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BBenenue

Kypc «KoHuenmuu coBpeMEHHOr0 €CTECBO3HAHUSD) UMEET Ba)KHOE 3HA-
yeHue s (GOPMHUPOBAHUS HAYYHOTO MHPOBO33PCHHSI W OOIIEH KyIbTYPHI
ctynentoB. COBpeMEHHOE TMpeJCcTaBiIeHUE 00 OKpyXkaromiei cpene, GpyHma-
MEHTAIbHBIC 3aKOHBI, OOBSCHSAIONINE TAPMOHUYHOCTh KAPTHHBI MHUpA, pa3-
JIMYHBIC TTOAXO/Ibl K TOHUMAHUIO SIBIICHUI MPUPOJIbI B UX UCTOPUUECKOM Pa3-
BUTHUH, COBPEMEHHBI CHUCTEMHBIN METOJ aHaIM3a JEUCTBUTEIIBHOCTH SIBJIS-
IOTCS IPEIMETOM Kypca.

CucTteMHBIN MOAXO/, MOJYYUBIIUN HIHUPOKOE PACIHPOCTPAHEHUE B MO-
CJICIHEE BpEMs, MPEAIOJAracT LEIOCTHBIM OXBAaT U3YYAaEMbIX IPOLECCOB U
ABJICHUM B UX B3aUMOCBS3U U B3aUMOJICUCTBUU C APYTUMH SIBJICHUAMU. Ta-
KOW TMOJIXOJ «CTUPACT» T'paHU MEXKIY Pa3IuYHBIMU HayKaMH, CIIOCOOCTBYS
CONMKCHUIO Pa3IMYHBIX TOYEK 3PEHUS T'YMaHUTApUEB U €CTECTBOHMCIIBITATE-
JIE Ha OJIHU W TE K€ SIBJICHUS; TTO3BOJIAECT CAEIATh €CTECTBEHHOHAYYHBIE ME-
TOBI OOIICHAYYHBIMH.

OCHOBOI CHCTEMHOT'O METO/Ia SIBJISIOTCS KOHIICIILIUM SBOJIIOLIMU U CaMO-
OpraHu3alliu, MO3BOJSIOMINX C €AUHBIX MO3ULIUN OOBICHUTH MPUHIIUIBI Op-
raHu3aluy BCEro CYIIEero Ha 3emiie, CTPOCHHUE U JUHAMUKY IMOBEICHUS pa3-
JIMYHBIX CUCTEM.

KawuyeBble TCPMUHDBI

Kaprtuna mupa
¢  CHUCTEMHBIN TOAXO0.I



1. ETMHCTBO HAYKH M HAYYHBIH METO.

Hayunblii MeTOJ mnpeacrtaBisieT co0Oil BOIUIOLIEHUE €IMHCTBA BCEX
¢opm 3HaHui. [lo3HaHUE B €CTECTBEHHBIX, TEXHUYECKUX, COUMATIBHBIX U TY-
MaHUTapHBIX HayKaxX B LIEJIOM COBEPIIAECTCS 10 HEKOTOPHIM OOIIMM MPUHLIU-
1aM M MPaBWIAM.JTO CBUAETENBCTBYET, BO-IIEPBBIX, O €AMHCTBE BCEX HAYK, a
BO-BTOPBIX - 00 00ILIEM, €TMHOM MCTOYHHUKE NO3HAHMSI, KOTOPBIM CIY’KUT OK-
py’Karouuii Hac 00BEKTUBHBIN peaslbHbII MUP: IPUPOJIA U OOILECTBO.

MeTobl Mo3HaHUS
( mo creneHn 0OOCHOBAHHOCTH )

7 N

Craructuueckue BepostHoctHele WHaykTuBHbIE JleqyKTHBHBIE

MeTo1bI TO3HAHUS
( mo MexaHu3MaM 000O0IIEeHHS )

B AHanuTHYECKHUE B  MoaenupoBaHus
B  CunreTnyeckue B [‘enepanuzanuu
B Hpgeanmusanun B Tunonorusanuu
B Jlornueckue B Krnaccudukanuu

KiroueBble TepMHUHBI
¢ Hayunsii merog
¢ EIWHCTBO HayKH

2. EcTecTBeHHOHAYYHBbIH MOAX0/] K U3YYEHUIO IPUPO/bI.

EcTtecTBeHHOHAYYHBIN MMOAXO0M UMEET TITyOOKHE MCTOPUYECKHE KOPHH,
OCHOBAaH Ha MHOT'OBEKOBOM IPOJIOJKUTEILHOM HAOIIOJEHUU 3a SIBJICHUSMU
IIPUPOJIBI, UMEIOIIMMU, KAK ITPABUJIO, IIUKINYECKUI XapaKTep.

Ocnosnvie ocobeHnocmu 5mo2o nooxooa.
a) pa3pa60TaH0 00JIBIIIOE KOJIMYSCTBO HU3MCPHUTCIIBHBIX CPCACTB, IMO3BOJIAIO-
IIMUX OHCHHUTHh COCTOSAHHE Opr}KaI-OHICﬁ CpEanbl;

b) HalieHbl ATaJIOHBI MHOTMX (DU3UYECKUX BEJIMYUH, Ojarojgapsi KOTOPBIM
MOSIBUJIACh BO3MOKHOCTb U3MEPSITh U CPABHUBATH;

C) pa3paboTaH MaTeMaTHYECKUM ammapaT oOpaOOTKU pe3yJbTaTOB H3MeEpe-
HUH, TTO3BOJISIFOIINI OLIEHUBATh COCTOSIHUE N3Y4aeMbIX 00BEKTOB.



EcrecTBeHHOHAay4YHBIN TOAXOJ OCHOBAH Ha CIEAYIOIIMXCBOMCTBAX W3-
MEpSIEMBIX BEJIMYMH U OLIEHUBAEMbIX IMaPaMETPOB MATEMATUYECKUX MOJEIIEHU:

a) 60Ccnpou3600UMOCHU V3MEPSIEMBIX BEJIUYHH;
b) npasunvnocmu MaTeMaTUYeCKUX MOJENEH W HCIOJb30BAaHUS CTAaTUCTH-
YECKUX METO/IOB;

C) u3zobtmoyHoOCmu JaHHBIX, I[OHYCKaIOHIeﬁ BCPOATHOCTHOC OLICHNBAHMC.

K HemocTaTkaMm ecTeCTBEHHOHAYYHOTO IMOX0/4a MOXXHO OTHECTH TO, YTO
OH TpeOyeT HaIMYUs MHOXKECTBA OJHOPOIHBIX O KAaKUM-JIHOO MpHU3HAKAM
sBiieHul (00beKkTOB ). LleHHOCTHh MONIX0/1a BO MHOTOM 3aBHCHUT OT BBIOOpa
MPU3HAKOB, SBJISIONINXCA OOIIMMHM JUJISI DJIEMEHTOB MHOKECTBA M IOJIeKa-
IIMX OIICHUBAHUIO. ECIM MpuU3HAKU SBISIFOTCS HE CYIIECTBEHHBIMU, & BTOPO-
CTENIEHHBIMH, TO MPaBIOMOJ0OHOCTh BBIBOJOB 3HAYUTEIHHO CHIKACTCH.
Kpome TOro, kauecTBo OIEHOK 3aBUCUT OT 00bEMa MHOXKECTBA, KOPPEIUPO-
BaHHOCTH HabOmonenuid. [[lnpoko pacnpocTpaHeHb HHTEPBAIBHBIE OIICHKU B
MPEANOI0KEHUA O BEPOSITHOCTHOM paCIpeesieHnd H3MEPSeMbIX BEIUYHH,
OTBEYAIOIINX OJHOMY M3 THIIOBBIX (CTaHAAPTHBIX) 3aKOHOB pacIpeaeieHus

CIyyallHbIX BeauuMH. HekoTopble u3 Hanbosee pacpoCTpaHEHHBIX 3aKOHOB,
PUBEACHBI HUXKE.

+ Ipumep 1. Tunosbie 3aKQHBI pacrpe/IeNeHus Iy aiHbIX BEIMTHH.
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Ilpumep 2. CBoiicTBa (YyHKIIMH pacrpeeIeHus
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YcnoBre HOPMUPOBAHUS
bVHKIMN pacnpeneneHus

+00
y ( X ) dx =1: BeposTHOCTh HHTEPBATBHOM
’ OILICHKH
— 00

X2
p(x, <x<x,) = y(x)dx;
x|
BeposTHOCTh TOUEUHOM OIIEHKHU

e
plx=x)=p(x=x,)=0

B psine rymaHuTapHbIX HayK, HAPUMEP B UCTOPHUH, TPYJIHO MOJABECTH
OT/ICJIbHBIE COOBITHS MOJT KaKOW-JIKOO OOILIMN 3aKOH WJIM TeOoputo (T.e. He
UMEETCSl BO3MOKHOCTH Ha0paTh CTATUCTUKY OJHOPOJHBIX coObITHH). [103TO-
My MHOTHE HMCTOPUKM BO3paXarOT MPOTUB MEPEHOCA €CTECTBEHHOHAYYHBIX
METOJIOB JJI aHaJIM3a UCTOPUYECKUX MpoiieccoB. st 0ObsIcHeHHs COOBITUI
UMU TIPEUIaraloTcss METO/Ibl TeJe0J0ruH, ONMUPAIOIIMEcs HE Ha MPUYUHHbBIC
3aKOHBI U HAIIPaBJICHHbIE HA PACKPBITHUE LIEJIEH, HAMEPEHUH, IOBEACHUS, JIes-
TEJIbHOCTH JIFOJIEH.

MHorue CUMTarT, YTO METOALI OOBSICHESHHS BOOOIIE OSCIIOJIE3HBI, a Ba-
KEH METOJ MOHMMAHUS, TIO3BOJISTIONINA PACKPHITH CMBICJ COOBITHS, OCOOCH-
HO, €CJIM OHO YHHKAJIbHO M HEMOBTOPUMO. Te€OopeTHuyecKn MOHMMAHUE OCHO-
BBIBACTCS Ha MHTEPHPETANMM TO €CTh HCTOJIKOBAHUU ILeNiel, MOTHUBAIUU
CMBIC/A JEUCTBUU M MOCTYNKOB JIOJEH M MO3TOMY CXOJHO C TEJIEOJOTHYe-
CKUM 0OBbsICHEHHEM. Tak HepeaKo MOHMMAaHHE TEKCTa CBOAMUTCS JIMIIb K pac-
KPBITHIO U YCBOEHHUIO CMbICIIA, KOTOPBIN BIIOXKWII B HEro aBTop. OaHako, eciu
Obl MEepPEeBOAUYMUKH PA3HBIX 30X PACKPHIBAIM Obl TOJBKO aBTOPCKHUM CMBICI
NPOU3BEICHUS, TO BCE MepeBOjbl Obui Obl TaBTOJOTrHel. VcTtopuueckue
COOBITHUS TaK)K€ OOBIYHO MHTEPIPETUPYIOTCS C TO3ULIMNA CBOETO BPEMEHHU.

C npyroit CTOpOHBI, HHBIE HUCCIEA0BATENIN UCTOPUHU C HEMEHBIIIUM YIIOp-
CTBOM OTCTAaWBAIOT MHEHHE O BO3MOKHOCTU MPUMEHEHHUs OOIIUX METOJIOB U
TEOpUid, OJTHAKO, M0 UX MHEHHIO, HEBO3MOXHOCTh OOBEAMHEHUS OTACIbHBIX
COOBITUI B OJTHOPOJHYIO TPYMILy CBUAETEILCTBYET O HEJOCTATOYHOU IMpopa-
00TKe MaTepuana, MajJol HHPOPMAITMOHHON EMKOCTH COOBITHIA.

B menom, moHuManue- OoJiee CIIOXKHBIM, MPOTHBOPECYUBELIN U 3aIlyTaH-
HBIN TIpoliecc, 4eM oObsicHeHue.Pasnuure MeXay HUMU COCTOUT B TOM, YTO
eciii OOBSICHEHHE CBOAMUTCS K JIOTMYECKOMY BBIBOJY, TO MOHUMaHUE- K WH-
teprpeTtanun. M ecim 00bsICHEHHE OTHOCUTCSI K COOBITUSIM MPOIISAIINM U Ha-




CTOALIUM, TO K OyAyIIHMM COOBITUSM OTHOCUTCS MpeABUAeHMe ( MpeacKas3a-
HUE, IPOTHO3 ).

[IpenBunenrie u OOBACHEHUE CXOJHBI MO CBOEH JIOTUUECKOW CTPYKType U
NpeACTaBIsAIOT cOoO00M Jiormdyeckuil BeiBoA ( ymozakitoueHue ). CTpykrypa
OJHOTO M3 MPOCTEUIINX YMO3AKIIOUCHUIN MPUBEICHA HUXKE.

Ilpumep 3. IIpocTOI KATErOPUUECKUIN CUIIIIOTU3M

( memyKTUBHOE YMO3aKIIOUEHHUE ).
ITocbuika 1 Cyxnenue 1 Cl + II1
[Tockuika 2 Cyxnenue 2 C2 + 112
= BrIBOJg Cyxnenue 3 C3 + II3

3neck C- cyobekT, I1- mpeaukar cyKaeHus.

Tak u3 noceuiku: «Bce cryaeHTsl mepBoro Kypca usydarwtr KCE» u
nocbulki:« UBaHOB yYHMTCS HAa MEPBOM KYpce» CIeAyeT JOTHUeCKU BHIBOA:
«BanoB usyuaer KCE».

IIpenBuaenne kak crnoco® OTpaxKeHUs AEHCTBUTEIBHOCTH HMMEET Or-
POMHOE NPAKTUYECKOE 3HAUEHHE, OOecredrBas BO3MOKHOCTh MPOTHO3UPO-
BaHUA COOBITHMI W sBieHUNA. CTaTHCTHYecKHMe BBIBOABI ( 3aKIIOYEHUS )
UMEIOT BEPOATHOCTHBIN XapakTep ( a He TOCTOBEPHBIN ), B HUX MUCIOIB3YIOT-
Csl MHTepBaJIbHbIE ( 2 HE TOYEUHbIE ) OLEHKH, YTO MPEXK/IE BCETO OOBICHSAET-
Csl OTCYTCTBHMEM OOLIMX (PyHIaMEHTaNIbHBIX 3aKOHOB B T'YMaHUTApHBIX Hay-
kax ( mogoOHBIX 3akoHaM HbIOTOHA B MEXaHUKE ), a TaKKe BIUSHHUEM CyOb-
eKTUBHOTI'O (paKkTopa Ha UCCIeyeMble IPOLECCHI.

KiiroueBble TepMUHBI

¢ DraloH i MHoxecTBO

¢ Bocnpou3BoaguMocTb ¢  CyxneHue

¢ U3mepeHue . CyOBekT

¢ BeposATHOCTH . [Ipenukar

¢ (CraTucrtuka i Cy1ecTBeHHBIN TPU3HAK
¢ OrueHka i OO0muii mpu3HaK
. Pacnpez[eneHHe BCIMYUH . Cumiorusm

¢ OieHuBaHUE . Teneonorus

¢  DddexTuBHOCTH . [Tonnmanue

¢ CoCTOSITENBHOCTh . OObsicHeHHE

¢ HecMmeneHHOCTh i [IpenBunenue

¢ ToueyHas OLIEHKA ¢ Ilporuos

¢ nTepBanbpHas OLICHKA . Cwmpicn



3. IudpepeHnuanus U UHTErpanus 3 HAHUM.

B npouuiom cuutanoce, YTO pasBUTHE HEKOTOPOW HAYYHOM IUCUMUILIN-
HBbl UJIET IIyTEM HENPEPHIBHOTO HAKOIUICHUS BCE HOBBIX M HOBBIX HAYYHBIX
ucTuH ( TakoW mporecc Ha3bIBaeTcs kKymyJssiiuei ). [Ipu sTom Bo3pacraror
TOYHOCTb W TIyOMHA 3HAHWM B 3TOW AucuuIiuiuHe. OJHAKO, OJTHOBPEMEHHO
ocnabeBaroT CBSA3U C APYTUMH HAYYHBIMU JUCIHHUILTHHAMH U JAET0 TOXOIUT JI0
TOT'0, YTO CHELUUAIIMCTHI PA3HBIX OTPACIIEH OJHOM U TOM K€ HAYKH HEPEIAKO HE
MIOHUMAIOT HU ITOCTAHOBOK 3a7]a4, HU METOJIOB MCCIECIOBAaHNUM, HU KOHEYHBIX
pe3yJIbTaTOB IPYT IpyTa.

Juddepennuanus 3HaAHMHA- ATO MPOLECC, CBSA3aHHBIM ¢ OoJsiee Tia-
TEIbHBIM U TTTyOOKUM M3y4YEHHEM OIpPEAeICHHON 00J1acTH JEeHCTBUTEILHOCTH
(Tak Ha3bIBa€MbI NUCHMIUIMHAPHBIN 1MOaX0/). OHAKO HEOOXOAUM M MEXK-
JTUCHUIUIMHAPHBIA WHTETPATUBHBIA IOJX0J, 00ECIeUUBAIOIINA €IUHCTBO U
LEJIOCTHOCTh IIPEACTABIICHUN.

NuTerpanus 3HaAaHMH- 3TO IPOLECC, CBSI3aHHBIN C UCIOJIb30BAHUEM I10-
HATUH, TEOPUNA U METOIOB OJHOM HAYKU B CMEKHBIX HayKax.

B pe3ynprare uHTErpanvu BO3HUKAIOT HOBBIE HAY4YHBIE HAIIPABJICHUSA
(mampumep, O6modusuka, reoxumus u mp.). M3 CMEXHBIX HAyK MOTYT OBITh
3aMMCTBOBAHbI TaKTUKa ( IPUEMBI U METOJBI ) U cTpaTerus (o0Iue MpuHIH-
TbI) UCCIIEIOBAHUM, METOI0IOTHS (CITOCOOBI TTOJTyYEHHSI HOBBIX 3HAHUM, aHa-
JM3a U OLICHKH PEe3yJbTAaTOB UCCIEAOBAHUI), MOPSIOK BHIOJIHEHUS U3MEpe-
HAW W TPOBEACHUS SKCIIEPUMEHTOB, MAaTEMaTUYECKUE MOJEIA W METOJbI
OLIEHKH UX MMapaMETPOB.

Oco0oe 3HaueHue NpruoOpPETaeT CUCTEMHBIN METO/I, TO3BOJISIIOLIUIN pac-
CMaTpUBaTh C €OUHBIX MO3ULUN NPEAMETHI U SBJICHHUS B UX B3aUMOCBSA3U U
HEeTO0CTHOCTH. CMEXHBIE HAyKH IO3BOJISIIOT B 3TOM CJIy4a€ BBIJIECTUThH dJie-
MEHTBI UCCIIEAYEMOW CUCTEMBI, ONIPEACTUTH €€ CTPYKTYpy. [loaToMy cucrem-
HBIM MeTOJ| siBNsieTCs: 9()(PEKTUBHBIM CPEICTBOM MHTETPATUBHBIX MCCIIEIOBA-
HU.

KarwueBble TepMHUHBI

Huddepennmanms 3HaHUN
¢ HHTerpauus 3HaHUU
¢ KyMyusiius 3HaHui



4. MexaHuCTHYeCKAs] KAPTUHA MHPA.

OcHOBHbIE 3aKOHBI (IPUHLIMUIIBI) MEXaHUKH, CPOPMYIUPOBAHHBIC
N.HproTOHOM B CBOEM TNIABHOM Tpynae «MaremaTuyeckue Hadayia HaTypallb-
HOM (unocopun» B 1687 roay, 3aJ0KIWIM OCHOBY MEXaHUCTHUECKON KapTu-
HbI Mupa ( MaKpomupa ).

OTKpbITHE TPUHLHUIIOB O3HAMEHOBAJIO PEBOJIIOLIMOHHBIA MEPEBOPOT B
no3HaHuM BceneHHoM, KOTOpBIN CBsI3aH € MEPEXOAOM OT HATYpPUIOCOPCKUX
JOTaI0K ¥ TUIOTE3 O “‘CKPBITHIX” KAYECTBAX U CIEKYJISATUBHBIX M3MBIIUICHUN
0 MPOUCXOJAIIUX B IPUPOJIE IpolLeccaX K TOYHOMY IKCHEPUMEHTAIbHOMY
€CTECTBO3HAHUIO, B KOTOPOM BCE IPEIIOJIOKEHUS, TUIIOTE3bl U TEOPETHYE-
CKH€ MOJIEJIH MTPOBEPSIINCH UCKIIIOUUTENBHO HAOIIOACHUSAMHU U OTIBITOM.

MexaHnyeckoe JBHKEHUE ObLIO CBEJIEHO K TOUHOMY MaTeMaTH4ecKO-
My OMMCAHUIO: JJI1 3TOr0 HEOOXOAMMO M JOCTATOYHO OBLIO 33JaTh Hadallb-
HbI€ KOOPJAMHATBI TENA, €r0 CKOPOCTh (MM UMITYJIbC ) W YPAaBHEHHUE JIBHIKE-
Hus. Bee nmociieyronme coCTOSHMS ABUKYILErOCs TENa TOYHO U OJHO3HAYHO
ONPEIEISUIUCh B 0001 MOMEHT BpEMEHU KaK B OyAyIlIEM, Tak U B MPOILIOM,
MIOCKOJIbKY B MOCTaBJICHHOM TaKMM 00pa30M 3a/iaue B YPaBHEHHUSAX 3HAK Bpe-
MEHHU MOKHO OBLJIO MEHATHh Ha OOpaTHBINA ( KOHIENIUS 00PAaTUMOCTH Bpe-
MEHH ).

Ilpumep 4. MatemaTnueckoe ONMCaHNE MEXAaHUYECKOIO JIBUKEHUS Te-
na

(mo W.Hprorony ).

ITocTanoBKka 3agaun.

X ”(t ) =C (1) VpaBHEHHE IBIKEHUS Tella
X (O) =X o (2 HavanbHast koopauHarTa Tena
X ’(O) = Vo 3) HauanbHast CKOpOCTh TeIa

Tpebdyercst onpeneauTs: 3aBUCUMOCTb X=X (1)

Penienune 3agaum.

HuTerpupyem npaByro U JIEBYIO 4acTh ypaBHeHus (1) mo BpemeHu:

JleBast 4acTh: _[X"(t)dt = X'(¢)

IIpaBas 4acThb: I Cdt = Ct

10



O‘-ICBI/II[HO, 49TO C TOYHOCTBKO JO KOHCTAHTbI C] BBIIIOJIHACTCA paBCH-
CTBO

X'(H)y=Ct+C, @
Hcnonw3ys ypaBHeHue (4) 1 HadallbHOE yCJIOBHE (2), MOKHO OMpeje-
JIUTh C1 :
X'(0)=V, =C,
Torna ypaBHeHue (4) npumeT BUJ
X'(t)y=V,+Ct (5
AHAJIOTUYHO, UHTETPUPYEM IIPABYIO U JIEBYIO YacCThb ypaBHEHHS (5) 1O
BpPEMEHU:

JleBast yacTh: j X’(t)dt = X(t)

2
[IpaBas 4acTs: I(VO +Ct)dt =Vt + Cfé

O‘IGBI/II[HO, 9TO C TOYHOCTBHIO 1O KOHCTAHTHI C2 BBIIIOJIHACTCA PABCHCT-

BO
2
X(z‘)=V01‘+CZ‘A+C2 (6)
Hcnonw3ys ypaBHeHue (6) 1 HadalibHOE ycyioBHE (3), MOKHO Ompeje-
mars G,

X(0) =X, =C,

Torna ypaBHeHue (6) mpuMeT OKOHYATEIbHBIN BU/T

X(0)= X, +Vot +CC4 ()

BoiBoa - HaiinenHoe pemienue (7) 3a7aud MO3BOJIIET OJHO3HAYHO
OTIPENICINTh KOOPAWHATY JBIKYIIETOCS TEa B 000 MOMEHT BpeMeHH ( B

tom uucne npu § < 0).

OTOT BBIBOJ, NOJIYYEHHBIM B PE3yJIbTAaTE PELICHUS YACTHOMW 3a7auH,
IIOJIOXKEH B OCHOBY JETEPMMHHUCTCKOTO MOJAX0Ja K ONMCAHUID MEXAaHUYECKHUX
IPOLECCCOB ( M HE TOJBKO MEXaHUUYECKUX ) U SIBJIAETCS OJHUM M3 OCHOBHBIX
IPUHLIUIIOB TIOCTPOEHUS KJIACCUYECKOM ( MEXaHUCTUYECKON ) KApTUHBI MUpa.

XapakTepHble 0CO0EHHOCTH MEXaHUCTHYECKOH KapTHUHBI MUpa:
a) Bce cocmosinusi MEXaHUUeCcKo2o OBUINCEHUSL NO OMHOUEHUIO KO 8PeMeHU
00uHaKkoswl ( cnedcmsue 0opamumMocmu 8pemeHu ).
b) Bce mexanuueckue npoyeccvl AGNAIOMCA  OeMEPMUHUPOBAHHBIMU,
Mm.e.MmO4YHO U OOHO3HAYHO ONPEOeNeHHbIMU NPeOblOYWUM COCHOSIHUEM (CIy-
YQUHOCMb NPU IMMOM NOJHOCHbIO UCKTIOYAECS).
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c) Ilpocmpancmeo u epemsa Hezasucumvl, umerom abCONIOMHbIIL Xapakmep u
He C853aHbl C 08UICEHUEeM Mell.

Vcrionp30BaHue MPUHITMIIOB MEXAaHUCTHYECKONW TEOPUH B JIPYTUX HAY-
Kax MPUBEJIO K MOSBICHUIO (paTaym3Ma- KOHIIEMIINA HEU30€KHOCTH, TIPE]I-
PELIEHHOCTH BCEX COOBITUH B OyAyILIEM.

KarwueBble TepMHUHBI

OOpaTMOCTh BpEMEHU
JleTrepMUHMPOBAaHHBIN NpOLIECC
HeszaBucumsiil mporece
NueprmanbHble CUCTEMBI
Makpomup

Mexanuctuueckas KapTuHa MUpa
Konuenuus daranuzma

® 6 ¢ 6 6 o o

5. DJIeKTpOMATrHUTHAS KAPTHHA MUpa

CoznateneM 3JEKTPOMATHUTHON TEOPUM SBISETCS AHTIIMUCKUN (PU3KK
J.Maxkcsemn (1831-1879). OcHOBO# Teopuu ABJISIETCS TIOHATHE IO  (paHee
B HBIOTOHOBCKOUW MEXaHUKE paccMaTpHUBAIUCh JUIIb BELIECTBA B BUJE TEN ).
Teopuss MakcBemia sBuiIach 000OIEHHEM BaXKHEHIITUX 3aKOHOB, OITHCHI-
BAIOIIUX D3JIEKTPUYECKUE U BJIEKTPOMArHUTHBIE SIBICHUS: Teopembl OCTpo-
rpajckoro- I'aycca, 3aKkoHa MOJHOTO TOKA, 3aKOHA 3JIETPOMArHUTHON MHIYK-
unn Dapazes.

I-oe ypaBHenue MakcBesuia siBisieTcs 0000IIEHUEM 3aKOHA 3JIEKTPO-
MarHuTHOW nHAyKunu dapanes:

ffdi:—g.

910 YPAaBHCHHEC IIOKA3bIBACT, UTO IICPEMCHHOC MArHUTHOC I1OJIC HCHU3-
OCKHO IMOpOXKAACT BUXPCBOC HHAYKTHUPOBAHHOC JJICKTPHYCCKOC I10JIC.

II- oe ypaBHenue MakcBeJsuia siBisieTcss 0000IIEHUEM 3aKOHA MOJTHO-

SfHdz=Zk: I,

DTO ypaBHEHHME MOKA3bIBAECT, UTO LMPKYJSLMSA BEKTOpa HAINPSXKEHHO-
CTU MarHUTHOTO TOJISl IO TTPOU3BOJILHOMY 3aMKHYTOMY KOHTYpPY L paBHO ai-
reOpandyeckoil CyMMe MakpOTOKOB M TOKAa CMEIIEHUS CKBO3b IMOBEPXHOCTb,
HATSIHYTYIO Ha 3TOT KOHTYP.
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III- be ypaBHeHnne MakcBeJlia siBisieTcss 00001eHneM teopeMbl Oct-
porpazackoro- ["aycca i 3J1eKTpUYECKOro MoJIs:

{)Bdg = qu |
S k

OTO ypaBHEHHE NOKAa3bIBAE€T, YTO MOTOK 3JIEKTPHUUYECKOTO0 CMEIIEHUS
3IIEKTPOCTATUYECKOTO TOJSI CKBO3b JIO0YI0 3aMKHYTYIO IMOBEPXHOCTh PaBEH
CyMMe CBOOOIHBIX 3apsi/I0B, OXBAaThIBAEMBIX 3TOM MOBEPXHOCTHIO.

3apsbl MOTYT ObITh CBOOOJHBIMHU U CBs3aHHbIMHU. CBSI3aHHBIMHU Ha3bl-
BAIOTCS 3apsjbl, BXOJASAIIME B COCTaB aTOMOB M MOJIEKYJ], 3apsiibl HOHOB B
KPUCTAINIMYECKUX ANAIEKTpruKax. CBOOOAHBIMU 3aps/iaMu SIBIISIOTCS 3apsibl
HOCHTEJIEH TOKa B MPOBOSAIIUX cpenax ( 3JIEKTPOHBI IPOBOJUMOCTH, ABIPKH,
MOHBI ) WJIK W30BITOYHBIE 3apsibl, COOOIICHHbIE TENYy U3BHE U HapYIIAIOIINE
€ro 3JEKTPOHEHTPaIbHOCTD ( HAIPUMEpP, CTATUYECKOE IIEKTPUUECTBO ).

IV- oe ypaBHeHue MakcBessia siBisgercsa o0oOimenneM teopembl OcCT-
porpajackoro- ['aycca /i1t MAarHUTHOTO TTOJIS:

SEEdE:o-
S

DTO ypaBHEHHE TOKa3bIBAET, YTO MOTOK BETOpAa MArHUTHOW WHIYKIIUH
gepe3 00y 3aMKHYTYIO TTIOBEPXHOCTh S paBeH HYIIIO.

Teopust MakcBeiia Mo3BoJIMJIa CO3AaTh €IMHYIO CBSI3aHHYIO 3JIEKTPO-
MarHUTHYIO KapTUHY MHUpaA. DJIEKTPUUYECKHUE U MAarHUTHBIE CBOMCTBA Cpe/ibl B
TEOPUU XaPaKTEPU3YIOTCS TPEMsI BEIIMUMHAMU: OTHOCUTEIBHOW JTUAJIEKTPHU-
4eC-KOM MNPOHUIAEMOCTBIO, OTHOCUTEIbHOW MArHUTHOW IMPOHULIAEMOCTHIO,
YAEIb-HOW 3JIEKTPUUECKON MPOBOJUMOCTBIO, KOTOPBIE MPEANOJIAratoTcs M3-
BECTHBIMU U3 OIBITA.

Teopuss MakcBeiia- MakpOCKOIIMYECKas, T.€. B HEM HM3y4YarOTCS DJICK-
TPOMArHUTHBIE MOJIA TAKUX CUCTEM MOKOSILIMXCS U ABMKYIIUXCS JICKTpUYE-
CKHMX 3apsI0B, NPOCTPAHCTBEHHAs! MPOTSIKEHHOCTh KOTOPBIX HAa MHOTO IIO-
pAIKOB OOJIbllIe Pa3MEPOB aTOMOB M MOJIEKYJ ( Tak Ha3bIBa€Mbl€ MAKpPOCKO-
MAYECKHUEe TOoJIS ).

MakpoCKONMYECKHUE 3apsiibl U TOKH SABJISIIOTCS COBOKYITHOCTSIMU MUKPO-
CKOIUYECKHUX 3apsJI0B U TOKOB, CO3/IAIOLIMUX CBOU AJIEKTPUUYECKUE U MArHUT-
HbIE MUKPOIIOJISl, HEIPEPHIBHO U3MEHSIOMINECS B KAXKJIOM TOUKE MPOCTPAHCT-
BAa C TECYECHHEM BpPEMEHU. MAaKpOCKOIHMYECKHE I0JIA, PACCMATPUBAEMBIE B
Teopun MakcBelia, SIBISIIOTCS YCPEAHEHHBIMU MHUKPOMOJISIMU. Y CpeAHEHUE
MUKPOTIOJICH TPOU3BOAMTCS 1O WHTEPBAJIAM BPEMEHH, 3HAYUTEIHHO OOJIb-
[IUM, Y€M TEePUOJIbl BHYTPUATOMHBIX IMPOIIECCOB, U MO 00beMaM IMOJieH, BO
MHOT'O pa3 MPEBOCXOSIINM O0OBEMBI aTOMOB U MOJIEKYJ. DJIIEKTPUUYECKUE U
MAarHUTHBIE B3aUMOJCHCTBUSA, OCYLIECTBIISIEMbIE MOCPEACTBOM 3JIEKTPOMAr-
HUTHOTO MOJIsA, PACIIPOCTPAHSAIOTCS ¢ KOHEUHOW CKOPOCTBIO, PABHOM CKOPOCTHU
CBETa B JaHHOMU cpejie ( MPUHIMI OJIU3KOAeHCTBHUA ).
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W, HakoHel, cpaBHUBAs BELIECTBO U IOJIE, CIEAYyET OTMETUTh UX MPHUH-
UNHAIbHbIE OTJINYHS: BEIIECTBO TUCKPETHO, HIMEET KOHEUHOE YHUCIIO CTele-
HEel cBOOOBI; TOJIE K€ HEMPEPBIBHO, YHCIIO €ro CTeneHed cBoO0oAbl 0eCKO-
HEYHO.

KiroueBbie TepMUHBI

¢ (Crenesb cBOOOIBI ¢  JIMCKpETHOCTh

¢ HenpepbIBHOCTH ¢ Ilome

¢ CBOOOaHBIN 3apsi 14 CBs3aHHBIN 3apsij

¢  Muxkponone . Maxkpomnone

¢ bruskonencTBue . MaruuTHBIN ITOTOK

¢ HanpsbkeHHOCTh moJist . MarnutHass UHIyKIHs

¢ MakpoTtok . Tok cMmereHus

¢ [upkyssuust BEKTOpa . Jnsnexktpuyeckas
MPOHULIAEMOCTb  CPEbI

¢ IIpoBogumocTs ¢  MarnuTtHas IpOHULIAEMOCTD
Cpeasl

6. Pesorroniuga B ecrecrBo3Hanun XIX-XXB.B.

PeBOMIOLIMOHHBIMU CUMTAIOTCS OTKPBITHS, CBS3aHHBIE CO CTPOCHHEM
BELIECTBA U €r0 B3aUMOCBSIX3HU C SJHEPTUEH.

I[InanerapHass Mojgejb aTOMa, IOCTPOCHHAs AHIJIMHUCKUM YYEHBIM
D.Peseppopaom u ycosepuieHCTBOBaHHasE AarckuM ¢uzukom H.bopom pas-
pyumniga MUQp O HEIEIMMOCTH aToMa. bbUIO BBEJEHO MOHSATUE KBAaHTA HEP-
MM, U3TYy4aeMOW WJIM TMOTJIOIIAaeMOM 3JIEKTPOHAMHU MPHU MEPEeXo/e C OJHOU
OpOUTHI HA IPYTYIO.

SIBleHMe KBAHTOBO- BOJHOBOIO JYyajHM3Ma, OTKPHITOE (DpaHIly3CKUM
yuensiM JIyn ne Bpoiinem B 1924 roay, cornacHo KOTOpOMY Ka)KJI0M MaTepH-
QJIBHOW YaCTUIIE HE3aBUCHMO OT €€ IPUPOJBI CIEAYET OCTABUTh B COOTBET-

_h
CTBUE BOJIHY, JJIMHA KOTOPOU A= A . Cornacno npunuuny ae bpoitns

BEILIECTBO M TIOJIE 3aUMOCBSI3aHbl: B OIPEIECIEHHBIX YCIOBUSIX BELIECTBO
MIPOSIBJISIET BOJHOBBIE CBOKCTBA, a YaCTHIIbI MOJISI- CBOMCTBA KOPITYCKYJI.

H.Bop B 1927 roay copmynupoBai NPUHUMI JONMOJHUTEIbHOCTH,
COIJIaCHO KOTOPOMY IPH PacCMOTPEHUM KOPIYCKYJIIPHBIX SIBJICHUI KBaHTO-
Basi TEOPUS 10JKHA ObITh TOTIOJIHEHA BOJIHOBOM M HA00OPOT.

H.bop sBnsercs Takke OCHOBOIIOJIOXKHUKOM HNPHHIMIIA COOTBETCT-
BUSL: BBIBOJIbI U PE3YJIbTaThl KBAHTOBOW MEXAHUKHU MPU OOJBIITNX KBAHTOBBIX
YHuciax JOJKHBI COOTBETCTBOBATh KJIACCHYECKUM pesynbrataM. O0oOmas
3TOT MPHUHIMII CIEAYeT MPU3HATh, YTO MEXKIy JTI000H HOBOW Teopueu u
MPEAECTBYIOMIEN €l TEOPUEN CYILIECTBYET 3aKOHOMEPHAS CBS3b: B OIpEJe-
JIEHHBIX MpPENENbHBIX CIy4yasx HOBas TEOpHUs JOJDKHA MMEPEXOJIUTh B CTapYyIo.
Hanpumep, popmysibl KHHEMAaTUKH U TUHAMUKHU CHEIMAIIBHON TEOPUU OTHO-
CUTEJIbHOCTU MepexoisaT B (QopMynbl MexaHukd HbloTOHa m0pH yCIoBUU
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v
4 — O . FGOMCTpI/I‘-IeCKaH OIITUKA SABJIACTCA NPEACIIbHBIM CIIydacM BOJI-

HOBOJ OITHKH, €CITH MOYHO TIpeHeOpeys BemnunHoi el Boxasl (A — 0
KBantoBass mMexaHuka, OOBSCHAIOIIAS MPOILECCH], MPOUCXOIAINIME B MHpE
AJIEMEHTApHBIX YacTuil ( MUKpoMmupe ) Obuta co3nana B 1925-1927r.r. B oc-
HOBE KBAaHTOBOI MEXaHHKH JIC)KUT NMPUHIMUI HeompeaeaeHHocTel, chopmy-
JAUpOBaHHBIA HeMelKuM ¢usnkoM B.I eiizenOeprom:

Ax-Ap=>h

CorynacHO 3TOMY HNPUHUMUITY HEBO3MOXHO JIOCTOBEPHO OIPENEIUTH U
KOOPJIMHATYy U UMITYJIbC MUKpodacTulbl. [IponsBeeHre nx HETOUHOCTEN HE
MOKET ObITh MeHblle nocTostHHOW [lnmanka. M3 mpunHmmma taxoke ciemyer,
YTO BIIOJIHE BO3MO>KHO IMPOBECTH SKCHEPUMEHT, C TOMOUIBI0 KOTOPOI0 MOX-
HO C OOJIBIION TOYHOCTH ONPENETUTH IMOJOKEHWE MHKPOYACTHUIBI, HO MpHU
ATOM €€ UMITYJIbC OYIeT ONpeieiieH HEeTOYHO, TU00 HA000POT.

B kBaHTOBOI MeXaHUKE JH00€ COCTOSIHUE CUCTEMbI OMMCHIBAETCS C II0-
MOILBIO «BOJIHOBOM (YHKIIMM», KOTOpasi ONPEIENAET MapaMeTpbl COCTOSIHUS
HE JIOCTOBEPHO (HE a0COJIIOTHO TOYHO), a C HEKOTOPOM CTENEHBIO BEPOSITHO-
ctu. [IpnurHa HEONPEAEIEHHOCTH 3aKIIF0YaeTCs B CaMOM MPUPOJIE SIBICHUS U
HE MOXET ObITh YMEHBIIEHA 3a CUYET COBEPIICHCTBOBAHUS CPEICTB HU3MeEpe-
HUSL.

CornacHO KBaHTOBOIN MEXaHUKE JIF0OObIE U3MEPEHUs, HA OCHOBE KOTOPBIX
JIEJA0TCS Pa3IMYHOrO poAa MPOrHO3bI, SABISIFOTCS HEJAOCTOBEPHBIMU ( TO €CTh
OTIPECTSIOTCSA ¢ HEKOTOPOIl MOTPEIIHOCTHIO ), TOATOMY abCOIIOTHO TOYHOE
IpeicKa3aHrue OCYIIECTBUTh HEBO3MOXKHO. [lociie BOSHUKHOBEHHSI KBAHTOBOM
MEXaHUKHU CTaJi TOBOPUTH O TOCIOACTBE CIIyYaHOTO B MUPE U OTCYTCTBUM B
HEM JETEepMUHU3MA.

KioueBble TepMHUHBI

¢ KBaHT ¢+  KBaHTOBO- BOJHOBOM
Iyanu3M

¢ BonHoBas QyHKIHUSA ¢  [IpuHUMnD HEONpPEnEeIEeHHOCTH

¢ [IpuHIMI AOTNOJHUTEIBHOCTH ¢  [IpuHUOMO COOTBETCTBUA

¢ KBaHTOBBIC UKCIa i Konuenius ciyuaiiHOCTH
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7. KoHuenuus OTHOCUTEILHOCTH POCTPAHCTBA M BPEMEHHU.

B ximaccuyeckol MEXaHHMKE CIpaBeIJINB MEXAHUYECKUU MPUHIUII OTHO-
CUTENBHOCTHU ['anmunest: 3axonbl MexaHuku 0OUHAKOBbl 80 8CeX UHEPYUATbHBIX
cucmemax omcyema. ITO 3HAYUT, YTO B PA3HbIX MHEPIHUATBHBIX CHUCTEMAX
OTCYETa BCE MEXAHMYECKUE MPOIIECCHI IPU OJIHUX U TEX K€ YCIOBUSX MPOTE-
KaloT oJInHaKoBO. CieaoBaTebHO, C TOMOIIBIO JIFOOBIX MEXaHUYECKUX IKC-
MIEPUMEHTOB, MPOBEJICHHBIX B 3aMKHYTOM CHUCTEME TE€JI, HEJIb3sl YCTAHOBUTH
MOKOUTCS 3Ta CUCTEMA WIH JABUKETCS PABHOMEPHO U MPSMOJIUHEWHO OTHOCHU-
TEIbHO KaKOW- JMO0 MHEepUUalIbHOU cucTeMbl oTcuera. [loaTomy MexaHuye-
CKHI MPUHLHI OTHOCUTEIBHOCTH CBUAETEIBCTBYET O PABHONPABHOCTU BCEX
WHEPIUAIBHBIX CUCTEM U OTCYTCTBUU KAaKOH-TO 0COOOW MHEPIUATbHONU CHC-
TE€MbI, OTHOCUTEIILHO KOTOPOM MOXHO ObUIO OBl paccMaTpuBaTh MEXaHUYe-
CKOE JIBMKEHHUE KaK «a0COJIIOTHOE JIBIKEHHE». Bo Bcex moI00HBIX cucTeMax
JIBUKEHHUS SIBJIIFOTCSI KOBAPUAHTHBIMU U BBIPAXKAKOTCS OJHOM M TOW K€ Mare-
maTuueckoi opmynoi. [IpocTpaHcTBO 1 BpeMsi B KJIACCHUECKON MEXaHUKe
000CcO0JIEHBI OT ABUKEHUS MAaTEPUATBHBIX TEII.

B cnenuanbHOM TEOpUHM OTHOCHUTEIBHOCTH, CO3JIaHHOM AMEPUKAHCKUM
¢uzrkomM A.DUHIITEHOM ObUIO YCTAHOBJIEHO:

a) Besikoe 0guoicenue Modicem onpedensimucs moabko o OMHOWEHUIO K Op)-
UM menam, 83amvIM 3a CUCEMbl OMmcyema.

b) Ilpocmpancmeo u epems 83auUMOC8A3aHLL, BpPEeMsL AGIACMCA UemEepmoul
KOOpOUHAMOU 015l ONUCAHUSL OBUIHCEHUSL.

C) B 1060t unepyuanvbHou cucmeme omcuema CKOpOCMb C8ema 8 8aKyyme
uMeem 0OHY U My Jice 8elUdUHY 05 1100020 HANPAGIEHUSL.

d) Ilepexo0 om oomoll uHepyuarbHOU cucmemsvl K Opy20ll NpU OYeHb DONLUIUX
CKOPOCHIAX UX OMHOCUMENbHO20 OBUNCEHUS OCYUJeCMBIAEemcs C NOMOWbIO
npeobpazosanuii Jlopenya:

P

l‘_i
X —Vvt /= c

:W,y:% z'=z, -5

rie XsV>Z,1 - xoopaumatsi cuctemsr O

X

! ! 4 4 /.
X',Y ,Z,l - KoOpAMHATBI CHCTEMBI AN
\4 S’ X
- CKOPOCTb CUCTEMBI O B HampapleHun ocu X |

HN3MCPCHHAA B CUCTEMC S)

C - cKOpOCTb CBETa B BaKyyME; ,B o 4 :

[Tpu ,8 — 0 npeoOpa3oBaHus NepexoAsT B npeoOpazoBanus ['anu-

nest
(MMEIOIMMU MECTO B KJIACCUUECKON MEXaHUKE):

16



x'=x-vt, y=y z'=z t'=t
B Takux cuctemax orcuera BpeMsl T€UET OJMHAKOBO (SIBISETCS MHBAPUAHT-
HOM BEJTUYUHOM ).
B pensaTuBUCTKON ~ MEXaHUKE  CHPaBEIJIUBBI  COOTHOIIEHUS:

At ' m E
I'=IJ1-° A== M=——— E'=—n— .o
’ W ’ l_ﬂz ’ 1—[52 ’
JABHIKCHUC CO CKOPOCTBIO 6HH3KOﬁ K CKOpPOCTH CBCTA B BAKYYMC IIPUBOAUT K

3aMCJICHUIO BPEMCHU t , COKpalICHHIO JJIMHBI l , BO3paCTaHUIO MaCChbI m

H SHCPIuun E .

JIBU>KEHUE CO CKOPOCTHIO 0oibiie C HEBO3MOXKHO ( BBIPAKEHHUS MEPE-
CTalOT OBITH JEHCTBUTEIHLHBIMH ).

[Ipu ﬂ — 0 pempunmsr l ” At , M, E SBJISIFOTCSI ”THBAPUAHTHBIMH.
KiroueBble TEpMUHBI

NueprmanbHble CUCTEMBI
[TpeobpazoBanus Jlopenua
MHBapnaHTHOCTH
Kitaccnueckas MexaHuka

[IpyuHLIIMTO OTHOCUTEIBHOCTH
[IpeobpazoBanus ["anmnes
PenstuBuszm
PenstuBrcTCKas MeXaHUKA

* 6 o o

4
L 4
L 4
L 2

8. Konuenuus HeOﬁpaTHMOCTH H TEPpMOANMHaAMHKA.

TepmonnHamMuka Kak HayKa BO3HMKJIA W3 00001IeHUs (haKTOB, OMHUCHI-
BAaIOIUX SIBJICHWE TEpeaavd, paclpOCTPaHECHUs W TPEBPAIECHUS TEIia,T.e.
TEIJI0, BO3HUKIIIEE B PE3YJIbTaTe MEXaHUUYECKOW pabOThI, HENIb3sl CHOBA Tpe-
BpPaTUTh B DHEPTHIO VISl BBHITIOJIHEHUSI HOBOU paboThl. C APYyroi CTOPOHBI, U3-
BECTHO, YTO YacTh TEIUIOBOM PHEPIUU MPEBPAIIACTCS B MEXaHUYECKYI0 pado-
Ty. Bce atu pakThl HanuIm 00BsICHEHUE B 3aKOHAX TEPMOIMHAMUKH.

1 3aKOH_TepMOAMHAMMKHU. Tennio @, noayyenHoe 3aMKHYmMOU cucme-
Mo, udem Ha yeeauyeHue gHympentel snepeuu A U cucmemsl u @vblnonHeHue
pabomvr W, npoussooumyto cucmemou npomue 6HeUHUX CUui.

Q=AU+W,

rae Q>0 - eciu Temio MOABOJIUTCS K CUCTEME;
Q<0 - ecnu TEIJIO OTBOJAUTCS OT CUCTEMBI;
W>() - ecniu cuctemMa npou3BOIUT PaboTy;
W<0 - eciiit HaJT CUCTEMOI BHEITHUMH CHJIAaMU COBEpIIIaeTCs padora.
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Kaaccudpukanmusa cucreMm ( TepMOIHHAMHYECCKHUX ).

3akpbiTasi TEPMOAMHAMMYECKAS] CHCTEMA- 3TO CHCTEMa, KOTOpas He
MOKET OOMEHUBAThCS BEIIECTBOM C BHEUIHEW CpelloN. ((Hanpumep, Kocmuye-
CKUll KOpaoiv).

OTkpbiTasi TepMOAMHAMMYECKAs] CHCTEMa- 3TO CHCTEMa, KOTopas
MO>KEeT OOMEHMBAThCSl BEIIECTBOM C BHEIIHEW Cpenou ( Hanpumep, dcuswvie
OpP2aAHU3MbL).

3aMkHyTasi (M30JIJMPOBAHHAS1) TEPMOJAUHAMHUYECKAS] CHCTEMA- 3TO
CUCTEMA, KOTOpas HE MOXKET OOMEHMBATHCS HHU BEIIECTBOM, HH DHEPrUEH C
BHEIIIHEWN CPENIoN. (udeanuzuposanHvie Cucmemsl).

CornacHo 1 3aKOHY TEPMOAMHAMUKH B OINPEIECICHHBIX TEPMOIUHAMU-
YECKHUX CHCTEMAax MOTYT INPOTEKATh TAKHE MPOLECCHI, IPU KOTOPHIX IMOJIHAS
DHEPIUsl CUCTEMBI OCTAETCs HEM3MEHHOM. [IpeBpamenue TennoBoul dHepruu
LEIUKOM B MEXaHUYECKYI0 pabOTy HE HApyIIAET 3TOT 3aKOH, OJIHAKO, TaKOU
npIecc HEBO3MOXKEeH. BTopol 3aK0H TEpMOJIMHAMHUKU €lle OOJIble OTrpaHu-
YUBAET BO3MOXHBIE MMPOLIECCHI TPEBPAILICHHUS.

2 3aKOH TepMOAMHAMHUKH. TemIoTy MOXXHO IpeBpaTUTb B PabOTy
TOJIBKO IIPH YCJIOBHH, YTO 4acTh 3TOM TEIUIOTHI OJHOBPEMEHHO NEPEUIET OT
ropsiuero Temia K XOJIOAHOMY( HNPHUHLMII ACWCTBUS TEIUIOBBIX JBHUraTesel).
Yrto0bl TEmoTa Morja NepeuTy OT XOJIOJHOTO TeIla K ropsueMy, He00X0a1-
MO 3aTpaTUTh MEXaHWYECKYyI0 padoTy ( MPUHIMN JEHCTBHS XOJOIUIbHBIX
MaIvH ).

CornacHo 2 3aKOHY TEPMOJMHAMUKH B 3aMKHYTOM CHCTEME B OTCYTCT-
BUU KaKUX-JIMOO MPOLECCOB TEIIOTa HE MOXKET CAMOIPOU3BOJIBHO MEPEUTH
oT 0oJIee XOJIOAHBIX YacTel CUCTEMBI K O0JIee TOPSUHM.

Konnenmust “ TermioBoii cMepTu “. BpIIBHHYTa HEMEIIKUM (PU3UKOM
P.Knay3uycom (1822-1888), ucxoas u3 ciaeayromux NoCTyIaToB:

1) DOueprus BecenenHoil Bceryia nocTosiHHA.

2) Outponus BeeneHnHoil Bcerna Bo3pacraer.

OHTpoIUEeN Ha3bIBAIOT MAPAMETP COCTOSHUS CUCTEMBI, Tu(depeHnnan
KOTOPOM pPaBEH

do,
ds =—*%
T

rie dQ 06p - KOJIMYECTBO TEIIOTHI, NOJyYeHHOE (MJIU OTAAHHOE) CUCTEMOM;
T- TemnepaTypa TEII00TAAIOIIETO TENA.

18



[Tpu monyuenun temia cuctemoin ( dQ>0 ) sHTpoOTMS cCHCTEMBI BO3pac-
TaeT
(dS>0), aecnu cucrema otnaet Terio ( dQ<0 ), To ee SHTpoNUs yOBIBAET
(dS<0).

[TockoNbKy MOHSATHE DHTPONUU BBOAWTCS B auddepeHnnaIrHOM BHUE,
TO €€ 3HaYEHUE MOKET ObITh OMPEJIETIEHO TOJIBKO C TOUHOCTHIO J10 KOHCTAHTHI
(abcommoTHOE 3HAYEHHE ONPEACTUTh HEBO3MOXKHO).

B crartuctuyeckoit ¢Gu3nke IHTPOMNUS CBS3BIBAETCS C BEPOSTHOCTHIO
TEPMOJIMHAMUYECKOT'O0 COCTOSIHUSI CUCTEMbI U SIBJISIETCS. MEPOM yIOpsI04YeH-
HOCTH CHCTEMBI:

1
S ~ —
P >
rae P- tepmoarHamMudeckast BEpOSITHOCTb COCTOSIHUSL CHCTEMBI.
Ecmu T=0,T0 P=1, aecrm T>0 ,T0 P<I.

Takum o0pa3zoM, MpY MOBBIIEHUU TEMIEPATYPbl TEPMOJIMHAMUYECKAS
BEPOSTHOCTh COCTOSIHUSI YMEHBILIAETCS, YBEIIMYMBACTCS XAOTUYHOCTh CUCTE-
MBI, SHTPOIIHSI BO3PACTAET.

Ucnonb3yss monstue 3HTponuu, Gopmynupoka Il 3akona tepmoau-
HAaMUKH YIIPOILAETCH:

IHmponusa 3aMKHYmoil cucmemsvl HOCMOAHHO 6o3pacmaem ( “‘cTpe-
JIa BpeMeHU”’ B 3aMKHYTBIX TEPMOJAMHAMUYECKUX CUCTEMAX ).OTO O3HAYAET,
YTO TAKHE CHCTEMBI 3BOJIIOLIMOHU3UPYIOT B CTOPOHY YBEJIIMYEHUS B HUX Xa0-
ca, Oecnops/ika, OKa HE JOCTUTHYT TOYKM TEPMOAMHAMUYECKOTO PaBHOBE-
cusl, B KOTOPOM BCAKOE MPOU3BOACTBO PaOOTHI OKA3bIBAETCS HEBO3MOKHBIM.

I'mnoresa Kiay3uyca, ocHOBaHHas Ha INpEACTaBICHUM BceneHHOM 3a-
KPBITOM CHUCTEMOM, SIBJISIETCS aOCTpakIMel, He OTpakarollell pealbHbIM Xa-
pakTep NPUPOAHBIX CUCTEM, KOTOPBIE CIIOCOOHBI OOMEHMBATHCS IHEpPrueH ,
BEILIIECTBOM U MH(OpMaIuen ¢ OKpyKarllel cpeoil, T.e. SABISAIOTCS OTKPbI-
TBIMM CUCTEMaMHU. B OTKpBITBIX CHCTEMAaX TAKXKE MPOU3BOAUTCS SHTPOIIHUS,
T.K. UIMEIOT MECTO HEOOpaTUMBbIE MPOLIECCHI, HO B OTIUYUE OT 3aKPBITHIX CHC-
TEM OHa HE HAKaIUIMBAETCS,a BBIBOJUTCSA B OKPYXKAOILLyI0 cpeny. OTKpBIThIE
CUCTEMBI JKMBYT 32 CYHET 3aUMCTBOBAHUS MOPSAKA U3 BHEIIHEH CPEIBI.

KiaroueBble TCEPMHUHDbI

¢  DHTponus ¢ AOcomnroTHas TemiepaTrypa
¢ BepoATHOCTH ¢  BHyTrpeHH:s dHEprus

¢ [lopsnox ¢  3amKHyTas cucteMa

¢+  Xaoc ¢  3akpsITas cucrema

¢ PabGota ¢ OrtkpsiTas cucremMa

¢ “reruioBasg cMmepTh’ ¢ TepMmoauHaMuKa

¢ Temno ¢  Crpena BpeMeHU
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9. KoHnenuus CHHEPreTUKN

Hemenkuit ¢pmzuk I'. Xaken ( poxm. 1927r. ) Ha3Bay CHHEPreTHUKOM
IPOLIECCHI CAaMOOPraHU3alry, MPOUCXOASAIINE B jJa3epe (B MEPEBOAE C IPEB-
HETPEYECKOTO CUHEPTeTUKA 03HAYAET COBMECTHOE JICUCTBUE WIIM B3aUMOJEH-
CTBUE ).

YciaoBus NMPOTCKAHUA MPOHECCOB CaMOOpPraHU3allnU B
CucremMmax

1) IIpoueccel caMoopraHu3alvd UAYT TOJIBKO B OMIKPBLIMBIX CUCHIE-
Max, T.K. 3aKpBIThIE CUCTEMbl B COOTBETCTBUM C 3aKOHAMU TEPMOJMHAMUKHU
UMEIOT KOHEYHBIM UTOTOM Xa0C (MaKCHUMAaJIbHBIN OECIOPSIIOK ) WU JIe30pTa-
HU3AIHIO.

2) Cucrtema JI0JDKHA HAXOJUTHCS 0OCHIAMOUHO O0A/1eKO Ol HOYKU
mepmoouHamuueckozo pasnogecus (B 3TOU TOUKE CHCTEMa UMEET MaKCH-
MaJIbHBIN OECIOPSAOK ), U3 KOTOPOU BBIXO/] 3aTPYIHEH.

3) VYmnopsgounBaHUE CTPYKTYPhl CHUCTEMBI (OpraHu3aiusi HOBOro IIO-
psAIKa ) MPOUCXOAMT 3aCUET HE3HAUUTENIbHBIX OTKJIOHEHUH ( QIyKTyaluid ) oT
NEPBOHAYATILHOTO COCTOSIHUS, BO3PACTAHUIO AMIUIATYAbI (DIYKTyaluil ¢ Te-
YEeHHEM BPEMEHH, MOCTENEHHOI0 pacllaTbIBaHUs MPEXKHETO MOpsJiKa U B pe-
3yJIbTaT€ YCTAHOBJIECHUIO HOBOT'O MOpsAKa (npunuyun odpazoeanus nopaoka
uepe3 haykmyayuu ). Takoil mpolecc METOAUYHON PACKAYKH CUCTEMBI, CO-
MIPOBOXKIAIOIIUICS BO3pACTAaHUEM aMIUTATYAbl (DIyKTyaruii, CBUIAETEIbCTBY-
€T O HAJIMYUU B CUCTEME HOSIOHCUMETbHBIX 00PAMHBIX CEA3EIl.

4)  OTnuuuTenbHas YepTa MAaTEMaTUYECKUX MOJENEH, OMUCHIBAIOIIUX
OTKPBIThIE CUCTEMBI U MPOIIECCHI CaMOOPraHU3aAlMU- UX CYIIECTBEHHAs He-
auneitnocms. HenvHeliHble MaTeMaTUYECKUE YpaBHEHUS SIBISIOTCS Oosee
aJICKBaTHBIMU PEAIbHBIM CUCTEMAM.

KioueBble TepMHUHBI

¢ CuHepreTuka ¢ Touka TEpMOAMHAMUYECKOTO PABHOBECUS
¢ Odnykryauuu ¢  HenuHeliHas TepMoaMHAMUKA

¢ [Ilopsanoxk ¢ [lpunuun obpazoBaHus opsaKa

¢ (CamoopraHu3anus ¢  Henunelinble ypaBHEHUS

¢ (OOpatHas CBs3b .

[TonoxuTenbHast oOpaTHast CBA3b
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10. Konnenuus aroMu3Ma.

OObsicHEHUs], IPU KOTOPBHIX CBOMCTBA CIIOKHBIX BEIIECTB MM TEJ IIbI-
TalOTCS CBECTU K CBOMCTBaM 0oJiee MPOCTHIX 3JIEMEHTOB MJIM COCTABHBIX Yac-
TEH, Ha3bIBAIOT PEOYKUUOHUCHCKUMU.

Amomuzmom TPUHATO CUYUTATH MOAXOJA K OOBSICHEHHIO MPOIIECCOB,
MIPOUCXOAIINUX BO BCEneHHON, CBSI3aHHBIN C IOMCKOM MENbYaNIlInX HEACIU-
MBIX YaCTHI], OIIPEAEISIOIINX COCTAaB, CBOMCTBA U CTPYKTYPY BCETO CYILIETO.

Jlosroe Bpemsi Takoil 4acTHIEHl cuuTalics aToM ( B IEPEBOJE C Ipeye-
CKOTO HEIEIMMBbIH ), OJHAKO B Hayane XX BeKa aHTIUHCKUE (GU3MKH
D.Pezepdpopn u ®.Conau, uccnenyst paauoaKTUBHbBIE MPEBPALIEHUS XUMHUYE-
CKHX DJIEMEHTOB, JOKa3ajH, YTO aTOM HE SIBJIIETCS HEJAEIHMBIM.

[Touck nepBUYHBIX (PyHIAMEHTANbHBIX YACTHIL], HA3BAHHBIX BIOCIEICT-
BUU 271eMEHMAPHbIMU, TIPUBEN K OTKPBITUIO 3iekTpoHa (1897), mpoToHa
(1919), dortona (1900 ), meritpona (1932), mosutpona (1932 ), HeHTpuHO
(1932 ), anTUnpoToHa

(1955 ), antunentpona (1956), npomexxyrounsix 0o30HOB (1983). B
1970-80r.r. peub HAET yKE€ O CEMEUCTBAX «CTPAHHBIX», «OYAPOBAHHBIXY,
«KpaCHBBIX» 3JIEMEHTAPHBIX YACTHLI.

Obwue ceederust 06 INeMEHMAPHBIX YACMUYAX.

SnepHas Qu3uka U3ydaeT CTPYKTYpy M CBOMCTBAa aTOMHBIX sifep. OnHa
UCCIIEIYeT TaKXe B3aMMOIIPEBPALCHUSI aTOMHBIX SIAEp MPOUCXOASIINE B pe-
3yJbTaTe Kak pPaJMOaKTUBHBIX PacnajoB, TaK U Pa3jIUYHbIX SAEPHBIX peak-
uui. K anepHoil pu3nuke TECHO MPUMBIKAIOT (PU3MKA 3JIEMEHTAPHBIX YACTHIL,
(u3MKa U TEXHUKA YCKOPUTENEH 3apsKeHHbIX YaCTHUL, SAEpHAs SHEPreTHKA.

AnepHo-pu3nuecKre UCCIEAOBAHUS MMEIOT OTPOMHOE YHMCTO HAyYHOE
3Ha4YE€HUE, MO3BOJISASA POABUTAaThCA B IOHUMAHUN CTPOEHUS MAaTEPUU, U B TO
K€ BpEeMsl YpPE3BbIYAMHO BaXKHbI B IPAKTUYECKOM OTHOILICHUH (B HEPIreTHKE,
MEJIUIIUHE U T. I1.).

Inemenmapuvle yacmuysl - NEPBUYHBIC, HEPA3IOKUMbIE YaCTHUIbI, U3
KOTOPBIX, IO MPEANOI0KEHHIO, COCTOUT BCsl MaTepusi. B coBpemenHol (pusu-
K€ 3TOT TEPMHUH OOBIYHO YMOTpeOJIAeTCs HE B CBOEM TOUYHOM 3HAYEHMH, A B
MEHee CTPOTrOM - JIJIsi HAMMEHOBAHUs OOJBIION TPYIIbI METbUYANIIINX YACTHII
MaTEpUH, MOAYMHEHHBIX YCIOBHIO, YTO OHM HE SBIISIFOTCS aTOMaMH WJIU
aTOMHBIMU $JIpaMH, 32 HCKJIIOYEHHEM NpoToHa. K ajemMeHTapHbIM YacTUIaM
OTHOCATCS: IPOTOHBI, HEUTPOHBI, JIEKTPOHBI, (DOTOHBI, MM-ME30HbI, MIOOHBI,
TSKENBIC JIEITOHBL, HEUTPUHO TPEX TUMOB, CTpaHHble 4acTUlbl (K-Me30HBI),
TUIIEPOHBI), Pa3HOOOPa3HbIE PE30HAHCHI, ME30HBI CO CKPBITHIM OYapOBaHUEM,
«0YapOBaHHBIE)» YACTHUIIbI, TPOMEKYTOUHbIE BEKTOPHBIE OO30HKI U T. 1I. - BCE-
ro 6onee 350 yacTull, B OCHOBHOM HECTAOWJIbHBIX. VMIX 4YMCIIO TPOJOSIKAET
pacTu Mo Mepe PACHIMPEHHS HAUUX 3HAHUN. BOJBIIMHCTBO MEPEUYHNCICHHBIX
YacCTUIl HE YJOBJIETBOPSET CTPOTOMY OIPEAECIECHUIO JJIEMEHTAPHOCTH, IIO-
CKOJIbKY SIBJIIFOTCS COCTaBHbIMU cucTeMaMu. OOlee CBOMCTBO BCEX 3THUX
YaCTHUI[ 3aKJIIOYAETCsl B TOM, YTO OHHU IMPEACTABISAIOT cOO0H cnenuduueckue
(opMBI CyIIECTBOBAaHUS MaTepUH, HE aCCOLIMUPOBAHHOM B si/ipa U aTOMBI.
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Macchl 0OJIBIIMHCTBA 3JIEMEHTAPHBIX YaCTULl UMEIOT MOPSAIOK BEJINYU-
HBI MacChl IIPOTOHA, PaBHOit ~1,7*¥10 * r. PasMephl IpOTOHA, HEHTPOHA, K-
ME30Ha, M JPYTHX afpoHOB - mopsiaka 10 ' cM, a 2IeKTpoHa M MIOOHA He
onpeseseHsl, Ho Mebine ~10 ¢ cM. MHUKPOCKOIMYECKHE MAacChl M pa3Mepsl
AJIEMEHTAPHBIX YacTHUI] 00YCIaBIMBAIOT KBAHTOBYIO CHELU(PUKY MX MOBEAE-
Hus. Hanbonee BakHOE KBAHTOBOE CBOMCTBO BCEX AJIEMEHTAPHBIX YACTHIL -
CIIOCOOHOCTh MCIYCKAaThCSl U MOTJIOMIATHCA MPU B3aUMOJICUCTBUM C PYTUMU
YaCTUIIAMH.

Xapaxmepucmuku s1emeHmapubix yacmuy. B 3aBUCHUMOCTH OT Bpeme-
HU KU3HM YaCTHUIIbI JCNATCS Ha CTaOWIbHBIE (dJIEKTPOH, MPOTOH, (POTOH U
HEUTPUHO), KBAa3UCTAOWIbHBIE (pacHajaroliuecs: Mpu AJIEKTPOMArHUTHOM U
c11aboM B3aHMOJICHCTBUSAX, BpeMs HX Ku3HH 6oibine 10 >° ¢) i pe3oHaHCHI
(JacTuupl, pacnagaroliviecs 3a CYET CHIIBHOIO B3aUMOJAEHCTBUS, THIIMYHOE
BpeMst skm3HE ~10 22210 *¢).

OOmuMH JJ11 BCEX AJIEMEHTAPHBIX YACTHI[ XAPAKTEPUCTUKAMM SIBIISI-
I0TCA Macca, BpEMsl KU3HU, AIEKTPUUECKUM 3apsij, CIIUH U Ap.

Anemenmapuvle Yacmuyvl - XapaKTEPU3YIOTCSI MOMEHTOM HMITYJIbCA.
CornacHO KBaHTOBOM ME€XAaHUKE, MOMEHT UMITYJIbCa CUCTEMbBI MOXET MPUHU-
MaThb He JI0ObIe, a TUCKPETHBIC 3HAYCHUS, €r0 CKAUYKH PABHSIOTCS MOCTOSH-
Hol [lnaHka, MOATOMY €ro M3MEpSAIOT B €IWHMIIAX TOW MOCTOSHHOU (IucC-
KPETHOCTh BO3MOXHBIX 3HAUECHHU MOMEHTA COBEPIICHHO He3aMeTHA B OOBIU-
HOM JKM3HU, MOCKOJBKY MocTosiHHas [lmanka ouenp mana). MoMeHT, u3Me-
PEHHBIN B TaKUX €IWHUIAX, Ha3bIBaeTCsl CIMHOM. CIIMH MOXXET MPUHUMATH
LEJIBIC WJIM MOJIYLENbIe 3HAa4YeHUs. B COOTBETCTBHM OISITH K€ C KBAaHTOBOM
MEXaHUKOH MPOEKIMS MOMEHTA Ha KaKyI0-TH00 OCh TOKE UMEET AUCKPETHBIC
3HaueHus. PazymeeTcs Takas TUCKPETHOCTh HAXOJIUTCS TAJIEKO 32 MPENeiaMmu
WU3MEPUTEIBHBIX BO3MOXXHOCTEW OOBIUHON MeXaHWKW. MHOe neno -00beKThI
MHUKPOMHUPA, 111 HUX JUCKPETHOCTh 3HAYEHUN BEKTOPA MOMEHTA M €r0 IMPO-
€KI[UI UTPAET CYIIECTBEHHYIO POJIb.

XapakTEepUCTUKHU SJIEMEHTAPHBIX YACTUL, MPUHUMAIOIINE AUCKPETHBIE
3HAYEHMS, IPUHATO HA3bIBATh KBAHTOBBIMHM YHUCIAMH. Pa3nnyaloT CIMHOBOE,
OpOUTAJIbHOE, MATHUTHOE U JIPYTHE KBAHTOBBIC YHCIIA.

[ToMrMMO yKa3aHHBIX BEJIWYWH, 3JIEMEHTAPHBIC YACTHUIBI JOMOJTHUTEIb-
HO XapaKTEPU3YIOTCA €IIE€ PSJAOM KBAHTOBBIX YMCEJ, KOTOPbHIC HA3bIBAKOTCS
BHYTPEHHUMH. DTO OapHOHHBIM W JICITOHHBIA 3apsi/ibl, YETHOCTh, a TaKkKe
KBAPKOBBIE apOMAaThl - XapaKTEPUCTUKHU, OIMPEICIISIONME TUIl KBapKa, TaKUe
KaK M30CIHH, CTPAHHOCTb, «0YapOBAaHUE», «KpacoTay, LBET. BHyTpeHHHE
KBaHTOBBIC YHCJIa BBOJSATCS ISl TOTO, YTOOBI (hOpMaTM30BaTh 3aKOHOMEPHO-
CTH, DKCIIEPUMEHTAIHLHO HaOJI01aeMbl B TIPOIIECCaX, MTPOUCXOAIINX B MHUK-
pomupe.

Ucmunno snemenmapnvie wacmuysi. Ha ceromHsmHuii 1eHb C Teope-
THUYECKOW TOYKH 3PEHUS W3BECTHBI CICAYIOIIME UCTUHHO 3JIEMEHTAPHBIC Yac-
TULIBI (Ha JAHHOM JTalle Pa3BUTHUS HAyKU CUUTAIOIIMECS HEPA3JIOKUMBIMU)
YaCTHUIIbl: KBAPKU U JICTOHBI (3TU PA3HOBUJHOCTH OTHOCSITCS K 4YacTHUIIAM
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BEIIIECTBA), KBAHTHI MoJiel ((POTOHBI, BEKTOPHBbIE O030HBI, TITIOOHBI), a TAKXKE
4acTULbl XHUITCa.

Kaxnast u3 map jgenToHOB OOBEIMHSETCS C COOTBETCTBYIOIIEH Mapoit
KBapKOB B YETBEPKY, KOTOpas Ha3bIBAETCHA MOKOJIEHHMEM. CBOMCTBA YacCTHUIL
MOBTOPSIIOTCS U3 MOKOJICHHS B TIOKOJIEHUE, OTJIMYAOTCSA JIMIIb MAacChl: BTOPOE
TsDKEJee TIEPBOro, TPEThe TshKkenee Broporo. [Ipeanonaraercs, 4To B Ipupoae
BCTPEYAIOTCSI B OCHOBHOM YaCTHULBI IEPBOTO MOKOJIEHHUS, & OCTAJIBHBIE MOKHO
CO37aTh UCKYCCTBEHHO Ha
YCKOPHTEISAX 3apsDKCHHBIX YaCTULl WIM IIPU B3aUMOACHCTBUU KOCMHYECKHUX
Jyder B atMocdepe.

KpoMe mMeronmx IMOJOBUHHBIM CIIMH YaCTHI] BEIIECTBA, K MCTUHHO
AJIEMEHTAPHBIM YaCTUI[AM OTHOCATCS YAaCTULBI CO COMHOM 1. DTO KBaHTHI I0-
JIEW, CO3JaBaeMbIX YacTUIAMH BelecTBa. MaccuBHbIE W-0030HBI SIBIISIFOTCS
NEPEHOCUMKAMH CJIA0bIX B3aWMOJACUCTBUN MEXAY KBapKaMH M JICITOHAMHU.
['JIFOOHBI - TEPEHOCYUKH CHUJIBHBIX B3aHUMOJECUCTBUN MEXAYy KBapkaMmu. Kak u
caMu KBapKu, IIIOOHBI HE OOHAPYKEHbI B CBOOOJIHOM BHJIE, HO MPOSBISIOTCS
Ha MPOMEKYTOYHBIX CTaAUAX HEKOTOPBIX peakiuil. Teopus KBapKOB U TIIFOO-
HOB HAa3bIBAa€TCs KBAHTOBOW XPOMOJIMHAMUKOM.

Yactrna ¢ npeanonaraéMbaIM CIIMHOM 2 - 3TO TPaBUTOH, €T0 CYIIECTBO-
BaHUE MPEACKA3aHO TEOPETUUYECKH, HO OOHAPYKUTH €ro OyneT Ype3BbIYaliHO
TPYIHO, TaK KaK OH OYEHb €1a00 B3aUMOJIEHCTBYET C BELIECTBOM.

Haxonen, kK UCTUHHO 3JEMEHTApHBIM YaCTULAM OTHOCATCS YaCTHULIbI
Xwurrca, unu H-Me30HbI, U TPaBUTHHO, OHU HE OOHApy>KEHbI HOA OIBITE, HO
UX CYILECTBOBAaHUE IIPEAIOJIAraeTCs BO MHOTMX COBPEMEHHBIX TE€OpETHYE-
CKMX MOJEIISX.

Anmueewecmeo. Y MHOTMX YaCTHUIl CyLIECTBYIOT JBOMHUKHU B BUJIE aH-
TAYACTHULL, C TEMH K€ MAaCCOW, BPEMEHEM KU3HH, CIIMHOM, HO OTJINYAIOIIHECS
3HaKaMU BCEX 3apsAJ0B: AJNEKTPUYECKOro, OAPMOHHOIr0, JIENTOHHOTO W T. 1.
(37IEKTPOH-MIO3UTPOH, NPOTOH-AHTUIIPOTOH U Ap.). CylllecTBOBaHKE aHTHUYaC-
TULl ObUIO BHEPBBIE NpeackazaHo B 1928 1. aHrumiickum (QU3MKOM-
teopeTtukoM I1. Jlupakom. U3 ypaBHenus /(upaka 1is pelaTUBUCTCKOTO JIBH-
YKEHUS JIEKTPOHA CIEA0BAIIO BTOPOE PELIECHUE I €r0 IBOWHHUKA, UMEIOLIETO
Ty 7K€ MaccCy, HO IIOJIOXKUTEIIbHBIN MIEKTPUUECKUM 3apsia.

XapakTepHasi 0COOCHHOCTb IMOBEJEHUS YaCTHUL] U aHTUYACTHI] - UX aH-
HUTWIALNAS NPA CTOJKHOBEHUU. THUIIMYHBIA IIPUMEP -B3aUMOYHUYTOKECHHE
3JIEKTPOHA U MO3UTPOHA C BBIJACIEHUEM SHEPIUU MPU POXKIEHUU JBYX (HOTO-
HOB.

B cWIBHBIX M 3JEKTPOMAarHWTHBIX B3aMMOJECUCTBUAX UMEETCS IOIHAsS
CUMMETPHSI MEXKJy YaCTULAMU M AHTUYACTULIAMM - BCE IPOLECCHI, MPOTE-
KaoIIMe C MEePBbIMU, BO3MOXKHBI U aHAJIOTMYHO Juisl BTOpbIX. [Togo0HO mpo-
TOHAM M HEUTpOHAM MX aHTUYACTULBI MOTYT 0Opa30BbIBaTh aHTHsApa. B
OPUHIMIIE MOXKHO NMPEACTaBUTh ce0€ W aHTUATOMBI, U J1ake OOJIbIIME CKOII-
JICHUS! aHTUBELIECTBA.

Knaccugpurayusn ycnosno snemenmapuvix wacmuy. B COOTBETCTBUM C
YEThIPbMs BUAAMU (PYHIAMEHTAJIBHBIX B3aUMOJEHCTBUI Pa3InyatoT COOTBET-
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CTBEHHO YETBHIPE BUJA 3JIEMEHTAPHBIX YAaCTHIl: aIPOHBI, YYaCTBYIOIIME BO BCEX
B3aUMOJICUCTBUSIX, JIENITOHBI, HE YYaCTBYIOIIUE TOJILKO B CUJIBHOM (2 HEUTPUHO B
AJIEKTPOMArHUTHOM), ()OTOH, YYACTBYIOIIMIA TOJILKO B 3JIEKTPOMArHUTHOM B3au-
MOJIEMICTBMM, Y TUITOTETHYECKUI TPABUTOH - MEPEHOCUMK T'PABUTALMOHHOIO B3au-
MOJICHCTBUSI.

Aoponwbr - 00lllee Ha3BaHHWE JJIS YaCTHIl, HaMOOJIee aKTUBHO YYacCTBYIO-
IIMX B CUJIBHBIX B3auMoOJeUCTBUSAX. Ha3BaHue mpoOUCXOAUT OT T'PEUYECKOro
CJIOBa «CWJIBHBIN, KPYIHBINY. Bee aapoHbl 1e1saTcs Ha iBe OOJBIITNE TPYIIHI -
OapHOHBI 1 ME30HBI.

bapuonwsi - 3T0 aipoHbI ¢ MOJIYLEIbIM CIMHOM. CaMble U3BECTHBIE UX
HUX - IPOTOH W HEUTPOH. OJTHUM U3 CBOMCTB 0APHOHOB, OTIIMYAOIIAM HX OT
JIPYTUX YaCTHIl, MOKHO CUMTATh HAJIMYUE y HUX COXPAHSIONMIETOCS OaproH-
HOTO pa3psiiia, BBEAEHHOTO JUIsl OMMCAHUS OMBITHOTO (DAKTHI MOCTOSTHCTBA BO
BCEX HM3BECTHBIX MPOIECCAX PA3HOCTH MEXKIY YUCIOM OApHOHOB M aHTHOA-
PHUOHOB.

Me30nbl - anpoHBbI ¢ LUEAbIM CIUHOM. WX OapuOHHBIN 3apsi] paBeH Hy-
710. AIpoHOB HacuUThIBaeTCsl OKOJIO 350. BONBIIMHCTBO UX HUX KpPaWHE HE-
CTaOMJIBHBI U pacrnajaroTcs 3a Bpems nopsiaka 10 2 ¢. Cronb KOPOTKO>KUBY-
II[ME€ YaCTHUIIBl HE MOTYT OCTaBUTh CIEJOB B jJeTeKTOpax. OOBIYHO UX POXKJIe-
HUe OOHApYXWBAIOT MO KOCBEHHBIM MpH3HakaM. Hampumep, u3ydaroT peak-
U0 AaHHUTWISIIIMU 3JIEKTPOHOB M MO3UTPOHOB € MOCJIECAYIOUIUM POXKACHUEM
aapoHOB. M3MeHss1 SHEPrui0 CTOJIKHOBEHHUSI, OOHAPYKUBAIOT, YTO TP KaKOM-
TO €€ 3HaUYCHHMH BBIXOJ| aJPOHOB PE3KO yBeaW4wiIcs. J[aHHBIM (GaKkT MOKHO
O0OBSICHUTh TEM, YTO B MPOMEKYTOYHOM COCTOSHUU pojuiack dacturma. Ilo-
TOM OHa MTHOBEHHO PacnajacTcs Ha JPyTrue aJpOHbI, KOTOPBIE U PETUCTPU-
pytorcsi. Takne KOPOTKOKHMBYIIME YACTULBI HA3bIBAIOTCS PE30HAHCAMMU.
BonbuinHCTBO OApUOHOB U ME30HOB - PE30HAHCHI.

Oco0eHHOCTH 3JIeMEHTAPHBIX YaCTHIL:
1) manvie pazmepol u macca,
2) cnocobHoCmb podHcOamvbCs U YHUUmMoicamv s ( AHHUSUIUPOBAMb ) Npu
83aUMOOEUCMBUU C OPYSUMU YACMUYAMU.
Buabl B3anMogeidcTBHIT MEX/Ty 2JIEMEHTAPHBIMU YaCTULIAMU
1) cunvrvle;
2) anekmpomazHumuule;
3) crabvie;
4) epasumayuonHule.

Brigenensl aBe OONbITNE TPYMIBI AJIEMEHTAPHBIX YaCTHUIL: aJPOHBI, KO-
TOpPBIE MOTYT y4acTBOBAaTh B CHUJIBLHOM, BJIEKTPOMATHUTHOM W CJIabOM B3awu-
MOJICMCTBUH; W JIENTOHBI, YYACTBYIOIIME TOJIHKO B 3JEKTPOMATHUTHOM U
cnaboM B3auMOJEUCTBUM. B 3T rpynnbsl MonajaroT BCE AIEMEHTAPHBIE Yac-
THUIIBI 32 UCKITIOUEeHHEM (OTOHA.

Kpome TOro y 3jeMeHTapHBIX YacTHI] BBLICISIOT MHAMBHAYAJIbHbIE
XapaKTepPUCTUKHU:
1) maccy wacmuypwi,

24



2) 8pems dcusHu,

3) chun;

4) anexmpuueckuil 3apso;
5) macnummoli momenm.

ITo coBpeMEHHBIM MPEACTABIEHUSM BCE aAPOHBI COCTOAT U3 KBAPKOB-
IpOOHO3aPSHKEHHBIX (PYH/IaMEHTAJIbHBIX YaCTUIl U AaHTUKBApPKOB. Y BCEX 3Jie-
MEHTapHBIX YACTHUI[ CYUIECTBYIOT AHTHYACTHIIbI, KOTOPbIE 00JIa1al0T MPOTHU-
BOITOJIOKHBIM 3JIEKTPUUYECKUM 3apsI0M U MAarHUTHBIM MOMEHTOM I10 CpaBHE-
HUIO C COOTBETCTBYIOLIEH DJIEMEHTAPHOU YaCTULICH.

CoBpeMeHHbBII OAXO0J K M3YUYEHHIO CTPOCHUSI MaT€pUU OCHOBBIBAETCS
HE Ha IOUCKE IOCIEIHNX, HEJICIUMBIX YaCTHIL], 4 HA BBISIBIICHUE UX BHYTPEH-
HUX CBsI3€H 11 OOBSCHEHMS IIEJIOCTHBIX CBOMCTB MakpooOpa3zoBaHuil. J{aib-
HEHIUN porpecc B MO3HaHUU (DyHAaMEHTAIbHBIX CBOWCTB MaTEPUU CIEAYET
MO-BUAMMOMY OXKHJATh B pe3yjbTaTe OOBEIWHECHHS KOHIICTIIIMA aTOMH3Ma
( IUCKPETHOCTH ), LIEJIOCTHOCTHU ( CHCTEMHOCTH ) U CUCTEMHOT'O aHaJu3a.

Cmpoenue amoma

AToM
ATOMHOE PO ATOMHasi 000J109Ka
HYKJIOHBI (A)
¥ 4 3JIEKTPOHBI
NPOTOHBbI HEMTPOHBI (A)
(Z) (A-Z)
'K
O6o3Hauenue aToma: 7 , Tie K- CHMBOJI DJIEMEHTA;

Z- 3apsia siapa ( 9Mcio MPOTOHOB B SJIpE);

A- MaccoBoe€ 4MCIIo ( YUCIIO HYKJIOHOB B SIAPE).
HN30TONBI- PAa3HOBUIHOCTH aTOMOB OJHOTO 3JIEMEHTA, Sipa KOTOPBIX COJEp-
JKaT pa3IMyHOE YUCIIO HEUTPOHOB.
PaguoakTUBHBIN pacnaj - npespaiieHie aTOMOB B aTOMBI IPYTHX dJie-
MEHTOB, COITPOBOXKIAIOIIEECS U3TyUeHUEM
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1. YcnoBue cTaOWIBHOCTH S1/I€P DIIEMEHTOB:

%z 1+0015% A%, 4 <950

4
2. X — u3iaydeHHe: U3IYYalOTCS TOJOXKHUTEIBHO 3apsDKEHHBIE sipa ) He,
KOTOPBIC MOT'YT OTKJIOHATBHCA 3JICKTPUYCCKUM U MAaIrHUTHBIM I1OJICM.

A A-4 4
3akoH & — pacnaga: Z Kl ) Z—2K2 +2 24

226 222

3. 0 - U3JIyYeHMe: U3IIy4daroTCs JJIEKTPOHBI, KOTOPHIE MOT'YT OTKJIOHSATBCS
IEKTPUYECKUM U MAarHUTHBIM I1OJIEM.

A
K1_>z+1K + e

3axon — pacnaga: 7

214 214

+
4. ,B ~ M3JIyYeHHUe: U3JIyYarOTCA MO3UTPOHBI, KOTOPHIE MOTYT OTKJIOHSTHCS
ANEKTPUYECKUM U MAarHUTHBIM MOJIEM.

4 4 0
K, _)Z—lKZ +,,€

3aKoH ,B+ _pacnaua: y4

P—) BH—

[Tpumep: 1 5

5. 7 — u3aydeHme: u3ay4aroTcsi ) - KBaHTBI, KOTOPbIC HE MOTYT OTKJIOHSTh-

Csl DJIEKTPUUECKUM W MAarHUTHBIM mojieM. [Ipu 3Tom simpo atoma u3 BO30YXK-
JICHHOT'O COCTOSIHUS IIEPEXOIUT B COCTOSIHUE C MEHBIIIEH YHEPTUEH, 3aps s/I-
pa ¥ MacCoBOE YHCIIO HE MEHSIOTCS. ) — U3IydeHHE COMyTCTBYeT X — U

,B — pacnagam
KarueBble TepMHUHBI

¢  ATOMHU3M ¢ DJeMeHTapHbIC YaCTHUIIbI

¢ Penykumonusm ¢ XapaKTCPUCTUKH 3JICMCHTAPHBIX

¢ Pacmajx yactuil JaCTHI]

¢  AHTHYACTHUIIBI ¢  HuauBuayanbHbIE XapaKTEPUCTUKH

QJIEMCHTAPHBIX YaCTHUIL

¢ AHHUTWISIIUSA ¢ Tunbl pyHIaMEHTABHBIX B3aUMOACHCTBUI
¢ AnpoHBI ¢ Hyxkionsl

¢ JlenToHbl ¢+ Ksapku

¢ Bpewms xu3zHu ¢  KBaHTOBBIE YHuCla

¢ Cnun ¢  [lo3utpoH

¢ MarauTHbII MOMEHT ¢  @oTOoH
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11. KoHnenuuu O0HOJIOrHYeCKUX CHCTEM.

Tepmun «6uocdepa» BBeneH B 1875 romy aBCTpUIICKMM T'€0JIOTOM U Ta-
JeoHTooroM D.3r0ccoM Jutsi 00o3HaveHus cdepbl xu3Hu Ha 3emue. [Ipen-
LIECTBYIOIINE €CTECTBOUCIIBITATENIM HCIOIb30BaIM MOHATHS «KapTHHA MpPHU-
POIBD) ,«IPOCTPAHCTBO KUZHW» ,«KUBas 000JI0UYKA 3eMJIIN», CXOKUE C MOHS-
THEeM «Orocdepa» 1o CoIepKaAHUIO.

[lo-pa3HOMy TpaKTOBaJlaCh YYEHBIMHU pOJIb KUBBIX OpPraHuW3MOB B OHO-
cdepe: B OCHOBHOM OTMEYaJaCh 3aBUCHUMOCTb >KMBBIX OPTaHHU3MOB OT OKpY-
JKarolled cpelbl, OT CHJI U BEIIECTB HEKMUBOM NPUPOJIbI; 0OpaTHOMY ke
BIIMSIHUIO )KMBBIX OPIaHU3MOB HA OKPYXKAIOILYI0 Cpely, Ha €€ COCTaB U CBOM-
CTBAa, KaK MPABUJIO, HE IpUAaBaoch 3HaueHus. JKb.Jlamapk rnepBbIM OTMETHIT
OTPOMHYIO POJIb KUBBIX OPTaHU3MOB B 00pPa30BaHUU 3€MHOW KOPBI, BHICKA3aB
MBICIIb O TOM, YTO BCE BELIECTBa Ha 3emie C(HOPMUPOBAIUCH B PE3yJIbTaTe
JESATENBHOCTH KUBBIX OPTaHU3MOB.

[To coBpemeHHBIM MpeAcTaBieHUsIM Ouocdepa ABIsAET OO0 €AUHCTBO
JKMBOW M HEXUBOW IPUPOJBI, B KOTOPOM CYIIECTBYIOT M B3aWMMOJECUCTBYIOT
KUBBIE OPTaHU3MBI C (PU3UUYECKUMHU, XUMHUUECKUMHU, T€OJIOTUIECKUMH (DaKTO-
paMu OKpY>Karollel Cpelbl; MEXAY KUBOW M HEKMBOM MPUPOJOMN CYIIECTBY-
10T OOpaTHBIE€ CBS3M, KaK IMOJIOKUTENbHbIEC, TAK U OTPULATENIbHbIE, KOTOPHIE
BJIUSIIOT HA COCTOSIHME MPUPOJHBIX cucTeM 3emud. llonoxurenbHbie 00pat-
HBIE CBSI3M UTPAIOT BaXXKHYIO POJIb IIPHU Pa3pyLICHUM CIOXKUBIIUXCS CBA3CH B
IPUPOJIHBIX CUCTEMAX B IIPOLIECCE UX IBOJIIOLMM U 00pa30BaHUU HOBBIX CBS-
3€1, OIPENECIAIOIINX HOBOE COCTOSIHUE IPUPOAHBIX cucTeM . OTpuuaTenbHbIe
CBSI3U, HAIIPOTHUB, CIOCOOCTBYIOT YCTOMYMBOCTH MPUPOJIHBIX CUCTEM, 0Oepe-
rasi UX OT Pa3pyLUCHUs U BOCCTAHABIIMBAS NPEKHUE KOHIHUIIMM IPUPOIHBIX
cucteM 3emiu. ViMeHHo Onaroaapsi OTpULaTeIbHBIM OOpPaTHBIM CBS3SIM IPH-
POJHBIE CUCTEMBI CIIOCOOHBI TaCUTh AHTPOIIOTCHHOE JIaBJIEHUE HA OKPYXkKaro-
LIYIO CpENy U MOANEPKUBATH CUCTEMBI B KBA3UYyCTOMYMBOM COCTOSIHUU.

Biausinue o0OpaTHBIX CBsi3ell B CHCTEMAX HA XapaAKTEPUCTUKH CHC-
TeM
1. Cucmema 6e3 oopamnuix ceaszei

X (t), y(t) |
k y(t)=kx(t)

rae X(t)- BO3IEUCTBUE HA CUCTEMY ;
y(t)- OTKIUK ( peakiusi CUCTEMBI );
k- ko3(ppuuueHT nepenayn CUCTEMBI.
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Ecmmu cucrema nuneitHa, To dopmbl y(t) U x(t) ONMHAKOBBL,- CHCTEMa
(GYHKIIMOHUpPYET Kak mpeoOpa3oBaTellb BO3JICHCTBUS 0€3 HCKAaXKEHHUS €ro
dopmbl. [Ipu 3TOM MOHATHE POPMBI MOKET OBITH OTHECEHO KaK K BPEMEHHOMN
3aBUCUMOCTH BO3ECHCTBUS U OTKJIMKA CUCTEMBI, TaK M K MX 3aKOHaM pacrpe-
nenenusi. B HenuHelHbIX cuctemax (Gopmbl y(t) U x(t) HEOJUHAKOBEI.

2. Cucmema c nonoxcumenvnou oopamnoi céazvio ( [10C ).

xp ol (0
: e y(t= k7 x()
]+ 5
P o) om L

rae  x(t)- BO3IEHCTBUE HA CUCTEMY- «BXOJIHOW CHUTHAN » CUCTEMBI,
y(t)- OTKIUK ( peakiusi CUCTEMBI )- «BBIXOJHON CUTHAI» CUCTEMBI;
k -xo3¢dpunuent nepegaun cuctemsl ( 6e3 0OpaTHOI CBSI3M );
m-ko3(PULIEHT 0OpaTHOM CBA3H;
Z(t)- OTKJIMK CHCTEMBI MO KaHally OOpaTHOM CBSI3U- «CUTHAJ OOpaTHOM
CBSI3U» CUCTEMBI,

k™ - xo2(hdHUIMEHT Tepeaaun CHCTEMbI, OXBAYEHHOH IOJIOKUTETHHOM
00OpaTHOM CBS3bIO .

Onpenenum cBsi3b KOA(PPUIMEHTOB TMepeaun B cucteMe 0e3 00paTHOM
CBSI3U U B CUCTEME C TIOJIOKUTEIIBHON 00paTHOM CBSI3BIO.

B cucteme ¢ I1OC BBITIONHSAIOTCS CIIEAYIOIINE COOTHOIICHUS

e=x(O+2(t) 5 y()=ke(®) 3  zt=my(®),
wny__k

x(t) 1—mk-

HOJ’IY‘I@HHOC COOTHOIICHUE ITIOKAa3bIBACT, UTO B CUCTEMAX C MOJIOXKUTEIbHOM

00paTHOM CBs3bI0 KOI(PPUIIMEHT TIEpeaun CUCTEMBbI BO3pacTaeT MO CpaBHE-
HUIO ¢ KO3 PUIIMEHTOM Mepeiadn cucTeMbl 6e3 odpaTtHoi cBsi3u. Kpome Toro

OTKyJa CJIeyeT, 4YTO k™=

k™ B npenensHoM mepexone ( m— 0 ) oOparraercs B k. ( Hpuaumn go-
MOJTHUTEJIbHOCTH B CHCTEMAX ¢ 00PATHBIMHU CBSI3SIMH ).
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[TpumMep MOJT0KUTENBbHOM 00paTHOM CBS3M B MPUPOJHBIX CHCTEMaX

o)

BO3/YIIIHO- KaIlleJIbHbIM CIIOCOOOM
|—| ( y(t)- konu4ecTBO 3a00JEBIINX, YEII. )

vV

y(t}
Poct 3aboneBaemoctu

2- HaCbIILIEHUE

1 ( y(t)- komrmaecTBO 3a00JEBIINX , YEII. )
>t

B cucreMax ¢ MOJIOKUTEIBLHONH OOpPAaTHOH CBA3BIO [a’Ke HE3HAYM-
TeJIbHOE BO3/IeiiCTBME Ha CHCTeMY YCHJIMBAaeTcsl M0 KaHaJdy 00paTHOI
CBSI3U M B JaJIbHelillIeM BeJeT KO Bce 00JIblIeMYy YBEJIHYECHHI0 OTKJIHMKA
CHCTEMbl, HCOTPAHNYEHHBII POCT KOTOPOI0 MOKeT NMPUBECTH CHCTEMY K
pacnany. PeanbHble NpUpPOIHBIE CUCTEMBI CIACAET OT PACIaja UX CYIIECT-
BEHHAs! HEJIMHEHMHOCTh, OJ1aroaps KOTOPO UMEET MECTO HACBIIICHHE OTKIIU-
Ka, TO €CThb TAKOE COCTOSIHUE CUCTEMBI, IPU KOTOPOM JaJIbHEWIIEE yBEINYE-
HUE BXOJIHOT'O CUTHAJIa HE COMPOBOXKIAETCA U3MEHEHUEM BBIXOJHOIO CUTHA-
Ja ¥ CUCTEMA MEPEXOUT B KBa3UyCTOMYMBOE COCTOSIHUE.

B cucremax ¢ IIOC mnpeoGnagaeT pa3pylinTeabHasl TEHICHIIUS ePexo-
Jla CUCTEMBI B HOBOE COCTOSIHUE, IIPEILIECTBYIOUIEE BO3ECHCTBUIO HA CUCTE-

My.
3. Cucmema c ompuyamenwvnoii oopamnoi ceazvio ( 00C ).

x(t)

e(t) y(®)

y=k x(t)

rae Xx(t)- BoO3AeiCTBHE HA CUCTEMY ( «BXOJHON CHUTHAJI » CUCTEMBI );
y(t)- oTKIuK ( peakiusi CUCTEMBI )- «BBIXOJHON CUTHAD) CUCTEMBI,
k -xoappunuent nepeaaun cucteMsl ( 63 00paTHOM CBA3H );
m-ko3(dPULIEHT 0OpaTHOM CBA3H;
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Z(t)- OTKIIMK CHCTEMBI MO KaHaly OOpaTHOM CBSI3U-«CHUTHAI OOpaTHOU
CBSI3U» CHCTEMBI;

k™ - xospduuueHT mepenaun CUCTEMbI, OXBAUYCHHOW OTPHUILATEIHLHON
0o0paTHOM CBS3BIO.

B cucreme ¢ OOC BBITIONHSAIOTCS CIEAYIOMME COOTHOLIEHUSA:

e()=x(t)-z(t) ; y()=ke(t) z(t)=my(t),
x(t) l+mk”

[TomydyeHHOE COOTHOIIIECHHE TTOKA3bIBACT, UTO B CHCTEMaX C OTPHUIIATENb-
HOUM 00paTHOU CBs3bI0 KOIPPUIIMEHT Mepeaaund CUCTEMbl YOBIBAET MO CpPaB-
HEHUIO ¢ KOd(PUIIMEHTOM Mepefaun cucTeMbl 0e3 oOpaTHoU cBsizu. Kpome
TOTO 3TO COOTHOIICHHE TaKXKe€ MOATBEPKIAET MPUHIUIT TOTIOJHUTEILHOCTH,

OTKYJa CIIENyeT, uto k=

COTJIACHO KOTOpPOMY Kk~ B mpenenbHOM nepexoze ( m— 0 ) obpamaercs B k.
B cucremax ¢ OOC mnpeobnagaeT cTaOUIM3UPYIOIIAs TEHICHIUS CO-
XPaHEHUS COCTOSIHUS CUCTEMBI, MPEIIECTBYIOIIETO BO3/IEHCTBUIO HA CHUCTE-

My.

[Tpumep oTpuLaTeabHON 0OPATHOM CBS3U B MPUPOJHBIX CUCTEMAX

x(t)
Pa3oBsIil BRIOPOC 3arpsi3HSAIOMIMX
BEIECTB B aTMOochepy

I

v

>

y(t) 4
Komnencanus 3arps3HeHus B

L o6uocdepe ( romeocras )

( y(t)- KOHLIEHTpaLMs 3arpsI3HSIONIUNX BEIIECTB

y* y*- ypoBeHb QoHa )

v

B cucremax ¢ orpuunaTeJbHOM O00pPaTHOM CBSA3BI0 BO3JeiiCTBHE HA
CHCTEMY 0CJIa0JI51eTCs 10 KaHAJIaM O00paTHO# CBSI3M U BeJeT K CTa0u/IM-
3alMU OTKJMKA cHUCTeMbl . PeanbHble IpUpOIHbIE CUCTEMBI Ojaroaapsi oT-
pULIATENbHBIM  OOPATHBIM CBS3SIM CHOCOOHBI KOMIIEHCHPOBATh BO3MYILAIO-
1€ BO3AEHCTBHUS OMOTHUECKON 1 aOMOTUYECKOM MTPUPOIBI.
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B..BepHanckuil BBeNl MOHATHE JKMBOTO BEIIECTBA, KAK COBOKYITHOCTH
KHUBBIX OPraHU3MOB, CUHUTAs, UYTO <CKUBBIE OPTaHU3MBI SBISIIOTCS (QYyHKIUEH
onocdepsl U TeCHEUITUM 00pPa30M MaTEpUAIBHO U YHEPreTUUYECKU C HEU CBS-
3aHbI, SABJISIOTCA OIPOMHOM T€OJIOTMUECKON CUJION €€ omnpenelstomein». Bee
BeuiectBa B.M.BepHanckuil pasgenser Ha KuBble, KOCHbIe (aTmocdepa,
TOpHBIE MOPO/JIbI, MUHEPAJIbI ) U OMOKOCHBIE ( TOUBbI, TOBEPXHOCTHBIE BO/IbI).
Jons )xuBOro BemiecTBa coctamisieT B ouochepe okono 1%. Ilo o6paznomy
BBIPAXKEHUIO JIPYroro €CTECTBOUCHBITATENA - HEMEUKOro ydeHoro FOmumyca
Maiiepa ( 1817-1878 ), )kuBO€ BEIIECCTBO €CTh CO3/IaHKE COJIHEUHOTO JIy4a.

Connuye sa6ns1emcsa 0CHOGHHIM UCHOYHUKOM IHeEpzuU duocghepol u pe-
2YIAMOPOM 6CEX 2€07102UHUECKUX, XUMUYECKUX U OUO0102UYeCKUX NPOUECCOE
Ha 3emne. OHO obecneuugaem 603MOICHOCHIL NPOMEKAHUA HCUZHEHHbBIX
npoueccoe, NOCMA6AAA 6bICOKOKAUECMBEHHYI0 IHEPLUIO OP2AHU3MAM, KO-
mopule npeoopasyom COIHEYHYI0 IHEPZUI0 6 Opy2ue 6uobvl IHEPUU, 6 Ua-
CMHOCIU, 8 MENI0YI0 IHEPIUIO.

Jlpyrum Ba)KHBIM MPOLECCOM, 0OECIEUNBAIOIIMM BO3MOKHOCTb KU3HH
Ha 3eMJie, SBISIIOTCS OuozeoxumuuecKue Kpy208opomasl BemecTs B ouoche-
pe, IPOUCXOAIIUE MEXAY aTMOC(hepoil,3eMHON KOPOH, THAPOCHEPON U Ku-
BBIMU OpraHu3Mamu ( OMo- KU3HB, T€0- 3eMJIs).

Cy1iecTByeT /iBa TUIMA TEOXUMHUUYECKUX KPYTOBOPOTOB: KPYTrOBOPOTHI Ia-
3000pa3HbIX BemecT (1 TUI ) U 0calouHbIE UIIBI ( 2 THIT ).

Tunsl reoXuMn4eCKUX KPYroBOpoTOB

/

KpyroBopoTs! Ocano4Hble TUKIIbI
ra3000pa3HbIX ( 2 T )
BewecTs (1 tum )

" arMocepa <> KuBoe +—> 3eMHas Kopa

ruapocdepa

OcoOGeHHOCTH OMOT€OXUMHUYECKUX KPYTOBOPOTOB BelIecTB 1 Tuma:
nepemeuieHue u npeodpaA30eanUe 6eU{eCHE NPOUCX0OUM MeHCOY HCUGLIMU
opzanumamu, ammocghepoii u cuopocgepoii; npoyeccol dvicmpomeunsl (
HecKoIbKo 4acoe, oneil ). OCHOBHLIMU AGNAIOMCA KPY2060pOmMbL Cl1edyIo-
wux eewecms: C,0,H,N.
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Oco0eHHOCTH OMOr€OXMMHYECKHUX KPYTOBOPOTOB BEILIECTB 2 TUTIA!
nepemeuienue u npeodpaA306anUe 6EU{ECHI8 NPOUCXOOUM MeIHCOY HCUGHIMU
OP2AHUZMAMU, 3EMHOU KOPOIl U 2uopocgepoil; npoyeccol mednenHvle (He-
CKOJIbKO cOmeH, MUNAUOHO06 Jiem). OCHOGHBIMU AGNAIOMCA KPY2080POHIbL
cnedyrouux eeujecme: S, P.

OT1anyug ;KUBOT0 BellleCTBA OT KOCHOI0:

B [IPOIECCHI B )KMBOM BEILIECTBE MPOTEKAIOT 3HAUUTENBLHO OBICTpEE;

B KMBBIC OPraHU3Mbl U3MEHSIOTCS P U3MEHEHUH YCIOBUHN OKpYyXKarolen
cpenbl ( aTanTUPYIOTCS K M3MEHEHUSIM OKPYKAIOIIeH Cpeibl );

B B )KMBOM BELIECTBE MOTYT MIPOUCXOAUTh KAUECTBEHHbBIE N3MEHEHHSI.

Bricokasi ckopocTh HMpPOTEKaHUs MPOLECCOB B YKUBOM BEIECTBE 00Y-
CJIOBJIEHA MPHUCYTCTBUEM B HHUX (PEPMEHTOB- OMOJIOIMYECKHX KaTalu3aro-
POB, YCKOPSIIOIIUX Ha HECKOJIBKO MOPSAIKOB CKOPOCTH XUMUYECKUX PEaKIUil B
nporecce 0OMEHa BEIIeCTB OpraHu3Ma C BHeWHe# cpemoi. Ocobast poib B
KUBOM OpraHU3ME MPUHAJICKUT AMHHOKHCJI0TAM 1 OeIKaM.

PoJib aMHHOKHCJIOT B KMBOM OpraHmsme.

AMMHOKHCIIOTAMU Ha3bIBAIOTCS KapOOHOBBIE KUCIOTHI, B YIJIEBOIOPOI-
HOM pajiMKajie KOTOPbIX OJIMH WJIM HECKOJIbKO aTOMOB BOJOPOJIa 3aMEIICHbI
aMUHOTpyNInamMu. AMUHOKUCTIOTHI JIEISATCS Ha anudaTrhyeckue, apomMaThye-
CKMe W rerepouukinyeckue (cm. Tabmuiy. «AMUHOKHCIOTHI, BXOJSIINE B
cocTaB 0elIKoBY, cTp.29).

B kieTkax M TKaHSX BCTpeyaroTcsl cBbilie 170 aMUHOKHCIOT, HO B CO-
cTaB O€JNKOB BXOJAT TOJbKO 20 M3 HUX; U3 DJIEMEHTOB - TAKUX, KaK YIJIEepo/,
KHCJIOPOJI, BOAOPOJ U a30T. AMUHOKHUCIIOTHI UTPAIOT B O€IKax pojb MOHOME-
poB. Y Kaxa0W aMUHOKHCIOTHI ecTh kKapOokcmibHas rpynmna (-COOH) u
amuHorpynna (-NH2), npucoenuHeHHble K ogHOMY atoMy yriepoaa. K on-
HOMY € aToMy NPUCOEIWHEHA M OJHA U3 MHOTHUX BO3MOKHBIX OEJIKOBBIX
rpymit. Bee 20 aMUHOKHCTIOT ¥ OTJIMYAIOTCSI STUMU O€JIKOBBIMU rpymnmnaMu. B
OpraHu3Me 4enoBeka 12 aMHUHOKHUCIOT MOTYT CHUHTE3MpPOBATHCSA, a OCTaB-
mmecs 8 JOMKHBI MOCTynaTh ¢ nuiei. PasHbie Oelku 00pa3yroTcs Mpu Co-
€IMHEHUY AMUHOKHUCIIOT B Pa3HOI MOCIEA0BaTEIbHOCTH.

PacteHns MOryT CHHTE3UMpPOBATH BCE aMUHOKHUCIIOTHI U3 00Jiee MPOCThIX
BEIIECTB, a )KUBOTHBIE - TOJIBKO YacTh U3 HUX. OCTaBIIMECS aMUHOKUCIIOTHI,
KOTOpbIE HA3bIBAIOT "HE3aMEHUMBIMH'", OPTaHWU3M >KUBOTHOI'O JIOJDKEH IMOY-
yarh ¢ nuied. OObIYHO AMUHOKHUCIIOTHI MPEACTaBISAIOT U3 ce0s OeclBETHbIE
KPUCTAJUINYECKHUE BEIECTBA, KOTOPBIE PACTBOPSAIOTCS B BOJIE, HO HEPACTBO-
pPUMBI B OpPraHMYECKUX PACTBOPUTENSAX. B HEHTpadbHBIX BOAHBIX PAacTBOPAX
OHM BeAYT ce0s1, Kak aM(pOTEpHbIE COCAMHEHHS (TPOSBIISIOT CBOMCTBA U KHU-
CJIOT, U OCHOBaHWM), U CYLIECTBYIOT B BHJIe OUIOJSIpHBIX MOHOB. Kaxxmas
AMUHOKHCJIOTa XapaKTEPU3yeTCsl CBOMM 3HaueHneM pH, npu KoTopoil aMHUHO-
KHCJIOTA 3JIEKTPUYECKH HENTpaibHA (B 3JIEKTPUYECKOM I10JI€ HE NEPEMEIAET-
Csl HU K aHOZly, HU K KaTOJly), Ha3bIBAEMbIM M303JIEKTPHUYECKOW TOUYKOW aMH-
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HOKHUCJIOTHI. AMQoTepHast Mprupoia aMHHOKHUCIIOT AT UM CIIOCOOHOCTD TIpe-
MATCTBOBATh B pacTBopax u3MeHenuto pH: mpu yBenuuenuun pH cpeasl oHu
BBICTYTAIOT KaK JOHOPHI MOJOKUTEIbHBIX HOHOB BOJIOPO/IA, IIPU MOHMKEHUU
- KaK UX aKIEenTOPBhl.

AMMWHOKHUCIIOTHI CBSI3aHbI MENTUAHON CBSI3bIO, MOATOMY JUIMHHYIO IEMb U3
aMHUHOKUCJIOT Ha3bIBalOT nosmnentuaomM. Ouu coxaepxkatr ot 100 mo 300
aMUHOKHCJIOT. MOJIEKy/Ibl TeMOTJIOOMHA COCTOSIT M3 YEThIPEX IMOJUIICTITHI-
HBIX IIETIeH, COCTOSIMX U3 145 aMUHOKHMCIIOT KaXKaasl.

Jlns mpaBWIIbHOTO (PYHKIIMOHMPOBAHUS TaKWE IEMH JIOJDKHBI OBITH OTIpe-
JIeJICHHBIM 00pa30oM OPHUEHTHPOBAHBI B IPOCTPAHCTBE U MOITOMY OHHU CKPY-
YeHbl U (QIYKTYUPYIOT BO BPEMEHHU: B HUX MPOUCXOJAT IMOBOPOTHI BOKPYT
pa3HbIX cBszeil. Ho 3Ta BHyTpeHHsAs cBOOOJa SBISIETCS OrPaHUYECHHOMH, MO-
CKOJIbKY CTPYKTYypa O€JIKOB CTPOTO yHOPSII0UYEHA.

Mexay TONOXKUTEIbHO M OTPHUIIATENIBHO 3apsKEHHBIMH OOKOBBIMU
rpyImnaMu aMUHOKHUCIIOT YCTAaHABJIMBAETCS MOHHAs CBS3b, MEXIY aTOMamu,
HECYIIUMHU YaCTUYHO MOJOXKUTEIbHBIE U YACTUYHO OTPUIIATEIbHBIC 3aPSIbI, -
BOJIOPOJIHAS CBS3b, MEXKIYy aTOMaMU CEpPbl U JBYMsSI MOJIEKYJIaMH aMUHOKHC-
JIOTHI IIUCTEHHA - KOBAJICHTHAs CBSA3b.

Tadaunma. AMUHOKHMCJIOTHI, BXOJSIIIHE B COCTAB 0€JIKOB.

I'pynma AmuHokucnora | CokpallleHHOE Ha3BaHHUe Crpoenue
aMHHOKHCJIOT aMHHOKHCJIOTHOTO OCTaT-
Ka

Amudatnueckue  |[munun Gly H-

AnaHuH Ala CH;-

Banun Val (CH3)2CH-

Jleua Leu (CH3),CH-CH;-

H3onennun Ile CH;-CH,-CH-

I
CH;
Copepxatue (OH- [Cepun Ser HO-CH;-
) rpymty Tpeorun Thr CH;-CH(OH)-
Conepxaniue AcnaparuHoBas Asp HOOC-CH,-
(COOH-) rpymnmy [myraMuHOBas Glu HOOC-CH,-CH,-
Conepxaiue Acnaparux Asn NH,CO-CH,;-
(NH2CO-) Tpymny [Ty ranmn Gin NH;CO-CH,-CH;-
Conepixaiue JInzun Lys NH;-(CH;,)3-CH;-
(NHo-) rpymmy  [A pryrum Arg NH,-C-NH-(CH,),-
CH,-
11
NH

Conepxamue S- Hucrenn Cys HS-CH,-
rpynmny
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MeTtnonuH Met CH;-S-CH,-CH,-
Apomatnueckue |PeHuNaIaHUH Phe
en—Q)
Tupo3un Tyr
OH —<(:)>_€H2
I'ereporukiuue- | Tpunrodan Trp _CH,-
cxrie m
N-H
r Hi
UCTUIUH 1S < ‘>_ CH,
- H
Nmunokucnora [Tponuu Pro
< >-COOH
N-H

Hemnonsipable OOKOBBIE LENU CTPEMSATCS OOBEAMHUTHCS JIPYT C APYTOM U
HE pacTBOPUTHCS B BOAE, 00pa3ys ruapodoOHoe oObeauHenre. Takum oOpaszom,
IPU PACTIPABICHUH STOM ONPENIEICHHOW LM OHA BHOBb CKPYTHUTCSI €TMHCTBEH-
HBIM, TIPUCYILIUM TOJILKO €i1 oOpa3zom. Eciu 3ameHuTh XOTS Obl OAMH aTOM WX
OJIHy AMUHOKHCIIOTY B TIOJUMENTHUIE, MOTYYUTCS MOJIEKYJa C APYrod CTPYKTY-
pOM U IPYTUMU CBOMCTBaMHU.

OOpa3oBaHuE CTPYKTYpbl O3HAYAET YMEHBIIEHHE SHTPOIINH, TOTIa KaKk BHE
OEJKOBOM CTPYKTYpbl SHTPOIUS JIOJDKHA CKOMIIEHCHPOBaTh 3TO JIOKAJIbHOE
yMeHbllleHne 1 Bo3pactu. [Ipu oOpazoBaHuM BOIOPOIHON CBSI3U MPOUCXOIHT BbI-
JIETICHAE DHEPTUM B OKPY’KAIOLIYIO0 Cpelly, U OHa pacceuBaercs. BogoponHas
CBSI3b BO3HHMKAET MEXAy nenTuanbiMu cBsa3simu 1enu: -N-H...O-C, u ona on-
penensieT BTOPUYHYI0 CTPYKTYpy Oelika. ITa KOH(Urypalusi KaKeTcsl XaoTHd-
HbIM HarpOMO>KJIEHHEM aTOMOB, HO TOYHOE MOBTOPEHHUE €€ (POpMbI B MUJLTUAP-
JlaX MOJIEKYJl YKa3bIBAaCT HA HAJTMUKE YIIOPSAJOUYECHHOCTH.

[Ipu BBINONIHEHWE OINpPENENECHHbBIX (PYHKUMH criupaib U3rudaercs, cBopa-
yuBaeTCsl 0 o0pasyer riao0ymy (TpeTUUHYI CTPYKTYpy). I[Ipu 3TOM OCHOBHYIO
POJIb UTPAET KYJIOHOBCKOE B3aUMOCHUCTBHE MEXKIY IEKTPUUECKUMU 3apsiiaMu
yacTel LeNH, a TaKKEe YCTAHOBJICHHUE BOAOPOIAHOM CBS3U MEXAY MENTHIHBIMU
rpyInnaMy pasHbIX yacted cnupanu. Crnupanb U3rudaercs, 4acTb SHEPTUM Bbl-
JIeTISIETCS. B OKpYJKaroIllee MPOCTPAHCTBO, U MAaJIOBEPOSTHO, UTOOBI SHEPTHs
BHOBb BepHyJack. [Ipumep ToMy - AeHaTypauus Genka Mpu Bapke siiflia, Korjaa
paspy1lIaTCs BCE BOZHUKILIUE CTPYKTYPBI.

Baxxnyto posb urpaer ruapodoOHOe B3aUMOACHCTBHE YacTel Lernen Tpe-
TUYHON CTPYKTYpbl. AMHUHOKHCJIOTHBIE OCTaTKH COAEpAT MACCHUBHBIEC YIJIe-
BOJIOPOJIHBIE YACTH, KOTOpPbIE BeAyT ce0sl MOI00HO KaleiabkaM Macia B BOJE.
OO0Opa3yroTcsl OKpyXKarolue MOJIEKYJbl "JTOBYIIKH', CO3/Ia€TCsl CTPYKTypa, U
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DHTPONUSA JIOKAJIBHO yMEHbIIAETCs. ECTECTBEHHOE HamnpaBlIEHHE NPOLECCOB
OKa3bIBACTCSI TAKUM, YTO MACIOMOAOOHBIE YaCTH MOJIEKYJ OKa3bIBAIOTCS CKPBI-
TBIMHU OT BOJIbI B IITyOMHAX CTPYKTYp OeJika, a BOAOINOA00HbBIE - oOpalarTcs K
BOJIE, PACTBOPUTENIO.

[Ipocreiimas kuBOTHAsI KineTka conepkut Beero S000 paznuyHbIX BUAOB
0enkoB. OIHM U3 HUX TOXO0XKHM Ha BOJIOKHA U CIY’>KaT MaTepuaioM JUisl Kie-
TOYHBIX CTEHOK, MEPEropojIok U MeMOpaH; Ipyrue - HacTOJIbKO T'MOKH, YTO
CKpPYYMBAIOTCS B KITyOKH, OHM OYEHb aKTUBHBI U CIIOCOOHBI MEpPEeMeIaThCs, U3
HUX COCTOMUT MOYTH BCE CTYIHEOOpa3HOE MPOCTPAHCTBO KJIETOK. DTO aKTHB-
Hble TI00yJsipHbIe 6enku. OHM MOTYT y4acTBOBAaTh B XMMHUYECKHX pEaKIUIX,
obecrieunBarOIUX pocT. Takoe CI0XHOE CTpOEHHE OENKOB IMO3BOJSIET UM
OCYILECTBIISITH MHOIOOOpa3HbIE ONEPALHH.

AMHHOKHUCIIOTBI BXOAAT B COCTaB M JPYTUX MAKpPOMOJIEKYH - HYKJIEHHO-
BBIX KHUCIOT. HykieoTuapl, npeacraBisitonyie co00i 371€eMEHThl HyKJIEHMHOBBIX
KHCJOT, OBIBAIOT YETHIPEX THUIOB: HIUTOHUH, T'YyaHUH, TAMUH U ajieHuH. Ha ca-
MOM JieNie€ 3BEHbsIMU Lienu ABIsAroTCA nmapel L[ ¢ I' m A ¢ T. Iloatomy BmecTo
Henu ynoOHee MCHOJb30BaTh 00pa3 JIECTHHUILIBI, COCTABIEHHON U3 CTYNEHEK
T, I'll, TA u AT, koTopbie CIEAYIOT APYT 3a IPYTOM B OMNPEACICHHOM IIO-
psnKe. JTa JIECTHHIIA €UIE U 3aKpyUYE€Ha B CIIUpaib, IOATOMY OHa, CKOpee, Mo-
X0’Ka Ha BUHTOBYIO JIECTHUILY CO CTyNE€HbKaMHU W3 Nap HYKICOTHUAOB. B xu-
BBIX KJIETKaX JTU LENIA OYEHb JUIMHHBIE, COAECPKAT 0 CTa MUJUIMOHOB I1ap B
psan. B KiIeTke OHM CBUTHI B IUIOTHBIM KITyOOK. Y ueoBeKa JUIMHA TaKOW BUH-
TOBOM JIECTHUILIBI B Pa3MOTAaHHOM COCTOSIHUM JOCTUIAeT HECKOJIBKUX METPOB, U
3TO TOJIBKO OJHA MOJIeKysa. OTCr0/1a MOKHO IOHATh OTPOMHOCTB YMCIIa BO3MOXK-
HBIX BApPUAHTOB pacronoxeHus Moiekys B JIHK. Tonbko u3 gersipex 3B€HbEB
TaKMX BAPUAHTOB MOKET OBITh 1O CTa MUJUITMOHOB.

Kaxxp1i1 opranusM pa3BUBACTCSA U3 OJHOM OIUIOJOTBOPEHHOM SMLIEKIIET-
KM, TIO3TOMY OHa JIOJDKHA COJAEpXkaThb BECh IUIAH IOCTPOECHMS OpraHu3Ma.
MHOro4YMCIIEHHBIE EAUHULIBI, U3 KOTOPBIX CIIAracTCs BCS COBOKYITHOCTb HOCH-
Telel reHeTuyecKor MHpOpMaIluu WHIMBUAYYMa, Ha3bIBAlOT reHamu. Kaxnias
U3 3TUX €IMHUI] OIIPENIENAET OTENbHbIE MPU3HAKU: [[BET BOJIOC, TJ1a3a, FPYIIILY
KpPOBH, POCT. Y KaXKJIOr0 U3 HAC - HEMIOBTOpUMAsl KOMOMHAIMSI T€HOB. | eHbI
HecyT B ceOe uHpopmanuio 0 TOM, Kakue OEJIKM MU B KaKOM OTHOLIECHHUH
JIOJKHBI BhIpaOaThIBaTh KJIETKU, KAaK JOJDKHA CKa3bIBaThCS HA MX Pa3BUTHM OK-
py’Karowas cpea.

Mennep B 1928 romy mokasai, 4To reHbl BOCIIPOU3BOJAT ceOS M M3Me-
HAIOTCS (MyTHPYIOT), @ M3MEHEHHE BHEIIHUX (PAKTOPOB MEHSIOT 4YacTOTy
myTtanuii. Hama renermueckas wH(popMalvs NOCTyHaeT OT POJUTENEH B
paBHbIX yacTsax. Eme B XIX Beke OMOJIOrM H3Yy4YWIIM MPOIECC KIETOYHOTO
JIeJIEHUs], KOTOPOMY IPEAIIECTBYIOT PACXO0KIEHUE XPOMOCOM, OJ1aroapsi uemy
B KQXIbI CIEPMATO30MJ M B KKAYIO SUILEKICTKY NONAAaeT MOJIOBUHA
XPOMOCOM M3 UCXOJIHOM KJIeTKH. Tornaa yxe ObLIo MoKa3aHO, YTO HOCUTEIISIMU
TeHEeTUYECKON MH(OPMALIY SIBJISIOTCS XPOMOCOMBI.

C TOYKM 3peHUs] XUMHUKOB XPOMOCOMBI COCTOSIT U3 Oenka U Je30KCUpPHU-
oonykienHoBor kucnoThl (JIHK). Beakm - cioxHas rpynmna BeIIeCcTB, CO-
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crosimias u3 20 MOHOMEPHBIX 3BEHbEB (AMUHOKHCIIOT), KOTOPHIE COSTUHEHHI B
cambIXx pasHbix komOuHanusx. B JIHK - Bcero uerbipe BMaa aMHMHOKHCIIOT.
Nmenno JIHK, HECMOTps Ha MPOCTOTY CBOEH CTPYKTYPBI, SBIISIIOTCS HOCHUTE-
JSIMA MH(POPMALMKU U 00eCHeYrBalOT 00pa30BaHUE CBOMX TOYHBIX KOIMMWM IS
nepeiavyy NOCIEAYOIIMM HOKOJIEHUSM.

JIHK oka3anach MBOMHOW CIMPaJibiO, CBA3aHHOM JBYyMs "Oa30BBIMU Mapa-
MU'": TAMUH-aJICHUH Y TUTO3WH-TYaHUH. YUCIIO 3TUX Map, HAIpUMEp, Y YeJIOBeKa
I'PaHIMO3HO.

Ilepen HayKkoil OTKpBUIACH BO3MOMHOCTh HE TOJBKO M3y4aTh HACJIEICTBEH-
HBIIA MaTepuall, HO U BIUATh HA CaMy HACJIEJICTBEHHOCTb: "onepupoats” JTHK,
CpalMBaTh y4acCTKM I€HOB AAJEKUX APYr OT JApyra *KUBOTHBIX WIM PAaCTCHUH,
MHa4ye TOBOPS1, TBOPUTH HEU3ZBECTHBIX IIPUPOJE XUMED.

[lepBBIM € MOMOIIHI0 TEHHON WHKEHEPUU ObLIT MOTYYeH HHCYJIHMH, 3aTeM
uHTEp(EpPOH, TOTOM TOPMOH POCTA.

Bupyc (unu ¢ar) cocrout u3 monekynsl JIHK, 3akmoueHHOl B Oenko-
BYIO 000JIOUKY, KOTOpas ACHCTBYET MOJ00HO IIMPHUILY, BIPHICKUBASI CBOM Ie-
HETUYECKUI MaTepHall B MOAXOASIYI0 KieTKy. g paznuuenus Oeiaka 00o-
noukd u JJHK y BUpYCOB MCHONB30BaIA PaMOAKTUBHBIE M30TONBI CEPBI U
dbocdopa, T.k. OeaKu coAepKar cepy, HO He coaepxkar pocdopa, a JIHK, na-
000poT, conepxat hochop, HO HE coziepKaT cepy.

I'ensl - 310 yuactku mosekyabsl JJHK, koTopas "pasmuoxkaercs" myrem
KOMIUIEMEHTAPHOTO MPUCTPAUBAHUS APYT K JIPYTY 4YETbIpeX '"HYKICOTUIOB"
(ocHOBaHMI1), U TIPU OIMIKUOKAX B 3TOM MPOLECCE MPOUCXOAAT MyTauuu. ['eHbl
YHOPABISIOT CUHTE30M OEJIKOB, COCTaBISIOUINX MPOTOIIA3MYy, NEPEKITI0YAsCh
BpeMs OT BPEMEHH C MOCTPOEHUSI COOCTBEHHOM KOMMHU (ayTOKaTajlu3) Ha IO-
CTPOEHHE MHBIX MOJIEKYJI (Fre€TepoKarann3). BeIsIBUIOCH M OTIMYUE BHPYCOB
OT KPUCTAJUIOB: IIPU BIPbICKUBaHUM BUpycoM cBoer /JHK ¢ renamu B :xuBy1o
KJIETKY MPOMCXOAMUT HE TOJBKO CaMOBOCIIPOM3BEIEHUE, HO I'€HbI BHUpYca 3a-
CTaBJISIOT KJETKY CO3JaBaTh HOBBIE, HECBONCTBEHHbIE €1l OEIKOBBIE MO-
JIEKYJIbl, KOTOPbIE€ MPUCIIOCOOJIEHBI IS LIeJIEHANIPaBIECHHOrO JAEHCTBUS - 3a-
paXXeHus! APYTUX KIETOK.

benku - BBICOKOMOJIEKYJISIPHBIE MPUPOJHBIE MOJUMEPHI, MOCTPOEHHBIE
U3 OCTaTKOB aMHUHOKHUCIIOT, COCIMHEHHBIX aMHJIHON (MENTHIHON) CBS3bIO.
benku sBIsIOTCS TJIaBHBIM, HauOoJiee IIEHHBIM U HE3aMEHUMBIM KOMITOHEH-
TOM INUTaHUS. DTO CBSA3aHO C TOM OrPOMHOM POJIbIO, KOTOPYIO OHU UTPaIOT B
IpoLeccax pa3BUTUSA U KU3HM YelIOBEeKa. Belku SBIIAIOTCS OCHOBOHM CTPYK-
TYpPHBIX 3JIEMEHTOB M TKaHEW, MOJAECPKHUBAIOT OOMEH BEIIECTB U IHEPIUH,
YYacTBYIOT B MPOIECCaX POCTa U Pa3MHOKEHUS, 00ECIEUNBAIOT MEXaHU3MbI
JBYDKEHUH, Pa3BUTHE UMMYHHBIX PEaKIuil, HEOOXOMUMBI 7151 PYHKITMOHHUPO-
BaHHs BCEX OPraHoB M cucrteM opranusma. IIpumepno 20% Beca Tema co-
cTaBistoT Oenku. B Teuenue 5 - 6 MecsmeB MpONCXOAUT TOJIHAS 3aMEHA CO0-
CTBEHHBIX OEJKOB Tejia uejaoBeKka. Pe3epBbl O€IKOB HE3HAYUTENbHbBI, U €UH-
CTBEHHBIM MCTOYHHUKOM HUX OOpa30BaHUs B OPraHU3ME SIBJISIIOTCS aMUHOKHC-
J0ThI OenkoB uy. [loaTromy Oenku paccMaTpuBarOTCs KaK COBEPILIEHHO He-
3aMEHUMbI KOMIIOHEHT MUTaHUS YEJIOBEKa JIF0OOro Bo3pacTa. Y MEHbIIECHUE
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CYTOYHOW HOPMBI MOTPeOIeHNs OEIKOB MPUBOAUT K OEIIKOBOMY TOJIO/IaHUIO
U OBICTPOMY PAaCCTPOMCTBY 370pOBbi. CUMITOMaMu OETKOBOTO TOJOMAHUS
SIBIITFOTCS BSUTOCTh, TIOXYACHHUE, OTEKH, JICPMATUThI, aHEMUS, CHIKCHUE UM-
MYHHUTETA, TSOHKENIbIC HApYIICHUS (QYHKIIMN TICYCHH W TIOJDKETYIOYHOM JKelle-
3p1. Kornma moctymienue O6enka B OpraHu3M HUKE, YeM €ro BBIBEIICHUE, Pa3-
BHUBACTCSI COCTOSTHUE OTPHUIIATEILHOTO a30TUCTOro OanaHca. J[muTenpHoe co-
CTOSIHUEC OTPHIIATEILHOTO a30THUCTOrO OajaHca XapaKTEPH3yeTCsl IOTEpeH
MBIIIIEYHON MAacChl, KOTJa OPraHu3M IS MOJACP)KaHUs )KU3HU HAaYMHACT UC-
I0JI30BaTh BHYTPECHHUE OCIKOBBIC PE3EPBBI, UTO MPEACTABISICT HEMOCPEICT-
BEHHYIO YIpo3y JKM3HHU U 3710pOBbI0. Hanpumep, CHUKEHHUE MBITIICYHOM Mac-
ChI Cep/Ia MOXKET BbI3BaTh TsDKEJbIC HApYIICHUS ero GpyHKuui. [ akTuB-
HBIX CIIOPTCMEHOB WJIM JIWII, BEAyIHX (U3UYCCKH aKTHUBHBIA 00pa3 KU3HH,
MoTeps JTaKe HE3HAYUTEIBHOTO TPOIEHTa MBIIIEYHOW MacChl UpeBaTa MoO-
MEHTAJIBHBIM CHUXEHUEM pe3yJbTaTUBHOCTHU. [losToMy oOmum TpeGoBaHu-
eM K 0€30MacCHOCTH OTPAHMYCHHBIX 0 KAJOPHUSM JHUET SBIISIETCS OTCYTCTBHE
COCTOSIHUSL OTPUIIATEILHOIO a30TUCTOTO OanaHca U OEIKOBOIo JeduiuTa.

CBoilicTBa )KMBOro BellecTBa:

B BCIO/JHOCThH- CIIOCOOHOCTH OBICTPO 3aHUMATh BCE CBOOOIHOE MPOCTPAHCT-
BO;

B aKTHBHOCTb- CIIOCOOHOCTH JIBUTAThCS MPOTHB JICHCTBUS BHEIIHUX CHIT;

B CaMOJ0CTATOYHOCTh- YCTOMYMBOE CYIIECTBOBAHKE MTPH KU3HU;

B peayleHTHOCTb- OBICTPOE PA3JIOKEHUE MTOCIIE CMEPTH;

B aanTHPYeMOCTh- BHICOKAsl CTCICHb aJaNTallid K U3MEHSFOIIUMCS YCII0-
BUSIM OKPY KArOIIEH CpeJibl;

B peaKTMBHOCTB- BBICOKAs CKOPOCTh MPOTEKAHMS XUMHUUECKUX PEAKIINN;

B 00HOBJISIEMOCTh- BBICOKasi CKOPOCTh OOHOBJICHUS JKMBOT'O BEIICCTBA.

DYHKIMH KUBOT0 BellecTna:

B JHepreTH4ecKasi- YHEProBbIICICHUE U TOTpeOIeHNE

B ra3oBas - Ta30BblACJICHUE U TOTpedIIeHNE

B OKHCJIUTEIbHO-BOCCTAHOBUTEIBHASI— OKHCIICHHE-BOCCTAHOBIICHUE Be-
11eCTB

KOHIEHTPALMOHHASI — KOHLIEHTPALIMSI BEIIECTB

AeCTPYKTHBHAS — PA3JIOKEHUE CIIOKHBIX BELIECTB

TPAHCIIOPTHAS — IIEPEHOC BEIIECTB

cpexoodpasyomas - 00pa3oBaHUE BELIECTB OKPY KAIOLIEH cpe/ibl
paccenBalOIasl — PACCEUBAHUE BEIIECTB

MHPOPMALMOHHAA — IIPUEM, COXpaHEHue, IepepabdoTKa, Iepenada
uH(popMauu
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['MnoTe3bl 0 MPOUCXOXKICHUH KU3HU HA 3eMJIe MOKHO Pa3/eiuTh Ha 2
TPYIIIBL: aduozenHvle u ouozennvle cunome3vl. CTOPOHHUKN aOMOTEHHBIX
TUIIOTE3, HApUMep APUCTOTENb, JOMYCKAIOT BO3HUKHOBEHHE JKUBBIX Opra-
HHU3MOB W3 HEOPraHMYECKOro BelecTBa. [10 MHEHUIO 3TUX YYEHBIX JJIsl 3TOTO
HEOOXOIMMBI JIUIIIb OCOOBIEC YCIIOBUSI MPU KOTOPHIX MPOUCXOMASIT KaueCTBEH-
HbIe IPe0O0pPa30BaHUsl HEKUBOW MPUPOJIBI B )KUBYIO. Takxke B MOJb3Yy CTOPOH-
HUKOB a0MOT€HHBIX TUIOTE3 CBUJAETEIHCTBYET TO YTO IO COCTaBY KUBOE U
HEXMBOE BELIECTBO COCTOUT M3 OJHHMX M T€X K€ XHUMHYECKHUX DJIEMEHTOB;
KpOME TOTO B HEKHMBOM NPUPOJE M3BECTHBI CIIy4yal CaMOOPTraHU3aLMM Jie-
MEHTOB CHCTEM, TaK)K€ BIEYATIIAIOT YCHEXU OPraHUYECKOW XWMHH MpPH pe-
HICHUH MpoOJieM cuHTe3a nmoauMepoB. OTHAKO IKCIIEPUMEHTAIBHBIX JOKa3a-
TEJIBCTB PEAIbHBIX YCIOBUI BO3HUKHOBEHHMS KUBOTO BEIIECTBA U3 HEOPTraHU-
YECKHUX BEIIECTB B HACTOSAIIIEE BPEMS HE CYLLIECTBYET.

Hpyras rpynna yueHblX, Hampumep Ausekcanap MBanouu Onapus,
SIBJISISICh  CTOPOHHUKAMHM OMOTEHHBIX THUIIOTE3 MPOUCXOXKIACHUS JKU3HH Ha
3emiie, MOJIATAIOT, YTO YXKE€ NEPBUUYHBIA «OYJIbOH», B KOTOPOM 3apOJUJIACh
KA3Hb, COJICPKAJI OPraHUYECKUE COCAMHEHUSI KaK MUTATEIIbHYIO Cpeny s
nanpHenero pa3BuTus. CTOPOHHMKA OMOTEHHBIX THIOTE3 HCHOBEIYIOT
npuHuun Quopentuiickoro Bpada @.Peau, KoTOpwiii ObUT HU3BECTEH €llle B
XVII Beke 1 03HAYaACT, YTO « BCE )KUBOE BO3HUKAET U3 JKUBOTO ».

Bnagumup MBanosuu BepHanckuil nepeHec BO3HUKHOBEHUE JKU3HU 34
npenensl 3eMId U JTOMyCKal BO3MOKHOCThH €€ IMOsBIICHUS B Ouocdepe mnpu
ONPEIEIICHHBIX YCJIOBUSX, 3aKJII0Yasi, YTO 3TO HE MPOTUBOPEUUT MPUHIUITY
Penu, koTophIii « ...HEe YKa3bIBa€T Ha HEBO3MOXKHOCTh abMOreHe3a BHE Ouo-
cdepsl ».

B./.BepHaackuii cuuTan TakKe, YTO 3aKOHOMEPHBIM ITPOLECCOM 3BO-
monuu 6uochepsl SBISIETCS BOZHUKHOBEHUE CO3HAHUS M, YTO, OJHAXKIBI BO3-
HUKHYB, CO3HAaHUE HAaYMHACT OKa3bIBaTh BCE BO3pACTAIOIICe BIUSHUE HA OMO-
chepy, Onarogapsi TpyAOBOM AESATEILHOCTH 4eloBeKa. B CBsA3M ¢ 3TUM UM
OBLJIO MCIOJIb30BaHO MOHATHE HoocPepsl. TepmuH «Hoochepa» wim chepa
pazyma Obu1 BBeZieH B 1927 rogy (paniry3ckum mateMaTukoMm U punocodom
Onyapnaom Jlepya i XxapakTEpUCTUKHA COBPEMEHHOM I'€0JIOTHYECKON CTaauun
pa3BuTUs Ouochepsl.

Hoocdepa- 310 HOBOE reosnorudeckoe siBicHHEe Ha 3emiie, B KOTOPOM
YEJIOBEK SIBIISIETCS TE€OJOTMYECKOM cuioi. OH MOXET U JOJKEH
NepecTpauBaTh CBOUM TPYJIOM U MBICIBIO 00JIaCTh CBOEH KU3HU

KiroueBbie TepMUHBI

¢ Kusble opranuzmbl ¢ @Duznueckue PaKTopbl OKPYKAOLIEH CpeIbl
JXuBoe BelecTBo ¢ Xumnueckue (akTopbl OKPYKaOLIEH Cpeibl
KocHoe BemectBo ¢ I'eosiornueckue pakTopbl OKpYKaOLIEH cpeabl
depmeHT ¢ KoadduuueHT nepenayn CUCTEMBI

Hoocdepa ¢ bBHOreoXMMHUYeCKHe KpyroBOPOTHI

* 6 o o
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12. Konnenmuu >K0JI0rHH

Tepmun «9konozua» Beenen J.1'ekkenem B 1866 rony. IlepBonayanbHo
OH O3HayaJl HayKy O JOMAIIHEeM ObITe€ *XHUBBIX OpraHu3MoB. Jlonaroe Bpems
IKOJIOTHS OCTaBajach YHUCTO OMONOrMYecKoil Haykoil. B Hacrosiee Bpems
9KOJIOTHUSl SBJIAETCA MEXKIUCUUIUIMHAPHONW HAyKOH, M3ydarolleid MpoOJeMbl
B3aMMOOTHOIIIEHH OPraHu3MOB C OKpY>Karouleil cpenoil (mpupoaoii), CBs-
3pIBatOlEl (U3UYECKUE, XUMMUYECKUE U OMOJIOTMYECKUE SIBJICHUS U, oOpa-
3YIOIICH CBOCOOpa3HBbIM MOCT MEXKYy €CTECTBEHHBIMH U OOILIECTBEHHBIMUU
Haykamu. Ocoboe 3HaueHue Kak Hayka sKosiorus npuodpena B 70-e roapt XX
BEKa, KOTJla CTaJl0 OYEBUIHBIM KaKyI0 YIrpo3y HECET MUPY TEXHOI'€HHas LIH-
BUJIM3ALUs. 3arpsA3HEHUs] aTMOC(EpPBI, OTPABJIECHUE PEK U 03€p, KUCIOTHBIE
JOXKIH, YBEIMYUBAIOIIMECS OTXO/Ibl IPOU3BOJCTBA, B OCOOCHHOCTH pailoaK-
TUBHBIE OTXObI, SIBJSIOTCS OJHUMHU U3 HauOOJ€e CYIIECTBEHHBIX MPOOJIEM ,
KOTOPBIMHU 3aHUMAETCSl DKOJIOTUS. BBIIEIUINCE B OTAENIbHBIE HANPABICHUS
COLMabHAsA DKOJIOTMSA,MCTOPUYECKAs DKOJIOTHSA, MEIULHHCKAas JKOJIOIU,
sTHueckas skosorus. Co3gana nporpamMma BCeoOIIero 3K0JI0rH4eckoro oopa-
30BaHUS.
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Ypoenu opcanuzauyuu mamepuu

CyHepMaKpoOMUp

( KocMocC )

Bcenennasn

TIanakTuku

CoJHeyHas cucTeMa

Il1aneTnl

3emuid

Jkochepa

/

Coo01ecTBa

Monyasiuuu

MaKpOMHUP

MUKPOMHUP

Opranusmsl

CucreMbl OPraHon

Opransl
Tkanu
Knerku
IIporomnasma
MoJiekyJibl

ATOMBI

BHeMEHTaprIe YacTuIbI
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KntoueBbIM MOHSTHEM 3KOJOTUHU SIBISIETCS TOHSATHE «IKOCUCHIEMA.
DKocucTeMa MpeCcTaBiIsieT co00il COBOKYIMHOCTh OPraHU3MOB, B3aUMO/ICHCT-
BYIOIIIMX MEXK]Iy COOOM U C OKpYXkKaIOIIEeH Cpeiou.

B kadecBe COBOKYMHOCTEH OpraHU3MOB BBIACISAIOT BUJ, MOIMYJISIHIO U
coo0uiecTBO. Bud- 3T0 COBOKYNHOCTh 0CO0€H, CIOCOOHBIX CKpPEHIMBATHCS
MEXly co0Oi B €CTECTBEHHBIX YyCIOBUAX. Ilonynayua- rpymnna opraHu3MoB
OJIHOTO BUJA, MPOXKHUBAIOUIMX Ha OIHOUN Teppuropuu. Coobusecmeo- coBo-
KyIIHOCTb JKMBBIX OPraHU3MOB Pa3JIMUYHBIX BUJOB, MPOKUBAIOIINUX HA OJIHOM
tepputopuu. [Ipu paccMOTpeHHH 3KOCUCTEM MPUMEHSIOT CPENHErPYIIOBbIE
CTaTUCTUYECKUE XapaKTEPUCTUKH, UCIIOIb3YsI BEPOSITHOCTHOE OLICHUBAHHUE.

OOnacTh SKOJIOTMM PACIPOCTPAHSIETCd Ha KUBbIE OPraHU3MBI, IPEJ-
CTaBJICHHbIE B HE€PAPXUUECKON CTPYKType OpraHHU3allMd MaTE€pUU, HAuMWHAas C
YPOBHS OTZEIBHOrO OpraHu3Ma ( HUKHHMM YPOBEHb ) U 3aKaHuUMBas dKocge-
poii ( BEpXHUI1 YPOBEHB ).

PaznuuaroT criemyromme TUIBI 3KOCUCTEM: HAa3eMHbIE M BOJHBIE KOCH-
CTEMBI, 3CTyapuH U SKOTOHBI.

Tunel 3kocucrem

/\

Ha3zemublie (0OMBI ) Boanbie \
IIpyn Puduwnr
/ l o py / \ \ i)
Jlecubie Crennbie IlycThiHHBIE O3zepo | Peka \ Oxkean

boioro  Ycrbe pexn  3anuB okeaHa

IKomon TIpEACTABISIET COOOM MEPEXOHYI0 001acTh MKy TBYMS pas-
JUYHBIMHM SKOCHUCTEMaMH, a ICHyapuu- o0IacTh TIe MOpPCKas BOJA BCTpeya-
eTCs C PeUHON. DTH Pa3HOBUAHOCTH YKOCHCTEM OTJIMYAET OOJIBIIOE Pa3HO00-
pa3ue BUIO0B KUBBIX OPTaHU3MOB.

DKOCHUCTEMBI UMEIOT UMEIOT B CBOEM COCTaBE Ouomuueckue ( XKUBbIE
OpraHu3Mbl ) M abuomuueckue ( PaxTopbl CPelibl ) KOMIIOHEHTHI.
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KoMmoHeHTBI 3KOCHCTEM

— T

buortnueckue AoOunoTnueckue
MNpOAYUCHTEI KOHCYMCHTBI PCAYLCHTLI (1)I/I3I/I‘-ICCKI/IG XHUMHUYCCKUC

B3anMoeiicTBe KOMITOHEHTOB SKOCUCTEM OCYIIECTBIISETCS 0 ABYM ITUKJIAM:

Manomy : NPOAYLEHTHl —p AECTPYKTOPbI—» a0uoTudeckue (paKkTopbl

U 00nbUuIOMy : TIPOYLICHTHl —p KOHCYMEHTBI —p JECTPYKTOPBI

T_ abnotnueckue GakTopsI <_,

JIroOo¥i »Tan B3aUMOAECHCTBHUI CONMPOBOKIAAETCS MOTPEOJCHUEM U Tpe-
00pa30BaHUEM COJIHEYHOW 3HEPTUU U COMPOBOKIAETCS BBIIEICHUEM TEIIO-
BOW SHEPTUU B OKPYKAIOIIYIO CPEY.

[Ipy u3yueHun CTPyKTYphl SKOCUCTEM HAHWOOJIbIlIEE BHUMAHUE YICISET-
cs aHaM3y TpopuyecKuX (MHUIIEBBIX ) CBA3EH MEXTY MOIMYJISLIUSIMU KUBBIX
opraHu3MoB. Pazianyaror 1Ba TpohUUeCKUX YpOBHSI:

B agmompoghnuiil ( BEpXHU YPOBEHb ), XapaKTEPHBIN I PaCTeHH, KOTO-
pble Ha OCHOBE ()OTOCHHTE3a MPOCThIE HEOPTraHUYECKUE BEIIECTBA MPeoo-
Pa3yroT B CJIOKHBIE OPTAHUYECKUE COECUHEHUS,

B cemepompognuiii ( HWXKHAA YPOBEHb ) XapaKTEPHBIA JUIsl >KMBOTHBIX,
KOTOPbIE TIPEOOPa3yIOT M pasiaraloT CJIOXKHBIE OPTaHUYECKUE COCAMHCHUS
B MPOCTHIE.

B skocuctemMax NpoOUCXOAUT MOCTOSTHHOE B3aMMOJCHCTBUE aBTOTPOHBIX U

reTepoTpo(dHBIX MOJCUCTEM, YTO MPUBOJIUT K KPYrOBOPOTY BELIECTB B MPHU-

poxe.

B3aumopelicTBre MEXly 4acTsIMU U LIEJIBIM B 9KOCUCTEMAX UCCIEAYETCA
JBYMSI Iy TAMU:

B 13y4YECHUE CBOMCTB OTJICJIbHBIX YACTEH U MEPEHOC UX CBOMCTB HA CBOMCTBA
11€JI0T0;

B 13y4YCHUE CUCTEMBI B IIEJIOM.

[TepBolii TyTh OKa3bIBaeTCs d(PPEKTUBHBIM B Cydae, €Clu yIaeTcs pas-
JIETIATh CHUCTEMY HA OTAEJIbHBIC HE3aBUCUMBbIE 4acTu. lccnepoBaHue xe
CBOMCTB CHCTEMBI KaK IEJIOr0 HEOOXOIUMO YXe MOTOMY, UYTO ATH CBOWCTBA
MOT'YT OTCYTCTBOBaTb y 4acTel CUCTEMbI ( B COOTBETCTBUM C MPHUHIIUIIOM
CHUCTEMHOM SMEPJIPKEHTHOCTH ) U B CHITY 3TOTO HE MOT'YT OBbITh OIIPE/ICIICHBI.

DKOCHUCTEMA- OTKpBITasi CHUCTEMA, IO3TOMY JKHBBIE OpPraHU3Mbl U
OKpyXamwmas cpeaa OKa3blBalOT B3aUMHOE BIMSHHE JAPYr Ha Jpyra,
OOMEHHUBAsCh  BEIIECTBOM, dJHepruen, uHbpopmarumend. CyllecTBYIOT
pa3IMuHble THUIOTE3bl O TOM,4TO OO0pa3oBaJOCh paHbIle: arMmocdepa,

060I‘aH_I€HHa}I KHCIOPOJ0OM HJIIHU KHUBBIC OPpraHU3MBI. CornacHo rurorese FCI/I,
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xuBble opranu3mel. CornacHo runotese ['en, BeiaBUHYTOM B 1970 roxy ¢u-

sukoMm J[xeitmcom JlaBmokom m MukpoOuosorom Jlmaa Maprymnuc, oo6pa3o-

BaHHUE KHUCJIOpOJa B aTMoc(epe B LIEJIOM SIBHJIOCh PE3YJIbTATOM KU3HEJEes-

TEIbHOCTH MPOCTEUIINX KUBBIX OPraHU3MOB, KOTOpbIE B aHa’3poOHbIX ( Oec-

KHUCIIOPOAHBIX ) YCIIOBUSAX CTaJlM BBIIEIATH B OKpYKarolIee MPOCTPAHCTBO

KHACJIOPOJ. DTa TUIOTEe3a MOATBEPKIAETCSI MHOTOYMCIECHHBIMU (DakTamMu U3

VCTOPUHU Pa3BUTHsI OPTaHMYECKOrO0 MHMPA, XOTSA U IPOTUBOPEYUT TPaJAULIMOH-

HOM TMIIOTE3€ O TOM, YTO KM3Hb Ha 3€MJIE BO3HUKJIA JIMIIb IIOCJIE TOrO Kak

chopMupoBanach arMocdepa ¢ JOCTATOUYHBIM JUIsl CYIIECTBOBAHUS >KHUBBIX

OpPraHU3MOB COAEPKAHUEM KUCIOPOJA.

OOMeH sHepruel 1 BEeIeCTBOM MEXy YKOCUCTEMOW U CPeIoi MpOsIBIIs-
€TCsl B YCBOGHUU aOUOTHYECKUX ( HEOPraHWYECKUX ) U OMoTHUecKuX (opra-
HUYECKHX ) pakTopoB cpesl. [Iporieccel 0OMeHa B 11€7I0OM HOCST YCTOMYUBBIiA
XapakTep U COOTBETCTBYIOT MPHUHIUIY 2oMeocmasa, cHopMyIHpOBaHHOMY
aMEepUKaHCKUM (Pu3nosioroM Yonrepom KeHHOHOM, COTJIacCHO KOTOpPOMY BCe
BaYKHEHIINE MMapaMeTpbl CUCTEMbI OAJIEP)KUBAIOTCA HA MOCTOSIHHOM YPOBHE,
Ojarojapsi HaJIM4YMIO B CHCTeME OOpaTHbIX cBszed. [IpuHuun romeocrasa,
IPUMEHEHHBI K Onocdepe, 03HayaeT, YTO MPUPOJIHBIE CUCTEMBI CIIOCOOHBI
NOAJIEP)KUBATh YCTOMYMBOE ITMHAMHYECKOE PABHOBECHUE, UCIIBITHIBAS J1ABJIC-
HUE CO CTOPOHBI XKUBBIX OpPraHU3MOB ( B YAaCTHOCTM aHTPOIIOT€HHOE JaBJiie-
HUE).

IIpn aHayn3e yCTOMYMBOCTH 3KOCHCTEM pPa3MYarOT CIEIYIOLIUE BUJBI
MX YCTOMYUBOCTH:

B unepmnocme ( BBIHOCIUBOCTb JKUBYYECTh ) HKOCHUCTEMBI- CIIOCOOHOCTH
YKUBBIX CUCTEM COINPOTHUBIIATHCS PA3IMYHBIM HAPYIICHHUSIM WM U3MEHEHHU-
AM;

B ynpy20cmp 3KOCHUCTEMbBI- CIIOCOOHOCTD JKUBBIX CHCTEM CaMOBOCCTaHAaBIIH-
BaTbCA IOCJE NEUCTBUS BHEUIHUX HAPYIIEHHN ( IPU YCIOBUU YTO OHU HE
ObLIM KaTaCTPO(QUUECKUMH );

B 1n0CMOAHCHE0 YKOCUCTEMBI- CIIOCOOHOCTD JKUBBIX CUCTEM COXPAHATH CBOM
pa3Mepsl.

B npupoaHbIx 3kocucreMax BeinoaHsercs npuHuun Jle [larense:

Ilpu 603nHuKHO6EHUU 6HEUIHUX GO3MYU|EHUT, HAPYUAIOWUX COCHOA-
Hue OKpyJcawouieil cpeovl, 6 buome 001IHCHbL 603HUKAMb NPOUECCHl, KOM-
neHcupyruiue 3mo 603IMyujeHue.

Peakiiuio *UBBIX OPraHW3MOB Ha JII000€ CHIIBHOE BO3/IEHCTBUE HA3bIBA-
10T cmpeccom ( OT aHIII. «HaIpsbkeHue» ). Cmpeccopul- PaxTopbl TPUBOIS-
I1€ OPTaHU3MBbI B COCTOSTHUE CTpecca.

Pe3koe n3meHenue PagnoaktuBnoe IllymoBoe I onmonanue
TEMIIEPATYPhI W3JIyYEHHUE 3arpsA3HEHUE
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[TpaBuio cTaOUIBPHOCTH SKOCUCTEMBI:

Uem eviuie 6udoeoe pazHoodpazue IKOCUCHIEMbl, MeM 6bliie Cma-
ounvHocmy IKocucmemsl, T.K. Takas SKOCHCTEMA UMeEET OO0Jblle CIOcOO0B
pearupoBaTh Ha Pa3IM4HbIE CTPECCHI.

[Ipn aHanu3e AMHAMHUKU 3KOCHCTEM HCIIOJIb3YETCS MOHSATUE CYKIIECCHH
skocucteM. Cykyeccuu ( «HACIEAOBAHKME» MPU OMOJOTUYECKOM Pa3BUTHH )-
npolece, Mpu KOTOPOM COOOIIECTBA BUIOB PACTEHHM M KUBOTHBIX 3aMellia-
I0TCS C TEYEHUEM BPEMEHH CEepUel pa3IMyHBIX M, KaK MMPaBUIIO, OOJIEEe CIO0XK-
HBIX COOOIIECTB, MHAYE, CYKIIECCUHU- 3TO HOCAE008AMENbHAA CMEHA duolye-
H0308, NPEEMCHEEHHO 803HUKAIOUWUX HA OOHOI U MOIL JHce meppumopuu 6
pe3yibmame 6AUAHUA RPUPOOHBIX UTU AHMPONO2ZEHHBIX YAKMOPOE.

Cykueccuu

— T~

IICPBUYHLIC BTOPHUYHEIC

~ LN /LN

Ckanbabie Ilecuanbie Bynkanuueckas Jlecuble BpipyOka 3acyxa
MIOPOJIbI JFOHBI JaBa noXkapbl Jeca

Hepeulmbte CYKIECCHUH Pa3BUBAIOTCA B TCUCHUEC HCCKOJIBKHMX COTCH JICT
Ha y9aCTKax, JIMIICHHLIX IIOYB; 6moOpudHble - B IIPCACIIAX CTA JICT HA Y4aCT-
KaX ¢ HApYIICHUAMU ITIOYBBI.

KiroueBble TepMUHBI

¢ DxocucremMa ¢  VYpOoBHHU OpraHu3alMy MaTEPUU

¢  Tunbpl DKOCUCTEM ¢  KOMIIOHEHTHI DKOCHCTEM

* Bung ¢ llonynsuus ¢ (Coo01miecTBo
¢ MeToabl UCCIIEA0BAHUS YKOCUCTEM

¢  Buapl yCTOMYMBOCTH 3KOCUCTEM

¢ JluHaMHKa 3KOCUCTEM

¢ Ctpecc

¢ Ctpeccopsbl
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13. KoHuenunu XuMU4€eCKUX CTPYKTYP

XHUMHYECKUMHU peaKuusAMH HA3bIBAIOTCA SBJICHUSA, IIPU KOTOPLIX OJHU
BCHICCTBA MPCBPAINAOTCSA B APYTIUC, OTINYAOIINCCA OT UCXOAHBIX COCTABOM
n CBOﬁCTBaMH, IIPpHU 3TOM HC IMMPOUCXOJUT U3MCHCHHA COCTaBa AJACP aTOMOB.

Tunsl XUMHYECKUX peakuui

( no npusnaxy evioenenusn/ no2iouieHUsA Mmenaionol )

B isorepmuueckne puvep: 1, + Cl, =2HCI + Q T
( BBIOETEHHE TEIUIOTHI )

B sunorepmuueckue  [Ipumep: N ) t 02 =2NO+ Q ‘L
( morJoIIeHue TEMIOTHI )

( noO NPU3HAKY USMEHEHUA HUca UCXOOHBIX U KOHEYHBIX eeuiecme )

B coequHeHMsI ITpumep: HCI+ NH 3 = NH 4 Cl

B pazio:keHust [Tpumep: 2HJ =N ) T J 2
M 3aMelneHns [Tpumep: Pb(NO3)2 +Zn = Zn(NO3)2 + Pb
B oOMeHa [Tpumep: AL O, +3H,50, = AL, (S0,), +3H,0

( no npusnaxy oopamumocmu peaxkyuu )
B o0paTumbIe Ipumep: N, +3H, <> 2NH,

W neooparumbie  Ipumep: 2KCIO; — 2KCI+ 30,

( no NPU3ZHAKY USMEHEHUA CMENEHU OKUCIERUA AmMOMO6 )
W 6e3 usmenenus Ilpumep: AL, 0, +3H,SO, = AL, (SO,), +3H,0

W oxuciutensHo-  Ilpumep: 2KCIO; — 2KCl + 30,
BOCCTAHOBHTEILHBIE

3aKoH coXpaHeHHs MAacCChl BelllecTBA:

Macca eewecme, ecmynawuwiux 6 XUMUUECKYIO Peakuyuro, pasHa
Mmacce eewjecms, oopazyrouiuxca 6 pesyavmame peaxuyuu. Qowee uucno
amomoe 0Cmaemca NOCMOAHHBIM 00 U ROCJ1e PeaKyuu.

3aKoH MOCTOSIHCTBA COCTABa BellleCcTBA.

3akoH JlanbToHa ( 17151 COSMHEHHIA MOJICKYJISIPHON CTPYKTYPHI ):

Coedunenue MoONEKyAAPHOU CMPYKMYPbl UMeem HOCHIOAHHBLL CO-
CMae He3asuUcUMo Om cnocoda noJiy4eHus coeOuHeHus.

ITpumep: Cocras CO, =27% (C)+73% ( O) He3aBUCHMO OT CIIO-
co0a moyry4eHus.

45



3akoH bepromie ( Ay coeIMHEHUI HEMOJIEKYISIPHON CTPYKTYPHI ):
Coedounenue nHemonexkynapuou cmpykmypot ( ¢ amomMHOU, WOHHOU UIU
KpUCMAIIUYECKOU peulemKoil ) umeen HnepemMeHHbvlil cocmag, KOmopbulil
3agucum om cnocoda noiyueHus cOeOUHeHusl.

[Tpumep: Cocran UO =or UOO,9 710 U 01,3 B 3aBHUCHMMOCTH OT TEMIIEpa-

TYPBI U AABJICHUA KHCJIOPOAA.

KiaroueBbie TepMUHBI

¢ XHUMHYCCKas peakLusi . TUIIBI XUMHYECKHUX peaKuI/Iﬁ
¢ COCIOUHEHHC * COE€IMHEHUE MMOCTOSIHHOI'O COCTaBa
¢ 3akoH JlaneTOHA ¢ COCIMHCHUE IICPEMEHHOI'0 COCTaBa
¢ 3akoH bepromne ¢ 3aKOH COXpPAaHCHHS MAcChl BEIICCTBA
14. OcHoBHBIE puU3NUYECKHE MOCTOSIHHBIE
du3nyeckasi NOCTOSITHHAS O60o3HaueHnue 3HaueHHe
CkopocTh CBETa B BAKyyMe c 2990%10% Mm/c
[Tocrosanas [nanka h 6.62*107* Jhx*c
['paBuTanmonHast moCTOsSIHHAS G 6.67*107" H*m? /kr?
Yucno Aporaapo N, 6.02*%10” 1/momb
YHuBepcanbHas ra3zoBast R 8.31  Jx/(monp*K)
IMOCTOSIHHAS
3aps1 HIEKTPOHA e 1.6*107"° Kn
ATOMHAs €IUHUILIA MACCHI a.e.M. 1.66*107 kr
Macca mokost 371eKTpoHa m, 91*107" kr
Macca nokost mpoToHa m, 1.67*107% xr
Macca mokost HeHTpoHa m, 1.68*%107%" kr
15. HpI/ICTaBKI/l AJIA 06p330BaHl/Iﬂ KpPaTHbIX U 10JBbHBIX €IWHMUII.
IIpucraBka | O603HauYeHHne n IpucraBka | O003HaYeHME n
Ilera I1 +15 Je1u I -1
Tepa T +12 CaHTHU C -2
I'ura T +9 MUJLIA M -3
Mera M +6 MHKPO MK -6
KHJIO K +3 HaHO H -9
I'eKTO r +2 KO n -12
JeKa na +1 bemTo 0] -15
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16. Bonnpochl o kypcy «KoHuenmuu COBpeMEeHHOI0 eCTECTBO3HAHMSD).

1) OcoOGeHHOCTH eCTeCTBEHHOHAYYHOIO MOIX0/1a K U3yUEHUIO MTPUPOIbI

2) Teneonornueckre METOAbI TO3HAHUS

3) CpaBHuUTENbHAS XapaKTEPUCTUKA METOJIOB MOHUMAHUS U OOBSICHEHUS

4) CTpykTypa OpOCTEHUIINX JOTUUECKUX BHIBOJOB

5) CxoncTBO M pa3nuyKre METOJO0B MpEeABUACHUS U 00bsicHeHus. [IpakTuue-
CKO€ 3HaYeHUE NPE/IBUICHUS

6) XapakTep BbIBOJIOB, IOJYUYEHHBIX W3 CTATUCTHYECKUX 3aKOHOB

7) TodeuHast 1 HHTEpBaJIbHASI OLICHKA

8) CrartucTudeckue CBOMCTBA OIIEHOK

9) Knaccudukaiys npu3HaKoB UCCIEAYEMOTo 00beKTa

10) TunoBbie 3aKOHBI pacHpeIeICHUS CITyYailHbIX BETUYHH

11) Iuddepenmmanus 3Hanuii (IUCIUTUTMHAPHBIN TTOIXO0T)

12) Nurterpanys 3HaHui (MEXKIUCIUTUTMHAPHBIN TOIXO0M).

13) OO0miue nprueMsl U MPUHITUIIBI €CTECTBEHHOHAYYHBIX UCCIICOBAHUN

14) EAMHCTBO HAayKW U HAYYHBIA METOJT

15) XapakrepHble 0COOEHHOCTH MEXaHUCTUYECKON KAPTUHBI MUPA

16) Onucanue mexanuueckoro aprxenust M.Hotoronom. [IpuBectu npumep
17) Konuenuusi 0OpaTUMOCTH BPEMEHH B KJIACCUYECKON MEXaHUKE

18) 3akoHbI (IPUHITUIIBI) KJIACCUYECKON MEXaHUKH

19) CpaBHuTeNbHAS XapaKTEPUCTUKA MPUHIIUIIOB KJIACCUUYECKOM MEXaHUKH U
HaTypduiocoPpckoro moaxoaa kK 00bICHEHUIO MEXaHUYECKOTO JIBUKEHUS

20) OcoGeHHOCTH IETEPMUHUPOBAHHBIX MPOIECCOB

21) DnekTpoMaraHuTHas KapTUHA MUpPa. XapaKTEePUCTUKU CPEIbI

22) Ocobennoctu Teopun Makcpemia. MUKpOIIOJe ¥ MaKpoIioie

23) [Ipunnun 6J1M3K0ISHCTBUS

24) CpaBHHUTETbHAS XapaKTepUCTUKA BelecTBa U nojsi. CTeneHu cBOOO b
25) PeBomronius B ecrectBo3Hannu B XI-XX B.B.

26) SIBneHre KBaHTOBO-BOJHOBOIO Jyalnu3Ma

27) IlnanerapHasi Mojiesib aTOMa

28) ITpuniun Heonpeaenennoctel B.I'eitzen0epra

29) «BonHoBast pyHKIIMS» B KBAHTOBOM MEXaHUKE

30) Bausinue m3aMepuTENbHBIX YCTPOMCTB Ha M3ydaeMble MPOLECChl MUKPO-
Mupa

31) MexaHnucTuuecKui MPUHLIMI OTHOCUTENIbHOCTH [ anues

32) [IpuHUMO OTHOCUTENIBHOCTH A. DUHILITEHHA

33) IlpeobpazoBanus JlopeHnia u ux cBsi3b ¢ mpeodpazoBanusmu [ anunes

34) 3aBUCHUMOCTh JJIMH OTPE3KOB, MHTEPBAIOB BPEMEHU, MAacChl U SHEPIUU
T€Ja B PEISITUBUCTCKOM MEXaHUKE

35) IIpocTpaHnCcTBO M BpeMsi B KJIACCHMYECKOW MEXAaHUKE M B CIEIUATbHOMN
TEOPHUH OTHOCUTEIbHOCTH

36) Knaccugukanus TepMOAMHAMUYECKUX CUCTEM

37) Konuenuusi HeOOpaTUMOCTH MPOLECCOB B 3aMKHYTBIX CHCTEMAaX

38) 3akOHbBI TEPMOJUHAMUKH
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39) KoHuenuus «TemioBOi CMEPTH»

40) DHTpONMS KaK XapaKTEpPUCTUKA TEPMOJAMHAMUYECKOTO COCTOSIHUS CUCTE-
MBI

41) Cunepreruueckue npoueccbl. Heo0xoaumMble ycaoBUs UX MPOTEKAHUS
42) [Ipunuun oOpa3oBaHus MOpsiAKa yepe3 QuyKryauuu

43) Knaccuduxaiusi oOpaTHBIX CBS3€H M MX BIUSHUE HA YCTOMYUBOCTH CHC-
TEM

44) Oco0eHHOCTH MaTEeMaTUYECKUX MOJIeNIEH, OINUCHIBAIOIIUX OTKPBIThIE
CHUCTEMBI U MPOLECCH CAMOOPTaHU3ALUHA CUCTEM

45) Konuenuusi atTomMmu3zma

46) YuuepcanbHbie (HyHIaMEHTAIbHBIC ) KOHCTAHTHI €CTECTBO3HAHMUS

47) OcoOEHHOCTH dJIEMEHTaPHBIX YaCTHIL

48) Knaccuduxariysi B3auMOICHCTBUN MEXKTY FIE€MEHTAPHBIMU YaCTUIIAMU
49) I'pynnioBbie ¥ UTHANBUTYATbHBIE XapPAKTEPUCTUKH IJIEMEHTAPHBIX YACTHUIL
50) OcHOBaHUS COBPEMEHHOTO MOAX0A K U3YUYEHUIO CTPOCHHSI MaTepUn

51) YpoBHU MO3HaHUS XUMUUYECKUX BEIIECTB

52) 3akoH IOCTOSHCTBA cocTaBa JlanpToHa

53) CoenuHeHUs TOCTOSTHHOTO U MIEPEMEHHOTO COCTaBa

54) ®epmenThl. VX BIUsSHUE HAa XapaKTep MPOIECCOB peaKInuii

55) DBouroIMS MOHIATHS XUMUYECKOU CTPYKTYPBI

56) OTnnune MOJIEKYJIIPHON CTPYKTYPbI )KUBBIX CUCTEM OT HEXHUBBIX

57) MexaHUCTUYECKUE U PEAYKIIMOHUCTCKUE KOHLEHIUU >KU3HEACATEIIHHO-
CTH

58) Poiab aMUHOKHUCIOT B )KMBOM OpTraHU3MeE

59) Pons IHK B mporiecce nepenaun HacaeACTBEHHON HHGOpMAIIUH

60) YpoBHU OpraHU3alNM )KUBBIX CUCTEM

61) DBomronus npeAcTaBieHu 0 6nochepe

62) CTpyKTYpHBI! OAXO/ K AaHAIU3Y KUBBIX CUCTEM

63) buotnueckue u abuotudeckue (HakTopsl Ouochepsl

64) Knaccudukanus seuiects (no B.M. Bepuaackomy )

65) OcoOEHHOCTH KMBOT'O BEIIECTBA

66) ['unoTe3bl 0 MPOUCX0XACHUH Ku3HU Ha 3emuie. [Ipunnun Penu

67) AHTponOreHHOE BO3/IeCTBUE HA Onochepy

68) DxocucTeMHbIN Moax0a. CTPYKTypa SKOCUCTEM

69) B3zanumo1elicTBUE DKOCUCTEMBI C OKPYKAIOIIEH cpeloi

70) IIpuHImI oOpaTHOM CBSI3U B 9KOCHUCTEMAX

71) IpuHImn u30BITOYHOCTA SKOCUCTEM

72) Buabl yCTOMYMBOCTH S3KOCUCTEM

73) AkTyanbHble TT00aMbHBIE TPOOIEMBI YEIIOBEUECTRA

74) Pumckuii ki1y®0 B pemIEHHMH SKOJIOTHUECKUX mpobiem. Momenb
COBpeMEHHOT0 001IecTBa Menoysa ( pakTopbl, BEIBOJIHI )

75) Ilonsitue cucrembl. KOMIIOHEHTHI CHCTEM.

76) Ctpykrypa cuctembl. B3auMocBs3b 37eMeHTOB. [IpuHIMI SMepIKEHTHO-
CTH.

77) Knaccudukanus cucTeM.
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17. CioBapb TepMHUHOB.

AJleKBaTHBIM- BIIOJIHE COOTBETCTBY IO

AJIPOHBI- 3JIEMEHTapHbIE YACTHUIIbI, TIOJIBEPKEHHBIE CUIBHOMY B3aUMO-
JIIEUCTBHIO

AHaJM3- METOJl MCCIIEN0BAaHUs, COCTOSIIMM B MBICIIEHHOM WIH (PaKTH-
YECKOM Pa3/ieJICHUH LIEJIOTO HAa COCTABHbIE YacTU

AHaJiorusi- nogo0ue, CX0/CTBO NPEAMETOB B KaKUX- MO0 CBOMCTBaX /
OTHOILIEHUSAX

AHTHYACTHLA- IBOMHUK YaCTHIIBI: Macca M CIIMH YacTHUIIbI M aHTUYacC-
THUIbI OIMHAKOBBI, 3apsiJl, MATHUTHBIA MOMEHT IIPOTUBOIOIOKHBI

Amnopusi- 0€3BBIXO/IHOE MOJIOXKEHUE, HEMPEOJOJIUMBbIE JIOTUYECKUE 3a-
TPYAHEHHUS

AmnocTepropHoe 3HaHUe- 3HaHUE, TPUOOPETEHHOE U3 OIbITA

ANnpokcuManusi- NpuOIMKEHHOE BBIPAKEHUE KaKOW- TUOO BEIUYUHBI
yepes apyrue, 00jiee MpoCcThie BETUYUHBI

ANpPHOPHBIN- IPEAIIECTBYIOIINN OIBITY

AprymeHT- J0BOJ J0Ka3aTeIbCTBAa, OCHOBAHME BBIBOJA, C IMOMOILBIO
KOTOPOT0 0OOCHOBBIBAETCS BHICKA3bIBAHUE

AHHUTMJISIIMSA- PEBPAIlEHNE YaCTULIbl U AHTUYACTHULBI NIPU CTOJIKHO-
BEHUU B JIpyr'He YaCTHIIbI

Bbuocdepa- o6nacTs pacnpocTpaHeHus )KU3HU Ha 3eMIie

BeposiTHOCTB- CTENEHb BO3MOXHOCTH KakKOro- JIMOO OIpe/eleHHOIO
coObITHUS

BbIBoa- mOCI€A0BAaTENBHOCTS BBICKA3bIBAHUN WM (OPMYJI, COCTOSILAs
U3 aKCHOM,ITOCBIJIOK M paHee JI0Ka3aHHBIX BbICKa3blBaHUU (TeopeM). [locnen-
Hssg (opMyJia TIOCIEA0BAaTEIbHOCTH TIPECTaBIsIeT co00i noKazyemyro ¢Gop-
MyJLy.

Bbicka3biBaHHe- JIOTMYECKUN TEPMUH, KOTOPBIM O0O3HAYAETCsI CMBICI
IPOCTO I'0 MOBECTBOBATEILHOIO MPEAJIOKEHHS €CTECTBEHHOTO SI3bIKa

I'epmeHeBTHKA- pa3/ie’ METOJOJIOTMH HAyKH, CBSA3aHHBIN C MCTOJIKOBA-
HUEM TEKCTOB, UX IOHHMAaHUEM, CMBICIIOM

I'unore3a- mpeanonokeHue O MNPUYMHE KaKoro- JUOO SBJIEHMS,
JIOCTOBEPHOCTb KOTOPOTO €I1I€ HE I0Ka3aHa

I'omeocTa3- ciocoOHOCTH MPUPOJBI KOMIIEHCUPOBATh aHTPONOTEHHOE
JABJICHUE

Jenykumsi- crioco0 pacCykKIeHHsI OT OOLIUX MOJIOKEHUH K YacTHBIM
BBIBOJIaM

JleTepMMHM3M- TEOPUS ONPEIEIEHHOCTH, OTHO3HAYHOCTH

/KuBoe BelIecTBO- COBOKYITHOCTh PAaCTEHUN M >KUBOTHBIX, BKIIFOYAS
YEJI0BEYECTBO

Nupyknms- cnocod paccyXIeHHus OT YaCTHBIX (PAKTOB K OOLIUM BBIBO-
nam

HNuTepnperanms- UICTOJKOBAHHUE, PACKPBITUE CMBICIA, COACPKAHUS Ye-
ro-i11oo
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Kaacendpukanms- pazOuenue npeIMeToB Ha KJIACCHI IO CYIIECTBEHHBIM
npU3HaKaM

MopaenupoBaHue- 3aMeHa 00BbEKTa MCCIETOBAHUM KOMHUEH, CXOTHOM C
O00OBEKTOM B CYIIECTBEHHBIX MPU3HAKAX

Hyxknon- o01iee Ha3BaHUE ISl MPOTOHA M HEUTPOHA

O0beM MOHATHSA- MHOXKECTBO MPEIMETOB, OTBEUAIOIIUX JAHHOMY IO-
HSTHUIO

Orpanuyenme- JJOruyecKas onepamnusi nepexoga OT MOHATHS C HEKOTO-
pbIM 00BEMOM U COJAEpPKAHUEM K IMOHSATHUIO C MEHBIIUM 00BEMOM, HO OOJIb-
1M COJIEP>KaHUEM

O0001enne- oruueckas onepaius oopaTHas OrpaHUYCHUIO

IMapagurma- npumep, odpasen

Ionnmanme- MeTO1 TO3HAHUS, PACKPBIBAIOIIUIN CMBICIT COOBITHS

IMonsiTue- opMa MbIIICHHS, OTOOpaXkaroliasi CylIIeCTBEHHbIE MPU3HA-
KU TIpeMeTa

Camoopranm3anusi- mporecc 00pa3oBaHUs HOBOTO MOPSIJIKA B CUCTEME

Cuitorusm- hopma JOrHIECKOr0 YMO3AKITIOUEHHUS

CummeTpusi- paBHOBecue, OanaHc

CMBICJI- COJIEp)KaHUE BBIPAXKEHUS; MBICIb, COJIEPXKAILAsACS B BbIpaXKe-
HUU

CoenuHeHme- cucTemMa, COBOKYITHOCTh 3JIEMEHTOB

CopepxxaHue NMOHSITHUSI- COBOKYIHOCTh NPU3HAKOB, MPHUCYLIMX MOHS-
THUIO

CraTucTnka- QyHKIUS BHIOOPOYHBIX 3HAYECHUN

Cy:xnenue- opma MbICITH, B KOTOPOH YTO- JTHUOO yTBEPIAETCS WU OT-
puiaercs

TaBTo10rMsA- TOBTOPEHNE paHee CKA3aHHOTO B TOM WJIK UHOU (hopme

Teneonorusi-teopus,nonaraioniasi  BCIKOMY pPa3BUTHIO MPEIOTNpEe-
JICHHBIE TIeTTU

YMo3akI0ueHue- JIOTHYECKU BBIBOJ] M3 COBOKYITHOCTH MOCHUIOK

@aKTOpP-MOMEHT, CYIIECTBEHHOE 0OCTOSITENHFCTBO B KAaKOM- JTHOO sIBIIE-
HUU

depMeHT- KaTaau3aTop B )KUBBIX KIETKAX

DHTpONUA-MEpa YIOPSAI0UYCHHOCTH CUCTEMBI: YEM BBIILIE YPHTPOIUS, TEM
OoJbliIe Xaoc
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18. JIuteparypa.

18.1 OcHoBHas quTEpaTypa

1) Anexcee C.M. Meroauueckue ykazaHusi mo kypcy «KoHuenmuu
COBPEMEHHOI0 ecTeCTBO3HaHUs»-M.: m3narensctBo MOCH, 2000.-54c.

2) Illennuxora JI.C., IllennnkoB A.A. «KoHuenmum coBpeMeHHOT0
eCTeCTBO-3HAHMSA»: Y4eOHO-TIpakTuYeckoe nocoomne/MOCKOBCKHUI rocyaap-
CTBEHHBI YHUBEPCUTET HSKOHOMHUKHM, CTATUCTUKH W HHPOPMATUKHU.-M.:
M3CH, 1999.-84c.

3) http://nrc.edu.ru/est/pos/index.html YdyebHOE mocobue mo KoHIen-
MM COBPEMEHHOI'0 eCTEeCTBO3HAHUS.

4)  http://nrc.edu.ru/est/ Cucremarnueckoe U3JI0KEHHUE Y4EOHOro Ma-
TepUaJia M0 KOHUENUHUSIM COBPEMEHHOI0 €CTeCTBO3HAHMS: METOOJOTHUS
HAyKH, KapTUHA MHpa COBpEMEHHON (u3uKH, 3BoonMs Beenennoii, 6uono-
TUYECKasi KapTUHA MUPA.

5) KapnenkoB C.X. OcCHOBHbIE KOHIENIUM  €CTECTBO3HAHUA .-
M.:Kynberypa u ciopt, FOHUTH, 1998.- 208 c.

6) Kyznenos B.U., Unnmuc I''M .,I'ytuna B.H.-. EcrecTtBo3Hanue-M.,
Arap , 1996

7) PyzaBun [ .- Meroasl Hay4yHOro wuccieqoBaHusi-. M.,
Mgicns, 1974

8) PyszaBun I'.l.- KoHuenuuum cOBpeMEHHOr0 eCTECTBO3ZHAHUSI-
M., Kynsrypa u cnopt, FOHWUTHU ,1997

9) Xaken I'. Cunepreruka.- M.: Mup, 1980.- 404 c.

10) Wpeaunrep 3. UYrto takoe xu3Hb? C TOUKH 3peHUS (UBHKH. -
M.:Atomuzaar, 1972

18.2 JonosiHuTEILHAS JIUTEpaTypa

1. Bepuaackuii  B.M. XXuoe BemectBo u Ouocdepa.- M.: Hay-
ka,1994. - 669 c.

2. Bonbkenmreitn M.B. Ourpomus u wundpopmanus.- M.: Hayka,
1986.-190 c.

3. Kampa @. /lao ¢usuku.- CI16.: Opuc, 1994.- 302 c.

4. Kewmmn I1., Apmc K. Benenue B 6uonoruto .- M.: Mup, 1986.-671
c.

5. Kussesa E.H., Kyparomos C.II. 3akoHbI 3BOJIOLMHA M caMoopra-
HU3aIUU CI0XHBIX cucteM.- M.: Hayka, 1994.- 229 c.

6. Kysneno B.M.- O0Omas xumust Tennenuuu paszutusa-. M., Beic-
mras mkoxna, 1989

7. MennukoB bB.M. buonorua: GopmMbl U YypOBHU  KU3HM.-
M.:ITpocsemenue, 1995.
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16. ®@eitn6epr E.JI. [IBe kyapTypbl. UHTYHUIMA U JTOTHKA B UCKYCCTBE U
Hayke.- M.: Hayka, 1992.- 255 c.

17. Xokunr C. Ot 60JbI1IOT0 B3pbIBa 10 YepHBIX AbIp. KpaTkas ucro-
pust BpeMmeHu.- M.: Mup, 1990.- 166 c.

18. Umxkenckuii A.JI. KocMuueckuil mysibC xu3Hu.- M.: Meicib, 1995.-
766 c.

19. Odbpoumcon B.II. T'enunanpHOCT, U TreHeTHKa.-M.:Pycckuit
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mas mkoJja, 1981.

21. Conceptions of Modern Natural Sciences: References
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