EcrecTBeHHOHAYYHAs1 KADTHHA MHpa
KoHcnekThI IEeKIIMOHHOTO Kypca

[lenbro 0OCBOCHMS TUCUMILIAHBI «ECTECTBEHHOHAYYHAs! KAPTUHA MUPA) SBIISETC:

— (hOpMUPOBAHUE €CTECTBEHHOHAYYHON KYJIBTYPhI CTYIECHTA;

— 3HAKOMCTBO C €CTECTBEHHOHAYYHOM KapTUHOW MUpa M CTAHOBJIEHUE OOIIEKYIBTYPHBIX KOMIETEHIINH
IIyTEM Pa3BUTHUS €CTECTBEHHOHAYYHBIX 3HAHUM U YMEHUI, OCHOBAHHBIX HAa IMPHUHIIMIIAX YHUBEPCAIBLHOTO
SBOJIIOLIUOHU3MA;

— pa3BuTHE a0CTPAKTHOIO MbILILJICHUS, 00111eil HAy4YHOIl M HHGOPMALIMOHHOM KYJIbTYpbI.
Hcnoan3yemas imreparypa

[Ipy u3ydyeHuH naHHOTO Kypca HEOOXOAMMO IPUBIICYEHHE JOMOJHUTEIBHOIO Marepuana U IMpopadoTka

JIEKIIMOHHOTO MaTtepuara ¢ IIOMOIIBIO CIIEAYIONIeH yueOHON IMTepaTyphbl:
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Pasnes Nel. Uctopusi pa3BUTHS 1 OCHOBHbIC KOHLCIIIIUH €CTECTBO3ZHAHUS
EctecTBeHHOHAy4YHAasi 1 TYMAHUTAPHAasI KYJIbTYPbl
Kaprtuna mupa — ¢unocockoe MoHATHE, ONPEAETSIoNIee MPeACTaBIeHHE OKPYKAIOIIET0 MHpPA YETOBEKOM.
Hayunas xkapThHa MHpa — MpelICcTaBIeHHE OKpPY)KAIOIEro MHUpa CO CTOPOHBI HayyHOro 3HaHus. Hayka u
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HAay4YHOE 3HAHWE ONPEACISIFOTCS METOJaMU U MPUHIMIIAMU HAyKH, METolaMH (pOpMHUpOBaHHS HAYYHBIX 3HAHUM
¥ OOBEKTUBHOCTHIO HAYYHBIX 3HAHWH. MeTOAbl M TPUHIUIBI HAayKH M HAyYHBIX 3HAHUU CHOpMYITHpOBaHBI
COOOIIECTBOM YUYEHBIX, OMHMPAIOTCS HAa 3aKOHbI JIOTUKH, OOBEKTHMBHOCTh HAYYHBIX HCCIIEIOBAaHMUN, METOJbI
OKCIIEPUMEHTAIBHBIX HCCIEOBAHUN ¥ CpaBHCHHWE TEOPHHM C TpakTUKod. HaydHoe 3HaHmWe sBisieTcs
UCTOPUYECKH OTHOCUTENBbHBIM (NpuHIMIBI bekona). Hayku mpuHSTO JenuTh Ha €CTECTBEHHBIE (HAyKH 00
OKPYXaIoIeM MHUPE BHE YEIOBEUECKOTO OOIIECTBA) M TYMaHUTApPHBIE (HAYKH O YEJIOBEYECKOM OOIIECTBE).
JIOnIOTHUTENBHO:
[2] c.24-27
[3]c.7-16
[4] c.14-29

EctecTBO3HaHME KaK 00J1aCTh HAy4YHOro 3HaHUA. CTPYKTypa COBPeMEHHOI0 eCTeCTBO3HAHUS.

Oco0eHHOCTH pa3/IMYHBIX OTPacJieil eCTeCTBOZHAHMUS

EcrecTBO3HaHHE MOXHO MpPEXkJE BCErO Pa3leNUTh MO OOBEKTY HcclenoBaHMA. Hampumep HayKu O KHMBBIX
00BeKTax M He JXUBBIX. Tak jk€ MOXXHO BBIICIHUTH (PU3HUKY Kak OOIIyI0 HAayKy, H3yJaroIIyl0 HEKUBYIO MaTEpPHUIO
U OHMOJIOTHIO, M3YYaloIIyl0 XUBBIE OOBEKTHI. Mcropmuecku u3 (UM3MKM BBIACTWIACH XMMHS, Kak Hayka 00
XUMHYECKUX B3aMMOJICHCTBHAX BemecTB. [IpWHATO Tak e BBIACHATh M3 (U3UKH aCTPOHOMHIO, TEOJOTHIO,
reorpaduro. M3 6uonoruu BeIAEIAIOT O0TaHUKY (HayKa O pacTEHUsIX), MUKPOOHOJIOTHIO, BAJICOJIOTHIO (HayKa O
YeNoBeKe), TeHETUKY W psi APYyrux. Psm Hayk oOpa3oBaHbI HA CTBHIKE JAPYTHX — HAIpUMEpP, OHMOXUMUS,
¢m3myeckas xumus. ECTh Tak jke HayKd, CBS3aHblE C NPAKTUYECKUM NPUMECHEHHEM €CTECTBO3HAHHS —
TEXHUYECKHE HayKW, HH(OpMATHKa, MEIUIIMHA U T. 1. KpoMe TOro ectecTBO3HaHHME OMUPAETCS Ha PsI HAyK
o011ero xapakrepa, HapuMep MareMaTuka, puiIocodus.
JlonmomHUTENBHO:
[2] c.24-27
[3]c.16-33
[4] c.99-115
Hayunas kaptuna mupa https://www.youtube.com/watch?v=AdlzwgNphwA
§5 Hayka: co3manue Hay4HO# KapTUHBI Mupa https://www.youtube.com/watch?v=c5x6IE_OTHS

JTanbl CTAHOBJICHHUS M Pa3BUTHS €CTECTBO3ZHAHUS

OOBIYHO BBIIETSIOT PsAJl OCHOBHBIX TAllOB CTAHOBIICHUS U Pa3BUTHSI €CTECTBO3HAHUSA:

e HTamn HaTtyppuiIocopuu (COOTBETCTBYET IPEBHEMY MUPY U CPEAHHUM BEKaM)

® HTall MEXaHUCTHUYECKOW KapTHHBI MUpa (HOBOE BpeMsl)

® 3Tan 3JIEKTPOMarHUTHOM KapTHHbBI MHUpa (cepeanHa 19 n Hayano 20 Beka)

®  5Tal KBaHTOBO-TOJISIPHOM KapTHHBI Mupa (HauuHas ¢ 20-x rogos 20 Beka)
OTH 3Tanbl MEHSIOTCS HMCTOPUYECKH C XOIOM BpeMeHHM. OIHako MX HENOCTaTOK CBS3aH C OTCYTCTBHEM
OOLTHOCTH 3aKOHOB Uil JKMBOIO M HEXHMBOIO MHpa, MOITOMY B paMKax H3y4deHHs Ouonoruu Oblia
chopmupoBaHa ocobasi HBONIOIMOHHAS KapTHMHA MHpa (M3yu€HHE MPOILECCOB Pa3BUTHSA). DBOJIOLMOHHBIC
3aKOHBl MPOCJIEKUBAIOTCS KaK JJs Ouonornyeckux oO0bekToB (Teopust [lapBuna), Tak U A8 (U3NYECKUX
00BeKTOB (3BOMIONMS BCeeneHHOM, MIaHeT | T. 1.).
Oran Harypdmiocohun:
Pa3BuTHe ecTecTBO3HAHUS HAYaJIOCh €Ille B aHTUYHOM MHpe (B OCHOBHOM, B JlpeBHeil [ pertun u ee KONOHUSX, B
6-2 Bekax 10 H.3.). DTOT MEPUOJA XapaKTEPU30BAJICS CTAHOBICHHEM Hamypgurocoguu, wim duaocopuun
IIPUPOJBI, KOTOpasl pacCMarpuBajla MUpP B €r0 LEJIOCTHOCTH M OCHOBBIBAJACh HA €0 YHUCTO YMO3PHUTEIBHBIX
HCTOJIKOBAHUSX.
B ToTt nepuon 3apoauiince uaeH:
- CTpOEHHUE BellecTBa U3 aroMoB (JleMokput, Dnukyp);
- reoueHTpuueckas cucrtema mupa (Ilronemein);
- MPOCTENIINE 3aKOHbI MEXaHUKH, TUAPOCTATUKH (APHUCTOTENH, ApXUMEN).
HekoTopble n3 3THX HJell MOATBEpAWIUCH Pa3BUTHEM HAyKH, HO OOJBIIMHCTBO OKAa3aJOCh OTBEPTHYTHIM.
OcCHOBHOM NPUYUHON OMIMOOYHBIX TEOPUN APEBHUX YUEHBIX OBbLIT HEIOCTATOK HKCIEPUMEHTATbHON MPOBEPKU
BbIBO/IOB. OHM MBITAUCH CO3JaTh TEOPUH, KOTOPbIE MOXKHO ObLIO ObI MPEACTaBUThH HAIVISAIHO, T.€ OHU CUUTAIIN
[JIaBHBIM METOAOM — HaOmoneHne. Ho He HamisgHOCTh €CTh KPUTEPUM HCTUHHOCTH TEOPHH, a OIIBIT,



HKCTIEpUMEHT. [IpeBHuE ydeHble Majio CTaBWIM oOnbIToB. OHM, B OCHOBHOM, HaOMIO#amu U JAeiaiu
YMO3PHTEIBHBIC 3aKII0OYCHNs, HO BCE €TI0 B TOM, YTO HEKOTOPBIE CTOPOHBI JCHCTBUTEILHOCTH HE3aMETHBI TSI
noBepxHocTHOro HabOmronenus. Ilpumep: 3ameHa reomeHTpuuyeckod cucrtembl Mupa Iltomemes Ha
renuoneHTpudeckyto cuctemy Koneprnka (cepenuna 16 Beka). [Tronemeit nadbmonan He6o, ColHIle, MIIaHETHI,
3BE3/Ibl, X JBIKCHHE MO HEOOCBOLY M 3aKJIIOUMII, YTO 3eMJIsl — IIap, KOT OpbIii HAXOIUTCS B LIEHTPE MUpa, a
BCE BOKPYT' HEE BpAIAETCs MO CIOKHBIM TPAaeKTOpHsM. Bce 3To HarmsiaHo, HO HeBepHO. Habmonaremnto mumib
Ka)XXeTCs, YTO OH B IIEHTPE MHUpPA, a TPACKTOPUHU IUIAHET JIMIIb KaXyTCs CIOXKHBIMH B NMPOEKIMU Ha chepy
HebocBoa. Ha camom ke nerne, TpaeKTOpHM IJIaHET MPOCThl, HO BpamiatoTcsi oHU Bokpyr CosHua. 910 He
HaISAHO, 3TO TPYIHO NPEICTaBUTh HAOMOIATe 0 Ha 3emile, HO 3TO BEPHO, M JajbHElIlee pa3BUTHE HAYKU
MOATBEPIUIIO 3TO.

Ha 3aBepmaroem srtame Teopuss HaTypduiaocopun Obuia 0ObeTUHEHA IPEBHErPEUECKUM YUEHBIM
ApucroreneM B psae padoT (ApHCTOTENEBCKUNA KOPITYC, WIH «AHHAIbI»). DTH pabOThl ObBUIM TMPUHSATHI
KaTOJIMYECKOM 1IEPKOBBIO B KAUECTBE KaHOHA, T.¢ HE MOIIIM OBITh OCTIOpeHbl. UTO MPUBENIO K TOHEHUSM IPOTUB
YUYEeHbIX, IbITaBIIuXCcs ocioputh Apuctotens (Konepuuk, Jx.bpyHno, Ianuneit).

JIonOIHUTENBHO:

[3] c.33-73

[4] c.29-38

ApwucroTteneBckas ApeBHsSA HaydHas KapTuHa Mupa https://www.youtube.com/watch?v=DYxHcES5-E38
Hayxka B anTuHOe BpeMms. PacckasbiBaet ucropuk Xapuiic Tymanc https://www.youtube.com/watch?
v=q6d_zKOMuDU

CpenneBekoBas Hayka (pyc.) ctopus cpeaaux BekoB. https://www.youtube.com/watch?v=JT09szsUkII

OTan MEXaHUCTUUYECKON KapTUHBI MUPA:

Hauunaercs ¢ pabor KonepHuka (renuoneHTpudeckasl KapTHHAa MHpa, «TeJInocy - conHue) u [ammneo Fanunes
(MHEepIMaJIbHBIE CUCTEMbI, MHEPLIMOHHAS Macca TeJ, Hayajla TpaJAuLlMOHHON MEXaHUKH, aCTPOHOMMH, BBEJICHUE
METO/Ia SKCIIEPUMEHTANIbHOM IpoBepKu Teopun). B nanbuelimem padotsl anmmiickux (I'yk, [anneit, Hetoton),
¢bpanmysckux ([exapt, ['Anambep, Jlammac, Jlarpawxk), nemeuxux (Kermmep, Oinep, JleiOHui) ydeHbIx
pa3BuUIM 3TOT nonaxon. Mtorom 3toil pabotel crano Hanmucanue VMccakom HpioToHOM Tpyna «maremaTHuecKue
OCHOBBI Harypdmiocopum» KoTopas cTaja o0pa3loM HJEed MEXaHUCTUYECKOTO MHpa, OMHCHIBAEMOTO
MEXaHUKOW M TPaBUTAMOHHBIM B3aUMOJEHCTBHEM Tel. B jmampHeWmeM 53Ta  TEOpHUs  TOJBKO
COBEpILEHCTBOBAJIACH 10 MOsBIEHUS paboT MakcBemna u DiiHimreiiHa. Takum oOpa3oMm, B koHILEe 17 Beka
BelNUKUM aHmuickuid  ¢usuk Mcaak HpioToH 3aBepmmn co3gaHue  Kiaccuueckoil mexaHuku. OH
c(hopMyITupoOBall OCHOBHBIE 3aKOHBI JIBM)KEHHS, 3aKOH BCEMHUPHOTO TSTOTEHHs, MOHATUS MAacChl, MHEPIHH,
yckopenus. Cnemyromum 1marom 0b10 co3aanre HerotonoMm Tpyna «OnTukay, riae ObUTH W3JI0KEHBI OCHOBHBIE
UJIer KOPIYCKAIAPHON TEOpHH (PU3HMUECKON ONTUKU. AJNBTEPHATUBONW UM OBUIM pabOoThI TOJUIAHACKOTO YUYE€HOTO
I'roiireHca ¢ Teopueil BOJIHOBOM MPUPOABI CBETA. Tak BO3HMKIM IPOTUBOPEUNS BOJHOBOM M KOPITYCKAJISPHOU
TEOPUM CBeTa, NpoOIeMbl TOHATHS <«3Up», NPOOIEMBl «IATbHEACHCTBUS» U «OMU3KOACHCTBUS». OTH
npo0OseMbl ObLIN pa3pelieHbl ToJapko B 20-M Beke. Tak jke Ha 3TOM 3Tare BO3HUKJIA TePMOAMHAMHUKA (PaOOThI
Kapno, ®ypse, xoyns, Maitepa, KenbBuna, Jlenua, Knayzuyca, ['ensmromnbia).

JlonmomHUTENBHO:

[2] c.135-145

[3] c.73-112

[4] c.38-54

Huxomnaii Konepauk u renmuonienTpusM https:// www.youtube.com/watch?v=gSHeRiLSvo8

JokymenTanbHblii ¢punbpM o0 [anuneo [Namunee https://www.youtube.com/watch?v=0LczoHOFRKU

BBC «Mcaax Heroron: [Mocnennnii u3 maros» https://ok.ru/video/474475137776

Taitubl ucropuu: Mcaak HetotoH / JlokymenTtanbhslii / National Geographic
https://www.youtube.com/watch?v=63Va4BFpilLg

ITpo Ncaaka Hetorona (Kpatkas ucropus) https://www.youtube.com/watch?v=ldHk1ttrzC8

Hrroton Ucaak. HeroToHOBO s10;10K0 paszmopa. https://www.youtube.com/watch?v=X80XSHhVuF0
HreroroHOBCKas (Kaccuueckasi) HaydHas KapTHHA Mupa. Onoxa Bozpoxnenus
https://www.youtube.com/watch?v=TeZ6aRHu7L8



Oran 3/1eKTPOMarHUTHOM KapTHHBI MUpa:

Brinenenune manHoro sTama cBsizaHo ¢ paboramu Dapanes u MakcBenna. YpaBHeHUs MakcBeia onpenenuin
CBSI3b MArHUTHOTO M DIEKTPUYECKOTO TIIOJIs, CBs3aja 3aKoHBI AJIeKTpuyeckoro mnoss Kynona, 3aKoHbBI
aekTpuueckux TokoB Oma, Ammepa u Kuproda, 3akoHsl MarHUTHBIX niosieid buo-Caapa-Jlamnmaca. Otum ke
YPaBHEHHUSM MOJYUHSIOTCS 3JIEKTPOMArHUTHBIE BOJIHBI, K KO TOPBIM CTalM OTHOCHUTH CcBeT. IlosBuiachk mikana
AIIEKTPOMATHUTHBIX BOJH OT JUTHHHBIX PAIHOBONH JIO0 PEHTTEHOBCKHUX BOJH. DTO OBLIO TOPKECTBO BOJHOBOU
TEOPHH, IOSBUIIACH UJIes TPAaBUTAILIMOHHBIX BOJIH C MOMBITKOM CBSA3aTh BCe BU/IBI MOJIEH B OJHY CTPYKTYpyY. Bech
MUP TPEACTABISIICS B BHJIE MOJIEKYISIPHBIX CTPYKTYP B «MOPE» TIOJIEH.

JlonOIHUTENBHO:

[2] c.145-153

[3]c.117-126

[4] c.38-54

Maiixn @apaneit OT sanexkTpudecTsa A0 3IekTporeneparopa https://www.youtube.com/watch?v=at14H GQzu8
Uctopust passutus snekrpuuectsa. https:// www.youtube.com/watch?v=joHKea6 WKi4

DneKTpoMarHuTHbBIE BOJIHBI https:/www.youtube.com/watch?v=1hkBUIGnnpU

Otarn KBaHTOBO-TIOJSIPHON KapTUHBI MUpA:

Bo3auk w3 mnporuBopeunii, cBsi3aHHBIX C dkcnepuMmeHTamu CtonetoBa (pororddexr), MaiikeapcoHa
(M3MepeHne CKOpOCTH CBeTa), Iu(pakuued peHTreHOBCKuX iydel, Tomcona (audpaxuust snekrpoHoB). B
pesynbrare nosBuiIMch padbotsl [lnanka, DitHmreiina, [le bpoiins, Jlopenna, llpeaunrepa, Iaynu, Jdupaxa.
beita chopmynupoBana HoBasi Teopusi 4-X MEPHOTO MPOCTPAHCTBA-BPEMEHHU (TEOPHsST OTHOCUTEIBHOCTH) IS
MeTraMupa ¥ KBAaHTOBAsI TEOPHS MO ISt MUKpOMEpa. [laHHbIE TEOpHH Pa3BUBAIOTCS 0 CHX TIOP.
JlonOIHUTENBHO:

[2] c.124-135,148-153

[3] c.126-154

[4] c.54-61

Makc I1nank

https://tvkultura.ru/video/show/brand 1d/21985/episode 1d/1500126/video id/1633826/viewtype/picture/
Kopmyckynsrl U BOJTHBI - JBa BUJIA Marepun https://www.youtube.com/watch?
v=u5bQ8eOKRsk&list=PLJxqrgl TWEQ-TllvuKlo-9BFqonfEzG-&index=3

Hayunble peBosilouMu M KOHUenuuu Gu3nku U TeXHuKu. McTopust TEXHUKHM U TEXHOJIOTH I
Kaxxapiii sTanm pa3BUTHS €CTECTBO3HAHUS COMPOBOXKJIAJICSA PA3BUTUEM TEXHUKUM M TEXHOJOTHM, C JApYyrou
CTOPOHBI TTOSIBJIEHUE HOBBIX TEXHOJIOTHI JTaBaJI0O UMITYJIC PA3BUTHUIO HayKu. HampuMep co3naHue ONTUYECKUX
pUOOPOB MOCTYKUIO TOYKOM K TOSBICHUIO MUKpOOHOnoruu. [Ipu 3ToM HCTOPUYECKU TEXHOIOTHH U HAyKU
Pa3BUBAINCh HEOAHOPOAHO TO BPEMEHM, YTO Jajl0 OCHOBAHHUS BBIACJATh HAyYHbIC PEBOJIOIUU U
TEXHOJIOTUYECKHUE PEBOJIOIUH, YACTO CBS3aHHBIE C KOPEHHBIM M3MEHEHUEM JKU3HH YEIOBEYECKOTO 00IIecTBa.

TexHUKa U TEXHOJIIOTUU JIPEBHETO MHUpa
[TpuMepsl TEXHOJOTHI — MeETaTyprus, KopabiecTpoeHue, MEIUIINHA, M3TOTOBJICHUE TKaHEH W KepaMUKH,
CTPOUTEbHBIE TEXHOJIOTUH.

TexHHKa U TEXHOJIOTUU CPEIHUX BEKOB
Coznanue nmopoxa, apTUIEPUH, CTEKJIa, TOPHBIX pa3padoToK. AJIXUMUS B XUMHYecKre TexHomoruu. [losBnenne
OOTaHWKU U CENEKIUOHHOU nesTenbHOCTH. [losiBeHue omtmueckux npuoObopos. [losBIeHHH MEXaHH3MOB U
MEXaHHUYECKHUX aBTOMATOB (4Yackl, UTPyIIku). [lepBeie pakeTsl.

TexXHHKa U TEXHOJIIOTMH HOBOTO BPEMEHHU
[TonBogHbIe MOMKK M BOMONIa3HOE oOopynoBanue. [losBienne crankoB. TexHonoruu mapoBsix MamuH. [lapoxon
u mapoBo3. Mcnonp3oBanue HepTenpoaykToB U ras3a. [losBienue xupypruu kak TexHonorun. OOHapyxKeHue
HOBBIX XMMHYECKHUX 37eMeHTOB. Kommac u apyrue MarHuTHbBIE NpUOOpHI. Bo3myxoruraBanue Ha BO3TYIIHBIX
mapax.

Texanka 1 Texgonoruu 19 n 20 Beka

19-i1 Bek. DneKkTpUYECKHE MAaIIUHbI, SJIEKTPOJABUTATENN, AJIEKTPOCTAHIMUM U TaJlbBAaHUYECKHE HIIEMEHTHI.
Onetrpo texHonoruud. Co3laHue MepuoANYEecKOr cucteMbl MeHneneeBa. J[BUrarenb BHYTPEHHETO CrOpaHUs.


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

@ororpadus u kuHochbeMmka. llosBienue Bakuuubl. IlosBnenue Ttenerpaga u panuo. TexHomoruu
OpPraHWYeCKOW XUMHH, B3pbhIBYATHIC BelIecTBa. [IOSBICHWE TEXHOJIOTHM PEHTICHOBCKHX W WH(pPaKpPacHBIX
JIy4en.

20-i1 Bek. ABmanmsa. Paketoctpoenme. Onexkrponuka. @Papmanenrtuka. Tenesuuaenue. Ilossnenne OBM.
buorexnonoruu. Snepubie TexHomoruu. Kocmuueckue TtexHonmoruu. Hanorexnomoruu. TexHonoruu
OCHOBAHHbIE HA KBAHTOBOU Teopuu. JIazepHbIe TEXHOIOTHH.

21-ii Bek. ['eHeTHUECKME TEXHOIOTHH.

JlonmomHUTENBHO:

[2] c.327-365

[3] ¢.29-33

Hctopus pa3Butus Hayku U TexHUKH. Yacts 1 https://www.youtube.com/watch?v=jKk83cjqWMU

®dnot apeBHOCTH. JpeBHUE KOpabnu u cynocTpoenue https://www.youtube.com/watch?v=mCq5vUHAuN4
"OTtkpbiTus B TexHonorun" (004) — Metamnyprus https://www.youtube.com/watch?v=HVoBR97kC9s
HcTopus pa3BuTHs Hayku U TeXHUKH ((uibM BTopoit) https://www.youtube.com/watch?
v=tHSyad5QWuo&list=PLcxRxz68GUUHc5xLuXxKLTPUWwMWRAI3 X &index=2

Texunueckue nzobperenus [IpomeinieHHoro mepeBopora https:// www.youtube.com/watch?v=ac37nr6uLBQ
Jlbxeiime Yart u napoBast MmammHa https://www.youtube.com/watch?v=HguGSLm8RWc

MaremaTnka Kak 00JacThb 3HaHUH. CBA3b MaTeMaTHKH ¢ ¢puiiocodueil, KyJbTypoil, TEXHOTOTHYECKHM
pa3BuTHEM 001IeCTBA
Hcropuueckoe CTaHOBIEHHE MaTEMATUKH
Marematika u3zydaeT ocoOble 00BEKThl (MAaTEMAaTHUYECKHUE), KOTOPhIE SBISIFOTCS XapaKTEePUCTUKAMU PeaslbHbIX
00beKTOB U mpolieccoB. I[lepBbiMu 00beKTaMU OBLIM reoMeTprueckre (GUrypsl (reoMeTpusi) u unucia (anredpa).
HcTopuueckue LIEHTPBI pa3BUTUSL MaTEMaTHUKU
HpeBHuii mup : npesHuii Eruner u mexnypeuse, ApeBHss MHaus, npeBHss Ipenns U rpeyeckue KOJIOHHH.
3aBepmieHne 3Toro 3Tama — pabora «Hauama» rpedeckoro Maremartuka EBximma. Dta Teopus U ecTh
’IIEMEHTapHas TPAAULIMOHHAS MaTeMaTHKa (reoMeTpHs U anredpa).
Cpennue Beka : apadckue crpanbl, Utanus, BusanTtuiickas nummepusi.
HoBoe Bpems : @pannus, AHmus, ['epmanckue rocynapcrsa, lomutanaus, Poceuiickast umnepus, ABcTpuiickas
UMIEpUS.
19-20 Bex: EBpona, Amepuka, A3zusi.
JlonmomHUTENBHO:
[2] ¢.51-55
BBC. Uctopus maremaruku. S3p1k Beenennoit https://www.youtube.com/watch?v=SawtW _ifaEA
BBC. Uctopus maremaruku. SI3pik Beenennoit https://www.youtube.com/watch?v=SawtW_ifaEA
BBC: Uctopus maremaruku | Yacts 2 ['ennit Boctoka https://www.youtube.com/watch?v=rWxoKxs2j0I
BBC_Hcropus maremaruku _ Yacte 3 [Ipenens npoctpancTsa https://ok.ru/video/35786394278
BBC: Uctopus maremaruku | Yacts 4 3a npenensl 6eckoHedyHOCTH https://www.youtube.com/watch?v=QuOD-
wxNzXo
Maremaruka u pacupeT nuBmin3anun. Ouiasm 5. HoBbie ropu3oHTs! https:/ www.youtube.com/watch?
v=ywNb3ga2l zY &list=PL FTkMtYsMRIyj64 hzLoPAy64AtO7ztHo&index=5
Maremaruka u pacupeT nuBmin3anun. Ounsm 4. Mup B ABMKEHUU https:// www.youtube.com/watch?
v=20uVhDoQVys&list=PL FTkMtYsMRIyj64 hzLoPAy64AtO7ztHo&index=4
Maremarnka ans Bcex. Anekceir CasBareeB. Jlekius 2.5. Jleonapa Ditiep - ©CTOpUIeCcKas CripaBKa
https://www.youtube.com/watch?v=wdtSIUEqiEY
Hctopus maremaruku IIpenens! npocrpanctsa https://www.youtube.com/watch?v=B2f5SDVStCrA
HeeBkmmoa reometpust. Yacts 1 https://www.youtube.com/watch?v=Gjr63NhuOu0
HeeBximnosa reomerpus. Yacts 2. Mctopus Mmatematuku https://www.youtube.com/watch?v=BpC6jOL-tNk

Oco0eHHOCTH KOHIENIHUA OMO0JI0TUH U XUMUH
buonorus — Hayka 0 JKMBBIX 00BEKTaxX, 3TH OOBEKTHI Pa3HOOOPA3HBI, MOATOMY €CTh MHOTO MOJPA3/IeIOB —
6OTaHI/IKa, HI/ITOJ’IOFI/IH, Baneonorm[, T'€HCTHKaA, MI/IKpO6I/IOJIOFI/I$[, HUXTHUOJIOTUA U T. AO. B 6I/IOJ'IOFI/II/I HECKOJIBKO


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

3aTPYJHEHO OJKCIEPUMEHTAIbHOE HCCIEeJOBAaHHE, 3TO MOTPeOOBAIO BHEAPEHUS TEOPUU BEPOSTHOCTEH WU
CTaTHCTHKH. AKTUBHO UCIIONb3YETCSl METOJT HAOIIOICHNSI.
XuMHs — Hayka O XHMHYECKMX B3aMMOJCHCTBHAX BemIeCTB. VICTOYHMK — ajXuMus, OCHOBaHHas Ha
OIIMOOYHOM TIPEICTABJICHUH O BO3MOXHOCTH XHMHUYECKOTO IPEBPAIICHUS JIFI0OOr0 BeIIecTBA B JHO0OE.
Jlenutcsi Ha HEOPTaHUYECKYIO M OPTaHUYECKYI0 XUMHIO. DTO CBSI3aHO C JICJICHHEM BELIECTB HAa OPraHUYECKUE
(mosydaemble W3 JKMBOTO) M HE OrPaHMYECKHE BEIIECTBA. B JanbHEHIIEM OpraHHYecKHe BelecTBa ObLIH
KOHKPETH3HPOBAHKI 110 BUAY XUMUYECKUX (HOPMYI.
JlonmomHUTENBHO:
[2] ¢.206-324
[3] c.189-192
[4] c.104-115,120-124

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

[lepuoanueckas Tabnuia, Kaccupukanus XuMHUUECKUX neMeHToB https://www.youtube.com/watch?
v=fqZ14Yulg3E

buonorus xak Hayka | buonorus 9 knace #1 | Uadoypox https://www.youtube.com/watch?
v=amMaWOsoTug

Kparkas ucropus pazsurust ouonoruu https://www.youtube.com/watch?v=t12PZgK2ynl

Pazgen Ne2. dusnyeckasi KApTHHA MHpPa

Pu3nka kak 00sacTb 3HaHUI. CBsA3b QPU3MKH C TEXHOJIOTHYECKUM pa3BUTHEM 00111eCTBA
®u3nka — Hayka, U3ydarollash HEeXHBYIO MAaTE€pHIO0 BO BCEX NPOSBICHUAX. B HEW onpenenstoTcss MOHATHS
MaTepusi U MaTepHalIbHbIIl MUp, SHEPTHsl, TIPOCTPAHCTBO, BPEMs, pa3IUYHbIe BUJIbI B3aUMOJIEUCTBUN OOBEKTOB
MarepuajJbHOro Mupa. Tak Kak 3THX OOBEKTOB OU€Hb MHOTO, TO (M3UKa IOCIEIOBATEIbHO C Pa3BUTHEM
JenuiIach M CTpyKTypupoBanack. [Ipu 3TomM paszButHe (PU3MKK MOCTOSHHO 3aBUCENO OT CO3JaHMUS HOBBIX
TEXHOJIOTH, KOTOpBIE JaBajid HOBble MHCTPYMEHTHI Ul SKCIIEPUMEHTAIBHOTO MCCIIENOBaHUS (DU3MUECKUX
MPOLECCOB, (POPMHUPOBAIO AKTYaJbHOCTh DPAa3BUTHS TE€X WM HUHBIX pa3fesioB (U3UKH, CTUMYIHPOBAIO
NpOsIBIEHHE HOBBIX (paHee HE W3BECTHBIX) SBJIEHUI M TmporieccoB, llpumepsl: co3laHME ONTUYECKUX
MHCTPYMEHTOB MPHUBEJIO K CO3/IaHHI0 (PU3UYECKOM ONTHKM U TEOPUU CBETOBBIX BOJH, CO3JaHHE IMapOBOMN
MallliHbBl TPHUBEJIO K pPAa3BUTUIO TEPMOAMHAMMKM M CTaTUCTUYECKOM (M3UKH, TMOSBICHUE HCTOYHUKOB
ANIEKTPUYECKOTO TOKa IMPHUBEIO K AKTUBHOMY HM3YYEHHIO AJIEKTPUYECKUX M MAarHUTHBIX TOJEH, CO3JaHHI0
ANEKTPOJUHAMUKH.
JlonmomHUTENBHO:
[2] c.113-119
[4] ¢.99-104,115-120
dusnueckas kapTuHa Mupa https://www.youtube.com/watch?v=SbzLXHaQsFI
Benukue otkpeiTus pusnkoB(Hayano Gu3MKKU-1I0 ceil n1eHsb) https://www.youtube.com/watch?v=63-
hwCaFVkM

«Pu3znveckas kapruHa mupa» https://videouroki.net/blog/vidieourok-fizichieskaia-kartina-mira.html
YausureasHnas ucropusi CtuBeHa XokuHra — 8§ MuH., cM.: https://youtu.be/IDORa3soUpA

CrpykTypa pu3HYecKoii KApTUHBI MUpPa

B Hacrosiee Bpemsi MOXHO BBIJCIUTb HECKOJIbKO HamOoliee BaKHBIX pas3/eioB (U3MKH, KOTOpBIE U
OTIPEJIENIAIOT CTPYKTYPY (PU3NYIECKOI KapTUHBI MUpA:

® MExaHMKa
TeOpus IPaBUTALUU
TEPMOIMHAMHUKa
¢u3nKa TBEpIOTO Tea
¢uzrka konebaHui U BOJIH
ANIEKTPOAMHAMUKA
aKyCTHKa
¢uznka aTMocQepbl U 3eMIIn
ACTPOHOMUS U KOCMOTOHUS


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

MOJIeKyIsipHas GU3MKa U CTaTUCTHUYECKas PU3UKa

sanaepHasi pusnKa

(¢u3MKa AIEeMEHTapHbBIX YaCTHIL

¢du3uKa MPOCTPaHCTBA U BPEMEHH, TEOPHSI OTHOCUTEIHLHOCTH
(bu3uKa 377€MEHTapHBIX YaCTHUIL

(bu3uKa BBICOKHX HEPruit

KBAaHTOBAsi MEXaHUKA M KBAHTOBAsI TEOPHUS OIS

(bu3MKa HU3KUX TEMITEPaTyp

na3epHas Qpu3nKa

HOBblE pasfensl (U3MKU (Teopus CTPYH, TEOpHs TEMHOW MaTepuu M TEMHOM DHEprum,
CynepoObeIMHEHNE TEOPHUA B3aUMOICHCTBUI BEIIECTBA)

buopusuka u pusnyeckass Xumms
Hexotopeie pasznensl ¢pu3uku OblIM 00pa3oBaHbl B paMKax OOECIEUEHUs pa3BUTHS APYrHMX HAayK, OHH HOCSAT
WHTErpaTuBHBIN xapakrep. [Ipumepsr:

e Ouodwusuka, m3ydaeT (pU3NYECKHE OCHOBBI MPOIECCOB BHYTPH OHOJIOTHUECKUX OOBEKTOB (Hampumep
KJIETOK, MEMOpaH, HEPBHOI CUCTEMBI);

e (usmyeckas XUMHA, H3y4aeT (PU3UYECKHE OCHOBBI NPOIECCOB BO3HUKAIONIMX TPH XUMHUECKUX
peakiuax (MpH 3TOM CYIIECTBYeT M XMMHUUEcKas (PU3MKa, paccMaTpHUBarolas HEKOTOpbe (pU3NUYEeCKHe
SIBJICHUS] METO/IAMH XUMHH, HY’)KHO TIOMHUTB YTO TEPMHUH PEaKIHs U TUHAMHUKA PEAKITUN ObUTA N3YYICHBI
MMEHHO B XMMMUH, a 3aTeM HCIOJIb30BaHbI B sIEPHOI (PusHke),

ITonsiTue MaTepnu M JHePruu. 3aKOHBI COXPAHEHHA

Jo koHna 19 Beka Marepuro MOHMMAJIM TOJBKO KakK BEIIECTBO, U3 KOTOPOTO COCTOAT Bce Tena. Bece st Tena
pacriojarajiuch B HEKOEM TMIIOTETUYECKOM BellecTBe — 3(hupe, KOTOPBI 3aHMMAaeT BCE MPOCTPAHCTBO U BE3JIe
MIPOHUKAET (BO BCE MOPHI Tea). DIEKTPOMarHuTHas KapTHHA MUpPa OCTaBHUJIa OTKPBITHIM BOIIPOC O CBOMCTBAX U
CTPYKType BakyyMa (T. €. 0 3¢upa). D10 mpobieMa pacnpoCTpaHEHUs NEKTPOMArHUTHBIX M T'PaBUTALIMOHHBIX
BOJIH, TaK KaK BOJIHA PacIpOCTpaHSETCs B KAaKOH-TO cpene. DHEprusi paccMarpuBaliach Kak XapaKTepHUCTHKa
MaTepuy, BbIIEIUIACh MEXaHUYECKasl U TEIUIOBAasl SHEPIUs W DHEPIHsl NOJS WIM BOJHBL. BBIIM ycTaHOBIEHBI
3aKOHBl COXpPaHEHUS Ka)XJO0W U3 HHEpruil U BapHaHTHI Iepexojia OJHON PHEPrHH B JIPYT'YIO C COXPaHEHUEM
obmiero OajaHca TpU TPEHUM, TEPMOJUHAMUYECKHX IpolLeccax, MONIOMEHUH WIH H3IyYeHUU
ANIEKTPOMArHUTHBIX BOJIH.

C nosiBIEHMEM TEOPUM OTHOCUTEIBHOCTH M KBAaHTOBOM TEOPUM, YTBEP)KIECHUHU Jyajlu3Ma BOJIHBI U
YaCTHIIbI, 0KA3aJIOCh YTO IOJie, BOJHA KAaK M YacTUIIbl TOKE MarepuaibHbL. boiee Toro u3 Bakyyma MOXXHO
CO3/1aTh Tapbl YacCTHUI] MAaTEPUM U AHTUMATEPHH, KOTOPHIE MOTYT MOTYT aHUTWIUPOBaTh, T. €. IPEBPATUTHCS
CHOBa B BAaKyyM OTJaB DJHEPrui0 Moiio. TakuMm 00pa3oMm, PHEpPrus M MaTepusi B3aUMOCBSI3aHbI U MOTYT
IpeBpamarbess Ipyr B Apyra, 4ro CJeayeT M3 3HaMeHUTOM (opmynsl Diiureiina E=mc’. Kpome Toro,
O0OBIYHOE BEIIECTBO COCTOUT M3 MOJIEKYJ, MOJIEKYJIbI COCTOSIT M3 aTOMOB, aTOMBI U3 3JIEMEHTApHBIX YaCTHUL.
IIpu 3TOM MECTONONOKEHHE M XAPAKTEPUCTHKA JJIEMEHTApPHBIX YaCTUI[ B KBAHTOBOW TEOPHUU «Pa3MBITBD» B
MIPOCTPAHCTBE. DHEPrusi U MECTONOJIOKEHHWE YacTHUll He (UKCHPOBAHA, €CTh YCJIOBHE HEOIpPENEIeHHOCTH
['eiizenOepra /Ui HUX. B oHUX yCIIOBUSX yacThIa BeIeT ce0sl Kak YyacTHLa, B JPYTUX KaK paclpesieseHHas BO
BceM TpocTpaHcTBe BoiHa (BonmHa Jle Bbpotins). Ilpu 3ToM ocTaroTcsi crpaBeMIMBBIMUA 3aKOHBI COXpPaHEHUS
HHEPTUU M BELIECTBA, KOTOPbIe HEOOXOIMMO OObEAMHUTH B OJIMH 3aKOH COXPaHEHHsI MAaCChI-DHEPTHH.
JlonmomHUTENBHO:

[2] c.131-139

[4] ¢.250-260

Crpoenue Bakyyma (JIennayudunsm) https://www.youtube.com/watch?v=PqqgYpUrd7I

E=mc’>. Annbepr  DWHIITEWH —reHWd, CHMBOJ  HAyKW, BEIWKWM  ydeHbld.  buorpadus
https://www.youtube.com/watch?v=JClxQmbOROM

IIpocTpancTBo 1 Bpemsi. Teopru cHMMeTPHH U OTHOCHTEJIBHOCTH
Jo 20 Bexka mpoCTpaHCTBO MOHMMANOCh Kak abCONIIOTHAs M paBHOMEpPHAsl CYUIHOCTb, CBOICTBa KOTOPOTO HE



3aBHUCENM OT CBOWMCTB Marepuud B IPOCTPAHCTBE M €€ MABIKEHHA. Bpemsi Takke BOCIPHHHUMANOCH Kak
CaMOCTOSITENIbHAS CYIIHOCTb, KOTOpasi He 3aBHCela HU OT MPOCTPAHCTBA, HA OT MaTEPUH B MIPOCTPAHCTBE, HU OT
ee JBIDKEHUs (a0CONIOTHOE BpeMs, HEKOTOPBIA aOCTPaKTHBIM aOCOMOTHBI METPOHOM, KOTOPBIH OTCUMTHIBAET
BpeMsI PaBHOMEPHO TeKyIiee W abCOomMoTHOE i BcexX). Takum o0pa3oMm, MPUHUMAJIOCH CYIIECTBOBAaHUE
a0COJIIOTHOTO MPOCTPAHCTBA U BPEMEHH, HE 3aBUCSIIUX OT MaTEPUH.

[TosiBNIeHUE crienManbHON W OO0IIEH TEOPUU OTHOCUTEIBHOCTH DWHIITEHHA MO3BOJIMIO U3MEHUTH ATH
NPEACTaBICHUS:

Oxa3zanock, 9TO MPOCTPAHCTBO, BPEMsI U MaTepysi B3aHMOCBSI3aHbI:

- CBOICTBA MPOCTPAHCTBA U BPEMEHU 3aBUCST OT CBOWCTB MAaTepUH, KOTOpasi B HUX HAXOAMUTCS, U OT €e
JIBUKCHHS,

- TPOCTPAHCTBO M BpeMs B3aUMOCBSA3aHbl M COCTaBIAIOT eJuHoe 4-Xx MepHoe NpOCmMpaHCMEO-8peMs
(npennoxeno I MunkoBckuM B 1908 rony); oOBEKT, CyIIECTBYIOUIMI B TakoM 4-X MEPHOM IMPOCTpPaHCTBE-
BpPEMEHHU, JaeT MPOEKIIUN Ha BOCIIPUHUMAEMbIE YEJIOBEKOM M3MEPEHHUsI, KOTOpbIE, MOAOOHO TEHH OT MpPEeAMETa,
MOTYT YBEJIMYHBATHCSI M YMEHBINATHCS TPU JBWKCHUU OOBEKTA; ITO OINpPENeJICHHBIM 00pa3oM TIOSICHSET
3 QEKTbl TEOPHUH OTHOCHUTEIBHOCTH MO COKpAIllEHHIO pa3MepoB Tella M JAp.; caM 4-X MEpHbIH OOBEKT He
MEHSIETCSI, HO MBI HE MOYKEM BOCTIPHUHSITH €T0 IETHKOM.

Ocoboe 3HadeHue A (PU3MKM HMMENIH 3aKOHBl CUMMETPHM MpPOCTpaHCTBA. 3HawanpHO Kazaics
OYEBHUIIHBIM OIHOPOAHOCTh M CHMMETPHS HAINPaBICHWH B TPOCTPAHCTBE, HO pEATbHBIC 3KCIEPUMEHTHI
MOKA3bIBAIOT HEKHE OTKJIOHEHHMsS B TaKMX 3aKOHaX. bBblla J/0KazaHa HEEBKJIUIAOBOCTh  KOCMHYECKOTO
MPOCTPAHCTBA BCEJIEHHON (CErofHs y4YeHbIE CKJIOHAIOTCS K PuManoBCkoW Mopenu kocmoca). CuMmerpus
HapylaeTcs U B MUKPOMHpE, rae OblIM cHOpMYIHpOBaHBl 0COObIE 3aKOHBI CUMMETPHH JUIS AIEMEHTAPHBIX
YacTHII.

JlonOIHUTENBHO:

[2] c.119-131

[3] c.126-154

[4] c.206-221

Teopus oTHOCUTeNnbHOCTH. CKOPOCTH cBeTa. https://www.youtube.com/watch?v=X1B5Bk S5f4
[TpoctpanctBo u Bpems | [onorpaduueckuii mpunmn https://www.youtube.com/watch?v=0BY XUJ2kxco
JlokymenTanbHblii ¢punbeM Benukas unes Oinmreitna https://www.youtube.com/watch?v=NQbPsyPrFBU
Anpbept DitHiuTeitH https://www.youtube.com/watch?v=-SwYpNBjH Q

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

Bpewmsi. Heposroe Bpemst https://www.youtube.com/watch?v=H8Y QQkIrGrI

Meramup. ACTPOHOMUS H CTPOCHHE BCEJICHHOM

Hctopuuecku Gu3MKKH paccMaTpuBajId 3aKOHBI JJIs Meramupa (KocMoca) 1 MUKpPOMHUpPA (aTOMbI U MOJIEKYJIbI)
TOXAECTBEHHBIMU. OHAKO, C MOSBICHUEM KBAaHTOBON TEOPUU U 3KCIIEPUMEHTAIBHBIM H3YyYEHHEM MHKPOMHUPA
CTaJIM HaKaIlUIMBaThCsl MPOTUBOPEUMS, KOTOpPbIE HE pa3pellieHbl 10 KOHIIA M B HacTosiee BpeMs. KBaHTOBbIE
3 QeKTbl B MUKPOMHPE OYEHBb CYIIECTBEHHBI, HO Ul OOJNBIIMX MAacc M paccTOSHUU 3TU (PQEKTh He Bcerna
MOKHO OLIEHUTh U SIBHO BbIpa3uTh. Kpome Toro, B Meramupe BO3MOKHO CYIIECTBOBAHHME SKCTPEMAJIbHBIX I10
BEJIMYMHE SHEPruil u nosnei. B ¢u3uke BbIIENIEHB TPAaBUTALMOHHOE, 3JIEKTPOMArHUTHOE, CHIIBHOE M cilaboe
B3auMoJielicTBUs Martepud. Kaxxioe W3 3TMX B3aMMOJIEWCTBHI JOMHUHHPYET Ha OIpPENENICHHBIX pa3mepax. B
Meramupe HanboJjee BaXKHO ITPaBUTAIMOHHOE, a 3aT€M 3JIEKTPOMAarHUTHOE B3aUMOJICHCTBHE, CUIIBHOE U cilaboe
B3aMMOJICUCTBUSA 3/1€Ch MMEIOT Manoe 3HadeHue. [lns mukpomupa curyauus obparHas. EcTtb mombITku
OOBEIMHUTh 3TH B3aUMOJAEHCTBHS (OonbIIOe OOBEIMHEHHE), HO MOKa 3TH TEOPUM eIlle He SBIAI0TCA
OKOHYATEJBbHO ycTosBIIUMUCA. KpoMe Toro, mpobiemMbl onMcaHus pealbHOro MeraMupa MpuBeiIy K MOSBICHUIO
TEOPHUM «TEMHBIX» HHEPrMid M Marepuu, CYIIHOCTh KOTOPBIX IIOKa He moHsATHAa. EcTh mnpobnema u
CYLIECTBOBAHMSI TaKUX SKCTPEMAaJIbHbIX OOBEKTOB KaK 4YEpHbIE IbIPhI, KBa3apbl, HEUTPOHHBIE 3BE3[Ibl, IJIE
odunmanbHas pU3MKa MHOTIA HE MOXET JaTh ONMHCAHUS CYIIECTBYIOLIUX TaM MPOLECCOB.

Takum o6pazom (u3MKa MHUKpOMHpA paccMaTpUBaeTCsl KaK MPaBHJIO aBTOHOMHO B paMKax Hayk
ActpoHnomuu 1 Komoronuu (Hayku o pa3BUTHUH kocMmoca). CoBpeMeHHast ACTPOHOMMSI BBIIENSET CIEAYIOIIne
TEOpHUHU:


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

° TeOpI/IH 3apOXKICHUS U PA3BUTHA BCEJICHHOM.

e CrpyKkTypa BCEJIEHHOW, KOTOpasl NEIUTCS Ha 3BE3[IHbIE CHCTEMbI, 3BE3JHbIC CKOIUICHUS, TaJIaKTHKH,
CyTmeprajakTUKH (CUCTeMa CBSI3aHHBIX TaJaKTHK).

o @dwusuka Cynep06"beKTOB BCEJICHHON — Ppa3IMYHbIC THUIIBI 3BC3]I, HeﬁTpOHHBIC 3BE3AbI, IIYJIbLCAPLI,
KBa3aphbl, YCPHLIC AbIPLI.
o @m3mka HE 3BC3HBIX O0OBEKTOB — IIJIAHETHI U IJIAHETOMUABI, TAa30BbIC CKOIUNICHHA, aCTCPOHIbI,

METEOPHUTHI, KOMETHI, MeK3BE3HASI MBUTh U MEXK3BE3/IHbIC TPOCTPAHCTBA.
e (Du3MKa KOCMUYECKHUX TOJIEN U U3ITYUEHUN.
JIOTIOJTHUTEITBHO:
[1] c.5-34
[3] c.154-172
[4] c.172-206
100 Benmuuaiiux OTKpBITHI. AcTpoHOMUs.avi https://www.youtube.com/watch?v=SWh2CU8ynA
[TomoB C.b. Kaptuna Mupa ¢ Touku 3peHus actpodusuka https://www.youtube.com/watch?v=7DGkbmajM_A
VYueobnniii pubM. Actpodusnueckas kaptuHa mupa (1989) https:// www.youtube.com/watch?
v=2hC7HOdSWvk
Actpodusnueckas kapTuHa mupa https://rutube.ru/video/8620dc67d2e0f10b99ce6a9ablecd517/

Konnenunu 3apoxnenns, pa3BUTHS U CTPYKTYpa BCeJeHHOM

Teopust 3apoxaeHNs U pa3BUTHSI BCEJICHHOW B HACTOSIIIEE BPEMsI OCHOBBIBAETCS HA TEOPUH OOJBIIOrO B3phIBA
(XOTs1 ecTp M ajnbTEPHATUBHBIE TEOPHUM, HAIIPUMEP MYyIbCUPYIOIIEH BCEleHHOH). B coorBecTBUM C Teopueit
OompIioro B3peiBa 13,77 MuIMapaoB JIET Ha3aj BCsl BCelieHHAs ObLTa ckKaTa B OJHOW TOYKE CHUHTYISIPHOCTH
(rme gusmKa ABICHUN HE MOHATHA), Aajiee MPOU3O0ILIEI CUIIbHEHIIee pacIIupeHUH (B3phIB), MOSBICHIE MAaTEPHH,
dbopMupoBaHUEe B Hadaje 3JEMEHTAPHBIX YACTHIl, 3aT€M aTOMOB BOJOpoAa, (HOpMHUpPOBAaHHE BOJOPOTHBIX
ra30BbIX CKOIUICHHUH, KOTOpbIE CXKMMAIOTCS C (POPMHUPOBAHHEM 3BE3J, IUIAHET M JIPYTUX OOBEKTOB. BHyTpH
3Be3/] HAYMHAIOTCS TEPMOSICpPHbIE peakuuu U (OpPMHUPYIOTCS pa3Hble XUMUYECKHUE AJIEMEHTHI. DBOIIOIUS
3B€3[l, COTPOBOXKAAETCS PSOM ATAIOB, B TOM YHMCIIE BCIIBIIIKAMU (B3pHIBAMH) CBEPXHOBBIX 3BE3]l C BBIOPOCOM
Pa3IMYHBIX XMMUYECKHUX 3JIEMEHTOB B OKPYXarolllee MMPOCTPAHCTBO, CO3AAaHUEM HEUTPOHHBIX 3BE€3]l, KBa3apoB
Y YEPHBIX JIbIP.

e  OaHOBPEMEHHO MPOUCXOIUT PACIIMPEHNE IPOCTPAHCTBA BCEJICHHON M (POPMUPOBAHMS TAKHX 3BE3IHBIX
CTPYKTYp Kak TaJakTHKd M CKOIUIGHHMS TralakTHK (cymepramaktuku). [Ipm 3ToM mpomomkaercs
«paszberanue)» TrajakTUK (KpacHOE CMEIICHHE), CKOPOCTh KOTOPOTO HE YMEHBINAETCS. DTO 3aCTaBUIIO
MPUHATh TEOPUI0 «TEMHBIX» JHEPrUM M BELIECTBA, KOTOPHIE W OTBETCTBEHHBI 3a YCKOPEHHOE
pacIIMpeHne BCEICHHOM.

e VYV xaxI0ii 3Be3/1b1 (POPMHUPYIOTCS 3BE3/IHBIE CUCTEMBI, BKJIIOYAIONIUE TIAHEThI, aCTEPOHIBI U
KOMeThl. B Hactosmiee Bpems yke Hal[eHbl IJIAHETHl y APYTUX 3BE31 U ONPEICIICHBI
HEKOTOPBIC UX XapaKTepucTUku. Hamboree Xopomio U3BECTHO CTPOCHHUE HAIICH COTHEUHOMN
CHUCTEMBL. 371ech BBIJENIEH psiag OOBEKTOB, KOTOpHIC MpH3HAHBI IUTaHeTamu. [lnaHeTsl B
nopsiake ciaenoBanus ot ConHua: Mepkypuii, Benepa, 3emis, Mapc, Onurep, CatypH,
Vpan, Hentyn u IlnyroH (ectb pazHomIacus O TOM, CUMTATh JIM €r0 IJIAHETOW) ABUKYTCS
Bokpyr CoJjHIa MO0 JUIUIIcaM, B OHOM M3 (oKycoB KoTtoporo Haxomutcs Comnaie. OpOuTh
TUTAHET JIeKaT B omHOM 1wiockoctu. [lanee naxomutcs mosic Kodimepa u obmako Oopra B
KOTOPOM pAcCIONiaraloTcsl pa3inyHble OOBEKThI, MpPHU3HABAEMbIE KaK acTepoubl (XOTs
HEKOoTOopble M3 HUX NoAoOHbI [lnyTony). EcTh Tak ke mosic acteponoB Mexay MapcoM u
IOnurepom. Bokpyr mimaHer MOTYT ABUTaThCS CBOM CHYTHUKH (JYyHBI WIM TIAHETOUbI).
[Tpumepsr: Jlyna y 3emnu, @oboc u [eiimoc y Mapca, 'ananmen, Kannucro, Mo, EBpona y
KOmurepa, Tutan u DHuenan y CarypHa (1 e1ie orpoMHOE MHOYKECTBO JAPYTHX, 00pa3yronmx
konbuia Carypua), Tutanus, O6epon u apyrue y VYpana, Tpuron y Henryna. Hekoropsie
acTepoM/Ibl UIMEIOT CBOU MMEHA, HEKOTOPbIE MTPOCTO 0003HAYAIOTCS KOAUPOBKOU. ACTEPOHIbI
COCTaBJICHHBIE B OCHOBHOM W3 JIba (3aMep3IIMe BOJA U Ta3bl), IPOXOIAIINE HEAATICKO OT
ConHua MONy4YMIM Ha3BaHHUS KOMETHI (M3-3a TMOSBJICHHUS XBOCTA HCHAPSBIIUXCSA Ta30B).



KomeTbl yacTo XOpomio BUAHBI C MOBEPXHOCTH 3€MJIM M IO3TOMY HMMEIOT CBOM HMEHa
(xomerts! ["annes, Duke, buambl).
JIOnIOHUTENBHO:
[1] c.5-34
[2] c.179-204
[3] c.154-172
[4] c.172-206
[TyremecTtBue Ha kpaii Bcenennoii https://www.youtube.com/watch?v=UFMEwkj64ms
I'panunia Bcenennoit https://youtu.be/X7hFcR2yIG8
3emunsi: buorpadus mranersl. @uieM National Geographic https://www.youtube.com/watch?
v=kS2t0kvIMmw

du3znyeckne 0CHOBbI ACTPOHOMHYECKUX 00beKTOB. [ paBuTaiMOHHOE B3anMo/1eiicTBUe
[lepBoe MmaremaTnueckoe omucaHue rpaBuTanuu jaan HproToH (kimaccuueckass Teopus). OCHOBBIBasCh Ha
pabotax actpoHomoB (Kemnep u npyrue) oH mpemioxui GopMyity, KOTOpas CPaBHUTEIBHO TOYHO OIKCHIBAIIA
3aKOHBI JIBIDKCHHMSI HEOeCHBIX Tel. B coorBercTBHM ¢ Hbromonosckol meopueil msecomeHus Cuia
B3aMMOJICUCTBUSA 2-X Tell onpenenseTcs GopMyIoi :
F=p*M;*M, / R* tne y — nocrosunas tarotenusi, M; u M, - mMacchl Ten, R — paccTossHe MEXIy TENaMH.
Tak kak Tena JEHUCTBYIOT JIpYr Ha JApyra, TO OHM HAYMHAIOT ABUKEHUE OTHOCUTENIBHO IIEHTpa Macc 3TOM
CHUCTEMBI. JTO 3HAYUT, YTO HE TPOCTO 3emutst BrkeTcs BOKpyr CoiHia, HO ¥ CoJIHIIE TBUXKETCS BOKPYT IIEHTpa
Macc. Ho nmockonbky 3emist MHOro mMenbiie ConHua, To ux HeHTp Macc BHyTpu Connua. Torma aeiicTBue
3emnun Ha CosHile NpUBOAUT K mperneccur CoONHIA — TOCTOSSHHOMY JBM>KeHUIO COJIHIIA MOXOKEMY Ha
BpallleHue BOKpYT ocH. Jpyrue miaHeTsl Toxke AedcTByroT Ha ConHile, ocobenno KOmwurep, mo3Ttomy mHEHTP
Macc cucteMbl Connne-lOnurep Haxomautcs BHe CoiiHIIA. AHAJOTMYHO CYIIECTBEHHO B3aWMOJICHCTBUE B
cucreMe 3emusi-JIyHa ¢ mpeneccueidt 3eMiu, KOTOpas YCKOPSIET €€ BpallleHWe M YMEHBIIAET JJUHY CYTOK.
Brnusier mpenieccuss u Ha mpuiauBbl. TakuMm 00pa3oM, sl BBIYHUCICHUS OPOWT TUIAHET HYXHO YYUTHIBAThH
B3anMoielicTBue Bcex TutaneT u CoJHIlA, YTO JiefaeT OpOUTHI OTIUYHBIMU OT KPYroBbIX. C JIpyroit CTOPOHBI
3aKk0oH HbIOTOHA MO3BOJWII paccuuTarh OpOUTY IUTAHET, MPH YCJIOBHH, YTO €€ IEHTPOCTPEMHUTEIbHAs CHIIa
paBHa cuiie npuTsbkeHust K CoiaHIy W IpyruM raaHeTaM. DakTUYecKu 3TO Jajlo METOJ pacueTra Macc MIIaHeT
ConueuHoll cuctembl. 3Hasg CWIy NPUTSDKEHUS Tela Ha moBepxHocTH K 3emine F=m*g, g — yckopenue
CBOOOHOTO TMAaJeHHUsl, MOKHO BBIUMCIHTH TakK ke Maccy 3emiu. Kpome Toro, okasbIBaeTCsi YCKOpEHUE
CBOOOJHOTO TAJICHHUS Ha 3eMJyie pa3HOE, B 3aBUCHMOCTH OT PACTOSHUS OT LEHTpa 3eMJIM U OTIUYACTCS OT
YCKOpEHHsI CBOOOHOTO Ma/IeHUs Ha APYTUX TiaHeTax wiu JIyHe.
Heoocmamku u npomusopeuus Hotomonogckou meopuu msacomeHus.
1. HproTOH nipeanonarain MeHogeHHoe paclpoCTpaHEHUE NOJIsl TATOTEHUSI B COOTBETCTBUU C IPUHIIUIIOM
nansHOnercTBHs, a CTO yTBepx)aana, B COOTBETCTBUU C IPUHITUTIOM OJM3KOJEHUCTBHSI, UTO NpedebHAs
CKOPOCMb paAcnpoCcmpaHnenust I10blx 63aumMo0elticmeuil eCms CKOpoCmb ceemd.
2. HproToH paccMaTpuBas rpaBUTALAIO M HHEPIIMIO KaK pa3Hble TI0 CBOEH MPUPOJIE SBICHUS, XOTS OTMEUAJICs
CMPaHHbLL hakm paseHcmea TPABUTAIIMOHHON U WHEPIIMOHHOW Macc, a Takke (akT g=const, 9T0 OObACHSIOCH
MPOCTHIM CITyYaiHBIM COBIAJICHUEM.
3. Ecniu paBHOMEpPHOE MPSAMOJIMHEHHOE IBUKEHHE OTHOCUTENBHO, TO noYem)y He Modcem Ovlmb
OmMHOCUMeNbHBLIM 8csiKoe Osudicenue?! Tlodemy MHepIMambHbIE CUCTEMBI OTCUYETA BBIJIEIICHBI OTHOCUTEIIBHO BCEX
Ipyrux?
OWHIITeHH pemus KapAuHanbHO mpobiemy B OOmeil Teopun OTHOCHUTENBHOCTH, OH CKa3all, YTO s6/1eHuUsl
UHepYUuU U 2pasUmMayuu UmMerom 0OHy npupooy.
Ocnognuvie nocmynamsr OTO.
1. TaroreHue OAMHAKOBO JEHCTBYET Ha Tesa, COO0IIast UM OMHAKOBBIC YCKOPEHHUS, HE3aBHCUMO OT MacChl,
XUMHYECKOTO COCTaBa M IPYTUX CBOMCTB TeN (g=const - TO yCTAaHOBIICHO etie [anmieem).
2. TlpuHIUn SKBHBANEHTHOCTH ODWHINTEHHA: (pU3MUecKHe TPOIECChl B TMOJE TATOTEHHS M B YCKOPEHHOMH
CHCTEME B OTCYTCTBUHU TATOTCHMSI MPOTEKAIOT MO OJMHAKOBBIM 3aKOHaM. [[pyrumMu clioBaMH MOYKHO CKa3aTh,
YTO HET a0COJIOTHOTO JABMIKEHHS, 4 €CTh OTHOCHTEIIFHOE ABIDKECHHE Tella U BeeleHHoi, u co3gaBaemMoe mojie OT
ATOTO JIBIDKEHHUS MOXHO pacCMaTpuBaTh KaK WHEPIIMOHHOE (B OJHUX CHCTEMax OTCYeTa) U Kak


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

IPaBUTALMOHHOE (B JPYTHX CHCTEMax OTCYETa). ITO M €CTh MPHUHILIMII YKBUBAJEHTHOCTU TSKECTU M MHEPLIMH.
IIpupona »tux cwi ennHa. He BraBasice B CIIOKHYIO MaTeMaTHKy, OTMETHUM, YTO BbINOJIHEHUE noctynaroB OTO
NPUBOJUT K NOHUMAHUIO CUTL 2pasumayuul (UHepyuu) Kaxk UCKpUsieHus 4-x MepHo2o npocmpancmea-epemeHu.

Cozganne OTO craso BO3MOXKHBIM JIMIIb IOCIE pa3pabOTKH HEEeBKIMWIOBBIX reomerpuii H.
Jlo6aueBckuM, b. Pumanom u ap. B OTO wucnonb3oBaHo PuMaHOBO dYeThIpeXMepHOE MPOCTPAHCTBO
MIOJIOKUTENIBHOM KpHUBHU3HBI. KpHBH3HAa NpOCTPaHCTBAa-BPEMEHH CO3[Aa€TCSd HCTOYHUKAMH TPABUTALIMOHHOIO
nois. Ilpu sToM TAroTeHue ompepessieTcs HE TOJIBKO Maccod OOBEKTa, HO M BCEMH BHMJAaMH SHEPIHUH,
IIPUCYTCTBYIOIIMMH B cucTeMe. [[pyrumu cioBamu, TATOTEHUE 3aBUCUT HE TOJIBKO OT PACIIPEIEIICHHUS] MacC B
IPOCTPAHCTBE, HO U OT MUX JBMKEHHs, OT HaJM4YUS Pa3UYHbIX (PU3MUECKHUX IOJieil B MpocTpaHcTBE. DTO —
pacrnpoCcTpaHeHue MPUHIMNA SKBUBAIIEHTHOCTH Macchl U 3Heprun nu3 CTO B OTO. Pacnpocrpanenue mosist
TATOTEHUsS (MCKPUBIIEHHE NPOCTPAHCTBA-BPEMEHH) IPOUCXOJUT TON00HO PAaCHpPOCTPAHEHHUIO BOJHBI CO
CKOPOCTBIO cBeTa. Marepusi B JBMKEHUM CO3/1a€T UCKPUBJIEHUE MPOCTPAHCTBA-BPEMEHH, KOTOPOE, B CBOIO
odyepenb, BIHMSIET Ha JBWKEHHE MaTepuH. OTO OINpenenseT HEeIMHEHHBbIH 3(QEeKT B3auMOCBI3M MaTepuHy,
MIPOCTPAHCTBA U BpeMeHH. TakuM oOpa3oM, IPOCTPAHCTBO BCEIEHHON MCKPHUBIEHO U MMEET pacIpe/le]IeHHOe
IpaBUTALIMOHHOE T10JI€, OTPe/IesIeMOe paclpeie]IeHneM MaTepUuH U SHEPTUH (B TOM YHCIIE U IBUKEHUS) B 3TOM
ke mpoctpaHcTtBe. C Apyroil CTOpOHBI, TpaBUTALMS NPUBOAUT K (OPMUPOBAHUIO M CHKATUIO OTAEIBHBIX
CT'YCTKOB MaTepuH B BHUJE 3B€3[, IUIAHET U JPYIUX 0O0BeKTOB. Pa3zHuIa (akruuecku ompenessercs pasMepom
cryctka. bonpmive maccsl CKUMAIOTCS TaK, YTO HAYMHAKOTCA TEPMOSAEPHBIE PEAKIIMM BHYTPU — 3aKUTAIOTCA
3BE3/bI.

Bo Bpemss JKHM3HM OTHEHHOTO CBeTWJa IPOMCXOAUT  HempuMupumas Oopbba  MexIy
pa3HOHamNpaBleHHbIMU cwiaMd. K LeHTpy 3Be3AHOM Macchl COKMMaeT 3BE3[y M30 BCEX CHUJI I'paBHUTALUA,
cTapasch MPEBPAaTUTh OTHEHHBIM OrPOMHBIN 1Iap B pyTOONBHBIN MSUMK. TepMosaepHble peakiuu, KUIMsIue B
TOJILLE 3BE3HBIX MACC U Ha IIOBEPXHOCTH, CTAPAOTCS PA30PBATh CBETUIIO HA MEJIKUE KYCOUYKH.

B mponecce «BpIrOpaHHs TEPMOSIEPHOTO TOILIMBA CKATHUE IPOJOJKAETCA M NPOUCXOAWUT B3pBIB
«HOBBIX» WJIM «CBEPXHOBBIX» 3Be3/. Pa3HMIIa 3THX B3pHIBOB B TOM, UTO «HOBas» 3BE€3/1a 3TO TOJBKO B3pbIB Ha
MOBEPXHOCTH U HEOOpaTUMOTO C)KaTusi He IPOMCXONIUT, €CIM 3Be3da He oyeHb Benuka. [locie B3pbiBa
«CBEPXHOBON» 3B€3/1a IPEBPAIIACTCA B HEUTPOHHYIO 3BE31y WIH YEPHYIO [IbIPY, B 3aBUCHUMOCTH OT €€
IIepBOHAYaIbHOM Macchl. HEWTpoHHAs 3Be31a — BapHAaHT CXKaTHsl, KOT/IA INIOTHOCTh NPUMEPHO COOTBETCTBYET
(unu yyTh OOJIBIIIE) TUIOTHOCTHU sifjpa aroMa. [loaToMy B 3TOM 3BE3JIE siipa «IUIOTHO» YMAKOBAaHBI M COZEpIKaT
TOJIBKO DJIEKTPUYECKU HEUTpalbHble HEUTPOHBI. Ha MOBEpXHOCTHM HEHUTPOHHBIX 3BE3J BO3HUKAET MOIIHOE
MarHUTHOE TIOJIe€ W 3Be3/a ObICTpO Bpamiaercs. Takum o0pa3oM, HEHTPOHHBIE 3BE3/bI YAaCTO CTAHOBSTCS
MyJbCapaMy — MCTOYHUKAMH MOIIHOTO PEHTTEHOBCKOTO MJIM PAIHO Y3KOHAIPABIECHHOTO U3Ty4EHHS.

Ecnm Macca sipa cBEpXHOBOM IIPEBBIIIAET ONPEACIICHHBIN NIPEECII, TO CKATUE IIPUBOIUT K IOSBICHUIO
yepHOil IbIpbl. UepHas Iplpa MMeEET Takol pa3Mmep, YTO €€ paJuyC OKa3blBaeTCs MEHble paauyca chepsl
IBapummiabaa. 1o chepa, BHYTPH KOTOPOH Jake (POTOHBI HE MOTYT IMPEOJOEeTh CUILy TpaBUTAaLUU. Takum
oOpazoMm, uepHas npIpa OylAeT COBEPIIEHHO TEMHOW M TOJBKO BOKPYr Hee OyIeT CBeTsAIeecs KOJbIIO,
00pa3oBaHHOE U3IYYaOLIEH ropsueil Marepuei, KOTopas yCKOPSETCsl B HalpaBIEHUM YEpHOM NbIpbl. YepHas
JpIpa TPH OTOM SBJISETCS MOIIHBIM «IIBUJIECOCOM)» OKDPYKAKOLIEH MAaTepuud M OJHOBPEMEHHO CHIIBHBIM
UCTOYHUKOM HU3Iy4deHHs. EcTh (axThl MOMIOLIEHUS YEepHBIMH JbIpaMH JaXke OTAeNbHBbIX 3Be3l. Hawubonee
MOIIHO HM3JIy4alollle 4YepHble JbIphl MOJTYYMJIM Ha3BaHHE KBa3apbl (Camblii MOIIHBIN HMCTOYHHUK H3Ty4YEHUS
BcesieHHOM). CyIecTBYeT TEOpHsl, YTO YepHBIE JbIPHI SBISIOTCS IEHTpaMH 00pa30BaHUs ralaKTHK.

CHHTYIIpHOCTh MPOCTPAHCTBA-BPEMEHH: MPU CKOPOCTSIX, MPUOIMKAIOIINXCS K CKOPOCTH CBETa, U IpH
CHJIBHOM TPaBUTAIMOHHOM II0JIe MPOCTPAHCTBO-BpeMs Kak Obl CxKMMaeTcsl B TOUKy. DOpManbHO, C TOUYKH
3penust OTO, 3To MecTa, r7Ie 0OphIBAETCS CYIIECTBOBAHUE YACTHIL M TTOJICH B OOBIYHON M3BECTHOM Ham dopMme.
Ixcnepumenmanvhas nposepka OTO 6 kocmoconuu.

1. Ynanocs paccunrars TouHee opouTy Mepkypusi, ueM 3To OblI0 paHee 1o ypaBHeHusM HproroHa. Mepkypuit
— Haubonee Omu3kas k ConHIly MmiaHeTa W B 25 HauOonbllel CTENEHM MCIBITHIBaeT BozzaekcTBHe ConHIA U
MCKPHUBIEHHOTO MPOCTpaHCTBa BOKPYT Hero. Ero opburta — 3iiuIic, 1 OH MEUIEHHO MOBopayuBaeTcs. Takoe
aHOMaJIbHOE INoBeieHne MepKypus 3akoHbl HpIOTOHA ONUChIBaIM HE TOYHO, M JHlb pacueTsl 1o OTO namm
TOYHBIN PE3YJIbTaT.

2. TlpoBepka HMCKpMBICHMS Jiyya CBETa IMpPHU TMPOXOXKACHUU BOMU3M MACCHBHBIX TeJ. DKCIEPUMEHTAJIbHO
MIPOBEPEHO C TOYHOCTHIO ~ 6% BO BpeMs NoiHbIX 3arMeHuil ConHia. [lepBble n3mepeHus: ObUIM POBEACHHI B



1919 rogy aHMIMIICKUM y4eHBbIM DIJIUHITOHOM BO BpeMs akcrienuiuu B A¢puke. Ha camom nene uckpuBieHue
BUHO B HaIlleM TPEXMEPHOM MPOCTPAHCTBE. B 4eThipexMepHOM MPOCTPaHCTBE-BPEMEHH JIyd HIET 110 MPSIMOI
reoJ1e3nYeCcKOM JTMHNUH, KOTOpas sIBIISIETCS KpaTyaiieil Ui JaHHOTO HEeBKIM/0BA IPOCTPAHCTBA.

3. B 1929 rony amepukanckuii actpoHoM J. Xab0m oOHapy»XWJ CMEIICHHUE CIIEKTPOB HW3ITyUYCHHs 3BE3] B
CTOPOHY KpacHOTo I[BeTa («KpacHOE CMEILIEHHEe»), YTO MOATBEP)KIAeT MOJAEIb paciupstomeiics BeeneHHoid,
TaKk Kak 3TO CBUICTEIHCTBYET O yHaJIeHUH 00BeKTOB. [Ipw ymaneHMM MCTOYHHWKA CBETa OT HAONIOAaTels OH
BOCIIPUHHMMAET ero 0oJiee KpacHbIM, NPH MPUOIMKEHUHN — OoJiee (PrOIEeTOBBIM.

JlonmomHUTENBHO:

[1] c.5-34

[2] c.182-204

[3] c.154-172

[4] c.474-475

100 Benmmuaiimx oTKpbITHA. AcTpoHOMUSL. https://www.youtube.com/watch?v=SWh2CU8ynA

[Tonor C.b. Kaptuna mupa c Touku 3penus actpodusuka https://www.youtube.com/watch?v=7DGkbmajM_A
VYuebnsiit punbM. Actpodusnueckas kaptuHa mupa (1989) https://www.youtube.com/watch?
v=2hC7HOdSWvk

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

Ecmu o mynsr 400 km https://youtu.be/ Q9h8decDsA

3aranka TeMHoM Marepuu | Kak ycrpoena Beenennas (2016-2017) https://www.youtube.com/watch?
v=yLZjugA3il0

®u3uKa 3eMJId U T€0JIOTUS

OcCOOEHHOCTH TUTaHET KaK OOBEKTOB MEraMupa MOXKHO TMOHATh B paMKax 0OIIero KOCMOTOHHYECKOTo Tpoliecca,
B CHJIy KOTOPOTrO BOJIM3HM OMNpEAENEHHBIX 3BE3]l BO3HHMKAET CHUCTEMa IUIAHET — BPAILAIOLIUXCS BOKPYT HHUX
TEMHBIX HeOeCHBIX Tel. B pamkax uccnenoBaHus (GU3MKU 3eMIIM MOXKHO BBLAETHTH (PU3MYECKUE MPOLECCH B
MarauTocdepe, armocdepe, ruapocdepe, mutochepe u 6uochepe 3emau. Maraurocdepa 3emiau odpazoBaHa
COOCTBEHHBIM MAarHUTHBIM TIOJEM IUIAHETHI, UMEIOIUM 2 TMOJ0ca NPUOIU3UTENBHO y TeorpaduyecKux
MOJIFOCOB M TOKaMu B armocdepe (oOpasyrommumu B HOHOChEpe — dYacTh arMocdepsl, coaepskaiei
MOHM3MpOBaHHbIN Ta3). Ilomroca memieHHo cMmermatorcs (mpeneccus). Marautocdepa 3eMiaM 3allUIIAET OT
KOCMHUYECKOT0 M 0coO0eHHO COJHEYHOro H3Iy4YeHHUs, KOTOpOE€ MOIVIO Obl MOryOHTh >KU3Hb Ha IUIaHETE
(ceBepHoe cusiHue). VIcTOUHUKOM MarHuToc(hepsl 3eMIN CUUTAeTCs JABMKEHUE KUJKUX METATTMYECKUX CIIOEB
BHYTPH IUIAHETHI NPH €€ BpalleHuH. Bpamenue 3emim — OQMH M3 BaKHEHIUX (HakTopoB (GopMUpOBaAHHS
MarHUTHOTO TOJsI, M €r0 MEXaHH3M CXOX C Ipoleccamu B atMochepe 3eMiH, MPUBOISAIIUM K 3aBUXPEHHIO
BO3AYIIHBIX Macc MPOTHB YaCOBOM CTPENKU B CEBEPHOM IOJIYIIAPUU U B OOPATHOM HAlpaBICHUU B FOKHOM —
IIUKJIOHAM U aHTULMKJIOHaM. ATMocdepa 3eMin — ra3oBas 000J104Ka, KOTopyro enart Ha Tponocdepy (Onmxe
k nosepxHocTH), Ctparocdepy, Mezochepy, Tepmocdepy, Dx3ochepy. Ilpu ymameHun OT MOBEPXHOCTH
naBneHue OblcTpo magaet, mostomy B 10-12 kM Tpomocdepsr comepxkutcss a0 80% Bo3ayxa M OHA IMOYTH
MOJTHOCTBIO OIpeNessieT MOoroay, KinMar u Bo3ayliHbele noToku. B Crpatocdepe (20% Bo3ayxa mo 50 xm)
pacrionaraeTcsi 030HOBBIM C€i10# (3amuTHBIN). O30H — COCTOMT M3 KHCIIOpoJa, oOpasyercs IMoJ| JeHCTBHEM
BHEIIHET0 KOCMHYECKOT0 M3iydeHus. Jlpyrue dactu arMocdepbl MOYTH HE COAEp)KaT BO3IyXa M HE UIpaeT
oonprioit ponu. Jluaus Kapmana (100 kM) cumtaercs rpanuneid kocmoca. Jlutochepa 3emin comepkut
TBepAyr0 o06omouky (kopa ot 30 mo 80 kM) m 00pa3syeT IIUTHI, KOTOpPHIE IJIABAIOT B JKHUJIKOM MAaHTHH.
CTOJNIKHOBEHMS ITUT OOBSCHSIOT 3eMJICTPSCEHHsI, TPEIUHBI TUIUT 00Pa3yloT pa3jioMbl B KOTOPBIX JEUCTBYIOT
BylKaHbl. B nienom ManTHs 3emiu moka mioxo usydeHa. ['mapocdepa 3emnu oOpazoBaHa MOPSIMH, OKEaHAMH,
o3epamu U pekamu. M3ydenuem ruapocdepsl 3aHUMAaeTCs GpU3MKa MOpS U TUAPOIUHAMUKA. [1yOnHa oKeaHOB
(mo 11 kM) ompeznenseT CIOXKHOCTb MX H3YyUYEHHUS H3-3a BBICOKOTO NaBieHus. Pasmemienue nurocdepbl U
ruapocdepsl onpenenstor reorpaduio 3emnu. ['eorpapuueckne 0COOEHHOCTH, TeUEHHs B THIpOchepe, ropbl U
pekn TpeOyrOT HMCIOJB30BaHUS CIEIUATBHOTO pazfena ¢u3uku — ¢usndeckon reorpadun. Kpome Ttoro,
HEOOXOMMOCTh JTOOBIYM IOJIE3HBIX HCKOMAeMbIX, CTPOUTENBCTBA, PA3BUTUS TPAHCIOpPTAa OIpeeNseT
npuMeHeHre (PU3UKH B T€OJIOTHH (HayKe O CTPOCHHUH B CTPYKTYpE JTUTOCHEPHI).

l'eorpajuueckass o0osouka 3emuam — naHgmapTHas o6onouka — cdepa B3aUMONPOHUKHOBEHHUS H
B3aUMOJICUCTBHS JUTOChEPHI, atMochepsl, Tuapochepsl U 6uochepsl. BepTukaabHas TONIIMHA COCTABISIET


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

JIECATKU KUIOMEeTpoB. lLlemocTHOCTh reorpaduueckoil 0OONOYKH OMpEAeNseTCs HEMpPEPHIBHBIM 0OMEHOM
sHeprueu u Maccoit Mexxay cymei u armochepoir, MUpoBbIM OkeaHOM U opraHuzMamu. [IpupoaHbie nporeccsl
B 000JI0YKE OCYIIECTBISIOTCS 3a cueT nyducToi sHeprun CoJHIa U BHYTpPEeHHEW >Hepruu 3emiu. B mpenenax
reorpaduyeckoil 000JIOYKH BO3HHUKJIO M PAa3BUBACTCS YEIOBEYECTBO, KOTOPOE UEPHAET U3 OOOJIOUKH PECYpPChI
JUISL CBOETO CYILLIECTBOBAHMS U Pa3BUTHA.

Il'eorpaduueckas cpena — 3eMHOE OKPYKEHHE YEJIOBEYECKOTO OOINECTBA, YaCTh Teorpapuieckoil 000JI0UKH,
BKIIFOYCHHOH B cdepy UeIOBEYECKON ACSITENTbHOCTH U COCTABISIONICH HEOOXOAMMOE YCIOBHE CYIIECTBOBAHUS
4yenoBeueckoro odmectra. [eorpadudeckas cpeqa Oka3pIBaeT 3HAYUTEILHOE BIUSHUE HA PA3BUTHE OOIIECTRA.
l'eorpadguyeckuii 1eTepMUHU3M — KOHIICTIIIHS, MpUAArONIas reorpadudeckuM (GakTopaMm pemarolyto poib.
OHM ONpeAenstoT HAMPABICHUE XO3SMCTBEHHON NESITENBHOCTH JIOACH, MCUXUYECKUN CKIIAll, TEMIIEPAMEHT,
XapakTep, 00bIuan, 3CTeTUYECKUE B3IVISABI, (POPMBI TOCYNAPCTBEHHOTO MPABICHUS M JTUYHYIO )KH3Hb, a TAKKe
THIBI STHOCOB, MOTYIIMX CYIIECTBOBATh B JAHHOM KJIUMaTe Ha JaHHOW TEPPUTOPHUH.

I'eostorusi — KOMIUJIEKC HayK O COCTaBE, CTPOCHUM W HUCTOPUM Pa3BUTHUSL 3€MHOM Kopbl U 3emiu. Cucrema
TEOJIOTUYECKUX HAYK BKJIFOYAET CJICIYIOIINE Pa3aeibl:

cmpamuepaghuio — HayKy, U3y4arolIylo MOCIIe0BaTENbHOCTh (POPMUPOBAHUS TOPHBIX TOPOJ] M UX TIEPBUYHBIC
MPOCTPAHCTBEHHbBIE B3aUMOOTHOIIEHUS;

MEeKMOHUK)Y — HAyKy, HU3y4YaloLlyl0 Pa3BUTHUE CTPYKTYPbl 3€MHOW KOpPbl M €€ HM3MEHEHHUS IIOJ BIIMSIHUEM
TEKTOHUYECKUX JBIKEHUN U eopMaIiii, CBI3aHHBIX C Pa3BUTHEM 3EMIIH, B 2e00UHAMUKY, U3YIAIOTITYIO CUITBI
U TIPOLIECCHl B KOPE, MAaHTUU U sfipe 3eMiu, 00yCIOBIUBAIONINE TIYOMHHBIE U MOBEPXHOCTHBIE PETYISIPHBIE,
MMIYJIbCHBIE U XaOTHYECKHE JIBUKEHHUS MacC BO BPEMEHU U MTPOCTPAHCTBE;

MOPCKYIO 2e0n02ut0 — HayKy, KOTOpas HU3y4aeT BOAY KakK >KUIAKHM MUHEpal, COAEpKallud MHOXKECTBO
PaCTBOPEHHBIX 3JIEMEHTOB, 3aJI€KH JKEJIE€3UCTO-MAPTaHIEBbIX KOHKPEIUA HA JHE OKEAHOB, MECTOPOXKIACHUS
He(TH ¥ rasa Ha Ieab(hax OKeaHOB;
PEGUOHANBHYIO 2€e0/102Ul0 — HAyKy, KOTOpash M3y4daeT CTPOCHUE 3€MHOM KOPbI M MECTOPOXKACHUS IOJIE3HBIX
HCKOITAEMBIX PA3JIMYHBIX PETHOHOB;

MUHepanoeuio — HayKy 0 MUHEpaJiax, UX COCTaBe, CBOMCTBAX, 0COOCHHOCTSIX M 3aKOHOMEPHOCTAX (PHU3NIECKOTO
CTPOEHUS, YCIOBHUAX 00pa30BaHUs, HAXOXKJACHUS U U3MEHEHUS B TIPUPOJIC;

nempoepaguio (nemponozcuro) — HAyKy O TOPHBIX IOPOAAX, WX MHHEPATLHOM M XHUMHYECKOM COCTaBe,
CTPYKTYpE U TEKCTYPE, YCIOBHUAX 3aJIETaHUs], 3aKOHOMEPHOCTSAX paCIpPOCTPAHEHUS, NPOUCXOKICHUU U
W3MEHEHHNH B 36MHOM KOpPE, Ha TOBEPXHOCTH 3EMIJIH;

numoepaghuio — HayKy 00 OCaJOUHBIX MOPONaX M COBPEMEHHBIX OCaJKaX, HUX BEIIECTBEHHOM COCTaBe,
CTPOCHHH, 3aKOHOMEPHOCTSIX U YCIOBHIX 00pa30BaHUS U M3MECHECHUH,

2eoxumMulo — HayKy, HU3Y4alollyl0 XUMHUYECKHH COCTaB 3€MJId, PACHpPOCTPAHEHHOCTh B HEW XMUMHUYECKHX
AJIEMEHTOB M WX CTAOWJIBHBIX H30TOINOB, 3aKOHOMEPHOCTH pACIPENENICHUS XHUMHYECKUX DJIEMEHTOB B
pa3IuuHBIX Teoc(hepHBIX O000T0YKaX, 3aKOHbI TOBEACHHS, COYETAaHHWS WU MUTpPAlUU (KOHIICHTpAIUU H
paccesiHusI) SJIEMEHTOB B IIPUPOIHBIX MPOIIECCaXx;
YVueHue 0 NONEe3HbIX UCKONAeMblX — HAyKy O MUHEPATbHBIX 00pa30BaHMIX 36MHOM KOPBI, XUMUYECKOM COCTAaBE H
(UBUYECKUX CBOMCTBAX, UCIIONB3YEMBIX B c(hepe MaTepHualIbHOTO TPOU3BOJICTB;

2€0XpOHONI02Usl — YICHHE O XPOHOJIIOTUYECKON MOCIeI0BATEILHOCTH (POPMHUPOBAHUS U BO3PACTE TOPHBIX TOPOI,
CJIararolmx 3€MHYIO KOpY.

JlonmoMmHUTENBHO:

[1] c.34-131

[2] c.198-204

[4] c.282-309

3emunst: buorpadus mranersl. @uibM National Geographic https://www.youtube.com/watch?v=kS2t0kvIMmw
I'eonoruueckas ucropusi 3eminu, Poxxaenue u somonus [Inaners! https://www.youtube.com/watch?
v=fqbPndSLycI

MexaHUKa 1 MEXaHUCTHYECKAs TeOpusi MUPa
Mexanuka — paszzien GU3MKU, HayKa, U3ydarollas JBUKCHUE MAaTepPHaIbHBIX TEI M B3aUMOJCHCTBHE MEXIY
HUMHU. [[pUHATO AEIUTh MEXaHUKY Ha CIEAYIOIINE PA3AEbl:


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

TEOPETUYECKYIO MEXaHHKY (CTaTHKa, KHHEMAaTHKa, JTMHAMHUKA)
MEXaHUKY CIUIOIIHBIX CPEL
TEOPUIO YIPYTrOCTH U CONPOTUBIIEHUSI MaTEPUAJIOB
TEOPHUIO0 MEXaHW3MOB U MallluH
OTo pasznensl KiIaccH4ecKod MexaHMkH. IIoMMMO Hee ecTh pensaTHBHCTCKAass M KBAaHTOBAash MEXaHUKA.
Knaccuueckast MexaHuka MOCiyXHjia OCHOBaHHEM Jii (OPMHUPOBAHHUS MEXaHUCTHYECKON Teopuu Mupa. B
paMKax KIacCHYeCKOW MEXaHUKHU ObUTH C(OPMYIUPOBAHBI MIEPBbIE 3aKOHBI COXPAHEHHS] — SHEPIHH, UMITYIIbCa,
MOMEHTa UMITYJbCA.
Krnaccuueckast MexaHMKa Mozipa3AessieTcs Ha:

® CTaTUKy (KOTOpas pacCMaTpUBaeT paBHOBECHE TEN);

® KUHEMaTHUKYy (KOTopasi U3y4aeT reOMeTpUYECKOe CBOMCTBO JBMKEHUS 0€3 PACCMOTPEHHUS €ro MPUUHH);

® JMHAMMKY (KOTOpasi pacCCMaTpUBAET JBM)KEHHUE TeJI C Y4ETOM BBI3BIBAIOIINX €TI0 MPUUNH).

OCHOBHBIM NPUHIMUIIOM, Ha KOTOpOM Oa3upyeTcssi KiaccHdyeckas MEXaHHMKa, SBISIETCS IPUHIHUII
OTHOCHUTEJIBHOCTH, C(OpMYINpPOBaHHbIN [annineeM Ha OCHOBe >MIUpHUUYECKUX HaOmoneHui. ComacHo 3ToMy
NPUHIHUITY CYHIECTBYeT OECKOHEYHO MHOTO CHUCTEM OTCU€Ta, B KOTOPBIX CBOOOJHOE TEJIO TOKOUTCS WU
JBUKETCS € IOCTOSSHHOWM IO MOIY/IK M HAIIPABICHUIO CKOPOCTBIO. OTH CHUCTEMBI OTCYETA HA3bIBAIOTCS
WHEPLUAIbHBIMU W JIBWJKYTCA JpPYyr OTHOCUTEIBHO Jpyra pPAaBHOMEPHO H IHpsAMoiIuHENHHO. Bo Bcex
MHEPLMAJIBHBIX CHCTEMax OTCUETa CBOWMCTBA IPOCTPAHCTBA M BPEMEHM OJMHAKOBBI, M BCE IIPOLIECCH B
MEXaHUYECKUX CUCTEMAX IMOAYHUHSIOTCS OJMHAKOBBIM 3aKOHAM.
JlononHnTENBHO:
[2] c.182-204
[3] ¢.99-117
[4] c.38-54

3akonbl HeroToHa. JIBHIKEHHE TeJl
OCHOBO# KJIaCCUUECKOM MEXaHMKH SIBIIAIOTCS TpH 3akoHa HproTOHA.
IlepBblii 3aKOH yCTaHABINBAET HAJIMYME CBOMCTBA MHEPTHOCTH Y MaT€pUAJIbHBIX TEJ U NOCTYIUPYET HaJIU4He
TaKMX CHCTEM OTCU€Ta, B KOTOPBIX JIBUKEHHE CBOOOIHOTO TeJla MPOMCXOAUT C MOCTOSSHHOW CKOPOCTBIO (Takue
CHCTEMBI OTCUETA HA3bIBAKOTCSI HHEPLUAIBHBIMN).
Bropoii 3akon HproToHa Ha OCHOBE AIMIUPHUYECKUX (DAKTOB MOCTYIUPYET CBA3Dh MEXKITYy BETHUUHON CHJIBI,
YCKOpEHHUEM Tella M €0 MHEPTHOCTBIO (Xapakrepu3yeMoil Maccoil). B maremarnueckoil hopmynnpoBke BTOpoii
3akoH HBIOTOHA yallle BCEro 3anmchIBaeTCs B CIEAYIOIIEM BUC:

F=ma, F— BexTop CWibl, m — Macca, @ — BEKTOp YCKOpeHUs. a = dv/dt v — BEKTOp CKOPOCTH.

Tpernii 3akoH HpI0TOHA NOCTYIMpyeT HAIMYME IS KaXKJI0M CHIIBI, JCMCTBYIOIIEH Ha IEPBOE TEJIO CO CTOPOHBI
BTOPOT'0, PAaBHOH MO BEJIMYMHE U MPOTUBOMOJIOKHON MO HAIPABJICHUIO CUJIBI, IEMCTBYIOIIEH Ha BTOpPOE TEO CO
CTOPOHBI IICPBOTO. Hammuane TPETHETO 3aKOHa Hrrorona oOecrieunBaeT BBINMOJHEHHE 3aKOHA COXpaHCHUA
uMIyJbca (IPOU3BECHHUS MAacChl HA CKOPOCTb Teja) JUIsl cucTeMbl Tel. Ecnu MokHO npeHeOpedb TpeHUeM, TO
3akoHbl HbIOTOHa Tak ke MO3BOJSIOT CHOPMYIMPOBATH 3aKOH COXPAHEHUS MEXaHUYECKOM DSHEpruu, Ine
KHHETHYECKAs SHEPIHs [IBUKEHHS TeJa POIOPLMOHAIbHA KBaapary ckopoctu (E=mv’/2).

Ucnonp3ya 3axkoHbl HplOTOHa MOXKHO COCTaBUTH cucTeMy Iu(depeHIHaTbHbIX YPaBHEHUN JBIKEHUS Tela.
PemuB 3Ty cucteMy MOXHO HAaWTH TPAeKTOPUIO JBMXKEHHUs Tena. Bce OCiHOXHsAETCS mpu B3auMMOJEHCTBUU
HECKOJIbKUX T€J, HAJIMYUU BHEIIHUX CUJI (TPEHUE U T. J1.), Tel, KOTOPbIE HEJb3sl CYUTATh TOYeUHbIMHU. OCOOBIi
BapUaHT ONMHUCAHMUSA HMMEET Cily4ail BpallaTebHOrO ABIMKEHMS Tel. 3]eCh JaKe MPU MOCTOSHHOW CKOPOCTH
BpAICHHS JCHCTBYET IEHTPOCTPEMHUTEIbHAS CUJIA 1 COOTBETCTBYIOIIEE YCKOPEHHE.

JIOnOIHUTENBHO:

[2] c.182-204

[3]c.99-117

[4] c.38-54

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

Mexannueckoe asmwxkeHue. https://www.youtube.com/watch?v=vdep9FPLX2s



JIEKTPOMATHUTHAS TEOPHUS MOJIS
DJIeKTPOMATHUTHOE TM0Jie — (QHU3NIECKOe II0Jie, B3aMMOJCHCTBYIOIIEE C DJICKTPUYCCKH 3apsHKCHHBIMU
TEJIaMH, a TAaKXKe C TeJIaMH, UMEIOIIUMHU NIEKTPUUECKUE TOKH UIIM MarHUTHbIE CBOMCTBA. MarHUTHbBIE CBOMCTBA
TEJ OMpPENEeNsIOTCS HAIUYUEM BHYTPEHHUX TOKOB WM JBMKEHHUH 3apsOKEHHBIX YAaCTUL. JJIeKTPOMATHUTHOE
nosie (M ero M3MEHEHHE CO BPEMEHEM) OMMCHIBAETCS B DJEKTPOJMHAMHUKE B KJIACCHUYECKOM MPHOIMKEHUU
MOCPENCTBOM cucTeMbl nuddepeHmanbHpX ypaBHeHU MakcBera. JleficTBHEe IeKTPOMarHUTHOTO TIOJsST Ha
3apsDKEHHBIE Tella OMMCHIBAETCS B KIACCHYECKOM MPHUOIMKEHMH MocpeAcTBoM cuiibl Jlopenna. Bosmymienue
AIIEKTPOMArHUTHOTO TOJISI, PacCHpOCTpaHSIOIIeecs: B MPOCTPAHCTBE, HA3bIBAECTCS AJIEKTPOMATHUTHON BOJIHOM.
JIrobasi »NMEeKTpOMarHUTHas BOJHA PACHpPOCTPAHSAETCS B IYCTOM IPOCTPAHCTBE (BaKyymMe) C OAMHAKOBOM
CKOPOCTBIO — CKOPOCTBIO CBETA (CBET TAKXKE SIBISIETCS DJICKTPOMArHUTHOM BOJTHOW). B 3aBHCUMOCTH OT JTMHBI
BOJIHBI 3JIEKTPOMAarHUTHOE U3JTy4YEHHUE MOIpa3/IeNsieTcsl Ha paJluou3yuyeHue, CBeT (B TOM yuciie HH(pakpacHbIN
U yabTpaduoeT), PEeHTICHOBCKOE M3JIy4€HHEe M TaMMa-u3jlydeHue. Buja u3iaydeHus 3aBHCUT OT YacTOThI
ANEKTPOMArHUTHBIX KOJE€OaHWM WM JUIMHBI BOJHBI UM 0Opa3yloT CIEKTP HJIEKTPOMArHUTHOTO H3Ty4YECHHUS.
PannoBomHBI UMEIOT caMyl0 JUTMHHYIO JIJTMHY BOJHBI M HM3KHE 4acTOTHl (dhopmyna A=c*T, rme A — mimHa
BOJIHBI, C — CKOPOCTh CBeTa, T — MepHOA UIEKTPOMArHUTHBIX KOJeOaHMWM, YacTOTa 3JIEKTPOMArHUTHBIX
koneOanuit f=1/T). Tak Kak CKOPOCTh CBETa MOCTOSHHA, TO IO JJIMHAM BOJH/Y4AacTOTE 3/M BOJHBI MOXKHO
pacIoNOXKHUTh B MOPSAJKE YOBIBAaHUS JUIMHBI BOJIHBIL: PaJMOBOJIHBI (KMJIOMETPOBBIE, METPOBBIE, JEIIMMETPOBBIE
WIH JUIMHHBIE, KOPOTKHE U ynbTpakopoTkue), CBY (caHTMMeTpoBBIE 1 MUJUIUMETPOBBIE), HH(PaKpPACHbBIE WU
teriosbie (100-10 mukpomerpos 10 MeTpa)), TpaJAMIMOHHBIN CBET (OT KPaCHOTO 10 CHHEro 110 paxyre, 10-0,1
MHKpOMETpa), yibrpaduoser (HanoMerpsl 10° MeTpa), peHreHOBCKHE, TaMMa-U3IyueHne. 3Hask CKOPOCTh CBETa
B BakyyMe ¢=3*10® M/c MOXKHO HAWTH JUANAa30HBI YACTOT U3JTyIEHUS.
JlonmomHUTENBHO:
[2] c.145-153
[4] c.38-54
OnexkTpoMarHuTHbBIE BONHEI https://www.youtube.com/watch?v=1hkBUIGnnpU

BonHoBas u KopnyckanasipHas TeOpun

[IpoGnema CTOIKHOBEHHSI BOJHOBOM M KOPIYCKAJISPHOW TEOPUM BO3HHUKIA NPU H3YYEHHHM CBETAa U ONTHUKHU
(HayKM O pacmpOCTpPaHEHHWH CBETAa U €r0 B3aUMOACHCTBUM C TelnamH). SIBJIE€HHUs NPEIOMIIEHUS, OTPa)KECHUS,
paccestHUsI, MPOXOXKACHHsI CBETa 4Yepe3 Cpelbl ObUIM W3BECTHBI C JPEBHHUX BpeMeH. VHTepecoBasl y4yeHBIX
JIPEBHEr0 MHpa W Mpobiema IBeTa Tel, >KUAKOCTEeH, ra3oB, Heb6a. OcoOEHHO HHTEpecHbl OBLIHM PabOTHI
Apxumena c 3epkainamu. C TOSBIEHHEM JIMH3, ONTHYECKUX NPUOOpOB (MOA30pHAs Tpyda, MUKPOCKOIL,
TEJIECKOIT) U3y4YeHHE ONTUKU CTaJl0 OYeHb akTyaJlbHbIM. B 17 Beke OomnbInoil BKiIajg B onTUKY BHec HbIOTOH,
KOTOPBIM 0000IINI N3BECTHBIE TOT/IAa PaOOTHl U BBIIBUHYJ CTPOIHYIO TEOPHIO T€OMETPHUECKOi onTHKU. B aTOM
Teopun HbrOTOH paccmarpuBan CBET Kak MOTOK YaCTULl — KOPIYCKYJ, IPUYEM €ro 3HAMEHWUTHIA ONBIT C
pu3MoH (pacieruieHre 06e10ro cBeTa Ha CHEeKTP I[BETOB) IMO3BOJIUIIO €MY MPEATNOIOKNUTh HATHYHE KOPITYCKYI
pasHoOro THMa JUIs pa3HbIX 1BeTOB. B Teopun HbOTOHA OOBACHSINCH SBICHUS OTPaKEHHs, MPETOMIICHHUS,
paccerBaHMsI CBeTa U IpobaemMa Hanuuus 11BeToB. OJTHAKO OCTaBAJINCh HEMOHATHBIMHU SIBIIEHUSI HHTephEepeHINH
u qudpakuuu. CoracHO KOPIYCKYISIPHOW TEOPUU MEXIY MyYKaMU M3JTy4YEHHBIX YaCTHII, KAKOBBIMU SIBIISIETCS
CBET, BO3HUKAJIU Obl CTOJIKHOBEHHS WM, IO KpailHel mepe, Kakue-In0o BO3MYILIEHHUS, HO BCE OCOOCHHOCTH
uHTEeppepeHIMU U Judpakiun 00bACHUTH OblI0 TpyAHO. .K KoHIly 17 Beka cTano O4eBHIHBIM, UTO SBICHHUS
uHTepdepeH 1 Tudpakiud MOXHO OOBSCHUTH TOJBKO B paMKaX BOJIHOBOM TEOpHH, a HE HAa OCHOBE
MEXaHUCTUYECKON KOPIYCKYISIPHON TEOPHH CBETA.

JlpuHIMNuanbHO WHBIM MyTeM OOBSCHSUI ONTUYECKUE SBICHUSA TOJNAHACKUN Y4eHbIH XpHUCTHaH
'toiirenc (1629-1695 rr.) Ha ocHOBe c(hOPMYIUPOBAHHON UM BOJHOBOM Teopuu. OH yTBEp)KIal: «JaBa Jydya
CBETa, MepeceKasch, MPOHU3BIBAIOT APYT Jipyra 0e3 Kakux-ITubo Mmomex, B TOYHOCTH, KakK JiBa psijia BOJIH Ha
BoJIe». BonHOBas Teopus ycTaHaBiIMBaJla aHAJIOTUIO MEXIY PacIpOCTPaHEHHEM CBETa, JBM)KCHHEM BOJH Ha
MOBEPXHOCTH BOJIbI M 3BYKOBBIX BOJIH B BO3/1yXe. B BOJIIHOBOI cpelie mpeanoarajoch Hallu4ue yupyroi cpeasl,
3alOJHAIONIEH BCe MPOCTPAHCTBO - CBETOHOCHOTO 3¢upa. .PacmpocTpaHeHne cBeTa paccMaTpHUBalOCh Kak
pactipocTpanenne Kojebanuii adupa: «Kaxmas otmenpHas Todka 3¢upa KojaedbIeTcs B BEPTHKATHLHOM
HanpasieHnH. Konebanus Bcex TOUEK CO3/1al0T KapTHHY BOJHBI, MEpeMeNaeMoil B MPOCTPAHCTBE OT OHOTO
MOMEHTa BpeMeHU K JApyro-mMy». Ha ocHoBe BoiHOBON Teopuu X. [toilireHC OOBSICHUI OTpa)kKeHUE U



IIPEJIOMIICHUE CBETA.

Oco0eHHO yn00HOM OKa3anach BOJHOBas T€OpUs sl OObSICHEHUS MHTEpPEPEeHUUU U JUPPAKIUHU KakK
SBJICHUN HaJOXKEHHs 2-X WM Oonee BOMH JApyr Ha japyra. [IpoxoxkaeHue cBeTa uepe3 IIeNb JlaBaJId
TuGpaKIMOHHYI0 KapTHHY, KOTOpas dYacTo ObUla OYEeHb YeTKOW. AHAJIOrMYHO MOXHO OblUIO HaOmroaaTh
no700HbIe SBIEHUS ¢ Au(paKkiueil BOJIH BOAbI, KOTOpble HUKAK HE ObUIM CBSA3aHBI C JBWKEHHEM 4acTull. beina
pazpaboTaHa MareMaTudeckas Teopusi HHTepdepeHnnn u gudpakiuy, KoTopas Oblla MpoBEpeHa B
HKCIIEPUMEHTaX W Jaja TOYHOE COOTBeTCTBHE. boiee TOro, Ha OCHOBE 3THX TeOpUi ObUIM pa3pabOTaHbI
crelnuaibHple Npuoopsl — uHTepdepoMeTpsl, AUPPAKIUOHHBIE PEIIETKH, KOTOpble CTald aKTUBHO
HCIIOJIb30BaThcs Ha NMpakTuke. C 3TOro BpEMEHM TaK K€ HAYMHAETCSl aKTUBHOE M3YUEHHE CIIEKTPOB U3ITyUEHUS.
Koropoe ¢ mnosiBieHneM (QOTOMIACTUHOK CTaJ0 MOIIHBIM CPEICTBOM U3YyUEHHUS OKPYXAIOUIero MUpa.
CrnexTpaibHbIil aHaIM3 MO3BOJMI OINPENeTUTh XUMHUUYECKUHA COCTaB 3BE3]] M Pa3IUYHBIX Tell, 0COOEHHOCTH
u3nydeHus ropsuux Ten. OmHako u3ydeHue Takux uinydeHuil u ¢ororddexra (CtoneToB) 3acTaBUIO BHOBb
BEPHYTHCS K KOPITyCKaJISIpHOU Teopun. OKa3anoch, 4TO 3/1€Ch AEKTPOMAarHUTHOE U3Iy4YEHHUE MOMIOIAETCS UITU
U3Ty4YaeTcsl TUCKPETHBIMU nopuusiMu — GotoHamu. B 1900 rogy Hemenxuii ¢pusuk M. [lnank npu nzydenuu
TEIJIOBOIO W3JIyYEHUs BBIIBUHYJ NPEIIONOXKEHUE, YTO AmoOM UCHYCKAem 3HEpeui0 He HEenpepvléHO, «KAK 6
Knaccuke», a nopyuamu (keanmamu). B 1905 rony npu oowsacHernn Goroddpdexra DUHIITEHH BhICKa3all €Ille
UJICI0, YTO amom no2nowaem sHepauio makice keanmamu. KBaHT cBeta ObUT Ha3BaH BIIOCIIEACTBUU (hOMOHOM.
Bce 310 BHOBH 000OCTpPHIIO AMCKYCCHUIO O TPHUPOJE CBETA, KOTOPHIH, C OJHOW CTOPOHBI, MOHUMAJICA Kak
AIIEKTPOMArHUTHAs BOJIHA, a, C JPYTON CTOPOHBI — KaK MOTOK 4acTHIl ((POTOHOB).

Taxum oOpa3zoM, k KoHITy XX Beka (pu3uKa MpuIllia K BBIBOAY, YTO MaTepHsl CYIIECTBYET B JBYX BUaX:
JUCKPETHOE BEILECTBO M HEMpepbhIBHOE IMoje. BemecTBo M mojie pa3inyaioTcs MO CBOUM  (PU3HMUECKUM
XapaKTEepUCTUKAM: BEIIECTBO - JUCKPETHO M COCTOMUT U3 aTOMOB. YacTHIIbI BelecTBa 001aJal0T MacCON MOKOS;
10JIe — HETIPEPBIBHO, MAcCOM MOKOsl OHO HE 00J1a/laeT, CKOPOCTh €ro PacIpoCTPaHEHHsI paBHA CKOPOCTHU CBETA.
[IpiTasicb OOBSICHUTH OCOOEHHOCTH TEIUIOBOro u3inydeHus, Maxkc [lnaHk mnomeiTancs yCTaHOBHTH
3aKOHOMEPHOCTh, KOTOpasi Obl YETKO BhIpaxkajia 3aBUCUMOCTb paclpeleIeHus] 3HEPTUH B CIIEKTPE U3ITYUYECHHUS OT
TEMIIEpaTyphl U JUIMHBI BOJIH. B pe3ynbrare oH BbIBEN GOpMYITy AJIsl SHEPTUH u3inydaemoro ¢porona £ = h*f (f —
yacTtota u3nydeHus). Benmuuny /i Ilnank HasBan xeanmom Oevicmeus. OHa sBhseTcs (PyHIaMEHTAJIbHOM
NOCTOSIHHOM, paBHOi 6,626 107* J[xk*c, [TooTOMY, TEOPHIO M3JIyd4eHHS KBAaHTOB HAa3Bald KBAaHTOBOM. J{is
pasperieHus npodiemM KBaHToBOM Teopuu B 1924 roay ¢paniysckuit ¢puzuk JI. [le bpoiins BEIIBUHYI uoero o
BOTHOBLIX CBOUCMEAX Mamepuu, TOSICHSIOIYI0 IyaJId3M CBETa KaK YacTHBIM ciydai: Mamepus 6 yenom
Modicem 6 OOHUX YCNO8UAX 8ecmu cebs KaK 80NHA, d 6 OpY2ux YCI08UAX — KaK NOmMoK uyacmuy. B KBaHTOBOH
TEOPUM TOJIA 3TOT NMPUHUMUII PACIIMPHWIM HA BCE YACTHIBI, a BOJHBI YAacCTHI[ CTajJy Ha3bplBaTh BOJIHaMH Jle
bpoiinsa. .Cienyer OTMETUTD, YTO BOJHOBBIE CBOMCTBA MHUKPOYACTHUILl HEJb3sl IEPEHOCUTH HA MAaKpO4Yac-THLIBI.
BonHoBbIe cBOWCTBa MAaKpPOCKOMUYECKUX TeN HKCHEPUMEHTAlIbHO HE OOHapyxkeHbl. JlJIuHBI BOJH,
COOTBETCTBYIOIIME MHUKPOYACTHIIAM, HAXOAATCS 3a MpeAeiaMH JOCTYNHOW HabmromeHuto obnactu. Ilostomy
CUMTAETCS, YTO MAaKPOCKOIMYECKHUE TENA MPOSIBISIIOT TOJIBKO KOPIYCKYIJISIPHBIE CBOMCTBA.

JlonoIHUTENBHO:

[2] c.145-176

Makc ITnank - HeMenkuil pU3NK-TeOPETHK, OCHOBOIIOIOKHHUK KBAHTOBON (DU3UKH.

https://tvkultura.ru/video/show/brand 1d/21985/episode 1d/1500126/video id/1633826/viewtype/picture/
DJEeKTpOMarHuTHas KapTHHA MUpa

Ucrtopus:

N3BecTHBIE €€ CO BPEMEH AHTUYHOCTH DJIEKTPUYECTBO M MarHeTusM A0 Hadana XIX B. cuuTamuces

SBJICHUSIMU, HE CBA3aHHBIMU JIPYT C IPYTOM, U pacCMaTpUBAJINCh B Pa3HbIX pazzienax Gpusmnku.

B 1785 Iapabs KynoH OTKpHIT 3aKOH NPUTSDKEHHE Pa3HOMMEHHBIX AIEKTPUYECKUX 3apsiioB MEXIY COOOM.
Cuna B3aMMOJIEHCTBHS JIBYX TOYEUYHBIX 3aps/IOB B BaKyyMe€ HAIpaBiI€HA BIOJb IPSAMOM, COCIMHAIOMIEH 3TH
3apsi/ibl, MPONOPLUUOHATIbHA UX BEJTMUYMHAM U 00paTHO MPONOPLUOHATIBHA KBAAPATy PACCTOSHUS MEXTY HUMH.
Ona sBisIeTCSl CHIION MPUTSKEHUS, €CIIU 3HAaKHU 3aps/ioB pa3Hble, U CWJION OTTaJKWBAaHUS, €CIM 3THU 3HAKHU
oarHaKkoBbl. TakuM 00pa3oM, OKOHYATENBHO OBLIO ONpEAETeHO Halu4ue 3apsaoB 2-x TUNOB (+ U -),
ycTaHOBJIeHa (GopMyna JUIsl pacueTa cuibl Ux B3auMoneicTBus. Ha ocHoBe dopmynsr Kynona Obin moctpoeH
MaTeMaTHYECKUI METOJ pacdeTa CUJIbl AEKTPUUYECKOTO MOJA Ul PacHpENeIEHHOTO B IPOCTPAHCTBE 3apsiza.
bbuin mpoBeAeHBI SKCIEPUMEHTHl C METAUNIMYECKUMHU OINUJIKAMH, KOTOpPbIE I0Ka3ajd pacHoOJOXKEHHE B



MPOCTPAHCTBE TAKOTO DIIEKTPHUYECKOTO IIOJIs, BBEACHO IOHSATHUE CUJIOBBIX NUHHHA mons. Takum oOpazom,
AIEKTPUIECKOE TOJIE PACIPOCTPAHSUIOCh HA BCE MPOCTPAHCTBO, HO €ro cuia ObICTpo yObIBama. Beur Tak xe
oOHapyxeH 3G (eKT IKpPaHUPOBAHHSI ITEKTPUUECKOTO TOTIS.

B 1819 r. narckuit ¢pusuk I. X. Dpcren oOHapyui, 4TO MPOBOJHUK, IO KOTOPOMY TEUET IEKTPUUECKUN TOK,
BBI3BIBAET OTKJIOHEHHE CTPENIKM MAarHMUTHOTO KOMIIAca, PacHOJIOKEHHOTO BOJIM3M ATOTO MPOBOJHUKA, U3 YETO
CJIEIOBAJIO, YTO AJIEKTPUUYECKUE U MarHUTHBIE SBJICHUS B3aUMOCBs3aHbl. 110 aHamoruu ¢ 3JeKTpuyeckuM ObLIO
OTIpe/IeJIEHO MOHATHE MAarHUTHOTO TOJI B IPOCTPAHCTBE U OOHAPY)KEHBI €r0 CUIIOBBIC JINHUM.

Opanmny3ckuii Gpu3uk U MatemMaTuk A. Ammep B 1824 1. man mMareMaTHYeCKOE€ OMHCAaHWE B3aMMOICHCTBUS
MIPOBOJIHMKA TOKA C MATHUTHBIM T0JIeM (3akoH AMIiepa).

B 1831 . anmmiickuil pusuk M. dapazeii skcnepuMeHTaIbHO OOHAPYXKHII U Jall MaTeMaTHYeCKOe OMMCaHUE
ABJICHUS DJIEKTPOMAarHUTHOW WHAYKIMU — BO3HMKHOBEHHs OJIEKTPOABIKYIIEH CHUJIBl B IPOBOJHUKE,
HaXOJSIIEMCs O] IEUCTBUEM U3MEHSIOIIETOCS MAarHUTHOTO ITOJIS.

B 1864 r. JI:xx. MakcBemn co3Aa€T TEOPUIO AIIEKTPOMArHUTHOIO MOJS, COIIACHO KOTOPOHM 3JIEKTPUYECKOE U
MAarHUTHOE MOJISl CYIIECTBYIOT KaK B3aMMOCBSI3aHHBIE COCTABIISIIOIINAE €IUHOTO LETOT0 — JIEKTPOMATHUTHOTO
noJisi. DTa Teopusi C €AMHON TOYKHU 3pEHUS] OOBSCHSIIA Pe3yJdbTaThl BCEX MPEIISCTBYIONINX HUCCICTOBAHUA B
007aCTH DJIEKTPOAMHAMHUKHU, U, KPOME TOTO, U3 He€ BBITEKAJ0, YTO JIFOOBIE M3MEHEHUS AIEKTPOMArHUTHOTO
MOJISt OJDKHBI MOPOXKIATh SJIEKTPOMArHUTHBIEC BOJIHBI, PACTIPOCTPAHSIONINECS B TUAIIEKTPUUECKOH cpesie (B ToOM
YHUCJIe, B MYCTOTE) C KOHEYHOM CKOPOCTHIO, 3aBUCSIIECH OT MUIICKTPUUYCCKOM W MAarHUTHOW MPOHHUIIAEMOCTH
9Tol cpenbl. J[ns Bakyyma TEOpEeTHUYECKOE 3HAYeHHE JTOM CKOPOCTU OBbLIO OMU3KO K IKCIIEPUMEHTAIBHBIM
W3MEPEHUSAM CKOPOCTH CBETA, MOJYYEHHBIM Ha TOT MOMEHT, YTO MO3BOJIWIO MakcBeuly BbICKa3aTh
MPEanoaoXKeHne (BIOCIEACTBUM TMOATBEPAMBINEECS), YTO CBET SABISETCS OJHUM W3 TMPOSBICHUN
ANEKTPOMArHUTHBIX BOJIH.

B 1887 . memenxuii ¢usuk I. I'epi mocraBusl 3KCIIEPUMEHT, MOJHOCTHIO MOATBEPAMBIIMNA TEOPETHUECKUE
BbIBOJBI MakcBemia. Ero skcnepuMeHTanbHasi YCTaHOBKa COCTOsIa M3 HaXOASIIMXCS Ha HEKOTOPOM
pacCTOSHUM JIPYT OT JIpyra nepearyuka U MpUEMHUKA SIEKTPOMAarHUTHBIX BOJIH, U (DaKTHUECKU MPeCTaBIIsIa
co00i1 HMCTOPUYECKH TEPBYIO CHUCTEMY pPaJMOCBA3M, XOTA caM lepi He BUAENT HHUKAKOro MPaKTUYECKOrO
IIPUMEHEHNUS CBOETO OTKPBITHUS, U PaCCMATPHUBAJI €r0 UCKIIIOUUTENIBHO KaK IKCIIEPUMEHTAIBHOE TIOATBEPKACHNE
Teopur Makcsesa.

B nanbHeleM MOSBIEHHE TEOPUU OTHOCUTEIBHOCTH M KBAaHTOBOM TEOPUM MOJIA JAlI0 BO3MOXHOCTH
MOJIEPHU3UPOBATh KJIACCUYECKYIO IEKTPOIMHAMUKY — IOSIBUJIACH KBAHTOBAS 3JIEKTPOJANHAMUKA.
JlononHNUTENBHO:

[2] c.113-119

[4] c.128-132

07.13 uctopuu BENMKUX HAYYHBIX OTKPBITHI: AHApe-Mapu AMIiep U 3JIeKTpOMarHeTU3M
https://www.youtube.com/watch?v=0Ps11L3-kJI

Maiikn ®@apazeit OT seKkTprudecTBa A0 AJeKTporeHeparopa https:// www.youtube.com/watch?v=at14H GQzu8
Hcropus pa3Butus snekrpudectsa. https:// www.youtube.com/watch?v=joHKea6 WKi4

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

Maruutsl, HaydHO Mo3HaBaTeNbHbINA GuibM https://www.youtube.com/watch?v=o0RKeiWd2E7A

AKycTHKa
[TapanienbHO ¢ BO3HMKHOBEHHEM BOJIHOBOM TEOpHEHl cBeTa 3Ty TEOPHIO CTald NPUMEHATh K 3BYKOBBIM
konebaHusAM. Tak BO3HUKIA aKyCTHKa Kak 4acTb (U3UKU. TEOopUI0 aKyCTHYECKHX KOJIeOaHWH W BOJIH
pa3palaThiBaji MO3KE 4YeM MJI AJIEKTPOMAarHUTHOIO MOJIsS, HO MO TeM e uaesM u ¢opmynam. [naBHoe
OTIMYME OKa3aJoCh B TOM, YTO AaKyCTHMYECKHE BOJHBI MOTYT OBITh M TPOJONBHBIMU W TOINEpeYHbIMU. B
aKyCTUKE TaK J€ €CTb SBJIEHUS OTpPaKEHUs, NPEIOMJIEHMs, WHTep(epeHIUH, H3Iy4deHus, AUPpPaKINH,
paccessHus. Ho KBaHTOBBIX YCJIOBMH JOCTHTHYTH HE YNAlOCh, TaK KaK TPYAHO IOJYYWUTh JUIMHBI BOJH H
YacTOThl, IJl€ TakKue SBJIEHHS MOTYT BO3HUKATh. [Ipm 3TOM ecTh B3aMMOJAEWCTBHE AaKyCTUYECKUX H
SNEKTPOMArHUTHBIX ~ KoneOaHui  (1Mbe30dPQeKT, IMEeKTPOCTPUKLHMSA) M TNPH  BBICOKMX  YacTOTax
ANIEKTPOMArHUTHbIE KoJeOaHUs yxke AOMUHHUPYIOT. CHEeKTp aKyCTHYecKHMX BOJH : MHOpa3Byk (mo 100 I'm),


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

caprmumbiit 3ByK (0,1 Kri-30 KI'my), ymerpasByk (> 30KI'my). anpHeiiiiee MOBBIIEHHE YacTOThI MPUBOAUT K
TUIEP3BYKY, B KOTOPOM OY€Hb CHJIbHO 3aTyXaHHE€ W OH BO3MOXEH JIMIIb B KpUCTaUIax, IJe KOoIeOIroTcs
OT/ETbHBIE aTOMBI. 3]IeCh YK€ pa3HuIla ¢ 3/M KoJIeOaHHWSMU MHUHUMalbHA, BO3HUKAIOT TEIJIOBble (DOTOHBI U
HCITIOJIb3YETCs KBAHTOBAS TEOPUSL.

TepMmonnHamuka

Bwmecte ¢ uzyuenuem HaTyppuiocopuu ApeBHUE yUEHbIE ONPEAETWIN MOHATUS TeMIleparypa, TeIo,
HarpeBaHue. bbutn BbIETIeHbI 3 COCTOSIHUS BEIleCTBa — TBEPJOE, JKUIKOE, ra3oo0pasHoe. [IpuMeHuTensHO K
BOJIC JIETKO OBUIO YBHAETh, YTO BOAa ObIBaeT BO BceX 3 cocrosHusAx. OmHako no HoBoro Bpemenu
KOJIMYECTBEHHBIX 3aKOHOB JUIS TETJIOBBIX MPOLECCOB He ObUI0. BBIIM HEKoTOpble paboThl ApXuUMena U Ipyrux
YUYEHBIX, HO HacTosiiel Hayku He ObU10. C MOsSBIEHHEM MapOBbIX MAIllWH MOSBUIACH HEOOXOIUMOCTh B TaKOM
HayKe.

Pa3Butre HayyHOrOo 3HAHUS O TEIUIOTE HAYajJoCh BMECTE C HM300peTeHueM mpubopa, CIOCOOHOTO
U3MEPATHh TeMIleparypy — TepMomeTpa. CuMraercs, 4To NepBble TEPMOMETPHI caenan [anuneil B koHue 16
Beka. llepBrle mapoBble MalmMHBI MOSBWIMCH BO BTOPOHM ITOJIOBHHE 18 BEeKa M 03HAMEHOBAJIM HACTYIUICHHE
MPOMBIIIIEHHOW PEBOMIOIUHN. YU€Hble U MHXKEHEPhl CTaIM UCKAaTh CIIOCOOBI YBEIWYHTh MX 3()(HEKTUBHOCTS.
[TosiBunuck pabotel Kapuo u @ypee B 20-e roast 19 Bexka.

B 40-x ronax 19 Beka Maiiep u JI>KOy/lb KOJIMYECTBEHHO OIPEIETMIN CBSI3b MEXKy MEXaHMUECKOH paboToil 1
TEIJIOTON U CHOPMYIUPOBAIH YHUBEPCATBHBIM 3aKOH COXpaHEHHWs W TpeBparieHus sHeprun. B 50-e rogs
Knaysnyc n KenpBuH cuctemMarn3npoBalld HAKOIUIEHHBIE K TOMY BPEMEHHU 3HaHMSI U BBEJIU MOHATHS SHTPONUU
u abconoTHOM TeMmeparypsl. beutn chopmynupoBansl 1-e 1 2-e Hayana TEpMOIMHAMUKH.

OOmee Hayano TEPOMOJMHAMUKU YTBEPXKIAeT, YTO M30JMPOBAHHAS TePMOAMHAMHUYECKAs CUCTeMa C
Te4eHHEM BpPEMEHHU CaMONPOU3BOJILHO IEPEXOAUT B COCTOSIHHE TEPMOIMHAMUYECKOI0 PaBHOBECHSI M
0CTaéTcs B HEM CKOJIb YTOHO 10JIT0, €CJIM BHEIIHUE YCJIOBUS COXPAHAIOTCS HEM3MEHHBIMH.

IlepBoe Hauano TEPMOAMHAMHUKHU BBIPAKAECT YHUBEPCAIbHBIM 3aKOH COXPAHEHHWs SHEPIMM NPHUMEHHUTEIBHO K
3aJayaM TEpPMOJUHAMMKM M HUCKIIIOYAeT BO3MOYKHOCTb CO3[aHMsI BEYHOTO ABUIaTels MEPBOrO poja, TO €CTh
YCTPOMCTBA, CIIOCOOHOTO COBEPIIATh paboTy 0€3 COOTBETCTBYIOIINX 3aTpaT IHEPTHUH.

Bropoe Hayaso TepMOOMHAMMKM 3aJa€T OrPAaHWYEHMs Ha HANpPABIEHUE IPOLECCOB, KOTOPHIE MOIYT
IIPOUCXOAUTh B TEPMOJMHAMUYECKUX CHUCTEMAaxX, W HCKIIOYAET BO3MOXHOCTH CO3/IaHHsI BEYHOIO JBUTATEIIS
BTOporo pozaa. To ectb «HeBO3MOXKeH KpyroBoil Mpolecc, eAMHCTBEHHBIM pE3ylIbTaTOM KOTOPOTro ObLIO OBl
IIPOM3BOICTBO Pa0OTHI 3a CUET OXJIAKICHHS TEIJIOBOTO pe3epByapay.

OcHOBOI1 pabOThI TEPMOAMHAMUUECKUX CUCTEM SIBJIsIeTCs 3aKOH Meneneesa-Knaiinepona:

P*V =x*R*T, rne P — naBnenune, V — 00beM, K — YHUCIIO MOJIEH (OMPEAENISIETCS YHCIOM MOJICKYIT BEIECTBA),
R — yHuBepcanpHast koHCTaHTa, T — TeMreparypa. B 11e1om 3akoH oka3ajics He COBCEM TOYEH, OH paboTaer
TOJIBKO IS UAEaJIbHOTO ra3a, OJHaKO OH OObEIMHMI U3BECTHBIE HAa TO BpPEMs Mpoliecchl B razax (M3obapHsbIe,
U30TEPMUYECKUE, M30XOPUUECKHUE), KOTOPHIE ONUCHIBAIUCH OTIAEIbHBIMU 3aKkoHamu. [l peanpHBIX ra3oB
BBOJIATCS YTOUHsIOLIME nonpaBku. B 20 Beke A yTOUHEHHS T€OpUHU pPabOThl TEPMOJUHAMUYECKUX CHCTEM
ObUTM BBEJCHBI METOJbl CTATUCTHUYECKOW (DM3MKM, 3aTeM KBAHTOBOW TEpMOJMHAMUKU. B 1enom Ha ocHoBe
KJIACCHYECKON TEPMOAVNHAMUKHA BO3HUKIN TEOPUM TBEPAOTO TEJIA, TEOPHsl PEAIBbHBIX M KBAHTOBBIX Ta30B,
TEepMOJIMHaMUKa T1a3Mbl U apyrue. [lna3ma Obla BblieIeHa Kak 0coboe 4 COCTOSHUE BEIeCTBa, KPOME TOTO
IpU OYeHb HU3KHUX TeMIlepaTypax, MPU OYEHb BBICOKHMX TeMIepaTypax, MPU O4Y€Hb BBICOKUX JaBIECHUSIX
BEIIECTBO MOXET HaXOAUTHCS B TAKUX COCTOSHUSX, KOTOPbIE MOTYT OBITh ONMUCAHBI (M TO HE TOYHO) TOJIBKO C
MOMOIIIbIO KBaHTOBOM Teopuu. Kpome Toro ecth emie ocobas opma TBEpAOro COCTOSHUS — KPUCTAILIBL,
KOTOpBbIE MMEIOT YHUKAJIbHbIE CBOMCTBA. 3aTeM ObUIM 0OHApPYXEeHbI 0COObIe CBOMCTBA Y MHOTOKOMIIOHEHTHBIX U
KOMITIO3UTHBIX  CTpyKTyp.  Hampumep  HaHoTpyOkM  007aial0T  HEBEPOSITHBIMH  MPOYHOCTHBIMH
XapaKTEPUCTUKAMH.

J1OTIOTHUTENBHO:

[2] c.113-119

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

3ByKOBbIE BOJHEIL. https://www.youtube.com/watch?v=TJCg9%hsvULY



®dwusuka (TEerIoBbe ABUTaTEeNN U MapoBas MaimuHa) https://www.youtube.com/watch?v=zPnXVIKGnWY
I"azoBrwie 3akoHbI https://www.youtube.com/watch?v=UMId6gSiQS8

Muxpomup. MonekynsipHOe, aTOMHOE U BHYTPHAaTOMHOE CTPOCHHUE MaTepuu

B ocHoBe mpezacTaBieHuil 0 MUKpOMHpPE JIEKUT aTOMUCTHUYECKasl KOHILIETILHSA O CTPOCHUH MaTepuu, KOTOpas
BIIEpBBIC ObLlIa BBABHHYTA JApeBHerpedeckuM (umocodom Jleknumnmom (ok. 500—440 rr. 1o H. 3.). OH BBEN
Takhe TMOHATHS, KaKk «amom» W «nycmoma». AroMHucTHYeCcKHe npencTtaBieHus JleBkunmna Obuin
KOHKPETU3UPOBAHBI, JIOMOJHEHbI M PA3BUTHI IPYTUM BEIMKHMM JpeBHerpeueckuM ¢unocodom JleMokputom
(ok. 460-370 rr. mo H. 2.). CommacHo rumore3e JleMokpuTa B aOCONIOTHON MYCTOTE OKPY)KAIOILEro
IPOCTPAHCTBA CYIIECTBYET OECKOHEYHOE YHMCIO MENbYaiIIuX HEAETMMbIX YacTUI[ — aTOMOB, KOTOPbIe UMEIOT
pa3zHo00pa3Hylo (GopMy U JABIKYTCS B IyCTOTE€ OECHOPSAOYHO, MHOTNA OHU CTaJKUBAIOTCA U OTCKAKUBAIOT
Jpyr OT JApyra, HO MHOTJA CHEIJISIOTCS B Pa3HBIX MOJIOKEHUAX M COYETAHMSAX, YTO O3HAyaeT oOpa3oBaHUE
BeIled ¢ pa3HbIM KadecTBOM. Dnukyp (341-270 TT. 10 H. 3.) HAJEIHII aTOMBI €€ CBONCTBOM TSKECTH. ATOMBI
BEUHBI, a BEIlld, 00pa30BaHHbIE U3 HUX, THOHYT (Pa3beAMHSIOTCS), HO CAMU aTOMbI OCTAIOTCSl, OHH JIajee MOTYT
CLEIUIATHCSA B HOBBIX COYETAHUAX C 00pa30BaHUE HOBBIX BEUIEH U T. 1.

Konnenmus aromusma nonyuuia gansHeifmee pa3sutue B XVII Beke B paborax [Ix.Jlansrona (1766—
1844), koTOPBIN MPUHSIT aTOMHBIN BEC BOAOPO/IA 32 €AWHUILY U COTIOCTaBUJI C HUM aTOMHBIE Beca IPYTUX Tra3oB.
braromapst aTomy cTanu u3ydarscsi GU3NKO-XUMHUUEcKHe cBoiicTBa atoMoB. B 19 Beke /. . Mennenees (1834—
1907) mocTpoms cUCTEMY XUMHYECKUX 3JIEMEHTOB, OCHOBaHHYIO Ha UX aTOMHOM Bece. Kpome Toro, oTkpeiTHe
OpOYHOBCKOTO JIBUKEHHUS KIETOK M MHUKpPOOPTaHM3MOB IO3BOJIHMJIO BIEPBBIE SKCIHEPUMEHTAIBHO JOKa3aTh
MOCTOSTHHOE JABM)KEHHE MENIbYaNIINX YacTHI] BEIECTBA, KOTOPbIE CTaIN UAECHTU(PHUIIMPOBATHCS KaK MOJIEKYJIbL.
bbu10 10Ka3aHo, YTO MOJIEKYJIBI U ATOMBI HE OJJHO U TOXE. B MOJIeKyly BXOOUT Kak IPaBUIIO HECKOJIBKO aTOMOB,
CBSI3aHHBIX BAJICHTHOW CBA3bl0. [lOHMMaHWE BaJE€HTHOW CBSI3M aTOMOB B COYETAHUU C TMEPHOJUYECKOU
CHUCTEMOH DJIEMEHTOB IO3BOJIMJIO CJHIENaTh BAa)KHBIM IIar B pa3BUTHMM XUMHHU. [losBuiiack BO3MOXXHOCTB
KJIACCU(UIIMPOBATH AJIEMEHTHI MO0 TUIIAM (METaJlIbl, MHEPTHBIE AJIEMEHTHI U T. JI. ), IPEACKa3bIBaTh HAIUYUE U
XMMUYECKHE CBOMCTBA HOBBIX 3JEMEHTOB (TpPH 3alOJHEHUM TaOIMIbI 3JIEMEHTOB), KiaccCU(UIUPOBATH
XUMHUUYECKHE CTPYKTYpPbI (KUCIIOTHI, IIEIOYH, COM U T. . ), CTPOUTh CTPYKTYpHBIE MOJIEIN KaK H3BECTHBIX
XMMUYECKHX BEIECTB, TAaK U HOBBIX €II€ HE CUHTE3WPOBAHHBIX (0COOEHHO MIIOJOTBOPHBIM 3TOT MOJIXOJ CTal
JUISL OPTAaHUYECKOM XUMUH).

JlaJbHENIIMM 3TanoB OCBOEHUS MHKPOMHUpPA CTaj0 W3yY€HHUE CTPYKTypbl aroma. CUCTEeMaTH4eCKue
WCCJIEIOBaHMsI CTPOCHMsI aTOMOB Havanuch B 1897 romy Omaromapsi otkpeituio JIx.Tomconom (1856—1940)
ANIEKTPOHA — OTPHULATEIBHO 3apsHKEHHON YacTULbI, BXOAAIIEH B cocTaB Bcex atoMoB. B 1903 roay [Ix.Tomcon,
pazBuBas uzaeu Y.Tomcona (mopma KempBuna) (1824-1907) o crpoenun aroma (Y.Tomcon B 1902 romy
NPEUIOKUI TEPBYI0O MOJIENb aTOMa, CONIACHO KOTOPOM IIOJIOKUTENBHBIN 3aps] B aTOME pacHpelelieH B
JIOCTaTOYHO OOJBINOI 00MACTH, a AEKTPOHBI BKPAIJIEHbl B HETO, KaK «M3I0M B IYJIUHI»), YCOBEPIIEHCTBOBAJ
Mozenb aroma. Atom no JIx.Tomcony npencTaBiisii cOO0i MOTOKUTEIBHO 3apsKEHHBIN 1ap ¢ BKPAIUIEHHBIMU
B HEro 3JIEKTPOHAMU, CYMMapHbIN OTPHUIATENbHBIN 3apsi KOTOPBIX 110 MOYIIIO PaBEH MOJOKUTEILHOMY 3apsiay
mapa (mozenb atoma Tomcona). Ilockonbky macca anekrpoHa npuOnusutensHo B 2000 pa3 MeHbIIe MacChl
aromMa BOJIOpOJia, TO MPEANONaraioch, YTO MOYTH BCA Macca aroMa OIpeNessieTCs] MacCoil MOJIOKUTEIbHOTO
3apsia. OMBITEL C MPOXOXAeHUE anuda-yacTull yepe3 MeTauindeckyro ¢oibry B siaboparopun Pesepdopra
MOKa3ajM, 4TO aTOM MOYTH MOJHOCTHIO MyCT. DTO 3acTaBuio Pesepdopaa mepelTH OT MOAENN «ITyAUHTa» K
MOJIENIA «COJIHEYHON CHCTEMBD», rie MecTo COJHIAa 3aHMMAeT MaCCUBHOE TOJIOKUTENBHOE SIIPO, a MIEKTPOHbI
BpallawTcs MoJo0HO IUIaHeTaM Mo CBOMM opOutam. [IIoTHOCTH fIpa MpH 3TOM OKa3ajlach 4Ype3BbIYAMHO
OTPOMHOM, YTO MO3BOJIWIJIO CAENIATh BBIBOJ O BO3MO)KHOCTH CHUJIBHOTO CKaTHsI BELIECTBA U J1aJI0 HOBBIE UJIEU O
mpoleccax U BelIecTBE BHYTpU 3Be3[ (T€ O4eHb BBICOKOE naBieHue). IlosBuioch moHsTHE CBOOOIHBIN
BNEKTPOH — OJJIEKTPOH, KOTOPBIA «OTOpBAJCS» OT CBOEro aroma. lak Kak Ui OTpbiBa Tpedyercs
HHEpPro3arparbl, TO IMOJY4YEHHE CBOOOJHBIX AJIEKTPOHOB TPeOyeT HCIOJIb30BaHUS OCOOOW SHEPrHUHM BBIXO/A
anekTpoHOB. Ctanu Oosee MOHATHBI MPOLECCHl, BO3HUKAIOIIME NPU MOJSAPU3ALUN, HAMATHUYMBAHUHU TEN U
00pa3oBaHUH TOKOB (0COOCHHO B BakyyMe). BO3ZHHMKIIO TTOHATHE «3JIEKTPOHHBIN» Ta3.

[Ipn n3yyeHUM CHEKTPOB M3JIyYEHUS Pa3IMUYHBIX BELIECTB, NPOSBUIIACH 3aBUCUMOCTb MX OT aTOMHOIO
cocTaBa (T. €. KaX/Iblif aTOM UMEET CBOM CIIEKTpP, CTPYKTypa KOTOPOIo 3aBUCUT OT XHUMUYECKOTO 3JI€MEHTa JJIs



3TOro aroma). Hampumep Hanmuuue BOAOPOJa MOXHO ONPENENIUTh MO CIEKTPY U3ITYUYEHHUS MOJIEKYIBI JIF0OOro
BEIIECTBAa, B COCTaBe KOTOPOM ecTh XOTs Obl 1 aTtoM Boxopona. DTO Jajdo METOJ| ONpENeeHHs] CTPYKTYpPbI
pa3INYHbIX BEIIECTB U OOBEKTOB (B TOM uucie U 3Be3N). CTajo sSICHO, YTO OKUCIUTENLHOTO TOPEHHs BHYTPHU
3Be3bl HET (OOBSCHEHHE CBEUYEHMs 3BE3/] KaK OKHCIHUTEIbHOM peakluu TOpeHus ObUIO OKOHYATEIbHO
OTBEPrHYTO M ObliIa BBIJIBUHYTA HJEsl caMO MOJAECPKUBAaeMOM saepHoi peakiuu). OJHOBPEMEHHO HU3yueHHUE
CIEKTpa IMOCTAaBUJIO BOMPOC O HAJTMUUU KBAaHTOBBIX 3(PPEKTOB B aTOMax.

st 0ObsicHeHUsT KBaHTOBBIX 3P QekToB B atomax aarckuil ydensiit H. bop (1885-1962) BeinBunyn B
1913 rony mpemioKeHHs] O CIENHAIbHBIX O00O0JIOUYKAaX WM COCTOSHHUSX JUIsl 3JeKTpoHOB. B momenm bopa
HNIEKTPOH HE MOXKET UMETh NMPOU3BOJIEHYIO OPOUTY U COOTBETCTBEHHO SHEPTHIO BHIXOZA, a 3allOJHAET OHY U3
CYUIECTBYIOIIUX JUIS JAHHOTO fAJpa OJJIEKTPOHHBIX oOojoyek. Eciau atom moTepsii 3JEKTPOH, TO OH
MOHU3UpYyeTcs (peBpalaeTcs B 3apsHKeHHbIN HOoH). V3yueHne HoHU3alMK 1T0Ka3aJlo, YTO YKCIIO JIEKTPOHOB B
aToMe KOHEYHO M MX MOXKHO IepecuuTarb. Takum o0pa3oM ObUT BHIYMCIIECH MOJIOKHUTEIBHBIN 3aps]l A1pa aToMa.
OOHapyxeHHe MOJIKUTEIBHO 3apsDKEHHOM YacTUIBl — TMPOTOHA (KOTOPHIM MMEET 3apsii TOUHO PAaBHBIM IO
aOCOIIIOTHOM BeMYMHE 3apsiy AJIEKTPOHA) MO3BOJIMIO B MOAENU bopa mpennonoxuTe, 4To SAPO COCTOUT W3
HECKOJIbKMX MPOTOHOB. VI3MepeHne Macchl IPOTOHA U CPaBHEHHE C MAaCCOM siep pa3IMYHBIX aTOMOB IOKa3aJo,
YTO Macca aapa Oonbine. beiia BRIABUHYTA UAEs O HAMYMU B SApE €llle U JacTull 0e3 3apsijia — HEUTPOHOB.
OOHapyXuTh B DKCIIEPUMEHTE CBOOOJIHBI HEMTPOH OKa3aJloCh ropas3/io CIOKHEE YeM MPOTOH WJIU 3JIEKTPOH,
TaK KaK OH HE UMEET 3apsi/ia U He B3aUMOJIEHCTBYET C 3JIEKTPOMAarHuTHHIM rojieM. Ho B KOHIIe KOHIIOB HEUTPOH
Obu1 oOHapyxeH B 1932 rony anruiickum ¢uzukom J[.Yensukom (1891-1974). B pesynsrare monens bopa
TOYHO XapaKTepu3oBasla aroM J00Oro BellecTBa HaOOPOM MPOTOHOB M HEUTPOHOB B SJpe M HAIUYUEM
AIEKTPOHHBIX 000JI0YEeK, KOTOphlE MOTYT OBITh 3alOJHEHBl WJIM HET. ATOM Yy KOTOPOrO BCE€ OOOJOUKU
3aIOJIHEHbl XUMUYECKU MHEPTEH, HAJIMYNe HE3alOJHEHHbBIX 000I04EK ONpeiesieT BAICeHTHOCTh U XUMUYECKHE
0COOEHHOCTH 3JIeMEHTa. ATOMBI C HE3allOJTHEHHBIMH 000JI0UKaMU MOTYT CBS3BIBATbCS MEXIY COOOM 3armoHss
000JI04KH «OOIIMMM» ANIEKTPOHAMH, oOpa3yeTcsi MoJieKyna BemecTsa. Hanpumep arom Bonopona H umeer 1 ve
3allOJJHEHHYI0 O000JIOUKY, IMO3TOMY 2 artomMa OOBEIMHAIOTCS B MOJIeKylny u3 2-x aromoB H,. Hwmes
HE3aIlOJIHEHHYI0 O00O0JI0YKY BOJOPOJ XMUMHUYECKH AaKTHMBEH M 00pa3zyeT MOJIEKYJbl Pa3iMYHbIX XMMHUYECKHX
BEIIECTB, B KOTOPBIX OH MOXeT oOMeHuBaThcsi 1 anekrpoHoM. Hampumep kucinopony O umeer 2 He
3aloTHeHHBIE 000JI0YKH, ModToMy oOpasyercss monekyna H,O — Boma. OObenuHeHHE JJIEKTPOHOB —
HHEPraTMYECKU BBITOJIHAS ONEepalysl, TO3TOMY BOJOPOJ FOPUT B KHCIOPOAE BBIJIENSAS SHEPTUIO — TEIUIO.

Takum oOpazom mozenp bopa manma xopomiee oObsicHeHue Tabnuile MeHneneeBa, BaJCHTHOCTH W
XMMUYECKHM CBOICTBaM €€ 3JIeMEHTOB, OKa3aJlaCh OHA JOBOJIBHO OYHOM M JUIS CIIEKTPOB U3IYUYEHHUS BOJOPOAA.
OpHako CHEKTphl JPYrMX BEIIECTB 3Ta MOJENb NpeJCcKa3blBajia HEBEpPHO, €€ Heo0XoauMo ObuIo
ycoBeplIeHCcTBOBaTh. Kpome Toro, He OBLIO MOHATHO IMOYEMY BpallAoUIMecs BOKPYT sJpa 3apsOKeHHbIE
AIIEKTPOHBI HE U3YYalOT AJIEKTPOMAarHUTHbIE BOJHBL. B TOXXe BpeMsi BOBMOXKHO U3JIy4YEHHE, €CIId SHEPTusi STOH
BOJIHBl paBHAa Pa3HOCTU HHEPruil 00OJMOYEK WIIM paBHA SHEPrHM BBIXOJA. BBIIO O4YEBHIHO, YTO MPOCTOE
MIPEJCTaBJICHNE O JBUKEHHUH JIEKTPOHA [0 KPYTOBOM 000JI0UKE HE OTPa’KaeT peaJbHOCTb.

Moaudukanus Moaenan aroMa ObUIa caeflaHa Mocye CO3aHus MOJTHOLIEHHON KBAaHTOBOM TEOpUU MOJS U
ypaBHeHus lllpenuHrepa ans KBaHTOBBIX cucTeM. OKazaloch, YTO AJIEKTPOHBI, MPOTOHBI, HEUTPOHBI UMEIOT
MHOXECTBO KBAHTOBBIX XapaKTEPUCTHK, KOTOpBIE OINpENEeNsIIoT UX IOBeIeHHEe B aromMe. B Toxe Bpems
U3TyYeHHUE WIH MOIVIOLIEHHE aTOMOM SHEPTUH BO3MOXKHO TOJIBKO € IMOMOIIbIO0 KBAHTOBBIX YaCTHI] — (POTOHOB,
0030HOB U T. . OCOOEHHOCTH KBAHTOBBIX XapaKTEPUCTHK STHX YACTHUI[ TAK K€ BIHUSIOT HA MPOLIECCHl B aTOME.
bbulo nokazaHo, UTO MPOTOHBI M HEUTPOHBI B sjpe (oOllee Ha3BaHUE YACTHUIl siipa — HYKJIOHBI, MOJBU
aJIpOHOB, TIOTOMY KOJUTalJep Ha3bIBACTCs aAPOHHBIM) B3aUMOJEHCTBYIOT HE C TIOMOIIBIO AJIEKTPOMArHUTHBIX
moJield, a 0COOBIM BHJIOM B3aUMOJICHCTBHs. B3amMmojeicTBHE aapoHOB B SApE OKa3aJloCh MHOTO CHIIbHEE
AIEKTPOMArHUTHOTO (TIO3TOMY SJpO HE Pa3BaUBAETCs NMPH OTTAIKUBAHUHM MPOTOHOB JPYT OT JIPyra), O3ITOMY
OHO OBLJIO Ha3BaHO CHWJIBHBIM. B ToXe Bpems, NpU YBEJIMUEHUU PACCTOSHHUS MEXAYy aJApOHaMH CHIIbHOE
B3aMMOJICHCTBUSL YMEHBIIAETCS TOpas3lo OBICTpee 3IEKTPOMATHUTHOTO M NPAKTUYECKH HE BIMAET Ha
MOJIEKYJISIpHOM ypoBHE. [I03TOMY CHIIbHOE B3aUMOJIEHCTBUSL HE CKMMAET BCE a/IpOHBI BEIIECTBA B OAHO S/IPO,
KaK BHYTPHM HEUTpOHHOU 3Be3/bl. [IoMHMO CHMIIBHOTO BHYTpM aroMa JAEWCTBYeT ciaboe B3aUMOJAEHCTBHE,
KOTOpPOE TaK e He YyBCTBYETCS Ha MOJIEKYISIpHOM ypoBHE. Bce 3T 0coO€HHOCTH Aenal0 KBaHTOBYIO MOJEIb
Ka)XJIOTO aTOMa JIOBOJIBHO CJIOKHOW CTPYKTYpOM, KOTOpast B HACTOsIIEe BPeMs JOBOJIBHO XOPOIIO ONMHUCHIBAET
CHEKTPbI U3TYUYEHHS U MOTIOIIEHUS JIEMEHTOB.



OcoOyto ponb B M3y4eHHH (U3MKAa aTOMOB UTPAET TEOpHs SACPHBIX peakiuil. [lepBoHaYaIbHO aTOMBI
CUHTAINCHh COBEPIICHHO HE W3MEHSIEMBIMH. DTO CUMTAJIOCh TIABHBIM MpEAHA3HAYCHHEM IOHATHS aTOM —
YacTHUIa U3 KOTOPO COCTOUT BCE, a OHA HE COJAEPKUT BHYTPEHHEUW CTPYKTypbl. M3yueHne XMMHUHM 3aCTaBUIIO
MIPUHATH KOHIICTIIIUIO MOJICKYJI U HE JENIMMasi 4acTh — aTOM CTajo YK€ YacThI0 MOJIEKYNIbl. B oTiawdmu oT
QIXUMUM XUMUS BBIICTUIA TaOMUIly OCHOBHBIX XUMUYECKUX DJIEMEHTOB, KOTOpBIE HE MPeoOpasyroTcs Apyr B
Jpyra ¥ HE MEHSIOTCS MPU XUMHUYECKHX peakinmsx. OgHako B (u3uKe BCe OKa3aloCh ciokHee. OTKphITHE
SIIEKTPOHA M MOHHU3AIMHU, MOKA3all0 YTO aTOM MOXET OBITh B Pa3NUYHBIX MOHM3UPOBAHHBIX COCTOSHUSX U
MOXKET TEPATH IEKTPOHBI KaK 4acTh ceOs. 3aTem Obuta OTKpBITa cynpyramMu Kropu pagnoakTHBHOCTb.

PagnoakTHBHOCTL — CBOWCTBO SZ€p CaMONPOU3BOJIBHO MEHSATH CBOM COCTAaB IYyTEM HCIyCKaHUs
yactull. OCHOBHBIMHU BUJaMHU PAJHMOAKTHUBHOTO paclajia sBISIOTCS aidb(a-pacnaa (UCIyCKaHHue siIpoM aiibda-
qacTullbl), OeTa-pacnaj (MCIyCKaHUE SIpOM OeTadyacTHUIlbl), CIIOHTAHHOE JENIeHUE SAep M raMMma-u3IydeHHe
BO30YKJIEHHBIX siziep. AJib(a-yacTuua — 3T0 sJIpo aroma renus. bera-gyacTtuma — 3To 3J€KTPOH, BOSHUKIIMMA
IIpU pachajie OJAHOTO HEWTpoHa BHYTpH spa. ['aMMa-KBaHT — 3TO KBaHT JKECTKOTO 3JE€KTPOMATrHUTHOTO
U3ITyYEHUSI.

B pesynbrate siapa aTOMOB MOTYT ACNIUTCS WM MCIYCKaTh YaCTHUIIBI U MPEBPAILATHCA B Spa aTOMOB
JIIPYTUX 3JIEMEHTOB. DTH PEaKIMU OBLIM Ha3BaHbBI SAECPHBIMH peaKIUAMHU AesieHus. CIeayronuM maroMm Obut
0OHapyXEeHbI PEeaKIUy MOTIOMIEHUS SIPOM aToMa YaCTHUIbl WU JPYroro sijipa ¢ oOpa3oBaHHEM siipa HOBOTO
ArieMeHTa. DT peaklnu ObUTH Ha3BaHbl SACPHBIMU peakuusMu cuHTe3a. Cpeau peakiuii cuHTe3a 0co0yro poib
CTajJii UTPaTh TEPMOSIEPHBIE PEAKIIUHU, KOTOPHIE MPOUCXOASIT MPU CKATUU U CUILHOM HarpeBaHUU BEILECTBA.
OTu peakuuu Hanbojee TOYHO COOTBETCTBYIOT YCJIOBHUSM SIIEPHBIX peakiuil BHyTpU 3Be3l. Takum oOpazom,
coBpeMeHHasi (U3MKA CUUTAET TEPMOSJEPHBIE PEaKIIUU TIIaBHBIM MEXaHU3MOM CO3/IaHHs OOBIYHOTO BEIECTBA
BO BCEJICHHOM W OJTHUM U3 BaXKHEHUIIINX MEXaHU3MOB €€ SBOIIOLINH.

SnepHble peakuuu B 4YeM TO TOAOOHBI XUMHUYECKUM U PACHIMPSIOT KPYT pPeaKIil NpeBparieHus
BEIIECTB B Ipupoae. s mpuMEeHEeHUs] XUMUU B MPAKTHKE OCOOYIO POJIb UTPAIA CaMO TOIEPKUBAIOIITUECS
peakIMy TOPEHHs W B3PbIBA, PEAKIIMU C KATaJU3aTOpoM, LUKIWYeckue peakuuu. OHM JalOT HHEPTUIO,
OTpesIeNsAoT paboTy ABUratenel, paboTy Hanlosee Ba)KHBIX XMMUYECKUX MPOU3BOACTB. AHAJIOTMYHO U IS
saaepHbix peaknuif. B konme 30-x romo 20 Beka (GpU3MKKM OOHAPYKWIH SBICHHE CaMO MOICPKUBAIOIICHCS
IUKJIMYECKON peakIuu pacriaja sijiep ypaHa u roiyToHus. Karanmzatopamu B peryasTopaMH TaKUX PeaKIvid
CTaJIM HEKOTOPBIE BEIIECTBA, 3aMEJISIONINE WM TOTTIONIAI0NINe HEHTPOHBI (TpaduT, Tspkenas Boja u T. 1.) Ha
OCHOBE TaKWX CHCTEM OBUIM CO3/[aHBl SIACPHBIC PEAKTOPHI W SACPHBIE B3PBIBHBIE YCTPOWCTBA. SnepHbIe
pEaKTOpbl JEJNEHUs] CTall OCHOBOW SIIEPHOM SHEPreTHKU W SEPHOTO TPAHCIIOPTA, a SJIEPHBIE B3PBHIBHBIC
YCTPOWCTBa OCHOBOM HamOoJee MOIIMHOTO OopyXkus. bojee CIOXHOW cTajma peanu3ainus sSASpPHBIX PEaKIUid
cuHTe3a. He ympaBisiemblil siepHbIN cuHTE3 (TepMosiiepHas 6oM0a) ObLT peann30BaH C MOMOIIBIO SIEPHOTO
B3PBIBHOTO YCTPOWMCTBa HAa OCHOBE pEaKklIMM pacraja. SaepHbld B3pbIB CKUMAeT M Pa3orpeBaeT aToOMbI
BOJIOPOJIa M pEaNu3yeT JOKAIbHO TEPMOSJEPHYIO PEaKIMI0 B3pbIBa BOJOPOAHOW OOMOBI. YIpaBliseMyro
pEeaKkuuI0 TEPMOSJIEPHOTO CHHTE3a MOKa pealii30Bajl TOJBKO JIOKAIBbHO, JUISI OIPAaHMYEHHOTO MPOMEXYTKa
BPEMEHHU, KOTOPBIA HE JaeT MOKa pealn30BaTh HSHEPrOyCTAHOBKY HA OCHOBE TEPMOSACPHON pEaKIIMH.
Cy1ecTBYyIOT HECKOJIBKO BapHAHTOB pealn3alii YIPaBIsSeMOro TEPMOSIEPHOTO CUHTE3a — TOKOMAK (CKaTue
U pa3orpeB BOAOPOAHON IJIa3Mbl B CUJILHOM MAarHUTHOM IIOJ€), Ja3epHBIN (C)KaTue U pa3orpeB BOAOPOIHOMN
TJ1a3Mbl B CUJIBHOM ITYYKe JIA3€PHOTO HM3JIyYEHHs ), XOJOIHBIN SIEPHBIN CUHTE3 (0COOBIe BapHaHTHI PEaKIIUU
IpU CPaBHUTENBHO HU3KUX TeMIleparypax). [JaBHas ujes TEpMOSIEpHOW peakluu — CKaTh W Harperh
BOJIOPOJIHYIO IIJIa3My JI0 COCTOSIHUSI KOTJ[a aTOMBI BOJIOpo/ia OynyT O4Y€Hb 4acTO CTaJIKUBATHCS MEXAY COOOM ¢
JIOCTaTOYHO OONBINON SHeprueit cronkHoBeHui. [Ipu peakuuu cuHTE3a BBIACIAIOTCS (DOTOHBI U YACTHUIBI,
KOTOpBIE JIOMOJIHUTEIBHO Pa3orpeBaroT Iuia3My. [T1laBHOe — yaeparh 3Ty IU1a3My, He JaTh €d paclIupuThCs
WJIM B30PBaThCsl.

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



Huanoru: «®usuka snemeHTapHbIx yacTuipy. Yacts | https://www.youtube.com/watch?v=JuSTEjkrxAl
Huanoru: "®usznka snementapHbix gactuil". Yacts II https://www.youtube.com/watch?v=xZuE7aOp_vo

KBanToBas teopus

Jiiss 0ObsICHEHUsI KOPITYCKYJISIPHO-BOJIHOBOTO Jyaji3Ma MaTepuu ObUIO pEIIeHO BBECTH OCOOBIE ypaBHEHHUS
KBaHTOBOW MexaHuku (1926— 1927 rr.) lllpénunrepa, KOTOpbIE SBISIOTCS aHAJIOTOM ypaBHEHUS ABM)KEHUS
Herotona nnst knaccuueckod uvactuibl. llpénuurep mpeniaoxkun cuvTarh KBAHTOBYIO YACTHUIY BOJHOBBIM
«CONUTOHOM» (crycTkOM BosiH). OH cyMTal, YTO BCE MPOLECChl B MUKPOMHUpPE SBISIOTCS HCKIIOUUTEIHHO
BOJTHOBBIMM TIPOILIECCAMH, T.€. YTO TOJBKO BOJHBI 00nanaroT ¢u3mueckoil peanbHOCThIO. Ilo ero MHeHwuro,
YyacTHIla — HE YTO MHOE, KaK IpyIiNa BOJH, 3aHUMAIOLIasi ONpeAeIeHHYI0 YacTh MPOCTPAHCTBA U JABIKYILIAsCS
Kak enuHoe 1enoe. J[ns omucaHus 3TOW BOJHBI BBOAMTCS BOJHOBAas (DyHKIIMSA, OINMMCHIBAIOIIAS COCTOSIHUE
Ka)KJI0M KBAaHTOBOH YacTHIIBl. BoiHOBast GyHKITMS 3aHUMAET BCE MPOCTPAHCTBO M YACTHIIA KaK ObI «pa3Ma3aHay
10 BCceMY IpocTpaHcTBy. [louemMy ke MBIl BUAMM YacTHUIy B KAKOM-TO KOHKpeTHOM Mecte? Jleno B cryueHun
9TOM (YHKIIUU WK €€ pa3psHKEHUU (aHAJOT BEPOATHOCTHON WM HEUETKOW (DyHKIUH/JIOTHKH). Kak TOIBKO MBI
MBITAEMCS OMPEJESIUTh 7€ TOYHO HAXOAWUTCS YaCTHIIA, MBI HAYMHAEM B3aMMOJCUCTBOBATH C 3TOW (DYHKIIMEH.
Takum 00pazoM, Tr000€e M3MEpPEHUE I KBAHTOBBIX OOBEKTOB MPUBOJIUT K M3MEHEHHUIO COCTOSHUSI 00BEKTa U
ero ¢ynknuu («xor» llpenunrepa). Korma KBaHTOBBIX YacTHI[ MHOTO, OHM BCE€ B3aUMOJEHCTBYIOT IPYT C
JpyroM M UTOrOBas BOJIHOBas (YHKLUMS TEepeMEIINBaeTCs WIM «3amyThiBaeTcs». IloaToMy dnCTBIMH
KBAaHTOBBIMU CBOMCTBaMH 00J1a/Ial0T TOIHKO MaJlble 00bEKThI — KBAaHTOBbIE YaCTHIIBI. bolee croKHbie 00BEKTHI
YK€ TepAI0T KBAaHTOBBIE CBOICTBA. [103TOMY KBaHTOBasi MEXaHHMKa XapaKTepHa TOJIBKO JIJIsl MUKPOMHUpA.

Oco0yio poib B CO3ZJaHUU KBAaHTOBOW TeopuM chirpai Ilmank. M3ydas m3iaydeHue Harperbix Tel U
MBITAsACh COIVIACOBaTh HIKCIEPUMEHTAIbHbIE OCOOEHHOCTH CIIEKTPOB M3IYyYEHUS C TeOpUEed ANIEKTPOIUHAMUKU
[I1aHK BBIABHHYNI WO, YTO OOMEH MEXIy HU3Iy4eHHEM M BEIIECTBOM IPOUCXOIUT HE HEMpPEepPHIBHBIM
0o0pa3oM, a TUCKPETHBIMU MOPLUSAMHU, KBaHTaMu. [Ipu 3TOM KOIMYECTBO SHEPrUH, COMOCTABISIEMOE KBAHTY C
gactotoil f (BennuuHa, oOpaTHast TMHE BOJIHEI A), ompeaenseTcs mo Gopmymne
E = hf (popmymna Ilnanka). 3neck rue h = 6,625 10°* Jlx*c u ects nocmosnnasn Ihanka. usuueckuti cmolei
nocmosinnou Ilnanka cocmoum 6 mom, 4mo eciu 8 K1acCu4eckoll puzuke MUHUMANbHOE KOTUYECMBO 0elCmEus
Modcem Oblmb 100bIM, MO 8 KBAHMOBOMEXAHUYECKOM NPe0CmasieHul OHO He Modicem Obimb Menvbuie h. B aTux
YCIIOBUSX DHEPTHsl, HIMITYJIbC 1 MOMEHT MMITYIbCa (2 TaK K€ CIIMH — HeKasl BeJIMYMHA, aHAJIOT BpaIareIbHOro
MOMEHTa KBaHTOBOM YacTHIIbI) TakK k€ OyIyT UMETh JUCKPETHBIN CHEKTp 3HAYE€HUH, T.€., KaK TOBOPAT (PU3MKH,
KBaHTOBaHbl. B nmanpHeiimem »ToT moaxon Obul mojaepkaH bopom mpu moCcTpoeHUM CBOEH MOJENd aroMa U
CTaJ KpaeyroJibHbIM KaMHEM KBaHTOBOH TeopuH (MOYeMy OHA M Ha3BaHa kBaHTOBOW. B 1905 r. DiiHmTelH 1151
00bsCHEHHs (POTONEKTPUUECKOTO IPPEKTa TaKkKe MOCTYIMPOBAJ, YTO MEKTPOMATHUTHOE U3ITY4YEHUE, KaK U
TEIUIOBOE, MMEET KBAaHTOBBII XapakTep © COCTOUT U3 KBaHTOB — (QoroHOB. Hamomuum, uto
doroanekrpuueckuii dpdekt (potorddhexkr) — 3To sBICHHWE HCIYCKAaHUS SIEKTPOHOB W3 BEIIECTBA MO
neiicteuem cBera. CortacHO OWHIITEHHY KHHETHYECKash 3HEPrus BbUIETAOUIero (hOTOAIEKTPOHA paBHA
Pa3sHOCTH MEXAY dHeprueil poToHa U MUHMMAJIBHON SHEpruei, HeoOXOIUMOM IJIs1 OCBOOOXKACHUS HIEKTPOHA
U3 BELIECTBA, KOTOPast Ha3bIBAaeTCs pabOTON BBIXOJA.

BrnusHue wu3MepeHHs Ha TOBEIEHHWE KBAaHTOBOTO OOBEKTa TMPUBOAUT K TOMY, UYTO MPOSIBICHUE
KBAHTOBOTO OOBEKTa B KaU€CTBE WJIM YACTHIIbI, UJIM BOJHBI Oy/IeT 3aBUCETh OT TOTO, YTO M KaK MbI U3MEPSEM.
[TooToMy BONHOBOM WM KOPHYCKYISPHBIA XapakTep KBAHTOBAs 4YacTHIA TNPUOOpETaeT JHIIL B IJa3ax
skcnepuMenTaropa. C Jpyroil CTOpPOHBI BIMSHHME Mpollecca W3MEpPEeHHs Ha BEJIMYMHBI NPUBOAUT K HX
HeonpeneneHHocTH. leizenOepr, Ilaymu u upak chopMynupoBaiu TEOPUI0 KBAaHTOBOTO H3MEPEHHUs U
OTpeeNIM TaK Ha3blBa€MbI€ YCJIOBHS HeollpeneneHHOCTH [ei3eHOepra — BeNWYMHA SHEPTUU, UMIYIIbCA,
KOOpAMHATA YaCTHUIIBI HE MOTYT OBITh U3MEPEHBI TOYHO OJHOBPEMEHHO (JlaXke TeopeTHueckn). TOUHOCTh 3TOro
W3MEpPEHUS OIMCHIBAETCS COOMHOUleHuem Heonpeoenennocmu [ eiizenbepea, BBeNeHHBIM UM B 1927 1.
AxX*Ap = h, tne h — nocrosianas [Tnanka. @U3NYECKUI CMBICIT 3TOTO COOTHOIIEHUS COCTOMT B TOM, 4TO B
IpPUpPOJE JIOJKEH CYLIECTBOBaTh MPHUHIMIL, OTPAHMYUBAIOLINI BO3MOKHOCTH JIOOBIX 3KCIIEPUMEHTOB
(u3mepennit). [IpuMeHUTEIPHO K KBAHTOBOW YACTHIIC TO O3HAYACT, YTO M3MEHEHHUE MUMITYJIbca YacTUIlsl Ap u
U3MCHEHHE e¢ KOOpAMHAThI Ax OmMpenesieHbl ¢ TOYHOCTHIO 10 BEIUYMHBI KBAHTa MHUHUMAIBHOTO NCHCTBHS A.
[TooTomy (U3HKK TOBOPSAT, YTO OAHOBPEMEHHO TOYHO M3MEPHUTh KOOPAWHATY, HMIYIbC Henb3s. U3
COOTHOLIEHHSI HEOTIPEIETICHHOCTH TAKXKE CIEAYET, UTO, U3MEPSIsl CKOJIb YrOJHO TOYHO OJHY M3 BEJIUYMH, MbI



MIOJTy4aeM HEOIpPEAEIECHHOCTh B APYTOi, IOCKOIbKY X MPOU3BEACHUE PABHO ONPENEICHHON BEIUYMHE. TakuMm
00pa3oM, MPUHIUI HEONPEACTIEHHOCTH HUMEET MPUHYUNUANLHO BGEPOAMHOCMHbIL Xapakmep TpelCcKa3aHUs
coObITuil. KBaHTOBasi TeopHsi HE MOXKET MPEACKa3aTh pe3ylbTaT OTAEIBHOTO COOBITHS, OJJHAKO OHA C OONIBIION
TOYHOCTBIO JIa€T CpENHHUE 3HA4YeHWs JUIsi OONIBIIOTO dYHcia COOBITHH. Mepoit BEpOATHOCTH TOBEACHUS
KBAaHTOBOM yacTHUILIBI ABJsieTcs BBeAeHHas LLIpénuHrepom B ero ypaBHEHMH TaK Ha3bIBAEMasi 60IHO8AS (DYHKYUSL
\, KOTOpasi UCIOJb3YeTCs Ui BBIUMCIEHHUSI BEPOATHOCTH TOTO, YTO YAaCTHUIy MOXKHO OOHApPYXHUTh B JaHHOU
touke. Cama (yHKIMA Y HE MMEET NPAMOro (PU3MYECKOrO0 CMBIC/IAa — 3TO JIMIIL MareMaThdeckas 3aruch
BO3MOYKHOCTH (BEPOSITHOCTH) OMNPEENIEHUs, HO CXO/IHAsl C IOHATHEM aMIUTUTYNbI BOJIHBI. bbulo nmokaszaHno, 4to
HEMOCPEJCTBEHHO M3MEPHUTh €€ Helb3s, MOKHO M3MEPHUTh JIMIIb MHTEHCHUBHOCTH ((PU3MUYECKH OHa CBs3aHa C
SHEpruei), KOTopas MpPONMOPIHOHANBHA KBAJApary MOIY/IsS BOJNHOBOW (GYHKIMH |y|>, WM IUIOTHOCTH
BEPOSITHOCTH. TakuM 00pa3oM, INIOTHOCTh BEPOATHOCTH |y|2 M 1aeT pacnpeeseHne BEpOSITHOCTH HAXOXKICHUS
YacTHUILIBI B NPOCTpaHCTBE. Takod croco® omucaHus TMOBENEHHUS YacTUIbl W MPHUHILIMII HEONpEeAeIeHHOCTH
['eiizenOepra XopoIo COMIacyroTCsi ¢ KOPIMYCKYISPHO-BOJHOBBIM JTyadu3MOM. BoiHy Henb3s JOKaau30BaTh B
MIPOCTPAHCTBE, U IMOATOMY JII000€ HU3MEpPEHHUE IOBEACHUS YaCTHUIIbl, MPOSBISIONIEH M BOJHOBBIE CBOMCTBA,
NPUHIUIHAAIBHO CBsI3aHO C HeompenaeiaeHHocThlo. [lpunHnun HeompenenenHoctu [IelzenOepra maer
KOJIMYECTBEHHOE BBIPAXCHHE 3TOM HeomnpeaeneHHocTH. bop B 1928 1. 00001y mpuHIMI HEONIPEACICHHOCTH
['eiizenOepra B CBOEM NMPHUHIIUIIE JOTOJIHUTENIBHOCTH, CMBICIT KOTOPOTO B 0000111eHHON (hOpMYITHPOBKE COCTOUT
B TOM, YTO MOJy4Y€HHE SKCIEPUMEHTaJIbHOW HHPOpManMu 00 ONHUX (U3MUYECKHX MapaMeTpax Heu30eKHO
IPUBOAMT K IIOTEpPE JAPYrHX, IONOJIHUTENBHBIX MAapaMETPOB, KOTOPBIE XapaKTEPU3YIOT AITO KE SBICHUE
(@ddekT) ¢ HECKOTBKO APYrol CTOpOHBI. B (du3m4eckoM CMBICIE TaKUMHU JOTOTHUTEIBHBIMUA JPYT K APYTY
CYIIHOCTSIMH, TIOMMMO YIOMSHYTBIX KOOPJAMHATHl M HMIIYJIbCA, MOTYT OBITh BOJHOBOE U KOPIYCKYISPHOE
MPOSIBJICHUS BEILECTBA WJIM M3JIyUYEHHUS, SHEPrUsl M JJIUTEIBbHOCTh COOBITUS Wi u3MepeHus. CooTHOILIeHHE
HEOTIPEIEIIEHHOCTH JUTS SHEPIMU U JUTHTEIbHOCTH H3Mepenus umeet Bun: AE o At = h, tne AE = E2 — El
— Pa3HOCTh PHEPIHi B JiBa pa3lIMYHBIX MOMEHTa BPEMEHHM, pa3ielieHHbIX NpoMexyTkoM Af. CoBpeMeHHas
TEOpUsl CTPOEHHUS aToMa TaKkKe OCHOBaHA HAa KBAHTOBO-MEXaHWYECKUX IMPEICTABICHUSIX; B YaCTHOCTH,
UCTIONIb3YS W0 O CBOMCTBAax OJeKTpoHa, llaymu chopmymupoBasl NPUHIMI, MO3BOJSIIOMUN OOBSCHUTH
pacronoXeHre 3JeKTPOHOB Mo oOonoukaMm. Pe3ynbraTel W WIeH KBAaHTOBOW TEOPHHM MO3BOJMIM TMOCTPOUTH
HOBBI pa3zien COBpEMEHHON (PH3MKH — O JBM)KEHHH 3apsSHKEHHBIX MUKPOYACTHIl, YYUTHIBAs MX KBAaHTOBO-
MEXaHHYEeCKyI0 TPUPOAY, — KBAHTOBYIO 3JeKTpoauHaMuKy. OTrpoMHBIH BKJIaa B 93Ty (QHU3UKY BHEC
HoGeneBckuit naypear P. ®eitaman. Ilo cymectBy, 37ech paccMaTpuBaeTCs KBaHTOBasi MPUPOJIA
AIIEKTPOMArHUTHOTO TIOJI, U TIOCKOJIbKY JBI)KEHHE 3apsDKEHHBIX MHKPOYACTHIl €CTh BceoOlee sBICHUE
MPUPOJIBI, TO MOXKHO CKa3aTh, YTO KBAHTOBAs JIEKTPOANHAMUKA OMHICHIBAET BCE SIBICHUS (PU3MYECKOTO MUPA, 32
UCKJIIOUEHHUEM TpaBUTAIMM W PAIMOAKTUBHOCTU. DTa TEOPHUS MpOBepsach B JUala3oHE pa3MepoB OT CTa
JUaMETPOB 3€MJIH JI0 OAHOM COTOW aTOMHOTIO Spa, U TOYHOCTb Mpe/IcKa3aHui Obljla TOUCTUHE MOTPSICAIOIIEH.
JloToNHUTENBHO:

[2] c.155-176

[4] c.240-248

Teopusi CTpyH KpaTKO ¥ MOHATHO. https://www.youtube.com/watch?v=AFjUVavXWc0

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

KBanToBoe ycTpoiicTBo Mupa https://youtu.be/Jb2WbLeSyQM

DneMeHTapHbIe YaCTULIbI

OBOMIOIMS KapTUHBI MUKPOMHUpPA MPOXO/NIIA OIIPEICTICHHBIE 3TAIbL:

e aromucTudeckas Mozeinb Jleskuna — JleMOKpHUTa O TOM, YTO BECh MUP COCTOUT U3 aTOMOB;

e yjes MOJEKYISIPHOTO COCTaBa XUMHUYECKUX BEIIECTB;

e Moxenu atoMoB Peszepdopaa u bopa, nokazanu Haauuue 3JIEKTPOHOB U siipa aTOMOB;

® OTKpPBITHE MIPOTOHOB, HEUTPOHOB, KBAHTOBAsI MOJIENb (DOTOHOB, MO3BOJIMIIA HA HA COBPEMEHHOM YPOBHE

y>K€ TOBOPHUTH, YTO MUKPOMHP COCTOUT U3 B3AUMOJEHCTBYIOIINX IE€MEHTAPHBIX KBAHTOBBIX YaCTHIL.

ITpu 3TOM HE0OX0AMMO ObUIO BBIICHUTH KaKH€ YAaCTHUIbI CYLIECTBYIOT, KAKUMHU CBOMCTBaAMH 00JIaJal0T U Kakue
CHWJIBI U 3aKOHBI HA HUX JeicTBYIOT. [lepBoHauanbHO OBUIO M3BECTHO TOJNBKO 2 BHJA B3aUMOCHCTBHS MaTepuu
— TpaBUTALIMOHHOE (OMPEAENsAeTCs CBOMCTBOM Macchl) M 3JIEKTPOMArHUTHOE (OINpenessieTcs] CBOWCTBOM


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

AIIEKTPUUECKOTO 3apsia + WIK - © MATHUTHBIM MOMEHTOM — aHaJI0TOM MAarHUTHOTO MOJIsi 3aMKHYTOTO KOHTYpa
¢ TokoM). Takum oOpa3oM, yacTHIIBI 0013 ai CBOMCTBAMHU MaccChl, 3apsijia ¥ MarHuTHoro MmoMeHTta. [lo macce
YaCTHUIIBl PA3ACIMINCh HAa YaCTHUIBI C MacCcOi MOKOs (3JIEKTPOH, MPOTOH, HEHTPOH) M 0€3 Macchl IMOKOsS
(¢otonsr). DOTOHBI OBLITU TIO TEOPUH OJIU3KOJACHCTBUS MEPEHOCUUKAMHU JIEKTPOMArHUTHOTO B3aMMOJICHCTBUS-
noss. [lo aHanoruu npeanoaokuWin O CyIIeCTBOBAHUM I'PABUTOHOB — MEPEHOCUMKOB I'PABUTALMOHHOIO MOJIS.
Ho moxa ux He cMoriu oOHapyKUTh 3KcriepuMeHTalbHO. [10 3apsaay gacTuibl pa3aenuinuch Ha OTPUIIATEIbHO
3apspKEHHbIE (MIPUMEp — 3JIEKTPOHBI), TOJOKUTENBHO 3apshKeHHbIE (MpUMEp — MPOTOHBI) U YacTUIBl 0e3
3apsiaa (mpumep — HeUTpoHsbl). [Ipudyem u3MepeHust 3apsiaa moKa3aiu, YTo 3apsi 3JIEKTPOHA U 3apsi]l MPOTOHA
M0 MOAYJIIO PaBHbI, YTO J1aJ0 OCHOBAaHUE CUMUTATh 3apsA] DJIEKTPOHA «KUPIHUMUKOM» HWIM MHUHUMAaIbHOU
eANHULIEH 3apsa.

JlanpHelilee U3ydyeHUE CIEKTPOB H3JIyYEHUS arOMOB, a0 OCHOBAaHUE BBECTH elle | CBOMCTBO
KBAHTOBBIX YacTULl — CNHUH. JJi1 HEro BBENM aHAJIOTMI0 — MOMEHT BpAIIeHMs, TO €CThb YacTHIa KaK Obl
Bpalaercss BOKpYr cBoeil ocu. KoHEUHO sl KBaHTOBBIX 4YaCTHUI[ 3TO HE COBCEM BEpPHO, HO IOKa ApPYrou
aHaJIOTUU HE BbISABIEHO. TakuMm 00pa3oM, HaJleJIeHHE YacTULl BHYTPH aToMa (3JI€KTPOHBI, IPOTOHBI HEUTPOHHI)
CBOMCTBaMM 3apsifla, MarHUTHOTO MOMEHTA M CIMHA WM BBEJIEHUS MPUHILNIA KBAHTOBAHUA HMX BEJIUYHUH
MO3BOJIMJIO OOBACHUTH NMPAKTUYECKH BCE OCOOEHHOCTH CHEKTPOB M3JIY4YE€HHsS aroMoB. B Hacrosinee Bpems
Takas KBAaHTOBas MOJIEJIb aTOMa, ONuchiBaeMast ypaBHeHusiMu [lIpeaunarepa 1i1st BOTHOBOHM (DYHKITHH, CYUTAETCS
0a30BOH.

Ocoboit mpoOneMoil Juis MOJENM aroMa CTajo OOBSICHEHHWE CTa0WIBHOCTH ero supa. Benp
OTTaJKMBAaHUE TMOJIOKUTEJIBHO 3apsSHKEHHBIX IPOTOHOB JODKHO OBUIO €ro pa3pylIdThb. 3HAUUT MEXKAY
NPOTOHAMHU €CTh €IIEe OJHO B3aUMOEWCTBHE Ooyiee CHIIBHOE 4YeM 3JieKTpomarHutHoe. Kpome Ttoro, oHo
JICUCTBYET W HA HE 3apsHKCHHBbIE HEUTpOHBI. Takoe B3aMMONEWCTBHE HA3Bald CUJIBHBIM HYKJIOHHBIM
B3aMMOJICHCTBUEM, a JUIS MIPOTOHOB M HEHTPOHOB MOSIBUIIOCH OOlee Ha3BaHHE — HYKJIOHHOE. Y CHIIBHOIO
B3aUMOJICHCTBHS JIOJDKEH OBITh CBOM mepeHocuuk. W Takas yactuia Obuta oOHapykeHa — ME30H, OJTHAKO OH
OKa3aJiCsl HE OYEeHb CTAOMJIBHBIM, YTO OOBSCHSAET ObICTPOE YMEHBIIEHNE MOLITHOCTH CHIILHOTO B3aUMOJECHCTBUS
C yBeJIMYEHHEM paccTosHus (ropasno Obictpee 1/R?). [To9TOMY BBUIETEB U3 sapa JOCTATOYHO JAJIEKO IMPOTOH
YK€ Ha3aJ HE «IalaeT.

@du3uka 3IEMEHTAapHBIX YacTHUI] Hayala aKTUBHO Pa3BUBAThCS C MOSABIEHHUEM CPEICTB PETHCTpalluu
Takux dYactuil (cuerynk leirepa u T. 1.) U yckopuTened. YcKopuTenb — TpUOOp, KOTOPBIA YCKOPSET
3apsKEHHbIE YaCTUIBI 3JEKTPOMArHUTHBIM TOJIEM. YCKOPHUTENIW OBIBAIOT JMHEMHBIMH WIH LUKINYECKUMU
(xpyroBbiMH). [IBM)KEHHE YaCTHIIBI 110 KPYTy JaeT BO3MOXHOCTh €€ CHJIbHEE pa3orHarh, ONMXKe K CKOPOCTH
cBeta. B pesynbrate oHa mosyyaeT 3HAYMTENbHYIO dSHEpruio. MHorue ¢uznyeckue MpoIEecChl MPU BBICOKUX
HHEPIUsAX MPOSABISIOTCA 0CO00, YTO J1al0 BO3MOXKHOCTH BBIIEIMTH B OTAENbHBIN pazaen Pusuky Boicokux
Onepruii. /lanee yacTua CTaJIKMBAETCS C MUIIEHBIO, T. €. C JPYrOM YacTULEH MOYTH HEMOABMXKHOW. ITO
NPUBOIUT K BBIJCIICHUIO BCEH HAKOIJICHHOM SHEPrHM M IMPOSBICHUIO PA3IUYHBIX MOCHencTBHH. OcoOeHHO
BBICOKAsl SHEPTHUs IOJIy4aeTcs, €ClIM CTAJKUBAIOTCS 2 MOTOKa JIBMKYIIMXCS HABCTPEUy JPYr JPYry IMYy4KOB
yactull. [locTeneHHO YCKOpPHTENM CTAaHOBWJIMCH Bce OOINblIe MO pa3MmepaMm (IHAMETPOM B HECKOJIBKO
KUJIOMETPOB), YTO JaBajio Bce Oouplnyto 3Hepruio. [Ipu 3ToM pokaanuch Bce HOBblE M HOBbIE YacTHIIbI. Tak
ObUTH HaliJIeHbI TUTIEPOHBI. Ha3BaHMe «TUMEPOHBD) MIPOUCXOAUT OT TPEUECKOTO «THUMEpP» — BHIIIE, TaK KaK OHU
TsKeJIee MIPOTOHA, HO TaK K€ MOABEP>KEHbI CUJIbHOMY B3auMoelcTBHI0. HyKIOHBI M rUNepoHbl 00bEAUHIIN B
KJ1acc 6apuOHOB — OT TPEUECKOro «Oapucy» Tskenblil. bapuoHsl (HyKJIOHBI, THIIEPOHBI, OAPUOHHBIE PE30HAHCHI
— KOPOTKOXHBYIIME YaCTUIBl) MPH JIOOBIX pEeaKkIMsIX MOTYT IMpeBpalarbcs B MPOTOHBI WJIM M3 HUX
noiydarbes. Jlanee OblTM  HalieHbl CHJIBHO B3aMMOJCHCTBYIOIIME ME30HBI U 00Opa3oBajics Kiacc
aJpPOHOB=ME30HBI+0apUOHBI (TIOPTOMY CYIEPKOJUIAIep Ha3bIBa€TCS aapoHbIM). TakuM 00pa3oM, CHIIBHOE
B3aMMOJICHCTBUE BIUSET Ha MOBeJAeHHE aipoHOB. OcoOyt0 posib B MCCIEJOBAHUN KBAHTOBBIX YACTHII CHITPAJIO
OTKpbITHE HEUTpUHO. [IpH M3ydeHUH HEKOTOPBIX peakluil ObUIO OOHApPYKEHO HapyIICHHE 3aKOHA COXpPaHEHUs
sHeprum, llaynu mpeamonoxun (1930 r) 4rto sHeprust BBIACNSETCS BMECTE C HEOONBINON He3apsKeHHOU
yacTHULIeH (YMEHbIIEHHON KOMHUeW HeUTpoHa — HEUTpHUHO). OTHAKO OOHAPYKUTH B IKCIIEPUMEHTE 3Ty YaCTHUILY
0Ka3aJIoCh OuYeHb TPYJHO, OHA JIETKO IMposietaeT naxke uepe3 3emuto (50-e roma). Eme Tpyanee Obuio
ONpeeNIuTh €€ MacCy, OHa OKa3ajach CTOJb MaJoM, YTO HEKOTOpble YYeHble Mpeajarajd CUYUTaTh ee
6e3MaccoBbIM (POTOHOM MEPEHOCUUKOM 0co00ro BUa B3aumoneicTBus. M Tonpko B koHle 20-Hayane 21 Beka
HaJIMYMEe MacChl MOKOS HEUTPUHO ObLIO ompezaeneHo. [lpu 3Tom ObUIO OmpeneneHo Kak MUHUMYM 3 pa3HbIX



TUTIA HEUTPUHO, a AHTUHEUTPUHO TaK MOKa U HE OOHAPYKEHO.

Bonee nerkue wacTuipl TOXEe B3aUMOJICUCTBYIOT, HO TIEPEHOCUMK JIPYrod — BEKTOPHBIN 0030H. Bce
KBAaHTHI MEPEHOCYMKOB CTaJM HAa3bIBaTh OOIIMM CIOBOM — 0030HBI. Takoe B3amMopeicTBHE OBLIIO HA3BaHO
c1a0bIM, a YaCTUIIBI MY MOAYUHSIONINECS HA3bIBAIOT JienToHaMU. K 1enToHaM OTHOCATCS AJIEKTPOHBI, MIOOHBI
U HelTpuHO. B HacTosiliee BpemMs B OCHOBE KJIACCH(IMKAIIUU DIIEMEHTAPHBIX YaCTHUI[ JIOKUT UX JIEJICHHE Ha
KJIAaCChl CWJIBHO B3aUMOACHCTBYIOMMX (agpOHBI) H CJIa00 B3aMMOJCHCTBYIOMIMX (JIENTOHBI) YACTHII.
KnaccuduimpoBansl Tak k¢ 4 OCHOBHBIX BHJa B3aUMOJICHCTBUSI — TPAaBUTALMOHHOE, JJEKTPOMATrHUTHOE,
cunbHoe U cnaboe. Mm coorBerctByer 4 mons U (opmarbHO 4 KBaHTa-NMEPEHOCUMKA B3aWMOJIEHCTBUS
IpaBUTOH, (HOTOH, ME30H, BEKTOPHBII OO30H.

AJTpOHBI JlenroHs!
(cHIBHO B3aHMOIEHCTBYIOLIHE) (cnabo r3auMoneicTBYOIIHE)
Me3soHs! bapuons! DNEeKTPOHBI Mioonsi Heitrpuso
Hywiouei
(HelTponsl, | | I'HIepoHs!
IPOTOHEI)
¥ ¥ L
KBAPKH

Eme ogHoll 0cOOEHHOCTBIO KJIACCOB AJIEMEHTAPHBIX YaCTHI] CTAJO0 OTKPBITUE aHTUMarepuu. Pemas
BOJIHOBOE YpaBHEHHME KBaHTOBOW a3nekTponuHamuku II. lupax B 1928 r Hamen eme ogHO CHUMMETPUYHOE
pelLIeHHe AJIs aHTUAJICKTPOHA, KOTOPBIM JOKEH UMETh Ty e Maccy, HO 3apsi/i NOJI0KUTeNbHbIN. Takas yactuna
— TO3UTPOH ObUTa OOHapy)XeHa B dKCHEpUMEHTE. PelaTUBUCTCKOM KBaHTOBOW Teopueil ObUIO yCTAaHOBJICHO,
YTO MOYTHU JH000H 3JI€MEHTapHOM YacTHLE COOTBETCTBYET aHTUYACTHUIA B TOM CMBICIIE, YTO, UMesl OJUHAKOBBIE
Macchl, TEPUOAbI MOIYypacnana, a TakKe OJMHAKOBBIC KBAaHTOBBIC UYMCIIA, OHM PA3IMYAOTCS 3HAKAMH BCEX
3apsIloB: JIEKTPUYECKOro, OApHOHHOIO, JIENTOHHOTO U Jp. DTO ClEAyeT U3 OOIIMX NMPHHLUIIOB KBAHTOBOM
TEOPHH TIOJII U TIOATBEPXKAACTCS IKCIIEPUMEHTAIBHBIMUA JaHHBIMH. TakuM o0pa3oM, BO3HUKJA TiIoOanbHas
npo0neMa yacTHlla—aHTHYACcTUIA, PA3HBIX MO 3HAKy 3apsijaa yacTull. IlpudyeM npu CTOJIKHOBEHHMH YacTHLbI U
AQHTUYACTHUIBI IPOUCXOAUT aHHUTWIIALNSA, T.€. OHM B3aUMHO YHHUUTOXAIOT JPYT JIPyra, U MPU 3TOM BbIAEISIETCS
SHEPIus B BUJE KBAHTOB JIEKTPOMArHUTHOIO U3nydeHus ((poToHoB). [Ipu 3TOM NPOTOH aHHUTMWIIMPYET UMEHHO
C AQHTUIIPOTOHOHOM, a HE TMO3UTPOHOM, TAK KaK AHHUTWIALMUS JOJDKHA COXPAHATh CHMMETPHIO CBOMCTB-
3apsiioB. PaKTHUUECKH 37€Ch MPOSBISAETCS DNIyOOKass CUMMETpHUsl 3aKOHOB (u3MKH. DaKTHUUECKH 3aKOHBI
COXpPAHEHHUSI OTPAXKAIOT CUMMETPHUYHOE YCTPOWCTBO MHpa. Hampumep Hainyue MNOJIOXKUTENBHOTO 3apsia
JIOJDKHO OBITh YPAaBHOBEIIEHO OTPHULATEIbHBIM 3apsiioM. IIpu 3ToM 4Mciao OapHOHOB WIIM JIENTOHOB TOXE
JOJDKHO COXpaHAThbesA (aHajor 3apsaa Ui CHJIBHOTO WM ciaaboro B3auMmozeicTBusi). B Toxe Bpems
CYLIECTBYIOT OTJIEJIbHBIE CIy4al HApYIIEHUS CUMMETPHUM, KOTOpPbIE 3aCTaBUJIM YYEHBIX YCIIOXKHSTh 3aKOHBI
COXpaHeHHUsA-cUMMeTpuu. Tak Hampumep OblUla BBEICHA TOMOJHHUTEIbHAs 0co0asi KBAHTOBAs XapaKTEPUCTHKA
YyacTUIbl Ha TOJ00ME 3apsiia, KOTopas ObUla TaK M Ha3BaHA «CTPAHHOCTHY.

MHoroo6pasre U CII0KHOCTh CUCTEMBI KBAHTOBBIX YaCTHUI] 3aCTaBUJIA YYCHBIX BBIJIBUTaTh HOBBIC HJICH.
Tak Obuta paspaboTaHa TeOpHUs 3JIEKTPO-CIA00TO B3aUMOACHCTBUSA (OOBEIUHEHHE JJICKTPOMAarHUTHOTO |



ciaboro) u Teopust kBapkoB. K HacrosmieMy BpeMeHHU Bce 3TO 00beIMHEHO B pamkax CraHIapTHOW Mojenw,
KOTOpasi MOJTBEpXK/IeHA HEJaBHUM OTKpPhITHEM 0030Ha Xurca. B 3Toif Momenu MpencTaBisIOT aJpOHBI Kak
COCTaBHBbIE OOBEKTHI, KOTOPbIE COCTOAT M3 KBapKoB 6 pa3HbIX THMOB. KBaHTOBas XapaKTepUCTHKa KBapka
noJTy4nsa Ha3BaHue — IBeT. CHIIbHOE B3aMMOJICHCTBHE 3/IECh PACCMATPHBACTCS KaK B3aMMOJICHCTBHE KBAPKOB
C MEePEHOCUNKOM — II0OHOM. Teopusi 3J1eKTPOCadoro B3auMoaelcTBUA MpeCcTaBiIsieT coboil (co3naHa B
koHIe 60-x rogo C. BaitnOeprom, III. I'mamoy, A. Camamom) enuHyio (00beIMHEHHYIO) TEOPHIO CIab0Oro M
AIEKTPOMArHUTHOTO B3aUMOAEHCTBUI KBAPKOB U JIENTOHOB, OCYIIECTBIIIEMBIX MIOCPEICTBOM OOMEHA YEThIPbMS
yacTHLIaMU —  0e3MaccoBbIMU  (poTOHaMU  (3JEKTPOMAarHUTHOE  B3aUMOJEUCTBHE) U TSHKEITBIMU
IPOMEXYTOUHBIMH BEKTOPHBIMH 0Oo030HamMHu (cnaboe B3aumoneiicTBue). TakuMm 00pa3oM KUPIUYMKAMU
CTaHJApTHOH MOJENU JOKHbI ObITh 6 KBapkoB, 6 jenToHoB, 6 ©0030HOM. OnuH U3 0030HOB —
IPaBUTALIMOHHBIM TPaBUTOH MOKa HE OOHapyXeH. B memomM, Kpome rpaBUTallMM 3Ta MOJAEIb JAET XOpollee
COOTBETCTBHE C IKCIIEPUMEHTAMH.
CTpyKkTypa cTaHIapTHOI Moaean

Macca—» =2.3 MaB/c? =1.275 MNaBic* =173,07 ra@/c! 0 =126 MN3B/c*
iapan-—» 213 u 2/3 C 2/3 t 0 0 H
cnuH— 172 1/2 172 1 g 0
BEPXHMIA 0YapOBAHHBIA | = MCTUHHbLINA FNIO0H Eﬁ??ga
=4 8 MaB/c? =95 MaB/c? =4.18 M3B/c* 0
13 d -1/3 s -1/3 b o
112 12 1/2 1 »
HUMKHNIA CTPaHHLIA  NpenecTHbIN doTOoH
0.511 MeV/fc? 105.7 MaBsc? 1777 ragict 91.2 MBfc?
-1 -1 'I] -1 0
172 e 1/2 1/2 T 1 z
3NEKTPOH MIOOH Tay Z 6030H
=2 2 3Bic? =0.17 MaB/c? =15.5 MaB/fc? B0.4 MaB/c?
a 0 a +1
112 vE 1/2 .I)p' 1;2 -I')T 1 W
3NEKTPOHHOE  MIQOHHOE Ta
HEMTPUHO = HEWTPUHO = HENTPWHO W 6030H

JlonmomHUTENBHO:

[2] ¢.155-176
[4] ¢.135-158

Muanoru: «®usuka snemeHTapHbix yactul». Yacte I https:// www.youtube.com/watch?v=JuSTEjkrxAl
Huasorn: "®wusuka snemenTapubix yactunl”. Yacts 11 https://www.youtube.com/watch?v=xZuE7aOp _vo

Hanorexnonoruun
Hanorexnonoruss — o0nacte GyHIaMEHTAIFHON M MPHUKIATHON HAYKU U TEXHUKH, paboTaromas ¢ 00beKTaMu
C 33JIaHHOM aTOMHOM CTPYKTYPOH ITyTEM MaHHITYJIMPOBAHUS OTIEIbHBIMU aTOMaMU U MOJIEKYJIaMH. | HaHOMETp
= 0,001 muxpomerpa =0,000001 munmmerpa. Pa3BuTue TEXHONOTHI MOCTOSHHO TPeOOBANO MOBBIIICHUS
TOYHOCTH M3TOTOBJIEHMS JAeTaliel, MeXaHu3MoB, cucteM. Cranpgapt koHua 19 no cepenunbl 20 Beka —
MUKpPOHHBIE TexHOJOruu. B koHine 20 Beka NOSABICHHE MHUKPOVIEKTPOHMKH CHENIAN0 CIEAYIOLIMM Iuar B
HanpasiaeHuu 100 uMm, 10 HM U T. 1. [ToABUINCH TEXHONOTMHM JIa3€pPHOTO HAMbUICHUS, CBEPXYUCTHIE MaTepUabl



u T. 1. B xoHne 20 Beka MOSBHIOCH MOHSTHE HAHOTEXHOJOTHH, KOTZa Ha TEXHOJOTMYECKHH MPOIECC CTalld
BJIMSTh KBAaHTOBBIE SIBJICHHS M aTOMHO-MOJEKYISpHOE CTpoeHHe MarepuanoB. llpumepsl : HaHOPOOOTHI,
HCKYCCTBEHHBIE BUPYCHI, 0aKTepHH, HAHOYACTHIIBI, HAHOCTPYKTYPBI.

JlonmomHUTENBHO:

[2] c.342-351

Hanotexnomnoruu. Hesuaumas peBomtonusi. beckoneuno mamsie yactuiisl.https://www.youtube.com/watch?
v=pCSiKEIViX0

[Topsimok 1 GeciopsiIoK B IPUPOJIE
CriyualiHble ipouecchl U siBJeHus. PaqnoakTMBHOCTh, KBAHTOBBIN IIYM M OPOYHOBCKOE JBUKEHHE

Jlonroe Bpemsi JIFOAM CUMUTAIM YTO BCE B MPUPOJE HE CIy4ailHO, UMEET CBOIO NPUUYMHY U MOXKET OBITh
onpesieneHo To4yHO. Eciiv OHM YTO-TO HE MOHMMAJIM WJIM HE MOIIM YCTAaHOBHUTH MHPOCTYIO MPUYUHY, TO
IpEeATNoiarajy Halu4dhe HeKoil «BHemrHed Boiw». Tak MOSBMIMCH MOHATUS O ayxax, Oorax u T. 1. [axke 3a
XaOTHYECKH 3allyTaHHbIE Mpouecchl oTBedasn Oor Xaoc. Takue 3aKOHOMEpHbBIE IMPOLECCHl ObUIM Ha3BaHBI
JIeTEPMUHUPOBAHHBIMU (OT aHIIIMIICKOTO ClIoBa ompenesnsaTh). JJo 19 Beka yueHble CIIOPUIM TOJIBKO O HATMYUU
BJIMSIHHMSI Ha MPUPOAY MOTYCTOPOHHUX cui. B mexanuctuueckoil kapruHe HpioToHa 3a O0oroM ocTaBajioch
TOJBKO TPOIIECC CO3/1aHUS MUpPA U YCTAHOBJIEHHE €r0 3aKOHOB, Jajbllie BCe PadOTaI0 «CaAMOCTOSTEIHHOM.
[TosiBUIIMCh M aTEHMCThI, KOTOpbIE MBITAIUCh COBCEM YOpaTh Oora M3 KapTUHBI Mupa. M3yueHue TermioBbIX
IIPOLIECCOB U TEPMOJMHAMHMKHU 3aCTaBWJIO MEPECMOTPETh Takoil monaxon. IlosBunack BEpOATHOCTHAs KapTHHA
MHpa B KOTOPOH €CTh clyyaliHble U CTOXaCTHYECKHE (CMECh CIIy4ailHOro M IETEPMUHUPOBAHHOTO) MPOLECCHI.

[lepBoHa4YaIBLHO MHTEPEC K XaOTMUECKUM IPOLECCaM BO3HHK MPHU U3YYEHUH OPOYHOBCKOTO TBM)KEHUS
yactul. M3ydas moj MHMKpPOCKOIIOM TOBEJEHHE JKHMBBIX KIETOK M MHUKPOYACTHUIl YU€Hble OOHApYKUIM HMX
Xa0TUYECKOe IBIKEHHE, MOXOKee Ha JpokaHue. Takoe JBM)KEHHE ObUIO OOBSICHEHO JBHKEHHEM MOJEKYI
Bo3Ayxa. B raze monekynel cnabo cBsizaHbl (cabo0 B3aMMOAEHMCTBYIOT), MO3TOMY OHHM MOTYT JOCTaTOYHO
CBOOOJIHO JBHIaTbCs, CTAJIKUBAThCA JIPYT C JIPYyroM, o0Opasys OYeHb CIIOKHOE (XaoTH4ecKoe) JBHxkeHue. B
TEOPUHU BEPOSITHOCTHU JIOKA3bIBACTCS, YTO CIOXKEHHE OOJIBIIOTO YKCia pa3HOOOPa3HBIX M HE CBSI3aHHBIX MEXKIY
co0oif mporeccoB MPUBOIUT K (POPMHUPOBAHUIO CIy4YalHBIX mpoieccoB. [103TOMYy XapaKTepUCTHKH TaKOro
«MOJIEKYJSIPHOTO» Ta3a IMPaKkTUYECKHM MOYKHO OIHMCHIBaTh Kak ciydailHele. C JIpyrol CTOPOHBI Cily4allHbIE
IIPOLIECCHl TOXE HMMEIOT BIIOJIHE JIETEPMHHHUPOBAHHBIE XapaKTEPUCTHKU — CPEIHEE 3HAUEHUE, IUCHEPCHS,
Koppensiuus U T. 1. Tak BO3HMKIA cTaTUCTUYecKas (pU3MKa, KOTOpasl cTajla OMUCHIBaTh CJIOXHBIE MPOLECCHI
METOJIaMH TEOPHH BEPOSTHOCTEH M cTaTHUCTUKU. Hanmpumep naBieHue rasza B cocyne, cTaTUCTHUECKas (U3uKa
MPEICTABISIET KaK Mepeaady UMIyJIbca MOJIEKYJIaMU ra3a CTeHKaM cocyna. YeM ObicTpee ABMXKYTCS MOJIEKYJIbL,
TeM OOoJIbIIIe UMITYNIbC U JlaBieHue. CKOpOCTh MOJIEKYJ CBSi3aHA C X KUHETUYECKOM SHEprueil, a 3Ta SHeprus B
CpeIHEM M ompenenseT Temneparypy. Tak mosiBisercs cBa3b Temreparypbl U nasieHus. [Ipu cxatuu rasa,
MECTO MpoJieTa MOJEKYJl YMEHBIIIAeTCsl, CTOJIKHOBEHMS CO CTEHKaMHu yuvamarorcs. Tak oOpasyercss CBs3b
JaBieHus U obbema rasa. IIpu cxaTuu Tak ke HeoOXOAMMO BBIOJHUTH pabOTy IO Pa3roHy MOJEKYNI MpHU
COMMKEHUH CTEHOK, MOJTOMY YBEIMUYMBAETCS DHEPTUs JIBUKEHUS MOJIEKYT M COOTBETCTBEHHO TEMIIEpaTypa.
Tak oOpa3yercsi CBsI3b TeMIEpaTypbl U 00beMa rasa, a Tak k€ MOXXKHO C(HOpPMYIHUpPOBATh 3aKOHBI COXPAHEHUS
SHEPrUM B TEIIOBBIX Iporueccax. C apyroil CTOPOHBI, XapaKTEPUCTHUKU TAaKOTO «MOJIEKYISIPHOTO» Ta3a 3aBUCAT
OT KOJIMYeCTBAa MOJEKYIl M HX Macchl. Tak mosiBisiercs oOocHOBaHME (QOpMyNbl M 3akoHa MeHpeneeBa-
Knaitnepona P*V =x*R*T, rne P — naBnenne, V — 00beM, K — UHUCIO MOJEH (OMpenensieTcss YucioM
MoJieKya BemiecTBa), R — yHuBepcanbHas kKoHcTaHTa, T — Temmeparypa. MoXHO pacCMOTpPEeTh B paMKax
cTarpu3MKM M Hayaja TEPMOAMHAMHKH, €CJIM PACCMOTPETh (QYHKIHUIO XaOTHYHOCTH — OJHTpomuio. B
cTar@u3uKe paccMaTpUBAIOT B3aUMOCBS3b (YHKIUI OSHTPONMU, TEMIEpaTypsl U T. . B BHJAE CHUTEMBI
YPaBHEHUM.

MOXHO TPUMEHUTh CTAaTPU3UKY M K APYTUM CIOKHBIM IpolieccaM (BOJTHOBBIM, 3BOJIOIMOHHBIM,
KBAaHTOBBIM). /{711 KBaHTOBBIX 00BEKTOB ObLIa pa3paboTaHa crenyagbHas CTaTUCTUYECKasi TEOPUS — KBAHTOBAs
CTaTUCTHKA, KOTOPasl BBIIEIHUIIA P OCOOBIX MHOKECTB KBAaHTOBBIX OOBEKTOB, KOTOpPbIE MOTYUHSIOTCS OCOOBIM
crarucTuyeckuM pacnpeneneHusm (bose-OiHmTeitna, @epMu u T. 4. ). B Toke Bpemsi KBaHTOBasi CTaTUCTUKA
emie TpedyeT 10pabOTKH Tak KaK HE BCETrJa MPaBWJIbHO ONMMCHIBAET HKCIIEPUMEHTAIbHbBIE Pe3yNbTaThl. B 11emom
KBAaHTOBBIE CHUCTEMbI OOOTaTWJIM HAyKy NpUMEpaMH COBEPUICHHO CIy4YaiHbIX SIBICHUH HPUPOABI (TIEpHON
MoJIypacmnajia u paJuoakTUBHOCTb, BPEMsl )KU3HU U BOJTHOBAs (DYHKIUS YaCTUIBI U T. 1.).



IToMumo OecnopsiIOUHBIX/XaOTHUHBIX CUCTEM B MIPUPOZAE BaXKHOE 3HAYCHHE UMEIOT U YHOPSA0UeHHbIE
CTPYKTYpPBL. B KUAKOCTAX M TBEPIBIX TEJIAX MOJIEKYIJIBI PACIOIaratoTCs ropasio IMJIOTHEE YEM B ra3e U CHIIbHEE
B3aMMOJICHCTBYIOT MEXY COOON. DTO MPUBOIUT K YCIOKHEHHIO MPOLIECCOB, BOZHUKAIOT SIBICHHUSI CMAuYUBaHUA,
IMOBEPXHOCTHOT'O HATSXKCHUA, TCKYUCCTH, YIIPYTOCTH U T. 1. HpI/I 9TOM B€HIECCTBA MOI'YyT OBITH HU30TPOIMHBIMU
(Bce HampaBJeHUS pPABHONPABHBIMH) M AaHM30TPONHBIMH (€CTh BbIJIEJIeHHBbIE HampasieHus). Cpenu
AHM30TPOITHBIX BEIIECTB HanboJee BAKHOE 3HAYEHUS IMEIOT JOMEHBI M KpUCTAIUTBL. JJoMeHBI — o0nacTu Tena,
KOTOpBIE UMEIOT 00IIMe XapakTepucTuku. Hanmpumep MarHuTHbIE TOMEHBI — 3aMKHYThIE 00JacTH, B KOTOPBIX
MOJIEKYNTBI (hOPMHUPYIOT OOITUIT MarHUTHBI MOMEHT. B pe3ynbraTte MarHMUTHBINA JOMEH BEJET ceOs KaK eIuHast
MarHuTHas cUcTeMa, KOTopas B3aUMOJCHCTBYET ¢ BHEIIHUM MAarHUTHBIM 1ojieM. VIMEHHO JTOMEHBI BIHUSIOT Ha
(dbopMupoBaHUE OCOOBIX MAarHUTHBIX, SJEKTPUUECKUX U HEKOTOPBIX JAPYTUX CBOMCTB BemlecTB. Kpucramibsl —
BEIIIECTBA, KOTOpPbIE MMEI0 OCOOYI0 KPUCTAJUIMYECKYIO CTPYKTYpy. ATOMBI KpHUCTalja CBA3aHbl TakK, YTO
00pa3yloT B TMPOCTPAHCTBE PEMETKY (KPUCTAUIMYECKYI0). B Takoil cHcTeMe TOSBISIOTCS aHW30TPOITHBIC
SBJICHUS W CaMO COIVIACOBAHME B3aUMOJEWCTBUS aTOMOB C BHEIIHUMH cHUJIaMH W monsMu. Kpucramisi
001a/1al0T aHOMAJIbHBIMHM ONTUYECKHUMHU, SJIEKTPUYECKUMHU, MarHUTHBIMH, YIIPYTUMH cBoiicTBamu. Hampumep
yIIepos MoXeT ObITh B BHUJE Tpadura, anMasa, rpadeHa, yriepoaHblXx HAaHOTPYOOK. Kaxplii U3 3TUX BUIOB
o0naaeT 0coObIMU (PU3NYECKUMHU CBOMCTBAMHU, YaCTO YHUKAIbHBIMHU.

B 3akimouenue JaHHOM MOATEMBI MOKHO OTMETHTb, YTO MPOLECCHl YIOPSAOUMBAHUS U XaOTU3ALUH B
MPUPOJE TOCTOSIHHO MPOTHBOAEHCTBYIOT. 3aKOHBI TEPMOJMHAMHMKHU TPEOYIOT, 4TOObI CHCTEMbI MOCTENEHHO
Xa0TU3UPOBAINUCH (TEpPMOAMHAMHYECKAsh CMEPTh BCEJIEHHOW), OJHAKO B pPEaJbHOM MHpE €CTh CIIOKHBIE
MPOIIECCHI DBOIIONINU CHCTEM, KOTOPhIE HE BCETa BEAYT K Xaocy (HampuMmep NMOBeACHUE )KHUBBIX cucteM). [loka
COBpPEMEHHAas HayKa HE MOJKET OTBETUTh HA BCE BO3HUKAIOIINE IIPU 3TOM BOIIPOCHI.

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

Pa3zgen Ne3. Xumnueckasi 1 0M0JIOTHYECKAsi KAPTHHA MHPA
XuMHYecKasi KApTHHA MUPa. XHMHUYECKHEe 3J1eMEeHTbI H CTPYKTYPbI
XuMuyeckass KapTHHAa MHUpa — IMPEICTaBICHHE O XUMHUYECKHX BEILIECTBAX, HUX B3aUMOJCHCTBUH,
CTPYKTYpE U OCOOEHHOCTSAX COBPEMEHHO XUMHUH U €€ UCTOPUHU, BIUSHUN XUMUU HA COBPEMEHHBIN MUp. XUMUS
— Hayka 0 XMMMYECKHMX BEIIECTBAX M MX B3aUMOJEHCTBUM. VICTOpHS XMMHH IPOCIEKHUBAET HECKOIBKO
ATAroB:

e xumus npesHero mupa (Eruner, Unaus, Kurait, ['penyst B 60NbIIMHCTBE CBOEM SMITUPUUYECKHUE 3HAHUS
B BUJIE TEXHOJIOTUI) KaK yacTh Hatypdumiocodhuu;

e anxuMHs CpegHUX BeKoB (ApaOckue UM €eBpONEWCKHE CTpaHbl. AJXUMUKU TBITAINCh PEIIUTh 2
npoOieMbl — MpEeBpallleHHs] BEIIECTB C TMOMOMIbI0 (MIOCO(CKOTO KaMHs, IMOMCK DIMKCHpa
oeccmepTus.);

e srpoxumus [lapanensca 16-i Bex (Hauano gapmaneBrrku, MeauimHckor xumud. [Taparienbc o0bsaCcHsIT
NPUYHHBI 00Je3He HapylIeHHEeM XWMHUYECKHX MPOLEcCOoB B opranusMme. Kak u amxuMuKd, OH CBOIWII

pa3sHooOpa3ure BEHIECTB K HECKOJbKHUM 3JIEMEHTaM — HOCHUTENSIM OCHOBHBIX CBOWCTB MaTepHUU.
CrnenoBaTenbHO, BOCCTAHOBJIEHHE WX HOPMAJIBHOTO COOTHOUICHHS TPUEMOM JIEKapCTB H3JICUMBACT
00JIe3Hb.);

e Tteopus ¢uorucrona Illrans 17-18 Bex (Teopust ropeHuss 0OBACHSIACH OCOOBIM BEIIECTBOM —
(IIOTUCTOHOM. ) ;

e (opMHpOBaHHE KIACCUUYECKOM HEOPraHMYECKOW XHMMHHM, 3aKOH COXpaHeHMs Macchl JlaByasbe, 3aKoH
ABorajapo o mosisipHoM ooseMme (konerr 18 Beka - 60 ronsl 19 Beka; Jlomonocos, Jlanston, bepuenuyc );

® BBHIICJICHHE XUMHUYECKHX OJIIEMEHTOB, CO3IaHHE TEOPHH BAJICHTHOCTH, IEPUOIUYECKas CHCTeMa
sanemMeHToB MeHeneeBa (Appenuyc, Kekyine);

e coznaHue opraHndeckoi xumuu (bytiepos);

® CO3IaHME TEOPHH KMHETHKH XUMHUYECKUX peakiuii CeMeHOBa , CTPYKTYPHOE MOJISIIUPOBAHKE B XHMUH;
[TocreneHHo B XxumMu# (GOPMHUPOBATUCH CIETYIOLIME O0a30BbIE NPEICTABICHHS:

1. XumMudeckne peakiui TPOUCXOIAT C MOJEKYIaMH XHUMHYECKUX BEIECTB. MOJIEKYIBI COCTOAT W3



aTOMOB, CTPYKTypa aTOMHOTO CTPOEHUSI MOJIEKYJI BIUSET HA XapaKTep U pPe3ylnbTaT Peakiuid.

2. ATOMBI HE U3MEHSIOTCS MPU XUMUYECKHUX PEaKIHsIX. MEHSIOTCS CTPYKTYPBI 00pa3yrOIINXCsS MOJICKYII.
[Tpu 5TOM 00I1IEe KOMTUYECTBO BEIIECTBA OCTACTCSI HEM3MEHHBIM.

3. CBoiicTBa XMMHUYECKHUX BEUIECTB OMNPEIENAIOTCS BAJICHTHBIMH CBOMCTBAMHU arOMOB HX CTPYKTYpHI.
BasieHTHbIE CBSI3M M XUMHUYECKHE CBOWCTBAa JIIEMEHTA OIPENENsOTCS CTPOEHUEM €ro aroma, B
YAaCTHOCTH HAJIMYHUEM CBOOOJIHBIX MECT B DJICKTPOHHOM 000JI0uKe aroma. YKciio CBOOOAHBIX MECT PaBHO
BaJICHTHOCTH aTroMma. B3auMoJeHCTBYIONIUME aTOMbl Kak Obl «OOMEHHMBAIOTCS JJIEKTPOHAMH, YTOOBI
3aIl0JHUTH CBOU O0OI0YKH.

Ilepuoauueckas cucrema 31eMeHTOB. CTPYKTYpa MOJIEKYJI
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Iepuomiiueckasi cucTéMa XMMHYECKUX 3J1eMEHTOB (Tadinuna MenaesiéeBa) — KiacCUpUKAIHS

XUMUYECKUX 3JIEMEHTOB, YCTaHABIIMBAIONIAs 3aBUCUMOCTb Pa3jUYHBIX CBOMCTB A3JEMEHTOB OT HX 3apsaa
aTOMHOTO sipa (Yucia MpOoTOHOB siapa). Cuctema sBIAETCS TpahUUECKUM BBIPAKCHUEM MEPUOTAUECKOTO
3aKOHa, OTKPHITOro pycckum yu€HeiM J[. V. MenneneeBeiM B 1869 rogy. E€ mepBoHauanbHBIA BapHaHT ObLI
paspaboran /. 1. MenneneeBbiM B 1869—1871 romax u ycTaHaBIMBaJI 3aBUCUMOCTD CBOWCTB 3JIEMEHTOB OT UX
aTOMHOTO Beca (B COBPEMEHHBIX TEPMHHAX, OT aTOMHOW Macchl). OCHOBHBIM TMPUHIIUIIOM, MO KOTOPOMY
MeHnieneeB CTpOHII CBOIO TaONIHITY, OBLTO pa3MelieHre JIEMEHTOB B TIOPSIKE BO3PACTAHUSI UX aTOMHBIX BECOB.
OCHOBBIBasICh Ha BaJIEHTHOCTH M XMMUYECKUX CBOMCTBAX JIEMEHTOB, MEH/IeJIeeB PacOI0KUI BCE DJIEMEHThI
no & rpynmaM, B KaXJ0W K3 KOTOPBIX pa3sMENIalucCh 3JIEMEHThl CO CXOAHbIMU cBoMcTBamu. IIpuunna
MEPUOANYECKUX H3MEHEHUH (PU3UYECKUX M XUMHUYECKUX CBONCTB JJIEMEHTOB KPOETCS B MEPUOAUYHOCTH
CTPOEHHUS IIEKTPOHHBIX 000/104eKk aToMoOB. Hampumep, B mpaBoil 4acTH TaOJWIIBI PacIofiaraloTCs B BHJIE
KpaifHero cTondIia HHEPTHBIE AIEMEHTBI, Y KOTOPBIX BCE 00OIOYKHU 3aHSTHI (UTO U OMPEENIIeT UX XUMUYECKYIO
WHEPTHOCTH). B mepBoM cTonOIIEe pacmoararoTcsi OTHOBAJICHTHBIE aTOMBI, Y KOTOPBIX OTHO CBOOOIHOE MECTO
anekTpoHa. Kpome Bomopoma, Bce OcCTaibHBIE DJEMEHTHI IIENOYHbIe MeTamibl. Takum 00pazom, B paMKax
CTOJIOIIOB COOMPAIOTCST AJIEMEHTHI TOJOOHBIX XUMUYECKHX CBOWCTB. OHM Ha3BaHbl rpymmamu. [Ipudem, 1o
Mepe YBEIMUYEHUS Beca X METaJUNIMYeCKHue CBOMCTBA ycunBatoTcs. CTpoKH TaONUIlbl Ha3bIBAIOT TieproaaMu. B
paMKax OIHOTO MEPHOJa XUMHUYECKHE CBOWCTBA MEHSAIOTCA OT METAJUIMYECKUX JI0 HE MeTauioB. Takum
o0Opa3oM, TabIHIIa TaeT BO3MOXXHOCTh YCTAHOBUTH M OOBSCHUTH XUMUYECKHE CBOMCTBA JJa)kKe HOBBIX DJIEMEHTOB
(d4To u OBLIO CENIaHo).

XVUMUKH BBISICHWJIM, YTO CBOWCTBAa BEIIECTB, a 3HAUYUT M MX Ka4eCTBEHHOE pa3HOoOOpasue
00yCIIOBITMBAETCA HE TOJIBKO WX COCTaBOM, HO M CTPYKTypoil Mosiekyn. Ecim 3HaHue cocTaBa BeliecTBa
OTBEYAET Ha BOMNPOC O TOM, M3 KaKMX XUMHUYECKHUX JIEMEHTOB COCTOMT MOJIEKYJa JaHHOIO BELIECTBA, TO
3HaHWE CTPYKTYPbI BellecTBAa JA€T MPEACTABICHHE O MPOCTPAHCTBEHHOM PACHOJIOKEHHUHW aTOMOB B 3TOU
caMoOM MoJieKylle. DTO CTPYKTpHasi MOJIETb MOJIEKYJIbl. ATOMBI B MOJIEKYJIE XUMUYECKH CBSI3aHbl. Xumuyeckou
CBA3bI0 HA3bIBAEMICS 83AUMOOEUCEUEe MexcOy amoMamu 31eMeHmos, 00yclasiuearouee uUx coeouHeHue 8
MoneKynvl U Kpucmaiivl. B3auMOnENUCTBUE 00YClO61EeHO COBMECHBbIM UCNONb30BAHUEM UX IIEeKMPOHOS,



umobbl  3anonHUMb  He3anonaHenHvle 000n04ky. CyIECTBYIOT KO8aleHMHAA (NONApHAA, HEnonApHas),
6000pOOHAsA, UOHHAA (WOHHO-KOBATIEHMHAS) CE:A3U, A MAKHCE MEMALIUYECKAA C8A3b.

Honnasa cease o0pasyercs Korja OAMH U3 aTOMOB TEpPSET DJIEKTPOHBI CO CBOEW BHEIIHEH 00O0JI0YKH
(kaTHOH), a Apyroil mx mpuooOpeTaeT (aHWOH) MPOTHUBOMOIOXKHO 3apSHKEHHBIC MOHBI MPUTITUBAIOTCSA JIPYT K
Ipyry, oOpa3ys mpouyHbie CcBsi3u. VIOHHBIE COEIMHEHHUs — KaK MPaBWIJIO, TBEPJbIE BEIIECTBA, UMEIOIINE OYCHb
BBICOKYIO TEMIIEpaTypy IUIaBIEHUS (COJH, IIE€JI0UYH, HaTp., TOBAPEHHAS COJIb).

Kosanenmnas cea3» o0pazyercs B pe3ylbTare CoO3JaHUS DJICKTPOHHOW Maphl, MpUHAAIEKAIIeH
OJTHOBPEMEHHO 00OMM aToMaM, CO3/Ial0IIUM MOJIEKYTy BeliecTBa. [1ockoIbKy Takue MOJEKy/Ibl YIep>KUBAIOTCS
C1a0bIMH CHJIAMU, OHU HEYCTOMYMBHI U CYIIECTBYIOT B BUJE )KUIKOCTEH MM Ta30B C HU3KUMH TeMIIepaTypaMu
TJTABJICHUS M KUTICHUSI (KUCIOPO, OyTaH).

Booopoonas ceasy obycnoenena nonsapuzayueri KO8ANeHMHbIX C6A3ell, KOTJa COBMECTHBIE 3JIEKTPOHbI
OOJBIITYIO YaCTh BPEMEHHM HAXOJATCS Y aToMa 3JI€MEHTa, CBSI3aHHOTO C aTOMOM Bojiopojia. B pesynbrare Takoi
aToM MOJy4aeT HeOONBIION OTpHULIATEIbHBIN 3aps]l, YTO JIEJIaeT COEAMHEHHs C BOAOPOIHBIMU CBS3MHU Ooliee
KpPENKHUMU N0 CPaBHEHHIO C IPYTMMH KOBAJIEHTHBIMH COEIMHEHUSIMU (BOZA).

Memannuueckue ceasu 006ycno6neHbl C60O0OHbLIM hnepemeujenuemM 31eKMpPOHO8 GHEWHUX 000710YeK
amomos Mmemannos. ATOMBl B MeTallJlaX BBICTPAMBAIOTCSI B TOYHO TIOJOTHAHHBIE JAPYr K JPYTY pSIbL,
YAEPKUBAEMBIE BMECTE 3JIEKTPOHHBIM IOJIEM.

Xumnueckue peakunu. Heopranmueckasi 1 opraHu4eckasi XuMusi

PazButue xumum B mepBoil monoBuHe 20 Beka MpHUBENIO K (HOPMHUPOBAHUIO TEOPUU JTHUHAMUKU
XUMHYECKUX IMPOLECCOB — KHHETUYECKOM XMMHH. B CBsSI3M ¢ pa3BUTHEM TEXHMKM U MMEHHO B 3TO BpeMs
XUMUSL CTAHOBUTCA HAyKOM YK€ HE TOJBKO U HE CTOJIBKO O BELIECTBAX, CKOJIBKO HAyKOM O Ipoleccax U
MeXaHuW3Max H3MEHEeHMs BelecTB. HTeHCHBHOE pa3BUTHE MPOMBIIUIEHHOCTH W TEXHUKH TpeOoBaio
KaueCTBEHHOTO M3MEHEHMs MOAXOAAa K XMMHUYECKUM TeXHOJorusaM. CriennaabHble BHICOKOIIPOUHBIE KaydyyKH ,
IUIACTMACChl, BCEBO3MOXKHBIE MOJMMEPbl M MOJYNPOBOAHUKH OBLIO HEOOXOIUMO IMOJydyaTh B OOJBIIMX
KOJIMYECTBaX M IPU ONTHUMAaJbHBIX 3arparax. B3aumonelcTBue BEIIECTB B XOAE pPEAKLHUU IPOXOAUT
HEOJTHOPOJHO, HEOOXOAMMBI CIlelUalbHbIE BEIIeCTBAa — KaTalu3aTopbl, KOTOPbIE YCKOPSIOT pPEaKIHH.
HekoTopble peakuuu BBIIENAIOT SHEPrHI0, Jpyrue IMomomamT ee. Bce 3T0 HyXHO ObUIO YYHTHIBATH.
XWMHYECKHAE PEAKIUN CTalIM ONHUCHIBATH CJIOXHBIMM MaTe€MaTUYECKHMHM YpPaBHEHUSIMH, OCHOBAHHBIMH Ha
3aKOHE COXpAaHEHMs BeLIeCTBa, 3aKoHax IU(Py3uu, QGUIBTPAIMOHHOTO IepeHoca € y4eToM OOBEMHOIO
B3aUMOJICHCTBHS KaK CAMMX BEIIECTB, TAK U KaTaJIN3aTOPOB.

Oprannyeckasi XMMHMs — pa3fesl XMMHMM, U3y4YalOlUil CTPYKTYpy, CBOMCTBA M METOABI AaHAIU3a
peaKkuii ymIeBOAOPOIOB M MX NPOM3BOAHBIX. [IpOM3BOAHBIMM YITIEBOAOPOJAOB HA3BIBAKOTCS BEIIECTBA,
MIOJIy4EHHBIE U3 YIIIEBOAOPOJAOB 3aMEILEHUEM OJHOTO UIIM HECKOJIBKUX aTOMOB BOJOPO/A HA IPYrUe aTOMbI WX
rpynmnsl aToMoB. TakuMm 00pa3oM, XUMUs BELIECTB, MOJIYYEHHbBIX U3 OMOJIOTHYECKUX CHCTEM CBEJIach K paboTe ¢
YIIEBOAOPOAaMHU. DTO CBA3aHO C TEM, YTO BCE HM3BECTHbIE HaM OMOJOTHMYECKHE OOBEKTHI OCHOBaHBI Ha
yrmeBoaopoaax. EcTe TeopeTndeckre uaeu 0 BO3MOKHOCTH aHAJOTHMYHOM KPEMHEBOM JKW3HU, OCHOBAHHOM HE
Ha yTJIepoJie, a Ha €r0 aHaJiore KpEMHMH, HO TI0Ka TAKMX CHUCTEM He OOHApYKEHO.

Yri1eBo1opoOibl — COEIMHEHNS, COCTOSINNE U3 aTOMOB YIJIEpoJa M BOIOPO/A MM COAEPIKAIe TaKue
snMeMeHThl B 0a3zoBoil cTpykType (mpousBoanbie). Ilockonbky yriepon (C) mMeeT dYeThipe BaJlCHTHBIX
ANEKTPOHA, a BopopoX (H) — oxuH, B COOTBETCTBUU C BaJIEHTHOCTBIO MOJIEKYJA MPOCTEHILIEro yriIeBoJOpOaa
umeeT Gopmyny — CHy (meran). Ilpu nanpHeimeM yClnoKHEHUH CTPYKTYPBI YIIIEBOJAOPOIOB CTPYKTYpHBI TUIIA

C-H, H-C-H u T. 1. pOopMHUPYIOT IPUHUMAIOT «CKEJIET» MOJEKYJbI, KOTOpass MOXET ObITh OYCHb CIIOKHOU. B
pe3yapTare CyIIECTBYET OIrPOMHOE KOJMYECTBO PAa3JIMUHBIX YIIIEBOAOPOIOB C pa3IMYHBIMU CBOMCTBAMH
(TTaCTUKHM, TUTACTMACCHI, PE3MHA, KHUAKOCTH, TOIUIMBO M T. 1.). CHOCOOHOCTH yIjepoja COCHUHATHCS C
OOJIBIIMHCTBOM 3JIEMEHTOB U OOpPa30BBIBATh MOJEKYIbl PA3IUYHOIO COCTaBa U CTPOCHHSI OOYCIOBIUBAECT
MHOTO0Opa3ue OpraHNYecKux coenuHeHuil. OpraHuyeckne COCNWHEHUS UTpaloT KIIOUEBYI poOlib B
CYLIECTBOBAHUHU KUBBIX OPraHU3MOB, MEIULIMHE, ONOTEXHOIOTUIX U T. [I.
3aaun OpraHuYECKOU XUMUH :

e Brljenenre HHAMBUAYAJIbHBIX BEIIECTB U3 PACTUTENIBHOIO, Y)KUBOTHOI'O MJIM UCKOIIAEMOTI'O ChIPbS

e (CHHTE3 U OYUCTKA COSTUHEHUN

e OmnpezeneHue CTPyKTypbl BEIIECTB



L4 I/I3yquI/Ie MCXaHN3MOB XUMHUYCCKHNX peaKHI/Iﬁ C yIiieBoaopoaaMu
e BrIsBiIeHNE 3aBUCUMOCTEN MCKIAY CprKTypOfI OpTaHUYCCKUX BCIICCTB U UX CBOICTBaMU

Biausinne XuMHYeCKHMX MPOLECCOB M TEXHOJIOTHIl HA IPUPOY, YeJI0BeKa U pa3BUTHe 001IeCTBa
Pa3BuTHe XUMHUECKUX TEXHOJOTHI UMEET KaK MOJIOKUTENIbHBIE (PaKTOPbI, TAK U OTPULIATEIbHBIE.
IosoxkuTeabHBIE (PaKTOPBI

CoBpeMeHHass XUMHs KpaiiHe MOJIOKUTEIHHO OTpaswjiach Ha MEIMIMHE. DTO MOXXHO HaONoAaTh IO
POCTY CpenHEW NpOIOJDKUTEIBbHOCTH >KM3HU 4YelIoBeKa, Kotopass pacrer Bce nociaeanuu 100-150 net. bes
BOBJICUEHHS] HOBBIX XMMHMYECKHMX MAaTepHalIOB ObLIO OBl HEBO3MOXKHO M OOECIEYMTh COBPEMHHBIN ypOBEHb
KHU3HU U KOM(OpTa, KOTOPBII Tak e MOCTOSTHHO pacTeT. HaMm y)xe TpyaHO MpeAcTaBUTh KaK MOXKHO KHUTh 0€3
IUIACTHKA M TIJIACTMAcChl, JIBUTATENIe BHYTPEHHErO CrOpaHMs, HCKYCCTBEHHBIX TKaHeW M OOJBIIMHCTBA
COBPEMECHHBIX CTPOUTCIBHBIX MATCPUAJIOB. CGFO)IHS[ HOBBIC XHUMHWYCCKHE BCIICCTBA OKPYXKAIOT YCJIIOBCKA
MIOCTOSIHHO.

OTpunarenbHbie GaKTOpPBI

Ha Bcex craamsax cBoero pa3BUTHs YeJOBEK ObLI TECHO CBs3aH ¢ OKpyXxaromuMm mupoM. Ho ¢ Tex mop
KaK TMOSBUJIOCH BBICOKOMHAYCTpPHAJIbHOE OOIIECTBO, OMACHOE BMEIIATENIbCTBO YEJIOBEKAa B IMPHUPONLY PE3KO
YCUJIMIIOCh, paciIupuics oO0bEM 3TOro BMeENIATelIbCTBA, OHO CTajJ0 MHOrooOpa3Hee M ceifuac Tpo3UT CTaTh
m100aIbHON OMAcHOCTHIO JUIsSl YesoBeuecTBa. YenoBeKy NMPUXOAUTCS Bce OOJbIIE BMEIIMBATHCS B XO3SMCTBO
Oouocdepsl - TOH YacTW Hamled IJIaHEThl, B KOTOPOM CyIIecTByeT >ku3Hb. Haubornee wmacmraGHbBIM U
SHAYUTCIBbHBIM SBJIACTCA XUMHNYCCKOC 3arpsA3HCHUC Opr)K&I—OHIGfI Cpcabl HECBOWCTBEHHBIMH €M BEIIECTBaAaMH
XMUMUYECKOH MPUpObl. ITO ra3o00pa3Hble, a3po30JIbHbIE, KHUJIKUE U TBEPIbIE 3arpsA3HUTENN MPOMBIIIJICHHO-
ObITOBOTO MpoucxoxaeHus. [Iporpeccupyer M HakOIUIEHHE Mycopa, KOTOPBIA CTal Bce 0osee XUMHYECKH
aKTUBHBIM. BBI3BIBa€T TPEBOT'Y Yy 3KOJOTOB M IMPOAOIKAOLIEECs 3arps3HeHne MHpOBOro okeaHa He(pThIO U
Herenponykramu, nocturmiee yxe 1/5 ero oOmieit moBepxHoctu. HedTsaHoe 3arps3HEHHE Takux pa3MepoB
MOXET BbI3BaTh CYIIECTBEHHBbIE HApyLICHHs ra3o- W BOJOOOMEeHa Mexay ruapocdepoit u armocgepoil. He
BBI3BLIBAET COMHEHUM M 3HAUYeHHE XHWMHYECKOTO 3arpsA3HEHUA IIOYBBI INECTULIUAAMHU W €€ IIOBBIIICHHAA
KHCJIOTHOCTb, BEIyIIas K pacmajly SKOCHCTEMBI. B 1enoM Bce paccMOTpeHHBIE (PAKTOphI, KOTOPHIM MOXKHO
MIPUIHCATH 3arpsA3HIIONIMMA 3 (EKT, OKa3bIBaIOT 3aMETHOE BIMSHHUE Ha MPOIIECCHI, Mpoucxoasmue B buochepe.

Xumuyeckoe 3arpsizHeHne 6uocgepsnl

B OCHOBHOM cCyIIECTBYIOT 5 OCHOBHBIX IMPOOJIEM XHMHUYECKOTO 3arps3HEHUs — 3arps3HeHHe arMmocdepsl,
3arpsi3HEHUE OKeaHa M JAPYTHX BOJOEMOB, 3arps3HEHHUE IIOYBBI, BO3JACHCTBUE HE CBOMCTBEHHBIX IIPUPOIE
XUMHUYECKHX BEIECTB HA PACTEHUS, )KUBOTHBIX, MUKPOOHOJIOTMUECKHE Tela, ONalaHie XUMHUUECKHX BEUIECTB
B IHUIILY, OJEKIY, OKPYXKAIOLLYIO YEJIOBEKA CPELY.

MHorre XWMHUYECKHE BEIeCTBA HETaTMBHO BO3JICUCTBYIOT Ha OWoOcdepy U JKHBBIE OPTaHU3MBI.
Haubonee BaxHbIe HETaTUBHBIC BUIBI BO3ICHCTBHS:

e MYTAar€éHHOE€, CBA3aHHOE C BO3JCHCTBHEM HAa T€HOM >XUBBIX CYUIECTB U MX HACJIEIACTBEHHOCTb, Ha
AKU3HECTOMKOCTD MOCIEAYIOIINUX TOKOJIECHU;

e MYTareHHOE, CBSI3aHHOE C BO3pacTaHHWEM pHCKa 3a00lleBaHUN pPakOM U APYTUMH MaTallMOHHBIMU
3200J1eBaHUSIMH;

® TMIIEBOC OTpaBICHHE, CBSI3aHHOE C TMOMAJAHMEM XHUMHUYCCKUX BEINECTB B IHIIEBBIC IEMOYKU
ouochepsr;

e HapylIeHHE XMMHYECKOTo OajaHca Cpeibl, MOTepss KOPMOBOM 0asbl, YCHJICHUE BHEIIHETO BO3JACHCTBUS
cpebl Ha )KU3HEHHBIE [IUKIIBL;

J BIIMSIHUE 3arps3HEHUS Cpelibl Ha 00pa3 KU3HM )KUBBIX CYIIECTB (HAaIlpUMep 3arpsis3HEHHE OKeaHa
HePTENpOAYKTaMH M MYCOPOM HPUBOIUT K HApyLICHHIO HOPMAalbHON >KM3HEAEATENbHOCTH MNTHUL], PBIO,
MOPCKHX MJIEKOTIMTAOIHUX ).

Bbuosornyeckasi kapruna mupa. [lonsaTue 6mocdepsnl, IK0I0rnU, 0CO0EHHOCTH OMOJIOTHYECKOIO
YPOBHSI OPraHHM3aliM MaTePUH
Buonérus — Hayka 0 JKMBBIX CYIIECTBaX M MX B3aHMMOJCHCTBHH CO cpelod oOuranus. M3yuaer Bce



aCTeKThl JKU3HU, B YACTHOCTH, CTPYKTYpY, (YHKIHMOHUPOBAHUE, POCT, MPOUCXOKICHHE, OSBOJNIOIHIO U
pacmpeneneHue KUBBIX oOpraHm3MoB Ha 3emute. KiaccupumupyeT W ONHMCHIBA€T JKHUBBIC CYIIECTBA,
MIPOUCXOXKICHHUE UX BHUJIOB, B3aUMOJICHCTBIE MEXKIY CO00i U ¢ OKpYKaIOIIe Cpeaou.

Kak camocrosiTenpHas Hayka OMOJIOTHS BBIIEIWIACh U3 €CTECTBEHHBIX Hayk B 19 Beke, Korja y4yéHble
OOHapyXWIIM, YTO BCE JKHBBIE OPraHU3MBI 00Ta/Ial0T HEKOTOPHIMHU OOIMMHU CBONCTBAMH U TMPHU3HAKAMH, B
COBOKYIHOCTH HE XapaKTEPHBIMHU 11 HEXKMBOU MPUPOJIBI.

Buocpépa — oOomouka 3emin, 3aceli€éHHAs JKMUBBIMH OpPraHM3MaMH, HaXOMsIIascs TOA HX
BOSﬂeﬁCTBHeM " 3aHATasA OIPOAYKTaMHU UX KU3HCACATCIIBHOCTH.

IKOJIOTHSI — HayKa O B3aMMOJICHCTBUSAX KUBBIX OPTAaHU3MOB MEXKIY COOOM M C X Cpeioit OOUTaHMS.

I'maBHasi 0cOOEHHOCTH OMOJOTUYECKOTO YPOBHS OpPraHU3allMd MaTEPHH COCTOUT B TOM, YTO ISl HHUX
XapaKTepHbl OJHOBPEMEHHbIE MPOLECCHl pa3BUTHUSA, AaJalTallUd, PA3MHOXKEHUA. OJTO HE CBOMCTBEHHO
OCTaJIbHBIM BHJaM MAaTCpHH, YTO BbI3bIBACT MHOXKCCTBO p33H006p33HBIX Teopnﬁ O JXUBBIX OpraHHU3Max.

CTpyKTypa cOBpeMEeHHOI OMO0JI0THH
B cTpykType coBpeMeHHOU OMOTOTHY BBIIEISIIOT CIEAYIONINE pa3eiibl:

e AHaroMus e 3oonorus o Cenexkuus

e buoreorpadus e JluxeHonorus e Cucremaruka

e buorexHoiorusa e Memununa o dusnonorus

e buodusuka e Muxosorus e ®duromnaronorus

e buoxumus e MukpoOuonorus e Iluromorus

e boraHnka e MonekynsipHas Ouosorus e DBOJIIOLIMOHHOE YUYEHUE
e Berepunapus e Mopdonorus e Dkojorus

e Bupycomnorus e OOGmras 6uonorus e DmMOpuoorus

e [eHeruka e Opranorpadus e Dronorus

e JKusoTHOBOACTBO e [lameonTonorus

PaccmoTrpum HekoTOpbIe pa3zensl 6osee MoapoOHO.

3o00s10rus ¥ O0TAaHMKA

30010rusi — Hayka O TPEICTABUTENSX JKMBOTHBIX, B TOM YHCJE YEIIOBEKE. 300JIOTHs CBs3aHa C
JPyTUMH OMOJIOTMYECKUMH HayKaMH, METMIIMHOM, BeTepuHapueil.

Onucanus )KMBOTHBIX U3BECTHBI C IpeBHENIINX BpeMEH. Tak, UMEIOTCSI KHUTH O KMUBOTHBIX, CO3/JaHHbIE
B Jlpeuem Kutae u Muauu. 3oomnorus xak Hayka Oep€T Hayajo B aHTHYHOW I'permu M cBA3aHa ¢ UMEHEM
Apucrotens. B ero npoussenenusx onucaHo okoso 500 BUIOB KUBOTHBIX; €My HPUHAIJICKUT Psii BaXKHBIX
uzaei 1 0000LIeHNnH, B TOM YHCIIEe YYEHHE O B3aMMO3aBUCHUMOCTH YacTell opraHu3Ma (KOppessiuu), yadeHUue o
rpajamusx.

OCHOBBI COBPEMEHHOW CHUCTEMATU3aLlUU )KUBOTHOTO MHUPa 3aJI0KEHbI B KOHIE 17 — MepBOil OJIOBUHE
18 Beka, paboramu aHmmiickoro yuyéHoro Jhxona Pes wu mBenckoro yuéHoro Kapna Jlunhes.
OcHOBOMONATaOLMM TPYAOM B 00JacT OMOJIOIMYECKON CUCTEMAaTHKH cuuTaeTcs kHura «Cucrema mpupoabh
Jlunnes, nepBoe u3gaHue KOTOpoi BeIILIO B 1735 roxy.

B counHeHMsIX KpYIHBIX 300J0roB KoHIA 18 — Hawama 19 Beka mosiBiIseTcs uaes HCTOPHUUECKOrO
pa3BUTHA OpraHUYecKkoro Mupa. [lepByr0 TEOpHIO SBOIIOLIUU OPraHUYECKOTO MHpA H3IOKWI (PpaHIy3CKUN
ectectBoucnbiTatens JKan-baruct Jlamapk B cBoeil kaure «®unocodust 300710run», omyodnukoBanHoi B 1809
roay. B 30-40 romax 19 Bexa nHemenxuit yu€nsiii Teomop LlIBaHH co3man KJIETOUYHYIO TEOPHUIO, CUUTAIONIYIOCS
OJHUM M3 TPEX BEIUKUX OTKPHITHI ecrecTBo3HaHuA 19 Beka. Cosmanue Yapawszom [lapsuHom B 1859 ronmy
TEOPUU HBOJIOLUU OPraHUYECKOTO MUpPA YTBEPAWIO UCTOPUUECKHUM B3IV HA NPUPOJY U OMHCAIO OCHOBHOM
JBIDKYIIUH (haKTOP 3BOJIIOLUN — €CTeCTBEHHbIN 0TOO0p. [IponomkenneM uaeil 3BoMOLMOHN3MA CTAId OCHOBBI
(UIOreHeTHYECKON 300JI0TMH, 3aJ0KEHHbIE BO BTOpPOMl MosoBUHE 19 Beka HEMELKUM YYEHBIM ODPHCTOM
I'ekkenem. Iekkenb cdopmynaupoBan OHOTEHETMUECKUH 3aKOH, YCTAHABIMBAIOUIMHM  CBSI3b  MEXKAY
MHAMBUIYAJIbHBIM U HCTOPUYECKUM PAa3BUTHEM KUBOTHBIX

Boranuka — Hayka O pacTCHHSX.




Boranuka oxBaTeIBaeT MIMPOKUI KPYT MPOOIeM: 3aKOHOMEPHOCTH BHEITHETO U BHYTPEHHETO CTPOCHUS
(Mopdomorust ¥ aHATOMHS) PACTCHHM, WX CHCTEMAaTWKy, Pa3BUTHE B TEUEHHUE T'EOJOTUYECKOTO BpPEMEHHU
(9BOMTIOIMS) U POJACTBEHHBIE CBSI3U ((pusorenes), 0COOEHHOCTH MPOILIOTO M COBPEMEHHOIO paclpoCTPaHEHUs
Mo 3€MHON TOBEpXHOCTH (reorpadusi pacTeHWi), B3aUMOOTHOIIEHUS CO CpPEAoM (PKOJOTHUS PACTEHHUN),
CIO)KEHHE pPACTUTENHHOTO TIOKpOoBa ((PUTOIEHOJOTHUS, WIM TE€000TAaHWKA), BO3MOXKHOCTH U TYTH
X03MCTBEHHOTO MCHOJIb30BaHMSI pacTeHUl (OOTaHMYECKOE PEecypCcOBENEHHE, WM SKOHOMHUYECKas OOTaHUKA).
[To oObexkTaM ucclieoBaHUsI B OOTAHUKE BBLICISIOT HAyKy O BOJOPOCHSX, O Ipubax, O TUIIAWHUKAX, — O
MXax 1 Jp.

Kak menocTtHas cucreMa 3HaHMU O pacTeHUsix Ooranuka odopmuiach Kk 17-18 BekaM, XOTd MHOTHE
CBEICHHUS O PACTEHHUSAX OBLIM M3BECTHBI M NEPBOOBITHOMY 4YEJIOBEKY, TaK KakK >KU3Hb €ro Obljla CBs3aHa C
MOJIE3HBIMHU, TJIABHBIM 00pa30M MHIIEBLIMHU, JIEKAPCTBEHHBIMU U SIIOBUTHIMU pacTeHUSIMHU. [IepBbIMU KHHUTaMHU,
B KOTOPBIX PaCTEHUS OMHUCHIBAIUCH HE TOJBKO B CBSI3U C UX TMOJIE3HOCTHIO, OBLIN MPOU3BEICHUS TPEUECKUX U
JIPYTUX YYEHBIX-HATYpaIUCTOB. 3aHUMAsCh PACTEHUSMHU KaK YacCThIO MPUPOABI, Priocodbl aHTUYHOTO MHUpa
MBITATACH OMPEACIIUTh MX CYIIHOCTh M CHCTEMAaTH3UpPOBaTh WX. B JIpeBHEM MHUpE paCTEHHSIMU 3aHHUMAIUCH
ApuctoTtens, ero yueHuK TeodpacT (ero Ha3bIBAIOT «OTIIOM OOTAaHUKWY), TPeBHEPUMCKHIA HaTypanucT [InuHmit
Crapmmii. borannueckue tpyasl Teodpacta MOKHO paccMaTpUBaTh Kak CBOJ B €IWHYIO CHUCTEMY IMO3HAHMMA
MIPAKTHKOB CEIHCKOTO XO3SHUCTBA, MEIUIIMHBI U PA0OT yUEHBIX aHTUYHOTO MHpa B 3Tol obnactu. Teodpact O
OocHOBaTesieM OOTaHMKM KaK CaMOCTOSITENIbHOM HayKu: Hapsay C ONHMCAHMEM IMPUMEHEHUS pacTeHUid B
XO3SIIICTBE U MEIMIIMHE OH paccMaTpUBall TEOPETUUECKUE BOIIPOCHI.

[Tocne ob6miero ymanka ectecTBo3HaHus B CpenHue Beka OOTaHMKAa HAYMHAET BHOBH WHTEHCHUBHO
pa3BuBathcs B EBporie ¢ 16 Beka. [lepBoHayaibHO 3TO KOCHYJIOCH JIMIIB CUCTEMATUKH ¥ MOP(OJIOTUH, HO B 17-
18 Bekax BO3HMKAIOT U (hOpMUPYIOTCS APYrUe pas3jiesibl O0TaHUKH, B YACTHOCTH, aHaToMUs pacTeHuil. Ocodyto
ponb B Ooranuke ceirpan Kapn JIMHHEH , co3darelib €IUHON CHUCTEMbI KiacCH(UKAIUK PACTUTEIBHOTO U
®KUBOTHOro Mupa. B 19 Beke pemaroiiee BIMsHUE HAa CUCTEMAaTHKy PACTEHUI OKa3aja 3BOJIIOLMOHHAS TEOpHUs
Y. JlapBuHa.

XapakTepHbI€ YePThl COBPEMEHHOTO dTara Pa3BUTHS 300JIOTHH U OOTAHUKW — CTHUPAHHE TpaHen
MEXKy OTAEIBHBIMU €€ OTPACIISIMUA U MX HUHTErpauus. BC€ mmpe npuMEHSIOT HOBbIE METOMBI MCCIEN0OBAHUSA,
OCHOBAHHBIX Ha JOCTWKEHUSAX (PU3UKU M XUMHUHU, YTO IMO3BOJUIIO PEIIaTh 3a/lauM, HEAOCTYyHbIE paHee. Tak, B
pe3ynbrare MCHOJIb30BaHMS DIIEKTPOHHOTO MHUKPOCKOINA, pa3pellarolias Cuja KOTOPOTO II0 CPaBHEHHUIO C
JIPYTUMHU ONTUYECKUMHU TpUOOpaMH BO3pOCa B COTHHU pa3, ObUIN BBISBJICHBI MHOTHE HOBBIE JIETATH CTPOCHUS
KJIETKH.

MHoroo0pa3ue u CTPYKTypa 0M0J10rH4ecKuX 00beKTOB
JKuBble opraHu3Mbl OTIMYAIOTCS OT TEJ HEXUBOM MPUPOABI 00JIee CI0KHBIM XUMUUYECKHUM COCTaBOM (B
YaCTHOCTH, 00sI3aTeIbHBIM HaJMYUeM O€JIKOB M HYKJIEMHOBBIX KHCIIOT) M COBOKYITHOCTBIO CBOMCTB KHBOTO (110
OTJENIbHOCTH OONIBIIMHCTBO M3 ATHX CBOMCTB MMEIOTCI U y HEKOTOPHIX OOBEKTOB HEXHBOW MPHUPOJIBI).
[Tepeuncium ri1aBHbIE 0COOEHHOCTH :
OOMeH BellecTB
¢ [luTanue — ycBOE€HHE MUTATEIHHBIX BEIIECTB, MUIIH KUBBIM OPTaHU3MOM.
e BrieneHne — mpouecce BbIBOJa HEHYKHBIX WIM BPEAHBIX Ul OPraHU3MOB IPOYKTOB
KHU3HCACATCIBHOCTH.
e J[BiKeHUE — M3MEHEHHE MOJIOKEHHI TeJla UK YacTel Tela 0COOH B MPOCTPAHCTBE.
HacnencTtBeHHOCTb U U3SMEHYMBOCTb
1. HacnencTBeHHOCTh — CBOICTBO INepeaBaTh MOTOMKAM CBOW MIPU3HAKHU.
2. 3MEeHYUBOCTbh — pa3anyus MPU3HAKOB MEXAY OCOOSIMH OJTHOTO BHJ1a, B TOM UHUCJI€ HACJIECTBEHHO
00ycIIOBIIEHHBIE.
Bocnpustue u nepepaborka nHdopmaumm
e Pa3apaxxuMocTh U BO30YIUMOCTb — CIIOCOOHOCTh OpraHu3Ma BOCIPUHUMATh HH()OPMALIUIO U
n30HMpareabHO pearnpoBaTh Ha Heé.
PocT, pa3Butune, paaMmHoXeHue
e Poct — yBenu4eHHe Macchl U pa3MepoB 0COOH 3a CYET MPOLIECCOB OMOCUHTE3A.



e Pa3BuTHE — OTHOCUTENHHO HEOOpATUMBbIE U3MEHEHUS OPraHU3Ma B TEUCHHE KU3HH.
e PasMHOXXEHHE — BOCIPOU3BENCHUE cebe MOJOOHBIX 0COOCH.
OcHOBHOE pa3zieseHHe KUBbIX CYIIECTB — OECKJIETOYHbIE, OAHOKIETOYHbIE 1 MHOTOKJIETOUHBIE.
Crnenyer oTIM4aTh MHOSOKNEMOYHOCMb W KONOHUANbHOCMb. Y KOJIOHUN OpPraHU3MOB OTCYTCTBYIOT
HacTosmMe AuQQepeHIrpoBaHHbIE KIETKH, a CJEJ0BaTeNbHO, M pa3lieleHue Tena Ha TkaHu. J[lanee
MHOTOKJIETOYHBIE MOXKHO Pa3/ielMTh Ha pacTeHus, rpuObl, )KUBOTHBIE. Bce 3Tu 3 Kilacca MMEIOT OrpoMHOE
YHUCJIO IIOABHUJIOB, KJIaCCOB M BUJIOB. HpI/I OTOM, BO BCCX BHAAX OPraHU3M MOXHO pas3aciuTb Ha TKaHU —
HaOOPBI KJIETOK, BHIMOIHSIOIINE OMPEIeICHHYIO POJIb IS )KU3HU OpraHu3Ma (HalmpuMmep KOCTH, KOXkKa, XKeTyIoK
UT I ).

Mukpoouosiorus

Mukpobnonoruss — Hayka, IPEIMETOM H3yUEHUSI KOTOPOH SIBISIFOTCS. MUKPOCKOIIMYECKHUE CYLIECTBA,
Ha3bIBa€Mbleé MUKPOOPTaHM3MaMHU (BKIIIOYAIOIMIMMHU B C€0s: OAHOKJIETOYHBIE OpPraHU3Mbl, MHOTOKJIETOYHBIE
OpraHu3Mbl U OECKJIETOUYHbIE), UX OMOJOrMYeCKUe MPU3HAKU U B3aUMOOTHOLICHUS C JIPYTUMH OpraHU3MaMH,
HacCeJSIOIIMMHU Hally rmiaHeTy. B obrnacth nHTEpecoB MUKPOOMOJIOTHUU BXOAUT UX CUCTEMAaTHKa, Mopdosorus,
¢usnonorus, OMOXUMHMS, OHBOJIONMSA, POJIb B HKOCHUCTEMAaX, a TaKKe BO3MOXXHOCTH IPAKTHUECKOTO
UCIIOJIb30BaHMU.
Paznensl MUKpOOHOIOTHH: GaKTEPUOIOTHs, MUKOJIOTHSI, BUPYCOJIOTHsl, TAPA3UTONIOTUS U JIpyTHE.

OcHoBHbIE U3yyaeMble OOBEKThl — OaKTEpPUU U APYrue OJHOKIETOYHBIE OPTaHU3MbI, OECKJIETOYHbIE
BHUPYCBI, HEKOTOPbIE MHOTOKJIETOYHBIE OPTaHU3MBI.

bakrepun — onHa U3 mepBbIX (QOPM KU3HM Ha 3eMile U BCTPEYAIOTCS MOYTH BO BCEX 3E€MHBIX
MecTooOuTaHusAX. OHM HaCeNsIoT IMOYBY, NPECHbIE U MOPCKHE BOJOEMBI, IIyOMHHBIE CIOM 3€MHOM KOpBHI.
bakrepun yacto sSBIAOTCS CUMOMOHTaMH W Mapa3uTaMU PAacTeHHM U JKUBOTHBIX. BonbIIMHCTBO GakTepuil K
HACTOSIIIEMY BpPEMEHM HE ONMCAHO,TaK HMX O4YeHb MHOro. OAuH TrpamMM IOYBBl B cpeaHeM conepkuT 40
MUJJTMOHOB OaKTE€pPHAJIbHBIX KJIETOK, @ B MUJUTMJIMTPE CBEXEH BOJbI MOKHO HAWTH MIJIJIMOH KJIETOK OakTepuil.

Ha 3emne macunthaercs okono 5-1030 OakTepuii W HMX OHWOMacca MPEBBIIIACT CyMMapHYH OuoMaccy
KMBOTHBIX W pacTeHWid. MHOTO OakTepuil COIACPKHT W TeNl0 4enoBeka. KomnmdecTBo OakTepuil y uelioBeKa
COCTaBISIOT 39 TPUILIMOHOB OAKTEPHAIBHBIX KJIETOK (CaMO TEJIO YeJIOBEKa COCTOUT U3 OKoJIo 30 TPUILJIMOHOB
KJIeToK). Hanbonee MHOTOYHCIICHHA KHIIEUHAass MUKPOQUIIOpa U KoKa. BombIIMHCTBO GakTepuii Oe3BpEAHbI WK
Ja’Ke TIOJNIE3HBI YEJOBEKY, HO €CTh U MHOXKECTBO OOJE3HETBOPHBIX OakTepwii (4yma, xoiepa, TyOepKyne3 u
T. I.) . OCOOEHHOCTBIO OAKTEPHIA SBISIETCSI OTCYTCTBHUE SIBHO BBIPAKEHHOTO SiIpa KIIETKH.

OZHOKIJIETOYHBIE OPTaHU3MBI, UMEIOIIUE PO — ITO MPEXK/E BCETO PACTCHUS U TPUOHIL.

Biipyc — HekJIeTo4yHOe WH(EKIIMOHHOE OHOCYIIECTBO, KOTOPOE MOXKET BOCIPOU3BOIUTHCS TOJIBKO
BHYTPH JKUBBIX KJIETOK. BUpPYCHI MOpa)xaroT BCE TUITBI OPraHU3MOB, OT PACTEHUU U JKUBOTHBIX 10 OaKTEepHi .
OOHapyXeHbl TaK)Xe BHPYCHI, CIIOCOOHBIC Pa3MHOXKATHCS TOJBKO B MPHCYTCTBUU JIPYTUX BUPYCOB (BHPYCHI-
cateJuiuThl). Bupyc BHEApSETCs B U4yXYIO KIETKY U MOJb3YsICh €€ BO3MOXHOCTSIMU cO3/1aeT cBou Komuu. [lo
CMBICITy JIEHCTBHSI BUPYCBHI MOTYT OBITH BPEIHBI JIIOOOMY OpraHM3My B KOTOPOM OHHM MOTYT TPOHHUKHYTH B
KJIeTKy. Bupycel ropazno meHbplie OakTepuil ¥ MOTYT HPOXOIUTH 4epe3 Te (UIBTPBI, KOTOpPbIE 3aaepxkar
OaKTepum.

Boprby ¢ BuUpycamu u OakTepussMH BEIeT MMMYHHas CHCTEMa OpPTraHM3Ma, KOTopas BbIpabaThIBaeT
aHTUTEJIAa HA KOXIbIH B MHUKpoopraHu3ma. [103ToMy BaKHO UMETh HMMYHHTET, TO €CTh PEaKIIUI0 HA TOT U
WHON BHJ OOJE3HETBOPHBIX MHUKPOOPTaHM3MOB. DTO TNPHUBOAUT K HEOOXOIMMOCTH IMPHOOPETEHUS TAKOTO
UMMYHUTETa IyTeM «OOydYeHHS» HWUMYHHOW CHUCTeMBI. [lJis 3TOro OOBIYHO WCIONB3YIOT TNPUBUBKUA —
MOMEIICHUE B OPraHU3M 00pa3I0B YOUTHIX WIH OCITA0JICHHBIX MUKPOOPTaHU3MOB.

I'eneTnka u aganTanus B )KUBOI mpupoae
I'eneTnka — Hayka O CTPYKType M METO/IAX IEpeAadd HacjeACTBeHHOH mHpopmaruu. O TOM, 4TO
MOTOMKH TOJYYalOT YacTh CBOMX CBOICTB OT MpPEOKOB OBUIO M3BECTHO C JApeBHOCTH. [IpoBommnace u
OIpeIeTICHHAs CENEKIUs KUBOTHBIX M PACTCHHUIl, HO OCOOCHHOCTH M MEXaHM3M IepeJadd HacJeICTBEHHOM
uHpopMaruu ObUT HEe MOHATEH. B 18 Beke OOTaHMKM Mepenutn OT HaOMIOACHUH 3a HACIIEAOBaHHEM IPU3HAKOB
paCTeHU K SKCTIEPUMEHTAIEHOMY €T0 H3Y4EHHIO.



B 1760 r. WM. I. Kenbpelitep NpoBen CEPUIO ONBITOB IO M3YYEHHIO IEpEAadd IPU3HAKOB IIPH
CKpeIIMBaHUU pacTeHu. B ombiTax ¢ TabakoM, TypMaHOM U rBo3nukaMu KenbpelTop mokaszani, 4To pacTeHHUS-
MIOTOMKH, 4acTO HMMEIOT IPU3HAKH, MPOMEXKYTOUHBIE MEXKIY INpHU3HAKaMH pacTeHMH-poaurteneil. OH Taxke
0OHapyXWJl, UTO €CTh PABHOIIPABUE «OTLA» U «MaTepw» B Mepeaade NMPU3HAKOB MOTOMKaM. DKCIEPUMEHTaMU
KenbpeliTepa ObLI0 MOKa3aHO CyIIECTBOBaHME Moja y pacreHuil. KembpeliTep BBen B HayKy HOBBIH METON
M3yYEHUsl HACNEJACTBEHHOCTH — METOJ] MCKYCCTBEHHOW TruOpuam3anuu. [Ipu HCKyCCTBEHHOM NEpEeHECEHUU
IBUIBLBI C I[BETKA OJHOIO COPTAa HAa MECTHK LIBETKA JPYroro cOpTa IOJydaeTcs pacTeHHE, MPOUCXOAAIIEE OT
JIBYX COpPTOB cpa3y. Takoe pacTeHHe HasbiBaeTcsi rudpuaom. [Ipm 3TOM OTIHOBCKOE pacTeHHe — 3TO TO, C
KOTOpPOTO B3siTa IbUIbLA, & MATEPUHCKOE — TO, KOTOPOE 3TOW MbUIBIION ONBUIMIM U Ha KOTOPOM CO3PEBAIOT
ruOpuHbIe ceMeHa. PacTeHus, BHIPOCIINE U3 3TUX CEMSIH, YUE€HbIE Ha3bIBalOT THOpUIaMU IEPBOTO MOKOJIEHUS.
Hcnonb3ys 3ToT Meton, (paniysckue 6otanuku O.Capxd u IlI.Honen B cepenune 10 Beka OTKpbUIM SIBIICHUE
JOMHUHAHTHOCTH OJHOTO u3 poauteneil Haj napyruM. Capxke, HomeHoM u ApyrumMu ydeHbIMH ObLIO
00Hapy»XeHOo, YTO Bce TMOPUIBI MEPBOTO MOKOJIECHUS MOXOKU APYT Ha JApyra. To HaOIIOIEHHE BIIOCIIEACTBUU
CTaJM Ha3blBaTh NPABWJIOM €IUHOO0Opaszus rudpujoB MepBoro mnokojeHus. Ilpu 3ToM wyacTh NHpU3HAKOB
rUOpUBl TONYYAlOT OT OJHOTO COpTa, a 4acTh — OT Jpyroro. Tak 4YTO 4acTh JIOMUHAHTHBIX MPU3HAKOB
MOTOMOK TI0JIy4ajl OT OTIA, @ YacTb — OT Marepu. He NOMHHAHTHbBIE MPU3HAKH, KOTOPHIE HE MPOSBISIOTCS Y
ruOpUIOB MEPBOTO MOKOJIEHUs (T031HEE UX HAa3BAJIM PEIIECCUBHBIMU) HE HMCUE3aloT coBceM. Ecnu ckpermBath
rUOpUBI MEPBOTO MOKOJIEHUS MEXIY COOOH, TO MX MOTOMKH, THOPH/IbI BTOPOTO MOKOJICHHUS, OTIMYAIOTCA I10
CBOMM IPU3HAKaM JPYT OT Jipyra. Bo3HMKHOBEHHE TaKOro pa3HOOOpasus MPU3HAKOB HA3BIBAIOT PAaCUICTITICHUEM
. IIpu sTOM wyacTh rUOpPUIOB BTOPOTO IMOKOJEHHS MMEET pelieCCHBHbIE NMpHU3HaKu. Bce 3Tu (axTbl ObuH
OCMBICIICHBI B paborax demickoro yueHoro I'peropa Mennens. (1856-1863 ) u ObUIM OTKPBITHI OCHOBHBIC
3aKOHbI HacyeACcTBeHHOCTU. CyTh 3ak0oHOB MeHaens («OmnbIThl HaJl pACTUTENBHBIMU THOpUIAMEUY ) :

1) B mepBoM mnokojeHMH THOPHUIOB MPOSBISIETCS MPAaBUIO JOMHUHHMPOBAHUS U €IMHOOOpasuss — Bce
rUOpHUIBI UMEIOT MPU3HAK OJTHOTO U3 POAUTENEH.

2) 3akoH paclIeIUIeHHs: TP MOHOTUOPUAHOM CKpEIIMBAaHUH BO BTOPOM IOKOJIEHUHM THOPHJIOB B CiIydae
MOJIHOTO JOMUHUPOBAHUS HAOIIOAETCS paclieruienne B cooTHomeHuu 3:1 : okono 3/4 TubpuaoB
BTOPOT'O MOKOJICHHUSI UMEIOT TOMUHAHTHBINA NPU3HAK, OKOJIO 1/4 — pereccuBHBIN.

Bc€ 310 mocmyxwmino mpeanocsuikamu i co3gaHus MopraHom B 1910-e rombl XpOMOCOMHOM TE€OpHH
HACJIE/ICTBEHHOCTH Ha OCHOBE SKCIEPUMEHTOB C IIOJ0BON MYIIKOW apo3odwmioil. B manHol Teopuu ObLIO
YCTaHOBJIEHO, YTO MpPHU3HAKU (MX Ha3BalMu reHaMmu) nepeaarorcs monekynamu JJHK. B atom cinyuyae ren cramu
onpenenarts kak ydactok wmosekyiasl JIHK (y Hekotopeix BupycoB — yudactok PHK), ompenensiemsrii
ITOCJIEI0BAaTENBHOCTBIO aTOMOB Ha 3TOM ydacTke. Monekyna JIHK uMeer rpomamHbIi 115 MOJIEKYIBl pa3Mep U
colepKuT Muimapasl aroMoB. s komnaktHocTy JIHK cBepHyTa B 1BOMHYIO cipaib. COBOKYITHOCTh T€HOB
OpraHM3Ma COCTaBJISIIOT F€HOTHIN (ONpenensioT BUa). [eHoTun Hapsaay ¢ ¢akTopamu OKpYXKarollel cpeasl U
pa3sBUTHEM OINpPENENSIOT, KakuM OyaeT (QeHOTHUIl (KOHKPETHYIO pealM3alldi0 OpraHu3Ma [JaHHOTO BHJA).
[lepenaua reHOB MOTOMCTBY SIBIIIETCS OCHOBOM HaciieloBaHUS (DEHOTHNMHMYECKHUX MPHU3HAKOB. BoJIbIIMHCTBO
OMOJIOTHYECKUX MPU3HAKOB SABJISIOTCS MOJIMICHHBIMH, TO €CTh HAXOAATCS IMOJ] BIMSHUEM MHOTUX I'€HOB. | €HBI
MOTYT U3MEHATHCS B PE3YJIbTaTe MyTalui, u3MeHsomux nociegoarenbHocts JJHK. Benencrsue myramuii B
MOMYJISILMY T€HBI CYIECTBYIOT B Pa3jMYHBIX BapHaHTax, Ha3bIBAEMBIX aJlIeJIAMU. Pa3Hble ajuienu reHa MoryT
KOJMPOBaTh pa3ivyaroliuecs BepcHH Oelka, YTO MOXET MpOsBIAThCA (DEeHOTUNHYECKU. [eHbl Hapsangy c
yuactkamu JIHK, He comepxammmu TeHOB, BXOAAT B COCTaB TI'€HOMa, MPEICTaBISIONIETO co0oil Bech
HACJIEICTBEHHBIM MaTeprall OpraHu3Ma.

B xonne 20 Beka OMOJIIOTM Hay4YMJIMCh TECTHpPOBaTh reHOTUNBI. Llenpto pabor Obuia pacmudpoBka
TeHOTHIA, TO €CTh ONPEACIEHUE MECTOIOJIOKEHHS T€HOB U UX Ha3HadeHHs. CeroqHs 3Ta paboTa npoaoKaeTcs
IO CIIENYIOLINM HaIlPaBJICHUSAM:

e (ComocTaBieHHE TE€HOTUIIOB, BBIJCJIICHUE B3aUMOCBA3€H M IMPOCIEKUBAHUE HACIEACTBEHHBIX
WU3MEHEHUN. 3/1eCh IIaBHAs L€JIb — IMOCTPOUTh I€HETHUYECKYI0 TEOPHUIO HBOJIOLUU M U3MEHUYHMBOCTHU
JKU3HU B UCTOPUYECKOM ACIIEKTE.

e [lonbITKM MOCTPOUTH HEMPOTUBOPEUUBYIO TEOPHIO BOSHUKHOBEHUS KU3HU.

e Co3aaTh TEXHOJNOTMM HCKYCCTBEHHOM MOAM(UKAMK TeHOTUna (FEHHO MOJU(HUIHMPOBAHHbIE
OpraHM3MBbl, JIECYEHUE T€HHBIX 3a00J1€BaHUI).

e (Co3narh TEXHOJIOTHH OBICTPOTO aHAIKM3a CBOWCTB OPraHU3MOB U BUJIOB 110 UX T€HOTHILY.



JlocTr>XeHHs B TEXHOJIOTUU TECTUPOBAHUS T'€HOTHUIIA TTO3BOJISIFOT CETO/IHS UCTIONb30BaTh TEHETUUECKUI aHaIHN3
OMOJIOTHYECKIX OOBEKTOB B CAMBIX PA3JIMYHBIX 00JIACTAX (KPUMUHATIUCTHKA, MUKPOOHOJIOTHS, TTaJICOHTOIOTHS
Y UCTOPUA U T. [11.).

[Ipoueccrl aganTanuu >KMBBIX OPTaHU3MOB K BHEIIHEN CpENE BCETAa SBIISIIOTCS OJHOW M3 BAKHEHIIMX
3amad B OMonoruu. B paMkax STHUX MPOIIECCOB PEAM3YIOTCS TEOPUU E€CTECTBEHHOTO OTOOpa M HBOIIOLUHU
KU3HM, OOpb0a OpPraHU3MOB 3a BBDKHBAHWE, MHINY, MECTO OOWUTaHMS, BO3MOXHOCTh Pa3MHOXKCHHUS,
BHYTPUBUJOBAsE U MEXBUJIOBASI KOHKYPEHIIMS, PEAIM3aLHs SKOJIOTHMYECKOTO PAaBHOBECHUS U COTPYAHHUUYECTBA
opranu3MoB. Kak mpaBWiIo Mponecchl afanTaluyi O4€Hb CIO0KHBI U UMEIOT MHOXKECTBO PAa3JIMYHBIX ACIEKTOB,
KOTOPBIE HE BCETAA XOPOILO U3YUYEHBI.

JIKOJIOrHYeCcKHre NMPodjieMbl COBPEMEHHOI0 MHpPa
IKOJIOTHSI — HayKa O B3aUMOJCHUCTBUAIX )KUBBIX OPTaHU3MOB MEXITy COOOM U C UX Cpeloi OOMTaHuSI.
Kak mpaBuiio 5KOJOTHMIO CErojHs BOCIPHUHHMMAIOT B acCIEKTe HKOJIOTMYECKHX MpolieM, KOTOpble B
COBPEMEHHOM MHpPE CUMTAIOT OJTHUMU U3 HauboJiee OMaCHBIMH ISl CYIIECTBOBAHUS YEJIOBEYECTRA.
Hctopudecku MOXXKHO BBLACTUTH pPsii  [IO0ANBHBIX JKOJOTMUYECKUX IpOOJeM, KOTOpble ObuIN
3a(UKCUPOBaHBI B MUPOBOI Hayke U 0OIIECTBEHHOCTH:
e JI3MeHEHME KIMMaTa U KIIMMaTHYECKUX YCIOBUH JUIS )KU3HU PACTEHUN U )KUBOTHBIX.
Pazpy1ienue 030HOBOTO CII0s U Ipyrue npo0ieMbl aTMOC(EpBI.
3arpsi3HeHUEe MUPOBOTO OKEaHa U MOYBHI.
HexBarka 4MCcTON M TUTHEBOM BOJIbI, OITYCTBIHUBAHUE U 3aCOJICHHUE TTOYB.
VYHUUYTOXXEHHE JIECOB U JIPYTUX TPATULMOHHBIX JaH/ATOB.
YMmeHblIeHHe 0MOpa3HO00pasus, BBIMUPAHUE BHJIOB.
Hcrowmenne NpupoaHbIX peECypCoB.
Hemorpaduueckue npoOieMbl 4eI0BEUECTBA.

Buosnorust yenoBexka U MeAUIUHA

He cMotpst Ha ocoboe «MHTEIUIeKTyalbHOE» MOBEICHHUE YEIOBEKa, €r0 MOKHO BO MHOTHX aCHEKTax
paccMmarpuBaTh Kak OHOJOTMUYECKYyl0 cucteMmy. EcTh MHOXKECTBO acleKTOB OHOJIOTMM 4eJOBEeKa, KOTOphIE
aHAJIOTMYHBI OMOJIOTUU JPYTHX JKUBBIX CYIIECTB. B 4acTHOCTH 3TO JaeT OCHOBaHHE Ul pealu3allii MeToAa
NEepBOHAYaJIbHON anpoOaluy pa3IUYHbIX MEAMIMHCKUX TEXHOJOTMM Ha JKMBOTHBIX. MeaunuHa Kak METO[
BOCCTAHOBJICHHSI HOPMaJIbHOTO ()YHKIIMOHUPOBAHMS OpraHU3Ma 4eJoBeKa IPH 3TOM JIOJKHA OCHOBBIBATHCS HA
OMOJIOrMYeCKUX OCOOEHHOCTSIX OpraHum3Ma uesnoBeka. C Jpyroil cTOpoHBI aHaNorusi OMOJIOTHU YelIOBEKa U
JKAUBOTHBIX IIO3BOJISIET CTPOMTH IO TEM OKE€ MPUHLIMIIAM M METOABl BOCCTAHOBJIICHUS HOPMAaJIbHOIO
(GYHKIIMOHUPOBAHUS OPraHU3Ma KUBOTHBIX — BETEPUHAPHIO.

Hcropruecku pa3BUTHE MEIULIMHBI IIPOCIIEKUBACT Psifl TAIIOB:

o Jlpesuuit mup (Eruner, BaBunon, Unaus, [dpesusis I'penuss u [peBHuii PuMm) KoTOpble 3ai0XuiIn
HepBbIe UJIEU U METObl MEAULIMHBI KaK 00JacTH €CTECTBO3HAHUS U Hayku. [IpumepamMu ydeHbIX 3TOro
BPEMEHM CIYXUT rpek I'unmnokpar (kiasTea ['unnokpara) u puMmckuii Bpau ['aneH.

e ApabGcko-BocTouHbli Mup U EBpona cpeanux BekoB. Mienm anXxuMuu MO3BOJIWIM Pa3BUTh METOIbI
MEIMLUHBI JpeBHETO Mupa. IIpuMepoM ydeHOro 3Toro BpEMEHM CIIY>)KMT ABHUIEHHA — MEPCUACKUI
YUYEHBIH, KOTOpbIH HauOONIbIINI BKJIaJ B €CTECTBO3HAHUE MTPUHEC B 001aCTH aCTPOHOMHUH U METUIIUHBI.
JUis MenuIHbI OH TeM Ooliee BajkeH, YTO ero padoThl YUYUTHIBAIM ONBIT MeaAukoB Bocroka m Munum.
OHM OKa3aJauch AOCTYNHBI YYEHBIM CpPEAHEBEKOBOW EBporbI, 4TO Aano BO3MOXHOCTh B HoBoe Bpems
yBsI3aTh BCE OTU 3HaHUA B MeauuuHe HoBoro Bpemenu.

e Espona HoBoro BpemeHH. DTOT 3Tam pa3BUTHUS MEIUIMHBI MOXHO Hayarh ¢ pabor Ilapamensca,
KOTOPBIN (DaKTUYECKH OIpEesInI OCHOBBI abHENIIEro pa3BuTHs (apMakoioruu U gapmaneBTiuku. B
HoBoe Bpemsi mnosBwiInCh YydeOHbIE 3aBEIEHMs U1 TOATOTOBKM Bpadel, TIOSBUIMCH IEpBbIE
MEIUIMHCKHE CTaHAapThl, y4eOHMKH. ['apBeil OTKpBUI 3aKOHBI KPOBOOOpAILEHUs, ONPEAETHS POJib
cep/ia Kak Hacoca, yOeUTeNbHO OOBSICHUI, YTO apTEPUH U BEHBI €CTh OJMH KPYT KPOBOOOPAIICHUSI.

e B 19 Beke ombIT 00pbOBI € AMHUIEMUSMHU Aajl OCHOBAaHHUS Ui TMOSIBICHUS MEPBBIX TOCYJapCTBEHHBIX
cucreM MeauuuHbl. CTano HEOOXOAWMBIM pACIIMPUTh MEAWLUHCKHE YCIYT'M Ha BCe OOILECTBO,



MOSIBWJINCH NIEPBBIE TOCYIAPCTBEHHBIE OPTaHNU3ALMH 10 YIIPABIECHUIO MEAULIMHOM, HAYaJIOCh pa3JelIeHNE
Bpaueil mo mnpodeccusM. [losBuinch oOLIECTBEHHBbIE U TOCYJApPCTBEHHbIE Ja3apeTbl U OOJbHUIIBL.
HauOonee u3BecTHbIE MEIUKU ATOr0 BpeMeHH — Mukpobuonoru Pobepr Kox, Jlyn Ilacrep, xupypru
[Tuporos, [Ixeiimc Cumncon, beprman, Cxiudocodpckuit. HoBble METUIIMHCKUE TEXHOJIOTMH —
PEHTI€HOJIOTHSI, TPUBUBKH, XJIOPO(HOPM, aHTHCETITUKU U CTEPUITU3ALIUS.

e B 20 Beke ¢apmamneBTMKa W M3TOTOBICHHE MEAMIMHCKONH TEXHMKH CTajl0 HOBOH OTpacibio
npou3BoACTBA. [OCyrapcTBEHHbIE M OOIIECTBEHHbIE CHCTEMbl MEAMIMHBI YCTAHOBMJIMCH BO BCEX
CTpaHax, MOSIBWJINCHh MEXIyHapOJIHble MEIWIMHCKHE OpraHu3aluu (1Mox KyparopcTBoM BcemupHoit
Opraam3anuu  3npaBoxpanHenuss BO3). TlosBuimch crnenuaiM3upoBaHHBIC KIWHUKH, HAy4HO-
HCCJIEJIOBATENIbCKUE OpraHu3allid MEIULIUHCKOro mnpoguins. HoBble MeIUIMHCKHME TEXHOJIOTUU —
aHTUOMOTUKM, HOBBIE METObl TEXHHYECKOTO KOHTpOJs opranmisMa (temoBusopsl, OKI, nazepno-
ONTUYECKHUE CUCTEMBI), UCKYCCTBEHHBIE OpTaHbl (CepAlle, OYKU U T. . ), IEpecajika OpraHoOB U ApYyTHE.

®u3nojiorus U BbICIIas HEPBHasl N€ATC/IbHOCTD Y€JI0BEKA

®dusmonorma yeioBeka — 3TO HayKa, W3y4Yalollas IPOLECCHl JKU3HEACATENBHOCTH ((YHKIIHM)
YeJI0BEKa, €ro OTAEIbHBIX CUCTEM, OPraHOB, TKaHEW M KiIeTOK. OCHOBHBIMU CHUCTEMAMM UYE€JIOBEKA SIBIISIOTCS:
MO3I M pa3BeTBIICHHAs HEpBHAas CHCTEMa, a TaKK€ CHUCTEMbl: KOCTHO-MBIIIEUHAs, KpOBOOOpAIIEHMS,
NUIIEBApEHUs, JuM(paTHUecKas, HSHAOKPUHHAs, PENpPONYKTHUBHAs, OpraHbl 3pEHHUs, CIllyXa, OCA3aHUs H
0O0OHSAHUS.

HepBHas cucrema dyenoBeka oOpa3oBaHa TOJIOBHBIM MO3IOM, CIHMHHBIM MO3IOM, DPa3BETBICHHOMN
CHUCTEMOM HEPBHBIX OKOHYaHMM, KOTOPBIE IPOHUKAIOT TPAKTUYECKHU BO BCE YACTHU TEJIA.

Mo3e — UeHTpalbHBIM OTJEN HEPBHOM CHUCTEMBI 4YEJIOBEKa, OO0ECIEUMBAIOIIMN PETYISALUI0 BCEX
’KM3HEHHBIX (YHKIMH OpraHu3Ma, T. €. BBICIIYIO HEPBHYIO JEATEIBHOCTh U MCUXUYECKUE (PYHKIMH, BKIIHOUAst
MblluieHHe. OCHOBHBIE CTPYKTYpbI TOJIOBHOTO MO3ra — 3TO JIBa MOJYIIApHsl, COCTABISIONINE MEPEIHUNA MO3T,
COEIMHEHBI MO30JUCTBIM TeoM. CHMHHOM MO3I OCYIIECTBIISIET YIPABICHUE CKEJIETHO-MBIIIEYHON CHCTEMO,
BHYTPEHHEH MYCKYJIaTypoil M YCIOBHBIMH M Oe3ycinoBHbIMH pediexcamu. Iloctpoenme m pabora mosra
OCHOBaHa Ha 00pa0oTKe aHHBIX HEMpOHHOMU ceThto. HelipoHHas ceTh — cucTeMa B3aMMOCBSI3aHHBIX KIIETOK-
HEHPOHOB, KOTOPHIE 00PAa3yIOT MHOTOCIONHYIO ceTh. DaKTUUECKH HEUPOHHAS CETh CIIYKHUT CIOXKHOW CUCTEMOM
00pabOTKN JaHHBIX, KOTOpBIE MEPENaroTCs OT HEPBHBIX OKOHYAHUN B BHJE HEKHUX HIEKTPO-XMMHUYECKUX
MOTEHIIMAJIOB. 3PUTENbHBIE, CITYXOBbIE, TAKTHIILHBIE (OT MPUKOCHOBEHU) 00pa3bl 00pabaTkIBatOTCsl HEUPOHHOU
CeThI0 U MO3BOJAIOT (OPMPOBATH Ty JAEATEIBHOCTb, KOTOPYIO OTHOCAT K BBICIIEH HEPBHOW NEATENbHOCTU
opranuzMa. OTO HE TOJBKO CO3HAaHHE M MBIIUICHHE, HO W YPOBEHb pe(IeKTOpHON, MOJCO3HATEIHHOMN
nesrenabHocTH. [Ipu 3TOM, HEpBHAsI cucTeMa ynpaBiseT pabOTON BCEro OpraHu3Ma M €ro OTJAEJIBbHBIX YacTei,
CBSI3BIBACT M CHHXPOHU3UPYET UX padoTy.

B Hacrosmiee BpeMs BbICIIas HEpBHAas JEATENBHOCTh — camas CIIOXKHas M 3arajodHas obiacTb
($U3HMOIOTHN KaK YeJIOBEKa, TaK U >KMBOTHBIX. OJHAKO YK€ MOJyYeHHbIE 3HAHUS MO3BOJISIOT CO34aTh 2 HOBBIX
HalpaBJIeHUs] B €CTECTBO3HAHUM — OMOHMKY U HMCKYCCTBEHHbBIN MHTEIEKT. buOHMKa M3yyaeT BO3MOXKHOCTHU
peanu3anii TEXHUYECKUX CUCTEM (B TOM YHCIIE 3TO U pOOOTOTEXHHKA), paOOTAIONINX 0 aHAJIOTHH C KUBBIMU
CyllecTBaMH, a HpoOieMaTvka MCKYCCTBEHHOTO WHTEUIEKTAa CBf3aHa C IOMBITKAMU KOMIIBIOTEPHOTO
MOJIETTUPOBAHUS BBICIIEH HEPBHOM NIEATENHPHOCTH C IIETBI0 CO3/IaHUSI CUCTEM HHTEJUIEKTYaIbHOM 00paboTKU
JTaHHBIX.

CucreMHBbIH aHAJIU3 OMOJIOTHH Y€JI0BEKA U KUBOTHBIX

B 18 Beke Kapi JIunHeili co3nan equHyro cucteMy Kiaccu(UKaIui pacTUTEIBHOTO M )KUBOTHOTO MHUPA,
B KOTOPOH ObLIM 0O0O0LIEHB! ¥ B 3HAYUTEIBHOM CTENEHU YNOPSAAOUEHbl 3HAHUS BCETO IPEAbIAYIIEro nepuona
pa3BuTHa OHonorndeckoil Hayku. Ilpm sTOoM B m3ydeHHe OHONIOTMU ObLT MPUBHECEH CHCTEMHBIH IOIXO],
KOTOPBIH CTal OHUM U3 BaXKHEUIINX METOAO0B U3yUeHUs1 OMOJIOTHH.

Buosorinyeckasi cucTeMATMKA — HaydHas IUCHUIUIMHA, B 33Ja4d KOTOPOW BXOIUT pazpaboTka
INPUHIUIOB KJIACCU(UKALMKM JKUBBIX OPraHU3MOB M MPAKTHMYECKOE NPWIOKEHHE JSTHX NPUHIMIIOB K
MOCTPOCHUIO CHUCTEMBI opraHudyeckoro wmupa. Ilom kiaccudukanueit 31ech TMOHMMAETCS ONMHCAaHUE U
pasMelIeHHe B CHUCTEME BCEX CYLIECTBYIOIIMX M BBIMEPIIMX OpPraHuW3MOB. BblaeneHue BHUIOB, MOABHIIOB,
KJIACCOB JKMBBIX CYIIECTB W TpaBUIbHAS HACHTU(UKAIMS U KIACCU(PUKAIMS HOBBIX BHUIOB JIa€T OCOOYIO



KapTUHY OMOJIOTHYECKOTO MHUpA, MO3BOJSIET YBUAETh B3aUMOCBSI3M MEXIy opranusMamu. OcoOCHHO BaKHYIO
pOJIb cUcTeMaTHKa cTajla Urparh nociie GopMUPOBAHUS T€HETHUECKON TeOpHUH, KaK OCHOBBI JJIsi CUCTEMAaTHUKU
(punorenernueckas cucremaruka [lapuna-lI'exkkens). Tak e Kak NepHOAMYECKash CUCTEMa B XUMHHU, B
ouonoruu GopMHUPOBaHNE CUCTEMBI BUAOB JAa€T BaKHYIO OCHOBY IS JOTIOJIHUTEIBHOTO aHAM3a U TIOMCKa.

CeronHs cucreMaruka NPUHAUICKUT K 4UCiy OypHO pa3BHBAIOLIMXCS OMOJOTMYECKUX HAyK, BKIIOUYast
BCE HOBBIE W HOBBIE METOBI: METOJAbl MAaTEMaTUYE€CKOW CTAaTHUCTHKH, KOMIIBIOTEPHBIN AaHAJN3 JaHHBIX,
cpaBaurenpHblid aHanu3 JJHK n PHK, ananus yneTpacTpyKTyphl KIETOK M1 MHOTHE JPYTHE.

B Ownonorum uenoBeka cHCTeMaTWKa IIOCTPOEHAa Ha KIAacCHU(PUKALMU pac — €BPONEOMIHOMH,
MOHTOJIOUTHOH, HETPOUJHOM, aMEepUKaHOMJHOW, BEIJ0-aBCTPAIOMIHONW, BOCTOUHOAadpHKaHCKOW. OpHaKo
pa3BUTHE T€HETUKU MOCTaBWIJIO 3Ty KiIacCU(HKAIMIO MOJA BOIPOC, TaK KaK N€HETHUECKHE HCCIeOBaHUs He
MIOJTHOCTBIO IMOJATBEPKIAIOT MPABUWIBHOCTD BblAENEHUs pac. Kpome Toro teopus pac Jana OCHOBaHUS IS
BO3HUKHOBEHUSl pslla TEOPUH, KOTOPbIE HOCSAT JECTPYKTUBHBI W aHTUTYMaHHBIM XapakTep (Hampumep
eBreHHKa). AHTPOIIOJIOTHS KaK HayKa O 4eJOBEYEeCKOM BHJE, BKIIIOHarolas B ceOs ero Kiaccu(uKaiuio, B
HACTOAIIEEe BPEMsI HE MMEET €MHOIo MoAXoAa K Teopuu pac. Ecth Oornee crapblil moaxoa (hU3MOIOTHUECKUH,
OCHOBaHHBIM Ha BHEIIHUX ITPU3HAKAX pachl M MOAXOJ T€HETUUYECKUI, KOTOpPBIN BblAEAeT ramtorpymnmnsl B JIHK
C YYETOM HEKOTOPOI'0 BEPOSITHOCTHOTO Xapakrepa ux (opMUPOBaHUSI.

Yes10BeK B cUCTEME s KUBOTHOI'O MHpa

YenoBek Kak OCOOBIH BMJ KHMBBIX CYIIECTB MMEET CBOE€ MECTO M HUIpaeT ocoOyl pojib B CHUCTEME
KUBOTHOTO Mupa. B pamkax pa3Butus yesnoBedyecTBa C(HOPMUPOBAIUCH 2 TPYMIMbl >KUBOTHBIX, KOTOpPbHIE
MPUHATO JEIUTh Ha OJAOMANIHEHHBIX M JAUKUX. OJIHAKO M CPEAM IUKUX KUBOTHBIX €CTh MHOXKECTBO BHJIOB,
KOTOpBIE aJalTHPOBAIUCH K COBMECTHOMY CYIIECTBOBAHHUIO C YEJIOBEKOM U B MPUHIUIE MAJIO OTIMYAIOTCS OT
JoMalIHuX. YenoBeK co34aeT CBOIO aHTPOIIOTEHHYIO CPEy, B KOTOPOM CYLIECTBYET ONPEECIICHHBIN )KMBOTHBIN
mup. [Ipu 3TOM, MHOTHE U3 TOMAITHUX KUBOTHBIX (DaKTHUECKHU MPOIIBETAIOT, & HEKOTOPHIC U3 TUKUX KMBOTHBIX
HAXOJSTCS HAa TPAHU BHIMUPAHUSL.

[losiBieHne wyenoBeka Kak OHMOJIOTMUECKOTO BHUAA - 3TO PE3YJIbTaT AJUTEIBHOTO 3BOJIIOIMOHHOTO
mpolecca M CBS3aHO C HMCTOPUYECKHMM pa3BUTHEM JKMBOTHOro wmwupa. YenoBek B cebe coyeraer
MPUHITUITHATIBHBIE YEPTHl CTPOSHUS U JKU3HEACSITEIIPHOCTH, KOTOPBIMU XapaKTepU3YIOTCS KXUBOTHBIE. Ho B
OTIMYME OT HUX OH 00NafaeT 3HAYUTEIbHBIMU OCOOEHHOCTSMHU, B TOM YHCIIE BHICOKOPA3BUTHIM MBIIILICHUEM,
CO3HaHHEM, TBOPYECKOW aKTHBHOCTBIO, WICHOPA3EIbHON PEeUYblo, KOTOPHIE BOSHUKIIM B pe3yabTare TPYAOBOH
JeSITeIbHOCTH YEJIOBEKa M €T0 COLMAIbHBIX OTHOLICHUHA. AHaTOMHUYECKHE U (PU3MOJIOTHYECKHE 0COOEHHOCTH
COBPEMEHHOTO YeJIOBEKa BBIJCIISIOT €r0 B 0COOBIN Ononorudeckuii Bua - Yenosek pazymusiii (Homo sapiens).

[TaneoHTONOrMs Kak HaykKa O HCTOPUYECKOM pPAa3BUTUU KUBOTHOTO MHpaA PAaCCMATPUBAET HUMEET
aHAJIOTUYHYIO O CMBICIY HayKy — MaJe0aTpONoJIOrHI0, KOTOpasi N3ydaeT BOJIOIMI0 YEIOBEYECKOTO BHJA.
HcToprdecku CTaHOBJICHHE TMAlIe0aTPOINONOTHH OBLJIO MPOTHBOPEUMBHIM. [lepBoHA4YansHO OBLIM HaWIEHBI
OCTaHKM HEaHJepTajblia, I03KEe MUTEKaHTpONa, 3aTeéM CHHTPOIMA, KPOMCAaHBOHIIA, aBCTPAJONMMUTEKA,
JICHUCOBCKOTO uesnoBeka. Kaxaplii M3 3THUX JApPEeBHUX JIOACH HMeNl CBOM OCOOCHHOCTH, JaTHPOBKAa HX
pacnpoCcTpaHeHUsT O4YeHb He TouHas. Bce 3ITO OCIOXKHSAET HMCTOPUYECKYID PEKOHCTPYKLHUIO pa3BUTHUS
YeJI0OBEUECKOro BHUJA, JAeT BO3MOXKHOCTH (DOPMYITUPOBKH MHOKECTBA MPOTHBOPEUAIIUX JAPYT IPYTY TEOPHIA.
['eneTnyeckue MccieAOBaHUS TaK K€ BHECIM MHOTO NpoTHBOpeunil. Tak ObUIO YCTaHOBJIEHO, YTO y BCEX
COBPEMEHHBIX JIIOJIel ecTh ofiHa 00I11ast pOJICTBEHHUIIA KEHCKOTO T10J1a, OJJHAKO TOYHO YCTaHOBUTH IJI€ U KOTJIA
OHa XWIa He yAdajJoch. B 1enoM coBpeMeHHash Hayka MOJJEPKUBAET TEOPHUI0 O HECKOJIbKHX BOJHaX
nepeceneHuss IPEeBHUX TOMHUHHI W3 AQpukd, KOTOphle B JalbHEHIIEM TE€HETHYECKH pa3[eiuinuch, a B
HACTOSIIee BpEMS T€HETHUECKH IOMUHHUPYET OFHA U3 3TUX TPYMII.

JlonmoMHUTENBHO:

[1] c.131-202

[2] ¢.206-324

[3] c.189-204

[4] ¢.270-282, 308-445

[Tepuonuueckass Tabnuia, Ki1accupuKalus XUMUYECKHX 31eMeHToB  https://www.youtube.com/watch?
v=fqZ14Yulg3E



Xumus https://www.youtube.com/watch?v=caG1BnWOfFQ
Benukoe B Mmanom. buonornueckast asosronus https://www.youtube.com/watch?v=Cp8V XO0pltLS8
OcnoBbl Mukpo6uonoruu. Kopotko u sicHo. 3 kypc.https://www.youtube.com/watch?v=ri-naOgrHPk
HeBuaumas sxu3nb. Benenne B MmukpooOuonoruto. Yacts 1. https://www.youtube.com/watch?v=Aq-c3snSFm§
Amnaromus u pusnonorus yenoseka @unbMm 1 https://www.youtube.com/watch?v=2MCP{XJ-LgM
18 (hakTOB 0 TeHEeTHKE, KOTOpBIE TeOe HY)KHO 3HaTh! https://www.youtube.com/watch?v=JfalJdvD2oE
[Tpoucxoxxaenne Yenoseka | C Touku 3penus Hayku (National Geographic)
https://www.youtube.com/watch?v=Vz9Q5kqvJHO
Pa3gen Ned4. DBo/IlONMOHHAs KapTHHA MHPa
KoHuenuusi pa3BuTHS B €CTECTBO3HAHUM

JBOTIONHOHN3M (TaKkKe IBOJIOIMOHHOE YUeHHE) — CHCTeMa HJeH W KOHICMIHH, YTBEP)KIAIOIIHX
CYILIECTBOBAHUE HATIPABICHUS U JBIKYIIME CHIIBI HCTOPUYECKOTO PA3BUTHS B TOM MIIM UHOM cepe 3HAHUSL.

TepMuH «260110YUOHU3M» UCTIONB3YETCS B IMUPOKOM CMBICIIE JUIsi 0003HAYCHUS! KOHLIENIIMU Pa3BUTHS,
KakK MpeCTaBIeHuUs 00 M3MEHEHUIX B HEXKHUBOW U KHBOI MPUPOJIE U B YSIIOBEYECKOM OOIIIECTBE.

B Hacrosiee BpeMsi MOXXHO TOBOPHUTH O HAJIMYWU HBONIOLMOHHBIX TEOPHH Pa3BUTHS BCEICHHOW,
COJIHEUHOH CHUCTEMBI, IJIAHETHI 3eMJIsl KaK aCTPOHOMHUYECKOTO Tella M KaK Te0JIOTHYeCKON CTPYKTYPBI, pa3BUTHS
Ouocdepbl M OTHENBHBIX BUIOB B OWOJOTMH, YEJIOBEYECKOTO OOIIECTBA C TOYKU 3PEHHS Pa3THYHBIX
OOIIECTBEHHBIX HAyK, B TOM YHCIIC Pa3BUTHs HAYKW M TEXHUKH. ECTh JBOJIOIMOHHBIC TEOPHH U B XHMHH.
Takum 00pa3oM, MOKHO TOBOPHUTH O IIOCTEIICHHOM ()OPMUPOBAHHH HOBOW KapTHHBI MHUPa — IBOJIOLUOHHOM.
[Toka sTa KapTMHAa MHUpa €lie HE CIOXKHIACh OKOHYATENBHO, HO YK€ MMEET MHOXECTBO OCOOCHHOCTEH,
OTJIMYAIOIIUX €€ OT MPeabIAYIIei KapTHHBI MUpa. [TTaBHOH 0COOEHHOCTBIO SBOIIOIMOHHBIX CHCTEM CUMTACTCS
HAJIMYUEe BHYTPEHHUX IMPOIECCOB CAMOOPTaHU3allMd W CHHEPreTHKH (OCOOBIX BHIOB HSHEPreTUYECKUX
npoueccoB). IMEHHO 3TH SIBIICHHS AOKHBI OOBSICHUTH HECOOTBETCTBHE DBOJIIOIMOHHBIX CHCTEM HMPUHIMIIAM
TEPMOTUHAMHUKH.

IBOIOLMA KUBBIX cucTteM. Teopus pazsutust lapBuna

[lepBble HBONIONMOHHBIE WAEH B OHOJIOTMU BBIJIBUTAIUCh yXKE€ B JIPEBHEM MHpE, HO TOJBKO TPYIbI
UYapnwza Jlapuna B 19 Beke caenanm 3BOTIONMOHU3M (yHIAMEHTAIBHOW KOoHIenuen ouonoruu. C Tex mop
ObUTO HAKOIJICHO OTPOMHOE YHCIIO HAayYHBIX (DAKTOB, MOATBEPXKAAIOUINX 3BOJIONMIO. Pa3BUTHE T'€HETHKH
noTpedoBajI0 MOJAEPHHU3ALMN ITOM TEOPHUH M B HACTOSIIEE BpeMs OOILEHMPHUHSTON SBISETCS CHHTETHYECKas
teopust 3Bomonun (CTD), sBnsromasics pazButueM Teopur JlapBuna. Ota Teopust Obuia nosBuiack B 30-X u
40-x romax XX Beka. Ona oObemWHMIIA WJACK JTAPBUHOBCKOTO €CTECTBEHHOTO OTOOpa C 3aKOHAMHU
HACJIEICTBEHHOCTHU U IaHHBIMH NOMYJISIIIMOHHON F€HETHUKH.

EctécTBeHHbliT 0TO0P — OCHOBHOI (PaKTOp IBONIONNH, B PE3yNIBTaTe ACUCTBUS KOTOPOTO B TOIYIISIIIAN
YBEIUYMBACTCS 4YUCIO ocoleil, oOmagaromux Oosnee BBICOKOM NpUCHOCOONEHHOCThIO — (Haubonee
OnaronpusiTHBIMU TPHU3HAKaMH), B TO BpeMsi KaK KOJIMYECTBO OcCO0eil C¢ HeOIaronpusTHHIMU HpHU3HAKaMU
YMEHBILIAETCS.

[Homumo otbopa B Teopun CTD HeoOXoauMoO paccMaTpUBaTh MPOLECCH CKPEIIMBAHUS U MYyTallUH.
CkpemuBanue npeanonaraet GpopmupoBanue JIHK HOBoro opranusma Ha OCHOBE 0OMEeHa reHaMu 2-X TPEIKOB
(c yuetom 3akoHOB Mennenst). Myrauus — mpolecc cilydailHOro U3MEHEHHsI 4YacTh TeHOMa I0J JIeHCTBUEM
BHEIIHUX (MyTareHHbIX) (akropoB. be3 Myrtanuii mporecc pa3BuTHs depe3 HEKOTOpOE BpeMs HpuBel Obl K
BBIPOXKJICHUIO.

Pa3BuTHE Yes10Be4eCKOro o01mecTsa

N3ydeHne UCTOpPHUM YEIOBEYECKOTO OO0INEeCTBa TaK e MO3BOIHIO CHOPMYTHUPOBATH HIICI0 IBOIIOLUU
unu nporpecca. IIporpecc MoXeT paccMaTpuBaTbCAd Ha PA3WYHBIX YPOBHSIX — pa3BUTHE HAyKH, Pa3BUTHE
TEXHOJIOTUN U SKOHOMHKH, Pa3BUTHE OOIIECTBEHHBIX OTHOIICHUH, Pa3BUTHE apeaia OOMTaHHS YeIOBEUYECTBA.
Pa3BuTne Hayku MpOCIEKUBAETCA MO HAYYHBIM PEBOJIONUSAM, PA3BUTHUE TEXHOJIOTMH MO TEXHOJIOTHYECKUM
PEBOIIONHUSAM, Pa3BUTHE YKOHOMHKH 1O (POPMHUPOBAHUIO YIKOHOMUYECKUX YKJIAJ0B (TIEPBOOBITHO-OOIIMHHBIN H
HaTypaJdbHBIM, pabOBIAETBICCKHUN, (EOMaTbHBIN, KAMUTATUCTHUYCCKAN, COIUATUCTHYCCKAN) W THUIIAM
HPKOHOMMYECKOM MOJENH X03siiicTBa. Pa3BuTHe 0OIIECTBEHHBIX OTHOIIEHUHN MPOCIEKUBACTCS MEHEE YETKO, HO
MpOrpecc pa3BHUTHs OOIIECTBAa 3a MPEAIISCTBYIONIUE CTOJETHS CYIIEeCTBYeT. Pa3BuTme apeana oOuTaHUA



4eJI0BEKA MOJKHO YBUJAETH B IOCTEIIEHHOM 3acElIEHUM U OCBOEHUHU CYILH, MOPEH M OKeaHOB, KocMoca. EcTh
HEU3MEHHOE U HEYKJIOHHOE PACUIMPEHNE IPUCYTCTBHSI YeIOBEKa BO BCEX ATHX cepax.

Teopusi cucTeM U CHCTEMHBbIH AHAJIN3. JBOJIOIHSA CUCTEM

CoBpeMeHHass KapTHHA MUpPA XapaKTEpU3YeTCs PACCMOTPEHHEM CIOXKHBIX OOBEKTOB, KOTOPBIE MPOIIE
BCETr0 Ha3BaTh CUCTEMaMH, T. €. COCTOSIIIUMU U3 APYTUX B3aUMOJEHCTBYIOIUX 00beKTOB. /st aHanm3a cucrem
B Teopuu WHGOpPMAIMHU CO3/IaHa CHelHalbHAs HayKa — TEOpHUs CUCTEM U CHUCTEMHBIA aHanu3. B teopun
CHUCTEM CTpPOMUTCS KiacCu(UKalUs CHCTEM, BBIACNSAIOTCS METOJIbl ONHCAaHWA M aHaiu3a cucrteM. Jlis
paccMOTpEeHHsS TUHAMHKH/ABONIONMK CHUCTEM TaK K€ HWCIONB3YIOTCS TaKkhe HayKd Kak KHOepHeTHKa,
MOJIETTUPOBAHKUE CUCTEM, METO/IBI UCKYCCTBEHHOT'O MHTEIIEKTA.

KubepHeTnka (MCKyCCTBO YIIpaBIICHHUsI) — Hayka 00 YIIpaBJIICHUU, CBS3U U MepepadoTke WH(OpMaIUU.
Cucrembl, u3ydaemble KHOEPHETUKOM, HOCIT Ha3zBaHuEe KuOepHeTHYecKUX. OHU HMMEIOT CaMyI0 Pa3IudHYIO
OPUPOIY, HAMpUMEpP, BBIYUCIUTEIBHBIE CHUCTEMBI, YEJIOBEYSCKUUA MO3T, OHMOIOTHYECKHE OIS,
COIIMAJIbHBIE TPYIIIBI U T. [I.

MonenupoBaHue CUCTEM — METOJI aHalIW3a CHUCTEM, B KOTOPOM CHCTEMa pacCMAaTpUBAeTCs B
VIOPOIIEHHOM BHJAE (Kak Mojenb). MoaenupoBaHue KakK MPaBUIO HCIOJIb3YeT KOMIIbIOTEPHBIE CHCTEMBI U
pa3JIMYHbIE METO/BI BBIYMCIUTEIBHON MaTEMATUKU, TEOPUU BEPOSITHOCTH U CTATUCTUKH.

PaccMoTpenue »BOIONMOHHBIX M3MEHEHHMH B CHUCTEME MpeXkJae BCero TpedyeT aHalu3a JTUHAMUKU
cucreM. JlMHaAMMKa CUCTEMbI — M3MEHEHUE IIapaMEeTPOB CHUCTEMBI CO BpeMeHeM. Mccnenosanue
JTUHAMHYECKUX XapaKTEPUCTHK CHUCTEM OOBIYHO BBIMOIHSIETCS C MOMOIIBIO KOMIIBIOTEPHOIO MOJEIHPOBAHMSL.
[TprueM CIOKHOCTH CHUCTEM TpeOyeT HCIOJIb30BaHHS O0COOO0 MOIIHBIX BBIYMCIUTENBHBIX MAIIUH — CYyIep
OBM. Ilo3TOMy NpHMEHEHHE HBOJIIOLMOHHBIX TEOPUM CHUCTEM CBSI3aHO C IPOrPECCOM BBIUMCIUTEIBHOU
TEXHUKHU U OTHOCUTCS K CAMBIM COBPEMEHHBIM UCCIIEN0BAHUSAM.

CamMoll  COBPEMEHHON  KOMIBIOTEPHOW TEXHOJOTHMEW aHaldu3a JIaHHBIX  SABISIIOTCS  METOJbI
UCKYCCTBEHHOTO HMHTEIUIEKTa. TeXHONOTUM 0a3 3HAHWUU, DKCIEPTHBIX CHUCTEM, HMCKYCCTBEHHBIX HEHPOHHBIX
CHCTEM, FTEHETUYECKHE AJITOPUTMBI, KJIACTEPHBIN aHAJIN3 MO3BOJIIOT PEIIaTh 33/1a4M aHAIN3a JaHHBIX, KOTOPBIE
paHbIlle CUUTANTHCHh HepaspemuMbiMU. CeromHs MOXHO YyXe cKa3arb, 4YTO OOJBIIMHCTBO TEXHOJOTHIA
HCKYCCTBEHHOTO MHTEJIEKTAa — 3TO T€XHOJIOTUH 21 Beka.

Biausinue nHPOPMAIMOHHBIX TEXHOJIOTHA HA KOHUENIIUN Pa3BUTHS

ITossBieHne MOITHOM BBIUMCIMTEIbHOM TEXHUKH BIMSICT HE TOJbKO HA METOJbI aHaJIM3a CUCTEM, HO U Ha
JIPyTU€ 3aJla4dl WCCIIECTOBAaHMS SBOIIOLMOHHBIX Teopuil. Hampumep coBpeMeHHbIE KOHLENIMU Pa3BUTHS Kak
MpaBUJIO OMNHUPAIOTCS Ha Ppe3yJbTaThl KOMIBIOTEPHOTO MoJenupoBaHus. OKa3bIBalOTCS TMOJE3HBIMU U
CIIeNUalIbHbIE METOABl palboThl ¢ WMH(pOpMaImel, KOTOphIe CErofHs MOMYYWIN Ha3BaHWE WH(GOPMAIMOHHBIX
TexHonorui. Jlns obecreueHrs Ka4eCTBEHHOTO (YHKIIMOHUPOBAHUS TAaKUX TEXHOJIOTHI MPUMEHSIOTCS CaMble
CIIOJKHBIE MaTeMaTHYeCKIEe METOIEI.

Eme omHuMm acmekToM SBISETCS BIMSHUE HWH(POPMAIMOHHBIX M KOMIBIOTEPHBIX TEXHOJIOTHUH Ha
pa3BUTHE HAYKH, TEXHUKH, o0IIecTBa. BHEApEHNE TaKUX TEXHOJIOTHUH BO BCE ATH 00JIACTH TIPOUCXOMIST CETOIHS
TakK OBICTPO, YTO OYE€Hb TPYAHO MPABUIHHO OLIEHUTH X BIUSHHUE HA YBOIIOLHUIO ITUX CUCTEM.

Teopust passuTus BeesneHHou

Pemenne ypaBuenuit OTO npuBomuT Kk Mozenu HectanuoHapHoi Bceenennoit (A. ®@puaman, CCCP,
1922 ron). Hama BceneHHas ocraercsd HECTAalMOHApHOW M pacliupsieTcss B HacTosiuyro 3moxy. [Ipum stom
BCEBO3MOKHBIE TaJakKTHUKU pazberatorcsa npyr oT jpyra. B 1929 rony amepuxanckuii actpoHoMm 3J. Xab60mn
OOHapyXMWJI CMEIICHHE CIIEKTPOB HM3JIyUYEHHs 3BE3]l B CTOPOHY KPACHOTO IIBETa («KPACHOE CMEIIEHHE»), UTO
MIOTBEPKAAET MOJENb pacmmpstomerca Bcenennoil. /lanpHelmue m3MepeHHs MOKa3aiau, 4yro BceneHHas
paciupsieTcsl Jake ¢ YCKOPEHHMEM, YTO Jaj0 OCHOBaHWM TMIIOTE€3aM TEMHOW PHEPIrUU U TEMHOHM Mmarepuu. B
HAYYHOIl KOCMOJIOTMM — HAyKH O Pa3BUTHUU M CTPOCHHM BCEIIEHHON €CTh HECKOJIBKO MOJENed AUHAMHKU
Bcenennoii. OHM Bce paccMaTpUBarOT Hadajao ¢ TEOPUM BonbIIOro B3pbiBa, HO 3aBEPLIEHUE PACCMAaTPUBACTCS
no pasHomy. EcTb Teopum «pacliupeHHs-CXKaThs», €CTh BapUaHT OECKOHEYHOTO pacUIMpeHus u
TEPMOJIMHAMUYECKOM cMepTH U Apyrue. [Ipu 3ToM CIOXHUIOCHh HEKOTOpOE COBPEMEHHOE MpEeACTaBIeHHE 00
OCHOBHBIX 3Tanax pa3ButTusi Becesennoii ¢ MmomenTa e€ oOpa3zoBaHus U 10 Hamux aHed. OHO Oa3upyercs Ha



CIIEIYIOIINX TEOPUSIX:
e Teopuu pacmupenus Opuamana;

Teopun bonbiioro B3peiBa (Teopuu ropsiyeit Beenennoi);

TEOPUH UHQIALUHY;

uepapxXuueckoi Teopur (OpMHUPOBAHUS KPYITHOMACIITAOHON CTPYKTYPHI;

TEOPUH 3BE3THOTO HACEIICHUS.

OKcTpanosanys pacupeHus BeelleHHOM Ha3al BO BpEMEHH IPUBOIUT K TOYKE KOCMUUYECKOW CHHTYJISIPHOCTH,
BOJIM3M KOTOPOI HBIHE M3BECTHHIE 3aKOHBI (PM3MKH TEepecTaroT padorarh. Bpems e pacmupeHus u3 3Toi
KOCMHMYECKOM CHUHTYISIPHOCTH 10 COBPEMEHHOI'O COCTOSIHUS HA3bIBAIOT BO3pAcTOM BceneHHOM; 10 pa3iInyHbIM
JAHHBIM, OHO COCTAaBIISIeT MpHONM3uTeNbHO 14 Muipa netr. Pacmmpenue sBisieTcss OCHOBHBIM TPOIIECCOM, Ha
(oHE KOTOPOTO MPOUCXOAST BCE OCTAIbHBIE, IOITOMY BCIO MCTOPUIO Pa3BUTUS MOXKHO Pa3eluTh Ha HTallbl
pacLIMpeHus :

1. IInaHKOBCKask 31I0Xa — MOMEHT C KOTOPOTO HauyMHaeT paboTaTh coOBpeMeHHas (hu3HKa.

2. Undnsuuonnas cragusi. Ha »Tol cTraanu mpoUCXOAUT pPe3Koe yBeaudeHue pasMepoB BcerneHHoil, a B
KOHIIE €r0 — TaK)Xe CHUJIbHBIN Harpes.

3. Cragust paaualniioHHoro jaoMuHupoBaHusi. OcHoOBHas craaust panHHed Bceenennoil. Temmeparypa
HAUMHAET CHIDKAThCS W B Hayale »dJeKTpociaboe B3aMMOACHCTBHE OTAENSETCS OT CHIBHOTO
B3aMMOJICHCTBUS, 3aTreM 0O0pa3yroTcsi KBapku. I[locnme cMeHBI MOCIIEHOBATENbHBIX 3I0X AJAPOHOB U
JIEITOHOB, B SIMIOXE CHHTE3a HYKJIOHOB 00pa3yIOTCsl MPUBBIYHBIE HAM XUMUYECKUE DJIEMEHTHI.

4. Dnoxa JAOMUHUpPOBaHUS BellecTBa (mblUIM). B Hawame 3TOM 3MOXM 3JIEKTPOMAarHUTHOE HU3Iy4YEHHE
oTHenseTca OT BemecTBa W oOpa3yercss penukToBbld (oH. 3aremM uayT TEMHBIE Beka. OHHU
3aKaHUYMBAIOTCS, KOTJla U3JIy4€HHUE NEPBBIX 3BE3]] IOBTOPHO HOHU3UPYET BELIECTBO.

5. A-nomunupoBanue. Tekyiias smoxa.

MomeHT 00pa3oBaHUs PETUKTOBOTO (hOHA SBIISIETCS MOTPAHUYHBIM TSl SBOJIIOIUH BellecTBa. Ecian 10 Hero oHa
MOJTHOCTBIO ONPEAEIsUIach paclIMpeHUeM, TO MOCNe pojb MEepPBOM CKpUIKU OepeT Ha celsl rpaBUTAllMOHHOE
B3aMMOJICHCTBUE CKOIUICHUH BEIECTBA, KaK APYr ¢ APYroM, Tak U ¢ caMuM coOoi. FIMeHHO OHa OTBedaeT 3a
o0Opa3oBaHME 3BE3/1, 3BE3HBIX CKOIUICHUH TallaKTHK, a Takke clusHue nocienHux. OTaeneHue peluKToBOro
¢oHa crTaso BO3MOXHBIM Onarofapsi OCTHIBAaHHIO BceleHHOH, BBI3BaHHBIM pacimupeHueM. llpu sTom
IIOCTENEHHO MPOXOANT IIPOLECC U3MEHEHNE XUMUYECKOTO COCTABa M3-3a BCIIBIIIEK CBEPXHOBBIX 3BE3/.

BoO3HUKHOBEHME KU3HU — CIEAYIOIUN 3Tall pa3BUTHUs BCEneHHON, 3HaMEHYIOLUN, YTO BELIECTBO TEIEpPb
MOXET CaMOOPTaHU30BBIBAThCS, a HE CIIENO ClIeI0BaTh (PU3NUYECKUM MPOLIECCAM.

Bot onuH u3 npeanonaraeMbIXx CLIEHAPUEB pOXKAEHU BeeneHHoi:

Bcenennas o6pasoBanach B pe3ynbrare bombioro B3psiBa nmpumMepHo 13,7 Mappa aeT Hazaa u3 0co0oro
COCTOSIHUS, 00najaromero OoibIIoi IMIOTHOCTbIO SHEPruu (KOCMOJIOIMUYECKOM CHHTYIspHOCTH). B Takom
COCTOSTHUM BO3HMKAIOT CHJIbHEHIIINE HANPSHKEHUS U OTPUIIATENIbHBIE JTABICHHUS, BBI3bIBAIOIINE CTPEMUTEIHHOE
pacllupeHHe CUHTYISIPHOCTH U TEHEpalui0 Marepud BHYTpPh Hee. lIpn 3TOM BO3HMKIIO YETBIpEXMEPHOE
MIPOCTPAHCTBO-BPEMSI.

Crnenyromasi, MHQIALMOHHAS, CTagus pa3nyBaHus BceneHHol Hadanach ¢ MOMEHTa 1 cu
npopospkanack 10 107 ¢. 3a 510 Bpems Beenennas ysenuuunach 6osee ueM B 107 pa3 u mocturia pasmepa
nopsiika CcoBpeMeHHoro paamyca — 10 cm. Ejxunoe B3aMMoneHCTBHE pacHIENMIOCh CHayajda Ha
rpaBUTAllMOHHOE, 3aTE€M Ha CHJIbHOE U 3JIeKTpociadoe, KOTOpOe pasJeNuioch, B CBOK Ouepelasb, Ha
ANEKTpOMarauTHoe u cnaboe. Temmeparypa Hadana yobIBaTh OOpaTHO MPOTMOPLIHUOHATIBFHO KBaPATHOMY KOPHIO
OT BPEMEHH.

Craznus ropsdeii Beenennoli Hauanachk ¢ apul adpornos npu temmneparype 102 K, mroraoctu 10 r / cm3
v amwtack 107 ¢, ObUIO HApyIIEHO PaBHOBECHE MEXKIY YACTULAMU M aHTHYACTHI[AMH, OCTAIUCH OAPHOHBI
(MpOTOHBI M HEUTPOHBI), ME30HBI, AHTHYACTHUIIBl MPOMAIM, TaK KaK HX OKa3ajJoCchb MEHbIIE, BO3HHUKIA
OapuonHas acummeTpusi Bcenennoil. M3 paBHOBecuss ¢ TaMMa-u3IydeHHEM BBIILIM TOCIEIOBATEIBHO
TUIIEPOHBI, HYKJIOHBI, ME30HbI. IMEHHO M3 HMX U BO3HMKIIA BellleCTBEHHas BeenenHas.

B ope nenmonos npu temneparype, 6onbmei 10" u menpmeit 102 K u mnotHoctH, Menbinei 10" u
Gonmbmieit 10* v / ¢cM3, B Teuenne Bpemenu, Menbiie 10 ¢ u Gombmie 10 ¢, cCaMOYHUUTOKAIOTCS JIEKTPOH-
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no3uTpoHHsbIe napsl. Yepes 0,2 ¢ 0CTalOTCS pEIUKTOBBIE HEUTPUHO, CYIIECTBYIONIUE IO HACTOSIIETO BPEMEHH.

B ape pomonos ciycrs npumepro 3-10° et npu remneparype, menbinei 10" K u 6onbmeii 3-10° K, u
wI0THOCTH, MenblIei 10* 1/ ¢cM3 u Gonbmieit 10% r / cm3, 06pasyroTcest aToMbl, CBET ((POTOHBI) OTAESIETCS OT
BellecTBa (Ha Kax/blil atoM Bo BeenenHoil nmpuxonutcst 1 Miipz pelnuKTOBbIX (POTOHOB).

[Tocnennsis craaus nbuieBoi BeeneHHOM BKITIOUACT 36e30Hyi0 2py, KOTOpas Havyajach CIycTs 1 MIIH JieT
nocie Bombmioro BspeiBa npu Temmneparypax, menbie 3000 K, u mmotHocTsX, MeHpmmx 1072 r / cMm3.
TsroreHue cTaao CKUMarh MEPBUYHBIE TA30BbIE CIYCTKU ¢ Macco nopsiaka 10° macc ConHIa B IIIOCKUE Tesa
(«6muub») ¢ maccor 107 macc ConmHna, W3 KOTOPHIX OOPa30BAIMCh TaJaKTHKU (3BE3/HBIE CKOILICHHUS).
BcenbixHynu 3B€3/161 IEPBOTO MOKOJICHUS TaTaKTHK.

Pa3BuTHsa KOCMHUYECKON HAYKU M TEXHOJIOT Uil

Pa3BuTHe uenoBeuecTBa HE MBICIMMO O€3 €ro SKCmaHCUM B KocMoc. MccrienoBaHueM KOCMHYECKOTO
IPOCTPAcTBa YEJIOBEK 3aHMMAJCS C CaMbIX JPEeBHHUX BpeMeH. OOcepBaTopuu — OJHH M3 CaMbIX JPEBHHUX
coopyxeHui Ha 3emiie. [losiBIeHNe TeIECKONOB M TEOPUM IPAaBUTALMM YIIPOUWINA 3HaHUS O kocMoce. OnHako
MYTEIIEeCTBUS B KOCMOC JI0JITO ObUIN Y€JIOM (haHTacTOB.

[Tocemenne kocMOca CTaIO0 BO3MOYKHO TOJIBKO MTOCJIE Pa3BUTHS PAKETHON TEXHUKHU.

B cpennue Beka B Kurae cozgana nepsas nopoxoBas pakera. B 1379 1, utaneanen Myparopu caenan
ONMCAaHNE PAKEThl U BIIEPBbIE BBEJ B YIIOTPEOIECHUE UTAIBIHCKOE CIIOBO «pakeTa». B pyHmamMeHnTasbHOM Tpyne
u3BectHoro yuyeHoro Janumna bepnymau (1700— 1782) <duapoamnamuika™>, HanucaHHoM B 1738 1. B
[TerepOypre, comepKUTCS TEOPHS PEAKTUBHOTO JABWXXEHHS sl cynoB. B konme 19 B. uaewm mocTeneHHO
MEPEXoNAT B pa3psia MpoekToB u Teopuil. Tak, B 1867 . H.A. Tenemos (1826 — 1895) mony4ywnn naTeHT Ha
PEaKTHBHBIN cCaMoOJIET, a yepe3 ueThipe roaa pycckuit uaxenep H.M. Kubanpunu (1853 — 1881) coznan mpoekt
MWIOTHPYEMOI'O ITOPOXOBOTO PAaKETHOTO JIETATENBHOIO ammnapara. B pasBUTUM PaKETHOKOCMMUYECKOW TEXHUKU
BaXHYIO pOJb ChIrpald (yHAaMeHTaidbHble TpyAsl poccuiickux yuyeHsix H.E. JKykosckoro, K.D.
[Tuonkosckoro , M1.B. Memiepckoro, I'epmana O6epra, Pobepra I'ognapaa.

B nepsoit nmonoBune 20 Beka pazpaboTaHbl pakeThl pa3HbIX MOAUGUKALMNA U MPOU3BEIEH UX 3aITyCK.
CymiecTBeHHBIN BKJIaJ B pa3paboTKy pakeTHO-KocMHuueckoi TexHUKH BHecnu yueHsle CCCP (rpynna 'UP/I) u
I'epmanuu (npoextsl PAY). B pamkax 2 MUpoOBOil BOIHBI pakeTHasi TEXHUKA CTaja UCIOIb30BaTbCA B BOCHHON
obnactu.

[Tocne BoiiHbl roHka BoopyxkeHHus 3actaBuiia CCCP u CIIA opranuzoBarh pa3paboTKy MOLIHBIX
0aJUIMCTUYECKUX PAKET, KOTOpbIE YK€ MOXKHO OBLIO HCIONb30BaTh Uil ocBoeHust kocmoca. B CCCP
uccienoBanus Bo3raBsum C.I1. Kopones ), B.I1. I'mymko, H.A. TTunrorun, b.B. Paymen6ax, B.®. YTkun u
npyrue. beumu pazpaboransl paketsl Hocutenn CryTHuk, Boctok, Monnus, Kocmoc, Bocxoa, Ilporon, Coros,
Muknon, 3enut, DHeprus. B CIIA pa3paOboTku BelHCh OTAEIbHBIMU KOMMEPUYECKUMU (pUpPMaMU U HAyYHBIMU
HEHTpaMH 1o pyKoBoACTBOM NASA, Bblnensercss TOJbKO HeMeUKud ydeHbld Bepuep ¢on bpayn (aBTop
MEPBBIX IMOJIETOB W JIYHHOM mporpammsbl). beuin paspaboranbl pakeTsl Hocutenu JIxyHo, Atnac, Top Do,
[Hensra, Pencroyn, Catyps, Turan, Ilerac, Taypyc.

OCHOBHBI 3TaIbl OCBOEHUS KOCMOCA:

4 oxTs10pst 1957 rona — 3amyck NMepBOTo UCKYCCTBEHHOTO CITyTHUKA 3eMId « CITyTHHK-1»

12 anpens 1961 roma — IlepBelM B mcropum KocMoHaBTOM ctan Opuii ['arapuH, coBepmmMBIIMN
KOCMUYECKH MoJET Ha kopabie «BocTok».

e 5mMas 1961 rona — [lepBeiM ameprkaHckuM acTpoHaBToM ctai Asan lenapn, coBepiinBInit
cy0opOuTambHBIN ONET HA Kopadie «MepKypuii-3».

e 6 asrycra 1961 rona — TpeTbMM KOCMOHABTOM CTaJjl, CaMblil MosIo10i1 KocMOHaBT ['epman Tutos. TutoB
coBepii oJET B 25 neT Ha Kopabie «BocTok-2y». [1epBoiii B MUPE KOCMHYECKUHN TTOJIET

JUINTENILHOCTBIO OoJiee CyTOK. BriepBble KOCMOHABT CIajl B HEBECOMOCTH.

e 20 ¢despans 1962 roga — [IepBbIM aMepUKaHCKAM aCTPOHABTOM I10 BEPCHU, COBEPIITHBIINM
nmoJiHoMacITabHbIi TosieT ctai J»koH [71eHH, coBepIUBIINI TTOJET B KOCMOC Ha Kopabie «MepKypuii-
6».

e 16 nrons 1963 roga — [lepBoii )KeHIIMHON-KOCMOHABTOM cTaja BanentuHa TepenikoBa , CoBepIIMBIIAs
noJi€T B KOCMOC Ha Kopabie «BocTok-6»

e 12 oxta0ps 1964 roga — IlepBbIM MHOTOMECTHBIM KOCMHUYECKUM KOpabniéM ctan «Bocxoa-1».



18 mapta 1965 rona — [lepBbIM 4€TOBEKOM, BBILIEAIINM B OTKPBITBIN KOCMOC, cTan Asnekceit JIeoHOB.
Brixon ocymiectBnén u3 kopadnst «Bocxon-2».

24 nexaOps 1968 rona — [1epBriMu mroapMu, obneteBmmmMu Jlyny, ctanu @psuk bopman, Yunbsam
Amnpepc, Jxeiimce JloBent — 4iieHbI 3KHIaxa Kopalis «ATMOIOH-8».

20 uronst 1969 ropa — IlepBbIMU JTI0ABMH, COBEPIIMBIINMH BbICA/IKy Ha OBEpXHOCTH JIyHbl, cranu Hun
ApmcTtpoHr 1 Da8uH ONIpUH — YJI€HBI SKUTIaXa Kopaois « AnoiiioH-11».

15 okTs6ps 2003 rona — IlepBeiM KuTaiickum kocMoHaBTOM cTail SIH JIueaii . Kutaii BiepBble 3amycTun
CBOET0 rpakKIaHUHA Ha Kopabie cobcTBeHHOro npou3BoAcTBa « LI HBIKOY-5» U ¢ TOMOIIIBIO
COOCTBEHHOM PaKeThI-HOCUTEIIS, CTaB TAKUM 00pa30M TPEThEH 1Mo cUETy KOCMUYECKOH IepxKaBoi.

19 anpenst 1971 rona — 3anyieHa nepsast opOuTanbHas ctanius «CamroT-1».

3 mapra 1972 roma — 3amyck nepBOro amnmapara, MOKMHYBILIETo BIOCIEACTBUM npeneiibl CoTHEUHOM
cucteMsl: «IInonep-10».

12 anpenst 1981 roga — nepBblii MOJET NEPBOTO MHOTOPA30BOI0 TPAHCIOPTHOI'O KOCMUYECKOTO
kopabist «KomymOous.

15 Hos16pst 1988 roga — mepBsiii U enuHCTBEeHHBINH Kocmuueckuit monét MTKK «bypan» B
aBTOMAaTHYECKOM PEKUME.

20 HOs0ps 1998 roma — 3amyck nepBoro 0ioka «3aps» MexTyHapoIHON KOCMHUYECKOW CTAHIIUH.

HccnenoBanus mianer
Jlyna
CCCP
4 suBaps 1959 roga — cranuus «Jlyna-1» nponura Ha pacctosann 60000 KuIIOMeTpOB OT TOBEPXHOCTH
JIyHBI 1 BBIIIIJIA HA TETUOIIEHTPUIECKYIO0 opOuTy. OHa cTana MepBbIM B MUPE UCKYCCTBEHHBIM
cryTHUKOM CoJHIIA.
14 centsa6ps 1959 roga — cranmus «JIyHa-2» BriepBble B MUPE IOCTUTIIA TTOBEPXHOCTH JIyHBI ,
noctaBuB BeiMIien ¢ repobom CCCP.
4 oktsi0pst 1959 rona — wmexrutaneTHas ctaHius «JIlyHa-3» BrepBeie B Mupe cororpaduponaia
HEBUUMYIO ¢ 3eMin ctopoHy JIyHbl. Takke BO BpeMs OJIETa BIiepBble B MUpE ObLT Ha MPAKTUKE
OCYIIECTBIIEH I'PAaBUTAIIMOHHBIA MAHEBD.
3 despanst 1966 roma — AMC «JlyHa-9» coBepimia nepByro B MHUPe MATKYIO IMOCAJIKy Ha MTOBEPXHOCTH
JlyHsl, ObLITH TI€pEIaHbl TAaHOPaAMHbBIE CHUMKH JIYHBI.
Bricaaka paauoympaBiseMbiX 1yHoxoa0B (1970-1973).
HocraBka rpynra Jlynsl (1976).
CIIA

[Tporpamma «Pelinmxep» — dotorpaduposanue nosepxHoctu (1961-1965).
[Tporpamma «CepBeiiep» — msrkas nmocaaka (1966-1968).
[Tporpamma «Jlyna opourep» — Qotorpaduponanue noepxHoctu (1966-1967).
ITporpamMma «AnmnosioH» — MUIOTHPYEMBbIE MOJIETHI HA JIYHY C ocaakoi u B3aeToM (1969-1972).
[Tporpamma «KnemeHnTun» — BuaeocheMKa moBepxHocTH (1994).
[Tporpamma «Jlyna IIpocnekTop» — aBTOMaTH4eCcKas ucciaeaoBareiabckas cranmms (1998).
[Tporpamma «LCROSS» — nagenue Ha nosepxHocts (2009), o6HapyxeHa Boza.

EBpona
[Tporpamma «Cmapt» — dororpadupoBanue U ckanupoBaHue nopepxHoctu (2003).

SAnonus
Cnytauk «Xaiten» (1990) u apromatuueckas cranuus «Karys» (2007).

Kurait
Cnytauku «Yauba» (2007, 2010) u nynoxonst «kOuTy» (2013, 2019).

Nunnsa
ABromarnueckas ctanuus «Yagpasa» (2008).

Mapc



Kpowme Jlynbl, Hanbosee usydeHa mianera Mapc. OcobenHo akTuBHO u3yudaitoT Mapc B NASA (CHIA). CCCP
MMeNa HECKOJIbKO MPOorpaMM IO MCCIIEAOBaHHIO 3TOW TuiaHeTsl — Mape u ®oboc. Pesynbrarel — 0671eT u
¢dortorpadupoBanue Mapca, | ymaunas momsiTka mocaaku Ha Mapce. Poccust moka He MMeeT JOCTHXKEHUH B
nene u3ydeHuss Mapca. CIIIA BBIMONHUIM HECKOJIBKO IporpamMm 1o uccienoBaHuiro Mapca. CeroaHs oHH
MMEIOT HECKOJIbKO aBTOMATHYECKMX CTaHIMN Ha opbure Mapca M 2 ynadHble SKCHEIUIMH MapCOXOOB.
[Tocnennss (Kptopuocutn) mnpojomkaercs A0 cuX MOp. Mapcoxoibsl MHOTOKpPaTHO (oTorpagupoBaiu
MIOBEPXHOCTb, Opasiv 00pa3ibl TpyHTa (IIpaB/a Moka Ha 3eMiIto0 00pasiibl He JOCTABJIECHbI), TPOBOAMIM TPOOHOE
OypeHue.

e 13 Hos0ps 1971 roga — cranmus «MapusHep-9» ctana nepBbIM UCKYCCTBEHHBIM CITyTHUKOM Mapca.
e 27 HosiOps 1971 roma — crannms «Mapc-2» BIiepBbIe JOCTHIIIA TTOBEpXHOCTH Mapca.
e 2 nekabps 1971 roma — nepBas markas mocagka AMC Ha Mapc: «Mapc-3».

Benepa
B nene uccnenosanusa Beneprl nepsonadansHo auanposan CCCP. B pamkax npoekra «Benepa» Oblinu co3naHbl
aBTOMAaTUYEeCKUE CTaHIMU Ha OpOUTE IUIaHEThl, ObLTM CIy4YaW YIa4uHOM MOCaJKu Ha MoBepXHOCTU. OmHaKo
ycioBusi Ha BeHepe okazanuch KpailHE HeOIaronpusiTHBL, OYEHb BBICOKAs TEMIIEPATypbl, XMUMHUYECKH
arpeccuBHasi atMoc¢epa, BBICOKOE NaBleHHE. ABTOMATHYECKHE CTAHIUU OBICTPO BBIXOAAT U3 CTPOS, €CTh
poOIeMBI ¢ FHEPTHEH ISl UX paOOThl. DTU CIOKHOCTH YMEHBIINIIH JKEJIaHHe aKTUBU3AIMK UCCIIEI0OBaHUM.

e | mapra 1966 roga — cranuusa «Benepa-3» BnepBbie JOCTUITIA IOBEPXHOCTH BeHephl, JOCTaBUB
BeMmien1 CCCP. 1o ObLT nepBBIid B MUpE MepesiéT KOCMUYECKOTO anmnapaTa ¢ 3eMIId Ha IPYTYIO
TUTAHETY.

e 15 nexabps 1970 roga — mepBasi B MUpe MsATKas TTOcajka Ha TOBEpXHOCTh BeHeprl: «BeHnepa-7».

e 20 oxta6psa 1975 rona — cranuus «Benepa-9» crana nepBbIM HCKYCCTBEHHBIM CITyTHUKOM BeHephl.

e OokTa0pb 1975 roga — MsArkas nocazka JByx KOCMUYECKUX anmnaparoB «Benepa-9» u «Benepa-10» u
nepBbie B MUPE (DOTOCHUMKH NMOBEPXHOCTH BeHepsl.

B nacrosee Bpemst nccienoBanusi BeHepsl mpogonkaroTes, HO TIOKa B paMKax OpOUTaIbHBIX
UCCIIEIOBATENbCKUX cTaHIil. [Io HEMHOTO y4acTBYIOT BCE KOCMUYECKHUE JIEPIKABBI.
Jpyrve niaHeTsl ¥ COJTHEYHasi CUCTEMa

Kocmuueckuit annapar «Bosipkep-1» mociian B MEX3BE3/IHBIN TTOJIET Yepe3 BCIO COMHEUHYI0 cuctemy. B 1990
TOJly OH YK€ OBLI Ha pacCTOSHUU B 6 MiIpA KM OT 3emiid. B Xoje BBITIONHEHUS cBoei muccun «Bosymkep-1»
CTaJl caMbIM JallbHUM OT 3eMJIM OOBEKTOM, CO3/IaHHBIM YellOBEeKOM. B HacTosiiiee Bpemsi cUMTaeTcs 4TO OH
BbLIETEN 3a npenesbl CONHEYHON CUCTEMBI.

e 7 nexabps 1995 roma — crannus «[ anuieoy» ctanga mepBbIM UCKYCCTBEHHBIM CITyTHUKOM FOmuTepa.

e 24 yrons 2000 roga — cranius NEAR Shoemaker crana nmepBbIM HCKYCCTBEHHBIM CITyTHHKOM
actepouna (433 DOpoc).

e 30 mrons 2004 roga — cranuus «KaccnHm» cTana nepBbIM HCKYCCTBEHHBIM CITyTHUKOM CaTypHa.

e 15 suBaps 2006 rona — crannms «CrapaacT» 1ocTaBuiia Ha 3eMitro oOpasiibl KoMeThl Bumba 2.

e 17 mapra 2011 rona — cranuust Messenger crajia nepBbIM UCKYCCTBEHHBIM CIIyTHUKOM MepKypusi.

K Hacrosimiemy BpeMeHHM HMMEIOT BO3MOXHOCTU (HOCHUTENH) MOCBUIKM B KOCMOC Jitofiel 3 cTpaHbl —
Poccusi, CIHA, Kuraii. Elie HecKobko cTpaH MMEIOT HOCUTENH Ul 3allycka CIIyTHHKOB — BemnmnkoOpuranus,
Opannus, Unaus, Anonus, U3panns. OOutaembie opoutanbiblie craniimu — Mup, MKC (mexnyHaponHas) u
npyrue. B xocMoc ObUIM BBIBEIEHO HECKOJIBKO COT CIIYTHHMKOB, OOJNbINas yacTh M3 HHUX yXe He paboTaer.
Benyrcs npoekrsl o uzydenuto Jlynsl, Mapca, Benepsl, Mepkypus, IOnurtepa, Carypna, YpaHna, acreponioB
u xometr, Comnuma. Ha opOuty OBUIM OCTAaBIEHO HECKOJIBKO KOCMHUYECKHX TEJIECKONOB B CaMBIX pa3HBIX
nuanazoHax BoiiH. MHbopmanus, momydeHHas HarpuMep TeIecKornoM Xab01 MMeeT UCKITIOUUTETFHO BaXKHYIO
pOJIb 1711 aCTPOHOMHUH M KOCMOTOHUM.

Teopusi pazButus 3emun. ['eonornyeckne nepmuoabl, i3MeHeHHe KJINMAaTa
3ems sBisieTcs: yacTbio COTHEYHOW CHCTEMBI, €€ TOSBICHHE U MOCIEAYIOee Pa3BUTHE CKIIAAbIBAETCS



Kak 4acTb 3Bomonuu ConHeuHoil cuctemsl. [lepByro 3BOMIOLMOHHYIO T€OpHIO pa3BUTHUS COTHEYHON CHUCTEMBI
Opl1a mpemioxkeHa eme B 18 Beke B paborax Hemerkoro ¢uimocoda M.Kanra («Bceobmias ectecTBeHHAs
uctopus u Teopust HeOay) u [1.Jlanmaca («M3noxenue cucremsl Mmupay). B uHeit Connile u mianetsl ComTHEUHOM
CHUCTEeMBI 00pa30BaIMCh B Pe3yJIbTATEe IBOIOIIMOHHOTO PAa3BUTHS MBUICBOW MJIM Ta30BOM TyMaHHOCTU. B ocHOBe
COBPEMEHHBIX MpeacTaBiIeHnii 00 obpazoBanuy riaHeT COTHEUHOW CHUCTEMBI JISKUT aHAJOTHYHAs TUIOTEe3a,
BbICKa3aHHas B 1943 rony poccniickum yuénbm O.1O.IIImuaTom.

B xone dhopmupoBanust 3emiis MOCTOSHHO TOTyYasia MPUTOK KOCMUYECKOTO BelecTBa. Macca 3emn 3a
CYéT BelecTBa M3 KOCMOCa B HacTosiuee BpeMsi npupacraer Ha 10° kr/rox. Ipeamonaraercs, 4To B IEPUOL
00pa3oBanus 3eMIu, JUIAIMNACS IPUOIU3UTENLHO 60 MIIH JIET, mpUpOCT €€ Macchl cocTaist 10" kr/rox. Tpu
3TOM BO3pacT 3emiu ceifuac ouenuBaercs B 4,6 — 4,7 mupna net. C apyroil cToOpoHsI najjeHrue 0co00 KPYMHBIX
Tel Ha 3eMIII0 MOIJIO COMPOBOXKIATHCA M BBIOPOCOB Macchl OOpaTHO B KocMmoc. Tak OCHOBHasi TEOpHs
oOpa3zoBanust JIyHBI 3aKiII04aeTCsl B TOM, YTO OHA SIBISIETCS KYCKOM 3€MJIU «BBIPBAaHHBIM» B Pe3yJIbTaTe yJaapa o
3eMJII0 MaCCUBHOIO KOCMHYECKOTO TeJa.

Cunraercs, 4To NEpBOHAYAJIbHO 3eMiisl Obljla JIOCTATOYHO TOpsida M HE HMeNa HU COBPEMEHHOMU
rugpocdepbl, HU armocheprl. Ha panHux sTamax sBomonuu 3eMiau Tuapocdepa Ha €€ MOBEPXHOCTH
oTcyTcTBOBaja. Bona Beaenuinachk U3 Help 3eMiid B pe3yibrare €€ TEeKTOHWYECKOW aKTMBHOCTH. BeineneHue
BOJIBI ¥ (pOpMHpOBaHHE TUAPOCHEPHI MPOJOIKAETCS U B HacTodIIee Bpemsi. ATMocdepa B mpoliecce SBOIIOIUU
3emin Tak Ke TpeTepriena CylniecTBeHHbIe n3MeHeHus. Hampumep, okomno 3,8 mupa. jeT Hazan armocdepa
3emin, Kak MPEAnoiararoT y4€Hble, COCTOsIa U3 IMIaBHBIM 00pa3oM U3 YIIEKHCIIOTO ra3a, a3oTa ¥ BOJOpoJa.
Kucnopon nawanm mosBiatrbest B atmocdepe okomo 2,5-2,0 mupn yer Hazan. Ero comepskanme Torma He
MPEBBIIIANIO IEeCATHIX Aonei mporeHTa. Ceituac armocdepa 3emin COCTOMT B OCHOBHOM Ha 78% u3 a3ora, Ha
21% wu xucnopona, 0,9% u3 aprona, Ha 0,03% W3 yIIEeKUCIOTO Ta3a U U3 APYTUX ra30B B OUYEHb MAJBIX JIOJISIX
MPOILICHTA.

Hctopwuro pazButus 3eMyIu IPUHSITO JSIUTh HA ONPEIeIEHHBIE Y0HBI, Dbl U IEPUOJIBI.

DO0H Opa [Tepuon UYucno ner Hazan | CoObITHA dTana pa3BUTH
Apxenckuit 3800-2500 [Tocrenennoe OCTBIBAaHMUE, MOSIBJICHUE
MUJJIMOHOB JIET  |TIIEPBBIX OJHOKJIETOYHBIX JXUBBIX CYILECTB,
LIapCTBO aHa’pOOHBIX JTOKJIETOYHBIX
opranu3moB. IlosiBieHue kucnopoga B
atMocdepe.
IIporeposzo 2500-540 dopMupoBaHHE COBPEMEHHOH armocdepsl,
WCKUI MHWJUIMOHOB JIET (hopMHupoBaHHEe MUPOBOTO OKeaHa, Hanbosee

MOIIIHOE OJIE[ICHEHUE B HCTOPUU 3EeMIIH.
[TosiBIIeHEe MHOTOKJIETOYHBIX OPTaHU3MOB —
ryoku, rpuObl. OOpa3oBaHUe OYBHI.

daneposoii |[Taneosoiickas | KemOpuid, 540-419 CynepkonTuHeHT [oOHnBaHa. 3aBeplicHHE

CKUH OpnoBuK, MHWJUTMOHOB JIET (dhopMUpOBaHUS COBPEMEHHOUW aTtMocQepsl.
Cunyp [{apcTBO MOpCKO#t skM3HU. TPUITOOUTHI.
JleBoH 419-359 Okean Teruc. Mopckue  TOBOBOHOTHE

MUJUIMOHOB JIET  |aMMOHHUTHI. [lepBble MaHIUMpHBIE U JIpyrue
peiObl. Hawano ocBoenust cymu. IlepBbie
JIEPEBBSI.

Kap6on 359-298 Bricokmii ypoBeHb Kuciopoga B armocdepe,
MWIJIHOHOB JIET | cl1aboe pa3sioKeHHe APEBECUHbI, HAKOIIICHNE
JPEBECHBIX OCTaTKOB. MomHoe
yriaeoOpazoBaHue (KaMHEYTOJIbHBIN MEpUo).
CynepKOHTHHEHT [Tanres. [TosiBnenue
HAaCeKOMbIX W  3eMHOBOAHBIX. IlepBbie
MIPECMBIKAIOIINECS PENTHIINH.




[Tepmckuii

298-252
MUJUIMOHOB JIET

Poct comepkaHusl yINICKHCIOrO ra3a B
armoctepe.  YcwieHue — BYIKaAHHUYECKOMH
aktuBHOCTH. DopmupoBaHue rop Ypaia u
Amnmnanay. Benmukoe mnepMckoe BbIMHUPaHHE
OOJIBIIMHCTBA KHUBBIX CYIICCTB.

Me3o3oickas

TpracoBblit

252-201
MWJIJIMOHOB JIET

packaibIBaHUE [Tanren.
KOHLICHTPALUU

Iloctenennoe
Peskue U3MCHEHUS
kuciopoga B armocdepe. IIpomomkaercs
BBIMUpaHUE BUJIOB. Ilocrenennoe
dhopmupoBaHue OCHOBHBIX BHUIOB
JTIUHO3aBPOB.

FOpckuit

201-145
MUJUIMOHOB JIET

[Iponomxkenne pacnana Ilanren. BypHbIi
POCT PAacTUTENBHOCTH, OOIIMpHBIE Jieca U3
MMaItOpPpOTHUKOB MW T'OJIOCEMCHHBIX paCTCHHﬁ.
HapctBo nuHO3aBpoB. PacmpocTtpaneHue
JIUCTOIIaIHBIX U XBOMHBIX JACPECBLCB .

Menoson

145-66
MWIIHOHOB JIET

@opMUpOBaHUE CTPYKTYpPbl COBPEMEHHBIX
KOHTHHEHTOB. Hauano mporiecca BEIMUpaHUs
JITMHO3AaBPOB. TlossBnenne IIBETKOBBIX
pactenuii. B KoHIle Tiepuoma MeIoBOE
BI)IMI/IpaHI/Ie JKNUBOTHBIX nu paCTeHHﬁ.
BrimMepin npakTUYeCcKy BCe JUHO3ABPHI.

Kaitno3zoiickasa

ITaneoren

66-23
MWIIMOHOB JIET

Tponuueckuii KJINMaT, CHOBa  pOCT
pacTUTENBHOCTH. B  KOHILIE MOABISIOTCS
JIEASTHUKH Ha IIOJIFOCAX. Pacuser

MIJICKOITMTAarOInX, pBI6, KI/ITOO6p83HBIX.

Heoren

23-2,6
MMAIIJIMOHOB JICT

[IpakTHueck  COBpEeMEHHbIE  OYEpTaHHS
KOHTHHEHTOB. CdopmHpoBascs NaHAMCKUN
nepemeek, poct I['ummamae. Hamnune
CYXOIIyTHBIX MOCTOB MeXay Adpuxoii u
EBpasueii, EBpasueit u CeBepHOoli AMEPUKOM.
beicTpasg cMeHa BUAOB KUBOTHBIX U
MaccoBbl€ MHIpPALMU JKUBOTHBIX. OIHU
BBIMHUPAIOT, APYTU€ Pa3BUBAIOTCS.

YerBepTuuH
BIN
(TuteiicToneH
Y TOJIOLICH)

2,6
JICT
HaCTOAIIICTO
BpPEMCHU

MHUJIJIMOHOB

A0

3aduKcUpOBaHHBIE MAarHUTHBIC UHBEPCUH —
CMEHbl MAarHUTHBIX IOJIOCOB. bBwicTpoe
U3MEHEHUE COCTaBa JKMBOTHOIO  MHpa.
BeiMupanue ~ MaMOHTOB,  MacTOJOHTOB,
cabie3yOpbIX TUTPOB M APYTUX TUTAHTCKUX
KHUBOTHbIX.  Dukcanmus  NEePUOANYECKUX
JETHUKOBBIX ~ TEPUOJOB M TEPUOJOB
noTerieHus kiumara. OuKcaius nosBICHUS
TOMUHHUJIOB (4emoBeKkOOOpa3HbIX).
Paccenenue yenoseuecTna.

l'eonornueckas ucropusi 3eMiu IETUTCA Ha 3 OCHOBHBIX 3Tala-30HA : apXxell W KpUOTo30u anuics 3
MIpI J1eT U (parepo3oi amutces nmocaeaHue 570 MiH jeT. 3apokaAeHHe XKU3HU mpousonuio 3,5...3.8 mupa et
Hazaj.

MoneanpoBanue 3BOJIONNH NPUPOIbI, KIUMAaTa, 001ecTBa



Metoa MoeIMpOBaHUs SBISIETCS OA30BBIM JUIS UCCIIEA0BaHMS SBOIIOIMOHHBIX cucTeM. KoMmbioTepHoe
MOZIEIMpOBaHNE — Hanbosee YIOOHBIM BapHaHT TAaKOTO HCCIEeJOBaHHWA. B HacTosmiee BpeMs HayKa
pa3paboTasia MHO)KECTBO IBOJIOIIMOHHBIX MOJIETIEH, B TOM YHCIIE:

e Kuiumarnueckue monenu. PaccmarpuBaroT Kak mpolecchl KojeOaHHs KIMMaTa, TaK U aHTPOIOT€HHOE
BIIMSTHUE Ha KJIMMaT CO CTOPOHBI YeJloBeKa. HeKoTopble MOy rpo3sT CIOKHBIMH MOCIEACTBUSMA TIPU
MOTETUICHUH KIIMMaTa, HapymeHun padotsl [onbderpuma u T. 1.

e DKoJOrMueckrue MoJelnu W Mojaenu OuolneHo3a. PaccmarpuBaroT pa3Butue Ouocdepbl C yueTroM
aHTPOIIOTEHHOTO  BIIMSHHUS CO CTOPOHBI 4YenoBeka. HekoTopble Moaenu Tpo3aT — CIOKHBIMU
IIOCJICACTBUSAMMU.

e Mozenu SBOJIONMU BCEJICHHOW, KOCMOCAa M KOCMHUYECKHX OO0BeKTOB. CUMTAIOTCS OYEHb BAXKHBIMU
MOJCIN ABUKCHHA KOMET U KPYITHBIX aCTCPOUIAO0B, KOTOPBIC MOTYT I'PO3HUTH 3emie.

o MO)ICJ'II/I PasBUTHUA WU 3apOXKIACHUA KU3HU. IToneITKAa BEISICHUTE MEXaHHU3M 3apOXKACHUA W JUHAMUKH
YKUBBIX OPTaHU3MOB.

o MOI[CJII/I I'€OJIOIruy, TCKTOHHUKU, By.]'IKaHI/I‘-ICCKOI\/JI ACATCIIbHOCTH. IToneITKa npeacka3arb
pacnmpoCTpaHEHHE 3aracoB IOJE3HBIX HCKOMAEMbIX, IPEACKa3bIBaTh 3EMIICTPSICEHUS, IIyHaMH,
H3BCPIKCHHA BYJIKAHOB.

e Mogenu pa3BUTUS HKOHOMHKH, OeMOTpauH, pa3BUTUS SMHUIEMUHN, pa3BUTHS HHQPPACTPYKTYphl U
JPYTUX reOnH(POPMALMOHHBIX CTPYKTYp. DTH MOJEIHU CBA3aHBl C Pa3BUTHEM YEIOBEUECKOro OOIIecTBa,
TOCYIapCTB U IIOOAIBHBIX MPOIECCOB, CBI3aHHBIM C YEIIOBEYECTBOM.

JlonmomHUTENBHO:

[2] c.412-468

[3] c.189-204

[4] c.445-479

3emutst: buorpadus miranersr. @unbm National Geographic https://www.youtube.com/watch?v=kS2t0kvIMmw
buorpadus 3emnu | IBomonus https://youtu.be/W3 -88SZpm§

CoBpeMeHHbIE  B3DIsABI  Ha  dBomtonmio.  EcrectBo3nanme 5.3 https://www.youtube.com/watch?
v=BZOB1HDq2Hg

Bce u3 nuyero | OBomronus https://youtu.be/vtle6B-Ngz4

Benukoe B Mmanom. buonoruueckas spomrorus https:// www.youtube.com/watch?v=Cp8VXO0pltL8

Kocmoc. HccnenoBanue apyrux miaaHeT https://www.youtube.com/watch?v=2t7qhInfTNc

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

['eonornueckas uctopust 3emun, Poxxnenne u sBomorus [TnaneTst https://www.youtube.com/watch?
v=fqbPndSLycI

Myz3eit kocmoHaBTHKU. VcTopust ocBoeHus Kocmoca. 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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