EcrecTrBeHHOHAayYHasi KAPTUHA MUpa
KoHCIIEeKTBI IEKIIMOHHOTO Kypca

[{enpro OCBOEHHUS TUCIUIUINHBI « ECTECTBEHHOHAYYHAsI KAPTUHA MUPA» SABIISIETCS:

— (hOpMHUPOBAHUE €CTECTBEHHOHAYYHOU KYJIBTYphI CTYIACHTA;

— 3HaKOMCTBO C €CTECTBEHHOHAy4YHON KapTUHOW MHpa U CTAHOBIIEHHE OOIIEKYIbTYPHBIX
KOMIIETEHLIUN IIyTEM Pa3BUTHUS €CTECTBEHHOHAYYHbBIX 3HAHUM U YMEHUM, OCHOBAHHBIX Ha
IIPUHIUIIAX YHUBEPCAIBHOTO IBOJIIOLMOHNU3MA;

— pa3BUTHE a0CTPAKTHOI0 MbILLICHUs, 001Ieil HAYyYHOH M MH(POPMALMOHH O
KYJIbTYPBbI.
Hcnoab3yemas gureparypa

[Ipu m3ydyeHnn AaHHOTO Kypca HEOOXOAMMO HMPUBICYEHUE JIOMIOTHUTENBHOIO Marepuana u

npopaboTKa JIEKIIMOHHOTO Marepualia ¢ IOMOLIbIO CIIEYOIeH Y4eOHOM JIMTepaTyphl:
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Kupunmnnosa ; MuHHCTEPCTBO HayKH U BbICIIEro oopa3oBanus Poccuiickoii @eaepannu,
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Pasznen Nel. UcTtopusi pa3BUTHSI M OCHOBHBIE KOHIENIIMU €CTECTBO3HAHUS
EcTecTBeHHOHAYYHAs] U TYMAHUTAPHAS KYJIbTYPbI
Kaptuna mmpa — Qunocodckoe MOHATHE, ONPEACIAIONIee MPEICTABICHUE OKPYKAIOIIETO
MHUpa 4eoBekoM. HaydHas kapTuHa MUpa — TPEICTABICHUE OKPYIKAIOIIETO MUPA CO CTOPOHBI
Hay4yHOTO 3HaHUWs. Hayka m HaydyHOE 3HAHHWE OMPENESIOTCS METOAAMH M MPUHIIUIIAMY HAyKH,
MeTogaMu (pOpMHUPOBAaHUS HAYYHBIX 3HAHWUN W OOBEKTHMBHOCTHIO HAYYHBIX 3HAHWH. MeTombl U
MPUHITUIIBI HAYKW U HAYYHBIX 3HAHUN CPOPMYTUPOBAHBI COOOIIECTBOM YUCHBIX, OMUPAIOTCS HA
3aKOHBI JIOTUKH, OOBEKTHMBHOCTh HAYUYHBIX HCCIICIOBAHUN, METOABl JKCIEPUMEHTAIBHBIX
WCCJIEJOBAHUN W CPaBHEHUE TEOPUM C IPAKTUKOM. HaydyHoe 3HaHUE SABIAETCS UCTOPUUYECKU
OTHOCUTEIBHBIM (TMpUHIUIBI bekoHa). Hayku mpuHATO ACIUTH Ha €CTCCTBEHHBIC (HayKd 00
OKpY>KarolIeM MUpPE BHE YEJIOBEUYECKOro OOIIEeCTBAa) U TYMaHUTApPHbIE (HAYKH O YEJIOBEYECKOM
oO1ecTne).
J1OMOJIHUTEIIBHO:
[2] c.24-27
[3] c.7-16
[4] c.14-29
EcTtecTBo3HaHUe KaK 00J1acTh HAyYHOro 3HaHUsA. CTPYKTypa COBpeMEHHOI0
ecTecTBO3HAHUA. OCOOEHHOCTH PA3JIMYHBIX 0Tpac/ieil ecTeCTBOZHAHUS
EcTecTBO3HaHME MOXKHO TMPEXAEC BCETO Pa3feiuTh MO OOBEKTYy HccienoBanus. Hampumep
HAyKH O KMBBIX OOBEKTax M HE KUBBIX. Tak e MOXHO BBIJCIHUTHh (PH3UKY KaK OOIIYIO0 HAayKy,
H3YYAIONIYI0 HEXXUBYIO MAaTEPHUIO U OHOJIOTHIO, N3yYAIOIIYIO )KMBBbIE OOBEKTHI. MIcTOpriecku u3
(GU3MKY BBIICTUIACH XUMUS, KaK Hayka 00 XMMUYCCKUX B3aUMOJACHCTBUAX BemiecTB. [IpuHATO
TaK e BBIIACIATh U3 (PU3UKU aCTPOHOMMUIO, T€0JIOTHIO, reorpaduto. 3 OUONOruM BBIACISIOT
00TaHMKY (HayKa O PaCTEHHUSX ), MUKPOOHOJIOTHIO, BAJICOJIOTHIO (HayKa O YEIOBEKE), TCHETUKY U
psa apyrux. Psg Hayk oOpa3oBaHbl HAa CTBIKE JPYTHX — HampuMmep, Onoxumus, Gpuznueckas
xumusi. EcTh Tak ke HayKu, CBSI3aHbIE C MPAKTUYECKUM MPUMEHEHHUEM €CTECTBO3HAHHS —
TEXHUYECKHE HayKd, MHPOpMaTHKa, MEIUIMHA U T. 1. KpoMe Toro ectecTBO3HAHWE ONMUPAETCS
Ha PsI/T HayK OOIIETo XapakTepa, HallpuMep MareMaruka, humocodusi.
J1OTOJTHUTEIIBHO:
[2] c.24-27
[3] c.16-33
[4] c.99-115
Hayunas kaptuna mupa https://www.youtube.com/watch?v=AdlzwgNphwA



§5 Hayka: co3manme HayyHOM  KapTHHBI Mupa  https://www.youtube.com/watch?
v=c5x6IE_OTHS

JTanbl CTAHOBJIECHHUS U PA3BUTHS €CTECTBOZHAHMUS

OOBIYHO BBIJIEISIOT Psii OCHOBHBIX 3TAllOB CTAHOBJIEHUS U Pa3BUTHUSL €CTECTBO3HAHUS:

e ortan Harypduinocohun (COOTBETCTBYET APEBHEMY MUPY U CPEIHUM BEKaMm)

® STan MEXaHHCTUYECKOM KapTHUHBI MHUpa (HOBOE BpeMs)

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

® STan KBAHTOBO-NOJSPHON KapTUHBI MHpa (HaumHas ¢ 20-x rogos 20 Beka)
OTU 3Tanbl MEHSIOTCS HUCTOPUYECKH C XOAOM BpeMeHH. OJIHAaKO MX HEIOCTAaTOK CBS3aH C
OTCYTCTBHUEM OOUIHOCTH 3aKOHOB JUJISl )KUBOT'O M HEKUBOTO MUpPaA, O3TOMY B paMKaxX H3y4Y€HUS
ouonorun ObuIa chopmMupoBaHa ocoOasi HIBOIOIIMOHHAS KapTUHA MUpa (U3yUEHHE IMPOIECCOB
pa3BUTH). DBOJIOLMOHHBIE 3aKOHBI IMPOCIEKUBAIOTCS KaK Il OHOJIOTMYECKHX OOBEKTOB
(treopus lapBuHa), Tak U sl pU3HMUECKUX 0OBEKTOB (3BOIIOIMS BeeneHHol, miiaHer u T. 1.).
Oran Harypdunocohuu:
Pa3BuTHe ecrecTBO3HaHUS HAYAJIOCh €IlIe B AHTHYHOM MUpe (B OCHOBHOM, B [IpeBHeit [petuu u
€€ KOJIOHUAX, B 6-2 Bekax 10 H.3.). OTOT NEPUOJ XapaKTEPU30BAJICS CTAHOBIECHHUEM
Hamypgurocogpuu, wnu Gurocopuu TMPUPOIBI, KOTOpas paccMarpuBajia MHP B €r0
LIEJIOCTHOCTH U OCHOBBIBAJIACH HA €TI0 YUCTO YMO3PUTEIbHBIX HCTOJIKOBAHUSX.
B ToT nepuon 3apoauauce uaeu:
- CTPOEHUE BEUIeCTBa U3 aTOMOB (JleMOKpHT, DTHUKYD);
- reonieHTpUueckas cucrema mupa (Iltonemei);
- MPOCTEHIINE 3aKOHBI MEXAHUKH, THJIPOCTATUKHU (ApUCTOTENb, ApXUMEN).
Hekotopble W3 3TUX HAEH MOATBEPIMINCH PA3BUTUEM HAyKH, HO OOJBUIMHCTBO OKAa3al0Ch
OTBEprHyThIM. OCHOBHOM MPUYMHON OIIMOOYHBIX TEOPUH JPEBHUX YUYEHBIX ObLI HEJOCTATOK
HKCIIEPUMEHTATIBLHON MPOBEPKH BbIBOMOB. OHM MBITAIUCH CO3[aThb TEOPUHU, KOTOPHIE MOXKHO
ObLIO OBI MPEACTABUTH HAIMISIIHO, T.€ OHU CUMTAJU TNIaBHBIM METOJIOM — HaOmtonenue. Ho He
HalISITHOCTh €CTh KPUTEPHl MCTUHHOCTU TEOPUHU, a ONBIT, SKCHEPUMEHT. J[peBHUE yueHbIE
MaJjio CTaBWJIM ONMbITOB. OHU, B OCHOBHOM, HAOJIOAIH U J€JIalld YMO3PHUTEIIbHbBIE 3aKITI0UCHHUSI,
HO BCE JIeJI0 B TOM, YTO HEKOTOPBIE CTOPOHBI JEUCTBUTEIBHOCTH HE3aMETHBI JUIS
noBepXHOCTHOTO HaOmoAeHus. [Ipumep: 3ameHa reoneHTpudecko cucteMsl mupa IlTonemes
Ha reJnoleHTpruYecKyto cucreMy Komepauka (cepeauna 16 Beka). [Itonemert Habmoman He6O,
CounHule, MIaHeThl, 3B€3/bl, UX JBUKEHUE IO HEOOCBOAY M 3aKJIIOUYWII, YTO 3eMJIsi — LIap, KOT
OpBIl HAXOJIUTCA B IEHTPE MUPA, a BCE BOKPYT HEE BPALIAETCS 0 CIOKHBIM TpaeKTopusM. Bee
3TO HAaNIAHO, HO HeBepHO. HalOmromarento AMIIb KaXeTcs, YTO OH B LIEHTPE MHUpA, a
TPAEKTOPUH IJIAHET JIMIIb KaXKyTCsl CIOXKHBIMHU B MpoeKlnHu Ha chepy HebocBoga. Ha camom
e Jiere, TPAeKTOPUHU TIJIaHEeT MPOCThI, HO BpamaTcs oHU Bokpyr ConHIa. OTO HE HAIISIIHO,
ATO TPYAHO MPEACTaBUTH HAOMIONATENI0 Ha 3emie, HO 3TO BEPHO, W JaJIbHEWIlee pa3BUTHE
HayKu MOATBEPINIIO 3TO.

Ha 3aBepiaroniem stane teopusi Hatyphuinocopuu Obi1a 00beAMHEHA APEBHETPEUECCKUM
Y4YEeHBIM APHUCTOTENIEM B psjie paboT (ApHUCTOTENEBCKUN KOPITYC, WIH « AHHAIIBIY). DTH pabOThI
ObUIM TPUHATHI KAaTOJIMYECKON LEPKOBbIO B KaueCTBE KaHOHA, T.6 HE MOIIU OBITb OCIOPEHBHI.
Yro mpuBeno K rOHEHHSM MPOTHB YYEHBIX, MbITABIINUXCS ocrioputh Apucrorens (KomepHuk,
Jx.bpyno, I'anuneii).



J1OMOJIHUTEIIBHO:

[3] ¢.33-73

[4] c.29-38

ApucTtoTeneBcKasi ApeBHss Hay4yHasi KapTuHa Mupa https://www.youtube.com/watch?
v=DYxHcES5-E38

Hayka B anTnunoe Bpems. PacckaspiBaeT uctopuk Xapuiic Tymanc
https://www.youtube.com/watch?v=q6d zKOMuDU

CpenneBekoBasi Hayka (pyc.) Hctopus cpemHux BekoB. https://www.youtube.com/watch?
v=JT09szsUkII

Drtan MEXaHUCTUYECKON KapTUHBI MUpA:

Hauunaercs ¢ pabor Komephuka (reqmonieHTpUuyYecKas KapTUHA MHUPA, «TEIUOC» - COJIHIIE) U
lNanuneo I'anunes (MHEpUUaIbHBIE CUCTEMbI, MHEPLIMOHHAS Macca TeJl, Hayaja TpagulluOHHON
MEXaHUKH, aCTPOHOMHH, BBEICHHE METOJa HKCIIEPUMEHTAJbHOW MPOBEPKU Teopun). B
nanpHeimeM padotsl anruiickux (I'yk, [amreii, Heroton), dpaniysckux (lexapt, JI'Amambep,
Jlannac, Jlarpanx), nemeukux (Kemnep, Ounep, JIeMOHMI]) yYeHBIX pa3BWIA 3TOT MOIXO.
Htorom 31Ol paboThl ctano Hanucanue Mccakom HploToHOM Tpyna «MaTteMaTHuecKue OCHOBBI
Hatypdumiocopum» Kortopas craja 00pa3loM HIEH MEXaHUCTUUECKOTO MHUpPa, OMHCHIBAEMOTO
MEXAHUKOW W TPAaBUTALMOHHBIM B3aUMOJCUCTBUEM TeJ. B manpHEHIIEM 3Ta TEOPHUS TOJIBKO
COBEPIIICHCTBOBAJIACh /0 MOsABJICHUS paboT MakcBemsia u OWHIITeHa. Takum oOpaszoMm, B
koHIle 17 Beka Benukuil anruiickuit pusuk Mcaak HpioTOH 3aBepIinil co3anne KiacCuyecKon
MexaHuku. OH chOopMyIUpOBall OCHOBHBIEC 3aKOHBI JIBU)KEHHUS, 3aKOH BCEMHUPHOTO TSATOTEHUS,
MOHATHUSL MacChl, HHEPLMH, ycKopeHus. CiemyromuM marom 0suU10 coznanue HeiotoHoM Tpyna
«Ontukay, 1€ OBUIM M3J0KEHBI OCHOBHBIE HJEH KOPIMYCKAISPHON TeopuH (PU3NUYECKOI
ONTHUKHU. AJIBTEPHATUBOW WM OBLTM pabOTHl TOJUIAHACKOTO ydeHoro [lolireHca c Teopuei
BOJIHOBOW IIPUPOJIBI CBETA. Tak BOZHUKIIM MPOTUBOPEUHNS BOJHOBOW U KOPITYCKAJISIPHOU TEOPUU
CBETa, MPOOIEMBI TTOHATHUS «dPUPY», TPOOIIEMBI «TATTBHEACHCTBUS) U «OIU3KONCUCTBHS. DTH
npoOneMbl ObUIM pa3pemieHbl Tobko B 20-m Beke. Tak ke Ha 3TOM 3Tale BO3HHKIA
tepmonuHamuka (pabotsl Kapno, ®@ypre, JIxoyns, Maiiepa, KenbBuna, Jlenma, Kiaysuyca,
['enbmronsia).

JIOTIOTHUTEIBHO:

[2] c.135-145

[3] c.73-112

[4] c.38-54

Hukonaii Konepuuk u reanonentpusm https:// www.youtube.com/watch?v=g5HeRiLSvo8
Joxymentanbhblii punbM 00 [Manumneo [Manunee https://www.youtube.com/watch?
v=0LczoHOFRKU

BBC «Jcaak Heroton: Ilocnennnii u3 maros» https://ok.ru/video/474475137776

Taiinet ucropuu: HMcaak Hetoton / Jlokymenranbshsiii / National Geographic
https://www.youtube.com/watch?v=63Va4BFpilLg

[Ipo Mcaaka Hrrotona (Kparkas ucropusi) https:// www.youtube.com/watch?v=1dHk1ttrzC8
Heroton Mcaak. HeroTroHOBO 510510K0 pazgopa. https://www.youtube.com/watch?
v=X80XSHhVuF0

HproToHOBCKas (Ki1accudeckas) HaydHas KapThHa Mupa. dnoxa Bo3poxaenus
https://www.youtube.com/watch?v=TeZ6aRHu7L8



Jtan 31eKTPOMarHUTHOM KapTUHBI MUpA:

Breinenenne nganHOro ATama cBsizaHo ¢ paboramu @apames uw MakcBemia. YpaBHEHHS
MakcBenia ONpEAeNUIn CBA3b MAarHUTHOIO M JJIEKTPUYECKOTO TOJsS, CBSA3aJia 3aKOHBI
anekrpuyeckoro mnons KynoHa, 3akoHbl anekTpuueckux TokoB Owma, Ammepa u Kuproda,
3aKOHBI MarHuTHbIX monedl buo-CaBapa-Jlammaca. DTUM ke YpaBHEHUSAM IOAYMHSIOTCS
ANIEKTPOMAarHUTHBIE BOJHBI, K KOTOPBIM CTaJId OTHOCUTH cBeT. llogBmiace mikana
AIIEKTPOMArHUTHBIX BOJH OT JUIMHHBIX PAJMOBOJIH JO PEHTTEHOBCKUX BOJH. JTO OBLIO
TOPKECTBO BOJIHOBOI TEOPHUU, MOSBUIIACH UJIES TPABUTAIIMOHHBIX BOJIH C MOIBITKOW CBSI3aTh BCE
BUJIBI TIOJIEN B OJIHY CTPYKTypy. Bech MHp mpeacTaBisuicss B BUAE MOJIEKYISIPHBIX CTPYKTYp B
«MOpPE» MOJIEH.

J1OMOJIHUTEIIBHO:

[2] c.145-153

[3] c.117-126

[4] c.38-54

Maiikn @apaneit OT snekTpudecTBa 10 JIEKTporeHeparopa https://www.youtube.com/watch?
v=atl4H GQzu8

Hctopus pazsutus anekrpudectsa. https:// www.youtube.com/watch?v=joHKea6 WKi4
DneKkTpoMarHuTHbIe BOJIHBI https://www.youtube.com/watch?v=1hkBUIGnnpU

Dralr KBaHTOBO-TIOJISIPHOM KapTUHBI MUPA:

Bo3nuk w3 mporuBopeuui, cCBs3aHHBIX ¢ JkcrnepumeHTamu CroneroBa (doTodaddekr),
MaiikenbcoHa (M3MEpEHHE CKOPOCTH CBeTa), Audpakimeldl peHTreHOBCKUX Jyueld, TomcoHa
(mudpakius mekTpoHoB). B pesynbrare nosBuiuck padbotsl [lnanka, Ditnmreiina, e bpoiins,
Jlopenna, llpeaunrepa, [laymu, J{upaka. beuta chopmynupoBana HOBasi TeOpusi 4-X MEPHOTO
MPOCTPAHCTBA-BPEMEHH (T€OPHSI OTHOCUTEIHLHOCTH) JJII METaMHUpa W KBAHTOBAs TEOPHUS IO
JUTst MUKpoMHupa. J[aHHBIe TEOpUN Pa3BUBAIOTCS JI0 CHX TIOP.

J1OMOJTHUTEIIBHO:

[2] ¢.124-135,148-153

[3] c.126-154

[4] c.54-61

Makc [1nank

https://tvkultura.ru/video/show/brand 1d/21985/episode 1d/1500126/video 1d/1633826/viewtyp
e/picture/

Kopmyckynel ©  BOMHBI - JABa BuJa marepudm  https://www.youtube.com/watch?
v=u5bQ8eOKRsk&list=PLJxqrgl TWEQ-TllvuKlo-9BFqonfEzG-&index=3

HayuHble peBoJIlOIMH U KOHUEeNUUH GU3KMKU U TeXHUKU. UCTOpHS TEXHUKH U TEXHOJIOT Uil
Kax b1l aTarn pa3BUTHs €CTECTBO3HAHMS COMPOBOXKIAJICA PA3BUTUEM TEXHUKHU U TEXHOJIOTUH, C
JIPYTOM CTOPOHBI MOSIBJIEHUE HOBBIX TEXHOJOTUH /1aBaji0 UMIYJIbC pa3BUTHIO Hayku. Hampumep
CO3/IaHUE ONTUYECKUX MPUOOPOB MOCITYKWJIO TOJTYKOM K MOSIBICHHUIO MHUKpoOuonoruu. Ilpu
3TOM HCTOPUYECKH TEXHOJIOTMHA W HAYKH Pa3BUBAIMUCH HEOAHOPOJIHO IO BPEMEHH, YTO JAJIO
OCHOBAHUS BBIJICIATh HAyYHBIE PEBOJIIOLUM U TEXHOJIOTMUYECKHUE PEBOIIOLIMHU, YACTO CBSI3aHHBIE
C KOPEHHBIM U3MEHEHHUEM KU3HH YEJIOBEUECKOTO 00IIEeCTBa.
TexHuKa U TEXHOJIOTUHU JIPEBHETO MUPa
[Tpumepsl TEXHOTOTUN — METaJUTYprusi, KopabaecTpoeHue, MeIMIIMHA, U3TOTOBICHUE TKaHEH U


https://www.youtube.com/watch?v=1hkBUlGnnpU

KEPaMUKH, CTPOUTEIIbHBIE TEXHOJIOTHH.

TexHWKa U TEXHOJIIOTHH CPEIHUX BEKOB
Coznanve mnopoxa, apTWIEpUH, CTEKJIA, TOPHBIX pa3pabOTOK. AJXUMHUS U XUMHUYECKHUE
texHosioruu. [losBneHne OOTAHUKU U CEJIEKIMOHHOMN NesTeNnbHOCTH. [losiBIeHNE ONTUYECKUX
npuOopoB. [losBIeHNN MEXaHU3MOB M MEXaHUYECKUX aBTOMATOB (4ackl, Urpyiiku). IlepBbie
paKeThl.

TexHHKa U TEXHOJIOTUM HOBOTO BPEMEHU
[TonBoaHbIEe OAKK U BoposnazHoe obopynoBaHue. [losiBneHue craHkoB. TeXHOIOTHMHM MAapOBBIX
mamuH. [lapoxon u mapoBo3. Mcnons3oBanue HepTenpoaykToB U rasa. [losBienue xupypruu
Kak TexHosnoruu. OO6HapyKeHHe HOBBIX XUMHUECKUX 3JIeMEeHTOB. KoMIiac u ipyrue MarHuTHbIE
npubopsl. Bo3myxomiaBanre Ha BO3IYIIHBIX IIapax.

Texnuka u Texnonoruu 19 u 20 Beka

19-ii BeK. DieKTpUUECKUE MAIMHBI, AJIEKTPOJBUIATENHU, IEKTPOCTAHIUA U TaJbBAHUYECKHE
AIIEMEHTHI. DneTpo TexHojoruu. Co3gaHue nepuoanyuecko cucrembl Meneneena. [[suraresnn
BHyTpeHHero cropanus. @ortorpadus u kuHOCheMKa. [losBneHue BakiuHbl. [losBieHUe
tenerpada U paauo. TeXHOIOTMH OpraHMYECKOW XMMUM, B3phIBUATHIE BellecTBa. llosiBiaeHue
TEXHOJIOTUU PEHTI€HOBCKUX U MH(PPAKPACHBIX JIyUEil.
20-1 Bek. Asuamusa. PakerocTtpoenme. OnekTpoHuka. DapmarieBTuka. TeneBuacHUE.
[losBnenne OBM. buorexHonoruu. SnepHeie TexHONOrnu. KocMHUYECKHE TEXHOJIOTHU.
Hanorexnonoruu. TexHOIOrMHM OCHOBaHHBIC HA KBAHTOBOM TeOpHH. JIazepHbIe TEXHOJIOTHUH.
21-i1 Bek. [ eHeTHUECKHE TEXHOJIOTUH.
JIOTOMHUTENBHO:
[2] ¢.327-365
[3] c.29-33
Uctopus pazsutus Hayku U TexHuKU. YacTs 1 https://www.youtube.com/watch?
v=jKk83cjqWMU
®not gpeBHOCTH. [[peBHUE KOpabiu u cynoctpoenue https://www.youtube.com/watch?
v=mCq5vUHAuN4
"OtkpeiTusi B TexHosnoruu" (004) — Meramnyprus https://www.youtube.com/watch?
v=HVoBR97k(C9s
HcTtopus pa3BuTHs HayKd U TeXHUKH ((uiibM BTopoii) https:// www.youtube.com/watch?
v=tHSyad5QWuo&list=PLcxRxz68GUUHcSxLuXxKLTPUWwWMWRAI3 X &index=2
Texuuueckue nzobperenus [IpompinienHoro nepeBopora https://www.youtube.com/watch?
v=ac37nr6uLBQ
Jlxeiimc Yart u naposas maivHa https://www.youtube.com/watch?v=HguGSLm8RWc¢

MaremaTuka Kak 00J1acTb 3HaHNH. CBSI3b MaTeMATHKH ¢ puitocopueid, KyJabTypoi,
TEXHOJIOTHYeCKMM pPa3BUTHEM 001IecTBa
Hcropryeckoe CTaHOBIIEHHE MaTEMaTHKU
Marematuka u3y4aeT ocoOble  OOBEKThl  (MaTeMaTUYECKHE), KOTOPhIE  SIBISIIOTCS
XapaKTEPUCTUKAMU pEANIbHBIX OO0BEKTOB H TporeccoB. IlepBbiMu oObeKkTamMu  ObUIH
reoMeTpuueckue Qurypsl (reometpus) U ymucia (anredpa). Mctopudeckue 1EHTPHI pa3BUTHS
MaTeMaTuKu
HpeBnuii Mup : apesBHuil Erumer u mexnaypeube, apeBHss WMuaus, apeBHss Ipenus u
rpedeckre KOJOHWH. 3aBeplleHue 3TOro 3ramna — pabora «Hauanay rpedeckoro maremaruka



EBximma. Dta Teopus W ecTh JJIEMEHTAapHAas TPAAWIIMOHHAs MaTeMaThKa (TeoMeTpus |
anredpa).

Cpennue Beka : apadckue ctpanbl, Utanus, Buzantuiickas umnepusi.

HoBoe Bpemsa : @panuus, AHmms, [epmanckue rocymapcra, lommanausa, Poccuiickas
uMIiepusi, ABCTpUKCKasi UMIIEPHUSL.

19-20 Bex: EBpona, Amepuka, A3usl.

JIOTIOTHUTEIBHO:

[2] ¢.51-55

BBC. Uctopus marematuku. A3bik Beenennoit https://www.youtube.com/watch?
v=SawtW _ifaEA

BBC. Ucropust maremaruku. SI3bik Beenennoit https://www.youtube.com/watch?
v=SawtW _ifaEA

BBC: Uctopus maremaruku | Hacts 2 I'enunit Boctoka https://www.youtube.com/watch?
v=rWxoKxs2j0I

BBC_Hcropusa marematuku _ Yacts 3 [Ipenensl npocTpaHcTBa
https://ok.ru/video/35786394278

BBC: Uctopust matematuku | Yacts 4 3a ipezesibl 0€CKOHEYHOCTH
https://www.youtube.com/watch?v=QuOD-wxNzXo

Maremaruka u pacuset uuBmwin3anuu. @uibm 5. HoBbIe TOPU30HTHI
https://www.youtube.com/watch?

v=ywNb3ga2l zY &list=PL FTkMtYsMRIyj64 hzl.oPAy64AtO7ztHo&index=5
Maremaruka u pacuet uuminzanuu. Gunem 4. Mup B 1BUKEHUU
https://www.youtube.com/watch?

v=20uVhDoQVys&list=PLFTkMtYsMRIyj64 hz[.oPAy64AtO7ztHo&index=4
Marematuka aiist Bcex. Anekcert CaBBareeB. Jlekiusa 2.5. Jleonapa Ditniep - uctopuueckas
cnpaBka https://www.youtube.com/watch?v=wdtSIUEqiEY

Uctopus marematuku [Ipenenst mpocTpancTBa https://www.youtube.com/watch?
v=B2{5DVStCrA

Heesxnunosa reometpusi. Yacts 1 https://www.youtube.com/watch?v=Gjr63NhuOu0
HeeBxnunosa reometpusi. Yacts 2. Uctopust matematuku https:// www.youtube.com/watch?
v=BpC6jOL-tNk

Oco0eHHOCTH KOHIENIIUM ON0JIOrud 1 XUMHUH
buonorus — Hayka 0 JKHMBBIX OOBEKTax, 3TH OOBEKTHl Pa3HOOOPa3HBI, MTOATOMY €CTh MHOTO
1o/Ipas/iesioB — OOTaHWKA, ITUTOJIOTHS, BaJICOJIOTHS, T€HETUKA, MUKPOOUOJIOTHS, MXTUOJIOTHS 1
T. 1. B OMo0THM HECKOIBKO 3aTPYAHEHO IKCIIEPUMEHTAIBHOE UCCIIeI0OBAaHNE, 3TO TOTPeOOBAIIO
BHEJIPEHUS TEOPHUH BEPOSTHOCTEH M CTATUCTUKHU. AKTHUBHO MCIIOJIB3YETCS METO]T HaOIIOICHMSI.
Xumusi — Hayka O XHMHUYECKUX B3aMMOJICHCTBHSX BeElIECTB. VICTOYHUK — aIXumusi,
OCHOBaHHAsl Ha OIIMOOYHOM MPEACTABICHUHU O BO3MOXKHOCTH XMUMHUYECKOTO MPEBpAICHUS
mo0oro BellecTBa B jJt00oe. JlenuTcss Ha HEOPraHUYECKYI0 U OPraHUYECKYI0 XHUMHIO. DTO
CBSI3aHO C JICJICHUEM BEIIECTB HA OpraHuyecKkue (MojlydyaeMble U3 )KUBOT0) U HE OIPAHUYECKHE
BellleCTBA. B janbpHeillieM opraHu4yeckue BelIecTBA ObLIM KOHKPETHU3UPOBAHBI IO BUIY
XUMUYECKUX HOpMYII.
JIOTIOTHUTEIBHO:

[2] ¢.206-324


https://www.youtube.com/watch?v=B2f5DVStCrA
https://www.youtube.com/watch?v=B2f5DVStCrA
https://www.youtube.com/watch?v=20uVhDoQVys&list=PLFTkMtYsMRIyj64_hzLoPAy64AtO7ztHo&index=4
https://www.youtube.com/watch?v=20uVhDoQVys&list=PLFTkMtYsMRIyj64_hzLoPAy64AtO7ztHo&index=4
https://www.youtube.com/watch?v=QuOD-wxNzXo

[3] c.189-192
[4] c.104-115,120-124

Xumus https://www.youtube.com/watch?v=caG1BnWOfFQ

[lepuoauueckas Tabnuia, KiaccuPpuKauus XUMUIECKUX HIEMEHTOB
https://www.youtube.com/watch?v=fqZ14Yulg3E

buonorus kak Hayka | buonorus 9 kinacc #1 | Undoypok
https://www.youtube.com/watch?v=amMaWOsoTug

Kparkas ucropus pazsutusi 6uosioruu https:// www.youtube.com/watch?v=t12PZgK2ynl

Pasznen Ne2. ®dusnyeckass KApTHHA MUPa

du3uka Kak 00;acTh 3HAHUN. CBA3b PU3UKH C TEXHOJIOTMYECKUM Pa3BUTHEM 001eCTBA
@du3uka — HayKa, U3y4arollas HeKUBYK MATEPUIO BO BCEX ITPOSBICHUAX. B HEN onpenensrorces
MOHATUSI MATEpUsi U MaTE€pUaJbHbIA MHpP, SHEPrus, MPOCTPAHCTBO, BPEMSs, Pa3IUUYHBbIE BUJIbI
B3aMMOJICHCTBUI OOBEKTOB MAaTEPHAIBHOTO MHUpa. Tak Kak 3TUX OOBEKTOB OYEHb MHOTO, TO
(U3MKa MOCIEI0BAaTENIbHO C PAa3BUTHEM JAENINJIACh U CTPYKTypupoBaiack. [Ipu 3ToM pasButue
(U3UKM TMOCTOSIHHO 3aBUCENIO0 OT CO3JaHUsl HOBBIX TEXHOJOTWMW, KOTOPbIE [aBajli HOBBIE
WHCTPYMEHTBI U1  SKCIEPUMEHTAJIbHOTO  HUCCJIENOBaHUA  (PU3NYECKUX  MPOILECCOB,
(GOpMHUPOBANO aKTYyaJlbHOCTh PAa3BUTUS TE€X WM HMHBIX pa3leioB (PU3UKH, CTUMYIHPOBAJIO
MPOSIBJICHWE HOBBIX (paHee He M3BECTHBIX) SIBICHMM M mpoueccoB, [Ipumepsl: co3pganue
ONTUYECKUX MHCTPYMEHTOB MPHUBEJIO K CO3JaHMIO (DU3UYECKOW ONTHUKH M TEOPUU CBETOBBIX
BOJIH, CO3[IJaHHE MMAapOBOM MAIIMHBI MPUBEJIO K PA3BUTHI0 TEPMOAWHAMHUKH M CTAaTUCTUYECKON
(GU3KUKY, TOSABIIEHHE HCTOYHUKOB D3JIEKTPUYECKOTO TOKA MPUBENIIO K AKTUBHOMY H3YUYEHHUIO
AIIEKTPUYECKUX U MATHUTHBIX IOJIEH, CO3aHUIO AJEKTPOAUHAMUKH.
J1OTOJIHUTEIIBHO:
[2] c.113-119
[4] ¢.99-104,115-120

duznueckas kaptuaa mupa https://www.youtube.com/watch?v=SbzLXHaQsFI

Benukue oTKpbITHS (GU3HKOB(HA4aI0 (PU3HKU-TIO ceil feHb) https://www.youtube.com/watch?
v=63-hwCaFVkM

«Pu3znyeckas kapruHa mupa» https://videouroki.net/blog/vidieourok-fizichieskaia-
kartina-mira.html
YauBurtenbHnas ucropusi Ctusena XokuHra — 8 MuH., cMm.: https://youtu.be/IDORa3soUpA

CrpykTypa pu3dn4yecKkoil KApTUHbI MUPa

B Hacrosimee BpeMs MOXXHO BBIICIUTH HECKOJIBKO HamOoJee BaKHBIX Pas3/iefioB (U3HKH,
KOTOPBIE U OTIPEACIISIOT CTPYKTYPY (PU3UUYECKON KapTHHBI MUpA:

® MEXaHHKa
TEOpHUsl TpaBUTALIUN
TEPMOJMHAMUKA
bu3HKa TBEpIOro Tela
(bu3uka KonebaHui 1 BOJIH
AIIEKTPOAMHAMUKA
aKyCTHKa
¢dbusuka arMmocdepsl 1 3eMITn


https://youtu.be/ID0Ra3soUpA
https://www.youtube.com/watch?v=63-hwCaFVkM
https://www.youtube.com/watch?v=63-hwCaFVkM

aCTPOHOMHUS U KOCMOTOHHSI
MoOJIeKyJIsipHas (pu3uKa U craTUcTU4ecKas pusuka

snepHas hu3nKa

(bu3HKa 3IeMEHTAPHBIX YaCTHI]

bu3HKa TPOCTPAHCTBA U BPEMEHH, TEOPHUSI OTHOCUTEITLHOCTH

(bu3HKa 3IEMEHTAPHBIX YaCTHI]

(bu3HKa BEICOKUX SHEPTH

KBaHTOBAass MEXaHUKa U KBAHTOBAas TCOPHSI IO

bu3HKa HU3KUX TeMIIepaTyp

na3epHas pusuka

HOBBIE pa3fenbl GU3UKU (TEOPHUsl CTPYH, TEOpHUsl TEMHOW Marepuud U TEMHOW DHEpPTUH,
CynepoObeIMHEHUE TEOPHUI B3aUMOICHCTBUI BEIIECTBA)

buodusuka u pusnyeckas XUMHUA
Hekotopsie pazaenbl ¢u3uku ObulM 0Opa30BaHbl B paMKax OOECHEUEHHUs] Pa3BUTHUS JIPYTUX
HayK, OHU HOCSIT MHTErpaTUBHBINA Xxapakrep. [Ipumepsr:

e Ouodusuka, uzydaetr GU3NUECKUE OCHOBBI MIPOIIECCOB BHYTPU OMOIOTUUECKUX OOBEKTOB
(HampuMep KIIETOK, MeMOpaH, HEPBHOUM CHUCTEMBI);

e ¢usnueckas XUMHs, U3y4aeT (PUIUUECKHUE OCHOBBI MPOLECCOB BO3HHUKAIOUINX MpHU
XUMUYECKUX  peakuusx (mpud  3TOM  CyHIECTBYeT M XUMHUYeckas  (u3HKa,
paccmarpuBaroiiasi HeKOTopble (PU3NYecKue SBICHUS METOJJaMi XUMUU, HY>KHO TIOMHUTh
4YTO TEPMUH peaklys M AUHAMUKA PEaKIUHM ObUIM M3Y4YeHbl MMEHHO B XMMUH, a 3aTe€M
UCIOJIb30BaHbl B SACPHON (PpU3HKE),

IlonsiTue MaTepum U SHEPrum. 3aKOHbI COXPAHECHUSA

o xoHna 19 Beka Marepuro MOHUMAJU TOJBKO KaK BEIIECTBO, U3 KOTOPOIO COCTOAT BCE TEIIA.
Bce »tu Tena pacnonaraiuch B HEKOEM THUIOTETHMYECKOM BEIIECTBE — 3(PUpe, KOTOPBIH
3aHMMaeT BCE MPOCTPAHCTBO M BE3/I€ MPOHUKAECT (BO BCE MOPHI Tejia). DJIEKTPOMArHUTHAs
KapTHHA MUpa OCTaBUJIa OTKPBITHIM BOIIPOC O CBOMCTBAX U CTPYKType Bakyyma (T. €. 0 aupa).
D10 npobieMa pacupoCTpaHEHUs JEKTPOMArHUTHBIX U TPAaBUTAITMOHHBIX BOJIH, TaK KaK BOJIHA
pacmpoCTpaHIeTCd B KaKOW-TO Cpele. ODHEprusi paccMarpuBaliaCh KakK XapaKTEpUCTHKA
MaTepuu, BBIAENAIACh MEXaHUYECKash U TEIJIOBAsl SHEPTUsl U SHEPIus IOJIsl WIM BOJIHBI. bbuin
YCTaHOBJICHBI 3aKOHbI COXPAHEHUS KaXKI0W U3 DHEPTHIl M BApUAHTHI [IEPEX0/1a OJHON YIHEPTUH B
JIPYTYI0 C COXpaHeHHeM oOIiero OajaHca TPU TPEHUU, TEPMOAMHAMHUYECKHUX IIpolieccax,
MOIIOIIEHUU WU U3JIyUYECHUU IEKTPOMATHUTHBIX BOJIH.

C nosiBIIECHUEM TEOPUU OTHOCUTEIBHOCTU U KBAHTOBOW T€OPUU, YTBEPKACHUU Tyaln3Ma
BOJIHBI U YACTHULBI, OKA3JIOCh YTO MOJIE, BOJHA KaK U YaCTULBI TOXKE MarepuaibHbl. boiee Toro
M3 BaKyymMa MOXKHO CO3[aTh Mapbl YAaCTUL MAaTEPUU U AHTHUMATEPUU, KOTOPHIE MOTYT MOTYT
AHUTUJINPOBATh, T. €. MPEBPATUTHCA CHOBA B BaKyyM OT/IaB SHEPTUIO MOJI0. Takum oOpazom,
SHEpPrus U MAaTepHsi B3aMMOCBS3aHbl U MOTYT MPEBpALaTbCS APYr B APYra, 4To CIEAyEeT U3
3HaMeHuTOM (GopMynsl Diinmrelina E=mc’. Kpome TOro, oObIMHOE BEIIECTBO COCTOUT M3
MOJIEKYJI, MOJIEKYJbI COCTOSIT W3 aTOMOB, arOMbl W3 OJJIEMEHTapHbIX 4acTull. Ilpu s3TOM
MECTOIOJIOKEHHUE U XapaKTEPUCTUKA JIEMEHTAPHBIX YACTHUIl B KBAHTOBOM TE€OPUM «PA3MBITHI» B
MPOCTPAHCTBE. DHEPrUs M MECTOMNOJOXKEHUE dYacTHl] He (UKCHUpOBaHA, €CTh YCIOBHUE



HeonpeaeneHHocTn IelzenOepra s HUX. B ogHHMX yCIOBHSX dYacTHIla BEAET ce0s Kak
4yacTulla, B JIPYTMX Kak pachpeliesieHHas BO BCEeM IMpocTpaHcTBe BosiHa (BoiHa Jle Bbpoiins).
IIpu 3TOM OCTarOTCA CHpaBEMIMBBIMA 3aKOHBI COXPAHCHUS SHEPIHMM U BEIIECTBA, KOTOPHIC
HEO0OX0UMO OOBEMHUTD B OJJUH 3aKOH COXPAHEHUSI MAaCChI-IHEPIUH.

J1OMOJIHUTEIIBHO:

[2] c.131-139

[4] c.250-260

Crpoenue Bakyyma (Jlennayudunbm) https://www.youtube.com/watch?v=PqqgYpUrd7I
E=mc’>. Anpbepr DHHIITEHH - reHuii, CUMBOI HayKH, BEIMKMH YyYeHbIi. buorpadus
https://www.youtube.com/watch?v=JClxQmbOROM

IIpocTpancTBo U BpeMsi. Teopuu cMMMeTPUM U OTHOCHTEIbHOCTH

Jlo 20 Beka mpOCTPaHCTBO MTOHMMAJIOCH KaK a0COJIOTHASI U paBHOMEpHAs CYIITHOCTh, CBOMCTBA
KOTOPOTO HE 3aBUCEIU OT CBOWCTB MaTepUM B IMPOCTPAHCTBE U €€ JBWKEHHs. Bpems Takxke
BOCIIPUHUMAJIOCH KaK CAMOCTOSITENIbHAS CYIIIHOCTh, KOTOpasi HE 3aBUCENIa HU OT MPOCTPAHCTRA,
HA OT MaTepuud B NPOCTPAHCTBE, HU OT €€ MABUXKEHUSA (a0COIIOTHOE BpEMs, HEKOTOPBIH
a0CTpakTHBIA a0CONIOTHBIA METPOHOM, KOTOPBIM OTCUUTHIBAET BPEMS PABHOMEPHO TEKYIIEE U
abcomoTHOEe st Bcex). Takum oOpa3oM, NPUHUMATIOCH CYIIECTBOBaHUE aOCOIIOTHOTO
MIPOCTPAHCTBA U BPEMEHH, HE 3aBUCSIINX OT MaTEPUH.

[TosiBneHue crienyaibHOM U OOIIEeH TEOPUH OTHOCUTEIBHOCTH DUHIITEHHA MO3BOIUIIO

WU3MEHUTD 3THU MPEACTABICHUS:

Oka3anock, 4YTO MPOCTPAHCTBO, BPEMS U MaTEpHsl B3aUMOCBSI3aHbI:

- CBOICTBA MPOCTPAHCTBA U BPEMEHHU 3aBUCST OT CBOMCTB MaTe€puu, KOTOpasi B HUX HaXOAUTCA,
U OT €€ JIBUKCHUS;

- IPOCTPAHCTBO U BPEMSI B3aUMOCBS3aHbI U COCTABISIIOT e0UHOe 4-X MepHoe NpoCmpAaHCcmeo-
gpems (npennoxeHo I. MunkoBckum B 1908 romy); oOBEKT, CyIIeCTBYIOUIMI B TakoM 4-X
MEpPHOM IMPOCTPAHCTBE-BPEMEHH, JACT MPOEKIIMU HA BOCIIPUHUMAEMBIE YEJIOBEKOM U3MEPEHUS,
KOTOpBIE, TOJJOOHO TE€HU OT MPEAMETA, MOTYT YBEIUYMBATHCA U YMEHBIIATHCS MPU JIBUKECHUU
o0BbeKTa; 3TO OMpENENIEHHbIM 00pa3oM MOACHSET A(PPEeKThl TEOPUHM OTHOCHUTEIBHOCTH 10
COKpAIIIEHUIO pa3MepoB Tella U JIp.; caM 4-X MEpPHBIH OOBEKT HE MEHSETCS, HO Mbl HE MOXKEM
BOCIIPUHSTH €T0 1ETUKOM.

Oco6oe 3HaueHue s GU3MKU UMEM 3aKOHBI CUMMETPUHU MPOCTpaHCTBa. M3HauambpHO
Ka3aJICs OYEBUIHBIM OAHOPOAHOCTh U CUMMETPHSI HAIIPABJIECHUN B MPOCTPAHCTBE, HO PEAJIbHBIE
DKCIIEPUMEHTHl MOKAa3bIBAIOT HEKUE OTKJIOHEHUS B TaKWX 3aKOoHaX. bblma gokaszaHa
HEEBKJIMJOBOCTh KOCMHUYECKOIO MPOCTPAHCTBA BCEIICHHOW (CErofHsl y4YE€HbIE CKIJIOHSIOTCS K
PumanoBckoit Momenu kocMoca). CUMMETpHUsi HapymiaeTcs M B MHKPOMHUpE, TAe ObLIN
chopMyIUpPOBaHBI 0COOBIE 3aKOHBI CHMMETPHH JIJIS1 SJIEMEHTAPHBIX YaCTHII.

J1OTOJTHUTEIIBHO:
[2] c.119-131
[3] c.126-154
[4] c.206-221



Teopus orHocuTenbHOCTH. CKOpOCTH cBeTa. https://www.youtube.com/watch?v=X1B5Bk S5f4
[IpoctpanctBo u Bpems | [onorpadudecknii mpunium https://www.youtube.com/watch?
v=0BYXUJ2kxco

JloxkymeHnTanbhblil (puneM Benukas unes DitHreiina https://www.youtube.com/watch?
v=NQDbPsyPrFBU

AnwOept OiHIITENH https://www.youtube.com/watch?v=-SwYpNBJH Q

Bpewms, mpoctoe Bpems https://youtu.be/39r91 zuTEE

Bpewms. HepoBuoe Bpemst https://www.youtube.com/watch?v=H8Y QQkIrGrl

Meramup. ACTpOHOMHUSA U CTPOCHUE BCEJICHHOM

Hcropuuecku GU3MKU paccMaTpUBaIN 3aKOHBI I MeraMupa (KOCMOca) U MUKPOMHpPa (aTOMBI
U MOJEKYNbl) TOXJIEeCTBEHHbIMU. OnHAKOo, C TOSIBICHUEM KBAHTOBOM TEOpUH U
AKCIIEPUMEHTAILHBIM M3YYEHUEM MHKPOMHUpPA CTAJIM HAKAIJIMBAaThCS MPOTUBOPEUUs], KOTOPHIE
HE Pa3peIleHbl 0 KOHIIA U B HacTrosiee BpeMs. KBanToBbie 2((HEKTh B MUKPOMHUPE OYCHD
CYILIECTBEHHBI, HO 151 OOJBIITUX MAcC U PaAcCTOSTHUM 3TU 3(PPEKTh HE BCErJa MOXKHO OLIEHUTh U
SBHO BbIpa3uTh. KpoMme TOro, B MeramMupe BO3MOXKHO CYIIIECTBOBAHHUE HIKCTPEMAJIbHBIX IO
BeJIMUMHE HSHepruit u mosel. B ¢usuke BhIIEIEHBI TPABUTALMOHHOE, SJEKTPOMArHUTHOE,
CUJIbHOE U ciaboe B3aumonencTBusa Marepun. Kaxaoe u3 3TUX B3aUMOACUCTBUM IOMUHUPYET
Ha OIpeAeNIeHHbIX pa3Mepax. B meramupe Hambojee BaXXKHO TPAaBUTAIIMOHHOE, a 3areM
AIIEKTPOMArHUTHOE B3aMOJICHCTBUE, CHIIBHOE U cllaboe B3aMMOJICUCTBHS 3/1€Ch UMEIOT MaJloe
3HayeHue. Jlnsg Mukpomupa cutyauus oOparHas. EcTte mnonbITku OOBEAMHHUTH OTH
B3auMoOJIeHCcTBUS  (0OJbIIOE OOBEAMHEHHE), HO T[OKa JTH TEOPHH eIlle HE SBISIOTCS
OKOHYATeNbHO YycTosBIIUMUCSA. Kpome TOro, mpoOiieMbl OMHMCaHUS PeajbHOrO0 MeraMupa
MPUBEIN K MOSIBJICHUIO TEOPUU TEMHBIX» DHEPruid U MaTepHUH, CyIIHOCTh KOTOPBIX MOKa HE
noHsATHA. EcTh mpoOnema W CymIeCTBOBaHHS TaKUX JKCTPEMAIIBHBIX OOBEKTOB KaK HYEpHBIC
JBIPBI, KBa3apbl, HEUTPOHHBIC 3BE37bl, Tae oduimanpHas (u3Mka WHOTIA HE MOXKET M1aTh
OMMCAaHMS CYLIECTBYIOUIMX TaM MPOIECCOB.

Takum oOpa3zom (u3MKa MHUKpOMHUpA pacCMaTpPUBACTCS KaK IMPABUIO ABTOHOMHO B
paMkax Hayk ActpoHomuu U Kocmoronuu (Hayku o pa3Butuu kocmoca). CoBpeMeHHas
ACTpOHOMUS BBIJIESAET CIASAYIOIIUE TEOPUH:

o Teopus 3apoxaeHUsI U Pa3BUTHUS BCEICHHOM.
o CTpyKTypa BCEIEHHOW, KOTOpasi EIUTCS Ha 3BE3/HbIC CUCTEMBbI, 3BE3[IHbIC CKOILICHUS,

TJIaKTUKH, CYTIEPraIaKTUKU (CUCTEMA CBA3aHHBIX TaJIAKTHK).

o ®dusuka CynepoObEKTOB BCEICHHOW — pPa3jIMYHbIC THUIIBI 3BE3]l, HEUTPOHHBIE 3BE3IbI,
IIyJIbCAPhI, KBa3apbl, YEPHBIE JBIPHI.
o @DusuKa HE 3BE3THBIX OOBEKTOB — IUIAHETHl M IUTAHETOUbI, Ta30BbIE CKOILICHUS,

acTEepOU/Ibl, METEOPHUTHI, KOMETBI, MEXK3BE3HAs MbLUIb U MEK3BE3/IHbIC IPOCTPAHCTBA.
e @Du3nKa KOCMHUYECKHUX MOJIEN U U3ITYyUYCHUH.
J1OMOJTHUTEIIBHO:
[1] c.5-34
[3] c.154-172
[4] c.172-206


https://www.youtube.com/watch?v=-SwYpNBjH_Q

100 Benmuuaiux OTKpeITHA. AcTpoHOMUS.avi https://www.youtube.com/watch?
v=]SWh2CUS8ynA

[Tonoe C.b. Kaptuna mupa ¢ Touku 3penus actpodusuka https:// www.youtube.com/watch?
v=7DGkbmajM_A

VYuebnsiit punsM. Actpoduznyeckas kaptuaa mupa (1989) https:// www.youtube.com/watch?
v=2hC7HOdSWvk

AcTpoduznueckasi KapTuHa MUpa

https://rutube.ru/video/8620dc67d2e0f10b99ce6a9ablec4 517/

Konuenuuu 3apoxaeHus, pa3BUTHS M CTPYKTYPa BCEeJICHHOM
Teopus 3apokKaeHUS U Pa3BUTHUS BCEJIIEHHOM B HACTOSIIEE BPEMS OCHOBBIBAETCS Ha TEOPHUHU
OOMBIIOTO B3pHIBA (XOTSI €CTh W aJbTEPHATUBHBIE TEOPUHU, HANPHUMED IyJIbCUPYIOIICH
BCeNieHHO). B cooTBeTcTBUM ¢ Teopueit 0oybmoro B3phiBa 13,77 MUIIHAPIOB JIET HA3ad BCS
BCEJICHHAsI OblJIa C)kaTa B OJHOW TOYKE CHUHTYIAPHOCTH (TAe (Qu3uKa SBICHUN HE MOHATHA),
Jlajiee MpOM30LIeNl CUIIbHENIee pacllupeHuu (B3pbIB), MOSABIECHUE MaTEPUH, (POPMUPOBAHHUE B
Hayajie IEeMEHTapHbIX YaCTHIL, 3aTEM aTOMOB BOAOPO/a, (HOPMHUPOBAHKE BOJOPOIHBIX Ia30BbIX
CKOILJIEHUH, KOTOpBIE CXKUMAKTCS € (OPMHUpPOBAHUEM 3BE3/, IUIAHET U APYTUX OOBEKTOB.
BHyTpu 3Be31 HauMHAIOTCS TEPMOSIEPHBIE pEaKIUU U (HOPMHUPYIOTCS pa3Hble XUMUYECKHE
AIIEMEHTHI. DBOJIIOIMS 3BE3/, COMPOBOXKJIAETCS PSAJOM HTAloOB, B TOM YHKCJIE BCHBIIIKAMU
(B3ppIBaMHU) CBEpPXHOBBIX 3B€37] C BBIOPOCOM PA3JIMYHBIX XHMHYECKUX OHIIEMEHTOB B
OKpY’Karollee IPOCTPAHCTBO, CO3AaHUEM HEUTPOHHBIX 3BE3[l, KBA3apOB U YEPHBIX JIBIP.
e  OJIHOBPEMEHHO MPOUCXOIUT PACIIMPEHUE MPOCTPAHCTBA BCEIICHHOW U (HhOPMHUPOBAHUS
TaKUX 3BE3AHBIX CTPYKTYp KakK TaJakKTUKU M CKOIUIEHUS TalaKTUK (CyNeprajiakKTHUKH).
[Ipu sTOoM mnpomomxkaeTcss «pazOeraHue» TalakTUK (KpacHOE CMEIICHHE), CKOPOCTb
KOTOPOTO HE YMEHBIIAETCSA. DTO 3aCTaBUJIO MNPHUHATH TEOPUIO «TEMHBIX» SHEPTUU H
BEIECTBA, KOTOPHIE U OTBETCTBEHHBI 38 YCKOPEHHOE PACIIMPEHNE BCEJIEHHOM.

e YV kaxaoi 3Be31bl (HOPMUPYIOTCS 3BE3/IHBIE CUCTEMbI, BKJIIOUAIOIIUE TIIIaHETHI,
acTepouipl 1 KOMEThl. B HacTosiiee BpeMs y»x e HalJeHbl TUIAHEThl y APYTHX
3B€3]] W ONpeleseHbl HEKOTOphle WX XapakrepucTuku. Haumbonee xoporno
M3BECTHO CTPOCHUE HAIIEW COJIHEYHOW CHUCTEMBI. 3J€Ch BBIICICH psj
00BEKTOB, KOTOpPbIE MTPU3HAHKI TUTaHeTaMu. [1aHeThl B OpsiIKe ClIeJOBaHUS OT
Connua: Mepkypuii, Benepa, 3emisa, Mapc, FOnurep, Caryps, Ypan, Hentyn u
[T1yToH (ecTh pa3HOIIIACHS O TOM, CUMTATh JIU €0 TUIAHETOMN) ABMXKYTCS BOKPYT
ConHia mo »sumncaMm, B o1HOM H3 (OKycoB KoToporo HaxoauTtcsi CoiHIe.
OpOuTsI TUTAHET JIeKaT B OMHOU TuIocKocTH. Jlaee HaxoauTcs nosic Koiinepa u
obsiako OopTa B KOTOPOM PACIIONIATaOTCs Pa3InyHble 0OBEKThI, IPU3HABAEMbIE
KaK acTepOuJbl (XOTS HEKOTOphie M3 HHMX MomoOHBI [LimyToHy). EcTh Tak ke
nosic acrepousioB Mexay Mapcom u Onutepom. Bokpyr minaHeT Moryr
JIBUTaThCsl CBOM CIIYTHHUKM (JIyHBI WK 11aHeTouibl). [Ipumepst: Jlyna y 3emuu,
®oboc u [eiimoc y Mapca, 'anaumen, Kammucro, Mo, EBpona y FOnurepa,
Tutan u Onnenan y CarypHa (M emie OrpoMHOE MHOXECTBO JPYTHX,
oOpasytrouux konblia Carypna), Turanus, O6epoHn u apyrue y Ypana, Tputron
y Henrtyna. Hekoropble acTepouipl UMEIOT CBOM HMEHA, HEKOTOPBIE MPOCTO
0003Ha4YaIOTCsl KOJUPOBKON. ACTEpOUIbl COCTABICHHBIE B OCHOBHOM M3 JIbJa



(3amep3mve Boja W rasel), mpoxonsdiiue Heaaneko oT CoyHIA MOJYyYHIId
Ha3BaHUSI KOMETHI (M3-3a TMOSBICHUS XBOCTa HMCHApSBIIMXCS ra3oB). KomeTs
94acTO XOPOIIIO BUIHBI C TTOBEPXHOCTH 3E€MJIM M MOITOMY MMEIOT CBOM MMECHA
(xomertsl ["annes, Ouke, busner).

J1OMOJIHUTEIIBHO:

[1] c.5-34

[2] ¢.179-204

[3] c.154-172

[4] ¢.172-206

[TyTemectBue Ha kpait Bcenennoit https:/www.youtube.com/watch?v=UFMEwkj64ms

['panuiia Bcenennou https://youtu.be/X7hFcR2yIGS8

3emutst: buorpadus mnanersl. @unsm National Geographic https://www.youtube.com/watch?

v=kS2t0kvIMmw

du3nvecKkue 0CHOBbI ACTPOHOMUYECKUX 00beKTOB. [ paBuTAllMOHHOE B3aUMO/IeiicTBHE
[lepBoe Maremarnueckoe omucaHue TrpaBuTanuu nan HploToH (Kimaccuueckas Teopus).
OcHoBpIBasick Ha padborax acTpoHomoB (Keruiep u apyrue) oH npemioxui Gopmyiy, KoTopas
CPaBHUTEJIIBHO TOYHO OINKChIBaja 3aKOHBI JIBDKCHHUSI HEOECHBIX Tell. B COOTBETCTBUU C
Hviomonosckoti meopueti msazcomenuss Ccuia B3aUMOJCUCTBHUS 2-X TEJN OMNPEACISAETCS
bopmyIoi :
F=y*M,*M,/ R* tne y — nocrosnnas tsarorenusi, M; u M, - maccel Ten, R — paccTosHue
MEXIy TelaMH. Tak Kak Tena JIEUCTBYIOT OpPYr Ha JApyra, TO OHM HAYMHAKOT JBUKECHHE
OTHOCHUTEJBHO ILIEHTpPa MAacC 3TOM CHUCTEMBI. JTO 3HAYMUT, YTO HE NPOCTO 3eMJisl JBUIKETCS
BoKpyr ComnHia, Ho ¥ CoJiHIIe JBHXKETCS BOKPYT LeHTpa Macc. Ho mockoibkKy 3emisi MHOTO
Menbllie CoinHia, T0 ux ueHTp macc BHyTpu Comnua. Torma neiictBue 3emiu Ha ConHie
npuBOAUT K mpeneccuu CoHIla — MOCTOSSHHOMY JIBHKeHHIO COJIHIIA [TOX0KEMY Ha BpallleHHE
BOKpyr ocH. Jlpyrue miaHetsl Toxke AedcTByroT Ha CounHile, ocodeHHo HOmutep, mosatomy
neHtp macc cucremsl ConHue-lOmurep Haxonurcss BHe ConHIa. AHAJIOTMYHO CYIIECTBEHHO
B3aUMOJICUCTBUE B cucTeMe 3eMiid-JIyHa ¢ mpeneccuent 3emiu, KOTopasi yCKOPSIET €€ BpallleHue
W yYMEHBIIAeT /JIMHY CYTOK. Bimser mnpereccuss U Ha TpwiuBbL. Takum oOpazoM, s
BBIYUCJICHUS OpOUT IJIaHET HYXKHO YUYUTHIBaTh B3auMojeicTBUe Bcex IutaHeT u CojHIa, 4To
JeaaeT OpOUTHl OTIMYHBIMH OT KPYroBbeiX. C Jpyroil CTOpoHBI 3akOH HblOTOHA MO3BOJIMI
paccuuTarb OpOUTY IJIAHET, MPHU YCJIOBHUM, YTO €€ LIEHTPOCTPEMUTENIbHAS CUjia paBHA CUJIE
npuTskeHus K ConHuy W ApyruM IiaHeram. @akTHUYeCKH 3TO Jalo METOJ pacuera Macc
riaHeT CoTHEYHOW CUCTEMBI. 3Hasi CHIIy NPUTSKEHHUS Tela Ha MOBEPXHOCTH K 3emie F=m*g,
g — YCKOpEHHE CBOOOTHOTO MaJIeHUs, MO)KHO BBIYMCIHUTH TaK ke maccy 3emuin. Kpome Toro,
OKa3bIBAETCSI YCKOPEHHE CBOOOIHOTO MaJACHHS Ha 3eMiie pa3HOe, B 3aBUCUMOCTH OT PACTOSHHUS
OT TIEHTpa 3eMJIM B OTIUYACTCSI OT YCKOPEHHS CBOOOIHOTO MaJCHUS HA JAPYTHX TUTAHETaX WM
Jlyne.
Heoocmamxku u npomusopeuusi Hotomonosckoii meopuu msa2omeHnus.
1. HeroToH npeamnonarai MeHo8eHHOe PACTIPOCTPAHEHHUE OIS TATOTEHUS B COOTBETCTBUU C
NpUHIUNOM JanbHoaeicTBus, a CTO yTBepxkaana, B COOTBETCTBUU C MPUHIIUIIOM
OJIM3KOJIEUCTBUS, UTO NpedenbHAs CKOPOCMb PACNPOCMPAHEHUs TH0ObIX 83AUMOOEUICMBULL eCb
cKOpocmb ceemd.
2. Hpr0TOH paccMaTpuBall TPABUTALIMIO U HHEPLMIO KAK pa3zHble TI0 CBOEUW NPUPOJE SIBICHUS,


https://www.youtube.com/watch?v=UFMEwkj64ms

XOTS OTMEUAJICS CMPAHHbIU (PaKm paseHcmea TPAaBUTALMOHHON U MHEPLIMOHHOM Macc, a TakkKe
dakT g=const, 94T0 OOBACHAIOCH MPOCTHIM CIIy4allHbIM COBIAJICHHUEM.

3. Ecnu paBHOMEpHOE NMPSMOJIMHENHOE IBUKEHUE OTHOCUTEIBHO, TO HOYeMy He Modcem Obimb
omHocumenvbHulM 8csikoe 0sudicenue? IloueMy MHEpLHAIbHBIE CUCTEMBI OTCUETA BbIJIEIECHBI
OTHOCHUTEIILHO BCEX JIPYTUX?

OWHIITENHH peml KapauHaibHO npobnemy B OOuieil Teopuun OTHOCUTENBLHOCTH, OH CKa3all,
YTO sA61eHUsL UHEePYUU U ePABUMAYUU UMEIOM 0OHY NPUPOOY.

Ocnosnvie nocmynamer OTO.

1. TsaroreHre OAMHAKOBO JACHCTBYET Ha Tela, COOOIIasi UM OJJMHAKOBBIE YCKOPEHUS,
HE3aBUCUMO OT MAcCChl, XUMHUYECKOTO COCTaBa U JIPYTUX CBOMCTB TeN (g=const - 3TO
ycTaHoBIIeHO erie [anuneem).

2. TlpuHUUN >KBUBaJIEHTHOCTU OWHIITEHHA: (PU3MUECKHE MPOIECChl B MOJ€ TATOTEHUS U B
YCKOPEHHOI CUCTEME B OTCYTCTBHHM TATOTEHHS MPOTEKAIOT [0 OJMHAKOBBIM 3aKOHaM. J[pyrumu
CJIOBAaMHU MOXXHO CKa3aTh, YTO HET aOCOJIIOTHOTO JBM)KEHUS, & €CTh OTHOCUTEIIPHOE JIBUYKEHHE
Tena U BceneHHOW, W co3maBaeéMo€ IOJE OT 3TOr0 JBM)KEHMS MOXKHO pPAaccMaTrpuBaTh KAk
MHEPIMOHHOE (B OJHHUX CHCTEMax OTCYETa) M KAK IpaBUTALMOHHOE (B JPYTrMX CHUCTEMax
oTcyeTa). ITO U €CTh NPHUHIMI 3KBUBAJIEHTHOCTU TSXKECTU W uHepuuu. IIpupona stux cun
envHa. He BIaBasCp B CIIOKHYKO MareMaruKy, OTMETHUM, 4YTO BhINOJHEHHE mocTynaroB OTO
OPUBOJUT K MNOHUMAHUIO CUNl epasumayuu (UHepyuu) KAk UCKPUBTLeHUs 4-X MepHozo
NPOCMPAHCMBA-8PEMEHU.

Coznanue OTO craio BO3BMOKHBIM JIUIIB MOCTE pa3padOTKH HEEBKIUAOBBIX T€OMETPUI
H. Jlo6aueBckum, b. Pumanom u ap. B OTO wucnonb3zoBaHo PumaHOBO dYeThIpexMepHOE
IIPOCTPAHCTBO IIOJIOKUTEIBHON KpUBU3HBL. KpHBH3HA NPOCTPAaHCTBAa-BPEMEHU CO3HAECTCS
VMCTOYHUKAMH IPABUTALMOHHOIO NoJisl. [Ipyn 3TOM TATOTEHHE ONpEAEIAeTCsl HE TOJIBKO Maccoil
00bEKTa, HO M BCEMM BHJIaMU HHEPIHH, MPHUCYTCTBYIOIIMMHU B cUCTeMe. JlpyruMu cioBamy,
TATOTEHUE 3aBUCUT HE TOJIBKO OT PACHPEIEIICHHS] MAacC B IPOCTPAHCTBE, HO U OT UX JBUKECHUS,
OT HaNUYMsI PA3NUYHBIX (PU3UUYECKUX TMOJEH B MIPOCTPAHCTBE. DTO — pPACIPOCTPAHEHHE
IPUHLOANA SKBUBAIEHTHOCTH Macchl M dHepruu n3 CTO B OTO. Pacnpocrpanenue mnons
TATOTEHUs1 (MCKPUBJIEHUE MPOCTPAHCTBA-BPEMEHHU) MPOUCXOJUT MOJOOHO PaCHpOCTPAHEHUIO
BOJIHBI CO CKOpPOCTBIO CBEeTa. Marepus B IBHKEHMHM CO3[JA€T HMCKPUBIECHHE NPOCTPAHCTBA-
BPEMEHHM, KOTOPOE, B CBOK OY€pElb, BIUSACT HA [BH)KCHUE MATEPUU. IJTO OINPEAEHSAET
HEIUHEHHBI A (EKT B3aUMOCBA3M MAaTE€pPUH, MPOCTPAHCTBA U BpeMEHHU. Takum 00pasom,
MIPOCTPAHCTBO BCEJIEHHOM MCKPUBIEHO M HUMEET PACHPENEICHHOE TPAaBUTALMOHHOE TMOJE,
OTIpeIeNIsIeMOe paclpeie]ICHUEM MAaTepUU U SHEPTruu (B TOM YHUCIE U JABWKECHHS) B ATOM K€
npoctpanctBe. C JApyrol CTOpPOHBI, TpaBUTALUS TPUBOAUT K (OPMUPOBAHUIO U CHKATHIO
OTAEJBbHBIX CI'YCTKOB MaTe€pHM B BUE 3BE€3]l, IUIAHET U ApyTrux o0beKTOB. PasHuia gaktuuecku
ONpENENACTCS PpasMEepOM CryCcTka. bompmme Macchl CKUMMAKOTCSA TakK, YTO HAYMHAKOTCS
TEPMOSJIEPHBIE PEAKIIMM BHYTPU — 3a3KUTAIOTCS 3BE3/IbI.

Bo BpeMs XH3HU OrHEHHOTO CBETWJIA IMPOUCXOAUT HEmpuUMHpuMas OopbOa MexTy
pPa3HOHANPABIEHHBIMU cwiIaMu. K HEHTpYy 3BE3IHOM MacChl CKUMAET 3BE31y M30 BCEX CHII
rpaBUTAlUs, CTapasChb NPEBPATUTh OTHEHHBIA OrPOMHBIA IIap B (PyTOOJBHBIM MSYMK.
TepMosimepHble peaknnM, KUILAIIAE B TOJIIE 3BE3JHBIX MACC M HAa NMOBEPXHOCTH, CTApaKOTCS
pa3opBaTh CBETUJIO HA MEJIKUE KYCOUKHU.

B mpounecce «BbITOpaHUsS» TEPMOSAIEPHOIO TOIUIMBA CXKATUE MPOAOIIKAETCS U
MIPOUCXOJIUT B3PBIB «HOBBIX» WA «CBEPXHOBBIX» 3B€3[. Pa3HuIa 3TUX B3PBIBOB B TOM, YTO



«HOBasH» 3Be3/71a ITO TOJIHKO B3PHIB HA TTOBEPXHOCTH U HEOOPATHMMOTO CXKATHSI HE TPOUCXOJIUT,
€clii 3Be3/la He OueHb Benuka. llocie B3pbIBa «CBEpPXHOBOM» 3Be3la IpEBpallacTCs B
HEHUTPOHHYIO 3BE€3]ly WJM YEpPHYIO AbIPY, B 3aBHCHUMOCTH OT €€ IE€pBOHAYaJIbHOW MaccChl.
HeiitponHas 3Be371a — BapHaHT CxaTHsl, KOTAa IIOTHOCTh IPUMEPHO COOTBETCTBYET (UM Uy Th
OonbIlIe) TUIOTHOCTH fAnpa aroMa. [loaromy B 3TOil 3Be3le sjipa «IJIOTHO» YHAaKOBAHbI U
COZIEPIKAT TOJBKO JIEKTPUYECKH HEUTPAIbHbBIE HEUTPOHBI. Ha MOBEPXHOCTH HEUTPOHHBIX 3BE31
BO3HMKAaeT MOIIIHO€ MAarHUTHOE TI0jie U 3Be3da ObICTpO Bpamaercs. TakuMm o6pazom,
HEUTPOHHBIE 3BE37bl YaCTO CTAHOBATCS IMyJbCapaMd — HMCTOYHUKAMH  MOIIHOTO
PEHTITEHOBCKOTO WJIM PAIMO Y3KOHANPABICHHOTO U3TyYCHHS.

Ecnu Macca sigpa cBepXHOBOI MPEBBIIAET ONPEACIICHHBIN MPEIE, TO CKaTHe TPUBOIUT
K TOSIBJICHUIO YEPHOU JbIpbl. UepHas JpIlpa UMEET TaKOM pasMep, YTO €€ paauyC OKa3bIBaeTCs
MeHbIe paauyca chepsl IBapimmnbaa. 1o cdepa, BHYTpu KOTOPOU axke (POTOHBI HE MOTYT
MPEO0ETh CHIIy TpaBUTanuu. TakuM oOpa3zom, depHas apipa OyleT COBEpIIEHHO TEeMHOW U
TOJIKO BOKPYT Hee OyJIeT CBETAIIeeCs KOIbII0, 00pa30BaHHOE M3TyUalolel Topsueil Mmarepuei,
KOTOpasi yCKOPSIETCS B HAIlPaBJICHUM YEPHOM JbIpbl. YepHas AbIpa MpU 3TOM SIBIISETCS MOUTHBIM
«MBLUIECOCOMY» OKPYKAIOLIEed MaTepuyd U OJAHOBPEMEHHO CHJIBHBIM HCTOYHHKOM H3Iy4YCHHS.
Ecte daktbl mornoimieHuss 4epHbIMH JAbIpaMH JIaKe€ OTACJIbHBIX 3Be3a. Haumbonee MolHO
U3JIy4alollie YEpHbIC JbIPhl MOJYYMJIM Ha3BaHUE KBazapbl (CaMblii MOIIHBIM HCTOYHUK
u3JIyueHus BcelieHHoOM). CyIecTByeT TEOpHus, 4YTO YEpPHbIC JABIPHI SBISIIOTCS LIEHTPAMHU
oOpa3zoBaHusl rajJakTUK.

CUHTYISIPHOCTh ~ MPOCTPAHCTBA-BPEMEHM: IIPU  CKOPOCTAX, MNPUOMIDKAIOMUXCST K
CKOPOCTH CBETa, W MpPHU CHUIBHOM TPaBUTALMOHHOM TMOJ€ MPOCTPAHCTBO-BPEMsI Kak Obl
ckumaeTcsi B Touky. PopmansHo, ¢ Touku 3peHus OTO, 310 Mecra, 1€ OOpBIBaeTCS
CYIIIECTBOBAHHE YACTHI] U MOJIei B OOBIYHON U3BECTHOM HaM popme.

Ixcnepumenmanvras nposepka OTO 6 kocmozoHuuU.

1. Ymamocs paccuutath TOYHee OpOUTY MepKypus, 4em 3TO ObLJIO paHee MO YpaBHEHUSM
Hrrotona. Mepkypuii — HanOomnee Ommskas Kk CoNHIlYy MIaHeTa W B 25 HauOOJNbIIEH CTCTICHH
UCIBIThIBAET Bo3elicTBHE COMHIA U UCKPUBJIEHHOIO MPOCTPAHCTBA BOKPYT Hero. Ero opOura —
AIJTUIIC, U OH MEJUIEHHO NMOBOpauyMBaeTcs. Takoe aHOMalbHOE MoBeAeHUE MepKypHsl 3aKOHbI
HproToHa onuceiBamy He TOYHO, U aullb pacueTsl 1o OTO ganu TOUHBIN pe3yabTar.

2. IlpoBepka HCKpUBIEHHS Jyda CBE€Ta MPU TMPOXOKIECHWU BOJIM3M MACCUBHBIX TeJ.
OKCIEPUMEHTAIBHO MPOBEPEHO C TOYHOCTHIO ~ 6% BO Bpemsi MONHBIX 3arMeHuil ConHna.
[TepBble m3MepeHus ObutM TIpoBeAcHBI B 1919 romy aHIIMICKUM yYEHBIM ODJIJUHTTOHOM BO
BpeMms skcnienuinu B Adpuke. Ha camom niene MCKpUBIEHUE BHUJIHO B HAIIEM TPEXMEPHOM
MPOCTPAaHCTBE. B  4YEThIpEXMEPHOM NPOCTPAHCTBE-BPEMEHW Jyd HJET MO MPsAMOU
reOJIe3NYECKOM JIMHUM, KOTOpas SBJSIETCS Kpardaulled [Jisi JaHHOTO HEEBKJIMI0Ba
MPOCTPAHCTBA.

3. B 1929 rony amepukanckuii actpoHoM 3. Xab0m OOHApyXWJI CMEIICHHE CIEKTPOB
U3IIy4YEeHHs] 3BE€3]] B CTOPOHY KpPAaCHOIO ILBeTa («KPACHOE CMEIIECHHE»), YTO IOATBEPKIAAET
MOJIENb pacliupstonerics BeeneHHoi, Tak Kak 3TO CBUAETENBCTBYET O YJIaJE€HUU OOBEKTOB.
[Ipn ynaneHuu UCTOUYHMKA CBETa OT HaOJIOJAaTelNss OH BOCIIPUHUMAET €ro 0oJjiee KpacHbIM, IPU
NPUOIMKEHUH — 00J1e€ (PUOJIETOBBIM.

JIOTIOTHUTEIBHO:

[1]c.5-34

[2] c.182-204



[3] c.154-172

[4] c.474-475

100 BenmmualiuX OTKPHITHIA. ACTpOHOMUS. https://www.youtube.com/watch?v=]SWh2CU8ynA
[TonoB C.b. Kaptuna mupa ¢ Touku 3penust actpodusuka https:// www.youtube.com/watch?
v=7DGkbmajM_A

VYuebnsiit punsM. Actpodusndeckas kaptuna mupa (1989) https:// www.youtube.com/watch?
v=2hC7HOdSWvk

Bpewms. HeusBectHoe Bpems https://www.youtube.com/watch?v=0sBNbi2U31Q

Ecau no nynsr 400 kM https://youtu.be/ Q9h8decDsA

3aranka reMHoi marepuu | Kak ycrpoena Beenennas (2016-2017)
https://www.youtube.com/watch?v=yLZjugA3i10

®dun3uKa 3eMJIU U TE0JIOTUs
Oco0OeHHOCTH TUTaHET Kak OOBEKTOB MeraMHupa MOXHO TIOHSATH B paMKax OOMIeTo
KOCMOTOHHYECKOTO TMpOoIlecca, B CHIYy KOTOPOTO BOJMU3M ONPEACICHHBIX 3BE3]l BO3HUKAET
CHCTEMa TUTAHET — BPAIIAIOIINXCS BOKPYT HUX TEMHBIX HEOSCHBIX Tel. B paMmkax mccieqoBaHus
bu3ukn 3eMiii MOXHO BBIJICIUTh (U3UYECKUE Mpolecchl B MarHutocdepe, armocdepe,
ruapocdepe, mutochepe u ouochepe 3emnn. Marautochepa 3emiin 06pazoBaHa COOCTBEHHBIM
MarHUTHBIM TIOJIEM IUIAHETHI, MMCIOIIMM 2 TOJI0Ca MPUOIM3UTEIBHO y TeorpauaecKkux
MOJIIOCOB M TOoKamMu B atrmocdepe (oOpasyromMu B HOHOchepe — dYacTu armocdepsl,
colepkallied  HMOHM3MpOBaHHBIM ra3). [lomtoca wMemsieHHO cMematorest  (mpereccust).
Maruautocdepa 3emiid 3alIMIIAeT OT KOCMHUYECKOTO U 0C0O0eHHO COJHEYHOro H3Iy4YEeHUS,
KOTOpO€ MO0 Obl TMOTyOMTh JKM3Hb Ha IUIaHEeTe (ceBepHOEe cusiHue). VMcTouHuKoMm
MarHuTocgepsl 3eMJIM CUYUTACTCS ABHKCHHE JKUJKUX METAJUIMUECKUX CIIOEB BHYTPH IUIAHETHI
npu ee BpamieHud. Bpamenue 3eMiau — OAWMH U3 BaXKHEUMUX (PakTopoB (OPMUPOBAHUS
MarHuTHOTO TIOJISI, U €r0 MEXaHW3M CXOX C Tporeccamu B atMocdepe 3emMitu, MPUBOASIIIAM K
3aBUXPEHUI0 BO3AYIIHBIX MAacC TMPOTHUB YaCOBOM CTPEIKM B CEBEPHOM TMONYIIAPUH U B
oOpaTHOM HamNpaBJICHHH B IOKHOM — IIMKJIOHAM W aHTHIHMKIOHaM. ATmocdepa 3emim —
razoBasi 000yi0uKa, KOTopyto nenar Ha Tpomnocdepy (Onmmke k moBepxHocTH), Ctparocdepy,
Me3socdepy, Tepmocdepy, Ik3ochepy. [lpu yganeHun OT MOBEPXHOCTH JaBIEHUE OBICTPO
nagaet, modtomy B 10-12 kM Tpomocdepsr comepxurcsa mo 80% Bo3ayxa M OHa IMOYTH
MOJIHOCTBIO OMpPEEIIieT Oroy, KIuMar 1 Bo3ayiHbeie notoku. B Crpatocdepe (20% Bo3ayxa
no0 50 kM) pacnonaraercs O030HOBBIM cioil (3amuTHbBIN). O30H — COCTOMT M3 KHUCIOpPOAa,
oOpa3zyercs 1oj ACHCTBUEM BHEIIHET0 KOCMUYECKOTo m3iydeHus. [[pyrue gactu armocdepsl
MOYTH HE COZIepkaT BO3Ayxa U He urpaet 6onbiioi ponu. Jluaus Kapmana (100 km) cunraercs
rpanuiieil kocmoca. Jlutocdepa 3emiu coaepKuT TBepayro 00oaouky (kopa ot 30 1o 80 km) u
oOpa3yeT IUIMTHI, KOTOpBI€ IUIABAIOT B JKUAKOM MaHTUU. CTOIKHOBEHUS IUTUT OOBSCHSIOT
3eMJICTPSICEHUS, TPEIIUHBI TUTUT 00pa3yIoT pa3ioMbl B KOTOPBIX JACHCTBYIOT BYJIKaHBI. B memom
MaHTHs 3eMiIM ToKa IJIoX0o m3ydeHa. ['mapocdepa 3emin oOpa3oBaHa MOpSMH, OKEaHAMH,
o3epamMu U pekamu. M3ydenmem ruapocdepsl 3aHnMaeTcs (U3MKa MOpS U THAPOIWHAMHKA.
['my6Guna oxeanoB (10 11 kM) onpenensieT CI0XKHOCTh UX M3YUYEHUSI U3-32 BHICOKOTO JIABJICHMUSI.
Pasmenienue autochepsl u rugapocdepsl ompenenstor reorpaduio 3emnu. [eorpaduyeckue
OCOOCHHOCTH, TEUEHHUsI B THApOcdEpe, TOPhl U PEKU TPEOYIOT UCIOIB30BAHMS CHEIHAIBHOTO
pasnena ¢pusuku — ¢uzudeckoi reorpaduu. Kpome Toro, He0OX0IUMOCTh TOOBIYH MOJIE3HBIX
HCKOTIAeMbIX, CTPOMTENIbCTBA, PA3BUTHsI TPAHCIIOPTA OMNpEAENsieT MpUMEHEeHUuEe (GU3HKU B


https://www.youtube.com/watch?v=jSWh2CU8ynA

reoJIOTHH (HayKe O CTPOCHHUH M CTPYKTYpe TUTOCHEPHI).

l'eorpaduueckass  odosouxka 3emam —  japgmadTHas  obomouka —  cdepa
B3aMMOIIPOHUKHOBEHUS W B3aUMOJACUCTBUS JHUTOC(epsl, atrmocdepbl, ruapochepsl u
onocdepsl. BepTukanbHas TONIIMHA COCTaBISAET JAECATKH KHIOMETPOB. LlenocTHOCTB
reorpauueckoi 000J0YKH OIpEAEIAeTCs HENPEPbIBHBIM OOMEHOM SHEPIrUel U Maccol MEX1y
cywei u armocgepoir, MUpoBbIM OK€aHOM M opranuzMamu. [Ipupoansie mporeccsl B 0007104YKe
OCYILECTBJISIOTCS 3a CUET JyducTod sHepruum ConHua ¥ BHYTPEHHEW HHepruu 3emid. B
npenenax reorpaduueckoil 00OJOYKM BO3HUKIO U Pa3BUBAETCS YEJIOBEYECTBO, KOTOPOE
yepriaeT U3 000J0YKH PECYPCHI JJIs CBOETO CYIIECTBOBAHMS U PA3BUTHSI.

l'eorpaduueckass cpema — 3eMHOE OKPYXKEHHE UEJIOBEUECKOro OOIIecTBa, 4YacTh
reorpaguueckoii  000JOYKH, BKIIOYEHHOM B cdepy UEIOBEUECKOM NESITeNIbHOCTH U
COCTaBIISIIOLIEH  HEOOXOOUMOE  YCIIOBHE  CYIIECTBOBAaHUS  YEJIOBEUYECKOIO  OOIIEecTBa.
['eorpaduueckas cpea Oka3blBaeT 3HAUNTENBHOE BIMSIHUE HA Pa3BUTHE 00IECTBA.
l'eorpaduyecknii neTepMHUHU3M — KOHICMIIMSA, NpuUAaromas reorpadudeckum (axtopam
pemaroniyo poib. OHU ONPEACNSIIOT HalpPaBICHUE XO3AMCTBEHHOM IEATENbHOCTH JIIOJCH,
NICUXUYECKUN CKJaJd, TEMIIEPAMEHT, XapakTep, OOblYau, SCTETUYECKHE B3MIAIbI, (OPMBI
roCyJapCTBEHHOIO MpAaBI€HUS M JIMYHYK KU3Hb, a TAaKXKE THUIIBI 3THOCOB, MOTYIIUX
CYLLECTBOBATh B JAHHOM KJIMMATe HA JAHHOW TEPPUTOPHH.

I'eostorusi — KOMIUIEKC HAyK O COCTaBE, CTPOCHUM U MUCTOPUU PA3BUTHS 36MHOU KOPBI U 3€MJIU.
Cucrema reoJorn4eCcKiX HayK BKIIOYAET CIAEAYIOIINE Pa3Iebl:

cmpamuepaguio — HayKy, U3y4arollyto MOCJIeI0BaTeIbHOCTh (POPMUPOBAHMS TOPHBIX MOPOA U
UX TIEPBUYHBIE TPOCTPAHCTBEHHBIE B3aUMOOTHOIIEHUS,

MEeKMOHUKY — HAyKy, U3y4arolllyl0 Pa3BUTHE CTPYKTYpPbl 36MHON KOpPbI M €€ M3MEHEHUs IO0J
BIMSIHUEM TEKTOHMYECKUX ABMXKEHUH U naedopmanuii, CBS3aHHBIX C pa3BUTHEM 3€MIIM, B
2e00UHAMUKY, W3YYAIOLIyI0 CHJIbBI M TpOIEecChl B KOpe, MaHTUM U sApe 3emiu,
00yCJIOBIMBAIOIINE TIIyOMHHBIE U MOBEPXHOCTHBIC PETyNIpHbIC, UMITYJbCHBIE U XaOTHUYECKHE
JIBHKEHUSI MacC BO BPEMEHU U MIPOCTPAHCTBE;

MOPCKYIO 2e07102ul0 — HayKy, KOTOpas M3y4yaeT BOAY KaK >KUJAKHI MUHEpal, coAepKauui
MHOKECTBO PACTBOPEHHBIX 3JIEMEHTOB, 3JIEKHU KEJIE3UCTO-MApraHIIeBbIX KOHKPELM Ha JHE
OKEaHOB, MECTOPOXKJEHUS He(PTH U ra3a Ha 1IeNb(ax OKEaHOB;

DECUOHATIbHYIO 2€0102Ul0 — HAayKy, KOTOpasi U3y4aeT CTPOEHHUE 36MHOM KOPBbI U MECTOPOKICHUS
MOJIE3HBIX UCKOMAEMBIX PA3JIMUHBIX PETHOHOB;

MUHepanoeuro — HayKy O MHHepajax, HuX COCTaBe, CBONCTBAaX, OCOOCHHOCTSIX U
3aKOHOMEPHOCTSAX (PU3NYECKOTO CTPOCHUS, YCIOBHIX 00pa30BaHus, HAXOXKICHUS U U3MEHEHUS
B MIPUPOJIE;

nempozpaguio (nemponoz2uro) — HayKy O TOPHBIX MOPOJAX, UX MHUHEPATLHOM U XUMHUYECKOM
COCTaBe, CTPYKTypE U TEKCTYpE, YCIOBHSX 3aJ€TraHus, 3aKOHOMEPHOCTIX pPaclpOCTPAHECHMS,
IIPOUCXOXKJIEHUH U U3MEHEHUH B 36MHOM KOpE, Ha OBEPXHOCTH 3E€MJIU;

aumoepaghuro — HayKy 00 OCaOYHBIX MOPOAAX U COBPEMEHHBIX OCaJKaxX, UX BEIIECTBEHHOM
COCTaBe, CTPOCHUHU, 3aKOHOMEPHOCTAX U YCIOBUAX 00pa30BaHUs U U3MEHEHUH;

2eoxumuio — HayKy, U3y4alollyl0 XUMHUYECKUHA COCTaB 3€MJIM, PacHpOCTPAHEHHOCTb B HEW
XUMUYECKUX JJIEMEHTOB M HUX CTAaOWIbHBIX H30TONOB, 3aKOHOMEPHOCTH pacHpeeieHUs
XUMHUYECKUX AJIEMEHTOB B PA3JIMUHBIX re0C(EepHBbIX 000J0YKaxX, 3aKOHBI MOBEJICHUS, COUETAHUS
U MUTpaliy (KOHLIEHTPALIUU U PACCESHUSA) DIIEMEHTOB B IMIPUPOIHBIX MPOLECCAX;

VueHue 0 NOJe3HbIX UCKONAeMblX — HayKy O MHUHEpalbHBIX OOpa30BaHUAX 3E€MHOM KOPBI,



XUMHUYECKOM COCTaBe M (PU3WYECKUX CBOMCTBAX, MCIOJIb3yeMbIX B cdepe marepuaabHOTO
ITPOU3BO/ICTB;

2€0XPOHON02USL — YUCHUE O XPOHOJIIOTMYECKOHN MOCIEA0BATEILHOCTH (POPMUPOBAHUS U BO3PACTE
TOPHBIX MTOPO/I, CIArarolIMX 3€MHYIO KODY.

JIOTIOTHUTEIBHO:

[1] c.34-131

[2] ¢.198-204

[4] ¢.282-309

3emutst: buorpadus nnanersl. ®unsMm National Geographic https://www.youtube.com/watch?
v=kS2t0kvIMmw

I'eonoruueckas ucropus 3emiu, Poxxnenue u spostons [naners
https://www.youtube.com/watch?v=fqbPndSLycl

MexaHuKa M MeXaHUCTHYECKAs TEOPUS MUPa

Mexanuka — paszgen GU3UKW, Hayka, W3ydyalolias JBIKCHHE MAaTepUANbHBIX Tel U
B3aUMOJICHCTBUE MEKy HUMHU. [IpUHATO 1€TUTh MEXaHUKY Ha CIENYIOLIUE Pa3aeibl:

® TEOPETUYECKYIO MEXaHUKY (CTaThka, KHHEeMaTHKa, JTMHAMUKA)

® MEXAaHMKY CIUIOIIHBIX CPEX

® TEOPHUIO YIIPYTOCTH U COMPOTUBIIEHUSI MAaTEPUATIOB

® TEOPUIO MEXAHW3MOB M MAILIVH
D10 paznensl KiIacCMYecKo MexaHuKd. [loMHMMO Hee ecThb pensiTUBUCTCKAass M KBaHTOBAs
MexaHuka. Kiaccuueckass MexaHMKa TIOCHYXWJIa OCHOBAaHMEM JUii  (POPMHUPOBAHUS
MEXaHHCTHYECKOM TeOopuu MHpa. B pamkax KiacCM4eckoill MeXaHUKH ObUIH CPOpPMYIUPOBAHBI
NePBbIE 3aKOHBI COXPAHEHUS] — HYHEPTUHU, UMITYJIbCA, MOMEHTA UMITYJIbCA.
Knaccuueckast MexaHuKa opasaessercs Ha:

® CTaTuKy (KOTOpasi paccCMaTpUBacT paBHOBECHUE TEN);

® KMHEMAaTuKy (KOTOpasi U3y4aeT T€OMETPHUUECKOE CBOMCTBO JBMXKEHHS 0€3 pacCMOTPEHUS

€ro NpUYrH);
® JIMHAMUKY (KOTOpasi pacCMaTpPUBAET JBUKEHHUE TEJ C yUETOM BbI3bIBAIOIINX €TO MIPUUUH).

OCHOBHBIM MPUHIIMIIOM, Ha KOTOPOM 0a3upyeTcs KJIacCCUYeCKas MEXaHHKa, SIBJISETCS MPUHIIUIT
OTHOCHUTENILHOCTH, C(HOpPMYIUpPOBaHHBIN ['anuieeM Ha OCHOBE SMMIMUPUYECKUX HAOIIONCHUM.
CornacHO 3TOMY MPHUHIUITY CYHIECTBYeT OECKOHEYHO MHOIO CHUCTEM OTCYETa, B KOTOPBIX
CBOOOJTHOE TEJIO TIOKOUTCS WU JBUWXKETCS C TIOCTOSHHOW I0 MOIYJI0 M HAMpPaBJICHUIO
CKOPOCTBbIO. OTH CHCTEMBl OTCUETA HA3BIBAIOTCA WHEPUUAIBHBIMU M JABWXKYTCS JpYT
OTHOCHUTEJIbHO JIpyra PaBHOMEPHO M MPSMOJMHENWHO. BO BCeX HHEPIMAIBHBIX CHCTEMax
OTCY€Ta CBOMCTBA MPOCTPAHCTBA M BPEMEHMU OJIMHAKOBBI, U BCE MPOIECCHl B MEXAHUYECKUX
CUCTEMAX MOAYUHSIIOTCS OJJUHAKOBBIM 3aKOHAM.
J1OMOJIHUTEIIBHO:
[2] c.182-204
[3] c.99-117
[4] c.38-54

3akonbl HeroToHa. /IBHKeHME Tes
OCHOBOH KJIACCMYECKON MEXaHUKH SIBISAIOTCS TpH 3akoHa HproToHa.


https://www.youtube.com/watch?v=kS2t0kvIMmw
https://www.youtube.com/watch?v=kS2t0kvIMmw

IlepBpIil 3aKOH YCTAHABIMBAECT HAJIWYME CBOMCTBA WMHEPTHOCTU Yy MAaT€pUaJbHBIX TEI U
NOCTYJIUPYEeT HAJIMYUE TaKUX CHCTEM OTCYETa, B KOTOPHIX JBM)KEHHE CBOOOJHOTO Tena
IPOUCXOAUT € TIOCTOSHHOM CKOPOCTBIO  (Takhe€ CHUCTEMBI  OTCUETA  HA3BIBAIOTCS
MHEPLUAIbHBIMHU).

Bropoii 3akoH Hpl0TOHA HA OCHOBE SMIUPUYECKHUX (DAKTOB MOCTYIUPYET CBSA3b MEKTY
BEJIMYMHOMN CUJIbI, YCKOPEHUEM TeJla U €r0 MHEPTHOCTHIO (XapakTepuszyemoit maccoit). B
MaTeMaTuyeckor (popMyIrupoBKe BTOPO 3akoH HbIOTOHA Yallle BCEro 3anuchiBacTCs B
CJIEIYIOILEM BU/IE:

F=m a, F— BexTop Cujbl, m — Macca, @ — BEKTOp YCKOpeHUs.. a = dv/dt v — BeKTOp
CKOpPOCTH.

Tperuit 3akoH HproTOHa MOCTYJIMpyET HAaIW4ue IS KaXJIO0M CUJIbl, JEMCTBYIOIIEH HA IIEPBOE
TEJI0 CO CTOPOHBI BTOPOT'O, PABHOW MO BEJIIMYMHE U MPOTUBOMOJIOKHOM 110 HAMPABICHUIO CUJIbL,
JIEHCTBYIOIIE Ha BTOpPOE TEJIO €O CTOpPOHBI mepBoro. Hammume Tperbero 3akoHa HproToHa
00ecIreynBaeT BBIIOJIHEHUE 3aKOHA COXPAaHEHUS UMITYJIbCa (MPOM3BEIEHUS MAcChl HA CKOPOCTh
Tena) s cucteMbl Teda. Eciu MOXXHO mpeHeOpeub TpeHHeM, TO 3akoHbl HploToHa Tak ke
MO3BOJISIIOT C(HOPMYIHPOBATh 3aKOH COXPAHEHHS] MEXaHMYECKOM SHEpruu, IJe KUHETH4YecKas
SHEPIrHsl JBMKEHUS TeJa PONOPIHOHATILHA KBaApaTy ckopoctu (E=mv’/2).

Hcnonb3ys 3akoHbl HpIOTOHa MOXXHO COCTaBUTH cUCTeMy Au(depeHIuaIbHbIX YpaBHEHUN
JBIDKEHUs1 Tena. PemmB 3Ty cucTeMy MOXHO HaWTH TpaeKTOpUIO JBMXKeHUs Tena. Bce
OCJIOXKHSIETCSI TIPU B3aUMOJICHCTBUM HECKOJIBKUX TeJl, HAJIMYMK BHEIIHUX CUJI (TpPEHUE U T. 11.),
T€J, KOTOpPBIE€ HENb3sl cuuTaTh To4YeuHbIMU. OCOOBIM BapuaHT ONMUCAHUA HMEET Ciydal
BpaIlaTEIbHOTO JABUKEHHUS TeN. 3J€Ch )K€ MPU MOCTOSHHOW CKOPOCTU BpAICHUS JEHCTBYET
LEHTPOCTPEMUTEIIbHAS CHJIA U COOTBETCTBYIOLIEE YCKOPEHHUE.

J1OTOJTHUTEIIBHO:

[2] c.182-204

[3] ¢.99-117

[4] c.38-54

3 3akoHa HeroTtoHa. https://www.youtube.com/watch?v=SIVOWkwVBYA

Mexanudeckoe aBwkeHue. https://www.youtube.com/watch?v=vdep9FPLX2s

JJIEKTPOMATHMTHAS TEOPHUS 110JIA
DeKTPOMATrHUTHOE MOJie — (QU3MUecKoe TI0Jie, B3aUMOJICHCTBYIOIIEE C AIEKTPHUECKU
3apsKEHHBIMU TEJIaMHU, a TAKXKE C TEJIAMM, UMEIOIIMMU NIEKTPUYECKUE TOKH WIM MarHUTHBIE
CBOMCTBA. MarHuTHbBIE CBOWCTBA TEJI OIPEACIAIOTCS HAJIUYUMEM BHYTPEHHMX TOKOB WU
JBIKEHUH 3apsSyKEHHBIX YacTUL. JJIEKTPOMATHMTHOE MoJe (M €ro MU3BMEHEHHE CO BPEMEHEM)
OIKCHIBACTCS B AJIEKTPOAMHAMHMKE B KJIACCHUECKOM MPHUOIMKEHUH MOCPEICTBOM CHCTEMBI
muddepeHInanbHbIX  ypaBHeHUH MakcBemna. JleficTBuE 9IEKTpOMAarHUTHOTO TIONsL  Ha
3apsKEHHBIE TeJa OMKCHIBAETCA B KJIACCHYECKOM MPUOIMKEHUN TOCPEICTBOM CHIIbI JlopeHna.
Bo3mymenue 31eKTpOMarHUTHOTO IOJISA, PACIPOCTPAHSIONIEECS B MPOCTPAHCTBE, HA3BIBACTCS
AIIEKTPOMArHUTHOM BOJHOW. JIroOast anexkTpoMarHUTHas BOJHA PAcHpOCTPAHAETCS B IIyCTOM
IPOCTPAHCTBE (BaKyyMe€) ¢ OIMHAKOBOM CKOPOCTBbIO — CKOPOCTBIO CBETA (CBET TAKXKE SIBIACTCS
AIIEKTPOMArHUTHON BOJIHOM). B 3aBUCMMOCTH OT JIJIMHBI BOJIHBI 3JI€KTPOMArHUTHOE U3JIyYeHHE
NOJpa3JeNsieTcsl Ha paAuou3yuyeHue, CBeT (B TOM 4ucie MH(pakpacHbId U ylbTpa(uoieT),



PEHTIEHOBCKOE M3IIyYeHHWEe U TraMMa-u3iaydeHue. Buj wusiyyeHus 3aBHCUT OT 4YacCTOTbI
AIIEKTPOMArHUTHBIX KOJICOAHWN WIJIM JIJTMHBI BOJHBI M OOPa3yrOT CHEKTP AJIEKTPOMArHUTHOTO
u3lyyeHus. PalioBOIHBI UMEIOT caMylo JUIMHHYIO JJIMHY BOJIHBI U HU3KUE 4acTOTHI (hopmyna
A=c*T, tne A — JuIMHA BOJHBL, C — CKOPOCThb CBeTa, T — MEpHOA 3IEKTPOMAarHUTHBIX
KoJIeOaHMM, 4YacToTa JJIEKTpOMarHUTHbIX KosneOanuit f=1/T). Tak kak CKOpPOCTb CBeTa
MOCTOSIHHA, TO MO JIJIMHAM BOJIH/Y4aCTOTE 3/M BOJHBI MOXHO PACIOJIIOKHUTh B IOPSAJIKE YObIBAHUS
JUIMHBl BOJIHBI: PAaJHOBOJIHBI (KUJIOMETPOBBIE, METPOBBIE, JELMMETPOBbIE WM JJIMHHBIE,
KOpOTKHUE U yabTpakopoTkue), CBY (caHTUMETpOBbIE U MUJUIMMETPOBBIE), HH(PAKpACHbIE WU
temnosblie (100-10 MukpomeTpos 10 MeTpa)), TpaJAUILIMOHHBINA CBET (OT KPACHOTO 10 CUHETO I10
panyre, 10-0,1 Mukpomerpa), yasrpaduoner (Hanomerpsl 10 Merpa), peHIeHOBCKHE, raMMa-
W3Iy4eHre. 3Has CKOPOCTh CBeTa B BakyyMme ¢=3*10° mM/c MOXHO HaiTH AMANa3oHbl 4acTOT
W3ITyYEHUS.

J1OMOJIHUTEIIBHO:

[2] c.145-153

[4] c.38-54

DneKTpoMarHuTHbIe BOIHEI https://www.youtube.com/watch?v=1hkBUlGnnpU

BonHoBas u kopnyckasnsipHas TEOpUU

[IpobGneMa CTOIKHOBEHUSI BOJTHOBOM U KOPITyCKaJIIPHON TE€OPUH BO3HUKIIA MIPU U3yUEHUHU CBETA
W ONTUKHU (HAyKH O PACHpOCTpPaHEHUM CBETAa W €ro B3aUMOJICHCTBUHM C Teiamu). SIBICHHS
MPEJIOMJICHHS], OTPAKECHUSI, PACCESHUS, MPOXOXKICHUSI CBETa 4Yepe3 Cpeibl ObLIM M3BECTHBI C
IpeBHUX BpeMeH. MHTepecoBan y4eHbIX JPEBHET0 MUpa U MpodiieMa 1BeTa Tel, >KUAKOCTEH,
ra3oB, He0a. OcoOeHHO MHTEepecHBbl ObuTH PaboThl ApxuMmena ¢ 3epkaigamu. C MOSIBICHHEM
JIMH3, ONTHYECKUX MpUOOpoB (TIOA30pHas TpyOa, MUKPOCKON, TENECKON) HM3YYEHUE OITHUKHU
CTaJO0 O4YeHb aKTyalbHbIM. B 17 Beke OonbIinoi BkIIag B ONTHKY BHEC HBIOTOH, KOTOPBIiA
00001INT U3BECTHBIE TOTIA Pa0OTHI M BBIABUHYJ CTPONHYIO TEOPUIO T€OMETPUYECCKON ONTHKH.
B sToi1 Teopun HprOTOH paccMmarpuBai CBET KaK MOTOK YaCTHUI] — KOPITYCKYJI, MPUYEM €r0
3HAMEHUTBIN OMBIT C MPU3MOH (pacilerieHue OesIoro CBeTa Ha CIEKTP LBETOB) MO3BOJIMIIO EMY
MNPEANONOXKUTh HATUYME KOPIYCKYJI pa3HOTO THMa JUisl pa3HbIX 1[BeTOB. B Teopun Hprorona
OOBSCHSUTUCH SIBIICHUSI OTPAXKCHUS, MPEJIOMIICHUsSI, PACCEMBAHUS CBETa W MpOOJIeMa HaJIUYMs
1BeToB. OIHAKO OCTaBAJIMCh HEMIOHATHBIMHU SIBJIeHUsI HHTEepdepeHnu U qudpaxiuu. CorliacHo
KOPIYCKYJISIPHOM TEOpUM MEXKAY IMyYKaMHU HW3JIYYEHHBIX YacCTHI], KAKOBBIMU SIBIISIETCS CBET,
BO3HUKaJIM OBl CTOJKHOBEHHUSI WJIM, MO KpailHell Mepe, Kakue-1u00 BO3MYILEHHS, HO BCE
0COOCHHOCTH UHTep(depeHINU U TudpakIuy 00bsICHUTL ObuTO TpyAHO. .K koHITy 17 Beka craiio
OYEBUIHBIM, YTO SIBJICHUSI UHTEPPEPEHIMH U AUPPAKIUUA MOKHO OOBSICHUTH TOJIBKO B paMKax
BOJIHOBOW TEOPHH, @ HE HA OCHOBE MEXAHUCTUYECKON KOPITYCKYJISIPHOM TEOPUU CBETA.

JIpuHUIUNUATBEHO MHBIM MYTEM OOBSCHSJ ONTHYECKHE SIBICHUS TONAHIACKUN YUYeHBIN
Xpuctuan ['oiirenc (1629-1695 rr.) Ha ocHOBE chOpMyITMPOBAHHOW UM BOTHOBOUM Teopuu. OH
yTBEPXKAAJ: «IBa JIyda CBETa, epeceKasiCh, MPOHU3BIBAIOT APYT Apyra 0e3 KaKux-Indo Mmomex,
B TOYHOCTH, KakK JBa psJia BOJIH Ha BoJie». BomHOBas Teopusi yCTaHABIMBAIA aHAJTIOTHIO MEXTY
pacrpoCTpaHEHHEM CBETa, JBWKCHHEM BOJIH Ha TMOBEPXHOCTHM BOJBI M 3BYKOBBIX BOJH B
BO31yXe. B BOJHOBOM Cpele Mpeamnoyiarajioch HaJW4YHWe YNPYTOM Cpelbl, 3alOJIHAIOLIEN BCE
MPOCTPAHCTBO - CBETOHOCHOTO 3¢upa. .PacmpocTpaHeHue cBeTa paccMarpuBalioCh Kak
pacnpocTpaHeHue kojebanuit sdupa: «Kaxnas oraenbHas Touka »@upa koiebimercs B
BEpPTUKAJILHOM HarnpaieHuu. KoinebaHus BceX TOUEK CO3/1al0T KapTUHY BOJIHBI, EpeMelaeMoi



B IPOCTPAHCTBE OT OJHOTO MOMEHTA BPEMEHH K JIpyro-my». Ha ocHOBe BOIHOBOW Teopuu X.
[foiireHC OOBSICHUIT OTPAKEHUE U TIPEIIOMIICHHE CBETA.

Oco0eHHo ymoOHOI OKa3anach BOJHOBAsl TEOPHUS Ui OOBSICHEHHUS HHTEPHEpPEHLNH U
nu(dpakyu Kak sSBICHUM HaJOXKEeHUs 2-X WK 0oJiee BOJH ApyT Ha apyra. [IpoxoxkaeHue cBeta
yepe3 WIeNb JaBaIM JAUPPAKIUMOHHYIO KapTHHY, KOTOpas 4acTo Obula OYE€Hb YETKOW.
AHaJIOTUYHO MOXKHO OBLII0 HAOJIOATh MOAOOHBIE SIBICHUS ¢ AU PaKIIMEH BOJIH BObI, KOTOPHIE
HUKAaK He OBbLIM CBSI3aHbI C JBU)KEHHWEM 4YacTull. bbuia pazpaboraHa maremaruyeckas TEOpHs
UHTEpPEpeHIIMN U AUPPAKIUU, KOTOpast Obula MpOBEpEHa B SKCIEPUMEHTaX U Jajia TOUHOE
cooTBeTcTBHE. Bojee Toro, Ha OCHOBE ATUX TEOpHl ObUTH pa3paboTaHbl CHICIUATbHBIE PUOOPHI
— uHTepdepoMeTphl, TUGPaKIUOHHBIE PEIIETKH, KOTOPBIE CTAIN aKTUBHO HCIIOJIb30BAThCs HA
npakTuke. C 3TOro BpEMEHU TaK K€ HAYMHAETCS aKTUBHOE WM3YUYEHUE CIEKTPOB HM3IyUCHHUS.
Kortopoe ¢ nosiBinennemM (oTOMIACTUHOK CTAJI0 MOIIHBIM CPEICTBOM H3YUEHUS! OKpPY’KaIOIIEro
mupa. CneKkTpaiabHbI aHAIU3 MMO3BOJIWII ONPEIEIUTh XUMHUUECKUI COCTaB 3BE37 M Pa3IUIHBIX
TeN, OCOOCHHOCTH U3NMyueHus ropsuux Tted. OnHako HU3ydyeHHEe TaKuX U3IyYeHUH u
dororddexra (CTonEeTOB) 3aCTAaBUIO BHOBb BEPHYTHCA K KOpIyCKaIsApHOU Teopuu. OKazanocs,
YTO 37[€Ch 3JIEKTPOMAarHUTHOE HW3JIyYEHUE TMOMVIOAETC WIM HU3Jy4aeTcsl JUCKPETHBIMU
nopuusiMu — (oronamu. B 1900 rony Hemeuxuit ¢puzuk M. [1naHk npu U3yyeHUU TEIIOBOTO
U3ITy4YEeHHs] BBIIBUHYI MPEINONIOKEHNUE, YTO amom UCHYCKAen IHEPSU0 He HENPEPbIBHO, «KAK 8
Kknaccuxey, a nopyusmu (keaumamu). B 1905 rogy nipu o0bsiciennu gorordpdexra DUHIITEITH
BBICKa3aJl elle UJEI0, YTO amom noziowaem 3Hepauto makdce keanmamu. KBaHT cBeta ObLI
Ha3BaH BIIOCIEACTBUU omonom. Bce 3T0 BHOBb OOOCTPHIIO AMCKYCCHIO O MPUPOAE CBETA,
KOTOPBIH, C OTHOW CTOPOHBI, IOHUMAJICS KaK 3JIEKTPOMarHuTHas BOJIHA, 4, C IPYTOil CTOPOHBI —
KaK MOTOK 4acTuil ((POTOHOB).

Takum 00pa3zoM, k KoHITY X/X Beka u3nka mpuiiia K BRIBOY, YTO Marepus CyIIeCTBYET
B JIByX BHJAX: JIUCKPETHOE BEILECTBO U HENMPEPBHIBHOE MOJE. BemecTBo u mone pa3indarorcs
0 CBOMM (PU3MYECKUM XapaKTEPHUCTUKAaM: BEIIECTBO - JUCKPETHO M COCTOMT W3 aTOMOB.
Yactuipl BemecTBa 00Jaal0T MAcCOW TIOKOS; TMOJIE€ — HEMPEPHIBHO, MAacCOW TMOKOSI OHO HE
o0nanaer, CKOPOCTb €ro paclpoCTPAHEHHs paBHA CKOpOCTU cBeTa. lIbITasch OOBSICHUTH
O0COOEHHOCTH TEIUIOBOro M3inyuyeHusi, Makc [InmaHk moneiTalics yCTaHOBUTh 3aKOHOMEPHOCTb,
KOTOpasi Obl YETKO BbIpakajia 3aBUCUMOCTb PACIIPEACIICHHs] SHEPTUH B CIEKTPE U3TYyUYEHUS OT
TeMIlepaTypbl U JUIMHBI BOJIH. B pe3ynbrare OoH BbIBEN (HOPMYIy IJI SHEPIHMH H3ITy4aeMOTro
dorona E = h*f (f — vactora uznyuyenus). Benuuuny / [1nank Ha3Ban keanmom oeticmsusi. OHa
ABISAETCS (PyHAAMEHTAJIBLHOM MOCTOSAHHON, paBHON 6,626 10°* Jx*c, ITosToMmy, TeopHio
U3JTy4YEeHHs] KBAHTOB Ha3BaJM KBAaHTOBOM. [ pa3peienus nmpobiaemM KBaHTOBOM Teopuu B 1924
rony (ppannysckuit pusuk JI. Jle Bpoiinb BBIIABUHYI uO€t0 O 80OIHOBLIX CEOLUCMBAX Mamepuu,
MOSICHSIIONIYIO Jyallu3M CBeTa KaK YacTHBIN ciyuyail: Mamepus 6 yenom moodicem 6 OOHUX
yenosusix gecmu cebsi Kak 607HA, A 8 Opyeux Yclosusx — Kak nomok uacmuy. B KBaHTOBOM
TEOPUU TOJIA ATOT MPUHIMUI PACIIUPUIIM HA BCE YACTHUILIBI, a BOJHBI YAaCTHUI] CTaJll Ha3bIBaTh
BosiHamu Jle bpoitns. .CaemyeTr OTMETHTb, YTO BOJHOBBIE CBOWCTBA MHUKPOYACTHUL[ HEJb3s
NEPEHOCUTh HAa  Makpodac-TMLbl. BOJIHOBbIE  CBOMCTBA  MaKpOCKONMYECKHX TN
HKCIIEPUMEHTAJIBHO HE OOHapyXeHbl. J[JIMHBI BOJH, COOTBETCTBYIOLIME MHUKPOYACTHULAM,
HAxXomATCs 3a MpelenaMu AOCTyNmHOM HaOmogeHuto obOnactu. IlosToMy cumraercs, 4To
MaKpOCKOIIMYECKUE Tea MPOSIBISIIOT TOIBKO KOPITYCKYJISIPHBIE CBOMCTBA.

JIOTIOTHUTEIBHO:
[2] c.145-176



Makc [1nank - HemMenkuii PU3NK-TEOPETUK, OCHOBOIIOIOKHUK KBAHTOBON (DU3UKHU.
https://tvkultura.ru/video/show/brand 1d/21985/episode 1d/1500126/video id/1633826/viewtyp
e/picture/

DNeKTpOMarHuTHas KapTuHa Mupa
Ucrtopust:
N3BecTHBIE €€ cO BPEMEH AHTUYHOCTU DJIEKTPUYECTBO M MarHeTusM a0 Hadana XIX B.
CUMTAINCh SIBICHUSMH, HE CBSI3aHHBIMU JIpyr C APYIOM, M PAacCMarTpUBAIINCh B PAa3HBIX
pasnenax GU3MKH.

B 1785 Ilapne KynoH OTKpBIT 3aKOH MPUTSHKEHHE PA3HOMMEHHBIX SJIEKTPUUECKUX 3apsIOB
Mexay coboil. Cuia B3auMOACHCTBUSL IBYX TOUEUHBIX 3aps0B B BaKyyMe HaIlpaBJIeHA BIOJIb
OpsIMOM, COCNUHSIONICH OTU 3apsiibl, MPOMOPIMOHAIbHA WX BEJIUYMHAM U OOpaTHO
MPONOPLUHUOHAJIBHA KBaJpaTy PAacCTOAHUS MexAy HUMH. OHa SBISIETCA CUJION MPUTSKEHHS,
€CIIM 3HaKu 3aps0B pa3Hble, U CUJION OTTAJIKUBAHUSA, €CIU 3TH 3HAKH OJIMHAKOBBL. Takum
o0pa3oM, OKOHYATEIHHO OBLIO OMPEACNICHO HAIMYWE 3apsI0B 2-X THMOB (+ U -), YCTAaHOBJICHA
dbopmMyna nys pacuera cuibl BX B3auMmozaercTBus. Ha ocHoBe dopmyibl Kynona Ob11 mOCTpoeH
MaTeMaTHYEeCKU METOJ pacueTa CHJIbl 3JIEKTPUYECKOrOo TMOJs s PaclpeiesieHHOIO B
MPOCTPAHCTBE 3apsija. bbUIM TpOBEACHBI SKCHEPUMEHTHl C METALIMYECKUMU OINUIIKAMH,
KOTOpbIE€ TOKAa3alli PACMOJIOKEHUE B MPOCTPAHCTBE TAKOTO 3JIEKTPUUYECKOrO IMOJIsI, BBEACHO
MOHSATHUE CUJIOBBIX JIMHUM MO, TakuMm 00pa3oM, AIIEKTPUYECKOE IMOJIe PaCIpOCTPaHSIIOCh Ha
BCE€ MPOCTPAHCTBO, HO €ro cuia OblcTpo YyObIBama. beul Tak ke oOHapyxkeH 3]dext
HKPAHUPOBAHUS DJIEKTPUUECKOTO TMOJIS.

B 1819 r. nmarckmii ¢pusuk I. X. Dpcren oOHApy W, 4TO MPOBOAHHUK, IO KOTOPOMY TEUYET
AIIEKTPUYECKUIN TOK, BBI3BIBAET OTKJIOHEHUE CTPEIKA MAarHUTHOIO KOMIIAca, PacIOIOKEHHOTO
BOJIMU3M ATOTO MPOBOJHWKA, U3 YErO CJIENOBAJO0, YTO DJIEKTPUYCCKUE M MArHUTHBIC SIBICHMUS
B3aMMOCBs3aHbI. [10 aHATIOTHH ¢ ANEKTPUUECKUM OBLIO OMPECIICHO MOHATHE MATHUTHOTO TTOJIS
B ITPOCTPAHCTBE M OOHAPYKEHBI €r0 CHIIOBHIC JIMHHH.

@panmy3ckuil usuk u maremaruk A. Ammnep B 1824 r. manm MareMaTHdyeckoe OMUCaHHE
B3aUMOJICICTBUS MPOBOJHUKA TOKA C MATHUTHBIM MoJieM (3akoH Amriepa).

B 1831 r anmmiickuit ¢uzuxk M. @apageil SKCOEpPUMEHTAIbHO OOHAPYXKWI U Jajl
MAaT€MaTUYECKOE OMUCAHUE SBJICHUS DJICKTPOMArHUTHOW WHIYKIIMM — BO3HUKHOBEHUS
ANEKTPOABWKYILEH CHIbl B MPOBOJHUKE, HAXOASAMIEMCS TOJ JCWCTBUEM HM3MEHSIOUIErOCs
MarHUTHOTO MOJIS.

B 18641 J[Ix. MakcBemn cO30a€T TEOPUIO DJIEKTPOMATHUTHOIO TMOJIA, COMIACHO KOTOpPOH
DIIEKTPUYECKOE M MACHUTHOE IIOJISI CYIIECTBYIOT KaK B3aMMOCBSA3aHHBIE COCTAaBIISIOIINE
€IMHOTO IIeJIOT0 — AIEKTPOMArHUTHOTO TOJIsl. DTa TEOPHsl C €IMHON TOYKH 3pEHUs OObICHSIA
pe3ynbTaThl BCEX MPEIIIECTBYIOMIMX HCCIEJOBAHUNA B OOJACTH DJEKTPOAMHAMUKH, U, KPOME
TOr0, U3 HEE BBITEKAJIO, YTO JIOObIE U3MEHEHHMSI JEKTPOMArHUTHOIO MO TOJKHBI TOPOXK1aTh
AJIEKTPOMArHUTHBIE BOJIHBI, PACIIPOCTPAHSIOIINECS B AUIIEKTPUUECKON cpene (B TOM 4YHciie, B
MyCTOT€) C KOHEYHOM CKOPOCTBIO, 3aBUCAILICA OT JAUDICKTPUYECKOM W MarHUTHOMN
MPOHUIIAEMOCTH 3TOM cpefpl. s BakyyMa TEOPETHYECKOE 3HAYEHUE 3TOW CKOPOCTH OBbLIO
OJIM3KO K SKCIIEPUMEHTAIIbHBIM U3MEPEHUSIM CKOPOCTH CBETA, MOJTYYEHHBIM Ha TOT MOMEHT, YTO
NMO3BONIMIIO MakKcBeJUTy BBICKAa3aTh MPEANOIOKEHUE (BIOCIEACTBUU MOATBEPIMBILIEECS), UTO
CBET SABJISIETCS OJHUM U3 MPOSBICHUN 3JIEKTPOMArHUTHBIX BOJIH.



B 1887 . memenkmii ¢usux [. Tepiy mocTaBui 3KCHEPUMEHT, MOTHOCTHIO TMOATBEPAUBIIHIA
TEOpeTUUeCKue BBIBOAB MakcBemia. Ero skcnepuMeHTanbHas YCTaHOBKA COCTOsUIA W3
HaxOSIIUXCS HAa HEKOTOPOM pAacCTOSIHUM Jpyr OT JApyra nepeiardyuka W TpUEMHHKA
AIIEKTPOMArHUTHBIX BOJH, U (PAKTUUYECKHU MPEACTABIsAIA COOOM UCTOPUUYECKHU MEPBYIO CUCTEMY
paguoCBsI3d, XOTs cam lepll He BHUJET HHUKAKOro MPaKTUYECKOro MPUMEHEHHUSI CBOEro
OTKPBITHUS, U PACCMATPUBAII €T0 HUCKIIOUUTEIIBHO KaK JKCIEPUMEHTAIbHOE MOATBEPKICHUE
Teopun Makcseiia.

B nanbHeiiimemM moOSIBICHUE TEOPUM OTHOCUTEIBHOCTH M KBAHTOBOW TEOPUHU TIOJS Jajio
BO3MOXKHOCTh MOJIEPHHU3UPOBATH KJIACCUUYECKYIO DJIEKTPOJIMHAMUKY — TOSBHJIACh KBAHTOBAs
AIIEKTPOMHAMHUKA.

J1OMOJIHUTEIIBHO:

[2] c.113-119

[4] c.128-132

07.13 uctopun BEIMKUX HAYUHBIX OTKPBITHI: AHIpe-Mapu AmIiep U JIeKTpOMarHeThu3M
https://www.youtube.com/watch?v=0Ps11L3-kJI

Maiixn @apaneit OT snekTpudecTBa 10 dIeKTporeHeparopa https:// www.youtube.com/watch?
v=atl4H GQzu8

Uctopus pazButus anekrTpuyectsa. https:// www.youtube.com/watch?v=joHKea6 WKi4

Annpe Mapu Amnep https:// www.youtube.com/watch?v=H7jMBkBWM7M

Maruutel, = Hay4yHO  TIO3HABATENIbHBIA  (QUIbM https://www.youtube.com/watch?
v=0RKeiWd2E7A

AKyCTHKa

[TapajutesIbHO ¢ BO3HMKHOBEHUEM BOJIHOBOW TEOPHUEUN CBETA 3Ty TEOPUIO CTAIA MPUMEHATH K
3BYKOBBIM KojieOaHusiM. Tak BO3HMKIIA aKyCTHKa KaK 4acTh (PU3HUKH. TEOpHUI0 aKyCTHUYECKUX
KoJIeOaAHUI M BOJH pa3padaThIBajM MO3KE YeM JUIsl HJIEKTPOMArHUTHOTO TOJISI, HO TI0 TEM XKe
uaesm u popmynam. [1aBHOE OTIIHYME O0KA3aJI0Ch B TOM, YTO aKyCTHYECKHUE BOJTHBI MOTYT OBITH
Y TIPOJIOJIbHBIMU U TIOTIEPEUHBIMU. B aKyCTHKE Tak K€ €CTh SIBJICHUS OTPAXKEHUS, MPETOMIICHHUS,
uHtepdepeHiu, u3nydeHus, nudpaxuuu, paccesuusi. Ho KBaHTOBBIX YCJIOBHI IOCTUTHYThH HE
yIaJ0Ch, TaK KaK TPYAHO TMOJYYUTh JUIMHBI BOJH U YaCTOTHI, IJI€ TaKUE SIBJICHUS MOTYT
BO3HUKATh. [Ipy ATOM €cTh B3aUMOJACHCTBHUE aKyCTUUECKUX MU IJIEKTPOMATrHUTHBIX KOJICOAHUM
(mbe303PheKT, IMEKTPOCTPUKIIUSA) U TIPU BBICOKMX YACTOTaX AJICKTPOMATHUTHBIC KOJIeOaHUSI
yke TOMUHUPYIOT. CIIEKTp aKyCTHYEeCKHX BOJH : uH(Ppa3Byk (10 100 I'tr), ciapimmmelii 3ByK (0,1
Kru-30 KI'm), yasrpassByk (> 30KI'm). [lanpHeiiliee MOBBIMICHHE YacTOThI NPUBOAUT K
TUIIEP3BYKY, B KOTOPOM OYE€Hb CUJIBHO 3aTyXaHUE W OH BO3MOKEH JIMIIb B KPUCTAJJIAX, TJE
KOJICOJIIOTCSI  OTZIETbHBIE aTOMBI. 3/IeCh YK€ pasHulla C 3/M KoJleOaHUSIMH MUHUMAJbHA,
BO3HUKAIOT TETUIOBBIE (DOTOHBI M UCTIONIB3YETCS] KBAHTOBASI TEOPHSI.

TepmoanHamuka
Bmecte ¢ wmsydyenmem Hatypduimocopuu APEBHUE YUCHBIC ONPEIACIHINA TOHSATHS
TeMIeparypa, TEIUI0, HarpeBaHue. bpuin BbIIENEHBI 3 COCTOAHUS BELIECTBA — TBEPIIOE,

XKUJKoe, razoodpasHoe. [IpuMeHHUTENbHO K BOJAE JIETKO OBLUIO YBUJETh, YTO BOJa ObIBAE€T BO
Bcex 3 cocrosiHusx. OnHako 10 HoBoro BpeMeHM KOJWYECTBEHHBIX 3aKOHOB ISl TETIOBBIX
npoieccoB He ObUTO. Beul HEekoTOphle pabOThl ApXHUMena U JIPYTUX Y4YEHBIX, HO HACTOSIICH
Hayku He Obu10. C MOsBICHHEM NTApPOBBIX MAIIIUH MOSBUIACH HEOOXOUMOCTh B TAKOM HayKe.
Pa3BuTHe HayyHOro 3HaHUS O TEIUIOTE HAYajJoCh BMECTe€ ¢ HM300peTeHueM mpudopa,


https://www.youtube.com/watch?v=H7jMBkBWM7M

CIOCOOHOTO HM3MEPSTHh TeMIeparypy — TepMomerpa. CuurTaercs, 4TO MEpBble TEPMOMETPHI
caenan ['anuneit B koHie 16 Beka. [lepBbie mapoBble MallIMHbI OSIBUIIUCH BO BTOPOM MOJIOBUHE
18 Bexka ¥ O3HAMEHOBAJIM HACTYIUIEHUE INPOMBILIICHHOW PEBOJIIOLMHU. YUYEHBIE U HWHIKEHEPHI
CTaJI UCKaTh CIOCOObI YBeNIUYUTh UX 3P dexTuBHOCTD. [logBumnch padotel Kapao u ®ypse B
20-e roge! 19 Beka.

B 40-x romax 19 Beka Maiiep u JIKOyiap KOJIMYECTBEHHO ONPEIEIUIN CBSI3b MEKIY
MEXaHUYECKOM paboTOi U TEIIOTONW U CHOPMYITUPOBATIN YHUBEPCAIbHBIN 3aKOH COXpAaHEHUS U
npeBpaunienus dHeprun. B 50-e rogel Knayznyc u KenbBUH crcTEMaTH3MPOBAIA HAKOIIJIEHHBIE
K TOMY BPEMEHM 3HAHHMS U BBEIU IMOHATHUS SHTPONUU U aOCONIOTHOW Temmeparyphl. bouin
chopMylupoBaHbl 1-e 1 2-e Hayana TepMOJUHAMUKH.

OOwee Ha4ajl0 TEPOMOJMHAMHMKH YTBEP)KJIAET, YTO M30JMPOBAHHASI TEPMOIMHAMMYECKAS
CHCTeMa C TeYeHHEM BpeMEeHHM CaMONPOU3BOJIbHO MEPEeXOIUT B  COCTOsIHHME
TEPMOAUHAMMNYECKOI0 PABHOBECUS U OCTAETCH B HEM CKOJIb YIOIHO J10JIr0, €CJIM BHELIHHE
YCI0BUS COXPAHAIOTCH HEU3MEHHbIMU.

IlepBoe Haval0 TEPMOAMHAMHUKM BBIPAKAECT YHUBEPCAIBHBIM 3aKOH COXPAHEHMS DJHEPTUU
IIPUMEHUTENBHO K 3aJa4aM TEPMOJMHAMUKH W MCKIIOYAET BO3MOXKHOCTH CO3/IaHMSI BEYHOI'O
JIBUratessi MNEpBOrO pojaa, TO €CTh YCTPOMCTBa, CIOCOOHOTrO CcoOBeplIaTh padoty 03
COOTBETCTBYIOIIUX 3aTPaT YHEPTUH.

Btopoe Hauanmo TepMOAMHAMUKHN 3a1a€T OrPAHUYEHUS HA HAIIPABJIEHUE MPOLECCOB, KOTOPHIE
MOTYT IIPOUCXOJUTh B TEPMOAMHAMUYECKUX CHCTEMAX, U MCKJIIOYAET BO3MOKHOCTh CO3JIaHMS
BEYHOTO ABUTaTENsl BTOporo poaa. To ecte «HeBO3MOKEH KPyroBoil Mporecc, €AMHCTBEHHBIM
pPE3yABTAaTOM KOTOPOTO OBUIO OBl MPOM3BOACTBO PAOOTHI 3a CUET OXJIAXKIEHHUS TEIJIOBOTO
pe3epByapay.

OcHoBoI pabOTHI TEPMOJIMHAMUYCCKUX CHCTEM SIBIIIETCS 3aKOH MeHaeneeBa-Knaiinepona:
P*V =x*R*T, rme P — maBnenue, V — 00beM, K — YHCIIO MOJCH (Ompenensercs YrcIoM
MOJIEKYN BemniecTtBa), R — yHuBepcanbHasg koHcTaHTa, T — Temmeparypa. B 1menoMm 3akoH
OKa3aJics HE COBCEM TOYEH, OH pabOTaeT TOJBKO JAJS MI€aJbHOTO Tra3a, OMHAKO OH OOBEIUHUIT
M3BECTHBIE HA TO BPEMs MPOLECCHI B ra3ax (M300apHblE, U30TEPMUUYECKHUE, U30XOPUUECKUE),
KOTOPBIE ONMCHIBAJIMCH OTIEIbHBIMUA 3aKOHAaMH. J[JIs1 peanbHBIX ra30B BBOJATCS YTOUYHSIOLIUE
nonpasku. B 20 Beke 1yisi yTOUHEHHs] TEOpUU PabOThl TEPMOJUHAMUYECKHX CHCTEM ObLIU
BBEJICHbI METOJbl CTAaTUCTUUYECKOM (PU3MKH, 3aT€M KBAHTOBOM TepMOAMHAMHMKHU. B 1emom Ha
OCHOBE KJIACCUYECKON TEPMOAMHAMUKHN BO3HHUKJIM TEOPHUH TBEPIOTO TENA, TEOPUS PEATBHBIX U
KBaHTOBBIX T'a30B, TEPMOJMHAMHKKA TUTa3Mbl U Apyrue. [lna3ma Obuta BelieNeHa Kak ocoboe 4
COCTOSIHUE BEIIECTBA, KPOME TOTO IMPU OYEHb HHU3KUX TEMIIEparypax, MpPU OUYE€Hb BBICOKHUX
TEeMIlepaTypax, IPU OYEHb BBICOKHMX JABJICHUAX BEUIECTBO MOXET HAXOAUTBHCS B TaKHUX
COCTOSIHMSIX, KOTOPbIE€ MOTYT OBITh ONHMCaHbl (M TO HE TOYHO) TOJBKO C IMOMOUIbIO KBAaHTOBOM
teopuu. Kpome Toro ectsp eme ocobast opMa TBEpAOrO COCTOSHUS — KPUCTAJIbI, KOTOPBIE
UMEIOT YHUKaJIbHBIE CBOMCTBa. 3areM Obuid  OOHapyXeHbl OCOObIe CBOICTBA Yy
MHOTOKOMITIOHEHTHBIX ¥ KOMIIO3UTHBIX CTpyKTyp. Hampumep HaHOTpyOKM o00Omagaror
HEBEPOSATHBIMH IPOYHOCTHBIMHU XAPAKTEPUCTUKAMM.

JIOTIOTHUTEIBHO:

[2] ¢.113-119

[4] c.38-54, 260-270

3ByKoBBI€ BOJHEIL. https://www.youtube.com/watch?v=TJCg9hsvULY



®dwusuka (TErIoBbIC JBUTATENN U TTapoBas MainHa) https://www.youtube.com/watch?
v=zPnXVIKGnWY
I"azoBsie 3akonkb! https://www.youtube.com/watch?v=UMId6gSiQS8

Mukpomup. MosiekyasipHOe, aTOMHOE U BHYTPUATOMHOE CTPOCHUE MaTEepUU

B ocHoBe mpejacTtaBieHU O MUKPOMHPE JICKUT ATOMUCTHYECKAas KOHIICHIUMS O CTPOEHUU
MaTepuu, KOTopasi BIEpBbIC OblJIa BBIJIBUHYTA ApeBHErpeueckuM ¢puiaocodom JIeBKOUMIom (oK.
500—440 rr. 1o H. 2.). OH BBEN Takue MOHATHSA, KaK «amom» U «Nycmoma». ATOMUCTHYECKUE
npencrasienus JleBkurina ObUTM KOHKPETU3UPOBAHBI, TOTIOJHEHBI M PA3BUTHI IPYTUM BEIIUKUM
npeBHerpedeckuM (uiocopom Jlemokputom (ok. 460-370 rr. 1o H. 3.). CorlacHO TUIOTE3€
JlemokpuTa B aOCOJIIOTHOM MYCTOTE OKPYXAIOIIETO MPOCTPAHCTBA CYIIECTBYET OCCKOHEUHOE
YHCJIO METBYAUIIINX HENeTUMBIX YaCTHI] — aTOMOB, KOTOPbIE UMEIOT pazHooOpa3Hyio hopmy u
JBHXKYTCSI B ITyCTOTE O€CHOPSAI0YHO, MHOT/Ia OHU CTAJIIKUBAIOTCA U OTCKaKUBAIOT JPYT OT JIpyTa,
HO WHOT/A CLEIUISIIOTCS B Pa3HBIX MOJIOKEHUSX M COYETAHUSX, YTO O3HadaeT 0Opa3oBaHUE
Belllel ¢ pa3HbIM KauecTBOM. Onukyp (341-270 IT. A0 H. 3.) HAIEIUI aTOMBbI €1I€ CBOMCTBOM
TSOKECTH. ATOMBI BEUHBI, a BEIIM, 00pa30BaHHbIE U3 HUX, THOHYT (Pa3beIUHSAIOTCSA), HO CaMu
aTOMbI OCTAlOTCS, OHU JlaJieeé MOTYT CIEIUISIThCA B HOBBIX COYETAHMSIX C 00Opa3OBaHHE HOBBIX
Bellel U T. 1.

Konnernmust aromusma mnonyuuina ganbHeiiee pasButue B XVIII Beke B pabortax
Jx. Jlanerona (1766—1844), koTOphIii NpUHSAI aTOMHBIA BeC BOJIOpOJA 3a CAWHUIYY U
COTOCTABWJI C HUM aTOMHBIE Beca JIpyrux rasoB. braromaps sToMmy cranu u3ydarbcsi GU3HKO-
xuMuuyeckue cpoiicTBa atoMoB. B 19 Beke J[. . Menneneer (1834—1907) moctpousn cucremy
XUMUYECKUX DJIIEMEHTOB, OCHOBAaHHYIO Ha HMX arOMHOM Bece. Kpome TOro, OTKpbITHE
OpOYHOBCKOTO JIBIKEHHUS KJIETOK U MUKPOOPTAHU3MOB TIO3BOJIMJIO BIEPBBIC IKCIIEPUMEHTAIEHO
JI0Ka3aThb IOCTOSIHHOE JBWKEHHME MENbUallliMX YacTUI] BEIIECTBAa, KOTOPbIE CTalu
UACHTU(DUIIIPOBATHCS KaK MOJICKYJBI. BBIIO JTOKa3aHO, YTO MOJICKYJIBI M aTOMBl HE OIHO H
Tok€. B MOJIeKylly BXOAMT KaK IPABUJIO HECKOJIBKO aTOMOB, CBSI3AHHBIX BAJIEHTHOM CBS3BIO.
[ToHMMaHWEe BAJICHTHOM CBSI3M aTOMOB B COUYETAHHUM C MEPUOJUYECKON CHUCTEMOM 3JIEMEHTOB
MO3BOJIMJIO CHAENaTh BaXXHbIM Iar B pa3BUTHM XUMUU. [losBuiIack BO3MOXKHOCTh
KJIacCU(UIIMPOBATh AJIEMEHThl MO0 TUmaM (MeTallbl, HMHEPTHBIE OJJIEMEHTHI W T. 1. ),
MpeACKa3blBaTh HAJIMYME W XUMHUUYECKHE CBOMCTBA HOBBIX DJJIEMEHTOB (MpU 3alOJIHCHUU
Ta0JIUIIBI ATIEMEHTOB), KIACCU(PUIIMPOBATH XUMHUUECKUE CTPYKTYPHI (KUCIOTHI, IIEJIOUH, COITH U
T. . ), CTPOUTH CTPYKTYPHBIE MOJENIN KaK U3BECTHBIX XMMUYECKUX BEIECTB, TAK M HOBBIX €IIIE
HE CUHTE3MPOBAHHBIX (0COOEHHO MIIOIOTBOPHBIM ITOT MOJXOJT CTaJ /I OPraHUYECKOM XUMUN).

JlanpHEWIIUM 3TalnoOB OCBOEHUSI MHUKpPOMHUpA CTall0 H3YYEHHUE CTPYKTYphl aroMma.
CucremMaTnyeckne WCCIENOBaHUS CTPOCHHS aTroMOB Hadanuchk B 1897 romy Omaromaps
otkpbiThio [[x.Tomconom (1856—1940) snexTpoHa — OTpUIIATENIBHO 3aPSKEHHOW YaCTHUIIbI,
BXOJsilEl B cocTaB Becex atoMoB. B 1903 roxy [Ix.Tomcon, pa3BuBas uneu Y. TomcoHa (Jiopaa
KenbBuna) (1824-1907) o crpoenun aroma (Y.Tomcon B 1902 romy mnpemsioxkui MEpPBYIO
MOJIEJb aTOMa, COTNIACHO KOTOPOM MOJOKHUTENIbHBIN 3apsj B aTOME PACHPEIEIICH B JOCTATOYHO
OonbiIOW oOMacTH, a DSIEKTPOHbI BKpAIJIEHBI B HEro, KaK «U3IOM B  IIyIHUHI»),
yCOBEpIIEHCTBOBAJN Mozenb atroMa. Atom no k. TomcoHy npenctaBiisisi coO0i MOJI0KUTENBHO
3apsDKEHHBIN 1Iap ¢ BKPAIJICHHBIMUA B HETrO JIEKTPOHAMHU, CYMMApHBIA OTPHUIATEIBHBIN 3apsil
KOTOPBIX IO MOIYJII pPaBeH TMOJOKHUTEIbHOMY 3apsiiy Imapa (Monenb aroma ToMCOHA).



[Tockonmbky Macca anekrpoHa npubnuszurensbHo B 2000 pa3 MeHbIIIe MacChl aToMa BOJIOPOAa, TO
MPEANoJarajioch, YTO MOYTH BCS Macca aroMa OINPEIeseTCs] MacCOU MOJIOKUTEIBHOTO 3apsia.
OneITEl ¢ MPOXOXKACHHWE anu(pa-dacTUIl Yepe3 MeTaLTM4YecKyto ¢oaery B jaboparopuu
Pesepdopaa nokazanu, 4To aTOM MOYTH MOJHOCTHIO MyCT. DTO 3acTaBuiio Pesepdopra nepeitu
OT MOJICTIN «IyJMHIa» K MOJEIU «COJTHEYHOW CcucTeMbl», e mecto CoiHua 3aHUMaeT
MAaCCHUBHOE TOJIOKUTEIBHOE SAJIpO, a 3JIEKTPOHBI BPAILAIOTCS IMOAOOHO IUIAaHETaM MO CBOUM
opboutam. [II0THOCTH flpa TpH 3TOM OKa3ajach YPE3BbIYAHHO OTPOMHOM, YTO MO3BOJIMIIO
Cc/ieJlaTh BBIBOJ O BO3MOXXHOCTH CHJIBHOTO CXKaTHs BEIlECTBA U JaJI0 HOBBIE MJIEH O IMpolieccax
U BEIIECTBE BHYTPH 3Be3[ (I7leé OYeHb BhICOKOE JaBiieHue). [1osBUIOCH TOHSTHE CBOOOIHBIM
AIIEKTPOH — DJIEKTPOH, KOTOPHIM «OTOpBAJCS» OT CBOEro aroma. Tak Kak Jyisi OTpbIBa
TpeOyeTcsl HPHEpro3arparbl, TO MOJYyYEHHUE CBOOOIHBIX AIIEKTPOHOB TPeOyeT HCIOIb30BAHUS
0co00i1 sHepruM BbIxona MeKTpoHOB. Cranu Oosiee MOHSATHBI MPOIIECCHl, BO3HUKAIOIINE TIPH
MOJIAPU3AINK, HAMATHUYMBAHUU TET M 00pa30BaHUU TOKOB (0COOEHHO B Bakyyme). Bo3HUKIIO
MOHSITUE «AJIEKTPOHHBIN ra3.

[Ipu n3ydyeHun COEKTPOB UBIIYUYEHUS PA3IUYHBIX BEIIECTB, MPOSBUIACH 3aBUCUMOCTb UX
OT aTOMHOTO COCTaBa (T. €. KaKJIbIA aTOM UMEET CBOM CIEKTpP, CTPYKTypa KOTOPOTO 3aBUCHUT OT
XUMHUYECKOTO 3JIeMEHTa JJisi 3Toro aroma). Hanpumep Hanmuuue BoJOpo/ia MOXKHO ONPEIEIHUTh
M0 CHEKTPY M3ITyYEeHHsI MOJIEKYJIbI JTI0OOOT0 BEUIECTBA, B COCTABE KOTOPOH e€CTh XOTs Obl 1 arom
BOJIOpPOJIa. DTO Jaj0 METOJ| ONpEeTEHUs CTPYKTYPhl PAa3IMUHBIX BEUIECTB U OOBEKTOB (B TOM
yuciie u 38e31). Crano siCHO, YTO OKHUCIUTEILHOTO TOPEHUs BHYTPHU 3BE3/bl HET (0ObSICHEHHE
CBEUEHHMS 3BE3/l KAK OKHCIUTEIIbHOMW pEaKlMyh TOpPeHHUs ObLJIO OKOHYATENbHO OTBEPTrHYTO M
ObL1a BBIIBUHYTA MJIeS CaMO MOAJEPKUBAeMOM siiepHoil peakiun). OMHOBPEMEHHO U3yYEHHE
CIEKTpa MOCTaBUJIO BOIIPOC O HAJTMYHMH KBAHTOBBIX 3((HEKTOB B aTOMaX.

Jlsist 00bsicHeHHsT KBaHTOBBIX 3(pekToB B aromax aarckuii yuensiii H. bop (1885-1962)
BEIIBUHYT B 1913 romy mpemiokeHUs O CHENHAIBHBIX O0O0J0YKAX MM COCTOSHHSX IS
anekTpoHOB. B momenu bopa 2nekTpoH HE MOXET HMETh NPOW3BOJBHYIO OpOUTYy U
COOTBETCTBEHHO SHEPIHIO BBIXO/A, a 3aMOJHSAET OJHY M3 CYIIECTBYIOUIUX JIs JAHHOTO siapa
ANIEKTPOHHBIX 000J04YeK. Eciiu atoM moTepsit 3JeKTPOH, TO OH HOHU3HUpYETCs (MpeBpalaeTcs B
3apsKEHHBIN MOH). V3ydeHre nOHU3aIMu M0Ka3aj10, YTO YMCJIO AIEKTPOHOB B aTOME KOHEYHO U
WX MOXHO MepecuuTarb. TakuMm oOpa3oM ObUT BBIYHMCIICH MOJIOKHUTEIBHBIN 3apsi siipa aroma.
OO6Hapy>KeHHE TOJIOKUTEIHHO 3aPsHKEHHON YaCTUIIBI — MPOTOHA (KOTOPBIM UMEET 3apsii TOUHO
paBHbII MO aOCOJIOTHOM BEJMYMHE 3apsay dJIEKTpPOHA) No3BONMIO B Moaenu bopa
MPENONIOKUTh, YTO PO COCTOUT M3 HECKOJIBKUX MPOTOHOB. M3MepeHue Macchl MPOTOHA U
CpaBHEHHE C MacCOMl sifiep pazNUYHBIX aTOMOB MOKa3allo, 4To Macca sigpa Oosbine. bbiia
BBIJIBUHYTA HJIed O HAJIMYUU B AJIpE €Ile U yacTul] 0e3 3apsiga — HeuTpoHoB. OOHAPYKUTH B
HKCIIEPUMEHTE CBOOOHBIN HEHUTPOH OKa3aJoCh TOpa3/io CIOXKHEE YeM IMPOTOH WM JIEKTPOH,
TaK KaKk OH HE UMEET 3apsiia U HE B3aUMOJICUCTBYET C AIEKTPOMArHuTHHIM nojeM. Ho B koHIle
KOHIIOB HEHUTpOH ObLT 0OHapyxkeH B 1932 romy anrmiickum ¢usukom J[.YenBuxom (1891—
1974). B pesynbrate momens bopa To4HO XapakTepu3oBaia aToM JIFOOOTO BEIIeCTBA HAOOPOM
MPOTOHOB U HEUTPOHOB B SJIp€ U HAJTUYUEM DJIEKTPOHHBIX O0O0JIOYEK, KOTOPhIE MOTYT OBITh
3alMOJHEHbl WM HET. ATOM Yy KOTOPOTO BCE€ OOOJIOYKU 3alOJIHEHbl XMMHYECKH HWHEPTEH,
HaJIMyue HEe3aroJHEHHBIX OOO0JIOYEK OMpEAeNsieT BaJCHTHOCTh M XMUMHUYECKHE OCOOCHHOCTH
aJieMeHTa. ATOMBI C HE3alOJIHEHHBIMU O0OJOYKaMH MOTYT CBSI3BIBAaThCSI MEXKIY CO00it
3aMoNHssL O00OJIOYKH «OOUIMMU» AJIEKTpOHaMH, oOpasyeTrcsi MojeKkyia BemiectBa. Hampumep
arom Bonopona H umeer 1 He 3amonHeHHYIO 00O0JIOUKY, O3TOMY 2 aToMa OOBEAMHSIOTCS B



MoJiekyiry u3 2-x aromoB H,. imest He3anomHeHHY0 000JI04KY BOJOPO XUMUYECKH aKTUBEH U
o0pa3yeT MOJICKYJIbl Pa3IMYHBIX XUMHUYECKUX BEIIECTB, B KOTOPBIX OH MOXKET 0OMEHMBAThCA |
anektpoHoM. Hanpumep xucmopogq O wumeer 2 He 3aloJHEHHbIE OOOJIOYKH, MO3TOMY
obOpazyercst Mmonekyna H,O — Boma. O0benrHeHUE 3IEKTPOHOB — IHEPTraTUUECKU BHITOIHAS
omnepanus, I03TOMY BOJAOPOJ TOPUT B KUCIOPOJIE BBIACISSA SHEPTUIO — TEILIO.

Takum oOpazoM ™mojenb bopa nana xopoiiee oObsicHeHue Tabnuie MeHzeneena,
BAJICHTHOCTH M XMMHUYECKHUM CBOMCTBAM €€ 3JIEMEHTOB, 0OKa3ajlaCh OHA JJOBOJIBLHO OYHOU U IS
CIIEKTPOB M3ITy4YeHUs Bogopoaa. OIHAKO CIEKTPHI APYTUX BEUIECTB 3Ta MOJEIb MPE/ICKa3bIBala
HEBEPHO, €€ HeoOX0UMO ObLJIO YCOBepIIeHCTBOBaTh. Kpome Toro, He ObUIO MOHSATHO MOYEMY
BpaIAIOIINECS BOKPYT sIpa 3apSKEHHBIE AIEKTPOHBI HE U3TY4YarOT JIEKTPOMATHUTHBIEC BOJIHBI.
B Toxe Bpemsi BO3MOXXHO M3JIyYECHME, €CIIM JHEPrvsl 3TOM BOJIHBI PaBHA PA3HOCTU JHEPIUU
000JIOUEeK WM paBHA DHEPrUU BBIXOAA. BBIJIO OYEBHIHO, YTO MPOCTOE TMPEACTABICHHUE O
JIBIDKEHUU DIIEKTPOHA TI0 KPYTOBOI 000JI0UKE HE OTPAXKAET PEATHHOCTD.

Monudukamnus Moaenn aroMa Oblaa cAenaHa MOCIe CO3aHus IMOJTHOIICHHON KBAaHTOBOM
Teopuu noJig u ypaBHenus lllpeaunrepa st KBaHTOBBIX cucteM. OKa3aioch, YTO AJIEKTPOHBI,
MPOTOHBI, HEUTPOHBI UMEIOT MHOXKECTBO KBAHTOBBIX XapaKTEPUCTUK, KOTOPHIE OMPEETSIOT UX
MOBeJIeHUE B aToMe. B Toxke BpeMs U3JIydeHUE WM MOMIONIEHUE aTOMOM YHEPTUM BO3MOXKHO
TOJIBKO C MOMOIIbIO0 KBAHTOBBIX YaCcTUI] — (DOTOHOB, 6030HOB U T. 1. OCOOEHHOCTH KBAaHTOBBIX
XapaKTEPUCTUK ATUX YaCTHUI[ TaK >K€ BIUSAIOT Ha MpoIlecchl B atoMe. bwUio n0Ka3zaHo, 4TO
MIPOTOHBI U HEUTPOHBI B sifpe (00lllee Ha3BaHUE YACTHUIL SApa — HYKIJIOHBI, MMOABU] aIPOHOB,
MO3TOMY  KOJUIaiiiep Ha3bIBaeTCs  AJPOHHBIM)  B3aUMOJEHCTBYIOT HE C TMOMOIIbIO
AIIEKTPOMArHUTHBIX MOJEH, a 0COOBIM BHJIOM B3aMMOEHCTBUA. B3aumonericTBre aJpoHOB B
AJIpe 0Ka3ajJoCh MHOTO CHJIBHEE JJIEKTPOMArHUTHOTO (ITOATOMY SIAPO HE pa3BajMBAETCA IPHU
OTTAJKUBAaHUU MPOTOHOB APYT OT JIpyra), MOSTOMY OHO OBLJIO Ha3BaHO CUJIBHBIM. B TOXE
BpeMs, MpPH YBEJIUYECHUU PACCTOSHUS MEXKIYy aJpOHAMHU CHUJIBHOE B3aWMMOJECHCTBUS
YMEHBIIIAETCS TOpa3ao ObICTpee dJICKTPOMAarHUTHOTO W TMPAKTUYECKH HE BIHMSICT Ha
MOJIEKYJIIpHOM ypoBHE. [lo3ToMy cHIIbBHOE B3aMMOJCUCTBUS HE CXKUMAET BCE AaJpPOHBI
BEILIECTBA B OJIHO SAPO, KaK BHYTPU HEUTPOHHOU 3Be3/bl. [IoMUMO CHJIBHOTO BHYTPH aroma
JEeUCTByeT cjaboe B3aMMOJICUCTBHE, KOTOPOE TaK K€ HE YYyBCTBYETCS Ha MOJICKYJISPHOM
ypoBHe. Bce 3TH 0COOCHHOCTH Jieflal0 KBAHTOBYIO MOJIEJNIb KaXKJIOTO aToMa JOBOJIbHO CJIOXKHOM
CTPYKTYpOH, KOTOpasi B HACTOSAIIEE BPEMS JOBOJIbHO XOPOIIIO OMKUCHIBAET CIIEKTPhI U3ITYUYCHUS U
MOIJIONIEHHUS DJIIEMEHTOB.

OcoOyto ponb B u3yueHUM (U3UMKA aTOMOB WIrPAET TEOPHUS SJAEPHBIX pPEaKIUM.
[IepBOHAaYaIbHO ATOMBI CYUTAIUCHh COBEPUIEHHO HE M3MEHSEMBIMU. DTO CUUTAIOCHh INIABHBIM
MpeAHa3HAYEHUEM TMOHSITUS aTOM — YacTUlAa U3 KOTOPOM COCTOUT BCE, @ OHA HE COIAEPKUT
BHYTPEHHEN CTPYKTyphl. V3ydeHHEe XMMHUU 3aCTaBUJIO NPHUHATH KOHUEMIMIO MOJIEKYJI U HE
JeauMas 4acTb — aTOM CTajlo YK€ YacThbi0 MOJIEKYNbl. B OTIMYMU OT alXUMHUU XUMUS
BbIICNIAJIA TAOIUILy OCHOBHBIX XHMHUYECKHX DJIEMEHTOB, KOTOpPhIE HE MpeoOpasyroTcs IpyT B
Jpyra U He MEHSIOTCS MPU XUMUYECKUX peakiusax. OgHako B PU3MKe BCE 0Ka3ajIoCh CIOXKHEE.
OTKpbITHE DJJIEKTPOHA M MOHM3ALMM, [OKA3aJl0 4YTO aroM MOXET OBbITh B Pa3JIUYHBIX
MOHU3UPOBAHHBIX COCTOSIHUSIX M MOXET TEpATh JJIEKTPOHBI Kak 4YacTh ceOs. 3areM Oblia
OTKpBITA cynpyramu Kropu paii0akTUBHOCTb.

PagnoakTMBHOCTL — CBOMCTBO SAJEP CAMOIIPOU3BOJIBHO MEHSTH CBOM COCTaB IIYyTEM
ucnyckanus: yactuil. OCHOBHBIMU BUJaMU PaJMOaKTUBHOTO pacmaja sBISIOTCS ajibda-pacnay
(ucnyckanme sapoMm aib(da-yacTuilbl), Oera-pacriaj (MCIyCKaHHWE SIpoM OeTavyacTHllbl),



CIIOHTAHHOE JICJICHUE SJIep U raMMa-u3JIy4eHHe BO30YKIIEHHBIX siiep. AJib(a-dyacTuua — 3T0
A1po aroma renuvs. bera-4acTuua — 310 NEKTPOH, BOZHUKIIWKI IPH PaCIajie OJHOIO0 HEUTPOHA
BHYTPHU siipa. [aMMa-KBaHT — 3TO KBAHT KECTKOTO JICKTPOMATrHUTHOTO U3JIYyYCHHUSI.

B pesynbrare sgpa aroOMOB MOTYT JEJIUTCA WIM UCIIYCKaTh YAaCTUIBI U MPEBPAILATHCS B
spa aTOMOB JIPYTUX 3JIEMEHTOB. DTH peaklMi ObUTM Ha3BaHbI SJIEPHBIMU PEAKIUSIMHU JICTICHUS.
CrnenyromuyM 1maroMm ObUTM OOHApPYEHbI PEaKIMU MOMIOIICHUS SAPOM aroMa YacTHUIlbl WU
JIpyroro sijpa ¢ 00pa3oBaHUEM s/Ipa HOBOTO JIEMEHTA. ITH peaKkIuy ObUTH Ha3BaHBI SACPHBIMU
peakuusiMu cuHTe3a. Cpeau peakuuid CHHTE3a OCOOYI0 poJib CTajdd UIpaTh TEPMOsIEpHbIE
peaKuuu, KOTOPbIE TPOUCXOIAT MPU CKATUUA U CUIIBHOM HAarpeBaHUM BEIIECTBA. DTH PEAKLU
HamOoJIee TOYHO COOTBETCTBYIOT YCIOBUSIM SIIEPHBIX PEaKIMil BHYTpPH 3Be3/1. TakuMm 00pazom,
COBpeMEHHasi (PU3MKAa CUHMTAECT TEPMOSJCPHBIC PEAKIMU TJIABHBIM MEXaHU3MOM CO3IaHUS
OOBIYHOTO BEIIECTBA BO BCEJICHHOM M OTHUM M3 BAXKHEHIIINX MEXaHU3MOB €€ IBOJOIIHH.

SnepHble peakiMu B Ye€M TO TMOAOOHBI XUMHUYECKMM W PACIHIMPSAIOT KPyT PEaKIuii
MIPEBPAIICHUS BEIIECTB B pupoze. s mpuMeHeHHs] XUMUU B TIPAKTHKE 0COOYIO POJIb HUTPaH
CaMO TOIJCPKUBAKOIIMECS PEAaKUUU TOPEHUS U B3pPbIBA, PEAKUHUH C Karaau3aropoM,
HUKIndeckre peakiuu. OHM Jal0T SHEPrulo0, OMNpENeNsaoT padoTy JBuUrareiei, padory
Han0o0Jiee BAKHBIX XUMUUECKUX MPOU3BOJACTB. AHAJIOTUYHO U JJIs SIAEPHBIX peakuuil. B koHIe
30-x rogoB 20 Beka (pU3MKU OOHAPYKUJIU SIBJICHUE CaMO MMOAJICPKUBAIOIIEHCS ITUKIMYECKOU
peaKuMM pacrajaa sjaep ypaHa v miyToHus. Karanuzaropamu v peryiasiTopaMy TaKUX peakiui
CTaJli HEKOTOPbIE BEIIECTBA, 3aMEISIONINE WM MOTIOMIAIIINE HEUTPOHBI (TpaduT, TsHKenas
Bola U T A.) Ha ocHOBe Takux cucTteM OBUIM CO3[aHBl SJEPHBIE PEAKTOPHI U SIACPHbIC
B3PBIBHBIE YCTPOMCTBA. SIEpHBIE PEAKTOPHI JEJEHUS CTAJId OCHOBOM SIACPHOW SHEPIETHKUA U
AJIEPHOTO TPAHCIOPTA, a sIEPHBIE B3PBIBHBIE YCTPOWCTBA OCHOBOM HauOoliee MOIIHOTO
opyxus. boiee cloxkHOU cTayna peanm3anus SACPHBIX peakuuii cuHTe3a. He ympasisembii
AIEpHBIA CUHTE3 (TepMosiziepHass 6om0a) ObUT peann3oBaH ¢ MOMOIIBIO SAEPHOTO B3PHIBHOTO
YCTPOMCTBA HAa OCHOBE PEAKUMU pacrana. SAnaepHbiil B3pbIB CKUMAET U PA30IPEBACT ATOMBI
BOJIOPOJIa U pPEAM3yeT JIOKAIbHO TEPMOSICPHYIO PEaKIMI0 B3pbhIBa BOAOPOAHON OOMOBI.
VYIpaBisieMyl0 peakuuio TEPMOSIACPHOTO CHUHTE3a IOKA PEATU30BAINA TOJBKO JOKAJIBHO, IS
OTPAaHUYEHHOTO MPOMEXKYTKAa BPEMEHH, KOTOPBIN HE JIa€T MOKa PEAIM30BATh YHEPTOYCTAHOBKY
Ha OCHOBE TepMosiiepHOM peakuuu. CyIIeCTBYIOT HECKOIBKO BapHaHTOB pealu3aluu
YIPABIIIEMOTO TEPMOSAIEPHOTO CUHTE3a — TOKOMaK (C)KaTue U pa3orpeB BOAOPOAHOM I1a3Mbl B
CHUJILHOM MarHMTHOM II0JI€), JIa3epHBIN (C)KaThe W pa3oTPeB BOJAOPOAHOM IJIa3Mbl B CHUILHOM
My4YKe JIA3epHOT0 M3JIyUYEeHHs), XOJOAHBINA SACpHBIM CHUHTE3 (0COOBbIe BapUAHThI PEAKIMU MPHU
CPaBHUTEJIBHO HU3KUX TeMIieparypax). [JaBHas uyes TEepMOSIEPHONW peaklnu — CXKaThb U
HarpeTh BOJOPOAHYIO IUIa3My JO COCTOSHHS KOTJa aToMbl BOAOpoja OydyT OYEHb 4acTo
CTAJIKUBAThCSA MEXJY COOOW C JOCTAaTOYHO OOMNBIION dHEeprued cronkHoBeHUU. [Ipu peakumu
CHUHTE3a BBIJCISIIOTCS (DOTOHBI M YACTHUIIBI, KOTOPBIE IOTIOJHUTEIHHO Pa30TPEBAIOT ILJIA3MYy.
I'maBHOE — yziepKarh 3Ty IUIa3My, HE JaTh €l pACIIMPUTHCS U B30PBaThCS.

J1OMOJTHUTEIIBHO:
[2] c.155-176
[3]c.172-189
[4] c.135-158



Huanorn: «®du3nka 3eMeHTapHbIX YyacTuiy. Yacts | https://www.youtube.com/watch?
v=JuSTEjkrxAl

Jnanoru: "®dwusuka snementrapubix yactuil”. Yacts 1 https://www.youtube.com/watch?
v=xZuE7a0p_vo

KBaHTOBas Teopus

J1st 0OBsICHEHUST KOPITY CKYJISIPHO-BOJTHOBOTO JIyain3Ma MaTepuu ObUIO PEIIEHO BBECTU OCOObIE
ypaBHeHUs KBaHTOBOM MexaHuku (1926— 1927 rr) Ilpénunrepa, KoTopble SBISIOTCS
aHaJOrOM ypaBHEHHs JBWKEHHS HproToHa s kiaccudeckoil vactuubl. [lpénunrep
MPENJIOKUI CUYUTATh KBAHTOBYIO YACTHIy BOJHOBBIM «COJUTOHOM» (CrycTKoM BoJiH). OH
CUMTAJI, YTO BCE MPOLECCHl B MUKPOMUPE SABIISIIOTCS UCKIIFOUUTENIBHO BOJIHOBBIMH MTPOIIECCAMM,
T.€. YTO TOJIBKO BOJIHBI 00J1aAat0T (hr3nueckoil peanbHOCThIO. [10 ero MHeHuIo, YacTua — He
4YTO MHOE, KaK IpylIa BOJIH, 3aHUMAIOILAs ONPEAEICHHYIO YaCTh POCTPAHCTBA U JIBHKYIASCS
Kak equHoe 1enoe. [t onucanust 3TOM BOJIHBI BBOJUTCSI BOJHOBAsI (DYHKIIMS, OMHCHIBAIOIIAS
COCTOSIHME Ka)/I0M KBAaHTOBOM 4acTuIllbl. BomHoBas (yHKIMS 3aHMMaeT BCE MPOCTPAHCTBO U
yacTulla Kak Obl «pa3Ma3aHa» IO BCEMY MPOCTPAaHCTBY. [loueMy e Mbl BHJIMM YacTUIy B
KaKOM-TO KOHKpPETHOM MecTte? [[eno B cryleHuu 3Toil GyHKIUU WIH €€ pa3pshKeHUu (aHaior
BEPOSATHOCTHOM WJIM HEYETKOM (DyHKUMU/JOTUKH). Kak TOIBKO MBI MbITaEMCSl ONPEAEIUTh TE
TOYHO HAXOAMWTCS YacTHIla, Mbl HAUYMHAEM B3aMMOJICUCTBOBaTh C 3TOM ¢yHKuMel. Takum
o0Opa3oMm, J11000€e U3MepeHue JJIsi KBAaHTOBBIX OOBEKTOB MPUBOAUT K M3MEHEHHUIO COCTOSHHUS
oObekTa u ero ¢yHkiuu («kor» llpenunrepa). Korga KBaHTOBBIX YacTUI[ MHOTO, OHHM BCE
B3aMMOJICHCTBYIOT JIpYT C JPYIrOM M MTOTrOBas BOJIHOBas (yHKUHS IEPEMEIIUBACTCS WIH
«3anyTbiBaeTcs». [10ATOMYy YHCTBIMM KBAaHTOBBIMH CBOMCTBAMHU OO0JIa[JalOT TOJIBKO Mallble
O0OBEKTHl — KBAaHTOBbIE YaCTHUIIbl. bojee ciiokHble 0OBEKTHI yKe TEPSIFOT KBAaHTOBBIE CBOMCTBA.
[ToaTOMYy KBaHTOBasi MEXaHHMKA XapaKTe€pHa TOJIBKO JUIsl MUKPOMHUPA.

Oco0yro posib B CO3MaHWM KBAaHTOBOW Teopuu cbirpan [lmank. M3yuas wusmydenwue
HArpeThIX TEJ U MbITAsICh COITIACOBAThH IKCIIEPUMEHTANIbHBIE OCOOCHHOCTH CIEKTPOB U3TYUCHUS
C TeopHueil anekTpoAuHaMUKH [InaHK BBIABUHYN HJIEK0, YTO OOMEH MEXIy H3IyYEeHUEM M
BELIECTBOM IPOUCXOAUT HE HEMPEPHIBHBIM 00pa3oM, a JUCKPETHBIMU MOPLUSIMH, KBAHTAMHU.
[Ipy 5TOM KOIMYECTBO PHEPrUH, COMOCTABISIEMOE KBAHTY ¢ yacToTroi f (BennumHa, oOparHas
JUTMHE BOJIHBI A), OTIpeAessieTcs o Gopmyre
E = hf (popmyna Ilnauka). 3mech tae h = 6,625 10°* Jx*c u ectb nocmosmnnas Ianxa.
Quzuueckuti cmoic nocmoannou Ilnanka cocmoum 6 mom, 4mo eciu 8 K1acCuyeckou Qusuxe
MUHUMATIBHOE KOIUYeCm8o Oeucmeus Moxcem Oblmb aH00ObIM, MO 8 K8AHMOBOMEXAHUYECKOM
npeocmasgiieHuu OHO He Modicem Oblmb MeHbuie h. B 3THX YCIOBUSAX JHEPrusi, UMITYJIbC U
MOMEHT HMMITyJIbca (@ TaK € CIMH — HEKas BEJIMYMHA, aHAJIOr BPAILATEJIbHOIO MOMEHTA
KBAaHTOBOM YaCTHUIIBI) TAK K€ OyIyT MMETh TUCKPETHBIM CIEKTp 3HAYEHUH, T.€., KAK TOBOPST
(Gbu3KMKY, KBAHTOBaHBI. B nmanmpHEHIIEM ATOT Moaxoa ObuT moazaep:kaH bopoM mpu mocTpoeHuH
CBOEH MOJIEJIM aTOMa U CTajl KpaeyrojJbHbIM KAMHEM KBAaHTOBOM TeopuH (IOYEMY OHA U Ha3BaHa
kBaHTOBOM. B 1905 1. DitHmureitH nns oObsicHeHUs (oTodnekrpuueckoro 3ddexra Takxe
MOCTYJIMPOBAJ, YTO AJIEKTPOMAarHUTHOE HW3JIyYeHUE, KaK W TEIUIOBOE, MMEET KBAaHTOBBIM
XapaKTep U COCTOMT M3 KBaHTOB — (oToHOB. Hamomuum, yto (otosnexkrpuueckuid 3¢ ekt
(boTtoapdext) — 3TO sIBIEHUE UCITYCKAHUS JIEKTPOHOB U3 BEILIECTBA MOJ| JIEUCTBUEM CBETA.
CornacHo DUHINTEHHY KMHETHUYECKasi SHEPIHs BbUIETAIOIEro (POTOIEKTPOHA pPaBHA PAa3HOCTH
MeXIy 5SHepruedl (poroHa W MHUHMMAJIBHOW SHEprueil, HeoOXOIMMON Il OCBOOOMKICHUS



ANIEKTPOHA U3 BEUIECTBA, KOTOPAast Ha3bIBAeTCsl pabOTOM BBIXOJIA.

BnusiHue wu3MmepeHuss Ha TMOBEJACHHE KBAaHTOBOTO OOBEKTAa MPUBOAUT K TOMY, 4TO
NPOSIBJICHHE KBAaHTOBOTO OOBEKTAa B KA4eCTBE WJIM YACTHIIbI, WJIM BOJHBI OyleT 3aBHCETHb OT
TOr0, 4TO U KakK Mbl u3MepsieM. [103TOMy BOJIHOBOM WJIM KOPITYCKYJISIPHBII XapaKTep KBaHTOBAast
yacTulla NpuoOpeTaeT Jullb B Ia3ax skcnepumeHtaropa. C Apyroil CTOpOHBI BIUSHUE
npoliecca U3MEpPEeHUsl Ha BEJIMYMHBI MPUBOAUT K MX HeomnpeneiaeHHocTH. [eizenOepr, [laynu u
Jupak chopmynupoBagd TEOPUIO KBAHTOBOTO HM3MEPEHHUS M OMNPEEIHIA TAaK Ha3blBa€Mble
ycioBUsl HeomnpezaelieHHOcTH [eizeHOepra — BeIMYMHA JHEPrUM, HMIYJbCa, KOOpJAWHATA
YacTHUIl HE MOTYT OBITh M3MEPEHbI TOYHO OJHOBPEMEHHO (Aaxke TeopeTnuecku). ToUHOCTH
TOrO0  HM3MEPEHUs] OMUCHIBACTCS COOMHOUleHuem Heonpedenennocmu [ eiizenbepea,
BBEIEHHEIM UM B 1927 r.: AX*Ap = h, tne h — nocrosuunas Ilnanka. ®u3nyecKuil CMBICI
3TOr0 COOTHOLIEHHSI COCTOMT B TOM, 4YTO B MPUPOAE [OJDKEH CYIIECTBOBaTh IPUHLMII,
OrpaHUYMBAIOLIIMN BO3MOXXHOCTH JIOOBIX 3KCIEPUMEHTOB (M3MepeHuil). IIpuMeHHuTeNnsHO K
KBaHTOBOM YAaCTHIIE ATO O3HAYAET, YTO M3MEHEHHE HMMITyIbca 4acTuilel Ap U U3MEHEHHE ee
KoopArHATBl Ax onpezeseHbl ¢ TOYHOCTBIO J0 BEJIMYMHBI KBAHTa MUHUMAJIBHOTO JIEHCTBHS /.
[ToaTOMy (pU3MKH TOBOPST, YTO OJHOBPEMEHHO TOYHO U3MEPUTH KOOPIUHATY, UMITYJIbC HENb34.
M3 cOOTHOLIEHUS HEOIIPENEIEHHOCTH TAKXKE CIEAYET, YTO, U3MEPSsL CKOJIb YTOJHO TOYHO OJIHY
U3 BEJIMYMH, MBI IIOJly4aeM HEOIPENEIEHHOCTh B JPYTOi, MOCKOJIBKY UX IPOU3BEIECHNUE PABHO
ornpeneieHHOM  BennuuHe. Takum  00pa3oM, TOPHUHLUI  HEONPEIEICHHOCTH  HMMEET
NPUHYUNUATILHO 8ePOSIMHOCMHbIL Xapakmep Tpenckasanus coObiTuil. KBaHTOBasi Teopusi He
MOXET MpeICKa3aTh pe3ylbTaT OTACIBHOTO COOBITHS, OJJHAKO OHA C OOJBIION TOUHOCTHIO JAeT
CpelHue 3HaYeHUs JUIsl OOJIBIIOro ynciaa coObITHil. Mepoil BEpOSITHOCTH MOBEIEHUS KBAHTOBOM
yacTUllbl siBJsieTcs BBelneHHas LlpéauHrepoM B €ro ypaBHEHHM TaK Ha3blBaeMasi 6071HO84s
@yHKkyusA Y, KOTOpast UCIOJB3YETCS JUIsl BBIUUCIEHUS BEPOSTHOCTH TOTO, YTO YACTHUILY MOYKHO
OOHapy»kuTh B HaHHOU Touke. Cama QYHKIUSA Y HE UMEET MPSIMOro (PU3NYECKOTO CMBbICTIA —
ATO JIMIIb MaTeMaTHYecKasl 3aluch BOBMOXXHOCTH (BEPOSITHOCTH) OIpPEAENICHUsI, HO CXOAHAs C
MOHSATUEM aMIUIUTYAbl BOJIHBI. DBBIJIO MOKa3aHO, YTO HEMOCPEACTBEHHO HU3MEPUTH €€ HEIb34,
MOXXHO HW3MEPUThH JIHIIb HWHTEHCUBHOCTH ((PU3MYECKH OHa CBsA3aHa C DHEpPruei), KoTopas
IPOIOPIMOHAILHA KBAAPaTy MOAYJIS BOJHOBOM (DYyHKIMHU |W|°, WIM IJIOTHOCTH BEPOSTHOCTH.
Takum o00pa3oMm, TUIOTHOCTH BEPOATHOCTH |y|2 W JaeT pachpeiesieHne BEepPOSITHOCTH
HAXOXJECHHUS YacTULIbI B MPOCTpaHCTBE. Takod cmoco® omMcaHus MOBEIEHUS YacTUIbl U
IPUHLIMIT HeompeaeneHHocTu [eiizendepra XopoIio coracyoTcsl ¢ KOPIY CKyJISIpHO-BOTHOBBIM
Qyalu3MoM. BoiHY Henb3sl JOKaJIW30BaTh B NPOCTPAHCTBE, W IO3TOMY JHO00OE€ H3MEpEHUE
MOBEACHUSI YacCTHUIbl, MPOSBIAIONIEH W BOJHOBBIE CBOMCTBA, MNPUHLMIIMAIBHO CBS3aHO C
HeonpeaeieHHOCTh0.  [Ipuniun HeonpeneneHHoctu leilzeHOepra JaeT KOJWYECTBEHHOE
BBIpAKEHUE ATOW HeompeneneHHocTH. bop B 1928 1. 0000mMa NpUHLMI HEONPENEIEHHOCTH
[eil3enbepra B CBOEM MPUHIUIE JOMOIHUTEIBHOCTH, CMBICI KOTOPOro B 00O0OIIEHHOMN
(GOpMYyJIMPOBKE COCTOMT B TOM, YTO MOJYYEHHE HKCIEPUMEHTAIbHOU MH(MOpMaLMK 00 OJHUX
bu3NUecKuX TmapaMmMeTpax HeU30eKHO MPUBOIUT K TOTEepe JPYIrHX, JOTOJTHUTEIbHBIX
MapamMeTpoB, KOTOPbIE XapaKTepU3yIOT OSTO ke siBleHue (dPGEeKT) ¢ HECKOJIbKO ApYyroi
CTOpOHBI. B (u3m4eckoM CMbICIIE€ TaKUMHU JIOMOJHUTEIBHBIMHU JIPYT K APYTY CYLIHOCTSIMH,
IOMUMO YMOMSIHYTBIX KOOPAMHATHI M UMIIYJIbCA, MOTYT OBITh BOJIHOBOE U KOPITYCKYJISIPHOE
IPOSIBJICHUS BEIIECTBA WJIM W3IY4YEHUS, SHEPTUS U JJIUTENBHOCTh COOBITHUSA WM U3MEpPEHUS.
CoOTHOIIEHNE HEONPEACTCHHOCTH TSl SHEPTHH U JUTUTEIILHOCTH N3MepeHus umeet Bu: AE o



At = h, tne AE = E2 — E1 — pa3HOCTb 3HEPruii B JBa Pa3IMYHBIX MOMCHTA BPEMCHHU,
pasIeneHHbIX NTpoMeKyTKoM Af. COBpeMEHHasl TEOpHsl CTPOCHHUS aroMa TaKKe OCHOBaHA Ha
KBaHTOBO-MEXAHUYECKUX IIPEICTABICHUSAX; B YAaCTHOCTH, MCIOJIb3Ys HIECH0 O CBOMCTBAX
anektpoHa, [laynu cdhopmynupoBan HpPUHIUI, MMO3BOISIOIUNA OOBSICHUTH PACIOJIOKEHUE
AIIEKTPOHOB MO oOosioukaMm. Pe3ynbraTel M MA€H KBAaHTOBOM TEOPUHU MO3BOJIUIU MOCTPOUTH
HOBBIN pasjie’ COBpeMEHHON (PU3UKU — O JBUKEHUU 3aPSKEHHBIX MUKPOUACTHULI, YUUTHIBAS UX
KBaHTOBO-MEXAHUYECKYIO MPUPOY, — KBAHTOBYIO dJIEKTpOoAHMHAMUKY. OrpOMHBIN BKJIad B 3Ty
¢bu3uky BHec HoOeneBckuii maypear P. ®deitnman. Ilo cymiecTBy, 3aech paccMaTpuBaeTcCs
KBaHTOBasi MPUPOJAA BJIECKTPOMATHUTHOIO TIOJSl, M IIOCKOJIBKY JBHUKEHHE 3apSyKEHHBIX
MHUKpPOYACTHIl €CTh BceoOllee SBJICHHE MPHUPOAbI, TO MOXHO CKa3aTh, YTO KBAHTOBAs
ANEKTPOJMHAMMKA OMHUCHIBAET BCE SIBICHUSA (DU3MUECKOTO MUpPA, 38 UCKIIOYEHHEM I'PaBUTALUU
U PAJMOAKTUBHOCTH. DTa TEOpHUsl IMPOBEPsIIACh B JIHAINla30HE Pa3MepoOB OT CTa JUAMETPOB
3emMiau 10 OJHOW COTOM AarOMHOTO sipa, M TOYHOCTb NpEACKa3aHWi Oblla MOUCTHHE
ITOTPSICAIOIIEH.

J1OMOJIHUTEIIBHO:

[2] c.155-176

[4] c.240-248

Teopus cTpyH KpaTko U HOHSTHO. https://www.youtube.com/watch?v=AFjUVavXWc0

KAK MEHAIKOT MUP KBAHTOBBIE TEXHOJIOTMA? | 1Q
https://www.youtube.com/watch?v=sQ2WNTrp8tI

KBanToBoe yctporictBo mupa https://youtu.be/Jb2WbLe5SyQM

DeMeHTapHbIE YaCTUIIBI
OBOITIONMS KAPTUHBI MUKPOMUPA MPOXOIMIA ONPEICIIEHHBIEC STaIlbL:
e arommcThyeckas mozens JleBkuma — JleMOKkpuTa O TOM, YTO BECh MHpP COCTOHT U3
aTOMOB;
® 1jiesl MOJIEKYJIIPHOTO COCTaBa XMMHUECKUX BELIECTB;
e Mozenu aromoB Pesepdopna u bopa, mokazanu HaiMuue 3JEKTPOHOB U sipa aTOMOB;
® OTKpBITHE MPOTOHOB, HEUTPOHOB, KBAHTOBas MOIENb (POTOHOB, MO3BOJMJIA Ha Ha
COBPEMEHHOM YPOBHE YK€ TOBOPUTH, YUTO MUKPOMHUP COCTOUT M3 B3aUMOJCHCTBYIOLINX
AIIEMEHTAPHBIX KBAHTOBBIX YaCTHII.
[Tpu >TOM HEOOXOAMMO OBLIO BBICHUTH KAaKHE YaCTHUIBI CYIIECTBYIOT, KAKUMH CBOMCTBaMU
00JIaatoT M KaKue CUJIbl U 3aKOHBI Ha HUX ACUCTBYIOT. [lepBoHauanbHO OBIIIO U3BECTHO TOIBKO
2 BHWJa B3aMMOJCWUCTBUSA MaTepuu — TPABUTAIMOHHOE (OIMpeeNsieTcsl CBOMCTBOM MAacCChl) U
ANIEKTPOMArHUTHOE (OMPEENSIeTCSI CBOMCTBOM AJIEKTPUYECKOTO 3apsia + WU - U MarHUTHBIM
MOMEHTOM — aHAJIOrOM MAarHUTHOTO TIOJIS 3aMKHYTOTO KOHTypa C TOKOM). Takum oOpaszom,
YacTHIlbl 00JIa/lajii CBOWCTBAMHM MAcCChl, 3apsjla © MarHUTHOro MoMmeHrta. [lo Macce dactuiibl
pa3eNMIMCh HA YaCTUIIBI C MAacCOM TMOKOs (AJIEKTPOH, MPOTOH, HEUTPOH) U 0€3 MacChl MOKOSI
(poronsr). DOTOHBI OBUTM MO TEOPUH OJIMZKOACHCTBUS MEPEHOCUYMKAMU DIEKTPOMATHUTHOTO
B3auMonencTBug-noas. [lo aHamorum mpennosoXKuWiIn O CyIIeCTBOBAaHUU TPaBUTOHOB —
NEPEHOCUYUKOB  TIpaBUTAllMOHHOro 1mojs. Ho moka WX He cMomu  OOHapyKUTh
sKCHepUMeHTaIbHO. [0 3apsay yacTHIlbl pa3AenuiInch Ha OTPULIATENBLHO 3apsKEeHHbIE (TIpUMep
— DJJIEKTPOHBI), MOJIOKUTEIBHO 3apsHKEHHBIE (MpUMEp — IPOTOHBI) M 4YacTULBI 0e3 3apsnia
(mpumep — HelTpoHsl). [Ipudyem u3mepeHus 3apsiia MoKa3aid, YTO 3apsi AIEKTPOHA U 3apsia


https://www.youtube.com/watch?v=AFjUVavXWc0

MPOTOHA MO MOJYJIO0 PaBHbI, YTO JAJI0 OCHOBAHUE CUUTATh 3aps]l SJIEKTPOHA «KHUPIIHUYUKOM))
WA MAHUMAJIbHOW €IUHUIICH 3apsia.

JlanpHelee U3ydeHue CIEKTPOB HM3JIYyUYEHHUsS aTOMOB, All0 OCHOBAaHWE BBECTH eule |
CBOWMCTBO KBAHTOBBIX YAaCTHI] — CHHH. /{1 HErO BBEJIM aHAJIOTMIO — MOMEHT BpPAIIEHUs], TO
€CThb YacTHIla Kak Obl Bpaiaercsi BOKpyr cBoed ocu. KoHeuHO /Ji1 KBAaHTOBBIX YAaCTHI] ATO HE
COBCEM BEpPHO, HO TOKa JPYroil aHaJOrMU HE BBISBIEHO. Takum oOpa3oM, HaJCICHUE YaCTHIL
BHYTpHU aToMa (RJIEKTPOHBI, TPOTOHBI HEUTPOHBI) CBOMCTBAMU 3apsijia, MArHUTHOTO MOMEHTA U
CIIMHA W BBEJCHUS MPHUHIIMIIA KBAHTOBAHUS MX BEJIWYUH MO3BOJMIO OOBSCHUTH MPAKTUUECKU
BCE€ 0COOEHHOCTH CHEKTPOB M3JIyYeHHUs aTOMOB. B HacTosdIilee Bpemsi Takasi KBAaHTOBasi MOJIEIb
aroma, onvcbeiBaeMasi ypapHeHusimu Llpeaunrepa asis BoHOBOM (QyHKIIMU, cUUTAETCS] 0a30BOM.

Oco6oif mpobrmeMoi JJIsI MOJACIM aToMa CTallo OOBsICHEHHE CTaOWJIBHOCTH €ro sjipa.
Benp orrankuBaHue MOJOKHUTEIBHO 3apsDKEHHBIX MPOTOHOB JOJKHO OBLIO €r0 pa3pyIlIHTh.
3HAUUT MEXAy MPOTOHAMH €CTh €Ile OJHO B3aWMOAECHCTBHE OO0Jee CHIBHOE YeM
NEKTpoMarHuTHOe. Kpome TOoro, OHO JEMCTBYE€T M Ha HE 3apsHKCHHbIE HEUTPOHBI. Takoe
B3aHMOJICICTBUE HA3BAJIM CHJIBHBIM HYKJIOHHBIM B3aUMOJCWUCTBHEM, a Ui IPOTOHOB U
HEUTPOHOB MOSIBUIIOCH 00I11l€€ Ha3BaHUE — HYKJIOHHOE. Y CHJIBHOTO B3aUMOJECUCTBUS JOJKEH
OBITH CBOI1 epeHocuuk. M Takas yactuila Oblj1a 0OHApyKeHa — ME30H, OJIHAKO OH OKAa3aJics He
OYeHb CTAaOWIbHBIM, YTO OOBSACHSIET OBICTPOEC YMEHBIIEHHUE MOIIHOCTH CHUJIBHOTO
B3aMMOJIEHCTBUS C YBEIMYEHHEM paccTosHus (ropas3no Obictpee 1/R*). I103TOMY BBLIIETEB W3
Aa/1pa I0CTATOYHO JAJIEKO MPOTOH YK€ Ha3a/l HE «IaJaeTy.

@u3nKa AIEMEHTAPHBIX YAaCTUI Havyala aKTUBHO Pa3BHUBATHCS C IOSBICHHEM CPEACTB
pEerucTpaluy Takux 4acTull (cueTyuk ledirepa u T. A.) U yCKOpUTeNeld. YCKopuTeab — Hpudop,
KOTOPBIH YCKOPSIET 3apsHKEHHBIE YACTHIIBI 3JIEKTPOMATHUTHBIM TOJEM. YCKOPUTENH OBIBAOT
JUHEUHBIMM WIM IUKIMYECKUMHU (KPYroBbIMHU). JIBMJKEHHME 4YaCTUIBI 1O KpYyry Jaer
BO3MOXXHOCTh €€ CHJIbHEE pa3oTHaTh, ONIKe K CKOPOCTH cBeTa. B pesynmbrare oHa moiydaeT
3HAYUTENIbHYI0 DJHEpruro. MHorue (u3ndeckre TMPOIEecChl TMPH  BBICOKMX JIHEPTHUAX
HPOSIBJISIIOTCS.  0CO00, YTO J1aJl0 BO3MOXHOCTb BBIICJIUTh B OTIENbHBIA paznen Duzuky
Bricokux DHepruit. [lanee yacTuna CTaJKMBAECTCA C MUIIEHBIO, T. €. C IPYrOl YaCTULIEH MOYTH
HEMOJBWXHOMU. JTO NPUBOAUT K BBIJACICHHUIO BCEH HAKOIJIEHHOW SHEPTUU WU MPOSIBICHUIO
pa3IuuHbIX nociencTBuil. OCOOCHHO BBICOKAs YHEPTUsl MOJIY4YaeTCs, €CIU CTAJIKUBAIOTCS 2
MOTOKA JBWXKYILIMXCS HABCTpeuy Jpyr Apyry mny4ykoB dyactull. [locTeneHHo yckoputTenu
CTAHOBWJIUCH BCE€ OOJBIIE MO pa3MepaMm (IUaMeTpoM B HECKOJIbKO KHUJIOMETPOB), YTO JaBajio
Bce Oonbinyto sHepruto. IIpu 3TOM poXkaanuch BCE€ HOBbIE M HOBBIE YacTHIIBL. Tak ObLIM
HaiJleHbl TunepoHsl. HazBaHue «rUMepoHb» MPOUCXOAUT OT TPEUYECKOT0 «THUIIEP» — BBIIIE,
TaK KaK OHU TsDKEJIEE MPOTOHA, HO TaK YK€ MOABEPKEHBI CUIIbHOMY B3auMOJeliCTBUI0. HyKI0HBI
U TUTIEPOHBI OOBETUHUIN B KJIAacC 0APHMOHOB — OT TPEUYECKOT0 «Oapucy» Tsxkenbid. bapuoHsl
(HYKJIOHBI, THUTIEPOHBI, OApHOHHBIE PE30HAHCH — KOPOTKOKMBYIIIME YACTHUIIBI) MPH JIFOOBIX
peaknmsiX MOTYT TPEBpAIAThCS B MPOTOHBI WJIM W3 HUX TOJydaThcs. Jlamee ObLIM HaiiIeHBI
CIJIPHO B3aMMOJICHCTBYIOIINE ME30HBI W 0O0pa30BajiCs KJIacC aapOHOB=ME30HBITOAPUOHBI
(moaTOMy cymepKoUiaiiep Ha3bIBaeTCsl aipOHbIM). Takum 00pa3oM, CHIIbHOE B3aUMOJICHCTBUE
BIUSET Ha NOBejeHUE aapoHOB. OcoOyl0 posib B UCCIIEIOBAHUM KBAHTOBBIX YACTHUII CHITPAJIO
OTKpBITHE HEUTpUHO. [Ipu H3yuyEeHHH HEKOTOpBIX peakiui ObLJI0O O0OHAPYXKEHO HapyIICHUE
3aKOHa coxpaHeHus sHepruu, [laynu npenmnonoxui (1930 r.) uto 3HEPrUst BBIACISIETCS BMECTE C
HEOOJIBIIION HE3aPSHKEHHOM dYacTuleld (YMEHBIIICHHOM KOmueld HEWTpoHa — HEWTPHUHO).
OnHako OOHApYXUTh B DKCHEPUMEHTE ATy YACTHUIYy OKa3aJloCh OUYEHb TPYAHO, OHA JIETKO



npojeTtaeT gaxe udepe3 3emito (50-e roma). Eme TpymHee ObuUTO ompenenuTh ee maccy, OHa
OKa3ajach CTOJNb MajOW, YTO HEKOTOpbIE Yy4YeHble Mpeasiarajyd CUYUTaTh €€ 0e3MacCOBBIM
($hOTOHOM TIEPEHOCYMKOM 0c000T0 BHIa B3anMoaeicTus. 1 Tonpko B koHie 20-ragane 21 Beka
HaJM4YME MaccChl IMOKOSI HEUTpUHO Obulo ompeneneHo. Ilpu 3Tom OBLIO ONpeneseHo Kak
MUHUMYM 3 pa3HbIX TUIIA HEUTPUHO, & AHTUHEUTPUHO TaK MOKa U HE OOHAPYKEHO.

bonee nerkue 4yacTUIbl TOXKE B3aUMOJICUCTBYIOT, HO MEPEHOCUYHK JIPYTrol — BEKTOPHBIN
0030H. Bce KBaHTBI MEPEHOCUYMKOB CTalM Ha3bIBaTh OOLIMM CIOBOM — 0030HBI. Takoe
B3aUMOJICHCTBUE OBLJIO HA3BaHO CJA0bIM, a YaCTHUIBl €My MOJUYMHSIONIMECS Ha3bIBAIOT
aentoHamu. K jgenToHaM OTHOCSITCS 3JEKTPOHBI, MIOOHBI U HEHTpUHO. B HacTosiee BpeMs B
OCHOBE KJIacCU(PUKAIMK DJIEMEHTAPHBIX YACTHUI[ JEKHUT WX JEJICHHUE Ha KIACChl CUJIBHO
B3aMMOJICHCTBYIOIMX (aApOoHBI) ¥ cHa00 B3aMMOJCHCTBYIOMIMX (JIEITOHBI) YaCTHIIL.
KnaccudummpoBanbl Tak k¢ 4 OCHOBHBIX BHJAa B3aUMOJEHCTBUS — TPABUTAIMOHHOE,
ANIEKTPOMArHUTHOE, CUibHOE U ciaboe. M cooTBeTcTBYeT 4 mojis u GopmanbHO 4 KBaHTa-
NEPEHOCUYHKA B3aUMOACHCTBUS IPAaBUTOH, (POTOH, ME30H, BEKTOPHBII 0030H.

AJIpOHBI JlenroHE!
(cHIpHO B3aHMOIEHCTBYIOLIHE) (cnabo r3aumoseiicTRyONIHE)
Me3oHst BapuoHsI DNeKTPOHBI MiooHs! Heitrpuso
Hywionei
(HeHTpoHsl, | | I HIEpOHEI
IPOTOHRI)
!r v
KBAPKH

Eme oaHOli 0COOEHHOCTBHIO KIJIACCOB 3JIEMEHTApPHBIX YACTUI[ CTaJl0 OTKPBITHE
anTuMarepuu. Peliasi BoIHOBOe ypaBHEHHE KBaHTOBOM anekTpoguHamuku 1. Jlupak B 1928 1
Hallell elle OTHO CHMMETPUYHOE PEIICHUE JIJISl aHTUAIEKTPOHA, KOTOPBIN JTOJKEH UMETh Ty XK€
Maccy, HO 3apsl NOJIOKUTENbHbIM. Takas dYacThua — NO3UTPOH OblUla OOHAapyXeHa B
AKCIIEPUMEHTE. PeSITUBUCTCKOM KBAaHTOBOW TE€OpHE ObUIO yCTAaHOBJIEHO, YTO MOYTH JIFOOO0M
AJIEMEHTAPHON YaCTUIIE COOTBETCTBYET aHTHMYACTHUIIA B TOM CMBICIE, YTO, UMESI OJMHAKOBHIE
Macchl, EPUOABI MOJIypacnajga, a TaKkKe OJUHAKOBbIE KBAHTOBBIE YHUCIA, OHH DPA3IUYAIOTCS
3HaKaMU BCEX 3aps0B: 3JEKTPUUYECKOro, OApHMOHHOrO, JIEITOHHOTO U Jp. DTO CIEIyeT H3
OOIMX MPUHLMIIOB KBAaHTOBOM TEOPUM MONS M MOATBEPKAACTCS SKCIEPUMEHTAIBHBIMU
naHHbIMU. TakuM 00pa3oM, BO3HMKIIA INOOalibHAs MpoOieMa YacTulla—aHTHYacTUIa, pa3HbIX
II0 3HAKY 3apsaa 4yacTul. IIpydyeM npu CTOJIKHOBEHHWH YaCTHLBI U AHTHUYACTHULIBI MPOUCXOAUT
AHHUTWIALIMS, T.€. OHU B3aMMHO YHMYTOXKAIOT APYT Apyra, U MPU 3TOM BBIIEISAETCS SHEPIUs B



BUJIE KBAaHTOB 3JIEKTPOMAarHUTHOTO u3iaydeHus (hotoHoB). [Ipu 3TOM TPOTOH AHHUTHUIUPYET
UMEHHO C aHTHUIPOTOHOHOM, a HE IMO3UTPOHOM, TaK KaK AHHUTHIAIMS JIOJDKHA COXPAHSTH
CUMMETPUIO CBOMCTB-3apsA0B. DaKTHUECKH 371€Ch MPOSBIACTCS ITyOOKask CHMMETPHS 3aKOHOB
¢usukn. dakTHuecKu 3aKOHBI COXPAHEHUSA OTPAKAIOT CHUMMETPUYHOE YCTPOMCTBO MHpa.
HanpuMep Hanuuue MOJOKHUTENBHOTO 3apsifa JOHKHO ObITh YPaBHOBEHICHO OTPHUIIATEIHHBIM
3apsiaoM. [Ipu 3ToM uncio 6apuoHOB WITH JIENTOHOB TOXKE JIOJDKHO COXPAHSTHCS (aHAIOT 3apsa
JUTSL CWJIBHOTO WJIH ¢1aboro B3aMMOACHCTBHSI). B To)ke BpeMs CyIIECTBYIOT OTAEIbHBIC CIIy4an
HapyIICHUS CHUMMETPHH, KOTOPBIC 3aCTaBHJIM YUYEHBIX YCIOXKHATH 3aKOHBI COXpaHCHUSI-
cumMMmeTpuu. Tak Hampumep Obula BBEACHAa JIONOJHHUTENBHAsT 0co0as  KBaHTOBAs
XapaKTEePHUCTHKA YaCTUIIBI Ha TTo00Me 3apsiaa, KoTopas ObUTa TaK U Ha3BaHa «CTPAHHOCTHY.

Mmuoroo0Opa3ue U CJIOXHOCTh CHCTEMBbl KBAaHTOBBIX YACTHI[ 3aCTaBWJIA YYEHBIX
BBIJIBUTATh HOBBIE HAEH. Tak Oblia pa3paboTaHa TEOpUs AIIEKTPO-CIIA00TO B3aUMOJICHCTBHUS
(oObeMHEeHNE AIMEKTPOMArHUTHOTO U ¢J1a00T0) U Teopust KBapkoB. K HacTosimeMy BpeMeHHU Bce
3T0 o0benuHeHO B pamkax CTaHIZapTHOM MOJENH, KOTOpas IMOATBEpPXKIACHA HEIaBHUM
OTKpBITHEM 0030Ha Xwurca. B 3Toil Monenu mpeacTapisioT agpoHbl KaK COCTAaBHBIE OOBEKTHI,
KOTOpBIE COCTOST M3 KBApKOB O pasHBIX TUMOB. KBaHTOBAsl XapaKTEPUCTHKA KBapKa MOTyUHIIa
Ha3zBaHne — 1BeT. CHUIIbHOE B3aMMOJCWCTBHE 3/I€Ch PACCMATPUBAETCS KaK B3aWMOJICHCTBUE
KBapKOB C TIEPEHOCUYMKOM — TIIOOHOM. Teopusi 3jeKTpocaadoro B3amMoJelHCTBUS
npencrasiser co0oit (coznana B koHie 60-x rogos C. BaitnOeprom, L. I'mamoy, A. Canamom)
eMUHYI0 (00bEIMHEHHYIO) TEOPUIO CJIA00T0 U AIEKTPOMArHUTHOTO B3aUMOJICHCTBUI KBapKOB U
JICTITOHOB, OCYIIECTBISIEMBIX MOCPEICTBOM OOMEHA YETHIPhMS YacTUIIAMU — Oe3MacCOBBIMU
doroHamu  (PNMEKTPOMArHUTHOE  B3aUMOJCHCTBHE) W  TSDKENBIMA  MPOMEKYTOUHBIMHU
BEKTOPHbIMH ~ 0030Hamu  (ciaboe B3aumozeiicTBue). Takum o0pa3oM  KUPHIUYMKAMU
CTaHJAPTHON MOJIENN JIOJDKHBI OBITh 6 KBapKOB, 6 JIENTOHOB, 6 6030HOM. OUH U3 0030HOB —
IPaBUTAIIMOHHBIA TPABUTOH IMMOKAa HE OOHapyXkeH. B 1emoM, kpome rpaBUTAIlMU dTa MOJIEITh
JTaeT XOPOIIee COOTBETCTBUE C IKCIIEPUMEHTAMH.

CTpykTypa cTaHAAPTHOI MOJen
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J1OTOJTHUTEIIBHO:

[2] c.155-176

[4] c.135-158

Huanoru: «®usnka 3neMeHTapHbIx yactuiy. Yacts [ https://www.youtube.com/watch?
v=JuSTEjkrxAl

Huanoru: "®usuka snementapHbix yactull'. Yacts 11 https://www.youtube.com/watch?
v=xZuE7a0p vo

Hanorexnomoruun

HanorexHonoruss — oOmacte (QyHIAMCHTAILHOW W TPHUKIATHOW HAyKd H TEXHUKH,
paboratomas ¢ OObEKTaMHU C 3aJaHHOM AaTOMHOW CTPYKTypOod NyTEM MaHUITYJIMPOBAHUS
OTIEIbHBIMU aroMaMu u Mojekyinamu. 1 nHanomerp = 0,001 wmukpomerpa =0,000001
MunuMeTpa. Pa3BuTHe TEXHONOTHMH  TIOCTOSHHO TpeOOBaJO TOBBIMICHUS TOYHOCTH
W3TOTOBJICHUS JIeTalIe, MeXaHn3MoB, cucteM. Cranmaprt koHna 19 no cepennnsl 20 Beka —
MHUKpPOHHBIE TEXHOJOTMU. B koHne 20 Beka NOSBICHUE MHUKPOIICKTPOHUKUA CHIENIANI0
cneayromuii mar B HampasieHuu 100 am, 10 M u T. a. [logBUIKMCH TEXHOJIIOTHUU JIA3€PHOTO
HAaMbUICHUS, CBEPXUYUCTBIE Marepuaidbl UM T. 4. B koHime 20 Beka NOSBWIOCH TOHSTHE
HAHOTEXHOJIOTMH, KOTJa HAa TEXHOJOTMYECKUU MPOILIECC CTalu BIWITh KBAHTOBBIC SIBIICHUS U
aTOMHO-MOJICKYJISIPHOE CTpoeHHe wmarepuaioB. I[IlpuMepsl : HaHOPOOOTHI, HCKYCCTBEHHBIE
BUPYCHI, OAKTEPUH, HAHOYACTHUILIBI, HAHOCTPYKTYPHI.

J1OMOJIHUTEIIBHO:
[2] c.342-351



Hanorexnomornu. HeBunnmast peposronusi. beckoneuHo masbie
gactuilsl.https:// www.youtube.com/watch?v=pCSiKEIViX0

[Topsimok u GecropsiIoK B MPUPOJIe
CrnydaiiHble IpoLecchl U sIBJIeHUs. Pag0aKTUBHOCTh, KBAHTOBBIH 1IyM U OPOYHOBCKOE
JIBIDKEHUE

Jlosiroe BpeMsl JIIOAU CUATAJIM YTO BCE B MPUPOJAE HE CIIYyUAlHO, UMEET CBOIO IPUUMHY U
MOXXET OBITh OINpEETICHO TOYHO. EC/iM OHM YTO-TO HE MOHMMAIW WJIM HE MOIIM YCTaHOBHUTh
MPOCTYK0 MPUYMHY, TO NPEANOjarall HAJINYME HEKOW «BHEIIHEH BOJM». Tak IOSBHINCH
MOHATHS O TyXax, 6orax u T. A. Jlaxke 3a XaOTHYECKH 3alyTaHHbIE MPOIECChl 0TBeYan 0or Xaoc.
Taxue 3akoHOMEpHBIE MPOIECCHI ObUTH Ha3BaHBI JIETEPMUHUPOBAHHBIMU (OT aHTJIMHCKOTO CJIOBA
onpenensats). Jlo 19 Beka yuyeHble CHOPWIM TOJBKO O HAJIWYUU BIUSHUS Ha MPUPOILY
MOTYCTOPOHHUX CHI. B MexaHumctmueckoil kaptuHe HproToHa 3a 60roM ocCTaBajioCh TOJBKO
MpOIIeCC CO3MaHMs MHUpAa H YCTAHOBJICHHE €ro 3aKOHOB, Jalibllie BCE paboTalo
«camMocCTosTebHO». [lOSBUIINCH W aTEUCTBI, KOTOPHIC MBITAJTUCh COBCEM yOparh Oora w3
KapTUHbI Mupa. M3ydeHne TEmIoBBIX MPOIECCOB U TEPMOJMHAMUKH 3aCTABUIIO MEPECMOTPETH
Takord mnoaxon. llosBumace BEPOATHOCTHAs KApPTMHA MHUpPA B KOTOPOM €CTh CIIy4YalHbIE WU
CTOXaCTUYECKHUe (CMEeCh CIIy4aifiHOTO U JIETEPMUHUPOBAHHOTO) MPOIECCHI.

[lepBoHayabHO WHTEPEC K XAOTHYECKUM IMpoOIleccaM BO3HUK TNIPU  HU3YUYEHUU
OpOYHOBCKOTO JIBM)KCHHUSI 4acTull. M3yuas 1moj MHKPOCKOIIOM TOBEJACHUE >KUBBIX KJIETOK U
MUKpPOUYACTHUILl YU€HbIe 0OHAPYKUJIU UX XAaO0TUYECKOE JBUKEHUE, ITOXOKEE Ha JIpokaHue. Takoe
JBIKEHUE OBLIO OOBSICHEHO JBMXKEHHEM MOJIEKYJ BO3ayxa. B raze mMosiekysbl ciabo CBsi3aHbI
(cmabo B3aMMOJEHCTBYIOT), TO3TOMY OHHM MOTYT JOCTaTOYHO CBOOOJHO JIBUTaThCH,
CTAJIKUBATLCS APYT C APYyroM, oOpasys O4eHb CIOKHOE (XaoTHYecKoe) ABMkeHHe. B Teopuu
BEPOSTHOCTU JOKA3bIBAETCS, UTO CIOKEHHUE OOJIBIIIOTO YMCiia Pa3HOOOPA3HBIX W HE CBS3AHHBIX
MEXIy COOOW MPOIECCOB MPUBOAWT K (POPMUPOBAHHIO CIIy4alHBIX TMporieccoB. [losTomy
XapaKTEPUCTUKU TaKOTO «MOJIEKYJISIPHOIO» Ta3a NPaKkTUYECKH MOXKHO OIMCHIBATh KAk
cnydyaitiple. C  Opyrod  CTOpPOHBI — CIy4YaWHbIE IPOLECCHI  TOXKE MMEIOT  BIIOJHE
JIETEPMUHUPOBAHHBIC XAPAKTEPUCTUKU — CPEIHEE 3HAUCHHE, TUCIIEPCHUs], KOPPEIsus U T. 1.
Tax BoO3HMKIIA cTaTUCTUYECKas (uU3MKaA, KOTOpasi CTaja OMHUCHIBATh CJIOXKHBIE ITPOIIECCHI
METOJAaMH TEOPUHM BEPOSTHOCTEM W CTAaTUCTUKU. Hampumep paBieHWe Tra3a B COCYIE,
cTaTucThyeckas (u3uKa MPEeACTaBIsACT KaK Mepenady HMMIyJIbCa MOJIKYJIaMu Ta3a CTEHKam
cocyna. Yem ObICTpee IBUIKYTCS MOJEKYJbl, TeM OoJibllie UMMIYJIbC W AaBiieHue. CKOpocCThb
MOJIEKYJl CBA3aHA C WX KMHETHYECKOW JHEpruer, a 3Ta DHEPrusl B CPEIHEM M OINpPEHEISIeT
Temneparypy. Tak MosBIsE€TCS CBA3b TEeMMEpaTrypbl U JaBieHus. [Ipu ckaruu rasa, Mecto
poJieTa MOJIEKYT YMEHBIIAETCs, CTOJIKHOBEHHUS CO CTEHKaMH ydamiarTcs. Tak oOpasyercs
CBsI3b JaBJCHUS W oObeMa rasa. [Ipum cxaTuu Tak ke HEOOXOAUMO BBINIOJHUTH PadOTy IIO
pa3rOHy MOJIEKYJ TpPH COJVMIKEHUW CTEHOK, IMOSTOMY YBEIUYMBACTCS DSHEPTHS JBUIKCHUS
MOJIEKYJl U COOTBETCTBEHHO TeMIieparypa. Tak oOpa3yeTcs CBA3b TeMIepaTyphl U o0ObeMa rasa,
a Tak k€ MOXXHO C(OPMYIMPOBATH 3aKOHBI COXPAHEHUS SHEPIUU B TEIUIOBBIX mporeccax. C
JIPYTOil CTOPOHBI, XapaKTEPUCTUKU TAKOTO «MOJICKYJISIPHOTO» Ta3a 3aBHUCAT OT KOJIMYECTBa
MOJIEKYJT U HuX Macchl. Tak mosBisieTcss o0ocHoBaHue (opMyiabl M 3aKkoHa MeHjeneeBa-
Knaitnepona P*V =x*R*T, rne P — naBnenne, V — o00beM, K — 4UCIO MOJIEH (ompeaessieTcs
YUCJIOM MOJICKYJ BellecTBa), R — yHuBepcaibHas KoHCTaHTa, T — Ttemneparypa. MoxXHO
paccMoOTpeTh B paMKax CTaT(U3MKUA M Hayaja TEPMOJUHAMUKH, €CIH PAaCCMOTPETh (PYHKIIHIO



Xa0THYHOCTH — 3HTpOMNHUI0. B crardusuke paccMaTrpuBaroT B3aMMOCBSI3b (DYHKLUN 3HTPOIIUH,
TEMIIEPaTyphl U T. 1. B BUJIE CUTEMbl YPaBHEHMIA.

MOXHO TPUMEHUTH CTaTQU3UKy M K JAPYTUM CIOXKHBIM TpoleccaMm (BOJHOBBIM,
HBOJIIOLIMOHHBIM, KBAHTOBBIM). J[Ji1 KBaHTOBBIX OOBEKTOB OblIa pa3paboTaHa creluaibHas
CTaTHCTHYECKasi TEOPUSI — KBAHTOBAsl CTAaTUCTHKA, KOTOpask BbLAEIWIIA PAJl OCOOBIX MHOKECTB
KBAHTOBBIX OOBEKTOB, KOTOPHIE IMOAYMHSAIOTCS OCOOBIM CTATUCTUYECKUM DPACHpPEEICHUSIM
(boze-DOiinmTeiina, ®epmu U T. 1. ). B ToXke BpeMsi KBaHTOBas CTaTHCTHKa €Uie TpeOyeT
JOpa0OTKM TaKk KaK HE BCErja MPaBUIbHO OIUCHIBAET IKCIEPUMEHTAIbHbIE pe3yiabTarhl. B
LIEJIOM KBAHTOBBIE CHCTEMbI OOOTaTW/IM HAayKy MPUMEpPAaMU COBEPLIEHHO CIIy4alHBIX SIBICHUMN
npupoasl (Iepuos Mojypacnaza U pajuOaKTUBHOCTb, BpeMsl KU3HU M BOJHOBas (PyHKIUS
YJACTHUIIBI U T. 1.).

[ToMuMo OecrOpsIIOUHBIX/XAa0THYHBIX CUCTEM B IPUPOJE BaKHOE 3HAUCHUE UMEIOT U
YIOPSAOYEHHBIE CTPYKTYpbl. B KUAKOCTAX M TBEPABIX TENaX MOJIEKYJIBl PacloJararoTcs
ropaszio IJIOTHEE YEeM B ra3e M CHJIbHEE B3aUMOJEHUCTBYIOT MEXAy cOO0Oi. DTO MPUBOIUT K
YCIOKHEHUIO MPOLIECCOB, BO3HUKAIOT SIBJICHUS CMauyMBaHHs, MOBEPXHOCTHOIO HAaTSKEHUS,
TEKy4ecTH, ynpyroctu U T. 4. Ilpm 3TOM BemiectBa MOTyT OBbITh H30TPOIHBIMHU (BCE
HaIpaBJICHUs] PAaBHONPABHBIMHM) M aHU30TPOINHBIMU (€CTh BbIJEIICHHbIE HanpasieHus). Cpeau
aHU30TPOITHBIX BEIIECTB HanOoJiee BaKHOE 3HAYEHUS MMEIOT JIOMEHBI M KpUCTaIbl. J[OMEHBI
— o0Jactu Tesa, KOTOpble UMEIOT O0LIMe XapakTepucTuku. Harpumep MarHuTHbIe JOMEHbBI —
3aMKHYTbI€ O0JIACTH, B KOTOPBIX MOJIEKYJbl (DOPMHUPYIOT OOIIMIA MAarHUTHBIN MOMeEHT. B
pe3ynbTraTeé MarHUTHBIM JOMEH BeneT ceO0s Kak eIuMHas MarHuTHas CUucTema, KoTopas
B3aMMO/IEUCTBYET C BHEIIHUM MarHUTHBIM 1osieM. FIMEHHO TOMEHBI BIUAIOT HAa (POPMUPOBAHUE
0COOBIX MarHUTHBIX, AEKTPUUYECKUX U HEKOTOPBIX JIPYTMX CBOMCTB BeuecTB. Kpucramisl —
BEIIECTBA, KOTOPbIE UMEI0 0CO0YI0 KPUCTAJUIMYECKYIO CTPYKTYpY. ATOMBI KpUCTajla CBS3aHbI
Tak, 4YTO OOpa3yloT B IMPOCTPAHCTBE pEIIETKY (KpucTajuimueckyro). B Takoit cucreme
NOSIBJISIFOTCS.  @HU30TPOINHBIE SABJIECHHUS M CaMO COIVIJACOBAHUE B3aUMOJECHCTBHUS aTOMOB C
BHEIIHUMU CcwWIaMd W noiasmMu. Kpucramnel 007aar0T aHOMaJIbHBIMA — ONTHYECKUMU,
ANIEKTPUYECKUMHU, MarHUTHBIMU, YOPYTMMHU CBOcTBaMu. Hampumep ymiepoa MOXeT ObITh B
BUJIe Tpadura, anmasa, rpadeHa, yriepoJHbiX HaHOTPYyOOK. Kaxkaplil U3 3TUX BUAOB 00JaaeT
0CcOObIMU (PM3MUECKUMU CBOMCTBAMU, YACTO YHUKATbHBIMH.

B 3akitoueHue JaHHOM MOATEMBI MOXKHO OTMETHUTh, YTO MPOLIECCHl YIOPAIOUYMBAHUS U
XAa0TU3ALMK B MNPUPOJIE MOCTOSHHO MPOTHUBOACUCTBYIOT. 3aKOHBI TEPMOAMHAMHUKU TPEOYIOT,
4YTOOBI CHCTEMBI IOCTENEHHO XaOTH3UPOBAIMCH (TEPMOAMHAMMUYECKAs CMEPTh BCEJIEHHOM),
OJJHAKO B PEAIbHOM MHPE €CTh CIJIOKHBIE IIPOLECCH ABOJIIOLMU CUCTEM, KOTOpPBIE HE BCETHA
BEAYT K Xaocy (HampuMep IOBEACHUE XKUBbIX cucteM). Iloka coBpeMeHHas Hayka HE MOXET
OTBETHUTH HA BCE BO3HUKAIOIIKE ITPH 3TOM BOIIPOCHI.

J1OMOJIHUTEIIBHO:
[2] c.138-141,159-163
[4] c.132-135, 248-270

Pasznen Ne3. Xumuyeckasi 1 0H0JIOrMYeCKAsi KAPTHHA MUPa
XuMHnyeckasi KApTUHA MUPA. XMMHYECKHE 3JIeMEHThI U CTPYKTYPbI
XuMHuyecKkas KapTMHA MHpa — TMPEACTABICHHE O XHUMHUYECKHMX BeIlecTBaX, HX
B3aMMOJIEUCTBUHU, CTPYKTYpe U OCOOEHHOCTSIX COBPEMEHHO XMMHUHU U €€ HCTOPUH, BIUSHUU



XHMMHHU Ha COBpeMeHHBIf/'I MHUp. Xumusa — HaykKa O XUMHMYCCKHNX BCIICCTBAX M HX
BSaHMOﬂeﬁCTBHH. I/ICTOpI/IH XHUMHH IIPOCICIKHUBACT HCCKOJIBKO OTAallOB!:

xumus apesHero mupa (Eruner, Wnmmsa, Kwurail, I'peuns B OONBIIMHCTBE CBOEM
AMIIUPHUYECKUE 3HAHMS B BUJE TEXHOJIOTHI) KaK 4acTh HaTypduiocopuu;
IXUMHUSI CpPEIHUX BEKOB (ApaOCKkue M €BpOINEWCKUE CTpaHbl. AJIXMMUKH MbITAINCH
pemuTh 2 MmpobieMbl — TMpEeBpallieHus BEIIECTB C MOMOIILI0 (Procodckoro kamHs,
MIOUCK dJIUKCHpa OecCMeEpPTHSL.);
arpoxumus [lapanensca 16-i1 Bexk (Hauano dapmaneBTuku, METUIMHCKON XUMUU.
[Tapanensc OOBSCHSUI NPUYMHBI OOJNE3HEH HapylIEHHEM XHMHMUYECKHMX IPOLIECCOB B
opranu3me. Kak M ajaXMMUKH, OH CBOJWJI pa3HOOOpa3ue BEIIECTB K HECKOIbKUM
AJIEMEHTAM — HOCUTEJSIM OCHOBHBIX CBOMCTB Marepuu. Ciie10BaTeIbHO, BOCCTAHOBJICHUE
UX HOPMaJIbHOIO COOTHOIIEHMSI IPUEMOM JIEKAPCTB U3JIEUUBAET OOJIE3Hb. );
teopust ¢uorucrona Ilrans 17-18 Bek (Teopus ropeHuss o0OBSCHATACH OCOOBIM
BEIECTBOM — (DJIOTUCTOHOM. ) ;
(GOpMHpOBaHUE KIIACCUYECKONM HEOPraHWYeCKOM XHMHH, 3aKOH COXPAaHEHUS MacChl
JlaBya3be, 3akoH ABoraapo o MoisipHoM oObeme (koHer 18 Beka - 60 roasl 19 Beka;
Jlomonocos, [lansTon, bepuenuyc );
BBIICJICHUE XMUMHUYECKUX 3JIEMEHTOB, CO3[JaHUE TEOPUH BAJICHTHOCTHU, MEpUOAMYECKAs
cucreMa 31eMeHToB MenneneeBa (Appennyc, Kekyne);
co3anue oprannyeckoit xumuu (bytiepon);
CO3JaHME TEOPUM KHHETHKM XUMHUYECKHX peakuuii CeMeHOBa , CTPYKTypHOE
MOJIEJIUPOBAaHHUE B XUMUU;
[TocTenenHo B XxuMuu GOpMUPOBAIUCH CIAEAYIOLINE 0a30BbIE MTPEICTABICHMUS:
XHAMHYECKUE PEAKIUHU IMPOUCXOJAT C MOJIEKYJIAMH XUMHUYECKHX BEIIECTB. MOJIEKYIIbI
COCTOSIT M3 aTOMOB, CTPYKTypa arOMHOIO CTPOEHHMSI MOJIEKYJ BIMSET HAa XapakTep U
pe3ynbpTaT peaKui.
ATOMBI HE U3MEHSIOTCA NP XUMUYECKHX peakUuusax. MEHSITCS CTPYKTYpbl
oOpasytoumuxcsa Moiyiekysl. Ilpu 3TOM oOmiee KoJIM4YecTBO BEUIECTBA OCTAETCs
HEU3MEHHBIM.
CBolicTBa XMMHUYECKUX BEUIECTB OINPEACNIAIOTCS BAJICHTHBIMU CBOWCTBAMHM aTOMOB HX
CTPYKTypbl. BasleHTHbIE CBA3M W XUMHUYECKHE CBOMCTBA HIIEMEHTA OIPEACIIOTCS
CTPOCHHEM €ro aromMa, B YaCTHOCTH HallM4MeM CBOOOJIHBIX MECT B AIIEKTPOHHOM
obonmouke aroma. Ywuciao  cBOOOJHBIX MECT pPaBHO  BAJEHTHOCTH  aroMa.
B3aumogeiicTByromue aroMbl Kak Obl «OOMEHHUBAIOTCSD) ANEKTPOHAMM, YTOOBI 3aI0JHUTD
CBOU 00OJIOUKH.

ITepuonnueckas cucrema 3jieMeHTOB. CTPyKTypa MOJIEKYJI
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IMepuonniueckasi cucTréMa XHMUYECKHX 3J1eMEHTOB (Tadmnma MeHaenéeBa) —
KiIaccupuKanus XUMHUYECKHUX DJJIEMEHTOB, YCTAHABIMBAIOIIAs 3aBUCUMOCTh Pa3TUYHBIX
CBOICTB 3JIEMEHTOB OT HUX 3apsja aTOMHOIO sijipa (uuciia mpoToHOB siapa). CucreMa sABIsSETCS
rpaguyeckuM BBIPpOXKCHUEM TMEPUOJUYECKOTO 3aKOHA, OTKPBITOIO PYCCKUM  YUEHBIM
. . MengaeneeBbiM B 1869 romy. EE mnepBoHauanpHbI BapuaHT ObUT pa3paboTaH
. . MenaeneeBsiM B 1869—1871 rogax u ycraHaBivBaa 3aBUCUMOCTb CBOMCTB 3JIEMEHTOB
OT UX aTOMHOTO Beca (B COBPEMEHHBIX TEPMUHAX, OT aTOMHOI Macchl). OCHOBHBIM MPUHIIUIIOM,
no KoropomMy MeHzeneeB CTpOMI CBOIO TaOIUIly, ObLJIO pa3MeIlleHHE DJIEMEHTOB B MOPSIKE
BO3pacTaHus MX aTOMHBIX BecOB. OCHOBBIBASICh Ha BAJIGHTHOCTM U XUMHUYECKUX CBOMCTBaX
AIIEMEHTOB, MeH ieNieeB PacloiOKUl BCE AIIEMEHTHI M0 18 rpyrinaM, B KaKI0M M3 KOTOPBIX
pa3Memainuch 3IEMEHThl CO CXOAHBIMU CBOWcTBaMu. [IpuyumHa TEPHOAMYECKUX W3MEHEHUU
GU3NYECKUX W XHMHYECKHX CBOWCTB DIIEMEHTOB KPOETCS B NEPUOAUYHOCTH CTPOEHHS
JJIEKTPOHHBIX 000J104eKk aToMoOB. Hampumep, B mpaBoii yacTd TaOIUIBI paclojaraloTcs B
BUJIE KpailHEro cToj0lja MHEPTHBIE BJIEMEHTHI, Y KOTOPBIX BCE OOOJOYKM 3aHATHI (YTO H
onpeJieNsieT UX XUMHUUECKYI0 MHEPTHOCTh). B mepBoM cTosi0lie pacnonaratorcs OJHOBaJICHTHBIE
aTOMbI, y KOTOPBIX OJTHO CBOOOJHOE MecTO 3JekTpoHa. Kpome Bomoponma, Bce OCTalbHbIE
AJIEMEHTHI IIEJI0YHbIE MeTaJIbl. TakuMm 00pa3oM, B paMKax CTOJIOIOB COOUPAIOTCS PJIEMEHTHI
MOI00HBIX XUMHUYECKUX CBOMCTB. OHU Ha3BaHbI rpymnmnamu. [Ipudyem, mo mepe yBeandeHus Beca
UX MeTaJuIMuecKkue cBoWcTBa ycuiauBawoTcs. CTpoku TaOnMIBl Ha3bIBAIOT IepuonaMu. B
paMKax OJIHOTO MEPHUOIa XUMUYECKHE CBOMCTBA MEHSIOTCS OT METAJUIMUECKUX JI0 HE METAJIOB.
Takum o6pa3om, Tabiauila JaeT BO3MOXXHOCTh YCTAaHOBUTh U OOBSCHUTh XUMHYECKHE CBOMCTBA
JIaYKe HOBBIX 3JIEMEHTOB (UTO U OBLIO CJICTIAHO).

XVMUKH BBISICHUIIM, YTO CBOMCTBA BEIIECTB, & 3HAYUT U UX KAYECTBEHHOE pa3HOOOpas3ue
00yCIIOBIMBACTCSI HE TOJIBKO MX COCTABOM, HO M CTPYKTypoul Monekyil. Ecnu 3Hanme cocraBa
BelllecTBA OTBEYACT HA BONPOC O TOM, M3 KAKUX XHMHYECKHX JIEMEHTOB COCTOUT MOJIEKYJa
JAHHOTO  BEIIECTBa, TO 3HAHUE CTPYKTYPbI BellecTBA JlaeT NPEACTaBICHUE O
MPOCTPAHCTBEHHOM PACMOJIOKEHUHN aTOMOB B 3TOM caMOW MOJIEKyJie. DTO CTPYKTpHasi MOJIEIb
MOJIEKYJIbl. ATOMBI B MOJEKYJIE€ XUMUYECKH CBSI3aHbl. XuMuueckou Ce:A3bl0 HA3bl8AEmCs
83aUMOOEUCMBUE MENCOY AMOMAMU IIeMEeHMOo8s, 00yciasiusaouiee Ux coeOuHeHue 8 MoaeK)vl
u kpucmaniel. B3auMoaencTBUE 00YCl061eHO0 COBMECMHbIM UCNONIb308AHUEM UX INEeKIMPOHOS,



umodvl  3anoIHUMb He3anonHeHHbvle 000a0yky. CylIeCTBYIOT KoeaneHmHuas (noaapHas,
HenonApHas), 6000pOOHAA, UOHHAA  (UOHHO-KOBWIEHMHAA)  C6A3U, A  MAKHce
MEmaniudecKan cesso.

Honnas cesa3vb 00pazyeTcst Korja OuH W3 aTOMOB TEPSET ICKTPOHBI CO CBOCH BHEIIHEH
000J109KH (KaTHUOH), a APYrod UX MpuoOpeTaeT (aHWOH) MPOTUBOMOIOXKHO 3aPSKEHHBIE UOHBI
MPUTITUBAIOTCS APYT K IPYTy, 00pasys mpouHbie CBsA3H. VIOHHBIE COSAMHEHUS — KaK TPaBUIIO,
TBEpAbIC BEIIECTBA, MMEIONIME OYCHb BBICOKYIO TEMIIepaTypy IUIaBICHHS (COJIM, IIEJIOUH,
Harp., MoBapeHHas COJIb).

Kosanenmnas ce6a36 00pasyeTcss B pe3yjibraTe CO3IaHUS JIIGKTPOHHOW TMaphl,
NIPUHAISKAIICH OMTHOBPEMEHHO O0OOMM aroMaM, CO3/Ial0IUM MOJIEKYTy BemecTBa. [10CcKoIbKy
TaKUe MOJICKYJIbI YIEPKUBAIOTCS CIA0BIMH CHJIAMH, OHU HEYCTONYMBBI U CYIIECTBYIOT B BUJIE
KUJIKOCTEH MJTU Ta30B C HU3KUMH TeMIIepaTypaMu TUTABJICHUS U KUTIEHUS (KUCTIopol, OyTaH).

Booopoonas ceazv obycnosnena nonapuzayueli Ko8ALeHMHbBIX C853€ll, KOTJ]Ja COBMECTHBIS
AIIEKTPOHBI OOJBIIYI0 YacTh BPEMEHU HAXOASTCA y aToMa JJIEMEHTA, CBSI3AHHOTO C aTOMOM
BO/Iopoia. B pe3ynbprare Takoi aToM MOJIy4aeT HEOOIbIION OTpUIATENbHBIN 3apsid, YTO JAeiaeT
COCIMHEHUS C BOJOPOJIHBIMU CBSI3SIMU OoOJee KpENKUMU II0 CPAaBHEHUIO C JIPYTUMH
KOBaJICHTHBIMU COCIMHEHUSIMH (BOJIA).

Memannuueckue cesazu 00ycnoenenvt c60600HLIM nepemeujeHuem 31eKmMpOHOE GHEeUIHUX
0b60o104eK amomos Memanios. ATOMbl B METAJIJIaX BBICTPAUBAIOTCSI B TOYHO MOJOTHAHHBIE APYT
K IPYTY PSAbl, YAEPKUBAEMbIE BMECTE AIEKTPOHHBIM TIOJIEM.

Xumnyeckue peakuuu. Heopranuyeckasi 1 opraHnveckasi XuMms

PazButne xumuum B miepBod mosioBuHe 20 Beka MpUBENO K (OPMUPOBAHUIO TEOPUHU
JTUHAMUKN XUMHAYECKUX MTPOILECCOB — KMHETUYECKOW XMMUU. B CBA3U C pa3BUTHEM TEXHHUKH U
MMEHHO B 3TO BPEMs XHMMHUS CTAHOBUTCS HAYKOM YK€ HE TOJBKO M HE CTOJILKO O BENIECTBAX,
CKOJIBKO HAyKOHM O MpPOIECCax M MEXAaHW3MaxX W3MEHEHMsI BemlecTB. IHTEHCMBHOE pa3BUTHE
MIPOMBIIIJICHHOCTH M TEXHUKH TPeOOBaJI0 KAYECTBEHHOTO M3MEHEHHS TOIX0Aa K XUMHYECKHM
texHosorusiM. CrienMaibHble BBICOKONPOYHBIE KAayyyKd , IUJIACTMAacChl, BCEBO3MOXKHbBIC
MOJIMMEPHI U MOJYHIPOBOJHUKHN ObUIO HEOOXOAMMO MOITy4YaTh B OOJNBIIMX KOJIUYECTBAX U MPHU
ONTUMAJIBHBIX 3arparax. B3anmonencTBre BEMIECTB B XOA€ PEAKIUM MPOXOIUT HEOAHOPOHO,
HEOOXOJUMBI CIeIIMaIbHBIE BEIIECTBA — KaTaJIU3aTopbl, KOTOPBHIE YCKOPSAIOT pEaKIUu.
HexoTtopble peakuuu BBIACISIOT DHEPTHIO, JPYTHE TMOIVOMAIT ee. Bce 3To HyXHO ObLIO
YUYUTHIBATh. XHUMHUYECKHE PEAKIMU CTAJIM ONMUCHIBATH CIOXKHBIMM MaTEMAaTHYE€CKUMHU
ypaBHCHHSIMHU, OCHOBAaHHBIMH Ha 3aKOHE COXpaHEHHUs BeIIeCcTBa, 3akoHax auddys3uu,
(GUIBTPAIMOHHOTO MEPEeHOca C YYeTOM 00bEMHOTO B3aUMOCHCTBHS KaK CaMHUX BEIIECTB, TaK U
KaTaJnu3aTopoB.

Oprannyeckasi XMMUsl — paslie] XUMHH, U3YYaIOlUi CTPYKTYPY, CBOMCTBA U METOIbBI
aHAIM3a PEAKIUWA YIIEBOAOPOJOB W WX MPOU3BOJAHBIX. [I[pOM3BOJHBIMU yIJIEBOAOPOJIOB
HAa3bIBAIOTCS BELIECTBA, MOJYYEHHBIE U3 YITIEBOJOPOI0OB 3aMEIICHUEM OJIHOTO WJIM HECKOJIbKHX
aTOMOB BOJIOPOJIa HAa JIPYTHE aTOMBI WIJIM TPYMIBI aTOMOB. TakuM 00pa3oM, XUMHsI BEIIECTB,
MOJIYYEHHBIX U3 OMOJIOTMYECKUX CHCTEM CBellach K paboTe ¢ yreBOoJOpoAaMu. DTO CBA3aHO C
TE€M, YTO BCE W3BECTHBbIC HaM OHOJIOTHYECKHE OOBEKTHI OCHOBaHbI Ha YIIieBoJopoAax. EcTh
TEOPETUUECKUE HJIEM O BO3MOKHOCTH AHAJIOTMYHOM KPEMHEBOM KW3HHM, OCHOBAHHOW HE Ha
yIJIEPOJIE, a Ha €r0 aHaJIoTe KPEMHHUH, HO TIOKa TAKUX CUCTEM HE 0OHAPYKEHO.

Yri1eBoaopoOaAbI — COCIMHEHUS, COCTOSIIME W3 aTOMOB YIVIEpOJa W BOAOpOJA HIIH



COJIEpIKalllie TaKue IEMEHTHI B 0a30B0i cTpykType (mpousBonubie). [lockonbky yriepon (C)
UMEET YEeThIpE BAJEHTHBIX OJJIEKTpoHAa, a Boxopox (H)— oxumH, B COOTBETCTBHH C
BaJICHTHOCTBIO MOJIEKYJIa MPOCTEHIIero yresonopoaa umeer popmyny — CH4 (metan). Ilpu
JAJbHEUIIIEM YCIOKHEHUN CTPYKTYphl ymieBogoponos cTpykrypel tuna C-H, H-C-H u T a.
(GOpMUPYIOT NPUHUMAIOT «CKENET» MOJEKYJbl, KOTOpas MOXET ObITh OYEHb CIOKHOW. B
pe3yJIbTaTe CYILIECTBYET OTPOMHOE KOJIMYECTBO PA3JIMYHBIX YITIEBOJOPOJAOB C Pa3IWYHBIMU
CBOMCTBaMHU (IJIACTUKH, TUIACTMACCHI, PE3MHA, >KUAKOCTH, TOIUIMBO U T. 1.). CHOCOOHOCTH
yIJIepoAa COEIUHATHCS C OOJIBIIMHCTBOM 3JIEMEHTOB U OOPAa30BBIBATH MOJIEKYJIBI Pa3IMYHOIO
cocTaBa M  CTpOoeHHs  OOYyCJIOBIMBAaeT MHOrooOpa3ue OpraHMYeCKHX  COEIMHEHUH.
OpraHnyeckue COEAVMHEHUS! UIPAOT KIIFOUEBYHO POJIb B CYLIECTBOBAHUU JKMBBIX OPraHHU3MOB,
MeIULIMHE, OUOTEXHOJOTUSAX U T. JI.

3ajaun OpraHUuvYeCcKO XUMHUH :

e Brljenenre HHIUBUAYaTbHBIX BEIIECTB U3 PACTUTEIBHOTO, )KUBOTHOTO WJIU

HCKOTIAeMOT0 ChIPbs
CuHTE3 M OYHCTKA COEIMHEHUN
OnpeneneHue CTPyKTypbl BELIECTB
N3yyeHne MexaHn3MOB XMMUYECKUX PEAKLIUH C YIIIEBOAOPOJIAMU
BrIsBIEHHE 3aBUCHMOCTEN MEXY CTPYKTYPOU OPraHUYECKUX BEUIECTB U UX
CBOMCTBAMH

Biiusinne XUMHYECKHMX MPOLECCOB M TEXHOJIOTHil HA MPUPOY, YeJI0BEKA U PA3BUTHE
o0uecTBa

Pa3BuTre XUMHUYECKHUX TEXHOJOTHMH HMEET KakK IOJIOKUTEIbHbIE (DAKTOpPHI, TakK U
OTpHUIIaTEIIbHBIC.

IHosoxkuTebHBIE PAKTOPBI

CoBpemeHHass XUMHSI KpalHE MOJOXKHUTEIBHO OTpa3WiiaCh Ha MEOULHHE. DTO MOYKHO
HaOMOAaTh MO POCTY CpEAHEl MPOMOIKUTEILHOCTH JKM3HU 4YENOBEKa, KOTOpas pacTeT BCe
nociaeaaun  100-150 mer. be3 BoOBjICUCHHMS HOBBIX XHUMHYECKHX MaTepyajioB OBLIO ObI
HEBO3MO)XHO M 00€CIIeYUTh COBPEMHHBI YPOBEHb KU3HM U KOMGOpPTa, KOTOPBIM TaK XKe
MOCTOSIHHO pacTeT. HaM yXe TpyaHO NpeAcTaBUTh KakK MOXHO >XUTh 0€3 IJIacThKa |
MJIACTMACChI, JIBUTaTeleid BHYTPEHHEro CrOpaHMsi, MCKYCCTBEHHBIX TKaHEW U OOJIBIIMHCTBA
COBPEMEHHBIX CTPOUTENIbHBIX MaTepuaaoB. Cero/Hss HOBbIE XUMHUUYECKHUE BEIIECTBA OKPYKAIOT
YeJIOBEKa MOCTOSHHO.

OrpunarejibHbie GaKTOPbI

Ha Bcex craausx cBOero pa3BUTHS YEJIOBEK ObLT TECHO CBSI3aH C OKPY>KAIOIIUM MHUPOM.
Ho ¢ Tex mop kak MosIBUIOCH BBICOKOWHJIYCTpPHAJIbLHOE OOIIECTBO, OMACHOE BMEIIATEIHCTBO
YeJioBeKa B MPUPOAY PE3KO YCUIIMIOCH, PACIIMPUIICS 00BbEM 3TOTO BMENIATEIHCTBA, OHO CTAJIO
MHOTOOOpa3Hee U celyac IrpO3UT CTaTh NOOATHHONM OMACHOCTHIO ISl YesloBeUYeCcTBa. YenoBeKy
MPUXOJUTCS BCE OOJIBIIIE BMEIIUBATHCS B XO3UCTBO OMOC(hephl - TON YacTH HalleH MJIaHEeThI, B
KOTOPOM CyIIECTBYeT *U3Hb. Hanbosee MaciTaOHbIM U 3HAYUTEIILHBIM SIBISIETCS XUMUYECKOE
3arpsI3HEHUE OKPYIKAIOILIEH Cpeabl HECBOMCTBEHHBIMH €M BEIIECTBAMHU XMUMUYECKON ITPUPOJIBI.
D70 Ta3000pa3HbIe, a9PO30JIbHBIC, )KUIKUE U TBEPJbIC 3arPS3HUTEIN MPOMBIIIICHHO-OBITOBOTO
npoucxoxaenus. [IporpeccupyeT n HakoIJIeHUE Mycopa, KOTOPBI CcTall Bce 0ojiee XUMHUIECKH
aKTUBHBIM. BBI3BIBAE€T TPEBOry Yy HSKOJOTOB M MPOAOJKAIOIIEecs 3arpsiz3HeHrue MupoBoro
okeaHa HeThIO U HePTenpoyKTaMHu, gocturiiee yxe 1/5 ero oOuei nosepxnoctu. Hedrsanoe



3arpsi3HEHHUE TaKUX Pa3MEpOB MOXKET BBI3BATh CYIIECTBEHHBIC HAPYIISHUS T'a30- U BOJ0OOMEHa
Mexay Tunpochepoir m armocdepoii. He BbI3bIBaeT COMHEHHN M 3HAUYE€HUE XUMHUYECKOTO
3arpsI3HEHUS MOYBBI TMECTUIMAAMH W €€ IOBBIIICHHAs KUCIOTHOCTb, BEAylIlas K pacnazny
PKOCUCTEMBI. B 1€e710M Bce paccMOTpeHHbIE (DAKTOpPhl, KOTOPHIM MOKHO MPUIHCATh
3arpsiBHAONMN 3PQEeKT, OKa3bIBAIOT 3aMETHOE BIIMSHUE Ha MPOIECCHl, MPOUCXOIAIIUE B
ouocdepe.

Xumnueckoe 3arpsizHeHue 0uocgepnl

B 0CHOBHOM CyIIECTBYIOT 5 OCHOBHBIX MPOOJIEM XHMHUYECKOTO 3arpsi3HCHHS — 3arpsi3HCHUE
arMoc(depsbl, 3arps3HeHUE OKeaHa W JAPYTHuX BOJOEMOB, 3arpsi3HEHUE IOYBBI, BO3JICUCTBUE HE
CBOMCTBEHHBIX MIPUPOJIE XUMHUYECKUX BCIIICCTB Ha pacTeHus, JKUBOTHBIX,
MUKPOOHUOIOTHYECKHE Tella, MOTaJaHne XUMMUISCKUX BEIIECTB B MUIILY, OJICKTY, OKPYKAIOIIYIO
YeJI0BEKA CpeENy.

MHorue XWMHYECKHE BEIIeCTBAa HETaTUBHO BO3ACHCTBYIOT Ha Omochepy U KHBBIC
oprann3mbl. Hanbosee BaxHbIC HETaTUBHBIC BUBI BO3ICHCTBHS:
® MYTar€éHHOE, CBSI3aHHOE C BO3JCHCTBUEM Ha TE€HOM JKMBBIX CYIIECTB U UX
HACJIEJCTBEHHOCTh, HA )KU3HECTOMKOCTD MOCIEAYIOIIUX MOKOJICHHUM;

® MyTareHHOE, CBSI3AHHOE C BO3pAaCTaHHEM pHCKa 3a00JeBaHUN pakOM W JIPYTUMU
MaTallMOHHBIMH 3a00JICBAaHUSIMU,

® [IMIIEBOE OTPABJICHHE, CBSA3aHHOE C TMOMAJaHUEM XHUMHUYECKHX BEIICCTB B IHIIEBHIC
1enouku onocdepsr;

® HapylIEHUWE XMMHUYECKOro OanaHca cpeibl, oTepsi KOPMOBOMl 0a3bl, yCUIEHHE BHEIIHETO
BO3JICUCTBUSA CPEbl HA JKU3HECHHBIC INKJIBL,

o BIMSIHUE 3arpsi3HCHHS] Cpelbl Ha o0pa3 >KU3HU KUBBIX CYIIECTB (HAmpuMmep
3arpsi3HEHHE OKeaHa HePTeNmpOmyKTaMH W MYCOPOM NPHUBOAUT K HAPYIICHUIO HOPMAalbHOMN
KU3ZHENIEATETLHOCTHU NITHI], PbIO, MOPCKUX MIICKOTTUTAIOIIINX ).

buonornyeckas kapruHa mupa. Ilousitue Omocgepbl, IKOJIOTHH, OCOOCHHOCTH
OMOJIOrHYeCKOro YPOBHA OPraHM3alui MaTepuu

Buonorusa — Hayka 0 HBBIX CyIIECTBAX U MX B3aUMOJICHCTBUU CO CPEION OOMTaHUSI.
W3yyaer Bce acmekThl JKU3HHW, B YaCTHOCTH, CTPYKTYpy, GYHKIMOHUPOBAHUE, pOCT,
MIPOMCXOXKJICHUE, HBOJIOLMAIO W PACHpEACIICHUE JKMBBIX OpPraHW3MOB Ha  3eMlle.
Knaccuguuupyer n onuchBaeT )KUBbIE CYLIECTBA, IPOUCXOKIEHUE UX BUJOB, B3aUMOJICIICTBHE
MEXTy COOOM U ¢ OKpY Karolen cpeoi.

Kak camocrositenpHas Hayka OMOJIOTHS BbIIEIWIACh U3 €CTECTBEHHBIX HayK B 19 Beke,
Korga yuéHble OOHapyKHWJIM, YTO BCE KUBBIE OpraHU3Mbl 00Ja/1al0T HEKOTOPHIMHM OOLIUMU
CBOMCTBAMH U IIPU3HAKAMH, B COBOKYITHOCTH HE XapaKTEPHBIMU ISl HEXKUBOM IIPUPOLBI.

Buocdépa — obomouka 3eMiu, 3acenéHHas KUBBIMA OpPraHM3MaMH, HaXOAIIasCs IO
MX BO3JICMCTBUEM U 3aHATAsI NPOAYKTAMHU UX KUZHEAESITEIbHOCTH.

IKOJIOTHSI — HayKa O B3aUMOJCWCTBUSX JKUBBIX OPraHM3MOB MEXIy cO00i M C uX
cpenon oOuTaHusl.

I'maBHast 0cCOOEHHOCTH OMOJOTrMYECKOTO YPOBHSI OpPraHHU3alMyd MaTE€PUH COCTOUT B TOM,
YTO JUIA HUX XapaKTEPHbl OIHOBPEMEHHBIE MPOLECCHl PAa3BUTHS, aNAaNTalUH, PA3MHOKECHUSI.



DTO HE CBOWCTBEHHO OCTAJbHBIM BUIAM MaT€pPUU, YTO BHI3IBAET MHOXKECTBO Pa3HOOOPa3HBIX
TEOPHU O )KUBBIX OPTaHU3Max.

CrtpyKTypa coBpeMeHHO# 0H0JI0THHI
B cTtpykType coBpeMeHHOI OMOIOTUH BBIAEISIOT CIETYIOUIUE pPa3iebl:

e AmnaroMus e 30010rUsd e Cenexknus
o buoreorpadus o Jluxenomorus o Cucremaruka
e buorexnosnornsa e Menunmaa o Dusuonorus
o buoduszuka o Muxonorus o duronaronaorus
e buoxumus e Mukpobuosnorus o [luronorus
e boraHuka o MonekynspHas ¢ DBOJIIOLIMOHHOE YYECHUE
o Berepunapus ounonorus o DKOJIOTHS
e Bupyconorus e Mopdonorus e DMOpuosorus
o [eHetnka e OOmas ononorus e DTOJOTHUs
e JKUBOTHOBOZICTBO e Opranorpadus
o [laneonronorus

PaccmoTpum HekoTophIe paziensl 0oliee moapoOHo.

300s10rUs1 M GOTAaHNKA

30010russ — Hayka O NPEICTABUTEIIAX >KMBOTHBIX, B TOM YHCIIC YEIIOBEKE. 300JIOTHS
CBsI3aHA C IPYTUMHU OMOJOTUIECKUMH HAyKaMU1, MEAUIIMHOM, BETEPUHAPHECH.

Onucanusi KUBOTHBIX H3BECTHBI C APEBHEUIIMX BpeMEH. Tak, UMEIOTCS KHUTH O
JKUBOTHBIX, co3naHHble B J[peBHeM Kutae u Munuu. 3o005orus kak Hayka Oep€T Hadalio B
aHTUYHOM [ penuu u cBA3aHa ¢ UMEHEM ApHUCTOTENS. B ero npousBeaeHusx onucano okosuo 500
BUJIOB ’KUBOTHBIX;, €My MPUHAIICKUT Psii BAKHBIX Ul U 0000IIEHU, B TOM YUCIIEC YUCHHUE O
B3aMMO3aBUCHUMOCTH YacTel opraHu3Ma (KOppessiym), y4eHHEe O Tpajaiusx.

OCHOBBI COBPEMEHHOM CHCTEMAaTH3allMM KUBOTHOTO MHpaA 3aJ0KEHbl B KOHIE 17 —
nepBoi nmojoBuHe 18 Beka, paboramu aHruiickoro yuénoro J[>xona Pes u mBeackoro y4éHoro
Kapna Jlunnes. OcHOBoOIoONAraromuyM TPyAOM B 00JacTH OWOJIOTMYECKOM CHUCTEeMaTUKU
cuntaercsa kaura «Cucrema npupoasy JInHHes, nepBoe u3gaHue KOTopoil BeIuio B 1735 roxy.

B counHeHUMsIX KpYNHBIX 300J70roB KOHIA 18 — Hauana 19 Beka mnosBiseTcs uaes
HUCTOPUYECKOTO PA3BUTHSA OPraHUYECKOro Mupa. IlepByro TEOpHIO 3BOJIIOLMN OPraHUYECKOTO
Mupa H3JI0XKWI (paHIy3ckuil ecrectBoucmbiTarenb KaH-baruct Jlamapk B cBoed KHHTE
«Dunocodus 3o0omorum», onyonmkoBanHoi B 1809 romy. B 30-40 romax 19 Beka Hemenkuit
yu€nbiii Teopop IlIBaHH co31a KIETOYHYIO TEOPHUIO, CYUTAIOIIYIOCS OJMHUM M3 TPEX BEIMKHUX
OTKpbITHM ecTecTBOo3HaHus 19 Beka. Cosznmanme Yapnb3zom [lapBunom B 1859 romy Teopumn
DBOJIIOLMA OPTaHUYECKOTO MHUpPAa YTBEPAWIO HCTOPUYECKUHN B3NS HA MPUPOLY M ONHUCAIO
OCHOBHOM JIBWXKYIIUNA (DaKTOp HBOJNIOLUU — €CTECTBEHHBIM oTOO0p. IIpomomkenuem wupaei
HBOJIIOIIMOHU3MA CTalld OCHOBBI (PMJIOT€HETHUYECKOW 300JI0THH, 3aJ0XKEHHBbIE BO BTOPOH
nosoBuHe 19 Beka HemeukuMm Yu€HbIM OpHcTOM [ekkeneM. [exkkens chopmynupoBan
OMOreHEeTUYECKUI 3aKOH, YCTAaHABIMBAIOIINN CBSI3b MKy MHAUBUAYAJIbHBIM U UCTOPUYECKUM
Pa3BUTHEM >KHBOTHBIX

Boranmka — Hayka o paCTCHHUSX.



Bboranuka oxBaTeIBa€T MIMPOKUH Kpyr MpoOieM: 3aKOHOMEPHOCTH BHEUIHETo U
BHYTPEHHEro CTpoeHusi (Mopdojorus U aHaTOMHs) pacTEHUI, UX CUCTEMAaTHKy, pa3BUTHE B
TEUEHUE TEOJIOTMYECKOT0 BpPEMEHHM (SBOJIONMS) M  POACTBEHHbIC CBsi3u ((uiiorenes),
OCOOEHHOCTM MPOLUIOr0 M COBPEMEHHOI'O PACHPOCTPAHEHUS [0 3EMHOW IOBEPXHOCTH
(reorpadus pacTeHuil), B3aHMMOOTHOIIEHHUS CO Cpeaol (SKOJIOTUS pPACTEHUM), CIIOKEHUE
pPacTUTENLHOTO TIOKpoBa ((DUTOLIEHOJOTUS, WM Teo00TaHMKA), BO3MOXHOCTU U IMyTH
XO3IMCTBEHHOTO  MCMOJb30BaHUS  pacTeHUuM  (OOTaHMYECKOE  pECypCOBENEeHHE,  WJIU
sKOHOMHUYecKas OoraHuka). Ilo oObekram uccienoBaHust B OOTAHHMKE BBIAEISAIOT HAYKY O
BOJIOPOCIISIX, O rpubax, o JMIIAaWHUKAX, — O MXaXxX U Jp.

Kak mnenocrHast cucrema 3HaHUM O pacTeHusix OoTaHuka odopmmiack Kk 17-18 Bekam,
XOTSI MHOTHE CBEJCHUS O PACTEHUAX ObUIM M3BECTHBI M IMEPBOOBITHOMY YEIOBEKY, TaK Kak
’KM3Hb €ro Oblja CBsi3aHa C IMOJIE3HBIMH, IIaBHBIM 00pa3oM MUIIEBBIMH, JIEKAPCTBEHHBIMU U
AJIOBUTHIMU pacTeHUsIMU. [IepBbIMU KHUTaMU, B KOTOPBIX PACTEHHS ONUCHIBAINCH HE TOJIBKO B
CBSI3U C UX MOJIE3HOCTHIO, ObUIM MPOU3BEICHUS IPEUECKUX U JIPYTHX YUEHBIX-HATYpaJIUCTOB.
3aHUMasACh PACTEHHUSAMM KaK YacThIO MPHUPOIBI, (uUmocodbl aHTUYHOTO MHUpa MHITAINUCH
ONpEAENIUTh MX CYU[HOCTh W CHCTEMATU3HpPOBaTh HUX. B [peBHeM MuUpe paCTEHHUSIMHU
3aHUMAJIUCh ApHUCTOTENh, €ro YyueHHK TeodpacT (ero Ha3bIBAIOT «OTIOM OOTAHUKWY),
npeBHepuMckuid HatypanucT Ilnuuauii Crapmmii. boranudeckue tpyasl Teodpacta MOXKHO
paccMaTpuBaTh Kak CBOJ B €AMHYIO CUCTEMY MO3HAHUW MPAKTHKOB CEJIbCKOIO XO3SHCTBA,
MEIUIMHBI U padOT Y4YEHBIX aHTHYHOIO MHUpa B 3ToM obOnactu. Teodpact ObLT OCHOBaTEIEM
OOTaHMKH KaK CaMOCTOSITEIbHOM HAyKW: Hapsay C OINMCAaHUEeM NPUMEHEHHs] PACTeHUN B
XO35ICTBE U MEIHUIIMHE OH pacCMaTpUBaJl TEOPETHUECKHE BOIPOCHI.

[Tocne obmiero ymagka ecrectBo3HaHusi B CpenHue Beka OOTaHMKAa HAYMHAET BHOBD
WHTEHCUBHO pa3BuBaTtbcs B EBpome ¢ 16 Beka. I[lepBoHauanbHO 3TO KOCHYJIOCH JIMIIb
cUCTeMaTHKu U Mopdonoruu, HO B 17-18 Bekax BO3HUKAIOT U (POPMUPYIOTCS IPYTUE PA3AEIbI
OOTaHWKHW, B YACTHOCTH, aHaToMus pacreHuid. OcoOyro ponb B Oortanuke cheirpan Kapn
JIuHHEH , co3marenb €IMHON CUCTeMbI KIIACCU(PUKAIIMHA PACTUTEIHLHOTO M KHUBOTHOTO MHpa. B
19 Beke pemiaroiiee BIWSHUE HAa CUCTEMATUKY PACTEHHM OKas3aja SBOJIOLUMOHHAS Teopus Y.
HapsuHa.

XapakTepHble 4YepThl COBPEMEHHOIO 3Tana pa3BUTHs 300J0TUM U OOTAHUKH —
CTUpAHUE IPAHEU MEXKAY OTIEIBHBIMU €€ OTpacisAMU U UX UHTerpauus. Beé€ mmpe npuMeHsoT
HOBBIE METOJIbI HCCIIEJOBAHMS, OCHOBAaHHBIX Ha JOCTHKCHHUSX (U3UKU U XUMHUH, YTO
[IO3BOJIMJIO peIlaTh 3aJayd, HENOCTyIHbIe paHee. Tak, B pe3yjbrare UCIOIb30BaHU
NIEKTPOHHOIO MHKPOCKOIIA, paspeliarolias Cuwia KOTOPOro II0 CPaBHEHHUIO C JIPYyTUMU
ONTUYECKUMHU NPUOOpaMH BO3pOcia B COTHU pa3, ObUIM BBISABIECHbl MHOTME HOBBIE JI€TaJH
CTPOEHHUS KIIETKH.

MHoroo0pa3ue u CTPyKTypa O0M0JI0rH4eCKHX 00bEKTOB
JXKuvBble OpraHM3Mbl OTIMYAIOTCS OT TEJI HEKUBOW MPUPOALI Oo0jee CIOKHBIM
XUMHUUYECKUM COCTaBOM (B YaCTHOCTH, OOS3aTE€NbHBIM HAJIMYUEM OEJKOB W HYKJICHMHOBBIX
KHUCJIOT) U COBOKYITHOCTBIO CBOMCTB >KMBOTO (IO OTAEIBHOCTH OOJBIIMHCTBO M3 3THUX CBOMCTB
UMEIOTCS U Y HEKOTOPBIX 0OBbEKTOB HEXKUBOW MpUpoibl). [lepeurcium riaBHbie 0COOEHHOCTH :
OOwmeH BellecTB
o [luraHue — yCBOEHHE MUTATEIIbHBIX BEIIECTB, MHUIIH KUBBIM OPraHU3MOM.



¢ Brigenenne — mporiecc BEIBO/Ia HEHYKHBIX WIIA BPEAHBIX JIJISI OPTaHU3MOB MPOTYyKTOB

KA3HENEATETLHOCTH.

e JIBmKeHHE — W3MEHEHHUE IMOJ0KESHUSI TeJla WM YacTel Tejla 0COOM B IPOCTPAHCTBE.
HacnenctBeHHOCTb U UBMEHUYUBOCTb

1. HaciencTBeHHOCTh — CBOMCTBO I€pe/IaBaTh IIOTOMKAM CBOM MPH3HAKH.

2. I3MeHYMBOCTh — pa3uyus MPU3HAKOB MEXTy OCOOSIMU OTHOTO BUA, B TOM YHCIIE

HACJICICTBEHHO 00YyCIIOBJICHHBIC.

BocnpusaTtue n nepepabortka uHgopmaumm
¢ PaznpaxumMoCTh U BO30yTUMOCTh — CITOCOOHOCTh OpraHu3Ma BOCIIPHHHMATD
nH(pOpMaIIO U N30MpaTeLHO pearnpoBarb Ha HeE.
PocT, pa3Butue, paaMmHoXeHune
e PocT — yBenmuueHne Macchl 1 pa3MepoB 0COOH 3a CUET MPOIECCOB OMOCUHTE3A.
e Pa3BuTHE — OTHOCHTEIHLHO HEOOpATHMbIC U3MEHEHHS OPTaHN3Ma B TEUCHHUE KU3HH.
e Pa3sMHOXeHUE — BoCIpou3Be/IeHHE ceOe MOJOOHBIX 0COOEH.

OcHOBHOE pa3JeleHHe KUBBIX CYIIECTB — OCCKJICTOYHBIC, OJHOKJICTOYHBIE U
MHOT'OKJIETOYHEBIE.

CrnenyeT OTIMYATH MHOCOKIEMOYHOCHb W KOLOHUALbHOCHb. Y KOJIOHUW OpraHW3MOB
OTCYTCTBYIOT HacTosmme AuddepeHIIMPOBaHHBIC KIIETKH, a CJICOBATEIILHO, M pa3/iejicHUue Tela
Ha TKaHU. J[ajiee MHOTOKJIETOUHBIC MOKHO Pa3/IC/INTh HA PaCTEHUs, IPUObI, )KUBOTHBIC. Bee aTn
3 Kjacca MMEIT OrPOMHOE YHCIIO MOJBUJIOB, KIacCoB M BUIOB. IIpu 3TOM, BO BceX BHIAX
OpraHH3M MOXKHO pa3/IelInTh Ha TKAHH — HAO0OPHI KJIETOK, BRIMOJTHSIOIINE OIIPEICIICHHYIO POJIb
JUTSI )KU3HU OpraHu3Ma (HampuMep KOCTH, KOKa, KEITYIOK U T. 1. ).

MuxpoOuoJiorus

MuxkpoOuoJjiorusi —  HaykKa, [PEeIMETOM  H3YyYE€HHMS  KOTOPOWM  SIBIISIFOTCS
MUKpPOCKOIIMYECKUE CYIIECTBA, HA3bIBAEMbIE MHUKPOOPTraHM3MaMH (BKIIOYAIOMIMMH B CEOS:
OJHOKJIETOYHbIE OpPraHU3Mbl, MHOTOKJIETOYHbIE OpPraHu3Mbl W  OECKIETOYHBIE), UX
OMOJIOrMYeCKre MPU3HAKKM W B3aMMOOTHOILLIEHHUS C JIPYTMMHU OpraHU3MaMH, HACeSIOIIMMHU
Hally miaHeTy. B obnacth HHTEpecOB MUKPOOMOJIOTUN BXOAUT UX CUCTEMAaruka, Mopgoiorus,
¢uznonorus, OHOXMMHS, OSBOJIOLHUSA, POJIb B DJKOCUCTEMAaX, a TaKXKe BO3MOXKHOCTU
IIPAKTUYECKOTO UCIIOJIb30BAHUS.
Paznenbr MUKpOOHOAOTHH: OAKTEPHOIOTHsI, MUKOJIOTUSI, BUPYCOJIOTHS, TAPA3UTOJIOTUS

U IpyTHE.

OcHoOBHbBIE H3y4aeMble OOBEKThI — OakTepuu M APYrue OIHOKIETOUHBIE OPraHU3MBI,
OECKJIETOYHBIE BUPYChI, HEKOTOPHIE MHOTOKJIETOYHBIE OPTraHU3MBI.

bakrepun — onHa U3 nepBbIX (GOPM KU3HHU Ha 3eMile U BCTPEYAIOTCS MOYTH BO BCEX
3eMHBIX MecToOOUTaHUsAX. OHU HACENAIOT MOYBY, NPECHBIE U MOPCKUE BOAOEMBI, [NTyOWHHBIE
CIIOM 3€MHOW KOpbl. bakTepuu 4acTo SABIAIOTCS CUMOMOHTAMHM M Mapa3uTaMu PACTEHHUN U
’KUBOTHBIX. BOJIBIIMHCTBO OaKkTEpHil K HACTOSIIEMY BPEMEHH HE ONMKMCAHO,TaK UX OYEHb MHOTO.
OauH rpamMM TOYBBl B cpenHeM coaepkuT 40 MUUIMOHOB OakTepUalbHBIX KJIETOK, a B
MWUIMJINTPE CBEXEH BOABI MOXHO HAWTM MWUIMOH KiIeTok Oaxrtepuil. Ha 3emie

HacuuTbBaeTcs okoo 5+1030 OakTepuil M MX OMOMacca MPEBBIIAET CyMMapHyl Omomaccy
’KUBOTHBIX U pacTeHHil. MHOro OakTepuil COIepKUT U Telo yenoBeka. KonnuectBo Oakrepuil y
4eJIOBEKA COCTABIAOT 39 TPUIUIMOHOB OaKTEPUAIbHBIX KIJIETOK (CaMO TEJO YE€JIOBEKa COCTOUT



u3 okosio 30 TpIWILTHOHOB KJeTOK). Hanbonee MHOTOUMCIIEHHA KHUIIIEYHAass MUKPOdIopa U KoxKa.
BonpmmHCcTBO OakTepuii Oe3BpeIHBl WM JIaXKe IOJIE3HBl YEJIOBEKY, HO €CTh U MHOXXECTBO
00JIe3HETBOPHBIX OakTepuil (uyyma, xonepa, TyOepkyne3 U T. A.) . OcoOeHHOCThIO OakTepuit
ABJIAETCSI OTCYTCTBHUE SIBHO BBIPAKEHHOTO $1/1pa KIETKH.

OAHOKIIETOUHBIE OPraHU3Mbl, UMEIOIIHUE SIIPO — 3TO MPEK/IE BCErO PACTEHUS U TPUOBIL.

Biipyc —  HekieToyHOe  HMH(PEKIMOHHOE  OHMOCYIIECTBO, KOTOPOE  MOXET
BOCIIPOM3BOJIUTHCS TOJBKO BHYTPH KUBBIX KJIETOK. BUpYCHI Opa)katoT BCe TUIBI OPraHU3MOB,
OT pPACTeHMM U KUBOTHBIX 10 Oakrepuil . OOHapy>KeHbl TaKXe BHPYChl, CIOCOOHBIE
pa3MHOXAaTbCS TOJIBKO B TMPUCYTCTBUU JAPYTMX BHPYCOB (BUpYChI-caTeiuThl). Bupyc
BHEJPSIETCS. B UYXKYIO KIETKY MU TOJb3ysICh €€ BO3MOXHOCTSIMHU co37aeT cBou komuu. I[lo
CMBICITY JEHCTBHUS BUPYChl MOTYT OBbITh BpPEIHBI JHOOOMY OpPraHu3My B KOTOPOM OHHM MOTYT
IPOHUKHYTh B KJIETKY. Bupycsl ropasno MeHble OakTepuil U MOTYT NPOXOAUTH Yepe3 Te
(GuIBTPHI, KOTOPBIE 3aJepKaT OaKTEPUH.

Bbopr0Oy ¢ Bupycamu u OakTepusiMH BeAET MMMYyHHas CHCTEMa OpraHu3Ma, KoTopas
BbIpA0aThIBAET AaHTUTENA Ha KaXIbld BUA MHKpoopraHumsma. I[lo3ToMy BaXHO HUMETh
UMMYHUTET, TO €CTh PEAKLMIO HA TOT WIM MHOM Bl O0JIE3HETBOPHBIX MUKPOOPraHU3MOB. JTO
NPUBOJUT K HEOOXOAMMOCTH MPUOOPETEHUSI TAKOTO UIMMYHHUTETA yTEM «OO0yUYEHUs» UMYHHOMR
cuctembl. {151 3Toro oOBIYHO HCIOJIB3YIOT NMPUBHUBKUA — IOMEIIEHUE B OpraHU3M 0O0pa3IoB
YOUTBIX WK OCIA0JIEHHBIX MUKPOOPTaHU3MOB.

I'eHeTuka W ajanTauus B )KUBOU NpuUpoae

I'eneTka — Hayka O CTPYKType W METoJax NepeJayu HacjielcTBeHHoW uHpopmaruu. O
TOM, 4TO IOTOMKHU MOJYYalOT YaCTh CBOMX CBOMCTB OT MPEIKOB ObLIO M3BECTHO C JPEBHOCTH.
[TpoBonunack u onpeaesieHHas CeIeKIUs )KUBOTHBIX U PaCTEHHUM, HO OCOOEHHOCTH U MEXaHU3M
nepenayn HacyeCTBeHHON MH(opmaruu ObUT He MOoHATEeH. B 18 Beke O0oTaHWKHM mepenuid oT
HaAOJIOIEHUH 32 HAClIeZIOBAaHUEM IPU3HAKOB PACTEHUH K IKCIIEPUMEHTAIBHOMY €r0 U3yUYEHHIO.

B 1760 r. 1. I. Kenbpelitep npoBen CEPUIO0 ONBITOB 110 M3YYEHUIO NMEPENAYN MPU3HAKOB
IpU CKpeUIMBaHUM pacTeHui. B ombiTax ¢ Tabakom, aypmMaHoM M TBo3aukamu KenbpeiTop
MOKa3aj, 4YTO  pAaCTEHHUA-NIOTOMKH, 4YaCTO HMEIOT NPHU3HAKH, IPOMEKYTOYHBIE MEXKIY
NpU3HAKAMHU pacTeHui-poauTeneid. OH Takke OOHApPYKWUJI, YTO €CTh PABHOINPABHE «OTLA» U
«Marepu» B Iepenade MpPU3HAKOB MOTOMKaM. JkcriepuMeHTamu KenbpeilTepa ObLIO MOKa3aHO
CYLLIECTBOBaHME Iona y pacteHuid. Kenmppelitep BBEN B HAayKy HOBBIM METOJA H3YYEHHS
HACJIEJICTBEHHOCTH —  METOJ| HCKYyCCTBEHHOM rubOpuauzanuu. llpu  HcKyccTBeHHOM
IIEPEHECEHNH MBUIBIBI C BETKA OJHOTO COPTA HA MECTUK I[BETKA JPYroro Copra I0JIy4aeTcs
pacTeHue, IPoUCXoadIlee OT ABYX COpTOB cpa3y. Takoe pacteHue HasbiBaeTcs rubpugom. [lpu
9TOM OTILIOBCKO€ PACTEHUE — ITO TO, C KOTOPOIO B3sTa IbUIbLA, & MATEPUHCKOE — TO, KOTOPOE
3TOM MBUIBIION OMBUIMIN U HAa KOTOPOM CO3PEBAIOT IMOpHUAHbIE ceMeHa. PacTeHus, BeIpOCIINe
U3 3TUX CEMSH, YYCHbIC Ha3bIBAIOT THOpHUIAMU MEPBOro MokojeHus. Vcrmonp3ys 3TOT MeTof,
¢pannysckue Oorannku O.Capx>s u IIIl.Homen B cepenune 19 Beka OTKpbUIM SIBICHUE
JTOMUHAHTHOCTH OAHOTO M3 poxutenedt Han apyrum. Capxke, HogeHoM u Ipyrumu y4deHbIMU
ObLI0O OOHApYy’>KE€HO, YTO BCE THMOpPUABI NEPBOrO IMOKOJEHUS MOXOXKH Jpyr Ha Apyra. ITo
HAOJIIOZIEHUE BIOCIEACTBUM CTalIM Ha3bIBaTh MPABWIOM €IMHOOOpa3us TMOpPUIOB IEPBOTO
nokosieHus. [Ipu 3ToM 4acTh NpuU3HAKOB THOPHUABI MOIYYarOT OT OJHOIO COpPTa, & YacTh — OT
apyroro. Tak 4To 4acTh JOMHHAHTHBIX MPU3HAKOB MTOTOMOK IOJIy4yad OT OTIA, & 4acTb — OT
marepu. He noMHMHaHTHBIE MpPU3HAKH, KOTOpPBIE HE NPOSBISIIOTCS Y T'HOPUAOB IEPBOrO



MOKOJIEHUs (ITO3HEE WX Ha3BaJlM PELECCHUBHBIMU) HE MCUE3aI0T cOBCceM. Ecim ckpeniuBarhb
ruOpHIbl NEPBOTO MOKOJIEHUSI MEXIY COOO0M, TO MX MOTOMKH, TMOPHJIbI BTOPOTO MOKOJICHUS,
OTJIMYAIOTCS MO0 CBOMM IMpHU3HAKaM Jpyr OT JApyra. BO3HWKHOBEHHE TaKOro pa3zHOOOpa3us
MPU3HAKOB HA3bIBAIOT pacluemienneM . [Ipu 3tom yacte rTHOPUIOB BTOPOrO MOKOJIEHUS UMEET
peneccuBHble Mpu3Haku. Bee 3TH (akThl OBUIM OCMBICIEHBI B pabOTax YEIICKOI0 YYEHOTro
I'peropa Mennens. (1856-1863 1) u ObLIM OTKPHITHI OCHOBHBIE 3aKOHBI HACIEICTBEHHOCTH.
CyTtb 3ak0HOB MeHnenst («OnbIThl HaJl PACTUTENbHBIMU THOPUAAMEY ) :

1) B mnepBoM mnokoiieHMH THOPUIOB TMPOSIBISIETCS MPABHIO JIOMUHUPOBAHUS U
eIMHO00pa3usi — Bce THOPHUIBI UMEIOT MPU3HAK OJTHOTO U3 POAUTEIIEH.

2) 3akoH pacuIeIUIeHUs: TP MOHOTHOPUIHOM CKPEIIMBAHUU BO BTOPOM IOKOJIEHUU
ruOpUIOB B CiIy4ae MOJHOTO TOMUHUPOBAHUS HAOIIOAETCs paclIeIIeHHE B
cooTtHoteHuu 3:1 : okoio 3/4 THOPUAOB BTOPOTO MOKOJICHUS UMEIOT JOMUHAHTHBIN
MPU3HAK, OKOJIO 1/4 — perecCUBHBIN.

3) 3aKOoH HE3aBUCHUMOCTH IIPU3HAKOB

Bcé aTo nmocnyxuno npeanocbuikamu s co3naanusg MopranoMm B 1910-e robl XpoMOCOMHOM
TEOPUM HACJIEICTBEHHOCTH HAa OCHOBE PKCIEPUMEHTOB C IUIOJOBOM MYIIKOW Jpo3oduion. B
JAHHOW Teopuu OBLJIO YCTAHOBJIEHO, YTO MPHU3HAKK (MX Ha3BajdM TE€HAMH) IMEpPEeHaroTCs
monekynamu JJHK. B 3Tom ciiyyae reH cramnu omnpenensTh kak ydacTtok Monekyasl JJHK (y
HEKOTOpBIX BUpycoB — ydacTtok PHK), ompenensembiii mocienoBaTebHOCTbIO aTOMOB Ha
stom yuactke. Momekyna JIHK wmeer rpomaaHbpiil it MOJEKYJIbl pa3sMep U COACPKUT
Muutmapasl aromoB. [ komnaktHocTy JIHK cBepHyTa B nBOMHYI0 cnimpaib. COBOKYHOCTh
TCHOB OpraHW3Ma COCTAaBISIOT TEHOTHUI (OMPEAeNstoT Bua). [eHoTHN Hapsmy ¢ (akTopamu
OKpY>KaloIlel cpeabl W Pa3BUTUEM OINPENCAIOT, KakuMm OyaeT (eHoTun (KOHKPETHYIO
peanuzaiuio opraHu3Ma JaHHOro Buja). llepegaua reHOB MOTOMCTBY SIBISIETCSI OCHOBOM
HacneqoBaHusa (EHOTUIIMYECKUX MPU3HAKOB. bBOJNBIIMHCTBO OWOJOTHYECKUX MPU3HAKOB
SABJISIFOTCA TOJIMTE€HHBIMHU, TO €CTh HAXOASATCS IOJ BJIUSIHUEM MHOTMX T€HOB. [€HbI MOTyT
M3MEHSTHCS B pe3yibTaTe MyTalui, u3MeHsommux nocienoBarenbHocTs JJHK. Benencrue
MyTalli B NOMYJISLMUA T€HbI CYIIECTBYIOT B Pa3JIMYHBIX BAPUAHTAaX, HA3bIBAEMBIX AJUICIISAMHU.
Paznpie amienu reHa MOTYT KOAMPOBATh pa3liMyalolldecss BEpcUM O€lKa, 4YTO MOXKET
nposiBisATbCs (peHorunmyecku. [ensl Hapsiay ¢ ydactkamu JJHK, He comepxkammmu reHos,
BXOJST B COCTaB TEHOMA, NPEJCTABISIONIETO CO0OM BECh HACIEACTBEHHBIM Marepuan
Opranusma.

B xonme 20 Beka OMOJIOTM HAYyYMIIUCh TECTUPOBATh TEeHOTHMNHBI llempio pabor Obuia
pacuindpoBKa T€HOTHUIIA, TO €CTh ONPEICICHUE MECTOIMOJIOKEHHUSI T€HOB U WX Ha3HAYEHUS.
Ceronnsi 3Ta paboTa MPOJI0JKAETCS O CJIEAYIONIUM HAPABICHUSIM:

e (CoOmnoCTaBlICHUE TEHOTUIIOB,  BBIICIICHUE  B3aUMOCBA3E€A M MPOCICKUBAHHUE
HACJICJCTBEHHBIX U3MEHEHH. 3/1eCh I1aBHAasl 1EJIb — MOCTPOUTH TEHETUYECKYIO TEOPHIO
ABOJIOLMU U U3MEHYMBOCTH KU3HU B UCTOPUYECKOM ACTIEKTE.

e [lonbITKM NOCTPOUTH HEMPOTUBOPEUUBYIO TEOPUIO BOSHUKHOBEHUS JKU3HH.

e (Coznarb TEXHOJIOTHH HCKYCCTBEHHOM MOU(PUKAITTT reHOTHIIA (reHHO
MOIU(DHUITMPOBAHHBIE OPTAHU3MBI, JICYCHUE TEHHBIX 3a00JICBAHHN ).

e (Co31aTh TEXHOJOTUM OBICTPOTO aHaAJIU3a CBOMCTB OPTaHU3MOB U BUJIOB MO UX TEHOTHITY.

JlocTH>KEeHUs B TEXHOJIOTUM TECTUPOBAHUS TEHOTHUIIA MTO3BOJISIIOT CETOIHS UCIIOIb30BaTh
TeHETUYECKUHN aHalu3 OUOJIOTHYECKUX OOBEKTOB B CaMbIX Pa3JIMUHBIX 00IaCTIX



(KpUMUHATUCTHKA, MUKPOOUOJIOTHS, TAJICOHTOJIOTHS U UCTOPHUS U T. 11.).

[Iporeccrl amanTauu >KMBBIX OPraHU3MOB K BHEIITHEUW CpEJI€ BCEIIIA SBJISIOTCS OAHOW U3
BOXHEHIIMX 3amad B Owomormu. B paMkax 3THX TMPOIECCOB PEATU3YIOTCS TEOPUH
€CTECTBEHHOIr0 0TOOpa M ABOJIOLMH KU3HU, O0pb0a OPraHW3MOB 32 BBIKMBAHUE, MHUIILY, MECTO
oOuUTaHusl, BO3MOXHOCTb PA3MHOXEHHUS, BHYTPUBHUJOBas U MEXKBHUJIOBAas KOHKYPEHIIUS,
peann3anus SKOJOTMYECKOr0 PaBHOBECHS W COTPYAHMYECTBA OpraHm3mMoB. Kak mpaBuio
MPOLECCHI aJanTallii OY€Hb CJIOKHBI U UMEIOT MHOXKECTBO PA3JIMYHBIX ACHEKTOB, KOTOPHIE HE
BCEIrJIa XOPOIIO U3YUYECHBI.

JKOJIOrH4ecKue npodaeMbl COBPEeMEHHOI0 MHPa

IKOJIOTUS — HayKa O B3aMMOJCHCTBHSX JYXUBBIX OPTraHU3MOB MEXIy COOOW W C HX
cpenon 0OuTaHuUs.

Kak mpaBmio sKOJOTHIO CETOMHS BOCIPUHUMAIOT B aCHEKTE HKOJOTUYECKHUX MpoOiIeM,
KOTOpPBIE B COBPEMEHHOM MHUPE CUHTAIOT OHUMH M3 HanOOJee OMaCHBIMHE ISl CYIIECTBOBAHMUS
YeJI0BEUECTRA.

Hctopudeckn MOKHO BBIACIHUTH Psii MIOOATBHBIX 3KOJIOTHYECKUX MPOOJIeM, KOTOpBIE
ObLIM 3a(DUKCUPOBAHBI B MUPOBOM HayKe U OOILIECTBEHHOCTH:

e lI3MeHeHHME KIIMMAaTa U KIMMaTHYECKUX YCIOBUM JIJISl )KU3HU PACTECHUMN U KUBOTHBIX.
Pa3pyiiieHre 030HOBOTO CJI0sl U Apyrue mpoOiaeMbl aTMOC(hephl.
3arpsi3HeHHEe MUPOBOTO OKEaHa U MOYBBI.
HexBarka 4yncTol 1 NTUTHEBOM BOJBI, OITYCTBIHUBAHUE U 3ACOJIEHUE MOYB.
YHUUTOXKEHHE JIECOB U APYTUX TPATUIIMOHHBIX JIAHAMIA(TOB.
YMeHbIeHne 6Mopa3Ho00pasusi, BBIMUPAHHUE BHJIOB.
Hcronienne npupoIHbIX peCypCcoB.
Jlemorpaduueckue mpoOIeMbl 4eTTOBEUeCTBRA.

buosorus yesoBexka u MeIMLUHA
He cMoTpst Ha 0c000€ «MHTEIIEKTYalbHOE)» MOBEACHHUE YEJIOBEKA, €r0 MOXKHO BO MHOTHX
aCIeKTax paccMaTpuBaTh Kak OMOJOTMYECKYI0 cHUCTeMY. ECTh MHOXKECTBO aCIEKTOB OMOJIOTHH
YeJIoBEeKa, KOTOPbIE aHAJIOTMYHbl OMOJOTHU JPYTUX JKUBBIX CyHIECTB. B yacTHOCTH 3TO Jaet
OCHOBaHME JJisl peaju3aldyd METo/a MEepBOHAYaJIbHON ampoOauu pa3inuyHbIX MEIULIHUHCKUX
TEXHOJIOTUM Ha JKUBOTHBIX. MeaunuHa Kak METOJ BOCCTAHOBIEHUS HOPMAaJIbHOIO
(YHKLIMOHUPOBAHUS OpraHU3Ma 4eIOBeKa IPU ATOM JI0JIKHA OCHOBBIBAThCSI HA OMOJIOTMYECKUX
OCOOEHHOCTSIX OpraHu3Ma yesoBeka. C Jpyroil CTOpPOHBI aHANOTUs OMOJOTHHM 4YeJoBEeKa U
KUBOTHBIX II03BOJIIET CTPOUTH IO TEM K€ IPUHLMIAM W METOAbl BOCCTAHOBIICHUS
HOPMAaJIbHOTO (DyHKLIMOHUPOBAHUS OPraHu3Ma )KMBOTHBIX — BETEPUHAPHUIO.
Hcropudecku pasBUTHE MEAULMHBI IPOCIIEKUBAET Psifl ATAIOB!

o Jlpeuuit mup (Erunet, BaBunon, Unaus, dpeBuss ['peuus u JpeBuuit Pum) kotopeie
3aJI0KWJIA TIEPBBIE MJIEM U METOAbl METUIIMHBI KaK OOJIACTH €CTECTBO3HAHUSA U HAYKH.
[Ipumepamu y4eHBIX 3TOTO BPEMEHM CIYXHUT rpek I'mnmokpar (kistBa I'mnmoxpara) u
puMcKui Bpad [ anen.

e ApabGcko-BocTounblil Mup U EBpona cpenHux BekoB. Men anxumMuu mo3BOJNIHINA Pa3BUTh
METObl MEIWLMHBI JPEBHETO0 Mupa. [IpuMepoM ydeHOro 3TOro BPEMEHU CITYKUT
ABHIIEHHAa — MEPCUACKUNA YUYEHbIH, KOTOPbIA HAMOOJBIIMI BKJIaJ B €CTECTBO3HAHUE



npuHEC B 00JAaCTH aCTPOHOMUU U MEIUIUHBL. J[1s1 MeAUIIMHBI OH TeM 0oJjiee BaXKeH, UTO
ero paboThl yYMTHIBAIU OMBIT MeAUKOB BocTtoka um Muaun. OHM OKa3aauch JOCTYIIHBI
YYEHBIM CpPEIHEBEKOBOM EBpOmBI, 4TO 1amo BO3MOXKHOCTH B HOBOe BpeMms yBs3aTh Bce
9T 3HAHUA B MenaumHe HoBoro BpemeHu.

o EBpona HoBoro BpemeHu. DTOT 3Tanm pa3BUTHS MEAUIIMHBI MOXHO HayaTb ¢ padoT
[lapanenbca, KOTOpBIM (PAKTUYECKH OMpPENeNaua OCHOBBI JaJbHEHMIIEr0 pa3BUTHS
dapmakonoruu u ¢dapmaineBtukd. B HoBoe Bpems mosiBUIMCH yueOHbIE 3aBEACHUS IS
MOJITOTOBKM Bpaueid, NOSBWINCH MEpPBbIe MEAUIIMHCKUAE CTaHIApThl, YueOHUKHU. ['apBeit
OTKpBLI 3aKOHBI KPOBOOOPAIIEHUs, ONPEAEINI poib CEpAlla KaKk Hacoca, yOeaUTeIbHO
OOBSICHUJI, YTO apTEPUU U BEHBI €CTh OJIUH KPYT' KPOBOOOPAIIECHHUS.

e B 19 Beke omblT O0pbOBI € 3AMMIEMUSMHU Jajl OCHOBaHHS JUIsl IOSIBICHUS IEPBbBIX
rOCY/IapCTBEHHBIX CUCTEM MeAMLMHBI. CTajgo HEOOXOAMMBIM PacIIUPUTh MEAUIIUHCKHE
yCIIyTW Ha Bce OOLIECTBO, MOSBWIMCH IEPBbIE TOCYAAPCTBEHHBbIE OpraHU3allUU 10
YIPABICHUIO MEIUIIMHOW, HA4aioch paszaeiieHue Bpadeil mo mpodeccusm. [losBumuck
OOIIECTBEHHbIE W TOCYJapCTBEHHBIC Jia3zapeThl W OonbHUIIBI. Hambonee wu3BecTHBIE
MEIUKHU 3TOro BpeMeHu — mukpoouonoru Podepr Kox, Jlyu Ilactep, xupypru ITuporos,
Jxeiimc Cumncon, beprman, Cxindocodcekuii. HoBble MEAMIIMHCKHE TEXHOJIOTUH —
PEHTI€HOJIOT S, IPUBUBKH, XJIOPO(YOPM, aHTUCENTUKU U CTEPUIIA3ALIHS.

e B 20 Beke (QapmaneBTUKa M M3rOTOBIEHUE MEAUIIMHCKOM TEXHUKHU CTall0 HOBOMU
OTpaciblo MPOU3BOACTBA. locynapcTBeHHbIE M OOILIECTBEHHBIE CHCTEMbl MEIUIIUHBI
YCTAHOBWJINCb BO BCEX CTPAaHAX, IMOABWINCH MEXKIyHApOJHbIC MEAUIMHCKUE
opranuzanuu (rmox kKyparopctBoMm Bcemupnoit Opranuzanuu 3npaBoxpanenuss BO3).
[TosiBUAMCH CrienManu3upOBaHHBIE KIMHUKH, HAYyYHO-HCCIIEAOBATEIbCKUE OPraHU3aLUuU
MeIULIUHCKOro mnpoduis. HoBble MeAMIIMHCKHE TEXHOJOTUU — AHTUOMOTUKU, HOBBIE
METOJIbl TEXHUYECKOTO KOHTPOJIA opranu3ma (teroBuzopsl, JKI, na3zepHo-onTudeckue
CUCTEMbI), MCKYCCTBEHHbBIE OpraHbl (Cepjle, MOYKA U T. 1. ), HEepecajka OpraHoB H

JpyTHE.

®u3nosorus U Bbicuas HEPBHaA ACATECIbHOCTD Y€/I0BEKA

dusmnonorma yeioBeka — 1ITO HayKa, M3y4aromas IMPOLECCHl KHU3HEASATSIbHOCTH
(pyHKIIMM) 4YelloBEKa, €ro OTIENbHBIX CHCTEM, OpPraHOB, TKaHEd M KJIeTOK. OCHOBHBIMU
CUCTEMaMH 4YEJIOBEKA SBJISIIOTCS: MO3I U Pa3BETBICHHAS HEPBHAs CUCTEMA, a TAK)KE CUCTEMBI:
KOCTHO-MBIIIEYHAsl, KpPOBOOOpAllleHHs, MHULIEBapeHus, JauMdaruyeckas, >SHIOKpUHHA,
pEeNpOIyKTUBHAs, OPTraHbl 3pEHUS, CIIyXa, OCA3aHUs U OOOHSIHUSL.

HepBHast cuctema denoBeka oOpa3oBaHa TOJOBHBIM MO3IOM, CIMHHBIM MO3IOM,
Pa3BETBICHHOW CHCTEMOW HEPBHBIX OKOHYAHWM, KOTOPBHIE MPOHUKAIOT MPAKTUYECKH BO BCE
4acTH TeJa.

Mo32 — neHTpanbHBIA OTAE]I HEPBHOW CHCTEMBI YEJIOBEKA, 00E€CIEUYNBAIOIINNA PETYIISALUIO
BCEX JKU3HEHHBIX ()YHKIUH OpPraHHU3Ma, T. €. BBICIIYIO HEPBHYIO JAECSATEIbHOCTh U IICUXHUYECKUE
GyHKUMM, BKIOYas MblluieHue. OCHOBHBIE CTPYKTYphl TOJIOBHOIO MO3ra — 3TO JBa
MOJIyLIApHsl, COCTABIISIIOIINE MEPEIHUN MO3T, COEINHEHBI MO30JUCTBIM TeJIOM. CIIMHHOM MO3T
OCYILIECTBIISIET YIIPABICHUE CKEJIETHO-MBIIICYHOM CUCTEMOM, BHYTPEHHEH MYCKYJIaTypou u
YCIOBHBIMU M 0e3ycioBHbIMU peduekcamu. IlocTpoenne u pabora Mo3ra OCHOBaHa Ha
00paboTKe MaHHBIX HEWpPOHHON ceThlo. HelipoHHas ceTb — cucTeMa B3aMMOCBSI3aHHBIX
KJIETOK-HEHPOHOB, KOTOpbIE 00pa3yloT MHOIOCIOHHYIO ceTb. DAaKTUYECKH HEHpOHHas CETh



CIIYKUT CIIO)KHOW CUCTEMOI 00pabOTKH TaHHBIX, KOTOPBIE MEPEAAIOTCS OT HEPBHBIX OKOHYAHHIMA
B BHJIE HEKHX JJIEKTPO-XMUMHUYECKUX IMOTEHUMAIOB. 3PUTEIbHBIE, CIyXOBBIE, TAKTUIBHBIE (OT
NPUKOCHOBEHHMsI) 00pa3bl 00pabaThIBalOTCS HEHPOHHOW CETHIO U MO3BOJSAIOT (HOPMPOBATH TY
NEATEIBHOCTh, KOTOPYIO OTHOCST K BBICIIEW HEPBHOM JAEATEIBHOCTH OPraHu3Ma. ITO HE TOJIBKO
CO3HAHHME U MBIIUICHUE, HO U YPOBEHb PeICKTOPHOMU, MOACO3HATEILHON AesTenbHOCTH. [Ipu
TOM, HEpBHAs CHUCTEMa YIpaBisieT padOTOl BCEro OpraHM3Ma U €ro OTIENbHBIX YacTew,
CBSI3BIBAET U CUHXPOHU3ZHUPYET UX PaboTy.

B Hacrosimiee Bpemsl BbICIIas HEPBHAS ACSATEIBHOCTh — CaMasl CJIOXKHAsI U 3araJo4yHast
o0nacTb (U3HOIOTUU KaK YeJIOBEeKa, TaK W KUBOTHBIX. OJHAKO yXKe MOJy4YEHHbIE 3HAHUS
MO3BOJISIIOT CO3/1aTh 2 HOBBIX HAIPABJICHUS B €CTECTBO3HAHUU — OMOHHMKY M MCKYCCTBEHHBIM
WHTEJUJIEKT. BHOHMKA M3y4YaeT BO3MOKHOCTH peaiu3allid TEXHUYECKUX CHUCTEM (B TOM YHUCIE
3TO ¥ POOOTOTEXHMKA), PAOOTAIOIIUX IO aHAJIOTHH C XKMBBIMHU CYIIIECTBAMH, a MPOOJIeMaTHKa
MCKYCCTBEHHOI'O MHTEJUIEKTA CBSI3aHA C ITOIBITKAMU KOMIIBIOTEPHOTO MOJEIMPOBAHUS BBICIIEH
HEPBHOM JESITEILHOCTH C LEJIBIO CO3JJaHMsI CUCTEM MHTEIIEKTYalbHONH 00paOOTKH TaHHBIX.

CucreMHBbINA aHAJIN3 OMOJIOTUH Y€JI0BEKA U JKUBOTHBIX

B 18 Beke Kapn JluHHel co3pai eAUMHYIO0 CUCTEMY KiIacCU(UKAIUU PACTUTEIBHOTO U
J)KUBOTHOTO MHpa, B KOTOPOM ObLIM OOOOIIEHHI M B 3HAYUTEIHHOW CTENEHU YIOPSI0YEHBI
3HAHUS BCETO MPEbIAYIIEro Mepruoaa pa3BuTUs Ouonornyeckor Hayku. [Ipu sTom B uzydyeHue
OurosorvK ObUT IPUBHECEH CUCTEMHBIN MOAXO0I, KOTOPBIN CTal OAHUM M3 BAXKHEUIIUX METOIOB
U3y4YeHUs] OMOJIOTHH.

Buosiornyeckasi cCMCTEMATHKA — HayYHas IUCIUIUIMHA, B 3a/la9d KOTOPOH BXOMIUT
pa3paboTKa TPHUHIMIIOB KJIACCU(DHUKAIIMU >KUBBIX OPraHW3MOB W MPAKTHUUECKOE MPUITIOKEHUE
ATUX MPHUHIIUIIOB K MOCTPOSHUIO CUCTEMBI opraHudeckoro mupa. Ilog kinaccudukanmeit 3aech
IIOHUMAETCsl ONHMCAaHWE M PA3MELICHHE B CHCTEME BCEX CYLIECTBYIOIIMX M BBIMEPIINX
OpraHu3MoB. Brinenenve BHIOB, MOJABHIOB, KJIACCOB >KUBBIX CYIIECTB M IpaBUJIbHAsS
uAeHTUGUKAMS W KIacCH(PUKAIUS HOBBIX BHUAOB JaeT OCOOYH0 KapTHHY OHMOJOTHYECKOTO
MHpa, TMO3BOJISIET YBHUJETh B3aUMOCBS3M MEXay opraHusmamu. OCOOCHHO BaXHYIO POJb
CHUCTEMAaTHUKa CTaja Urparb mnocie (popMUpPOBAHUS TEHETHUUECKOM TEOpUU, KaK OCHOBBI JIs
cucreMatuku  (unoreHeruyeckass cucremaruka JlapBuna-l'ekkens). Tak ke  Kak
NepuonuecKas CUcCTeMa B XMMUHU, B OMOJIOTHU (D)OPMUPOBAHUE CUCTEMbI BUJIOB J1a€T BAXKHYIO
OCHOBY 151 JONIOJIHUTEJIHOTO aHaJli3a U MOUCKaA.

Cerogusi cucteMaThka MPUHAAJICKHUT K YUCITy OypHO pa3BUBAIOIIMXCS OHOJIOTHYECKHUX
HayK, BKJIOYash BCE HOBBIE M HOBBIE METOAbI: METOAbBl MAaTeMarTH4e€CKOM CTaTUCTHUKH,
KOMIIBIOTEPHBIM  aHalnu3 JaHHbIX, cpaBHurenbHbid aHamm3 JIHK uw  PHK, anamwms
YIABTPaCTPYKTYPhI KIIETOK U MHOTHE JIPYTHE.

B Owonormum 4yenoBeka cUCTEMaTHMKa IMOCTpOEHAa Ha KiIacCUPUKAMA pac —
€BPOMNEOUIHOM, MOHTOJIOWJHOW, HETPOUIHON, AaMEPUKAHOUIHOW, BEIJI0-aBCTPAJIOUIHOM,
BoCcTOUHOApUKAHCKOW. OJHAKO pPa3BUTHE TEHETHKW TOCTABUIIO ATy KIACCU(UKAIIUIO TIOT
BOIIPOC, TaK KaK N'CHETUYECKHUE HMCCIEAOBAHMS HE IMOJHOCTBHIO MOATBEPKAAIOT MPABUIBHOCTH
BbIJIeNIeHUsT pac. Kpome Toro teopust pac nana OCHOBAHMS JJIsI BOSHUKHOBEHUS Pslla TEOPUH,
KOTOpPhIE HOCAT JECTPYKTHUBHBIM M aQHTUTYMaHHBIM xapakTep (HampuMep €BICHHKA).
AHTPOIONOTHA KaK HayKa O 4eJIOBEYECKOM BHJIE, BKIIIOUAIOIIAs B ceOs ero KiaccugpuKaluio, B
HacTosIIee BpeMs HE MMEET €JAMHOro IMojaxojaa K Teopuu pac. EcTh Oornee crapblii MOAXO]
(bU3HOJIOTHYECKU, OCHOBAaHHBIM Ha BHEIIHUX MPU3HAKAX pachl M TOAXOJ TE€HETUYECKU,



KOTOpBIX BblIeIsAeT ramorpymnmnsl B JIHK ¢ yueToM HEKOTOPOTro BEPOSITHOCTHOTO XapaKTepa hX
dbopMHUpOBaHUSI.

Yes10BeK B cucTEeMe )KUBOTHOIO MHPa

UenoBek kKak 0COObIN BHUJI AKUBBIX CYIIECTB UMEET CBOE€ MECTO U UTPAET 0COOYIO pOib B
CHUCTEME€ >KMBOTHOTO MHUpa. B pamkax pa3BUTHS 4deslOBeYECTBA CPOPMHUPOBAIUCH 2 TPYMIIBI
KUBOTHBIX, KOTOPbI€ MPHUHATO AEIUTHh HAa OJOMAIIHEHHBIX M IUKUX. OJIHAKO W CpEelH IUKHUX
KUBOTHBIX €CTh MHOYKE€CTBO BUIOB, KOTOPHIEC aIAlITUPOBAIIUCH K COBMECTHOMY CYIIIECTBOBAHUIO
C YEJIOBEKOM U B IIPUHILMIICE Maji0 OTIMYAKTCA OT JOMAIUIHUX. YEIIOBEK CO34aeT CBOK
AHTPOIIOTEHHYIO Cpely, B KOTOPOM CYLIECTBYET OIPEACICHHBIN XUBOTHbIM mup. [Ipu stom,
MHOTHE M3 JIOMAIIIHUX KUBOTHBIX (DAKTUYECKU MPOIBETAIOT, @ HEKOTOPHIE U3 JUKUX KUBOTHBIX
HaXOJATCS Ha TPaHU BBIMUPAHUS.

[TosiBieHne demoBeka Kak OWMOJOTHYECKOTO BHAA - 3TO PE3yJAbTar IJIUTEIHHOTO
ABOJIOIMOHHOIO MPOLIECCA U CBA3AHO C UCTOPUUYECKUM PA3BUTHUEM KUBOTHOTO Mupa. HeloBek
B cebe codeTaeT NPUHIMUIHAIBHBIE YEPThl CTPOCHUS U KU3HENESITEIbHOCTH, KOTOPHIMHU
XapakTepu3yloTcsi KuUBOTHble. Ho B omimune oOT HHUX OH o00JafaeT 3HAYUTEIbHBIMU
OCOOCHHOCTSIMU, B TOM 4YHUCJE BBICOKOPA3BUTHIM MBIIUICHUEM, CO3HAHHMEM, TBOPYECKOMN
AKTUBHOCTBIO, UWICHOPA3AEIbHOM pEUYbI0, KOTOPBIE BO3HUKIM B PE3YJIbTATe TPYAOBOU
JIEATEIbHOCTH YE€JIOBEKa U €r0 COIMAJIbHBIX OTHOIICHUN. AHaTOMUYECKUE U (PU3UOJIOTHIECKUE
OCOOEHHOCTH COBPEMEHHOI'0 4YEJIOBEKa BBIACISIOT €ro B OCOObIM OWOJIOrMYecKUid BUA -
Yenosek pazymusblit (Homo sapiens).

[TaneoHTONMIOrMS KaK HayKa O UCTOPUYECKOM Pa3BUTUHU KUBOTHOIO MUpPa PacCMaTpUBAET
MMEET aHAJOTMYHYIO 110 CMBICIY HAyKy — IaJIe0aTPOIIOJIOTHIO, KOTOpas M3Y4daeT 3BOJIIOLUIO
YeJI0BEYEeCKOro BUJa. MICTOpHUYeCKr CTaHOBJICHHE TMAJe0aTPOTIOIOTHH ObLIIO TPOTUBOPEUUBHIM.
[lepBoHauanbHO OBLIM HaWIEHBI OCTAHKH HEaHJEPTANblla, TOIKE MUTEKAHTPOIA, 3aTeM
CUHTpOIIA, KPOMCAHbOHIA, AaBCTPAJIONMUTEKA, JICHUCOBCKOTO 4YenoBeKa. Kaxapld W3 3THX
JPEBHUX JIIOJIEH MMEJI CBOU OCOOEHHOCTH, JTAaTUPOBKA MX PACIPOCTPAHECHUSI OUYCHb HE TOYHAS.
Bce 3T0 OCIOXKHSET MCTOPUYECKYIO PEKOHCTPYKLHIO Pa3BUTHSI YEIOBEYECKOTO BHIA, JAET
BO3MOXXHOCTh  (DOPMYJIMPOBKM MHOXECTBA IMPOTUBOpEUAIIUX JPYyr JAPYyry TEOpHH.
['eHeTnueckre UCCIEeNOBaHUS TaK K€ BHECIM MHOTO MpoTuBopeunii. Tak ObLIIO yCTaHOBJIEHO,
YTO y BCEX COBPEMEHHBIX JIIOCH €CTh OJHa 00Ilas pOJCTBEHHHIIA >KEHCKOIO I0JIa, OJHAKO
TOYHO YCTAaHOBUTH IJ€ M KOIZla OHA JXKWia HE YAIOCh. B 1eloM coBpeMeHHas Hayka
MOJIJIEP’)KUBAECT TEOPUIO O HECKOJIbKUX BOJIHAX TEPECENICHHs APEBHUX TOMUHUI U3 AQpUKH,
KOTOpbIE B JaJbHEMIIEM TIE€HETUYECKH pa3lCiIWINCh, a B HACTOSIICE BpPEMS TI€HETUYECKHU
JIOMUHUPYET OJHA U3 ATUX TPYIII.

J1OMOJIHUTEIIBHO:

[1]c.131-202

[2] ¢.206-324

[3] c.189-204

[4] ¢.270-282, 308-445

[Tepunomnyeckas Ta0nuIa, Kiaccudukarus XUMUYECKHIX AIIEMEHTOB
https://www.youtube.com/watch?v=fqZ14Yulg3E

Xumus https://www.youtube.com/watch?v=caG1BnWOfFQ



Bemnkoe B manom.  buonormueckas — sBomronus  https://www.youtube.com/watch?
v=Cp8VXO0pltL8
OcHoBsl MuKkpoOuonorun. Kopotko u sicHo. 3 kypc.https://www.youtube.com/watch?v=ri-
naOgrHPk
HeBunumas xu3nb. Beenenue B mukpooOuonoruto. Yacts 1. https://www.youtube.com/watch?
v=Aq-c3snSFm§
Anaromusa u ¢usuonorust yeinoBeka dwibm 1 https://www.youtube.com/watch?v=2MCPfX]J-
LgM
18 akToB O TeHEeTHKe, KOTOphle TeOe HYXKHO 3Harh! https://www.youtube.com/watch?
v=JfalldvD2oE
[Tpoucxoxnenne Yenoseka | C Touku 3penus Hayku (National Geographic)
https://www.youtube.com/watch?v=Vz9Q5kqvJHO

Paznen Ne4. DBoIIOLIMOHHAS KAPTHHA MUPa

Konuenuus pa3BuTHs B €CTECTBO3HAHUM

JBOJIOLIMOHU3M (TAaKKE IBOJIOIHOHHOE Y4YeHHMe) — CHCTeMa HJeH W KOHLEIIIHH,
YTBEP)KIAIOIINX CYIIECTBOBAHNE HAMPABICHUS W JBIKYIIUE CHIIBI HCTOPHUECKOTO Pa3BUTHUS B
TOW WJIM MHOH cdepe 3HaAHUS.

TepmuH «960110YUOHU3 MY WCTIONB3YETCS B IIMPOKOM CMBICIE JUIsi O00O3HAYCHUS
KOHIICTIITUM Pa3BUTHS, KaK MPEICTABICHUS 00 N3MECHCHHUSX B HE)KUBOW M KUBOW NPHUPOJC U B
Y4eJI0OBEUECKOM OOIIECTRE.

B Hacrosiee BpemMsi MOKHO TOBOPHUTH O HaJlMYMM JBOJIOIMOHHBIX TEOPHUI pa3BUTHSA
BCEJICHHOM, COJHEYHON CHCTEMBbI, TUIaHEThl 3eMJisl KaK acTPOHOMHYECKOrO Teja U Kak
r€OJIOTUYECKOM CTPYKTYpbI, pPa3BUTUS OWOCPEepbl M OTACIbHBIX BUJIOB B OHOJIOTHH,
YeJIOBEYECKOTo OOINeCTBA C TOYKH 3PEHHS Pa3IMYHBIX OOIIECTBEHHBIX HAyK, B TOM YHUCIIE
pa3BUTHS HAYKH U TeXHUKU. ECTh 3BOIIONMOHHBIE TEOPUU U B XUMUHU. TakuM 00pa3zoM, MOKHO
TOBOPHTH O MOCTENIEHHOM (POPMUPOBAHUM HOBOW KapTHHBI MUpPa — 3BOONMOHHON. [Toka 3Ta
KapTUHA MHpa €IIe HE CIOXKUJIACh OKOHUYATEIHHO, HO YK€ MMEET MHOXKECTBO OCOOCHHOCTEH,
OTIMYAIONINX €€ OT MPEIbIAYIIeH KapTUHBI Mupa. [J1aBHOW OCOOEHHOCTBHIO IBOJIOIMOHHBIX
CHUCTEM CYHMTACTCS HAJIWYNE BHYTPEHHHUX IMPOIECCOB CAMOOPTAHU3AIMU W CHUHEPTETUKH
(0COOBIX BHIIOB DHEPTreTHYECKHX IMpoIeccoB). VIMEHHO 3TH SBICHUS IOJKHBI OOBSICHHTH
HECOOTBETCTBHE IBOJIOIMOHHBIX CHCTEM MPUHITATIAM TEPMOIUHAMUKH.

JBosonus ;KuBbIX cucteM. Teopusi passutus lapsuna

[lepBble 3BONIOIMOHHBIE HJAEH B OHOJIOTHUU BBIABUTAINCH YXKE€ B JIPEBHEM MHUpPE, HO
Tonbko Tpyasl Yapnweza [lapBuna B 19 Beke caenanu HBOMIOIMOHU3M  (YHIaMEHTAIBHON
koHrenmueir 6uonmorun. C Tex Mmop OBLJIO HAKOIUIEHO OTPOMHOE YHCIIO HAay4yHBIX (HaKTOB,
NOATBEPKAAIOIINX 3BOMIONMIO. Pa3BuTHe reHeTHKH noTpedoBaio MOAEPHU3ALUHN 3TOM TEOpUU
W B HACTOsIIEe BpeMsi OOIICHPUHITON SBISETCA CHUHTeTUYecKas Teopus sBojoinuu (CTDI),
ABJIAIOIIAsICS pa3BUTHEM Teopuu JapBuHa. Ota Teopus Obuia nosBuiack B 30-x u 40-x romax
XX Beka. OHa oObeauHMIA M0 JTAPBUHOBCKOTO €CTECTBEHHOI'O OTOOpa C 3aKOHaMH
HACJIEICTBEHHOCTH U JJAHHBIMU MOIYJIALIMOHHON T'€HETUKH.

EcTécTBeHHBIIl 0TOOpP — OCHOBHOW (aKTOp SBONIOLUHU, B pe3yjbTare JCHCTBHS
KOTOpPOTO B TMOMYJSLMMA YBEIUYUBAETCA 4YHUCIO 0co0ei, obnagaromux Oosnee BbICOKOH
MPUCTIOCOOJIEHHOCThIO (Hanbosee OJaronpusaTHBIMU PU3HAKAMHM), B TO BPEeMsI KaK KOJTUYECTBO
oco0elt ¢ HeOIaronpUsTHHIMU MMPU3HAKAMU YMEHbIIIAETCS.



[Tomumo ot6opa B Teopun CTD HEoOX0aUMO paccMaTpuBaTh MPOIECCH CKPEIIUBAHUS U
myTaruu. CkpemuBanue npennonaraet dopmupoBanue JIHK HOBOro opranm3ma Ha OCHOBE
oOMeHa TeHaMu 2-X MPeAKoB (C yueToM 3akoHOB Menpenst). MyTaius — mpoiiecc CiIy4aiftHoOTo
M3MEHEHMs] YacTU T'e€HOMa MOJ JACHCTBMEM BHEIIHUX (MyTareHHbIX) (akropoB. be3 myrtanuit
MPOLIECC PA3BUTHS Yepe3 HEKOTOPOE BPEMS IPUBEIL Obl K BBIPOXKICHUIO.

Pa3BurHe 4esi0Be4ecKoro o0mecTsa

N3yueHne uctopun 4eI0BEYECKOro OOIIECTBA TaK K€ MO3BOIMIIO CPOPMYIIUPOBATH UJICHO
ABOJIIOIMK WU mporpecca. [Iporpecc MoxeT paccmaTpuBaTbCs Ha Pa3IUYHBIX YPOBHSAX —
pa3BUTHE HAyKU, PA3BUTHE TEXHOJOTHUH U SKOHOMHUKH, pa3BUTHE OOIIECTBEHHBIX OTHOIICHUH,
pa3BuTHE apeana oOMTaHMs uejoBeuecTBa. Pa3BuTHE HAyKH MPOCICKHUBACTCS MO HAYYHBIM
PEBOJIIOLIMSIM, PA3BUTUE TEXHOJIOTUI 10 TEXHOJIOTUYECKUM PEBOJIOIUSAM, Pa3BUTHE YIKOHOMHUKHU
no (OPMHUPOBAHUIO DKOHOMHYECKUX YKJIQJ0B (MEPBOOBITHO-OOIIMHHBI ¥ HaTypaJIbHBIH,
paboBnazenpaecKkuii, (eoqanbHbIA, KaMUTATUCTUYCCKUNA, CONMHAIUCTUYECKUI) W TUIaM
HPKOHOMHMYECKON MOAENH X03siiicTBa. Pa3BuTHE OOIIECTBEHHBIX OTHOIICHUH MPOCIEKUBACTCS
MEHEE YETKO, HO MPOrpecc pa3BUTHUsl OOIECTBA 3a MPEAIIECTBYIONIME CTOJETUS CYIIECTBYET.
Pa3Butue apeana oOuTaHus 4eJIOBEKa MOKHO YBUJETh B MOCTEIIEHHOM 3aCEJICHUU U OCBOCHUU
CyIlI, MOPEN U OKEAHOB, KOCMOCa. ECTh HEM3MEHHOE U HEYKJIOHHOE PACIIMPEHUE NPUCYTCTBUS
YeJIoBEKa BO BCEX ATUX cepax.

Teopusi cucTemM ¥ CHCTEMHBIN aHAJIN3. JBOJIOLUA CUCTEM

CoBpeMeHHass KapTUHA MHUpPA XapaKTEpU3YETCS PACCMOTPEHUEM CIIOXKHBIX OOBEKTOB,
KOTOPBIE IIPOILIE BCETO HA3BaThb CUCTEMAMHU, T. €. COCTOAIIMMU U3 APYTUMX B3aUMOICHCTBYIOIINX
00bekToB. J{J1s aHanM3a cucTeM B TeOpuu MHGOpPMAIMK CO3/jaHa CliellhaabHas HayKa — TeOpHs
CUCTEeM U CHUCTeMHbIH aHaimu3. B Teopum cucrtem CTpouTCs KilaccU(PUKALMS CHCTEM,
BBIJICTISIIOTCS. METOABl OMMCAHMS U aHaju3a cUcTeM. [[isi paccMOTpeHUs] AMHAMUKH/3BOTIOINH
CUCTEM TaK JK€ HCIIOJNb3YIOTCS TaKHMe HAyKH KaK KUOEpHETHKA, MOJAEIMPOBAHUE CHUCTEM,
METO/IbI UCKYCCTBEHHOI'O MHTEIIJIEKTA.

KubepHetnka (MCKycCTBO yNpaBlieHUs]) — Hayka 00 YNpaBIICHUH, CBSI3U U MepepadoTKe
uHpopmanyu. CucteMpl, U3ydyaeMble KUOEPHETUKON, HOCAT Ha3BaHUE KuOepHeTHueckux. OHu
MMEIOT CaMyl0 Pa3jIu4yHyK OPUPOAY, HAalPUMEpP, BBIUHUCIUTEIBHBIE CUCTEMBI, YEJIOBEUECKUI
MO3T, OMOJIOTUYECKUE MOMYJISALNN, COLMATbHBIE TPYIIIbI U T. 1.

MonenupoBaHue CHCTEM — METOJA AaHaIW3a CHCTEM, B KOTOPOM CHCTEMa
paccMaTpuBaeTCsi B YINPOIIEHHOM BHAE (Kak Mozeib). MonenupoBaHue Kak IPaBUIIO
UCIIOJIB3YET KOMIIBIOTEPHBIE CHUCTEMBI M Pa3JIMYHbIE METOJbl BBIYMCINUTEIBHON MaTeMaTHKH,
TEOPUU BEPOSTHOCTU U CTATUCTUKH.

PaccMoTpeHne 3BONIONMOHHBIX U3MEHEHUN B CHCTEME IPEXAE BCEro TpeOyeT aHaau3a
JUHAMMUKHA CUCTEM. JIMHAMHKaA CHUCTEMBI — U3MEHEHHE IIapaMETPOB CUCTEMBI CO BPEMEHEM.
HccnenoBanne AMHAMUYECKHUX XapAKTEPUCTHK CHCTEM OOBIYHO BBIMOJHSAETCA C IOMOILBIO
KOMITBIOTEPHOTO MoJieaupoBanus. [Ipuyem CloXXHOCTh cUCTEM TPEOYEeT MCHOIb30BaHUSA 0CO00
MOIIHBIX BBIYHCIUTENBbHBIX MalIMH — cynep OBM. IloaTtomy nmpuMeHEHHE HBONIOLHUOHHBIX
TEOPUH CHCTEM CBA3aHO C IMPOTPECCOM BBIUMCIMTENBHOM TEXHUKH M OTHOCHUTCS K CaMbIM
COBPEMEHHBIM HCCIIEIOBAHUSIM.

Camoil COBpEMEHHON KOMITBIOTEPHON TEXHOJOTHEN aHaIn3a JAHHBIX SBIISIIOTCS METOJIbI
MCKYCCTBEHHOT'O HMHTEJUIeKTa. TexHooruu 6a3 3HaAHUM, SKCIEPTHBIX CUCTEM, MCKYCCTBEHHBIX



HeﬁpOHHBIX CUCTEM, TI'CHCTHYCCKHC aJIT'OPHUTMEI, KHaCTepHBIfI aHaJIn3 IIO3BOJIAKOT PCIIaTh
3aJla4i aHaJIn3a AdHHbIX, KOTOPBIC PAHbIIC CYUTAIMCh HCPA3PCIINMbIMMH. CGFOI[H?I MOKHO YK€
CKa3arb, 4TO OOJILIMMHCTBO TEXHOJIOTHI HNCKYCCTBCHHOI'0O MHTCIUICKTA — 9TO TCXHOJIOI'MH 21
BCKa.

Biausinne uHPOPMALMOHHBIX TEXHOJIOTHI HA KOHLENIUU PAa3BUTHS

[TosiBneHre MOIIHOW BBIYMCIMTENBHON TEXHUKH BIUSAET HE TOJHKO HA METOIbI aHAJIN3a
CUCTEM, HO M Ha Jpyrue€ 3aJayd MHCCIEIOBAHMS SBOJIOLMOHHBIX Teopui. Hampumep
COBPEMEHHBIC KOHIICIIIMYU Pa3BUTHS KAK IPABUIIO ONUPAIOTCA HA PE3YJIbTaThl KOMIIBIOTEPHOTO
MoienupoBanusi. OKa3bIBAIOTCS MOJIE3HBIMU U CIIELMATIBHBIE METOIbI PabOThI ¢ HHPOpMAIUEH,
KOTOpBIE CErojHs NOJIYYWIM Ha3BaHWE HHPOPMALMOHHBIX TexHonoruil. Jlns obecneueHus
KaueCTBEHHOTO (PYHKUMOHUPOBAHMSI TAaKUX TEXHOJOTUN TNPUMEHSIOTCA CaMble CJIOXHbBIE
MaTeMaTU4eCKUe METO/BI.

Eme oanuM acnekToM sBIsSETCA BIMSHUE HMHMOPMALMOHHBIX U KOMIBIOTEPHBIX
TEXHOJOTMI Ha pa3BUTHE HAyKH, TEXHUKH, oOlIecTBAa. BHeApeHHe TakhX TEXHOJIOTMH BO BCE
AT 00JACTH MPOMUCXOAAT CErOAHS TaK OBICTPO, YTO OYEHb TPYJHO NPABUIBHO OLIEHUTh UX
BIIMSIHME HA DBOJIFOLIMIO 3TUX CHCTEM.

Teopust pazBuTus BeeseHnou

Pemenue ypaBuenuit OTO npuBoguT K Monenu HectalmoHapHoil Bcenennoit (A.
®puaman, CCCP, 1922 rox). Hama Bcenennas octaercst HecTallmoOHApHOW U pacuIupsieTcsl B
HACTOAILYI0 3M0Xy. [Ipy 3TOM BCEBO3MOXKHbBIEC TAIAKTUKU pa3deraroTcs Ipyr ot apyra. B 1929
rojly aMepHUKaHCKU acTpoHOM 3. Xab0m 0OHAPYKUIT CMEIICHHUE CIIEKTPOB U3ITyUYECHHsI 3BE3]l B
CTOPOHY KPaCHOTO 1[BETa («KPACHOE CMEILEHUE» ), YTO MOATBEPKIAAET MOZENb PACLIIUPSOLIEICS
Bcenennoil. [lanmpHelmine w3MEpeHHMs MOKas3aiau, 4ro BceneHHas pacmmpsercss Oaxe ¢
YCKOPEHHEM, YTO A0 OCHOBAHHMM TMIIOTE3aM TEMHOM 3HEPTUHM U TEMHOU Marepuu. B Hay4yHoO#
KOCMOJIOTHMM — HAyKH O PA3BUTUU U CTPOCHUU BCEIIEHHON €CTh HECKOJIBKO MOJAEJEN TUHAMUKHU
Bcenennon. OHM Bce paccMarpUBalOT HAYaJO C TEOPUHM DOJIBIIOrO B3phIBA, HO 3aBEPILICHHE
paccmarpuBaeTcsi 1O pasHoMy. ECTp TeopuM «pacHIMPEHHUs-CKATUS», €CTh BapUAHT
OECKOHEYHOTO PACIIMPEHUSI U TEPMOAMHAMUYECKOU cMepTH U Jpyrue. [Ipu 3ToM ClIoXKuIoch
HEKOTOPOE COBPEMEHHOE IMpEACTaBIeHHEe OO0 OCHOBHBIX 3Tamax pa3BuTusa BcenenHoil ¢
MOMeHTa e€ 00pa3oBaHus U 10 HamMX JHed. OHo OazupyeTcs Ha CIEAYIOMINX TEOPUSIX:

e Teopuu pacmmpeHuss Opuamana;

teopun bomnbiioro B3psiBa (Teopuu ropsueit BeenenHoit);
Teopun UHPIAINY;
Hepapxudyeckor Teopur GopMUPOBAHUS KPYTTHOMACIITAOHON CTPYKTYPBI;
TEOPUU 3BE3THOTO HACEIICHHUS.

OKcTpanosanus paclupeHus BeeeHHON Ha3al BO BpEMEHU NPHUBOJUT K TOYKE KOCMUYECKOM
CUHTYJIIPHOCTH, BOJHM3M KOTOPOW HBIHE HW3BECTHBIE 3aKOHBI (DU3MKU MEPECTAIOT padoTaTh.
Bpewms ke pacmupeHus U3 3TOM KOCMHUYECKOW CHUHTYJISPHOCTH JO COBPEMEHHOTO COCTOSHMS
Ha3bIBAIOT BO3PACTOM BceneHHoil; o pa3inyHbIM JaHHBIM, OHO COCTaBISET MPUOIUZUTEIBHO
14 mapn net. Paciimpenue siBisieTcsi OCHOBHBIM MPOIECCOM, Ha (POHE KOTOPOTrO MPOUCXOAST BCE
OCTaJIbHbIE, TOATOMY BCIO UCTOPHUIO Pa3BUTHUS MOKHO Pa3/Ie/IUTh Ha 3Talbl PACIIUPEHNUS :

1. IInaHKOBCKas 3110Xa — MOMEHT C KOTOpPOTrO HAYMHACT pa60TaTb COBpPCMCHHAA (1)1/131/11(8,.



2. Uadnsauuonnas cragus. Ha 3Toil cragumm IPOMCXOTUT PE3KOE YBEIWYEHHE Pa3MepoB
BceneHnol, a B KOHIIE €r0 — TaK)Xe CUJIbHBIN HArpeB.

3. Cragusa paauallMOHHOTO JoMUHUpoBaHus. OCHOBHas cTagus paHHeW BceleHHOI.
Temneparypa HauMHA€T CHUXKAThCI M B Hadalle »3JEKTpociiadoe B3aMMOCHCTBHE
OTJENSICTCSl OT CHUJIBHOTO B3aMMOJICUCTBUSA, 3aTeM oOpasyroTcsi kBapku. Ilocie cmeHbl
MOCJIEA0BATENIbHBIX AMOX aJPOHOB U JIEMITOHOB, B ATIOXE CMHTE3a HYKJIOHOB 00pa3yroTcs
MPUBBIYHBIE HAM XUMUYECKHE DJIEMEHTHI.

4. Onoxa JOMUHUPOBaHUS BeliecTBa (MbUiM). B Havane 3TOH 3MOXU AJIEKTPOMATrHUTHOE
U3ITy4eHHE OT/AEINSETCs OT BEeUIeCcTBA M 00pasyeTcsi PeNUKTOBBIM (hOH. 3areM HIyT
TéMHbIE Beka. OHU 3aKaHUMBAIOTCS, KOTAA M3JIyYEHUE TMEPBBIX 3BE3] IOBTOPHO
VOHU3UPYET BELIECTBO.

5. A-momuHupoBanue. Tekymas smoxa.

MomeHT 00pa3oBaHUsI PETUKTOBOTO (hoHA SBISETCS MOTPAHUYHBIM JJISi SBOJIIOLIMU BEILECTBA.
Ecnu 10 HEro OHa MOJHOCTBIO ONPENEIIIACh PACIIUPEHUEM, TO IOCIIE POJIb IIEPBOM CKPHUIIKH
OepeT Ha ce0s rpaBUTALMOHHOE B3aMMOJIECWCTBHE CKOIUIEHMH BELIECTBA, KaK JAPYr C JPYTOM,
TaKk U ¢ camMuM co0Ooil. IMeHHO OHa OTBe4aeT 3a O0Opa30BaHME 3BE3[l, 3BE3HBIX CKOIICHUI
TaJIaKTHK, a TaKXe cilusHue nocieaHux. OTIeraeHue peMKTOBOro (hoHa CTajo BO3MOKHBIM
Onmarozmapsi OCThIBaHMIO BceneHHO#, BbI3BaHHBIM pacuiMpeHueM. llpu 3ToM mocTeneHHo
MIPOXOAUT MPOLIECC U3MEHEHNE XMMHUUYECKOTO COCTABAa M3-3a BCHBIIIEK CBEPXHOBBIX 3BE3/.

BO3HUKHOBEHHE KU3HU — CIHEAYIOIMA 3Tan pa3BUTUS BcCeneHHOM, 3HAMEHYIOUIUM, YTO
BCILIECTBO TEMEPh MOXET CaMOOPTaHU30BBIBATBHCS, a HE CIICNO CJIe0BaTh (PU3UYECKUM
MPOLIECCaM.

Bot oguH u3 npearonaraeMsIX CLieHapUEB POXKIeHUS Beenennoi:

Bcenennast obpaszoBanack B pesynbrare bomnbinoro B3peiBa mpumepHo 13,7 mipna ser
Ha3zaJg U3 0co0oro COCTOSIHUS, OOJIaaromero OONbIION  TUIOTHOCTBIO — DHEPIHH
(KOCMOJIOTMYECKON  CUHTYJISIPHOCTH). B TakoM COCTOSIHUM BO3HHMKAIOT  CHJIbHEHIINE
HalpsDKEHUST W OTpULATEIbHbIE JaBJICHUS, BbI3BIBAIOIINE CTPEMUTEIBHOE pPaCIIMpEeHUe
CUHTYJISIPHOCTM U TEHEpalMi0 Marepuu BHYTPh Hee. [Ipu 3TOM BO3ZHUKIIO YETBIPEXMEPHOE
MPOCTPAHCTBO-BpEMS.

Cnenyromas, nHQIALIUOHHAS, CTaAus pa3lyBaHus Beenennoi Hadanacy ¢ Momenta 10
¢ u npogoikanack 10 107° ¢. 3a ato Bpems Bcenennas ysenuuunnack 0onee uem B 10 pa3 u
JOCTUIIA pa3Mepa MopsaKa coBpeMeHHoro paauyca — 10%° cm. Egunoe B3aumoseiicTBhe
pacuIenuioch CHayaja Ha TpaBUTALlMOHHOE, 3aT€éM Ha CWIbHOE U 3JIeKTpociadoe, KOTopoe
pa3eNnuiioch, B CBOIO OYepellb, Ha AJIEKTpOMarHuTHoe U cinaboe. Temneparypa Havana yobIBaTh
00paTHO MPOIMOPIIMOHAIBHO KBAJIPATHOMY KOPHIO OT BPEMEHH.

Cragus ropsueli BceneHHol Hadanmach ¢ apul adponoeé mpu Temmeparype 107 K,
motHoctd 10" 1/ em3 u gammace 107 ¢, 6bUI0 HAPYLIEHO PABHOBECHE MEXIY YAaCTUIIAMM U
AHTUYACTHUIIAMH, OCTAIUCH OAPUOHBI (TPOTOHBI U HEUTPOHBI), ME30HBI, AHTUYACTHIIHI TPOTIAIIH,
TaK KakK MX 0Ka3aJ0Ch MEHBIIE, BO3HUKIIA OaproHHas acuMmMmeTpus Beenennoit. 13 paBHOBecHs
C TaMMa-U3JIy4YE€HHUEM BBIILIN MOCIE0BATEILHO TUIIEPOHBI, HYKJIOHBI, ME30HBI. IMEHHO U3 HUX
Y BO3HUKJIA BellleCTBeHHas BeeneHHasl.

B ope nenmonos npu temmneparype, oonpmei 10" u menpmei 10 K u miorHocTH,
menbineir 10" u Gonpureit 10* v / cm3, B Teuenue Bpemenu, Menbiie 10 ¢ u Gonbme 107 ¢,
CaMOYHHMUTOXXAIOTCSI  AJICKTPOH-TIO3UTPOHHBIE Tmapbl. Yepe3d 0,2 ¢ ocTaroTcs PETMKTOBBIC



HEUTPUHO, CYIIECTBYIOIINE 10 HACTOSIIIETO BPEMEHH.

B spe pomonoe cnycrs npumepno 3-10° ner npu remneparype, menbmeii 10'° K n
oonpeit 3-10° K, u mmotaocty, Mmenbureit 10* r/ cm3 u 6onpmreit 10° 1/ cm3, obpasyrorcs
aToMbl, CBET ((hOTOHBI) OTHAEIAETCS OT BEIIECTBA (HA KaXKAblid aTOM BO BceleHHOM MpuxoauTes
1 MIIpZ1 PENUKTOBBIX (POTOHOB).

[Mocnenusast craaus nbiieBod BceeneHHON BKIIOUAET 38€30HYI0 9p)y, KOTOpas Hadaliach
cnycts 1 mMaH ner nocime bonsmoro BispeiBa mpu temmeparypax, menpmie 3000 K, wu
IUIOTHOCTSAX, MeHbIIKUX 107 1/ cM3. TAroreHue cTano cxKUMarTh EPBUYHBIE FA30BBIE CI'YCTKHU C
maccoil opsaka 10° macc Connna B miockue tena («onune») ¢ Maccoi 10" mace Connna, us
KOTOPBIX OO0pa30BAIUCh TaJaKTUKU (3BE3[HBbIC CKOIUICHHS). BCHBIXHYNIHM 3BE3IbI IEPBOTO
MOKOJICHHSI TAJIAKTHK.

Pa3BuTHst KOCMHYeCKOM HAYKH U TEXHOJIOT UM

Pa3BuTne uenoBeuecTBa HE MBICIMMO 0€3 €ro 3KCmaHCcuM B KocMmoc. MccnemoBanuem
KOCMHYECKOTO IPOCTPACTBA YEJIOBEK 3aHMUMAJICS C CaMbIX JIpeBHUX BpemeH. ObcepBaropun —
OlHU W3 CaMbIX JPEBHUX COOpykeHUMHM Ha 3emuie. [losBiIeHHE TENECKONIOB W TEOPUH
rpaBUTALMM YIPOUMIM 3HaHHUS O Kocmoce. OpHako MyTEHIeCTBUS B KOCMOC JOJTO ObUIH
yaenoM (aHTacTOB.

[Tocemenue kocMoca CTano BO3MOXKHO TOJBKO MOCIE Pa3BUTHS PAKETHON TEXHUKH.

B cpennue Bexka B Kurtae coszmana meppas mopoxoBasi pakera. B 1379 r, uranesnen
Mypatopu czenan onucaHue pakeThl M BIIEPBbIE BBEN B YIOTPEOICHHE HUTAIbSHCKOE CIIOBO
«paketay. B pynmamentansHOM Tpyne uzBecTHoro yueHoro lanunna bepaymmm (1700— 1782)
<T'unponunamuka>>, HanucanHoMm B 1738 r. B [letepOypre, copepKuTcs Teopusi peakKTUBHOTO
JIBIKEHUS. JJg CcyloB. B koHue 19 B. Wlen mocTeneHHO NEpeXonsT B pa3psiii MPOEKTOB H
teopuil. Tak, B 1867 r. H.A. TenemoB (1826 — 1895) monyunn mareHT Ha PEaKTUBHBII
camolieT, a 4yepe3 4derbipe roga pycckmii mrkenep H.M. KuGanpama (1853 — 1881) cozman
MPOEKT MUIOTUPYEMOIO MOPOXOBOTO PAKETHOIO JIETAaTEIbHOTO ammapara. B pa3Butuum
PAKEeTHOKOCMHUYECKON TEXHUKHU BaXKHYIO POJIb ChIrpaiu (PyHIaMEeHTaJIbHbIE TPYJbl POCCUMCKUX
yuenbix H.E. XKykosckoro, K.3. [{uonkosckoro , I.B. Memepckoro, ['epmana O6epra, Pobepra
l'onnmapna.

B nepgoii nonosuHe 20 Beka pa3pab0TaHbl PakeThl pa3HbIX MOAU(PUKALIMA U TPOU3BEACH
ux 3amyck. CylIecTBEHHBIM BKJIAJ B pa3pabOTKy pPaKeTHO-KOCMHYECKOM TEXHUKH BHECIHU
ydyensie CCCP (rpynna I'MPI) u I'epmanun (nipoexktsl ®AY). B pamkax 2 MUpOBON BOWHBI
pakeTHas TEXHHKA CTajia UCIOIb30BaThCsl B BOEHHOM 00J1acTu.

[Tocne BoitHbl ronka Boopyskenus 3actaBuiia CCCP u CHIA opranuzoBarh pa3paboTKy
MOIIHBIX OAUIMCTUYECKUX PAaKET, KOTOPhIE YK€ MOXKHO OBbUIO HCIOJB30BaTh JJii OCBOCHUS
kocMoca. B CCCP uccnenoBanus Bo3miasisuin C.I1. Kopones ), B.I1. I'mymko, H.A. Iluntorus,
b.B. Paymen6ax, B.®. YTkun u npyrue. beutn paspabortansr paketst HocuTenn CIyTHHK,
Boctok, Monnusi, Kocmoc, Bocxon, IIpoton, Coro3, Huxnon, 3enut, Dueprus. B CIIA
pa3pabOTKU BEJIHUCHh OTACIbHBIMU KOMMEpPYECKMMH (UpMaMu U HAyYHBIMH ILIEHTpaMu TMOJ
pykoBosictBoM NASA, BblensieTcss TOJbKO Hemeukuil yuyeHwlii Bepuep ¢on bpayn (aBrop
MEPBBIX MOJETOB W JyHHOW mporpammsbl). beuin pa3zpaboTanbl pakeTsl Hocutenu JIKyHo,
Atnac, Top Dii6n, Jlensra, Pencroyn, Carypn, Turan, Ilerac, Taypyc.

OCHOBHBI 3TaIlbl OCBOCHHS KOCMOCA:
4 oxTs6pst 1957 roma — 3amyck MepBOro KCKyCCTBEHHOTO CITyTHHKA 3eMJTH « CITyTHHUK-1»



12 ampens 1961 roma — IlepBeiM B ucTtopun KocMoHaBToM cTan HOpwit ['arapum,
COBEPIIUBIINN KOCMUYECKHUN MONET HAa Kopadie «BocTtoky.

e 5 mas 1961 roga — IlepBeim amepukanckum actpoHaBToM cran Aunad [lenapg,
COBEPIIUBIINN CyOOpOUTaIbHBIN MOJET HA KOpadie « MepKypuii-3».

e 6 asrycra 1961 roma — TpeThbUM KOCMOHABTOM CTaJl, CaMblil MOJIO/IOM KOCMOHABT [ epMan
Turos. TutoB coBepim noaET B 25 neT Ha kopabie «Boctok-2». [lepBslii B Mupe
KOCMUYECKHI MONET JIUTEIBHOCThIO Oosiee CyTOK. BriepBble KOCMOHABT crial B
HEBECOMOCTH.

e 20 ¢deBpansa 1962 rona — [lepBbiM aMepUKaHCKUM aCTPOHABTOM I10 BEPCHH,
COBEPIIMBIINM ITOTHOMACIITAOHBIN mojieT ctai [[)koH [JIeHH, COBEpITMBIINN ITONET B
KOCMOC Ha Kopabine «MepKypuii-6».

e 16 uroHa 1963 rona — I[lepBoii )keHIIMHON-KOCMOHABTOM cTana Banentruna Tepemikona ,
COBEpILIUBIIAs MOJIET B KOCMOC Ha Kopabiie «BocTok-6»

e 12 okts0ps 1964 roga — IlepBbIM MHOTOMECTHBIM KOCMHUYECKUM KOPabiaéM cTal
«Bocxon-1».

e 18 mapra 1965 roga — IlepBbIM 4€IOBEKOM, BBIIIEAIINM B OTKPBITHII KOCMOC, CTajl
Aunekceit JIeonoB. Beixon ocymiectBinén u3 kopadns «Bocxoa-2».

o 24 nexabps 1968 rona — [lepBrimMu moapmMu, ooneresmumu JIyny, cranu @psnk bopman,
Yunssam Auaepc, xeiimc JloBemn — wiieHbl 3kumaxa kopaodis «ANoIoH-8».

e 20 uronst 1969 roga — [lepBbIMU JIIOIbMHU, COBEPIIMBIIUMHU BbICAJIKy HA TOBEPXHOCTh
Jlynsl, cranu Hun Apmcrponr u DnBuH ONIpUH — YJI€HBI SKUNaXa Kopalis « AMOIOH-
11».

o 15 okTs6pst 2003 rona — [lepBbiM kuTalickum KocMoHaBTOM ctan fn Jlussii . Kuraii
BIIEPBBIE 3aITyCTHJI CBOETO IPpaKJaHWHA Ha Kopabiie COOCTBEHHOIO MPOU3BOJICTBA
«II>HBYKOY-5» U C TOMOIIBIO COOCTBEHHON PaKeThI-HOCUTEJS, CTaB TAKUM 00pa3oM
TPETHEU IO CUETY KOCMUYECKOMN JCPKABOU.

e 19 anpens 1971 rona — 3amymieHa nepsasi opoutanbHas cranius «CamroT-1».

e 3 mapra 1972 roma — 3ammyck nepBoro anmnapara, IOKMHYBILIErO BIIOCIEICTBUU ITPEAEIIbI
Conuneunoii cucteMbl: «IIuonep-10».

e 12 anpensa 1981 roga — nepBblid MOAET NEPBOTO MHOTOPA30BOI0 TPAHCIIOPTHOTO
KOCMUYeCcKoro kopabis «KomymOousy.

e 15 HOs0ps 1988 rona — nepBslii 1 equHCTBEHHBIN KocMuueckuil noneér MTKK «bypan»
B aBTOMaTHYECKOM PEXUME.

e 20 Hos16ps 1998 roma — 3amyck nepBoro 610ka «3apsi» MexayHapoIHON KOCMUYECKON
CTaHIIHUH.

UccnenoBanus maner
Jlyna
CCCP
e 4 guBapsa 1959 roga — cranuus «Jlyna-1» nponuia Ha paccroaauu 60000 kumomeTpoB
OT TOBepXHOCTHU JIyHBI ¥ BBIIIUTA HA TEMOIEHTPUIECKYI0 opOuTy. OHa cTajga NepPBbIM B
MHUpPE UCKYCCTBEHHBIM CITyTHUKOM COJTHIIA.
o 14 cents6ps 1959 rona — cranuus «JlyHa-2» BrepBbie B MUPE JOCTHUITIA TOBEPXHOCTH
Jlynsr , noctaBuB Beimmen ¢ repoom CCCP.



e 4 okta0ps 1959 roga — mexmianerHas cranuus «JIyHa-3» BriepBbIE B MUPE
cororpadpupoBana HeBUAUMYIO ¢ 3eMsid cTOpoHy JIyHbl. Takxe Bo Bpems nonéra
BIIEPBBIE B MUPE OB Ha MPAKTUKE OCYIIECTBIEH rPaBUTALIMOHHBIM MaHEBD.

o 3 denpamns 1966 rona — AMC «JIyna-9» cosepinmiia mepByr0 B MUPE MITKYIO TOCAIKY
Ha MOBEepXHOCTH JIyHbI, ObUTN TIepeaHbl TaHOpaMHble CHUMKH JIyHBI.

e Bricaaka paguoymnpasisieMbix JiyHOXx0110B (1970-1973).

e JlocraBka rpyHra Jlynsi (1976).

CIIA
o IIporpamma «Peitnmxep» — dotorpadupoBanue nosepxaoctu (1961-1965).
o [IlIporpamma «Cepseiiep» — msrkas nocaaka (1966-1968).
o [IlIporpamma «Jlyna opourep» — ¢otorpadguposanue nosepxoctu (1966-1967).
o IIporpamMmma «ANmoioH» — MUIOTHPYEMBIE TIONETHI Ha JIYHY C MMOCAAKON U B3JIETOM
(1969-1972).
e [Iporpamma «KnemenTun» — BHaeoCheMKa moBepxHoctu (1994).
o IIporpamma «JIyna [Ipocnekrop» — aBromMaTrudeckasi HCCIEA0BaTENbCKasl CTAHIUS

(1998).

e [IIporpamma «LCROSS» — nanenue Ha noBepxHocTh (2009), oOHapyxeHa Boja.
EBpoma

e [Iporpamma «Cmapt» — ororpadupoBanue u ckanupoBanue nmosepxuoctu (2003).
Snonus

e CnytHuk «Xaitten» (1990) u apromarudeckas crtanuus «Karys» (2007).
Kwuraii

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

e AprtoMaruueckas cranius «Yamapasua» (2008).

Mapc
Kpome Jlynsi, HanOonee uzydena miaHera Mapc. OcoOeHHO akThBHO nM3y4aroT Mapc B NASA
(CIA). CCCP umena HECKOJIBKO MpOrpaMM MO MCCIENOBAaHUIO 3TOHM IIaHeTel — Mapc u

®oboc. Pesynbratel — obnet u dotorpaduporanrie Mapca, 1 ynauHas monbITKa Mocajkyd Ha
Mapce. Poccust moka He umeeT JOCTMXKEHUW B nene uzydeHus Mapca. CIIA BeimonHumm
HECKOJIBKO TporpaMM Mo wucchenoBanuio Mapca. CerogHss OHH HUMEIOT  HECKOJIBKO
aBTOMATUYECKUX CTaHIMA Ha opbure Mapca W 2 ygauyHble HKCHEIUIIMH MAapCOXOOB.
[Tocnennsisi  (KproprocuTH) mpoAoDKaeTcss MO0 cux 1mop. Mapcoxoabl MHOTOKPAaTHO
dbotorpadupoBaiv NOBEPXHOCTh, Opaiu 00pa3libl rpyHTa (IIpaBaa moka Ha 3emMitio o0pasiibl He
JIOCTaBJICHBI), TPOBOJIUIN ITPOOHOE OypeHHe.

e 13 Hos16ps 1971 rona — crannusa «Mapunep-9» crana nepBbIM UCKYCCTBEHHBIM
cIyTHHKOM Mapca.

e 27 nosa0ps 1971 roga — cranmus «Mapc-2» BriepBbi€ T0CTUIIIA IOBEPXHOCTH Mapca.

e 2 nekaOps 1971 rona — nepas msarkas nocagka AMC nva Mapc: «Mapce-3».

Benepa
B nene wuccnenoanus Benepsl nepBoHadaneHOo aupupoBan CCCP. B pamkax mnpoekra



«Benepa» ObuM CO3/aHBl ABTOMATHYECKHE CTAaHIIMU Ha OpOWUTE IUIaHEThl, ObUIH Clydau
yIauHOW Tocagku Ha mnoBepxHocTh. OnHako ycnoBus Ha Benepe okazanuch KpaiiHe
HEOJIarONPUSTHRI, OYEHb BBICOKAS TEMIIEpaTyphl, XHMHYECKH arpeccuBHas armocdepa,
BBICOKOE JIaBJICHHE. ABTOMATUYECKUE CTAHIMU OBICTPO BBIXOIST U3 CTPOS, €CTh MPOOIEMBI C
sHEpruei uist uX paboThl. DTHU CIOKHOCTH YMEHBIIUIIH JKeJIaHWE aKTUBU3ALUU UCCIIEI0BaHUM.
e | mapra 1966 roga — cranuusi «Benepa-3» BrepBbie JOCTUIA TOBEPXHOCTU BeHepsl,
noctasuB BeiMItes1 CCCP. D10 ObuT epBhIf B MUPE MEPenET KOCMUYECKOTO anmapara ¢
3eMIId Ha JpYTyIO IUIAHETY.
e 15 nexabps 1970 rona — mepBasi B MUpe MsTKas MOCaaKka Ha TOBEPXHOCTh BeHephl:
«Benepa-7».
e 20 okTs0pst 1975 rona — crannusa «Benepa-9» crana rnepBbIM HCKYCCTBEHHBIM
CIlyTHUKOM BeHepsl.
e OkTA0pb 1975 roga — Markas mocajka JIByX KOCMUYECKUX amnmnaparoB «Benepa-9» u
«Benepa-10» u nepBbie B MUpe (POTOCHUMKH MOBEPXHOCTU BeHepsl.
B nHactosiee Bpems ucciuenoBanus BeHepbl NpoAoKarTCs, HO IOKa B paMKax
OpOUTATBHBIX UCCIIEIOBATENIbCKUX CTaHIMM. [10 HEMHOTO y4acTBYIOT BCE KOCMHUYECKHUE
Jep>KaBbl.
Jpyrue niaaHeThl U COJIHEYHAs CHCTEMA

Kocmuuecknii anmapar «Bosimpkep-1» mociian B MEK3BE3HBIN MOJET Yepe3 BCIO COJTHEUHYIO
cuctemy. B 1990 rogy on yxe 01T Ha paccTossHUM B 6 MIIpa KM OoT 3eMiii. B xome BBITTOTHEHHSI
ceoeld muccun «Bosmxkep-1» cran camMbiM JanbHUM OT 3eMJU OOBEKTOM, CO3/IaHHBIM
4YeJI0BEeKOM. B HacTosiiee BpeMsi CYMTAETCs YTO OH BbUIETEN 3a peAeibl COTHEYHON CUCTEMBL.

o 7 nekaOps 1995 roga — cranuus «l anuiieo» crajia nepBbIM UCKYCCTBEHHBIM CITyTHUKOM
IOnurepa.

e 24 mons 2000 roga — cranus NEAR Shoemaker ctana nepBbIM HCKYCCTBEHHBIM
cryTHUKOM actepoua (433 Dpoc).

e 30 uronsa 2004 roga — cranuus «KaccuHm» cTaja nepBbIM UCKYCCTBEHHBIM CITyTHUKOM

Carypna.
e 15 suBaps 2006 roga — crannus «CrapaacT» HocTaBuiia Ha 3eMJTI0 00pa3ibl KOMETHI
Bunbaa 2.
e 17 mapra 2011 roga — cranuus Messenger ctana NepBbIM UCKYCCTBEHHBIM CITyTHUKOM
Mepkypusi.
K HacrosiieMy BpeMEHU UMEOT BO3MOXXHOCTH (HOCUTEIH) MTOCBUIKM B KOCMOC JIFoJeH 3
ctpanbl — Poccus, CIIIA, Kwuraii. Elie HECKONBKO CTpaH MMEIOT HOCHUTENM IS 3aIlyCKa
cnyTHUKOB — BenukoOpuranusi, @pannus, HWunus, Anonus, W3pawnb. OOutraembie

opoutansHbie cranuun — Mup, MKC (mexnyHapogHas) u npyrue. B kocMoc ObUTH BBIBEIEHO
HECKOJIbKO COT CIIyTHUKOB, OOJblllasg 4acTh M3 HHUX YK€ He paboraeT. BemyTcs mpoekTsl Mo
m3yuennto Jlynel, Mapca, Benepsl, Mepkypus, HOnurepa, Carypna, Ypana, actepousioB u
xoMeT, Connua. Ha opbuty ObuiM JOCTAaBIEHO HECKOJIBKO KOCMMUYECKHMX TEJIECKOIIOB B CaMbIX
pa3HbIX Auana3oHax BOJH. MHpopmarus, nmoiayyeHHas Hampumep TeneckonoM Xab0a umeer
VCKITFOUUTEJIBHO BaKHYIO POJIb TSI aCTPOHOMUN U KOCMOTOHMH.

Teopus pazButusi 3emuin. I'eosiorudeckue nepuoabl, u3MeHeHHEe KJIANMATA



3emuis siBasieTca 4acTbio COJTHEUHON CUCTEMBI, €€ MOSIBICHHE U MOCIEAYIOIIEE PAa3BUTHE
CKJIAJbIBAETCSI KaK 4acTh ABOMOLMM COMHEYHOH cucTeMbl. 1IepByr0 3BOJIIOIMOHHYIO TEOPHUIO
pa3Butus ConHEYHOU cucTeMbl ObUla MpeiokeHa eime B 18 Beke B pabdoTax HEMEIKOTro
¢unocodpa M.Kanta («BceoOmiast ecrectBeHHass uctopuss U Teopust Heba») u Il.Jlammaca
(«M13noxenue cucteMbl Mupay). B Heit Conniie u ruianeTsl COHEUHON CUCTEMBI 00pa30BaINCh
B pe3yibrare DSBOJIIOLMOHHOIO pAa3BUTUs IIBIJIEBOM WM Ta30BOM TyMaHHOCTH. B ocHOBe
COBPEMEHHBIX TMpeAcTaBlieHuid 00 oOpa3oBanuu IutaHeT COJHEYHOM CHUCTEMBI JIEKUT
aHaJIOTWYHAs TUIOTE3a, BbIcKazaHHas B 1943 roay poccuiickum yuénbim O.1O.IIMmuaTom.

B xone dopmupoBanus 3emiisi MOCTOSIHHO TMOJIyYasia MPUTOK KOCMUYECKOTO BEIlEeCTBa.
Macca 3emin 3a C4ET BEIIECTBA M3 KOCMOCA B HACTOsIEe BpeMs mpupacraer Ha 10° kr/ro.
[Ipennonaraercs, 4To B epuoj, 00pa3oBaHus 3eMIIH, JUISIIUICS NPUOIU3UTEeNbHO 60 MITH JIET,
npupocT €€ mMacchl coctapisii 10" kr/roa. Ipu 3ToM Bo3pacT 3emiu ceiiuac oueHuBaeTcs B 4,6
— 4,7 mupn nmer. C apyrod CTOpOHBI MajcHHE O0CO00 KPYMHBIX Tel Ha 3eMIII0 MOIJVIO
COIIPOBOXKIATHCSI M BBIOPOCOB Macchl 0OpaTHO B KocMocC. Tak OcHOBHasi Teopusi 00pa3oBaHMs
JIyHbl 3aKiII04aeTCsl B TOM, YTO OHA SIBJISIETCS KyCKOM 3€MJIM «BBIPBAHHBIMY» B PE3yJIbTaTe yaapa
0 3eMJII0 MAaCCUBHOT'O KOCMUYECKOIO TeJa.

Cunraercsa, 4YTO MNEpPBOHAYaJIbHO 3eMJiisi OblIa JOCTAaTOYHO TOpsiYva M HE HMMeENla HHU
COBpEMEHHOMU rugpocdepsl, HU arMocdepbl. Ha paHHuX 3Tanax 3BooLUKM 3eMild ruapocdepa
Ha €€ MOBEPXHOCTH OTCYTCTBOBaja. Boja Bwlaenwiach W3 HEAp 3€MJIM B pe3yibTare e€
TEKTOHUYECKOM aKTUBHOCTHU. Bbiaenenue Boabl U (opMHUpoOBaHUE THAPOCHEPHI MPOIOIIKAETCS
U B HacTosuiee BpeMsa. ATmocdepa B Mpolecce SBOJIONMM 3eMJIM TaK jKe Mpereprena
CyllleCTBeHHbIe M3MeHeHus. Hampumep, okono 3,8 mipa. net Hazan armocdepa 3emiid, Kak
MPENIoNaraloT yu€Hble, COCTOsUIa M3 TJIaBHBIM 00pa3oM M3 YIVIEKHUCIOro Trasza, a3oTa u
Bozopoaa. Kucimopon Hayan mosBiATbCs B arMocdepe okono 2,5-2,0 mupz et Hazan. Ero
cofiepKaHHe TOTJa He MPEeBBIIANO JAECATHIX aoned mpoueHrta. Ceityac armocdepa 3emiu
COCTOMT B OCHOBHOM Ha 78% wu3 azora, Ha 21% u xucnopoxaa, 0,9% wu3 aprona, Ha 0,03% wu3
YIJIEKUCIIOTO Ta3a U U3 JPYyruX ra3oB B OUEHb MaJIbIX JOJISAX MPOLEHTA.

Hcropuro pa3BuTust 3eMIIM MPUHATO I€TUThH HAa ONPEACIIEHHBIE 30HBI, 3pbl U MEPUOJIBI.

D0H Opa ITepuon |Ywucmo ner Hazany | CoObITHS Tana pa3BUTHS

Apxeiic 3800-2500 [TocTtennieHHOE ~ OCTBHIBaHWE,  MOSIBICHUE

KHH MUJUTHOHOB JIET NIEPBBIX OJHOKJIETOYHBIX JKUBBIX CYIIECTB,
apCTBO aHadPOOHBIX JOKJICTOYHBIX
opranusMoB. llosiBienune kuciopoga B
atmocdepe.

ITpotep 2500-540 dopMHpOBaHUE COBPEMEHHOW aTmMocdepsl,

030MCK MUJUIMOHOB JIET dbopmMupoBanue MHUPOBOTO OKEaHa,

ui HamOoJee MOIIHOE OJIEICHEHUE B HCTOPUU
3emuin.  [losiBmeHne  MHOTOKJIETOYHBIX
opraHu3MoB — ryOkwu, rpudbl. OObpa3oBanue
TIOYBHI.




®danep
030MCK
15041

[Taneo3oit
cKast

Kem6pwnii

b

OpnoBuk
, Crtyp

540-419
MUJUIAOHOB JIET

CynepkontuHeHt [oHnBaHa. 3aBepliecHUE
dbopMUpOBaHUS COBPEMEHHOM aTMOC(hepHl.
[HapcTBO MOpCKOI1 KU3HU. TPHUIIOOUTHI.

JleBoH

419-359
MUJUIMOHOB JIET

Okean Ternc. Mopckue TOBOBOHOTHE
aMMOHHUTHIL. llepBble MaHUUpHBIE U ApyrUe
peiObl. Hauanmo ocBoenust cymu. IlepBbie
JEPEBBSL.

Kap6on

359-298
MUJUIAOHOB JIET

Bricokuit ypoBeHb kuciaopoaa B armocdepe,
cnaboe pasyoXeHue JPEBECHHBI,
HAaKOIUICHUE JAPEBECHBIX OCTAaTKOB. MomHoe
yIiieo0pa3oBaHue (KaMHEyTOJIbHBII
TIEPHO.). Cynepkontunent  [lanres.
[losiBneHnEe HACEKOMBIX W 3E€MHOBOJHBIX.
[IepBbie MpeCMBIKAIOIINUECS PENTUINU.

Ilepmcku
17§

298-252
MUJUTMOHOB JIET

Poct comepxanust yiekuciaoro rasa B
arMocdepe.  YcwieHHEe — BYJIKAHUYECKOU
aktuBHOCTH. DopMHUpoOBaHUE Top Ypana u
Anmanad. Benukoe mnepMckoe BbIMUpPAHHE
OOJIBIIMHCTBA JKUBBIX CYIIECTB.

Me3o30iic
Kasg

Tpuacon
19171

252-201
MHUJIJIMOHOB JIET

[Tocrennennoe  packanbiBanue  Ilanrew.
Pe3kue V3MEHEHUS KOHLICHTPaLUH
kucimopona B armocepe. Ilpomomxkaercs
BbIMUPAHUE BUJOB. [TocTenennoe
dbopmMupoBaHue OCHOBHBIX BHUJIOB
JUHO3aBPOB.

FOpckuii

201-145
MUJUIAOHOB JIET

[Ipomomxenune pacnaga Ilanren. bypnHbIN
POCT PacTUTENBbHOCTH, OOIIMPHBIE Jieca U3
ITAIIOPOTHUKOB M TOJIOCEMEHHBIX PACTCHUMU.
[lapctBo naumHO3aBpoB. PacnpocTpanenue
JIMCTOIA/IHBIX U XBOMHBIX IEPEBHEB .

MenoBou

145-66

MMWIJINOHOB JICT

@OopMHUPOBAHUE CTPYKTYPbl COBPEMEHHBIX
KOHTHUHEHTOB. Haugano npoiecca
BBIMUPAHUS JIMHO3aBPOB. IlosiBenue
IBETKOBBIX pacTeHud. B KoHIlE mnepuoaa
MEJIOBO€  BBIMHUPAHUE  KUBOTHBIX U
pacteHuld. BbIMEpiIM IIPaKTUYECKH BCE
JTMHO3aBPBI.

Kaitnoszon
cKast

ITaneore
H

66-23
MHUJIJTMOHOB JIET

Tponuyeckud  KIUMAar, CHOBa  POCT
pacTUTENBPHOCTH. B KOHIE MOSABISAIOTCA
JEASHUKA Ha MOJIOCAX. Pacuger

MJIEKOITUTAIOIINX, PbIO, KHTOOOPA3HBIX.




Heoren |23-2,6 [IpakTHUeCcKM COBPEMEHHBIE  OUYEpPTAHUSA
MUJUTMOHOB JIET KOHTUHEHTOB. CdopmupoBasncs naHaMCKHi
nepemeek, poct I'mmanaes. Hanuuue
CYXOITyTHBIX MOCTOB MeX1y Adpukoit u
EBpazuen, EBpasueii u  CeBepHoil
Amepukoil.  belcTpas  cMeHa  BUJOB
*KUBOTHBIX M  MAacCOBbIE  MUTPALUHU
®KUBOTHbIX. OJIHM BBIMUPAIOT, JApPyrue

pa3BUBAIOTCSL.
YerBept |2,6 MIIIITHOHOB JeT | 3a)UKCUPOBAaHHBIE MAarHUTHbIE WHBEPCUU
WYHBIA | J10 HACTOSIIEr0 |— CMEHBbl MarHUTHBIX TMONIOCOB. bricTpoe
(TuTercTo | BpeMeHH U3MEHEHHE COCTaBa KUBOTHOTO MHUDA.
eH U BeiMupanue  MaMOHTOB,  MacTOJOHTOB,
TOJIOLIEH) cabye3yOphIX TUTPOB U JIPYTUX THTAHTCKUX

ZKHNBOTHBIX. ®dukc anus MNEPUOANICCKHUX
JCOAHHUKOBBIX IepunoaoB )51 Iepuoa0B

MOTCIUICHUS KJINMaTa. dukcarus
TIOSIBJICHUS TOMHHHJIOB
(4eoBEKOOOPA3HBIX). Paccenenne
YeIIOBEUYCCTRA.

['eomornueckass ucropust 3eMiIM JAECNUTCA HAa 3 OCHOBHBIX OJTala-d0Ha @ apxeu u
KPUINTO30M JUTWIICS 3 MIpA JeT U ¢aHepo3oi mamurcs nocieanue 570 mMiH JeT. 3apoxaeHue
KW3HU MMpou3onuio 3,5...3.8 MIIpJ JIET Ha3al.

MoaeanpoBanue 3BOJTIONMH NPUPOABI, KJIMMAaTa, 001IecTBA
MeTtoa MonenpoBaHus SIBISIETCS. 0a30BBIM JJI UCCIEAOBAHMS IBOJIOIIMOHHBIX CHCTEM.
KommnbroTepHoe mopenupoBaHue — HauOoliee yJOOHBIM BapHaHT TaKoro wuccienoBaHus. B
HACTOAIIIee BpeMs HayKa pa3paboTasia MHOKECTBO IBOJIFOITMOHHBIX MOJIEJICH, B TOM YHUCJIE:

o Knumarnueckue monenu. PaccMmarpuBaroT Kak NIPOLIECCHI KoieOaHUsl KJIUMara, Tak U
AHTPOIIOTEHHOE BIMSHUE HA KJIMMAaT CO CTOPOHBI yesioBeka. HekoTopbele momenu rpo3sT
CIIOXHBIMU  TOCJICJICTBUSIMA ~MpPU  TOTEIUICHUU KIUMara, HapyluleHUuun paldoThl
[onsdcTpuma u T. 1.

e DKOJOTMYECKHE MOJEIN U Mojenu OuoleHo3a. PaccmarpuBatoT pazButue 6uocdepsl ¢
YYETOM AHTPONOTEHHOTO BIMSHHUS CO CTOPOHBI 4eloBeka. HekoTopele Momenu rpo3sar
CJIOKHBIMU TTOCJIC/ICTBUSAMMU.

e Moenu 3BOJIIOIMH BCEJICHHOM, KOCMOCA M KOCMHUYECKHX OOBeKTOB. CUHUTAIOTCS OYCHb
BAKHBIMU MOJIETN JBM)KEHUSI KOMET M KPYIIHBIX aCTEPOUJIOB, KOTOPHIE MOTYT T'PO3UTh
3emie.

e Mogenu pa3sBUTHUS U 3apOXKICHUSA KU3HU. [IONBITKA BBIACHUTH MEXAHU3M 3aPOXKIACHUS U
JMHAMUKH KUBBIX OPTaHU3MOB.

e Mopnenu reojaorun, TEKTOHUKH, BYJKAHUYECKON neaTresbHOCTH. [lombITKa mpeackas3arb
paclpoOCTPaHEHHE 3alacoB MOJE3HBIX HCKOMAEMBbIX, IPEACKa3bIBaTh 3EMIIETPSACEHMUS,
LIYHAMU, U3BEP)KCHUS BYJIKAHOB.

e Monenn pa3BUTHS OKOHOMUKH, jAeMorpaduu, pa3BUTHS OIUJIEMUNA, Pa3BUTHUS




UHOPACTPYKTYPHl U APYTUX TCOMH(POPMAIMOHHBIX CTPYKTYpP. DTH MOJIEIN CBS3aHBI C
Pa3BUTHEM YEIIOBEUYECKOTO 00IIECTBA, TOCYIAPCTB U TII00ATBHBIX MPOIIECCOB, CBSI3aHHBIM
C 4YEJIOBEYECTBOM.

J1OMOJIHUTEIIBHO:

[2] c.412-468

[3] c.189-204

[4] ¢.445-479

3emis: buorpadus mimanetsl. @unbM National Geographic https://www.youtube.com/watch?
v=kS2t0kvIMmw

buorpadus 3emnu | OBomronus https://youtu.be/W3 -88SZpm8

CoBpeMeHHBIC B3MISIBI Ha 3BoJtoNui0. EctectBo3nanme 5.3 https://www.youtube.com/watch?
v=BZOBI1HDqg2Hg

Bce u3 Huyero | DBomtonus https://youtu.be/vile6B-Ngz4

Bemukoe B masmom.  buonormveckas — sBomtonms  https://www.youtube.com/watch?
v=Cp8VXO0pltL8

KocMmoc. UccnenoBanue npyrux miaanet https://www.youtube.com/watch?v=2t7qhInfTNc

Opsl B uctopun 3emid https://www.youtube.com/watch?v=nwOwiiZhg Q

['eonornueckas ucropus 3emin, Poxxnenue u spomonus [lnaners
https://www.youtube.com/watch?v=fqgbPndSLycl

Myseli  kocmoHaBTukH.McTopusi ocBoeHuss kKocmoca. https:// www.youtube.com/watch?
v=5XkPg2KhTuk


https://www.youtube.com/watch?v=BZOB1HDq2Hg
https://www.youtube.com/watch?v=BZOB1HDq2Hg
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