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OTKFNB CTapHHHBIE CJIOBa-
PH, MOXHO MHOro€¢ y3HaTb
TIPO TO, YTO MOHUMANIH NO1 CJI0-
BOM «(M3MKa» HALM NPEIKH.
HUrak...m

Q)mm(a €CTh HayKa O cyliie-
CTBE, CBOMCTBAX, CMJax,
JICHCTBHUSIX M LIEJTW BCEX BUIMMBIX
B cpere Ten. Kak HaswiBalorcs
ocobenHbie Yacth dusmuku? Co-
MatoJIorusi, CTHXHOJIOTHsI, MeTe-
OpOJNIOrusi, MHHEPANIOTHs, XH-

MHsL, 300JI0THS ¥ TEJICONOTUs.
(Duumknonenns, win Kparkoe Ha-
yepTaHue HayK M BCEX YacTeil yue-
Hocty. [Mepesenena ¢ Hemeukoro
wa poccmiickmit M. Llysano-
BoIM.M., 1781 1) @

Kpacomy 3axama moi umeem 603-
MoxcHocmb ouenumsy Gaazodapa
nomoky ¢homonoe, nonasuux na
cemyamky eaasa...

BEJIMUKOE
JEPEBO ®U3NKHU

Qusuka — Hayka, usyuarowas Haubonee obuue 3aKOHOMEPHOCMU
npupadbl, cmpoenue u 3aKombl 0guxcerus mamepuu. Pusuveckue 3a-
PHOCMU NPOHU. 6cto Hauty wcusib. Mol Hcueem 6 oe-
P Mupe, noo: jemcs onpeo M 3aKOHAM. Dmu 3aKo-
Hbl CYUeCmEyIom NOMUMO 4enogeKka — OHuU Obiau, ecmv u Gyoym
He3a8UCUMO OM MO20, 3HAEM Mbl 0 HUX uau Hem. Yenoeeuecmeo e,
6 cuny ceoeii HeyeMHol dcaxcobi K no3Hanuto, écezoa 6yoem cmpe-
MUMbCA NO3HAMY 3aKOHbI NpUpodbl, ¢ mem 4mobbi 6 OanbHeliuiem
npumenums ux. Ha amom nymu venoeexa scoem mHo2o mpyoHocmei
u npezpao, o, HeCMOMPs HU HA YMO, NLIMAUBHIL 4eN08€HeCK Uil Pa3yM
6ce pagHo cmpemumcs npunooHAmMs 3aeecy Henosnannozo. Kaxue ewe
maiunbl ckpoiearomes 3a Heii ? Kmo snaem...

3HayeHue (M3MKHU KaK HayKU B COBPEMEHHOM 00111e-
CTBE€ TNPAKTUYECKHU HEBO3MOXHO TEPECOLCHUTD. C onmoii
CTOPOHBI, IOCTHXEHHS! B 06]1aCTH (DU3NYECKUX HayK, MOJTYYMBIIME BOTLIONIE-
HHMe B pa3sHOOOPa3HbIX OBLITOBBIX MPUOOpax, 0GMEryaloT XH3Hb MULTHApAaM
mozieit. C Ipyroit — ypoBeHb Pa3BUTHsI 3TUX HayK ONpE/IENISIET CTaTyC rocyaap-
CTBa Ha MMPOBO TNOJIMTHYECKO# apeHe.
3aKoHaM, U3ydeHHeM KOTOPBIX 3aHMMaeTcs (pM3MKa, MOAYMHSIETCS BCS Halla
xku3Hb. Hanpumep, Mbl XouM G1aroaapsi CUJIaM TATOTEHHUS M TPEHMS, CMOco6-
Hbl MBIC/TUTB GJ1aroapsi TOMY, YTO 110 HallIUM HEHPOHAM NEPEAlOTCs NEKTPH-
YeCKHe MMIYJIbChI, HACAX/IAEMCsi KPACOTOM OKPYXAIOILEro Hac MUpa, He 3a-
JyMBIBasiCb O TOM, YTO 3TO MPOMCXOAMT BCJIEACTBUE {IONAJAHUs MOTOKA
(oToHoB Ha ceTyatky r1asza. CioBoMm, 1oboe, 1axe camoe npocTeifiiee, aeicT-
BHE MOTYUHSAETCS TOMY HIH HHOMY (DU3NYECKOMY 3aKOHY. B

bnarogapsi OTKpbITUSIM B 00J1aCTH (PU3UKHU YeOBEK
CTaJl BEJIMKUM CO3UAATECJIEM. Ucnonb3ys 3HaHHE TeX MIH MHBIX

DU3BUKA
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3aKOHOB (DM3MKH, MBI MOXKEM 3arJIsIHYTh M B IIyOHHbI BeesieHHoiA, u B dan-
TACTUYECKHI MMD MMKDPOYACTHII, CMOCOOHBI MEpEMENIaThCsi HAa OTPOMHbBIE
PAcCTOSIHUS 32 KOPOTKOE BPEMSI M 332 MTHOBEHHsI y3HaBaTh O COOBITHSIX, MPO-
M30ILIE/IIMX 32 THICSYM KWIOMETpoB. HO He HyXHO 3a0bIBaTh U O TOM, 4TO,
UCIIONIb3Ysi 3aKOHBI (PU3MKH, YEIOBEK CMOCOOEH CTaTh M BETMKUM Pa3pyliliu-
TeJIeM — OIL 31aHus Xup 1 1 Haracaku, cBepxTouHble 60M-

Kopnyc  camorema-neéudumxu
«Cmennc» nokpbim cneyuanbhoim
€OCMAsoM, NO2AOUAIOUUM AYHU
padapa.

®muka (rpey. «npupono3Ha-
HHE, ECTECTBO3HAHUE») —
HayKa, COCTaB/IsoLLast 4acTb hu-
JI0cOhHH, HMEIOLIAsi CBOMM Tpe-
ZIMETOM NIPHPOJLY BOOGILLE M Beex
€CTECTBEHHBIX TeJI, MX CBOWCTB,

6apaMpOBKM MHMDHBIX TOPOIOB C MOMOUIBIO TO IUMOK

«Cresnc», YepHoObUIbCKasi KaTacTpoda M IPYrue TpareIuu ipKkoe ToMy noj-
TBepxaeHue. Ho cama pm3nka 3aech HH NIpH YeM, OHa He ObiBaeT HU 106pOi,
HM 3J10ii, M HE ee BUHA, YTO MOPO HayYHBIM OTKPHITHEM YEJIOBEK MOJb3yeT-
csl He KaK KJII0YOM, a KaK OTMbIYKO. IMEHHO YesloBeK aesaeT Boibop — co-
3MAaTh WIK Pa3pyliaTh, a GU3MKa TONBKO JAET BO3MOXHOCTH JUIsi peaiu3a-
LIMM €TO 3aMbIC/IOB. B

Ha 3ap€ LUMBUJIM3ALMU CDM3M‘ICCKMC 3HAHUS HOCHUJIU
l'lpMKJIa}lHOVI XAPAKTEP — HUKTO M HE lyMaJl 3aHUMAThCsl YUCTO Teope-
THYECKUMHU HMccrenoBaHusiMu. Ha nepsom Mecte ctosiia npobiiemMa BbIKHBa-
HMUS1, ¥ N03TOMY GbUITM BOCTpPeGOBaHbI TE 3HAHMSI, KOTOPbIE MOXHO ObUIO cpasy
Ke BOTUIOTHTB B JKM3Hb, CYLIECTBEHHO ee oberyast.

Bo3moxHo, Havyaio Gpu3nyeckum Hab. 6BUIO 1IC eLle B Te Ja-
JIeKHe BPEMEHa, KOI/Ia HalllW MPEIKH HOCHIM 3BEPUHBIC IIKYPhI U OXOTHJIMCH
Ha MaMOHTOB. CJIOXHO CKa3aTh, MOHUMAIM OHHM CBSI3b MEXIY MPUPOAHBIMH
SIBICHUSIMM WK HeT. Ho Jlaxe €cliM M He MOHWMAaJIH, OHH, TEM He MeHee, 3Ty
cBsi3b Mcnonb3oBaiu. K mpumepy, mepBOOBITHbIE OXOTHHKHM CTOJNKHYJIHCh
CTEM, YTO YeM JaJibllie OT HUX HAXONUTCs 100bIYa, TeM CHIIbHEE HYXHO OpocaTh
KOIbE WK KAMEHb, YTOOBI YOUTH €e. A XOJIOIHBIMH 3UMHUMH HOYaMH OHM 3a-
METHJIH, YTO LIKYPhI PA3HBIX KHBOTHBIX COrPEBAIOT 110-pasHoMY, M T.1. Ho st
BO3HHKHOBEHHSI NIOIHOLICHHO# HayKH 3TOr0 ObUIO MaJIo, TaK KaK OHa HauMHa-
eTcsi TOT/Ia, KOT/Ia B HATPOMOXKICHHH CIIy4aifHbIX (haKTOB YEJIOBEK MOXET Bbi-
JIeJISITh TPOCTBIE 3aKOHOMEPHOCTH.

HMeHHO Mo3TOMY BeIMYAHIIMM JI0CTHXEHHUEM YEIOBEYECKOTO TeHUs B IPEB-
HOCTH MOXHO CUMTaTh H300peTeHHE KoJieca. 3aMeTHB, 4TO TeJia KPYIJIOro ceye-
HMUSI, HarpuMep GPEBHO, €CIU MX TOJIKHYTh, NepeMellaloTcsi Ha Goibllee pac-
CTOsIHHME, YeM Tesia Apyroit (hopMbl, YeioBeK u3obpen Koseco. Tak Bbiiensis U
TNIepeHOCs YBUICHHYIO 3aKOHOMEPHOCTb B 061aCTh NPAKTHYECKOM NesTeIbHOC-
TH, YeJIOBEK OTKPbUI HOBYIO 3Dy BO B3aMMOOTHOLICHHMSIX C TIPUPOIOH — 3py
OCO3HAHHOTO MCMONb30BaHMs (PU3NYECKUX 3aKOHOB. OTKpBITHE KoJleca o
MOLIHEHLIH TOMYOK K Pa3BUTHIO Y€JOBEYECKOM LIMBUIN3ALIMK B LIEJIOM. B

" O Jpyr Ha
Jipyra IeHCTBHS.
(Hoswiii croBoTosKoBaTesb,
Cocrasun H.M. Slnosckuii.
CI6, 1806 r.) ®

H3o6pemenue Koaeca omkpbiio
HOBYIO 3Dy 60 63AUMOOMHOUIE-
HUAX 4€A06€Ka U NPupoo...

BEJIMKOE 1EPEBO ®U3UKH
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¢u3uxa TIPOMCXO/IUT OT Ipe-
YECKOro C/I0Ba «NPUPOaa»
M, KaK MOKa3jbiBacT caMo Ha3pa-
HHE, BOODIIE 03HAYaeT yueHHe
0 npupoze. B HacTosiuiee Bpemst
YHOTPeGSIOT CI0BO «(DH3HKa»
B TECHOM 3HAYCHHH M Pa3yMeioT
TI0/1 HUM HAayKy, PACCMaTPUBalo-
LLYIO 3aKOHbI W NIPHYMHBI sIBIE-
HHIA, HE KacalouMXcs M3MeHe-
HHUH  BHYTPEHHEro CcBoOiicTBa

MaTepHAIbHBIX Tel.
(CnpaBouHbiit SHUHKIONEAHYEC-
Kuii cioapb A. Crapuesckoro —
K. Kpaiisi. CI16 1848 1) @

Heobxodumocms 6 cozdanuu mow-
HbIX 0CAOHbIX opyouli cobiepana
€600 PO 6 pazeumuu UIUKY.

Or JAPEBHUX LIMBUIN3ALIUIA (dpesunii Eruner, BaBuiou, Accu-
pHsi) HE OCTAIOCh JOCTOBEPHBIX CBUICTENBCTB O KAKMX-JINGO JOCTHXKEHHSIX
B obnactn (usnyeckux 3HaHuil. Haubosee paHHMEe AOKYMEHTaIbHblE MOM-
TBEPXKIACHHSI OTHOCATCS KO BpeMeHM pa3BuTus apesHero Kutas u Muanm.
B 3THX Ky/IbTypax npeicTaBieHusi 0 pU3MYECKUX 3aKOHAX MOSIBUINCH HA OCHO-
BE TEXHHUYECKOH JIESATEILHOCTH (CTPOUTE/ILCTBO 31aHMIi M IBOPLIOB, COOPYXkKe-
HHME KaHAIOB M 1aM0, co31aHue BOCHHOM TeXHUKH). B nepByio ouepennb Bbipa-
GaThbiBANIUCh NPEACTABICHUS M3 0GIacTH n. Jp IHICKUM
myzapetiom Kanaznoii (4To B niepeBojie ¢ CAHCKPHTA O3HAYaeT «[OXHUPaTeib aTo-
MOB») BbICKA3bIBAJIMCh MPEANOIOKEHUsI 00 aTOMHOM CTpoeHHH BelecTsa. Ho
B TO BPeMsi 3HAHUSI O TIPHPOIHBIX HOCHIIH p KHii (T.. OCHO-
BaHHBIN TOJIbKO HAa HAOIONCHMSIX) XapaKTep W HE MMEIH TEOPETHYECKOro
0bocHOBaHMs1. W

Teoperuueckue OCHOBbI (DU3MKKU OBbLIM 3aI0XKEHbBI
B AHTUYHBIE BPEMEHA. Camo cioBo «(hu3nKa» — JAPEBHErPEYECKOro
npoucxoxaenusi. Umenno B [lpesHeii Ipeunu croxuiock yuenue 06 atomax,
coxpaHuBiueecs noutu 6e3 usmenenmii 10 XIX seka. Ero asropsl, Jleskunn
1 JIeMOKPHT, YTBEPXIAH, YTO BCE BELIM COCTOST U3 HECUMCIICHHBIX HEle/H-
MBIX YaCTHIL, OTAMYAIOLIMXCS! IPYT OT APYra BEIMUUHON U (POPMOIL. ATOMUCTH-
4ecKasi KOHUCTLMS MCXOIWIA U3 NIPU3HAHUS MYCTOTHI (SI3bIKOM COBPEMEHHOI
(U3NKHM — BaKyyMa), PUHLIMIIOB COXPAHEHUSI MATEPHH (HUYTO HE MOXET BO3-
HUKHYTb U3 HHYET0) M cOXpaHeHHsi (popM MaTepuu (IPUPOIA BCe passiaraeT Ha
TeJa M B HUYTO HUYETO He Tiep T, T.¢. B IPUPOJIE NIOCTOSHHO MOBTOP.
OJIHH ¥ Te Xe (GOPMbI MATEPHH).
IMoTpe6HOCTD B CO31aHWHM PAIIUYHBIX TEXHUYECKMX YCTPOWMCTB (BOCHHBIX
M CTPOMTEJIbHBIX) CO3/Ia/ia GIArONPUSATHYIO MOYBY UTSl PA3BHTHS TIPUKIIAIHBIX
acnekToB (usnueckoit Hayku. B [lpesneii [peumn noayuwn teopetnueckoe
¢ phbiuara, no p Th B MPOCTPAHCTBE
Tes1a 60JIbLIONO Beca MPH OTHOCHTEJILHO HEGOIBILIMX YCHIIHSIX. APXHME/l, CO31aB
TEOPHIO PhIYara, 3a/10KHJ OCHOBbI LIEJIOF0 Pa3/ie/ia MeXaHUKH — CTaTUKH. B

Bce ato BpeMsi (hpM3MKa SIBJISUIaCh COCTABHOM YacCThiO
(I)MJ]OCOCDMP[ M He paccMaTpUBAIaCh KaK OT/e/ibHasi HayKa. Bbuienenue
Gu3uku 3 ou. b B CP: BEKa, a OKOHYATeJIbHOE MpeBpa-
LIEHHE ee B yI0 HayKy 00 CBsi3bIBaeTCS ¢ MMeHeM [anuieo

Tanmunest (1564—1642). UMEHHO OH CYMTAaeTCsi POAOHAYAILHUKOM 3KCIEpH-
MeHTaIbHON (hu3nku. Jlo Hero hpu3nuecKue KOHLENUMH HOCHIM CKOpee YMO-
3PUTENbHBIN XapaKTep, U UM HEIOCTaBaIO JloKasaTeabHOCTH. Tanuneit xe cy-

DOU3UKA




Mesl OOBEAMHUTh M BBECTH B (DU3MKY IKCTEPUMEHT
M TOYHBIA MaTEeMaTHYECKUI aHAIU3, YEM BO MHOIOM OI1-
pezesin JanbHeiilee pasBuTue pusnyeckoii Hayku. Uc-
10/Ib3ysi 9KCMEPUMEHTATBHO-MATEMATHYECKHIt METOI,
Tanuneo lanuneit 321011 OCHOBBI COBPEMEHHOI Mexa-
HUKH 1 OTKPbUI psill €€ (hYHAAMEHTATBHBIX 3aKOHOB.
BaxHOCTb paGOT MTAIBSHCKOIO YYEHOTO M0 CO3IaHHI0
IKCIMEPUMEHTAIbHO-MATEMATHYECKOIO METOAA B TOM,
4YTO HaykKa B COCTOAHMH IMO3HATh TOJILKO TC SIBJICHMA,
CBOJICTBa KOTOPBIX MOXHO OLEHUTDb uucaoM. [Moaromy
MMEHHO C BBEJICHMUsI 3TOr0 METOJIa MOXHO Ha3biBaTh (hu-
3UKY COOCTBEHHO HayKOiA.

Jloctnxenns lanunes u ero coBpemeHHukoB (Kemnepa,
Jlexapra, loiireHca) NMOAroTOBMIM MOYBY s pabot
Ucaaka Hblotona (1643—1727), craBuiero ocHoBateiem
TeopeTHyeckoil (pusnku. MMEHHO ero MccienoBaHus
TIOJIOKWIM HAYaIO TaK Ha3bIBAEMOMY «KJIACCHYECKOMY»
NEepHOLY B Pa3BUTHH (DU3HUECKOI HAYKH.

Hbi0ToH chopMyIMpPOBaJ TPH 3aKOHA JIBUXEHMUS U Bbl-
BEJl U3 HUX Psill CJACACTBMH, TPAKTOBABILUMXCS Tpexiae
KaK caMoCTosiTe/IbHbie 3aKOHbI. Ero Tpakrar «Marema-
THYECKHE HAayala HaTypalbHOM (uirocopuu» noasen
utorn pabotsl, Hauatoil lanuieeM, No YCTAHOBJICHHIO
CMBIC/IA M KOJIMYECTBEHHBIX XapaKTEPUCTUK TaKMX OC-
HOBHBIX MOHATHH MEXaHUKH, KaK MPOCTPAHCTBO, Bpe-
Msi, Macca, KOJIMYECTBO IBUXKEHUs!, cua. [Lns peurenust
3a]1a4, CBSI3AHHBIX C IBUXKEHHEM, YUCHbIH NPUMEHSU CO3IaHHbIE UM (BMECTe
¢ Jleitbuunuem) auddepeHunaIbHOE U HHTETPAIbHOE UCYHUCIICHUs], CTaBLIWE
BIIOCJICACTBUH OJIHMM M3 CAMbIX MOLIHBIX MATEMAaTH4YECKHX CPEICTB (PU3HKH.
Pesynsratom pa3suThsi husnyeckoit Konuenuun HploToHa IBUIOCH co3naHne
€/IMHOI MEXaHUYECKOii KapTUHBI MUPa, B KOTOPOii Bce MHOroobpasue npupoa-
HBIX SIBJIEHUI OOBIACHSIOCH pasjiIMYUsIMH B IBHXCHHUH TeJ, MOAYHHSIOLIMXCH
3aKOHaM HBIOTOHOBCKOH MEXaHUKHW. B

BI'[CDBI)IC TECOPETUUYECKHUE BO33PECHUA HbloTOHA 6humn

noaBeprHyThi nepecMotpy Maiikiom ®apaneem u Kiepkom Makcpeuiom.
B nepsoii nonosure XIX Beka Mapaneit nposesn cBO#i, CTaBILIMii KJIaccHyec-
KHM, OTBIT: MOHECS K MEIHOM KaTylIKe MarHUT U BbI3BaB B HEM 3/leKTpHyeC-
KUl TOK, OH cymes npoHabmonath npeobpa3oBaHUe MeXaHMYECKO# paboThl
B 3JIEKTPHUECKYI0 3Hepruio. Teopusi HbioTOHa He cMOr1a OOBSICHUTB IBUXEHHE
INIEKTPUYECKH 3aPSKEHHBIX YAaCTHLL, B3AUMOIEHCTBYIOLIMX IPYT C IPYTOM Ye-
pe3 MycToe MPOCTPAHCTBO MO BAMSIHMEM 3/IEKTPHYECKUX W MArHUTHBIX CHIL.
D710 ObLIO CBA3AHO € PAITHUUAMH MEXKILY IPABUTALIMOHHBIMU CHJIAMM, OTTUCHI-
BAEMBIMH B HIOTOHOBCKO# MEXaHMKe, U 2/IeKTPOMAarHUTHeIMU. M3-3a 3THX OT-
Jmumii BMecTo nonsitusi «cuia» J1.K. Makcsesuty norpe6oBaioch BBecTH bosiee
CJIOXKHOE TIOHSITHE «TIOJIe», HE MMEBILIEE COOTBETCTBUS B KJIACCHYECKOM MeXa-
HHUKE.
UmeHHO ¢ pabotamun MakcBe/uia CBSI3aH HOBBIN 9Tall B Pa3sBUTHH (DU3NKK —
ITAN «KJIACCUYECKOM IJIEKTPOAHHAMUKH» . MZIKCI]CJ'Ul ONpee/InA JIEKTpoMar-
HUTHYIO IPUPOLY CBETA, U ONTHKY CTAIH PACCMATPUBATh KAK YacTh JIEKTPOIH-
Hamuku. Otkpeitie [1.K. MakcBe/uioM 31€KTPOMarHMTHOTO MOJISt U 3aKOHOB
€ro pacrnpocTpaHCHHUs CTOMT Ha OJIHOM YPOBHE C OTKPbITHEM Hcaakom Heioto-
HOM 3aKOHa BCEMHUPHOTO TATOTCHHUSI. W

Coépemennvie  meneckonsi-pe-
(hrexmopui seasiomes nomomkamu
meaecKkona, 11!{)6[)("’"(’/”1()-’() Heaa-
Kkom Hotomorom é 1668 200y.

BEJIMKOE IEPEBO ®U3UKH
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®u3uxa (rpey. coBO), Ha-
yKa W1 yYeHHe O npupoie
(rpey. physis) — B HacTosiliee
BpEMs yYEHHE O 3aKOHAX siBJie-
HUM, NPOMCXOMAIMX B HEOIy-
WICBNICHHON TPUPOZE, NTOMHUMO
XMMHMYECKHX  NpeBpalleHHiA,
MPOHCXOAALMX B TENax.
(Bonbias sxumknoneams. Crosaps
OGLEAOCTYHBIX CBEICHHIA 11O BCeM
otpacisiM 3Hanus. Ilon pea.
C.H. IOxaxosa. CI16, 1905 r.) ®

®u3m<a — HayKa, M3y4aio-
asi pocTeiime U BMECTe
¢ Tem Haubosnee obLIMe 3aKOHO-
MEPHOCTH

Y MCTOKOB BelMYailllero nepeBopora B (uU3UKe
B Hayasie XX BeKa HaxOAMJach IUiesia BbIAAIOILIMXCS
YUYEHBIX — Ibep Kiopu u Mapus Cxaonosckas-Kiopu, 3. Pesepdopa,
M. Inauk, A. DitHwreits, H. bop 1 MHorue apyrue. UMEHHO OHM MOJIHO-
CTBIO M3MEHHJIM CYLIECTBYIOLICE paHee B (DU3MKE NpeAcTaBIeHHE 06 OKpykKa-
fomem mupe. C nosiBiieHueM IulaHeTapHo# Mozenu atoma Pesepdopaa-bo-
pa, obueil M creuMaNbHONM TEOPUH OTHOCUTENbHOCTH A. DiiHIUTeiHa,
kBaHTOBOW u3uku M. [lnanka HOBBIH, P aran
B Pa3sBUTHH (DM3NKHM, NO3]HEE HA3BAaHHBIH «HEKJIacCHYecKMM». PeBomonm-
OHHBIM €TI0 Ha3bIBAIOT MOTOMY, YTO 32 KOPOTKHii CPOK OYKBaJIbHO BCe (hU3H-
YecKHe 6bLIH HYTBI Tpy. C pa3BUTHEM KBaHTO-
BOil (u3MkM mpuumio Gosnee ray6okoe NMOHMMAaHUE TOTO, YTO BOMPOC
O CYIIHOCTH SIBJICHH#i JIEKHT BHE (DU3NKHU M HE MOXET OBbIThb paspeileH ee
cpeacTBamy. JlaHHas HayKa M3y4aeT TOJNbKO 3aKOHBI, 110 KOTOPbIM 3TH siBJIe-
HHUSI IPOUCXOAT,— He Gonee.

COBpCMCHHaﬂ MUCTOPUST HAYKHU BBIICJISICT TPU 3Tarna
Hay4YHOW PEBOJIIOLIMM, npousowemueii B XX Beke. [epsbiii 31an npo-
nomxkancsi ¢ 1895-ro no 1916 roa. Uist Hero xapakTepHbl HCCAEI0BaHUSI HOBBIX
obnacreii HU3MKH, CO3TaHHE HOBBIX TEOPHIi, IIABHBIM 06Pa3OM CHIaMU yqe—
HBIX-OJIMHOYEK. DTO MepHol B JILHBIX JIOCT! cy-
npyros Kiopu, Pesepdopna u 1p. @usnueckue MCCIENIOBAHUS BEAYTCS B YHU-
BEPCHTETCKUX J1aGOPATOPUSAX, OHM CNabo CBSI3aHBl C MPOMbILLIEHHOCTHIO,

CBOWCTBA M CTPOCHHE Ma'n:puu
M 3aKOHbI ee aBuxeHus. Tous-
THA d)M]MKM M €€ 3aKOHBI JieXar

anmnapartypa JielieBa  npocTa.
Bropoii atan (1919—1939 rr) xapakTepu3yeTcsi MaCCOBBIM BHEAPEHHEM MPO-
MBILLIEHHBIX METOZIOB ¥ OPTaHU30BaHHOCTH B (pu3nUecKue uccienosanus. Or-

B OCHOBE BCErO €CTeCT
Du3uKa OTHOCHTCS K TOYHBIM
HAyKaM W M3y4aeT KOJMYECTBEH-
HbIC 3aKOHOMEPHOCTH SIRICHHIA.
Tpanuubl, otaensiomme Gpu3nKy
OT JIPYTMX ECTECTBEHHBIX HayK,
B 3HAYUTESIBHONH Mepe YCIOBHbI
M MEHSIIOTCS CO BPEMEHEM.
(Dusnueckuit yec-

Kpy y4eHbie BO3IJIABJIAT HAy4yHbIC TPYNIbI U yCTa-
HaBJIMBaTh CBA3M C KPYMHBIMM TNPOMBIULICHHBIMM MCCIIEN0BATEIbCKUMH
naboparopusiMu. Pacter uncio yueHsix. HaunmHaeTcsi BOeHHOE HCMONIb30BaHKME
(hU3MYECKMX 3HAHMIA ¥ YCTAHOBJIEHHE CBSI3H MEXIY PYKOBOIUTENSIMH hu3mye-
CKMX MCCJIEIOBAHHUH C IIPOMB MH U T T MM OpraHu3aums-
MM B BOCHHBIX LIEJISIX.

Tpetuit 5Tan Xapaktepu3syeTcsi elie GOMbIINM PacIIHPEHHEM ydacTHsi (GU3NKH
B X nporpammax. PU3HMUECKHE MCCIEIOBAHUS CTAHOBSITCS Bee Gosee

Kuit ciosapb.M.: Cosetckasi 9H-
unkioneaus, 1983 r.) @

JIOPOTOCTOSILIIMMH, B MX OPraHM3alluK Bee GOJIBILIYIO POJIb HIPAeT rocyaapcTBo.
" 0 B 3TO BpeMsi CO! aATOMHasl ¥ BOJIOpo/iHasi GoMObI.

(Duauka, KakK HayKa, MMEET AOCTAaTOYHO CIIOXHYIO
CTPYKTYPY. B Hee Bknoualotcs pasiuyHbie pasiensi. B uenom dusmka pas-

Ha Teope KYI0 (ODHEHTHP yio Ha ¢op! POBKY (husmuec-
KHMX 3aKOHOB, OOBSCHEHHE HAa OCHOBE 3THX pUp
H 3aHUE HOBBIX i) u JBHYI0 (MMeEIOLLYIO Jesio
cnp TOB C LIEJIBIO Y HOBBIX (haKTOB M 1po-

BEPKH TMIOTE3 U U3BECTHBIX (PU3HYECKHX 3aKOHOB).

HWHorna Gpu3MKy npeacTaBisioT B BUIE AEPEBA, B HUXKHEH YacTH CTBOJIA KOTO-
POTO HaXOAATCH K u3mka, ekt M (U3MKa TETUIOTHI
BMECTE C LIMPOKO PACKHHY BETBSIMH, 3UP! ob6ump-
HBbIE MPH. ITUX if. Boile no CTBOJIY PacriojiOXeHa aToOMHast
Q)uam(a C TAKMMH €€ BETBAMM, KaK XUMHMSI, MaTepua.
3JIeKTPOHMKa M onTuKa. Eiue Bbile 060cHOBanach siiepHasi (pu3nKa ¢ ee MoJIo-
JIbIMM BETBSIMH, y HayKy o TMBHOCTH M acTpodu-
3UYECKHE TMPHIIOKEHHUS. Ha BEPLIMWHE, 1€ MOKa HET BETBEH, MOMELLIAIOTCS CO-
BPEMEHHbIE (DM3HMKA IEMEHTAPHBIX YAaCTHLL M KOCMOTOJIOTHS. W
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HEMHOI'O
O MEXAHUKE

Mexanuka, mak xce kax a u acmp omuocumes
K wucny opeeeiuux Hayk. Mexanuka uzyvaem obujue 3aKoHsl mexa-
HUYeCK020 0BUNCEHUS X men u yc obwue

u 0 BONPOCO8, C6A3AHHBIX C IMUM BUNCCHU-
em. To ecmo, npou(e 2060p31, MEXAHUKA U3y4aem deuxcerue. Mot xce,
6 Hawell no6c HCUBHU, NOC cmankueaemcs ¢ duxce-
Huem men. B kocmuveckom npocmpancmee 08UNCymcs ConHe Hble cu-
cmeMbl U 2aNaKMuKuU, 36e30bl U NAGHEMbl, KOCMuU4eckue Kopabau
u uckyccmeennvie cnymuuku 3emau. Jlguxcymes monexyast u amo-
Mbl, 31eKMPOHbI U NPOMOHbL, U.-yacmuyst u gomonsl. Ilpakmuuecku
6ce huzuueckue ¢ 0aromcs 0BUNCEHUAMU men.

OCHOBOMOJIOXXHUKOM MEXaHUKM KaK TOYHO#M HayKu
CJICIyEeT CYUTATh ApxuMeua (287-212 rr. 10 H.3.), APEBHETPEYECKO-
ro yueHoro u dunocoda. MUMEHHO OH 3a10XKHI OCHOBBI TAKUX PA3[e/ OB MeXa-
HUKH, KaK CTaTHKa M TMIPOCTAaTHKA, CO3/IaB YYCHHE O LIEHTPE TSKECTH U OT-
KPBIB 3aKOH O IaBJICHUM KHIKOCTH Ha MOTPYKEHHOE B HEe TeJIO.
3apoXIeHHe IPYroro paszie/ia MeXaHWKH — JIMHAMHKH — CBSI3bIBAIOT C MMEHEM
BEJIMKOTO MTaIbsiHCKOro yueHoro Tammneo Tanwnes (1564—1642). On nepbim
JIOKa3aJ1, 4TO MO ACHCTBUEM MOCTOSIHHO# CHJIbI TeJIO Gy/IET IBUTaThesi PABHOYC-
KOPEHHO, @ He PaBHOMEPHO, KaK roJiaraiu co BpemeH Apucroressi. Kpome toro,
Tanueii chopMyIMpOBA 3KOH HHEPLIMH, SKCTIEPHMEHTATIBHO YCTAHOBHJI 3KOH
naJeHus TeJ B MyCTOTE, PELIN 3a1a4y O JBMXEHHH TeJa, GPOIIEHHOrO Mo yr-
JIOM K TOPU30HTY, M300peJ1 TeJIECKOI U COBEPILIMII MHOXKECTBO JIPYTHX OTKPBITHA.
Passuas unen Tanuneo lanunes m psina apyrux yuyennix (Keruiepa, [ekapra,
Toiirenca), Benukuil aHrmiickuit ¢pusnk Mcaak Hoioton (1643—1727) nan
TOYHYIO (DOPMYJIMPOBKY BTOPOMY 3aKOHY MEXaHMKHM M OTKPbLI TAKHE 3aKOHBI
KJIACCHYECKON MEXaHNKH, KAK 3aKOH PAaBEHCTBA IHCTBUSI M IPOTHBONCHCTBHUSI
M 3aKOH BCEMMPHOTO TATOTeHMs. TakXe OH YTOYHWJI 3aKOH MHEPLUMH, OTKpbI-
Thii TasuieeM, U BBEJ MOHSTHE MacChl. W

Knaccuueckass MexaHuka HbIOTOHA nourn 6e3 uamenenmii
npocyuiectBoBana 10 KoHua XIX Beka. Ho B cBsi3u ¢ TeM, 4To OHa He Moria
OMnHUCaTh IBUXEHHE MUKPOYACTHIL, & TAKXKE TeJl, UMEIOIIMX CKOPOCTH, BIM3KHe
K CKOPOCTH cBeTa, AbGepT DUHIITEHH BbIHYXIEH ObUI CO3/1aTh CBOIO 3HaMe-
HHTYIO TEOPHIO OTHOCHTE/IBHOCTH.

Jinst nyumiero 3aKOHOB M HEOOGXOIMMO PAcCMOTPETh JiBa
BHIA (PU3MYECKUX BEJIMUMH, CYLIECTBEHHO OTIMYAIOLIMXCS APYT OT Apyra.
Takue BeIMYMHBI, KaK TEMIIEpaTypa, BpeMsl, Macca, II0THOCTb, MUI0Mab, 00b-
€M M T.JI., MOXHO 0XapakTepu30BaTh NPH MOMOIM Yucesl. EAMHCTBEHHBIM yc-
JIOBUEM SIBJISIETCS] HEO Th BbIGOpa n3Mep Tak, Hanpu-
Mep, 4ToGbl OXapaKTepu3oBaTh MAaccy KaKoro-im6o MpeaMera, AOCTATOYHO
M3MEPHUTD ee B Kujorpammax (inbo B yHTax v T.n.). [NonydeHHoe uncno aact
HaM 3HayeHHe Macchl. [To10GHBIC BETMUMHBI HOCAT Ha3BaHHE CKAJISIPHBIX.
JUtsi XapaKTepUCTHKM JPYTMX BEJIMYMH, TIOMMMO MX YMCICHHOTO 3HAYCHMs,
HYXKHO 3HaTh U Takumu SIBIISIIOTCS CHJIA, CKOPOCTb,
yckopeHue M T.1. OHM HOCAT Ha3BaHUe BEKTOPOB. B

Tepmm «MeXaHWKa» Briep-
Bble ObU1 BBEACH BETMKHM
JIpeBHerpeyeckuM  uocopom
Apwucrorenem (384-322 rr. 10
H.3.) ¥ NPOMUCXOIHUT OT rpeyec-
KOTO CJIOBA «MEXAHI» — «yXHIIl-
PeHMe, MalMHa, pucnocobie-
Hue». W

Tanuneo Tanunei (1564—1642).

Benwmuu. onpenensieMbie
OIHMM CBOMM UMCIICHHBIM
3HAYCHHUCM, HA3BIBAIOTCS CKa-
JAPHBIMH BETHUHHAMH WIH T1DO-
CTO CKAIAPAMH.

Benuumnbl, onpenensiembie He
TOJIBKO CBOMM YHCIICHHBIM 3Ha-
YECHWEM, HO M HanpaBJieHHeM
B MPOCTPAHCTBE, HA3bIBAIOTCS
BEKTOPHBIMH BETHUHHAMH WJIH
NPOCTO BeKTOpamu. B
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Mumpnaﬂbuau TOYKa — Te-
710, pasmepamu U HopMoii
KOTOpPOro B paccMaTrpUBacMbIX
JIOBUSIX  JIBHXKCHHUS  MOXHO
npenebpeus. Hanpumep, nacca-
JKHPCKHil aBHATaiiHEp ¢ IBYMSIC-
TaMM TlacCaxXupamu Ha Gopry,
JICTSALUMI Ha BHICOTE HECKOJIbKHMX
KWIOMETPOB, MpH Hab/II0ACHHH
¢ 3eMIM MOXHO paccMmaTpusarth
KaK MaTepHaibHYIO TOuKy. XOTsi
CaMHM Maccaxupbl camosieTa ¢ Ta-
KOW MOCTAHOBKO# BOnpoca Bpsil
JIH COMIacHINCH Obi. M

1060€ IBUXECHHE Tesla MOX-

HO OTHECTH K JIBYM OCHOB-
HBIM BHMIAM: TOCTyNaTeabHOE
1 BpawarenbHoe. Ioctyna-
TEABHBIM JIBHKCHHEM Tela Ha-
3bIBACTCS TAKOE JIBHKEHHUE, NPH
KOTOPOM BCsIKasi MpsiMasi, CBsi-
3aHHas C 3TUM TEJIOM, IBHXET-
Csl, OCTaBasiCh MapauieabHO#
CBOEMY HauaIbHOMY MOJIOXKe-
HUIO. BpamarenbhbimM 1BMXe-
HHEM HAa3bIBACTCS TaKOE JIBH-
XKEHHE, MPH KOTOPOM BCE TOUKH
Tena JBUKYTCA MO OKPYXKHOC-
TAM, LEHTPbl KOTOPBIX JieXaT
Ha O/IHOH M TOW Xe NpAMOIA,
Ha3bIBAEMOI OCbIO BpaLLCHUS,
A TOUKM, JIeXallue Ha 3TOH OCH,
OCTAIOTCS HEMOABHXHBIMM. B

Mleuxcenue 3emau 6okpye ceoeil
ocu, 6aazodapa Komopomy Ml Ha-
Gnrodaem cmery OHs U HOYU, A6AA-
emcs 6pauamentoiM.

MEXAHUKA
MATEPUAJIBHOU
TOYKH

KWHEMATUKA

Kunemamukoi nasvieaemces pazoen mexanuxu, uzy4arouuii 2eomen-
pudeckue 3aKoHbl 08uNCeHUs men 6e3 yuema ux Macc u 0eiicmeyouux
HaQ HUX cuan.

DJISI Jiyqymiero noHUMaHus CYLHIHOCTU KHUHEMATUKH
Ba>XHO IMMOMHMUTD, 4T0 KHHEMATHKA MOJIHOCTBIO OCHOBAHA HA MONOXEHH-
SIX TCOMETPHH U OTJIMYACTCS OT Hee TeM, YTO, KPOME PACCTOSIHUSI, POXOANMO-
O IBUXKYLUMMCS TEJIOM, PACCMaTPUBAET €ILE U BPEMsl, 3a KOTOPOE COBEpILaeT-
csl IBUXEHHE. B

MexaHuyeckoe IBUXEHHE MAaTepUaIbHOTO TeJla moxHo
HaGI0/IaTh ¥ U3YYaTh JIMLLIb MO OTHOLIEHHIO K KaKMM-THO0 pyrum Tesiam. Ca-
MO TOHSITHE IBUKEHMUsI IPHOOPETAET CMBICI TOJILKO TOT/A, KOTAA pedb HIeT 00
M3MCHEHHH TOJIOKEHUS Tesla B KaKOH-1u00 cucteme KoopauHar. Hanpumep,
YeJIoBEK, eyLHii B aBTOMOOMIIE, OTHOCHTE/IBHO CAMOTO aBTOMOOMJISl He COBep-
1IAeT JIBMXCHHS, TOTA KaK OTHOCHTEJILHO IOPOTH OH JIBUXETCS, A ellle Kak
nBMXKeTCs (Hanpumep, roHku Popmysibi-1). @

Bcsikoe Tesio B MPpUPOAC HAXOAUTCS B COCTOSIHUU JIBU-
JKEHMUSI, X0Ts1 HaM MOPOii KAXKETCs!, YTO OHO B COCTOSIHUM TIOKOSI. ITO CBA3AHO
C TEM, YTO MOHATHS «IBHKEHHE» H «TTOKO#» SIBISAIOTCS OTHOCHTE/ILHBIMU U HMe-
10T CMBICJT TOJIBKO MPH YKA3aHHHM CHCTEMbI OTCYETA, OTHOCHTE/ILHO KOTOPOii OHM
paccmatpuBalotes. Jlaxe, Ka3anoch Gbl, HEMOABMXHOE TEJIO COBEPILIAET IBH-
JKeHHe — Hanpumep, otHocuTeabHo ContHua (BMecTe ¢ 3emeit) Wi oT-
HOCHTEJIbHO LIEHTpa ralakTHKK (BMecTe ¢ COJNIHEYHO#H cHUCTeMOit)
U T.A. [To3TOMY HEBO3MOXHO YCTAHOBUTH KaKyl0-J1M060 abCcomoTHO
HETMOABHXHYIO cucTeMy otcuera. 1o 3Toit npuunHe B KHHeMa-
THKE He CYLIECTBYET CHCTEM OTcueTa, bosiee NpearnoyTHTeb-

HbIX, 4eM apyrue. [1pu pelieHnn pasHooOpasHbIX 3a1a4 Bbi-
60p cHCTeMbl OTCueTa OMNpenensieTcsi CoobpaxeHUsIMU
yno6c¢TBa (11e71ecoobpa3sHOCTH).

Tak Kak IBMXEHHE OTHOCHTEIBHO, TO M TPaeKTOpHsi Oy-

JIeT 3aBMCETh OT BbibOpa cucTembl oTcyera. Hampumep,

KaMeHb, OpOLIEHHBII BEPTUKAILHO BBEPX Ha nanybe pas-

HOMEPHO JIBUXYLIETOCs TEIJIOXO0/a, YNaAeT Ha TO Xe Me-
CTO M MO OTHOLIEHHIO K Najiybe IBUKETCS, COOTBETCTBEH-
HO, 1o npsmoit. [lis Habmionarenst Xxe, CTOSILErO Ha
Gepery, OH IBUXKETCS 10 KpUBOH (napabose).

B 3aBMCHMOCTH OT XapakTepa TPaeKTOPUM JBHKEHHUE MO~
paszie/isieTcs Ha NpSAMOJIMHENHOE W KpHBOJIMHEIHOe. [1BHke-




HHE TOYKH HA3BIBACTCS MPAMOJIMHEHHBIM, CCTH €e TPAaeKTo-

pHsi — TpsMasi JIMHHUS, ¥ KPHBOJIMHENHHBIM, €CJIM TPaeKToO-

PHSt — KPUBasi THHUSL.

Takum 06pa3oM, Bce MEXaHHYECKHE ABHXEHNS MOXHO CBe-

CTH K HECKOJIBKMM OCHOBHBIM BHIaM: PABHOMEPHOE MPSIMO-
e Kf MepHOe

NpSAIMO. I KPHBO. 7l -

Kak MbI YK€ YIIOMHWHAJIU, kuHeMaTHKa OT/IMYa-
€TCsl OT TEOMETPUH HANTMYMEM TaKOi XapakTePUCTHKH, KaK
Bpemsi. [1o3ToMy BO3HMKIA HEOOXOAMMOCTbH ONMMCaTh CBA3b
Mexay Tenau HMeHHO Kak Xapak-
TEPUCTUKA ITOH CBA3M BO3HUKIIO OZTHO M3 OCHOBHBIX MOHATHIA
KHHEMaTHKH — cKopocTb. [UIsi TOro 4ToObl Jiyuie MOHATH
CYILHOCTb 3TOTO MOHATHS, MOXHO MPOCTO PacCMOTPETh €ro
CHHOHHMMBI, CYIIECTBYIOLIHE B PYCCKOM si3biKe. TaKUM CHHO-
HHUMOM SIBJISIETCS CJIOBO «ObicTpoTa». Hanpumep, Mbl roBOpMM: «renapa — ca-
Moe GbICTpoe KHMBOTHOE Ha TUlaHeTe...» Win «“Mepceaec” Gbictpee “XKury-
siei”...» u T.A. [Tono6GHbIe BHIPAXEHMUS, MO CYTH, 03HAYAIOT, YTO ONpeeIeHHOE

MarepuajibHOe Telo MmeeT Gonee

\4

BBICOKYIO CKOPOCTb, Y€M JIpyrue Te-

A na. To ecTb OHO (TeJI0) 3a OIMHAKO-

BBl TIPOMEXYTOK BPEMEHHM TPOXO-
2T Gobliee PacCTOSHHE.
TakuM 0Gpas’oM, CKOPOCTBIO PaBHO-

A MEPHOIo ABMXEHHS HA3bIBAIOT OTHO-

‘B wweHue nyTH S, NpoitIeHHOTO TeIoM,
i K MIPOMEXYTKY BPeMeHH t, 3a KOTO-
s 1 Phbiii 3TOT NyTH NpoiineH (puc.1):

Kaxk Mbl BUIUM, CKOPOCTD SIBJISIETCS

y

[ A R SRR (5 BEKTOPHOI BeunHOi. Ho B cBsizn

t C TeM, 4TO B PEaIbHBIX YCIOBHSIX

JIBUXKEHHE TeJla HUKOTAA He GbiBaeT
CTPOro paBHOMEPHBIM, MOTPeGOBa-
JI0Ch BBECTH HOBYIO XapaKTePHCTH-
Ky IBHXeHHs — yckopenue. ITo
CBOeIf CYTH, YCKOPEHHE OTpaXaeT GhICTPOTY H3MEHEHMs BEKTOPa CKOPOCTH KaK
no TaK M 10

Puc. 1. Ipagux pasromepnozo dsuxcenus.
ITyms, npoiidennsiii meaom, paeen naowaou
3aumpuxoeannoii obaacmu.

e AV— u3MeHeHHe BEKTOPa CKOPOCTH 3a POMEXYTOK Bpemeru At

Takum 0Gpa3oM, paccMOTpPeB CKOPOCTb M YCKOPEHHE UIsl TMOCTYNaTebHOro
JIBHXKEHMS, MBI MOXEM TEpeiiTH K pacCMOTPEHHIO 6osiee CIOXHBIX MOHATHIHA
CKOPOCTH 1 NpH Bpala JBIXeHHH. B , XapaKTepH-
3yloluasi GbICTPOTY BpAILEHHsI TBEPIOrO TeJIa, Ha3bIBACTCS €rO YIIOBOI CKOpO-
CTBIO M HAXOMUTCS 110 hopmysie:

H3 6cex wcuebix cywecme na 3em-
ae 2enapd paseueaem 60 epems
Beza camyio 8biICOKYI0 CKOPOCMb.

Mmosemmﬁ CKOPOCTbIO
NOCTYNATE/IbHOTO JBHXKe-
HUSl HA3bIBACTCS OTHOUICHHE
OUEHb MAJIOr0 MepeMelieHHs
AS k manomy npomexyTky Bpe-
menn At 3a Kotophiii npouso-
110 9TO NepemellieHHe:

As

—.m

At

<i

Ckopoc—rb BBIPAXACTCS B Me-
Tpax B CEKyHI1y:

Mo im/e.

Ie
MeTp B CeKyHIy paBeH CKOpPO-
CTH NIPAMOJIMHEHHO M paBHO-
MEPHO JIBHXKYIIEHCS TOYKH, NPH
KOTOpOI To4Ka 3a Bpemst | ¢ ne-
pemellaeTcsi Ha paccTosiime | M.
Mertp siBsieTcs eAMHHLEH UIH-
Hbl M PaBEH PACCTOAHMIO, KOTO-
pOe CBET MPOXOIMT B MyCTOTE 3a
1/299 792 458 nonio cekyHabI.
Cexynna — eIMHHMIIA BPEMEHH,
pasHas 1/86 400 none cytok. W
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CaMHM TIPOCTHIM BHIOM He-
PABHOMEPHOTO JIBHXEHMS

e AQ — npupauenue yria MoBopoTa Teta 32 HEKOTOPBI POMEXYTOK Bpe-
menn At.

SIBJISICTCS PABHOYCKOPEHHOE /1B~

KeHue, B , XapakTepu3yiollasi GbICTPOTY M3MEHEHMS YIJIOBOH CKOPOCTH TeJa,
TIOCTOSIHHOE 10 MOAYJIO M Ha- | Ha3bIBAETCS €O YIIOBBIM €y ONIP o opmyre:
npasieHnio. CKOpOCTb paBHO- .

YCKOPEHHOTO JIBHAXCHHSI Haxo- . _ Ao

et o dopmysie: ecp - A—l‘

V=V, +at,

rae Vo— HauanbHas CKOpOCTh

e A®— npupaleHue yrI0Boi CKOPOCTH TeJla 3a IPOMEXYTOK BpeMeru At.
OcoGblii MHTEpec ISl MPAKTHYECKOH AeSTEbHOCTH YelOBEKa MpEICTaB/sieT
OJIMH M3 CaMBbIX MPOCTHIX BUIOB KPHBOJIMHEHHOTO IBHXEHHMSI — PaBHOMEPHOE

Tena, d — ycKopenme, V— cKo- JIBUKEHHE 110 OKPYXHOCTH. O ThIO 3TOTO SABJISIETCS TO, YTO
POCTb B MOMCHT t CKOPOCTH O MOCTC a BEKTOPa CKOPOCTH
(puc.2).m M3MEHsIeTCs! B TpoLiecce ABHKEHUS. YCKOPEHHE TaKXKe UMEET MOCTOSHHOE 3Ha-
YeHHE 1o TOraa Kak BEKTOPA CO BPEMEHEM MEHSIETCS.
Puc. 2. Ipagux P TIPH PaBHC JIBUKEHUHM 1O OKPYXHOCTH HOCHT Ha3BaHWe
20 06UNCEHUA. M omnp Tcst o hopmysie:
oV
a=—,
R

e R — panmyc okpykuoctu (puc. 3).

TpoMeXyTOK BpeMEHH, 32 KOTOPbIN TeJI0 COBEPIIAET MOIHbIN
060pOT NpH ABUKEHHM 110 OKPYKHOCTH, IPUHSATO Ha3biBaTh Ne-
pHoaOM. l'Ipu HaxOXICHHUH 3HAYCHMA TMeEpHoaa MUCMNOJIb3YIOT

Puc. 3. Jleuxcenue mouxu no ox-
pyxcnocmu, 2de V. — cxopocms
mouxku, & — uewmpocmpemu-
meashoe yckopenue, R — paduyc
okpyxcrocmu, Q — yeoa nogopo-
ma meaa omHocumeabHo uenmpa
ONUCHIBAEMOIL UM OKPYICHOCTIU.

crenyouyio hopmyay:
2nR
T="""1
v
Eme onHO# XapaKTepUCTHKOM JBHXEHHS MO OKPYXHOCTH 5IB-
D 75 JsieTcsi BeJIMUMHA, oGpaTHas nepuoay obpalleHust — YacTora
[ V, 1 onp OHa 1o opmysie:
1 v
v=—= N
T 2nR

<l

<y
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JINHAMUKA

TToHSITHE IMHAMMKM. Kak yxe GbLU10 CKa3aHO paHee, OCHOBbI AMHA-
MHKH KaK CaMOCTOSITEJIbHOIO pasjiejla MEXaHUKH 3aJ10XKHIT Tanuneo Tanuneit,
a nocsie nononunn Mcaak HelotoH. Bknan HelotoHa GbUT CTONb 3HAYMTENEH,
YTO ¥ AOHBIHE TPH OCHOBHBIX 3aKOHA IMHAMMUKH MPUHATO HA3bIBaTh €ro HMe-
HEM.

JIMHAMMKO# Ha3biBaeTCsi paszesn M, U3y )CTh MEXIY
MEXaHUYCCKUM JABHXKECHHUEM TE U nei&c‘rnymmumu Ha HUX cwiamu. B otinune
OT KMHEMAaTHKH, 1€ pacCMaTpUBACTCs TOJIbKO reOMETpHYECKasi CTOpOHa ABH-
XKEHHU, B moboe KO€ JIBUXCHHE paCCMaTpUBAETCs B CBA-
34 ¢ pusHMuecKUMH (HaKTOpaMH, ONPECISIOIIMMU XapaKTep 3TOro ABUKEHHS,
T.€. MU3Y4alOTCs MPHYHHBI IBUXKCHMS.

TMoHsiTHE CUIIBI MBI nojy4yaem u3 Hallei MoBceHeBHOM Xu3HH. [List Toro yro-
Obl BBITIOJTHUT JII00OE, 1aXKe CaMoe NMPOCTOE, AeHCTBUE, HAM HYXXHO COBEPLINTD
yeunue. KonnyecTBeHHOM Mepoit Takoro ycwust u 6yaet cuia. To ectb, roBopst
HAy4YHbIM SI3bIKOM, CHJIOH Ha3bIBaeTCs Me€pa Takoro JEWUCTBUSI OTHOTO TeJla Ha
ZIpyroe, B pe3yJIbTaTe KOTOPOTO TeJIO H3MEHSIET CBOE MEXaHHYECKOE COCTOSIHME.
Eciu a10 1 BbIp BH CKOpPOCTH TeJia, TO HMEET MeC-
TO TaK Ha3bIBAEMOE IHHAMHYECKOE NposiBIeHHe chibl. Eciiv xe npoucxoamr ne-
b — 10 . B CHJIA SIBJISIETCS] BEKTOPHOM BEJIMYM-
HOWM M OMNpeensieTcss TPeMsi COCTAB/SIOIMMMU: TOYKOH MPHIOKEHHS CHIbI,

CHJIbI U ( ) CWIbl. @

3aKOHBI KJIACCUUYECKOM MEXaHUKMU.Chopmyauposannsie Mca-
akoM HBIOTOHOM TpM 3aKOHAa MEeXaHMKM JieXaT B OCHOBE 1MHaMuku. Hero-
CPEICTBEHHO X MOXKHO NPUMEHSATD K MPOCTEHIIEMY C/Ty4alo IBUXKEHHS, KOTIa
JIBHXKYILLEECS TeJIO PaCCMaTPHBAeTCsi KaK MaTepuaibHasi Touka. [1pu 31oM He-
06X0ANMO OTMETHTB TOT (haKT, YTO B IMHAMMKE UMEIOT IEJI0 C MHEPLIMATbHBI-
MM CHCTEMaMM KOODIMHAT, XapaKTepU3YeMbIMH TEM, YTO OTHOCHTENLHO HHX
MaTepHalbHasi TOYKA JABMXKETCS C MOCTOSHHOM CKOPOCTBIO.
3aKOH MHEPLIMH BriepBbie ObUT yCTAHOBJIEH M onyGiukoBaH B 1632 roay lamm-
neo Tannsieem Wist Cityyasi TOPH3OHTAIBHOTO IABHXEHHS: KOT/A TeJIO ABUXKETCS
MO TOPU3OHTATBHOI TUIOCKOCTH, TO €ro JIBHXKCHHUE SIBISETCS PaBHOMEPHBIM
M MIPOJIOJIKANIOCH Obl MOCTOSIHHO, €C/U Obl TIOCKOCTB NMPOCTHPANAch B MPOCT-
paHcTBe 6e3 KOoHLa.
HblotoH xe nan 6osee o6u1yio GOpMYTMPOBKY 3aKOHY MHEPLIMM KaK TEpBOMY
3aKOHY IBUXKEHHs1. B

l’lepamﬁ 3akoH HploToHa (3aKkoH uHepuuy). CylecTBYIOT TaKue
CHCTEMBI OTCYETa, OTHOCHTEIBHO KOTOPBIX MOCTYNATE/IbHO IBHXYIIHECS Tela
COXPAHSIOT CBOIO CKOPOCTb MOCTOSIHHO#, €C/IM Ha HUX HE JICHCTBYIOT Apyrue
Tesa (MHBIMU CJIOBAMH, OTHOCHTEIHO MHEPUMATbHOM CHCTEMbI KOOPIAMHAT
cBOGOAHOE TEJIO COXPAHSIET COCTOSIHUE TOKOSI WM PABHOMEPHOTO MPSIMOJIH-
HEHHOTO JABUXEHUS).

OIHAKO YCTAHOBMTH MHEPLMAIbHYIO CHCTEMY KOOPIMHAT € abCOMOTHOM
TOYHOCTBIO HEBO3MOXHO, TaK KaK He CYLIECTBYET TaKoro 0ObeKTa, Ha KOTOpPbIi
He JieiicTBYIoT apyrue Tesa. [103ToMy Beeria HyXHO Y4MTBIBATh, YTO NOHATHE
MHEPLUHAIBHO CHCTEMBI KOOPAMHAT SIB/SETCS aBCTpaKLMEit, KOTopasi HCNOJb-
3yeTcsi (KaK M io6oe abCTpaKTHOE MOHATHE) B MPUMEHEHHH K (pU3MUECKUM
00OBEKTaM C ONpeIe/IeHHON CTENEHbIO TOYHOCTH. W

Bnuuamuxc pelaeTcsi MHO-
KECTBO 3alay, HO BCE OHM
MOTYT GbiTh CBEJICHBI K 1BYM OC-
HOBHBIM:

— W3BecTHO IBUKEHHE IAHHOTO
Tena. TpeGyeTcsi OnpeneauTh CH-
Jibl, ISHCTBYIOLIHE HA ITO TENIO.
— M3BeCTHBI CHIIBI, EHCTBYIO-
e Ha aanHoe Teno. TpeGyercs
onpenesuTh JABHXKCHHE ITOrO
Tesna. W

Hcaak Hvlomon (1643—1727).
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Caom:Tno Tena COXpaHsTH
CBOIO CKOPOCTb PH OTCYT-
CTBHM B3aMMOIEHCTBHS C Apy-
TMMH  TelaMH  Ha3blBaeTcsi
MHEPTHOCTBIO (OT JIATHHCKOTO
inertia — ©e€31eATEbHOCTD,
KOCHOCTB). Mepoii MHepTHOCTH
Tesia B MOCTYNATebHOM JBHXe-
HUH sBAseTCs Macca. B

* BCEJIEHHAS!
o HALIA
TAJIAKTHKA

- COMHLEE

« IONATEP
* CATYPH
- YPAH

o VIOTHHA
BPATCKOH IC

-« YIAHHE MTY

» CHHXPO®AIOTPOH

® CAMOJIET «AH-22»
TNEPEKAYHBAET

® CEP/ILIE 3A CYTKH

- MAILIHHA «BOJITA»

* YEJIOBEK

—e JIATYUIKA

|— I'PAMM

e 3EPHO PHCA
-» KOMAP

* HHOY30PHS

* BHPYC

* MOJIEKYJIA PHK

o MOJIEKYIIbI
OPTAHWYECKHX
BEUECTB

 ATOM YPAHA

» ATOM BOJIOPOJIA

- [H-ME3OH-ILTIOC

* AIEKTPOH

- HEATPHHO

Puc. 4. lllkara coomHowenus macc
paznuuHbix 06sexmos.

Bropoit 3akoH HBIOTOHA (ocHosHoii 3akon aunamukm). Cuna,
JIEHCTBYIOIIAsE HAa TeJIO, PaBHA MPOM3BENCHHIO MAcChl TeJa Ha coobllacMoe
3TOM CHJIOI yCKOpeHHe:

F=ma.
WHaue roBopsi, npousseaeHne Macchl Tea M Ha €ro yCKOpeHHWe d paBHO
ZeicTBYIOLIEH cuie, a YCKOpP co T C Hanyf
CHJIBL.
B cBoe Bpemst HbioToH cd)opmynupanan €r0 HECKOJIbKO MHaye: H3MEHEHHE KO-
JInYecTBa npu. JieicTByIOLICH chie
" T o TOIi MIPSIMOIA, TI0 KOTOPOi 3Ta CHJIA ACHCTBYeT.
CMsica aT0r0 3aKOHA 3aKJII0YAETCS B TOM, UTO JEHCTBYIOIIHE HA TEJIO CHJTBI Ofl-
PeeNsoT U3MEHEHHE CKOPOCTH TeJla, @ He CKOPOCTh JIBUKEHMS TeJia.
Kak Mbl BUIMM, BO BTOPOM 3aKoHe HbIOTOHa NOSIBASIETCS HOBOE MOHSTHE, 10
Toro B (pM3MKe He BCTpevaloleecs, — MOHsATHe Macchl. M3 onbiTa Haweii mo-
BCEJIHEBHOI XHU3HH MBI 3HAEM, YTO JUIsi TOTO, YTOOBI NEPEABUHYTH Ha Ofpe/e-
JIEHHOE PacCTOsIHUE, K MPUMEPY, XOJOMWIbHUK, HYXHO MPUIOXHUTH TOpa3io
Gosblie YCHIINIA, YeM KOT/IA Mbl Ha TO JKe CaMOe PACCTOsIHHUE MepeMeliiaeM My-
copHoe Beapo. U ecin Gbl Mbl Ty CHITY, KOTOPYIO MOTPEGOBAIOCH MPHIOKHTH
JUIsi IepeMeLeHHs! XOIOIMIBHUKA Ha 1BA METPa, NPHJIOXHIN K MyCOPHOMY Be-
ZIpY, TO €€ XBAaTHIO Gbl Ha TO, YTOObI HECKOJILKO Pa3 BHIHECTH MYCOP, J1a elie
M OCTAJIOCh Ha NpoYMe MeJiKue paboThl 110 Jomy. O/lHa M Ta Xe cHia coobliaeT
pa Tenam ie yc .T.e. YCKOPEHHE 3aBUCHT He
TOJIBKO OT CHJIbI, IEHCTBYIOLIEH HA TJIO, HO M OT KAaKOro-T0 CBOHCTBA CAMOT0O
Tena. ITO CBOMCTBO M XapaKTepH3yeTcs (PM3NYECKOi BETMUHHOM , Ha3bIBAEMOi
Maccoii (0T IaTHHCKOTO massa — ribiba, KOM, KycoK). Macca siB/isieTcsi OaHOM
M3 TPEX OCHOBHBIX BEIMYHH, XapaKTEPU3YIOUINX MEXAHUYECKOE IBUXKEHHE Te-
na. Macca Tesna, coaepXaiasicsi B eIMHHIIE 00beMa, HA3bIBACTCS IIOTHOCTbIO
M HaxoauTes no opmyre:

Nporof

rae V — obbem Tena.
Tax e Kak ¥ nepsblii 3akoH HbloTOHa, BTOPOIi BBITIONHSAETCS TOJIBKO B HHEP-
LMATbHBIX cHCcTeMax oTcyera. M3 Hero ciienyer, YTo HE3aBUCHMO OT TOTO, Ha-
XOIMJIOCH JIX TEJIO B MOKOE, WIIM IBUTAIOCh, M3MEHEHHE CKOPOCTH €ro JIBUXe-
HHSI MOXET MPOMCXOIMTh TOJNBKO NMPH ACHCTBMUM CHWIBI, T.e. B pe3yibrate
B3aUMOZIEHCTBHS C APYTUMM TEIaMH.
[pousseneHne cuibl Ha BpeMs e NCHCTBUS Ha3bIBACTCSH MMIYJIBCOM CHJIBI.
CyIHOCTD 3TOrO MOHSATHSI 3aK/TI0YEHa B CAMOM CJIOBE (B MEPEBO/IE C JIAThIHU
«MMITYJIbC» O3HAYAET «TOYOK»). OnpenensieTcss uMMyIIbe no Gopmysre:
Ft=mv-mv,,
e Vu— HayasbHasi CKOPOCTb TeJla ¢ Maccoit M, a V — KoHeuHas.
C noHATHEM UMITYJIbCA CHJIBI TECHO CBA3aHO MOHATHE UMITYJIbCa Tes1a (Kouye-
cTBa ) KaK h H3M sy BCeX TeJl Mojt
JIeHCTBUEM OIMHAKOBBIX CHJI TIPH OJIMHAKOBOM BPeMEHH neicTBUs chibl. Ko-
JIHYECTBOM JIBHKEHHS MaTepPHaIbHOM TOYKH Ha3biBaeTCs (hU3MyYeCKas BETHYN-
Ha, paBHasi IPOM3BEJICHHUIO MACCh TeJIa Ha CKOPOCTb €ro BHXeHUs. MMnyibe
Tea SBISAETCs KOJIMYECTBEHHON XapaKTePUCTUKOI MOCTYNATeIbHOTO JIBHXe-
Hus Tes. @

Tpe'rm‘i 3akoH HploToHa (3aKOH paBeHCTBa JEHCTBUS U MPOTH-
BozeiicTBust). Tena AeHCTBYIOT APYr Ha Apyra ¢ CHJaMM, HarpaBJieHHbIMK
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B/I0J1b O/IHO#i NPAAMOW, PaBHBIMM 110 MOAYJIIO U NPOTHBONOJIOXHBIMH M0 Ha-
NPaBJIeHUIO (IEHCTBHIO BCEra €CTh PABHOE M MPOTHBOMOIOXKHOE POTHBO-
JICHCTBHE):

F=-
Hbl0TOH pacnpocTpaHmni eHCTBUE 3TOTO 3aKOHA U HA CJIydail CTONIKHOBEHHs!
TeJl, ¥ Ha CIydail MX B3aMMHOTO NpuTshKeHust. Kak u npeabuiyime aBa 3aKoHa,
9TOT 3aKOH Bbl TCSl TOJIbKO B MHEPLMATLHbIX CHCTEMAX OTCYETa.
B HeMHepUMANBHBIX CHCTEMAX OTCYeTa CHTyalus HHasl. [Tpn yCKOpeHHOM IBH-
KEHUH IbHOM CHCTEMBI KC T OTHOCHTEJIbHO MHEPLIMAIbHOI
CHCTeMbI NepBbiii 3akoH HbloTOHa (3aKOH MHEPLIMK) B ITOI CHCTEME HE UMeeT
MecTa — CBOGO/IHbIE TeJIa B Hel OyayT C TEYEHUEM BPEMEHH MEHSATH CBOIO CKO-
POCTb IBHXEHHs. B HeMHeEpLMaIbHBIX CHCTEMaX oTcyeTa BTopoit 3akoH Hblo-
TOHA MOXHO COXPaHUTb, HO JUIsl 3TOTO Hallo BBOAMTH CHIIbI HHEPLMY. B

2.

3akoH BCEMUPHOTO TATOTECHHS. OnHum M3 BAXHEHLINX OTKPbI-
Thit HploTOHa AIBSIETCSA 3aKOH BCEMMPHOTO TATOTeHUs!. B nmoBceHeBHO#M Xu3-
HU MBI MPAKTHYECKHM He 0OpalliaeM BHUMaHUSA Ha MPOSIBICHHUS ITOrO 3aKOHa,
TaK KaK HabJi04aeM MX C CaMOro JeTCTBa — Hanpumep, NajieHue NpeaMeTon
KaK pa3 M AIBAETCA OAHMM M3 NpOSABICHMIi 3aKoHa TAroteHusi. U nostomy
¢ GosbLIEH OYEBMAHOCTBIO Mbl OCO3HAEM TFeHMATbHOCTL HbloTOHa, KoTOpbIi
B OObLIEHHOCTH SIBIEHUs CYMeJ Pa3IisiIeTh 3aKOHOMEPHOCTb, MO KOTOPO# XH-
BET BCe MUpO3aaHHe. Beapb 5610KM nananiv BeKamu (1101pasyMeBaeTcsi aHeK10-
THYHBII CTyyaii, CBA3aHHbIH C OTKPHITHEM 3aKOHA BCEMUPHOTO TATOTEHMSI), HO
nmenHo Mcaak HbIOTOH CTan TeM 4elOBEKOM, KOTOPBIi YBHIE B 3TOM HEYTO
Gosibluee, YeM NPOCTO CBUAETENLCTBO TOTO, YTO MPHILLIA NOpa coGUpaTh ypo-
Xait GpyKkTOB.
3HaueHHe CWJIbI TATOTEHMs B HAlleM MHMpE OYeHb BelnKo. Ecu 6bl He GbLIO
9TOW CHJIbI, TO TUIAHETHI He 0OpalIaTuCh Gbl BOKPYT CBOMX CBETHII, @ OIMHOKO
1 BE3XM3HEHHO HECTUCH B MEX3BE3HOM mycToTe. Cuie TATOTEHHs MOMYNHS-
10TCSl PUIMBBI M OT/IMBBL. ECTh M HEMpHATHbBIE acnekThbl 3T0i chbl. Tak, Ha-
npumep, xutenu lNomnen B noaHON Mepe ouryTHIM Ha cebe paspyuin-
TeNbHbIE TMOCAEACTBUS CHJIbl BCEMMPHOTO TATOTEHMS — Belb
aKTUBHM3aLIMsl BYJKAHWYECKO# JIEATEbHOCTH CBA3aHA C TEMU XE MPHIH-
BAMH, HO TOJIbKO B MOJA3¢MHOM OKEaHE MarMbl.
3aaBLIMCh BOMPOCOM O 3aBUCHMOCTH CHJIBI TSKECTH M YCKOPEHUS CBO-
GoaHoro maneHus ot pacctosiuus 10 3emau, Mcaak HpiotoH mpuen
K hopMyJIMPOBKE 3aKOHA BCEMUPHOTO TATOTEHMsI, KOTOPBIii [IACHT, 4TO
BCe Te/1a PUTATUBAIOTCA APYT K APYTY U YTO CHJIa BCEMUPHOTO TATOTEHMUS
TIPSIMO TIPOTIC Macc Ten 1 06paTHO mpornop-
LIMOHaJIbHA KBAIPaTy PacCTOSHUI MEXIY HUMH:

npou

m;m

E=G—12
R

e M, — Macca OAHOTO Tesia, M, — Macca BToporo Tena, R — paccrostnue mex-
1y Humit, G — Ko3d)bULIMEHT MPOTIOPUMOHATLHOCTH, Ha3bIBAEMBIi TPABHTALN-
OHHOWH NOCTOAHHOM.
Cwioit BCeMMPHOTO TAroTeHMsi HBIOTOH Ha3biBasl CHJTY B3aMMHOTO MPUTSIKE-
HUsl, AeHCTBYIOLILYI0 Mexay CoMHIIeM, TUIaHETAMH, KOMETaMH, 3Be3aMH M Apy-
TMMH TelaMH BO BeeneHHOIA.

Cuibl BCEMHUPHOTO TATOTEHHS HA3bIBAIOT PABHTAIHOHHBIMH CHJIAMHU, U OHH SIB-
JISIOTCS OIHUM M3 YeThipeX (hyHIaMEHTATbHBIX (DH3UYECKUX B3aHMONCHCTBHI
(ocTanbHBIE TPH — /IEKTPOMArHUTHOE, C1aboe U CHiIbHOE). B

azieHue Tes Ha 3emaio B y-

crote (B Ge3Bo3ayuiHoM
TNIPOCTPAHCTBE, 1€ OTCYTCTBYIOT
CHJIbl COMPOTHBJICHUS BO3/yXa)
HA3bIBACTCS CBODOHBIM NACHH-
em Tenr. CBoGoHOE naneHme s-
JIICTCS PABHOYCKOPEHHBIM JIBH-
KEHHEM.
YcKopeHue, ¢ KOTOpbIM Najaior
Ha 3eMJ1I0 TeN1a B MYCTOTe, Ha3bl-
BacTCA yCKOpeHHeM CB0GOHOro
naaennsi, oGo3Hauyaercsi Oyk-
BOJA g, M Y MOBEPXHOCTH 3EMHO-
TO apa ero MOAy/ib PaBeH Npu-
MepHo 9,8 m/c’.
Cuna npuTsKeHUs, AeHCTBYIO-
11asi o CTOPOHbI 3eMJIH Ha Bee
TeJla, Ha3bIBACTCS CHAON TsKe-
cTH:

F‘r =mg‘ -

H3eepxcenusn eyakanos wacmo
ABARIOMCA cAedcmeuem nodsem-
HbIX NPUAUBOS.
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TaTHKa Gasupyetcs Ha nep-
BOM M TPEThEM 3aKOHaxX
HbloToHa, a Takke Ha psae
NPUHUMINOB,  BHIPAGOTAHHBIX
ONBITHBIM MYTEM B TEYEHHE Thi-

CTATUKA

C 0ll Ha A pazoen MeXaHuKu, paccmampusaouuii 06-

cavenetnii. Bor u3
HHX:

1. CoBOKYNHOCTb CHJI, ACHCTBY-
IOLIMX Ha IaHHOE TeJIO, Ha3biBa-
€TCsi CHCTeMOl CHal.

2. Ecam non neiicteuem cucre-
MBI CHJI CBOGOIHOE TeJIO He M3-
MEHSIET CBOETO IBHXECHUS WK
TIPOJIOJIXAET OCTABATBCS B M0~
KOe, TO TaKasi CHCTeMa CHJI Ha-
3bIBACTCS YPABHOBEIIEHHO#H CHC-
Temoii. IMoa cBoGoaHBIM TesOM
MOHUMAETCs TENO, KOTOPOMY
MOXHO co0bMTD J1060e nepe-
MELIEHHE B IPOCTPAHCTBE.

3. Cuna, Kotopasi, Gyayuu npu-

wue ceoiicmea cun u ycaoeus p ust 1bHBIX men,
m.e. ycao8usl, npu KOMopsiX nPUunodCceHHble K meny cunvl He uzmens-
10m €20 08UNCEHUS.

Kak YX€ YITIOMHUHAJIOCh PAHEE, ocHoBaTeeM CTATUKM CYUTACTCS
JIpeBHErpeyecKuii MbiciuTesib Apxumen (287—212 rr. 10 H.3.). D10 CcBSI3aHO
€ TeM, YTO MMEHHO OH CO3/1aJl TEOPHIO phiyara. BoT ee OCHOBHbIE MOCTYIATHI:
— PaBHble TSXKECTH Ha PaBHBIX JUTMHAX YPaBHC TCS, Ha X Xe
JUIMHAX He yp TCSI, HO T T TSKECTh Ha Gosibluei
JUTMHE.

— Eciiv npu paBHOBECHM TSIKECTel Ha KaKMX-HUOYIb JUTMHAX K OIHOM W3 Tsi-
Kecteit OyeT 4To-To MPUOABJIEHO, TO OHU He GYIYT YPaBHOBELIMBATLCS, HO

K pOii CHCTe-
Me CHJI, ICHCTBYIOIIMX HA TEJO,
TNIPHBOIMT CHCTEMY K PaBHOBE-
CHIO, Ha3bIBACTCS YPABHOBENIN-
Baowe#H 1aHHON CHCTEMbI CHIL.
4. [lBe cHCTEMBbI CHJI Ha3biBa-
10TCsi IKBHBAJNCHTHBIMH, CCIIN
OHM OKa3blBAIOT OJIMHAKOBOE
MeXaHHYecKoe JCHCTBHE Ha
OJIHO M TO Xe CBOGO/IHOE TBEp-
J210€ TeNo.
5. OnHa cuna, 3KBUBaIEHTHas
JIaHHOM CHCTEME CHJI, Ha3biBa-
ercst 3TOi

P T Ta TSDKECThb, K KOTOPO# ObUIO NpubaBieHo.

— To4HO TaK Xe, eC/IM OT OJHOI U3 TSXKECTeH OyAeT OTHATO 4TO-HUOYIb, TO
OHM He OyayT yp ThCSl, HO T Ta TSKECTh, OT KOTOPO# He
6bLI0 OTHATO.

— Ecnn z1Be yp Ha KaKMX-HUOY/b JUIMHAX, TO Ha
TEX Xe CaMbIX JUTHHAX Oy1yT ypanuoneluusarbcu 1 paBHbIE UM.

OTTanKMBasiCh OT ITUX MPC

MHOTOBEKOBbIM OMBITOM TOJIOXe-
HUii, ApxuMmen HOpMYIHpYeT 3aKOH
pbluara B Buae aByx TeopeM. INepBas B —

M3 HUX IJIACHUT, YTO COU3MEPUMbBIC BE-

CHCTEMBbI.
6. Cuibl, EHCTBYIOLME HA IaH-
HOE TEJIO CO CTOPOHBI JPYrMX

YPaBHOBEIIMBAIOTCA  Ha L
JUIMHAX, 0OpaTHO MpONoOpLUHOHAIb-
HBIX TSKECTSIM. BTopan — YTO €C/IH
10 otu | W

HECOU

Ten, Ha cH-
namu. Cuiibl B3aUMOCHCTBUS
MEXIly YaCTHLIAMM 1AHHOTO Te-
N Ha3biBAlOTCS BHYTPEHHHMH
cunamu. @

PUMEHSIS B CBOEH JIesiTeb-

HOCTH PauTH4Hbie NPHCIIO-
cobieHusi (Hanpumep, pblyar),
JZIPEBHUE JIIOIM OGHAPYXWIH 3a-
KOHOMEPHOCTb, BNOC/EJACTBUH
MOJIY4MBILYIO Ha3BaHHUE «30J10-
TOE MPaBWIO MEXaHWKH»:  BO
CKOJILKO pa3 phbiuar Jaet mnpe-
MMYLIECTBO B CHJIE, BO CTOJIbKO
XK€ pa3 OH JlaeT MPOMIPHILI B
paccrosiHuu. B

TOYHO TaK X€ YpaBHOBECATCS Ha pbl-

yarax, KOTopbie 06paTHO Mponopuu-
OHAJIbHBI 3TUM BeJIHYUHAM (puc. 5).
OHMM M3 OCHOBHBIX NOHSITHI CTaTH-
KM SABJISIETCS LIGHTP TSDKECTH Testa. [Ust Toro YToGbl Jiyullie MOHSITH MPHPOLLY 3TOro
TOHSATHS!, HEOOXOIMMO BCTIOMHHTD 3aKOH BCEMHMPHOIO TATOTEHHUS. U3 Hero caeny-
€T, YTO Ha BCE YACTULIBI TeJIa, HAXO/SILLEroCst BOIM3H 3eMHOM MOBEPXHOCTH, IEHCT-
BYIOT CHJIbI TIPUTSDKEHHSI. DTH CWJIbl HANpPaB/ICHbl BEPTUKAILHO BHU3, K LIEHTPY
3emn. Ho B cBssn ¢ TEM, 4TO TEJIO, MO pa3sMepam CONMOCTaBUMOE C YEJIOBEYECKUM,
110 OTHOLLIEHHMIO K 3eMJIe MOXHO CUMTaTh MATEPHAILHOMN TOYKOM, B CTATHKE MPH-
HATO CYMTATb CWIbI TSKECTH BCEX OTAC/IbHBIX YACTHLL TeJIa Napauie/IbHbIMH.
PaBHO)lCﬁCTByIOU.laﬂ CHJI TSDKECTH BCEX OTAC/IbHBIX YaCTHULL TeJla Ha3bIBaeTCs
CHIOH TSKECTH TeJia, MOJIYJTb 3TO#i CHJIbI HA3bIBACTCS BECOM TeJia. W

Puc. 5. Hantocmpayus <3010moeo npasusa
mexanuxus: Bl,00 =EL L.

uCHTDOM TSAXKECTH TEJIA sBasieTcss HEM3MEHHO CBA3AHHASA C TEJIOM
TOYKa, Yepe3 KOTOPYIO MPOXOANT JIMHUS IEUCTBHSI CHJIbI TSKECTH JIAHHOTO Te-
J1a TIpH J1I060M MOJIOXEHHH TeJia B IIPOCTPAHCTBE.
Kpome Toro, 4to6bi paccMOTpETh YCIOBHSI PABHOBECHSI TeJl KaK OCHOBHYIO 3a-
Ja4y CTaTHKH, HEOOXOANMO OTIPEIETUTBCS ELLIe C OHNM MOHATHEM CTATHKH —
MOMEHTOM CHJI. DTOT TEPMUH CBAI3aH C CUIAMH, ICHCTBYIOLIMMH Ha Tea, 3a-
KperuleHHbIe Ha KaKoW-M60 ocy (HanpuMep, ABepb Ha MeTisix). |
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MOMEHTOM CHJIbI OTHOCHTE/BHO KAKOIi-THGO OCH HA3bIBACTCS BEHUM-
Ha, XapakTepu3ylollasi Bpalate/ibHblii (DMEKT 1aHHOH CHJIbI OTHOCHTEIBHO
910t ocu. [1pu 9TOM cHla, ISHCTBYIONIAs HA TEJI0, MOXKET BbI3BATh €T0 BpallleHHe

I'Io}mx(euuem paBHOBECHS!
HA3bIBAIOT TAKOE MOJOKE-
HHE Te/la, B KOTOPOM BCE CHJIbI,
JIEHCTBYIOIIME HA HETO, B3aHM-
HO .m

TOJILKO TOI/IA, KOI/Ia HANPaB/IeHNE CHJIbI HE MPOXOIUT Yepe3 oCh m6o
He napauie/ibHa ¢ Heil (B TAKOM CITydae Mbl IPOCTO CHUMEM JIBEPb C MeTesb). §

Ycnosue PAaBHOBECHS HEBPALLAIOLIUXCA TEJI: Hespaulaio-
LeeCs! TeJI0 HAXOAMTCSl B PABHOBECHH, €CJIH TEOMETPUYECKAS CYMMa CHJI, TIPH-
JIOXKEHHBIX K TeJly, paBHa HYJIIO.

YcioBue paBHOBECHS! TeJ, UMEIOLIIMX OCh Bpallie-
HUsI (HanpuMep, [BEpH, KoJieca, Kauean U TA.):
Teso, UMelolee XHYIO OCh

HAXOIMTCSl B PABHOBECHH, €CIIH arebpanyecKast I_V’
CYMMa MOMCHTOB BCEX NMPHIOKEHHBIX K TeJly CHJI

OTHOCHTEJILHO 9TOM OCH paBHa HYJIIO.

OGuiiee ycl0BHE PaBHOBECHSI TEJIa: TeJI0 HAXOANT- !

Csl B PABHOBECHH, €CIIM PAaBHBI HYJIIO T€OMETPH- ) F)

yeckas CyMMa BEKTOPOB BCEX MPHIOKEHHBIX 7

K HEMY CHJT U anreﬁpamecxaﬂ CyMMa MOMEHTOB -

ITUX CHJI OTHOCHTEJIbHO OCH BPAaLUECHMUS. P

B npalcruqecxoﬁ JiesiTe/IbHOCTH GOJIbLIoe 3Have- a) b)

Z

-4

c)

HME MMEET KAYECTBCHHAs XapaKTePUCTHKA PaBHO-
BECHsl, Ha3biBacMasi YCTOHUMBOCTHIO. PaBHOBecHe
Ha3bIBAlOT YCTOWYMBBIM (pUC. 6, a), €CJIM MPH OTKJIOHEHHH TeJIa OT MOJOXKECHUS
PAaBHOBECHSI ICHCTBYIOLIME HA HETO B 3TOM CJIyYae CHJIbI TAKHE, YTO MO UX JeH-
CTBHEM TEJIO BO3BPALIACTCS K TOIOXKEHHIO PAaBHOBECHS (THITHYHBIH NPUMEp yc-
TOWYMBOrO PaBHOBECHsl HAOJIIONAETCS Y BCEM 3HAKOMOH [ETCKOW MIpyLIKH
«BaHbKa-BcTaHbKa»). EC/IM M3MEHMBLIMECS CHJIBI TAKOBbI, YTO BbI3bIBAIOT A/Ib-
Heiflliee OTKJIOHEHHE TeJla OT MOJNIOKEHHs PABHOBECHSI, M TeJIO He GylIeT ocTaBaTh-
st BOJIM3H MONOXKEHHS TO TaKoe HAa3bIBACTCS HEYCTOHIH-
BbIM (puC. 6, b). UIMEHHO MOITOMY, KOI/Ia OCTaBJISIIOT aBTOMOOWIb HA HEKOTOPOE
BpPEMSs1, €ro PEKOMEH/IYIOT CTaBUTh Ha PyYHOM TOPMO3: €CJIH UMEETCsI XOTsI Obl MH-
HUMaJIbHBII YKJIOH JI0POXKHOTO MOJIOTHA, BIANEel PUCKYET HUKOIIa Bosbilie He
YBHIIETb CBOETO XKeJIE3HOro KOHs. M HaKoHell, €c/iv NpH OTKJIOHEHHMH TeJia OT No-
JIOXKEHMsI " CHJIBI Y O/1Ha JIYTYIO NpH
11060M HOBOM TOJIOKEHHMH Tela, TO MoN06HOE paBHOBECHE Ha3biBaeTcsi Ge3pas-
JmaHbIM (pUC. 6, ). B kauecTBe npumepa 31ech MOXHO NpuBecTH (yTOObHbIH
MsI4, HAXOISILMACS HA TOPU3OHTATBHOM MOBEPXHOCTH,— €CJTH MBI €10 TOJIKHEM,
TO, NPOKATUBLIMCH HEKOTOPOE PACCTOSIHUE, OH CHOBA OCTAHOBMTCS.

J11si TOro 4To6kI TEI0, UMEIOLLEE HEMOABHXHYIO OCh BPALLEHMS (TO Xe KOJIECO),
HaXOIWJIOCh B YCTOHYMBOM PaBHOBECHH, €0 LIEHTP TSXKECTH I0JKEH pacnosia-
raThCsl HHXKE OCH BPALLEHUsI M HAa BEPTUKAIBHON NpPSIMOM, MpoxozsiLei yepes
9Ty och. Ec/iu Xe LEHTP TAXKECTH HAXOAUTCS Bbillie OCH BPALUCHHSI, TO PABHO-
BECHE TAKOro Tesia GyaeT HeycTOWUMBbIM. B Ge3pa3iMuHOM paBHOBECHHM TesO
OyzeT Toraa, KOraa ero UeHTp TXECTH GyIeT coBManaTh ¢ 0Chio BpalleHUs (Kak
3710 HabloxaeTcs y Kosieca).

JUtsi TOro xe YToGbl ONpeaeUTh PABHOBECHE TeJIa, CTOSILLIETO Ha Orope, Heoo-
XOIMMO TPOBECTH BEPTHKAILHYIO JIMHHIO Yepe3 LEHTP TSKECTH ITOro Teia
M NOCMOTPETh, BBIXOJMT 3Ta IMHHS 3a NPE/IEbl ONOpPbI WK HeT. Eciin BbixoauT,
TO TEJIO ONPOKMHETCS, EC/IH XKE HET — TO PABHOBECHE JIAHHOTO TeJla YCTOHYM-
Boe. MMeHHO nostomy 3HamenuTas lMu3aHckas GaliHs 10 CHX MOp He ynania,
a MPOJI0JIKAET MopaXaTh BOOGPAXEHHUE JIOJIEH, He 3HAKOMBIX C 3aKOHAMH CTa-
THKH. B

Puc. 6. Buds pasnosecus: a) yc-
moiyueoe pasoeecue, b) neyc-
moivueoe paenoeecue, c) Oe3-
Paznu4Hoe pagHosecue.

[uzanckas b6awns npodonrxcaem
YnopHo cmosmo Hecmomps Ha
C6Oll HAKAOH, MAK KaK NpoeKyus
ee ueHmpa maxcecmu He GbiX0-
dum 3a npedeasi ee OCHO8aHUA,
u nosmomy 6Gawns naxodumecs
8 ycmou4ueom pasHosecuu.




Bueprm MOXeT ObiThb He-
CKOJILKMX BHIIOB: MeXaHHYe-
CKasi, 2JeKTpHUECKas, MarHuT-
Hast M sniepHast. K MexaHHueckum
BUIAaM  DHEPrMM  OTHOCATCH:
SHEPrusl, CBA3AHHAs C NOAHATH-
eM Tesla Hal 3emieit (1 Boobie
JHEPIHsl, CBA3AHHAA C CHIaMM
BCEMUPHOTO TATOTEHMS!), IHep-
Hsl, CBsi3aHHas ¢ aedopmauusi-
MH Tesla, U IHEPrusi, CBA3AHHas
C IBUKEHHMEM Tesia. B

PABOTA U DHEPTUY

Kaxk Mbl YK€ 3HACM, Ha Kaxioe Te/lo NOCTOSIHHO BO3EHCTBYIOT pa3-
JIMYHBIC CHJIbI. }l’lﬂ TOrO YTOObI OTPa3HTh CTENEHDb 3TOrIO BO]Z[C“CTBMH, HaM He-
00XOIMMO paccMOTpeTh HOBYIO (u3myecKylo Bennuuny. Ecan cuna, aeiictyio-
1asi Ha TeJlo, MepeMelLiaeT ero Ha HEKOTOPOE PACCTOSIHUE, TO MOXHO CKa3aTh,
YTO 3Ta CHJla coBeplacT padory. Ita paBHa Mpou ) MozlyJiel

CHJIbI M NIEPEMELLIEHHS, YMHOKEHHOMY Ha KOCHHYC YIJ1a 0L MEXIY BeK-
Topamu cunbi F 1 nepemeernst S: A = Fscos ot

Kak BuaHo u3 dopmysbl, pabota sIBAsieTCsi CKaISIPHON BEJNUHHOM
M MOXET UMETb KaK MOJIOKHUTE/IbHOE, TAK M OTPULIATE/IbHOE 3HaYeHHe
(B 3aBUCMMOCTH OT 3HaKa KocuHyca yrina ). Takum obpa3om, eciau
yron O mMexity BEKTOPOM CHJIbl M BEKTOPOM TEPEMEILCHUsI MEHblLIE
90°, pabota GyzeT MoNOKUTENBbHOI (puc. 7, a). B ciyvae, koraa 3Ha-
a) yeHmus yraa O Haxomsitest mexay 90° u 180°, pabora HocMT oTpuLa-
TeJIbHBII XapakTep (puc. 7, b). Ecin ke BeKTOp CHIbl IEPEHANKYIS-
PEH BEKTOPY NepeMellieHHsi, To paboTa CHJIbl paBHa HyJo (puc. 7, ¢).
Ecnu cuna, npuic K Tey, c¢ T MOJIOXUTENLHYIO pa-
60Ty, TO CKOPOCTb TeJla YBEJNYMBACTCS, TaK KaK B 3TOM Cllyyae CH-
b) J1a, @ 3HAUMT, U YCKOPEHHE, HAMPABJIEHbI 10 CKOPOCTH, YBEIHYUBast
ee. Ecam ke cuia coBepiuaeT oTpULIaTebHYI0 paboTy, TO yeKopeHH1e
HamnpagJIeHO POTHB CKOPOCTH, U CKOPOCTh TeJ1a yObIBaeT.

Hanpumep, ecin Mbl nonbpocum Msid BBEpX, TO, MOKa OH byzeT jie-
TeTh BBEPX, CHJIA TSKECTH Oy/eT coBepLIaTh OTPULIATENbHYIO pabo-

Puc. 7. B 3aéucumocmu om 3naxa
Kkocunyca yera O (mexcdy npuo-
HCEHHOU CUNOU U HanpasneHuem
nepemewenus) paboma moxcem
Gbimb: @) nonoxcumenstoil, b) om-
puKamensroil, ¢) pasroit Hyo

OTMouJel-me paboTel A KO
BPEMEHH (, B TEYEHHE KO-
TOPOro OHa COBEPILAACh, 5iB-

4} Ty, ¥ CKOPOCTb MSiYa YMEHBIIMTCS 10 Hyjsi. JIOCTUrHYB BepxHeit
TOYKM, MSiY HAYHET IBUTAThCS YCKOPEHHO BHU3. Cuia TsxecTn Oy-

JIET COBEPLLIATH MPH ITOM T0JI0XKHUTE/IbHYIO paboTy.
Cosepiuasi paboTy, HEKOTOPbIE MEXaHM3Mbl CMIOCOOHBI K CBOETO PO/ «HAKOT-
JIEHHMIO TPO 3anac» CrocoOHOCTH K COBepIeHNIO paboThl. TaKUMHU, Haripumep,
ABSAIOTCS MPYXHUHHbIE MEXaHN3MBbI. 3aBO/Isi PYXHHY, Mbl COBepILIaeM poboTy,
B pe3yJbTaTe MEXaHN3M M0J1y4aeT CrIOCOOHOCTh BBITOJHATHL PaboTy B TeueHHe
HEKOTOPOro BPEMEHH, 110CJIe YEro 3arnac ero pabotocnocobHOCTH yMeHbllaeT-
csi. B 1aHHOM cilyuae MPOMCXOAMT HAKOTLIEHHE PabOTOCTIOCOGHOCTH B Pe3yJib-
Tate aechopMmaliu Tena (npyxuHbl). Ho 310 He eAMHCTBEHHbII Crocob; Hakar-
JIMBaTh CMOCOGHOCTL K paboTe MOXHO Takxe MyTeM MolbeMa Tela Ha

asercs du
HOI W HOCHT Ha3BaHWe Moml-
HOCTH:

N=—.m
t

JMHHMLA MOIIHOCTH Ha3bl-

Baetcsi BattoM (BT1). Onun
BATT PaBeH MOLLHOCTH, NIPH KO-
TOpoit  coBepiuaercs  paGota
1 J1x 3a Bpemsi | c:

1Br=12%.
C

PaGora, cosepuiaemasi 3a | 4
npH MOLHOCTH B | KBT, Hasbl-
BAETCS KHJIOBATT-4aCOM:
1 kBry = 3,6:10° 1x. @

Yio BBICOTY ( P, TMPEBOM 3aBOJl HACTEHHBIX 4acoB) JMGO
cooﬁumn TeJly HEKOTOPYIO CKOPOCTb (Pa3orHaB BEJOCHIIE, HEKOTOPOE BpeMst
MOXHO HaC/Iax/1aThesi HUUETOHEEIaHMEM, TaK KaK OH caM Hac Be3eT). Bo Beex
3TUX cllyyasx paboTa COBEpIIAETCS B pe3y/bTaTe U3MEHEHHsI COCTOSIHMS Tea
(BEJIOCHTIE PAHO WJIH NO3IHO OCTAHOBMTCS, €CJIM HE BpallaTh neaanu). Takum
00pa3oM, Mbl CTAIKMBAEMCsi ¢ HOBOM (DM3MYECKOI BEJMYMHOI — IHEprueit,
OTpaxalolleii 3anac paboTbl, KOTOPYIO MOXET COBEPILUTH TEJIO, U3MEHSIS CBOE
cocTosiHue. B

Kak YK€ YIIOMUHAJIOCD, koraa Tesio coepiiaet paboty Gaaronaps
TOMY, YTO OHO JIBUXETCS, CKOPOCTh €ro JBMXEHUsi yMeHbluaetcs. Ecan cko-
POCTb TeJIa YMEHBILMTCS 10 HYJISI, TO 3a1ac CocoGHOCTH CoBepllaTh paboTy 3a
cyeT IABMXEHUS Tena Oyaet ucuepnad. Takum 06pasoM, MOXHO NMPETONIOXHTb,
4TO NI060E ABUXKYILIEECS Telo 001a1aeT HEKOTOPBIM OMNpPEACIEHHBIM 3anacoM
CrocoGHOCTH coBepLiaTh paboTy, T.e. ONpeae/eHHON 3Hepruei, obycoBIeH-
HO# TeM, YTO OHO JABHXKETCS. DHEPruio, KOTOPOii TeJo 00/1anaeT MmoToMy, 4To
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OHO JIBUXKETCS, Ha3bIBAIOT KWHETHYECKON SHEPIUeil H HAXOAT ee 3HaYeHHeE Mo
dopmyre:

e M— macca Tesa, a V— ero CKopocTb.

CyluecmyeT elle OIMH BHI MEXaHHYECKOU JHEPruH, U OH CBA3aH C paﬁomﬁ
CHJIBI TAXECTH. LLYISI TOro 4TOObI MOAHSTH TEJIO Ha HEKOTOPYIO BbICOTY h, He-
06X0AMMO coBeplTh paboty, paBHylo mgh, T.e. noausitoe Ten0 o6nasaet
3HEpruei, paBHOM MPOU3BENCHMIO CHIIbI TSXECTH, AEHCTBYIOIIEH Ha 3TO Te-
JIO, U BbICOTbI, HA KOTOPYIO OHO TMOAHATO. Ora JHEPrusi HE 3aBUCHUT OT TOrO,
MO KaKoMy MyTH TPOMCXOIWJ MOXBEM, @ OTp TCS JTHIIIB TTOJIC

IBHO#

yMMa KMHETHYECKO# M 110-

TEHUMAILHOIH IHEPTHH Ten
Ha3bIBACTCS NMOJIHOMH MeXaHuyec-
KO#i JHepruei.
Cucrema Ten, He B3aMMoZEHCT-
BYIOLMX C IPDYTHMH TeJlaMH, He
BXOSALUMMH B 3Ty CUCTEMY, Ha-
3bIBACTCS 3AMKHYTO# CHCTemol. B

AKOH COXpaHeHMsi M npeBpa-
LLICHHUS! SHEPTUH HCTIONB3YeTCS
YeJIOBEKOM B YCTPOHCTBAX, Mpen-
Ha3HAYEHHBIX LIS Npeobpasosa-
HUSl SHEPIMM W3 OJHOTO BMIA B
JIpYroii,— B TaK Ha3biBacMbIX

Teaa (BNCOTOﬁ, Ha KOTOpYKO OHO HOIJHSITO) W Ha3sblBaeTcs
IHEpruei:

Ep =mgh.
Teno, He B3aMMOZIEHCTBYIOLIEE C IPYTUMH TElaMH, HE MOXET 006/1aaTh MOTEH-
UHMATbHO#M SHEDFMCVL MoreHuuanbHas IHEPIUs — 3TO IHEPIrus B3auMOEHCT-
BHs TeJl.
KuHernyeckasi U noTeHUHaTbHas JHEPIrus Teja HaXoasTCs B TECHOW B3aUMO-
CBSA3H MEXIY coboit, KOTOpasi BbIpaXxaeTcsi B TaK Ha3bIBAEMOM 3aKOHE COXpaHe-
HUS SHEpruu. |

3aKOH COXpaHEHHUs SHEPIMU B MEXaHWUYECKUX npo-
LIECCaX. CymMma KHHETHYECKOI W MOTEHLMAIbHOM HEPTHHU TeJl, COCTABIISIIO-
LIMX 3aMKHYTYIO CUCTEMY M B3aMMOJEHCTBYIOILMX MeXy COD0# CUIaMu TAro-
TEHHs M CHJIAMH YTIPYTOCTH, OCTAeTCsl NIOCTOSIHHOM.
Takum oGpasoM, 61aroaapsi TOMy 3aKOHY MOXHO Ty6Xe MOHSITh CyTh pabo-
Thl — paboTa paBHa HEPIUH, NPEBPATHBLLEHCS U3 OAHOrO BUAa B apyroi. He-
00XOIMMO OTMETHTD, YTO 3aKOH COXPAHEHUSI MEXaHMYECKOMH SHEPTUN HE Bbl-
MOJHACTCS, €CIM MEXIY TelaMH NeHCTBYIOT CHibl TpeHHs. B mono6Hoit
CHUTYyallMH BCTYNAET B ACHCTBHE APYroit, Gosiee 0OLLMiT 3aKOH — 3aKOH COXpaHe-
HUS W IPEBPALIEHHUs SHEPrvu. B

3aKoH COXpaHEHHUS U NMPEBPALLEHUS SHEPTUM. [pu mio-
ObIX (PU3MYECKMX B3aUMOICHCTBUSIX IHEPrUsi HE BO3HMKAET M HE MCYE3aerT,
a TOJILKO MpeBpaLiaeTcsi U3 0aHO# GopMbl B Apyryio (puc. 8).
TMpu coBepuieHnH PabOTbI MPOTHB CHJI TPEHUSI OHA HE MEPEXOIUT MOJHOCTBIO B
KMHETHYECKYIO WJIM NMOTEHLMANbHYIO 3Hepruio Tes. Takum o6pa3om, cymMmap-
Hasi MeXaHHYECKasi SHEPIsl Te/la yMEHBILIACTCS, EPeXo/si B APYTHE BUIbI BHY-
TPeHHe# SHepruu Tea. B neppylo ouepeab MPOUCXONUT HarpeBaHue Tesa TM6o
PpaMyHbIX ero yacreit. H. np1 TPOUCXOIUT Harp
TOPMO3HbIX KOJIOZIOK aBTOMOOW1s1. W

KpOMe HarpEBaHMS B Tene MOTYT MPOUCXOAUTD U IPYrHE U3MEHE-
HHUSlL — OHO MOXET M3MEJIbYaTbhCsA, paCTHPATLCA B MblLIb, PACMIABIATLCS ('r.e.
MePEXOINTh M3 TBEPIOTO COCTOSIHHS B XHIKOE, KaK 3TO HMEET MECTO MPH IL1aB-
JIEHMM KYCKa JIb/1a B pe3yJIbTaTe TPEHUS O ApYroe Tesio). W

BooOiiie K€, 3aKOH COXpaHEHMsSI M MpPEBPALLUEHUS IHEPTHU OTpaxaer
rIyOMHHYIO B3aUMOCBsI3b BCeX (hopM Heprun Mexiay coboi. Ita cBs3b Gyaet
Bce Gosiee sICHO pacKpbiBaThCsl MEpel HAMH 0 Mepe U3yueHHs (PU3MYECKHX 3a-
KOHOB. ®

Pl Ipu-
MEpaMH SHEPIETHYECKHX MALLMH
ABMSICTCS MapoBasi MallMHA W
JZIBUTaTe/lb BHYTPEHHErO CropaHHst
(npeobpasyiolme BHYTPEHHIOW
IHEPIHIO TOTUIMBA B MEXaHHueC-
KYIO 3HEPIHIO), /IEKTPOIBHIa-
Te/b M IEKTPHYECKHIA reHepaTop
(npeobpasyiolne  31eKTpHyec-
KYIO SHEPIHIO B MEXaHHUECKYIO H

Haobopot) u T.a. W

Puc. 8 B camoi eepxmeir mouke
mpaexmopuu deuxcerus meaa nod
deilcmeuem cwibt maxcecmu e2o no-
menyuanbhan snepeus Gyoem umems
MAKCUManbHoe 3Hauenue, moeda
KaKk Kunemuueckas epeus Gyoem
Murumansia. Ilpu nadenuu mesa
CUMYAUUA MEHACMCA — 6 HUNCHEll
mouKe mpaekmopuu MaKcumanbioe
3HaueHue Gydem umems yxice Kune-
mu4eckas IHepeus mena, 6 mo epe-
M3 KaK NOMEHYUanbHas smepeus Gy-
Oem MUHUMAAbHA.
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BEp/IbIM TesIoM (abcomoTHO

TBEP/BIM TEJIOM) Ha3bIBaeT-
Csl MICATH3MPOBAHHAS CHCTEMa
MaTepHallbHbIX TOYEK, BCe pac-
CTOSIHMSI MEXIY KOTOPHIMH OC-
TAIOTCS  HEM3MEHHBIMH  TIPH
JIBHXEHUH ITOH CHCTEMBI KaK
1IeJI0T0 B MPOCTPAHCTBE H Bpe-
MeHH. B

Hozl nedopmanmedi noapasy-
MEBAIOT M3MEHEHHE JIH-
HEHHBIX pa3MepoB M oObeMa
TBEPABIX T/ MO ACHCTBUEM
nap NpoTHBOMOJIOXHO Harpas-
JIeHHBIX BHeWHUX cui. ledop-
Maluu ObIBalOT ynpyrumH (OHM
MCYE3aI0T M0C/e OKOHYaHMsI
JNIeHCTBHS BHELIHMX CHJI) M 1A~

MEXAHUKA
TBEPIOI'O TEJIA

CWIIBI YIIPYTOCTHU

Kak cnenyer M3 3aKkoHa BCEMUPHOTO TSATOTEHMS, y no-
BEPXHOCTH 3eMJIH Ha BCSKOE TeJIO ICHCTBYET CHJIa TSXKECTH, HANpaBJIeHHas! K ee
ueHTpy. Ho, Kak Mbl BUIMM, GoJIblasi YaCTh OKPYXKAIOLIMX HAC MPEIMETOB Ha-
XOIUTCS B MIOKOE — HANpUMeED, CTYJI, Ha KOTOPOM Mbl CHIMM. DTO O3Hauaer,
YTO KPOME CHJIbI TSKECTH Ha TeJIO IeHCTBYIOT IPYTHe CHIbI M MX PaBHOAEHCT-

BTE-
Jie nocie npeKpaileHus neicT-
BHSI BHELUHMX cui). B

Beplioe TeJio, KOTOpPoe Mo-

XKET HCTTBITHLIBATDL TOJILKO YT~
pyrie neopMalH, Ha3bIBAIOT
aGCOMIOTHO YpyruM Tesiom.

edopmupyemoe Teso obna-
I[nac'r 3anacoM MoTeHUHab-
HOW SHEPIUH, KOTOPas Ha3biBa-
eTcsi  YNpyroit sueprueit, u
MOXeT coBepiuath pabory. Yn-
pyrasi Heprusi paBHa paGote
CWJI, 3aTPayeHHO# Ha neopma-
LUMIO Tela, NP YCJIOBHH, YTO
€ro KHHETHYECKasi SHEPrusi He
H3meHsietcs. @

Puc. 10. Hanpaenenue eexmopa
CUABL YNpy20CMU NPOMUEON0AONC-
HO Hanpaeienulo éekmopa nepe-
Mewenus npu Oegpopmayuu (I —
0AUHG CMEPHCHA, X — YOAuHeHue
cmepxchn).

y PaBHa HyJIIO.
B ciyuae ¢ nputsikeHneM 3eMIM OCHOBHYIO PaboTy 110 POTHBOACHCTBHIO CHIIE
TSDKECTH BBITIOJIHSIET TaK Ha3biBaeMasi cuiia ynpyrocty (puc. 9). Cuioit ynpyro-
CTH Ha3bIBAETCS CHJIA, BO3HUKAIOLIAs

B pe3yJibTate ehopMaLivy Tela M Ha-
MpaBJieHHasi B CTOPOHY, NMPOTHBOIO-
JIOXKHYIO MEPEMELICHUAM YacTHLl Te-
J1a npyu aedopmaumu.

B XM3HM Kaxblii U3 HAC CTANKMBA-
eTcsi ¢ MPOSBJICHUEM CHJI YNIPyroc-
TH — HanpuMmep, BO BpeMs MporyJ-
KH 10 JieCYy NMPUXOAHUTCA HHOraa
YKJIOHATBCA OT BETOK JACPEBLEB,
4yTOOBI OHM HE XJIECTalH IO Jmuy.
B ocHoBe 3TO# croco6HOCTH Aepe-

=
Fynp

BbEB JIEKHT HMECHHO CHJIa YNIpyroc-
TH. Ho MBI TakXe 3HaeM, uToO eciu
BETKY COTHYTb JI0 OIpE/eJIeHHOro
npe/iesia, To OHa MpoCTO CIOMAETCs,
T.c., TOBOPSI HAYYHBIM S3BIKOM, YI-
pyras aeopMaLus nepeiaeT B nia-
CTHYECKYIO. DTa BeIMYMHA HOCUT Ha3BaHHE MpeJea YNpyrocTH.
Cunia ynpyrocTu noauMHsIeTCsi OnpeeieHHbIM 3aKoHaM. OIHMM M3 OCHOBHbIX
cpeau HUX ABsieTcs 3aKon IyKa, Ha3BaHHbIN TaK B YECTh AHIIMHCKOTO YYeHO-
ro Pobepra [yka (1635—1703), nepBbiM 3KCNEPUMEHTAIBHO yC-

Puc. 9. Cura maxcecmu F,, deiicmeyiowan
Ha 2py3, YpaGHOGEwEeHa pasHoii no MoOyI0 U
NPOMUBONONONCHO HANPABACHHOI Cunoil yn-
pyeocmu ¥, GO3HUKIOWell npu degpopma-
Yuu NIGHKU, Ha KOMOPOIL 2py3 nooGeuieH.

T 0 CBSAI3b MEXI1Y NPOCKLIMEH CHIIbI YIIPYTOCTH H YIUTH-

1 ! HEHUeM Tesia. B

N 3aKoH FyKa. Cwuia ynpyroctd, BO3HHMKAIOLIAsi TIPH Je-
| (hopmaLmu Tea, IPONOPLMOHATBHA YIUTMHEHHIO TeJIa W HanpaB-
H — JIEHa B CTOPOHY, NPOT! HYIO )

N\ Fynp. HUii yacTuu Tes1a npyu aedopmaunu (puc. 10):

N
X . E, =-kx,

Fyup. e X — Tena, a Koadd T M1POTIOP oc-
N e 1 K — xecTkocTb Tena, 3aBuCsILas OT GOPMBI M Pa3MepOB Tenia
X M OT Ma M3 KOTOPOTO OHO M3rOTORJIECHO.




Jlecdbopmarium Takxke ObIBAlOT OMHOPOJHBIMU U HEO.-
HOPOIHBIMHU. OnHopoaHbiMU AehOPMALIMAMK HA3BIBAIOTCS Takue aedop-
MaLMH, NIPH KOTOPbIX Bce 6eCKOHEUHO MaJibe 3JIeMEeHTbI TeJa IehOPMUPOBAHbI
01MHaKoBO. HeolHOponHbIMU Ha3biBaIOT Te AeopMaliim, KOTOpPbie U3MEHS-
0TCSI IPH NIEPEXOJIE OT OHOM TOYKM Tesla K APYTroi.

Pa3HOBUIHOCTBIO OJIHOPOIHO wmu sBisiercst aedo; caBura,
TPU KOTOPO#i BCE CJION TBEP/IOTO TeJia, Napalie/ibHble HEKOTOPO# TJIOCKOCTH,
Ha3bIBAEMOIi TUIOCKOCTBIO CIBMIA, NEPEMELIAIOTCS B OZTHOM M TOM XK€ Harpas-
JICHMH, NIAPALIETLHOM TUIOCKOCTH ciBUra. CIBHT SIBISIETCS OYEHDb PAaCTpOCTpa-
HEHHbBIM BUIOM Aedopmatin. OH HMEET MECTO BO BCEX TBEPIbIX TPYIIMXCS Te-
nax (HampuMep, €C/IM TaulaT TeJio 10 MOy, TO M TeJO W TOJ HAXOLATCs B
COCTOSIHMM CJIBUTA).

IMprMepoM HeONHOPOAHBIX AeopMaLIHit IBIsSIETCS KpyueHHe U 3rnb. Kpyue-
Hue siBasieTcst 0co6oit popmoii casura. [pu KpyueHHH Moa AeiHCTBUEM BHELI-
Heil CHJIbI IPOMCXOANT OTHOCHTEIbHBII MOBOPOT MapaJUie/IbHbIX CEYeHMIA TeNa
BOKPYT' HEKOTOPO# OCH. YroJ1, Ha KOTOPbIi MOBEPHETCS PAIMYC CaMOro Kpaii-
HETO CeueHMsl, Ha3bIBaeTCsl YoM Kpyuenus. Kpyuenune mmpoko pacrnpoctpa-
HEHO B TEXHUKE — TaK, HAalpuMep, KapIaHHbIi BaJl aBTOMOOWISE, 4

pu nedopmatmn Gonbioe

3HAYEHHE MMEIOT TAKHE Xa-
PAaKTEPUCTHKM Tesla, KaK Mpoy-
HOCTb W TBEPAOCTD.
M3 myx wmatepuanos Gosee
TBEPABIM CYMTAETCH TOT, KOTO-
PBlii MOXET oLlapanarb Apyroi.
DTa CnocobHOCT MaTepHAIOB
IIMPOKO NPUMEHSETCS B TEXHH-
Ke: Hanpumep, Npu W3roTomsie-
HHUH PE3LIOB 1 CBEpII.
He cywectsyer Takux Tei, Ko-
TOpbie MOrM Obl 1edopmupo-
BaThesi GecnpenesibHo, — paHo
W TI03IHO, HO OHM pa3pyLIaT-
cs1. JLnsi Kax10ro Matepuania cy-
UIECTBYET MaKCHMasibHasi Ha-
rpy3Ka Ha CAMHMLY TUIOLIAH
CeueHMSI, 110 IOCTHXEHHH KOTO-
POii TENIO yKE HE CMOXET Bbi-
AepXHEATS uarpyax)c— 9T0 TaK
Ha: Ha-

BaJl BUHTa KOpabJisi U npoume 1no106HbIe MPUCTIocobIeHHs TpH paboTe UCTbi-
THIBAIOT AeOPMALIMIO KPYUEHHUS.

M3rub umeeT MecTo Toraa, KOTIa OJIHM YacTH Tesia NpeTepneBaloT cxarue, a
ZIpyrue — pacTsiKeHHEe B Mapajuie/ibHbIX X, KaK, 310
npoucxoaut B iyke. Ho HEOOX0AMMO OTMETHTB, YTO M3rHG — OJIMH M3 CaMBbIX
PacnpoCTpaHEHHBIX BUAOB AehopMaliii. M3ruG MCTIbIThIBAIOT KEJIE3HONOPOXK-
HbIE PEJIbChI, NOTONIOYHBIE NIEPEKPHITUS M T.IL.

CuIbl YIPYTOCTH 110 CBOEH MPUPOJIE ABASIOTCS NEKTPOMATHUTHBIMH CHIIAMM.
CBsi3aHO 3TO C TeM, YTO JIIOGOE TEJIO COCTOMT U3 aTOMOB M MOJIEKYJI, B COCTaB
KOTOPBIX BXOST YaCTHLIbI, 00JIANAI0LINE IEKTPUYECKMMH 3apsilaMu. B TBep-
JIOM TeJie CHJIbI OTTAIKWBAHUSE OTHOMMEHHBIX 3apsLIOB M NIPUTSKCHHS Pa3HO-
MMEHHbIX /ICKTPHYECKUX 3apsiJIoB yPaBHOBEIIMBAIOT APy Apyra. B pesysnbrare
nedopMaLiK B3aUMHOE TIOJIOKEHHE aTOMOB M MOJIEKYJI U3MEHSIETCS, M JJIeKT-
PHYECKHE CHIbI CTPEMSTCS BOCCTAHOBHTDH MEPBOHAYATIBHOE TMOJIOXEHHE,
BCJIC/ICTBUE YEr0 M BO3HUKAET CHJIA yTIpyrocTH. |

rpy3ka. Yem 6om,u|e paspyiia-
Iollasi Harpyska, TeM npouHee
Marepuai.

BeanunHa paspywawooiwei Ha-
TPY3KH 3aBMCHT OT psiia (hakTo-
pOB: OT KauecTBa Matepuaia,
cnoco6a ero o6paGoTku, dop-
MBI TEJIa M BHIA BO3ACHCTBHs. B

Ilpu cmpenvbe u3 ayKka 6 nem 603-
Hukaem deghopmayusn uzeuba.
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YXHM HAa3bIBaeTCs TpeHHe

MEKILY MOBEPXHOCTSMM JIBYX
TBEPABIX Ted B OTCYTCTBME Ka-
KOW-1M60 MpOCOHKH Mexy
HUMHU. BA3KHM — TpeHue Mexay
TBEPAbIM TEIOM M KHIKOH (Win
rasoobpa3Hoit) cpenoit Jaudo
MEXI1y CJIOSIMH 3TO#i cpesibl. B

CWibl TPEHUS

Kak BUIHO U3 npenbmyu.[eﬁ [J1ABbI, uMeIOTCS CHJIBbI, BOSHUKA-
1ouMe 6;1aroapsi B3aMMOIEHCTBHIO MEXILY aTOMAMH M MOJIEKY/IAMH B TBEPIOM
Tene. CyliecTByer U B TBHE MEXIY pa IMH TEJIAMH, COMpHKa-
CAIOMMHUCS IPYT € ApYroM. B pesynbrate BOZHMKAIOT CHIIbI, HOCSLLIME Ha3Ba-
HUE CHI TPEHHS.

Cwibl TPeHHsi ICHCTBYIOT B0JIb MOBEPXHOCTEH CONMPUKACAIOLIMXCS TE M Ha-
NpaB/ieHbl B CTOPOHY, MPOTHUBOTONOKHYIO MEPEMELIEHHIO ITUX TeJl OTHOCH-
TeAbHO ApYT Apyra. TpeHue ObiBaeT cyxoe U BA3KOE.

Cy1ecTByeT TPU BHAA CHJI CYXOTO TPEHMSI: CHJIa TPEHMUS TIOKOSI, CHJIa TPEHMsI
CKOJILKEHMS M CHJIa TPEHUS! KaueHUs. |

Fy

Nn—

Cuoii TPEHUS TOKOS HasbiBaeTcs cula, BO3HMKaioOUas Ha
rpaHMLe CONPUKOCHOBEHHSI TeJI MPH OTCYTCTBUH OTHOCHTEIbHOTO /IBHXeE-
Hus Tes. Cuna TpeHUs NoKost Fn, paBHa no Moo BHewHeii cune F , na-
NPaBJICHHON 10 KacaTeJbHON K MOBEPXHOCTH COMPUKOCHOBEHUSI Tell,
M NPOTHBONOJIOXKHA €if 10 HanpasieHuio (puc. 11):

Puc. 11. Cuaa mpenusn nokos 603-
HUKaem npu omcymcmeuu omuo-
cumenboeo deuNcerus me.

F =-F.

™
B npotiecce B3aMMOZCHCTBUS TEJIO M ONOpa MPETEPeBaloT ONPEAe/ICHHYIO 1e-
(hopMaLHio, B pesy/ibTaTe Yero BOHMKAIOT Cibl yripyrocti. Cuity ynipyroctn N,

BO3HHMKAIOILYIO B pe3y/ibTate e)opMaLiMK OMopbi U ACHCTBYIOLILYIO Ha Te-

N

N

) J

710, MIPUHSITO HA3bIBATH CHIOH PEAKIMH onopbl. MakcUMalIbHOE 3HaueHHEe
MO/LYJIsl CWIbl TPEHUS MOKOS MPONOPLUMOHAIBHO CHJIE PEAKLIMK OTOpPbI:

Fyn =HN,
rae b — ko3 pULMEHT NPONOPUHOHATLHOCTH, Ha3biBaeMblil KOI(hu-
LIMEHTOM TpeHusi. @

Cunoi TPEHUSA CKOJIbXCHUS HasbiBaetcs cuna, Kotopas
BC T MEXILy COIf M IBHXKY! OIIHO OTHOCH-

Puc. 12. Cuna peaxuuu onopst N
PasHa no Mooy u npomugono-
2100CHA NO HANpaGAeHUIo Gecy me-
aa P

bracodaps nodwunwuxam no-
ABUNACE BOIMONCHOCMb HAMHO2O0
YMEHbUIUMY CUNBl MPEHUS.

TeNbHO ApYroro Tenamu. BekTop cuibl Tpenms ckonbxenns F Beerma
HarnpasJieH MPOTHUBOMONIOXKHO BEKTOPY CKOPOCTH JIBUXKEHHS V Tesia OT-
HOCHTEJILHO COMPHUKACAIOIIETOCs ¢ HUM Tesla. MaKCHMasibHOE 3HaYeHHE CHIIbI
TPEHUSI CKOJIbXEHUs (TaK XKe, Kak U Koahd T TPEHHSI) 0 paBHO
CHJIe TPEHUS TTOKOsI. |

Cuoit TPEHUA KAUYCHMUS HasbiBaeTcs cuna, AeiCTBylOLIast CO CTO-
POHBI OMOPbl HA KaTALIECECH MO HEMY TeNO. Cuna TPEHUS KAY€HUSI HAMHOIo
MEHbIIIE CHIIBI TPEHHSI IOKOST M CHJIbI TPEHMST CKOJIBKEHHST, OITOMY B TeXHHKE
JUIsl YMEHBLICHHUS CHJI TPEHHUS NPUMEHSIOTCS KoJieca, LWAapUKOBbIE U POJIHKO-
BbI€ MOALIMUITHUKH. KOBQ)(I)MU"CHT TPEHUS KAYCHMS 3aBUCHT OT pajilyca Kartsi-
erocsi Tesia.

CuJibl BA3KOTO TPEHMS 3aBUCAT OT CKOPOCTH JIBUXKEHMS Tejla B Cpejie:

Fm— -kv |
rae V— CKOpocTh Te1a, K — Ko3((HULUMEHT NpOnopuUMOHaIbHOCTH, 3aBUCS -
LMt oT Pa3sMepoB U q)Oprl TBEPAOro TeJia, COCTOSSHUSA €ro ﬂOBCpXHOCTe“ nor
CBOMCTB Ccpeasbl. Ecnin Te10 HaXOAMTCS B COCTOSIHUM TTOKOSi OTHOCHTEJIbHO cpe-
Ibl, TO CHJIBI BSI3KOTO TPEHHSI PaBHbI HYJTIO. B




MEXAHUKA
XUIAKOCTHU U TA3A

MexaHuKa XUIKOCTH M raza — pasaesn MEXaHUKH, B KOTOPOM
M3y4aloT PaBHOBECHE M JIBUKEHHE XKHUIKUX M ra3000pa3HbIX CPell, a TaKKe X
B3aMMOZEHCTBME MEXIY OO M C MOTPYXKEHHBIMU B HUX TEIAMH.
OTIMYNTENbHOM 0COBEHHOCTBIO XHAKOCTH SIBISIETCS TEKY4YECTh, KOTOpast 00yc-
JIOBJICHA MO/IBUKHOCTBIO MOJIEKYJI, €€ COCTaB/siiomX. B pesynbrate storo no-
BEPXHOCTb ¢ icst KMIKOCTH, HCst B pABHOBECHH TOJ1 ICHCTBH -
€M CHJIbI TSXECTH, BCEI1a TOPU3OHTA/IbHA.

MexaHuuecKne CBOHCTBA XMIAKOCTEl M ra30B BO MHOTOM CXOIHbI U MIO3TOMY
paccMaTpuBAalOTCs, KaK Mpasuiio, BMecte. B

['MIPOCTATHUKA

O}]HI’IM U3 OCHOBHBIX MOHSITUI MEeXaHUKH XKUIKOCTHU
U rasa siBJIsICTCS JaBJICHUE, kotonoe o6o3HauaeT HhU3HUECKYIO BEIH-
YMHY, PaBHYIO OTHOLIEHHMIO Moayis cuibl F, neitctyioueii co cTopoHsl xua-
KOCTH (WM ra3a) Ha KaKoil-nb0 y4acTOK MOBEPXHOCTH COMPHKACAIOLIEroCs
€ HUM Teta, K IUIoWwaau S 91oil oBEpXHOCTH:

_F
g S

JlaB/ieHHe 3aHMMAET BAXHOE MECTO CPEN MPOUMX (DU3NYECKHX BEIMUMH, TAKHX
KaK Macca, CHia, CKOpoCTb U T.1. CBSI3aHO 3TO € TeM, 4TO MPH MU3y4EHHH B3aUMO-
JICHCTBHSI PARTHYHBIX OOBEKTOB YACTO HEODXONIMMO 3HATh HE TOJILKO JEHCTBYIO-
ILIME CHJIBI, HO M TLIOLIAIb OBEPXHOCTH, Ha KOTOPYIO ZIeicTBYeT cia. B cBoeii rmo-
BCE/IHEBHOM XM3HH Mbl MOCTOSIHHO CTA/IKMBAEMCSI C IAB/ICHHEM W UCTIOJIb3YeM €ro
B cBOMX wLensX. OcoOeHHO AKTMBHO TMOHSITHE

np TCS B . Cuna Tsixe-
CTH BE3/IEX0IA HA TYCEHHYHOM XOJy pacripeessi-
€TCsA N0 BCeH IUIOIIAIM TYCEHMLIb, YMEHbILasi
JIaB/IEHME HA TPYHT, YTO MO3BOJISIET €MY MpOe3-
XKaTb, HE YBSI3HYB, axe yepes 601010. Mbl ocTpee
TOYMM HOXH, YTOObI IUIOLIA/b JIe3BUsI Oblla Kak
MOXHO MEHbIlE W TPH Hape3Ke MpPOIYKTOB HaMm
He NPUXOINJIOCH NPHJIAraTh GOMIbLIME YCHIIHS.
[pu BO3EHCTBUM BHELIHUX CHJ HA TBEP/bIE Te-
na TCA B neicr-
BHsi cuibl. COBEPLICHHO M0-IPYTroMy BeayT ce0st
KHAKOCTb M ra3. OHM NepesaloT Npou3BoANMOe
Ha HUX JIaBJICHUE BO BCE CTOPOHBI ONMHAKOBO.
970 yTBEpKICHHE Ha3bIBAIOT 3aKoHom [ackans,
B 4ECTb €0 NepBOOTKpbIBaTEsl, (hpaHily3cKOro
yueoro baesa IMackans (1623—1662). m

‘ baes IMackans (1623—1662).

' B LIEHTPE BIPbIBA
10 * BHORION BoMsL
10'—— * B UEHTPE IEMIN
10° ] « MOWHOTO

S TIWIPABTHYECKOTO ITPECCA

i « TIPH TIEYATAHUI
10 BYMAKHbIX JEHET

w_ o 1IPH TIPOMIBOICTBE
10— MCKYCCTBEHHBIX AJMA3OE|

| * KATA UETs!

10 — « 1P TETOHALIH (06, wspuin)

. © HA TIIVBHHE 12 KM
10 TAYBHHE 12 KM

— o TTPH BYPEHHH CKBAKHH
10 g « HACOCA 5YPOBO#
YCTAHOBKH
10 — « KOHBKA HA JIEJL
— o BLULTHILIPE JIBHTATENS
ABTOMOBIIA
2
— + ABTOMOBHIA HA
—m| *horory
—|=
10 === |—BAP & ATMOCOEPHOE
1=« 8 ugHTPE yPATAHA
|
- * [YCEHMIIBI TAHKA
=
© HOTH YEIOBEKA

o = i T —

10 g * KPOBH CucTamMECKOR)
-  JIbUKH HA CHET
—1 « IEKAIETO YENOBEKA

MIKOCTbIO HA3bIBAKOT ar-
CraTHOC COCTOSIHME BE-
IECTBA, POMEKYTOUHOE MEX-
21y TBEPIABIM M Ta3000pa3HbIM.
Kuakoctb umeer caeayloume
XapaKTePUCTHKH:
— COXpaHsieT 0GbeMm;
— o0pa3syeT NoBepXHOCTh;
— o6siafaeT NpOYHOCTHIO Ha
Pa3pbiB;
— npuHKUMaeT (popmy cocya;
— obniajaeT TeKyuecTbio. W

Puc. 13. Coomnowenue daeaenuil.

» IOBEPXHOCTHOTO
HATSOKEHHA BOJIbI

)
10—
10' ATMOCOEPHOE
* HA BBICOTE 60 KM
10" =—— |— NACKATH
10— « 3BYKA
0t=-1 o ATMOCOEPHOE
HA BBICOTE 110 KM
i —
0*-—] « ATMOCOEPHOE
HA BBICOTE 120 KM
5 —
10 | « ATMOCOEPHOE
] HA BBICOTE 130 KM
s
10—
. — » CBETA
10—

ATMOCOEPHOE
HA BBICOTE 300 KM
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W

W3 3akoHa [Nlackaiisi CylECTBYET HECKOIBKO
CJIEACTBUIL.

I'lepBoe CJICICTBHE. Boivrpbiill B CHJIE paBeH OTHOLIE-
HHIO MUIOLIAEH MOpLIHEH: E S

E S,
e F u E, —cunbl, neiicTayionme Ha nopuiku ¢ iomansimu S,
uS,
Ha ocHoBe 9T0ro ClieCTBHS P r KHe
coboit /1Ba €OC Mexay coboii Lu-

JIMHJIPA C TIOPUIHAMM, IPHYEM TUIOLIAIH LIWIHHAPOB CYIIECTBECH-
HO pa3nnyalorcsi. B pesynisrate Toro, YTo ruipaBiMyecKue Main-
HbI JIAlOT BHIMTPBILI B CHJIE BO CTOJILKO Pa3, BO CKOJIBKO TUIOIIAb

Gosbiero NOpLIHS GOJbIIE MUIOIAAH MEHBILIETO MOPILHS, UX Ya-

Puc. 14. Cxemamuunoe usobpa-
JHceHue 2udpasaueckoll Mauunbl
(noscrenue cmompu 6 mexcme).

Kozda Ilackaaw naaua Heckoavko
Kpyxcek 6006l 6 mpy0Ky, 6ouky ¢
60001, K Heonucyemomy youene-
HUIO 3pumeneii, nPOCMO pazopeao.

CTO MCIOJIB3YIOT B KA4€CTBE IOMKpPATOB, B Mpeccax Uil U3rotoB-
JIEHHs1 Pa3TMYHBIX U3/IETHIA, B TODMO3HBIX CHCTeMax M T.A. (puc. 14).m

BTOpOC CJICACTBHUE. [laBieHune Ha IHO COCYAA, 3aMOJIHEHHOTO XM~
KOCTbIO, HE 3aBUCHT OT (JOPMBI COCY/Ia M OTIPE/IEISETCS YPOBHEM XHIKOCTH:

p=pgh,

rie P — MUIOTHOCTD XKHAKOCTH, & — MOJIYJIb YCKOPEHHs CBOGOIHOTO NajieH s,
h — Bricora cronGa xmuukocTy.

it BbI BECOM M, YaCTO Ha3bIBAIOT MMAPOCTATHIECKHM
nasnenneM. Kak Mbl BUIMM M3 (DOPMYJIBI, MCTIONIB3Yst JIMILIb HEGOMBLIOE KOJIH-
YECTBO BOJbl, MOXHO BBI3bIBATH OTPOMHYIO CWJIY NABJCHHs, MaHMITYJUpYs
C BbICOTOH cT0/162 XMAKOCTH. O6 3TOM CBMAETEILCTBYET M3BECTHBIN OnbIT [Ma-
CKaJisi, KOT/Ia OH MPUCOEIMHIII K GOYKE C BOIOH JUTMHHYIO TOHKYIO BEPTHKAJIb-
Hylo TpyOKy. Koraa B a1y TpyOKy Ha/miIM Boay (BCero HECKOJIBKO KPYXeK), CH-
Jla THIPOCTAaTHYECKOTO IaBICHHs! pa3opBaia Gouky. @

TpCTbC CJIEACTBUE. OnHoponHas XHAKOCTb B COOOILAIOLIMXCS COCY-
JlaxX HAXOZIMTCS Ha OTHOM M TOM Xe ypoBHe. Eciiv e B cocyiax HauThl XHIKO-
CTH C pa3HbIMH TUIOTHOCTSIMH, TO BBICOTA CTOJI0A XMIKOCTH C MEHBIICH TIOT-
HOCTBIO OyaeT 6obie BBICOTBI CTO6A XHUAKOCTH C GOJIbILIEH MIOTHOCTBIO:

b _p,

h, p,
e Py U P, — IIOTHOCTb XMIKOCTH, a h, M h2 — BBICOTA CTO/I6A XUIKOCTH. B

B3auMoCBsI3b IaBJIEHUST XXKUIKOCTH U l"leﬁl/IHbI BbI3bI-
BAae€T BOBHMKHOBEHUE BbITAIKUBAIOIIECH CUJIBI, aeiicTyiomeit
Ha J11060€ TeJlo, MOrpyXEHHOE B XHIKOCTb HIIM ra3. DTy CHIy Ha3bIBAIOT apXH-
MEJIOBO# CHJIOIA, B 4eCTb IPEBHETPEYECKOro MicuTesst Apxumena (287—212rr.
JI0 H.3.), KOTOPbIi NEPBBIM OMHUCA U MaTEMAaTHYECKU OBOCHOBAI 3TY CHITY.
Jlnsi 310T0 €My MpHUUIOCh CHOPMYTHPOBATH MPEANONOKEHHE O BHYTPEHHEH

A

CTPYKTYpE X 0. 1, 4TO KHIAKOCTh COCTOMT M3 4ac-
THLL, PACTIONIOKXCHHBIX Ha YPOBHE H TpH. ApYT K JApYTY.
Tpu 5TOM MeHee CIaBICHHBIC YACTHLIbI BHITAIK Gonee

M KaX/asi M3 YaCTHIL CAABIMBAETCS KUIKOCTBIO, HAXOMSIIEHCS HAll Heil, eciin
TOJILKO XHAKOCTb HE HAXOAMUTCH B KaKOM—HVIGyﬂb COCYy/I€ M HE CaBIIMBaCTCs
ele YeM-TO Apyrum. B
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W3 2710ii runoTe3bl ApXMMe MaTeMaTUYeCKU BbIBEJ

PsIL CIIEACTBUIA:

— Teso, paBHOTSIKEJI0E C KHAKOCTBIO, GY/IyYH ONYILEHO B 3Ty XHIAKOCTb, MO-
TPYXaeTcsi TaK, YTO HMKAKasi MX YaCTh HE BBICTYMACT Hall MOBEPXHOCTBIO
XKMIKOCTH M He GYJIeT IBUraThCsi BHU3.

— Teno, Gonee sierkoe, YeM KHIKOCTb, GylyuH OMYLIEHO B 3Ty XWIKOCTb, HE MOrpy-
Kaercst " pasi 1o 4acTh Hal KMIKOCTH.

— Teo, GoJiee JIErKoe, 4eM KHIKOCTb, TOJHOCTBIO OMYIIEHHOE B 3Ty XHIKOCTh
CHJI010, OyNIeT BLITAIKMBATBLCS BBEPX C CUJION, PaBHOM TOMY BECY, Ha KOTOPbIi
JKHIKOCTb, UMEIOLIasi PaBHbIH 0GBEM C TeJIOM, OyeT TsKeJee 3TOro TeJa.

— Teno, 6onee TskKea0€, YeM XHUAKOCTb, ONMYLIEHHOE B 3TY XHUIKOCTb, Oyaet
MOTPYKaThesi, TIOKA He JI0MIET JI0 CAMOTO HU3a, U B KMIKOCTH CTaHeT Jierye
Ha BEJIMYMHY Beca XHIKOCTH B 00beMe, PABHOM 00BEMY MOTPYXEHHOTO Te-
J1a (MO3TOMY, HAXOSCh B BOJIE, HAM KAXETCS, YTO Mbl MCHBILIE BECHM). B

B COBPEMEHHOM BHJI€ 3aKOH Apxumena 3BYYMT TaK: na
BCSIKOE TEJIO, MIOTPYXEHHOE B XUAKOCTD, ACHCTBYET BHITAIKABAIOLIAS CHIIA, HA-
TNpaB/ieHHas BBEPX U PaBHasi BECY BHITECHEHHON UM XHIKOCTH:

F,=mg=pVg,
rae M — macca BLITECHEHHO#M XHIKOCTH, P — IUIOTHOCTb XHIKOCTH (WK ra-
3a), V— 06beM 4acTu Tes1a, NOTPyXEHHOTO B KHIKOCTb WIH 123, g — YCKOpe-
HHe CBOOOIHOTO NaleHHsI.

Teno, MOrpyxeHHOe B XHMAKOCTb (WM ra3), MCIbITBIBAET BO3NCHCTBHE IBYX

MPOTHBOMOJIOXKHO HAMPABJICHHBIX CUJ — CHJIbI TSDKECTH M apXMMEIOBOM CHIIBI.

Tenepb MOXHO NO-Apyromy copMyJIMpoBaTh CIEACTBHS 3aKOHa Apxumeaa

(cM. BbiLe):

® Ec/ii CHJIa TSDKECTH 110 MOZLYJTIO GOJIbIIE aDXUME/I0BO# CHIIBI, TO TEJIO OMycKa-
€TCsl BHM3 — TOHET.

® Ecin MOIyJIb CHJIBI TSKECTH PABEH MOJIYJTIO aDXMMEIOBOM CHJIBI, TO TEJIO MO-
KT HAXOIMThCS B PABHOBECHH Ha J11060ii rybuHe.

® Ec/in apXMMeIoBa CHJIa 1O MOLYJTIO GOJIBIIE CHJIBI TSXKECTH, TO TEJIO TIOIHH-
MaeTcsi BBEPX — BCTUIBIBACT.

® BeruibiBiuee Teslo YaCTUYHO BHICTYNAET Hajl MOBEPXHOCTBIO XHIKOCTH, TPH
3TOM 00bEM NMOTpyKEHHOI YaCTH TUIaBAIOIIETro Tejia TAaKOB, YTO BEC BbITEC-
HEHHOI#i XHIKOCTH PaBEeH BeCy IUIaBaloLIEro Tejla.

ApxuMe/IoBa CHJIa TOrIa GOJIbILIE CHITBI TSKECTH, KOTIA TUIOTHOCTb XHIKOCTH

6oJibllIe UIOTHOCTH MOTPYXEHHOTO B XKHIKOCTb Tesa. [109ToMy HeKoTOpbie Ma-

TepUaIbl HE TOHYT B BOJIE (HANPUMEP, IEPEBO). DTO CBOUCTBO GbLIO 1aBHO MO~

MeEUEHO JIIOIbMH, GJ1arosaps YeMy CTalo BO3MOXHBIM MoperuiaBanue. Crieppa

6bUTH GpeBHA (CaMOe NMPOCTOE CPEACTBO NEPEABUKEHHUS 110 BOJE), 3aTEM IUIOTHI,

JIONKK p I u3r M3 cTa-

JIH, TUIOTHOCTB KOTOPO#i Gosiee 4eM B 7 pa3 MpeBbilAeT IIOTHOCTb

Bozbl. OOBICHSIETCS 3TO MPOCTO — Bellb U3 CTAIH JE/IAIOT JIMIIbL

Apxumed (287-212 2. do n.3.).

Puc. 15. Credcmeus 3axona Ap-
Xumeda: a) cuna msxcecmu no
MO0yt Gonbue apxumedosoi cu-
b, nosmomy meao monem, b) cu-
bl paeubi, meao Haxodumcs 6
pasnoeecuu, c) apxumedosa cura
Gonvwe cunvi maxcecmu, meao
ecnasieaem

KOpIyc cy/iHa, a 6oabluast 4acTh ero 06beMa 3anoHeHa BO3IyXOM.
Cpentee 3HaueHHe TUIOTHOCTH KOpaGsisi MU 3TOM OKAa3biBaeTCst
3HAYMTENILHO MEHBbLIE TUIOTHOCTH BOIbI — MO3TOMY OH HE TOJILKO
HE TOHET, HO M MOXET MepeBO3UTh GOJIbIIOE KOJIMYECTBO IPy30B
(MOPCKO# TPAaHCMOPT — OMH M3 CaMbIX BHITOHBIX).

3akoH ApXuMe/a Mo3BOISIET U3MEPSATD IUIOTHOCTH TeJl, MMEIOLINX
HenpaBWIbHYIO HopMY, 06beM KOTOPbIX TPYIHO HAWUTH € MOMOILBIO
NPOCTBIX U3MEPEHUI MX JIMHEHHBIX Pa3MEPOB, a TAKXKE ONPEIEATh
TUIOTHOCTDb OJIHOW JKHIKOCTH, €CJTH W3BECTHA TUIOTHOCTD APYTOii. @

a) Fr>Fa




I"a]o.w HA3bIBAIOT arperaTHoe
COCTOsIHME, B KOTOPOM BCe
€ro YacTHLbl (aTOMbl, MOJIEKY-
2bl) c1abo B3aMMOIEHCTBYIOT
mexay coGoit M, ABUrasch, 3a-
TIONHSAIOT BeCh MNpPeloCTaBisie-
Mblit eMy 06beM. OCHOBHBIM
CBOWCTBOM rasa sIBISIETCS €ro
CMOCOGHOCTh MONHOCTBIO 3a-
TNOJIHUTB COCYIl, B KOTOPOM OH
Haxoautcs. @

K yKe YNOMMHAIOCh, 3a-

OH ApXMMella TPUMEHHM
M K TeJlaM, NOTPYKEHHBIM B ra3.
Hcnonbsyst ero, MOXHO MoKo-
PATH «NATBIH OKeaH» — aTMO-
ctepy. TMepBbIMH OTBAXHINCH
Ha 1o106Hoe MeponpusTHe Gpa-
Tbsi MoHronbdse, cosnasuime
B 1783 romy BO3AYWIHBINA Wwap,
HATOIHEHHBII TOPAYMM BO3ILY-
xoMm. [Mo3ke B BO3AYWIHBIX 1Ia-
pax CTajJii UCMNoab30BaTh ras,
C TUIOTHOCTBIO MECHBIICH, YeM
y Bosiyxa. CHauana 9710 6bin Bo-
210poz, HO Moc/e psiia Katact-
pod (Boropos umeeT 00bIKHOBE-
HUE B3pbIBATLCS OT Maleiileit
MCKpPbI) NEpeuuviu Ha reiuii.
B Hauie BpeMs B BO3AYIIHBIX
1apax yaile BCEro MCrosib3ylor
HarpeTblii Bo3ayx. ®

3uamenumoiic oneim Ommo pon
lepuxe ¢ «mazdebypeckumu noay-
wapuamu».

ADPOCTATUKA

J11s1 GOIbLIMHCTBA U3 HAaC aTMOChEPa — 510 Hewro camo coboii
pasymeloLeecs, Ha YTo Mbl He oOpalllaeM BHUMaHMsI. A eciii 06paTuM, To Oyem
NOPaXeHbI TEM, CKOJILKO Mbl HOCHM Ha cee JIONO/THUTEILHOTO Beca — Beca, Ka-
3a/10Ch Obl, «HeBECOMOTO» BO31yXa. 1o/ 1eiicTBUEM CHIIbI TSKECTH BEPXHUE CIION
BO3/lyXa B aTMOC(epe JaBAT Ha HU. MO3TOMY Y TIOBEPXHOCTH 3eMIn
JIaBJIeHUE UMeeT Hauboblee 3HaYeHue, Kotopoe coctasisier 10° IMa. Takoe nas-
JIeHHe Ha3bIBAIOT o Ono eTCs 10 Mepe YIalIeHHUs! OT Mo-
BEPXHOCTH 3eMJIM: TIPH MOXbEME Ha Kaxble 8 M 1aBieHne nagaer Ha 100 [Ma.
Ho mbl He outyiaem arMocepHOro 1aBjieHHsi H3-3a TOTO, YTO KHIKOCTH, CO-
JIEpXKALUMECs B OPraHU3Me YesloBeKa (KpoBb, IMMGa, Xelub U 11p.), CKaThbl 10
Takoro xe nasienus. Ilo 310it npuynHe yenoBeka, nonasiero B 6e3Bo3/y1-
HYIO CPejly, POCTO Pa3opBET Ha YACTH CHJIAMU BHYTPEHHETO JaBJICHUs! (3TOT
HayuHblii (haKT J0GAT UCMONB30BATh B CBOMX (DMIbMAX rOJUIMBYICKHE PEXHC-
cepbl — Hanpumep, ¢uabm IMona BepxoBeHa «BcrioMHUTB BCe» ¢ APHOJIBIOM
LlIBapLieHerrepom B I/1aBHOM poOJiH).

Hanuune atmocdepHoro nasieHus Bnepsbie ObLIO NMOKa3aHO W M3MEPEHO
B 1643 rony uranbsinckum ¢usukom Epanrenucroit Toppuuesnu (1608—1647).
B cBoeM (hyHIAMEHTATILHOM OTBITE OH HAMOJHWI PTYTBIO CTEKJISIHHYIO TPYOKY
JUIMHO# OKOJIO OIHOTO METPa, 3aMasiHHyIO C OJIHOTO KOHLIA, M OTKPBITBIM KOH-
LIOM MOMECTHJI B COCY/I € PTYThio. [1pH 3TOM YacTh PTYTH BbLIWIACH M3 TPYOKH
W YCTAHOBWJIACh HA YPOBHE, NMPH KOTOPOM CTOJIOMK PTYTH B TpyOKe OKasasicsi
Bbillie YPOBHS PTYTH B cocyze. Bbicota storo cronbuka prytn — 760 MM — orni-
penensieT arMocepHOe aBleHNE B MHUTMMETPAX PTYTHOro ctosba. Mbl Mo-
KEM HaroJHUTD CTEKIISIHHYIO TPYOKY Jpyroii XMIKOCTbIO, TOT/Ia BbICOTA yCTa-
HOBMBILIETOCS YPOBHsI 9TOM XUAKOCTH B TPYOKE MOCIIe NOMELIEHHUS ee B COCYIL,
3aMoJIHEHHbII TaKOi JKe XHAKOCTbIO, OyaeT uHOi. Hanpumep, BbicoTa ypoBHS
Bozbl, paHasi 10332 MM, u OyaeT onpeaessiTh HOpMaabHOE aTMOChEpHOE AaB-
JIeHMe B MWJLTMMETPAX BOIHOTO CTO/I6a. DTO 03HAYAET, YTO BO3NYX IaBUT Ha HAC
C CHJIOi, PAaBHOM CHJIe JaBJICHUS IECATHMETPOBOrO cToa6a Boabl. Toppuuesin
MepPBBIM YCTAHOBMII, 4TO atMochepHoe aasieHue P = 760 MM pt. ct. = 10332 Mm
BoHOTO cTos16a = 10° IMa. IMpubop, cayxaiumii s n3Meperns armochepHoro
JIaBjieHUs1, Ha3biBaeTcsi GapomeTpom.

Cnycrst 11 ieT Bblaalommmest HeMeLKHM (pu3nKoM-sKcrnepumertatopom OTro
(hon Tepuke ¢ LebIo J0KA3aTENBCTBA CYIIECTBOBAHUS JaBJICHHsI BO3yXa ObU1
TIpOBE/ICH Thiii OTIBIT C TAK Ha «MaraebypreKUMM noJyia-
PHAMM». 3aKJTIOYANICH OH B TOM, YTO M3 JIBYX CJIOKEHHbBIX BMECTE MEIHBIX MOJTY-
wapuii OTKayaIu Bech BO3YX. B pesysibrate 1aBjieHHe HApYXXHOTO BO3yXa TaK
CHJIBHO MPHXKAIO NOJMYLIAPHS APYT K JPYTY, YTO UX He CMOIJIM Pa3opBaTh JBe
YNPSKKK 110 8 jlowaneii. @




[ MIPOOIMHAMUKA
1 ADPOIIMHAMUKA

Tudpoounamuxa u a MUKQ usyqaiom 0sudicerue HuoKkocmu
u eaaoa, npu4em He omde/umou MONeKyabl HeUOKOCMuU, a 4enoeo sne-
Menma obsema, cooepicaye2o MHo20 MOAEKYN, HO PACCMAMPUBAEMO-
20 KaK 4acmuya #cuoKocmu uau mo4ka.

O}IHH M3 OCHOBHBIX INPUHLUIIOB JIBUXECHUSA XKUIKOCTH
(v raza) GbU1 BbicKa3aH B 1726 roay wseituapckum dusukom danuniom bep-
Hy/un (1700—1782): B cTpye BOABI MJIM BO3/yXa JaBJieHHE BEJIUKO, €CIH CKO-
POCTb Majia, ¥ IaBJIECHHE MAJIO, €CJIM CKOPOCTh BEJIMKA.
3akoH bepHy/LM Takxe NPUMEHHUM JUTSl KHIKOCTH M Ta3a, He OrPaHHUYEHHbIX
CTeHKaMM TpyObl (HarmpuMep, 3T0 ObIBACT B MOPCKUX TeyeHMUsIX). [lesio B ToM,
YTO B XKMAKOCTH CYLIECTBYIOT JIHHHH TOKA, B/10JIb KOTOPBIX IIPOMUCXOIUT JIBUXKE-
HHe XuAKocTH. OHM pasbUBAIOT XHUAKOCTb Ha OTAEIbHBIE CTPYH, KOTOpbIE Te-
KYT PSLIOM, He CMeLIMBasich. B nono6HbIX ciyyasix 3akon BepHy/um 3By4uT Tak:
B TEX MECTAX MOTOKa, I/1e IMHUM TOKa COIMXKEHBI, 1aBIeHHe TMOHUXKEHO, a B TeX
MecCTax, rae OHu ITCH, noi 0.
Tpn IBUKEHHH CIOEB XHIKOCTH C PARTHYHBIMH CKOPOCTSIMH MEXIy HUMHK
BO3HHUKAIOT CHJIbI, HA! CHJIAMH BHY TP TPEHHSA WIH CHJIAMH BA3KO-
CTH (0 HUX MBI TAKXe YI10 B IJ1aBe, )il CHJIAM TPEeHUSs ):

l'[pm—mro OT/HYATh JIaMHU-
HapHoe (CIOUCTOE) M Typ-
GYJICHTHOE TeYEHHE XKHIKOCTH.
Tpu JaMHHAPHOM TEuEHUM Yac-
THUBI KMIKOCTH  JABHXYTCS
B/I0JIb NPAMOJMHERHBIX TPaeK-
TOPHii, He MepeMelnBasicCh.
Tpu 3TOM XMIKOCTH MOXET
ObITb Npe/CTABICHA B BUJIE C/IO-
€B, KOTOPbIE CKOJIL3AT OIMH OT-
HOCHTEJIBHO JIPYroro.

Mpu  TypOyJenTHOM TeYeHUH
CKOPOCTh M J1aBNEHHE KHIKOC-
TH (WM ra3a) GLICTPO U Hepery-
JIPHO M3MEHSIIOTCS CO BpeMe-
HeM. Kpome Toro, Heperyisip-
HbIM 00Pa3oM MEHSIOTCS TUIOT-
HOCTb M TEMIIEPaTypa, U Mpouc-
XOIMT MHTEHCHBHOE Mepeme-
IIMBaHKE XMIKOCTH (rasa). @

Puc. 16. Cxema 603nuKHO8eHUA
cunbl peakuuu cmpyu (noscnenue
6 mekcme).

Av
=n—S,
T]Ad

ae AV — oTHocuTebHas cKopocTh cioes xuakoctn, Ad — paccro-
SHUE MeXIy HUMH, S — IUIoIab CONPUKOCHOBeHMs coeB. Koad-
(uumenT 1 HasbiBaeTCs KOIMHUIHEHTOM BHYTPEHHEr0 TPEHHs WU JH-
HAMHYECKO#i BS3KOCTBIO. [IMHAMMYECKAs BSI3KOCTb KHAKOCTEN
TYpbI TS, A Kasl Bsi3-
KOCTb [a30B — yBEJIMYMUBACTCS.

Ecnau BBl KOraa-HuGyab MOAMBAIM 3EMJIIO BOLOW M3 CaaoBOTrO
IIIAHTa, TO 3HAETe, YTO JUIS €ro yACPKaHUs HEOOXOAMMO NpHIa-
rath yCHINs — TeM GoJibliie, YeM CHIIbHEE Hanop Boabl. CBA3aHO
3TO C TEM, YTO MPH TEYEHUM MO M3O0THYTOH TpybKe (KaKoBOW
¥ SIBNSIETCA UUIAHT) BEKTOP CKOPOCTH M3MeHsietcs. Kak BuaHO

L

¢ 1o

o
Vi,

M3 pucyHKa 16, K mepBoHa4anbHOM CKOpOCTH v, nobapnsercs v3
W MOJIyyaeTcs pesyjabTUupylouias CKOpDCThVZL N3meHenue cko-
POCTH TeYCHHs, MPEACTABICHHOE BEKTOPOM V3, MOKA3bIBACT, 4YTO MpPH Te-
YEHUH 10 U30THYTOI TPYOKE XKHAKOCTH COOOLIAETCs YCKOPEHHE, HanpaB-
JIECHHOE€ BAOJIb 3TOr0 BEKTOpa, H, CJCAOBATEIbHO, MO TPETbEMY 3aKOHY
HploToHa, Ha TpY6KY CO CTOPOHBI XHMAKOCTH AEHCTBYET CHJa MPOTHBO-
neiictust F, HanpapieHHas NpOTHBONONOXHO. B ruapo- u aspoauHamu-
K€ 3Ta CHJIa Ha3bIBAETCsl peakuuei cTpyu. m

SIBneHue peakLiMM CTpyU HabII01aeTcsl BO BCEX Cllyya-
SIX, Korza cTpysi KMAKOCTH WIH ra3’a H3MEHsIeT CBOe HanpaB/ieHHe, BCTpeyast
Ha IyTH TBEp/bIE Tesa. ITO p (Hanpu-
Mep, B pa3iMyHbIX THNAX TypOHH, B BeTpoaBHraTesix). Ha npuHumne peakiumu

TCSA B

MEXAHUKA XWIKOCTH U TA3A
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Puc. 17. Ecau é nomok 6o3dyxa
nomecmums naacmunky (a), mo
nosadu wee obpasyemcs obaacmo
6uxpesozo deuxcenusn_eosoyxa, u
pasnocms daeaenus P, u P, 6y-
dem geauKa; ecau dce meno umeem
obmexaemyio popmy (b), mo sma
pasnuya Gyoem Heznauumenvia.

= =
Fuon. Fope.

Puc._18. Pesyaomupyrowyro cu-
ay F., moxcno pazroxcums na
tocmaa/mmu(u( ee cuasl — no-
dsemuyio cuny F,, u no6oeoe co-
npomuenenue F,,

Puc. 19. Ilpu zopuzonmansrom
PABHOMEPHOM noaeme Ha Camo-
nem deiicmeyiom dse napwi cun,
PasHbLX NO MOOYAIO U NPOMUGONO-
JI0MCHO HANPABACHHBIX: NOOBEM-
nan cuna Fo, u 6ec camonema P;
cuna mseu nponearepa F.,, u cura
10608020 conpomuénenus F,.

CTPYH OCHOBAH W PEaKTHBHBIN JBUTATE b, O3BOJIMBLIMIA YeloBeye-
CTBY BbIpBaThCsi B KOocMoc. Pakera Bech 3amac otOpachiBaeMoro se-
uiecTBa (TOIUIMBA) HeceT ¢ cobOoil, U MO3TOMY /Ulsl ABUXEHUS €il He
HYXXHbI HY 3€MJIsl, HH BOJIa, HU BO3/X.

CKOpOCTb paKeThl MOXHO
COXpaHEHHsI MMITYJIbca:

P Tb,

rie M — macca pakersi, V— ckopocts pakeTbi, M— macca BbIGPO-
LIEHHBIX T230B, V — CKOPOCTb HCTEYEHUS! Fa30B.
Paketbl nmeiot obrekaemyio hopmy (Tak Xe, Kak M Ji060ii annapar,
TNpeHa3HAYeHHBIN JUIS IBUXKEHHS C BHICOKHMH CKOPOCTSIMHM, — Ca-
MOJIET, FOHOYHbI GoM, nyst ¥ T.A.). CBA3aHO 3TO C TEM, YTO NpH
JIBUKEHUH C O bIO ITCSl 3aMETHOM CHJIa CO-
TPOTHBJIEHHSI BO3yXa (nuﬁo Bozibl). C O/IHO# CTOPOHBI, OHA BbI3bIBa-
€TCsl TPEHHEM BO3IyXa O NMOBEPXHOCTH Tesa. C Ipyroi — U3MeHeHH-
€M JIBUXKEHHsl TOTOKA, BBI3BAHHBIM TEJIOM, B DE3yIbTaTe 4ero
Ha P TeJIa pacTeT, a Ha 3alHei — nanaer.
Bo3HukaeT pasHOCTb K > IBU-
Kyuerocs tena (puc. 17).

Ecnn Teio uMeeT HeCMMMETPHYHYIO (hOPMY WIH DacrooXeHO
MO/l YIJIOM K HamnpaB/eHHIO MOTOKA, TO ACHCTBYIONIAsh HA TEIO CHJIa
Takxe OyJeT HanpapJieHa MO/l YIJIOM K MOTOKY. DTy CHJly MOXHO pa3-
JIOXHUTh Ha : BEpT VIO, Ha yio i CH-
JI0i, ¥ TOPU3OHTANIBHYIO, HA YIO CHIOH
nus (puc. 18). biaroaapsi CylecTBOBaHHIO MOABEMHOM cunu YesoBeK
CMOT MOCTPOMTD JIETaTeJIbHbIE annaparhbl Tshkesiee Bo3ayxa (puc. 19).
Teopusi BOBHMKHOBEHMSI MOXBEMHON CHJIbI KpbUIa TMpPH OGTEKaHMH
MOTOKOM BO3/1yXa Obula paspaborana pycckum yuenbiM H.E. XKykos-
ckuM (1847—1921), KOTOPOTO CYMTAIOT «OTLIOM» ABUALIMH.

MoxbemHas cuna CBsi3aHa C IUIOMIAABIO KPbUIa M CKOPOCTBIO JieTa-
TeJAbHOTO anmnapara. Yem MeHblile CKOpOCTb, pPa3BUBaeMasi arnmnapa-
TOM, TeM GoJibllIE JOKHA ObITh MUIOLIAAb KPbUIA — MO3TOMY THXO-
XOJIHbIE CAaMOJIEThI (THIA «KYKYPY3HHKa» ) HMEIOT GOJIbILYIO TUIOLAIb
KpbiJIa, a CBEPX3BYKOBbIE MCTPeOUTEIM — MaeHbKylo. Kpome Toro,
Ha (hopMy Kpbia BIHSIET U TO, K M0JIETaM Ha KAKO#H BBICOTE MPeIHA3-
HayeH JaHHbIi caMosieT — YeM GOJIbLie BBICOTA MOJIETa, TEM MEHbILE
6yzeT Kpbu10. CBA3aHO 3TO € TEM, YTO C YBETMYECHHEM BBICOTHI BO3YX
CTaHOBHTCS BCe 6oJiee Pa3spexXeHHBIM, M KPbUTY HE Ha YTO OMHpaTh-
Csl — TOJIET MPOMCXOMIUT YXKE HE 3a CYET NOXBEMHOI CHJIBI, A 3a CUeT
PEaKTHBHOTO ABHXEHMUS], KAK Y PaKeThl. B

Bnaronapn OTKPBITHIO PCAKTUBHOI'O ABMXKCHHUSA
cOBUIOCH OJJHO U3 CaMbIX 3aBETHBIX XEJIAHUN ye-
JIOBEUYECTBA — BbiiiTH 3a npeaenbl 3eMIH, B KOCMOC. 3TO 1po-
n3ouLio 61arofapsi YnopeTBy, TANAHTY U MYXKECTBY MHOTHX JIIOICH,
HO BCE-TaKH O HECKOJILKMX U3 HUX CTOMT CKa3aTh 0c060.
OCHOBONOJIOXHUKOM TEOPHH KOCMHMYECKHX MOJIETOB CYMTACTCS PyC-
CKMii yueHblit n n3obperarens KoHcrantun Dayapaosuy Lnonkos-
ckuii (1857—1935). OH HayyHO OGOCHOBAI BO3MOXHOCTb MCIOJIb30-
BaHMsl PakKeThl JUISi TOJETOB B KOCMMYECKOE MPOCTPAHCTBO, 3a
npeesibl 3eMHOM aTMOC(hepbl M K IPYTHM I1J Co: 0¥ cHC-




Tembl. B ero Tpyne «MccenenoBanue MUPOBBIX IPOCTPAHCTB PEAKTUBHBIMH MPH-
6Gopamu», onybarkoBaHHOM B 1903 roay, 6bi1a Gopmyia, yc

BAlOLLIasi CBSI3b MEXILY CKOPOCThIO PAKEThl, CKOPOCTHIO HCTEUEHHSI Fa30B, MACCOH
pakeTbl U Maccoii ropioyero. LIMOIKOBCKHMit TeOpeTHYeCKn 060CHOBA BO3MOX-
HOCTb CO3/IaHM$I PAKEThI, COCOOHO# Pa30OrHATHCS 10 CKOPOCTH 8 KM/C M Y/IeTeTh
B KOCMHYECKOE MPOCTPAHCTBO. B KauecTBe ropioyero wisi TAKOW PaKeTbi OH
Tpe/uIarail HCMoJb30BaTh XHUIKHIA BOIOPOJL, @ B KAYECTBE OKMUCITHTEIS — K-
KUt Kucopoz. &

WUnen Linonkosckoro 6butH pazsutbl Gpuapuxom Ap-
TYPOBHUYEM uaH)lCDOM (1887—1933). OcHOBHBIE OPUTHHATbHBIE HIACH,
BbICKA3aHHbIE W 000C] HM,— 3TO JIBUTaTeNis BHYTPEHHETO
CropaHusi Ha GEH3MHE M XKHIKOM KHCIOPOJE, TO €CTh TAKOTO JABHIaTesisi, KOTO-
Pblit MOXeT paboTaTh B 6e3BO3/1YLIHOI Cpeie; UCTONb30BaHUE B KAYECTBE TOTUTH-
Ba OTPAGOTAHHBIX YACTEH PAKETbI; NJIAHUPYIOLLMI CITYCK KOCMHYECKOTo Kopabuist

Cospemennbie Kocmuyeckue an-
napamui «lllamma» u «Bypan»
npu 6036pauienuu Ha 3emaro uc-
NOAb3YIOM NAGHUPYIOWUL CRyCK,
803MONCHOCMY KOMOPO20 Gbina
obocrosana P.A. Llandepom.

Hpu OCYUIECTBJICHUH KOC-
MHYECKHX T10JIETOB OrpOM-
HOE 3HAYCHHUE UMEeT TaK Ha3bl-
BacMas nepsas KOCMMYeECKas
ckopocTb. pu HEKOTOPOM 3Ha-
YEHUM HAYATBHOM CKOPOCTH Te-
710, GpolIeHHOE MO KacaTesb-
HOI K NOBEPXHOCTH 3eMIIH, 11011
JICHCTBMEM CHJIbI TSKECTH MPH
OTCYTCTBUM aTMOCepbl MOXeT
JIBMTaThCsi BOKPYT 3€MJIH 110 OK-
PYXKHOCTH, He najas Ha 3emio
M He ynansisick ot Hee. Cko-
POCTb, C KOTOPO# NPOMCXOXUT
JIBUXKEHHE Tela Mo Kpyrosoi
opOMTe MO AEHCTBUEM CHIIbI
, Ha3bl-

NpH BO3BPaLIEHHH Ha 3eMJTIO (TEnephb 3TO Ha3bIBAETCs adp KHM CITy-
CKOM M NMPUMEHSIETCs1 B KOCMUYECKHUX annaparax Tuna «Lllarmi» win «bypau»);
TEIUIoBasi 3aluMTa Kopab/isi Mpu ABMXKEHHH
B aTMocdepe; 3amycK pakeThl C POMEXYTOU-
HOIi CTaHUMK — OGOJIBILOrO a3porUiaHa WM
CryTHMKA M MHoroe Japyroe. Llannep crasui
OMBIThI M0 CXUTAHUIO PANTHYHBIX METAUIOB,
npoBepsisi UX CMOCOOHOCTb CTaTh TOTUTMBOM
JUIsl PAKETHOTO JIBUTATEJISI, U MPOBOIMI MHO-
JKECTBO JIPYTUX MHTEPECHBIX M HEOXKMIAHHBIX
IKCIIEPUMEHTOB.

Eiie 0/IHUM M3 OCHOBOTIONIOXHHUKOB KOCMO-
HABTUKH ObUI reHHaIbHbIN YKPAHHCKHIA CO-
BeTcKuit uHxeHep FOpuii Bacunbesny Kon-
npatiok. MMeHHo oH paspaGotan uieio
CO3/1aHUSI «KOCMHUYECKMX PAKETHBIX 10e3-
JI0B», KOTOpasi BIOC/IEACTBUM ObLia ocyliie-
CTBJIEHA BbUIAIOIIMMCS PYCCKMM COBETCKHUM
yueHbIM — akaneMukoM Cepreem [Masiosu-
yem Koponesbim (1907—1966). m

KoHapaTiok 10Ka3bIBall: mex-
TUIAHETHAs paKeTa 0053aTeIbHO I0JKHA CO-
CTOSITh M3 HECKOJIbKMX PAaKeT, CTyNeHeil,
CLETUICHHBIX JIPYT C IPYTOM, KaK BaroHbl noesna. Otpaborana rneppasi CTyreHb,
OMyCTE/IH e¢ TOIUIMBHBIC 6aKu — M OHa oTnanaet. «Kocmuueckuii noes» cra-
HOBMTCSI JIerde, CKOPOCTh ero ysenuunpaercsi. OtpaGotasa Bropasi CTYNEHb,
1 OHa ToXe oTaensiercsi. BeicTpota nosera Bospacraer eute 6onbuie. Hakowel,

Landep

Ppudpux  Apmypoeuy
(1887—-1933).

BacTCs MNePBOH  KOCMHYECKO#H

CKOPOCTBIO.

Jna 3eman nepsas KocMuuec-

Kasi CKOPOCTb paBHa:
v=yRg

e R — paccrosnue ot uenrpa

3emn, € — yckopetue cBo6o1-

Horo nanenusi. Ieppas KocMu-

yeckasi CKOpocTb s 3emin

Vv =79 km/c.

[MepBasi KOCMHYECKas CKOPOCTh

s nio6oro HebecHoro Tena

paBHa:

v= GE»
R

rae R — paccrosmnue ot uenrpa
HebecHoro Tena maccoit M 10
Tena, ABUXYLLErocs noa Aencr-
Buem cubi Tsixectn, G — rpa-
BHTALMOHHAs NOCTOSIHHAsI.

Eciu kocMuueckoMy anmapary
€o061IaeTCs CKOPOCTh MEHbLIIE
nepBoil KOCMUYECKOH, TO OH
JIBUXETCS 110 TPAcKTOPHH, KO-
TOpasi MepeceKaeTcsi ¢ noBepx-
HOCTBIO 3¢MHOTO 1apa, T.e. arn-
napar nazaet Ha 3emio. @
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FOpuii Bacunveuu Konopamiok
(1897—1942).

PH HA4YaJIbHOH CKOPOCTH

Gonbwe 7.9 Kkm/c, HO
meHbiue 11,2 KM/C KocMuuec-
KM annapar ABHXETCS BOKPYT
3eMJIH 110 KPUBOJIMHEHHOI Tpa-
ektopuu — ammncy. [pu n0-
CTHXCHHHM HEKOTOPOro 3Haue-
HHUSI CKOPOCTH, Ha3biBacMOro
BTOPOH  KOCMHYECKOH CKOpO-
CThIO, JIMIIC npespaul cTCsH
B N1apa6osy M KOCMHYECKHIi an-
napar npeoJo/ieBaeT CUy THIo-
Tenust 3emun. pu ckopocTn
Gosible BTOPOIi KOCMMYECKOM
KOCMHYCCKHH annapar G)’IlL‘T
JABHraTbCs 1no I'MI'ICDGUJIH‘ICC-
KO# TpaekTopuu. B

MOC/IEHUNA «BaroH» J0CTUraeT KOCMUYECKON CKOpOCTH, BBIXOAHMT Ha ()pﬁ"Ty‘.
Ecu pakera He GylIeT COCTOATH U3 TAKMX PaKeT-CTyMeHeil, B KOCMOC OHa Noji-
HATBCS HE CMOXET.

KoHpaTiok noapo6Ho onucan u Hanbosee BbIroIHYIO TPACKTOPHIO B3/IeTa KO-
CMMYECKOro annapara. Ok AJI0Ch, YTO COBCEM HE 663[)1\3.’”1‘“(0, Kak MoaHu-
MaThCsl pakeTe: Bce BPEMsi MPSIMO BBEPX WM HaKJIOHHO, no ayre. Konapariok
JlI0Ka3zajl, 4TO CaMO€ BbITOJIHOC — COCJAMHHUTDL oba cnocoba BmecTe. HCK()T())’)OC
BpeMsl paKeTa JI0JKHA MATH TPSIMO BBEPX, YTOObI KAK MOXHO CKOpEe Mpeojo-
JIeTh TUIOTHBIE CJION BO3/IyXa, a lajibllic — CBOPAYMBaTh B CTOPOHY M BBIXOIMTH
Ha opOUTY o ayre.

CambIM BaXHbIM oTKpbiTHEM KOpusi BacuabeBnya KoHaparioka ctanu npome-
KYTOUHBIE MeXIUIaHeTHble 6a3bl. OnycKaTh Ha IUIAHETY BeCh KOpablib, 110 €ro
MHEHHIO, HE UMEJIO CMbICJIa, BEAb VIS TOro, YTOOBI COBEPUINUTD IJIABHYIO MO-
CcajlKy, Hall0 OTPOMHYIO CKOPOCTb KOpabJisi CHU3NTh nouth 0 Hyss. IMo3xe,
MPH B3JIETE C MJIAHETBI, CKOPOCTb NMPHACTCH HilﬁHpﬂTb CHOBa M TPAaTUTh MHOIO
toruusa. Ilo MHenmnio Kowapatioka, caMTbCs IOJKEH JIMILb CHELMaTbHBI
annapart ¢ KOCMOHAaBTaMH, a IJIaBHbli Kopabuib (Kopab/ib-MaTKa) — 0CTaBaThCst
Ha UP()HTC. BOJ'ICC TOro, OH rnpeaiaran co3aarb BOJIM3M ﬂynm NOCTOSAHHYIO Op-
OuTanbHy10 6a3y, 60NIBLION JIYHHBINH CTYTHHUK.

INpasora Kouaparioka 6b1a noarsepxkaeHa B 1969 roay, koria aMepukaHckue
ACTPOHABTBI BHICAAMIMCH Ha JIyHe, HCTONb3Ysl CXEMY BbICAIKH, Pa3paboTaHHYIO
IOpuem BacuibeBuuem.

Braronapsi ycInMsiM 9THX M MHOTHX JIPYTHX YueHbIX 4 okTs16psi 1957 roay B Co-
BETCKOM CUK)'XC C NMOMOLIBIO PAKETBI ObL1 3anyueH lltpﬁlxlﬂ HCKyCCTHCHHbIﬂ
CIYTHHK 3eMJIH.

A 12 anpensi 1961 rosa Ha KocMuyeckom Kopabiie «BocTok» coBepin nepsbiit
B MHpe M0JIeT B KOCMHYecKoM rnpoctpaHcTBe Opmit Anekceeuu larapun
(1934—1968). m

[Tonetsl kocMuuec-
KUX Kopabseit ¢ Koc-
MOHaBTaMM Ha 6opTy,
ABTOMATHYCCKHUX MEXIUIAHET-
HBIX CTAHLMI M MCKYCCTBEH-
HbIX CMYTHMKOB 3eMJM MC-
MOJB3YIOTCH  JUIS  HAay4HBIX
MCCIIEIOBAHHI B OKOJIO3EMHOM
M MEXIUIAHETHOM IMPOCTPAHCT-
BE — C MOMOILbIO CITYTHHKOB
M aBTOMATHYECKMX MeEXIia-
HETHBIX CTAHIMIi M3y4aloTcst
COCTAaB M CTpOoeHHUEe aTMochepbl
He TOJIBKO HAlLIei TIaHEThl, HO
1 Benepsl u Mapca, nosnyyeHb
YHUKaIbHblE  M300paxeHus
nosepxHoctH Jlynbi, Benepsi
M Mapca u Apyrux miaHer
ConneuHoit cucrembl. Kocmu-
4eCKHe MOJIEThbl UCTIONIB3YIOTCS
M JUIsl PEeLICHUS] OTPOMHOTO
KOJIMYECTBA  Pa3HOOOPa3HbIX
MPaKTHYECKMX 3a/1a4 pasinybIX
oTpacieii Hayku. B

TpyoHo ckazamb, 3Haau Au aMepukancKue acmpo-
Haembot, 4mo cxema ux evicaoku va Jlyny 6oiaa pas-
pabomana cosemckum unxcenepom Konopamioxom
ewe 6 30-e 200017
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MOJIEKYIIAPHAA
OUINKA
N TEPMOINHAMUKA

MOJEKYJISIPHAS
OU3UKA

MOJICKyJIﬂpHaSI (bmm(a — 3TO HayKa O CTPOEHHMH, (DUNYECKUX
CBOJCTBaX M arperaTHBIX COCTOSIHMSX BELIECTBA, PACCMAaTPUBAEMOTO KaK COBO-
KYMHOCTb 60JIbLIOTO KOJIMYeCTBa MOJIEKYJI, KOTOpbIE B'JHMMOACMCTB)’K)T Mexay
€o00it M HAXOAATCA B TEMUIOBOM ABHKECHUU. B

Kak YK€ YIIOMHUHAJIOCh, npeanonoxeHus o Tom, 4To joboe Be-
LIECTBO COCTOMT U3 GECYMUCIICHHBIX HEEMMBIX YACTHLL (OTIMYAIOMXCS APYT
OT Jpyra BeJIMYMHOIA 1 HOpMOit) — aTOMOB, BbiCKa3biBaJoch 0koo 2500 jet
Ha3zal apeBHerpeyeckumu dunocodamu Jleskunnom u lemokpurom. IMo mx
NPEACTaBIEHUsIM BCe Tesa o0pasyloTcsi B pe3y/ibTaTe COCAMHEHMS aTOMOB.
Pa3nnuus B cBOMCTBaX Tesl OOBACHAIOTCA TEM, YTO Tejla COCTOSIT U3 Pasiuy-
HbIX aTOMOB WJIM OJIMHAKOBBIE aTOMBI M0-PA3HOMY COEIMHEHbI MEXIy CO0Oii
B MPOCTPAHCTBE. DTH yYeHbIe TAKXKe MPU3HABAIN CYLIECTBOBAHUE TMPHHLIM-
TI0B COXPAaHEHMSI MaTePUH (HUUTO HE MOXKET BOSHUKHYTh M3 HHYET0) M COXpa-
HeHust popm MaTepuu (MPUpoOJa BCe pa3/iaraeT Ha Tejla M B HUYTO HUYEro He
NEPEBO/IUT, T.¢. B NMPUPOE MOBTOPSIOTCS MOCTOSHHO ONHHM M Te Xe (GopMbl
Marepun). ®

Bonbiioii Bkiaan B hopMUpoBaHUe MOJIEKYJIAPHO-KHU-
HETUYECKHUX HpellCTaBJICHVlﬁ O MPUPOAE BELIECTBA caenan
B cepeaure XVIII B. Besmkuii pycckuii yueHbiit Muxann Bacuibesuny JlJomoHo-
coB (1711—1766). OH 0OBSACHNI OCHOBHBIE CBOICTBA ra3a, MpearnoioXuB, 4TO
BCE MOJIEKYJIbI Ia3a IBUXKYTCS GECropsIOUHO, XaOTUYHO U NPH CTOJIKHOBEHHSIX
OTTAJIKMBAIOTCSl APYr OT Apyra. BecnopsilouHbiM ABMXEHHEM MOJIEKYJ
M.B. JloMoHOCOB BriepBbie 00bICHII npupoay TeruioTsl. M3-3a Toro, 4o cko-
POCTH TEIIOBOTO JIBUXEHHsI MOJIEKY/l MOTYT ObITh CKOJIb YTOHO BEJIMKH, TEM-
nepaTypa BELIECTBA, 110 €ro NPEeACTaBICHUSM, HE UMEET OrPaHHUYEHHS! CBEPXY.
Ipu yMEHbIIEHUH CKOPOCTH MOJIEKYJI IO HYJISI IOJKHO ObITh IOCTUTHYTO MH-
HUMAJIbHO BO3MOXHOE 3HAUYCHHE TEMIIEPATyphl BELIECTBA. DTH €ro NMpearnoso-
JKEHMS! NIOJTHOCTBIO NoATBepaAMINCh B KoHue XIX Beka. ®

y HEKOTOPBIX 3JIEMECHTOB (Hanpumep, HHEPTHbIX ra30B) MOJIEKY-
JIbl COCTOSIT M3 OTAENbHBIX ATOMOB, Y IPYTUX (BOIOPO/, KMCIOPO/ U 11p.) — U3
HECKOJIBKHX aTOMOB. Y BEILECTB, COCTOSILIMX U3 HECKOJIbKHX 3JIEMEHTOB (Ha-
npuMep, Bcﬂﬂ), MOJIEKYJIbl COCTOSIT U3 PA3/IMYHBIX aTOMOB 3JIEMEHTOB, BXO/s -
IIMX B MX cOCTaB, @

Mo:lexy}lu — HauMeHbllIHe
YaCTHLBI BELIECTBA, CO-
XpaHsIOLIME BCE €ro XHMUueC-
Kue cBoiictpa. B

OcuommMu 3a1a4aMn MoJie-
KyJSIPHO# (hU3MKH ABJISIOT-
cs: 1) McenenoBaHue CTPOCHUs
BELUECTBA W €TI0 H3MEHEHHS! 101l
BJMSHHEM BHEUIHUX BO3/CHCT-
BHii; 2) M3yueHHe SIBNCHHUI ne-
peHoca — auddysum, Temio-
MPOBOAHOCTH, BHYTPEHHEro
Tpeuusi; 3) usyueHue (azoBbix
NpeBpalleHnii — UcnapeHust
KOHJICHCALMH, [UIABICHHS M
KpHCTa/IH3aLMK; 4) Uccienosa-
HUE KPHTHUECKHX COCTOSHMi
BEUIECTBA; 5) MCCIe0BaHKe 110~
BEPXHOCTHBIX SIBIEHHI Ha rpa-
HHUUAX pasnena das. W

Muxaun Bacurveeu Jlomonocoe
(1711-1766).

MOJIEKVJISIPHASI ®U3UKA U TEPMOIMHAMUKA 33



Monexyra JIHK seasemcs npu-
MEPOM CAONCHOU MONEKYNbI.

Dnekmponnblit MUKpockon no3eo-
AUN 3a2AAHYMb 6 cambie 2AyOunbl
MuKpomupa.

[TOJIOXEHWA
MOJIEKYJIAPHO-
KUHETUYECKOM TEOPMU

B nawwu onu nodobnvie npedcmaenenus o6pe/m bonee konKkpemmbie
ovepmanus 6 aude MONEKYAAPHO-KUHEMUHECKOU meopuu CmpoeHus
eewecmea (6 danvheiuuwem — MKT).

M i pHeii 51 y4eHHe O CTPOCHHH H CBOHCT-
BaxX BEUIECTBA, HCNOJIb3YIOULIEE NPEACTABICHHS O CYIIECTBOBAHHH ATOMOB H MoJie-
KYJIl KaK YacTHI BemecTsa. W

OcHoBubie nonoxeruss MKT cocrosT B cienyioniem:

— BCE TeJ1a COCTOAT U3 OTPOMHOIO Yucaa MeJTbYARLIMX YacTHLL (M()JICK)’JI, aro-
MOB WJIH MOHOB);

— 9TH YaCTHULIbI HEMPEPLIBHO U XaOTHYECKH JABUXYTCH,

— YaCTHLIbl B3AMMOJAEHCTBYIOT JPYT C JIPYroM, NMPUYEM CHJIbl B3AUMOAEHCTBUS
B 3aBUCUMOCTH OT PaCCTOSIHUSI MEXIY YacTHLIAMH 6)’11)/1‘ CHJIAMH TPHUTSIKE-
HHS WIK OTTAJIKMBaHUs. B

[TonoxeHue TMEPBOC: Bee Tea COCTOAT U3 OFPOMHOTO YHCIA MENTb-
YalIMX YacTHIL.
Kak yxe ynoMuHanoch, noao6Hoe npeanonoxenue 6ou1o caenano 2500 ser
Ha3aJl Ha OCHOBE KOCBEHHbIX HAOJIONICHNIT — BE/lb YBU/IETh HEBOOPYKEHHBIM
IJIa30M MOJIKYJly WM aTOM Mbl HE B COCTOSIHMM. Briepsbie uenosek cmor
YBUIETh MOJIEKYJIbI TIPH MOMOIIH 3JE€KTPOHHOTO MMKPOCKOMNA, MO3BOJIsAI0-
1IET0 MCCIIEIOBATh IEMEHTHl MUKPOMHUPA (OT rpeuyecKoro «MMKpoC» — «Ma-
JIbIi»).
TMpu npoBeeHHHM HH3NYECKUX (M XHMUYECKHX) HCCIEIOBAHNI BO3HUKIIA He-
06X0AMMOCTD B ONpPe/Ie/ieHHH KOIHYECTBA MOJIEKYJI B HEKOTOPOM KOJIMYECTBE
seuectsa. C 37T0if 1e/bI0 Oblla BBEICHA BEIMUMHA KOJMYECTBA BELIECTBA, CO-
ZIepXKAlero YUCJIO TPAMMOB, PaBHOE €ro MOJICKYJISIDHOMY BECy, Ha3BaHHasi
MOJIEM.
B Hacrosiuiee BpeMsi IPUHSATO CUMTATh, YTO MOJIb PABEH KOJIMYECTBY BELIECTBA
CHCTEMbI, COEpPXKALIEH CTONBKO XE YaCTHI, CKOJIbKO COAEPKHMTCS aTOMOB
B 12 rpammax yrieposa ""C. Ync/I0 MOJIEKYT B OZIHOM MOJIE BELLECTBA MOJIYYH-
JI0 Ha3BaHWE YHCAA ABOrapo M onpezessieTcs no opmyse:

N
N,=—.
v
rae N-— YHUCJIO MOJIEKYJI BEIIECTBA, V — KOJIMYECTBO Bellle-

ctBa. IMoctosnnas Asoranpo passa N, = 6,022:10” mons .
Macca Mosisi HasbiBaeTcst Mosipoit maccoit M| ona pasna
OTHOLIEHHIO MAcchl BelecTBa M K KOJIMYECTBY BeLeCTBa V:

m

M=—.

v
MonsipHasi Macca BbipakaeTcsi B KWIOTPAMMAX HA MOJb
(Kr/Mosb).




MonsipHasi Macca M YHCIO ABOTalpo Hec 1 JUIsE OTIp Macchl
MOJIEKYJIbl BELIECTBA: M
m,=—.m
NA

IMonoxenue BTOPOC: yacTH1ibl HENPEPLIBHO M XaOTUYECKH JIBUKYTCS.
Mbi MOCTOSHHO MMEEM BO3MOXHOCTh Hab.
JIBMKEHHS! MOJIEKYI M aToMOB. Ec/in Hachinath caxap B BOJIy, TO CIYCTsl HEKOTO-
poe BpeMsi OGHAPYXKHUTCsI, 4TO OHa TpHoOpeia Gosiee CIaIKHii BKYC, T.c. Onpe-
JIe/IeHHOE KOJTMYECTBO caxapa pacTBOPHIOCh. MOXKHO YCKOPHTB 3TOT Npolecc,
pasmelumBas Boly JM6o Harpesasi ee. [1pu pacTBopeHMM caxapa NpPOMCXOIUT
ero bonee pacnpocTt B Bozle. B du3muke siBeHHE cMeLIn-
BaHUs HECKOJIBKUX BelllecTB HasbiBaeTcsi anddysneit. [pu anddysnn seuect-
BO PacrpoCTPAHSIETCs BO BCE CTOPOHBI, B TOM YHCJIE M BBEPX, POTHB CHJIBI TS~
Kectu. SBnenne auddy3nn CBUIETENBCTBYET O TOM, YTO MOJICKYJIbI BEIIECTBA
COBEPIIAIOT ABUKEHHE. TO ABHXEHHE MOJIEKYJT CYILIECTBYET HE TOJIbKO B XKHI-
KOCTSIX M Ta3ax, HO M B TBEP/bIX TeJIaX  HOCHT HA3BaHUE MOJIEKYISIPHOTO TeIio-
BOTO IBHKeHHA. XapakTep JBHXCHHS MOJICKYJI 3aBUCHT OT arperaTHoro cocTo-
sIHUsl BELECTBaA.

Th KC 1€ TIpC

OJl ATPeraTHbIM COCTOSHHEM

BELLIECTBA M0IPasyMeBaeTcs
€r0 COCTOsSIHME, KOTOPOE MOXeT
ObITb TBEPAbIM, XKHIKHUM, ra3o-
obpa3HbiM. B razoobpasHom co-
CTOSIHUM BEIICCTBO 3anoJiHsAeT
M06O# MPeNoCTaBNICHHBINH eMy
00beM M Ha3biBAeTCs Ta3’oM.
B KMIIKOM COCTOSIHMM BELLECTBO
npuHuMaeT GopMy cocyna, B Ko-
TOPbI# OHO MOMELIIEHO, H Ha3bi-
BaeTCsl KMIKOCTBIO. B TBEpaOM
COCTOSIHMM BEILIECTBO COXpaHSET
J06y1o opmy 1 06beM (6e3 Bo3-
NEHCTBUSI BHEIIHMX CWJI) M Ha-
3biBacTCs TBepabiM Testom. Cyiie-
CTBYET BO3MOXHOCTb Mepexona
BELECTBA M3 OIHOTO arperaTHo-
O COCTOSIHMS B Jipyroe. B

MOJICKy!Ibl W aTOMbl B TBEPAOM TeJIE HE MOTYT YAAJIATHCS HAa 6osb-

1OE PaCCTOSIHHE OT MOJIOKCHHUSI PABHOBECHS, TaK KakK 3TOMY Ipe-

TMATCTBYIOT Gonblre CHIbI TNPUTSKCHUA U OTTAJIKUBAHMA. B pe-
3yJbTaTe 3TOr0 OHU COBEPLIAIOT GCCHODMOHHNC KosebarebHble
JBUXKEHUS B MpeJiesiax MoJ0XEHHUs paBHOBECHS.

B XHIKOCTSIX ABHKEHHE MOJIEKYJT Bosiee cioxHoe. OHHM COBEpLIAIOT

1 [ =

(ras] (wumocts) (Tmepmoe Temo)

KosiebaTeIbHOE IBUXKEHHE OTHOCHTENIBHO MONOXEHUI

ucnapenne

naasaenue

a TaKXKe COBEPLIAIOT MEPECKOKH M3 OIHOTO PABHOBECHOTO MOJIOXKE-
HHUS B COCEJIHEE, YTO SIBJIAETCS ﬂpM‘IHHOﬁ TEKYYECTH KHIKOCTEH.

cyGanmauns

B rasax u3-3a 60ab1InMX paCCTOﬁHHﬁ MEXIYy MOJIEKYJIAMH CHJIbI B3a-

UMOZIEHCTBUS HE 3aMeTHbl. B MPOMEXYTKax Mexi1y B3aMMHBIMH

CTOJIKHC C IPYTUMH TNPENATCTBUAMH (Hanpumep,

CTEHKaMH COCYJia) MOJICKY/Ibl JIBUXYTCSI NpsiIMOJIMHENHO. Beaeactsue oueHb

c1abbIX CHJI B3AUMOIEHCTBHSI MEXIY MOJIEKYJIaMH ra3bl 00J1a1al0T COCOOHOC-
ThIO JIETKO CKMMAaThCsi M Heorpa-

M CTOJIKHC

o ThCSI.
[TpakTHYECKMM JI0Ka3aTeIbCcTBOM
CYIIECTBOBAHHSI MOJIEKYJISIPHOTO
TETJIOBOTO JIBUXEHUSI CTAlO OT-
KpPbITHE AHIJMIACKAM GOTAHUKOM
PoGeprom BpoyHom (1773—1858)
B 1827 rozsy GecrnopsiiouHOro aBU-
KEHHsI BUIAMMbBIX B MHMKPOCKOT
TBEPABIX YACTHLL, HaXOAAUIMXCH

B XMaKocTH. Brnocnenctsum 3to
JIBUXKEHHE TMOJIYYHIIO Ha3BaHWe
OpoynoBckoro aBuxenus. [lpuun-
HO# GPOYHOBCKOTO JABMXKEHUS SIBISIIOTCS GecropsiiouHblie yaapbl (TOMYKH) CO
BCEX CTOPOH MOJIEKYJ1 BELIECTBA O IPYTHe MOJIEKYJIbl M nipensatcTust. [pu oM
CUMTAETCsl, YTO ABHXEHHE OTIETbHBIX MOJIEKYJI MOAYMHSETCS 3aKOHAM MexXa-
HUKM HbloToHa.
VKe YNOMHHAIOCh O TOM, YTO MHTEHCUBHOCTb IBHXKEHHsI MOJIEKYJl BEILIECTBA
CBfI3aHA CO CTEMEHBIO €r0 HArpeTOCTH, KOTOPYIO XapakTepu3syeT (usuyeckas
, Ha ypoii. Mepoit paTypbl SIBISIETCS Cpel-

Puc. 21.7;
wacmuybt.

deuxcerus

Puc. 20. Cxema nepexoda eewie-
cmea u3 001020 azpe2amnozo co-
cmosHus & opyeoe.
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% WSMEPEHIA TEMICPATYPLL 0 e rueckay rusi no-

CJlyXaT npubopbl, KOTOpble Gkt SHep!
Masbipalorcs Tepvomerpavu. B | CTYMATETBHOTO JIBUKCHHMS MoJe- 100°C 373,15K
BONBUIMHCTBE U3 HUX HMCIIONIb3Y- KyJ1.
eTcsi  CrnocobHOCTbL  BellecTBa W3 XU3HEHHOrO OnbiTa BCE 3HA- 50°C
(KaK NpaBiio, B XKWIKOM COCTO- |y 410 ip| CONPHKOCHOBEHHH
AHHH) PACLIHPATECA N0 ACHCT- Gonee ropsivee Teno Oyaer Ha-
BHEM HarpeBaHus. Henocrar- P Y. B ) P 273,15K
KOM N010GHBIX TepmomeTpon | TPEBaTh Gosiee XonoaHoe, T.e., M0 »
SABIAETCA TO, 4TO UMM MOKHO | CYTH, POMCXONMT Mepeaaya ua-
TI0AB30BATHCS TONILKO MPH TAKMX | CTM  KMHETHYECKOH JHEPrHM -50°C
TEMMNEPATYPaX, NMPH KOTOPBIX BE- | npyweng MOJIEKY OT OAHOTO
SRS, W ST N Teaa K romy. CnycTsi HeKOTO- 100°C
HEHbI, OCTAETCA B XMIKOM CO- apy y- e et =F [T 173'15K
crosiiuu. Hanpumep, namepsits poe BpeMsi 10CJIe YCTAaHOBICHUS
PTYTHBIM TEPMOMETPOM TeMrie- KOHTAaKTa MEXIY TeJJaMH UX TEM- -150°C
patypy Huxke -39 °C HETB3A, TK. nepatypa ypaBHuBaeTcs. Takoe
PTYTh 1IpH Goziee HH3KOM TeMMe- | cocTogmme, Koraa OTCYTCTBYET 200°C
parype sataepresact. MostOMY B | o 06uen, Haswpaerca Ten- | [ [ 7] DK
paitoHax ¢ 6o1ee HHU3KO#H TeMre- p 4
paTypoii (Hanpumep, B AnTapk- | J1OBbIM PABHOBECHeM. 250°C
THIE) YaCTO MCIONb3YIOT CIUP- CyuiecTByeT Temrneparypa, Mpu 273.15°C A 0K
TOBbIC TepMOMETpbI. @ KOTOPOIl B BELIECTBE MOIHOCTBIO i S

OTCYTCTBYET MOJICKY/ISIPHOE Ter-

/10B0€ ABIKEHIte. ITa TeMriepaty- Puc. 22. Cpasnenue memnepamyproix wKan

pa Ha3biBacTCsi ABCOMOTHBIM HY= 1100 ua y Kenvouna,

nem T u pasna -273,15 °C.

1 °C — rpanyc Lenbcust pasen 1/100 pasHuLbl TeMIepaTyp rUIaBJieHHs! Jibia

W KuneHus Boabl. HUKakoe BELIECTBO Hellb3sl OXJIANTh 10 TEMIIEPATYPhbl HUXE

abcomoTHoro Hysisi. CyliecTBYeT TeMrepaTypHas LiKaa, KOTopasi 3a TOUKy oT-

cyeTa NPUHUMAET TemMnepaTypy abColOTHOrO Hyssi. Ta IKala HOCUT Ha3Ba-

Hue abCOMIOTHON WKAbI, M CANHULICH H3MEPEHUS B Heil siasieTcs: KeabsuH (K),
Ha3BaHHBII TaK B YeCTb aHIIMICKOro husmka Yuibsima Keib-

BuHa (ToMcoHa), NPEIOKMBILETO 3T WKy K UCMONb30Ba-
Hujo.
) (Q)
[TonoxeHue TPETHE: yacThLbl B3aUMMOAEHCTBYIOT
ApyT € APYTOM.
MoxHo yacTo HabMoAaTh, KaK MOC/e 10K HA JINCTBSIX, Ha
TpaBe, Ha KapHU3ax JOMOB [OBMCAIOT Karjiv, W MHOIIa
MPOXOIUT JOCTATOYHO BPEMEHH, MPEXKIE YeM OHM YMauyT.
B naHHOM cilyuae BMIHO MPOSIBACHUE CHJI MOJIEKYJISIPHOTO
NPUTSIXKEHUs!, yIepXUBalOWMX Karuo Ha Becy. C apyroii
CTOPOHBI, ISl TOTO, YTOObI CXaTh XHAKOCTb, HEOOXONUMO
NPUIOKHUT KoJloccanbHoe ycuaune. Haunm noneitkam Gy-
JlYT NpENnsTCTBOBaTh CHJIbl MOJIEKYJISIDHOTO OTTAJIKUBAHMUS.
IMpu yMEHBIIEHUH PACCTOSIHUST MEXKIY MOJIEKYJIaMH CHIbI
OTTaJIKMBAHUsI CTAHOBSATCS GOJIbLIE CUI IPUTSIKEHUS, U Ha-
06opot. HeobXoaMMO OTMETHUTb, YTO 3TO MPABUIO BEPHO
U XKMAKOCTEH M TBEP/BIX TeJl, TOTAa KaK /ISl Ta3oB, B CHIY
60JIbILIOrO PaCCTOSIHNS MEXIY MOJIEKY/IaMH, OHO Henpume-
HUMO.

Cuuibl B3aMMOZECHCTBHSI MOJIEKYJT 110 CBOEH MPUPOLIE SIBASIIOT-

Puc. 23. Touxamu omcwema npu | CH INEKTPUUCCKUMH CHIaMH, ACHCTBYIOLUMMH MEXIY 3apsKEHHBIMM YacTHLA-

cosdanuu wkarw Leawcus seu- | MW (3NEKTPOHAMM, SIPAMH), BXOLSILLIMMH B COCTAB aTOMOB, H3 KOTOPbIX COCTO-
auce  snauenus  memnepamyp | AT MojieKyabl. Boiee nmoapobHo o mpupoae sneKTpuUueckMx cua Oyaer
naaenenus 160 u Kunenus 600b. PACCKa3aHO B pasjiesie, MOCBSLEHHOM 3J1eKTpUIeCTBy. B
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CBOVICTBA TA30B

Jns obsschenus ceoiicme eeuwjecmea 6 2a3o00pazHOM COCMOAHUU
ucnonbzyemes max Hasviéaemas mooeab udeanvhozo easa. Oua
npednonazaem caedylouee: moaexyasl obaadarom npexebpeicumo
Manvim 066eMoM no cpagHenuio ¢ 06seMom cocyoda, mexncdy Moaexy-
Aamu He 0eicmeyiom cunbl NPUMANCEHUs, NpU cOY0apeHusx mone-
KyA dpye ¢ Opy2oM u co cmeHKamu cocyoa 0eticmayom cunbl omman-
Kueanus.

BHauasie paccCMOTpUM TaKoii napamMeTp Kak AaBJI€HUEC
ra3a. Kak mbl yxe 3HaeM, JaBleHHe PABHO OTHOLIEHHIO MOJLYJIS CHJIbI JIaBJie-
HMS K TUIONIANH, HA KOTOPYIO OKa3biBaeTCs JaBJieHHe (B HalleM ciyyae, 1io-
wanb creHKH cocyna). Mcxons us ocHoBHbIX nosioxennit MKT MoXHO BbiBec-
TH clieyioLyio Gopmysy:

1 =3
p= Enm()vh.

rae My— macca MOJIEKY/Ibl, V — Cpe/iHee 3HaYeHHe CKOPOCTH MOJIeKy1, N —
KOHLEHTPALMs MOJIEKY.1. DTa (hopMy.1a Ha3bIBAETCS! OCHOBHBIM YPABHEHHEM MO-
JIEKYIAPHO-KHHETHYECKOH TEOPHH.

CBsi3aB 9TO ypaBHEHHE C YPAaBHEHNEM KMHETHYECKOI IHEPr1M JIBUKEHHSI MO-
JIEKYJ1, TOJIy4aeM: IABJIeHHe HIEATbHOTO ra3a PABHO JIBYM TPETAM Cpe/IHeil KuHe-
THYECKOH IHEPIHH NOCT ro B €lH-
HHLE 00bema:

2
=—nE-
P=3

e E — CpeAHEe 3HAYCHHE KHHETHYECKOI IHEPruM NOCTYNATEJIbHOIO ABUXE-
HUSI MOJIEKYJI MI€aJIbHOTO ra3a.

JlaByieHKe ra3a 3aBUCUT OT CTEMEHHU €ro CXKaTHs, te. ot
KOJIMYECTBA MOJIEKYJl Fa3a B ONpeeeHHOM o0beMe (Harnpumep, HalyBasi BO3-
JyUIHBIH LIAP, Mbl 3aCTaB/IsIEM BO3YX BCE CHJIbHEH JaBUTh Ha MOBEPXHOCTb
wapa). Takxke JaBieHHe ra3a 3aBUCUT OT ero Temnepatypbl. Kak npasuio, us-
MEHEHME 1aB/IEHUS CBSI3aHO C 06eMMHU MPUYMHAMH OTHOBPEMEHHO. YpaBHEHHE
COCTOSIHMSI MACATBHOTO Ia3a, yCTAHABIMBAIOLIEE CBSA3b MEXIY IaBICHUEM, 00b-
€MOM M TeMIepaTypoii ra3os, BriepBbie ObUIO MOJTy4eHO (paHLly3cKUM (pu3n-
KoM Benya KnaneitpoHoM (1799—1864). BriepBble ero mpuMeHW BeTMKHIA pyc-
ckuit yyenplit Imutpuit UBanosuy Mennences (1834—1907), nostomy
YPaBHEHHE COCTOSIHMS ra3a HasbiBaeTcsi ypaBHeHHeM MeHzeneepa — Knaneit-
poHa:

m
v="gRr.
PP M

rie p— AaBleHue rasa, V— o6sem cocyra, M — macca Beuectsa, M— mo-
nApHas macca Beitectsa, R — monspHas rasosast nocrosmuas, T— temnepa-
Typa BElECTBa.

[pakTHYeCKHii HHTEPEC MPEACTABISIOT MPOLIECChl, B KOTOPhIX IaBJICHUE 3aBU-
CHT TOJIbKO OT OIHOTO NnapameTpa (06beMa Jin60o TeMnepaTyphbl), NPU HEU3MEH-
HOCTH pyroro. McciieoBaHms 3aBUCHMOCTH IaB/IEHHs! Ta3a OT €ro TeMrepary-

amlieHHe rasa sIRISeTCs pe-
leynmm)\q coynapeHust 601b-
1070 YMC/Ia MOJIEKYJT 1232 O CTeH-
KH cocyna, B KOTOPOM OH
HaxoauTcsi. B MOMeHT coynape-
HHUSL MOJIEKYJa HEHCTH.VCT Ha
CTEHKY COCy/la € OMNpee/IeHHOI
CHJIOI M OTpaXaeTcsi OT Hee Noa
JIEHCTBHEM CWJIBI, JEHCTBYIOLIEH
Ha MOJIEKYJTY CO CTOPOHbI CTEHKH.
Tpu GosbilioM umcsie coynape-
HHIA CUIa AEHCTBSI MOJIEKYTbI HA
CTEHKY NMPAKTHUECKH MOCTOSHHA.
OTHOLIEHHE YCPEAHEHHON 110
BPEMEHH CWIbl JEHCTBUSL MoJe-
KYJIbl Ha CTEHKY K eIMHMLIC TU10-
1AM MIOBEPXHOCTH TOM CTEHKH
W orpezieisieT arieHue raza.

Jmumpuic Heanosuu Mendenees
(1834-1907).
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Pbl MIPU HEU3MEHHOM oObeMe (TakK Ha i i )
BriepBble ObUTH OcylecTBIeHbI B 1787 roay dpaHLy3ckum dhusnkom Ka-
kom Lllapnem (1746—1823). OH ycTaHOBW, YTO, BO-TEPBbIX, MPHUpaLLE-
HH1e TIpOTIC HO T ) Temniepatypbl. Bo-Bro-
PbiX, BEJIMYHHA, MOKa3bIBAOLIAsl, HA KaKylo 4acTb aasieHusi npu 0 °C
YBEJIMUMBACTCS! IABJICHHE ra3a MPH HArPEBaHNM Ha |°, MMEET OHO M TO Ke
3HaYeHMe JUTsi BCeX ra3op. @

3aKoH L[Japnﬂ JlaBjieHHe HEKOTOPO# Macchl rasa TIpU Harpe-
BAaHMM Ha |° B HEM3MEHHOM OObEME YBETMYMBACTCS HA YacTb ﬁ JNaBJie-
nus npu 0 °C:

p=p,oT,

I p — AaBjeHue ra3a npu aGeomoTHoi Temmepatype T, Py — nanse-

Puc. 24. Ipagpuk uzoxoproeo npo-
uecca.

2151 TOrO 4TOGbI Jyulue 1o-

HATb NpOLECChl Harpesa-
HUSI Ta3a NPH CKATHH M OXJIAK-
JEHUsl  TIPM  PacUIMPEHHMM,
HeOOX0MMO PaccMOTpeTh Mo-
BEJICHUE MOJIEKYJ1 a3a BO BpeMst
3TuX npoueccos. Koraa ras
MMeeT MOCTOSHHBIH 0ObeM M
TemrepaTypy, TO MojieKy/a,
YAapsisich M OTCKAKUBasi OT CTe-
HOK COCyJa, COXPAHSIET HeW3-
MEHHBIMH CBOIO CKOPOCTb H KH-
HETHYECKYIO JHEPTHIO.
Koraa npoucxoaut cxarue rasa,
TO MOJEKy/a yaapsieTcs W oT-
CKaKMBaeT OT npuGIMKalolle-
rocs K Heil nopusi. B pesynb-
TaTe Yero ee CKOpoCTb M KHHe-
THYECKasi SHEPIHsi BO3PACTAIOT,
TaK KaK HalBHralowuiics nop-
WeHb coobuIaeT Moekye 10-
TIOTHUTE/IbHYIO HEPTHIO H CKO-
POCTh (TONPOCTY FOBOPSi, MPO-
MCXOIMT CJIOKEHHE CKOPOCTEH).

HUe rasa rnpu TeMHEpaTyDlC 0 °C, @ — temnepartypHblil K03 dULHMEHT
JIaBJIEHUs ra3a, paBHbIIH m K'.m

CBﬂ3b MEXAYy AaBJICHUEM U 00bEMOM rasa IpHU 1MocCTO-
SAHHOM TEMIICPATYPE (u3oTepmuueckuii npouecc) OblLia yCTaHOBIEHA
IKCMEPUMEHTANbHO 10 co3nanns MKT rasos B 1662 rony aHmMincKuM Gusu-
koM Pobeprom Boitiem (1627—1691) u B 1676 rony — dpaHily3cKuM GH3MKOM
Samom MapuortoM (1620—1684). [ToaTOMY 3TO ypaBHEHHE HA3bIBAIOT 3AKOHOM
Boiiis — Mapuorra. m

3akoH boiiisi — MapuoTTa. Jasnenue nekotopoii Macchi rasa
NpH HEM3MEHHO# TeMrepaType 0OpaTHO MPOMOPLIMOHATBHO 00beMy rasa:

n_Y

P, Vi

rae V, 'V, — HauanbHblit U Ko-
HeuHblit 00beM rasa, p, U p,—
HayaJlbHOE M KOHEYHOe JaBJie-
HHe.

Takxe GOMbLION MHTepec mpe-
cTaBiseT CcO00H 3aBUCMMOCTH
obbeMa rasa OT TeMIMepaTyphl
NpU  MOCTOSHHOM  JaBJEHUH
( pHbIH ). 9 pH-
MEHTaJIbHOE MCCIeI0BaHHE STOi

octH ObUIO Mp

PA

Mpu
yaanserTcsi OT MOJIEKY/Ibl, B pe-
3yJIbTaTe 4€ro CKOpOCTh MOJIEKY-
Jibl YMEHBILAETCA, TAK KaK MoOJIe-
KyJia coBepiuaer pabory, ToKas
oTxomsiMii nopuieHb. Takum
00pa3oM, pacLIMpeHHe rasa co-

B 1802 roay dpaHiy3ckuM usu-
koM XKosedom Teii-Jlioccakom 0 _év

(1778—1850). m

Puc. 25. Ipagux uzomepmuuecxozo npoyecca.

3akoH [eii-Jlroccaka.

NpoBoOX1aeTcs
paGoTLl M NPUBOIUT, B TOTHOM
COOTBETCTBHH C 3aKOHOM COXpa-
HEHMSI SHEPTUH, K YMEHBLUEHHIO
BHYTPEHHeil 9HepriH rasa, npo-
SBISIONIEMCS B MAlCHUH ero
Temneparypbl. B

IMpu Har Ha 1° mpu no-
CTOSIHHOM JaBJICHUM 00BEM HEKOTOPO MAcChl ra3a YBEJIMYMBACTCS Ha 57
o0beMa, KOTOpBIii 9Ta Macca rasa 3aHMMaza npu:

V=V,aT,
rae V — o6bem rasa npu abconotHoi Temneparype T, V0 — obbeM rasa npu

T patype 0 °C, ko3¢ T O Ha3bIBaeTCs TEMMEPaTypHbIM K03 dhu-
LIUEHTOM 06bEMHOTO PacClIUpEeHUs.

TOI'O
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OIHUM M3 BOXHEHLIUX B TEPMO-
JIMHAMMKE ABISETCS anuabaTHbIi

VA

Bnpak'ruq:cxoﬁ JICSITENIbHOC
TH YEJIOBEKY HEPEIKO MpH-
XOJIMTCS MMETH JICJI0 CO CMecsi-
MU ux rasoB. Cambiv

npouecc. A
Ha3bIBaeTCsl MPOLECC, MPOHCXO-
JSUWMA B TEPMOAMHAMHYECKOH
CHCTeMe TNpPH OTCYTCTBHH TeILIO-
oOMeHa ¢ OKpYXalOLUMH TeJia-
MM, T.¢. npu yeioBuu Q = 0.

Mpumepom ammabaTHOro mnpo-
1ecca MOXET CIIYXHTb TpOLece
CKaTsi BO3yXa B LIMJIMHADE ABK-

MPOCTHIM TIPUMEPOM NOIOOHO#
CMECH SIBIISICTCS BO3YX, Npel-
CTaBsIOLMIA 06Ot cMech aso-
Ta, KMCJIOPOAA, aproua, yrjie-
KHCJIOTO Tasa M JPYIMX rasos.
Takum 06pa3om, BO3HHKAET BO-
npoC O TOM, OT YEro 3aBMCHT
JIaBlieHHe CMECH rasoB.

Mccnenosanue nanenus cmecu
ra3oB GbUIO NPOM3BEICHO AHT-

rateisi BHYTPEHHEro Cr
B cootBercTBUM C TNEPBLIM 3aKO-
HOM TEPMOZIMHAMMKH, TIPH aziMa-
GaTHOM CXAaTHH U3MEHEHHE BHY-
Tpenneii sueprun rasa AU paso
pabote BHemHuX cu A:

/7

B - |

Puc. 26. Ipagpux uzobapnozo npoyecca.

AU=A.
Tak kak paﬁma BHECLIHHUX CHJI NMPH CKATHH TOJIOXHUTE/IbHA, TO BHYTPECHHSA
9HEPrys ra3a np aanabaTHOM CXKaTHH y TeJIbHO, €ro
TEMIepaTypa NoBbILACTCS.
Mpu HOM
CBOE# BHYTPEHHEH 3HEPruu:

TS,

paboty A 3a cueT yMeHblICHUS!

ras cc

AU=-A

NO3TOMY TeMIepaTypa rasa rnpu anuabaTHOM PACIIUPCHUH MOHMXACTCH. Mo-
CKOJIBKY T1pH anuabaTHOM CXaTHu TEeMIiepaTypa rasa nosbilIACTCs, TO AaBjic-
HMe rasa ¢ yMeHblIeHHeM obbeMa
pacret GbicTpee, 4eM MpU H30Tep-
Muyeckom npouecce. [Monmxe-
HHE TeMINepaTyphbl ra3a rnpu aaua-
6aTHOM paclIMPEHUH TIPUBOANT
K TOMY, 4YTO JIaB/IeHHE ra3a yobiBa-
er GeicTpee, YeM NpU U30TEpMH-
YECKOM PaCLIMPEHHH.

MUcxons M3 nepeyncieHHbIX Bbl-
e 3aKOHOB MOXHO YCTAaHOBHTbH
CBSI3b MEXIY JdaBleHHeM, oObe-

JUKoHOM
Jansrorom (1766—1844) B 1809
roay. /laBienue, KOTOpoe MMe
Obl KaXIblil M3 ra30B, COCTaR/sA-
IOLMX cMech (ecan Obl yaanoch
YIQIMTh OCTANIbHbIE Ta3bi M3
00beMa), HasblBaeTCs napim-
@IbHBIM (OT JIAT. pars — 4acTb)
JaBJieHHeM 9TOro rasa. [lansTon
ONpEIEINIL, YTO AaBJIEHHE CMECH
Ta30B PaBHO CYMME WX Mapiii-
@IbHBIX IABJICHNUI (TaK Ha3biBa-
emblii 3akoH [lanktoHa). HeoG-
XOIMMO OTMETHT, 4TO K CHIIbHO
CXKaThiM rasam 3aKoH JlansroHa
HENPUMEHUM, TaK Xe KaK M 3a-
KoH Boitnst — Mapuotra. ®

PMHH  «ra3» TPHAYMANTH

YyueHbie, TaK Xe KaK, Hanpu-
Mep, TEPMUHbBI «TEPMOMETp»,
«3NIEKTPHUECTBO?, «TAJIbBAHO-
MeTp», «TeiedOoH», «aTMO-
cepar. Bnepsbie B 06uxon
9TOT TEPMMH BBEJ TOJIAHA-
CKHit XHMHK M Bpay [enbMoHT
(1577—1644). O npoussen
CJIOBO «ra3» OT IPEYECKOr0 CII0Ba
«Xaoc» («cusiiolliee NPOCTPaHCT-
BO»). Jlonroe Bpemsi AaHHbIN
TEPMMH HE NPHHUMAICA Hayy-
HOIi cpe1oii, n b B 1789 roay,
JlaByasse, oH GbUI

MOM U TYpOii poii
Macchl rasa B ciyyae, Koria us-
MEHSIIOTCSl BCE 9TH TPU BEIHYM-
Hbl. 9Ta 3aKOHOMEPHOCTH TMOJTY-
YWIa Ha3BaHWE «3aKOH ra30BOTO
3 COCTOSIHHSI». B

Puc. 27. G i epagux

sl e g 3aKOH Ta3oBOro Co-

CTOSIHMSI (ypasHenme coctosius rasa). [Tpoussenenme oobema V HekoTo-

TNIPHHAT K HCTIONb30BaHMIo. LLIn-
POKOE PacrpoCTPaHEHHe CIOBO
«ra3» MOJAYYWIO, KOIla Hava-
JMCh TepBbie noieThl Gparben
MoHronbbe Ha BOIAYLIHbIX
wapax.

Kpome Toro, uisi ra3006pasHbIx
TeJl IPUMEHSUIOCh M JIPYroe Ha-
MMCHOBAHHE — «yTpyrHe XHi-
KOCTH» (TaK, Hanpumep, Bbiaa-

PYCCKMil  yyeHblit

POii Macch rasa Ha ero P nponop JIbHO HOI P:

Type raza T:
plvl w2 Tl Ha3Bakue). W
Y, T,

M.B. JlomoHOCOB B cBOMX pabo-
TAX MCMONB30BAN MMEHHO 3TO
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XKudkocms cnocobua npurnumams
hopmy a0boeo cocyoa, 6 mom uuc-

21e u cmaxana, 6aazodaps ceoemy
VHUKQABHOMY C60iicmEy meKyuec-
mu .

CBOMCTBA XUIKOCTEM

CBOiiCTBa XHUIKOCTH 00YC/IOBJIEHBI €€ CTPOEHUEM, Ko-
TOpPOE NpeACTaBAACT c06oit HeYTO CpeIHEE MEXI1Y CTPOCHHUEM Ira30oB U TBEPAbIX
Tes. MosieKy bl KMIKOCTH COBEPILIAIOT KoJlebaTe/IbHOe IBUXKEHHE OTHOCHTE b~
HO MOJIOXEHHIT PABHOBECHS], 2 TAKXKE COBEPILAIOT MEPECKOKH U3 OHOTO PABHO-
BECHOTO MOJIOXKEHHs B coceiHee. PaBHOBECHBIE COCTOSIHMS MOJIEKYJTBI OTpeie-
JISIOTCS CHJIAMM  MEXMOJICKY/IIPHBIX B3aUMOICHCTBUI — MPHTSXCHUS M
OTTAIKMBaHUS MEXIy MoJeKylaMu. Yem Bbillie TeMrepaTypa XHIKOCTH, TeM
Gosblle KMHETHYECKas SHeprusi Mosiekysl. [Ipu yBeJMYEHMH KMHETHUYECKO#
IHEPrUH MOJIEKYJIbI COBEPLUIAIOT NMEPECKOKH U3 OIHOIO PaBHOBECHOIO MOJIOXKE-
HUSI B pyroe. B pesysibrate HarpeBaHusi CBOMCTBA XHAKOCTH CTAHOBATCS BCe
Gosblie MOXOXKNUMHU Ha CBOHCTBA rasa.

B 0GBIYHOM COCTOSIHMHM MOJIEKYJTbl KHIKOCTH PAaCriONOXEHbI BIUIOTHYIO Jpyr
K ZIPYTY, KaK ¥ B TBepabiX Tesiax. [103ToMy 00beM XKHIKOCTH Ma/IO 3aBUCHT OT J1aB-
nenmsi. TTOCTOSIHCTBO 3aHMMAEMOTo 0GbeMa SIBISITCS CBOHCTBOM, OOLIMM [Uist
KMIKHX U TBEPABIX TeJI, U OTJIMYACT UX OT ra3os, CMOCOOHBIX 3aHUMATD JII000IH npe-
JIOCTAaB/IEHHBIIH UM 00beM. B

KuzakocTb 0071a1aeT yHUKATbHBIM CBOMCTBOM, ornuaio-
LIEM €€ M OT ra3oB M OT TBEP/bIX T€JI,— TEKY4eCTbIO. DTO BO3MOXHO Gjli‘lr()[lﬂpﬂ
CBOﬁOﬂHOM)’ NEPEMELICHHUIO MOJIEKYJI OTHOCHUTEJIBHO Jpyr JApyra. Boabuast
cBOOOAA ABMKEHMS MOJIEKYJ B XKMAKOCTH MO CPaBHEHUIO C TBEPABIMH TEIaMH
MPUBOAHT K Gosbiueit ckopocTH anddysun, yto obecrneynBaeT BO3MOXKHOCT
PacTBOPEHHS TBEPAbIX BEILIECTB B XHAKOCTAX. TC,"IL) B KMIKOM COCTOSIHUM, KaK
M B ra3000pa3HOM, He MMeeT MOCTOsIHHOM (hopMbl. POPMa XKHIKOTO Tesia onpe-
aensiercs lhOpMOH cocyaa, B KOTOPOM HAXOAMTCs XKMAKOCTb, JIeCTBUEM BHELL-
HHUX CHJI K CHJI TTOBEPXHOCTHOTO HATSIKEHMS. -

Cuna MOBEPXHOCTHOTI'O HATSXKCHMUS cBsizana ¢ cuaaMu npuTsi-
JKEHHS! MEXI1y MOJIEKY/IAMH M MOJBHXHOCTBIO MOJIEKYJI B KHIKOCTSIX.
BHYTPHM XHIKOCTH CHJIbI IIPUTSDKEHMS, IEHCTBYIOLIME HA OIHY MOJIEKYJTY CO CTOPO-
HbI COCEIHMX C Heii MOJIEKYJ1, B3aMMHO KoMrieHenpyloTest. Jliobasi MonieKyia, Haxo-
JSALIASICS Y MOBEPXHOCTH XKHIKOCTH, MPUTSTHBAETCS MOJIEKY/IaMH, HAaXOSALLIMMUCS]
BHYTPH XHIKOCTH, TaK KaK CO CTOPOHbI MOJIEKY/I Fa3a CHJIbI IPUTSIKEHHS! OYTH He
ZeHCTBYIOT. Benienctsue aToro ciokeHue Beex CHJI JUISL MOJIEKYITbl, HAXOSILEHCs
Y MOBEPXHOCTH, 1A€T PABHOIEHCTBYIOLYIO, HATIPABJICHHYIO BHYTPb KHIKOCTH.
H3-3a cTpeMIeHHsl MOJIEKYT YITH OT MOBEPXHOCTH BHYTPb XHIAKOCTb MPHHH-
MaeT Takyio (popmy, Ipu KoTopoii ee cBo60IHasH MOBEPXHOCTb UMEET HAUMEHb-
IIYI0 BO3MOXHYIO BEIMYMHY, T.¢. 1wap. O6 3TOM CBUIETEbCTBYET LIapoobpas-
Hasi (hopMa Karesb; B HEBECOMOCTH JKMIKOCTb npuobpetaet (opMmy wiapa;
MacJo, HAIUTOE B BOJY, TaKXKe CoOMpaeTcst B 1ap.
Cuty, CTpeMsiLLIOCsi COKPATHTh MOBEPXHOCTb KMIKOCTH 10 MUHMMYMa M JIeHCT-
BYIOLYIO BI0JIb MOBEPXHOCTH XKHIKOCTH MEPIEHAUKYIISPHO K JIMHUM, OrPaHH-
YUBAIOLLCH 3TY MOBEPXHOCTD, HA3bIBAIOT CHJI0H NOBEPXHOCTHOIO HATSKeHUs O:

F
o=—,
21
rae F — CHJIa, KOTOPYIO HYXXHO NMPHUJIOXKHUTb K [Ipil.\|()!ll|}l€iiH0h1\

HULbI JIEHKH XKHUIKOCTH, YTOObI PaBHOMEPHO PACTATUBaTh 3
JUIHHA 3TOro y4yacTka.

Y4acTKy rpa-
) nienky, | —
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[TOBEPXHOCTHOE HATSKEHHME JKMAKOCTEH 3aBUCHT OT TEMMEPaTyphbl — Y€M Bbl-
11€ TeMIePaTypa KHIKOCTH, TEM MEHbILE CHIIbI TOBEPXHOCTHOTO HATSXEHMS.
CuIbl TOBEPXHOCTHOTO HATSKEHMSI SIpUE BCETO MPOSIBISAIOTCS TPU KOHTAaKTe
JKMIKOCTE# ¢ ra30Boil cpentoii. [Tpu KOHTAKTe XUAKOCTH C TBEP/bIM TEJIOM Ha-
6atonaercss uHas KaptuHa. Co CTOPOHBI MOJIEKYJ TBEPAOrO Tejla MOJIEKY.Ibl
JKMIKOCTH MCTIBITBIBAIOT HECPABHEHHO GOJbLIME CHJIbI MPUTSIKEHUS M OTTa-
KUBaHHSI, YEM CO CTOPOHBI ra30B. EC/IM CHJIbI MPUTSIKEHUS! MOJIEKYJT KHIKOC-
Teil Mexi1y cob0it MeHbLIE CHII TIPUTSKEHNS MOJIEKYJT KHIKOCTH K MOBEPXHOC-
TH TBEPIOrO Tejia, TO MPOUCXONMT CMAYHBAHHE KMIKOCTHIO MMOBEPXHOCTH
TBepaOro Tesa. Ecimn ke cuibl B3aMMOAEHCTBISI MOJIEKYJT XKHMIKOCTH M MOJIEKYJT
TBEPIOTO Tejla MEHbLIE CHII B3AUMOICHCTBUSI MEXIY MOJIEKYJIaMH XMIKOCTH,
TO JKMAKOCTh HE CMAYMBaeT MOBEPXHOCTH TBEPOTO TeJia. M

CnocoOHOCTb XHUIKOCTH CMAYMBaTh TBEPAbIC TEJIA AB-
JISAETCA an‘llleOﬁ KanmuJUIsIpHbIX SIBJICHUM. Kannisipom Hasbi-
BAeTCsi TPyOKa ¢ MIbIM BHYTPEHHHMM JIMaMETPOM (OT JIATHHCKOTO «KarLUis» —
«Bosioc»). [pu MOTHOM CMAaYMBAHUM XMIKOCTBIO MOBEPXHOCTH TBEPIOTO Tesa
CHJIY TIOBEPXHOCTHOTO HATSKEHWSI MOXHO CYMTaTh HAanpamIeHHOH BIOJb MO-
BEPXHOCTH TBEPIOrO Tejia MEPHEHAMKYJISPHO K IpaHMLE CONMPUKOCHOBEHMsI
TBEPIOTO TeJia U XHUIKOCTH. B 3TOM ciiyuae noxbem KHIKOCTH BIOJTb CMayMBae-
MOiA IOBEPXHOCTH MPOIOJIKAETCS 10 TeX Mop, Moka ciia Tsukect By, neiictsyio-
11ast Ha CToN16 KMAKOCTH B KaNWLUISIPE M HarpaBJeHHas BHU3, HE CTAaHET PaBHO
110 MO0 CIJTe NTOBEPXHOCTHOTO Hatsikennst By, neitctsyloweit B1on rpanm-
1IbI COMPUKOCHOBEHHS KMIKOCTH € MOBEPXHOCTBIO Kanuuisipa. Beicota noams-
st xuakoct h B Kanuuispe Tem Gosbite, uem Gosbilie OBEPXHOCTHOE HATSI-
JKEHHME XMIKOCTH O U YeM MeHblLIE paauyc I' TpyOKM M IUIOTHOCTb KHIKOCTH P:

ho20.
per

DTa 3aBUCUMOCTb TAKXKE HOCHUT Ha3BaHHeE 3aKOHA )KI)]RH& L}

Co IKOJIbHOM CKaMbHW U3BECTHO, uto B NPUPO/IE CYLIIECTBYET Kpy-
TOBOPOT BOJIbL. DTO SIBICHHE CBA3AHO CO CMOCOOHOCTBIO BELIECTB K MEpexo1y 3
OJIHOTO arperaTHOTO COCTOsIHMS B JIpyroe. Ilepexo/ XMIKOCTH B ra3006pasHoe co-
CTOSIHME Ha3biBaeTCs HenapenueM. Bee XHIKOCTH Ge3 MCKITIOYEHHMS MCTIapSIIOTCS.
Hcnapenne XHMIKOCTH B 3aKPBITOM COCY/IE IPH HEM3MEHHOI TeMIepaType MnpH-
BOJIUT K MOCTENEHHOMY YBEIMUEHHIO KOHLIEHTPALIMK MOJIEKYJT MCMAPSIIOLLEroCs
BEILECTBA B ra3000pa3HOM cocTosiHuM. Yepes HeKoTopoe BpeMsi nocjie Hayasla
NPOLIECCa UCTIAPEHNS KOHLIEHTPALIMS BELLECTBA B ra3000pa3HOM COCTOSHUM J10-
CTHraeT TaKoro 3HayeHus, NpH KOTOPOM YMC/IO MOJEKY/, BO3BPAIIAIOUINXCS
B XKMIKOCTD B €IMHHULLY BPEMEHH, CTAHOBUTCS PABHBIM YHCITY MOJIEKYI, TTOKHIA-
IOUIMX MOBEPXHOCTh XMIKOCTH 3a TO JKe BpeMsl. YCTaHaB/IMBaeTCs IMHAMUyeC-
KO PaBHOBECHE MEXILy TpC ucnap 1 KOH, BELECTBA.
BeliecTBo B ra3000pa3sHOM COCTOSIHMM, B OM paBHO-
BECHH C KMIKOCTBIO, HA3bIBACTCS! HACBIEHHbIM napom. [Tap, Haxonsumiics npu

HHXe Hacl IO Mapa, Ha3bIBAETCS! HEHACILLIEHHBIM.
T110THOCTB M IaB/IeHHE HACBILIEHHOTO Napa NPH HEM3MEHHOI TeMIepaType siB-
JISIOTCS MOCTOSIHHBIMM BEJIMYMHAMM, Y Pa3HBIX XKHIKocTeil — pasHbiMu. Koraa
JIaB/IeHHE HACBIIIEHHOTO 1apa PaBHO ) WK T
€ro, TO My3bIPbKH 11apa BHYTPH XKHIKOCTH pacmupqm‘rcn M BCIUIBIBAIOT Ha T0-
BEPXHOCTb. DTOT MPOLIECC HA3bIBACTCSI Te TYpy napa K i
KUIKOCTH Ha3bIBAIOT TOUKO# IMpu no 0
TeMIepaTypa KMNeHHs MOBbIIIAETCS, TIPH MOHMXEHNUH — MOHMXaeTcsi. B

KpoMc ABJEHNS CMAYNBAHHUsS
TBEPABIX Te/ KHIKOCTAMM
CYLIECTBYET M JIPYroe siBlIeHHe,
AHAIOTHYHOE ITOMY, HO TOJIBKO
NPOMCXO/ISilliee C MOJIEKYIaMH
rasa. Teepaioe Tesio, Haxozsie-
€csl B rase, MOKPHITO CI0EM MO-
JIEKY]l ra3a, HEKOTOpoe BpeMmst
CrMOCOGHBIX YIEPKHUBATHCS Ha
HEM CHJIAMH MEKMOJIEKYISIPHO-
TO MPHUTSKEHUA. DTO SIBNCHHE
HaspiBaeTcsi ancopbumeii. Ko-
JIMYECTBO  aICOPOUPOBAHHOTO
ra3a 3aBUCHT OT BEIMUHHBI 110~
BEPXHOCTH TBEPIOTO Tesa (0co-
GeHHO BesmKa ancopoupyiouias
NOBEPXHOCTb Y MOPUCTHIX Be-
ILIECTB), OT MPUPOJBI raza U OT
cBoifcTs TBepaoro Tea. Kpome
TOro, TBEpAbIC Tela MOTYT an-
copGHpOBaTh HE TOJIBLKO rasbl,
HO M PaTHYHbIE PACTBOPEHHbIE
BELIECTBA M3 KUIKOCTH. B

Ipu maneiwei 6o3moxcnocmu
HCUOKOCIb CMPEMUMCS NPUHAMb
opmy wapa.




ueubie 1eeKThl BO3HMKA-

10T NPH 3aMELICHUH COBCT-
BEHHOTO aTOMa UYXEePOAHBIM,
BHE/IPEHUM aTOMa B NPOCTPaH-
CTBO MEXIY Y3laMH pELICTKH
WIH TIpH OTCYTCTBUM aToMa
B OIHOM W3 Y3/I0B KPHCTALIN-
yecKoii peterku. B

CBOVCTBA TBEPIBIX TE]

Omauvue meepobix men (u Hcuokocmeir) om 2a308 3aka4aemcs
6 mom, 4mo npu He: X U x 00vema 6 2pObIX me-
2ax (U HCUOKOCMAX) 603HUKAIOM 3HAYUMENbHbIE CUAbI YRPY2OCMU,
moeda Kak 6 2azax daxce npu 3HA4UMENbHOM U3MeHeHuu 00sema (00
onpeo np ) yae. CUN YRpy2ocmu noYmu He npouc-
xo0um. Om wcudkocmeii meepovie meaa om. A MeM, 4mo cunbl
YNpYyeocmu 8 HUX 603HUKAIOM U NPU U3MeHeHuu opmol (cdeuz), 4eeo
He npoucxodum 6 ¥cuoKocmu, cnocobHoil npuHumams a106y1o gopmy.

3

e

Tepabie Tela MOTYT CyLLECTBOBaTb B IBYX
Pa3sIMYHbIX COCTOSAHUSX — KpucTa/uinyeckoM u amopd-
HOM. ®

AMOpCbelMM Ha3bIBAlOTCA Tesa, (PM3MYECKHE CBOICTBA
KOTOPbIX )BBI 110 BCEM (TaK Ha
M30TPONHOCTD). [IpuMepamMu aMOPHHBIX TeT MOTYT CTYXHTb KYCKH

Puc. 28. ITpumepsi moueunvix de-
(pekmoe: a) 3amewenue cobcmeen-
HO20 amoma 4yxcepoonsim, b) ene-
Operue amoma & npocmpancmeo
MeNCOY yanamu Kpucmarueckoit
pewemKu, ¢) omcymemeue amoma
6 0OHOM U3 Y3106 Kpucmannuyec-
Kol pewiemku.

J‘[uneﬁnue nedeKThl BO3HU-
KaloT MpH  HapyleHHH
B MOpSAKE  PAcroNoXeHHs
ATOMHBIX TUIOCKOCTel B KpHC-
Tannax. @

Puc. 29. Ipumep auneinozo de-
thexma 6 Kpucmanuueckoii pe-
wemke.

3aTBep/eBIICH CMOJIbI, SIHTApb, H3IE/Ns U3 cTeka. M3oTponHocTh
(hu3MYECKMX CBOWCTB aMOP(HHBIX Tesl 0OBICHSETCS GECTOPSIOYHOCTBIO Pacrio-
JIOKEHHsI COCTABJISIIOLIMX MX aTOMOB M MoJieky/1. Kpucrauinyeckoe coctosiHue
XapaKTepPU3YeTCs yTOPsIOYEHHBIM PACTIONIOXKEHHEM ATOMOB HIIM MOJIEKYJI, KOTO-
pbie 06pasyloT NEPUOINYECKH MOBTOPSIOLLYIOCS BHYTPEHHIOIO CTPYKTYpY. Pu3n-
YecKHe CBOMCTBA KPUCTAUTMYECKUX TeJl HEOAMHAKOBbI B PA3TMYHBIX Harpasie-
HUSIX, HO COBMAAIOT B NAPA/UIECAbHbIX HATPABICHMSIX. ITO CBOICTBO KPHCTALIOB
Ha3bIBACTCSl AHU3OTPOIHOCTBIO. [TPUUMHOI AHM3OTPOMHOCTH SIBISIETCS! TO, YTO
TP YTIOPSIIOYEHHOM PAcroIOKEHHH aTOMOB, MOJICKYJl WJIH HOHOB CHJIbI B3au-
MOJICHCTBHSI MEXIly HUMH M MEXKATOMHBIC PACCTOSIHMS OKa3bIBAIOTCS HEOAMHA-
KOBBIMH 110 Pa3IHYHbIM HATIPABJICHUSIM. B

Kpucrauinyeckue Tena aenarcs Ha MOHOKPHCTAJLJIbI,
Y KOTOPBIX BHYTPEHHSISi CTPYKTYpa NEPHOAMYECKH TOBTOPSIETCSE BO BCEM MX
obbeMe, M MOJHKPHCTAILIBI, NPEICTABSIONINE COOOH MHOXKECTBO CPOCIINXCS
MeXI1y coBOM XaOTHYECKH PACTIONOXKEHHBIX MAEHBKUX KPHCTALIOB — KPHC-
TaJLITOB.
YacTuubl, COCTaBASIOLIME KPUCTALT, PACTIO. 1 B OTp nopsiike
M Ha Onpe/ieleHHOM paccTOSTHUM ApyT oT apyra. COBOKYMHOCTB Y3I0B, T.€. TO-
Y€K, COBMAJAIOMMX C LIEHTPAMM aTOMOB MJIM MOJIEKYJI, COCTABMSIIOIINX KPHC-
TaJUl, Ha3bIBAIOT KPHCTALTHYECKOI PEMIeTKO# JaHHOTO KPUCTALIA.
MHorue KapKachl 31aHHif ¥ MOCTOB, TPAHCTIOPTHBIE CPE/ICTBA, JIMHUH JIEKTPO-
nepeay M TaK Janee CACJaHbl W3 METALUIOB, MMEIOIIMX KPUCTALTHYECKYIO
crpykTypy. [Toaromy Gonbluoii npakruuec-
KMl MHTEpEC NPEACTABIISIOT BOMPOCH! MPOY-
HOCTH KpHCTaTHyeckuX Tei. Kak BbisicHH-
JI0Ch, peaibHasi MPOYHOCTb KPHCTALIOB BO
MHOTO pa3 MEHbIIE PaCYETHON M3-3a HAJH-
4Msi BHYTPEHHHUX M TOBEPXHOCTHBIX Jeek-
TOB B KPHCTAUTHYECKON pelieTKe.
O MexaHMYeCKMX CBOMCTBaX TBEPIBIX Tell
noIpoGHeEe MOXHO MPOYECTD B I71aBe, MOCBS-
LIEHHO MeXaHMKe TBepAOoro Tesa. |

Tunuunoim npumepom MoHOKpuc-
manna A6AAemca aimas.
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TEPMOIMHAMUKA

Tepmoo: MUKOIl Ha.

A pazden usuku, uzyqarouguii obugue
ceoiicmea selujecmaa, CA3aHHbIE ¢ MENAOGHIM deu.ucenuem 6 ycaoeu-

0JIHYECTBOM TeioThl Q Ha-
BIBACTCS HEPIHsl, KOTO-

PYIO MEPEacT OJIHO TeJIO JIPYro-
MY  HEMOCPEIACTBEHHO — NpH
KOHTAKTe WM TyTeM Hajyye-
Hus. Eaumnuueit  xonuuectsa
1eru|o'ru sIBJIsieTCs UKoY (J1XK).
— 3TO KoJM4ecT-

AX mep MU4eCK02o p ua. Ilod mep KUM
P uem macoe coc cucmembl, npu Komopom
pamempsi, onpedensiiouue ee co 5 CO 6p
MU %)
up c80UM Cp M

TCpMOﬂHHaMM‘ICCKa}l CUCTEMA — 3TO COBOKYMHOCTb (hu3nyec-
KHX TeJl, H30JIMPOBAHHBIX OT B3aMMOZICHCTBHS ¢ Apyrumu Tenamu. Mamenenue,
Tpc B KO CHCTEMe, Ha3biBaeTCsl TEPMOIMHAMUYEC-
KuM nipouieccoM. JIio6oe Teso obanaeT BHYTPEHHEH SHEpruei, KoTopast siBiseT-
Csl CyMMOJ NOTEHIIHAIbHOM 3HEPTUU BUS YACTHIL, CC
TeJIo, H KHHETHYECKO# SHEPTHH HX GECTIOPSAI0YHOTO TEIIOBOTO IBUXKEHMSI.
BHYTpeHHsisi Heprusi Te/ia MOAYMHSETCS 3AKOHY COXPAHEHHS! M MPEeBPalleHHs!
9HEPruH, KOTOPBIi Mbl PACCMATPHBAIH B [J1aBe O PaGOTE M IHEPTHH M KOTOPbIii
B TEPMOIMHAMMUKE MOJIYYHI HOBYIO (DOPMYJTHPOBKY. B

3akoH COXpaHEHHUSA U NMPEBPALLCHUS SHEPTUM. [pu mo-
i 0ii cHCTeMe BHYTPEHHSs!

ObIX B U30JIHPC Tep
9HEPrusi OCTACTCSI HEH3MEHHOIH:

U =const.
be3 B3aumozeiicTBus ¢ JAPYTMMH TeJIaMH BHYTPEHHSAS SHEPIUs T€jla H3MEHUTb-
csi He MoxeT. CylecTByeT Ba crnocoba W3MEHEHHsl BHYTPEHHEH 3HEprun —
Ten (TaK Ha cnocob nep 3Hep-
THH) M p cnoco®).

KO pa—ttxym (maKp

Temlonepeua'{a (WM TErI00OMEH) MPOMCXOAMT MEXIY TeIaMH, UMe-
IOLLIMMHU pa3Hyio TeMrnepatypy. [1pu 3ToM Mepoii nepeaaHHO#M SHEPTUHU sIBJISIET-
csi KonnyecTBo Terwiothl Q. Ipu Teruionepeaaye BHYTPEHHSIS SHEPTUS OTHUX
TeJl YMEHbLIAETCS, a APYTHX — YBETHYHBAETCS, TIPUYEM MEXaHUYECKask SHEPTHs

TeN He U TCA U pabota He Tcst. Ha Terio-

P C bl a3y oronu 1 — oT cTa-
py TeYyu u Ka. dbep

CyliecTByeT TpH BHAA TEIUIC — p )CTh, KOHBEKUMS

M TEIUIOBOE M3JTy4yeHHe. B

TCHJIOHDOBOIIHOCTB]O Ha3bIBAIOT Nepeavy TerIoThl OT OHOIO Te-
J1a K IpYroMy TNpH MX KOHTAaKTe WIH OT O/IHO#, Gosiee HArpeToii, 4acT K apy-
TO#, MeHee HarpeToi, 6e3 nepeHoca MoJIeKy/. DTO NMPOUCXOIMUT 3a CYET TOro,
YTO MOJIEKYJIbI ¢ GoJiee BBICOKO# TeMMepaTypoit 061analoT 6obLeif KHHEeTHYe-
CKOIi SHEprHeii M NMepeIaloT ee COCETHUM MOJIEKYJIaM, 00/1allaloIMM MEHbILEH
KUHETHYECKOIi 3Heprue (a —H" Typoii). @

KOHBCKuMﬂ — MEPEHOC TETUIOThI MOTOKOM XHAKOCTH WJIM ra3a ImyTeM

M mep BIX M TETUIBIX CJIOEB XMIKOCTH WIH
ra:a H3-3a TOrO, 4YTO TEIUIBIE C/IOM MMEIOT MEHBLIYIO TUIOTHOCTb, YEM XOJIO/-
Hbi€, OHH BBEPX, Mep Terory. IMep 31y
Macc B atMocdepe (BeTep) CBA3aHO € 310
B ( BOSIHOE OTC ).m

BO TEIUIOTH, KOTOPOE HYXHO
nepenathb Kakomy-iu6o Teny,
4TOGbI MOBBICHTH €10 TEMMepa-
TYpY Ha OJIMH KEJIbBHH. Yieab-
HO TEIVIOEMKOCTDIO (C) Ha3bIBa-
10T TEMIOEMKOCTb  EAMHHLbI
Macchl BELLECTBA:

cC=—
mAT
rae M — macca Tena, Q — kom-
wectpo reniorst, AT — wamee-
HHe TeMrepaTypbl Tesia. B

N1 IPUMEHEHUSI B TEPMO-
Z[nm(amm(e Gosnee yno6HOIH
SBISICTCS MOJISIPHAs TeruioeM-
kocth (C), T.e. TenIoeMKocTh
OJIHOTO MoJIsl BelecTsa. Mexy
MOJISIPHOM M YIe/IbHOM Teruio-
€MKOCTSIMH CYLLIECTBYET CBSA3b,
Bbipaxaemas (hOpMyJIOii:

c=—
M
rae ¢ — yaelbHas TerioeMm-
KocTb BeuectBa, C — monsp-
Has Terioemkoctb, M — mo-
nApHasi Macca BeiecTsa. M
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JIsi M3MEPEHUsI BHYTPEHHE#
ﬂmcpl MM YaCTO UCMOJb3YIOT
CIMHMUILY HEPIHH — KAJIOPHIO
(kaz). Kanopusi paBHa n3meHe-
HUIO BHYTPeHHei# 3Hepruu | 1
BOJIbI TIPH MOBILLIEHNN €€ TeM-
neparypbl Ha | °C. Kanopus
MOXET NPUMEHSITBCS U1 H3Me-
PEHUS HE TONBKO BHYTPEHHEH,
HO M J11060# Ipyroii (Hanpumep,
MeXaHH4ecKoit) sHepruu. B

Cudsn 6euepom y Kocmpa, MOXCHO
Ha cebe owymumb 6030eiicmeue
meni06020 uanyHeHus.

Tennosoe H3JIYYEHHUE — nepeHoC TEMIoThl ¢ MOMOLIBIO 3/1EKTPO-
MarHMTHBIX BOJIH (MH(bpakpacHoro usyuenus). K npumepy, Mbl MOXeM olity-
THUTDH TEIUIOBOE M3JTYYEHHME CHASA Y KOCTPpA WIH JIEXKa MOA XKapKUM HIOJIbCKUM
COJIHLIEM.

[Tpyu cosepumieHHH MexXaHHYeCKOH paboThi HepeaKo HAGMI0NAeTCs MOBbILIEHHE
TEMIeparypbl Teja. DTO CBSA3AHO C HATMYUEM CHIT TPEHHS. [MoBbileHKE TeMIie-
paTypbi TeJia, CocoOHOE MPUBECTH K NEPEXO/1y BELIECTBA M3 OJHOTO arperar-
HOTO COCTOSIHMSI B Ipyroe, ¢ GoJibliIei i KWHETHYECKOMH IHEPIUei IBUKEHNS MO-
JIEKYN (II'} TBEPAOTO B XHIKOE, U3 XKHUIKOro B lkUL)()ﬁplUHOC)‘ CBHUICTE/ILCTBYET
0 TOM, YTO B pe3yJIbTaTe COBEPIICHUS paGOThI NPOTUB CHJI TPEHHUSI BHYTPEHHSISI
SHeprusi Tea ypeanuniach. Ecim ke Temneparypa Tesia MOHMXaeTcs, TO €ro
BHYTPEHHSS SHEPrUsi YMEHbLLIACTCH.

CB$i3b BHYTPEHHEI SHEPrHH C KOTMYECTBOM TEILIOTHI, EpeJaHHOI Tely, U pa-
6boroi NMPOTHB BHEUIHUX CHJI HALLLJIAa OTPAXCHHUE B NEPBOM 3aKOHEe (VU'IM uaqa.rle)
TePMO/IHHAMHKH. W

ﬂepBoe HavyaJio TCPMOAUHAMMKH (3aKOH COXpaHEHHsl SHEPTUH
B NIPUMEHEHHUH K TePMOIMHAMUYeCKUM npoueccam). [pu coobienun Tepmo-
JIMHAMMYECKOI CHCTeMe (HarmpuMep, napy B TEMUIOBOH MalllMHE) Onpe/esieH-
HOTO KOJIMYECTBA TEIUIOTHI B OOIIEM Cilydae MPOUCXOAMT NPUpaLeHHe BHYT-
PEHHEH SHEPTUH CHCTEMbI, M OHA COBepIIAeT paboTy NMPOTHB BHEIIHMX CHL:

'
AU=Q-A,
N '
rae AU — U3MEHECHHE BHYTPEHHEH SHEPIUM, Q — KOJIMYECTBO TEIUIOTHI, A -
paboTa, coBepliaeMasi CHCTEMOIA.

CJieICTBMEM 3TOTO 3aKOHA SIBJISIETCS HEBO3MOXHOCTD
CO3JaHUSI BEUHbIX JABUTrartesei NEepBOro pozaa, re. mawmu,
CMOCOOHBIX CoBepLIaTh MOJIE3HYIO paﬁOTy 6e3 noTpcﬁchumx 3HEPIrUHU M3BHC
u 6e3 KakMX-1M60 U3MEeHEeHMit BHYTpH MalunHbl. M3 nepBoro Hayana repMosu-
HAaMMKH CJIE/IYeT, 4To Ni06asi MalllMHa MOXET COBEpLIaTh paboTy Hal BHEIIHH-
MM CHJIAMH TOJIBKO 3a CYET MOJIYYEHHUSI U3BHE KOJIMYECTBA TEIUIOThI MJIM YMEHb-
LIEHHUsI CBOEH BHYTPEHHEH 3HEPIUH.

B HacTosiliee BpeMsi OCHOBHBIM MCTOYHMKOM 3HEPTHH LTS HYXK/ Ye/I0BEYECTBA
SIBJSICTCA TETIOBast SHEPrusi, BbUICSAIOLLASICS MPU CrOPaHUU Pa3/IMiHbIX BUAOB
ToruBa. [1pu nMoMouM TeNJIOBbIX MAILIMH ee NMPeBPaLlaloT B MEXaHHUYECKYIO
9HEPIUIo, KOTOpasi 3aTeM MOXET ObiTh nmpeobpa3oBaHa B 060# Apyroi B
9Hepruu. [lepBblii 3aKOH TEPMOIMHAMUKH JIEXHT
B OCHOBE JIEUCTBUS BCEX TETUIOBBIX JABUraTesIei.

B GosibIIMHCTBE TEMUIOBBIX MAIIMH MeXaHHuYecKast
paboTa coBepIIACTCs PACUIMPSAIOLIMMCS Ta30M, Ha-
3bIBAlOIIMMCST pabounm TesioM. Paciumpenue rasa
TIPOMCXOIMT B Pe3y/IbTaTe MOBBILICHUS €T0 Temrie-
paTypbl U IaB/IEHUS! TIPH HarpeBaHUH. YCTPOICTBO,
nepenaiouiee padouemy Teay (rasy) KOJUYECTBO
TenioThl Q, HasbiBaeTcs Harpesateem. [Lis nepuo-
JIMYECKOH paboThbl TEMUIOBON MalllMHBI HEOOXOANM
XOJIOIMIBHHK, OXJTAXKIAIOIIMIA ra3 roc/e coseplie-
HUS UM paG()Tbl J10 HaYaJIbHOM TEMIEPATYPhI.

B pesynbrate coBepllieHHst OHOTO paboyero LHK-
Jla ra3 BO3BpalaeTCss B Ha4yaJbHOEC COCTOSAHME,
a €ro BHYTPEHHSSI SHEPIrusi IPUHUMACT NEPBOHA-
YalbHOE 3HAYEHME, T.e. U3MEHEHNE BHYTPEHHEH




9HEPruu paboyero TeJia 3a LMK/ PaBHO HYJII0. B COOTBETCTBUM ¢ nepBbIM Haya-
JIOM TepMOAMHAMUKH paboTa, coBepLICHHAsk pabOYMM TEJIOM 3a LIMKJ, paBHa
KOJIMYECTBY TETUIOTHI, MOJy4EHHOMY 3a 3TOT LIMKJI, M MPEACTABAsieT coboi pa3-
HOCTb MEXIy KOJIMYECTBOM TETUIOThI, MOJIyYEHHBIM OT HarpeBaresisi, U KoJanye-
CTBOM TETUIOTBI, OTAAHHBIM XOJIOAW/ILHUKY.

JUtsi TIBITJIMBOTO YEJIOBEYECKOTO pasyMa MIes CO3IaHMsi TEIUIOBOH MallMHbI,
c it paboTy € MCTIOIB3C Harpesaresisi, 0Ka3aach O4YeHb 3a-
MaHumBoii. Tem Gosiee 4To NpoGieMa AeILEBOIi SHEPruM BCET/Ia OCTACTCS! ONHOIM
13 OCHOBHbIX, CTOSIILIMX MEPe/l YeJIOBEYECTBOM.

I(Jc_;ad)ttuuuenmm MoJIE3HO-
0 aeicTBUA T] MalMHbI
Ha3bIBACTCH OTHOWIEHHE MO-
JIE3HO MCTIONIB3YEMOI IHEPrumn
noness K 2Heprum B noaso-
ZIMMOiA K IaHHO# MallnHe:

n= EnElng ..

Bo3MOXHOCTb CO31aHMsl TAKOWH MAlIMHbI, HAa3bIBAEMOIi TAKXE BEYHbIM
JIBHraTe/ieM BTOPOro poja, He IPOTHBOPEYMT NEPBOMY 3aKOHY TEPMOIN-
HAMMKH, OIHAKO HATAJIKUBACTCs Ha APYroe npensaTCcTBue. [leno B TOM,
YTO OCHOBHOE OTJIMYME TETUIOBbIX SIBJICHHI OT MEXaHUYECKHX M 3JIEKT-
POMarHMTHBIX 3aKJIIO4YaeTcs B HCOﬁpaTHMOCT}‘I TEMJIOBbIX SIBICHUI
(Tennosbie npouecchbl CaMOIPOMU3BOJIbHO MAYT JIMIIb B OAHOM Haripas-
JICHUHU — OT ropsivero K XOJIOJ.'IHOMy). HCOGpaTMMOCTb TEIMJIOBBIX ABJIC-
HMIi CBsI3aHa C TeM, 4TO IHEPIrUs TEINJOBOIO JABUXECHUS MOJIEKYJ CMO-
cobHa JMLIb K YaCTUYHOMY MpEeBpalleHHnio B J110060ii apyroil Bua
aHeprun. B pesyabrare 31oro 11060ii GpusMueckuii nporecc, B KOTOPOM
MPOMCXOAUT MpPEBpaLIEHHEe KAKOro-1M00 BU1a IHEPTUHU B SHEPIUIO Ten-
JIOBOTO IBUXEHHUSI MOJICKYJI, HE MOXET ObITH OCYLIECTBJICH TMOJHOCTBIO
B OﬁpaTHOM HanpasJICHUH. HeBo3MOXHOCTb CO31aHUSI BEYHOTO IBUTa-
TeJisi BTOPOTO poja B TePMOAMHAMMUKE JIer B OCHOBY (hOPMYJIMPOBKH

PA

v

BTOPOT0 3aKOHa (Hayasia) TepMOJMHAMUKH. B

Bropoe Hayajlo TEPMOAMHAMUKM. HeBo3MOXHO MOCTPOMTH

BEYHbI IBUTATE/Ib BTOPOTO POJIA, T.¢. TEMUIOBYIO MallIMHY, KOTOpasi B pe3y.bTa-
Te COBEpIIEHMsI KPYTOBOTO npotecca (LMKIa) MOTHOCTBIO NpeobpasyeT Terio-
Ty, MOJIY4aeMYI0 OT KAKOT0-JIM60 OIHOTO «HEUCYEpraeMoro» HCTOYHMKa (OKe-
aHa, aTMocdepbl M T.11.), B paboTy.
®@opmy.mposka 2. HeBo3MOXeH nepexoa TENJoThl OT Tea 6osiee XON0AHOro
K Teny, Gojiee HarpeTomy, 6e3 Kakux-1ubo ApYrux M3MeHEeHHH B CHCTEME WU
OKpyXaloLueii cpesie.
Co BTOPBIM HAaYaJOM TEPMOAMHAMMKM CBS3aHA TAKXEe KOHLEMLUS «TemloBoi
cmepTH» BeesieHHOM. OHa OCHOBaHa Ha TOM, YTO TETLIOBbIE MPOLECCH OIHOHA-
NpaBJieHbl, U BCe TeJa BO BeeleHHOM CTPEMSTCS K COCTOSIHMIO TEPMOIMHAMM-
4ecKOro paBHoBecHsi. PaHO WM MO3HO TeruioBble npolecchl Bo BeenenHoi
MPeKpaTATCs, YTo OyAeT O3HayaTh NPUHATHE BCEMM €€ TeJaMM OIMHAKOBOW
TeMIepaTyphl M npeBpaiieHne Beex GopMm 3Hepruu B Teruiosylo. Hactynienmne
COCTOSIHUSE KOTO p Msi TMIPUBOANT K TMPEKPAlICHUIO
BCEX MAKPOIMPOLIECCOB, YTO M 03HAYAET COCTOSIHUE «TETLIOBOI CMEpPTH». B

B Hacrosiiee BpeMsI CYLIECTBYET MHOXKECTBO pas3jiny-
HbIX BUIOB TEIJIOBbIX MALLIUH, npuMeHsieMbIX BO BCeX 001acTsIX ue-
JloBeyecKoii aesiteibHocTH. Ho, corlacHo BTopomy Hauyaly TepMOAMHAMMKH,
HM 0/1Ha M3 HUX He MoxeT umeTb KIT/L, paHbiit 100%. Koadduumnent nones-
HOTO JeicTBHst T|, PaBHbII OTHOWICHUIO MOJNE3HO MCMONb30BAHHOI IHEPTHU
K 3aTpayeHHOIl SHEPriu, UIsi TETUIOBON MAllIMHbI OKA3bIBACTCS PABHBIM:

Q1 'Qz .
Q

B 1824 roay ¢panuysckuii urxenep Cann Kapro (1796—1832) ycraHosm
BAXHYIO [UIS TIPAaKTHYECKOI AesiTeibHocTH 3aBucumoctb KT/ tensoBoii ma-

n:

Puc. 30. Ipagpux cocmosnus pabo-
ue20 meaa 6 ynpouseHHol mooeau
Menno6oil MAWUHbI: a) memnepa-
mypa pabove2o meaa o3pacmaem,
00vemM HeusMeHeH, npoucxooum
uzoxopuiit npouecc, b) daeaenue
NOCMOAHHO, pacuupenue paboveco
mena npoucxooum no uzobapHomy
3aKoHy, ¢) oxaaxcdenue paboueco
meaa npu_neusmentom obseme,
usoxopubiil npouecc, d) 0rs 603pa-
wenus pabo4eo mena & ucxoonoe
cocmosnue oxaaxcoenue npodoa-
HCaemcs npu nOCMOAHHOM dasne-
HUW, M.e. 6HO8b NPOUCXOOUM U30-
Gapubiit npouecc. Lluka 3asepuien.
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kb oT Temnepatypsi T; Harpesatenst u Temnepatypbi T, xon0am1b-
HHKA: HE3aBHCHMO OT KOHCTPYKIIHH H BbIOOPa pabouero Te/la MAKCHMAb-
Hoe KIJx p Tcs

N = T -T,

T
Hu oaHa peanbHast TeruioBasi MaliMHa He MoxeT umetb KI1/1, npesbi-
IAIOLIHIA 3TO MAKCUMAJIBHOE 3HAUECHHE.

Boipaxenue st MakcuMaibHoro 3Havyennsi KIM/L TeruioBoit MaimHsl
MOKa3bIBAET, YTO JUIsl MOBBILIEHHS KOIDDHIMEHTA MOJIE3HOTO AeHCTBHS
TETUIOBBIX MALIMH CYLIECTBYET /1BA YTH — NIOBbillieHHe TeMnepatypsi T;
Harpesatesnsi M IOHWKeHUe Temnepatypsl T, xonomunbhmka. K ten-
JIOBOW MawuHbl MOT 6bl cTaTh paBHbIM 100%, ecin Gbl HMeach BO3-
MOXHOCTb MCTIOJIb30BATh XOJIOAWIBHUK C TEMIIEPaTypoii, paBHO# abco-

Puc. 31. Paboma, coeepwaemasn
menaoeoi MAWUHOU 3@ WUKA,
npedcmaeasem coboii pasnocms
Mexcdy noaoxcumensuoit pabo-
moii, 3ampa4ennoli Ha pacuiupe-
Hue (nazpesanue) paboueco mena,
u ompuyamenvroi pabomoii, 3a-
mpauennoii Ha cxcamue (oxaaxc-
denue) paboue2o meaa.

Ipumepom napoeoit mawuns: 26-
asemces naposos.

JIOTHOMY HyJT10. OIHAKO, COIJIACHO MPEC TEPMO, "

abCOMIOTHBIN HyJIb HE MOXET ObITh 10CTHIHYT. Hanbosiee NpakTHYHBIMH X0JIO-
JIMIBHUKAMH JUISE pETbHBIX TETUIOBBIX MAUINH SIBISIOTCS aTMOCHEPHDIH BO3YX
wiu Boaa npu temmneparype okono 300 K. Takum 06pa3om, Mbl BUIUM, YTO OC-
HOBHOIA nyThb nosbiteHnst KT/l TemIoBbIX MalllMH — 3TO NOBbILIEHUE TEMIIe-
paTyphbl HarpesareJisi.
[MepBble NEHCTBYIOLIME NAPOBbIE MALIWHBI ObUIM CO3/IaHBI PYCCKMM M300peTa-
Tenem U.U. MMonsy M aHr J1. Yarrom. M IMonsyHosa
6bu1a nocTpoeHa B 1766 roay. OHa umerna BbicoTy 11 METPOB, eMKOCTb MapoBO-
ro komia 7 M*, MowHocTb 29 KBT 1 Mcnonb3oBaiach JUIsl HAarHETAaHUS BO3yXa
B MeZeruiaBuibHble neyn. LLMpokoe npuMeHeHHe napoBbie IBUraTe/n Mojy-
yuimn Bo BTopoi nosioBuHe XIX — nepsoii nonosuxe XX Beka B XeJle3HOA0-
POXHOM TpaHcrnopre. @

OCHOBHBIM HEIOCTATKOM MEPBbIX MaPOBBIX MAILIUH
ObLJI HU3KMH Kl’lﬂ, 3Ha4YeHHe KOTOPOro He mpesbiano 9%. dror
HEOCTAaTOK YAAJIOCh YCTPAHHUTh MOC/]e M300peTeHUs MapoBoOil TYpOMHBI.
B Heii map 13 KoT1a o/l BHICOKMM J1aBIEHUEM YEPE3 COTLIO BbIIYCKAETCs Ha
JIonacTH TypOMHbI, NPUBOAS ee BO BpalieHue. Ha onHom Bany ¢ TypOGHHOI
PaCroNIOXEH POTOP 3JIEKTPHUYECKOTO reHepaTopa, npeobpasylouuii Mexa-
HHMYECKYIO HEPruio BPAIEHHUs! TYPOMHBI B 2JIEKTPHYECKYI0. Y mapotyp-
6uHHbBIX ycTaHOBOK 3HaueHue KIT/1 nocturaer 65%. B Hawm 1HU naposbie
TYpOMHBI IPUMEHSIOTCS MPAKTUYECKH Ha BCEX TETUIOBBIX M aTOMHBIX 3JIeK-
TPOCTAHLIMAX MHpa.

HauGosnbliee pacnpocTpaHeHHe CPEIH TEIJIOBbIX MAIIMH TOJNYYHI ABHra-
Teab BHyTpenHero cropanus. Ero KT/ yBesnuuics 3a c4eT ycTpaHeHHsl ya-
CTH MOTEPh TEIUIOTH. DTO GbLIO JNOCTUTHYTO MyTEM MEPEHECEHUS MeCTa
CKMraHMs TOTUIMBA M HArpeBaHusi pabouero Tena BHYTPb LMINHIAPA.

B 1862 rony, cnycTs ABa roaa nocjie Co3AaHMs NEPBOTO JABUTaTeNs BHYT-
peHHero cropanusi, Gppanuysom bo ae Powa 6bia npeanoxena cxema ye-
THIPEXTAKTHOTO LIUKJIA: BCACHIBAHHE — CKATHE — rOPeHHe W PACHIHPEHHe —
Bbixjon. B GeH3uHOBOM aBMratesne pabGouMM TeJOM SIBNAETCH, KaK HH
CTPaHHO 3TO MPO3BYYHT, BO3AyX. CBA3aHO 3TO C TEM, 4TO JUISi MOJHOTO
CropaHus BO31ylUIHO-OGEH3HHOBOI cMecH HeoOXxoauMo 15 yacTeit Bo3nyxa
M TONbKO | yacTh GeH3uHa. B 1BUraTesie BHyTPEHHETO CrOPaHMs TOMIMBO
CXMraeTcs /uisi HarpepaHus rasa. [To6ouHbIM 3¢ (HekTOM HarpeBaHus BO3-
JlyXa sIBJISIETCS M3MEHEHHE €r0 XMMHYECKOro COCTaBa — BMECTO KMCJIOPO-
212, HeOOXOMMMOTO JUISl TOPEHHSI, TOSIBJISIETCS YIIEKUCIIbIi ra3 U BOASHOM
nap.
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OHO# U3 BaXHBIX XapaKTEPUCTHK ABUIATEIsl BHYTPEHHErO CrOpaHus SIBISACTCS
CTeMNeHb CKaTHsl TOPIoYEH CMECH €, onpcncnmomeifl MOJIHOTY CrOpaHMsi TOIUIMBa:

rae V, u V| — 06bem B Havante U B KOHLe cXatus. Bosbluasi cTeneHb cxarusi
crnocoGeTByeT Gosiee MOJTHOMY CTOPaHHIO TOPIOYEH CMECH, YTO CKa3biBACTCs Ha
Beamuune KITI.

HauGonbiiee p P
TOJIYYHJIM B AaBTOMOOMJIBHOM TPaHCMopTe.
B 1892 roay Hemeukuii uHxeHep Pynonbd [u3enb npeioXui cxeMy ABUraTe-
J151 OPUTHHAILHOM KOHCTPYKIIMH, TO3BOJISIOILETO IOCTHTATh elile GoMbIINX cTe-
neHeii cxkaTusi paboyero Tesia. B ero aBuraresnie BbICOKasi CTENeHb CKaTHs I0CTH-
raercs 3a CYET TOTo, YTO CXKATHIO MOJABEPraeTCs HEe roplovas CMeCh, a TOJIbKO
Bo3ayX. [Tpy BBICOKOI CTENeHH CKaTHsi TeMIepaTypa Bo3ayxa aocturaet 600 —
700 °C, 1 BNpbICKMBaEMOE ropioyee BOCIUIAMEHSETCS OT OAHOTO TOJILKO COMNPH-
KOCHOBEHHSI C PacKaJIeHHbIM BO3yXoM. CTeneHb cXaTusi, I0CTHraeMas B JiH-
3e/IbHBIX JIBUTATE/ISIX, MOYTH B JIBA Pa3a MPEBbIIACT AHAIOTMYHBIN MOKa3aTe/b
B KapOIOpaTOpHbIX ABMraTessix. JIn3e/bHbli IBUTaTe/b BIsETCA Goslee SKOHO-
MHYHBIM, YeM GEH3MHOBBII, U MOXET UMETh 3HAYMTEILHO GOJTBIITYIO MOIIHOCTD.
[Mo3TOMY IM3€/IH MCTIONB3YIOT Ha CY/IAX, B CEIbCKOXO3SHCTBEH-
HO# TEXHHKE, TPY30BbIX aBTOMOOWJISIX, TETUIOBO3AX H Mp.
IMoBceMecTHOE MPUMEHEHHUE TETUIOBBIX MALIMH B COBPEMEHHOM
MHPpE BEZIET K 9KOJIOrH4ecKoii katactpode. Kak Mbl yxe ynomu-
HAJIH, B pe3y/ibTaTe HArpeBaHMsi BO3/lyXa B KAMEPE CrOPaHHs ero
XMMHYECKHI cocTaB M3MeHsieTcsi. Ecim yuects, uto Kaxmblit
TO1 YeJIOBEYECTBO CKHUraeT Gosiee 10 MIP/I TOHH YCJIOBHOTO TOTI-
smBa (1 kr = 18,7 Teic. K[IX Terua), TO Mojy4aercs, YTo B aTMO-
ctepy BbibpacbiBaetcsi Gonee 25 MIpA TOHH COZ u Gonee
800 MJIH TOHH MPOYMX ra3000pa3HbIX COCAMHEHMIi, BKIIOYAs
KaHLIeporeHHbIe yriepoabl. B pesyibrare npoucxomur nocre-
neHHoe paspyuieHue 6uochepbl 3eMi, B JaibHelileM cro-
cobHOe NPUBECTH K rube/In BCero yesioBeyecTsa. B

BHYTPEHHETO CropaHusi

Kapémpumpom Ha3biBaeTcst
CrCUHAIBHBIH CMECHTEb,
B KOTOPOM TNepell BIPHICKOM
B UWIMHIAP CMELUMBACTCA TOM-
JIMBO M BO31yX. B

Camoim pacnpocmpanenoim 6u-
JoM Mennoebix MauUH A6AReMCs
déucamens 6Hympennezo ceopa-
HUA.

H3-3a ceoeit Goavwioii mowgHoCmu
Qu3zenbhbie dueamenu ucnoaby-
1omes 6 2py3060M mpaxcnopme.
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Bce Gonee wupokoe npumenenue
HAX0O0AM 6eMPOINEKMPOCMAHUUU.

AJNBTEPHATHUBHBIE
NCTOYHUKHU SHEPTUN

B cea3u ¢ npobaemoii skon02ueckoil kamacmpogpul 8ajcHoe mecmo
omeooumcs noucky a. bIX UC 06 snepeuu. Pac-

P

CMOmMpUM 8Kpamuye HeKomopble U3 Hux.

BCTpOBaﬂ 9HEPIHUsL. 3anackl sHeprum Betpa Gosiee YeM B CTO pa3 npe-
BBILIAIOT 3aMachl FMAPO3HEPTHH BCEX PeK riaHeThl. [1o pasnnyHbIM OleHKaM,
o6LIMit BeTpoaHepreTHyecKuii moteHunan 3emun paset 12:10" Br. Berposnep-
reTMYecKas YCTAaHOBKA, PACMOJIOXEHHas Ha IUIOLIAKe, [Ie CPEeIHEeronoBas
yie/IbHasi MOLUIHOCTb BO3/YLIHOIO MOTOKa coctapisier okono 500 Br/m* (cko-
POCTh BO3JYUIHOTO MOTOKA TpPH 3TOM paBHa 7 M/C), MOXeT npeobpasoBath
B 9JIEKTPOIHEPrUI0 0Koso 175 u3 atux 500 Br/m?.
VienbHasi BbIpabGoTKa 3JMEKTPUYECKONH 3HEPrUM
B TeueHHe roaa cocrasisiet 15-30% sHepruu Ber-
Ppa, B 3aBUCMMOCTH OT MECTONOJIOKEHHSI M Napame-
TPOB BeTpoOarperara.

CeronHsi BETPO/IEKTPUYECKHE arperaThbl HAIEXHO
CHabXaloT TOKOM He(TAHUKOB, ycnewHo pabora-
10T B TPYIHOJIOCTYIHbIX PaiiOHaX, Ha JaJIbHUX OCT-
poBax, B APKTMKC. Ha ThICAYAX CEIbCKOXO3SUCT-
BEHHBIX (hepM, e HeT NobAM30CTH KPYMHbIX
HACEJICHHBIX MYHKTOB M JICKTPOCTAHLIMIT 06LIero
T0J1b30BaHMs.

LLInpoKoMy MPUMEHEHHIO BETPOINEKTPUYECKUX
arperaTtos B 0ObIYHBI CJIOBUSIX MTOKA MPEnsTCTBy -
€T MX BbICOKasi ceGECTOMMOCTb — 3a BETEp IJIATHTD
HE HYXHO, OJHAKO MAlIMHbI, HYKHbIE JUIS TOTO,
4TOOBI MCMOJB30BaTh €ro HEPruio, odxonsrcs
CIMIIKOM JI0poro.

Sneprnﬂ PEK. Bona, BeposaTHO, Gbina nep-

BbIM MCTOYHUKOM JHEPrMH, MCIMOJb3YeMOii 4esio-
BEKOM, a MepBOi MalIMHOIA, C MOMOILBIO KOTOPOii
UCTONB30BAIACh IHEPrUsi BObI,— Oblia NpUMH-
THBHasi BOJsiHasi TypOMHa. YCTPOiCTBa, B KOTOPBIX
UCTIONB3YETCsl FHEPrUsl BObI /UIsi COBEPILICHMS pa-
6OTBI, MPUHSATO HA3BIBATH BOAAHBIMM (MJIM THIPaB-
JIHYECKHMH) IBUTATENAMH .
B coBpeMeHHO# rMapo31eKTPOCTAHLIMHM Macca BO-
bl ¢ GOBLIOKH CKOPOCTHIO, Yepe3 3aLNTHYIO CETKY
M peryJMpyemblii 3aTBOp, 10 CTAIbHOMY TPYOOnpo-
BOJly YCTPEMJISIETCSI HA JIONATKM TYPOMH, KOTOpbIe
COEIMHEHBI C 2/IeKTporeHepatopaMu. MexaHnuyec-
Kasi 9HEPrus BOJIbl OCPEICTBOM TYPOMHbI nepena-
€TCsl reHepaTopy, e npeobpasyercs B d/eKTpHye-
ckylo. Ilocne cosepiieHusi paboThi Boda cTeKaet
B PEKY uepe3 MocTeneHHO PaciiupsiioOLIMiCs TYH-
HeJlb, Tepsisi IPU ITOM CBOIO CKOPOCTh.




[MapO3/IEKTPOCTAHIIMK KIAaCCH(BULMPYIOTCS MO
MOIIHOCTH Ha MeJIKHE (C YCTAaHOBJICHHOIi 3/1eKT-
pHuueckoit MomHocTbio 10 0,2 MBT), Manbie (10
2 MBrT), cpeanue (10 20 MBT) 1 KpynHbie (CBbilLe
20 MBT). Bropoii kpuTepwii, no KoTopomy pasze-
JISIOTCS THAPO3/IEKTPOCTAHIMM,— Hanop. Pasnu-
yaloT HU3KoHanopHeie [DC (BbICOTA MUIOTHHBI 10
10 M), cpeanero Hanopa (10 100 M) 1 BBICOKOHA-
nopHeie (cpime 100 M). B penkux cayyasx mio-
THHbBI BBICOKOHANMOPHbIX [DC 10CTHIAIOT BBICOTHI
240 m. I1I0THHBI THAPO3/IEKTPOCTAHIINI COCPENo-
TOYMBAIOT Tiepell TYPOMHAMM BOIHYIO IHEPIHIO,
HaKaruiMBasi BOly M NMOJHUMasi e ypoBeHb. 3aTpa-
Thl Ha cTpouTe/IbeTBO MDC BEJMKH, HO OHM CpaB-
HUTEJIbHO GBICTPO KOMIEHCHPYIOTCS, TaK Kak 3a
MCTOUHHMK HEPIMU — BOJY — HE NPUXOANTCS IIATHTh. MOLIIHOCT COBPEMEH-
Hbix ['DC npessbiwaer 100 MBr, a KIT/1 cocrasasier 95% (BoasiHble MeIbHULIBI
nmeior KIT/1 50-85%). m

rCOTCDMaJ'IbHaﬂ DHEPIHUS. Duepretuka 3emin — reorepMaibHast
9HepreTHKa 6asmpyeTcsi Ha MCTIOIb30BAHHH NIPUPOAHOIE TerioThl 3eman. Ko-
JINYECTBO TEIUIOThI, COAEepKalleics B 3eMHO#M Kope 10 ryoubl 10 kM (6e3 yue-
Ta TeMIepaTypbl MOBEPXHOCTH), PaBHO NpUGAM3uTebHO 12,610 k. D1 pe-
CYpPChl 9KBUBAICHTHBI Teruiocoaepxanuio 4,6:10" T yrist (MpuHUMAasi CpeaHIon
TErUIoTy cropaHust yriisi pasHoit 27,6:10° x/t), uro 6osnee uem B 70 Thicsiy pa3s
TPEBBILIACT TETUIOCOAEPXKAHNE BCEX TEXHHYECKH M IKOHOMUYECKH M3BJIeKae-
MBIX MMPOBbIX PECYPCOB YIJisl.
C reosIornyecKoii TOUKH 3peHMsi, FeOTepMATbHBIE SHEPropecypehl MOXHO pas-
JIE/IUTh HA THAPOTEPMAIbHbIC KOHBEKTHBHBIE CHCTEMbI, TOPSIYHE CYXHE CHCTE-
MBI BYJIKAHHYECKOTO MPOUCXOXKICHHS M CHCTEMBI C BLICOKHM TETLTOBBIM T10TO-
koM. K Kareropuum ruapoTepMaibHbIX KOHBEKTHBHBIX CHCTEM OTHOCST
noaseMHble GacceifHbl napa Win ropsiueit Boabl, KOTOPbIE BBIXOAAT Ha MOBEpX-
HOCTb 3eMJIM, HanpuMmep, B Buae reiizepa. K rop; CHCTeMaM KOro
TIPOMCXOXK/IEHHS OTHOCSITCS MarMa M HerpoOHMIIAeMbIe TOPAYME CYXHE MOPOJIbI
(30HBI 3aCTBIBLICH MOPO/BI BOKPYT MArMbl M MOKPBIBAIOLIME €€ CKAJIbHbIE 10~
poibi). CHCTEMBI € BBICOKHM TEILIOBBIM IOTOKOM CYLIIECTBYIOT B TeX paifoHax, rjie
B 30HE C BBICOKMMH 3HAUEHUSIMH TETLIOBOTO MOTOKA pacrnosiaraeTcsi rybokosa-

Cec00Ha cambiM HadexcHbiM no-
CMAGUUKOM IHEP2UU ABAAIOMCA
2UOPOIAEKMPOCMaHLUU.

B zeusepe 3akawouena ocpomnas
IHepeus — HeobX00uMo MoabKo
cymemb €10 80CN0Ab306aMbCA.
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HacTosiliee BpeMsi yYeHbie

3aHATBI [IOMCKOM TPHHLM-
TTHA/ILHO HOBBIX 9HEPTETHYECKHX
cucteM. OIHUM M3 CambIX mniep-
CNEKTUBHBIX MPOEKTOB B 3TOM
HANpaR/IeHUH SBJIAETCS HCTIONb-
30BaHME BOIOPOJA B KauecTse
TOIIMBA M CO3IAHME TAK Ha3bi-
BaEMOr0 BOJOPOIHOTO 3Hepre-
THYECKOTO XO3sIHCTBA.
Bonopon sinsieTcs uaeanbHbimM
TOMJAMBOM (MU CKHMraHuu | r
Boopoaa nonyyaercsi 120 [Ix
TEIUIOBOM SHEPIUH, @ NIPH CKM-
ranuu 1 r GeH3uHa — Bcero
Tonbko 47 JIk). OH umeercs
Beloxy, e ecTb Boaa. [pu cxu-
raHuM Boopoza oGpasyercsi Bo-
1a, KOTOPYIO MOXHO CHOBa pa3-
JIOXHTb Ha BOJIOPOL M KHCJIO-
POIL. DTOT NMPOLIECC HE BbI3bIBA-
€T HWKAKOTO 3arpsi3HCHHs OK-
pyXaiolei cpesibl, T.K. BOIO-
POIHOE TUIaMsi He BbLIEJsieT B
aTtMocdepy NpoayKToB, KOTO-
PBIMH HeM36EXHO CONPOBOXIa-
eTCsi rOpeHHe JIOOBIX ApYrux
BUIOB TOMIMBA: YIIEKMCIOTO
ra3a, OKMCH yIJepo/ia, CepHHC-
TOTO ra3a, yrJeBoa0poIOoB, 30-
JIbl, OPraHMYECKHX NepeKHceit n
T.n. OBpasyioumiicsi npu rope-
HUM BOJSIHOM 1ap MOXHO CuM-
TaTh MOJNE3HBIM TPOAYKTOM —
OH YBJIAXHSIET BO31YX (B COBpe-
MEHHBIX KBAPTHPAX C LEHTPalb-
HBIM OTOTLICHHEM BO3JyX UMeeT

Jieraioluit ocano4Hblii 6acceitH. B Takux paitoHax, Kak IMapuxckuit uau Ben-
repcKuit 6acceifHbl, TeMnepaTypa BOJIbl, MOCTYNAIOLIAsk U3 CKBAXHUH, MOXKET 10~
crurats 100 °C. m

DHeprusi MUPOBOTO OKeaHa. 3anacki sHeprim B Muposom oke-
aHe KOJIOCCA/IbHBbI, Bellb IBE TPETH 3eMHOM MOBepXHOCTH (361 MIH KM?) 3aHM-
MaloT MOpsi M OKeaHbl. TeruioBasi 3HEprusi, COOTBETCTBYIOLIAs [EPErpeBy 110~
BEPXHOCTHBIX BOJ OKE€aHa 1o Ha 20 °C,
uMeeT BeanuuHy nopsiaka 10* k. KuHetnueckasi 9Heprusi OKeaHCKHUX Teye-
HHIl OLIEHHBAETCs BEIMYMHOM nopsiaka 10" k.

MakcuManbHO BO3MOXKHasi MOLIHOCTb B OIHOM LIMKJIE MIPWJIMB — OTJIUB, T.€. OT
O/IHOTO MPHJIMBA IO IPYTOTO, BbIPAXKAETCS YPABHEHHEM:

W =pgSR?,
re P — IIOTHOCTb BObI, € — YCKOPEHHE CHIbI TSKECTH, S — Miowas npu-
nuBHoro Gacceiina, R — pasHocts ypoBHeit nipu npunmse.
Jlns Mcrnonb3oBaHUsi NIPUIMBHON 3HEPIHM HauboJee MOAXOMSIIMMU MOXHO
CYUTATh TAKME MECTAa HA MOPCKOM MoGepeskbe, r1e MPHIMBLI MMEIOT GOIbIIYI0
AMILIMTYIY, @ KOHTYP M pesibed) Gepera no3posiioT yCTPOMTh GOJIbIINE 3aMKHY-
Thle «GacceifHbl».
MoIHOCTh 3/1EKTPOCTAHLMI B HEKOTOPBIX MeCTaX MOrJa Obl COCTaBUTH
2-20 MBT. O1HaKO MOKa YTO JIIOAH YMEIOT MCTONb30BaTh JIMIIb HUYTOXHbIE
JI0JIY 3TO# HEPIrHH, 1a M TO LIEHO# GONIBLIMX M MEUIEHHO OKYNAIOLNXCS Karu-
TAJIOBJIOXEHMIA, TaK YTO TaKasi SHEPreTHKa 10 CHX 10 He MOMY4HIIa 10JKHOTO
pasBuTHs. B

MIO C J0!

3Hepl'l/lﬂ MOPCKHUX TEYEHUM. HencuepnaeMbie 3anachi KuHeTH-
YECKOil SHEPTMM MOPCKUX TEYEHUH, HAKOTLIEHHbIE B OKEAHAX M MOPSAIX, MOKXHO
NpPEeBpPALLIATh B MEXaHUYECKYIO M 3JIEKTPHYECKYIO IHEPTHIO C TIOMOLIBIO TYPOHH,
TOTPYXXEHHbIX B BOJLY.
BaxHeit M camMoe M3BeCTHOe MopcKoe TeyeHue — loabderpum. Ero ocHos-

TMOHHUXEHHYIO Tb).
Bonopon yno6eH B TpaHcnopti-
POBKE — €r0 MOXHO TPaHCrop-
THPOBATb M PacnpenesTh rno
TpyGonpoBoaaM, Kak NpUpoi-
Hblif ra3.

B GyayiueM, Koraa BOAOPOA CTa-
HET CTOJIb JKe JIOCTYMHbBIM TOM-
JIMBOM, KaK CEroiHs MpHpoa-
Hblil ra3, OH CMOXET BCIONly €ro
3ameHuTh. Boropon MoxHo Gy-
JIeT CKMraTh B KYXOHHBIX MJIH-
Tax, B BOJIOHArpeBaTessix u 0To-
MUTENbHBIX Mevax, CHabXeH-
HBIX ropesikavu, ®

Kpome cokposuw 3amonyewux
Kopabaeii 6 oKeawe Xpanamcs
HeuCHUCAUMbIe COKPOBUILA IHeEp-
euu.

Hasi 4yacTh MPOXOAMT Yepe3 MDIOPHICKHMIl PONUB MeXIY ronyocTpoom MDiiopu-
na u baramckumu octpoBamu. LLnpuHa TeueHnst cocrasnsier 60 KM, y6uHa —
110 800 M, a norepeyHoe ceuenne — 28 KM% Duepriio P, KOTOpyio HeceT Takoit
MOTOK BOJIbI €O cKOPOCTHIO 0,9 M/c, MOXHO BbIpa3uTh HopMyJI0ii (B BaTTax):

I 5, 1 3
—mv° =—pAv’,
2P
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e M — macca BOJIbl, P — IVIOTHOCTh BObI, A — ceyenme, V — ckopocTb. [list
Toabderpuma 3ToT Nokasaresb pased 50000 MBT.

Ecaim 6bl 4eI0BEYECTBO MONHOCTHIO CMOIJIO MCTIOJIB30BaTh 3Ty HEPIHIO, OHA
6bl1a Gbl SKBUBAICHTHA CYMMApHO#i 3HEPruM OT 50 KPYMHbIX 2/I€KTPOCTAHLIMIH
no 1000 MBt. Ho ata uudpa yucTo TeopeTHyecKasi, a MPaKTHYECKH MOXHO
PAacCYNTBIBATH HA MCTIOIb30BAHME JIHIIL 0KONO 10% 3Hepriy TeyeHus. W

ATOMHast OHEPIr€TUKA. OnHoii U3 cambiX GbICTPOPA3BUBAIOLIMXCS
oTpacieil SHEPTeTUKH CEro/IHsl SIBISAETCA aTOMHasi SHEpreTHKa. 3a TpUAUATh
J1eT o61asi MOLIHOCT SIIEPHBIX SHEProGIOKOB BBIPOCA C 5 ThICAY 10 23 MU~
JIMOHOB KHMJIOBATT.

Tpw McceIoBaHMK pacraia aTOMHBIX SIEP OKA3aJI0Ch, YTO KaXI0€ AP0 BECHT
MeHbllIe, YeM CYMMa Macc ero MPOTOHOB U HEHTPOHOB. DT0 OOBACHAETCS TEM,
4TO MpPU OOBEAWHEHHH TPOTOHOB M HEHTPOHOB B SAPO BBUIENSETCS MHOTO
9Hepruu. YObUIb Macchl siiep Ha | T 3KBUBAIEHTHA TAKOMY KOJIMYECTBY TEILIO-
BO# SHEPTHH, KAKOE MOJTY4HsI0Ch Obl MpH CkuraHuu 300 BaroHOB KAMEHHOTO
YIS,

DHepreTHYeCcKHil SIEPHBIH PEaKTOP YCTPOEH JOBOJIBHO TMPOCTO — B HEM, TaK
Ke KaK M B 0OBbIYHOM KOTJIe, BoJIa MpeBpaluaetcsi B nap. 1s1 3Toro Mcnonb3yior
SHEPIHIo, BHUIE/SIONIYIOCS MPU LIEMHOI peakLMK pacraaa aTOMOB ypaHa WiH
ZIPYTOro sIEPHOTO TOTLIHBA.

SlnepHblii peakTop — YCTPOHCTBO, B KOTOPOM MPOTEKAET yNpapJsieMasi LienHast
peakuusi. [Ipu 3TOM pacnial aTOMHBIX SIEP CITYXHT PEryTHPYeMbIM HCTOYHH-
KOM M Teria, ¥ HeHTPOHOB. ATOMHBIE PEAKTOPbI Ha TETUIOBbIX HEUTPOHAX pa3-
JIMYAIOTCS MeXIYy co60i I1aBHBIM 0GPa3oM Mo IByM NMPH3HAKAM: KaKue Belle-
CTBa MCMONB3YIOTCS B KAayeCTBE 3aMEUTMTENIsi HEHTPOHOB M Kakue —
B Ka4ecTBe TEIUIOHOCHTEJIS, C MOMOILIbBIO KOTOPOro MPOU3BOIMTCS OTBOI Ter-
J1a U3 aKTUBHOM 30HBI peakTopa. Hanbosb1ee pacnpocTpaHeHHe B HacTosIIee
BPEMsl MMEIOT BOO-BO/ISIHbIE PEAKTOPBI, B KOTOPBIX OOBIYHAS BOJA CIYXHMT
Y 3aMeUTMTENIeM HEHTPOHOB, M TEIUIOHOCHTENIEM,, YPaH-TPpaduTOBbIe peaKTophl
(3ametuTesb — rpaduT, TErUIOHOCHTENb — OObIYHAsE BOJa), ra3orpaduToBbie
PeaKTopbi (3aMeUTHTEIb — rpaduT, TEMUIOHOCHTENb — ra3, YacTo YIIeKHCI0-
Ta), TAKEJOBOAHbIE PEAKTOPbI (3aMEUTMTENb — TsKeJas BOIA, TETUIOHOCH-
Tesnb — nub0 TsKenas, 1Mbo obbYHas Boaa).

MaJio y Koro BbI3bIBa€T COMHEHHsI TO, YTO ATOMHasi SHEPreTHKa 3aHsIa Npoy-
HOE MECTO B 3HepreTHueckoM GanaHce yesnoBeyecta. HecMoTpst Ha aBapuu
(camoii pa3pyLuTeabHOM U3 KOTOPBIX Obl1a YepHOGBLUIbCKAST), OHA GyaeT pas-
BHMBAaTbCSl M BIPe/b, TMOCTaBJISAS CTONb HEOOXO-
JIMMYIO JIIONSIM 3Hepriio. OHaKo HeoGXOaMMBI
JIOTIONHUTE/IbHBIE MEPBI 1O obecneyeHuio Gesa-
BapUiHOI PabOThI ATOMHBIX 3/E€KTPOCTAHLIMM,
YBEJIMYEHUIO X HAE)KHOCTH. W

I'enuoaHepreTuKa. Moyt Bce MCTOY-
HUKM SHEPTUHM TaK WM MHAYe CTIOMb3YIOT IHEp-
ruio ConHua: yronb, HedThb, NPUPOIHBI ra3 no
CBOCi CYTH SIBISIIOTCS «3aKOHCEPBUPOBAHHOM»
COJIHEYHOI 3Heprueii.

DHeprusi peK M BONOMANOB TAaKXe CBS3aHa
¢ CosHLeM, MOAIEPXKHBAIOIIMM KPYTOBOPOT BO-
Ikl Ha 3emute.

BecbMa nepcneKTHBHOM ABISAETCA BO3MOX-
HOCTh HEMOCPEACTBEHHOTo Mpeobpa3oBaHus

Hepsoe YCTPOICTBO, Tmpe-
BpallaBuiee  COMHEUHYIO
9HEPrHio B MEXaHUYECKYIO, 110-
sBuioch ewe B KoHue XIX Be-
Ka — TaK Ha3biBaeMblif HHCOISI-
Top. B atoM ycrpoiicTse
GobLLIOe BOTHYTOE 3epKaio (ho-
KYCHPOBA/IO COJHEYHBIE Jy4H
Ha MapoBOM KOT/ie, MapoM Ko-
TOPOTO MPHBOIMIACH B JIBHXE-
HHe MeyaTHasi MallMHa, J1eNaB-
was cebiwe 500 OTTHCKOB
raseThi B 4ac. CrycTsi HeCKOJIb-
Ko siet B Kanndoprun noctpo-
WM AEHCTBYIOLUMA 1O TakoMmy
XKe MPUHLKITY KOHUYECKHIt pe-
(haeKTOp, COCMHMB €ro ¢ napo-
BOM MAWMHOW MOLIHOCTBIO
15 nowannubix cui. |

Amomubie 3neKxmpocmanyuu npe-
epamuaucy 015 4eroeedecmea 6
He3aMeHuMblil, Xoms u HeGesonac-
Hblll, UCTOYHUK IHEP2UU.




Teauoanexmpocmanyuu: noka ux
CAUUKOM MaAo.

Ho MHEHHIO CTeLHATNCTOB,
Haubonee neperneKTHBHON
nieei npeobpa3oBaHus CoHEY-
HOIi SHEPIUH SBIAETCH UCTIONb-
30BaHMe (HOTOIEKTPHYECKOTO
abdekra B NONYyNpPOBOAHMKAX.
(OCHOBHOIA Xe Nperpaoif Uisi ux
WMCTIOBb30BAHMS T10KA OCTaeTCst
BBICOKasi Ce6ECTOMMOCTb Moy~
TIPOBOJHUKOBBIX ~ 3/IEMEHTOB.
DNIEKTPOCTAHLINSI HA CONHEUHBIX
Garapesix, Hanpumep, BOIM3M
3KBATOPA C CYTOYHOI BbIpabOT-
Koit 500 MBru (310 3Heprus
kpynHoit '9C) npu KI1 10%
norpeboBaia 61 3beKTHBHON
noBepxHOCTH 0Kos10 500000 M.
DhHeKTUBHOCTD  COMHEUHBIX
9/IEKTPOCTAHLIHIA B IPYTHX 30HAX
3emun Gyner ewie MeHblue. B

COJIHC'{HHC dotoanemeHThI
yKE CEroIHsi HaXOMAT CBOE
npumeHenue. OHM OKa3anuch
NPaKTHYECKH HE3aMEHMMBIMH
MCTOYHHKAMHU 3JIEKTPHYECKOTO
TOKa B paKeTax, CHyTHHKax
M ABTOMaTHYECKMX MEXTLIaHeT-
HBIX CTaHUMAX, a Ha 3emne —
B NIEPBYIO OYEPE/Ib VISl TUTAHUSA
TeneOHHBIX CeTeif B HEANEKT-
PHOMUMPOBAHHBIX  paifoHax
WM Ke JUIS MaJIBIX TOTpeGuTe-
el Toka (paauoannaparypa,
2/IeKTpHYecKHe GPUTBBI M 3a-
KUTQIKK ¥ T.0.). |

TEMJIOBOTO M cBeTOBOTO M3nyyeHusi ConHula B MexaHu-
YEeCKYI0 MJIM 3JIEKTPUYECKYIO HEPTHIO, Belb BCEro 3a
Tpu aHs CoJIHLE MOChUTaET Ha 3eMJII0 CTOJNBKO 3HEp-
TMH, CKOJIBKO €€ COIEPXKMTCS BO BCEX Pa3BeaHHbIX 3a-
nacax MCKOMaeMoro TOIUIMBA: TOJBKO 3a | ceKyHay —
170 mupa Ix.

OCHOBHas YacTb COJIHEYHOI 3HEPrum TepsieTcsi (Morsuo-
iaeTcsi M paccemBaetcsi) B atMocdepe, TONBKO TPeTbsi
4acTh IOCTHTAET 3eMHOM NMOBEPXHOCTH. Besi aHeprus, mo-
nyqaemasi 3emseit or Conuua, B 5:10° pa3 MeHblie cyM-
MapHoii aHepruu, ucnyckaemoit Connuem. M Bee xe ata
aHeprus B 1600 pa3 Gosibliie TOi 3HEPIUH, KOTOPYIO IAI0T BCE OCTaIbHbIE HC-
TOYHMKH, BMECTE B3SIThIC.

CeronHsi Uisi IpeoOpa3oBaHUsi CONHEYHOTO M3YYEHMs B 3JNEKTPHUYECKYIO
9HEPIUIO CYLIECTBYET BE BO3MOXKHOCTH: MCIIOIb30BaTh CONHEUHYIO SHEPIHIO
KaK MCTOYHMK Teria [UIsi MOC/IeyloLieii BbIPabOTKM 3/1eKTPOIHEPrHH Tpau-
LIMOHHBIMHU criocobaMu (Hanpumep, ¢ MOMOILBIO TYpOOTEeHEPaTOPOB) WK Xe
HEIMOCPEACTBEHHO NpPe0OpasoBbIBATh COMHEYHYIO SHEPTHIO B NEKTPHYECKHI
TOK C TIOMOIIBIO COJTHEYHBIX GaTapeii. B cBA3M ¢ HU3KOM MIIOTHOCTBIO COMHEY-
HOW 3HEpruHM J1ioGasi YCTAHOBKA JIOJKHA MMETh cobMpaiolliee YCTPOHCTBO (Koa-
JIEKTOP) C I0CTATOYHO GOJIBILON MOBEPXHOCTBIO.

Tpocrteiiliee ycTPOHCTBO TAKOTO poJia — IJIOCKMIi KOJLIEKTOP — MPE/ICTaBseT
€000ii YEPHYIO TLTUTY, XOPOILIO H30IMPOBAHHYIO CHU3Y. [11MTa npuKpbITa CTEK-
JIOM WJIM TLTACTMACCOI, KOTOPbIE MPOTYCKAIOT CBET M HE TPOMyCKaloT 06paTHO
MH(paKpacHoe TeruioBoe UydeHue. B mpocTpaHcTBe MeXIy MUIMTOI U CTeK-
JIOM pa3MellaloT YepHbie TPYOKH, B KOTOPbIX HAXOMXHTCS XHIAKOCTb WM ra3, Ha-
npUMep BOa, Macio, PTyTh, BO3AYX, CEPHUCTBII aHTMAPHA U T.1I.

TpvHLMN AeHCTBHSI TUIOCKOTO KoJuieKTopa caeayioumii. ConHeuHoe uayue-
HHe, MPOHMKasi Yepe3 CTEKJIO MM TUIACTMAcCy B KOJUIEKTOP, MOIJIONIAeTCs Yep-
HBIMM TPYOKaMH M IUTMTOM, Harpesasi paboyee BEIIECTBO. 3a CUET OTPAXKEHUS
TEIUIOBOTO MATy4eHHs! OT CTeKIIa (IGO0 MIaCTMACChl) BHYTPH KOJLIEKTOPA TeM-
nepaTypa 3HauuTebHO nosbiiuaeres (10 230-500 °C).

Kcratu, o6bI4HbBIE caoBble TAPHUKH, 110 CYTH J1e1a, MPEACTaBISIOT Cob0ii Npo-
CThie KOJUIEKTOPBI COJTHEYHOTO M3JTYYCHHS.

Bonee ciokHbiM 1 noporoctosi- "
IIMM KOJUIEKTOPOM SIBJISIETCS BO-
THYTOE 3epKaJlo, KOTOpOe cocpe-
ZIOTOYMBACT NaaloLiee H3TydeHne
B MaJOM 00beMe B ONpeeeHHOM
reoMeTPHYECKOi Touke — (hoKyce.
Ortpaxaioliasi MOBEPXHOCTb 3ep-
KaJia BBITIOJIHEHA M3 OTpaxalolie-
ro Marepuaia, TNpHKPEIUIEHHOro
K napaGo/nyecKOMy OCHOBaHHMIO.
Bnaronapsi creumManbHbIM Mexa-
HHM3MaM KOJUIEKTOPBI TAKOTO THMa
MOCTOSIHHO MOBepHYTHI K COJHILY,
YTO MO3BOJAET cOOpaTh MaKCH-
MaJIbHYI0 3HEPTHIO COJIHEYHOTo
nanydyenus. Temnepartypa B pa6o-
yeM rmpocTpaHcTBe (B (okyce)
3ePKATbHBIX KOJUIEKTOPOB JI0CTH-
raet 3000 °C v BpIe. ®

6 Ko-

cmoce.
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DJIEKTPUYECTBO
N MATHETU3M

Pasden gusuku, 6 komopom uzyuaromes c6olicmea 31eKmpoMazHum-
HO20 NOAA U 2NeKMPOMACHUMHbIE NPOUECCHl 8 PA3IUYHbIX CPeoax, Ha-
3b16aemcs 21eKmpoOUHAMUKOU.

Kak yxe yroMuHaIoCh B MPEAbIAYILNAX pa3aesax, s npu-
POIIE CYLIECTBYET YeThIPE BHAA B3AMMOLCHCTBHS — rPABHTALMOHHOE, HJICKTPO-
MarHuTHOE, CHJIbHOE M c1a6oe. DIeKTPOMArHUTHbIE CHIIbI ICHCTBYIOT Ha pac-
CTOSIHUM MEXIy MOKOSIUIMMHUCS W JBHXYLUIUMHMCS YacTHLAMH WK TelaMH,
001a1AI0LMMH 2IEKTPHYECCKUM 3apsiioM. W

DIIEKTPUYECTBO

CyliecTBOBaHUE JEKTPUUECKOTO 3apsiaa MOATBEPXK-
JTAe€T MHOXECTBO MPUPOIHBIX SIBACHUA. Eue B apesHOCTH TH0H
00paTHIN BHUMAaHME Ha CIIOCOGHOCTh HEKOTOPBIX MPEIMETOB MPHUTATUBATH
K ceGe apyrue npeameTbl. [lpeBHUE TPEKH 3HAIM CBOMCTBO HATEPTOTO SHTapst
NIPUTATUBATH MEJIKME NPeaMeThi. CaMo CI0BO «3/IEKTPHYECTBO» MPOMCXOUT OT
IPEYecKOro C/I0Ba «3IEKTPOH», YTO B IEPEBOIE HA PYCCKMIT 03HAYACT «SIHTAPb».
Brioc/iencTBUM CIOCOGHOCTD 9/IEKTPHYECKMX 3apsZIoB Kak K B3aHMHOMY MpH-
TSKEHHIO, TaK M K B3aMMHOMY OTTAJIKMBAHHMIO OGBSCHMWIM CYIIECTBOBAHHEM
ZIBYX Pas/IMuHbIX BUIOB 3apsiioB. OMH BHI JEKTPHYECKOTO 3apsia Ha3Balu
TIOJIOKHTE/IHBIM, A IPYTOil — OTPULIATEIbHBIM.

CylecTBOBaHHE 31EKTPUYECKOTO 3apsiia B IBYX BUIAX SBJSIETCS €10 OCHOBO-
NONIaralolMM CBOWCTBOM. 3apsibl, BO3HMKAIOIIME HA CTEKJe, MOTEPTOM
0 MeX, Ha3BaIM MOJOKHTEILHBIMH, A 3apsi/ibl, BOSHUKAIOLIME HA MOBEPXHOCTH
960HHTA, MOTEPTOM O LIEJIK,— OTPHUATeNbHbIMH. CUITbI B3aUMOEHCTBHS 31e-
KTPHUYECKHX 3apsIOB TAKOBbI, YTO OIHOMMEHHBIC 3apsiibl OTTAIKMBAIOTCS,
a pasHOMMEHHbIE MPUTSrHBaloTCsa. Bo Beex Teiax Beera conepkarcs Kak no-
JIOXKHUTEJ/IbHBIC, TAK U OTPULIATE/IbHbIC 3aPSAbI. B 06b14HbBIX YCJIOBHUSIX B Kax10i
yacTH obbeMa Tejla CONEPXKMTCS OIMHAKOBOE KOIMHYECTBO MONOXKUTENbHBIX
M OTPULIATENIbHBIX 3apsiIoB. O TAKOM TeJie TOBOPST, YTO OHO HE 3apsiKEHO, WK
/EKTPHYECKH HEHTPATIBHO.

DNIeKTPUYECKHE 3apsi/ibi CYIECTBYIOT B PUPOIE B BHIE CBOGOAHBIX
3apSDKEHHBIX YacTHl. HanMeHbUINii OTPHLIATENBHBINA 3apsa MMeeT
YACTHLIA, TOJYYMBLIAS HA3BAHUE HNCKTPOH, 3 HAUMEHBLLIMIA TIOIOXKH-
TeJIbHBIN 3apsiJl MMEET YaCTHLIA, Ha3bIBAEMasi IPOTOHOM. 3apsiibl aie-
KTPOHA M MPOTOHA UMEIOT OJMHAKOBYIO 10 MOAYJIIO, HO Pa3Hylo Mo
3HaKy BEAMUMHY. DNCKTPU3aLMUs Tea MPH TPEHHH (COMPHKOCHOBE-
HUH) OOBACHSIETCS MEPEXONIOM YACTH 3EKTPOHOB C OIHOTO TeJla Ha
apyroe.

Jlnsi O6HapyKeHHsI M M3MEPEHHS IEKTPUUECKUX 3apSUIOB PHUMEHSI-
eTcsl /EKTPOMETP, COCTOSIIMIA M3 METATHYECKOrO CTEepXKHs
¥ CTPEJIKM, KOTOPasi MOXET BPaLllaThCsi BOKPYT FTOPHU3OHTATBLHOM OCH.
Ero HCTOPHSI HAYMHAETCS C SIEKTPUYECKOTO yKa3aTessi, CO31aHHOTO

91cnpuqccxuifl 3apsil — (u-
3UYeCKasl BeJIMYMHA, XapakK-
TEpU3YIOLIask MHTEHCUBHOCTD
IJIEKTPOMATHHTHBIX B3auMo-
neicTuit. B 3aBucumoctH ot
CMOCOGHOCTH NMPOBOAMTD AIEKT-
PHYECKHE 3apsibl BELIECTBA Jie-
JAT Ha MPOBOIHHKH M JHO/IEKT-
PHKH (M30718TOpPbI). OHako 310
paszieieHe yCI0BHO, TaK KaK BO
BCeX BeluecTsax (B Gonbluei uin
MEHbLUEH CTENeHHn) BO3MOXHO
nepemelenme 3apsnos. K Ka-
KO#i rpynmne cjeiyeT OTHeCTH TO
WJIM HHOE BELLECTBO, 3aBUCHT OT
KOHKpeTHO# cutyaumu. Kpome
TOro, GONBUIMHCTBO MaTepHa-
JI0B HeJIb3s YETKO OTHECTH K O/1-
HOI M3 3TUX TPy, TaK KaK OHH
3aHUMAIOT MPOMEXYTOYHOE 110~
JIOXEHHE MEXIY O4YeHb XOpo-
WIMMH MIPOBOIHUKAMH M OYEHb
XOPOLIMMH U30JSATOPaAMH. L]

Snmape.
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SJICKTDDCTBTMKOﬁ Ha3biBa-
eTcsi pasnesn GHU3MKH, B KO-
TOPOM H3y4aloT CBOJCTBa U B3a-
MMOJIEHCTBHE  HEMOABMXKHBIX
ANEKTPHYECKHUX 3apsioB U CO-
31aBaCMbIX HMH IEKTPHYECKHX
nosieit.

EnuHuMuei 31eKTpUYecKoro 3a-
psla MPHHATO CUMTaTh KYJIOH
(Ku). Kynon — 310 3apsia, npo-
xozmsiumit 3a | ¢ yepes nonepey-
HOE CeyeHHe MPOBOAHWKA MPH
cune Toka 1 A. ®

Illapav Kyaon (1736—1806).

Puc. 32. Pacnpedenenue aunuii
HANPANCEHHOCMU 6OKpYe Mo4eH-
HO20 3apAOA: @) NOAONCUMEAbHO-
20, b) ompuyamenvrozo.

I. PuxMaHOM BCKOpe mociie W306peTeHus: MyuleHprKom B 1745—1746 romax
TIEPBOTO 3JIEKTPHYECKOTO pa, TaK Ha OaHKH.
DnekTpoMeTp PuxMaHa COCTOST M3 META/LTHYECKOTO MpPyTa, K BEPXHEMY KOHLLY
KOTOpOro nach Hasi HUTh JUIMHBI ¥ Beca. [Tpu
IEKTPU3ALMH TIPYTa HUTh OTKJIOHSIACH. Yron OTKJIOHEHMs HHTH H3MepsiCs
C MOMOLUBIO WKAJIbI, TPUKP i K cTep ) U pa ! Ha rpaaychbl.

0 M3MEPSITh AEKTPHYECKUE 3apSiIbl, O3BOIIIO
Th 3aKOH MEKTPHYECKOTO 3apsiia. W

-

of py ™ U

3aKoH COXpaHEHM S JIEKTPUYECKOTIO 3apsia. B samkHyToit
CHCTEME, B KOTOPYIO He BXOST H3BHE JIEKTPHYECKHE 3apsilibl U U3 KOTOPOH He
BBIXOAT 3apsilbl, NP JI0ObIX B3aMMOAEHCTBUAX Tenl anreGpanyeckas cymMmMa
SJIEKTPHYECKHX 3apsSIoB BCEX TEJI OCTaeTCA TOCTOSIHHOM:

q,+q, +...+q, =const,
rae Q — aneKTpUYecKuii 3apsa. W

DTOT 3aKOH O3HAYacCT, yto HUIAE U HUKOTAA B MPHPOJIE HE BO3HHM-
KaeT ¥ He MCYe3aeT IEKTPUYECKHIA 3apsi/l OTHOTO 3HaKa — TOSIBNICHHE MOJO-
XKHUTEILHOTO 3IEKTPUYECKOTO 3apsi/ia BCEra CBA3aHO C MOSBICHUEM PaBHOTO
10 a6COMOTHOMY 3HAaY€HHIO OTPHLIATEILHOTO IEKTPHYECKOTO 3apsila.
BriepBbie 3TOT 3aKoH GbUT 1P TPUPOBAH BbL, UM
roCyIapCTBEHHBIM JesiTesieM U u3o6petatesieM beHmkamunHoM PpaHKIMHOM
Ha crienyioleM onbite. JBa CTOAT Ha JMcKe (ISt u3onsi-
LMK MX OT OKPYXAIOLIMX NPEAMETOB M 3eMH). ONMH YEI0BEK HATHPAET CTeK-
NIsHHYIO TPYOKy. JIpyroii KacaeTcst 3Toi TPYOKH NasiblieM W M3BJIEKAeT UCKPY.
OGa yesioBeKa Tenepb OKa3bIBAIOTCS HA3IEKTPU30BAHHBIMU: OIMH — OTpHLIa-
TEJbHBIM 3/IEKTPUYECTBOM, IPYTOi — NoM0XUTeIbHBIM. Ho npu 31OM MX 3apsi-
JIbl PaBHbI 110 a6COMIOTHOM . Mocae cc JONIH TOTepsi-
0T CBOM 3apsilibl U CTAHYT 3/IEKTPUYECKH HEHTPAIbHBIMH.

OCHOBHO}# 3aKOH 3JIEKTPOCTaTUKH — 3aKOH Ky/ioHa — GbL1 ycTaHOB/EH (paH-
uy3ckuM dusukom Llapnem Kynonom (1736—1806) B 80-x romax XVIII Beka. m

3akoH KyJIOHa. Cunia B3aMMOJIEHCTBHS IBYX TOYEYHBIX HEMOABHKHbIX
sapskenHbIx 3apsizos Fy npsmo npornop abcomot-
HbIX 3HaYeHMii 3apsiaoB q; u q, u 06paTHO NMPONOPUHOHATIbHA KBAIPATy pac-
CTOSIHMS T MEXIY HUMH:

npou

-l

rie K — koadduument nponopunonanbHocTH, paHbiit 9-10° H-w/Ka.
BwmecTo 31010 K03()HHIIMEHTA YACTO HCTIONB3YETCS IEKTPHIECKAs NOCTOSHHAs £):

1

a) b)

€y =—r-
4nk

Takum obpasom, €, =8,85:10-" Kin?/H-m’.
Heo6xo1MMO OTMETHTB, YTO MEPBBIM IKCMEPUMEHTAILHO YC-
TaHOBMJI 3aKOH B3aUMOJICHCTBHS 3IEKTPHYECKHUX 3apAJIOB aH-
raniickuit yuenbiit Tenpu KaBenanu (1731-1810). Oanako on
He obHaponoBai cBoero otTkpbiTusi. M 3ta pabora ocraBanach
NIPU €ro XKM3HHU HeM3BECTHOI. O Hell y3HalIM ropasao nosxe,
TonbKo B cepeante XIX Beka, nocse Toro kak Makcsesut ony6-
JIMKOBAJ ee.
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B iCTBHE 3apsi YacTHLL MIPOMCXOIHUT MOCPEACTBOM
3JIEKTPHYECKOTO 11011, SIBJISIOLIETOCS MaTePUAIbHBIM 0OBEKTOM, He-
NPEPBIBHBIM B NIPOCTPAHCTBE M CNIOCOGHBIM IEHCTBOBATh Ha IPYTHe
3/IEKTPHYECKUE 3apsilibl. DJIEKTpHYECKOe Mojie — oaHa M3 (hopMm
TNPOSIBJICHUS 3/IEKTPOMAarHuTHOro. Kaxublit U3 B3auMoaeicTByio-

LIMX 3apSJIOB CO3AET B OKPYXAIOIIEM MPOCTPAHCTBE CBOE /EKTPO-
MAarHMTHoE 1noje, crnocobHoe AeicTBOBaTh Ha Apyroi 3apsia. Cuia,
C KOTOPOIA 3/IEKTPUYECKOE T0JIe ICHCTBYET Ha 3apsill, HE 3aBUCHT OT
CKOPOCTH 3apsia, 03TOMY 3JIEKTPHYECKOE 10J1e Croco6HO BO3aeH -
CTBOBATH 1AX€ HA HEMOIBUXKHBIC 3apsi/Ibl.

OCHOBHOM KOJIMYECTBEHHON XapaKTEPUCTHKON 3J1eKTPHYECKOTO

nonis siBAsieTcs ero HanpsbkeHHocTs E, paBHas ot CHJIBI,
C KOTOPO# 3JIEKTPHYECKOE MOoJIe JCHCTBYET HA TOYEYHbIH 3JIEKTPUYECKHUIA 3a-
psill, K 3HAYEHHIO ITOTO 3apsila:

rae 4, — 3apsi, Ha KOTOPbIii IeHCTBYET CHla Fa .

HanpsikeHHOCTb 3/IEKTPUYECKOTO MOJIs TOYEYHOTO 3apsi/ia NPSIMO MPOMOPLIHO-
HasbHa 3apsu1y M 06paTHO NPONOPLMOHAIbHA KBAAPATy PACCTOSIHMS T OT 3a-
psila 10 JaHHO#M TOUKH MoJist:

laf
E=kOL
rZ

B ciryyae, Korza 2/1eKTPHUYECKOE 10JIe CO3AETCs Cpa3y HECKOJIbKMMM 3apsilaMH,
€0 HaNpsKEHHOCTD BBIYUC/ISIOT UCXOIs U3 MPHHIMNA CYNEePHO3HIMH ToJei: Ha-
Tpsi Th MOJISE, ro KHMH paBHa BEKTOPHO#
cymme CTei, o X KaXIbIM U3 3apS/IOB B OTACTbHOCTH:

E,=E, +E, +..+E,.

HanpsikeHHOCTb MoJIsi TOYEYHOTO 3apsilia siB/sieTCsi HeoaHopoaubiM. Ecain Ha-
NPSKEHHOCTH MOJIs BO BCEX TOYKAX NPOCTPAHCTBA OJMHAKOBA, T10JIe HA3bIBAIOT
OTHOPO/IHBIM (TT0JIE MEXILY IBYMsi PA3HOMMEHHO 3apsKEHHBIMM TUIOCKUMHU Me-
TATMYECKMMH TUIACTHHAMM).

Mpu OM P 3/IEKTPHYECKOTO 3apsiia 1o noBepxHoc-

™ niowam S noscpxuocn{aﬂ TUIOTHOCTB 3apsna O MOCTOAHHA U paBHa:

o=d.
S

HanpsikeHHOCTb 2/IEKTPHYECKOTO M0JIsi HECK( i iockocTH ¢ -
HOI TUIOTHOCTBIO 3apsiia O OIMHAKOBA B JII000# TOYKE MPOCTPAHCTBA M PaBHA:

Puc. 33. Pacnpedenenue aunuii na-
NPANCEHHOCMU 08X Pa3HOUMEH-
HbIX 3apA008.

Puc. 34. Kapmuna pacnpedene-
HUS AUHUG HANPANCEHHOCMU Ine-
Kmpuyeckoeo noas 0an 06yx oo-
HOUMEHHBIX 3apA00E.

o
2,

Tak KaK Ha 3apsil, TOMEIICHHBI B 3MIEKTPHYECKOE MOJIe HANPSIKEH-

noctbio E, neitetsyer cuna F, 1o npu ero nepemewennu Gyner npo-

u3BoauThes pabota npotus cuibl F. Ecan nepemewienue 3apsna

TPOMCXONMIO MO JMHMM HAMNPSKEHHOCTH MOJIsi HA PAcCTOSHUE
Ad =d,—d:, 1o pa6ora 6yner pasHa:

A=qE(d,-d,),

rae d; u d, — paccTosiHus OT HauaLHOI M KOHEUHOI TOUEK JI0 MIa-

CTHUHBI.
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Enmmueﬁ HanpsiXeHus SIB-
sisietcsi BoasT (B). | BosibT —
9TO Pa3HOCTh MOTEHUHANOB
(HanpsiKeHHe) MexXay AByMs
TOYKAMH, TPU KOTOPOii mepe-
MelLIEHHE MOJNOKHUTENBHOTO 3a-
psna B | KyJIOH Mexay 3THMH
TOYKAMM TpebYeT CO CTOPOHBI
IEKTPHYECKHX CHJI 3aTpaThi
pabortsi B | wxoynn. B

l-IpocTcﬁu.mMu cnocobamu
pasjie/ieHns pa3HOMMEH-
HBIX 3JIEKTPHYECKUX 3apSI0B
SBASIOTCS NEKTPH3ALMA NPH
CONPUKOCHOBEHHH M 3JEKTPO-
cTaTHYecKas HHIyKimns. B

Puc. 35. Ixeunomenyuanrvrasn
NOBEPXHOCMb: NOAR MO4EUHO20
anekmpuyeckoeo 3apsda (a) u
00HOPOOHO20 NEKMPUHECK020
noas (b).

PaGoTa cH1 21eKTPOCTaTHYECKOTO MOJIst IPH ABHKEHUH 3JIEKTPUUECKOTO 3apsi-
J1a 110 J1060# 3aMKHYTOI TPAEKTOPHH PaBHA HYJIIO, YTO O3HAYACT MOTEHIHAIb-
HOCTb 3/IEKTPOCTaTHYeCKOro nojisi. Jliobasi yacTviia B HeM 06/1a1aeT NOTeHLM-
AJTbHOM SHEPrHeN.

C nousiTueM JIHOW HEPrUH P BEHHO CBSI3aHO TOHSTHE
NOTEHLMANA 3EKTPHYECKOro nojisi. [ToTeHLMan B JaHHO# TOYKe PaBEH MOTeH-
LUHMaIbHOI IHEprUn Wp, P i monoxu i 3a-
psin q, NOMEIEHHBIN B 3Ty TOUKY:

oo,
q

OH, TaK Xe KaK M MOTEeHUHAIbHAsK SHEPrusi, onpeaensiercsi paboToii, npo-
M3BOAMMOI SJICKTPUUYECKUMHU CHJIAMHU TIPH NMEPEeMELICHUH 3apsiia B NpocT-
paHCTBE.
BaxHyio posib B pU3MKE U JIEKTPOTEXHHKE UIPAET PA3HOCTH NOTEHIHAJIOB (HA-
npsukerwe) U JIBYX TOuEK 21€KTPHUECKOTO MOJSI, KOTOPasi PABHA OTHOIICHHIO
paboTbl A, KOTOPYIO COBEPILIAIOT 21EKTPUYECKHE CHIbI TPH NIEPEMELLEHHH 3a-
psilla M3 OHO# TOYKH B IPYTYIO, K BeJIMUMHE 3TOro 3apsiaa q:

usd.
q
B JNIEKTPOCTATHYECCKOM TM10JIC HAIPSXKEHUE MEXIY ABYMs JOOBIMU TOUKAMH
PaBHO Pa3HOCTH MOTEHUMAIOB 3THX TOYEK:

Uo=¢,-9, a

ﬂOBCpXHOCTb, BO BCEX TOYKAX KOTOPOii MOTEHLMA 3/IEKTPHYECKOrO
MoJisi UMEET OIMHAKOBBIC 3HAYEHMSI, HA3bIBAETCSl IKBMMOTECHUMAIBHOH MO-
BEPXHOCTBIO (pHC. 35).

ﬂ,}'lﬂ HaKOIUICHUS 3HAYUTEJIbHOIO KOJMYECTBA pa3-
HOUMEHHBIX J3JICKTPUUYECKUX 3apsiioB TNMPUMEHSIETCS
KOHACHCATOP — cucrema U3 ABYX NPOBOAHNKOB (OOKIANOK), pa3jesieH-
HBIX CJIOEM JMJJICKTPUKA, TOJIIMHA KOTOPOro Maja ro CpaBHEHHIO

b)

cpa p 3apsia, KOTOpbli Halo nepeHe-
CTH C OJIHOTO MPOBOJIHMKA Ha JIPYTOM, YTOObI 3aPSANTH OIMH U3 HUX MO~
JIOXHTEJIBHO, a npyrov"l — OTPULATEJIbHO, HA3bIBACTCS 3apPAIOM KOHAEH-
caropa.

O1HO# M3 BaXHEHILIMX XapaKTEPHCTHUK KOHIEHCATOpA SIBJISIETCS ero 3/eK-
Tpuyeckas emkocTb. Emkoctsio C Konnencatopa HasbiBaeTcs dusnyec-
Kasi " 3apsiia  OIHOI M3 MIACTUH
KOHAEHCATOPA K HAMNPSXKCHHUIO MEXIY obKIanKaMu KOHJeHcaTopa:

q

oT

C=

ﬂpu HEU3MEHHOM PACIOJIOXKEHHUH TUIACTHH 3JIEKTPOEMKOCTb KOHAEH-
carTopa sBasieTcst MOCTOSAHHOM BEJTHYMHOM npu nobom 3apsiie Ha nia-
ctuHe. Eamnuueit anektpoemkoctu sisasiercst gapan (P). 1 dapan —
3TO €MKOCTb TAKOro KOHIAEHCAaTopa, MEeXIIy IMJacTUHAMU KOTOpOro
BO3HHMKACT HamnpsiXeHUE B 1 BosnbT Nnpu 3apsiie Ha €ro rJjiacTuHax

y

B | Ky/IOH.

Emkoctb KOHJIEHCATOpa, KPOME TOr0, 3aBUCUT OT BELLECTBA IUICKTPUKA,

0 POCTPAHCTBO MEXI1y MPOBOTHHKAMMU:

A\ A AL




£,€S
d

e d — paccTosinme Mexay niacTHHaMmu, S — ruowank naacTHH, €, — K-
TpHUECKasi MOCTOSIHHASK, € — IN3/IEKTPUYECKAst IPOHNLIAEMOCTD BEIIECTBA (11 -
NEKTPUKA).

Tpy 3apsiike KOHICHCATOPa BO3HUKAET 3/IEKTPHYECKOE T10JIe, NP pa3psike 310
nosie ucuesaet. [pu 3TOM Npy 3apsiIke KOHICHCATOPa COBEPILIAEM PaboTy MBI,
TOra Kak NMpH pa3spsiike paboTy coepiuaeT an1ekTpuueckoe nose. Te. umeercst
BBIMIPBIL B paboTe, paBHbIii ee 3aTpaTe Ha 3apsIKy KoHaeHcaTopa. CiieoBatesib-
HO, 3apsDKEHHbIN KOHJIEHCATOp T 3aMacoM Mo 0if SHEPIUH, paB-
HbIM paboTe, 3aTpaueHHOI Ha ero 3apsuiky. IMoTeHumManbHas SHeprusi V¥, KOH-
nencatopa anektpoemkoctbio C, sapsxentoro 1o Hanpsikennst U, pasha:

C=

2
W =A=£U_=£,.
! 2 2

Ecnu Pa3HOCTb MOTEHLIMAJIOB MEX/1Y ABYMS TOUKAaMH HE
PaBHa HYJIIO, To B NPOBOAHHKE MPOUCXOMUT NepemelieHne 3apsiioB. [Mono6-
HOE YNOPSIOYEHHOE IBHXEHHUE IEKTPHYECKHUX 3apsIOB HOCUT Ha3BaHHE JIEKT-
p ToKa. 3a 3/IEKTPHYECKOTO TOKA MPUHATO HamparieHue
JIBHXKEHHS! TIOJIOXHTEIbHBIX 3apSiIoB, XOTs Gosiee MpaBU/IbHBIM OyIeT rOBOPHTH
0 HarnparJIeHNH, IPOTHBOTONOXHOM JABHXEHHIO 2/IeKTPOHOB. CBSI3aHO 3TO € TeM,
YTO BO MHOTMX MPOBOJHHMKAX MEPEMELIATHCS CIOCOGHBI TOJILKO 3IEKTPOHbI.
KosnnyecTBeHHOI XapaKTepUCTHKOI ToKa siBasieTcs: ero cuia. Cuoi Toka I B
NPOBOAHMKE HA3bIBAETCS KOJIMYECTBO 2/EKTpUuecTBa (, mpoxosiuiee uepes

i 3a t:

1=9..

t

ElIMHMuCﬁ CHWJIbI TOKA SABJIACTCS aMIIEP (A), Ha3BaHHbI# Tak
B uecThb (hpaHiy3ckoro dusmuka Anape Mapu Amnepa (1775—1836).
I AMnep — 3T0 TaKoii TOK, PH KOTOPOM 3a OJIHY CEKYHIIY Yepe3 ceyeHHe Mpo-
BOIHMKA MPOXOIMT 3apsili B OAMH KYJIOH.
Tok, BeJIMUMHA M HAMpPaBICHHE KOTOPOTO HE MEHSIETCS CO BPEMEHEM, Ha3biBa-
10T NIOCTOSHHBIM TOKOM.
B 1826 roay Hemeukum dusnkom Teoprom Omom (1787—1854) 610 06Hapy-
XEHO, uTO OTHOWIeHHe HanpsikeHust U MexXiy KOHLIAMU METATHYECKOTO NPo-
BOJIHMKA, SBSIOLIETOCS! YIACTKOM 3JIEKTPHUECKOI LienH, K cuie Toka | B uenm
SABJISIETCH MOCTOSIHHOM BEJIMYMHOI:

E =R =const,
I
e R — , Ha P NPOBOAHM-
Ka. DJIEKTPHYECKOE COMPOTHBIEHHE MPOBOAHMKA MPAMO MPONOPLHOHATLHO
ero e | u o6parHo nponop JILHO TUIOMIAAM peyHOro ceueHust S:
1
R=p—»
P S
e P — yaeJdbHOE IEKTPUYECKOE CONMPOTHBICHHE BElleCTBa. YielbHoe co-
NPOTUBJIEHNE 3aBUCHUT OT POJia BELLECTBA U OT TYpBI (€ N0

TEMMEpaTypbl YACJAbHOE CONPOTHBICHHUE GOJIBIIMHCTBA METAIOB yBEJIMYHBaA-
ercsi). m

Teope Om (1787—1854).

Andpe Mapu Amnep (1775 1836).
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BJICHUE YMEHBILICHHS y/Ie/b-
HOTO CONPOTHBICHHS 10 HY-
25 MK Temriepatype, npu6an-
KEHHOI K abCOMIOTHOMY HYJIO,
Ha3biBACTCS CBEPXNPOBOAHMOC-

[

3akoH Oma mns yya- 1
CTKA LIEMU. Cuna Toka |
npsAMO TMNpOINoOpUUOHAIbHA Ha- pﬂ
npsixennio U u obpatHo mnpo-

THIO.
lolme b

3JIEKTPHYECKOMY

NPH HEKOTOPBIX TeMIepaTypax,
OTJIMYHBIX OT aGCOMIOTHOTO Hy-
J151, B CBEPXNPOBOISLLIEE COCTOS -
HHE, Ha3bIBAIOTCS CBEPXIPOBOI-
uukamu.  [Ipoxoxienue ToKa
B CBEPXNPOBOJHHMKE MPOMCXO-
2T 6e3 NoTeph IHEPrUH, NOITO-
MY OIHAXIbl BO30YXICHHBIH
B CBEPXIIPOBO/ISILLEM KOJTbLIE 3Jie-
KTPHYECKHIt TOK MOXET CyLIeCT-
BOBATH HEOrPAHUYEHHO JIO/ITO
6e3 u3meHeHust (puc. 37). @

Puc. 37. ITpu nonuxcernuu memne-
pamypsi pmymu do 4, 1 K ee yoeav-
HO€  conpomuenenue CcKa4KoMm
YMeHbuaemes 00 HyAA.

conpor R yuactka uenm:

U 0

I=—.

e

R

EnnHuueil 91€KTPHYECKOTO €O~ pyc. 36 Yoeasnoe conpomusnenue memarnos
npoTuBieHus assiercs oM (OM).  npu no
1 Om — 310 conpoT TaKko- i 3aKOHY.
O MPOBOAHMKA, MO KOTOPOMY Te-
4eT TOK B | amnep, ec/iu Ha KOHLIAX ero MOUIEPXKMBACTCS HANPSKEHUE B | BOJIBT.
TPOBOIHMKH B 3IEKTPHYECKHX LIEMSX MOCTOSHHOTO TOKA MOTYT COCAMHSATBCS
TNIOC/IENIOBaTeIbHO M MapauienbHo. [Ipy napauiebHOM COEIMHEHMH KOHell
TIepBOTO NMPOBOIHMKA COCIMHSETCS C HayaloM BToporo U T.a. [pu nocnenosa-
CHJIa TOKa BO BCEX MPC a Hanpsixe-
HUE HAa KOHLAX BCEi LIEMH PaBHO CyMMe MaJeHUsi HaNPSKEHUIi Ha BCex mocJie-
JI0BaTe/IbHO BKJIIOYEHHBIX MPOBOIHHKAX:

U=U+U,+..+U,.

Takum o6pa3om, 1o 3akoHy Oma, noHoe conpotusienne R yuacr-

. JIEJIbHO BKJTIOYEHHBIX MPOBOAHMKAX (puc. 39):

Ka LIeMU U3 MOC/Ie0BATENbHO BKIIOYEHHBIX IIPOBOIHUKOB OyzieT:
R=R,+R,+..+R .

npu napajuieJibHOM COCAWHEHHWH NMPOBOHUKOB MX Ha4ala U KOHLIbI

HUMEIOT OO1IME TOYKH MOAKIIOYEHHS] K UCTOYHHMKY TOKA. l'lpu ITOM

HarnpsikeHHue 8] Ha BCEX MPOBOAHWKAX OAMHAKOBO, a CHJIa TOKa I B
HEpa3BETB/ICHHOM LIEMM paBHA CyMME CHJI TOKOB BO BCEX Mapas-

TK

[=1,+1, +..+I,.

Puc. 38. Ilocredosamenvroe co-
edunenue nposooHUKOE.

Conporusaennue R Gyner pasro:

1 1 1 1
—t—tot—-

R R, R, R

Tpn MPOXOXAEHHH IEKTPUYECKOrO TOKA Yepe3 LerMb MOTYT MPOU3BOANTBCS
paxIMYHbIC ACHCTBUSI — MPOBOIHUKHM MOTYT HArpeBaThCs, B HUX MOTYT MPOHC-
XOINTH XMMHYECKHE H3MEHEHHSI, MATHUTHASI CTPEJIKA, MOIHECEHHAs! K MPOBO/-
HHUKY, MOXeT nepeMeluarbest. TAKUM 06pas’oM, 2/IeKTPUYECKHil TOK

¢ T paGoTy. B ciiyyae ¢ MarHMTHOIA CTPEIKOi TOK coBepiua-

n

Ui U2 Us

€T MeXaHH4ecKylo paboty. PaGoTy cui 31eKTPUYECKOTro NoJisi, co3aa-
owero BJICKTDM‘leCKMﬁ TOK, Ha3blBalOT paﬁo‘roﬁ TOKa:

’-]-i-— A=LRA,

1 2 3 rae I — cuna Toka, R — COMPOTHBJICHHE TOKA, At — Bpemsi, 3a Ko-
l TOpoe coBepluaeTcs pabora.
U MouHocTs NICKTPUYECKOI0 TOKA paBHa OTHOLLIEHUIO paﬁoTu TOKa
A ko Bpemenn At, 3a kotopoe 5Ta pabota coBeplueHa:
b
i pA. U’
At R
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e U — nanpsxenue Toka B uenu, R — conporusnenme toka. 1
B CJyyae, Korja 3J1eKTpOTOK He CoBepluaeT MEeXaHUYeCcKOoM pa60‘rb| uB

MPOBOAHUKE HE TPOMUCXOIAT XMMHMYECKHE NpeBpalleHusi, To pabota
3JIEKTPUYECKOTO MOJIsi IPHBOIMT TOJIBKO K HArpeBaHMIO NPOBOJHMKA.
Tpu 3TOM paboTa 3/IEKTPUYECKOTO TOKA PABHA KOJIMYECTBY TETUIOTHI,
BBUIE/IIEMOMY TTPOBOTHMKOM C TOKOM:

|

rl lllz 1123 l13

Q =I’RAt.
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DTa 3aBUCMMOCTD Ha3biBaeTcsi 3aKoH /lkoyns — Jlenua. m

an Harpe€BaHMUM Te€Ja MPOUCXOAUT MCITYCKAaHHUE UM
SJICKTPOHOB. D70 siB/ieHHE MOTYYNIO HA3BaHHE TEPMOIIEKTPOHHON IMHC-
cuu. [U1si TOro 4ToGbl BHUIETETh M3 TeJIa, NPEOIOJIEB CHIIbI IPUTSIKEHHSI CO CTO-
POHBI MONIOKHTEIbHBIX MOHOB, /IEKTPOHBI JOIKHBI 00/MaaTh 10CTATOYHOM
JUISt 3TOTO KMHETHYECKON 3Heprueit. [03ToMy TepMO3JIEKTPOHHAS IMUCCHS
HabJ110/1aeTCsl IPU BBICOKMX TeMIepaTypax (Hanpumep, y METALIOB — MPH TeM-
neparypax cBoitue 100 K).
SlBeHne TEPMO3/IEKTPOHHOU IMHMCCHM TMOJIYYMIO IIMPOKOE MpPUMEHEHHE
B TEXHHMKE, HANPUMEP B BAKYYMHOM JIMOJIE, 3JIEKTPOHHO-JTY4€BOIi TPyOKe M T.A.
Kpome MeTaju1oB, SIBSIIOLMXCS TTPOBOAHMKAMM, 3JIEKTPHYECKHUIA TOK CIOCOGHDI
MPOBOIMTL M PAacTBOPbI HEKOTOPBIX BelIECTB. BeliecTBa, pacTBOPbI KOTOPBIX
MPOBOJIAT 2/IEKTPUYECKHIi TOK, Ha3bIBAIOTCS 31eKTPoMTaMu. [1pu mpoxoxieHum
3JIEKTPHYECKOTO TOKA B HUX MIPOUCXOIMT H3MEHEHHE XMMHMYECKOTO COCTaBa, 3a-
KJTOYalolIeecs B Pa3IOKEHWH BELIECTBA Ha cocTaBHbie YacTH. [Tpouecc paino-
JKEHMSI BELLIECTBA 2/IEKTPUYECKUM TOKOM HOCHT Ha3BaHMe 3J1eKTposm3a. [Tposos-
HMKH, MOTPYXEHHBIE B PACTBOP UISl MO/IBECHUS K HEMY TOKA, HOCAT Ha3BaHHe
3JIEKTPO/IOB. TMOJIOXHUTE/IbHBIA 3/1EKTPOA — aHOA (OT IPEYECKOro «aHa» —
«BBEPX», «OJI0C» — «ITyTh»), @ OTPHLATEAbHbII — KATOA («KaTa» — «BHU3»).
SIBeHue 37EKTPOIH3A HALLLIO IMPOKOE MPUMEHEHHE B COBPEMEHHOM TPOMBI-
ILIIEHHOM TIPON3BOICTBE.
DNIEKTPOIMTHYECKHI CMOCO6 1aeT BO3MOXKHOCTB MOJIy4aTh BELIECTBA C MAJIbIM
KOJIMYeCTBOM npumeceii. [103ToMy OH HCMOJIb3YeTCsi B HEKOTOPBIX METOZIAX M0-
JIYYEHHSI METAJLIOB — HalpUMep, € €ro MOMOLIBIO U3 CO-
Jiell M OKCHJIOB MOJNYYaloT Melb, HUKEJb, aTIOMMHMIt
M MHOTHE JIpyrue MeTallbl, KOraa TpebyeTcsi BhiCOKast
cTeneHb MX XMMUYECKO# YNUCTOThI.
IMonbupas onpeneseHHOE HaNPsXEHWE Ha 3/1EKTPoaax
3NEKTPOTUTUYECKONH BaHHBI, MOXHO 0OUTHCS! BbLaeIE-
HMsI Ha 3/1eKTponax Heobxonumoro Metasna. Mpu stom
MOCTOPOHHHE TPUMECH TIPU 3/EKTPOJIM3E MEPEXONsT
B PacTBOP (M He BBUIEISIOTCS Ha KaTo/le) WK BBINALaloT
Ha JIHO BaHHbI B BUE OCa/Ka (TaK Ha3bIBAEMbli «aHO/I-
HBIN LU1aM» ).
TMonyyath YUCThIE METALIBI MOXHO HE TOJIBKO M3 BOI-
HbIX PacTBOPOB. YHCThie METALIBI MOXHO MOJNyYaTh U3
MX PacCILIaBOB, HaNpUMep NPOMBILLIEHHOE TOTy4YeHHE
ATIOMMHUS U3 GOKCHTOB, COIEPXALIMX OKHMCh aTIOMU-
Hust. B 9TOM npoliecce NpUMEHSIOT 0YeHb Goiblne TO-
KHM, M, B COOTBETCTBMM C M3BECTHBIM HaM TPaBUJIOM
Jixoynst — JleHua, BbiIeNSEMON TEMUIOThI XBaTaeT s
NOJIEPXKAHHS! BELLIECTBA B PACIIABIEHHOM COCTOSTHUM.
IMyTeM 31€KTPOIN3a MOKHO HAHOCHTb TOHKHE CIION Me-
TAJIOB, HANPUMeEp XpOMa, HUKeJis, cepebpa, 30/10Ta, HA

Puc. 39. Ilapanrrenshoe coedune-
HUe Npo6oOHUK 6.

B paduonamnax npumensemcs
AGREHUE  MEPMOINCKMPOHHOI
muccuu.
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Buncanbnom 1oJIynpoBoa-
HHKOBOM KPHUCTALIIE 21EKT-
PHUECKHl TOK CO3aeTCs 1ABH-
KEHHEM DAaBHOTO KOJIMYECTBa
OTPHUATENBHO  3aPSKEHHBIX
9IEKTPOHOB M TOIOKHTENLHO
3apsKeHHBIX JbIpoK. Takoii
THI NPOBOAMMOCTH Ha3blBaeT-
51 cODCTBEHHO# NPOBOHMOCTBIO
noAyNpoBOIHKKA. B

Coepemennbie MuKpocxemvi co-
CMOAM U3 MULIUOHOS U Dadce de-
CAMKOE MUNNUOHOE mmynpoead-
HUKOBBIX IN1eMEHMOE.

60 DOU3UKA

MOBEPXHOCTh M3NEJINIt U3 IPYTHX META/LTOB. DTOT CNocob Ha3bIBAETCS raiba-
HocTerueii. HaHeceHHbIE CIOM CITXAT 3alIMTON M3JE/Msi OT OKMCIIEHHUS!, OBbI-
IIAIOT €70 MPOYHOCTH JIa M TIPOCTO YKPAIIAIOT U3/IENHE.

Tpu Gosee UTUTEILHOM TMPOMYCKAHMHM TOKA Yepe3 3/IEKTPOIUT MOXHO MoJjiy-
YMTh Ha U3IETUSIX IOCTATOYHO GOJIBILON CIIOH METALIa, KOTOPbI MOXET ObiTh
OTZEJIEH OT U3/IEJINs C COXPAHEHHEM ero (hopMbi. DIEKTPOIUTHYECKOE MOJyye-
HHE TOYHBIX KOMHii PA3IMYHBIX M3IC/MI HA3bIBACTCH TalbBAHOIIACTHKOM.
C nomouIbiO raibBaHOIUIACTUKY TOIYYAIOT KOMUHM M3AEIHii CIIOXHOM (opmbl,
HanpuUMep CJIOKHbIE TEXHHYECKHE NEMEHTBI, KOMUH CKYIBITYP M APYTHX MPO-
M3BEICHMIt MCKYCCTBA.

SIBIeHME MEKTPOIN3A JIEXUT TAKXKE B OCHOBE MPUHIMNA IEHCTBUS KHCIOTHBIX
¥ LIEJIOYHBIX aKKYMYJISITOPOB. W

3aKoH 3/1eKTposin3a (riepBbiii 3akoH Dapaest). Mpx npo-
XOXACHHUHM 3JIEKTPHUYECKOro TOKA 4€pe3 3JICKTPOJIUT Macca m geulecTsa, Bbiae-
JIMBILETOCS Ha 3/1EKTPOJIE, PONOPLMOHATbHA 3apsiay A, mpoLeauemy Yepes

INCKTPOJIUT:

m =kAq =kIAt,
rae I — cuna toka, At — Bpems nponyckanus Toka yepes 31ekTponut, K — ko-
3 GUUMEHT NPONOPLUHMOHATBHOCTH, Ha: it aneKTp IKBH-
BAJICHTOM BellecTsa.
Kak yxe ynoMuHanoch, MHOTHE BELIECTBA B KPHCTA/LIMYECKOM COCTOSIHUH
HE SBJAIOTCH TaKMMHM XOPOILIMMH TMPOBOJAHUKAMH 3JIEKTPHYECKOro TOKa,
KaK MeTaJlIbl, HO He MOTYT GBITh OTHECEHbI M K IMINEKTPUKAM, TaK KaK He
SABJSIIOTCS XOPOLIUMH H30JIATOPaAMHM. DTH BellecTBa Ha3bIBAIOTCS noaynpo-
BO/IHHKAMH.
B omMumne oT MeTaLIoB, TIPH MOBBILLIEHUH TEMIIEPATYPHI YACJIbHOE CONPOTHUB-
JICHHE NOJYNPOBOAHUKOB YMEHbBLUIACTCH. YMeHbluaetcs YAENBbHOE COTNPOTHBIIC-
HHE TMOJYNPOBOAHUKOBBIX KPUCTA/UIOB U MPH OCBELLICHHUH. Ho cambim npusJie-
KaTe/JIbHBIM JUTSi TeXHWYECKOTO MPHMEHEHHs CBOWHCTBOM MOIYNPOBOIHHKOB
SIBJISIETCS MX CMOCOOHOCTH K OHHOCTODOHHCﬁ TNPOBOAUMOCTH. D10 CBOWCTBO
HCTONB3YETCs MPU CO3IAHUM Pa3HOOOPA3HbIX MOJMYTIPOBOAHUKOBBIX TPHGOPOB,
CITyXalMX MaTtepuaabHOU 6a30ii COBPEMEHHOM PaaHO3/IEKTPOHMKH, aBTOMa-
TUKH U BbIYUCIUTEILHONW TEXHUKH. B

B MOJYNIPOBOAHUKE JIEKTPUYECKUIA TOK UMEET ABOI-
CTBECHHYIO IMPUPO/LY: ¢ 01HO# CTOPOHBI, OH CO3MAETCS ABUXKECHUEM OT-
PHLIATEJILHO 3aPSKEHHBIX 3JIEKTPOHOB, C IPYTOi — MepeMeILeHHEM MOI0XKN-
TeJIbHbIX 3apSLIOB.

CBoGo/HbIE 3/IEKTPOHBI MOJ JCHCTBUEM BHEIIHETO 3/IEKTPHYECKOTO
T10JI51 MOTYT MePEMEIIaThCs B MOIYTIPOBOIHUKE, CO3/IaBast 31€KTPOHHbIH
TOK NPOBOJIMMOCTH.

B nonynpoBoaHnkax cBOGOIHbIX 21EKTPOHOB Manio. Bee oHm «otopsa-
JIUCh» C BHEIIHMX 000JI0YEK aTOMOB KPHCTA/LTMYECKON PELIETKH, YTO
MPHBEJIO K MPEBPALICHHIO STUX ATOMOB B MOJOXHTE/IbHbIE HOHBI, OK-
PYXEHHBIE HEHTPATbHBIMM aTOMaMH.

HoH cHOBa MOXET HEHTPaTM30BaThCsl, 3aXBATHB JIEKTPOH Y OJIHOTO U3
OKPYXalOLIMX aTOMOB (B CPEIHEM KaXIblii OCBOOOXIEHHBIH 3IEKTPOH
ocraetcsi cBo6oaHbIM oT 10" 10 10°* cek). B pesysibrate nepexoaos sJe-
KTPOHOB OT HEHUTPAIbHBIX aTOMOB K MOJIOKHTEIbHBIM HOHAM B MOJTy-
T nporecc MeCTa ¢ He0CTal-
MM 3IEKTPOHOM. BHeuiHe 3TOT mpouecc BOCIPHMHMMAETCs Kak
TniepeMellieHHE MOJIOXKUTETBHOTO 3EKTPUYECKOTO 3apsiia, Ha3biBaeMO-




ro Jlblpl(l)i an MOMELIECHHUH NMOJYINPOBOAHHUKA B 3JIEKTPHYECKOE M0JIE BO3HHU-
KaeT ynopsiaoueHHOE ABHXCHHUE AbIPOK. TMosiBnsieTcst TaK Ha3bIBaeMbli AbIpoY-
HbIif TOK IPOBOAUMOCTH. W

CBoiicTBa MOJIYITPOBOJHUKOB CHJIBHO 3aBUCSIT OT CO-
JIepXaHus HpMMCCCﬂ. IMpumecu ObIBAIOT ABYX TMMOB — JOHOPHbIE
W aKuenTopHbie. Ecim B KpucTaie noaynpoBoIHNKa MMEETCSi HEKOTOPOE KO-
JIMYECTBO aTOMOB NMPUMECH € GOJIbILIEH BAIGHTHOCTBIO, TO 3TH aTOMBbI 3aMELLIAIOT
B y3/1aX KPHCTALTMYECKOM PELIETKM aTOMBI TOJYNpoBOAHNKA. Takum npume-
POM SIBJISIETCS MATHBAICHTHBIH aTOM MBILIbAKA, BCTYNAIOWMUA B KOBAJIEHTHbIE
CBSI3M C YETBIPbMsi ATOMAMH KPEMHMS, @ €0 MATHII 3IEKTPOH OKa3bIBAETCS He-
3aHATHIM B CBAA3X. [TOCKONBKY 9HEprusi, HeoOXoauMas JUlsl pa3pbiBa CBSA3M Msi-
TOTO BAJICHTHOTO 3JIEKTPOHA C aTOMOM a B KpUCTaLIe Kp Mana,
TO MPH KOMHATHO# TeMIepaType MOYTH BCE ATOMBI MbILIbSIKA JIMILIAIOTCS OIHO-
T'O M3 CBOMX 2/IEKTPOHOB M CTAHOBSITCS! TIOJIOXKHMTEIbHBIMH HOHAMM.
TTONOXHUTE/IbHBII HOH MBILIBSIKA HE MOXET 3aXBaTHTh 3JIEKTPOH Y OHOTO M3
COCEIHUX aTOMOB KPEMHHsl, TaK KaK SHEPIUsi CBSI3U 3JIEKTPOHOB C aTOMaMH
KPEMHHSI 3HAUYMTE/IbHO MPEBBILIACT IHEPIUIO CBA3M MSATOTO BAJIEHTHOTO 3/1€K-
TPOHA C aTOMOM MbILIIbsiKa. [103TOMY KOJIMYECTBO CBOGOIHBIX 3/IEKTPOHOB BO3-
pacTaer, a KOJIMYECTBO IbIPOK OCTAeTCsi NPeXHUM. Takne npuMecH, nocTasis-
OLKE 3IEKTPOHBI TNMPOBOAMMOCTH Ge3 BO3HUKHOBEHMSI TAKOro Xe 4duciaa
JILIPOK, HA3bIBAIOTCS IOHOPHBIMH. B

B noynpoBOAHUKOBOM KPUCTAJLIE, conepxaiieM I0HOPHBIE
NPUMECH, /IEKTPOHBI SIBJISIIOTCS OCHOBHBIMHM HOCHTEJISIMM TOKa. B 10 Xe Bpe-
M1 4aCTh TOKa OCYLIECTBISETCS! IbIPKAMH, MOCKOIbKY HeGObIIAst YacTh COOCT-
BEHHbIX ATOMOB TOJIYIPOBOIHMKOBOTO KpHCTa/Ia HoHM30BaHa. [Tonynposos-
HUKOBbIE MATEPHAIIBI, B KOTOPIX /IEKTPOHbI CITYKAaT OCHOBHBIMM HOCHTEISIMH
3apsizia, a IbIPKH — HEOCHOBHBIMH, Ha3bIBAIOTCS 3/IeKTPOHHBIMH NOJTYIPOBOTHH-
KaMH WIH TOJYNPOBOAHUKAMH N-TUMA (OT C/IOBA «HEraTHBHBII» — OTpPHLA-
TeJIbHBbI).

B KpucTaie MoMynpoBOHNKA YACTh AaTOMOB MOXET ObITh 3aMelIeHa aTOMaMH
3JIEMEHTa C MEHbILUEH BAJIEHTHOCTBIO ( P, aTOM MOJIYIPC a —
KPHUCTA/LIA TEPMAaHUs — SIBJISETCS YETBIPEXBAJICHTHBIM, @ aTOM MPUMECH —
MPHINS — TPEXBAICHTHBIM). B 3TOM cilyyae aToMbl MPHIMSI OCYLIECTBIASIOT
CBSI3b TOJIBKO C TPEMSI COCETHHMMU aTOMaMH, a CBsi3b C YETBEPTHIM aTOMOM OCY-
LECTBIISIETCS] JIULIb OHMM 3JIEKTPOHOM. [1pH 3THX YCIOBUSIX aTOM MPHIHS 3a-
XBATBIBAET JIEKTPOH Y OJTHOTO M3 COCETHUX ATOMOB KPEMHHsl M CTAHOBUTCS OT-

Baxmoii XapakTepUCTHKOM
I/IEMEHTA ABIACTCS €ro Ba-
JIEHTHOCTb. BasienTHOCTBIO Ha-
3bIBACTCS  CBOHCTBO aTOMOB
JIAaHHOTO 3JIEMEHTa NPUCOCIH-
HSITh WM 3aMELLATh B COCMHE-
HUM ONpEEIeHHOE YMCII0 aTo-
MOB Ipyroro ssiementa. 3a
€IMHULLY BAIEHTHOCTH NPUHATA
BAJICHTHOCTh aTOMa BOJOPOJA,
KOTOpasi BO BCEX COCAHHEHMSX
paBHa enuHuue. BaneHtHocTh
/IEMEHTa BBIPAXACTCH TOJILKO
LebIM YucioM. B

Bocuose TEOPHH KOBAJIEHT-
HO# CBA3M JICKHT NPe/ICTaB-
JieHne 06 0coboit yCTOHYMBOCTH
aToMa, MMEIOLIETO Ha BHEIIHEM
3NIEKTPOHHOM  CJloe 06OIOUKY
M3 BOCMH 3/IeKTpoHOB. Oco-
GeHHOCTb KOBAJIEHTHOM CBSA3M
COCTOMT B TOM, 4TO TIPH €€ BO3-
HUKHOBEHHM aTOMbI NpHOGpe-
TAlOT YCTOWYMBYIO KOH(pUrypa-
LUMIO HE MyTeM OTIAaYM WM
NPUCOCAMHEHHUS 3JIEKTPOHOB,
a nocpeacTBoM 06pa3oBaHus
OIHOH WJIM HECKOJIBKHMX 0GLIMX
2/IEKTPOHHbIX Nap. B cosnanmn
9IEKTPOHHO Napbl MPUHUMA-
10T yyacTHe 06a aToma, oTaasas
Ha ee o6pa3oBaHHe 10 OIHOMY
9NEKTPOHY. DTH  NEKTPOHBI
TNIPUHAIUIEXAT HAPYXKHBIM JICK-
TPOHHBIM CJI0SIM 0GOHX ATOMOB,
JIONOHAS YUCIO MX /IEKTPO-
HOB J10 BoCbMU. B
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pHULIATEIbHBIM MOHOM. 3axBaT 3/IEKTPOHA OT OJHOIO W3 aTOMOB Kp
TIPUBOIMT K BO3HUKHOBEHHIO JIIDKH. [puMecH, 3axBaThiBalolIMe 3EKTPOHBI
M CO3/1AIOILHE TEM CAMbIM MOIBHXHBIE JILIDKH, HE YBEJIMYNBAsi MPH 3TOM YHC-
JI0 3NIEKTPOHOB MPOBOAMMOCTH, Ha3bIBAlOT AKUENTOp-
HBIMH.

ITpy HU3KMX TEMMNEPaTypax OCHOBHBIMM HOCHTESAMH
TOKa B MOJYNPOBOIHHKOBOM KPHMCTa/LIe C aKLEnTop-
HOIi TIPUMECBIO SIBISIOTCS JBIPDKH, 8 HEOCHOBHBIMU —
3N1eKTpoHbI. [10/IynpOBOIHNKH, B KOTOPbIX KOHLIEHT-
paLusi IBIPOK MPEBBILIAET KOHLEHTPALIHIO 3/IEKTPOHOB
MPOBOAMMOCTH, Ha3bIBAIOT JAbIPOYHBIMH NOJIYNPOBOIHH-
KAMH WIH MOJYTIPOBOAHUKAMH P-TUMA (OT C/I0BA «MO-
3UTUBHBII» — MOJOXUTE/IbHBbII).
TMonynpoBOAHMKOBbIE MAaTEPHANIBI N- U P-THIA LIUPOKO
MCIIONB3YIOTCS NPH M3TOTOBJIEHUH MONYNPOBOIHUKO-

Abl M- U p-MUna ucnoab3ylomes
UHMEZPANbHBIX MUKPOCXEMAX.




choMGuHauuev“l Ha3blBaeTCsl
COeIMHEHHE NpPH BCTpede
MOJIOXUTENBHOTO M OTpHLA-
TEJILHOTO HOHOB M BO3HHKHOBE-
HHE B pe3y/ibTaTe HeHTPAIbHBIX
atomos. ®

CIHK P npuo-

BbIX TIpH6OpPOB. [pn 3TOM NPUHLMN AeHCTBUSI GONBUIMHCTBA MOAYNPOBOI-
HHKOBBIX IPHGOPOB ¢ Ha MCTIONb: CBOWCTB TaK Ha3bIBAEMOIO
p-n-nepexoza.

Jlnsi co3nanusi p-n-mepexoia B KPUCTALIE C 3JEKTPOHHON NPOBOIAUMOCTBIO
HYXHO CO3/1aTh 06/1aCTh C ABIPOYHOI MPOBOAMMOCTBIO HIIH B KPHCTAILIE C [Ibl-
POYHOIA MPOBOAMMOCTBIO — OB/IACTH C /IEKTPOHHOMN POBOAMMOCTBIO.

Takast 06;1aCTh CO3/1aeTCsl BBEJICHHEM MPHMECH B IIPOLIECCE BBIPALIMBAHUS KPH-
craua T Win aTOMOB B TOTOBBIH KPHCTAL.

Yepes rpaumily, pasiensionlyio o6J1acTH KPUCTALIA C PasINdHbIMA THNIAMH

KEHO HarnpsiXeHHe CO 3Ha-
KOM TUIIOC Ha 061acTh ¢ /ieK-
TPOHHOM MPOBOAMMOCTHIO M CO
3HAKOM MHHYC Ha obaactp ¢
ﬂHDO'lHOﬁ TMPOBOAMMOCTBIO, TO
9NEKTPOHBI B N-TMOJYNPOBOA-

npc TH, IPOUCXOIUT AU dY3Hs IEKTPOHOB U JBIPOK. W

ﬂﬂ(b(b)’:!l/lﬂ BJIEKTPOHOB 13 n-nosymnpc B P-TIOJIyTIP
HHUK MPHUBOAMUT K MOSIBJICHUIO B 3JICKTPOHHOM MPOBOAHUKE HECKOMITEHCHPO-
BaHHBIX MOJIOXHUTE/IbHBIX HOHOB ﬂOHOpHOﬁ TNPUMECH, B JILIDOYHOM TOJYTIPO-

HHKE M IBIPDKH B P-TIOYTIPH

PEKC 3JIEKTPOHOB C IbIDKAMH TPUBOAUT K TOSBICHUIO

HECKO! IX 3apsl0B OTPULATEIbHBIX MOHOB aKl.len‘ropHoi’l npu-

NnojeM OT 3anupalollero cjaos
B pa3sHble CTOPOHbBI, YBEJIHYH-
Bast ero TouuHy. Conpotusie-
HHUE p-n-nepexoaa BEJMKO, CH-
12 TOKa Maia M IPAKTHYECKH He
3aBUCHT OT HanpsikeHus. TOT
cnocob BKIIOYEHHsI AMONA Ha-

MecH. Mexity IByMsi CIIOSIMM 0GBEMHOTO 3apsiia BOSHHKAET /IEKTPHYECKOE 110~
ne. [To Mepe HaKorIeHHs1 0GBEMHOTO 3apsiia HaMPSKEHHOCTD OJIsi BO3pacTa-
€T, ¥ OHO OKa3bIBaeT Bce Gobliee MPOTUBONEHCTBHE NEPEXOIaM IEKTPOHOB U3
B P-TIOT: vum ZIBIPOK M3 P-TIOJYMPOBOAHMKA
B N-1I0YMp DiexTp WM P-N-TIEPEXO1, ABJISI-
eTCsl TpPaHMLEH, pa3nessiomein oﬁnacm C IbIPOYHOI (P) M 3/IEKTPOHHOI (n)

N-TnoJynp:

SIMH B OZITHOM MOHOKpHCTaJLIIe.

BKJ B 3amH- p
paiomem Wix B a- | Torp
npaBneHun. OGpaTHbIA mx

N0JYNPOBOAHUKOBOIO  1HOMA
06yC/I0BNIEH HATHYHEM HEGOb-
WO KOHUEHTpauuu cBoGoa-
HBIX 3/IEKTPOHOB B P-TI0OJIyNpo-
BOJHHMKE W IbIPOK B M-ToJy-
nposoaHuKe. W

ob1acTh paszena nonynp C Pa3TMYHBIM THIIOM 1PO-
BOJMMOCTH B CBSI3H C YXOZIOM CBOGOIHBIX 3/IEKTPOHOB H BIPOK MPEBPALLIAETCS
B IM371eKTPUK. CrOCOGHOCTh P-N-TIEPEXoia MPOIMyCKaTh TOK B OAHOM Harpas-
JIEHMH M HE NPOITYCKaTh ero B MpoT HOM HCTIONb3yeTest
B IPUGOpaX, Ha3biBAEMBIX MOIYNIPOBOIHUKOBBIMH IHOAAMH, /LTSl IPe06pa3oBa-

HUs 0 TOKa B 110C 1¥ (TO4YHee, B MyJIbCHPYIOLIHIA) TOK.
Ymenuueuue YAEILHOTO CONpOT p TIpH Harp uc-
TI0/Ib3YeTCsl B CrIELMATbHBIX MOYNp IX MpuGopax —

pax. Ux ncronp3yior B npuGopax 1uisi uaMepeHUst Coempiiiod SEAROMEN Eije
TEMINEPaTyphi, /Uisi MOMIECPKAHUS TOCTOSHHOA 5 [ —
TEMIEPaTypbl B aBTOMaTHYECKHX YCTPOHCTBAX — )00

B 3aKPBITBIX KAMEpPaX-TEPMOCTATaX.
YMeHbIlIEHHE YIeTbHOTO COMPOTUBICHUS MOy-
npc MIPOUCXOIMT M MO ACHCTBHEM OCBE-

CIHK P npuio-

KEHO HANpsIKEHHe CO 3Ha-
KOM ILTIOC Ha 06/1aCTh C IBIPOY-
HOt  MPOBOAMMOCTBIO M CO
3HAaKOM MHHYC Ha obnactb
C 3JIEKTPOHHOI NPOBOAMMOC-
TbIO, TO MEPEXOIbl OCHOBHBIX
HOCHTENeH yepe3 p-n-nepexol
obnervaiorcst. [Burasch HaBcT-
peuy Apyr ApYTY, OCHOBHbIE HO-
CHUTEJIM BXOAT B 3aMMpaloLIMii
CJIOW, YyMEHBLIAs €ro yaeJabHOe
COMpOTHBIEHHE. DTOT €rnocod
BKJIIOYEHMS! IMONIa Ha3bIBaeTCs
BKJIIOYEHHEM B NPONYCKHOM WIH
B IPAMOM HanpapieHun.

wienusi. [IpuGOpBI, B KOTOPBIX MCIOb3YeTCS CBOH-
CTBO MOJTYNPOBOIHNKOBBIX KPUCTA/UIOB H3MEHSITh
CBOE 3JIEKTPUYECKOE COTNPOTUBIIEHHE TIPH OCBeLLe-
HUH CBETOM, Ha3bIBAIOTCS! (HOTOPE3HCTOPAMH.
IMomumo KYJIOHOBCKOTI'O I10JIs1 B HCTOYHHKAX TOKa
(aKKYMyJIITOpaX, ra/ibBAHHYECKUX /IEMEHTaX, Te-
HEpaTopax M Mp.) CO3aeTcsl U IPYToe MoJie, Hasbi-
BaeMoe CTOPOHHMM. CTOPOHHHM Ha3bIBAETCS 10J1e
HE3/IEKTPOCTATHYECKOTO MPOMCXOXKIEHHUs!, paGo-
Ta KOTOPOroO 110 110601 3aMKHYTOI LIeNH He paBHa
Hymo. UMEHHO CTOpOHHEe Mose KOMIeHCHpPYeT
9HEPreTHYECKHE NOTEPH B IEKTPHYECKOH LIEMH.
Du3snyeckas BeIMYMHA, PaBHasi OTHOLICHHIO pa-
GOTBI CTOPOHHETO MOJISI 110 NEPEMELLIEHHIO 3apsi-
J1a K BEJIMYMHE 3TOro 3apsijia, Ha3bIBacTCs 3JIeKT-
ponsiKymei cuioit (D/IC):
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rae q — nepeHoCHMBblii 3apsi. B

3akoH OMa U1 MOJTHOM LIETH. Cuna Toka B 3JIEKTPUYECKOIA Lie-
MU NpSIMO MPOMOPLMOHATbHA JMEKTPOABMXKYLEH cuie E ucrounmka Toka
1 0OPaTHO MPONOPLUHOHAIBLHA CYMME 3IEKTPHYECKUX COMPOTHBIEHHI BHEIL-
HEro U BHYTPEHHETO Y4acCTKOB LIEMH:

E

[=—me
R+r

np()x())K.’ICHMC 3JIEKTPHUYECKOIro TOKa BO3BMOXHO M B ra il?Oﬁpﬂ'}HOM COCTOSAHHUH
BELUECTBA, HO TMPH ONMPEACICHHbBIX YCIOBUSX. O6BIYHO BEILUECTBO B rE\'}Ol)Gpal-
HOM COCTOSIHMM SIBJISIETCS HU30JTOPOM, TaK KaK aTOMbI MJIM MOJIEKYJIbI, U3 KO-
TOPBIX OHO COCTOMT, COACPXKAT OAHHAKOBOE YHCJIO OTPULIATEJIbHBIX U MOTOXKH-
TEJIbHBIX 3JICKTPUYECKHUX 3apsiioB U B LEJIOM HC“TP&'II)HI)I. ﬂoamMy s
NMPOXOXACHUSA 3JICKTPUYECKOro TOKa 4epe3 ras HeoOXoAMMO Kakoe-1Hbo
BHELLHEe BO3ACHCTBHE. nOJOGHUC SIBJICHUE Ha3bIBACTCs HECAMOCTOATEIbHBIM
JIEKTPHYECKHM pa3psiom. §

BHelIHUM BO31€MCTBUEM MOXET MOCTYXUTb HarpeBa-
HUE rasa, aenaiomiee ero npoBOAHMKOM, MOTOMY YTO YaCTh aTOMOB HJIH MO-
JIeKyJ1 ra3a NpeBpallaeTcsi B 3apsikeHHble HOHBI. [Tpoliecc BOSHUKHOBEHMsI CBO-
6OAHBIX 3JIEKTPOHOB M TMOJIOKHUTEJIbHBIX HOHOB B pe3yjbrarte CTOJIKHOBEHHIA

Homﬂauueﬁ aroMa Ha3sbiBa-
€TCs MMPOLIECC OTPbIBA JICK-
TPOHa OT aToMa. MUHMMaIbHast
HEPrHs, KOTOPYIO HEOGX0MMMO
3aTPaTHTh LISl OCYLLECTBICHHS
ITOro rpouecca, HasbiBaeTCs
IHepruei CBA3MN.

a3, B KOTOPOM 3HauMTE/bHast
4acTh aTOMOB WJIM MOJIEKYJT HO-
HH30BaHa, Ha3blBaeTCsl Maas-
Moit. MHoraa niasmy HasbiBaloT
YETBEPTHIM arperaTHbiIM COCTO-
sHMeM BeluecTsa, @

CylllCCTB)‘CT HECKOJIbKO pa3-
HOBHMIHOCTEH MOJHMIA.
JluHeiiHAs MOJIHHS — WCKPOBO#
paspsa ¢ pa3BETICHUAMH VK-
HOI B cpeiHeM 2—3 KM (MHoOraa
110 20 KM), IMAMETP HUTH MOJI-
HHH JOCTUTACT HECKOJIBKHUX ae-
CATKOB CAHTHUMETPOB.

PakeTHas MOJIHHSI MMEET CBETO-
BOM KaHaJl, KOTOPBIi npoasura-
€TCs Bnepea noao6Ho pakere.
YeTouHas MOJHHSA NPECTABNACT
coboit pa3psil B BUIE LEMOYKH
CBETSLUMXCS  TOYEK (4EeTOK).
Bcrpeuaercs pelko.

aTOMOB M MOJIEKYJI ra3a npH HarpeBaHUM Ha3bIBACTCs Tep!

Houusauus aToMOB WK MOJIEKYJI MOXET NMPOUCXOIUTD U MO/ JEHCTBUEM CBE-
Ta. B Takom CJlyyae OHa HasblBaeTcs d)o'rouonu;auueﬁ.

BosHukHOBeHME 3NIEKTPUYECKOro TOKA B ra3¢ BO3MOXHO U 6e3 Bo3neHCTBHS
BHELIHHUX MOHM3ATOPOB. IMono6Hoe siBIeHHE Ha3bIBAETCs CAMOCTOATENbHBIM
JJIEKTPHYECKHM Pa3psioM.

C)’UJCCTB)/CT HECKOJIBKO BUIIOB CAMOCTOSATEIbHOIO 3JIEKTPUYECKOro paspsiia. ®

“CKpOBOﬁ PA3PSII npoucxoauT B TeYEHHE KOPOTKOTO BPEMEHH B pe-
3y/IbTaTe 3HAYMTENBHOTO YMEHbLUECHUS HanpsokeHus. [Tpu CKpoBoM paspsiie

MOJIHHA NTPEACTaBIA-
eT coboii pa3psil, KOTOpblii Kak
6bl CMellaeTcs no ee KaHany
3Ur3aroo6pasHoi popmbl.
Illapoas MOIHHA — SIPKO CBe-
TAWMACS S1EKTPHYECKHii pa3-
psil pa3IMYHON OKPAackKM M Be-
JIMYUHBL. Y 3eMHOMN MOBEPXHOC-
TH OGBIYHO 3TO AP THAMETPOM
okono 10 cm, uHOraa rpyuie-
BHIHO# (HOPMBI.

Orun ceatoro Dasma — THXHE
2/IEKTPHYECKHE Pa3psiibl B BHIE
CBETHALLMXCH MYYKOB Ha OCTPHUAX
TIPEIMETOB NMPH OYeHb GOTBLIONH
HamnpsXeHHOCTH 3JIeKTpHYeC-
KOro nonsi arMocepbl — ro-
psiaka 100000 B/m. ®

Monnus seanemes munuunsim
npumepom Uckpo6o2o paspaoa.
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ra3 BHE3almHO CKauKooOpa3Ho yTpauMBaeT CBOM M30JIMPYIOLINE CBOICTBA
W CTAHOBHUTCS XOPOLUUM MPOBOJIHHKOM. TunuuHbIM TPUMEPOM UCKPOBO-
TO pa3psiia ABASETCS MOJIHMS.

TTpy McKpoOBOM paspsizie TPUYMHA MOHU3ALIMM Ta3a 3aKJTI0YAETCs B paspy-
IICHHH aTOMOB M MOJIEKYJI NIPH CTOJIKHOBEHHSIX C MOHAMK (Y1apHAs HO-
HH3AUMA).

ViapHasi HOHM3aLMA MOXET BO3HUKHYTb MPH JIOCTATOYHO GOJIbIION Ha-
TMPSKEHHOCTH MOt (TaK Ha3bIBAEMOE HANPsDKEHHe NPodos), KOraa KuHe-
THYECKO# SHEPrMM MOHA MOXET OKA3aThCsl IOCTATOYHO LTSl TOTO, YTOOBI
MOHM3MPOBATh HEUTPAILHYIO MOJIEKYJTY TP CTOJIKHOBEHHH. B pesyinbra-
Te 00pasyeTcsi OTPHLATENLHO 3aPSKEHHBIN 3IEKTPOH M MOJNOKHUTENBHO
3apSXKEHHBIA MOH.

Bo3sHuKIIKe B poLiecce yIapHOi HOHU3ALIMH 2IEKTPOHbI M HOHbI YBEJIH-
YUBAIOT YHCJIO 3aPSIOB B ra3e, KOTOPBIE NPUXO/ST B IBUXKEHUE MO Aei -
CTBHEM JIEKTPHUYECKOTO MOJS M CMIOCOOHbI MPOU3BECTH YIAPHYIO HOHH-
3aLMI0 HOBBIX aTOMOB. TakuM 06pa3oM, npolecc ycuampaer cam cebs,
W MOHM3aLMs B rase OCTUTaeT oueHb GONbLIOH BEIMYMHBI. DTOT Npo-
LIECC HA3bIBAETCS, 110 AHATOTMH, HOHHO# JaBHHO# (puc. 40). m

Treroumii Pa3PsII GbiBaeT Ny MOHMXEHNM IaB/ICHHS ra3a B pas-
Puc. 40. Mexanusm paseumus PSUIHOM MPOMEXYTKE, BCJIEACTBHE YEro pa3psiiHblid KaHal CTAHOBUTCS Goee in-

UOHHOU Aa8UHDI. POKMM, M TUIa3Ma PaBHOMEPHO 3aMOJIHSIET BCIO Pa3psiIHyio TPyOKy (puc. 41).
BbUIessioT /IBe OCHOBHbIC YACTH TICIOLIETO Pa3psiia: HECBETSILYIOCS 4acTb,
B ceapounsix annapamax npume- | TIPWIETAIOLLYIO K KaTOZY, NOJIy4MBLIYIO HA3BAHHUE TEMHOTO KATOIHOTO NPOCTPaH-

Hsemcs seaenue dy206020 paspada. | C€TBA, M CBETAILMIICA CTONO rasa, pacnpOCTPAHAIOLIMIACS 10 CAMOTro aHOAA, Ha-
3bIBACMBIii MOJI0KHTEIbHBIM cTON0OM. [TpHunHOIT HOHM3a-
UMM Ta3a B TICIOLIEM paspsile ABAAIOTCS yaapHas
MOHM3aLHUA U BbIOMBaHHE 3JICKTPOHOB € KaToAa IMoJ0Xu-
TENbHBIMM HOHAMU. B

}lyFOBbIM Pa3psAAOM Ha3sbiBaeTCs WUTE/bHbBII
CaMOCTOSITE/IbHbIH NMEKTPUUECKHMIT pa3psil B rasax, mo-
ZIepXKHBAIOLIMIACA 32 CYET TEPMOIJIEKTPOHHON IMHMCCHH
¢ Karona. ™

KOpOHHblﬁ Pa3ps BosuukaeT B TOM ciyuyae,
KOIJIa MOHM3ALIHMsl JIEKTPOHHBIM YIapOM (yIapHasi HOHH-

3811"51) TIPOUCXOJMT JIMLLIB BOJIM3U OTHOTO U3 3JIEKTPOAOB,
B 00J1aCTH € BbICOKO# HanpsiKEHHOCTBIO 3/IEKTPHYECKOTO

Puc. 41. Treiowui paspso.




MATHETHU3M

Ilepevim HayunbimM uccaeo X il sAsuracy
KHu2a aneauticko2o yuero2o Yunvama lunrvbepma «O maenume, maz-
HUMHbLIX meaax u Ooavwom mazHume — 3emae», eviwedwas
6 1600 200y. B neii agmop onucan yce uzgecmiboie c60UCMEa MazHuU-
ma, a makce cobecmeentoie omkpoimus. OOHUM U3 c60iicme MazHu-
ma Tuavbepm nassiean mo, 4mo 08ble NOAKOCHI usa-
omces, a pa p 4. Kpome moeo, on onucan
AGNEHUE MASHUMHOU UHOYKYUU, CROCOBbI HAMACHUMUBAHUA dcene3a
u cmanu u m.o.

B 1820 romy matckum ¢usukoM XaHcoM DpcTeaom
(1777—1851) 6bina J0Ka3aHa CBSI3b NEKTPUYECTBA U MATHETH3MA. DPCTea ycTa-
HOBMJI, YTO €CJTH Hal M M, BJIOJIb 36MHOTO MEPHIU-
aHa, NOMECTHTh MarHMTHYIO CTPEJIKY, KOTOpasi NMOKa3biBacT Ha CEBEP, U 110 Mpo-
BOAHHUKY TMPOINYCTHTH 3}]€KTpM‘ICCKHﬁ TOK, TO CTpeJiKa OTKJIOHSIeTCS Ha
HEKOTOpBbIii yroi.

HoBbiit Bax i war B 3JIEKTPOMArHeT3Ma Obu1 caenaH
B TOM e roay ¢paHity3ckuM yueHsiM AHape Mapu Amnepom (1775—1836). On
YCTAaHOBMJI, 4TO ABa MpsaM i X 1p C TOKOM,

Napajuie/ibHO APYT APYTY, MPUTATHBAIOTCS, €C/IM TOKH B HUX MMEIOT OJIMHAKO-
BO€ HanpasJICHHE, U OTTAIKHUBAIOTCH, €CJIM HAlpapJICHUE TOKOB MPOTUBOIO-
JIOKHO. SIBNIeHHE B3aMMOIEHCTBUS IEKTPUYECKUX TOKOB AMIIEp Ha3BaJl ek~

OnpiTel DpcTena U AMIIEpa MOKA3aJM, uto HCTOYHHKaMH

MAarHUTHBIX NOJIEH SBISIOTCS ABUXKYLIMECS 3apsiibl (ToKH). U3 Bcex M3BECTHBIX
NECTBHI TOKA TONILKO MarHUTHOE B3aUMOIEHCTBUE COMPOBOXIAET J/EKTPH-
4ECKMii TOK TPH JIOOBIX YCIOBHSIX, B 000N Cpele 1 B BAKyyMe.
MarHuTHOe B3aMMOJIeHCTBHE NPOBOAHHUKOB C TOKOM MCMOJIL3YETCS Ui Onpe-
JIe/IeHHsl eIMHHULBI CHJTbI TOKa — ammiepa (A). AMIiep — CHJla HeM3MEHSIIOLLEro-
Csl TOKa, KOTOpbl“ TIPH TPOXOXACHHUH MO ABYM MNapajuie/ibHbIM npﬂMO}IMHCﬁ-
HBIM TIPOBOAHHKAM 6GECKOHEYHOI JUIMHBI M HUYTOXHO MaJoro KpYyrosoro
CeueHHsI, PACTIONIOKEHHBIM Ha PACCTOSTHMM | M IPYT OT ZIpyra B BAKyyMe, BbI3bi-
BaJ1 Obl MEXIY 3TUMHM IMPOBOAHUKAMHU CHITY MATHUTHOIO B3aMMOJICHCTBUSA, pas-
Hyi0 2:1077 H Ha Kaxblit METp JUIMHBI.

Brazodaps komnacy u nausuo y 3em-
AU MAHUMHO20 NOAA Y 4e106eKa
NOABUAACH BOMONCHOCTb OPU-~
enmupoeamocs 6 beopexc-
HbLX MOPCKUX NPOCMOpAX.

Marmﬂnoe nose — cocTas-
Hasi 4acTb 3JeKTpoMar-
HHTHOTO, AeHCTBYIOLIAs TOABKO
Ha JIBUKYLIMECS 3apsibl. W

Xanc Ipemed (1777-1851).

Puc. 42. Maznumnsie noas.
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7151 TOrO 4TOOBI 3aMOMHUTH
I[cnu:u, MEXIIy HamnpaB/ieHH-
€M TOKa M HanpapJIeHHeM 1o,
MM CO3/1aBAEMOTO, MOXHO HC-
no/ib30BaTh TaK Ha3blBaeMOE
npasuio Gypasumka.

Ecan  BBMHYMBaTL OypaBuMK
TaK, 4To6bl OH Le/ 110 Hanpas-
JIEHHIO TOKA, TO HanpasieHue
BPALICHHS €TI0 PyYKH YKa3biBacT
HarpaBJieH1e noas (Hanpasse-
HHE CWIOBBIX JIMHHIA),

Jlubo:

Ecan  BBUHuMBaTH OypaBumMK
TaK, 4TOObI OH WIEJI N0 Hanpas-
JIeHHI0 noJist (BA0Jb CHIOBOM
JIMHUKM), TO HanpaBieHUe Bpa-
WICHUSI €0 PYYKH YKaXeT Ha-
npasieHHe ToKa (puc. 43). ®

anpam/ieHue BEKTOPOB CHJI

Amnepa u JlopeHua onpe-
ZIeNISIETCS TIPABIIIOM JIEBOM PYKH.
Tpasuio JeBoii pyKu: eciiu 1no-
JIOXHTb JIEBYIO IANIOHb TaK, 4TO-
Gbi BLITSHYTBIC Malblibi YKa3bi-
BA/IM HANpaBJeHHe TOKA, a Ju-
HHHM MarHUTHOTO NOJISl OTBECHO
BXOIMN B JIAOHb, TO OTCTaB-
JIeHHbIH GoNbIIOK maneu yka-
XeT HanpaB/ieHHe CUIbl, AeHCT-
BYIOLLIC#H Ha NPOBOHKK. B

Puc. 44. Jleuxcenue 3apaxcennoi
“acmuubl 6 MaZHUMHOM noae.

Jlnsi XapaKTepUCTHKH CMOCOOHO-
CTH MarHUTHOTO MOJISi OKa3biBaTh
CHJIOBOE JEHCTBUE Ha MPOBOA-
HHUK C TOKOM BBOJMTCA BEKTOP- B
Hasi BE/IMYNHA — MATHUTHASA MH-
JYKIHSA:

B
1l

rne F — cuna Amnepa, neiicrsyio-
1iasi Ha NPOBOAHMK ¢ TOKOM, I —
cuna Toka B poBoaHmKe, | — mHa nposoammka.
EAMHMUIA MHAYKUHMY ONIPEAENsieTCsl KaK MHAYKLMS TAKOTO MarHUTHOTO Mo~
J1si, B KOTOPOM Ha | M MpOBOAHMKA NMPH CHje ToKa | A neicTByeT MaKcH-
ManbHas cuna Ammepa | H. Orta eauHuua HasbiBaetcsi tecaa (Tn) —
B YECTb BBIAAIOLIErOCs IOTOCIAaBCKOro 3/ekTpotexHuka Hukonw Tecna
(1856—1943).
HarsisiiHy10 KapTHHY MarHMTHOTO MOJISt MOXKHO MOJNYYHTh, HCTIONb3YS MOHSI-
THE CHJIOBbIX JWHMA. CHJIOBBIMH JHHHAMH MAarHMUTHOTO MOJISi HAa3bIBAIOTCS
JIMHUM, NPOBEACHHbIE TAK, YTO KACATENbHbIC K HUM B KaX/I0M TOYKE YKa3bl-
BAIOT HATpaBJieHHe 105l B 3TOl TOUKE.
[MaBHOE OTJIMYHE MATHUTHOTO MOJISi OT MEKTPOCTATUYECKOTO 3aKJII04aeTCst
B TOM, YTO CHJIOBbIE IMHUH MArHUTHOTO TOJISi BCET1Ia 3aMKHYTBIE.
Cuia, ¢ KOTOPOii MarHUTHOE N0JIe ACHCTBYET HA NPSAMOTMHEHHBIN MPOBOIHUK
mnoii |, no kotopomy Teuer Tok I, HasbiBaetcs cuoii AMnepa u HaxonuTes
no dopmye:

Puc. 43. [Tpaéuno Gypasuuka.

F =IBlsino,
rae O — yroj Mexiay HanpabJ€HUsIMH TOKa U BEKTOPOM MarHUTHOM HUHAYK-
unu B
ﬂBﬁCTBHC MAarHUTHOrO MoJist Ha MPOBOAHMUK C TOKOM O3HA4aeT, YTO MAarHUTHOE
noJie IeHCTBYeT Ha ABMXKYLIMECS 3/eKTpHYecKue 3apsiabl. Cuia, ¢ KOTOpPOi
MarHMTHOE MoJjie AeHCTBYET Ha ABUXYLUMICS CO CKOPOCTbIO V 3apsa {, Ha3bi-
BaeTcsi cuoii Jlopenna u onpenesnsiercst no gpopmysie:

F,=qvBsina,
roe 0 — Yrojl MeXIy HarpaBieHHSMH CKOPOCTH M BEKTOPOM MAarHUTHOW MH-

aykunmn B.
B 01HOPOHOM MarHUTHOM MOJIE Ha 3aPSKEHHYIO YACTHLLY, ABHXKYLLYIO-
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€51 CO CKOPOCTBIO V NEPreHANKYISPHO THHUAM HHAYKLNH MATHUTHOTO
nons, neifctyer cuna F | nocrosunas no moaymo u HanpasnenHas
NEePreHANKYIPHO BEKTOPY CKOPOCTH. B BakyyMe 1o eHcTBHEM CHUTbI
JlopeHua yacTiLa NpHOGpPeTaeT LIEHTPOCTPEMUTEILHOE YCKOPEHHE, OIl-
peznensieMoe 1o hopmyJie:

F, _abv.

m m
e M — macca 4acTHibl, B — BEKTOp MarHUTHO! MHAyKumuK, 4 — 3a-

Psil, M ABHKETCS 1O OKPYXKHOCTH. Paamyc I' oKpyXHOCTH, MO KOTOPO#
JIBHXKETCS YaCTHLIA, OMpeesieTcs no opmyne:




nCPH())l (76[’1!“10”")1 4acTUlbl B OIHOPOJAHOM MAarHUTHOM
MOJIE paBEH:

2 2

o 2m_2mm
! qB

Kak BMAHO M3 (hOPMYJIbI, NEPHOA OOpALICHHUS YACTHLIbI
B OJIHOPOAHOM MAarHMTHOM I10JI€ MPH MOCTOSIHHOI Mac
HEC 3aBUCHUT OT CKOPOCTH Vu paauyca I' TPaeKTOpUM ee
JIBUKEHHSL. ITO CBOMCTBO LIUPOKO UCMOJIB3YETCH B YCKO-
PHUTEJIAX 3aPSKEHHbBIX YaCTHLL, HANPUMEDP B LUHKJIOTPOHE.
B ectecTBeHHbBIX YC/IOBHSAX IMPOBOAHHUK C TOKOM pacnoJjia-
raercs B ()IIDL‘IIC.'ICHHU“ cpene. MHoXecTBO IKCIIEPUMEH-
TOB CBUIETEJILCTBYIOT O TOM, YTO MAarHUTHOE MNoJie B Ta-
KOM cJjiyqyae CoO31aeTcsi HE TOJIbKO 3THM TOKOM, HO
1 IBUXKEHHUEM 3apSKEHHBIX YaCTHLL BHYTPH aTOMOB M MOJIEKYJI BELIECTBa (Tak
Ha3bIBACMbIC MOJIEKY/ISIPHbIE TOKH).
BIICPHIJIC FUINoTe3a O HAJIMYUU MOJICKYJISIDHBIX TOKOB Obla BbICKa3aHa AMre-
pom. OH YTBEpXaas, YTO MAarHMTHbLIE B3AUMOACHCTBHUSI BO BCEX Cayyasix siBJsi-
0TCH B3aUMOJCUCTBHAMH TOKOB.
“[)H OTCYTCTBHH BHEIIHETO MAarHMTHOTO M0JIsi CO3/1aBa€MbI€ MOJIEKYISIPHBIMH
TOKaMH 1oJisi CKOMIIEHCHPOBAHbBI M3-3a XaOTHYECKOIO ABHUXECHHUS aTOMOB. On-
HAaKO IMpH BO3HUKHOBEHHUH BHECUIHETO MArHUTHOIO 1MOJISA 3Ta KOMIIEHCALIUS Ha-
PYyLIAETCA, U 1M0JIE MOJIEKYISAPHbBIX TOKOB H3MEHACT HHAYKLUHIO MAarHUTHOIO 110~
Jisl B BELIECTBE, T.€. MPOUCXOANT HAMATHHYHBAHHE BCLLICCTBA. ]

¢

Dusnyeckas BEJIMYNHA, nokasbiBaiowas, Bo CKOIbKO pa3 MHIYK-
uust B MArHMTHOrO NnoJjs B (Y,'[Il()PO,'lHOH Cpeae OTIMYACTCS MO MOAYJIIO OT UH-
aykunn B MarHuTHOrO 1nosisi B Bakyyme, Ha3biBaeTCsi MATHHTHON NPOHKUAe-
MOCTBIO: B

Yekopumens 3apawcennsix uac-
mu

Pu\zlm;nu\i NCHCTBUS CHJIBI
JlopeHua siBasietcsi 04HO M3
KPAcHBEHLINX TIPUPOIHBIX SIB-
JICHUH NOJIAPHOE CHAHHE
OHo npezctasisieT coboii cBeve-
HHE Pa3pexXeHHbIX ra30B 3eMHOMN
arMocdepbl, BbI3BAHHOE MOLI-
HEHLIMM NOTOKOM 3/1EKTPOHOB,
BbIOpachIBaEMbIX ConHuem.
Mpubanxasice Kk 3emie, 3apsi-
KEHHBIE YACTHIBI MONANAIT
B MaruuTHoe nosie 3emu. 3aech
Ha HUX ACHCTBYET CHIa ,v]()pk'li'
ua, OTKJIOHAIOLAA X OT MepBo-
HAYaJILHOTO MPSIMOTO MYTH B Ha-
MpaBIeHUH NOASAPHbIX obsacTeit
3EMHOrO apa. |

Toasproe cusrue moxcro 6e3 Ko-
nebanuit Ha36ams 6OCLMbIM 4y~
dom céema...
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Ora XapaKTepu3yeT MarHUTHbIe CBOWCTBA BelleCTBa
¥ 3aBUCHUT OT pOJia BELIECTBA U €ro COCTOSTHMSA.

B 3aBHCMMOCTH OT 3HaYeHUSI MATHUTHOM TPOHHULIAEMOCTH BElLLIEe-
CTBa NENAT Ha b HETHKH, HETHKH M IMaMarHe-
THKH. B

(Deppomameml(n 00611a1a10T CUJIbHBIMH MarHUTHBIMH
CBOWCTBAMM — CMOCOGHBI 3HAYMTE/ILHO YCHJIMBATh BHElIHEe

>
>
>
>
>

MAarHMTHOE MnoJjue (p. 3HAYUTENIbHO GoJblue l, MOXET A0CTHIraTh
ThicsY eanHuLl). [Tpu aTom:
— MarHMTHasi IPOHNULIAEMOCTh 3aBUCUT OT MHIYKLIMH BHELIHETO

Puc. 45. Ilpu enecenuu geppo-
MazremuKa 60 GHeuwiHee Maznum-
Hoe noae npoucxodum ynopsdoue-
HUEe OpUeHmauuu  MAacHUMHbIX
noaeit omoeabHbix IOMEHOS.

E JTIOPSIOUEHHOCT OPHEHTa-
uMH B O -

nonsi;
— CMOCOGHOCT HAMAarHUYMBAThCS MANACT C YBEIMYEHUEM TEMIIEPATYPhl U TIPH
P ee (TaK Ha typa Kiopm) ucuesa-

€T MOJIHOCTBIO;

— TPH BBIKJIIOYEHUH BHEIIHETO MOJIs d)eppouaruemx OCTaeTCss HaMarHUYeH-
HbiM. B

HapaMal‘HCTHKaMP[ Ha3bIBAlOTCS BELIECTBA, KOTOPbIE CO3/AIOT Clla-
60e MarHUTHOE MoJie, 10 HaNPaBJIEHHIO COBNAAONIEE C BHEIIHUM MarHMTHBIM
nojeM. |

ﬂHaMa]'HCTHKaMH Ha3bIBAIOTCS BELLECTBA, KOTOPBIE CO3AAIOT MoJe,

HETHKE MOXET ObiThb HapylleHa
TEIVIOBLIMH  KOJIEGaHMSMH aTO-
MOB B Kpuctamie. Yem Bbile
TemrnepaTypa KpUCTalia, TeM
ObicTpee paspyliaeTcsi NOpsuIoK
B OPHCHTALIMH JIOMCHOB W Mpo-
HCXOIMT pasMarHMYMBaHWE BeE-
mectsa. Temnepatypa, Bbillie KO-
TOPOIi BELIECTBO NepecTaet GbiTh
eppoMarHeTMKOM, Ha3biBaeTCs
Temneparypoii Kiopu. Temniepa-
Typa Kiopu, Hanpumep y xeje-
3a -770 °C, y Hukensi -356 °C. ®

HIYKLUHOHHBIM Ha3blBaeT-
Csl INEKTPUYECKHit TOK,
BO3HMKAIOUWMIA B 3aMKHYTOM

MarHuTHOE mose.
OCHOBHBIM OTJIHYMEM (pepPPOMATHETHKOB SIBISIETCS TO, YTO (hDePPOMArHUTHBIE
CBOICTBA CBA3aHBI C KPMCTALIMYECKOH CTPYKTYPOIA BEILIECTBA, a HE CO CBOCT-
BaMH OT/ICJIbHBIX aTOMOB M MOJIEKYJI, KaK 9TO MMEET MECTO B CIIydae ¢ Iuamar-
HETHKAaMH ¥ NapaMarHeTHKaMH.

DeppoMarHUTHBIE CBOMCTBA BEILIECTBA ONMPEESIOTCS, KK yXe ObUIO CKa3aHo,
HE MarHMTHBIMM CBOWCTBAMH OTIE/IbHBIX aTOMOB M MOJIEKYJI, & HAMArHMYMBa-
HUEM Le/IbIX 00/1acTei, Ha3bIBAEMBIX IOMEHAMH — HEOOIBIINX YYaCTKOB Belile-
cTBa (MPOTsKEHHOCTHIO 1072 — 107 cM), conepXKaiux oueHb GObLIOE KOTHYe-
CTBO aTOMOB. B3aumozneiicTBME MAarHMTHBIX MOMEHTOB OTIENbHBIX aTOMOB
dbepp HeTHKa ) CWJILHBIX BHYTPEHHHMX MarHuT-
HBIX MOJIEH, NEHCTBYIOIHX B Mpe/eiax KaxXI0i Takoii 06/1aCTH M BbI3bIBAIOILIMX
Napajuie/ibHyl0 OPHEHTALMIO COOCTBEHHBIX MArHMTHBIX MOJEH 3JEKTPOHOB
B 9TO 06/1acTH. B OTAE/IBHBIX IOMEHAX MarHUTHBIC MOJISi UMEIOT Pa3InyHbIE
HanpapJIeHUs! U B GOJILLIOM KPHCTALIE B3AMMHO KOMIICHCHPYIOT JIPYT JIpyra.
TMpu BHeceHNH (eppoMarHMTHOTO 06pasiia BO BHEIIHEE MATHMTHOE TOJIE MPO-
MCXOIUT YNIOPSANOYEHNE OPUEHTALIMM MATHUTHBIX MOJIEH OTIENbHBIX IOMEHOB.
Cy MAarHUTHOW MHAYKUMHM B BHELIHEro nojisi BO3pacTaer cTeneHb

T K BO3HMK

KOHTYpe MNpH M mar-
HUTHOTO MOJsI.

DNEeKTPOMATHUTHON HMHAYKLM-
el Ha3blBaeTCs sIBICHHE BO3-
HHKHOBEHMs 3JIEKTPHYECKOTO
TOKa B 3aMKHYTOM NPOBOZSIILIEM

YNOPSIOYEHHOCTH OPHEHTALMH OTAENBHBIX JOMEHOB — MATHWTHAS MHIYK-
uusi B Bospacraet. ITpu HEKOTOPOM 3HAYEHHM MHAYKLIMM BHELIHETO MOJIsi HACTY-
1aeT MOJIHOE YNOPS/IOYEHNE OPUEHTALIMHM IOMEHOB, U BO3PACTAHUE MarHMTHOM

KOHTYpE TpH K mar-
HUTHOIO MOJIsi, NMPOHU3bIBAIO-
1ero KOHTyp. B

WHAYKUMH 310 Ha

Mpu NIEHCTBHSI M3 BHEIIHETO MarHUTHOTO MOJIS 3HAYMTE IbHast
4acTh JIOMEHOB COXPAHSIET YMOPSIOYEHHYI0 OPHEHTALNIO — (heppOMarHeTHK
CTAaHOBHUTCS ﬂJlﬂ HU3r noc bIX MArHUTOB

HUCMOJIb3YIOTCS CTallb, CIUIABBI XeEJ€3a ¢ AIIOMUHHUEM, HUKEIEM H KobabTOM,
OKCHIbI XeJie3a M HEKOTOPBIX APYTMX MeTaIoB. B

BaxHbIM 11aroM B PasBUTHU SJICKTPOAUHAMMUKHU nocne
OMBITOB AMIIEPa GBUIO OTKPBITHE SIBICHUS 2IEKTPOMATHUTHOM MHAYKUNH. D10
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sBeHne 6bU10 OTKpbITO B 1831 roay aHriniickum dhusnkom Maiikiom Papane-
em (1791-1867).
Bo-nepsbix, Papaneii 06Hapyxu1 3JIEKTPOMarHUTHO#M MHAYKLMY ISt
clydasi, KOra KaTylK1 HaMOTaHbl Ha ONMH M TOT Xe GapabaH. Eciu B onHoi
KaTylIKe BO3HUKAET WM MPONALAET EKTPHUECKUIA TOK B Pe3yJIbTaTe MOAKIIO-
YEHMsl K Heil WIN OTKJIIOUEHHs OT Hee ralbBAHWYeCKOii Gatapeu, To B APYroi
KaTyIlKe B 3TOT MOMEHT BO3HUKAET KPaTKOBPEMEHHbIH TOK. DTOT TOK 06Hapy-
XKHBAETCs F/IbBAHOMETPOM, KOTOPBIi MPUCOEMHEH KO BTOPO# KaTyllIKe.
3arem Mapazeil yCTaHOBWI TaKXe HAIMYHE MHIYKLUMOHHOIO TOKA B KaTyIlKe,
KOTZIa K Heil NpUOINXKaIN WK YIQISUIH OT Hee KaTyLIKy, B KOTOPOil MpoTeKaJl
9/IEKTPUYECKHH TOK.
TpeTuii ciyyail 3IeKTPOMArHUTHOM MHIYKLMH, KOTOpbii 0OHapyxui1 Papa-
JIeid, 3aKJTI0YAJICS B TOM, YTO B KATYLIKE MOSBJSUICS TOK, KOT/IA B HEe BHOCHIIM
WIH XKe YIAISUIH U3 Hee MarHUT.
SBeHue 1EKTPOMArHUTHOM MHIYKLIMH CBUIETENLCTBYET O ICHCTBUM B KOHTY-
Pe CTOPOHHHX CHJI HEIJIEKTPOCTATUYECKO# MPUPOJIbI M O BO3HUKHOBeHNH DJIC
uHayKIuK. KoluyecTBeHHOE OMMCAHME SIBNCHUS 3IEKTPOMArHUTHOM MHIYK-
LIMM 1aeTCsl Ha OCHOBE yCTaHOBIEHUS cBsi3k Mexay DJ1C uHayKumu u pusmne-
CKOI BEJIMYMHOI, Ha3bIBAEMON MarHUTHBIM MOTOKOM.
Tlorokom maruuTHOj uAYKiMK D yepes MOBEPXHOCTD IUIOWANBIO S HA3BIBAIOT
Y, PaBHYIO MPOH MOJIyIsi BEKTOPa MAarHMTHOI MHIyKuuu B
Ha iowanb S U Ha KocuHyc yria O mexay Bektopom B M HopMaiibio K r1o-
BEPXHOCTH:

® =BScoso.

EnnHuLei MarHUTHOTO NoToKa B MeXIyHapoIHO# CHCTEME eMHMLL ABISETCS
Bebep (BG). MarHuTHBII MOTOK Yepe3 IUIOIIAAb, OrPAHHYEHHYIO 3AMKHYTBIM
KOHTYpOM, paBeH | B6, eciu npu paBHOMEPHOM YOBIBAaHMHM 3TOTO M0OTOKA 10
Hyast 3a | ¢ B KoHType Bo3HuKaeT DJIC unaykuuu | B.m

3aKOH 3JIeKTpOMarHuTHOM MHAyKiumu Papanes. s1C
MHIYKUMH B 3AMKHYTOM KOHTYPE PaBHA CKOPOCTH M3MEHEHHsI POHU3bIBAIO-
1LIEro ero MarHuTHOIO MOTOKa ¢, B3SITOM € OGPKTHHM 3HAKOM:

_AD

A

Hanpasnenue MHIyKUMOHHOTO TOKA B KOHTYPE 3aBUCHMT OT TOrO, BO3pacTaeT
WM yObIBa€T MAarHUTHbIH MOTOK, MPOHU3bIBAIOIIMI KOHTYP, a TaKXe OT Ha-
NpaBJICHUs BEKTOPpa MHAYKLMH MAarHUTHOTO MOJIsi OTHOCHTEIbHO KOHTYpa. 06-
1Iee NpaBuJIo, TiC p Th MHIYK 0 TOKa

Maiixa Papadeis (1791 1867).

Puc. 46. Senenue camoundykyuu
MoXCHO Habaodams, cobpas ne-
KMpU4eCKylo uens u3 KamyuKu
¢ 60AbwOl UHOYKMUBHOCMbIO, pe-
3ucmopa (c maxum xce snexmpu-
HeCKuM conpomueéneruem, Kaxk
u y npoéoda kamywku), 08yx

B KOHTYpE B Pa3HbIX CJIy4asix JIEKTPOMAarHUTHOM MHAYKLMH, ObLIO ycTa-
HoBJIeHO B 1833 roay netepOyprckum akaneMukom ImuireM Xpucrua-

aamn
U UCMoYHUKa moKa.

HoBuyeM JleHuem (1804—1865).

HpaBPUIO IIeHua. Bo3HHMKalOLIMIi B 3aMKHYTOM KOHTYpE MH-
JyKLIMOHHBIH TOK UMEET TaKoe uTO W UM Mar-
HUTHBII MOTOK Yepe3 IUIOIIAalb, OTPAHUYEHHYIO KOHTYPOM, CTPEMHTCS
KOMIIEHCHPOBATh TO H3MEHEHHE MArHUTHOTO MOTOKA, KOTOPbIM BbI3bIBa-
eTcs JaHHbIH TOK.

Maruuthbiit notok ® nponopunonanes Moay:o uuaykunn B marnut-
HOTO T0JIsl BHYTPH KOHTYpa, KOTOpasi, B CBOIO OYEPe/ib, 1P

b~

Ha cune Toka I B npoBonnuke. OTciona cieyeT, 4TO MArHMTHBIH NOTOK

4epe3 KOHTYP NPSMO MPOMOPLIMOHANIEH CHIIE TOKA B KOHTYpE:

SJIEKTPUYECTBO U MATHETHU3M
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Imuaui  Xpucmuanosuu Jleny
(1804—1865).

BJICHHE 3/ICKTPOMArHUTHOM

MHIYKUMH  TIpUMEHsieTCs
NpH MarHMTHOW 3amMCH MH-
opmaumu, Hanpumep 3ByKo-
BO#, MPH MOMOILLM 3/1EKTPOIH-
HAMHMYECKOTO  MHMKpOoHa.
B MukpodoHe umeeTcst TOHKast

d=LI,
rie L — koadduumeHT nponopunoHanbHoCTH, HasbiBaeMbiii KoadpuLmeH-
TOM CAMOMHIYKUNH MM HHAYKTHBHOCTBIO.
WHIyKTHBHOCTD ONpeaensieTcsi pasmMepamMu U opMoii MPOBOIHMKA, MArHHUT-
HO# MPOHNLIAEMOCTBIO CPe/ibl. 3a eNMHHIY HHAYKTUBHOCTH NPUHUMAETCS TeH-
pu (I'H). MHAYKTMBHOCTb KOHTYpa paBHa | IH, ec/iu npH cHiie MOCTOSIHHOTO TO-
Ka | A MarHMUTHBIN MOTOK Yepe3 KOHTYp paseH | B6.
IMpy 11060M M3MEHEHHH MArHUTHOTO T10JIsl B OKPYXXaIOLIEM NPOCTPAHCTBE BO3-
HHUKAeT 3JIeKTpHYecKoe nose. ITo 3IeKTPUYECKOoe MoJe PUBOIAUT B IBHXEHHE
cBOGOHbIE INEKTPHYECKHUE 3apsiibl B KOHTYpE, CO3/1aBasi MHIYKLMOHHbII 31e-
KTPUYECKHMI TOK. DIEKTPHYECKOE TMOJIe, BO: NpH 1 mar-
HUTHOTO T0JIsi, Ha3bIBAIOT BHXPEBbIM 3/IEKTPHYECKHM noJem. Buxpesoe anekt-
pHYECKOE MOJIe OTINYACTCS OT 3JIEKTPOCTATHYECKOTO TOJIs TEM, YTO OHO He
CBSI3aHO C 9JIEKTPUYECKUMH 3apsiIaMH, ero TMHUH HaNpsKEHHOCTH MpPeICTaB-
NS0T o0t 3aMKHYTbIE IMHMHU. PaboTa cHl BUXPEBOTO 3/IEKTPUYECKOTO MOJIst
NPH IBUXEHHUH 3JIEKTPHYECKOTO 3apsi/ia MO 3aMKHYTO# IMHUM MOXET GbITh OT-
JIMYHA OT HYJIS.
PaGoTa cuJl BUXPEBOTO 3JIEKTPHYECKOTO MOJIs 110 MEPEMEILCHHIO AEKTpHYeC-
KHX 3apsiIoB H sIBAsSieTCsl paboTOi CTOPOHHHMX chJl, HCTOYHUKOM DJIC MHAYK-
LUHH.
Bo3HMKHOBEHHE BUXPEBOTO 3eKTpryeckoro noast U DAC MHAYKUMM B Mpo-
BOAHHMKE, M0 KOTOPOMY TeYeT NepeMeHHbIH TOK, Ha3biBAeTCsi CAMOMHIYKLIMEH
(puc. 46). =

ITo npaBuiny .HCHLla, BO3HHKAlOLLEe MPH CAMOMHIYKLIMH 3/IEKTpUYE-
CKOe MoJie NPENsTCTBYeT H3MEHEHHIO CHIIbI TOKA B npoBoaHuKe. Eciiu cuna To-
Ka B NMPOBOIHMKE OyleT naaaTh WIM BO3PAacTaTh, TO BUXPEBOE /MEKTPHUECKOE
nosie GyAeT MPensTCTBOBATH 3TOMY, MOMIEPXKHUBas CHUITY TOKA Ha MPEXHEM yPOB-
He. B pesynbrare, npu 3aMbIKaHUM LIENH ONpPEAENEHHOE 3HAYEHHE CHJIbI TOKA
yer TCSI TOCTENEHHO, a MIPH Pa3MbIKAHUH TOK NMPEKPALLAETCs He Cpasy.

¥ rubkas K

NpUKJIEEHa JIerkasi NpoBoJIoY-
Hasl KaTyLIKa, pacrnookeHHas
B KOJIBLIEBOM 3a30pe MeXI1y no-
JIOCAMHU MTOCTOSHHOTO MarHUTA.
Mpu npoxoxaeHUH 3BYKOBO#M
BOJIHbI BO3HMKAIOT KOJe6aHUst
NaBNEHUA BO3YXa, BbI3bIBAIO-
e KosebaHusi MeMOpaHbl M,

CaMOMHIYKLIMSI OAYMHSIETCS] 3aKOHY 3IEKTPOMArHUTHOM MHAYKunMn — DC
CaMOMHIYKLUMH NPSIMO TNPONOPUHOHANIbHA WHIYKTHB-
HOCTH KaTYIIKH M CKOPOCTH M3MEHEHMs CHJIbI TOKa

B mukpodpone npumensemes
ABACHUE INEKMPOMACHUMHOU

B KaTylKe: UHOYKQUU.
Al
Eyc=-L=.
At
ahoit | A i Ha3bIBaeTCs 3IC

COOTBETCTBEHHO,
Katywku. Konebanusi karywku
B MAarHHTHOM T10/1€ OCTOSIHHO-
IO MarHuTa NPUBOLST K BO3HHK-
HoBeHHIO mnepemeHHoit DAC
MHIYKLUHH — TaKuM 0Gpasom
3ByKOBble KO/eGaHusi MpeBpa-
IAloTCA B 3eKTpHyecKue. B

WHIYKUMU B OIHOM TPOBOIHMKE MO AEHCTBUEM MarHMTHOTO
noJisi APyroro MpoBOAHMKA, B KOTOPOM TEYeT MepeMEHHBbIi
TOK. DTO SIBJIEHHE UCTIONIB3YETCs B TPaHC(OPMaTOpax Juisi Mo-
BBILUCHUSI WM TIOHWXKEHMUSI HATIPSDKEHMUSI EPEMEHHOTO TOKa. B

Heo6XxonmuMo yroMsIHYTb, uto uxayumposan-
Hble TOKH MOTYT BO3HUKHYTb NPH U3MEHEHHH MarHUTHOTO
NOTOKA HE TOJILKO B NPOBOJIOYHBIX MPOBOAHMKAX, HO U B
CIUTOIIHBIX KyCKaX MeTa/ia. DTH TOKH Ha3biBalOT BUXpe-
BbIMH TOKaMH 1160 Tokamu PyKo, 1o UMeHH (DpaHIly3CKoO-
ro ¢usmka Jleona Ddyko (1819—1868), BriepBbie HX OTKPBIB-
wero. HanpasieHue W BeJMYMHA 3THX TOKOB 3aBMCST OT
(hopMBI KycKa MeTal1a, OT HaMpaBJIeHUsi MAarHUTHOTO Mo~
TOKa, OT CBOWMCTB CAMOTO METajlla M OT CKOPOCTH M3MEHe-
HUSl MAarHUTHOTO NMOTOKa.
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KOJIEBAHUA
1 BOJIHbI

MEXAHUYECKME
KOJIEBAHUS

Kaxcoyio cexyndy npoucxoosm uzmenenus 6 oKpyxcarouiem Hac mu-
pe — 08udcemcs IHepeus, nepexoos u3 00H020 euda 6 opyeoli, mevem
epemsi, paznuyibie 006eKmol USMEHAIOM C80e NONONCEHUE 8 NPOCMPAH-
cmee u m.o. Ho ecau mbt BHUMAMENbHO NPUCMOMPUMCS K IMUM U3Me-
HeHUAM, MO 3aMemuM, Ymo HeKOmopble U3 NPOUEccos NOBMOPAIOMCs
¢ onpedenenroil NePUOOUMHOCMbIO U Npedcmaeasiiom coboil MHO20-
KpamHoe noeémoperue 00H020 U moeo e yukaa dsudxcenuil. Ilosmo-
peHue WUKA08 moxcem Obimb coBepuleHHO 00UHAKOBbIM (O8UNCEHUS
Masmuuka) aubo 0ocmamouHo CuNbHO omauvamsca opye om opyea
(npuauensl u omAuUGsl, NOKAYUBAHUE 6emaeli, CMeHa 8pemeH 200a).

B ¢)M3I/IKC BCSIKUM NMEPUOJUYECKUM, wim nout nepnoamyec-
KMii, poLiecc, B KOTOPOM Kakasi-TH60 ¢pu3nueckas BeIMunHa NPUHUMAET OIN-
HAKOBbIC 3HAYEHHs Yepe3 PaBHbIC WM MOYTH PaBHbIE MPOMEXYTKH BPEMEHH,
Ha3bIBaeTCs KoseGaTe/IbHbIM IBUXEHUEM WM KoslebaHHEM.

Mbi PaccMOTPHUM J1Ba OCHOBHBIX BHAA KosiebaHuit — MexaHUYecKue U 3NIEKTPO-
MarHuTHbic. @

MexaHMYeCKUMU KOJIEOAHUSIMU HasbiBaloT ABHXEHUS Te, 10~
BTOPSIOIIMECS TOYHO WIM TPUOIM3UTENLHO YEpe3 OIMHAKOBBIE MPOMEXYTKH
BPEMEHH.

OueHb YacTo BCTPEYAlOTCsi TAKUE OOBEKTBI, KOTOPBIE B Pe3y/ibTaTe OXHOKpAT-
HOIo KpaTKOBPEMEHHOIO BHELUIHETO BO3/ICHCTBUS CMIOCOOHBI B TEYEHUE OTHO-
CHMTEJIbHO JUTMTE/IbHOTO TNEpHO/Ia BPEMEHHU COBEpILIATh KojiebaTe bHble JBHXKe-
HUsl (HampuMep, Kayelu, MasTHUK, Ipy3 Ha npyxuHe M T.1.). Takoro poxa
KoneGaHMs Ha3bIBalOTCs cBOGOHBIMH. OHU BO3HMKAIOT MO/ AEHCTBUEM BHYT-
PEHHUX CHJ1 (HanpuMep, CHJ1 YIIPYTOCTH U CHJIbI TSI~
JKECTH, KaK 3TO MPOMUCXOIHUT B CIydae ¢ rpy3oM Ha
npyxuHe). Ecin xe konebanus cosepiualotcs noa
NIeHCTBMEM BHELIHUX CHJI, TO X Ha3bIBAIOT BbIHYX-
AeHHbIMK. [1pUMEpOM BBIHYXIEHHBIX KonebaHmii
SABIISETCS IBUKEHHE MOPIUHS B LMIMHIDE ABUraTe-
Jisl BHYTPEHHETO CropaHusi.

CBoGonHble MEXaHHYECKHE KOJeDaHNs BO3HUKAIOT
TPY BBINIONHEHUH JIBYX YCIOBHA. B

—

BO-HCpBle, CHJIBI, IEHCTBYIOLIME HA TEJIO,
WK XOT# Obl OIHA U3 HUX, JIOJKHBI 3aBUCETD OT KO-

l_lcpnouullccxnu Ha3blBaeT-
csi MOBTOPSIOUICECS IBU-
KeHHe, y KOTOPOro Kakbii
UMKJ B TOYHOCTH BOCTIPOH3BO-
T 11060 Apyroit k. B

Jeuxcenun kaueneit sgasemcs sp-
KUM NPUMEPOM MEXAHUMECKUX KO-
nebanui.




Tunuunvim npumepom mexanuvec-
Kux Koaebanuii seasemcs osuxce-

Hue MempoHoMa.

OpAHHAT. B onHom OIpEACIEHHOM IM0JIOKEHHUH TeJla B MPOCTPAHCTBE, Ha3biBa-
€MOM TT0JIOKEHUEM paBHOBECHSA, paEHOﬂC“CTByK}Lﬂaﬂ BCEX CHJI, Aeﬁcruymmux
Ha TeJlo, I0JKHA ObITh paBHa HYJIO. an BbIBCICHUM TeJIa U3 MOJIOKEHUS paB-
HOBECHSs paBHO}lCﬁCTB)’!OI.I.laH BCEX CHJI IOJDKHA ObITh OTJIMYHA OT HYJISl U Ha-
MnpasJjieHa K MOJOXEHHUIO paBHOBECHsI. B

BO-BTOple. CHJIbI TPEHUSI B KOJIeOaTeIbHON CHCTEME I0JIKHbI ObITh 10~
CTaTOYHO Mabi.
Cyl1ecTBYeT HECKOJIKO OCHOBHBIX BEIMYMH, XapaKTEPU3YIOIIMX MeXaHHYec-
KHe KonebaHms:
-G TeJa OT ¢ MrHoBeHHOe nepeMeleHne
Tesla OTHOCHTEJIbHO MOJIOKEHHs] PABHOBECHS HA3bIBACTCS OTKJIOHEHHEM WK
CMelleHHeM X.
— MakcumanbHOe OTKIOHEHHE TeJla OT MONOXEHHs] PABHOBECHSI Ha3biBAETCs!
AMILTATYI0H KoneGaHuii. BelnunHa aMIuIMTYbl OMpeensieTcss TeM MepBoHa-
YaJIbHBIM OTKJIOHEHHEM WJIM TOIYKOM, KOTOPBIM TeJIO ObLIO MPUBEEHO B IBH-
KEHHE.
— OGMM NPU3HAKOM MEXaHUYECKMX KosiebaHuii Kak (PM3HYIEeCKOro nporecca
SIBJISIETCS MOBTOPAEMOCTb MpOLIECCa IBUXKEHHS Yepe3 Onpe/ieieHHbIi npoMe-
KYTOK BpeMeHH. JUTHTEIbHOCTb OZIHOTO MOJIHOTO KoJleGaH st Ha3bIBAETCsI MepH-
oz10Mm Kosebanus T v BbIpakaeTcsi B CEKyHIax.
— Yacrora koneGannii. ®usnyeckas BeMuMHa, obpaTHas nepuoay Koseba-
HUit, onpenensioas Yucio KonebaHmnii B CEKyHILy, Ha3bIBaeTCs YaCTOTOM KoJe-
Gaumii:

Enuunua yactotsl — repu (Tix).
B (u3mMKe 4aCTO MCMONB3YeTCs MOHATHE HHKIHYECKOi 4acToTsl 00, onpezessio-
wwieif YHCI0 KoeGaHmiA, MpoMCXoasImX 3a 27T ceKyH:

2n

0=2nv="".
T

— Bpewmst t, oTcunThIBaEMOE OT MOMEHTa Hayasia KoieGaHus.
— @a3a (P xapakTepu3yeT MTHOBEHHOE COCTOSIHME KOJeGaTeIbHOM CHCTEMBbI
M ONpE/IENIAETCS OTKJIOHEHNUEM M BDEMEHEM:

P=0t+q,,

rae @, — da3za konebGaHuii B HaUaIbHbII MOMEHT BpeMeHH (t = 0), Ha3biBaeMast
HavaabHOM ha3oii. Pa3a OTpaXaeT CABUT MO BpEMEHH MEXIy AByMs KoebaHn-
samu. Ecin koneGaHusi npoucxonsT 6e3 3anasabiBaHusi, TO MX Ha3bIBAIOT CHH-
[} IMpwm 3ana OJIHOTO U3 i Ha ric p rOBOPST,
4TO KOJIeGaHUs HaxoaATCs B MpoTHBOGdase.
Da30ii rapMOHHYECKOr0 K0JIeDaHWs HA3bIBACTCS YIOJ, COOTBETCTBYIOLIMIA Bpe-
MEHHM, NPOTEKIIEMY OT KaKOro-HUOYIb NPOM3BOJIBHO BbIOPAHHOTO MOMEHTA.
To ecTb B 1aHHOM cily4ae peyb MIET He O pasHOCTH (a3 ABYX KonebaHuii, a 0
(ase oqHOro KosneGaHus.
BaxHeiilnM BUIOM KoJieGaTeIbHbIX IBUKEHHUIA SIBISIETCS FAPMOHHYECKOE KO-

KOTOpOE O TCS Y :

X=X, cos(ot+¢Q,),
rae X — CMelleHHe Tesia OT MOJNOXKEHHs paBHOBecHs, () — LIMK/IMYeCKas yac-
ToTa KosneGanuii, t — Bpems.




B mpouecce KonebGaHus MPOUCXOMT MpeBpalleHHe KHHETHUECKOM
9HEPriH B I1OT nbHyio. [1p P 9HEPrUH U3 OHOTO BH-
1a B APYroii sBISIETCS NMEPUOANYECKHM. B MOMEHTBI MaKCHMATbHOTO
CMeILeHNs] KHHETHYECKAsi IHEPTHsl PaBHA HYJIO, M TOJIHAsi SHEPTHs CO-

OTBETCTBYET y 0 110 it aHeprumn. Ipu
TMPOXOXIACHUH TEJIOM TMOJIOXKEHHUSI PABHOBECHS KMHETHUYECKAsi SHEPrus
JIOCTHraeT CBOEro JIbHOIO [AYEeHMs, a JIbHasi paBHa

HYJTIO, T.€. TIOJTHAs 9HEPTHsi COCTOMT TOIbKO M3 KWHETHYECKO# SHEPTHH.
Jhiobyio KoneGaTeIbHylo CUCTEMY MOXHO CBECTH K COBOKYIMHOCTH NpO-
CTBIX KoJIe6aTe/IbHbIX cUcTeM. B hu3nKe MPUHATO paccMaTpUBaTh YeThi-
pe BMAA MPOCThIX KOJeOATEIbHbIX CUCTEM: MAaTeMaTUYECKHIl MasiTHUK,
(hu3MYeCKMii MASTHUK, KPYTHIBHBIH MasTHUK M JIMHEHHbIE KoNeOGaHUs
MpYXHHbI (ynpyrue KonebaHusi). B

DU3MYECKUM MASTHUKOM Ha3biBaioTcsi KoeGatelbHbie
CHCTeMBI, MpeAcTaBsiiole coboit pusnueckue Tena pasiuyHoi dop-

Mbl U pasMepoB, COBEpLIAIOLLIHE KosiebaHUsI OKOJIO TOYKH WIn
OMOpbI, PU 3TOM LEHTP TSKECTH PACTIONAraeTcsi HIXKe TOYKH ToIBeca.
TMprMepoM (HHU3MYECKOTO MasiTHUKA MOXKET MOC/YXKHTh IPy3 Ha BEPEBKE, MasiT-
HHUK HaCTCHHBIX 4acoB, BECbl H TOMY no.uoﬁuoe. L}

MareMaTUYeCKUM MAasSITHUKOM Ha3biBaioT Teo HeGOMbUIMX

Puc. 47. [pu manrvix omkaonenu-
AX MAAMHUKG OM NOAONCEHUR
pasHoeecus 603HUKaem pasHo-
deiicmayiowan cua maxcecmu u
K no-

Pa3MepoB, MOABELIEHHOE Ha HEPACTSOKMMO# HUTH, Macca p

JKMMO MaJia 10 CPaBHEHHIO ¢ Maccoii Tena. IIpu BepTHKAIBHOM MOJIOXEHUH
HUTH IEACTBUE CUJIBI TSKECTH YPABHOBELIMBACTCS JCHCTBUEM CHJIbI YTIPyroc-
TH. D70 NC PaBHOBECHSI.

Puc. 48. Yeaosus 603nuknosenus
c60600HbIX Konebanui: a) cura

Tpu ManbiX OTKJIOHEHMSIX MasTHUKA OT TIC T
PaBHOJIEHCTBYIOLIAs CUJI TAXECTH M YNPYTOCTH, HaNpaBJIeHHas K MOJOXEHUIO
paBHOBeCHS (pHcC. 47), 1 €ro K rap umu. [epron
KoNe6aHUii MATEMAaTHYECKOrO MAasITHUKA HE 3aBUCHT OT MacChl Ipy3a M OT aMn-
JIMTYIBI KOleGaHMit M paBeH:

T=2n l
g

rae l — JUIMHA MasiTHUKa.

IMpu (ympyrux ) mp! 0ii BO3-
HUKHOBEHHMSI TADMOHMYECKUX KOJIeOaHUIt SIBJISIETCS ICHCTBUE CHJT YIIPYTOCTH.
B oTMuMe OT IPYrUX BUIOB KOJEGATEIBHBIX CHCTEM, TIPH YIIPYTHX KO-

ucura pas-
Hbl N0 MOOYAI0, U 2pY3 HAX0OUMCS
6 nokoe, b) uz-3a ymenvuienus de-
popmayuu npyxcuns: cuaa ynpy-
2ocmu y6wieaem, cura maxcecmu
ocmaemca nocMosHHOI, paeHo-
Oeiicmeylowas Hanpaeaena 6Hus,
©) u3-3a yeeauuenus deghopmayuu
NpYXCUHb CUAG ynpy2ocmu 603pa-
cmaem, a cuaa maxcecmu ocma-
emca HeuzMeHHol, paeHodeiicm-
8YIOWAA HANPABAEHA B6EPX.

Ne6aHUSIX MOTEHLMATbHAsH SHEPTUSI 110 CBOCH NPUPOJE ABISETCS IHEP-
rueit aedopmaumnu ynpyroro Tena. Iepuon ynpyrux KonebaHuit npo-
MOPLUMOHANIEH KBaJApPaTHOMY KODHIO M3 MacChl Tela, NpHYeM
yBeJIMYEHHE MACChI YIIPYroi KonebaTebHO CHCTEMBI BeYeT 3a co60i
3aMe/UIeHHe yBETHYEHHE MX Kpome Toro, nepu-
OJ1 yNIpYTUX KosieGaHMii CBA3aH C XECTKOCTBIO NMPYXHUHBI — YeM Gosibiue
JKECTKOCTB (T.€. YeM MEHbLIE YIIPYrOCTh CHCTEMBI), TEM MEHbILIE MepU-
on Konebanuii. Takum 06pa3oM, CylIECTBYET CBA3b MEXIY LMKIHYEC-
Koit yactoToii O, xectkoctsio K nedopmupyemoro Tena u maccoit m
Tena:

3
m

Ipumepom ynpyrux Ipy3a Ha NpyXH-
He (puc. 48), KonebaHusi CTPYHBI. B

0=




prTVU] bHBIM MAasATHUKOM HasbiBaeTcsi TBEpIOE TeJO, MOABEIICH-
HOE Ha BEPTHKAIbHOM HEBECOMOM YIPYTOM CTEPXKHE, KOTOPOE MOXET KoJiehaTh-
Csl MIPU KPYYEHUH €r0 BOKPYT OCH, MPOXOAsuIed yepe3 cTepkeHb. [TpuunHoit
KPYTHJIbHBIX KOJIOaHMIi SIBNISIIOTCS yNIpyrue CHbl, BO3HMKAIOLIME B CTEPXKHE
TP MaJibIX M0BOpoTax Tena. KpyTHibHble MasiTHUKH PUMEHSIIOTCS B HAPYYHbBIX
ax (KOJIECHKO, K OCH KOTOPOTO MPHUKPEIUIEHA CTajlbHasi MPYXHWHA — TaK Ha-
3bIBaeMblii GanaHcup). ITOCKOJIBKY KpYTHIIbHbIE KOJIEOaHHMsI OTHOCATCS K yIpy-
MM KoJIeOaHUsIM, TO /UISl MX MEPHOJIa IEHCTBYIOT Te K€ 3aKOHOMEPHOCTH, 4TO
W Uid nepuoaa JIMHEHHbIX KosebaHUii TIPYXHWHbBI, TIPUBEACHHDIC BbILLE.
Kakoit 6b1 MAsITHUK Mbl HY MCTIOJIb30BAJIH, CIYCTSI HEKOTOPOE BpeMsi 0GHapy-
KUBaeTcs, 4To KonebaHus npekpaiaiorcs. CBsi3aHO 3TO € TeM, YTO B J11060i
KosiebaTeIbHOM cHUCTeMe AEHCTBYIOT CHJIbI TPEHMs, COMPOTHBJICHHE BO3ayXa
M T.I., KOTOPbIE TOPMO3SAT JBHKEHHE. MexaHuuecKasi SHEprusi IBUKEHHs 10-
CTEMEHHO NPEBPAILAETCSA BO BHYTPEHHIOK 3HEPTHIO TEMIOBOTO IBUXKEHHSI aTO-
MOB M MOJIEKY/1. SIBjieHHe YMEHBIICHUS aMILTUTYIbI KoslebaHmii, mpuBossiiee
K MpEeKpaLieHHIo KoseOaHMii, Ha3bIBACTCS 3aTYXAHHEM KoJleOanmii.
Kak yxe ynoMuHanoch, BbIHyX/IEHHbIE KOleOaHUs, B OTIHYHE OT CBO-

y

WA

GONHBIX, BO3HMKAIOT MOJ1 IEHCTBMEM BHELIIHEH CHIIbI M XapaKTepU3yloT-
sl CIeyIOLIMMH CBOHCTBAMH:
— B KosebaTe/IbHOM CHCTeMe, Ha KOTOPYIO JAeHCTBYET MepUOANYECKH

a)

\/ \/ \/ U MEHSIOLIAsACS CHJIA, YCTAHABIMBACTCS MEPUONMYECKOE IBUKEHHE;
— MEpHO BbIHYXIEHHbIX KoseOaHHii paBeH Nepuoiy AeiCTBYyioLIeiH

CWJIBL.
Bthy)Kl]EHHbIE KosebaHus1, Kak TNPaBUIO, SBJISIOTCS He3aTyXalouWMMH

TR

(puc. 49), TaK KaK IeHCTBHE CHJI TPEHHSI KOMIIEHCHPYETCS! MIOCTOSIHHBIM
BHEIIHUM Bo3zeiicTBueM. Hesaryxalomme cBoGonHbie KosebaHusi, KO-
TOpbIE NPOUCXOANIH Obl B KOJIEHATENBHOM CHCTEME TPH YCJIOBHHU OTCYT-

Puc. 49. ITepuoduueckue koreba-
Hus: a) Hezamyxaiowue u b) 3a-
myxarouwue.

Kaxcywuiica makum mouwgrsim
MOCm 0Ka3bi6aemcsa CO8€puIeHHO
Gessauummnbiv neped pomoii map-
wupylouux cordam.

CTBHUS TPEHUSI, Ha3bIBAIOTCS COOCTBEHHBIMH KOJI€OAHHSIMH CHCTEMBI.
an BBIHYXIEHHBIX KOJIebaHMsIX MHOTAA MPOUCXOAUT COBIALCHMUE MNe-
puoaa CcOOCTBEHHOTO KOJIeOaHUsI CUCTEMBI C NEepHOIOM BHELIHEH CHIIbI, B pe-
3yJIbTATe YEro aMIUIUTYy/1a AOCTUIAaeT MAKCUMAJIbHOIO 3HAYCHMS. IMono6Hoe siB-
JIEHUE Ha3bIBACTCS Pe30HAHC. an PE30HAHCE BHELIHASA CWJla COBEpLUAeT 3a
NEepUOA MAKCHUMAJIbHYIO TOJIOXHUTEIbHYIO paﬁoTy Hal KosebareabHOI cucte-
MOIi, MO3TOMY YCJIOBHE PE30HAHCa MOXHO OMPEACIUTh KaK YCJIOBUE MAKCH-
MaJIbHOM nepesayu 3Heprum KosiebaTeIbHOM cUcTEME.

Heaa'ryxa)omuMu SIBJISIIOTCSE ABTOKOJIE0AHMS, T.e. TaKue KosebaHus, KOTOpbI€

TNOLIEPXKHMBAIOTCSI BHYTPEHHUMH MCTOYHUKAMM SHEPTUH TIPH OTCYTCTBHHU BO3-
JeACTBHUSI BHELIHEH NepeMEHHOI Cuuibl. YacToTa M aMIuIMTyaa aBToKoseGaHuit
ONpeeNSIOTCs CBOICTBAMM CaMOM KoJiebaTeIbHOM CUCTEMbI, M aMIUTUTYAA He
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3aBUCHUT OT BPEMEHHU U OT HaA4YaJIbHOTO BO3/ICHCTBUS, BbI3BaBLIETO KosebaHus.
ABTOKOJIebaTeIbHasi CHCTEMa COCTOMT U3 TPEX OCHOBHBIX 3JIEMECHTOB: Koneba-
TeJIbHON CUCTEMBI, HCTOYHMKA IHEPTUH, YCTPOHCTBA ¢ 0OPaTHOI CBAA3BIO, pery-
JIMPYIOLLETO MOCTYIUICHHE SHEPTUH U3 UCTOUHMKA B KOJIEOATEIbHYIO CHCTEMY.

BICHHE PE30HAHCA MOXeT

ObITh MPUYMHOI pa3pyliie-
HUSl MalIMH, 31aHWIH, MOCTOB
M JIPYTHX COOPYXEHMIA, eCiiH c06-
CTBEHHbIE YaCTOThI MX KoseGa-
HHit AITyT C YaCTOTOIH NepHo-

B TeXHMKe 1MPOKO PacrpOCTPaHEHbI EKTP ne u ne
aBTOKOJIeOaTe/IbHbIE CHCTEMBbI (HAPUMEP, HACTEHHBIE YaChi C MASITHUKOM). W

Teopema (Dypbe Besikoe nepronmueckoe konebanme nepuona T mo-
XKeT ObITh PEICTABIECHO B BUJIE CyMMBbI T: YECKHX K c -
Mu, pasubiMu T, T/2, T/3, T/4 u 1.1., T.€. ¢ yactoramu n (npu n =1/T), 2n 3n,
4nuta.

Camast HU3Kasi 4aCTOTa N Ha3biBAETCs ii. Ko coc-
HOBHOM 4acTOTOM N Ha3biBAeTCS NMEPBOH TAPMOHMKOI, M/ OCHOBHBIM TOHOM,

a KosebaHusi ¢ yactotamu 2n, 3n, 4n 1 T.1. Ha s
WK 0DepToHAMH.
Jlio6oe koneba JIBUKEHHE TP )IIUT B C it cpene — TBep-

JI0i, KHMIKO# WK ra3000pa3Hoil, COCTOALIEH U3 OTAEbHBIX YACTHLL, B3aHMO-
NeHCTBYIONINX MeXY co60il cinamu cBsi3n. [pu Bo3bykaeHHH KonebaHHit ya-
CTHULL Cpelbl B OAHOM MECTE MPOMUCXOAUT TOCTENEeHHas rnepeaaya KoneGaHui
B IPyrHe MeCTa, ylaleHHble OT HauanbHoro. lepenaya konebanmit MoxeT ObITh
BbI3BaHAa CWJIAMHM YIIPYTOCTH, BO3HUKAIOLLMMH BCJIEICTBHE ned)opmauuu cpeabl
npH ee Ko TMpouecc pacnpoct KC it B IPOCTpaHCTBE
Ha3bIBAETCS BOJIHOM.

MBI BUIMM BOJIHBI HA MOBEPXHOCTH BOJIbI, TIPH MOMOILIM 3BYKOBBIX BOJIH CJIbl-
LUWM JIPYT APYTa, OLUYLIAeM BO3IEHCTBUE YIAPHON BOJIHbI OT B3pbiBa, Hab/io1aeM
CeiCMUYECKNe BOIHBI — KoJleOaHusi 3eMHO# KOpbl. Bce 3T BOIHBI — MeXaHH-
yecKue.

MexaHuuecKne BOTHbI PaCPOCTPAHSIOTCS C ONpe/IeieHHOM cKopocTbio. Ha-
NpUMep, Mbl CJBIINAM PAcKaThi TPOMa JIMIUIb CIYCTsi KAKOe-TO BpeMsi nocie
BCITBILUKH MOJIHHH.

CKOpOCTb pacrpoct KC
CTBIO BOJHBI V.

Paccrosinne Mexay GavKaifiliMMK ApYr K ApYry TOUKaMH, KONeOIIONUMHUCS
B OIMHAKOBBIX (ha3ax, HA3bIBAETCS VIHHOM BOJHBI:

A=vT,
e A — winna sonnbi, T — nepron koneGannit.
TIpu 3TOM CKOPOCTb BOJIHBI OKA3bIBAETCS! CBA3AHHOI ¢ 4acTOTOM KonebaHuii V
ClIeNyIOLIMM YpaBHEHHEM:

B MPOCTPAHCTBE HA3bIBAETCS CKOPO-

v=Av.
YacroTa BOJIH ONpe/esisieTcsi YacTOTOi KosehaHMii HCTOYHMKA BOJTH, CKOPOCTh
K€ 3aBUCHT OT CBOWCTB Cpeabl. I1031'0My BOJIHBI OZTHOH M TOI XK€ 4aCTOThl B pas-
HBIX CpellaX MMEIOT Pa3HYIO JUIMHY.
CBo¥icTBA MEXaHMYECKMX BOJH 3aBUCAT OT MHOTHX (DAaKTOPOB: OT BMIA CBS3N
MEXIy CMEXHBIMH YYaCTKaMH CPeJibl, OT pa3Mme-
POB cpezibl, OT (hopMbI Tesia u Apyrux. CyuecTsy-
©T /1B BH/IA YNIPYTHX BOJIH — MPOIOIbHBIC U MO~
nepeyHbie. W

l'lonepeqﬂbmu Ha3bIBAKOTCSH
BOJIHBI, B KOTOpbIX KoneGaHUs MPOUCXOIAT
MEePNeHAUKY/IIPHO HanpaBIeHHIO PacrpocTpa-
HeHus. [TonepeyHbie BOJIHBI PaclpOCTPaHSIOT-

JIMYECKH IEHCTBYIOLIEH CHIbI.
TMostomy, HanpuMep, JBHraTeIn
B aBTOMOOWISIX YCTAHAB/IMBAIOT-
€5l Ha CTIELMA/ILHBIX AMOPTH3ATO-
pax, a BOWHCKHM MOAPa3ie/eHH-
SIM TIPH IBMXKEHHH 110 MOCTY
3aMpELIAeTCsi WITH «B HOTY».

Ho pe3oHaHCHBIe sIBIEHUSI CTIO-
COOHBI NPHHOCHTb HE TOJNIBKO
BpEl, HO M MOJIb3Y — Hanph-
Mep, B aKYCTHKE H PaIMOTEXHH-
Ke. ®

Kpyeu na 60de — odun us
NPUMEPO8 MEXAHUHECKUX GOIH.




sl B TBEP/IBIX TeJIaX, B KOTOPbIX BOSHUKAIOT CHJIBI YTIPYTOCTH NPH AeopMaLinu
C/IBUTA WJIM TOJI IEHCTBHEM CHJI TIOBEPXHOCTHOTO HATSKEHHS M CHIIbI TSXKECTH.
Jlns nonepeyHbIX BOJIH BEPHO NMPABUJIO: CKOPOCTh PACIIPOCTPAHEHHs! YTIPYTUX
BOJIH MPSIMO MPOMOPLIMOHATBHA XKECTKOCTH TeJia U 06PaTHO MPONOPLUHOHAIbHA
€ro TIJIOTHOCTH.
BosHbl, B KOTOPBIX KOJIeDaHHsi POMCXOMAT BOJb HAaNpaBIeHUsl PacrpocTpa-
HEHMSI BOJIHbI, Ha3bIBAIOTCS MPOAOIBHBIMH. [1PO/I0JIBHbIE BOJIHBI MOTYT BO3HH-
KaTh B ra3ax, XMIKOCTSIX M TBEPbIX Tesax. ONHOI W3 OCHOBHBIX Pa3HOBUIHO-
CTeii MPOI0ILHOI BOJIHBI IBJISIOTCS 3BYKOBBIE BOJHBI.
M3yueHneM 3BYKOBBIX sIBTICHUI 3aHUMAETCs aKYCTHKA (yueHHMe o 3ByKe). Mexa-
HHUYecKue Koebanus ¢ yacroramu ot 17—20 Tix 1o 20000 Iix HasbiBaloTCS 3BY-
KOBBIMM, WJTH aKycTHYeCKMMH. KoslebaHus ¢ 4acTOTaMM HUXE 3BYKOBOTO M-
anas’oHa Ha3bIBAlOTCS WH(PA3BYKOBBIMH, a C YaCTOTAMH Bbillie 3BYKOBOIO
JIMAna3oHa — yILTPA3BYKOBBIMH.
OnHO¥ M3 OCHOBHBIX BEJIMUMH B aKYCTHKE SIBJISICTCS CKOPOCTh PACIpoCTpa-
HEHMsl 3ByKa. B nepBbiX ONbITaxX 10 H3MEPEHHIO CKOPOCTH 3BYKa B BOIYXeE,
npoBeneHHbIX eute B XVII Beke, M3Mepsuioch BpeMsi t MEXIY MOMEHTOM
Hab/TI0/IeHHs! CBETOBO# BCTILILIKM M MOMEHTOM TPUXOJIa 3BYKA TPH TTy-
uieyHoM BhicTpesie. Toraa cyuTanock, YTo CKOpocTh cBeTa — GecKOHeu-
HO Goblliasi BEJIMYMHA, T.¢. CBET PacrpoCTpaHsieTcsi MrHoBeHHo. U cko-
POCTB 3BYKa ONpEEJIsUIach MO U3BECTHOM HAM U3 MEXaHUKH (opmysie:

bBnazodaps 3eykoesim eonnam moi S
umMeem B03IMONCHOCMb Cablams v= ;‘
OKPYXNCAIOWUU HAC MUp 80 6cem
MHo2006pazuu ezo 3syKogoi na- | TACS — PACCTOSHHE OT MyLIKH JI0 HabionaTessi, a t — pa3HOCTh BPEMEHM MeX-
Aump. Jy MOSIBICHUEM BCTIBILIKM M MPUXOIOM 3BYKa BbICTpeJia.
CoBpeMeHHOE M3MEpEHHE CKOPOCTH 3BYKA B BO3JyXe NPH HOPMAJIbHBIX YCIIO-
BUSIX aeT BEIMYMHY, paBHYI0 331 m/c. UHTepecHbiit adbekT HabmonaeTcs
TNpH IOCTHXEHUH JBHXYIIMMCS TEJOM CKOPOCTH 3BYKa, KOI/Ia Teslo (Hanpu-
Mep, CaMOJIET) «10TOHsieT» (GPOHT BOMHBI. DTOT 3(h(eKT Ha3bIBAETCS CBEPX-
3ByKOBbIM GapbepoM. Hepenko, Habionast mosieT CBEpX3BYKOBOTO HCTpebuTe-
N5, MOXHO YCHbIIIATh TPOMKHMH XJIOMOK, KOTOpBIH BO3HHKAeT TNpH
NPOXOXIEHNUH CAMOJIETOM CJIOsI TUIOTHOTO BO3/lyXa — (DPOHTa CO31aBAEMOii UM
3BYKOBOM BOJIHBI.
Ipu cBomx KoneGaHMsAX 3Byyallee TEJIO MONEPEMEHHO TO CKMMAET CJION cpe-
Jlocmuzas ckopocmu 3eyka, ca- | Mbl, PUJIETAIOLIMIA K TEJTy, TO CO3AET pa3peXeHHe B ITOM CJIoe.
Monem npeodonesaem 38yKko6oi B rase npouecc pacnipocTpaHeHHs! CXaTHs WIH Pa3peXeHHs IPOMCXOIUT B pe-
Gapvep. 3yNbTaTe CTOJIKHOBEHMIi MOJIEKYJI ra3a, MO3TOMY CKOPOCTb PacrpoCTpaHeHHst
3BYyKa B rase PMMEPHO PaBHA CKOPOCTH TEILIOBOTO IBHXEHHS MOJie-
KyJ1. CpeiHsisi CKOPOCTb TEMIOBOTO IBUXKEHHS MOJIEKYJT YMEHbILIAET-
CSl C IOHMXXEHHEM TEMIIEpaTyphl ra3a, Mo3TOMY YMEHbLIAETCS C 110~
HUXKEHHEM TEMIIepaTyphbl ra3a M CKOPOCTb PacCnpoOCTPaHEHHsI 3ByKa.
Hanpumep, B Bonopoze npu noHwxeHuu temneparypsi ot 300 10 17
K ckopocTs 3Byka ymenbiuaetcsi ot 1300 a0 320 m/c.
CBsa3b MEXITy aTOMaMH M MOJIEKY/IAMH B KHIKOCTAX M TBEPIBIX TelaX
3HauYMTENbHO Gonee XecTKast, yeM B rasax. [loatomy ckopocTb pac-
MPOCTPaHEHMsl 3BYKOBBIX BOJIH B KMAKOCTSIX M TBEP/IBIX Te/IaX 3HAYU-
TeJbHO GoJblle CKOPOCTH 3BYKa B razax. Hanpumep, ckopocTs 3Byka

3 B Bozie paBHa 1500 m/c, a B cranu — 6000 m/c.

] TTpu npoxoXaeHNH 3ByKOBO# BOJIHBI B ra3e WIN XHAKOCTH BO3HUKA-
€T JIONOJIHUTE/IbHOE ABICHNE, HA3bIBAIOLICECs 3BYKOBbIM JaBJIEHH-
em. HuxHsisi rpaHuua OILyLIEHHUs 3BYKa YeJIOBEKOM COOTBETCTBYET

T { 3BYKOBOMY AaBJieHmio =~10° Ia, a Huxuss — 100 [Ta.
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3ByKOBBIE KOJICOAHMUSI, TPOMCXOIALLME TIO FAPMOHHYECKOMY 3aKOHY, BC
0TCSI YeJIOBEKOM KaK OIPEIe/ICHHbII My3bIKAJIbHBIH TOH WIH POCTO TOH. OCHOBHBbI-
MH XapaKTePUCTHKAMH TOHa SIBIISIOTCS TPOMKOCTB M BbicoTa. [POMKOCTS TOHa onpe-
JieNIsieTcsl aMIVTMTYI0i KosieGaHuii 1o MpUHLMITY — yeM GoJibllie aMIUIMTya, TeM
BBILlIE POMKOCTD. BbicoTa 3ByKa onpeie/isiercs ero yactoroid. Yewm Bbillie yacTora,
T.€. YeM KOpoUe Meprozl KoiebaHHit, Tem Gosiee BBICOKHIA 3BYK OY/IET CIIBILICH.
3ByKOBbIC KOJIeGaHHsl, HE MOTYMHSIOIIMECSH TADMOHMYECKOMY 3aKOHY, XapaK-
TEPH3YIOTCS ellle OHMM KauecTBOM — TemopoM. TemOp 3ByKa onpe/esieTcsi ero
rapMOHMYECKUM CTIEKTPOM, TaK KaK JUIsi 4€JIOBEYECKOTO yXa BaXHBbI TOJIbKO Ya-
CTOThI M AMILIMTY/Ibl TOHOB, BXOSILIIMX B COCTaB 3ByKa.
Bosbioe 3HaYeHHe LISl MPAKTUYECKOI JEATETbHOCTH YeIoBeKa NpeICTaBIseT
aKyc 10 HMeeT MECTO MPHU COBMAACHUH
YacTOThl BLIHYXIEHHBIX KoJlleGaHUit Tesa, BbI3BaHHbBIX 3BYKOBOW BOJIHOM, M Ya-
CTOTOIi COBCTBEHHbIX CBOGOAHBIX KosieGaHmii naHHOro Tesa. [Tpu 3ToM amruin-
TyJa BbIHYXICHHBIX i nocturaer 0ro . Akyc-
THYECKHIi PE3OHAHC MCTIONB3YeTCsi B MY3bIKAIBHBIX MHCTPYMEHTAX (1yXOBbie
MHCTPYMEHTbI, OPraH M Mp.), B ayIHOTEXHHUKE U T.I.
3ByKOBbIE BOJIHbI (Yallle — yJIbTPa3ByKOBbIE) LIMPOKO MPUMEHSIIOTCS JUTsl U3Me-
PEHMSI PACCTOSIHMIA 110 pa3uuHbIX 06bekTOB. Hanpumep, THIpOaKyCTH ECKas
JIOKALMsl N03BOJIsIET 0OHApYKMBaTh b€ JIONKH C 1X
(1 Ha06OPOT), a IXONIOTUPOBAHUE MPUMEHSETCS UISl U3MEPEHUS myﬁmm M uC-
CclIe/IoBaHMs pesibeha MOPCKOTO JIHA.
IMo xapakTepy pacrp BOJIHBI 110/Ipa Ha
cTp! B OJIHOM M3Mep ), Hble (B IBYX 1
CTpPaHCTBEHHbIE (B TPEX H3MEPEHHSIX).
BaxHbIMH PA3HOBHIHOCTSIMH BOJIH SIB/ISIOTCS ChepUUECKHUE H TIOCKUE BOJHBI.
CdpepryecKHMH HA3bIBAIOT BOJIHBI, BO3HHMKAIOLIME OT TOYEYHOTO MCTOYHMKA
B npoctpaHcTse. UX iyun bpoHTHI Npe-
cTaBasioT coboii cepbi. Ha miockocTi Takue BOJIHBI GYIyT KPYrOBBIMH, @ MX
BOJIHOBBIE (DPOHTBI — OKPYKHOCTSIMHU. TLI0CKHE BOJIHBI BO3HUKAIOT OT ILIOCKO-
IO WIN YIAICHHOTO MCTOYHMKA. X JIyun nmapajuiesibHbl, a BOJTHOBbIE (DPOHTHI
NPEACTaBSAIOT COOOM MIOCKOCTH.
JlBe BOJIHBI, MMEIOLIME OAWHAKOBbIC AMILIMTY/bI, YacTOThl M JUIMHBI BOJH

iinbie (pacnpo-
X) 1 1po-

0, a BC

W pacnpocTt OJTHC ) B OJIHOM M TO# Xe cpeie B MPOTHBO-
TMOJIOKHBIX npu 00pasyIoT CTOAYYIO BOJIHY.
B¢ P )ii cpeae pacrnpocT BOJIH TPOUCXOMT OIMHAKOBO BO BCE

CTOPOHBI OT UCTOYHMKA KoneOGaHmii. [1py nonanaHum BOJIHBI B IPYTYIO CPey,
a 0co6EHHO Ha rPaHHLIe CPell, XapaKTep PACNPOCTPAHEHHs BOIHbI MEHSIETCS —
BOJIHA MOXET YaCTHYHO MEPEHTH BO BTOPYIO CPEy, @ MOXET, YaCTHYHO OTpa-
3UBLUKCH, POLOJIXATh PACTIPOCTPAHEHHE B NEPBOIi cpee. 3aKOH OTPaKEHUs
SIBJISIETCS OOLINM BOJTHOBBIM 3aKOHOM JUIsl BCEX BUIOB BOJIH. M

(BONIHOBBIM (DPOHTOM) Ha-
3bIBACTCS TOBEPXHOCTb, Ha KO-
TOpOH BCE TOYKH KonebmoTcs
B OAMHaKoBoO# ase. Paccrosi-
HHUE MEXIy COCEIHUMH BOJHO-
BBIMH (DPOHTAMH PABHO JUTHHE
BOJIHBI A
JInkus, NeprieHIMKyIApHast BONI-
HOBOJi MOBEPXHOCTH, Ha3bIBAeT-
Csi Jy4OM, TIPHYEM PacrpocTpa-
HEHME BOJH MPOMCXOUT 110 Ha-
npasieHHIo Jiyya. B

Puc. 50. Yeon ompaxcenus eoanst
om ompaxcawowei niockocmu
pasen yeay nadeHus.

3aKoH OTPAXEHUSI BOJIH. Yron oTpaxeHHsi BOJHbI
OT OTPAXAIOIIEH TUIOCKOCTH PaBeH YTy MaleHusl; Nalaloumi
JIy4, oTpa i yd n VISP, BOCCT: i
B TOUKE MaICHMs, JIEXAT B OJHOI MIOCKOCTH.
M3BeCTHBIM BCEM MPUMEPOM OTPAXEHHMsI BOJNHBI SIBISETCS
9X0 — CBOBOIHO PACMPOCTPAHSISCH B BO3AYXE, 3BYKOBBIC BOTHBI
MpH BCTpeye C MPErpanoii OTpaxXaloTesi O Hee, H Mbl CIIbILINM

9X0. l'lpM OTPAXEHHUH YaCTbh S3HEPIrUH BOJIHBI MOIJIOLIAETCS OTpa-

Kalolei MoBEPXHOCTbIO, TP cTeneHb 3aBH-
CHMT OT CTEMEHM TBEPAOCTH OTPAXAIOLICH MOBEPXHOCTH (YeM

TBepXKe, TeM Jiydlie otpaxaercsi). C sBICHHEM OTPAXEHMUs CBSI-
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Fr - E2

3aHO SIBJICHHE TOC/IE3BY4Hsi — peepbep — 3aKJIIO!

B IIOCTENIEHHOM 3aMHUPaHUH 3BYKa MOCJIE TOTO, KK 3aMOJIK €ro Mc-
TOYHHK.

Ipu nepexoe BOJNHBI BO BTOPYIO CPelly HAa IPaHMLIE pa3zieia ABYX
cpen mpc T M pacrnpoct

BOJIH, Ha3bIBacMOE MpeJIOMJIEHHEM BOJIH. B

ol 3aKkoH MPEJIOMIJIEHUSA BOJIH. IManaommii syy, mpe-
JIOMJICHHBI JIyd M NIEPNIeHAMKY/ISP K IPaHMLIe pa3/iesia IBYX Cpel,

Puc. 51. B pesyrsmame naroxce-
HUA 0AH OM 08YX MO4EUHbIX
KO2ePEHMHbIX UCMOYHUKO8 603~
Hukaem séaenue unmepgpepen-
wuu.

HaGnwodas 3a pacxodswumucs
Kpy2amu Ha 600e, GHUMAMeAbHblil
Habaodamens moxcem ysudems
AGAeHUE uHMeppepenuu.

BOCC i B TOuKe Jiyya, nexar B OIHO#M TUIOCKO-
CTH; OTHOLIEHHE CHHYCA YIJIa MAaNCHUS K CHHYCY YIJIa npesomie-
HUS €CTh BEMYMHA MIOCTOSTHHAS JUTSt IBYX IAHHBIX CPe:

sin a

sin B

rae N — OTHOCUTENbHBIN NMOKa3aresb TIPEJIOMJIEHUSA.

TMomMMMO COCOGHOCTH K OTPAXEHHIO M MPETOMJICHHUIO BOHBI 06/1a1al0T U Y-
TMMH, HE MeHee BaXKHBIMH CBO¥CTBaMH. [Ipy HATMYMK HE OHOTO, 4 HECKOJb-
KHMX UCTOYHHMKOB KoJIeGaHUI BOJIHBI TIPOXOAAT OAHA 4Yepe3 APYrylo, HUKAaK He
BJMSAS APYT Ha Apyra. DTo sBJEHUE CBA3AHO C TEM, YTO B Npe/iesiaX yNpyroii ae-
(opMaLMK CKaTHE WIH PACTSKEHHE Tell BAOJIb OJHOTO HAMPABJICHHsI HE BIUS-
€T Ha UX YNIpyrue CBOICTBa Npy aedopMaLiK 1o JIoObIM APYTHM HarpaBieHU-
SM. Hoa’romy B KaXI0i Touke, KOfl‘DPOﬁ JAOCTHUTalOT BOJIHBI OT pasHbIX
MCTOYHHMKOB, Pe3yJIbTaT AEHCTBHS HECKOJIbKMX BOJIH B JIIOOOH MOMEHT Bpeme-
HH PaBeH CyMMe JeiCTBHS 3THX BOJIH. DTa 3aKOHOMEPHOCTb HA3bIBACTCS MPHH~

n, =

LHIIOM CYTICPTIO3HIIHH.
Ecau np T HA BOJIH C M TO
MOXET BO3HMKHYTh WIH Yy AMILIMTYIbl pe-

3YABTUPYIOLLEH BOTHBI — mntmpeﬂnuﬂ BOJIH.

HurepdepeHims BOIH BO3MOXHA TONBKO MPH YCIOBHH KOTEPEHTHOCTH BOJH.
KorepeHTHBIMH Ha3bIBAIOT T¢ BOJIHBI, KOTOPbIE MMEIOT OIMHAKOBbIH MEPHOI
M MOCTOSIHHYIO BO BPEMEHH Pa3HOCTD (ha3 KoseGaHmii B KaXI10i TOUKe.
PasHocTb paccTosiHmil OT KaKOW-TMG0 TOYKHM 10 MCTOYHHKOB KoJebaHMil Ha3bl-
BAETCS PA3HOCTBIO XO/IA IBYX MHTEP(EPHUPYIOLIMX BOJIH 10 3TO# TOYKH.
Amrumtyna KonebaHuit GyaeT paBHa HyJIO B TeX TOYKAX MPOCTPAHCTBA, B KOTO-
PhI€ BOJIHbI C OIMHAKOBBIMH AMILTUTY/ION M YACTOTOM MPUXOIST CO CABUIOM MO
(base koneGanuii Ha T WM Ha NC y Paznuune KoJle-
GaHuii 1ByX KOrepeHTHBIX HCTOYHHKOB BOJIH Ha T1C y
Gyzet npu ycaosuu, uto pastocts Al paccrosmmii 1 u 1, ot UCTOUHMKOB BOJIH
JI0 9TON TOYKM PaBHA MOJOBMHE UIMHBI BOJIHBI HJIK Heue’mouy YUCITy mojty-

BOJIH (yc/i0BHe ph ):
=(2k+DA/2.

B TouKax MPOCTPAHCTBA, B KOTOPbIE BOJIHBI MPH-

XOZAT C it asoit HabJmio-

nalTcs pd s s

BBIMOJIHEHHUSI 3TOro YCJIOBHUSI Pa3sHOCTb Xoaa
JI0JKHA PaBHATHCA LIEJIOMY YHUCITY BOJIH:

Al=kA.
SIBiIeHMe OTKJIOHEHHs HAMPaBIEHUs! PacrpocTpa-
HEHMS BOJIH OT MHOrO y T
rniperpanbl HasbiBaeTcsi AH(pPaKuMed BOIH, MpH-




4eM, YeM MeHble Oy1yT OTBEpPCTHS B NPErpaie Ha MyTH BOJHBI, TeM Gonbline
OTK. OT ] itHoro pacnpocTt OyayT uc-
MBITHIBATh BOJIHBI. SIBIeHMe nudpakiy Goee 3aMETHO NMPH yBETHYEHHH UTH-
Hbl BOJIHBI.

SBnenust uuTepdepeHunn u Andpakumnu HabaI0AAIOTCS NPH PACTPOCTPaHe-
HUH M NPOJIOIBHBIX, U NonepeyHbiX BoH. Ho, kpome 3Toro, y nonepeuHbix
BOJIH CYLIIECTBYET ellle OJIHO CBOHCTBO — CBOWCTBO NMOJAPH3ANMH. B

I'lonﬂpmoBaHHoﬁ BOJIHOM HaskiBaetcsi Takasi monepevHasi Boji-
Ha, B KOTOPOi KOIeGaHMs BCEX YACTHILI MPOMCXOIAT B OIHOI miockocTH. Ha-
MpUMep, TUIOCKOTO/ISIPU30BAHHYIO BOJIHY MOXHO MPOAEMOHCTPUPOBATD C M0~
MOIIBIO PE3MHOBOTO IIHYpa, NMPH KONeGAHUSAX KOHUA UIHYpa B OAHOM
TUIOCKOCTH (€C/IH KOHEIl IIHYpa KoJeGIeTCsl B Pa3IMYHbIX HANPABICHUSX, TO
BOJIHA, PACTIPOCTPAHSIOIIASACS BIOJIb LIHYPA, HE MOJISPU30BaHa).
TMonsipH30BaHHYI0 BOJIHY MOXHO MOJNYYHTb, TMOCTAaBMB Ha MyTH KoaeGaHMii
nperpaiy ¢ OTBEpCTHEM B BuIe y3Koii wenn. Llleas Gyaer nponyckarh TOIbKO
K LIHYpa, NpC B/10J1b Hee. [103ToMy BoJTHa MocJie MPOXoX-
JICHUSI LLIeJIH CTAHOBHUTCSI MOJISIPU30BAHHOI B IUIOCKOCTH wieau (puc.52). Ecan
Ha MyTH TUIOCKONOJSPH30BAHHOI BOJIHBI MOCTABUTH BTOPYIO 1IE/Ib, NIOBEPHY-
TYIO 10 OTHOLLIEHHIO K 1epBoit Ha 90°, TO rpouecc pacnpoCTPaAHEHHsI BOTHBI
B IIHype BOOGILE MPEKPaTHTCS.

YCTpOoiiCTBO, BbUIESIIONIEE U3 BCEX BO3MOXHBIX KOJIeOaHHS, TPOUCXOISIINE
B OJIHO# TUIOCKOCTH (B HallieM C/lyyae nepBasi 1ieJib), Ha3bIBaeTCs NOJAAPH3ATO-
POM, a YCTPOHCTBO, TMO3BOJISIOLIEE ONMPEACTUTD IUIOCKOCTD MOJSIPU3aLUK BOJI-
Hbl (BTOpast Lie/Ib), — AHAJIH3ATOPOM.

HekoTtopble 3aKOHOMEPHOCTH PacnpoOCTPAHEHHsI BOIH (OTPaXeHHe, NpeioM-
JIEHHE) MOXHO OOBSICHATh Ha OCHOBAHWUM copmy. 0
B 1690 roay roinanackuM dusukom Xpucruanom loitreHcom (1629—1695).
CornacHo npuumny loiireHca, Kaxuasi TOYKa Cpe/ibl, KOTOPOii IOCTHIVIA B IaH-
HBI MOMEHT BOJIHA, SIBJIAETCS TOYEYHBIM MCTOYHMKOM BTOPHYHBIX BOJIH, pac-
TMPOCTPAHSTIONINXCSI 1O BCEM HAMPABICHHUSIM CO CKOPOCTBIO, CBOHCTBEHHOM Cpeie.
Orubaromas )CTh, T.€. p Th, KacaTe/IbHasi KO BCEM BTOPUYHBIM
BOJIHAM, NIPE/ICTABNSET COGOI BOTHOBOM (DPOHT B CIIE/YIOLIHIA MOMEHT BPEMEHH.
Onxako npuHLMn [ioiireHca He MOXeT OOBSCHUTB BceX 0COOEHHOCTEH pacrpo-
crpatenusi BoaH. Iloatomy dpannysckuit ¢usuk Oriocten ®Ppenenb
(1788—1827) nomonHua ero MpeAcTaBICHUsMH O KOTEPEHTHOCTH BTOPHYHbIX
BOJIH ¥ MX MHTepdeperumu. CpsizaB npuHumMn foireHca ¢ IPUHLMIIOM HHTEP-
dep ®p nan 06w AMC y pacnpoct

BOJIH B OJIHOPOJIHOI CpeJie, M0KA3aB, YTO JIy4YH, NOJIsiPH30BaHHBIE MEPHEHANKY-
JIAPHO AIPYT K APYTY, He HHTepd LI uHTEpdEp Mo3BO-
un PpeHenio 06bACHUTB 3aKOHBI OTPAKEHUS M TIPEIOMJICHHS B3AUMHBIM 110~
T KO. BO BCEX 3a MCKJTIO TexX, KOTopbie
YAOBJICTBOPSIIOT 3aKOHY OTpaXeHHsi. W

Puc. 52. [oaspu3sayus 6oanwL.

Xpucmuan loienc (1629—1695).
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Jnceime Knepx Maxceean (1831—
1879).

B aunusx anexmponepedauu uc-
NOAb3YEMCA UMEHHO nepemenHblil
MoK, maK KaKk npu 6biCOKOM Ha-
NpANCEHUU €20 MONCHO nepeda-
eamv Ha Goavwwue paccmosnus
€ MaAbIMU nOMepAMU.

DIEKTPOMATHUTHBIE
KOJIEBAHUA

Oc Mbl0 Me. KUX 601H A UX cnocobHocmb pac-
npocmp A i cpede — 6yob mo 2a3oobpasnas,
Hudkas uiu maepdue mena. B nycmome, m.e. 6 6aKyyme, mexarnu4e-
CcKue 801Hbl He MO2YM pacnpocmpaxambes.

B 1864 rony anruiickuM dusukom Ixeitmcom Knep-
KOM MaKCBEJIJIOM (1831—1879) Ha ¢ u3y
TalbHbIX paboT Mapazes 1o IEKTPHYECTBY M MATHETH3MY ObUla BbICKa3aHa r'M-
10Te3a O CYIECTBOBAHHU OCOOBIX — 2/IEKTPOMATHUTHBIX — BOJIH, CIIOCOOHBIX
PACTIPOCTPAHSTLCS B BAKYyMe.
OTTanKuBasch OT TOIO, YTO UBMEHSIOLLICECS JICKTPUYECKOE M0JIE CO3AaeT Mar-
HHTHOE TMOJIE, KOTOPOE CAMO COSNACT AMEKTPHYECKOE MOIIE, H NPOBEIA KONHte-
CTBEHHBIH aHAIN3 3THUX COOT 1 K BBIBOJIY O pacrpo-
CTPaHEHMH [aHHOTO Mpolecca B MpPOCTpaHcTBe. To €CTh nepeMeHHoe
9JIEKTPHYECKOE TI0JIE B OJHO# TOUKE CO3JaeT MarHUTHOE MoJe MO COCENCTBY
C Heil, KOTOpoe, B CBOIO 0Yepe/ib, BbI3bIBAET IEKTPUYECKOE MOJIE B CIICAYIOLICH
Touke. [TOCKOMIBKY 3TOT MPOLECC MPOMCXOMUT CHOBA M CHOBA, BO3HUKAET KO-
nebmonieecst 3JICKTPOMAarHuTHOE noie, bIBHO B 1po-
crpatcTse. [1pu 3TOM 2/IEKTPHYECKOE HIN MATHUTHOE T10JIe PACIPOCTPAHSIeTCs!
HE3aBUCHUMO OT CrIOCOBOB MX BO3HMKHOBEHMUS (Oy/ib TO KoseGaHusl 3apsiioB WK
nosiBJieHHe MarHuToB). B CKOPOCTH pacrpocT noJnsi, Bbl-
¢ M JIOM 10 0 Hab, TOKE, WHIYLIMPOBaH-
HOM JIBUXYLIMMHUCS MarHUTaMM, M Mo JaHHbIM O CO3/1aBA€EMOM TOKaMH mar-
HHMTHOM TI0Jie, BBISIBUIH, YTO OHa paBHa cKopocTH cBeta (=300000 km/c).
OOGBSICHMB MOSIB/ICHHE HHAYKIHOHHOTO TOKA BO3HUKHOBEHHEM BHXPEBOTO Jie-
KTPHUYECKOro 1noJisi Npu J11060M H3MEHEHNH MAarHUTHOTO nons, Makcsesut npea-
TIOJIOXKWJI, YTO ICKTPHUECKOE Nosie ob1azaeT TAKMMH XKe CBOUCTBAMM: MpH 1o~
6OM HM3MEHEHHM 3/IEKTPHYECKOrO MOJISi B OKPYXAIOIIEM TMPOCTPaHCTBE
BO3HHUKACT BUXPEBOC MArHUTHOE MoJIE. OnHax/bl HAYaBLIMHCS TNpouece B3auM-
HOIro NOPOXACHUSI MArHUTHOIO U 3JICKTPHYECKOro oJIeii I0JIKeH aanee Henpe-
PbIBHO MPOIOJIKATHCS M 3aXBaTHIBAaTh BCE HOBBIE M HOBbIE 00JIACTH B OKPYXKaio-
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MarHMTHOro

em npoctpactae. Ipouecc p T p

¥ 3JIEKTPHYECKOTO NOJIEH M eCTh NIEKTPOMArHUTHAS BOJTHA.
DKCNepUMEHTAbHBIM MOATBEPXIEHUEM THNoTe3bl MakcBesula sBUJIOCH
obHapyxenne B 1887 roay Hemeukum dusnukom Tenpuxom Ilepuem
(1857—1894) 371eKTPOMarHUTHBIX BOJIH, YTO O3HAYaI0 NMOGELY 3/EKTPO-
MarHMTHOM KOHLENUMH. [epll yCTAHOBMII, YTO 3JI€KTPOMArHUTHbBIE BOJI-
Hbl UMEIOT CBOWCTBA, aHAJIOTHYHbIE CBETOBBIM: MPEJIOMJICHHE, OTPaxXe-
Hue, uHTepdepeHunio, AH(PAKUMIO, MONSAPU3ALMIO, Ty XKe CKOPOCTh
PacnpoCTPaHEHMSI.

- [

&

DNIEKTPOMAarHUTHas BOJIHA HE MOXET BO3HUKHYTb MPH NOCTOSHHOM TOKE,
TaK KaK MPH 3TOM U3MEHEHHit MArHUTHOTO MOJIsi He MpoucXoauT. Takxke oHa He
MOXET BOSHUKHYTD B 3JICKTPOCTATHYECKOM T110JI€, CO3/1aBAEMOM HEIOABHXHbBI-
MH 2/IEKTPHYECKHMH 3apsiIaMH.

NHTEHCHBHbIE 3/IEKTPOMArHMTHBIE BOJIHBI BO3HUKAIOT B OTKPBITOI LIENH NpH
JIOCTaTOYHO BBICOKOM 4acTOTe JEKTPUYECKHX KoebaHuii, noxoasiuei 1o ae-
CATKOB MErarepi M Bbille.

Taxum 06pa3oM, OCHOBHBIM YCIOBMEM BO3HHKHOBEHMS 3JIEKTPOMArHUTHbBIX
KoJieGaHHii SIBISIETCS HATUY P 0 Toka. Il TOKOM Ha3bl-
BaeTCsl TOK, U cs ¢ nor KOMY 3aKO0-
HY ¥ CYLIECTBYIOIIMI B KOJIEGATEIbHOM KOHTYpE, B KOTOPOM 3/IEKTPOMATHUT-
Hble KoJiebaHusi He 3aTyxaloT CO BpEMEHEM.

Tlepuonom nepeMeHHOro TOKa Ha3biBaeTCs Np TOK Bp B
KOTOPOTrO BeJIMYMHA TOKa (WK ) P T MOJIHOE K(
ump T np O BEIMYMHE U 3HAKY 2

AMIIJIII’I'yﬂOﬂ NEPEMEHHOrO TOKAa Ha3bIBaCTCA MAaKCUMAJIbHOE 3HAYCHHUE, KOTO-
POe MOXET MMETh CHJIa TOKA (MJIM HANPSKEHNE) B TOM WM IDYTOM HamnpasJie-
HUH.

Jleiicteyiommm (3 deKTHBHBIM) 3HAaYeHHEeM CHIbI ToKa | HasbiBaeTCsi cuaa no-
CTOSIHHOTO TOKa, BBUIE/ISIOLIETO B IPOBOJHMKE 32 TO XK€ BPeMs TaKOE XKe KOJU-
YEeCTBO TECIUIOTHI, YTO U nepeMeHHuﬁ TOK:

rae [ — aMIInTyaa rapMOHUYECKHX KoeGanmii. W

JleiicTByloLiee 3HaYeHUE IEPEMEHHOT0 HampskeHust U
TaKxe B ‘/i pa3 MEHbILIE €ro aMIUIMTYAHOIO 3Ha4YCHMS U m:

U=

B Uenu NepeMEHHOro ToKa, B OTJIHYKE OT NMOCTOSAHHOIO TOKa, CyLUECTBYET
TaK Ha AKTHBHOE CONP R, poe NPH HU3KHX
SAX 4aCTOThl NEPEMEHHOIO TOKa NMPaKTUHYECKH COBMNAAACT C €ro JICKTPHYECKHUM
conpot B LEMH 1OC '0 TOKa. AKTUBHOE COMPOTHUBJICHHE OIl-
p oT u P nep )IO TOKA HA YYacTKe 3/IeKT-
PHYECKOI LIeNH K KBaApaTy AEHCTBYIOLIEro 3HaueHus ciuabl Toka | Ha atom
yuacTke:

P
R= T
TakuM 06pa3oM, Mbl MOXEM HAiTH CPEIHIOK MOLIHOCTb HA YYaCTKe LIETH Tie-

PEMEHHOTO TOKa 110 (hopMmyJie:
P=IR.

Puc. 53. [lepemennsiit mok cywe-
cmeyem 6 KonebamenbHom Kow-
mype ¢ nezamyxaiouwumu (3a cvem
HAQAUMUA UCMOYHUKA NUMAHU3)
NeKMPOMASHUMHbIMU Konebanu-
AMU.

HEpPaTop MEPEMEHHOrO TO-
Ka — YCTpO#CTBO, npeobpa-
3ylolee Kakyio-1m6o sHepruio
B 3/eKTpHyecKyio. Hanpumep,
NEKTPOMEXAHUYECKUI MHIYK-
LIMOHHBIH reHepaTop npeobpa-
3YeT MEXaHHYECKYIO SHEPrHio B
2/IeKTpHYecKyio. OCHOBHbIE Ya-
CTH TaKoro reHepatropa — 3710
MHIYKTOP-MarHUT U SIKOPb-06-
motka. [lpu oTHOCHTENbHOM
BPALLCHUH SIKOPS M MHIYKTOpA
MAarHMTHbIH MOTOK, MPOHM3bI-
BalOLMIT OOMOTKY, NMOCTOSIHHO
M3MEHSIETCS, YTO M NMPUBOAMT K
nosigieHuio B sikope SAC uH-
ZYKUHH.
TMepeMeHHbI TOK HCIOB3YeT-
Csl B 2/IEKTPHYECKON CETH XKH-
JIBIX JIOMOB, TPOMbILLIEHHBIX
npeanpsAThit 1 T.a. OH npexa-
cTapisieT co60# BbIHYXIEHHbIE
Ko/ieGaHusi, PH KOTOPBIX CHIa
TOKa M HaNPSXEHHE MEHAIOTCS
10 TapMOHHYECKOMY 3aKOHY.
YacToTa npoMbILLIEHHOTO TO-
ka B ctpanax CHI — 50 . ®
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Yempoiicmeo  das nonuncenus
(unu noevlueHus) HanpaXceHus
nepementoz0 moka Hazbieaemcs
mparcghopmamopom.

U3-3a Toro, 4T0 B II060M NPOBOHMKE, MO KOTOPOMY MPOTEKAET NEPEMEHHbII
TOK, Bo3HuKaeT DJIC caMOMHIYKLINM, 3JIEKTPHYECKasi LeMb 00/1aNaeT He TONb-
KO aKTHBHBIM COMPOT HO H TaK Ha MHIYKTHBHBIM COMNpPO-
THBIeHHeM. MIHIYKTHBHBIM conpoTHBiennem X, Ha3biBaeTCs MPOM3BEACHHE
LMKIMYECKOi yacToThi O Ha MHAyKTHBHOCTD L:

X, =wL.
B koHIeHcaTope, BKIIOYEHHOM B LiEMb MIEPEMEHHOTO TOKA, TAKXKE BO3HHKACT
conport Ha: 0€ eMKOCTHBIM COMP X K Topa,
KOTOPOE HAXOAMTCS MO (hopmyse:
1
Xe=—>

rae C — anexTpoemkocTh KoHaeHcatopa.

Tpu M3y4eHUH BOSHUKHOBEHHS M PAaCNPOCTPAHEHHS 3/IEKTPOMArHUTHBIX BOJIH
60bLLYyIO PoJib ChIrpal BUOpaTop (niam aunons) fepua. OH npeacrasisieT coboi
JZIBa CTEPXKHSI C IIapUKAMHU Ha KOHLAX. CTepXHM MOIKITIOYAIOTCH K MHAYKLIMOH-
HOI KaTylliKe — UCTOYHHKY BbICOKOTO HaNPsKEHMUS; KOT/a HaNpsKeHHE MEX-
Jy CTEPXKHSIMH CTAHOBUTCS IOCTATOYHO GOJBIIMM, MEXI1y LIAPUKAMH MPOCKa-
KMBaeT McKpa. Bubpatop lepua MOXHO paccMaTpuBaTh KaK OTKPBITBIH
KosieGaTe/bHbIi KOHTYP. EMKOCTBIO B TAKOM KOHTYpE SIBJISIETCS EMKOCTh MEX-
Zy CTEPXHSMH, MPEHUMYLIECTBEHHO MEXILY X KOHLIAMH, Ha KOTOPBIX M HaKar-
JIMBAIOTCS 3apsizibl NPy KoebaHusix. CaMu CTepXHHU 061aal0T MHAYKTHBHOC-
Tbio. KOHTYp Ha3bIBaeTCsi OTKPHITHIM, TMOCKOJIBKY, B OTIMYHE OT OGBIYHOrO
KOHJICHCATOPa, €ro MoJie He JIOKATH30BAHO B OFPAHUYCHHOM TUIACTUHAMMU KOH-
zieHcaTopa obbeme. B okpyxaioliem BUOPaTOp NMPOCTPAHCTBE BO3HUKAET Nepe-
MEHHOE 3JIeKTpHyecKoe nose. B pesynbrate nosiBisieTcsi M3MeHsiouieecs BO
BPEMEHH BUXPEBOE MAarHUTHOE M0JIe, KOTOPOE BHOBb POXIAET TAKXKE BUXPEBOE
9JIeKTpHUYecKoe nose ¥ T.A. Tak BO3HMKAET 2/IeKTPOMArHUTHas BOJIHA.

Mo cBOMM CBOMCTBaM 3JIEKTPOMArHUTHbIE BOJNHbI MaJlO YEM OTIMYAIOTCSA OT
MEXaHUYECKHUX.

Ha rpanuue pasiena AByX Cpest 31€KTPOMarHMTHbIE BOJIHBI YACTUYHO OTpaxa-
0TCSl, YaCTMYHO MPOXOAAT BO BTOPYIO cpeay. OT MOBEPXHOCTH JAMINEKTPHKA
2/IEKTPOMArHMTHBIE BOJIHBI OTPAXAloTCs €/1a60, OT MOBEPXHOCTH METa/LIa OT-
paxaloTcs NouTH 6e3 norepsb.

3aKOH OTpaXeHHsi COBMANAET C 3aKOHOM OTPAXCHUS MEXaHWYECKHMX BOJH,
T.€. YroJl OTPaXEHHUsl PaBeH yry i nyy, ot i yu
M nep yJsIp K M B TOYKE JIeXaT B OHOM TUIOCKOCTH.
Ha rpanuue pa3ziena ByX Cpel IPOMCXOIUT MPEJOMJIEHHE 31EKTPOMArHUTHBIX
BOJIH. @

3aKoH TMPEJIOMJICHHUS. OTHoweHne cHHyca yria naneHus O K cuny-
Cy yrjia npejoMJICHHUs B SIBJSIETCS] BEJIMYMHOM MOCTOSSHHOM JUIst JABYX JAHHBIX

cpel. I1o o PaBHO OT! CKOPOCTH V 3JIEKTPOMarHUTHbIX
BOJIH B NIEPBOIA cpejie K CKOPOCTH V, BO BTOPOIA cpee:

sina. v,

sinf v,

TIpH NPOXOXIEHHH 3JIEKTPOMATHMTHBIX BOJIH Yepe3 OTBEPCTHE B Nperpaze Ha-
6Gionaercs sipeHue AM(BPaKIMK BOJH, T.¢. OTKJIOHEHHE HANPaB/IEHUs UX pac-
npocT OT MPSIMC iHOrO.

Korna 31eKTpoMarHTHbIE BOJIHBI OT IByX KOTEPEHTHBIX MCTOYHMKOB BCTpe-

4aloTCs B OHOI TOYKE, TO TCst uHTepdep DneKTpo-




MAarHUTHbBIC BOJIHBI SIBJISIOTCS MONEPEYHBIMH BOJI-
Hamu. [Ipu pacrnpoCTpaHEHMH 3/IEKTPOMArHHMT-
HOWM BOJIHBI BEKTOPbI HATIPSKEHHOCTH W MarHMT-
HOI MHIYKLMH NMEPNEeHAUKYISPHBI HaMpaBIeHHIO
pacnpoCTPaHEeHMsl BOJIHBI M B3aUMHO TEPIEHIN-
KYJISIPHBI MEXIy COOOI.
DNeKTPOMarHUTHOE nosie obanaet sHeprueit. Ipu
PacrpoCTPAHEHHH  JIIOOBIX 3IEKTPOMarHHTHbIX
BOJIH NTPOUCXOAMT MEPEHOC IHEPIHH OT UCTOYHHKA
BOJIH K IPHEMHHKAM BOJIH.
OrHowenue sHepruu E anektpomartutHoro nany-
YeHMs, MOTJIOLIAEMOM WIH MK}'I)"((ICMDﬁ TEJIOM, KO
BpeMeHH | Ha3biBAeTCS MOTOKOM M3JIYMeHHS WM
MOIMHOCTBIO H3aydenns. [ToTok uanyyeHus 0603Ha-
vaetcs @, namepsiercs B parrax:
o=t
t
OtHoweHue notoka uanydenns ® x miowanu nosepxHoctn S, Ha Kotopyio
najaeT 370 UTyYeHHE, HA3bIBACTCS NOBEPXHOCTHOMH IUIOTHOCTBIO NOTOKA H3JTY-
yenus. [110THOCTL MOTOKA MITyyeHUst o6o3HavaeTcst ¢, u3MepsieTcsi B BaTTax
Ha KBaJIPaTHBIH METp:
_®
*=s
[110THOCTD MOTOKA U3TYYEHUS 3aBUCHT OT YIJIa MaZIeHHs! BOJIH Ha MOBEPXHOCTh
Tesla, TaK KaK ¢ YBEJIMYEHHEM YIJ1a MaIeHHUs TOT XKe MOTOK U3yYeHHs pacrpe-
JensieTcst Ha Bee GOblIyio MoBepXHOCTh. [TOTOK HayueHUs!, PUXOASIHI PH
NepNEeHAMKY/IIPHOM NaeHHH U3TYYEHHs Ha IOBEPXHOCTb S, NPH yIie naje-
Hust O pacnipesiesisieTcsi O MOBEPXHOCTH IUIOWanbio S:

Sl)
cosoL
Ipu yrie naxenust & NIOTHOCTb MOTOKA M3NTyyeHHs: ¢ paBHA MPOU3BEACHUIO

TUIOTHOCTH MOTOKA M3NTydeHHs Py PH HOPMATBHOM MAJCHHH JIydeil Ha KOCH-
HYC yIIa MaleHHUsI:

S=

@ =Q,cosaL.

DNeKTPOMArHUTHBIE BOIHBI MOTYT ObITh HOCHTE/ISIMM pa3/iny-
HOM MHpopMaLmu: a3dyku Mop3se, YeloBeYeCKOH peuu, My-
3bIKH,, TE/ICBU3UOHHBIX H300PaXEHHIA, CHTHAJIOB JA/IEKMX MU~
POB, CBEICHUI O NANEKOM NpouuioM Haulei BeeneHHoit, —
BCE 3aBUCHT OT TOTO, KTO BJIOXHJI 3Ty HH(OPMALIHIO B /IEKT-
POMArHUTHOE M3Ty4EHHE, YEJOBEK WK npuposa. Pazinunbie
TIPMPOIHbIC OOBEKTHI ABNAIOTCS MCTOYHHKAMM BCEBO3MOX-
HBIX 2/IEKTPOMArHUTHBIX BOJIH. CBOWMCTBA BOJIH TECHO CBsi3a-
Hbl C MICTOYHMKAMHU MITYYEHMS, C UX MPUPOIOH U (u3Myec-
KHM COCTOSIHMEM, C MPOTEKAIOIIMMH B HHX MPOLIECCAMH.

DJIEKTPOMArHUTHbIC M3TYYECHUs] B 3aBUCUMOCTH OT UTMHBI
BOJIHBI 0021a1al0T pa3sHOOOpasHbIMU cBoOiicTBaMu. Cambie
JUIMHHOBOJIHOBBIE M3/Ty4eHHUsi — pannoBosiHbl. K HuM npu-
MbIKaeT Gojee KOPOTKOBOJNHOBBbIH MH(paKpacHbIi auana-
30H. /laniee pacnonaraeTcsi BUAMMBIN CBET, @ 32 HUM — YJIbT-
padHOIETOBOE, PEHTTEHOBCKOE M raMMa-H3ydeHue. B

1

Dnexmpomaznumnusie 60aHb He-
cym Ham ceedenusn 0 0arexom npo-
waom Beenennoit — nanpumep, om
9M020 KOCMU4ecK020 obsexma u3-
AyMeHUe W0 MULIUOHB! Aem.

Jlas mozo umoGei nepedasams
CUZHAABI NPU NOMOWU A€Kmpo-
MAZHUMHbIX 60H, 4€N08EKY no-
nadobuaace noeas asbyka — az-
6yka Mopse.
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Bceeo 3a 100.1em paduonpuemnuxu
npespamuaucs u3 2pomo30K00
npubopa, cnocobrozo usdasams
MOAbKO 360HOK, 6 He3ameHuMble
6 Obimy u cnocobhbie npunumams
6ecb paduoduanason ycmpoiicmea.

C nomowbio paouoeont MoMCHO
nepedasamo He moAbKO 36yK06bie
CUZHANbI, HO U U306PaNCEHUR, 80C-
nPOU3BOOUMbIE 6 MENeBUIUOHHBLX

Bo3moxHocTH NMPAKTUYECKOTO MCII0JIb30BAaHUSA pa-
JIMOBOJIH yenoBeyecTBo 0053aHO pycckoMy (husmky Anekcanapy CrenaHo-
Buyy [Torosy (1859— 1906). OH cKoHCTpyHpOBas MPUOOP, MO3BOMSIOLIMIA IPU-
HHMMaTh 3JIeKTPOMarHUTHbIE CHTHaJbl, B OTAM4YMe OT BMGpartopa lepua,
CMOCOGHOTO TOIBKO A€MOHCTPUPOBATD MOSIBJICHHE 3IEKTPOMArHUTHBIX BOJIH.
Mpuemunk A.C. TTonoBa cocTOsT U3 aHTEHHBI, KOrepepa, /IeKTPOMarHUTHOro
peJie, MIEKTPUYECKOro 3BOHKA M MCTOYHUKA MOCTOSIHHOTO TOKa. D/IeKTpoMar-
HUTHbIC BOJIHBI BbI3bIBATH BBIHYXICHHbIE KOJeOaHMsi TOKA M HANpSKEHHs
B aHTeHHe. [lepeMeHHOE HaNPsKEHME C AaHTEHHbI NOJIaBAIOCh HA JIBA 3/IEKTPO-
J1a, KOTOpbIe ObUTH PacroNIOXeHbI B CTEKJISIHHOM TPYOKe, 3aM0oHEHHOI MeTal-
JIMYECKUMHU OMWIKaMu,— Korepep. [Toc/ie10BaTe/IbHO ¢ KOrepepoM BKII0Ya-
JIUCh 3/IEKTPOMArHUTHOE PeJie U MCTOYHUK TOCTOSIHHOTO TOKA.

Ton neiicTBUEM NMEPeMEHHOTO HANPSIKEHHS! BBICOKOI YaCTOThI B KOTepepe BO3-
HUKAIM 3JIEKTPHYECKHE Pa3psilbl MEXIY OTAENbHBIMH ONMWIKAMM, YaCTHLIbI
OINMUJIOK CMEKATUCh, U €r0 COMPOTHBIEHHE YMeHbiuanoch B 100—200 pa3. Cuna
TOKa B KaTyLIKe 3IeKTPOMAarHUTHOTO pejie BO3PAcTalla, M peJie BKIIYAIO 3/eK-
TPUYECKHit 3BOHOK. TakuM 00pa3oM MPOMCXONMIA PETMCTPALIUA MpPHUEMa aH-
TEHHO# 3/IEKTPOMArHUTHO# BoaHbI. ITocsie 3Toro ynap Mosiotouka 3B0HKa no
Korepepy BCTPSXMBAJ OMUJIKH M BO3BPALIAJ €T0 B HCXOIHOE COCTOSTHHE — MPH-
€MHHK CHOBA ObLI TOTOB K PErMCTPALIMK 3/IEKTPOMArHUTHBIX BOJTH.
Panuocsasp ocywectasercss Ha MIMHHBIX (10000—1000 M), cpeaHux
(1000—100 m), xopotkux (100—10 m) 1 yrsTpakopoTKux (MeHee 10 M) BosHax.
PalMOBONHbI ¢ Pa3TMYHBIMU JUTMHAMH BOJIH T10-Pa3sHOMY PacrpoOCTPaHsIIOTCs
y MOBEPXHOCTH 3eMJTH.

Jlnmnnbie Boansbl ([1B) 3a cuet andpakumu pacrnpocTpaHsIioTCs JaleKo 3a npe-
Jie/ibl BUIMMOTO TOPH30HTa — PalMOMNepe]ayd Ha JUIMHHBIX BOJHAX MOXHO
NPUHUMATh Ha GONBLIMX PACCTOSAHMAX 3a MpeieTaMU NMPAMOI BUIMMOCTH aH-
TEHHBI.

Cpennne Boaubl (CB) MCMBITBIBAIOT MEHbIIYIO AN(PAKLMIO Y MOBEPXHOCTH
3eMJIM M TOTOMY PacnpoOCTPAHSIOTCS Ha MEHBIUME PACCTOSHMS 3a Mpeiesbl
NpsAAMOI BUIMMOCTH.

Kopotkue Bosmbl (KB) MMeIOT eliie MEHbILYIO COCOGHOCTB K AM(MPAKLIMH Y 110-
BEPXHOCTH 3eMJIH, HO G1arofapsi CriocOGHOCTH OTPAXAThCsi OT HOHOCHEPDI UX
MOXHO MPUHATSH B J1I060# TOUKe 3eMIIH.

Vasrpakopotkue Bombl (YKB) He oTpaxaiorcsi noHochepoii u He orubaior no-
BEPXHOCTh 3eMJIH B pesynbrate audpakuuu. Moatomy cassb Ha YKB ocyuie-
CTBJISIETCS TOJILKO B Mpe/ieiaX NpsAMOii BUANMOCTH aHTEHHBI TepelaTyyKa.
HUonocdepa criocobHa mnoriomat ¥ OTpaXaTh 3/MEKTPOMATHUTHBIC BOJIHbI.
Tponyckasi BUAMMBIH CBEeT, HH(PAKPACHBIE JIyYH U METPOBBIC PAIHOBOJIHBI,
HoHocdepa CHIBHO OTpaxaeT GoJiee UIMHHBIE BOIHBI (A Gonbue 10—15 met-
poB). DTO ABJIEHHE Hapsy ¢ AMdpaKLUMei yBeTHYMBACT JATbHOCTb PACTIPOCT-
PaHEHMS JUIMHHBIX BOJIH.

Otpaxkare/bHble CBOHCTBA HOHOCHEPI 3aBUCAT OT BPEMEHH CYTOK — IHEM TPH
ZIEHCTBUM COTHEYHOTO U3TyYeHHs! HOHM3ALIMS 3HAYNTEIILHO GOblle, YeM HO-
4bl0, KOT/Ia P DTUT TOJIBKO BOCCC TIOJIOXMTEJIbHBIX HOHOB M OT-
PHLATE/IbHBIX JIEKTPOHOB B HEHTPAIbHbIE MOJIEKYJIbI.

B Haum 1M PaIMOBOHBI 3AHMMAIOT OTHO M3 BaXKHEHILIMX MECT B TEXHHYECKOM
apceHasle YeJOBEYecTBa: MX NMPUMEHSIOT /U PAIHOCBA3H, TEJEBUICHMUS, pa-

unu -
menesu3opax.

» PalMOHABUTIaLIMHM, MEAHLIMHDBI, METAUTYPIHH U TIP.

Oco6ast po/Tb MPHHAUIEKHUT PATHOBOIHAM B HCCIEI0BAHHH KOCMOCA. DTHM 3a-
HHUMACTCS OAWH U3 pa3aeioB aCTPOHOMHH — PaAHOaCTPOHOMMS. HCCMOTpSl Ha
TO YTO BIEPBbIE PAAMOCHUTHAI M3 KOocMoca ObUl MpuHSAT B 1931 roay, akTHBHO
Pa3BUBaATbCsA PaMOACTPOHOMMSI Hayasla JIMLIb MOC/Ie OKOHYaHUS BTOpOﬁ MH-
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POBOIi BOWHBI. CBA3aHO 3TO C TeM, YTO KO 0€ paiuoU3Iy HeceT
¢ co6oii 0YEHb MAJI0 SHEPrHH 1 TPeOYeT OYEHD UyBCTBHTE/IBHBIX

oHocepoit  HasbiBaeTCs
BEpPXHSISl 4acTh aTMOCheEpbI,

PaIMOCUTHAIOB, KOTOPBIE MOSABUINCH 1OC/IE BOMHBI.
BbiGOp panuoBOJIH B Ka4ecTBe MHCTPYMEHTA JUISl MCC/ICIOBAHUS. MUPOB, yla-
JICHHBIX OT HAC HA MUJUTHAP/Ibl CBETOBBIX JIET, CBSI3aH C PSAZIOM MX CBO¥CTB. Pa-
bl MOTYT Th CKBO3b MEK3BE3/IHYIO MbLTb, Fa30MbLIe-
Bbie 00/aKka — TaM, IJe BMAMMBII CBET NMPOHMKHYTh He MoxeT. Braronaps
PanIvoBOJIHAM OBLTM OTKPBITHI «PAIMOraNaKTHKM» (ralaKTHYECKHE CHCTEMBI,
He BUIIHBIC B ONITHYECKOM IMANA30He), 3aralovHble KBa3aphl — BHEralaKTHye-
CKHe 0OBEKTBI C OrPOMHO# MOLIIHOCTBIO PAIMOM3ITYYEHHUS , TyTbCaphl — 0OBeK-
Thi, U3y cTporo yecKne y Baxnas ponb
OTBOJIMTCS PAIMOACTPOHOMMM M B TIOMCKE BHE3EMHBIX LIMBIIM3ALIHIA.
DNeKTPOMArHMTHbIE u:nyqeuml C JUIMHOM BOJIHBI MeHbLIe 1—2 MM, HO Goiblie
8:107 m Ha y A
OGnacTh CneKTpa 3a KPacHBIM €r0 KpaeM BIEPBbie IKCMEPUMEHTAIBHO Gblia
uccnenoaHa B 1800 roay aHmIMICKMM acTpoHOMOM BuubsiMmom [t

c
npuMepHO 50 KM OT MOBEPXHOC-
T 3ewiM M mepexoasiuas
B MEXIUIAHETHYIO IUIa3My Ha
paccrosiiun  70—80 ThiC. KM.
OcoGeHHOCTBIO HOHOChEpBI 5B~
JIACTCA BbICOKAsi KOHLICHTpaLus
B Heil CBOGOMHBIX 3aPSKEHHBIX
YACTHLL — HOHOB U 3/IEKTPOHOB.
Honusaums BEpXHHX C/OeB aT-
Mocdepbl coznaercst ynstpadu-
OJIETOBBIM M PEHTTEHOBCKHM M3~
nydernsimu ConHua. B

I< aK-To pa3 B obcepBaTopumn
eMOPHIKCKOTO YHHBEp-
CHTETa MpoULIa BBICTABKa, M0-

(1738—1822). Ha6mionasi ConHlie CKBO3b TeMHBIE CTeKIIa, [epiiesb 4yBCTBOBAX
TeIUIO, HECMOTPSI Ha TO YTO CTEKJIO MOYTH HE MpOMycKano cBeta. B ombitax
C IPYTMMH CTEKJIAMH, TIPOTYCKABLIMMU MHOTO CBETa, TEIUIOBOE OLILYLLIEHUE Gbl-

OnHUM M3 IKCTIOHATOB BbICTAB-
K ObUI CTOJN €O CTONKO# Gyma-
ri. Ha KaXaoM JucTke U3 31oit
cTonku Gbina Haanuce: «Basp
co crona 31y GyMaxKy, Bbl 3a-
TpaTHIu Gosibilie IHEPIHH, HeM
PalMOTENECKONbI BCEr0 MHMpa
TIDHHSUIM 3 BCIO MCTOPHIO pa-
..

JI0 IOYTH He3aMeTHBIM. YToGbl ATh, B UeM J1eo, It TIOMECTHJI Tep-
MOMETp ¢ PTYTHBIM LLIAp 3a KpacHblit Kpait criekTpa u obHa-
PYKWI TMOBbIIEHHEe TeMmmepaTypbl. Tak ObUIM OTKDPBITBI <«TEIJIOBBIE»,
qu)paKpaCHue JIYYH.
b M3Jy4eHHe y mobble Harperbie Teaa —

neyu, Garapen BOISHOTO OTOTLIEHMS, ICKTPHYCCKHE NAMII HAKANHBAHMA.
YesoBeyeCKOE TEJIO TAKKE HCTO! 0 U3y 3
C nomouIbio CrneunaIbHbIX MpUGOp b uany MOXHO Tpe-

00pa3oBaTh B BUANMBIi CBET M MOJYYaTh M300paXKEHUs] HAarPEThIX MPEIMETOB
B MOJIHO# TeMHOTe. MH(paKkpacHoe H3TyYeHNe IPUMEHSIETCS! TSl CYIIKH OKpa-
LIEHHBIX U31eJINii, CTEH 31aHWii, ap bl, B HOYHOTO

B 1801 r. Hemeukuii pusuk Horann Purrep (1776—1810), uccienys crnekrp,
OTKPBLI, 4TO 3a €ro (PHOETOBBIM KpaeM MMeeTCsi 06/1acThb, Co31aBaeMasi HeBH-

JIMMBIMH [71a30M JIy4aMu. DTH JIy4u BYIOT Ha pbie e
coenuHenusi. [lox aeicTBHeM THX JIyyeit mp T pasjioxe-
HHUe XJIopHaa cepebpa, cBeueHHE KPHCTALIOB Cy/IbpHIa LIMHKA U HEKOTOPBIX
JIPYTUX KPUCTAJLIOB.

HeBuanmoe 171a3oM 3/1eKTPOMAarHUTHOE M3NTYYEHHE ¢ JUIMHON BOJIHBI
4yeM y pHoIeTOBOrO CBeTa, Ha3bIBAIOT YBTPAPHOIETOBbIM H3TydenHeMm. K yabr-
padHoIETOBOMY H3TY4EHHIO OTHOCST 3/IEKTPOMATHUTHBIE H3TYYeHHsI B AHamNa-
30He JUIMH BOJIH 0T 4107 10 1:10* M
Vi b M3y ybusatb 60-
JIe3HETBOPHBIE GAaKTEPHH, MOITOMY €r0 IIMPOKO MpH-
B " ) yABTpadMoNeTOBBbII
KOMIIOHEHT B COCTAaBE COJIHEYHOTO CBETa BBI3bIBACT
6Guonornyeckue mp Bl K
HHIO KOXH 4YeJIOBEKa — T.€. K 3arapy. B kauectBe uc-
TOYHHKOB YJIBTPA(HOIETOBOrO HITYYEHMS B MEIHLIH-
HE MCMONB3YIOTCsl TasopaspsiiHbie nammbl. Tpy6ku
TAaKMX JIaMIT U3rOTABINBAIOT U3 KBaplia, MPO3payHOro
ISt yAsTpadMONETOBBIX JIyueit; MOITOMY 3TH JIaMIThI
Ha3bIBalOT KBApLIEBbIMH JIAMIIAMH.
B 1895 rony uemeukuit ¢usuk Bunbrenbm Kowpan
Pentren (1845—1923) oTKpbUI M3NyyeHHe ¢ JUTHHOM

P — 00HO u3
CaMbIX NEPCNeKMUBHbIX HANpas-
AeHuil acmpoHomuu.




Yavmpacpuosremosoe uznyuenue
n0360AUN0 NO-HOGOMY yeudems
npoueccol, npoucxodauue Ha
Connuye.

Ilpumenenue 2amma-uszny4enus,
€ €20 BbICOKOIl NPOHUKAIOWel cno-
cobHocmbio, 6 acmpoxomuu (mo4-
Hee, 6 00HOM U3 ee pa3deaos — ac-
mpogu3suke 8biICOKUX Hepeuir)
N0360AUAO  YHEHbIM  3A2AAHYMb
6 cambie omoanennbie y20aKu Ha-
weii Beeaennoii.

BOJIHbI, G0JIee KOPOTKOI, HEXEIH JUIMHA BOJIHbI YIbTpaduo-
JIETOBBIX Jyyeil (Tak HasbiBaeMble X-JIyuM), Ha3BaHHOE
B 7 peHTr JyYaMH, U MCCIIEIOBA MX
CBOWCTBA: CMOCOGHOCT OTPAXaThCsl, MOMIOMIATHCS, HOHHU3H-
POBaTh BO3IYX M T.AI.

Ecn B BaKyyMHOI TpyOKe MEXIly HarpeThiM KaTolIoM, HCITy-
CKAIOIMM 3/IEKTPOHBI, U AHOIOM NPHIOXHTH MOCTOAHHOE
HANpPSKEHUE B HECKOJILKO JIECATKOB THICAY BOJIBT, TO 3J/I€K-
TPOHBI GYIYT CHayaia Pa3rOHSATLCS NEKTPUYECKHM TONIEM,
a 3aTeM Pe3KO TOPMO3UTHCS B BELIECTBE aHOJA NPH B3aUMO-
JeHCTBUM ¢ ero atomamu. [1pu TOpMOXEHUM GBICTPbIX J/1eK-
TPOHOB B BELIECTBE WM MPH TEPEXOAX IEKTPOHOB Ha BHYT-
PEHHHMX 000JIOYKAX aTOMOB BO3HMKAIOT 3JICKTPOMArHUTHBIE
BOJIHBI C JUIMHO# BOJIHBI MEHbILIE, YeM Y YIBTPadHONETOBOrO
M3JTY4eHHs!, KOTOPbIE U Ha3bIBAIOTCS PETTEHOBCKMMH JIy4aMH.

PEHTIEHOBCKHE JIydH HEBHAMMBI IMa3oM. OHU MPoXoasaT 6e3 CylmecTBEeHHOro
TIOTJIONICHHUS Yepe3 3HAYNTE IbHbIC CJIOM BELIECTBA, HEMPO3PAaYHOTO VIS BUIM-
Moro ceta. OGHapYXHBAIOT PEHTTEHOBCKHE JIY4H MO UX CMIOCOOHOCTH BbI3bi-
BaTh ONpPE/IEICHHOE CBEYEHHE HEKOTOPBIX KDMCTAIOB U IEHCTBOBATH Ha (hoTo-
rieHKy. CnocoGHOCTb PEHTTEHOBCKHUX JTy4eii MPOHUKATh Yepe3 TOJICThIE CIOH
BELIECTBA MCMOJb3YeTCs JUIsl IMAarHOCTUKM 3a601eBaHUiA BHYTPEHHUX OPraHoB
YeJI0BEKaA. B TEXHUKE PCHTTCHOBCKHE JIYYH MPUMEHSIOTCS U KOHTPOJIS BHYT-
PEHHE#N CTPYKTYPbI Pa3IMYHBIX U3/IC/HiA, CBAPHBIX IIBOB. PEeHTreHOBCKOE M3y~
yeHHe 001anaeT CHIbHBIM OHOIOTHYECKUM JCHCTBUEM M NIPUMEHSIETCS] JUTS Jie-
YEHHUsI HEKOTOPBIX 3a001eBaHUIA.

3a oTKpbITHE JTyyeif, HocsMX ero ums, Pentreny B 1901 rony neppomy cpeau
(u3nkos 6bu1a npucyxaeHa Hobenesckas npemus. ®

I"amma-ua.rlyqeﬂuc — 3TO KOPOTKOBOJIHOBOE 3/IEKTPOMarHMTHOE M3-
nyyeHue. Ha mikaze 21€KTPOMarHMTHBIX BOJIH OHO FPAHMYMT € XECTKMM PEHT-
TEHOBCKMM M3JTyuyeHHEM, 3aHUMasi ob1acTb Gosiee BBICOKMX yacToT. [amma-u3-
JydeHue obanaeT upe3BblYaifHO Masioii JUTMHOM BOJIHBI (7»< 10" cm).
Tamma-u3nyyeHHe BO3HMKAET NMpPH pacnanax palMOaKTHBHBIX SUIEP, SJIEMEH-
TapHbIX YaCTHLl, MPU AHHUTWISALMK Nap YacTHLIA-aHTUYACTHLIA, @ TAKXKe NPU
MPOXOXKACHNUH OBICTPBIX 3aPSKEHHBIX YACTHIL YEPE3 BELIECTBO.

I 351y4eHue 00. T GOJIBLLION TP LiIeH CIOCOGHOCTBIO, T.€. MO-
JKET MPOHMKATh CKBO3b GObIIYIO TOJIILY BeulecTa 6e3 3aMeTHOro ocnabne-
HUsi. OCHOBHBIMM MCTOYHMKAMHM TaMMa-M3JIyYEHHsI CIIYXaT €CTECTBEHHbIE
W MCKYCCTBEHHbIE PAIHOAKTHBHBIE H30TONBI, @ TAKXKE /IEKTPOHHBIE YCKOPH-
Tenu. [aMMa-u3nyuyeHHe HaXoMT NPUMEHEHHE B TEXHUKE, HANPUMED JUIsl 06-
HapyXeHUs 1eeKTOB B METALIMYECKHX [ETANAX — raMMa-aedeKTOCKONusl.
it XHMHH T 3UTyYeHHe TCSl JUISl XMMMYECKUX
TNIpeBPALLCHHI, HAMPUMEP B TpolLieccax MoJMMepH3alunu. faMma-uanyuenue
MCIIOJIb3YeTCs B MHUILEBOH MPOMBILIICHHOCTH VISl CTEPUIN3ALIMM NPOIYKTOB
MUTaHMSI.
OHO HauLIO TaKxXe B — s OnyXoJieu, st
CTEPUIIM3ALIMM TIOMEILICHMIA, anNapaTyphbl U JIEKapCTBEHHBIX TpenapaTos. [am-
Ma-M3Jy4eHHE MCTIONB3YETCS B PACTEHHUEBOJICTBE JUISl TOJIYYCHHUS Pa3INYHBIX
MyTallnii CeIbCKOX035HCTBEHHBIX PACTEHHUH € NOCJIEAYIOLINM OTOOPOM X03s1# -
CTBEHHO-TIONIE3HBIX (HOPM.
Beicokas npoHuKaiomas cnocoGHOCTh raMMa-H3JTy4eHHsl UCTIOJIb3YeTCs B acT-
PodU3NKE BBICOKMX SHEPruii, MO3BOMSSA 3arisiHYTh B CaMble HENOCTYMHbIC
YroJiku Hauieii BeenenHoii. ®
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OIITUKA

Onmuka — 3mo pa3sden guszuku, 8 KOmopom uzy4aiom ceolicmea cee-
")

ma, e2o0 Qu3uueckylo npupooy u 6 jicmeue ¢ 6euecmeom.
K eudumomy ceemy ommocam snexkmpomazHummbie 601Hb! ¢ 4acmo-
moii om 1,5 10" do 3-10" I'y. Buo i1 ceem pac 2 MeHCOy

UHPPAKPACHBIM U YAbMPADUONEMOBLIM YHACMKAMU CREKMPA 21K -
POMA2HUMHbIX u3Ay4eHuli. Imy obaacmb cnekmpa 06bMHO HA3bIGA-
tom onmuueckoii obnacmoio. Eii cooméemcmeyiom daunbi 60an ), om
2:107 do 10** m.

['EOMETPUYECKAY
ONTUKA

OnTuKa OTHOCHUTCS K OZIHOMY M3 IpEBHEMILMX pa3je-
JIOB (1)1/[3]/[1(". IMepBbie OTKPLITHS B ONTHKE ObLIN CeIaHbl YK€ B IPEBHOC-
TH. Tora GbUIM OTKPBITHI /1BA 3aKOHA TEOMETPUYECKOI ONITHKH: 3aKOH MPSIMO-

0 p CBETa M 3aKOH OTPAXEHHS CBETa.
K no3HaHMIO 3THX 3aKOHOB JIPEBHHE MBICIMTE/IM TPHILIH, BEPOSTHO, OYEHb
naBHO. OnbIT KU3HU: TEeHH, THUBBI, 4CTPO-
HOMMYECKHE HAO/TIONICHUSI — TPUBE K BOSHUKHOBEHHIO TMOHATHS Jyya CBeTa,
a TaKXe K MOHSTHIO TMPSMC IO pacnpocT ceera. H 3a-

TeM sIB/ICHHE OTPAXKEHMsI CBETA, B YACTHOCTH B METAUTMYECKHX 3ePKasiaX, KOTO-
phie ObUIH PacNpPOCTPAHEHBI B TO BPEMsi, IPEBHHE MPHIIUTH K MOHWMAHHIO 3a-
KOHa OTPaXCHHSI CBETa.

DTH /1Ba 3aKOHA ObLTH ONMCAHBI 3HAMEHUTBIM IPEYECKMM ydeHbiM EBKiinaom,
skusinm B 111 Beke 10 Haie# apbl. C noMolLbio 3THX 3aKoHOB EBKna 06bsic-

6

HUI TBO - or
CBETa OT IUIOCKHX M Jaxe chepuueckux 3epkan. OH reoMETPUYECKH BbIBEJ 3a-
KOHBI TUBBI U3 YeT ™ BIX i, KOTOpBIE OBLTH
Pe3y/IbTaTOM ONTHYECKHX HabmoaeHnii. Hanpumep:

— JIyuM, 3 [J1a3, pacnpocTp: iHO M pacxomsT-

csi B GECKOHEYHOCTD;

— BUIMMBI T€ NPEIMEThI, HA KOTOPBIE MAJAlOT 3PUTEIbHBIC JIyYH, U HEBHIUMbI
Te, Ha KOTOPBIE 3PUTE/IbHBIC JIy4H HE NafaioT;

— NpeIMEThbi, BUIUMbIE 1101 GONBIIMMH YIJIaMH, KaxyTcsi GoJibllie, BUANMbIC
O/l MEHBIIMMH YIJIaMM, KaXYTCSl MEHbIIE, 8 BUIMMBIC 110/l PABHBIMH YI/IAMH,
KaXYTCsl OIMHAKOBBIMH;

— BCe, 4TO B HTA
HUccnenoBaHuem OTpaxeHHsi CBETa INIOCKUMH M ChepHueCKMMH 3epKalaMH 3a-
HUMAJICS ellie OAMH Thii yUeHbIH u — Apxumen. OH 3Han
CBOICTBO BOTHYTOTO Chep! ] cobuparb sy B hoKy-

ce. CornacHo JIEr€HJE, OH IaXe CMOT CXeYb HC"pHﬂTeﬂbCKVIﬁ d)no‘r, UCNONb3yst
IIMTHI BOWHOB KaK 3epkaia. KpoMe Toro, ApxuMel B KOHLIETILIHIO «Iyueil 3pe-
HHsI» BBEJI MOINPABKH, OCHC Ha 3payvkKa Ha pe3yJib-
TaT U3MEPECHHMS.

Hab6nwodas senrenue ompaxcenus
céema 6 3epkanax (Komopsie no-
AGUAUC, 6 MOM UAU UHOM 6ude,
00HO8peMenHO ¢ enoeeKom),
Opeenue npuwau K NOHUMAHUIO
3aKOHG OMpaxcenus ceema.




Ocﬂonﬂoﬁ 3anaveif Beeit reo-
METPHUECKOH ONTHUKHU SB-
JseTCs nojlydeHue M3obpaxe-
HHH  TOYEYHBIX HMCTOYHHKOB
CBETa, @ TAKKE MPOTAKEHHBIX
TIPE/IMETOB.

H3006paxenneM TOYEYHOTO MC-
TOYHHMKA CBETa HasblBaeTcs
Takasi Touka S', KoTopasi spAsi-
ercsi  TOUKOIl  mepeceyeHus
M PACXOXK/IECHHS CBETOBBIX JIy-
ueil M3 MCTOYHMKA cBeTa S M
KOTOpasi BOCTIPHHHMAETCS KaK
MCTOUHMK cBeTa. B omamume ot
Pea/lbHOTO MCTOYHHKA CBETa, M3
KOTOPOTO JIy4H CBETA PACXOSAT-
csl BO BCE CTOPOHbI, M3 H306pa-
KEHHMsSL JIYYM PACXOMATCS MO
ONpENeNeHHbIM YIJIOM, MO3TO-
MY €0 MOXHO BHJIETb HE W3 Jli0-
6Goro nonoxenus. @

Kpome 3akoHa npsiMmo IO Pacmpoct M OTPaXEHMs CBETa yue-
Hbl€ IPEBHOCTH UMEIH MPEICTABIEHHE O MPEJOMIEHUN CBETA M IaXe MbiTa-
JIMCh YCTAHOBUTD 3aKOH MPEJIOMJICHHUS.

Ipy pacrnpocTpaHeHUH B OJHOPOIHOM CPe/le CBET JABUXKETCS NMPSMOIMHEHHO.
Mpsimas, ykaswiaiowas pacnpoct CBETa, Ha3blBaeTCsl
CBeTOBbIM JIy4oM. OIHAKO HEOOXOAMMO BCEra MOMHUThL O TOM, UYTO MOHSTHE
CBETOBOTO JIyya SIBJISICTCS T€OMETPUYECKUM noHsiTHeM. Ha rpanmue pasnena
JIByX CPE/l CBET MOXET YaCTMYHO OTPA3UTbCS M PAaclpOCTPAHSTHCS B MEpBOM
cpelie MO HOBOMY HalpaB/EHHIO, a TAKXKE YaCTHYHO MPOWUTH YEPe3 rpaHully
pa3jieNia M pacnpoCTPaHMTBLCS BO BTOPOIA cpeie.

B Gosniblueit WM MeHbLUEH CTENeHH OTPaXeHHUE CBETa NPOUCXOIHUT OT JIIOObIX
npeaMeToB. braronapsi 3ToMy Mbl MOXEM BHIETb BCE OCBEILIEHHBIE Tejia. W

3aKkoH OTPAXKCHMUS. Jlyy nanaiowuii, 1y OTpaxeHHbIH U NepreHIn-
KYJIAp K FPaHMLIe pa3jieia ABYX CPe/l, BOCCTAHOBJIEHHbIN B TOUKE MafeHUs JIy-
4a, JIeXaT B OIHOM TLUIOCKOCTH, TIPHYEM yrosl OTpaXeHus 3 paBeH yriy naie-
Hust O,
[pu naneHuu ayyeit CBeTa Ha MICAIBHYIO IUIOCKYIO TPaHHIL pasaesia IByX cpe
Hab/01aeTCsl TaK Ha3biBaEMOe 3epKaibHoe oTpaxenwe. [1pu 3epkaibHOM

cpena |

cpena 2

OTPaXEHHHU OTPAXAIOILAsi CBET MOBEPXHOCTb HEBUANMA, BUAHBI TOJIBKO
MCTOYHHMKH CBETOBBIX J1yyeil. [p naaeHnM napauiesbHOro nyyka cseta
Ha LLIEPOXOBATYI0 MOBEPXHOCTh TCst nim -
Hoe, oTpaxenue. Kaxablii OTae/IbHBII Nazaowmit iyd npu anddysHom
OTPaXEHHH MOAYMHSAETCS 3aKOHAM OTpaxeHHsi cpeta. Jlyuu, oTpaxeH-
Hble OT Y4YacTKOB TaKO# )CTH, OPHEHTHD pa IM
00pa3oM Mo OTHOLIEHHMIO K MAJAIOIIUM JiydaM, He 06pa3yioT napauiesib-
HOTO 1y4Ka NocJie OTpaxeHus. B pesyabrare 31010 OTpaxaroias nopepx-
HOCTb CTAHOBUTCS BUIMMO¥.

B reomeTpuyecKoii ONTHKE BAXHOE MECTO OTBOIMTCS HAXOXKICHHMIO H30-

Puc. 54. 3axon ompaxcenus: yeoa
nadenus pagen yeay ompaxcenus.

6paxeHuii MpH OTPAXEHWH CBETA OT PaRTMYHBIX TUTOB 3epKaJl. [liockoe
3epKaJio Npe/cTaBsieT coboi rIankylo nopepxHocTb. OHO co3laeT MHU-
Moe (kKaxyueecsi) usobpaxenme. Mctounmk cseta S u ero usobpaxenme S'
PAcroNoXeHbl CHMMETPHYHO OTHOCHTE/IBHO MOBEPXHOCTH 3epKasia. M

C¢)epuqec1<oe 3€PKaAJIO npencrasasier coboi mankyio chepuuec-

KYI0 oBepXHOCTh. Ee onTHyeckoii ocbio Ha3biBaeTcst 1106ast npsiMasi, MpOXozsi-
1asi yepe3 UEHTP KpMBU3HBI chepuuecKoit noBepXHOCTH. aBHas onTuyeckas
OCb MPOXO/IMT Yepe3 LEHTP KPUBHU3HBI M TMOJIIOC 3ePKaa — TOYKY, PaBHOYy/a-
JIEHHYIO OT IPaHMIL 3epKajia.
Jlyuu, napasniesibHbie I1aBHOI ONTHYECKOM OCH, NOC/IE OTPaXeHHs OT cepu-
ueckoro 3epkana cobupatoresi B oanoii Touke F, Hasbizaemoit dokycom sepka-
na. Pacfgmunue OT noJjiloca 3epKasa 10 (oKyca HasbiBaeTCsi (POKYCHBIM paccTo-
sinnem 1:

rie R — panuyc kpusmsnb sepkana.

IMpu nocTpoeHnn M306paxkeHHs B 3epKaie HEOOXOAMMO YUUThIBATH TPH NPaBH-
Ja. BO-I’ICDBNX, Jyy, napa.'menbﬂbm TJIAaBHOM ONTHYECKOH OCH, Mocie oTpaxe-
HUsl B 3epKaje MpoxoauT yepe3 dokyc. Bo-BTopbix, Jiyy, npouleaunii yepes
dokyc, nocse oTpakeHMs HAET Napajlie/bHO [1aBHO# ONTHYECKO# ocH. B-Tpe-
ThHX, JIYY, TPOXOASILLIMIA Yepe3 LIEHTP KPUBHM3HBI 3epPKaJia, NPH OTPaXEHUU COB-
MeELIAeTCsl ¢ caMUM €o00ii. DTH TpH Jiyya, UCTIYLIEHHbIE M3 JaHHONH TOYKH
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npeamera (MCTOYHHKA), MOCJE UX OTPAXKEHMS B 3epKajle MEpPeceKaloTcs B oll-
HOW TOUKe, SABISIOIEHCS H300paXEHHEM HCTOYHHKA.

Ipu nepexozne U3 OHOM Cpeabl B APYTyI0 npoucxonm npeJoMIeHHe CBeTa —
Te. U €ro pacnpoct

npeoMIEHHUsI cneTa 6b110 ocymecTrieHo Knasnuem IMTonemeem mouty ase
THICSIYM JIeT Ha3all; B ero pabote «OnTHKa» GbUIM OMUCAHBI PE3YJIbTAThl IKCIIE-
PUMEHTHPOBAHHSI 1O NPEJOMJICHHIO CBETa B CTEKJIE M BOJE, NMPEACTaBICHHbIE
B BHJIC TaO/IHLL, O4EHb TOYHBIX JUIS TOTO BDEMEHH. YUeHbIi CTPEMMIICS BbISABUTH
MPUYMHY TOTO, MIOYEMY TIPH OTPAXEHHH YIJIbl MANCHUSI U OTPAXKEHHS PaBHbI,
a MIPH NPEJIOMJICHUH YIUIbl NMAIEHUs HE PaBHBI yIaM npesiomieHus. [tonemei
MOCYMTA YTOJ NIPETOMIICHHS TIPOTIC JIbHBIM YIITy B npasuib-
HO#t popMe 3aKoH npesiomieHust 6bu1 OTKPBIT B XVII Beke routanackum pusu-
KoM Buie6popaom CHesutnycom (1591—1626) u, He3aBUCHMO OT Hero, (paH-
1y3cknuM pusukom Pene [lekaptom (1596—1650). m

3aKoH TMPEJIOMJICHMUSI. Manaiowmii jiyy, npesiOMIECHHbIN JIyy U nep-

MEHANKY/ISIP K TPaHMLIE pa3liesia IBYX CPel, BOCCTAHOBJICHHBIN B TOUKE naje-

HMSI JTyua, JIeXaT B OHOM TIOCKOCTH. Yrosi naneHusi O u yrosi npeiomieHus y
CBfA3aHbl COOTHOLICHUEM:

sina

siny

rae N — MOCTOsIHHAS BeJIMYMHA JUISI JIBYX JAHHbBIX Cpe/l, Ha3biBacMasi OTHOCH-

p BTOPO# Cpelibl OTHOCHTEIBHO Tep-

Huuu‘rml «hokyc» M «onTH-
yecKasi OCh» BIiEpBbIC BBE/I
B OGHMXO1 BEIMKHIi HEMELKHil
acrpoHom Morann  Kemiep
(1571-1630), paspaGoras Teo-
PHIO TIOCTPOCHHS H306paKeHUs
B ONTHYECKHX NpHGOpax. i
TIOHSITHSI IPUMEHSIOTCS B OTITH-
Ke BIUIOTh /10 HACTOSALIETO Bpe-
MeHu. B

Boit. [Toka3areJib IpeIoMJIEHHs! N Cpe/ibl OTHOCHTE/IbHO BaKyyMa Ha3biBa-
eTcsi aGCOMOTHBIM MOKA3aTe IeM NPeJIOMIeHHS 3TO cpeabl (puc. 55).

Jlnsi aByX cpell ¢ abCOMIOTHBIMM MOKa3aTe/ MU npesiomsieHus Ny u N, or-
HOCHTeJIbHbII MOKa3aTe/b MPeJOMICHHS N PaBeH OTHOLIEHHIO aGCONIOT-
HOTO MOKa3aTeJisi NPeJIOMICHHs! BTOPOiA Cpeibl K abCOMOTHOMY NoKasaTe-
JII0 IPEJIOMIIEHHS TIEPBOI CPeibi:

W3 1Byx cpen Ta cpeaa, Kotopasi 06/1a1aeT MEHBILIMM 3Ha4YeHHEM abco-
JIIOTHOTO MOKa3aTeNsi MPEJOMJIECHUS, Ha3blBaeTCs ONTHYECKM MeHee
TUIOTHOM cpenoii. Ecim cBeT nepexoluT M3 ONTHYECKH MEHee TUIOTHOM
Cpeibl B ONTHYECKH BoJiee TIOTHYIO, TO YTOJ NPEIOMIEHHS Y MEHbLLE YT~
na nageHus o,

IMpu nepexone u3 onTHyecku Gosiee TUIOTHON Cpellbl B ONTHYECKU MEHee
TUIOTHYIO CPeJly yroJi pesIoMIIEHHs Y OKa3biBaeTcsi Gosiblue yria naaeHms & .
Ha6ionast npeioMieHHe CBETa, MOXKHO YBUJIETb, YTO TOMHMO Npeiomie-
HUs TP DIUT M OT CBETa OT I pa3zena aByx cpen. [pu

cpena |

cpena 2

yria HH )CTh OTPAXEHHOTO JIyya y

Baercsl. [1pu nepexozie cBeTa U3 OnTHYECKH Gosiee MUIOTHOM Cpelibl B OMN-
TUYECKH MEHee TUIOTHYIO (HanpuMep, U3 CTeKJIa B BO3IYX) MPH MOCTENEHHOM
YBEJIMYCHHUHM yIJla NAACHUA MOXET ObITH JIOCTUTHYTO TakKo€ €ro 3HauyeHus ao,
TIpH KOTOPOM YTOJl NIPEJIOMIIEHHSI IOJIKEH CTaTh paBHBIM ¥, = 90°:

.1
a, =arcsin— -
n

IMpu 10CTHXEHUH TAKOTO yria HH Tb Mp
JICHHOTO Jly4a CTAHOBUTCS PaBHO# HYJIIO: CBET, MANaloLINii Ha TPaHHULLy pa3zesa
ABYX Cpell, MOJHOCTBIO OTPAXAETCH OT Hee.

Puc. 55. 3akon npeaomaenus.

ONTUKA
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Puc.57. Budoi aun3: a) esinykaan;
b) deosxosuinykaas; c) evinyKao-

). 0.),
)

Yron Q,, npu POM HACTYIAET MOJHOE OTPaXEHHUE CBeTa,
Ha3sblBaeTCs yriom Tpu Beex yrmax
najaeHusi, GONBIIMX W PaBHBIX O, MPOUCXOUT MOJHOE OTPaXEHHE
cBeTa.

IMpu oTpaxeHHWH M TPH MPETOMICHUH CBET MOXET MPOXOAUTb OIHH
M TOT X€ MyTh B JIByX 3THX NPOTHBOMOJIOXHBIX IPYT PYTY HanpasJjie-
HUSIX. DTO CBOWCTBO CBETa Ha3bIBACTCS 0OPATHMOCTBIO CBETOBBIX JTyueil.
OCHOBHBIM NPHHLMUIIOM moMCTpM‘ICCKOﬁ OINTHKH, U3 KOTOPOIO MOX-
HO BBIBECTH BCE €€ 3aKOHBI, siB/isieTcsi npuHumn Mepma. @

HDHHL[HI'I CDepma. CseT pacnpoCTpaHsIeTCsi U3 OHOH TOYKH
CpeJibl B IPYTYIO 1O MYTH, JUIsi POXOXKICHHSI KOTOPOTO 3aTpauMBaeTCs
HauMeHbLLIEE BpeMs.

Jnst ipaKTHYecKOro 6Goxbioe HMeeT NpeioM-

JieHHe cBeTa Ha cepuyecKoi rpaHuLe paszena cpel. [TpospauHoe Te-

J10, OTPAaHUYEHHOE BYMsI C(HEPUYECCKUMH MOBEPXHOCTSIMHU, Ha3bIBaeT-

csi mH30i. JIMH3bI OOBIYHO M3rOTARNMBAIOTCS U3 CTEKJIA, XOTS MOTYT

GBITh M KBAPLIEBBIMH, U CIIIOJAHBIMU M T.1.

Tonko# Ha3bIBaeTCsi TakKasi JIMH3a, TOJIMHA KOTOPOW 3HAYMUTENBHO
pazmMycoB orp: ee cepHuecKHX MOBEPXHOCTEIH.

Puc. 56. Toanoe snympennee om- | JIMH34, KOTOPasi B CEPEIMHE TOIILIE, YEM Y KPACB, HA3BIBACTCS BLINYKJIO# IMH30
paxcenue Hawno npumenenue (puc. 57, a, b, c). JIux3a, KoTopasi y KpaeB TOJIILE, YEM B CEPEIMHE, HA3bIBACT-
@ ycmpoiicmee — cmMeKARHHbIX cs1 BOrHyTO#M JMH30i (puc. 57, d, e, f). [psimMasi, npoxo/siiiasi Yepe3 UeHTPbI che-
npusm: a) nosopomusix u b) 060~ | PUYECKHX MOBEPXHOCTEH JIMH3bI, HA3bIBACTCS IIABHOH ONTHYECKO#H OCHIO JINH3bI.
PaUCaIOUUX. Touka nepeceyeHHst JIaBHOM ONTHYECKOH OCH C TOHKO# JIMH30M Ha3biBaeTCs
ONTHYECKHM HEHTPOM JIMH3bI. [IpsiMble, NpoXoasiiMe Yepe3 ONTHYECKUIH LIEHTP
JIMH3bI X HE COBNAJAIONIME C €€ IJIABHO# ONTHYECKOM OChIO, Ha3bIBAIOT MOHOY-
HBIMH ONITHYECKHMH OCSIMH.

OIHUM U3 CBOICTB JIMH3bI SBJISIETCS TO, YTO JIyY CBETa, MAYLLHIA BAOJb INIaBHON
ONTHYECKOI OCH, MPOXOIUT 4epe3 JIMH3Y 6e3 N3MEHEHHsI HANpaB/ICHUs pac-
npocTpaHeHusi. B Bo3lyXe WM B BaKyyMe BCE JIydH, NapaUie/ibHbie TIABHOM

soenymas; d) soenymas; ) deos- | OMTHHUECKOH OCH BBIMYKIIOH IMH3bI, NOCIE NP JIEHHS JINH3BI OTK.
Koeoenymas; f) soznymoswinyk- | K OCH M TIPOXOIAT 4epe3 OAHY TOUKY F na rnasuoii ontnueckoit ocu. Moatomy
1as. BLINYKJIBIE TMH3BI €llle Ha3biBaloT cobupatomumy tun3amu. Touka F naswisaer-
sl EIaBHBIM 3L, I1 b, TIp yepe3 rIaBHbIi
dokyc MH3b YJISIPHO JIABHO# ONT i ocH, Ha3bIBa-
eTcsi POKABHOM IIOCKOCTBIO.
Y nuH3bI 1Ba r1aBHBIX GoKyca B cpene Ha

O/IMHAKOBBIX PACCTOSIHUSAX OT €€ ONTHYECKOro lieHTpa. PaccTosuue ot
ONTHYECKOTO LIEHTPA JIMH3bI JI0 [JIaBHOTO (hOKyca HasbiBacTCs (oKyc-
Hbim paccrosnmem F sl Bee yum, npoxoasiune yepes oauH u3 ee
JIaBHBIX (POKYCOB, BBIXOIST M3 JIMH3bI NMApaJLIE/IbHO IIABHOM ONTHYE-
CKOii ocH (puc. 58).

B BOrHyTOI# JIMH3€ BCe JIyYH (B BO3AyXe WIH B BaKyyme), napaJUICJIb-
HbI€ IIaBHOW ONTHYECKOM OCH, OTK OT onT ocH,
TIO3TOMY BOTHYThIC JIMH3bl Ha JIMH3aMH.
IMponomxeHus jiyyeil B NPOTHBOMOIOXHYIO CTOPOHY CXOISATCS B O/~
HO¥ Touke F Ha r1aBHO#M ONTHYECKO# OCH Nepe/l JIMH30i. DT1a TouKa

Ha3bIBaETCH I okycom nuH3bL [T i do-

Kyc i JTMH3bI i, TAK KaK JIy4YH CBETa B HEM HE CO-

Gupaiorcsi.

P for JIMH3bI JI0 M. CBSI3aHO C pac-
dor JIO JIMH3BI U (b BIM P F nmnssr:
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F f d
D10 ypaBHEHUE Ha3biBaeTCs (DOPMYJION JIMH3bI U JUisi Ha-
XOXIEHHS P J10 M3C npu J11060M p
NpeIMeTa OTHOCHTENIBHO JIMH3bl. H. eciu p -
s f nonyuaerest npu pacuere oTpHLATENBHBIM, TO 3TO 3HAYMT, YTO
" npeaMera M HaxXOIMTCS 10 Ty X€ CTOPOHY OT

JIMH3bI, YTO U NMPEAMET.
Benmumna, obpatHas dokycHomy pacctosiimio F| nassisaetcs ontrue-
cKoit cunoit mu3b D:

p=1.
E

OnTHyecKasi cuia Bbipaxaetcsi B amonTpuax (antp). Jinnza ¢ dokyc-

HbIM paccTosiiueM | M oG1anaeT onTHyecKoi cuiioii B 1 antp. OnThue-

CKasi CHJIa CC i JIMH3BI TeJIbHA, OIT cuia -
LEH JIMH3bl OTPULIATENIbHA.

B 3aBUCMMOCTH OT MOJIOXEHHMsI MPEAMETa OTHOCHTEIBHO JIMH3bI JIMHEHHBIE

Puc. 58. Dokyc aunzvi: a) deiicm-
eumenvhblii (hoxyc cobupamens-
Hou aunzel, b) muumwiii oxyc

pasMepbl M300paXEHHUsI MOTYT M3MEHSAThCA. OTt pa3me-
pos H nsoGpaxenms K muneitibim pasmepam h npeamera nassisaercs mumeii-
HbIM yBeuueHnem I

r-H

Takxe B NPaKTUKE OYEHb YaCTO TaKasi ONT , KaK
npusma. Ipusma npencrasisier co6oii NPo3payHoe TeJI0, OTPAHHYEHHOE C JIBYX
CTOPOH TJIOCKUMH obpa Mexay coboit yron @, Hasbi-
BACMblii NPEJIOMISIONIHM YIZIOM NPH3MBI. B 1pu3Me CBETOBOM JIyy IBaXIbI HCTIbI-
ThiBaeT Ha TPaHsX M U3MCHSET CBOE Hamnpasyie-
Hue. Yron O oTkioneHus JTy4a npu3Moii onpezesiercs opMyIoi:

d=a+p-¢,
e O — yroJ najeHus Ha NepBYIo TpaHb, B — yroi npesiomieHus Ha BTOpOii
rpaHu, ¢ — NpeJOMISIIOLIMIA YTOJI PU3MBI.

B peabHbIX YCIOBUSIX MICATbHBIX CHCTEM HE MOXET ObiTh. TOYHO TaK Xe He
OBIBACT M MICATBHBIX ONITHYECKHX CHCTEM — B JIIOOO# CHCTEME CYLIIECTBYIOT CBOM
norpeHoCTH. OHO# M3 3a1a4 TeOMETPHUECKON ONTHKH U SIBJISICTCS HAXOXIe-
HHUE OB YCT nmbo nor [ ]

l'lorpemHocm OINTHYECKUX CUCTEM HA3bIBAIOTCA aﬁep-
PALIUSIMU. OHu BO3HMKAIOT B PE3YJILTATE HCTIONB30BAHUS LIMPOKHX

i AUH3BL.

Puc. 59. Xo0 ayua 6 npuzme.

CBETOBbIX MyYKOB, MPUMEHSAEMBIX JUIsl NIOJIy4eHHUsl GOblIeH OCBEIIEH-
HOCTH TMPEIMETOB, a TAKXe MPH MOJTYYEHUH H300paXeHHi MPeIMETOB,
3HAYMTENIHO YIATICHHBIX OT IJIABHOH ONTHYECKOH OCH ONTHYECKOTO
pubopa ( npu ortorpad ). Tlpu orcyrcTBuM
abeppallii KaXIOi TOYKE M300PaXCHHSI ONHO3HAYHO COOTBETCTBYET
TOYKa NpeaMeTa. ITO MOXET ObITh IOCTUTHYTO B TOM CJTyyae, KOria u3o-
OpaxeHue obpasyercsi y3KMMH CBETO! TY4YKaMH, Ha
OMNTHYECKYIO CHCTEMY TOJI MAJIBIMU YIJIAMH K €€ IJIaBHOH ONTHYECKOM
OCH. B peaibHBIX ONTHYECKHX ITH
oueHb penko. Hanpumep, cdhepuyeckue JIMH3bI TONLKO MPUOIMXEHHO

YIOBJIETBOPSIOT 3THM TP B TE U nony-
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4aeTcs HEIOCTaTOYHO PE3KUM, MEJIKHE IE€TAJIM CTAHOBATCS HEPA3JIMuU-

MbIMH. L1t OT CHCTEMBI JINH3.
CyiecTByeT 1Ba OCHOBHBIX Bi/1a abeppaiiiy — cepuuecKas ¥ XpoMaTi-
yeckasi. Ccpepi T B pe3yJIbTaTe TOro, 4YTo nepu-

(epusi JIMH3bI NPEJIOMIISIET JIydH CBETa CHJIbHEE, YeM LEHTpaTbHas ee
yactb. K TIpUMEDY, JIMH3a 6osbLIoro JnameTpa aaet "M)GPH)KCHMC TO4YeYy-

HOTO MCTOYHHKA HE B BUJIE TOYKH, a B BUJIE PACTLIBIBYATOrO CBETJIONO MAT-
Ha. 910 00! HCTIONB3C P My4KOB CBe-
TOBBIX Jiyyeil (puc. 60). Momyuyaembie ¢ MX MOMOLIBIO H300paXeHHs
SIBIAIOTCS HEPE3KMMH, PacrUIbiBYaThIMU. [UIsi MOBBILEHHUSI PE3KOCTH
M3006paXeHHs! ONTHYECKYIO CUCTEMY CHAbXaloT y3KMM OTBEPCTHEM (1Ha-
¢parmoit), yepes KoTopoe MporycKaloT my4ok cseta. Cepuyeckyio

TaKxke KO YIOT TTyTeM cobupatoiei

uun

Puc. 60. Budw chepuneckoii abep-
payuu: a) cepuveckas abeppa-
cobupamensHoii
b) cpepuueckan abeppayus pacce-
uealowiel AUK3bL, C) ucnpaenerue
cihepuneckoit abeppauuu AuH3bI.

Puc. 61. Cxemamuueckoe uzobpa-
HceHue xpomamuueckoi abeppa-
Yuu.

" JIUH3, COOTBETCTBYIOLLIMM 06p830M. L

Xpoma'mqecxaﬂ aﬁeppauml CBsI3aHa C 3aBUCHMOCTBIO MOKa3aTe-
N1 MPEIOMJIEHUs] ONTHYECKUX CTEKOJI OT JUIMHBI BOJIHbI MAJalOUIEr0 Ha HUX
cBeta. JIMH3bI M3 TAKMX CTEKOJI MPENOMIISIOT CHHHUIA CBET CHJIbHEE, YeM Kpac-
Hblii (puc. 61). B pesyabrate Kpasi H306pakeHHsl, MOMyYEHHOTO C OMOILbIO Ge-
JIOTo cBeTa, NPHOOPETAIOT LBETHYIO KaiitMy. JUisi oc/iab/ieHHs XpOMAaTHYECKOM
abeppaliMi MPUMEHSIIOT CHCTEMY M3 BBIMYKJIOH M BOTHYTOM JIMH3 M3 0COOBIX
MaTepuasioB (Tak Ha3biBaeMasi axpomMaTnueckasi napa auu3). [onHas KomneH-
cauus XpoOMaTHYecKoii abeppalMy BO3MOXHA JIMLIb VISl IBYX 3HAYEHUI JUTHH
BOJIH.
Kpome Toro, cymiecTByioT u ipyrue Buabl abeppaliuu, K KOTOPIM OTHOCST IMC-
TOPCHIO, aCTMIMaTH3M M KoMy. JIucTopeus npeactaBisier coboil morpemHocTs
ONTHYECKOH CHUCTEMBI, B pe3yJibTaTe KOTOPOH M300paxeHHe MpsIMOYToIbHOM
CeTKH npuobpeTaeT noaymkoodpasHyio win 6oukoobpastyio dopmy. IMpsimbie
JIMHUK UCKPHUBJISIOTCS HAPYXY WIH BHYTPb, ¢ y Kpasi 1
ACTHIMATH3M BO3HMKAET TOI/Ia, KOT/Ia CBETOBbIE IMYYKH (aXe y3KHe) COCTaBJIs-
0T 3HAYMTEIBHBIN IO/l C IJIABHOW ONMTHYECKO# ocbkio cucTeMbl. Koma mpen-
cTaBJisieT co60i MOrpelHOCTb ONTHYECKO# CHCTEMBI, BO3HUKAIOLILYIO TIPH 1PO-
XOXKIEHUM 4epe3 Hee WMPOKMX IYYKOB CBETa OT TOYKM MpeaMeTa,
Haxozisieiicsi Ha Mo6o4Ho# onTHyecKoi ocu. M306paxeHue IToi TOUKH uMe-
€T BMJI BBITAHYTOTO M HEPABHOMEPHO OCBEILIEHHOTO MATHA B (hOpPME KOMETBI.
Jins KOppeKLMM 3TUX BUIOB abeppaliui UCMOb3YIOTCS CIOXHbIE ONTHYECKHE
CHUCTEMBbI, 3JIEMEHThbI KOTOPBIX MO0GPAHBI TAK, YTO OHU B3ANMHO KOMIIEHCHPY-
10T BO3HMKAIOLIME MOrPEIHOCTH.
B np OKP! 0 MMpa y no-
TpeGHOCTL B mpubOpax, no: nojlyyaTh M300f pa: X
0OBEKTOB M YBEJIMYMBATH Yros 3peHusi. Tak BOZHMK/IM ONTHYECKHe MPHOOPDI.
Hanpumep, w1s nonyyeHns u3oGpaxeHus YeloBeK MPUIyMat MpoekTop, Gho-

TUTA., Ay yria 3peHusi — MHUKPOCKOI, TEJIECKOI, JIy-
ny, GUHOKJIb, MOA30PHYIO TPYOY M MHOTOE pYroe.
B npouecce 3Bomoumnu chopMUpoBasicsi camblif 1p onTH-

Yyeckuit npubop, noxapeHHbI HaM NMpUPoOaOoH, — ra3. AToT
OpraH Ha MpOTSDKEHUH BCeil YeJIoBeYeCKOi UCTOPUM SIBJISIETCS
OCHOBHBIM HHCTPYMEHTOM JUIsl TIO3HAHHST OKPYXAIOWIEro MHpa.
PaCCMOTpHM ONTHYECKYIO CHCTEMY [J1a3a.

Porosas obos0uka (porosuna). [Tpo3payHa U MMeeT B cpeaHei
vacTH ceprueckyio popmy. Ha ee rpaHuiie ¢ BO3yXoM npouc-
XOIUT MpeJIOMJICHHE CBETa, MTPaloLee OCHOBHYIO POJIb IPH MO~
CTPOCHHUH um6paxcuuﬁ MpeAMETOB Ha CETYATKE rjasa.




3pauok rmasza. CriocobeH MEHSITh CBOI
JHaMETp B 3aBUCHMMOCTH OT OCBELIE-
HHS OT 2 10 8 MHWUIMMETPOB.
Panyxuas obGonouka. [TpakTuuecku
HEINMpoHHULIaeMa Uit le‘(eﬁ cBeTa.
Xpycrammk. Mmeer opmy 1BOSKOBBI-
I1yK!lOI7l JIMH3bI, OCYLUECTBJACT A0MOa-
HHTEJIbHOE NpesiomieHue caeta. Pamu-
YC KPUBHM3HBI XPYCTATHKA U3MEHSIETCS
MO JeHCTBHEM CIELMAIbHON MBbILlI-
Ubl. DTOT MpoLecC Ha3bIBAETCS AKKO-
MoJauHei. nyTCM AKKOMOJaUMH U3MEHSAETCA d)oxycuoc PAacCTOAHUE ONTHYEC-
KO# CUCTEMBI [71a3a U TNOJy4yaeTcs YeTKOe MJOGPB)KCHMC TNpeaMETa Ha CeTYaTKe.
Teepnas OeskoBasi 000,104Ka. [TOKPBIBAET IJ1a3 M BBIMOJIHSET 3ALINTHYIO (DyHK-
LHIO.

Cocynucras 060104ka. COIEpXHUT CeTb KPOBEHOCHBIX COCYIOB, MHTAIOLIMX
rias.

Cervaras 000/104Ka. SIB/sieTCSl CBETOUYBCTBH cioeM,

Pa3BETBIICHUS 3PHUTEJIBHOIO HEpsa. CBC’I‘OBOCI'[[JMHMMEIK)U.[MMH JJIEMEHTAMH
CEeTYaTKn OKOI 3PHUTEJIbHOrO HEpBa, ACJsIIMKeCs Ha
1Ba BMAa — Ko1604Yku u nanoyku. Koabouku obnanaior Gosblueil paspeiiaio-
el CrocoGHOCTBIO M YYBCTBUTEJNLHOCTBIO K LBETY. MIX YyBCTBHTEIBHOCTH
K CBeTy TManouku, HE3HAYMUTENbHON paspelaiouleit crno-
COOHOCTBIO M HEYYBCTBUTEJIBLHOCTBIO K LIBETY, HAMPOTUB, OYEHb YYBCTBUTE b~
HBI K CBETY.

XKenroe naro. Ipencrabnsier co6oit yraybeHue B CpeiHEl YacTH CETYATKH.
D10 Haubosee CBETOYYBCTBUTEILHOE MECTO IJ1a3a, COIepXKallee TOIBKO KOJi-
6ouKH.

Caenoe nsiTHo. HeuyBCTBUTEIBHO K CBETY; SIB/ISIETCS MECTOM BXOJIA 3pHTEJIbHO-
ro HepBa B IJ1a3Hoe 16J10K0.

TTpocTpaHCTBO MEXIY POroBoit 060I0YKOM M XPYCTATMKOM Ha3bIBAaeTCs mepea-
Heil Kamepoii. OHO 3aMOJIHEHO KaMepHO# Biaroi. [1pocTpaHCTBO MeXy Xpyc-
TIMKOM M CETYATKOM 3aMOJIHEHO CTEKJIOBHIHBIM T€JIOM — MPO3PayHbIM CTyae-
HUCTBIM BellecTBOM. LIEHTp BpalueHus I1a3HOro si6/I0Ka HAXOMMTCS BHYTPH
71a3a IPUMEPHO Ha PAaCcCTOSIHMM 13 MUJUTMMETPOB OT BEPLIMHbBI POroBoit 060-
J10YKH. JINHUS, COEANHSIOLIAs [IABHYIO TOUKY XPYCTAIMKA C LICHTPAIbHBIM YT-
J1y6JIeHHeM XeTOoro MsiTHA, Ha3bIBAETCsl 3PHTE/IbHON OCBIO I/1a3a WK JIMHHEH
HaWJIYYIIero BUICHHUS.

Jlyun cBera, mpesoMIssSCh Ha IPaHHLIE pa3/iela CUCTEMbl «pOTrOBMLIa — BO3-
ZyX», a 3aTeM B XPYCTAJIMKe, CO3AIOT Ha CeTyaTKe

TI'asa wenosexa — 0dun u3z camoix
COBEPUIEHHBIX ONMUYECKUX Nnpu-
6opoé.

Puc. 63. Xo0 ceemosoeo ayua 6 na-
3y 4eA06eKa Npu PaUMHbIX HaPY-
WEHUAX 3peHUs U cnocobibi Koppex-
yuu: a) wopma, b) Gauzopykocm,
¢) danbhozopkocms, d) Koppekuus
Gauzopykocmu, e) Koppexyus 0anb-
Ho30pKOCMU.

niepeBepHyThie H300paxeHus npeaMetoB. B Hop-
MaJbHOM 3/0POBOM IJ1a3e OHM BCeraa yeTkue Gna-
rofapsi CocOGHOCTH XpYCTAIMKA K aKKOMOJALIMH.

Ja i 06paboTKa M3 =
ZIUT yXe B roJioBHoM Mo3re. Kpome Toro, a3 06-
JIaJIaeT CIIC bIO ThCS K pas-
JIMYHBIM  YPOBHSAM  SIDKOCTH, Ha3blBalolleics
ananraumei.

CyuiectByer KO BHMIOB Hapy HOp-

MaJIbHOTO (hDYHKIIMOHUPOBAHUS ONTHYECKOH CHC-
Tembl 1a3a. Ecim onTuyeckas cuctema rasa naet
M300paXeHHe NaIeKUX MPEIMETOB 3a CETYaTKOM,
TO cTpanaet ThiO (TMNEpPMET-

=55
o $o
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Teneckonvi npubaususu K Ham
36€301.

bnrazodapsa maxomy onmuuecko-
My npubopy, kax pomoannapam,
Mbl MOXCEM COXPAHAMb HE MOAbKO
6 namamu, HO u Ha d)omaruenxe
Haubonee 3HavuMeNbHbie MOMEH-
Mol HAWel HCUIHU.

ponueit). [pu 6im30pykocTH r1a3a (MHOMUK) M300paKEHHE MONYYAETCs MEpea
ceTyaTKoi. W

OnHuM u3 MEPBBIX ONTUYECKUX npnﬁopOB. Hapsiaty ¢ JIynou
M OYKAMH, SIBJISETCS MON30PHAA TPyDa, BIOCJIEACTBUM CTaBlLIasi OCHOBOH JUIsi
co3aanusi Gosiee COBEpIIEHHOTO ONTHYecKoro npubopa — Teseckona. Mcropus
Ha3bIBACT TPH HMEHH BO3MOXHbIX aBTOPOB H300PETEHMUS NOI30PHOM TPYObi 011~
HOBpeMeHHO — Jlucnepresi, Meuuyca, SlHcena. OHaKO pelualoIMii Wwar B ee
n3obpereHuu 6bu1 caena famneem B 1609 roay, Koraa oH MOCTPOMII NEHCTBY-
01110 3puTesibHYI0 TpYOY. CBoe n3obpeteHue fannei ucnosb3oBan Kak Tesie-
cKon uisl Hab/ioieHNsl HeGECHBIX TeJl M C/Ie/al P 3TOM LEbIi PsL BAXHENH-
LIMX aCTPOHOMHYECKHX OTKpblTMﬁ.
MonsopHas Tpy6a COCTOMT U3 IBYX JINH30BBIX CHCTEM — OOBEKTHBA U OKYJIsipa.
[MonzopHasi Tpyba ¢ coGMpaloLIMM OKY/ISIPOM HasbiBaeTcsi Tpyboii Keniepa, Tpy-
6a ¢ pacceMBalOLIUM OKYJIsipoM — Tpyboi Famunes. [peamer Haxoautes Ha
oueHb 60/bIIOM paccTosiHuM OT oObeKkTHBa. B TpyGe Keruiepa 3a hokycom 06b-
€KTMBa BO3HMKaeT NPOMeXyTouHoe n3obpaxenne B'. Oo pacnonoxeno Ha
PACCTOSIHMM OT OKYJIsipa, MEHbIIEM €ro (POKYCHOro paccTosiiust. [lepen okyssi-
POM BO3HMKAET YBEJIMYCHHOE MHUMOE U MEPEBEPHYTOE OKOHYATEIbHOE H306-
paxenue B. Ysennuenne, naBaemoe tpy6oit Kerepa, pasto:

N=d,

2
rae f, — dokycroe paccrosiuue obbektuna, f, — dokychoe paccrosmme oky-
nsipa. JIiMHa 1aHHO# NOA30pHOI TPYGbI GyneT paBHa:

1=f,+f,.

Hanunune npomexyrouHoro usobpaxexnss B' B Tpybe Kerutepa nossonser

. CHabXaTb €e M3MEPUTEILHON KON WIH (DOTOIIACTHHKOM, MOMEIIEH-
= HOI B IUIOCKOCTDb PAacrioIoXeHHs! IPOMEXYTOUHOTo n3obpaxenus B'. Io-
-

3TOMy Tpyba Keruiepa HaxoauT IMpOKOe NMPUMEHEHHE B aCTPOHOMMUH.

B tpy6e Tanunest Mexiy 0GbeKTHBOM M OKYJISIPOM HE CO3JAaETCsl TPOMEXY-
TOYHOE M300paxeHHe. DTa TpyGa CO3AET MHUMOE YBEIHYEHHOE NpsMOe
nsobpaxenne B. Tpyba fanwiest 1aeT HeCHIbHOE yBeTMYEHHE YIAICHHOTO
npeamera. [103ToMy ee MCNIONIB3YIOT B T€aTPabHbIX GUHOKIISX.
Kpome Teneckonos, MOCTPOEHHBIX MO THMY MOA30PHbIX
TpyG — pedpaKkTopoB, IMPOKOE NMPUMEHEHHE TOTYHHIH

3epKajibHbie, WJIH OTPaXaTe/lbHbIE, TEJECKOMbl — pe-

trexropni. ®




Jlpyrum rpuMepoM OnTHYECKOro rnpubopa siB-
JISIETCA (bm'oannapaT. B HeM MCTIO/Ib3yeTCs OIHO M3 CBOHCTB
JIMH3bI, 3aKJII0YAIOLIEECS B TOM, YTO MPH PacroJiOXECHHUM MpeaMeTa
Ha pacCTosiHMM, GOJIbILIEM BOHHOTO (POKYCHOTO pacCTOSIHMS, JIMH3a
JIaeT €ro AeHCTBUTENLHOE YMEHBLIEHHOE MJOGP&)KCHHD. ®oroanna-
paT COCTOMT M3 OOBEKTHBA, OOBIYHO COCTOSILIIETO M3 HECKOJIBLKHX

JIMH3, CBETOHENPOHHMIIAEMOTO KOpITyca, BUIOMCKATeIsl, tMadparmbl >. /—/F
—

¥ 3aTBOpa. B cBeTOHeNpoHHMLUaeMbiii Kopriyc (hoToanmnapara nomeia-
10T (POTOTICHKY, YyBCTBUTENIBHYIO K IeHCTBHIO cBeTa. Ha Heil 06bek-
THB (hoTOANNapaTa Co3AaeT ACHCTBUTEIHOE YMEHbLIEHHOE H306pa-

MaTOBBbIiH IKpaH

‘t

xenue ororpadpupyemoro npeamera. [Uisi nosyyeHHs: 4ETKOro
M3006paXeHMs! IPEIMETa, KOTOPBIN MOXET ObITh PACTIONIOKEH Ha Pa3HBIX PAcCTO-
SIHUSIX OT ¢ Ta, OOBEKTUB OTHOCHTEJIHO (DOTOTUIEHKH,
pe3yJIbTaT HABOJIKH Ha PE3KOCTb OOBIYHO KOHTPOIMPYETCS Yepe3 BUIOUCKATED.
B 3aBHCHMOCTH OT YCJIOBHIi OCBEIIEHHOCTH M YyBCTBUTEIbHOCTH (hOTOMIEHKH
MyTh CBETY OT 00BEKTHBA K (POTOILIEHKE OTKPBIBAETCS C MOMOLIBIO 3aTBOPA Ha
« i MHTEpBaN 0OBIYHO Ha COTbIE 0JIM CeKyHIbl. CBeTo-
BO# MOTOK PEryJIMpyeTCsi U KOJIbLIEBbIM OTBEPCTHEM B AHadyparme 3a 0ObeKTH-
BOM, IMAMETP KOTOPOTO MOXHO TUIaBHO U3MEHSTh. @

anﬂLLICCTBCHHHLlCﬁ Q)OToarmapaTa MOXHO CYMTATh
anCl‘lOCOﬁHCHMC, M3BECTHOE C IaBHUX BPEMEH, — TaK Ha3bIBaeMYIO Ka-
Mepy-o6cKypy. SIBjieHHe, KOTOpOE UCTIONb3YeTCsl B KaMepe-00CcKype, 6bU10 M3-
BeCTHO eme B ApeBHeM Kutae. Ecim B TeMHOe nomeneHue yepe3 Hebonbloe
OTBEPCTHE WM LIE/Tb IPOHMKAET JIy4 CBETA, TO HAa CTEHKE BO3HUKAET 10BOJIHO
yeTKas KapTuHa. KTo-T0 10ranancs npocBepauTh B sIIMKE MAJIEHbKOE OTBEP-
CTHE M Ha MPOTHBOMOJIOXKHO# CTEHKE, Ha BCTABNICHHOM B HEE MaTOBOM CTEKJIE,
Habonath n3o6paxeHus neisaxei u monei. Tak nosiBuiach Kamepa-06cKy-
pa (no-naTbiHyU obscurus — TeMHBIH).
A KOr/1a BMECTO OTBEPCTHSI, BBITIOHSIIOLIETO POJib OGBEKTHBA, IPUMEHHIN YBEIH-
YHUTEJILHOE CTEKIIO, H300paXEHHE CTAI0 HACTOMIBKO YETKHM, YTO YEJIOBEKY 3aX0Te-
Jioch 0OBECTH €ro KapaHJauioM M packpacuts. [lpaBna, KapTMHKa rosyyaiach
«BBEPX HOTAMM», TIO3TOMY JUIsi YCTPAHEHMsI ITOi MOTPELIHOCTH K 3a/IHEH CTEHKe
SIMKA PUCTABHIN HAKJIOHHO 3epKasio. OHO NPOELMPOBAIO H300PaXEHHE Ha Ma-
TOBOE CTEKJIO, )¢ B KPBILIKY, B (e Yero BepX M HU3 Pacrioaraiuch
KaK T0JIOXEHO (MpaBJia, MPH 3TOM MEHSUTMCh MECTAMM NPaBasi M JIeBasi CTOPOHA).
A MOCKOJIBKY C TOMOLIbIO KAMEPbI-00CKYPbl PHCYHKH Je/IATUCh [TIABHBIM 06pa3oM
JUISl TPABMPOBAaHMs, TO GOJIbILIE HUYETO MCMIPARISTH HE HAIO ObUIO — OTTHCKH C
TPaBIOPBI MOIHOCTBIO COOTBETCTBOBAM OpUrHHaUy. [Uisi paboThl Ha SIPKOM COJTHLE
TIPUMEHSUTMCh HEGOBIIINE TEMHBIE NANATKH. XYNOXKHHUK C KAMEPO# CHIIE/ BHYTPH,
a HapyXXy BbICOBBIBAJICS TOJILKO OOBEKTHB — TPYOKa C JIMH30#.
B npanuateix rogax XIX Beka GbuU1 OTKPBIT CNIOCO6 XHMHYECKOTO 3aKperUIeHHs!
M300paXeHNsl Ha CBETOYYBCTBUTE/IbHOM TUIACTHHKE, BCTABJICHHON B KaMepy-
0obckypy BMecTo MaToBOrO cTeka. Camyio nepByio otorpaduio yaanoch rno-
syuuth paniy3y XKosedy Hucedopy Hoency (1765—1833). C Toit nopsi Kame-
pa-o0CcKypa NpeBpaTHIACh B M3BECTHBI BCeM HaM (oToannapar. B

Kak MbI BUIUM, wis pemieHus GOMBLUIMHCTBA 3a1a4 NMPaKTHYECKOH
ONTHKH BMOJIHE IOCTATOYHO CPEICTB FeOMETPHYECKO# ONTHKHU. OIHaKo cyle-
CTBYeT psill MPoGIEM, CBA3AHHBIX C i npup cpera. P 3TUX
npo6ieM, OTHOCSAIIMXCA IIaBHBIM 06pa3oM K BOINPOCaM B3aMMOJCHCTBHS CBe-
Ta ¥ BENIECTBA, a TAKXKE K BOMPOCAM Pa3pelialolieit CHIbl ONITHYECKHX NpHGo-
POB, 3aHMUMAaeTCsi (PU3NUECKas ONTHKA. B

Puc. 64. Kamepy-obckypy no npagy
MOXCHO cumams npedwecmeen-
Huyeti pomoannapama.

B omauyue om dpyeoeo onmuuecxo-
20 npubopa — meneckona, no3go-
G20 NPUBAUIUMY K HAM 02POM-
Hole  obvekmbi, yoarennvle Ha
KOAOCCQbHbIE PACCMORHUS OM 3eM-
A, MUKPOCKON 0an 60ZMONCHOCTb
yeudems obsexmbl, uMerouque Hego-
00pasumo manbie pazmepbi.




Hacnamaxch BUIOM 6€300-
JIAYHOTO HeGa, Mbl BPSUL JI
CKJIOHHBI PacCyxnath O TOM,
4TO HebecHas CHHeBa — 3TO O/1-
HO M3 NPOSIBNCHHI paccesiHust
ceta. OKa3biBaeTCs, CHHME JIy-
uM, najzalowMe Ha 3emmio OT
ConHua, MoJie-

PU3NYECKASI ONTUKA

ﬂepeble npe@cmameﬂlm 0 mom, 4mo makoe ceem, OMHOCAMCA
K Op mu. IToo ee O 'meo op X MbIC i

P P ceem Kak Hexkue ny4u, coeol que 5

KyJaMM BO3/yXa B6
Pa3 CHIIbHEE KPACHBIX, N103TOMY
He0O BBHIMAAAMT royObIM, a
COJHLE TEM KpacHee, YeM OHO

meno u enoseyeckuii enas. Ilpu 3mom 00HU u3 HUX noaazanu, 4mo
AYMU UCXO0SM U3 2143 Hea06eKa, OHU Kak Obl ouynsiéalom paccmam-
pueaembiii npeomem. Qonaxo nosxce, k navary XVII sexa, makoe

Grxe K ropu3oHTy. 101061
o6pazom oObsCHWI rony6oi
user HeGa B 1871 roay 3Hame-
HMTbII aHIIMIACKHMI MaTeMaTHK
u ¢usuk Ikon Yunbsam Crpar
(no otuy — nopa Paneit). C tex
Nop paccesiHue CBeTa Ha OT-
JIC/IBHBIX aTOMAX WK MOJIeKy-
Jax M BOOGLIE Ha MAJeHbKMX
HacTHLAX — C pa3MepamM, Ha-
MHOTO MEHBLIMMH JUIHHBI CBE-
TOBO# BOJIHBI, HA3bIBAIOT paJie-
€BCKMM paccesiHuem. B

Onag) Pemep (1644—1710).

npeoc 0 npupode céema ceoe

Ilpyraﬂ TOYKaA 3pCHUS 3aKJTI0YAJIaCh B TOM, uto siyuu ucny-
CKAIOTCsI CBETSILLMMCS TEJIOM M, 10CTHTasi 4eJI0BEYECKOro 171a3a, HeCyT Ha cebe
OTNEYaTOK CBETSALIEroCs MpeameTa. Takoil TOYKH 3pEHMsi MPHACPKHUBAINCH
aromucTbl leMokput, Onukyp, Jlykpeunii. [Mosxe, B XVII Beke, 31a TouKa 3pe-
Husi oOPMIIACh B KOPITYCKYJISIPHYIO TEOPHIO CBETA, COIIACHO KOTOPOIi CBET
SIBISICTCS IOTOKOM HEKHX YaCTHIL, HCITYCKAEMBIX CBETSLMMCS TeJIOM. B

TDCTbﬂ TOYKA 3pEHMSI Ha MPUPOY CBETA Obljla BHICKA-
3aHa ApPlCTOTcJ]eMA OH paccMaTpuBal CBET KaK pacrpocTpaHsioLieecs
B NPOCTPAHCTBE ACHCTBUE WK IBHXEeHHE. B aibHeiilem ero B3risabl Ha npu-
POy CBETa MOJIOKHIM HAYaI0 BOJIHOBOM TEOPHH CBETA.

Heob6xonMMo OTMETHTD, YTO OFPOMHYIO POJIb B Pa3BUTHH ONTUKH ChIrPaJIo Of-
pesiesieHHe CKOpOCTH cBeTa. Briepsbie CKOpocTh cBeTa Gblia onpenesieHa aar-
cKuM actpoHoMoM Onadom Pemepom (1644—1710) B 70-x romax XVII Beka.
MpoBens HaGmoneHUs HAXl 3aTMEHHEM CTIYTHUKOB FOmuTepa u M3MepuB Bpemst
WX 3aTMEHHS, OH CMOT U3 MOJIY4EHHBIX JaHHBIX MOJACYUTATh CKOPOCTh PACNpo-
cTpaHeHusi cBera. Ilo ero moicyeram, CKOPOCTh CBETa MOJNYYHIACh PAaBHOIM
300870 km/c.

B XVII Beke MpoMCXOAUT OKOHYaTeNbHOE (HOPMUPOBAHHE JABYX MPOTHUBOINO-
JIOXHBIX TEOPHIA CBETA: KOPIYCKYJISIPHON U BOJTHOBOIA.

C TOYKM 3peHHsi KOPIYCKY/ISIPHOW TEOPUH XOPOLIO OOBSCHSIOCH MPSAMOIU-
HEiHOE PacTPOCTPaHEHNE CBETA M 3aKOH OTpaxeHus ceeta. Kpome Toro, 3akoH
NpeJIOMJIEHHUS TAKXKe He MPOTHBOpeYn 310l Teopuu. He 6bU10 npoTHBOpeynii
1 ¢ OOLUMMH MPE/ICTABNEHUAMH O CTPOeHHH BellecTa. Ho, HecMoTpsi Ha nipe-
obnaaHue B3IVISIOB O KOPIYCKYJISIPHOI TPUPOAE CBETa, HAYMHAIOT PasBu-
BATHCS M MPECTABIEHHS O €TO BOJIHOBO# Npupoze. W

PonoHayaTbHUKOM BOJIHOBOM TEOPUHU CBETA SIBJISICTCS
Pene Hexapr. CorlacHo ero B3rJ1si1aM, CBET — 3TO HEYTO BPOJIE AaBJICHHs,
TNEPEIAIOLLErocst YePe3 TOHKYIO CPe/ly OT CBETALIErocsi Te/ia BO Bce CTOpoHbl. Ec-
JIM TEJIO HArpeTo M CBETUTCS, TO ITO 3HAYMT, YTO €r0 YACTHLIbI HAXOSATCS B ABU-
JKEHMH M OKa3biBalOT JaBJIEHHE HA YaCTHLIbI TO CPE/ibl, KOTOPasi 3aMojIHsET Bee
npocTpaHcTBo (3dup). [ pacnp 1 W, I0XO/Is
J10 171233, BbI3bIBAET B HEM olLylleHHe cBeTa. OHaKo HeOOXOANMO OTMETHTb TO,
4TO B3IIAAbI JleKapTa HOCHIIM YHCTO YMO3PHUTEbHbIH XapakTep. W

TPaHSIeTCs BO BCE CTOP

l'IepBoe OTKPBITHE, cuieTeIbCTBYIONIEE O BOIHOBOM NMPUPOZIE CBe-
Ta, 6bUI0 uTa y ®panyecko [pumanban (1618—1663),
KOTOpBIi 3aMETHJI, YTO ECJTM Ha MyTH Y3KOTO MyYKa CBETOBBIX JIyueii MOCTaBUTh
MPEIMET, TO Ha 3KPaHe, MOCTABNICHHOM C3a/lM, HE NOJIY4aeTCsl Pe3KOi TeHH.
Kpas TeHu pa3MbIThl, KPOME TOTO, BIOJIb TCHH MOSIBISIOTCS LIBETHBIE MOJIOCHI.
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OTKpbITOE MM siBIICHHE YueHbli Ha3Ban audpakumeir. [pUManban o6bACHSI
3TO ABJIEHUE TEM, YTO CBET — 3TO (h1IOMA (TOHKAsi HEOUIyTHMAasH KHIKOCTb)
M MPH BCTPeYE ¢ NPENsATCTBUEM BO3HUKAIOT BOJIHBI 3TOTO (riionna. @

ﬂl/l(bpaKlllrlCﬁ CBETA HasbiBaeTcs siBlEHUE OTHOAHMSA CBETOBBIMM
BOJIHAMM MAJIbIX NIPENATCTBUI, BCTPEYAIOLMXCS HA TTYTH MX PACTIPOCTPAHCHHSI.
Hanpumep, npu npoxoxaeHUH CBETa Yepe3 Majloe KPYIJioe OTBEPCTHE Ha IKpa-

Puc. 62. lupppaxyus ceema.

HE BOKPYT UECHTPAJIbHOIO CBETJIOrO MiATHa 6. TCs vepeny TEM-

Hble M CBeT/Ible KoJblia. YeM MeHblie pa3Mepbl 3KpaHa WM OTBEPCTUS, TEM
cubHee AMbpaKuMs cBeTa. B

BTOpblM Ba’>XHbIM OTKPbITUEM, oTHocAMMES K (DHU3NYECKOI

onTHKe, 6610 OTKpbITHE MHTephEpeHLIMK cBeTa. BaxHas posib B Mccienoa-
HUM MHTEepGEPEHLMU TPUHAUIEXHT aHrauiickoMmy dusnky Pobepry Iyky
(1635—1703). [yk cuntai, 4TO CBET — 3TO KOJeOaTe/IbHbIE ABUXKEHHUS, Pacrpo-
cTpansiionnecsi B apupe. OH 1axe BbICKa3biBaJl MPEANOIOKEHHE, YTO ITH KO-
nebaHust ABASIOTCS nonepeyHbIMU. TIpH M3YYeHNH LBETa MBUIbHBIX TUICHOK
M TOHKHX TUIACTHHOK M3 CJTI0/Ibl OH OGHAPYXXWJI, YTO 3TH LIBETA 3aBUCAT OT TOJI-
IIMHBI MBUILHOM TUIEHKM WIH CIIOASHON TIAaCTUHKK. SIBneHne uHTepdepeH-
LIMM CBETa B TOHKMX TIeHKaX YK OOBSCHSUI TEM, YTO OT BEpXHE# W HUXKHEH Mo-
BEPXHOCTH TOHKOW (HanpuMep, MbUIbHON) TUIEHKH MPOMCXOAMT OTPaXeHHe
CBETOBBIX BOJIH, KOTOpbIE, 10Maasi B 1713, MPOM3BOIST OLLYIIEHHE PA3THYHBIX
LIBETOB.
CBeToBbIE BOJIHBI YaCTHYHO OTPAXAIOTCS OT NOBEPXHOCTH TOHKOI TUICHKH, Ya-
CTUYHO NpoxoaaT B Hee. Ha BTOPO# rpaHMIIe NJIEHKH BHOBb NPOMCXOIUT Yac-
THYHOE OTPaXeHHe BOJIH. CBETOBBIE BOJIHBI, OTPAXEHHbBIE IBYMSI [TOBEPXHOCTSI-
MU TOHKO# TUIEHKH, PaCNPOCTPAHSIIOTCS B OJHOM HANpaBICHWH, HO MPOXOIAT
pasmbie nyru. [pu pastoctn xona Al, KpatHoii ueoMy unciy s BoH A:

A
=2k—,
2
Hab/oaeTcs MH YHHBIH yMm. Tpu pasuoctu Al, kpatHoit
HEYETHOMY YHMCJIy MOJYBOJIH:
A
=(2k+D)—->
2
Habnonaercsi uHTEpdeEp 19 ym. Koraa Bbi TCSl YCIOBHME

MakCHMyMma Juist OJIHO# JUIMHBI CBETOBOI BOJIHBI, TO OHO HE BBINOJHSIETCS VISt
JIPYTUX JUIHH BOJIH. ﬂoammy ocBelllaemasi 6eJibIM CBETOM TOHKasi GecLiBeTHast
Mpo3payHast TUIeHKa KaxeTcsi OK vit. [pu n TC TJIeH-
KH WK yIjla najeHusi CBETOBBbIX BOJIH Pa3sHOCTb XOJa M3MEHSETCS M YCJIOBHE
MAKCHMYMa BbITIOJIHACTCS JUISi CBETA C ﬂpyroifl JUTMHOM BOJIHBI. B

TpeTbC BaXXHO€ OTKPBLITHE, otHocseecs K BOJIHOBOW ONTHKE,
6bL10 caenaHo B 1669 rony natckum yuenbiM bapronnnoM. OH OTKpbLI siBICHHE
JZIBOIHOTO JyuenpeloMICHHUs B KPUCTA/LIE HCTaHACKOro wnata. bapronmt 06-
HAapyXWJI, 4TO €CJIM CMOTPETh Ha KaKOW-THGO MpeAMeT Yepe3 KPUCTALT MC-

cBETa MCTofib-
ﬂ:ye'rcu B TaK Ha3biBaeMOI
nudpakUHOHHON  peleTke,
npeacTaBsiioiei coboi npo-
3payHyio TNUIACTMHKY C HaHe-
CEHHOI Ha Hee CHCTEMOIl na-
paielbHbIX  HEMPO3pPayHbIX
NoJI0C,  PACMONOKEHHBIX Ha
onuHakosbix paccrosnusix d
ZIpYT OT Apyra.
Mpy naneHnn Ha peuieTky Mo-
HOXPOMATHYECKO BOJIHBI C IL10-
CKHMM BOJIHOBBIM ()POHTOM B pe-
3y/bTaTe AMGPaKLMK M3 KAXIO0H
wenn ceet Gyner pacnpoctpa-
HATHCS HE TONBKO B MEPBOHA-
YAILHOM HANpPaRICHUs, HO M 110
BCEM JIPYTHM HANpPaRICHUSIM.
Ecim 3a pewietkoit nocraButh
COGMPAIOLLYIO JIHH3Y, TO Ha K-
paHe B (OKAILHOH TIOCKOCTH
napajie/ibHbie Jy4H OT Beex
wesneit cobepyTes B OHY NoJio-
cky. IMapaienbhbie ayun, nay-
IMEe OT Kpaes JIBYX COCEAHMX
1iesieid, MMEIOT Pa3HOCTh Xoa:

Al=dsing,
rae d — paccrosmme mexay co-
OTBETCTBYIOUIMMH KPasiMH CO-
CeJIHMX Lesei, Ha3biBAEMOE Mie-
PHOIOM peweTkH, () — yron oT-
KJIOHEHHSI CBETOBBIX JIyucit OT
NEPNEHINKYAsIPA K TIOCKOCTH
pewetku. INpu pasencrse pas-
noctu xoma Al uenomy umeny
JUIMH BOJIH:
dsing=kA,

rae }‘4 — JUIHHA BOJIHbI naaaio-
wiero cseta, HabilofaeTcsi MH-
TephePeHLUIMOHHBIH MaKCHMYM
ceta. JIMH3a HEe BHOCHT PasHo-
ctv xona. Takum obpasom, yciio-
BHe  MHTepdEPEHUHOHHOTO
MaKCHMyMa JUIsi KaXIIO# JUTHHBI
CBETOBOW BOJIHBI BBITIOJIHSCTCS
TIPH CBOEM 3HAYCHMM YI/ia -

JIaHJICKOTO 1ITNaTa, TO BUAHO HE OJIHO, a JIBa M300f apyr
OTHOCHTEJIbHO JIpyra. TO SIBJIEHUE 3aTEM MCCIIEI0BA I"lourcnc W nonbiTancs
21aTh eMy OOBSICHEHHME C TOYKH 3PEHHsI BOJIHOBOMH TEOPHH CBETa.

ToiireHc nonaras, 4To Bce MMPOBOE MPOCTPAHCTBO 3aMOJHEHO TOHKOMN HEOLLLy-
TUMOI Cpesioit — 3(UPOM, KOTOPBIH COCTOMT M3 OYEHb MAICHBKHMX YIPYTUX
WapUKOB. DDUP 3aMONHSET TAKXKe MPOCTPAHCTBO MEXIY aTOMaMu, 06pasyio-

. B pesyasrate npu
NPOXOXAEHWH uepe3 audpak-
LUMOHHYIO PELIETKY My4oK Gesto-
TO CBETa paniaraeTcsi B criektp.m
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Senenue paznoxcenusn beaozo con-
HE4H020 céema Ha cocmaeaniouiue
M00u Habarodaiom u30aena 6 eude
padyeu.

Puc. 65. ITpu npoxoxcoenuu yepes
npu3My npoucxodum pazioxcenue
6eno2o ceema na cems cocmagan-
IOuux yeemos.

UMK o6biuHBbIe Tesia. IMo ero MHeHMIO, pac-
NPOCTPaHEHHE CBETa — ITO MPOLIECC Mepesa-
YM JIBUKEHHs OT WApHKa K wapuky. [Lis Toro
4TOOBI MOKA3aTh CMOCOOHOCTL BOIHOBOH TeO-
pvH OOBACHUTH MPSAMOIMHEHOE PacnpocT-
paHenue cBeta, [ioiireHC BbLIBHraeT CBOWA,
yXKe M3BECTHBIH HaM, NpUHLMN. OCHOBbIBA-
ACh Ha 3TOM OH J1a11 00b:

3aKOHY T iiHOro pacnpoct

CBETa, 3aKOHAM OTPAXEHMS W MPEJTOMIICHHUS.
Ho, kak u3BectHo, npunumn [loiireHca e
MOr OOBSACHUTH SIBNCHUS TMDPAKUMKH U HH-
Tepdeperunu. Kpome Toro, Teopus lNoiireH-
ca GbL1a TeopHeii GecLBETHOTO CBeTa.
TlepBbIM, KTO cMOT Pa300paThesi B SIBNICHUU Pa3IoXeHUs Geloro cBeta npus-
Moii B criekTp, 6bu1 Ucaak HbioToH. B 60-¢ roast XVII Beka OH OTKpbUT siBjie-
HHUE IMCTIEPCHH CBETA M MPOCTHIX LBETOB. M3yyasi siBieHHe pa3noxeHus Geso-
ro cBeTa B cnekTp, HbIoTOH npuile K 3aKII04EHHIO, YTO Oeiblif CBET siBsieTcst
CJIOXHBIM cBeTOM. OH npeacTaBiseT coboi CyMMy MPOCTBIX LIBETHBIX JIy4Eid.
JUnst TOro 4TOGbI MOATBEPIUTH BHIBOJL O TOM, YTO GeJbiii CBET COCTOMT M3 MPO-
CTBIX LIBETHBIX JIy4ei W Pa3iaraeTcsi Ha HUX TNPH MPOXOXICHHUH Yepe3 Mpu3my,
HbIOTOH npoBest cieayIowIHii ONBIT.

B sKpaHe, Ha KOTOpOM JICSI CTIEKTP, TaKXke MaJioe OTBEPCTHE.
Yepes oTBepcTHE MPOMYCKAIH YXKe He Belblif CBET, 2 MOHOXPOMATHYECKHIA TTy-
YOK CBETa, T.¢. CBET, UMEIOLIMIi onpeesieHHyIo okpacKy. Ha iyt atoro nyuka
HBIOTOH CTaBWI HOBYIO NPU3MY, @ 32 HEil HOBbII 9KPaH. DTOT MyYOK CBETA OT-
KJIOHSUICS TIPU3MOM KaK OJIHO 1IeJ10€, MO/ Onpeae/eHHbIM yrioMm. [Tpu stom
CBET He M3MeHsUI cBoeil okpack. [ToBopaunsasi nepsyio npu3my, HbioToH npo-
NyCKaJl Yepe3 OTBEPCTHE IKPAHA LIBETHBIC JIYYH Pa3IMUHBIX YYAaCTKOB CIIEKTpa.
Bo Bcex ciyyasix OHM He pa3jarajiMch BTOPOH NPU3MOW, a JIMILb OTKJIOHSUIUChH
Ha ONpe/Ie/IEHHBIH Yo, PasHbii [UIs JIyyeil pasiMuHOro LBeTa.

TMocne 3Toro Hl0TOH NpHIes K 3aKTI0YEHHIO, YTO Oeiblif CBET pasiaraeTcsi Ha
LIBETHBIC JIy4H, KOTOpbIE SIBISIOTCS MPOCTHIMM M TNPU3MON HE pa3niaraloTcs.
JUnst KaXJI0ro LBETa M0Ka3aTe/ib MPEOMICHHUsI MMEET CBOE OMpPEIEIeHHOE 3Ha-
yeHue. OTKpbITHE IMCNEPCHHU NOATBEPXIANO, 10 MHeHHIO HbloToHa, Kopryc-
KYJISIPHYIO TEOPHIO CBeTa. W

ﬂucnepcueﬁ CBETA Ha3biBacTCs ABJICHUE 3aBUCUMOCTH CKOPOCTH
CBETA OT JUIMHBI BOJIHBI WJIHM YacTOThI. ﬂpu TMPOXOXACHUH YEpEe3 NMPU3IMY Oe-
JIOro CBETa Ha 3KpaHe, yc 3a MPU3MOii, Hab. TCSl pajlyXHast
noJsioca, cocTosas U3 CEMH MOHOXPOMAaTHYECKHX COCTABSIOLIMX U MX 110~
JIYTOHOB. Dra nonoca Ha3bIBaeTCs JAMUCTIEPCHOHHBIM CIIEKTPOM. ror CNEeKTp
YCJIOBHO JIEJIUTCS Ha CEMb LIBETOB: KPAaCHBIN, OpaHXEeBbIH, XEJIThIH, 3esie-
Hblii, roy6oii, cuumii, huonetosbiit. CMeHa LBeTa NPoOMC-

XOIMT HETIPEPLIBHO, NMPUYEM CMECh BCEX CEMH LIBETOB AacT
Genbiit uet. Eciv U3 nosiHoro CIMEKTPa UCKITIOYHUTDH OIHH U3
LBETOB, TO KOMOMHALIMs OCTaBLIMXCSI LIBETOB JaeT usera,
KOTOpbI€ Ha3bIBAIOTCSA AOMOJHUTEIbHBIMH.

OObsicHsIeTCS1 pa3lioXeHHe GeJIoro ceeTa TeM, 4To Gesbiit
CBET COCTOMT M3 JIEKTPOMAarHMTHBIX BOJIH C Pa3HOii JUIMHOM
BOJIHBI M TIOKa3aTe/ib NPE/IOMJICHHS CBETA 3aBUCHT OT €ro JUTH-
Hbl Bo/HbL. Hanborblliee 3HaueHHe OH UMeeT JUIsi CBETa C ca-
MO# KOPOTKO# JUTMHO# BOJHBI — (huoseroBoro ceera. Hau-
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MEHBIIMM TOKa3aTeieM MpeJoMIeHUss 001anaeT caMblif JUIMHHOBOJIHOBBIH
CBET — KPAcHBbIi. ABCOMIOTHBII MOKa3aTelb NPEJIOMJICHUS CBETa ONpe/IesieTcs
OTHOLIEHUEM CKOPOCTH cBeTa C B BaKyyMe K CKOPOCTH cBeTa V B cpejie:
n=—.
v

Wccnenosanus nokasaau, YTo B BAKyyMe CKOPOCTb CBETa OIMHAKOBA JUIs CBeTa
¢ mo60it UTMHOI BoHBL. TakuM 00pa3oM, pasioXeHHe CBETa B CTEKJISHHOI
npu3me 06, ) ThIO CKOPOCTH PAacripoCTPAHEHHS CBETa B Cpe-
e OT JUTMHbI CBETOBOM BOJIHbI. B

KOpn)’CKyﬂﬂpHaﬂ TEOpHUsl, KAK YXKE€ YKa3bIBaJIOCh, He
B COCTOSIHMM OblIa OOBSCHHUTD sIBICHHE MHTephEPEHLIMU N ANdpaKLMK CBETa.
Toraa HbloToH cam 3aHsuics Mccie10BaHHeM HHTepdepeHunn. OH B3sUT IMH3Y,
TNOJIOKMJI €€ HAa CTEK/ISIHHYIO TUIACTMHKY M NPOHA6/II0al TeMHbIE M CBETJIble
KOJIblIa, KOTOPBIE BHIHBI MPH OCBELICHWH JIMH3bI M TUIACTHHKH MOHOXPOMATH-
4ECKMM CBETOM. DT0 ObUIM TaK HasbiBaeMble KOblia HploToHa.
B kouue XVIII Beke anraniickuit yueHsiit Tomac FOHr (1773—1829) npuien
K BbIBOJLY, 4TO KOJiblla HbI0TOHA MOXKHO OOBSICHUTB C TOYKH 3PEHHsI BOTHOBOI
TEOPHH CBETA, ONMMUPAsICh HA MPUHLMN WHTephepeHUMH. IMEHHO OH BriepBbie
¥ BBeJI Ha3BaHUe «MHTepdepeHLMs» (OT IATHHCKMUX CJIOB «inter» — «B3aUMHO»
u «ferio» — «ynapsiio»).
Mo muenmio FOHra, Kosbiia HbioTOHa B OTPaXXeHHOM CBETE BO3HUKAIOT B pe-
3yabTate MHTEpEPEHUNH IBYX Jlyueil CBETa, OTPAXEHHBIX OT BEpPXHEH U HU-
JKHEH MOBEPXHOCTEN BO3IYLIHOM MPOCIOHKH, 00pa30BaHHOM JIMH30i U CTeK-
JISHHOM MIACTUHKOM. OT TOJIMHBI 3TOM NPOCIONKM OY/IeT 3aBUCETh Pa3HOCTh
X0J1a MEXIy YKa3aHHBIMU JIydaMH. B 4aCTHOCTH, OHM MOTYT YCHJIMBATh WIH ra-
CHTBb IIpyr Apyra. B nepBom ciiyyae Mbl BUIMM CBETJIOE KOJIBLIO, BO BTOPOM —
TemHoe. Eciu cBeT, ocBelIalowmii ycTaHOBKY, Gesblit, TO OyayT HabmoaaTbest
LBETHBIE KOJIbIA. [T0 PacnonoXeHHIO KOJEL JUIsi pa3HbIX LIBETOB MOXHO MO/~
CYUTaTh JUIMHY BOJIHBI COOTBETCTBYIOLIMX LIBETHBIX Jiyueii. KOHT nponenan stot
pacyeT 1 OnpeaeTu JUIMHY BOJIHBI [UIsi Pa3HbIX YYaCTKOB CIEKTpa.
CyliecTBeHHOE RIMSHUE Ha PA3BUTHE BOJHOBOI T€OPHH OKa3a1 (DPaHLLy3CKHit HH-
skeHep Oriocren ®perens (1788—1827). OH nan obbsiCHEHHE MPSIMOIMHEIHOMY
PACMpOCTPAHEHHIO CBETA, NOKA3aB, YTO JIY4H, NOJISIPU30BAHHBIE NIEPNIEHIMKYISIPHO
JIpYT K IpyrY, He uHTepdepupyiores. B onbitax no amdpakimm cseta OH yCTaHOBMI,
4TO M(PAKLMOHHBIE TONOCH TIOSRISIOTCS BCIEACTBUE MHTEPAEPEHLIMU Jydeid.
TMpuHIMN MHTEpDEpeHLIMH 0380 PPEHETIO 3aKOHbI OTPAKEHMS! H MpeioMIe-
HUsl OOBSCHUTD B nor CBETOBBIX KC if BO Bcex Harpasie-
HUSIX, 32 MCKITIOYEHHEM TeX, KOTOPbIE YIORIETBOPSIOT 3aKOHY OTpaxeHusi. EMy yna-
JI0Ch IKCTIEPUMEHTATLHO JI0KA3aTh, YTO CBETOBBIE JIy4H MOTYT BO3IEHCTBOBATH YT
Ha JIpyra, 0c1ab/IsIThCs! M JIaKe TOYTH MOTHOCTBIO MOrallaThest B CIyHasix COMIACHBIX
KosIeBaHHit, YTO U MO3BOJIMJIO €My JIaTh OOBsICHEHHE sIBeHHIO Andpakin. OCHOB-
Hoe BHMMaHHe DpeHeJib YIe/IsUT ONbITaM Mo AMMPaKLMK CBeTa, UIsi KOTOPOii paspa-
GOTaI CIELMATBHYIO TEOPHIO. ITa TEOPHSi OCHO! b HA BOBAHHOM
npuHLmne fioifreHca, KOTOpbIi Mbl yXe paccMa BbILIIE KaK Tioii-
rerca — Mpenens. Mcnonbayst 3ot npusumn, OpeHesb HCCIEI0BAT PasHbIe CTyYan
MPAKIIMKH M PACCYUTAT PACTIONIOKEHHE NOJIOC JUIs] 3THX CITy4aeB.
B XVII Beke 6011110 BHUMAHHE YAEISUIOCH UCCIIE0BAHHIO SIBICHHS IBOWHOTO
nyyenpenomaenusi. Jlarckuit ¢pusuk bapronuu Habonan, 4To Koria Ha Kpuc-
TaJUl UC/TAaHICKOTO LINATa NajaeT Jiyd CBETa, TO OH MPH NpPeJOMICHHH pa3iBau-
Baetcsi. Ecim cMOTpeTh Ha TOueUHBIH MCTOYHHK CBETa Yepe3 3TOT KPHCTalLI, TO
MOXHO YBUIETb HE O/IMH, a 1BA TAKUX HCTOYHHMKA. ITO SIBJICHUE 3aBUCHT OT OpH-
€HTALMKM KPUCTALIA OTHOCHTENILHO Jiyya. B KpucTasie ecth HanpasieHue, no

uepesioBaHMe LUBETOB B Crie-
KTpe, OOBIYHO Mpe/iaraior 3a-
MOMHHUTB Crieayiouyio ¢pasy:
«Kaxawiii  Oxothuk XKenaer
3uatb e Ckpeiaetcst Pazam»,
e 3ariaBHble GyKBbI KaX1oro
CJI0Ba SIBSIOTCS MEPBbIMH OyK-
BAMU B HA3BAHUH COOTBETCTBY-
IOlIEro 1BeTa — KPacHBIN,
OpaHXeBblil, XeAThli, 3ene-
Hblit, rosy6oii, cuumii, dpuone-
ToBbIii. @

H.rm TOro 4TOObI 3aMOMHNTh

Koavua Heromona.
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KOTOpPOMY pa Jiy4a He T. 910 Has3biBa-
€TCs1 ONTHYECKOH 0ChI0 KPHCTAILIA.

)41 0 nydenpenomiennst B Hayane XIX Beka,
obp 3CKHMit Masioc JI, YTO €C/IM CMOTPETh Yepe3

KPHUCTAJUI MCJIAHJCKOrO LUMara Ha u306paxenue COJIHLA B CTEKJIE, TO NMPH
OAHHUX MOJIOKCHHUAX 3TOr0 KpUCTa/la BUAHO ABa COJIHLA, a NpH onpeae-
JIEHHOM TOJIOKEHHH CTEKJIa M KPUCTALIa OTHO U3 M300paXeHHit npomna-
JIaeT, IaXe C/IM CBETOBbIC JIyYH HaNpaB/ieHbl HE BIOMb ONTHYECKOH OCH.
Tak 6bLI0 OTKPBITO SIBICHUE NOJISAPU3ALNM CBeTa. B

Puc. 66. Jlyu céema, nadas na 4u-
cmolii Memann, Moxcem 6bi6u-
6amb u3 Heeo 21eKMpPoHbI.

MHTEHCHBHOCTh CBETOBOTO ITy4Ka, npoxozsiero yepes
HEKOTOpbIE NMPO3payHbI€ KPUCTALIbI, 3aBUCHT OT B3aUMHO OpPHEHTALUMH
JBYX Kpuctamios. [1pu o1MHAKOBOW OPUEHTALIMM KPUCTAILIOB CBET MPOXOAUT
yepe3 BTOpoi Kpuctaut 6e3 ocnabaeHusi. Ecam xe BTopoit KpUCTaLT MOBEPHYT
Ha 90° ot AJIBHOTO T1C , TO CBET YE€PE3 HErO HE MPOXOAUT. l'lpu
NPOXOXAEHUH Yepe3 KpHCTaLI T MOJNSAPU3aLMs CBeETa,
T.€. KPUCTALI MPOIMYCKACT TOJILKO TAKHE BOJIHbI, B KOTOPbIX KosiebaHusl BEKTO-
pa E HArpsX€HHOCTH JICKTPUYECKOTIO 10JIsi COBEPLUAIOTCH B OIHOM TUIOCKO-
CTH. DTa NUIOCKOCTh Ha3bIBACTCS MIOCKOCTBIO noaspusamun. Ecim nuoc-

KOCTb, B KOTOPOii NpOMYCKAIOTCS KOJNEOGAHHUSI BTOPBHIM KPHCTAJLIOM,
COBMAJACT C MUIOCKOCTBIO MOJISIPU3ALINM, MOJISIPU30BAHHBIN CBET NMPOXO-
ZIMT Yepe3 BTOpoii Kpuctaw 6e3 ocnabienns. [pn noBopote Kpuctasuia
Ha 90° MoNSIPU30BAHHBIN CBET HE MPOXOAMUT Yepe3 KPUCTAILI.

AHaNIM3UPYs SIBICHUS NOJISIPU3ALIAM M IBOWHOTO JTydenpeaomueHusi, FOHr
1 DpeHenb caenan BbIBOI O MONEPEYHOCTH CBETOBBIX BOJIH. C MOMOLIbIO
3TOM runotesb Ppy 7l YKa3aHHbIe u paspabotan
TEOPHIO MPOXOXICHHS MOMNEPEYHBIX BOJIH Yepe3 ABOSIKONpPENOMIsiolIee
Teno. HoBbie uHTepdep W audpakumm cBera, B ya-
CTHOCTH M300peTeHHe IM(PPaKLIMOHHOI pelieTKH, Bee Gonblie U Goblie

Puc. 67. Boavwee Koauwecmeo
ceema evibusaem Goabwe 1eK-
mpoHOE ¢ Moii Hce Kunemuyeckoi
IHepeueil.

MOATBEPXKAATH BONHOBYIO Teopuio cBeta. K 40-m rogam XIX Beka sta Te-
opHsl cTajla 061EeNPU3HAHHOM.

OnnuM M3 HauboJiee TPYAHBIX JUIsi BOJIHOBOI TEOPHH CBETa GbLI BOIPOC O TOM,
4TO Xe npH p CBETOBBIX BOJIH, B KaKO# Cpe/ie OHH
PacnpoCTPaHSIOTCS.

Ha Bonpoc o npupoze cBeTa M MEXaHNU3Me €ro pacripoCTPaHEHMUs 1aBajia OTBET
runotesa M. na. Ha TAILHO U3Me-
PEHHOTO 3HAYEHHS CKOPOCTH CBETA B BAKYYME CO 3HAYEHHEM CKOPOCTH Pacripo-
CTPaHEHMsI JIEKTPOMATHUTHBIX BOIH M J1 BBICKA3a np

Ke-

HHME, YTO CBET — 3TO 3NEKTPOMArHWTHbie BOJHBL. Ero rumoresa
MOATBEPXIACTCS MHOTMMM 9KCTIepUMEHTaTbHBIMU (akTamu. [Mpencrasie-
HHSIM 3JIEKTPOMArHMTHOMN TEOPUM CBETA MOJHOCTBIO COOTBETCTBYIOT IKC-
NEPUMEHTATBHO OTKPHIThIE 3aKOHBI OTPAXEHHS M MPEJIOMJICHHS! CBETa, 5B~
neHust uHTephepeHINH, IM(PAKINK U NONSPU3ALINS CBETa.

O/IHAaKO 3/IEKTPOMArHUTHAS TEOPHSI CBETA HE B COCTOSHMM OOBSICHUTD 3a-
KOHbI (hoToa(deKTa, ABICHUS B3AUMOIEHCTBUS CBETA C BEILIECTBOM, B KO-
TOPBIX MPOSABAIOTCS KOPIYCKYJISIPHBIE CBOJCTBA cBeTa. B

®Doroanektpuyeckum addekrom uian Horoad-

Puc. 68. Menvwe ceema — menb-
we 31eKmpoHos.

Q)CKTOM Ha3bIBAeTCs SIBICHUE MCITYCKaHHsl 3JIEKTPOHOB BEILECTBOM
Moz feficTBUeM cBeTa, oTKpbiToe B 1887 roay fenpuxom Iepuem. ®otoad-
ekt TCS psiaty
— 3HEprusi OCBOGOXICHHBIX 3JIEKTPOHOB, Ha3bIBAEMbIX (POTOZIEKTPOHAMH,
abCOMOTHO HE 3aBUCHT OT HHTEHCUBHOCTH CBETA;

i\ Teif:
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— NOBBIIICHHE MHTEHCHBHOCTH NPUBOIMUT K YBEJMYEHHMIO YHCIa HOTONIEKTPO-
HOB, HO HE MX CKOPOCTH;

— 4KCI0 (POTOIIEKTPOHOB T YHAJIBHO MH TH CBeTa;

— CKOPOCTb 3JICKTPOHOB 3aBUCHT TOJIKO OT YaCTOThI NAIAIOLIETO CBETA: C yBe-
JIMYEHHEM YaCTOTHI SHEPrUsi (POTONEKTPOHOB BO3PACTACT JIMHEIHHO.

Bce Tena, KpoMe TEIUIOBOTO M3IY4EHMs, B PE3yJIbTaTe PasIMYHBIX BHEIIHMX
BO3/IEHCTBHIi AI0T H3GBITOYHOE HITyYEHHE, KOTOPOE HE ONpE/EACTCs TeMIle-
patypoii Tenia. JIloMHHecUeHIMeH HAa3bIBAIOT BCEe BUIbI CBEYCHHI, BO30yxXaae-
MBIX 32 CYET JII0GOr0 BHELIHEr0 HCTOYHMKA SHEPriH. [UIMTEIbHOCTB IIOMHUHEC-
LEHLMH TOCJe TNPEKPalleHHs] BHELIHEro BO3JACHCTBHS 3HAYMTENHHO
TpeBbILLAET MIEPHO/ CBETOBBIX KOJIEGaHMIA, UTO MO3BOJISIET OTIHYATh €€ OT OTpa-
XKEHMs U PAacCesTHUs CBETA H Mp.

JTiom 00, HEBOJIBLIOro KOJIMYECTBa aTOMOB
WJIM MOJIEKYJT BEILIECTBA, KOTOPBIE MOJI ICHCTBUEM HCTOYHUKA SHEPTUM MEPEX0-
IAT B BO30YXIEHHOE cocTosiHMe. MayueHHe BO3HMKAET B pe3ybTaTe Iepexo-
JIOB aTOMOB MJIH MOJIEKYJI M3 3THX COCTOSIHMIA B HEBO3GYXICHHOE WM MEHee
BO30YXKICHHOE COCTOSIHUE, B PE3YJIBTaTe YEro BhICBOGOXKIAETCS ONpe/ieieHHas
aHeprusi. Kpatkc HasbIBaeTcsi (uioopecuenmueii. ¥

Bnarouapﬂ Pa3BUTHIO BOJIHOBOW OINTUKHM 4YEJIOBEK
OTKpBLIT SBJICHUEC I‘OJIOI‘paCbHVl. Ousnyeckass uaesi ronorpadpun
COCTOMT B TOM, 4TO IIPH HAJIOXEHUH JIBYX CBETOBBIX ITy4KOB, IIPH ONPEIECHHbIX
YCJIOBHSIX, MOXET BO3HMKaTh MHTep(hEpPEeHUMOHHas KapTHHA, TO €CTb B
TNPOCTPAHCTBE BO3HMKAIOT MAKCHMYMBI M MHHHMYMbI HHTEHCHBHOCTH CBETa.
Jlnst Toro 4ToGbl 3Ta MHTEphEPEHLIMOHHAs KapTHHA ObLIa yCTOHYMBOM KaKoe-To
BpeMsi M €e MOXHO ObUIO 3amMcaTh, 3TH JBa NyyKa JOJKHBI obnamath
OMNpe/e/IECHHBIMM CBOMCTBAMH — OHM JIOJDKHBI OBITH B3aMMHO KOT€PEHTHBIMH
(T.e. y HUX JIOJXHA ObITh OIHA M Ta Xe€ JUTMHA BOJIHbI) M, KPOME 3TOT0, 3a BpeMst
perucTpalnu N0JXHa ObiTh onHa (asa i, TO ecTb
CBETOBOTO MOJIsi IO/DKHBI ObITh CHHXPOHHBIMH. [TpakTHYECKH 3TO JOCTHraeTcs
TEM, YTO .1Ba Myyka O0Opa3syloTCs HENEHHEM My4yKa OJHOTO MCTOYHHMKA

Jlomunecyenyus eosnukaem &
pe3yabmame nepexoda amomos 6
MeHee 036yxcdennoe cocmosnue.

TepMuH «ronorpacpusi» (Ho-
lography) o6pasoBaH coue-
TAHHEM CJIOB «TOJIHbIM, BeCh» 1
«pHCOBATh, 3aMUCHIBATB», TaK
YTO HECKOJILKO CBOGOMHbII ne-
PeBOJ TEPMMHA MOXET 3ByyaTh

M3TydeHHUs], HATYHAIOLIEro CTPOro OJHY JUTMHY BOJHBI (Jia3ep co
napamMeTpaMmu ML’I)"ICHMF{). Tak Kak JUTMHA BOJIHBI CBETA JAOCTAaTOYHO Mana, To

P Mexay MHTepdep yMaMH U y
TOXE Maio — mopsaka | MKM, MO3TOMY /Ui PErMCTPaLMM MPUMEHSIOTCS
M bie (HOTOIMY

JlasepHblif Jy4 paciuerUIsieTcsi Ha 11Ba Iy4Ka, paciuMpsieTCsi ONTHKO#M, YTOObI
OCBETUTH BeChb OOBEKT LEIMKOM. ONHH MYy4OK, Ha3biBaeMbli «OOBEKTHBIM»,
HanpaBisieTcsi Ha OObeKT, ocBelllas ero Tak, 4ToObl OTpPaXEHHOE OT HEro
M3/y4eHHe Monazaio Ha GOTONIaCTHHKY. BTOpoii my4oK, KOTOPBIi Ha3bIBAIOT
«OTOPHBIM», HANpABJISETCA NMPAMO Ha (OTOMIACTUHKY. DTH /1Ba MyyKa GyayT
uHTepd Th Ha P TH (DOTOMIACTUHKHM, M NPH PACCMOTPEHHH
MOI MHKPOCKOINOM MOBEPXHOCTh TUIACTHHKM OYIET MOKPhITa MHOXECTBOM
MHTep(hEPEHLIMOHHBIX JIMHMIA, Koiel. DTO M eCcTh 3amuCh CTPYKTYpbI
BOJIHOBOTO TOJIsl, OTPAXEHHOTO OGBEKTOM.

TMonyyeHHas rojorpaMMa HOCHT Ha3BaHHE MPOMYCKAIOLIEH roJorpaMMbl.
Ecnu Tenepsb 3Ty rosorpaMmy oCBETHTb My4KOM JIa3ePHOTO CBETa (Ha MPOCBET,
oTCloNa M Ha3BaHWe — TpPONYyCKaloulas), TO MOXHO OyaeT yBMIETb
BOCCTaHOBJICHHOE M300paXeHHe, PacroloXeHHOEe TOYHO B TOM MecTe, riae
paHee, MpH CbeMKe, Haxoawicsi oObekT. [Ipoucxoaut ato B pesyisrate TOro,
YTO JIA3EPHBIA CBET, MPOXOAS Yepe3 (POTOMIACTHHKY C 3aNMCAHHON paHee
CTPYKTYpOIi CBETOBOTO MOJIsi, MPUOGPETAET BCE CBOWCTBA CBETOBOTO MOTOKA,
KOTOpBIif paHee, MPH 3aMUCH, OTPaXaics 0ObeKTOM.

KaK TIO/HAs 3aMHCh
obpaza obbekta». B Haubonee
obuiem Buae maes ronorpadun
MOXeT GbiTh chopMmynHpoBaHa
TaK — €CJI KaKMM-TO Crioco6oM
TOYHO 3a)UKCHPOBATH CTPYKTY-
PY CBETOBOTO 1OJIs1, HCXOMISALIETO
oT 00beKTa, 3anmMcaTh ee Ha Ka-
KO#-1M60 HOcHUTENb, a 3aTeM
BOCCTAaHOBHTB 3TO TIOJIE C I0CTa-
TOYHOH TOYHOCTBIO, TO Habuio-
natellb HE CMOXET DayIuuMTh,
Hab/oaeT M OH caM O0beKT
WK Xe ero uMuTaumio. B Gonee
Y3KOM CMBIC/IE TEPMHH «I0JIO-
rpamsi> 06O3HAYAET TeXHOMO-
M0 (TOYHee, MakKeT TeXHONOo-
Ui, OOBEAMHEHHBIX ObLIeH
uzeeit) TAKOM «MONHOM» 3anucH
BOJTHOBOTO MnoJsi. W
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BAHTOBAsA MEXaHWKAa — 3TO

ayKa O CTPOCHHH M CBOM-

CTBAX aTOMHBIX OGBEKTOB M SIB-
NeHuit, @

Maxc Maank (1858—1947).

KBAHTOBAA
OU3NKA

Kax yxce b 8 npedbidyuem pasoene, g b — sene-
HUe UCNYCKAHUA 21eKMPOHO8 menamu nod deiicmeuem ceema — Obin
omipeim 6 1887 200y I. Tepuyem. B 1888 200y Ianveakc nokasan, ymo
npu o6nyweHuu yabmpaguonemoebiM ceemom 31eKmpuecKu Heiim-
panonoﬁ Memannu4ecKkoli naacmuxKu nocaensna npuobpemaem nono-

ii 3apsd. Oc 3aK PHOCIU (D IpU4ECcK020
3¢¢exma Gblau yc 0 A PYCCKUM ¢usukom Anek-
C (1839—1896) 6 18881889 20-

aax Hcmmwyx 8aKYYMHbIII CMeKAAHHbLIL OaN0H ¢ 08YMA 31€Kmpo-
damu, oH uccredosan 3aeucumocmy Cuasl mMoka 6 6annone om

HANPANCeHUs Mexcoy ek u ycnoeuii oc anekmpoda.
chope (6 1899 200y) Jxc. ,Zl.xc Tomncon u D. Jlenapo dokazanu, 4mo
npu g dhekme ceem U3 6euyecmea NeKmpoHbl. Ha oc-

HOBaHUU Imux (u pada opyaux) omkpsimuii Gbiau cpopmyauposansl 3a-

KOHbl homoaghpexma.

[MepBbiit 3akoH PoTO3hDEKTA. Kommectso snektporos, sbi-
PbIBaeMBIX CBETOM C MOBEPXHOCTH MeTalia 3a | ¢, MpsIMO NMPONOPLHOHATLHO
MHTEHCHBHOCTH CBeTa. M

Bropoii 3akoH poToaddeKTa. Makcumanshas kunetnueckas
SHEPrUs BbIPHIBAEMBIX CBETOM 3/ICKTPOHOB JIMHEIHO BO3DACTAET C 4acTOTO#M
CBETa M He 3aBHCHT OT €r0 HHTEHCUBHOCTH. B

Tpetuit 3aKoH cboroacbtbexra. JUist KaXI0TO BEIIECTBA CYIIeCT-
BYeT rpaHuua ¢ dbdexra, Te. YyacToTa cBera V, (Wwin
MaKCHMaJlbHasl JUIMHA BOJIHbI 7»(,) TIPH KOTOPOii elile BO3MOXeH (oToaddekT,
u ecmn V <V, 1o poroaddexT yxe He np
TlepBbIit 3aKOH MOXET GBITb OOBSICHEH C MO3HLIMK 3neKrpomaerHon TEOPUH

cBeTa: 4eM O« HH Tb i1 BOJIHBI, TeM GOJIbILIEMY KOJTHYe-
CTBY 3JICKTPOHOB 6yne1' nepeaaHa A0CTaTOYHast Ul BbUIETA U3 METaJlla SHEep-
rus. Ho octa J1Ba 3aKOHa ¢ ddexra npoTuBopeyat 3T0¥ TEOpUH. B

CorsiacHO 3JIEKTPOMAarHUTHOW TEOPHUH, noa neiicTeuem
CBETa, MAJaIOLIEro Ha MOBEPXHOCTb TBEP/IOTO TeJla, IO/KHBI IPUXOMUTD B BbI-
HYX BCE /IEKTPOHBI B CJIOE BEILECTBA Ta-
KO TOJIUMHBI, Ha KOTOPYIO IPOHHKAET B HETO 3/IEKTPOMAarHUTHasi (CBETOBAas)
BOJIHA.

s NICHUsI C M TeJla 3NIEKTPOH J0JKEH 06/1aaTh KHHETH-
4ecKOii Hepruei, npesbillaonleii paboTy BeIxona A.

HWHTepBan BpeMeHH, B Te4EHHE KOTOPOTO 3JIEKTPOH MOXET HaKOITHTb SHEPTHIO,
HEOoOX0AMMYIO LISl CBOEro JNIEHHSI, MOXHO OMp Th, Pa3Jie/IuB pa-
60Ty BBIXO/Ia HA 3HAYECHHE SHEPTHH, MPHOOPETAEMOI 3IEKTPOHOM B EIMHHULY
BPEMEHH OT 3/IEKTPOMATHHTHOTO MOJIS.

B COOTBETCTBUM C 3/IEKTPOMArHMTHOI TeopHell cBeTa, BpeMsl 3ama3ibIBaHHs
JIOJKHO GBITh IOCTaTOYHO GOJBIIMM M COCTaBJIATD, 10 KpaifHeil Mepe, HECKOb-
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KO JIeCATKOB MUHYT. B neiictButenbHOCTH Xe (oToad-
(heKT BO3HMKaI Cpa3sy Xe Mocjie Hayaua OCBEIICHHMS —
HMKAKOTO 3aMa3biBaHUs, XOTs Obl HA MWUIMOHHbIE 10-
JIM CEKYHIIBI, B PUMEHTaxX He 10Ch.
JUnst TOro 4TOGBI Pa3pelInTh 3T0 MPOTHBOPEYHE, MOHA-
JOOWINCH YCHIUSE ABYX Beanyaiimx ¢pusnkos XX cro-
netuss — Makca Inanka (1858—1947) u Anbbepra
DiiHwreitHa (1879—1955).
Mo GonblOMy cyeTy, OTKpbITHE, caenaHHoe Makcom
I1aHKOM M coBepILIMBIICE TEPEBOPOT B (pU3MKe, HE
6bUT0 cBsi3aHO ¢ siBneHUeM doroaddekra. OHO GbUIO
0 Ha pa ZIpyroro He 1o-
JIyYMBIIETO OOBSCHEHHSI B PAMKAX KJIAaCCHYECKO# (hu-
3MKH, — U3JTy4eHHs! aGCOIOTHO YEPHOTO TeJia. W

AOCOJIIOTHO YEPHOEC TEJIO — 370 Tes0, NOMIONIAIONIEE NEKTPO-
MarHMTHOE M3JTydYeHHe I060# UIMHBI BOJIHBI. CHEKTp U3yYeHHs TaKoro Tejia
onpenensiercsi ero Temnepatypoit. Haubosee TouHo aGCoMOTHO YepHOMY Tesly
COOTBETCTBYET 3AMKHYTOE HEMpo3payHoe rnojioe Teo ¢ orBepcTHeM. JIoboit
KYCOK BELIECTBA MPH HArPEBAHWUM CBETHTCS M NpPH JATbHEHIIEM MOBbILIEHUH
TEMIepPaTypbl CTAHOBUTCS CHa4aJla KpacHbIM, a 3aTeM — GesibiM. LiBer oT Bewue-
CTBA MOYTH HE 3aBUCHT, /UIsi aGCOMIOTHO YEPHOTO TeJia OH ONpeeNseTcs uc-
KJIIOYMTE/ILHO €r0 TEMIIEPaTypoi.

Tpumepom abCOMOTHO YEPHOTO Tesa SIBSETCS OObIYHAS WM MapTeHOBCKas
neyb. B neun mo6oe TeI0 He TOJIBKO HarpeBaeTCs M M3YYaeT caMo, HO TaKxke
MOMIOIAET U OTPAXaeT W3NyYeHHe APYTHX TeJ, Haxomsumxcs Tam xe. Ecam
B 9Ty NeYb MOMECTUTD /1Ba PABHbIX 110 1HE 11apa, HO X U3 pa3-
HOTO MaTepHasia, TO MOXHO YBUIETb /1Ba COBEPLICHHO OJIMHAKOBBIX 1Iapa. 910
MPOMCXOUT TIOTOMY, YTO €CJIM Iap, CAeJaHHbIi U3 OIHOTO MaTepuana, CHilb-
Hee U3Ty4aeT «CBOM» JI4H, TO OH, COOTBETCTBEHHO, U GOJIbILIE MOMIOLIAET «4y-
JKHe», B TO BpeMsl KaK JIpyroii Liap, Uajiyyasi MEHblLe «CBOMX» Jy4eii, OIHOBpe-
MeHHO Gosibiie oTpaxaer «uyxux». TakuM oGpa3om, oOLIMIT MTOTOK Jiyyeil oT
060X 11aPOB OIMHAKOB, M MX HEJIb3s OTIMYMTB HU JIPYT OT JIPYra, HH OT CTe-
HOK TeuH.

D10 sIBNEHHE HOCUT Ha3BaHKe 3akoHa Kupxroga. m

3aKoH Kupxrocba. UanyyarenbHasi CriocoGHOCTb HArPeTBIX TeJ Tpo-
NOPLMOHATBHA HX TOIJIOATENbHOI CIOCOGHOCTH MpPH TOii Xe TeMIepaType.
Pasmbiuuisisi Han ¢opMysioit Uisi crieKTpa abCoioTHO YepHOro Teaa, Makc
T1aHK MpUIeN K BHIBOY, 4TO SHeprus uanyyennusi Eyy; nponopunonansha

Anvbepm
1955).

Ditnwmenn  (1879—

Puc. 69. Cxema abconiomno uep-

HO20 meaa.

€ro yacrore V:
E=hy,

e h — kosdduument nponopunonanbHOCTH, HasbiBaeMBIi MOCTO-
snnoii [lnanka (nocrosiHHas [nanka paBHa 6,626-107* [Ix-c).
IMnank TIpULLIE K BBIBOAY O TOM, YTO 3anac S3HEpruu KoJiebaTesIbHOIM
CHUCTEMBI, HAXOASILIEHCs B PaBHOBECHH C JICKTPOMArHUTHBIM M3JTy-
YEHHUEM, HE MOXET NMPUHUMATH mo6ble 3HAYEHHS. SHCDI'MH 3JIEMEH-
TApPHBIX CUCTEM, TMOIJIOLIAIONIUX U HU3TYYAIOLMX JICKTPOMAarHUTHbIC
BOJIHBI, 00513aTeJIbHO IO/KHA OBITH paBHa LI€JIOMY KPaTHOMY HEKOTO-
POro onpeAeJICHHOro KOJIMYeCTBa 3HEPrUH.

MMHHUMaJIBHOE KOJIMYECTBO SHEPIruH, KOTOPOE CHUCTEMA MOXET IO~
TJIOTUTHb WIH H3JIYYHTh, Ha3bIBACTCA nC T

7

Lo

sl IPUBEICHHOI Bbille GOPMYIIOA.

T
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aen

o JaBJICHHUs B KOCMOHaB-
THKe OBUIM BbICKa3aHbl elue
®.A. Uaunepom. IMo ero mue-
HHIO, JIBHXCHHE JIeTaTeIbHBIX
annapatoB B KOCMHYECKOM
MPOCTPAHCTBE BO3MOXHO He
TOJNBLKO MO pakeTOAMHAMMYEC-
KOMy M GamcTuyeckomy (noa

Py

Cneny LIaroM B 00b: 3aKOH( (] dbdekra, He ykia-
JIbIBAIOIIMXCS B PAMKH KJIACCHYECKO# TeopuH, ObUI0 paciumpenne AibbepTom
DiiHwTeHOM runotesbl [1aHka 06 ManyyeHUH CBeTa B BUJIE OTAEIbHBIX MOP-
LMii — KBAHTOB C SHEPIUEii, MPOTNIOPLMOHAIBLHOM YacToTe CBeTa. DUHIITEHH
B 1905 roay BbicKa3as MpeanoIoXeHue o ToM, 4To GoToaddekT cBuaeTeNbeT-
BYeT O IMCKPETHOM CTPOGHHH CBETA, T.€. O TOM, YTO M3/Tyyaemasi JeKTpoMar-
HUTHAsi SHEPTUsi PACTIPOCTPAHAETCS M MOIJIOUIAeTCs NMOA0OHO yacThue (Ha-

3ateM ( ). Un )CTh 0 CBeTa NpPH 3TOM

NeiCTBHEM CHI 0T~
TOTEHHSI) NPUHUMNAM TOJeTa.
BriosiHe peasbHO MCMONB30Ba-
HHE <«CONHEYHOTO napyca» —
ycTpoiicTBa, obecneynBaloLero

OnpeaessieTCss YUCIOM CBETOBBIX KBAHTOB, MaJalolIMX Ha OAWH KBa.ﬂpaTHHﬁ
CaHTHMETP OCBELIAEMOii TUIOCKOCTH B ceKyHay. OTciona 4uciio JoToHOoB, KoTo-
pbie uCIT UB p JIOJKHO ObITh

annapara CBETOBBIM JIaBICHHEM
COJTHEYHBIX JIyueii (CoHeYHOro
BETpa).

CostHeyHbIi Napyc NpeiCcTaBs-
er coboil yCTaHABIMBAEMYIO Ha
annapar M pasBepTHIBAEMYIO B
Tno/ieTe HeNpO3PauHylo MICHKY
(Hanpumep, MeTaLTM3HPOBaH-
HYIO TOJMMEPHYI0) GosibLIOH
iomant, crnocobHyio coo6-
IIMTh 3HAYMTEIBHYIO CKOPOCTh
3a JIOCTAaTOYHO Gosblloe Bpems
Gnaronapsi neHCTBHIO Ha Hee
coHe4yHoro uanyyexus. Orpa-
HHYEHMEM B PUMEHEHHH COJ-
HEYHOro mapyca SIBISETCS TO,
YTO KOCMHYECKHMii ammapar ¢
NOAOGHBIM IBHXHTEIEM MOXET
JIBUTAThCS TOJLKO B OJHOM Ha-
npasneHuu (ot ConHua), a cuna
COJIHEYHOTO JIAB/ICHHS Mana

yObIBaET  MPONOPUHOHANBHO
KBazpaty pacctosiiusi ot Cont-
ua.

Iapyca kocmuveckux axm, 6
omauyue om o6biunbix, Gydem
«HAdyeamb» CoaHeuHbiii emep.

npc MH ™ []

Ha ocHoBe npeacraBieHuit 0 POTOHE KaK 4acTHULE, ko-
TOpasi MOXET M3Ty4aThesi WM TOIIOWATLCS JIMIIb KaK Lesoe, iBneHue (oto-
addexra nosayyaet npocToe OOBACHEHHE: MOMIONIAsk OAUH (OTOH, EKTPOH
BHYTPH (hOTOKATONIA YBEJIMUMBAET CBOIO IHEPTHIO HA 3HAYEHUE SHEPrUH (HoTO-
ua hv. Ipu ycrosuu hv>A snekrpon moxer nokunyts dotokaron. Ecm Ha
TMYTH K MOBEPXHOCTH (DOTOKATO/IA TOT /IEKTPOH HE PACTPATHUT YACTh MOJTYYeH-
HO¥ OT ()OTOHA FHEPrUH BO JIPYTHX aTOMOB,
TO OH BbIiIET U3 (hOTOKATONA C KHHETHYECKOI IHEprHeii:

E =hv-A,

TBHSIX C IEKTP

DTO COOTHOUIEHHE HA3bIBAETCS s
Takum o6pasom, poroHHast TeopHsi cBeTa 0OBICHWIA HabTIOAEMYIO IKCTIepU-
MEHTAIBHO yio b 0 KMHETHYECKOW 3HEeprum
(HOTO2/IEKTPOHOB OT YaCTOTHI CBETa, BbI3biBaloLIEro hoToaddeKT.

KpacHas rpanuua doroaddexra B GOTOHHOI TEOPUH ONpenesseTcs: U3 ypas-
HeHHst DHHIUTEHHA YCIIOBUEM PaBEeHCTBA 9Hepruu (otoHa paboTe BbIXoza 31~
KTpoHa A:

OTKyna A
h

OrcyTcTBHE 3ana3biBaHUs BOSHUKHOBEHMs (DOTOTOKA Mocie Hayasla ocBelie-
HUsI OOBSICHSAETCS TeM, 4To (DOTOH, JOCTHIIIMi (hoTOKAaTONA, NMPAKTHYECKH
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MIHOBEHHO MOXET OCBOOOIMTH M3 HEro OfMH 3/1eKTpoH. [ponopuuoHais-
HOCTb CHJIbI (POTOTOKA MOLIHOCTH M3TY4EHHs TAKXKE CTAHOBHTCS OYEBUIHOM —
uem Gonblie (POTOHOB ManaeT Ha MOBEPXHOCTH TeNia, TeM Golblie 3/1eKTPOHOB
OHM 0CBOOOXKIAIOT. B

B 1923 rony Aprypom KoMnToHOM ObLJ10 0OHAapyXeHO,
4YTO TMPH MPOXOXKIACHUHU MyyKa PEHTTEHOBCKHX ﬂy‘leﬁ yepes CJIO]};{ BelIeCTBa
BO3HUKACT PACCEAHHOE PEHTI€HOBCKOE H3JIYyYEHHE C yacToroit V ’ MEeHblLLEH

THH CBETOBOTO M3TyYEHMHSI
B 9HEPIHIO 2JIEKTPHYECKOTO TO-
Ka MPUMEHSIOTCS! MONYNpPOBO-
HHUKOBBIE (POTOIEMEHTHI.
TonynpoBOAHUKOBBIH 37IEMEHT
HMEeT Clieyiollee YCTPOHCTBO.
B 1U10cKOM KpHCTaLIE MOIyTpo-
BOJIHHKA C JILIPOYHOI TPOBOIH-
MOCTBIO CO3/1aeTCsl TOHKMiA CIIOM
noy C 3JIEKTPOH-

l[}m npeobpa3oBaHus IHep-

YacToThl V NMEPBUYHOrO My4kKa, T.€. POUCXOAUIIO YIIpYroe p HE BJIEKT-
POMAarHMTHOIO M3JTYYEHHUS] MAJIbIX JUIHH BOJIH (PEHTreHOBCKOTO M raMma-u3-

HO¥ POBOAMMOCTHIO. Ha rpanu-
1€ pa3jie/ia ITHX CJI0EB BO3HMKA-

Jly4eHHsi) Ha CBOGOJHbIX JIEKTPOHAX, KOTOPOE COMPOBOXIANOCH YBE.
eM JUIMHbI BoJiHbl. COIIACHO KJIACCHYECKOi TEOPHH, MPH TAKOM PaccesiHuu
JUIMHA BOJIHBI HE J0/KHAa MeHATbes. Dddekr KoMmnToHa noarsepawn npa-
BWJILHOCTb KBAHTOBBIX TPEACTAaBJICHHI 06 3JIEKTPOMArHUTHOM H3JyYeHUH
KaK O MOTOKe (JOTOHOB — OH MOXET PaCCMAaTPHBATBCS KAK YNPYTroe CTONKHO-
BeHHMe (POTOHA M 3IEKTPOHA, NPU KOTOPOM (DOTOH MepenacT 3/IeKTPOHY 4acTh
CBOEl 3HEPrUH, @ MOTOMY €ro YacTOTa yMEHbLIAETCs],  JUIMHA BOJIHbI YBEJIH-
4YMBACTCS.

KpoMme 4acToThbl M JUIMHBI BOJIHBI, CBET, KaK MOTOK YaCTHLL, MMEET U TaKYIO Xa-
PAKTEPUCTHKY, KAK BeC — KaXIyl0 MUHYTY Ha KBaIPaTHbIi CAHTUMETP MOBEPX-
Hoct 3emau mazaet 2:10°" r cBera, yTO 3a roa cocrasnsiet 6osnee 80 ThiCSY
TOHH COJIHEYHbIX JIy4eil.

B 1873 roay 3nakombiii Ham [Ixemc Kiepk Makcses (1831—1879) teoperuye-
CKM TPeCKa3all, YTO CBET, Majasi Ha MOBEPXHOCTH TeJl, JOJKEH OKa3bIBaTh HA

HHUX TaIbHO 3TO ObUI0 OOHAPYXEHO HALLIMM
cooteyecTBeHHMKOM [letpom Hukonaesuuem JleGenebim (1866—1912)
B 1899 roay.

Ecsi yacTuua ceta obiaznaeT Maccoit m, TO NMpH CTOJIKHOBEHHUH €€ C MOBEpPX-
HOCTBIO TBEPIOTO TEJIa MOXET MPOU30HTH 1160 NMOIJIOLIEHHE YaCTHLIbI, THOO ee
OTpaXeHHe. B NEPBOM CiIy4ae U3MEHEHHE UMITYJIbCA Ap YacCTHLbI paBHO:

Ap=mv,
e V — CKOpOCTh YacTuLibl. Bo BTOpoM 0HO B /1Ba pa3a Gosnbiue:

Ap =2mv.
To3TOMy NpH OIMHAKOBOIA TIOTHOCTH TMOTOKA CBETOBOTO H3TyYEHHSI IaBlCHHE
CBETA Ha 3ePKAJIbHYIO MOBEPXHOCTb IO/DKHO ObITh B /1Ba pa3a GoJibliie AaBieHHUs!
Ha YEPHYIO NMOBEPXHOCTb, MOIJIOLAIoNIYIo cBeT. B onbitax
I.H. JlebeneBa onMHaKoBbIe CBETOBbIE MOTOKM HarNpasJisi-
JIMCh HA JIBA JIETKMX META/UTMYECKUX JIMCKA, MOIBEIIEHHBIX
Ha TOHKO# HUTH. OIMH ANCK GbUT 3¢PKAIbHBIM H OTpaXa
NaJaloUMi Ha HETO CBET, BTOPO#i ObUI YEPHBIM H MOTJIONIA
nazaiomuii ceer. [IpH OIHOBPEMEHHOM OCBELICHWH JIBYX
JIMCKOB TIPOMCXOMMJI MX TOBOPOT BOKPYT BEPTUKAIBHON
ocu. Mo yriy 3aKkpyunBaHus ynpyroit HUTH NOABECA MOXKHO
6bLIO M3MEPHTH MOMEHT CHJI, BBI3BIBAIOLIMX 3TOT MOBOPOT.
3aKpyuyMBaHHME HMTH TOBECA MPOMCXOAWIO B TAKOM Ha-
MpaBJIeHUH, KOTOPOE COOTBETCTBYET GOJIbILCH CHile naBie-
HUsI CBETA Ha 3ePKAIbHO OTPAXAIOILIMI IUCK. B

ITo CyTH JieJla, MPOMU3OILILIO BO3POXAC-
HUE KOPITYCKYJIAPHOU KOHLEMUWU CBETA.
Ho, KaK Mbl TOMHHM, CBET HMEET CNOCOOHOCTD K AHpak-

eTp: pexoz. [pn
T0/1yNPOBOAHMKOBOTO KpHCTALIA
B pe3y/ibTaTe MOIJIOLIEHUS CBeTa
TNIPOMCXOIMT U3MEHEHHE pacripe-
JIeNIEHHS! NIEKTPOHOB H JILIPOK MO
SHEPrUsAM. ITOT MNpOLIeCC Hasbl-
Baercsi BHyTpenHuM (oroadex-
ToM. B pesynsrare BHyTpeHHero
Gdotoadpexta  yBenMuMBaeTCs
KOJIMYECTBO CBOGOIHBIX 3/IEKTPO-
HOB M ILIPOK B TO/IyNPOBOIHHKE,
NIPOMCXOIIMT MX pa3ie/icHue Ha
TpaHuLe p-n-niepexosia.

Tpu coeMHEHHH NPOTHBONO-
JIOKHBIX CJI0CB MONYNPOBOAHM-
KOBOTO (DOTOIIEMEHTA MPOBO/L-
HUKOM B LIETTH BO3HMKACT J/IeK-
TPUYECKHil TOK, MpHUYEM CHia
TOKa B LIETH NPONOPUHOHATbHA
MOIHOCTH CBETOBOTO MOTOKA
MATy4eHUs, nanaiouero Ha ¢o-
TOIIEMEHT.
MonynpoBonHukoBble (hotoasie-
MEHTBI BCE LUIMPE NMPUMEHSIOTCS
B GbiTy. OHM HCTIONIB3YIOTCS B Ka-
4eCTBE HCTOYHHMKOB TOKA B Hacax,
MMKPOKATBKYJISITOpax 1 T.1. W

IMoaynpoeodnuxoesie snemenmot
UCNOABIYIOMCA 8 MUKPOKAAbKY-
2aAmopax.




Puc. 70. Hamocmpayus k onbvi-
mam I1.H. Jle6edesa.

Puc. 71. Cxema onvima Maiikens-
cona — Mopau (onucanue 6 mex-
cme).

UMK, HHTEPd , TIPEJIOMJICHHIO, OTPAXEHHIO, IUCNEPCHH, MONSpU3a-
LMK, M BCE ITH SABJICHMS! NOJHOCTHIO OOBACHAIOTCS HA OCHOBE MPEICTABICHMUI
0 HeM KaK 00 3JIeKTPOMarHUTHOM BOJIHE.

TposiB/IeHHE CBETOM KaK BOJHOBBIX, TAK M KOPITYCKYJ/ISIPHBIX CBOWCTB Ha3biBa-
€TCSl KOPNYCKY./IIPHO-BOIHOBBIM JIyJIH3MOM CBOHCTB cBeTa. CMBIC/ KOPITYCKY-
JISPHO-BOJIHOBOTO Jlyali3Ma CBOMCTBA CBETa 3aK/IIOYAaeTCsi B TOM, YTO CBET
MMEET CJIOXHYIO TIPUPOILY, KOTOpasi B 3aBUCMMOCTH OT YCJIOBMIi OIIbITa JIMILIb
NPUOIMKEHHO MOXKET ObITh ONMMCAHA C IPUMEHEHHUEM NPUBBIYHBIX MPENCTaB-
JICHM# O BOJIHAX WJIM YaCTHLIAX.

HeBo3MOXHO MOHMMaHHE KBAHTOBBIX CBOWCTB CBeTa Ge3 pacCMOTpeHHs, 1o~
Kautyit, Besinyaiiiero oTKpbiTusi XX BeKa — TEOPHH OTHOCHTEILHOCTH AJibbep-
Ta DitHwreitHa. Ee nosiBieHne 6bU10 00YCTIOBICHO KPU3HCOM, HACTYMHBLINM
B ¢usmke B KoHue XIX cronerusi.

Jlesnio B TOM, 4TO B TO BpeMsi NIOTEPIIe/Ia NPOBAJ MOMBITKA CBS3aTh TEOPHIO AU~
pa, 3aMoHSAIONIEro BCe MPOCTPAHCTBO M MPOHMKAIOILIETO BO BCE TeNa, B KOTO-
POM PacnpoOCTPAHSIMCh CBETOBbIE BOJIHBI (KOHUenLus PpeHelisi), U 1eKTpo-
MarHuTHylo Teopuio MakcBenna, KoTopas caenajna mnoHsTHe 3dupa
HEHYXHbIM. ®

B knaccuueckoit MCXAHUKE, ucxoausiueit U3 NPU3HAHUS cylie-
CTBOBaHMS aGCOJTIOTHOTO BPEMEHH, EIMHOTO JUIsi BCEX CHCTEM OTCYETA M JTI0OBIX
HabiozaTeei, CylIecTBOBAIO MONOXEHHE O TOM, YTO B JIIOObIX MHEPLUHATbHBIX

cHcTeMax oTcyeTa Bce KHe np OIMHAKOBO NpH
O/IMHAKOBBIX HAYATbHBIX YCJIOBUSAX (MPUHLMI OTHOCHTEIbHOCTH [anunes). Ho
y INEKTPO]L n M na ObUIM cripaBell TOJBKO
B OIHO# KC T U B JIpYroi, ABMXYyLUEHCS
np " OTHOCHTEJILHO MepBOii.

Hanpumep, €CJIM Mbl PACCMOTPHM JIBUXECHHE KOCMHYECKOIO xopaﬁnn B KOCMM-
4ECKOM IPOCTPAHCTBE CO CKOPOCTbIO V OTHOCHTEILHO 3eMJIH, TO C KAaKO# CKO-
POCTbIO OTHOCHTEJIbHO KOCMOHABTOB OyJIET pacnpOCTPaHATBLCSI CBET OT UCTOY-
HHMKa, Haxoaswerocs Ha 3emse? CornacHo KJIAaCCHYECKOMY 3aKOHY CJIOXEHUs
CKOpOCTEii, CKOPOCTb CBETa B CHCTEME OTCYETa «KOCMUYECKHIi Kopabuib» Oyner
paBHa:

v=c-u,
rae C — CKOPOCTb CBETa OTHOCHTEILHO CHCTEMbI OTCYeTa 3emiisi, U — CKO-
POCTb ABHXECHHUSI KOCMHYECKOro Kopafmn OTHOCHTEJIbHO 3eMJIH.
Takum 06pa3om, CKOPOCTb PacClpoCTPAHEHHs CBETa B BAKyyMe 3aBUCHUT OT
Bbl60pa CHCTEMBI OTCYETA U O3HAYACT, YTO PacrpoCTPaHEHHUE CBETAa B BaKy-
yme np HT ) B pasHbIX P JIbHBIX CHCTEMAX OTCYE-
Ta, T.€. MPUHUMIT OTHOCHUTEJIBHOCTH HEMPUMEHHUM JUIS 3JIEKTPOAHHAMHUYEC-
KMX sIBJICHWii. B

=—F——B8 A B 1881 romy amepukaHckue GHU3MKH

A. MaiikenscoH 1 9. Mopiv npoBesu clieIyio-
() LLIMIA OTIBIT. Jlyy cBeta OT HCTOMHUKA PacnpoCTpaHsICcs
10 HaMpaBJIeHUIO IBUXKEHUsI 3eMIM W MPOXOINI Yepes Mo-

nynpospaunyio mnactuiy C, pacnonoxeHHyio nox yriom
45°x pacnpocTt nyya. [nactuna pas-
JZieNsIa O/IMH JIyY Ha J1Ba.

TepBblii Iyd pacnpoCTpaHsICS N0 HANMPaBJICHHIO JIBHXE-
HUst 3eMJIH, OTpaXacsi 3epKaioM A, BO3BpalLaics K ruiac-
Tune C v ot Hee — K HaGmonatemo. Bropoit yu pacnpocTt-
PaHsJICS B HampaBeHWM, MEPHEHAUKYJIAPHOM BEKTOpY
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CKOPOCTH 3eMJIH, OTpaXaJicsi OT 3epKaia B  oT Hero HanpasJsuics K HaGo-
JaTeno.

Ecm 61 CKOPOCTB CBETa 3aBHCEJIa OT CKOPOCTH IBUXKCHHS CHCTEMbI OTCYETa,
TO M3-3a IBUXKEHHs pHGOpa BMecTe ¢ 3eMJIei TP OANHAKOBOH JUIHHE OTpe3-
ko CA u CB Bpemsi pacrnipoctpaHenusi cBeta ot ruiactutbl C 10 3epkan A U
B 1 06patHO 6bU10 661 pasnuyHbiM. [Ipeanonaraemoe pazniuuune 6bu10 6b1 06yC-
JIOBJIEHO T€M, YTO B NIEPBOM CJIy4ae BEKTOPbI CKOPOCTH CBETa U CKOPOCTH 3eM-
JIM HamnpapJieHbl BIOJIb OJHO# NPAMOIA, a BO BTOPOM — YTOJl MEXIy BEKTOPaMH
CKOpOCTH paBeH 90°.

Paanuune B CKOPOCTSIX PAaCTPOCTPAHEHMS CBETA NMPU OIMHAKOBBIX 3HAYEHUSAX
MPOIICHHBIX MyTeii I0JKHO MPHBOAMTD K TOMY, YTO BJTy4ax | ¥ 2, NpUXOAsIIHNX
B TOYKY HabioaeHus, KoneGaHus He GyayT connaaan no ¢ase. PasHocTtb xona
JIy4yeit MOXHO orp Tb 11O uHTEepdep CBETOBBIX BOJIH,
cooTBeTCTBYIOWNMX Jydam | u 2. TIpubop, B KOTOpOM HaboAaeTCs Takasi HH-
TepdepeHLIMOHHAs! KAPTHHA, HA3bIBACTCS HH P Maii

B cBAI3M C TEM YTO HEBO3MOXHO U3TOTOBUTD TAKO#H uunpd)epomcrp, B KOTOPOM
paccrosiius ot ruactuibl C 10 3epkan A v B coBepuieHHO o11HaKoBbI, Maii-
KeJIbCOH M MOp/IH MOCTYMMIN ClIeNYIOUMM 06pasoM.

Huyero He n3MeHsisi BO B3aHMHOM PacrioiOXeHHH AeTasieil, uHTepdepomeTp Gbut
MoBepHYT Ha 90° BOKPYT BEPTHKAIbHOI OCH TAaKUM 06pa30M, YToObI Terephb rie-
40 CB 6bL10 pacrosioXeHo 1o BeKTopy ckopocTu 3emin, a riedo CA — nepneH-
ZIMKYJISIPHO 9TOMy BeKTopy. PasHocTb Xoza syyeii u3-3a TH TUIeY

bbept DitHurreitn (1879—

1955) — Bbiaaowmiics dhu-
3MK, CO3/1aTe/lb TEOPUH OTHOCH-
TEILHOCTH, OIMH U3 co3natenei
KBAHTOBOIi TEOPHH M CTATHCTH-
4ecKoit pusmuku.
Ponuncs B lepmanuu, B ropoae
Vabme. C 14 niet B7MecTe ¢ ceMb-
eit xun B LlBeituapuu, rae
B 1900 . okonumnn Lliopuxckuit
noauTeXHUKyM. B 1902—1909 rt.
CIIYXHJI 9KCNIEPTOM NATEeHTHOTO
61opo B Bepre. B a1 rozbl Diiu-
WITEHH CO3NAN CTIELHATBHYIO Te-
OpHIO OTHOCHTEILHOCTH, Bbi-
TIONHWI MCC/IEIOBAHMS 110 CTa-
THCTHYECKOI (u3HKe, GPOYHOB-
CKOMY JIBHXKEHHIO, TEOPHH H3Ty-
yeuust u ap. PaGorsl DitHwTei-
Ha TIO/YHIH M3BECTHOCTD, H B
1909 1. oH Gb1 M36GpaH npodec-
copom Lliopuxckoro yHuBepcu-
Teta, a 3atem — Hemeukoro
yuusepcuteta B [Tpare. B 1914 1.
DiHWTeHH ObU  MpUIIaLIEeH
npernogasath B bBepanHckuit

CB n CA nipu 370M He H3MeHsIeTCsl, @ Pa3HOCTb X0J1a, BbI e

. B | nepion ceoero
0 B OH 3a-

CKOpOCTeii, U3MEHSIET CBOIi 3HaK Ha MPOTHBONOIOXHbII. Habmonaemas KapTiHa
uHTEpd Tpx p JIO/DKHA ObU1a Obl H3MEHUTHCS.

OnbiTel MaiikenbcoHa u MO]J!IPI TNOKa3aiM, YTO HUKAKOIro U3MECHECHHUS! UHTEP-
epeHLIHOHHOM KapTHHBI TIPH NOBOPOTE HHTep(hepoMeTpa He porcxoaut. OT-
Clola CAeaoBalo, YTO CKOPOCTh CBETa B BAKYYME IMOCTOSIHHA U OJIMHAaKoOBa BO
BCEX HHEPLUHAIBbHBIX CUCTEMAX OTCYETA. MocrosiHcTBO CKOPOCTH CBETa M He3a-
BHUCHMOCTb 3aKOHOB (pM3MKHM OT BbIGOpa MHEPLUMATLHON CHCTEMBI BOLLTH BO
B3aUMHOE€ MPOTHBOPEYHE.

JLnst TOro 4To6bl pa3peiuTh 3TO MPOTHBOPEYHE, KaK Mbl YK€ YKa3bIBaIU BbILLE,
A. DiiHuTeitH paspabotan Teopuio, Ha VIO 4ACTHO# Teop!

HocTH. B ee OCHOBY JIETJIM [IBa MOCTyJ1aTa. @

anHLllrll'l OTHOCHUTEJIbBHOCTH (MpUHLMI OTHOCHTELHOCTH DiH-
wrTeiHa) — mo6bie hpusryeckne np P OT ) B pa3’ X
MHEPLHMATBHBIX CHCTEMAX OTcYeTa (MPH ¢ bIX ). m

anHan TIOCTOSAHCTBA CKOPOCTHU CBETA — cKopocTh cBeTa
B BaKyyMe€ HE 3aBUCHT OT CKOPOCTH ABHXECHHUS HCTOYHHMKA H Habmonarens.
OTHOCHTEJIBHOCTH, HO HE 0OBSICHUMBIE C MO~
(oT IaTUHCKOTO

OIHUC!

P
3ULMI KJ oii hpu3KKu, Ha S
relativus — OTHOCUTEJIbHBII) sIBICHUAMHU WK abdexTamu.
YcTaHOBJIEHHE TOTO, YTO B MPHPOAE CYLIECTBYET HeKHMil (yHIaMEHTaIbHbINH
npeiesl CKOPOCTH, KOTOPbIif He MOXET NMPEBBICUTb HU OHA YACTHLIA, HH OIHO
(husmuyeckoe Bo: , pacmp OT TOYKH K TOYKE, SB/ISETCS
OIHUM M3 IJIaBHBIX JOCTHXEHHIA ‘lﬂ(.'l'HOﬂ TEOPUH OTHOCHTEJIBHOCTH. C aroit
0#f CKOPOCTBIO PacnpocTp B BaKyyMe CBET W Jo6oe apyroe
9JIEKTPOMArHUTHOE BO3MYIIEHHE, MMEIOllee XapakKTep BONHBL. DTy CKOPOCTh
0OBIYHO MPUHATO 0603HAYATh OYKBOIA €.
Hs TIOCTYJIATOB TEOPHH OTHOCHTEJIBHOCTH CJIEAYET BbIBOA O 3aBUCHMOCTH JUTH -
BHOCTH HHT M JUIMH OTPE3KOB OT BbIOOpa MHEPLUATBHOMH

BEPIUIWI CO3laHHe oDl Teo-
PHH OTHOCHTE/ILHOCTH, Pa3BII
KBAHTOBYIO TEOPHIO HITYYEHMSI.
3a oTKphITHE 3aKOHOB (HOTOID-
(ekra 1 paboTsl B 061aCTH Teo-
peTnuecKoit hu3nku DiHIITeHH
nonyumn B 1921 r. Hobenesckyio
npemuio. B 1933 r., nocne npu-
xoza K Baacti B lepmanmnu dha-
LIKCTOB, DWHLITEHH IMUIPUPO-
pan B CLLUA, B IpuHCTOH, rae
OH /10 KOHL@A XW3HH paGoTasn
B UHCTHTYTE BbICIIMX MCCaeno-
BaHuii. B

Anvbepm Jinwmein.
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Ou.uuu 3 NOVIAIOLINXCS IKC-
TICPUMEHTAIILHOM NpOBEpKe
CICACTBHI OOILICH TEOPHHM OTHO-
CHTEJIHOCTH SIRJISIETCS SIRIEHHE

3a/IePKKH PaCIPOCTPAHEHH CBe-

cUcTeMbl oTcyeTa. B pesyJsibTaTe 3Toro PENSATHBUCTCKHIA 3aKOH CIOXEHHS CKO-
POCTeii CYLIECTBEHHO OTJIMYAETCS OT KJIACCHYECKOrO 3aKOHA CJIOKEHMUS CKO-

pocTeit. N
Ecnm Teno aBuxercs co CKOpOCTbIO Vz B O/IHOM CHCTEME OTCYETa, TO B npyrm?l

Ta B niojie
00BbeKTa. IO 3aMeUICHHE CBeTa B
riosie TArOTEHMUsl, BriepBbie npes-
ckazanHoe W.1llanmpo u3 Mac-
CauyyCeTCKOrO TEXHOJIOTHYECKOTo
uncrutyra (CLLA), Gbui0 06Ha-
PYXeHO TolbKO B 1964 rony. Llla-
HPO YKa3al Ha T0, YTO BOJIM3M
GOJIBILIOTO TeJla, KAKUM SIRJISIETCS
ConHue, CBET M paTMOCHIHal
JIOJDKHBI HE TOJIBKO OTKJIOHSITBCS
HO C MeHb-

0TCYeTa, OTHOCHTENIBHO KOTOPOiA NepBasi CHCTEMa OTCYETa IBUXETCS
co ckopoctbio V,(V, TT v,), ckopocts Tena BBI

_vit+v,

=12

1+-12 V‘V’

rae C — CKOpoCTh cBeTa. M

CornacHo TEOPHUHU OTHOCUTEIIbHOCTH, oumnbouHbIM SBAsETCS

el ckopoctsio. [Lisi curHana,
npoxomsiuiero Boan3n ConHua,
BPEMsi 3A/IEPKKH MOXET 0CTH-
rath 20 MKC, 4YTO Jierko obHapy-

0 TOM, YTO MPOCTPAHCTBO HMEET TPH MU3MEPEHMSI, @ BPEMsi Cy-
ulec-rnye‘r OTAeMbHO OT Hero. OIHO TECHO CBSI3aHO C APYTHM, U BMECTE OHH 06-
PasyioT YETHIPEXMEPHBIH «[IPOCTPAHCTBEHHO-BPEMEHHOI» KOHTHHYYM. ITpo-
CTPAaHCTBO, KaK M BpeMs, HE CyLIECTBYeT camo mo ceGe. B omimume or

Hb! it MOJIEJIH, 31€Ch HET €AMHOIO TCYCHHUSI BpDEMEHH. Pa3mble HaG0-

KHTb
KHMH CPE/ICTBAMH.

LLlanupo ¢ COTpYAHUKAMH H3Me-
PHIH BpeMsi NIPOXOXICHHS CHI-
HAIOB, OTPAXEHHBIX OT MepKy-
pusi 1 BeHepbi, a noazikee npose-
M Gosiee TOYHBIE M3MEPEHMsI C

JaTe/iu, ABMIasich ¢ PAa3IMYHBIMU CKOPOCTSMHM OTHOCHTEJIBHO HAbMI0NaeMbIX
MMH SIBTICHHIA, YKa3bIBaIH Gbl pasHylo MX MOCIEN0BATEIbHOCTb. B TakoM ciiyuae
IBa COGBITHS, ONHOBPEMEHHbIE JUIsi OXHOTO HaGmionatensi, Uisl APYTHX Mpo-
M30MIyT B Pa3/IMYHO# MOCIEN0BATENLHOCTH.

3aBUCHMOCTD CBOWCTB POCTPAHCTBA-BPEMEHHU OT IBUXKEHMUSI CHCTEMBI OTCYETa

aBTOMAT
HBIMH CTaHLMSIMH cepun «Bu-
KHMHI», KOTOPbIE COBEPLINIH 110~
canky Ha Mapc, a Takxe JBura-
JIMCh 1o opbuTe BOKpyr Mapca.
Pesy/ibTathi 3aMepoB, BBINOJ-
HEHHBIX C TIOMOILIBIO ITHX KOC-
MMYECKHX annaparoB MOATBEp-
Jnu uamepenus Lilanupo ¢ Tou-
HocTbio 10 0,1%. ®

Takoit maccuensiii oGsekm, Kak
Coanue, cnocoben omkaonums u
3amedaums npoxoxcoenue ceema
(u Opyeux 31eKmpoMazHumMHbIX
usayuenuis).

T K TOMY, 4YTO npu JI00BIX B TBUSIX TEJ SAB-
nsercst , Ha

rae m, — Macca fokosl Tea, Vv — CKOPOCTb €10 ABHKEHHUS.

Takum 06pa3om, KJ 3aKOH p i MK uit
3aKOH y YACTHBIMH CIy4asiMH YHUBEPCATbHBIX
pensT X " TOJILKO MPH 3HAYECHHUAX CKOPOCTEH,
3HAYUTEILHO MEHBILINX CKOPOCTH CBETa B BaKyyMe.

Kak Mbl TOMHMM, UMITYJTbC TeIa npou Macchl TeJ1a Ha CKO-
poCTb ero aBuxkeHus. Clie10BaTeIbHO, PEISTHBMCTCKAs Macca M TeJia BO3pac-
TaeT C yBeJMYCHUEM CKOPOCTH M0 3aKOHY:

Ie M, — Macca foKosi Tesa, v — CKOPOCTb €ro
nsuxenust. M3 atoii opmyibl cienyer, 4to HU
OJIHO TeJIO C MACCOii MOKOsI, HE PABHOM HYJIIO, He
MOXET JOCTUTHYTb CKOPOCTH, PaBHOW CKOPOCTH
CBeTa B BaKyyMe, WM TIPEBBICHTD 3Ty CKOPOCTb.

Ha X BblllE -
HoCTel A. Z-)Hmu'renu caenan BbIBOA O TOM, 4TO
Macca Tella M €ro SHEprusi B3AMMHO CBSI3aHBI.
Ipu m06BIX B3aMMONCHCTBUSX MOJHAsH SHEPrUst
Tena E paBHa NMpow3BeNeHMIO M3MEHEHMS Mac-
Chbl M Ha xsanng CKODQCTH CBETa C B BaKyyme:

= mc




Takum o6pa3om, DIHHIUTEHH MOKa3asl, YTO Macca — oHa U3 GopM 3Hep-
ruu. Jlaxe HenolBHXKHbBIH OOBEKT HaleNeH SHepruei, 3aKII0YeHHO
B €ro Macce.

B 1915 roy DitHITEiH BLIIBUHYJI 0OILYI0 TEOPHIO OTHOCHTEIBHOCTH, KO-
TOpasi, B OTJIHYHUE OT YaCTHOM, YUYHUTBIBAJIa rPaBUTALIMIO, TO €CTh B3AUMHOC
TPUTSKEHHME Beex TeJ ¢ 60abLIoii Maccoi. B

CoryacHO TeOpuM DUHIITEWHA, rpasuraums criocobHa
«UCKPHBJISIT> BPeMsi M NMPOCTPaHCTBO. Takke 0611asi TeOPHsi OTHOCH-
TEJILHOCTH YTBEPXKIAET, YTO TPEXMEPHOE MPOCTPAHCTBO ACHCTBUTENLHO
HCKPHMBJICHO 1104 BO3CHCTBUEM rPaBUTALLHOHHOIO NoJs Tea ¢ 601b-
woii Maccoi. [TOCKOJIbKY B KOHUENUNUK DIHHIITEHHA BPEMsi HE MOXET
OBbITH OTAENICHO OT NpOCTPaHCTBA, NMPUCYTCTBHE BELIECTBA OKa3blBaeT

BO3/ICHCTBUE M HA BPEMsi, BCJCACTBUE YE€ro B pasHbIX yacTax Beenen-
HOIl BpeMsi TeueT ¢ pa3Hoii ckopocThio. Takum oGpasoM, obiasi Teopusi
OTHOCHMTEJILHOCTH DIfHIITEHHA MOJHOCTBIO OTBEPracT HHIOTOHOBCKHE MOHS -
THsI aGCOIOTHOTO NPOCTPAHCTBA U BpeMeHH. bosiee TOro, OTHOCHTE/IbHBI He
TOJIbKO BCE M3MEPEHMS B POCTPAHCTBE W BDEMEHN — CaMa CTPYKTypa Mpo-
CTPAHCTBa-BPEMEHM 3aBMCUT OT pacnpe/e/icHusi BellecTsa Bo BceneHHOI.
TMockobKy Kaaccuyeckasi (PM3MKa paccMaTPUBAET ABMKEHUE TBEPAbIX TeJs
B MyCTOM MPOCTPAHCTBE, TO TMOHSITHE «ITyCTOTO MPOCTPAHCTBAa» B PaMKax Te-
OpPHM OTHOCHTEILHOCTH TOTEPSIO CBOM CMbICH. B HacTosiiiee Bpemsi KOH-
UeNUMK KIACCHYeCKON (DM3MKH NMPUMEHNMbI JIMLIb MO OTHOIICHHUIO K TaK
Ha3bIBAEMO#i «30HE CPEIHUX M3MEPEHMUIT», K KOTOPOii OTHOCHTCS Halll 00bi-
JIEHHBIH OMBIT.

Heobxo1MMo OTMETHTB M TOT (haKT, YTO MOHSTHE «TBEPAOTO Tela» TOXE He
MMEET CMBIC/Ia B PAMKAX KBAHTOBO# (DM3MKH, a TOUHee, ee pa3jie/ia — aTOMHOM
bu3mku.

Mepsbie p TaJlbHbIE CBHIETE/IbCTBYIOLIME O TOM, YTO
TBEPIOE TEJIO — «HE COBCEM» TBEPJIOE, YTO OHO MMEET ropaszio Gonee CIoX-
HYIO CTPYKTYPY, 6611 nosnydyersl M. ®Dapazneem eute B 1833 roay npu usyue-
HMH 3aKOHOB 3JIEKTPOIH3a (OTKPBITHE BHYTPH aTOMOB 3JIEKTPUYECKOTO 3a-
psiaa).

B 1897 roay JAxo3ed [1xon Tomcon (1856—1940) npoBoamn uccieoBaHus 110
M3YYEHHMIO 3JIEKTPHYECKOTO paspsla B PaspexcHHbIX rasax, doroaddekra
I TPOHHO# B pesysibtate 9KCIIepHMEHTOB OH YCTAHOBHII,
YTO MPH COYAAPEHHUSIX ATOMOB B IUIa3Me JIEKTPHYECKOTO pa3psiia, MpH Harpe-
BaHMH BEIECTBA WM OCBELICHNM €T0 YJIBTPAhHOIETOBBIM CBETOM, U3 aTOMOB
J1060r0 XHMHYECKOTO 3/IEMEHTA BHIPBIBAIOTCS OMHAKOBBIC OTPULIATEILHO 3a-
PSKEHHbIC YACTHIIBI. DTH YaCTHIIbI ObUTH Ha3BaHbI 2IEKTPOHAMH.

OTKpBITHE 3/IEKTPOHA MOCTYXHIO OCHOBAHUEM JUISi TOCTPOCHHS MOJIEJIH aTO-
Ma, KoTopasi GbUIa Ha3BaHa B 4ECThb MEPBOOTKPHIBATENS JICKTPOHA MOJE/bIO
Te ITo ero ), ATOM TIp T co0O0i 06J1aKO MONOXKUTEIBHO
3aps. it MaTepuu, it popmy cepsr anamerpom B 10 cm. B ato
0061aK0 ObLTH BKparieHbl OTPHLIATENbHO 3apsKEHHbIE 21EKTPOHBL. CymMa 11o-
JIOXKHTEIbHBIX 3apSIOB YPABHOBEIINBACTCS PABHOMH CYMMON OTPHLIATE/IbHBIX,
MO3TOMY aTOM HeiiTpaeH. 1o BRIpaXeHHIO CaMOro aBTopa, 3Ta MOJIeJIb Harno-
MUHAET «ITYJMHT C U3IOMOM», T/Ie M3I0MOM SIBJISIOTCSI JIEKTPOHBI.
DNIEKTPUUECKHIA 3apsill € OTAENBbHBIX 3JEKTPOHOB BEpBbIC ObLI M3MEpPEH
B 1909 . B onbitax Po6epra MuuinkeHa (1868—1953). OH okasasicsi 0aMHaKoO-
BbIM Y BCEX 9JIEKTPOHOB.

BoJibliIyio posib B pa3sBUTHH MIPEICTABICHMIA O CIOXKHOI CTPYKTYpe aTOMOB Chi-
IPajio OTKPBITHE SIBJICHUSI PAIMOAKTUBHOCTH. B

Puc. 72. Modeas amoma Tomcona
camomy aémopy wanomunaaa ny-
QuHe € UIIOMOM.
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SIBneHre PaTMOAKTUBHOCTH (OT ciioBa «pamyc» — «iyi»), Wik
CMOHTAHHOTO pacnaza siaep, ObUIO OTKPHITO (HPaHLLY3CKHM (U3MKOM AHpH
bekkepesiem (1852—1908) B 1896 roay 6naronaps ciayyaiiHoctH. OH oGHapy-
XKW1, YTO YPaH M €ro COEIMHEHMs UCTTYCKAIOT JIydH MM YaCTHILbI, MPOHUKAIO-
IIMe CKBO3b HEMPO3pauHble TeJa U CrocOOHbIE 3acBeuMBaTh (HPOTOIIACTHHKY.
Bekkepesib YCTAHOBWJI, YTO MHTEHCHBHOCTb M3JIYYeHHsl TPOMOPLMOHATBHA
TOJILKO KOHLICHTPALIMKM YPaHa M HE 3aBUCHT OT BHELIHUX YCJIOBHI (TeMmepary-
pa, IaB/eHHe) U OT TOrO, HAXOIUTCS JIM YPaH B KaKUX-TMOO XMMHUYECKUX CO-
CAMHEHUSX.

B 1897 roay uccienoBaHHsSIMH YPaHOBBIX Jiyueii 3aHsuiuch cynpyru Kiopu —
Mapusi Cxiionosckas-Kiopu (1867—1934) u IMeep Kiopu (1859—1906). Ouu
JIOKA3aJIM, YTO PAIMOAKTHBHbBIE U3Ty4EHUsl UCMYCKAIOTCSl HE TOJIbKO aToMaMu
ypaHa, HO M aTOMaMH HEKOTOPbIX IPYTHX 3/1IeMeHTOB. [10 panMoakTHBHOMY H3-
JIY4EHHIO UMH ObLTH OTKPBITHI IBA HEU3BECTHBIX PaHEe XUMHYECKHMX JJIEMEH-
Ta — paaui 1 MOJOHMUH.

Auraniickumu dusukamu dpHecrom Pesepdoprom (1871-1937) u @penepu-
koM Comam (1877—1956) 6bL10 10Ka3aHO, YTO BO BCEX PAIHOAKTUBHBIX MPO-
1eccax MpOUCXOAST B3aMMHbIC MPEBPAILCHHMsS] aTOMHbIX SIEP XMMHYECKHX
aneMeHTOB. M3yueHue CBOICTB M3JIyueHHs, COMPOBOXIAIOIIETO 3TH MpOLeC-
Cbl B MArHUTHOM M 3JIEKTPHYECKOM MOJISIX, NMOKA3aJ10, YTO OHO pasjieNseTcs
Ha Ol-yacTuLbI (siapa resus), ﬁ-qac‘ruubl (3/1EKTPOHBI) M Y -JIyuH (eKTpOMar-
HUTHOE M3JTy4EHHE C O4EHb MAJIOii JUIMHON BOJIHBI).

HUccnenys OBICTPBIX BIX YACTHIL MPH TIPOXOXIE-
HHH Yepe3 TOHKHe c/ioM BellecTsa, Pesepdopa aobuics Gonbiioro nporpecca
B M3y4eHHH CTPYKTYpbI aTOMOB. B 3THX onbiTax y3kuii ny4ok Ot-vacTuii, ucrny-
CKAeMBbIX PATMOAKTHUBHBIM BEILIECTBOM, HANPABIICS HA TOHKYIO MeTaLTnyec-
KYIO TUIACTHHKY. 3a IUIACTHHON MOMELLAJICS 3KPaH, MOKPbITbIi CI0eM KpUCTal-
JIOB cyibhMIa LIMHKA, CMOCOOHBIX CBETHUTHCS MON YAApaMu  OBICTPBIX
3apsiKeHHBIX yacTuil. Pesepdopa oGHapyxuil, 4o 60MbIHMHCTBO Ot -yacTuLL OT-
KJIOHSIETCS OT MPSIMOJIMHEHHOTO MyTH Ha YIJibl He 6osee 1—2°. OnHaKO HeGOMIb-
1wast 107151 O -4aCTHLL MCTIBITHIBAIA OTKJIOHEHHE HA 3HAYMTENIbHO GOJIBILIME YIIBI.
Or10 spneHne Pesepdop 0OBSCHWI TeM, YTO MOJNOXUTENbHBIH 3apsil B aTOMe
He pacripe/ie/ieH paBHOMEPHO B wiape paanycom 107" m, kak B monenn Tomco-
Ha, a COCPEJOTOYEH B LICHTPAILHON YacTH aToMa B 00JACTH 3HAYMTENBHO
MEHbLIMX pa3MepoB. B 3To# LEHTPaTIbHOI MOOXKHUTENLHO 3apSXKEHHOI YacTh
aToMa — ATOMHOM siIpe — COCPEI0TOYEHA MOYTH Besi Macca atoma. Pacyersr Pe-
3epdop/a NoKasajiu, 4To paaIuyc aTOMHOTO siipa paBeH npumepHo 107 m.
Mapus Crnodoscxas-Kiopu (1867 Pesepdopa npeanonoxui, 4To aToM YCTpPOEH MOAOOHO TUIAHETHOM CHCTEME.
1934). Kak Bokpyr ConHuia Ha 601b1IMX pace OT Hero YTCS TUIAHEThI,
TaK 3JIEKTPOHbI B aTOME 0OPALIAIOTCsI BOKPYT aTOMHOTO siipa. Panuyc Kpyrosoi
OpOMTBI CAMOTO JIAJIEKOTO OT $Ipa MEKTPOHA U ecTh panuyc atoma. Takasi Mo-
Ziesib aToMa ObUla Ha3BaHA «ILIAHETAPHOIH»> MOJIETBIO.

Puc. 73. Hcnoavsys npubop makoeo muna c aavha-4ac-
muyamu, paduem, 3. Peseppopd ycmano-
8141, 4MO, XOMSA OCHOBHASA HACMb 4ACMUK NPOXOOUM CK8O03b
3010myi0 hoavey, Ha Goavuwue y2anl pacceusaemcs 6oavuue
uacmuy, wem 0oaxcHo Gbimb 6 coomeemcmeuu ¢ mMomco-
HOBCKOI MOOenblo amoma. Imo Gbuio UCMOAKOBAHO KaK
YK@3aHUE HA MO, 4MO 6 UEHMpe amoMa Haxo0umcs maioe
adpo: 1 — padui, 2 — 30n0man oavea, 3 — Kpan u3
cyavgpuda yurka, 4 — nywok O -wacmuy, 5 — paccesnnvie
O —yacmuuw (manoe uucao).

110 DU3UKA



Bckope nociie nosineHnst «IjaHeTapHoit» MoJIeIn atoMa
6bL10 OOHAPYXKEHO, YTO OT KOJIMYECTBA 3/IEKTPOHOB 3aBU-
CAT XMMHMYECKHE CBOWMCTBA 21eMeHTa. Hawm ceroamsiuw-
HHE 3HAHMS MO3BOJISIOT COCTABUTH MEPUOANYECKYIO Tab-
JIMLLY 2/IEMEHTOB, TOC/E10BaTe/IbHO 100aB/sAsl MPOTOHbI
K SUIPy CaMOro JIEFKOTO aToMa, COCTOSILIErO M3 OIHOTO
TNPOTOHA M OJIHOTO 3/IEKTPOHA — aTOMa BOIOPO1A, 4 TAKXKE
COOTBETCTBYIOLIEE YHCIIO JIEKTPOHOB K «0DOJIOUKE» aTo-
Ma. B3aumoneiictBue Mexay aToMamMM MOPOXIAeT pas-
JIMYHBIE XMMHUYECKHE MPOLIECCH, TAK YTO BCS XUMMSI MO-
XKeT ObITh MOHSITAa HA OCHOBE 3aKOHOB aTOMHOM (BU3NKH.
O/1HaKo, corjacHo s/1eKTpoanHamMuke Makcsenna, Ta-
KOW aTOM He MOXET ObiThb YCTOMUMBBLIM: ABMTasch 1o
KPYTOBBbIM (MM 2JUIMNITHYECKUM) OpOMTAM, 2J1eKTPOH
MCTIBITBIBACT YCKOPEHHE, A TMOITOMY OH JIOJKEH H3Iy-
4aTh 1IEKTPOMATHUTHbIE BOJIHbI C YaCTOTOH, PaBHOIA Ya-
CTOTE ero odpalieHusi BOKPYT sapa. D710, B CBOIO oue-
pelb, OyaeT NPUBOANTH K YMCHBIICHHIO JHEPrHU.
[loTepsi HEPruuM NPUBEIET IEKTPOH K NaACHMIO Ha sapo. Takum obpasom,
M000HbII ATOM HE MOXET CYLIECTBOBATh B PEAJIbHOCTH.

PaspaGotka cneayioweit mozenn atoma npuHawiexur Huibcy bopy
(1885—1962). B3siB 3a ocHoBy mozenb Pesepdopaa, oH UCMONb30Bal U MAEH
KBaHTOBOM Teopun. CBOM npejacTaBieHus o cTpykType atoma bop cdopmysiu-
pOBAJI B BUJIE CJICAYIOLULMX MOCTY1IaTOB. @

nOCTyJ'I’dT MEPBbII. AToMHas cHcTeMa MOXET HAXOMMTHCSH TOIBKO
B OCOOBIX CTALIMOHAPHBIX MM KBAHTOBBIX COCTOSIHMSIX, KAXIOMY M3 KOTOPBIX
COOTBETCTBYET onpezesieHHas sHeprus En. B craunonapHom cocrosinuu atom
He u3Tyyaet. @

HOCT)’JIZIT BTOpOi/l. [Tpu nepexozie aToMa U3 OAHOTO CTALMOHAPHOTO
COCTOSIHHS B IPYTO€ UCTTYCKAETCA MIIH TOIMIOLIACTCH KBAHT JICKTPOMArHUTHO-
ro u3ayueHusi. DHeprusi GoToHa paBHA Pa3HOCTH IHEPIHil aATOMA B IBYX CTaLIU-
OHAPHBbIX COCTOAHUSAX:

h\«' = Em - Ln'
rie h — nocrosinnas Mianka.

PasnuuHble BO3MOXHbIC CTALIMOHAPHBIE COCTOSIHUSI aTOMa, 0OPA30BaHHOTO U3
ATOMHOTO s/Ipa M 2/1EKTPOHA, onpeaeasiorcs, no bopy, cootHoueHueMm:

mvr=n L
2

e M — Macca 31eKTPOHA, V — ero CKOPOCTb, F'— paanyc Kpy-
roBOii 0poMTBI, N — wesoe uucio, h — nocrosiinas Mianka.
Bce craumoHapHbie COCTOSIHMSI, KPOME OIHOTO, SIBASIIOTCS CTa-
LMOHAPHBIMH JIMILIb YCIOBHO. BECKOHEUHO J1I0JITO KaxIblii aTOM
MOXET HAXOAUTBCS JIMILD B CTALMOHAPHOM COCTOSIHMHM C MHHH-
MaJIbHbIM 3a11acoM HEPrHHU. ITO COCTOSIHUE aTOMA Ha3bIBACTCS
ocHOBHBIM. Bce ocTasibHble CTAlIMOHAPHBIE COCTOSIHUS ATOMA Ha-
3bIBAIOTCS BO30YXIEHHBIMM. B

B pesynbrate coynapeHusi ¢ IpyruM ato-
MOM, ¢ 3apAXKCHHOH YacTULIEH WIKH NpH NOTNOMWEHHUH (IKH()N(I

«llaanemapnan moderss amova
Peseppopoa

Olncum Ha 4acTb BOMPOCOB,
reopusi bopa nocrasuna ewe
Gosnbiue HOBBIX. [10 ero MHeHHIO,
J/IEKTPOH MOT BPALLIATCS TOIBKO
Ha paspelieHHbIX opOuTax, Ha
KOTOPBIX OH HE HATYYal JHEPIHH
DHEPrusi UITYHAIach JNLIbL NPH
1epexoax ¢ OHOH OPOHTHI Ha
pyryio. Ho Bo3HMKaeT BrosHe
PE30HHBII BOMPOC — [Ie XKe Ha-
XOIWICS IEKTPOH B Mpoliecce
nepexona? CyuiecTBoBal Jiu OH
BOOOILE MEXIy paspellieHHbIMH
OpOMTaMM, M CYLIECTBOBAI JIH
OH, B OOBIMHOM CMBbICIC, KOIIA
HAXOJWICS HA PA3PELICHHBIX O~
Ourax?

Hecmotpsi Ha 10 uto Teopusi Bo-
pa ycneuHo oObsCHsIA CBOHCT-
Ba aToMa BOIOPOAA, OHA He
CMOIJIa J1aTh KOJIMYECTBEHHOTO
OIUCAHUSI ATOMOB JIPYTHX 3Jie-
meHToB. @

Huabc bop (1885—1962).




YLIECTBYET /1B BU/A CMIEKT-

pa — CIUIOIHON (Terio-
BOIi) M IMHEHYATbIN.
Teni0Boji CICKTp CONEPXUT Bee
JUIMHBL BOJIH, M3/yyaeTcs OH
NIPM HarpeBaHWUH TBEPABIX Tel
M He 3aBUCHT OT MX NIPHPOLbI.
JInneiuaTsiii CNEKTP COCTOMT U3
Habopa OTACbHBIX JIMHHIA, BO3-
HHKAeT NpH HArpeBaHHM rasoB
M NapoB (T.c. KOra Maibl B3au-
MOICHCTBUSI MEXIY aTOMaMH)
W HEMOBTOPHM LISl KaX10ro
anemenTa. JIMHeHuaThie cnekT-
Pbl /IEMEHTOB He 3aBUCAT OT
BU/Ia XMMUYECKHX COCTIMHEH U,
COCTABJICHHBIX M3 9THX 2/IEMCH-
TOB.
Heiitpon (n), He#TpanbHas
9/IEMEHTApHAs YacTHLA C Mac-
COif, HE3HAYMTE/ILHO NPEBbiLIa-
fouieit Maccy npotona. Heitrpo-
Hbl YCTOHYMBBI TOJILKO B COCTa-
Be saep. Macca HeiTpoHa pas-
Ha 1,7-10-24 1. CBoGonHbiii Heii-
TPOH HectaGuiieH, pacnanaercs
Ha NPOTOH M JJEKTPOH B Cpell-
Hem 3a 15,3 mun. UcTounnkamn
HEHTPOHOB ABJAIOTCS SICPHbIC
PeaKkTophl, SACPHbIC BIPbIBbI,
YCKOPHTE/IW 3apsiKEHHBIX dac-
THLL, HEHTPOHbBI JIETKO NPOHM-
KaloT B 5UIpa M 3aXBaThiBAIOTCS
nMH. HelTpOHBI BLI3BIBAIOT e~
JIeHHe TSDKEIbIX siztep.

aTOM MOXET MEepPedTH M3 CTALIMOHAPHOTO COCTOSIHUS C MEHBLIMM 3aracoM
9HEPrUM B CTALIMOHAPHOE COCTOsIHME € GOJIbLIMM 3anacoM sHepruu. U3 io6o-
10 BO30YXICHHOTO COCTOSIHMSI aTOM CaMOMPOM3BOJILHO MOXET MEPeXOMUTh
B OCHOBHOE COCTOSIHUE; ITOT MEPEXOJI CONMPOBOXIACTCS M3TydeHHEM (OTOHOB.
BpeMmsi XM3HM aTOMOB B BO30YX/IEHHBIX COCTOSIHUAX OOBIYHO HE MpeBbilliaeT
10°*—10"" cek.
JIBUXKEHHME 2/IEKTPOHA B aTOME BO3MOXKHO JIMIIIb 110 CTALIMOHAPHBIM KPYTOBBIM
OpOHTaM, PAMYChl KOTOPBIX OMPEAESIIOTCS BBIPAXEHHEM:

n’h’,

L =s—

me’
e n — uesoe uncao, h — nocrosnnas IMianka, € — snekrpuueckas nocro-
siHHasl BaKyyMa, M — Macca 3/1eKTPOHA, € — 3JIEMEHTAPHbIii 3IeKTPUYECKHUi
3apsil.
Moncrapnss B BbIf n=1,2,..., MOXHO BbIYMCIIHTb
PaIMyChl NEPBOA, BTOPOI M BCEX NMOCAEAYIOUMNX CTALIMOHAPHBIX KPYTOBBIX Op-
OUT 2/1EKTPOHOB B aTOME.
BHyTpeHHee cTpoeHHe aTOMa M3yyaTh HETMOCPECTBEHHO HEBO3MOXHO, TaK Kak
€ro pa3Mepbl HEOCTYHbI PSIMOMY HaGIIONICHHUIO, TOITOMY O CTPYKTYpe aTo-
Ma MOXHO CYAMTb M0 M3JIYYEHHIO aTOMOB 0] BO3ACHCTBUEM HArpesa WM
BHEIIHETO 3/IEKTPHYECKOro nojisi. M3yueHue CeKTpoB M3/ydeHHUs NO3BOJISIET
NOJlyYHTh IaHHbIC O BHYTPEHHEH CTPYKType aToMa — JUlsi KaX/I0ro atoMa Xa-
PAaKTEPHBI OCOGEHHOCTH CrieKTpa. bop npeanonoxu, 4To Kaxuas crekTpaib-
Hasi IMHUSA COOTBETCTBYET MTHOBEHHOMY MEPEXO0Jly aTOMa M3 OJIHOTO KBAHTOBO-
TO COCTOSHMSI B JIPYro€, KOTOPOE XapaKTePU3YeTCs MEHBUIMM 3HauCHHEM
IHepruu. |

Bce aTrombl 0IHOrO XMMHUYECKOTO 3JIeMeHTa 001a1a10T
OJIMHAKOBBIM 3apsiiOM aTOMHOTO s/ipa. INpu oaMHakoBoM 3a-
psiie siIpa aTOMbl 06/1IAAI0T OIMHAKOBBIM CTPOCHHEM JIEKTPOHHBIX 060/104eK
M TOTOMY MMEIOT OIIMHAKOBBIH HAaGOP BO3MOXHBIX SHEPreTHUECKHX COCTOSI-
HUI M TIEPEX0ZI0B MEXy HUMH. M3iyueHue u noriouieHne GOTOHOB 1pomc-

XOJIMT TIPH TIEPEXOJaX aTOMOB M3 OJHOTO CTALIMOHAPHOTO COCTOSIHUS

Cepun Basuepa

B Ipyroe. DHeprusi pOTOHa, MOIJIOLIAEMOr0 aTOMOM MPH MEpexoe 13
HOPMATBHOTO cOCTOsIHMS ¢ sHeprueit B, B Bo3Gykaentoe coctostme
¢ aneprueii E, paBna sneprumn potoHa, nayuaeMoro aroMom npm 06-
PaTHOM Mepexo/ie, TaK KaK M B TOM M B IPYTOM CJly4ae OHa PaBHa pa3Ho-
CTH SHEPTHii aTOMA B 3THX JIBYX COCTOSTHHSIX:

hv=E_ -E,.
JUtsi iyduiero MOHMMaHMsl AalbHEMIIEro MaTepuala OCTaHOBUMCS M0~
JIpobHee Ha aToMe.
B 1913 rony auramitckuit dusuk Tenpn Mosau (1887—1915) no cnekr-
PaM PEHTIEHOBCKOTO U3Ty4eHHsI, HCITYCKAEMOro aTOMaMM Npu obiyye-
HMH BELIECTBA NOTOKOM 3JIEKTPOHOB BBICOKO# 3HEPTHH, ONPEIETII 3a-
PAIBI SiIEP ATOMOB PA3TMYHBIX XUMUYECKUX 2JIEMEHTOB:

Puc. 74. Cxema auneituamozo cne-
Kmpa.

q=¢Z,

e € — 3JeMEHTapHBIi NCKTPUUECKHUIT 3apsi, 7 — MOPSUIKOBbINH HOMEP X1~
MHUUECKOro 3/ieMeHTa B Tabinie Menaeseesa. OTciona ciieayer, 4To Nopsiako-
Bblii HOMEP XMMHMYECKOTO 3/leMeHTa B Tabanue MeHaeneesa onpenensiercs
YHCIIOM MONOXKHUTENbHBIX 3JIEMEHTAPHbIX 3aPSI0B B sAPE 11060ro aToMa XUMH-
YECKOrO JIEMEHTA WJIM YHCIIOM 3JIEKTPOHOB B 000/104KE HEHTPAILHOTO aToMa.
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Tak Kak sIpo aTOMa XMMHUECKOTO 3/IEMEHTA C MOPSIKOBLIM HoMepoM Z B Ta6-
nue MeHzeneesa coaepKUT Z 371eMEHTapHBIX MONOXHUTENbHBIX 3aPsLIOB, TO,
COOTBETCTBEHHO, LIPO JIOGOr0 U3 aTOMOB 3TOTO XMMHYECKOTO 3/IEMEHTA 101K~
HO GbITb COCTaBIEHO M3 Z OIMHAKOBBIX YaCTHLL, KaXasi i3 KOTOPbIX ob/anaeT
3JIEMEHTAPHbBIM TOJIOKHUTEIbHBIM 3apsiioM. Takoii yacTuiei Mor GbITh Npo-
TOH — $LIPO CAMOT0 JIETKOT0 W3 aTOMOB: aToMa Bozoposia. Ho eciin 661 aToMHbIe
SUIPA COCTOSUIM TOJIBKO M3 TMPOTOHOB, TO SIPO aTOMa XMMHUYECKOTO 3JIeMEHTa
C MOPAIKOBBLIM HOMEPOM Z JI0JXHO GbUTO 06/1a1aTh 3/IEKTPHYECKMM 3apSIOM:
q=7Ze
M Maccoi
m=Zm,.

Ho B 1e/icTBUTEILHOCTH TaKOro He Habmo1aeTcs (K MpUMepy, Macca siapa ato-
Ma Kucjiopoza He B 8 pa3 Goble Macchl siipa aToma Boaopoza, a B 16 pas).
Mpo6iiemMa coctaBa aTOMHOTO sipa GbUIa PellIEHa TOJIBKO MOC/AE OTKPBITHsI
B 1932 roay anramiickum dusukom xeitmcom Yensukom (1891—1974) yactu-
Lbl, HE MMEIOLICH EKTPHYECKOTrO 3apsiaa U 00. i Maccoi, T o
PaBHOI Macce MPOTOHA. DTy YACTHILY HA3BAM HEHTPOHOM.
Hocne OTKpBITHSI HEUTPOHA COBETCKMM (Du3MKOM JIMuTpHeM JIMHUTpHEBHYEM

" ¢dusnkom BephHepom [eiizeHOeprom Gbuia BbLIBUHYTA
TMIIOTE3a O NIPOTOHHO-HEHTPOHHOM CTPOeHMH sipa. CorlacHO 310l runoTese,
BCE SIPA COCTOSIT U3 NIPOTOHOB M Heﬁrpouon YHcII0 NMPOTOHOB B sApe PaBHO
TNIOPSIKOBOMY HOMEDY 3/IeMEHTa B 1 060 Sl 3Ha-
koM Z. UHCII0 HeHTPOHOB B sipe 0603HAYaETCsl 3HAKOM N. O6uee uncso npo-
TOHOB M HEHTPOHOB B sIpe 0003HAYAETCS 3HAKOM A M Ha3bIBACTCS MACCOBBIM
YHCIOM:

A=Z+N.
ATOMHBIE siIpa ¢ Z, no pa MU A Ha3bIBAIOTCSI H30TONAMM.
B Ha Kaxuoe VA TCsl OKOJIO TPEX CTaOMIIbHbIX M30-

TonoB. Kpome cTaGM/IbHBIX H30TOMOB GONBIIMHCTBO IEMEHTOB UMEIOT U He-
CTaGWJIbHbIE U30TOMBI, JUISi KOTOPBIX XaPAKTEPHO OFPAHHYEHHOE BPEMsl XU3HH.
Slapa ¢ OAMHAKOBBIM MACCOBBIM YHCIOM A Ha3bIBAIOTCS H306apaMu.

M3-3a pa3HOro yuc/ia HEHTPOHOB SIPa Pa3IMYHBIX H30TOMOB OIHOTO XUMHYE-
CKOTO 3/1eMeHTa 00/1a1a10T Pa3HbIMM MacCaMM M MOTYT OTJIMYATBCS MO hU3Hye-
CKHM CBOMCTBaM, HaNpuMep 1o CMOCOGHOCTH K PaIMOaKTUBHOMY pacniany. U3-
3a OIMHAKOBOTO 3apsifia sUIPa aTOMbl Pa3HBIX U30TOTNOB OJHOTO XMMHYECKOTO
3JIEMEHTa UMEIOT OJIMHAKOBOE CTPOCHHE NIEKTPOHHBIX 000I0YEK U MOITOMY

MMM CBOHCTBaAMM.

0603HaYaeTCs H30TON CHMBOJIOM XMMHUUECKOTO eMeHTa X ¢ yKasaHHeM cie-
Ba BBEPXY MAaccoBOTO Yncaa A M c/leBa BHU3y — UHCIa IPOTOHOB Z B aTOMHOM
anpe:

AX.

CuJibl IPUTSDKEHMS!, CBSI3LIBAIOLIME NPOTOHBI M HEHTPOHBI B aTOMHOM siIpe,
Ha3bIBAIOT SACPHBIMH CHJIAMM. CyulCCTByCT M Ipyroe Ha3BaHHE 3TOro B3auMoO-
NEACTBUSE — CHIIbHOE B3aHMO/IeHCTBHE.

l'lpomn " HeﬁmH 0 CMOCOOHOCTH K CHWJIBHOMY B3aMMOJICHCTBMIO HE OTJIMYA-
10TCS1 YT OT JIpyra, N03TOMY B sLIEPHO#H (DU3HUKE MX YACTO PACCMATPHBAIOT KaK
OIHY YaCTHULLY — HYKJIOH — B JIBYX Pa3JIMHBIX COCTOSAHUSAX. HyK!IOH B COCTOA-
HUM Ge3 JIEKTPUYECKOTO 3apsiia Ha3bIBACTCsl HEMTPOHOM, HYKJIOH B COCTOSI-
HHUH C JICKTPUYECKHUM 3aps/IOM HA3bIBACTCH IMPOTOHOM.

Bepnep leizenGepe (1901—1976).
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OCHOBHBIE CBOHCTBA SIEPHBIX CHJI OOBACHSIOTCS TEM, YTO HYKJIOHbI
0OMEHMBAIOTCS MEXIY co0Oii YacTHLIAMHM, Macca KOTOPbIX Gosiblue
Macchl 3J1eKTpoHa npuMepHo B 200 pa3. Takue yacTHibl GbUTH 06HA-
PYXEHbI 3KCTIEPUMEHTabHO B 1947 roay. OHM MoayYwIn Ha3zBaHue
NH-Me30HOB (WM HOHOB).

1% Macchl 0 sIpa ¢ 10 npu6o-
POB (TaK Ha3bIBAEMBIX MACC-CIIEKTPOrpadoB) MoKasaso, YTo Macca Jio-
6oro siapa, conepxatiero Z npotoHoB U N HEHTPOHOB, MEHBILLIE CYMMBbI
Macc Z cBoGoHbIX MPOTOHOB M N HelTpoHoB. Takum 06pasom, B co-
OTBETCTBMH C 3aKOHOM B3aMMOCBSI3H MAacChl M SHEPIHH, CIICIYET, YTO
MOJIHAsi SHEPrHsi CBOOOIHBIX MPOTOHOB M HEHTPOHOB JOJIXHA OBITH

Puc. 75. Macc-cnexmpoepach:
1 — anod, 2 — xamod, 3 — naac-
munbt KoHOeHcamopa, 4 — nonio-
ca maznuma, 5 — Kpan uru o-
monaacmunka.

Ce aTOMHbIE SUIpa pasieisi-

I0TCSi Ha CTaGWIIbHBIE U He-
crabunbhbie.  CTaGMABHBIMH
ABJISIOTCS TE aTOMHbIE sipa,
KOTOpbIE 00/1a1a10T MHHUMATb-
HBIM 3a1acoM TMOJHOW SHEPTrUH
CpelM BCeX siep, B KOTOpbie
JlaHHOE SIPO MOIJIO Gbl camo-
TNIPOM3BOJILHO  NPEBPATHTHCS.
CaoiicTBa CTaGWIBHBIX sIEp OC-
TAlOTCS HEM3MEHHBIMH HEorpa-
HUYEHHO 110/1r0. HecTabuibHbie
Xe SUIPa MCTILITBIBAIOT PaHy-
HOro poza npespauieHus. B

GoJIblLIe MOTHOM SHEPTUHU COCTABIEHHOTO M3 HUX sIpa. MUHUMAabHast

sueprust AE ,, KoTopyio HyXHO 3aTpaTHTB /LISl pa3nenieHus aTOMHOTO
SUIPA HA COCTARJISIIOIINE €10 HYKJIOHBI, Ha3bIBAETCS! SHEPIHeli CBA3M SIpa:

AE_, =Zm ¢’ +Nm,c* -m,c’,

e Z — 4MCIo MPOTOHOB, m,, — Macca NpoToHa, N — yucno HeittpoHoB, m —
Mmacca HeifTpoHa, M, — Macca sipa, € — CKOpPOCTb CBETa.
Tpu coeIMHEHWH NPOTOHOB M HEHTPOHOB B ATOMHOE SIPO MPOMCXOUT OCBO-
BGOXIEHHE SHEPTMH — OCBOGOXKIAEMasi SHEPrusi PaBHA SHEPTHHU CBSI3M sApa
AE“. Dta 3Heprusi 0CBOGOXAAETCS 3a CYeT pabOThI CHIT SIEPHOTO MPUTSIKEHHUS
MeXIy HYKJIOHaMH.
DHeprusi CBsi3H, OTHECEHHAs! K MACCOBOMY YHCIy A, HasbIBaeTCsi CpeiHeii Inep-
rHel CBA3H HYKJIOHA B aTOMHOM siIpe (9HEPrusi CBA3M HA OJIMH HYKJIOH). DHep-
WSl CBSA3U NMPUOIU3UTENBHO NMOCTOSIHHA JUIS BCEX CTaOMJIbHBIX SUIEp U PUMeEp-
HO paBHa 8 MaB. UckiioueHneM siBsieTcst 00IacTb JIETKUX SUAEP, TAE CPEAHSsS
9HEprusi CBA3M pactet oT Hyst (A=1) 1o 8 MaB s sinpa “C.
AHAJIOTMYHO SHEPTUM CBA3M HA OJIMH HYKJIOH MOXHO BBECTH SHEPIHUIO CBSI3H
SIPa OTHOCHTEJILHO IPYTHX COCTABHBIX €0 YacTei.
B omMumMe OT cpeaiHeit SHEPTUM CBA3M HYKIOHOB KOJMYECTBO SHEPTUH CBSI3H
HeipOHa ¥ NMPOTOHA U3MEHSIETCS OT SUAPA K SUIpY.
YacTo BMECTO SHEPIUM CBSA3H MCTIONB3YIOT Y, Ha yio
MACChl M PaBHYIO Pa3HOCTH MAacC M MacCOBOTO YHMC/Ia aTOMHOTO sIpa. '

ATOMHOE SIAPO, ucnyckaiouiee Y-KBaHThI, O -, l3~ WK IpyTHe 4acTh-
Libl, Ha3bIBAETCS biM siapoM. B npup cyuecTByet 272 cTabuiib-
HbIX aTOMHBIX siIpa. Bce ocTasibHbie siIpa pAlMOaKTUBHBI U HA3bIBAIOTCS PAHO-
H30TONAMH. B

Anbd)a-pacnan. DHeprusi CBS3M SIIPa XapaKTepU3yeT €ro YCTOMuM-
BOCTb K pacrnanay Ha COCTaBHbIC YaCTH. Ecau IHEPrusi CBA3H s/1pa MEHbLLIE SHEP-
THH CBSA3M MPOAYKTOB €ro pacrnaja, To 370 03Ha4aeT, YTO AP0 MOXET CaMOINpo-
M3BOJILHO (CrIOHTaHHO) pacnaznarbest. [Tpu anbda-pacnane OL-4acTHLBI YHOCAT
MOYTH BCIO SHEPTHIO H TONBKO LI 2% ee MPUXOAMTCS Ha BTOPHYHOE SIPO.
Mpwu anbda- YHCIIO W Ha 4 a aTOMHBIN
HOMEp Ha JIBE CIMHULIbI.

HauanbHas Heprusi OL-yacTuiibl coctanisier 4—10 MaB. IMockosibKy Ot -yacTu-
bl MMEIOT GOJIBbIIYIO MAcCy M 3apsil, JUIMHA MX cBOGOAHOrO npobera B BO3nyxe

Tak, JUIMHA 0 TIp! B OL-4acTHLI,
UCIYCKAEMBIX SIIPOM YpaHa, paBHa 2,7 cM, a UCITYCKaeMbIX paineM — 3,3 cm. &

ECTa-pacna,u. D10 MpoLece MPeBpalieHNHsi aTOMHOTO sPa B APYroe sii-
pocu '0 HoMepa 6e3 u 0 yucia. Pa3-
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JIMYAIOT TPH THNA GeTa-pacnana: 3MeKTPOHHbIN, MO3UTPOHHBIH U 3aXBaT OPOU-
TaJIbHOTO JIEKTPOHA & supom. T i THI TIPUHATO TaK-
XK€ HasblBaTh K—JaxsamM, Ky IpH 3TOM BEPOSATHO MOMJIO-
LIeHHe 2MeKTpOoHA ¢ Oamxaiiwei K sapy o60noukH (Tak Ha3biBaeMOW
K-o6onouku). Mepuon nonypacnana B-aK’rnBHblx SIIEp U3MEHSIETCSl B OYEHb
IIMPOKUX Mpesieax.

OKO-

pubOp 15t M3MEPEHUs crie-

KTpa raMMa-u3/ydeHusi Ha-
3bIBACTCA raMMa-CrieKTpoOMeTp.
B Go/bLUMHCTBE raMMa-CrieKT-
POMETPOB SHEPIHsi ¥ HHTCHCHB-
HOCTb MOTOKA Y -KBaHTOB OMpe-
NIeNISIOTCS HE HENOCPEICTBEHHO,
a M3MEPEHHEM 3HEPIHM M HH-

Yucnio 6eTa-aKTHBHBIX SUIEP, 3BECTHBIX B

BpeMms, MOTOKA 3aps
JI0 TIOJIYTOpA THICSY, HO TOJIBKO 20 U3 HUX SIBJISIOTCS eCTECTBEHHBIMHU OeTa-pa- HBIX YaCTHLl, BO3HMKAIOWMX B
IMOAKT! " Bcee ocra TIOJTy4eHbl MCKYCCTBEHHBIM TyTEM. | PE3YJbTate  B3aMMONCHCTBHS
HenpepbiBHoe pacrip 110 KHHETHYECKOH SHEPTMM MCICKaeMblX mpy | TAMMa-HIIYUCHWS € BELLCCTBOM.

pacrnazie JeKTPOHOB OOBACHAETCS TeM 0OCTOATEILCTBOM, YTO HapsIy C /€K~
TPOHOM MCITyCKAaeTCsl M aHTHHEHTpHHO. Eciin 6bl He 6bUIO AHTHHEHTPHHO, TO
3JIEKTPOHBI UMEJTH ObI CTPOTO MMITYJIBC, i UMITYJIbCY OC-
TaTOYHOTO siapa. Pe3kuii 06pbIB criekTpa HabmoaaeTcst MU 3HAYEHUH KUHETH-
YeCKOil IHEpruM, paBHOW 3Hepruu Oera-pacnana. [1pu 3TOM KMHETHYECKHE
3HEPruu siipa ¥ AHTMHEHTPHHO PABHBI HYJIIO M JIEKTPOH YHOCHT BCIO IHEp-
THIO, BBUIEJSIOUIYIOCS MPH peakiny. @

an SJIEKTPOHHOM PACTIA/I€ octaToyHOE SAPO MMEET MOPSIAKO-

OCHOBHBIMH XapaKTepHCTHKaMH
raMMa-CrieKTpOMeTpa SIBISIOTCS
3(HEKTHBHOCTD M paspeluaio-
wasi crocobHocTb. pdekTHs-
HOCTb ONPE/IEISIETCS BEPOSTHOC-
ThIO 06Pa30BaHUsi BTOPHYHOM
HACTHLbI M BEPOSITHOCTBIO e¢ pe-
rucTpaumu. Paspelwaiowas cro-
COOHOCTb XapaKTepu3yeT BO3-
MOXHOCTb pa3/ie/IeHHsl 1BYX raM-
Ma-JIMHHA, GIM3KHX 110 SHEPTHH.
B cumT ramma-

BbIi HOMEp Ha Gonbiue ro, Npu p ro YnC-
J1a. DTO 03HAYAET, YTO B OCTATOYHOM SIPE YMCJIO TIPOTOHOB YBEIMYHIOCH Ha
CIIMHMUILY, @ YHCJIO HEHTPOHOB, HA06OPOT, CTANIO MEHBILIE:

N=A-(Z+]).
Mpu TCSI TOJIHOE YMCJIO HYKJIOHOB, HO B KO-
HEYHOM siIpe Ha OIMH HEHTPOH Gosbiue, YyeM B UCxoaHOM. Takum obpasom,
MO3UTPOHHBIH pacnal MOXeT ObITh HHTEPTIPETHPOBAH KaK PeaKlus npespa-
LIEHHUs] BHYTPH $IIPA OHOTO MPOTOHA B HEUTPOH C UCTTYCKAHHEM MO3NTPOHA
M HEUTPHHO.
K 2/1eKTpoHHOMY 3aXBATY OTHOCHTCSI POLIECC MOTJIOLIEHNS] aTOMOM OZIHOTO M3
OpOUTAILHBIX IEKTPOHOB cBoero atoma. IMockosbky Hanbosee BeposiTeH 3a-
XBaT 3/IEKTPOHA C OPOMTBI, 6am3Ko K SUIpY, TO C Ha-
MGOIbILIEH BEPOSTHOCTHIO MorowaroTes ektpos K-o6onouku. Mosromy
aToT npouecc Hasbiaetcs Takxe K -3axsarom.
C ropa3sio MeHblueil BepOSITHOCTBIO MPOUCXOIUT 3aXBaT JIEKTPOHOB C APYTHX
obosouek. IMocse 3axara anektpona ¢ K-06010uku nponcxonut psin nepexo-
JIOB 3JIEKTPOHOB € OPOMTHI Ha OPOMTY, OOpa3yeTcsi HOBOE aTOMHOE COCTOSIHHE
M MCITYCKAETCS PEHTTEHOBCKHIi KBAHT.

I"amma-pacnau CrabwibHble S1pa HAXOISTCS B COCTOSIHUM, OTBEYalO-
11IeM HAHMEHbILIEH SHEPrHH. TO CO! KaK yXe y Ha3biBaeT-
s OCHOBHBIM. O/IHAKO ITyTeM 06/Ty4eHHsI aTOMHBIX SUIEp Pa3THYHBIMH YaCTHLIA-
MH WIH BBICOKOIHEPrMTHYECKHMH TPOTOHAMH MM MOXHO mepeaarh
OMNpE/IE/IEHHYIO SHEPTrHIO M, CJieloBa-

CNEKTPOMETPaX BTOPHYHBIE 3Jie-
KTPOHBI BO3HMKAIOT MNpPH B3au-
MOICHCTBUH  Y-KBAHTOB  CO
CLMHTWLISTOPOM (BELIECTBOM, B
KOTOPOM BTOPHHYHbIE 3IEKTPOHbI
BO30YXIAIOT (UII0OPECLICHLMIO).
CaeToBasi BCnbllKa npeobpa-
3yeTcsi B INEKTPHYCCKHI HM-
MyJibC ¢ MOMOLLBIO (HOTOINEK-
TPOHHOTO yMHOXHTE IS (PDY),
MpHYEM BEIMYHHA CHTHANIA, CO-
3nasaemoro MY, nponopumo-
HaIbHA JHEPIHHM /IEKTPOHA M,
CJIeN10BaTe/IbHO, CBA3aHA C SHep-
rueil y-kBaHTa. [Lisi u3mMepeHus
pacnpe/ie/ieHHsi CHTHAIOB 110
AMIUIHTY/IE MCTIOB3YIOTCs Crie-
UMATbHBIE JEKTPOHHBIE YCT-
POICTBA — AMILIMTYIHbIE aHa-
JIM3aTopBl (CM. puc. 76). B

Puc. 76. Cxema 2amma-cnexmpome-
mpa: 1 — ucmounux °y-keanmoe,
2 — CUUHMUAALUORHI Kpucmana,
3 — @Y, 4 — yeurumens nexm-
PUMECKUX UMNYAbCO8, 5 — amnau-
MYOHbII GHAAUAMOP UMNYABCOS.

TEJIbHO, MEPEBECTH B COCTOSIHUSA, OTBE-
vaioiue Gonbiueit sHepruu. [Nepexons
yepe3 HEKOTOPOE BPeMsi U3 BO30YXKIEH-
HOro COCTOSIHHSI B OCHOBHOE, aTOMHOE
SUIPO MOXET MCIYCTHTb WIM YacCTHILY,
€CJIK SHEeprus BO36y)KﬂCHMﬂ JAocTaToy-
HO BbICOKA, WIH BbICOKO3HEpreTHyec-
KO€ 3JICKTPOMAarHUTHOE M3JIyYCHHE —

L=

Y-KBanT.

I
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Iupuxo Depmu (1901—1954).

HpHko DepMu — BETHKHI

MTaIbSHCKHI (U3HMK, BHe-
cuimit 6o/bLIO# BKIaX B pa3Bu-
THE COBPEMEHHO# TeopeTHuec-
KOH M 9IKCNepUMEHTAIbHOM
du3ankun. TMpuuuman nesresb-
HOE Y4acTHe B CO3IAHUH OCHOB
KBaHTOBO# (u3nku. B 1934 rony
CO3/1al KOJMYECTBEHHYIO Teo-
puio [3-pacnana, ocHosammyio
Ha MPENOIOXKEHHH O TOM, YTO

TMockonbKy BO30YXIEHHOE SIPO HAXOAMTCS B IMCKPETHBIX IHEPTETHYECKUX CO-

TOH a-H3Ty XapaKTepHU3yeTcs IMHEIYaTbIM CIIEKTPOM.
Pacnan 60/1b110r0 KOJMYECTBA SAEP JI060r0 paTMOaKTHBHOTO H30TOMNA MOAYH-
HSIETCS OHOMY 3aKOHY, HOCSILIEMY HA3BaHME 3AKOHA PAIHOAKTHBHOIO Pacnaia
M Bbipaxalouierocsi Gopmynoii:

t
N=N,27,

rae ND — HAYaJIbHOC KOJIMYECTBO PAIMOAKTHUBHBLIX AAECP B MOMEHT BPEMECHH,
C KOTOpOro HauuHaloTtcs HaGmozenusi (t=0). Yucnao saep, He HCMbITaB-
LIMX pacrnaja 0 HeKOTOPOro MPOM3BOJILHOTO MOMEHTa BpeMeHH t, 0603Haya-
ercst N. Cumsonom T 0603HaueHa nocTosHHas BemunHa, 3aBUCAILAs OT THIA
PaAHOAKTHBHOIO M30TOINA. Ta NOCTOsSHHAsK HA3bIBAETCS NepHOIOM noaypacna-
na. Yepes np TOK B i nouy,

KOJIHYECTBO PAJIMOAKTUBHBIX SIEP YMEHBIIAETCS BABOE. W

SIBieHue eIeHUs TSKEJIbIX aTOMHBIX SA4€p Ha 1Ba OC-
Konka 6bu10 oTKpeiTo O. TaHoM u @. LlTpaccmaHom
B 1939 roay npu u3yyeHWH B3aMMOICHCTBUSI HEHTPOHOB PA3TUYHBIX HEPrHii
u sznep ypaHa. Heckonbko nosxe, B 1940 roay, coperckue dpusuku K.A. Ietp-
*ak u [LU. ®iepoB 06HapyXWIH CaMONPOM3BOJILHOE (CIIOHTAHHOE) Je/IEHHE
siaep ypaHa. [1pu crioHTaHHOM Bbl HEHT KaK Mpasu-
110, 06pa3yIoTCsi ACHMMETPHUHBIE OCKOJIKH, OTHOLICHHE MAcC KOTOPBIX IMPH-
MEpPHO paBHO 3:2.

Tpu peakuuu TCsi 04eHb 60! IHeprus. DHeprus aene-
HMUS BbICBODOXIAETCS B BUIE KHHETUYECKO#H HEPrUH SIEP-OCKOJIKOB, KMHe-
THYECKOH SHEPTHH MCII BIX SIPAMH- 3/IEKTPOHOB, Y -KBaH-
TOB, HEUTPHHO, HEHTPOHOB.

OCHOBHAs! 4aCTh SHEPrUHU JICJICHHUS IPHXONUTCS HA IHEPTHIO SIEP-OCKOJIKOB,
TNIOCKOJIBKY TOJ1 ICHCTBHEM KYJIOHOBCKHX CHJI OTTa OHH peTa-
10T GOJIBLIIYIO KHHETHYECKYIO 9Hepriio. OCHOBHAS 4acTh IHEPTHH JC/ICHHUS! Bbl-
B BUIC KHHETHYECKOH SHEPIUHU SIEP-OCKOKOB.

B-uactuust on-
HOBPEMEHHO C HeHTpuHo. B
19341938 romax Bmecte ¢ co-
TPYAHMKAMH HM3yyai CBOHCTBA
HEHTPOHOB M NMpPaKTHYECKH 3a-
JIOKHJI OCHOBbI HEWTPOHHOW
du3nku. Pepmu Briepsbie Ha-
61102171 HCKYCCTBEHHYIO PaiHo-
AKTHBHOCTb, BbI3BAHHYIO GOM-
GapanpoBkoi HeHTpOHAMKU
psilla 2NIEMEHTOB (B T.4. ypaHa),
OTKpBUI SIBJICHUC 3aMeLICHHUs
HETPOHOB M CO3/aNl TEOPHIO
3TOro AIBNEHMs, 3a uto B 1938

3ameyarebHbIM 1 qpeanu-laﬁuo BaXHbIM CBOHCTBOM PEAKLMH ACICHUSA ABISA-
€TCsl TO, YTO B pe3yJibTare [e/ieHHsi 00pa3yeTcsi HECKOILKO HEHTPOHOB. ITO 06-
CTOSITE/ILCTBO MO3BOJISIET CO3/AATh YCJOBHS /Ui NOLAEPXKAHHS CTALMOHAPHOM
WM pa iicsa BO " sinep. [eiicTeu-
TEJIbHO, €CJIM B CPeJie, COAePXKalleii IeNsHUecs SApa, OMH HEUTPOH Bbi3biBa-
€T peakuuio TO 06pasy, B pesyJibTate p HEHTPOHBI MO-
yT ¢ OHPCIJCJICHHOﬁ BEPOATHOCTLIO BbI3BATHh JCJIIEHHUE SAEpP, YTO MOXET
TPUBECTH TMPH COOTBETCTBYIOLUHX YCJIOBUSAX K Pa3sBUTHIO HEKOHTPOJIMPYEMOTO

P Yucno P! HEHUTPOHOB HEMOCTOSIHHO LISl BCEX TS~
XKEJIBIX SIEP M 3aBUCHT KaK OT HEPrUH BBI3BABILETO JICICHUE HEHTPOHA, TaK
1 OT CBOWCTB sitpa-MuiueHn. Cpein HeHTPOHOB JeIeHHUs! KPOME TaK Ha3biBae-

rony y F
npemuio. B nexabpe 1942 rona
Depmu BriepBbie YAAIOCh OCY-
LLIECTBHTD SUIEPHYIO LIETTHYIO pe-
aKIMIO B IOCTPOCHHOM MM niep-
BOM B MHDE SIEPHOM peakTope,
TA€ B KayeCcTBe 3aMEUIMTENs
HEeHTPOHOB rpa-

MBbIX MI X HEWTPOHOB, MCIycKaeMbix 3a 10—15 cekyHa nocae npouec-
ca JIeJIeHHsl, €CTh TAKXKE M 3aNa3/ibiBAIOLIME HEUTPOHBI. OHHM HCTTYCKAIOTCS B Te-
YEHHE HECKOJIbKHX MHMHYT C MOCTENEHHO YObIBalOWICH WHTEHCHBHOCTHIO.
MrHoBeHHBIE HETPOHBI COCTABAIOT Gosiee 99% MOIHOrO Yncaa HEATPOHOB
JIe/IeHHs], @ MX SHEPrusi 3aKII0YEHa B IIMPOKOM JMaMa3oHe: OT TEIUIOBOH 9Hep-
THH J10 SHEPTHH, NMPUOAN3HTEILHO paBHO# 10 MaB.

¢uT, B KayecTse ropiouero —
ypaH. [locnensmne roabi Xu3HH
3aHUMaiCs ¢M3HKO“ BbICOKHX
3Hepruii. ®

3ana HEHUTPOHbI HCITYCKAIOTCS BO30YXX/ICHHBIMH siipaMH 06pa3syio-
mMxcst noce Ge TMPOIYKTOB — s1ep-np T
TTocKoIbKY HCIYCKaHHE HYKJIOHOB BO3GYXICHHbBIM SIPOM TMPOMCXOIUT MIHO-
BEHHO, TO BPEMS UCIYCKAHMS 3aras3/ibiBaloLero HEﬁTpOHa MOCJIC aKTa ACJIEHUs
Oyaer onp ThCS 10X pa-np T L]
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B pe3yabTaTe ACJICHUSA TAXKE-
JIBIX SAOEp 06pa3leTCﬂ, KakK
NnpaBuJio, JABa siapa-oCKOJIKa
C pa3nwmoﬁ MacCOM. B cpennem
OTHOILIEHHE MACC JIETKMX M TSKEJIBIX OCKOJI-
KoB paBHo 2:3. Kak npaBuJio, siipa-ocKoi-
KM UMeloT 60JbLIOi U3OBITOK HEHTPOHOB
U 1103TOMY HEYCTOHYMBBI OTHOCHTEJIBHO Ge-
Ta-pacnazna. MaccoBbie Yucia A NPOIYKTOB
ZieNIeHnst MeHsiioTest oT 72 10 161, a aToM-
Hble Homepa — ot 30 10 65. BeposiTHOCTb
CHMMETPHUYHOTO JIe/ICHUsI Ha JIBa OCKOJIKA

¢ NpUOIN3UTEIBHO PABHBIMH MAacCaMM CO-
crapasieT Beero 0,04%. Jlonsi CMMMETPHYHOTO Je/IeHUsI BO3PACTaeT Mo Mepe
YBEIMYEHUSI SHEPTMH MEPBUYHOTO HEHTPOHA, BBI3BIBAIOLIETO JE/IEHHE aTOMHO-
TO siIpa.
Pa3nnuHble YaCTULIbI (HEATPOHBI, IPOTOHBI, ANEKTPOHBI, ¥ ~KBAHTBI M T.1I.) MOTYT
B3aUMOJIEHCTBOBATh C ATOMHBIMH siIPaMU. XapaKTep B3aUMOEHCTBUsI 3aBUCHT
OT SHEPrUM YACTHLL, UX THTIA M CBOWCTB aTOMHOTO si1pa. [UIsi OLIEHKH BEPOSTHO-
CTH B3aUMOJICHCTBUSI BBOANTCS BEINUMHA, HA3bIBE P
yenHeMm B3aumozeincTBust. DU3NYECKHIi CMBICH ee COCTOMT B ceayiomeM. [Tycts
TyYOK HEHTPOHOB MHTEHCHBHOCTHIO N NataeT Ha MHIIEHb, COCTOSIIYIO W3 O1I-
HOTO c1osl snep. Yneno snep Ha enuHuMLe nosepxHocTH pasHo M. TMpeanono-
JKMM, YTO NPH MPOXOXIEHUH My4Ka Yepe3 TaKo#H C/I0i YacTh HEHTPOHOB NOT/IO-
THTCst B Hem, a N HEHTPOHOB MpoitleT yepe3 3ToT caoil. Toraa BeposTHOCTb
B3aUMO/ICHCTBHS OZIHOTO HEMTPOHA C OIHMM ATOMHBIM sIPOM OyZIeT paBHa:
N,-N )

N,M
3T0 M ecTh MMKPOCKOIIMYECKOE CeYEHHe, NMpeacTansiollee coboi addekTns-
HYIO TUIOLLIA/Ib TIONEPEYHOTO CEeYEHMUsl aTOMHOTO SIIpa, TONaB B KOTOpOe Hajie-
TAlOIIAs YaCTHLIA BbI3bIBACT SIICPHYIO PEAKLIMIO WM MCTIBITHIBAET PaccesiHue.
B npouecce 3kcr TAIbHBIX HCC. i SHEPreTHYECKO# 3aBUCHMOC-
TH CeYeHHs B3aUMOJICHCTBHS YACTHIL M PA3/IMUHBIX aTOMHBIX siiep GbUI0 06Ha-
PYXEHO, YTO TPH O IX SHEPIUsX c i pe3ko Bo3pac-
TAlOT, a MpPH JAIbHEHIIEM YBEJIMYEHHH SHEPIUM CHOBA YMEHbIIAIOTCS. DTO
SIBJICHHE HA3bIBACTCS PE3OHAHCOM.

KHM Cce-

(o}

Puc. 77. Amomnoe opyxcue um-
nA03UOHHO20 muna npedcmasasem
coboit noayio cipepy u3 deasugezocs
Mamepuana, OKpPYICeHHYI0 C10eM
006141020 83pbiGHaMOo20 Geuiecm-
6a. Ilpu demonauuu Hapyxcroii
cghepbi 8HYmpeHHAs cocumaemcs
00 Kpumuveckoii Maccel, u npouc-
Xx00um sdepubiii 63pbie: a) — do
a3pviea, b) — nocae 63poisa.
Yenosnsie o6osnavenus: 1 — kop-
nye, 2 — obbiunoe 63pbigamoe
eewecmeo, 3 — Odokpumuyeckas
macca Pu-239, 4 — 6o3dywnas
noaocms u 3a3opbi, 5 — npoeoda
cucmemol demonauuu, 6 — Kpu-
mu4eckas macca.

Inepeusn, evideaneman npu dene-
Huu a0ep, He 6ce20a ucnonvyem-
s 60 6aaco.
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PMHH  «PalMOAKTHBHOCTb»

6bL1 npeuioxeH B 1898 rony
Mapueii Cxionosckoit-Kiopu.
TMepBasi eAMHNLIA H3MEPEHHS pa-
JIMOAKTUBHOCTH ObUa Ha3BaHa B
YECTh CYNPYIOB-Y4eHBIX «KIOPH».
PanuoakTHBHOCTB B 1 KiopH co-
3naet 1 r paausi. CyluecTsyer Ta-
KOE Onpe/ie/ieHHe NaHHOM eu-
HUUBL: | KIOPH — aKTHBHOCTH
TAKOro KOJIMYECTBA paaHoak-
THBHOTO BEUIECTBA, B KOTOPOM
npoucxoaut 3,7-1010 pacnanos
B CEKYHITY.
PanMoakTHBHOCTh MOXHO H3Me-
PATb B PAXTHYHBIX EAMHULIAX —
B GEKKepessiX, KIOpH, peHTre-
Hax, pesepdopnax, rpesx u T 1.,
a MOUIHOCTb MINTyYeHHWs — B
ITUX XK€ CIMHHUUAX, OTHECEH-
HBIX K €IMHHMIE BpeMeHH (ce-
KyHIIe, 4acy, CyTKaM, Hezele,
mecsiuy, roay). Paccmotpum oc-
HOBHbIC €IMHHUBI M3MEPEHHs
PAIHOAKTHBHOCTH, 4alue apy-
THX MCTIONIB3YIOLIHECS B TpaK-
THYECKO 1eSATENbHOCTH.
| peHTren — 93TO Takasi 103a
PEHTITEHOBCKMX (MM ramma)
nydeit, npu Kotopoit B 1 cm?
Bo3ayxa obpasyercs 2,08:109
nap HOHOB (WM B | r Bo3ayxa —
1,61-1012 nap uoHoB).
1 69p (6nonoruueckmit IKBUBa-
JIEHT PEHTIeHa) — J103a J11oboro
M3TydeHHs, KOTOpasi MPOM3BO-
JMT Takoe Xe Guonoruyeckoe
ZIeHCTBHE, KAK PEHTTEHOBCKOE
WIH raMMa-H3/TydeHue B | peHT-
req. ®

CTeneHb obGnyueHns u3me-
paloT ewe B panax. Croso
«pan» 06pa3oBaHO OT aHIVIMIA-
ckoro  «radiation absorbed
doze» — «norOLICHHAs 1032
M3NyYeHHus». | pan — 3T0 TaKoe
MITy4eHHE, NP KOTOPOM KaxX-
Ibl KWIOTPaMM Macchl Belle-
CTBa (CKaXeM, 4eJlOBEYecKoro
Tena) noraowaer 0,01 [Ix snep-
ruu (win | r Maccsl noroaer
100 3pros).

Jnsi OGBIMHBIX MPAaKTHYECKHX
PACYETOB MOXHO CYHMTaTh, YTO
PEHTIeHBI, pabl ¥ 63l PaBHbI
Mexay coboit: 1 peHTreH =
I pan=163p. =

HeHTpoHBI MO HEPrUM NMPHUHATO NENMTh HA CIEAYIOIIME TPYMIIbI: ObiCTPbie
HeHTPOHBI, ¢ 3Hepruei 1—2 MaB u ckopocTbio npuMepHo 107 M/c, U TemioBbie
HeHTPOHBI, HAXOSLIMECS B TETVIOBOM PABHOBECHH C SIPAMH CPE/Ibl, HMEIOLIHE
sHepruio 0,005—0,2 3B 1 ABMXYyIIHECS CO CKOPOCTBIO TETUIOBOTO IBHXEHUS
(00110 2:10° M/c). BbIAESIIOT TAKXKE MPOMEKYTOUHbIE M HAXTEILIOBbIE HETPO-
HBI.

Ipyu B3auMOIEHCTBUM HEHTPOHA U SIEP MOTYT MPOTEKATh CJEYIOLIHe PeaK-
LIMK: YIIPYTOE paccesiHue, HEYTIpYroe paccesiHue, paanallMOHHBIN 3aXBart, Jejie-
HHe. BeposITHOCT NPOTeKaHMs ONpeie/IEHHON PeaKLIMK XapaKTepH3yeTCsi MU-
KPOCKOMIMYECKUMH CEYEHUSIMH. B 3aBUCHMOCTH OT 3HEPrMM HEHTpOHa
CEYEHHs! MOTYT M3MEHAThCA. Tak, B 06/1aCTH GBICTPBIX HEHTPOHOB CEYEHME pa-
JIMALIMOHHOTO 3aXBaTa NMPUMepHO B 100 pa3 MeHbIlE CeYeHHsI 3aXBATa TETUIOBBIX
HelTpoHOoB. CeyeHue yNpyroro paccesiHusi, Kak npaBuiio, MOYTH MOCTOSHHOE
JUISl SHEPTHH Bhbile | 5B.

HCO6X0£[PIMO OTMETHUTD, yTO parvOaKTHBHbIC H3NTY4eHHUS THOETb-
HO JICHCTBYIOT Ha XHBbIE KIETKH. MEXaHHU3M 3TOro BO3ACHCTBUSI HA TKAHU XKH-
BOTO OpraHM3Ma 3aKJ1i04aeTcs B PoLeccax BO30YXIEHHsI M HOHH3ALWH aTOMOB
¥ MOJIEKYJI cpeibl. Bo3byxkaeHHbIe aTOMbl M MOHBI 06/1al1aloT BBHICOKOM XHMHUYe-
CKOM aKTHBHOCTbIO, MIO3TOMY TNPH MONANAHNK B KJIETKH OPraHU3Ma OHH 1po-
BOLIMPYIOT MOSIBJICHHE HOBBIX XUMHYECKHX COCMHEHMI, UyXIbIX 310POBOMY
opranusmy. [Tox neiicTBHeM HOHM3UPYIOLLCH PaIHaLiy Pa3pyLIAIOTCS OTAEb-
HbIE CJIOXKHBIE MOJIEKYJTbI M 3/IEMEHThI KJIETOYHBIX CTPYKTYP.
B-wacTuust o6nanaior pasmuuHbIMK ipoGeramu B Bewectse. [TpoHMKaONLYIO
CMOCOGHOCTb B-4acTHLl PasNMUHBIX PATHOAKTHBHBIX H30TONOB OGHIYHO Xa-
PaKTEPU3YIOT MUHMMAIBHO# TONLIMHONM CIOSi BELIECTBA, MOJHOCTBIO MOMIO-
LIAIOILEro BCe B—uac‘ruuu. K npumepy, c/oii amiOMMHUSI TOJNMHON 3,5 MM
TOTHOCTBIO 3ALIMILAET OT MOTOKA [3-4acTLL ¢ MaKCUMaIbHO Heprueii ac-
THi 2 M3B.
OL-9acTHIBI 06/1a7A0T 3HAYMTENbHO Gonblueil Maccoid, yeM P-actuust. IMo-
3TOMY CTOJIKHOBEHMSI C 3/IEKTPOHAMM aTOMHBIX 000JI04EK OKa3biBAIOT HE3Ha-
YUTEILHOE BIMSHME HA TPACKTOPMIO JBWXEHHS OL-YaCTHLL, ¥ OHM JBHXYTCS
TIOYTH NMPAMONHHE#HO. [Tpoberu OL-yacTHil B BeLIECTBE OYEHb MAJIbl — HAIpPH-

MEp, B MATKHX TKaHsX Y€JIOBEKa JUTH- -
Hocmuxcernun yuensix 6 obaacmu amomuoii u

Ha npobera Ol -4acTHLL COCTaBJISIET CO-
Thie 10M MuuMMerpa. Braromaps
HebOoNbLIOH MpOHHKalowIeH croco6-
HOCTH anbga- M GeTa-u3ydyeHus
OOBIYHO HE MpPEACTABMIAIOT OMACHOC-
TH NPH BHEIHeM obayyenun. Ilior-
Hasl OJIEX/1a MOXET MOTJIOTHTh 3HAYM-
TeJbHYIO 4acTh [3-yacTML M CcoBCEM
He TpomnycKaer OL-yacThibl. OnHako
TNpY MOMNAJaHNUK BHYTPb YeJOBeYeC-
KOro OpraHu3Ma ¢ Tuulei, BOAOH
W BO3MYXOM WJM TNPH 3arpsisHEHWH
PaIMOAKTHBHBIM BELIIECTBOM TOBEPX-
HOCTH Tesa anbda- u Gera-uanyye-
HUS MOTYT NIPHYHHHTH YEJIOBEKY Ce-
Pbe3HBI Bpell.

Y-KBaHTbI 1 HEHTPOHBI, B OTIMYHE OT
OL- 1 B-uacTuu, He 061aNAIOT MEKT-
PUYECKHMH 3apsfaMM M TOTOMY

AO0EPHOI (PU3UKU WIUPOKO UCNOABIYIOMCS 60
MHO2UX OMPACAAX, 8 MOM HUCAE U 8 MeOULU-

He. c uc-

caedyemes u OuazHoOCMupyemcs 20106HOi
Mo32 Henoeexa.
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MMEIOT ropa3no Gonblumii mpober B BelIECTBE — MYTH Mpobera Y-KBaHTOB
W HEHTPOHOB B BO3JIyXE U3MEPAIOTCS COTHSIMM METPOB, B TBEPIOM BELIECT-
BE — JICCATKAMM CAHTUMETPOB M JIaX€ METPAMH. Y-KBaHThI, KaK M 3apsXCH-
HbIE YACTHLIbI, B3aUMOJIEHCTBYIOT B OCHOBHOM C 3JIEKTPOHHBIMH 060I04KaMH
aToMoB. [Tpu NpoxoxaeHuH BOJIN3M aTOMHOTO sIpa Y -KBAaHT MOXET TpeBpa-
THTBCS B Napy YaCTHIL IEKTPOH-TIO3UTPOH. BTOpHUHbIE 3/IEKTPOHBI, BO3HH-
KalolMe B pe3yJbTaTe B3aMMONCHCTBUS raMMa-M3Jy4CHHSI C BELIECTBOM,
MPOU3BOST HOHHM3ALMIO U BO3OYXKIeHHE aTOMOB cpeibl. [TpoHKKalowasi cro-
COOHOCTh TraMMa-Jlyyeil YBEJIMYHMBAETCH C POCTOM 3HEPIHHM Y-KBAHTOB
W YMEHbIIAETCS C YBETMYEHUEM TUIOTHOCTH BEIECTBA-MOMIOTUTEIS.
He#HTpoHbI Mpu IBHXEHUH B BELIECTBE C 3IEKTPOHHBIMH 000JI0YKAMH aTOMOB
HE B3aUMOJICHCTBYIOT M BO30YXIaTh HIM HOHHU3MPOBATh aTOMBI He MOTYT. [Tpu
CTOJIKHOBEHHHM C aTOMHBIMH SIPAMH OHH MCTIBITHIBAIOT PACCESIHUE WIIH BbI3bI-
BAlOT sIEPHBIE PEAKLIMK C BHIXOZIOM M3 SIPA 3apSKEHHBIX YaCTHLL M Y -KBAHTOB.
Takum 006pa3oM, KOHEUHBIMH DE3yJILTaTAMM B3aUMOJICHCTBUS C BEIICCTBOM
no6oro BuIa 0 M3TYueHHsI MOHM3ALMs U BO3OYXICHHE aTo-
MoB cpezibl. Kpome Toro, B HEKOTOPBIX CTy4asix NPH OCYILIECTBICHHH SICPHBIX
PeaKIHit BO3MOXHO 06pa3oBaHHe HOBBIX 3JIEMEHTOB HJIH H30TOTIOB.
TaMMa-JTyuu ¥ MOTOKH HEHTPOHOB — HauboJiee POHUKAIOLIME BUAbI HOHH3H-
PYIOLLIMX M3TYYEHHH, MOITOMY NPH BHEIIHEM OOJyYeHHH OHH TIPEACTABISIOT
JUISt YeJIOBEKA HaUBOIBIIYIO OMACHOCTD.

Oco6eHHO YyBCTBUTE/bHBI K BO3AEHCTBHIO NMOAOOHBIX HATYYEHHI KJIETKH, Ha-
XOJISIIIMECS B COCTOSIHUM GBICTPOTO POCTa M Pa3MHOXEHHSI. DTO OGCTOATENBCT-
BO MCTIONIb3YETCs JUISI JICYEHUS] PAKOBBIX OMyXOJIEH.

B tep THBHBIE IThl, UCITYCKAIOLIIME raMMa-Jiy-
YM, TAK Kak rnocieaHue 6e3 3aMeTHOro ociabieHus MPOHUKAIOT BHYTPb Opra-
Hu3Ma. [1pu He cMLIKOM GOMBLINX 103aX 0GIyYeHHs PAKOBBIE KJIETKH THOHYT,
TOrJa KakK OpraHu3My 60JIbHOTO He MPUYMHSAETCS CYIeCTBEHHOTO yiep6a. On-
HAaKO HEOOXOIMMO OTMETHTb, YTO PAIHOTEPANHs paKa, Kak, BIPoYeM, U 1060
ZIPYTOii METOJI JIeYeHHsi ITOro 3a60/IeBaHMs, Ia/IEKO He BCEra NMPHBOANT K M3-
JICYEHHIO.

YpesmepHo Gosblune 103bI PAAHOAKTUBHBIX U3YYEHHH BBI3BIBAIOT TSKEJbIC
3ab0/ieBaHMsI KWBOTHBIX M YeJIOBEKa (Tak HasbiBacMasi Jyuesasi 6oJie3nb) U MO-
TYT TIPUBECTH K CMEPTH. B OYEHb MasibIX 103aX PaIMOAKTUBHBIC UITYYCHHS,
JIaBHBIM 06pa3oM ajib(ha-JTyuH, OKa3bIBAIOT CTUMYJIMpYIOLIEE JCHCTBHE Ha Op-

Hemvlmo Ha3biBaeTCs He3a-
PSXEHHAs JNEMEHTapHasi
4acTHLa, KOTopasi MCrycKaeTcst
ONIHOBPEMEHHO C 3JIEKTPOHOM
WK NO3UTPOHOM NpH Gera-pac-
naje aToMHoro suipa. Heitrputo
KpaiiHe c1abo B3aumozneHcTByer
C SIPAMM M MPAKTHYECKH He
B3aMUMOJEHCTBYET C 3/IEKTPOHA-
MH, KPOME TOTO, HE NPOH3BOMT
3aMETHOM HOHM3ALMK cpeabl. B

Kamepa Buavcona — npubop,
n0360ARI0WUI pezucmpuposams

rauusM. C 3TUM CcBsi3aH it addexr TMBHBIX
BO/, COICpXaLHX HebOoJIbILINe KOJIMYECTBA panus Wiu paaoHa.
Mepoii Bo3zeiicTBHsi 0600 BUA SAEPHOTO U3TYYeHHsI Ha Be-
ILECTBO SIB/ISIETCS MOIIOMIEHHAst 1032 H3aydenns. [loza uanyde-
HMS €CTb OTHOLICHUE SHEPIUM, ﬂCPC)laHHOﬁ HOHU3HPYIOLUUM
H3TYYCHHEM BELICCTBY, K Macce BeLeCTBa.

Enuuumua noriomeHHo# 103bl nojyunia Haspaxue rpai (Ip):

][‘p:.l_ﬂlk.
Ikr

Taxxe MOXeT ObITh UCTIOJIB30BAHA M €AMHHLA paa:

1 pan = 0,01 Ip.

OTKpHITHE SIBNEHUS PAIMOAKTHBHOCTH M PE3YJIBTAThI ONBITOB
Pesepdopna ybeauresbHO MOKa3aiu, 4TO aTOMBI He SIBJISIIOTCS
HEACTUMBIMH npOCTCﬁIllMMH YacTHUaMH. Kak 6bu10 YCTaHOB-
JICHO, OHH COCTOSIT M3 3JICKTPOHOB, NMPOTOHOB M HCﬁTpOHOB.
TMepBoe BpeMst YaCTHLIbI, N3 KOTOPBIX MIOCTPOCHBI ATOMBI, CYH-
TaJIUCh HEACIIUMBIMH. l'lo::/roMy MX Ha3BaJIK 3JIEMEHTAPHbLIMH

uacmuybt.
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HbopMmauusi 06 d5eMeH-

TapHBIX YAaCTHLAX NOTyya-
eTcs In6O B pesysibTaTe IKcne-
PUMEHTOB C KOCMHMYECKMMH
Jlydamu, IM6O € MOMOILBIO 110~
CTPOGHHBIX yCKOpHTenei. Ye-
KOPHTE/b HacTHLL — 3TO ycTa-
HOBKa, B KOTOPOii C MOMOLIBIO
INEKTPUYECKHX M MarHUTHBIX
noJieil NOJyYaloTCs HanpaBieH-
HbIE MYYKH 2/IEKTPOHOB, POTO-
HOB, HOHOB M JIDYTHX 3apsiKeH-
HBIX YaCTHLL C JHeprueii,
3HAYMTENBHO NpEBbIlIAIOUICH
TEnIoByio 3Hepruio. B npouec-
Ce YCKOPEeHHsi TOBBIIIAITCS
CKOPOCTH YaCTHll, NIPHYEM He-
PeKO 10 3Ha4YeHHH, GIM3KHX K
CKOpOCTH CBETa.
B 3aBHCMMOCTH OT THNa YCKO-
PAEMBIX  HAaCTHLL pa3inyaloT
NPOTOHHbIE M IEKTPOHHbIE YC-
koputean. Kpome Ttoro, ycko-
puTenu ObIBAIOT KOJbLEBbIE W
JnHeiiHbie. B

BKO}lbuCBHX YCKOPHTEISX
B/IO/Ib BCETO KOJIbLIA, B KO-
TOPOM JIBHXKYTCS PasroHsieMble
3apSKEHHbIE YACTHILbI M M3 KO-
TOPBIX OTKA4aH BOJMYX, CTOAT
IEKTPOMATHHTHI. YeM cuiibHee
MarHuTHoe moje, TeM Gosee
SHEPrUYHblE YaCTHLLl MOTYT
ObITh yEpXaHbl BHYTPH KOJIbLIA
(kamepsi). PasroHsiiotcst yacTu-
1bi TIPH TIOMOILH /IEKTPHYECKO-
TO NOJIsi B YCKOPSIIOLIMX TIPOMe-
XKYTKaX, KOTOPbIE PACTIONOKEHbI
BIO/Ib KOJIbLIA. B KoniblieBOM yc-
KOpHTeJie, IJle YacTHLia MOXeT
MHOTOKPATHO MpOJeTeTh BAOIb
KOJIblia, 1OKa He HaGepeT HyX-
HYIO JHEPIHIO, /IEKTPHYECKOE
nosie MOXer GbiTh HE OueHb
CHJIbHBIM. B JMHeiHOM yCKOpH-
Tejle, HAaNpOTHB, YCKOPSIOLIHE
2NEKTPUYECKHE  TOTEHUHATIbI
JIOJKHBI ObITb MPEIEBHO BbICO-
KHMH, TIOTOMY 4TO 4acTHua
nosXHa HabpaTh BCIO CBOIO
SHEPrHIO 33 OIMH NpoJieT (n-
HelHbIe YCKOPHTE/IH MCTIONb3y-
0TSl TAKXKE M JUISl NONYYEHUs!
BBICOKOIHEPTHUHBIX Iy4KOB HO-
HOB M sizep). ®

yacTuuamu. OIHaKO B MOCIEYIOLIEM, P GIMXaiilIeM pacCMOTPEHNH, OKa-
3a10Ch, YTO TEPMHUH «3JICMECHTapHasi YaCTHLIa» J1OBOJIBHO YCJIOBEH. OnHa u3
ITHX YacTUL — HCﬁTDOH — B CBOOOJHOM COCTOSIHUH CYLWECTBYET B CPEAHEM
JIMILIB OKOJIO 15 MMH, a 3aTeM p Csl HA NPOTOH, 3J1e-
KTPOH M HEHTPHUHO. OHAKO CYNTATh MPOTOH, IEKTPOH U HEHTPHHO «HACTO-
AIMUMH» JIEMEHTAPHBIMK YaCTHLIAMH, a HCﬁTpOH «HEHAaCTOsILIEH» JJIeMeH-
TApHOI 4YAaCTHLEHl HeNb3sl, TaK KaK KaXmas M3 O9THX 4YacTHIl MNpH
B3aMMOJEHCTBUH C JPYrMMH YaCTHLIAMH ¥ aTOMHBIMH slIpaMH MOXET MpeBpa-
1aThCsl B IPYTHE YaCTHLIbL.

[MapameTpoB, OnpeessiOLIMX CBOWCTBA YacTHLL, JOBOJIBHO MHOTO. BaxHeii-
LWKUMH U3 HUX SBISIOTCS Macca 4acTHMLbI, €€ SJ‘ICKT]JH‘ICCKHI‘;I 3apsia, CrMH
M BpEMsl XHU3HU. B

3BOJILHO

CIHMHOM Hasbisaetcs BEJIMYMHA, Al01asl KOJIHYECTBEHHYIO XapaKTepH-
CTHKY BpalIaTENbHOTO ABMXKEHMs 4YacTulibl. CIMH yacTHUbI (MeXaHUYECKHi
MOMEHT) Y Pa3IMuHBIX YAaCTHLL MOXKET UMETh PAa3TMYHbIC 3HAYEHMUS], HO BCE Ya-
CTHILIbI OTHOTO THIA UMEIOT aGCOMTIOTHO OIMHAKOBBIE CTIMHBI.

TMonbiTaemcst noapo6Hee paccMOTPETh OTPOMHOE CEMENHCTBO «3/IEMEHTAPHBIX»
yacTull (B HacTosiiee BpeMsi MX u3BecTHO Gosee 200). Ho nmpexae yeM HayaTh
PACCMOTPEHHE 3/IEMEHTAPHBIX YACTHII, HEOOXOIMMO BCTIOMHHTb THIThI B3aHMO-
NEACTBHIA.

Kak Mbl yXe yNoOMHHaJIH, B HACTOsILIEE BPEMsi M3BECTHO YEThIPE THIA B3aUMO-
ZICHCTBHIA: CUIIbHBIE, JIEKTPOMATHUTHBIE, C/1a0ble ¥ IPaBUTALIMOHHbIE B3AUMO-
NeACTBUS.

HaunGonee M3BECTHBIMM M3 HUX (M 3aMETHBIMU B OOBUICHHOM JKH3HH) SIBJISIIOT-
sl 2/IEKTPOMArHUTHBIE M TPABUTALIMOHHBIE B TBHSI, -
¢l B MAKPOCKOMHMYECKOM MUpe. [paBUTalIMOHHbIE B3aWMOIEHCTBHS CYLIECTBY-
10T MEXIY BCEMM M3BECTHBIMM YACTHLIAMH, OIHAKO NMPH 3TOM OHH HACTOJILKO
c1a6bl, YTO HE MOIAIOTCS IKCTIEPUMEHTATLHOMY 06HapyxXeHHIo. B Makpocko-
TMUYECKOM MUPE IPaBHTALIMOHHbIEC B3AUMOEHCTBHSI GONIbLIOTO KOJMYECTBA Ya-
CTHIL, COC Maccy Tesa, CK. ¥ NOPOX/AIOT CHJTY FPaBUTa-
UMM, KOTOpas ABNSETCS OCHOBHO# CHJI0# BO BeeleHHOM. DIeKTpOMarHUTHbIe
B3aUMOICHCTBUS  MPOUCXOIAT
MEXIy BCEMH 3apSKCHHBIMHU Ya-
cruuamu. UMeHHO OHM OTBETCT-
BEHHBI 33 BCE XHMHYECKHE peak-
MM, a TaKxke 3a obpa3oBaHHe
BCEX aTOMHBIX U MOJIEK! X
cTpyKTyp. CHIbHBIE B3aUMOZEH-
CTBHSI YIEPXHBAIOT BMECTE MPO-
TOHbI U HEUTPOHBI BHYTPH siIpa.
OHHM NOPOXIAIOT SIEPHYIO CH-
Jly — CaMylo MOILHYIO M3 BCEX
M3BECTHBIX COBPEMEHHOMN Hayke
cun. Tak, HanpuMmep, 3EKTPOHBI
YAEPXUBAIOTCA MOGAM30CTH OT
ATOMHOTO siIpa MPH TOMOLIN
3JIEKTPOMArHUTHO#M CWJIbl, 06N1a-
Jaloulei 3Hepruei NMpuMepHo
B JIECSATb JIEKTPOH-BOJIBT, B TO
BpeMsi KaK slepHasi CHia, CBSi-
3bIBAlOLIAst HEHTPOHBI BHYTPH
SIpa, UCTOJIB3YET IHEPIHIO, PaB-

Jas mozo 4moGs: paseonsms snemenmapnbie 4ac-
muybt do ckopocmeil, Gau3Kux K cKopocmu cee-
ma, mpeGyemcs 0zpoMHas IHepeus — mak, Ha-
npumep, 0 3an

b
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HYIO IECTKAM MHJUTMOHOB 3JIEKTPOH-BOJIBT — OCOOBIX ¢IMHULL JUISl U3MEPEHHsT
9HEPIUN Ha CyDaTOMHOM ypOBHe. W

l'loualla.ny CYHUTAJIU, 4TO CHIbHOE B3aUMOJICHCTBUE NPHUCYILE TOJIb-
KO HYKJIOHaM (MPOTOHAaM M HEHUTPOHaM), a MEPEHOCUUKOM B3aUMOICHCTBUS
CUMTaIN JIEMEHTAPHBIE YaCTHLIbI — MHOHBL. [TocenHue GbIBAIOT KaK 3apsiXeH-
Hbie, TaK U HelTpasibHbie. KpoMe Toro, CYMTaioch, 4To 3/IeKTPOHbI He YJacTBy-
10T B CHJIbHbIX B3aUMO/ICHCTBHUSX. B

Kak 0ka3an0ch BIOCIEACTBUM, HYKIOHb — He eIMHCTBEHHBIE
YaCTHLbI, KOTOPbIE TPUHMMAIOT YYaCTHE B CHJIbHBIX B3aUMONEHCTBMAX.
K CHJIbHOB3aUMOJIEHCTBYIOIIMM YaCTHLIAM OTHOCHMTCS MoJaBisioliee 60b-
LIMHCTBO M3BECTHBIX YacTull. M3 6osiee uem 200 4yacTHILL TOJILKO JIMILb HECKOJIb-
KO He MOTYT MPHHSTh YYaCTHsI B CHJIbHBIX B3AUMO/ICHCTBUSAX (KaK M MX aHTHYa-
cTHLBI). DT HOTOH M HECKOIBLKO JienToHoB. He Tak 1aBHO Obl1 06HapyxeH
JIENTOH, MONYYMBLUMIE 0003HaueHHe «tay» (rpeveckas Gyksa T ). Tak xe Kak
3IEKTPOH U MIOOH, OH MOXET CYUIECTBOBATh B JIBYX 3apSIOBBIX COCTOSAHMSIX,
a MOCKOJIbKY €r0 Macca NpeBOCXOAMT Maccy /1eKTpoHa noutu B 3500 pas, oH
MOJY4H/I Ha3BaHWE TKeAoro Jentona. CyllecTBOBaHHE HEHTPHHO, KOTOPBIi
NpUHUMa Obl y4acTHE TOJILKO BO B3aUMOJCHCTBHsX ¢ T -nenToHoM, GbuIo
0GOCHOBAHO TOJILKO TEOPETHYECKH M OCTAETCS JI0 CHX NOP He I0KA3aHHBIM IKC-
NEPUMEHTAIBHO. L}

[MocteneHHO 00HapyXMBaJIMCb BCE HOBBIEC 3JIEMEH-
TApHbIC YACTULIBI, u HaKOHEl NOABUIACH NOTPEGHOCTH XOTh KaK-TO MX
kiaccuuumpoBath. YacTHIbI CTATH MOAPA3NENSATH HA AAPOHBI (TSKEIbIC Yac-
THLBI) ¥ JenTonsl (Jierkue yacTuiibl). CeMencTBO JIENTOHOB BKJIIOYAET 3JeK-
TPOH, MIOOH M UX HEHTPUHO. DTH YACTHLIbI HE YUACTBYIOT B CHJIbHBIX B3aHMO-
NeHCTBHSIX — MOCJICIHHUE CBOMCTBEHHBI APOHAM, TIPUMEPAMH KOTOPBIX CTyXaT
MPOTOH M HEHTPOH.

Co BpeMeHEM CEeMEHCTBO aIPOHOB MOMOJIHUIOCH GOMBIINM KOJIMYECTBOM HO-
BbIX WieHOB. KaK BbISICHUIOCH, OHM CAMM COCTOST M3 IPYTHX YacTHIL — TaK Ha-
3bIBaeMbIX KBapKOB. /10 CHX 1Op He yaaloch HabiionaTh OTAENbHbIC KBAPKH
B cBOGOAHOM cocTosiHMK. COMIaCHO COBPEMEHHBIM TEOPHSIM, KBAPKH MOTYT
CYLIIECTBOBATh TOJILKO B KOMOMHALIMSX, 06pa3yloimnx oObluHbIe YacTHLIbl. B3a-
MUMOZICHCTBHE KBAPKOB OCYLIECTBIISIETCS TIOCPEICTBOM IOOHOB. DTO B3aUMO-
NeiCTBHE M YIAEPXKHBAET KBaPKH B CBSI3AHHOM COCTOSI-
HUM BHYTPH OOBIYHBIX YACTHIL.

Macca nporoHa npumepHo B 1836 pa3 Gosblue Macchl
271eKTpoHa. HelTPOH HEMHOro MaccHBHee, YeM Mpo-
TOH. ECTb 4acTHIIbl ¢ MACCaMM NOPSIKA MACChI POTO-
Ha M 1axe 6oabiie. Bece oHu nosiyunau HasBaHue Gapu-
onbl. [MnoHbl mnpumepHo B 270 pa3 MaccuBHee
9JIEKTPOHA, OHM MPUHAIEKAT K CEMEHCTBY ME30HOB.
CriepBa npeanonaraim, 4to ¥ 6apuoHbI, U ME30HBI CO-
CTOSIT U3 KBAPKOB, MPHYEM MPOTOH U HEHTPOH COCTOSIT
KaXIblii U3 TPEX KBAaPKOB, a ME30Hbl — M3 IBYX. OnHa-
KO Tenepb CYUTACTCS, YTO /IS OOBACHEHUS BCEX Ha-
61101aeMBIX CBOHCTB 3/IEMEHTAPHBIX YACTHIL HEOOXOIH -
MO TpHBJIEYb C€lIE HECKOJbKO KBAapKOB C JPYTHMH
XapaKTepHCTUKAMH.

Heobx01MmMo OTMETHTD, YTO MEXIy ME30HaMH U Gapu-
OHaMM CYLLECTBYET A0BOJBHO MHOTO pasiHumii. Bax-

YCxopuTCJlb HacTMLL — ycTa-
HOBKa, B KOTOPO# ¢ NMomo-
WIbIO 3NEKTPUYECKHX M Mar-
HUTHBIX ToJeil  nosyyaiorcs
HanpasieHHbIE MyYKH 1EKTPO-
HOB, MPOTOHOB, HOHOB U IPYTHX
3apSKEHHBIX YaCTHLL C SHEPrH-
e, 3HAYMTEJbHO TNpeBbIlLAl0-
1ei TEMIoBYIO Hepruio.

Bnpouccce YCKOPEHHSI TOBbI-
LIAIOTCSI CKOPOCTH YacTHLL,
NIPHYEM HEPENKO /10 3HAYECHHIA,
6aM3KMX K CKOpocTH cBeta. B
HacTosillee BPEMS MHOTOYMC-
JICHHbIE  Masible  YCKOPHTE/H
NPUMEHSIOTCS B MEMIIMHE (pa-
JIMALIHOHHAS Tepanusi), a Takke
B MPOMBILLICHHOCTH (Hanpu-
Mep, JUIsi HOHHOM UMIUIAHTaLMK
B NOAYNpoBoaHHKKaX). Kpynubie
XK€ YCKOPHTEIH NPUMEHSIOTCS
IIaBHBIM 0GPA30M B HAy4HbIX Lie-
JSIX — JUIst UCCIIEZIOBAHMSI CYObsi-
JIEPHBIX TNPOLIECCOB M CBOWCTB
2/IEMEHTAPHbIX YacTuilL. W

C nomowpro makux npubopoé u
yempoiicme uccaedyiomes mainsi .
MUKpoKocmoca.
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Mo Jupax (1902—1984).

Hacmuybi cambix 6bicoKUX Hepeuil u3 Opyeux 2aaaKmuk cnocobHsl npeodoaesams 0pomubie
6 decamku c6emoebix aem u Goavue.

Heiilee U3 HUX 3aKJII0YaeTcs B TOM, YTO BCE GBPMOHH UMEIOT aHTHYACTHLIbI,
B TO BPEMsi KaK ME30HbI MOTYT CAMH BBICTYIIaTh B POJIM CBOUX aHTHYACTHILL. B

JlenToHbI (KaK M aZpoHbl) MPHHUMAIOT YYacTHE BO B3aUMOJCHCTBUAX
4eTBEPTOro THMa — B c1abbiX B3auMoneicTusx. Bneppoie 310 B3anumosneii-
cTBHE ObLIO OTKPBITO NMpPH W3YYEHUM pacnanaa HeHTpoHa (mpolecc p-pacna-
J1a) Ha MPOTOH, 3/IEKTPOH M AHTHHEHTPUHO. DTH B3aMMOIEHCTBUSI OYEHD
cnabbl ¥ AEHCTBYIOT HAa TAKOM KOPOTKOM PAacCTOSIHMM, YTO HE MOTYT yaep-
XKHBaTh YaCTHLbI APYr Bodie Apyra. Tpu ocTajibHbie PA3HOBMIHOCTH B3au-
MOJEHCTBHI MOPOXAAIOT CHJIbI NPUTSKEHUS: CHJIbHbIE B3AUMOIIEHCTBUS —
BHYTPH aTOMHBIX SI€P, 3/€KTPOMarHUTHbIC B3aMMOIECHCTBUS — BHYTPH
aATOMOB M MOJIEKYJI, @ PaBUTALIMOHHBIE B3aUMOICHCTBHS — MEXIY IUIaHe-
TaMM, 3B€3[1aMHU U LieJIbIMU raakTukamu. Cnabbie B3aUMONEHCTBHS NPOSIB-
JII0TCS B €IMHCTBEHHOM (hopMe — B (hopMe HEKOTOPBIX CTOJIKHOBEHMIH Ya-
CTHII, a TaKXe MX pacnana (ciona, HanmpuMep, OTHOCUTCs M GeTa-pacnan,
YOMMHABLIMIHCS BbILLIE).

Bce B3auMozeiCTBUS MEXITy AIPOHAMH TPOSABIAIOTCS B OGMEHE IPYTHMH alIpo-
Hamu. CuJbHbIE B3aMMOJEHCTBHSI JEHCTBYIOT TOJIBKO HAa OYEHb HEGONBIIMX
PACCTOSIHUSAIX M3-3a TOTO, YTO B COOTBETCTBYIOLIMX MM OOMEHHBIX Mpoleccax
Y4aCTBYIOT TsKeJibie aipoHbl. CHIIbHbIE B3aMMOICHCTBHS CTAHOBSATCS 3aMETHBI
TOJILKO MPH TOM YCJIOBUH, YTO PACCTOSHUE MEXIY B3aUMOIEHCTBYIOLIMMH Yac-
THLIAMM He NPEBBILIAET HECKOJIBKUX IHAMETPOB YacTHLbl. B npotuBononox-
HOCTb CHJIbHBIM, 3JICKTPOMarHUTHbIE B: BHUS, TP B 00-
MeHax (POTOHAMH, He MMEIOIIMMHU MacChl, MOTYT NIPOMCXOUTb MEXIY CKOJb
YTOJIHO Ja/IEKUMH YaCTHLIAMH, BCJIEICTBUE YETO MPOSBIECHUS EKTPHYECKUX
W MarHUTHBIX CHJI 3aMETHBI B MUpe GoibiliMx u3MepeHuit. Cuntaercsi, 4To rpa-
BHTaLMOHHbIC B3aMMOJICHCTBHUS TOXE OCYLIECTR/ISIOTCS MPH NIOMOLIH 0OMeHa
0COOBIMHM YaCTHLIAMH — «TPABHTOHAMH», OHAKO C/IABOCTh 3THX B3aMMOJIEHCT-
BHif HACTOJILKO BEJIMKA, YTO FPABUTOHBI 10 CHX NOP He ObLIH 0OHAPYXEHbI yue-
HBIMH, XOTSl TIOBOJIA COMHEBATBCS B MX CYILIECTBOBAHWM HET.

B cuity Toro 4To cnabbie B3aMMONCHCTBHUSI CTAHOBSTCS BOSMOXHBIMH TOJIBKO
TIPU TOM YCJIOBUM, YTO PACCTOSIHUE MEXIY YACTULIAMH TPEAENbHO HEBEIUKO —
ropaslio MEHbIIE, YeM TMPH CHIbHBIX B3aUMOICHCTBUSIX, CUMTAETCS, YTO ITH
B3aMMOJIEHCTBHSI OCYIIECTBISAIOTCS MIPH MOMOLIM OOMEHA OYEHb TSKE/IBIMM Ya-
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CTHLIAMH. HO—BMIIMMDM)’, 3TH YaCTHULBI BHITIOJHAIOT POJib, AHAJIOTHYHYIO POJIH
beT()Hﬂ MPH JICKTPOMArHUTHBIX B3aMMOJICUCTBHSAX, U €IMHCTBEHHOE MX OTJIM-
YHE OT MOCJCAHErO 3aKJII04YaeTCsl B TOM, YTO OHU ropasio Tsxejee.

Bo mHorMx MpoLECccax CTONKHOBEHUM, HAXOSIINX PUMEHEHHE B (DVDMKC Bbl-
COKHX IHEPTUH, YaCTO UMEIOT MECTO U CHJIbHBIE 3JIEKTPOMArHUTHBIE, H cnabbie
B3aUMOJICHCTBUS, B pe3y/ibTaTe Yero BO3HUKAIOT JUIMHHBIC LEMOYKH MOCIEN0-
BaTEJIbHbIX npcnpameﬂuﬁ yacTull. YacTuuibl, NnepBOHA4YaJIbHO NMPHHHUMABLLHE
Y4acTHe B CTOJIKHOBEHUH, AHHUTHIHPYIOT, oﬁpasyﬂ HECKOJIbKO HOBBIX YaCTHLL,
KOTOpBIE TOXE MPOXOASAT HECKOJIBKO cranui pacnana, npexiae 4Yem rnpespa-
TUTHCS B YCTOWYMBBIE YaCTHIIbI. B

M HakoHel, aBa cioBa 00 VXK€ YIIOMUHABIIUXCS aHTH-
YacTULIAX. B 1928 roay auraniickuit dpusuk IMons Jupak npuiuesn K BbIBO-
J1y, 4TO Hapsly ¢ IEKTPOHAMM JIOJKHBI CYIIECTBOBATb YACTHIIBI C TAKOi Xe
Maccoii, HO ¢ MPOTHBOMOJIOXKHBIM MO 3HaKy 3apsiioM. [Mosanee, B 1933 rony,
Dpenepuk u Upen XKonmo-Kiopu 06HapyXWim 4To Y -KBaHT ¢ 9HEpruei, 60b-
1eil HepruK MOKos eKTpoHa 1 nosutpona E = 2mc’ ~ 1,02 MaB, npu
NPOXOXIEHHH BOTM3H aTOMHOTO SIPA MOXET MPEBPATHTHCS B Mapy 3/IEKTPOH-
AHTUINIEKTPOH. DTH YaCTHLIbI (AHTUINEKTPOHBI) HA3BAIM NO3HTPOHAMH. [To3u-
TPOHBI — 3TO AHTHYACTHLIBI 110 OTHOIIEHHIO K 3JIEKTPOHAM. DJIEKTPOH M TMO3H-
TPOH HE MOTYT JIOJIT0 CYyUIECTBOBaTh BMECTE: OHM aAHHUTHWIMPYIOT
¢ o6pasoBarneM potoHoB. B 1955 roay Ha HoBoM yckopurese B bepxn 9. Ce-
rpe, O. YembepieH u apyrue 06HAPYXHIH AHTHIPOTOHBI, POX/IEHHBIE B CTOJIK-
HOBEHHMH TIPOTOHOB C SPAMH ME/IHOi MULIeHH. [Io 3TOro MPOTOH ¢ OTpHLA-
TeJbHBIM 3apSIOM JIO/ITO M GE3yCMeNHO Pa3biCKUBANICS B KOCMHUYECKHX JTyyax.
B 1956 romy 6bu1 OTKPHIT M aHTHHEHTPOH. Ceifyac M3BECTHO YXE MHOXECTBO
YACTHIL, ¥ TIOYTH BCEM UM COOTBETCTBYIOT AHTHYACTHIIBI.

YacTHLbl M AHTHYACTHLIBI UMEIOT OIMHAKOBYIO MAcCy, BPEMsi XM3HH, CIIUH, HO
Pa3TMYAIOTCS 3HAKAMU BCEX 3apSIOB: JIEKTPHYECKOT0, GapHOHHOTO, JIENTOH-
HOTO M T.JI. DT0 ciiefyeT U3 0OLIMX NPUHLIMIIOB KBAHTOBOH TEOPHH 101 U 1101~
TBEPXKAACTCS HANEKHBIMU IKCTIEPUMEHTATbHBIMU JaHHBIMH.

JUtst hoTOHA, He MMEIOLLETO IEKTPUYECKOTO 3apsiia, aHTHYacTHLIeH Gyaer cam
(hoToH. DOTOH MOXET CMOHTAHHO PACNaNaThCsA Ha MO3UTPOH U 3IEKTPOH, a Mo-
ClIeIHKe, B CBOIO 0Yepe/lb, MOTYT OObeIMHUTBCS M 06pa3oBaTh (GOTOH npH 06-
PaTHOM MPOLIECCE AHHUTHIIALIMH.

B CHJIHBIX ¥ 3/IEKTPOMArHUTHBIX B3aUMOJCHCTBHSIX MMEETCSI TIOJTHAs CHMMET-
PHSI MEXIly YACTHLIAMM M aHTHYACTHIIAMM: €CJIM BO3MOXEH KaKOWH-TO mpolecc
C YACTHLIAMMU, TO BO3MOXEH M MMEET Te JKe XapaKTePUCTUKM aHAIOTHYHbI# 1po-
LIECC C COOTBETCTBYIOIIMMYU aHTHYacTHLaMK. [To106GHO TOMY, KaK NMpOTOHBI
¥ HEHUTPOHBI G1aronapsi CHJILHOMY B3aUMOJIEHCT-
BHIO CBSI3BIBAIOTCS B SIPA, U3 COOTBETCTBYIOLIMX
aHTHYacTHLL Gy1yT 06pa3oBbIBaThCS AHTHSIPA.
Ipy M3y4eHWH AHTHYACTHUILL MCCIIEN0BATENN 00-
HAPYXWIH MX TOJIHYIO BPEMEHHYI0 CHMMETDHIO.
ToBOpSI MPOCTBHIM SI3BIKOM, 3TO 03HAYACT, YTO JUIst
KaXa0ro (pM3HYECKOro Mpolecca CylecTByeT
TOYHO TaKOii Xe MpOoLecc, Pa3BepThIBAIOILMICS
B 0OPaTHOM HANpPaBICHUN BO BPEMEHH, B KOTO-
POM NMPHHUMAIOT y4aCTHE AaHTHYACTHLIbL. DTO OT-
KpbITHE MOJIHOCTBIO Pa3pylIWIO TpeACTaBIeHHE
0 JIMHEHHOCTH BPEeMEHH (TaK Ha3blBaeMasi «CTpe-
Jla BpeMEHH» — OT MPOLIOTo K GyayiieMy uyepes
HacTosiiee).

aXAylo CEKYH1y Ha mio-
/Ky B O/IMH KBAIPATHbIN
METp Yepe3 rpaHMuLLy 3eMHOii aT-
Mocdephl B HanpaBICHHH 3eM-
HOH TOBEPXHOCTH BJICTAIOT M3
kocmoca Gonee 10000 pensiti-
BHCTCKHX (TO €CThb JIBUXYILIMXCS
CO CKOPOCTSIMHM, GJIM3KMMH K
CKOPOCTH CBETa) 3apsKCHHBIX
yacTHil. OHM Ha3BIBAIOTCS KOC-
Muueckumu siyyamu. [pomc-
XoxaeHue Gonblueit yacTn Koc-
MHUYECKHX  JIyueil, JIECATKH
MMLUIHOHOB JIeT GIyXIalomx B
MEX3BE3IHOM cpele, CBAI3aHO ¢
TPAHAHO3HBLIMH B3PbIBAMH 3BE31
(TaK  Ha3bIBAEMbIX «CBEPXHO-
BbiX») B Hawei [anakruke. Yac-
THILBI CAMBIX BBICOKHX IHEPIHii,
BO3MOXHO, MPUXOIAT K HAM 3
JIpyrux, 6osiee aKTMBHBIX rajak-
THK.
Bosibliie BCEro B COCTaBe KOCMM-
YECKHX JIyueit MPOTOHOB, TO €CTh
siiep BOAOpo/a, — 0K0J10 90% ot
umcna Beex yacTuil. MpumepHo B
10 pa3 meHbie snep reaus. Ha
J10JT10 BCEX OCTA/IbHBIX sLIEP NPH-
xonuTesi okonio 1%. B kocmuve-
CKMX Jyyax yxe obGHapykeHa
Gonbluasi 4yacTh J1EMEHTOB Tab-
auubl Menneneesa. Xumuuec
KHii COCTaB KOCMHYECKHUX JTyyeil
JaeT HaM MHPOPMALIHIO O TPo-
1LeCCax «COTBOPEHMSI» /IEMEH-
TOB — HyKJIeocuHTe3a — B [a-
nakTHke. B

Yexopumens
Depmu.

& aabopamopuu




Dusnyeckure MocTosiHHbIE U MX euHuLIbI B CU (MexXayHapoIHoii cucTeMe eMHULL)

Haumenosanne
BEJIHYHHBI

Ennnnua

O

Onpenenenne

uuuwmumel pycckoe

OCHOBHbIE BEJIMUHHBI

JlHa

Metp

M

MeTp paBeH pacCTOSIHHIO, POXONMMOMY B BAKYYME 10~
CKOIi 2/IeKTPOMarHUTHOMN BOJHOM 3a 1/299792458 nomio
CEKYHIbI

Macca

Kunorpamm

Kr

KuiiorpamMm paBeH Macce MeXIyHapOIHOTO NPOTOTHNA
KWIorpamMma

Bpewmsi

CekyHna

CekyHza pasHa 9 192 631 770 nepuoaam HayueHus, co-
oTBeTCT MEXI1y ABYMSt
YPOBHSIMH OCHOBHOTO COCTOSIHMSI aToMa Lie3usi-133

Cuna 3/eKTpH-
YECKOro Toka

Awmniep

Awmrep paBeH cuiie TOKa, Pblii
npu no aBym

HeHHbIM JUIMHBI X

HO Manoi P X CeYeHusl,
PACTIONIOKEHHBIM B BAKYYMe Ha PaCCTOSHUM | M olMH OT
JIpYroro, Bbi3Bai Obl HA KAXIOM Y4acTKe MPOBOIHHMKA
JUIMHO#M | M cuty B3auMozeicTBus, paBHyio 2:107 H

TepmonuHamu-
yecKas Temrie-
parypa

Kenbsun

KenbBun pasen 1/273,16 yacTn TepMOIMHAMHMYECKOI
‘TeMIepaTypbl TPOHWHOH TOUKH BOIBI

Konnuecrso
BellecTsa

Mons

mol

MOJIb

Monb paBeH BY BElIECTBa

1 CTOJILKO JKE CTPYKTYPHBIX 2/IEMEHTOB, CKOJIBKO CO-

JIEPXHTCS aTOMOB B yriiepoze-12 maccoit 0,012 kr. Mpu

TIPUMEHEHHH MOJISI CTPYKTYPHBIE JIEMEHTBI JOIKHbI

ObITh M MOTyT ObITh , MO-
HOHAaMH, J/ieK W IDYTHMH YacTHLA-

MH WIH T 4acTHIL

Cuna csera

Kanzena

cd

Kanniena paBHa cuie cBeTa B 3a1aHHOM HarpaBIeHUH He-
TOYHHKa, nanyye-
Hue yacrotoii 540-10” 1, sHepreTHyecKasi cuia cBeTa
B 9TOM 1/683 Br/cp

JlononHuTeIbHbIE eAMHULIBI

Tnockuit yron

Panman

pan

PanmaH paBeH yrity MeXy IByMsi PAIHyCaMi OKPyKHO-
CTH, JUIMHA JIyTH MEXIy KOTOPHIMH PaBHa paanycy

TenecHbiit yron

Crepannan

sr

cp

Crep: paBeH yray ¢ B LEH-
Tpe cdepbl, BbIpe3alOLIEMy HAa TOBEPXHOCTH cdepbl
PpaBHyio co

PaBHOI panuycy cdepbi

TMpoussoatsie el

(MHHLIBI TPOCTPAHCTBA H BPEMEHH

Mnowans

Ksaznparhbiii metp

m

M

KBanparHbiii METp paBeH IUIOLIAAM KBAIpaTa co CTOpo-
HAMH, JUIMHBI KOTOPBIX PaBHBI | M

O6bem

Kybuueckuit metp

m

v

KyGuueckuii MeTp paBeH oGbeMy Kyba ¢ pebpamu, uin-
Hbl KOTOPBIX PaBHbi | M
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IMponomkenne. Pusnyeckue NOCTOSTHHBIE U X eAMHULIBI B CU
Haumenosanne Ennunua
H: O Onpenenenne

CkopocTb Mertp B cekyHIy m/s M/c MeTp B CeKyHIy paBeH CKOPOCTH MPAMONMHEHHO M
TOYKH, NPH TOuKa
3a Bpems | ¢ nepemelaeTcs Ha paccTosHue | M

Yckopenue Merp Ha cekynay | m/s’ Mm/c? MerTp Ha ceKyHy B KBAJApaTe paBeH YCKOPEHHIO Npsi-
B KBAIpare " TOUKH,
TIPH KOTOPOM 3a BpeMst | € CKOPOCTb TOYKH BO3pacTaeT
Ha | M/c
Mepuon CexyHna s c
Yacrora nepuo- | lepu Hz T Tepit paBeH 4acToTe NMEPHOIMYECKOTO Mpouecca, Npu
JIMYECKOTO Mpo- KOTOpOIi 32 BpeMsi | C IPOMCXOIUT OZIMH LMK NEPHO-
uecca IMueckoro npouecca
1
InotHocTh Kwiorpamm Ha Ky- |kg/m’ Kr/m’ Kunorpamm Ha KyGHYECKHIt METP PaBeH TUIOTHOCTH O/I-
GuyecKuit MeTp Macca poro npu obveme 1 m*
paBHa | kr
Hi (xo- (K p |kem/s Krm/c KuiorpaMM-MeTp B CEKYHITy paBeH HMITYJIbCY (KOJHye-
JINYECTBO [IBU- | B CEKYHIY CTBY IBHXCHMSI) TeJa Maccoit | Kr, IBMXylerocsi co
KEHHs) ckopocTsio | M/c
Cuna Hbioton N H " HbioToH paseH cuie, cooGlualouieit ety Maccoii 1 kr
I m/c’B neHCTBHS CHITBI
MowmeHT cuibl, | HpioToH-MeTp N'm Hm HBbIOTOH-METP paBeH MOMEHTY CHJIbI, CO31aBaeMOMY
MOMEHT napsl cwioii 1 H OTHOCHTE/ILHO TOYKH, PacTONIOXEHHOH Ha
cun PaccTosHMH | M OT IMHUM NCHCTBHS CHIIBI
HWmnyasc cunbl | HploTon-cexynna | N's He Hi YH/Ia paBHa CHJIbI,

My cunoii 1 H, neiictsyiomeit B TeyeHue Bpemenn | ¢

JaBnenue Mackans Pa Ma Mackanb paBen ( oMy

HHIO), BbI: cunoii 1 H, pacnpe-
no it K Heit iowa-

abio 1 M

PaGora, auep- | Ixoynb J Jix JIxoy/b paBeH pabote, coBepiaeMoii Npu nepemele-

rust HHH TOYKH cunbl | H Ha Im
B HaNpaB/ICHUH ACHCTBUSA CHIIBI

MouHocTh Barr w Br Barr paseH np1 pa-
6ora 1 JIx 3a Bpemst | ¢

TMosepxHocT- Hbloton Ha MeTp  |N/m H/™m HbIOTOH Ha METP paBeH NMOBEPXHOCTHOMY HATSKCHHIO,

HOE Hamnpsixe- cwnoii 1 H, K Y4acTKy

HHe KOHTYpa CBOGOIHOI MOBEPXHOCTH JUTMHO#M | M M neficT-

BYIOLIEH HOPMAIbHO K KOHTYPY M MO KacaTelbHOH K
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TMponomkenue. Pusnyeckue NOCTOSTHHBIE M UX exHULIBI B CU

Haumenosanue Enuunna
BEJTHIHHB
H: OGosnavenne Onpenenenne
MEXIYHAPOIHOE|  pyCCKOe
I
Temneparypa Tpanyc Lleabcust °C °C Mo paamepy rpanyc Llenbcusi paBeH KeJbBHHY
Lenbcus
KonuuecTso Jixoynb J Jx JIXOy/b paBeH By TEIUIOTHI,
TEMIOTH pabore 1 Ix
Terioemkocts | JIxoynb Ha kenb-  |J/K Jx/K JIxoynb Ha paBeH
BHH Ha | K npu noase-
| IeHMH K CHCTEMe KoJMyecTBa Teriotsl 1 JIx
VaensHas ten- | Jixoyns Ha kuwno- | J/(kg'K) Jix/(xrK)  [[IX0ynb Ha KWIOTPaMM-Ke/IbBHH PaBeH yIe/IbHO#M Ten-
rpal M BELIEeCTBa, npu Macce 1 Kr ten-
noemkocts 1 JIx/K
1 busukn
MonsipHasi Kuiorpamm Ha kg/mol Kr/Monb KuiorpaMm Ha MOJTb paBeH MOJISIDHOM Macce BELeCTBa,
macca MOJTb npH 1 Monb Maccy 1 kr
Tpou3BOHEIC EAMHMLIB AIEKTPHUECKHX M MATHHTHBIX BETHYHH
Konuuectso Kynon C Kn KynioH paseH 3y pHuecTBa,
3EKTPHYECTBA, pe3 nonepeyHoe ceueHHe IPH Toke cioii | A 3a Bpemst 1 ¢
ANEKTPHYECKHi
3apsn
Hanpsixen- BousT Ha MeTp V/m B/m BoJBT Ha METP PaBEH HANPSKEHHOCTH OHOPOHOIO AJie-
HOCTb /IEKTPH- KTPHYECKOTO MOJIsA, NMPH KOTOPO# MEXITY IByMsl TOYKAMH,
YecKoro noas Ha JINHHH TIO/IS Ha pac-
Im, 1B
DnexTpuyeckoe | Boasr \% B BoJIbT paBeH 2/IEKTPHYECKOMY HANPSKEHHIO Ha y4acT-
HanpsDKCHHE, K€ IEKTPHYECKOI LIENH, MPH KOTOPOM B Y4acTKe Mpo-
NEKTPHYECKUi MCXO/IMT MOCTOSAHHBIH TOK CHIO# | A W 3aTpaunBaeTcs
TOTEHLHA; mouHocTs 1 Br
Pa3HOCTB ek~
TPHYECKHX MO~
TEHIHMAJIOB;
3MEKTPONBHXY-
asi cuna
Dnexrpuueckas | Papan F (] ®Dapan paBeH EKTP)
EMKOCTh npH KoTopoii 3apsia 1 Kit coanaer Ha KoHIeHcaTope Ha-
npsixexue | B
MaruutHasi uH- | Tecna T Tn Tecna paBeH MarHHTHON WHAYKLMH, IPH KOTOPO# Mar-
AyKumus HHUTHBI MOTOK CKBO3b TONEpPeYHOE CCYCHHE IUIoIa-
nbio 1 m? pasen 1 B6
MarHuTHbIH BebGep Wb B6 BeGep paseH Mar MOTOKY, NpH YO KOTO-
NoTOK POTO /IO HY/ISl B CLIETUIEHHO# C HUM 2/IEKTPHYECKOM Lienu
1 Om uyepe3 pe CeYeHHe npo-
BOJHMKA IPOXOIMT KOJIMYECTBO eKTpHyecTsa | K
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OkoHnyanue. Pusnyeckue NoCcTOsIHHbIE U MX equHULIBI B CU

Haumenosanne Enunnna
BEHIHHB
H; O Onpenenenne
MEXIYRAPOIHOe | pyccKoe
Huayktus- Tenpu H T TeHpy paBeH MHIYKTHBHOCTH 3JIEKTPHYECKO# LIENH, C
HOCTB KOTOpOIi NPH CHJIE TIOCTOSHHOTO TOKA B Heil | A cuen-
JISieTCA MarHUTHbI notok 1 B6
Onextpuyeckoe | OM Q Om OM paBeH 3/IEKTPHYECKOMY COMPOTHBJICHHIO Y4acTKa
CONMPOTHBICHHE JMNEKTPHYECKOM LENH, NPU KOTOPOM NMOCTOSHHBIH TOK
cunoit | A Bbi3biBaeT naneHue Hanpsokenus 1 B
ViensHoe a/iex- | OM-meTp QM Omm OM-MeTp paBeH YAETbHOMY 3JEKTPHYECKOMY CONpO-
TPHUHUECKOE CO- THBJICHHIO BEWIECTBA, NP KOTOPOM YYacTOK BBITION-
MPOTHB/IEHHE HEHHOM M3 3TOrO BELLECTBA JIEKTPUYECKOI LIENH JUTH-
HOM I MM pe J 1 m? umeer
conporusierne 1 Om
TMpoussoaHsie bu3uku
Dueprusi uany- | [xoyan J Jx JIKOY/Ib paBeH SHEPrHHM MITYYeHHsl, IKBUBATCHTHOM
YeHUst pabore 1 JIx
Morok uanyue- | Barr w Br BatT paBeH MOTOKY MITy4eHHS!, IKBUBAICHTHOMY Me-
HHS1, MOLITHOCTH XaHH4ecKoi MomHocTH | Br
MTydeHUS
CseroBoii no- | JliomeH Im M Jliomen paBen TOTOKY, TO-
TOK YeYHBIM HCTOYHMKOM B TEJICCHOM yrie | cp npu chie
cseta | k1
CaetoBasi 3Hep- | JlloMeH-CceKyHaa Ims amec JlioMeH-CeKyH/Ia paBHa CBETOBO# SHEPIHH, COOTBETCT-
s BYIOILEH CBETOBOMY MOTOKY | JIM, M3/ly4aeMoMy WIH
BOCIIPHHMMAEMOMY B TeueHue | ¢
SpkocTs Kanzena Ha ksan- | cd/m? Ki/m? Kannena Ha KBaIpaTHbIii METp PaBHa IPKOCTH CBETSILICH-
paTHBlii METp Csl IOBEPXHOCTH TUIowansio | M’ npu cute ceeta | ki
CBeTMMOCTD JliomeH Ha KBaz- Im/m? M/M? Jliomen Ha i MeTp paBeH no-
paTHbIi MeTp 1.0
notok 1 M
OcgemeHHocTs | Jlioke Ix K Jlioke pasen "
1 M’ PH CBETOBOM TOTOKE MAJAIOLIET0 Ha Hee Hamyye-
HUsi, paBHOM | M
I H3ny
Mornomennas | pait Gy v Tpaii paBeH NOIMOWIEHHO 103¢ MATYYEHHS, TIPH KOTO-
71032 H3NTY4EHHS Ppoit 06ydeHHOMY BelecTBy Maccoil | Kr nepenaercst
3HEprus Jo6oro HOHU3MpyloLero uanyyenns 1 JIx
MomHocts no- | Ipaii B cekyHay Gy/s Ip/c Ipaii B ceKyHIy paBeH MOLIHOCTH MOMIOLIEHHOM 10351
TIOLIEHHOH 10~ . M3y , TIPH 3a Bpemsi | ¢ Y
3bl HATYYEHHS nor 11032 M3y 1 Ax/xr
AKTHBHOCTDH Bekkepenb Bq Bx b paBeH aK npu P
HYKJIMA B pa- 3a Bpems | C IPOMCXOIUT O/IMH aKT pacnana
JIHOAKTHBHOM
HCTOYHHKE
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“HH pman (Jepua Juanmii
AR

OU3HRA

Du3uka — HayKa, U3y obuwme P ™
TNPUPOIBI, CTPOEHHE M 3AKOHbI IBHXEHHS MaTepHH.
Du3uyeckne 3aKOHOMEPHOCTH MPOHM3BIBAIOT BCIO HALILY XH3Hb.

MBI xuBeM B orp Mupe, P
3aKOHAM. DTH 3aKOHbI CYIIECTBYIOT OMHMO YeJI0BeKa — OHM Gblin,
ecTh 1 GyyT HE3aBUCHMO OT TOTO, 3HaeM Mbl O HUX WIH HeT.
YesioBeyecTBO Xe, B CHIY CBOEil HeyeMHO# XaXIIbl K O3HAHHIO,
Beera GyaeT CTPeMUTBCS NO3HATH 3aKOHbI IPHPOILI, C TEM YTOOb!
B JanbHeiimem npumMennuTs X, Ha 3ToM nyTH ye/ioBeka XaeT MHOro
TPYAHOCTEH M Nperpaj, HO, HECMOTPS HH Ha uTo,
MBITIMBBIA Y€J0BEYECKHI Pa3yM BCEe PABHO CTPEMHTCS
TIPUTIONHATD 3aBECY HEMO3HAHHOTO.
Kakue eme TaifHbi CKpbIBAIOTCS 3a Heil?
Kro 3uaer...
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