTOK. Bimsier mpeneccus u Ha NpUiIUBBL. Takum
o0paszoM, JIJisi BBIYMCICHUS OPOUT IJIaHET HYXKHO YYUTHIBaTh B3aMMOJCHCTBHE BCEX
riadeT ¥ ColHila, 4To AesiaeT OpOUTHI OTIIMYHBIMU OT KPYroBbiX. C Ipyroil CTOPOHBI



3aKkoH HpIOTOHA TMO3BOJWII paccuuTarh OpPOUTY IUIAHET, MPU YCIOBHUH, YTO €€
LHEHTPOCTPEMUTENbHAS CUJIa PaBHA CHJIEC MPUTHKEHUS K COJIHILY U JPYTUM ILJIaHETaM.
DakTUUECKU ITO AAJI0 METOJ pacueTa Macc miaHeT COMHEYHON CUCTEMBbI. 3Hasi CHITY
MPUTSKEHUS Tejla Ha MOoBepxHOCTH K 3emiie F=m*g, g — yckopeHue cBOOOIHOTO
MaJICHUsI, MOXXHO BBIYMCIWTH TaK *e€ maccy 3emyd. Kpome TOro, oxaspIBaeTcs
YCKOpEHHE CBOOOTHOTO MajeHusl Ha 3emiie pa3HOe, B 3aBUCUMOCTU OT PACTOSHUS OT
IEeHTpa 3eMJid W OTJIWYAeTCs] OT YCKOPEHHS CBOOOJHOIO TMaJeHHUs Ha APYyrux
r1aHerax wiu Jlyue.

Heoocmamxu u npomueopeuuss Horomonosckoti meopuu mseomeHus.

1. HeroToH mpenrmonarai MeHogeHHOe pacipOCTPaHEHUE OIS TATOTEHUS B
COOTBETCTBUHM C MPUHIMIIOM HajibHoAencTBUs, a CTO yTBepkaana, B COOTBETCTBHHU C
MPUHITUTIOM OJIU3KOACHCTBUS, YTO NpedelibHAs CKOPOCHb PACNPOCMPAHEHUsl TH00bIX
83AUMOO0EUCMBUL eCb CKOPOCMb C8emd.

2. HproTOH paccMaTpuBall IpaBUTALIMIO U MHEPLIUIO KAK pasHble TI0 CBOEH NpUpojie
SIBIICHUS, XOTSI OTMEUAJICS CIMPAHHbLU (hakm paseHcmaa TPaBUTAITMOHHON U
MHEPLUOHHON Macc, a Takxke (PakT g=const, 4TO OOBSICHIIOCH MPOCTHIM CITyYailHbIM
COBIIAJICHUEM.

3. Ecnu paBHOMEpHOE MPSMOIMHENHOE IBUKEHUE OTHOCUTENIBHO, TO noYeM) He
Modcem Oblmb OMHOCUMENbHBIM 8csiKoe 0gudicenue? TloueMy nHepLHaTbHbIE
CHUCTEMBI OTCUETA BBIICJICHBI OTHOCUTEIBLHO BCEX APYTUX?

OUHINTENH pen KapauHaibHo rpobiemy B OOmeit Teopun OTHOCUTENBHOCTH, OH
CKa3all, UTO A6/1eHUsL UHEPYUU U ePABUMAYUY UMEIOM 0OHY NPUPOOY.

Ocnosnvie nocmynamor OTO.

1. TsaroTeHne OAMHAKOBO JACHCTBYET Ha Telia, COOOIasi UM OJJUHAKOBBIE YCKOPEHUS,
HE3aBHCUMO OT MacChl, XUMHUYECKOIO COCTaBa U APYrUX CBOMCTB Tel (g=const - 3T0
yCTaHOBJIEHO enle [anuneem).

2. IlpuHuun OSKBUBAJEHTHOCTH OUWHINTEHHA: (U3MUECKHEe TPOLECCH B IMOJE
TATOTEHUS] U B YCKOPEHHON CHUCTEME€ B OTCYTCTBUM TATOTCHHUS MPOTEKAIOT IO
OJIMHAKOBBIM 3aKOHaM. J[pyruMu cjaoBaMU MOXKHO CKa3aTh, YTO HET aOCOJIIOTHOIO
JBWKCHHUS, 4 €CTh OTHOCHUTEIILHOE JBMIKCHHE Tena U BceneHHOM, M cO31aBacMoe
MoJIe OT JTOro JABMIKEHUS MOXXHO paccMaTpuBaTh KaK HWHEPIUOHHOE (B OJHHX
CHUCTEMaxX OTCYETa) M KaK I'paBUTALIMOHHOE (B IPYTHX CUCTEMaxX OTcueTa). ITO U €CTh
INPUHIIMI 3KBUBAJIEHTHOCTU TskecTH W uHepuuu. Ilpuponma stux cun enuna. He
BJaBasiCh B CIOXKHYIO MaTeMarWKy, OTMETHM, YTO BbINIOJIHEHHE mnoctyiaaroB OTO
NPUBOJUT K NOHUMAHUIO CUT 2pABUmMayuu (UHepyuu) Kaxk UCKpUBiLeHus 4-x MepHo2o
NPOCMPAHCMBA-8PEMEHU.

Coznanue OTO cTano BO3MOXHBIM JIHMIIb TOCIE Pa3paOOTKH HEEBKIMIOBBIX
reomerpuii H. Jlo6aueBckum, b. Pumanom u np. B OTO ucnonp3zoBano PumanoBo
YETHIPEXMEPHOE  MPOCTPAHCTBO  TOJOXKHUTEIBHOM  KPUBHU3HBI. Kpusuzna
MPOCTPAHCTBA-BPEMEHU CO3JAETCSI HICTOYHUKAMU TpaBUTAMOHHOTO 1osist. [Ipu sTom
TATOTEHUE OMPEEAETCS HE TOJIBKO MacCcoM 00bEKTa, HO U BCEMH BUJAMU SHEPIUH,
MPUCYTCTBYIOIIMMHU B cucTeMe. Jpyrumu clioBamMH, TATOTEHHUE 3aBUCUT HE TOJBKO OT
pacripeieieHus: MacC B IPOCTPAHCTBE, HO U OT UX JBUKEHUS, OT HAJIMYHUS PA3IMUHbBIX
bu3nyeckux TOJIEM B MOPOCTPAHCTBE. ITO — pacCHpOCTpaHEHUE MPHUHIUIIA
SKBUBaJEHTHOCTH Macchl W sHepruu u3 CTO B OTO. Pacmpocrpanenue mnoss



TATOTEHUS  (MCKPUBJICHHE  MPOCTPAHCTBA-BPEMEHH)  MPOMCXOAUT  MOJOOHO
pacupoCTPaHEHUIO BOJHBI CO CKOPOCTBIO cBeTa. Marepusi B JBHKEHUU CO3/aeT
VCKPUBJIEHUE IPOCTPAHCTBA-BPEMEHH, KOTOPOE, B CBOKO OYEpPEIb, BIUSAET Ha
JBWKEHUE MaTepuu. DTO OINpPEAeNseT HENUHEHHbI 3P(EKT B3aMMOCBSI3H MaTEPUH,
IIPOCTPAHCTBA U BpeMeHU. TakuM 00pa3oM, IPOCTPAHCTBO BCEJIEHHON MCKPUBIIEHO U
UMEET pacCIpelesieHHOE TI'paBUTALMOHHOE IIOJIe, OMNpeNesieMOoe paclpeneleHueM
MaTepUU U SHEPrUM (B TOM YMCIE U JBUKEHUS) B 3TOM ke mpocTtpanctse. C apyroi
CTOPOHBI, TPABUTAIUS TPUBOJUT K (POPMUPOBAHUIO U CHKATUIO OTIEIBHBIX CI'YCTKOB
MaTepud B BHUIE 3Be3l, IUIAHET W Jpyrux o0O0bekToB. Pasnuna ¢akruuecku
ONpeNENACTCS pa3MEPOM CTyCTKa. bobIlIMe Macchl COKMMAKOTCS TaK, YTO HAUUMHAKOTCS
TEPMOSIIEPHBIEC PEAKIINA BHYTPH — 3a3KUTAIOTCS 3BE3/IbI.

Bo BpeMs XKM3HM OTHEHHOTO CBETHJIa MPOMCXOAUT HempuMupumas O60pbbda
MEXIy pa3HOHAIpaBICHHBIMU cujaMu. K LIEHTpy 3BE€3MHON Macchl CKMMAET 3BE3/Y
W30 BCEX CHUJI TpaBUTAlMs, CTapascChb NPEBPATUTh OTHEHHBIA OrPOMHBIN IIAp B
(GyTOONBHBIN MAYUK. TepMosiAepHbIE peaKUny, KUISIIKAE B TOJIIE 3BE3JHBIX Macc U
Ha IOBEPXHOCTH, CTApAIOTCS pa30pBaTh CBETUJIO Ha MEJIKUE KYCOUKH.

B nporecce «BpIropaHus» TEPMOSACPHOIO TOILIMBA CHKATHUE MPOJOIKAETCS U
IIPOUCXOANUT B3PBIB «HOBBIX» WM «CBEPXHOBBIX» 3Be3/. Pa3zHula 3TUX B3pBHIBOB B
TOM, 4YTO «HOBas» 3Be37a ATO TOJBKO B3pPHIB HAa MOBEPXHOCTH W HEOOPATUMOIO
CoKaTus He TPOUCXOIUT, €CIIM 3B€3/1a He OYeHb Benuka. [locie B3phiBa «CBEPXHOBOM»
3BE3/1a MPEBPAIIAETCS B HEUTPOHHYIO 3BE3/ly WM YEPHYIO ABIPY, B 3aBUCHUMOCTH OT
€ee IepBOHAaYaJIbHOW Maccel. HelTpoHHass 3Be3a — BapHaHT CKaTHsl, KOraa
IJIOTHOCTh MPUMEPHO COOTBETCTBYET (WJIM 4YyTh OOJbINE) MJIOTHOCTH SiApa aroma.
[ToaToMy B 3TOM 3Be3l€ sApa «IUIOTHO» YIAKOBaHbI M COAEPKAT TOJIBKO
EKTPUYECKU HEUTpaJbHbIE HEUTPOHBL. Ha MOBEPXHOCTH HEWTPOHHBIX 3BE3]
BO3HUKAET MOIIHOE€ MarHUTHOE T0JI€ U 3Be3/la ObICTPO BpamaeTcs. Takum o0pas3om,
HEHUTPOHHBIE 3BE3/bl YACTO CTAHOBSITCS MYJIbCApAMH — HWCTOYHUKAMH MOIIHOTO
PEHTI€HOBCKOTO WJIH PaJNO Y3KOHANPABIEHHOTO U3TyYEHUS.

Ecnu macca siipa cBepXHOBOW MPEBBIIIAET ONPEIEICHHBIN MPEen, TO CKaTue
NPUBOJIUT K MOSIBICHUIO YEPHOU NbIpbl. UepHas blpa UMEET TaKol pa3mep, uTo ee
paanyc oka3bIBaeTcs MeHblle paauyca chepsl LlBapummunsaa. 3to chepa, BHyTpU
KOTOpOM Jaxke (POTOHBI HE MOTYT IMPEOJIOJIETh CUJTy TpaBUTalUU. TakuM 00pa3oM,
yepHas Jplpa OyJeT COBEpPIICHHO TEMHON M TOJIbKO BOKPYT Hee OyleT CBETsIIeecs
KOJIbIIO, OOpa30BaHHOE H3IyYalolled Topsiueld MaTepueil, KoTopas YCKOpseTcs B
HallpaBJICHUU YEpHOW JAbIpbl. YepHas [Jblpa TpPU OTOM SABISIETCS MOIIHBIM
«TIBUIECOCOM» OKPYXKAIOIEed MaTepud W OAHOBPEMEHHO CHJIBHBIM HCTOYHHKOM
u3nyuyeHus. EcTb (akThl MOMIOMIEHUST YEPHBIMH AbIPAMH JaXK€ OTICJIbHBIX 3BE3[.
Haubonee MomHo u3nmyyaromiye 4epHble JbIphl MOMYYUIN Ha3BaHUE KBa3aphl (CaMblit
MOIIHBIA HCTOYHUK M3JTy4eHHs BcesleHHOH). CyllecTByeT TeOpHsl, UYTO YEPHBIE JIbIPbI
SBJIAIOTCS LIEHTPAMH 00pa30BaHUs TAJIAKTHK.

CHHTYASIPHOCTh IPOCTPAHCTBA-BPEMEHU: IIPU CKOPOCTSX, MPUOIMKAIOIINXCS
K CKOPOCTHU CBETa, M MPU CHJIBHOM T'PABUTALIMOHHOM I0JI€ MPOCTPAHCTBO-BPEMSI KaK
Obl cxxumaercss B Touky. DopmanbHo, ¢ Touku 3peHuss OTO, sto mecra, rae
oOpBIBaeTCs CyLIECTBOBAHME YACTHI] U MOJIeH B OOBIYHON U3BECTHOM HaM (opme.
Ixcnepumenmanvras nposepka OTO 6 kocmozoHuu.



1. VYmanmoce paccuutarb TOYHEe OpOMTY Mepkypusi, 4em 3TO ObUIO paHee II0
ypaBHeHUsIM HptoToHa. Mepkypuit — HanOonee Onuskas k ConHIly TutaHeTa u B 25
HauOoNbIIEH CTEMeHW UCHbIThIBaeT Bo3AeciicTBHe CoONHIA U HMCKPUBIECHHOTO
MPOCTPAaHCTBA BOKPYT Hero. Ero opOuTta — 3/IIMIC, U OH MEIJIEHHO IMOBOPAYMBAETCS.
Takoe aHoManpHOE noBeaeHue MepKypust 3akoHbl HbIOTOHA OINUCHIBAIM HE TOYHO, U
nuib pacuetsl 1o OTO ganu TOUYHBIN pe3yJIbTar.
2. IIpoBepka UCKPUBJIEHUS Jydya CBETA MPU MPOXOKICHUU BOIM3U MACCUBHBIX TEIl.
OKCNEpUMEHTANIBHO MPOBEPEHO C TOYHOCTHIO ~ 6% BO BpeMsi MOJHBIX 3aTMEHUUN
Comnnna. IlepBbie n3mepeHus ObutM MpoBeeHbl B 1919 rogy aHMIMICKUM Y4YeHBIM
OAIMHTTOHOM BO BpeMs dkcrienuiuu B Adpuke. Ha caMom jene nckpuBiieHHE BUIHO
B HallleM TPEXMEPHOM MPOCTPAHCTBE. B UeThIpEXMEPHOM MPOCTPAHCTBE-BPEMEHHU
Jy4 HUJAET MO IPSAMOM IeOAE3UYECKOW JIMHHMM, KOTOpas SBISIETCS KpaTdaulueud s
JTAHHOTO HEEBKJIMI0BA ITPOCTPAHCTBA.
3. B 1929 rony amepukanckuii actpoHoMm D. Xab01 oOHAPY U CMEIICHUE CIIEKTPOB
U3IIy4eHHs] 3B€3l B CTOPOHY KpacHOro IBeTa («KpacHOE€ CMEIIEHUE»), YTO
MOJATBEPKAAET MOJIEIb pacIIUpsoLIeiicss BceneHHoM, Tak Kak 3TO CBUAETEIBbCTBYET O
yaaneHu oObeKkToB. Ilpu ynanmeHMuM WCTOYHHMKA CBETa OT HaOmoAarens OH
BOCIIPUHUMAET €ro 0osiee KpacHbIM, IPU MPUOIIMKEHUHU — OoJiee (DUOIETOBBIM.
JIOTIOTHUTEIBHO:
[1] c.27-45, 69-73
[2] c.113-138, 182-204
[3] c.37-54
[4] ¢.115-120, 206-240

PDu3uKa 3eMJIM U reoJIorus
Oco0OeHHOCTH TIaHEeT Kak OOBEKTOB MEraMupa MOXHO TIOHSTh B paMKax OOIIero
KOCMOTOHHYECKOTO MPOIECcCa, B CHUJIY KOTOPOrO BOJM3M OMPEIEICHHBIX 3BE3[
BO3HHUKAET CHCTEMA IJIAHET — BPAlalOLIMXCAd BOKPYT HUX TEMHBIX HEOECHBIX Tell. B
pamKax uccienoBaHus (PU3UKH 3e€MJIIM MOYKHO BBIIEIUTH (PU3HUECKUE IMPOLIECCHl B
marautocepe, armocdepe, ruapochepe, autochepe u Ouochepe 3emuin.
Maruautocdepa 3emiun oOpa3oBaHa COOCTBEHHBIM MArHUTHBIM TIOJIEM ILJIAHETHI,
UMEIOIIUM 2 TIONIOCA MPUOIU3UTENBHO y Teorpauueckux MOJI0COB M TOKAMH B
armocepe (oOpasyronumMu B uoHOC(epe — dacTu armocdepsl, coaeprKaiien
MOHU3MpOBaHHbIN ra3). [lomoca meanenHo cmemarores (peueccus). Maraurocdepa
3eMild 3allMIAeT OT KOCMHYECKOro U 0co0eHHO COJIHEUHOTO HM3Iy4YeHHs, KOTOpOe
MOIIIO OBl MOTYyOUTh KU3Hb Ha IUIaHeTe (ceBepHoe cusiHue). VcTouHMKOM
MarHuTocqepsl 3eMIIM CUNTACTCS JBUKEHUE JKUJIKUX METANIMYECKUX CIOEB BHYTPHU
TUTAHETHl TIPU €€ BpallleHuu. Bparnenne 3eMiiu — OIWH W3 BOXKHEUIINX (PaKTOPOB
dbopMHUpOBaHUS MArHUTHOTO TIOJISI, K €70 MEXaHU3M CXOXK C MpoiieccaMmu B atmocdepe
3emMiu, MPUBOSIIMM K 3aBUXPEHUIO BO3IYIIHBIX MAacC MPOTHUB YAaCOBOW CTPEJIKU B
CEBEPHOM MOJYLIAPUUM U B OOPATHOM HANPABICHUH B IOKHOM — LUKIOHAM U
aHTunukiIoHaM. Atmocdepa 3emiau — razoBas 000J0YKa, KOTOPYIO JEIST Ha
Tponocdepy (Ommxe k moBepxHocTu), Ctparocdepy, Mesochepy, Tepmocdepy,
Ox3ocdepy. [Ipu ynaneHun OT MOBEPXHOCTH JaBiIeHUE OBICTPO MAJaeT, MOSTOMY B
10-12 km Tponocdepsl conepxutcs 10 80% BO3IyXa MU OHA IMOYTH MOJHOCTBHIO
oTpezelisieT Moroay, Kiaiumar u Bo3ayiHble notoku. B Crparocdepe (20% Bozmyxa



no 50 kM) pacmonaraercsi O30HOBBIA CJIOM (3amIUTHBIN). O30H — COCTOMT U3
KHcJaopoaa, oOpa3yercs NOJ JEHCTBHEM BHEIIHETO KOCMHYECKOTO H3IIy4eHUS.
Jpyrue yactu arMoc(epsl OUYTH HE COAEPKAT BO3IyXa U HE UrpaeT OONBLION POJIH.
Jlunus Kapmana (100 kM) cuurtaercsi rpanuueid kocmoca. Jlutochepa 3emuu
COJICPKUT TBEPAYI0 00070uKy (kopa oT 30 mo 80 kM) u 0OpazyeT IUIUThI, KOTOPbIC
IJIaBalOT B JKUJIKOM MaHTHHM. CTOJIKHOBEHMS IUIUT OOBSICHSIOT 3€MJIETPSICEHUS,
TPEHIMHBI TUIMT 00pa3yloT pas3ioMbl B KOTOPBIX JEWCTBYIOT BYJKaHbl. B 1emom
MaHTUsl 3eMJIM TOKa IUI0X0 Hu3ydeHa. ['mapocdepa 3emnm oOpa3zoBaHa MOpPSIMU,
OKeaHaMu, 03epamMu U pekamu. M3ydenuem ruspocdepsl 3aHuMaercs Guznka Mops U
ruapoauHaMuka. [yorna okeanoB (10 11 kM) ornpenensieT CIOXKHOCTb UX U3YYEHUS
U3-3a BBICOKOTO JNaBieHus. Pasmemienue jautocdepsl U rugpochepbl ONpeneisior
reorpaduto 3emnn. ['eorpaduyueckre 0cOOEHHOCTH, TeUEHUsI B ruApocdepe, Topsl U
peku TpeOyloT HCHOJIb30BAHUS CHEIHAIBHOTO pasnena U3k — (HU3NIEeCKon
reorpadpun. Kpome Toro, HE0OXOAMMOCTHh JOOBIYM TIOJIC3HBIX HCKOIIAEMBIX,
CTPOUTENBCTBA, PA3BUTHUS TPAHCIIOPTA OMpPEIENIIeT IpUMEHEeHUE (PU3UKU B TE€OJIOTHH
(HayKe O CTPOEHUH U CTPYKTYpE JIUTOChEPHI).

l'eorpaguueckass o0Gonouka 3emam — manamadrTHas obOojgouka — cdepa
B3aMMOINPOHUKHOBEHHS U B3aMMOJAECHCTBUS TUTOC]EpbI, atMochepsl, Tuapochepsl 1
ouocdepsl. BepTukanbHas TONIMHA COCTABISAET IECATKU KIJIOMETPOB. LlenocTHOCTh
reorpaduueckoil OOOJIOUKH ONpENEseTCs HENpPEephIBHBIM OOMEHOM JSHEprueil u
Maccod Mexay cymed u armochepod, MHUpPOBBIM OKEaHOM U OpPraHU3MaMH.
[Ipuponnsie mporecchl B 000JIOUKE OCYIIECTBISIOTCS 3a CUET JYYHUCTOW SHEPruu
ConHila u BHYTpeHHeW sHeprum 3emiu. B mpenenax reorpaduueckoit 000JI0YKH
BO3HUKJIO U Pa3BUBAETCS YEJIOBEYECTBO, KOTOPOE YepHaeT U3 000JI0UKH pecypChl s
CBOET0 CYLIECTBOBAHUS U Pa3BUTHSI.

l'eorpadguyeckasi cpena — 3eMHOE OKPY)KEHHE YEJIOBEUYECKOTO OOIecTBa, 4acTb
reorpadudyeckoil 000JIOUKH, BKIIOUEHHOW B Cepy 4YeTOBEUECKOU MEATEIBHOCTH U
COCTaBJISIIOLIEH HEOOXOAMMOE YCJIOBHE CYIIECTBOBAHHUS UYEJIOBEUECKOrO OOIIECTBA.
['eorpaduueckas cpena oka3bIBa€T 3HAYUTEIBHOE BIUSHUE HA PA3BUTHE OOIIECTBA.
l'eorpadmueckuii aeTepMHHHU3M — KOHLENIMS, MNpUAaromas Treorpapuueckum
dakTopaM pemapilyr pojb. OHU ONPENesIOT HaIpaBlI€HUE XO3SMCTBEHHOMU
NESATENBHOCTH JIIOICH, TCUXMYECKUU CKJIaJ, TEMIIEpaMEHT, XapakTep, OOblYau,
ACTETUYECKUE B3MIAbI, (DOPMBI TOCYAAPCTBEHHOTO MPABICHUS U JTUYHYIO KU3Hb, a
TaK)K€ THUIIBI 3THOCOB, MOTYIIMX CYIIIECTBOBAaTh B JAaHHOM KJIMMAare Ha JaHHOU
TEPPUTOPHHU.

I'eosrorusi — KOMIUIEKC HAyK O COCTABE, CTPOEHUN U UCTOPUM PA3BUTHUS 36MHOU KOPBI
u 3emuid. CucTeMa reoJJOrnYecKiX HayK BKIIFOYAET CIEAYIOIIHNE pa3Iebl:
cmpamuzpaghuio — HayKy, U3y4arollyro MociIe0BaTeIbHOCTh (HOPMUPOBAHUS
TOPHBIX MOPOJT U UX NEPBUYHBIE TPOCTPAHCTBEHHBIE B3AMMOOTHOIICHUS;

MEeKMOHUKY — HayKy, H3Yy4alollyl0 pa3BUTUE CTPYKTYpbl 3€MHOM KOpbl U €€
W3MEHEHUS TO0J] BIMSHUEM TEKTOHMUECKUX JIBXKCHUH U JedopMaiinii, CBI3aHHBIX C
pa3BUTHEM 3€MIIU, B 2€00UHAMUKY, U3YHAIOLLYIO CUJIbI U MPOLECCHI B KOPE, MAHTUHU U
aape 3emud, OOYyCIOBIMBAIOLIME [IyOMHHBbIE M TOBEPXHOCTHBIE PETYISpHBIE,
UMITYJIbCHBIE M Xa0TUYECKHUE JIBMYKEHHSI MacC BO BPEMEHHU U MTPOCTPAHCTBE;

MOPCKYI0 2eonocuto — HayKy, KOTopas Uu3y4aeT BOAYy Kak KUJAKAW MUHEpa,



colepKalluii  MHOXKECTBO  PACTBOPEHHBIX  DIIEMEHTOB, 3aJIEKU  JKEJIE3UCTO-
MapraHIeBbIX KOHKPEIMA Ha JHE OKEaHOB, MECTOPOXKICHHWS HedTH M Ta3a Ha
menbQax OKeaHoB;
PECUOHANIbHYIO 2e0102Uul0 — HayKy, KOTOpas H3y4yaeT CTPOCHHE 3E€MHOM KOpbl U
MECTOPOK/ICHHSI TIOJIE3HBIX UCKOMAEMBIX PA3JIMUHBIX PETUOHOB;
MUHepanoeuro — HayKy O MHUHEpalax, MX COCTaBe, CBOWCTBaX, OCOOEHHOCTAX U
3aKOHOMEPHOCTAX (PU3MUECKOTO CTPOCHMS, YCIOBHUSAX OOpa3oBaHUs, HAXOXKICHUS U
W3MEHEHUS B IPUPOJIE;
nempoepaguio (nemponozuro) — HayKy O TOPHBIX TOpOJaxX, UX MHUHEPAJbLHOM H
XUMHUYECKOM  COCTaBe, CTPYKType H  TEKCType, YCIOBHUSAX  3ajeraHus,
3aKOHOMEPHOCTSIX PACIpPOCTPAHECHHUSI, TPOUCXOKICHUN U U3MEHEHUHU B 3€MHOU KOpE,
Ha [TOBEPXHOCTU 3eMJIU;
aumoepaguio — HayKy 00 O0CaJOoYHBIX TOpPOJIaXx M COBPEMEHHBIX OCaJKax, HX
BEIIIECTBEHHOM COCTaBe, CTPOCHUH, 3aKOHOMEPHOCTSIX WM YCJIOBHSX OOpa3oBaHUS U
W3MCHCHHH,
2e0XUMUIo — HayKy, U3y4arollyt0 XUMHUYECKUI COCTaB 3eMJIH, paCIpOCTPAHEHHOCTD B
HE XUMHUYECKUX DOJEMEHTOB U MX CTaOWIbHBIX M30TONOB, 3aKOHOMEPHOCTH
pacripeieieHusT XUMHYECKUX DJIEMEHTOB B Pa3IMYHBIX Treoc(epHbIX 000JI0UKaX,
3aKOHBl TIOBEJACHUS, COYETAHUSI W MUTpAMU (KOHIEHTpPAllMM W PACCESHUS)
AJIEMEHTOB B MPUPOJIHBIX MPOIIECCaX;
YueHue 0 NONe3HbIX UCKONaeMblX — HayKy O MHHEpPaJbHBIX O0Opa30BaHUAX 3€MHOMU
KOpbI, XMMHUYECKOM COCTaBe M (DU3MYECKUX CBOMCTBAX, HCIONB3YyeMbIX B cdepe
MaTepUaIbHOTO TTPOU3BO/ICTB;
2€0XPOHON02Usl — YICHUE O XPOHOJIOTHYECKON MOCIEA0BATEIbHOCTH (POPMUPOBAHMS
Y BO3pPACTE FTOPHBIX MOPOJ, CIATAOIINX 3€EMHYIO KOPY.
J1OMOJTHUTEITBHO:
[2] c.198-204
[4] ¢.282-309
[5] ¢.34-77,99-131
Mexannka U MeXaHUCTHYECKAS] TEOPUSA MHPaA

Mexanuka — pasnen (pu3uky, HayKa, U3ydaromias ABMKCHUE MaTepUATbHBIX TEll U
B3aUMOJICHCTBHE MEXAY HUMU. [[pUHATO NEIUTh MEXaHHUKY Ha CJICIYIOIINE Pa3/Ieiibl:

® TEOPETUYECKYIO0 MEXaHUKY (CTaTMKa, KHHEMATHUKa, TMHAMUKA)

® MEXaHUKY CIUIONIHBIX CPe/T

® TEOPHUIO YIIPYTOCTH U COMPOTUBIICHUSI MAaTEPUATIOB

® TEOPHUI0 MEXAaHU3MOB U MAIIIUH
D10 pazdenbl KiIaccM4eckol mexaHuku. [loMUMO Hee eCTh pEeNSITUBUCTCKAs U
KBaHTOBass MexaHuka. Kilaccudeckass MeXaHUKa TMOCIYXujda OCHOBaHUEM IS
dbopMUpOBaHUSI MEXaHUCTUYECKON Teopuu Mupa. B pamkax Kiiaccuyeckoil MEXaHUKHU
ObUTM  CHOPMYIHMPOBAHBI TIEPBbIE 3aKOHBI COXPAHEHUST — OJHEPrUU, HMIIYIbCA,
MOMEHTa UMITYJIbCa.
Krnaccuueckast Mexanuka mojpasaessieTcs Ha:

® CTAaTUKY (KOTOpasi pacCMarpuBacT paBHOBECHUE TEN);

® KHHEMAaTHuKy (KOTOpasi u3yyaeT TeOMETPUUECKOE CBOMCTBO JBMXECHHUS 0€3



pPacCMOTPEHHUSI €r0 IPUYHH);
® JMHAMUKY (KOTOpasi pacCMaTpUBAET JBHKEHHUE TEJ C YUYETOM BBI3bIBAIOIINX €T0
IPUYHH).

OCHOBHBIM MPHUHIIMIIOM, HAa KOTOPOM 0a3upyeTcsl KilacCu4yecKasi MeXaHHKa, SIBJISeTCs
OPUHLMII ~ OTHOCUTENBHOCTH, chopMyaupoBaHHbIH [ammineem Ha  OCHOBE
IMIOMpUYECKUX HaOmopaeHuid. CoracHO 3TOMY MPHUHIMITY CYHIECTBYET OC€CKOHEUHO
MHOTO CHCTEM OTCY€Ta, B KOTOPHIX CBOOOJHOE TEJIO TMOKOUTCS WU JABHXKETCSA C
NOCTOSSHHOM 10 MOIYJI0 W HANpaBICHUIO CKOPOCTBbIO. OJTHU CHUCTEMBI OTCUETA
Ha3bIBAIOTCSI MHEPLUHUAIBHBIMYA U JIBHXKYTCSI APYT OTHOCUTEIBHO IPyra paBHOMEPHO U
PSAMOJIMHENHO. BO BCeX MHEPLMANIBHBIX CHCTEMAaxX OTCYETA CBOMCTBA IPOCTPAHCTBA
Y BPEMEHH OJIMHAKOBBI, U BCE IMPOLECCH B MEXAHUYECKUX CUCTEMAX MOTYUHSIIOTCS
OJIMHAKOBBIM 3aKOHAM.

3akonbl HbloTOHA. /IBUKEHME TeJT
OCHOBOM KJIACCHYECKON MEXAHMKH SBISAIOTCS TpU 3aKkoHa HeroToHAa.
IIepBblil 3aKOH yCTaHABIMBACT HAJIMYUE CBOMCTBA HHEPTHOCTH Y MarepUajIbHBIX TeEIl
U NOCTYJIUPYET HAJIMYME TaKUX CHUCTEM OTCU€Ta, B KOTOPBIX JIBHUKEHHE CBOOOIHOIO
Tena MPOUCXOAUT C MOCTOSHHOM CKOPOCTBIO (TAKME CHCTEMBI OTCYETA HA3BIBAKOTCS
MHEPUUATIbHBIMHU).
Bropotii 3akon HeioToOHA HAa OCHOBE SMIUPUYECKUX (HAaKTOB MOCTYIHPYET CBSI3b
MEXIy BETMYMHON CHUJIbI, yCKOPEHUEM TeJa U €r0 HHEPTHOCTBIO (XapaKTepu3yeMou
Maccoil). B maremarnueckoil popmyaupoBke BTOpoii 3akoH HbroTOHA yaliie Bcero
3aMMCBHIBAETCA B CIEIYIOIIEM BUJE:

F=ma, F— BEeKTOp CUJIbl, m — MacCa, @& — BEKTOP yCKOpeHUs. a = dv/dt v
— BEKTOp CKOPOCTH.

Tpertnii 3akoH HproTOHA MOCTYIMpYET HaM4YMeE I KaKJIOM CHIIBI, IEUCTBYIOLIEH HA
IIEPBOE TEJIO CO CTOPOHBI BTOPOTO, PABHOM II0 BEJIWYMHE U IIPOTHUBOIOJIOKHOM II0
HAIPaBIICHUIO CUJIbI, ICUCTBYIOIIEW HA BTOPOE TEJIO CO CTOPOHBI nepBoro. Hamuuune
TpeThero 3akoHa HeloToHa oOecrieunBaeT BHINMOIHEHHE 3aKOHA COXPAHEHUS UMITYJIbCA
(mpou3BelleHUs Macchl Ha CKOPOCTh Teia) JUisi CUCTeMbl Tel. Eciu MOxHO
npeHeOpeub TpeHueM, TO 3akoHbl HbIOTOHA Tak ke MO3BOJAIOT CPOPMYIUPOBATH
3aKOH COXPAHEHUs MEXaHUYECKOM DHEPIUM, II€ KMHETUYECKAsl DHEPIUsl JABUKCHUS
TeJIa IPOIOPIMOHAIbHA KBaapary ckopoctu (E=mv’/2).

Hcnonw3ys 3akoHbl HpIOTOHA MOXHO COCTaBUTH cucTeMy U depeHIIHaTIbHbIX
YPaBHEHMM JBWKEHMs Tena. PemmB 3Ty CuUCTeMy MOXXHO HAaMTH TPACKTOPHIO
JIBWKECHUS Tena. Bece 0CnokHIeTCs Mpy B3aUMOACHCTBUM HECKOJIBKUAX TEN, HAJIMYHUU
BHEIIHUX CWJ (TPEHHUE W T. J1.), T€N, KOTOPbIE HENb3s CYUTATh TOYEUHBIMU. OcOOBIN
BAPUAHT ONMCAHMS MMEET CIy4Yall BpaIAaTEIbHOTO JBWXKEHHUS TEIN. 31€Ch JaXe INpHU
IIOCTOSIHHOM CKOPOCTH BpAILlEHHUs JEUCTBYET LEHTPOCTPEMUTENbHAS CUla H
COOTBETCTBYIOIIEE YCKOPEHHE.

JIOTIOTHUTEIBHO:

[2] c.135-145

[3] c.54-65

[4] ¢.38-54



JJIEKTPOMATHUTHAS TEOPHUS MOJIsI

DJIeKTPOMATHUTHOe TOJe —  (U3MYECKOE TI0JIe, B3aWMOJCHUCTBYIOIIEE C
AIIEKTPUYECKU  3apsDKEHHBIMU — TeJlaMHM, a TakXke ¢ TeJlaMHd, HMEIOUUMHU
ANMEKTPUYECKUE TOKM WM MarHUTHbIE CBOWMCTBA. MAarHuTHbIE CBOMCTBA Tell
OMPEICTSAIOTCS HAJTUYMEM BHYTPEHHHX TOKOB WJIM JBUXKCHHUM 3apsKEHHBIX YACTHII.
DJIEKTPOMArHUTHOE TMoJie (U €ro HM3MEHEHHE CO BpPEMEHEM) OIKCHIBACTCA B
AIIEKTPOJIMHAMUKE B  KJIACCMUYECKOM MPUONMKEHUH  TOCPEICTBOM  CHUCTEMBI
nuddepennuanbHbpIX ypaBHeHut MakcBena. JleficTBre 3J1eKTpOMarHuTHOTO MOJIsS Ha
3apsHKEHHBIE Tela OMUCHIBAECTCS B KJIACCUYECKOM MPUOJIMKEHUU TTOCPEICTBOM CHIIbI
Jlopenma. Bo3MyuieHue AIEKTPOMAarHUTHOTO MOJSA, PacHpOCTPaHSIOIICECS B
MPOCTPAHCTBE, HA3BIBAECTCS AJIEKTPOMArHUTHOW BOIHOM. JIroOasi »neKkTpoMarHuTHas
BOJIHA PACHpPOCTPAHSAETCS B IYCTOM IMPOCTPAHCTBE (BaKyyMe€) C OJMHAKOBOM
CKOPOCTbIO — CKOPOCTBIO CBETA (CBET TAKXKE SABIISIETCS AJIIEKTPOMATHUTHOM BOIHOM).
B 3aBUCHMOCTH OT JJIMHBI BOJIHBI AJIEKTPOMArHUTHOE M3JIyYEHUE TOJIpa3IesieTcs Ha
paauousiydeHue, cBeT (B TOM umclie WH(PpaKpacHbIW W yIbTpaduoser),
PEHTIEHOBCKOE M3JIyYEHUE U TaMMa-u3ilydyeHue. Bua nznmydeHust 3aBUCUT OT YaCTOThI
AIICKTPOMATHUTHBIX KOJIEOAHWW WM JJIMHBL BOJIHBI M O0pasyloT  CHEKTp
AIICKTPOMATHUTHOTO W3JIy4eHHUs. PaguoBONHBI UMEIOT CaMyl [JIMHHYIO JUIHHY
BOJIHBI U HU3KHE 4acTOTHI ((popmyna A=c*T, rme A — AJIMHA BOJIHBI, C — CKOPOCTh
cBera, T — Tmepuoa dAIEKTPOMArHUTHBIX KOJIeOaHWM, 4acTOoTa AJIEKTPOMArHUTHBIX
kosiebanuii f=1/T). Tak kak CKOpPOCTh CBETa MOCTOSIHHA, TO IO JIJTMHAM BOJIH/4acTOTe
5/M BOJIHBI MOXKHO PAaCIOJIOKUTh B TOPAJIKE YOBIBAHMSI JJIMHBI BOJIHBI: PaJMOBOJIHbI
(KUJIOMETpPOBBIE, METPOBBIC, JCIUMETPOBBICE WM  JIJIMHHBIE, KOPOTKHE U
yasTpakopotkue), CBY (caHTHUMETpOBbIE M MUJUIMMETPOBBIE), HHPPAKpaCHbIC HIIU
terutosele (100-10 mukpomerpos 10° MeTpa)), TpagMIMOHHBIHA CBET (OT KPaCHOTO 0
cunero mo paxayre, 10-0,1 mukpomerpa), ynsrpaduoner (Hanomerpsl 10° merpa),
PEHreHOBCKME, IaMMa-H3JIydeHUe. 3Has CKOPOCTh CBeTa B Bakyyme c=3*10° m/c
MOXXHO HAWTH AMaNa30Hbl YaCTOT U3JTYUEHUS.

BosiHOBasi 1 KOPIMYCKAJISIPHASI TEOPUHU
[IpoGnemMa CTOTKHOBEHHsI BOJHOBOW M KOPITYCKAJISIPHOW TEOPWH BO3HUKIA TIPU
W3YyYCHUM CBETAa U ONTUKU (HAYKW O PaCIPOCTPAHCHUH CBETA M €r0 B3aMMOACHCTBUHN
C TenaMmu). SIBIEHUS TPENOMIICHHS, OTPAXEHUs, PACCESHUS, MPOXOKICHUS CBETa
yepe3 cpelbl ObUTM U3BECTHBI C JAPEBHUX BpeMeH. MHTepecoBasl y4eHbBIX JIPEBHEIrO
MUpa ¥ mpobiema IBeTa TeJ, KUAKOCTeH, ra3oB, Heba. OCOOCHHO MHTEPECHBI ObLIN
pabotel Apxumena c¢ 3epkaigamu. C TOsABIEHHWEM JIMH3, ONTUYECKUX MPUOOpPOB
(mom3opHast TpyOa, MHKPOCKOI, TEIECKON) W3yYeHHE ONTUKH CTajo OYEeHb
akTyanbHbIM. B 17 Beke O0bIoi BkiIaa B ONTHKY BHEC HbIOTOH, KOTOPBI 00001IHI
W3BECTHBIC TOT/A PA0OTHI U BBIABUHYJ CTPOHHYIO TEOPUIO TEOMETPUUECKON ONTHKH.
B srtoir Teopum HpIOTOH paccmarpuBan CBET Kak IOTOK YacTHILl — KOPITYCKY,
MPUYEM €T0 3HAMEHHTHINA OIBIT C MPU3MOH (pacieryieHue 0eoro cBeTa Ha CIEKTP
I[BETOB) ITO3BOJIMJIO €My IIPEANONIOKHUTh HAJWYMEe KOPIYCKYJI pPa3HOTO THIIA IS
pasHbIX 1BeTOB. B Teopumm HpIOTOHa OOBACHSUINCH SIBICHUS OTPAKCHUS,
MIPEJIOMJICHHSI, PACCEHBAHMS CBETA W IIpoOiieMa Hamnyus 11BeToB. OTHAKO OCTaBaIUCh
HEMOHATHBIMU SIBJICHUSI UHTepdepeHun U nudpakiuu. CoriacHO KOpITyCKYJISpHOM



TEOPUH MEXKIY MyYKaMU M3TYyUYEHHBIX YaCTHI], KAKOBBIMU SIBJISIETCS CBET, BO3HUKAIIN
Obl CTOJKHOBEHHUS WM, IO KpaliHeH Mepe, Kakue-TuOO BO3MYIIEHHUS, HO BCE
ocoOeHHOCTH HHTephepeHInH U Tudpakunuu o0bICHUTH ObUTO TpyAHO. .K KoHIy 17
BEKa CTAJIO OYEBHIHBIM, YTO SBJICHUS WHTEPPEPEHIMH U AUPPAKIIAA MOXKHO
OOBSICHUTBH TOJIBKO B paMKax BOJHOBOW TEOPUH, & HE HA OCHOBE MEXaHHUCTUYECKON
KOPILyCKYJISIDHOM TEOPUHU CBETA.

JIpuHIIMTIHATFHO WHBIM TYyTEM OOBSICHSI ONTHYCCKUE SIBICHHS TOJIAHICKHM
yuenbld Xpuctuan [toiirenc (1629-1695 rr.) Ha ocHoBe cHOPMYIMPOBAHHOW UM
BOJIHOBOM Teopun. OH yTBEpKIal: «JBa Jiyda CBETa, MEPECEKasich, MPOHU3BIBAIOT
Ipyr npyra 0e3 Kakux-aubo MmoMeX, B TOYHOCTH, KaK JBa ps/ia BOJH Ha BOJEY.
BonHoBast Teopusi ycTaHaBiIMBaja aHAJIOTUIO MEXKIY pacHpOCTPAaHEHHUEM CBETa,
JIBMDKEHUEM BOJIH Ha TOBEPXHOCTH BOJBI U 3BYKOBBIX BOJIH B BO3Ayxe. B BoiHOBOM
cpelie Mpeanojaaraloch HalMuMe YIpyroi Cpeibl, 3aroIHs0IIEeH Bce TPOCTPAHCTBO -
CBETOHOCHOTO  3¢upa. .PacmpocTpaHeHume cBera  paccMaTpuBajoCh  Kak
pacnpocTpaneHue konebanuii adupa: «Kaxnas otnensHas Touka ddupa KoaedmeTcs
B BEpPTUKaJIbHOM HampasiieHuu. KoneOaHusl BceX TOUEK CO3[AlOT KapTHUHY BOJIHBI,
nepeMeniaeMol B MPOCTPAHCTBE OT OJHOTO MOMEHTa BpEMEHU K Apyro-my». Ha
OCHOBE BOJIHOBOM Teopuu X. ['toiireHc 00bsICHUI OTpakeHHE U MPETOMIIEHUE CBETA.

OcobenHo ynoOHOW oOKa3zajllach BOJHOBass Teopus il  OOBICHEHUS
uHTepdepeHIy 1 TudpaKkIuy KaK SBICHUN HAJIOXKEHUS 2-X Ui 0oJiee BOJIH JIPYT Ha
npyra. [IpoxoxkaeHue cBera yepes 1ielb JaBaiu Tu(PaKIHOHHYI0 KapTUHY, KOTOpast
yacTo OblJa OYEHb YETKOW. AHAJOTMYHO MOKHO ObUIO HaAOMIOAaTh MOJ0OHBIE
SBJICHUA C qU(paKlnei BOJIH BOJbI, KOTOPbIE HUKAK HE ObUIM CBS3aHBI C JBUKCHUEM
yactuil. beina pazpaborana maremaruyeckasi Teopusi uHTephepeHIuu U JudpaKkiuu,
KOTOpasi OblJla MPOBEPEHA B JKCIEPUMEHTAX M Jalia TOYHOE COOTBETCTBHE. bomee
TOTO, HAa OCHOBE JTHX TEOPHi OBLIM pa3paboTaHbl CHElUaIbHBIE TPUOOPHl —
uHTEpPEpPOMETPhl,  AUPPAKIUOHHBIE  PEMICTKH, KOTOpPhIE  CTalld  AKTUBHO
UCIIOJIb30BaThCsl Ha NpakTHUke. C 3TOro BpPEMEHHM TaK K€ HAYMHAETCS AKTUBHOE
U3y4YEeHHE CHEKTPOB u3iayuyeHus. Koropoe ¢ mnosBiaeHueM (OTOIIACTHHOK CTajlo
MOIIHBIM CPEJICTBOM H3Y4YEHUS OKpyXaromero Mupa. CnekTpaibHbli aHaIu3
MO3BOJIMJI ONPEACIUTh XUMUYECKU COCTaB 3BE3] M Pa3IMYHBIX TeJl, 0COOEHHOCTH
u3NydeHus: ropsuux Ten. OJHAKO HM3yueHUe Takux u3iaydeHud u dorosaddexra
(CtomneToB) 3acTaBUJIO BHOBb BEPHYTHCS K KOpIycKalasipHOU Teopuu. OKa3anoch, 4To
3/1€Ch JJEKTPOMArHUTHOE M3TyUYEHHE IMOITIOUIAETCS WM U3Ny4daeTcsl AUCKPETHBIMU
nopuusimu — Qoronamu. B 1900 roxy nemenkuii ¢puszux M. [lnank npu u3yueHuu
TETJIOBOTO U3JIyYEHUS BBIIBUHYI MPEIION0KEHNE, YTO AmMOoM UCHYCKAem SHEPeUio He
HEenpepvleHo, «Kak 6 Kiaaccukey, a nopyuimu (keaumamu). B 1905 romy mpu
o0bsicHeHun (oTodrdhdexTa DUHIITESHH BBICKA3aNI €Ie UCI0, YTO amom no2ioujaem
9Hepeuro makoice keanmamu. KBaHT cBeTa ObLIT Ha3BaH BIOCIEACTBUH ghomoHom. Bee
3TO BHOBb OOOCTPHWJIO AMCKYCCHIO O IPHUPOJIE CBETA, KOTOPBIA, C OAHOM CTOPOHBI,
MOHUMAJICS KaK AJIEKTPOMAarHuTHAasi BOJIHA, a, C APYTrOil CTOPOHBI — KaK MOTOK YaCTHI]
(dboToHOB).

Takum oOpazom, k koHIly X/X Beka (hu3MKa mpunuia K BbIBOAY, YTO MaTepus
CYLIECTBYET B JIByX BHJaX: AUCKPETHOE BEIIECTBO U HEIMpEpbIBHOE MoJie. BemecTBo
U T0JIE PAa3IMYaloTCs MO CBOMM (PU3NYECKUM XapaKTepUCTUKaM: BEIECTBO -



JMCKPETHO U COCTOUT M3 aTOMOB. YacTuIlbl BemecTBa 001a/1al0T MacCOU MOKOS; MOJIe
— HENpEpbIBHO, MACCOW IOKOSI OHO HE 00JIaJJaeT, CKOPOCTh €ro paciupOoCTPaHEHHUS
paBHa ckopocTH cBeTa. IIpITasch OOBSICHUTH OCOOCHHOCTH TEIUIOBOTO H3TY4YECHHUS,
Makc IInaHk nonbITanacs yCTAaHOBUTH 3aKOHOMEPHOCTbD, KOTOpask Obl YETKO BhIpa)kasia
3aBUCUMOCTb PacHpeleleHUs] PHEPrUM B CHEKTPE M3IYyYEHUsS OT TeMIeparypbl U
JUIMHBI BOJH. B pesynbrare oH BbIBeNl POpMyIy IJsl SHEPTUH U3IydaeMoro (GotoHa £
= h*f (f — vactora uznydenus). Benuuuny £ [lnank HazBan xeanumom Oeticmeaus. OHa
ABIsSETCA (PyHIAAMEHTAJILHON NMOCTOSIHHOM, paBHO#l 6,626 107* Jxk*c, IlosTomy,
TEOPUI0 M3ITY4YEHHUsI KBAHTOB Ha3BaJid KBAHTOBOW. [[ns paspemieHuss mnpobiieMm
KBaHTOBOU Teopuu B 1924 rony dpaniysckuii pusuk JI. [le bpoiinb BEIABUHYI uoero
0 BONHOBBIX CBOUCMBAX Mamepuu, TOSCHAIOUIYI JyajJu3M CBETa KaK YaCTHBIM
ciy4ail: Mamepus 6 yenom modxcem 8 0OHUX YCIOBUAX GeCmU cebsi KaK 601HA, A 8
Opy2ux yciouax — Kak nomok yacmuy. B KBAaHTOBOW TEOpUHU MO 3TOT MPUHLUII
paclIMpWIM Ha BCE 4YaCTHUIIbl, a BOJHBI YacTHUIl CTajd Ha3biBaTh BoJIHamMu Jle
bpoiinsa. .Cnemyer OTMETHTb, YTO BOJIHOBBIE CBOMCTBA MUKPOYACTHUIl HENb3S
NEPEHOCUTh Ha MakKpoyac-TUIbl. BONHOBBIE CBOMCTBA MAaKpOCKONMYECKHX Tell
DKCIIEPUMEHTAJIBHO  HE  OOHapyxeHbl. JUJIMHBI  BOJH,  COOTBETCTBYIOILLUE
MUKpPOYACTULIAM, HaXOJATCA 3a MpelenamMu JOCTYIHON HaOIIoAeHu0 oO0NacTH.
[loaToMy  cumTaeTcs, YTO MAKPOCKONMYECKHE Teja MPOSIBISIIOT  TOJBKO
KOPITYCKYJISIpHBIE CBOWCTBA.
JIONOJTHUTENBHO:
[2] c.145-176
Makc Ilnank - HeMenkuii PU3NK-TEOPETHK, OCHOBOIIOJIOKHUK KBAHTOBOU (PU3HKHU.
https://tvkultura.ru/video/show/brand 1d/21985/episode 1d/1500126/video 1d/163382
6/viewtype/picture/

DJIEKTPOMATHUTHASI KAPTHUHA MHUpPa
Ucrtopus:
M3BecTHBIE €€ CO BpEeMEH aHTUYHOCTHU AIEKTPUYECTBO U MArHETU3M 110 Hadana XI1X
B. CUUTAJIUCH SBJIICHUSIMU, HE CBSI3aHHBIMHU JIpYT C APYrOM, U pacCMaTpUBaIUCh B
Pa3HBIX pazaenax PU3MKU.

B 1785 Illapap KynoH OTKpBIT 3aKOH NPUTSHKEHUE PA3HOMMEHHBIX AJIEKTPUYECKHUX
3apsA0B MeXy coboi. Cuia B3aMMOJEHCTBUS ABYX TOYEUHBIX 3aps/I0OB B BaKyyme
HallpaBJi€Ha BIOJIb MPSAMOW, COENMHSIONIEW ASTH 3apAlbl, MPOIMOPIUOHAIbHA HX
BEJIMYMHAM U 00OpaTHO MPOMOPIMOHATIbHA KBaJpary paccTosHus Mexay HumMu. OHa
ABJISIETCS CUJION MPUTSHKEHUS, €CIIM 3HAKU 3apsAJIOB Pa3HbIE, U CUJION OTTaIKUBaHUS,
€ClIM 3TU 3HAaKU OAMHAKOBBL. TakuMm 00pa3oM, OKOHUYATENbHO OBLIO OIpENEICHO
HAJIM4Ke 3apsoB 2-X THMOB (+ H -), yCTaHOBJEHa (popmyna s pacueTa CHIbI UX
B3aumojeictBus. Ha ocHoBe dopmynbr Kymona Obul mocTpoeH MareMaTHYeCKUn
METOJI pacyeTa CHJIbI 3JIEKTPUUYECKOTO IOJISI U1 PACHPENEIECHHOIO B IIPOCTPAHCTBE
3apsga. bbul MpoBeAEHBI SKCIIEPUMEHTHI C METAUIMYECKHMMH ONUIIKAMH, KOTOPbIE
IIOKa3aJy PACHOJOKEHUE B IPOCTPAHCTBE TAKOIO AIEKTPUYECKOTO IIOJISI, BBEACHO
NOHATUE CWIOBBIX JIMHUKA 1monsg. TakuMm  0o0pa3oM, JJIEKTPUYECKOE  IOoJie
pacnpoCTpPaHsIOCh HA BCE MPOCTPAHCTBO, HO €ro cujia ObIcTpo yObiBana. bbin Tak ke
oOHapyxeH 3PHEKT IKpaHUPOBAHUSI TEKTPUUECKOTO MOJIS.



B 1819 r. marckuit ¢pusuk I. X. Dpcren oOHAPYKWI, YTO MPOBOIHUK, IO KOTOPOMY
TEUET DIIEKTPUUYECKUIN TOK, BBI3BIBAET OTKJIOHEHWE CTPEIKHM MAarHUTHOTO KOMITaca,
PaCIoI0KEHHOTO BOJIM3H 3TOTO MTPOBOAHUKA, U3 YETO CJIEMI0BAJIO, YTO DJICKTPUICCKUC
W MarHuTHBIC SBJICHHUS B3aMMOCBs3aHbl. [lo aHamorum ¢ DIEKTPUYECKHM OBLIO
OTIPEICIICHO TTOHATHE MATHUTHOTO TIOJISl B IPOCTPAHCTBE M OOHAPYKEHBI €TI0 CHIIOBHIE
JUHUY.

Opanny3ckuil ¢u3uk u Marematuk A. Amnep B 1824 r nman maremaruyeckoe
ONKCaHUe B3aUMOACHCTBUS TPOBOAHUKA TOKA C MATHUTHBIM 1ojieM (3akoH Amnepa).

B 1831 r. anmumiickuii ¢uzuk M. dapajaeit dKCEpUMEHTATbHO OOHAPYKUI U Jall
MaTeMarTuueckoe  OMUCAaHWUE  SIBJICHUS  JJIGKTPOMArHUTHOW  WMHIYKUIUUA —
BO3HUKHOBEHUSI DJIEKTPOABUKYIICH CHUJIbI B MPOBOAHUKE, HAXOIALIEMCS O]
JNENCTBUEM M3MEHSIOIIETOCSI MAarHUTHOTO TOJIS.

B 1864 r. [Ix. MakcBemn cO30a€T TEOPUIO AIEKTPOMArHUTHOTO MOJIsA, COIVIACHO
KOTOPOW JJIEKTPUYECKOE M MArHUTHOE TOJISI CYILIECTBYIOT KaK B3aMMOCBSI3aHHBIC
COCTABJIAIOIIUE €IMHOTO I[EJI0T0 — 3JIEKTPOMArHUTHOIO MOJIs. JTa TEOPHUSI C €IUHOU
TOYKU 3pEHHSI OOBACHSIA PE3yJbTaThl BCEX MPEANIECTBYIONUIUX HCCIEAOBAaHUN B
00J1aCTH ANEKTPOJIMHAMUKH, U, KPOME TOTO0, U3 HEE BHITEKAJIO, YTO JIIOObIE U3MEHEHUS
AMEKTPOMATHUTHOTO TMOJS  JOJDKHBI  TOPOXIATh  3JIEKTPOMArHUTHBIE  BOJIHBI,
pPacCIpOCTpaHSAIONIUECS] B JIUAJEKTPUUECKOM cpene (B TOM YHCIE, B IYCTOTE) C
KOHEYHOM  CKOPOCTBIO, 3aBUCAIIEHM OT  JMAJIEKTPUYECKOM W MArHUTHOU
MIPOHUIIAEMOCTH 3TOM cpelbl. sl BaKyyMa TEOPETUUECKOE 3HAYEHUE ITOM CKOPOCTHU
OBLIIO OJM3KO K IKCIIEPUMEHTAIbHBIM U3MEPEHUSIM CKOPOCTH CBETA, IMOJTYUYCHHBIM Ha
TOT MOMEHT, YTO IO3BOJIMJIO MaKCBeIITy BhICKA3aTh MPEAIIONIOKEHUE (BITOCISICTBUM
MOATBEPMBIIIEECS ), UTO CBET SIBJISIETCS OJHUM M3 MPOSBJICHUM 3JIEKTPOMArHUTHBIX
BOJIH.

B 1887 r wemenkwit ¢m3uk [. Iepm mocTaBuii SKCHEPUMEHT, TOTHOCTHIO
MOATBEPAMBIINN TEOPETUUECKHE BBIBOABI MakcBewia. Ero skcnepuMeHTanbHas
YCTaHOBKAa COCTOSIJIa M3 HAXOMAIIUXCA HAa HEKOTOPOM PACCTOSHUU JPYr OT Apyra
nepefaryuka U NpUEMHUKA AJIEKTPOMArHUTHBIX BOJIH, U (DAKTUYECKHU TMPECTaBIIsLIIA
coOOM HCTOPUYECKH TMEPBYIO CHUCTEMY PaJMOCBS3M, XOTA caMm lepi He Buueln
HUKAKOTO TMPAKTUYECKOTO NPUMEHEHHUSI CBOETO OTKPBITHS, W pPacCMarpuBal €ro
HCKJTIOYMTEIIBHO KaK SKCIIEPUMEHTAJIbHOE MOJITBEPKACHNE Teoprur MakcBela.

B nanpHeiiiemM MNOSBICHUE TEOPUM OTHOCHUTEIBHOCTHM M KBAaHTOBOW TEOPUHM OIS
JaJJ0  BO3MOXXHOCTb MOJEPHHM3UPOBATh KIIACCHYECKYI) D3JIEKTPOANHAMUKY —
MOSIBUJIACh KBAHTOBASI 3JIEKTPOANHAMUKA.

AKyCTHKA

[TapajuteIbHO C BO3HUKHOBEHHMEM BOJHOBOW TEOPUEM CBETA 3Ty TEOPHUIO CTaju
MPUMEHATh K 3BYKOBBIM KoJieOaHUsIM. Tak BO3HMKIIA aKyCTHKAa KaK 4acTh (DU3UKHU.
Teoputo aKycTHYECKUX KOJEOAaHMI W BOJH pa3padaThlBad TOIPKE YEM s
AIIEKTPOMArHUTHOTO TOJIsl, HO MO TeM ke ujesMm u dopmynam. [naBHoe oTiIHuue
OKa3aJoCh B TOM, 4YTO AaKyCTUUYECKHWE BOJHBI MOTYT OBbITh U NPOAOJIbHBIMU U
MONEPEYHbIMU. B aKyCcTMKe Tak XK€ €CTh SBICHUS OTPAXKCHUS, MPEIOMIICHUS,
uHTtepdepeHiu, usnydeHus, audpaxuuu, paccesHus. Ho KBaHTOBBIX YCIIOBHIA



JOCTUTHYTh HE yIAJIOCh, TaK KaK TPYAHO MOJYYUTh JJIMHBI BOJH M YacCTOTHI, TJE
TaKue SBJIICHUS MOTYT BO3HUKaTh. [Ipu 3TOM ecTh B3aUMOIEHCTBUE aKyCTUYECKUX U
AIIEKTPOMArHUTHBIX KoJieOaHU# (Tbe309(D(EKT, IMEKTPOCTPUKITNSA) U MPU BBICOKHUX
YacTOTax 3JEKTPOMArHUTHBIE KOJIEOAHUs YK€ JOMUHUPYIOT. CHEKTp aKyCTUYECKHX
BOJIH : uHPpa3Byk (1o 100 I'n), caprummsiii 3ByK (0,1 Kru-30 KI'm), yasrpassyk (>
30KT'n). JlanpHeliee MOBBIIEHWE YacTOThl MPUBOAMUT K THUIEP3BYKY, B KOTOPOM
OYEHb CWJIBHO 3aTyXaHW€ W OH BO3MOXKEH JIMIIb B KPUCTAIaX, IN€ KOJIEOIIOTCS
OTJIeJIbHBIE aTOMBI. 3/IECh YK€ pa3HUIIa ¢ 3/M KoJieOaHUSIMU MUHUMAaJIbHA, BO3HUKAIOT
TEIJIOBbIE (DOTOHBI U UCTIONB3YETCSl KBAHTOBAS TEOPHUS.
TepmoanHamMuka

Bmecte ¢ wusydenwem Hatypduiocopuu JIpeBHUE YUEHBIEC OIPEICTUIH
MOHATHUS TEMIIEparypa, TEIJI0, HarpeBaHue. bpuin BbIZENEHBI 3 COCTOSIHUS BEIIECTBA
— TBepAOe, KUAKoe, razoodpasznoe. [IpuMeHuTenbHO K BOJE JIETKO ObUIO YBUIETD,
yT0 BOJa ObIBaeT BO Bcex 3 cocrosHusIX. OpHako g0 HoBoro BpemMeHu
KOJTMYECTBEHHBIX 3aKOHOB JUIsl TEIUIOBBIX MPOIIECCOB HE ObLTIO. bbuin HEKOTOpHIC
paboThl ApxruMeaa U Ipyrux yYEHbIX, HO HACTOALIEH HayKu He Obu10. C MOsIBIEHUEM
MapOBbIX MAIIMH MOSBUJIACh HEOOXOJUMOCTh B TAKON HayKe.

Pa3BuTue HayyHOro 3HAHHMS O TEIUIOTE HAYAJIOCh BMECTE C U300pEeTeHHEM
npudopa, CIOCOOHOTO H3MEPATh TeMmIleparypy — TepmomeTpa. CyuTaercs, 4TO
nepBble TepMOMETPHI caenai [anuinel B koHle 16 Beka. [lepBbie mapoBbie MalIMHbBI
MOSBWINCh BO BTOPOM TMONOBMHE |8 Beka W O3HAMEHOBAJIM HACTYIUICHHE
MPOMBIIJIEHHON PEBOMIOIMHU. YYEHbIE M HWHXKEHEPbl CTAIM MCKaTh CIOCOOBI
yBennuuTh ux ddpdextuBHocts. [osBummcs padotsl Kapao u @ypoee B 20-¢ roasr 19
BEKa.

B 40-x romax 19 Beka Maiiep u J[>K0yJib KOJTUYECTBEHHO OMPEIETUIN CBSI3b MEXIY
MEXaHHYECKOW pabOTON W TEeIJIOTOM W CHOPMYIHPOBAIM YHUBEPCAIBHBIA 3aKOH
CoxpaHeHHsT W ImpeBpameHuss sHepruu. B 50-¢ rogel Kinaysmyc m  KenbBun
CHUCTEMATHU3UPOBAIM HAKOIJICHHBbIE K TOMY BPEMEHM 3HAHUS W BBEJIU MOHITHUS
SHTPOIUU U aOCOIIOTHOM Temriieparypsl. beun copmynupoBansl 1-e u 2-e Hadana
TEPMOJIMHAMUKH.

OOmee  Hayalo  TEPOMOJUMHAMUKHM  YTBEPKIAET, YTO  HM30JHPOBAHHAS
TEPMOAMHAMMYECKASI CHCTeMa ¢ TeYeHHMEeM BpeMeHM CaMOINPOM3BOJILHO
MepexoauT B COCTOSIHME TEPMOAUHAMHUYECKOI0 PABHOBECUSI M OCTAETCH B HEM
CKOJIb YTOAHO J0JIT0, €CJIM BHEIIHUE YCJIOBHSA COXPAHAKOTCH HEM3MECHHBIMH.
[lepBoe Hauaso TEPMOAMHAMUKHU BBIPAKAET YHUBEPCAIBbHBIA 3aKOH COXPaHEHUS
SHEPIUM MPUMEHUTEIBHO K 3aJayaM TEPMOJIMHAMHUKH U MCKIIOYAET BO3MOXKHOCTH
CO3JIaHUSI BEYHOI'O JBHraTelisi IMEpBOro poAa, TO €CTh YCTPOMCTBA, CIIOCOOHOTO
coBepIaTh paboTy 6€3 COOTBETCTBYIONIUX 3aTPaT IHEPTHUH.

Bropoe Hauano TepMOAMHAMMKHK 334aET OTPAaHUYEHUS HA HANPABICHHUE IPOLECCOB,
KOTOPbIE MOTYT MPOUCXOJIUTHh B TEPMOJUHAMUYECKHX CHUCTEMAax, M HCKIIOYAET
BO3MOXKHOCTb CO3/IaHHs BEYHOro JBHUrarens Broporo pona. To ects «HeBo3moxkeH
KpYroBOi IpoLecC, €AMHCTBEHHBIM PE3YJIbTATOM KOTOPOIro ObLIO ObI MPOM3BOACTBO
paboTHhI 32 CUET OXJTAXK]ICHUS TEIJIOBOTO PE3EpByapay.

OcHOBOI paboThl TEPMOJAMHAMHYECKUX CHCTEM SBISIETCS 3akoH MeHzeneeBa-
Kunaitnepona:



P*V =x*R*T, rne P — nmaBnenne, V — 00beM, K — YHCIIO MOJjiel (Ompeaensercs
YUCJIOM MOJIEKYJ BenlecTBa), R — yHuBepcanbHas koHcTaHTa, T — Temneparypa. B
IIEJIOM 3aKOH OKa3aJiCsi HE COBCEM TOYEH, OH pabOTaeT TOJNBKO ISl MCalbHOTO rasa,
OJTHAKO OH OOBEIUHUI M3BECTHBIE HA TO BpEMsl MPOIECCHl B razax (M300apHbIE,
M30TEPMUUYECKUE, U30XOPUUYECKHUE), KOTOPhIE OMUCHIBAIUCH OTACIBHBIMU 3aKOHAMM.
JInst peanbHBIX Ta30B BBOJATCS yTOUHsIONIME monpaBku. B 20 Beke misi yTOUHEHUS
TEOpUu paboThl TEPMOAMHAMUYECKHUX CHUCTEM OBLUIM  BBEJACHBI  METOJIbI
CTAaTUCTUYECKOW (DM3MKH, 3aT€M KBAHTOBOM TEPMOJIMHAMHUKU. B 1€J0M Ha OCHOBE
KJIACCUYECKON TepMOJIMHAMUKHN BO3HUKIIM TEOPUU TBEPAOTO Tesa, TEOpUs peabHbIX
Y KBaHTOBBIX T'a30B, TEPMOAMHAMUKA IJ1a3Mbl U apyrue. [1na3ma Obuta BeieIeHa Kak
oco0oe 4 cocTosHuE BEIIECTBa, KpOME TOTO MPU OYEHb HU3KUX TeMIleparypax, Mpu
OYEHb BBICOKHUX TeMIIEpaTypax, IPpU OYEHb BBICOKMX JABICHUAX BEHIECTBO MOMKET
HAXOIUTHCS B TAKMX COCTOSIHUSX, KOTOPHIE MOTYT OBITh OMHUCAHBI (M TO HE TOYHO)
TOJIBKO C TIOMOIIBI0O KBaHTOBOW Teopuu. Kpome Toro ecte eme ocobas ¢opma
TBEPJIOTO COCTOSIHUS — KPUCTAJLIbI, KOTOPhIE UMEIOT YHHKAJIbHBIE CBOWCTBA. 3aTeM
OblTM OOHApYy>XeHbl 0OCOOBIE CBOMCTBA Yy MHOTOKOMIIOHEHTHBIX W KOMITIO3UTHBIX
cTpykTyp. Hanpumep HaHOTpyOKHM o007aalOT HEBEPOSTHBIMU POYHOCTHBIMU
XapaKTEePUCTUKAMU.
JIOTIOTHUTEIBHO:
[1] ¢.56-69
[2] c.138-153
[3] ¢.65-89
[4] c.38-54, 248-270
Muxpomup. MosiekyJsipHOe, aTOMHOE U BHYTPHATOMHOE CTPOCHUE MATEePUH
B ocHoBe mnpeAcTaBIeHUI O MHUKPOMHUPE JEXKHUT aTOMUCTHYECKAash KOHUEMIHS O
CTPOCHUU MaTepuu, KOTOpasi BIEpPBbIe ObUIa BBIABUHYTA JAPEBHEIPEUECCKUM
¢unocopom Jleknumnmom (ok. 500440 rr. 1o H. 3.). OH BBEN Takue MOHATUSA, KaK
«amom» W «nycmoma». ATOMUCTHYECKHE TpeacTaBieHus JleBkumnmna ObUIH
KOHKPETU3UPOBAHBI, JIOMOJHEHb W Pa3BUTHI JAPYTUM BEJIUKUM APEBHEIPEUCCKUM
dbunocopom demoxkpuroMm (ok. 460-370 rr. 10 H. 3.). CornacHo runotese Jlemokpura
B a0COJIIOTHOM MyCTOTE OKPYXKAIOIIErO IMPOCTPAHCTBA CYLIECTBYET OECKOHEYHOE
YHCJIO MEJIBYAUIINX HEJETUMBIX YaCTUIl — aTOMOB, KOTOPbIE UMEIOT Pa3HOOOPa3HYIO
dbopMy U JABWXKYTCS B MyCTOT€ OECHOpPSJAOYHO, HMHOTJA OHM CTaJKUBAIOTCA U
OTCKAaKMBAIOT JAPYr OT Apyra, HO HMHOIJA CLEIUISIOTCS B Pa3HbIX TOJIOXKEHUSAX U
COYETAHUSX, YTO O3HAYaeT 00pa30BaHUE BEIICH C pa3HbIM KauyecTBOM. DnuKyp (341—
270 IT. 10 H. 3.) HAJACIWJI aTOMbI €IIE CBOMCTBOM TSKECTU. ATOMBI BEUHBI, a BEIIIH,
oOpa3oBaHHbIC M3 HUX, THOHYT (Pa3beaUHSIOTCS), HO CaMHU aTOMBI OCTAIOTCS, OHU
Jlajiee MOTYT CIETUISATHCS B HOBBIX COYETAHUSAX C 00pa30BaHME HOBBIX BEIICH U T. 1.
Konnennus aromuszma nonyuywna nanpHenmee paszsutue B XVIII Bexe B
paborax Jx./lanerona (1766—1844), xoTopblii mpuUHSI aTOMHBIA BEC BOAOpOJa 3a
€IMHUILY M CONIOCTaBMJI C HUM aTOMHBIE Beca JIpyrux ra3zoB. biarogapst stoMy cranu
u3ydarbcs (U3MKO-XMMHUYeckue cBoicTtBa aromoB. B 19 Bexe JI. 1. Mennenees
(1834-1907) mocTpomsn cUCTEMY XHUMHUYECKHUX DJIEMEHTOB, OCHOBAaHHYIO Ha WX
atToMHOM Bece. Kpome Toro, OTKpbeITHE OpPOYHOBCKOTO JBHXKEHHUS KIETOK U
MUKpPOOPTaHU3MOB TO3BOJIMJIO BIEPBBIE AKCIIEPUMEHTAIBHO JI0Ka3aTh MOCTOSHHOE



JBYDKEHUE METBYANIIINX YaCTHI BEIIECTBA, KOTOPBIE CTAIA UACHTU(UIIMPOBATHCS KaK
MOJIEKYJIbI. BbIIO JOKa3aHO, YTO MOJIEKYJBI U aTOMbl HE OJHO U TOXe. B molekymy
BXOJIUT KaK MPaBUJIO HECKOJIBKO aTOMOB, CBS3aHHBIX BaJICHTHOU CBs3bI0. [loHMMaHue
BAJICHTHOM CBSI3M aTOMOB B COYETAHWUU C MEPUOJUYECKOM CHCTEMOW 3JIEMEHTOB
MO3BOJIMJIO CJelarh BaXKHBIA IIar B pa3BUTHUM XUMUU. [losiBUIACh BO3MOXKHOCTH
KJIacCCU(UIIUPOBATH AJIEMEHTHI MO TUIMaM (METaJUIbl, HHEPTHBIC AJIEMEHTHI U T. 1. ),
MpeACKa3blBaTh HAJIMYME W XHUMHUYECKHE CBOMCTBa HOBBIX JJIEMEHTOB (MpH
3aIMOJTHEHUM TaOJHUIIBl AJIEMEHTOB), KJIACCHU(UIMPOBATh XUMHUYECKUE CTPYKTYPBI
(KUCIOTHI, MIETOYH, COJIU U T. 1. ), CTPOUTh CTPYKTYpPHBIE MOJEIN KAaK H3BECTHBIX
XUMUYECKUX BEIIECTB, TaK W HOBBIX €II€ HE CHUHTE3UPOBAHHBIX (OCOOEHHO
TJIOZ0TBOPHBIM 3TOT MOJXOJ CTAJ ISl OPraHUYECKON XUMHUH).

JlanpHEWIIUM 53TalioB OCBOCHHMS MHUKPOMHpA CTAJIO H3YUYEHHE CTPYKTYpHI
aroMa. CUCTEMAaTUYECKUE HCCIEIOBAHUSI CTPOEHUS aTroMOB Hadainuch B 1897 romy
onarogapsi otkpeiTuio Jlxx.Tomconom (1856—1940) nsnexTpoHa — OTpULATENBHO
3apsKEHHOM 4acTHUIbI, BXOAAIIEH B cocTaB Bcex aroMoB. B 1903 roxy /lx.Tomcon,
pazBuBas ugen Y.Tomcona (nmopna KensBuna) (1824-1907) o crTpoeHum aroma
(V.Tomcon B 1902 romy mnpemsioxkuwi MEPBYIO MOJENb aToMa, COMIACHO KOTOPOM
MOJIOKUTEIBHBIN 3apsi]] B aTOME paclpeesieH B JOCTaTO4YHO OOJbIION obliactu, a
AJICKTPOHBI BKPAIUJICHBI B HETO, KaK «M3IOM B MYAMHI»), YCOBEPIICHCTBOBAI MOJCIIb
aroma. Arom 1o [[x.ToMcoHY MpeaCcTaBiisiy COOON MOJIOKUTEIBHO 3apsSKEHHBIN I1ap
C BKpAIICHHBIMU B HETO AJIEKTPOHAMHU, CYMMAPHBIN OTPUIIATEIbHBIN 3aps]l KOTOPBIX
[0 MOIYJII0 pPaBeH TOJOXKUTEIbHOMY 3apsiay mapa (Monenb aroma TomMcoHa).
[Tockonbky Macca anmektpoHa npubnauzutrensHo B 2000 pa3 MeHbIlle MacChl aroMa
BOJIOPOJIa, TO MPEAINOJarajJoch, 4YTO MOYTHU BCSI Macca aroma OIPENEiseTcs] Maccou
MOJIOKUTETLHOTO  3apsina. OMNbITBI € MNPOXOXKACHHWE anuda-4acTHI] uepes
MeTaumdeckyo ¢onery B mabopatopuu Pesepdopna mokazanu, 9To aroM IMOYTH
MOJTHOCTRIO IMYCT. DTO 3acTaBuiio Pesepdopna mepedtu OT MOACIU «IIyAWHTa» K
MOJICNIU «COJIHEUHOW cHUCTeMbl», rrne wMecto ConHIa 3aHUMaeT MAacCHUBHOE
MOJIOKUTEILHOE SIAPO, a 3JEKTPOHBI BpAIIAlOTCS NOJOOHO IUIAHETaM IO CBOUM
opoutaMm. IImOTHOCTH siApa TpPU 3TOM OKazajach YpE3BBIUAHO OTPOMHOM, YTO
MO3BOJIMJIO C/I€JIaTh BBIBOJI O BO3MOXKHOCTHU CHJIBHOTO C)KaTWsl BEIIECTBA W Jajlo
HOBBIE MJIEH O TIPOIIECCaX M BEIIECTBE BHYTPH 3Be3]1 (T7I€ OUCHb BBHICOKOE JIABJICHUE).
[TosiBUIIOCH MOHSATHE CBOOOMHBIN AIEKTPOH — 3JIEKTPOH, KOTOPBI «OTOPBAJICS» OT
cBOero aroma. Tak Kak [JIsi OTpbIBa TpeOyeTCs SHEeprosarparbl, TO IOIy4YEHUE
CBOOOJHBIX JJIEKTPOHOB TpeOyeT HCMOIb30BaHUsA OCO0O0M JHEpPruu BbHIXOJA
anekTpoHoB. Ctanu 0OoJjiee MOHATHBI MPOIECCHI, BO3HUKAIOIIME TPU TOJISPHU3ALINU,
HaMarHWYMBaHUW Ted M 00pa30oBaHUM TOKOB (O0COOCHHO B Bakyyme). BO3HHKIIO
MOHSITUE «AJIEKTPOHHBIN ra3.

[Ipy wW3yuyeHHM CHEKTPOB W3IYyYECHUS PaA3JIMYHBIX BEIIECTB, MPOSBUIACH
3aBUCUMOCTh HUX OT aTOMHOIO cocTaBa (T. €. KaXIblii aTOM HMMEET CBOW CHEKTP,
CTPYKTypa KOTOPOTO 3aBHUCUT OT XUMHUYECKOTO »JJIEMEHTa [Jii H3TOr0 aroMa).
Hamnpumep Hanmuuue Bogopoaa MOXKHO OMPEACTUTh MO CIIEKTPY MU3JIYyUYEHUS MOJICKYIIbI
J1000ro BeIllecTBa, B COCTaBe KOTOPOM ecTh XOTs Obl 1 atoM Bomopoga. DTO Aaio
METOJI OIpEEICHUsI CTPYKTYpPhl PA3IMUHBIX BEIIECTB U OOBEKTOB (B TOM YMCIIEC U
3Be3n). Crano SCHO, YTO OKUCIUTEIHHOTO TOPEHUSI BHYTPH 3B€3/1bl HET (0OBsICHEHNE



CBEUEHHUS 3Be3]] KaK OKHCIUTEIbHON pEaKIMH TOpeHUss ObLI0O OKOHYATENIbHO
OTBEPTrHYTO W Oblja BBIIBHHYTa HJES CaMO MOAJEPKUBAEMON SIEPHONM pEeaKinu).
ONHOBPEMEHHO H3YyYE€HHME CIEKTpa IOCTAaBUJIO BONPOC O HAIMYUU KBAHTOBBIX
a¢dekxToB B aTomax.

Jist 0ObsicHeHHs KBaHTOBBIX 3((eKToB B aromax naarckuil yuensli H. bop
(1885—-1962) BbaBuHYA B 1913 rogy npeasiokeHus O creluaibHbIX 000JI0YKaX WU
COCTOSIHUAX [UIsl AJIEKTpoHOB. B momenum bopa »rneKTpoH He MOXET HUMETh
MIPOU3BOJIBHYIO OpPOUTY M COOTBETCTBEHHO PHEPIrHIO BHIXOJA, a 3AMOJHIET OJHY M3
CYLIECTBYIOUIUX JUIsl JTAHHOTO siipa DJEKTPOHHBIX oOosouek. Ecium atoMm mortepsin
AIIEKTPOH, TO OH HMOHM3UpPYETCs (MpeBpamaercss B 3apsikeHHbIM HOH). M3yueHue
VMOHM3aLMN [10Ka3aJ0, YTO YHCIO DIEKTPOHOB B arOME€ KOHEYHO M KX MOXKHO
nepecynTarb. TakuMm 00pa3oM ObLIT BBIYMCIIEH MOJOXHUTEIbHBIM 3apsj siipa atoMma.
OOHapy’KeHHE TOJOKUTEIBHO 3aPSKEHHOW YacTUIbl — MPOTOHA (KOTOPBI MMeEET
3apsi[i TOUHO PaBHBIN MO aOCOJIOTHOW BENMYMHE 3apsly 3JCKTPOHA) MO3BOJHIO B
Monenu bopa mNpeamnonaokuTh, 4YTO SAPO COCTOMT U3 HECKOIBKHX IPOTOHOB.
W3mepeHne Macchl NMPOTOHA W CpPaBHEHHE C MAaccoll saep pa3iu4HbIX AaTOMOB
MOKa3aJlo, 4YTO Macca siapa Oosnblie. bpuia BRIIBUHYTA HI€d O HAJIMYUU B Jpe €lle U
yacTul Oe3 3apsana — HEUTpoHOB. OOHApyXHUTh B SKCIEPUMEHTE CBOOOAHBIN
HEHUTPOH OKa3aJ0Ch TOpa3lo CIOXKHEE YEM IMPOTOH WM DJEKTPOH, TaK KaK OH He
UMeEeT 3apsija U HE B3aMMOJECHCTBYET C 3JIEKTPOMarHUTHBIM mosieM. Ho B KoHIe
KOHIIOB HEHUTpPOH ObLT oOHapyxeH B 1932 roay anmumiickum usukom J[.Ueasukom
(1891-1974). B pesynprate Mozaenb bopa TOuHO xXapakTepu3oBaa aTroM JHOOOTO
BEIECTBA HA0OPOM MPOTOHOB M HEUTPOHOB B SIpE M HAIWYUEM DJIEKTPOHHBIX
000JI04€K, KOTOPBIE MOTYT OBITh 3alIOJTHEHBI UM HET. ATOM Y KOTOPOTO BCE 000JIOUKHU
3aMOJIHEHbl XMMUYECKH HWHEPTEH, HaJUuue HE3alOJIHEHHBIX O000JO0YEK Omperesser
BAJICHTHOCTh M XMMHMYECKHE OCOOCHHOCTH 3J€MEHTAa. ATOMBI C HE3alOJHEHHBIMU
000JIOYKaMU MOTYT CBSI3BIBATbCS MEXKAY COOOM 3amoyiHsAs OOOJIOUKH «OOIIMMM»
ANIEKTpOHaMu, o0pa3yeTcst MojeKya BemecTBa. Hanpumep arom Bogopona H umeer
1 He 3amoJHEHHYIO 000J0YKY, MOATOMY 2 aroMa OOBEIUHSIOTCA B MOJEKYIY U3 2-X
aromoB H,. VImess He3amoiHEeHHYI0 O00O0JOYKY BOAOPOJ XHMHUYECKHM AaKTUBEH U
oOpa3yeT MOJIEKYJbl Pa3IMYHbIX XUMHUYECKHUX BEIIECTB, B KOTOPHIX OH MOMKET
oOMeHuBarbea 1 anexrpoHom. Hampumep kucnopogy O mmeer 2 He 3aloJIHEHHBIE
000J104KH, MO3TOMY 00pasyetcs monekyna H,O — Boma. OObenuHeHHE IEKTPOHOB
— DHEpPraTMyeckd BBITOJIHASA OIepalusi, MO3TOMY BOJOPOJ TOPUT B KHUCIOPOHE
BBICIISASI SHEPTUIO — TEIIO.

Takum oOpa3zom w™ozgenb bopa nmama xopomiee oObsicHeHHE TaOnHIle
MenzeneeBa, BaI€CHTHOCTH U XMMUYECKUM CBOMCTBAM €€ JIEMEHTOB, OKa3ajgach OHa
JIOBOJILHO OYHOM M ISl CIIEKTPOB M3JIy4eHMs] BoIopoaa. OJHAKO CHEKTPBI JIPYruxX
BEUIECTB 3Ta MOJEIb MpEICKa3blBajla HEBEPHO, €€ HeoOXOAUMO  ObLIO
ycoBepieHCTBOBaTh. Kpome Toro, He ObLJIO MOHATHO MOYEMY BPAILLAIOIIAECS BOKPYT
A1pa 3apsHKEHHBIE SJIEKTPOHBI HE M3IY4YaloT 3JEKTPOMATrHUTHBIE BOJIHBL. B TOXe
BpeMsi BO3MOXKHO HM3JIy4Y€HHUE, €CJIM SHEPrus 3TOW BOJIHBI paBHA Pa3HOCTU dHEPTUi
000JI0YEK WM paBHA 3HEPTUH BhIXOJA. bblIO 04EBUIHO, UTO MPOCTOE MPEACTABICHUE
O JIBUYKEHUU DJIEKTPOHA IO KPYroBOI 000JI0UKE HE OTPAXKAET PEabHOCTD.

Moaudukanuss Mojenu aroMa OblIa chelaHa Mociie CO3AaHusl MOJHOIEHHOM



KBAaHTOBOM Teopuu mnoysi U ypaBHeHus lllpenunHrepa uisi KBaHTOBBIX CHCTEM.
Oxka3anoch, YTO BJIEKTPOHBI, MPOTOHBI, HEUTPOHBI UMEIOT MHOXKECTBO KBAHTOBBIX
XapaKTEPUCTHUK, KOTOPBIE OIPEACIAIOT HMX IIOBEICHME B aroMe. B Toxe Bpewms
V3JIyYCHUE WM TIOITIOMIEHUE AaTOMOM 3JHEPrUU BO3MOXXHO TOJBKO C IOMOIIBIO
KBaHTOBBIX 4YacTUIl — (POTOHOB, 0030HOB U T. 1. OCOOEHHOCTHM KBAaHTOBBIX
XapaKTEPUCTUK ITUX YACTHUIL TaK K€ BIUSIOT HA MPOLECCHI B aroMe. bbIo J10Ka3aHo,
YTO MPOTOHBI W HEUTPOHBI B sfipe (oOllee Ha3BaHHWE YACTHI] SiApa — HYKIOHBI,
MOJIBUJ aJJPOHOB, TOATOMY KOJUIaiIep Ha3bIBA€TCS aJIpOHHBIM) B3aUMOCHCTBYIOT HE
C TIOMOIIBIO DJJIEKTPOMArHUTHBIX TIOJIEH, a OCOOBIM BHUIOM B3aUMOJCHCTBUSI.
B3anmozneiicTBue aipoOHOB B SIIPE OKA3aJI0Ch MHOTO CHUJIBHEE AIIEKTPOMArHHUTHOTO
(mosToMy SiPO HE pa3BAIMBACTCS MPU OTTAIKUBAHUU MPOTOHOB JAPYT OT Jpyra),
MO3TOMY OHO OBIJIO HA3BaHO CHJIHLHBIM. B TOXe BpeMs, IpH yBEIHMUYEHUU PACCTOSHUS
MEXIy aJpOHAMU CHJIBHOE B3aMMOJICHCTBUS yMEHBIIAETCS TOopas3ao ObicTpee
AEKTPOMATHUTHOTO Y MPAKTUYECKN HE BIMSAET HA MOJIEKYJISIpHOM ypoBHE. [loaTomy
CUJIBHOE B3aMMOJECHCTBUS HE CKHMMAET BCE aJpPOHBI BEHIECTBA B OJHO SIPO, Kak
BHYTPU HEUTPOHHOH 3Be3/bl. [IoMMMO CHIBHOTO BHYTpHU aToMa JEHCTBYET ciadoe
B3aUMOJICVCTBUE, KOTOPOE TAK K€ HE YYBCTBYETCS Ha MOJEKYJISIpHOM ypoBHE. Bce
TH OCOOCHHOCTH JEJial0 KBAaHTOBYIO MOJENb KaKJIOTO aToMa JOBOJIBHO CIIOKHOU
CTPYKTYpOi#l, KOTOpasi B HACTOSIIEE BPEMSI JOBOJIBHO XOPOIIO OMHUCHIBAET CIEKTPHI
W3JIyUYE€HUS U MOMIOIIEHUS SJIEMEHTOB.

OcoOyto poib B U3y4eHHH (PU3MKaA aTOMOB MTPAET TEOPHUs AJEPHBIX PEaKIUu.
[IepBOHaYanbHO aTOMBI CUMTAIUCh COBEPUIEHHO HE MU3MEHSAEMBIMU. JTO CUMTAJIOCH
[JIaBHBIM TPEAHA3HAYEHUEM IOHATHS aTOM — YacCTHIA U3 KOTOPOM COCTOMT BCE, a
OHA HE COJEPKUT BHYTPEHHEU CTPYKTYpbl. V3yueHne Xumuu 3aCTaBUIO INPUHSATH
KOHLICTIIIUIO MOJIEKYJI U HE JEIMMAsi 4aCTh — aTOM CTaJl0 YK€ YaCTbhIO MOJEKYJbl. B
OTJIMYUU OT AJIXMMHUH XUMUS BBIJICTHIA TaOIUILy OCHOBHBIX XUMHUYECKUX DJIEMEHTOB,
KOTOphIE HE NpeoOpaszyloTcsi APYyr B JApyra U HE MEHSIOTCS MPU XUMHUYECKHUX
peakiusax. OpHako B (u3MKe BCe OKazaloch cioxHee. OTKpBITHE SIIEKTPOHA U
MOHU3AIMU, T0Ka3aJj0 4YTO arOM MOXET OBITh B PAa3IUYHBIX HOHU3UPOBAHHBIX
COCTOSIHUSIX U MOXET TEepSATh JJEKTPOHBI KaK 4acTh ceOs. 3areM Oblla OTKphITa
cynpyramu Kiopu paiioOakTUBHOCTb.

PainoakTUBHOCTB — CBOWCTBO SIIEP CAMOIPOU3BOJIbHO MEHATH CBOM COCTaB
myTeM UCIycKaHus d4acTull. OCHOBHBIMH BHJIAMH paJWOAKTHBHOTO pacnajaa
ABIAIOTCS  anbda-pacnan (MCIyCKaHUe sApoM alb(a-yacTulibl), OeTa-pacmajn
(ucmyckanue sSapoM OeTavyacTHUIlbl), CTIOHTAHHOE JIEJICHUE SJEp M TaMMa-u3TyueHue
BO30YXKICHHBIX sijiep. Adba-yacTuna — 3To aapo atoma reius. bera-yacTuma —
3TO 3JMEKTPOH, BO3HUKIIUK MPU paclaje OAHOTO HEUTpOHa BHYTpU sapa. I'amma-
KBAHT — 3TO KBAHT KECTKOTO JIEKTPOMAarHUTHOTO U3JIy4YCHUSI.

B pesynbrare sgpa aTOMOB MOTYT JACIUTCS WM HCIYCKaTh YacTULbBl U
MpeBpaniaThCsid B sipa aTOMOB JAPYTHX 3JIEMEHTOB. OTH peakiuu ObUIM Ha3BaHbI
SAJIEPHBIMU peakiusMu JieneHus. CleyomuM maroM ObUTM OOHAPY>KEHbl PEeaKiuu
MOTJVIOIICHUS SJIPOM aTOMa YaCTHUIIbI WU JIPYTOTro sipa ¢ 00pa30BaHUEM siipa HOBOTO
AJIEeMEHTA. JTU peakluuu ObUIM Ha3BaHBI SJIEPHBIMU peakuusiMu cuHTe3a. Cpenu
peakiuii CMHTEe3a OCOOYI0 POJib CTAJIM HUIpaTh TEPMOSACPHBIC PEAKIIUU, KOTOPHIE
MIPOUCXOMST MPHU CKATUHU U CUIIBHOM HAarpeBaHUU BEIIECTBA. DTH pEaklMKU Haubosee



TOYHO COOTBETCTBYIOT YCIIOBHUSIM SIJICPHBIX PEaKlUii BHYTPHU 3Be37. Takum oOpazom,
COBpeMEHHas (U3MKa CUUTAET TEPMOSJICPHBIC PEAKIMU TJIABHBIM MEXaHU3MOM
CO37laHusl OOBIYHOTO BEIIECTBA BO BCEJICHHON M OJJHUM M3 BAKHEUIIIMX MEXaHU3MOB
€€ 3BOJIIOLIUH.

SnepHble peaklud B 4YE€M TO MOAOOHBI XMMHUYECKUM W PACHIUPSIOT KpPyr
peakiuii mpeBpalieHus BEIIeCTB B npupone. isi mpuMeHEeHUs] XUMHUM B TPAKTUKE
0COOYyI0 pOJIb WUrpaii CcaMO MOIJEPKUBAIOUIMECS PEAKIUU TOPEHUsS M B3pPbIBA,
PEeaKIIMM C Karajlu3aropoM, IUKInYeckue peakiuu. OHU J1al0T SHEPTUIO, ONPEACISIOT
paboty aBurareneil, paboTy HauOojiee BaKHBIX XHUMHUYECKUX MPOU3BOICTB.
AHaJIOTHYHO W 1A saepHbIX peakumii. B konme 30-x romoB 20 Beka GU3UKH
OOHApYXKWJIM SIBJICHHE CaMO MOJJIEPKUBAIOIICICS ITUKINYECKON peaKIuu pacraja
anep ypaHa W miytoHus. Karanuzatopamu W peryiasiTopaMu TaKUX PEAKIUNA CTaIH
HEKOTOpPhIE BEIIECTBA, 3aMEUISIONINE WM TOIONIAIOIINE HEUTPOHBI (Tpadur,
TsDKENast Boja U T. 11.) Ha ocHOBe TakuxX CUCTEM OBbUTH CO3MaHBI SIFICPHBIE PEAKTOPHI U
AJIEPHBIE B3pPBIBHBIC YCTPOWCTBA. SInEpHBIE PpEAKTOpPHI NEJIEHHS CTald OCHOBOU
AJICPHOM PHEPreTUKU W SIEPHOTO TPAHCIOpPTa, a SIACPHBIE B3PBIBHBIE YCTPONCTBA
OCHOBOW HanOoyiee MOILIHOTO opykus. bonee ciaoxHON cTana peanu3aius sAESpPHBIX
peakiuii cuHte3a. He ympaBisieMbldl siiepHbIN cuHTE3 (TepMosiiepHas O0ombOa) ObuI
peann30BaH C IMOMOILIBIO SIIEPHOTO B3PBIBHOIO YCTPOMCTBA HAa OCHOBE pPeaKLUUU
pacniaza. SnepHblid B3pBIB CXKMMAET U Pa30orpeBaeT aToMbl BOAOPOAA U PEaTU3yeT
JIOKAJIbHO TEPMOSIIEPHYIO PEAKIMIO B3pbIBa BOAOPOIHON OOMOBI. YmpapisieMyo
PEaKUMI0 TEPMOSIEPHOTO CHHTE3a IOKa pPEaTu30Bald TOJIBKO JIOKAJIBHO, IS
OTPAaHUYEHHOIO0 TIPOMEKYTKAa BpPEMEHHM, KOTOPBII HE JaeT I[OKa pPeaInu30BaTh
HHEProyCTaHOBKY Ha OCHOBE TepMOsiiepHON peakuuu. CyliecTBYIOT HECKOJIBKO
BApUAHTOB PeaIN3alMK YIIPABIIEMOr0 TEPMOSIICPHOIO CUHTE3a — TOKOMaK (CoKaTtue
Y pa3orpeB BOJAOPOJHOM IIa3Mbl B CUJIBHOM MAarHUTHOM II0JI€), JIA3€PHBIM (CxKaTue U
pa3zorpeB BOAOPOAHOM IJIa3Mbl B CUJIIBHOM ITYYKE JIA3€PHOTO U3ITYUYEHUS), XOJIOAHBIM
AlepHbId  cuHTe3 (0coOble BapUAHTBHI PEAKIUU TMPU CPABHUTEIHHO HU3KUX
TeMmrieparypax). lJaBHas wujes TEPMOSIIEPHON peakluu — CXaTb WU Harperhb
BOJIOPOAHYIO IJIa3My 1O COCTOSIHMSI KOTZa aroMbl BOJOpOAa OyqyT OYEeHb YacTo
CTaJIKMUBAThCs MEXIY COOOM C IOCTAaTOUYHO OOJIBIION PHEpruei cToiakHoBeHuu. [Ipu
peaKkiu CUHTEe3a BBIJCISAIOTCS (OTOHBI M YACTHUIbI, KOTOPBIC JOMOJTHUTEILHO
pa3orpeBaroT IiasMy. l1aBHOe — yaep:Karh 3Ty IJ1a3My, HE J1aTh €l pacIlupUTHCS
WJIU B30PBATHCS.

KBanToBas Teopus
st 0OBACHEHMSI KOPIYCKYJISIPHO-BOJHOBOTO Jyalii3Ma MaTepuH OBbLIO pEIIeHO
BBECTH OCOOBI€ ypaBHEHHUs KBaHTOBOW MexaHWku (1926— 1927 rr.) llIpénunrepa,
KOTOPBIE SIBJISIIOTCSI aHAJIOTOM YpaBHEHHMs JIBUkKEHUsS HbOTOHA NIl KIIacCHYECKOM
yactulibl. IlIpénuHrep mNpeaiaoKuil CUUTaThb KBAHTOBYIO YACTHUIY BOJHOBBIM
«CONUTOHOM» (CryCTKOM BOJIH). OH cuuTajng, 4To BCE MPOLECCHl B MHKPOMHUpPE
ABJIAIOTCS UCKIIIOYUTENIBHO BOJIHOBBIMU IMPOLIECCAMHU, T.€. YTO TOJBKO BOJHBI
obnagaroT Guznueckoi peabHOCTHIO. [10 ero MHeHMIO, YacTUIla — HE UTO MHOE, KaK
rpynmna BOJH, 3aHMMAaroiasi ONpeieeHHY0 YacTh IPOCTPAHCTBA U JBUXKYIIASICS Kak
enuHoe uenoe. [l onucaHuss 3TOM  BOJIHBI BBOJAUTCS BOJHOBas (YHKIUS,
OMKCHIBAIOIIAS. COCTOSIHME KaXKJIO0M KBaHTOBOWM dacTullbl. BonmHoBas QyHKIus



3aHMMAaeT BCE TMPOCTPAHCTBO MW 4YaCTUIAa Kak OBl «pa3mazaHa» IO BCEMY
npocTpaHcTBy. [loueMy e MbI BUJIUM YaCTUILYy B KAKOM-TO KOHKpeTHOM MecTe? Jleno
B CTYIMICHUH O5TOW (YHKIIMU WIM €€ Pa3psuKeHUH (aHAJoT BEPOSTHOCTHOW WITH
HeyeTKkoW (yHKiuu/moruku). Kak TOMBKO MBI MBITA€MCS ONPEACIUTh TAE€ TOYHO
HAXOJIUTCSI YAaCTHULA, Mbl HaYMHAEM B3aUMOJEHCTBOBaTh C 3TOW (QyHkuued. Takum
oOpaszoM, Jir000€ HM3MEpeHUEe MJisi KBAHTOBBIX OOBEKTOB MPUBOJUT K H3MEHEHUIO
cocTostHUsI oObekTa u ero ¢pyHkuuu («xkot» [peaunrepa). Korma KBaHTOBBIX YacCTHIL
MHOT'O, OHU BC€ B3aMMOCHCTBYIOT JPYT C JIPyrOM M MTOTOBas BOJIHOBAsl (DYHKIIUSI
MEPEMEIINBAECTCA WM  «3alyThIBaeTcsi». [loATOMy  YUCTBIMM  KBAaHTOBBIMU
CBOMCTBaMHU O0JIaJIal0OT TOJBKO Malible OOBEKThl — KBAHTOBbIE uacTullbl. boiee
CJIOKHBIE OOBEKTHI YK€ TePSIOT KBAHTOBbIE CBOMCTBA. [109TOMY KBaHTOBasi MEXaHUKa
XapaKTepHa TOJIbKO AJIsI MUKPOMUPA.

OcoOyro poib B CO3MaHUM KBAHTOBOM Teopun cbirpan I[lmank. U3ygas
W3ITyYCHUE HATPETHIX TEJ U MBITASACH COTIACOBATh SKCIIEPUMEHTAILHBIE 0COOEHHOCTH
CIEKTPOB M3JIYyYECHUS] C TEOpHel 3leKTpoauHaMuku [[IaHK BBIABHHYN HWACHO, YTO
O0OMEH MEXy U3JIyYEHUEM U BEIECTBOM MPOUCXOAUT HE HEMPEPHIBHBIM 00pa3oM, a
JUCKPETHBIMM ~ TOPLMSMU, KBaHTamMu. IIpy 3TOM  KOJIMYECTBO  HDHEPTHH,
COTOCTaBIIsieMOe KBaHTy C 4Yactorod f (BenmumHa, oOpaTHas IJIMHE BOJIHBI A),
onpenensercs no popmyie
E = hf (popmyna Ilnanka). 3mech rae & = 6,625 107 Jx*c u ecth nocmosnnas
Ilnanxa. @usuueckuii cmvlcni nocmosuHou llianka cocmoum 6 mom, 4mo eciu 8
Klaccu4yeckou uzuke MUHUMATbHOE KOIUYEeCmE0 Oelicmaus Moxcem Oblmb JH00bIM,
Mo 8 K8AHMOBOMEXAHUYECKOM NpeOCmAasieHul OHO He Modicem Ovbimb Menvbuie h. B
ATUX YCIIOBHUSIX SHEPrus, UMIYJIbC U MOMEHT UMIIyJibca (a Tak K€ CIIUH — HeKas
BEJIMYMHA, AHAJIOT BPAIATEIHHOTO MOMEHTAa KBAaHTOBOW YACTHUIIBI) TaK ke OymayT
UMETh JIUCKPETHBIA CIEKTP 3HAYEHUH, T.€., KaK TOBOPAT (DM3MKH, KBAHTOBAHBL. B
JaJbHEUIIeM 3TOT MOAXOMA ObLI MojajiepxaH bopoM mpu MOCTPOEHUU CBOEH MOAEIH
aToMa M CTajJ KpaeyroJibHbIM KaMHEM KBAaHTOBOM TeopuHu (II0YeMy OHAa M Ha3BaHa
kBaHTOBOM. B 1905 1. DitHmTelH mia oObsicHeHHusT (PoTornekTpudeckoro ddexra
TaKXKe MOCTYJIUPOBAJ, UYTO AICKTPOMATHUTHOE HM3Iy4YeHHUE, KaK U TEIJIOBOE, UMEET
KBaHTOBBIM XapakTep M COCTOMT M3 KBaHTOB — (OoTOHOB. HamomHum, dYTO
dbotoanexkrpuueckuii 3pdext (pororddext) — 3T0 ABICHUE UCITYCKAHUSI DIIEKTPOHOB
U3 BEILECTBA MOJ JeiicTBUeM cBera. ComIacHO DWHINTEMHY KMHETHYECKas SHEPrus
BBUICTAIONIETO (DOTORIEKTPOHA paBHA Pa3HOCTH MEXKIy »JHeprued ¢GoTroHa u
MHUHHMAaJIbLHON dHEepruei, HeoOX0IMMOM I OCBOOOKIEHHUS AJICKTPOHA U3 BEIISCTRA,
KOTOpasi Ha3bIBaeTCsl PabOTON BBIXO/IA.

BnusiHue n3mepenus Ha MoBeJieHUE KBAHTOBOTO OOBEKTAa MPUBOIUT K TOMY, UYTO
MPOSIBJICHWE KBAaHTOBOTO OOBEKTa B KA4eCTBE WJIM YACTHIIBI, WJIM BOJHBI Oymer
3aBUCETh OT TOTO, 4YTO W Kak Mbl u3MmepsieM. [losTromy BOJHOBOW WU
KOPIYCKYJISIDHBIM XapakKTep KBaHTOBas 4YacTuila NOpHOOpeTaeT Jullb B [Jazax
skcriepuMmenTaropa. C Ipyroil CTOpOHbI BIMSIHUE MPOIIecca U3MEPEHUS HA BEJIMUUHBI
MPUBOAUT K UX HeomnpeaeneHHocTu. ['eizenoepr, [laynu u Jupak chopmynupoanu
TEOPUI0 KBAaHTOBOTO H3MEPEHUS W ONPENeIUSd TaK Ha3blBaEMbI€ YCIOBUS
HeonpeaeeHHocT [eli3eHOepra — BelWYWHA SHEPrUU, HUMITYJIbCA, KOOPJWHATA
YacTHUIBl HE MOTYT OBbITh M3MEPEHbI TOYHO OJHOBPEMEHHO (/1a’K€ TEOPETHUECKH).



ToyHOCTP 3TOr0 HM3MEpPEHHs] OMHCHIBACTCS COOMHOUIEHUEM HEONpPeoeneHHOCmU
Tetizenbepea, BBeqeHHbIM UM B 1927 1.: AX*Ap = h, tne h — nocrosunas ITnanka.
DU3NYECKUI CMBICIT 3TOTO COOTHOIIEHHUS COCTOMT B TOM, YTO B TPHPONC TOJDKEH
CYIIECTBOBATh MPHUHITUI, OTPAHUYUBAIOIMINNA BO3MOYKHOCTH JIOOBIX JKCIIEPUMEHTOB
(u3mepenuii). [IlpuMeHUTENHbHO K KBAHTOBOM YacTUIIE 3TO O3HAYAET, YTO U3MEHEHUE
UMITyJIbca YacTuibl Ap U n3MeHeHHne ee KoopauHathl Ax ompeseneHbl ¢ TOUHOCTBIO
JI0 BEJIMYMHBI KBaHTa MUHUMAJILHOTO AeHcTBUs /. [1oaTOMy (u3MKU TOBOPST, YTO
OJTHOBPEMEHHO TOYHO HM3MEPHUTHh KOOPAWHATY, UMITYJIbC HENb3s. M3 COOTHOIIEHUS
HEOTPEJICTICHHOCTH TakKXKe CIEAyeT, 4YTO, M3MEpsisl CKOJIb YrOAHO TOYHO OJHY U3
BEJIMYHH, MBI TIOJTy4aeM HEOTPEEICHHOCTh B JIPYTOM, TOCKOJIBKY MX MPOU3BEICHUE
paBHO OTPEICICHHONW BEIWYMHE. TakuM 0oO0pa3oM, MPHUHIIMI HEOMPEIACICHHOCTH
UMEET HNPUHYUNUATILHO — BEPOSIMHOCMHbIL  Xapakmep TPENCKa3aHus COOBITHIA.
KBaHnToBast Teopusi HE MOXET MPEACKa3aTh PE3yJIbTaT OTAECIHLHOTO COOBITHS, OJHAKO
OHa C OOJNBIION TOYHOCTHIO JAa€T CPEAHHME 3HAYCHUs JJIs1 OONBIIOTO YHCia COOBITHIA.
Mepoil BEpOATHOCTHM TIOBEACHUS KBAHTOBOM YaCTHUIbl SBJISIETCA BBEICHHAS
HIpénuHarepoM B €ro ypaBHEHUM TaK Ha3bIBaeMasl 60IHO6AS (DyHKyus Y, KOTOpas
UCIIOJIb3YETCS JIJISl BBIYMCIICHUS BEPOSTHOCTH TOTO, YTO YACTHUILY MOKHO OOHAPY>KUTh
B faHHOM Touke. Cama QyHKIMS Y HE UMEET MPSAMOro (PU3MUECKOrO CMBICIIa — 3TO
JUIIHL MaTeMaThyeckas 3aluch BO3MOXKHOCTU (BEPOSITHOCTH) OIpPEACIICHUs, HO
CXOJHAsl C TOHSATHEM aMIUIUTYIbl BOJHBI. BBUIO MOKa3aHO, YTO HEMOCPEICTBEHHO
U3MEpUTh €€ HEeNb3d, MOXKHO HU3MEPUThH JHIIb MHTCHCUBHOCTH ((PU3WYECKH OHa
CBS3aHA C DHEPTUei), KOTopas MPOMOPIMOHAIBHA KBaApaTy MOMYJS BOJHOBOH
Gyukuuu |y, WIM IJIOTHOCTH BEPOSATHOCTH. TakuM 00pa3oM, IUIOTHOCTh
BEPOATHOCTH [y|2 W JaeT pacmpeneiieHHUE BEPOSTHOCTH HAXOXKICHHS YacTHUIBI B
npoctpaHcTBe. Takoi cmocoO OMucaHusi TMOBEJICHUS YacTUIbI W MPUHLHUI
HeomnpeneneHHocTH [eiizendepra XopoIo CormacyroTcsl ¢ KOPIYCKYISPHO-BOJTHOBBIM
nyanu3MoM. BoiHy Hens3sl JIOKadu30BaTh B MPOCTPAHCTBE, M TOITOMY JrO0OE
U3MEpPEHHE TIOBCJCHMSI YaCTHUIbl, TPOSBISAIONICH W  BOJIHOBBIC  CBOWCTBA,
NPUHIIMIHATBHO CBSI3aHO C HEOMPEICICHHOCThIO. [IpUHIIMI HeompeaeIeHHOCTH
[eit3enOepra aeT KONIMYECTBEHHOE BBIPAKEHUE 3TOM HeompeneraeHHOCTH. bop B
1928 r. 0000 MPUHIKI HEOMpeneIeHHOCTH [ei3enOepra B CBOEM MPUHIUIIE
JOTIOJTHUTEIBHOCTH, CMBICT KOTOPOTO B 0000IIEHHON (OPMYTUPOBKE COCTOUT B TOM,
YTO TOJy4YeHHWE OKCIEpUMEHTAIbHOW uHGopManuu 00 oOgHuX (HHU3UIECKUX
napameTpax HeM30e)KHO MPUBOAUT K TOTEPE IPYTUX, JOMOITHUTEIBHBIX TapaMeTPOB,
KOTOPBIE XapaKTEPU3YIOT ITO ke sBiieHne (3PPEKT) ¢ HECKOIBKO APYTOil CTOPOHBI. B
(U3UYECKOM CMBICIIE TAKUMH JOTIOJHUTENBHBIMH JIPYT K JPYTy CYITHOCTSIMH,
MOMHMO YIOMSIHYTBIX KOOPJIWHATBI W HWMITYJIbCa, MOTYT OBIThb BOJHOBOC H
KOPITYCKYJISIPHOE TIPOSIBIICHHSI BEIIECTBA WM W3IyYCHHS, SHEPTUS U JJIUTCIHLHOCTH
coObITHsl Wi u3MepeHus. COOTHOIICHHWE HEONPEASICHHOCTH Il DHEPTrud |
JUIATENBHOCTH u3Mepenus umeer Bug: AE o At = h, tne AE = E2 — E1 —
Pa3HOCTb DHEPIHil B /1B PA3TUYHBIX MOMEHTA BPEMEHH, Pa3/IeIEHHBIX MPOMEXYTKOM
At. CoBpeMeHHas TeOpHsl CTpOEHHs aroMa TakKe OCHOBaHa Ha KBAaHTOBO-
MEXaHHYECKUX TPEJICTABICHUAX; B YAaCTHOCTH, WCIONB3YyS HICI0 O CBOWMCTBAX
anektpoHa, Ilaymm  copmynmpoBan  NPUHOUI, TO3BOJAIOMIMA  OOBSCHUTH
pacmoyioKEHNEe JIEKTPOHOB MO 000J0YKaM. Pe3ynbTarhl M WeH KBAaHTOBOW TEOPHUH



NO3BOJIMJIM TOCTPOUTh HOBBIM pa3liel COBPEMEHHONW (M3UKHM — O JIBUKEHUU
3apSKEHHBIX MHUKPOYACTHUL, YYHUTHIBas MX KBAHTOBO-MEXAHUYECKYIO HPHPOLY, —
KBAaHTOBYIO 3JIEKTponuHaMuKy. OrpoMHBIi BKJIaa B 3Ty (u3uky BHec HoOeneBckuit
naypear P. ®@eiinman. [lo cymecTBy, 31ech paccMaTpuBaeTcs KBaHTOBAsl IPHUPOJA
AIIEKTPOMATHUTHOTO TOJISI, U MOCKOJBKY JIBHKCHHUE 3apSKEHHBIX MUKPOYACTHI] €CTh
BceoOlIee SBICHUE MPUPOBI, TO MOXKHO CKa3aTh, YTO KBAHTOBAs AJIEKTPOJAMHAMMKA
OMKCHIBAET BCE SBIEHUSA (PU3MUECKOTO MHpA, 3a HMCKIOUYEHHEM TpaBUTALUU U
PAaOMOAKTUBHOCTU. JTa TEOpUs IMPOBEPsUIaCh B JUANa3oHE pasMEPOB OT CTa
IMaMETPOB 3eMJIM 10 OJHOM COTOM aTOMHOTO si/ipa, U TOYHOCTh IPEACKa3aHuil Oblia
IIOMCTHUHE MOTPSCAOLLEH.

DJieMeHTApHbIe YACTHIIbI
DBOMIOIKMS KAPTUHBI MEKPOMHUPA TIPOXO/INIIA ONIPEICIICHHBIE ATAIbI:
e aromuctuyeckas mojenb JleBkuna — JleMokputra O TOM, 4YTO BECh MHUP
COCTOUT U3 aTOMOB;
® 1Jiesl MOJIEKYJISIPHOTO COCTaBa XUMUUYECKUX BEILIECTB;
e wmojenu aromoB Pesepdopaa u bopa, mokazanu Hanuuyue 3IEKTPOHOB U siipa
aTOMOB;
® OTKpPBITHE MPOTOHOB, HEUTPOHOB, KBAHTOBAsI MOJENbh ()OTOHOB, MO3BOJIMIIA HA
Ha COBPEMEHHOM YpPOBHE YK€  TOBOPHUTb, YTO MHUKPOMHP COCTOUT H3
B3aMMOJICHCTBYIOIIUX AJIEMEHTAPHBIX KBAHTOBBIX YACTHII.
[Ipu 5TOM HEOOXOAUMO OBLIO BBISICHUTh KaKHUE YaCTUIIbl CYLIECTBYIOT, KaKUMHU
CBOMCTBaMU 00JIaIatOT ¥ KaKWe CHUJIbI M 3aKOHBI Ha HUX JCUCTBYIOT. [lepBoHavaibHO
OBLJI0 W3BECTHO TOJBKO 2 BHJIa B3aUMOJCUCTBUS MaTepUM — TPABUTAIMOHHOE
(ompenensieTcs CBOMCTBOM MAacChl) M AJIEKTPOMArHUTHOE (OMpeAesieTCss CBOMCTBOM
AIIEKTPUYECKOTO 3apsijia + WU - U MAarHUTHBIM MOMEHTOM — aHAJIOTOM MarHUTHOTO
MoJisi 3aMKHYTOrO KOHTypa ¢ TokoMm). Takum o0pa3oM, dYacTHIbl 00Jaaanu
CBOMCTBAMM MaccChl, 3apsiia ¥ MarHuTHoro MomeHTa. [lo Macce wacTHIlbl
pa3IeNuIuCh Ha YaCTHUIBI C MacCOM TTOKOS (3JIEKTPOH, MMPOTOH, HEUTPOH) U 6€3 Macchl
nmokost (¢oToHbl). DOTOHBI OBUTM IO TEOPUH OJM3KOACUCTBUS TEPECHOCUHMKAMHM
AIIEKTPOMArHUTHOTO  B3auMOACUCTBUSA-TIoNsA. [lo aHalorumM TPEANnoNOKIIA O
CYIIIECTBOBAHUH TPABUTOHOB — MEPEHOCYMKOB TPaBUTAIIMOHHOTO mojs. Ho moka mux
HE CMOIIIM OOHApYXHUThb dKcHepuMeHTalbHO. [1o 3apsiay yacTuibl pa3aeauinch Ha
OTPHUIIATENILHO 3apsiKEHHbIE (MIPUMEpP — 3JIEKTPOHBI), MOJOKUTEIBHO 3apsKEHHbIC
(npuMep — TPOTOHBI) M YacTULBl Oe3 3apsna (mpumep — HeUTpoHsl). [lpuuem
U3MEpPEeHUs 3apsja IMOKa3adu, YTO 3apsij IEKTPOHA W 3apsij MPOTOHA MO MOIYIIO
paBHBI, YTO JaJl0 OCHOBAaHWE CYUTATh 3apsiji DJICKTPOHA «KUPIUYUKOM» WIH
MUHHUMAaJIbLHON eAUHUIICH 3apsa.

JlanbHeilliee u3yyeHue CeKTPOB U3ITyUYEeHHs aTOMOB, J1aJI0 OCHOBaHHE BBECTHU
emie 1 CBOMCTBO KBAHTOBBIX YAaCTHI] — CHHH. JJi1 HETO BBEJIM aHAJIOTHI0 — MOMEHT
BpaIleHMs, TO €CTh YacTUIla Kak Obl BpamaeTcsi BOKpyr cBoedl ocu. KoneuHo s
KBAHTOBBIX YaCTHUIl 9TO HE COBCEM BEPHO, HO IMOKa JIPYrod aHaJOTUM HE BBISBICHO.
TakuMm 00pa3oM, HAJIEICHHE YaCTUIl BHYTPH aToMa (3JIEKTPOHBI, TPOTOHBI HEUTPOHBI)
CBOMCTBAMHU 3apsjla, MarHUTHOTO MOMEHTAa W CIIMHA ¥ BBEJCHUS MPUHIUIIA



KBAaHTOBAaHUS WX BEIUYHH TO3BOJUIO OOBSICHUTH MPAKTHUUECKH BCE OCOOCHHOCTHU
CIIEKTPOB M3IIy4EHHs] aTOMOB. B HacTosmiee BpeMs Takas KBAHTOBAas MOJEINb aToma,
onuckiBaeMasi ypaBHeHusimu IllpenuHrepa nns BOJHOBOW (YHKIHMH, CUHTAETCA
0a30BOI1.

Oco060i1 npobseMoi AJisi MOACJIM aTOMa CTalI0 OObsICHEHHE CTAOMIIBHOCTh €r0
anpa. Beap oTTalkuBaHUE MOJOKUTEIBHO 3apSXKEHHBIX MPOTOHOB JIOJKHO OBLIO €T
pa3pylIuTh. 3HAYUT MEXIY MPOTOHAMHU €CTh €Ille OJHO B3auMOJCHCTBHE OoJiee
CUJIBHOE Y€M DJIEKTpOMarHutHoe. KpoMe Toro, OHO JEHWCTBYET U Ha HE 3apsyKCHHbBIC
HEUTPOHBI. Takoe B3aUMOJICVICTBHE Ha3BaJIu CUJIbHBIM HYKJIOHHBIM
B3aMMOJICHCTBUEM, a JIJII IPOTOHOB M HEUTPOHOB MOSIBUJIOCH OOIee Ha3BaHHE —
HYKJIOHHOE. Y CHJIBHOTO B3aMMOJICHCTBUS JOJKEH OBITh CBOM MepeHocunk. M Takas
gacTuiia OblIa OOHapy’»KeHa — ME30H, OJIHAKO OH OKa3aJICsl HEe OYCHb CTAOMIBHBIM,
9YTO OOBSACHSET OBICTPOE YMEHBIIIEHHWE MOITHOCTH CHJIBHOTO B3aWMOJCUCTBUS C
yBeJIMUEHuEM paccTosHus (ropasmo Obictpee 1/R?). TlodTOMy BBHLIETEB M3 sapa
JIOCTaTOYHO JAJIEKO IPOTOH YK€ HA3a]l HE «IIaJacT».

@du3uKa IEMEHTAPHBIX YACTHUIl Hadyaua aKTUBHO Pa3BUBATHCS C IMOSBICHUEM
CPEICTB pErucTpaluu Takux dYacTull (cueruuk leiirepa u T. J.) U yCKOpUTENEH.
Yekoputenb  —  npuOoOp,  KOTOPBIM  YCKOpAET  3apsHKEHHbIE  YaCTHIIbI
AIICKTPOMATHUTHBIM TIOJIEM. YCKOPHUTEIN OBIBAIOT JUHEWHBIMU WIH ITUKINYECKUMHU
(kpyroBeiMH). [IBHKEHHME 4YaCTUIBI 1O KPYyTy JaeT BO3MOXKHOCTh €€ CHUJIbHEe
pa3zorHarb, OlMKe K CKOpPOCTH cBeTa. B pe3ynbrare oHa MoiiydaeT 3HAYUTENIbHYIO
sHepruto. MHorue ¢u3nueckue MpoLecchl MPU BBICOKUX JHEPIHSIX MPOSIBISIIOTCS
0c000, 9TO J1aJI0 BO3MOKHOCTBH BBIJICTUTh B OTACHBHBIN pazfaen dusznky Bricokux
OHepruii. J[aiee yacTulla CTaIKUBAETCA C MUIIEHBIO, T. €. C IPYTrOil YaCTULIEH MOYTH
HEMOABMKHON. OJTO NPUBOAUT K BBIACICHUIO BCEH HAKOIUIEHHON HSHEPruv Hu
MPOSIBIICHUIO PA3IMYHBIX TociencTBuii. OCOOCHHO BBICOKAS JHEPrHsl TOTydaeTcs,
€CJI CTAJIKMBAKOTCS 2 MOTOKA JIBMKYIIUMXCS HABCTPEUY APYT APYTy IMYyYKOB YACTHII.
[locTeneHHO YCKOPUTENW CTAHOBWIHCH BCE OOJbIIE MO pazMepaM (IuaMeTpoM B
HECKOJIbKO KHJIOMETPOB), YTO JaBajio Bce 00bInyto 3Hepruto. [Ipu sToM poxkaanuch
BCE HOBBIC M HOBBIC YaCTUIIbL. Tak ObLIM HalIeHbl TUIIEpOHbI. HazBaHue «rUmnepoHb
MIPOUCXOJUT OT IPEUYECKOr0 «TUIIEP» — BBIIIIE, TAK KaK OHU TSHKEJIEE IMTPOTOHA, HO TaK
)K€ TIOJIBEPIKEHBI CHIIbHOMY B3auMOCHCTBUIO. HYKJIOHBI U TUIIEPOHBI OObEIUHWIH B
KJlacc OapuOHOB — OT TpPEUecKoro «Oapucy» TsxkeNnbld. bapuoHbl (HYKJIOHBI,
TUIEPOHBI, OApUOHHBIE PE30HAHCHI — KOPOTKOXKUBYIIME YACTHUIIBI) MPU JHOOBIX
peaKkIusaX MOTYT MpeBpallaTthCs B MPOTOHBI WM M3 HUX Moiydarbes. [lanee Obuin
HaWJeHbl CUJIBHO  B3aMMOJICUCTBYIOIIME ME30HBI M 00pa3oBalics  KJacc
aJIPOHOB=ME30HBI+0apHOHBI (ITOATOMY CYIEpKOJUIAiep Ha3bIBACTCS aJPOHBIM).
Takum 00pa3oMm, CHIIbHOE B3aUMOJICHCTBHUE BIMSET HA MOBEACHUE aipoHOB. Oco0yto
pOJIb B MCCIEHOBAHMM KBAHTOBBIX YACTHUI[ CBHIIPAJIO OTKPbITHE HEUTpuHO. [lpm
M3YUYEHUU HEKOTOPBIX peakiuil ObUIO0 OOHAPYKEHO HApYIICHHE 3aKOHA COXPaHEHUS
sHepruu, Ilaymu npeamonoxun (1930 1) 4yro 3Heprusi BBIACIAETCS BMECTE C
HEOOJBIION HEe3apsHKEHHOM vacTuled (YMEHbBIIEHHOM Komued HeWTpoHa —
HelTpuHO). OnHAKO OOHAPYX UTh B AKCIIEPUMEHTE 3Ty YACTHUIy OKa3ajloCh OYEHb
TPY/AHO, OHA JIETKO MpoJieTaeT naxe yepe3 3emito (50-e rona). Emie Tpynnee ObL1o
ONpENENTUTh €€ MacCy, OHAa OKa3aJlaChb CTOJb MaJIOd, YTO HEKOTOPBIE YUYEHbIC



mpejiarajd CYuTaTth e¢ 0e3MacCOBBIM (POTOHOM TIEPEHOCYMKOM OCO00ro BHAA
B3auMmouercTBusl. M Tonpko B koHIle 20-Hadaime 21 Beka HaJMYHWE MACCHI ITOKOS
HEUTpUHO ObLTO ompenenieHo. [Ipu AToM OBLIIO OMpeneIeHO Kak MUHUMYM 3 Pa3HBIX
TUIIa HEUTPUHO, & AaHTUHEUTPUHO TAK MOKAa U HE OOHAPYKEHO.

Bonee nerkue dacTuisl ToKe B3aMMOCHCTBYIOT, HO MEPEHOCUUK APYyTrod —
BEKTOpPHBINA 0030H. Bce KBaHTHI MEPEHOCUMKOB CTaJM HA3bIBaTh OOILIUM CIOBOM —
0o030Hbl. Takoe B3auMojeiicTBHE OBUIO Ha3BaHO CJIa0bIM, a YaCTUIBI €My
MOIYMHSIIOIIMECS Ha3bIBAIOT JenToHamMu. K jienToHaM OTHOCSTCS AJIEKTPOHBI, MIOOHBI
¥ HEeWTpuHO. B HacTosIiee BpemMsi B OCHOBE KjacCU(PUKAIMK dJIEMEHTapPHBIX YaCTHIL
JCKUT UX JIeJIEHHE Ha KJIAacChl CHJIBHO B3aMMOJCUCTBYIOIIUX (aApOHBI) U C€labo
B3aMMOJICHCTBYIOMUX (JenToHbI) YyacTull. KiaccupuumupoBaHbl Tak k€ 4 OCHOBHBIX
BHJIa B3aMMOJICUCTBUS — T'PABUTAIIMOHHOE, YJIEKTPOMarHuTHOE, CHIIBHOE U ciadoe.
UM cootBetrcTBYeT 4 moist B (opMaabHO 4 KBaHTA-TIEPEHOCYUKA B3aUMOJICHCTBUS
I'PaBUTOH, (OTOH, ME€30H, BEKTOPHBIN O030H.
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AJTpoHBI JlenroHE!
(CHIBHO B3aHMOIEHCTBYIOLIHE) (cnabo B3auMo/eHCTBYOIIIHE)
Mesomz! BapHoHBI DNeKTPOHBI Mioons! Heitrpuso
Hyxnousi
(HeiiTponsl, | | THIICpoOHB!
ITPOTOHEI)
!r Y L}
KBAPKH

Eme onHO# 0COOEHHOCTBIO KJIACCOB 3JI€MEHTAPHBIX YACTHUI[ CTANIO0 OTKPBITHE
aHTUMarepuu. Pemas BOMTHOBOE ypaBHEHME KBAaHTOBOM dieKTpoauHaMuku I1. Jlupax
B 1928 r Hamien eme OHO CUMMETPUYHOE PELICHHUE ISl AaHTUAJIEKTPOHA, KOTOPBIN
JOJKEH UMETh Ty KE MAaccCy, HO 3aps/i MOJOKUTENbHBIN. Takas yacTuia — Mo3uTPOH
Obl1a OOHapyXKeHa B OSKCHEpUMEHTE. PelsTUBUCTCKON KBAaHTOBOW TeOpHeil ObLIO
YCTAHOBJIGHO, 4YTO IOYTH JIOOOM  DJIEMEHTApHOM 4YacTHUIle COOTBETCTBYET
AHTUYACTHIIA B TOM CMBICIIE, YTO, UMEsl OJIMHAKOBBIE MACChI, IIEPUOJIBI MTOJIypacnana,
a TaK)Ke€ OJUHAKOBBIC KBAHTOBBIE YHMCIIA, OHHU PA3JIMYAIOTCS 3HAKAMHU BCEX 3apsOB:
AIIEKTPUYECKOT0, OAPHUOHHOT0, IENTOHHOTO U JIp. DTO CIEAYET U3 OOIIMX MPUHILIUIIOB
KBAHTOBOM TEOPUU ITOJIA U MMOATBEPKIAAETCS IKCIIEPUMEHTAIBHBIMU TaHHBIMU. Takum
o0pa3om, BO3HUKJIA TII00aIbHas TpoliieMa YaCcTUIla—aHTUYACTHUIIA, PA3HBIX O 3HAKY
3apsga yactul. [IpuyemM npu CTONKHOBEHWH YaCTULBI U aHTUYACTHUIIBI MPOUCXOIUT



AHHUTWISILKS, T.€. OHM B3aUMHO YHUYTOXKAIOT APYT ApPYyra, U IPU 3TOM BBIACISIETCS
SHEpPrusi B BHUJAE KBAHTOB 3JIEKTPOMArHUTHOro u3myuyeHus (¢doronos). [Ipu stom
IPOTOH AHHUTWIMPYET MUMEHHO C aHTUIIPOTOHOHOM, a HE IO3UTPOHOM, TaK Kak
AHHUTWIALMS JT0JKHA COXPAaHATh CUMMETPHUIO CBOWMCTB-3apsiioB. DAaKTUYECKH 31€Ch
NposBIsAETCS IIIyOOKass CHUMMETpHsSl 3aKkOHOB (u3uku. DakTHUEeCKH 3aKOHbI
COXPAaHEHMsI OTpaXkaloT CHMMETPUYHOE YCTpoilcTBO Mwupa. Hampumep Hanmuuue
MOJIOKUTEILHOTO 3apsiia JOKHO OBITh YPaBHOBEIIEHO OTPULATENIbHBIM 3apSIOM.
[Ipn sToM uKciio OapUMOHOB WM JIENTOHOB TOXE JOHKHO COXPAHSTHCS (aHajor
3apsja i CUJIBHOTO WJIM cJlaboro B3amMoneucTBHsi). B Toxxe Bpemsi CylecTBYIOT
OTJEJIbHBIC CITy4Yau HapyIICHUS] CAMMETPUHU, KOTOPbIEC 3aCTABUIIN YUCHBIX YCIOKHSIThH
3aKOHBI COXpaHEHHUS-CUMMETpuH. Tak Harpumep Obljla BBEIECHA JOMOJHUTEIbHAS
oco0asi KBAaHTOBasl XapaKTEpUCTHUKA YaCTHUIIbI HA Too0ue 3apsja, KoTopas Oblia Tak
Y Ha3BaHA «CTPAHHOCTHY.

MHuoroo6pasue 1 CI0)KHOCTh CUCTEMBbI KBAHTOBBIX YACTHI] 3aCTaBUJIa YUECHBIX
BBIJIBUTaTh HOBbIE ueu. Tak Oblia pa3zpaboTaHa Teopusl BIEKTPO-CIadbOro
B3aUMOJICHCTBUS (0ObEIUHEHUE NEKTPOMArHUTHOTO U CJIa00ro) U TEOPHUsl KBapKOB.
K Hactosmemy BpemMeHu Bce 3TO 0O0beIMHEHO B pamkax CTaHIapTHOW MOJEINH,
KOTOpasi TOATBEP)K/ICHA HENaBHUM OTKpbITUEM Oo30Ha Xwurca. B »Toii mopenu
MPEICTABIAIOT aJPOHBI KAK COCTaBHbIE OOBEKTHI, KOTOPHIE COCTOST U3 KBAPKOB O
pa3HbIX TUNoOB. KBaHTOBas XapaKTepUCTUKA KBapKa IMOJy4YWIa Ha3BaHUE — IIBET.
CunpHOE B3aMMOJICMCTBHUE 3/I€Ch PACCMaTPUBAETCS KaK B3aUMOJCHCTBUE KBAapKOB C
NEPEHOCUUKOM —  IJIFOOHOM. Teopusi 3jekTpoc;iadoro B3amMojaelicTBUs
npencrasiseT coboi (co3gana B konie 60-x romoB C. Baitn6eprom, L. [mamoy, A.
CamamoM) enuHyr0 (0OOBEIMHEHHYIO) TEOPHUIO CJa00T0 M AICEKTPOMArHUTHOTO
B3aMMOJICUCTBUN KBapKOB W JIENTOHOB, OCYIIECTBISEMBIX MOCPEACTBOM OOMEHa
YEeTBIPbMsI ~ YacTUI[AaMH —  0e3MaccoBbIMH  (OTOHAMH  (DJIEKTPOMArHUTHOE
B3aMMOJICHCTBUE) U TSDKEIBIMU MPOMEKYTOUHBIMH BEKTOPHBIMH O030HaMu (ciaboe
B3aumojieicTBre). TakuM 00pa3oM KUPHUYMKAMHU CTAHJAPTHOW MOJENH JOJKHBI
ObITh 6 KBapkoB, 6 jenToHOB, 6 6030HOM. OJMH U3 OO30HOB — TPaBUTALMOHHBIN
IPaBUTOH IOKAa HEe OOHapyXeH. B 1enom, Kpome rpaBUTaluMy 3Ta MOJEIb JAET
XOPOUIEE COOTBETCTBUE € IKCIIEPUMEHTAMMU.

JIOTIOTHUTEINBHO:
[1] c.45-50

[2] ¢.155-176

[3] ¢.99-145

[4] ¢.128-172



CTpyKTypa CTaHJAAPTHOH MOIeJIH
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HanorexHonoruss — o061acth (QyHIAMEHTAIBHON M MPUKIAIHONW HAYKH U TEXHUKH,
paboraromas ¢ OObeKTaMHM C 3a/JlaHHOM  arOMHOM  CTPYKTypoH  MyTEM
MaHUITYJIUPOBAHUS OTIEIbHBIMU aroMaMu W Mojekyinamu. 1 Hanomerp = 0,001
mukpomerpa =0,000001 mMunmumetpa. Pa3BuTrne TEXHOJIOTHH IMOCTOSHHO TPeOOBasIo
MOBBIIEHUSI TOYHOCTU M3TOTOBJICHUS JE€Talield, MEXaHu3MoB, cucteMm. Cranaapt
koHIIa 19 nmo cepenunnl 20 Beka — MHUKpPOHHBIE TexHOJorwu. B xoHie 20 Beka
MOSIBJIEHWE MUKPO3JIEKTPOHUKHU CHAENANIO CIENyIomuid mar B HanpasieHuu 100 HwM,
10 aMm u T a. IlosSBUIIMCH TEXHOJOTHMU JIA3€PHOTO HAIBUICHUS, CBEPXUYUCTHIC
Martepuaisl U T. . B xonie 20 Beka MOSBWIOCH MOHITUE HAHOTEXHOJIOTHUH, KOT/Ia Ha
TEXHOJIOTUYECKUN TMPOIECC CTalu BIUSATH KBAHTOBBIC SIBJICHUS U aTOMHO-
MOJICKYJIIPHOE CTpOeHHEe MmarepuayioB. [IpumMepbl : HaHOPOOOTHI, MCKYCCTBEHHBIC
BUPYCHI, OaKTEPUH, HAHOYACTHUIIbI, HAHOCTPYKTYPHI.
Ilopsinok u GecnopsiIoK B NpUpoO/Ie
Crnygaiinble Ipo1iecchl U siBjieHusl. PaanoakTHBHOCTh, KBAHTOBBIH IIIYM U
OpOYHOBCKO€ JIBH)KEHUE

Jlonroe Bpemsi JIIOAU CYMTAIM YTO BCE B MPHUPOJE HE CIyYailHO, UMEET CBOIO
MPUYUHY U MOXKET OBITh OMPEETICHO TOYHO. ECIIM OHM YTO-TO HE MOHUMAIU WA HE
MOIJIM YCTAHOBUTH MPOCTYIO MPUUYUHY, TO MPEANOIarajil HaJIuuue HEKON «BHEUIHEN
BOJIM». Tak MOABWIMCH MOHATHUS O JyXaX, Oorax u T. a. Jlaxke 3a XaoTHYECKH
3aryTaHHbIe Tporecchl orBeyan Oor Xaoc. Takue 3aKOHOMEPHBIC MPOIECCHI OBLIN



Ha3BaHbl JETEPMUHUPOBAHHBIMU (OT aHIIMIICKOrO cioBa omnpenensats). Jo 19 Beka
YYEHbIE CHOPWIM TOJIBKO O HAJIWYMU BIMSHHUS HA NPUPOAY HNOTYCTOPOHHHX CHII. B
MEXaHHCTHYECKOM KapTuHe HproToHa 3a 00roM oCTaBajloCh TOJIBKO IPOIECC
CO3MIaHMSI MHpa U YCTAHOBJIEHUE €ro 3aKOHOB, Jajbllle Bce pabdoTano
«caMoCTOATENbHOY. [I0SBUIIMCH M aTE€UCThI, KOTOPbIE MBITAIMCH COBCEM yOparh Oora
U3 KapTUHbl Mupa. M3ydyeHue TEeruioBBIX MPOLECCOB M TEPMOJMHAMHKHU 3aCTABUIIO
[IEpECMOTPETh TakoW Ioaxon. IlosBunack BEpOATHOCTHAsE KapTUHA MUpa B KOTOPOH
€CTh CIIy4allHble UM CTOXAaCTHYECKHE (CMECh CIIy4ailHOrO0 W JETEPMUHUPOBAHHOIO)
MIPOLIECCHI.

IlepBoHaYanbHO MHTEPEC K XAOTMYECKUM MPOLIECCAM BO3HUK IMPU U3YyUYECHUHU
OpOYHOBCKOTO JBMKEHHUS dacTull. M3ydas moj MHKPOCKOIOM MOBEIEHHUE MKHUBBIX
KJIETOK M MUKPOYACTHULl YUEHbIE OOHApYKHUJIU UX XaOTHUECKOE ABIM)KEHUE, MOX0XKEe
Ha ApokaHue. Takoe ABMKeHUE ObLIIO OOBSICHEHO ABM)KEHHEM MOJIEKYN BO3dyxa. B
raze MoJEKyJbl ciabo cBsA3aHbl (C1ab0 B3aWMOJEHCTBYIOT), TIO3TOMY OHHM MOTYT
JIOCTaTOYHO CBOOOJHO JBUTAThCSA, CTAJKUBAThCS APYr C JIPyroMm, oOpasys OueHb
CIIO)KHOE (XaOTHYECKOE) JBH)KEHHE. B Teopuu BEpOATHOCTU JOKAa3bIBAETCS, YTO
CJIOKEHHE OOJIBIIIOr0 YHucia pa3HOOOpa3HbIX U HE CBSI3aHHBIX MEXIy CoOOM
MPOLIECCOB NPUBOAUT K (OpMUpOBaHUIO CiaydalHbIX TmpoueccoB. I[loatomy
XapaKTEPUCTUKH TAKOTO «MOJIEKYJIIPHOTO» ra3a MPaKTUYE€CKU MOXKHO ONMKCHIBATH KAK
cinyvaiinpie. C Jpyroil CTOpPOHBI Clly4ailHble NPOLECCHl TOXKE HMMEIOT BIIOJIHE
JETEPMUHHUPOBAHHBIE  XapaKTEpPUCTUKM — CpEJHEE 3HAuCHHe, JHUCIEPCHS,
KOppeJsius U T. 1. Tak BO3HUKIIA cTaTUCTHYECKask (pU3uKa, KOTOpasi cTajia OMUCHIBAThH
CJIIOKHBIE TPOLECCHl METOJaMHM TEOPHUM BEPOSATHOCTEHM M CTAaTUCTHKU. Hampumep
JIaBJICHWE Ta3a B COCYyJE, CTAaTUCTHYECKass (U3MKa MpPEICTaBIsIeT Kak IMepeaady
UMIYyJIbca MOJIEKYJIaMHU Ta3a CTeHKaM cocyna. Yem ObICTpee ABMKYTCS MOJIEKYJIbI,
TeM OoJbllle UMIYNbC U JaBieHne. CKOPOCTh MOJIEKYN CBs3aHa C UX KUHETHYECKON
DHEpPruei, a 3Ta 3HEPrusl B CPEIHEM M ONpeleiseT Temueparypy. Tak MosBiIseTcs
CBs3b TeMIlepaTypbl M JaBieHus. [lpum cxkatum rasa, MecTo MpoJjieTa MOJEKYJ
YMEHBIIAETCS, CTOJKHOBEHMSI CO CTEHKaMM Yydamarorcd. Tak oOpasyercs CBS3b
naBieHuss U oobema rasza. [Ipu cxarum Tak ke HEOOXOAMMO BBIMOJIHUTH PadbOTy MO
pa3roHy MOJEKYJd Mpu COMMKEHHH CTEHOK, MO3TOMY YBEJIMYUBAETCS HHEPrus
JIBWKEHUSI MOJEKYJI W COOTBETCTBEHHO TeMmiieparypa. Tak oOpasyercss CBs3b
TeMIlepaTypbl U 00beMa Tasa, a Tak k€ MOXHO c(hOpMYJIMPOBATh 3aKOHBI COXPAHEHUS
SHEPIUM B TEIUIOBBIX Mpoueccax. C Apyroil CTOPOHBI, XapaKTEPUCTUKU TAKOTO
«MOJIEKYJISIPHOTO» Ta3a 3aBUCAT OT KOJIMYECTBA MOJIEKYA W HX Macchl. Tak
nosiisieTcs:  obocHoBanue (opmynsl U 3akoHa MenneneeBa-Knaiinepona P*V
=k*R*T, rne P — naBnenue, V — o00beM, K — YHUCII0 MOJICH (OMpeesseTcsl YUCIOM
MOJIEKYJ BellecTBa), R — yHuBepcaibHasi KOHCTaHTa, T — Temmneparypa. MoxHO
paccMOTpeTh B paMKax CTaT(U3UMKH W Hayaja TEPMOJWHAMMKH, €CIH PACCMOTPETH
(YHKIMIO XaOTHYHOCTU — 3HTponuto. B crargusuke paccMaTrpuBaroT B3aUMOCBA3b
(GYHKUMH SHTPOIUHU, TEMIIEPATYPHI U T. JI. B BUJI€ CUTEMbI YPaBHEHU.

MoXHO TpPUMEHUTh CTarPU3MKy M K JAPYTHMM CJIOXHBIM Ipolieccam
(BOJIHOBBIM, JBOJIIOIIMOHHBIM, KBAaHTOBBbIM). J[JI1 KBaHTOBBIX OOBEKTOB OblLia
pazpaboTaHa crnenuajgbHas CTaTUCTUYECKash TeOopHusi — KBAHTOBas CTaTHCTHKA,
KOTOpasi BbIAENWIA P  OCOOBIX MHOXECTB KBAaHTOBBIX OOBEKTOB, KOTOpbIE



MOTYUHSIOTCS  OCOOBIM  cTarucTuueckuMm pactpenenenusm  (bose-DitHmTelina,
depmu U T. A. ). B Toke Bpemsi KBaHTOBasi CTaTUCTHKA €Iie TpeOyeT JopaboTKu Tak
KaK HE BCErja IMPaBWIbHO OIKCHIBAET SKCHEPUMEHTANIbHBIC pe3yabTarhl. B 1menom
KBAaHTOBBIE CHCTEMbI OOOTraTW/IM HAyKy MpPUMEPAMU COBEPIICHHO CIy4YalHBIX
SBJICHUN TpUPOAbl (IepUoja Mojypacnaja W PpaJuOaKTUBHOCTb, BPEMS KU3HU U
BOJIHOBAs (DYHKIIUSI YACTHUIIBI U T. 11.).

[TomuMo OecropsIIOYHBIX/XaOTUYHBIX CUCTEM B MPUPOJIC BAXKHOE 3HAYCHUE
UMEIOT U YIOPSAJAOYEHHBIE CTPYKTYphl. B KUIKOCTAX M TBEPIBIX TelaX MOJICKYIIbI
pacroJyiaraloTcs ropa3fo IUIOTHEE YeM B Ta3e M CUJIbHEE B3aUMOICHCTBYIOT MEXKIY
co00#1. DTO MPUBOAUT K YCIOKHEHUIO MPOIIECCOB, BOSHUKAIOT SIBJICHUSI CMauyUBaHUs,
MOBEPXHOCTHOT'O HATSKEHUSI, TEKy4eCTH, ynpyroctd u T. 1. Ilpu sTom BemiectBa
MOTYT OBITh U30TPOIHBIMU (BCE HAMpPABICHUS PABHOIMPABHBIMHU) U aHU30TPOIHBIMU
(ecTb BbLIENEHHbIE HanpaBiieHus). Cpeau aHU30TPOIHBIX BEIIECTB HanOOIee BaKHOE
3HAYCHUS] UMEIOT IOMEHBI M KPUCTAILIBL. JlOMeHBI — 001acTH Teja, KOTOPhIe UMEIOT
oOiue xapaktepucTuku. Hampumep MarHUTHbIE JOMEHBI — 3aMKHYThIE 00JIaCcTH, B
KOTOPBIX MOJIEKYJIBI (DOPMHUPYIOT OOIIMIA MarHUTHBIA MOMEHT. B pesynbrare
MarHuTHBIA JIOMEH BelIeT ce0s Kak eJuHas MarHuTHas CHUCTeMa, KoTopas
B3aUMOJICHCTBYET C BHEIIHUM MArHUTHBIM TojieM. MIMEHHO JOMEHBI BIUSIOT Ha
dbopmupoBaHue 0COOBIX MAarHUTHBIX, DJIEKTPUUECKUX U HEKOTOPBIX JAPYTHX CBOMCTB
BellecTB. Kpucramibl — BemiecTa, KOTOpPblE HUMEH OCOOYH KPHUCTAUIMYECKYIO
CTPYKTYpy. ATOMBI KpUCTaJlJIa CBSI3aHbI TaK, 4YTO 00pa3yloT B IPOCTPAHCTBE PELIETKY
(kpucTaynyeckyro). B Takoil cucreMe MOSIBISIFOTCS aHU30TPOITHBIE SIBICHUSI U CAMO
COMIACOBAaHUE B3aMMOJICUCTBUS aTOMOB C BHEIIHUMH CHJIaMH U TojiaMU. Kpucramisl
00J1a1at0T aHOMATBHBIMH ONITUYECKUMHU, IEKTPUIECKUMU, MAaTHUTHBIMH, YIPYTUMHU
cBoiicTBamu. Hampumep yrmepox moxeT ObITh B Buje Tpadmura, anmasa, rpadeHa,
YIJIEPOIHBIX HAHOTPYOOK. Kaxplii U3 3THX BUIOB 00J1aa€T 0COOBIMU (hHU3UYECKUMU
CBOMCTBAMU, YaCTO YHUKAIbHBIMHU.

B 3akirodueHwe AaHHOM TOATEMBI MOXHO OTMETHUTh, YTO IPOILIECCHI
YIOPSIIOYMBAHUS U XaOTH3alMKU B MPUPOJI€ MOCTOSHHO MPOTUBOACHCTBYIOT. 3aKOHBI
TEPMOJMHAMUKHN  TPEOYIOT, UYTOOBI CHCTEMBI TOCTENEHHO XaOTU3UPOBAIIUCH
(TepMoMHAMHUYECKAsi CMEPTh BCEJIECHHOM), OJHAKO B PEaJbHOM MHUPE €CTh CJIOKHbBIC
MPOIIECCHl DBOJIIOIMK CHUCTEM, KOTOpbIE HE BCErla BeAyT K Xaocy (Hampumep
noBejieHre *KuBbIX cucteM). [loka coBpemMeHHass Hayka HE MOXKET OTBETUTh Ha BCE
BO3HUKAIOIIUE TIPU 3TOM BOIPOCHI.

J1OMOJIHUTEIIBHO:

[1] c.54-69

[2] c.138-141,159-163
[4] c.132-135, 248-270
[2] c.342-351



Paznen 3. Xumnueckasi 1 OM0JI0rHYeCKAsA KAPTHHA MUPa

Jlekuums Ne 5. XumMuueckue 3neMeHTsl U CTPYKTypbl. [lepuonnueckas cucrema
aneMeHToB. CTpyKTypa MoJeKys. Xumudyeckue peakuuu. Heoprannueckas u
OpraHUYecKas XUMHUsl.

Jlexuus Ne 6. BnusiHue XuMHUYECKHX MTPOLIECCOB U TEXHOJIOTUI Ha MIPUPOLY,
YeJIOBEKa U pa3BUTHE OOIIECTBA.

buonoruueckas kaptuna mupa. [lonsitue 6mocdepsl, 3K0JI0rud, 0COOEHHOCTH
OMOJIOTMYECKOro YPOBHs Opranu3anuu Marepun. CTpyKTypa COBpEMEHHOM
Ouonoruu. ['eHeTrka U aganTanus B )KUBOU MpUpojie. DKOJIOTHUECKUE TPOOIEMbI
COBpPEMEHHOro Mupa. buonorus yenopeka u MeauuuHa. @U3HONOTHS U BBICIIAS
HEpBHAs JESATEIbHOCTD YEJI0OBEKA.

Jlexuus Ne 7. CucteMHbIN aHaTU3 OMOJIOTUM YEJIOBEKA M )KUBOTHBIX. YeoBeK B
CHCTEMeE KUBOTHOTO MUpa. 300510TUsl U 60TaHuKa. MHOrooOpasue u CTpyKTypa
Oononorndecknx 00beKTOB. MUKpOOHOIOTHSI.

XuMHYecKasi KApTHHA MUPa. XHMHUYECKHEe 31eMEHThI H CTPYKTYPbI
XuUMHYECKasi KapTUHA MUpa — MPEACTaBICHUE O XUMHUYECKUX BEILECTBAX, UX

B3aUMOJICHCTBUH, CTPYKTYpE€ M OCOOECHHOCTSAX COBPEMEHHO XUMHUU M €€ HUCTOPHH,
BIIMSIHUM XUMUH HA COBPEMEHHBIN MHUp. XUMUS — HayKa O XUMHUYECKUX BEIIECTBAX
U UX B3auMoneucTBUU. VICTOpUS XUMUH NPOCIEKNUBAET HECKOJIBKO TAIIOB:

xumus apesHero mupa (Eruner, Muaus, Kutait, ['petius B O01bIIMHCTBE CBOEM
AMIIUPHUYECKUE 3HAHUS B BUJIE TEXHOJIOTHI) KaK 4acTh HaTypduiocopuu;
ANXUMUS CpeqHUX BeKOoB (ApaOckue W eBpONEHCKHUE CTpaHbl. AJIXUMHUKHU
NBITAINCH PEIIUTh 2 MPOOJEMBbI — TMPEBpALICHUSI BEIIECTB C IMOMOIIBIO
dbunocodckoro kKamHsl, MOUCK IMUKCUPa OeCCMEpTHSL.);

arpoxumus [lapanensca 16-ii Bex (Hauamo ¢apmaneBTuku, MeAUIIMHCKON
xumun. [lapanenbc 0OBACHSUT MPUUYUHBI OOJIE3HEW HAPYIICHUEM XUMHUYECKUX
nporeccoB B opranuiMe. Kak u aaxuMuku, OH CBOIMI Pa3HOOOpasue BEIIeCTB
K HECKOJIbKHM DJJIEMEHTaM — HOCHUTENSAM OCHOBHBIX CBOWMCTB MAaTEpHHU.
CrnenoBareinbHO, BOCCTAHOBJIEHUE WX HOPMAJIbHOIO COOTHOIICHHUS MPHEMOM
JIEKapCTB U3JIEYMBAET OOJIC3Hb.);

teopust guoructona Ilrans 17-18 Bek (Teopus ropeHus: 00bsICHsIACH 0COOBIM
BEILIECTBOM — (DJIOTUCTOHOM. ) ;

dbopMUpOBaHUE KJIACCUYECKOW HEOPraHMYECKOM XUMHUU, 3aKOH COXpaHEHUs
Macchl JlaByasbe, 3aKkOH ABOrajpo o MoJisIpHOM oObeme (koHel 18 Beka - 60
roasl 19 Beka; JIomoHnocos, JlansToH, bepuenuyc );

BBIJICJICHUE XWMHUYECKHUX DJJIEMEHTOB, CO3[JaHHE€ TEOPUH BAJIEHTHOCTH,
nepuouyecKas cucrema sieMeHToB MeHneneeBa (Appennyc, Kekyine);
co3gaHue oprannueckoit xumuu (bytinepos);

CO37IaHUE TEOPUM KUHETUKU XMUMHUYECKUX peakiuid CeMeHOBa , CTPYKTypHOE
MOJICIUPOBAHUE B XUMUHU;

[ToctreneHHo B XUMuU (HOPMUPOBATUCH CIAEAYIONTUE Oa30BbIC MPEACTABICHUS:
XUMUYECKUE PEaKIUU TMPOUCXOAAT C MOJEKYJIaMU XUMUUYECKUX BEIECTB.
Mornekyabl COCTOAT M3 aroMOB, CTPYKTypa aTOMHOIO CTPOEHHUS MOJIEKYI
BIIMSICT HA XapaKTep U Pe3yJIbTaT Peakiiuil.

ATOMBI HE U3MEHSIOTCS MPU XUMHYECKHX PEAKUUSIX. MEHSIOTCS CTPYKTYpbI



oOpasyromuxcss Mosekya. [Ipu 3Tom ofIiee KOJTM4YEeCTBO BELIECTBA OCTAETCs
HEU3MEHHBIM.

3. CBolicTBa XMMHMYECKHX BELICCTB OMNPEACISAIOTCA BaJCHTHBIMU CBONCTBAMHU
aTOMOB MX CTPYKTYphl. BaJleHTHBIE CBSI3U M XMMHUYECKHE CBOWCTBA AJIEMEHTA
OTIPENENSIOTCS CTPOCHHWEM €ro aromMa, B YaCTHOCTH HAJIMYHMEM CBOOOIHBIX
MECT B OJJIEKTPOHHON o00onouke artoma. Yucio CBOOOAHBIX MECT PABHO
BAJIEHTHOCTH aroMma. B3anMoneicTByromuye aroMbl Kak Obl «OOMEHHBAIOTCS»
ANIEKTPOHAMHU, YTOOBI 3aTIOTHATH CBOM O0O0JIOYKH.

Ilepuonuyeckasi cucreMa 3j1eMeHTOB. CTPYKTypa MoJIeKy.I
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Ilepuoanueckas cHCTEMA XUMHYECKHX 2JIEMEHTOB (Tabdnna
MennenéeBa) — KiraccuuKamusg XUMHYCCKUX JJIEMCHTOB, YCTaHABJIMBAOINAS
3aBUCHUMOCTh PA3JIMYHBIX CBOMCTB AJIEMEHTOB OT UX 3apsja arOMHOTrO siapa (ducia
MPOTOHOB sifpa). Cucrema sBIsSETCS TpahUUecKUM BBIPAKECHUEM TEPHOANICCKOTO
3aKOHA, OTKpbITOro pycckuM yuéneim [l. . Menaeneeseim B 1869 romy. EéE
nepBOHaYalIbHBIA BapuaHT Obul paspaboran [[. M. MengeneeBsim B 1869—1871
rojgax M yCTaHaBIWBaJl 3aBUCHUMOCTh CBOMCTB AJIEMEHTOB OT MX arOMHOIo Beca (B
COBPEMEHHBIX TEPMHUHAX, OT aTOMHOU Macchl). OCHOBHBIM MPUHITUIIOM, IO KOTOPOMY
MeHneneeB cTpousl CBOKO TabuIly, ObLJIO pa3MelIeHHE OJIEMEHTOB B MOPSJIKE
BO3pAacTaHusl MX arOMHBIX BeCOB. OCHOBBIBasICh Ha BAJICHTHOCTH U XHMHYECKHUX
CBOMCTBAaX 3JIEMEHTOB, MEH/eIeeB PaCIONOKUI BCE 3JIEMEHTHl Mo 18 rpymnmam, B
KQKJ0M U3 KOTOPBIX pPa3MEUajvCh JIEMEHTBI CO CXOIHBIMHU CcBOMCTBaMHU. [IpuumHa
NEPUOANYECKUX U3MEHEHUN (PU3NYECKMX UM XUMUYECKHX CBOWMCTB JJIEMEHTOB
KpO€TCs B TMEPHOAUYHOCTH CTPOEHHS JJIEKTPOHHBIX 000JI04€K AaTOMOB.
Hampumep, B mpaBoil yacTu TaOMUIBI paclojiararoTCs B BUIE KpaiiHero crosdria
WHEPTHBIC JJIEMEHTBI, Y KOTOPBIX BCE OOOJOYKM 3aHATHI (YTO W OMpEnemseT HX
XUMHUUYECKYI0O MHEPTHOCThH). B mepBom cronbiie pacmosiaratorcsi OAHOBAJICHTHBIC
aTOMbI, y KOTOpPBIX OJHO CBOOOJHOE MecTo 3JekTpoHa. Kpome Bomopona, Bce
OCTaJbHbIE DJIEMEHTHI IIEJIOYHbIE MeTauibl. TakuM oOpa3oM, B pamMKax CTOJOIIOB
COOMPAIOTCS AIIEMEHTHI MOAOOHBIX XMMHUYECKUX CBOMCTB. OHM Ha3BaHbl TPyIIIAMH.
[Ipuuem, o Mepe yBEIMYEHUS] BeCa HUX METAJUIMYECKUE CBOWMCTBA YCUJIUBAIOTCH.



Crpokn TaOIMIBI HA3BIBAIOT NEpHOIaMH. B paMkax OIHOIO Mepuoja XUMHYECKHE
CBOMCTBAa MEHSIOTCS OT METAJNIMYSCKUX 10 HE MeTalioB. Takum obOpazoM, Tabiuia
Ja€T BO3MOXXHOCTh YCTAaHOBUTh U OOBSICHUTh XMMHUYECKUE CBOMCTBA JaXe HOBBIX
AJIEMEHTOB (YTO U OBLIO CACIAHO).

XUMUKH BBISICHWIIM, YTO CBOMCTBa BEIECTB, a 3HAYUT M MX Ka4ECTBEHHOE
pazHooOpa3ue 00yCIOBIUBAETCS HE TOJBKO UX COCTABOM, HO U CTPYKTYPOUM MOJICKYI.
Ecnu 3HaHue cocTaBa BellecTBa OTBEYAET HA BOMPOC O TOM, U3 KAKUX XUMHYECKHUX
AJIIEMEHTOB COCTOUT MOJIEKYJIa JAHHOTO BEIIECTBA, TO 3HAHUE CTPYKTYPhI BellecTBA
JaeT TIPEJACTaBICHUE O MPOCTPAHCTBEHHOM PACIONOXKCHHH aTOMOB B ITOM CaMoM
MOJICKYyJIe. DTO CTPYKTpPHAs MOJEIb MOJICKYJbl. ATOMBI B MOJIEKYJIE€ XUMHUYECKHU
CBSI3aHBl. Xumuueckou c6s13bi0 HA3bIBAECMCS B3AUMOOELCMBUe MeHCOy aAMmoMamu
anemMenmos, obyciasiusaiouee UuUx CcoeOuHeHue 6 MONeKYIbl U KPUCMAJLLBL.
B3aumoneiictBue 00yClno6ieHo coOBMeCmHbIM  UCNONb308AHUEM UX DNeKMPOHOS,
umodvl  3anoNHUMb  He3anoaHeHHvle 000n0yky. CyIIECTBYIOT KOGAJ1eHMHAA
(nonapunasa, Henonapuas), 6000pPOOHAA, UWOHHAA (UOHHO-KOGAIEHMHAs) C6A3U, A
MaKosce Memaniudeckas ceA3n.

Honnas cesazv 00pasyeTcsi Korja OAUH U3 aTOMOB TEPSET AEKTPOHBI CO CBOEH
BHEIIIHE 000104KH (KaTHOH), a JIpYro ux npuodpetaer (aHUOH) MPOTUBOMOIOKHO
3apsKEHHBIE MOHBI MPUTITUBAIOTCS IPYT K APYTy, 00pa3ys MpouHble CBs3U. MoHHBIE
COCIMHEHUS — KaK TMPaBUIO, TBEP/AbIC BEIIECTBA, HMEIOIINE OYEHb BBICOKYIO
TeMIeparypy IIaBaeHus (COIH, IMEJI0UH, HaIp., TOBApEHHAs COJb).

Kosanenmnas cenzp obpazyercs B pe3yibTaTe CO3AaHUsS AJICKTPOHHOM Maphl,
MpUHAJJICKAIICH OJHOBPEMEHHO O0OOMM aroMam, CO3/AOIIUM MOJIEKYJy BEIIECTBA.
[TocKkonbKy Takue MOJICKYJIBI YACPKUBAIOTCS CIA0BIMU CHIIAMHU, OHH HEYCTOWYMBHI U
CYIIECTBYIOT B BU/JIE KUJKOCTEH WJIM Ta30B C HU3KUMHM TeMIIepaTypaMu IJIaBJICHUS U
KHATICHUS (KUCIOpo, OyTaH).

Booopoonas cesazv obycnosnena nonapusayuell Ko8aneHmMuwIX c6s3€li, KOTna
COBMECTHBIE€ AJICKTPOHBI OOJIBIIYI0O YaCTh BPEMEHHM HAxXOJSATCS y aroma 3JIEMEHTa,
CBS3aHHOTO C aroMOM Bojoponaa. B pesynsrare Takoil aToM mojy4aeT HEOOJbIION
OTPUIIATENIbHBIA 3apsijl, 4TO JeJacT COCAUHEHUS C BOJIOPOJHBIMHU CBSI3SIMU OoJjiee
KPETKHUMH 10 CPABHEHUIO C IPYTUMH KOBAJICHTHBIMU COEAUHEHUSIMU (BOIA).

Memannuueckue cessu 06yC]106]l€Hbl C80000HBIM nepemeueHuem 3j1€KnpoHos
BHEWHUX 000NI04EK amoMO8 Memaios. ATOMBI B MeTaJlJIaX BBICTPAaUBAKOTCA B TOYHO
IMOAOTHAHHBIC APYT K APYTY PAABLI, YACPKUBACMBIC BMCCTC 3JICKTPOHHBIM ITOJICM.

Xumnueckue peakunu. Heopranuueckasi 1 opranmyeckasi XuMust

Pa3Butrre xumuum B mepBoi mosioBuHEe 20 Beka MpHBENO K (HOPMHUPOBAHHUIO
TEOpUHU JUHAMHMKHA XHMHUYECKHUX IPOIECCOB — KHUHETUYECKOM XMMHUU. B CBs3M C
pa3BUTHEM TEXHUKH U UMEHHO B 3TO BpEMsI XUMHSI CTAaHOBUTCS HAyKOW yKe He
TOJIBKO M HE CTOJBKO O BEIECTBaX, CKOJbKO HAyKOW O Mpoleccax M MeXaHu3Max
U3MEHEHHUsI BelecTB. HTEHCHBHOE pa3BUTHE TMPOMBIIUICHHOCTH U TEXHUKH
TpeOOBaJO0 KAUYECTBEHHOIO W3MEHEHMS TOJIXO0Aa K XUMHUUYECKUM TEXHOJOTHSIM.
CrenuanabHble BBICOKOIIPOUYHBIE KAyYyKH , TIJIACTMACCHI, BCEBO3MOXKHBIE MOJTUMEPHI U
MOJIYTIPOBOJIHUKY OBLIO HEOOXOAMMO TMOJydaTh B OOJIBIIMX KOJIUYECTBAX WU MPHU
ONTUMAJbHBIX 3arparax. B3auMojaeicTBHE BEIIECTB B XOJI€ PEAKIMH IMPOXOJIUT



HEOJTHOPOHO, HEOOXOMMBI CIIEIMAIbHBIE BEIIECTBA — KaTaJu3aToOpbl, KOTOPHIE
YCKOpSIIOT peakiuu. HexkoTropble peakiyu BBIACISIOT HEPTUI0, IPYTrye MOMIOMIA0T
ee. Bce 3T0O HyXHO OBUTIO y4HMTHIBaTh. XHMHUYECKHE PEAKIMU CTaJd OIMCHIBAThH
CJIOKHBIMU MAaT€MAaTUYE€CKUMH YPaBHEHUSIMU, OCHOBAHHBIMU Ha 3aKOHE COXPAHEHUS
BEILIECTBA, 3aKOoHAX AU(PPy3un, PUIBTPALUOHHOTO MEPEHOCA C YUYETOM OOBEMHOIO
B3aMMOJICHCTBUS KaK CaMUX BEUIECTB, TaK U KaTaJIM3aTOPOB.

Oprannyeckasi XUuMHs1 — pa3ziesl XUMUU, U3yYAIOIIUI CTPYKTYpY, CBOMCTBA U
METOJbl aHaJIM3a PEaKUUW YIIEBOJOPOIOB M UX MNPoU3BOAHBIX. [Ipon3BoaHbIMU
YIJIEBOJAOPOJIOB  HA3bIBAKOTCA  BEIIECTBA, IMOJYYEHHbIE W3  YIIEBOAOPOAOB
3aMEUIEHUEM OJHOTO WJIM HECKOJIBKHX aTOMOB BOJOpOAA Ha JPYyTrHe arOMbl WIIU
rpynmnbl aToMOB. TakuM 00pa3oM, XMMHS BEHIECTB, MOMYYCHHBIX M3 OMOJIOTUYECKHUX
CHCTEM CBeJIach K paboTe ¢ yIeBOAOpOAaMU. DTO CBSI3aHO C TEM, UTO BCE U3BECTHBIE
HaM OHOJIOrHYecKkre OOBEKThl OCHOBAaHBI Ha yIIIEBOIOponax. EcTh Teopernyeckue
UJIEH O BO3MOYKHOCTH aHAJIOTMYHOW KPEMHEBOM KU3HU, OCHOBAHHOW HE HA YIIIEPOJE,
a Ha ero aHaJiore KPeMHHH, HO MOKa TaKUX CUCTEM He OOHapY>KEHO.

Yri1eBoaopoOabI — COCAMHEHUS, COCTOSIINE M3 aTOMOB YIJIepoaa W BOJOPOAA
WU COJlepXkallue TaKue »HIIEMEHThI B 0a30BOM CTpPyKType (NMPOU3BOJHEIC).
[Tockonbky yrmiepon (C) mMeeT 4eThlpe BaJCHTHBIX AJIEKTpoHa, a Bogopoxa (H) —
OMH, B COOTBETCTBUM C BAJEHTHOCTBIO MOJIEKYJIA NPOCTEMUIETO YITIEBOAOPOIA
umeer Qopmyny — CH4 (meran). [lpu nanpHeiniemM ycCloXHEHUH CTPYKTYpPbI
ymeBogoponoB crpykrypel tuna C-H, H-C-H u T. 1. Qopmupyror npuHuMaroT
«CKeJIeT» MOJEKyJbl, KOTOpas MOXET ObIThb OYeHb CIOKHOW. B pe3synbrare
CYILLIECTBYET OTPOMHOE€ KOJIMYECTBO PA3JIUYHBIX YIIEBOAOPOAOB C Pa3IMYHBIMU
cBOMcTBaMu (TUIACTUKH, IUIACTMACChl, PE3WHA, JKUJIKOCTH, TOIUIMBO U T. 1.).
CrocoOHOCTh yIiiepoaa COSAMHATHCS C OOJBIIMHCTBOM DJIEMEHTOB M 0OPa30BHIBAThH
MOJIEKYJIbl Pa3IMYHOTO COCTaBa MW CTPOCHHsSI OOYyCIIOBIMBAaeT MHOroo0Opasue
OpPraHUYECKUX COeNUHEHH. OpraHu4ecKue COECIUHEHUSI UTPAIOT KIIOYEBYIO POJIb B
CYLECTBOBAHUH KUBBIX OPTaHU3MOB, MEITULIMHE, OMOTEXHOJIOTUAX U T. [I.

3aga4v OpraHu4eCKOM XUMUM :

e Briienenne MHAMBUTyaTbHBIX BEIIECTB U3 PACTUTEILHOTO, )KUBOTHOTO WIIH
HCKOIIA€MOTO ChIPhs
CuHTE3 1 OUMCTKA COEMHEHUN
Ornpenenenue CTpyKTypbl BELLIECTB
N3ydeHne MEXaHM3MOB XMMHYECKUX PEAKIUN C YIIIEBOJIOPOAAMU
BrisiBiieHnE 3aBUCUMOCTEN MEXKY CTPYKTYPOU OPraHUYECKUX BELIECTB U UX
CBOMCTBAMH

Biusinne XMMHUYeCKHUX MPOLECCOB U TEXHOJIOTHIl HA MPUPOAY, YeJI0BeKa U
pa3BuTHE 00LIeCTBA

Pa3ButHe XUMHUUECKUX TEXHOJIOTUNA UMEET KaK MOJOKUTENIbHbIE (DAKTOPHI, TaK
U OTpHUIIATEIIbHBIE.

IHonoxureabHbIe (PAKTOPHLI

CoBpeMeHHass XUMUsl KpaliHE TMOJOXKUTEIBHO OTpa3wiach Ha MEIUIUHE. JTO
MOXKHO HaOIo[arh MO POCTY CpeAHEll NPOAOKUTENIBHOCTH >KU3HM 4YeJIOBEKa,
koTopasi pacteT Bce nocieanuu 100-150 ner. be3 BoBIeYEHUsS] HOBBIX XUMHUYECKUX



MaTepuasoB ObLJIO ObI HEBO3MOXKHO M 00ECIIEYUTh COBPEMHHBIA YPOBEHb KU3HU U
KoM{QopTa, KOTOPHIH TaK K€ MOCTOSHHO pacTeT. Ham yke TpymaHO MpeAcTaBUTh Kak
MOYKHO XUTh 0O€3 IUIACTHKA W IUIACTMACChl, JABUTarejedl BHYTPEHHEro CropaHus,
UCKYCCTBEHHBIX TKaHEH M OOJIbIIMHCTBA COBPEMEHHBIX CTPOUTEIBHBIX MATEPUAIOB.
CerogHsi HOBbIE XUMUYECKHUE BEIIECTBA OKPYKAIOT YEJIOBEKA IMOCTOSIHHO.
OTrpunarejbHbie GaKkTOPbI

Ha Bcex cTaausix cBOero pa3BUTHS YeJIOBEK ObUT TECHO CBSI3aH C OKPYKAIOIUM
mupoM. Ho ¢ Tex mop Kak MmosiBUSIOCH BBICOKOWHIyCTPHUAJIbHOE OOIECTBO, OMACHOE
BMEIIATENIbCTBO YEJIOBEKAa B MPHUPOAY PE3KO YCHIMIOCH, pACIIUPHIICS 00BEM 3TOrO
BMEIIATENIbCTBA, OHO CTajl0 MHOrooOpa3Hee M ceddac TPO3UT CTaTh MIOOATbHOU
OTACHOCTBHIO JIJIs1 YelloBeuecTBa. YenoBeKy MPUXOIUTCS BCE OOJIbIEe BMEIIMBATHCS B
X03MCTBO OMOc(ephl - TOW YacTu Hallel TIaHEeThl, B KOTOPOM CYIECTBYET >KH3Hb.
Haunbonee wmacmitaOHBIM W 3HAUUTEIBHBIM SIBISETCS XHMHYECKOE 3arpsi3HEHUE
OKpY’Karolleil cpe/ibl HECBOMCTBEHHBIMU €1 BEIIECTBAMU XUMUUYECKOU MPUPOABL. ITO
razoo0pa3Hble, a3pO30JIbHbIC, KUJIKHE W TBEPHAbIE 3arpsi3HUTEIN MNPOMBILIIEHHO-
OBITOBOrO MpoUCXoXkAeHUs. IIporpeccupyeT u HakoIUIEHHE Mycopa, KOTOPbIA CTaj
Bce Oosee XHMMHMYECKM aKTHBHBIM. BBbI3bIBa€T TpEBOTY y DJKOJOIOB U
poAoJDKaroIIeecs 3arpsi3HeHrne MHpOBOro okeaHa HE(PThIO W He(dTenpoxyKTaMu,
nocturmee yxe 1/5 ero oOmeilt mnoepxHocTu. HedTsiHOoe 3arpsi3HEHHE TaKHX
pa3MepoB MOXKET BBI3BaTh CYIIECTBEHHBIE HAPYIICHMS ra3o- U BOJIOOOMEHA MEXKIY
ruapochepoit u armocdepoil. He BbI3bIBaeT COMHEHMI W 3HAUE€HHWE XUMHUYECKOTO
3arps3HEHUs TMOYBbI MECTULUJIAMH W €€ MOBBIIIEHHAs KHUCJIOTHOCTb, Beaylas K
pacnagy SKOCHUCTEeMBbI. B 1e1oM Bce paccMOTpeHHbIE (DAKTOPBI, KOTOPHIM MOXKHO
MPUMKCATh 3arps3HIONUN d()QEeKT, OKa3bIBAIOT 3aMETHOE BIUSHUE Ha IMPOIIECCHI,
poucxosImue B onocdepe.

Xnumuueckoe 3arpsizHenne o0uocgepnbl

B OCHOBHOM CyIIECTBYIOT 5 OCHOBHBIX MpPOOJEM XMMHYECKOIO 3arpsi3HEHUS —
3arpsi3HeHHE atMoc(ephl, 3arpsA3HEHHE OKeaHa W JAPYTHX BOJOEMOB, 3arpsA3HEHUE
MIOYBBI, BO3/ICIICTBUE HE CBOMCTBEHHBIX MPUPOE XUMHUYECKUX BEUIECTB HA PACTEHUS,
YKUBOTHBIX, MUKPOOHOJIOTUYECKHE TeNa, MOMNaJaHue XUMUYECKUX BEUIECTB B MUILLY,
OJIEXK1Y, OKPY>KAIOIIYIO YEJIOBEKa CPELY.

MHorue XuMHUYECKHE BEIIeCTBa HETaTUBHO BO3JCHCTBYIOT Ha Ouocdepy u
’KUBbIe oprann3Mbl. Hanbosee BakHbIC HETAaTUBHBIC BUIBI BO3ACHCTBHUS:
® MYTareHHOE, CBSI3AHHOE C BO3JCHCTBMEM HAa T€HOM HBBIX CYIIECTB U HUX
HACJIEICTBEHHOCTb, HAa )KU3HECTOMKOCTh MOCIEAYIOIIUX ITOKOJICHU;

¢ MYTAr¢HHOC, CBA3dHHOC C BO3pPACTAHHUCM pPHUCKaA 3a00JICBaHUH PakKOM H
APYIUMH MaTallUOHHBIMHA 3a6OHCBaHI/ISIMI/I;

® [IMIIEBOE OTPABJICHHUE, CBSI3aHHOE C MOINAJaHUEM XUMHUYECKHX BEUIECTB B
MUIIEBbIE LIETIOYKU OHOCPEPDL;

¢ HApYIICHHC XNMHUYCCKOI'O OaaHca CpCAbl, IMOTCPA KOpMOBOﬁ 6331)1, YCHUIICHHUC
BHCHIHCTO BOSHGﬁCTBHH CpCAbl HA JKU3HCHHBIC ITUKJIbI,

o BIIUSTHUE 3arps3HEHUs cpefapl Ha 00pa3 JKU3HU JKUBBIX CYIIECTB



(HampuMep 3arps3HeHHEe OKeaHa He(PTENpOayKTaMH M MYCOPOM TIPHBOJIUT K
HApYIICHUI0O  HOPMAJIbHOW  KU3HEACATEIBHOCTH  NTHUI,  pbIO,  MOPCKHX
MJICKOITUTAOIITHNX ).

buosiornyeckass kapruHa wmupa. Ilonstue Ouocdepsl, 3IKOJIOTHH,
0CO0CHHOCTH OHOJIOTMYECKOI0 YPOBHS OPraHU3alMU MaTEePHH

BuoJI0rusi — HayKa O KHBBIX CYIIECTBaX M MX B3aWMOJICHCTBHHU CO CpEIoi
oburanus. M3ywaeT Bce  aCMeKThl JKU3HHU, B  YAaCTHOCTH, CTPYKTYpY,
(GYHKIIMOHUPOBAHUE, POCT, MPOUCXOXKICHUE, SBOJIOIUIO U paCHpe/ie]ICHUE >KUBBIX
opranu3MoB Ha 3emie. Kiaccuduuupyer W ONUCHIBAET >KHUBBIE CYIIECTBA,
MIPOUCXOKJICHUE UX BUJIOB, B3aUMOJICHCTBUE MEX Iy COOOM U C OKpPYKAIOIIEH Cpeoi.

Kak camocTosiTenpHas Hayka OWOJIOTHS BBIJIETUIACH U3 €CTECTBEHHBIX HAyK B
19 Beke, korma yd€HbIe OOHAPYKWUIIM, YTO BCE KHUBBIE OPTaHU3MBI 00JIATAIOT
HEKOTOPHIMHA  OOIIMMHU  CBOWCTBAMH W TPU3HAKAMU, B COBOKYIMHOCTH HE
XapaKTEPHBIMU ISl HEXKUBOU MTPUPO/IBI.

buochépa — oOomouka 3emiam, 3acen€HHas JKUBBIMH OpraHU3MaMH,
HaXOJAIIASICA TOJI UX BO3JAECHCTBUEM U 3aHATAS MPOAYKTAMH UX )KU3HEACATECIIBHOCTH.

IKOJIOrusi — HayKa O B3aUMOJICHCTBHIX JKMBBIX OPIaHM3MOB MEXy COOOH 1
C UX cpeqioit oOuTaHusl.

[maBHass 0cOOEHHOCTH OMOJOTUYECKOTO YpPOBHS OpraHu3aluyd MaTepuu
COCTOUT B TOM, YTO JJII HHMX XapaKTE€pHbl OJHOBPEMEHHBIE IMPOLECCHl Pa3BUTHS,
ajanTalyy, pPa3sMHOXKEHHS. JDTO HE CBOMCTBEHHO OCTAJbHBIM BHJAM MaTEpUH, YTO
BBI3BIBAET MHOKECTBO Pa3HOOOPA3HBIX TEOPHI O KUBBIX OpPraHu3Max.

CTpyKTypa COBpeMeHHOIi 0H0J10THH
B cTpykType coBpeMeHHON OMOJIOTHH BBIIACISIOT CICAYIONINE Pa3Iebl:

e AHaTroMus e 30010rUs o Cenexknus
e buoreorpadus o JluxeHonorus o Cucremaruka
e buorexnoiorusa e Menununa o Dusuonorus
o buodwuszuka e Muxkonorus o @uronaroyiorus
o buoxumus e Muxkpobuonorus o IluTtonorus
e boranuka o MonexynspHas ¢ DOBOJIIOIMOHHOE YYEHUE
o Berepunapus ounonorus e DJKOJOTHS
e Bupyconorus e Mopdonorus o DMOpuoNOrUs
e [eneruka e OOmrasa 6nonorus e DTOJNOrUs
o JKUBOTHOBOZICTBO e Opranorpadus
o [laneonronorus

PaccmoTpumM HEKOTOpBIE pa3zielibl 6ojee MoaApOOHO.

300,10 1 00TAHUKA

300JI0THSI — Hayka O TMPEICTABUTEISAX JKUBOTHBIX, B TOM YHCIIC YCIIOBEKE.
3oomorusi  cBA3aHa C JAPYTUMH  OHUOJIOTMYECKMMM  HAayKaMHu, MEIAUIMHOM,
BETEPUHAPUEH.

Onurcanus )KMBOTHBIX U3BECTHBI C IPEBHEUIINX BpEeMEH. Tak, UMEIOTCS KHUTU




O JKUBOTHBIX, co3iaHHble B JlpeBHem Kurtae u Muauu. 3o0o0morusi kak Hayka OepéT
HavaJio B aHTUYHOM ['penuu u cBsA3aHa ¢ umeHeM Apuctorensa. B ero nmpousBeneHusx
onucaHo 0koso 500 BUAOB KMBOTHBIX; €My IPUHAUICKUT P BAXKHBIX UACH U
0000IIeHN A, B TOM YHCIE YYEHHE O B3aMMO3aBUCHUMOCTH 4YacTeld OpraHu3ma
(KOppessiluu), y4eHUe O rpaalusx.

OCHOBBI COBPEMEHHOM CHUCTEMATHU3ALMH KMBOTHOTO MHUPA 3AJIOKEHBI B KOHILIE
17 — mepBoii nonoBuHe 18 Beka, paboramu anmmwmiickoro ydéHoro [[xona Pes u
mBeackoro ydyéHoro Kapna Jlunnes. OcHoBomonaralomuM TpyaoM B o0iiactu
OMOJOTMYEeCKOM CUCTEeMATHKU cuuTaeTcs kHura «Cucrema mnpupoas» JIuHHes,
MepBOE U3JIaHUE KOTOPOM BBILIO B 1735 romy.

B counHeHUsAX KpyHHBIX 300JI0T0B KOHIA 18 — Hauvana 19 Beka mosBisieTcs
Ui UCTOPUYECKOIO PA3BUTHSA OpPraHUYecKoro mupa. llepsyro teopuro sBomronuu
OpPraHUYECKOrO0  MHUpAa  HU3JOXKWI  (PpaHIy3CKUH  ecTecTBoMcibITarenab KaH-
baruct Jlamapk B cBoeil kHure «@wmnocodus 3000run», omyonukoBanHoi B 1809
roay. B 30-40 romax 19 Bexka Hemenkuit yuénsii Teomop LlIBaHH co3nan KIeTOYHYIO
TEOPHIO, CYUTAIOIIYIOCS OTHUM U3 TPEX BEJIMKUX OTKPBITUM €CTECTBO3HAHMUS 19 Beka.
Cosnanne Yapnb3om JlapsuHoMm B 1859 rogy Teopun 3BOMIOLMY OPraHUYECKOrO MUPa
YTBEPAWIO MCTOPUYECKUN B3INIAA HA NPUPOAY M OMUCAIO OCHOBHOW JIBHXKYILIH
(hakTop PBOIIOLMHN — €CTECTBEHHBIN 0TOOp. [IpomomkeHremM uael SBOTIOIMOHU3MA
CTaJIM OCHOBBI (PMIIOT€HETHUYECKON 300JIOTHH, 3aJ0KEHHBIE BO BTOPO mojoBUHE 19
BeKa HeMelKuM yu€HbIM OpHcToM [exkkeneM. Iekkenb cdopmMynupoBal
OMOreHEeTUYECKUI 3aKOH, YCTAHABIMBAIOMIMK CBS3b MEXAY HWHAMBUAYAJIbHBIM U
VCTOPUYECKUM Pa3BUTHUEM KUBOTHBIX

BoraHuka — Hayka O PacTCHUSX.

boraHuka oxBaTbIBaeT MHUPOKUN KPYT MPOOIEM: 3aKOHOMEPHOCTH BHEIIHETO U
BHYTPEHHEIro CTpOeHHUs (MOPQOIOTHs M aHATOMHUS) PACTEHHUM, WX CHCTEMAaTHKY,
pa3BUTHE B TEUEHHE I'E€OJIOTMYECKOTO BPEMEHM (3IBOJIOLHMSA) M POACTBEHHBIE CBS3U
(¢punorene3), OCOOCHHOCTH TPOILIOTO W COBPEMEHHOTO pPAaCHpOCTPaHEHUs IO
36MHOW MOBEPXHOCTH (reorpadusi pacTeHHil), B3aUMOOTHOLIEHHS CO Cpeaou
(3KOJIOTUSl PACTEHHUI), CIOKEHHE PACTUTEIBHOTO IMOKpPOBa ((PUTOLICHONOTHS, WU
reo00TaHMKa), BO3MOXHOCTHM M IYTH XO3SHUCTBEHHOTO HCIOJb30BAHUS PACTEHUUN
(OoTaHmveckoe pecypcoBelieHHe, WM SKOHOMUYecKass OoraHuka). Ilo oObexTam
UCCleIoBaHUs B OOTaHMKE BBIJIEISIOT HAayKy O BOAOPOCIAX, O Tpubax, o
JUIIAaHHUAKAaX, — O MXax U Ap.

Kak nenoctHas cucrtema 3HaHMI O pacTeHUAX OoTaHuka odopmmiack K 17-18
BEKaM, XOTS MHOTHE CBEIEHHUS O PACTEHUSX ObUIM H3BECTHBI U NEPBOOBITHOMY
YeJIOBeKYy, TaK KaK JKH3Hb €ro Oblla CBsi3aHAa C IOJE3HBIMH, INIAaBHBIM 00pa3oMm
NUIIEBbIMH, JIEKAPCTBEHHBIMU U SJIOBUTBIMU pACTEHHUSIMU. IlepBbIMM KHHMramu, B
KOTOPBIX PACTEHMSI OMHUCBHIBAIIUCH HE TOJBKO B CBSI3W C MX IOJE3HOCTHIO, OBLIU
IIPOU3BENCHUS TPEYECKUX U IPYTUX YUEHBIX-HATYPAJIUCTOB. 3aHUMASACh PACTECHUSMHU
KaK 4YacTbl0 MNpUPOAbl, PUiIoco(bl aHTUYHOTO MHUpPA MBITAIUCH OINPEACIUTh HX
CYIIHOCTh M CHCTEMAaTH3UpOBaTh HUX. B ApeBHEM MHUpE PACTEHUSAMH 3aHUMAJIUCH
Apucrtorens, ero ydyeHuK Teodpact (ero Ha3bIBAlOT «OTLOM OOTaHUKWY),
npeBHepuMckuid HatypanucT [lnuauit Crapmmii. boranudeckue tpyasl Teodpacra
MO>XKHO paccMaTpHUBaTh KaK CBOJ B €AMHYIO CUCTEMY ITO3HAHUMN MPAKTUKOB CEJIbCKOTO



XO3SMCTBA, MEAUITMHBI U pabOT yUEHBIX aHTUYHOTO MUpa B 3Toi obiacTu. Teodpact
ObUT OCHOBaTelieM OOTaHMKM KaK CaMOCTOSITEIbHOM HAayKd: HapsAay C OMUCAHUEM
IIPUMEHEHUS PACTEHUM B XO35MCTBE M MEAULMHE OH PaCCMarpUBall TEOPETUUYECKHUE
BOITPOCHI.

[Tocne obmiero ymajka ecrectBo3HaHusi B CpeHUEe Beka OOTaHHWKA HaYMHAET
BHOBb MHTEHCUBHO pa3BuBarbcs B EBporie ¢ 16 Beka. [lepBoHayanbHO 3TO KOCHYJIOCH
JUIIb CUCTEMATUKU U Mopdosioruu, HO B 17-18 Bekax BO3HUKAIOT U (HOPMHUPYIOTCS
JIpyrue paszziesibl 00TaHMKH, B YAaCTHOCTH, aHaTtoMus pacteHuil. Ocolyro poib B
Ootanuke ceirpan Kapn JIunuél , co3marenb €IWHOW CHUCTEMbI KiacCH(HUKAIUU
PacTUTENIBHOTO U )KUBOTHOrO Mupa. B 19 Beke pemaroniee BIUSHUE HA CUCTEMATUKY
pacTeHul oKasajia 3BOJIOLMOHHas Teopus Y. /lapBuHa.

XapakTepHble YEpPThl COBPEMEHHOIO JTala pa3sBUTHUS 300JIOTUU WU
OOTaHUKH — CTUPAHME TPAHEH MEXKIY OTACIbHBIMU €€ OTPACIIMHU U UX UHTETparLusl.
Bc€ mmpe npuMeHstoT HOBbIE METO/IbI MCCIEA0BAHMUS, OCHOBAHHBIX Ha JOCTHUKEHUAX
(U3MKM U XMMHH, YTO IO3BOJWJIO pelarb 3aJadd, HEAOCTyIHble paHee. Tak, B
pe3ysIbTaTe HCHOJB30BAHUS JJIEKTPOHHOTO MHMKPOCKONA, paspeliaromas Ccuia
KOTOPOTO IO CPAaBHEHUIO C JPYIMMHU ONTHYECKUMHU MPUOOpaMu BO3pOCIA B COTHU
pa3, ObLIU BBISIBJICHBI MHOTHE HOBBIE AETAIN CTPOCHUS KIETKH.

MHoroo0pa3ue U CTPyKTypa 0H0JI0THYECKHX 00bEKTOB
JKuviBble OpraHu3Mbl OTIMYAIOTCA OT TEJI HEKUBOM MPUPOABI OOJee CI0KHBIM
XUMHUYECKUM COCTaBOM (B YaCTHOCTH, OOsI3aTeJIbHBIM HAJIMYUMEM OENKOB U
HYKJIEMHOBBIX KHCJIOT) M COBOKYITHOCTBIO CBOMCTB XHMBOro (IO OTAEITHLHOCTH
OOJNBIIMHCTBO M3 JTUX CBOWCTB HMEIOTCS U Y HEKOTOPHIX OOBEKTOB HEKHUBOUN
npuposbl). [lepednciiuM riaBHbIE 0COOEHHOCTH :
OOmeH BellecTB
e [luranne — ycBOEHWE MUTATEIIBHBIX BEIICCTB, MTUIIH KUBBIM OPTaHU3MOM.
¢ Brinenenne — mporiecc BpIBO/Ia HEHYKHBIX HIIA BPEAHBIX JIJII OPTaHU3MOB
IPOAYKTOB KU3HEIEATCITLHOCTH.
o JIBmKeHNE — M3MEHCHHE TTOJIOKCHHMSI TeJla WIIM YacTel Tema 0coou B
IPOCTPAHCTBE.
HacneacTtBeHHOCTb U USMEHUYUBOCTDL
1. HacnencTBeHHOCTh — CBOMCTBO MepeaaBaTh MOTOMKAM CBOM MPU3HAKH.
2. I3MEeHYHUBOCTh — pa3Inuus MPU3HAKOB MEXKIY 0COOSMH OHOTO BUJA, B TOM
YHCJIC HACTIEICTBEHHO 00YCIIOBJICHHBIC.
BocnpusaTtue n nepepabotka nHdopmauum
¢ PaznpaxumMocTh 1 BO30yTUMOCTh — CITOCOOHOCTH OpPraHu3Ma BOCTIPUHUMATh
uH(GOPMALIMIO U U30UpPATEIbHO pearupoBaTh Ha HeE.
PocT, pazButue, pasaMHOXeHUue
e Poct — yBennuenue Macchl 1 pa3MepoB 0COOU 3a CYET MPOIECCOB
OmocuHTe3a.
e Pa3BuTHE — OTHOCHUTENHEHO HEOOpPATUMbIC U3MEHEHHS OPTaHU3Ma B TEUCHUE
KU3HU.
e PasmHOXeHUE — BocCIpousBeeHue cedbe Mom0OHBIX 0COOEH.



OcHOBHOE pa3/ieJIeHUE KUBBIX CYIIECTB — OECKIETOYHBIC, OTHOKIECTOYHBIC U
MHOTOKJIETOYHBIE.

Cnenyer OmIMYaTh MHO2OKIEMOYHOCMb W KOJNOHUANbHOCMb. Y KOJOHHM
OpraHW3MOB  OTCYTCTBYIOT  HacTosmue AU EepeHIIMpOBaHHbIE  KIETKH, a
CIIEIOBATe/IbHO, M pa3/ieJIeHuEe Tejla Ha TKaHW. Jlajmee MHOrOKJIETOYHbIE MOXKHO
pa3lenuTh Ha pacTeHus, rpuObl, KMBOTHBIE. Bce 3tu 3 Kkilacca MMEIOT OTpOMHOE
YUCJIO TOJBHJOB, KJIAcCOB M BHUAOB. IIpu 3TOM, BO BCeX BUJaX OpPraHU3M MOXKHO
pa3enuTh Ha TKAaHU — HAOOPBI KJIETOK, BBHITIOJIHSIONIUE OINPEACICHHYIO POJb IS
’KU3HU OpraHu3Ma (Harmpumep KOCTH, KOXka, KEIYA0K U T. 1. ).

MuxpooOuoJiorust

MuxkpoOuosioruss — Hayka, OPEIMETOM HW3YUYEHHS] KOTOPOW SBIISIFOTCS
MHKPOCKOIMMYECKHE CYIIECTBA, Ha3bIBAEMble MUKPOOpPraHU3MaMH (BKJIIOUAIOIIMMH B
ce0s: OJHOKJICTOYHBIE OPraHU3MbI, MHOTOKJICTOUHBIC OPTaHU3MbI U OCCKJICTOYHBIC),
UX OHOJIOTMYECKHE TMPU3HAKKM M B3aMMOOTHOIICHUS C JAPYTMMHU OpraHu3Mamy,
HaCeNIONMMU Hally IuiaHeTy. B o0nacTh MHTEpPECOB MHUKPOOMOJIOTMHM BXOJIUT HX
cucreMaruka, Mopdonorus, ¢GU3NOIOTHUS, OWOXMMUS, DBOJIOUS, pOJIb B
HKOCUCTEMAX, a TAKKE BOBMOKHOCTHU MPAKTHUYECKOTO MUCIIOJIH30BAHUSI.
Paznenbl MukpoOuonoruu: 0aKTEpUOIOTHS, MUKOJIOTHS, BUPYCOJIOTHS,
Mapa3uTOJIOTUSI U IPYTHE.

OcHOBHBIE H3y4Yaemble OOBEKTHI — OaKTepuu M JPyrHe OIHOKJIETOYHBIC
OpraHu3Mbl, OECKJIETOUHbIE BUPYChI, HEKOTOPbIE MHOTOKJIETOUHBIE OPTaHU3MBI.

bakrepun — oaHa U3 nepBbIX POpM KU3HU Ha 3eMJIe U BCTPEUAIOTCSI IIOYTH BO
BCEX 3€MHBIX MecTtooOuTanusix. OHU HACENSIOT TO4YBY, IMPECHbIE M MOPCKHE
BOJIOEMBI, TITyOMHHBIE CJIOM 36MHOM KOpbI. bakTepuu 4acTo sSBISIOTCS CUMOMOHTaMU
W Tapa3uTaMyd PAcTEHUM M JKUBOTHBIX. BOJNBIIMHCTBO OakTepuil K HACTOSIIEMY
BPEMEHH HE OMUCAHO,TaK UX 0YE€Hb MHOTO. OANH IpaMM MOYBBI B CPEAHEM COACPIKUT
40 MUIMOHOB OAaKTEPUATBHBIX KJIETOK, & B MUJUIHJIUTPE CBEXKEN BOABI MOKHO HAUTH

MUJUTHOH KieTok GakTepuil. Ha 3emie HacuuthiBaercs okono 5-1030 Gakrepuii u nx
OromMacca TMpEBBIIAET CYMMapHYI0 OHWOMAacCy S>KMBOTHBIX M pacTeHHil. MHOro
OakTepwii CONEPXKUT ¥ TeNo uejoBeka. KomumdecTBO OakTepuil y UeIoBEKa
COCTaBIAIOT 39 TPUILTMOHOB OaKTEpHANIBHBIX KJIETOK (CaMO TEJIO0 YEJIOBEKAa COCTOUT
n3 oxono 30 TpwuiMoHOB KJeTok). Haubonee MHOToOUMCIIEHHA KHIIEYHAs
Mukpodiiopa U Koxka. bonblMHCTBO OakTepuil O€3BpEIHBI WM JlaKe MOJIE3HBI
YeJIOBEKY, HO €CTh M MHOXKECTBO OOJE3HETBOPHBIX OakTepuil (uyma, Xojepa,
TyOoepkyne3 U T.1.) . OCOOCHHOCTBIO OakTepuil SBISETCS OTCYTCTBHE SIBHO
BBIPAKEHHOTO S/Ipa KIETKH.

OMHOKIIETOYHBbIE OPTaHU3MBbI, UMEIOIINE AJIPO — ATO MPEXKJIE BCEr0 pacTEHUs
U TpUOBI.

Biipyc — HekneroyHoe WHQPEKIIMOHHOE OWOCYIIECTBO, KOTOPOE MOXKET
BOCIIPOU3BOJIUTHCSI TOJIBKO BHYTPHU KUBBIX KJIETOK. BUpyChl MOpPaKarOT BCE THUIIBI
OpPraHU3MOB, OT PACTEHUHN W KUBOTHBIX 10 OakTepuii . OOHApPYKEHBI TaK)XE€ BUPYCHI,
CIIOCOOHBIE Pa3MHOXKAThCA TONBKO B MPUCYTCTBHUU JPYTHX BUPYCOB (BHPYCHI-
careJuinThl). Bupyc BHeIpsAeTCss B UyKYIO KJIETKY M MOJb3YSICh €€ BO3MOXKHOCTSIMU



co3naeT cBou konuu. I1o cMbiciy neiicTBUS BHPYCHI MOTYT OBITh BPEAHBI JIIOOOMY
OpraHn3My B KOTOPOM OHHM MOTYT NPOHHUKHYTb B KJIETKY. BUpyCBI ropasno mMeHsblne
OakTepuil 1 MOTYT MPOXOAUTH Yepe3 Te (QUIBTPHI, KOTOPBIE 3aJepKaT OaKTEePUH.

BopsOy c Bupycamu U OakTepusiMH BEIET MMMYyHHas CHCTEMa OpraHHU3Ma,
KOTOpasi BbIpa0daThbIBaeT aHTUTENA HAa KaXIbl BUJl MUKpoopranuiMa. [1oaToMy BaxxHO
UMETh HMMMYHHUTET, TO €CThb PEAaKUUI0O Ha TOT WJIM WHOU BHUJ OO0JE3HETBOPHBIX
MUKPOOPTraHU3MOB. OJTO TMPUBOAUT K HEOOXOAMMOCTH NPUOOPETEHUS] TaKOro
MMMYHUTETA IyTEM «O00y4EeHUs» UMYHHOU cucTeMbl. JJis 3TOro 0OBIYHO UCTIOIB3YIOT
OPUBUBKM — IIOMELICHHE B OpraHu3M o00pa3loB YOWUTHIX WU OCIA0JIEHHBIX
MHUKPOOPIaHU3MOB.

I'eHeTuka u aganTauus B »KMBOM NMPUPOIE
[eneTka — Hayka O CTPYKType M METOAax Iepenadd HaciIeACTBEHHOU
uHpopmar. O TOM, YTO MOTOMKHU IOJYYalOT YacTh CBOMX CBOMCTB OT INPEAKOB
OBLIIO U3BECTHO C JpeBHOCTH. [IpoBoaunacek u onpeaeseHHas CEeIeKUUs KUBOTHBIX U
pacTeHuil, HO OCOOEHHOCTHM W MEXaHU3M MepeJadyu HACIeACTBEHHOW MH(pOpMAaLUH
ObL1 He MoHsATeH. B 18 Beke OOTaHUKM MepeluTu OT HAOMIOICHHH 3a HACIe0BaHUEM
MPU3HAKOB PACTEHUI K SKCIEPUMEHTAIBHOMY €0 U3yUYEHUIO.

B 1760 . 1. I'. KeappelTep NpoBENl CEPUIO OMBITOB IO M3YUYCHHIO MEPENAYN
NPU3HAKOB TPU CKpPEUIMBAHWU pacTeHuil. B ombiTax ¢ TabakoMm, IypMaHOM U
reo3aukamMu KenbpelTop mnokaszasu, 4To pacTEHUS-TIOTOMKH, YaCTO UMEIOT MIPU3HAKH,
MIPOMEKYTOUHbIE MEXY NMpHU3HAKAMH pacTeHU-poauTeneil. OH Takke 0OHapY U,
YTO €CTh PAaBHONPABUE «OTLA» W «Marepu» B IMepeJadye IMPU3HAKOB ITOTOMKAM.
OkcniepuMentamu KenbpeiiTepa ObIIO0 TTOKa3aHO CYIIECTBOBAHUE IMOJa Y PACTEHUH.
KenbpeiTep BBENl B HAyKy HOBBIM METOJ HM3YyYEHHUsI HACIIEICTBEHHOCTH — METOJ
UCKYCCTBEHHOM rubpuan3anuu. [Ipm HCKyCCTBEHHOM NE€PEHECEHHWU NbUIBLBI C
[BETKa OJIHOI'O COpTa Ha MECTHUK LIBETKA JAPYroro cOpra IOJy4aeTcsl pacTEHUE,
MIPOUCXOJIAIIIEE OT JBYX COPTOB cpazy. Takoe pacteHue HaszbiBaeTcs rubpuaoM. [lpu
TOM OTLOBCKOE PACTEHHE — ATO TO, C KOTOPOro B3siTa MbUIbLA, & MATEPUHCKOE —
TO, KOTOPOE€ ATOM MBUIBI[OM ONBUIAIM U Ha KOTOPOM CO3PEBAIOT TMOpPUIHBIE CEMEHA.
Pacrenus, BbIpoCHIME W3 3THX CEMSH, YYEHbIE HA3bIBAIOT THOpUIAMU TEPBOIO
nokosieHus. Ucnonb3ys 3toT Meron, ppaniryzckue 6orannku O.Capxd u llI.Honen B
cepenuHe 19 Beka OTKpBUIM SIBIEHHWE [IOMUHAHTHOCTH OJIHOIO W3 POAUTENEH Hal
npyrum. Capxe, HomeHoM u JpyrumMu y4deHbIMH ObLUIO OOHApy>KEHO, YTO BCE
ruOpuabl IEpPBOTO TIOKOJEHUS MOXOXHU Jpyr Ha Jpyra. OTo HaOIIOIEeHUE
BIIOCJIECTBUM CTajM Ha3bIBaThb MPAaBWIOM €AMHOOOpa3usi TUOpPUIOB MEPBOrO
nokosieHus. [Ipu 3ToM YacTh MpU3HAKOB THOPHUABI MOJMYdYalOT OT OJHOTO COpTa, a
4acTb — OT Jpyroro. Tak 4To 4acTh JOMHHAHTHBIX ITPU3HAKOB MOTOMOK IOJIyYas OT
OTLa, a 4YacTb — OT Marepu. He n1oMUHaHTHBIE TPU3HAKHU, KOTOPBIE HE MPOSBIIIOTCS
y THOpUIOB MEPBOTO MOKOJEHUs (MO3/IHEE UX HA3BaJIU PELECCUBHBIMM) HE MCYE3AI0T
coBceM. Ecnu ckpemmBarh TMOpUIBI MEPBOrO IMOKOJEHUS MEXAY CO00il, TO HX
MOTOMKH, TUOPUIBI BTOPOTO MOKOJEHUS, OTIMYAIOTCS 110 CBOUM IPHU3HAKaM JIPYT OT
npyra. Bo3HHKHOBEHHE TaKOro pa3HO00pa3us NPU3HAKOB HA3bIBAIOT PACHICIUICHUEM .
[Ipu 3TOM YacTh rMOPUIOB BTOPOTO MOKOJIEHUS UMEET pelleCCUBHBbIE MpU3HaKu. Bee
9TH (akTbl OBLIM OCMBICIIEHBI B paboTax delmickoro ydenoro I'peropa Menpens.



(1856-1863 ) m OBUITM OTKPHITHI OCHOBHBIE 3aKOHBI HacleACTBEHHOCTH. CyTb
3akoHOB Menaens («OnbIThl Hal PpACTUTETHHBIMHA THOPUIAMI ) :

1) B nepBoM MOKOJIEHHH THOPHUIIOB MPOSIBISIETCS MPABUIO JOMHUHUPOBAHUSA H
eIMHO00pa3usi — Bce TMOPUIbl UMEIOT MPU3HAK OJTHOTO U3 POAUTEIIEH.

2) 3aKoH pacUIEIUIeHUs: TP MOHOTHOPUAHOM CKPELIMBAaHUU BO BTOPOM
MOKOJIEHUHU THOPHUIOB B CITy4dae MOJHOTO JOMUHUPOBAHUS HAOM0AaeTCs
pacuierieHue B cooTHouieHuu 3:1 : okoso 3/4 ruGpu10B BTOPOTro MOKOJICHHUS
UMEIOT TOMUHAHTHBINA MTPU3HAK, OKOJIO 1/4 — periecCUBHBIN.

3) 3aKkoH HE3aBUCUMOCTH ITPU3HAKOB
Bc€ 310 mociyxwio npeamnocsuikaMu s co3naHus MopranoMm B 1910-e rogsr
XPOMOCOMHOM TEOPUH HACIEACTBEHHOCTH HAa OCHOBE JKCIIEPUMEHTOB C IUIOAOBOU
MyIIKOH apo3oduoii. B nmanHo# Teopuu ObUIO yCTaHOBIICHO, YTO MPHU3HAKH (HMX
Ha3Banu reHamu) nepenatorcss modekynamu JIHK. B 3ToM cinydae ren cramm
onpeaenaTh kak yyactok monekyisl JJHK (y Hekoropbeix BupycoB — yuactok PHK),
ONpelesIeMbId ITOCIEAOBATEIIBHOCTEIO aTOMOB Ha ATOM y4acTke. Momekyna JTHK
MMEET TPOMAJHBIA JUISI MOJIEKYJBI pa3Mep M COHAEPKUT MWUIMAPABI aroMmoB. Jlis
xomnaktHoctd [IHK cBepnyra B aBoiHyro cnupanb. COBOKYIHOCTH T'€HOB
OpraHu3Ma COCTAaBJISIOT T€HOTUI (ONpenenstoT Bua). [ eHoTun Hapsay ¢ paxTtopamu
OKpY>Karole cpesibl U pa3BUTHEM OIPEACIIAIOT, KAKUM OyAeT (eHOTHUI (KOHKPETHYIO
peanu3aluio opraHu3ma JaHHoro Buja). I[lepegaya reHOB MOTOMCTBY SIBJISIETCS
OCHOBOI Hacne10BaHUs (EHOTUITMYECKUX PU3HAKOB. BOJIBIIMHCTBO OMOIOTUYECKUX
IIPU3HAKOB SBIIAIOTCS IOJIMTEHHBIMM, TO €CTh HAaXOIATCSA IOJ BIMSHUEM MHOTHMX
reHoB. IeHbl MOryT W3MEHATbCA B  pe3ysbrare MyTalud, HW3MEHSIOIMUX
nocienosarenbHocTh JIHK. BenmencrBue myTtanuil B NOMyJSINAKA T€HBI CYLIECTBYIOT B
pa3IMYHBIX BapUaHTax, HAa3bIBAEMBIX ajulelsAMU. PasHble auiend reHa MOryT
KOAMPOBAaTh  paszIUyYalOIMecs BepcUU  Oenka, 4YTO  MOXET  MPOSIBIATHCS
(denorununuecku. I'ensl Hapany ¢ yuactkamu JIHK, He comepkammumu reHoB, BXOIAT
B COCTaB I€HOMA, NPEICTABISAIOMIEr0 CcO00l BECh HACIEACTBEHHBIM MaTepHal
OpraHHA3Ma.
B xonue 20 Beka OMOJOTM HAy4YMJIMCh TECTUPOBATh reHOTHUIbl. L{enpio pabot
Obl1a pacmiupoBKa TEHOTHUNA, TO €CTh OMPEIECICHUE MECTOMOIOKEHUSI T€HOB U UX
HazHayeHusi. CerogHs 3Ta paboTa NPoIOIKAETCA 1O CIAEAYIOIIUM HANPaBICHUSIM:
e (CorocraBiieHUE TE€HOTHUIIOB, BBIJCICHHE B3aUMOCBA3EH M IIPOCIIECKUBAHUE

HaCJICOACTBCHHBIX W3MEHEHUI. BHGCB TJIaBHAaA Oeiab —  IIOCTPOHUTDH
ICHCTUYCCKYIO TCOPHIO 3BOJIOIHMU W U3MCHYHMBOCTHU JXKHM3HHW B HCTOPHYCCKOM
ACIICKTC.

e [lonbITKM OCTPOUTH HENIPOTUBOPEUNUBYIO TEOPUIO BOSHUKHOBEHUS KU3HH.
e (Co3garh TEXHOJNOTUHM HCKYCCTBEHHOM MOAM(PUKAIUU TreHoTurna (TeHHO
MOJIU(DUIIMPOBAHHBIE OPTaHU3MBI, IEYEHHE TEHHBIX 3a00JIEBAHUN ).
e (Co3arh TEXHOJOTUH OBICTPOTO aHAM3a CBOWCTB OPraHU3MOB M BUJOB IO UX
TEHOTHUILY.
JIoCTMXKEHNs B TEXHOJIOTUM TECTUPOBAHUS I€HOTHUIIA ITO3BOJISIOT CETOAHS
UCIOJIb30BaTh TEHETUYECKUI aHAJIN3 OHOJIOrHUECKUX OOBEKTOB B CAMBIX
Pa3TUYHBIX 00IACTAX (KPUMUHATUCTHUKA, MUKPOOHOIOTHS, TTAJICOHTOJIOTHSI 1



UCTOpPHS U T. 11.).

[Tpoueccel amanTaiiy KUBbIX OPTaHU3MOB K BHEIIHEH Cpejie BCeraa SBISIIOTCS
OJTHOM M3 BOXKHEUIIMX 3aja4 B Ouosioruu. B paMkax 3THX IpOLIECCOB peau3yrOTCs
TEOPUH €CTECTBEHHOro OTOOpa M HBOJIIOIMHU JKW3HU, OOpbOa OpraHM3MOB 32
BBDKHBaHUE, MUY, MECTO OOUTaHUS, BO3SMOXHOCTh Pa3MHOKECHHS, BHYTPUBHIOBAs U
MEXBHUJIOBas  KOHKYpPEHIMS, pealu3alds  OKOJOTHYECKOTO  paBHOBECHS U
COTPYIHUYECTBA OpraHU3MOB. Kak mpaBmiio mporecchl ajanTaidid O4eHb CIOXKHBI U
UMEIOT MHOKECTBO PA3IMYHBIX aCIIEKTOB, KOTOPBIE HE BCET/Ia XOPOIIO U3yUCHBI.

JKOJIOrHYecKue npodaeMbl COBPEMEHHOI0 MUPA

IKONOTHST — HayKa O B3aMMOJICHCTBUSAX KUBBIX OPTraHU3MOB MEXKIy COOOM M
C X cpeioit oOuTaHusI.

Kak mpaBuio 3KOJOTHIO CErOAHS BOCHPHUHUMAIOT B aCHEKTE SKOJIOTMYECKHUX
po0sieM, KOTOpbIe B COBPEMEHHOM MHPE CUMTAOT OAHUMH M3 HAUOOJIEe OMaCHBIMU
JUISl CyIIECTBOBAHUS YEJIOBEUECTBA.

Hctoprdecku MOXHO BBIICTUTH PsiJl MIOOATBHBIX SKOJIOTHYECKUX MPOOIIeM,
KOTOpbIE ObLIN 3a(DUKCUPOBAaHbI B MUPOBOM HayKe U OOLIECTBEHHOCTH:

e lI3MeHeHME KIMMara W KIMMAaTUYECKUX YCIOBUM JUIS JKM3HU PACTEHUU U
YKUBOTHBIX.
Pa3pyiiieHre 030HOBOTO €JI0sl U APyTrue mpoOiaemMbl aTMOC(hepHI.
3arpsi3HeHHEe MUPOBOT'O OKeaHa U MOYBHI.
HexBarka 4yncTOl 1 MUTHEBOM BOJbI, OITYCTBIHUBAHUE U 3ACOJIEHUE MOYB.
YHUUTOXXEHHE JIECOB U JAPYTUX TPAAUIIMOHHBIX JaHIIIadTOB.
YMmeHblleHne 6uopazHooOpasus, BRIMUPaHUE BUIOB.
HcToiienre npupoaHbIX pECYPCOB.
JHlemorpaduueckue mpoOIeMbl 4eTTOBEUECTBRA.

buosiorus yesoBexka U MeIULUHA

He cMoTps Ha 0c000€ «MHTEIIEKTYaIbHOE» MTOBEACHHUE YEJIOBEKA, €0 MOXKHO
BO MHOTHX aCIIEKTaX paccMaTpUBaTh KaK OMOJOTUYECKYIO CUCTEMY. ECTh MHOXKECTBO
aCIeKTOB OMOJOTUM YeJIOBEKA, KOTOPbI€ aHaJOTUYHBI OWOJIOTHMHM JAPYTUX >KUBBIX
CyliecTts. B dyacTHOCTM 3TO JaeT OCHOBaHUE JUIA peanu3aluud  MeTola
NEPBOHAYAJIbHON anpoOanuy pasiIuyHbIX MEAUIMHCKUX TEXHOJOIMH Ha YKUBOTHBIX.
MenuiuHa Kak METOI BOCCTAHOBJEHHMSI HOPMAaJIbHOIO  (YHKIIMOHUPOBAHUS
OpraHvM3Ma 4YeloBeKa IpUd JTOM JIOJDKHA OCHOBBIBATbCSI Ha OHOJIOTMYECKUX
OCOOCHHOCTSIX oOpranu3ma uenoBeka. C Jpyroil CTOpOHBI aHaIOrusi OMOJOTUHU
YeJIOBEKAa W JKUBOTHBIX IIO3BOJSET CTPOMTH II0 TE€M JK€ INPHUHIUIAM WU METOIBI
BOCCTAHOBJICHUSI HOPMAJbHOTO (PYHKIMOHUPOBAHHUS OpraHM3Ma >KUBOTHBIX —
BETEPUHAPHIO.

Hcropuuecku pasBUTHE MEAULMHBI IPOCIIEKUBAET PSJl ITANOB:

o JlpeBuuit mup (Eruner, BaBunon, Uunus, dpesuss I'peuus u JdpeBuuii Pum)
KOTOpbIE€ 3aJIOKWJIM TE€pPBbIE HWAEHM M METOAbl MEIULMHBI Kak o0iacTu
€CTECTBO3HAHUSA M HAayKH. [IppMepaMM y4EHBIX 3TOTO BPEMEHU CIIYXKHUT T'PEK
['unmoxkpar (kigrBa ['unnokpara) u puMmckuit Bpau ['anen.



e ApaOcko-BocTouHbli MuUp u EBpoma cpenHux BexkoB. Waen anxumun
IIO3BOJIMJIN PA3BUTh METOJBI MEAULMHEI ApeBHEro Mupa. lIpumepom yueHnoro
TOrO0 BPEMEHM CIYXUT ABHUIEHHA — TNEPCHJCKUI Yy4YEHbIH, KOTOPBIN
HauOOJBIIMI BKJAaJ B €CTECTBO3HAHUE NPHUHEC B OOJACTH ACTPOHOMHH U
MeAUIUHBL. JJ11 MEIUIIMHBI OH TEM 0oJiee BaKEH, YTO €ro padoThl YUUTHIBAIN
onblT MenukoB Boctoka m Memmn. OHM OKa3anuch JOOCTYIIHBI YYEHBIM
cpeaHeBeKOBOM EBporbl, 4TO 1ano BO3MOXHOCTh B HoBOe BpeMs yBs3aTh BCe
9T 3HAaHUS B MeauimHe HoBoro BpemMeHu.

e EBpona HoBoro BpeMeHH. DTOT 3Tan pa3BUTHUS MEAULMHBI MOXKHO Ha4aThb C
pabor [lapanennca, KOTOpbIM (aKTUYECKH OMPEAENIUI OCHOBBI JATbHEHIIETo
pazButusi (dapmakonoruu u (apmanetuku. B HoBoe Bpemsi mOSBHIKCH
yueOHble 3aBeleHUs Uil IMOArOTOBKM  Bpayei, TMOSBWINCH IIEpPBbIC
MEIMLMHCKHE  CTaHJIApThl, y4uyeOHMKH. [apBeil  OTKpbUT  3aKOHBI
KpOBOOOpAIlleHHs, ONpEeAeTw pojb Ccepilla Kak Hacoca, YOeAUTEIbHO
OOBSICHUJI, YTO apTEPHH U BEHBI €CTh OJIMH KPYT KPOBOOOPAIICHHUS.

e B 19 Beke omnbIT OOpHOBI € 3MUAEMUSAMHU Jlall OCHOBAHUS MJISI TOSIBICHUS
NEPBBIX TOCYIAPCTBEHHBIX CUCTEM MenuuuHbl. Cramo HeoOXOAHMMbIM
paclIMpUTh MEIMIMHCKME YCIYTM Ha BC€ OOIECTBO, MOSBHWIKUCH IIEPBbIC
rOCY/IJapCTBEHHBIE OPTraHU3alMM [0 YOPABICHUIO MEIUIMHON, HA4YaloCh
paznenenue Bpaued 1o npodeccusim. [losBunmuce  00IIECTBEHHBIE U
rocyJaapcTBeHHbIE Jla3apeThl U 0oapHULIBI. Hanbosee nu3BecTHbie MEAMKU 3TOTO
BpeMeHH — MuKpoobuosoru Pobepr Kox, Jlyu Ilacrep, xupypru Iluporos,
Jxeiimc Cumncon, beprman, Cxnudocodcekuit.  HoBble MemunuHckue
TE€XHOJIOTUM — PEHTTEHOJOTHs, NPUBUBKH, XJIOPO(HOPM, AHTHUCENTUKH U
CTEPUIIN3ALINSL.

e B 20 Beke (hapmarieBTHKa U U3TOTOBICHUE MEIUIIMHCKON TEXHUKHU CTAJI0 HOBOM
oTpaciiblo Mpou3BoAcTBA. loCygapCTBEHHbIE U OOLIECTBEHHBIE CHUCTEMBI
MEIVLHAHBl YCTAaHOBUJIMCH BO BCEX CTPAaHAaX, IOSBUJINCH MEKIyHAapOIHBIE
MEIUIMHCKUE oOpraHu3auuu (mog KyparopctBoM Bcemuphnoit Opranuzanuu
3npaBoxpanenuss BO3). [TosBunuchk cnenuain3vpoBaHHbIE KIMHUKU, HAYyYHO-
UCCJIeIOBAaTEeIbCKUE  OpraHu3alud  MeauuuHckoro  npoduisa.  Hosbie
MEIUIIMHCKUE TEXHOJOTUU — AHTHUOUOTHKH, HOBBIE METOABl TEXHHUUYECKOTO
KOHTpoJisi opraHusMa (tersioBu3opbl, DKI, nmazepHO-ONTUYECKHE CUCTEMBI),
HCKYCCTBEHHBIE Oprannl (cepiile, MOYKH M T. 1. ), Mepecajika OpraHoB U

JpyTHE.

®u3nosorus U Bbicas HEPBHAaSA JC€ATECIbHOCTD Y€/I0BCKA

®dusmonorma  ycioBeka — OTO  HAyKa, H3ydaromias  IPOIECCHI
KUZHEACATETLHOCTU ((QYHKIIMM) YEIOBEKA, €r0 OTACIbHBIX CUCTEM, OPTaHOB, TKaHEH
u KIeToK. OCHOBHBIMM CHCTEMaMM 4YEJIOBEKa SIBJISIIOTCS: MO3I U Pa3BETBJICHHAs
HEpPBHAs CHUCTEMa, a TakKXKe CHCTEMBbI: KOCTHO-MBIIIEUHAs,, KPOBOOOpaIEHus,
NUIeBapeHus, auMdarndeckas, SHIOKPUHHAS, PENPOAYKTHBHAs, OpPTraHbl 3pEHUS,
Cilyxa, OCSI3aHUs U OOOHSHUS.

HepBHas cucreMa yenoBeka oOpazoBaHa TOJIOBHBIM MO3IOM, CHUHHBIM MO3TOM,
Pa3BETBICHHONW CHCTEMOW HEPBHBIX OKOHUYAHUM, KOTOPbIE MPOHUKAIOT MPAKTUYECKH



BO BCE€ YaCTH TeJa.

Mo3se — IEHTPAIBHBIA OT/IE]I HEPBHOM CHUCTEMBI YeJIOBEeKa, 00SCIICUNBAIOIITUI
PETYIAIMIO BCEX KU3HCHHBIX (YHKIMI OpraHu3Ma, T. €. BBICHIYIO HEPBHYIO
NEATeIbHOCTh M MCUXMYECKHEe (PYHKIUM, BKJIO4Yas MbliuieHne. (OCHOBHbIC
CTPYKTYpbI TOJJOBHOTO MO3ra — 3TO J[Ba MOJYIIApHs, COCTABIAIOIINE EPEIHUNA MO3T,
COEIMHEHbl MO30JUCThIM TesioM. CHHUHHOM MO3r OCYUIECTBISET YyIpaBlICHUE
CKEJICTHO-MBIIIEYHON CHUCTEMOW, BHYTPEHHEW MYCKYJaTypO U YCIOBHBIMA U
oe3ycinoBHbiMU pedrekcamu. [loctpoenue u pabora Mo3ra ocHOBaHa Ha 00paboOTKe
JAHHBIX HEMPOHHOU ceThto. HellpoHHas ceTh — cucTeMa B3auMOCBA3aHHBIX KJIETOK-
HEHPOHOB, KOTOpPbIE 00Pa3yrOT MHOIOCIONHYIO ceTh. DakTHUEeCKH HEHpOHHAas CETh
CIIY’)KUT CIIO)KHOW CHCTEMON 00paOOTKH JaHHBIX, KOTOPbIE MEPENAIOTCS OT HEPBHBIX
OKOHYaHHM B BHJAE HEKHX JJIEKTPO-XUMUYECKUX MOTECHIMAIOB. 3pUTEIIbHbIE,
CIIyXOBbI€, TaKTWJIbHBIC (OT MPUKOCHOBEHMS) 00pa3bl 00padaThIBAIOTCS HEHPOHHOU
CEThI0 M TO3BOJISIIOT (POPMPOBATH Ty NEATEIHHOCTH, KOTOPYIO OTHOCSAT K BBICIICH
HEPBHOW NIESITEILHOCTU OpPraHU3Ma. JTO HE TOJIBKO CO3HAHUE U MBIILICHHUE, HO U
ypOBEHb pe(dIeKTOpHOH, MOJCO3HATEeNbHOU nesTenbHOCTU. [lpu 3TOM, HEpBHas
cUCTeMa yIpasisieT pabOTON BCEro OpraHu3mMa 1 ero OTAENbHbIX YacTeH, CBA3BIBAET U
CUHXPOHU3UPYET UX padoTy.

B Hacrositiee BpeMsi BhICIIasi HEpBHasi ACSATEILHOCTh — camasi CJIOXHas U
3arajjoyHasi 00JacTh (U3MOJOTMU KaK 4YeJIOBEeKa, TaK W KUBOTHbIX. OJIHAKO yKe
MOJTyYeHHbIC 3HAHUS MO3BOJISIIOT CO3/1aTh 2 HOBBIX HANpaBIEHUS B €CTECTBO3HAHUU
— OHWOHHMKY W WCKYCCTBEHHBIM WHTEUIEKT. bHOHMKa W3y4aeT BO3MOXKHOCTH
peanu3aiuy TEXHUYECKUX CUCTEM (B TOM YHUCIIE 3TO M pOOOTOTEXHUKA), pabOTAIOIINX
M0 aHAJIOTUH C KUBBIMH CYIIIECTBAMH, a MpoOIeMaTuka NCKYCCTBEHHOTO UHTEIUICKTa
CBA3aHA C TMOMNbITKAMU KOMIBIOTEPHOIO MOJEIUPOBAHUS BBICIIEH HEPBHOU
JESATETHLHOCTH C IEJbI0 CO3/IaHUs CUCTEM MHTEIUICKTYaIbHOW 00paOOTKY JaHHBIX.

CucreMHbIi aHAJIN3 OHOJOTHH YeJIOBEKA U JKMBOTHBIX

B 18 Bexe Kapn JluHHel co3nan enuMHyl0 CHUCTEMY KiacCU(UKAIMU
PACTUTENBHOIO U KUBOTHOTO MHpPA, B KOTOPOIl ObLIM 000OILIEHBI U B 3HAYUTEIHHOU
CTENEHU YNOPSAOYEHBbl 3HAHMUS BCEr0  MPEAbIIYIIEro MepuojJa  pa3BUTHUSA
ouonoruyeckoit Hayku. [Ipu »TOM B M3yueHue Onosoruu ObUT MPUBHECEH CUCTEMHBIN
HOJXOJ], KOTOPBII CTaJl OJHUM U3 BaKHEHIIMX METOI0B U3yUEHUsI OMOJIOTHH.

Buosorinyeckasi cHCTEMATHKA — Hay4dHas JWCLUIUIMHA, B 33Ja4ll KOTOPOIi
BXOJIUT pa3pabOTKa MPUHIUIOB KJIACCU(UKALUU JKUBBIX OPraHU3MOB U
IPAKTUYECKOE NPWIOKEHHE H3THUX [PUHLUIOB K IOCTPOCHUID  CHCTEMBI
oprannyeckoro wmupa. Ilog kimaccudukanueit 31ech MOHUMAETCS ONHMCAHHUE U
pa3MelIEHUE B CUCTEME BCEX CYIIECTBYIOIIMX M BBIMEPILINX OPraHU3MOB. Beiaenenue
BUJIOB, TIOJBHJIOB, KJACCOB JKMBBIX CYIIECTB M MpPaBHJIbHAs HIACHTH(PHUKAIUS U
KJaccu(UKaUsl HOBBIX BHJIOB JaeT OCOOyIH0 KapTUHY OHOJIOTMYECKOTO MHUpA,
MO3BOJISIET YBUJETh B3aMMOCBSI3M MEXAy opraHu3Mamu. OCOOEHHO BaKHYIO pOJib
CUCTEMAaTHKa CTaja Urparb nocie GopMUpPOBaHUS TEHETHUECKON TEOPUHU, KAK OCHOBBI
JUIsl cucTeMaTtuku (puinoreHernyeckas cucrtemaruka Jlapsuna-I'ekkenst). Tak xe Kak
NepUoANYECcKas CUCTeMa B XUMUHU, B OMOJIOTUH (POPMUPOBAHUE CUCTEMBI BUJIOB JIa€T
BaXKHYIO OCHOBY JIJIS IONIOJTHUTEIBHOTO aHAIN3a U MOUCKA.



CeromHa cucTeMaruka TMPUHAAJICKHUT K YUCITy OypHO pa3BUBAIOLIMXCS
OMOJIOTMYECKHX HAyK, BKJIIOYas BCE HOBBIE W HOBBIE METOABL: METOMbI
MAaTE€MaTUYeCKOW CTATUCTUKH, KOMIBIOTEPHBIM AHAJIN3 JAHHBIX, CPABHUTEIIbHBIN
anamu3 JJHK n PHK, ananu3 ynsTpacTpyKTypsl KIETOK U MHOTHE IPYTHE.

B Ouonoruu udenoBeka cUCTEMaTHKa MOCTPOEHA Ha KiacCU(UKALMK pac —
€BPONICOMAHON,  MOHIOJIOMIHOW,  HETPOMIOHOM,  AMEPHUKAHOMIHOM,  BEIIO-
aBCTPaJIOUIHOM, BOCTOUHOA(PpUKaHCKONW. OJTHAKO pa3BUTHE T€HETUKH MOCTABUIIO 3Ty
KJ1acCU(UKAIMIO MO BONPOC, TaK KaK F€HETUYECKUE HCCIIEOBAHUSI HE MOITHOCTHIO
MOATBEPKAAOT IPABUIBHOCTh BbIACIECHHA pac. Kpome Toro teopus pac nana
OCHOBAaHMS Il BO3HUKHOBEHMS PsJia TEOPHUH, KOTOPbIE HOCHT JNECTPYKTUBHBIA M
aHTUTYMaHHbIM XapakTep (Hampumep €BreHHKa). AHTPOIOJIOTHS KakK Hayka o
YeJI0OBEeUECKOM BHUJE, BKIIIOYAIOIIasi B ce0s ero Kiaccu(uKalunio, B HaCTOALIEe BpeMs
HE MMEeT €AWMHOIo Moaxoja K Teopun pac. EcTh Oojiee cTapblii  MOIXOM
¢u3noNornyecKuid, OCHOBAaHHBIM HA BHEIIHUX TMPHU3HAKaX pachkl U MOJXOJ
IFEeHETUYECKUM, KOTOpbIM BblaenseT ramtorpynnsl B JIHK ¢ yuerom Hexoroporo
BEPOATHOCTHOI'O XapakTepa ux (popMupoBaHusl.

YeJj10BeK B cucreMe ;KUBOTHOIO MHpa

YesioBeKk Kak OCOOBIM BHUJ JKUBBIX CYIIECTB HMMEET CBOE€ MECTO M WIrpaer
oco0yl0 poJib B CHUCTEME >KMBOTHOTO MHpa. B pamkax pa3BUTHS YeIOBEUYECTBa
chopMupoBaIuCh 2 TPYIINbl JKUBOTHBIX, KOTOPbIC TIPUHATO JICJIUTH Ha
OJIOMAIlIHEHHBIX M JIUKUX. OJHAKO W CpeAu AMKHX YXKHUBOTHBIX €CTh MHOMXKECTBO
BHUJIOB, KOTOPBIE aJallTUPOBAIMCH K COBMECTHOMY CYILIECTBOBAaHUIO C YEJIOBEKOM U B
MIPUHIIAIIE MAJIO OTJIWYAKOTCS OT JOMAIIHUX. YeIIOBEK CO31aeT CBOK aHTPOIIOTEHHYIO
Cpely, B KOTOPOH CYIIECTBYET ONPEACICHHBIN )KUBOTHBIN Mup. [Ipu 3TOM, MHOTHE U3
JIOMAIITHUX JKMBOTHBIX (DAKTHYECKHU IMPOIIBETAIOT, & HEKOTOPHIE U3 JUKHUX JKUBOTHBIX
HaXOJATCS Ha TPAHU BBIMUPAHUA.

[TosiBneHue yenoBeka Kak OMOJOTHYECKOTO BUJIA - 3TO PE3YJIbTAT NJIUTEIBHOIO
ABOJIOIMOHHOIO MPOLECCA U CBSA3AHO C UCTOPUUECKUM PA3BUTHUEM KUBOTHOTO MUPA.
YenoBek B ceOe coueTaeT MPUHIUMITUAIBHBIC YePThl CTPOCHUS U KU3HEIEATCIIbHOCTH,
KOTOPBIMU XapaKTePU3YyIOTCs >KUBOTHbIe. HO B oTiamyMe OT HUX OH o00Jiajaer
3HAQYUTEIbHBIMU OCOOCHHOCTSMH, B TOM 4YHCJI€ BBICOKOPA3BUTHIM MBIIIJICHUEM,
CO3HaHUEM, TBOPYECKOW aKTUBHOCTBIO, WICHOPA3JAEIbHOU PEUbl0, KOTOPbIE BOZHUKIIU
B pe3yJbTare TPYIOBOM MAEATEIbHOCTH YEJIOBEKA U €r0 COIUAJIbHBIX OTHOILICHUH.
AHaromMuyeckue W (U3MOIOTHYECKHEe OCOOCHHOCTH COBPEMEHHOTO YeJIOBEKa
BBIJICIISIIOT €r0 B 0COOBIN Onosiorndeckuii Buj - Yemosek pazymusiii (Homo sapiens).

[TaneoHTONOrMS KAk HaykKa O HCTOPUYECKOM PAa3BUTHM KUBOTHOTO MHpa
paccMaTpuBaeT MMEET AHAIOTUYHYKO IO CMBICIY HAyKy — MaJIEOATPOIOJIOTHIO,
KOTOpasi M3y4aeT 3SBOJIIOLMI0 YEJIOBEYECKOro BHUAA. VICTOpUYECKHM CTaHOBIICHUE
Mageoarpornojgorud ObUI0 MPOTUBOpEUMBBHIM. llepBoHauanbHO OBLIM HAWJACHBI
OCTAaHKHM HEaHJEpPTaiblia, MO3IKE MUTEKAHTPONA, 3aT€M CHHTPONA, KPOMCAHBOHIIA,
aBCTPAJIONUTEKA, JIEHUCOBCKOTO 4YesioBeka. Kaxaplil U3 3THUX APEBHUX JIIOIECH MMET
CBOM OCOOCHHOCTH, JaTUPOBKA HMX pACIpPOCTPAHEHHUS OUYECHb HE TOYHas. Bce 3To
OCJIOKHSIET MCTOPUUYECKYIO PEKOHCTPYKIHUIO PA3BUTHS YEIOBEYECKOTO BHUJA, JAET
BO3MOXKHOCTh (DOPMYJIHUPOBKM MHOXECTBA MPOTHUBOPEUAIUX JPYT APYTY TEOPHIA.



[eHeTndeckrue WCCIENOBaHUS TaK K€ BHECTW MHOTO NpoTuBopeunit. Tak ObLIO
YCTaHOBJICHO, YTO y BCEX COBPEMEHHBIX JIONCH €CTh OfHAa 00IIas POJACTBEHHUIIA
JKEHCKOT'O I10J1a, OJJHAKO TOYHO YCTAHOBHUTH TAE€ M KOIJAa OHA KWja HE yAaIoCh. B
LIEJIOM COBPEMEHHAs HayKa IIOAJECPKUBAET TEOPUI0 O HECKOJIBKHUX BOJIHAX
MepeCcesICHUs] TPEBHUX TOMUHUJ U3 AQPUKHU, KOTOPHIE B JAJIbHEHIIIEM I€HETUYECKU
Pa3IeNIMIINCh, & B HACTOSIIEE BPEMS T€HETUYECKU IOMUHUPYET OJJHA U3 ATUX TCPYMII.

JIOTIOTHUTEIBHO:
[1]c.91-98

[2] c.206-324

[3] c.185-291

[4] c.270-282, 308-445
[5] c.77-202

Pa3nen 4. JBoJIlOMOHHASI KAPTHHA MHPA

Jlekuums Ne 7. KoHuenuus pa3BUTHS B €CTECTBO3HAHUU. DBOJIOLUS )KUBBIX
cucteMm. Teopust pazsutus lapsuna. PazButue yenoBeyeckoro o0mecTna.

Jlekuus Ne 8. Teopust cUCTEM M CUCTEMHBIN aHAIU3. DBOJIIOIMA CUCTEM. BiusiHue
MH(OPMALIMOHHBIX TEXHOJOTUIA Ha KOHIIEIMHU pa3BUTUA. Teopus pa3BUTHUS
Bcenennoil. Pa3Butrs KOCMUYECKON HAayKu U TeXHOJOTHM. Teopus pazBuTus 3eMiu.
I'eosiornueckue nepruoasl, U3BMEHEHHUE KimMmara. MoenupoBaHye dBOJIIOLUN
IPUPOJIBI, KIUMara, 00IIecTBa.

Konuenuus pa3BUTHA B €CTECTBO3HAHUM

IBOJTIOIMHOHN3M (TaKkKe DIBOJTIIHOHHOE Y4YeHHe) — CcHucTemMa HuJed W
KOHLEIINM, YTBEPKIAIOIIMNX CYIIECTBOBAHWE HANPABICHUSA W ABWKYIIUE CHUIIBI
MCTOPUYECKOTO PA3BUTHUS B TOW WM UHOU cepe 3HAHUS.

TepMuH «260110YUOHU3MY» UCTIONB3YETCS B IIUPOKOM CMBICIIE ISl 0003HAYECHMS
KOHILIENIIMU Pa3BUTHUSA, KAK MPEICTABICHUS 00 HM3MEHEHUSX B HEXUBOM M KUBOU
IPUPOJIE U B YEIOBEYECKOM OOIIECTBE.

B Hacrosmiee BpemMss MOXHO TOBOPUTH O HAJWYUHU DBOJIOLMOHHBIX TEOPUU
pPa3BUTHUS BCEJIEHHOM, COIHEYHOM CUCTEMBI, IJIAHEThI 3€MJIsl KaK aCTPOHOMHMYECKOTO
TeJa U KaK Ie0JOTHYECKOM CTPYKTYpbl, pa3BUTHsI OMOC(EPBl U OTACNIbHBIX BUJOB B
OMOJIOTUH, YEIOBEYECKOTO OO0IIEeCTBA C TOYKM 3PEHUSl PA3NIMUYHBIX OOIECTBEHHBIX
HayK, B TOM YHCJIE PA3BUTHs HAyKU U TEXHUKU. ECTh DBOIIOLMOHHBIE TEOPUU U B
XUMHU. TakuMm 0Opa3oM, MOXHO TOBOPUTH O MOCTENEHHOM (POPMUPOBAHUK HOBOMU
KapTUHBl MHpa — DBOMIOLMOHHOU. [Ioka 3Ta KapTMHA MHpa eme He CIO0XKUIIAch
OKOHYATeNIbHO, HO YX€ HMEEeT MHOXECTBO OCOOCHHOCTEH, OTIMYAIOUIMX €€ OT
NpenpIAynield KapTuHbl Mupa. [JTaBHOWM OCOOCHHOCTHIO JBOJIOIMOHHBIX CHCTEM
CUMTAECTCA HAJIWYAE BHYTPEHHUX MPOLECCOB CAMOOPTaHU3AallMM W CUHEPTETHKU
(0cOOBIX BHUAOB HHEPreTUYECKHX MpoueccoB). VMEHHO 3TH SBIEHUS JIOJKHBI
OOBSICHUTH HECOOTBETCTBUE IBOJIOLIMOHHBIX CUCTEM MPUHIUIIAM TEPMOJUHAMUKH.

IBOJIIOLUA KUBBIX cucTeM. Teopusi passutus {lapsuna
[IepBbie 3BOMIOLMOHHBIEC UJIEW B OMOJIOTUH BBIIBUTAIHNCH YKE B APEBHEM MUDE,
HO TONbKO Tpydasl Yapne3a J[lapeuHa B 19 Beke caenanu  3BOIIOLNUOHU3M



dbyHnaMeHTanbHON KoHuenmuer ouonmornu. C Tex mop OBLJIO HAKOTUIEHO OTPOMHOE
YUCJIO HAay4YHBIX (PAKTOB, TOATBEPKIAIONMIUX DBOJIONNIO. Pa3BUTHE TEHETUKU
noTpedoBaIO0 MOJAEPHHU3ALUMU 3TOM TEOPUU M B HACTOALLEE BpPEMs OOLICHPUHATON
ABJISIETCSL CUHTeTUUYecKas Teopust sBomonun (CTD), sBistoniascs pa3BUTUEM TEOPUU
HapBuna. Ota Teopuss Obuia mosiBuiaack B 30-x u 40-x romax XX Beka. Ona
oObeIMHMIIA HJICI0  JapBUHOBCKOIO  €CTECTBEHHOIO OTOOpa €  3aKOHamMu
HACJICCTBEHHOCTH U JAHHBIMU MOMYJISIUOHHOW FEHETUKHU.

EcTtécTBeHHBIIT 0TOOp — OCHOBHOH (akTOp SBOJIOLMH, B pe3yJbTare
JENUCTBUS KOTOPOTO B MOMYJIALIMK YBEIMYMBACTCS YUCIIO 0c0o0ei, obnaaaronmx ooee
BBICOKOM TPHUCIIOCOOIEHHOCTHIO (HauOosiee OIaronmpusTHHIMU MpU3HAKAMHU), B TO
BpeMs KaK KOJIMYECTBO 0CO0€H ¢ HeOIaronpusaTHBIMU TPU3HAKAMH YMEHBIIAETCS.

[Tomumo otbopa B Teopuu CTD HEOOXOAMMO paccMaTpUBATh MPOIECCHI
ckpemmBaHuss W Myrtanuud. CkpemuBanue mpennonaraet ¢dopmupoBanue JHK
HOBOT'O OpraHM3Ma Ha OCHOBE OOMEHa reHaMH 2-X MPEJKOB (C YUYETOM 3aKOHOB
Mengens). Myrtanuss — mpoLecc CIy4yalHOro HM3MEHEHUs 4YacTh TEeHOMa I0J
JNEUCTBUEM BHEUIHMX (MyTareHHbIX) (aktopoB. be3 Mmyraumii mpouecc pa3BUTHSA
yepe3 HEKOTOPOe BpeMsi ITPUBEN Obl K BEIPOXKICHHUIO.

Pa3BuTHe yesioBeueCcKoro o01ecrBa

MN3yueHre WCTOPUU  YEJOBEYECKOTO OOIIecCTBA TaK KE€  IO3BOJIHUIIO
chopmyaupoBaTh  HJACK  DOBONIOUMM WM mporpecca. [Iporpecc  Moxer
paccMaTpuBaThCs Ha Pa3IMYHBIX YPOBHSIX — Pa3BUTHE HAYKH, PA3BUTHE TEXHOJIOTUI
U DKOHOMHKH, Pa3BUTHE OOIIECCTBEHHBIX OTHOIICHHH, pa3BUTHE apeajia oOUTaHUs
yemoBedecTBa. Pa3BUTHME HAyKH MPOCIECKUBAETCS 110 HAYYHBIM PEBOJIIOLUSM,
Pa3BUTHUE TEXHOJOTHMM IO TEXHOJOTHUYECKUM PEBOJIIOIUAM, PA3BUTHE SKOHOMHUKH 10
(GbOpMHUPOBAHUIO SIKOHOMHUECKUX YKIIAIOB (TIEPBOOBITHO-OOIIMHHBIN U HATYPaTbHBIMN,
paboBnanenpbueckuii, (eogabHBIM, KaMUTATUCTUYECKUM, COIMATUCTUYECKUN) U
TUIAM DKOHOMHYECKON MOIENU XO3sicTBa. Pa3BUTHE OOIECTBEHHBIX OTHOIIEHUM
MPOCJIEXKUBACTCSI MEHEe 4YEeTKO, HO TMporpecc pa3BuTusi oOllecTBa  3a
MPEANIeCTBYIONIME CTOJETUsl cyllecTByeT. Pa3BuTue apeana oOWUTaHUS YeIOBEKa
MOXXHO YBHUJIETh B MOCTENEHHOM 3aCEJI€HMU U OCBOCHHMM CYIIM, MOPEH U OKEAHOB,
KocMoca. ECTh HEM3MEHHOE M HEYKJIOHHOE PACIIMPEHUE MPUCYTCTBUS YEJIOBEKA BO
BCEX ATUX cepax.

Teopusi cucTeM M CHCTEMHBII AaHAJIN3. JBOJIOLNUS CHCTEM

CoBpeMeHHass KapTMHa MHpa XapaKTepU3yeTCsl PacCMOTPEHUEM CIIOKHBIX
00BEKTOB, KOTOPHIE MPOIIE BCETO HAa3BaTh CUCTEMAMU, T. €. COCTOSAIIMMU U3 APYTHX
B3aMMOJICHCTBYIOIMX OOBEKTOB. [l aHanmm3a CHUCTEM B TEOpHH HH(pOpMAIUU
co3llaHa CHeluajbHasl HayKa — TEOpUs CUCTEM M CHUCTEMHbINM aHanu3. B Teopuu
CUCTEM CTPOMUTCS KJacCU(UKAIUS CUCTEM, BBIACISIIOTCS METOAbl OMUCAHUSI U
aHanu3za cucrteMm. Jlg paccMOTpeHHs: JMHAMHUKH/IBOJIIOIMUA CHUCTEM TaK K€
UCIIONB3YIOTCS TaKMe HAyKH KaKk KHOEpHETHKA, MOJECTUPOBAHUE CUCTEM, METOIbI
HCKYCCTBEHHOI'O MHTEJIJIEKTA.

KubepHeTrnka (MCKyCCTBO YyNpaBJIeHHS) — Hayka OO0 YMpPABJICHUHU, CBS3U U
nepepadorke uHpopManuu. CUCTeMbI, U3ydaeMble KUOCPHETUKOM, HOCIT Ha3BaHUE



kubepHetnueckux. OHM HMEIOT CcaMyl0 pPa3IMyHYyl0 MPHUPOLY, Hampumep,
BBIUMCJIUTENbHBIE CHUCTEMbI, YEJIOBEUECKUH MO3I, OHOJOTHYECKUE TMOMYISAIHH,
COLIMAJIBbHBIE TPYIIIBI U T. A.

MonenupoBanue CHCTEM — METOJ aHaln3a CUCTEM, B KOTOPOM CHCTEMA
paccMaTpUBaeTCsl B YIPOLIEHHOM BHJIE (Kak MOJiesb). MoaenrpoBaHue Kak MpaBuiio
WCIIONIB3YET KOMIIBIOTEPHBIE CHUCTEMBI M PA3JIMYHBIE METONBl BBIYMCIHUTEIBHOU
MaTEeMaTUKHU, TEOPUH BEPOATHOCTH U CTATUCTUKH.

PaccMoTpeHue 3BOIOIMOHHBIX U3MEHEHUN B CUCTEME MPEXkKIE BCEro TpeOyeT
aHajnu3za JMHAMUKM CcUCTeM. JluHaMHKa CHCTEMbl — H3MEHEHUE IapaMeTpOB
CUCTEMBI €O BpemeHeM. lcciaenoBaHue IMHAMMYECKUX XapaKTEPUCTHUK CUCTEM
OOBIYHO BBINOJIHAETCA C IIOMOILBIO KOMIIBIOTEPHOro MojenupoBanus. llpuyem
CIIO)KHOCTh CHCTEM TpeOyeT HCIOJIb30BaHUs OCO0O MOIIHBIX BbIUMCIUTEIbHBIX
MamiH — cynep OBM. Ilostomy mnpuMeHEHUE 3BOJIOIUOHHBIX TEOPUM CUCTEM
CBA3AHO C IIPOIPECCOM BBIYUCIUTEIBHON TEXHUKM MW OTHOCUTCS K CaMbIM
COBPEMEHHBIM HCCIIETOBAHUSIM.

Camoii COBpeMEHHON KOMIIBIOTEPHON TEXHOJIOTUEN aHAJIN3a JAHHBIX SIBIISIOTCS
METO/Ibl UICKYCCTBEHHOTO MHTEJJIEKTA. TexHoIornu 0a3 3HaHM, SKCIIEPTHBIX CUCTEM,
VCKYCCTBEHHBIX HEMPOHHBIX CUCTEM, TEHETUYECKUE AJITOPUTMBI, KIIACTEPHBIM aHAIU3
MO3BOJISIIOT pelaTh 3aJaud aHaln3a JaHHBIX, KOTOpPHIE pAHBUIE CUYUTAINCH
HepazpemuMbiMU. CerofgHsi MOKHO YXe CKa3aTh, YTO OOJIBIIMHCTBO TEXHOJOTUU
MCKYCCTBEHHOI'O MHTEIJIEKTa — 3TO TEXHOJIOTUU 21 Beka.

Binsinne nH(OPMAUMOHHBIX TEXHOJOTUI HA KOHIENMIIMUA PAa3BUTHS

ITosiBIeHHE MOITHOM BBIYMCIMTECIBHOM TEXHUKH BIUSIECT HE TOJIBKO HA METOJIbI
aHaJIM3a CUCTEM, HO W Ha APYTHE 3aJa4d KCCICIOBAHUS 3BOJIOINHUOHHBIX TEOPHUU.
Hanpumep coBpeMEHHBIE KOHIECIIIMKA Pa3BUTUS KakK MPaBUIO OMNMUPAIOTCS Ha
pE3yNIbTAaThl  KOMIIBIOTEPHOTO  MojeiupoBaHus. (OKa3blBAIOTCA TMOJIE3HBIMU U
CHelUalIbHbIe METOAbl PaboThl C¢ wuHpOpMAaIUMeld, KOTOPbIE CETOJIHS MMOIYYUIIU
Ha3BaHUE€ WH(GOPMAIMOHHBIX TEXHOJOTUM. [l obecriedyeHuss KaueCTBEHHOTO
(GYHKIIMOHUPOBAHUSI ~ TaKUX  TEXHOJOTHM  MPUMEHSIOTCS  caMble  CIIOKHBIC
MaTeMaTHIECKUE METObI.

Enie omHUM acnieKToM SIBIISIETCS BIMSIHUE UH(POPMAIIMOHHBIX U KOMITbIOTEPHBIX
TEXHOJIOTUH Ha pa3BUTHE HAYKH, TEXHUKH, oOIIecTBa. BHeApEeHNE TaKuX TEXHOIOTHIMA
BO BCE 3TH 00JIACTHU IIPOUCXOJIAT CETOAHS TaK OBICTPO, YTO OUYCHBb TPYIHO MPABHIBHO
OLICHUTH UX BIMUSHUE HA SBOJIIOIMIO 3TUX CUCTEM.

Teopusi pazBuTus BeeseHHou

Pemenne ypaBuenuit OTO npuBoauT Kk Mojeln HecTallMoHapHOW BceneHHoi
(A. ®puaman, CCCP, 1922 rox). Hama Bcenennasi ocraeTcs HecTallmOHApHOW U
pacmmpsieTcss B HACTOSIIyI0 Odmoxy. [Ipm 3TOM BCEBO3MOXHBIE TAIAKTUKU
paszberatorcst apyr ot apyra. B 1929 rogy amepukaHckuii actpoHom 3. Xab6mn
OOHapyXWJI CMEIIEHUE CIEKTPOB U3JIy4YEHHUs 3B€3]] B CTOPOHY KpACHOIO IIBETa
(«kpacHOE CMEILEHHE»), YTO MOATBEPKIAACT MOJEIb pacuupsronieiics BceneHHON.
JlanpHenmuye wu3MepeHus NoKasajld, 4YTo BceneHHas pacmmpsiercss Jaxe ¢
YCKOPEHHMEM, YTO J1aJl0 OCHOBAHWHM THIIOTE3aM TEMHOW 3HEPTrUHA U TEMHON MaTepHH.



B HayyHOM KOCMOJIOTMH — HAyKd O DPa3BUTHM WU CTpOCHUU BceneHHON ecThb
HECKOJIbKO Mojeneil nuHamuku BceenenHoil. OHM Bce paccMaTpuBalOT Hayajao ¢
Teopun bosbIIOro B3pbIBa, HO 3aBEPIICHHE PACCMATPUBACTCS IO pasHoOMy. EcTb
TEOPUH «PACIIUPEHUSA-CKATUS), €CTh BApPUAHT OECKOHEYHOIO paCUIMPEHHs] U
TEPMOIMHAMUYECKOM CMepTH U Jpyrue. Ilpm 3TOM CIIOKHIOCH HEKOTOPOE
COBPEMEHHOE TIpe/ICTaBlieHne 00 OCHOBHBIX JTanax pa3BuTHsa BcejieHHOH ¢
MOMeHTa €€ oOpa3zoBaHusi M 10 Hamwmx AHe. OHo Oa3upyercs Ha CIEAYIOIIMX
TEOPUSX:

e Teopuu pacuupenus Opuamana;
Teopun bosbiioro B3pbiBa (Teopuu ropsueit BeenenHnoit);
TeOpUu UHPIAINY;
UEepapXUUEeCKOi TeoprH POPMUPOBAHUS KPYITHOMACIITAOHON CTPYKTYPHI;
TEOPUH 3BEZTHOTO HACEIICHHUS.

OKcTpanosisinys paciiupeHuss BceneHHoMl Haszaa BO BPEMEHH NPHUBOAUT K TOYKE
KOCMUYECKOW CHUHTYISIPHOCTH, BOJIM3M KOTOPOM HBIHE M3BECTHBIE 3aKOHBI (DU3UKHU
nepecTaroT padorarb. Bpems ke paciimpeHust U3 3T0il KOCMUYECKON CUHTYIISIPHOCTH
JI0 COBPEMEHHOI'O COCTOSIHUSI HAa3bIBalOT BO3pACTOM BcCeneHHOH; IO pa3invu4HbIM
JAHHBIM, OHO COCTaBISIET MpUOIM3UTENnsHO 14 mupa ner. Pacumupenue sBisercs
OCHOBHBIM TMPOIIECCOM, Ha (POHE KOTOPOTO MPOUCXOJAT BCE OCTAIbHBIE, IO3TOMY BCIO
HCTOPHIO Pa3BUTHUSA MOXKHO PA3ACINUTh Ha TANbl PACIIUPEHHUS :

1. ITnankoBCKas 310Xa — MOMEHT ¢ KOTOPOTO HaYMHAET paboTaTh COBpEMEHHAas
¢duzuka.

2. Uadnsauronnas craaus. Ha 5Toil cTaguy TPOUCXOAUT PE3KOE YBEIUYEHUE
pa3MepoB BceneHHOM, a B KOHIIE €r0 — TaK)XE CHJIbHBIA HarpeB.

3. Craguga pagualMOHHOTO JAOMHHUpOBaHUs. (OCHOBHas cTagusi paHHEH
Bcenennoii. Temneparypa HauMHaeT CHMXKAThCA M B Haudaje 3JIEKTpociadoe
B3aHMOJICICTBUE  OTHEISIETCA OT CHWJIBHOTO  B3aMMOJCWUCTBHUS, 3aTeM
oOpa3ytorcs kBapku. Ilocie cMeHbl MOcCneAOBaTENbHBIX 30X aIAPOHOB H
JIENTOHOB, B DJIIOXE CHHTE3a HYKIOHOB 0O0pa3yloTcsi MPUBBIYHBIE HaM
XUMHUYECKUE FJIEMEHTHI.

4. Onoxa JOMUHUPOBaHUS BemiecTBa (mbUiM). B Havame »3Tol »moxu
AIIEKTPOMAarHUTHOE U3JyYeHHE OTIEIseTCs OT BelecTBa U o0pa3yercs
penukToBbId (GoH. 3areM UAYT TEMHBIE Beka. OHU 3aKaHUMBAIOTCS, KOTAA
U3JIy4YCHHE IIEPBBIX 3BE3/] TIOBTOPHO MOHU3UPYET BELLIECTBO.

5. A-nomunupoBanue. Tekymas smoxa.

MomeHT 00pa3oBaHUs PEIMKTOBOrO (pOHA SBISETCS MOTPAHUYHBIM JJISi 3BOJIOLUU
BellecTBa. Ecam 10 HEro oHa IMOJHOCTBIO ONpENENsAnach pacIlMPEeHUEM, TO IOCIe
pOJIb MEPBOM CKPUIIKU OEpeT Ha ceOs rpaBUTAIMOHHOE B3aUMOJICHCTBUE CKOTLICHUM
BELIECTBA, KaK JIPyr C JPYroM, TaK U ¢ caMuM co0Ooil. MiMeHHO oHa oTBewaeT 3a
oOpa3oBaHuE 3BE€3]1, 3BE€3HBIX CKOIUICHUI TaJaKTHK, a TAK)KE CIHUSHHUE MOCIEIHUX.
OtneneHue peNUMKTOBOTO (OHA CTajgo0 BO3MOXKHBIM  OJlarofaps  OCTBHIBAHHUIO
BceneHHoii, BbI3BaHHBIM pacimiupeHueM. [Ipu 3T0M OCTENEeHHO IPOXOAUT IIPOLECC
M3MEHEHNE XMMHUYECKOT0 COCTaBa M3-3a BCIBIIIEK CBEPXHOBBIX 3BE3/.



BoO3HMKHOBEHHE KU3HU — CIEAYIOWIMN 3Tan pa3BuTHs BceneHHoM, 3HaMEHYIOUINH,
YTO BEIIECTBO TENEPh MOXKET CaMOOPraHW30BBIBATHCA, a HE CIIENO CJIEH0BATh
(U3HYECKUM ITpoLiecCcaMm.

Bot oguH U3 nipearonaraeMsixX ClIEHApUEB POXKICHUS Beenmennoi:

Bcenennas oOpaszoBasiack B pesyabTare bombiioro B3peiBa npumepHo 13,7
MJIpA JIET Haz3aJ U3 0co00ro  COCTOSIHUSI, 00Jaaroliero OOJNBIION TIOTHOCTHIO
SHEPruM (KOCMOJOTUYECKOW CHHTYISIPHOCTH). B TakoM COCTOSSHUM BO3HHMKAIOT
CUWIbHEUININE  HANpSDKEHUST W OTPUIATeNIbHBIC  JIABJICHUS,  BBI3BIBAIOIINE
CTPEMUTENIbHOE PACIIMPEHUE CHUHTYISIPHOCTH W TE€HEpalui0 Marepuud BHYTPb Hee.
[Ipu 5TOM BO3HUKIIO YETHIPEXMEPHOE MPOCTPAHCTBO-BPEMSI.

Crnenyromas, UHQIAUUOHHAS, CTaaus pas3ayBaHusi BceneHHOW Havanach ¢
momenTa 107+ ¢ u nmpogomkanack 10 10 ¢. 3a 310 Bpems Bceenennas yBenuuuiach
6onee yeM B 10°° pa3 u mocTuria pasMepa mopsaKa COBpeMeHHOro paauyca — 10 cm.
EnuHoe B3aumMojeiicTBHE pacIlleNWIOCh CHadaja Ha TPaBUTALMOHHOE, 3aTEM Ha
CWJIBHOE M DJJEKTpociadoe, KOTOpOe pa3fenwioch, B CBOKO oOdYepelb, Ha
ANIEKTPOMarHuTHOoe U cjnaboe. Temmeparypa Havaia  yObIBaTb  0OpaTHO
MPONOPLHMOHAIIBHO KBAJIPaTHOMY KOPHIO OT BPEMEHH.

Cramus ropsdeii BeeneHHol Havanmach ¢ 9pbi adponos mpu temmeparype 10"
K, mnorrocty 10" r / ¢cM3 u mmnace 107 ¢, ObUIO0 HApyIIEHO PABHOBECHE MEXILY
YaCTUIIAMHU U aHTUYACTUIIAMH, OCTAIUCH 0apUOHBI (IPOTOHBI U HEUTPOHBI), ME30HBI,
aHTUYACTUIIBl TPONAIM, TaK KaK MX OKa3ajJoCh MEHbIIE, BO3HUKIA OapuHOHHAs
acummerpusi Bcenennoit. W3 paBHOBecuss ¢ TaMma-M3JIy4Y€HUEM  BBIILIU
MOCJIEIOBATEIbHO THUIIEPOHBI, HYKJIOHBI, ME30Hbl. MIMEHHO W3 HHUX U BO3HUKIA
BellleCTBEHHAs Beenennasi.

B ope nenmonos mpu Ttemmeparype, Oombmei 10 m menbmeit 10" K un
m1oTHOCTH, MeHbmel 10" u 6onpireit 10° r / cm3, B Teuenune BpeMenu, Menbie 10 ¢
1 Gonbme 107 ¢, cCaMOyHHUYTOXKAIOTCSA SIEKTPOH-TIO3UTPOHHBIE mapbl. Yepes 0,2 ¢
OCTaIOTCSl PEIMKTOBBIE HEUTPUHO, CYILIECTBYIOIIUE JO HACTOSIIETO BPEMEHHU.

B ope pomonos cuycts npumepHo 3-10° et npu temneparype, Menbieii 10'°
K u 6onbmieii 3-10° K, u mnorHocty, Menseit 10° v/ cM3 u 6onbiueit 10° T/ cM3,
00pasyroTcst aTOMbl, CBET ((POTOHBI) OTACINSIETCS OT BEIIECTBA (HA KaX bl aTOM BO
Bcenennoit npuxoaurcst 1 Miipj1 peIMKTOBBIX (POTOHOB).

[Tocnennss craaus TbUICBOM BcelleHHOW BKIIIOUAET 38€30HYI0 3py, KOTOpas
Hayanack crycts 1 muH set nocne bonbmoro B3peiBa mpu Temmneparypax, MEHbIIE
3000 K, m muorHoctsix, MeHpmmx 1072 r / cm3. TaroreHwe cramo CKUMArhb
IIEPBUYHBIE I'a30BbI€ CTYCTKH ¢ Maccoil mopsaka 10° macc ConHI@a B IUIOCKUE Tela
(«6muub») ¢ Mmaccoit 10" macc ComHua, M3 KOTOPBIX 00pa3OBalUCh TI'aJaKTHKH
(3Be371HBIE CKOIICHHUS). BCIIBIXHYIU 3BE3/1bI IEPBOTO MOKOJIECHHUSI TaJIAKTHK.

Pa3BuTHsi KOCMUYeCKOM HAYKH U TEXHOJIOTHH
Pa3Butne dYenoBeuecTBa HE MBICIUMO 0€3 €ro DSKCIIAHCUM B KOCMOC.
HccnenoBannemM KOCMUYECKOTO MPOCTPACTBA YEIIOBEK 3aHUMAJICA C CaMbIX JIPEBHUX
BpeMeH. OOcepBaropuu — OJIHU W3 CaMbIX JPEBHUX COOPYKEHHH Ha 3emie.
[TosiBIEHME TENECKOIIOB U TEOPUHU I'PABUTALIMN YIIPOUWIN 3HAHUS O KocMoce. OIHaKo



MyTEMIEeCTBUS B KOCMOC JIOJTO ObUTH yeiIoM (haHTaCTOB.

[Tocenienne kKocMoca C€Tajgo0 BO3MOXKHO TOJBKO IIOCJIE Pa3BUTUS PAKETHOU
TEXHUKHU.

B cpennne Beka B Kurtae co3mana mepsas mopoxoBast pakera. B 1379
uTajabsiHel MypaTtopu clienan OnuMcaHue PAKeThl U BIEPBBIE BBEN B yHOTpeOiieHHE
UTAJBSHCKOE CIIOBO «pakeTa». B (yHIaMeHTanbHOM TpyZAE€ H3BECTHOIO YYEHOIO
Hanuuna bepuymnu (1700— 1782) <dwuapoaunamuka>>, HanucaHHoM B 1738 1. B
[TeTrepOypre, conepKUTCS TEOPUSI PEAKTUBHOTO JIBMXKEHUA Ui cynoB. B konue 19 B.
UJICU TIOCTETICHHO MEepexXonsT B pa3psa mpoekToB u Teopuid. Tak, B 1867 . H.A.
Tenemos (1826 — 1895) monyuyns mareHT Ha peaKTUBHBIM CaMOJIET, a Yepe3 YEThIpe
rona pycckuit umkenep H.M. KubGanpumu (1853 — 1881) cosman mnpoekt
MUAJOTUPYEMOIO TOPOXOBOTO PAKETHOIO JIETATEIBHOIO amnmnapara. B pa3Butum
PaKETHOKOCMHYECKOW TEXHHKH BAKHYIO POJIb CHITpajiu (PyHIaMEHTAJbHBIE TPYIbI
poccuiickux ydenslx H.E. XKykxosckoro, K.O. Iuonkosckoro , N.B. Memepckoro,
['epmana OGepra, Pobepra ['onmapna.

B nepBoii nonoBune 20 Beka pa3zpabOTaHbl pakeThl pa3HbIX MOAM(PUKALUNA U
npousBesieH ux 3anyck. CyliecTBEHHBIN BKJIaJl B pa3pabOTKy pakeTHO-KOCMUYECKOU
texHuku BHecnu yuyeHble CCCP (rpynna 'MPI) u I'epmanuum (npoektsr @AY). B
paMKax 2 MHpPOBOM BOWHBI PaKETHas TEXHHMKA CTajla HCIOJb30BATHCS B BOCHHOMU
o0nacTH.

ITocne BoitHbI roHka BoopyxeHus: 3actaBmia CCCP u CIIA opraHuzoBarh
pa3paboTKy MOIIHBIX OaUTUCTUYECKUX PAaKET, KOTOpbIe YK€ MOXKHO OBbLIO
HcHoiab30BaTh 111 ocBoeHus kocMoca. B CCCP wmcciaenoBanusa Bosmiasisum C.I1.
Kopones ), B.IL. I'mymiko, H.A. IMuntorun, b.B. Paymen6ax, B.®. YTkun u npyrue.
beun pazpabotansl paketsl Hocutenu CrmyTHuk, Boctok, Momaus, Kocmoc, Bocxon,
ITpoton, Coro3, Luknon, 3eraut, Sueprus. B CIIA pa3paboTku BEIUCh OTASILHBIMU
KOMMEpUYeCKUMH (UpPMaMU U HAayYHBIMH ILIEHTpaMH TMOJ pPYKoBOACTBOM NASA,
BBIICIIAETCS TOJIBKO HEMEUKHUil yueHblii Bepuep ¢on bpayH (aBTOp mepBbIX MOJETOB
U JYHHOU mporpaMmsbl). beuin pa3pabotansl paketbl Hocutenu JxyHo, Atnac, Top
Diibn, Jlenvra, Pencroyn, Carypn, Turan, Ilerac, Taypyc.

OCHOBHBI 3TaIbl OCBOECHHS KOCMOCA:

4 oxtsi0psa 1957 roga — 3amyck MepBOr0 UCKYCCTBEHHOIO CITyTHUKA 3€MIIH
«CnyTHUK-1»

12 anpens 1961 roma — IlepBbIM B ucTOpuuM KocMoHaBTOM ctan IOpuit
["arapun, coBEepIIMBIIMI KOCMUYECKUH TTONET Ha Kopabie «BocTok».

e 5 wmas 1961 roga — IlepBriM amepukanckuM acTpoHaBToM ctan Anax [lenapg,
COBEPIIMBIINN CyOOPOUTAIBHBIN MTOJIET HA KOopadiie «Mepkypuii-3».

e 6 asrycra 1961 roma — TpeTbUM KOCMOHABTOM CTaJl, CaMblil MOJIOIOM
kocMoHaBT ['epman TutoB. TutoB coBepiui mon€T B 25 et Ha Kopadiie
«BocTok-2». IlepBblii B MUpE KOCMUYECKUN MOJIET JUIUTETLHOCTHIO OoJiee
CYTOK. BriepBble KOCMOHABT CIlajl B HEBECOMOCTH.

e 20 ¢deBpans 1962 rona — [lepBbIM aMepUKaHCKUM aCTPOHABTOM I10 BEPCHH,
COBEPIIMBIINM ITOJTHOMACIITAOHBIN mojieT ctai J>koH [ieHH, coBepmMBIINiA
noJIET B KOCMOC Ha Kopabie «Mepkypuii-6».



16 nrons 1963 roga — [lepBoii :KEHIIMHOW-KOCMOHABTOM cTaja BanentuHa
TepemkoBa , coBepIIMBILAs MOJET B KOCMOC Ha Kopabiie «BocTok-6»

12 oxTs16ps 1964 rona — IlepBbIM MHOTOMECTHBIM KOCMHUYECKUM KOPaOIEM
ctan «Bocxoa-1».

18 mapra 1965 rona — [IepBbIM 4€TOBEKOM, BBILIEAIINM B OTKPBITBIA KOCMOC,
ctan Anekceit JleonoB. Beixon ocymecTBiéH u3 kopaodis «Bocxomn-2».

24 nexabps 1968 rona — [lepBeiMu mroapMu, obnereBmumu JIyHy, cranm
®psuk bopman, Yunesam Annepc, Jxeimc JloBena — 4iieHbl dKUMaxa
KOpaOJst «ATIOJTOH-8Y.

20 nronst 1969 rona — IlepBbIMU T10ABMH, COBEPIIMBIINMU BBICAJKY Ha
noBepxHOCTh JIynsl, ctanu Hunm Apmctponr u Oa8uH OJIpUH — YJICHBI
sKHNaxa Kopadns «Anoos-11».

15 oxTs6psa 2003 rona — IlepBbIM KHTaICKUM KOCMOHABTOM cTaji SAH JIuBsii .
Kuraii BnepBbie 3a1myCcTriI CBOEro rpakJlaHiHa Ha Kopadiie COOCTBEHHOTO
npousBoacTBa «I1IPHBYKOY-5» U ¢ TOMOUIBI0 COOCTBEHHOM PaKEThI-HOCUTETI,
CTaB TaKUM 00pa3oM TPEThE MO CUETY KOCMUYECKOH JepKaBoi.

19 anpens 1971 roma — 3amyiieHa repsasi opouTaibHas ctanius «Camtor-1.
3 maprta 1972 roga — 3amyck nepBoro anmapara, HIOKHHYBILIETO BIIOCIIEICTBUN
npenenbl ConHeunon cucteMsl: «lInonep-10».

12 anpens 1981 roga — nepBblid MOJAET MEPBOTO MHOTOPA30BOTO
TPAHCIOPTHOIO KOCMHUYECKOT0 Kopaos «KomyMOus».

15 Hos16pst 1988 roma — mepBbIil U eAMHCTBEHHBIN KocMudeckuit monétr MTKK
«bypan» B aBTOMaTH4YE€CKOM PEXHUME.

20 HostOpst 1998 roga — 3amyck nepBoro 0oka «3aps» MexmayHapogHOM
KOCMHUYECKOW CTaHLINHU.

HccenenoBanus miaHer

JlyHna

CCCP
4 suBaps 1959 roga — cranuus «Jlyna-1» nponuia Ha paccrossaun 60000
KAJIOMETPOB OT MOBEPXHOCTU JIyHBI U BBIIILIA HA TETUOLIEHTPUUECKYIO OpOUTY.
OHna cTana nepBbIM B MUpPE UCKYCCTBEHHBIM CIIyTHUKOM COJIHIIA.
14 cents6ps 1959 rona — cranuums «JlyHa-2» BriepBble B MUPE IOCTHUITIA
noBepxHocTH JIyHsl , qoctaBuB BeiMIien ¢ repoom CCCP.
4 okta0ps 1959 roga — mexiuianetHas crannus «JlyHa-3» BriepBbie B MUpE
cororpadupoBaia HeBUIUMYIO ¢ 3emun ctopony Jlynsl. Takxke Bo Bpemst
noJiéTa BIEpPBHIC B MUPE ObUT HAa IPAKTUKE OCYIIECTBIEH IPaBUTALMOHHBIN
MaHEBP.
3 deBpansa 1966 rona — AMC «Jlyna-9» coBepiinia nepByro B MUPE MATKYIO
HOCaJIKy Ha MOBEPXHOCTH JIyHbI, ObLTN MiepeaaHbl HaHOPaMHbIE CHUMKH JIyHBI.
Bricanka paguoynpasisieMbix TyHoxon0B (1970-1973).
HocraBka rpynta JIynsi (1976).

CIIA

[Tporpamma «Peitamkep» — dortorpadupoBanne moBepxHocta (1961-1965).



e IIporpamma «Cepaeliep» — Msrkast nocajka (1966-1968).

e [Iporpamma «Jlyna opourep» — dotorpaduposanue mosepxuoctu (1966-
1967).

o IIporpamMma «ANmonoH» — MUIOTHPYEMBIE TIONETHI HA JTYHY C MMOCAAKON U
B3j1eTOM (1969-1972).

o [Iporpamma «KnemeHTHH» — BUAEOChEMKA TOBEPXHOCTH (1994).

o IIporpamma «JIyna IIpocniekrop» — aBTOMaTH4eCKast UCCIEA0BATEIbCKAs

cranuus (1998).
e IIporpamma «LCROSS» — manenue Ha moBepxHocTh (2009), oOHapykeHa
BOJIA.
EBpona
e [Iporpamma «Cmapt» — QororpadupoBaHiE U CKAHUPOBAHKUE MTIOBEPXHOCTH
(2003).
Snonus
e CnytHuk «Xaitten» (1990) u apromarudeckas crtanuus «Karys» (2007).
Kwuraii

e CnytHuku «Hauws» (2007, 2010) u mynoxons! «tOiity» (2013, 2019).

e B 2021 rony Kurait npuHsI pemesHue CTpouTb COBMECTHO ¢ Poccuen
MexnyHapoJHYy0 Hay4YHYIO JIyHHYIO CTaHIMIO. TeKyIue JIyHHbIE IPOrPaMMBbl
Kuras u Poccun Obuti MHTETPUPOBAHBI B 3TOT MPOEKT.

Nunnsa

e AprtoMaruueckas cranius «Yaapasu» (2008).

o «Yanapasn-3» («JlyHHbII KOpaliab-3») — nepBasi MHAUKMCKAas MUCCHS,
COBEpIIMBIIAs MATKYIO MMOCAAKy Ha oBepxHOCTh JIyHbl (14 utons 2023 roga ).

Mapc
Kpowme Jlynsl, Hanbonee uzydena ruianera Mapce. OcoO0eHHO akTUBHO M3y4aroT Mapc
B NASA (CIIA). CCCP umena HECKOJIBKO MPOTpaMM IO HCCIICIOBAHUIO AHTOU
wianeTsl — Mapce u @oboc. Pesynbratel — obner u gororpadupoBanue Mapca, 1
yJladyHas IOIbITKa rmocaaku Ha Mapce. Poccus moka He MMeEET TOCTUXEHUM B JEie
uzyueHuss Mapca. CIIIA BbINOMHWIM HECKOJIBKO MPOrpaMM IO HCCIEAOBAHUIO
Mapca. CerogHsi OHM UMEIOT HECKOJIBKO aBTOMAaTUYECKUX CTaHIIMNA Ha opOute Mapca
U 2 ynadHsle 3kcnenuunu MmapcoxonoB. [locnenussa (Kstopuocutn) npopomxkaercs 10
cux nop. Ecth Tak xe «IlepceBépanc»(anri. Perseverance, B mepeBojie Ha PyCCKUi
a3k — «HacroilunBocTh») — Mapcoxol, pa3paOOTaHHBIA JIS HCCIEIO0BaHUA
kparepa E3zepo Ha Mapce B pamkax skcnenquunu HACA «Mapc-2020». Mapcoxonbl
MHOTOKpaTHO (hoTorpadupoBaiv MOBEPXHOCTh, Opasin 00pa3iibl rpyHTa (MpaBaa Mmoka
Ha 3eMJII0 00pa3iibl He JJOCTAaBJICHBI), IPOBOIUIN TPOOHOE OypeHue.
e 13 Hos10ps 1971 roga — cranmus «Mapunep-9» crana rnepBbiM
HCKYCCTBEHHBIM CITyTHUKOM Mapca.
e 27 Hosi6psa 1971 rona — crannus «Mapc-2» BHepBbie JOCTHUINIA IOBEPXHOCTH
Mapca.
e 2 nexkabps 1971 rona — nepBas msrkas nocaaka AMC na Mapc: «Mapc-3».



o «MaHranban» («MapCUaHCKUU KOpaoIby), i Mars Orbiter
Mission (MOM) — unauiickas aBToMaTndecKas MEKILTaHETHAs
cranuus (AMC), uccnenoBasas Mapc ¢ OpOUTHI HCKYCCTBEHHOTO
crnytHrka B 2014—2022 rogax

o IlepBas kwuralickas nporpamMma Mo wuccienoBannio Mapca «TsHBB3HB-1»,
cocTosilasl U3 OpOMTANIBHOTO ammapara U CIyCKaeMOro ammnapara, MoJIe3HOU
HArpy3koil KOTOpPOTO SIBISIETCS IIECTUKOJIECHBIM Mapcoxoa «WxkyxyH», Obuia
3amyieHa B 2020 roxy u noctura Mapca B 2021 rogy. Mapcoxon «HxkyxyH»
mpopaboTa Ha MOBEPXHOCTH TutaHeThl ¢ Mast 2021 roxa mo maii 2022 roja.

Benepa

B nene uccnenoBanust Benepsl nepBonavanbHo nuauposai CCCP. B pamkax npoekra
«Benepa» ObUIM CO37aHBI ABTOMATHYECKHE CTAaHIIMM Ha OpOWTE IUIAHETHI, OBLIU
cilydad yJa4HOM mocajku Ha moBepxHocTu. OqHako ycioBusi Ha BeHnepe okazanuck
KpaiiHe HeOJaronpusiTHbI, OY€Hb BBICOKAs TEMIEpPaTypbl, XUMUUYECKU arpeccUBHas
arMoc(epa, BBICOKOE JaBlCHHE. ABTOMATHUYECKHE CTAHIMHU OBICTPO BBIXOIAT W3
CTpOsl, €CTb MPOOJEMBbI C PHEPruer il ux paboThl. DTH CIOXHOCTH YMEHbBILIUIIU
YKEJIAHWE aKTUBU3ALMK UCCIIECAOBAHMM.

e | mapra 1966 roga — cranuust «Benepa-3» BrepBbI€ JOCTUIIIA TOBEPXHOCTH
Benepsl, noctaBuB Beimnesn CCCP. DTo OblT IEPBBIA B MUPE MEPENET
KOCMHUYECKOIO arapara ¢ 3eMJId Ha IPYTyIo IUIaHEeTy.

e 15 nexabps 1970 rona — nepBasi B MUpE MsTKas MOCaJKa Ha MOBEPXHOCTh
Benepsr: «Benepa-7».

e 20 okTsi0pst 1975 rona — crannus «Benepa-9» crana nepBbIM UCKYCCTBEHHBIM
CIlyTHUKOM BeHepsl.

e OkTs0pb 1975 rona — Msrkas nocajka IByX KOCMUYECKHUX arllaparoB
«Benepa-9» u «Benepa-10» u nepsbie B Mupe (HOTOCHUMKH MTOBEPXHOCTH
Benepsl.

B nacrosiiee Bpems uccinenoBanus BeHepbl IpoAoxkarTCs, HO MOKa B paMKax
OpOUTATBHBIX UCCIIEIOBATEILCKUX CTaHIMI. [I0 HEMHOTO y4acTBYIOT BCE
KOCMHUYECKHUE JiepKaBbl (ocnennue ctanuuu Anonus «Akaiykm» 2010 u
CHIA «ITapkep» 2018).

Jpyrue niaaHeThl U COJIHEYHAs CUCTEMaA

Kocmuuecknii anmapar «Bospkep-1» mocnan B MeEX3BE3IHBIA IOJET YEpPE3 BCIO
conHeuHyto cuctemy. B 1990 rogy oH yxe OblUT Ha paccTOSSHUM B 6 MIIpA KM OT
3emnu. B xone BhINIONHEHUs cBOEN MuUccuM «Bosmkep-1» cTan caMbIM TallbHUM OT
3emiin OOBEKTOM, CO3JaHHBIM 4YeJIOBEKOM. B HacTosliee BpeMs CUMTAETCS YTO OH
BbUIETEI 32 Ipeaeiibl COTHEYHOU CHCTEMBI.

Uccnenosanus FOnutepa
7 nexabps 1995 roma — cranmus «[amuieo» crana MepBBIM HCKYCCTBEHHBIM
cnytHukoM FOmmuTepa (¢ 1995 o 2003 rox). B 1994 rony ¢ momomnisto «I anummeoy»
y4€HbIe CMOIVIN HaOmoaarh najeHue Ha KOnurep ockonkoB kometsl [lymelikepoB —
Jleeu. B 2000 rogy mumo IOnurtepa mnponeren «Kaccunm». OH cuenman psif
dotorpaduii mIaHETHI ¢ PEKOPAHBIM (ISl MACIITAOHBIX CHUMKOB) pasperiecHueM. 5



aBrycra 2011 roma 6win 3anmymen anmapar «FOnona» (CIIA), KOTOpBIA BBIIIEN Ha
nossipayto opouty lOmutepa B mronme 2016 roga. 14 ampenst 2023 roma cocTosics
3amyck MexruianetHoil craniuu JUICE (EDC). B okra6pe 2024 roma HACA
ornpaBwio k EBpomne cranuuio Europa Clipper. OTu cTaHuuu eiie He JOCTUIIU
Onurepa. Iloner k HOmurepy, CaTypHy WM JyHaMm 3THX IUIAHET 3aHUMAET
HECKOJIBKO JIET.
HccnenoBanuss Mepkypus

17 mapra 2011 roma — craHuus Messenger craja NEpPBBIM HCKYCCTBEHHBIM
cnyTHUKOM Mepkypusa. bnarogaps cHumkam anmaparoB  «Mapunep-10» u
«Meccenmxep» B 2009 rony Obuta cocTaBieHa mepBasi mojaHas kapta Mepkypus. B
centsiope 2024 roma 30ua BepiColombo caeman neranmbHble CHUMKH MepKypusi ¢
pacctostHuA 165 kM.

Jlpyrue oObeKThI
e 24 mrons 2000 roga — cranmus NEAR Shoemaker crana mepBsim

MCKYCCTBEHHBIM CITyTHHKOM actepouja (433 Dpoc).

e 30 utons 2004 roma — cranuusa «KaccuHm» ctana nepBbIM HCKYCCTBEHHBIM
cryTHHKOM CarypHa.
e 15 suBapsa 2006 roga — cranmus «CrapaacT» A0cTaBUiIa Ha 3eMITt0 00pasiibl

KoMeThI Bruipaa 2.

K nactosiiemy BpeMeHU UMEIOT BOBMOXKHOCTU (HOCUTEIHN) MOCBUTKH B KOCMOC
monen 3 crpansl — Poccus, CIIA, Kutaii. Ellle HeCKOJIBKO CTpaH UMEIOT HOCUTEIU
JUTSL 3aIycKa CIyTHUKOB — BenukoOpuranus, @panmus, Uaaus, Anonus, M3pawnisb,
bpasunusa. O6utaembie opouTanpHbie cranimun — Mup, MKC (MexayHaponHas) u
napyrue. B kocMoc ObuTH BBIBEJICHO HECKOJIBKO THICSY CITyTHUKOB, OOJBINIAs YacTh U3
HUX yke He paboraeT. Bemytcs mpoextsl mo usyuyenuto Jlynel, Mapca, Benepsi,
Mepkypus, FOmurepa, CarypHa, Ypana, acrepounoB u xkomet, Comnma. Ha opouty
ObLJIM  JTOCTABJICHO HECKOJBbKO KOCMHMYECKHUX TEJIECKONIOB B CaMbIX pa3HBIX
nuana3zoHax BojiH. MHdopmalus, nojgydyeHHas HanpuMep TeieckornoM Xab0i nMeer
HCKJIFOUUTENIBHO BAXKHYIO POJIb JIsl aCTPOHOMHH M KOCMOTOHUHU.

Teopusi pazButus 3emiun. ['eooruyeckue nepuoabl, U3BMeHeHHe KIUMATA

3emuis siBnsieTca 4acTbio COMHEYHOW CHCTEMBI, €€ MOSIBICHUE U MOCIEAYIOIIee
pa3BUTHE CKJIAJbIBaeTCs Kak d4acTh HBomtounu ConHeyHoil cucremsl. llepByro
HBOJIIOIIMOHHYIO TeopHo pa3BuThsi CONHEYHOM cUCTeMbI OblIa TIpeIoxKeHa enie B 18
Beke B pabotax Hemenkoro ¢unocoda N.Kanra («Bceobmias ecrecTBeHHas uCTopus
u teopust Heba») u [l.Jlammaca («M3noxenue cucremsl mupay). B nelr ComHile u
rmiaHeTsl COJHEYHOM CHCTEMBI O0pa3oBaINCh B PE3yiabTare dSBOJIOIMOHHOTO
pa3sBUTUSL TMBUICBOM WJIM Ta30BOM TYMaHHOCTH. B OCHOBE COBpPEMEHHBIX
npeacTaBiaeHuid 00 oOpazoBanuu miaHeT COTHEYHOW CUCTEMBI JICKUT aHAJIOTUYHAS
rMnoTe3a, BeickazanHas B 1943 rony poccniickum yuénbM O.1O. IImuarom.

B xone gopMupoBanus 3emiis MOCTOSHHO MOJydYalia MPUTOK KOCMUYECKOIO
Beniectea. Macca 3emiM 3a CU€T BEIIECTBA M3 KOCMOCAa B HACTOSALIEE BpEMs
npupacraer Ha 10° xr/rog. Ilpexnonaraercs, 4rto B Mepuoj oOpa3oBaHHs 3eMIIH,
JUISALUKACS TPUOIM3UTENLHO 60 MIIH JIET, mpupocT €€ mMacchl cocrasisul 10" Kkr/rog.
IIpu sTom Bo3pact 3eMiu ceiyac oueHuBaerca B 4,6 — 4,7 mupn netr. C apyroi



CTOPOHBI TAJCHHE O0CO00 KPYMHBIX TEJl Ha 3eMJII0 MOIVIO COMPOBOXKIATHCS U
BBEIOPOCOB MacChl 00OpaTHO B KOCMOC. Tak OCHOBHasi Teopus oOpazoBanus JIyHBI
3aKJII0YAETCS B TOM, UYTO OHA SIBISETCS KYCKOM 3€MJIM «BBIPBAHHBIM» B PE3YJIbTATE
yaapa o 3eMJII0 MaCCUBHOTO KOCMHUYECKOT0 Tela.

CunTaercs, 4To NEepBOHAYAIBHO 3eMJisl Obljla JOCTATOYHO TOpsiua U HE UMelia
HU COBpPEMEHHOM rugpocdepsl, Hu atMmochepsl. Ha paHHUX 3Tanax 3BOIOIUN 3eMIIU
ruapocdepa Ha e€ TOBEpXHOCTH OTCyTCTBOBaNa. Boja Beiaenunacey U3 Heap 3eMiu B
pesyapTare €€ TEeKTOHMYECKOM aKTUBHOCTU. Bbljenenue Boabl M (OpMUPOBAHHE
ruapochepsl TpoAODKAeTcss W B Hacrosimiee Bpemsi. ATMmocdepa B mpolecce
HBOJIIOIMM 3EMITH TaK ke MpeTepIieia CyllecTBEHHbIe n3MeHeHus. Hanpumep, okoio
3,8 mupa. ner Hazan atmocdepa 3emii, Kak MpearnoyiaraloT y4€Hble, COCTOsa U3
IIaBHBIM 00pa3oM M3 YIVIEKUCIOro Tas3a, a3ora W Bojopona. Kucmopon nHavan
NOSIBIISIThCS B atMocdepe okono 2,5-2,0 mupa et Hazan. Ero comepxanue toraa He
MPEBBINIATIO JIECATHIX Jnoyield mporenta. Ceiyac armocdepa 3emiin COCTOUT B
ocHOBHOM Ha 78% wu3 a3zora, Ha 21% u xucnopona, 0,9% wu3 aprouna, Ha 0,03% wu3
YIJIEKUCIIOTO Ta3a U U3 JPYruX ra3oB B OU€Hb MAJIbIX JOJISX MPOLEHTA.

HcTtoputo pa3BUTHs 3€MJIM NPUHSTO JEIUTh HA ONpPENEJIECHHBIE Y0HBI, PbI U
EPHUOBI.

Don |Opa |llepmox  |Ywmcno ner Hazan| CoObITHS dTana pa3BUTHS
Apxeit 3800-2500 [locreneHHOE OCTBHIBAHUE, TIOSBICHUE
CKUM MUJUIMOHOB JIET |TIEPBBIX OJTHOKJIETOYHBIX AKUBBIX
CYIIECTB, [aPCTBO aHa’POOHBIX
JIOKJIETOYHBIX OpraHu3MoB. [losiBienue
KHCIIOpoJia B aTMocdepe.
[Ipore 2500-540 dopmupoBaHUue COBPEMEHHOU
po3oit MUJUTHOHOB JIeT |aTMochepsl, (HOpPMHUPOBAHUE MHUPOBOTO
CKHI OKeaHa, HauOoJiee MOIIHOE OJICICHEHHE
B HCTOpUHM  3EMJIH. [TosiBienne
MHOTOKJIETOYHBIX OPTaHU3MOB — TYOKH,
rpudbl. OOpa3zoBaHUE MOYBHI.
®anep |[Tane |KemOpuii, |540-419 CynepKOHTUHEHT l'ongBana.
0301c |030iic OpAOBHUK, |MUJUIMOHOB JIET |3aBepUICHUE dbopmMupoBaHus
kit |kas | Cuinyp coBpemeHHoil  armocdepsl.  [lapcTtBo
MOPCKOH XU3HU. TPUIOOUTHI.
JeBon 419-359 Okean Teruc. Mopckue TOBOBOHOTHE
MUJUTHOHOB JIET |aMMOHUTHI. [lepBhie TaHIUpHBIE W
apyrue pbeiobl. Hauano ocBoeHus cyIi.
IlepBbIe nepeBbs.
Kap6on  359-298 Bricokuii  ypoBeHb  KHCIIOpOJla B
MUJIMOHOB JIET |aTMocdepe, cinaboe paziioKeHUE
JPEBECUHBI, HAKOIUICHHE  JIPEBECHBIX
ocTarkoB. MolHoe ymieoOpa3oBaHHE




(KaMHEYTOJIbHBIN epuon).
CynepxontunenT Ilanres. IlosBienue
HAaCEKOMBIX M 3E€MHOBOJAHBIX. llepBbie
MIPECMBIKAIONUECS PENTUITHH.

[lepmckun

298-252
MUJUIMOHOB JIET

Poct copepkanus ymiekucnoro rasa B
arMocdepe. YCWIEHHE BYJIKaHUYECKOU
aktuBHOCTU. DopMupoBaHue rop Ypaia
u  Amnnanad. Benukoe — mepMckoe
BBIMHUPAHHE OOJNBIIMHCTBA  KUBBIX
CYILIECTB.

Meso
30UCK
as

TpuacoBsl
17|

252-201
MUJUTMOHOB JIET

[Tocrenennoe packanbiBanue Ilanreu.
Pe3kne  u3MeHeHMs ~ KOHLIEHTpalUUHU
kucnopona B armocdepe. [Ipomomxkaercs
BbIMUPAHUE BUJIOB. [Tocrenennoe
dbopmupoBaHue OCHOBHBIX BHUJIOB
JUHO3aBPOB.

FOpckuii

201-145
MUJUTMOHOB JIET

[Iponomxkenue pacnana [Tanren. bypHsiit
POCT pacCTUTEIBLHOCTH, OOIIMpHBIE Jieca
U3 IalOPOTHUKOB U T'OJIOCEMEHHBIX
paCTECHUH. MapcTtBO JIMHO3aBpOB.
PacnipocTpanenue  JMCTONAIHBIX U
XBOWHBIX JIEPEBHEB .

Menosoit

145-66

MMWJIJIMOHOB JICT

dopMHUpOBaHUE CTPYKTYPBI
COBPEMEHHBIX KOHTHMHEHTOB. Hawano
pouecca  BBIMUPAHUSA  JAUHO3aBPOB.
[losiBleHMe 1BETKOBBIX pacTeHui. B
KOHIIE TIEPUOJA MEJOBOE BBIMUPAHUE
JKUBOTHBIX U pacTeHud. Brimepnu
IIPAaKTUYECKU BCE TUHO3ABPHI.

Kaiin
030MC
Kas

ITaneoren

66-23

MMWJIJIMOHOB JICT

Tponuyeckuid  KIMMAar, CHOBAa pPOCT
pPacTUTEILHOCTU. B KOHIIE MOSBISIOTCS
JEOSIHUKA  Ha  moirocax.  Pacuser
MJIEKOTTUTAIOIINX, PbIO, KHTOOOPAa3HbIX.

Heoren

23-2,6
MUJIJIMOHOB JICT

[IpakTHYeCK COBPEMEHHBIE OYEPTAHUS
KOHTUHEHTOB. Cdopmuposancs
naHaMCKHUIl mepemieek, poct ['mmanaes.
Hanuunie CyXOmyTHBIX MOCTOB MEXKIY
Adpukoit u EBpasueil, EBpazueit u
CesepHoit Amepukoil. beicTpas cmeHa
BUJIOB )KUBOTHBIX U MAaCCOBBIE MUTPALlUU
AKUBOTHbIX. OIHM BBIMUPAIOT, JpPYyTHE




Pa3BUBAIOTCA.

Yereptuu 2,6 MWUINOHOB | 3aUKCHPOBAHHBIC MAarHUTHBIE
HBIN Jer 70 UHBEPCUU —  CMEHBl  MarHUTHBIX
(mutelicTol | HACTOSALIETO IIOJIFOCOB. BBICTpOE M3MEHEHHME COCTaBa
eH Y| BpEMEHU KUBOTHOTO MUpA. Brimupanne
TOJIOLIEH) MaMOHTOB, MAacCTOJOHTOB, cabie3yOpbIX

TUTPOB U APYI'HNX TMI'AHTCKHUX JKHUBOTHBIX.
q)I/IKcaIII/ISI NEPUOAUYICCKUX JICAHUKOBBIX

NEepUOAOB W TIEPUOAOB  TOTEIICHUS
KJIMMarTa. Oukcanus MOSIBJICHUS
TOMHUHHJIOB (4e0BEeKOOOPA3HBIX).
Paccenenue yenoseuecrtna.

['eonoruueckas HCTOpUA 3emiu JACINUTCA Ha 3 OCHOBHBIX 3Tala-30Ha : apxeﬁ 151

KpUINTO30M Jiuiica 3 mipa jJeT u (anepo3oi jmurcs mociennue 570 MIH JieT.
3apokIeHUE KU3HU Mpou3onuio 3,5...3.8 MiIp/l JeT Ha3al.

MoaeanpoBaHue 3BOJTIONNH NPUPOABI, KIMMATA, 001IeCTBA
MeTtoa MonenupoBaHus SIBISIETCS Oa30BBIM JJI UCCIIEAOBAHMS IBOJIOIIMOHHBIX

cucteM. KoMmmbroTepHoe MoOjeNHpOBaHHE — HaubOojee yA0OHBIM BapUaHT TAKOIO
uccinefaoBanus. B Hacrosiee BpeMs Hayka pa3padoTaiia MHOXKECTBO 3BOJIIOIMOHHBIX
MOJIEJICH, B TOM YHCIIE:

Knumarndeckue moaenu. PaccmaTpuBaroT Kak mpoiiecchl KojebaHus: KiMMara,
TaK U aHTPOMOTCHHOE BIMSHUE HA KJIMMAT CO CTOPOHBI uesoBeka. HekoTopbie
MOJEIU TPO3ST CIOXKHBIMH TIOCIEACTBUSIMUA TIPU TOTEIUVIEHUH KIIMMAaTa,
HapymeHuu paboTel ['onbherpuma u T. 1.

DKOJOTHYeCKHue MO M Mojelu OuoleHo3a. PaccmarpuBaioT pa3BUTHE
ouocdepbl C Y4EeTOM AaHTPOMOTEHHOIO BIUSHUS CO CTOPOHBI YEJIOBEKA.
Hexoropeie MoAenu rpo3sT CIOAKHBIMUA MOCIEACTBUSMM.

Mopaeny DSBONIOIMHM  BCEJICHHOM, KOCMOCAa M KOCMHYECKHX OOBEKTOB.
CuurtaroTcs OYEHb BaXXHBIMU MOJEIM JIBUKEHHS KOMET W KPYIHBIX
aCTEepOMJIOB, KOTOPBIE MOT'YT I'PO3UThH 3eMJIE.

Mopenu pa3BATHS W 3apOXKICHUS KU3HU. [lombiTKa BBIICHUTH MEXaHU3M
3apOXKJICHUS U TUHAMUKU KUBBIX OPTaHU3MOB.

Mopgenu reosoruu, TEKTOHWKH, BYJIKAHUYECKOW AeATeIbHOCTH. llombiTKa
MpEeJICKa3aTh pacnpocTpaHEeHUE 3a1acoB MOJIC3HBIX HCKOIIAEMBIX,
MPEJCKA3bIBaTh 3€MJIETPSACEHUS], IlyHAMU, U3BEPKEHHUS BYJIKAHOB.

Mopenu pa3BuUTHSI SKOHOMUKH, JieMorpaduu, pa3BUTHS SMHUASMUN, Pa3BUTHUS
HHPPACTPYKTYpPHl U JPYTUX TCOMH(POPMAIMOHHBIX CTPYKTYp. OTH MOJESIH
CBSI3aHBI C Pa3BUTHEM YEIIOBEUECKOIO OOIIECTBa, TOCYJApPCTB M IOOAIbHBIX
MPOLIECCOB, CBSI3AHHBIM C YE€JIOBEYECTBOM.

J1OMOJTHUTEIIBHO:

[1] c.69-91

[2] c.178-186, 327-342, 412-468
[3] c.246-256

[4] c.341-357, 445-479
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