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1. KOHCIEKT JEKIIUA
1. 1 Jleknus Ne 1 (2 gaca).

Tema: «MecTo ecTecTBO3HAHUS B CUCTEME HAyK, HCTOPUSI PA3BUTHS»
1.1.1 Bonpochl JieKum:

1. ITpenmer, nenu, 3agauu kypca TOE.
2. Uctopus pa3BUTHS €CTECTBO3HAHUS.
3. 3aKOHOMEPHOCTH U OCOOEHHOCTH PAa3BUTHSI €CTECTBO3HAHUS.

1.1.2 KparTkoe conep:kaHune BOIPOCOB:
IIpeamer, ueau, 3axaun kypca KCE.

PesynbTaraMu Hay4yHBIX HCCIEJOBAaHUM SBJSIIOTCS TEOPWUHM, 3aKOHBI, MOJENH, THUIOTE3bl, AMIUPUUYECKUE
0000meHus. Be€ 9T0 MOKHO Ha3BaTh OJJHUM CJIOBOM — KOHIICTIIHH.

EcrecTBO3HAaHME — pasfgen Haykd, KOTOPHIH HM3y4aeT MHpP Kak OH €CTh, B €r0 E€CTECTBEHHOM COCTOSHHH,
HE3aBUCHMO OT YeJIOBeKa ( B OTIIMYMH OT TYMaHHUTAPHBIX HAyK, OHH M3YYalOT JTyXOBHBIC MPOAYKTH YEIOBEUYECKOI
JeSITETPHOCTH ¥ TEXHUYECKHIX HAYK, KOTOPBIE H3YYal0T MaTePHAIBHYIO KYJIBTYPY).

K coBpeMeHHOMY €CTECTBO3HAHHIO OTHOCATCS KOHIENIIMK BO3HHKIIHE B 20 BEeKe, a TaKKe Hay4HBIC JaHHBIE Ha
KOTOpPBIE ONMpAaeTCsi COBpEeMEHHasi Hayka, Ha €IWHOE IIe0e HAayJYHBIX 3HAHWH, CTaBIOIMX JOCTOSHHEM UYEIOBEKAa B
pa3Hoe BpeMs HCTOPHH.

Urak, pacudpyeM HazBaHHE MOJHOCTHIO:

CoBpeMeHHBIII — peub HMAET O CErOAHSIIHEM, COOTBETCTBYIOLIEM, CYIIECTBYIOLIEM ceiuac MpelCTaBICHHH,
B3IJIA/I€ HA PaCCMAaTPUBAEMBbIE BOIIPOCHL.

Konuenun — onpeaenéHHbiii crocod MOHUMAHUS, TPAKTOBKH KAKUX-JIUOO SBICHUIN, OCHOBHAs TOYKA 3PCHHS,
pyKoBoAsIas uaes.

EctecTBO3HAaHNE — COBOKYITHOCTh HAayK O TIPHUPOJIE, B3ATHIX B UX B3aUMOCBSI3H, KaK IIEJIOC.

T.e. w3 wHaszBauusa ciuenyer, 4ro KkKypc KCE mocBsAméH paccMOTpeHHI0 OOIIMX, HEIeTaTHM3UPOBaHHBIX
MPEICTaBICHNN O TOM, KaK MBI IOHUMAeM CETOIHS MPUPOIY, KAaKOBHI CIIOCOOBI HAIIETO IMO3HAHUS NMPHUPOIEL. SICHO,
YTO OTH MPEACTABICHUS U3MEHAIOTCS BO BpeMeHn. Onan y ApucToTes, npyrue y HpioToHa, TpeThn y DWHINTEHA.

3amaun kypca KCE cocTosT B TOM, 9TOOBI CTYJIEHTHI, 00ydJaromuecss Ha TYMaHUTAPHBIX, OOIIECTBOBEIYECKUX U
SKOHOMHYECKHX (haKyJapTeTaX IMOMYYIJIN CBEOCHHS O COBPEMEHHBIX B3TJIaX HA MPHPONY, YBHICITH
HEOOXOMMOCTh KaK palMOHAIBHOTO, TaK M OOpa3sHOr0 OTPaKEHUS! OKPYIKAIOIIEro MHpa, ONpeAeiIéHHOE MECTO
YeJIO0BEeKa B 3TOM MHUpE, MOHSIM Pa3inyusi MEXIy TOYHBIMU 3HAHUSIMHU, Bepoil U gorankamu. OCHOBHBIE pa3ieibl
Kypca OCHOBBIBAIOTCS Ha IIKOJBHBIX 3HAHUSIX TI0 (PU3UKE, XUMUHU, OUOJIOTHH, aCTPOHOMHUH, HO HE TIOBTOPSIFOT UX.

JleneHue ecTeCTBO3HAHUS HAa YaCTHBIE HAYKH CBSI3aHO C YAOOCTBOM HCCIENOBaHHMS OTAEJIBHO, HO IPUPOJA — 3TO
€AMHOE LIeJI0e, TOATOMY AeTaeTCs MOMNbITKA I0Ka3aTh €CTECTBEHHBIE HAYKU B UX B3aUMOCBSI3H, B €IMHCTBE.

Hctopust pa3sBuTHA eCTECTBO3HAHUS.

B mHawane kpaTko paccMOTpHM OOLIHI XapaKTep pa3BUTHI €CTECTBO3HAHHS B MCTOPHYECKOM acrekrte. Mcropus
€CTECTBO3HAHUS U TEXHUKH CBUACTENBCTBYET, YTO PA3BUTHE UX HEPABHOMEPHO 80 8peMeHlU, T. €. IMEIOT MECTO KaK
960/110YUs, T. €. TIOCTEIICHHOE HaKOIJICHWE M COBEPIIEHCTBOBAHHUE 3HAHUIL, TaK U pesoioyuu - T. €. OTHOCUTEIHHO
KOPOTKHE MEPUOJBI, KOTAa MPOUCXOAUT KPYTas JJOMKa CIIOKUBIIHMXCS MPEICTABICHUH, KOHIEIIIHHA, CAMOTO CTHIIA
HaygHOTO MBInUTeHHs. IlocnenHee He oO3Ha4aeT, 4YTO OOBEKTHBHOE 3HAHME, HAKOIDICHHOE paHee, BCerIa
OTIPOBEPraeTcsi WM CTAaHOBUTCS HEHYXKHBIM. PeBodOnMM B TNO3HAHMM, B HAyKe O3HAuYalOT, 4TO TPEKHHUE
MPEJICTABJICHUS OKAa3bIBAIOTCS HEIOCTATOYHBIMHU ISl TMOHMMAHUS HOBBIX JKCICPUMCHTANBHBIX (DAKTOB, TEPSIOT
CBOKO YHHUBEPCAIBHOCTh. WX NPUMEHUMOCTh il OOBSICHEHUS CIIOKHOW JICHCTBHTEIBHOCTH OTPAHUYHUBACTCS
OTIpEICIICHHBIMU paMKaMU TPUOIMKCHUS, TTOSBIITFOTCS HOBEIE OoJice aleKBAaTHEBIC ACHCTBUTEIBHOCTU KOHIICTIIIUH H
TEOpHH, CYIIECTBEHHO pacLIMpSIONINE TIIyOMHY W BO3MOXKHOCTH TO3HAHMS, T. €. MOSBISETCS HPUHLIUIHAIBEHO
HOBEIM YPOBCHb IO3HAHUS W TOHUMAHHUS IPUPOIEL.

Hctopus ecTecTBO3HAHMS IIO3BOJISICT BBIACIUTH 3TH PEBONIONNH, PACKPHITh HX CMBICH W JakKe€ yCTAaHOBHUTH
HEKOTOPYI0 3aKOHOMEPHOCTh Pa3BUTHA €CTECTBO3HAHMSA. MOXXHO Ha3BaTh HECKOJIBKO PEBONIONMN B TO3HAHUH
JIFOABMU OKPYIKAIOIIETro MUPA.

EcTecTBO3HaHME BBIACISAET B CBOEM Pa3BUTHHU 4 UCTOPUIECKHX THIIA PEBOJIIOIIHIA:

Wrak, pa3BUTHE €CTECTBO3HAHUS CKJIAJIBIBAIIOCH CIEAYIOMUM o0pa3oM. Pasputne Hayku Oepér cBOE Hadayio emeé
CO BTOPOTO BEKa JI0 H.D.

3apokJeHNE HayYHBIX 3HAaHWH MOXXHO OOHapyxuTh B J[peBHeil I'penun - npeBHerpedeckas (6 - 5 Bexa 10 H. 3.)
aumuynas Hamypguiocoghus, T. €. prutocodust IPUPOIBI - YMO3PUTEIHHOTO HCTOJIKOBAHUS NPUPOIBI. DTO ele He
HayKa, B TIOJTHOM €€ CMBICJIC, HO BCE JKE MOMBITKH OOBEKTUBHOTO ITO3HAHKS MAaTePHaIbHOTO MUPA, OCHOBAHHEIC Ha
JIoTakaX W pa3MBIIUICHUSIX, KOTOPBIC CO3JaBald HEKOTOPYIO cHCTeMy 3HaHMWA. [l Hee XapaKTepHBI: a)
IPE/ICTaBICHUE O CIUHCTBE OECKOHEYHOTO MHOT000pa3usl SIBJICHUI NPUPOJIBI, 0) MMOMCKU €AMHBIX «Hadall» BEUICH,
T. €. HeKMX YHHBEpCaJIbHBIX 31eMeHTOB. JleMoxput (V Bek 10 H. 3.), pa3MbIIUIIA HAJ yCTPOMCTBOM MHpa, CO3.all
MPEICTABICHUS O HEIEIUMBIX METbUalIINX dNIeMEeHTaX (JacTHIIAaX) MATEPHH — AMOMAaXx.



B manpHeitmeM B apeBHeH ['peruu mpoaomkanoch pa3BUTHE MaTEMATHKH, MEXaHUKH, QU3nKH - EBkina, DnuKyp,
Apxumen, [Ttonemeit (IT Bex no H. 3.). [ITonemet nan MmaTemaTHIeckoe 000CHOBAHHE T€OIICHTPHUIECKONU CHCTEMBI —
CHCTEMBI MHpa B IEHTPE KOTOPOH HaXOAWTCS 3eMJys, M €ro TPyl B 3TOH 00JacTH, MOAAEpIKaHHBIE IIEPKOBBIO,
OTIpEJICIIMIIN TaKOW B3TJISIT HA MU Ha 1enbix 1375 jer, 1. €. BIutoTh 10 KomepHuka.

B cpenHeBekoBbEe HayKH pa3BHBAINCH B OCHOBHOM B Ilepcum m ApaOckoMm Mupe, T. €. HHTEpeC K MO3HAHHUIO
TPUPOABI HE yracai, HOo B EBpone cymecTBeHHOE IPOTHBOACHCTBIE HAYTHOMY IIO3HAHUIO OKa3bIBaJIa KaTOJIHIECKAs
uepkoBb. [losiBIIeHHE HOBBIX 0OoJiee alIeKBaTHBIX MPEACTABICHUNH 00 OKPYXKAIOIIEM MHUPE OMPOKUABIBAIIO
PEJUTHO3HBIC IOTMBI O CO3IaHUM YEJIOBEKa M MPUPOJIBI BCEMOTYIIECTBCHHBIM 00roM, 0 3eMiie KakK O IEHTPE MHUPA,
JTAHHOTO 0OTOM M T. II., YTO BBI3BIBAIO XKECTOKOE IMpecienoBanue epkBu. OIHAKO MPOJOJDKABIINE Pa3BHBATHCS
Hatypduiaocodus, MEIUIMHA, ACTPOHOMHUS U JTAXKE aIXMMUS YXKE COJCPKAIU MHOTHE DJIEMCHTHI HAyKH, HAYYHOTO
METO/Ia TIO3HAHUS U COJICHCTBOBAIIN HAKOIUICHUIO OOBCKTUBHBIX, HAYYHBIX 3HAHUU O MUpE.

1. [NepBast HayyHast peBOJIIOLMS B TO3HAHMH ITPUPOJIBI MPOK30ILIa B 310Xy Bospoxnenns (XVI- XVII BB.) n
Havayio ee cBs3aHo ¢ mMeHamu Huxonas Komepuwuka (1473-1543rr.), actponoma Tuxo bpare (1546-1601 rr.),
¢dunocoda u mosta utanesana xopnano bpyno (1548-1600 rr.), actponoma Hemia Moranna Kerutepa (1571-1630
IT.) U C TIePeBOPOTOM B ACTPOHOMHH, T. €. C TMEpPEeXOJOM K TMONIMHHO HAYYHBIM MPEICTABICHUAM O
TeTMOLIEHTPUYECKON CHCTEME MHpPa — CHCTeMa B IIEHTpe KoTopoil Haxoxutest CoHILe.

Takum 00pa3oM, MOKHO cUHUTaTh, 4TO0 B XVII Beke chopMUpOBaoCch TOUTMHHO HAyYHOE €CTECTBO3HAHUE U
HAYJaJIoCh €T0 JaylbHEeIee pa3BUTHE KaK KOMIICKCAa HAyK O MpHUpoJe. DTO OB IepHO ] SBOITIONMHOHHOTO Pa3BUTHS,
HAKOIIJICHUS 3HAHHIA.

HUrak, nmepBasi peBOIIOLUS 03HAMEHOBAJA MEPEX0/] K KIIACCHYECKOMY €CTECTBO3HAHUIO.

XapakTepucTuku: Mexanuctudeckas KM siBisieTcst 00IIeHAyYHON KapTUHON peallbHOCTH, MUP pacCMaTpUBACTCS
KaK JKECTKO JICTCPMHUHUPOBAHHAS CHCTEMa KaK IIEJI0¢ CBOMCTBA, KOTOPOI'O OMPEICISIOTCS CBOMCTBAMH €ro 4acTel.
Jlunepom Ha 5TOM Tane ssisercs pusuka. CyObeKT ¢ ero 0COOCHHOCTSAMH UCKIIIOYAETCS U3 MTPOIiecca NO3HAHMUS.

2. Btopas HaydHas peBoironus - KoHell 18 — mepBas monoBuHa 19 Beka — BBIpaXkaeTcs B Tepexoie
€CTECTBO3HAHMSI B IUCITUIUIMHAPHO OPTraHU30BaHHYIO HayKy. Mexanudeckas KM mepectaér ObITh 0OIIEHAYTHOM.
®dopmupyetcs cnenuduueckas KM He cBoUMEBIE K MeXaHUIeCKOH. (Onour-s1, xumud, pusua KM).

D10 3Tanm OypHOTO pa3BUTHSA DKCIEPUMEHTAIBHBIX HCCIEIOBAaHWUN, WX CHUCTeMaTH3allMK W 0000meHus. B
pe3ynpraTe OBUIO OTKPBITO MOJEKYJSIPHOE M aTOMHOE CTPOCHHE BeIIecTBa, mepuommdeckuii 3akoH J[.U.
Menneneesa, pa3BuTa TEOPHS XUMHIESCKOTO CTPOSHHS BEIIECTBA, © MHOTOE JIp.

K xoHiy 19 Beka BO3HHMKAET CUTYyAIlHs, KOTJIA P/l YCTAHOBJICHHBIX dKCIIEPHUMEHTAIBHBIX (DAKTOB HE MOXET OBITh
OOBSCHEH TECOPETHUYECKU C MO3MLUHA MMEIomMXcsl Teopuid. B acTHOCTH — 3TO 3aKoHBI poTod(ddexTa, TermioBoro
U3JTYYCHUs, MOBEJCHUE CBETAa KAaK MMOTOKA YAaCTUI[ M OJHOBPEMEHHO BOJH. BO3HHK KpH3HC B HayKe, KOTOPBIH
00yCIOBMI HEOOXOIUMOCTh PEBOIOIMOHHOMN JIoMKH, 3aMeHbI cTapbix KITACCUYECKUX koHmenmuii.

3. Tperbs Hay4yHas peBosonus - KoHen 19 — wHawano 20B. IIpeoOpasoBaHue mapamMeTpoB KIacCHYECKOH
HAYKH, pa3BUTHC HEKJIACCHYECKOTO ecTecTBo3Hanus. HKM mpencraBnseT u3 ce0s OTHOCUTEIFHO HCTHHHOE 3HAHUE,
MPOUCXOAUT UHTETpanus yacTHbIXx KM.

B nauaze 20 Bexa BOSHUKAIOT HOBBIC HJIEH U TIPEICTABICHHUS:

- O IUCKPETHOCTH, KBAHTOBAHHOCTH M3MEHEHHUS XapPaKTEPUCTHK JABIKYIIHMXCS MAaTCPHAJIBHBIX TEI — SHEPTHH U
MMITYJIbCa,

- 0 KBAaHTOBOM XapakTepe MOTOKa CBETOBOTO M3ITyUCHHUS,

- 0 3aBHCHMOCTH NIPOCTPAHCTBA, BPEMEHH U MACCHI TEJI OT CKOPOCTH JIBMKCHUSI.

Takum 0Opa3oM, Ha JAHHOM JTarle JTUACPOM IMO-TPESKHEMY OCTaBajach (hPU3HKA.

Ha nmanHOM 3Tane mpoaonKanock OypHOE pa3BUTHE KCIIEPHUMEHTAIBHBIX UCCIICTOBAHMIMA:

- OTKPBITHI U U3YUYCHEI SIBJICHUC PATHOAKTUBHOCTH, CBEPXIIPOBOIMMOCTH,

- IOKa3aHa JUCKPETHOCTH JCKTPUICCKOTO 3apsaa,

- OTKPBITHI MHOT'HE 3JIEMEHTAPHBIC YaCTHUIIBI M Pa3BUTA UX CUCTEMATHKA

4. UYerépras HaydHas peBotonus - koHenl 20B. — Hagamo 21B. IlpoucxonsT pagukaibHbIe U3MEHEHHUS B
OCHOBaHUHW HAy4YHOTO 3HAHUS, pOXKJIEHHE NMOocTHeKIaccuueckoil Hayku. HKM — B3aumMopeiicTBrUe pa3nuyHbIX KapTUH
PEaTbHOCTH.

Jlyist 3TOTO 3Tama XapakTepHB! KPYIHBIE POPHIBBI B TEXHUKE: Pa3BUTHE U BHeApeHHe DBM, MUKpPO3IEKTPOHUKH,
aTOMHOM PHEPreTUKH, KOCMOHABTHUKH, JTA3EPHON TEXHUKHU.

JlocTurHyTHl OOJBIIME JOCTHKEHHS B TaKMX OOJACTAX KaK: KBaHTOBas (JM3MKA M XUMHS MOITYNPOBOJHHKOB,
snepHas puznka, onodusnka, KHOEpHETHKA.

Hayka crama oOs3aTeibHBIM KOMITOHCHTOM ITPOM3BOJIMTEIBHBIX CHJ UYEJIOBEYECKOro oOIecTBa, 0e3 KOTOporo
HEBO3MOXKHO pa3BUTHE Npou3BoacTBa. Haunnaer cBoé pazButue takoe HanpasneHue kak CUHEPI'ETUKA.

Temepp 3Hast Kak NPOXOJIWIIO CTAHOBJICHHE W Pa3sBUTHE HAYKH MOXKEM BBIIEIHTh 3aKOHOMEPHOCTH Pa3BUTHUS
€CTECTBO3HAHUS.

3aKOHOMEPHOCTH U 0COOCHHOCTH Pa3BUTHS eCTECTBO3HAHMNS.

Pa3BuTne ecTeCTBO3HAHUS UMEET YEPThl U 3aKOHOMEPHOCTH, TIPHUCYIINE BCIKOH HayKe.

K 3aKkOHOMEpPHOCTSAM pa3BUTHUS €CTECTBO3HAHUS MOKHO OTHECTH:

1) OGycnoBIIEHHOCTD, B KOHEYHOM: CUETe,, MPAKTUKOH (TIPaKTUKA - KPUTEPUH UCTHHBEI).

2) OTHOCHUTETHHYIO CAMOCTOSATEIHHOCTb.



3) IIpeeMCTBEHHOCTh B Pa3BUTHHU UJCH: W MPUHITUIIOB, TEOPUN W TOHITHIA, METOJOB U MPUEMOB HCCIICIOBAHUS,
HEepa3pBIBHOCTH BCETO MO3HAHUS [IpHpOIBL.

4) IlocTeneHHOCTh Pa3BUTHS MPH YEPEIOBAHUH MEPHUOIOB OTHOCUTEIHFHO CIIOKOWHOTO 3BOIIOIMOHHOTO PAa3BUTHSA
Y PEBOJIIOIUH.

5) B3aumoelicTBIE ¢ qPYTMMH HayKaMH, B3aUMOCBSI3b BCEX OTpaciiel eCTeCTBO3HAHUSI.

6) I[IpoTHBOPEUNBOCTH PA3BUTHSI.

7) IloBTOpsieMOCTh WICH, MPENCTABICHUN, C MMOCTOSIHHBIMH BO3BpaTaMU K MPOWICHHOMY, HO Ha 0oliee BBICOKOM
CTYNEHU NOHUMAaHUS. (IIBU)KEHHUE 1O CITUPAIIH).

OCcOOCHHOCTH Pa3BUTHS €CTECTBO3HAHMUS CBSI3aHBI, TJIABHBIM 00pa3oM, CO Crelu(pHUKON U3yyaeMoro mpeaMera —
IIpuponsi!

1. 2 Jleknus Ne 2 (2 gaca).

Tema: «MeToapl €CTECTBEHHOHAYYHOTO ITO3HAHUSD)
1.2.1 Bonpochl JieKIum:
1. KoMIIOHEHTHI KyJIbTYpBI U HX CleHUpUKa.
2. Ponb HayKu B KU3HM OOIIECTRA.
3. DMIUPUYECKUI U TEOPETUUECKUNA METO/IbI TIO3HAHUS.
4. IIpoGiema enMHCTBA HAYYHOTO 3HAHMS.
5. Hay4nas xaptuHa Mupa.

1.2.2 KpaTtkoe cogep:xkaHue BOPOCOB:

KoMnoHeHTHI KyIbTYpPBI U HX crienuguka.

Kak Obl HM ObUIM pa3BHTHI HayKa, U TEXHWKAa OHM HE 3aMEHST YEJIOBEKY JIyXOBHBI W HPABCTBEHHBIH TPy,
MOHMMaHHeE ce0sl U OKPY’KaIoIEero MUpa, He CMOTYT c(hOPMYJIMPOBATH 38 HETO CMBICT KHU3HU.

Kynerypa — (eHOMEH, OTIMYalOmMi YeIOBEUECKYI0 KHU3HEACSATEIBHOCTh OT JAPYrHX Ouonorumueckux Qopm
KHM3HU. ITO KOHIEHTPUPOBAHHOE BHIPAKEHUE JOCTHIKEHUH YeIOBEYECTRA.

E€ npunsTo ne1uTh Ha MaTEpHAIbHYIO M JYXOBHYIO COOTBETCTBEHHO JIBYM OCHOBHBIM BHJaM IIPOU3BOJICTBA.

MarepuanbHast KyJabTypa — 00JIaCTh IPAKTUYECKON JIESTEIEHOCTH YEI0BEKa U €€ pe3yJIbTaThl.

JlyxoBHast KynpTypa — cdepa AESTEIbHOCTH CO3HAHUS W JYXOBHOTO IPOW3BOJCTBA, B TOM YHCIE CHCTEMA
MHUPOBUACHHS, HICKYCCTBO M €TO MPEAMETHI, HDABCTBCHHBIE IIEHHOCTH OOIIECTBA.

Hac wuHTepecyer myxoBHas KynbTypa. B Hell MOXXHO YCIOBHO BBIJEIHTH YEThIpEe Oonbiime o6macTu
MTO3HABATENBHON U TBOPYECKON AEATENLHOCTH YEJIOBEKA.

Hayka BbIABIIsIET 00BEKTHBHBIE 3aKOHOMEPHOCTH MUpA, SIBISECTCS IJIs1 YEIOBEKa OCHOBOM OCBOCHUS IPHPOIbBI U
MIPOTHO3UPOBAHUS CBOETO OymyImiero. Hayunuiii Menod MO3HAHUA — 3TO UCTOPHUYECKH CIOKUBIIHUICS MpoLEce
MOJTyYeHHs] 3HAaHWH, HCTHHHOCTD KOTOPBIX NPOBEPSIETCS M JIOKAa3bIBAETCS YEJIOBEUECKON NpakTHKOH. st Haykn
XapaKTepeH Ouckypcusuviii (pacCylO4YHbIH, OOBSCHUTENBHBIN) IIOIXO0J, OCHOBAaHHBIH Ha JIOTHYECKOM,
pannoHanbHOM MbInuIeHHH. OObEeKTHBHOE ITpeobiiafaeT Haa cyObeKTHBHBIM. Hayka sxkcmpasepmua (HarpaBieHa
HapyXy), MOHOIO2UYHA. YUEHBIA, KaK TPaBHUJIO, «3a1aéT BONPOCH», HA KOTOPHIE MIIET OTBETHI, H PE3YJIBTAT BO
MHOTOM 3aBHUCHT OT MHTEIUICKTYaJbHBIX M TEXHHYECKHX BO3MOXHOCTEH «Bompomareasi». Hayka — cpenctBo
MOHMMAaHMA W aJalTallid dYeJOBEKa B OKPYXKAaIOIIEH ero cpeae, (akTop BBDKUBAHUS W YNPABICHUS CBOMM
OyayIIuMm.

Kynemypa ecmecmeosnanus - TO4HBIE HAyKHM W HAyKH O TPHUPOJE, TEXHHWKA, MHPOpPMATHKA) OMHpAaeTcs Ha
Hay4YHBIA METO/.

Kynemypa eymanumapnas - BKIIOYaeT HCKYCCTBO, HayKH O BHYTPEHHEM MHPE 4UeJIOBEKa U OOIIecTBE
(TICUXOJIOTHIO, HCTOPHIO, IPABO, COIMOJIOTHIO, KyIBTYPOJIOTHIO | JP.

HckycerBo:  Oto  cnenmduyeckas — XyAO)KECTBEHHO-oOpasHast  (opmMa  BOCHPHUSITHSL U OTPaKCHHs
JeWCTBUTENHHOCTH. VICKYCCTBO 00palIlleHO K IIEPEeXUBAHHUIO B MUPE XYA0KECTBEHHBIX 00pa3oB. OHO NMpeaoCTaBIsIeT
Ka)XKZIOMY 4YEJIOBEKY JOTOJHHUTEIbHBIH XM3HEHHBIH OIBIT — BOOOpa)KaeMblil, HO CHELHUAJIbHO OpPraHM30BaHHBIM,
pa3ABUTAIOIINIT PAMKHU peabHO KHUTEHCKOTO.

O6vekmom WCKYCCTBA SIBISIOTCS WCTHHBL, CIPABEMJIMBOCTH KOTOPBIX HE MOJXKET OBITh BBIBEJICHA JIOTHYECKH:
npaB/a, JIOXKb, KpacoTa, 100po, HEHABUCTh, COBECTh. 3aTPYJHUTEIIHHO ONPEACIUTH OJHO3HAYHO yelu NCKYCCTBa, HO
OJTHO M3 €r0 NpelHa3HAUEeHU — IMO3HAHME YEIOBEKOM KPAacOThl, MpaBAbl, 10Opa OKPYXKAOMEro Mupa. I maBHBII
Memoo UCKYCCTBAa — HMHTYHIHS, TO €CTh IPSMOE YCMOTPEHHE MCTHHBI, CHHTETHIECKOE CY)KIEHHUE, HE Tpedyrolee
JOTUYECKOTO  JIOKa3aTelbCTBA. VICKYCCTBO CYOBEKTHBHO: 21A6HbIM — Kpumepuem €ro SBIACTCS —JHIHAS
YAOBIETBOPEHHOCTh XyNMOXKHUKA. OHO unmposepmuo (HAIpPaBIICHO BHYTPH) M pediekcupyer «B ceds», HO TpH
3TOM OUANOSUUHO.

Pesmrusi B ku3HM oOIIecTBa BCETAAa 3aHUMana 3HAYMTEIBHOE MECTO U COCTaBJIsUIa  KOMIIOHEHT
ob1euenioBeyeckoid  KynabTypsl. OHa ommpaeTcs Ha uUppayuoHaibHoe MbluleHue, CIocoOHOe BCTymaTth B
npotuBopeure ¢ (akraMm W HOpMaMH ObITHs. Penurus oOTpUmaeT BO3MOXKHOCTH pa3yma II03HATh MHUP,
(dopMynUpyeT BHEBPEMCHHBIE, «aOCOJIOTHBIC» HCTHHBI — Oo2Mbl, TpeOysh HEYKOCHHTEJIBHOH Bepsl B HUX.
Penurnosneie TEKCTHI BcerAa MMEIOT JIMYHOCTHYIO (opMy (TIOCIaHUS NPOPOKOB, JKUTHS CBATHIX M T.I.). OHH



KaHOHM3MPOBAHBI W HE JIOMYCKAIOT TEPEBOJAa B COBPEMECHHYIO MOHATHIHYIO CETKY. TaKOBBIMHU SIBISFOTCS TEKCTHI
bubnuu, Kopana, Eanremus ot Jlyku wmu Matdes u ap. MHOXKECTBEHHOCTh PEIUTHH OOBACHIETCS
COJIEPKATEIBHON CBA3BIO CO CIEM(HUKOI OTIENBHBIX HALIWHM, STHUYECKHIX TPYII, PETHOHOB.

Penurmst — ¢popma 00IIECTBEHHOTO CO3HAHUS, KOTOpasi OMUPAETCs Ha MPECTABICHUS O CBEPXBECTECTBCHHOM M Ha
BEPY B 3TO CBEPXBECTECTBEHHOE.

Hawnbonee cl0XHYIO PO B CHUCTEME OOIIEYENOBEUECKOH KyIbTyphl 3aHuMaeT ¢uimocodus. Pusiocopus
UCTIONB3YET UHMYUMUGHOE MbluLleHue, 0a3upyoIeecs: Ha TITyOOKHX M yHUBEPCAJIbHBIX 3HAHUSX. DTO MO3BOJISIET €i
MOCTYIUPOBaTh ()YHIAMCHTAIBHBIC NPUHIMIBI OBITUS — OHMOJLO2UYECKUe NOCMmYaambl — W O0OOCHOBBIBATH UX
CBSI3b C MBIILJICHUEM.

OHTOJIOTHS — Y4€HHUE O OBITUU KaK TAKOBOM; METOJ CBS3H KATCTOPHUI OBITHS U MBIIILICHHUS.

PoJib HaykH B :KM3HH 001eCTBA.

Kak conuokynpTypHbIil pEeHOMEH HayKa BCEI/ia ONMUPAIach Ha CIIOXKUBIIMECS B O0IIECTBE KYJIbTYPHBIC TPAIUIIHH,
HOPMEI 1 IIeHHOCTH. OTCI0Na KyIbTypHast U TEXHOJIOTH4IecKast () yHKITHH.

1. MPOM3BOJICTBO HAYYHO-TEOPETHYCCKOTO 3HAHUSL.

2. kynbTypHast (Hayka siBisieTcsi pe3yJjbTaToOM KyJIBTYPHOTO Pa3BHTHs OOIIECTBA, C JAPYroil CTOPOHBI OHA
3aKperuIseT B cebe onpeenEéHHbIA YPOBEHDb KYJIBTYPHOTO Pa3BUTHS 00IIeCTBa)

3. commansHO peryisnun (Hayka Bo3aeiicTByeT Ha MOTPEOHOCTH OOIECTBA, CTAHOBUTCS HEOOXOIUMBIM
YCJIOBUEM PAIMOHAIBHOTO YIIPABICHHUSI.)

4. HETNOCPEJCTBEHHBIC TPOM3BOAUTEIbHBIC CIbl (H CcHocOOCTBYeT MPHYMHOXKEHHIO HPOW3BOJUTEIBHBIX
pecypcoB obmecTBa)

5. paspenicHue riodaIbHBIX TPOOIEM.

6. MUPOBO33pEHYECKAs

7. ryMaHHUTapHas

8. HMHTETPAIlMOHHAS.

HayuHnblii MeToA. IMIUpUYeCKHii U TeOPeTUYECKUH METOIbI MO3HAHMS.

MeTompl, UCTIONB3yeMBIE B €CTECTBO3HAHHH, MOKHO Pa3AeiInTh Ha:

1) obmeHay4dHbIe - 9TO TaKKE METOIBI, KOTOPhIE HAXOSAT MPUMEHEHNE BO BCEX €CTECTBEHHBIX HayKax (Harpumep,
TUIIOTE3a, YKCIIEPIUMEHT H T.1I.):

2) 4acTHBIE METOIBI - 3TO METOJBI, MPUMEHSAEMBIC JUIIb B Y3KUX 00JACTAX KOHKPETHBIX €CTECTBEHHBIX HAYK.
Hanpumep, MeTo1 MHTEIrpPUPOBAHHUS TI0 YaCTSIM, METOJ YCIOBHBIX pe(IeKCOB | T.JI.

Bce ocHOBHBIC METOJBI MOXKHO Pa3/ICIUTh HA SMIUPUYCCKUC H TCOPETUUCCKUE YPOBHH UccienoBanus. Koropsie
pa3IuyaroTCs Mo CrocodaM HAyYHOTO MO3HAHUS, CIIOCO0aM JeSITEIbHOCTH.

1) B oOcHOBe DJ.Y. UJEXHUT NPEAMETHO-OPYIMIHAS, HAYYHO-IPAKTUUCCKAs NEATCIBHOCTh, KOTOpas
obecrieunBaeT HaKOIUICHHE U 00001IeHne 3Hanuid. B ocHoBe T.VY. jexut abCTpakTHO-TEOPETUYECKAS CATCIbHOCTh
IO CO3JIaHHIO HICATHHBIX MOJIENICH M IO CTPOCHUIO Pa3IMYHBIX 3HAHUI.

2) YpoBHH HAYYHOTO 3HAHUS PA3IMIAIOTCS 110 XapakTepy u popmMam 3HaHUS.

Ha 3.VY. — ¢akryansHOE SMIHpHYECKOE 3HAHHE, KOTOPOE OTPa’KaeT CBOMCTBA, KAUYeCTBa 0OBEKTOB PEATbHOCTH.

Ha T.Y. — oTpakaloTcsi CYIICCTBCHHBIE XapaKTEPUCTHUKH SIBJICHUNW B JIOTUYECKH OpPTaHU30BaHHOU (opme
(TOHATHSA, 3aKOHBI)

Henb3st nenmuTs SMIMpUYEcKOe U TEOPETHIECKOS 3HAHMS.

OMIIpHUIEcKOoe — YyBCTBEHHOE

TeopeTudeckoe — paloOHaIbHOE.

D.Y. 3aa-T u pabora pasyma, kak u T.Y. ucmonb3yeT cHayanma (aKTyaldbHBIH Marepual => B3aHMOCBS3b,
B3auMo/eiicTaue!

OMIUpPUYECKUN YPOBEHB!

®opMBI ¥ METOABI SMITUPUYECKOTO IMO3HAHUSA — T€ MPHUEMBI TO3HAHUS, KOTOPBIC SIBISIOTCS COJICPKAHHEM
MPaKTHUKHU WK €€ HeTIOCPEACTBEHHBIM PE3yIBTaTOM.

1. MeTonp! BEITIICHEHUS W UCCIICAOBAHHS AYMIIMPIYECKOTO 00BEKTa, K 3TOH IPYIIe OTHOCSATCS:

HaGmonenne — TEepBUYHBIA DIIEMEHTAPHBIN IMPOIECC SMIMPUYECKOTO TO3HAHHS, KOTOPBIH XapaKTepH3yeTCs
IeJICHATIPABICHHBIM, OPTaHN30BaHHBIM, CHCTEMaTHICCKIM BOCTIPHSTHAEM MPEIMETOB U SBIICHHH.

W3mMepeHne — KOJIMYIEeCTBEHHBIN METO/I, OCHOBOW KOTOPOTO SIBIICTCS KOJIMYECTBCHHBIC OTHOIICHHUS, BEIPAKCHHBIC
YUCIIOM WM BeNWYUHOH. I[l03BONIIET YCTAHOBUTH UHCIIOBOE COOTHOIICHWE MEXIy CBOHCTBaMH MpeIMeTa.
Onwupaercs Ha 2 oniepanuu: cuéT, MCPEUUCICHUE.

DKCIEPUMEHT — METO SMITUPUICCKOTO ITO3HAHMS, KOTOPBIH XapaKTepU3yeTCs BMEIIATEIbCTBOM HCCIICIOBATEIIS B
MOJIOXKCHUE U3y9aeMbIX 00BEKTOB, aKTUBHBIM BO3JICHCTBUEM Ha TPEAMET HCCICIOBAHUS.

2. METOJIBI 0OPAOOTKH U CHCTEMATHU3AIUH MTOTYYCHHOTO SMITHPUICCKOTO 3HAHUS:

AHanu3 — MBICTICHHOE Pa3JI0KEHHE N3y4aeMOro 00bEKTa, H3YUYCHHUE [IEJIOTO Yepe3 YacTh.

CHHTE3 — MBICJIICHHOE COS/IMHCHHE 3JICMCHTOB M CBOWCTB OOBEKTA B SIMHOC LIEJIOC.

WHayKIus — BEIBOJ, TIO3BOJIAIONINN ABUTATHCS OT YaCTHBIX CIIYYaeB K OOIINM ITOJIOKEHHSIM.

JlemyK1ust — BBIBO/I, TO3BOJISIOIINIA ABUTATHCS OT OOIIETO IOJIOKEHHS K YACTHBIM CITydasiM.

CpaBHEHHE — YCTAaHABIMBAIOTCS MPU3HAKK CXOJICTBA WIIH PA3JIMIHS 0 KAKUM-JTHO0 OCHOBAHHSIM.

O6001TIeHIE — COSAMHEHUE CXOMHBIX MPEAMETOB TI0 OOITUM JIJISl HUX IPH3HAKAM.

Knaccudukarus — pacpeeneHne npeMeToB KaKoTo-ITi00 poja 1Mo Kiiaccam.



MogenmupoBanue — METOA 3aMEIICHHS H3y4aeMoro OOBEKTa MOAOOHBIM €My IO PSRy HHTEPECYOUIIX
HCCIIeIOBATEN CBOMCTB M XapaKTEPHUCTHK.

TeopeTnueckuii ypoBeHb.

Teopetnueckoe Mo3HAHNE - YPOBEHB MO3HAHMS KOTOPHIH OIMpaeTcs Ha paboTy CO3HAHMS U pa3yMa.

dopmupoBaHUE MOHITHH, YMO3aKIIOUYEHUH, 3aKOHBI, KATETOPUH, IPUHIUIIBI U T. 1.

B ocnose T.II. nexur oneparys — MbIIILJICHUE.

MplieHre MpeAcTaBiseTcs B BUAE CTPYKTYPbI, KOTOpas UMEET 2 OCHOBHBIX YPOBHSI:

1. paccynok — B paMkax oOpasia, madjaoHa, HOPMBI, HA YPOBHE PacCylKa YYMMCS MBICIUTh. Paccyok — mepBas
CTausl PA3BUTHUS MBILLJICHHUS.

2. pa3yM — XapaKTEPHO TBOPYECKOE OMEPHPOBAHUC aOCTPAKIMSIMU, CAMOPEQIECKCUS — 3alyMbIBACMCsL O TIPUPOJIC
BelIeH, SBIIEHUI, MOXKEM Ha TOM YPOBHE MO3HATH CYTh BEILEH U BHIPA3UTH B JIOTHKE.

MeTo/1bl TEOPETUUECKOTO TO3HAHUSL:

1. Dopmanu3zanus — 0TOOpaKEHUE COACPIKATENLHOTO 3HAHKS B 3HAKOBO-CUMBOJIMYECKOM BHUJIE.

2. AKCHOMAaTHYEeCKHU — CHoco0 TOCTPOSHUS HAy4YHOH TEOpWH, NPH KOTOPOM B €€ OCHOBY KIAAYTCS
HEKOTOPBIEC HCXO/HBIE MMOJIOKEHHSI — AKCHOMBI (TIOCTYJIaThI).

3. 'MnOTeTHKO-ACAYKTUBHBIA — METO/ HAY4YHOTO MO3HAHMS, CYIIHOCTh KOTOPOTO 3aKI0YaeTCsi B CO3JaHUU

CHCTEMBI JICTYKTHBHO CBSI3aHHBIX MEXKY CO0O0i rMIoTe3, N3 KOTOPHIX, B KOHEYHOM CHETE, BHIBOJHTCS YTBEPIKIACHHUE
00 smMmprudecKuX (pakTax.

4. BocxoxaeHne oT aOCTPaKTHOTO K KOHKPETHOMY — METOJ TCOPETUYECKOTO H3JIOXKCHHS, COCTOSIIUN B
JIBIDKCHUHM HAYYHOW MBICTH OT UCXOHON aO0CTPaKIMU Yepe3 MOCICIOBATEIILHBIC ITAIBI YIIYOICHUS M PaCIIUPEHUS
MO3HAHUS K PE3YJbTAaTy — IIEJIOCTHOMY BOCIIPOU3BEICHUIO B TCOPUU HCCIICTYEMOr0 00BEKTA.

Ha COBPEMCHHOM J3Tall€ MHOTUE CUHUTAIOT, YTO METOX U METOHOOJIOTUA OTBJICKAIOT OT HAYKH — METO0JIOTUICCKUI
HEraTUBHU3M. 2-as KpaﬁHOCTL B COBpeMeHHOﬁ HayKe — MNOPCYyBCIIMYCHUC MCETOJA. Hp06neMa BLI60pa METoaa
CTaHOBHUTCs CIIMIIKOM Ba)KHOﬁ, YTO MPEeAMET UCCICAOBAHUS TCPACTCA. MGTO,H — OTMBIYKA AJIs1 BCCX (bOpM 3HaHUus,
T'JIaBHOC BI)I6paTL HpaBI/IHLHLIﬁ METOA — MCTOJOJIOTNYCCKaA Sﬁ(l)OpPIH.

IIpo6iema exHCTBA HAYYHOTO 3HAHHS.

JuddepenHunannio Hay9HOTO 3HAHHS MOXKHO OIPEIEIISATS 10 CICAYIONIUM ITapaMeTpaM:

1) o mpeaMeTy HcciieI0BaHHs.

2) 10 00BEKTY UCCIIEIOBAHMS.

3) 1O OTHOIICHUIO K CYOBEKTUBHOMY (haKTOpYy.

4) o pedeKCUBHOCTH.

5) 1o MeToaM HCCIIeIOBAHYSI.

MO>KHO BBIICTUTH CIIEIYIONINEe OCHOBHBIE HATIPABJICHNS HHTETPAIlNH HAYYHOTO 3HAHUS Ha COBPEMEHHOM JTalle:

1) mepeHoc uael 1 MpeJACTaBICHNH U3 OJTHOW 00JaCTH 3HAHHUH B IPYTYIO;

2) s¢dexTuBHOE HCIIONB30BAHKE MOHITHHHO-KOHIIENTYAIBHOTO ammapara, METOJOB W HMHBIX ITO3HABATEIHHBIX
CPEICTB OMHUX O0JIACTEH HAYKU APYTHMH;

3) dopMupoBaHHE KOMIUIEKCHBIX, MEXIUCIUIUIMHAPHBIX TMPOOJIeM W HampaBieHHHd uccienoBanmii. OcoOyro
Pa3HOBUIHOCTH KOMIUIEKCHBIX TPOOJIEM TIPEICTABIAIOT cO00H rito0abHbIe MPoOIeMBbl;

4) dbopMHpOBaHUE HOBBIX HAYYHBIX TUCIHUIUIMH «IIOTPAHUYHOTO» THIA HA CTHIKAX M3BECTHBHIX paHee oOnactei
3HAHUS,;

5) cOmmpKeHHWe HayK, pa3JIMYaloIlUXcsl CBOMMH HPEAMETHBIMH OOJIACTSMH, YCHIICHHE B3aWMOCBS3H U
B3aUMO/ICHCTBUSI €CTECTBEHHBIX, OOIIECTBEHHBIX U TEXHUYECKUX HaYK;

6) cOmmKeHne Hay9IHBIX NUCIHUIUINH PAa3IMIHBIX THIIOB — (YHIAMEHTAIBHBIX W MPUKJIAIHBIX, YMIUPHYECKUX U
TEOPETHIECCKUX, BEICOKO(DOPMATII30BAaHHBIX U ONMMCATEIBHBIX U JP.;

7) yHUBEpCaIn3aIis CPEICTB SA3bIKa HAYKH;

8) BBIpabOTKa PETHOHATBHBIX U OOIICHAYIHBIX (DOPM H CPENICTB TIO3HAHMS,

9) ycunenue B3auMoIeHCTBUS MexIy dumocodueii n HehmmocohcknM (YaCTHOHAYIHBIM) 3HAHHEM, YBEITHUCHUE
pazHoOOpa3usl KaHAIOB U GOPM CBSI3H MEKITY HUMH;

10) ycuiieHre HHTETPaTUBHOHN pOJIH PHIOCODHH.

Takum o0Opa3om, pasButHe W uddepeHIHanys COBPEMEHHOH HAyKH CONPOBOXKAAIOTCS HWHTErpanuen ee
Pa3IMYHBIX HAMPABICHUUA W OTpAcici, BOCIPOHM3BOJCTBOM CIWHOI'O HAyYHOTO 3HaHM. Hayka pa3BuBaeTCs Kak
ocobas cneuduyeckas popma Mo3HaAHHUS MHpA.

Hayunas kapTuHa Mupa.

KapTrHa Mupa BO3HMKaeT KakK pe3ylbTaT CHHTe3a (DYHIAMCHTAIBHBIX OTKPBITUH U PE3yJbTATOB MCCICIOBAHUN
BCEX OTpacieH U IUCIUILINH €CTECTBO3SHAHUS.

Hayunas kapTuHa Mupa nMeeT 2 3HaYCHUS:

1. y3K0e — 001ast kKapTa Mupa

2. MIPOKOe — crienudraeckas Kapra Mupa

Hayunas xapra mMupa — mupokas maHopaMa 3HaHHI O NPHpPONE M YeJIOBEYECTBE, KOTOpas BKIIIOYAET B ceOs
HamOoJee BaKHEHTITNE KOHIIETIITUH, (DaKTHI.



Posnp HaydHOM KapThl MUpa — AJIpO0 MHUPOBO33PEHUSI.
DOyHKIMY HAYYHON KapTUHBI MUpa:

- HHTErpaTUBHAS (00bEINHEHNE 3HAHUHN B CHCTEMY)
- CHCTEMaTH4YeCKast

- HOpMaTHBHAs

- MapajiurMaybHas (BIMSECT HA TTOBEICHNE YISHBIX )

- (DYHKIIMSI ICTOPHYECKOTO XapaKTepa

1. 3 JJexknust Ne 3 (2 yaca).

Tema: «DBoIIOLHS TPOCTPAHCTBEHHO-BPEMEHHBIX MTPEICTABICHUI O MUPE»
1.3.1 Bonpocsl JieKnum:
1. ITonsiTve mpocTpaHCTBa U BPEMEHH.
2. KoHuenuuu npocTpaHCTBa U BPEMEHHU.
3. IIpocTpaHCTBO M BpeMsI B KJIIACCUYECKOU MEXAHUKE.
4. Ilpoctpanctso u Bpems B CTO u OTO.

1.3.2 KpaTtkoe cogep:xkaHue BOPOCOB:
IMoHsiTHE MpOCTpaHCcTBa U BpeMeHH. KoHIleMMU NpPOCTPAaHCTBA M BPEeMEHH.
B o0ocHOBaHHMM KJIacCHYECKOH MEXaHWKHA OOJBIIYI0 pojb wWrpand BBeaeHHble M. HplooToHOM mOHSATHS
a0COJIFOTHOTO TMPOCTPAHCTBA M aOCOJFOTHOTO BPEMEHH. OTH TOHATHS JIS)KAT B OCHOBAaHHH CYOCTaHIIMATBHON
KOHIICTIIIUK TPOCTPAHCTBA W BPEMEHHU, B COOTBETCTBHH C KOTOPOW MaTepus, abCONIOTHOE IPOCTPAHCTBO H
a0COJIFOTHOE BPEMSI — TPH HE3aBUCHMBIC JPYT OT Ipyra CyOCTaHIIUM, HaYaia MUpa.
AOCOIOTHOE TIPOCTPAHCTBO — 3TO YKHCTOE M HEMOJBIXKHOC BMECTHIIHINE T, aOCONIOTHOE BpeMsl — 4YHCTas
JUTUTEIILHOCTh, a0COJIOTHAS PABHOMEPHOCTh COOBITHH. HBIOTOH CUYWTay, 4YTO BIOJHE BO3MOXHO JOIYCTUTh
CYIIECTBOBAaHUE MHUpPA, B KOTOPOM €CTh TOJBKO OIHO aOCOJIOTHOE MPOCTPAHCTBO W HET HU MATEpPUH, HHU
a0COJIIOTHOTO BPEMEHH; JTH00 e CYIIeCTBOBAaHUE MUPA, B KOTOPOM €CTh IIPOCTPAHCTBO W BpEeMs, HO HET MaTepPHH;
00 Ke CyIIECTBOBAHHE MHUPa, B KOTOPOM €CTh TOJIBKO BpeMsi, HO HET HU IIPOCTPAHCTBA, HU MaTepuu. [1o MHEHUIO
HeroToHa, aGCOMOTHOE MPOCTPAHCTBO U a0COIIOTHOE BPEMSI — 3TO peasbHbIe (hHM3WUECKHUE XapaKTEPUCTUKH MHUPA,
HO OHH HE JIaHbI HEMOCPEACTBCHHO OpraHaM YyBCTB, M MX CBOMCTBA MOTYT OBITh IOCTUTHYTHI JIUIIH B aOCTPaKITUY;
BO3MOXHO, TOJBKO B OynmymeM (u3uKa CyMmMeeT HaWTH peallbHble CHCTEMBI, COOTBETCTBYIONIHE aOCOIIOTHOMY
MPOCTPAHCTBY U a0COJIIOTHOMY BpeMEHHU. B cBOeil e NMOBCEAHEBHOW JCHCTBUTEIBHOCTH YCIIOBEK MMEET JICTO C
OTHOCHUTEIILHBIMU JIBIDKCHUSIMH, CBSI3BIBAsI CHCTEMBI OTCUCTA C TEMHU WJIM WHBIMU KOHKPETHBIMH TEJIaMH, T.C. HIMCET
JICIIO C OTHOCUTEIHHBIM IMPOCTPAHCTBOM M OTHOCHTEIEHBIM BPEMCHEM.
OM3UKU J0T0e BpeMs IMOJNHOCTHIO MPHICPKUBAIUCH CYOCTAHIIMATBHON KOHICMIMH HBIOTOHA, TIOBTOPSUIA €ro
OTIpENCIICHUS] TIOHITHH aOCOJIOTHOTO MPOCTPAHCTBA M BPEMEHU. TOJNBKO HEKOTOPBIC (PHIOCO(BI KPUTHUKOBAIH
MOHATHS a0COJIOTHOTO TPOCTPAHCTBA M aOCOMIOTHOTO BpeMeHu. Tak, I'.B. JIeHOHUWI, «BCUHBIH OMIIOHCHTY
HproToHa, BRICTYNIII ¢ KPUTHUKOW CyOCTaHIIMAIBLHOW KOHIEMIIUU M OTCTAaWBAI MPUHITUIIBI PENIAIIMOHHON TEOpUH
MPOCTPAHCTBA W BPEMEHH, CUHTAas <«IPOCTPAHCTBO, TaK € KAaK W BPEMs, YeM-TO YHCTO OTHOCHUTEIILHBIM:
MPOCTPAHCTBO — TIOPSAKOM CYIIECTBOBAHUM, a BpeMs — TOPSIKOM ToclieaoBaTebHoCcTel. 160 mpocTpaHCTRoO...
0003HaYaeT MOPSAJOK OJHOBPEMEHHBIX BEIIEeH, IOCKOJIbKY OHH CYHIECTBYIOT COBMECTHO, HE Kacasch HX
crierududeckoro crocoba OwiTus». Omaako B XVIII B. kpuTHka cyOcTaHIMAIbHOW KOHIemuuu HpioToHa U
¢unocodckas pa3paboTka PETANUOHHOW TEOPHUHM TMPOCTPAHCTBA M BPEMEHU HE OKa3ald CYIECTBEHHOTO
BO3JCUCTBUS Ha (U3MKy. EcTecTBOMCHBITATENM MPOAOIDKAIN IMOJB30BAThECA MpEICTaBlcHUsIMH HproToHa 00
a0COJIFOTHOM MPOCTPAHCTBE U BPEMEHH, PAa3INYasCh MEXy COOOM JHIIb TPU3HAHUEM WIIH HEIPU3HAHUEM HATUYHS
MyCTOTO MPOCTPAHCTBA.
IIpobnema mpoctpancTBa — ocodast mpodiiemMa, o0beqUHSIOMAsS (PU3UKY U TeoMeTputo. JJonroe BpeMsi MOIYaITHBO
MPEIII0JIarajoch, YTO CBOMCTBAa (YU3UYECKOTO MPOCTPAHCTBA SIBIIIIOTCS CBOMCTBAMHU EBKIIMAOBOTO MPOCTPAHCTBA.
Jst MHOTHX 3TO OblTa caMO CcOOOH pa3zyMmeromiasicsi UCTHHA. «3ApaBblii CMBICT» ObLT Gunocopcku BoromeH U.
KantoM B ero B3risgax Ha MPOCTPAaHCTBO M BpeMsl Kak HEW3MEHHBIE anpHOpHBbIE «(OPMBI IYBCTBEHHOTO
co3epuanusi». M3 3Toro B3risaa clemoBajo, 4TO Te MPEACTABICHUS O TMPOCTPAHCTBE M BpPEMEHH, KOTOPBIE
BBIpa)KeHBI B TeoMeTprun EBKinaa n Mexannke HpioToHa, BOOOIIIE SBISIOTCS €MHCTBEHHO BO3MOYKHBIMH.
BnepBrie TI0-HOBOMY BOTIPOC O CBOMCTBaX MPOCTPAHCTBA OBbLIT MOCTABIEH B CBS3H C OTKPBITHEM HEEBKIIMIOBOM
TEOMETPUH. Be3yCHemHoCcTh TOIBITOK psja yYEHBIX MHOTHX TOKOJICHWH J0Ka3aTh MATHIA IMOCTylaT EBkmmma
MpHBEJIa K MBICJIH O €r0 HEJJOKa3yeMOCTH, a BMECTE C TEM U O BO3MOXKHOCTH IOCTPOCHHUS T€OMETPUHU, OCHOBAHHOM
Ha Apyrux noctyiatax. OAHUM U3 MEPBBIX MPHUILEN K 3TON MbIcan HeMelkuit MatemaTuk K.®. I"ayce, koTophlii emie
B Havare XIX B. cTan pa3MbBIILIATE HAaJl BOIPOCOM O BO3MOYKHOCTH CO3IaHUS IPYTol, HECBKIUIOBOMW, TCOMETPHUH.
laycc BBICKa3an MBICTB, YTO MPEICTABICHHUS O CBOWCTBAX MPOCTPAHCTBA HE SBISIFOTCS AlMPUOPHBIMHU, a MMCIOT
OMBITHOE TIpOUCXOXKIcHHe. OIHAKO OH HE TOXEeNal BTATHBATHECS B OCTPYIO JHCKYCCHIO M CKpPBIBAI OT



COBPEMECHHUKOB CBOM HJEH O BO3MOXXHOCTH HEEBKJIMIOBBIX T'€OMETPHH, HO KOT/Ia 3TH HAEU OBUIN «O3BYUYCHBD»
JIPYTUMH, BHUMATEIBHO CIIEINIT 32 UCCICIOBAHUAMH B 3TOW 00IaCTH.

IIpocTpaHCcTBO M BpeMsl B KJI1acCHYeCKOH MexaHHKe

N3ydenne MeXxaHNIECKOTO OBIKEHHS MaKpOTEN IPUBENIO K CO3MaHMI0 MexaHWku HproToHa. PackpriBas cymHOCTh
MPOCTPaHCTBA M BpeMeHHW, HBIOTOH mpemnaraeT pa3nuyaTh JBa BHIA HOHSATHHA: a0COMIOTHBIE (MCTHHHEIE,
MaTEepUATNUCTUIECKHE) M OTHOCHTENbHBIC (KaXXyIIuecs, OOBIICHHBIC) W JAeT UM CIEAYIONIYI0 THIOJOTHYECKYIO
XapaKTePUCTUKY: «ADOCOJIOTHOE, HCTHHHOE, MAaTEpHUAIMCTHYECKOE BpEMs caMo 1o cede M CBoeil cymHocTH, 6e3
BCSAKOTO OTHOIICHUS K YeMy-THOO BHEUIHEMY, MPOTCKACT PABHOMEPHO WM WHAYEC HA3BIBACTCS JUIUTCIBHOCTHIO.
OTHOCHTENBHOE, KAXKYIIEeCs, WK OOBIICHHOE, BPEMs €CTh HJIM TOYHAs, MJIH U3MCHUYUBAS, IIOCTUTaeMasi YyBCTBAMHU
BHEIIHAS Mepa MPOJOJIKUTEIBHOCTH, YIOTpeOiseMas B OOBIICHHON JKU3HU BMECTO UCTHHHOI'O MATEMAaTHUECKOTO
BPEMEHH, KaK TO: 4ac, AEHb, MECSAL, Tof...». AOCOJIIOTHOE NMPOCTPAHCTBO IO CBOEH CYLIHOCTH, HE CBS3aHO C
00beKTaMH, MOMEIICHHBIMA B HEro, M O€30THOCHTENILHO K 4eMy Obl TO HM OBUIO BHEIIHEMY, OCTAaeTCsl BCEria
OIMHAKOBBEIM W HEMOABIKHBIM. OTHOCHTENBFHOE TPOCTPAHCTBO €CTh Mepa WIH KaKas-InO0O OrpaHNYeHHAs
MOJBIDKHAS 9aCTh, KOTOPAsk OTPEASISIETCS HAIIUMH TYBCTBAMH I10 TIOJIOKEHUIO €r0 OTHOCHTEFHO HEKOTOPBIX TE,
M KOTOpOE B OOBIICHHOM KI3HH MPHUHUMAETCS 3a IPOCTPAHCTBO HETOABIDKHOE. Bpems u mpoCcTpaHCTBO COCTABISIOT
Kak Obl BMECTHIJIMINA caMUX ce0s M Bcero cymiecTByromero. [Ipu TakoM moHMMaHNH abCOIIOTHOE MPOCTPAHCTBO H
BpEMs MPEICTABISUINCH HEKOTOPBIMH CaMOIOBIICIOIINMH 3JIEMEHTAMH OBITHS, CYIIECTBYIOMINMHI BHE U HE3aBHCHMO
OT KaKWX-THOO MaTepHaNbHBIX IPOIECCOB, KaK YHHBEPCAIbHBIC YCIOBHS, B KOTOpPHIE INOMEIIeHa Marepus. Y
HeroToHa abcomoTHOE NMPOCTPAHCTBO U BPEMS SIBJISIOTCS apeHOW NBIDKeHUS GU3MUecKuX 00bekToB. CrienuaibHas
TEOpHsi OTHOCHTENBHOCTH, co3iaHHas B 1905r. A. DHHIUTEHHOM, craja pe3ynbTaroM OO0OOIICHHS M CHHTE3a
Kilaccuueckoi mexanuku [ anenes-HbroToHa u snektpoanHamuku MakcBeia-Jlopenua. “Ona onucbIBaeT 3aKOHBI
BCEX (PM3MYECKUX MPOLIECCOB MPH CKOPOCTSX JIBIKEHUS, OJIM3KUX K CKOPOCTU CBETa, HO O€3 yueTa Mouis TSArOTCHHUSI.
IIpu yMeHbIICHUH CKOPOCTEH ABIDKCHHS OHA CBOJUTCS K KIIACCHYECKON MEXaHHKE, KOTOpas, TaKuM 00pas3om,
OKa3BIBACTCS €€ YaCTHBIM ciy4aeM”’. B COOTBETCTBHM CO CIIEIMaJIbHON TEOpHEeH OTHOCHUTEIBHOCTH, KOTOpas
00BEIUHIET TPOCTPAHCTBO M BpPEeMS B EAWHBIA YETHIPEXMEPHBIH NpPOCTPAHCTBEHHO-BPEMEHHOW KOHTHHYYM,
MPOCTPAHCTBEHHO-BPEMEHHBIE CBOWCTBA TEJ 3aBUCAT OT CKOPOCTH MX IBIDKEHUS. IIpOoCTpaHCTBEHHBIE pa3Mephl
COKpAIAIOTCS B HAMPABICHUH ABMKCHUS TPU TPHOIMKEHUN CKOPOCTH Tell K CKOPOCTH cBeTa B Bakyyme (300 000
KM/C), BPEMEHHBIE TIPOILIECCH 3aMEIUIAIOTCA B OBICTPOABIDKYIIMXCS CHCTEMax, Macca Tejla YBEINIHBACTCS.
JIBmkeHNe CBeTa NPUHIMIIHAIBGHO OTIMYACTCA OT IBIDKCHHS BCEX APYTHX TeJ, CKOPOCTh KOTOPBIX MEHBIIE
ckopocTu cBera. CKOpPOCTh 3THUX TeJl BCErja CKIAAbIBAETCS C JIPYTUMU CKOPOCTSMH. B 3TOM cMbicie ckopocTh
OTHOCHUTCIILHBI: WX BEJIMYMHA 3aBHCUT OT TOYKH 3pEHHS. A CKOPOCTh CBETa HE CKJIAJBIBACTCS C JPYTUMH
CKOPOCTSIMH, OHa a0COJIIOTHA, BCET/a OJlHAa U Ta K€, M, TOBOPSI O HEH, HaM HE HY)KHO YKa3blBaTh CHCTEMY OTCUETa.
AOCOIIOTHOCTh CKOPOCTH CBETA HE NMPOTHBOPEYUT IPHHIMITY OTHOCUTEILHOCTH U MOJHOCTBIO COBMECTHMA C HUM.
[TocTosTHCTBO 3TOI CKOPOCTH 3aKOH MPHUPOABL, & IOATOMY UMEHHO B COOTBETCTBUH C IMPHUHIIMIIOM OTHOCHTEILHOCTH
OH CIIpaBeUIMB BO BCEX MHEPIMAIbHBIX cuUcTeMax oTcuyera. CKOpOCTh CBETa OJHA M Ta XK€ BO BCEX Telax,
JOBIDKYIIUXCSA 110 OTHOIICHHIO OPYT K APYTY PaBHOMEPHO M MpAMONUHEHHO. CBET NMPOXOAWT ¢ HEW3MEHHOH
CKOpOCThIO, TpuOIM3uTeNbHO paBHOKW 300000 KM/CeK., MEMO HEMOJBIKHOTO Tellda, MAMO Tela, JBHUXKYIIETOCS
HaBCTPeUy CBETY, MUMO Tella, KOTOpPOe CBET NoroHseT. Jlanee DWHINTEHH pacCMaTpUBaeT OTHOCHTEIFHOCTD UIMH 1
MPOMEKYTKOB BPEMEHH, YTO NMPHUBOAWT €r0 K BBHIBOIY O TOM, YTO HOHSATHE OJHOBPEMEHHOCTH JIMIIEHO CMBICTA:
"JlBa cOOBITHS, OJHOBPEMEHHBIC TIPY HAOIIOJIEHUU U3 OJHON KOOPAMHATHOW CHCTEMBI, YK€ HE BOCIPHHHMAIOTCS
KaK OJTHOBPEMEHHBIC IIPH PACCMOTPEHUH U3 CUCTEMBI, ABIDKYIIEHCS OTHOCHTENBHO NaHHo#". KopeHHBIM oTiiaueM
CHCIHANEHON TECOPUH OTHOCUTEIBHOCTH OT MPEIIICCTBYIONINX TCOPHH SBISACTCA MPHU3HAHUC IMPOCTPAHCTBA H
BPCMCHU B KAUCCTBC BHYTPEHHHUX JIIEMCHTOB IBIDKCHHS MATEPHH, CTPYKTYpa KOTOPBIX 3aBHCHT OT IPUPOJBI
CaMoro JBIDKCHUS, SBIIsieTCs ero GpyHKiued. B moxxone DifHIITeHA TPOCTPAHCTBY M BPEMEHH MPHUIAIOTCS] HOBBIC
CBOWCTBA: OTHOCHUTEIILHOCTh JUTMHBI U BPEMECHHOTO IIPOMEXKYTKA, PABHONIPABHOCTh MPOCTPAHCTBA U BpeMeHu. Eciu
OBl CyIlecTBOBaJla MIHOBEHHAS IMepeadya UMITYJIbCOB MU BOOOIIE CHUTHAJIOB, TO MBI MOTIJIH ObI TOBOPHTH O IBYX
COOBITHSX, MPOWCIICAIIAX OJHOBPEMEHHO, T.€. OTIMYAIOMIMXCS TOJBKO IPOCTPAHCTBEHHBIMH KOOPAWHATAMHU.
CBs3p MeXIy COOBITHSAMH Obla OBl (QU3WYECKUM TPOOOPa3OM YHCTO MPOCTPAHCTBEHHBIX TPEXMEPHBIX
TEOMETPUYECKHX COOTHOIICHWH. Teopus DHHINITEHHA HWCXOOUT W3 OrPAHWYCHHOCTH W OTHOCHTEIHHOCTH
TPEXMEPHOTO, YHCTO MPOCTPAHCTBEHHOTO TPEICTABICHHUS O MHpPE W BBOAWT OoJjice TOYHOE MPOCTPAHCTBEHHO-
BpeMeHHoe TpezcTaBieHrne. C TOUKHM 3pEeHUS TEOPUH OTHOCHUTEIHHOCTH B KapTHHE MHpa NOJDKHBI (UTYpHUPOBATH
YeThIpe KOOPIMHATHI U €l TOIDKHA COOTBETCTBOBATH TEOMETPHS.

IIpocrpancrBo u Bpems B CTO n OTO

CrneunanbHasi TEOpHs OTHOCHTENBHOCTH Obuta co3naHa AjbbOepTom JiHmTeiiHOM B 1905 T. Kak pe3yibraT
00001IeHNsT ¥ CHHTe3a KilacCHYeckod MexaHWKW HproToHa M anekrponuHamukn Makcsemna. CBoro pabory «K
JNEKTPOJMHAMUKE NBIKYIIUXCS Cpel» DWHINTCHH HAYMHACT C JABYX MPEIIOJIOKCHUH, KOTOPhIC B COBPEMEHHOMN
HayKe HOCAT Ha3BaHHUC IOCTYJIATOB TCOPHH OTHOCHTEIbHOCTH. Kak mucanm cam DHHINTEHWH, OH paccMaTpHBall dTH
MOCTYNAThl KaK MPEIMOChUTKH I TOTO, YTOOBI, «IIOJIOKUB B OCHOBY TEOpUI0 MakcBeia A MOKOSIIUXCS Tel,
MOCTPOUTH IPOCTYIO, CBOOOIHYIO OT MIPOTHBOPEUHH AIEKTPOAMHAMUKY ABIDKYIIUXCS CPEMI».

[TocTynaTel TEOPHUH OTHOCUTEIBHOCTH (POPMYITHPYIOTCS CIEAYIOIINM 00pa3oMm:

1) TpHWHIUI OTHOCHTENBHOCTHU: BCE 3aKOHBI IPHUPOIBI OAWHAKOBHI BO BCEX MHEPIMAJIBHBIX CHCTEMaX OTCUETa;

2) TPHUHIUI MOCTOSHCTBA CKOPOCTH CBETa: CKOPOCTh CBETa B IYCTOTE OAWHAKOBA BO BCEX HHEPIIHAIBHBIX
CHCTEeMax OTCYeTa M He 3aBHCHT OT IBMKCHUS HICTOYHMKOB U IPUEMHHKOB CBETA.



W3 3THX ABYX MPHUHITUIIOB CIEAYIOT BCE MOJIOKEHIS TEOPHH OTHOCHTENEHOCTH. ClIeICTBHEM IOCTOSHCTBA CKOPOCTH
ABJISICTCA TOT (DAKT, 9TO MOHATHE OJHOBPEMEHHOCTH COOBITHIA, KOTOPHIM TIOJIb30BAJHCH B HRIOTOHOBCKOW MEXaHUKE
JUIL PacCyXXIEHHH O BPEMEHH, CTAaHOBHUTCS OTHOCHTEIHHBIM, 3aBHUCSIINM OT HabOmromartens. B kimaccmueckoit
MeXaHUKEe TPUHUMAETCS, YTO OJHOBPEMEHHOCTb IBYX COOBITHI, pa300IMIEHHBIX HEKOTOPHIM PACCTOSHHEM, MOXKET
OBITh yCTaHOBJIEHA IyTEM IEepeHOCa YacoB M3 ONHOW TOYKM B JPYTYIO, W TaKOe ABIKCHWE HUKAK HE IOJDKHO
CKa3bIBaThCA Ha UX xoxe. OHaKO MPOBEPUTH OAMHAKOBOCTh IOKAa3aHMH YacOB B IBYX PA3HBIX TOUYKAX MOXHO JIIIb
C MOMOIIBIO CUTHAJNIA, KOTOPBIA paclpOCTpaHsUICs Obl U3 OJHOM TOYKH B APYI'YIO MCHOBEHHO. HO TakuX CHTHAJOB B
npupoze HetT. Clie[0BaTeNIbHO, PEIIUTh BOIPOC O CHHXPOHU3AIMH YaCOB MOXKHO TOJIKO ITyTEM COTJIAIICHUS O TOM,
KOTJIa 3TH Yachl CICIYET CUUTATh UAYIIMMH CHHXPOHHO. 32 OCHOBY TaKOI'O ONPECICHUs (CoriameHus) JUHIITSHH
OepeT cKopocTh cBeTa B Bakyyme. IlycTh MmO 4yacaM B TOYKe A CHTHAN MOCIAH B MOMEHT BPEMCHHU t; M TOCHE
OTpakeHHs B TOYKe B Bo3BpaTmiics B TOYKYy A B MOMCHT BpeMEHHU tp. Toraa, 1o ompeneNieHuro, 4yackl B Touke B
CUHXPOHHBI C YaCaMHU B TOYKE A, €CIIU OHU HIYT OJUHAKOBO OBICTPO M B MOMCHT IPUXOJa CBETOBOTO CHUTHAJA B
TOYKY B 4achl, ycTaHOBJICHHBIE B HEH, TIOKAa3bIBAIOT BpeMs t3 = (t;+ t;)/2. YCTaHOBUB, 4TO ClIeJlyeT TOHUMATh IO
CHHXPOHHO HAYIIMMH B Pa3sHBIX TOYKAaX MIPOCTPAHCTBA MOKOSIIMMHCS YacaMmW, DWHINTEHH Jaj OIpeaesieHHe
OTHOBPEMEHHOCTH W BpeMeHH. Ho ycTaHOBiIeHHast TakuM 00pa3oM OJHOBPEMEHHOCTh COOBITHH B OJHOM CHCTEME
oTcueTa He OyIeT TaKOBOW B IPYroi CHCTEME, IBIKYIIEHCS OTHOCUTENBHO mepBoil. Takum oOpa3oM, HEOOXOIUMO
TOBOPUTH O COOCTBEHHOM BpPEMEHH B KaXIOH cHUCTeMe oTcueTa. AOCONIOTHOTO YHHBEPCAJIHHOTO BPEMEHH HE
CYyIIECTBYET, a HAIIW OOBINEHHBIC MPEACTABICHUS O TAKOM BPEMEHH — CIIEICTBHE TOTO, YTO MBI XMBEM B MHpE
MaJbIX CKOPOCTEH ¥ TMOJB3yeMCs TIPU OTOM HH(POPMAIMOHHBIMH  (3JICKTPOMArHUTHBIMK)  BOJIHAMH,
PACTIPOCTPAHSIONIMMUCS CO CKOPOCTSIMH, CPAaBHUMBIMH CO CKOPOCTBIO CBETA.

Korna moHsTHe OHOBPEMEHHOCTH MOTEPSIIO CMBICH, MIOTEPSUIH CMBICT U Apyrue HoHATHS. OTHOCHUTEIBHBIM CTAJI0
BpeMsl, TaK KaK HAOJIOMATENIM PACXOJATCS B OLICHKAX BPEMCHHM, MPOMICIIICIO MEXKIY NBYMsI OJHHUMHU M TEMU XKE
coObrtusimu. [Ipu ckopocTH, OJIM3KOM K CKOPOCTH CBETA, BpeMs 3aMeisieTcs. [JinHa Takke crana OTHOCHTEIBHOM,
T.€. 3aBHCSAIMICH OT BBIOOpa CHCTEMBI oTcueTa. Hamprmep, ecim 1Ba KOCMHYECKIX KOpabiIs IBUKYTCS OTHOCHTEIBHO
JIpyr Ipyra, TO HaOJOAaTeNh Ha KaKIOM W3 KopaOyied OyIneT BHUAETh APYrod KopaOiib COKPATHBIIAMCS B
HAIpaBJICHUH CBOETO JBIKEHUA. [Ipr OOBIYHBIX CKOPOCTSIX TaKOe COKpAIIeHHE Mayio. 3eMJIs, IBIDKYIIASCS BOKPYT
Comnaia co ckopocThio 30 KM/c, TToKa3anack ObI HAOJIOIATEINIO, TIOKOSIIEMYCSI OTHOCUTEIHPHO HETO, COKPATHUBIIECHCS
JWIIF HA HECKOJBKO CAaHTHMETpOB. HO WM3MEHEHWS ITMHBI CTAHOBATCS 3HAYMTENBHBIMH, KOTJa OTHOCHUTEIHHBIC
CKOpOCTH OYeHb BenuKH. COKpamleHWe JHHEHHBIX pa3sMepoB TET W 3aMEJICHHE INTCIHFHOCTH IPOMEXYTKOB
BPEMCHU — CIICACTBHEC PA3IMYHBIX MPOLECCOB M3MEPCHHUS, KOTOPHIMHU MOJB3YHOTCS pa3iMdYHbIC HAOIIOJATEIIN B
Pa3HBIX CHCTEMax OTcueTa. DUHINTEHH nucai: «Bompoc 0 ToM, pealbHO JOPEHIIOBO COKpAICHHE WK HET, HE UMEET
cmbicia. COKpalleHHue HE SBISCTCS PEalbHBIM, MOCKONBKY OHO HE CYIIECTBYET JUIs HAOIIOMATEINs, JBIKYIICTOCS
BMECTE C TEJIOM; OJHAKO OHO PEAIbHO, TaK KaK OHO MOXXET OBITh MPHHIMUIHAIBHO IOKa3aHO (PH3HMYCCKUMHU
CpeICTBaMU JJIsl HAOIOAaTesl, HE IBMKYILETOCS BMECTE ¢ TeJiom». PenstuBuctckue 3¢ (eKThl N3MCHCHUS JITUHBI 1
BPEMEHHU JKCIICPUMEHTAJIBHO JOKa3aHbl. Tak, Hampumep, COOCTBCHHOE BpeMs XH3HH MTHOHOB (ITH-ME30HOB),
00pasyIOLIMXCS B KOCMHYCCKUX JIy4ax B BEDXHHX CIOsiX atMochepsl, coctapmsier 107c. 3a 310 Bpemst, gaxe eciu
OHM OyIyT IBHTAThCS CO CKOPOCTBHIO CBETA, IMMOHBI MPOUIAYT pacctosiHue He Oonee, ueM 300 cm. Ho mpubopsr ux
PETHCTPUPYIOT, OHH TpoXoAiaT myTh B 10000 pa3 6onpmuii (30 kM). Teopust OTHOCUTETLHOCTH OOBICHIET 3TO TEM,
yTo BpeMms 107 ¢ sBISETCS €CTECTBCHHBIM BPEMEHEM JKM3HM YaCTHIBI, M3MEPEHHBIM IO YacaM, IBIKYIINMCS
BMECTE C ME30HOM, HO B CHCTEME OTCYETa, CBSI3aHHOH ¢ 3eMiIel, BpeMs ero KH3HU HAaMHOTO OoJIbIIe. 3a 3TO BpeMs
MHOHBI ¥ IPOXOST 3€MHYIO aTMochepy.

1.4 JIekuus Ne 4 (2 yaca).

Tema: «DU3HYECKHE OCHOBBI €CTECTBO3HAHUSI»

1.4.1 Bonpocsl JieKIuM:

1. Tlpeamer u 3agaun Gpu3uKy.

2. IlpuHUUMIIBI CAMMETPHUU U 3aKOHBI COXpaHEHUSI.

3. CrpykrypHas ¢pusmka.

4. Hneu u NOHATHS KBAaHTOBOH MEXaHUKH

1.4.2 KpaTtkoe cogep:xkaHue BOPOCOB:
IIpeamer 3axauu GpusuKu.
dusnka - 3T0 KOMILIEKC JAUCHUIUINH, HU3YyYaromiux 06HII/I€ CBOICTBaA CTPYKTYPHI, B33HMOI[€I7[CTBI/I$I U OBUXCHUSA
MaTepuu. CDI/BI/IKy YCJIOBHO [ACJIAT Ha TpHU 06J'IaCTI/II a) (1)I/I3I/IKy JABUXXCHUA: 2) (1)I/I3I/IKy B3aPIMOL[eI7[CTBPIHZ B)
CTPYKTYpHYIO ¢u3uky. Ocoboe MECTO B COBPEMCHHOW cCUCTeME (U3UYECKHUX HAyK 3aHUMAET CTATUCTHYCCKAS
¢uzsuka.

Odu3mKa 3aHUMACT BEIyIIee MECTO CPEIM CCTECTBCHHBIX HayK. Ee Maremarndeckuii ammapar Hanbolee
pa3But. OHa o0NagaeT caMbIMU Pa3BUTHIMH SKCIIEPUMEHTAIBHBIME MeTonamu. Ee mpeacTaBieHus, pe3yibTaTel U



METOABI HCIIOJB3YIOTCSI BCEMH 0€3 HWCKIIOYEHHs] €CTECTBCHHBIMH HAyKaMd. JTO TNPHBOAWT K OOpa30BaHMIO
MHOTOYHCIICHHBIX CTBIKOBBIX HAaYK - Te0(U3NKa, PU3XUMHUSL, acTpOoPpHU3UKa U T.1.

IpuHIMOIBI CHMMETPHH U 3aKOHBI COXPaHeHHUs

I[lox cumMmeTpuel TOHMUMAIOT OIHOPOAHOCTH, IPONOPIHMOHATIBHOCTh, TAPMOHHIO KaKHUX-TO MaTepHAIbHBIX
00BEKTOB. ACHUMMETpPHUS — IOHATHE IPOTHBOIOJIOXKHOE. JI100oi (u3mdecknii OOBEKT COMEPIKUT DJIEMEHTHI
CUMMETPHH M aCHMMETPHH. PaccMOTpIM CHUMMETpHHN B QHU3UKE, XMMUAU U OMOJIOTHH.

B ¢usuke cummerpus omnpenenseTCs CIACIYIONUM 00pa3oM: eciid (U3WYECKHE 3aKOHbI HE MEHSIOTCS NpHU
OIPENCIICHHBIX MPeo0Pa30BaHUIX, KOTOPHIM MOXKET OBITh MOJBEPrHyTa cucreMa ((pu3uueckuii 0O0BEKT), TO
CYHTACTCsI, YTO ITH 3aKOHBI 00JIAIAl0T CHMMETPHCH (WM MHBAPUAHTHBI) OTHOCUTEIBHO ITUX MPEoOpa3OBaHMIA.
CuMMeTpHH ACJAT Ha NPOCMPAHCMEEHHO-6PEMEHHbIe U GHYMpeHHUe, TIOCIEAHUE OTHOCITCS TOJIBKO K MUKPOMHUPY.
Cpenu mpoCTpaHCTBEHHO-BPEMEHHBIX PACCMOTPUM OCHOBHBIE.

1. Caur BpemeHu. 3MeHeHHE Havaga OTCYETa HE M3MEHsICT (PU3MYECKHX 3aKOHOB. BpeMs OJHOPOIHO MO BCeMy
MPOCTPAHCTRBY.

2. CaoBur cucTeMbl OTCYeTa MPOCTPAHCTBEHHBIX KoopawHAT. Takas omepanus HE W3MEHSeT (U3NUECKUX 3aKOHOB.
Bce Touku npocTpaHCTBa paBHOIPABHEI, M IPOCTPAHCTBO OJHOPOTHO.

3. I[ToBOPOT cHUCTEMBI OTCYETA IPOCTPAHCTBEHHBIX KOOPIUHAT TaK)Ke COXpaHsIeT (GU3NIECKHE 3aKOHBI HEN3MEHHBIMHU
— 3HAYUT, IPOCTPAHCTBO U30TPOIIHO.

4. Knmaccnyecknil OpUHIMIT ~ OTHOCUTENBHOCTH | anmies yCcTaHaBIMBAaeT CHMMETPHIO MEXIy TIOKOEM |
PaBHOMEPHBIM MPSIMOJIIMHCHHBIM JIBHIKCHUCM.

5. OOpamieHue 3HAKa BPEMCHU HE HM3MEHSCT (YHIAMEHTAIBHBIX 3aKOHOB B MaKpPOMHUpPE, TO €CTh IPOILECCHI
MaKpOMHUpa MOTYT ONHUCHIBATBCS W IPU OOpAaIeHWH 3HaKa BpeMcHH. Ha ypoBHe Makpomupa HaOIrOmacTCs
HEOOPATHMOCTB MPOIIECCOB, TAK KAK OHU CBSI3aHBI C HEPABHOBECHBIM COCTOSIHHEM BceeHHOM.

CuMMeTpHs 1 3aKOHBI COXPAHCHUS

B 1918 r. Hemenkuii marematuk OMmmu Hetep mokazana ¢GpyHIaMEHTAIBLHYIO TEOPEMY, YCTAHABIWBAIONIYIO CBSI3b
MEXIy CBOWCTBAMH CHMMETpPHHM U 3akoHamMH coxpaHeHus. CyTb TeOpeMbl B TOM, HUYTO HETPEPHIBHBIMH
npeoOpa3oBaHMSIMH B TIPOCTPAHCTBE-BPEMEHH, OCTABISIIOIIMME WHBAPUAHTHBIM JACUCTBHE, SBITIOTCS: COBUT BO
BPEMEHH, CIOBUT B IPOCTPAHCTBE, TPEXMEPHOE IPOCTPAHCTBEHHOE BpAaIlleHHE, YETHIPEXMEPHBIC BpAIICHHUS B
npoctpancTBe-BpeMeHn. CoriacHo Teopeme Herep, W3 HMHBApHAHTHOCTH OTHOCHTEIBHO CIIBUTa BO BpPEMEHH
CIIeZlyeT 3aKOH COXPaHEHWS SHEPIWH; W3 HWHBAPHAHTHOCTH OTHOCHUTEIHHO IMPOCTPAHCTBEHHBIX CIBHUTOB — 3aKOH
COXpPaHCHHS UMITYJIbCA; W3 WHBAPUAHTHOCTH OTHOCHUTEIHHO MPOCTPAHCTBCHHOTO BPAILICHHS — 3aKOH COXpPaHCHHUS
MOMEHTa UMITYJIbCA; MHBAPUAHTHOCTh OTHOCUTEIBHO mpeoOpa3zoBanuii JlopeHna (4eThIpeXMEpHBIC BpAIICHUS B
MPOCTPAHCTBE-BPEMEHH) — OOOOIICHHBINA 3aKOH JBHXKCHHUS LCHTPA MAcC: ICHTP MAacC PEISTHBHCTCKOW CHUCTEMBI
JIBIDKETCSI pAaBHOMEPHO W IpsiMoniuHerHo. Teopema Herep OTHOCHTCS HE TOJBKO K MPOCTPAHCTBEHHO-BPEMEHHBIM
CUMMETpHSM, HO W K BHYTPCHHUM. Hampumep, mpu BceX TMPEBPAIICHUSIX JIIEMEHTAPHBIX YaCTHUI[ CyMMa
ANIEKTPUYECKUX 3aPSIOB YACTHUI] COXPAHSICTCS HCU3MEHHOI.

3aKoH cOXpaHEHH 3apsAaa B MaKpocHcTeMax ObLI IIOATBEPIKACH IKCIIEPUMEHTAIBHBIM IIyTeM 3axoiro 1o Hetep, B
1843 r. M. ®apaaeem. CTpororo HayqHOTO OOBSICHEHHS PUIHH BHITIOTHEHMS 3aKOHA COXpaHEHUS 3apsiia MoKa HeT.
ITo MHEHHIO OZTHOTO M3 HanOOJIee H3BECTHBHIX (PU3NKOB-TCOPETHKOB P. DeliHMaHa 3aK0H COXpaHEHUS SHEPTHH
SABIISICTCSA HanOoJee TPYAHBIM ISl HOHUMAHUS M3 BCEX 3aKOHOB COXPAHEHHS, T.K. BEJIMKA CTETICHb €T0
abCTPaKTHOCTH B OTJINYHE, HAIIPUMED, OT 3aKOHA COXPAHECHHS HIICKTPUICCKOTO 3apsa.

OHepruro J1000r0 BHIa MOYKHO BBIYHCINTE, UCIIONB3YS U3BECTHBIC COOTHOIICHHS, BO MHOTHX CIIydasxX €€ MOXXHO U
U3MepUTh. ECIM CIOXUTH BCEe 3HAYCHHS, COOTBCTCTBYIOIIUE 3HEPTUHM Pa3HBIX BHUAOB, TO MX CyMMa Bceraa Oyner
OIIMHAKOBOHM. BMecTe ¢ TeM He CyIIECTBYeT HHKAKHWX PEANTbHBIX YAaCTHUI] JHEPTHUHU, pPeYb HICT 00 abCTpaKTHOM
MaTEeMaTHYECKOM IPABUIIC: CYIIECTBYET YKMCIIO, KOTOPOE HE MEHSETCS, KOr/ia Obl BBl €r0 HU MOJCYUTAIN. JHEPTHS
MOJKET CYIIECTBOBAaTh BO MHOXECTBE Pa3MYHBIX (hopM. ECTh 3HEprusi, cBsI3aHHAs C JBHKCHHUEM TEJ U YaCTHII
(KuHeTHYeCKash SHEPTHUs); DHEPTHUsl, CBA3aHHAs C TPABUTAIIMOHHBEIM B3aMMOJCHCTBHEM (ITOTCHIMATIbHAS JHEPTHS);
TEIUTOBAsI, JJIEKTPHUCCKas M CBETOBAas JHEPTHS; DHEPTUS YIPYTOCTH NPYKWUH; XUMHYECKas SHEPTHs; saepHas
SHEprus W, HaKOHeIl, YHEePTUs, KOTOPOH 00I1aaeT 4acTHIIa B CHITy OZHOTO CBOETO CYIIECTBOBAHHS M KOTOPAs MPSIMO
nporoproHansHa ee Macce (E = mc?).

Muorue u3 3TuX BHAOB ((OpM) dHEPrHUM CBSI3aHBI MEXIy coboi. Hampumep, TersioBas SHEpTHS Telna — 3TO
CyMMapHasi KHWHETHYECKash HSHEeprus [BIDKCHHS YacTHIl B HEM, CBETOBAas JHEPrusl €CTh HE UYTO HWHOE, Kak
3JIEKTPOMArHUTHAS PHEPTHUS, YIpyras dHEPTUs M XUMHUYeCKas dHEPrusl UMEIOT OJWHAKOBOE NPOWCXOXKICHHE — B
OCHOBC TOW U IPYTO# JISKAT CUIIBI B3aMMOICHCTBHSI MEXKITy aTOMaMHU.

Korma u3MeHsieTcs SHeprHst KAKOr0-TO OJHOTO BHJIA, B COOTBETCTBUU C 3aKOHOM COXPAHCHHS JODKHA H3MECHUTHCS U
KaKas-TO Jpyras SHeprusi (POBHO Ha CTOJBKO K€, HO B 0OpaTHyIO cTopoHy). Hampumep, ecnu cxurate Oymary,
XUMHYECKass SHEPrusi OyneT YMCHBIIATHCS, HO TMOSIBUTCSA TEIUIOTA TaM, TJIe ¢ PaHbIle He ObLTO, a CyMMapHas
SHEPIHs JODKHA OCTATHCS MPEKHEH.

B 00bIYHOW TIpaKTHKE CIIPABEUIMBOCTh 3aKOHA COXPAHCHHS DHEPTUU HE BCErJa OUYCBHUJHA, WHOT/A COBEPIICHHO
HETIOHATHO, OTKYyJa B3SUIacCh Ta WJIM WHAS DHEPTHUs, WM KyJa oHa mcyesdna. Ho, kak OB HH OBII CIIOXKEH IPOIece
SHEPreTUIECKUX NPeoOpa3oBaHMUN, MOJHAs SHEPTHS BCETJa COXPAHAETCS, HAPYIICHWH 3TOTO 3aKOHA HHUKTO H
HUKOTIa He (PUKCUpPOBa.

CTpykrypHas ¢pu3zuka.



OObeKTaMH CTPYKTYPHOW (U3UKH SIBJISAIOTCSI JIEMEHTBI CTPYKTYpBI BEIIECTBA (HAIPHUMED, MOIEKYIbl, AMOMbL,
aneMeHmapuvle yacmuybst) N OoJee CIOXKHOE 00pa30BaHKUE U3 HUX. DTO:

1) mna3ma - 5T0 ra3, B KOTOPOM 3HAYUTEbHAS YaCTh MOJIEKYJI MJIM aTOMOB HOHU3UPOBAHA:

2) KpMCTAJIBI - 3TO TBEPAbIE TeJIa, B KOTOPHIX aTOMbI MJIM MOJICKYJIbI PacIIONIOKEHbI yIOpsI0oYeHNe U 00pa3yroT
MEPUOINYECKU TOBTOPSIOILYIOCS BHYTPEHHIO CTPYKTYPY;

3) *KMIKOCTH - 3TO arperaTHOE¢ COCTOSHHE BEILECTBA, KOTOPOE cOoueTaeT B ceOe YepThl TBEPAOTO COCTOSHHMS
(coxpaHenue o0beMa, oTpeieNieHHas IPOYHOCTH Ha Pa3pbiB) U ra3000pa3HOTo (M3MEHUYUBOCTH (POPMBI).

[Ipu BEIEIEHUH CTPYKTYPHBIX YPaBHEHNH BEIIECTBA MOIB3YIOTCS TAKIMHU KPUTEPHUAMHU:

- TIPOCTPAHCTBEHHBIC pa3MepPbl: YaCTHIIEI OJHOTO YPOBHS MMEIOT MPOCTPAHCTBEHHBIE Pa3MEpBl OJHOTO TOPSAIKA
(HampuMep, BCE aTOMBI HIMEIOT pasMepsI mopsiaka 10™ cm);

- BpeMsI IPOTEKaHM MIPOIIECCOB: HA OJJHOM YPOBHE OHO IPUMEPHO OJHOTO MOPSIKA;

- 00BEKTHI OTHOTO YPOBHS COCTOST M3 OJHMX U TEX )K€ DJIEMEHTOB (HaIlpuMep, BCE SAApa COCTOST U3 IIPOTOHOB U
HEHTPOHOB);

- 3aKOHBI, OOBSCHSIONIME INPOLECCH HAa OJHOM YPOBHE, KaYECTBEHHO OTJIMYAIOTCS OT 3aKOHOB, OOBSICHSIONIMX
IIPOLIECCH] HA IPYTOM YPOBHE;

- OOBEKTHl PAa3HBIX YPOBHEH pa3MYarOTCs 10 OCHOBHBIM CBOMCTBaM (HalpuMep, BCE aTOMBI JIEKTPHUYECKU
HEHTpaJIbHBI, a BCE SI/Ipa MOJOKUTEIBHO IJICKTPUUCCKU HAPSHKCHBI).

[To Mepe OTKPBITHSI HOBBIX YPOBHEH CTPYKTYPHI M COCTOSHUI BelecTBa 00bEeKTHast 001acTh CTPYKTYPHOH (U3UKH
pacmupseTcs.

Heo0OxoanMo y9nuTHIBaTh, YTO NPU PEIICHUH KOHKPETHBIX (PM3UYECKUX 3a/1a4 BOIPOCHI, CBSI3aHHBIC C BBIICHCHHEM
CTPYKTYpBI, B3aMMOICHCTBHS U IBIKCHUS, TECHO TEPETICTAIOTCS.

B ocHOBe cTpyKTypHO# (PHU3UKH JISKUT KOPITYCKYISIPHBINA MOAXO0I K OMHUCAHUIO M OOBSICHEHUIO TIPUPOJIBI.
Hneu 1 noHATHS KBAHTOBOW MeXaHUKHU
B 1925 r. B. T'eiizenOepr mocTpouwi Tak Ha3blBaeMyl0 MaTpUYHYI0 MeXaHMKy; a B 1926 r. D. Ulpé&nunrep
pa3paboTan BOJHOBYIO MEXaHHKY. BCkOpe BBISCHIIOCH, YTO M MATPUYHAS MEXAaHWKA, M BOJHOBas MCXaHHKA —
pasiu4Hbie GOPMBI SIMHON TCOPHH, IIOTYYMBIICH Ha3BaHHE KBAHTOBOH (HEPEIATUBUCTCKOM) MEXaHUKH.
K cospmanmto marpuuHoil Mexanuku B. [DeifseHOepr mnpumien B pe3ynbTaTe MCCIEAOBAHUM CHEKTPaJIbHBIX
3aKOHOMEPHOCTEH, TEOPUM AMCHEPCUH, TJE€ aTOM IMPEACTaBIAICS HEKOTOPOM CHMBOIMYECKONM MaTeMaTH4eCKOM
MOJIENIBI0 — KaK COBOKYMHOCTh TAPMOHUYECKHX OCLMJUIATOPOB. DTH UCCIEAOBaHUS MOATONKHYIH €r0 K MBICIH O
TOM, YTO TPEICTABICHHUS 00 aToMe KaK O CHCTEeMe, COCTOSMICH U3 Sapa W BPAIIAIOIINXCS BOKPYT HETO AJIEKTPOHOB,
KOTOpbIe 00JaatoT ONpeaeieHHOW MacCod M JOBMXKYTCS C OMPECIIEHHOW CKOPOCTHIO IO OINMpENeIeHHONH opOuTe,
HY>KHO IOHUMATBD JINIIh KaK aHAJIOTHIO IJIsI yCTa-
HOBJICHHSI MaTEeMaTH4YEeCKON MOJeNH; MOATMHHBIC K€ XapaKTePHCTUKH aToMa HaMmu He HaOmromaemsl. Teopus
aTOMHBIX SIBIICHUH, 110 [ eif3endepry, JomKHa OrpaHIYUBATHCA YCTAaHOBICHHEM COOTHOIICHUH MEXITY BEIHNIHMHAMH,
KOTOPBIE HETIOCPEICTBEHHO M3MEPSIOTCS B KCIIEPHUMEHTAIBHBIX UCCIEIOBAHUAX («HAOIIOTAEMBIMI) BEIHIHMHAMH,
B TepMuHOJOTHH [ eii3eHOepra) — 4acTOTON M3MYYCHHUS CIICKTPAIBHBIX JIMHUH, HX HHTCHCUBHOCTBIO, MOJISPU3ALUCH
u T.I. A «HEHa0JofaeMble» BEIMYHMHBI, TaKHWe, KaK KOOPJIWHATHI 3JIEKTPOHA, €r0 CKOPOCTh, TPAGKTOPHs, II0
KOTOpPOM OH JBUXKETCS, U T.[., HE CIEeAyeT MCIOJb30BaThb B TEOPUU aToMa. BMECTO KOOpAMHAT M CKOpoOCTeil
JJIEKTpOHAa B €ro cxeMe (GUTYpUPOBAIM aOCTPAKTHHIC alNreOpandecKue BEIWYMHBI -MaTPUIBL.  MaTpHibl
COOTHOCIJTUCH C HAOJIFOTACMBIMH BETHYMHAMH POCTHIMU ITPABUIIAMH.
CornacHO TPHHIIUIY COOTBETCTBHS, COOTHOIICHHS BEJIMYMH HOBOM TCOPHH MOJDKHBI OBITH aHAJOTHYHBIMU
COOTHOILEHUSM KJIACCUYECKUX BeJW4YMH. IIpn 3TOM KaXZOM KIAaCCUYECKONM BEIUMYHMHE HY)XKHO HAWTH
COOTBETCTBYIOIIYIO €l KBAaHTOBYIO BEIIMYMHY M COCTABUTH COOTBETCTBYIOIINE COOTHOIICHHUS MEXIY HaliIeHHBIMHU
KBAaHTOBBIMH BEIMYMHAMH. Takwe COOTBETCTBHA MOTYT OBITh MOJTYYEHHI TOJNBKO W3 OIEpanuii HW3MEpeHHs.
AHanu3upys 3aKOHOMEPHOCTH H3MEPCHHS BEJIIMYUH B KBAaHTOBOH MexaHuke, ['ei3eHOEpPT MPUXOIAUT K BaXKHOMY
MPUHIIUIIHATHHOMY Pe3yJIbTaTy O HEBO3MOXKHOCTH OJHOBPEMEHHOTO TOYHOI'O H3MEPEHHS IBYX KAHOHMYCCKU
COMPSDKEHHBIX BEIMYUH U YCTAHABIMBAET TaK HA3bIBAEMOE COOTHOIIEHUE HEONIPEIEIEHHOCTEH:

Aql Ap i h’
rae Aql — TOYHOCTb U3MEPCHUA KaKOM-In00 u3 KOOpAWHAT YaCTHUIIBI, Api, — TOYHOCTH OJTHOBPEMEHHOTO N3MCPCHUA
COOTBCTCTBYIOLICT'O UMITYJIbCA; h - mnocrosunas Ilnamka. DTtoT MPUHIHUIT ABJIACTCA OCHOBOM (bHSI/I‘IGCKOﬁ

HMHTEPIPETANNU KBAHTOBOW MEXaHHUKH, €€ MaTEMAaTHYECKOTO alapaTa, UrpaeT OOJBIIYIO IBPUCTHICCKYIO POJIb.
Bropoe nanpaBieHue B CO31aHMM KBAaHTOBOM MeXaHUKU omnupainach Ha uaeto JI. ne bpoiins o BoiHOBOHM mpupoae
MaTepuanbHbIX 4YacTui. Ha mepBeie paOoThl ae Bpoiins, B KOTOPHIX BhICKAa3bIBalach HICS BOJIH, CBA3aHHBIX C
MaTepUATPHBIMU YacTUILAMH, HE o00OpaTwim cepbe3Horo BHuUMaHwus. [le DBpoilnme BHOCHENCTBHM THCAN, 4TO
BBICKa3aHHBIC UM HJICH OBUTH MPUHSATHI C «YIAUBICHHEM, K KOTOPO-

My HECOMHEHHO MPHMEIINBajach Kakas-TO IO CKenTHIu3May. Ho He Bce CKeNTHYECKH OTHECIUCHh K WACIM e
Bpoiutsa. OcobeHHoO chibHOE BIUSHHUE 3TH Waen okaszanu Ha . llIp&€aunrepa, KOTOPBIA yBUAET B HUX OCHOBY IS
CO37IaHMsI BOJTHOBOTO BapHWaHTa TEOPHH KBAaHTOBBIX mporeccoB. B 1926 r. lllpéaunrep, pa3BuBas unen ne bpoiins,
MIOCTPOMJI TaK HA3hIBAEMYIO0 BOJHOBYIO MEXaHHKY, B OCHOBE KOTOPOH IPEICTAaBICHHE O TOM, YTO KBAHTOBEIC
MPOIIECCHl ClieAyeT IMOHMMATh KaK HEKHWE BOJIHOBBIE IIPOIECCHI, XapaKTepH3yeMbIe BOJHOBON (YHKIHMEH V.
OyakIUS Y ompenensercs AuddepeHnnaIbHpIM - ypaBHeHHeM («ypaBHeHue [llpémunarepa»). YpaBHeHUe
[Ipémuarepa onuchiBaeT M3MEHEHHE BO BPEMCHU COCTOSIHHS KBAaHTOBBIX OOBEKTOB, XapaKTEPH3YEMBIX BOJIHOBOI



¢ynkiuedt. Ecnmu m3BecTHa BOMHOBas (YHKIUS B HEKOTOPHIM HAdadbHBIK MOMEHT, TO C IOMOIIBIO ypaBHEHHS
[p&nuarepa MOKHO HAWTH BOJIHOBYIO (DYHKITHIO B JIF00O0# MOCIETYIOMIHIA MOMEHT BPEMEHH t.

Kpowme toro, IllIp&€auarep mocTaBuiI BOIMPOC O CBSI3U €r0 TEOPUH ¢ Teopuel [elizeHOepra u mokas3all, 4To MpH BCEM
Pa3IUINK MCXOTHBIX (PU3MUYECKUX ITOJI0KEHUH OHM MaTeMaTHYEeCKH SKBHBAJCHTHHL. VHaue roBOps, B KBAaHTOBOM
MEXaHUKE pa3HUIA MEXAY TOJEeM M CHCTEMOW YacTHIl mcye3aeT. Hampmmep, 37€KTPOH, BPAIIAIONIHICS BOKPYT
Apa, MOKHO TIPEICTaBUTH KakK BOJHY, JAJTMHA KOTOPOW 3aBHUCHT OT €€ CKOPOCTH. Tam, TAe YKIIQABIBAeTCS IIEI0e
YHCIIO JUTMH BOJIH 3JIEKTPOHA, BOJIHBI CKJIAJbIBAIOTCS M 00pa3yloT OOpPOBCKHE pa3pelleHHbIe OpOUTHI. A TaM, rie
1eJI0€ YMCIIO JITMH BOJIH HE YKJIA/IbIBACTCsl, TPEOHHU BOJIH KOMIICHCHPYIOT BIIAJANHBI 1 OPOUTHI HE OyIyT pa3pelieHsbl.
3T0 TaKkKe 03HAYaEeT, YTO 00pa3 MaTepHAILHON TOYKH, 3aHUMAIOIIEH ONpelelICHHOE MECTO B IIPOCTPAHCTBE, CTPOTO
TOBOPSI, SIBJISICTCS NPUOIMKEHHBIM M MOXET OBITh COXPaHEH TOJBKO IIPH PACCMOTPEHUH MaKpOIPOLECCOB, TT0A00HO
TOMY Kak Mbl HOJb3yeMCS IPEACTaBICHUEM O CBETOBOM JIyde, KOTOPOE TEpAET CMBICI, €CIH paccMaTpUBaTh
ABJICHUS TU(PAKLUKN U HHTEPEPEHIINH.

MatemaTideckuii anmapaT KBaHTOBOH MEXaHUKH OKa3aJICs JOTMICCKH HEMPOTHBOPEUHUBEIM, CTPOTUM W U3SIIHBIM, a
OTHOIICHHUS MEXTy MaTeMaTHIECKUMHU U (QH3UUECKAMH BETMINHAMH YCTaHABJIMBAIOTCS CTPOTO U 4eTKO. OCHOBHEIC
TIOHATHS KBAHTOBOH MEXaHHUKH — «KBAaHTOBOE COCTOSIHHE), «BEKTOP COCTOSHHSA», «omepaTop» U ap. Bo3moxkHOCTH
ammapara KBaHTOBOM MEXaHHWKH BO3POCIH, KOTJa aHAIW3 CIIEKTPOB aTOMOB TPUBEN K CTaBICHHIO O TOM, HTO
3JIEKTPOHY (M BCEM 3JIeMEHTapHBIM YacTHIIaM) KPOME 3apsiia M MacChl MPHCYIIa eIle OaHa

BHYTPCHHSS XapaKTEPUCTHKa — CHHH (COOCTBEHHBIH MOMEHT KOJHWYECTBA IBIKEHUS, MMEIOUINHA KBAaHTOBYIO
npupony). IIpencrasnenune o cnimue no3soiwio B. IMaymu (1925) chopmynupoBars npuHnun 3amnpera (coriacHo
KOTOPOMY B IIPOU3BOJIbHON (PU3UUECKON CHCTEME HE MOXKET OBITh JIBYX DJICKTPOHOB, HAXOSILIMXCS B OJHOM U TOM
)K€ KBAaHTOBOM COCTOSIHUHM), KOTOPbIH HMesl (yHIaMEHTalbHOE 3Ha4YeHHE /IS IIOCTPOCHUS TEOpUH aToMma,
KBAaHTOBOI XMMMHU, TEOPUH TBEPJOTO TeNa U Ap.

3a OTHOCUTEIBHO KOPOTKOE BpeMs (HEepeNsTUBUCTCKAas) KBaHTOBAas MEXAaHUKAa Hallljla NIPUMEHEHUE MpPU pEIleHUU
00BIIOT0 Kpyra TEOPETHYECKHX W TPaKTHUECKUX 3amad. [Ipekne Bcero 3To kacaeTcss OOBSICHEHUS CTPOCHHA
aTOMOB WM MOJIEKYJ, MEPUOANIECKON CHCTEMBI 3JEMEHTOB, XUMUIECKOH cBs3M. C MOMOIIBI0 KBAaHTOBOHM TEOpHH
YIAJOCh TMOCTPOUTH Tarkke OoJiee COBEPIIEHHBIE TEOPHH TBEPAOTO TeENd, AJIEKTPHUECKOW IPOBOAMMOCTH,
TEPMODJICKTPHUUECKUX SBICHUH, peppomarHeTn3mMa u T.1. OHa MO3BOJMIA MOCTPOUTH TEOPHIO PATHOAKTHBHOTO
pacmnana, a B najbHeHIeM cTaia 0a30i Ui aepHON GU3NKH U SICPHON SHEPTETUKH.

Benen 3a ocHoBomonararommmu paboramu [IpénuHrepa 1O BOJHOBOW MEXaHHMKE OBLTH MPEATNPUHATHI TIEPBHIE
HONBITKH PEJIITUBUCTCKOTO 000OIIEHNS KBAaHTOBO-MEXaHWYECKUX 3aKOHOMepHocTel, n yxe B 1928 r. II. [dupax
3aJI05KHJI OCHOBBI PENIATUBUCTCKOM KBAHTOBOM MEXAHUKH.

[TapannensHO CO CTaHOBIEHUEM KBaHTOBOM MEXaHMKM OTKPBIBAIKUCH HOBBHIE AJIEMEHTapHble yacThlbl. K oTKpbITHIO
B KoHIe XIX B. IEpBOH 3JIeMEHTapHOI YaCTHIBI — JIEKTPOHA — J100aBHIMCh OTKPBITHS (POTOHA (TEOPETHUYECKU
npesackasan A. OitHmreitHoM, 1905, skcnepuMmeHTanbHO oOHapyxeH P. Mwumkenom, 1915), mporona (.
Pesepdopn, 1919), neiirpona (k. Yensuk, 1932), nozurpona (K. Augepcon, 1932), moonos (K. Anaepcon u ap.,
1936); B 1930 r. B. ITlaynm ObIIO mpencka3aHO CYIMIECTBOBAaHHUE HEUTPUHO, — YaCTHIIBI, KOTOpas Oblia
JKCIIEPUMEHTAIILHO OOHapykeHa jumb B 1953 r. Bmecte ¢ TeM mo BTopoli MHpOBOW BOWHBI OTKPHITHE HOBBIX
3JIEMEHTAPHBIX YacTHIl (B OCHOBHOM B KOCMHYECKMX JIydaxX) pacCMaTPHBAJIOCh KaK 3aKOHOMEPHOE YTOYHEHHE
KBAaHTOBOIM KapTHHBI MaTepHH, KOTOPOE HEe HECeT B cede MPHUHIMIHAIBHBIX HeoXHIaHHOCTeH. CHUTyamms pesko
n3MeHunach B koHme 1940-x — wmadanme 1950-x TT., KOrma ¢ CO3MaHUEM YCKOPUTENEH 3apsDKCHHBIX YacTHIL
MCCIIEIOBAaHMS B 3TOH 007aCTH MOTYYHIIH JOTIOTHUTEIFHBINA HMITYITEC M Pa3BEPHYIIHCH MIUPOKUM (PPOHTOM.

1. 5 JIekuust Ne 5 (2 gaca).

Tema: «CoBpeMeHHas aCTPOHOMUYECKAsI KapTHHA MUPa»
1.5.1 Bonpocsbl JieKnum:
1. OcoGeHHOCTH acTpoHOMHH XX B
CosiHeuHas cucrema
3Be31b1. DBOIONUS 3BE3I.
I'anaxkTuku. Buapl ranakTuk
5. DBomonus Beenennoit
1.5.2 KpaTtkoe cogep:xkaHue BOPOCOB:
Ocodennoctu actpoHoMun XX B
B XX B. B acTpoHOMHHU NPOU3OLLIN MOUCTHHE paJuKalbHbIe U3MEHEeHUs. [Ipexie Bcero 3HauyuTeIbHO PACIIUPUIICS
U 000TaTHIICS TEOpeTHYeCKUi (PyHITaMEHT acTpoHOMHUYecKMX Hayk. Haumnas ¢ 1920— 1930-x rT. B KadecTBe
TEOPETHIECKON OCHOBBI aCTPOHOMHYECKOTO IO3HAHUS CTAald BBICTYNATh (HApPSAAY C KIaCCHYECKOM MEXaHMKOM)
PCIITHBUCTCKAsT W KBAaHTOBAas MEXaHWKa, 4YTO CYIIECTBEHHO pPa3JBHHYJIO «TEOPETUUCCKUN TOPU30HT»

ACTPOHOMMYECKHX HCcliefoBaHuA. KpoMe Toro, paankanbHO U3MEHHIICS SMIMPHICCKUNA 0a31uC aCTPOHOMHU — OHA
cTajia BCEBOJIHOBOM.

Sl el



OOmast Teopusi OTHOCHUTEIHHOCTH [ajla BO3MOXKHOCTH pPa3pelInTh MapaJoKChl HBIOTOHOBCKOH KOCMOJIOTHH,
c(hopMyTHpPOBaTh KOHKPETHOE TWPEACTaBICHHE O MpeaMeTe KOCMOJOTHH ((PH3MKO-TeOMETpHYECKHE CBOHCTBA
BcenenHoit Kak I€NOT0), CO34aTh TEOPETHUECKHE MOMAETH SBICHUH TalaKTHICCKHX M KOCMOJIOTHYECKHUX
MmacmTaboB. [To cytn OTO BnepBbIe MOCTaBMIIa KOCMOJIOTHIO — 3TY BaXXHYIO OTPAcibh aCTPOHOMUHN — Ha TBEPIYIO
HAYYHYIO TI0YBY.

Co3gaHne KBaHTOBOH MEXaHWMKH OOECHEeUMIIo MEPEeOpHUEHTAIMIO 3a7ad acTPOHOMHHM C H3YYEHHS B OCHOBHOM
MEXaHUYCCKUX BHKCHUI KOCMUYECKUX TeJ (IOl BIMSHACM I'PAaBUTAIMOHHOIO IMOJIs) Ha U3YYCHUE MX (PUIUUCCKUX
XapaKTEPUCTHK, MOCITYKIIO MOIIHBIM UMITYJIbCOM Pa3BUTHUS KaK acTPO(PU3UKHU, TAK ¥ KOCMOTOHHYECKOTO acIeKTa
aACTpOHOMHU (B YACTHOCTH, IIOCTPOCHUS TCOPHU CTPOCHHUS 3BE3]l, HCTOYHHUKOB SHEPTHH U MEXaHH3MOB SBOJIOIIH
3BE€3[l, 3BE3JHBIX CUCTEM H JIp.).

Hapsiny ¢ 3TUM CyIIECTBEHHO COBEPIIICHCTBOBAIKCH ¥ SMITMPUICCKUEC METO/IBI ACTPOHOMHYECKOTO TIO3HAHUS. YIKE B
nepBoit Tpetn XX B. ¢ CO3JaHHEM HOBBIX 0OJIcE€ MOIIHBIX TEJIECKONOB U pa3paboTKoil Oojice COBEPIICHHBIX
METOZOB CIIEKTPOCKOMHUK OBUT OTKPBIT TPAaHAMO3HBIH MHpP TalaKTHK, TIIONYyYWiIa MOIIHBI HMITYJIbC
BHETAJIaKTHYeCKass acTpoHoMus (2.Xa00i), KapAWHAIBGHO TPOJBHHYJIMCH HCCIIECIOBAaHUS B 0O0JacTH 3BE3THON
ACTPOHOMHH, UYTO JaJI0 BO3MOXKHOCTH BBIACHUTH SMIHPHUYECKHE 3aBUCHMOCTH MEXIY MapaMeTpamMH 3Be3J
(mmarpamma T'eprmmpynra—Peccena) u np. Eme Oonee pagukanbHble H3MEHEHHS B OMIIMPUYECKOM Oasuce
aCTPOHOMHH TPOM3O0NLIA BO BTOpO# mosnoBuHe XX B. Ecnu B KilaccH4yeckod aCTPOHOMHUHU CYIIECTBOBANI MO CYTH
OJIMH Y3KWH KaHall TONXy4YeHHs WHPOpPMAIUd 00 acCTPOHOMHYECKHX OOBEKTaX — BUIUMBIA CBET (HAOIIOICHUS
HEBOOPY>KEHHBIM TJ1a30M, ONTHYECKHUI TEJIECKOI), TO BO BTOpoi mojioBuHe XX B. ¥ B Hauane XXI B. momyueHue
TaKOW HHPOPMALIUU OCYIIECTBISICTCS 10 YETHIPEM KaHAllaM.

Bo-mepBbIX, 3TO AJIEKTPOMArHUTHBIC BOJIHBI, IPUYEM HE TOJBKO B ONTHYCCKOM JHMAINa3oHe. ACTPOHOMHS CTajia
BCEBOJIHOBOM. DTO 3HAYUT, YTO HAOJIIOJCHHS MPOBOMASATCS HAa BCEX JHMANA30HAX JJICKTPOMATHUTHBIX BOJH (paawuo,
UH(PAKPACHBIA, ONTHYCCKUM, yIbTPa(pUOICTOBBIN, PCHTICHOBCKHI W ramMma-iuana3oHbl). B Hacrosiee Bpems
ceemmie 60% wWHGOPMAIMK O KOCMHYECKHX OOBEKTaX W MpoIeccax HecyT B ceO¢ BHEONTHYECKHE IUANa30HBI
3JIEKTPOMArHUTHBIX BOJH, HAYMHAS C CaMbIX JIMHHBIX PaIHOBOIH M 3aKaHYMBAs CaMBIM KOPOTKHM TaMMa-
nmramazoHoM. OdueHb BeNMKO 3HA4eHHEe MH(POPMAIINH, KOTOPYIO HECYT, B YACTHOCTH, PEHTTEHOBCKHE U TaMMa-JIy4H.
Tak, peHTTeHOBCKHE TEJIECKOIBI MPEIOCTABISAIOT CBEICHHS O YEPHBIX AbIpaxX, (POHOBOM M3IYYEHHH H Jp.; TaMMa-
acTpoHOMHs — O Bemblmkax Ha ComnHIle, Mmyfbcapax, HEMTPOHHBIX 3Be3lax W Ap. IIpW 3TOM peHTITEHOBCKHE H
raMMa-JIyd, H3IydaeMble OCOOCHHO MOIHBIMH HCTOYHHKAMHM, TIOTJIOMIAIOTCA B 3eMHOH atMocdepe, U MO3TOMY
HETOCPEACTBEHHO MOTYT HaONIONaThCs TONBKO M3 KOCMOCA, CO CIIyTHUKOB, OpPOMTANBHBIX CTaHIUN b0 (B
HEKOTOPBIX CIyYasX raMMa-u3Iy9YCeHHUs) ¢ BBICOTHBIX a3POCTATOB.

Bo-BTOpBIX, 3TO KOCMHYeckue Jyud. Ha 3emimo u3 royOuH kocMoca, a Takxke oT CONIHI[A HENPEPBIBHO JIBIOTCS
MOTOKH Jiy4eit. HekoTophle U3 HUX JOCTUTAIOT OBEPXHOCTH 3E€MIIH, IPYTUE B3aUMOJICHCTBYIOT ¢ e¢ atmMochepoii. B
KOCMHYCCKHX JIy4aX BBIACISACTCS MEPBUYHBIN COCTaB (BHICOKOIHEPIETUYCCKHUE JJICKTPOHBI, IPOTOHBI, MIO3UTPOHEI,
AHTHITPOTOHBI, TSDKEIIBIC SAPA U JP.) U BTOPUYIHBIN COCTaB (YaCTHIIBI, 00pa3yIOIIUECs B Pe3yIbTaTe B3aUMOACHCTBUS
YaCTHUI] IEPBUYHOTO COCTaBa CO 3BE3IHBIM, MEK3BE3THBIM, MEKIUIAHETHBIM M IPYTUM BEIIECTBOM).

B-1peThux, 3TO0 HelTpuHHAas acTpoHoMHs. Kak MBI yXe oTMedaid, HEHTPUHO OYEeHb clabo B3aMMOJCHCTBYET C
BEIIECTBOM U TPYAHO PETUCTPUpPYETCs . 3aTO OHO HEceT IEHHEHIIyI0 MH(POPMAIIHIO O MpoIeccax, MPOTEKAOIINX
BHYTpH 3Be31, ComHIla, B IIyOnHaX BceleHHOH, BCIBINTKAX CBEPXHOBBIX 3BE3/ M Ip. B 4acTHOCTH, TOTOK HEHTPUHO
Ob11 3adukcupoBaH B 1987 T. BO BpeMs BCHBIIIKHM CBEPXHOBOW 3BE3MbI B TaJAKTHKE, UMEHYeMOHW boibmmm
MaremnanoBeiM obiakoM. IlokazarenbHO, YTO HETEKTOp 3aUKCHUpoOBan B 3TOM NOTOke 12 HelTpwHO u3 116
npolneamux yepes Hero! Ha npyroii ycranoske 3a 30 et HaOmroaeHuit yaanocs 3adukcuponats 2000 HEUTPUHO OT
Connua.

ConneyHasi cucreMa

CaMbIMU SIPKMMH U3 IIOCTOSIHHO HAOJII0JJaeMbIX HaMH HEOECHBIX 00BekToB, kpome ConHna u JIyHbI, SBISIOTCS
coceHue ¢ Hamu InTaHeThl. OHM MPHHAMICKAT K YHCIY TeX ICBITH MHUPOB (BKJIOYas 3eMII0), KOTOpEIC
obpamarorcs Bokpyr Cosana (a ero pamuyc 700 Toic. kM, T.e. B 100 pa3 Gomplie pagauyca 3eMin) Ha paCCTOSHUSX,
JOCTHUTAIOMNX HECKOJIBKUX MIJUTHAPAOB KIiIoMeTpoB. I'pymma anet Bmecte ¢ ConaneM coctaBiieT COTHEUHYIO
cucremy. [ImaHeTsl XOTS W KaXKyTCA ITOXOKMMH Ha 3BE3IbI, B ACHCTBUTEIHHOCTH TOpa3f0 MEHBINIE MMOCIEIHUX H
TemHee. OHM BHIHBI TONBKO MOTOMY, YTO OTPaXAIOT COJIHEYHBIH CBET, KOTOPBI KaKeTCs OYEHb SPKHMH,
MOCKOJIBKY TIAHETHI TOpa3o Oymke K 3eMite, 9eM 3BE3Ib.

Kpome miaHeT, B CONHEYHYIO «CEMBIO» BXOMAAT CIIYTHHKH IUIAHET (B TOM YHCIE W Haml CIyTHHK — JlyHa),
acTepOUIbl, KOMETHI, METCOPHBIC Tela. [IIaHeThl pacioIokKeHbI B cleayronieM mopsake: Mepkypuii, Benepa, 3emist
(ommH cnytHuk — Jlyna), Mapc (nBa cmythHuka), FOmurtep (15 crmyrHukoB), CarypH (16 crmytHHKOB), YpaH (5
cnytHukoB), Hentyn (2 criytHuka) u [ImyTton (1 ciytHuk). 3emus B 40 pa3 Omke k Conniy, yem [lnyToH, u B 2,5
pasa namsie, ueM Mepkypuii. Bo3moxHo, uTo 3a [ITyTOHOM €CTh eIie 0JIHa MITH HECKOJNBKO IUTAHET, HO TIOUCKH UX
cpe MHOXecTBa 3Be3] ciabee 15-i BEMMYMHBI CIUINKOM KpPOMOTIWBBI U HE OIPABIBIBAIOT 3aTPaYCHHOTO
BpeMeHU. B03MOXXHO, OHH OyIyT OTKPHITHI «HAa KOHYHKE IEepa», Kak 3TO yxke Obuto ¢ Ypanom, HenryHom u
IlnyToHOM.

Baxnyio porp B CoONHEYHOH CHCTEME HIpacT MEXIUIaHETHas cpema, T¢ (GOpMBI BemecTBa W MOJSA, KOTOPHIE
3anmoyHAI0T npocTpancTBO ConHewHoit cucteMbl. OCHOBHBIE KOMITOHEHTHI ATOM CpeIbl — CONHEYHBIH BeTep (IIOTOK
3apsHKEHHBIX YaCTHIl, B OCHOBHOM IIPOTOHOB M 3JEKTPOHOB, MCTEKAIOMMX C MoBepxHOCTH COJHIA); 3apspKeHHBIE
YaCTHUITBl BBICOKOHM SHEPTHH, MPUXOISIINE U3 TIIyOMH KOCMOCA; MEXIUIAHETHOE MarHWTHOE II0JIe; MEXIUIaHEeTHas



mbLb (GoIbIIast 4acTh ¢ Maccoil 10°—107 T), OCHOBHBIM HCTOYHHKOM KOTODOIi SBISIOTCSL KOMETBI; HEHTPAIbHbII
ra3 (aTOMBI BOJIOPO/IA U TEIIHS).

ITo ¢usmuecknM xapakTepUCTUKAM TUTAHETHI IEATCS Ha JBE TPYIIbL: TUTaHeTh 3eMHoro Tria (Mepkypuii, Benepa,
3emirst, Mapc) u mnanetsl-rurantel (FOnurep, CatypH, Ypan, HenryHn). O IlinyToHe WM3BECTHO Mayio, HO, TO-
BUANMOMY, OH OJIMKE TT0 CBOEMY CTPOCHHIO K IUTaHETaM 3€MHOU TPYIIIIHI.

Crtpoenne mna”er. CTpoeHHE TUIAHET CIIOUCTOEC. BBIACIAIOT HECKOJIBKO CHEepHUECKUX 000JI0UEK, pa3InIarOIIHXCs
M0 XUMUYECKOMY COCTaBY, (Pa30BOMY COCTOSHHIO, IUNIOTHOCTH U IPYTUM XapaKTCPUCTHKAM.

Bce mtaHeThl 3¢eMHOM TPYIIIBI UMEIOT TBEP/IbIC 000JIOYKH, B KOTOPBIX COCPEAOTOUYCHA OYTH BCs UX Macca. BeHepa,
3emist 1 Mapc obnaaarot ra3oBeiMu atMmocepamu. Mepkypuil pakTHYecKd JuiieH atMocdepsl. OKyTaH IUIOTHOM
atMoc(epoii kpynHedmnii ciiytHuk CatypHa — TwuraH, KOTOpBII IO pa3Mepam Oouiblie IuIaHeTsl MepKypuid.
Tutan — eqUHCTBEHHBIN CyTHHUK B Harield CoJNHEUHOW cUcTeMe, 00JaNaroui MOCTOSHHONW U IUIOTHOW Ta30BOM
aTMoc(epoii, KoTopasi COCTOMT IJIaBHBIM 00pa3oM H3 a30Ta M MeTaHa. 3amymeHHas B 1997 r. x Carypny
aBTOMaTH4eCcKas KocMHuueckas craHius «Kaccuum», yxe nepenasinas uzoopaxenus CarypHa, B 2004 1. momkHa
cOomm3uThes ¢ TWTaHOM, CIYCTHUTH HA €ro HOBEPXHOCTh, IPUTHTAHUTH» HA IMAPaIliOTe KOCMHYECKHH 30HI
«['rolireHcy, KOTOpBI OyJeT mepenaBaTh WHOOPMALMIO O COCTOSIHMHM aTMoc(epbl M ToBepxHOCTH Tutana (ee
temmeparypa — 180°C).

3Be3abl. JBOJIOLNS 3BE3]

3Be3ma — TUTa3MeHHBIM map. B 3Be3max cocpemorodeHa ocHoBHas Macca (98—99%) BuamMmoro BemiecTBa B
M3BECTHON HaM 4Yactu BceneHHON. 3Be3lbl — MOIIHbIE MCTOYHHMKHM JHEPruu. B 4YacTHOCTH, XM3Hb Ha 3emie
00s13aHa CBOMM CYII[ECTBOBAHHEM dHEPruu u3nyucHus CoIHIA.

BemecTBo 3Be311 MpeaCcTaBseT coOOM TIIa3My, T.€. HAXOUTCS B UHOM COCTOSHUH, Y€M BEIECTBO B IMPUBBIYHBIX IS
HAC 3CMHBIX YCJIOBUsX. [lmasMa — 3T0 4eTBepToe (HApsSOy C TBEPABIM, XHIKHM, Ta3000pa3HbIM) COCTOSHHE
BEIIIECTBA, MPEICTABIIONIee COO0H MOHU3UPOBAHHBIN ra3, B KOTOPOM MOJOXHUTEIbHbIC (MOHBI) M OTPUIATCIIBHBIC
3apsAabl (AMEKTPOHBI) B CPEAHEM HEUTPAIH3YIOT APYT Apyra. B 3eMHBIX yCIOBHSAX IIa3Ma BCTPEUYAETCS OYCHD PEIKO
— B QJIGKTPHUYECKUX pPa3psAmax B razax, MOJHHH, B IpoIeccax TopeHus u B3peBa U Ap. Oxono 3emnn 1urazMa
CYIIECTBYET B BUE COMHEUYHOTO BETPa, paAHallHOHHBIX MOSICOB, HOHOC(hEPHI U Ip. 3aT0 BO BeeeHHO B cOCTOSHUH
TUTa3MBI HaXOJHUTCS ITOJABISIIONIAS YacTh BemecTBa. Kpome 3Be3n, 3T0 — MeX3Be3MHAsl Cpefa, TaJaKTHYECKHe
TyMaHHOCTH u Ap. Utak, cTporo roBops, 38€3/1a — 3TO HE IIPOCTO T'a30BbIH 1Iap, a TUIA3MEHHBIHN 11ap.

Bricokas cBeTUMOCTP 3Be3[, MOAJEPKIBaeMasi B TEUCHUE JITUTEIHHOTO BPEMEHH, CBHACTEIHCTBYET O BHICIICHUH B
HUX OIPOMHBIX KOJH4YecTB 3Hepruu. CoBpeMeHHas (pU3UKA YKA3bIBACT HA JIBA BO3MOXKHBIX HCTOYHHKA YHEPTUU —
TPaBUTAIIMOHHOE CXKATHE, MPHUBOASAIICE K BBIICICHUIO IPAaBUTAIIMOHHOW HEPTUM, W TEPMOSICPHBIC PEaKLIUU, B
pe3yibTaTe KOTOPBIX U3 SACp JISTKMX 3JICMCHTOB CHHTC3UPYIOTCS sifpa OoJiee TSDKENBIX AJIEMEHTOB UM BBIICISCTCS
00JIBIIOE KOJUYECTBO IHEPTHUU.

Kak moKka3pIBarOT pacyeThl, JHEPTHHM TPAaBUTAIIMOHHOTO CXKATHA OBLIO OBl JOCTATOYHO Ui MOJACPIKAHUS
ceerumoctu CouHIa B TeueHue Bcero Jumb 30 MiH jet. Ho M3 TeolorHuecKkux W Opyrux NaHHBIX CICIYET, 4TO
cetuMocTh CoJIHITA OCTaBajach MPUMEPHO IIOCTOSHHON B TEUCHHE MIUUIMAPIOB JieT. | paBHTAIlMOHHOE C)KaTHE
MOJKET CIIy’)KUTh WCTOYHHKOM SHEPIHWH JIUIIL JUIS OYeHb MOJOABIX 3Be3d. C Apyroil CTOPOHBI, TepMOsIECpPHBIC
peaKuy IMPOTEKAIOT C JOCTaTOYHONH CKOPOCTBIO JIMING IPH TEMIEpaTypax, B TBHICSYH pa3 TPEBBIMIAOIINX
TeMIIepaTypy MoBepxXHOCTH 3Be3x. Tak, it CoiHIla TeMIeparypa, IpH KOTOPOH TepMOSIEpPHBIC PEakIi MOTYT
BBJICTISITE HEOOXOMMOE KOJUYECTBO DHEPTHH, COCTABIISACT, MO Pa3IWIHBIM pacueram, oT 12 mo 15 mun K. Takas
KoJIOCCAbHAsl TEeMIIepaTypa MOOCTHTAaeTCs B pE3yNbTaTe TPaBUTAIMOHHOTO CHXKATHS, KOTOPOE M «3aKHUTaeT»
TEPMOSICPHYIO peakiuio. TakuM o0pa3oMm, B HacTosmiee BpeMs Hamie CoJHIE SBISCTCS MEIJICHHO TOpsIIei
BOJIOPOIHON GOMOOIA.

ITonsiTHE 3BE3IHO SBOIOIUH.

OcHoBHBIC (ha3bl B SBOINIOIUH 3BE3IBI — €€ POXICHHUE (3BE3I1000pa30BaHHUC); IUIMTENBHBIA TMeproJ (OOBIYHO
CTaOMIILHOTO) CYIIECTBOBAHMUS 3BE3/IbI KaK [EIOCTHOW CUCTEMBI, HAXOISIICHCS B THAPOJUHAMUICCKOM U TEIIIOBOM
PaBHOBECHHM; ¥, HaKOHEI[, MEPHOJ €€ «CMEpTH», T.e. HeoOpaTMMOe HapylleHHE PABHOBECHS, KOTOPOE BEAET K
pa3pyIIeHHIO 3Be3bI HIIH K €€ KaTacTPO(UIECKOMY CKATHIO.

Xox IBOJIONMH 3BE3IBI 3aBHCHUT OT €€ MacChl W MCXOJHOTO XHMHUYECKOTO COCTaBa, KOTOPHIH, B CBOIO OYepeb,
3aBHCHUT OT BpeMEHH 00pa30BaHUS 3BE3/bl U €€ IMOJIOKEHUs B [amakTuke B MOMEHT obOpasoBaHus. Uem Oopiie
Macca 3BE3JIbl, TeM OBICTpee UIET €€ IBOIIOHS ’

TeM Kopoue ee «KH3Hb». sl 3Be3/1 ¢ MacCOM, MPEeBBIMIAIONICH COTHEUHYI0 Maccy B 15 pa3, BpeMs CTaOWIBHOTO
CYIICCTBOBAHMS OKa3bIBaeTCS BCero okoyio 10 MiH JieT. DTO KpaifHe HE3HAYUTEIHLHOE BPEMs 10 KOCMHYCCKHM
MepKaM, Bellb BpeMsi, OTBeIeHHOe Ut Hamrero CoiHIla, Ha 3 mopsiaka Bhiiie — okoJo 10 Mip jer.
3Be31000pa3oBaHUe HAYMHACTCSA CO CXKATHSI M MOCIEAYRoUeH (parMeHTanuu (MO JCHCTBHEM TPaBUTAIMOHHBIX
CHUIJI) MPOTSKCHHBIX XOJOTHBIX 00JaKOB MOJICKYJSPHOTO MEX3BE3IHOTO rasza. Macca ra3a JOJKHa OBITh TaKoOii,
YTOOBI JICHCTBHE CHJI TPaBUTALMU NPeoOIafano Haja JCHCTBUEM CHJI Ta30BOrO AaBlicHHS. [IpW COBPEMEHHBIX
TeMrieparypax MexsBeznHoro raza (10—30 K) ero MuHuMmanbHas Macca, KOTOpash MOXET KOHJIEHCHUPOBATHCS,
KOJITATICHPOBATh, COCTABIISIET HE MEHee Thicaun Macc Harrero Comnma. Kaxasiid m3 o6pa3oBaBmuxcs pparMeHTOB
MOXXET B CBOIO OYepeb Pa3feNaThcs Ha OTHebHBIE (PparMeHTHl (Tak Ha3bIBaeMas KackamHas (pparMeHTamms).
[ocnenuss cepus GpparMeHTOB M TPEACTABIACT co00H MaTepHal, W3 KOTOPOTO HEMOCPEIACTBEHHO (popMHUpYIOTCS
3BE3/bI.



ITo mMepe cxxaTus B TaKOM (pparMeHTe MOCTETICHHO BRIIEIAIOTCS SAPO U 000JI09Ka. S a1po — 3TO IeHTpabHasd, Oonee
IUIOTHAs ¥ KOMITAKTHAas dYacTh, MOCTHITIAS THAPOCTATHYECKOro paBHOBecHs. (OO000uka — 3TO BHEUIHA,
NPOTSDKEHHAS, TPOJOJDKAIOIAs KOJJIAIICHPOBaTh 4acTh Ta3ombuieBoro ¢parmenta. (M3 marepmana 000I0YKH
BIIOCTICICTBHH MIPH €€ INPeoOpa30BaHWU B TA30MBUIEBOM IHCK MOTYT OOpa30BBIBATHCA OKPYKAIOMINE 3BE3Iy
rraneTsl.) Ilpomecc KOHIEHCAMM COMPOBOXKIACTCA BO3PACTAHMEM MAarHUTHOTO TIOJS, POCTOM [aBJIEHHS Tra3a.
Jonroe BpeMsi 000704YKa OCTAeTCs IJIOTHON M HENpPO3pavyHOH, YTO JENaeT POKIAIONIYIOCS 3BE3]y HEBHUIMUMOU B
ONTUYECKOM JHarna3oHe. (3aTo ee MOXHO 3a(pUKCHPOBATh CPEJCTBAMU PaaU0- U HHPPAKpacHOi acTpoHoMuu.) Tak
MOCTCTIICHHO (POPMHPYIOTCS IPOTO3BE3IbI — TPAHIUO3HBIC HENPO3PAYHBIC MAacChl MEK3BE3IHOrO ra3a Cco
c(hOPMHUPOBABIIUMCS SAPOM, B KOTOPBIX FPAaBUTALIMS YPABHOBCIIUBACTCS CUIIAMU BHYTPECHHETO JTaBIICHHUS.

C obOpa3oBaHueM MPOTO3BE3BI POCT MACCHI €€ pa HEe IpeKpamaetcs. Macca sijipa mpoIoJDKaeT YBEIHYUBATHCS 32
CYeT BBIMAJICHUS T'a3a Ha AP0 U3 00010ukn (akkperus). CUIIbl TPaBUTALMU PACTYT M PAa30rPEBAIOT AP0, KOTOPOE
MpeTepPIICBACT KAYCCTBCHHBIC M3MEHCHHS, B TOM YHCJIC BO3PACTAIOT €r0 CBETHMOCTh U JIABJICHUC U3JIyYCHUS. 3aTeM
POCT sipa W KOHICHCAIMS ra3a w3 000I0YKH IpekpamaoTcs. O00I09Kka OCTETIEHHO «CIyBaeTCs» M3IIydeHHEM U
paccenBaeTcs. A SIpo cO CTOPOHBI MPHOOPETaeT BU 3BE3THOTO 00BEKTa. DTOT MPOIECC TPABUTAIIMOHHOTO

CKaTUsl IIIUTCA OTHOCHUTENFHO HEAONro (OT COTEH THICAY A0 HECKONBKHX JECATKOB MIH JIET) W 3aKaHIMBACTCS
TOTJIa, KOT/Ia TeMIIepaTypa B IIEHTPE MOCTHTaeT TeX 3HaueHuH (10—15 MitH rpamycoB), Py KOTOPHIX BKIIOYAETCS
IpYrof HCTOYHHWK SHEPrHH—TepMOSAepHble peakuuu. (CkaTHe TpH OSTOM MpeKpam@aercsi ¥ IIPOIecC
3Be31000pa30BaHMs 3aBEPIIACTCS: IPOTO3BE3]a OKOHYATEIHHO IPEBPAIIaeTCs B 3BE3/1Y.

TamakTukn. Buael raiakTuk

Bcekope mocne u300peTeHUs TENECKONa BHUMAHUE HAOJFOJATENCH MPUBJICKINM MHOTOYHCICHHBIC CBETJIBIC MSTHA
TYMaHHOTO BUJa, — TaK W Ha3BaHHBIC TYMaHHOCTSIMH, — BHJIUMbBIC HEM3MEHHO B OJHHX M TeX ke MecTtax. C
MOMOIIBIO CHJIBHBIX TesieckomnoB Y. I'epmrens u ero ceir k. [epriens OTKPBUIM MHOXECTBO TaKUX TyMaHHBIX
mATeH, a K KoHIy XIX B. ObUIO OOHApPYKEHO, YTO HEKOTOPBIE M3 HHUX UMCIOT chupajibHyio ¢opmy. Ho monro
OCTaBaJIOCh 3araJIkoi, 4TO MPENICTABIISIIOT CO00M 3TH TyMaHHOCTH. Toibpko B 1920-¢ TT. ¢ TOMOIIBIO KPYITHEHITUX B
TO BpEMSI TEJIECKOIIOB yIaJIOCh Pa3IoKUTh TYMAHHOCTH Ha 3Be31bl. CTao SICHO, 9TO TYMAaHHOCTH — 3TO HE o0ilaka
TIBUIH, CBETSIIMECS OTPaKEHHBIM CBETOM, W HE O0Jlaka pa3pekeHHOTO Tasa, a Ype3BBHIYalfHO IajieKhe 3BE3IHBIC
CHCTEMBI TalaKTHKH. |'alaKTHKH — 9TO TMTaHTCKHE 3BE3IHBbIC cucTeMbl (mpumepHo 10 10 3Besn). Takoro ke
nopsiaka (n = 13) 1 Macchl ralakTHK 10 OTHOIIEHHIO K Macce CoHIA.

HexkoToppble raakTHKH MOYKHO PasriisiieTh B XOPOITHil OMHOKIG. [aakTuKy AHIpOMeE b, OOJNBITYO TI0 pa3MepaM U
HAXOJAIIYIOCS J0ocTaTouHO Oyim3ko kK CounHiy (Bcero B 1,5 MITH CBETOBBIX JIET), B COCTOSIHUM YBUJCTH YEJIOBEK C
XOPOIIMM 3PCHHEM: 3TO Pa3MBITOC IMATHO B co3Be3guu AHapoMenbl. COBPEMEHHBIC TEICCKOIBI IMO3BOJSIOT
OTBICKATh COTHM MWUIMOHOB W MHJUTMAPJbl TAJTaKTHK. B XOpOIIO HCCIICIOBAaHHON 00JacTH MPOCTPAHCTBA, HA
paccrosauax 1500 Mk, HaXomuTcs ceddac HECKOJIBKO MWJLIMAPAOB TajakTHK. TakuMm oOpa3oMm, HaOrojaeMas
Hamu 001acTh BeeneHHo# — 3T0 mpeske BCero MUp rajJakTHK.

Crpoenne ux paznmuuno. Ho HambOoiee XapakTepHa W IpuUMedaTeNbHa OAHA (opMa — VYIUIONICHHBIA JHCK C
BBIITYKJIOCTBIO B IIEHTPE, OTKYAa HCXOAT CIHpaibHbIe pykaBa. ['amakTuka AHIpOMenbl, KaKk W Halla COOCTBEHHAs,
NPUHAICKUT K CIUPATbHOMY THUNY TanakTuK. CoJlHEYHas CHUCTeMa pPAacIlooKeHa B OJHOM W3 CIHPATBHBIX
pykaBoB ["aakTHKM Ha PacCTOSHUM IIPUIMEPHO IBYX TPETEH ee paanyca OT IEeHTpa.

Crnemyer TMOMHHTB, YTO, HAaONIOMasi BCEIEHHYIO, MBI BHAWM TallaKTUKH HE TaKUMH, KaKHe OHH €CTh Teleph, a
TaKAMH, KAKIMH OHH OBUIM B JTaJIeKOM mpomutoM. CBeT 0T HUX MPHUXOANT K HaM Yepe3 IMPOCTPAHCTBO B MUJIIHAP/IBI
¥ MHJUTAAPIBI KHJIOMETPOB, Ha IIPEOJI0ICHNE KOTOPOTO OH 3aTpadynBaeT MIJUTHOHEI JeT. CBeT oT Omkaiimeii k Ham
TaJaKTUKU AHIpoMensl gocturacT 3emuu depe3 1,5 miuH ner. C MOMOINBIO OOJBIIUX TEJIECCKOIMOB MOXHO
HAOJFO/IaTh eIlle HAMHOTO OoJiee NaJieKUe TaJaKTHKH, ¥ Mbl BUIUM UX TAKHUMHU, KAKIMU OHU OBUTA MUJUTHAPIBI JICT
Ha3aa. PaccrosiHME 1O caMbIX JajdbHHUX U3 HaONIOMAcMBIX B HACTOSINCE BpeMs TaJakTHK — cBbime 10 mipx
CBETOBBIX JICT.

OpnHa W3 ICHTPAJbHBIX NPOOJEM BHETraJaKTHYCCKOW aCTPOHOMHHU CBs3aHAa C OIpPEICIICHHEM PACCTOSHUM [0
TaJIaKTHK ¥ pa3MEepoOB CaMUX TaJlaKTHUK. PaccTosHusA A0 ONMKaiImuX rajJakTHK, KOTOPBIE MOXHO Pa3jOXKHUTh Ha
3BE3/1bI, OTIPEIEIAIOTCS 0 X cBeTUMOCTH. CII0JKHEE OIIEHUTH PACCTOSIHHE 10 JANCKUX TallaKTHK.

B 1912 r. amepukanckuit actponom B. Crmaiidhep oOHapy)un 3(h(PeKT KpacHOTOo CMENMICHUS B CIIEKTpax JaJIeKHX
TaJaKTHK: WX CIEKTpaJbHBIC JHWHUM OKA3aJINCh CMEUNICHHBIMH K JUIMHHOBOJIHOBOMY (KpacHOMY) Kparo II0
CPaBHEHHIO C TAKMMH K€ JIMHUSAMH B CIIEKTPaX UCTOYHUKOB, HEMOJBIKHBIX OTHOCUTEIHHO HAOMIOaTes.
Upes3BbruaiitHO MHOTOOOpa3Hbl (GOPMBI TATAKTHK. THIONOTHs (GopM TalakTHK, pazpaboTaHHas eme D. Xa00moM, B
OCHOBHOM COXPaHMJIACH IO HACTOSIIECTO BpeMEHH. Xa00JI BBIIEISI TPH OCHOBHBIX THIIA TaJaKTHK:

JJUTUNITHYCCKAE, MMEIOMINE KPYTIYI0 WIH 3JUMNTHYeCKYI0 (opmy (obo3Havarorcs E); 310 Hamboiee mpocThie
TAJIAKTUKY, HE COJACPIKAIINC TOPSTINX 3BE3/, CBEPXTUTAHTOB, TBUIMA U TA30BBIX TYMAaHHOCTEHW; B IICHTPE UX HET SPa;
cnMpajibHbIe, KOTOpble Xab0 pa3oui Ha 1Ba cemelicTBa — oObIuHbIE (S) M nepecedeHusle (SB). YV nepBbIX BeTBH
BBIXOJIIT HEMOCPEACTBCHHO W3 S/pa; Y BTOPBIX SIPO MEPECCUCHO IIMPOKOHM, SPKOH IMOJIOCOH, Ha3bIBacMOit
MIEPEMBIYKON MM 0apOM; CIIUPATbHBIC BETBU OTXOMAT OT KOHIIOB 0apa;

HeTpaBWJIbHBIE TAAKTUKH (Ir) IMEIOT KJIOYKOBAaTOE CTPOEHHE M HENPAaBMIBHYIO (GOPMY; SIPKOCTh M CBETUMOCTB UX
HEBEJINKH; OHU W300MIYIOT TOPSYUMHE CBEPXTUTAHTAMM, Ta30BBIMH TYMaHHOCTSIMH M TIBUIBIO (HampumMep, bombimoe
n Mamoe MaremianoBsl OO6naka); K HETPABWJIBHBIM TaJlaKTHKAM OTHOCATCS TakKXe B3aUMOICHCTBYIOIIHUE
TaJIaKTHKH; OOJBIIMHCTBO HETIPABMIIHHBIX TAJJAKTHK — KapIIUKH.



®opma U CTPYKTypa TraJlakTHK CBSI3aHBI C UX OCHOBHBIMH (PH3MYECKIMH XapaKTEPHCTHKaMHU: pa3MepoM, Maccoii,
CBETHMOCTEIO. V 110 3THM XapakTepUCTHKaM MHp TATaKTUK OKA3aJICs TIOPa3UTEIEHO

OBoaronus Beenennoi

CoBpeMeHHasET KOCMOJOTHS — 3TO CIIOKHAs, KOMIUIEKCHas M OBICTPO pPa3BHBAIOMIAsICS CHCTEMa ECTECTBCHHO-
HAy4YHBIX (aCTpOHOMHS, PU3NKA, XUMUS | JIp.) U HUI0CcOPCKUX 3HAHUN 0 BceleHHoM B 1eoM, OCHOBaHHAs Kak Ha
HaOJIIOMaTENFHBIX JAHHBIX, TAK U HA TEOPETHYCCKUX BBIBOJAX, OTHOCAIINXCS K OXBAaUYCHHON aCTPOHOMHYECKUMHU
HaOmroeHusiMu yactu Beenennoii. ['myOuHHAs CBS3b KOCMOJIOTHH M (PU3HKH 0a3UpYETCsS Ha TOM, YTO KOCMOJIOTHU B
COBPEMEHHOI BceneHHo uIlyT «chneap» TeX MpOoLEecCOB, KOTOPHIE MPOUCXOAUIN B MOMEHT pOXKIeHUs BeeneHHoH.
A TakUMH «cCIeIaMu» MPEXIE BCEro BHICTYNAIOT (YHIAMCHTAIBHBIC CBOWCTBA (PM3UUECKOTO MHUpa — TPHU
MPOCTPAHCTBCHHBIX M3MEPCHHS M OJHO BPEMCHHOE; YeThIpe (yHIAMEHTAIBHBIX B3aUMOJCHCTBUS; MPEeoOIaiaHue
YaCTHUI[ HaJl aHTHYACTUIIAMH U JIP. DMIUPUICCKUE JaHHBIC, IPEACTABICHHBIC TTIABHBIM 00pa30M BHETATAKTHICCKOM
aCTPOHOMHMEW, CBHUJCTEILCTBYIOT O TOM, UTO Mbl JKHBEM B JBOJIOLMOHUPYIOUICH, pacHIMpsIoLeics,
HecTaluoHapHoU BeenenHoii.

HMMeer i CMBICT paccMaTpuBaTh BCeNeHHYI0 B II€JIOM KaK CAWHBIM IEJOCTHBIM JWHAMHYECKUNA OOBEKT?
CoBpeMeHHasT KOCMOJIOTHSI B OCHOBHOM HCXOIWT W3 MPEIIOJIOKEHHUS, YTO Ha 3TOT BOIPOC CIIEAYET OTBETHUTH
MOJIOXKHUTENbHO. VHaue roBops, mpeamnonaraeTcs, 9To BceneHHas B [ENOM MOTYHHSIETCS TEM )K€ €CTECTBEHHBIM
3aKOHaM, KOTOPHIE YIPABIAIOT MOBEJACHUEM €€ OTACIBHBIX COCTAaBHBIX yacTeil. [Ipm 3TOM ompenensionyio pois B
KOCMOJIOTHYECKHX IPOIeccax UTpaeT rpaBUTAIUS.

ITockoabKy HMEHHO TATOTCHHE ONPEACISICT B3aMMOICHCTBIE MAacC Ha OONBIINX PACCTOSIHUAX, a 3HAYUT, TUHAMUKY
KOCMHYECKOH MaTepuu B MmaciiTtabax BceleHHOH, TO TEOPETUYECKHM SAPOM KOCMOJIOTHH BBICTYHAET TCOPHS
TATOTEHUS, & COBPEMEHHOM KOCMOJIOTUM — PEJSTUBUCTCKAs TeOopHsl TAroTreHus. I[loaToOMy COBpPEMEHHYIO
KOCMOJITHIO Ha3bIBAIOT PEISITUBUCTCKOM.

HeroToHOBCKas (pu3uKa paccMaTpuBaeT MPOCTPAHCTBO M BpPEMsS KaK «apeHy», Ha KOTOPOW pa3bIrPhIBAIOTCS
(u3nveckne TpOIecChl; OHAa HE CBI3BIBAET BOENMHO IIPOCTpPaHCTBO H BpeMms. CorjacHo oOmel Teopun
OTHOCUTENILHOCTH (cM. 9.2), pacmpeneneHue W JBHKCHHE MaTepUH HM3MEHSIOT TeOMETPUYECKHE CBOMCTBa
MPOCTPAHCTBA-BPEMEHH W B TO JK€ BPEMS CaMH 3aBHUCAT OT HHUX; TIPaBUTAIMOHHOE IIOJIE TIPOSBISAETCA Kak
WCKPUBJIICHHE TIPOCTPAHCTBA-BPEMEHM (YeM 3HAYMTENbHEe KPUBU3HA IIPOCTPAHCTBA-BPEMEHH, TEM CIJIbHEE
TPaBUTAIIMOHHOE TIOJIE).

BaxnelmuiM HampaBieHHEM pa3paOOTKH TEOpUW HecTanmoHapHOW Bcenennoit B XX B. SBWIOCH HCCIIEIOBaHUE
(hM3MYeCKUX TPOLECCOB B HaudalbHbIe MOMCHTHI BcenenHoi. [[eHTpanbHBIM 31eCh OKa3aiCs BOMPOC O CMBICIC
CUHTYIspHOCTH. UTO mpeacTaBiseT COOOH CHHIYJSPHOCTh: YHCTO MATEMAaTHYCCKOC BBIPAXKCHUEC IIpeaesa
BO3MOXKHOCTEH IKCTPATIONISALUHU B MPOILIOS YPABHEHUH OOIICH TEOPHH OTHOCUTEIFHOCTH WM OTPAKCHHE KaKOTo-
TO PeajbHOr0 MOMEHTA (HA4aJbHOTO COCTOSIHUS) HAmero Mupa? DTOT UCCICIOBATEIbCKUN MOUCK OBLT HAICICH Ha
MOJIyYEHUE OTBETOB Ha KIIIOUEBBIE MHPOBO33PEHUYECKUE BOIPOCHI: YTO MPOMCXOIWIO B HAYaJbHbIE MOMEHTBI
BcenenHoii? 4TO TpUBENO K €€ PAaCHIMPCHHI0? KAaKOE€ HAYYHOE 3HAUCHHE CIICAYCeT BKIAAbIBATh B MeTadopy
«poxxknenue BcenenHoii»? BplgarommMucs MOCTIKCHUSIMH HAa 3TOM IyTH OBIJIO CO3IaHWE TEOPUU Topsdeit
Bcenennoit, nim Bombioro B3phiBa, 1 pazpaboTKa MPUHITUIIOB U TOHATHH WHOISITUOHHON KOCMOJIOTHH.
KadecTBeHHO HOBBIM M TITyOOKHM IIarOM B U3YYCHHWH HAYAJLHBIX COCTOSHUH BceenenHol Oblia pa3paboTka MOAeTn
ropstaeit Beenennoii. Ee 0CHOBBI ObLITH 3aI0’KEHBI B TPYIaX aMEPUKAHCKOTO (PU3HMKa PYCCKOTO MPOUCXOKIeHus Jxk.
T'amoBa u ero coTpyaHuKOB B 1948— 1956 rr. B COOTBETCTBHH ¢ 3TOM KOHIIETIMEH BeeneHnas Ha paHHUX CTaaHsIX
pacuImpeHns XapaKTepru30Bajiach HE TOJIBKO BRICOKOH IJIOTHOCTBIO BEIIECTBA, HO M €TI0 BBICOKOH TeMIepaTypoil.
Kitou k moHMMaHHIO paHHUX STANoOB SBOMIONUH BceneHHo — B TUTaHTCKOM KOJIMYECTBE TEIUIOTHI, BHICIUBILIEHCS
npu bonsimom B3peiBe. B mpocreiiniem BapuanTe Teopuu ropsdei BceneHHoll mpennonaraercs, uto Bcenennas
BO3HHKJIA CIIOHTAHHO B PE3YJIBTATE B3PhIBA U3 COCTOSHUS C OYCHBb OOJBINON IUIOTHOCTHIO U 3HEPTUCH (COCTOSHUE
cunrynspHocta). [lo Mepe pacmmpenuss BceneHHoil Temmeparypa majgana (CHavaiga OBICTPO, a 3aTeM BCe
MEJIJICHHEE) OT OYCHB OOJIBINIOH 10 TOBOJIHHO HU3KOM, 0OecreunBaBIIeli BOSHUKHOBEHUE YCIOBUH, OJarompUsTHBIX
U1 00pa30BaHus 3Be3] U TajakTuK. Ha mpoTspkeHnn okoyto 1 MITH JIeT Temreparypa mpeBbIliaia HECKOIBKO THICTY
TPagycoB, YTO TPEISTCTBOBAIIO OOPa30BAaHHUIO AaTOMOB, M, CIIEIOBATEIHHO, KOCMHYECKOE BEIICCTBO HMMENO BHJ
pa3orpeToi IUIa3Mbl, COCTOSIIEH M3 MOHU3MPOBAHHBIX BOJOpOJa U renusd. Jluiie koraa TemiepaTrypa BceneHHoi
MOHU3WJIACH MPHOIM3UTENBHO IO TeMIlepaTypsl moBepxHocTH COJHIA, BO3HUKIN IEpBBIEe aTOMBI. TakuM o0pazom,
aTOMBI — 3TO PEJUKTHI SIIOXH, HACTYNHBIICH yepe3 | MiH et nmociie bonbimoro B3priBa.

1. 6 Jlekuus Ne 6 (2 yaca).

Tema: «buonornueckast hopma MaTepum»
1.6.1 Bonnpocs! Jiekuum:
1. OcoOGEHHOCTH JKUBBIX CUCTEM
2. OCHOBHBIE YPOBHHU OpraHU3AL1H )KUBOTO



3. Bo3HUKHOBEHHE KU3HU Ha 3eMiie
4. Pa3BuTHE OPraHUYECKOr0 MUpa

1.6.2 KpaTkoe coaep:xkaHue BONPOCOB:
Oco0eHHOCTH KUBBIX CHCTEM

B ocHOBe COBpEeMCHHOW OMOJIOTHUCCKOW KAPTUHBI MHpPA JICKHUT IPEACTABICHUE O TOM, YTO MHpP YKHBOIO — 3TO
TpaHAMO3Hasl CUCTEMa BHICOKOPTAaHW30BAHHBIX cHcTeM. JIto0as cucteMa (M B HCOPTaHMYCCKOW, M B OPraHMYCCKON
MPUPOZIC) COCTOUT M3 COBOKYITHOCTH 3JIEMCHTOB (KOMIIOHGHTOB) M CBS3€H MEXIY HUMH (CTPYKTYpHI), KOTOpPBIC
O00BETUHSIIOT JTaHHYIO COBOKYITHOCThH JJIEMEHTOB B €UHOE IEJIOC. BHONOTHYECKHM CHCTEMaM CBOMCTBEHHBI CBOM
crenu(UIecKue IIEMEHTHl U OCOOCHHBIC TUIBI CBs3ei Mexay Humu. CHadama o0 2JeMEHTaxX W KOMIIOHCHTaX
OHMOJIOrMYECKUX CHUCTEM. B HHUX BbIpa)keHa IUCKPETHAsl COCTaBISONIAsi XKUBOTO. JKuBble OOBEKTHI, CHCTEMbI B
MIPUPOJIe OTHOCUTEILHO 000COOEHBI APYT OT Apyra (0coOu, MOMyYISAIH, BH/bI). JIro6ass 0co0br MHOTOKJIETOYHOTO
JKMBOTHOT'O COCTOMT M3 KJIETOK, a Jifo0asi KJIeTKa U OJHOKJIETOYHBIC CYIIECTBA — W3 OMNPE/ICICHHBIX OpraHellL.
Opraneiisl  00pa3ylOTCs TUCKPETHBIMH, OOBIYHO BBICOKOMOJICKYJSIPHBIMH, OpPraHMYECKUMH BEIECTBAMU.
buosornueckie cuUCTeMbl MpeleIbHO HHIMBUAYATH3UpOBaHbl. Cpein KHUBBIX CHUCTEM HET [BYX OJMHAKOBBIX
ocobei, MoMmyJIsIIuii, BUIOB U Ip. ITO COCOOCTBYET UX aJanTalliy K BHEIIHEH cpele.

Bmecre ¢ TeM cloXHAs OpraHM3alusl HEMBICIHMa 0€3 IeJOCTHOCTH. L[eOCTHOCTh CHUCTEMBI O3HAYaeT
HECBOIMMOCTb CBOWCTB CHCTEMBI K CYMME CBOHCTB €€ 3JIEMCHTOB. LIeIIOCTHOCTH TOPOXKIACTCS CTPYKTYpOit
CUCTEMBI, THIIOM CBs3€H MEXKIY €€ HJIEMCHTaMH. BHOJIOTMYECKHE CHCTEMBl OTIMYAOTCS BBICOKUM YPOBHEM
L[EJIOCTHOCTH.

JKuBbie cUCTEMBI — OTKPBITBIE CHCTEMBI, TOCTOSTHHO OOMEHUBAIOIIKECS BEIICCTBOM, YHEPTUEH 1 HH(OpMAIHel co
cpenoii. OOMEH BeIIeCTBOM, SHEprueil u nHpopMaIHel MPOUCXOIUT U MEXKY YacTIMHU (ITOJACUCTEMaMHU) CUCTEMBI.
st JKMBBIX CHCTEM XapaKTepHbI OTpHUIATENbHAsh SHTPONUs (YBEJIHUYCHHE YHOPSIOYEHHOCTH), CIHOCOOHOCTh K
CaMOOpraHU3alInu.

JuHamMu4ecKkue Mpouecchl B OHONOTHYECKHX CHUCTEMax, WX CaMOOPraHM3allus, YCTOMYMBOCTb M IEPEXOIbl M3
CTAl[HOHAPHOTO COCTOSIHUSI B HECTAl[MOHAPHOE O0ECIEeYMBAIOTCS PAa3MYHBIMH MEXaHU3MaMH CaMOPEryIISIHH.
Camoperynsitiisi — 3TO BHYTPEHHEE CBOMCTBO OHOJOTHYECKHMX CHUCTEM aBTOMATHYECKH MOJJIEPKHUBaTh HA
HEKOTOPOM HEOOXOJWMOM YpPOBHE MapaMETpPhl IMPOTCKAIOMIUX B HHUX MPOLECCOB ((PU3MOIOTHICCKUX U JIp.).
CHCTEMBI OPTaHUYECKOTO MHpa OPTaHU30BAHBI HEPAPXUUYCCKH ¥ TPCACTABICHBI OOJBINUM KOJIUYCCTBOM YPOBHEH
CTPYKTYPHO-(QDYHKIIMOHATBHON Opranm3anuy. Ha kaxIoM ypoBHE CKJIaIBIBAIOTCS CBOU CIICIIU(PUUCCKUC MEXAHU3MBI
CaMOPETYJISIIAY, OCHOBAHHBIC, KaK TIPABUIIO, HA PUHIIUIIC 00PATHOMN CBS3U (OTPUIATEIBHOM HITH MOJIOXKUTEIHLHOM),
KOTJ]a OTKJIOHEHHE HEKOTOPOTrO IMapaMeTpa OT HEOOXOJUMOTO YPOBHS NPUBOIUT K «BKIFOUCHUIO» (QYHKIUH,
KOTOpBIE JIMKBUAUPYIOT TucOallaHc, BO3Bpallas JaHHbIH MapaMeTp K Hy)KHOMY YpOBHIO. B ciyuae otpuiaresnbHoi
00OpaTHOM CBSI3M 3HAK M3MEHEHUsI MPOTHUBOIOJIOKEH 3HAKY MEPBOHAYAIBLHOTO OTKJIOHEHUS, a MPH TOJIOKHUTENbHON
00OpaTHOW CBf3M 3HAK W3MEHEHHMs COBIIAJIACT CO 3HAKOM OTKIIOHEHHMsS; MPU ITOM CHUCTEMa BBIXOJUT W3 OJHOTO
CTAITMOHAPHOTO COCTOSIHMSI W TIEpPeXonuT B Apyroe. Jlrobas Owosormueckas cucreMa CrocoOHa mpeObIBaTh B
Pa3IUYHbBIX CTAI[HOHAPHBIX COCTOSHHSAX. DTO MO3BOJISIET i, C OHOI CTOPOHBI, (HYHKIIHOHHPOBATH B OIPEIEICHHBIX
OTHOIICHHUSX HE3aBUCUMO OT CPEJIbL, & C IPYroil — aJanTUPOBAThCS K Cpelie IPU COOTBETCTBYIOIIMX YCIOBHUSIX.
Kpome cranmuoHapHBIX, OHOJOTHYECKHE CHCTEMBI HMCIOT M aBTOKOJICOATENBHBIC COCTOSHUS, KOTJAa 3HAYCHUS
MapaMeTPOB KOJICONIOTCS BO BPEMCHH C OIPEICICHHON aMIUIUTynoW. Takue COCTOSHUS SIBISIOTCS OCHOBOWM
MIEPUOTUICCKUX OMOIIOTHIECKHUX MPOIECCOB, OMOJIOTHYCCKUX PUTMOB, OMOJIOTHYSCKUX YaCOB U JIp.

OcCHOBHBbIE YPOBHH OPTaHU3AINH KHBOTO

Kputepuem BBIIENCHUS OCHOBHBIX YpPOBHCH BBICTYNAIOT CHCHU(GUYCCKHAC JTUCKPETHBIC CTPYKTYPBI U
(yHmamMeHTaNbHBIE OWOJIOTHYECKHE B3aUMOJCHCTBUSA. Ha OCHOBaHMM O3THX KPUTEPHEB OCTATOYHO UETKO
BBIJICJIAIOTCS.  CIIEAYIOIINE YPOBHH OPTaHW3alMH JKUBOTO: MOJCKYJSPHO-TEHETHYECKHIH, OpraHW3MEHHBIH,
TOTTYJISIITAOHHO-BUIOBOM, OMOTEOIIEHOTHYECKUH.

MonexkynspHO-TeHeTHUECKHIT ypOBEeHb. 3HAHWE 3aKOHOMEPHOCTEH JTOTO YpPOBHS OPTraHM3AIlMH J>KUBOTO —
HeoOXomuMasi TIPEANOCHUIKAa SICHOTO TOHMMAHUS >KM3HEHHBIX SIBICHUH, MPOUCXOIIIMINX Ha BCEX OCTAIBHBIX
YPOBHSIX OpraHM3alliy XU3HHU. Ha TaHHOM ypOBHE OpraHHM3alny XU3HH >JIEMEHTAPHOW €IMHHIICH SBISAIOTCS TEHHI,
Hecymue B cebe KOABl HaclenCcTBeHHOW wuHPopmammu. B XX B. pa3BUTHE XPOMOCOMHOH TeopUH
HACIICICTBCHHOCTH, aHAJIM3 MYTAI[HOHHOTO MPOIecca, H3YYCHUE CTPOCHUS XPOMOCOM, (paroB U BUPYCOB, Pa3BUTHUE
MOJICKYJISIPHOW OWOJIOTUH, OHOXHMHH TMO3BOJMIN PACKPHITh OCHOBHBIC YEpPTHl OPTraHU3alUU 3JIEMCHTApPHBIX
TEHETHYECKUX CTPYKTYP U CBSI3aHHBIX C HUMU SIBJICHUI.

BrIsicHEHO, YTO OCHOBHBIC CTPYKTYPHI HA 3TOM YpOBHE mpencTtaBieHbl Monekyiaamu JITHK, muddepenimpoBanabMu
O JUTMHE Ha 3JEMEHTHI KOJIa — TPHUILICTH a30THCTHIX OCHOBaHUM, 00pa3yronux reHsl. OCHOBHBIC CBOWCTBA TCHOB:
CHOCOOHOCTh HMX K KOHBAPHAHTHOW pPEOYIUIMKAIWH, JIOKAJIBHBIM CTPYKTYPHBIM HW3MEHEHHAM (MyTalusMm),
CIIOCOOHOCTB IepeaBaTh XPaHAIIYIOCsS B HIX HH()OPMAIIHIO BHYTPUKICTOYHBIM YIPABIISIOMIAM CHCTEMAaM.
Monekyna JIHK mpencraBiser coOoii JBe clapeHHbIE, 3aKpyYCeHHbIC B CIIHPAIA HHUTH, KaXIas H3 KOTOPBIX
COCIMHSACTCS C IPYrod BOJOPOAHBIMH CBs3AMH. KOHBapwaHTHas peXyIIMKAIMA IMPOUCXOIUT II0 MATPHYHOMY
TIPUHIIAITY: CHAaYaia pa3phIiBaloTCsS BOAOPOAHBIE cBs3u ABoiHOM crimpanm JJHK ¢ yuactuem depmenta JJHK-momm-
Mepasbl; 3aTeM KakKIas HUTh Ha CBOEH MOBEPXHOCTH CTPOHT COOTBETCTBYIONIIYIO HHTB; ITOCIE 3TOTO HOBBIE HUTH
KOMILUICMCHTapHO COCIMHSIOTCS MeXIy co0od. [IMpUMUAMHOBBIE W IypPHHOBBIC OCHOBAHHS KOMILIEMEHTApPHBIX



HUTEH «CIIMBAIOTCs» Mexy cobort JIHK-monm-mepaszoii. DToT mporece ocymmecTBiseTcss oueHb ObicTpo. Tak, Ha
camoc6opky JIHK nmpumepno u3 40 Thic. map HyKJI€OTHAOB Tpedyercs Bcero 100 c.

OpraHu3MeHHbIN ypoBeHb. Cliefyromui, 6oee CI0KHBIA, KOMIUICKCHBIH YPOBEHh OPTaHMU3AINH XU3HU Ha 3emIie
— opranu3MeHHbIH. OH CBfi3aH C JKM3HEACATENHHOCTHIO OTHEIBHBIX OHWONOTHYECKHX Oco0el, AMCKPETHBIX
WHANBUAOB. IHIMBHI, 0COOb — HenennMasi | [EeIOCTHAS eIMHAIA )KU3HN Ha 3eMIIe.

B MHOroo0OpasHOl 3eMHOW OpraHMYECKOH >KM3HH OCOOM WMEIOT pa3iindHoe MOpP(OJOrHdecKoe CoJepKaHue:
OJTHOKJICTOYHBIC, COCTOSIIUE U3 spa, IUTOILIA3Mbl, MHOXECTBA OpraHesl U MeMOpaH, MaKPOMOJICKYJ U T.1. 311eCh
U MHOTOKJIETOYHAas 0co0b, 00pa3oBaHHAS W3 MHUJUTMOHOB M MHJUIMAPIOB KIIETOK. CIOKHOCTh MHOTOKJICTOYHBIX
ocoOell HEM3MEPUMO BBIIIC CIOXHOCTH OJHOKJICTOYHBIX. HO W OJHOKJIETOYHAs, W MHOTOKIICTOYHAs OCOOH
001aJaf0T CUCTEMHOW OpraHU3aIMel ¥ BRICTYIAIOT KaK SIHHOE LEJIOE.

[IpruyuHBl pa3BUTHSA OpraHW3Ma B OHTOI'CHE3E SIBIISIOTCS MPEIMETOM OOCTOSTEIHHOTO U MHTCHCUBHOTO M3YYCHUS
SMOpHUOJIOraMy, OWOXUMHKAMH, TEHETHKaMH. MHOTHE oOTpaciu OHWOJOTMHM H3Y4YalOT NPONECCHl W  SBJICHUS,
MPOMCXOJAIINE B OCOOHM, COTJIaCOBaHHOE (PYHKIIMOHHMPOBAHHWE €€ OPraHOB W CHCTEM, MEXaHW3M HX paboTEHI,
B3aMMOOTHOIIICHHUS OPTaHOB, ITOBEICHHE OPTaHW3MOB, NPHCIIOCOOWTENFHBIC M3MeHEeHns U T.1I. [loka He co3maHa
o011ast Teopusl OHTOTEHE3a, He SICHBI BCE IPHYUHBI U (PAKTOPEI, OMPEAEIAIONIAE CTPOTYI0 OPTaHN30BAaHHOCTD 3TOTO
nporecca. Vmeromuecs pe3ynbTaThl MO3BOJSIOT MOHATH TOJNBKO OTHACIBHBIE IPOIECCH], O0OECIICYHBAIONIIE
WHANBUAYAIbHOE pa3BUTHE opraHm3Ma. [Ipexe Bcero 3To KacaeTcs u3ydeHus quddepeHnaniy, T.e. 00pa3oBaHusI
pa3HO00Opa3HbIX, CIICIHATN3NPOBAHHBIX IS BHIITOJHEHHS OINPENeIeHHBIX (yHKINN JacTel opranmsma. OHTOreHe3
OIpENeNACTCS JACATEIILHOCTPI0 MEXaHU3MOB CaMOPETYIIILUHU, COTJIACOBAHHO pEATHM3YIONIMX HACICICTBCHHBIC
CBOWCTBA M PabOTy YIPABISIONIUX CHCTEM B MPEJIENIaX OCOOH.

[MomynsaunoHHO-BUAOBOM ypoBeHb. OCOOH B IPUPOIC HE aOCOIOTHO M30JIMPOBAHBI APYT OT APYra, a 00bEIUHCHBI
0oJiee BBICOKMM PAHIOM OHMOJIOTHYCCKOW OPTaHU3aIMH. DTO HOMYJISIIHOHHO-BUIOBON YpoBeHb. OH BO3HUKACT TaM H
TOrAA, TIC M KOIJIa MPOUCXOMUT OOBCAMHEHHE OCOOCH B MOMYJSALWH, a MOMyJsauui B Buabl. [lomynsiuu
XapaKTepU3YIOTCS TIOSBJIICHUEM HOBBIX CBOWCTB W OCOOCHHOCTEH B JKHUBOW MNPHUPOAE, OTIUYHBIX OT CBOWCTB
MOJICKYJISIPHO-TE€HETHYECKOTO M OHTOTEHETHYECKOTO YPOBHEIA.

XOTA MOIMJSAIIN COCTOAT M3 MHOXKECTBA 0COO€H, OHHM IENOCTHBI. VX IEeIOCTHOCTh B OTIMYHE OT IEIIOCTHOCTH
MOJICKYJISIPHO-TEHETHYECKOTO W OHTOTEHETHYECKOTO YpPOBHEH oOecreumBaeTcs B3aMMOJCHCTBHEM 0coOel B
MOIYJISIIMSIX U BOCCO3JAETCs Yepe3 OOMEH reHeTHIEeCKUM MaTepHalloM B MPOIIECCE MOJIOBOTO Pa3sMHOXKEHUS. Bumpr
— 9T0 cucteMbl nomynsanuid. [lomymanum w BUAB KaKk HaABIHIWBUAyaJTbHBIC OOpa30BaHMS CIIOCOOHBI K
CYIICCTBOBAHHMIO B TCUCHHE JJTUTCIHHOTO BPEMEHH U K CAMOCTOSITEIIFHOMY 3BOIOIIMOHHOMY Pa3BUTHIO.
BuoreoneHotnueckuii  ypoBeHb. [lomyssiiuu pasHBIX BHAOB B3aUMOJICHCTBYIOT Mexay coboil. B xome
B3aUMO/JICHCTBUS OHU OOBEIUHSIOTCS B CIIOKHBIC CHUCTEMBI — OHOIIEHO3bI. BHOIICHO3 — COBOKYITHOCTh PACTCHUM,
JKUBOTHBIX, TPUOOB M MHUKPOOPTaHU3MOB, HACCISIONUX Y4YacCTOK Cpelbl ¢ Oojiee MM MEHEEe OJHOPOIHBIMU
YCIOBHSIMU ~ CYIICCTBOBAHMSI M  XapaKTCPHU3YIOUIMXCS  ONPEACICHHBIMH  B3aUMOCBSI3SIMH  MEXAY COOOM.
COBOKYITHOCTh PACTCHHIA, BXONSAIIMX B OHOIICHO3, HA3BIBAIOT ()UTOICHO30M, a COBOKYIIHOCTH J>KMBOTHBIX —
3001eH030M. KOoMITOHEHTHI, 00pa3yromue OHOIEHO3, B3aUMO3aBUCUMEBI. VI3MEHEHHS, Kacarouecs TOJIBKO OIHOTO
BU/Ia, MOT'YT CKa3aThCs Ha BCeM OMOIIEHO3€ U 1akKe BBI3BATh €r0 pacmhal.

BricokoopraHN30BaHHBIE OPTaHU3MBI U1 CBOETO CYIIECTBOBAHMS HYXMAIOTCS B 0Oo0Jiee TMPOCTHIX OpraHU3Max.
[TosToMy Ka)kAbIii OMOIIEHO3 HEM3MEHHO COACPKUT KaK MPOCTHIE, TaK M CI0KHBIE KOMIIOHEHTHI. BHoIIeH03 TOIIBEKO
13 OaKTepHil WIN JepeBhEB HUKOTIA HE CMOXKET CYIIECTBOBATH, KaK HENB3s MPEIACTaBUTH OMOILIEHO3, HACEICHHBIH
JIVIITH TIO3BOHOYHBIMH WIJIH MIIEKONUTAIOMIMMHA. TakuM 00pa3oM, HA3IINE OPTaHU3MBI B OHOIIEHO3€ — 3TO HE KaKOu-
TO CITyYalHBIN MEePEKUTOK MPOILIBIX 30X, @ He00X0AUMas COCTaBHAs YacTh OMOIICHO3a.

HUMH MOXET OCYIICCTBIIATHCS B Pa3HBIX (OpMax: ra3000pa3HoO, KHUIKOW U TBEPAOH, a Takke B (popMe MUTpaIu
JKUBOTHBIX.

Bo3HuKHOBeHMe )KM3HU HA 3emJie

ITombITKM TOHATH, KaK BO3HUKIIA U Pa3BUBAJIACH KHU3Hb Ha 3eMIie, IPEANMPUHAMAIUCH €Ile B TITyOOKOH MPEBHOCTH.
B aHTHYHOCTH CHOXWINCH JBa IIPOTHUBOIOJIOKHBIX TOAXOJa K peIIeHHI0 JTOH mpobiemsl. PemmrnosHo-
WICATHCTHYECKAN HMCXOOMJI M3 TOTO, YTO BO3HHUKHOBEHHE JKM3HM Ha 3eMiie HE MOIJIO OCYIICCTBUTHCS
€CTECTBCHHBIM, OOBCKTHBHBIM, 3aKOHOMEPHBIM 00pa3oM; JKH3Hb SBISICTCA CIEIACTBHEM OO0KECTBCHHOTO
TBOpPUECKOTO akTa (KpealMoHW3M), TI0dTOMY BCEM CYIIECTBaM CBOWCTBEHHA 0c00as, He3aBUCHUMAas OT
MaTepHaIbHOTO MHUpa «OKM3HEHHas cwiay (Vis vitalis), KoTopas HampaBJIsSeT BCE MPOIECCHl KU3HU (BUTAIN3M). B
OCHOBE MATEPHAIHCTHYECKOTO TOAXO0Ma JIeXKAJNO IPEACTaBIEHHE O TOM, YTO IIOJ BIUSHHEM €CTECTBEHHBIX
(hakTOpOB JKMBOE MOXKET BO3HHKHYTh W3 HEKUBOI'O, OpPTaHUYCCKOEC W3 HeopraHmdeckoro. [lpm Bceil cBoeit
MPUMUTHBHOCTH TEPBBIC MCTOPUYCCKUEC (POPMBI KOHICHIIMU CaMO3aPOXKICHUS CHITPAU IPOTPECCUBHYIO POJb B
00pb0e ¢ KpearmOHU3MOM.

Wnest camo3apokaeHus TMONyYmia MIHPOKOe pacmpocTpaHeHre B CpelIHEBCKOBbE W 3MOXY Bo3poxkieHus, Korjaa
JIOITyCKajlach BO3MOXKHOCTh CaMO3apOXKICHUS HE TOJBKO MPOCTHIX, HO W JOBOJBHO BBICOKOOPTaHU30BAHHBIX
CYIIECTB, JaXX¢ MJICKONMTArOmMX (Mblmeld u3 Tpsanok). Hampumep, B Tparemun Y. Illlekcrimpa «AHTOHHE U
Kneonarpa» Jleonun rooputr Mapky AHTOHMIO: «Bamm erunerckue ragpl 3aBOJAATCS B TPSI3U OT JIydell Balllero
eTUIIeTCKOTO conHIa. BoT, Hampumep, Kpoxonwi...» V3pecTHsl mombiTKu Ilapamensca pa3paboTaTe perenThI
HCKYCCTBEHHOT'O YeJIOBeKa (TOMYHKYTyca).

HeB0o3MOXHOCTH IPOU3BOIHHOTO 3apOKICHHS )KU3HH ObllIa JOKa3aHa MHOTHMH OTNIbITaMu. M TanmbssHCKuid yaeHbIi .
Pemn sKcnepMMEHTaNIFHO JOKa3ajdl HEBO3MOXKHOCTH CaMO3apOXKICHHS CKOJBKO-HHOYIb CIOXHBIX >KHBOTHBIX.



[IprMeHeHre MUKPOCKOINAa B OMOIIOTHYECKUX HCCIICOBAHUSAX OTKPBUIO OONBIIOE Pa3sHOOOpa3we OTHOKICTOUHBIX
opranu3MoB. Ha 3Tolf OCHOBE BHOBH BO3POAWJIHCH CTapble MIACH MPOM3BOJIBHOTO CAMO3aPOXKACHHS MPOCTEHIINX
cymecTB (abuoreHe3). OKOHUATEIBPHO BEpCHs O caMo3apokaeHun Obuta paspeHuana JI. [Tactepom B cepenmne XIX
B. [lactep mokasan, 4TO HE TOJHKO B 3allassHHOM COCYJE, HO W B HE3aKpHITOH KOJOe ¢ JUIMHHON S-00pa3Hoit
TOPJIOBHHOHM XOPOIIO TIPOKWUITYCHHBIA OYyJThOH OCTaeTCs CTEPHIBHBIM, IIOTOMY YTO B KOJIOYy dYepe3 TakKyro
TOPJIOBHHY HE MOTYT MPOHUKHYTh MHKPOOBL. JTO MOKA3BIBAJIO, YTO B HAIlle BpeMs Kakod ObI TO HHU OBIJIO HOBBHIM
OPTraHU3M MOXKET HOSBUTHCS TOJIBKO OT JPYrOro XKHUBOTO CyIIeCcTBa (OHMOTEHE3).
[NosiBrieHNE XKU3HU Ha 3eMIIC MBITATUCH OOBSICHUTh M 3aHECCHUEM €€ M3 JIPYIMX KOCMHUYEeCKHX MupoB. B 1865 r.
Hemenkuid Bpad I'. Puxrep BBIABHHYI THIIOTE3Y KOCMO30€B (KOCMHYECKHX 3a4aTKOB), B COOTBETCTBHHU C KOTOPOit
JKU3Hb SBJSICTCS BEYHOM M 3a9aTKH, HACEISIOIIUE MUPOBOE MPOCTPAHCTBO, MOTYT MEPEHOCUTHCS C OIHOM ITUIAHCTHI
Ha Ipyryro. Jrta rumnore3a ObUia MojAep’kaHa MHOTMMHU Bblaatomumucs ydeHeiMu XIX B. — VY. TomcoHowm, I
I'enmpmronsuem u ap. CXogHYHO THIOTE3Y, Ha3BaHHYIO naHcrnepmueil, B 1907 r. BBIABUHYN U3BECTHBIN IMIBEICKUI
ectectBoncbITaTeTs C. AppeHnyc: Bo BceneHHOI BEYHO CymIECTBYIOT 3apOABIIIH KH3HH, KOTOPHIE IBIDKYTCS B
KOCMHYECKOM IIPOCTPAHCTBE IIOJl JABJICHHWEM CBETOBBIX JydeH; momanmas B chepy NPUTDKCHHS IUTAHETHI, OHH
OCeIaroT Ha €€ TOBEPXHOCTH M 3aKJIaIbIBAlOT Ha STOH ITaHETE HAYao KHBOTO.
EcrectBo3Hanme XX B. clienaiio Iiar BIepea B M3YUSHHUM KM3HU, €€ MPOSBICHUI Ha 3emMile W 3a ee TpejeliaMu.
Takne oTpaciu 3HaHWH, Kak OHoXuMusl, OMOPU3NKA, TEHETHKA, MOJIEKYJIApHAs OUOJIOTHS, KOCMHYECKass OMOXUMHUS
U JAp., PaCIIUpWIA TIPEICTABICHHUA O CYITHOCTH 3€MHOM JKH3HH, O BO3MOXKHOCTH CYIIECTBOBAHUS IMOJOOHBIX
SBICHUW BHE NpeJeNoB Hameidl tuiaHeTel. Celvac yXKe OINPENeNCHHO BBIACHCHO, 4YTO «a30yKa» IKHBOTO
CPaBHHUTEIBHO MPOCTA: B JIIOOOM CYIIIECTBE, JKUBYIIEM Ha 3eMJie, MPUCyTCTBYET 20 aMHHOKHUCIIOT, IISITh OCHOBaHUHA,
JiBa yrieBoja u oauH Gochar. HeOonpioe 4uciio OJHUX U TEX KE MOJICKYJ BO BCEX JKMUBBIX OpraHM3Max yOeKIaeT,
YTO BCE JKMBOE JIOJDKHO UMETh €JMHOE TIPOUCXOXKIICHHUE.
OTpullaHie BO3MOXXHOCTH CaMO3apOXKICHUS KH3HH B HACTOSIIEE BPEMsS HE MPOTHBOPCYHT IMPEACTABICHUSIM O
MPYUHIUIAATEHON BO3MOXXHOCTH DPAa3BHTHS OPTraHWMYECKONW NPHUPONBI, >KU3HH B IPOIIIOM M3 HEOPTaHHYECKOU
MaTepun. Ha ompeneneHHON CTaguy pa3BUTHS MAaTEPHH XU3Hb MOKET BO3HHUKHYTH KaK pe3yJIbTaT €CTECTBEHHBIX
MIPOIIECCOB, COBEPIIAIOIINXCS B HEOpraHudeckoi mpupose. Kpome Toro, aneMeHTapHbIE XUMHUYECKHE MIPOIIECCH Ha
HayYaIbHBIX 3Tanax BO3HUKHOBEHUS W PA3BUTHSA KM3HH MOTJIM MPOMCXOAUTH HE TONBKO Ha 3eMile, HO M B JPYTUX
gacTax BcemeHHo#t u B pasnnmuHoe BpeMs. 1103ToMy HE HCKITIOUAeTCS BO3MOXKHOCTH 3aHECCHHS OTPEACICHHBIX
MPEIOCEUIOUHEIX (pakTopoB xm3HM Ha 3emimio n3 Kocmoca. OmHako B HM3Y4eHHOW IIOKA YEIIOBEKOM YaCTH
BcenenHol TOIBKO Ha 3eMIle OHU MIPUBEIH K GOPMUPOBAHUIO U PACIBETY JKU3HU.
CoriacHO TOJOXKCHUSAM COBPEMEHHOHN HAyKH, H3Hb BO3ZHHKJIA M3 HEXKHUBOTO BCIICCTBA B PE3YJbTATE SBOJIOIUN
MaTepHH, SIBISCTCS PE3yNTATOM ECTECTBCHHBIX IPOIECCOB, NMPOMCXOAMBIIMX BO Bceenennoit. XKusHp — 370
CBOHCTBO MaTepuy, KOTOpPOE paHee HE CYLIECTBOBAIO W IOSBWIOCH B OCOOBIH MOMEHT HCTOPHH 3€MIIH.
Bo3HUKHOBEHUE JKU3HU SBUIIOCH PE3YIBTATOM MPOIIECCOB, MPOTEKABIINX CHaYala MUIUTHAP/BL JIET BO BeeneHHoi, a
3aTeM MHOTHE MWJUIHOHBI JeT Ha 3emie. OT HEOPraHMYCCKUX COCTUHCHUN K OPraHUYECKHM, OT OPTaHUYECKHUX K
OHMOJIOTHYECKUM — TAaKOBBI TIOCIIEIOBAaTEIbHBIC CTAINH MPOIIecca 3apOKICHUS KU3HH.
Bo3spact 3emin ucuucnsiercst npumepHo 4,6 mup et JKu3Hb CymecTByeT Ha 3eMiie, BUINMO, OKOJIO 3,8 MIIp/I JIeT.
[Ipm3HaKHU OESATETHHOCTH KHUBBIX OPTaHU3MOB OOHAPYKEHBI B TOKEMOPHHCKHX MOPOJAaX, PACCESHHBIX IO BCEMY
3eMHOMY IIapy.
Pa3BuTuHe opraHuyecKoro Mupa
OCHOBHBIE 3TaIbl TEOJOTHUECKON HCTOpHH 3emud. ['eomoruueckas UCTOpHS 3eMITH MOApa3essieTcsl Ha KPYIHbIE
MPOMEKYTKHA — 3PBI, 3pbl — Ha TEPUOIBI, IEPUOJIBI — Ha BeKa. PaszneneHue Ha 3pbl, EPUOJIBI M BeKa, KOHECYHO,
OTHOCHUTEIILHOE, IIOTOMY YTO PE3KHX pasrpaHHUYCHHI MEXy STHMHU NoJpasaesicHusMu He Obu10. Ho Bee jxe MMEHHO
Ha pyOexe COCemHMX 0Jp, NEpPHOAOB NPOUCXOJUIM CYIIECTBEHHBIE TEOJIOTHYECKHE IpeoOpa3oBaHus —
ropooOpa3oBaTeIbHbIC MPOLECCH, epepactpeesicHue CyIIu U Mopsi, CMeHa KimMMata u 1p. Kpome Toro, kaxmgoe
MOJIpa3/ICIICHIE XapaKTepU30BaAIOCh KAYECTBEHHBIM CBOcOOpaszueM (Giopsl U (payHbL.
T'eonmorudeckue dpsl 3eMiTu:
karapxei (0T oOpa3oBaHus 3eMJIH 5 MIIP JIET Ha3a.l A0 3apOKICHUS KU3HH);
apxe, npeBHeitmas spa (3,8 mupa — 2,6 mupa neT);
mpoTtepo3oi (2,6 mapa — 570 MuH 1eT);
nareo30# (570 miH — 230 MITH JIET) CO CICTYIOIIUMH MEPHOIAMH:

kemOpwuit (570 mutH — 500 MITH 11eT);

opaoBuk (500 murH — 440 MiH sieT);

cuiyp (440 mnH — 410 MnH neT);

neBoH (410 muH — 350 MutH JieT);

kap6oH (350 muH — 285 MutH 71€eT);

nepmb (285 muH — 230 mutH JieT);
Me3030i1 (230 MiTH — 67 MIIH JIET) CO CIIEAYIOLIMMH TEPUOJaMU:

tpuac (230 mutH — 195 MITH 11eT);

topa (195 mua — 137 mutH ner);

men (137 mutH — 67 MITH JieT);
KaifH030# (67 MITH — 10 HAaIIETO BPEMEHH) CO CIICTYIONIMMH MTEPUOIaMHU H BEKaMH:

najieoreH (67 MiH — 27 MJIH JIeT):



naneorieH (67—54 MutH Jiet)

so11eH (54—38 mutH J1eT)

oyronieH (38—27 muH er)

HeoreH (27 MITH — 3 MJTH JIeT):

MUOTIeH (27—S8 MITH JieT)

rTroneH (8—3 MITH JieT)
4eTBEpPTUYHBIH (3 MJIH — Haile BpeMs):
wierictoneH (3 mutH — 20 ThIC. JIeT)
rosiotieH (20 ThIC. JIeT — Hale Bpemsi)

1.7 Jdexkuus Ne 7 (2 yaca).

Tema: «OCHOBBI CHHEPTETUKIDY
1.7.1 Bonpochl JieKIum:
1. OcHOBHBbIE NOHATUS CUHEPTETUKH.
2. CaMOOpPraHu3yIoNIMecs CUCTEMbI U UX CBOMCTBA.
3. Ilpumepbl camMOOpraHU3aluy B CUCTEMAaX Pa3IMYHON IPUPOIBL.
4. CuCTEeMHBIN ITOAXO.

1.7.2 KpaTtkoe coaep:kaHue BONPOCOB:
OcCHOBHBIE OHATHS CHHEPTETHKH.

B mudonornu myMepoB W erunTsH, a 3aTEM M JPEBHUX TI'PEKOB CYIIECTBOBaIM 00pasbl Xaoca u
Iopsinka. Hapsiay ¢ HUMU, BO3HUKIIO MPEICTABICHUE O TPETHEM «HEUTOY», OCYIIECTBIIONIEM epeXol OT Xaoca K
Iopsinky. Xaoc COOTBETCTBOBANl CIY4YailHOCTH, CTUXUHHOCTH siBlicHHU, a [lopsmok, HampoTwB, oOecIeYHBai
3aKOHOMEPHOC pa3BUTHE B MpHPOAC. Y PHMISIH BO3HHK aJUICTOPUYECKUN 00pa3 TPEThEro y4YacTHHKA -
SBOJTIOIIMOHHOTO Tiepexojia - 6ora 0oroB, ABYIUKOTO SIHyca, XpaHWUTeNs Kiodei oT rpanunbl [Topsaka m Xaoca,
KOTOPBII BUINUT Bce B OyAyIIeM U MPOIIIOM, HETTPEPHIBHO Pa3BEPTHIBAET MHUP BO BPEMEHH, CO3AET MOPIIOK BEUIeH
W TIO/IBEPTacT X YHHYTOKECHHUIO, 1aBasi HAYaJlo KOHITY M KOHEIl Hadauy.

[TpuHIMN TpUambl MOJYYHI MUPOKoe pazBuTre y duxre, lllenmuara u ocobenno I'erens, a Takxke B
XpuctruanckoMm yuyenuu o Tpoure.

CoBpeMeHHOE wu3ydeHHEe TMpoOJIeMbl COOTHOIIEHHS Xaoca (Oecmopsaka) W KocMoca (Topsiaka)
OCYILIECTBIIICTCS C TO3UIUN HOBBIX HAyK: KHOCPHETUKH, TCOPHH aBTOBOJHOBBIX SBJICHUN M CHHEPTETUKU (TCOPUH
CaMOOPTaHU3AINH).

Synergetikos - cOBMECTHBIH.

CHHepreTHKa - HaMpaBICHHE MEKIUCHUIUIMHAPHBIX KCCIICAOBAHUA, OOBEKT KOTOPBIX - IPOIECCHI
CaMOOPTaHU3aIlH B OTKPBITHIX CHCTEMaX (PU3MUCCKOW, XUMHUYCCKOU, OMOJIOTHMYCCKOM, SKOIOTUUCCKON U PYToi
TIPHUPOIEIL.

CuHepreTnka Kak IIOHATHE O3HA49aeT COBMECTHOE, COTJIACOBAaHHOE, KOOIIEPAaTHBHOE JCHUCTBUE,
COTPYAHUYECTBO, B3aWMOJICHCTBHE pPa3IUYHBIX 3JEMEHTOB cHUCTeMBL. Ilo cioBam ee co3marenss — HEMEIKOTO
¢msuka I'epmana Xakena (poxm. B 1927 T.), KOTOPBIH 3aHMMAeTCs M3YYEHHUEM CHCTEM, COCTOSIIUX W3 MHOTHUX
MOJICHCTEM CaMOH Pa3NUYHON HPUPOABI—OJICKTPOHOB, aTOMOB, MOJIEKYJ, KJIETOK, MEXaHHYECKHUX DIJIEMEHTOB,
(hOTOHOB, OpPraHOB )KMBOTHBIX M JaKe JIFOJCH, 3TO HayKa O CaMOOPTaHU3aIlNH, O IPEBPAIIEHIH Xa0Ca B MOPSIOK.

OOBEKT M3y4YCHHs CUHEPTETHUKU HE3aBHCHUMO OT €ro IPHUPOJABI 00S3aH YIOBICTBOPSTH CIICAYIOIINM
TpeOOBaHUSIM:

1) OTKPHITOCTH—OOMEH BEIISCCTBOM, 3HEPruci u mHpOpMAIHel ¢ OKPY)KAIOIICH cpeloi (peamu3yeTcs
T.H. IPOIIECC META00IN3Ma);

2) HEpPaBHOBECHOCTh — IIPHU OMPECICHHBIX 3HAYCHUSIX MapaMETPOB, XapaKTEPU3YIOUIUX CHCTEMY, OHA
MEPEXOIUT B KPUTHUCCKOE COCTOSIHUE, COTPOBOKIAEMOE ITOTEPEH YCTONIMBOCTH;

3) BBIXOJ W3 KPUTHYECKOTO COCTOSIHHSA, YacTO TOJ BO3JACHCTBHEM, MalbIX (QUIYKTyaruu (CIrydaiiHOe
OTKJIOHEHHE BEJIMYMHBI OT €€ CPEIHET0 3HAYCHHS) OCYIIECTBISIETCS Yepe3 CKadoK, T.€. pe3K0, U CHCTeMa IIePEXOTUT
B KaUECTBEHHO HOBOE COCTOSIHUE ¢ O0JIee BBICOKMM YPOBHEM YIIOPSIOYECHHOCTH.

Cka4yoKk—>OTO KpaiiHe HEeTWHEHHBIH TpoIlecc, IPU KOTOPOM Mallble U3MEHEHHS IMapaMeTPOB CHCTEMBI
(0OBIYHO OHM HA3BIBAIOTCA YIPABIAIONIMMH) BBI3BIBAIOT OYEHH CHIIBHOC M3MEHEHHE COCTOSIHHS CHCTEMEBI, €e
mepexoa B HOBOE KadecTBO. Hampmmep, MpH CHIKCHHH TEMIEpaTyphl BOIBI IO ONPEAEICHHOTO 3HAYCHHS OHa
CKauKOM TMpeBpam@aercs B JieA. Jl0CTaTOYHO HW3MEHUTH TEMIICPATypy BOABI (YIPaBISIOMIMN MapaMeTp) OKOJIO
KPUTHYCCKON TOYKH Iepexola BCEro JIMIIb Ha JOJM Tpaxyca, 4ToObl BBI3BAaTh €€ IPAKTHUYCCKA MTHOBCHHOC
MpeBpalleHue B TBEPIOEC TEIO.



Takue KpUTHUECKHE TOYKH, BOJIM3M KOTOPBIX CHCTEMA BEIET ce0sl HEYCTOHYNBO M OCYIIECTBIISIET CMEHY
peXnuMa pa3BUTHS WIH ABIKCHUS, HA3BIBAIOT TOUKAMU OMPYPKALNH.

B stom nporiecce He0OX0TUMO BBIACITATE ABE (Pa3bl:

l. IUTaBHYIO BOJIIOIINIO, X0 KOTOPOH JOCTaTOYHO 3aKOHOMEPEH U )KECTKO JeTEPMHUHUPOBAH,

2. CKaukl B TOYKaxX OH(ypKaluu, MPOTEKAIOIIHME CIYYalHBIM 00pa3oM H IO3TOMY CIy4aiHO
ONpPEEISIONINE MOCIEAYIOMMNA 3aKOHOMEPHBIM 3BOJIFOIMOHHBIN 3Tall BIJIOTh 0 CJIEAYIOIIETO CKayka B HOBOM
KPUTHYECKOI TOUKe.

Camoopranmn3ymonieiics Ha3pIBaeTcsi TaKasi CHCTeMa, KOTopas 0e3 creruduyecKkoro BO3ACHCTBHS
U3BHE 00pETaeT KaKyH-TO MPOCTPAHCTBEHHYIO, BPEMCHHYIO MU (PYHKIIUOHAIBEHYIO CTPYKTYPY.

Monenu CHHEPTreTHKH - 3TO MOJICIIN HETMHEHHBIX HEPABHOBECHBIX CUCTEM, MOBEPTrarOIIUXCS CUCTBUIO
¢dnykryanuu. B MoMeHT mepexona yrnopsaO4YeHHAsS U HEYNMOPsA0YCHHAs (pa3bl OTIUYAIOTCS APYT OT Apyra CTOJb
MaJIo, YTO MIMEHHO (PIIyKTYaIllH MEPEBOIAT OAHY a3y B Ipyryio.

OcHOBHasi wWAesd CHHEPIETHKA — HEPABHOBECHOCTh SBIIICTCS WCTOYHUKOM TIOSIBIICHHSI HOBOM
OpraHu3aIiy, T.e. Mopsaka. HepaBHOBECHOE COCTOSHHE BBI3BIBaeT 3((EKTH KOPHMOPATHBHOCTH COBMECTHOTO
[MOBEICHUS — BOiTHA!

OCHOBHBIE CBOHCTBa CAMOOPTAaHU3YIOIIUXCS CHCTEM — OTKPBITOCTh, HEIMHEHHOCTD, TUCCHITATHBHOCTD.
CucreMHblii moaxox.

CucreMHbIi moaxo Bo3HUK B 60—70-¢ rr. XX B.. BooO1ie, B T03HaBaTEIbHOM MPaKTHKE BCTPEUAETCS
JIBA THIIA MHOXECTB: 1) CYMMAaTHUBHBIC, B KOTOPBIX IEJIOC = CYMME YacTel; 2) COOCTBEHHO CHCTEMbI — MHOXECTBA,
B KOTOPBIX YaCTH HE TOJBKO CBS3aHBI, HO U BIMSIOT APYT HA Jpyra, KAYECTBEHHO Mpeobpa3ys uenoe. I nasnasn udes
CHUCTEMHOT'O IMOX0J]a — MPEICTABICHUE CIOXKHOTO 00BEKTa JH00M MPUPOABI LEIOCTHOCTEI0. OCHOBHBIC TOHSATHS
TCOPUH CUCTEM:

Cucmema — KOMIUICKC [IEI€CO00pa3HO MOAOOPAHHBIX U B3aMMOJICHCTBYIOIIUX dJICMCHTOB. DjieMeHm —
Tpees IeTUMOCTH CHCTEMEBI TIPH COXPaHEHHUH €€ IIEJIOCTHOCTH, CBOETO POJia EAMHUIIA CHCTEMEI.

Lenn cucTeMbl OCYIIECTBISIOTCA B X0/ (PYHKIMOHUPOBAHUS, T. €. NEATEIHLHOCTH, KOTOPAas MPOUCXOIUT
Ha OCHOBE CBs3€il 3JeMeHTOB. Pa3nnyaroT BHYTpEHHHE W BHEIIHHE CBs3W. ECIM BHENIHWE CBS3U y CHUCTEMBI
OTCYTCTBYIOT, CHCTEMA CUHUTACTCS 3AMKHYMOIl, CCIIA BHEUTHUE CBS3H €CTh, CUCTeMa OTKpPbITa. Paznenenne cBs3eit
Ha BHEIIHWE W BHYTPEHHHE OTHOCHTEIBbHO. [JIaBHBIE CBS3M — cucmemoobpasyrouue, OHH CIIOCOOCTBYIOT
YCHIICHHIO [[EIOCTHOCTH TAaHHOH CHCTEMEI.

B nporiecce QyHKIIMOHMPOBAHUS CUCTEMBI €€ JIEMEHTHI IPE0OPa3yIOTC B KOMHOHEHmMbl, KOTOPBIC yiKE
HEIlb3sS. PacCMaTPHUBATh OTACIBHO, BHE CHUCTEMBI. YJJAJICHUE XOTs OBl OJHOTO KOMIIOHCHTAa MOJXKET MPHUBECTH K
Pa3pYIICHUIO CHCTEMEI.

OO0patHasi CBsI3b — CBSI3b OT KOHCYHBIX 3TANIOB K HAYAJIBHBIM B YPABHCHUU COCTOSHHUSL.

+OC — crioco6 coxpaHeHHs: CTAOUIEHOTO COCTOSIHUSI.

- OC — yBOIAT CHUCTEMY OT IOJIOKCHHSI PABHOBECHS, BBI3BIBAIOT HAPYIICHUS (DYHKIIMOHHUPOBAHWUS, HO
TIPY 3TOM SBJISIOTCSI HICTOYHUKOM COBEPIIICHCTBOBAHUS M Pa3BUTHS CUCTEMBI.

Pazsumue cuctemsl CBA3aHO ¢ HapymIeHHEM CTaOWIBHOCTH €€ (YHKIIMOHHPOBAHWS, BBHI3BAaHHOU
MIePECTPONKOIl BHEITHIX M BHYTPEHHUX CBSA3EH, CTPYKTYPHI B LIEJIOM, H3MEHEHHEM IIPHOPUTETOB B CHCTEME, POIH H
MECTa OTACTHHBIX KOMIIOHCHTOB.

1.8 JIeknus Ne 8 (2 yaca).

Tema: «IIpoucxoxaeHue U 3BOTIOIUS YETOBEKa»
1.8.1 Bonpocel Jieknum:
1. YenoBek Kak mpeaMET €CTECTBEHHOHAYYHOT'O MO3HAHUSI.
2. Tlpobnema mosiBIEHUS YeIOBEKa Ha 3emuie.
3. CXOACTBO M OTJIMYHUS YEJIOBEKA OT KUBOTHBIX. AHTPOIOJIOTHSI.
1.8.2 KpaTtkoe coaep:xkaHue BONPOCOB:
quIOBeK KaK npenMeT eCTeCTBeHHOHay‘IHOFO IMO3HAHUSA
Kor,ua MbI I‘OBOpI/IJ'II/I (0] pa3n1/1111/m eCTeCTBeHHOHay‘-IHOI‘O nu FyMaHI/ITapHOFO 3HaHUA, TO onpe,uemmn, qToO
€CTECTBO3HAHWE H3Yy4aeT NPUPOAY, KaK OHA €CTh, a TYMAaHUTAapHbICE HAYKH HM3Yy4alOT AYyXOBHBIE ITPOU3BEINCHUS
YCJIOBCKaA. B KaKkOM CMBICIIC, y‘-II/ITBIBa}I TakKo¢C pasz[eneHHe, MOXHO I‘OBOpI/ITB O YCJIOBCKEC KakK npez[MeTe
CCTCCTBOSHaHI/I}I? B TOM CMBICJIC, YTO YCJIOBCK TOXEC CCTCCTBCH: BO—HepBBIX, 10 CBOCMy HpOI/ICXO)K,Z[eHI/I}O, ", BO-
BTOPBIX, TIO CBOEH MPUPOJIE, T. €. OMOJIOTHYECKON OCHOBE CBOETO CYIIeCTBOBaHUS. YemoBeka MOXHO pacCMaTpUBATh
" KaK (I)I/ISI/I‘-IQCKOC TEJIO0 U KaK 6I/IOHOFI/I‘{CCKOC CyIllCCTBO, XOTS OH HE CBOAUTCA K 3TOMy.



B mHacTosmee BpeMs B HayKe YTBEPAWIOCH IIPEACTABIEHHE, YTO YEIOBEK — OHMOCOIMAIBHOE CYIIECTBO,
coenuHsIONEe B ceOe OMONIOTMUECKYIO U COIMATbHYI0 KOMITOHEHTHI. C 3THUM MOXKHO COTJIACUTHCS, HE 3a0biBas: 1)
YTO YeJIOBEKa MOXKHO PACCMaTPHUBATh U C (GU3NUECKON TOUKH 3PEHHS M H3y9IaTh MPOUCXOIAIINE B HEM XUMHUIECKUE
MIPOIIECCHI; 2) YTO HE TOJBKO YEOBEK 00JIaJaeT CONMaIbHOW (POPMOM CyIIeCTBOBaHWS, HO U MHOTHE JKUBOTHBIC.
Bomee Toro, ¢ KaXAbIM TOAOM ATOJNOTHS HAKAIUIMBACT BCE OOJbBINE MAaHHBIX, CBHACTEIHCTBYIOIIMX O TOM, YTO
COLMAIEHOE TIOBEJICHHE YEIOBEKa BO MHOTOM T€HETHIECKH JCTEPMUHUPOBAHO.

Emie B anTHYHOHN (Qrutocour MHOTO BHUMAHHUS yISISIIOCH ONPECIICHUIO PUPOIBI YesioBeka. KUHUKY BUIeH e B
€CTECTBCHHOM 00pa3e *KHM3HHU U OTPAHUYCHUM JKCJIAHUN M MaTCPUANBHBIX MOTPEOHOCTEH; DMUKYp — B YyBCTBaX,
00IIMX y YenoBeKa u KUBOTHBIX; CeHEeKa M CTOMKH — B pasyme. B 3amagHoil ¢pumocoduu, 0COOCHHO B MapKCU3ME,
Ha MEPEHUIA TUIaH BBIABUHYJIOCH MIPECTABICHUE O COIUAIBLHON CYIIHOCTH YCIOBEKA.

C ToukM 3peHHS COBPEMCHHON Hayku Oojiee TOYHO pa3NeiiATh OHOJOTHYECKYI MPEIONpPeIeICHHOCTD
CYIICCTBOBAHMS YCIOBEKA M €ro POAOBYIO (COOCTBEHHO YCIOBCYCCKYH)) CYIIHOCTh. [IOMCKaMU TpaHUI] MEXKIY
OHMOJIOTHYECKAM M CHeNN(UIECKH YeTOBEICSCKAM 3aHUMAeTCA HayKa, [MOJyYHBINAs Ha3BaHHWE COIMOOMONIOTHH. DTa
HayKa B IPUMEHEHUH K H3YYCHHUIO YeIOBEKa HAXOINTCS Ha CTHIKE ECTECTBEHHOHAYYHOTO W TYMaHUTAPHOTO 3HAHMS.
Wrak, denoBek Kak MIpeAMET ECTECTBEHHOHAYYHOTO ITO3HAHHMS MOXXET PAacCMaTpHBATBhCA B TPEX aclekrax: 1)
MIPOMCXOXKICHNE; 2) COOTHOIICHHE B HEM €CTECTBEHHOTO M T'YMAaHHWTAPHOTO; 3) M3ydeHHe CIenu(HKU deIoBeKa
METOAAMH €CTeCTBEHHOHAyYHOTo IMo3HaHMA. [lepBoe HampaBieHHe, TPAAWIIMOHHO HA3BIBAEMOE aHTPOIIOJIOTHEH,
M3ydaeT: KOTAa, OT KOTO M KaK IMPOM30IIe] YeJIOBEK W YeM OH OTIMYACTCS OT KHBOTHBIX; BTOPOE HAIIPABICHHE —
COLMOOMOJIOTUS —  M3Y4aeT TEHETHYECKYI0 OCHOBY 4EJIOBEYECKOW MAEATEIBHOCTH U COOTHOILICHHE
(DU3MONOTMYECKOTO0 W TCHXMYECKOTO B  YEJOBEKE, K TPEThEeMY HANPABICHUIO OTHOCUTCS HW3ydYCHHE
€CTECTBCHHOHAYYHBIM ITyTEM MO3ra YeJIOBEeKa, ero CO3HAHUS, IYIIH U T. II.

IIpoGnema nosiBeHUs Yen0BeKa HA 3eMiie

Kak u B Bompoce mpouCX0oxaACHUS BcelleHHO! U KU3HH, CYNIECTBYET MPEICTABICHHE O 00KECTBEHHOM TBOPCHHUU
genoBeka. «M ckazan bor: coTBopuM dYenmoBeka 1Mo oOpasy Hamiemy, 1o momoowro Hamewmy... M1 cotBopmin bor
genoBeka 1o obOpasy cBoemy» (bertme. 1.26,27). B wnamiickoii MH(OJIOTHH MHpP TMPOWCXOIUT W3 TIEPBOTO
npayvesioBeka — [lypymn.

Bo MHOTHX MEpBOOBITHRIX TIEMEHAaX OBUIH PAcIpOCTPAaHEHBI MPEACTABICHUS O TOM, YTO UX HPEAKH MPOU3OIIIN OT
JKUBOTHBIX M Ja)K€ PACTCHHWH (HAa TOM OCHOBAHO IPEICTABICHUE O TOTEMax), a TaKUEe BEPOBAHMS BCTPEUaEM y TaK
Ha3BIBAEMBIX OTCTANBIX HApPOJOB 1O CHX TOp. B aHTUYHOCTH BBICKA3BIBAIMCH MBICIH O €CTECTBEHHOM
MPOUCXOXKICHUH Jtoiei u3 mia (AHakcumannp). Torna xe 3aroBOPHIIN O CXOACTBE YelOBeKa 1 00e3bsiHbI (["aHHOH
u3 Kapdarena).

B Hactositiee BpeMs B cBsi3u ¢ axuoTtaxem Bokpyr HJIO B MOmy BOLUIM BEPCHUU O MPOUCXOMKIACHUHM YEIOBEKA OT
BHE3EMHBIX CYIIECTB, OCCIIABIINX 3EMJIIO0, WM JaXKe OT CKPCIIUBAHMS KOCMHYCCKUX TPUIICIBIEB C 00e3bsIHAMHU.
Ho rocnoncteyet B Hayke ¢ XIX Beka BBITEKAON[as W3 TEOPUU SBOJIONUH J[apBHHA KOHLEHIIHS MPOUCXOKIACHUSI
YEIIOBEKa OT BBICOKOPA3BUTHIX MPEIKOB COBPEMECHHBIX 00e3bsH. OnHa mosyumina B XX BEKE TI€HETHYCCKOE
MOATBEPIKIICHHUE, TOCKOIBKY M3 BCEX )KMBOTHBIX IO TEHETHUECKOMY almapaTy OJMKe BCETro K UeIOBEKY OKa3aJUCh
MIAMIIaH3e.

CxoacTBa M OTJIMYUSA YeT0BeKa OT KUBOTHBIX

[Ipexxne 4em TOBOPUTH O BPEMEHH MOSBJICHUS YeJIOBEKa MBI JOJDKHBI BBISICHUTH BONIPOC 00 OTJIMYMHU YEIOBEKa OT
JKUBOTHBIX, ITOCKOJIBKY HMEHHO TIPEICTaBICHHE O TOM, HYTO TaKOE 4YeNOBEK, (OPMHPYET BBIBOABI O €ro
craHoBieHun. CHayama O CXOJCTBE 4YeJOBeKa M JKMBOTHBIX. OHO oOmpenensercsi, BO-NEPBBIX, BEIIECTBCHHBIM
COCTaBOM, CTPOCHHEM W IOBCACHUEM OPTraHU3MOB. UCIIOBEK COCTOUT U3 TEX ke OCNKOB M HYKICHHOBBIX KHCIOT,
YTO W XUBOTHBIC, © MHOTHE CTPYKTYPBI M (PYHKIIMU HAIIETO TEJIa TAKUE ke, KaK U y KUBOTHBIX. YeM BHIIIC Ha
SBOJIIOIUOHHOW IIIKAJIC CTOWT JKMBOTHOE, TEM OJFKE €ro CXOJCTBO C YEJIOBEKOM. BO-BTOpPBIX, YeEIOBEYCCKUMN
3apOJIBIII TIPOXOUT B CBOEM PA3BUTHH T€ CTAJHHU, KOTOPHIC MPOIILIA IBOJIOIHS )KUBOTO. M, B-TPEThUX, y YEIOBEKA
UMCIOTCS PYIUMCHTApHBIC OPTaHbl, KOTOPHIC BBHINOJNHSIM BaXXKHbIC (DYHKIUH y KHBOTHBIX M COXPAHIIUCH Yy
YeNloBeKa, XOTsI He HY)KHBI eMy (HarpuMep, aleHINKC).

OpmHako M OTJIMYHA YEJIOBEKa OT XKMBOTHHIX (pyHIaMeHTanbHBL. K HHM mpexae Bcero OTHOCHUTCS pazyMm. Uto 3To
takoe? V3ydeHmne BBICHINX KMBOTHBIX IOKA3aJlo, 9TO OHHM 00JaJar0T MHOTHUM M3 TOTO, Ha YTO PAHBIIE CUUTAINCH
CIOCOOHBI TOJBKO JIFOIA. DKCTIEPUMEHTHI ¢ 00€3bsTHAMH 00HAPYKUJIH, YTO OHH MOTYT MTOHUMATh CJIOBAa, COOOINATH C
TIOMOIIIFI0 KOMIIBIOTEPA O CBOMX XKEJAHWUAX, M C HIMHA MOXKHO BECTH TaKUM oOpa3zom amaior. Ho uem He oOmagarot
camble BBICIIME >XHWBOTHBIE, TaK 3TO CIOCOOHOCTBIO K IOHATHHHOMY MBIIUICHHIO, T. €. K (HOPMHUPOBAHHIO
OTBJICUCHHBIX, A0CTPAKTHBIX MPEICTABICHHUHA O MPEIMETaX, B KOTOPBIX 0000IIEHBI OCHOBHEBIC CBONCTBAa KOHKPETHBIX
Belell. MBIIUIeHNE JKUBOTHBIX, €CITH O TAKOBOM MOKHO TOBOPHUTH, BCETTIa KOHKPETHO; MBINIICHHE Y€JIOBEKAa MOKET
OBITh a0CTPAKTHBIM, OTBICYCHHBIM, 0000IIAIONIIM, TTOHITHIHHBIM, JIOTHIHBIM.

YeM BBIIIC CIIOCOOHOCTH K MOHATHHHOMY MBIIUICHHIO, TEM BBIIIC UHTCIUICKT YenoBeka. OIEHUTh ACHCTBUTEIBHOC
3HAYCHHE pa3yMa IOMOTAeT, B YAaCTHOCTH, COICPHHYCCTBO YECIOBEKA C IIAXMATHBIM KOMITBIOTEPOM, KOTOPBIH
TBITACTCS BBIMTPATh 33 CYET TPOMAJHBIX CKOPOCTEH epebopa BCeX BO3MOKHBIX BAPUAHTOB.

Oronorus ImoiydaeT Bce OOJIBINE TAHHBIX O TOM, YTO B TIOBEACHHH YEIOBEKAa M XMBOTHBIX MHOTO CXOJXKETro.
JKuBOTHBIE WCTBITHIBAIOT YYBCTBAa PaJOCTH, TOPS, TOCKH, BUHBI M T. I.; Y HUX €CTh JIIOOONBITCTBO, BHUMAHUE,
mamsTh, BooOpakeHne. TeM He MeHee OCTaeTCs CIPAaBEUIMBBIM, YTO XOTS JKMBOTHBIE MMEIOT OoueHb CII0KHBIC
(hOpMBI TTOBEICHUS W CO3MAIOT M3YMHUTEIBHBIC MPOW3BEACHH (HAIPHMEp MayTHHa, KOTOPYIO TKET MayK), YeTOBEK



OTIIMYAETCs OT BCEX JKMBOTHBIX TE€M, YTO /0 Hadasa paboTHl HMEeT IUIaH, MPOEKT, MOAEh MOoCTpoiiku. braromaps
CHOCOOHOCTH K MOHATHHHOMY MBIIUICHHUIO, YeJIOBEK CO3HAET, YTO OH JIENNAeT, U IIOHNMAaET MHP.

BTopbIM rIIaBHBIM OTJIIMYHEM SIBISIETCS TO, YTO YeJIOBEK oOiamaeT pedsio. OmATh-Takd, Y KUBOTHBIX MOXET OBITh
OuYeHb Pa3BUTas CHUCTEMa OOIICHHUSA C IOMOIIBIO CHUTHAJOB (YTO, KCTATH, MO3BOJIIIO TOBOPUTH O «IMBIIIH3AINH
nenbGuHoB»). Ho Tonmbko y uenoBeka ecth To, 4to U. I1. T1aBnoB Ha3Bag BTOPON CHTHAIBLHOW CHCTEMOH (B OTIHYNE
OT MEPBOW—Y XKUBOTHBIX) — OOIIEHHE C ITOMOIIBLIO CIOB. DTHM YEJIOBEUECKOE OOIMIECTBO OTIMYACTCS OT APYTHX
OOIIECTBEHHBIX )KHBOTHBIX.

Yro Takoe ciioBO? DTO BHIOBOM NPU3HAK YEIIOBEKA, KOTOPBIA COCTOUT B HEMOCPEICTBEHHOM JOCTYIIC HAIIETO
CO3HAHUS K BBICIIEMY OPraHU3YIOIIEMY Hayally OBITHS, K HOCJICTHEMY 3BCHY BOCXOJSINCH IEMOYKH MHPOBBIX
MPUHIUIIOB, HAYMHAIOMICHCS ¢ TOYHOrO Moadopa (pu3MYecKnX KOHCTAHT. Tak yTBEpkKIAeT OAWH U3 COBPEMEHHBIX
METOIOJIOTOB HAYKH, BHIBOJSIINI 3HAYCHUE CJIOBA M3 YTBEPIKACHUS, KOTOPHIM OTKPBIBACTCSI OAHO M3 EBaHrenmii:
«B nHavane 6p110 C1oBOY. C ATHX MO3UIUI U Pa3yM H CJIOBO MOSBUJIKMCH 33J0JIT0 J0 YCIOBEKA, a HE N300PCTECHBI UM.
OHE OpraHN30BaIN OHOJIOTHYECKYIO MaTEPHIO, a 3aTeM OBUIH BIIOXKCHBI B UEIOBEKA, YTO COOTBETCTBYET HE TOJBKO
OoubneiickuM TexcTam, HO U prmocodckum cuctemam [lnarona u I'eresst.

B ecrecTBO3HAHNM K€, MBITAIOMEMCS BBISICHUTH €CTCCTBEHHBIC MPUYHHBI YEIOBEUECKUX CIIOCOOHOCTEH, M3BECTHA
TUIOTE3a MPOUCXOXKACHUS PEUH U3 3BYKOB, IPOM3HOCHMBIX IIPH paboTe, KOTOPHIE TIOTOM CTaHOBIUINCH OOIIMMH B
mporiecce COBMECTHOro Tpyaa. CHadaja MOSIBIIIMCH KOPHH TJIAr0JIOB, COOTBETCTBYIOIINE OMPEICICHHBIM BHIAM
JeSITeTIPHOCTH, 3aTE€M JIPYTHE YacTH CJIOBa M pedr. TakoBa CyTh THIOTE3BI HEMELKOTO aHTporosora M. Miomepa.
Takum e myTeM B Mmpolecce 00IIeCTBEHHOTO TPYa MOCTECIICHHO MOT BO3HUKHYTH Pa3yM.

CriocoOHOCTh K TPYy — €Ilie OJHO (PYHAaMEHTAIbHOES OTIIMYKME YESIIOBEKA OT KHUBOTHBIX. KOHEYHO, BCE )KUBOTHBIC
YTO-TO JICJIAIOT, & BBICIIKEC JKUBOTHBIC CIIOCOOHBI K CJOXHBIM BHAAM JAeATeNbHOCTH. OO0E3bsSHBI, HAIpUMED,
UCIIONB3YIOT MAaJKH B BUJIC OPYAUHN JUIA JOCTaBaHUs IUI0A0B. HO TOJIBKO YeIOBEK CIIOCOOCH M3rOTOBJISATH, TBOPUTH
opymust Tpyna. C 3TUM CBSI3aHBI YTBEPXKJICHUS, YTO JKUBOTHBIC MPHUCIIOCAOIMBAIOTCS K OKpYXkKArolled cpeie, a
YeJIOBEK Ipeodpa3yeT ee, M YTO B KOHEYHOM CUETe TPYJ CO37all YeIOBeKa.

Co cnocoOHOCTBIO K TPYAY COOTHOCSTCS €Il ABa OTIMYUTEIBHBIX NPU3HAKA YEJIOBEKA: MPSIMOXOXKICHUE, KOTOPOE
0CBOOOAMIIO €r0 PYKH, H, KaK CJICICTBHE, Pa3BUTHE PYKH, 0COOEHHO OOJBIIOro manblla Ha He. HakoHem, emie aBa
XapaKTepHBIX IPU3HAKa YEJOBEKa, MOBIUABIINX HAa Pa3BUTHE KYJIBTYPHl — HCIOJIB30BAHME OTHS M 3aXOPOHEHUE

TPYTIOB.

I'maBHBIE OTIAMYMA YENIOBEKa OT XXMBOTHBIX: NMOHATHHHOE MBIIIICHUE, Pedb, TPy, — CTAId TEMH MyTSIMH, IO
KOTOPBIM IIJIO 000COOJICHUE YETIOBEKA OT IPUPOABI.

AHTpononorus

B mmpoxoMm cMbICIE «aHTPOMNONOTUS» — Hayka O 4eloBeKe (OT Iped. «aHTpomoc» — uenoBek). Ho Tak kax

YEIIOBeKa HM3Y4YaeT MHOKECTBO HayK, KaK CCTECTBCHHBIX, TAK M T'yMAHUTAPHBIX, TO 3a AHTPOIIOJIOTHCH B Y3KOM
CMBICJIC OCTAJIACh MPOOIIeMa MPOUCXOKACHHUS YCTOBEKA M OTPEACICHHUS CIICIUPUKH €0 CTPOCHUS U YBOJIFOIIHH.
BypHoe pa3BuTHE aHTPOMOJIOTHs MONy4YMiIa BO BTopoi mojoBuHe XIX Beka MOCie CO3JaHHs TCOPUH SBOJIOLUU
HapBuna. D. 'ekkens BBIIBUHYJ THIOTE3Y O CYIIECTBOBAHWU B MPOILIIOM IMPOMEXYTOYHOTO MEXIY 00e3bSHOW U
YEeJIOBEKOM BHJIa, KOTOPHIH OH Ha3Bal MUTeKaHTporoM (OykB. «O0e3bsiHOYemOBEK»). OH kKe MPEATION0KIII, 9TO HE
COBPEMEHHBIE 00€3bsIHbI OBLIN TPEJKaM{ YeNIOBEKa, a JIPHOMUTEKH («IPEeBECHBIE 00E3bsSHBI»), KOTOPHIE JKUIH B
cepenuHe TpeTmdHoro mepuoga (70 muH. Jier Hazam). OT HUX OJIHA JIMHUS 3BOJIONUHU TONNIA K IMUMIIAH3E H
TopIIUIaM, Ipyras — K 4eioBeKy. 20 MIIH. JIeT Ha3aJ IO/ BISIHUEM TT0XOJIONAHUS [KYHTIH OTCTYIIIN U OJHOH 13
BETBEH NPHONMTEKOB IPHUILIOCH CITYCTUTBCS C JEPEBBEB M IIEPEHTH K NPSIMOXOXKIACHUIO (TaK Ha3bIBacMEbIC
«PaMOIUTEKH», OCTATKU KOTOPBIX HalifieHs! B IHIUYU 1 Ha3BaHbI B 4eCTh Oora Pamer).

B 1960 rony anrmmiickuii apxeonor JI. Jluku otkpsut B Bocrounoit Adpuke «YUenmoBeka Ymernoro», Bospact
KOTOpOro 2 MJIH. JIeT, a 00beM Mosra 670 ky0. cM. B oTux ke cnosix ObUTM OOHapy>KeHbl OpyAus Tpynaa M3
PACKOJIOTOW PEYHON TaJbKH, 3a0CTPEHHOM MPU IOMOIIM HECKOJBKUX CKOJIOB, KOTOPBIC OH, KaK MpPEIIONaramor,
n3rotoBisul. [To3ke Ha o3epe Pymonsd B KeHuu ObuTH HaliieHBI OCTATKU CYIIECTB TOTO K€ THUMA BO3PAcTOM 5,5
MIIH. JeT. Hanmuume M3rOTOBJIEHHBIX Opyaui Tpyna (eciu mo 3ToMy (pakTy CyauTh O CTaHOBJICHHH YEIOBEKA)
TIO3BOJIMIIN CYIIECTBEHHO YBEJIIMIHUTH €TO BO3PACT.

IToce 3TOTO YKpEenmWwJIOCh MHEHHE, YTO UMEHHO B BocTouHO# Adpuke B 4ETBEPTUIHOM IEpHOJE KaHHO30MCKOH
3pBI IPOM30MUIO pa3felicHHe YeJIoBeKa W YeJIOBEKOOOpa3HBIX 00e3bsH (HE paHee, TaK KaK T'€HBl TeX M JIPYTHX
CIIMIIKOM CXOXHBI), T. €. Pa3OILINCh HBOJIONMOHHBIC JIMHAN YEIOBEKA M IIMMITaH3€. DTH BBIBOJABI ITOATBEPKACHBI
M3MEPEHUSIMH [0 TaK HA3bIBAEMBIM «MOJIEKYJSIPHBIM dacam». CKOpOCTh M3MEHEHHS T'€HOB 3a CYET TOYECUHBIX
MyTanuit (n3MeHeHui OTAEIbHBIX map ocHoBanui JIHK) ycroiiunBa Ha NpOTSHKEHUH JONTHX IIEPUOJIOB BPEMEHH, U
€€ MOYKHO HCIOJIB30BaTh ISl JATHPOBKH OTXOXICHUS TAHHOH YBOIOIMOHHON BETBH OT OOIIIETO CTBOJIA.

Yro OBLTO MPUYHMHOW MOSBJICHUS YeTIOBEKa MIMEHHO B 0JJHOM MecTe? B BocTtouHoit Adpuke UMEIOT MECTO BBIXOMBI
YPAaHOBBIX MOPOJ M CYIICCTBYCT NOBHINICHHAs panuarms. [lociaemHss, Kak JOKa3aHO T'CHETHUKOW, BBI3BIBACT
MyTaruu. TakuM 00pa3oM, 37eCh 3BOJIIONMOHHBIC HM3MCHEHUS MOTIIH MPOTEKaTh OoJiee OBICTPBIMH TEMITAMHU.
Bozuukimwmii By, puzmdecku Oojiee caadblid, YeM OKPYKCHHE, TOKCH ObLT, YTOOBI BBIKHUTH, HAYaTh U3TOTABIUBATh
OpyIusi, BECTH OOIIECTBCHHBIH 00pa3 >KMU3HU W Pa3BUTh pa3yM KaK MOIIHBI WHCTPYMEHT cIaboro OT HpPUPOABI
CyIIecTBa, He 00JIAAAONIET0 JOCTATOYHBIMI €CTECTBCHHBIMH OPTaHaAMH 3aIUTHL.

«YenoBeka YMeEIOT0» OTHOCAT K aBcTpaJiomuTekaM (OYKB, «fOKHas 00€3bsHa»), OCTATKU KOTOPOTO BIIEpPBEIC
Haiinensl B Adpuke B 1924 romy. O0beM MO3ra aBCTpaJIONUTEKa HE TPEBHIIAT 00beMa MO3Tra 4eIOBEKOOOPa3HBIX
00e3bsTH, HO OH OBLIT CITOCOOEH K CO3JaHHUI0 OPYAUN Tpyaa. ITo cTajao GopMoid MPeo0IeHUs TPOTUBOPEUHUST MEXKTY



HEJOCTATOYHOW  €CTECTBEHHOW BOOPYXKEHHOCTHIO  aBCTPAIONMUTEKAa W OOJBINOW  HACBHIMIEHHOCTHIO  €T0
CYIIECTBOBAHMS OTTACHBIMH CUTYAIHSIMH.

I'umoTeTHYecKu MPEANoNoKEeHHBIM J. ['eKkKeleM MUTeKaHTPOIIOM OBIITM Ha3BaHBI OCTATKH, OOHapyxeHHbIEe B 1891
roxy Ha octpoBe fIBa. Cymectsa, xuBmiue 0,5 MH. JIeT Ha3a, UMesn poct 6onee 150 cM, 06beM MO3ra IPUMEPHO
900 Ky0. cM. UCTIOJIL30BAII HOXH, CBepJia, CKpeOKH, pydHsle pyouna. B 20-e rogsr XX Beka B Kurtae Obl1 HaligeH
CHHAHTPOM ( «KUTAHUCKUH YEeTOBEK») C OJU3KUM K MTUTEKaHTPOIy 00beMoM Mo3ra. OH UCIIOJIb30Ball OTOHb U COCY/IBI,
HO HE MeJI peyHu.

B 1856 rony B nonuue Heanpeprans B I'epmaHnu oOHApyKWJIM OCTaTKH CyIiecTBa, xuBmiero 150-40 Teic. jer
Ha3aJi, Ha3BaHHOTO HeaHaepTanbileM. OH MMeNl 00beM MO3ra, ONM3KHI K COBPEMCHHOMY YEJIOBEKY, HO MOKATHIN
7100, HaAOPOBHBIC YT, HU3KYIO YEPEIHYI KOPOOKY; KW B Meliepax, OXOTACh HA MAMOHTOB. Y HeaHJIepTaiblia
BIIEPBEIC OOHAPYKEHBI 3aXOPOHCHUS TPYIIOB.

Haxonen, B nemepe Kpo-Manvon Bo ®paniun B 1868 romy Obumn HaliieHbl OCTAaTKH CYIECTBa, OJM3KOrO IO
0b6muky 1 00bemy uepena (1o 1600 ky6. cM.) K COBpEMEHHOMY YeJIOBEKY, UMeBIIeMy pocT 180 ¢cM u KHUBIIEMY OT
40 no 15 Teic. meT Hazan. O1o U ecTh «YemoBek PazymHblii». B Ty ke 31MoXy MOSBUINCH PacoBbIe pasiwdus. Y
M30JTMPOBAHHBIX TPYIII CKIAABIBATMCH OCOOBIC MPU3HAKHU (CBETIIAS KOXKA Y «OCNBIX» U T. 11.).

Wrak, TUHUA HBOJIOIMH YeJIOBEKa BBICTPAWBACTCA CIEAYIOUIMM oOpa3oM: «YelmoBeK yMenblif» (aBCTPATONHTEK),
«UYenoBek TPIMOXOAAIMHN» (MUTEKAHTPON W CHHAHTpOI), «UemoBek HeaHIepTadbCKUi», «UemoBeK pa3yMHBIN»
(xpomanponen). [Tocne KpoOMaHBOHIIA YEIOBEK HE M3MEHSIICS TEHETHYECKH, TOT/Ia KaK €ro COIMaIbHAsT HBOJIOIH
MPOI0JIKAIIACH.

V. XaBenn3 yTBepKIacT, 4To YeIOBEK COBPEMEHHOTO ThMa Bo3HUK 200 ThIC. JIeT ToMy Ha3an B BocrouHoii Adpuke.
Ora rumote3a nonyunia Hazpanue «HoeBa koBdera», moToMy, 94to mo bubiuu, Bce pacsl 1 HAPOBI MPOU3OILLIH OT
Tpex ceiHoBell Hosi — Cuma, Xama u Madera. B cooTBercTBHM C 3TOH Bepcuel NMUTEKaHTPON, CHHAHTPOI U
HeaHJepTaliel] — HE NPEJKUd COBPEMCHHOTO 4YEJOBEKa, a PA3JIUYHBIC TPYIIBI TOMHHUA (YEIOBEKOOOPa3HBIX
CYIIIECTB), BBHITECHEHHBIX «UenoBekoM mpsMoxoasmuM» u3 Bocrounoit Adpukwm. B momb3y maHHOW THIIOTE3bI
CBUJICTEIIECTBYIOT TEHETHYECKHE WCCIEIOBAaHMA, KOTOPBIE HE BCEMH AaHTPOMOJOTAMH W TAJEOHTOJIOTaMH
MIPU3HAIOTCS HAIC)KHBIMHU.

ATnbTepHATUBHAS TOYKA 3PEHUS MYJbTUPETHOHAILHOW 3BOJIONUHK desoBeduecTBa (M. Yonmodd) yTBepkmaer, 4To
TOJIFKO apXaWdHbIC JIIOIU BOSHUKIIN B AQpuke, a COBpeMEHHBIE — TaM, TJ¢ OHHU XXHUBYT ceifgac. UenoBek MOKHHYI
Adpuky He MeHee | MIH. JIeT Hazaa. DTa TUIOTE3a OCHOBBIBACTCS HAa TMAICOHTOJOTHYECKOM CXOJCTBE MEXKIY
COBPEMCHHBIMH JTIOJIbMH U TAJCKUMU TPEAKAMH, )KUBYITUMH B MECTaX UX OOUTAHUS.

Kakas W3 3THX THIOTE3 CIpaBeIINBa, CKa3aTh MOKA HEBO3MOXKHO, TAK KaK MAJICOHTOIIOTHICCKAS JICTOMUCH HETIOIHA
U TIPOMEXKYTOYHBIC BHIIBI MEIKIY YCIOBEKOM U 00€3bsIHAMU JIO CHX ITOP B IMMOJIHOM 00heMe HEH3BECTHBI.



2. METOAUYECKHUE YKA3AHMUA 110 BBIIIOJIHEHUIO
JIABOPATOPHBIX PABOT
2.1 JIaGopatopHas padora Ne 1 ( 2 yaca).

Tema: «ccnenoBarenbckas padora Nel «HabmroneHue»»
2.1.1 Heapb paboTsI: IpoBeCTH HAOIIOACHUE

2.1.2 3agauu padoThI:

[TpoBecTn HaOMOACHNE 00BEKTA (SIBICHUS ), TPEIIIOKEHHOTO TIPETIOIaBaTEIIEM.

2.1.3 Ilepeyenb NpudOpPOB, MATEPHUAJTIOB, HCIIOJIb3YeMbIX B J1a00pPaTOPHOI padoTe:
1. Habmo1aeMblii 00BEKT (TIpeyIaraeTcs MPernoaBaTesieM)

2.1.4 Onucanue (xox) padorTni:
1) CdopmynupoBath 117 HAOTIOCHUS.

2) OmpenenuTs U ONMUCATh OOBEKT HAOTIOACHHUS.

3) HccnenoBaTh U MEpEUHCIUTE CPEACTBA U YCIOBUS HAOIIOICHUS.

4) BsiOpath crioco6 GUKCUPOBaHHS PE3yIbTATOB HAOIIOCHUSI.

5) IIpoBectu HabmonCHKE.

6) IIpoananu3upoBaTh pe3yNbTaThl HAOIIOICHUS, CPOPMYITUPOBATEH BHIBOII.

7) CocTaBUTh MUCEMEHHBINH OTYET O TPOBEAEHHOM HAOIIOICHUH.

2.2 JIaGopatopHas padora Ne 2 ( 2 yaca).

Tema: «3yueHue 3aKOHOB PaBHOYCKOPEHHOT'O ABUKECHHUS »
2.2.1 Hean padotsl: [IpoBepka KHHEMAaTHYECKUX YPABHEHUM C MOMOIIBIO

KOMIIBIOTEPHON MOAEIHN
2.2.2 3agauu padoThI:
1. PeanuzoBaTh pa3auyHble PEKUMBI JIBHDKEHUSI B KOMIIBIOTEPHOUN Moien
2. IToctpouTs rpaduKky 3aBUCHMOCTH KOOPAWHATHI I CKOPOCTH OT BPEMEHHU
2.2.3 IlepeyeHb NpuOOpPOB, MATEPHUAJTOB, HCIIOJIb3YyeMbIX B J1a00paTOPHON padoTe:
1. Kommbrotep

2. I1O «BupTyalbHBIH IPAaKTHKYM TI0 (DU3UKE B 2 9aCTIX»

2.2.4 Onucanue (xox) padorTnl:
1. 3arpys3ure nporpammy "dusnka B KapTUHKax".
Bri0epure paznen "Mexanuka", 3aTem J1abopaTopHyto padoTy "PaBHOyCKOpeHHOE
OBHUKeHHE".
3. PeanusyliTe B KOMIIBIOTEPHOM DSKCIIEPUMEHTE CIEAYOIINE PEXKUMBI IBVKCHHUS:
a) vo = 0,2m/c, a=0 m/c’
6) vo =0m/c, a= -0,5 m/c’
B) Vo=IM/C, a = 0,1 M/C’
r) vo =Im/c, a=- 0,1 n/c?
3apucyiite B TeTpaau rpaduKu 3aBUCHMOCTH IIE€PEMENICHUA, KOOPANHATHI U CKOPOCTH OT
BpPEMEHH.



4. Ha PUCYHKE IMTPUBCACHBbI l"pa(l)I/IKI/I CKOPOCTHU JIA HECKOJIBKUX PCIKUMOB ABUXKCHUSL. ‘-IeMy
PaBHO YCKOPCHHUC B Ka>XXJOM U3 OTUX cnyqaeB? Peam/Byf/'ITe 9TU PCIKUMbI IBUKCHUA HA

KOMIIbIOTEPE

AV MIC

5. HagambpHasi cKkOpoCTh YejoBeka vo = 1 m/c. I3BeCTHO, 9TO JBUTASICh C TIOCTOSTHHBIM
YCKOpEHHEM, YeIOBeK depe3 4 ¢ ocTaHoBWIICA. Halinute ero yckopeHue. Peannsyiite 3To
JBH>KSHUE Ha KOMITbIOoTepe. Uepes3 kakoe BpeMsi OH BEpHETCS K TOYKe cTtapra?

2.3 JIabopatopHas padora Ne 3 ( 2 yaca).

Tema: «Ypyroe u HEyNpyroe CTOJIKHOBEHHUE TE»
2.3.1 Hean padorsi: [IpoBepka 3aKOHOB COXpPaHEHHS B MEXAHUKE C IIOMOILBIO

KOMIIBIOTEPHON MOJEIHN

2.3.2 3agauu padoThI:

1. Peanu3oBath Ha MOJIETN U U3YYHUThH pa3IMyYHbIe BUIbI yAapa

2.3.3 Ilepeyenb npudOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOii padoTe:

1. KommsroTep

2. 1O «BupTyanbHbIii TPaKTUKYM 110 (QHU3HKE B 2 YaCTSIX).

2.3.4 Onucanmue (xo0a) padoThbI:

1.
2.

W

3arpy3ure nporpammy “@uzmka B KapTHHKaX .

Bribepure pazmen “MexaHuka”, 3aTeM JIEeMOHCTpaIvio “YTpyrue W HEYNpyrue coymapeHus’ |
03HAKOMBTECH C €€ PabOoTOl.

[Tocne 3TOrO B 3TOM AEMOHCTPALIMU HAXKMHUTE BKIAJAKY “Bompocs!”.

PewmuB npeayioxkeHHyI0 KOMIIBIOTEPOM 33/1a4y, BBEIUTE OTBET B [10JI€ BBOJIA.

IIpoBeauTe mpoBepky Balllero pemieHus,, HaxkaB KHomky “TIpoBepka” B HIDKHEH dYacTu SKpaHa.
Pe3ynbraT npoBepKH B I0Ka3aTh MPENoJaBaTello.

Iepeiinute x crnepyromei 3agade, UL 3TOT0 HaXMHTe KHOIKy “Cremyromas” B HIDKHEH wacTu
9KpaHa.

[ToBTopuTe myHKTHI Nod, Ne5, Ne6 mabopaTopHOii pabOTHI AJ BCEX MOCIETYIONIHNX 3a1ad.

Pemmenns Bcex 3a1ad 3ammcarb B TETPAIb.

3amedaHue: Tocye pereHus 3a/1a4 BEPHYTHCS K MOJIETH BBl MOYKETE MPHU MOMOIIH BKiIaaku “CrapT”.
CremnaiiTe BEIBOJ O IPOJETaHHOM paboTe U 3aIHIINTE €T0 B TETPaIb.

JlonomHUTENHEHOE 3aaHHe: 03HAKOMBTECH C paboTol meMoHcTparuu “CoynapeHus MapoB”, HOKMHTE
BKJIaAKY “Bompocs” B Hell 1 OTBEThTE Ha IIOCTABICHHBIE BOIIPOCHI.

10. 3aBepmmre paboTy IPOrpaMMBl.

2.4 JlaGopaTropHas padora Ne 4 ( 2 yaca).

Tema: «Onpenenenue Hanbosee BEPOSTHON CKOPOCTH JBMKEHUS MOJIEKYIT a30Ta»
2.4.1 Hean padotel: VccaenoBanue pacupeaeieHusi MOJIEKYJ ra3a 1o CKOpoCTIM

2.4.2 3anayu padoThI:

1. U3yuuTh pacnpeneneHue MOJIEKYJI 0 CKOPOCTIM

2. Onpenenutb HanboJIEe BEPOATHYIO CKOPOCTh MOJIEKYI

2.4.3 Ilepevyenb npudOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a00paToOpHOii padoTe:



N —

9.

1. KommsroTep
2. 1O «BupTyanbHbIH MPAKTUKYM 10 PU3UKE B 2 YaCTAXY.

2.4.4 Onucanue (xox) padorbI:

3amycture nporpammy “MonekynsipHast pusuka”
O3HaKOMBTECH C OITUCAHNEM KOMITbIOTEpHOM Moenmn «Pacnipenenenne Makcpeiiay. Beroepurte B MeHIO
KHOTIKY Ooum eas.

C nomompro knonku Msmenenue T yctanoBute temneparypy 450 K, cuuraa T ; = 600 K.

Jloxaurech, MOKa KpUBas paclpeelICHUs] He CTaHET MaKCHMAJIbHO MPUOIMKEHA K BEPIIMHAM KaXKI0TO
n3 crosionkoB. IlpuoctanoBure Moaens HaxkatneM kinaBumu PAUSE (BREAK) na knaBuatype. (s
MIPOIOJKEHHSI pa0OTHI MoieNn HeoOxoauMo Haxkath ENTER)

OnmHo nenenne Ha ocu abenuce cootBeTcTByeT 90 M/c. (Puc.1) UsmepsTe:

®  YYCIIO YaCTHUI N, CKOPOCTH KOTOPBIX HONaiIu B uHTEpBai oT 90 M/c o 180 m/c,

®  YHPCIIO YaCTHUII Ny, CKOPOCTH KOTOPBIX Honaiau B uHTEpBai oT 270 m/c no 360 m/c,

®  YHPCIIO YaCTHUI N3, CKOPOCTH KOTOPBIX Ionaiau B uHTEpBai oT 450 m/c no 540 m/c,

®  YYPCIIO YaCTHUI] Ny, CKOPOCTH KOTOPBIX NONAJIH B MHTEpBal oT 630 m/c 1o 720 m/c

®  YyPCIIO YaCTHI] Ns, CKOPOCTH KOTOPBIX Nonaiu B mHTepBai oT 810 m/c no 900 m/c

®  YPCIIO YaCTHUI] Ng, CKOPOCTH KOTOPBIX Homnaiu B uHTepBai oT 1080 m/c no 1170 m/c

[TocTpoiiTe KpUBYIO pacnpeaeeHus: MOJIEKYII o cKopocTsM n; (L ). Onpenenurte mo rpaguky Hanbosee
BEPOSITHYIO CKOPOCTh MOJIEKYJ1. Takum 00pa3oMm, BB MOJIYUYHTE €€ SIKCIIEPUMEHTAILHOE 3HAUCHHE.
Brruncnure TeopeTudecKoe 3HaueHNE HauboIee BEPOATHON CKOPOCTH MoJieKy: azoTa (1 =0,028
KI/MOJIb) IJIs 3aJaHHOW TeMIIepaTyphl 1o ¢popmyiie (3) U CpaBHUTE C IKCTIEPUMEHTAITLHBIM.

BrmmonnuTe myHKTHI Ne 3 + No7 naboparopHoit pabots! uist Temneparypbl T = 600 K. (3ameuanue:
rpaduKu pacnpeeneHns IEPBOro U BTOPOTO OIBITa HEOOXOIUMO CTPOUTH B OJTHUX OCSX)

CrenaiiTe BBIBOJ O MPOAEITAHHOHN paboTe U 3aMUIINTE €0 B TETPAIb.

3aBepmuTe paboTy MPOrpaMMBbl

2.5 JIaGopatopHas padora Ne 5 (2 yaca).

Tema: «Pacnpenenenne boabumana»

LD

cM,

OTKJIaABIBAETCS IIKaja BBICOT h ¢ nenoi aenenus 0,5 cM; o ocu abcumuce 7
YHCJI0 YacTHIl. MICTIoNB3ys TaHHYIO AHArPaMMY, OIPEICIUTE: 5

2.5.1 Heap padoThbi: U3yueHue pacnpeaeineHus bonsiumana.

2.5.2 3agauu padoThI:

1. Onpenenenrie Macchl YaCTHUIIBI.

2.5.3 Ilepevyenb npudOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHOii padoTe:
1. KommsroTep

2. 1O «BupTyanbHbIid TPaKTUKYM 110 (QU3HKE B 2 YaCTSIX).

2.5.4 Onucanmue (xoa) padoThbI:

3amyctute nporpammy “MosekyssipHas pu3uka’”.

O3HakoMbTeCh ¢ onucanueM moaenu «Pacnpenenenue boabimanay.

YcranoBure ymcio yactui B cucteme N = 50, remnepatypy Ty 1 yckopeHHre cBOOOJHOTO Ma/ileHHsI paBHBIM g.
Jloxaurech, NOKa KpHBas paclpeleeHUs] He CTaHET MaKCHMMAaJIbHO NPHONMKEHa K BEPIIMHAM KaXKI0ro U3
cronbukoB. IlpuocraHoBute wMojenp Haxatuem kiaBuim PAUSE

(BREAK) na xnaBuatype. ([ mnpojomkeHHus pabOThl MOJEIH h; R
Heobxoxumo Haxath ENTER) : o
Ha puarpamme pacnpesenenus bonbuMana 0o  ocd  OpAaMHAT o] -

cpellHee YMCJIO YacTHI[ N, HAXOIAIIUXcA Ha BeicoTe 0+0,5 7

T 3 a n=aN/ay

CpeaHee YUCIO0 YaCTUIl N HAXOASAIUXCA Ha BBICOTC 2 CM, 3

cM™, . ., 9 cm. (Puc. 1.) [lonyueHHsle naHHBIE 3aHECUTE B TaOIHIY (KpOME Ny). Puc. 1



OHpC,Z[eHI/ITC JJTIA KaXXKI0Tro cirydass OTHOIICHUE YHCJIa YaCTHI Ny K YUCJIYy YaCTHUIl N HA BBICOTC hu HaTypaHbHHﬁ

n
0
sorapudm 3TOT0 OTHOMIEHUS In— .
n

n
[ponorapudmuposas dopmyry (3) nomyuum In—2= pgh/RT = mgh/kT. Cuuras temnepatypy To= 200 K,
n

BBIYUCITUTE MAcCy M JABIKYIIMXCS YaCTHI] UCIIONB3YS MoydeHHylo popmymy. Omnpenennrte cpeqHee 3HAUYCHUE
MacChl Mgy,

He MeHsist urciio yacTuil B cocyie, yctaHoBuTe Temneparypy cpeanl T =2 T. [ToBTopute MyHKTHI 3+6.
IMoctpoiiTe B OJHUX KOOPIMHATHBIX OCSAX rPa(MKH 3aBHCHMOCTH YHCIa 4YacTull (n) oT BeICOTH (h) st nByX
ciyqaeB (T =Tou T =2Ty)

10. CaenaiiTe BBIBOJI O IPOAEIaHHOI padoTe, 3aBepIurTe paboTy NPOrpaMMEI.

Yucno n n
Ne ombiTa Bricora, h (M) -2 In—~ Macca, m m,
YacTHIl, N n n

2.6 JIaGopatopHas padora Ne 6 ( 2 yaca).

Tema: «MccnenoBatenbckas padora Ne2 «3yueHne BOCIIPUATHS BPEMEHH YETIOBEKOM»

2.6.1 Ilesab padoThI: U3YYCHHE OCOOCHHOCTEH BOCTIPUATHSI BPEMEHH YETTOBEKOM.
2.6.2 3agauu padoThI:

1. OnpenenuTs JIUTEILHOCTh BpEMEHHOIO HHTEPBAJIA B OJJHY MUHYTY, ONIUPAsCh

Ha BHYTPEHHEE YyBCTBO BPEMEHH.

2.6.3 Ilepeyenb NpuOOpPOB, MATEPHUAJIOB, HCIIOJIb3YEeMbIX B J1a00paTOPHON padoTe:
1. cekyHaOMep (MOXKHO Yachl C CEKYHTHON CTPEIIKOM ).

2.6.4 Onucanue (xox) padorThi:

PaGoTa BeImOTHSAETCS B IMape: SKCIEpPUMEHTATOP-UCIBITYeMbIi. [locne mpoBenenust
M3MEPEHUH SKCIIEPUMEHTATOP U UCIIBITYEMBIN MEHAIOTCS POJISIMHU.

1) DxcrnepuMeHTaTOp U3ydaeT U3MEPHUTEIbHBIN MPHOOpP (CEKyHIOMEp), BBIACHSIET
IIpaBUJjIa €ro UCIOJIb30BAHUS, ONPEIEIAET LIEHY JEIEHUSA U CUCTEMATUYECKYIO
(mpuOOPHYIO) MOTPEUTHOCTH O CUCT.

2) DKCIEepUMEHTATOP UHTEPECYETCSI, TOTOB JIU UCHIBITYEMBIN: «BbI TOTOBBI?».
HcnpiTyeMblil cOOOIIaeT O COCTOSTHUU TOTOBHOCTH.

3) DkcnepumeHTaTOp AAET CHTHAN K Havany ucnbitanus: «Ctapt!», a 3aTeM cleauT 3a
MOKa3aHUsMHU ceKyHIoMepa. McnbITyeMblil, BOCIIPUHSB CUTHAJ, COOOIIAaeT
HKCIEPUMEHTATOPY 00 UCTEUEHUH OAHON MUHYTHI: «CTOoI. MUHYyTa HCTEKIIa.

4) DKcrnepuMEHTaTOp CHUMaeT MOKa3aHUs CEKyHJIOMEpPa U BHOCUT Pe3yibTaT B
tabnuiry 1. Bcero He00X0MMO POBECTH CEMb TAKUX MCIIBITAHUA.

5) DKcnepuMeHTATOp BBIYHCIIAECT CpeAHee 3HaUeHNe <t>, 3amoHseT Tadauiry 1.

2.7 JlabGopaTtopHas padora Ne 7 ( 2 yaca).




Tema: «IBneHusa nepeHoca»
2.7.1 Heab padoTbi: O3HAKOMIICHHUE C SIBICHUSIMH MEPEHOCA

2.7.2 3agauu padoThI:

1. wusydyenue nuddy3un razon

2. UW3y4YeHHUE TEIUIONPOBOJAHOCTHU ra30B

3. UW3y4deHHE BA3KOCTH

2.7.3 IlepeyeHb NpudOPOB, MATEPHUAJIOB, HCIIOJIb3YeMbIX B J1a00paTOPHOIi padoTe:

1. KommsroTep
2. 1O «BupTyanbHbIiA TPAKTUKYM 110 (QU3HKE B 2 YaCTSIX).

2.7.4 Onucanmue (xoa) padoThIi:

3aodanue 1. Tuddysus razos.

1. O3HaKOMBTECH C ONUCAHUEM KOMIBIOTEpHOH Moaenmn «/{nddy3ust razoy.

2. Bribepute B menro kHonky « [ TAPAMETPBI 'A3A» u ycranoBuTe uncio gactui n; = 1, n, = 20.

3. Bribepute B Merio KHOTIKY « IUDDY3UA». [IpoHabmronaiite BhipaBHUBaHNE KOHIICHTPAIMA MOJIEKYJ OJTHOTO
copTa B cocy/iax, CBSI3aHHBIX KaMUIIPHBIM OTBEPCTHEM.

3adanue 2. TennonpoBOIHOCTb.

1. O3HaKOMBTECH C OMMUCAHUEM KOMITBIOTEPHON MOenH « T erIonpoBOIHOCTEY.

2. BriGepute B MeHIO KHOTIKY AT M ycTaHOBUTE Pa3HOCTh TEMIIEPATY]P AT =-160 K.

3. Breibepure B MeHio kHomky «[MMICTOT'PAMMAY. Ilponabnronaiite Ha HUpOTSHDKEHMHM 35 mpuOIMKEHUH
BBIPABHUBAHUE TEMIIEPATyp CJIOEB rasa.

4. CpenaiitTe BBIBOJ O XapaKTepe paclpeeliCHUs TEMIIEpaTyp CJIOCB rasa.

3adanue 3. BA3KOCTS.

1. O3HaKOMBTECH C OIKUCAHUEM KOMIBIOTEPHOIN Moen «Bs3kocTby.

2. Belibepure B MeHro HIHel vactu skpaHa kHonky «OKCIIEPUMEHT», ycranoBute « [1oroxc_raoa ] [N PSY

HEO0XOIMMO HAXKATh KHOMKY « E 1) B TOM K€ MEHIO.

3. uamerp TpyOnl Dy= 9 MM, T.e. OJHO JCIICHHE HA OCH OPAMHAT COOTBETCTBYeT 1MM. OIHO AENCHHE HA OCH
abcrce cooTBeTCTBYET 1 M/c. MI3MepbTe HE MeHee 5 pa3 3HaueHUE MPUPAIIEHUS CKOPOCTH AL MPHU TepeXoe OT
CJI0s1, PACIIOJIOKEHHOTO Ha OTMETKE X| = 2 MM, K CJIOI0, PACIIOJIOKEHHOMY Ha OTMETKE X; = 3 mM. (Puc. 1).

=

b

|uu—L i

. o

Puc. 1

4. BeluncaunTe cpejiHee 3HaUSHHE MPUPAILEHUs CKOPOCTH Av,, OmnpesienuTe rpaiueHT CKOPOCTH: Avg, / AX.

5. Paccuwraiite BaskocTh asora no ¢opmyine (7), yduTbIBas, YTO IPH HOPMAJBHBIX YCIOBHAX lg, = 107 M, Up =
474 m/cm p =107 xr/v’.

6. Brrunciure mo dopmyse (5) CHIy BHYTPEHHETO TPCHHUS, JCHCTBYIONIYIO Ha IUIOMAb COIPUKOCHOBCHHS CIIOCB
S =2%10" (em).

7. CpenaiiTe BBIBOJ O MIPOJICIIAHHON padoTe.

8. 3aBepmure paboTy MPOrPaMMEI.

2.8 JIabopaTtopHas padora Ne 8 (2 yaca).

Tema: «{uxin Kapro»
2.8.1 Ilesib padOThI: BhisicHUTE ¢ OMOIIBIO KOMIBLIOTEPHON Moeny 3aBucumocTs KITJT uukia ot

TEMIICPATYpbl TCPMOCTATOB
2.8.2 3agauu padoTsI:
1. I3yuuTh oTiugus rpadyikoB H30TEPMUICCKOTO U afnadaTHOTO MPOIIECCOB

2. Onpenenenne 3aBucumoctr KI1JI muxima Kapao ot TemiiepaTyp HarpeBaTeis U OXJIaTuTEs



2.8.3 Ilepevyenb npudOpPOB, MaTEePHAJIOB, HCIOJIb3YyeMbIX B J1a00paToOpHOii padoTe:
1. KommsroTep
2. 1O «BupTyanbHbIH MPAKTUKYM 10 PU3UKE B 2 YaCTAXY.

2.8.4 Onucanue (xox) padorbI:

3adanuel. I3otepma u aguadara.

1.
2.

O3HaKOMBTECH C ONMCAaHUEM KOMITbIOTepHOW Mozenu «3oTepma u aguabdatay.
[Iponabmronaiite SKCHEpUMEHTANbHBIE T'papUKM H30TEPMHUYECKOr0 M aauabaTHOrO TIPOLECCOB NP
pa3NnyYHBIX TEMIIepaTypax.

3aodanue 2. Onpenenenne 3apucumoctu KI1J{ muxiia Kapao ot Temneparyp HarpeBaTesst M OXJIaaUTEIsL.

1.

2.
3.
4

11.

3amyctute nporpammy «MosekyssipHas Guzukay.
O3HaKOMBTECH C ONUCaHUEM KoMIbIoTepHOI Moaenu «lukn KapHoy.
Haxxwmmute kHonky I[TYCK. Onpenenute 1mo cTpoke mapaMeTpoB TeMIepaTypy Harpesarens T;.

Veranosure temneparypy T = 380°. Ilns sroro maxmure kHonky “M3MEHEHUE TEMIIEPATVYP” «

IE;] », 3aTEM « WY, Ecip HCXOJHAS TeMIIEpaTypa HIDKE 3800, TO TEPEeUIUTE C MOMOIIBIO KJIABHIII
KJIABHATYPHI K BBIIIE JIexkalel nzotepme. [lonreepaure cBoit BeIOOp HaxkaTheM kiaBumy ENTER.
AHaNOrM4YHO yCTaHOBUTE TeMIiieparypy T,= 220°.

HaxxMuTte KHONKY « ». 3apucyiite nukn KapHo B koopaunatax p — V. Jloxkaurech moka MoOJeNb
3aBEPIIUT IUKII U 3apuCyiTe ero B ocsax S — T, e S — sHTpomus.

3aHecuTe B TabNHUIly 3HaU€HUE PaOOTHI A, COBEpPIIEHHOH 3a MK, KOJTUYECTBA TEIIOTH Q | , MOJTYy4EHHOTO OT
Harpesarens u KI1J] mammaer. (Puc. 1)

Berunciute npupaiienue sHTponun AS , MoJy4eHHOE NMPU U30TEPMUYECKOM PaCIIUpeHud o popmyiae AS

=a-
T

Veranosute Temmeparypy 7>=200°, a sarem 180° i BermomnauTe myHKTs Ne 6, No7 1 No8

. Cnenaiite BbhIBOx o 3aBucuMocTH KIIJ[ TermmoBoil MammvHBl M TPUPAMIEHUS SHTPONUUA OT TEMIIEPaTyp

HarpeBaTessi U XOJIOIUIbHHUKA.
3aBepmuTe paboTy MPOTPaMMBI.

T, -T,C0) | &0 Q,. (Ix) 1 (%) AS , (T/K)

2.9 JIabopatopHas padora Ne 9 (2 yaca).

Tema: «/IBuxkeHue 3apsyKEHHON 4aCTULBI B OJHOPOAHOM DJIEKTPUYECKOM I10JIE»

2.9.1 Heap padotel: M3ydyeHne neicTBUS 3IEKTPUUECKOTO MO Ha 3apsyKEHHYIO

YaCTHUILY

2.9.2 3axayu padoThI:

1. I3y4uTh TPAeKTOPHIO JIBHKEHUS 3aPSIKEHHOM YaCTHUIIBI B AJIEKTPUUECKOM TOJIe

2. OnpenenuTh yAEIbHBIN 3aps]] 4aCTULIbI

2.9.3 Ilepevyenb npudOpPOB, MaTEePHAJIOB, HCIOJIb3YyeMbIX B J1a00opaTopHOii padoTe:
1. KommsroTep

2. 1O «BupTyainbHbIH MPAKTUKYM 10 PU3UKE B 2 YaCTAXY.

2.9.4 Onucanmue (xo0a) padoThbIi:

1. BeiOepure paszgen «dnekrpuuecTBo». HaxkmMuTe KHONKY ¢ Ha3BaHWEM AaHHOM paboTHI.
2. Haxwmwure «wmblmbio» KHONKY «Bpibop». Ilomeemmte kypcop «Mbimm» K Bektopy E  u ycraHoBute
HANPSIKEHHOCTD F > 2 kB, .



6 ; — ! &
3. AmanoruuseiM cnocobom ycranosure vy =5-10°i/, Vo = 0!/ . Haxas «Crapr», nponadmosaiite

JIBHYKEHHE JacTUIlbl. M3mensas V HO,I[6CpI/ITC MHUHHUMAJIBHOC 3HAYCHUE, IIPHU KOTOPOM YaCTUIQ BBUICTACT M3

(O
KoHACHCATOpa. 3anuiuTe 3HaYCHHE JJIMHBI TIJTaCTUHBI KOHACHCATOPa L(X) .

4. 3apH0yﬁTe JABUKCHUC YaCTHULBI U YKAXKHUTE BEKTOP HavaJIbHOU CKOPOCTH U YCKOPCHUEC ABUKCHUS YaCTHULbI.

5. Bepnute Mozenb B HCXOAHBIE HAYANIbHBIC YCIOBHS (E, VoxsVoy ).

6. Haxwmure ((CTapT» n TIpocCiacauTre, YTOOBI QJICKTPOH HC BBUICTCI W3 KOHACHCATOpPA. Ecimm QJICKTPOH

CIOPUCMIIHJIICAY Ha OIHOU W3 IUIaCTHH, TO 3aIIMIIUTC B Ta6HI/IHy 3HAYCHUA CKOPOCTH A\

OX,Vy U BPEMEHHU

noneTa »71ekTpoHa {, MoJydeHHBIE B XOAe SKCHEpUMEHTA. ECiu SNeKTpOH BbUIETeN U3 KOHAEHCAaTopa, TO
M3MCHUTE BEJIMYUHY HAYAIBHON CKOPOCTH, YMCHBIIUTE WU YBEIMYbTE HANPSIKEHHOCTH ITIOJII M MOBTOPUTE
OTIBIT.
7. MUcnomwsys hopmyiy (4) paccuuTainTe YCKOPEHHE dJIEKTPOHA.
8. BpuucanTe BETUYHHY YISIBHOTO 3apsiaa V , BBIpa3uB ee 13 GOopMyIIsI (2).
m

9. Ilosropure myHKTHI 68 He MEHEe IATH pas, U3MEHss KaXAbIA pa3 3HadueHue ckopoctd V. . Jlanuble

3aHECHUTE B TAOJIHILY.
10. Brramcnure cpemHee apuMeTHUECKOe 3HAUCHHWE BEIMYMHBI YACIBHOTO 3apsiia M CPaBHUTE C TaOJIMIHBIM

3HAUEHHEM Y/IEIBbHOTO 3apsiia anekTpona (q =—1,6-10" Kn, m=9,1-10"" kr), paccuuraiire €.
11. Toctpoiite rpadmK 3aBHUCMMOCTH COCTaBISIOLIEH cKopocTH V y Ha BBUIETE U3 KOHJCHCATOPA OT obpaTHOU
HavyaJIbHOM CKOPOCTH (Vy —f( % )).
0ox

12. Onpenenure MO HAKIOHY rpaduka KCTIEPUMEHTAIBHOE 3HAUYCHHE YJCIBHOTO 3apsyia YacTHUIIbl, HCIIONb3YsI
bopmymy:
IEER-()

TEL A(%m)

13.  Ompenenure OTHOCUTENBHYIO MOTPEIIHOCTD PE3YIIBTATOB H3MEPEHHA € .

‘N _NBKCH‘
g=_mon_~ Toxen]

q
m

6N

-100%

TON

14. ChopmynupyiiTe BEIBOJ IO paboTe.

2.10 JIabopaTopnasi padora Ne 10 ( 2 yaca).

Tema: «I[Iposepka mpasun Kupxroda»
2.10.1 Lean padoThI: [posepka npasuin Kupxroda mist pa3BeTBICHHBIX SJIEKTPUIECKUX ETEH

2.10.2 3agaum padoThI:

1. IlpoBepka nepBoro npasuia Kupxroda

2. IIpoBepka BToporo npasmia Kupxroda

2.10.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yEMbIX B JIa00OpaTOpHOii padore:
1. KommsroTep

2. 10 «BupTyanbHbIii IPAKTHKYM 10 (PHU3HUKE B 2 HACTSIX).

2.10.4 Onucanme (xox) padoThi:

1. 3ayepTuTh B TETpaAW LENH, yKa3aHHbIE I0J] HOMEpPOM Balllero 3BeHa, M 3anuiuute mnapamerpel DJIC
MCTOYHHMKOB U CONPOTHBIICHHUS PE3UCTOPOB.

2. VYKaxuTe HampaBJieHHE TOKOB B LIEMH U HAlpaBieHHe 00X0I0B B KOHTYpax.

3. CocraBwte ypaBHenus 1o I npaswmry Kupxroda ams y3108 A u B u mo 11 npaswmry Kupxroda amns qro0b1x a1Byx
KOHTYPOB.

4. B KOHCTPYKTOpE DJIEKTPUYECKHUX IeTNell coOepuTe Bally IIemb, cOOM0as MOJIPHOCTh NCTOYHHUKOB TOKa (JIJIst
WU3MEHCHUS TOJSPHOCTH, HAXKMHUTE MPABOW KHOIKOW «MBIIIN» HA MCTOYHHUK TOKA, 3aTEM HU3MCHHUTE BEIHMYUHY



OJIC Ha mpOTHBOMOJIOKHYI0). CleayeT 3aMeTUTh, YTO TPH HAXKATHH JICBOH KIABUIIN «MBIIIH» — JIEMEHT
yCTaHAaBJIMBACTCSl TOPU30HTAIIBHO, IPABON — BEPTUKAJIBHO.

3anumuTe MOKa3aHus aMIepMeTPoB (TI0 MOIYJITIO). AMIIEPMETPHI CIIeyeT TOCTAaBUTh B KXKJ0€ TUICHO IIeTH, a
HE TOJIbKO TaM, IJie OHU yKa3aHbl Ha pHCyHKaX. ([[1s CHATHS MOKa3aHWil MOABEINTE KypCOpP «MBIIIU» K
aMIepMeTpy B LEMH ¥ HAKMHUTE MIPABYIO KJIABUIIY «MBILIK». ).

[ozxcraBsre Bee mapamerpst (&, R,[) B cocraBieHHble ypaBHEHHS M TPOBEPHTE BBIIONHEHHE MPABHIT

Kupxroda.
Odopmure pe3yabTaThl UCCICIOBAHUN B TETPAIH U CAEIalTe BBIBOI.

2.11 JlaGopaTopHas padora Ne 11 ( 2 yaca).

Tema: «/IBrkeHne 3apssKEHHON YaCTUIbI B MATHUTHOM I10JIE»

2.11.1 Heasn padoTsi: M3yuenue neicTBUSI MArHUTHOTO MOJISI HA JBMKYILIUICS 3apsij
2.11.2 3agaum padoThI:

1. U3yunTh KapTUHY JIMHUA MAarHUTHOM MHIYKIIMH TIOJIS1 TPSIMOTO MIPOBOJIA, TOPA,

coJIcHOuAa

2. 3y4uTh TpacKTOPUIO 3apsSKEHHON YaCTULIbI, JBUKYIIEHCSI B MATHUTHOM I10JI1€
2.11.3 Ilepeyens npuOOPOB, MAaTEPHATOB, HCIOJIb3yEeMBbIX B J1a0opaTopHOiil padoTe:
1. KommsroTep

2. 1O «BupTyallbHBIH TPAKTUKYM TI0 (DH3UKE B 2 4aCTAX.

2.11.4 Onucanme (xox) padoThI:

3anmanue 1.

B nynkre MeH0 «MarHuTHOE MoJe» BBIOEPHUTE IMOCIEAOBATENLHO «/[ea nposoday, «Corenouod» u «Topouoy.

VcraHaBiuBas cHayaja OIWHAKOBBIC, a 3aTEM PAa3JIMYHbIC MO HANPaBJICHWUIO CHUJIbI TOKa, 3apI/Icy171Te KapTUHYy
CHJIOBBIX JIMHHMI MAarHUTHOTO ITOJIS JJIA KaXKJ0ro ciy4as.

Cz[enaﬁTe BBIBOJ O CBA3HU MCKIY BEJIMIMHON H HaIlpaBJICHUEM CHJIBI TOKA U I‘yCTOTOﬁ CHUJIOBBIX HHHHﬁ, a TaKXe O

BUXPEBOM XapaKTepe MarHUTHOTO TIOJIS.

1.

3amanue 2.

B nyHkTe MeHIO «JIBWIKCHHME 3apsOKCHHOM YaCTHIBI B MarHUTHOM ITOJIC» BBIOGPHTE JIF00OE MECTO cTapra
YaCTUIB, W 110 HANPABJICHUIO IBMKCHHS YACTHIIBI B MArHUTHOM IIOJIC C TIOMOIIBIO IMpaBHJa JIEBOH PyKd
OTIpeICIIUTE 3HAK €€ 3apsia.
YCcTaHOBUTE MECTO CTapTa YaCTHIBI U3 YeHmpa MarHUTA, BEIOCPUTE TIOOYI0 BEIUYMHY MArHUTHOW WHIYKIIHA
N
B u cxopoctn wacTuipl, M Takoe HampaBieHHE CKOPOCTHM 4YacTHIBI, TP KOTOPOM OHA COBEPIIAET B
OHOPOHOM MarHHTHOM II0JI€ PABHOMEPHOE JABHIKCHHE TI0 OKPYKHOCTH.

N

Vkazanue: 4ToObI YCTaHOBUTH WJINM U3MCHUTL BCJIMYNHY MAariuTHOTO IOJIA B , HOKMUTC KHOIIKY «ITOJIE» (KprOp

MBIIIH TIOSBUTCS OKOJO CHHEH CTpPCIIKH, HOKaSBIBa}OH.ICﬁ HalpaBJICHUEC MAarHUuTHOT'O HOIIH), U3MCHUTC IINHY
-

BCKTOpa B (C)KI/IMaﬂ WJIn pacTiarvuBasi CHUHIOKO CTpe.HKy). AHJIOTUMHO MOXXHO H3MEHHUTH JUIMHY BEKTOpa
-

ckopoctu U , HaxaB KHOTIKY «CKOPOCTDb».
Oripenenure Ha SKpaHEe MOHUTOPA AMAMETP OKPY)KHOCTH B CAHTHMETPAX, TOIJa Paguyc , D .. .
2

o v 6
W3mepbTe JIMHEHKON Ha 9KpaHe MOHHTOPA WIMHY K BEKTOpa CKOPOCTH B MUIUIUMeETpax, Torna v =k-10° .

Cuntas 3apsDKEHHYIO YacTHITy 3JEKTPOHOM, BBIUMCINTE BENMYWHY MarHMTHOW WHAYKIMH, BBIPA3UB BEKTOP
MarHuTHON MHIYKIUU B n3 popmymsr (3).

apsin anektpona g = -1,6-10"° Ki, macca snexrpona m = 9,1-107" kr.

ITo dhopmyne (4) paccuuraiite ieproa odpamenus T 3JeKTpoHa B OTHOPOJTHOM MarHUTHOM IIOJIC.

Paccunraiite cuily, ACHCTBYIOILYIO Ha 3IEKTPOH B MArHUTHOM moue 1o popmyne [; = qU B .



7.

[ToBTOpHTE MyHKTHI 2+6 HE MEHEE YeM Ul TPeX Pa3IMYHBIX JTHH BEKTOPA CKOPOCTH, H3MEHSS A KakKJOTr0
CiTydasi BeIMINHY MarHUTHOTO TIOJIS.

8. 3amosHUTE OTYETHYIO TaOIHITY:

No D, cm
1.
2.

R m k, mm U, m/c B, Tn T, c F,,H

9. C;[enaﬁTe BBIBOJI O XapakTEpE€ IABMKCHUA YaCTHIbl B MAarHUTHOM IIOJIE B 3aBHUCUMOCTH OT €€ CKOPOCTU H
BCIIMYMHBI MAarHUTHOI'O IT0JIA.

2.12 JIaGopaTopHas padora Ne 12 ( 2 yaca).

Tema: «DeKTpOMarHuTHHIE KOJICOAHUSDY

2.12.1 Lean padoThl: Onpenenenue BpeMEHH pelakcayi CBOOOIHBIX KOJIEOAHNH B KOJIEO6aTENBHOM

KOHTYype

2.12.2 3apaum padoThI:

1. PaccunTtatrh nepuosa u BpeMs peiakcalny 3aTyXalmnux KoJaeOaHuit

2.12.3 Ilepeyenb npuOOPOB, MAaTEPHATOB, HCIOJIb3yEeMBbIX B J1a0opaTOpHOil padoTe:
1.Kommerotep

2. 1O «BupTyallbHBIH TIPAKTUKYM TI0 (DH3UKE B 2 9aCTAX.

2.12.4 Onucanne (xox) padoThI:
Bri6epure padoty «Cobonusie konebannsi B8 RLC konType». 3apucyiite koebaTeabHbIH KOHTYD B TETpalb.
2. YCTaHOBUTE CONPOTUBIEHUE p _ g 0 » @ UHIYKTUBHOCTb L 1 emkocTh C — B COOTBETCTBUU C BallIUM

BapUAHTOM
Bapuanr 1ué6 2u7 3ul 4u9 5ul0
C, Mmx® 28 26 24 22 20
L, MI'n 40 38 36 34 32
R, Om 7 8 9 10 11

Haxxmure xHonKy «CrapT» M npoHabiofaiite rpadvk cBOOOTIHBIX HE3aTYXAIOIIUX FTapMOHUYECKNX KOJieOaHUH
HarpspKeHUs Ha 0OkJaqkax konaeHcatopa Uc OT BpeMeHH t B KOHTYpe.

HUcnone3ys ¢popmyny (7), paccunTaiite nepuoxa kojaeOaHui B KOHTYpE.

ITocTpoiite rpaduk 3aBucumoctr Uc(t), U 3TOTO MPOTPaTyupyHTe OCh BPEMEHHU C YIETOM MEPHOIA.
I'pamynpoBka KOOpPAMHATHON OCH NPEAIIOJIAracT HAHECEHHE KOHKPETHBIX YHCEI Ha 3Ty OCh (B JaHHOM CIIydae
HEOOXOANMO PacCTaBUTh YUCIIA, COOTBETCTBYIOIINE YETBEPTH NEPUOA, IOy IIEPHOAY, TPH YETBEPTHU IIEPHO/IA,
HEepHOAY, ABYM HEPHOAAM U T.1.).

Ha ocu opauHAT OTI0XXKHTE IPON3BOIBHOE 3HAUCHHUE aMILTUTY (b1 HanpsixeHust Uc.

YcTaHOBUTE BEJIMYMHY CONPOTHUBICHUS, COOTBETCTBYIOIIYIO BalleMy BapuaHTy. Ha skpaHe MoHHTOpa
JMHEHKON M3MepbTe BEJIMYMHY Ha4yajdbHOW aMIUIMTYIbl A, (B JIOOBIX €IWHHMIEAX), paccuuraiite A(T) 10
tbopmyse (6).

Haxmure xHonky «Crapt» W 3apucyiite rpadMk 3aTyXarolUXx KojeOaHWil HanpspkeHHs Ha OOKiagKax
KOHJIEHCATOpa B KOHTYpPE € Y4€TOM I'paAyHpPOBKHU OCH BPEMEHU.

Ha rpaduke ykaxute 3HadeHHe aMIUTUTYIbl Ay 1 A(t). Onpenennure BpeMs penakcarii KOJICOaHUH Ty, IO
rpaduKy, KOTOpPOE COOTBETCTBYET aMIUIUTY e A(T).

Paccunraiite xoadduument 3aTyxanus  nmo ¢opmyie (4) u BpeMms penaKcalluH Tro, MO Gopmyne (5), u
CPaBHHTE €T0 C 3KCIEPHMEHTAIbHBIM 3HAUCHHEM:

T,

a0~ Fyair

T,

&= -100%

odid

10. CdopmynupyiiTe BEIBOJBI.

2.13 JlabopaTopnasi padora Ne 13 ( 2 yaca).



Tema: «IlocTpoeHne n300pakeHU B ONITHYECKUX MTPUOOpax»

2.13.1 Heab pabdoThI: usyuenue xo/a JIydeil B ONTHYECKUX MPUOOPAx

2.13.2 3agaum padoThI:

1. mocTpoeHne N300paKEHHI B JIMH3aX

2. U3y4yeHue TeyicKona

2.13.3 Ilepeyens npuOOPOB, MAaTEPHATOB, HCIOJIb3yEeMBbIX B J1a0opaTOpHOii padoTe:
1. KommsroTep

2. 1O «BupTyallbHBIH TPAKTUKYM 10 (DH3UKE B 2 4aCTAX.

2.13.4 Onucanme (xox) padoThi:

3adanue 1. imeroTcs codupatomias InH3a | 1 paccenBaromias JMH3a 2, PacloioKEeHHbBIE TaK, YTO WX 3aIHHAC
tdoxkycel F; u F, coBmanaror (puc. 3). Cpena Mex Iy JIMH3aMH, U TI0 00¢ CTOPOHBI OT JIMH3 OJIHA U Ta ke. B
nepeaHed PoKaIbHOM MI0CKOCTH TMH3BI 1 moMeniaercs npeamet P. IloctponB nzo0pakeHue mpeamMera,
OTBETHUTbH HA BOTIPOCHI:

1.

lee pacnoJaracrcs I/1306pa)KGHI/I€ npe,uMeTa?

2. Kakum Oyzner nzo0OpaxkeHue: a) AeHCTBUTEIBHBIM WIM MHUMBIM, 0) MPSIMBIM HJIM OOpaTHBIM?

FIII71F2 2

Puc 3
3aodanue 2.

1. B nporpamme «Onruueckue HHCTPYMEHTBD) BeIOepHTe «Teseckomny.

2. C nomomipio KHOMIKH «OOBEKT» M CTPEIOK Ha KJIaBHAType BHIOCPUTE B KadeCTBE OOBEKTa HAOIIOJICHUS
JKEJIThIC 3BE3/IbI.

3. VYcraHOBHTE C TOMOIIBIO MMyHKTa MeHIO «D» auamerp o0bekTHBa 270 cM.

4. Beibepure napy roiayObixX 3Be3l, ONpECIUTe, MPU KaKOW JJMHE BOJIHBI NAJAIONIEr0 CBETa IPH JaHHOM
nrameTpe o0BeKTHBA N300pakeHue 3Be3]] OyaeT OoJiee YETKUM.

5. 3apucyiiTe B TeTpasb pacipeaeieHie HHTCHCUBHOCTEH CBETa OT HCTOYHUKOB B 000MX CITydasx.

6. BriGepure mo60ii 00beKT HabIIOIeHUS. Y CcTaHOBUTE TuaMeTp oOobekTuBa 180 cM. YBennuuBas quamerp
00BEKTHBA, HAOIOATE 32 YETKOCTHIO H300paKCHUS.

7. CnenaiiTe BBIBOA O 3aBHCUMOCTH pa3peniaonieii crmocoOHoCTr npubdopa oT 1uaMeTpa OOBEKTHBA U JUTMHBI

BOJIHbI ITaJar0OIiero CBECTa.

2.14 JIaGopaTopHas padora Ne 14 ( 2 yaca).

Tema: «HTEpPEepeHINS U TOTIPU3ALIS CBETA»

2.14.1 Heuan padoThl: U3ydeHUE SBICHUN HHTEPYEPEHLINU U MOJIIPU3ALUN
2.14.2 3anaum padoThI:

1. Onpenenenne aaMHEI BONHBI CBETA 110 HHTEP(EPEHIHOHHOMN KapTHHE

2. Tlposepka 3akoHa Maioca

2.14.3 Ilepeyenb npuOOPOB, MAaTEPHATOB, HCIOJIB3yEeMBbIX B J1a00opaTOpHOii padoTe:

1. KommsroTep



2. 1O «BupTyallbHBIH TIPAKTUKYM TI0 (DH3UKE B 2 9aCTAX.

2.14.4 Onucanme (xox) padoThi:
3amanue 1

1. Orkpoiite pabory «BonHoBas ontuka Ha Komublotepe» (HmyHKT MeHio «VHrepdepeHuus», «/IBynyueBas
UHTEPDEPCHITHSY.

2. CoOTHOLICHHE MHTCHCHBHOCTEH MAJAIOIIKMX BOJIH YCTAHOBUTh KaK [, - [, = ] : [, B IpoLecce paboThl HE H3MCHSTH
3TOT Mapamerp.

3. C mOMOIIBI0 KHOMOK «(@», «A» M CTPCIIOK HAa KIABUATYpE YCTAHOBHTE COOTBETCTBYIOILEE YIIOBOE PACCTOSHHE
MEXTy ICTOYHUKAMU ( U JUTHHY BOJHEI A (cM. Tabmuiry Nel, riae HOMep Balllero BapuaHTa COOTBETCTBYET HOMEPY
KOMITBIOTEPA, 32 KOTOPBIM BBI paboTaeTe).

Tabmnmma 1
Ne BapuanTa 1,8 3,10 2 4 6 5 7 9
M1, HM 400 360 400 360 400 360 400 360
Ag2, HM 560 560 500 500 500 560 560 500
Ag3, HM 700 700 630 700 700 630 630 630
©, paguaH 0,027 0,04 0,06 T 0,027 0,04 7 0,06 T 0,027 0,04

4. Yron ¢ B mporecce pabOThl HE M3MEHATh. YCTaHABIMBAsI MOOYEPETHO Agj, Agz, Ags, NMPOBECTH pacdeThl TIO
ITyHKTaM 5+8 1y1st Kax 0% U3 JJTHH BOJIH.

5. Tlo rpaduky pacrpenencHus UHTCHCUBHOCTH CBeTa (Ha SKpaHEe MOHHUTOPA) Ha HHTEPPEPECHIIMOHHOW KapTHHE
ONpE/ICIUTE NIMPUHY HHTEPPEPEHIIMOHHON MOJOChI AX € JOCTATOYHON TOYHOCTBIO, YYHTBIBas MaclITad u
HETIOJIHBIC JeNieHus (MacTad yKka3aH psoM C CHHYCOHIAbHBIM TPaQHKOM).

6. TIlo popmyre (2) paccunraiite pacCcTOsHUE MEXKIy UCTOYHUKAMU d, yuuThiBast, 4to L=1M.

7. Tlo popmyne (3) onpenenute IUIMHY BOJIHBI U3y4aeMOTO CBETA A,

8. 3Has 3amaHHOC 3HAYCHUE Ay (HM) M BBIYHCICHHOC A, (HM), ONpEICIUTE OTHOCUTEIBHYIO MOTPEIIHOCTh £
MU3MEPCHUS JUIS KX IO SKCIICPUMEHTAIBHOM JUTMHBI BOJIHBI 10 (hOpPMYJIE:

- M‘ -100%
9. Bce maHHBIE dKCTIEpHMEHTa 3aHECHTE B TAOJIMILy 2 W CHENAaWTe BBHIBOJ O MPOJICIaHHOW paboTe M 3aBUCHMOCTH

TOYHOCTH TAHHOTO SKCIICPUMEHTA OT JITHEI BOJIHEL.
Tabnuma 2

Ao, HM AX, HM d, m A,, HM g, %

3aganue Ne2

B mporpamme «BomHOBas onTMKa Ha KOMOBIOTEpPE» BbBIOCpUTE MYyHKT MeHIO «[lomspusanusy,
«/IBosikompenomisitomias  MjacTUHa». B 9Toil mporpamme Hccienyercs H3MEHEHHUE WHTEHCUBHOCTH
TUIOCKOMOJISIPU30BAHHOIO CBETA MPHU MPOXOKACHUU Yepe3 MONSPU3aTOp U aHATU3ATOpP.

2. B mynkre menro «IlmacthHa» yCTaHOBHTE TOJNIIMHY IacTWHBI paBHOH 0,00 CM ¢ TOMOIIBIO CTPENOK Ha

KJIaBHAType u KiaBuma Enter.

3. C momomrsio MyHKTOB «P1» 1 «P2» ycTaHOBHTE NOJAPHU3ATOP M aHATU3ATOP.
4. Haxwmure «Crapt» u HaOmrojaiiTe 3a WHTEHCHBHOCTBIO MPOLICAIICT0 CBETa. B JIEBOM HHXXHEM KBajpare

MHTEHCUBHOCTH BXOJSIIIETO CBETA B IOJISIPU3ATOP, B IPAaBOM BEPXHEM YTy HHTEHCHBHOCTH BBIXOJISIIETO CBETA.
Taxoke BbI MOYKETE MEHSTH IIBETOBYIO TaMMY, T.€. BBIOPATh CHHUWH, )KEITHIN WM KPaCHBIN CBET.

5. Hcnons3ys xkHonKy «P2», ycraHOBHTE yros HakjoHa aHanuzaropa (Oynsre BHMMatenbHbl!) 0,2m, 3atem 0,4,

0,57, 0,77, KaXABIA pa3 Habar0O0ds 32 MHTCHCUBHOCTHIO MIPOIIIEAIICTO CBETA.

6. C,uenaﬁTe BbIBOJI O 3aBHUCUMOCTH HMHTCHCUBHOCTH IMPOIICAIICTO CBETAa OT YIjla MCXKAY aHAJINU3aTOPOM U

MOJAPU3aTOPOM.

2.15 JlabopaTopHas padora Ne 15 ( 2 yaca).

Tema: «{udpaxuus Openens»

2.15.1 Hean padoThI: OnpeaencHie UTHHBI BOJHBI CBETA 10 JH(PAKIIMOHHON KapTHHE
2.15.2 3apaum padoThI:
1. onpenenuTh MJIMHY BOJHBI CBETA MPH 2-3 OTKPBITHIX 30HaX DpeHens.

2.15.3 Ilepeyens npuOOPOB, MaTEPHATOB, HCIOJb3yEeMBbIX B J1a0opaTopHOil padoTe:



1. Kommsrotep
2. 10 «BupTyanbHbIii IPAKTHKYM 10 (PHU3HUKE B 2 HACTSIX).

2.15.4 Onucanue (xox) padoThi:
1. Otkpoiite paboTy «BosHOBas ONTHKA HA KOMITBIOTEPE», MMyHKT MeHIO «Jludpakmusy, «Indpakinns Openens».
2. B mynxte mento «OTBepcTHe» ycraHosute «Kpyriioe orBepcTre.
3. C moMompi0 KHOMKHA «A» M CTPEIOK Ha KIaBHAType YCTAHOBHTE COOTBETCTBYIOIIWE JUIMHBI BOJH A (CMOTpH
TabmuIy 1, rae HoMep Ballero BapuaHTa COOTBETCTBYET HOMEPY KOMIBIOTEPA, 32 KOTOPEIM BEI paboTaeTe).

Tabiuna 1
Ne BapuaHTa 1,8 3,10 2 4 6 5 7 9
o1, HM 400 360 450 360 400 360 450 360
Aoz, HM 560 630 500 560 500 500 560 500

N

. Anametp ycranoBuTh D=2MM 1 HE U3MEHSATH B XOJ€ OIBITA.
1. BpiOepuTe mepByrO JUIMHY BOJHBI M3 TAaONHIBI JUTsl Bamiero BapuaHTa. C MOMOIIBIO MYHKTa «Z» YCTAHOBUTE
TaKoe PacCTOSHUE OT OTBEPCTHS 0 dKpaHa «Z;», IPH KOTOPOM YHCIIO OTKPHITHIX 30H ®penenst m=2. J{s 3Toro
C TIOMOINBIO CTPENIOK Ha KJIaBHATYPE YyBEJIWIUBANTE/YMEHBIIANTE «Z», (QHUKCHUpPYS 3HAUYCHHUE C TIOMOIIBIO
kmaBumu «Entery.
YcTaHOBHTE TaKOE «Z,», IPU KOTOPOM mM=3.
ITo popmyne PR (roe e D ,M) onpeJenuTe 3KCIEPUMEHTANIbHYIO JJIMHY BOJIHEL

2 2

W N

Z1 %

Z12;

4. 3apucyiiTe rpaduk pacnpeneaeHsi HHTEHCUBHOCTH JUII M=2 ¥ m=3.

5. TloBTOpuTE MyHKTHI 5+7 IUIsl YUCIIa OTKPHITHIX 30H Ppenens m=3 u m=4.

6. YcTaHOBHTE BTOPYIO JJIMHY BOJHEI M3 TaOJHIIBI [UTS Ballero BapuanTa. [loBTopure myHKTH 5+9.

7.  PaccumraiiTe OTHOCHTEIHHYIO IMMOTPEITHOCTD € U3MEPEHUS TSl KOKIOH TMHBI BOJIHBI IO POpMyJIe:

M .100%

E=

0
8. 3ammmunTe pe3yabTaThl N3MEPEHUH M BBIYUCICHUH B TabiuIy 2.

Tab6auna 2
Ne omnbiTa Ao, HM D,m LM m zZ, M A, HM E %
2
3

Crenaiite BBIBOJI IO PE3yJIbTaTaM U3MEPEHUN U BBIYUCIICHUH.




