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lpepucnoBue

KHura HamucaHa Ha OCHOBe Kypca JIeKI[UM, YyuTaeMoro ¢ 1994 r. cty-
JleHTaM 9KOHoMUu4YecKoro ¢gakynbreTa, a ¢ 2012 r. u cTygeHTaMm daKyabTeTa
rob6anbHBIX TporieccoB MI'Y um. M. B. JlomoHocoBa. CAenaHa MombITKa pas-
paboTaTh mpeesbHO KPaTKUM, OHOCEMECTPOBBIM KypC €CTEeCTBO3HAHUS,
OTpakarllUi CYyTh COBPEMEHHOUN eCTeCTBEHHOHAyYHOMW KapTHHHI MHpa
1 B TO )Xe BpeMs HallMCAHHBIN SA3BIKOM, IIOHATHBIM CTYZIeHTaM TeX CIlellra-
JIU3AIUH, A1 KOTOPBIX GU3NKa HE SABIAETCA MPOPUIUPYIOIIUM IPEAMETOM
WIN JAaXKe BOBCE OTCYTCTBYET B IIPOrpaMMax.

PaccmaTpuBalOTCs COBpeMEHHbBIEe TPOOJIeMBl U JOCTHKEHUST €CTECTBO-
3HaHUs. OXBaTHIBAIOTCA MacIITabbl OT pa3MepOB dJIEMEHTAaPHbBIX YaCTHI]
0 BceneHHoi, Bce BUAB QyHAaMEHTAIbHBIX B3aUMOENCTBUM, Hanboiee
MIPUHIIAIMAIbHbIE 3aKOHBI U MMOHATUS, KPYITHEHUIIINE JOCTHKEHUSA HAyKU
XX B., mpeoOpa3uBIIHeE KXU3Hb YesoBedecTBa. Ocoboe BHUMaHUE YAEIIeTCsa
COBPEMEHHBIM II0OAMBHBIM MTpobseMaM U MpobjieMaM COXpaHeHHUsT 6HOo-
coepsl.

EcTecTBO3HAHME OTPOMHO, U GU3MKa He SIBJISIeTCS OCHOBOM BCEro ecTe-
CTBO3HaHMA. [Ipy yBeJIMUeHUM 4YMCJIa YacOB, BHIZE/IIEMBIX Ha €CTECTBO-
3HaHHME B y4eOHBIX IIpOrpaMMax, pPacIIUPSIOTCA BO3MOXKHOCTH BKJIIOUEHUS
B KypC KPYIHEHIIHUX JOCTIKEHUH OMOJIOTHH, XMMHUU U APYTHUX €CTECTBEH-
HBIX HayK.

B pesysbTaTe M3y4eH s HaCTOSIIEr0 YIeOHOT0 MOCOOUS CTYAEHT AO/IKEH
OCBOMTb:

mpydoevle delicmeus

* BJaJIeHHE METOAOJIOTHEN eCTECTBEHHOHAYYHOr'0 MPeACTaBIeHUs COB-
pPEMEHHOM KapTHWHBI MUpPa U MPUHITUIIMAIbHBIX BO3MOXHOCTEM BBIXOZA
13 II00aJbHOTO KPU3HCa;

Heobxo0uMmble yMEHUS

* M0JIb30BaThbCsS 6A3MCHBIMU 3aKOHAMU €CTECTBO3HAHUS [JIS PEIIeHUs
KOHKPETHBIX 33Z1a4 U pU GOpMUPOBAaHUY KOHIIENIINHA MUPOBOI'O Pa3BUTHS;

Heob6xo0umble 3HAHUS

* OCHOBHBIX GU3MYECKHUX 3aKOHOB, COCTABIAIOMNX QyHAAMEHT COBpE-
MEHHOT'0 €CTECTBO3HAHUSA U eCTeCTBEHHOHAYYHBIX OLIEeHOK TeH/eHITUM IJ10-
6aJIbHOTO KpHU3HCa.

Yueb6HOe mocobue MOATOTOBIEHO CTYIEHTOB 00pa30BaTeIbHBIX YIpeXK/Ie-
HUM cpefiHero npodeccHOHaIBPHOTO 06pa3oBaHus, IIperoAaBaTeie u Bcex
WHTEPECYIOIINXCS.



BBepenne

Ecmecmeo3HaHuem, ecmecmaeHHbIMU HAYKAmMU OOBIYHO HA3bIBAIOT COBO-
KYITHOCTb HayK o mpupoze (pusmka, Xumusi, 6U0JIOTHsI, Te0JIOTHsI, Teorpa-
bus u T.4.).

dusuka — HayKa 0 pUpoJe, U3ydaloas Haubosee ob1IMEe ee 3aKOHHI,
mo3ToMy pU3MKa U ee 3aKOHBI JIeXKaT B OCHOBE BCET0 ecTeCTBO3HaHUA. [1po-
HUKHOBeHUE QU3UKHU B [PYTHUE €CTECTBEHHbIE HAYKU HACTOJIbKO OPraHUYHO
A MHOT'OTPAHHO, YTO Ha CTBIKaX BO3HUKJIM HOBBIE €CTeCTBEHHBbIE HAyKU:
6uodusmka, actpodpusuka, reopusmnka, pusndeckas Xumus u T.7. Kpome
Toro, pusurka npezomnpezenseT GyHAaMEHT U BCeX TEXHUYECKUX JOCTHKe-
HUM yesmoBeKka. [ToaToMy B HalleM KpaTKOM BBOZHOM Kypce OCHOBHOE BHU-
MaHue OyzeT yzaeneHO Harubosiee BaXKHBIM U MPUHIIUITUAIBHBIM JOCTIDKE-
HUSIM COBPEMEHHOUN QUUKM.

BiusaHue ecTecTBO3HAHUA HAa GOpPMHPOBAaHNE U Pa3BUTHE METOJOJIOTUHN
SKOHOMMYECKOU HAyKM He BBI3bIBA€T COMHeHUM. Tak, udydas MPUHIUIIHL,
HICITOJIb3yeMbI€e IIPU TIOCTPOEHUH U 0O0CHOBAaHUM PA3JTMYHBIX CUCTEM 3KOHO-
MHWYECKOTO 3HAaHUA, MOXKHO OOHAPYKUTh ITPOTUBOCTOSHUE JIByX OCHOBHBIX
IIOZIXOZOB: pallMOHAJIN3Ma Y SMIIMpU3Ma. PallnoHa/IU3M IpezjiaraeT B Kade-
CTBEe OCHOBHOI'O MCTOYHUKA 3HAHMSA pa3yM, a SMIIMPU3M — UYyBCTBEHHBIN
OIIBIT.

PanpoHaIM3M CJIOXKWICA KaK ITOIBITKA OOBSCHUTDH CBOMCTBEHHBIE MaTe-
MaTHYeCKOMY 3HaHUIO BCEOOITHOCTh U HeoOX0AMMOCTh. B cBoiO ouepesb,
SMITHPU3M, YTBEPKAABIIHIA, YTO GAKTHI U TOJBKO PaKThI ABIAIOTCSI OCHOBO
YTBEPKAEHUM I10 MMOBOAY UCTUHHOCTU WU JIOXKHOCTY 3HAHUA, YepIIaj CBOU
naeu u3 GU3NKU, aHATOMUU U JPYTUX €CTECTBEHHBIX HayK.

B HoBoe BpeMsa pallMOHaJIMCTHUYECKas yCTAaHOBKa ObLIa IIpe/CTaB-
JIeHa, IIpeXJe BCero, KJIacCu4eCKOU MOJMTUYECKON SKOHOMUEH, COTJIacCHO
KOTOPOU KOHOMMKA, KaK ¥ MHUP B I[€JIOM, YCTPOEHBI Pa3yMHO, 1 YeJIOBEK
crtocobeH MO3HATh UX 3aKOHBL. HO y posioHA4YaIbHUKOB SKOHOMUYECKOM
TEOPUU PAIMOHA/NIM3M He OTPaHUYUBAJICA ITOCTPOEHUEM TOJBKO MBICIU-
TeJIbHBIX KOHCTPYKIIMI Ha OCHOBE BCEOOIIMX U HEOOXOAUMBIX IIPUHIIUIIOB,
HO U IpeAIosaraa UCIoAb30BaHUE SMIIMPUYECKUX METOZOB, IIPEX/e BCEro
3KcrnepuMeHTa. Tako# moaxo O6bUT 06YC/IOB/IEH TEM, YTO KJIACCUKU 3aUM-
CTBOBAJIM CBOM MeTo/ U3 ecTecTBo3HaHUA. Hanpumep, A. CMUT B CBOUX
HCC/IeIOBAHUAX O MPUPOJE M IMPUYMHAX OOraTcTBa HApPOJOB UCIIOIb30-
BaJI MOJIOXKEHUA U MPUHLIUITBI QU3UKU TOr0 BpeMeHH. OrpOMHOe BIUSHUE
Ha A. CmuTa okasasa Teopus V. HeioToHa. Vi «DKOHOMHYECKast TabIuIia»
®. Kens (1758), oTobpaxkaBiias KpyroobopoT 06IeCTBEHHOT'O MMPOAYKTA,
6bL1a ocTpoeHa Ha MeTadope KPOBOOOpaIeHUA.



[TozgHee, Bo BTOopol nmosoBuHe XIX B. mpe/cTaBUTeNb Map:KMHaIU3Ma
JI. Banbpac HacTavBaJ Ha CXOJCTBE IMOJIUTUYECKOU SKOHOMUU C PU3IUKO-
MaTeMaTU4yeCcKOU HayKOM, IOAYepKUBas, 4YTO MaTeMaTUYeCKHe HayKu
Ha OCHOBE aKCHOM CTPOAT KOHCTPYKILIMU CBOUX TEOPEM, 3aTe€M HUX [JOKa3bl-
BAIOT U TOJBKO IIOTOM 00OpaIarTcs K ONBITY, HO He JJI1 TOT0, YTOOHI IOJ-
TBEPAUTH MCXOJHBIE TIOJIOXKEHUS, @ YTOOBI IPUMEHUTh CBOU BHIBOZBL.

PanmoHanucTH4YecKrue ycTaHoBkY JI. Basbpaca crmoco6CTBOBaIM Iepe-
XOZly 5KOHOMUYECKOH TeOpPUM K METOZOJIOIMYeCKUM CTaHZapTaM bopMau-
30BAHHOI'O 3HAaHUA HA OCHOBE UCIIOJBb30BAHUA A3bIKA MaTeMaTUKU. [71aB-
HBIM CpPeJCTBOM aHa/IM3a CTAJO0 IOCTPOEHHE MaTeMaTUYEeCKUX MOJeeH,
a VIaBHBIM KpUTEpUEM UX HAyYHOCTU — JIOTMYECKAsA CTPOr'OCTh BBIBO/OB.
[TpuMmepoMm popMasn3oBaHHOIO MmoAaxoza crtasa KHura I1. CamyasbcoHa
«OCcHOBaHUSA SKOHOMUYECKOTO aHAIM3a», B KOTOPOU B Ka4eCTBE€ OCHOBHOTO
METOZOJIOTUYECKOT'0 MPUHIIUIIA IIPOBO3IVIALIEHO BHIBEJEHUE OIllepalyio-
HaJIbHO 3HAQYUMBIX TeopeM. IIpu 3ToM moz onepayuoHaibHOCMbI0 TIOHU-
MaeTcs SMIMpUYEcKas MPOBEPSIEMOCTh WIM XOTS ObI BO3MOXXHOCTh IIPO-
BepAeMOCTU. TaKkoil MOAX0J — XOpollas WUIIOCTPAIUA TIO3UTUBUCTCKOTO
IIOHMMaHUS B3aUMOOTHOIIEHUU TeOPUX U SMIIUPHUM.

Yem 006ycIoBIeHO pa3BUTUE PUINKU U APYTUX €CTECTBEHHBIX HayK? [Ipe-
’KJie BCero — IMPaKTUYeCKUMHU ITOTPeOHOCTAMU JeoBedyecTBa. Hampumep,
B XIX B. /A yAOBJIETBOPEHUS MOTPEOHOCTH B CTPOUTENHCTBE TEIUIOBBIX
MAaIllH, CITIOCOOHBIX ITPeBpaIlaTh TEIUIO B paboTy, BOZHUKAET IieJIoe HalpaBs-
JIeHUe B HayKe — TepMOJWHaMUKa. Bca ucTopusa yesoBedecTBa CBUZETENb-
CTBYET, YTO €CJIM y 00IecTBA MOSABJIAETCSA cepbe3Hasi IOTPeOHOCTD, TO 3TO
IIPOZIBUTAEeT HAyKy BIlepeZ O0Jblle, YeM HECKOJIBKO YHUBEPCUTETOB.

CrpamrvBaeTcsi, a €CThb JIU celvac Kakas-Tubo cepbe3Has MOTpeOHOCTD
y yesioBevecTBa? CAEep>KUBAETCS JIU YeM-HUOYZAb ero riobaibHOe pa3BUTHE?
K coxaneHuro, Takas npobsema ecTb. M1 3To HU MHOTO HH MaJIO KaK IOTpeo-
HOCTbD 8bLCUBAHUS COBPEMEHHOU yusunusayuu. HaM npeacTouT TIIATENTbHO
pa3obparhbcs, He CTYIIAIOTCA I KpacKy IIPY TaKOM ITOCTaHOBKE BOIIPOCA,
YTO TOBOPUT COBPEMEHHOE €CTEeCTBO3HAHME O CYyTH INIOOANbHBIX MPOobIeM
Y, caMoe IVIaBHOe, O IIPUHIIUITHATIBHBIX BO3MOXXHOCTSIX BBIXOZIa M3 IJI00AJIb-
HOTO Kpu3uca. C aHa/M3a CaMbIX OCTPHIX M HanboJjiee aKTyaJbHbIX II00ab-
HBIX ITPO0JIEM YesloBeYeCcTBa Mbl U HAYMHAEM Halll KypC.



naBa 1
TNTOBAJIbHbBIE NMPOBJIEMblI COBPEMEHHOCTHU

1.1. AHanu3 u cunTe3. Llenb ecrecTBO3HaHKA

[ToueMy cocylecTByeT MHOT'O eCTECTBEHHBIX HayK (bu3nKa, XUMus, 610-
JIOTHA U T.J.), K&K/Jast U3 KOTOPBIX APOOUTCA ellle Ha HECKOJIBKO HalpabJie-
Hui? Hampumep, B GU3NKe MOXXHO BBIZIETUTh MEXAHUKY, TEPMOANHAMUKY,
3JIEKTPOJUHAMUKY, OIITUKY, aTOMHYIO PU3MKY, KBAHTOBYIO MEXAHUKY U T.Z.
OTo mpocToi Bompoc. JIoCTaTOYHO SICHO, YTO COCYI[eCTBOBAaHUE MHOXKECTBA
HayK W HalpaBJIeHUH 00yCIOBIEHO 0OBEKTUBHOM CIOXKHOCTHIO M MHOT'000-
pasreM OKpPYXKaloIllero Hac Mupa. B Hayke B IMOZOOHBIX CIydasXx PEKOMEH-
ZyeTcsl caeAyIONINiA MOAX0 A K MpobyieMe: CHavala aHajIu3, a IIOTOM CHHTES.
VIHBIMU CJIOBaMH, CHadaJjla 3aJada JpoOUTCS Ha HECKOJIbKO O0Jjiee MMPOCTBIX
yacTel, KOTOpble Mbl B COCTOSIHUM PacCMOTpeTh. Tak MBI IPOM3BOJUM aHa-
JIU3 3aJja4i. 3aTEM MBI ZIOJDKHBI IIPOBECTH OOpaTHBIM IIPOIeCC — BOCCO3/aTh
U3 pasfieJIeHHBIX KYCOYKOB MCXOAHYIO 1IeJIbHYIO KapTHUHY, HO y>Ke€ Ha HOBOM
YPOBHE ee IOHUMaHUA. DTOT 0OpaTHBIM IIPOIIECC ¥ HAa3bIBAETCSA CUHME30M.

Bech MHOTOBEKOBOH ITPOLIECC Pa3BUTHA €CTECTBEHHBIX HAYK IO CYI[ECTBY
€CTh MHOTOBEKOBOM IIpOliecC aHaIM3a OKpyKarolero Hac mupa. OTcrozaa
A MHO>KECTBO HayK.

KakoBa ryiaBHad Liesib €CTeCTBO3HAHUA? Beab MUup eauH, BCe 4acTu,
Ha KOTOpble MBI €ro IOJAEeJUWJHU, CYUEeCTBYIOT TOJbKO B €AUHCTBE,
a He IIOPO3Hb, a IOTOMY U Hallla [VIaBHasA 3aJadya — IIOCTUTHYTh €r0 UMEHHO
B eJUHCTBe. HaM coBeplIeHHO HeZOCTaTOYHO 3HAaTh, U3 Yero COCTOUT MUP,
HaM HeoOXOZMMO 3HaTh, KaK BCe OTH YaCTH B3aHMO/JEHCTBYIOT, KyJla MUD
JIBIDKETCS U Kak pa3BuBaeTcs. [[o3HaHHe MHpa B ero eZIMHCTBE, T.e. BO BCe
€ro CJIOXKHOCTH M MHOTOO0Opa3uH, MO3BOJISAET CIEAUTh 32 €ro JUHAMHKO
1 JeaTh IporHo3. Hayka Torza cTaHOBUTCA HayKOI, KOTZla OHa CIocobHa
IIPOTHO3UPOBATh.

C 5TOi1 TOUKM 3peHUsI MHOTOBEKOBOM MPOI[eCC Pa3BUTHA €CTECTBEHHBIX
HayK 00J1alaeT CymeCTBEHHBIM HEIOCTaTKOM: TUIEPTPOPHUPOBAaHHOE BHU-
MaHUe YAeIsUIOCh aHAMN3Y, a 00BEAUHSIONINA BCe HAYKH IIPOIIECC CHTE3a
IIPAaKTUYECKU HEe pasBUBAJICA. B pesysnbTaTe 4eJ0BEYECTBO CTOJKHYJIOCH
C cepbe3HEeUIIMMU MTpobIeMaMHu CyIlleCTBOBaHUA 61ochephl, YTO 3aCTaBUIIO
B MTOCJIEIHUE AECATWIETHA 3aHATHCA U 00beIMHUTENIbHBIM IIPOLIECCOM.



[ToueMy BaskHeHIIIEMY IIPOLIECCY CUHTE3a yesIOCh HEIOCTaTOYHOE BHU-
Manue? [Ipousonuio 3To HecyyaiiHo. Bo-niepBhIX, 3aZ1aua HeOBIBAJIOTO CHH-
Te3a BCeX HayK, 3aHMMAIOIIUXCA u3ydeHreM 6mocdepsl, CyreprpaHAno3Ha.
Cpasy nepes HaMU BCTaeT MHOXECTBO TPyZHeHIMxX BonpocoB. Hampumep,
IIOCKOJIbKY OTPOMHOE BJIUAHUE Ha JeATelbHOCTb O6uocdephl OKa3bIBaeT
YeJIOBeK, IIPU CUHTe3€e HYy)XKHO YYUTHIBAaTh He TOJIBKO eCTeCTBEeHHbIe HayKH,
a BooO11e Bce, KOTOPHIE BIUSAIOT Ha pa3BUTHE, B YACTHOCTU OOIeCTBEHHBIE
WIM collajJibHble HayKU U Ipoliecchl. PasyMeeTcs, HY»>KHO YYUTBHIBaThb U 3KO-
HOMMUYECKYeE 3aKOHBI U Ipoliecchl. MOXXHO IIpeiCTaBUTh, HACKOJIBKO CI0XKHA
Y HENIPUBBIYHA COCTHIKOBKA CTOJIb PA3IMYHBIX HAaTIpaBJIeHUH UCCIeJOBaHUIA.

Bo-BTODBIX, Ha IyTHU PENIEHUSA STOU 3aa4M HEOBIBAJIOTO CUHTE3a UMeE-
IOTCS ¥ IPUHLIUITHAIbHBIE TIPEISTCTBUA, YTO MBI OTMETUM 0CO00.

1.2. buocdepa n npuHLUNUANbHAA TPYAHOCTb NPYU ee UCCeA0BaHUMN

Buocgepa — 3TO 3eMHOEe IIPOCTPAHCTBO, B KOTOPOM CyII[eCTBYeT >KU3Hb.
I'parunb 6uocdepsl ompeeuM o TeOpuM akazeMuka B. V. BepHagckoro.
BepxHeii rpaHulieii 6uocdepbl MOKHO CYUTATh O30HOBBIM CJIOH, PacIoJio-
>)KeHHBIM IIpUMepHO Ha BbicoTe 20 kM. JIorvka 37ilech MpocTasi: 030HOBBIN
3KpaH 3a/lep>XMBaeT OCHOBHYIO YacTh YJAbTPAadUOIETOBOrO U3TyUYeHUS
CosHIja, ryOUTENbHO JeHCTBYIOIIEro Ha KUBbIE OpraHU3Mbl. HIDKHA Tpa-
HUIa 6rocheprl MPOXOAUT Ha ITyOuHe 3—3,5 KM HIDKe TTOBEPXHOCTH 3eM-
HOU KOpPBI. DTa rPaHULIa ONIpeJieIAeTCs TeMIIepaTypoi, IIpU KOTOPOM XKU3Hb
y»Ke HeBO3MOXXHA. 3a TaKylo TeMIiepaTypy BepHagckuii npunsn +100°C.

BBHy 0c060TO BIUSAHUSA Ha *KU3HBb YeoBeKa b6uochepa SBISETCS HEO-
OBIYHBIM U IPUHIUIHAIBHO TPYAHBIM OOBEKTOM HCCIeZOBaHUS JJIs ecTe-
CTBEHHBIX HayK. [IpUHITUNIMAaNbHOE 3aTpyAHEeHe OTHOCUTCS 3/1eCh K CAaMOMY
IJIABHOMY B HayKe — K METOZY UCC/IeJOBaHUA.

YTo sIBNIIeTCA OCHOBHBIM METOZIOM HCCIeloBaHUM B ¢pusuke (1a U B Apy-
I'MX eCTECTBEHHBIX HaykaX)? OCHOBHBIM METOZIOM HCC/IeJOBAHUM B Ppu3MKe
SIBJIIETCSA OTBIT, SKCIepuMeHT. KpuTepuil MCTUHBI — 3KCIIEPUMEHT, CTaBs-
IV OKOHYATeNbHYIO0 TOUKY IIPU COCYIeCTBOBAHUU Pa3IUYHBIX TEOPHUM,
TUIIOTe3 WIX MHEeHUH. [lelo B TOM, YTO OOBIYHO OTU pa3jUYHbIE TEOPUH,
TUIIOTE3Bl WM MHEHUS SBJISIOTCA JOCTATOYHO IPYOBIMU MOZESIMHU, KaXXAas
M3 KOTOPBIX YeM-TO IpeHeOperaeT Wik 4Yero-To He YYUTHIBAeT B CJIOXKHOU
JleICTBUTENBHOCTU. Bce yUMTHIBAET TOJBKO peanbHBIN MPOLECC, KOTOPHIU
Y /]aeT HaM UCTUHHBIN OTBET.

YroOBl M3y4YUTh CBOMCTBA O6uocdephl, MpeXxae BCero ee BO3MOXXHEIE
OTKJIMKU Ha CaMble pa3iWyHbIe BO3JeUCTBYA CO CTOPOHBI XO3IMHNYAIOIeTro
YyeyIoBeYecTBa, He0OX0AMMO OBLIO OB MPOBEAEeHNE MHOXKECTBA SKCIIEpHMEH-
TOB ¢ 61ocdepoii, a BOT 3TO KaK pa3 U HEBO3MOXXHO B npuHIuIle. [Ipsamoe
SKCIIEPUMEHTHPOBAHUE ¢ 61ochepoii HEBO3MOXHO HE IIOTOMY, YTO OHO
cTOUT 6ACHOCIIOBHO ZOPOTrO, a IIOTOMY, UTO OHO YPe3BBIYaitHO OIMACHO AJIA
KU3HU 4YesioBedecTBa. OAVH HEyZJauHBIM DKCIIEPUMEHT — U HeT YesoBeka
B 6rochepe wiu gaxke caMoii 6rocdepsl.
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EcTb /v BBIXOZ U3 TAKOM CJIOKHOM cuTyanuu? Jla, ectb. OcTaeTcs TOIbKO
OJIVH IIyTh — MaTeMaThYecKoe MoZelrpoBaHue. MaTeMaTudecKass MOZENb
SABJISIETCS €AMHCTBEHHBIM CPEZCTBOM ITOMyYeHUS HHPOPMAIUKA O BO3MOX-
HOM COCTOSHUM 6Hochephl BC/IEAICTBHE KPYITHOMACIITaOHBIX BO3IEHCTBUM
Ha Hee YesmoBeka. Ho mpexzie yeM pa3bupaTbCs ¢ TAKUMHU CIOXKHBIMH MOZI€-
JIAMU, JaBaiiTe cHavajla MMpOoaHaJIU3UPYyeM IIPaBOMEPHOCTh ITIOCTAHOBKU
BOIIPOCA O PEAJbHOCTH YTIPO3bl BHDKMBAHUIO COBPEMEHHOM ITUBUIN3AIINH.
BApyT OKa)KeTcs, YTO CYIIECTBEHHBIX OMACHOCTENW HET, OTAEJbHBIE MPO-
6JIeMBbI MOXKHO PEIUTH U TOTZA He Hazo OyZeT TaK y»K CPOYHO 3aHUMAaThCS
MaTeMaTUYECKUMU MOZEIAMU U UX aHATA30M.

1.3. TpeBOXHbIe GpaKTbl U TEHACHLUN

ViMeeTcss MHOXXECTBO TPEBOXXHBIX (AaKTOB pasHOro Kaiubpa v pa3HOU
CTEeIleHU JOCTOBEPHOCTU. PazzieluM MX Ha TPU I'PYNIHI 10 UCTOYHUKAM
nHOpMAIUU: TeJeBUJEeHUE, TAa3€eThl; IOMYyAAPHBIE XKyPHAJbl; HayYHbIE
JKypHaJIBl U KHUTH. PasymeeTcsi, OCHOBHOE BHUMaHUE OyZeT yAeIeHO Hay4-
HBIM WCTOYHHMKAM, HO CIIPaBeAJUBOCTU PaZW OTMETHUM, YTO 3aJyMaThCs
3acTaBideT UHPopManusa U3 BCceX UCTOYHUKOB. l[eHTpasbHOE TeleBUze-
Hue: «[lonoBuHa Poccuu mbeT BOAY, HENPUTOAHYIO 110 MUPOBBIM CTaH-
JapTaM, Jaxke ISl CTUPKH 6enbsi» (19 Hoab6ps 1993 r.); «B MockBe-peke
oOHapyKeHbl MOJIEKYJIBI — IIPOAYKTHI CHHE3eJIeHbIX BOZOPOC/IE, paspyIia-
IoI[1ie UMMYHHYIO CUCTeMy opraHu3Ma. Hu kumnsdyeHue, HU XJIOpUPOBaHUE
He YHUYTOXXAIOT 3TU MOJIEKY/IbL. TaKkre MOJIEKY/ bl OOHAPYKEHBI U B IPYTUX
cTpaHax» (16 gexabpsa 1993 r.); «B Bparcke 370pOBHI TOJIbKO 4% AeTeii»
(19 ngexabpsa 1993 r.).

[Togo6HbBIEe COOOIEHUA MOTYT CTUMY/IMPOBATh UHTEpeC K 6oJiee cephes-
HBIM MCTOYHMKAM. Bcecoro3Has He3aBUCHMas KOMIUIEKCHASA dKOJI0TuYecKas
SKCITeAUIHS OIyOJUKOBaIA PsiZi CBOMX MaTEPUAJIOB B JXypHaje «lOHOCTh».
JZIOBOJIbHO MOAPOOHO OMMCaHa CUTYAIUA B BYX U3BECTHBIX MOJIOABIX T'OPO-
Zax, koropble cTpoua B 1930-e rr. Bech Coto3: B bepe3nukax (Ilepmckas
ob6sactb) u B Komcomosbcke-Ha-AMype.

«B BbepesHunkax oTMedaeTcs IIOCTOSIHHOE KOMIUIEKCHOE BO3/eHCTBUE
Ha HaceJIeHHe TPYIIB XUMU4YecKuX ¢akTopoB. [IpuyeM B 60JbIINX KOH-
IleHTpaluAx... Y gereil HabaozaeTcs oTcTaBaHue B GU3NIECKOM Pa3BUTHH,
yMeHbIlIEHUEe 00beMa IPyAHOMN KJIETKHU, YXyALIeHUE ITaMATH, TIOBBIIIeHHAs
YTOMJIIEMOCTD. ¥ KEHIUH Ipoliecc 6epeMeHHOCTU IPOTEKaeT C OCIOXKHe-
HUAMU U naTonoruei... C 1972 mo 1988 r. KoM4ecTBO yJyaluxcsl B MIKOIaX
JJ11 YMCTBEHHO OTCTAJIBIX YBEIMYMIOCH 37eCh B 8 pas» (1989 r., N2 8).

KoMcoMmoibcek ¢ HacesieHHeM 320 ThIC. Yesl. «CTOMT Ha OJHOM U3 BeJInyai-
IIUX PEK MUPa, a He MOXKET PelIUTh IIPo6IeMBbl YMCTOU BOZbL. UeThIpe MATHIX
noTpebsieMoil BOABI, B TOM YHC/Ie U MUTHEBOH, ropos 6eper u3 Amypa.
B Amyp Xe, TOJIBKO B HallleM Kpae, cOpacsiBaeTcs 35 ThICAY TOHH 3arpss-
HAIOIIUX BpeJHBIX U AJOBUTHIX BelllecTB. [IpefenbHO JOIyCcTUMas UX KOH-
IleHTpauua B AMype IpeBbiaercsa B 24 pasza. Cam Komcomosnbck “rpemut”
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C pa3aMaxoM — €ro roZloBoi cOpoc crocobeH OTPaBUTh CTOK TPeX TaKUX
pek, kak Amyp. B pesysbrare Boza, eie 10 jeT Ha3az, YUCIMBIIAACH B BBIC-
el KaTeropuu, cerogHsa B 4yeTBepToi. CylecTByeT ceMb KaTeropuii. Cezib-
Masi — 3TO CMEPTh BCETO XKUBOTO. IIpy 3TOM ropozCKOI BOZ03abop Haxo-
JUTCA B yepTe ropozga. IlpeacrasiseTe, 4TO NBIOT J0AU. HauBHO ynioBaTh
Ha OYHCTHBIE COOPY)XeHUs, BeJlb OHU PACCUYUTAHBI TOJIHLKO Ha BOAY BBICIIEH
Y TiepBoii kaTeropuu» (1990 r., N2 7).

Mo>keT BO3HUKHYTH CIIpaBeIUBOE XKeJlaHUe COCPEOTOUYUTHCA U PELIUTD
npobyiemsl bepe3anukoB u Komcomosnbcka. Ho mpu paspaboTke mporpaMmsl
HeoOX0AUMO yJeCTh ITOJTHbIE U HayYHBIE AaHHBIE IO BCEH cTpaHe. ECTb jn
onu? Jla, ectb. [TocmoTpum, Hanpumep, «HaruoHanbHbIN gokIag CCCP
Kk koHbepeniuu OOH 1992 r. o okpy»xarolieii cpesie ¥ pa3BuTuio» (Puo-
ne-KaHelpo). 37ech ecTh OTBETHI HA MHOT'ME BaXKHbIe BoIpockl. Hamprmep,
Ha KaKOM PACCTOSHUU OT F'OPHO-META/LUTyPruiecKOro KOMOMHATa MOPTUTCS
OKpyxaromas cpesga. B Hopuinbcke 310 Tak. IloBpexaeHue j1eCOB OTMeYa-
eTcA Ha paccrossHuu 200 kM Ha ror ot Hopuibcka. B paauyce 120 kM ecre-
CTBEHHOE BO30OHOBJIEHHE /IEPEBbEB OTCYTCTBYET. A TEHJEHITHS Pa3BUTHA
TakoBa: eciv B 1970 r. mromab morubImx jgecoB cocrasmwia 6000 ra, To
B 1988 r. — 382 000 ra.

CoBpeMeHHBIE HCCIeJOBaHUA Aerpajaliuu jecoB B HopwibCckoM palioHe
110 3MMHHUM KOCMHYEeCKHM CHHUMKaM (3MMOM OTYET/IMBO BBISB/ISIETCA OCAXK-
JleHre Ha CHEeXXHBIM ITOKPOB a3p030Jieli ITPOMBINLIEHHOT'O MMPOUCX0XAEHNSA)
BBISIBWIN COOTBETCTBUE MEXAY OPE0JIOM 3arps3HeHMs CHETOBOTO IIOKPOBa
1 KOHIIeHTpaIuei Tsoxenbix MeTauioB (Cu, Ni, Co) B nmouBe. «KoHIleHTpa-
IIUsT META/IOB B ITOYBE Ha paccToAHUM 0 40 kM oT HopwibcKOro KoMmou-
HaTa npeBocxoAUT GoHOBBIM ypoBeHb B 10—1000 pa3. AKTHUBHOE HaKOIUIe-
HUE MeTa/UTOB GUKCUPYETCA B BEPXHEM I'OPHU30HTE MOYBHI (0 mIy6uHBI 10
cMm)» (M. B. MnbuH, A. B. MIBaHoB, 2009).

Ba)kHO 3HATh HEKOTOpHIE JaHHBIE IO Haubojiee obecrieueHHOMY CTO-
JIMYHOMY MOCKOBCKOMY pervuoHy. B Bo3zayxe ropoza 3aperucTpupOBaHBI
OomnacHbIe KOHIIEHTPpallui BPeJAHBIX BellecTB: AMOoKcuga azota — 28 IIJK
(IIIK — mpeaenbHO AOMyCcTHUMasi KOHIleHTpaIusa), dopManbaeruza — 57
[1IK, denona — 45 IIJIK. Ha >xwiyto 30Hy ropoza BhIlazaeT Ao 295 mr/
KM2 B CyTKH OeH3(a)TMpeHa — HAaWBHICIIUN YPOBEHb JIsI TOPOAOB CTPAHBI.
Jlo TIOJIOBMHBI BaJIOBOTO BHIOpPOCA 3arpsA3HAIONIUX BEILIECTB JAlOT 3aBO/bI
u KpynHele TOLl, pacrionoxxeHHble B yepTe ropoza. [Ioka Hu ogHa MOCKOB-
ckad TOLl He ykysazbiBaeTcd B JOIYCTUMble HOPDMEL M HE MMeEET IUIAHOB
10 X JOCTWKeHHI0. Ha npeanpuaTusax MUHSHEPro yjaaBJIMBaeTCSa BCETO
18% BpeaHBIX BEIIECTB.

CyiecTByeT peajibHasi OIIaCHOCTD 3arpsA3HEHUA IIOA3EMHBIX BOJ, a 3TO
mpobsieMa Ha JeCATWIETHSA, [IOTOMY YTO HEIOHSTHO, KaK MX OYHIIATh.
B nesioMm mozaseMHbBIE BOABI He 3alUllleHBl IpuMepHO Ha 60% Teppuro-
puu MockoBcKo# obactu. VzileT HEYKJIOHHOE yCWIeHWe TPOHUKHOBEHUS
B IOZAI3€MHBI€ TOPU30OHTHI 3arpA3HEHHBIX [IOBEPXHOCTHBIX Y 'PYHTOBBIX BOJ.
OTOMY CITOCOOCTBYET U OTCYTCTBHE KOHTPOJISI HaJl SKCIUTyaTallel CKBaXKUH.
V3 06111ero rpOMaZIHOTO KOJIMYECTBA ITPOMBIIIUIEHHBIX OTX0Z0B 36% mpoCcTO
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BBIBO3UTCA Ha CBAIKY U 10% ckaruimBaeTcs Ha TePPUTOPUU NPeANIpUATHH,
OTKy/Z]a OHM 6€CKOHTPOJILHO COPaChIBAIOTCS B TOPOACKHE KaHAIU3AMOHHBIE
Y JIUBHEBBIE CETU, HeJIETAJIbHO BHIBO3ATCA HA HEOPraHW30BaHHbBIE CBAJIKH,
YUCJI0 KOTOPHIX U3MePAETCA COTHAMU.

OTcyTCcTBYeT cucTeMa YTWIU3allUUd TOKCUYHBIX OTXOZ0B, B pe3y/bTaTe
Yero OHU IOIAZIal0T Ha OOBIYHBIE CBAJKU. 3a mociaeaHue 10 jeT momaab
CWIBHO 3arpsA3HeHHBIX [T0YB YBeJIWYMUIach Ha 142 kM2, a IIomazb C HU3KUM
YPOBHEM 3arpsA3HeHUs CHU3WIACh BJIBOE.

B MockBe HeKpo3 (T.e. OTMHUpPaHUe) JIMCTHEB U XBOU OXBATHIBAET OoJjiee
15—20% HacaxgeHuil. HabmioeHuA MOKa3bIBAIOT, YTO IMIOYTH BCE pacTe-
HUS B TOPOZie XPOHUYECKH U JIaBHO OOJIEIOT.

K coxanenuio, B Poccum ecTh ropojia, rie XpOHUYECKU OOJIEIOT
He TOJIbKO HacaxkAeHus. B /[3epxkuHcke (Hrkeropozckas o6acTb) MPOXKU-
BaeT 300 THIC. YeJl., ITOJIOBUHA M3 KOTOPHIX paboTaeT Ha XUMUYECKUX ITPe-
npuATrax. CpegHAAa IPOAO/DKUTEIBHOCTD KU3HU MY>XYUH — 42 roza, XeH-
IIUH — 47 jeT. Y MHOI'MX IIPUYMHA CMEPTU HEe YCTAaHOBJIEHA, TaK KakK JJisd
3TOTO TPeOyIOTCS JOMOIHUTEbHBIE HCCIeoBaHusA. [loutu 75% zmeTeii moss-
JISIOTCA Ha CBET C BPOXKZAEeHHBIMHU nartosioruimMu ((kypHan «Mrtoru», 1997 r.,
N2 41, c. 56).

CuTtyanus c 3arpsa3HeHHeM B Halllell CTpaHe He SB/AETCA YHUKAJIbHOM.
OTo Oezna Bceil 3eMuid, 3arpsi3HEHHE CPeJbl BO BCEM MHpPE CTPEMUTENIBHO
pacreT. CocTossHME OKpYrKarolel cpeZibl OKa3bIBaeT OIPOMHOE, pellarolee
BJIMSIHME Ha 3J0pPOBbe 4esioBeKa. [Io faHHBIM BceMupHOU opraHu3sanuu
sapaBooxpaHeHusa (BO3), no 80% 3abosieBaHU SBIAIOTCA ITPOM3BOJHBIMU
OT BO3ZIeMCTBUA 3KOJIOrHueckux ¢pakTopoB. Ho ecTh U Apyrue MHEHUs.
I[1. T. Ongak (1990) mosiaraeT, 4TO B HacTosllee BpeMs «0KoJo 95% Bcel
IIATOJIOTUH TIPSIMO WX KOCBEHHO CBS3aHO C OKPY»Karollei cpezioii, KoTopas
sIBJIsIeTCsA MO0 MPUYMHOMN BO3HHKHOBEHHS 3ab60jeBaHMi, JUO0 CIocob-
CTBYET UX Pa3BUTHIO».

CaMoe omacHoe BAMSHHE 3arpsisHEHUA CpeAbl Ha 3Z0pOBbe JIoZei
3aKJII0YaeTcs B OBICTPOM pOCTE reHeTU4ecKoro rpysa. Cpesja HachIIaeTcs
MHOXXECTBOM areHTOB, CIIOCOOHBIX IIPOHUKATD B KJIETKY U ITOpa)kaTb MOJIe-
kyny JJHK, T.e. BEI3BIBaTh MyTaLlMiO, KOTOpPasA He U3JIEUNBAETCA U Cpasy ke
TIPOSIB/ISIETCA V AeTel. Takue areHThl Ha3bIBalOTCSI MyTareHaMu, B OT/IMYME
OT KaQHI|epOTeHOB, BHI3bIBAIOIIUX «BCETO JHIIb» PaK.

Boob1iie ToBopsi, Y YeJI0BeUeCTBa Bceraa ObLT KaKOM-TO MPOLIEHT JII0eH
C UCIIOPYEHHOM reHeTHUYeCKOM HacjeACTBEHHOCThI0. OOBIYHO 3Ta A0
JIoZielt HaxXoAUTCA Ha ypoBHe 0Koyio 3%. OHa ¥ Ha3bIBAETCA T'eHETUUYECKUM
rpy3oM. Ho B 1960-X IT. 3TOT rpy3 HauMHAeT OBICTPO pacTu U K 1980-M rT.
mepexoAauT, mo gaHHeIM BO3, 10%-i1 pybex. [lepeyeHb HaceCTBEHHBIX
U reHeTUYeCKH OOyC/IIOBJIEHHBIX 3a00/ieBaHUM IpeBhImaeT ceityac 2000
HauMeHOBaHUI.

WTak, nepes 4ejoBe4eCTBOM CTOMT OYeHb CJIOXKHas 3aZaya 3aljyuThl
CaMoro JparoleHHOro, YTO OH ITOJyYWI B pe3y/IbTaTe BCeil OMOIOrNYeCKOM
3BOJIIOIUM, 3 UMEHHO — CBOel COOCTBEHHOM reHeTHYECKOH MHOPMAIIUH.
Hapacratoiiiee 3arpsisHeHUe OKpY»Kalolllel cpeZibl U CBI3aHHOE C HUM YXYZ-
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IIeHe 3[0POBb JII0Zlel, 0cOOeHHO HeoOpaTuMoe pa3pylieHre reHopoHa
yeJioBeKa, He OCTaBJIAIOT COMHEHHUH B aKTYaJIbHOCTU IIyOOKOT'O €CTeCTBEH-
HOHAYYHOT'O aHa/IN3a COBPEMEHHBIX IIOOAIbHBIX IPOOIEM.

OTmeTHUM, 4TO y4eHBIe-eCTEeCTBEHHUKHU [JaBHO U PEIIUTEeNbHO Ipeay-
IIpeXAaIn 0 HaIBUrarleics karactpode. M 3To He eAMHULIBI WIH JECATKU
YyeJIoBeK, a COTHU U THICAYM. K coxkajieHHIo, y HaC MaJjIo M3BECTHO O IIOYTHU
6e3HazexxHOoM mmombITKe 2200 yueHblX-ecCmecmaeHHUK08 06pamumscs ¢ 803-
38aHUeM K JI00SIM NiaHembsl: «BceM HaM yrpokaeT ofHa U Ta Ke HeObIBaIas
U obmasn onacHocTh. OHa He CpaBHUMA IIO CBOeH Ipupoze U Macmrabam
HU C KaKOH APYyToi OMacHOCThIO, KOTOpasi Korga-mnbo yrpoxasia yeaoBeye-
CTBY... MBI aBCOJIIOTHO YBEPEHBI, YTO BCE 3TH PEATBLHO CYIIECTBYIOIIHE ITPO-
6JieMbl B3aMMO3aBUCHUMEBI JIPYT OT Apyra U IJI0OaJbHBI II0 CBOMM MacIITa-
6am. OHUM IIpeACTaBIAIOT BIOJHE PEAJbHYIO YIPO3Y AJIA XXU3HU YeJIOBeKa
Ha 3emie» («Kypbep FOHECKO», utonb 1970 1.).

Oco60 OTMETHM, YTO OTBETCTBEHHOCTDH 3a CJIOXKUBIIYIOCA CHUTYaILHIO
B OOJIBIION CTENleHU HeceT M eCTeCTBO3HaHUe, JOIMYCTUBIIEe BO MHOTI'UX
cJTydasix HEIIOJTHOE Y HEKaYeCTBEHHOE pellleHue ITpobieM HaydYHO-TeXHUYe-
cKoro mporpecca. [IoaToMy yueHble-eCTeCTBEHHUKY celdac AO/IKHbBI IIPOBe-
CTU OTPOMHYIO pabOoTy IO BBIXOAY M3 COBPEMEHHOTO II06aTbHOTO KpU3KCca.

1.4. MbicneHHble moaenu

Kaxxip1ii yesloBeK IOCTOSTHHO UCIIONb3YeT MBICJIEHHbIE MOZEU /I TIPU-
HATHUS pelleHnH KaK B IMYHOM KU3HM, TaK U B paboTre. MbicIeHHBIN 06pa3
0 4eM-JIN00 WINU 0 KOM-INO0 eCcTh MoZeNb. YeM 6oJibllle MBI 3HAaEM, TEM
IIoJTHee Moziesib. MBICJIEHHBIM 06pa3 OKPY»KAIoIIero HaC MHUpa TaKKe eCTh
MOZEJb.

I[IpeacraBuM cebe, YTO OJVH WM HECKOJIBKO Y€JIOBEK U3YIMIIH BCIO UME-
Iolyrocs UHGOpPMaAII1Io, HallpuMep, O Halllel cTpaHe. B pesynbrare KaXK/ bl
13 HUX (B TOM 4YHCJIe, IOMYCTHUM, U BbI) 00J1alaeT caMOi TOYHOM U ITOJTHOM
MBICJIEHHOW MoZenbio. [IpyHIMNIMAIeH BOMPOC: CMOXET JIM 3Ta TpyImna
Jofer, faxke ob6azas BAACTbio (KTO-TO U3 HUX CTaJl IIPe3UI€HTOM, OCTaIb-
Hble — IIPAaBUTEJILCTBOM) U IIOCOBEN[ABIINCH /leHb, HEZea0 WU MeCAl],
paspaboTaTh YETKYyIO IIporpaMMy pelleHus Bcex mpobiaem? MoxkeT, HaM
HY>XKHO BCETO JIUIIIb CMECTUTh IUIOXUX MPaBUTENEN U BIOpATh 3TUX XOPO-
IIUX U YMHBIX?

YToOBI OTBETUTD HA TOT MIPUHLIUITHAIBHBIN BOIIPOC, HEOOXOAUMO Pa30-
6paThcsi B 0COOEHHOCTSX YeJI0BEUYEeCKOT0 YMa Y MBICJIEHHBIX MOZeJeH.

MeicieHHasA MOZeJIb, KaK IpaBuio, cMyTHa. OHa HenostHa. OHa He TOYHO
chopmynupoBaHa. bBosee TOro, y oTZiesIbHOM JUYHOCTH MBICJIEHHAsA MOJENb
MeHSIeTCsI CO BpeEMeHeEM U Ziake Ha IIPOTsHKEHUM OAHOM O6ecegbl. OHA MOXKET
OBITh KOPPEKTHOM 110 CBOEH CTPYKTYPE U MPEAIION0KEHUAM, HO Ja’Ke B 3TOM
cIy4dae 4yeJoBeYecKUuit yM — OyAb TO UHAVBUAYAJbHOE JTUOO KOJUIEKTUB-
HOe MHeHHe — KpalHe IToIBEpKEH TOMY, YTOOBI BBIBECTHU U3 Hee JIOJKHBIE
3aKJIIOYeHUs.
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VIHBIMUY CJIOBaMH, €CJIH JJaKe BhI (TIPe3UIEHT) U cobepeTe caMoe JIydIiee
IIPAaBUTENbCTBO, TO U OHO HE CMOXXET pa3paboTaTh KOHIEMIIUIO Pa3BUTHA
CTPaHBI, MOJIb3YSICh JaXKe XOpolllei KOJUIEKTUBHOM MBICJIEHHON MOJE/bIO.

3aKOHEH BONPOC: IoYemy?

Konrpeccy CIIIA 370 To)Xe 6BUIO Ype3BBIYaiHO MHTEPECHO, U OH B 1970 T.
3acayman goknaaz npodeccopa Ixxess Poppectepa nmoj HazBaHueM: «KoH-
TPUHTYUTHUBHOE IIOBeZIeHE COIIMAIbHBIX CUCTEM>.

OCHOBHOH Te3HC JJOKJIaZla COCTOSI B TOM, YTO uesioseueckutl Mo32 He Cno-
cobeH nocmuzHyms, Kak GYHKYUOHUPYIOM COUUANbHblE cUCmeMbl. VI3 4ero
COCTOSAIT 3TH CUCTE€MbI — IOCTUTHYTh MOXXHO. HaIlmu corrajsbHbIEe CUCTEMBI
MIPUHAIEXKAT K KJIacCy, KOTOPBIA MBI Ha3bIBA€M CJOMCHBbIMU HeJUHEHbIMU
cucmemamu co MHO2UMU Uensimu 06pamHoii cesi3u. DBOTIOIMOHHBIN IIPOIECC
He HaZleJIWI HaC MBICJIMTEIbHON CIIOCOOHOCTHIO, HYKHOM JIJIsT IIpaBUILHOM
WHTEPIpETAIlNU JUHAMUYECKOTO MTOBEJAEHUA TaKUX CUCTEM, dJIEMEHTOM
KOTOPBIX MBI TeIlEPh CTAMM CAMHU.

B ciyyae mpoCTBIX CUCTEM IIPUYMHA U CJIeICTBUE IIPOCIEKUBAIOTCA TIPO-
CTO, U OIMNOKU OOHAPYKUBAIOTCS Cpasy. 3a IPUYMHOMN HEABYCMBICIEHHO
clenyeT pe3ysbTar.

Ho B ciy4yae C/IOXKHBIX CUCTEM MPUYMHA U CJI€ICTBHE TECHO HE CBA3AHBI
HM BO BpeMEHH, HH B MPOCTpPaHCTBE. I[IpUYMHBI KaKOTo-TM00 Habrozae-
MOT'O CUMIITOMA MOTYT JieKaTh B OY€Hb OTAAJIEHHOM CEKTOPE COIlMaNbHOMN
cucTeMbl. JIpyruiMu CJIOBaMHM, BO3/I€MICTBHE HA COIIUATBHYIO CUCTEMY MOXXET
KOT/]a-TO U IZle-TO JaTh IIPSMO IIPOTHUBOIIOJIOXKHBIN 0XKUIaeMOMY pe3yJIbTar.
OTo 1 uMeeT B Buay npodeccop Poppecrep, Korzga roBOPUT 0 KOHTPUHTYH-
THBHOCTH IIOBEJEHHUS CJIOXKHBIX CHCTEM.

CkaxkeM 00 3TOM HECKOJIbKO Ipoiiie. YeloBeYeCKHid yM XOPOIIIO IIPHCITO-
cobJieH K aHA/IU3Y 3JIEMEHTAaPHBIX CHJI U IEUCTBUM, COCTABJISIIOIIUX CUCTEMY,
1 BecbMa 3PdEeKTHBEH HPU OMMCAHUM CTPYKTYPHI CIO0XXKHOM CHCTEMEIL.
KopoTKO roBops, 4eJI0BEK MOXKET XOPOIIO U3y4aTh, IIPEACTABIATb U MbIC-
JIEHHO MOJeJIMPOBaTh CTaTUYHYIO KapTUHY, T.€. CPe3 CUTyallud Ha JaHHBIN
MOMEHT BpeMeHHU, IIyCTh Jake CUTyallus U HempocTa. Ho OMBIT MOKa3kI-
BaeT, YTO KaK TOJIbKO YeJIOBEK 3aXOUeT MpPeACKa3aTh MOBEAEHUE CUCTEMBI
B OyaylieM, IT0JIb3ysICh CBOMMU MBICJIEHHBIMH MO/EJISIMU, OH CTAaJIKHUBAETCS
C HEIIPEOZOJMMBIMU 3aTPYAHEHUSIMH, IIOTOMY YTO MO3T HE MOXXET OI[EHUTD
1 pacCYHUTaTh BCE MHOT'OYHCJIEHHbIE B3aUMOCBSA3HU MHOXKECTBA DJIEMEHTOB
cucTeMbl. Hair pasyMm He npuciioco6s1eH Jisi OIeHOK AMHAMUYECKUX ITOCIe] -
CTBUH, KOTZla YaCTH CUCTEMBI B3aUMOJAENCTBYIOT APYyT ¢ Apyrom. O6 aTom
OZIHO3HAYHO TOBOPUT OCHOBHOM KPUTEPHUM UCTUHBI — OIIBIT.

[TonydaeTcs, YTO YeJIOBEYECTBO, IOJAb3YSCh MBICJEHHBIMU MOZENIMU
OKpY>KaroIllero Hac MHpa, 06pevyeHo IUIAHUPOBATh CBOE Pa3BUTHE IIPOCTEH-
IIIMM METOZIOM IIpob U ommoOoK (4alle, Kak BUJUM, UMEHHO omnbok)? Her.
Hayka oTbicKajsia MpUHIUIIMAIbHBIN BBIXOJ U3 3TOW TPYAHOUM CUTYyallUH,
IIOTOMY YTO HallUla IIPaBWIbHBIN MeToA. MeToz 3aKIio4aeTcss B UCIIOIb30-
BaHUU He MBICJIEHHBIX MoZieJield OKPY»Kalolllero Hac MUpa, a KOMIIbIOTEPHBIX
MOJeJIeH.
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1.5. KomnbloTepHble mogenu

KoMmnbloTepHBle MOoJenu OObeAUHSAIOT BCe CUJIbHBIE CTOPOHHI YeJlo-
BEYECKOr0 yMa C MOIIHOCTBbIO COBPEMEHHOW BBHIYUC/IUTETbHON TEXHUKMU.
3aJI0KUB B KOMIIBIOTEP U NIPaBWIbHYIO MOZE/Ib, U CUCTEMY B3aMMOCBA3€EH,
MBI yCTPaHseM BeJIHMYANIIyIO C/1ab0CTh YeI0BeYeCKOro yMa — ero HeCIo-
COOHOCTD OLIEHUTH BCe AMHAMUYECKUE MOCIECTBUS MOBEAEHUS CIOXKHBIX
CUCTEM.

C moMompl0 KOMIBIOTEPHBIX MOJeNIeil MOXXHO HU3ydaTb AWHAMUKY
He TOJIbKO OZHOU CTPaHbl, HO M BCETO YeJI0BEYECTBa.

Co3szaTenb ITepBbIX KOMIIBIOTEPHBIX MOZie/Ield MUPOBOM crucTeMbl « MIP-1»
u «MHWP-2» JIxxei1 ®oppecTep oTMedaeT psf, UHTEPECHBIX Y XapaKTepPHBIX
ocobeHHOCTeN MOAZOOHBIX Mozeneit. OTMeTUM, HAallpUMeEpP, YTO OOBIYHO
TPYZHOCTH COCTOAT HE B HEXBaTKe MHPOPMALNK, a B ee U3ObITKe U B HEOO-
XOZAUMOCTHY M30UpaTeIbHOr0 MOAX0/a K Hel. U feyio He TOJIbKO B TOM, YTO
CYIIECTBYET 3HAYUTENbHO Oosblle UHGOPMAIUY, YEM UMEET CMBIC/ BKJIIO-
yaTh B MOZeJib, HO TaKXe U B TOM, YTO OHA He CHCTeMaTu3upoBaHa. PasHo-
poaHas nHGopManus Ao/DKHA OBITh CUCTEMATHU3UPOBAHa.

Camoit BaxxHO! MHOpMaIMell B YCTAaHOBJIEHUU CTPYKTYPhI CHCTEMBI
SBJISIETCS UJiesl, YTO BCe U3MEHEHUs O00YCIOBIUBAIOTCS «IETIAMU 0OpaTHBIX
cBs3eii». [leTist 06paTHOM CBA3M — 3TO 3aMKHYTas I[eIOYKa B3aUMOZEH-
CTBUM, KOTOpas CBA3bIBaeT UCXOAHOE AEUCTBUE C €r0 pe3y/lbTaTOM, U3MEeH-
IOIIVM XapaKTEePUCTUKU OKPYXKAIOIIUX yCJIOBUM, KOTOPHIE, B CBOIO OYepeb,
SIBJIAIOTCS «MHOpMaIeli», BEI3BIBAIOIIEH AaTbHEUIIIE U3MEHEHU.

B xauecTBe MpOCTEeMIIero npuMepa oOpaTHHIX CBA3€i MOXXHO PacCMO-
TPEeTb OCHOBHBIE GAaKTOPHI, BAUSIONIYE HA YUCIIEHHOCTh HaceleHus. Boobie
rOBOPS, YHUCJIO €XKEroJHO POXKAAIOIUXCA JeTel IPONOPIMOHAIBHO YHUCIeH-
HOCTHU HacejleHUA. Yepe3 HEKOTOpoe BpeMs, KOIZja ZIeTU BBIPACTYT U CTaHYT
POAUTENAMU, MOXKET POAUTHCA elle GOJbIlle ZeTel, YTO IPUBEZET K elle
60JblIIEMY YBEJIMYEHUIO YHUCIEHHOCTU HaceJeHUs. DTO MpUMepP KOHTypa
C TIOJIOXKUTEIBHON 00paTHOM CBS3bI0. Tako¥ KOHTYD BBI3HIBAE€T BCE YCKOPS-
IOIIMICS POCT.

Ho Heo6xoAnMO paccMOTpeTh U paKTOphI, BIUAIOIINE HA CMEPTHOCTD. VX
MHoro. Kak u Ha poXkjaeMOCTb, Ha CMEPTHOCTb OKa3bIBaeT BIUSHUE U YPO-
BEHb JIOXOZIOB, ¥ COCTOsIHHE 00pa3oBaHUA U 3APABOOXPAaHEHUSA, U PETUTHA,
Y BO3pacTHasA CTPYKTypa Hace/lleHusd, U 3arpsA3HeHNe OKpY»Kalolel cpe/bl.
Yucio yMepuIIUX paBHO 0OIeil YUCIEHHOCTU HaceJeHUs, YMHOXEHHOH
Ha cpeZHUM KoapdulMeHT cMepTHOCTU (yCpeAHEHHBIM IO BO3PAaCTHHIM
rpyInaM U peruoHam). Bospacranve 4YKWCI€HHOCTH HaceJleHUs IPUBOJAUT,
BOOOIIIE TOBOPS, K YBEJIMUEHUIO YKCIa YMEPIIUX, U, CJIeZIOBAaTENbHO, K YCKO-
PEHUIO IIPOIeCCOB YMEHBIIEHUA YHUCIEHHOCTH HaceleHUA. JTO IpUMep
oTpUIaTeNbHOM 06paTHOM cBA3U. COOTHOIIEHUE MEXAY ABYMS JaHHBIMU
KOHTypaMu oIlpeZiesiAeT AUHaAMU4Yeckoe IoBeZieHue Mogenu. Eciu poxja-
€MOCTb BHIIIIe CMEPTHOCTH, TO YUCJIEHHOCTh HAaCEJIEHUA PacTeT SKCIIOHEH-
I[uanbHO. PasymeeTcs, ¢ TeueHHUEM BpeMeHM BelnyuHa Ko3PuumeHTOB
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POXK/IaEMOCTH U CMEPTHOCTH HE OCTAEeTCA ITOCTOSHHOM, YTO HEOOXOAUMO
YYUTHIBaTh U B MOZEJIAX.

VI3 IpUHIIUIIOB CUCTEMHOM CTPYKTYPHI CJIeZ[yeT, YTO B CUCTEME C NeTIAMU
0oOpaTHBIX CBsI3e HEOOXOAVMMO BBECTH /IBA TUIIA IIePEMEHHBIX — YPOBHU
Y TeMIIBl. YPOBHU — 3TO HAaKOIUTEN! CUCTeMBI. Temnbl — IOTOKH, BEI3bIBA-
Iol[YIe U3MeHeHre YpoBHeH. Hanpumep, 6aHKOBCKU 6alaHC — CHCTEMHBINA
yPOBEHb, OH BO3HUKAET BCJIEICTBUE HAKOIUIEHUS «JUCTON» PA3HUIIBI MEXY
JIeHEeXXHBIMU IIOTOKAMU «B» U «U3».

YPOBHM CyIIIECTBYIOT BO BCeX IoAcHUcTeMax: GUHAHCOBOM, Ppu3nuecKo,
6MOIOrMTYECKOM, TICXOJIOTUYECKOM 1 SKOHOMUYecKoi. HaceneHue, Kak cos-
JatoIleecs B pe3y/abTaTe aKKyMYJISIUY «9HUCTON» PA3HUIBI MEXKAY TEMIIOM
POXXAAeMOCTU U TEMIIOM CMEPTHOCTH, JOJKHO pacCMaTpUBATBCA KaK Ypo-
BE€Hb MUPOBOU CUCTEMBI.

Bce crcTeMbl, KOTOPBIe U3MEHAIOTCA BO BpEMEHU, MOTYT OBITh ITPE/ICTaB-
JIeHBl KaK KOHCTPYKLIMY TOJbKO YPOBHEHN U TeMnoB. VIHBIMU CI0BaMU, 3TU
[IBa THIIA IIepeMEeHHBIX HE TOJBKO HEOOXOAUMBI, HO U JOCTAaTOYHBI JJIS1 OITU-
caHUsA JII0O0H CUCTEMBHI.

Bosee mopo6HO 0 KOMIIBIOTEPHBIX MOZEIAX MUPOBOU CUCTEMBI MOXXHO
y3HaTh B kHuUre /bx. Poppectepa «MupoBasa JuHaMuKa». [lid HacC XKe ceu-
Jyac BaXKHO, YTO IO CO3[aHUA KOMIIBIOTEPHBIX MOZieJiell B MUpe He ObLIO HU
OZJTHOTO MHCTUTYTA WIN OPraHu3aliy, KOTOPble 3aHUMAaJUCh Obl COBpEMEH-
HBIMM Po6JIEMaM¥ BO BCEH UX IEJIOCTHOCTH. [IepBoii TaKoi opraHusalei
cTayn PuMckuii Kiy6.

Pumckuii kiy6 ObUI OCHOBAH IO MHUIIMATUBE PYKOBOAMUTENS GUPMBI
«Italconsult» Aypenuo Ileyueu B 1968 r. OTO opuruHaabHas HeopHUIU-
ajbHas OpraHu3alusA, IOPUANYECKU 3aperucTpUpoBaHHasA B JKeHeBe Kak
HeKOMMepuecKas accouuanusa. PuMckuii kiyb He obiazaer HU Gpopmab-
HOH CTPYKTYPO#, HU IIOCTOSHHBIM IITATOM, HU UKCUPOBAaHHBIM OIO/Ke-
TOM. B HEero BXOZUT OKOJIO COTHU KPYITHEHIINX yUYeHbIX U CIIEIIUAINCTOB
BCEro MUpa Ha J0OPOBOJILHOM OCHOBE M 0O0'beIUHEHHBIX JIUIIH AYXOBHO.

Llenb Pumckozo knyba — nposedeHue cepull ucciedo8aHuil nod Ha3eaHuem
«[Ipoexm 3ampyoHeHUll uesi08euecmaad».

1.6. llpepensbl pocta

B 1972 r. BBIIIES 3HAMEHUTHIN MEPBLIN JOKIaZ PUMcKoOMy KiyOy «IIpe-
Zilesibl pocTa». HayyHoe ¥ a/MUHUCTPAaTUBHOE PYKOBOZACTBO MHOI'OHAIIUO-
HaJbHOUM T'PYNIION y4eHBIX, KOTOpas IpoBejia 3TO HcciaeoBaHUue 3a 21
Mecsl1, ocyuiecTsasn JeHHuc Mezoys, yueHuk npodeccopa Jx. Poppe-
cTepa. OTO OBUIO JIOTUYHO, ITOTOMY YTO IIEPBble MaTeMaTHYeCKHEe MUPOBbHIE
Mozenu 6sutH co3ganel Poppectepom, a Mezoy3y IpeACTOsIO OT MoAeen
«MUP-1» u «MVIP-2» ®oppecTepa nepeiTu K 6osiee MOJTHON ¥ COBpEMEHHOM
Mozenu «MUP-3», uto Meaoy3 6iecTsiie u caeal.

I'pynma Mezoysa M3y4duia nsims 0CHOBHbLX cucmem, 83aumooeticmayro-
Wux Ha Hawell niaHeme:
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1) HaceneHue;

2) cenbCKOXO3IMCTBEHHOE MPOU3BOACTBO;

3) ecTecTBeHHBIE PeCYypCHI;

4) TpOMBINUIEHHOE TPOU3BO/CTBO;

5) okpyxamwiasa cpea (ee 3arps3HeHue).

B xoMmbloTEp OBLTU BBEAEHBI BCE UMEIOIINECA JaHHBIE 00 dTHUX CHUCTe-
MaxX ¥ UX B3aUMOJEUCTBUU U OBUIO MPOBEAEHO MHOXKECTBO SKCIIEPUMEHTOB
C CaMbIMHU PA3JIMYHBIMHU JOIYIIEeHUSAMU U BapUaIlUIMU.

OTMeTHM, YTO pasdpaboTaHHasA MOJEIb MUPOBOM CUCTEMBI OBLIA COOT-
BETCTBYIOIINM 00pa3oM TecTupoBaHa. Mcxozas u3 gaHHBIX 3a 1900 1. 6bUTH
ITOJTy9eHbI pe3ybTaThl 151 1970 ., XopoIilo coBnajaiue ¢ GakTHIeCKUMU
JIaHHBIMU Ha DTOT IO,

OCHOBHOM BBIBOJ ZIOKJIaZla OJHO3HAUEH U 3aKJIIOYAEeTCA B CAeAYIOIIEM:
€CJIU CyIlleCTBYIOIMEe TeHAEHIIMU B MATU PAaCCMOTPEHHBIX CCTEMAaXxX COXpa-
HSATCS, TO MpeJeNbl POCTa Ha IUIaHeTe OYAYT AOCTUTHYTHI B CIAEAYIOIIEM
Beke. Hanbosiee BepOSITHBIM pe3y/lIbTaToM OyZeT BHE3aITHBIM U HEKOHTPO-
JIUpyeMBIX cIiaZ KaK YMCI€HHOCTU HaceJeHUsA, TaK U IPOU3BOACTBEHHBIX
MOIITHOCTEMN.

BriBoz cTpaiieH. Beb 4TO Takoe HEKOHTPOJIMPYEMBIN CIiaj, HaceleHus?
OTO KpU3HCHBIE SBJIEHUA BO BceX chepax KU3HHU U THOeIb COTEH MIULIMOHOB
smogei. ToBOpAT, YTO B CHCTEME B TOM WIM MHOHW PopMe IPOHCXOAUT KOJI-
nanc. Ho eciu nmogymarth, TO COBCEM HEOXHAAHHBIM TaKOM BBIBOZ Ha3BaTh
HeJb3s. [ToA00HbBIN BEIBOJ MOXKET CAeIaTh U JII000M U3 Hac 6e3 BCAKOro KOM-
IIbIOTEPA, €CJIM O3HAKOMMTCA C AMHAMHUKONM PpaKTHUECKOr0 pOCTa JAaHHBIX
IO IIATU CHCTEMaM B IIpeZIIecTBYIONIe BpeMeHa.

®aKTBI TOBOPAT, YTO BCE CUCTEMBI — M HaceJieHUE, U IMPOU3BOACTBO
MIUTAHUSA, U 3arpsi3HEHUE CPeJibl, U YPOBEHD XKU3HU SKCIIOHEHI[UAJbHO BO3-
pacTaloT Ha MPOTSHKeHUH U3BECTHOM HaM MCTOPHUU. YeloBeK NMPUBHIK KUTh
B TaKHX YCJIOBUSX, OH MCXOAUT U3 POCTa, paCCMaTpPUBaET ero KaK eCTeCTBEH-
HYIO OCHOBY 4€JIOBEUYEeCKOI'0 TIOBEJEeHUA U aCCOLIMMPYeT POCT C «IIPOrpec-
com». Ho pocT u pa3BuTHe, OKa3bIBAeTCsl, COBCEM pa3HbIe MMOHATUA.

BceM sCHO, YTO OrpaHUYEHHOCTDb Hallel IUIaHeTHl JO/KHA KOrja-To
«0bpe3aTh» yKa3aHHbIE DKCIIOHEHTHI ¥ 3aKPHITh, TAKUM 00pa3oM, pOCT.

Ho uToO >Xe TorZja HOBOTO Zjajia HaM IyiobasbHas KOMITbIOTEPHAs MOZAEb?
A BoOT uToO.

be3 KOMNbIOTEPHBIX PacyeTOB C yYeTOM B3aHMMOCBSI3el OYeHb TPYAHO
ZI0Ka3aTh, KOTZ]a 3TO MPOU30HZeT. Jlaxke MpUMepPHO. Bce BpeMs MOXKeT ObITh
Takou Auasnor. Hampumep, KTo-TO (UejlOBEK WM OpraHM3alMs) OI[EeHWI:
yepe3 100 seT. Ho HaliieTCd MWUIMOH U CIIEIIUAUCTOB, Y HECIIEIUAIMCTOB,
KOTOpbIe OyAyT Bcera roBOpUTh: «Hy uTo Bbl! BBl yWIK Ty WIK UHYIO CBSI3b?
Hert. Bol ywiu pasButue Hayku? HeT. Hy 1 noMankuBaiiTe». A 3aTeM CHUCXO-
IUTEIbHO: «BoobIIe-To Koe B 4eM Bl mpaBhl, HO II00a/IbHBIN KPU3UC OYZET,
MOXeT OBITh, JieT Yyepe3 500. K Tomy BpemeHu u 6yzeM pemaThb». U 6yayT
YAAIATBCS C BUAOM IobeauTene.

MoxxHO ybeauTh «Ha Majbllax» 3TUX JioAei? Kak BbH ITOHUMaeTe, —
HUKOT/]a, IOTOMY YTO M Y CaMUX yOeXJarouux Bcerga OyaeT MHOXECTBO
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000CHOBAHHBIX COMHEHUM, 00YCJIOBJIEHHBIX OTMEYEHHBIMH BHIIIIE OCOOEH-
HOCTSIMU 4eJIOBEYeCKOT0 yMa.

mob6asibHas KOMIBIOTEPHASA MOJENb MO3BOJISIET IIPOUTPATh BCE TIPE-
JIOXKEHUS U JOMYIIEHUs, MyCTh JakKe caMmble CymMacOpOAHbIE, U AATh OTBET.
V1 MHO>XeCTBO TaKUX AOIyIeHU BBOAWIOCh Mezoy3oM B Mozesb. B ToM-TO
¥ CUa BBIBOZA, YTO OH Oa3upyeTcs Ha aHAJIM3€ MHOXXECTBA BO3MOXHBIX
BapUAHTOB Pa3BUTUA CUTYyaIHH.

BOT 4TO HOBOTO ZaJia iobanbHasA MOJEb:

1) ybeauTenbHOCTH BHIBOZIOB;

2) NpUHIUINAIBHYIO BO3MOXXHOCTh U3yYeHHUs BBIXOZA U3 II00ATBHOTO
KPU3HCa, IOTOMY YTO Ha MOJEIU MOXXHO OITPOOOBATh U BCIYECKHE CITACH-
TeJIbHble BAaPHUAHTHI U UZIEU;

3) npubau3uTeabHblE CPOKH KaTacTpodsl. KOHeYHO, rozi aBTOPHI He YKa-
3BIBAIOT U HE MOTYT YKa3aTh, TaK KaK B PA3HBIX CIEHAPUSAX CIIaZl HaCelIeHUsA
HaYMHAaeTCA B pa3Hoe BpeMsA. Ho B 60/bIIMHCTBE pa3yMHbIX BApUAHTOB 3TH
CABUTH BCETO JIUIIb B IECATKU JIET, 2 HE B COTHU.

[ToaTOMy aBTOpPHI OUYeHb aKKypaTHO (pOPMYJIHPYIOT CBOM BBIBOZ: OHU
He PY4aroTcs 3a KOHKPETHBIE IIUPPHI, HO 32 TEHAEHIINY Pa3BUTHUA PY4atOTCs.

[ToguepkHeM ellle pa3 Tasllee HEKOTOPYIO HaZIeXKy YCJIOBUE, ITPU KOTO-
POM MOXKET HACTyIIUTb KpaX: OH HACTYIIUT, €CIU TOJbKO CYyIIEeCTBYIOIIVE
TEHAEHIIUHU B IIATH pacCMaTPUBAEMBIX CUCTEMAaX COXPaHSATCS.

1.7. OrpaHnynBaiowue GakTopbl

PaccmoTpuM psz Haubosiee CyIIeCTBEHHBIX paKTOPOB, OrpaHUYMBA-
IOIIUX POCT U OOYC/IIOBJIEHHBIX KOHEYHOCThIO Hallel IutaHeThl. [Ipexze
BCero, 3To nuia. [TepBUYHBIM pecypcoM, HeOOXOAMMBIM /il IIPOU3BOACTBA
IIPOAYKTOB MUTAHUSA, ABAsAETCA 3eMid. V3BeCcTHO, 4TO camoe Oosbliee, 4eM
pacriosaraeT 4ejoBe4ecTBO, 3TO 3,2 MJPZ r'a 3eMesb, IOTEHIIUaJIbHO IIpU-
TOZHBIX /Il BeleHUs CeJIbCKOro xo3daucrBa. 1,6 Mipz ra, camas Jy4nias
Y JOCTyIIHAs 4acThb, y’Ke 00pabaThiBaeTcsi, OCTaJIbHOE TPpebyeT OrPOMHBIX
KalUTaJOBI0KEHUM.

IIpu cyiecTByroLlel IPOAYKTUBHOCTH 3eMeJb Ha OHOI'O Ye0OBeKa Tpe-
6yeTtcs okoio 0,4 ra MaxoTHHIX 3eMeJIb. DTO JOBOJIBHO CKPOMHBIE IIOTPEOHO-
ctu. Hammpumep, 4ToOBI IPOKOPMUTH BCE HaceJeHUe MHpa 10 CTaHAAapTaM
CIIIA, notpe6oBanoch 651 0,9 ra 3emyin Ha OZHOTO YesoBeKa. TeHAeHIIUY XKe
TaKOBBI, YTO BEJIMYMHA UMEIOLIUXCA B HAJIMYUU ITaXOTHBIX U ITIOTEHLUAIBHO
IIaXOTHBIX 3eMeJIb YMEHBIIAeTC s U3-3a TOTO, YTO II0 Mepe pocTa YUCIEHHO-
CTU HACEJIEHUs OHU U3bIMAIOTCA 110/ I'OPOACKOE U IIPOMBILIJIEHHOE CTPOU-
TesbcTBO. B Havase XXI B. omymaeTcsa ocTpad HeXBaTKa IIPOJOBOJIbCTBUA
B Mupe (B cpeZHeM Ha JyIly HaceleHU).

Pemrut sin npobseMy pe3koe IOBBIIIEHUE YPOXXKAaWHOCTHU, HAIIpPUMeED,
C TIOMOIIBI0 HAYYHBIX OTKPHITUI? OIIeHKY ¢ IIOMOIIbI0 IMI06aTbHOM MOZeNU
TUIIOTETUYECKOTO POCTA CPEeJHEMUPOBOU YPOKaMHOCTH OJHOTrO reKTapa
B IBa pasa MOKa3bIBalOT, YTO IIPOZOBOJbCTBEHHBIN KPU3UC HE HCYe3aeT
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U OoToZABUraeTcA Bcero JUlllb jeT Ha 30. I71aBHadA NpUuYrHa — SKCIIOHEHIU-
QJIBHBIU POCT HaceJeHus.

B nudpax pocT HaceJeHUs BBIIVISSAUT TaK:

* 1650 r. — 0,5 mipz;

e 1820 r. — 1 mupz;

e 1930 r. — 2 mipz;

* 1959 r. — 3 Mmipz;

e 1977 r. — 4 vipg;

e 1987 r. — 5 mipg;

* 1999 r. — 6 mipz;

e 2011 r. — 7 mipga.

BuzaumM, 4TO 4esoBedecTBO ceifuac Bcero 3a 10 jyer gobasiseT K cebe
IIeJIBI MUP IYIIKUHCKUX BpeMeH. COOTBETCTBEHHO, YTOOBI HE CHHU3UTH
YPOBEHD KU3HHU, OHO 3a 10 JIeT AOHKHO IIOCTPOUTH M OCBOUTH CTOJIBKO XK€,
CKOJIBKO Bce 4yejioBeyecTBO A0 1820 r.

ViccemoBaHMIO JeMorpadUiecKoro mpoiecca MmocBsAIeHo MHOTo pabor.
OaHO# U3 caMBIX MHTepPeCHBIX sABseTcs pabora C. I1. Kamuiisl, 0 KOTOpoit
naypeaTt HobeneBckoii mpemuu akageMuk YKopec AndepoB ckasan: «I1o-
Has U yoeauTenabHasa Teopus, pasButas Cepreem Kanuiieii, OTKpbIBaeT Iy Th
K HOBOMY U OOBEKTUBHOMY MOHUMAHMUIO IVIOOATBHBIX MPOOJIEM, CTOSIINX
1epezi YeJI0BeueCTBOM». JlelaeTcsi BBIBO/], UTO YE€JIOBEUYECTBO Ha BCEM ITyTH
HEW3MEHHOI'0 THITepOOJIMYECKOro pocTa, B 0b1eM, pacnosarajio Heob6Xo-
AUMBIMM pecypcaMH U dHeprueii, 6e3 4ero HeBO3MOXKHO ObUIO OBI OCTHT-
HYTb HbIHENTHETo YpoBH:A. OfHaKO IIPOU3BOAUTENbHBIE CUIBI 00€eCITeYrnBaIH
POCT, HO IPUHLMIINAIBHO HEe OTPAHUYMBAJIM €ro. ABTOP ITIOAYEPKUBAET, YTO
«1IpobyieMa COCTOUT HE B PECYPCHOM OTpaHMYEHUH, HE B TIIOOATBHOM HEZO-
CTaTKe SHEPTUH, a B COI[MAIbHBIX MeXaHU3Max YIIpaBIeHUs U paclipezeie-
HHA 3HAHUM, boraTcTBa U 3eMJIN».

BTopoii orpaHnyMBaIui pakTOp — 3amackl IpecHoi Bogsl. IloTpebite-
HUE ee TaKXXe pacTeT SKCIIOHEHIIMAIBbHO, M B KAKOU-TO MOMEHT OHa OyZAeT
MOTPEOIATHCA TMOJTHOCThIO, OCTAHOBUB POCT HaceleHuA. I10 MMeomuMcs
OlleHKaM, Y>Ke celyac mouTu 2 MJIPZ 4ell. )KUBET B YCIOBUAX HEAOCTATKa
BO/IbI, 0COOEHHO HEeJOCTaTKa YKUCTOH BOABI. YMCIIO JIIOJEH, CTpaZlaloIux
oT 3a601eBaHMIi, CBI3aHHBIX C BOJOH, HCYMC/IAETCS MHOTMMU COTHSIMM MIJI-
soHoB 4desoBekK. [To ganubpiM FOHEIT (moxuiaz I'EO-4, 2007 1.), «...k 2025 T.
1.8 muipz des. OyAyT XXUTh B CTpaHaxX U PETMOHAxX ¢ abCOMIOTHBIM JeduIy-
TOM BOJHBIX PECYPCOB, a ZIBE€ TPETH JIFOIE BO BCEM MUpe OyAyT UCITBITHIBATH
CTpecc, BEI3BAHHBIN HEZJOCTATKOM BOZBI».

[Tpou3BOACTBO CMHTETHUYECKOUN IMUIIU U ONpeCHEeHNE MOPCKOU BOZJHI
MOTYT JIUIIb OTOABUHYTh MOMEHT OCTAaHOBKH POCTa, HO HE CIIOCOOHEI IIpe-
JOTBPATUTh €ro B NpuHnuile. KpoMe Toro, gaxke Ajisi OTCPOYKU MOTPeOO-
BaJICsd OBI KOJIOCCAMBHBIA POCT IIPOMBINUIEHHOCTH, a 3TOT POCT, B CBOIO OYe-
pean, TpebyeT HaJIMYKSA 3al1acOB HEBOCIIPOU3BOAUMBIX PECYPCOB — TOILIHBA
1 MUHEPAJIOB.

B «Ilpexenax pocTa» IpUBeJeHa Tabiuila, MOKa3bIBaoONasi, HACKOJIbKO
XBaTUT KOHKPETHHIX MUHEPAJIOB U 3JIeMEHTOB, €C/IM pa3BeZlaHHbIe 3aIachl
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BO3PacCTyT B IATH pa3. [Io 60JBIIMHCTBY MHUHEPAJIOB 3amackl OyAyT ucdyep-
IIaHBI B cIeAyioneM Beke. Hanmpumep, HepTH XBaTUT mpuMepHO Ha 50 Jier.

[TopasmbinuisseM Haz 3Tou 1udpoi. Camass ONTUMHCTHYECKAs OLIEHKa
TaKOBa: ecyiu OBl Hallla IUIaHeTa MPeJCTaB/sIa cCo00M pe3epByap, IETUKOM
3alloJTHEHHbIN HeQThI0, TO IPH CYIIECTBYIONINX TEMIIaX POCTa ee J0OBIYU
STHX 3aIlacoB XBaTWIO ObI Ha 350 JieT. YYUTHIBAsA 3TO, BPSIZ I MOXKHO JIOKa-
3aTh, 4TO Mezoy3 ommbaercs 6osiee yeM B ZiBa pas3a.

ABTODHI OCYILIECTBWIHU «IIPOUTPhIBaHMe» Ha OBM U BapuaHTa CO «CBepX-
OIITUMMCTUYECKON» OLIEHKOM 3aI1acoB MOJIE3HBIX UCKONIaeMbIX. B TOM Bapu-
aHTe pocT OyZIeT OCTAaHOBJIEH PE3KUM YBEJIMYEHUEM 3aTPSI3HEHHOCTHU CPE/BI.

3arpsi3HeHHEe OKpYXKalollleld cpeAbl ABAAETCA aKTUBHO e CTBYIOIIUM
OrpaHUYHUBAIOIMMNM (GAKTOPOM. 3/1eCh MHOTO HEM3BECTHOI'O, IIOTOMY YTO
CIIOCOOHOCTH NMPHUPOABI «CAMOOYHIIATHCSI» OT MPOAYKTOB 3arps3HEHUs
B IIOJTHOM Mepe MoKa He u3ydyeHa. Ho MBI 3HaeM ciezyroliee:

1) BepxHUU Ipee 3arpsi3HeHNs HEU3BECTEH;

2) 3arpsi3HeHHe pacTeT SKCIIOHEHIIUAIbHO;

3) «ecTecTBEHHOEe 3amasAblBaHUEe» 10 MIPUHATHUIO Mep CO3ZaeT omac-
HOCTbh, YTO MEPHI IIPOTHUB 3arpsi3HeHUs OyAyT MPUHSATHI CIUIIKOM ITO3/HO.
Eciu, HanpuMep, IpeKkpaTuTh npuMeHsThb J/IT, To ero coaepkaHue B pproax
OyzeT Bo3pacTarh eie 10 jieT, Tak Kak UcIoab3yeMbiii JI/IT B KOHIIE KOHIIOB
ronazaeT B OKeaH U COAEPKUTCA B IVITAHKTOHE;

4) MHOTHE BU/bI 3arPsA3HEHUsS UMEIOT TEHEHIIUIO K TJI06aIbHOMY pac-
IIPOCTPaHEHMUIO;

5) copepkanue auokcuza yriepoza (CO,) B aTMochepe HEYKJIOHHO pac-
TeT. OT CKUraHus yria, HepTH U raza B aTMocdhepy eKerogHo MOCTyIIaeT
okos1i0 20 mipz T CO,, U TOJIBKO IIOJIOBUHY M3 3TOr'O IOIVIOLIAIOT OKEaHHI.
TeruioBoe 3arpsi3HeHMe IIPUBOAUT K M3MEeHEeHUAM KJIMMara.

BopoTscd ¢ 3arpsasHeHreM Aoporo. MHoruve cTpaHbl, MOXKHO CKa3aTb —
OOJILIIIMHCTBO, OTKJIAABIBAIOT 3TU PacxoAbl Ha Oyayiee, HO (B KayecTBe
IIPEMHM) MOTYT IIOJIyYUTh HEOOPATUMYIO Zerpaaluio.

VIHTepecHO, Kak rpyiia Mezoysa pelajia mpo6jieMy OTCYyTCTBHSI HEKOTO-
PBIX ZaHHBIX. Hanpumep, BausAHNWE 3arps3HEHUs CpeJbl Ha MPOJAOIKUTEb-
HOCTB KU3HU B KOJIMYECTBEHHOM OTHOILIEHUM He u3y4yeHo. [loaToMy aBTO-
paMu BBeJleH CIIelMalbHBIN «MHOXUTENb 3arpsisHeHUusA». Ecu, gonyctum,
OH paseH 0,9, TO 3TO 3HAYUT, YTO 3arpA3HEHUE CHUXKAET IIPOJOKUTENb-
HOCTD >kU3HU Ha 10%. Ec/ii MHOXKUTEJIb CIMIIKOM PE3KO MEHAET II0BEeieHUe
CHCTEMBI, TO 3TO YKa3bIBaeT Ha HACTOATEIbHYIO HEOOXOAMMOCTb UCCIEZI0BA-
HUSA JaHHOTO gaKTopa.

YauThIBasA BCIO COBOKYITHOCTh OTPAaHUYMBAIOIIUX (PAKTOPOB U MMEIOIIU-
ecda TeHZeHLIMY, aBTOPHEl BeCbMa pPELIUTENbHEl B CBOEM IJIaBHOM BBIBOJE:
«B IpeAIioNnoXXeHUn OTCYTCTBUA KPYIHBIX M3MEHEHHU B CyIlleCTBYIOIIei
CHCTEME POCT HaceJeHUs U MPOMBIIUIEHHOCTH 00513aTeJIbHO ITPEKPATUTCS
He I03Xe CJIeAYIOIEero CTOJETUI.

Ho rze ke Bbixog? MOXXeT ObITh, HAyYHO-TEXHUYECKUI ITPOTPECC CKaXKeT
CBO€ BeCKOe CJIOBO?
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1.8. 0 BAMAHWN HaYYHO-TEXHUYECKOr0 NPOrpecca Ha 0CHOBHbIE
TeH[eHLUM rNo6anbHoro pasBuTns

B mcTopuu yemoBevyecTBa ObUIO HEMAJIO IPUMEPOB, KOTZIa CKAYKU B pas-
BUTHH HOBBIX TEXHOJIOTHUM IOMOTAJU OTOABUTATh IMOTOJOK QU3UIECKUX
OTpaHMYEHUH Ha MyTH YBEJWYEHUS YUCIEHHOCTHU HACeJeHHUS U SKOHOMU-
yecKoro pocta. [103ToMy y MHOTHX CKJIaIbIBAa€TCA BIeYaT/IIeHHE, YTO TaK
OyzieT MPOJOIKATHCA U Jajbllle, YTO CKAaYKU B pa3pabOTKe HOBHIX TEXHO-
JIOTWH TIOMOTYT PEeLIUTb Bce MpobyieMbl. PasyMmeeTcs, Takoe BIeYaTIeHUE
OOBIYHO HE MOAKPEIUISIOCh HUKAKUMH pacdeTaMu. UYTo Ke JaloT OLIEHKU
C TIOMOIIBIO IMIOGATBHBIX KOMITBIOTEPHBIX MOJe/IEl OTHOCUTENIBHO BO3MOX-
HOCTel HayYHO-TEXHUIECKOTO Mporpecca?

[Ipexze BCEro, JOMyCTUM, YTO Y€JIOBEUYECTBO PELIWIO MPobIeMy dHep-
ruv. OCHOBaHMSA K IIPEATIOIOXKEHUI0 — CTPOUTENIHCTBO aTOMHBIX pPeaKTo-
POB-Pa3MHOXKUTEJEH, YBETUIUBAIOIINX CPOK CIY>KOBI pacIleIUIsieMbIX BUIOB
ToITBa (ypaH), a TakXKe, BO3MOXKHO, pellleHre MPO6JIeMbl YIIPaBIsSeMOTO
SEPHOIO CUHTE3A.

I[IpeAToa0KUM, YTO IIPH STOM HaIllK PeCyPCHBIE 3allachl BO3POCIU BBOE
3a CYET OCYIECTBIEHUS BO3MOXXHOCTH IepepaboTKU Py ¢ HU3KUM COZEp-
»KaHMeM MUHepaToB. [IpeAmoIoKUM TaKKe, YTO OCYIIeCTBIEHHE IIPOrpaMM
TI0 ITOBTOPHO ZI06BIYe MUHEPAJIOB M3 OTXO0B IIPOM3BOZACTBA U UX BTOPHUY-
HOM 00pabOTKe CHU3UT MOTPEOHOCTh B MEPBUYHBIX pecypcax Ha €AUHUITY
BBIITyCKaeMOM IIPOMBIIUIEHHOM IIPOAYKIIUY A0 OJHOMN YETBEPTU TOTO 0OB-
eMa, KOTOPBIH TpebyeTcs CEeroHs.

K cokajleHuIo, BBeleHHEe 3THUX BeCbMa ONTUMUCTHYECKUX JOMYyIEHUH
B MOJIeJTb MUpa He IPUBOAUT K MPUHIIUITHAILHBIM U3MeHeHUsAM. OLleHKU
TIOKa3bIBAIOT, YTO B 3TOM CJIy4ae obecrieunBaeTcs 60jiee IpOAO/DKUTEbHBIMA
TIEPMO/, POCTA HACEJ€HUS U IIPOMBIIUIEHHOCTH, HO TaKXKe He Gecrpezess-
HBIM. B KOHeYHOM cyeTe Bce paBHO HaUMHAETCsA Pe3KHUil criaj M3-3a KaTa-
CTpOPUIECKOTO 3arpsA3HEHUS CPeAbl, KOTOPOE MPUBOAUT K MMaJE€HUIO CEJIb-
CKOXO03AMCTBEHHOTO TPOU3BO/CTBA.

CaenaeM JOTOJHUTENbHOE JOMYyIIeHHE — PEe3KO YCOBEPIIEHCTBO-
BaHbl METOZABI OYHUCTKU OTXOZOB IPOU3BOACTBA U BOOOIE KOHTPOJISA HaZ
3arpsA3HEHUEM cpebl. ByzleM cYuTaTh, YTO YAAJIOCh CHU3UTDH 3arpsi3HEHUE
OT BCEX MCTOYHUKOB B YETHIPE pa3a. ABTOPHI OTMEYAIOT, YTO TAKOE CHIDKE-
HYe 3arpsA3HeHUs HEpPeaJbHO M3-3a BHICOKOM CTOMMOCTH PabOThI, a TAKXKE
BCJIE/ICTBUE TEXHUYECKOH CII0KHOCTH obecriedeHuUs 3alUThl OT HEKOTOPHIX
BU/IOB 3arpsi3HEHU, TAKUX, KaK TEIUIOBOE 3arpsi3HeHue, 3arpsi3HeHre paiu-
OaKTHUBHBIMM OTXOJaMH, yTeuka yA00peHui U T.4. HO B BEIYMCIIUTETHHOM
SKCIIEpUMEHTe IToZ06HOe AonyllleHe, Pa3yMeeTcsl, OIIPaBAaHo. Pe3y/bTaThl
TIOKa3bIBAIOT, YTO B JAHHOM CJIy4ae HaceJeHHe, IPOMBIIUIEHHOCTb, IIPOU3-
BO/ICTBO IIPOAYKTOB IMUTAHUA PACTYT HECKOJIBKO AOJIbIIE, HO 3aTEM OIISITh-
TaKU HACTyTIaeT pe3Kuii craj: obpabaTeiBaeMast IUIOIAAb He MOXKET OOJIbIIIe
YBEJIMYMBATHCA, U IPUUUHOMN CIIaZia SBIAETCI HEXBAaTKA ITPOAOBOIbCTBUA.
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B momosiHeHVE K BBHILIENIPUBEAEHHBIM JOIYIIEHUAM BBEeJAEM B MOZEJIb
yBeJIMYEHHE YPOXKAMHOCTU KaXKAOro reKkTapa 3eMIU B ABa pa3a. OgHoBpe-
MEHHO IIyCTh YCIIEXU MEAULIMHEI ITI03BOJIAIOT PEryJIUupOBaTh POXAAEMOCTD,
U POXKZaeTcs JIVIIG 3alUIaHWUPOBAHHOE ITIOTOMCTBO. HO U ¢ TakuMmu fomy-
IIIEHUAMM pacyeThl ITI0Ka3bIBAIOT, YTO POCT CUCTEMEI BCE PABHO IIpeKpalla-
erca pa”ee 2100 r. 3arpsA3HeHue cpeAbl CHaYala HEMHOI'O ITaZaeT, a II0OTOM
HauyuHaeT Pe3KO YBEIUYUBATHCA, IOTOMY 4YTO JaXXe caMas COBepIIeHHasd
CHCTEMAa OYMCTKU He JIUKBUAUPYET OTXOAHI IIOJIHOCTBIO. XOTA 3arpsA3HeHUe
Ha eJUHUILY BBIIIYCKAaeMOU NPOAYKIIUY CHIXKAETCs, TPOMaZHbIN POCT IIPOU3-
BO/ICTBA BCe XKe IIPUBOJAUT K JerpaZaliiyl OKpyKarolleil cpefibl.

HTak, pacuemusl ¢ NOMOWbIO 27100ANbHOLL KOMNBIOMEPHOLL MOOeNU NOKA3bL-
garom, 4mo HaQyuHO-mexHuueckuil npozpecc He Moxcem cOesams pocm MUpo-
801l cucmemvl 6eszpanuuHbiM. OH No38oJslem JUWb pa3dsu2ams 2paHUybl
pocma. O0Hako cam akm KOHeUHOCmuU pa3mepos 3eMH020 Wapa ocmaemcs
@PYHOAMEHMANLHBIM U HENPEOOONUMBIM 02PAHUUEHUEM.

1.9. MHoroypoBHeBas KOMNbloTepHas Mofenb

He cBsi3aHbI J11 pe3y/nbTaThl paboThl rpynnbl Mezoy3a ¢ KaKUM-THO0
HECOBEPIIEHCTBOM X Mozenu? OmpaBaHO Jid, HAllpUMeEp, CTOJb II00asb-
HOE yCpeJHeHHe BCceX TapaMeTpPOoB 110 BceMy MUPY? TouHee ObUTO OBI yU4eCTh
Pa3IUYUs OTAEeTbHBIX perMoHOB. U Takas Gosee cioXkHas U 6ojee coBep-
IIeHHasA Mo/iesib ObUTa pa3paboTaHa B paMKax IIporpaMMbl PUMCKOro Kiry6a.
Bropoii gokiaz Pumckomy Kiayby «HesoBedecTBO Ha MepeyThe» ObLI Clie-
jnaH M. MecapoBudeMm u 3. IlecteseMm B 1974 r. Ha TOAWYHOM BCTpeue Kiayba
B 3amaziHoM Bepinne. DTo pe3yabTaT pabOThI ABYX IEPBOKIACCHBIX HCCIE-
noBaTrenbckux rpymnn (ogHa — B CIIA, apyras — B ®PI).

OTmeTHM, 4TO 3TO OBUT HEe CTaHAAPTHBIM KPaTKOBPEMEHHBIN JOK/IA/], KaKKe
0OBIYHO OBIBAIOT Ha KOHbepeHNUAX. MecapoBu4 U IlecTesb pacCKa3bIBaIU
0 cBoeli paboTe cTa y4eHBIM U3 PA3HBIX CTPaH B TeueHUe Hegenu. [Togpob-
HbI€ MaTepHasbl ObLUTH OITyOJUKOBAaHbI UMY B IIECTH TOMAaX IT0J Ha3BaHUEM
«MHOroypoBHeBasi KOMITbIOTEPHAS MOZEIb CUCTEMBI MUPOBOT'O PA3BUTHS».

Oco60e BHUMaHMeE YAeIAI0Ch J0OBIBaHUIO CAMOM IOCTOBEPHOM U HAIEXK-
HOM dakTHUecKor nHPOpManuy 060 BcexX MPOMCXOAAIIMX B MUPE MPOIIEC-
cax. AZIeKBaTHOCTh BCEX HCIIOJb3yeMbIX AaHHBIX MHOTOKPATHO IIPOBepsi-
JIach M IeperpoBepsiach C IOMOIIBIO ClIeI[UaJIU3MPOBAHHBIX YIPEXAEHUN
Y YaCTHBIX KOHCY/IBTAHTOB, IIPECTABISIIONINUX Pa3IUYHbIe 00/1aCTH HAyKH.

Camoe cyIiecTBeHHOe U3MeHEHHE B ITI00aIbHONM MOZEIN 3aKII04aloch
B IIEpeXO0Zie OT YCPeAHEHHBIX XapaKTepPUCTUK MUPOBBIX TEHAEHLIMU K pas-
6ueHuio Mupa Ha 10 B3auMOJEUCTBYIONIUX perMoHOB: CeBepHasi AMepHKa,
3anazHaa EBpoma, Anonus, IO0xxHaa Amepuka u Asctpanus, CCCP u Boc-
touHasd EBpora, JlatuHckas Amepuka, CeBepHasa Adpuka u bixauit Boc-
TOK, Tpormudeckasn Adpuka, Kurait u IOxxHasa Azus.

CTOUT OTMETUTH: aBTOPUTET PuMcKoro kiyba ObUI K TOMY BpeMeHU
HACTOJIBKO BBICOK, YTO B OOCYKZE€HUH BTOPOTO ZOK/IaJa IPUHUIH y4acTHe
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MHOTHE PYKOBOJUTENU T'OCY[apCTB, HalpuMep, KaHIjiep ABCTpUM, IIpe-
Mbep-MuHUCTPHI [1IBertuu u Kanazsl, mpe3uzeHTsl CeHerana ¥ MeKCUKU.

K orpoMHOMYy CcOXaJIeHUIO, [JIABHOT'O BBIBO/A TPEXJIETHAA paboTa rpymn
Mecaposuua u [lectesns He usmeHwIa. [obanbHas kaTacTpoda Bce paBHO
CJIyYUTCA, TOJIbKO HAYHETCA OHA C PAZla PerMOHaTIbHBIX KPU3HCOB, HEKOTO-
pble U3 KOTOPBIX IIPOU30MAYT Aake paHbllle, YeM IIpeZcKasbIBaja I'pyIa
Megoy3a. Heo6xoquM KOPEHHOM IepecMOTp CYIIEeCTBYIOUIUX TeHAeHLINH
MUPOBOT'O Pa3BUTHUS.

OTMeTHM OrPOMHOE IOJIOKUTETbHOE 3€pPHO pa3paboTKU II06aJTbHBIX
KOMITbIOTEPHBIX MOZeei. DTO BCEro JIMIIb Havyajo BHEAPEHUs B HaIIly
’KU3Hb pallMOHAIM3alHU IIpolecca MPUHATUA PEIIeHUM, U OT JaJTbHeu-
IIIero Pa3BUTHA UCC/IE€JOBAHUN B 3TOM 001aCTH BO MHOTOM 3aBHCUT Hallle
6yaymee. ITossBIwIach NIpUHIMIIMAIBHAS BO3MOXXHOCTD [TIOCTENIEHHO OTOUTU
OT 6ecrepCcneKTUBHOTO MeToa Mpob 1 OMMOOK U ceaTh IPaBUIOM IIPU-
HUMaTh BOXXHEHNITVEe pelleHus MOoCJIe TIIAaTeJIbHOTO aHaau3a C UCII0Ib30Ba-
HHUEM COOTBETCTBYIOIINX KOMITBIOTEPHBIX MOZEJIEH.

1.10. YcroitunBoctb 6uocpepbl. budypkauyma

PaccMoTpeHHbIe T/I00abHBIE KOMIIBIOTEPHBIE MOJENH YYUTHIBAIOT
He Bce. MOXET CAYYUThCS, YTO HEOOPATUMBIN KPU3HC Pa3pasuTCs Jake
paHblIle, YeM IIPeCKa3bIBa€MbIi IT0 TOMY WIH APYTOMY CIIEHAPUIO MOZEH,
€CJIM MBI OCTaBUM 6e3 BHUMaHMSA BOIIPOC O AOMYCTUMBIX aHTPOIIOT€HHBIX
Harpyskax Ha 6uocdepy. BepxHuii npezies1 Harpy30K HEM3BECTEH, HO HEOO-
XOMMO YETKO MPEACTABJIATD, YTO MOXKET IIPOU30MTH, €CJIU OH OyIEeT AOCTHT -
HYT.

i3 TeopuH CIOXKHBIX JUHAMUYECKHX CUCTEM, IPUMEPOM KOTOPBIX
ABseTcs 6uocdepa, caeAyeT, YTO KOTAA HATPY3KU HA CUCTEMY HAaYMHAIOT
IIPEBOCXOJUTh HEKOTOPHIH IIpeZies, TO COCTOSTHUE CUCTEMBI TEPSET YCTOM-
YMBOCTD, U CHCTEMA «BBIXOJUT Ha IepecedeHre» HECKOJIbKUX KaHAIOB 3BO-
JIIOIMOHHOT'O Pa3BUTHSA. DTO O3HAYAET, YTO JAOIYCTUMOI OKa3bIBAETCA IieJiast
COBOKYITHOCTb HOBBIX COCTOSTHMI. B MaTeMaTHKe Takye TOYKU BETBJIEHUS,
IIOTepsI OAHO3HAYHOCTH TPAEKTOPHUI Pa3BUTHS HA3bIBAIOTCA MOukamu
bugypkayuu.

Kakoii U3 BO3MOXKHBIX «KaHaJIOB dBOJIIOIMH» BIOEPET CUCTEMA, TI0 KaKOH
TPaeKTOPHUH IOUJET ee pa3BUTHE IIOCIE TOYKHU OubypKaIuu, IpeacKa3aTh
3apaHee HeJb3sl. ITO 00CTOSATEILCTBO HOCUT MIPUHIMITHAIBHBINA XapaKTep,
ITIOCKOJIBKY BHIOOD TPAeKTOPHUM Pa3BUTHA OyJeT 3aBUCETh OT CIyYaWHBIX
BO3/JIEHCTBUM Ha CUCTEMY, KOTOPbIE MOTYT OBITh U OYEHb MaJIbIMHU.

BudypkalluOHHbIE MEXaHU3MBI ITOBEJEHUs CUCTEMBI YaCTO Ha3bIBAIOT
KaTacTpOPUIECKUMU, ¥ UX U3ydaeT HOBas AUCIUIUIMHA — meopus Kama-
cmpod.

EcTb i1 Kakue-HUOYAb IPU3HAKU IIOTEPU YCTOMIMBOCTHU O6rocdeprl? Ja,
ecTb. Hampumep, yMeHbIlleHHe TeHETUYECKOTO pa3HoobOpa3us. [eHeTHYe-
CKas IaMsThb — 3TO 3aKOJWPOBAHHBIN OIBIT )KU3HHU, 3TO MUCTOPHS €€ CTa-
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HOBJIEHUS U TIPUCIIOCOOIEHUA K CYPOBBIM YCJIOBUAM B OKPYXKaloIIeM MUPE,
3T0 6MGIMOTEKA 3HAHUM O TOM, KaK MOXXHO IIPEOZIOJIETh T€ WIH UHbIE TPY/-
HocTH. [ToTeps m060ro reHoTHIIa — 3TO 6€3BO3BpaTHasA MOTeEPS OecIleH-
HOT'O TOMa M3 3TOM 61bMoTekH. [eHeTHMYECKOe pa3HoobOpasre — 3TO rapaH-
THUS YCTOMYMBOCTU BHZIa. YMEHbBIIIEHHE pa3HOOOpa3us — 3TO YMEHbIIeHHe
YCTOMYMBOCTY U B KOHEYHOM CUeTe Jierpazaius 6muocdepsl.

Boob1le yHUYTOXXHUTD KU3Hb UesloBeKa Ha 3eMiie ceiyac CTajo OYeHb
npocTto. CyIlecTBYIOT pacueThl MO II06AJbHOW KOMIIBIOTEPHOU MOJETU
6uocdeps! (HasbIBaeTcsa Mogeb «['es» 10 UMEHU PEBHErPEYECKON OOrMHU
3emii), KOTOphIe ITPOBeZIEHHI Y HAaC B CTPaHe IoJ, PyKOBOACTBOM aKaJleMUKa
H. H. MouceeBa. OcobeHHOCTh MoZiesid 6uocdeps! «['es» B TOM, YTO B HEH
HeT YesnoBeka, «010Kk YemoBeka» B MOZIE/IU He TIpe/cTaBieH. [IpoBeleHHbIE
B 1984 r. pacueTsl IOKasaju, 4TO JIs1 YHUUYTOXKEHUS YeIOBeueCTBa J0CTa-
TOYHO UCI0JIb30BaTh B AZepHOU BoiiHe Bcero 100—150 MT sgaepHOro ropo-
4ero, oInpeZieIeHHBIM 00pa3oM pacKUJaHHOTO II0 TOpoaM MUpa. B pesyiib-
TaTe 06pasyroTcs obsaka caky TaKOTO pa3Mepa, YTO HACTYIUT «sAepHasd
3UMa» U IPOJJIATCA OHA HECKOJbKO MECALEB, Yero AOCTaTOYHO I YHUUTO-
»KEeHHUsI YeJIoBeyecTBa.

Yrto Takoe 150 MT? ITO 4yTh 60JbINE, YEM HA OJHON aTOMHOM ITOABO-
JTHOMU JIOZKeE.

Jlns mpuMepa o6paTuMcs K COBPEMEHHBIM KOMITbIOTEPHBIM pacyeTaM
C yY4E€TOM BJIMSTHUSA OKEAHOB M aTMOChEPHBIX SABJIEHU. B ciiydae BO3MOXXHOM
BoMHBI Mexxay MHauei (50 saepHbIx 60eronoBok) u [Takucranom (60 6oe-
TOJIOBOK) ITOXKaphl, BhI3BaHHBIE B3peiBaMu 100 saepHbx 60M6 (0,4% OT Bee-
MMPHOT'O 3aI1aca) MOAHUMYT B aTMochepy 5 MJIH T IbIMa U CaXKH. ITO 0061aKO
HaKpoeT PervuoH yxe 4yepe3 IATh AHeW. Ha AecATsIN AeHb OHO JOCTUTHET
3KBATOPa, a elle yepe3 4—9 AHeN MIVIa OKyTaeT BCIO IuIaHeTy. 20 MJIH 4YeJl.
IIOruOHeT B 30He KOHGIUKTA OT yapHOM BOJIHBI, paUalliyd U II0XKapOB,
a 1 mupz *xuTesel IiaHeThl yMpPYT M3-3a pa3pylieHUs MUPOBOU CETbCKOXO-
3SIICTBEHHOM CHCTEMBI. B cebCcKOM X034MCTBe HACTYNUT Kosutanc. O30HO-
Bas ApIpa, CyIlleCTBYIOIAas cervac B perroHe KOKHOTO MMoJiroca, pacipocTpa-
HUTCS TI0 IUIaHETE, OTKPBIB MYTh JJIsI CMEPTOHOCHOTO yIbTPadr0IeTOBOTO
U3JIy4eHusl.

YeM Irpo3UT HAJBUTAIOMIAACS MOTeps cTabwibHOCTH 6uocheprl? Ecau
CJIOXKHAs HeJTMHEHHAsA CUCTeMa, KaKoH ABIseTcsa 6rnocdepa, TepsAeT CTabWIb-
HOCTh, TO HAYMHAETCA ee Iepexo/, IpuieM HeoOpaTUMBIHM, B HEKOE HOBOE
KBasucTabuiIbHOe cocTogHUe. Kakoe oHO — MBI He 3HaeM. U 6osee yeM
BEPOSITHO, YTO B 3TOM HOBOM COCTOSTHUM ITapaMeTphl 6rocdepsl OKaXKyTCs
HETIOAXOAAIIMMM IS )KU3HU YeJIOBEKa, a MOXKeT, U Bcel 6uoThl. Hampumep,
MOJKEM NIEPEUTU B COCTOSTHHE PaBHOBECUSA TUIIA CYIIeCTBYIOIIEro Ha IUIaHe-
Tax Benepa miu Mapc.

Ho camoe cTpaimrHoe To, YTO MOJ0OHBIN IMepPeX0, BEI3BAHHBIN IMOTEPEH
paBHOBeCHs, IPOUCXOAUT CO CKOPOCTBIO, BO3pacTalollel 110 dKCIIOHEHTE.

1 Henuueiinas auHaMuka rmo6ajbHBIX IPOIECCOB B IPUPOZE U obmIecTBe / TOJ pef.
Y. B. WnbuHa, [I. Y. TpybeukoBa, A. B. iBaHoBa. M. : M3g-Bo MI'Y, 2014.
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OTO O3HAYaeT, YTO KOTZa KaTacTpoda CTaHeT BUJHA BCEM CKENTUKAM, TOTAA
HUKaKWe Hallly AefCTBUS Y)Ke HUYETO HE CMOTYT U3MEHUTb.

[Tpo6yiema cTabmwibHOCTU OGMOChEpPHl JOMKHA IPEBPATUTHCA B OAHO
Y3 OCHOBHBIX HallpaBJieHUN QpyHAAMEHTAIbHbBIX UCCAEA0BaAHUMN.

Ho u B TOuKax 6udypKauu JeACTBYET TO, YTO BaKHee BCEX INIOOATBHBIX
MozeJel, — 3TO 3aKOHBI IpupoAbl. Hanbosee obiue ee 3aKOHBI U3y4YaeT
¢usuka. CpammBaeTrcs, a MOXeT Ji Ppu3nKa 4YTO-HUOYAb CKa3aTh O TJIy-
OUHHOM CYIIHOCTU UAYIIMX ceifyac KPU3UCHBIX MpolieccoB? Be3ycioBHO,
MoOXeT. O6 3TOM TrOBOPST 3aKOHBI TEPMOJUHAMUKY, K U3yYEHHUIO KOTOPHIX
MBI ¥ TIEPEXOZVIM.

1.11. TepmoauHamuka u monekynapHasa Gpusmnka

B Kypcax GU3MKM paszen «TepMOANHAMUKA» OOBIYHO UZET B HEPA3PhIB-
HOM CBSI3U C MOJIEKY/IIpHOU ¢dusukoit. K 3ToMy ecTh OCHOBaHU.

MonexynapHuasa ¢uduka — paszen GU3UKUA, U3yYaloOlUil CTpOeHUEe
1 CBOMCTBA BellleCTBA MCXOAA U3 MOJIEKYJNAPHO-KMHETUYECKON TEOpHUH,
KoTopas 6a3upyeTcss Ha TPEX OCHOBHBIX ITOJIOJKEHUSX: BCE BEIIIECTBA COCTOSAT
13 MOJIEKYJI U aTOMOB; BCe MOJIEKY/Ibl HEIIPEPBIBHO M XaOTUYECKU ABIDKYTCS;
MOJIEKYJIbI B3aUMO/IECTBYIOT APYT C APYT'OM.

Lleslb MOJIEKY/IIPHO-KMHETUYECKOH TEOPHUU — HCTOJIKOBATh HabJoae-
MEbIe CBOMCTBA TeJl (ZaBieHue, TeMIIepaTypy U T.I1.) KaK CyMMapHBIN pe3yJib-
TaT AEUCTBUS MOJIEKyI. YTOOBI 3TO cAenaTh, MOJEKYIIPHO-KMHETUYECKast
Teopus MOMb3yeTCsA CTATUCTUYECKUM METOZIOM, HE MHTEPECYSCh ABIKEHEM
OTZeJIbHBIX MOJIEKYJI, a JIUIIb CPEAHUMU BeIMYMHAMM, KOTOPbIE XapaKTepU-
3YIOT ABU)XKEHME OTPOMHOM COBOKYITHOCTH 4acTHull. [I03TOMy MOJIEKY/IAPHO-
KWHETUYECKYI0 TEOPUI0 MHOT/Ia Ha3bIBAIOT cmamucmuueckoll pusuxoti.

Ho ecTh u Apyrou moaxoz K M3y4eHHIO CBOMCTB BeIeCTBA — TEPMO-
AUHaAMU4YecKui. TepmoouHamuka He BBOAUT B PAaCCMOTPEHUE MOJIEKYJIBI
Y aTOMBI, He BXOJAUT B MUKPOCKOIIMYECKOe pacCMOTpPeHNe IIPOIIecCoB, a ee
OCHOBOM fABJAIOTCA PyHAAMeHTaNbHbIe 3aKOHBI, Ha3bIBaeMble HAUaIamu
mepmoOUHAMUKU.

Havana TepMOAMHAMUKU YCTAaHOBJIEHBI U3 ONBITA, U IIPU 3TOM HET HU
ozHOro ¢aKTa, BCTyIAIOUIEero ¢ HUMU B IIPOTUBOPEYHUE.

[Toaxoaa K pacCMOTPeHHIO U3MEHEHUN COCTOSHUSA BeleCTBa C Pa3HBIX
CTOPOH, TePMOJUHAMUKA U MOJIEKYISIPHO-KUHETUYeCKas TeOPUsA B3aUMHO
JIOTIOJIHAIOT APYT Apyra, 006pasys, 0 CYIIeCTBY, OAHO Iiejoe. Y CTaTHCTUYe-
CKOM PU3MKHU ¥ TepMOAMHAMHUKU OOLIUI IIpeAMeT U3ydyeHUs — CBOMCTBA
BEIeCTB U IIPOUCXOAAIINE B HUX IIPOLIECCHI.

TepMozHaMuka nepBOHaYaJIbHO BO3HUKJIA KaK HayKa O 3aKOHOMEpHO-
CTAX IIpeBpaleHus TeIvia B paboTy C ITOMOIIbIO TEIUIOBHIX MamIuH. Kpyr
BOIIPOCOB, KOTOphble OHA M3Yy4yaeT, CBA3aH C TeIUIOBOM GpopMO ABMKEHUS
MaTepuH, T.e. C XaOTUYECKUM JBMKeHHEM aTOMOB U MOJIEKYIIL.

OTOT KpPyT BOIPOCOB 3aHMMAET B pU3MKe 0c0O0e TOIOKEHNE, CBI3aHHOE
C TeM, 4TO JII000¥ BW/ SHEPTUH B MPOLIECCE IPEBPAIEHUII MOXKET IIPOUTH

26



yepe3 MHOrve GOpMBI SHEPruu, HO KOHEYHBIM Pe3yJIbTaTOM BCEX TaKUX
IpeBpalleHui 06s13aTesIbHO OyZeT SHeprus TeIioBas.

JleiCTBUTENIbHO, B TEIUIO IIEPeXOAUT MeXaHudecKas sHeprusa (13-3a Tpe-
HUA), DHEePrys 3JIEKTPUYECKOr0 TOKa, SHEepPrys CBeTa, SHePrus XUMUIECKUX
IIpeBpallleHu! U Jaxke sAfiepHasd SHePrusl.

Ba)kHO OTMETHUTH, UTO IOHATHE PaBHOBECUS B TEPMOAUHAMMKE OTIHNYA-
eTcs OT paBHOBeCHA B MeXaHUKe. B TepmoznHaMuke oHO OoJiee IIVPOKOeE.

CucremMa HaXOAUTCA B MepMOOUHAMUYUECKOM PABHOBECUL, €CIU MaKpo-
CKONIMYEeCKHUe BEJINYUHBI, OIIpeJeIAIoNIUe ee COCTOSIHIE, OCTAI0TCA IIOCTO-
SHHBIMY, HallpUMep, JaBleHUe U TeMIlepaTypa.

TepMoznHaMHUUecKkoe paBHOBECHE OTIMYAETCSA OT MEXaHUYEeCKOTO TeM,
YTO XOTA MaKPOCKOIIMYECKHUE BeIMUUHBI, XapaKTepU3YIOIIUe CUCTEMY, OCTa-
I0TCSA IIOCTOSTHHBIMU, YaCTUIIBI CUCTEMBI (ATOMBI ¥ MOJIEKY/IBI) He IIpeKpa-
IIAIOT CBOUX CJIOXKHBIX JBIKEeHUU. [I0CTOSSHCTBO MaKpOCKOIIMYECKUX Iapa-
MeTPOB O0YC/IOBJIEHO IPOMAaZIHBIM YMCJIOM 3TUX YaCTHII.

Bce 3aKOHBI TEPMOJVHAMUKHU, O KOTOPHIX MBI OyZIEM TOBOPUTD, OTHOCATCSA
TOJIBKO K CHCTeMaM, COCTOSIIIIUM M3 OOJIBIIOro YKcCja YacTHll. B 4acTHOCTH,
TepMOAUHAMUYECKasA CUCTEMa MOXET COCTOSITh M3 OAHOI'O Tejla — TBep-
JIOTO, XKUJKOTO WU ra3oobpasHoro. Beakuil mepexos, cvcTeMBl U3 OZHOTO
COCTOSIHHUA B ZIpyToe (TepMOoArMHAMUYECKHUI IIPOIIecc) CBA3aH C HapylIeHueM
paBHOBecus. Ho eciu mepexoz coBepIiaTh IpeieIbHO MeAJIEHHO, TO COCTOS-
HUE CHCTEMBI B K&XKJbIii MOMEHT BpeMeHHU OyZIeT paBHOBECHBIM.

Hampumep, eciu ras moz IMopurHeM OBICTPO CXaTb, TO U paBHOBeCHE
CWIBbHO Hapymurcsa. Ho eciu okyuMaTth 04eHb MeZJIEHHO, TO r'a3 B KaXK/bI!
MOMEHT BpeMeHU OyZeT MMETh OIpeZieIeHHOe JlaBlieHre, KOTOPOe MaJio
OT/IMYAETCA B Pa3HBIX TOYKAX OT CBOEr'0 CpPeHEro 3HaYeHUs .

[Tporiecc, cocToALMI M3 HENIPepHIBHOU IIOC/IEZ0BAaTEIbHOCTA PaBHOBEC-
HBIX COCTOSIHMM, Ha3bIBAE€TCA PABHOBECHBIM, WIN K8A3UCMAMUUECKUM.

VizieanbHbIN paBHOBECHBIN IIpoliecc — 6€CKOHEYHO MeZJIeHHBIH.

PaBHOBecCHBIH mpoliecc 06azaeT Toit 0COOEHHOCThIO, YTO MOXKET OBITh
IIpOBeZIeH B 0OpaTHOM HaIlpaB/IeHUH, IIpUYeM cucTeMa OyZeT IPOXOJUTD Te
’Ke COCTOSIHUS, YTO Y IIPU MPSIMOM Xo/ie, HO B 0OpaTHOM mocieoBaTeNb-
HOCTH. [103TOMy paBHOBeCHBIE IPOIECCH HAa3BIBAIOT TAKXKe 00pamumbMU.

IIporecc, IpyU KOTOPOM CHCTeMa IIoCJIe psiZia U3MeHEeHUH BO3BpalllaeTcs
B MICXOZHOE COCTOSTHUE, HA3bIBAETCS KPY208blM NPOUECCOM, WU UUKIOM.

Havan TepMosUHaMUKM BCETro /IBa, U 110 CBOEU CyTH OHU OYeHb IPOCTHL.

1.12. llepBoe Hayano TepMmoANHaAMUKN

Ha uTo OyzieT pacxozoBaThCs ITOJBOAMMOE K ccTeMe TeIuio? [Ipu oTBeTe
Ha DTOT BOIIPOC HEOOXOAMMO OIPEETUThCS C IIOHATHEM BHYTPEHHEH dHep-
ruu Teja (TepMOAVHAMUYECKON CUCTEMBI).

B ob1ieM crydyae sHympeHHell aHepzauell Tejla Ha3bIBaeTCsA KMHEeTU4YecKast
U MOTeHI[UaJIbHasA SHEPIrys MOJIEKYJ 3TOTO TeJja IUII0C BHYTPUMOJIEKYJIAP-
Has dHeprusd. iMmeeTca B BUAY IIOTeHIMaIbHAsA dHEPTUs B3aUMOZAEUCTBUSA
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MeXJy MOJIeKyJlaMU Tejla, a He UX NOTeHIMalbHas SHEePrus BO BHEITHEM
nosie cui1 (HapuMep, B IIOJI€ CHJI TSKECTH).

BHyTpeHHss 3Heprusa o6yaiaeT Toil 0COOEHHOCTHIO, YTO B TEPMOAMHA-
Mudeckue GOpMyJbl BXOAUT He OHA, a ee M3MeHeHUe WIN IIPOU3BOJAHAsA
10 KaKoMy-160 napamMeTpy. II03ToMy BHyTpPeHHIOI0 SHEPTUIO MOXHO OIIpe-
JIeJIITh C TOYHOCTBIO 10 IPOU3BOJIBHOM NMOCTOAHHOU. Eciiu ke eme y4rewM,
YTO B TEPMOZMHAMUKE OOBIYHO U3YYAIOTCS IPOLIECCHI, ITPU KOTOPHIX BHYTPH-
MOJIEKy/IApHAsA SHEPIUs OCTAETCA IIOCTOSSHHOMW, TO B ZaJbHEUIIEM MOXHO
II0JIb30BaThCA MPOCTEUIIMM OIpeZie/IeHUeEM: BHYTPEHHAA DSHEPrusa Tejia
CKJIZIBIBAETCS U3 KNHETUYECKON U ITOTEeHITUATbHOU SHEePTUU er0 MOJIEKYIL.

BHyTpeHHSA 3HEPTUs ABAAETCS QYHKINENH COCTOSHUS CUCTEMEL.

[ToHATHEe QYHKIIMU COCTOSIHUA — BaKHOe IOHATHe B ¢pusmuke. Onpeze-
JIMM €TO.

PyHKkyuell cOCMOsHUA CUCTEeMBI Ha3bIBaeTcsA Takasd QYHKIIUsA, KOTopas
HE3aBUCUMO OT IIPeABICTOPUM CUCTEMBI B JAHHOM COCTOSHUM MMEET IIPU-
Cylllee STOMY COCTOSTHHIO 3HaUeHUe.

To, yTO BHyTpeHH:A sHeprus sABaseTcs GyHKIMEeN COCTOSAHUA O3HAYAET,
YTO HE3aBHCHUMO OT IIyTU Iepexo/a CUCTEMBl M3 Ha4aJbHOI'O IOJIOXEHUA
B KOHEYHOE PAa3HOCTb 3HAUEHWU BHYTPEHHEN SHEPTUU OYyZET OAHOM U TOH
>Ke ¥ BcerZia paBHA pPa3HOCTU 3HAUYEHUI B KOHEYHOM U Ha4aJbHOM COCTOSI-
HUSX.

IToaBoayMoe K cucTeMe Terwio dQ 6yzZeT pacxoZoBaThCs HAa U3MEHEHUe
BHyTpeHHel 3Hepruu dU U Ha COBEPIIEHWHU 3TOM CHUCTEMOM paboTHI Haj
BHeITHUMU TenaMmu dA. [Ipy 3ToM, KOHEYHO, BHITIONHAETCS 3aKOH COXpaHe-
HUA DHEPIUU

dQ=dA+dU. (1.1)

BripaxkeHue (1.1) HaspBalOT HNEepPBBIM HA4YaJIOM TEPMOAMHAMHUKU.
ITo cyIecTBy 37IeCh HUYEr0 0COOEHHOT'0 HET, 3TO IIPOCTO 3aKOH COXpaHEeHU
SHEPTUU C YUETOM TEIUIOBHIX ITPOI[ECCOB.

3amuieM GOpMyIUPOBKY Nep8o2o Hauaid CJIOBaMU: KOJIUUECMB0 menJd,
coobujeHHOe cucmeme, udem HA NpupaujeHue 8HYMpeHHell sHepauU CUCMeMbl
U Ha cosepuleHue cucmemotl pabomsl HA0 BHEWHUMU MeaaMU.

To >xe camoe MOXXHO cHOPMYTUPOBATH €lle MPOIIE: HEBO3MONEH BeU-
Hblll 08uzamesb nepgozo poda, m.e. 0guzamenb, NpoussooAwWUll pabomy
u3 Huyezo.

BeuHBbIM ABUTATEIEM IIEPBOr0 PoZia Ha3bIBAIOT ABUTATENDb C KOIDDUIU-
eHTOM nosie3Horo aeiictBus (KI1) 6omee 100% (n > 100%).

B yacTHOM ciy4ae MOABOAMMOE K CHCTEME TEILIO MOXKET OBITh PaBHO
Hyao (dQ = 0), T.e. mpoIlecc mpoTekaeT 6e3 Telioo6MeHa ¢ BHEIIHEH cpe-
noii. Takoi mpolecc Ha3bIBaeTcsa aduabamuueckum.

YpaBHeHUEe aguabaTUIECKOTO Mpollecca BHEITHE MOX0XKe Ha ypaBHEHUE
M30TEPMUYECKOTO IIpoIiecca.

YpaBHeHMe U30TePMHI H/jeaIbHOIO ra3a:
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pV =const. (1.2)

YpaBHeHUe azimabaThl WeaabHOrO rasa:

pV =const, (1.3)

rzae

y=C, /Cy. (1.4)

B Bripakenuu (1.4) Cp U Cy — TEIUVIOEMKOCTH IIPU IIOCTOSHHOM JiaBJie-
HUU U IIOCTOSHHOM OOBbEME COOTBETCTBEHHO. Ba)kKHO, UTO TEILIOEMKOCTD
IIpY TTIOCTOSIHHOM ZiaBiieHuu C, Bcersa 6oJIblIle TEIUIOEMKOCTHU IIPU ITOCTO-
STHHOM 00'beMe, IIOTOMY UTO IIPU P = CONSt HarpeBaeMoe TeJIO PACIIUPSIETCS
1 4acTb IMOJBOJUMOM TEILUIOTHl PACXOAyeTCsA Ha cOBepllieHre paboThl HaJ
BHelIHUMU Tesamu. CiesoBaTeNbHO, Bcerga y > 1.

1.13. UpeanbHasa TennoBaa MallMHa
U ee K03PPULIMEHT NONe3HOro AenlcTBUA

CyllleCTBEHHBIM JOCTUKEHHUEM TEPMOAWHAMUKU SBJIAETCA PelleHne
IIPUHLIMIINAJIBHOIO BOIIpoca 0 MakcuManabHO Bo3MOxHOM KIIJI ana Bcex
TEIUIOBBIX MAIIMH HEe3aBHCHUMO OT MX KOHKPETHOro ycTpoilicTBa. O6uum
JUIST BCEX TEIUIOBBIX MAIIMH SIBJIseTCA 00si3aTe/IbHOE HalIUYKe TPeX YacTei:
HarpeBaTeJsa, XOJ0AWIbHIUKA U pabouero Tea.

Kak noxkasas C. KapHo, 211 BceX TEIUIOBBIX MalllVH CIIPaBE/JIUBLI CIeAy-
IOIIYeE B TEOPEMBEL.

ITepBasa Teopema KapHo. Jlrobas TelutoBas MallirHa, paboTaromas mpu
AaHHBIX TeMmneparypax HarpeBarena (T;) u xomogunbHuKa (T;), He MOXET
uMmeThb KIIJl 60sbIlle, YeM MallliHa, paboTaroas 1o 06paTUMOMY ITUKITY
KapHo mipu Tex ke TeMIlepaTypax HarpeBaTesd U XOJOAWIbHUKA.

Bropas Teopema Kapno. KI1/] iiukia KapHo He 3aBUCUT OT poja pabo-
Yero Tesa, a TOJAbKO OT TeMIlepaTyphl HarpeBaTesis U XOJOAWIbHUKA.

VIHOTr/Ia 3TH ZIBE TEOPEMBI OOBEANHAIOT B OZHY TeopeMy KapHo ¢ TeM ke
coZepKaHUEM.

Lfuknom KapHo Ha3bIBaeTcA IPOIECC U3 JBYX U30TEPM U ABYX aguabar.
OH u3obpaxkeH Ha puc. 1 Ay ciaydas, Korga paboynM TeIoM SIBISAETCS Uze-
aJIbHBIN Ta3.

Ha yuyacTtke AB (u3oTepMa) pabodee Teyso MOJy4yaeT OT HarpeBaTess
¢ TeMmnepatypou T, KoJIU4eCcTBO TeIUIOTH Q,. Ha ydactke CD (BTOpas uso-
TepMa) pabodee TeJO OTAAET XOJOAWIBHUKY C TeMIepaTypoit T; Konude-
CTBO TEIVIOTHI Q;.

VI3aMeHeHVe BHyTPEHHEN dHEPruy paboyero Teja 3a IIUKJ PaBHO HYJIIO,
IIOTOMY 4YTO TeJIO BO3BpalllaeTcA B UCXOAHOe cocTossHUe. CiieoBaTe/lbHO,
BCsA TOJyYeHHasA TEIUIOTa 3aTPpavyMBaeTCs TEJIOM Ha COBeplleHre paboTh:
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Y

Puc. 1

A=Qy—Q. (1.5)

KoapdHUlmeHTOM IT0JIE3HOTO IeHCTBUA TEIUIOBOM MaIlIWHBI Ha3bIBAETCS
OTHOIIIEHVE COBEPIIIaeMOM 3a IUKJ paboThl A K IOJy4aeMOMY OT HarpeBa-
TeJIs 32 IIUKJI KOJIMYECTBY TEIUIOTHL Q,):

EC R 1.6
i Qo Qo (1.9

B ciydae, korza paboumM TelOM SBJSETCA WJeanbHBIN ra3, pabota
3a IIUKJ JIETKO pPacCUUTHIBaeTCs IO M3BeCTHHIM dopMmynaM. Ho MBI 3TO
Zenath He OyZeM, a 3aIuiIeM OKOHYaTeIbHBIN pe3y/IbTaT:

Th -1
=0 -1 1.7
n T, (1.7)

IToguepkHeM, uTo Takoi KIIJl 6yzer ana nmroboro pabodero tena
(cormacHo BTOpO# TeopeMe KapHo). IIpu BEIBOZIE YacTO BEIOMPAIOT H/ealb-
HBIM r'a3 TOJbKO IMIOTOMY, YTO M3BECTHO €r0 YpPaBHEHUE COCTOSIHUS, U ITO
obseryaet BerumncieHue KITJI.

Lluks KapHo o6s1azlaeT BaXKHOM 0COOEHHOCTBIO: OH ITOJTHOCTBIO 0OpaTHM.
JleficTBUTENIbHO, Ha BCEX CTAAMAX OH IIPOBEJIeH TaK, YTO UCKJIIOYAET COIPU-
KOCHOBEHME TeJI C pa3HBIMM TeMIlepaTypaMu, YTO UCKJII0YaeT BO3MOXKHOCTD
HeoOPaTUMBIX IIPOLIECCOB TEILIOIPOBOJHOCTH.

Tennosas mawuHna, pabomarwas no yukay KapHo, sensemcs udeans-
HOll menJ108otll MAWUHOLL, NOMOMY UMO HUKAKUMU Cnocobamu He803MONCHO
nonyuums KIT/] evlie 3HaueHUs:, 0asaemozo svipaxceruem (1.7). A6comoT-
HBIM HyJIb TeMIIepaTyphbl HEAOCTKUM (UTO caeAyeT U3 TeopeMbl HepHcTa),
moaTomy KI1/I 1r060i TEIUIOBO MaIIMHEI, B TOM YHCJIE U W/ealbHOM, BCeraa
MeHbIIle eITHUIIHI.
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1.14. Bropoe Hauyano TepmoaUHAMUKN

BTopoe Hayaso, KaK U MEPBOE, ABIAETCI 0000IIeHEM BCErO HAIIETO
OmBITa. Y BTOPOTO Havyasia TAKXKe €CTh HECKOJIbKO SKBUBAJIEHTHHIX GOPMY-
JmUpoBOK. IIpuBezem aBe. [lepBas dopMyIMpoBKa camasi IPOCTas: He803MO-
JHceH 8euHblil 0guzamenib 8Mopo20 pood.

BeuHBIM ABUTaTeNIeM BTOPOro poZa HaswiBaeTca asuraresnsb ¢ KIIJI, pas-
HBIM 100%.

CMBICST BTOpPOrO Hayvasa sceH. [IpeBpaTUTh BCe MOABOAMMOE TEILIO
TOJIbKO B TI0JIE3HYIO paboTy HEBO3MOXKHO. O6s3aTeIbHO YacTh TeIUIa IOoTe-
psieTcs U MepelieT, KaK TOBOPST, K XOJOAWIBHHUKY B ITUPOKOM CMBICTIE
3TOro cjioBa (HampuUMep, BO BHEIIHIO cpeay). [Ipu aHamu3e ueajlbHOTO
BapHaHTa TEIUIOBOM MAaIlIMHbI BTOPOE Havyajo ObUIO YYTEHO.

Bropas popMynrpoBKa ToXKe KOPOTKasi, HO BeCbMa BaXKHasi, ¥ C HEH MBI
6yzeM pa3bupaTbcs 0c000: IHMPONUS U30AUPOBAHHOLL CUCMEMbL He MOXcem
ybbleamo,

dS>0. (1.8)

H3onuposaHHbiMu (WIN 3aMKHYMbLMU) CUCTEMaMU HA3bIBAIOTCS TEPMO-
OUHAMHUYeCKHEe CUCTEMBI, KOTOpble He OOMEHUBAIOTCS C BHEIIHENW CpeZoi
HU dHEPTHUeid, HU BEIECTBOM.

1.15. duTponus

CJI0BO «3HTpONHSA» OBUIO BBEZEHO B GU3UKY OZHUM K3 OCHOBOIIOJIOXKHU-
k0B TepMmozavHaMuKu P. 10. 3. Kiaysuycom. B niepeBozie ¢ rpedyeckoro OoHO
O3HayaeT «IIpeobpa3oBaTh, IPEBPATUTh.

Oumponueil Ha3biBaeTcsi QYHKLIUA COCTOSIHUS CHUCTEMBbI, MU3MEHEHUE
KoTopoi AS mpu o6paTUMOM IlepexoZie CUCTEMBI M3 COCTOSAHUA 1 B coCTO-
sIHHAE 2 PaBHO:

AS=[—. (1.9)

O6o3HaueHus 37ech cTaHAapTHble: AS =S, — S;,

dS = d—Q . (1.10)
T
To, 4TO BHTpONUA ABNAETCSI GYHKIIUEH COCTOSHUSA, O3HAYAET, YTO IIPU
BCAKOM 0OpaTUMOM HEKPYTOBOM IIpoliecce 3HaYeHUe UHTErpaia He 3aBUCUT
OT IyTH, II0 KOTOPOMY UZET npoliecc. [Ipu Becex MyTax mepexosa U3 COCTOA-
Hus 1 B coctossHme 2 AS 6yzeT ofHUM U TeM ke. OHO OIpeAeAeTCs TOJbKO
3HAYEHUAMHU DHTPOIIUU B COCTOAHUAX 1 1 2.
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OTMeTHM BaXKHYIO OCOOEHHOCTH dHTpomuu. PaBeHcTBO (1.9) mo3Bo-
JISIET OTIPE/JIEJIUTh He abCOMIOTHOE 3HaYeHre GYHKITUU S, COOTBETCTBYIOIIEE
KaKOMY-TO COCTOSIHHIO, a JIMIIb ee U3MeHeHUe IPU IepexoZie OT OAHOTr0
COCTOSIHUA K ApyromMy. [103TOMy MOXHO MPUNHNCATH HEKOTOPOMY COCTOS-
HUIO CHCTeMBbI 3HaueHre S = 0 U CpaBHUBATh C HUM BCe PYTHe COCTOSHUS
CHCTEMEL.

JleTanu3upyem Tenepb GOPMYIUPOBKY BTOPOTO Hadajia TEPMOJUHA-
MUKHU. MOXXHO TIOKa3aTh, YTO 0151 J1106020 06pamumozo npoyecca 3Hmponus
3aMKHYmMoll cucmembl He UBMEHSEeMCS:

ds=0. (1.11)
IIpy HeoOpaTUMBIX XKe IIpoIeccax

dS >0. (1.12)

[Tpumep HeOOpPATUMOTO IpoIlecca: CMeIIaeM JBE MacChl BOJBI C pa3HbIMU
temneparypamu T; u T,. [Ipoliecc cMmemeHNUs ¥ yCTaHOBJIEHUS €AUHOMN TeM-
mepaTypsl MOXET UATH caM cob0i, HO 0OpaTHBIM Ipoliecc pa3zeeHUs cMme-
IIAHHBIX MAcC HU B KOEM CJIydae UATU He MOXeT. [Ipu 3ToM Heo6paTuMOM
mpoljecce SHTponusa (Kak ITOKa3bIBaeT TeOpUs) HelPephIBHO BO3pacTaeT,
HO TOJIBKO /10 YCTAHOBJIEHUs paBHOBecusa. COCTOSIHME pPaBHOBECUS — 3TO
OZIHO M TO JX€ COCTOSIHHE, I0O3TOMY OHO MMEET OZHO U TO XK€ 3HaUeHUe
SHTPOIINHU, KOTOPOE ABJAETC MaKCUMAaJIbHBIM U1 JAHHOM cucTeMsl. be3
BHEIITHETO BO3ZIEHCTBUS OHO MEHATHCA He OyeT.

To ke camoe IpoOU30MZET U IPU CMellIeHUU I'a30B C pa3HOM TeMIiepary-
Ppoii.

my my

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Puc. 2

Y6epewm meperopoaky (Ha puc. 2 nzobpakeHa myHKTHpoM). Kakoe cocTo-
sHUe Ta3a O6yzeT 60siee BEPOSITHBIM: KOT/ZIAa BCE MOJIEKY/IBI OCTAIOTCSA B CBOMX
IIOJIOBUHKAX COCyZla WIW KOTZla paBHOMEPHO pacIpefesieHbl 110 BCEMY
cocyay? fIcHo, 4To 6oJiee BEpOSITHO BTOpPOe cocTosiHuE. V1 BOoOIIe, BO BCIKOM
cucTeMe, IpeJOCTaBIeHHOM caMoii cebe, IIpoliecc MOHAET TakK, YTO CUCTEMA
OyZeT mepexoAuTh OT MeHee BEPOSITHBIX COCTOSHUM K 6ojiee BEPOSTHBIM.
CocTosiHME paBHOBECHUS — JTO Bceraa Hanbosiee BepOsTHOE cocTosiHueE. U,
KaK Mbl OTMETWIN, SHTPOIHA IIPX 3TOM MaKCUMaJIbHa.
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OTcroza cieayeT, 9YTO SHTPONUSA M TePMOAMHAMUYECKAsT BEPOSTHOCTh
COCTOSTHUSI — CBSI3aHHBIE MEXy OO0 IOHATHS.

TepMmoanHaAMUYecKasi BEPOATHOCTb IIPUHITUITHAIBHO OTIMYAETCS OT TOH
BEPOSATHOCTH, KOTOpas OOBIYHO HaMM HCIIONIb3yeTcsA. Hampumep, BeposiT-
HOCTb BBHIUTPHIIIA B JIOTEPEIOD — X%, BEPOSTHOCTD MaZ€HUS MOHETEI OPJIOM
BBepx — 50%, T.e. BEPOATHOCTD 3TUX cOObIMuUil BCETAA MEHBIIIE WIU PaBHA
eaunuie. TepMogrHaMIYecKasi ke BEPOSITHOCTD Bcerga 6osibliie eJUHULIBL.

TepmoOduHamuueckoil 8epOSIMHOCMbI0 COCMOAHUA (WIN CMAmMucmu4ecKum
8ecom) Ha3bIBAETCS YKCJIO CIIOCOO0B, KOTOPHIM 3TO COCTOSTHUE OCYIECTBIIA-
eTCs.

MOXHO MOKa3aTbh, YTO YUCJIO CIOCOOOB, KOTOPBIM OCYLIE€CTBISETCS
PaBHOMEPHOE pachpezeieHUe YacTull B o6beMe cocyza, 6osblie J0b60ro
HepaBHOMEPHOTO pacIpeseeHus.

PaccMOTpUM 3TO Ha IIpUMepe YeThIpeX MoJeKyi (puc. 3).

1

%

Z
7
9 3

Puc. 3

B maHHOM ciiyyae TepMOAMHAMHUYeCcKasd BEPOATHOCTbh PAaBHOMEPHOTO
pacmpezeneHusa paBHa 6, YTO XOPOIIO BUAHO M3 Pe3yJAbTaTOB IIPOCTEHIIEro
aHaM3a CUTyalluHy, IpPeJCTaBlIeHHbIX B Tab. 1.

Tabnuua 1
Yucio MoIeKys Yucio cnoco6oB
peanu3anui COCTOSHUSA
ciaeBa crpaBa
0 4
1 3
2 2

Ho HalloMHUM, YTO B CTaTUCTUYECKOH QU3NKE U TEePMOJUHAMUKE MBI
HMMeEM JIeJIO ¢ GOBITUM YKUCIOM YaCTHI, [IO3TOMY ¥ TEPMOAMHAMUYECKHE
BEPOSITHOCTH — OOBIYHO OYEHDb OOJIBIIIUE YHCIIA.

ViTak, MOXKHO cZieJlaTh Ba)XXHBIM BBIBOJ: NPoUECC C pOCMOM 3HMponuu
Xapakmepu3syem nepexoo cucmemsl U3 MeHee 8ePOSIMHO020 COCMOSIHUSA 8 boiee
geposimHoe.

B aTOM U 3akitovaeTcsa GU3UIEeCKUil CMBIC SHTPOIHH.

Ho aT0 emnie He Bce.
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Kakoe cocTosiHME B cHcTeMe 0ojiee BEpOSTHO: YIIOPSiZIOUEHHOEe WK bec-
MIOPSIZIOYHOE, XaOTHIECKOE?

PaccMoTpuMm mpumep. [IpeAnonokuM, 4To B AIMUKE CieBa — IIOJIOBUHA
OeJIbIX IIapoB, CIIpaBa — ITOJIOBUHA YePHBIX ITapoB (puc. 4). HauHeM BCTps-
XuBaTh. Yepes KaKoe-TO KOJIMYECTBO BCTPSACOK IIaphl PACIIPEEISTCI XaOTH-
yecku. [Ipu gaspHEHNIIEM BCTPIXUBAHUY IIPaKTUYECKHU Beerga OyeT coxpa-
HATHCSA 6ECTIOPSIZIOK.

[ToaTOMy pocm aHmponuu coomsemcmayem nepexody cucmembt Kk 601b-
wemy 6ecnopsadky. DHmponus s8asiemcs Mepol becnopsdka cucmembl.
B cocmosiHuu pasHogecusi 6ecnopsi0ok MaKCUMAIbHbLIL.

T
7
7
’
’
’
’
7

’

1.16. 0 TennoBoit cmepTh BcenenHoi

Oco60 ocTaHOBHMCSI Ha BOIIPOCE O I'PaHUIAX MIPUMEHHUMOCTH BTOPOTO
Hayvaja TepMoAuHaMUKU. OHO IOJIy4eHO M3 0000IIEeHNA OIMBITHBIX JaHHBIX
JUIST 3aMKHYTOM ¥ KOHEYHOM cucTeMbl. [IpeHe6pekeHre 3TUM 0OCTOATEb-
CTBOM ITPUBEJIO B MMPOIILIOM BeKe K IIPOBO3IVIAIIEHHIO HEKOTOPHIMH KOHIIETI-
IIMU TeIUIOBOM cMepTU BceneHHOM.

JleiCTBUTENIbHO, €C/IM IPUMEHUTh BTOPOE Hadyalo K TAKOM CUCTeMe, KaK
BcesneHHasi, TO MoJy4aeM, YTO «dHTPONUA BcelleHHON CTPeMHUTCA K MakK-
CUMyMYy». 3HAYMUT, KOIZla 3TOT MaKCUMyM Oy/ZleT JOCTUTHYT, BO BcesleHHOM
IIpeKpaTATca Kakue Obl TO HUA OBLIO IIPOIECCH, IOTOMY YTO BCE TeJja IpPU-
HMMaIOT OAWHAKOBYIO TEMIIEpPAaTypy U Bce BU/BI dHEPTUM TaKXKe IIePEXOAAT
B TEIUIOBY1O. JleiCTBUTENILHO, €CIM HalAeTCA XOTh OAHO TeJIO C PYTOM TeM-
mepaTypoii, To OyZleT peaJTu30BBIBATHCSA MPOLIECC TEIUIONepeAaynd, KOTOPhIH
006s13aTeIbHO, ITI0 BTOPOMY Havasly, IPUBEAET K POCTY SHTPOIMU CHCTEMEI,
a 3TO HEBO3MOXKHO, IOTOMY YTO SHTPOIUA yXKe JOCTUIIa MaKcuMyMa. Takoe
COCTOSIHME CHCTEMBI U Ha3BaHO Menogoll cMepmbto BcesieHHOU.

Ha caMmoMm fene HUKaKOU TEIUIOBOM CMEPTU HET, TaK KaK HeT HUKAKUX
OCHOBAHMU CYUTATh BcelleHHYI0 HM KOHEUYHOUM, HU 3aMKHYTOM CHUCTEMOI.
[ToaToMy 8mopoe Haualo mepmooOUHAMUKU He NPUMEHUMO KO 8cell BceneH-
Holl.

BceneHHas B 11eJIOM MOXKET 3BOJIOIIMOHUPOBATh HENIPEPBIBHO U MOHO-
TOHHO, HUKOT/|Ja He NMIPUX0JsA B COCTOSHME TePMOAMHAMUYECKOI'0 paBHOBe-
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cusa. Takass BO3MOXKHOCTb ZIOIyCKaeTCsA, HallpuMep, 00Ieil Teopueid OTHO-
CUTEJIbHOCTH.

1.17. IuTponusa 6uocdepnl

[IpumeHnMO i1 K 6rocdepe BTOpoe Havaao TEpMOAUHAMUKH? Beab 6110-
cdepa — SIBHO KOHEYHAs CUCTeMa, He B IpuMep BceseHHO. I'po3uT i1 6110-
cdepe TeroBas cMepTh?

CuacTbe 6mocdhephl B TOM, YTO OHA HE SBJSETCS 3aMKHYTOM CHCTEMOM,
II0O3TOMY BTOpPO€ Hayajo B TOM BHUZE, KaK MBI €ro GOpMYJIUPOBaJIH, 34€Ch
HenpuMeHUMO. YT0OOBI pa3obpaThCs C OBeJeHUEM SHTPOIIUM O6uocdephl,
HeoOX0ZUMO BBHIUTH 3a TPAHUIIBI KJIACCUYECKOM PaBHOBECHOM TepMOAWHA-
MUKH, O KOTOPOI MBI C BAMU TOBOPHJIH.

He3aMKHyThle CHUCTEMBbI PU3UKON TaKKe M3ydaroTcA. DTO JeaeTcs
B paMKaxX TEPMOJWHAMUKY HEOOPATHUMBIX IIPOIECCOB, WIH, KaK elle roBo-
PAT, B paMKaX HepaBHOBECHOM TEPMOAMHAMUKH.

Ecim 651 6rocdepa O6bUTa 3aMKHYTOM CUCTEMOM, TO €€ SHTPOIUS HeIpe-
PBIBHO OBI BO3pacTaja, ¥ Bce CJIOXKHBIE YIIOPSAZOYEeHHbIE CTPYKTYPhI, KOTO-
pble XapaKTepHBHI /I XKUBBIX OPraHU3MOB, HEIIPEPHIBHO OBl pa3pyllIavch,
u 6uocdepa gBuUranack 661 K THOETH.

Ho 6uocdepa ABIAETCS OTKPBITOH CHCTEMOM, U 32 CUET IIOTOKA COTHEY-
HOI SHEPIruy SHTPONUA 6Mocdhephl MOXKET MMOHIKATHCA. TaKoe TIOHDKEHHE
SHTpONUU 6uocdepsl AeHCTBUTEILHO MPOUCXOAUIO Ha MIPOTSHKEHUU MHO-
TMX MWLUIAOHOB JieT. [Ip1 3TOM IIPOMCXOAWIO HENPEPHIBHOE MOBBIIIEHUE
OpPraHM30BAaHHOCTU 6HOChEPHI.

MoXXHO cKasaTb, 4TO A1 6uochepr CoHIlE ABISIETCS UCTOYHUKOM
IIOTOKA «OTPHUIATEIbHOMN SHTPOIINI».

OrpoMHbI€e 3amachl «OTPULIATENbHOM SHTPOITUH» HAKAIUIMBAIVCh B OHO-
cdepe 3a cyeT geATETLHOCTH GOTOCHUHTE3a, U OHU XPAHATCA B HCKOIIAEMOM
OpraHUYeCcKOM TOILTHUBE. DTO TOILUIUBO SIBJIIETCS IIPUMEPOM CUCTEMBI, HaXo-
JAIIENCcA B COCTOAHUY HEYCTOMYHUBOTO PaBHOBECHS, T.€. B HEM POCTa 3HTPO-
ITUU TIPAKTUYECKU HE TIPOUCXOJUT.

Ho BOT, HCTOPUYECKH COBCEM HEJABHO Uesl08eK 8bLCMYNUL KAK aKMus-
Hblll Kamaau3amop mexaHusmos 6ypHOz0 pocma 3HMPONUU, CXKUTAST 3TO
TOIUTMBO. KOonmivch 3amacskl OTPUIIATENbHON SHTPOIUU MUWLIMOHBI JIET,
a CKUTalOTCsA CTPEMUTENBHO. B pe3ysbrare sHTpomusA 61uochepsl cTasa Bo3-
pacTaTh, 9YTO MBI U HabJ/II0jaeM B BHjle II00AIbHOTO KpU3HCa.

V1 He MMOMOTYT 3ZieCh HUKaKHe YaCTHbIE PELIEHUs SKOJIOTUIECKUX IIPO-
6siem, Hanpumep, TpobseM MOCKBBI-pEKU WU BCETO MOCKOBCKOI'O peru-
oHa. PemeHue cTparernyeckux mpobseM yesoBedYecTBa HEMBICIUMO BHE
ydJeTa 3aKOHOB TePMOJAVHAMUKU. EAVHCTBEHHBIN BBIXOJ — 5TO OCTAHOBKA
BBI3BAaHHOT'O TOJIKO Y€JIOBEKOM POCTa SHTPOIIUHU, BO3BpalieHue 6uocheps
B COCTOSTHUE C ITOCTOSTHHBIM YMEHBIIEHHEM SHTPOIIUU U OyAyllee co3aHue
OpPUEHTUPYEeMOU B CBOeM JajbHelIeM pasBUTUU HAyKOM, pa3yMoOM HOO-

coepsl.
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Hoocgepa — cdepa pasyma. [TonaTHe Hoochephl BBeIEHO aKaZIeMUKOM
B. U. BepHazckuwm.

MO>XHO /M NPUBECTU HArJAAHBIE IPUMEPHI, CBUJETEJbCTBYIOLINE
0 IpoIljeccax pocra sHTponuu 6uochepr? MoxkHo. HamoMHMM, 94TO pOCT
SHTPOIIMU XapaKTepU3yeT pasynopsi/loueHre B CUCTEME U MPUOIIKEHNE
ee kK xaocy. CaM0 CKMraHMe TOIUIMBA yXKe €CTh OYeBUZHOE YHUUTOXXEHUE
YIIOPAAOYEHHBIX 32 MWUINOHEI JIET CTPYKTYP U CyIIeCTBEHHOE BO3pacTaHue
xaoca B 6rocdepe ellle ¥ 3a CYET pacCcessHUs B HEHl MHOXKECTBA Iy»KEPOIHBIX
1 BPeJHBIX IIPOAYKTOB CrOpaHM.

Ho MOXHO mpuBeCTH U elle 6osiee SICHBIE TPUMEPHI HapacTaHUs Xaoca
B cucteMme. UTo sBisseTcs armodpeo3oM xaoca? DTO, HallpUMep, PasioxkKe-
HHe 6uocdephl Ha aTOMBI WIH, II0 KpalHell Mepe, UCTUPAHUE €€ B IbLIb,
B [TOPOIIIOK, B IlecoK. Takue mporiecch B 6rocdhepe UAyT, IpuieM Bce bostee
aKTUBHO. MOXXHO IPUBECTH U HEKOTOPBIE KOJIMYECTBEHHbBIE OI[€HKH.

MeTtamnodoH/ CTpaHhI, T.e. 00lllee KOJTMYECTBO METaslIa, HaXOAsIeecs
B pa3HbIX OTPACJIAX X03NUCTBA, — OKOJIO 1 MJIpA T. VI3HOC COCTaBJIsIET OKOJIO
4%, T.e. MWUINOHHI eTajell TPyTCs, TPYTCA, TPYTCA U B T'OJ, UCTHUPAETCA
40—50 miH T.

[To BakHelIIeMy MeTaJLTy — KeJle3y — eCThb TaKue JAaHHBIEe: eTro exe-
rofiHOe paccenBaHue B cpeay cocrtabiseT 250—260 mutH T. 3a 150 et ero
O6BLTO paccesaHo 6,5 Mipz T.

KpoMme ucTupaHus ecTh ellle U Koppo3us. ToJbKO KOPpPO3us AaeT OKOJIO
10% moTeps xkene3a, €CIU KOHCTPYKIUU HE 3alIUINEHBl IOKPHITUAMMU.
TepsieTcs xene3o0 u npu ero obpaborke. [IpyuMepHO TpeTh BHIILIABJIsAE-
MOT'0 B MHUpE JKeJjie3a TepPSAETCS B IIEPBBIM I'ofl IIpHU ero o6paboTke, UCTHPA-
HUM ¥ Koppo3uu. [IpeBpaiiaeTcsa B MeCOK He TOJIbKO MeTaJUI, HO U OCHOBa
XXU3HU — 3eMJIA. [Ipoljecchl OMyCTHIHMBAHUA U JerpaZalluy 3eMJIU CTpe-
MHUTEJNBbHO HapacTaioT. CyIecTBYIOT OLIeHKU, YTO 3a UCTOPUYECKOe BpeMsI
(BpeMsi QyHKITMOHMPOBAHUSA YeJIOBEKa) Ha Halllel IIaHeTe, MO Pa3HbIM
nmpuYrHaM, 6bUTO0 yTpadeHo A0 20 MJIH KM2 MPOAYKTUBHBIX 3€MeJb MPU
COBpEMEHHOM Max0THOH IwIomaau 16 MIH KM2.

Jliss HaISIAHOCTHU MacInTaboB mpollecca JerpaZaiuu npuBeaeM opu-
nuanbHble fanHble OOH (IOHEIT) 3a mocieaHoo yeTtBepTh XX B. [ToTepu
oT ypbauusaiuu 3a 25 yet (1975—2000 rT.) cocrasasaroT 300 Mk ra (60J1b-
I1as 4acTh IIPUPOCTA HaceleHUs UjeT B ropoza). [lotepu ot gerpagauyu —
Toxke 300 mutH ra. ECcTp ¥ IIpUPOCT HOBBIX NAaXOTHBIX 3eMesib: + 300 MuIH ra
(3a cueT YyHUYTOXKEHMUS JIECOB).

B utore k 2000 r. ob1iee KOJIMYECTBO MTAXOTHBIX 3€METb COKPATUIOCH
Ha 300 muiH ra. IIpu 5TOM KOJIMYECTBO 3€MJIM Ha AyIy HaceJeHUs yIlajo
c0,31raB 1975 . 10 0,15 ra B 2000 r. M1 3eM/1s1 3Ta HAIIIIUTOBBIBAETCSI MHO-
»KeCTBOM YYy>KepPOJHBIX €/ ¥ HaM XMMUYECKUX COeIMHEHUM, KOTOphIE IIOUAYT,
€CTeCTBEHHO, B HaC. YKe celyac cozep)kaHre CBUHIIA B KOCTAX YeJOoBeKa ~
B 50 pas Bhlllle, YeM B OCTaHKaxX ApeBHUX IpeakoB (3. B. 'upycos, 1976 1.).

A cBUHeI] ellle He XUMHYeCKoe coefrHeHue. M3 2 MJIH U3BeCTHBIX HaM
XAMUUYECKUX IIpernapaToB NPOBEPEHO Ha KAaHLEPOTeHHOCTh HECKOJbKO
THICAY, ¥ BCET'O HECKOJIBKO COT IIPOBEPEHO aJeKBATHO (T.e. KaK HaJo).
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ExxerogHo B Mupe cuHTesupyerca 250 000 HOBBIX XUMHUUYECKUX COEAU-
HeHui. Okoso 1000 XMMUYECKUX IIpenapaToB eXerogHo AobaBiseTcs
K CIIMCKY BBIITyCKaeMbIX IIPOMBIILIEHHOCThI0. OTPOMHBEIN Bajl HE U3y4EH-
HBIX 10 IIOCJIEACTBUAM IIpenaparoB. YTo MemaeT u3ydyuTh? LleHa. YpoBeHb
obbeMa rccieZIoBaHNM Ha OfHY KaHIIEPOT€HHOCTh XOTs elle U He 3pdeKTH-
BeH, a 06xoauTcs B 100 ThIC. IOJUI. HA OAWH XUMHUYECKHI IIPOAYKT U IJTATCSA
2—4 roza. K aTomy m06aBisieTcsi IPaKTUYECKU TIOMHAs 6€CKOHTPOJIBHOCTD
COZAEp>KaHUA BPeJHBIX BEIECTB B BOZAE U BO3JyXe.

Hanpuwmep, ycra"osieHs! [1/IK a1 728 BellecTB B BO3/lyXe HacCeJIeHHBIX
MecCT. B mpakTuueckux ycaoBUSX (IIpOeKTHPOBaHHE, KOHTPOJIb U OTYET-
HOCTb) MpUMeHAIOT Bcero 5—7 II/JIK: mbUThb, OKCHUABI CePBI, a30Ta, OKCHU/J
yIJIEPOZA, CEPOBOAOPOZ, aMMHUAK U CIleliMajJbHOE BEILeCTBO AAaHHOI'O IIPO-
W3BO/ICTBA.

OTH, a TaK)Ke MHOXKECTBO PYTUX GAKTOPOB yXKe ceifyac aKTUBHO YHUY-
TOXKAIOT OpraHUYECKOoe BellecTBO 6uocdeprl, MOBHIIIASA €€ SHTPOIUIO.
Tak, Macca opraHM4YecKoro BelllecTBa Ha3zeMHOM 6uocdepsl yxKe ymasia
B 1,5 paza — ¢ 2,7 - 1012 T g0 1,8 - 1012 T. XoTa Macca 4yemoBedecTBa
1 BBIPOCJIA, HO 6uocdepy He 3aMEHMUT.

Kakoi U3 yIIOMAHYTBIX «IpyTUX» PAaKTOPOB IBHO U BIIPAMYIO YHUYTOXKAET
6rocdepy 1 yBeITMIUBAET ee SHTPOIHI0? CucTeMaTHYecKasi BRIpPyOKa JIeCOB.

Ceifyac TponmuyecKkye jieca YHUUTOXKAIOT CO CKOpOCThIo 20 ra B MUHYTY.
Eciu Tak MoieT U Aajblile, TO yXKe yepe3 TPU—UeThIpe JeCATWIEeTUA OHU
OKOHYATEJIbHO HMCYE3HYT C juia 3ewtn. CBeéHYe JIeCOB CTPAIIHO IT0 MHO-
T'dM IpUYMHAM:

1) yHuUYTOXKaeTcs YHUKAJIbHBIM reHOPOH/I paCTUTENBHOI'O U XKUBOTHOTO
MUpa;

2) pe3KOo BO3pacTaeT MHTEHCUBHOCTh 3PO3UMHBIX IIPOILECCOB (B MATh—
ImecTh pa3). B HekoTophixX pavioHax Illpu-Jlanku u baHrimazem Ha MecTe
JIecOB 06pa30BaICh OTPOMHBIE MaCCUBHI COBEPIIIEHHO OECIUIOAHBIX 3€MEIb,
HCIBITHIBAIOIIMX HACTOSAIIME IIPOLIECCHl OITyCThIHUBAHUS;

3) uameHeHuHe aab6e0 (OTpaKEHUS COTHEYHOM SHEPTUH) U3MEHUT MYC-
COHHYIO ITUPKY/IALNIO ¥ OCTaOUT MPOHUKHOBEHHE BIAXKHOTO BO3ZyXa C OKe-
aHOB Ha MaTePUKU;

4) yMeHBIIUTCS MTOCTYIUIEHHE BOASHOTO mapa B arMocdepy. [oBopsAT, 4TO
rubesb TPOIMMYECKUX JIECOB PaBHOCKHIbHA THMOEIN OHOTO OKeaHa.

CBUETEILCTBOM POCTa SHTpONMU O6Mocdepsl IBIAETCS U BO3BpalleHHe
coctaBa atMocdephl K ApeBHUM BpeMeHaM. Kak M3BeCTHO, MpaKTUYECKHU
BeCh KMCJIOPOZ BO3HUK B Pe3y/IbTaTe AIUTENbHOM AeATENbHOCTU 61ocdephl,
npexze Bcero 3a cueT porocuHTesa. Ceifyac mos BO3ZeHCTBUEM aHTPO-
nmoreHHoro ¢akropa GOTOCUHTETUYECKAs reHepalusa KUCJIOpoZAa yrmasia
He MeHee yeM Ha 30%. Kpome Toro, cxuranue yris, HeQTH U rasa Takxe
6e3B0O3BpAaTHO U3BIMAET KUCJIOPOA U J00aBisAeT B aTMOChepy YIIEKUCTBIN
ra3. Exxerogso u3 atmocdepsl 6€3B03BpaTHO MU3bIMAeTCs 32 MDA T KHUCJIO-
poza.

Cyl11ecTByIOT Takue OlleHKH. Ec/ii ckedyb BeChb Yrojib IUIaHEThl, TO KOH-
IleHTpauusa Kuciaopozaa B atmocdepe ymnazet ¢ 21 1o 19%. Ho, uTo ropaszo
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oIlacHee JyId »KWU3HMU, 3a 9TO XKe BpeMs KOHLIEHTpalluA yIVIEKUCIIOro ra3a Bo3-
pactet ¢ 0,03 10 3%. B makoil ammocgepe uesogek Hums He CMONCem.

OueBu/ieH BBIBO/, UTO CK€Yb BCE 3aIlachl UCKOIIaeMOr'o TOIUIMBA YEJI0BEK
He cMoxKeT. [TorubHeTt. C:KUTaHUe PUJETCSA IIPEKPATUTD 3aZ0JIT'0 10 HcYe3-
HOBEHMA 3aI1acoB TOIUIUBA.

A6comoTHO Bee 1abopaTopuy MUpPa, PaCIOIOKEHHEIE U B TOPaX, U B OKe-
aHax, 4eTKO QUKCHUPYIOT HelpephIBHOE 3KCIIOHEHIIMaJIbHOEe BO3pacTa-
HUE COoZlepXXaHUA YIVIEKMCIIOro ra3a B atMocdepe IUIaHeTHl. 3a NocaefHue
150 set xoH1eHTpauus CO, B aTMocdepe BO3pocia C ZOUHAYCTPUATBHOTO
€CTECTBEHHOI'0 cTalnuoHapHoro ypoBHsa B 280 ppm (parts per million)
0 390 ppm. DTO IPUBEJIO K MOBHIIMIEHHUIO CpeAHel IobaabHON TeMIlepa-
Typsl npuMepHO Ha 0,6—1,0°C. JIuMUT noTeIvieHus NpUHAT Ha KoneHrares-
CKOHMl MeXAyHapOAHON KOHpEepEeHIIUH 110 U3MeHeHHo kiaumaTa B 2009 r.
paBHBIM 2.0°C. [Tpu aToM KoHIleHTpauus CO, B aTMocdepe He JODKHA IIpe-
BBIIATh 450—550 ppm, 4YTO BO3MOXXHO JOCTUYD IIPY COKPAILlEHUU CPeJHEro
€XeroZJHOTO IIPHpoCcTa BEIOpOCoB yriepoza Ao 3,3 I'T, wiu BABOE IO CpaBHe-
HUIO ¢ ypoBHeM 2000 r. (6,61 I'T)1.

Haunbosiee GpyHJaMEHTAIBHO 3TA IOYTU KPUTHUYECKAS CUTYaLUsa HCCIIe-
JoBaHa akazeMukoM A. A. AkaeBhIM B pabore «CTabuau3aiiusa Kaumarta
3emi B XXI Beke MyTeM CTaOWIM3alMU AYIIEBOTO SHEPTOMOTPEOTIEHUI»2,
C ucrnonp30BaHWEM METOZA CLIEHAPHOI'O JOITOCPOYHOr0 IPOrHO3UPOBAHUA
17106aIbHOTO TTOTEIUIEHUST TTOKa3aHo, YTO 803MOXCHA cmabuwiusayus Kau-
mama 3emau nymem nepexoda Ha HO8y napaduzmy sHepzonompebseHusl.
HoBast mapazurma sHepronoTpebIeHns: CBOAUTCA K CTAOMWIM3auy AyIlie-
BOT'0 dHepromnorpebaeHuss BO BCEX CTPaHAX MUPA C Pa3TudHbBIM guddepeH-
IIUPOBAaHHBIM HOPMaTUBOM /JI1 pa3JIMYHBIX CTPAH.

CBopauvBaHue TOIUVIMBHOM SHEPreTUKU IIPUBeZET K POCTY IIPOM3BO/CTBA
sZiepHOM dHepruu. B XKypHase «Ycrnexu ¢U3NYeCKUX HayK» 3a 1977 r. aka-
nemuk I1. JI. Kanuia noguyepKuBasl, 4To eciu Obl SHEPreTUYeCKUM KPU3UC
Ha4ya/l BOBHUKATh 3aJ0JIT'0 0 TOTO, KaK HAyKON ObLT OTKPHIT HOBBIMA MCTOY-
HUK DHEPIUHU, TO «4eJIOBEUYEeCTBO, HECOMHEHHO, CTOSIO OBI ITepesi KaTacTpo-
¢oii, a yesoBevecKas KyJbTypa 3amnuia 66l B TyIIHUK».

OxHako 37ech eCTh CBOU Ipo6seMbl. B TeopeTHyeCcKOM IUIaHE BaXKHO
OTMETUTh, YTO IIOKA He CHO, B KaKUX pasMepax M IIpU KaKUX YCIOBUAX
JIOIIyCKaeT BTOPOM 3aKOH TepPMOAWHAMUKMU HMCIOJb30BaHUE AZEPHOTO
TOIUIUBA. I103TOMY XM3HEHHO HeOOXOAMMEI SHTPOIIUMHEIE OLIEHKH IpeZe-
JIOB IIEPHOTO IIPOU3BO/CTBA B yCIOBUAX 3eMIH. [IpobieMa OIleHOK OYeHb
CJIOKHA Y HeU3BECTHO, Korja OyzieT pelleHa.

Ho u 6e3 SHTPOITUITHBIX OIIEHOK IPO6IEMy MOXKHO MPEJCTaBUTh TaK:

1) pocT KomMYecTBa peakTOPOB yBEIWYMBAET BEPOATHOCTh KPYIIHBIX
aBapuii Tumna YepHoObUIS;

2) paxe 6e3 aBapuil B MIPUHIMIIE HE pelleHa mpobjeMa 3aXOpOHEHUS
PaZlOaKTUBHEIX OTXO/IOB.

1 Akaes A. A. Crabwiusanusa kirMara 3emiu B XXI Bexe MyTeM CTabMIM3aI[UY AYIIIEBOTO
sHepronoTrpebienusa. M. : Hayuynsiii sxcneprt, 2012.

2 Tam xe.
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KonryecTBO OTXOZI0OB CTPEMUTENBHO PACTET, B HUX MHOXXECTBO pa3jny-
HBIX U30TOIIOB C IIMPOKUM JHaNla30HOM IEPUOZOB Noypacnaza, KOTophle
MOTYT JOCTUTATh JEeCATKOB THICAY JieT. [Ipy IIOCTOSSTHHO NPOUCXOZAIINX
IIPUPOAHBIX KaTaKJIN3Max HeIPepPhIBHO pPacTeT BEPOATHOCTb pacceBaHUsA
PaZIMOAaKTUBHOCTH B 6Hocdepe ¢ ee YHUUTOXXEHHEM. DHTPOIHUSA €€ MPU
3TOM, eCTeCTBEHHO, Bo3pacTeT. [JIFocOM aTOMHOM 3HEepryH ABIAETCS TO, YTO
ZJIs Hee He Hy>KeH KUCJIOPOZ.

1.18. 0 npuHUMNNanbHOK BO3MOMHOCTN BbIXOAA U3 KpU3uCca

KakoB ke BBIXOZ U3 co3JaBlieiicsa cutyanuu? Ha IprHIUNNAIBHYIO BO3-
MOXXHOCTb BBIXOZIa YKa3bIBAIOT 3aKOHBI TepMOANHAMUKY. HeobxoamuMo cHa-
Yyajla OCTAHOBUTb KaTaJU3UPyeMBIH YEJTOBEKOM POCT SHTponuu 6rocdepsr
Y 3aTEM BO3BPATHUTh €€ B COCTOSIHUE C IIOCTOSTHHBIM YMEHBIIEHUEM SHTPO-
TIHH.

KoHKpeTHU3upyeM, Kak e 5TO MOXKHO CZIeJIaTh: C IIOMOIIbIO UCII0Ih30Ba-
HUSA COJIHEUHOL dHep2emuKuU.

JleficTBUTENBHO, TOTBKO TIOTOK COTHEYHOM SHEPTUU 00eCIIeYrBaEeT TOHU-
KeHHe dHTponuu 6uocdepsl. [I03TOMY, €C/IM HCIIOAB30BATh TOJBKO €TO,
TO yuuThiBasi, uro KII/l ucronb3oBaHus Bceraa OyZeT MeHbIlle eJUHMUIIH,
YeJIOBEKY HUKOTZA He YAACTCs CO3/aTh BCTPEYHBIN MOTOK POCTa SHTPOIIHH,
KOTOPBIH IO MOZY/IIO OBLT ObI 6OJIbIE, YEM TTOHMKEHNE SHTPOIIMH 3a CUET
CosHiia. [Tpoiie roBops, YeJI0BEKY HeJb3sl IEPEXOAUTh TPAHUYHBIE BO3MOXK-
HOCTH CHUCTEMBI. Y rpaHuIIe IBIsgeTCA BEIMIMHA IIOTOKA COTHEYHOM dHEp-
THH.

HTaK, UCIOIb30BaHKUE TOJBKO COTHEYHOMN SHEPTUY rapaHTUPYeT YMEHb-
IIeHHEe SHTPOIIUH, a CJIeJOBATENbHO, U MMPOTPECCUBHYIO 3BOJIOIHI0 6HO-
cdeprl. Heo6X0AUMO MOCTOSTHHOE yBEJIWYEHUE [0MU COMHEYHOMH dHepre-
THUKH.

Vicrosb30BaHUE COJHEYHON DHEPrUM — 3TO HE TOJBKO COJHEUHBIE
3JIEKTPOCTAHIIMU. DTO MOXKET OBITh U CXKUTAHHE APEBECHUHBI, HO TOJBKO
TOM, KOTOpas BBIPOCJA B TEKYIEM rofly. DTO ¥ MCIIOJIb30BaHUE BETPSHBIX
3JIEKTPOCTAHIIMH, TaK KaK BETep BO3HUKAET OIISAThH XK€ 32 CYET BO3AEHCTBUA
COJIHIIA. DTO ¥ TMAPOIIEKTPOCTAHI[UNA — TOXKE SHEPTUS COJHIIA.

OTO MOTYT OBITH U MPUHIMUIINAJIBHO HOBbIE THUITHI TEIUIOBBIX MAIIWH,
ele He pa3paboTaHHbBle Haykoii. Hampumep, MOXXHO MCIIOJIb30BaTh pas-
HUIIy TeMIIEPATyp MeXAY HarpeThIM COJHIIEM BEPXHUM CJIOEM OKEeaHCKUX
BOZ Y XOJIOAHBIMU IIyOMHHBIMU MaccaMH JJ1s1 pabOThl OOJIbIINUX TEIUIOBHIX
MaIIuH.

Heob6xoAMMEI IlejieHalpaBJieHHble AeHCTBUA B ABYX HaIlpaBIeHUAX:
noBbIlIeHVEe 3G PEKTUBHOCTH UCIIOIb30BAHUSA SHEPTUU U HCIIONIb30BaHUE
BO30OHOBHUMBIX MCTOYHMKOB Ha OCHOBe COJIHEYHOU sHepruu. CoBpeMeH-
Hbl€ TEXHOJIOTUM B IIPUHIIMIIE MO3BOJSAIOT CYIIECTBEHHO NMPOABUHYTHCS
110 000MM HaIpaBIeHUsM.
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Hampumep, ¢irroopeciieHTHasI JaMIla MOXKET 00eCIIeYUTh TO JKe KOJIrde-
CTBO CBeTa, YTO U JIaMIla HaKaJIMBAHUA IIPH COKpaIlleHHUU MoTpebiaeMoi
SHEpPrUM B YeThIpe pasa. EcTh olleHkH, 4TO 060pyZ0BaHE OKHAMHU U3 CIIe-
IIMAJIBHOT'O CTEKJIa C MaJIOM TemaooTAadel Bcex 3aaHuii CIIIA 1mo3BOIUT
COKOHOMMUTB SHEPTUH B /IBa pasa 0oJIblIle, YeM IIPOU3BOAUTCS ceifyac 3a cUeT
HedTH AAcKU. ABTOMOOWIbHBIE KOMIIAHHUH YKe CO3ZaJIM IIPOTOTHUIT MOJETH
aBTOMOGOMIA, crioco6HOro mpoexaTth oT 30 70 60 kM Ha 1 i raza. Obcyxaa-
eTcs BO3MOXKHOCTD CO3ZlaHMs TPAHCIIOPTHOI'O Cpe/CTBa, pacxoymoiero 1
ToIUIMBa Ha 70 KM.

TexHu4YeCcKu mporpecc B 061aCTU MPSIMOTO HCIIOJIb30BaHUA COJTHEY-
HOM SHEPruM TaKXKe JOBOJIbBHO ONTUMUCTHYEH. B 1970 r. kanuTaibHbIE
3aTpaThl Ha IPOU3BOACTBO 1 BT dpoTosIeKkTpryecTBa cocTaBsiv 150 A0,
a K 1990 r. oHU cHU3WIUCH 40 4,5 gosul. IIpU cokpallleHUU U3ZeprKeK elle
B TPU—YETHIPE pa3a 3TOT UCTOYHUK OyZeT KOHKYpPHUPOBATh C YTOJbHOM
3JIeKTPOCTaHITUEN.

PesynbTaThl UCCIeAOBaHUM, IPOBEeAEHHBIX A MUHHUCTEPCTBA dHEpre-
tuku CIIIA, moka3siBaloT, 4To B Oirpkaiimue 40 et CIIIA cMOryT mosy4darh
57—70% moTpebiiseMoOii B HACTOSIee BpeMs SHEPTUHU 3a CYET COJIHILA,
BeTpa, BOJbI, re0OTEpPMaJbHbIX MCTOYHUKOB U OMoMacchl. [I0CKOIbKY
[I0 MEHbIIIEN Mepe II0JI0BHHA BCEM MPOM3BOAMMOM Ha CErOAHAIIHUMN AEHb
SHEPTruU B 3TOU CTpaHe MOXET OBITh COKOHOMJIEHA ITyTEM ITOBBIIIEHUS
30 PEKTUBHOCTU €€ HCIIOIb30BaHUA, TO BIIOJIHE BEPOATHO OyzAyIee, B KOTO-
POM BCIO DHEPruio OyAyT obecrieurnBaTh BO30OHOBHUMBIE HCTOYHUKH.

OxHako HeoOXOAUMO OTMETHUTh, YTO BO30OHOBHUMBIE HICTOUYHUKU DHEP-
UM He Oe3BpeHBI AJIs1 OKpY»Kalolleli cpeabl U He becrpeenbHbl. BeTpo-
SHEpreTUYECKHE YCTAaHOBKHU TPeOyIOT 3eMeIbHBIX y4acTKOB. HekoTopsie
BHU/IbI COTHEYHBIX 6aTapei cozepkaT TOKCUYHBIE MaTepuasbl. [ITOTUHBI
TH/POSJIEKTPOCTAHIINM CIIOCOOCTBYIOT 3aTOIIEHHIO 3eMeib U HapyIlalT
eCcTeCcTBEHHOe TeueHue peK. Pzl COMHeYHBIX YCTaHOBOK MMEET MaJIylO MOIII-
HOCTb ¥ paboTaeT ¢ ImepepbIBaMU; UM HeOOXOAMMEBI OOJIbIIIKE TLIOIMIAAM JJIs
yJIaBJIMBAHUA CBETA U CJI0KHBIE MEXaHU3MBI /I HaKaIUIMBaHUsA SHEPIrUM.

[MpuHLIMIIHaIbHAsA BO3MOXXHOCTh BBIXO/]a M3 ITI00AJTbHOTO KpH3Kca UMe-
eTcsi, Ho 0co0yI0 OCTPOTy IpHOOpeTaeT BOMPOC O AOIMYCTHUMOM IIpeziesie
pocTa cucteMbl. K coxxaseHuio, CyleCTBYIOT OLIEHKH, CBH/eTeIbCTBYIOIIME
0 IIepexo/ie STOro AOIYCTUMOIO IpeZiesia, U Mbl HE MOXKeM 00 3TOM He CKa-
3aTh.

1.19. llpenen aHTponoreHHoro Bo3AeNCTBUA Ha 6Uochepy

BayKHEHIIIMM ITapaMeTPOM BO3eMCTBUA Ha 6rocdepy ABIAETCA aHTPOIIO-
reHHas 10y HoTpebaeHus npoaykiuu 6uocdepsl. 13BeCTHO, YTO B JOMHAY-
CTPUAJILHYIO 3IIOXY 3Ta A0Jis HUKOrza He npesoinana 1%. [Ipeagnonararor,
yTO 6M0Ccdepa MoXKeT KOMIIEHCHUPOBATh BO3MYIIEHUS, TIPOMU3BOAUMBIE YeJIO-
BEKOM, 10/ IOTpebIeHUsI KOTOPOro He IpeBHIaeT yka3zaHHoro 1% mpo-
aykuuy 6mocepbl. OZHAKO STOT IIOPOT JaBHO MPEBHIIIEH.
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Yuensle CTaHADOPACKOrO YHUBEPCUTETA YCTAaHOBWIM, UTO Ha y/IOBJIETBO-
peHue nmorpebHOCTel YesmoBeKa uzeT 25% IMpoAyKToB GOTOCHHTE3a, IPOU3BE-
JIeHHBIX Ha 3eMJie B 1iesioM (Ha cyle U B okeaHe), U 40% — mpou3BeleHHBIX
Ha cyute. [Ipu 3Tom 3% 4KcTON NepBUYHON IIPOAYKIIMY YeIOBeK NOTpebiseT
HeNoCpeCTBEHHO, B BUJle IUIIM, KOpMa JJIA XKUBOTHHIX U TOIUIUBA, a 36%
HCIIOIb3yeTCcd KOCBEHHO — B pe3yJ/bTaTe IOTePh ypoxKas, CKUTaHUSA U CBe-
JIEHU JIECOB, OIyCTHIHUBAHMA U IIpEBpAllleHUs IPUPOJHBIX apeajoB B MecTa
obuTaHUA YeJoBeKa. SICHO, YTO MOTpebIIsia TaKyl0 OTPOMHYIO A0, Y€JIOBEK
3abupaer ee y Apyryux BUOB, HAHOCA MOIIHBIN yAap 1o 6uocdepe.

OTU OLIEHKY COIVIACyIOTCs, II0 MOPSAAKY BEJIUYMHBI, C OLleHKaMH{ HalllUX
cneruanucToB. Tak, B 3aC/Iy>KUBAIOIIEN CAMOT0 CEPhe3HOT'0 U3YYEeHUsT KHUTE
«IIpobysieMbl 3Komoruu Poccun», HanmucaHHON 10 M3BECTHHIMHM YYE€HBIMU
(K. C. JloceB u Ap.), OTMeYAETCsA, YTO COBpeMeHHas [0/l aHTPOIIOTeHHOTO
OTpebIeHus TPOAYKIMY 6rochephl Ha MOPAAOK OO0JIbIIe JOMYCTUMOTO 3Ha-
yeHuA B 1%. EcTecTBEHHO, aBTOPHI CTaBAT Ba BAXKHEHIIIUX BOIIpOCa.

1. Bellluta i B HacTosIlee BpeMsa 6nocdepa HEOOPAaTUMO U3 YCTONYHU-
BOT'O COCTOSTHHMSI WIM OHA MOXET ellle BEPHYThCA B MpPEXHee YCTOMYUBOE
COCTOsSIHUE?

2. Cy1mecTByeT Ji PyTOe YCTOMYUBOE COCTOsTHUE O6rocdephl, B KOTOpOe
OHA MOXET IIepPeNTHU IIpU AaJbHENIIEeM POCTe aHTPOIIOTeHHOI'O BO3MYILIEHUS ?

Ha o6a Bompoca ZijaHbl OTBETHI.

1. CoBpemeHHOe cocTosgHUe 6uocdeprl obpaTumo, 6uochepa AomKHA
BEPHYTHCSA B IIPEXXHEe YCTOMUYUBOE COCTOSHUE NpuU COKpAujeHUU aHMmMpono-
26HH020 803MYUWeHUS HA NOPSI00K 8eIUUUHDBL.

2. JIpyroro yCTOMYMBOTO COCTOSAHUS O6mochephl He CYIIECTBYET, U TIPU
COXpaHEHUU WJIM POCTE COBPEMEHHOrO aHTPONOreHHOr'0 BO3MYIEHUS
YCTOMYUBOCTD OKPYKalollel cpezibl OyZeT paspylieHa.

1.20. TenaeHUMYN ceroaHALLIHEro AHA

AHaJIM3 HOBEUINNX JaHHBIX ¥ TEHJEHITUM C ITIOMOIILIO ITI00ATbHBIX KOM-
IIBIOTEPHBIX MOZeJiel TakKe IIPUBOAUT K BBIBOAY, YTO OKpy»Karolas cpeia
HE MOJKET BBICTOSITh, OOIIECTBO BHIILIO 32 MpeAesbl. Ecii HUKaKoW KOppeK-
IIUM He OyZAeT cAesaHo, «KOIANC 8 moll Wau UHOU ¢opme He MOJIbKO 803-
MOXCeH, HO U Heu3bexceH U MOX¥cem HACMYNUMb euje NPU HU3HU Ce200HAUL-
Hez0 nokoneHus» (. Mezoy3 u ap., 1994 r.). Camu aBTOpPBI COAPOTarTCsA
OT TaKOT'O BBIBO/]a, HA3bIBas €ro 4yAoBUILIHBIM. Ho B KHUTre «3a npeaenaMu
pOCTa» AeTaJbHO MOKAa3bIBAETCsA, KAK OHM K HEMY IIPUIIUIN.

IToJIe3HO MPOCIeANTh, KaK Pa3BUBAIHCh M Pa3BUBAIOTCS COOBITHS ITOCIIE
IPO3HOTO IpeAymnpexeHus B «[Ipegenax pocra».

Ha puc. 5 u 6 npuBezieHb! iBe SKCIIOHEHTHI — POCTa YUCIEHHOCTH Hace-
JIEHUA U POCTa KOHI[eHTpaluu ANOKCHAA yIiepoja B atMmocdepe, o6pasy-
IOIIErocs IIpYU CXKUTaHMU UCKOIIaeMoro ToIuiusa. B 2017 2. koHyeHmpauyus
Jduokcuda yanepoda docmuea peKkopoHO20 U ONacHoz20 yposHs 410 uacmeii
Ha MWLIUOH (B JOUHAYCTPHUAIbHYIO 310Xy ObLIO 280 YacTeil HA MIWIIHOH).
O6paTyM BHUMaHMe, 4TO 1nocyie 1972 r. yesoBeyecTBO HU Ha HOTY He U3Me-
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HIIO CBOUX TeHleHIMi. Ho Bce MBI XOPOIIIO IIOMHUM, YTO TOBOPSIT II0OAJIh-
Hble MOJIeJIN, eCIU TIpeXXHUe TeHJeHIUY He u3MeHsATcA. U yxe Ha puc. 7
BHUYM OJHO M3 CJIE/ICTBUH.

[TIpu obireM pocTe 06beMa MPOMBIILIEHHOTO IIPOM3BOACTBA B MHpE
IIOYTH II0 DKCIIOHeHTe (CIUIOUIHAsA KPWBAas) POCT IIPOM3BOACTBA Ha AYIIY
HaceJIeHUs IIPaKTUYeCKU OCTaHOBJIeH (ITyHKTUpHas KpuBas). [Io cocTos-
HMIO Ha 2017 r. aHa;IU3 MHOXeCTBa AaHHBIX IIO3BOJIIET YTBEPXKAATh, YTO
TEeHIEHI[USI OTCTaBaHUA OT 00Iero o6’beMa IMpOMBIIIIEHHOTO IPOU3BO/ICTBA
Ha JyIy HaceJleHUs COXPaHAEeTCA.

Mpz Mnpz
YEJIOBEK YEJIIOBEK
o 9 mp ,2050 T o
g | 8 mpx $2025T. | g
7T 17
6 | 6,525 mpz $2006T. | 6
51 15
4 r 14
3T 13
2r 12
1 230 wn 440 mm 1500, 11
T I 1 — 1 Tozst
0 400 800 1200 1600 2000 2400

Puc. 5

[romazs o6pabaTeiBaeMbIX 3eMenb 3a 20 JIeT YMEHbIIUIACh, TaK KaK
TEMIIbl COKpAIlleHNA ITaXOTHBIX 3eMeJIb 13-3a 9PO31HU, 3aCOJIeHNS, OITyCThIHU-
BaHUA U ypOaHU3aIMHU ONlePeXKaroT TEMITbI OCBOEHHS HOBBIX 3eMeJIb. 3a IATh
seT (1985—1989 rr.) 06beM IPOU3BOACTBA MUIIEBHIX IIPOAYKTOB Ha AYIILY
HaceJIeHUs cOKpaTwicad B 94 crpaHax. Ceiiuac exeJHEBHO OT TOJIOZA WIN
wioxoro nutanusa ymupaet 35 000 yet., 60JIbIIMHCTBO M3 HUX AeTy (13 MiH
B roa). XpoHnuyecku ronogaetr 500—1000 miH yelt.

TeMIIbl YHUUTOXXEHHUS TPOIIMYECKUX JIeCOB UHaUYe KaK JUXOPaJOYHbIMU
IIPOCTO He Ha3oBelnb. ExxerosgHo Beipybaercs okoso 17 vl ra. EcTe aBe
OIIeHKU: €C/TU YHUYTOXKEeHUEe OyZeT UATH SKCIIOHEHITUAIBHO, TO Jieca hcye3-
HyT 4yepe3 30 JieT; eciu yHUUYTOXKEeHNUE TTOMJET M0 JUHENHOMY 3aKOHY, T.€.
CEerOAHANIHMMU TeMIIaMHU I10 17 MJIH ra B I'OZi, TO UCU€3HOBEHUE JIECOB IIPO-
u3ougeT yepes 47 JeT.

HenpocTo OLleHUTh TEMIIBI YHUUTOXXEHUSA Pa3IUYHBIX GOPM >KU3HHU.
Ho moxHo. CunTaercd, 4To Ha 3eMie cyuecTtByeT oT 10 muH f0 100 MitH
pa3IMYHBIX GOPM KU3HU. M3 HUX TOAbKO 1,4 MJIH KjiaacCuPUIIMPOBAHBI
¥ ITOMMeHOBaHbl. HUKTO Aa)ke MpUOJIM3UTEIBHO HE 3HAET, CKOJIbKO HX
yKe yrpadeHo. Ho moyTu HaBepHAKAa MOXXHO CKa3aTb, YTO YUCJIO BBIMED-
IIUX BUZJOB BO3pacTaeT 3KCIIOHEHIIMAJIbHO. DTOT BBIBO/ C/IeyeT U3 TeMIIOB
HMCYE3HOBEHMS MECT UX obuTaHus. [IpuBeZeM ABa mpuMepa.
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1. B necax Mazarackapa ob6uraeT 12 ThIC. U3BECTHHIX BUZIOB pacTeHUH
1 190 TBIC. U3BECTHBIX BUAOB XUBOTHHIX, 60% KOTOPBIX HUTAE OOJbIe
He BCTpeyaeTcsA. DTU Jieca YHUUYTOXeHBI Oosee yem Ha 90%. Vcueso,
II0 OL|eHKaM y4YeHBIX, He MeHee I10JIOBUHBI BCEX BU/IOB.

2. B 3anmagHom JxBazope nmpouspacTtano 8—10 TeIC. BUZOB pacTeHUMU
(50% Tonbko 37ech). Kaxapiii Bug noagepxuBan 10—30 BUAOB )KUBOTHBIX.
[Tocie 1960 r. moyTu Bce Jieca OBUTU IIpeBpaleHbl B 6aHaHOBHIE IUIAHTA-
11Uy, HeTAHBIE pa3pabOTKU U Hace/leHHbIEe IyHKTHL. B pe3yibpraTe 3a 25 yeT
rcyessno 50 TeIC. BUZOB.
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Ha Bceli 3emie, 0 MpUOIMXEHHBIM OIlEHKaM, excedHesHble nomepu
cocmasasatom om 10 0o 100 sudos. Ha 3emne He 6bL10 MaKo20 8cnieckd
8bLMUpPAHUSA 8U008 yHce 65 MaH iem.

CTpeMUTENbHO MCYE3AIOT U HEBO30OHOBUMEBIE pecypchl. Pa3BeZlaHHBIX
3aracoB HeQTH, 1Mo MporHo3dy 1989 r., xsaTut Ha 41 roz, raza — Ha 60 JerT,
ymia (aHTpanuTa) — Ha 326 jeT. YnoBaTh Ha yrojib, OJHAKO, He clefyeT
13-3a OBICTPOrO YXYAIIEHHUA cOCTaBa 3eMHOM aTMocdeprl. B 2017 1. 3a cuer
pPa3BeJaHHBIX 3aI1acOB CUTYAITHA HEMHOTO JIydIlle, HO He)Thb B OOJIBIIMHCTBE
CTpaH 3aKaH4YMBaeTcsA B Omnkaiiime gecaTwieHTHsA. CoBpeMeHHbIe KOHIEH-
TpalMU JUOKCHUZA YIVIEpOoAa M MeTaHa HaMHOTI'O IPEeBBIIIAIOT Te UX 3Hade-
HUSA, KOTOphIe ObUTH 160 THIC. JIET Ha3a/.

BecbMa GJU3KUM ITI00QTBHBIM IIPEAEIOM SIBJISIETCS TEIUIOBOE 3arpsi3He-
HUe, WIH «ITapHUKOBBIN 3¢ deKT». «[[apHUKOBBIX» Ia30B HECKOJIbKO. Bcem
M3BeCTeH JUOKCUJ yIJIepOoZa, KOTOPHIM IMMPOIyCKaeT COMTHEUYHYI0 SHEPTHUI0
BHYTPb aTMOChEPHI, HO IPEMATCTBYET ee BhIXoAy obpaTHo. Takoii ke map-
HUKOBBIM 3PdEKT Jal0T U MeTaH, U OKCUZBI a30Ta, U XJIOpPTOPyIIeBOzAO-
pozbl (M3BeCTHBIE, KpOME TOTO, KaK YHUUTOXXUTENIN 030HOBOTO CJIOSI CTpa-
Tochepsrl). O6beMBI BEIOPOCOB B aTMocdePy BCeX ITHUX I'a30B B pe3yJbTaTe
JesITeIbHOCTH YeJIOBEKa HEIIPEePBIBHO U OBICTPO (110 SKCIIOHEHTE) PacTyT.
B pe3ysbTare yXKe ceiiuac UMeeM SIBHOE MOTeIUIEHUE KIUMaTa.

Ha puc. 8 mpuBezieHa AMHAMHUKA I7I00QJBHOTO MOTEIUIeHUs (10 ZaHHBIM
HACA). XKupHoii MHMelN ITOKa3aHO U3MeHeHHe CpeIHel TeMIlepaTyphl 3a IATh
JleT. Buaum deTKoe noTervieHue. JyIuTe/lbHOe U3ydeHre KaHaACKMX 03ep IOKa-
3BIBAET, YTO CBOOOAHBIN OTO JIbJJOB CE30H BHIPOC HA TpU Hezenu. [1o JaHHbIM
CITyTHUKOB, YMEHBIIAIOTCSA CHEXXHbIE TIOKPOBBI B CeBEPHOM ITOJTYIIIAPHH.
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1 Annual Average — cpesHerozoBoe 3HaueHue Temneparypsl, Five Year Average — cpea-
Hee 32 [ATb JIeT.
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ITo zanusiM KOHEIT (moknax 'EO-4, 2007 r.), 3a mocjegHee CTOJIETHE
3apUKCUPOBAHO yBeJIMYEHNE CPeJHETOAOBOM TeMmneparyphl Ha 0,74°C. dTa
TEeHZIeHIUs, B COOTBETCTBUU C KOTOpo# 11 u3 12 nocnedHux sem (1995—
2006 2z2.) exodsim 8 12 camwlx menubix siem ¢ 1850 2., mposiByisseTcs A0CTa-
TOYHO fIPKO. JIeTHU! JIeZJOBBIM MOKPOB APDKTUKM YMEHbIIAETCA 3a JEeCATH-
netve Ha 8,9%. IIpu aTOM cpezHAA TeMIlepaTypa B ApKTUKe IIOAHUMAeTCs
B /IBa pa3a ObICTpee, YeM B CpeJHEM B MHPE, U OCHOBHOM POCT IIPOU3OIIEN
3a nocyaeaHue 20 JyerT.

[To onrenkaM MeXnpaBUTEJIbCTBEHHOU I'PYIIIIHI SKCIIEPTOB II0 U3MeHe-
Huio kauMmaTta (MI'DUK), Kk KOHIy 5TOTO BeKa IOBBIIIEHUE CPeAHEroZ0BOM
TeMIepaTypsl coctaBut 1,8—4°C.

C yzoBneTBOpeHHEM OTMeTUM, 4TO B 2015 r. Ha KOHpepeHIINHY O KJIU-
MaTy B [lapuke ObUIO MIPUHATO COIVIAIIEHHE O MepaX MPOTUBOAEHUCTBHUS.
CornameHnue moAnucanyd 192 cTpaHbl, ¥ OHO BCTYNWIO B CHIY 4 HOSOpPA
2016 r. I'1aBHOM Lie/bIO COTJIAIIEHUS ABJSIETCA CTpeMJIeHWe OTPaHUYUTD
POCT II06aIbHOM TeMITepaTypbl HaMHOTO Hike 2°C.

«HbvlHewHUTl Ypo8eHb poxcdaemocmu Oemeil ¢ 2eHemMuuecKUMU NOBPe#-
OeHusamu docmuezaem 17%. IlpocTast MHTEPHONAIUS POCTA FeHETUIECKUX
IIOBpEeXJEeHNM IMMOKa3bIBAET, UTO €CJIM 3TOT IIPOIleCcC U Aajbllie MOoNAeT
TaKUMH K€ TEMIIaMH, TO /IS BBIMHUPaHHUA JIIoZiel oTpebyeTcss BCEro JIUIIb
HECKOJIbKO TTIOKOJIEHUH, TaK KaK reHHbIe ToBpexaeHus y 30% ocobeii morry-
JIAITAY IPUBOAAT ee K rubenu» (V. B. WibuH, A. B. ViBanos, 2009).

CocTosiHUE 3eMHOM aTMocdephl 1aJeKO OT PABHOBECHOT'O U IMPOZJOJIKAET
YXYZAIIaThCA 1O DKCIIOHEHTe. BEposTHO BOBHMKHOBEHHUE U /1€CTAOWIN3UPY-
IOLIYX KOHTYPOB ITOJIOXKUTEIbHOM 0OpaTHOM CBA3HU, KOT/ZA MIOBBIIIEHUE TEM-
nepaTypsl 6yZeT MPUBOAUTD K AasbHelIeMy ee pocty. Hanpumep, 1o mepe
MOTEIUIEHUA YMEHbIIIAETCA CHEXXHBIM TOKPOB, 3€MHAas IIOBEPXHOCTh OTpa-
>KaeT MeHblIle COJTHEYHOM SHEPIUHU U, CJIeJ0BAaTEIbHO, HAarpPeB yCWIMBAETCA.
OTTasBIIME OYBH TYHJPHl MOTYT BBICBOOOAUTH OTPOMHBIE KOJUYECTBA
3aMOpOXKeHHOro (B BU/le TUApaTa) MeTaHa, YTO IIPUBEET K elre 6oJbiemMy
MIOTEIUIEHUIO, JaJbHEHIIEMy OTTaBAaHUIO IIOYB M BhIZIEJIEHUIO ellle 60Jb-
Imero KoJm4yecTBa MeTaHa.

Xpanwruie «CyaHOTro JHA»

V3-3a MOCTOSTHHO yXYZAIIaromelica cuTyanuu B 6rocdepe B Hopeeruu oz aru-
zoit OOH noctpoeHo BecemupHoe ceMeHoxpaHwtuine Ha [lInui6eprene. CoraceH
¢ npeaynoxxeHueM. PUHAHCUPOBAIN MPOEKT, 0OIIAsi CTOUMOCTh KOTOPOTO 9 MJIH
J0J1., IpaBUTeIbCTBO HopBernu u 4acTHbIe IpeAIIpUHUMaTeNu, HaripuMmep bun
TefiTc. TyHHeTb-XpaHWIUIIE HaXOAUTCA Ha 120-MeTpOBOM ITyOUHE U Ha BBICOTE
130 m Haz ypoBHeM Mops. COXpaHHOCTb IIOCAaZJ0YHOI'0 MaTepUasa BCeX CelbCKO-
XO3MCTBEHHBIX PaCTeHUH 06eCcreunBaloT XOJIOAWIbHBIE KAMePhl Y BeYHas Mep3-
sota. CoGCTBEHHBIN OTCEK B 3TOM 6aHKe pacTeHU MOTYYIIN BCe CTPaHbL. 3a/ja4ya
XpaHWINIIA CEMAH — He 00MYCMUmMb UX YHUUMOXCEHUS. 8 pe3Ylbmaime 803MONCHbBLX
27106an1bHbIX Kamacmpod, TAaKUX Kak MMaJleHue acTepon/a, sifiepHasi BOMHa WIH IJI0-
6asbHOE MOTEIUIEHHE.

B 2008 r. B xpaHunuiie cogepxanoch 250 TeIC. pa3JIMYHBIX CEMAH, a BCET'O
B HEr'0 MOXXHO IIOMECTUTB 0 3 MJIH CEMAH.
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Poccyst akTUBHO BKJIIOYMJIACH B IIPOLIECC COXPAHEHUA FeHETUYECKOro MaTepU-
ana. IOHECKO nogzaep»xano pocCUMCKIM IIPOEKT IO CO3JaHUI0 MUPOBOTO KPHUOX-
PpaHWIMINA CEMAH pacTeHUM B BEYHOM Mep3JIoTe Ha TepPUTOPUHU AKyTHU. YCIOBUA
37lech 3aMeTHO JIyyllle, TaK KaK He TpebyeTcs BHELTHET'O UCTOYHUKA SHEPTUU, TEM-
neparypa crabuwibHa Ha ypoBHe —7...—10°C. Kpome Toro, nmpu norerienuu Ha 5°C
nexHuky Ha llInunbepreHe pacTaoT, ¥ XpaHwiuile OyzeT paboTaTh Ha XOIOAIb-
HUKe, a B fIKyTuu, 4ToOBI pacTasia Be4Has Mep3JIoTa, Hy)KHO IIOTeIUIEHUe IIpU-
MepHO Ha 20°C!

C yZoBieTBOpeHUEM OTMETHUM, YTO IlepBasd oyepe b xpaHuiuiia Ha 100 TeIC.
CeMAH CeJbCKOXO03fMCTBEHHBIX, PEJKUX U MCYe3alolUX BUJOB PAaCTeHUHU yxKe
noctpoeHa. OnpeziesieHBl y4acTKH 10 CTPOUTENBbCTBY BTOPOI ouepesiy, KOTOpas
paccuyrTaHa Ha pasMelieHye 1 MIH ceMsAH.

3azpssHeHue cpedsl npodoaxaem bblcmpo Hapacmams, a HaAeXbl
Ha BCSKOTO pPoOZla OYMCTKY OT 3arpsi3HeHUN pa3buBaroTcs 06 3KOHOMHU-
yecKyo nperpazay. Hampumep, 3a 20 set B CIIIA 6bU10 McTpadeHo Oosiee
100 Mmupz, £OJUL. TOJIBKO HA CO3ZaHUE YCTAHOBOK II0 OYUCTKE CTOYHBIX BOJ.
A kakoB 3¢ dekT? KauecTBO BOABI OCTaNOCh, B CPEAHEM, IIPEKHUM, IIOTOMY
YTO coZiep)KaHhe OpraHWYeCKUX COeAMHEeHUN B CTOYHBIX KOMMYHaJbHBIX
BOZax XOTS ¥ CHU3WIOCH B ZIBA pas3a, HO B /IBA pasa yBEJIUYWIOCh KOJIMYe-
CTBO 3THX BOJ. fICHO, 4TO ITOA0OHbIE 3aTPaThl HA OYUCTKY AJIs1 OOJBITMHCTBA
CTpaH HepeaJbHBbI.

TpyaHee Bcero o6e3BpeXUBATh SAOBUTHIE XUMUUECKUE COeOUHEHUS, CUH-
me3upogaHHble yenogekom. OHU HUKOTZA He CyILIeCTBOBAJIU B IIPUPOZE,
IIO3TOMY HET M OPTraHM3MOB, CIIOCOOHBIX MX Pa3pyIIUTh U 00€3BPEAUTD.
B HacTosIIee BpeMsa B KOMMEPYECKOM 000pOTe HAXOAUTCA 65 THIC. MPO-
MBIIIUIEHHBIX XUMHUYECKUX BellecTB. MeHee 1% M3 HUX MUMEIOT U3yYeHHbIe
TOKCHUKOJIOTUYECKHE XapaKTepUCTUKU. ExxeZIHEBHO HA PBIHKE IIOSABJIAETCA
TPU—TIIATh HOBBIX XUMUYECKUX coeArHeHUU, 1 80% M3 HUX He IIPOXO-
JAT UCIIBITAHUM Ha TOKCMYHOCTh. KaXkbl¥l IeHb Ha 3eMiie IIPOU3BOAUTCA
1 MJIH T OITACHBIX OTXOZOB.

OsHakOMHMCS MOAPOOHEE C TAKUM 3arpsi3HUTEIEM, KaK IUTyTOHUH.

1.21. MInyToHwiA

OceHnbio 1994 r. He60mbIIUM THpakoM (1000 3K3.) BbIIUIA KHUTA PYTIITHL
aBTOPOB T10/] PYKOBOACTBOM WieHa-koppecnouzeHnta PAH A. B. flI6okoBa
«ILmyToHuii B Poccuu». [IpesielbHO KpaTKO HEOOXOAUMO CKa3aTh CJIEAYIO-
mee. [LnymoHuil 00 mozo, Kak e20 Hauaiu NoJLyuams 8 10epHbLX peaKkmopax,
npakmuuecku omcymcmeosan 8 npupooe (HeCKONbKO 0ecsimko8 Kuiozpam-
M08 8 00CMYNHOM OJIS1 Uesl08eKa CJ10e NOB8EPXHOCMU NILAHEMbL), HO 00HANCObL
npousgedeHHblll, ocmaemcs 8 Hell COMHU mblcau Jiem. 3a mocaeaHue 50 et
TOHHBI IIyTOHUS (0T 7 A0 10 T) BBIOpOIIEHH B aTMOcdepy B pe3yabTaTe
SZIEPHBIX B3PBIBOB, 1 OTPOMHOE KOJIMYECTBO €ro BMECTe C paZilMOaKTUBHBIMU
OTXOZlaMHU IIOIIAJIO B PeKH, 03epa, MOpA U oA 3emtto. COTHY TOHH IUTYTO-
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HUSA COZIEpPXKaTCA B AEPHOM ODPYXKMHU U OTpabOTaBIlIEM TOIUIMBE aTOMHBIX
37IeKTPOCTaHITHM.

[InyToHUM — B BBHICIIEHN CTEMEHU OMaCHOe PaZMOaKTHBHOE BEIIECTBO.
Jlaxxe MpOCTO paccesiHHBIE B OKPY:KaIOIel cpeZie YaCTUYKU IUTyTOHUA HECYT
HEMCYNCIMEBIE Oe/Ibl YeJIOBEUECTBY U BCell )KMBOU npupoje. [LTyToHUs, yKe
HMMEIOIIerocs TOMbKO Ha TeppUTOpPUHU Poccuu, XBaTUT JJjIA MHOTOKPATHOTO
OTpaBJIEHUS BCET'O HaceJeHUsI 3eMIU Aaxke 0e3 siIepHBIX B3PhIBOB.

Bonee 50% rmomnasuiero BHyTph 4€JI0BEYECKOI'0 OpraHu3Ma IUIyTOHUA
OTKJIZIbIBAE€TCA B KOCTHOM TKAaHU U NMPaKTUYECKUA He BBIBOJUTCA: IIEPUO]
nosyBeiBeZieHUA cocTabisieT S0—100 seT. B neyenu oTkiaazpiBaeTcs A0 30%
IUTyTOHUSA. 3/1eChb IIEPUOZ, IIOIYyBbLIBeZeHUA OKOJIO 20 JIeT.

HawnbosbIiasi 0acHOCTD IUIYTOHUS /I YeJI0OBeKa CBsi3aHa C ero CIoco0-
HOCTBIO BBI3BIBATh 3JI0KaYE€CTBEHHbIE OITyXOaX. MOXXKHO CKa3aTh, YTO IUIYTO-
HUU ABJAETCSA CWIBHBIM KaHIIEPOTeHOM.

Bosnee 99% MOCTYNMUBIIETO B OKPY>XAIOIIYIO CpeAy IUTyTOHUS COZEPXKUTCA
B IIOBEPXHOCTHBIX CJIOSIX IIOYBHI U IOHHBIX OTJIOXKeHUAX. [lepepacnpezere-
HHMeE COeJUHEHUH IUTyTOHUA Ha IIOBEPXHOCTU 3eMJIU IIPOUCXOJUT B OCHOB-
HOM 3a CYeT BETPOBOIr'O IIepeHOCa U dPO3UHU IIOYBHI.

B HacTosIee BpeMs IUTyTOHUM OINpeesaeTcsa B mpobax IMOYBHI, BO3/AyXa,
pacTeHM, B OpraHax M TKaHSX YeJOBeKa U )KUBOTHBIX MPAKTUYECKU BO
BCeX pervoHax 3eMHOTO Ilapa, TaK YTO MOXKHO y>Ke I'OBOPUTb O KPyTOBO-
pOTe IUIyTOHUSA B IPUPOJE. ITO HAZ0IT0, IOTOMY YTO OCHOBHAsA J0JIA ILTyTO-
HUA B PUPO/JIE IPUXOAUTCS Tellepb Ha M30Ton Pu239, mepuos nosaypacmnaza
KoToporo 6osiee 24 ThIC. JieT. [10 UMEeIoIMMCS B IUTEpATypPe ZaHHBIM MOXXHO
cZiesiaThb BBIBOZ, O POCTE COZEP KaHMs IUTyTOHMS B OpraHu3Me 4ejioBeKa.

1.22. [eHeTNYecKn MmoaUPULMPOBaHHbIE NPOAYKTDI

B 2007 r. B MockBe 00HapOZI0OBaHbI JaHHbIE UCC/IEIOBAHUN aCIIMPaHTKU
CaparoBckoro arpapHoro yHuBepcurera M. KoHOoBa/sioBOM Ha JBYX IIOKO-
JleHuax Mbireii. [lepBoe MoOKo/JieHUE MUTANOCh M'eHETUYECKH MOAUDUIIN-
POBaHHBIM OeJKOM CcOU. Y MBIIIEN ¢ pallMOHOM, BKJIIOYaBIIUM Bcero 10%
reHeTudecku MmoguduimpoBanHoro (I'M) kopma, Hab0ganm0Ch yBeIuye-
HM€E MaccChl Tejla U BHyTPEHHUX OPraHoOB. BbUIM OTMeuYeHbl IBHbIE YPOACTBA
1 OTKJIOHEHMS B Pa3BUTHUH MBIIIIAT, MaTEPU KOTOPBIX yOTpe6sutu I'M-coro.
Ho camoe cTpamHoe — 6bl1a OTMeYeHA HEBEPOSATHASA arPECCUBHOCTb CAMOK
II0 OTHOILIEHUIO K IIOTOMCTBY: MaTepu AyIIWIN CBOUX JE€TEHBIIIEN.

[Tpe3uzenT O6IIeHAMOHAIBLHOM accolay reHeTU4YecKoi be3omac-
HocTUu (OAI'B) Anekcanzp bapaHoB oTmeuaeT, 4To 'M IpOAYKTHI BIlepBbIe
pa3paboTaHbl aMepUKaHCKOM KOMIIaHueH «Monsanto» («IIpocaBUBIIEHCS»
IIPOM3BOZACTBOM IleYasbHO M3BECTHOrO AedonnaHTa «Agent Orange», Ipu-
MEHEHHOTO BO BpeMs BolHBI BO BbeTHaMe B 1970-e rT.) Beero 20 jeT Ha3af.
Vx mupokoe pacrnpoctpaHeHue B CIIIA 3a Takoil KOPOTKUU CPOK CIIOCOO-
CTBOBaJIO OecrpeneeHTHBIM MaciiTabamM OXWUpPEHHUs U JUIIHEro Beca
y XKuTeyseil — mpobiema, nprusHaHHas BiaacTamu CIIA u nMmeromas mac-
rrab HallMOHAJIbLHOrO O€eCTBUS.
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16 deBpana 2007 r. B PoccriickoM XMUMUKO-TEXHOJIOTMYECKOM YHUBEP-
cutete uM. /JI. V. MeHzeneeBa B MOCKBe cocTosutach JieKIHUsA mmpodeccopa
Jenuca Mezoy3a. Ha Bompoc 0 ero oTHOILIEHUM K reHeTHYeCKu MoAudu-
LIVPOBaHHBIM KyabTypaM Meznoy3 orBeTwin: «4Uto kacaerca I'MO, a mory
CKasaTh ciezyollee. Bo3HUKAIOT Takue IIPOEKTHl, KaK, HallpuMep, MOJAU-
duKanua XJI0MYaTHUKA, B TEHOM KOTOPOT'O BCTPAMBAIOT YyXKePOAHBIN I'eH,
IIO3BOJIAIOIINY €My CaMOCTOSTENbHO IMPOU3BOAUTh UHCEKTUIU/, OTIIYTU-
BalolUU BpeAUTeNeN, WIX HallpuMep, CO3ZaeTcad Ko3a, B TeHOM KOTOpOit
BCTPOEH I'€H I1ayKa C LeJIbIO IIOJIy4YE€HUs LIeJIKa.

OTO O4YEeHb CI0XKHBIM BOIPOC U OOBIYHO 1 He JII0OJII0 JaBaTh IIPOCTHIE
OTBETHI Ha CJIO)KHBIE BOIIPOCHI, HO B JAHHOM CJIy4yae s 00s3aH CKa3aTh:
3amo 002cHO 6bIMb NOJIHOCMBI0 0OCMAHO8JIeHO. [IpeXxzie BCero, IOTOMY, YTO
MBI He IIOHMMaeM U HUKOIZIa He IIOHWMAJU CUCTeMY, B KOTOPOU KUBEM.
[Tpy 3TOM MBI IPOU3BOAUM B CHICTEMeE, 3aKOHBI Pa3BUTHS KOTOPOU He MOHU-
MaeM, Takue rnobasbHble U3MeHeHus. JIFoAM MPOCTO HAILIA OYepPeIHOU
crrocob mosydyeHus: MpUObLTH 11 cebs. OgHAKO AaXke B CIydae, eciv OB
OHU OBUTM OYEHb BHUMATENbHBI, 00€CITOKOEHBI BOIIpOCcaMM 0e30IMacHOCTH
Y HUKOT/ZIA He CZIeIaJd HU OZHOM OIMOKY U Yero-HuOyb JOCTUIIH, BPA/ JIU
HaM BCeM OT 3Toro 6nL1a 6Bl Mosab3a. Ho oHU zAenatoT omubku! lenemuue-
CKle pecypcbl Hawell niaHemsl OPMUPOBANUCL MUAUOHBL iem. JItodu 80pye
pewunu, umo 3d nosizoda uau 200 OHU NOtmMym, Kak eHecmu 80 8Ce Mo C80U
ucnpasJieHust. 9mo 6ezymue. Mbl MOXXeM HapyIIUTb IPUPOAHBINA OaaHC.

I'MO Hes03MOMCHO KOHMpouposams. Hanipumep, ecyi Ha ofHOU dpepme
BBIpaIuBapTcs 'M-pacTeHusi, TO O4eHb CKOPO IIOJISI COCEAHUX pepMeEpPOB,
BBIpAIIMBAIONINX TPAZAUIIMOHHBIE aHAJIOTH, OyAyT 3arpsA3HEHbI, ¥ IIPO6IEMBI
BO3HUKHYT YK€ Y BCeEX.

A xpaiiHe KpUTHYECKH OTHOIIYCh K T'€HETUYECKON MOAUUKAIIUU. DTO
elre OJIMH IMPUMeP TOT'0, KaK JIFOJY IBITAIOTCS PEIUTH IIPOOIEMBI, KOTOPBIE
MMEIOT COITMATbHBIA U KYJIBTYPHBIN 6a3iC, C TOMOIIbIO TeEXHOJIOTHUH. JItoau
IIBITAIOTCA HAUTH HeKoe Boe6Hoe cpeicTBo. KopeHb mpobsieM — B HallleM
obmrecTBe. PemaTh UX IPU ITIOMOIIM TEXHOJOTUM — OOJIbINAas OIMOKa».

1.23. CoBpemeHHble rnobanbHble NPOrHo3bl

[TpoBeseM KpaTKUM aHAIN3 BO3MOXKHOTO X0/Ia COOBITHM, IIpeicCKa3biBae-
MBIH TpyTno# npodeccopa ZI. Mezoysa ¢ ITOMOIIbI0 KOMITBIOTEPHOU MOZETH
«MUP-3» («3a mpeaenaMu pocta», 1994).

Ha puc. 9 moka3aHo IoBeZleHHE «peaJUCTUYHON» MOJeNr Ha OCHOBe
MMEIONTVXCA TEHAEHIUM 6e3 0COOBIX M3BMEHEHUI B TEXHUKE WU TOJTUTHUKE.
OTO eCTb UCXOAHBIN clieHapui, wiu CueHapuil 1, Kak ero Ha3bIBalOT aBTOPHI.
OHHU OTMEeYaloT, YTO ITO He 00A3aTeIbHO CaMbIi BEPOSITHHIN ITPOTHO3.

BepxHss KapTUHKa Ha3biBaeTcs «COCTOsIHME MUPa». 371eChb U3BECTHBIE
HaM NATH IlepeMeHHbIX: HaceJlleHHe, PeCypChl, IIPOMBIIIUIEHHOE IIPOU3BOJ-
CTBO, CEJIbCKOXO03fIICTBEHHOE IIPOM3BO/CTBO U 3arpsA3HeHue. l3ydaercsa
nepuoz B 200 set: ot 1900 mo 2100 r.
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HmxHAA KapTUHKa — Ka4eCTBO JKU3HU. 3/1eCh YeThIpe KPUBBIX: IIPOAOJI-
XXUTEJIBbHOCTD XXU3HU, IIPOU3BOJACTBO IIPOMBILLIEHHBIX TOBAPOB, IIPOLYKTOB
MIUTAaHUA ¥ 00beM YCIIyT Ha AYyIy HaceleHUs

YucioBble JaHHbIE JJIS1 YKa3aHHBIX JE€BATH IIepeMeHHbIX Ha BcexX rpadu-
Kax OTCYTCTBYIOT, TaK KaK UX TOUHbIE 3HaY€HHUS B KaX/blii MOMEHT BpEMEHU
He CTOJIb BaXXHBI. [JIaBHOE — KakK IIpU IlepexoZie OT OAHOM T'UIOTe3Hl K APY-
roll MeHseTCA XapaKTep KpuBBIX. Hampumep, ucyesaeT KoJuIanc Wid HeT,
CABUTaETCA JIU OH U KyZa.

YTO ke IPOU30UET 10 peaIMCTUYHOMY BapuaHTy? B 1990 r. npousBoj-
CTBO MPOMBINUIEHHOM MPOAYKIMY Ha Aylly HaceaeHus 260 A0/1apoB B rof
(B cpeanem). O6beM MPOU3BOACTBA MPOAYKTOB MUTaHMA ¢ 2015 r. HauYHeT
nazath (Ha Aylry najaeT y»e cerdac, a ¢ 2015 r. Bo3pacTeT CKOpOCTh Iaje-
HHA, YTO U HabJrozaeTcsa).

CocmosiHue mupa

O6BeM IPOMBIIIIEHHOTO
TIPOM3BOACTBA

YucieHHOCTh
HaceJeHUs DU3BOZCTBA IIPO-

B IIMTaHUA

YpoBeHb 3arpss-
HeHUA OKpYXaro-
e mm T T~ el cpezpl

1900 2000 2100
MamepuanwHblil ypo8eHb HU3HU
TIpOZIOIKUTENBHOCTD
KUIHU
O6beM POU3BOZICTBA
MOTPe6UTETHCKIX
TOBApOB Ha ZyIIy
HaceJleHus
............................ 7 \‘ . O6Bem IpOH3BOZA-
P AN | CTBa MPOAYKTOB
Pt \.\ N IUTAHUS Ha AYLIy
-2>-=""" Obbem yeryr Ha Ayury ~._ - HACE/IeHUs
~ HaceJeHUus ~
1900 2000 2100
Puc. 9
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CocmosiHue mupa

N N \ YpoBeHb 3arpss-
.’ 1 \ —

| HeHMA OKpyXKaio-
el cpeasl

O6BEM IPOMBIIII-
JIEHHOTO TIPOM3-
BOZCTBA

YuclIeHHOCTD
HaceJIeHUs

O6BeM IpOU3BOA-
<" cTBa MPOAYKTOB
MIUTaHUsA

1900 2000 2100
MamepuansHbslil Ypo8eHb HCUSHU

IIpoAomXUTeNIbHOCTD XKU3HU

O6BbeM IpoU3BOACTBA
IOTPeOUTENTBCKIX

TOBapOB Ha ALy
HaceJIeHUs

O6beM pou3-
) BOZICTBA IPOAYK-
.- TOB MMMUTAHUA Ha

e — AyIy HaceNeHus
_‘_/_ Oﬁ,beM YCJIyI' Ha Z[ymy ersranenasee st
HaceJIeHUA

1900 2000 2100
Puc. 10

K 2020 r. HeBO30OHOBHUMEBIX PECYPCOB OCTaHeTcs TOJbKO Ha 30 Jer,
a HacejeHue BeIpacTeT B 1,5 pasa. 3a nepsble 20 JIeT CleAyIolIero BeKa
YeJI0BEYECTBO HCIIOJIb3yeT CTOIBKO XKe HeBO30OHOBUMBIX PECYPCOB, CKOJIBKO
obasbHasA 5KOHOMUKA 32 BCe MpeAbIAyIiee CTOMEeTHE.

[TockonbKy U IIPOAOBOILCTBUE, U PECYPCHI CTAHOBATCS BCE HEJOCTYIIHEE,
KallUTaJl BCE CWIbHEE OTBJIIEKAETCA Ha UX MPOU3BOACTBO U AOOBIYY U HET
CPeACTB Ha pellleHHe APYTUX ITpobieM, B KOHIlE KOHI[OB YUCIEHHOCTh Hace-
JIEHUA TOXKe HauWHaeT CHIKATbhCA U3-3a YMEHbIIEHU NIPOAYKTOB MUTAHUA
U yCIYyT 3ApaBOOXpaHeHusa. ITO U eCThb kKouianc. IlocMoTpuTe Ha KPUBYIO
IIPOJIO/DKUTEIbHOCTH KU3HU, HACKOJIBKO PE3KO U IIyOOKO OHa I1aJaeT.

50



OTmeTHM, 4TO Tak OyzeT He 00si3aTeabHO. Tak Oy1eT, eCTU CETOAHSIIHIE
TEH/IEHIIU HE U3MEeHATCS.

[ToumeMm Kakue-HUOYZAb cracuTeNbHBIE WJen. KoMIbloTepHas Mojesb
II03BOJIAET IPOBEPUTH UX OYEHDb MHOTO.

HamnpumMmep, ycTb Hepa3gedaHHble 3anacbl HEB030OHOBUMBLX PeCypco8
okaxcymcs 8080oe 60iblle TIO CPABHEHMIO C MPeAINoIaraeMbIMU. Pe3yabraT
BuguM Ha puc. 10. Tot xxe camblil Kostanc. IIpuyeM, o6paTuTe BHUMaHME,
KaKas KpuBas 60JIbllle Bcero BRIUTPHIBAET 37leCh, — 3TO 3arpsA3HeHUe CPe/bl.
MaxkcumyM gocturaercsa nos:xe Ha 30 jieT, HO OH 8mpoe BhIIIe, YEM B CIIeHa-
puu 1. 3arpsa3HeHue cpefbl ABIAETCA [MIABHOU MPUYUHON PE3KOT0 CHUKe-
HUA IUIOJOPOAUA 3€MIIU.

OTMeTHM, UYTO 8 MbLCAUAX KOMNBLIOMEPHBLIX PACUEMO8, NPOB8edeHHbLX
Medoy3om 3a mHoz2ue 200bl, 8b1X00 3a npedesibl U Koananc bvLiu Haubosee
yacmo ecmpeuanuumMcst pe3yabmamom.

EcTb i1 Kakue-Tnb0 BaXKHbIE PAaKTOPHI, KOTOPhIE HE YIUTHIBAET MOZEIb
«MUP-3» 1 KOTOpBIe MOT'YT BIUATh HA CPOKU HACTYIUIEHUA KoJuiarca? ECTs.
B mozenu «MHWP-3» HeT BOEHHOI'O CEKTOpPa, BBIKAQUMBAIOIIEro KalluTall
1 pecypchl U3 NMPOM3BOACTBEHHOI'O CEKTOPA. 37eCh OTCYTCTBYIOT BOMHHI,
paspylamplnye KaluTaa U 3eMeJIbHble PECYPCHl WU [IPOMU3BOAAIIME 3arps3-
HeHUs. HeT B Hel ¥ rpakZaHCKUX OecropsiZKoB, 3a6aCTOBOK, KOPPYIILIMH,
HABOAHEHWH, 3eMJIETPSICEHUM, U3BEP)KEHUM BYJIKAHOB, YepHOOBUIEH, STIU-
nemuii CIIN/la u T.4. [ToaToMy Modens uepecuyp onmumucmuuHd. Ee mpo-
THO3BI MOTYT OTpa)kaTb Hambosiee 6arOnpUATHBIE TIYTH PA3BUTUS Peasib-
HOT'O MUpa.

VTak, MBI BBIICHWIM, YTO IJIABHOW IIPUYUHOM BBIXO/]a 3a IIpeZebl ABJIA-
eTcA pOoCT HaceneHud. JIOrM4HO IIpoaHaIM3UupPOBaTh BO3MOXXHOCTD BBIXOZA
M3 KpU3Uca C IOMOIIbIO0 IpeJHAMEPEHHOI'0 OrpaHUYEHUsA POCTa Hacese-
HuA. Pasymeetcsa, Mezoy3 He yIIyCTWI BO3MOXXHOCTU Takoro aHaausa. Cie-
Hapul 8 HasbIBaeTcsa «Mozesrb MUpa IIpyU NPUHATHU B 1995 r. mporpaMMEbl
cTabWIM3anuy YUCJIEHHOCTY HaceleHUs».

[IpeanosiaraeTcs, 4TO B€Cb MUP OCO3HAET BAXXHOCTh OTPaHUYEHUA
pocTa HaceJleHUs M CpPeJHUM pa3Mep ceMbU JOOPOBOJIBHO OT'paHUYEH
ABYMSA ZeTbMU, IpudeM 3¢PeKTUBHOCTh KOHTPOJIA HaJ, POXKAAEMOCTbHIO
nocyie 1995 r. cocrasaser 100%. B pesyibTaTe TeMIl pocTa HaceJleHUA
CHIDKAETCsA, HO BCJIeACTBUE MHEPLMU, 00yCIOBI€HHONM BO3PAaCTHOM CTPYK-
Typoiut HaceneHUA, B 2000 I. ero 4MCJIe€HHOCTh AOCTUIIa 6 MJIPA YelOBeEK,
B 2011 r. — 7 muipz. YTo IIpU 3TOM IIPOUCXOAUT, BUAUM Ha puc. 11. Tot xke
KOJLIaIC.

OCHOBHBIE TPUYUHBI — POCT IIPOMBILIIEHHOTO IIPOU3BOACTBA U 3arpsA3-
HeHUe cpeabl. O6beM IMPOU3BOACTBA pacTeT OBICTpee U AocCTUTaeT Oosee
BBICOKOT'O YPOBH/, Y€M B CIIeHapHUH 2, IOTOMY YTO 3J€eCh O0JbIle CBOOO-
HOI'0 KaluTasa, KOTOPBIY MOXXHO HAllpaBUTh Ha 3TU Lenu. Hy a pocTy npo-
MU3BOZCTBA COIyTCTBYET POCT 3arpA3HEHUs, YTO IIPUBOAUT K CHIXKEHUIO YPO-
YKalHOCTH.

MakcvManbHBIM YPOBEeHb IPOM3BOACTBA B JJAHHOM CJlydae JOCTUTaeT
500 most. B roz Ha Aylly HaceJleHUs, T.e. B 2 pa3a 6osbine, yem B 1990 r.
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CocmosiHue mupa
———— YpoBeHsb 3arpas-
Pecypcel \'\.\ . HEHUs OKpY»Xaro-
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O6BbeM ITPOMBIIIUIEH- -\ LV \
~ ! I
HOTO TIPOM3BOACTBA | 7 \ ¥

YucneHHOCTD

Hace/eHuA

.

_.*" O6BeM Ipous- *._

BOZICTBA NPOAYK-

TOB ITUTaHUA

2000
MamepuansHbslil yYpo8eHb HCUIHU

2100
O6BeM IIPOU3BOZICTBA
IOTpe6UTENBCKUX TOBAPOB

O6Bem yoryr
-\ ‘. HaZzyury Hace-
Ha JIyIlly HaceJeHHs \ s, JICHAA

[IpoaomKUTENBHOCTD

O6BeM mpous- N
el BOJCTBA MPOAYK- \
/',/,—" TOB NMIUTAHUA Ha
,/'—4 o NIy HaCceJIeHUs A
—./ .........
n 2 ‘7 .................
1900 2000

Puc. 11

2100
[TocMoTpUM ellle OAWH CIleHapuH.

C 1995 r. npeanonaraeTrca cemMbsl ¢ AByMA AeTbMHU, 100%-11 KOHTPOJIb
POXZAaeMOCTH, CTaBUTCA 1eJIb OTPAHUYEHMA POCTa IPOMBIILIEHHOTO IIPO-

M3BOZCTBA Ha ypoBHe 350 A0JUI. B Ir'oZ Ha AyIIy HaceJleHUA U IIOBCEMECTHO
BHE/IPAIOTCS yCOBEPIIEHCTBOBAHHbBIE TEXHOJIOTUU.
Hamnpumep:

1) mpuHUMaeTca pelieHUe CHU3UTH 3arpsisHeHHe [0 YpoBHA 1975 r.
Y CUCTEMaTUYeCKU BKJIaJbIBaTh CPE/JCTBA HA 3THU LN,
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2) mpeamnosaraercs, 4To Jiobas HoBas TEXHOJIOTHSA, BeAylnas K YMeHb-
IIIEHUIO 3aTrPA3HEHUS OKPYXKAIOIIel cpesbl, pa3pabaThiBaeTCsA U BHEAPSIETCS
3) mpuHUMaeTcsA pellleHUe YBEIUYUTh IIPOU3BOJACTBO CEIbCKOXO35M-

B Te4eHUH Bcero Jjuillb 20 jJeT;
CTBEHHOH TMPOAYKIIUM 0 YPOBHEMH, IIPEBHIIIAIONIUX Te, KOTOPhIE obecre-
YUBAIOTCA YK€ MU3BECTHBIMM TEXHOJOTUAMHU (T.e. UCIONb3YIOTCA BCIYECKUE

CocmosHue mupa

OTKpBITHSA, HallpMep, B TeHHOW MH)XXeHepUU U T.I1.).

O6beM IPOMBIIUIEHHOTO
IIPOU3BOZCTBA

O6BeM mpous-
BOZCTBA IIPOAYK-
TOB NIUTaHUA
YpoBeHDb 3arpA3HeHUA OKpY-
JKarolei cpezpl
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........ . / . e So . .
................................. > .
...................... — e ~o
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1900 2000 2100
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POB Ha AyIly HaceJIeHUs
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Ha 5T0 Takxe BBIZIETIAIOTCA cpefcTBa. M Tak ganee. iMeeTca B BUAY, YTO
BCe caMble COBPEMEHHbIE TEXHOJIOTHU Y B IIPOMBILLIEHHOCTH, U B CEJIbCKOM
X0351CTBE BHEAPAIOTCA 110 Bcemy Mupy. Ha puc. 12 Buaum pesynbsrat. Koi-
yarca HeT. HOpMa/JIbHBIMU YCJIOBUSAMH XKU3HU obeclieurnBaeTcss HaceleHue
3eMu B 7,7 MIIpZA, Yell.

B nocneguent kHure JloHesutsl Mezoys, VIopreHa Panzepca u /Jlenuca
Megoysa «IIpegensr pocta. 30 n€eT CIyCTa», BBIIEANIEN B PyCCKOM Iiepe-
Boze B 2008 r., B 11eJI0M IOATBEPKAE€HBl OCHOBHBIE BHIBOZBI UX IIPEABIAYIINX
paboT. Ho mosABmIach ¥ HOBas cepbe3Has HOTKA: «...CETOAHS MBI OlIEHUBaeM
IIEpCIEeKTUBBl Pa3BUTUA MUpaA ropasfo NecCCUMUCTHUYHee, yeM B 1972 1.
I'pycTHO, HO aKT: uenoseuecmso enycmyo nompamuno yeavtx 30 sem,
obcymoasn He me npobyiembl, UMO HYHCHbL, U IPUHUMAsI cabble, HEpPEIIu-
TeJIbHbIE MepHI 110 3alllUTe OKpy»Karlei cpessl. ¥ Hac HeT Apyrux 30 Jer,
TaK 4TO IPOABIATh HEPEUIUTEJbHOCTh IPOCTO HEKOTA: CIUIIKOM MHOroe
HY>XHO M3MEHUTb, YTOOBI CETOAHSNIHUMA BBIXO/ 3a Ipezensl yxke B XXI B.
He MpUBeJI K II00aIbHOU KaTacTpode».

B ampene 2012 r. /I. Mezoy3 nmpouuTast ek B MOCKOBCKOM rocyzap-
CTBEHHOM YHUBEPCUTETE C CUMBOJIMYECKUM Ha3BaHUEM: «Y>Ke CIUIIKOM
ITO3/IHO /I YCTOMYMBOTO pa3BUTHUsA». Ha exxerogHo accambiiee Pumckoro
ki1y6a B Byxapecrte (Pymbiausa, 1—2 oktsa6psa 2012 r.) [I. Mezoy3 B cBoeM
JIoKJIaje ele 6oJiee ITECCUMHUCTHYEH, OIMCHIBAsA MEPCIIEKTUBY IIUBUIN3a-
uuu. OH MoJsiaraeT, YTO yXKe MO3JHO MEHATh TPaeKTOPHUIO ABWXXEHUS, MUP
MIPOAOJKAeT YCKOPEHHO ABUTAThbCA B KaTacTpody, mostomy Pumckomy
KJIyOy ¥ ero HallMOHAJbHBIM OTAEIEHUSIM HaZl0o MIPUCTYIIUTD K 00CYKAEHUIO
TOr0, KaKHe pa3yMHbIE MEPBI MOXXHO YCIIETh IIPEANPUHATD, YTOOBI YMEHb-
IIMTH MacinTab Bo3zaeicTBUsS KaTacTpodbl HA KOHKPETHBIE CTPaHbI, TOPOJa,
coob1ecTBa JIIOEH.

1.24. Homo sapiens unu ...?

Kak 13BecTHO, YeJIOBEK KPAacUBO Ha3Bas cebss Homo sapiens — 4eloBeK
pasyMHbIM. Ho M3BeCTHO TakkKe, YTO HUKTO 3TOTO Ha3BaHUA He yTBEPXK-
JlaJl — Ha eCTeCTBEHHOHAayYHOM I'OPM30HTE He BUAHO AOCTONHOTO pelieH-
3eHTa. YesoBeKy ellle MPeACTOUT dTO A0KasaThb U, XKeJaTeabHO, AeJIaMu.
A zena B mocyieAHUe JeCATWIETUA I'OBOPAT O CXOACTBE IIOBEJEHUA YEIOBE-
YecTBa C U3BECTHHIM CYILIECTBOM, IIPAYYIIAM OT OIIAaCHOCTH CBOIO Pa3yMHYIO
T'OJIOBY B ITeCOK. Tak MoxKeT OBITh MbI He Homo sapiens, a Homo strausino?

Teneps sicHO, IZle y reHeTUKOB Haubosiee IepCcreKTUBHASA TeMa UCCIIeZO0-
BaHWUM.

1.25. 0 nepexofie K yCTONYMBOI cuCTEME

BepoATHOCTh peasm3aiyuu MocjaefHero cueHapus (cM. puc. 12) oleHUThb
CJIOXKHO. Ba)kHO, OZHAKO, YTO B IPUHIMIIE YCTOHYMBOE OOIIECTBO BO3-
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MOXHO. HO IIpM O[HOM yCJIOBHMHU: HEOOXOANMO CPOYHO, HEMEAJIEHHO U3Me-
HUTH UMeEIOIIecs TeHJeHIINU, KOTOphble, HECCOMHEHHO, BeZyT K Kpaxy. [Ipu-
yeM HeKOTOphle Tpebyrourecss U3MeHeHUsA HaCTONIbKO HENPUBBIYHEI IS
4yeI0BeYecTBa, HalpuMep OrpaHUYeHNe POCTa MPOMBIIUIEHHOTO IIPOU3BO/-
CTBA Ha OIpeZieJIEHHOM YPOBHE, YTO aBTOPBI HAa3BIBAIOT ITepexo/ K 001ecTBy
YCTOMYUBOTO Pa3BUTHA PEBONIOIIMOHHBIM.

KoHeyHO, HUKTO He 3HaeT, KaK OCYyLIeCTBUTh TaKylo peBosonuio. Her
U He OyZIeT TOTOBBIX PelleNTOB TUIa: «4ToOk! Mpou3onuia rmobaabHas peBo-
JIIOLMA, ClIeAyyUTe HIbKenepedrucaeHHbIM 20 myHKTam». OHa He MojjaeTcs
IUTAHUPOBAHUIO WIM AUKTAaTy. Ho Ha ocHOBe ombITa paboThl B obiacTu
CHUCTEMHOI'O aHaJIM3a aBTOPHI MIPUXOJSAT K BBIBOAY O CYI€CTBOBAHUU JBYX
CBOMCTB CJIOXKHBIX CUCTEM, Ba)XKHBIX /IS TAKOH PEBOJIIOIUH.

1. Kntouom k npeobpaszosanusim seasiemcsi uHgpopmayus. OTo He 06s3a-
TeJIbHO O3HA4YaeT 060jiee MHTEHCUBHBIN €€ ITOTOK. DTO 03HAYAET, YTO UHPOP-
Marus JOJDKHA PAaCIPOCTPAHATHCSA HOBHIMU IIYTSAMH, K HOBHIM ITOTpebuTe-
JIIM, HECTH HOBOE CoZiep>kaHue u GOpMyJIUPOBaTh HOBHIE NPAaBWIA U LEJIU
(koToprle camu 10 cebe aBaAOTCA nHPopmanmeit). Ob6nmazas pa3aTUIHON
MHOPMAIIMOHHOMN CTPYKTYpOH, cucTeMa HeuszbexxHO OyzZeT BecTU cebs
mo-pasHoMy. Hampumep, mOJUTHKA IMIACHOCTH, ITPOCTOE OTKPHITHE MHPOP-
MAaIlMOHHBIX KaHaJoB obecrneymnn OBICTpBle M3MeHeHUs B BocTouyHOU
EBpore. CTapas cucTema Ziep)kajach Ha XeCTKOM KOHTpoJie HaJ UHpopMa-
LUeH.

2. CucmemblL IPOCMHO CONPOMUBNAIOMCA USMEHEHUAM 8 UHPopmayu-
OHHbLX nomokax, ocobeHHo 8 nomokax npasun u yeneil. CymecTByomas
cuCTeMa MOXXET IPaKTUYeCKHU IOJHOCThIO OTPAHUYUTD ITOIBITKY OTAENb-
HOM JINYHOCTH JEeHCTBOBAThH IO APYTUM IIpaBWIaM U PYKOBOACTBOBATHCS
APYTUMHU LEIAMU, OTIUYHBIMU OT JO3BOJIEHHBIX CCTeMOU. OZHAKO TOJBKO
OTZie/IbHbIE IMYHOCTH, OIIYIasi TOTPEOGHOCTH B HOBOM MHGOPMAaIIUK, IPaBU-
JIax | IeJIAX, 00CyKJast 3TU IIPoOIeMbl, TpoOysA UX pa3pelIuTh, MOTYT IIpe-
0o6pa3oBaTh CHCTEMY.

B mowuckax myTeH, CriocoOCTBYIOIINX MUPHOMY U3MEHEHUIO CTPYKTYPhI
CHCTEMBI, aBTOPHI MCIIOIH30BaJIM MHOXKECTBO crtocob6oB. Hanbosee pacripo-
CTpaHeHHbIE U3 HUX IPECTaBIeHBl B KHUTE «3a IIpefielaMU POCTa». DTO —
palMOHAMbHBIN aHA/NIN3, CTATUCTUYECKUE JaHHBIE, CUCTEMHOE peIIeHuE,
KOMITbIOTEPHOE MOZENNPOBAHME U CaMble IIPOCTHIE CIOBA, KOTOPBIE TOIBKO
MOJKHO ITOZ00paTh i ONMMUCAHUA HOBOM MHGOPMAIIUU U HOBBIX MOZEJIEH.

Ho aBTOpH OTMEYalOT, YTO 3TU CIIOCOOBI Nnose3Hbl, Heobxooumbl,
HO He docmamouHbl. «MBI He 3HaeM, YTO ABJISAETCA JOCTaTOYHBIM. Ho Ham
XOTEeJIOCh OBl 3aBEPIIUTH KHUTY, YIIOMSAHYB MATH APYTUX IOJIE3HBIX CIIOCO-
60B». «MBI UCIIBITHIBAEM HEKOTOpPBIE KOJebaHUs, IPUCTYIIasi K UX 00Cyx-
JEHUIO0, TIOCKOJIbKY He ABJIAEMCS SKCIIEPTaMU B 3TOM 06JIACTHU U ITOCKOJBKY
OHU TPebyIOT CJIOB, KOTOPbIE PEAKO IIPOUIHOCATCA YIEHBIMU».

Ha3oBeM 3Tu IATH CIIOCOOOB: NpeABUEHME, CO3laHe OpraHU3aIuil
eAMHOMBIIIIEHHUKOB, IPAaBANBOCTh, 0OydeHue U 1I0060Bb. KpaTko nmoscHuM,
YTO UMEIOT B BUZY aBTOPHI.
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1. IIpeaBugeHue. YCTOMYUBHIA MUP HUKOI/IA HE CTAHET PeaTbHOCTHIO,
€C/lIi ero HeBO3MOXXHO IIpeJCTaBUTh. [IpeABUieHNEe AOKHO CTPOUTHCA
13 UZieli MHOTHUX JIIOJiel, TTpeXk/Jie 4eM OHO IIPMMET 3aKOHYeHHBIe U IIpUBJIe-
KaTeJbHble GOPMBEL.

2. Co3zaHue OpraHU3aINil €JHHOMBIILIEHHUKOB. « MBI HE CMOIJIN OB
BEITIOJTHUTDH CBOIO paboTy 6e3 opraHusauuil eJUHOMBIIUIEHHUKOB. BoJb-
IIMHCTBO U3 HUX ABJAIOTCA HeGopMaIbHBIMU». DTO IIPOCTO I'PYIIIILI JIIOJEH,
oZlep>KUBAloOIIe MeXAy cob0i CBA3b, paclpoCTpaHAIONINE JaHHBIE,
MeTO/bl, UZlen U, YTO caMOe BaKHOe, BoozylieBneHue. [1o onpeseneHuio,
CeTh 3TUX OpPTraHU3aluil He obJaZiaeT uepapxueil. ITO IepelvieTeHUe CBS-
3ell MeX/y paBHBIMU.

3. IIpaBauBocCTh. YacTo HempaBza fABIsAeTCA HaMepeHHOU. Ee ucross-
3YIOT JJI TOr'0, YTOOBI MAaHUIYJIUPOBATh, YOAIOKUBATh WIN COOJA3HATD,
OTKJIaJbIBaTh MPUHATHUE MEP, 3aBOEBBIBATh WU COXPAHSATH BJIACTh WUIU
OTpUIIaTh HeXelaTelbHble GaKTHI.

Jlns cymecTBOBAHUA CUCTEMBI 3TO MOXKET OKa3aThCAd I'yOUTENbHBIM.
JIoXb McKakaeT MHGOpMaALIMOHHBIN OTOK. CrcTeMa He MOXeT QYHKIIHO-
HUPOBaTh, 0COOEHHO B HECTIOKOMHOE BpeMsI, €T THGOPMAILIMOHHBIH ITOTOK
3amyTaH U uckakeH. OZWH M3 BaXXHBIX MPUHITUIIOB TEOPUU CHCTEM COCTOUT
B TOM, YTO MHpOpMAIUA He Zo/DKHA OBITh IIpelHAaMepPeHHO MCKaXKeHa WU
COKpalleHa, OHa TaK)Xe He ZI0JDKHA 3aIas/blBaTh.

ABTOpBI IPUBOJAT PsiZl UCKAKEHUM, YIIPOILIeHUM, 3a0IyKAeHn i, ¢ KOTO-
PBIMU OHHU YaCTO CTAJKUBAJIMCh, 00CYKZas IpeZebl pocTa. [IpuBeseM Bax-
HeuIIee.

YacTo roBOpAT: IpeAypexjeHre o 6yaylneM — 3TO IpeJcKa3aHue KaTa-
ctpodsl. CoBepiIeHHO HEMMPaBUIBLHO. MBI C 3TUM peNINTEeIbHO He COTIaCHBI.
[IpaBUIBHO TaK: MpeAyIpexeHue o OyAyieM — 3TO pekomeHOayusl udmu
opyaum nymem.

4. O6yuyeHue. [IpeaBugeHne, Co3laHNe OpraHU3alUui € IUHOMBIIUIEH-
HUKOB, paclpoCTpaHeHHe JOCTOBEPHON MHPOpMaIuy — Bce OecIionesHo,
eCJId He 3aCTaBysieT JelicTBoBaTh. Hy>KHO cdesiamb JOBOJTBHO MHOTO, YTOOBI
IIOCTPOUTH YCTONUYMBHIN MUp. CiiesyeT pa3paboTaTh HOBbIE METOABI BEEHUS
CeNbCKOro xo3saicTBa. Heobxo0umo Hauams Ho8ble 8udbL 6u3Heca, a npexcHue
nepecmompems ¢ UeJiblo COKPAWeHUsl NOMOKO08 NompedisieMblx Mamepuanos
u 3Hepzuu. OZHYU 3aKOHBI HAZIO IPUHATD, APyrUe OTMeHUThb. CiaenyeT 06y-
YyaTh JleTell U B3POCJIbIX.

«Kak u Bce JItoy, MUPOBBIE JINZePhI He 3HAIOT, KAKWE IyTU BEAYT K YCTOM-
YUBOMY 0011ecTBy. BOJBIIMHCTBO U3 HUX JaXe He IOZ03PEeBAIOT O TaKOU
HeobxozuMocTU. PeBoonus rmepexoza K yCTOMYMBOMY Pa3BUTHIO Tpebyer,
yTOOBI KaxcOblll uenosek Oelicmeosan kak obyuarowutics audep HA c80eM
YPOBHe: OT CEMbBHU JI0 TOCYZapCTBax.

OtMmeTuM, 4TO BecbMa 3¢ PeKTUBEH IPUHIIUIL: MBICIUTh — IVI0OATBHO,
ZIeliCTBOBATh — JIOKAJIBHO.

5. JIto60Bb. B cOBpeMeHHOU Ky/JbType NMPUHATO T'OBOPUTH O JIIOOBU
TOJIKO B Hanbojiee pOMaHTUYECKOM M TpUBHAIbHOM cMbicie. Ho A. Ileu-
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yeH, TOBOPs O IMTOOANbHBIX IpobieMax, HUKOTZa He 3a0bIBaJl OTMETUTD
B 3aK/IFOYEHME, YTO pElIeHWEe MUPOBBIX MPO6JIEM HAYMHAETCA C «HOBOTO
ryMaHU3Ma».

«['yMaHU3M, CO3BYYHBIN C HaIllel 3TI0XOM... JOJDKeH 061a1aTh CIIOCOOHO-
CTBHIO BO3POAUTH B HAC... TIOOOBB, APYKOY, TIOHUMaHUE, COMUJAPHOCTD, IyX
YKEPTBEHHOCTHU, OOIHUTETBHOCTb.

Mup Hukoz20a He cymeem 621a20noJLy4HO npeodosiems nepexoo K ycmotiuu-
80MY COCMOSIHUIO, eciU OH He 6ydem ocyulecmaJieH 8 dyxe 2106a1bH020 napm-
Hepcmea.

KoHTponbHble BONpocbl M 3afaHuA

1. KakoBa posb aHaiu3a U CHHTE3a B IIpoliecce IIO3HAHUA OKPYXKaroLlero Hac
Mupa?

2. B yem 3akioyaeTcs BaXKHeMIIas 1iejib €eCTECTBO3HAHMA?

3. KakoB OCHOBHOI MeTOZ MCC/IeJOBaHUN B €CTECTBEHHBIX HayKaX?

4. Yro Takoe 6uocdepa mo Teopuu akasemuka B. V. BepHazckoro?

5. BueMm cocTouT 1aBHasA TPYAHOCTb IIPU €CTECTBEHHOHAYYHBIX UCCI€JOBAHUAX
6uocdepsnr?

6. CyIiecTByeT Ji1 BO3MOXXHOCTb IPEOZ0IEeHUS TIPUHIIUITUATbHBIX 3aTPYAHEHUN
Ipu u3ydeHuu 6uochepsr?

7. Cospaet v 1eATebHOCTD YeJI0OBeKa YyIpPOo3y BbDKMBAHMIO COBPEMEHHOM LIUBU-
Jusauuu?

8. Ilpexaynpexxaanu v yueHble-eCTEeCTBEHHUKY O HaZIBUTaoIIelcs kaTacTpode?

9. Yro Takoe MBICJIEHHbIE MOZEIH U KaKOBHI UX XapaKTepHbIE 0COOEHHOCTH?

10. Kaxk BbI IOHMMaeTe KOHTPUHTYUTUBHOCTDb IIOBEZEHMS COLIAIbHBIX CUCTEM ?

11. B yeM 3aKJIIOYAIOTCA CWIbHBIE U CIabble CTOPOHBI YeJIOBEYECKOTo yma?

12. CyuiecTBYIOT JI1 BO3MOXXHOCTH IIPEOJ0IEHNS CJIa6BIX CTOPOH YeJI0OBEYeCKOTo
MBILIUIEHUA [IPU €CTECTBEHHOHAYYHBIX MCC/IE0BAHUAX JVUHAMUYECKOTO IIOBEAECHUSA
CJIOXKHBIX CUCTEM?

13. Yto Takoe PUMCKUI KJIyO ¥ KaKOBa €ro IeJb?

14. KaxoB IVIaBHBIH BEIBOZ, IIEPBOT'0 0KIa/ia PuMckoMy kityOy «[Ipezessl pocTax?

15. Ha3oBuTe OCHOBHBIE OrpaHUYMBarole GaKTOPhI, CAep>KUBAIOLIMe Hellpe-
PBIBHBIM POCT MUPOBOM CHCTEMBEI.

16. MoxXeT i1 HayYHO-TEXHUYECKU IIPOTrpecc peluTh Bce MpobieMbl U yCTpa-
HUTb HAZIBUTAIOLIUIICA KOJUIaIC?

17. EcTb i1 IpU3HAKU MIOTEPH YCTONIUBOCTH 6rocdhepnI?

18. YTO MOXKET IPOU30UTH, eciii OyZeT MPOoiIeH BEPXHUM IpeZiesT AOIMyCTUMBIX
aHTPOITOTeHHBIX HAarpy30K Ha 6uocdepy?

19. Yro Takoe 3HTpONMA?

20. OnumuTe BTOpoe Ha4alo TePMOAUHAMUKU?

21. Hactymut iu TeIwuioBas cMepTh BcesneHHOM?

22. B 4eM CyTh COBPEMEHHOI0 INI00AJbHOIO KPHU3KCa C TOYKU 3PEHUSA TEPMO-
JUHaAMUWKH?

23. [IpuBeguTEe HEKOTOPLIE IIPUMEPHI, CBUZETEIBCTBYIOLIUE O IIpOLieccax pocTa
SHTpOnMYU 6uocdhepsI.

24. KaxoBa NMpUHLIMIHAJIbHAsA BO3MOXXHOCTh BBIXO/]Aa M3 IIOOAJBHOTO KpHU3Hca
C TOYKU 3pEHUA TePMOJAUHAMUKN?

25. KakoBbl 0COGEHHOCTH ITepexoZia K OOIIeCTBY YCTOMYMBOTO Pa3BUTHUA?
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naBa 2
OUSUNYECKWUE OCHOBbI ECTECTBO3HAHUA

2.1. EcrecTBeHHOHay4YHaA KapTUHa Mupa. BceneHHaa.
MeTaranakTuka. [anakTuka

[TosiHasA ecTecTBEeHHOHay4YHasA KapTHHA MUpPa CO3JaeTcs BCE COBOKYII-
HOCTBIO €CTECTBEHHBIX HayK, I03TOMY B paMKaXxX JJaHHOI'O KPaTKOr'o BBO-
JTHOTO Kypca BO3MOXKE€H Pa3roBOP JIMIIb O 6a30BHIX IMOHATHAX, CTPYKTypax
1 B3aMMO/IeCTBUSIX.

BceneHHast — 3TO BeCh MUP, 6€3rpaHUYHBIN BO BPEMEHU M IIPOCTPaH-
cTBe. JlocTyniHa U3y4eHUI0 aCTPOHOMMYECKHUMHU CPeJCTBAMU TOJBKO 4acCThb
BceneHHOM. DTa 4acTb OOBIYHO Ha3bIBaeTcsi Memazanakmukoil. Pasyme-
eTcs, II0 Mepe Pa3BUTUA HAayKU U TEXHUKU JOCTYIIHbIE N3yYEHUIO IIPeZeibl
HEINPepbIBHO paclIupATca. FicTopriecku coBceM HeZaBHO, elne B XVII B.
aCTPOHOMMSA OTpaHUYUBANACH M3yYeHUEM OKPECTHOCTEH TOJIbKO OAHOMI
3Be3abl — COJIHIIA, T.€. OHA M3y4YaJa Hallly IUIaHEeTHYIO cucTeMy. JluaMmeTp
3TOM CHCTEMBI — OKO0J10 10 MIpA KM, cBeT mpoxoguT 3a 10 4.

Tonbko B 1930-X IT. yZasoCh YCTAaHOBUTDH pa3Mepbl U OCHOBHBIE YEPTHI
cTpoeHUA Hamiel 'ajmakTuku, B KOTOpyr BxoAMT CoiHile. [lonmepedHUK
lamaktuku npubausutensHo 30 000 mapcek, T.e. okoso 100 000 cBeTOBBIX
JIEeT:

1 mapcek (k) = 3,26 cBeToBoro roza = 3,08 - 1016 m.

B l'aakTuky BxoauT 6osee 100 MIpZ 3B€3 U paCIIONOXKEHBI OHU HE Xao-
THUYECKH 110 BCEMY IIPOCTPAHCTBY, a B CJI0€ AMCKA TOJIIUHON B HECKOJIBKO
COTEH MapceK, CaeA0BaTeIbHO, TOMIMHA AUCKAa HAMHOTO MEHbIIIE ero Jua-
MeTpa.

CosHLle HaXoAUTCA B AMcKe l'ajlakTUKU Ha paccTossHUM okoso 10 000 ik
OT €ro I[eHTpa.

Juck lanakTuKy MeZJIEHHO BpalllaeTcsl BOKPYT cBoer ocu. BpeMs ogHoro
obopoTa okosio 200 MJIH JIET, TaK YTO 3a BPEMs CBOEro CyIIeCTBOBAHUS
l'ayjlakTHKaA COBEpIIMIA BCEro HECKOJIBKO JECITKOB 0O0POTOB BOKPYT CBOEH
OCH.

Cpeanuii Bo3pacT rajakTuk mpubnusurenbHo 10 muipa set. B Merara-
JaKTHKe HaxoguTcsi He MmeHee 100 MUIH rajakTHK.
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Bce ranmaktuku D. Xab6y1 pa3br1 Ha TPU OCHOBHBIX THUIIA: DJUTUNTHYE-
CKWe, CIMpaJbHbIE U HETIPABWIbHBIE.

OUITUYECKYyI0 GOPMY MMEIOT MHOTHE TaJaKTUKU. Y CaMbIX KPYITHBIX
13 HUX IIONIEPEeYHUK CPAaBHUM C JHaMETPOM Haled I'aJlakTUKH, HO TaKUX
TUTAaHTCKUX JJUTUITUYECKUX TaJaKTUK CPaBHUTENbHO HeMHoro. Yarie
BCTPEYAIOTCA TaK Ha3blBaeMbl€ KAPJMKOBBIE DJUIUIITHYECKHE TaJaKTUKU
¢ pasaMmepoM B nonepeuHuke okoao 2000 nk, coaeprkalye HeCKOJIbKO MUJI-
JINIOHOB 3Be3I.

CrnupasbHble TATaKTUKN — CHJIBHO CIUTIOCHYTHIE CCTEMBI TOpaszio 60J1b-
IIeH APKOCTU, YEM ITUPOKO PACIIPOCTPAHEHHbIE KAPJIUKOBBIE JJUTUNITHYE-
CKUe rajlakTuku. K cnupaibHsimM omHocumes u Hawa I'anakmuka.

[IpuMepaMu HePaBUIbHBIX FaJaKTUK ABIAIOTCSI MaresutaHoBel Ob6i1aka,
y KOTOPBIX OTCYTCTBYET IIEHTPAIbHOE SIAPO U IUIOCKOCTh CUMMETPHH Bpallle-
Husi. OKOJIO YeTBEPTH BCEX rajlaKTUK — HelpaBWIbHBIE (OIleHKa O. Xab6i1a).

Ob6ee umcio 3Be31 B MeTtaranaktuke — 6osee 1020,

[TpocTpaHCTBEHHAsI CTPYKTypa BceleHHO#N OTHIOADL He IpEACTaBIsIET
co60i KaKylo-TO 3aCTBIBIIYIO, CTATUYHYIO KapTUHY. BcesleHHasa pacuupsi-
erca. B 1929 r. amepukaHCKUM acTpoHOM . Xab66J1 mokasas, 4YTO CKOPOCTh
pasjieTa TaJlaKTHK IIPSIMO IIPOIIOPIIMOHAIbHA PACCTOSTHUIO OT Hailllei I'ajak-
TUKU. CKOPOCTH pasjieTa MOTYT JIOCTUTaTh OTPOMHBIX BEIMYUH. TaK, MOXHO
yKasams UCMOUHUK, PACNOJIONCEHHBLI HA paAcCMOsHUU 5—6 MApO c8emosblx
Jlem, YOansowuiicss om HAcC CoO CKOPOCMbHO 0K0JI0 NOJI0BUHbL CKOPOCMU c8emd.

daxT passera raJakTHUK MOATBEPKJAETCA 3HAMEHUTHIM «KPaCHBIM CMe-
IeHUeM», IIPOUCXOASIINM BCJIeACTBHE U3BeCTHOro B ¢usuke sddekra
Jloriepa. ACTpOHOMBI HAOJTIOAAIM CIEKTPHI JaJleKUX TYMaHHOCTEH U ycTa-
HOBWJIM, YTO XOPOIIO M3BECTHHIE JUHUU, HAIpUMepP, NOHU3UPOBAHHOT'O
KaJIbIUs I BOAOPO/A, HAXOAATCA He Ha CBOMX MeCTaX, a CABUHYTHI JaIEKO
B KPacHYIO CTOPOHY CIIEKTpa. Bo3pacTaHue AIUH BOJH 00yCIOBIEHO MMEHHO
yZajeHrueM UCTOYHUKOB. DddeKT Jloruiepa U3BECTEH KAXK/JOMY, KTO CIIyIIAJ,
KaK MEHSETCS TOH TyJKa IIPOXOASINEro moe3a Ipyu IpUOIMKeHU K HaM,
a 3aTeM IIpH yJaJeHUH OT Hac.

OTMeTHM MHTEPECHYI0 0COOEHHOCTD: pa3beraHue rajJakTUK IIPOUCXO-
IIUT He TOJIBKO OTHOCUTEJIBHO 3eMIu. M3 10601l mouku BcenenHoll danekue
2anakmuku 6y0ym euoHbl yOaNAWUMUCA OM 3Moll mouku. DKCTPAIIOis-
IIUs pacmmpsollelica BeceseHHOM B 06paTHYI0 BpEMEHHYIO CTOPOHY IIPH-
BOZIMT K BBIBOZY, YTO BCE HAYaJIOCh C OOJIBIIOrO B3phIBa OKOJIO 15 Mup/ jieT
Ha3aJ, YTO U CYMTAIOT BOo3pacToM BceneHHOM, a TouHee, Bo3pacToM MeTara-
JIAKTUKH. 37IeCh TaKasi TOHKOCTh: OTOXKJECTB/IATh BOo3pacT MeTarajakTUKH
1 Bceil BceseHHON paHO, TOTOMY YTO €CThb T'MIIOTE3a O CyIeCTBOBAaHUU
HECKOJIbKMX MeTarajakTHK, pacliosoXKeHHbIX Ha HEKOTOPHIX PACCTOSHUIX
JPYT OT Apyra. XOTs 3Ta rUIoTe3a U HUYEeM He MOATBepXKAeHa, HO U OIpo-
BEPTHYTH €€ TOXE HEeJb3s.

AHanmu3 Hab0jaeMoi KapTHUHBI TIO3BOJISIET CAENATh BBIBOJ, YTO HMCXOZ-
Has MaTepuA MMeJia, 110 KpailHel Mepe, A/lepHYI0 IUIOTHOCTD nopsgka 1015—
1018 r/cM3 1 BBICOKYIO TeMIlepaTypy. bosee win MeHee HaJeXXHO MOXKHO
OIIMCHIBATh MOBE/IEHNE BelecTBa, HaunHasA nmpuMepHo ¢ 0,01 ¢ oT MomMeHTa
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B3pBIBaA. JanvHellulas akcmpanoasayus 8 npouLioe mpebyem ymouHeHUS
Pusuueckux 3aKOHO8.

B mepBbIe HECKOJIBKO MUHYT PAa3BUTHS MHpa 00pa3oBaIUCh MIPOCTENIITIE
aTOMHBIE s/Ipa — BOJOPOAA, ieUTepus, reusa. Yepe3 HECKOIbKO MIUIMOHOB
JIET HeIIPEPBIBHOI'O pacCIIMpEeHUs BeleCTBO OCTHUIO 0 TeMiepaTypsl 4000 K,
Y MPOU30IIIa PeKOMOUHAIYSA, T.€. COeAUHEHNE DJIEKTPOHOB C aTOMHBIMU
sapaMy 1 06pa3oBaHUe, TAKUM 00pa3oM, IepBhIX HEUTPAJIbHBIX ATOMOB.

I'a3 nmpozposkan oCcTHIBaTh U, JBUTasACh 110 UHEPLIMU C UMEBIIMMMUCA CIIy-
YalHBIMU CKOPOCTSIMHU, OJHU 3JI€EMEHTHI ra3a CTaJy CTaJKUBATBCA C APY-
ruMu, oOpasysa KOMKU, Macca KOTOPHIX IOPSAJAKA MAacCChl CKOIUIEHUS rajiak-
TUK. VI3 5TUX KOMKOB 3aTeM 0GOPMIIKCH U OTAENbHbIE TATAKTUKH.

Teopus pacwupsitoweiics Bcenennotl 8 Hacmosiwee 8pemsi He s18Js1emcsl
eduHcmaenHotll. B 2003 r. mpodeccopom Pusudeckoro paxynbrera MI'Y
FO. M. JIocKyTOBBIM TIpeJJjIOXKeH MHOM MOAXOZ K 3azadye 06 3Bosonuu Bee-
JIeHHOM, OCHOBaHHBIHM Ha aHA/MIU3€e He TeOMeTPUYECKUX XapaKTePUCTHUK, KaK
omnpeensonux, a GU3NIYECKUX XapaKTepPUCTUK MaTepuu (1104 KOTOpPOH
IIOHMMAaEeTCA BEIIeCTBO BO Bcex ero ¢popmax), 3anoyHAmomel BeeneHHyo,
Y Ha HOBOM, pu3nMIecKr 000CHOBaHHOM, YPaBHEHUU COCTOSTHUSA BEI[ECTBA
(runote3a 06 OAHOPOAHOCTU M U30TPOMHOCTH BceseHHOM 6bLIa IPU 3TOM
coxpaHeHa) (cm.: BectHuk MockoBckoro yHuBepcurera. Cepus ®usuka.
ActpoHomus. 2003. N2 6. C. 3). Takoii nmogxoA MPUBOAUT K nepuoduuecku
nyascupytoweil BcenenHoll mexcdy cocmossHUAMU ¢ MUHUMANbHOU U MAK-
CUMANBHOUL nIomHocmbio ee geujecmaa. [lepuoz myabcaluii onpegenseTcs
MWHUMAaJIbHOU ITUIOTHOCTBIO BeI[eCTBa.

Ecii B COOTBETCTBUM C HAOIIOAEHUAMU IPUHATh, YTO MUHUMAaJbHas
IUIOTHOCTBH BelecTBa BO BeceseHHOM Oim3Ka k 3HaueHuio (4—5) - 1030 r/
cM3, TO TIOJTHBIM NEePUOJ SBOJIOIUMN MEXJY COCTOSTHUAMM C OAUHAKOBOM,
HalpuMep, MaKCUMaJIbHOU WIM MHUHUMAJIbHOU IUIOTHOCTHIO, OKaXKeTCs
nopsagka 30—32 mipyz jeT. MakcuMaibHasd IVIOTHOCTD BelllecTBa AOCTHU-
raeT 3HauyeHus 109 r/cm3. CoBpeMeHHBIH BO3pacT BcesleHHOM IpU OTCYeTe
BpeMEeHU OT COCTOSIHUSI C MaKCUMaJbHON IJIOTHOCTBHIO COCTABUT OKOJIO
14—15 mipzg net. [TomydaeTrcs, 4TO eCy pacliupeHue ele He CMEHWIOCh
CoKaTueM, TO [0 KOHIIA pacClIMpeHHUs OCTaJIOoCh 10 KOCMOJOTMYEeCKUM Mac-
mrabaM He TaK MHOTO BPEMEHH.

B 11ejioM KapTHHA 3BOJIONUU B IPeJJI0KEHHON MOJENU BBHIIVIAJUT Clie-
AyomyM o6pa3oM. B MOMeHTHI Havaja M KOHIIA MPOIEeCCOB PaCIIUpPeHUs
U oKaTuA abcosoTHAs TeMIlepaTypa Bo BcelleHHOU OKa3bIBaeTCs CTPOTO
paBHOU Hymo. [IpumepHo depes3 5 - 10-30 ¢ mocsie Hayana paclIpeHUs
TeMIlepaTypa MOBHICUTCA 0 BeTUYUHB opsizka 1025 K, ¥ IIOTHOCTD U3JTy-
YyeHUA HaAaMHOI'O MPEeBHICUT IUIOTHOCTh MAaCCUBHOrO BellecTBa. [Iporeccel
AHHUTWIAIUY 3JIEKTPOHOB U MIO3UTPOHOB 3aBepIIaTcsA K MOMEHTY BpeMeHU
nopsizka 107 ¢, TeMriepaTypa IIpyu 3TOM yIazeT Ao npuMmepHo 1010 rpazycos.
Coycra 10 000 seT TemiiepaTypa onmycTUTcA 0 3HadeHus okoso 20 000 rpa-
ZIyCOB Ml HAYHYTCSA MPOIecCchl peKkoMOuHanuy (06pa3oBaHus) aTOMOB BOZO-
poza. B mpuHIuIle, NOAb3YACh BCeM apceHasoM GU3UKHU, MOXXHO OLIEHUTD
IIPOIIEHTHOE coZiepXkaHue BO BceneHHOM 06pasyromuxcs BoAopoza, reyus,

61



yIJiepoZia U Tp. Ha TEKYITUA MOMEeHT (00 3TOM MOXXHO IIPOYeCThb, HaIlpH-
Mep, B kuure C. Baiitn6epra «I'paBuTaIiys u KocMojorus». M., 1975). Kak
HU YAUBUTEILHO, HO ITOJIy4aeMble TEOPETUYECKUE OLIEHKU BIIOJIHE YAOBJIET-
BOPUTENBHO COIVIACYIOTCA C HAOMIOAEHUAMU.

2.2. 3Be3pbl. ConHue

OcCHOBHYI0 4acTb BCeX raJlaKTUK COCTaBJIAIOT 3Be3/bl. B 3Be3ziax cocpezo-
TO4eHO bosiee 90% BHUAMMOroO BelecTBa BeeleHHOM.

38e30bL — 3MO MaAcCCUBHble camocgsemAujuecs 2a3osble 06pA308aHUSL.
BemiecTBO CBsI3aHO B HUX CWIOU I'PaBUTALIVU.

Maccel 3B€37, MOTYT pa3indaThCs B HECKOJIBKO ThICAY pa3. Macca Hamein
6mxaiimeii 3Be3zsl — CosHLa paBHa M, = 2 - 1033 r. Camble MacCUBHEIE
3Be3/lbl UMeIOT Maccy okoso 100 M, cambie Mesnkue — npumepHo 0,03 M.

Eme MeHbllle pasjnyaloTcA 3Be3Jbl 10 TeMIlepaType IIOBEPXHOCTHU.
Cawmsle ropsuue uMmeroT Temmeparypy 100 000 K, Conxue — okoso 6000 K,
camble XoyoAHble — mpubmu3uTesbHOHO 1000 K. BoJBIIUHCTBO 3BE3
nMmerot temreparypy ot 3000 zo 50 000 K.

CaMBIM CyIlleCTBEHHBIM 00pa3oM 3Be3Zbl Pa3INyaloTCs II0 CBETUMOCTU:
34eCh pa3In4ua MOTYT AOCTUraTh 12 MOPAJKOB.

OCHOBHOM MCTOYHHUK SHEPTHU OOJBIIMHCTBA 3BE€3[] — TEPMOSZEPHBIE
pEaKIuy CUHTe3a 3JIEMEHTOB. MacCUBHBIE 3BE3/Ibl CKUTAIOT CBOE fAZIEpHOE
TOIUIMBO 32 MWLIUOHEI JieT, COMHIY ZJ151 3TOro HY>HO 10 mupz jeT (U3 HUX
5 mspg et yxxe mpouuio), a y 6osee Jerkux 3Be3z BpeMs CropaHus ele
6oJibllle, IpUYEM OHO MOXKET IIPEBOCXOJUTh BO3PaCT CTPYKTYP BcesleHHOM,
paBHBII mpuMepHO 15 Muipz jeT. [ToapobHee O TepMOAAEPHBIX PEAKITUIX
cuHTe3a OyZieT CKa3aHO HIKe, a TIOKAa OCTAHOBUMCSA Ha cTpoeHuu COJHILA.

C acTpoHOMUYECKOW TOYKM 3peHHs COJIHIle HUYEM He BBIZEIAeTCS
CpeAy OCTaJbHBIX 3Be3/ [aJlaKTUKU — 5TO CaMOCBETAIIUICA Ia30BbIN 1Iap,
HaXOJAIINNICA B paBHOBECUU 10/ AEMCTBUEM CWI I'PaBUTAI[UU U ra30BOrO
faBneHusdA. Poib Apyrux cui, B TOM 4MCJIe U MarHUTHHIX, B OAJAEPXKaHUU
MexaHudeckoro pasHoBecusa CosHIila Mana. Ho MarHuTHsbIe MO UTpaloT
JOMHWHUPYIOIYIO POJb B CO3/JaHUY BCEBO3MOXXHBIX 0O0pa30BaHUU B €ro
armocdepe.

HapyxHbie ciou CosiHIIa, U3 KOTOPBIX BBIXOAUT IIPUHMMaeMoe HaMu
ONTUYECKOE U3JIydeHUe, Ha3biBaeTcsa homocgepoii. CoH 3TOT AOCTATOUHO
TOHKUM, ero TonamuHa npuMmepHo 500 kM. TemnepaTypa rasza B ¢oTocdepe
6000 K. ®oTocdepa obpasyeT HIKHIOIO YacTb arMocdephl. Haz Helt pacrio-
JIO’KeHa Xpomocdepa TOMMUHON HECKOIBKO THICTY KUJIOMETPOB C ITOCTEeIeH-
HBIM TOBBIIIeHHEM TeMiepaTypsl 10 10 000 K u 6osee. Brinie xpomocheps
HaXOJUTCA KOPOHA — O4YeHb IPOTSXKEHHasA BHENIHSA YacTb aTMocdephl,
Harperas, B CpeJHeM, 10 1—2 MJIH I'PaZlyCOB U IUIaBHO MIEPEXOAAIAA B MEX-
IUIAHETHYIO Cpezy.

HenocpeznctBeHHO 1oz poTochepoii pacronoxeHa KOHBEKTUBHAA 30HA
ConHIla, B KOTOPOU 3HEPrus U3 HeJp HapyxXy IlepeaeTcsi B OCHOBHOM IIpU
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MeXaHU4YeCKOM IepeMeIINBAHUY BeIleCTBa — BCIUIBIBAHUU TOPSTIUX ra3o-
BBIX CTPYH U ABV>KEHUM BHU3 OCThIBIIEro rasa. B Hegpax CosHIja, rje npore-
KaloT TEPMOsAIEpPHBIE peaKIU CUHTEe3a, TeMIieparypa npessiiaeT 10 M= K.
OHeprus U3 HeZIp B BEPXHUE CJIOU IIEPEAeTCsi, B OCHOBHOM, U3JTy9eHUEM.

ConHue 8paujaemcsi 80Kpye OCU, HO CO8ceM He mak, Kak 0bbluHoe maepdoe
meno, a dupgdepeHyuansbHo. DTO O3HAYAET, YTO Pa3TMIHbIE YACTH Bpala-
IOTCSI C Pa3HBIMM CKOPOCTSIMH. Ilepro/ BpaleHus: U3MeHsEeTCs OT 27 CyTOK
Ha 3KBaTope 0 32 CYTOK Y Io0coB. Kpome TOro, eCTh OCHOBaHUS CUUTATh,
4TO 60JIee IyOOKHMeE CJIOM BpalaloTes ObICTpee BHENTHUX. DKBaTop CosHIa
HAKJIOHEH K IUIOCKOCTH opOUTHI 3emuu Ha 7°15'.

2.3. OyHpameHTanbHble B3aUMOAENHCTBUA B Nnpupoae

I[Tpu Bcelt OTPOMHOCTH M MHOT'0OOpa3nu OKpY’Kalolero Hac Mupa Cylie-
CTByeT BCero 4deThipe BHJa GyHAaMeHTaJbHBIX B3aMMOJENCTBUN MeXAy
37eMeHTapHLIMU YaCTULIAMU, U3 KOTOPBIX BCE Y COCTOMUT.

1. CunvHoe 83aumoleiicmeue. DTO AEUCTBUTEIbHO CaAMOE CUJIBHOE
W3 YeThIpeX BH/IOB B3aUMOZENCTBUA, HO PaJUyC €ro JetCTBUS OYeHb MaJjl
Y OrpaHUYHMBAETCA pa3MepaMu aTOMHOro sgpa: r ~ 10-13 cm. CuibHOe B3a-
“Mo/ieicTBhE obeclieunBaeT CBA3b MPOTOHOB U HEMTPOHOB (HA3bIBAEMBIX
ellle HyKJIOHaMH) B AipaX aTOMOB.

2. dnekmpomazHumHnoe 83aumodeiicmeaue. Paguyc aeicTBUS HEOTPa-
HUYEH, WX, KaK TOBOPSAT, PaJUyC AeHCTBUS CTPEMUTCA K O€CKOHEYHOCTH
r — oo. Ecoii cuibHOE B3aUMOZENCTBUE NIPUHATD 3a €ANHUILY, TO 3JIEKTPO-
MarHuTHoe ciabee nmpuMepHo B 1000 pas.

3. Cnaboe s3aumodeiicmeue. Takoe e KOPOTKOAEHCTBYIOIIEEe B3aHMO-
JleicTBUe, KaK U CWIbHOE, HO COCTaBAeT OT Hero npuMepHo 10-15 u oTse-
yaeT 3a BCe BHUABI -pacmaja sijlep U 3a BCE IMPOIECCH B3aMMOZEHCTBUSA
HEHTPUHO C BelecTBOM. Hackoyibko c1abo HEHTPUHO B3aUMO/JEHCTBYET
XapakKTepu3yeT, HallpuMep, TaKou pakT, YTO HEUTPUHO CIIOKOMHO MOXKET
«IIPOILIUTh» BECh 3€MHOM map 6e3 eANHOT0 B3aMMOZAENCTBUS C YeM-THO0.

4. I'pasumayuoHHoe 83aumoodeilcmeue. Paauyc aeiicTBuA He orpa-
HuveH. OyeHb c1aboe B3aUMO/eiCTBUeE, COCTaBAIIee MpuMepHO 10-40
OT cwibHOrO. [ToaTOMY B ITpolieccax MUKpPOMMpPA 3aMETHOU POJIY He UT'PAET,
HO ABJISIETCA CAMBIM YHUBEPCAIbHBIM.

Ecay moka oCcTaBUTh B CTOPOHE IMPOLIECCHl MUKPOMUPA, TO B MaKpPOCKO-
IIUYECKUX MaciiTabax Mbl IMeeM /JIeJI0 TOJIBKO C ABYMSA BUAAMU QyHZAaMeH-
TaJIbHBIX B3aUMOZENCTBUN — 3JIeKTPOMAarHUTHBIM U I'PaBUTALIIOHHBIM.

Ob6paTuM BHUMaHUE HAa OJHY TOHKOCTb: MBI TOBOPUM O B3auMMOJeMU-
CTBUSX, HO He 0 cuIax. EcTh BaxkHOe pasnuuue. [TIoHATHe CWIBI IPUMEHNMO
He Bcerzia, a IOHATHE B3auMOZeNCcTBUA — Bcerja. B Mmukpomupe, rae aei-
CTBYIOT 3aKOHBI KBAHTOBOM MEXaHUKU, IPUMEHEeHMe IIOHATUSA CUIBL 3aTPY/-
HEHO, TIOTOMY YTO CWIa ABJISAETCA BEKTOPOM U HeOOXOAUMO YKa3bIBaTh €ro
TOYKY IIPUIOKEHUA, a 3TO KaK pa3 U HEBO3MOXKHO CZIeJIaTh OZHO3HAYHO U3-3a
JeWCTBUA IPUHIUIIA HeolpeaeaeHHOCTH [eiizeHbepra (pasroBop o0 KOTO-
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poMm Brepezan). [To 3TOM Xe MPpUYMHE B MUKPOMUPE OOBIYHO HE HCIIOJIb3Y-
eTcs U IOHATHE TPAaeKTOPUHU ABWKEHUS: djleMeHTapHas 4acTulla, Hallpu-
Mep, 3JIEKTPOH B aTOMe JIBUXKETCs, a II0 KaKOW TPaeKTOpPUM — HEU3BECTHO.

To, 4TO yrmoMsAHyTble YeThIpe B3aUMOAENCTBUSA SABAAIOTCA PyHIAMEH-
TaJbHBIMU, O3HAYAET, YTO BCe APYrUe B3aUMOJAENUCTBUA U CWIbI CBOAATCA
MMEHHO K HUM. Hanpumep, BceM U3BECTHBI CUJIBI YIIPYTOCTU Y CUJIBI TPEHUS.
Ob6a Tuma Takux cuia oOyCIIOBIEHBI XapaKTEPOM B3aUMOJENCTBUA MEXIY
MOJIEKYJIaMU BeIlleCTBa, a MeWCMOJIeKYISIPHble CUMbL UMEMm 3JleKmpomdae-
HUMHOe nNpoucxoxcoeHue BCIEACTBUE JOBOJBHO CJI0XKHOTO MPOCTPAHCTBEH-
HOT'0 paclipeZiejieHUs TOJOXXUTENbHBIX U OTPUIIATEIbHBIX 3apsAL0B B KaX-
JIOM aToMe Wi Mosiekyne. CiefoBaTelbHO, YIIPyTHe CWIbl U CHIbl TPeHUA
SIBJISTIOTCS TIO CBOEM IIPUPO/iE 3NMEKTPOMarHUTHBIMH.

2.4. [paHULbI NPUMEHUMOCTU KNaccuyeckon GUsnKu

V3ydyeHue Hanbosee 06IMINX 3aKOHOB IIPUPOABI — 3aKOHOB QU3NKU —
TIpOIIle BCEro HayaTh ¢ KJIAaCCMYeCKOM MeXaHUKU. Kiaccuyeckyro MeXaHUKy
JacTO Ha3bIBAIOT HbIOTOHOBCKOM MEXaHWKOW M3-3a pellalollero BKiaja
HploTOHa, KOTOPHIH ele B 1687 r. chOpMyIHMpoOBa TP OCHOBHBIX 3aKOHA
B 3HAMEHHUTOM TpyZe «MaTeMaTHyecKre Hayaia HaTypaabHON GHIoCOUM».

[TocTeneHHO ¢ pa3BUTUEM QU3UKU CTAIU MOABIATHCSI PaKThl, KOTOPHIE
KJIaccuYecKass MeXaHWKa OObsICHUTD He MorJa. [lyia 3Toro morpeboBaioch
CO34aTh CIelNaNbHYI0 TEOPUIO0 OTHOCUTENbHOCTH (A. DiiHmTelH, 1905 1.).
Ho 4TO BaXXHO, 3TO He IPUBEJO K OTPUIJAHUIO HBIOTOHOBCKOM MEXaHUKHU,
IIPOCTO OBUIM YETKO OIpeZleJIeHBl ee TPAHUIIBI: KJIacCHYecKas MeXaHUKa
ABJIAETCA YACTHBIM CIIydyaeM PeJSSTUBUCTCKON MeXaHUKU, KOTZa CKOPOCTH
TeJI MaJibl 10 CPABHEHUIO CO CKOPOCTBIO CBETA.

Kiaccuyeckada MexaHUKa fIBAAETCSA YACTHHIM CjIydyaeM M KBAaHTOBOU
MeXaHWKH, CO3JaHHOH AJji1 MUKpomupa B 1920-x rr. VI3 ypaBHeHUI KBaH-
TOBOM MEeXaHUKU MOXKHO IOJIyYUTh YPaBHEHMA KJIACCUIEeCKONM MEeXaHUKHU,
eCJIM TIEpeUTH K OOIBIINM MaccaM IT0 CPAaBHEHHUIO C MacCaMU aTOMOB.

KopoTko roBops, knaccuueckass MexaHuka npumeHuma Ot OMHOCU-
MenbHO 6ONBLUUX MACC, OBUNCYULUXCA C MATLIMU CKOPOCMAMU.

2.5. epBbiit 3aKoH HbloToHa. UHepumanbHble cUCTeMbI OTCYETA

Bce 3akoHBI HbI0TOHA BO3HUKJIUA B pe3ysbraTe 0000IIeHsT MHOXKECTBA
OTIBITHBIX (GpaKTOB. [IpaBUILHOCTh 3aKOHOB TOJATBEPXKAAETCSA COTIaCUEM
C OITBITOM T€X CJIEACTBUM, KOTOPhIE U3 STHUX 3aKOHOB BBITEKAIOT.

I[lepBhIii 3ak0H Hhl0TOHA GOPMYyIHUpPYETCS CIEAYIOIMUM 00pa3oM: 8Csi-
Kasi MamepuanibHast mouka Haxo0umcs 8 COCMOSHUU NOK0sL UMU PABHOMep-
H020 U NPSAMOJIUHELH020 08UXMCEHUS, NOKA 8030elicmaue co CMopoHbL Opyaux
meJl He 3acmasum ezo0 uUsMeHUmMs» 3mo cocmosiHue. MamepuanbHoil moukoil
Ha3bleaemcs meJio, pazmepamu KOmopozo Mox#cHO npeHebpeub No CpasHeHUIO
¢ paccmosiHusAmu 00 0py2ux meJ.
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3aMeTHM, YTO MHOTZAA (M ZOBOJBHO YacTO) B yueOHOM mTeparype dop-
MYJIMPOBKa IEPBOT'0 3aKOHA IIPUBOAUTCS JJIA Teja, a He AJId MaTepHUab-
HOM TOYKM, YTO HEBEPHO, IIOTOMY 4YTO JJIA Tejia IepBhIi 3aKoH Hhi0TOHA,
BOOOIIle TOBOps, HepUMeHUM. [lefiCTBUTENBHO, MOXXHO IIPUBECTHU IIPUMeEP
Tejla, Ha KOTOpOe He AeMCTBYIOT HUKaKUe CUIHI (JOIyCTHUM, B OTAAJIEHHOMN
TOYKe KOCMOCa), a8 OHO He JIBIXKETCSI paBHOMEPHO U IIPSAAMOJIMHENHO, Bpalja-
SICh BOKPYT COOCTBEHHO# ocH (OyZy4n KOrJa-TO paCKPyYEHHBIM).

B 060X Ha3BaHHBIX B GOPMYJIUPOBKE IIEPBOTO 3aKOHA COCTOSHUAX YCKO-
peHue paBHO HYJIIO, IIO3TOMY MOXXHO CKa3aTh TaK: CKOPOCMb MAMepUANbHOL
mouku ocmaemcsi NOCMOSIHHOU (8 uacmHocmu, pasHoil Hy/10), noka 8o3oetll-
cmeue Ha Hee CO CMOPOHbL Opy2UX MeJl He 8bl308€eM ee USMEHEHUS.

Cnoco6HOCTD TeJI COXPaHATh CBOIO CKOPOCTh IPU OTCYTCTBUU BO3ZEH-
CTBUSA HasbIBaeTcs UHepyuell mes, a caM 3aKOH 4aCTO HA3BIBAIOT 3AKOHOM
uHepuuu.

Cucrtema orcueTa, B KOTOPOU BBINOJIHAETCSA IIepPBBIM 3aKOH HbIOTOHA,
Ha3bIBAeTCA UHepyuanbHoll. CHucTeMa OTCYeTa, CB3aHHasA ¢ 3eMJIel, nHep-
IUaJTbHOM He SIBJIAETCA M3-3a BpalleHusA 3eMIM KaK BOKPYT COOCTBEHHOM
ocH, Tak U BOKpyr CosHIIa.

C ZocTaTOYHOM A OOJBIIMHCTBA 3aa4 TOYHOCTHIO MOXKHO CYMTATh
WHePIUAJbHOM reJIMOIeHTPUYECKYIO CUCTeMYy OTcueTa. Havano oTcuera
B 3TOM cHCTeMe COBIIaZiaeT ¢ IieHTpoM Macc COJIHIIA, @ TPU OCHU HallpaBJIeHb
Ha yZaJieHHbIE Y OTHOCUTEIHHO HEIIOBM)KHbBIE 3BE3/IBI.

Jlrobast cucTteMa OTCYeTa, ABMXKYIIAsACA OTHOCUTEIbHO WHEPITUATbHOM
PaBHOMEDPHO U MPSMOJHMHENHO TOXe sSBJsAeTCa WHepuuanabHou. CienoBa-
TeJIbHO, CYIllecTBYeT 6€CKOHEUHOe MHOXXECTBO MHEPIIUAIbHBIX CUCTEM.

2.6. Bropoit 3akoH HbloToHa

VIMIysIbcOM TeJjla Ha3bhIBaeTCs IMPOH3BeZeHHEe ero MacChl Ha CKOPOCTh:
p=mv. 2.1

OTO BEIpaKEHYE TIOAXOAUT IS OIIpeieIeHHUs UMITY/IbCa Y MaTePUaIbHbIX
TOYEK U MPOTSKEHHBIX TeJI, ABIXKYIIUXCS IMOCTYIAaTeNIbHO (IIPH TAKOM JIBU-
’KEHUM CKOPOCTh BCEX TOYEK TeJIa OAMHAKOBA).

CoracHO BTOpoMYy 3aKOHY HbIOTOHA ckOpoCmb U3MEHEHUSL UMNYAbCa
mamepuanbHol mouku pasHa deticmaytouell Ha Hee Cue:

dp .
X _p=F. 2.2
it P (2.2)

ITocko/NIbKY NPOU3BOZHAsA IO BpeMeHU B pu3MKe BCTpedaeTcs OYeHb
4acTo, TO JJI Hee IIPUHATO CllelrajbHOe 0003HAaYeHNe — TOYKa CBEPXY,
YTO MBI U MCIIOJIb30BAJIM B BEIpakeHUU (2.2). Bropas mpousBozgHas 110 Bpe-
MeHH OyzeT 0603HaYaThCA ABYMS TOYKAMHU CBEPXY U T.Z.
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B pPaMKax KJIACCYeCKOM MeXaHUKH MOXKHO Y4eCTb, YTO m = CONst 1 MOJIy-
YUTh 6oJIee ITPOCTOE€ COOTHOILICHHE:

%(mv)mfl_‘t’:ma:l:. 2.3)

OzHako mpezwiAyiee cooTHommeHue (2.2) 6osee YHHBEPCAJIbHO, €0
MOXKHO MICIIOJIb30BaTh U B PEIITUBUCTCKOM MeXaHUKE, ITOACTABIAS PEJISITH-
BHUCTCKO€E BhIpaK€HHeE /JIT UMITYJ/IbCa MaTepUATbHOM TOYKH.

HamomMHuM, 4TO OZHO BEKTOPHOE ypaBHeHHUe, HarpuMep (2.3), SKBUBa-
JIEHTHO TPEM CKa/IAPHBIM YPaBHEHUAM

mX =F,, my=F,, mZ=F,. (2.4)

Oco60 oOTMETHUM YaCTHBIH CIy4dai BTOpPOro 3aKoHa, koraa F = 0, T.e. korzga
OTCYTCTBYET BO3/I€MCTBHE CO CTOPOHBI IPYTUX TeJI. [Ipu 3TOM MoJydyaeM, 4To
yckopeHue a = 0, ciejoBaTeJIbHO, UMEEM yTBEPXKAEHHE MMEPBOTO 3aKOHA
HproTOHA. 3HAYUT, IMEPBBIN 3aKOH BXOAUT BO BTOPOM KaK €ro YaCTHBIM CIIy-
yaii. TeM He MeHee IePBBIA 3aKOH POPMYITHPYeTCs HeE3aBUCUMO OT BTOPOT'O
BBU/Iy BaXXHOCTH MOHATHUA UHEPIUAIbHBIX CUCTEeM OTcuyeTa. COOTHOIIEHHE
(2.2) Ha3pIBaIOT ypaBHEHMEM JBIKEHHS MaTepUaJbHON TOYKU (COOTBET-
CTBEHHO, " (2.3)).

2.7. Tpetuit 3aKoH HbloToHa

Bcskoe fieiicTBHE T APYT HA Apyra SABJISETCS B3aUMOJEUCTBUEM, T.€.
CWJIBI BCETZ]a BO3HMKAIOT monapHo. CorylacHO TpeThbeMy 3aKoHYy HbloToHa
CUbl, ¢ KOmMopsiMU 08a meaa Oelicmgyrom 0pyz HA Opyad, PABHbLL NO BeJU-
YUuHe, NPOMUBONOJIONCHBL NO HANPABJEHUIO U NPUIONCEHbL K PA3ZHbIM MeNAM:

F, =-F;, (2.5)

rge F,, — cuia, gelcTByIomasn Ha mepBoe TeJIo CO CTOPOHEI BToporo; Fy; —
CWia, AEeNCTBYIOIAs Ha BTOPOE TeJIO0 CO CTOPOHBI IIEPBOTO.

B HenHepHUa/JbHBIX CUCTEMaxX OTCYeTa TPeTuil 3akOoH HbIOTOHA, Kak
U IIepBbIE [Ba, OKa3bIBAETCA HECIIpaBe/IUBLIM.

BriosiHe CTpPOro TpeTHU 3aKOH BBINOJHAETCA MPU KOHTAKTHBIX B3au-
MOZENCTBUAX TeJ, KOTOpble MOXXHO CYUTATh MaTepuaJbHBIMU TOUYKaMU,
a TaxKe U I IMOKOAILIMXCA Ha PaCCTOAHUM APYT OT Apyra TeJl.

Ormerum, uto cunsl F,, u F,; ypaBHOBECUTH ApPYT [pyra He MOIYT,
IIOTOMY 4YTO OHU IIPWIOXKEHBI K Pa3HbIM TeJjIaM.

2.8. 3aKOH BCEMUPHOr0 TATOTEHMUA

JlaHHBIN 3aKOH, KOJIMYEeCTBEHHO ONMCHIBAIOIINN CaMOe YHUBEPCAIbHOE
rpaBUTALIMOHHOE B3auMMOZENCTBUE, YCTaHOBUI Takxe HpioTOH B 1678 T.
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CrnpaBeAJIMBOCTH paZiyl €ro CjeloBajo OBl Ha3BaTh YETBEPTHIM 3aKOHOM
HeroToHa.

®opmynMpoBKa 3aKOHA BCEMHPHOI'O TATOTEHUsS: 08e MAMepUdibHble
mouku npumsizugarom opyez dpyaa ¢ Cuioil, NPONOPUUOHANLHOI MACCAM IMUX
mouex u 06pamHoO NPONOPYUOHANLHO K8AOPAMY PACCMOSHUS Mencdy HUMU,

mym,

F=G )

) (2.6)

re K03$PUIMeHT NPONOPLNOHATBHOCTH G Ha3bIBaeTCsA I'PaBUTALIMIOHHOU
TIOCTOSTHHOM.

B TakoM BUZe 3aKOH CIIPaBeJUB HE TOJBKO JJid MaTepUAJbHBIX TOYEK,
HO U JJI OAZHOPOZAHBIX IIapoB. B aTOM ciiydae 1oz r moApa3yMeBaeTcs pac-
CTOAHUE MeXJy LieHTpaMu 1apoB. CWIbl B3aMMHOI'O NIPUTS)KEeHUs HallpaB-
JIeHBI BAOJb IPAMOU, COeJUHAIOIIEN MaTepralbHble TOYKH.

CMBIC/I TpaBUTAllMOHHOW MOCTOAHHOW mpocT: G YUCIEHHO paBHA
CUie B3aUMOJENCTBUA MeX/Jy IIapaMy C Maccou mo 1 Kr, pacnoJyioKeH-
HBIMU Ha PacCTOAHUU 1 M MexAy UX LieHTpaMu. G BIIepBhHIe OlipeJesieHa
dKcrepuMeHTanbHO I'. KaBeHaumem B 1798 I. ¢ mOMOILIBIO KPYTUIbHBIX
BecoB. CoBpeMeHHOe 3HaueHue G:

G=6,67-10"11 H-M2 /kr2.

2.9. 3aKOH COXPaHeHUA MeXaHUYeCKOW SHeprumn

Cucrema TeJs, B KOTOPOM BHEIIIHUE CWIbl OTCYTCTBYIOT, Ha3bIBAETCA 3AM-
KHymoii, WX U301UPOB8AHHOlL. B Takol crucTeMe AeNCTBYIOT TOJBKO BHYTPEH-
HUE CWIbI, 00yCJIOBIEHHbIE B3aUMOJEUCTBUEM TEJI, BXOAAIIUX B CUCTEMY.

3aMKHYTBIE CHCTEMBI 00/1alal0T OYEeHb Ba’KHBIM CBOMCTBOM: B HHMX
COXPaHAITCA TPU QU3NYECKUE BETUYUHBI: DHEPTUS, UMITYJIbC 1 MOMEHT
ummynabca. CiefoBaTeNlbHO, CYIIECTBYIOT TPU 3aKOHA COXpPaHEHUs, KOTOphIe
SBJIAIOTCA QPyHZaMeHTaIbHBIMU 3aKOHAMU ITPUPOALI. DTH 3aKOHBI 00YCIOB-
JIEHbI CBOMCTBAMHU MMPOCTPAHCTBA U BPEMEHU U UMEIOT BCEOOIIHIT XapakK-
Tep, IOTOMY YTO OHY IIPUMEHUMBI He TOJIbKO K MEXaHUYECKHUM SIBJIEHUAM,
HO U KO BCEM SIBJIEHUAM IIPUPOAbI. 3aKOHBI COXpAaHEHUA He 3aBUCAT OT IIPU-
POZBI U XapaKTepa AeHUCTBYIOUIUX CHIL.

Cpezu Bcex cu1 0co00 BBIJEISAIOTCS TaK Ha3bIBa€Mble KOHCEPBAaTUBHBIE
CWJIBL.

KoHcepsamugHbimMu Ha3bIBAIOTCS CHJIBIL, pab0Ta KOTOPHIX 110 3aMKHYTOMY
KOHTYPY paBHa HYJIIO, T.e. He 3aBUCUT OT TPAeKTOPUHU, a 3aBHUCUT JIUIIb
OT HAYaJIbHOT'O U KOHEYHOT'O MOJIOXKEHUS YaCTHUIIBI.

[IpyMep KOHCEPBAaTUBHBIX CWI: CUJIbI BCEMUPHOI'O TATOTEHUS, DJIEKTPO-
CTaTHU4ecKue CUJIbI, ONUCbIBaeMble 3aKOHOM KynoHa. K HeKOHCcepBaTUBHBIM
CWJIaM OTHOCSTCS CHJIBI TpeHUs1. PaboTa CHJI TPeHUA 3aBUCUT OT TPA€KTOPUU
ABIDKEHUs. YeM JyIMHHee IyTh, IIPOXOAUMBIN 110 TPaeKTOPUH, TeM OOJbIe
pabota cui TpeHus. Y pabora 1o 3aMKHYTOMY KOHTYPY HE paBHa HYJIIO.
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[TonHOU MexaHMUYeckOU dHeprued E cucTeMBl MaTepUAJbHBIX TOYEK
Ha3bIBAETCA CyMMa ee KNHEeTUYeCKOU U OTeHIIUaJIbHOM SHEPTUM:

E=T+U.

[ToTeHnnnanpHas 3HEPrUsa B3aUMOJAEWUCTBUSA YACTUI] CUCTEMBI 3aBUCUT
TOJIBKO OT X B3aMHOI'O PAaCIIOJIOKEHUs, T.e. OT KOHPUTypaIy CUCTEMBI.
BceM m3BecTHa MOTeHI[UANbHASA DSHEPTUA Teja, MOAHATOTO Ha BHICOTY h
oT noBepxHocTH 3emnu: U = mgh, a TakKe CKaTOW Ha BEJIMYMHY X IIPY-
XKUHBL: U = kx2 / 2. B ciiy4ae npy>XUHBI IOTeHIMaJIbHAsA SHeprus 3aBUCUT
OT B3aMMHOTO TIOJIOKEHUS OTZAENbHBIX YacTell Tena. [loTeHIManbHyI0 SHEp-
T'UI0 HEC)KATOU MPYKUHBI MBI B3sUIM PaBHOU Hy/t0. YTOGBI IpyKMHA MTPHUOO-
pejia MOTeHIIMAIbHYIO SHEPrui0, He0OX0AMMO HaJ, Hell COBEpUIUTh paboTy,
B TOYHOCTY PaBHYIO BeJIMYMHE ITPUOOPETEeHHON MOTeHIIMATbHOM SHEPTUM.

B mosie cw1 TSXKECTH IIOSIHAA MeXaHU4YecKasi SJHEPrys paBHa:

E= mTvz +mgh.

KuneTnyeckasa u noTeHIMAJbHAA DHEPTUU MOTYT IIpeBpalaThbCsa APyr
B Zpyra (IIpuMep IpHIraIero MIdyuKa).

3aKOH coXpaHeHUA MeXaHW4YeCKOM 3HEPIuU IVIACUT: NOJIHASL MexaHuye-
CKasl 3HepauUsl 3AMKHYMOIL cuCmeMbl MAMePUAIbHBLX MoUeK, Mexdy Komo-
pbimu delicmgyrom MmoJibKO KOHCep8AMUBHbLE CUbL, OCMAemcsi NOCMOSAHHOU.

Ecnu e B cUCTeEMe eCTh M HeKOHCEepBaTUBHBIE CUJIBI, TO IIOJIHAA MEXaHU-
yecKas SHeprus He coxpaHsaeTca. [Ipu Hajiuymu, HanpuMep, TPeHU ITOTHAA
MeXaHU4ecKas SHeprusi OyZieT yMeHbIIaThCs, IIOCTEIIEHHO ITepPeXo/si BO BHY-
TPEHHIOIO SHEPT'UIO TeJI, YTO IPUBOAUT K UX HarpeBaHMUIO.

3akoH coxpaHeHusl 3Hepzuu 06ycnosieH 00HOPOOHOCMbIO 8peMeHU. DmOo
o3Hauaem, umo 3amMeHa MOMeHMA 8pemMeHU t; MOMEHMOM 8pemeHU t, 6e3
U3MeHeHUsl 3HaUeHUll KOOpOUHAmM U CKOpocmell mesl He U3MeHsiem MexaHU-
yeckux ceoticma cucmembt.

2.10. 3aKOH coXpaHeHus umnynbca

CyMMa MMIIY/IbCOB YaCTHI], 00pa3yIolnX CUCTEMY, Ha3bIBAETCS UMITYJIb-
COM cucrteMsl P:
N N
P=%P =3 myv;.
i=1 i=1

ITonHwlii umnyisc 3CLMKHym011 cucmemsl HE MEHAEeMCA C meueHuem epe-
MEHU HU no gejiuvduHe, HU N0 HANnpasJjleHUm:

P=> P, =const. 2.7)
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JIaHHBIN 3aKOH COXPAHEHUSl UMNYAbCA 06yc08/1eH 00HOPOOHOCMbIO NPO-
cmpaHicmea, m.e. 00UHAKOBOCMbIO C80LICM8 NPOCMPAHCMBA 80 8CeX MOUKAX.
[TapasienbHBIN IIEPEHOC 3aMKHYTOM CHUCTEMBI M3 OZHOI'O MecCTa B Zpyroe
6e3 M3MeHeHUs KOHQUTYpaITUd M CKOPOCTEM 4acTHUIl He U3MeHseT MeXaHH-
YeCKHMX CBOMCTB CHCTEMEI.

YTO Xe MOXKET U3BMEHUTh UMILYJIbC CUCTEMBI? TOJIBKO BHEIIHUE CUJIBL,
IIOTOMY YTO CyMMa BHYTPEHHUX CHWJI, AeNCTBYIOIIUX Ha Tejla CUCTEMHI,
BCerZla paBHA HYJIIO M3-3a eMCTBUS TpeThero 3akoHa Hel0TOHa, MIOTOMY YTO
BHYTPEHHUE CUIbI BCerZila BOSHUKAIOT IIOIIapHO:

d N
—P=YF.
dt ; '

YurraeTcs dopMysia Tak: IPOU3BOJHAS 110 BpeMeHU OT CyMMapHOT'O UMITyJ/IbCa
CHCTEMBI paBHAa CyMMe BHEIITHUX CWJI, AeHCTBYIOIINX Ha Te/Ia CUCTEMBI.

BaXHO OTMETUTh, YTO NPUMEHUMOCMb 3AKOHA COXPAHEHUS UMMNYAbCA
He 02paHUYUB8AemCcsl MOJIbKO 3AMKHYMbIMU CUCMEMAMU:

1) ummynbC ocTaeTcs MOCTOSTHHBIM U JJI1 HE3aMKHYTOU CHCTEMBI, €CIU
BHEIITHUE CWJIBI B CyMMe JJal0T BCe BpeMs HYJIb;

2) HanpuMep, eCcIu Teja ABUXYTCA IO IVIaZKOW TOPU30HTAJbHOU
IIOBEPXHOCTHU, TO CWIBI TSDKECTU U CUJIBI PeaKIIMU CO CTOPOHHI IOBEPXHOCTH,
JlefCcTByIOIIME HA 3TU TeJla U SIBJISI0IINECS BHEITHUMU, BCE BpeMsA PaBHBI
Y IPOTUBOIIOJIOXKHBI;

3) ecnu cyMMa IpOeKLUM BHEIIHUX CUJI Ha KakKoe-IMOO HampabjieHUe
(HampumMmep, Ha ock X) paBHA HYJIO B JIFOOOM MOMEHT BPEMEHH, TO IIPOEK-
IIUS UMITyJIbCa Ha 3TO HalpaB/ieHHE OCTaeTCAd ITOCTOSIHHOM, XOTS IIPOeKIIUU
HMMITy/JIbCa Ha Zpyrye HalpaBieHUA MOTYT IIPU 3TOM U3MEHSThCS;

4) mpu KpaTKOBpPeMEHHOM BO3JEeUCTBUM BHEIIHUX CUJI M3MeHEHHe
HMMITyJIbCa CUCTEMBI MOXXET OKa3aThCA CTOJIb MaJbIM, YTO UM MOXHO IIpe-
HeOpeub [0 CPAaBHEHUIO C YK€ UMEIOIUMCS Y CUCTEMBI UMITYJIbCOM. B aTOM
cy4yae MOTYT COXPaHAThCA BCE TPU NMPOEKLIUU UMIIYJIbCa CUCTEMBI, KaK
U [J11 3aMKHYTOM CUCTEMBI.

2.11. 3aKOH coOXpaHeHMA MOMEHTa nmny”nbca

CHavasa JaJuM OIIpeacyCHUA pAAy HeO6XO,ZLI/IMbIX TTIOHSTHM.

Momenmom cunbl OTHOCUTENIBHO TOYKU O Ha3bIBaeTCA BEKTOPHOE IIPOU3-
BEACHHUE pagnyC-BEKTOpA 13 STOM TOYKM B TOYKY IIPWIOXEHUA CAIBI U BEK-
TOpa CUJIbL:

N =[rF]. (2.8)

Paziyc-BeKTOPOM HA3bIBAETCA BEKTOP, MPOBEJEHHBINM M3 Havasa KOop-
JVHAT B ZJaHHYIO TOYKy. BenmuuHa BekTopa N ompegensercs, Kak U Ad
J060r0 BEKTOPHOI'O ITPOU3BeeHNs, BEIPAKEHUEM
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IN|=|r|[F|sina,

rzie 0. — yroJy Mexay BekropaMu r u F.

Harmpasnenue BekTopa N onpezensaeTcs TakKe B COOTBETCTBUU C OIIpe-
ZieleHreM BEKTOPHOT'O ITPOU3BeeHUs, T.€. TI0 IIPABIWIy IIPaBOro OypaByuKa:
PacIIONIOKUB PYKOSAATKY OypaBUMKa BJOJIb HAIlpaB/leHUsA [IepBOT0 BEKTOpa
B IIpoM3BeZleHNH (B ZaHHOM Cjydae BZOJIb I'), BpalllaeM ee IO KpaTJyau-
1IeMy HallpaBJIEHUIO [0 COBMEIEHUA C HalpaBJeHUEeM BTOPOrO BEKTOpa
(F). Kyza nipu aToM OyzeT IMoCTyIaTeJIbHO ABUTAThCsA IIPaBhlil OypaByYMK,
Tyza U HanpasiaeM BekTop N. Ilycts, Hanpumep, Ha puc. 13 BekTopbsl 1 U F
JieXKaT B IUIOCKOCTHU JjiicTa. Torga BekTop N neprnieHAUKY/IApeH K IIOBEPXHO-
CTU JIMCTA U HAIIpaBJIeH 3a HEro, T.€. BXOAUT B JIMCT, YTO OTMEYEHO 3HAKOM
®. [iuHa [ neprieHAUKYIApa U3 TOYKU Ha MPAMYIO BAOJb AeNCTBUA CUJIBL
HAa3bIBAETCS IUIEYOM CHJIBI OTHOCHUTENBHO TOYKMU: [ =1 sin d.

Z
i ) a
i r
N
® _____________________________ L
0% l F
i Y

Puc. 13

ITpoexkiua BekTopa N Ha HEKOTOPYIO OCh Z, IIPOXOJAIIYIO Yyepe3 TOUKy O,
OTHOCUTEIBPHO KOTOpOH ompeZieneH N, Ha3pIBaeTCsI MOMEHTOM CHWIBL OTHO-
CUTEJIbHO 9TOM OCH:

N, = [rF]Hp-Z.

Ha puc. 13 N, =0, Tak kak BexkTop N Harpas/ieH epIIeHAUKYJIAPHO K OCH Z.

AHaJIOTMYHO OIIpeZeIAETCA U MOMEHT UMITYJIbCA.

Zns 00HOTl MamepuanbHOll MOUKU MOMEHMOM UMNYbCA OMHOCUMENbHO
mouxu O Ha3vlieaemcs 6ekmop

L=[rp]=[r,mv]. (2.9)

MOMEHTOM MMITY/IbCa MaTEPUATBHON TOYKH OTHOCUTEIBHO OCH Ha3hIBa-
eTcs mpoekiua BekTopa L Ha 3Ty och:

L,= [rp]np.z .

MoMeHTOM MMITy/IbCa CUCTEMBI MaTepUalbHBIX TOYEeK OTHOCUTEIbHO
KaKOH-TMO0 TOYKM (WJIM OCH) Ha3BIBAETCS CyMMa MOMEHTOB HMMITYJIbCOB
OTHOCUTEJIBHO 3TOU TOYKU (WIU OCH) BCEX MaTepUaIbHbIX TOYEK CUCTEMBI:
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Puc. 14

MoOXXHO TOKa3aTh, YTO MOMEHT UMIIY/IbCA CUCTEMBI MOTYT U3MEHUTH
TOJIBKO MOMEHTHI BHEIIHUX CWJI. [leHiCTBUTENbHO, PACCMOTPUM /IBE€ TOUKU
CUCTEMEHI Ha puc. 14. BHyTpeHHUe CUIBI MeXAy HUMU JeHCTBYIOT BAOJb
OZHOU MPSIMOM, TO3TOMY UX MOMEHTHI OTHOCUTENBHO IIPOU3BOJIBHOM TOYKU
0 paBHBI IO BeJIUUYMHE U IIPOTUBOIOJIOXHEI 110 HampasiaeHUuto. CiesoBa-
TeJIbHO, MOMEHTHI BHYTPEHHUX CWI IIONIapHO YPaBHOBEIIMBAIOT APYT Apyra
¥ CyMMa MOMEHTOB BCeX BHYTPEHHUX CWI JJI JIIOOOW CHUCTEMBI YaCTHI]
(B 4aCTHOCTH, U JJIs1 TBEPJOTO TeJja) Bcerza paBHa Hy/o. MOXXHO 3anucarh:

dL
— =3 Nuuen- 2.10
dt Z BHEII ( )

[Tpou3BozHasA 1O BpeMeHU MOMEHTa UMITYJIbCa CUCTEMBI OTHOCUTENBHO
KaKOM-TM060 TOYKU (WJIHM OCH) paBHA CyMM€ MOMEHTOB OTHOCHUTEIBHO TOH
>Ke TOYKU (WU OCH) BCeX BHEITHUX CHJI, AEMCTBYIOIUX HA TOYKU CHUCTEMBI.

Bripaxxenue (2.10) u npuBegeHHYI0 GOPMYJIUPOBKY 4aCTO HA3BIBAIOT
3aKOHOM M3MEHEHHS MOMEHTA UMITYJ/IbCa WU YPaBHEHHEM MOMEHTOB.

Ecnu cucrema 3aMkHyTa, To dL/dt =0 u

L =const. (2.11D)

MomeHm umnynsca 3aMKHYmMoOU cucmembl He USMEHSIeMCs C medeHuem
gpemeHU. DTO U €CTb 3aKOH COXpAaHEHU MOMEHTAa UMITY/IbCa.

Ba)XHO OTMEeTUTb, YTO BeJIMYMHA MOMEHTA MMITyJIbCa CUCTEMBI OTHOCH-
TeJIbHO PasHbIX TOYeK (WIM oceil) MOXeT OBITh pa3audHoi. Ho eciu MBI
BHIOpaIM JTI06YI0 IIPOU3BOJIBHYIO TOYKY M OTHOCHUTENBHO Hee ITOJCYUTAIU
MOMEHT MMITy/IbCa CUCTEMEI, TO 3Ta BeJIMYMHA JJI1 3AMKHYTOM CUCTEMBI
CO BpeMeHeM MeHAThcA He OyZeT. B kauecTBe mpuMepa AelCcTBUA 3aKOHA
COXpaHeHHUS MOMEHTa UMITyJIbCa MOXXHO IIPUBECTU M3MEHEHHUE CKOPOCTHU
BpaleHusa GpUrypucra rnpu cBeIeHUU WIN pa3BeJeHUH PyK.

3aKoH coxXpaHeHUsl MOMeHMA uMnyasca ofycnosneHn usomponueil npo-
cmpaxcmea, 4mo o3Hauaem 00UHAKOB80CMb C80LICME NPpOCMpaHcmad no 8cem
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HanpaeieHusim. [IoBOPOT 3aMKHYTOU CHUCTEMBI YacTUl] 6€3 U3MeHEeHUs UX
B3aMMHOT'O PAacCITOJIOXKEHUS YU OTHOCUTEIbHBIX CKOPOCTEN He M3MEHSeT
MeXaHUYEeCKUX CBOHCTB CHCTEMHI.

2.12. [iBMKeHMe LieHTpa Macc

Y n1060# cHuCTeMBl MaTepUAIbHBIX TOYEK (B YaCTHOCTU, M Y TBEPAOTO
TeJia) CYIIECTBYET OAHA TOYKa, KOTOpasi ABMKETCS 0cOOBIM o6pa3omM. JTa
TOYKAa — I[eHTp Macc (WIK LIeHTP UHEPIIUH).

Llenmpom macc (WIM yeHmpoM UHepyuUlU) CUCTEMBl Ha3bIBAeTCS TOYKA,
IIOJIOXKEeHYe KOTOPOH 3a/laeTcs pailyC-BeKTOPOM:

1n
RC =—Zmiri . (2.12)
mi=
37ech m — cyMMapHas Macca CUCTeMBI: m=)» m;; m; — Macca i-i

1

YaCTUIIBL; T; — pajUyc-BEKTOP, 3aal0IIUii II0JI0XKeHUe -1 YaCTUIIbL.
JlekapTOBBI KOOPAWHATHI IIEHTPA MacCC IOJYy4alTCsS IPOEKTUPOBAaHHUEM
BeKTOpa R, Ha KOOpAWHATHBIE OCU:

1 1 1
X, =— D X, Yo =—2 MY;, 2. =— ) M;z;.
m ; m ; m ;

3aMeTHM, YTO I[eHTP Macc He 00s3aTeIbHO COBIIAZIAET C MOJOXKEHUEM
KaKoH-11b0 MaTepraJIbHOM TOUYKU crcTeMbl. Hampumep, B cryyae CCTEMBI
13 JByX MaTepuaJbHBIX TOUEK LIEHTP MacC HUKOTJa He COBIaZaeT HU
C OAHOM U3 HUX (pa3yMmeeTcs, eCId PAaCCTOSHUE MeXAy TOYKaMHU Bcerga
6oJIbIlle HYJIS).

ITpousBozgHana mo BpeMeHu R, aeT HaM CKOPOCTH IJeHTpa Macc:

1 1 P
Ve=—>mt;=—> P =—,
m*4 m*4 m

rge P — uMIynsc CUCTEMBI.
OTtcroga nosy4yaem:
P=mV..

[ToacTaBuB 3TO B BeIpa)keHHUe (2.12), MOJyYUM ypaBHEHUE ABMKEHUS
LIeHTpa Macc:

%(mvc)zmvC =ma, =) F, (2.13)
i

rZe a. — yCKOpE€HUE II€eHTpa Macc.
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VITak, MBI ITOJIyYIUIH, YTO UeHMP MACC 08UNCEMCsl makK, Kak 08U2andacs 6ul
MamepuaibHasi MOUKA ¢ MACCOl, pasHoll macce cucmemsol, nod delicmsuem
pe3yabmupyrouell 8cex BHEUHUX CUJ, NPUNONEHHBLX K MOUKAM CUCTEMbL.

KopoTko roBopsi, 3aKOH ABMXXEHUSA LIEHTPA MacC COBIIAZAET C 3aKOHOM
JABWDKEHHUS MaTepUaJIbHOU TOYKHA Macchl m (BCei CUCTeMBI), K KOTOPOU IIpU-
JIOXKEHBI BCE BHEWHUE CUJIHI.

OTMeTHM, YTO BO BTOPOU 3aKOH HbIOTOHA A1 OJHON MaTepUaJTbHOU
TOYKM ma=)» F, B CyMMy CWJI BXOZST BCe CUJIBI, KAK BHYTPEHHHE, TaK
1 BHEIITHUE.

s 3aMKHyTOM cucTeMbl a, = 0. DTO 03Ha4aeT, 4TO LIEHTP Macc 3aMKHY-
TOM CHCTEMBI WIN TIOKOUTCS, WIHN ABUKETCS PAaBHOMEPHO U IIPSAMOJIMHENHO.
BHyTpeHHUE CHUIbI HUYEro He MOTYT C HUM CZeJaTh.

2.13. NMpuHuun oTHocutenbHocTH Fanunes

PaccmoTpuM fBe WHepIUaabHble CUCTEMEl OTCYeTa, OZHA U3 KOTOPHIX
IIOKOUTCSA, a Apyras ABUXKETCA [0 OTHOIIEHUIO K Hell C MOCTOSAHHOU CKO-
pocThio V), HampaBieHHOU BAo/b ocu X (puc. 15). HenoaBmxHyIo cucteMy
o6o3naunMm K, moaBmkHyIo K' (InTpuxoBas cucreMa). HaiizieM cBA3b MeXIy
KOOpPAMHATaMU X, Y, 2 HEKOTOPOX TOYKM P B cucteme K U KOOpAUHATaAMH
x',y', 2’ To# xe Touku B cucteMe K'. Hauaso oTcueTa BpeMeHU BhIOEpeM
TaKoe, KOI/la Hayaja KOOpAUHAT 00erX CUCTEM COBITAZIAOT.

Toraa

x=x"+Vyt',
!
Y=Y, (2.14)
z2=2,
t=t'.

COBOKYITHOCTh YeThIpeX ypaBHeHUM (2.14) Ha3bIBaeTcs npeobpa3osaHu-
samu Ianunes. IlepBoe U 4yeTBepTOE YPaBHEHUS CIIPABEAJIUBEI TOJBKO JJIA
KJIaCCUY€eCKO MeXaHUKH, T.e. Iipu V, << c. [Ipu V|, cpaBHUMBIX CO CKOPO-
CThIO CBeTa, Mpeobpa3oBaHuA anuiesa AOKHBI OBITh 3aMeHeHBI Ha 6oJiee
obmue mpeobpasoBanHua JIopeHIia.

HatileM CBsI3b MEX/y CKOPOCTSIMHM TOYKM P B 06eux cucTeMax OTCYETA.

Jna atoro npoauddepeHIIUpyeM KOOpPAMHATHEIE COOTHOIIeHUs (2.14)
110 Bp€MEHU:

x=x'+V0, VX=V)’(+V0,
y=y, wiu Vy =Vy,
z=2' V, =V;.
OTH TPHU CKaJSIPHBIX COOTHOILIEHUS 3KBUBAJIEHTHHI OAHOMY BEKTOPHOMY:
v=V'=V,. (2.15)
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Y Y’
P
?

0 0| Yo _ | _

Y, t X ——> XX
Z 4
Puc. 15

BreipaxkeHue (2.15) ABnAeTCA NPaBWIOM CIOXKEHUA CKOPOCTEN B KJIACCU-
JeCcKON MeXaHUKe. 3aMeTHUM, YTO JaHHOEe COOTHOIIEHWE OCTAETCs CIIpaBe]-
JIUBBIM U IIPH JIIOO0OM pyTOM BHIOOpE B3aUMHBIX HAIIPABIeHUH KOOPAWHAT-
HBIX ocelt cucteM K u K'.

[Tpoauddepeniupyem no BpeMeHu BhipaxkeHue (2.15), yuTs IIpu 3TOM,
4yTO V, = const:

V=V wiu a=a’'.

ITO O3Havae€T, YTO YCKOpPE€HHE TEjIa BO BCEX MHEPIHUAJTIBHBIX CUCTEMAax
OTCYETA OKa3bIBA€TCA OJMHAKOBBIM. HOCKOJIbe Macca B KJIaCCU4YECKOM
ME€XaHHKE IIOCTOAHHA, TO YMHOXHB obe yacTu IMOCJIEAHETrO YpaBHECHHUA
Ha m, IIOJIy4rM:

ma=ma’' wiu F=F'. (2.16)

[Tony4yeHHBIH pe3yabTaT JAJs IPOU3BOJHHO BBIOpAHHBIX CHUCTEM
K u K' o3Ha4aeT, YTO YPABHEHUS MeXAHUKU He U3MEHSIIOMCs npu nepexooe
om 00HOIl UHepUUANBLHOU cucmemMbsl omcuema kK Opyzoil, WiIX, KaK UHOIZA
TOBOPAT, UHBAPUAHMHbL N0 OMHOULEHUIO K npeobpa3osarusm Ianunes. [laH-
HO€ YTBepXKJeHUe Has3bhIBaeTCA NPUHUUNOM OMHocumeabHocmu lanunes.
[To-aApyroMy MOXKHO CKa3aTh M TaK: 8Ce MeXAHUUECKUE S8JeHUS 8 PA3NUUHBLX
UHEePUUAIbHbLX CUCMeMax omcuema npomekarm oOUHAKOB80, BCJIECTBUE
Yero HUKaKUMHM MeXaHUYECKUMU OIBITAMH HEBO3MOXKHO YCTAHOBUTh, IIOKO-
WTCSA JaHHAsI CUCTEeMA OTCUYETa WU ABIKETCS MPSMOIMHENHO ¥ pAaBHOMEPHO.

2.14. MexaHuKa TBepAoro Tena

IToz TBEpABIM TeJOM OyZeM IoApa3yMeBaTh abCOTIOTHO TBEPAOE TEJIO,
B KOTOPOM PAaCCTOSTHUS MEXAY JIIOOBIMU ByMs TOYKaM{ HEU3MEHHBI. DTO
TUMWYHAs pu3ndeckas abcTpakuus 1 0600CHOBaHA OHA TEM, YTO BO MHOTHX
crydanx AepopMauysIMU Tesl IPYU U3YYeHUU UX JBIKEHUS MOXHO IIpeHe-
6peysb.
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TBepaO€e TeJI0 MOXXHO NMPEACTAaBUTh KaK COBOKYITHOCTDH OOJIBIIIOrO KOJIMYe-
CTBa O4YeHb MaJIBIX Macc Am;, KOTOpble MOXXHO CIUTAaTh MaTepHaIbHBIMU TOY-
kamu. Kaxkzast U3 3TUX 371eMeHTapHBIX MacC MOXKET HaXOAUTHCSA 1107 BO3JeH-
CTBHEM KaK BHYTPEHHHUX CWI, 00YC/IOBIIEHHBIX B3aMOZAENCTBUEM C APYTHUMU
MaTepUaJbHBIMU TOUKaMU TeJla, TaK Y BHEITHUX CUI. [I03TOMY K Tely MOXKHO
IIPUMEHATh COOTBETCTBYIOIINE PE3Y/IBTATHI, IIOTyYeHHBIE /I CUCTEM MaTepH-
aJIbHBIX TOYeK. BOT kak, Hanpumep, MOXHO cHOpPMY/IUPOBATh TEOPEMY O JBU-
’KEHHU LIeHTpa MaccC TBEPZOTO TeJla: YeHmp MAcc meep0ozo meaa 08UNemcs
mak, kak 08u2andacs 6bL MamepuanbHAsL MOUKA C MACCOLL, PABHOLL Macce mena,
U K KOMOopOUl NpuoNceHbl 8ce BHEWHUe CUIbL, Oelicmayroujle Ha meJio.

BpamjeHue Tena BOKPYI OCHU XapaKTepPU3YeTCS YIJIOBOM CKOPOCTHIO
Y YIJIOBHIM yCKOpeHMeM. BesidrHa yIIioBoil CKOPOCTHU ( OIIpeZesseTcs KaKk
IIPOU3BOZHASA OT yIVIa IIOBOPOTA ( II0 BpEMEHU:

0= d—(p =0.
dt
HampapiisieM BEKTOP (0 BJOJIb OCH BpallleHUs TaK, YTOOBI HalIpaBJeHUE
BpallleHUs U HalpaBJIeHHe () 0O6pa30BhIBAIM IIPABOBUHTOBYIO CUCTEMY, KaK
IIOKa3aHo Ha puc. 16.
VI3MeHeHMe YIJIOBOM CKOPOCTHU CO BpeMeHeM OIlpeiesiieTCs BEKTOPOM
YIJIOBOT'O YCKOpeHuUs f:

B= lim 22— 6.
At—0 At

CBs3b BEKTOPOB YIVIOBOM U IMHENHOMN CKOPOCTU AaeTcs BeIpaKeHHEM
v=[wr].

3zech paguyc-BeKTOP I MOXXeT ObITh IIPOBeZeH U3 JIt060i Touku 0, j1exa-
el Ha ocy BpallleHus. Bce Tpu BeKTopa U3 MOCIeAHEr0 BEIpaXKeHU ITOKa-
3aHbl Ha puc. 16.

Puc. 16
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HaiizeMm MOMEHT MMIyJbCa MaTepHaJbHOMW TOYKHU, ABUTAIOIIEMCA
110 okpyxHocTu. ITo onpegenenuo L = [r, mv]. Beinunna BekTopa L:

IL|=mRv=mR-®R =mR?o.

3zech ObUIO yuTeHO, 4TO R = r sin o. [Io HanpaBneHnuto L coBnazaer
c HanpaBieHueM . Mtak, L = mR2m = Io.

BenuumHa I = mR2 Ha3bIBaeTCsd MOMEHMOM UHepyuUU MaAmepudibHoll
mouku.

IIpousBozaHas 10 BpeMeHU paBHa

dL. _do
el L ()
dt dt

B COOTBETCTBMM C 3aKOHOM M3MEHEHMSI MOMeHTa uMIty/bca (2.10) moiy-
JaeM:

IB=ZNBHCHI' (2.17)

BripaxxeHue (2.17) Ha3pIBaeTcs ypaBHeHHEM MOMEHTOB /JIs1 MaTepUaJib-
HOU TOYKU, VIV OCHOBHBIM 3aKOHOM JWUHAMUKU /i BpalleHUs MaTepu-
QJIbHOU TOYKY BOKPYT HEMOABIKHOMU OCU. J[efICTBUTENBHO, 3TO BEIPAXKEHUE
BHeIITHe OYeHb [TI0X0XKe Ha BEIpa)keHHe BTOPOro 3akoHa HbioToHa

ma=) F,.

Anajsorom maccel m B (2.17) sBasAeTca MOMEHT UHepPIUU I, aHAJIOTOM
JIMHEWHOTO YCKOPEHHUS a — YIJIOBOe yCcKopeHue [ M aHayjorom cuibl F —
MOMeHT cwibl N. DTH U Aipyrue nozobHble aHAJIOTUH B IMHAMUKE TBEPJOTO
TeJla OKa3bIBAIOTCA I10JIE3HBIMH.

PaccMOTpUM, Kak OyZeT ABUTaThCs TEJIO BOKPYT HEMOABIKHOM OCH ITOJ
eficTBEeM BHEITHUX CWI. IIOCKONIBKY TBEPZAOE TEIO0 MOXXHO IPe/CTaBUTh
KaK CUCTEMY MaTepHUaIbHBIX TOYEK, yeP>XXUBAa€MbIX BHYTPEHHUMHU CHUJIaMHU
Ha HEM3MEHHBIX PaCCTOSIHUAX APYT OT APyra, TO JJI HEero, Kak U I JTF000i
CHUCTEMBI MaTepHUaJbHBIX TOYEK, CIIPaBeAJINB 3aKOH M3MEHEHUsA MOMEHTa
HMMITY/JIbCA CUCTEMBI:

dL
EZZNBHem' (2.18)
MOMeHT UMITy/IbCa i-0¥ 4acTUIsl L; = Am;r?®, TAe r; — PaAnuyc OKpYyX-
HOCTH, IIO KOTOpOfI ABHXKETCA MaT€pHaJibHAsA TOYKa Ami OTHOCHUTE/TIbBHO OCH
BpallleHus Tesna. HanpasneHue Bcex L ofMHAKOBOE, IOTOMY YTO B KQXKZBIH
MOMEHT BPEMEHU YIJTIOBBIE CKOPOCTH BCEX TOYEK TEa (0 OAVVHAKOBBHI:

L= ZLI =O)ZAmiri2 =]w.
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BenmmuunHa
I=3% Am;r? (2.19)

Ha3bIBAETCA MOMEHMOM UHepuyUlU meep0020 mesa OTHOCUTENbHO JaHHOM!
ocu. CpaBHUB BeIpakxeHUe L = [o ¢ BeIpaxkeHUeM I UMIyibca P = myv,
3aMeTHM, YTO IIPU BpaljaTeJbHOM JBIKEHUY aHAJIOTOM UMITY/IbCa SIB/IAETCA
MOMEHT umiysnbca L.

OTMeudeHHBIE BBIIIE aHAJIOTUU IIOCTYIIATeIbHOI'O U BpalllaTeIbHOrO JABU-
’KEHUM UMEIOT OOIIMii XapaKTep, U MU MOXXHO II0JIb30BaThCS AJIA IOIyde-

HUA psAga GopMys BpalllaTeJbHOTO ABKeHUA. Tak, 3aMEeHVB B BBIpQXXEHUU
2
" my
ZUIsl KUHEeTUYECKOU dHepruu T :T Maccy Ha MOMEHT HMHepluu [, a CKo-

POCTh V — Ha YIVIOBYIO CKOPOCTbH (0, TIOJIyYUM KUHETUYECKYIO0 SHEPTUIO Bpa-
HIaromierocsi BOKpYT HENOABXKHOU OCH Tejia:

T:lImZ.
2

[ToacTaBUM MOMEHT UMITy/Ibca Tena L = Io B BeipaxkeHue (2.18):

dL
—=I=) N . 2.20
dt B z BHeEII ( )

/laHHOEe COOTHOILIeHVe Ha3bBAIOT 3aKOHOM HM3MEHEeHHUA MOMEHTa
HMMIIyJIbCa TBEPZOTO Tejla WIN OCHOBHBIM 3aKOHOM JWHAMUKU (BTOPBHIM
3akOHOM HbiOoTOHA) A1 BpallleHUs TBEPAOI'O Tejia BOKPYT HEMOABUKHOU
ocu. KopoTko BeiparkeHue (2.20) Ha3BIBaIOT ellle YpasHeHUeM MOMEHMO8.

2.15. MOMeHT uHepuuM TBepAOro Tena

Jlns onpeziesieHUsI MOMEHTa UHEPIIUU TBEPAOTO Tejla OTHOCUTEIBHO IIPO-
M3BOJIBHOM OCH HEOOXOAVMO, IIPEXE BCETO, HAUTH MOMEHT MHEPILIMU STOTO
Tejla OTHOCUTEIBLHO OCH, IPOXOAsAlel yepe3 IeHTp Macc Tena. Havigem,
HalpyuMep, MOMEHT WHEePIIUM II0JIOTO IWJINH/APA OTHOCUTEIbHO €ro OCHU
cummetpuu 00. B cooTBeTcTBUM C onpefesieHreM (2.19)

I=3 Amir2 =R?Y Am; =mR?,

rZle m — macca HWIMHApPA.

VTak, MOMEHT MHEPLMHU T0JIOTO IWINH/APA He 3aBUCUT OT BBICOTHI 3TOTO
UWIMHApPa. TOYHO TakK »Ke BHIIVISIAUT M BRIpaKeHHUE AJIs1 MOMEHTAa UHEPIIUU
obpyua.

JIJ1s1 TIOJTHOTO OoTpeie/IeHsI MOMEHTa MHEPITUU O0Jiee CJI0XKHBIX TeJT BhIpa-
)keHue (2.19) caepyeT yTOUHUTb, YCTPEMUB 3JIEMEHT Am; K HyJII0 ¥ Halzad
COOTBETCTBYIOIIMI IIpeset:

I= lim Y r2Am;.

Am—0
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Kak usBecTHO, Takoii IipeZie/l Ha3bIBaeTCs UHTEIPAIOM:
I =jr2dm. (2.21)

VIHTerpupoBaHue IIPOMU3BOAUTCA II0 BCEMY Tely. BelunciieHre UHTerpasa
(2.21) ansa mpou3BOJILHBIX TeJ BeCbMa HEMPOCTO, HO AJISI CUMMETPHUYHBIX
1 OZHOPOZAHBIX TeJI 3TO HETPYAHO cAenaTh. [IpuBezieM pe3ynbTaThl BEIYMCIIE-
HUU JIA ABYX U3BECTHHIX Tel.

MoOMeHT MHEPIINH CIUVIOIIHOI'O IWINHAPA OTHOCUTEIBHO OCH CUMMETPUHU
00 (puc. 17):

IzlmRz.
2

MoOMEHT MHEPITUM OZHOPOJHOIO IIapa OTHOCUTENBHO OCH, TIPOXOZSIIEH
yepes ero IeHTp:

1=2mp.
5

3Hasg MOMEHT MHEPIIMH Tejla OTHOCUTENbHO OCU, IIPOXOASIIEH yepes
I[EHTP Macc, MOMEHT MHEPIIUU OTHOCUTETHHO IIPOMU3BOJIBLHON OCH BBHIYKC-
JISIIOT 110 meopeme IlImetiHepa: MomMeHM UHePLUU OMHOCUMENbHO NPOU3BOJIb-
Holl ocu I pageH cymme momenma uHepyuu I. omHOCUMENBbHO OCU, NAPAILIENb-
HOtl 0aHHOlL U npoxodsiulell uepe3 yeHmp Macc meaa, u Npou3gedeHuUs MACCbl
menia Ha k8adpam paccmostHUsL mexcoy ocsimu d:

I=I,+md>. (2.22)

Pucynok 18 wutioctpupyet Teopemy IllTeiiHepa a1 mapa. ViHorzaa Teo-
pemy IllTeliHepa Ha3bIBAIOT TEOPEMOM O MapaJUIETbHBIX OCHX.

R
0]
| I L
s « 4
/\OE_/\
Puc. 17 Puc. 18
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2.16. Kone6anus yu BONHbI

Konebanusimu HaA3BIBAIOTCS MPOIIECCH, IIPU KOTOPBIX KaKasa-Tnb6o ¢pusu-
YyecKas BeJIMYMHA MHOTOKPATHO IIPUHUMAaeT Yepe3 paBHEIE IT0C/Ie[0BaTeNb-
HbIe IIPOMEXXYTKH BpEMEHU OJHU U Te Ke 3Ha4eHUA (WIN NpUOIU3UTETHHO
OZIHU U T€ XKe).

Eciu cucteMa KakuM-Ti60 06pa3oM BhIBeZieHA M3 PABHOBECUS U 3aTEM
npeZiocTaBieHa caMoii cebe, TO B Hell IPOUCXOAAT KojebaHUs, KOTOPhIE
Ha3BIBAIOTCA C80000HbIMU, WM cobcmeeHHbiMU. Hanpumep, KonebaHusA
MOCTa, BBIBEJJEHHOT'O M3 paBHOBeCHUs OZHOKPATHHIM yzapoMm. Eciu xe
cucTeMa KosiebyeTcs 1o BO3ZAEHCTBHEM ITepPUOJUYECKH U3MEHSIOMEeNCs
BHEIITHEW CWJIbI, TO TaKue KoieOaHUA Ha3bIBAIOTCS 8blHY#O0eHHbMU. Hampu-
Mep, TOT X€ MOCT II0J BO3ZAEHCTBHEM IMEPUOANYECKU ITOBTOPSIOIIEHCS
BHEIIIHEU CHUJIBI.

CaMBIMU ITPOCTHIMM U B TO K€ BpeMsA HanuboJjiee BAXKHBIMU SBJISIOTCA Tap-
MOHHMYECKHE KoiebaHUs, IOTOMY YTO BO MHOTHX CJIy4asix pasHOOOpa3HBIe
IIepHOANYECKUe IIPOLECCH MOTYT OBITh IIpeJCTaBIeHbl KaK CyIePIIO3ULIMS
rapMOHHYECKUX KoJie6aHUiA.

TapmoHuYeckuMU HA3bIBAIOTCS KOJIeOaHUsl, IPOUCXOAAIIME 110 CHHYCOU-
JaJIbBHOMY 3aKOHY, T.€. KOTZla u3MeHeH1e GU3NYeCKOU BeJIMYMHEI X(t) BbIpa-
*kaeTtcs popmynoi

x(t) = Asin(ot + @) wu x(t) = Acos(ot + @),

r7ie ® — KpyroBas WIM IUKJINYeCcKas 4acToTa,

YacToTa v — YHCJIO KojlebaHui B €AVHHUIY BPEMCHU, T — IIEpUOL KoJie-
63HPII>i, T.€. BpEMA, 4€pe3 KOTOPOE 3HAYECHUA KOHG6HDM€ﬁCﬂ BE€JIMYNHBI
HaYWHAIOT ITIOBTOPATHCA:

1
V=—,

BennuuHa (wt + @) HasbBaeTcs Gpa3oil KosebaHuil, () — HavyaabHast pasa
KonebaHui, T.e. pasa npu t = 0. Paza xapakTepusyeT OTKJIOHEHHE BeJU-
YMHBI X OT HYJIEBOI'O 3HAYE€HUA B JAHHBII MOMEHT BPEMEHU.

CKOpPOCTh U yCKOpEeHHUE ITPYU FapMOHUYECKOM KOJieOaTeTbHOM ABUKEHUU
TOYKU OTIPEZIeJIAIOTCA COOTBETCTBYIOUIVMU IIPOU3BOAHBIMY 110 BpEMEHU:

v, =X =w0Acos(ot + Q).

ax =X =-w?Asin(ot + @) = —o?x.
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[TosyyeHHOE COOTHOIIEHHE X =w?x =0 sBasercsa guddepeHnaTbHBIM
ypaBHEHHEM TapMOHUYECKUX KojebaHUi. YpaBHEHHEM TaKOT0 TUIIA OIU-
CBIBaIOTCA JMI0OBIe TapMOHUYECKUe KonebaHus. Hampumep, Teo Maccel m,
Koseb6romeecs o/ JeMCTBUEM CWIBL YIIPYTOCTU NpPYXKUHHBL F = —kx (k —
K03)UITUEHT YIIPYTOCTU MPYKUHBI, X — CMelleHue Tejla OTHOCUTEIbHO
IIOJIOXKEHUSI paBHOBeCUs, 3HaK «MUHYC» O3Ha4aeT, YTO CWIa HalpaBjieHa
B CTOPOHY, IIPOTUBOIIOJIOKHYIO CMEIeHHIO X), COIJIAaCHO BTOPOMY 3aKOHY
HploTOHA onuckIBaeTcsi ypaBHEHUEM

ma = —kx wim mx = —kx;

5c'+£x:0.
m

O6o3Havas k_ 3 uMeeM X + 0gx =0.
m

YacToTa 0, Ha3bIBaeTcs co6cmMeeHHOll YaCTOTON JaHHOTO, KaK r'OBOPAT,
rapMOHHYECKOI'0 OCHWIIATOpAa. B Apyrux ciy4asax rapMOHUYECKUX KoJe-
6aHuil BhIpakeHHe i1 COOCTBEHHON 4acTOTHL M, OyZieT 3aBuceThb, pasyMe-
eTcsl, OT APYTUX BeTUYUH.

Ecnu B ympyro# cpeze (TBepAoH, KUAKON WIM ra3000pa3HOi) IZe-TO
BO30yUThH KOJIeOaHUs ee JacCTHll, TO M3-3a B3aUMOZAENCTBUA MEXAY YaCTU-
1jaMu KosebaHye HAYHET pacIpoCTPaHAThCA B cpezie. IIporiecc pacmnpocTtpa-
HeHUs KojieGaHUU B MPOCTPAHCTBE HA3bIBaeTCsA 80NIHOU. HaCTUIBI Cpeabl,
B KOTOPOM pacIpocTpaHseTcs BOJHA, He IIEPEHOCATCA BOJIHOM, OHU JIUIIb
COBEpLIAIOT Koje6aHUs OKOJIO CBOUX IIOJIOXKEHUM paBHOBECHUS.

IIpodonbHoll 801HOTl HA3BIBAETCSI BOJMHA, B KOTOPON YaCTHUILIBI CPeZb
KOJIeOJII0TCA BAOIb HAIPaBJIeHUs pacpoCTpaHeHUs BOJHBL B nonepeunoil
80JIHe YaCTUIIBI CpeZibl KOJIeOII0TCs B HallpaBleHUH, [TepleHAUKYIIPHOM
HaINpaBJeHUIO PACIIPOCTPAHEHUIO BOJIHBI.

MexaHuyeckue IolepeYHble BOJIHBI MOTYT BO3HUKHYTH JIUIIb B Cpeje,
obyazaromniel cCONpoTUBIeHUEM cABUTY. [I03TOMY B XXHAKOCTSAX U rasax
MOT'YT OBITH TOJBKO IIPOAOIbHBIE BONHBEL. (HO Ha nogepxHocmu XUAKOCTU
MOXKeT OBITh U IIOIlepeYyHas BOJHA.) B TBepAbIX TesaX BO3MOXKHBI U IIPO-
JIOJIbHBIE, U TIOTIEPeYHbIe BOJIHEL.

PaccTrosiHre MeXZy OMKaiIIuMy YacTULIAaMU, KOJIe6IIoIMIC B OAU-
HaKoBOU ¢ase, Ha3bIBaeTCsA AJIMHOU BOJMHHI A. /[1UHA 80JIHbL — 3TO PacCTO-
sHWe, Ha KOTOpOe pacIpoCcTpaHAeTcs BOJIHA 3a IIepUOZ

kszzz.
Y

CKOPOCTB BOJIHBI
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2.17. 3ByKOBbI€ BOJIHbI

38yK08bLMU BOJIHAMU, VIV IIPOCTO 38YKOM HA3BIBAIOTCSA YIIPYTHE BOJHBI
B 1100011 cpezie ¢ yacToTou ot 16 I'i 10 20 KI'11. BOJHBI C YaCTOTOM MEHBIIIE
16 I'y Ha3eIBarOTCA UHPpa3sykom, Beime 20 K['L — ynsmpasgykom.

XoTts nHbpa3ByKHU YeJIOBeK U He CIIBIIIUT, HO BOCIPUHUMATh UX BIIOJIHE
MOJKET, [IOTOMY YTO HEKOTOPbIE YACTOTHI MOTYT OKa3aThCs OJM3KUMHU K COO-
CTBEHHBIM 4acTOTaM Kojie6aHU HEKOTOPHIX YeJIOBEYECKUX OPraHOB («CJIbI-
IIUT» He YXOM, a Tesom). [Ipu AocTaTo4HO GONBIION MOUTHOCTU TaKUX
MH)Pa3BYKOB IOCIEACTBUA MOTYT OKa3aThCs KpaliHe HeXelaTeJTbHbIMU.

BcsakUil peanbHBIN 3BYK IPeCTaBisAeT co60il He MTPOCTOe TapMOHUYECKOE
KosebaHue, a ABIAETCA HaJIOXKeHNeM rapMOHUYeCKUX KoslebaHu ¢ olpeie-
JIEHHBIM Hab0pOM 4acToT. DTO yTBEPKJEHUE OCHOBAHO Ha TeopeMme Dypbe:
npouseoibHblil, nepuodudeckuil 80 8pemeHU dusuueckuil npoyecc ¢ 4acmo-
motil o, onucbieaemublil pynkyuetl @(t), moxmem 6bims npedcmasieH 8 guode
cynepnosuyuu 6ecCKOHeUH020 YUCAA 2APMOHUUECKUX KoalebaHull, uacmomul
Komopblx 06pasytom OUCKPeMHYH NoCaied08aMebHOCMb:

o(t)=Cy + 3 C, cos(not —a,). (2.23)

n=1

Haumensbmias yactoTa aToro psaga ®ypbe paBHa 4acTOTe IEPUOANIECKOTO
mpoliecca . OTa 4aCTOTa Ha3bIBaeTcs mMoHOM 3ByKa. OcTasbHble YaCTOTHI
rapMOHUYECKOro pszia, KpaTHbIEe O (T.e. nw, IAe n — Ijejible YUCiIa), Ha3bl-
BalOTCS 0b6epmoHamul.

KoaddunuenTs! C,, ABAIOMIMECT aMIUIUTYZAMU COOTBETCTBYIOIIUX Iap-
MOHHUYECKUX COCTABJ/IAIOIIMX, MOTYT IIPUHUMAaTh U HyJIeBble 3HAUeHUA.

Habop vacToT KonebaHuii, MPUCYTCTBYIOUIUX B JAHHOM 3BYKe, Ha3bIBa-
eTCs ero aKyCmuueckum cnekmpom. 3ByKU BceX MY3bIKaJbHBIX MHCTPYMEH-
TOB UMEIOT JIUHelluamblil aKyCTUYECKUI CIIeKTp Takoro Tuma (puc. 19). Eciu
OZIHY U Ty >Ke 4aCTOTy WU, KaK MBI ee Ha3BaJy, OJUH 3ByKOBOI TOH BOCIIPO-
M3BECTH Ha Pa3HBIX MY3BbIKAJIbHBIX MHCTPYMEHTAX, TO MBI JIETKO OTINYUM
3BYK, CO3/IaHHBIN POSJIEM WIHW CKPUIIKOM. JTO MO3BOJISIET CAEIaTh UMEHHO
Pa3JIMYHBIN CIIEKTPaJbHBIM COCTaB 3ByKOB IIPU OZHOW U TOU K€ OCHOBHOM
yacroTe. OTHOCUTEbHASI MHTEHCUBHOCTh 0OEPTOHOB OIpeZAEIsieT OKPacKy
WIH, KaK OOBIYHO TOBOPAT, memOp 3ByKa.

3aMeTuM, YTO IMIMPOKO M3BECTHBIE CTPYHHBIE CMBIYKOBEIE MY3bIKaJbHbIE
WHCTPYMEHTHI UMEIOT He CIMIIKOM IIMPOKUU AUana3oH M3ZaBaeMbIX 3BY-
KOBBIX TOHOB:

CKpHUIIKA — ot 196 g0 2000 I'm;
aJbT — ot 131 70 1100 I'm;
BUOJIOHYEIb — ot 65 a0 700 I'm;
KOHTpabac —oT 41 o 240 I'm.

OzHako MpU 3alUCU U NOCAEAYIOMEeM BOCIPOM3BEJEeHUN 3TUX 3BYKOB
HeoOXOAMMO ITOJIb30BaThCsS BHICOKOKJIACCHOM ammapaTypoi, CIIOCOOHOM
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paboTaTh B JMHEHHOM peXHMe C IIUPOKUM AUANAa30HOM YaCTOT UMEHHO
JUISI TOTO, YTOOBI HE MCKA3UTh 00EPTOHA M HE UCIIOPTUTH, TAKUM 00pa3om,
TeMOp 3BYKOB.

C

n

| | ~
W; O, O
Puc. 19

3aMeTuM, 4YTO AUANa30HBl BCE€X YETBIPEX CMBIYKOBEIX MHCTPYMEHTOB
MOT'YT OBITh pAaCIIHPEHBI B PyKaX MCKYCHBIX MY3BIKAHTOB 32 CYET HUCITOIb30-
BaHUA BBICOKUX F'apPMOHMK ITyTE€M JIETKOI'O KaCcaHUA CTPYH NaJblLlaMU BMe-
CTO IIPKUMAHUS UX K TpUPY UHCTPYMeHTa. EC/ii CTyIaTh My3bIKY TOJBKO
B 3aIlMCH U Ha IUIOXOM almaparType, TO MOXXHO He IIOHATb, OTYEro XKe MPHU-
XOJAT B BOCTOPT CJIyIIaTeNIN B 3aje.

OCco6eHHOCTBIO TYXOBBIX MHCTPYMEHTOB SIBJISIETCS HEONPEAEIEHHOCTD
MeCTa OTPa)keHUs BOJHBI OT OTKPBITOrO KOHIA. B pesynbTaTe BO3SHUKAIOT
06epTOHBI, KOTOPhblE HE SABJAIOTCS FAapMOHHMKAMH OCHOBHOr'o ToHa. Cre-
IIEHb HETAPMOHUYHOCTHY 3aBUCUT OT COOTHOLIEHUS MEXAY AUaMeTPOM pac-
Tpy0a U AJIMHOM BOJHEI. B IepeBAHHBIX AYXOBBIX MHCTPYMEHTAaX Ha CTeIlleHb
HErapMOHUYHOCTHU BIMAET TaKKe TOJIIAHA CTEHOK KOpIlyca UHCTPYMEHTa,
dopma oTBepcTHI U KJIAllaHOB. B uTOre crereHb HErapMOHUYHOCTY WH/U-
BUZAyaJIbHA AJI1 KOKJO0r'0 UHCTPYMEHTA, U UX 3BYK TPYAHO IIOBTOPUM.

HekoTopast HerapMOHUYHOCTb MOXKET OBITh 1 Y CTPYHHBIX HHCTPYMEHTOB
3a cueT He abCOJIOTHO YKEeCTKOTO 3aKpeIUIeHUsA CTPYHBI Ha KOHIIaX, HeOOJIb-
IIIOM ITOABMXXHOCTU OIIOpP, TOM WJIM MHOM K€CTKOCTU MaTepuajia CTPYHBI
U T.A.

Cy1ecTBYIOT 3ByKH, B KOTOPHIX IIPUCYTCTBYIOT KoiebaHUA BCEX YACTOT
B HEKOTOPOM HHTepBaje OT ®; A0 ®, (puc. 20). Takoil 3Byk Ha3bIBaeTCA
WyMom, a ero aKyCTU4eCKUU CIeKTp Ha3blBaeTcA crnuiowHsm. Ha puc. 20
IIpUBeZieHa 3aBUCUMOCTb aMIUIUTYZAbI A OT 4YaCTOTHI (O AJIA LIyMa.

CKOpOCTb paclpoCcTpaHEeHHs 3ByKa B BO3JAyXe IIPpU KOMHATHOM TeMIIe-
patype v = 340 Mm/c. C NOBHIILIEHUEM TeMIlepaTyphl CKOPOCTb BO3pacTaeT
MIPOMOPIIMOHAIBHO KBAaJPAaTHOMY KOPHIO M3 abCOMIOTHOMN TeMIepaTyphl:
y~T.

OueHb BaXKHO, YTO 38YKO08ble B0JIHbL He 0OHapyxcusarom ducnepcuu, m.e.
3asucumocmu ckopocmu om yacmomsl. OTO O3Ha4aeT, UYTO 3BYKU Pa3HBIX
YaCTOT PaCIpPOCTPAHAIOTCA C OAVHAKOBBIMU CKOPOCTAMU. DTO U I103BOJIAET
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HaM HaCJIaXZaTbCsS MY3BIKOHM, a TaK)Xe JaeT BO3MOXKHOCTDb CJIYIIATh Pedb
YyesloBeKa HEMCKAXXEHHOU 10 TeMOpy Ha Pa3HBIX PACCTOSHUSX OT TOBOPS-
IIero.

C

n

0, 0,
Puc. 20

YTo Takoe IMPUATHBIE U HENMPUATHBIE 3BYKU (KOHCOHAHC M OUCCOHAMC)
¢ Touku 3peHus: ¢usuku? I'. JI. ®. ['ebMrosbI] MpoBes TIIATeIbHOE HCCIe-
ZoBaHMe IpobJIeMbl KOHCOHAHCA U AMCCOHAHCA M YCTaHOBWWI, YTO OCHOBHOM
dakTop B GU3MKE ITUX SABJIEHUN — HaMW4IUe bueHull MeXXAY TOHAMU WIN
WX BBICIIMMY FTapMOHMKaMH IIPH OAHOBPEMEHHOM 3By4aHUH. Ecii GveHus
OBICTpBIE, TO Pe3yAbTAT BOCIPUHUMAETCA KaK HaJIM4YMe KaKOU-TO «Ipybo-
CTU» B 3ByKe. «HeIIpUATHOCTE» 3By4aHUSA 3aBUCHUT U OT CyObEKTUBHBIX da-
KTOPOB, CBA3aHHBIX C HEJIMHEMHBIMU CBOMCTBAMU YE€JIOBEUYECKOI'0 CIyXa.
V13-3a 3TOM HeIMHEMHOCTU MBI CJIBIIIUM U Hecyujecmayrujue 8 cnekmpe 2ap-
MoHuku («He IIOHMMas», KaK HaM Ka)KeTCsA, KOMIIO3UTOpa, a TOYHee, UCIIOJI-
HUTeJIA; HO, BUAMMO, KOe-KOMY KTO-TO JIeICTBUTEIbHO HACTyIIaeT Ha yX0).

YesroBeK C/IBINIUT 3BYK He JII000M MHTEHCUBHOCTU. JJOBOJIBHO CJIOXKHOE
YCTPOMCTBO YeJI0BEYECKOT'0 yXa TaKOBO, YTO YCJBIIIATh 3BYK OHO MOXKET,
TOJIBKO €CJIM UHTEHCUBHOCTD IIPEBBICUT HEKOTOPYI0O MUHUMAJIbHYIO BeJU-
YUHY, Ha3bIBaeMyI0 N0p0o20oM casiuumocmu. I1Iopor CABIIIUMOCTUA 3aBUCUT
OT YaCTOTHI 3ByKa: Hamboyiee BHICOKAsA YyBCTBUTEJIHHOCTh Hab0gaeTcs
B paitoHe 3000 I'r. ITopor CABIIMMOCTY IIPU 3TOM COCTaBJAET B CpeAHEM
(ycpeanenue o MHoOruM JyroasM) 10-12 Bt/m2.

[Touemy MakcuMasIbHAsA YyBCTBUTEIbHOCTD HaxoAuTcA B parioHe 3000 I'if?
ObpbsacHeHMe YuCcTO GU3MIECKOe: BCE ZeJI0 B pe30HaHce CTONOHUKA BO3AyXa
B YEJIOBEYECKOM YUIHOM KAHAJle. YITHOM KaHaJl PeACTaBsieT cO00i 3aKphI-
TYIO C OZJHOM CTOPOHBI 6apabaHHOll nepenoHkoll aKyCTUIECKYIO TPYOKY JTH-
HOH npuMepHO 2,7 cM. CTOJIOMK BO3AyXa BHYTPU TAKOTO YIIHOTO KaHaja
Pe30HUpYeT Ha 3BYK C JJIMHOM BOJIHBI, PABHOU YeTBIPEM €ro JjIMHaM, 4YTO
u cootrBercTByeT 3000 I'11.

3BYKOBHIE KOJIeOaHUs B YITHOM KaHasle mepefaioTcsa 6bapabaHHOI mepe-
IIOHKOM B TakK Ha3blBaeMoe CpefHee yXO0, TaKKe 3aIll0JJHEHHOEe BO3AYXOM
Y COCTOSIIIEE U3 CUCTEMBI HEOOJIBIINX KOCTOYEK, 110 popMe HaTOMUHAIOLIUX
MoJlomoueK, HAK08albHI0 U cmpemsi. KonebaHusA cTpeMeHU NepesarTcs
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ynumxke, KOTopast IpeJCTaBisieT co00il 3all0HEHHYIO KUAKOCThIO CBEPHY-
TYI0 TPyOKy, BHEIIIHE ITOX0XYIO Ha YIUTKY. KosebaHuA )XUJKOCTU B YIUTKE
IIPUBOZSAT B ABIDKEHUE 6A3anbHY0 MemMOpaHy U B KOHEYHOM cUYeTe IIpeob-
Pa3yloTcs B AJIEKTPUYECKHE CUTHAJIBL, lTlepeZlaBaeMble MO3TY.

[Ipu mHTeHCMBHOCTH 1—10 BT/M2 4YesoBeK 4yBCTByeT 0OJb, U 3THU
VHTEHCUBHOCTH HAa3BIBAIOTCS NOP020M 6071e8020 OULYLEHUS.

Mexy 3TUMU NOPOraMU IOJb3YIOTCSA NMOHATUEM 2pPOMKOCMU 3BYKa.
YposHem zpomkocmu L Ha3bIBaIOT JiorapudM OTHOIIEHUS UHTEHCUBHOCTHU
ZAHHOTO 3BYKa I K MHTEHCUBHOCTH ), IPUHATOM 3a HaYaIbHYIO:

L=lgt. (2.24)
IO

3a HavyaJIbHYI0O MHTEHCUBHOCTD [, IPUHUMAIOT YK€ OTMeUYeHHbIN BBIIIe
IIOPOT CABIINMOCTHU, paBHbIM 10-12 Br/Mm2. EAHMIIA YPOBHA I'POMKOCTH,
omnpezesiemoro 1o ¢popmyse (2.24), HaspiBaeTcsa 6esiom (B). YaobHeit mosib-
30BaThca B 10 pa3 MeHbIel eguHuIleii — deyubenom (aB). POMKOCTb
B Zieltbesniax HaxoAuTcs o popmyite (2.25)

L=10lg-L. (2.25)
Iy

[l iprMepa: 'POMKOCTh TUXOI'O PasroBOpa COCTaBJIAET IIPUMEPHO
40 ab, rpomkoii peuu — 70 aB, kpuka — 80 A6, 1IyMm ABUTATENsI CAMOJIETA
Ha paccrosHuu 5 M — 120 gb.

O nouckax cekpetoB CTpaguBapu

O ckpunkax CTpaguBapy roOBOPAT U CIIOPAT CTOJIETUAMU. YTO MOXKHO CKa3aTh
C MO3UIUM COBpeMEHHBIX UCCIeJOBAaHUM?

Kopiryc ckpunku paboTaeT Kak yCWINTEb CJIaObIX KojeOaHUi CTPYHBI U SIBJIS-
€TCA BOCXUTUTEIBLHBIM JOCTUKEHUEM B UCTOPUU MY3EIKU. [I0UTU B COBpeMeHHOM
BUZe OH 6bUT co3zaH B XVI B., 2 OKOHYATeIbHO GOpMa CTaOWIM3UPOBAIACh B KOHIIE
XVIII B. Kopryc uMeeT ciioxxHy10 GOpMYy, JaKe TOJIINHA JepeBa B HEM HeO[UHa-
KoBa. Hy>xHa AipeBecrHa pa3IMYHBIX IIOPOZ;: AJIs1 BEpXHEH IeKU UCIIONIb3yeTC s MAT-
Kas ¥ y3KOCJIOMHAs ZipeBecrHa (HallpuMep, eJib) CO CJIOAMU, TapaUIe/IbHBIMU CTPY-
HaM, a /i1l HIDKHeH Jeku (JHa) — TBepAoe AepeBo (HapuMep, KJIeH WIKM IpyIa)
CO CJIOSIMM, IIepIIEHAVIKY/IAPHBIMUA CTPYHAM.

[NoacTaBKa AJIs1 CTPYH, 10 HJee, Z0JDKHA 00ecrieunBaTh OAMHAKOBOE yCHIEHHE
110 BceMy Jvarna3oHy UHcTpyMeHTa. Ho uccinenoBanusa 1959 r. mokasainu, 4To ABU-
>KEHHUE CTPYH 3acTaB/IseT IIOCTaBKy Kose6aThCsA B 1Ba pa3a yalle, 4eM CTPyHa, YTO
IoAYepKUBaeT BTOPYIO FTapMOHUKY B 3ByYaHUU CKPUIIKU.

Bo BTopo# nonoBuHe XX B. YuibaAM CayHzepc u KapiauH Xa4uH3 IpoBenu
HCCIeJOBAaHUA OTHOCUTENbHOM 3HAYMMOCTHY Pa3/JIMYHbIX IapaMeTPOB CKPUIIKU.
OcHOBHOM ynop fAenajuca Ha UcCle0BaHNe Pe30HAHCOB Pa3/lUYHBIX YacTel
MHCTPYMEHTA. YCTAaHOBJIEHO, YTO PE30HAHCHI BO3ZYIIIHOTO 00'beMa He UTPaloT Bey-
mei posy, 60ee BAXXHBIMU OKa3bIBAIOTCS Pe30HAHCHI ipeBecuHbl. Ho 3TH pe3o-
HAHCHI 10 COOPKU CKPUIIKU OTIIMYAIOTCSA OT Pe30HAHCOB ITocIe COOPKHU, TO3TOMY
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TpeZcKa3aTh Ka4yecTBO 04eHb HempocTo. OZHAKO BO3MOXXHO HAaUTH HEKOTOPHIE
COOTHOIIIEHU MeXZy STUMH Pe30HaHCaMU, a cieJoBaTeIbHO, TIOBBICUTh Ka4eCTBO.

Omyckas getany 3TUX (M APyryxX) MHTepeCHBIX UCCIeZloBaHUM, CKaXKeM I7IaB-
Hoe. CoBpeMeHHEIe MacTepa y»Ke MOTYT cZieJlaTb UHCTPYMEHT, KOTOPHIU B pyKax
BUPTYyO3a He OTVINYKM I10 3By9aHUIO OT IIO/UIMHHBIX CKPUIIOK KPEMOHCKUX MacTe-
poB u camoro CrpaguBapu. OCTasoch pelIUTh OAHY IpobIeMy: Ha CTApUHHOMN
CKpHIIKe Ja’ke HOBUYOK MOXKET M3BJIeUb YZOBIE€TBOPUTEIbHBIN 3BYK, a JJIA IOJIy-
YeHUsI TAKOBOT'O HA COBPEMEHHOM CTaHapTHOM CKPUIIKe He06X01M IIepBOKJIACC-
HBIN UCIIOJHUTEb.

2.18. dInexkTpuyeckui 3apag. 3akoH Kynona

Elre B IpoILIOM BEKe TPYAHO OBLIO MPEACTAaBUTD, YTO €CTh KaKasa-TO IIIy-
OoKas CBSI3b MEXIy BCEM, YTO HAC OKPYXKaeT, ¢ dMeKTpudecTBoM. OmIHAKO
Ternepb MBI XOPOIIIO 3HaeM, 4TO GU3UYEeCKUe U XUMUYECKUe CBOMCTBA Belle-
CTBa — OT aTOMa /[0 )KUBOU KJIETKU — He MOTYT OBITh OO'bSICHEHBI ¥ TIOHSTHI
6e3 ydeTa 3JIEKTPUYECKUX CHI. DJIEKTPUYECKUE 3apsibl BXOJAT B COCTaB
JI000T0 TeJla, TaK KaK BCE Tela COCTOAT M3 aTOMOB, & aTOM COCTOUT U3 IT0JIO-
KUTEJbHBIX Y OTPUIIATEIbHBIX 3aPs/I0B.

OmnBIT IMOKa3bIBAET, YTO MUHMMAJIbHBIN 10 BeJIMYUHE 3apsiZi paBeH 3apsagy
3JIeKTPOHA WIU MPOTOHA. Ero Ha3bIBalOT 37leMeHTapHBIM 3JIeKTPUYeCKUM
3apsAzoM e:

e=1,602-10"19 K.

OTpunaTenbHBIN 3aps/ OKa3aucad y JIeKTPOHA YMCTO CIy4YalHO, TaK Xe
KaK y MPOTOHA — ITOJIOXKUTENbHbINA. MOXXHO OBLIO OBl IPUCBOUTH 3HAKU
¥ Hao60poT. [/1aBHOEe 3/ech B TOM, YTOOBl OTpa3uTh GyHAAMeHTaJIbHOE
CBOMCTBO 3apsAZ0B: OHM MOTYT CyllleCTBOBAaTh B IBYX BUZAaX, IpUYEM OZHO-
MMeHHBbIE 3apsAJAbl OTTAJIKUBAIOTCA APYT OT Apyra, a pa3HOUMEHHbIE — IIPU-
TACMBAIOTCA.

OueHb TOYHBIE IKCIEPUMEHTHI IMOKAa3bIBAalOT, YTO BeJWYUHA 3apAafa
He 3aBHCUT OT €ro CKOPOCTH WIHY OT XapaKTepa ABUXKeHUA. J[eICTBUTEIBHO,
ey OB Takas 3aBUCUMOCTDb MMeJIa MeCTO, TO Hapyllaiach Obl ajieKTpUye-
CKas HEWTPaJbHOCTb aTOMOB, COCTOAIIMX M3 PAaBHOT'O KOJUYECTBA IIOJIO-
JKUTEJIbHBIX U OTPULIATENbHBIX 3apA/0B, HO COBEPIIEHHO II0-pa3HOMY /IBU-
x)ymuxcsa. OZHAKO OIBIT YKa3blBaeT Ha dJIEKTPUYECKYI0O HEUTPaJbHOCTh
aToMOB. BesnuuHa 3apsza, U3MEpEHHasA B Pas/IMYHBIX WHEPIUAIbHBIX
CUCTeMax OTCYeTa, OKa3hIBaeTcsd OAUHAKOBOM. DTO O3HAYAET, YTO DJIEKTPU-
YeCKUU 3aps/ ABIAETCA PeJIAMuU8UCTCKU UHBAPUAHMHBLM.

MoryT 1 3apAzasl ucye3aTb? MoryT. A MOryT JIU OHU NOABIATHCA? Toxe
MoryT. Ho ecTh Ba>kHasi 0COGEHHOCTD: BcerZja BOZHUKAIOT U MCUe3al0T OJHO-
BPEMEHHO /iBa 3JIEMEHTAPHEIX 3apA/a pa3HbIX 3HaKOB. Harpumep, 371eKTpOH
Y IO3UTPOH (OT/IMYAETCA OT /IEKTPOHA TOJIbKO 3HAKOM 3apsJa) IIpU BCTpede
aHHUTWIVPYIOT, T.€. IIPEeBPAILAalOTCA B HEUTpaJbHbIe TaMMa-KBaHTHI, KUMe-
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IolIMie Maccy MOKOs, paBHyI0 Hyn0. Ho Bo3aMoxkeH U oOpaTHBIN Ipoliecc,
Ha3bIBaeMbIil POXKAEHHEM Iaphl, KOTZa raMMa-KBaHT, IIposieTas BOIU3U
aTOMHOTO s/Jpa, IPeBPaLIAeTCs B apy YacTUL] — 3JIEKTPOH —e U MIO3UTPOH
+e. Utak, MOXXHO cHOpPMY/IUPOBATh 3aKOH COXPAHEHUSA dJIEKTPUIECKOTO
3apaAa: CyMMAapHblil 3aps0 3eKkmpuuecku U30aUPOBAHHOU cucmeMbl U3Me-
HAMbCSL He MoJcem.

ONeKTpUYeCKU N30JIMPOBAHHOM SIBJISIETCS CUCTEMA, Yepe3 OTPaHNYUBA0-
IIIyI0 IIOBEPXHOCTH KOTOPOI He ITPOHUKAIOT 3apsDKeHHbIE YaCTUIIBL.

®PU3HKY HETTOABIKHBIX JJIEKTPUYECKUX 3aPSAA0B U3yJaeT JIEKTPOCTATHKA.

®paniysckuit pusuk II1. O. Kys0H ONBITHBIM ITyTeM YCTaHOBUI B 1785 T.
3aKOH: cuia e3aumoolelicmeusl 08yX HenoOBUMHbLX MOUEUHbLX 3aps008
8 8aKyyMe NPONOPYUOHANBbHA BEUUUHAM 3apsi008, 06pamHO nponopyuo-
HAIbHA K8AOPAMYy PACCMOSHUS MeX0y HUMU U HANPAasJieHa 800Jb NPSMOLL,
coeduHsitowell 3apsowl,

F=k34% (2.26)
r2

k — Ko3ddULIMEHT MPOMOPIIMOHATBHOCTH, 3aBUCAIIUNA OT BHIOpaHHOM
cucTeMbl eJUHUIL. B rayccoBoii cucteme k = 1, B MexxayHapoAHOU cucTeMe
eaunaull (CH)

k=t
471:80

I/ie €, Ha3bIBAETCs JIEKTPUIECKOUN ITOCTOAHHOM:
g =8,85-10"12 ®/m.

VIHTepecHO, 4yTO OyeT, ec/iv BOIHM3U BRIOPAHHBIX IBYX 3aPSA/I0B IOSBUTCS
TPEeTUlN: U3MEHUTCA CWIa B3aMMOJAENUCTBUA 3apsoB, JaBaeMas 3aKOHOM
Kynona (2.24) wiu HeT? OIBIT MOKa3bIBAET, UTO CHJIAa B3AUMOZEUCTBUSA ABYX
3apsAI0B He U3MEHSIeTCsA, €C/IM BOJIM3U HUX TTIOMECTHUTD JPYTHUE 3aps/bl.

2.19. HanpaXXeHHOCTb NEKTPUYECKOro nona

Jlisi XapaKTEPUCTUKU 3JIEKTPUYECKOTO I10JIsI, BO3HUKAIONIETO BOKPYT
J000T0 HEMTOABMYXHOTO 3apsizia YA0OHO MCIOIb30BAaTh OTHOIIEHUE CUIIHI F,
JeHCTBYIOIIMI Ha TIOMeLIeHHBIN B T0JIe 3aps/, ¢, K BeJIMYMHE 3TOro 3apsja:

E=—. (2.25)

BBezeHue BennuuHbI E, Ha3pIBaeMOM HANPAWEHHOCMbIO 3JIEKMPUUECKO20
noss, ynobHo TeM, uTto E He 3aBUCHUT OT BeTMYMHBI IOMEIIAEMOTO B IIOJIE
3apszia ¥ XapaKTepusyeT IMEeHHO CBOMCTBA IoJid. V3 ompezeneHUs Hamps-
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)XeHHocTH (2.25) BuauM, uto E 1 no BesimyuHe, M 1O HAIIPaBJIEHMIO COBIIA-
JlaeT C CWIOMH, AeNCTBYIONIHM Ha e AMHUYHBIM ITOJIOXXKUTE/NbHBIN 3aps/, IIoMe-
IIIeHHBIA B JAaHHYIO TOYKY ITOJIA.

HanpsbkeHHOCTD I0JIA, CO3/[aBaeMOr'o CCTEMOM 3apsiZioB, paBHA BEKTOP-
HOM CyMMe HallpsHKeHHOCTEH ToJiel, co3aBaeMbIX KaXKAbIM 3apsAoM:

E=2Ei.

JlaHHO€e COOTHOIIIEHHE OTPAXKAET NPUHYUN CYNepno3uyuU 3J1eKmpuueckKux
nosetl.

ONeKTpUYEeCKHe IOJIsT MOXKHO M300pakaTh rpapuUUecK C IMOMOIIBIO
JIUHUN HaNpsHKEeHHOCTU. VX yCIIOBWINCH NMPOBOAUTH TaK, YTOOBI HaIlpaB-
seHue BekTopa E B KaXXZol TOUKe OBUIO KacaTeJbHBIM K 3THUM JIMHUSIM,
a IVIOTHOCTh JIMHUM ZIeJIaeTCsA TaKOM, YTOOBI YHCIO JUHUM, ITepeceKalonuX
MIEPIEHANKYISIPHYIO K HUM €INHUYHYIO IUIOMAAKY OBLIO MPOMOPIIMOHAIBEHO
HaIpsOKEHHOCTH B JaHHOM MecTe. Ha puc. 21 mpuBesieHbl, B YaCTHOCTH,
TI0JII TOYEYHBIX 3apAZ0B (IIOJI0KUTENTBHOTO U OTPUIIATENBHOTO).

2.20. MoTeHyman u pa3HOCTb NOTEHLUANOB

HanpsoxkeHHOCTh E sBIA€TCA BEKTOPHOM XapaKTEPUCTUKOM dJIEeKTpHUYe-
ckoro moJisi. Ho ecTh ¥ cKa/IsipHas XapaKTEPUCTHUKA, AOTOHAIOMAass HHPOP-
MaL1I0 O HEM. DTO — MOTEHIHAI (.

ITomeHyuan ¢ uucieHHO pageH pabome, cogepulaemoll cunamu nost Hao
e0UHUUHBIM NOJIOHUMENbHBIM 3aPS00M NpuU yoasieHUuU e20 u3 0aHHOU mouku
8 6eCKOHeuHOCmb.

TakuM 06pa3oM, MOTEHIHMA XapaKTepU3yeT CIIOCOOHOCTh MOJISI COBEp-
maTth paboTty. Eciii B 6eCKOHEYHOCTh yAa/IsieTcsl He eIUHUYHBIN, a 1000
JpyToii 3apsiz g, TO coBeplilaeMasi rmojieM paboTa, eCTECTBEHHO, paBHa

Ay =q0. (2.26)

14 roTeHIMasa, Tak e Kak U 14 E, crnpaBeyivB IPUHLMII CYIIEPIIO3U-
ITUW: ITOTEHITHAJI [T0JIs, CO3/[aBaEMOTI'0 CHCTEMON 3apsA/I0B, paBeH ajrebpamde-
CKOM CyMMe IIOTeHIIUAIOB, CO3/IaBaeMbIX KaXKIbIM U3 3aPsZIOB B OTAEJTbHOCTH:

<p=2<pi-

LTk

Puc. 21
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Exununent norennuana B CU sBisierca BoabT (B). [ToreHnman B 1 B —
3TO MOTEHIMAN B TAKOU TOYKE, IS TIepeMEIeHUs B KOTOPYIO U3 OeCKOHeY-
HOCTH 3aps/Ja B OJUH KYJIOH Ha/I0 COBEPIIUTH PabOTy B OAUH KOYJIb.

_12x

1B= .
1Kn

PaboTy cwI ToJiA HaZi 3apsA0M ¢ TP €0 IIepeMeIleHUH U3 OHON TOYKHU
B ZIPYTYIO MOXXHO BHIPa3UTh Yepe3 pasHOCMb NOMeHYUAN08:

Ay =q(@1 — 93).

2.21. Teopema laycca

Bosbiioe 3HaueHue B QU3HUKe MMeEET MOHATHE IIOTOKA BEKTOpa 4yepes
TIOBEPXHOCTh. PaccMOTpUM ero Ha mpuMepe motoka @ BeKTopa HalpsDKeH-
HOCTH 3JIEKTpUYeCcKOoro mnosisi E yepe3 moBepxHOCTD S. IlycTh, A/ Havasa,
1oJjie OAHOPOZHO, a IMOBEPXHOCTD ITockasa (puc. 22). B zaHHOM ciydae
nnorokoM ® BekTopa E 4yepe3 IUIOIMIAAKY S Ha3bIBaeTCs

®=EScosa=E,S,

r7ie oL — YroJ Mexzay E 1 HopMmasbio n K IUIOIIaKe.

Puc. 22

B o61iem cirydae, Korza Iojie HEOJHOPOAHO U TIOBEPXHOCTD HE IUIOCKAf,
HY>XHO pa30UTh IOBEPXHOCTh Ha CTOJIb MaJIble YYaCTKU, YTOOBI MOXKHO IIPU-
O6/IMXEHHO CYMTATh UX IUIOCKHMH, a TI0JIe B Ipe/ieiaX TaKOT'o YJacTKa OAHO-
POZAHBIM:

A(Dl' - EniASi'
IToJIHBINM ITOTOK qepe3 IMMIpOU3BOJIbHYIO IIOBEPXHOCTD:

® = [E,ds. (2.27)
S
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ITOTOK Yepe3 3aMKHYTYIO IIOBEPXHOCTh 0003HAYAeTCs TaK:

® = § E,dS. (2.28)
S

Puc. 23

Berauic/ivM, il pUMepa, oTok BekTopa E yepes chepuieckyro moBepx-
HOCTb pajguyca R BOKPYT IOJIOXKUTETHHOTIO TOYEYHOTO 3apsija q:

! 9gg- 1 94mpe 9
47580 R2 47'580 R2 €p

O=¢E,dS=¢
S

[Tonydyaem, 4TO IIOTOK HE 3aBUCUT OT pajuyca MOBEPXHOCTU. MOXHO
II0OKa3aTh, YTO €CJI BHYTPU IIPOU3BOJILHOM MTOBEPXHOCTU OyZeT HECKOIBKO
3apAZ0B, TO UMEET MeCTO aHAJIOTUYHOE COOTHOILIEHNUE

d)quEndS:iZqi. (2.29)
S €0

OTo U ecTh TeopeMa I'aycca: nomok 8eKmopa HanNPsA#CeHHOCMU 37 eKmpu-
1ecK020 NOJSL Uepe3 3amMKHYMYH No8epxXHOCMb paseH aizebpauueckoil cymme
3aKJIIOUEHHBbIX BHYMPU 3MO1l no8epxHOCMU 3apsi008, 0eJIeHHOU HA €.

2.22, "pOBOAHMKM B IN1eKTpoCTaTU4YeCKomM none

Ecnu cooOUyTh IPOBOAHUKY 3aps/ WIN IIOMECTUTH €ro BO BHEIHee
3JIEKTPOCTaTUYECKOe Iojie (WIX TO U JPyroe OAHOBPEMEHHO), TO Yepe3
HEKOTOpoe BpeMs, Ha3hlBaeMoe BpeMeHeM peslaKcallui B IIPOBOJHUKE,
yCTaHaBJIUBAEeTCsA PaBHOBECHOE pacIpezesieHue 3apsza. [Ipy 3ToM BHITOJ-
HAIOTCS IBA YCJIOBUA.

1. Dnekmpocmamuueckoe noJjie 8Hympu npo8ooHuUKa omcymcmaeyem:

E=0.
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B yacTHOCTH, eC/Iv IPOBOAHUK 3aps>KeH U BHEIIHee I10JIe OTCYTCTBYeT, TO
3apAAbl pacupeeaioTca 0 IPOBOAHUKY TaK, YTO CO3JaBaeMoe UMM Iojie
OTJIMYHO OT HYJIA JIUIIb BHE IIPOBOJHUKA.

Ecnu >xe Bo BHeIlTHee 3JIeKTPOCTaTUYeCcKOoe I10JIe IOMeIlleH HEUTPaIbHBIN
IIPOBOZHMK, TO B HEM IIPOU3ONMJET IepepaclipesiesieHue 3apsaza (aBjlIeHue
3JIEKTPOCTaTUYECKOM MHAYKIWHU) TaK, YTO IOJie UHAYLIMPOBAHHBIX 3apsA/0B
CKOMIIEHCUPYET I10jie BHyTPU MPOBOAHMKA (puc. 24).

— - + >

—> - E=0 + >

—— - + >
Puc. 24

2. Bekmop HanpsijiceHHOCMU HA NOBEPXHOCMU NPOBOOHUKA NepneHOUKYJLs-
peH amoll nogepxHocmu:

E=E,

JleficTBUTENBHO, B IPOTUBHOM CJIydae CyllecTBOBaja OBl KacaTeabHAas
K IIOBEPXHOCTH, COCTABJIAIONAsA HAMIPSKEHHOCTH 3JIEKTPUIECKOTO TOJISA, YTO
IIPUBOAWIO OBl K HAJMYUIO ITIOBEPXHOCTHBIX TOKOB. Ho IIpu paBHOBECHOM
pacmpezieJieHUH 3apsZioB 3TO HEBO3MOXKHO.

IToCKOJIBKY I10JIe BHYTPHY IPOBOAHMKA PAaBHO HYJIIO, paboTa 1o mepeMe-
IIeHUIO 3apsA/a TakKe paBHa Hy/to. Cie[0BaTebHO, IOTEHIINAJ BCEX TOUYEK
IIPOBOAHMKA OZMHAKOB. B 4aCcTHOCTH, TOBEPXHOCTb IIPOBOAHUKA SBJISIETCS
SKBUITOTEHI[HAIBHONU IIOBEPXHOCTBIO. IKBUNOMEHUUANBHOL NOBEPXHOCMBIO
HA3bIBAIOT FT€OMETPUYECKOE MECTO TOUYEK C OMHAKOBHIM 3HAYEHUEM ITOTEH-
yasa.

HeckoMIIeHCMPOBAHHBIHM 3aps/ B IIPOBOAHUKE paclpesessieTcs TOIbKO
TI0 €ro TOBEPXHOCTHU, @ BHYTPH IIPOBOAHUKA ITOJIOXKUTEIbHBIE 1 OTPHUIATENh-
HbIe 3apsAbl CKOMIIEHCUPOBAaHHBI. PacmpezeneHue 3apsaza 3aBUCUT OT pas-
Mepa IIPOBOJHYKA: IUIOTHOCTH 3aps/ja MaKCUMasIbHAa Ha OCTPUAX U MaJjia BO
BIafviHax. [103TOMy 1osie BOIM3U OCTPUS CWIBHOE, a Y BIIaZIMHBI — ci1aboe.

VTak, MOXXHO OTMETUTh Ba)KHOE CBOMCTBO IIOJIAA: aJlekmpocmamuueckoe
nosie He NpoHUKaAem 8 00.1ACMb, OKPYHCEHHYIO 3AMKHYMOU Memaniiuieckoil
obosnoukotl, T.e. Takasg 0b6os0YKa 00IaZaeT SKPAHUPYIOUIUM JeiCTBUEM
OT BHELIHUX 3JIEKTPUYECKUX TIOJIEH.

2.23. IneKTPOeMKOCTb

[TockosIbKy ITOTEHIIMAM BO BCEX TOYKAX IMPOBOJHUKA OAUHAKOB, MOXXHO
IIPOCTO TOBOPUTH O NOmeHyuaie npo8ooHUKA. Teopus U OIBIT IOKAa3bIBAIOT,
YTO IOTEHIMaJ IPOBOAHMKA () IPOIIOPIIMOHAJIEH 3apAAY IIPOBOAHUKA :
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q, (2.30)

_1
*=c

1
rae c K03 PUIIMEHT TPONOPLIMOHATIBLHOCTH.

BenmuuuHa C=g IMIOCTOAHHA [AJIA JAHHOI'O IIPOBOAHHWKA WU HA3BIBACTCA

¢
alekmpuueckoll eMkocmsto poBogHuKa. EMKocTh C uMeeT mpocToii Gr3u-
YeCKWHM CMBIC/I: OHA YKUCJIEHHO paBHA 3apsily, KOTOPHIA HYXHO COOOIIUTH
IIPOBOAHUKY, YTOOBI YBEJIMYUTH €T0 MOTEHITUAT Ha €ANHUILLY.

Eaunuiia emkocty B cucreMe CU HasbiBaeTcs apagom (D): 3To eMKOCTh
TaKOI'0 IIPOBOJHUKA, IIOTEHIAI KOTOPOTo U3MeHseTcs Ha 1 B mmpu coobie-
HUM eMy 3apsaza 1 Kir.

OJIEKTPOEMKOCTD YeAUHEHHBIX POBOJHUKOB OOBIYHO ZI0CTATOYHO MaJia,
IIO3TOMY [JIf «KOHAEHCHUPOBAHUSA» OOJBIINX 3apSA/0B B TEXHUKE HCIIOJIb-
3YIOT YCTPOMCTBA, COCTOSAIIME U3 IBYX ITPOBOAHUKOB, Ha3bIBa€MBIX 00K1a0-
Kamu, paclojIoXKeHHBIX OJIM3KO APYT K ApyTy. Takue yCTpOMCTBa Ha3bIBAIOT
koHOeHcamopamu. Haripumep, 3TO MOTYT OBITh /IBE TUTOCKKE IUIACTUHKYU WIN
ZBe KOHIleHTpuieckue chepsl (IWIOCKUM U cheprudecKuil KOHAEHCATOPHI).
[Tpu momelleHUHU 3apsAzAa ¢ Ha OAHY M3 OOKJIAZIOK 3a CYET DJIEKTPOCTATH-
YeCcKOM MHAYKIMU Ha APYroil oOKIaZike BO3HUKAET PaBHBIN 110 BEJTUYUHE
Y IIPOTHUBOITOJIOXKHBIH 110 3HAKY 3apsz (—q). V3-3a 6;1130CcTH 0OKIIAI0K dJIEK-
TPUYECKOe T0Jie, CO3laBaeMoe HaKOIUIEHHBIMU Ha HUX 3apsAAaMu, COCpeZo-
TOYEHO BHYTPHU KOHZEHcaTopa.

Emxocmblo koHOeHcamopa Ha3bIBAaIOT OTHOIIEHUWE BETUYWHBI 3apsza
Ha OJHOM M3 0OKJIaI0K K Pa3HOCTH MOTEHIINAIOB MEXAY OOKIaZIKaMM:

c=—21 -3
¢1-¢, U
TZIe O — ¢, = U Ha3BIBAIOT HANpPSAX#eHUEeM MEXAY OOKIaZKaMHU.
JIst TIpOCTEHIIErO TUIOCKOTO KOHZEHCAaTOPa EMKOCTh B BaKyyMe 3aBUCUT
OT IUTOIAAY OOKJIAAKU S ¥ PACCTOSTHUS MEXKAY ILUIaCTUHAMU d CIEAYIONIUM
obpasom:

HpI/I nmapaui€JIbHOM CO€AVMHEHNU KOHACHCAaTOPOB €MKOCTHU CKJIaJAbIBa-
IOTCA:

Cvnapaﬂ = Z G;.

I[Ipu moceioBaTeIbHOM COEAMHEHUU CKJIAZIbIBAlOTCA BETUYHUHBI, 00paT-
Hble eMKOCTSIM OT/eJIbHBIX KOHEHCAaTOPOB, M Pe3yJIbTUpPYIOIlasi eMKOCThb
HaXOAUWTCS U3 BBIPAKEHUS:
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3apsoKeHHBIM KOHZIeHCATOp 00JIalaeT SHepryuei 3JIeKTPUIEeCcKOTro oI,
KOTOpasi MOXKET BBIJEIUTHCS, HAIPUMED, IIPU paspszie, €CIU COeJUHUTD
IUTACTUHBI TPOBOAHUKOM. [10 MPOBOAHUKY MOMJET TOK, 3JIEKTPUYECKOe IT0JIe
6yzeT coBepIIaTh paboTYy IO IepeMeIleHUI0 3aps0B U paBHOe 3TOM paboTe
KOJIMYeCTBO TEIUIOTHI BBIJEIUTCSA B MIPOCTPAHCTBO. DHeprusa W 3apsikeH-
HOT'O KOHZIEHCaTOpa paBHa

W:—=—=%qu. 2.31)

[Ipy 3TOM ILIOTHOCTb SHEPTUHU 3JEKTPUUYECKOTO IO OIpeenseTcs
HaNPSHKEHHOCThIO E BHYTPU KOHZIEHCATOPA:

W=—="¢g,E2, 2.32
v gt ( )

rame V— o06beM KOHZI€HCaTOopa, B KOTOPOM M COCPEAOTOUYECHO IIEKTPUIECCKOE
I1oJie.

2.24. IvaneKTPUKM B JNIEKTPOCTATUYECKOM noJie

JAuanekmpukamu Ha3bIBAIOT BeleCTBa, IPAaKTUYECKU He IIPOBOAAIIYE
aNeKTpudeckuil Tok. [IoaToMy UX MHOIZa HAa3bIBAIOT U U3oaATOpamMu. [lu-
3JIEKTPUKU MPOBOAAT TOK B 1015—1020 pa3 xy»ke, yueM IIPOBOAHUKH.

Bce AMA/MIEKTPUKU COCTOAT U3 MOJIEKYJ, KOTOPblE MOXHO Pa3Zie/InTh
Ha ZiBe Ipynnbl. MoJeKysbl, y KOTOPHIX LIEHTPHI ITOJIOKUTENbHBIX U OTpUIIa-
TeJIbHBIX 3apAZ0B coBIIaAaioT (Hanpumep, H,, O,) Ha3bIBalOT HENONSAPHbIMU,
TaK KaK UX JUIOJbHBI MOMEHT PaBeH HYJIIO.

OJIeKTPUYECKUM JAUIIOJNIeM HA3bIBAeTCS CUCTEMa U3 BYX OJUHAKOBBIX
II0 BeJIMYMHE U IIPOTHUBOIIOJIOXKHBIX I10 3HAKy TOYEUHBIX 3apAAoB. OpueHTa-
ITWIO IUTIOJSA B IIPOCTPAHCTBE 33/1al0T ¢ IOMOIIBIO BeKTopa 1, mpoBeZieHHOTO
OT OTPULIATEILHOTO 3apsAja K MOJNIOXKUTEIbHOMY (puc. 25). DIeKTpUIeCKUM
MOMEHTOM JUIOJISA, WIN IIPOCTO OUNONbHbIM MOMEHIMOM, Ha3bIBAETCSA BEK-
TOp P, PaBHbIH

p=ql. (2.33)

-q e >e 1q

Puc. 25
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Eciy y MOeKysn AU3JIeKTPUKA IeHTPHI ITOJI0KUTENbHBIX U OTPUIIATE N b-
HBIX 3aps/I0B HE COBIA/JAIOT, TO TaKHWE MOJIEKY/IBI HAa3bIBAIOT NOJSPHbIMU,
TaK KaK WX JUIOJbHbIN MOMeHT p # 0.

B 3/1eKTpHUYeCcKOoM I10JIe HelOJIIpHbIE MOJIEKYJIBI CTAHOBSITCS ITOJISIPHBIMH,
IEHTPHI MIOJIOXKUTENbHBIX U OTPULIATENBHBIX 3aPs/IOB TEIlePh HE COBIIAAAIOT.
T'oBOPAT, YTO MOJIEKY/IBI IPUOOPETAIOT UHOYYUPOBAHHbLIL, T.€. HaBEeJEeHHBINA
TI0JIEM, JUTIOJTbHBIA MOMEHT.

Ha mossipHble MOJIEKY/IBI IIOJIe OKa3hIBAET, MpeX/e BCEr0, OPUEHTHU-
pylolilee ZelcTBUE: BEKTOPHI JUIOJIbHBIX MOMEHTOB, OPHUEHTHPOBAHHbIE
6e3 1oJIs XaOTUYECKH, TIPY BKJIIOYEHWH IO OPUEHTUPYIOTCS IPEUMYIIIE-
CTBEHHO B/IOJIb HETO.

B pe3ysnbTraTe BCe AMIJIEKTPUKU B JJIEKTPOCTATHYECKOM II0JIE IIPUOO-
pEeTaroT AUIMOJbHBI MOMEHT. DTO sSBJeHHE Ha3bIBaeTCA nosspusayuell
Ouasiekmpuka. KomudecTBeHHON MepOIi MOJIAPU3AIUU SIBASAETCA OJISPHU-
30BaHHOCTb AUWAJNIEKTpUKa P, Wi eekmop nosspusayuu, onpeAeasieMbIi
cylefyromuM obpa3oMm:

1
-— 3P, 2.34
AV S (2.34)

P
rae P, — AumonbHEIN MOMEHT OTZe/IbHOM MOJIEKY/IBI; CYMMHUPOBAHME IIPOU3-
BoAUTCA B Ppusmdyecku 6eCKOHEYHO MaioM obbeme AV.

ITonsApu30BaHHBIN JUITEKTPUK CO3AAET JOIIOJTHUTENBHOE JIEKTPOCTATH-
yeckoe mosie E’, KoTopoe ckyaibiBaeTcs ¢ MOJeM CTOPOHHUX 3apazoB E,
B pe3y/IbTaTe Yero BO3HUKAET pe3yabTupylolee mnose E:

E=E,+E.

MoseKysbl UCIIBITHIBAIOT AeMCTBUE UMeHHO 3Toro nosd E. VI3 oneiTa cie-
ZIyeT, YTO He3aBUCHUMO OT THIIA MOJIEKYJI ITOJIAPU30BAHHOCTD OOIBIIMHCTBA
[IVDJIEKTPUKOB (32 MCKJIIOYEHUEM CETHEeTOdJIEeKTPUKOB) NPONOPLHUOHATIbHA
HaINPSXKEHHOCTY II0JIA:

P —z¢,E, (2.35)

rae & Ha3bIBA€TCA ﬂHBHEKTpHHECKOﬁ BOCIIpUMMYHNBOCTBIO, & HE 3aBHCUT
or nons E u XapaKTEpU3yeT CBOMCTBA JaHHOTO AUDJIEKTPHKA. s pusiek-

1
TPHUKOB C IIOJAPHBIMU MOJIEKY/IAMHU & ~¥, CKa3bIBA€TCA JE€3OPUECHTUPYIO-

Iee TeMIlepaTypHOe BAUSHUE. Y AUIIEKTPUKOB C HEIOJSIPHBIMU MOJIEKY-
JIaMU & IIpaKTU4YeCKU He 3aBHUCUT OT TEMIIEPATYPHI.

[Tpu HaIMYWY AUSIEKTPUKOB TeopeMa 'aycca (2.29) gomkHa OBITh BUZO-
“3MeHeHa, YTOOBI YYEeCTh MPUCYTCTBUE MOAPUAIMOHHBIX U HETIOJIAPU3a-
ITMOHHBIX 3apSZIOB AUAJIEKTPHKA:

@Ends=l(2qi+2q£‘),
S

€
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I7ie ) q" — CyMMapHbIH IO/IAPU3AIIOHHBIN 3apAZ; ) q; — CyMMapHBIH CTO-
DOHHUIA 3aps.

OG6BIYHO 3TO BEIpAXKEHUE 3aIMKUCHIBAIOT MPOIIE, YIUTHIBAs HAJTUYUE TIOJIS-
PHU3AIMOHHOTO 3apsiAa AUSJIEKTPUKA, C IIOMOIIbIO BBEAEHUSI BEKTOPA JJlek-
mpuueckozo cmeujeHuss D (Ha3pIBaeMoro elle BEKTOPOM 3JIeKTPUYECKOM

WHAYKIUN):
D=¢gyE+P. (2.36)

B aToM ciy4yae TeopeMa 'aycca mproOGpeTaeT mpoCTOi BUJ

$D,ds=3"q;, (2.37)
S

rZie clipaBa 3alycaH CyMMapHBIM CTOPOHHUY 3aps/, 3aKJII0YeHHBIN BHYTPU
3aMKHYTOU IMOBepXHOCTU. BripakeHue (2.37) ABIsAETCA 3aIIMChIO0 TEOPEMBI
l'aycca gy D B unTerpanbHol popMme. UUTaeTCs Tak: nOmok 8eKmopa aJek-
MpuuecKo20 CMeuweHUs Yepe3 3AMKHYMYH N08epXHOCMb paseH anzebpauue-
CKOlL CymMme CMOPOHHUX 3aps1008, 3aKNHOUEHHBLX 8HympU 3moil nogepxHocmu.

OTMeTHM, YTO CTOPOHHUMU WU CBOOOJHBIMU MBI Ha3bIBaeM 3apsiibl,
pacIioio)KeHHbIe KakK 3a IIpeJielaMy JU3JIeKTPUKA, TaK U BHYTPU HEro, KOTo-
pble He BXOZAT B COCTaB €ro MOJIEKYJI.

BeipaxeHue (2.36) MOXXHO YIIPOCTUTD, yUUTHIBas BeIpakeHue (2.35) aa
BEKTOpa nojAgpusanuu P:

D =80E+a80E=80(1+&)E=808E. (2.38)
bespasmepHasa BeIrMYynuHa

e=1l+e (2.39)

Ha3bIBAETCA OTHOCUTEIBLHOM AUIIEKTPUIECKOM ITPOHUIIAEMOCTBIO WU IIPO-
CTO ANAJIEKTPUYECKON MPOHUIIAEMOCTHIO BeleCTBa.

2.25. MoCTOAHHDII dNeKTPUYECKUIN TOK

Boob1e anekmpuueckum mokom Ha3bIBAIOT YIIOPAAOUYEHHOE ABIDKEHUE
AJIEKTPUYECKUX 3aps/OB.

3apsz, mepeHOCUMBIM Yepe3 HEKOTOPYIO ITIOBEPXHOCTDh B €AMHUILY Bpe-
MeHHU, Ha3bIBaeTcs cunoll moka I. Eciu 3a BpeMs dt mepeHocuTCA 3apsz dq,
TO

dq
=22, 2.40
I ( )

IlocmosiHHbIM Ha3bIBAETCA TOK, HE HBMCHHIOH.IHﬁCH CO BpEMEHEM.
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Exununeit cunbl Toka B CU saBaderca amnep (A). Amnep — 3TO cuia
TAKOT'O HEU3MEHSIOMIETOCA TOKA, KOTOPBIH IMTPOXOZS IO BYM ITapaIETbHBIM
MIPAMOJIMHEHBIM ITPOBOAHUKAM 6€CKOHEYHOM JJIMHBI 1 HUYTOXXHO MaJioro
KPYT'OBOT'O CeUeHUs, PACIIONIOKEHHBIM B BaKyyMe Ha pacCTOSAHUM 1 M IpyT
OT ZpyTa, BeI3BaJI OBl MEXAY STUMHU ITPOBOAHUKAMHU CUITY, paBHyO 2 - 10-7 H
Ha KaXKJblil METP AJIUHBI.

------ ds

Y

ds,

Puc. 26

Yro6bl yMeTh OoJiee AeTaJbHO OMUCHIBATH, KaK paclpeesseTcs TOK
no ceueHuto MPOBOAHUKA, BBOAUTCS BEKTOP IUVIOTHOCTHU TOKa j (cM. puc. 26).
3a HampaBs/ieHUe j IpUHUMaeTcs HamnpasieHue ckopoctu U+ ymopsgodeH-
HOT'O BIDKEHUA MOJOXKUTENbHBIX 3aPAZO0B.

.odl
ITo BestmuuHe j = a5’ rae dI — cuia ToKa, TEKYIero 4epes IUIOMIAAKY dS

(cM. puc. 26) neprneHAUKY/IAPHYIO K HaIIPpaBJIEHUIO YIIOPSZ0YEHHOTO ABMKe-
HUA 3apag0B. OTcroza:

dI =jdScosa = j,dS,
TZie j,, — IPOEeKIM j Ha HopMasb K dS,

I=[jdS=|j,ds.
S S

ODTO O3HAvaeT, YTO CHIa TOKA paBHA IIOTOKY 8eKMopa NJOMHOCMU mokda
yepe3 33[aHHYI0 ITIOBEPXHOCTb.

BHeIHAAg 11enb

-1 1+

- +
HcTouyHUK TOKa

Puc. 27
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OTMeTHUM, YTO CKOPOCTh YIIOPAZOYEHHOT'O ABMKEHUA HOCUTENEW TOKa
HeBesmKa. Hanmpumep, y Meau (OAVH M3 JIyYIIUX TPOBOAHUKOB) OHA OOBITHO
He 6os1ee 1 MM/c.

L1 TIoMy4eHUs MOCTOSTHHOTO TOKA B IIPOBOAHUKE OJHUX 3JIEKTPOCTATH-
YeCKUX CWJI HeZJOCTAaTOYHO, TaK KaK 10 MX JeCTBHEM 3aps/bl B KOHIIE KOH-
IIOB pacIpeAessaTcs TaK, YTO IToJie BHYTPH IIPOBOJHUKA OyZeT paBHO HYIIIO.
3HAuUT, A TOAAEPKAHUA TOKAa HEOOXOAUMO HAIMYHE B I[ENTN KPOME 3JIEK-
TPOCTaTUYECKUX CHJI €ITle U CHUJT HeaJleKmpoCmamuuecko20 NPOUCXonCOeHUs,
KOTOpbI€ Ha3bIBAIOTCA CMOPOHHUMU cunamu. CTOPOHHUE CUJIbI JeCTBYIOT
B LIEMISIX OCTOSHHOI'O TOKA 8HYMpU UCMOYHUKO8 MOKd, HalpuMep, BHYTPHU
raJibBaHM4eCKOTO dJIEMEHTa WIM BHYTPU aKKyMyJsaTopa. [Ipupoga cTOpoH-
HUX CUJI 3ZleChb XuMHudecKas. Kakylo posib BBHIIIOJHAIOT CTOPOHHUE CHUJIBI?
OnHu pa3zaenstoT 3apsaabl. CTOPOHHHUMU CHJIAMU MOTYT OBITH U CHJIBI JJIEK-
TpUYeCKOro (HO He 3JIeKTPOCTAaTUYECKOI'0) IIPOUMCXOXKAEeHUs, MOPOXKaae-
MbI€ IIEpEMEHHBIMA MAarHUTHBIMU MOJSIMU. HocuTenn ToKa ABMXYTCSA BO
BHeIIHEH ILIeIM IO JefiCTBHEM 3JIEKTPOCTaTUUYECKUX CHUJI, KOTOPBIE CTpe-
MSATCSA HEHTpaIM30BaTh 3apsibl, COCPEJOTOYEHHBIE Ha OOKJIaZIKaX UCTOY-
HHMKa TOKa. YTOOBI He IIPOM30IIUIO YOBUTH STUX 3apsZOB M 3aTyXaHHUsA TOKa
BHYTPM HMCTOYHHKA, KaKHe-TO CHJIBI AOJDKHBI BHOBb pasfenuThb (+) u (—)
3apsAAbl.

JlJIs1 KOJTMYeCTBEHHOM XapaKTEePUCTHUKU CTOPOHHUX CHUJI BBOAMUTCS CKa-
JapHass ¢usndeckas BeJIUYHWHA, Ha3biBaeMas 3JEKTPOJABMKYIIEN CHUIOHN
(BAC). BC uucnenHo pasHa pabome cMOPOHHUX CUL NO nhepemeuleHuro edu-
HUYHO20 NOJIONUMENbHO20 3apsdda

Acr

g=—%L;
q
FCT = qECT‘

Otcroga: HanpsaxwceHHOcmb cmopoHHux cun E ., onipefensaeTcsa Kak CTOPOH-
HAA CWIa, JeNCTBYIOIIAaA Ha eJUHUYHBIN ITOJI0XKUTEIbHBIN 3apsaj;:

(2.41)
Ha yyacTtke 1—2
2 2
1c§ = J.FCTdI = q_[ ECTdI;
1 1
2
g=[Edl.
1

Pe3ynbTHpYyIOIas CHIa, eHCTBYIONAs Ha 3apsj g B LEIH:

F=q(E+E_.).
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BesmuunHa, YKCIEHHO paBHas paboTe, coBepIIaeMoii 3JIeKTpOCTaThye-
CKMMH ¥ CTOPOHHHMMH CWIAMH I10 IE€PEMEIEHUI0 €IMHUYHOIO MOJIOXKH-
TEJIbHOTO 3apsifia, Ha3bIBAeTCSA nadeHueM HANPSA¥CEeHUs, WIH IPOCTO HANpSi-
wceruem U Ha JaHHOM y4acCTKe IIETIH:

U12 =P — Py t+&19. (2.42)

Eciu Ha Y4aCTKE HET CTOPOHHUX CHJI, TO

Uiz =01 — 0y,

T.€., HalIpsDKeHMe COBIAJaeT C pa3HOCTHIO IIOTEHIIMAIOB Ha KOHIIAX y4acTKa
ILIeMY. YYacToK, IZle HET CTOPOHHUX CWI, Ha3bIBAETCA OLHOPOAHBIM.

I'. C. OM 3KCIIepUMEHTaIbHO YCTaHOBWI 3aKOH: CHJIa TOKA B OZHOPOZ-
HOM (HET CTOPOHHMX CWJI) METa/UTMYeCKOM IIPOBOAHMKE ITPONIOPIIMOHAIbHA
HAIIpSXKEeHUIO:

1
I:—:—((pl —(Pz). (2.43)

R R

R Ha3pIBaeTcA 3JEKTPUUYECKUM COMPOTHUBIEHUEM IIPOBOJHUKA. EAUHU-
1leii conpoTtuBieHus ABaAeTcd oM (OM), paBHBIM COIPOTUBIEHUIO TAKOTO
IIPOBOZHNMKA, B KOTOPOM IIpU HamnpskeHUM B 1 B TeueT Tok cutoii 1 A.

Jlna ogHOpOAHOrO (MaTepuas) MWIMHAPUIECKOTO IIPOBOAHMKA

R= PE,
re p — yZeJabHOoe 3JIeKTpPUYeCcKOoe CONMpOTHUBIeHUe BemecTBa. Ha puc. 28
IIpUBeZieHa TeMIlepaTypHasa 3aBUCUMOCTD yZeJbHOI'0 CONIPOTUBIEHUA AJIA
OOBIYHBIX MeTa/IoB (KpuBas 1) U AJs CBEPXIPOBOAHUKOB (KpuBas 2),
KOT7ZIa IPU HEKOTOPOU TeMIlepaType, Ha3biBaeMou kputudeckou (T,) compo-
TUBJIEHHE CKAaYKOM yMeHbIaeTcs A0 HynsA. CBepXIpOBOJUMOCTD BIEpPBEIE
obHapyxeHa B 1911 r. KamepiuHr-OHHECOM.

A
p

pOCT

Y

Puc. 28
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Jlo 1986 r. HUKaK He yZjaBajoch IOJMy4UTh BemmecTsa ¢ T, > 25 K. OgHako
6yraroziapsa ceHcallMOHHOMY OTKPHITHIO B KOHIle 1986 r. BeaHopueM u MioJ-
JIEpOM SIBJIEHUS 8bLCOKOMEMNEPANYPHOIL C8epXNPo8o0UMOCMU B HEKOTOPHIX
OKCHAHBIX COEJUHEHUAX YZaM0Ch AOCTATOYHO OBICTPO MOJYYUTh MaTEPU-
anel ¢ T, > 125 K. B HacToAmee BpeMa IIPOBOAATCS WHTEHCUBHBIE Hay4-
HbIE ¥ TEXHOJIOTUYECKHE HCC/IeIOBAHUA IO OCBOEHHUIO 3TOT'0 BhIAAIOIIETrOCs
OTKPBITHUSA.

[l pacdyeTa CIOXXHBIX Pa3BETBJICHHBIX 3JIEKTPUUYECKUX Ilelled OYeHb
yI0OHO MOIb30BaThCs AByMsA npasunamu Kupxzoga.

ITepBoe mpaBwio Kupxroda: anzebpauueckas cymma mokos 8 y3Jjie pasHa
HYJ10,

> I, =0. (2.44)

Y3namu Ha3bIBAIOTCA TOYKU, IZle CXOAUTCA Oojiee ABYX IMPOBOAHUKOB.
Bemgbto Ha3BIBAIOT YYACTOK LIETM MEXAY ABYMsA COCeAHUMU y3naMu. Ecim
B cxeMe uMeetcs N y3JI0B, TO 10 IlepBoMy IpaBwry Kupxroda MoxHO 3anu-
catb N — 1 HE3aBUCUMBIX YpPaBHEHUH.

Bropoe npaBwio Kupxroda: dns n1106020 3amkHymozo konmypa anzebpa-
uueckas cymma nadeHuill HanpsijxceHUs pasHa anzebpauueckoil cymme Oell-
cmayowux 8 amom konmype 3C"

ZIkRk :Zak. (245)

Puc. 29

Yro6hl ypaBHEHMA, 3allMICAHHBIE 110 BTOpOMY IIpaBuiy Kupxroda, 6butn
He3aBHCUMBIMU, HEO6XOAMMO, YTOOBI B KaXXZOM HOBOM BHIOpaHHOM KOH-
Type ObUTa XOTs OBI OZJHA HOBAs BETBb, HE BOIIEZIIASA B IIPeAbIAYINNE KOH-
TYPDHI.

Yucio He3aBUCUMBIX ypaBHeHHI 1m0 ob6ouM mpaBuiaMm Kupxroda oka-
3BIBAE€TCSI PaBHBIM KOJIMYECTBY TOKOB B cxeMe (a TOKOB B cxeMe, BOOOIIe
roBOpS, CTOJBKO, CKOJIbKO BETBEM).

3Hak majieHUs HaNpsKeHUs IIPU 3allUCU ypaBHEHUS [0 BTOPOMY IIpa-
Bty Kupxroda 6epercs «Iwiroc», ecii BHIOpaHHOEe HalpaBjieHue 06xoza
COBIIZIaeT C BHIOpAHHBIM HaIlpaB/lieHHEM TOKa B ]aHHOM BeTBH. Eciu 3/IC
JEUCTBYET MO HalpaBJIEeHHUIO0 00X0/1a, TO €€ 3aIHChIBAIOT CO 3HAKOM «ILTIOC»,
KakK Ha puc. 29.

ONIEeKTPUYECKUM TOK, TEKYUIUN B IIPOBOAHUKE, coBepllaeT paboTy
Y BbI3bIBaeT HarpeBaHue MpoBogHUKaA. /K. [XKOy/Ib M HE3aBUCHUMO OT HEro

98



9. X. Jlenn (pycckuii GU3UK) SKCIIEPUMEHTAIBHO YCTAHOBWIH, YTO KOAUYe-
cmao 8vloesiuguLelicsi 8 NPOBOOHUKE Meniomyl NPONOPYUOHANILHO €20 CONpo-
mueJieHUr0, k8adpamy CWibl MOKA U 8peMeHU:

Q=RI?t. (2.46)

CooTtHo1reHue (2.46) BeIpakaeT 3akoH Jxcoyns — JleHua.

[Ipupoga HocUTeNlel TOKa B META/UTMYECKUX ITPOBOAHUKAX ObUIa yCTa-
HOBJIEHA dKcrnepuMeHTaabHO T. TomrmeHoM u P. CtioapToM B 1916 r. OHuM
rcnoab3oBaiu uzero I'. A. JlopeHIia, COVIACHO KOTOPOH MPU PE3KOM TOPMO-
*KeHUH OBICTPO ABIKYIIErOCS META/UTMYECKOTO MIPOBOAHNKA HOCUTEIH TOKa
JOJKHBI HEKOTOPOE BpeMs IBUTAThCA IO UHEPIUU. Pean30BaB 3Ty UZAEI0
¢ 6pICTpO Bpalnaroieics KaTykou, TommeH u CTIoapT MOKa3ajIu, YTO HOCH-
TeJIIMU TOKA B MeTaJUlax SIBJIAIOTCS DJIEKTPOHBI.

2.26. MaruutHoe none. CoBpemeHHble NpeAcTaB/ieHUA 0 Npupoae
MarHuTHbIX B3auMoaenCTBUI

OmnBIT OKA3bIBAET, UTO JIIOOBIE ABMKYIIHECS 3apsAAbl B3aUMOJEUCTBYIOT
Mexay coboii. Hanpumep, ABa napajulebHBIX IIPOBOAHUKA C TOKOM IIPUTSI-
TMBaIOTCA PYT K APYTY, €CJIU HallpaBJIeHUs TOKOB COBIIAZIAlOT, U OTTAIKUBA-
IOTCA PYT OT ApyTa, €C/IV HallpaB/IeHUs TOKOB IIPOTHUBOIIONIOXKHEI. [OBOPAT,
YTO B3aMMO/EMCTBUE TOKOB OCYIECTBIAETCA MOCPEACTBOM I10JisA, Ha3bIBa-
€MOr'0 MarHUTHBIM. MarHuTHoe 1oJjie pOoABAAETCA B TOM, YTO Ha JABIKY-
Imyecs B HeM 3apszbl AercTByIOT cuibl. Ha mokosinuiicsa 3aps, MarHuTHOe
1oJie BAUSHUA He OKa3blBaeT. PasyMeeTcsi, MarHUTHOE II0Jie BO3HUKAET
BOKPYT JIFOOBIX ABIKYIIIUXCS 3aPSZAO0B.

[ToCKOJIBKY B COCTaB JIIOOOTO aToMa BXOZAT ABWXKYLIUECS 3apsAbl, TO
MarHUTHBIMU CBOHCTBaMU 06JIaZlalOT BCe TeJa, KaK XKUBBIE, TAK U HEXU-
Bhle. [Io3TOMy IIyOOKO€e ITIOHUMaHMe OKPY>XKAIOIIEro HaC MUpa COBEPILIEHHO
HEBO3MOXXHO 6e3 MOHUMAaHUs PUPOJbl MarHETU3Ma U €0 OCHOBHBIX 3aKO-
HOB.

MoxxHO i1 6€3 JJTUTENHHOTO aHaIM3a PAa3BUTHA UCTOPUYECKUX IIPE/ICTAB-
JIeHW} 0 MarHeTu3Me KOPOTKO BBIPa3UTh CyThb COBPEMEHHOI'O IIOHMMaHUA
IIPUPOABI MarHUTHBIX B3auMoZencTBUN? MOXXHO, eC/I BOCIIOJIb30BaThCs
TaKHUMH JOCTIKEeHUAMU Pusuku XX B., Kak co3zaHue A. DHUHINTEHHOM cIie-
IIUaJbHOU TEOPUU OTHOCUTENIBLHOCTHU. [IoKakeM, OCHOBBIBASACh HA MOCTY-
JlaTax TeOpUX OTHOCUTEJbHOCTY U Ha PENATUBUCTCKOM MHBAPUAHTHOCTU
3JIEKTPHUYECKOr0 3apsAZa, YTO MarHUTHOE B3aUMOZENCTBYE TOKOB ABJIAETCA
Heu30eXHBIM ciieZicTBUeM 3akoHa KynoHa. PaccMoTpuM 3To Ha mpumepe
B3aMMO/IEMICTBUS TPOBOJHUKA C TOKOM U JBIDKYIIErocs 3apsja q.

[Tycth Ha puc. 30 MOMOKUTENbHBIE 3apsibl, NU300paKeHHbIE YEPHBIMU
KPY>XKaMH, JABWKYTCA BIIPABO CO CKOPOCTBIO V), a OTpULIaTE/IbHBIE 3apAAbl —
BJIEBO C TOM XK€ CKOPOCThIO V. JINHelHble IVIOTHOCTU TeX U APYTUX 3apAZOB
JQHHOTO IIPOBOJHUKA C TOKOM IIO BeJUYUHE PaBHHBI APYT APYTy: A, = A_.
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[TockosbKy 3a HalpaBjieHHe TOKA BRIOMPAIOT HallpaBjieHre ABUXEHUS T10JI0-
>KUTEJbHBIX 3apAJ0B, TO B JAHHOM CJlydyae TOK HalpabjeH BIpano. [IycTb
TakKe BIIPABO JBUTAeTCsA 3apsf g co ckopocThio V. Hamia 3asaua — moka-
3aTh, YTO B3aMMOZENCTBHE MEXAY TOKAMH MOXeT OBITh HalZileHO 6e3 mpu-
BJIeYEeHUA ITOHATUU MarHUTHOTO IOJIfA, C UCII0JIb30BaHMEM TOJIBKO 3aKOHA
KysoHa u s/1eMeHTapHBIX COOTHOIIEHUH TEOPUU OTHOCUTENIBHOCTH.

VO

«<—O0 0 0 0 0 0 O

ole o 0o 0 0>
VO

> @0 >

Puc. 30

YToOBI BOCIIO/Ib30BATHCA 3aKOHOM KysioHa, HY»KHO, YTOOBI 3apsi/ q ITOKO-
wicsa. [losTomy nepeiizieM B cCTEMy OTCYETa, KOTOPAs ABXKETCS BIIPABO CO
ckopocThbio V. B 9TOM cucTeMe CKOPOCTh JBWXKEHUA ITOJ0KUTENbHBIX 3aps-
JIOB YMEHBIUIUTCA 10 cpaBHeHUIO ¢ V. [Ipu aToMm gmHa m060ro yyacTka
IIPOBOZHUKA YBEIUYUTCA (B COOTBETCTBUM C COOTHOIIEHUSIMHU TEOPHUU
OTHOCHUTEJNIbHOCTH, pacCMaTpUBaeMbIMU HIDKE), a BeJIMUMHA 3apsA/a TaKoTo
ydacTKa IIPOBOJHUKA OCTaHETCs MpeXXHel (B COOTBETCTBUU C PEIATUBUCT-
CKOM MHBapUaHTHOCTBIO 3apszia, YTO ABJSIETCA ONMBITHBIM dakToMm). Cieso-
BaTeJIbHO, IMHEWHAS TUIOTHOCTh ITOJIOXKUTETbHBIX 3apsAJ0B A/, B ABKKYIIEHCA
CHCTeMe CTaHeT MeHbIIle, YeM B 1abopaTOpHOIi cucTeMe. JIErKO BUAETD, YTO
aHaJIOTUYHOE paccCykJeHUe B IIPUMEHEHUU K OTPUIaTeJbHBIM 3apsfaM
IIPOBOZHUKA C TOKOM IIPUBOJUT K BHIBOZAY 00 yBeJIMYEHUM JIUHEWHOM IUIOT-
HOCTHU A’ B IBHXKYIIEHCA cucTeMe oTcuera. Mtak, nmeem:

A<,
A>A.

Takum ob6pasom, 1Mo HAbGIIOAEHUAM B ABIKYIIEHCS CUCTeMe MPOBOAHUK
OKa3bIBaeTCs OTPHULIATEIbHO 3apsKEHHBIM, XOTs B HEIOABIKHOM, 1abopa-
TOPHOU cHcTeMe OH OBbLI 3JIEKTPUYECKU HEUTpasieH. A OTpUIlaTeIbHO 3apsi-
>KeHHBIN POBOJHUK U MOJOXUTEIbHBIN 3apsif ¢, pa3yMeeTcs, IPUTATUBA-
I0TCSA, YTO ¥ TpebOBaIOCh OKA3aTh.

Eciu Bocmosb30BaThCsA KOHKPETHBIMU COOTHOIIEHUSAMHU TEOPUX OTHOCHU-
TeJIbHOCTH, TO JIETKO IIOJMyYUTh U KOHKPETHOE BBIpAXXKEHME JIJI1 CHJIbl B3au-
MOZENCTBYSA MapaJUleJIbHBIX TOKOB B HallleM IIpUMepe:

Foquie?l
4t r
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3pech [ = 2\V, — BeJIMYMHa TOKA B IPOBOAHUKE; |1, — MarHUTHas IIOCTO-
SHHad,

Ko =4n-107 T'a/m.

VITak, MBI IIOKa3ajy, YTO B3aUMO/IeHiCTBHEe TOKOB MOXXHO OIMCHIBAaTh 6e3
BCSIKOT'O HCIOJIb30BAHUA TOHATUA MarHUTHOrO MoJiA. Tak 4To ke IMoJyda-
€TCsA, Ha 3TOM MOXXHO Y 3aKPHITh TEMY U He TPAaTUTh YCWINM Ha U3ydeHue
3aKOHOB MarHetusma? Hert. /lesio B TOM, 4TO YKa3aHHBIHN CIIOCOb pelreHus
3aZ1a4 06Js1a/laeT CylmecTBEeHHbIM HeZAOCTAaTKOM: /I aHA/IN3a CUCTEMBI IBU-
XKYITUXCS 3apsiZiIoB HAM IIPUXOAWIOCH OB IIOCTOSTHHO COBepIIaTh Mpeobpa-
30BaHUA «BIEpeA-Ha3aJ» MeXJy pa3HOOOPa3HBIMM CUCTEMaMU KOOPAUHAT,
YTO TEXHUYECKH BCErZla yTOMUTENbHO. EcTh syummmii criocob. Obiee aeti-
CTBHE OJHOI'0 TOKAa Ha JPyroll MOXXHO XOPOIIO ONHCAaTh, BBOAA IMOHATHE
0 HOBOM II0jle — MarHUTHOM. MarHuTHoOe I0Jie XapaKTepU3yloT BEKTOPOM
B, KOTOpBI! MHOTZIA HA3BIBAIOT BEKTOPOM MAarHUTHOMW MHAYKLIVU.

Jl1s1 pacCMOTPEHHOT'0 HAaMU CJIy4asi — MAarHUTHOTO IIOJISI IPAMOJIMHE N -
HOT'O TOKa — BeKTOp B BBoAUTCA citegyromM 06pa3oMm:

=t >
4w r’

[To HanpaBneHuo B nepneHguKynasipeH K mwiockoctu (cM. puc. 30), T.e.
NepHeHAVKY/IAPEH KaK K IIPOBOAHUKY, TaK U K CKOpocTH 3apsaza V. C yueToM
HalpaBJeHUM BbIpaXXeHMe JJI CWIbI, IeMCTBYIONIEN Ha ABKYILIUKCA B Mar-
HUTHOM II0JIe 3apAJ, MOXXHO 3aIlUCaTh:

F=q[VBI. (2.47)

OTta cwia Ha3bIBaeTcsa cunoil JlopeHya.

B siBJIsT€TCA OCHOBHOM XapaKTEPUCTUKOM MarHUTHOTO TIOJIsT, ¥ MBI OyzeM
rOBOPHUTH, B OCHOBHOM, «MarHuTHOe 1oJie B», 4To sy4ile, 4eM «MarHuTHas
uHAYKIMA B». Ho cymiecTByeT U Apyras XapaKTepUCTUKA MarHUTHOTO TI0JIA,
Ha3bIBaeMasi Hallps)KeHHOCTbI0 MarHUTHOro nosisi H. H sABisieTcst BCriomo-
raTeJbHOM XapaKTEePUCTUKON MarHUTHOIO IOJs, U ee BBeAeHUe 00yCIoB-
JIEHO CylL[eCTBOBaHMEM B IIPUPOZE ABYX MPUHLIUINAIBHO OTIMYHBIX APYT
OT ZIpyra TOKOB — CBOOOJHBIX U CBSI3aHHBIX.

CBoOoOAHBIE TOKM — TOKM CBOOOZHO ABWXKYIIUXCSA 3apsAZ0OB, KOTOPBIE
MO>XHO U3MEPUTH C MOMOIILI0 MpubopoB (ammepmeTpoB). CBsI3aHHEBIE
TOKY — TOKHU JBWXKYIIUXCA 3apsAA0B, KOTOpPhIE B IPUHIIMIIE HEBO3MOXKHO
HU3MEepPUTh IPUOOPOM, HAllpUMEP, TOKH ABMKYIIUXCS 3JIEKTPOHOB B aTOMeE
WY TOKY IIPOTOHOB B f/Ipax aTOMOB. Bkyiaz B MarHuTHoe nosie B BHOCAT
U Te, U Apyrue 3apsAzabl. [BMKeHUI0 CBOOOAHBIX 3aps0B COOTBETCTBYET
HaIpsKeHHOCTh MarHUTHOrO 1o/ H, a MarHUTHOe IoJIe B BelllecTBe HaxXo-
JIVTCSA C IIOMOIIIBIO CJIEAYIOIIero COOTHOIIEHUS:

B=puoH, (2.48)
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IZie W — OTHOCUTeNbHAs MarHUTHasA IPOHUIIAeMOCTb, WIX IIPOCTO MarHUT-
Has IPOHUIIAEMOCTH BeIIeCTBa; L — Oe3pa3MepHas BeJIMYUHA.

Puc. 31

Exunuiieli B B cucteme CU saBisaerca Tecna (Tn), a equnuiieir H — ammnep
Ha meTp (A/M).

2.27. OcHOBHbIE 3aKOHbI MarHeTusma

[TpuHIMITHAIbHOE 3HAaYEHNE UMEIOT ZIBa 3aKOHA: 3aKoH brio — CaBapa —
Jlarutaca u 3akoH AmIiepa.

YToOBI yMETh BEIYMC/ISATH MAarHUTHOE IT0JIE, CO3Z[aBaEMO€E IIPOU3BOIbHBIM
TOKOM, HEOOXOAMMO 3HATh IOJIe, CO3/[aBaeMoe 3JIEMEHTOM TOKa. JJleMeH-
mom moka Ha3bIBaeTcsl Ipou3BeAeHUe BeuyuHbl Toka [ Ha dl: I - dl, rae
dl — BekTOp, COBIAZAOIIUI C dIeMEeHTapPHBIM YYaCcTKOM TOKa JJIUHBI dl
¥ HanpasjeHHBIM 110 ToKy (puc. 31). XK.-B. Buo, ®. CaBap u II.-C. Jlamac
Ha OCHOBE aHaJIM3a 3KCIEPUMEHTANBHBIX JAaHHBIX YCTAHOBWIU BhIpAXKEHUE

JUIsl MarHUTHOTO 10/ dB, co3Z17aBaeMoro IpoM3BOJIbLHBEIM 3JIEMEHTOM TOKAa
Idl:

qB- Mo I[dlr]
4 r3

> (2.49)

rZle r — BEKTOp, IPOBEJEHHBIN OT 3JIeMeHTa TOKa B TOUYKY OIpeJeseHHUs
niossi. CooTHoteHue (2.49) HasbIiBaeTcs 3akoHom buo — Casapa — Jlanaaca.
C ero ImoMoImbio0 MOXXHO BEIYMCIUTHL MAarHUTHOE II0JIE, CO3ZIlaBaeMOE JIF0OBIM
TOKOM B JIf000#1 TOUKE IIPOCTPAaHCTBa, HEOOXOAUMO TOJIBEKO BOCIIOIBE30BAThCS
IIPUHIIUIIOM CYTIEPIIO3UIIUU U CJIOXKUTD (BEKTOPHO) BCe IIOJISI, CO3/laBaeMble
BCEMM 3JIEMEHTaMM TOKa.

JonycTtum, 4TO ¢ mOMOIIbI0 3aKOHA buo — CaBapa — Jlamiaca Mbl
Hauw nose B, co3zgaBaemoe TokoM I; B Touke A (puc. 32). Uto6hl HaitTu
CUILY, AEHMCTBYIOLIYIO Ha APYTO¥ POBOZ C TOKOM I, Hy>KHO YMETb 3alIUChIBATh
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BBIpaXKEHUE /IS CHJIBL, IEUCTBYIONIEN Ha d/leMeHT ToKa [ - dl. DTo mo3Bosisier
cZiesiaTh 3aKOH, YCTAHOBJIEHHBIM SKCIIEpUMEHTaIbHO AMIIEpOM:

dF = I[dIB]. (2.50)

Puc. 32

3Has MarHuTHoe Itojse B, co3zaBaeMoe TOKOM [; BO BCeX TOYKax IIPOBO-
AHYKa [, MOXKHO HaiTy cuiy F, 1efcTBYIOIIyI0 Ha POBOJHUK C TOKOM B Mar-
HUTHOM I10JIe, IPOCYMMHPOBAaB Bce 3jieMeHTapHble cuibl dF.

TakuM ob6pa3oM, COBOKYIHOCTh 3aKOHOB buo — CaBapa — Jlarutaca
1 AMIIepa B IIPUHITUIIE TTO3BOJISIET PACCYUTATD JII0O0E B3aUMO/IEHCTBHE ITPO-
BOAHUKOB C TOKOM. /[pyroe Ziejio, 4TO He BCerza 3TO BO3MOXKHO IIOJyYUTh
B aHAJIUTUYECKOM BHJIE U3-3a CJIOXKHOCTEM (GOPMBI ITPOU3BOJIBHBIX TOKOB.

Y
v~

N
Y

Puc. 33

OmnpegenuM, Ajasa IpuMepa, CWIy, AEeHCTBYIONIYIO Ha MPAMOJNHENHBIN
MIPOBOJAHUK AJIMHHI L C TOKOM I, HaXOAAIINMCA B IOCTOSTHHOM OZHOPOZAHOM
MarHuTHoM 1ojie B (puc. 33).

2 2
F=[dF=I|[dIB |=I[LB].
1 1

i
Eciu o =§, TO

|F|=ILB.
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2.28. MoToK 1 uupKynauua sekropa B

B oTinyve OT 3JIeKTPUYECKUX 3apsAA0B, B IMPUPOJE HE CyIIeCTByeT
MAarHUTHBIX 3apsZI0B, IO3TOMY JUHUYU MAarHUTHOTO NOJsI B He UMeT HU
Havyasia, HU KoHIa. OHU 60 3aMKHYTHL, JIU0O YXOAAT B 6€CKOHEYHOCTD.
B pesysibTaTe OKa3bIBAETCsA, YTO NOMOK 8ekmopa B uepes nto6yto 3amkHymyto
nogepxHocms S paBeH HYJIIO:

®p =¢BdS=§B,dS=0. (2.51)
S S

Bripaxxenue (2.51) HasbiBaeTcs TeopeMoii ['aycca ana BekTopa B.
Lupkynsayueii BekTopa B, 1o ornpeseneHu0, sIBJISETCS UHTETpas

$BdI,
L

rae dl — aJeMeHT 3aMKHYTOT'O KOHTYpa.
MoO’KHO TTOKa3aTh, YTO IUPKYJISAIUS BEKTOpa B onpeaensercsa arzebpau-
yeckoll CyMMOM TOKOB, ITepeCEKaIHUX TOBEPXHOCTb, OTPAaHUYEHHYIO KOH-

TypOM:
$BdI=pg Y I. (2.52)
L k

CooTHomeHue (2.52) BhIpakaeT TEOpPeMY O IIUPKYIALMU MarHUTHOTO
nosqa B.

Puc. 34

3HaK CHJIBI TOKa ONpeZesIeTcs CIeAYIOIUM 06pa3oM: ec/id TOK Iepece-
KaeT IOBEPXHOCTB 10/, OCTPHIM yIVIOM C HOpMaJibio K Heli (I; Ha puc. 34), To
OH OepeTcsl CO 3HAKOM «ILIIOC», €CIM IOJ, TYIBIM yIyioM (I, Ha puc. 34), To
CO 3HAaKOM «MHHYyC». HampaBieHue HOpMasiell CoIyiacOBBIBAETCs C HAIIpaB-
JeHreM 00xoJa KOHTypa IIpaBUIOM IIpaBoro 6ypaBuymka: pyyka OypaBuMKa
BpamiaeTcs Mo o6xoAy KOHTypa, a MOCTyIaTelbHOE ABMKEHNE OypaBYMKa
yKa3bIBaeT HalpapjeHrue HOPMaJIU.
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2
OTMeTHM, YTO €CIM KOHTYD He 3aMKHYT, TO [Bdl 3aBMCHT He TOTBKO
1
OT IIOJIO}KEeHUA HayaJbHOU U KOHEYHOU Touek 1 U 2, HO ¥ OT GOPMBI KpU-
BOM. II03TOMy B MarHuTHOM I10JIe HEJIb3sl BBECTU BEJIMYUHY, aHAIOTUIHYIO
IOTEHIIUAJy B 3JIEKTPOCTATHUKe. B omiuuue om ajekmpocmamuueckozo
noss, ABAANWE20Cs. NOMEHYUANbHBIM, MAZHUMHOE NoJle HeNOMeHYUALHO.
ITosne, y KOTOpOro IIUPKYIAINA OTIMYHA OT HyJ/IA, Ha3bIBAETCH 8UXPEBbLM.
MarHuTHOe 110JIe — BUXPEBOe II0JIE.

2.29. IneKTpoOMarHUTHaA UHAYKUUA

fIBneHue 371eKTPOMarHuTHOU MHAYKIIMU OTKpEITO M. @apazeem B 1831 1.
C IIOMOIIbIO aHa/JM3a dKCIepPUMEHTANbHBIX AaHHBIX. OHO 3aKI04YaeTcs
B TOM, YTO IPXA U3MEHEHUHU NMOTOKAa MarHUTHOW WHAYKIIUU Yepe3 MOBepX-
HOCTb, OTPAaHUYEHHYIO IPOBOJAIIMM KOHTYPOM, B 9TOM KOHTYpP€ BO3HUKAET
TOK, Ha3bIBaeMbIK MHAYKITMOHHBIM TOKOM. DTO O3HayaeT, YTO B KOHType
Bo3HUKaeT J/IC UHAYKIIUU €;, KOTOpas He 3aBUCUT OT crtocoba U3MeHeHUs
MarHMTHOTrO MoToKa @ = qSBdS U OIIpeAesAeTCs TOAbKO CKOPOCThIO U3MeHe-

S

HHA IIOTOKA.

do

I (2.53)

€ =

CootHomreHnue (2.53) Ha3bpIBalOT 3akoHoM Papadesi. 3HAK «MUHYC»
3eCh OTpa)kaeT IIpaBwWiIo JIeHIa: MHAYKIIMOHHBIM TOK BCerJa HalpasieH
TaK, YTOOBI IIPOTUBOJAENCTBOBATh IIPUYNHE, €r0 BhI3bIBawIled. EAuHM-
IIe¥ MOTOKa MarHUTHOM MHAYKIIMU siBjiseTcsa Bebep (B6). DTo MOTOK yepes
IIOBEPXHOCTh B 1 M2, IlepeceKkaeMyo NepleHANKYIAPHBIMU K Hell TMHUAMU
OZHOPOAHOI'O MarHUTHOrO 1oJA ¢ B =1 Ti.

Eciu ckopocTh U3MEHEHUsI MarHUTHOTO IOTOKA cocTasisieT 1 B6/c, To
cornacHo 3akoHy Papazesa B KoHType uHzaynupyerca J/IC €, paBHaa 1 B.
YacTHBIM CTy4aeM 3/IeKTPOMAarHUTHOU UHAYKIIUY SIBJIAETCA CAMOUHOYKUYUSL.
Eciy Tekyluii B KOHTYpe TOK U3MEHSETCS, TO 3TO BBI3BIBAeT M3MeHEHUe
MarHUTHOIO II0TOKA, BCIEACTBUE Yero B KOHType unaynupyerca 3/C. 3To
sIBJIEHVE Y Ha3bIBAETCSA CAMOUHAYKITUEH.

ITo 3akoHy bro — CaBapa — Jlamiaca MarHuTHoe I1oJjie B IIponopLuo-
HaJIbHO BBI3BIBAIOILIEMY €ro TOKY: B ~ I. MarHuTHBIM NOTOK F ~ B. B pe3yib-
TaTe OKa3bIBaeTCsA, YTO MAarHUTHHIN IIOTOK IIPOIIOPLIMOHAJIEH CO3JalolieMy
€ro TOKy B KOHType:

O=LI.

KoadduuueHT mponopuoHasbHOCTH L Ha3bIBaeTCA UHOYKMUBHOCMbIO
KOHTYypa.
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VHAYKTUBHOCTDb 3aBUCUT OT reOMeTpPUU KOHTypa, Oompe/enseMou ero
pasMmepamu 1 GoOpMOM, a TaKKe OT MAarHUTHBIX CBOMCTB CpeZibl, B KOTOPOH
HaXOAUTCA KOHTYP (MarHUTHEIE CBOMCTBA CPeZbl XapaKTePU3YIOTCS MarHuT-
HOU IPOHUIIAeMOCTBIO u). JInA KeCTKOro KOHTypa B BaKyyMe WHAYKTHB-
HOCTb ITOCTOSIHHA.

Eavnuneil HAYKTUBHOCTU fABJsAeTcA reHpU (I'H). DTO UHAYKTUBHOCTD
TAKOI'0 KOHTYpPa, Y KOTOPOT'O IIPU CHUJIe TOKa B HeM B 1 A BO3HUKAET CBS3aH-
HBIN ¢ HUM IIOJHBI MarHUTHBIA TIOTOK B 1 BO.

IIo npasuny JleHya moku camouHOyKyuu HanpdasjeHsl mak, 4umobsl
npomueoodeticmgogams U3MeHEeHUAM moka 8 yenu. [103ToMy ycTaHOB/IeHUE
TOKa IPU 3aMBIKaHUU WU Pa3MBIKAaHUU LIeNY IIPOUCXOAUT HE MTHOBEHHO,
a MoCTeINeHHO.

2.30. JHeprna MarHUTHOro NoJiA KOHTYpa ¢ TOKOM

I[Tpu 3amkHyTOM Kitoue K B KOHType L, n306pakeHHOM Ha puc. 35, ycra-
HOBUTCSA KaKOU-TO TOK I, co3/jatonyii MarHuTHoe noJie. [Ipyu pasMbIKaHUU
x1o4a K BeiecTBHE CAMOVMHAYKIIMY TOK B LI UCYE3HET He Cpasy U yepes
COTIPOTUBJIEHUE R HEKOTOpOe BpeMs OyZeT TeUb IMOCTENEHHO YOBIBAIOITUMA
TOK, IToAZep>kuBaeMblii B kKoHType O/IC camonHzAykumu. B mporiecce ucyes-
HOBEHHUS TOKa Ha CONPOTUBJIEHWM BBIAEIUTCS TEIUIOTa, paBHasA paboTe,
COBepIIIEHHOU B IeNu. BrryncieHue 3Tol paboTwl Ay caydas L = const,
Korza HeT JedopMalvu IPOBOJHUKA U OTCYTCTBYIOT BellleCTBa C HeJIMHEH-
HOU 3aBMCHMOCTbHI0O HAMarHM4eHHOCTH OT 1oJis (peppoMarHeTuKm), IpUBO-
[IVT K CJIeyIoIeMy BhIpa)KeHUIo sl S9Hepruu W MarHUTHOTO II0JIfA, CO37a-
BaeMOro KOHTYPOM C TOKOM:

Puc. 35
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2.31. HamarHnuuBaHue BeLLecTBa

MaruuTHBIMU CBOMCTBaMu 006J1ajal0T BCe BellecTBa. IIpu moMeleHuU
B MarHWTHOe Iosie B, Bce BemmecTBa B TOW WIM WHOM CTeIIeHU HaMarHu4u-
BalOTCsA, T.€. IPUOOPETAIOT MAarHUTHBIA MOMEHT U CO3/J]al0T JOTIOTHUTEb-
HOe MarHuTHoe Iojse B’, ckiagpiBarolieecsa ¢ noiuem B,. PesyinbTupyroiee
rosue

B=B,+B"

HamarHuuyuBaHMe BellleCcTBa XapaKTepU3YIOT MAarHUTHHIM MOMEHTOM
eAVHUIBI 06beMa, KOTOPBIN HAa3bIBAIOT HAMAZHUUEHHOCMbI0 ¥ 0003HAYAIOT
6ykBoit J (J — BEeKTOp HaMarHU4YUBAHUA).

Eciu BemecTBO HaMarHM4eHO HEOJHOPOZHO, TO HaMarHU4YeHHOCTh
omnpezesnsaeTcs Tak:

J —inm, (2.55)

AV Y

rge AV — pusndecky 6€CKOHEYHO MaJjblii 00beM B OKPECTHOCTH JaHHOI
TOYKH; P,, — MarHUTHBI MOMEHT OTAEJTbHOU MOJIEKYJIBL.

MaruuTHBI MOMEHT KOHTYPa C TOKOM OIIPeJeIsieTcs CaeAyIonuM oopa-
30M:

P_=ISn, (2.56)

rae I — cwia TOKa B KOHType; S — IUIOIaAb KOHTypa; N — eAWHUYHBIN
BEKTOP BZIOJIb MOJIOXKUTEIbHON HOPMAaJM K IUIOMAaAu KoHTypa (puc. 36).
[TosoxxuTeMbHasE HOpMaJIb CBS3aHa C HallpaBJIeHHMEM TOKa MPaBUJIOM IIpa-
BOT'O BUHTA.

Puc. 36

OInbIT IOKa3bIBaeT, YTO HAMAarHUYE€HHOCTD BellleCTBa IIPONOPLIMOHANIbHA
H:

J =yH. (2.57)

KoaduiyeHT NpornopuuoHaIbHOCTH ), Ha3bIBAETCA MAZHUMHOIL 80Cnpu-
UMYUBOCMbIO BellleCcTBa.
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Jlns cmaboMarHUTHBIX BelllecTB (Aua- ¥ MTapaMarHeTHUKOB) ), He 3aBUCHUT
OT MPWIOXKEHHOTO 1ojiA H, eciii 3TO 1mMoJie He CJIUIIKOM BEJTUKO.

MarHuTHas BOCHPUHUMYHUBOCTh ), U MAarHUTHAas IMPOHUIIAEMOCTH U,
XapaKTepu3yd MarHUTHBIE CBOMCTBA OAHOTO U TOTO K€ BEIIeCTBa, JOCTa-
TOYHO IIPOCTO CBSA3aHbI MEXAY COOOM:

m=1+y. (2.58)

2.32. [lpocTeias KnaccupuKauua MarHMTHbIX BeLeCTB

CoBpemeHHas ¢u3MKa MarHUTHBIX SIBJIEHUH BbZenseT 6osmee 10 TUNIOB
MarHUTHBIX MaTepUajioB, U 3TO YMCJIO IIOCTOSHHO BO3pACTaEeT II0 Mepe pas-
BUTHUA HayKU. MBI BEIHYKZIEHBI 371eCh OTPAHUYUTHCA CAMOM IIPOCTOM KJIac-
cudukanmei. B 3aBUCMMOCTH OT 3HAKA ¥ YMCJIOBOT'O 3HAYEHUSI MAarHUTHOU
BOCIIPUMMYUBOCTHU BCe BEI[eCTBa MOXXHO pa3ZfejvuTb Ha TPU TPYIILL: Aua-
MarHeTuKH, lapaMarHeTuku U ¢peppoMarHeTUKHU.

JuamazHemuxkamu Ha3bIBAIOT BEIIECTBA C OTPUIIATEJIbHON MarHUTHOU
BOCIIPUUMYHUBOCTBIO () < 0). AGCOMIOTHOE 3HaUYEeHME C /i1 HUX OYeHb MaJIo,
nopsigka 10->—10-7. TUNWYHBIMU TIPeCTaBUTEISIMU AMAaMarHETUKOB SIBJIA-
IOTCS UHEPTHBIE r'a3bl, MHOTHE OpraHUYecKue COeAWHEeHUs, PAJL MEeTA/UIOB
(Hanpumep, yrcTas Melb).

BemecTBa € IOJOXUTETbHOW BOCIPUUMMYUBOCTBIO () > 0) mopsgka
10-3—10-° HaspIBAIOT napamazHemukamu. IIpuMepsl mapaMarHeTHUKOB:
MOJIeKyIApHBIN Kucaopog O,, okuck azota NO, mies09Hble MeTaUIbl, COMU
peJKUX 3eMeJib U 3JIEMEeHTOB T'PYIIIIHL JKele3a.

Y ¢peppomazHemukoe MarHUTHasA BOCIIPUMMYMBOCTD ITOJIOXKUTEeNbHA () >
> 0) 4 O4YeHb BeJIMKa, AOCTUTas BeMurH mopsigka 105—10°6. K peppomarte-
THKaM OTHOCATCS KeJie30, KOOAIbT, HUKeIb, MHOTHE CILIaBhl M COEAMHEHUS.

[Ipupoga AraMarHeTrsMa oOyc/IOBlIeHa TEM, YTO IIPH BHECEHUH JIF0O0T0
aToMa B MarHUTHOE I10Jie BCe 3JIEKTPOHBI aTOMa MOIy4aloT JAOMOTHUTENbHOE
[IBIDKEHMe, co3Jatolllee MHAYLIMPDOBAaHHBIA MarHUTHBEIY MOMEHT, HallpaBJleH-
HBIH MIPOTUB BHENTHET0 MarHUTHOTO IMoJisi. TakuM oO6pa3oM, AruaMarHeTHU3-
MOM B KaKOH-TO cTelleHU 00JIalaloT BCe BEIIECTBA, HO B ABHOM BHUZE OH
IIPOAIBJISIETCSA TOJIBKO TOTZAA, KOTZJa CYMMAapHBIIi MarHUTHBIA MOMEHT aToMa
paBeH HYJIIO.

Y mapamarHeTUKOB COOCTBEHHBIH MarHUTHBIM MOMEHT aTOMOB He paBeH
Hy/m0. Ho 6e3 BHENTHEr0 MarHUTHOTO ITOJIS TEIUIOBOE ABM)KEHVE TIPUBOJUT
K UX XaOTHU4YeCKOM OpHeHTaluu B IpocTpaHcTBe. [Ipu moMemieHUU napa-
MarHeTyvKa B MarHUTHOE I10JIe OHO CTPEMUTCA YCTaHOBUTb aTOMHBIE Mar-
HUTHBIE MOMEHTBI BAOJIb IIOJIA. B 3aBUCUMOCTHU OT BEJIMYMHEBI TEMIIEPATyPhI
3TO yZlaeTcs cejiaTh B OOJIbIIEN WIKM MeEHbIIEH cTerneHu. [IprobpeTaeMblii
OPUEHTALIMIOHHBIN MarHUTHBI MOMEHT 3HAYUTENbHO IIPEBOCXOAUT UHAYIU-
POBaHHBIM AAMaMarHUTHBIM MOMEHT, U BEILECTBO B 1I€JIOM IIPOABJAET I1apa-
MAarHUTHBIE CBOMCTBA.
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[Tbep Kiopu sKcliepuMeHTaNbHO YCTAHOBWI, YTO MarHuTHasA BOCIPUUM-
YHUBOCTh ITapaMarHeTUKOB 0OpPaTHO MTPONOPIMOHAIbHA TEMIIEPATYpE:

==, 2.59
X T ( )

rae C — mocrosiHHaA Kioopu, 3aBucAlias oT BelmecTBa. BeipaxkeHue (2.59)
Ha3bIBaIOT 3akoHoM Kropu. OTMeTHM, 4TO y AaMarHeTUKOB MarHUTHAs BOC-
MIPUMMYUBOCTh OT TEMIIEPATYPHI MIPAKTUYECKU HE 3aBUCHT.

HamarHu4eHHOCTDb Jua- U MapaMarHeTUKOB IIPOIIOPIIMOHATIbHA BEIH-
YHHE MIPUWIOXXEHHOTO IOJIA.

j

J Hac [~~~ "~~~ ""777" 2>~

Puc. 37

CrnoxHee 3aBHUCHT OT H HaMarHu4eHHOCTh dpeppoMarHeTukoB. Ha puc.
37 npuBeZeHa TUMIMYHAas KpUBasd HaMarHUYMBaHUA peppoMarHeTHkKa,
HaMarHU4eHHOCTb KOTOPOTO CHayasa OblIa paBHA HY/IIO. Takas 3aBUCH-
MOCTb Ha3bIBaeTC OCHOBHOM, WIM HyJeBOM KPUBOU HaMarHUYMWBaHUA.
[Tpy HEKOTOPOM I10JIe HAMarHUYeHHOCTD JJOCTUraeT HaChILEeHNUS.

B cooTBeTCTBUU C Ollpe/ie/ieHneM HaNpsHKeHHOCTU MarHUTHOTO II0JIA

H:iB—J. (2.60)

Mo

Puc. 38
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Orciopa B = uy(H + J). Ectn nsameHATs nose H 110 BeIMYKWHE U Halpasiie-
HUIO, TO TIOJYYUM XapaKTEPHYIO s peppoMarHeTUKOB KPUBYIO, Ha3bIBae-
Mylo IeTiei rucrepesuca. OHa IpuBeZieHa Ha puc. 38.

BennuuHa B, Ha3plBaeTcA OCTaTOYHOW MHAYKLMEN, a HalpsSKeHHOCTh
H, — xospuuTUBHOU cwioi. Hajnuue ocTaTOYHOU MHAYKLIWU JelaeT BO3-
MOXXHBIM M3TOTOBJIEHHE IIOCTOSHHBIX MAarHuUTOB, T.€. MCTOYHHMKOB Mar-
HUTHOTrO IoJiA. YeM 6osbllle KOSPUUTUBHAA cwia H,, TeM Jydile MarHuT
COXpaHseT CBOM CBOMCTBA, IIOTOMY YTO TeM Oosibllee Iojie HY>KHO OyzeT
IIPWIOXKHUTh, YTOOHI IOBECTH €0 HaMarHU4eHHOCTD ZI0 HYJIA.

Ecnu deppomarsneTvk HarpeBaTh, TO IpU HEKOTOPOil TeMmepatype T,
HasbIBaeMoi Toukoi Kiopu, peppomMarHeTuk TepsieT CBOM CBOMCTBA U CTa-
HOBUTCS TapaMarHeTukoM. [Ipu noHmwxeHuu Temieparypsl Hike T, deppo-
MarHuTHBIE CBOMCTBA BOCCTaHABIMUBaIOTCA. Touka Kropu 714 »kesre3a paBHa
768°C.

IIpupoda geppomazHemuama 00CMAMOUHO CAONKHA U 8 PAMKAX KAACCU-
yeckoll pusuku He ob6ssicHsiemcsi. TONMBKO MOC/IE CO3JaHUA KBAHTOBOM MeXa-
HUKY OBLIO MOKAa3aHO, YTO B peppoMarHeTukax ocobbie CHUIbl, Ha3bIBaEMbIe
obmeHHbIMU (1 0OBACHIEMEBIE TOJIBKO B KBAHTOBOI MEXaHUKE), 3aCTaB/IAIOT
cob6cTBeHHbIEe (CITMHOBBIE) MAarHUTHBIE MOMEHTHI 3JIEKTPOHOB BBICTpPAH-
BaThCSA MapajuleibHO ApYT Apyry. CIIMH 3JIeKTPOHA 00yC/IOB/IEH HE ABIDKE-
HHEM 3JIEKTPOHA B MPOCTPAHCTBE, a BHYTPEHHUM JBM)XE€HHEM BellleCTBa
B 3JIEKTPOHE, KOTOPOE HE MOXKET OBITh CBEZIEHO K OOBIYHOMY KJIaCCUYECKOMY
BpalleHHIO.

B peppomarHeTrikax 0OMeHHBIE CHIbI BRHICTPAMBAIOT CITMHOBBIE MarHUT-
Hble MOMEHTHI 2JIEKTPOHOB IapaJuIeJIbHO APYT APYTY B Ipejenax HeboJb-
mux obJacTeil, KOTOpble HAa3bIBAIOT domMeHaMU. B kaxzom someHe deppo-
MarHeTHK CIIOHTAaHHO (CaMOIIPOM3BOJIBHO, T.€. 6€3 MPUWIOXKEHNS BHEITHETO
MarHMTHOTO II0JIA) HaMarHu4eH [0 HacCHIeHUsI, HO CyMMapHble MarHur-
Hble MOMEHTHI Pa3/JIMYHbIX JJOMEHOB MUMEIOT pa3Hble HallpaBJeHUS U AJIA
BCET0 TeJjla B OTCYTCTBHE BHENTHETO MAarHUTHOIO ITOJIA MAarHUTHBI MOMEHT
OKasbIBaeTCs paBHBIM HyJII0 (puc. 39). OGBIYHO pa3Mephl IOMEHOB ITOPSIAKA
1—10 MmkM.

Puc. 39

I[Tpu moMeleHH peppoMarHeTKa B MarHUTHOE IToJie Hab IioAaeTces Kak
cMellleHre TPaHUI] IOMEHOB (B c/1abBIX ITOJISAX), B pe3y/IbTaTe Y€ro PacTyT
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JIOMeHbI, MarHUTHbBIE MOMEHTHI KOTOPHIX COCTABJIAIOT C HampaBieHueM H
MEHBIINN YT0J, TaK U IIOBOPOT (BpallleHre) MarHUTHBIX MOMEHTOB JJOMe-
HOB B HaIlpaBJIeHUH IToJIs (TIpH OOJIBIINX MOJIAX). XapaKTepHO, YTO 3TH MPO-
1[ecChl BHYTpU peppOMarHeTUKa ABISIOTCA HeOOpAaTUMBIMU, YTO U MPUBO-
JUT K TUCTEPE3UCY.

2.33. MarHuTHoe none 3emnu

MarsuTHoe 1oJjie 3eMJIM HallOMHHAET MoJie MIOJI0COBOTO0 MarHuTa Wi
1oJie MarHUTHOro Aumosa (puc. 40). CegepHblmM NOJNOCOM MAZHUMA HA3bLBA-
emcsi mom, u3 Komopozo 8blX00siMm MazHUMHble cCl08ble MuHuUU. KoHel Mar-
HUTHOM CTPEeJIKM KOMIIaca, yKa3bIBalOU[UM Ha CeBep, ABIAETCSA CEBEPHBIM
nontocom mMarauta (N). Eciu yuecThb, YTO pa3HOMMEHHBIE TIOJIFOCH MarHu-
TOB IIPUTATUBAIOTCA, TO IIOJy4aeM, YTO ceBepHHBIU (N) MMOJI0C MarHUTHOU
CTPEJIKY IIPUTATUBAETCA K F0X)KHOMY MarHUTHOMY MOJIIOCY 3€MJIM, KOTOPBIX
PAacIIoJIo}KeH HeZlaleKo OT reorpadpuyeckoro ceBepHoOro Iosoca.

MarauTtHasa och HaKJIOHEHa K ocu BpameHus Ha 11,5°. OTcioza u BO3-
HUKaeT CKJIOHEeHMe, T.e. HECOBIIaJleHe MarHUTHhIX MEPHUANAHOB C reorpa-
bUvecKuMH.

MaruuTHBIM MOMEHT 3€MHOTO JUTIOJS

M=8-10"> A-m2.

Eciy roBopuTh TOYHee, TO MOJie 3eMJIM Jydllle OIMMUCHIBAETCS, €CIH
CYHTaTh, YTO OCh AUIIOJSA OTCTOUT OT lieHTpa 3emyn Ha 462 kM (1970 r.)
B HalpasjieHUU Tuxoro okeaHa. [loaTomMy roBopArt, 4ToO I1ojie 3eMJIU — ITO
T10JIe SKCI[EHTPUYHOI'O AUIIOJIA.

be3 yyeTa pa3jMyHBIX aHOMAJIMK MaKCUMyM MarHUTHOTO IOJIS AOCTHU-
raeTcs Ha CEBEpPHOM MarHuWTHOM moitoce (AHTapkTuza), B, = 0,68 Tc.
MuHUMYM MarHuTHOro mojsA Habmiozaerca B Bpaswiuu: B, = 0,24 Ic.
ViMeloT MecTO pasjnMyHble MarHUTHBIE aHOMaluu. Hanpumep, B paiioHe
Kypckoii anomanuu B = 2 Tc.

Maznummnoe nosne 3emnu usmensiemcst co spemerem. Hanpumep, ¢ 1829 r.
110 HacTosAlee BpeMa HabmofaeTcss yObIBaHUE I10 JIMHEHHOMY 3aKOHY

M =(7,98-0,004t)-10'> A -m?,

re t — BpeMA B rofjlax, OTCUMTAaHHOE BIepez Wiu Ha3az oT 1970 r.

3a 100 jileT MarHUTHOE I0JIe 3eMJIM YMEHBIIUIOCh 6ojiee yeM Ha 5%.
OZHOBpeMEeHHO HaOJI0JaoCch U IepeMelleHre MarHUTHBIX IOJIOCOB
Ha HECKOJIbKO rpaaycoB. CMellleHre SKCIeHTPUYHOTO JUIIOJA 3eMIU yBe-
JIMYMIoch ¢ 252 kM B 1829 1. 10 462 kM B 1970 T.

CoracHO apxeOMarHUTHHIM U IIaJleOMarHUTHHIM JAaHHBIM, B JaJI€KOM
IIPOIIUIOM HEOJHOKPATHO HabJIoZiasach CMeHa IOJISIPHOCTH MarHUTHOTO
nosia 3emd. 3a nocieguue 9000 JeT MoIPHOCTh MAarHUTHOT'O II0JIS 3eMJIU
He U3MeHsIach.
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KakoBa nipupozia MarHUTHOrO 11011 3eMIu? V3BeCTHO, YTO AZApO 3eMIU
HaXOJAUTCA B XKUJKOM COCTOSSHMM U OHO dJIEKTPOIIPOBOAHO. 3a CYET pasuo-
aKTUBHOI'O pacliaZia B AZpe IIPOUCXOJUT SHEeProBhl/ie/ieHue, BEI3bIBAlolee
KOHBEKTHUBHEIE IBUXKEHVA B HeM. Kpome TOro, 3eMHOe Apo U BpallaeTcs
BMecCTe C KOpoU. B pesysbrarte C10:KHOTO ABUXXEHUA IIPOBOAAIIETO XKUAKOTO
BellecTBAa B 36MHOM f/Ipe U CO3/jaeTCA MarHUTHOE I10JIe 3eMJIN.

2.34. [lepemeHHbIN dNEeKTpUYECKUi TOK. 3aKoH Oma

[IIMpOKO MCIIO/NIb3yeMbIi B OBITY M Ha ITPOM3BOACTBE ITepEMEHHBIH 3JIEK-
TPUYECKUU TOK IMpeACTaBadeT cOO0M BBIHY>KJE€HHbIE dJIeKTPOMarHuTHBIE
KoyiebaHus, MPUYEM CHUJIa TOKA U HamNpsHKeHWE MEHSIIOTCS CO BpeMeHeEM
II0 IIpOCTeMIIeMy TapMOHUYECKOMY 3aKOHY

I=1I,sinowt.

BaxkHelmasa 0cOOeHHOCTh IIEPEMEHHOI'O TOKAa — HaM4ue cABura ¢as
MeX/ly TOKOM U HalpshKeHHeM. DTO 00yCIOBIeHO 0COOeHHOCTAMU UH/YK-
TUBHOTO XU €MKOCTHOTO COIIpOTUBJIeHuM (puc. 41). HalizeM, Hampumep,
CBA3b MEX/y TOKOM M HalpsDKeHHeM Ha eMKoCTH C:

Uc :g; I:%; dq=1Idt;

() 0) 2
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Uc =I—°sin(cot —Ej,
oC 2

'
T.€. HAIIpAXKE€HUE Ha KOHZEHCATOpE omcmaem I10 (];)3.36 OT TOKa Ha —. Mak-

CHUMaJIbHBIE (aMHJII/ITYZLHbIe) 3HAQYE€HHWA TOKA W HAIIPAXEHHA B 3TOM CiIy4dae
CBA3aHbI CJIEAYIOIIMM COOTHOIICHUEM:

I
Uc, =m—%. (2.61)

Puc. 41

Bripaxenue (2.61) Ha3biBaoT 3akoHOM OMa A1 ydacTKa I[elld ¢ eMKO-
ctbio. CpaBHUBAs 5TO BEIpaXKeHHeE ¢ OOBIYHBIM 3aKoHOM OMa U = IR BUAUM,
YTO POJIb COIPOTUBJIEHUA 3/1eCh UT'PAET

1

RCZ(OC

rge R, Ha3bIBalOT CONPOTHBIEHHEM €MKOCTH IIepeEMEHHOMY TOKY WU
€MKOCTHBIM COIIPOTUBJIEHHEM.
AHaJIOTUYHO MOXXHO TIOJYYUTh U MHAYKTHBHOE COIPOTHBIEHME R; :

RL = (DL,
T
IMpu4YeM HalIpAXKE€HKWE Ha THAYKTUBHOCTH L onepexcaem 110 (baBe TOK Ha E.

Y

1

1
1
1
1 1
| 1
| 1
| 1

i(— UR—)I*UC):(— UL—)'

l{ U ;
Puc. 42

Eciu B Llenu eCcTh BCe TPU TUIIA CONMPOTUBIEHUU (puc. 42), To CABUTHU
¢da3 xopoI1ro BUAHLI Ha TaK Ha3bIBaeMOU BeKTOpHOU AuarpaMMe (puc. 43).
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Y

Puc. 43

U3 puc. 43 no Teopeme [Tudaropa serko noxydaeM cBsi3b MeXAYy TOKOM
Y HallpsDKEHUEM B JJaHHOM LIeNH, T.e. 3akoH Oma JJ1s IepeEMEeHHOr0 TOKa:

2
UO :IO R2+((DL—L] . (2.62)
oC

Casur da3 ¢ MexJy TOKOM U HalpsDKEHUEM HaXOAUWTCS U3 BhIpAXKEHUS

tgo=——0C
g R

VITaK, 151 3JIEKTPUYECKO 1enn, M300pakeHHO# Ha puc. 42, MOIyJaeM:

[ =1I,sinot; (2.63)

U =U,sin(ot + ).

OTMeTHM, YTO /ISl ONMMCAaHUA ITEPEMEHHOI'0 TOKa OOBIYHO HCIIOIb3YIOT
TPU XapaKTEPUCTUKU TOKA: MTHOBEHHOe 3HaueHUe ToKa (I B BEIpaXKeHUU
2.63), ammmurygaoe (1)) u agppexmusroe (Wnu delicmayroujee) 3HaUEHUE.

DPdexmusHbIM 3HAUEHUEM CUNbL NepeMeHH020 MOKA Ha3bIBAIOT CUILY
TaKOI'0 IIOCTOSIHHOT'O TOKA, KOTOPHBIM BBIZIe/ISIET B IIPOBOJHUKE TaKOe JKe
KOJIMYECTBO TEIUIOTHI, UTO U MIEPEMEHHBIN TOK 3a BpeMsi, paBHOe Itepuogy T
ero xojebanuii (Mu 3a KpaTHOE YUCIO ITepuozoB T). 3HaueHue 134, JocTa-
TOYHO IIPOCTO CBA3aHO C [;:

I
Ly= % (2.64)
AHaJIOrM4YHO
U
Usp = T;, (2.65)
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CpeZHAA MOILTHOCTb IePEMEHHOr'0 TOKA 3a IIepHOoZ paBHA
P=1,4U,g cOs 0. (2.66)

37echb cos (p Ha3bIBA€TCA Koagbgﬁuuueumom MowHOCMUu. B TexHUKe ero
CTpEMATCA CA€JaTb OKe K C€AUHHUIIE, YTO JIETKO OCYHI€CTBUTDL, BBOAA
B II€IIb AOIIOTHUTEJIBbHBIEC €EMKOCTU NI MHAYKTHBHOCTH.

2.35. OcHoBHble nonoxeHns Teopun Maxkcsenna

MexAy 2JIeKTPUYECKUM M MarHUTHBIM IIOJIEM CYIIECTBYeT Iybokas
CBfA3b. JTa CBA3b ObUIA ZIeTAIbHO M3ydYeHa MaKCBe/UIOM, B pe3y/IbTaTe Yero
OH 3aIIrcasl CBOU 3HaMEHUThIE YPaBHEHUS 3JIEKTPOMarHUTHOTO TOJIs1. Makc-
BeJUT 6a3MpOBaJICS Ha JBYX OCHOBHBIX IIOJIOXKEHUSX.

I. CornacHo 3akoHy Papaziess B HEMTOABIXKHOM 3aMKHYTOM IIPOBOZSIIIEM
KOHTYype L, HaxoAs1eMcs B TepeMEHHOM MarHUTHOM I10jie Bo3HUKaeT D/IC

VHAYKIWU €;:

ai——dgz—i@BdS=—ja—BdS.
dt dtg 5 Ot

Onepanuu auddepeHIUPOBAHUSA IO BpeMEHU U UHTErPUPOBAHUSA
I10 TIOBEPXHOCTHU 3/IeCh MOXXHO ITOMEHATh MeCTaMH, IIOTOMY 4YTO X KOHTYP,
1 TIOBEPXHOCTb HEIOJBM)XHBI. YUTEHO TaKXe, YTO BeKTop B 3aBucwur,
BOOOIIle TOBOPsI, ¥ OT BpEMEHU, ¥ OT KOOPAWHAT, II03TOMY IT0/] 3HAKOM HHTe-

o . B
rpajia 3arnmrCaH CMMBOJI 4aCTHOHU ITPOM3BOAHOM I1I0 BPEMEHHU 6_
t

ITpu 5ToM 3/IC MO>KHO BBIPa3UTh Yepe3 HaAIlIPsSXKEHHOCTb CTOPOHHUX CUL:
g =¢Edl= —ja—Bds.
L s ot

OTcroza MakcBeJUl ¥ PE/JIIONIOXKII, YTO BCAKOE M3MEHAIOIIEEeCs BO Bpe-
MEHHU MarHUTHOE II0JIe IIOPOXAEeT JIEKTPUYECKOe II0JIE.
HanpsXeHHOCTh CTODOHHMX CHJI B 3akoHe Papazied eCTb HaIPSXKEH-
HOCTb dJIeKTpu4eckoro nond, E.. = E:
$EdI=—| Bis . (2.67)
I s ot

OTO MaremMaTUYecKoe BhIpaXkeHHe IepBoi runoresbl MakcBesia sBis-
eTCs nepeviM yHOAMEHMANbHBIM YpasHeHuem meopuu Makcgenna.

B sieBOi yacTu ypaBHeHUs MakcBesula 3allMcaHa LUUPKYAALUA HaIps-
’KEHHOCTH JJIEKTPUYECKOT'O IOJIA 10 3aMKHYTOMY KOHTYpy. B anekmpocma-
muueckom TIOJIe TaKas IUPKY/IALNS Bcerza paBHa Hy/0. [Ipou3BosbHOE XKe
aziekmpuueckoe ToJie OKa3bIBAETCS HeNOMeHYyUANbHbIM.
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OTmeTHM, YTO €C/IU UMeeTCs IlepeMeHHOe MarHuTHOeE I10Je, a 3apsAAbl
OTCYTCTBYIOT, TO BCE JIMHUM HAIIPAKEHHOCTU JIEKTPUYECKOI0 110/ 3aMKHY-
Thle. Takoe I10jie Ha3bIBaeTCs BUXPEBBIM.

II. Bropoe mosioxkeHue Teopuu MakcBesia. B djIeKTpUYECKUX LIENAX
IIOCTOSTHHOT'O TOKAa JIMHUU TOKAa HEINpepHIBHLL. [Ipy HaJIMYUU B 1jeNY KOH-
JleHcaTopa IIOCTOAHHBIN TOK Te€Yb He MOXeT (3/eKTpHUUecKas Ilelb OKa3kl-
BaeTCAd Pa30MKHYTOM), a IeEpeMEeHHBIN TOK MOXET Te4Yb U B TaKOU I[elu.
B aTOM Cilyyae IMHUM TOKa OOPHIBAIOTCA Ha OOKJIaZKaX KOHZEeHcaTopa, TaK
KaK 4yepe3 KOHJeHcAaTop TOK He TeueT. Ho MakcBesul IpeAIonoXKWI, YTO
IIlepeMeHHBIM TOK co30aem 8 NpoCmMpaHcmee makoe %e MAZHUMHOe noJe,
Kak ecau 6bl IUHUU MOKA He nNpepbleanucb HA KOHOeHcamope. Mbl 3HaeM,
YTO Ha CaMOM /iejie B KOH/ZIeHcaTope ToKa HeT. Tak yeM ke co3zaeTcs 3TO
MarHuTHoe Tose? B koHO0eHcamope ecmb nepemeHHoe 3seKmpuueckoe noJie
(senuuuna 3apsda Ha obknadkax meHsemcsy), Komopoe u nopoxcoaem maz-
HumHoe nosie. B 3ToM U 3akiI04aeTcsa CyThb BTOpOM runore3sl Makcsesua.

CormoctaBuM, 4uCTO GopMasbHO, IEPEMEHHOMY 3JIEKTPUIECKOMY IIOJII0
TaKOH TOK, KOTOPBIH ITOPOXKAaJI OBl TO K€ MarHUTHOE I10JIe, KaKOe IMTOPOXKAA-
eTcs pacCMaTpUBAEMBIM II€PEMEHHBIM 3JIEKTPUYECKUM I10JIEM. DTOT «TOK»
HA3bIBAETCS MOKOM CMeWeHUsl, B OTJIMYME OT OOBIYHOT'O TOKA ABVXKYLIUXCS
3apszioB, KOTOPHIN OyzZieM Ha3bIBaTh MOKOM NPO80OUMOCMUL.

Termephb IVIOTHOCTD j TMOJTHOT'O TOKA B KAXKJOM TOYKe IIPOCTPAHCTBA

J=Jop T Jem-
MoxxHO IIOKa3aThb, YTO IVIOTHOCTh TOKa CMEIIECHUA OIIPEACTIAECTCA CKOPO-
CTbIO UIBMECHECHHUA BEKTOPA SJIEKTPUIECKOTI'0O CMEIICHUA D:
;. _oD
o™ T .
ot

(HannomHMM, 4TO B COOTBETCTBHUH C BelpaxeHueM (2.38) D = g,eE.)
C ydyeToM TOKa CMeIleHUs 8mopoe ypasHeHue meopuu Makcgesna 3amnu-
CBIBAETCA CAEAYIOMNM 06pa3oMm:

$HdI = [ j,,dS+| aa—]:ds. (2.68)
L S S

ITo cymecTBy 3T0 000061eHHAs TeopeMa o UpKy/saiuu H, cipaBegiuBas
B 001I[EM C/Tydae MPOU3BOJBHO MEHSIOUINXCS BO BpEMEHHM TOKOB U ITOJIEH.

B cucremy ypaBHeHuUl MakcBesuia BXOAAT U JBe TeopeMbl ['aycca 0 oTo-
Kax BeKTOopoB D u B, KOTOpbIE OCTAIOTCA CIIPaBeAIMBBIMU U B 001I[EM CITy4dae
IlepeMeHHBIX MOJIeit:

$DAS = [ pdV; (2.69)
S 14

$BdS=0. (2.70)
S
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COBOKYITHOCTb 3THUX YeThIpeX YpaBHEeHUU MakcBe/lla B MHTErpaJIbHOMU
dopme (2.67) — (2.70) onuchBaeT Bce Kaaccuueckue (T.e. HEKBAHTOBBIE)
3JIEKTPOMArHUTHBIE SIBJIEHUA. YpaBHEeHUsA MaKCcBeJlla BBISBJISIOT HEPA3Pble-
HY!0 CBSI3b MEX/Y JIEKTPUYECKUM U MarHUTHBIM IOJIAMU, KOTOPbIe, U3Me-
HSSICh, B3AUMHO ITOPOXKJAIOT APYT Apyra U, CJIef0BaTeNbHO, HE SBISAIOTCSI
HE3aBHCHUMBIMU TOJAMU. B IpHpoze CyIecTByeT eANHOE 31eKMPOMAzHUM-

HOe€ no.Jie.

.OE JD 0B CH
1 cTaTU4eCKUX moJieun 6_ = 6_ _%B_ 6_ =0, u ypaBHeHUuda MakcBeiia

ot ot ot ot
IIepeXoAT B OOBIYHBIE YPaBHEHUA DJIEKTPOCTATUYECKOTO M IMOCTOSHHOTO
MATHUTHOTI'O II0JIEH.

2.36. IneKTPOMarHMTHbIe BOJIHbI

CyiecTBOBaHHE 3J€KTPOMArHUTHHIX BOJH BHITEKAeT U3 ypaBHEHUU
MakcBesnna. [lepeMeHHOe 3JeKTPUYECKOE II0JIE ITOPOXKAAEeT MarHUTHOE
1 Haob6opoT. [ToaTomMy ecau BO3OYAUTH C MIOMOIIBIO KOJEOIOMUXCS 3aps-
JIOB IIepeMeHHOe 3JIeKTPOMarHuTHOe II0jie, TO B OKpY’KaloIleM IIPOCTpaH-
CTBe BO3HMKHET II0CJIEA0OBATEIbHOCTh B3aUMHBIX IIPeBpallleHUi d/IeKTprUye-
CKOT'O ¥ MarHUTHOTO TOJIeH, pacIpOCTPAHSAIOMINXCA OT TOYKM K TOUKE. DTO
1 OyZeT 3/1IeKTpOMarHUTHas BOJTHA.

MO>KHO II0Ka3aTh, YTO B OIHOPOAHOM AUIIEKTPHUUECKOH cpeie (€ = const,
W = const) IMPU OTCYTCTBUM 3apsAA0B U TOKOB (p = 0, j = 0) ypaBHeHUA Mak-
cBeJUla MPUBOAAT K CIeAyIOIIUM BOJHOBBHIM YpaBHEHUAM AJ1s1 BeKTOpPOB E
u H:

&2E, &2E,
2 —gol'loglzl—(,at2 =0;
02H, 62H,
Ox2 ~ CoHoth ot2 =0

PemeHueM 3TUX ypaBHEHUM SABJIAETCA IUIOCKas 3JeKTPOMArHUTHAA
BosHA (PpOHT BOJHBEI — IUIOCKOCTDH), PaclpoCTpaHsAoIasAcsa B HallpaBie-
HUM OCU X CO CKOPOCTBIO

1

VEoEHQM -

B BakyyMme € = W = 1 ¥ CKOPOCTb 3JIEKTPOMAarHUTHOU BOJIHBI

Yy =

c=;. (2.71)

v €&olo

OTHoIllleHUe CKOPOCTH CBE€TA B BaKyyMe€ K CKOPOCTH CBE€Ta B CpeA€ Ha3bI-
BaeTcsa abCOMIIOTHBIM ITIOKa3aTe/IeM MMpEJIOMJIEHUA CPEAEL n:
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- fen=n. (2.72)
v
A
Y E
H A"

Puc. 44

Ha puc. 44 noka3aHa Kak 66l MrTHOBeHHas ¢poTorpadusi IIOCKOM dJIeK-
TPOMarHUTHOM BOJHEL. Bugum, uto BekTOphl B 1 H neprneHAVKY/IAPHBIL APYT
ZPyTy U K HallpaBJIe€HUIO PaCIpPOCTPAHEHUS BOJIHEI, T.€. 3JleKMpOMazHUM-
Hble BOJIHbL SI8JIAIOMCS NONEPEeUHbIMU 80HAMU. DTO 0bIee CBOMCTBO BCEX
3/IeKTPOMarHUTHBIX BOJIH.

To, uro BekTOpHl B 1 H 11pu pacripocTpaHeHUH BOJHBI OCTAIOTCA B CBOUX
IUIOCKOCTSIX O3HA4YaeT, YTO BOJIHA SABJIAETCA NONSAPU30BAHHOLL.

B3anmozelicTBUe 3IeKTPOMarHUTHBIX BOJIH C Bell[eCTBOM OIIpeZessieTcA
JUIMHOM BOJIHBL. HampuMep, Telo MOXKET ObITh HEIIPO3PayHO ISl CBETOBBIX
BOJIH U IPO3PavyHO AJIs1 PEHTT€HOBCKUX.

KoHTponbHble BOoNpocbl 1 3afaHuA

YTo Takoe BcesieHHad U Korza oHa BO3HUKJIA?
YeM MeTarasakTuKa OT/IMYAETCA OT raJaKTUKU?
[IpuBeguTe IPpUMeEp CIUPATBHOM raJaKTUKU.
YTto Takoe 3Be3AbI?
Yro BHI 3HaeTe o0 ConHLe?
MHoro 11 ¢pyHZaMeHTaIbHBIX B3aUMOZEUCTBUM B npupoze? KakoBhl ux
OCHOBHBIE 0COOEHHOCTU?

7. KakoBBI rpaHUIIB IPUMEHUMOCTHU KJIACCUYECKOM (HbIOTOHOBCKOM) MEXaHUKU?

8. Coopmynupyiite Tpu 3akoHa HbloTOHA.

9. UYrto Takoe MHepIUAJIbHbIE CUCTEMBI OTCYeTa? fABjsAeTcsa I cucTeMa OTCYeTa,
CBsI3aHHAasA ¢ 3eMlell, HepLIUAJIbHON?

10. Kakoii 3aK0OH coxpaHeHHUs 00yC/IOBIEH OAHOPOAHOCThIO BpeMeHu? Chopmy-
JIUpyiiTe ero.

11. Kakoii 3aKOH cOXpaHeHHs 00YyCJIOBJII€H OJHOPOAHOCTHIO IIPOCTPAHCTBA?
Cdopmynupyiite ero.

12. Kakoii 3aKOH coxpaHeHUs 00ycIOBIeH u3oTponueit npocrpancTBa? Cdop-
MyJIUPYHUTE ero.

13. Yo Takoe nmpeobpasoBanus ['anwies v MPUHIUII OTHOCUTEIbHOCTH [aves ?

SNk W
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14. Yro Ha3bIBaeTC MOMEHTOM MHEPLIVU TBEPAOTo Tejla OTHOCUTENBHO JaHHOM
ocu?

15. Kakwue koseb6aHus Ha3bIBAIOTCS TAPMOHUYECKUMMU?

16. 4Yro Takoe 3ByK?

17. Yewm omnpezensercs TeMOp 3ByKa?

18. Kakoii 3Byk Ha3bIBaeTcs IIyMOM?

19. Tloacuure 3akoH KynoHa.

20. OmnpegenuTe ABE OCHOBHBIE XapAKTEPUCTUKHU SJIEKTPUYECKOTO ITOJIA: BEKTOP-
Hy10 E U ckaynApHyto ¢ (HanpsDKeHHOCTh M ITOTEHIAN).

21. Yro Takoe Teopema l'aycca.

22. Yro TaKoe BEKTOP IOJAApU3anUM P U BEKTOP 3/IeKTpUYECKOro cmelleHusa D?

23. Tlogacuute 3akoH OMa u 3akoH /Ixoyna — JleHna.

24. 4Yto coboii peACTaBIAI0T OCHOBHBIE 3aKOHBI MarHeTu3ma: 3akoH buo —
CaBapa — Jlarnaca u 3akoH Amiepa?

25. OnuiTe SBIeHNe JIEKTPOMarHUTHOM MHAYKITUY U TosicHUTe 3akoH Papazes.

26. Kakue BelecTBa Ha3bIBalOT AMaMarHeTUKaMM, TapaMarHeTUKaMu u dep-
pOMarHeTUKaMu?

27. TlpuBezauTe HanboJIee XapaKTepHbIE 0COOEHHOCTH MarHUTHOTO TIOJISI 3EMJIH.

28. UYro Takoe 3¢ PeKTUBHOE 3HAUEHNE TIEPEMEHHOIO TOKA?

29. B 4eM cyTh ABYX OCHOBHBIX ITOJIOKEHUM Teopuu MakcBesuia?

30. OmnuceIBaIOT JiM YeThIpe ypaBHeHUs MakcBeiula Bce KlacCudecKye 3JIeKTPO-
MarHuTHbIE ABJIEHUA?

31. BeITekaeT M CylIeCTBOBAHUE 3JI€KTPOMAarHUTHBIX BOJH U UX OCHOBHBIE
XapaKTepHUCTUKU U3 ypaBHeHUl MakcBesia?



naBa3
OU3UKA XX BEKA

3.1. InemMeHTbI CNeLManbHOii TeOPUN OTHOCUTENbHOCTH

CneyuansHasa meopusi omuocumensHocmu (CTO) coszgana A. DUHIITEH-
HOM B 1905 1. B 1916 1. A. DUHIITEIH CO3/1a 1 06ULyt0 Meopuo OMmHOCUMelb-
Hocmu (OTO), mpeAcTaBIAOIYI0 cOO0# KlaccuYecKylo (HeKBaHTOBYIO)
PENATUBUCTCKYIO Teopuio rpaBuTtanuu. O3HakomneHue ¢ OTO BBHIXOAUT
3a paMKH JJaHHOT'O Kypca, U Ziajiee MIOUAET pedb ToIbKo 06 ocHoBax CTO.

B ocHoBe CTO sexxaT ABa mocTy/aTa (IocTylaT — yTBepXK/AeHue, IIpU-
HMMaeMoe 3a UICTUHHOE, XOTs U CTPOTO He JOKa3aHHOe).

I. IIpunyun omHocumensvHocmu JliHWMeliHA. B IpUHITUIIE OTHOCUTEb-
HocTH layutess roBOopUTcs 06 OJMHAKOBOCTU 3aKOHOB MeXAHUKU JJIST BCEX
WHEePIMATbHBIX CUCTEM OTCUeTa. A. DUHINTENH pacIpOCTPAHWI 3TOT IIPUH-
IIUI BOOOIIIE //IsT BCeX 3aKOHOB IMPHUPO/BI: 8Ce 3aKOHbL NPUPOObL 00UHAKOBO
dopmynupyromcs 051 8CexX UHEPUUANbHBLX CUCMeM omcuemd.

OMHIITENH IOKa3aj, YTO MpU Ilepexoie U3 OAHOW HHepILUaJIbHOU
CHCTEMBI OTCYETa B APYTYIO HYXKHO IOJb30BaThCS He NMpeobpa3oBaHUSIMU
Tamuies, a 6oee obuMu npeobpaszosarusmu JlopeHuya:

[ X+t
X =——,
J1-p2
y=Yy,
i2=2, (3.1

%
rze B :?.

[To3TOMY NPUHIIUI OTHOCUTEIbHOCTU DUHIITEHHA MOXHO PopMyu-
POBaTh M TaK: YPABHEHUS, 8blpaxcaroujile 3aKOHbL NPUPOObL, UHBAPUAHMHbL
no omHoweHur k npeobpazosarusm JlopeHya.

I1. IIpuHyun nocmositncmea ckopocmu ceema. CKopocms c8ema 8 8axKyyme
He 3a8ucum om 08UXCeHUSl UCMOUHUKO8 c8emd U, C/1e008ameibHO, 00UHAK08A
80 8CeX UHEPUUANbHBLX cUCMeMax omcuemad.
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OTO yTBepXKAeHUEe ONMHUPAETCA Ha BCe UMEIONHECS SKCIIEPUMEHTHI
II0 ONpEAETEHNUI0 CKOPOCTH CBETA MPU PA3JIUYHBIX YCIOBUSIX U IPEXKIE
BCEro Ha OmBITHI A. MaiikeJIbCcoHa.

OTMeTHM, 4YTO CKOPOCTb CBETA B BaKyyMe SIBJISIETCSA IpeZAelbHOM CKO-
POCTBIO pACIIPOCTPAaHEHHUs B3auUMOAeHcTBUM B nmpupoze. Eciu Hax aTuM
ITOPa3MBICJIUTh, TO MOXXHO MPUHATH K BAXXKHOMY BBIBOJY: NOHAMuUe 00HO8pe-
MeHHOCmU, CUMTAaBIIeecs s B HbIOTOHOBCKOI MeXaHUKe aOCOMIOTHBIM, B /M-
CTBUTEJIbHOCTH A8JI€MCA OMHOCUMEbHbIM.

[TocMOTpHM, KaK 3TO IIOIy4aeTcA.

[lycTh M3 cepeAiMHBI paBHOMEPHO JBWKYIIETOCS MOE3/]a UCITYCKAETCs
B 000MX HaIpaB/lIeHUSX CBETOBOM curHai (puc. 45).

A
Yy ,

Puc. 45

Efymuii B moe3/ie MacCcaXup YBUAUT, YTO CUTHAJ AOCTHUT T'OJIOBBI U XBO-
CTa 1moeszia OZHOBpPeMEeHHO. JleXXypHbIN Ha CTaHIIMU OTMETUT, YTO CHUTHAJ
JIOCTUT XBOCTA II0e37la paHbllle, YeM T'OJIOBHI, TaK KaK TO4Yka 1 ABMKETCS
HaBCTPeYy CUTHAJY, & TOUKY 2 CBETY HY>KHO JOTOHATb.

B pe3ysnbraTe UMEeM, UYTO 8peMs 8 PA3HbLX CUCMeMAX omcuema meuem
HeoOuHakoso. Ho camoe I1aBHOE, IPOCTPAHCTBO U BPEMS OKa3bIBAIOTCS 83a-
UMOCBSA3AHHBIMU, 0OPasys edUHOe UemblpexmepHoe NPOCMPAHCMB0-8PEMSL.

YTo 3TO 0O3HAYaeT? ITO O3HAYAET, YTO JI0O0E COObITHE B TOUKe (HAIIpH-
Mep, pachaz siApa aToMa) B TEOPUM OTHOCUTENBHOCTHU BCETZla XapaKTePU3Y-
€TCs YeThIPbMS BeJTMYMHAMU: KOOPAUHATAMH X, Y, 2 U BpEMEHeM COOBITHA t.
3HaYeHUsI STUX YeThIPEX BEJIUYUH 3aBUCAT OT CUCTEMBI OTCUETA.

B pasroBope 06 0JHOBPEMEHHOCTHU COOBITHUIA BaXKHO ITOAYEPKHYTD CJIEAY-
fotiee. Ecau mexcdy cobbimusimu umeemcst NPUUUHHAS C853b, MO cobblmue-
NnpuuuUHa 80 8cex cucmemax omcuema npedutecmsayem cobblmuto-ciedcmauio.
PoxxzieHre 37ieMeHTapHOM YaCTHUIbI BO BCEX CUCTEMAX OTCYETa IIPOUCXOJUT
paHblIIe ee pacraza.

KomyecTBEHHO MHTEPBAJ BpEMEHU MEXAY ABYMS COOBITUAMU B OZHOM
TOYKe IPOCTPAHCTBA IIPU Iepexojie U3 OJHOU MHEePIHaJbHON CUCTEMBI
B ZIPYTYIO U3MeHseTcs caeAyromuM oopazoM. O603HAUYUM T, BpeMs MeXIY
coObITUAMU (HampuMep, pOXKAEHHEM YaCTHULB U €€ paclaZoM) B HEIOZ-
BIDKHOM CHCTEMeE OTCYeTa, a OYKBOM T — BpeMs MEXAY TEMU YK€ COOBITH-
AMU B CUCTEMe OTCUeTa, ABIKYIIENCA CO CKOPOCThIO V OTHOCUTENBHO Iep-
BOH cucteMbl. Torza

=0 (3.2)
1-p2
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IToCKONBKY T > T, AM€eM, UYTO B ABIKYIIUXCA CHCTeMax BpeMs TedeT
MegneHHee. Ecim v << ¢, TO 3TUM, KaK rOBOPAT, PeSITUBUCTCKUM 3 dek-
TOM 3aMe/l/IeHUsI BpeMeH! MOXXHO IpeHe6peub. U pyrue pensiTUBUCTCKYE
3¢ deKTHI TPOSBIAIOTCA 3aMEeTHBIM 06pa3oM JIMIIb IPU CKOPOCTSAX JBIKE-
HUsI, OJIM3KUX K CKOPOCTH CBETa C.

y A y' A

K’I

Y
Y

Vo X, X

Puc. 46

OTHOCUTENBHO HE TOJBKO BpeMs, HO U paccTosaHus. Ha puc. 46 crep-
)KeHb JJIUHB [j =X —X], HENOABMXXHBIN OTHOCUTENBHO «IITPUXOBOM»

cucteMbl oTcueTa K', IBMXXETCSA BAOJb OCH X CO CKOPOCTBIO V. JIMHA
cTep)kHs | B HETTOABW)XHOM cucTeMe oTcueTa K paBHa

I[=1Iy\1-P2. (3.3)

JlnuHa cTepxHA Ly = X, — X; CTPEMUTCA K HYJIIO TIPYU IPUOIMKEHUU CKO-
POCTH ero ABMXEHUS V K CKOPOCTHU CBeTa C.

B cirydae aBrkeHUs1 60Jiee CJI0XKHOTO TPEXMEPHOTO Tejla (CTepKeHb SIBJIA-
eTcs IPUMEepPOM IIPOCTeHIero OAHOMEPHOTO TeJjla), HallpUMep Illapa, ero
TIoTIepeYHble pa3Mephl He U3MEHSIOTCA. B pe3ysnbraTe map CIUTIONUBAETCS
B HaIIpaBJIEHUH ABWKEHUS U MpUHUMaeT GOpMy JJUTHIICOM/a. VIHTepecHO,
YTO 3PUTEJIBHO STOT DJUTHUIICOUZ OyZeT Ka3aThCsA MIapoM, IIOTOMY YTO BpeMs,
3a KOTOpOEe CBET MPOXOAUT PACCTOSHUE OT PA3JIMYHO YAAJeHHBIX TOUEK Tesa
J10 TJIa3a HEOJUHAKOBO.

B TeopuM OTHOCHUTEJBHOCTH U3MeHseTcA U GopMysa CIOXKEHUS CKO-
pOCTeH II0 CPAaBHEHMIO C IIPUBBHIYHON HBIOTOHOBCKOUW MexXaHUKOU. [IycThb
yacTHUIa ABVDKETCA BZOMb Ocel X ¥ X' B HalpaBlIeHUU CKOPOCTH V, ABUXKY-
melicsa cucTteMsl orcuera. ITycTb v — cKopocTh B cucteMe K, v/ — CKOpPOCTb
B cucteMme K'. Torga

y=""TYo_ (3.4)

C nmomompio cooTHomeHUsA (3.4) MOXXKHO ITPOBEPUTH, ANUCTBUTEIBHO
JIU CKOPOCTh OZIMHAKOBA B PA3/JIMYHBIX CUCTeMax oTcyeTa. [IyCcTbh CKOPOCTh
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B ABIDKYyIIelics cucteme v' = ¢. Torama cKOpoCThb ABMXKEHUSA B HETIOABIKHOMN
CHCTEeMe OTCUeTa

C+VO _

I[Toxy4aeTcs, 9TO JeMCTBUTENBHO CKOPOCTh CBeTa B 060enX BHIOPAHHBIX
cucTeMax OTcyeTa paBHa C.
BrIpakeHue A1 UMITy/IbCa YaCTUIBI B TEOPUM OTHOCUTEIBbHOCTU UMeeT

BUZ

p:m—v (3.5)

J1-p2

OcHOBHOe ypaBHeHMeE PeIATUBUCTCKON JUHAMUKN MaTepUATbHOU TOYKHU
(BTOpOI 3aKOH HbIOTOHA):!

i mv
de| 1 —p2

OTcroga BUAHO, YTO Macca YaCTHUIIBI ITPU BBICOKUX CKOPOCTSAX ABYDKEHUSA
yKe He ABsieTcs KodbPUIIMEeHTOM MPOMOPIHMOHATBHOCTA MEXAY CHUIOH
U ycKopeHHeM. bBosee Toro, cuia F B peISTUBUCTCKOM MeXaHUKe He SBJIA-
eTCs MHBAPUAHTHOM, T.€. B Pa3JIMYHBIX MHEPIIMATBHBIX CUCTEMAaX OTCYeTa
OHa MMeeT Pa3/JIMYHYyIO0 BEeJIUYUHY U HampaBjieHHe. YCKOpEeHHEe a U CUIa
F B ob1ieM ciydyae oKa3bIBalOTCS HEKO/UIMHEApPHBIMH. DTO 3HAYMT, YTO,
BOOOIIEe rOBOPsI, HAaIlpaBJIeHUE YCKOPEHUS HE COBIIAJAeT C HalpaBJIeHUEM
CHUIBI.

Oco60 oTMeTUM IOJy4YeHHOE DUHIITEHHOM BBIPAXKEHUE JJIST TOJTHOMU
SHEPTUH CBOOOAHOM YaCTHIIBI, ABIDKYIIEHCA CO CKOPOCTBIO V:

=F. (3.6)

2
o (3.7)

J1-p2

CB0oOOZHO¥ HA3bIBAIOT YaCTUILYy, HA KOTOPYIO HE AEWCTBYIOT HHUKaKHe
CHWJIBL.
HenogBwkHas yacTuiia obyaaeT sHepruei

Ey =mc2. (3.8)

Oneprus E, Ha3bIBaeTcs Hepeuell NOKOSL U TIpeJCTaBaseT co60il BHY-
TPEHHIOI0 SHEPTUIO YacTUIlbl. TakuM 06pa3oM, B TEOPUM OTHOCUTETbHOCTH
IIOJTHOM DHeprHel YacTHUI[bl Ha3bIBAlOT CYMMY €€ KUHETUYECKOU SHEPIUU
Y DHEPTUH ITOKOSI.
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CymMapHasa Macca B3auMOZIeMICTBYIOIIUX YaCTUL] MOXKeT He COXPaHAThCA.
HamprmMep, npu BcTpede 37eKTPOHA U MO3UTPOHA (IIO3UTPOH — 3JIeMeH-
TapHas YaCTUIIA C MACCOM 3/IEKTPOHA, HO C TOJIOKUTETbHBIM 3apsI0M, PaB-
HBIM I10 BeJIMYMHE 3apAJy dJ€KTPOHA) OHU AHHUUAUPYOmM, T.€. UCUYe3aloT.
IIpu 3TOM BCst Macca IOKOs IIO3UTPOHA U 3JIEKTPOHA IIEPEXOAUT B SHEPTUIO
obpa3oBaBIIKXCA Y-GOTOHOB B CTPOI'OM COOTBETCTBHU C ¢popmysoit (3.8).
Macca nokos y-GOTOHOB paBHa Hy/IIO, 1 OHU MOTYT CYIIEeCTBOBAThb TOJIBKO
IIPU IBIDKEHUH CO CKOPOCTBIO CBETA C.

Bo3MOXKeH ¥ 0OpaTHBIN MPOIeCC «IIOSBJIEHUS MacChl U3 HUYEro», KOTAa
IIPY COOTBETCTBYIOIIUNX YCIOBHUAX Y-GOTOH C JOCTATOYHOM SHEPTUE MOXeT
IIPEBPATUTHCA B APy JME€KTPOH + MO3UTPOH, IPUYEM BCETZa POXJAeTcs
MMEHHO I1apa 3TUX YaCTUIL, B COOTBETCTBUM C 3aKOHOM COXPaHEHUS JJIeK-
TPUYECKOT0 3apsza.

3.2. (rpoeHue aToma

Zlo 1911 r. npaBWIBHBIX IPEACTaBACHUN O CTPOEHUU aToMa He Cyle-
ctBoBasio. B 1903 r. aummutickuii ¢usuk /l. JI. TOMCOH IIpeAJIOKUI MOJENb,
COIJIACHO KOTOPOM IIOJIOKUTENbHBIN 3apsA/ aToMa paclipefiejieH 110 BceMy
o6beMy aToMa, M BHYTPH 3TOTO 0O0beMa, KaK U3lOMUHKU 8 Oysnke, pa3bpo-
caHbl 5JIeKTpPOHBL. CyMMapHBIN 3aps/, 3JIeKTPOHOB PaBeH IOJI0XKUTEIbLHOMY
3apsaAy, TakK YTO B 11€JIOM aTOM 3JIeKTPOHEUTpasleH.

OJHaKO cepbhe3HOT0 SKCIEPUMEHTATBHOr0 060CHOBaHUA Moeab ToM-
coHa He umena. B 1911 r. gpyro# anmmiickuii pusuk O. Pesepdopa mnpo-
BeJl 3HAMEHUTHIe U KpacHUBhIe MCCIeJOBaHUA pacpe/e/leHUs MOJI0XUTEeb-
HOTr'0 3apsZa B aToMe, 3aBepIIMBIINEC CO3/JaHMEeM S/IEPHOU MOZeIi aToMa.
Pe3zepdopz msydan paccesHue o-dactull (anbpa-4acTUIBI — siIpa aTOMOB
reJivs) TIPpU MPOXOXKAEHUM Yepe3 TOHKYIO0 MeTaUTHYecKyto Gposbry. BeisicHU-
JIOCh, YTO HEKOTOPHBIE O-4ACTHI[bI PACCEMBAIOTCA HA OYEHDb OOJIBINNE YTJIHI,
6mu3kue K 180°. DTo BO3MOXKHO, eCJIN BHYTPU aTOMa €CTh CHJIBHOE 3JIEKTPU-
YecKoe IT0JIe, CO3ZaHHOE MTOJIOXKUTETbHBIM 3apsZIoM, CBI3aHHBIM C OOJIBIION
Maccol U cocpeAOTOYEHHBIM B O4eHb MasoM o6beMe. [loaTroMy Pesepdopz
Y npedioncun s10epHyto MoOeslb AMomda: B LIeHTPe aToOMa HaXOAUTCS TsDKeNIoe
IIOJIOXKUTENbHOE PO pa3MepoM nopsgka 10-12 cM, B KOTOPOM COCpeZoTo-
yeHa IIOYTHU BcA Macca atoMa (pasmep aroma nopsazaka 10-8 cm), a Bokpyr
A7pa pacIoJIOXKeHbI SJIeKTPOHBL. YKCIIO 37IEKTPOHOB aTOMa PaBHO MOPAAKO-
BOMY HOMepy 2JIeMeHTa B Ilepuoandeckou cucreme /l. V1. MeHzeneeBa.

Ha ocHoBe sijepHO¥ Mogenu Pesepdopa BeiBen GopMysty A1 pacipese-
JIeHUA pacCesHHBIX (-4aCTHI[ B 3aBUCUMOCTHU OT yIia pacceaHusda. B 1913 r.
oHa ObUTa NMPOBepeHa dKCIIEPUMEHTANBHO U MOMYYHIa IOJTHOE ITOATBEPXK-
JileHue.

Oco60 cTOUT BOIPOC O ABMXKEHUM JJIEKTPOHOB B aTome. II0CKOJIBKY
CHUCTEMa HENOABUXXHBIX 3JIEKTPUUYECKUX 3apAAO0B He MOXKeT HaXOAUTHCA
B yCTOMYMBOM paBHOBecuu, Pesepdopzay nmpunuioch mpeanonoXkuThb, 4YTO
3JIEKTPOHBI BpalllalOTCA BOKPYT AApa, IPUMEPHO KaK IUIaHeTHl BOKPYT
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Connita. Ho B COOTBETCTBUHY C 3aKOHAMM KJaCCHMUYeCKOM 3JeKTPOANHA-
MUKHU JBUTAIOIIUMICA C YCKOPEHNEM 3JIeKTPOH JO/KEH HelIPepPhIBHO U3JIY-
YaTh 3JIEKTPOMarHUTHBIE BOJHBI ¥ B KOHIIE KOHIIOB YIIacTh Ha AAPO. DTOTO
He IIPOMCXOJUT, CIe[j0BaTeJbHO, MOXXHO Pe3IOMUPOBAaTh, UTO K BHyTpUa-
TOMHBIM SIBJIEHUSIM 3aKOHBI KJIaCCMYeCKON GU3UKU HeIIPUMEHUMBI.

[IpITasich pa3peuIuTh MpobieMy C ABMKEHHEM 3JIEKTPOHOB aToma H. bop
B 1913 r. BrICKa3sas ABa IOCTy/aTa:

1) 371eKTpOHBI B aTOMe MOTYT JABUTaThCA He IO JIOOBIM opbuTam,
a TOJIBKO II0 HEKOTOPHIM, YZOBJIETBOPAIOIIUM OIpeZieIEeHHBIM KBaHTOBBIM
yCclnoBUAM. JIBUTAsICh 1O OJHON M3 TaKUX OPOUT, 3JIEKTPOH He H3TydaeT
3JIEKTPOMAarHUTHBIX BOJIH;

2) u3ydYeHHe MCIIyCKaeTCs WIM IIOIVIONaeTcs B BUe KBaHTA SHEPTUU
hw mpu mepexo/ie 37I€KTPOHA U3 OZHOI'O CTAIIMOHAPHOT'O COCTOSHUS B APY-
roe:

ho=E,-E,_, (3.9)
rae i — nocrosHHasa [D1aHka; n 1 m — HOMepa COCTOSTHHUH,
h=1,05-10-3% Ix-c. (3.10)

MHozouucieHHble IKCnepuMeHmybl No0maeepicoarom cyuecmeosaque ouc-
KPemHblX IHepeemuUecKux yposHell amoma.

Pa3zpaboTtanHas BopoM Teopus aToMa BOZOpPOZa OKa3ajach BecbMa yZau-
HOU: mpejcKa3blBaeMble TeopUuell 4acTOThI CIIeKTPaJbHBIX JUHUMN BOZO-
POZHOTO aTOMa XOPOIIO COIIACYIOTCA C SKCIEPUMEHTAIbHBIMU JaHHBIMU.
OfHako IOIBITKA IOCTPOUTh Ha OCHOBeE ITOCTysaToB bopa Teoputo aToma
reius ycrexa He uMesia. [IpyyrMHa — BHYTPEHHSA IIPOTUBOPEYUBOCTD TEO-
puu bopa. [IpaBUIbHO OTMedYass HEIPUMEHUMOCTh KJIACCUUYeCKON GU3UKU
K MUKPOMMUDPY, OHa y>Ke He ABJAIach NocaeZoBaTelbHO KJIacCUIeCcKol Teo-
pUel U B TO XKe BpeMs OHa He ABJISLIaCh U MOC/IeloBaTeIbHO KBAHTOBOM TEO-
pueii, KoTopas, Kak 6bUI0 ITIOKa3aHO B ZaJbHEMNIIEM, IIPEKPaCHO OIKCHIBAET
bU3NKy MUKpOMHUpA.

3.3. [unote3a ae bpoiina

B 1924 r. ¢dpaniysckuii pusuk JI. e Bpoisib BEIABUHY/ TUIOTE3Y, YTO
He TOJIbKO sIBHBIE BOJIHBI (KakK, HallpuMep, CBeT) 00JIaZlaloT CBOMCTBAMU
yacTull (4TO B CJlydae cBeTa IPOSABIAETCS, HAIpUMep, B ABIeHUU GoTo3d-
dekTa), HO BepHO U 0OpaTHOE yTBepXXJEHHUE: si8Hble uacmuysl obiadarom
ceoticmeamu gosH. Takum 06pa3oM, e Bpoilnb peAyIoXI, YTO KOPILYCKY-
JIAPHO-BOJIHOBOM Iyaiu3M ABJISETCS YHUBEPCAJIbHBIM CBOMCTBOM MaTEpUU.
Ho uTo oco6eHHO BaXKHO, Zie Bpoitib He MPOCTO BhICKA3aJl MpeAIIoIoXKe-
HUe, HO U NpeAoXKUI GopMysLy AJNA pacueTa AJUHBI BOJHBI ABIKYIIeca
yactuubl. zaesa nomyyenus opmysnsl TakoBa. KBaHT cBeTa (Ha3blBaeMBbIH
00bIYHO GOTOHOM) 00J1ajaeT SHEPTUEH
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27h
Y UMITYJIbCOM D = N

Jle Bpoiiib PEATION0XKUII, YTO 3TH XK€ COOTHOIIEHUA MOXKHO HCIIOIb30-
BaTh U IS OIIpeZieJIeHUsI BOTHOBBIX CBOMCTB YaCTHII:

A (3.11)

0= (3.12)

2
p
E
h
s HBIOTOHOBCKOM MEXaHUWKH, T.C. [JId 9aCTHUII C MaJILIMHU CKOPOCTAMHU

_2mh
mv'

A

T'unome3sa Oe Bpoilns docmamouHo 6bicmpo (yxce 8 1927 2.) 6vLra noo-
meepxcoeHa cepuell baecmawux akcnepumenmos. B yactHoctu, k. I1. Tom-
coH u II. C. TapTakOBCKUN NONYyYUIU AUPPAKIUOHHYIO KapTUHY IIPU
MIPOXOXKJEHUM 3JIEKTPOHHOTI'O My4YKa Yepe3 MeTautndeckyio ¢ponbry. Jud-
PaKIMOHHAsA KapTUHA OKa3aJlaCh TOYHO TAKOM Ke, YTO U IPU IMPOX0XKAEHUU
PEHTTEHOBCKUX JIydel C COOTBETCTBYIOIIEN AJTMHONW BOJIHBI, OIIpeiesIseMOn
cooTHoIeHueM ze bpoisa (3.11).

3.4. CooTHoweHMe HeonpepeneHHocTen lei3eH6epra

B 1927 r. B. Teii3eH6epr yCcTaHOBWI O4Y€Hb BaXKHOE COOTHOIIIEHUE, OTPa-
JKarolree cgoeobpasue cgoticme mukpouacmuy,. Oka3pIBaeTcs, 06ass MUKPO-
YyacTHUlla, HallpuMep 3JIEKTPOH, He MOXXET MeTh OJHOBPEMEHHO MOUYHbLX
3Ha4YeHUM KOOPAUHATHI X U COOTBETCTBYIONIEeH KOMIOHEHTH UMIY/IbCA P,.
HeomnpezeneHHOCTU 3HAYeHUU X U P, YAOBIETBOPSIOT COOTHOLIEHUIO

Ax-Ap, > Z (3.13)

rae h — nocrosiHHas IliaHka.

B mpuHIKIIE BO3MOXXHO TaKOE COCTOSTHUE, KOTZAA OJHA U3 MepeMEeHHBIX
VMMeeT TOYHOe 3HAYeHHe, HO IIPU 3TOM Jpyras IepeMeHHasi OKa3hIBAETCs
COBEpIIIEHHO HeoIllpeJeleHHOU (TOBOPAT, YTO ee HeolpeAeJeHHOCTh B 3TOM
ciy4yae paBHa 6€CKOHEYHOCTH).

ECTeCTBEHHO, YTO aHAJIOTMYHbIE COOTHOIIEHUS UMEIOT MECTO U IO ApY-
T'YIM OCAM — Y U 2.

U3 coomHoweHuil HeonpedeneHHocmu Ieti3enbepea 00HO3HAUHO caedyem
861800 0 HENPUMEHUMOCMU NOHAMUS MPAeKMOopUU K MUKPOUACMUUAM.
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JleficTBUTEILHO, €CJIM TOYHO U3BECTHO, I7Zie HaXOAWTCS YacTHUIlA B OIpejie-
JICHHBI MOMEHT BPEMEHHU, TO COBEPIIEHHO HEBO3MOXXHO CKa3aTh, IZle OHA
OyZieT B CIeAYIONIHI MOMEHT, TaK KaK COBCEM HEM3BECTEH €€ MMIIYJIbC.

3.5. YpaBHeHue Lipeaunrepa. BonHoBaa GpyHKuus

Vines pe Bpoiinia nmena 60sblnoe 3HaYeHUE AJIs CO3/JaHUsA KBAaHTOBOM
MeXaHUKU. Yke B 1926 r. aBcTpuiickuit ¢usuk O. lIpeauHrep Mosydun
OCHOBHOE YpaBHEHHE HepeJATUBUCTCKON KBAHTOBOM MeXaHUKU:

h2 ., Oy
—— Ay +Uy=ih—, 3.14
om v +Uy P ( )

rle m — mMacca 4acTHLbl; i — MHUMasA eguHuna; U — moTeHUUaIbHAsA
SHepPruA 4acTUIlsl; A — omepaTop Jlamiaca, pe3yabTaT AeHCTBUS KOTOPOTO
Ha HEKOTOPYI0 QYHKIIUIO paB€H CyMMe BTOPBIX YACTHBIX ITPOM3BOAHBIX
II0 KOOpAWHATaM:

2 2 2
A\u:a \u+8 \y+6 v
ox2  oy? 0z2

DyHKIMA y Ha3BIBaeTCs 801H080U pyHkyuell (v rncu-pyHKIe).

YpaBHenwue IllpeguHrepa mo3BoJsieT HAUTU BOJTHOBbIE PYHKIIMM YaCTHII,
IOBIDKYIIUXCS B PA3/JIMYHBIX CHJIOBHIX IOJISAX. DTH ITOJISI BXOZAST B YpaBHEHHE
[lIpeauHrepa yepe3 BuA GyHKIMK U TOTEHIINAIBHOM SHEPTUU YaCTHUIBL.

3aueM HaM HYKHO pellaTh ypaBHeHHUe [IIpeArHTepa U UCKaTh BOJTHOBYIO
dyHkmuio y? Bece geno B puU3MUECKOM CMBICIE BOJTHOBOM QYHKIMU: K8A-
opam mo0yas 801H080U yHKyuU onpedesisiem gepossmHocms dP ob6Hapyce-
HUS yacmuuypl 8 npedesax ob6sema dV:

dp =|y[* dv. (3.15)

VIHTerpas o BceMy IIPOCTPAHCTBY OT BelpakeHusd (3.15) zmaeT BepoAT-
HOCTh OOHAPY>KEeHHS YaCTULIBI B OHOM U3 TOYEK IPOCTPAHCTBA, T.€. BEPOAT-
HOCTb JJOCTOBEPHOT'O COOBITHA, KOTOPAsk paBHA €UHUIIE:

[lwfdv =1. (3.16)

CootHomeHue (3.16) Ha3BIBAIOT YC/108UeM HOPMUPOBKU, a QYHKIIUU,
YZOBJIETBOPSAIOIINE STOMY YCIOBHIO, HA3bIBAIOT HOPMUPOBAHHBLMU.

Y3 BepakeHus (3.15) BUAKUM, UYTO KBaJpaT MOAY/A BOIHOBOU QyHKIIMM
JlaeT NJIOMHOCMb 8ePOSIMHOCMU HaXO0XKEeHUs 4YacTULIBl B JAHHOM MeCTe
IIPOCTPAHCTBA (BEPOSITHOCTh, OTHECEHHAA K eJUHUIE 00bEMA).

VI3 ¢pu3nvecKoro cMbIicjia BOJHOBOM QYHKIMU CIEAYeT, YTO KBAHTOBAs
MeXaHUKa He I03BOJIAeT OIpeAeNTh MECTOHAX0XAEHUe YacTULIBL B IIPO-
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CTPAHCTBE WIU TPAEKTOPUIO ABWXXEHUA YacTUIllbl. KBaHTOBass MexaHHKa
C TIOMOIIIbIO BOJTHOBOU GYHKIIMY MMO3BOJISAET JIMIIb MTpeAcKa3aTh, C KaKoH
BEpPOATHOCTBIO YaCTHUIA MOXKEeT OKa3aThCA B PA3JIMYHBIX TOYKAX IIPOCTPAH-
ctBa. TakuM 06pa3oM, KBAaHTOBasA MEXaHUKA UMEET CTaTUCTUYECKUN XapaK-
Tep.

CremyeT OTMETHUTD, YTO YpaBHeHUe [lIpeguHTepa He MOXKET OBITh TOJTY-
YeHO U3 KaKUX-TO APYTUX COOTHOIIEeHUMH. OHO SIBJIAETCA OCHOBHbLM Npeono-
Jl0MCeHUeM, CIIPaBeAJINBOCTb KOTOPOT'O JAOKa3bIBA€TCA COBIIaZIeHUEM BceX
ero CJIeACTBUU C ONBITHBIMU paKTaMH.

Eciu cuioBoe 1ojie, B KOTOPOM JABHKETCA YacTUILlA, CMAayuoHapHo (T.e.
IIOCTOSTHHO BO BpeMEHHU), TO ypaBHeHue [lIpeauHrepa npuobpeTaet 6oiee
IIPOCTOM BU/

Aw+i—r2n(E—U)\u:0, (3.17)

rae E — mosiHast SHEPryusa 4acTUIBl (AJIs1 CTAaIlMOHAPHOTO II0JI OHA ITOCTO-
AHHA).

Jlanee MbI OyzieM UMETH ZeJI0 ¢ ypaBHeHueM IlIpeguHTrepa TOMBKO B BUZE
(3.17).

3.6. KBaHTOBaHMe SHeprumn

V3 Teopuu auddepeHIMANIbHBIX YPaBHEHUN U3BECTHO, YTO YPaBHEHUA
Buza (3.17) UMeIOT pellleHUs He IPHU JOOBIX 3HaYeHUAX E, a JIUIIb IpU
HEKOTOPBIX U30paHHBIX 3HAUEHUAX, KOTOPhle HAa3bIBAIOTCA COOCMBEHHbIMU
3HAUeHUAMU 3Hepauu. PeleHus, COOTBETCTBYIOIIME COOCTBEHHBIM 3HaYe-
HUSIM SHEPTUH, Ha3bIBAIOTCA COOCMBEHHbIMU PYHKUUAMU 3aJaYUH.

HaxoxzieHre COOCTBEHHBIX 3HAY€HUH SHEPTUHU U COOCTBEHHBIX QYHKIIMI
3a/layy 4acTo OBIBAeT OYEHb TPYAHBIM C MaTEMAaTUYECKOU TOYKU 3PEHU.
Jl1s1 WUTIOCTpaIiiy MBI PaCCMOTPUM IIPOCTOM TTpUMeEP ABMXKEHUS YaCTHUIBI
B OECKOHEYHO IMTyOOKOM OJHOMEPHOM ITOTEHIIHAIbHOM AMe. DTO O3HAYaET,
YTO YaCTHUIA MOXKET ABUTAThCS TOJIBKO BAOJIb OJHOT'O HaIlpaBJieHUs, HAIIPU-
Mep, BJOJIb OCU X, U €e JBUXe€HVEe OTPAaHUYEHO HEMPOHUI[AEMBIMU JJIS
YacTUIIBI cTeHKaMu IIpu x = 0 U x = [, KaK 1okKasaHo Ha puc. 47. [loreHuu-
anmpHas sHeprusa U 3zeck paBHa Hyimo mpu 0 < x < [ u obpaimaercs B bec-
KOHEYHOCTb IIpu X < 0 u x > [ . 3a mpegesnbl TaKOM MOTEHIIUATbHON MBI
YaCcTHUI[A [TOIIaCTh HE MOXKET.

Pemenuve ypaBHeHus [llpeguHrepa mo3BoAeT HANTHU CaeAyIOe BbIpa-
’KeHUA 11 COOCTBEHHBIX 3HAaUeHUM dHeprum yacTulsl E, 1 cOOGCTBEHHBIX
byukuuit 3agaun ¥, (x):

n2h?

E, = n2 (n=1,2,3,...); 3.18
n= o ) (3.18)

128



wn(x)=\E sin% (n=1,2,3,...). (3.19)

U A

U—oo U—eo

Y

Puc. 47

Cnexkmp 3aHepzuu nosyuaemcsi OUCKPEMHbIM, T.€. YaCTHI[A MOXKET UMETh
JHepruu, paBHble E,, 1 He MOXXET UMeTh APYyTUX 3Ha4YeHUM sHepruu. lure-
PECHO, YTO MMHMMAaJIbHOE 3HaYeHUe dHepruu dactunsl E; # 0 . Ha puc. 48
IIpUBe/JileHa CXxeMa dSHepreTUYeCKUX YPOBHEM YacTUIIbI, a Ha puc. 49 moKa-
3aHbI COOTBETCTBYIONIHE COOCTBEHHbIE QYHKITHH.

A
U}
n=3
n=3
E3 \/
n=2 n=2
E,
=1
-1 n
n E,
0 0 I x
Puc. 48 Puc. 49

Ha puc. 50 npezcTasiieHa ILIOTHOCTh BEPOATHOCTUA HAXOXAEHUSA YaCTULIBI
Ha PasIUYHBIX PACCTOAHUAX OT CTEHOK SMBI.

U3 rpadukoB Ha puc. 50 cieayeT HeOOBIYHBIN C TOYKU 3peHUs KIaccuie-
CKOY PU3MKU pe3y/nbTaT: YaCTUIA B COCTOSIHUU C N = 2 He MOXeT OBbITh
obHapyxeHa B cepeinHe AMbI! A 4acTuIa B COCTOSHUU ¢ n = 3 UMeeT HyJle-

1 2
BYIO BEPOSATHOCTb HaXOXJEHUA IIPU X =§I U X =§I . B cooTBeTCTBUM XK€

C KNIaCCMYE€CKMMU IIPEACTAaBJICHUAMHU BCE ITOJIOXKE€HHWA YaCTHUIBI B AME PAaBHO-
BEPOATHEI.
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A
|\|!\2

n=2
n=1
0 l X
Puc. 50

3.7. BoiHyAeHHOe u3NyyeHue

B cTarinoHapHOM COCTOSIHUM aTOMa 3JIEKTPOHBI PACIIOIAaraloTCs Ha CAaMbIX
HU3KUX dHEPreTUYeCKHUX YPOBHAX, HO He Bce Ha OHOM, a B COOTBETCTBUM
¢ npuxyunom Ilaynu: 8 00HOM U MOM JHce amome He Moxcem Oblmb 08YX AJeK-
mpoHo8, obaadaruux 00UHAKOBOI COBOKYNHOCMbIO UemblpeX K8AHMOBbLX
yucen — n, I, my © m,. DTV KBAaHTOBBIE YKCJIA ONMCHIBAIOT COCTOSTHUE 3JIEK-
TPOHA B aTOMe€ U Ha3bIBAIOTCS CJIEAYIONIUM 00pa3oM:

* n — maBHOe KBaHTOBoe uuciao (n=1, 2, 3, ...);

* | — asumyTanbHOe KBaHTOBOe uncyio (1=0,1,2,...,n—1);

* m; — MarHuTHoe KBaHToBoe uucio (m; =0, £1, ..., £ [);

* m, — CIIMHOBOe KBaHTOBOe yucio (m,=+1/2,-1/2).

OHeprus COCTOSTHUA 3aBUCHUT, B OCHOBHOM, OT YHCEJ n U [, HO ecTh
HebosIbIIast 3aBUCUMOCTD U OT YHCEJI My U M, IIOCKOJIbKY X 3HAaYEHUs 3aBU-
CAT OT B3aMHOM OpHEHTAIlMH OPOUTANBHBIX Y CIMHOBBIX MOMEHTOB.

OJNIeKTPOHBI B aTOMe MOTYT II€PeXOAUTh C OZHOI'0 YPOBHS Ha APYTOM,
IIpUYEM Kak ¢ 60jiee BHICOKOTO SHEPTETHUYECKOTO YPOBHS Ha HU3KHUM, TaK
1 B o6paTHOM HampasiaeHuu. OJHAKO Iepexo, ¢ HU3KOIro YPOBHS Ha Oosee
BBICOKMM BO3MOXX€H TOJIBKO IIPY MOIVIOIIEHUU dHEePTMH aTOMOM, HallpH-
Mep, SHEPrUM IaZarniero 3J1eKTPOMarHuTHOI'O U3Iy4yeHUs (B 4aCTHOCTH,
KBaHTa CBETA), a IepPeXo/ ¢ 60iee BBICOKOTO YPOBHSA HAa HU3KUM MIPOUCXOUT
CaMOIIPOM3BOJIBHO (KaK I'OBOPAT, CNOHMAHHO). BEpOATHOCTh CIIOHTAHHOTO
repexo/ia oIpezesAeTcs BHyTpPEHHUMM CBOMCTBAMM aTOMOB.

Oznako B 1916 r. DUHIITEWH yKa3aJ, 4TO KpOMe JJaHHBIX JBYX TUIIOB
IIepPeX0Zi0B eCTh ellle U TPeTUM BUJ — ucnyckamebHble nepexoosbl, 8bl3bl-
gaemble NAOAOWUM HA B8eU,eCMB0 U3JTyueHUeM. DTO U €CTh 8blHYICOEeHHOe,
WY UHOYUUDPOBAHHOE U3JIydeHHE, KOTOpOe 00j1ajaeT O4eHb MHTEPECHBIMU
CBOMCTBaMMU:

1) HampaBiieHHEe ero pacnpocTpaHeH!s B TOUYHOCTU COBIAlaeT C Halpas-
JIeHUEM BBIHYK/JAIOILIEero U3JIy4eHNs,;
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2) yacTtoTa, ¢asa U moJsApuU3anus BBIHY>KJEHHOTO U BBIHYK/JAIOILIET0
M3JIy4eHUs TOJHOCTBIO COBIIAZAIOT.

CiefoBaTeNbHO, BEIHYXK/IEHHOE U BBIHYXK/JAIOIIee U3JIydeHUs OKa3bIBa-
IOTCSI CTPOT'O KOT€PEHTHBIMU, YTO U UCIIOIb3YeTCsI B paboTe J1a3epoB.

3.8. lpuHuMN peircTBUA nasepa

BhIHYX/IEeHHO€ U3/TydYeHUe MOXXHO MCIIOIb30BaTh ISl yCUIEHUS IEKTPO-
MAarHUTHBIX BOJTH, YTO OCYILECTBJIIETCS B UCKJIFOUUTENTBHO ITOJIE3HBIX YCTPOH-
CTBaX, Ha3bIBaeMBIX Jiazepamul. IIporcxoxkieHne CI0Ba «Ia3ep» UAET OT Iep-
BbIX OYKB aHIVIMMCKOTO Ha3BaHUA JaHHOTro npubopa: Light Amplification by
Stimulated Emission of Radiation — yculeHHe CBeTa C IOMOIIbIO BBIHYX-
AeHHOTOo u3nydeHus. OAHAKO CIefyeT OTMETUTD, YTO BIIEPBHIE€ BHIHYK/EH-
HOe u3JlydeHre OBbUIO MCII0Nb30BaHO B Masepax, pa3paboTaHHBIX B 1953 T.
poccuiickumu ¢pusvkamu H. I'. BacoBeiM 1 A. M. IIpoXopoBHIM U HE3aBU-
CHMO OT HUX aMepukaHCKUM ¢usukoM Y. X. TayHcoM. 3a 3TO KpyIIHeIIee
oTKphITHE B 1964 1. Bce Tpoe cranu HobeneBckumu saypeatramu. Ma3epsr
(Microwave Amplification by Stimulated Emission of Radiation — ycuieHHue
MUKPOBOJIH C IIOMOIIbIO BHIHYXKI€HHOT'O U3JIyYEeHUs) OTIUYAIOTCS OT Jla3e-
POB AMANAa30HOM 3JIEKTPOMArHUTHOTO U3JIy4eHUs U paboTaoT B HEBUJU-
MOM Y€eJIOBEYECKUM IIa30M ZMala30oHe CAaHTUMETPOBBIX BOJIH.

I[lepBhlii 1a3ep 6bUT cO3ZaH aMepUKaHCKUM ydyeHbIM T. I'. MelimaHoMm
B 1960 r. M3-3a paboTHl B ONITUYECKOM JAHMaIa30He Jla3ephl Ha3bIBAIOT €llle
onmuuecKuMu K8AHMOBbIMU 2eHepaAmopamu.

NmnynscHada
JamIa
PyOUHOBBIH
LAIVHAD
Puc. 51

YToO6Bl IOJYYUTh YCUIEHHE MaZaolleil BOJIHE HEOOXOAUMO CHadala
IOJIYYUTh UHBEPCHYH HACEJIeHHOCMb YPOBHEMU, T.e. YTOOBI B COCTOSHUU
¢ 6osbiieil sHepruei 6bUI0 OBl O6OJIbIIE 3JIEKTPOHOB, YeM B COCTOSTHUU
C MeHbIIel 3Heprueil. B mepBoMm yazepe MeiimaHa paboyuM TesoM ObLI
IIWJIWHJP U3 po30BOro pybmHa. Pybun — 3To okcug amomMunusa Al,Os,
B KOTOPOM 4acTh aTOMOB aJIOMUHUA 3aMellleHa aToMaMu XpoMma. PyouHo-
BBIM LWIMHAP OCBELIAETCS MMITYJIbCHOM KCEHOHOBOM JIAMIIOM C IITUPOKOHU
II0JIOCOM YaCTOT 3/IeKTPOMarHUTHOro uairydenus (puc. 51).

Vonsl xpoMa Cr3+ mormiomaloT CBET U MEPEXOAAT B BO30OYXKJeHHOE
cocrosinve. Kak u3BecTHO, B BO36YXKZE€HHOM COCTOSTHUU aTOMBI WM UOHBI
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He MOTYT HaXOJUTbCSA JOJITO U 00s3aTeIbHO IEPEHAYT B OCHOBHOE COCTOSI-
Hue. B azepe pabouee Te0 BEIOpaHO TaKMM, YTOOHI TTEPEX0/ B OCHOBHOE
COCTOsIHUE ITPOXOJWI B /IBa dTala.

PaccmoTpuM cxeMy sHepreTU4eCKUX ypOBHeM MOHA xpoma (puc. 52).
[Ipu moryonieHNY cBeTa MOHHI IePeXOoAT U3 OCHOBHOT'O COCTOAHUS 1 B BO3-
O6yxeHHOe cocTossHUe 3. Bpems >ku3Hu ypoBHA 3 mopsizka 10-8 c. 3a aTo
BpeMsA YacTb MOHOB XpOMa CIIOHTAaHHO Ieper/ieT B COCTOsIHYE 1, HO BEpOAT-
HOCTb IlepexoZia B COCTOsTHUE 2 3HAYUTEeIbHO 60Jblle, TI03TOMY OOJIbIINH-
CTBO MOHOB IlepeiizieT U3 cOCTOAHMUA 3 B COCTOsIHUE 2. YPOBEHDb 2 CylIe-
CTBEHHO OTJIN4aeTcsA OT YPOBHA 3 10 BpeMeHHU xku3Hu (mpuMepHo B 100 000
pas): BpeMs XKU3HU YPOBHA 2 nopszaka 10-3 ¢, mo3ToMy JaHHBIN YPOBEHb
Ha3bIBAIOT MemacmabuwibHbimM. B pe3ynbraTe yaaeTcs nmepeBecTd B COCTOS-
Hue 2 6oJbllle HIOHOB, YeM HaXOAUTCSA B COCTOSTHUM 1, T.e. IIOJIy4aeTcs CO3-
JlaTh MHBEPCHYIO HaceJleHHOCTb YPOBHel 1 u 2.

3 A \
2

Puc. 52

Jlanee mpoucxoAUT caexayouiee. PaHo WK MO3AHO KaKON-TO MOH XpoMa
CIIOHTAHHO IlepekieT U3 COCTOSTHUA 2 B OCHOBHOe cocTosiHue 1. [Ipu aTom
n3jay4aercsa GOTOH, KOTOPBIH, ITposieTas BOIU3M JPYTUX MOHOB XpOMa, BbI3bI-
BaeT BBIHY)KAEHHOe U3JIyueHUe, HOCsIIee JaBUHOOOpa3HbIi xapakrep. s
¢$bopMHpOBaHYA CTPOrO HAPABJIEHHOTO ITyYKa JIA3€PHOT'0 U3IyYeHUS TOPIIBI
PYOHMHOBOTO IWJIMH/PA XOPOLIO IIOJUPYIOT, AENAOT UX CTPOTO IMapajulesb-
HBIMU U ITOKPBIBAIOT CJIoeM cepebpa, 9TOOBI CO3JaTh 3epKaJbHYIO ITIOBEPX-
HOCTb. [IpyueM ofUH TOpel MOKPHIBAETCA TOJCTHIM HEIIPO3PAaYHbIM CJIOEM
cepebpa, a Apyroi Topel IMOKPHIBAETCS TaKUM CJIOEM, YTOOBI IIPOIYCKaTh
okosi0 8% ymaBmiel Ha Hero sHeprum. Takas KOHCTPYKIIUSA II03BOJIAET CO3-
JlaTh YCAOBUA IJIS1 IPEUMYIIECTBEHHOI'O KaCKaZJHOI'O pa3sBUTUSA BHIHYX/I€H-
HOT'0 U3JIyYe€HHUA BJOJIb OCU PyOMHOBOTO LMJIMHAPA, IOTOMY YTO (GOTOHHI,
JleTAlNe B APYTUMX HalpaBJIeHUAX, IIPOCTO BHIXOAAT U3 KpUCTasUla Yepes ero
6OKOBYIO IIOBEPXHOCTh HA CAMBIX PAaHHUX CTaAUAX 00pa30BaHUsA JJaBUHBI.

Pasymeercs, B HacTosllee BpeMs He Bce Jla3epbl paboTaioT Ha pyOuUHe.
Hampumep, B 1961 r. A. /I>kaBaHOM CO3/]aH I'a30BBIH J1a3ep, paboTarOIHi
Ha CMeCU reiusg U HeoHa. HekoTopsle j1a3ephsl paboTaloT B MMITYJILCHOM
pexuMe, pyryue — B HeIIpepbIBHOM. Ho /111 3/1y4eHUs BceX la3epoB Xapak-
TePHBI CTPOras MOHOXpOMaTUIHOCTb (A ~ 0,1 A), BEICOKas cTemeHs Kore-
PEHTHOCTH, O60JIbIlIasi ”THTEHCUBHOCTD U Y30CTh Iy4Ka. PoKycupys JasepHoe
U3JryyeHue ¢ NOMOUbIO JIUH3bL, MOXCHO NOJlyuums nomok aHepauu, 8 1000 pa3
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npesslilarWull NIOMHOCMb NOMOKA dHepaul, docmuzaemyto oKycuposKoll
COJIHEUHO020 ceemd.

3.9. CoctaB aToMHOro Afpa

Jlo 1932 r. cocTaB aTOMHOTO si[pa HayKe ObUT Heu3BecTeH. /0 3TOro
MOMEHTa ObUTM M3BECTHHI TOJBKO ABE dJIeMEHTapHbIE YaCTUIBI — DJIEK-
TPOH U IIPOTOH. TpeThsl BaXKHENIIAas YacTUIlAa — HEUTPOH — ObUIA OTKPBITA
a"ruiickuM ¢usrkom /. Yegsukom B 1932 r. B 3TOM Ke rofgy poccuiickum
¢usuxom /l. 1. Meanenko enepable npednoyceHad NPOMOHHO-HEellMmpOHHAs
Mo0eslb AMOMHO20 10pa, 9YTO OBUTO cpasy e Mo/Aep:KaHo U pa3BUTO B. Ieii-
3eH6eprom. Ceityac aTa MOZENb ABISAETCA OOIeTPU3HAHHOM.

fapa aTOMOB COCTOAT M3 IIPOTOHOB M HEUTPOHOB, KOTOPblEe HA3bIBAIOT
elle ¥ HyKJIOHaMHU. YUCJI0 IPOTOHOB B fiip€ paBHO aTOMHOMY HOMEpPY
djleMeHTa Z B NepuoAnudecKou cucteme aneMeHTOB /[. 1. MeHzeneeBa.
CyMMy 4mcia IPOTOHOB Z M 4Kcja HEUTPOHOB N B AZipe Ha3bIBalOT MACCO-
8blM HUCAOM A:

A=Z+N.

[IpoToH obsaziaeT 3apsiZioM +e, T.€. MOJOXKUTENbHBIM 3apsSiZioM, PaBHbIM
110 abCOJIOTHOM BEeJWYHHE 3apsaAy 3JeKTpoHa. Macca nmpoToHa B 1836 pas
6oJIbIlle MaCChl JIEKTPOHA:

m, =1836m,.

OJIeKTpUYECKUIl 3aps/ HEUTPOHA paBeH Hy/Mo. Macca HelTpoHa 6osibiie
Macchl IPOTOHA:

m,, =1838,6m,.

fAxpa ¢ ogUHAKOBBIMU Z, HO Pa3HBIMU MACCOBBEIMHY 4YMCIaMU A Ha3bl-
BalOT uzomonamu. BOJbIIMHCTBO 3/IEMEHTOB TabaUIBI MeHjeieeBa UMEET
10 HECKOJIbKY CTaOMIBHBIX M30TOIIOB.

HeHATpoH B cBOOOZAHOM COCTOSTHUM HeCcTabwWIeH — ¢ IIepHOAOM IOJIypac-
naja Ookosio 12 MHH OH CaMOIIPOM3BOJIBHO paclaZaeTcs, IpeBpalasach
B IIPOTOH M UCITyCKas 3JIEKTPOH U 3JIEMEHTApHYIO 4aCTUIly, Ha3bIBaeMylO
anmuHetimpuro (V). CxeMy pacmnaza HEUTpOHa MOXKHO 3aIKcaTh TaK:

n—>p+e +Vv.

Ba)XHO OTMETHUTh, UYTO HECMOTPS Ha OTCYTCTBUE JIEKTPUYECKOro 3apsaza
HEUTPOH 0OJiaZlaeT MarHUTHBIMM CBOMCTBAMHM, XapaKTEPU3YIOU[UMHUCS
BEJIMYUHON COOCTBEHHOI'O MarHUTHOTO MOMeEHTAa. MarHUTHBIMU MOMEH-
TaMu 00J1aZal0T BCe TPXU OCHOBHBIE dJIEMEHTapHBIE YACTHULIBI: IPOTOH, HEH-
TPOH U 3JIEKTPOH.
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3.10. JHeprua cBA3M AApa aToma

Macca moxos 060ro Alpa my 8cez0a MeHblUle CYMMblL MACC NOKOA 8X0051-
WuUx 8 He2o HYKJIOHO8:

m, <Zm, + Nm,,. 3.9)

CooTHomenue (3.9) orpaxkaeT TOT GaKT, UTO NMPU 0O0beJUHEHUM HYKJIO-
HOB B IJpO TIPOVCXOAUT BhIZIEIEHNE SHEPTUM, KOTOPasi ¥ Ha3bIBaeTCsA IHep-
euell c8s3u A0pa, TaKk KaKk UMEHHO CTOJIbKO dHEPTUU HeobXoAuMO OyzaeT
COOOIIUTD AAPY, YTOOBI BHOBD €TI0 pa3beAWHUTh Ha HYKJIOHBI. MHaye pas-
JIOXKUTD AP0 HA HYKJIOHBI HEBO3MOXXHO, IIOTOMY YTO JIF000M HYKJIOH MOXKET
CyIIleCTBOBATh TOJBKO CO CBOEM OIlpe/ieJIEHHOM Maccoii U 6e3 coobIieHus
sHepruu eMy OyzieT He XxBaTtaTh Macchl (E = mc2), yTo u OyZieT IpenATCTBUEM
K pasJieJIeHHIO s/pa.

BennurHa SHEPrUU CBSI3U siipa OYeHb Beinka. Hampumep, o6pa3oBaHue
2 I reJivs IPUBOJUT K BBIJEJIEHUIO TaKOM )K€ SHEPTUH, YTO U IIPU CTOPaHUU
BaroHa KaMeHHOTO YTJIA.

EcJu oZieTuTh SHEPTHUIO CBA3U Beero sizipa E,, Ha YKCJIO HYKJIOHOB B sZIpe
A, TO TIOJIyYUM YOe/bHYI0 3Hep2Ul0 C813U HYKJIOHA B siipe. OHa U3BeCTHA /I
Bcel Tabnuiel MeHziesleeBa U IIpeicTaB/ieHa Ha puc. 53.

E, MoB

A’ HyKIOH
A
9 L

Y

O 1 1
100 200 A

Puc. 53

MaxkcruMabHOM SHepruei cBsA3u 00J1aJafo0T siZipa C MAaCCOBHIMU YKUCIAMU
Apax = 50—60. 3xech sHeprusa caAsu gocturaeT 8,7 MaB/HykJIOH. 3aTeM
C pOCTOM A yZie/ibHasA JHEPrys CBA3U IUIaBHO YMEHBIAETCA U JJIA CaMOro
TSKEJIOro IIPUPOAHOTrO 3JIeMeHTa ypaHa cocrasiaeT 7,5 MaB/HykioH. /IBa
XapaKTepHBIX CllaZla Ha KpUBOM 3aBHCHUMOCTHU yZe/JbHOMN DHEPTUU CBA3U
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OT MaccoBOro yucia A (OTHOCUTEIBHO KPYTOH CIaj IPU yMeHbIIEHUU
A v 60ee TTONIOTUH CNIaZ IPU yBeJIUYEHNH A TI0 CPaBHEHUIO C A ,.) JeJIaloT
BO3MOXXHBIM OCYIIECTBJIEHUE JBYX SHEPTeTUYECKU BBITOJHBIX IPOIIECCOB:
OeJleHUsl TSDKEJIBIX f/ep Ha 6osiee JierKue U cuHme3a (WIM CIUSHUSA) JIETKUX
siep B Oosiee TsDKEOE.

3.11. lenenne apep

JlleneHue TSDKENBIX fijlep MOXeT OBITh KaK CaMOIPOM3BOJIBHBIM, TaK
Y BBIHY)XZeHHBIM. Hanpumep, B 1940 r. coBeTckue ¢usuxu I'. H. ®repos
u K. A. [leTpxxak 0OHapY>KWIH NIPOIECC CAMOIIPOU3BOJIBHOTO JleJIeHUs sziep
ypaHa Ha iBe NMpUOIU3UTENTHHO PaBHBIE YAaCTH. 3aTeM 3TO HabI0Aanoch
Y ISl MHOTUX APyTUX sgep. Ho mo cBoeit pu3myeckoit OCHOBE CIIOHTAHHOE
AeneHue 0JIM3KO K BHIHYXKAEHHOMY J€JIEHUIO, YTO MBI 1 PAaCCMOTPHUM IIOZ-
pobHee.

JleneHvie HanboJIee MHTEPECHOTO 1S Hac (KakK Ioka3aja MpakKTUKa) saApa
ypaHa-235 mocjie 3axBaTa UM OZHOTO HEUTPOHA MOXKET pealru30BBIBATHCSA
B Pa3HBIX BapUaHTaX. flApa AenATcs Ha ABe YacTH TaKUM 0Opa3oM, YTO
CpeAu MPOAYKTOB paciazia 0OHapyXKUBaeTcs: 0Koso 80 pasiIUYHBIX OCKOJ-
KOB, HO HanboJiee BEPOSITHBIM SIBJISIETCA Je/IeHNE Ha TaKUe OCKOJIKHM, MACChI
KOTOPBIX OTHOCATCA Kak 2 : 3. KpoMe ZByX OCKOJIKOB IIPU JIeJIEHUM S7pa
ypaHa BblJeJIsIeTCs, B cpefiHeM, 2,5 CBOOOJHBIX HEUTPOHA. DTU HEUTPOHBI
06s1afaloT BHICOKOM 3Heprueii mopsigka 2 MaB u Ha3bpIBalOTCs OBICTPHIMU,
IIOCKOJIBKY TaKOM SHEPruU COOTBETCTBYIOT CKOPOCTHU Iopsiaka 2 + 107 m/c.
B cpeaHeM KaXXABIM aKT JleJieHUs MPUBOAUT K BhIZeaeHUI0 okoao 200 MaB
slepHOY SHepruu, KoTopas IpeobpasyeTcss B OCHOBHOM B KMHETUYECKYIO
SHEPTHUI0 OCKOJIKOB JIeJIEHUS.

OTMedyeHHbIE OCOOEHHOCTH ITpOLIecca JeJeHUs ypaHa AalT BO3MOXK-
HOCTb /IBOSIKOT'O MCIIOJIb30BAHUA A/IePHOM SHEPTUM: OCYILIeCTBIEHUA yIIPaB-
JIIEMOU peaKIUM JieJieHUsA B SIZIEPHOM peaKTope U IIeTHOM peaKIU B aTOM-
HOU 6oMObe.

ITepeulil si0epHbLil ypaH-zpagumosslil peakmop 6vL1 8gedeH 8 pabomy
8 Yuxazckom yHugepcumeme 8 1942 2. nod pyko8o0cmeom UMANbAHCKO20
¢usuka 3. Pepmu. Y Hac no0obHbLil peakmop 3apaboman 8 1946 2. 8 Mockse
noo pykosoocmeom U. B. Kypuamosa. IIpocTeiimas cxeMa aKTUBHOU 30HBI
ypaH-rpaduUTOBOrO peaKkTopa IpuBeJeHa Ha puc. 54.

B kxauecTBe AeAmIerocs BelecTBa UCIOIb3yeTCs IPUPOAHBIA ypaH, KOTO-
PBIi MHOTZIa HeMHOTO oboraraercs n3otornom U235, OTMeTHUM, YTO IPUPOZ-
HBIN ypaH coaepxuT 99,27% usoromna U238, 0,72% U235 u okosno 0,01% U234,

3ameanuTend (rpaduT) HyKeH AJA 3aMeAJIeHUs 00pa3yIUXCcs IPU
ZleJIeHUY ypaHa OBICTPBIX HEUTPOHOB 10 TEIUIOBBIX CKOPOCTEMN, KOrZa Hell-
TPOHBI HaXOJATCA B TEIUIOBOM PaBHOBECUM C aTOMaMU CpeJbl. DHEPIrus
TEIUIOBBIX HEUTPOHOB paBHa npubausutenbHo 0,03 3B. 3ameandioT He-
TPOHBI IIOTOMY, YTO BEPOSAATHOCThb 3aXBaTa HEWTPOHA AAPOM ypaHa-235
6oJbllle UMEHHO IIPU MAaJbIX CKOPOCTSIX HEMTPOHOB, a 3aXBaThl HEUTPO-
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HOB C 3HepruaAMu MeHee 1 MasB ypaHoM-238 K [ieJIEeHUIO AAep He IIPUBOJAAT
Y [I03TOMY HeXXeJlaTeIbHBI.

PerynvpoBouHbIEe
CTep>XHU

T 3amejIuTeb

; YpaHoBuie
610KU

Puc. 54

He#TpoHBI 3aMezIAIOTCA 3a CYET YIPYroro paccesHus B rpadure.
[Ipu KaXXZOM CTOJKHOBEHUH C IZIPOM I'paduTa HEUTPOH NEPeSAET eMy YacThb
sHepruu. YTo6bl 3aMeIUTHCSA OT dHepruu 2 MaB 10 TEIUIOBOY SHEPTHH,
HeUTpOHY TpebyeTcs 0koio 100 CTOTKHOBEHMUIA.

Peryn1upoBOYHbIE CTEPXKHU COAepKaT KaZAMUM Wiu 60p, KOTOphle 061a-
JIAl0T CIIOCOOHOCTHIO MHTEHCHBHO TIOIVIOIIATh HEMTPOHEL. BBeeHME CTEPXK-
Hell B peaKTOp yMeHbIaeT K03GUITMEHT pa3MHOXXEHU HEUTPOHOB BILIOTH
[10 3amyylIeHus peakKTopa, a BeIBeZIeHUE CTep)KHeN yBeIuYuBaeT K03pdu-
IIUEHT pa3MHOXeHUsA HeUTpoHOB. KoadduiimeHTOM pa3MHOXKeHUA HEUTPO-
HOB Ha3bIBaeTCs OTHOILIEHNE KOJMUYeCTB HEUTPOHOB, POXKAIOIIUXCSA B IBYX
MIOC/IEYIOIIUX MTOKOJEeHUAX. C IOMOIIBIO CIIEIMATBHOTO aBTOMATUYECKOT'O
yCTpOMCTBA YIIpaBJeHUS CTEPXHAMU MOXXHO IMOAAEPKUBATh MOIIHOCTD
peakTopa Ha 3aZJaHHOM YPOBHE.

To, yTo M306pakeHO Ha puc. 54, Ha3BIBAIOT aKTUBHOM 30HOM peakTopa.
B Heli BbiZIeIIeTCs KUHETUYEeCKas SJHEPTUsi OCKOJIKOB /leJIEHUsI, KOTOPBIE IPU
CBOEM 3aMe/JIEHUM BhI3BIBAIOT CWIBLHBIA Pa30rPeB YPAHOBBIX OJI0KOB, YTO
Y HCIIONBb3YyeTCs A1 BHIPaOOTKU 3JIEKTPOSHEPTUU. DHEPrus, BhiesgeMas
B aKTMBHOM 30HE, BHIHOCUTCSA OTTYZA C IMIOMOIIbI0 KaKOTO-TUOO0 TEIIOHO-
cCUTessA, HalIpuMep OOBIYHOM BOABI. Boza IMPKY/IUPYET B 3aMKHYTOM KOH-
Type (Ha3bIBaeMOM IIEPBUYHBIM), IIPOXOAA Yepe3 aKTUBHYIO 30HY, OXJIaX-
JlaeT ypaH, HarpeBaeTcs, 3a Iipe/ieJlaMi aKTUBHOU 30HHI IlepeZiaeT SHEPIHIO
TeIUVIOOOMEHHUKY U Jlajiee 3Ta SHEPrUs UCIOIb3YeTCs 0 OOBIYHOM cxeMe
PabOTHI TEIUIOBBIX 3JIEKTPOCTAHIIUM.

LlenHas si0epHas peakyusl OejleHUsT B aTOMHOU 60MOe IIpOTEKaeT yxKe
He Ha TEIUIOBBIX, a Ha ObICTPHIX HEWTpOHaX. B kauecTBe fendlierocs Belie-
CTBa UCIIONb3yeTCs He NMPUPOAHBIN ypaH, a BblZieJIeHHBIM 13 Hero clenu-
QJIbHBIMHA METOZAMM YMCTHIA U30TOoN ypaH-235 (wiu wiyroHuii-239). Eciu
Macca KycKa Jiesfllerocs MaTepuana MeHbllle HEKOTOPOU KPUTUYECKOU
Macchl, TO GOJBUIMHCTBO UCITYLIEHHBIX NIPU JeJIeHUAX HEUTPOHOB BBUIETHUT
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HapyKy, He BhI3bIBas AeneHus. [Ipu macce, 60bIIell KPUTUIECKOH, HEH-
TPOHBI OBICTPO Pa3MHOXKAIOTCSA, M peaKIvs UMeeT B3PBIBHOM XapakTep.
B aTOMHOU 60MO0e IEMHYI0 PEeaKIIMIO OCYIIECTBIIAIOT IIyTeM OBICTPOTO coe-
QUHEHWsS IBYX YacTell siZiepHOTo 3apsiZia B OAWH KYCOK C MacCoM, 6oJbIei
KpPUTHUYECKOU. [IJIs 3TOro C MOMOIIbI0 OOBIYHOT'O B3PHIBYATOI'O BeIeCTBa
(3amasia) IpoCTO BBHICTPEIUBAIOT OAHY YacTh SAEPHOTrO 3apsZa B APYIYIO
BHYTPYU MaCCHBHOM MeTa/UTMYECKO 000JI0YKH, CIIOCOOHOM OTpaXKaTh Hew-
TPOHBHL.

3.12. TepmoapepHblit CUHTE3

CinusiHUe JIETKUX siZiep B OoJiee TsKeIoe PO COIIPOBOXK/AAETCS BhIZeTe-
HUEM ellle O60sbIel sHepruu (B pacyeTe Ha OAWH HYKJIOH), YeM IIpH ZeJie-
HUU TSOKENBIX sfiep. HampuMep, B TepMosiiepHOM 60Mbe MpoTeKaeT peak-
NS CUHTEe3a AelTepusa U TPUTHUA (M30TOIBI BOAOPOAA, ITouyeMy U 6omMOy
YacTO Ha3bIBAIOT BOAOPOJHOM):

214 3 3 1
‘H+{H— 5He+ gjn

[Ipu sToM BHIAensieTCA dHeprudA, paBHasa 17,6 MaB, T.e. 3,5 MaB
Ha HYKJIOH. [Ipu feseHuM XKe sAgpa ypaHa ocBoboxkAaeTcs Becero Jjuib 0.85
M>5B Ha HYKJIOH.

CnusHurw s0ep cyujecmgeHHO npensimcmaeyem KYa0HO8ckull 6apwep, 00y-
CJIOBJIEHHBIN CWIBHBIM B3aUMHBIM OTTAJIKUBAaHUEM OJHOUMEHHBIX JJIEKTPU-
yecKux 3apsAzfoB. [IpeosoneTh KyJOHOBCKUN 6apbep MOXXHO ITOBHIIIEHUEM
TeMIepaTyphl JEerKux fiflep A0 MUWIUIKNOHOB I'PaZfycoB, YTO B BOZOPOJAHOM
6ombe JocTUraeTcs IMyTeM IIpeBapUTEIbHOTO B3phIBa OOBIYHON aTOMHOU
60MOBI, TP KOTOPOM TeMImeparypa Aoxoaut ao 107 K.

B okpy»xarolieM Hac MUpe HeIIpePhIBHO IIPOMCXOAUT CUHTE3 JIETKUX A/ep.
Hamnpumep, OCHOBHBIM MCTOYHUKOM 3Hepruu CoHIA U APYTUX 3BE3[, BHY-
TPHU KOTOPHBIX TeMmepaTtypa aocturaetr 107—108 K, saBisieTcst cuHTE3 siep
BOZIOPOZA B AZpa reyus.

K coxcaneruto, ynomsaHymole mepmosiOepHble peakyuu HeynpasJisiembl.
JI1s1 ocy1iecTBIEHUS YIIPaBAsIeMOM peaKIuyi CUHTe3a HeOOXOAUMO CO3JaTh
U TOAZIEPKMBATh B HEKOTOPOM 00beMe TeMIiepaTypy nopsiaka 108 K, mpu
KOTOpPOU BCe TeJjia IPEeBPaIlaloTCsA B MOJHOCThIO HOHU3UPOBAHHYIO ILIA3My.
B npuHIuIe, yAepXKUBaTh HEKOTOPOE BpeMs pa3orpeTylo Ia3My 6e3 compu-
KOCHOBEHMS CO CTEHKaMU MOXKHO C ITIOMOIIbI0 MarHUTHOTO IOJIA 0CObO0M
KOHQUTypauuy, B KOTOPOM YaCTUIIBI IUIa3Mbl MOXKHO 3aCTaBUTh JABUTAThCS
II0 HEKOTOPHIM TPaeKTOPHUAM B IIpeZiejiaX OTPaHNYeHHOro o6beMa.

Vi3yyeHre KOMIUIeKca IIpobiieM, CBSI3aHHBIX C CO3ZIaHUEM YIIPABJIIEMOT'O
TEPMOAZIEPHOr'O peaKTopa, IIPOBOAUTCSA BO BCEM MUPE, BeJb B C/Iy4yae yJa4yu
YeJI0BeYeCTBO MOXET IOMyYUTh MPaKTUYECKU HeucdeplaeMbld HCTOYHUK
sHepruu. [loxxesaem BceM HaM ycliexa Ha 3TOM IIyTu!
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3.13. HekoTopble nepcneKTUBHI

CyiecTByeT IPOEKT MeXAyHapOLHOI'0 3KCIIEPUMEHTAJIBHOI'O TEPMO-
aaepHoro peaktopa — WUTOP (ITER). Llens mpoekta — u3dydyeHue ¢pusu-
YeCKUX M TEXHOJIOTMYECKUX IpobjeM Ha IyTHU CO3JaHUA JeHCTBYIOIIETO
TEPMOSIIEPHOTO peakTopa. YKe BBIOpAaHO MeCTO AJIi CTPOUTENILCTBA
JKCIIepUMEHTAJbHOI'O peaKTopa — HCciaeAoBaTeNbCcKUM 1eHTp Kaza-
pau (¢p. Cadarache) Ha tore @paHumu. Becbma conMMZeH CIIMCOK CTPaH-
y4yacTHHUI] ITpoeKTa: cTpaHbl EBpocoro3a, CIIIA, Kanaza, Anonusa, Kurai,
Wuaus, Pecrry6mvka Kopest u, pasymeercs, Poccust.

CToMMOCTb IMPOEKTA OlLieHUBAEeTCA IpUMePHO B 15 miipz gosu. (1o cocTo-
aauio Ha 2010 r.).

ITER OoTHOCHUTCA K TEPMOSAZEPHBIM peaKTopaM THUIIA «TOKaMak». Peanu-
3yeTcs peaklus CUHTe3a AeWTepus U TPUTUsA, IpUBeeHHas B maparpade
3.12.

Poccus 3aHMMaeT OfHy M3 KJIIOYEBBIX MO3UIMU B peaau3alui Mexay-
HapozHoro npoekta UTOP. Bkiazg Poccuu B npoexT UTOP 3akiitoyaerca
B M3TOTOBJIEHUU M IIOCTABKE BBICOKOTEXHOJIOTMYHOI'O O0OOpPyZOBaHUI,
OCHOBHBIX CHCTEM peaKTopa, 4yTo cocrasisgeT 10% OT CTOMMOCTU COOpYXe-
HUA PeaKTopa I10 TEXHUYECKOMY IIPOEKTY.

3aBeplleHre CTPOUTENbCTBA ¥ Ha4yaslo IePBbIX SKCIIEPUMEHTOB C ILIa3-
Mot HamedeHOo Ha 2019 r. B niesiom coopyxenust ITER 6yayT mpeacTaBisiTh
coboit 60-MeTpOBEIH Kojocc BecoM 23 THIC. T.

OdunnanbHbIA MeXXAyHApOAHbIN calT mpoekTa ITER: www.iter.org.

OdunmanbHbIN poccuiickuii caiiT mpoekta UTEP: www.iterrf.ru.

KoHTponbHble BoNpocbl M 3afaHuA

1. CoopmynupyiiTe fBa MOCTy/lIaTa CIEeLMAJIbHON TE€OPUU OTHOCUTENbHOCTH:
MIPUHIIUII OTHOCUTEIbHOCTH DUHIITEeHA ¥ IPUHIUII IIOCTOSTHCTBA CKOPOCTH CBETa.

2. MOKHO JI¥ II0JIb30BaThCsA Mpeobpa3oBaHUAMY [alries IIpH Iepexoze U3 OHOM
WHEPIIUAIbHOM CUCTEMBI OTCYETA B APYTYIO WIU MPaBUIbHEE MOJIb30BaThCs IIPe06-
pasoBaHusMu JlopeHria?

3. INoHATHE OHOBPEMEHHOCTH B IECTBUTEIBHOCTH SIBJIETCS aOCOMOTHBIM WJIH
OTHOCUTEJIbHBIM?

4. BpeMms B pa3HbIX CUCTEMax OTCYETa TeYeT OJUHAKOBO WIM HEOJUHAKOBO?

5. [IpocTpaHCTBO U BpeMs ABJIAIOTCA B3aMMOCBA3aHHBIMU WA HE3aBUCHMBIMU
ApPYT OT Apyra?

6. Yemy paBHa dHepPrus HENOABKHOU YAaCTUIIBI C Maccou m?

7. KakoBa mozesnb aToma 110 Pesepdopay?

8. B uem cyTh AByX nocrynatos bopa?

9. Cdopmymupyiite runoresy e bpoiiisa o KOPIyCKy/IApHO-BOJIHOBOM Ayaau3Me.

10. TIpyMeHUMO 1M OHATHE TPAEKTOPUU K MUKpoYacTUliaM? B yem CyTb COOT-
HOLIIEHUA HeolpeZeneHHOcTel [efizeH6epra?

11. B uem 3axtovaeTcs GU3MYECKHUA CMBICT BOTHOBOM QyHKIIMH?

12. Tlo3BossdeT v ypaBHeHuUe [lIpeanHrepa HalTU BOJHOBBIE PYHKIIMK YACTHUII,
JABUKYIIUXCA B Pa3/IMYHBIX CUIOBBIX IOJIAX?

13. Kakue KBaHTOBBIE YMCJIa OIKUCHIBAIOT COCTOSIHME DJIEKTPOHA B aToMe?
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14. O yem roBopwut npuHumi [laynn?

15. YTo Takoe BBIHY>K/IeHHO€ WIHA WHAYLIMPOBaHHOE U3JIydeHME U KaKOBEI €ro
0cobeHHbIE CBOMCTBA?

16. Yro Takoe MHBepCHAs HaCeJeHHOCTb SHEepreTUYeCKUX YPOBHEU?

17. OnuinvTe MPUHLNI JeHCTBUS PyOMHOBOTO JIa3epa.

18. U3 KaKuUX YacCTHI[ COCTOUT aTOMHOe sApo? CTaOUIbHEBI JIU 3TH YaCTHUIIBI
B CBOOOZHOM COCTOSTHUU?

19. Yro Ha3bIBAIOT SHEPrue CBA3M aTOMHOTrO si7ipa? UTo Takoe yZielbHasA SHEPrys
CBA3Y HYKJIOHA B Azpe?

20. Ha3zoBwurTe iBa 9HEepreTU4eCKU BHITOAHBIX IIPOIlecca UCIOIb30BaHMA AZePHOU
DHEprum.

21. V3 4ero coCTOUT aKTUBHAs 30HA IIPOCTEHIIIEr0 ypaH-rpadUTOBOTO peakTopa?
KaxkoBa posb 3ameznurena? Kak OTBOAUTCA SHEPIUA U3 aKTUBHOU 30HBI?

22. TlpuBeguTe IpUMep peaKIUuy TepMOSZIEPHOI'O CUHTe3a AeUTepus U TPUTUA.

23. Kak MOXHO yZepXaThb IUIa3My, Pa3orpeTyo 0 MIWLIMOHOB I'PaZlycoB, 6e3
YHUYTOXXeHUA (UCIapeHUs) CTEHOK KOHCTPYKIIAU?

CN1coK ncnonb3oBaHHOM IMTEpPaTypbI K raBam 2 U 3

1. Anewxesuu, B. A. Kypc ob6iieii ¢pusuku. MosekynsapHas pusuka / B. A. Aner-
keBu4. — M. : ®usmamiur, 2016.

2. Anewkesuu, B. A. YHUBEPCUTETCKUM Kypc ob6mieii ¢pusuku. MexaHuka /
B. A. AnemikeBuy, JI. I'. Jlenenko, B. A. KapaBaeB. — M., ®usmatiut, 2011.

3. Anewkesuu, B. A. YHUBEPCUTETCKUH Kypc 061iei GU3UKU. DJIeKTPOMarHeTusM /
B. A. AnemkeBud. — M. : Pusmatiaut, 2014.

4. MspuoHn, [x. b. O6mas ¢usrka ¢ 6MOJOrMIECKUMU IPUMEHEHUAMH /
Ibx. B. Mapuon. — M. : Beicmiast mkosa, 1986.

5. MspuoH, Jxc. b. ®usuka u ¢usmdeckuii mup / k. b. Mapuon. — M. : Mup,
1975.

6. Casenves, U. B. Kypc ¢pusuku. B 3 T / U. B. CaBesibeB. — M. : Hayka, 1989.

7. Cnacckuil, b. . ®usuka ana ¢wiocodoB / b. U. Cnacckuit. — M. : U3a-Bo
MTI'Y, 1989.



Cnucok pekomeHngyemon nuteparypol

1. Anewxesuu, B. A. Kypc ob6meit dusuku. MonekynspHas ¢usuka /
B. A. AnemkeBud. — M. : dusmataur, 2016.

2. Anewkesuu, B. A. YHUBepcUTETCKUI Kypc ob6mmei ¢pusmku. Mexa-
HUKa / B. A. AnemkeBuy, JI. I. Jlenenko, B. A. KapaBaeB. — M. : ®u3smar-
jgut, 2011.

3. Anewrxesuu, B. A. YHUBepCUTETCKUHN Kypc 061elt GUUKU. DJIEKTPO-
Mmar"etusMm / B. A. AnemkeBud. — M. : ®uamatiut, 2014.

4. I'pun, H. buonorusa. T. 1—3 / H. I'pun, V. Crayr, [. Teitnop. — M. :
Mup, 1990.

5. Jloces, K. C. IIpo6iembl axonoruu Poccuu / K. C. JloceB [u ap.]. —
M. : Y3g-Bo BUHWTH, 1993.

6. Medoys, /1. X. 3a npegenamu pocra / [. X. Mezgoys, /1. JI. Mezoys,
1. Pargepc. — M. : [Tporpecc, 1994.

7. Medoys, /1. X. Tlpepensi pocta / . X. Meznoys [u ap.]. — M. : U3a-Bo
MI'Y, 1991.

8. MapuoH, [ixc. b. Obias ¢pusrka ¢ 6MOJIOTUIECKUMU IPUMEHEHUAMU /
k. B. MapuoH. — M. : Beicmias mkosa, 1986.

9. Casgenves, U. B. Kypc ¢usuku. T. 1—3 / Y. B. CaBenbeB. — M. :
Hayka, 1989.

10. Cnacckuil, b. M. ®usuka gnsa punocopos / b. Y. Cracckuii. — M. :
H3a-so MI'Y, 1989.

11. doppecmep, . MupoBasi auHamuka / Jx. @oppectep. — M. :
Hayxka, 1978.



HoBble u3pganua no aucuyunnuHe «EcrectBo3HaHme:
Gu3nKa» U C(MEXHbIM AUCLUIIMHAM

1. Bopdosckuil, I. A. ®u3ndecKrie OCHOBH €CTECTBO3HAHMUSA : yueb. moco-
6ue A1 akazeMudeckoro 6akanaspuarta / I. A. BopaoBckuii. — 3-e u3f.,
ucnp. u gomn. — M. : U3gaTenbctBo Opatit, 2017.

2. CmupHoea, M. C. EcTecTBO3HaHUeE : YIEOHUK M MPAKTUKYM /JIST TIPU-
Ki1agHoro 6akanaspuara / M. C. CMupHoBa, M. B. HeximozoBa, T. M. CMup-
HoBa. — M. : MiagaTenbcTBO IOpaiit, 2017.



KoHuentyanbHasa nporpamma Kypca «0CHOBbI
ecTecTBO3HaHNA u rmobanbHble Npobnembi»

1. Beegenue. EcTecTBO3HaHUE U €CTeCTBEHHBIE HAyKU. llesib ecTecTBO-
3HaHUA. AHAJIU3 U CUHTE3 B [Ipoliecce ITI03HAHUSA OKPYXKalolLlero Hac Mupa.
O poinu 3KcriepyUMeHTa B IpoLiecce MO3HAHUA.

2. I'mobanbHbBIe TPO6IeMBbI cOBpeMeHHOCTH. Cepbhe3Hble IPU3HAKU YXY/I-
IIEHUS CUTyallMy Yy HAC B CTpaHe U B Mupe. YTo MemraeT pa3paboTKe KOH-
IENIUY [I006aJbHOTO Pa3BUTHS YeJloBedYeCcTBa. MBICIUTENbHBIE MOAETU
OKpY>Karollero Hac Myupa " Uux HeZoCTaTKU. KOMNIbIOTEepHBIE MOZENIU U UX
npeumMytiecTBa. OcOGEHHOCTH TTOBEJEHUS CIOXKHBIX HEIMHENHBIX CUCTEM
CO MHOTHMH IIlensIMu o6paTHO# cBs3u. O CBA3U NPUYUHBI M CJIEACTBUA
B CJIOXKHBIX cUcTeMax. «MupoBas zuHamuKka» xes doppecrepa.

3. IIpexensl pocta. [IPOTHO3 OCHOBHBIX TEHAEHITUI Pa3BUTUS Ha OJIU-
XKaiilee Oyzyiee. BiusiHue HayYHBIX M TEXHUYECKUX AOCTH)KEHUI Ha ITOBe-
JeHue riaobanbHON Mozenad. MHOrOypoBHeBass KOMIbIOTEpHASA MOENb
cucTeMbl MUpOBOro pasButusa M. Mecaposuua u 3. [lecTe.

4. TepMmogHAMHYECKHE ACIEKTHI KOHIIEMITUY TJI00aJbHOTO PAa3BUTHS.
Crartuctuyeckas $usrKa U TepMOAWHaMHUKa. [IlepBoe Hayaso TEPMOJUHA-
MHUKN. PABHOBECHBIM WM KBa3UCTAaTHYECKUI Tporecc. AxrnabaTudyecKuii
npoiecc. Bropoe Hayano TepMOgUHAMUKUA. DHTPOIUA. PYHKIIUA COCTOSA-
HUdA. TepMoguHaMu4decKas BEPOATHOCTh COCTOSIHUA. PU3MUECKUIT CMBICT
SHTpomnuu. VeanbHas TeIioBass MallliHa U ee KO3QPHUIIMEHT MOJIe3HOTO
e CTBUA.

5. O KOHIleNIIUYU TeIJIoBOM cMepTu BceneHHON. OTKpPHITBIE CUCTEMBI
¥ HepaBHOBECHasi TepMOAWHaMUKa. DHTpomnusa 6uochepsl. O MPUHITUIIH-
aJIbHBIX BO3MOXXHOCTSIX BBIXO/Ia M3 IVI0OAJBHOTO KpU3HCa C TOYKM 3PEHUS
TEPMOJUHAMUKU.

6. EcTecTBeHHOHay4YHas KapTUHa MuUpa. BceneHHas. MeTaramakTHKa.
lanaktrka. 3Be3abl. ConHne. PyHaMeHTalbHbIE B3aMOJENCTBUA B IPU-
poze. IIpupoga cui B KJIacCUYeCKOM MexaHUKe. ['paHMIIbI IPUMEHUMOCTH
KJIaCCU4eCKON MeXaHUKHU.

7. OCHOBHBIE 3aKOHBI KJIaCCMYECKOM MeXaHUKU. 3akoHBl HbioToHa.
3aKOH BCEMHUPHOTI'O TATOTEHUA. 3aKOHBI COXPAaHEHHUSA: MEXaHUYeCKON dHep-
MM, UMIIYJIbCA 1 MOMeHTa uMiy/abca. LleHTp macc (ueHTp nHepuuu). [Ipe-
obpazoBanus 'anwies ¥ IPUHITUI OTHOCUTENbHOCTHU [anmmes.

8. Kose6aHuA M BOJHBI, OCHOBHBIE MTOHATHA. 3BYKOBBIE BOJHBI. AKYCTH-
yecKui crrekTp. Tem6p 3Byka. CKOPOCTD 3BYKa.
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9. dnexTpomMarHeTusM. 3aKoH Kysona. HanpsXeHHOCTb 3JIEKTPUYECKOTr'o
nosA. [ToTeHnman U pasHOCTh NOTeHIMaNoB. [locTogaHHBIN TOK. 3akoH OMa
u npaBuna Kupxroda. [lepemenHsiit Tok. 3akoH OMa i1 IeEpeMeHHOT0
TOKa.

10. MarHuTHbBle CBOMCTBA BCEr'o *KUBOTO U HeXXUBOro. CoBpeMeHHbIe
IIpe/ICTaBJIeHUs O IPUPOJie MarHUTHHIX B3aUMOZAENCTBUN. DJIeKTPOMarHuT-
Haa UHAYKIUA. MarautHoe 1ose 3eMau. OCHOBHEIE IIOJIOXKEHUA TEOPUU
MakcBesia. JJIeKTPOMarHuTHLHIE BOJIHHI.

11. CymHOCTh cIlennaaIbHON TEOPUU OTHOCUTENbHOCTU. [Ipeobpa3oBa-
Hus JlopeHnia. OTHOCUTEIBHOCTD IOHATUA OAHOBpeMEHHOCTU. ClioXKeHue
CKOpOCTeU B TeEOpUY OTHOCUTETHHOCTH.

12. Crpoenue aroma. Mogenb atroMa Pesepdopza. [Toctynatet Bopa. Kop-
IIyCKY/IIPHO-BOJTHOBOM AyanusM. ['umnotesa e bpoiisa. YpaBHeHue [llpeauH-
repa u BoinHoBas ¢pynkuma. KBantoBanue sHepruu. Co6CTBEHHbIE 3HAYEHUSA
SHEpPryuU M coOCTBeHHbIEe QYHKIIUM 3aia4u. COOTHOIIIEHUE HEOIPeJeJIEHHO-
creii I'etizeHbepra.

13. BeIHYXAeHHOe M3JIy4eHHe U NPUHIUI AEUCTBUA Ja3epa. DHEePrus
CBA3M sApa aToMma. JleneHue azep. AxepHbi peakTop. TepMosepHBINA CUH-
Tes.



