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NPEAUCNOBHUE

Brl npucTynaeTe K M3yUeHHIO TOCTEHHX TEM Kypca (DH3AKHA OCHOB-
HOM LIKOJIEL.

B 9 xnacce BaM TPeJCTOMT HE TOJMBHC NOJNYYHATL HOBRIE 3HAHHMA,
HO PACIIHPHTE H YIJAYDATH yie HMEINHecsH.

Haopumep, ecan B 7 Kjacce BBl H3Y4Y&JH PaBHOMEDHOE ABHIKEHME,
To B § Kiacce nepeifiéTe K pacCMOTPEHHIO ABMKeHN S HEPABHOMEPHOI'O,
MMO3HAKOMHTECh C TAKON BaxKHON duanueckoil BeTMIWHON, KAK VCKO-
peHHe, y3HAETE, 4TO ABIHAETCH IPHYMHON ero BO3BHHKHOBEHHHA, NOMHMeE-
Te, IOYEMY B OJHHX CIAYYAAX TeJIO ABUIHETCH IPAMONIHHENHO, 4 B ApY-
rHX — KPHBOJHMHENHHO, H MHOT0R, MHOTOE IPYToe.

SHAHUA 0 MATHHTHOM ITOJIe, MOJYYeHHbIe BaMu B 8 Kiacce, GyayT
[IOJIESHEI OPH pACCMOTpeHHMH B 9 Kiacce TAKHX BAMKHEIX ABJIEHHH,
KAK BOSHUKHOBEHHE 2JIEKTPOMATHHTHOIO IIONA ¥ H3NYUYEHHE 2JIEKTPO-
MArHATHEIX BOJIH.

IIpn nayvenun raassl «Crpoesne u sponwouna BeenenHoilis Br1 yoe-
AHTeck B TOM, UTO 3AKOHE! PHAMKK NPHMEHMME]L M B ACTPOHOMHH,

Onsa yuammxcs, METepecyOIMuxcsa buankoil, B yuefHUK mOMeImén

MaTepHag, OTMEUYEHHBIH 3HAKOM ‘H"



[E]  MATEPHANbHAR TOUKA. CUCTEMA OTCHETA

MexaHr4eckoe
LBHMEHHE
BOSAYLHOIO Wapa

B oxpysamomieM HAac MUpe Bcé HAXOJMTCH B
HenpepeiBHOM gBmkennH. Ilog aeuskenueM B 06-
IIEM CMELICJIE TOI0 CJ0BA IOZPA3YMEBAIOT N00LIE
N3MeHeHHsa, Tpoucxoaammue B npupoge. Haudo-
Jiee MPOCTBIM BHJAOM JABHKEHHA ABJIAETCH Mexa-
HUvecKoe JsudiceHiLe.

Hz rypea duauxm T Kaacca Bbl 3HaeTe, 4TO
MEXAHUYECKUM ﬂﬁMEHUE‘J{. mead Hd3bledemcsA
UIMEHEHUE €20 RNOADNEHUS 8 npocmpancmaeae
omHoCumMenbHO dpyzux mea, npoucxodswee c
MmeveHiem apemei.

IIpu perrenny PAsAMYHLIX HAVYHLIX U OIPAKTH-
YeCKHX 38744, CBASAHHEIX ¢ MEXaHWYECKHM JBH-
AEHHEM TeJl, HYXHO YMEeTh OIIMCRIBATE 3TO ABH-
JKEeHHE, T. €. OIPEAEe/IATE TDAEKTODHAIO, CKOPOCTD,
NpOMJAeHHEI TVTL, MOJMOMKEeHHE TeJla H HeKOTOphIe
APYIrHe XapakTepHeTHKH [IBHMKeHHS AJA Jioboro
MOMEHTA BPeMEHH.

Hanpumep, sanyckasa JgeTare/bHBII annapar c
SeMau Ha APYIVIO TLIAHETY, YYEHBIE AOJMKHLI
MpeIBAPHTETRHO PACCUHTATE, Teé HAXOMUTCH 3Ta
JIAHETA OTHOCUTEIBHO 3eMIH B MOMEHT HOCAIKH
Ha Heé anmnapata. A OJIA 5TOro HeODXOJMMO BBI-
ACHNATE, KAK MEHAIOTCH C TeUeHHeM BPEeMeHH HAa-
NpaBjieHe M MOAVJIbk CKOPOCTH 3TOH ILIAHETHI
M [10 KAKOil TPAeKTOPHH OHAa ABHMKeTCA.

Mz KVpca MaTeMaTHKI BRI 3HAETe, YTO MOJOMe-
HHUE TOYKH MOMCHO 387]aTh ¢ NOMOIILI0 KOOPAHHAT-
HOMH NPAMOH HJIHK NIPAMOYTOABHOH CHCTEMBI KOOP-
zuHAT (prc. 1). Ho xrawk 3apars nososkeHwe Tesa,
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Pue. 1. Tloosrenne
TOURN MOMHO B8IATE
€ HOMOLLBEID KOODIH-
HATHOH NpamMoi HIH
IPAMOYIOILHOH
CHOTEMEL KOOPAMHAT

uMenmero pasvepsl? Beas raskaas ToOYKa 3TOrO
Tema OVIeT HMMETh CBOK CODCTEEHHYI) KOOpAH-
HATY.

IIpx onmcaEWMM ABMIKEHHA TeJd&, HMEKILEro
pasMepbl, BOBHMKAIOT U Apyrue Bonpocsl, Hanpu-
MEep, YTO CJelyeT IOHHMATH 0] CKOPOCTLIO TeJla,
ecjl OHO, NepeMelIAfAch B [IPOCTPAHCTBE, OIHO-
BpeMEHHO BpaimiaeTcd BOKpYr cobfcTBeHHO# ocu?
Beas CKOpPOCTE PasHBIX TO4YEK aToro tena Oyaer
pasJIrYHA KaK 10 MOAY/IIO, TAK M II0 HAIIpABJIe-
Huio, Hanpumep, npu cyTOYHOM BpallleHHH 3em-
M AUAMETPANBHO IPOTHBONOJOMKHEIE €€ TOYKH
OBMIKYTCSH B NPOTHBOIOJOKHEEIX HANPABIeHHAX,
nopuyYéM deMm OBaMiKe K OCH PACIONOKEeHA TOYKA,
TeM MeHBIIe eé CHOPOCTh.

Kaxnwm ke o6pazoM MOMHO 3aJaTk KOODIHHA-
TV, CKOPOCTE ¥ JIPYIUe€ XAPAKTEPHCTHKH JABHMKE-
HUA Tena, umeloniero pasmeprr?! OrkassiBaeTcH,
BO MHOPMX CIVUAAX BMECTO JABHIKEHHA DEANBHO-
r'o TETA MOMKHO PACCMATDUBATE JABHMKEHHE TAK
HagblBaeMoil MamepuaibHoill moyKu, m.e. moy-
Ku, 00aadaowei maccoll 3mozo mead.

Jna maTepHaJBEHOI TOYKH MOMHO OZHO3HAYHO
onpejeNnuTh KOOPAMHATY, CKOPOCTL H [ApyrHe
(hH3HYecKHe BeJHYMHEI, TAK KAK OHA HEe HMeeT
Pa3MepoB H He MOMKeT BPAllaThbCH BOKPYT cofcr-
BEHHOIL OCH.

MartepuanbHbIX TOYEK HeT B npupoge. Marepu-
ajJlbHad TOoOYEa — 3T0 INIOHATHEe, HCIOJAB30BAHHEe
KOTOPOro yIOPOLIAeT pelieHHe MHOIMX 3a1a4d
OpH STOM IO3BOJAET MOJYYHTH AOCTATOYHO TOY-
HBIE Pe3yILTATEI.

Teno momHo cuumams MamepuarbHoil mou-
KOk 8 mex cayvasax, Kozda ezo pasmepamu
(a 3navum, u gopmoli, U EpPAWEHUEM) MOMHO
npenebpeib, NOCKOALKY OHU HECYULeCMmeeH bl
8 YCADBUAX pelwiaemoll 3adayiu.

MarepuansHad TOMKA — 3T0 NOHATHE, BBOANMOE B MeXaHuKe gasa oboaaa-
YeHWA Telda, RKOToOpoe pPACCMATPHEBASTCH KAK TOYKA, HMeHIIIAA MACCY.



MareprankHsimm
TOMHEMM CHHTEIOT
MASHETE NPH U3YYEHKK
MX IBMMEHWT BOKPYT
Conrua

HacoBEIE 30HE POCoHM:
i — HanunuHrpagckas (1)

2 — MocroscKas (0);

3 — ExaTepuHByproKan (+2);

d — Owmckan (+3);

5 — KpacHoRpcran (+4);

& — WpKyTekan (+5);
7 — AnytcHan (+8),

8— Bna.qumuucufg {+7)

8 — MaragaHcKas |

IlpakTHueckn BCAKOE TENO0 MOMKHO paccMar-
PHBATH KAK MATEPHANBHYIO TOUKY B TeX CIVUAAX,
KOrga pacCTOAHWH, NPOXOJAHMMBIE TOUKAMH Teja,
OUeHBb BEJHKH 110 CDABHEHHIO € €r0 pasMepamu.

Hampumep, MaTepnarkHBIMH TOYKAMM CUHTA-
0T 3eMI0 | JPYrHe IIAHETHl IPH MEYUEHUH HX
aBpzeHEnd BoKpyTr Conena. B ganrom coyyae pas-
JHYHA B ABHMKEeHHM DASHBIX TodYek mwobol mma-
HeThl, BEI3BAHHEIE 8 CYTOYHBLIM BpAlleHMeM, He
BJIMAKT HA BEeJHWUYHNHBI, OINHCEIBAIOIIHE TOAOBOE
ABI e HHe.

Ho npu pemenuw 3ajay, CBA3AHHEBIX C CYTOY-
HBIM BpAIEeHHEM TaaHeT (HATDHAMED, NpPH Oomnpe-
JeJleHNN BpeMeHH BOCXO0/IA COJHIIA B PASHRIX Mec-
TAX MOBEDPXHOCTH 3@MHOT0 IIapa), CUMTATEH ILIa-
HETY MATEePHANRHOH TOYKOH OeceMbICTEHHO, TAK
KAK Pe3yJbTAT 3aJA4H 38BHCHT OT pasMepoR 3Tol
IJIAHETHl H CKOPOCTH ABHIKEHNA TOYEK €€ moBepx-
soctu. Tak, Hanpumep, Bo BragmMmupckoi gaco-
BOI 3oHe conHOe BaoHzer Ha 14 noa:xe, B Hp-
KYTCKOH — Ha 249 noaxe, a B MocxoBekoit —
Ha 8 4 nmoaxe, ueM B Maragasckoii.

Sa MaTepHaNBHYIO TOYKY HPABOMEPHO NPUHATE
CcaMOJIET, ecan TpeGyeTca, HAIIPHMED, ONMPEJeHTh
CPEIHIOK CHEOPOCThE Ero ABHIXKeEHHE HA IYVTH M3




Mockssr 8 Hopocmbupex. Ho npu BerumMciaeHuu
CHJIEI COIIPOTHBJIEHNUA BO3AVXA, AeficTRYOMEel Ha
neTAmuil caMonéT, CYMTATH ero MaTepHAJILHOI
TOYKOM HeJAb3f, MOCKOIBKY CHIa COOpPOTHBJIE-
HMA 3aBHCHT OT (DOPMEI ¥ CKOPOCTH ABHIKEHUS CA-
MOJETA.

Teno, ABMMKYIIEECH MNOCTYIATENBHO!, MOIKHO
NPHHMMATE 38 MATEPHAJBHYIO TOUKY A&ke B TOM
caydae, €cii ero pasMepbl COM3MEPHMMEI ¢ HpoO-
XOAUMBIMH HM paccrosHuamu. Hanpumep, mo-
CTYNATE/JILHO [ABHIKETCH YEJI0BEK, CTOAINWIl Ha
CTYIeHBKE ABHJKYVINErccd sckaiartopa (puc. 2, a).

B mwoboi MoMeHT BpeMeHH BCE TOYKH Tela Je-
JIOBEKA IBUKYTCH oauHaKoso. [loaToMy ecoim MBI
XOTHM ONHCATh ABHKeHNe YeaoBeKa (T. e. oupene-
JHUTH, KAK MEHSIeTCs CO BpeMeHeM ero cKopocTh,
nyTs ¥ T. [.), TO JOCTATOYHO pac-
CMOTPETH JIBIDKEHNE TOMLKO Of-
Hoil ero rouxu. IIpm arom permre-
HHE 3JaJad¥ SHAYHTEeNLHO VIIDO-
maeTcs.

IIpn mpamoruHEeHOM ABHIHE-
HHU TeJa TOCTATOYHO 0JHOH KOOD-
OWHATHON OCHM JJA OonpejejeHnAs
ero NoJIOMeHUA.

Hanpumep, nonaosenne Tejesx-
KA ¢ KanmenesHWIeH (puc. 2, 0),
NBIDKYIIEHCA TIO CTONY NPAMO-
JMHENHO B NOCTYNATeNbHO, B JIO-
folff MOMEHT BpeMEeHH MOMKHO

vz

Puc. 2. T1py nocTyoa-
TeNEHOM OBIHEHHH
TENA BCE2 €50 TOYUHR
ABHHLYTCH OIHHAKOBO

onpeneJiTh ¢ NOMOIOBIO RHHBﬁ'
EH, pﬂ.ﬂﬂﬂ.ﬂﬂ?ﬂ&ﬂﬂﬂﬁ BJIOJE TPhaek-
TOPHUH ABMMKEHHA (TeJekKa ¢ Ka-

I Moerynarersaos ABN/KOHHS — ABHIKEHNE TEAA, OPH KOTO-
poM npAMas, coeiMEAKRIMAR JM0DBE ABe TOTKH 3TOr0 Tena,
MepeMEeNARTCH, DOTABAACE BOE BPEMA NapamjentHoll caoeMy
nepeoHAYAabLHOMY Hanpasgedun, [locrynarenbEnM  Momer
OBITE KaK OpAMoAnHeliHOe, TAK H KDUBOIHHeHHOE IBMMN(EHHE.
Hanpumep, nocTynaTensHo OBMAeTcA KalHHA xomeca obo-
apeHNNA.



nenbHUIE!H TPUHUMASTCH 38 MATEPHANLHYVIO TOY-
EY). JIuHeHKY B 3TOM OneiTe yaI00HO IPMHATE 38
TEJIO OTCUETA, A €6 MIKAJA MOMKeT COYKHTh Koop-
AUHaTHOH ockio, (Hanomuwm, 9To menom omewé-
ma HA3IBIBAETCA TeJao, OTHOCHTENABLHO KOTOPOro
paccMaTpHBaeTCA HAMEHeHHEe MOJ0KeHAS JPYIIX
Teqa B npocetrpaHerse.) [lososenue TenesRKl ¢ Ka-
nensHEHNe# OyaeT onmpenenATbCA OTHOCHTENBHO
HYJIeROTO JedeHusd TuHeitkn,

Ho ecam HeobxoauMo onpegennTs, HAIIDUMED,
yTh, KOTOPBIHA IPOLLIA TeJeHKA 3a OIpedeaéH-
HBEIH MPOMEKYTOK BpeMeHH, K CKOPOCTh € ABH-
HEeHHA, TO IOMHUMO JHHEHKH NOoHAgoOHTCHa npu-
0op 4/15 M3MEepeHHA BpeMeHH — Wachl.

B nanHOM ciydae poJk TAKOTO NpHOOPE BRITION-
HAET KaleJsbHHIA, U3 KOTOPOoIl Yepe3 paBHBIE Ipo-
MeYTKH BpeMeHH naaawT kamiau. [losopaunsan
KpAH, MOAHO JODUTHCH TOTO, 4T00kl KAILIM MAJTE-
IH ¢ HHTepBajoM, Hanpumep, B 1 ¢, I[Tocumras
YHCJIO MPOMEXYTKOB MeXIy CaeJaMH Kaleadb Ha
JHUHEHKe, MOMHO ONPEIEIHTh: COOTBETCTEYIOIIHE
MNPOMENVTOK BDEMEHH.

Mz npHBeI8HHLIX TIDHMEDORB ACHO, %o daA on-
pedeieniLa noAONeHULA dBUN yUieZ0Ca Mena 8 A-
ol Momenm spemeni, suda Jeuxernlusa, cRopoc-
mu meaa u HeKomopwuLx Opyzux Xapaxmepucmuk
daumenua HeoGxodumpt mero omeuéma, c8A3AH-
HOA ¢ HUM cucmema Koopduwam (uau odna xko-
opduHamHas 0Cb, €caAu meno dausncemcea edons
npamoi) u npudop 044 uaMepeHuA PeMeHU.

CrcTeMa KOODIHHAT, TeN0 OTCYETa, ¢ KOTOPLIM OHa CBA3AHA, H MPHOOD Ian
H3MEePeHHA BpeMeHH 00pa3yioT CHCTEMY OTCYETAa, OTHOCHTEABHO KOTOpoi
PACCMATPHEBACTCH IBHIECHNE Teaa.,

Koneuno, Bo MHOTHUX cIyUafAX HENL3A HEIO-
CPeLCTBEHHO H3MEPHUTE KOOPAHNHATHI ABHAVILIETO-
cA TeJa B JI000H MOMEHT BpEMeHH. Y Hac HeT pe-
AJBHOH BO3IMOM{HOCTH, HallpHMeD, DACHONOMEHHATEL
HAMEPHUTENLHYIO JIEHTY M PACCTABHTEL HAbIOnaTE -




Jeif ¢ yacaM® BJ0JL MHOIOKHJIOMETPOBOTO IYTH
IBIDKVIIErocs aBTOMOOWIIA, NABIBYIIETO IO OKe-
aHy JaHHepa, JeTANEI0 CAMONETa, CHADALA, Bbi-
JeTeBLIEro 13 APTHILIEPHICKOro OpyAHa, PASIHY-
HEIX He(ecHBIX Tej, ABHMKeHHe KOTOPHIX MBI HA-
omogaeM, L T. O.

Tem He MeHee 3HAHHE 3AKOHOB (DH3HMKM IIO3BO-
JAeT ONpefleuTh KOODAWHATE T, ABUHYITAXCSH
B paA3TUYHBLIX CHCTEMAX OTCYETA, B YACTHOCTH
B CHCTEMe OTCUETA, CBA3AHHOMN ¢ SeMuéii,

1. Yro pazniBaeTea maTepuansnoil rouroii? 2. C raxkoi nensio Henoasay-

eTCH NOHATHE «MATEPHAIBHAA TO4Kas» 7 3. B KaKUX CAyUaaX ABHMKYILIEe-
¢ Teno o0bIMHO PACCMATPHBAIT KAK MaTepHanbayo Toury? 4. TIpusean-
T€ IpHUMep, NOKASEIBAWIINA, 4TO OOHO I TO e TeJO B OIHOH CHTVALHE
MOMHO CUHTATE MATEPHATBLHON TOUKOI, a B gpyToil — Her. 5. B raxom
CAyHAe TON0AEHHE IBHARYINEroCH TeMa MOAHO 38J8Th ¢ NOMOILI0 0AHOHE
roopauHaTHoM ocu? 6. Yro rakoe cHCTEMa OTCUeTa T

MowHO AH CUHTATH ABTOMOOHIL MATEPHATLHOH Toukol NpH ompefere-
HIH OYTH, KOTOPBIT 08 TPOMET 3a 2 ¥, ABACaACE CO CPegHeH CKODOCTERID,
pasrOl 80 km/q; npu obroge uM Apyroro aproMotuaa?

Camonér copepmaer nependér uz Mockem Bo Baagusocrox., Mosxer an
pACCMATPHEATE CAMOIET HAK MATEPHAALBHYIO TOYKY AMCHeTHen, HAbI0-
JAHIIIHH 34 er0 JBHAReHNEM; NACCAHD aTorD caMmoera?

Korga ropopar ¢ cKOpOCTH MAIIHHEL, TOE30a W ADYTHX TDAHCIOPTHBIX
CpPeAcTB, TelO OTCHETA OfBIYHO HE YHasuBawT. HUTo NoApazyMeBanT B
STOM CAVHAES MOJ TEXOM OTCHéTa?

Magp4YHK CTOAN HA seMAe ¥ HADMIODAN, KAK ero MJIAIIIAR CECTPa Kara-
Jaack Ha Kapyeenn. [loene xaTanng nesoura crasana 6paty, UTo H OH caM,
" ioMa, ¥ Tepesba OICTPO IPOHOCHINCE MUMO Hed. Malsuuk e CTaJ VT-
BEPAAATE, 9T0 OH BMECTe ¢ JOMAMEH B AepeBLAMH 0L HenoJBHIKeH,
a ABMranack cecrpa. OTHOCHTENEHD KAKHX TEll OTCYETA DACCMATPHRALN
IBMMEHNe TeBOUYKA B MankuniK? ObBicHTe, KTO IIDAB B CLIDPE,

OTHOCHTETBEHO KAKOTO Tela OTCUETA PACCMATDPHBAKT IEMMKEHME, KOTa
POBOPAT: &) CKOPOCTE: BeTpa pasHa 5 m/c; 6) GpepHo NALIBET DO TEMEHHIO
PEKH, I03TOMY €70 CHOPOCTE DAREA HYJIO; B) CKOPOCTE MAKMBYIIETD 0 pe-
Ké JIepeEa DABHA CKOPOCTH TEUEHHES BOAL B peKe; T) /110088 ToUKa Kojdeca
ABHMCYIIETOCH BEJIOCHOENd ONHCLIBAST OKPYHCHOCTH; J1) COMHIE YTPOM
BOCKOOMT HA BOCTOKE, B TEYeHHEe THA IBMMETCR no Hely, a RevepoM 3aXo-

ITHT BA saname?




Bl  nepemewenue

Pue. 3. Suaume
MPOHIeHHOTO TEAOM
OYyTH He ABJNHSTCH
DOCTATOUHBIM INA
onpefene
KOHEeYHOro IoNoEeHHA
TeJa

10

Jlo cux mop HpH pellleEH MHOTHX 3ajad, CBA-
3AHHBIX ¢ NBMMKEHNEM DASTHIHRIX T, Mbl MOdb-
aoBpanuchk duanveckod BenuMuNHOMN, HASKIBAEMOMH
«nyThs. [log anmEON OYyTH OOLPa3yMeBAlIaCh
CYMMa JJIMH BCeX YYACTKOB TPAEKTOPHH, MPOii-
JAeHHEIX TeJIOM 38 PACCMATPHBAEMBIH IIPOMEMY-
TOK BpEMEHH.

IlyTe — cranapras seauyuHa (T. e. BeINUUHA,
He IMernad HEHDEBHEHHH}.

Ona pelieHus pasiMYHLEIX OPAKTHYECHHX 3a-
Jad B pasHbix cdepax AeATeJbHOCTH (HAIpHMeED,
B AHCHETYEPCKOoH cay:kbe HaseMHOro U BOSAYII-
HOT'O TPAHCIOPTA, B KOCMOHABTUKE, ACTDOHOMHH
H Ip.) Heo0X0AHMO YMETh PACCYHTHIBATE, Tae Oy-
HeT HAXOAMTHECA IBMXYINEecH Teno B 3afJaHHEIN
MOMEHT BpeMeHH.

IMoxa;kem, 4T0 He BCerJa MOMKHO DPEIUMTE Ta-
KVIO 38184y, JaXKe 3HAH, KaKol OyTh Opolujo Te-
JI0 3a JaHHBIA NpoMeMxyTox Bpemenn. [las aroro
ofpaTHMCA K DHCYHEY 3, @.

JdonyeruM, HAM H3BECTHO, 9TO HEKOTOPOE TEJO0
(KoTOopoe MOKHO MIPHHATEH 38 MATEPHAJILHVIO TOY-
KV) HaunHaeT ABUrarsca us rourkn O u 3a 1 4 npo-
XOOHT I¥Th, paBHBIH 20 KM.

g orBeTa Ha Bonpoc, rae OyiaeT HAXOAUTHCA
3To Teno cnuyera 1 u mocie ero BeIXoJga H3 TOY-
KH (J, ¥y HAC He XBATAET HHQOPMAIIHH O eT0 JBHAe-
uun. Teno Morao, HAOTPHMED, ABUTafdch NPAMOIIN-
HEHHO B CEBEPHOM HANPABIEHHH, NMONACThL B TOY-
Ky A, Haxogamyocs Ha paccroaEun 20 KM or




TouKH O (paccTogHNe MEXKAY TOUKAMH H3MepsaeT-
cA o NpaAMoil, coepuuaomeit atu Troukn). Ho ono
MOTJIO TAKMKe, JoHaa go TodkH B, saxogdameiics
Ha paccTogEny 10 KM or ToukH O, TIOBEPHYTE HA
Or' U BePHYThCH B Touky O, npH aroM npoligeH-
HBIM M OyTE Todke Oyzer pased 20 kM. llpn za-
JaHHOM 3JHAYEHHM NYTH TEeJO TAKMEe MOIJI0 OKa-
3aTbcA ¥ B Touke C, ecou OBl OHO ABHI'AJIOCH IIPA-
MOJMHEHHO HA IOro-BOCTOK, U B Touke D, eciu bt
€ro ABM)KeHNe MPOMCXOAMIIO TI0 Haohpae o
KPHBOJHHEHHO TDAGKTODHH.

Yro6ur walemars TAKOH HeonpenelEéHHOCTH,
JLIA HAXOMKJeHUS MOM0KeH N TeJIa B IPOCTPAHCT-
Be B 3aJlaHHBLIA MOMEHT BpeMeHH Dhljla BBejeHAa
(puamIecKan BeIMINHA, HABEIBAEMAS Nepemelye-
HUeMm.

Mepememennem Tena (MaTepHaNLHON TOYHH) HASLIBAETCH BEKIOP, COENH-
HIOIHI HAMATLHOS MOJIOKEHHe TEJIA ¢ ero NOCHeIYIOUHM I0I0eHHeM,

CorsacHo ONpefeleHHI) MepeMeleHne — gek-
mopHas eeruduna (T.e. BeJIHYMHA, HMMEIOLIAN
HanpasneHue). OHo obozHauwaeTcs 8, T. e, TOH M*e
OYKBOH, 4TO H IYTh, TOJBKO CO CTPENKOI HAA HeH,
Kak u oyrs, B CH! nepememnienue mamepserca B
Mempax. Ina usMepeHHUA NepeMEIeHHE HCIONb-
3VIOTCA ®W APYTrHe eJWHWIL! JIHHE, HAIDUME]D
KHJIOMETDPBI, MHJIH B T. [.

Ha pucynre 3, 6 noKasaHbl BEKTOPBI lepemMe-
mMeHni, KOTOpkIe COREPIIMIA0 GBI TeNO, eciu Ol
npourio 20 KM caeayomum o0pasoM: Mo NpaMo-
JIUHeHHOH TpaeKkTopuK UA B ceBepHOM HanpasJe-
HHK (BEKTODP §,4), I0 NPAMOJUHEHHON TPAeKTO-
pun OC B 0T0-BOCTOYHOM HANPABIEHHH (BEKTOD
85¢) ¥ 10 KpUBOAMHEHHONH TpaexkTopun OD (Bek-

1 Hanomauw, wto 8 CH (MexayBEapOIHAR CHCTEMA eLHHII)
EMHMHNIENR MACCH HEAHETCA KILTOrpaMy (Kr), JJIHHL — MeTp
(M), Bpesmens — cexyHIa (c). OHM HAIKEANTCA CCHOEHBIMM,
TAK KAK BLIOpPAHEI HEBABHCUMO OT €[HUHHI APYIHX BeIHYHH.
Ennsnn:, onpegenseMule 9epea OCHOBHBIE, HAALIBAWTCR MpO-
HanoaHEIME. [Ipumepans nponssogumx eanann CH moryr cay-
HWHTE M/C, Kr/m" 1 MHOrMEe IpyTHE.
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[ Bonpocu

TOP S,p). A ecam 681 Teno npomito 20 kM, To¥as

o Toury B ¥ BepHYBIIUCh 00PATHO B TOURY O, TO
B 9TOM CJIVYae BEKTOP ero nepeMeruesEua Obia Okl
PABEH HYJIK.

SHas HAUAIBHOE TOJI0MEHHE H BEKTOD [epeMe-
WeHUA Teaa, T. €. €ro HANDABJICHHE H MOAVIL,
MOXHO OJHOIHATHO OIIDEIENHTE, TAe 3TO TeJNO HA-
xoaurces. Hanpumep, eciu H3BECTHO, UTO BEKTOD
nepeMeIneRn TeMa, Belenmero u3 To4kn O, Ha-
TIpaBJEH HA CeBep, a ero MoAynek pared 20 kM, To
MBI ¢ YBEDEHHOCTHIO MOMKEM VTBEeD:KIATh, YTO Te-
JIO0 HaXOoAuTCA B To4Ke A (¢cM. puc. 3, 6).

Taxum obpasoM, HA uyepTeMe, IJe NepemMerie-
HHe H300paxkaeTcds CTPEJOUKOH OnpeleneéHHON
AIMHEL 1 HAIIPABIEGHHA, MOKHO HANTH KOHEYHOE
MOJIOMKEeHHEe Tena, OTJA0KHNEB OT ero HavaJdbHOro
TOJIOAEeHNA BEKTOP NepeMelleHn s,

1. Beerga am MOMHO ONPEIeTHTs TOTOMEHNE TETA B 3ANARHEBIT MOMeHT
BPEMEHH {, GHAA HAYANbLHOS NOVIOMKEHHE 3TOrO Tela (opu iy = 0) 1 ovTs,
OpoiAeHERI UM 3a mpoMesyTox Bpemend {7 OTBeT NOATEEPARTE OPHMe-
paM#. 2. Y7o HASHBAIOT ODepeMelleHHeM Tena (MaTepHanbHON TouKH)?
3. MDJ!\'.HU JIH OHO3HAaY o I}]'.IPB,EEE.TIHTB NOJOMEeHHE TeNA B SaJAH HHI-'I BMO=
MEHT BDEMEHH t, 3HaAd HAYATLHOE NOMAOMEeHHE 3TONO TEIa |1 BEKTOD IEpe-
MEeIMeHA s, COBEPINEHAONO TEMOM 34 TPpOMeXyTok BpeMent 17 Orser nmog-
TEREPANTE NpAMEepaMH,

&t
S

Kaxywo (pHINYECKYI0 BEIHYHHY ONpEJeise’ BOANTENE ABTOMODHIR IO
COHAOMETPY — NPOHIeH LI TYTh WA nepeMeniernme?

Kax gonsen IBHTATECH ABTOMOGHTE B TEYeHHE HEROTOPOTO IPOMERYTEA
BPEMERH, 9TOOE [T0 CIHACMETPY MO3KHO BEII0 ONPELenHTh MOIYTh Tepe-
MEeIL(eHHA, COBEPIIEHHOTO ABTOMOGHIEM 3a 3TOT NIPOMEIXKYTOK BpeMern?

B npeprayines naparpade ToBOpHIOCE O TOM,
YTO IMOJOHEHHE Telld, COBEPIUHBIIEr0 HEHOTOpOE
nepeMelieHne, MOXHO HaAUTH rpadndecKH, OT.JI0-
HHE BEKTOD HepeMelleHns 0T HAYAJIBHOTO II0JI0-
eHus aroro tena. Ho B DONBIOMHCTEE CAYIAEEB



Pue. 4. Onpenencane
KOODAUHATE]
ABHALYIOENOCH TeJla

HeODXOANMO SmYUCAUMb LOJOMKeHNe Teaa, T, e,
ONpee/liTh ero KOOPAUHATEL.

HM3pecTHO, UTO BHEIMHCIEHHS I[IPOH3BOAAT He
¢ BEKTOpAMH, & C COOTBETCTBYIOLUIMMH WM CKa-
JIADHBIMH BeJHYHHAMU: ¢ NPOCKUUAMU BEKTNOPOE
HA KOOPJAMHATHEIC OCH M ¢ MOJYJAMU 8€KMOpPO8
MM MX DpOoeKIA (T. e. ¢ BeIHIUHAMHE, OPeJcTaB-
JANIMME coDoil momosKHTeNbHBIE HIH OTpH-
HnaTeNbHBIE YHCTA, HO HE UMEKIIHMK HanpaeJje-
HHA).

TToxaxenm, KaK ONPEIeJIUTs KOOPAMHATY ABH-
FHYIUIErocH Teaa, 3Had KoOpAHHATY €T0 HAYaJdbsHO-
TO MOJO¥KEeHUus W BeKTop nepememenun. lna ato-
ro pemuM 3ajgaqy.

[ABa KaTepa HAYT 10 PEKE B NPOTHBOIOIOMKHBIX
HanpaBaenuax U Berpedaiores B 100 KM K BOCTO-
ky or npucranu I1 (puc. 4). IIponomxan aemxe-
HHE, 38 HEKOTOPHIH NPOMEYTOK BpeMeHH { nep-
BBl KaTep HepeMECTHJICA OT MecTa BCTpEeuM Ha
60 xM K BocTOKY, a Bropoit — Ha 50 km K zanmagy.
OnpepgenuTe KOOPAHHATHI KamkJoro KaTepa oT-
HOCUTEIbHO IPHCTAHH W DACCTOAHHE MEMRIY KaTe-
paMH uepez MPOMEXYTOK BPEMEHN { HocJjie MX
BCTpEuH,

IMpoBeaém wKoopauHaTHYW ock 0OX mnapan-
TenLHO MpAMON, BAOJML KOTOPOI ABHIKYTCHA Ka-
Tepa, W HANPABRWUM eé HA BocToK. Hauano aroi ocn
(x = 0) — Tourky O — COBMECTHM C IIPHCTAHLIO,
NPHHAB €€ 3a TeJo oTcYéTra (HOCKOABKY B 3ajgadve
rpedyercda OmpeiesHTh II0J0KEeHHEe KaTepoB IO
OTHOIMIEHHIO K MPHCTAHRT).

Pera

C n _.”_@.

a~f-n
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CrpoenupoBaBs HAYAIA M KOHIB BEKTODOR Ie-
peMellenns s, u §, Ha ock OX, M0JIYIUM OTDPe3KH
81, M 85,, KOTOPBIE ABJIAIOTCA NPOEKYUAMU YKa-
santblx aekmopos. llpoeknHa BeKTOpa Ha 0OCh
CUHTAETCS TONOKUTENBHOH, €CJM BEKTOP COHAa-
npaBsneH ¢ 3TOH OCBK, W OTPHUATENLHOH, eciu
BEKTOD HAIIPABJIEH IIPOTHEOIIOJIOMHO OCH,

3uaunT, B JanHOM cayyae s;, > 0,as,, < 0.

Ha pucynxa 4 BuiHO, 94T0 KOOPAHHATHI X; ¥ X,
MOYKHO HAHTH CcIeayiomum obpasom:

X, =%g+ 81 (1)
Xy X+ By (2)

Pacerosane | Memxay ABYMHA TeIaMH, KAK H3-
BECTHO, DABHO MOZVJII0 PASHOCTH MX KOODAMHAT:

l=lx, — x| (3)

Ilo ypasuenmsam (1) u (2) MOMKHO pACCUYHTATE
HCKOMble KOODAMHATHL X; U X,;. Ho kakme umcna
CHeQyeT MoJCTaBUTL B ypaBHernus (1) u (2) emecTto
CHMBOJIOB X, 8y, ¥ 84,7

Cornaceo ycnoBMO 3aja4Y¥ KaTepa BCTDPETH-
Jauck Ha paccrosaud 100 kM or npHcTanmu, sHa-
4HT, JiauEa orpeska Ox, pasHa 100 km. Mz pn-
CyHKa 4 BHJHO, 4TO KOODAMHATA X, HAXOAUTCH
HA IMONOMKHTeAbHON moayocn OX, T. e. x5 > 0.
3uaunr, x; = 100 kM.

Ilockonsky oce OX napaiinebHa BEeKTOPAM IIe-
PeMeIeHuil KaTepos, AJTHUHEI TIPOEKIIHA 8;, H 8,
PABHAI COOTBETCTBEHHO ATMHAM BEKTODOB §, H §,
(KaK TPOTHBOMOJMIOMHEIE CTOPOHEI TOCTPOSHHBIX
HA HHX IPAMOYIOJEHHKOB). A 2TO 03HAYAET, UTO
MOOYUNb Ka)KI0H NDPOEKOMH DaBeH MOoJY.Jl CooT-
BETCTEYHNIIETO el ReKTOPA.

VrasanHkle B gajgade paccrogHua (60 kM m
50 kM), HA KOTOPBIE CMECTH/INCE KATEPA 38 BPEMA
t, mpeacrapnaoT coboit Modyau 6eKMOPOS UX ne-



pemewtentii, 3Ha4YNT, MOAYIh MPOEKINH 8,  pa-
BeH 60 KM, a MOJLYJIb IPOEKIIHH 8,, paBeH 50 K.
IMockonbky NPOEKUHA §,, NOJOAKUTEIbHA, TO
MokHO 3anucaTh: 8, = 60 xm. Ho npoernus s,,
OTPHIATEJLHA, H0ITOMY §,,. = —50 KM.
Teneps sanunieM ycIOBHe 3aa9H ¥ pelIuM ee.

Hano: Pemenne:

xo =100 km X, =X+ 84,3

81, = 60 KM Xg=2,+ 8,,3

32: =-50 M - |x1 2 le;

Xy —7 x;, =100 k™ + 60 kM = 160 &M;
;‘2__%? x,= 100 xM — 50 ®M = 50 KM;

[ =160 kM — 50 xm| = 110 &Mm.

Orser: x, = 160 k™, x, = 50 &M, | = 110 gwm.

1. C KAKHMH B&/JHYHMHAMH OPOH3IBOIAT BhLIMHCJIEHNA — € BEKTODHEI-
MH HIH crRaaspHeMp? 2. [lpn KaKoM YCIOBHN NPOeKIIMA BEKTODA Ha
ock BYIeT NOJMOMHTEIbHON, & NpH KaKoM — oTpunartensnoi? 3. 3amn-
MIETe YpaBHeHHE, C OOMOMIBI KOTODOro MOM¥KHO ONpedelHTh KOOpAHHATY
Tel1a, 3HAA KOODAHHATY ero HAYAILHOTO NOJ0MEHHUA H BEKTOD nepeme-
MEHA .

YNPAKHEHME 3

1. MOTOUMKAHCT, UEPEEXAB YepPesd MOCT, ABHMETEH [0 NPAMOJTHEeHOMY
YUACTKY AOpPOrH. ¥ ceeTodops, HAXogameroea Ha pacerorsuny 10 xm or
MOCTA, MOTOIHEAMCT BeTpeuaeT eBenocHnegucra. 3a 0,19 ¢ momenrta
BCTPEYH MOTOLMKIMCT NepeMemgaercs xa B kM, a BejocHNeIHcT — HAa
2 kM ot ceetoopa (OpH 3ToM 08a OHM NMPOJOIHCAIOT JBUTATLCA IIPAMO-
JHHENHO B NPOTHEOIOIOMHEE X HANPARTEHUAX ).

OnpeaennTe KOOPANHATE! MOTOLHEIHCTA W BEIOCHIESHCTA M PACCTORHME
MeXLY HEME cnyeTs 0,1 4 nocae HX BeTpedH,

¥razanue: aavepraTe ock X, HATIPDABHB €€ B CTOPOHYV JBMIEEHIH MO-
TOIMKIACTA W TIpEHAB aa Teno oTeuéra mocr. OBosmausre Ha arol
OCH KoopiuHaty ceerodiopa (X)), KOODIMHATHE BeJOCHIEANCTA (X)) H
MOTOIHKIHCTA (X}, KOTOopeie OHH nMenn uwepea 0,14 mocae mcTpedd.
Hapg oceio HauepTHTe H 0003HATULTE BEKTODHl NepDeMELleHHI BelocHIe-
aucra (§,) # Morouurauera (§,), & Ha OCH — NPOEKLMH ITHX BEKTOPOB
(8, . ma,.)
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Xi 2. Manpuuk Oep:EHT B DYKAX MHY Ha BeicoTe 1 M
OT NOBeDPXHOCTH semMian. 3aTeM oH nogbpachisa-
. §,=3,+3§, €T MAY BEPTHHAMLHO BEEDX. B8 HEKOTOPLI npo-
By =8y, + 8y, MEHYTOK BPEMEHH ¢ MAY YCOEBAOT MOTHATHCH
8,0 Ha 2,4 M OT CBOEID NEPEOHAYANLHOID NOJOMEE-
J \” o ! » u HHA, .,.I'.'lOC'ITII'E‘_i,I'B npy 3T0M TOUKH HaHDoIsOIero
I &x MoABEMA, H OMNVCTHTRCA OT 3TOH TOUKHW HA

Rl 1,25 m (pue. 5).

II -\EJ

O —— [Monsayacs aTMM DHCYHKOM, ONPEJIeHTe: a) KOOPAHHATY X,
Puc. 5 HaYANBHOTO MOMOMEHHA MAYa; 0) npoexnuio &, BerTOpPA
nepeMereHns §,, COReDIIEHHOTO MAYOM 38 BpeMs {; B) Ko-
ODAUHATY X;, KOTODYIO HMEeJ MAY Yeped MPoMemyToR Bpe-
MEHH | TIoCIe OpocHA.

[¥]  NEPEMEWEHME NPM NPAMONUHEAHOM
PABHOMEPHOM ABUXEHWH

Bo Beex paccMoTpeHHBIX HAMH OPHMEPAX M 3a-
ladax oo onpeaeseHHK KOOPAMHAT TeJa BEKTOp
nepeMeIeEnsa Ol waBecTeH (T. e. GIIM M3BecT-
HEI eI'0 MO YJIb U HanpasJeHne).

A Kak HAWTH BEKTOD NMepeMenie s, ecaIn OH He
sagaa?

[Tpome Bcero monyunTes GOPpMYyIY 414 ompege-
JIeHM s BEKTOpa NepeMelleHHd AJA Teja, ABHIKY-
IEeroca NPAMOJRHEHHO W pagHoMepHo (T, e, IBH-
JKYIIEroca MO NPAMONIHHEHHOH TPaeKTOPHH H
HPOXOAAIIEre 3a JIIOOBIE DABHBIE IIPOMEMYTKH
BpeMeHH OJIJHHAKOBLIE TYTH).

Coraacro onpejienesunio,

CKOPOCTE PABHOMEDHOTD NPAMOJANHeHHOro JABMIKeHHA — 3T0 NOCTOAHHAN
BEKTODHAA BeJIHYHHA, PABHAN OTHOINOHHI0 HMepeMelleHHH Teda 3a m0doi
MPOMEKYTOK BPEMEHN K 3HAYCHHID 9TOr0 NPOMEeRYTKA.

(1)

=
]
=)
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o1

3 dopmynn (1) morkHO HATH TMepeMelleHHe
AJIA IPAMOJIHHEHHOTO PABHOMEPHOI'0 IBIKeHHA:

§=0t. (2)

[ps pemenny OOJBIINHCTBA 3AJ8Y HA HAXOM-
MleHHe BEKTOPHLIX BeJWYHH (IepeMeIneHus:, cKo-
pocTH, CHJABI B AP.) HEOOXOAHMO 3HATH, KaK 2TH
BETAOMHLI HAIIPABJACHBI M0 OTHOLIEHWIO ADYI K
apyry. O6 aToM MOKHO CYAUTH, B YACTHOCTH, IO
ypaBHeHWAM, 3ANMCAHHLIM B BEKTODHOU (opme.
Hanprwmep, dopmynst (1) 1 (2) cBHASTENBCTEYIOT
0 TOM, WTO TPH NPAMOJMHEHHOM pPABHOMEpPHOM
IBHKEHMH BEKTOPbl CKOPOCTH W NepeMelleHH:Hd
HAIpaBjeHbl B OfHY H Ty 7Ke CTOPOHY.

Ho pas pacyéma nepemelleHHs NPUMEHSOT
topmyay, B KOTOPYIO BXOJAT HPDOEKUNE BEKTOPOB
HA OCh:

8, = u,t. (3)

HamomMHuM, 4TO [0 3HAKY NPOEKINN MOMHO
CYAUTH O TOM, KAK HATDABIEH COOTBETCTBY IOMIHIT
et BEKTOp IO OTHOLIEHWIO K BhIOpawHoil ocu. Ho
ecJM MpH DENIeHUH 3aJa4H HA TPIMOJAHEHHOe
ABHIKEeHHe HAC HE MHTEePecyeT HanpaBleHHe BeK-
TOPOB ImepeMelleHlA H CKOPOCTH, TO MOMKHO BOC-
noas3oBarhbed PopMysioi, B KOTOPYIO BXOAAT HX
MOIYJIIH:

s = vt. (4)

dopmyaa (4) BaM JaBHO 3HAKOMA — BBHI TACTO
HCITOIb30BAIN €€ MPH PeleHuy 3aja4 1o Puanke
u maremaruke. TonbKO mog OVKBOIT 8§ nojpasyme-
BaJICA TIpoiiZieHHEIH TeoM nyTh. llouemy xce Te-
mepb MBI TOBOPHM, YTO 8§ — 3T0 MOAY/IbL BEKTOP&
nepeMeleEna?

Iesto B TOM, 4TO npu deuncenuu 6 00HOM HA-
npasienuy mMo0yib 66KMOpa nepemMeuienus, co-
BePULEHHO20 MEROM 30 HEKOMOPbLU NPOMENY MOK
épemenu, pasen nymu, NPoOUCEHHOMY IFMUM
MesoM 3@ Mon He nPOMeNYMoK 8peMeRU.,
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Puc. 6. Onpegesenne
MOAVAA BEKTODA nepe-
MEMEHNH PABHOMEDHO
ABHMYVINETOCH Temaa

CuopaseiMBOCTE 2TOrO VTBEpIeHHA HATIAN-
HO HIIOCTpHpyeTcss pucynkom 3. Mz sroro pm-
CYHKa BH/HO, YTO B TeX CJAYYAAX, KODAA TENo He
MEeHAEeT HANpPaBIeHHA CBOEro JBMKeHUs (T, e, IpH
ABMKEHUH H3 TouKH O B Tourky A ¥ u3 Touku O B
TOYKY C), MOAYJIb BEKTOpA HepeMelIeHus paBeH
OPOMAeHHOMY OVTH. Eeau we Hanpasienue deu-
HeHus mena menaemca (T. e. IpH nepexoge H3
Touku O B Touxy B u 06paTHO ¥ IpH ABRKeRNH N3
TouKH O B 104Ky D 1no KpWBOMMHEHHOI Tpaek-
TOpHH), MO NPoldeHHbll NYMb oKaMcemes 6onb-
we mody.na eexmopa nepemeiieru.

Ha pucynxe 6 npegcrasnen rpadux aasm-
CHMOCTH MOJYAA 6eKXMOPa CKOPOCTU U Om 8pe-
MenU { IpH pABHOMEPHOM ABH::eHHH Tena. C rta-
KHMH rpaHKaMH BEl yKe BCTPEYAJHCH npH
H3yYeHWH ¢uankn B T Kiacce (TOrna MX HA3LIBA-
I TPA(QHUKAMHE 3aBHCHMOCTH CKOPOCMU OM 8pe-
MeERU).

Moaynb BeKTOpa mepeMelleHHs S, COBepIméH-
HOro TEJIOM 33 MPOMEXXYTOK BpeMeHH £, B NaHHOM

caydae onpeaenserca no gopmyne:
s=u,t,.

Ho npouseegenue Uyl YHCJIEHHO DABHO TAKIKE

H IUIOMARHN S SaKpPAIleHHOrD NPAMOYTOJLHHUKA,
TAK KaK OTPe3KH v, H {; (MaH, 94TO TO e camoe,
Ov, m Ot,) ABAAIOTCH CMEKHBIME CTODOHAMHE 9TO-
ro TPAMOYTOALHHKA.

Taxum obpasom, npu npamoauneitnom pasro-
MepHOM deurcenuu meaa Modyav sexmopa ezo
nepeMeweHus HUCAeHHO pagen naouw,adu npamo-
Y20nbHUKQ, 3AKAOLEHH020 Mewdy zpagukon
cxopocmu, ocvlo Ot u nepnendukyaapamu k amoi
OCU, BOCCMABAEHHbIMU U3 MOYEK, coomaeemcm-
BYOWUX MOMERTIAM HAYAAA W KOHUG HAOJIO-
derus (6 danwom caywae ua movex O u t,).
Hacmo amy naowads nasviearom naowadvio nod
zpaurom cKopocmu.
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IMockoapKy NpH PelleEHH GONLIIHHCTBA 3a7a4

vy, = 30— NPUAETCS UMETH [eJI0 He TOIBKO ¢ MOAVIAMH, HO

25
204
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b+
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¥ ¢ IPOEKIHAMY BEKTODOB, PACCMOTDUM Ipaduk
SABHCHMOCTH IIPOEKITHH BeKTOpa CKOPOCTH OT
BPEMEHH,

Ilns aroro oOpaTHMCA elllé pas K sagade ¢ ABY-
M§ KarepaMy, MAYIIHMHA IPAMOJIMHEAHO H paB-
! HoOMEpHO B NPOTHBOMOJOMHBIX HAIDABIEHHAX

-13.. M (cm. § 3, puc. 4). HonycTuM, 4TO MPOMEKYTOK
-15¢ BpeMeHH f, 38 KOTOPBIM KaTepa COBEPIIHIN VK&~
-20 aaEHLIe NepeMelienns, paseH 2 U, 3a 2 4 nepBbli
Uge = =251 kaTep nepemectuincs Ha 60 kM, a BTOpoil — Ha
-30 50 xM. BHAYNT, MOJYIb BEKTOPA CKOPOCTH OEPBO-
Pwc, 7. Onpeneneane ro xatepa pasen 30 xM/4, a BToporo — 25 KM/4.
gﬁ:ﬂ;ﬁ“““m‘ Tak KaKx MPOEKIHH BEKTOPOB CKOPOCTH M me-

pEMEIeHus NepBOro KATepa [HOJ0KNTeIbHBI,
a BTOPOTO — OTPHLATENbHLI, TO Uy, = 30 xM/q,
5,, = 60 kM, a vy, = —25 KM/, 85, = —50 KM.
Yucnopkle S3HAYEHHSA [OpOEKIHIl BeKTOPOB
CHOPOCTH ¢ COOTBETCTBYOIIMMI 3HAKAMY, A TAK-
JKe BHAKM MPOEKLOHH COBEPIIEHHEIX KATEPAMH
nepeMerieH i, YHCJIeHHO PABHEIX ILTOMALAM IO
rpauKaMy, IpUBEAEHE] HA PUCYHEKe 7.

1, Yo HASLIBEETCH CKOPOCTLI0 PABHOMEDHOTO IDAMOIHHEAHOIO IBHKE"
aua? 2, Kax gaiiTn TpoeKIHI0 BEKTODR HEPeMeIlenns Tela, JBHRYINero-
cA MPAMONNHERHO M PABHOMEPHO, €caH HEBeCTHH IMPORKUNA BEeKTOpA
ciopocTy | Bpems jgamxerna? 3. llpyE kaxoM yCAOBHM MOAY.IL BEKTOPA
HepeMeIenn s, COBEPIMEHHOT0 TEOM 38 HeKOTODBIN TPOMeKYTOK RpenMe-
HH, DABEH [IVTH, NPORIEHHOMY TEJIOM 33 TOT JKe IPOMENKYTOK BpeMeHn?
4. Kaxyio uadopMamnio 0 SEHeHHN JBYX TeJl MOMXHO IMOAVINTE 00 rpa-
duxam, naobpaménnsM Ha prcyaKe T7

m YNPAXKHEHHE 4

i

Moszer mu rpadHK 3aBHCAMOCTH MOIVAA BEKTOPA CHODOCTH OT BpeMeHH
PACOONATaTHCH ToA ochiy O (1. 8. B 0fJACTH OTPHUATENLHEIX SHAUEHU
oel cxopocTi)?

MocrpoitTe rpadMKi 3ABMCHMOCTH NPOSKIMA BEKTOPOB CKOPOCTH OT Bpe-
MEHH 14 TpEX apToMobHNell, ABMRYIINKCA NPAMOIHHEHHO B paBHOMED-
HO, BCAYM ABA M2 HAX €A4VT B OIHOM HATNDABJIEHNH, A TPETH K — HABCTPELY
nm. CKOpocTs nepsoro apromobuns pasaa 60 w4, sroporo — 80 km/w,

a rpersero — 90 wm/a,
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~ NPAMO/NIMHEAHOE PABHOYCKOPEHHOE (EHME

YCK

Camonér,
PEBHOYCHOPEHHO
PE3rOHANILMACR

Mo B3NETHOW NonoCE

20

B 7 knacce BH MayuanHm MeXaHHYECKOE NBI-
MeHHe TeJs, TPOMCXOAfAIIEEe ¢ ITOCTORHHOH cko-
POCTBIO, T. €. PAGHOMEDHOE ABHIKeHNeE,

Tenepr M mepexozuMm K paccMoTpeRRIO
HépasgHoMepHozo apmkeHHA. HMa Beex Buaos
HEPABHOMEPHOTO JBHMKeHHNS MbI GyaeM HMaydaTh
CaMoe IIPOCTOe — NPAMONUHECILHOE PABHOYCKOPEH-
Hoe, IPpH KOTOPOM Telo ABWIKETCH BAOJb IpAMOL
JAHMHHH, 8 [OPOEKINS BEKTODA CKOPOCTH Teaa 3a
/o0ble PABHEIE TMPOMEKYTKH BPEMEHH MEeHAeTCH
OAMHAKOBO (ITPH 3TOM MOAYIL BEKTOPA CKOPOCTH
MOKET KaK VBeTHYHBATLCH, TAK I YMEeHBIIATLCH),

Hanpumep, ecim CKOPOCTH ABMIKVIIETOCH M0
B3JIETHOM 1osoce camonéra aa mobsie 10 ¢ yeenn-
uuBaeTcd Ha 15 m/c, 3a mobsie 5 ¢ — na 7,5 m/c,
B Ka)XAyi ceKyHay — Ha 1,50 m/c B T. 1., To
CaMOJIET ABMAETCHA PABHOYCKOPEHHO.,

B namHoM ciydyae moJ CKOpPOCTRIO ABHIKEHHA
CaMOJETa NoApasyMeBaeTCA ero Tak HadbiBaeMasd
MZHOBEHHAA CKOPOCMY, T. €. CKOPOCME 6 KAMN-
doli KoHKpemHOL mouke Mpaexkmopuu 8 coom-
sememeyouwult momenm epemenu (boytee erporoe
onpejeeHMe MTHOBEHHOH CKOpocTH OVAeT AaHo
B Kypce (DU3HKH CTAPIIMX KJIACCOB),

MrroBeHHas CKOPOCTH TN, ABMKYIIHXCH PaB-
HOVCKOPEHHO, MOKET MEHATLCH 10-PA3HOMY: B O1l-
HAX cny4dasax OwicTpee, B IPYVIHX — MeJIeHHEe.
Hanpumep, ckopocTs 06BIMHOTO IaccaskHpCKOro
JHQTA cpejHell MOITHOCTH 38 KamAyi CEeKVHAY
pasroHa yeenmuausaerca Ha 0,4 M/c, a ckopoeTHO-
ro — ua 1,2 m/c. B TakuX cay4yasx ropopfT, GTO
TeJla IBHMVTCA ¢ PA3HBIM YCHOPEHLIEM.

Pacemorpum, kakasa ¢(usudeckas BeIWYHNHA
HAa3LIBAGTCA VCKOPEeHHeM.,

ITyeTs cxopocTes HEKOTOPOro Tena, TBHMKYIE-
TOCA PABHOYCHKODPEHHO, 38 IPOMERYTOK BPEeMeHH {
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naMeHHJIack oT U, fo v. Ilog v, noxpasymesaercs
HAYAJBHAH CKOPOCTEH Teja, T. €. CKOPOCTH B MO-
MeHT t, = 0, IpHHATHIH 3a HAUAJIO orcyéTa BpeMe-
HH. A U — 2T0 CKOPOCTL, KOTOPYVK TEJIO MMENO K
KOHITY IPOMEMKYTHA BpeMeHH &, OTCHHThIBAEMOTO
or t, = 0. Torga sa KamAyo0 eJUHMLY BPEMEHH
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CKOPOCTE MEHSAACH HA BEJIHYMHY, DABHYIO :

Dro orHoNTeHMe 0603HAYAETCH CMMBOJOM d W Ha-
aHIBAETCH YCKOPEHUEM:
. D=1
a= 2,
4

YVekopeHHEeM TeJia NP NpAMOTHHeHHOM pPABHOYCKODeHHOM [IBWIKEHHH
HAZRIBASTCH BeKTOpHAA (hHIWUerkan BeIHUHHA, PABHAA OTHOIMEHWIG H3-
MeHeHHs CEOPOCTH K HPOMEERYTRY BpeMEenH, 3a HOTOPEI 9TO0 MIMeHEHHE
NPOR30III0.

PaeHoycropenoe deuicenue — BTO JABHIKECHHE
¢ MOCTOAHHLIM YCKODEeHMEeM.

Yekoperue — BEKTOPHadA BeJH4YHHA, KOTOpaf
XapaKTepuayeTcHd He TOJBKO MOIYIeM, HO H Ha-
npaBIeHHEM.

Moayns BeKTOpa VCKOpPeHHA NOKA3biBAET, HA
CKOJTbKO MeHHeTCA MOAYJL BEKTOPA CKODOCTH B
KazKAylo equEnny epemenn. Yem Goxbiue yexope-
HHe, TeM ORICTDEe MeHASTCH CKOPOCTE TeJ/14.

3a epunuiy yeropennsa s CH npuaumaeres ye-
KOpeHHe TAKOro PABHOYCKOPEHHOTO [BUMKeHH,
NpM KOTOPOM 3a 1 ¢ CKOPOCTE TeJsld M3MEHAETCH
Ha 1 m/c:

1m/e L @
Te = 1 m/c=
Taxum obpasom, 8 CH egumHHLEd YCKOpPEHUSA
ApasAeTcA Memp na cexyndy a keadpame (vm/c%).
[IpuMenaAOTCH U APYI'He eJHHUAIE] VCKODeHHA,
uampumep 1 em/c?,
BriupennTs yCKOpPeHHe Teja, ABHIKYINerocs
OpAMOJIHHEHHO H pABHOYCKOPEHEH(O, MOMKHO C
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Puc. 8. Pasroycropen-
HOE ABUMEHNE CAHOK,
CHATHIBAIOIIIMXCH ¢
ropst (AB) 1 npogon-
AN KK JHHKEHHE
no pasHuEe (C1))
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NOMOILIEIO CIAEAVIOIEro VpPaBHEHHMs, B KOTOpoOe
BXOOAT NpoeKIH BEKTOPOR YyCKOPEHMH H CKO-
pocTH:
U,.=0D
a‘_r: X : Dx'

[lokaskeM Ha KOHKDeTHBIX NpHMepax, Kak
HAXOAUTCA VCKOpeHHe,

Ha pucynre 8, @ naofpaskennl canKH, KOTODBIE
PaBHOYCKOPEHHO CKATEIBAKTCA C MOpPEIL.

HasectHO, uTo yuacTok nytu AB camkm mwpo-
wae 38 4 c. Ilpn srom B Touke A oHH mMenn
CKOpoCcTh, pasHyio 0,4 m/c, a B Touke B — cko-
pocTh, paBEYO 2 M/c (CAHKH DPHHATH 33 MaTe-
PHANBHYIO TOUKY).

Onpenenum, ¢ KAKAM VCKOPEHHEM JABHPAJNHUCH
CaHKH Ha ydacTKe AB.

B nannom cnywae sa Ha4wasio OTCUETA BPpEMEHH
clIefyeT NPHHATE MOMeHT IIPOXOXK/IeHHA CAHKAMH
TOYKH A, ITOCKOJBKY COTJIACHO YCIOBHIO MMEHHO
OT BTOT0 MOMEHTA OTCYMTHIBAETCA IIPOMEKYTOK
BpeMeHH, 38 KOTOPEI MOAYIE BEKTOPAa CKOPOCTH
namenuics or 0,4 no 2 m/c.

Teneps nposesém ock X, mapaaienbHy Bek-
TOPY CKOPOCTH ABHIXEHNUA CAHOK H HAPABJIEH-
HYIO B Ty ke cTopory. CripoenrpyeM Ha Heé Haua-
8 M KOHUbI BEKTOPOB U, n U. O6GpasosBaBmuecs
OpH aTOM OTPE3KH Uy . H U, SBIAKITCA NPOSKIIHA-
MH BEKTOPOB Uy, ¥ U Ha ock X. Obe aTH mpoexumuu

MOJIOMKHUTENLHEL M DABHBI MOJYJIAM COOTBETCTBYIO"
LMX BEKTOPOR: vy, = 0,4 M/c, v, =2 M/c.



Sanumem ycaoBHe 3afa4l H PeIInM eé.

Hano: Pewmenue:
Vo, =0,4m/c U=l
v,=2mMm/c Be=""3 3
t=4e

| . _2m/c-04M/c _
a,—? * 4c

- =
=0,4 ﬂcﬁ =0,4 m/c?.

Orser: a,_= 0,4 m/c?.

TIpoexusA BEKTOPA yCKOPEHMA Ha ock X moay-
YHJIACE TIOJOKHTENBHON, 3HAYNT, BEKTOP yCKOpe-
HUA COHANPAaBJIEH ¢ 0Cbl0 X B CO CKOPOCTLIO JABH-
JKEeHHA CAHOK.

Ecam BeKTOPBI CKOPOCTH M VCKOPEHHA HAMPaB-
JIEHB! B OIHY CTOPOHY, TO CKOPOCTEH PACTET.

Tenepk paccMOTPHM ADYToif TTPUMED, B KOTO-
pPOM CAHKH, CKATHBIIMCHL C TOPEI, ABHMKYTCH 110
ropuaoHTaNEHOMY yuactky CD (puc. 8, 6).

B pesyaerare geiicTBHA HA CAHKH CHJILI TDEHHUA
MX CKOPOCTL HENPEPLIBHO YMEHBINAGTCA, M B TOY-
ke [) CAHKH OCTAHABAHBAKTCH, T. €, HX CKOPOCTh
paBHa Hymio. Masecrso, uro B Touke C caHKH HMe-
nu ckopoers 1,2 m/c, a yuacToxk CD 6u11 npoiifes
HmMH 3a 6 c.

PaccunraeM yCKOpEeHHEe CAHOK B aTOM ciaydae,
T. €. OOpefe/j M, Ha CKOJBKO MEHATACE CKOPOCTh
CAHOK 3a Ka;KIyi0 efHHUILY BpeMeHH.

Hauanom orcdéra BpeMeHH 6yaeM CUHTATE MO-
MeHT, Korga caHkm npoxoaar touxky C. Torga
MOAVJIE BeKTODA HAYAJEHON CKOPOCTH paBeH
1,2 m/c, a koHEUHON — HYTIO.

Iposegém ock X mapajnensHO oTpesky CD u
COHANPABEMM €€ CO CHOPOCTLI LBHIKEHHA CAHOK,
KaK mokasaHo Ha pucyHke. Ilpn aToM npoeKUHsA
BEKTOPA CKOPOCTH caHOK Ha ock X B mioboi MoO-
MEHT UX JABH}KEeHHA OyIeT HoJ0MHTeTLHA U DARHA
MOJAVJII0 BEKTOpa ckopoetH. B wacTHOCTH, IIpH
to=0 vy, =1.2m/c,ampuit==6¢c v, =0.
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SannireM JAaHHBIE H BEIYHCTHM YCHOpeHHe,

Hano: Pemenne:
vulepsz’c o U‘:_UG:.
U'_t.=ﬂ B t .
t=6¢c
_0-12m/c _ 3
a, — 17 | T 0,2 m/c2.

Orper:a,.=-0,2 m/c?.

IIpoexnus yeKopeHnA HA och X OTPHIATEILHA.
970 3HAYUT, 9TO BEKTOD VCKOPEHNA d HANPABIEH
OPOTHBOIONOMHO 0cH X M COOTBETCTBEHHO HPO-
THBONOJIOMHO CKOpocTH aBuxenuda. [Ipu arom
CKOPOCTE CAHOK YMEHBIIATACE,

Takum o6pasoM, eciM BEKTOpH CKOPOCTH H
VCKODEHH#A [BHIKYIIErocs TesJa HANPABJIEHLI B
OJHY CTOPOHY, TO MOJAYJIb BEKTOPA CKOPOCTH Tena
VBEJIMYUBAETCHA, & €C/MH B IIPOTHBOIOJNOMHbBIE —
YMeHbIIaeTCH.

1. K gaxomy BHAY ABIDKEHHUSA — DABHOMEDHOMY ILTH HEPABHOMEPHOMY —
OTHOCHTCA NPAMOJHHEeHOe paBHOYCKoOpeHHDe Aprxedne? 2. Yo norn-
MAIOT N0/, MIHOBEHHOH CKOPOCTHIO HepaBHOMepHOro Asmmenun? 3. Halite
onpereeHNe VCHOPDEHHA DaBHOYCKOpenHOoro nemxennn. Kaxopa eausmu-
na yeropennal 4. Uto Takoe pasHoyekopersoe nemxerne? 5. dro noxa-
3BIBAST MOAYIL BedTOpA yexopenus? 6. [Ipm xakom velosAM Moayis
BEKTODA CKODOCTH JRAMYNIEN0CH TeNa VEeAHUHBACTCA; YMeHBIASTCE T

B YNPAXHEHME &

e 1. B3a OAHH H TOT e MPOMEXYTOK BPEMEHN { MOAVIL
BEKTOPA CKOPOCTH EPBOT0 ABTOMOGH.TA H3MEHIIICH OT U
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40 v’y A BTOPOTO — OT b, A0 v (BEXTOPE CKOPOCTH H306pAa-
JHEeHBl B OJMHAKOBOM Macmrafe Ha pHeyake 9). Kakoi
H3 AaBTOMOOHIEH ABMTajcA B yRASAHHBIN NDOMEHIVTOK

¢ GonbimEM  yeroperneMm? CKODOCTE KAKOTO W3 HEX
BO3pacTana beicTpes?

Camonér, paarouasce mepes BaNETOM, B TEHeHME HEKOTODOrD NPOMERYT-
HA SPeMEeHld IBHTANCH paBAHOYCcKopenno. Kaxoso buuto nmps sToM yeKope-
HUe camoaeTa, ecnn ga 30 ¢ ero cropocTs Boapocaa or 10 go 55 m/c?

C RAREM YCKODEHREM JBHIAICH 03] HA HEROTOPOM VYACTHE IYTH, ecar
sa 12 ¢ ero cropocTs Bozpocaa Ha 6 M /c?



CKOPOCTb NMPSIMONIMHEAHOTO PABHOYCKOPEHHOIO
ABWKEHUA. TPA®UK CKOPOCTH

BaM mM3BecTHO, YTO NPH NPAMOJHHERHOM paB-
HOYCKOPEHHOM [ABHACCHHH NPOCKIHMI0O BeKTopa
VCKOPEHHA Ha o¢b X MO HO HailTu mo dopmMyne:

= U= Upx

a, : .

Beipasum u3 2TOH (QOPMYILI NPOEKIHIO U,
BEKTODA CKOPOCTH U, KOTOPYK HMEJIO [BHMKYIIee-
cf TeJI0 K KOHIY IPOMEeXYTKa BpeMeHH {, OTCYHn-
THRIBAEMOIO OT MOMEHTA Havaaa HabawgeHus, 1. e.
or ¢, = 0:

a,t=Uv,=Vgys
U, = Vg, T a.k.

Ecnu B HAYaNBHHEIN MOMEHT TeJO TMOKOWIOCE,
T. e. Uy = 0, To aaa sroro cayyas nociessan gop-
MyJia IpHHHAMAaeT BT

[IpeacraruM 3aBUCHMOCTE MPOERIMHE BEKTODA
CHOPOCTH OT BpEMEHH IIPH PABHOYCKOPEHHOM JABH-
HEeHHUH B BUje rpaduxa,

M3 xypca mareMaTHKH BaM H3IBeCTHA JIMHEeH-
nada bysxkumsa y = kx + b, rme x — aprymesT,
k — nocrossab KoadhuumenT, b — ceoBoaHEI
ynen. I'padurom 3Toll PVEKRIIHHE ABIAETCHA TIPHA-
MAH.

DyHRINA U, = Uy, + a t (11, 94T0 TO e caMoe,
v, = a,t + vy,) ToXke NHHellHasd ¢ apryMeHToM {1,
NOCTOAHHEIM Koo((umueaToM ¢, H CBOOOAHBIM
YJIEHOM U;,,. SHAYHT, rpadHuKoM sTOH (PyHRIHHA
TOME JOMKHA O6ITE npaMasn. Pacnonomenne aToit
JTHHUH M0 OTHOINEHW K OCAM KOODAUHAT ONpeje-
JHeTCA 3HaUeHHAMH d, H Uj,..
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Puc. 10. Ipadix
yErmne v,o= 1,5¢ (M/c)
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Ilocrpoum, Hanpumep, rpadux
T 3aBHCHMOCTH OT BpeMeHH IIpOeK-
r’( IIHH BEKTOpA CKOPOCTH PA3TOHAI0-
meroca mnepejl B3JNETOM CaMOJeTa,
KOTOPBIH ABHIKETCH U3 COCTOAHUNA
[IOKOA NPAMOJIHHEHHO ¢ YCKOpeHH-
eMm 1,5 m/c? B reuenne 40 ¢.
ComanmparuM oce X €O CKO-
pocTRI0 IBMIKeHNAa camonéra, Tor-
A TIPOEKIIMH BEKTOPOB CROpOC-
TH H YCKOPEHHA OVIAYT IOJOHH-
TEJdbBHBLI.
IIna nocTpoeHus 38JAHHON NPHA-
MOl [QOCTATOYHO BHATH KOODLHHA-

0

T0 20 30 40 50z T (T e twuu,)aByx mobux eé ro-

HeK. 3aZaB ABA NPON3BOJLHEIX SHA-
ueHuA f, mo dopmyae v, = a.t
MOXHO ONPEJeSNTE COOTBETCTBYIO-
OIue 3HAYEHNA U, .

Hanpuwmep, npn t; = 0 vy, = 0; npa ¢ = 40 ¢
v, =1;b m/c? » 40 ¢ = 60 m/c. Ilo KoopauEATAM
NepBOH H3 HAHMJEHHLIX TOYEK BHIHO, 9T0 rpagHK
3aBHCHMOCTH CKOPOCTH OT BpEMEHH HNPOHAET uye-
pea Hauano roopauHar (puc. 10).

Teneps nocTpoHM aHATOrHUHBIN rpadpux ansa
caydasi, Korjla HAYAJNBHAS CKOpDOCTh He pABHA
HYJIIO (OpH TOM, 9YTO MOAYJb CKOPOCTH, KdK M B
npeiblAylieM npaMepe, Bospacraer). lasa aroro
BOCHOO/NbE3YEMCH TAKHM NPHMEDOM.

IIo popore eger aBTOMOOMJIE CO CHKOPOCTHIO
10 Mm/c (836 xm/u). Bogutens aBTOMOOHIA, YBH-
IeB [OOPOHBIM 3HAK, CHHUMAKOINUII orpaHuue-
HHe CKODOCTH, HajKall Ha MeJallb Fasa, B peayib-
TATE Yero aBTOMOOMIL CTAJ JBHTATHCHA € MOCTO-
AHHBIM yexopennem 1,4 m/c, TlocTporm rpadux
3ABHCHMOCTH OT BpPEeMeHH NPOeKIWM BeKTOpa
MTIHOBEHHOMH CKOpPOCTM Ha ock X, COHAIDAB-
JEHHYH) CO CHOPOCTBE NPAMOJHHEHNHO ABHAY-
HierocHa IEL'HTDM'DEHJIH, AJIA IIepBbIX '-IE.'TbIPéK ce=
KVH] pasroHa.
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Puc. 11, I"'padus

pyHHKIHH
v =10+1,4¢ (m/c)

Uy M/C
204
16 ........
124

gl ]
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C 24681tc
Puc. 12, I'pathuk
hyrroan

v, =20-2i (m/c)

B arom cnyuae saBuCHMOCTS U, (f) onHMCHIBAET-
cA hopmynoit v, = vy, + a, t. Haigém no s1oit hop-
Myde KOOPAMHATH ABYX ODOH3BOJIBHBEIX TOYEK
rpaduka. Hanpuwmep, npn t, =0 v, = 10 m/c; npu
t=8cuv,=10m/c+1,4m/c? + Bc=14,2 m/c.

I'padmk, NOCTPOEHHBII 10 9THM TOYKAM, IIDe/-
crasuner Ha pucyHke 11. On orcexaer Ha ocm v,

OTPE30K, PABHLIH OTPOSKIHH BEKTODA HAYANIBHOMN
CKOPOCTH.

IlocTponm Temeps rpaduk 3aBHCHMOCTH IpPO-
eKIIHH BEKTOpPA CKOPOCTH OT BPEMEHH, eciu HAa-
YajibHAA CKOpPOCTH HE DABHA HYIK, & MOAVJL
BEHTOPA CKOPOCTH YMEHBIIASTCH € TeudeHHeM
BPEMEHH.

Honyerum, BoguTens SBTOMODHIA, IBHMKYINE-
rocs co ckopoeteio 20 m/c (T2 KM /9), HamHEMaeT
Ha mejgank Topmosa. B peaynsrare asToMmobuin
aBumaKeTes ¢ yexopeauem 2 m/c? uyepes 10 ¢ ocra-
HABJIMBAETCH.

da Hauano OoTCcUETA BPpEMEHH NPUMEM MOMEHT
HAYAIA TOPMOKEHUSA, KOTJA CKOPOCTE ABTOMODH-
Jif eine 6s1na pasaa 20 m/c.

B sTom cnyuae HeT HEOBXOAMMOCTH paccUMThI-
BATH 3HAYEHUE TPOEKIMH BEKTOPA CKOPOCTH,
IOCKOJBKY KOODAHMHATHI JBVX TOYeK Trpaduka
odeBuAnbL: upn ty =0 vy, =20 M/c; mpr t =10 ¢
v, = 0. CoorsercTByiomuii rpadhuk npeacrasies
Ha pucyHkKe 12,

INTockonpKy CKOPOCTH YMEHBIIAETCHA HO MOLV-
I, TO rpaHK obpasyeT ¢ MOJOMKHTENBHLIM HE-
OpaBJIeHHEeM OCH ¢ TVNoit yroJ.

1. 3amummmTe GopMyAY, N0 KOTOPOH MOMKHO PACCYHTATHL NPOCKIHED BEK-
TOP& MIHOBEHHONW CKODOCTH ONPAMOJHHENHONO DABHOVCKODEHHOTO IBH-
FHMEHHA, GO HIBLCTHBLI A) NPOEKIHNA BEHTOPA HAYANTLBHON CHKOPDOCTH M
NpOeKIHA BEKTODA YVoROpeHu#a; 0) NpoeKIIHA BEHTOPA VCHOPEHHA IpH
TOM, UTO HATAMLHAA CHOPOCTH PaBHA Hymw. 2. Yro npegcrasinaer coboil
rpafie MPOeKINY BERTOPA CKODOCTH PABHOYCKOPEHHOTG ARIKeHIA IPH
HaYANBHOK CROPOCTH: 8) paBHOH HY/110; 6) He pasHol HyI0? 3, UeM cxop-
HEl M YeM OTAMYAIOTCH ADPYT OT JAPYra ABMKeHHH, MPAdHKH KOTOpRIX
IpeAcTABJIEHN HA pucyarax 11 n 127
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XOKKeHCT CHEerKa YAAPHA KINMKOH mo maide, Opugas el CKOPOCTh
2 m/e. Yemy Gyaer papHAa cKOpoeTh maH0bl 9epes 4 ¢ mocae yoapa, ecnm
B peayJIBTATE TDEHHH O JIE] OHA ABMMeTCH ¢ vekoperunenm 0,20 M/c??

JIEIAHMEK CBE3MAET ¢ FOPBI U3 COCTOAHHA NOKOA ¢ YCKODEHHEM, PABHBIM
0,2 m/c?, Hepea kaxoll NPOMERXYTOR BPEMEHH er0 CKOPOGTE BOAPACTAT X0
2m/c?

B opHux ¥ Tex e KOOPAMHATHRIX OCAX nocrpolite rpadurn mpoex-
LUH BEKTOPA CHKOPOCTH (HE OChb X, COHARUPAEIEHHYK C BeKTODOM HA-
YRALHOH GRD];JB[:TH] opH ﬂ]]EMDJIKHEﬁHDM ]JEB‘EU!.’UEU];IEHHGM ABH-
MEHMN QN8 cAVHaeB: a) v, = lm/e, a, = 0,5 m/c?; 6) Vge = 1 n/c,
a,=1m/c% B)vug,=2m/c, a,=1mn/ct

Macmrab: 1eM — 1m/eslem—1c.

4. B ogHEX M Tex e KOODAHHATHBIX OCHX nocTpoiire rpa-
pHKN TpoeKUNMH BEKTOPA cKopocTH (Ha ock X, cOHA-
NpABAEHHYID ¢ BEKTOPOM HAYANLHOW CKOPOCTH) mNpHM
@HMDJI‘HBE&HOM PaBHOVCHODEHHOM [IBHMEHMH INH
ciyuaes: 8) vy, = 4,5 M/e, a, = -1,5 m/c?; 6) vy, = 3 m/c,
a,=-1m/c

5 Ha pucyure 13 npepcraBiesnl rpadHiH 3aBHCHMOCTH
MOJAYVJAA BEETOPA CHOPOCTH OT BpeMeHH ODpH OpAMO-
JMHEAHOM JBH/ReHHH JBYX Teld, C KakuM Io MOIY/IK
veKopeHmeM germerca Teao I; reqo 117

NEPEMELLEHUE TENA NPU NMPAMONUHEAHOM
PABHOYCKOPEHHOM [BMEHWUW

Brisenem opmyny, ¢ MOMOOIEID KOTOPOI MOM-
HO PACCUHTATH NMPOEKIIHIO BEKTOPA NepeMeleHHA
Tesia, ABMOKYVINErocs TMpaEMOJIWHERHO H paBHO-
YCKOpeHHD, 3a J1060ii npoMe:xyToK Bpemenn. s
artoro obparumcs K pucyaxy 14. Kax Ha pucyn-
Ke 14, a, Tax u Ha pucynre 14, 6 orpesor AC
npencrasiafger coboil rpadix DpPOeKINH BeKTOPA
CHOpPOCTH Tenda, ABMMAYINEeToCH C NOCTOAHHBIM ye-
KOpeEHeM @ (pH HAYAIbHOM CKOPOCTH Ug).

Hanomuum, uwro npu OpsMOITHHEHHOM pAasHO-
MepHOM IBUIKEHUN Tejla NPOeKIWUs BEKTOpa me-



Puc. 14. [poeriua
BEKTODA NEPEMELeHIA
TeNA, ARMHYIerocs
OpAMOTHHEITHO 1
PABHOYCKOPEHHO,
HUCIEHHO pasHa
MIoIAaAn S moja
rpaasoM

oy / /
s c
a A
A

o,
Yox S
| i R
0 db Bt 0— ¢ Bt
a) &)

peMelesns, COBePIIEHHOro 3THM TEeJIOM, Oonpe-
JenfAeTca no ToH e (hopMymne, 4TO H TIOMIANH
OPAMOYTONEHHEKR, 3aKTIOYEHHOTO MOJ rpaHKoM
OPOeKIUK BeKTOpa ckopocTH (eM. puc. 6). [Toato-
MY MpOeKIHA BeKTOPA MePEeMEIIeHNA YHCIeHHO
PaBHA MJIOIMIALA STOr0 NPAMOYTOALEAKA.

HokraskeM, 9TO ¥ B CAydYae TPAMOIHHEHHOTO
PAGHOYCKOPEHH020 IBIIKEHHA MPOSKIHI0 BEeKTO-
pa nepeMelesn §, MOMHO OIPeAeNdaThb 110 TOH e
dopMyJie, 4TO H IJIOIAaAb (PUIVphl, 3aKII0YE€HHOH
nmexay rpapuxom AC, ocsio Of u orpeskamu OA
BC, T, €. 4TO H B 3TOM CJIy4ae NPOEKIHA BEKTOpPA
nepeMelleHHA YHCICHHO PABHA IJIOIIATH (PHTIY DB
nogn rpapuroM ckopocTH. [na asrtoro Ha ocm Ot
(cM. puc. 14, a) BEASINM MAJIEHBKHH IPOMEHY-
TOK BpeMeHHd db. M3 Touek d u b npoBesiém nepuen-
AHKYNApE K ocu Of 10 UX nepecedeHus ¢ rpadm-
HOM MPOEKIINHA BEKTOPA CKOPOCTH B TOUKAX d H C.

Taxkum ob6paszom, 3a NPOMEXRYTOK BpPEMeHH,
COOTBETCTRVIOIHI OTpeary dh, CKOpOCTeE Tena
MEHAETCH OT U,, 10 U,,.

3a MocTATOYHO MATKIH MPOMEXYTOK BpPeMeHH
MPOEKIUA BEKTOPA CKOPOCTH MeHHeTcH OUeHb
HeaHaA'THTeJdbHO. HOBTOM}" ABHEEeHHEe TeJla B Te'ue-
HHE 9TOT0 NPOMEHMYTKA BPEeMeHH MAJO0 OTJIHYAST-
CcHA OT pABHOMEDHOI'D, T. . OT JBHMMeHHHA C TTOCTO-
AHHOH CKOPOCTBID.

B arom ciayuae yuacToK ac rpadmka MOKHO
CYHTATE TOPH3OHTAJLHEIM, & OOJOCKYy acbd —
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OPAMOYTOIBHUKOM. 3HAYUT, TLIOMAAS 3TOMH MOI0-
CHH YHCJeHHO PpaBHA NPOEKIIHH BEKTOPA NepemMe-
ONIEHHA 34 NPOMENXYTOK EDEMEHH, COOQTBEETCTEBYIO-
IMHH oTpesKy db.

Ha Taxkue monocxu MOMHO padduTh BCHO IJIO-
mans thurypel OACE, seadwmeiica Tpanemrei.,
CuenoBarelbHO, RpoeKyuUs B€KmMOpa nepemeuie
HUA 8, 3 NPOMENYMOK EPEMCHU, COOMBEMCMBY-
lowiuii ompesxy OB, uuenenno pasua nrowadu S
mpaneuuu OACB u onpedensemes no moii we
hopmy.ie, ymo u ama nrowads.

CorJlacHO NpaBMUNIy, IPHBEAEHHOMY B LIKOJb-
HBIX KYDCAX MeOMETPHH, [JOMIALL TPANELUH DAB-
Ha NPOHSBEJEHHIO NOJYCYMMEI €€ OCHOBAHMI Ha
BeICOTY. M3 pHcyEKAa 14, § BUAHO, 9TO OCHOBAHMA-
vu Tpanennn OACB asnawoTcs orpeskn OA = v,

n BC = v, a BricoToii — orpesok OB = ¢, Cuejo-
BATEJIBHO,

8= ———-”“‘; Ps . ¢,

Ilockoasky v, = vy, + a,t, a S = §,, TO MOMHO
SAINCATL:
Upe + Uge +apt . 2ug.t+a t? _

31.= 2 t— 2 —'qut_i'

a t*
LB ﬂx‘l.’oxt'f' i

Taxum ofpasom, Mbl ODOAYYHIA GOPMYIY LA
pacuéra NpoeKIHH BeKTOpa IepeMeIleHUs IIPH
PABHOYCHKOPEHHOM JIBHMMHEHHH,

ITo aroi e GopMyTe PACCUNTEIBAIOT ITPOEK-
UK BEKTODA NEPEMEINEHHA U IPKE JBHMKEHHH Te-
J& C YMeHBIIAKWIIeHCcA N0 MOAYJAI CKOPOCTLIO,
TOJABKO B 3TOM CAVUAe BEKTOPBI CKOPOCTH 11 YCKO-
PEHHA DYAVT HATIDABJMEHKRI B MPOTHBONOIOMKHBIE
CTOPOHBI, MOITOMY MX IpOeKLMH DyAyT HMeTh
PASHEBIE 3HAKH.



1. Tloneayack pucyakoM 14, g, JIOKAMHTE, YTO MPOEKILNA BEKTODA mepe-
MEIIeHHA NPH PABHOYCKOPEHHOM ABHIEHHH YUCIASHHO DABHA [UIOLATN
turypst OACB. 2. 3anuimnuTe ypaBHeHHe /A ONpPeAeJeHnA MPOeKIHH
BEKTOPA NIEpeMelleH A TeIa TPH ero IPAMOJIHHeTHOM DABHOYCKOPEHHEOM
JTBHHEHHH.

¥NPAMHEHHME 7

1. BenocumemueT CBEXAN ¢ TOPKH 34 5 ¢, [EUCASCE ¢ NOCTOSHELIN YCROPEHH-
em 0,5 m/c?. Qumpesennre NAMAY TOPKH, BCITH MABECTHO, 4TO B HAYATE
COYCKE CKOPOCTL BenmocHnenieTa 6sina pasxa 18 wkw /q.

2. Iloeam, moyumuit co exopoereio 15 m/e, ocramosnaca uepes 20 ¢ nocae
HAYANA TOpMOMeHNA, CUuTad, 4TO TOPMOMEeHNe OPONCXOIII0 € [TOCTO-
AHHLIM YCKODEHUEM, ONpelelaTe NepeMemerne noeana sa 20 c.

i Vo Uf - v

3! IIpusegure hopMyIy S = —m—é—f "I K BHAV 8, = =
OHMOCTH BOCOONB3AVATECH VRABAHMAMH B OTBETAX.

=, Ipu neobxo-
T

m gg%mnus TE.I;‘A nPH nrmmnmamon

PaccmoTpuM, KAK PACCUMTHIBAETCH MDOSKIIHA
BEKTOpPA NepPeMelLleHus TeJa, ABHIKYIIerocs pas-
HOYCKODEHHO, €C/I¥ €ro HAYAJBLHAA CKOPOCTh Up

paBHa HyJ10. B aroM cinygae ypasHeHHe

a.t?

3x=voxt+ T

BYIeT BRITIAAETh TAK:

Ilepenumem aTo ypaBHEHHE, [IOICTABHE B HETD
BMECTO npoexumii 8, 1 @, MOAYJIH § M G BEKTOPOB

! Bmeanouxofl oboamauvensl IAJAYH NOBLILEHHON ciaos-

HOCTH.




Pue. 15. 3akoHomMep-
HOCTH PARHOYCKODEH-

HOM ABMIKEHHHA

OA:0B:0C:0D:

iOE=1:4:9:16:25;

OA:AB:BC:.CD;

DE=1:8:5:7:9

nepeMeieHlAdA W YCHODEHUA. HOCRG.JII:KY B JaAH-
HOM CJyUae BeKTODPHl § ¥ d HATIPAB/NEHH B OJHY
CTOPOHY, UX NPOEKIIMHA HMEOT OJHHAKOBLIE 3HA-
KH. [ToaToMy VDaBHEHHe LJA MOAYJIeil BEKTOpPOB
MOKHOQ 3a0McaTh:

at®

8= ? .

Mz sToil hopMyasl ciaegyer, 4To IPH DPAMOJIA-
HeilHOM pABHOVCKOPEHHOM IBHXKeHHH 0es Ha-
YANLHOH CKOPOCTH MOAYJE BEKTOPA Nepemelne-
HHMA OpAMO NPONOPIMOHANEH KBaJgpaTy IIpo-
MEIKYTHKA BPEMEHH, B TeHEHHE KOTOPOro 3T mepe-
MelneHHe OBLJI0 COBEpPHIeH0. 3TO 03HAYAET, HUTO
IPH VBEMTWUEHUU B 71 PA3 BDEMEHH JABHIKeHHH (0T-
CYHTLIBAEMOTO OT MOMEHTA HAYaJa ABHIKeHHH)
nepeMelnieHne VBeJHUHBAeTCA B n° pas.

Hanpumep, ecam 3a OpPOM3BOJBHBIH HOpOMe-
HMYTOK BpeMeHH f, OT HAYANA ABHIKEHHHA TEJ0 Co-
g
2
RYTOK BpeMeHu ¢, = 2¢, (OTCYHUTHIBAEMBIH OT TOr'0

JKe MOMEHTA, YT0 M f,) OHO COBEDITUT MepeMerne-

BEPIINJIO HepeMelleHne 8, = -1{, To 3a mpome-

HIE §, = g +4tf = 4s,; 3a IPOMEIRYTOK BPEMEHH
a -
5
NPOMeXYTOK BpeMeHW ¢, = nt, — TepeMelieHue
8, = n?s, (rme n — HATYpalLHOE YHCJI0).

Ora 3aBHCHMOCTH MOAYJA BEKTOPA mepeMerlre-
HMH OT BPEMEHH NpPH IPAMOAHHEHHOM DaBHOYC-
KOPEHHOM [BHMeHMHM (e3 HAYAIBHOH CHKOpDOCTH
HATJIAAHO OTPasKeHa Ha pHCYHKe 15, rae oTpesku

t, = 3t, — nepeMeineHue s; = 9t = 9s,, 3a

0lA & B C i D 8 E
—] u o - 1'_—rA‘__-'§. -
0 5y '!.-351 E].'S: lﬁl-:q :':.'3-1."-i| g
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[BwmeHna yruTHM
MOMHO CHHTETE
paBHOYCHODEHHbIM

Nepmanmonm, 9 wr

0OA, OB, OC, OD n OF mpeacTasnaioT cofoil Mo-
AVIH BEKTOPOB MepeMemennii (8, §,, 85, 8, U 85),
COBEPIIEHHLIX TEJ0M COOTBETCTBEHHO 32 HMpoOMe-
MYTKM Bpemenu iy, &, = 2, t3 = 3t,, t, = 41,
ut.= ot,.

W3 aTor0 pHCYHKA BHAHO, YTO

OA:OB:0OC:0D:0E=1:4:9:16:25, (1)

T. €. NPpU YBeAuHeHUU NPOMENCYMKOE GPeMEHU,
OMCHUMBIAAEMBLYX OM HAY AR BUNCECHUA, 8 UeN0e
HUCAO pa3d no cpasHenuio ¢ ty, modyau coomeems-
CMEYWUX 8eKIMOPO8 nepemMewierHuil sospacma-
fom kak pad keadpamos nocaedosamenbHbLx
HAMYPAABHBLY HUCEN.

H3 pucynaka 15 BuIHa ewlé olHA 3aKOHOMEp-
HOCTb:

OA:AB:BC:CD:DE=1:8:5:7:9, (2)

T. 8. MOOYAU BEKMOPO8 nepemeuleHuil, cosep-
taemMbix menom 34 nocaedosamensvibie pagHble
npomexcymen epemenu (Kaxcdotit w3 KOMOPHLX
pasen t,|), omuoeamea Kax pad nocaedosamenv-
HELX HEYEMHBEX LLUCET.

BaxonomepHocTH (1) M (2) mpueymy TONBKO
paBHOYCKOpeHHOMY aBmkennio. Ilosromy mmm
MOMHO NOAL30BATRECH, eCaAu HeodDX0oAMMO onpene-
JHTh, ABIAETCA IBHM{EHUE PABHOYCKODPEHHLIM
WM HET,

Onpegenum, sanpuMep, ObLLIO JH PABHOYCKO-
PEHHEIM JABHIKEeHWE VIHTKH, KOTOpas 3a IepBLle
20 ¢ neuixenns nepemectunack Ha 0,5 cM, 3a BTO-
pere 20c — na 1,5cMm, 3a Tpersm 20c — Ha
2,5 em.

Jna sroro HailigéM, BO CHOJBKO pas nepeMe-
IMeHNA, CORSPMIEHHBIE 34 BTOPOH 11 TpeTHil mpoMe-
YTKHW BpeMeHH, Ooakine, TeM 38 TIePBLIif:

1,6 ¢cm - 2,0 cm —

0,5 em N 0,5 em
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Buaunr, 0,5cm:1,5em: 2,6 ecm=1:8:5. [To-
CKOJNLKY 8TH OTHOINeHHA NOpejcTaBadanT coboi
PAL HocIef0BaATeIbHLIX HEYETHEIX YHCE], TO ABH-
MeHue Tesa 66110 pABHOYCKOPEHHBIM.

B masHOM cayvyae paBHOYCKODPEHHBII XapDAKTED
OBHMEeHHuA OLLT BREIABJIEH HA OCHOBAHHM 3aKOHO-
MepHOCTH (2).

Honpucu 1.TTo kakumM QopMyliaM PACCYHTHIBAIOTCA NPOBKIIHA ¥ MOAYAL BEKTOpPA

NepeMeNeHHA Tela IPH ero PABHOYCKOPEHHOM JABHAEHNN 13 COCTORHHA
nokon? 2. Bo eKonbKO pas VBEIWUHTCA MONYIL BEKTODA TepeMenienyn
Tela NPH YBEIHYeHHH BPpeMEeHH €ro ABHKEHHA H3 COCTOAENA NOKOHA B 1T
paa? 3. 3anumnTe, KAK OTHOCATCH APYT K ADYIY MOZYJM BEKTOPOB Mepe-
MemesHi rena, IBHAVIIEMOCA PABHOVCHKODEHHO H3 COCTOAHHA NOKOAHA,
OpPH VEETHYEHHH BPeMeHH eéro IBHMeHHA B Iea0e YHCI0 DA3 o cpaRHe-
HHIO € 1, 4. BanuiuTe, K&K OTHOCATCA ADYT K APYTY MOIY.JIH BEKTODOB
OepeMeIe i, COBePIIAEMBIX TEI0M 38 TOCHAEIOBATENbHBIE DABHBIE PO~
MEHYTKH BDEMEHH, €CIH aT0 Telo ABHMeTCA PABHOYCKODEHHD HS COCTOA-

HudA noxoda, 5 O Raxoll me/gsio MorHo HCOoJB30BaTh saKoHoMepHOeTH (1)
Hi{2)?

&Y YNPAMHEHME 8
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2",

3%,

Orxogammil oT CTAHIHE M0e3d B TeueHne neppbix 20 ¢ gBuMeTcA IpAMO-
NHHeHHO ¥ paBHEOyckopeHHo. HapecTHO, UTO 38 TPETLIO CEXYHIY OT HAYA-
Ja ABMseENA moean npomen 2 m. OnpegendTe MOAY Ik BEKTOPA ODepeme-
MeHnH, CGBEPIHE'HEOPO moeagoM 3a NepByID CeKVHIY, H MOAVIL BEKTOpA
VCKOPeHHS, C KOTOPEIM OH JBHTAJICH.

ArtomobHiE, IBMTAACE DABHOVCKODEHHO U3 COCTOAHKS TOKOM, 88 IATYO
cekyHAy pasroHa npoxogut 6,3 M. Kakyw cropocTs passii asToMobuib
K KOHILY D10l CeRyHILL OT HAYANA ABMeHns"

Hexoropoe teno sa nepssie 0,03 ¢ gsusxenna 0es HaualbHON CROPOCTH
mepeMecTHIOCH Ha 2 MM, 3a neperie 0,06 ¢ — =a & MM, 3a nepssie 0,09 ¢ —
ga 18 mm. Ha ocroBannn saxonoMepHocTnA (1) gokamuTe, 4To B reYedne

peex 0,00 ¢ resro nBHranoes pABHOYCKOPEHHO.

OTHOCHUTENBHOCTb ABWKEHUA

B kypce ¢huankn 7 KIacca YIOMHHaIOCh 00
OTHOCHTENBHOCTH MEXAHWYEeCKOro JABHIKeHHH.
PacecmorprM ator Bompoc Gonee moapobHO Ha



Pue. 16. CropocTh
ABWKEHHS 1eJ0BEKA
OTHOCUTETEHO BATOHA
M OTHOCHTEILHO 3EMIN
PA3THTHA 10 MOV
H HATIDABJIEHHIY

20 m/c

OTH.

—

npuMepax u chopMmynupyeM, B 4€éM KOHKDETHO
3AKJIIOYAETCSH OTHOCHTENEHOCTE IBHIKEeHH A,

Yenoeek HAET IO BArOEY NPOTHE ABHKEHHA 110~
esga (pue. 16). Cropocrs noesga OTHOCHTENABHO
nosepxHocTH 3emiiu pasHa 20 M/c, a cROpPOCTH Ye-
JIOBEKA OTHOCHTEALHO Baroua pasHa 1 m/c. Onpe-
IeTHM, ¢ Karoi CHOPOCTLIO ¥ B KAKOM HATIpABIE-
HUH JRUHETCH YeJIOBEK OTHOCHTENBHO TOREPXHO-
CTH 38MIH.

Bypem paccyxpgare Tak. Eenn On1 wenosex He
IéN 1Mo BaroHy, TO 3a 1 ¢ OoH mepeMecTHJICA OBl
BMECTe ¢ moes3JoM Ha paccTosHmne, paBHoe 20 M.
Ho 3a 3710 e BpeMs OH NDOINEN DACCTOAHHE,
paBHOe 1 M, OporTHB xona noeana. IMosromy 3a
BpeMdA, pasHoe 1 ¢, OH CMECTHJICA OTHOCHTEJbHO
NOBEPXHOCTH 3eMJIM TOJALKO Ha 19 M B Haupasie-
HHHA JBHIKEHHS T0e3fa. JHAYHT, CHOPOCTh Yeno-
BEKA OTHOCHTE/ILHO IOBEPXHOCTH 3EeMJIH paBHA
19 M/c 1 HAnIpABJIeHA B TV ¥Ke CTOPOHY, 4YTO U CKO-
pocTs moezzga. Takmm obpasoM, B cHeTeMe OT-
cuéTa, CBA3AHHON € TTOE3ZI0M, 9eJIOBEK ABMIKETCA
co ckopocTeio 1 M/c, a B cucTeme orcuéra, cBA-
34HHOH ¢ KaKHM-JHDO TeJJoM Ha NOBEPXHOCTH
g8eMJid, — €O cKopocThsl 19 m/c, npuyém Hanpas-
JieHbl 8TH CKOPOCTH B IPOTHBONOJIOHHEIE CTODO-
Hel. Orcioza cnepyer, 4TO CKOpoOCcmb OMHOCU-
measHd, T.e. CKOpocmb 00HO020 U MOZ0 Hee mead
8 PAGHBLLY cucmemax omeuéma moxcem Goimb pas-
JAUYHOU KQK N0 YUCI080MY FHAYEHUN, MAK U RO
HANPABACHUIO.

Teneps obparumesa K gpyromy npumepy. [pea-
CTABLTE BEPTOJET, BEPTHHAJILHO ONYCKAIIIHHACH

a5




Puc. 17, Ornocirenn:
HOCTh TRASKTODHEI
W IOyTH

Hpawexde agéagHoro
HEeba B TAYaHME HOHM
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Ha 3eMai0. OTHOCKHTE/ILHO BEpTOAETA J00AH TOYKA
BMHTA, Hanpumep Touxka A (puc. 17), Oyner Beé
BpeM#A ABHI'ATbCH 110 OKPYIKHOCTH, KOTOpas Ha
pHCYHEEe noobpakeHa CIIOMIHOM JAuanei. [nsa
mHabmiogaTesnda, HaX04ALIErocd HA 3eMJle, Ta JKe ca-
Mafa ToUKa OyAeT ABMIAThLCH 110 BUHTOBOH Tpaek-
TopuM (mTpuxoBas auHBA). M3 sroro npumepa
SICHO, YTO MPAEKMopus dsuMeHun moice omHo-
cumeasHa, T. €. MPAeKmMopuR daunerus odHozo
U Mozo e meaa Moxwem Obims pasnauiHoll é pas-
HbLX CUCTIEMAX omecuéma.

CrneforaTenbHO, NYMb ABAACMCA BEAUHUHONU
OMMHOCUMENbHOI, TAK KAK OH DABEH CYMMe [LJIHH
BCEX VYACTKOB TPACKTOPHH, HNPOHAEHHBIX TEJIOM
84 PACCMATPHBAEMbIN POMEKYTOK BPpEMEHH. ITO
0ocOOEHHO HAIIAMHO NPOABIAETCH B TeéX CHYYAAX,
Korga (pusuYecKoe Tes0 IBHKeTCH B OJHOH cHucTe-
Me OTCYETA U HOKOHTCH B Apyroii. Hanpumep, ge-
JIOBEK, CHAAINHA B ABHAYIIEMCH [0e3lle, TpoxXo-
IHT ONPEIeIEHHEIR NYTh § B CHCTEMe, CBA3AHHON
¢ 3eMIE11, 4 B cHCTEeMe OTCUETa, CBAZAHHON ¢ moes-
IOM, 8T0 TIYTh PABEH HYIK.

Taxum 00pasoM, OTHOCHTEABHOCTE ABHMKEHHA
MPOHABJAETCH B TOM, YTO CKOPOCTh, TPAEKTOPHS,
IIyTE H HEKOTOPLIE Ipyrie XapaKTepPHCTHKH JIBH-




TEeoUEHTDHYECHERA
CHCTEME MHPA
Hnagaua NTonemen

FenMoLeHTpH4eCcHanA
CHCTEME MUpa
No HonepHuKY

#EeHHA OTHOCHTEJbHDI, T, €. OHH MOIyT OBITH pas-
JIHYHBI B PA3HBIX CHCTEMAX OTCYETA.

[loEnMan@e TOrO, UTO ABHIKEHNE OHOTO | TOTO
e Teaa MO3HO PACCMATPHBATE B PasHBIX CHCTe-
MAX OTCUETA, ChITDAJIO OFPDOMHYIO POJib B Da3BH-
THH B3TJAAN0B Ha cTpoenne BeenersHoil.

C paBHHX HOp JIIOAW 3aMEYUATH, UYTO 3BE3/El B
TedeHne Houl, TaK e Kak u ConHne fHEM, Tepe-
MELLATCH o Hedy ¢ BOCTOKA HA 3amaj, JBATAACE
0o AyraM M Jejiad 3a CYTKH NOJHEIH ofopoT BO-
gpyr 3emian. [losroMy B TeyeHHe MHOIHX CTOJie-
THI CYHTANIOCH, YTO B HEHTPE MHPA HAXOAUTCH He-
NOABHKHAA 3eMiH, a BOKPYr Heé obpamaiorcs
Bce HeDecHmie Tena. Takasa cuerema mMHpa ObLIa
HA3BAHA Z€OYEeHMpPU4ecKol (rpeueckoe cjJ0BO
«Te0» DBHAUAET ¢BEeMJIH» ).

Bo Il 8. anexkcanapuiicknii yuéunlii Kaaeduid
ITmonemer obobimnn MMewIHecH CBEJeHHA 0O
ABMIKEHHWH CBETHJ W IIAHET B TeOUeHTPHYecKOoH
CHCTeMe M CYMe I COCTABHTE JOBOJBHO TOYHBIE TAD-
NUTEIL, TO3BOJIAOINNE ONPEIeTaTh IoIoKeHne He-
OecHBIX Tesl B NMpoultoM W OyAyIieM, Npe/cKassl-
BATHL HACTYILICHHE 3aTMEeHMWI U T. 1.

OzEaKo cO BpeMeHeM, KOT LA TOYHOCTL ACTPOHO-
MHUYeCcKUX HalaIeHuil Bospocia, eranyu obuapy-
SRHBATBCH DACXOMACHHA MEMAY BbIYHC/IE€HHBIMH
¥ HabwaeMbIME DOJ0OMKeHHAME iaHeT. BHocu-
MBle [[PH 2TOM HeIpaBaeHud geaanu reopuio [Iro-
JeMes OYeHb CA0MKHON 1 3anyrasHoH. [Tloasnnacs
HeoDXOoAMMOCTh 3aMeHbl MeOLeHTPIYeCKoH CHeTe-
MBI MHPA.

Hosrie parmaast Ha crpoenne BeeneHHoil Boi-
mm mogpobro manoxenst B XVI B, nonbekum yusé-
HEIM Hukoaaem Konepuuxom. O cauTal, 4TO
Jemidg M ApyrHe ILIaHeThl JABHMKYTCA BOKDPYD
ConmHana, ofHOBPEMEHHO BpPAIA#CE BOKPYT CBOHX
ocefi. Taxas cHcTeMa MHpPA HA3LIBAETCH ZEAULO-
yenmpuueckoil, TOCKOIBKY B Heil 3a meHTD Bee-
neHHoi npuanMaercs Coaxnne (mo-rpedecku <re-
aTHocH ).
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YTpo
ROCXOL COMELILA N

Beuep

JAKAT COTHIA < r_i
4%,

Housn

Puc. 1B. B remsonenT-
putuecroil cucTene MH-
PA BHIAMOE [BHIEHNE
no Hefy Connua THéMm
M aBeai HoYhin ofhHae-
HAPTCA BPANIEHHEM
deMan BORPYT cBOEI
OCH

Taxum obpasoM, B reIMOLEHTPHYECKOIl cucTe-
M€ OTCHYETa [JBHMeHHe HeDeCHBIX TeJ paccMaTpH-
BaeTcA oTHocHTenbHo ConHIla, a B TeOUeHTpUYe-
CKOM — OTHOCHTENBHO 3eMJIH.

Kak e ¢ moMombio cucremsl mupa Konepauka
MOMHO 00'BACHUTE BHIUMOE HAMH CYTOUHOe 06pa-
menune Connua Bokpyr 3emun? Ha pucyuxe 18
CXeMATHYHO H300paseH 3eMHOH map, ocpBemae-
MBIH C OAHOH CTOPOHBI COJHEYHBIMH JIVHAMH,
1 genoBek (HabmwaaTens), KOTOPHIH B Teuenue
CYTOK HAXOAMUTCH B OJJHOM | TOM e MecTe 3eMIH,
Bpamasgcer BmecTe ¢ 3emnéil, om mabmmogaer 3a
nepeMerneHHeM CBeTHIT,

Boobpasxaemas 0Cb, BOKPYT KOTOPOH Bpamiaer-
ca 3eMaA, Kak Obl IPOH3aET 3eMHOM map, IPOXo-
naa yepes Cepepusnlit (N) u FOwmurii (S) reorpadmu-
yecKue noaiockl. CTpesouka yKasbiBaeT HATPAB-
JeHHe BpalleHM s 3eMJIH — ¢ 3a1aja Ha BOCTOK.

Ha pucyrke 18, a zemHoii map usoOpa)kén
B TOT MOMEHT BRpEMEeHH, KOT/1A OH KaK OBl BEIBO3HT
HabmiogaTensa ¢ TEMHOM HOYHOM CTOPOHBI HA OCBe-
merayio Coanuem, gHepHyw. Ho mabamparens,
Bpallafach BMecTe ¢ 3eMJIEH OTHOCHTEeIBHO €6 OCH
¢ 3anajia Ha BOCTOK CO CKOPOCTE), MPHOIHINTeIE-
Ho pasHoii 200 m/cl, Tem He MeHee He OLIIyIIAeT
9TOr0 ABHAECHHMA, KAK He OLIYIIAEM ero MbI ¢ Ba-
mu. [Toaromy emy ramercs, yuro Conrne obpamia-
eTCA BOKPYT 3eMJIH, NOAHHMAACH U3-3a TOPH30H-
T8, NepeMeniaeTes B TeueHWe nHA (puc. 18, 6) ¢
BOCTOKA HA 3ATAJ[, 4 BEYEPOM YXOJUT 38 TOPH30HT
(puc. 18, g). BaTem HaOMIONATENhL BHANT MepeMe-
HieHNe 3BE3]] ¢ BOCTOKA HA 3Jalaj] B TeYeHHe HOYH
(pue. 18, 2).

HUrak, no cucreme mupa Konepauka BuzgmMoe
ppamenne CosHIa ¥ 3BE3J, T. 8. CMEHA JHA U HO-
4H, ofbAcHAeTCH BpalleHneM 3eMIH BOKPYI CBO-

1 CropoeTs BPALIEHHA TOYEHK NMOBEDXHOCTH BeMAH OTHOCH-
TeALHD OCH BABKCHT 0T IIHPOTE MECTHOCTH! OHA BOIDACTAET OT
ayn# (He nonmocax) no 465 m/c (Ha srparope).



eii ocu. Bpemsi, 3a KoTOpOe 38MHOH 114D AeJaeT
HOOJHEBIE 0GOpPOT, HASLIBAETCH CYMKAMU.

TeamoneETprdecKkasd cCUCTEMA MHPA OKA3aNTach
ropaano Dojee yaadHO#, UYeM reolleHTPHYECKad,
[IPH peLIeHHH MHOIHX HAYYHEIX ¥ NPAKTHIECKHX
aajgad.

Taxum oOpasoM, IpUMEHeHNe 3HAHWI 0D oTHO-
CHTENRHOCTH [IBHKEHHMS IIO3BONHUIO TO-HOBOMY
B3rJI#HYTL Ha crpoende Beenernnoii. A aTo, B cBOIO
o4Yepelib, IOMOIJIO BIOC/JEACTBHH OTKPHIThH (DH3H-
qecKHe SAKOHLI, OIHCHIBAIOIINE JTBUMKEHHEe Tel B
ConneuHoil cHucTeMe B OOBACHAKIIHE IDHYHHBI
TAKOTO JBHIKEHNWA,

Bnnpneu 1. B uéM NpoABAAeICH OTHOCHTeABHOoCTE Apixennal OTeeT DpPOHINIO-

erpupyitTe npuMepamy. 2, B uén ocHOBHOE OTIHYHE MeTHONEHTDATECK O
CHCTEMEl MHPA OT reonedaTpuyeckoii? 3. O6baAcANTE CMEHY IHA H HOYH HA
Bemie B reJuoneETpRYecK ol cucTenme (cm. pue. 18).

Boa B peke JBHEETCH CO CKOPOCTRIO 2 M/ ¢ oTHoCKTeAbHO Depera, Tlo pe-
Ke MIRBET mroT. Kaxora cKOpPOCTE ILIOTE OTHOCHTEILHO Depera; OTHOCH-
TeJIBHO BOALI B pexe?

B HEKOTOPEIX CAVIAAX CKOPOCTE Te/ld MOMeT GhITh ONAHAKOBOH B PAIHLIX
cHeTeMax otcuéra. Hanpusmep, noess gemaered ¢ ofHol 1w ol 3e ckopos
CTHIO B CHCTEME OTCYETA, CRASAEHOH CO 3MAHNEN BOKIAA, H B cHETEeMe OT-
CHETA, CBA3AHHON ¢ PACTVIINM Vv Joporu gepesom. He mMpOoTHBOpEMHT JAMH
ITO YTBEPIEAEHMI0 0 TOM, 4T0 CKOPOCTL OTHoCHTeMEHA? OTBeT NoAcCHHTE.

IpH kKAaKOM VCTOBHH CHODOCTH IEMMKYINErocH Tena Oyaer ONHHAKOBA
OTHOCHTEALHO ABYX CHOTEM OTcuéTa?

Brarogapa CyTOYHOMY BpPAINEHHIO 3eMJH He10BeK, CHAAMWME Ha cTyHe
B cBOEM Jome B Mockse, JEREeTCA OTHOCHTEIBHO I8MHOM OCH €O CKODPO-
creio npevepao 900 kyv/w. CpapEUTe 5TY CKODOCTh ¢ HAYANBHON CRODO-
CTHIO MYJIN OTHOCHTEALHD IHCTOAETA, KOTOpasd pasaa 250 M/,

. Topueasslil KaTep HAST BAOAL LIECTHAECATON NADATIETH DMKHON IIIHPO-

T! co cropocTsio 90 ¥M/u o orHomeRHID K eyme. CHOPOCTE CYTOYHOTO
ppamieEHAa 3eman Ha aTol mmpore paBea 223 m/c. Yemy pasna (8 CH)
¥ KY[a HATPABTEHA CKODOCTh KATEDA OTHOCHTENBHO 3EMHOMN OCH, ECaIN
OH ABHKETCH HA BOUTOK; Ha 3aman’?
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(1564—1642)

Hraneanckuit uany, Mexanan,

MHEPUWAJIbHbLIE CUCTEMbI OTCHETA.
NEPBbIW 3AKOH HLIOTOHA

Bam y:xe uasecTen saxon mmepnuu. CoriaceEo
ATOMY 38KOHY Tena (MaTepHaJbHbIe TOYKH) HAX0-
AATCH B NOKOE HJH JBHMYTCA ODPAMOIHHeNRHO H
paBHOMEPHO (T. 8, COXPaHAIT CBOI CKOPOCTHL He-
H3MEHHOM), ecly Ha HHX He AeHCTBYIOT ApyrHe
Tela.

Cyrer saxoHa HHEPIHH BHEpPBhle OLITA Hamo-
JKeHA B OAHOH M3 KHHUT MTANREHCKOrO YUEHOro
INazuneo 'aruaea, onydIMKOBaHHOH B HAYATE
XVII s.

,H.D 3TOTO HA NOPOTHAMEHEHNH MHOI'HX BEKOB B
HayKe TOCHOACTBOBAJIA TOYKA 3PEHHA JIpeBHe-
rpevecKoro y4eés€oro Apucmomensa u ero mo-
cuengosareneii. CormacHo BarasgaM Apucrorens,
IPH OTCYTCTBEMM BHEMTHETO BOIAeHCTBHA TEI0 MO-
JeT TOJbKO MOKOHTRCH, a4 JJH TOro, 4ToOLI TENO
ABHATANOCE € MOCTOAHHOH CHROpPOCTEI), HYMEHO,
YTOOEI HA HEro HENpPepLIBHO AEHCTBOBANO ApYyroe
TEJIO,

lM'anmnedt TPHINEN K BEIBOAY O TOM, YTO IIPH OT-
CYTCTBHMH BHEIIHHX BO3LEMCTBHI TEJIO MOMET He
TONbLKO IOKOHTECH, HO M JIBHIATHCA NPAMOTHUHEeH-
HO H paBHOMEPHO. A CHJia, KOTOPYIO MPHXOIHUTCA
IHPHEJIAOREATE K Teny InA nognepaddAa ero
ABHMEHHMA, HEODXOIMMA TOMBKO INHA TOrO, YTo0k
YPARHOBECHTE APyrie NpHIMHCHHLBIE K TEJIY CH-
JTBI, HATIPHMEP CHJIY TPeHHS,

rA.anEu FANMNER IlomoGHEIe B3rAAARI HA TPUYHHE
JABHXeHIA BLICKAZLIBAIHCE HEKOTOPEI-

MH VuéasiMu 1 qo Dannnes. [aamnei,
KPUTHYECKH [POSHAJIWIHPOBAB HUEH

ACTROHOM, (PrIoCo) H MATEME- CBOHX HIpellleCTBeHHHHOB, ﬂpIrlILléJI K
TH}“{. OcHOBATENE SKCTIEDHMEHTAN B NpaBHUABHBIM BBIBOJAM H NPpUMEHNJ HX
Hoit duanky, [lepenim nenosssosan 5

TelecKon 48 Habaonenns nehoe: 4718 OUEACHEHHA KOHKPETHRIX SABJe-

HBIX TeJT H CABTAT PAN BEIIAOUINXCH HHLF-;[, TeM CaMBIM TAB TOJYOK PDASBHTHIO

ACTPOHOMHYECKHX OTHPRITHI
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B ronne XVII 8. aaranmitcknii yuénrit Heaax
Huvwmon obobumiua eeisogsl [anuiaen, chopmy-
JHUPOBAJL 34KOH HHEPIHUM M BEIKYNI €ro B Kade-
CTEe [IePBOro M3 TPEX 3AKOHOR B OCHOBY MeXaHH-
KA (HAYKH 0 JBHKeHHH A B3aUMOJelCcTBHH TeJ).
ITosromMy 2T0T 3aKOH HASLIBAIOT REPELLM 3AKO-
nom Heiomona.

B usnogenny HeloToHa 38HOH MHEPIUMK YHTA-
erca Tak: «Besxoe Temo WPONOIIKAET YAeDIHM-
BATHCH B CBOEM COCTOAHWH MOKOA WUJIH PABHOMED-
HOr0 H [OPAMOJHHENHOro ABHMKEeHWH,
[IOK& H NOCKOJBKY OHO He NOHYXIAeT-

HCAAH HbLIOTOH
cA NMPHUIOMEeHHBIMH CHJaMH M3MeHHTh

(1643 —1T27)

Anrauftcenit GUsHR, MATEMATHR

aTo COCTOAHHAE».
D,H,HBH.D CO BpeMEHEM BhLIHCHMJIIOCH,

i acrponom. ChopMyupoBas Tpu YTO NEPBLIE 3aKoH HeloToHA BRINIOMHA-
SAROHA ANEAMITICHN, OTHEELT SRH0H erTcd He BO BCeX CHCTeMaX OTCYETa.

BCEMMPHOIO TAFOTEHMA H ABNeHHE

JHCHnepcHi ceeTa

Pue. 19, [lapr noxo-
ATCA OTHOCHTEILHD
TeJAeRKH IPH e JB1-
HEHHH ¢ IOCTOSHHOR
CHOPOCThIO B IPHXOIAT
B OBHMEHHS (T. €.

MEeH AT EIC{‘.‘POE’T];}

IPH e TODMOMe UK

B arom wmomu#o véemnTheA ¢ TO-
MOIIBK ONEITA, H300PAXKEHHOTO HA DH-
cvEke 19, CHavasa TenexKa ABHKeTCH
OPAMOJHHENHO ¥ PABHOMEPHO OTHOCHTE/ILHO 3eM-
au (puc. 19, a). Ha me#t maxoaarca ABa mapuka,
OIHH H3 HDTG])I:&X JeFHHT HA FUI}HBOHTRJIBHDI:[ mo-
BEPXHOCTH, a Jpyroi noapemeH Ha HATH. CHJbI,
AeiicTBYIONIHE HA KAMKILIH M3 MIAPHAKOB 110 BEPTH-
KAH, YPaBHOBEIIeHEl, 110 TOPH30HTAIH HUKAKHE
CHJIBI HA HUX He JeficTRYVIOT (CHIY CONPOTHBIEHHS
BO3AYXA B JAHHOM CIy4Yae MOKHO He YHHTEIBATL).

IlTapnkn 6yAVT HAXOZHTLCA B IOKOE OTHOCH-
TenLHO TeNeXKH npn qodoll CKOPOCTH €8 IBHIHe-
HuA (Vy, Uy, Uy U T, A.) OTHOCHTEJIBHO 38MAN —
I'TaBHOE, ‘:ITDﬁ]:nI ITa CKOpPOCTh OnLIa MoCcCTOAHHA.

Ho morga rtenemxa nonajaer HA IIECOYHYEID
Hacenb (puc. 19, 6), eé cropoeTs GRICTPO YMEHB-
nraeTcH, B DEAYIRTATE Yero TeleirKa OCTAHABRITH-
BaeTcHa. Bo BpEMA TOPMOMEHHHA TeEeJNedKIT oba
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MAPNKA TPHUXOLAT B ABMEHWEe, T, €. HEMEHAIT
CBOI0 CKODOCTE OTHOCHTENBHO TeesKKH, X0TA Her
HUKAKHX CHJI, KOTOPEIe TOAKAIH DBl X,

3HAUHUT, B CHCTeMe OTCYETA, CBAZAHHOH c Te-
JeKoil, TOpMOZAMEed OTHOCHTENLHO 3eMJM, 3a-
KOH MHEPU UK HE BRINOJHASTCH.

Takum obpaszoM, ® GOPMYJANPOBKE 3AKOHA
HHepuuH, nagnoid HeororoMm, caenyer nobaBuTs,
4TO BTOT 3AKOH COPABEIJIME HE [JJIH BCEX CHCTeM
orcuéra. bea raxoro yxasamus sra (popMyaIHpOB-
Ka ABJIAETCH HelaRepINEHHOH W HaXe He COBCEM
TOYHOH (TAK KAaK MOMKeT IPHBECTH K HeBepHOMY
NpeacTaBileHnio 0 TOM, 9TO 38K0OH HHEPLOHHM BLI-
noJIHAeTeA B 1I00bIX cucremax orcuéra). [loaromy
€ TOYKH 3PEeHWHA COBPEMEeHHEIX NpejcTaBJIeHHH
nepavtil saxon Heiomona GopMyIupyeTcsa TaK:

CYIIECTBYIOT TAKHE CHCTEMBI 0TCYETA, OTHOCHTEABHO KOTOPAIX Te/a coXpa-
HAKT CBOH CKOPOCTL HeHIMEHHOI, SC/IH HA HEX He JeHCTBYIOT IPYrHe TejIa
HJIH JelCTBHA IPYIHX Tel KOMIeHCHPYRTCH.

Crenyver nomunTts, uTo B nepeoM zakoHe Heio-
TOHA pedb HAET O TeJaX, KOTOphkleé MOTYT OBITh
OPHHATH 34 MATEPHANABHEIE TOYKH,

Te cHcTeMEI OTCHYETA, B KOTOPBIX 38KOH MHEp-
HUH BEINMOMHAETCH, HASBIBAKTCH WHEPUUALL-
HbiMUW, 4 Te, B KOTOPBIX HE BHINOJHEAETCH, —
HEUHEPURAABHBLMU.

3aHOHE JABHIKEHHA ¥ BsauMojeiicTBUH Tei,
KOTOpBLIE BAM OpPEACTOMT HayYHTE B 9 wmiacce,
c{bopmyanOBaHm Oid FHepOHANbHBIX CHCTEM OT-
cuéra. B MHepIHanbHEIX CHCTEMAX OTCYETa 9TH
3aK0oHBl UMewT Hauboaee npoeroit Bua. [Moaromy,
npese 4eM NPHMEHATh TOT WIH HHOMH 3aK0H IS
pelleHHu#A 3a/a4H, HYKHO BRIOpATH CHCTEMY OT-
CUETHA, KOTODYI MOMKHO CHHTATE HHEPIHAIBHOM.

Cnegver oTMETHTh, OQHAKO, YTO HEBO3MOMKHO
HAMTH TAKVIO CHCTEMY OTCYETA, KOTOpaA ANA
JIHOBIX pACCMATPHBAEMEIX B Hell naBiaeHMH Obuia
0Ll CTPOTO HHEPLHMAIbLHOMN.

C oueHs BBRICOKON CTENEHBLIO TOSMHOCTH MHEpP-
MUATBLHOH MOMHO CUHMTATE TeIHONEHTPHYECKVIO
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CONHEYHERA (FENMOLEHTRHYECHER) CHCTEME — WHEDLWANBHANA CHCTEME OTCHETE

CHCTEMY. OTA CHCTEMA HCOOIL3YEeTCHA B 38Ja4a8X
HeDecHOH MeXAHHKH 1 KOCMOHABTHKH.

HuepnpalbHBIMHA MOM(HO CHHUTATE TAKHE CH-
CTEMBI OTCHETA, CBASAHHEIE © JHOBIM TEJIOM,
ROTOPOE TMOKOMTCH MJAM JBHMKETCH pPaBHOMEDHO
H HpﬁMOJIﬂHEﬁHG OTHOCHTEJLHO NOBEPXHOCTH
3EMJITH.

CucTeMEl OTCUYETA, JBHIKVIIIHECH OTHOCHTEIBHO
HHepIHAIBHEIX € YVCKOpeHHeM, HBJIAKTCHA He-
HHEPUHAJIBHBIMH,

CyvmecrByer OECYHCIEHHOE MHOMKECTBO KAk
HHEPLMANBHLIX, TAK W HEMHePIHAILHEIX CHCTEM
OTCUETA.

? w 1. Kayx gEMEeTeH Texo, eclu HA Hero He gedcTayioT apyrie Tena? 2. Yem
T oTawuaoTes Barasasl Danntes oT BIarnA0E ApHcToTelnd B Bonpoce ob
YCIOBHAX paBHOMEepHOro gsumenns Ten? 3. Kak nposoguics onert, H3o-
OpazxéHuLIl Ba pucyHKe 19, 1 KaKHe BEIBOALI 03 Hero caenywoT? 4. Haiite
coppeMeHHYI0 (hopMyanRpoBeKy nepeoro sakona Heworona. 5. Kakne cuc-
TEMEI OTCHETA HAILIBANOTCH MHEPLIHANLHLIMK, & KAKHEe — HeHHepIIaAJIL"

animu? [Ipuseanre npumeps.
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B YNPAKHEHME 10

Ha CTOIE€ B DAaBHOMEeDHO H ﬂDHMOﬂHHEﬁE{{J ABMRVIIEMCH MOe3ne CTONT
JIETKOMOIBHIKHEEI HIPVIMedHu arToMobnnas. [Ips TopMmoscenun noeama
ABTOMOGHAL Oea BHEMHero BOZAefiCTBHA MOKATHICH BHEDEH. COXDAHAA
CHOK CKOPOCTE OTHOCHTEAEHO 38MJI,

Buimonnserca AH 38KOH HHePUUM: A) B CHCTEMe OTCUSTA, CBASAHHON ©
geMaél; 6) B ciereMe oTeuéra, cEA3AHHON ¢ NoeagoM, BO BpEMA ero
OPAMOAHHEHHOTO H PABAOMEPHOTO IBHIKEHHA; BO BPEMst TOPMOKeHna?

Moxro M1 B OIHCAHAOM CAYHAE CHUTATL HHEPIMANEHON CHCTEMY OTCUE-
TH, CBABAHHYIO ¢ 3&MIEH; ¢ Toeamon?

[EE]  sropoii 3aKoH HeloTOHA

DNbIMHHK ABHHEeTCR
C YCHOPEHUEM,
TaHKan F = [

Yem cunsHee (yTtonvcT
BLET o MAYY,
TEM [AanbUIe o4 NoneTHT
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W3 kypca ¢puankn 7 Kiacca BAM H3BECTHO, UTO
NPHHYHHON UEMEeHEHNA CROPOCTH Tema, a 3HAYMT,
H NPUYUHOU B0SHUKHOGEHUA YCKOPEHUA ABAACT-
ca delicmeue HA 3MoO meao dpyzux mei ¢ HeKo-
mopoil cuaot.

Korpa ma reno peiicreyer cpasy HeCKOJILKO
CHJI, TO OHO JBHIKETCH C YCKOPEHUEM, eclIl PaBHO-
peiicTByiomas F 9THX CHJI He paBHA HY.JIO.
HanomumnmM, uTo pasHOACHCTEYIOMIEH HECKOJABKEX
CHJI, OJHOBPeMEeHHO ODHMJIOHKEHHBIX K Teny,
HAa3dplBaeTcs CHJIA, NPOHIBOALLAA HA TeNO TaAKoe
e ﬂE‘ﬂCTBHE. KaK BCe 2TH CHJIbI BMEcCTe.

[TockoabKky yCKOpEHHE BOZHHUKAET B DEayakTA-
Te AEWCTBHA CHJIBLI, TO ECTECTBEHHO IIpPeJnoso-
HHTh, UTO CYIUIECTBYET KOMUUECTEEHHAS B3AMMO-
CBA3L MEMXKAY ATHMH BEIUIUHAMMA,

Knapennwit oneiT yéexaaer HaAC B TOM, 4TO
ueM Goabire 6yZeT PABHOJEHCTBYIOLIAA IIPHJIO-
MEHHBIX K TeJy cHJI, TeM Donbinee yCKOpeHHe mo-
Ay4uT npw atoMm Teno. Hanmpumep, 4eM cHILHee
dyrbonrucT 6uET HOroil Mo JeanIeMy Ha IOJIe MA-
gy, TeM OoJBllee YCKOPeHHe TNpHobperaeT IpH
ATOM MAY U TeMm BOJABINIVIO CKOPOCTE OH VCIIeBaeT
HAOpATE 38 Te TOJMH CEKVHIRI, TOKA B3auMageiicT-
ByeT ¢ Horoit dyrbonuera (o npuobperénnoit Mma-



Puc. 20. OnniT,
CHBHABTENBCTBYOITHIT
O TOM, 4TO YCHODEHHE,
OOAVIAEMOS TEJAOM,
ZABMCHT OT MaCChl TRIA

HOM CKOPOCTH MOJCHO CYIUTE M0 TOMY, HACKOJBKO
AAJTEKO OH OTJETAeT Mmochae yaapa).

MuorouncieHHble HAOMIOLEHHA ¥ OOBITH CBH-
NeTenLCTRYIOT TAKMKE O TOM, YTO YCKODEHMHA, I0-
JIVYaeMEIe TETAME, 3aBHCAT OT MACCLI 9THX Tel.

Yrobul B 9TOM VAOCTOBEPHTHCH, Ipojeslaem
ONOLIT. BO3LMEM [ABa OJHHAKOBEIX BO3ZIVIIHBIX
mapuka. B oIMH M3 HUX BJIOKUM MAJEHLKVIO Oy-
CHMHKY TAKOT0 BEca, 4TO0BI AapUK BMecTe ¢ Oy-
cuHKOt Mor mamerers. Hamomamm oba mapuka
reJmeM 70 OAHOTO M Toro ke obwema. Pacmono-
JKUM INAPHKH HA OJHOMN M TOH e BhicoTe (DiHiKe
K I0JY) B ornycTaM. MBI YBHOANM, YTO LIAPHK
¢ 6YCHHKOH JOCTHrHET ToToaKa noaxe (puc. 20).
3HAYNT, DOA NAeHCTEHEM OfHOH M TOH 3e paBHO-
neiiereyromeit cuakr F, paBHOH PA3HOCTH JEHCT-
BYIONIMX HA IMAPHKH apXHMeJI0BONW CHJBl H CHIIBI
conpoTHBIeHNUA Boanyxa (F=F, — anp], LIAPHEK
6ea rpysa noay4umn Gorsmee vexoperne. O Besn-
YHHEe ero YCKOPeHHA MOMKHO CYAUTh [0 TOMY, 9TO
OIHO W TO e pacCcTOAHHEe — OT MeCcTa CTApTa A0
MOTOJKA — OH MPOLIET 38 MEHBIITHI MPOMEXKYTOK
BpeMeHH, ueM InapuK ¢ OYCHHKOH, mMacca KOTO-
poro 6oabiie. 3HAYMUT, er0 CKOPOCTH pocia ObICT-
pee, 4TO CBH/IETeJLCTBYET 0 BoNbineM YCKOPEHHH
JIBMAEHHNSH.

Ilna noaTBepIKAEHUA TOTO, 9TO IPK JaHHOM CH-
7e TOIVIaeMOoe TeJ0OM YCKOpeHHe 3aBHCHT OT Mac-
ChI 9TOTD TeNa, PACCMOTPHM ellié OJWH OIILIT.

Ha pucynre 21, a naobpameHa JeTrKOMOABHK-
HAA TeNes KA ¢ VEPeIlJéHHbLIMA Ha Heil MaleHb-
KOt KanmeTbHUIeH W IBYMA OJMHAKOBEIMHA JETKK-
MHE BeHTHAATOpaMH (paboTAKWINHME 0T HAXOISN-
mieiicsa BHYTPH KaM/OTO U3 HUX DaTapeiiku O4HOH
M TOH e MomlHOCTH). JJooyeTHM, MACCA TEJNEIKKH
BMECTE ¢ KaneJibHUIeH H BEeHTHIATOPAMH HEM
M3BECTHA.

K reneskre NMpHBA3aH OJWH W3 KOHIOB HHUTH,
nepexknHVTOIf uepes 610K, K ApyromMy KOHILY HATH
NpHEpenaén HeGoABIIOoN TPYa. 9TOT I'Py3 HYIKEH
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Puc. 21. lewoncrpanks g1 TOTO, YTOGBLI CHOMIIEHCHPOBATH CHJY TPEHHUS,
e Nt JeHCTBYIOMYIO HA IBMMKYIIVIOCH TEMEIKY .

Broabs TpaekTopuMH JBMIKEHMS TeNeMKH pac-
nonokunM OGymakHyio JeHTy. OTKpoeM KpaH u
BKJIIOYHM BEHTMJAATODPBI. B pesyisraTe B3awMO-
AEHCTBHA MX BHHTOB € BO3ZAYXOM BEHTHJIATODHI
OVAVT TOMKATL TENEHMKY C HEKOTOPOi MocTOSHAEOH
CH/IOH TI0 HADDABIGHHIO K OFPAHWYHTEN) HA
kpat croaa. Ilpu atom 5a 6ymarkHOI nedTe GyayT
OCTABATHLCA CJEALI KALICJIh, NAAAIIMY Yepes pas-
HEIe IPOMEeKYTKE BpeMenn T,

ITocsie Toro Kak TeneRKa OCTAHOBHTCH, BEI-
KJII0YHUM BeHTHIATOpPH. Wamepus paccrosemns
MeXJY COCEeJHHMH METKAMH HA JeHTEe, MOMHO
vOeHTBECA B TOM, 4YTO 3TH PACCTOAHNS OTHOCAT-
csi K&K PAJ HeYETHBIX MOCHEJOBATEILHEIX UHCel
(1:3:5:7:9...). Buauur, noa AeiicTBeM NocTo-
AHHOH CHJIBI TEJNEeXKa [IBUTAJAChE PABHOYCKO-
PEeHHO,

YrTobEl OnpegennTs VCKODEHHe NBHMKEHHS Te-
JEEKH, M3MEPHM MOAYJL (S) BeKTOpa eé nepeme-
meHusa (T. e. paccTOAHNE MEMAY KpalilHHMHA MeT-
KaM# Ha JIeHTe). 3aTeM [OocuuTaeMm uyuceno (n)



NPOMEKYTKOB MEMHAY COCEJHHMM METKEMH HAa
NeHTe, UMM, Y4TO TO e caMoe, THCH0 MPOMEMYT-
k0B BpemMeHH T 3a BpeMA JBHIKEHHA TeTeHKH.
Mo dopmyne ¢t = Tn BBEMHCAMM [IPOMEXKYTOK
BpeMeHH {, 3a KOTOPHIH TeJeKa NepeMecTHIach

2
HA paccToAHHe 8. Vs popmynm s = % BEIPA3HM

' 2g
MOZVJIb YCKOpPeHHA [ a= 22 ] U pacCYHTAaEM ero.

Teneps yasouM Maccy Bcel ABHKYyIeiics cuc-
TeMbl (COCTOAIIEH M3 TeleXKKH ¢ BEHTHIATOPaAMH
M KaneJlbHHIIEH M rpysa HA HHTH) ¢ ITOMOIIBIO
rupb, KaK moxKasaHo Ha pucyHke 21, 0 (upu aTom
oiHa IHpbKa JoGABIHETCH K YiKEe MMEIIeMyCcs
I'py3y HA KOHIIE HUTH AJA KOMIEHCALHH BO3pOC-
mel cuibl TPEHHA).

Ilorropum onsir. OnpegennB ycKOpeHHe W
CPABHMB €I'0 ¢ YCKOPEHHEM B IIPe/ILIIVIIeM ONbITe,
MOXHO yOeAMTBCH B TOM, HTO NPH AeHCTBHH O]-
HOH M TOH K€ CHJLI CHCTeMa TeJ, MAacca KOTOPOH
crana BABoe Doawme, npuobpena B 2 pasa MeHb-
[Iee yCKOpeHHe, T. e. % )

Hs paccMOTpPEHHOrO ONEITA M pAAA MOHODHBIX
cieayer, UTO YCKOPeHUSA, COOOWaeMble mMeiam
odnoit u moit He NOCMOAHHOU cuaoi, o0pammHo
NpoOnopULOHAIbEHbL MACCAM FIMUX MEN,

C momompio 3TOH Ke BKCIEePHMMEHTANbLHOH
VCTAHOBKHY MOMKHO IIDOBECTH ONBIT, NOBBOJNAID-
NIMA YCTAHOBHTE KOJMYECTBEHHYIO B3ANMOCBA3L
MesKAY YCKOPeHHEM M CHJIONH, coobIaromen reay
3T0 YCKOpeHHe.

Ins sroro cHuMem AoGaBIeHHBIE B MPeALIAY-
LIeM ONEITe 'MPH, YTOOEI Macca CHCTEMB! ONATH
erasa rakoil, Kak B nepBoM onslTe (puc. 21, 8). Ho
Teeph NPUBEIEM TeJ€KKY B IBHMKEHHEe, BKIIO-
YHB TOJLKO OUH BeHTHJATOP, B Pe3YALTATE YETO
HA TEJeEKY DVaeT AeiHcTBOBATE B 2 pa3a MeHbIIad
CHJIa, YeM IPH JBYX BRINUYEHHBIX BeHTHIATOPAX
(IpHaaBaBIINX TENeRKe YEKOPeHHE a).
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KRax nokasslBaloT MaMepeHHa H BLIMHC/IEeHAA,
OPpH YMeHBIICHHH CHJIBI B 2 Da3a YeKOPEeHHEe ToXKe
YMeHbIIaeTCA B 2 pasa, T. . CTAHOBUTCA PABHEIM

i ] -
5 (Tpy HeM3MEeHHOI Macce TeJeRKM).

SHAYHT, YCKROPEHUE, € KOMOPbIM DBUNCEMCA me-
J10 NOCMOAHHOU MACCHL, PAMO NPOROPULOHAILHO
NPUNONCEHHOU K IMOMY mery cune, 6 peayavmame
KOMOPoi 603HUKAeM YCKOPeHUe.

KonmnuecTseHHAA B3AaHMOCBA3E MEMXIY Maccoi
Te/ld, YCKOPEHHEM, C KOTOPLIM OHO IBYMMKETCH,
1 PABHOAEHCTBYIOMEH IPHIIOMEHHBIX K TeJNY CHI,
BBIZRIBAIONIIAX 3TO YCKOPEeHHE, HASLIBARTCH &MO-
pPoim 3axonom Hewomona. O opmynnpyercs
TAK:

YCROPEHHe Tena npamMo MponopUHOHAIBHO PABHOASHCTEYIOIMEeH CHII, NPHIO-
HEHHBIX K TENY, H 06PATHO NPONOPUHOHAILHO €10 MACCE.

=11
]
3|

Cihexyer IOMHHTH, UTO BO BTOpoM sakoHe Hoio-
TOH&, TAK JKe KAK H B IePBOM, MOJ TeIOM Ioapa-
3yMeBaeTcda MaTepHajbHAH TOUKA, ABIMKEHHEe KO-
TOPOH paccMaTPHUBAETCH B MHEPIUAILHOH cHeTe-
Me oTcYéTa.

Maremaruuecku Bropoii s3akon HeioToHa sanmm-
CHIBAETCH TAK:

—4
a=

3=

Wz gopmynrr cregyer, 4To BEKTOD YCKOPEHHS
COBIIAJIAET TIO HATIDABJAEHHNIO C BEKTODOM PABHO-
A€HCTBYIONIE NPHIOYKeHHEIX K TeJy CHIL.

B cxanaprom Buae BTopoil saxon HpioroHa
MOJKHO SAITHCATh:

3|3

HIH

&
Il

.

3™



rae a, u F, — NpoeKIMH BEKTOPOB YCKODEHHA W
CHABlI Ha ock X, a @ 1 F — MOZYJIH 3THX BEKTOPOB,
Bam y#e H3BecTHO, UTO CHIAa HM3MepAeTcA B
notomonax (H).
IToramem, Kak ¢ TOMOINLI) BTOPOTO 3akoHA
Hrworora naérca onpejleJieHue efHHALBL CHILL —
1 H. [ins aToro BhIPA3ZHM MOZLY/Ib CHIIBL:

F=rma.

B coorBeTcTBMM ¢ aTOM (DOPMYJIOH CcHld paBHA
eaunnne (1 H), ecin macca passa eguranie (1 Kr)
n yexopenue paszo eguanme (1 m/c?).

B CH za edunuyy cuibl npurumdemes cuid,
coobwawwas meay maccoli 1EKr ycrxopenue
1 m/c? 8 Hanpas.ieHul delicEUA CUABL.

I[lonyauM COOTHOIMEHHE MEHIY EeIHHHIAMH
CHJIBI, MACCHI U YCKODEHMA:

1H=1xkr-1m/c2=1xr-m/c2

E ST 4. Yro ssaseTcs MpuuMHON yexopenHoro asmaenus ren? 2. [pusenure

NpHMEDEl #E IKASHH, CERASTEILOTBYIONIHE O TOM, 9T0 yenM Goakine npH-
JOAEHHAR K Teay cuaa, TeM Goabme coobuiaemoe 2ToH CHIOA YCHOPEHHE.
3. Hemonsaya pucyaky 20 1 21, paccHAKNTE 0 X0Ie OILITOB B BLIBOLAX,
CHEYINIAX Ha aTHX onbiToB. 4. Chopmyaupyiite sropoi sakor Heworo-
Ha, Kakoil MaremaTngecxoft Gopmyiocit on paipamaeren? 5. Yro momuo
CHAJATE 0 HAOPABJIEHHN BEKTOPA YCKOPEHHA H BEKTODA PABHOASHCTBY -
e TPUIOMEHHBIK K TENY ¢H?

m YNIPAMHEHME 11

1.

OnpegenyTe CHAY, N0/ AEACTBHEM KOTOPOH BEJOCHTIEINCT CKATRIBAETCH
¢ FOPKH € YeKopenwem, papeeiM 0,8 M/c?, ecnm Macca BelOCHIEIHCTA
BMECTE ¢ BesocnnegomM pasaa 50 xr.

Yepea 20 ¢ nocae HAMATA ABMABHWS ATEKTPOBO3 PA3BHA CROPOCTE 4 M/C.
Haitaure euny, cooblnaminyi YCKOPEHER, €CIH MACCA ATEKTPOBO3A DaR-
Ha 184 T.

Ilea Tela paBHOM MAacCH JBHMKYTeA ¢ vexopernami 0,08 u 0,64 m/e? co-
OTHETCTReHHO, PABKL! T Moy M TeftcTeyoniuy ua rexa cun? Yemy pan-
Ha CHa, MeHCTEYIOLIAH Ha BTOpPOe TeNlo, eciIlH Ha NepBoe JAelcTEYeT CHIA
1,2 H?
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4.

C maruM yexoperneM ByLer BCNANBATE HaXondmuiics mon sogod Maw
maccoit 0,5 kr, ecau geficTBYIOMIAS HA HEro CHIA TAMXKecTH paBHa 5 H, ap-
xumeoea cuia — 10 H, a cpefiHAA cijia conpoTRRISHAA JBHKEHII —
2H?

Backerbonnuniit Mau, npolias exBoas KOTLIO B ceTKY, IOA AeHACTBHEEM
CHIAN TAMECTH CHAYANA [BHKETCA BHHS € BOSPACTAIOINEH CHOPOCTRIO,
4 mocae yAAPA 0 0] — BEEDX ¢ YMeHbIIaKmelca ckopocTein. Kawk ua-
npapiedsl BEKTOPLI YCHEODEHHA, CHODOCTH H mapeMemeHna MAYA 110 OT-
HOOISHWID K CHJIE TAMKECTH NPH ero IBHeHNH BHEH3; BRepx?

Teno neUmeTCA NPpAMOIHHEHHG ¢ OOCTOAHHRIM VeKOpeHweM. Hakas
BEIWYHHA, XADAKTEDHAVIOMIAA JBIHEHWe 5TOr0 TEMA, HCECDA COHA-
TpAaBAEHA ¢ DABHOASHOTEYOIIEN NPAIOMEHALX K TeXY CHII, 8 KaKkHe Be-
JAHYHHBL MOTYT OHITH HAODABJACHR TIDOTHROIONOXXEHO pPABHOAeHCTRYIO-
et

TPETHA 3AKOH HbIOTOHA

Brl smaere, uro He OGHIBABT OJHOCTODOHHErO
JeilcTBHMA OJHOTO Tena HA APYroe, Tejla BCcerjga
B3aUMOJeiicTBYIOT APYT ¢ apyrom. Hanpumep, Bo
Bpem# 3a0MBAHNA I'BO3A HE TOJABKO MOJIOTOK Aeii-
CTBYeT H& I'BO3[b, HO U I'BO3lb, B CBOK OuYepels,
JeiicTByeT Ha MOJIOTOK, B PE3VJILTATE Hero MoJo-
TOK DCTAHABIHBACTCH.

Y70 MOMHO CKA3ATH O CHJAX, ¢ KOTOPLIMH JBA
Tena AeficTBYIOT APYT Ha Apyra?

Ilns orBera Ha 9TOT BONPOC IpPOAEIAEM TAKHE
OIBLITHI.

K yxpensnéanoMy Ha ITATHEE JeMOHCTPAIIHOH-
HOMY AHHAMOMETPY IMOJBECHM BTOPOH Takoit ke
auaamomerp. [Ipu arom crpenku nmpubopos or-
KJIOHATCA B MPOTHRBOMOJJOKHBIE CTOPOHBI, HO WX
nokasaung 6yayT ogmHakoss (pue. 22). Cregosa-
TeJLHO, JHHAMOMETDLI B3ANMOAEHCTBYIOT PABHEI-
MH 10 MOAYJIIO H IPOTHBOIONOMHO HAlpPaBJICH-
HBIMH CHLITAMI.

Puc. 22. Cuennesnse Tena pefieTByIOT APYTr HA JAPYra ¢ PABHBIMH

IUHAMOMETDEI
ODOKA3RIBAKDT OOHHAKD-

no MOOVIAD CHJIaMH H B TOM CJydae, eCJIH B3al-

BBi€ 110 MOJYJIIO CHIEL MOJeiCTBHe NMPOUCXOANT Ha paccrosuuu. Onwr,
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Pwuc. 23, Baanmogeii-
CTBHEe MATHHTOB
H& pACCTOAHHRE

Puc. 24, Baaumogedicr-

BHE TRHE VITHKCR
CHEMAEHHEIX TET

AOK&3LIBAIOLIHI 3T0, Haobpakén Ha pucyHKe 23.
Ha crep:xEu AMHAMOMETDOB HA/JETHEl KPYTJhie
CTOJHMKH, K KOTODBIM KIeHKOo¥ JeHTOH NpuKpen-
JEHB! [JIOCKHEe KepaMH4YecKHe MarduTel. Marau-
TEl OTTAJNKNBAIOTCH, NOCKOJABKY 00palmeHs! gpyT
K APYTY OOHOMMEHHBLIMH HOJHOCAMM,

o Havyana omeITA AMHAMOMETDH! ObITH passe-
AdCHEI HAa TaKOE pﬂ.GCTOHHHE, OpH KOTOpOM CHJIBL
EEBHMOEEﬁDTBHH MATHUTOB ORIIH NnpaKETHY2CKH
PaBHEI HYJII0 ¥ He PErHCTPHPOBATHCH IHHAMOMET-
paMH,

Korpa opgpH B3 AWHAMOMETPOB CTAmIH I[IpH-
OnMKaTE K JAPYyromy, HX CTPEeAKH Ha4Yall OT-
KJOHATHCA OT HYJA B padHkIe CTOPOHEL, JTO O3HA-
Y8eT, YTO CHJILl, C KOTODBIMHE MATHHTEL AeHCTBYIOT
IpYT Ha Jpyra, OPOTHROMOIOMKHRI 10 HANDPARB-
JeHHIO.

Ipn cOmMKeHNN MATHHTOB NOKA3AHUA AHHA-
MOMETPOR BOBPACTAIOT, HO B K& /LI MOMEHT OHH
paBHEI APYT APYI'Y — 3HAYMT, MATHUTHI OTTANKHA-
BAIOTCHA C DABHBIMH T10 MOJIYTIO CHLITAMH.

Tenepb paccMOTPHM ONBIT, B KOTOPOM CHJIEL
B3aMMOJIeHCTBHA H3MepPATCA B NPOIEcce JIBH-
MeHMs BsamMogeicreyoinux Tei. Ha pucya-
Ke 24 M300pacéH CAMOABHIKYILMUCH HIpyIIed-
HEIIl TPAKTOpP, KOTOPBIE TAHeT HAa OyKcHpe me-
TANNNYEeCKYI0 KOpoOKY ¢ rpvaom. B xavecTse
OYyKCHPHOTO TPOCA HCIOJB30OBAHE CHETLIEHHBIE
APYr ¢ apyrom Tpybuarsie JHHAMOMETDBI, OAHH
H3 KOTOPhRIX NPHKPENIEH K TDAKTOPY, & BTOPOH —
Kk xopabre. [Tlokasanmsa IUHAMOMETDOB OMHAKO-
Bbl, 3HAYMT, ABHIKYIHECH TPaKTOp H KOpoOKa




JEeHCTBYIOT APYT HA APYTra ¢ PABHBIMH [0 MOAVJIIO
CHJIAMH.

ITH H MHOTHE APYTHE ONbITE CBHAETeTLCTRYIOT
0 TOM, 94TO

CHIBL, ¢ KOTOPBIMH JBa TeJa JeilcTBYIOT JApPYT HA [PYTa, PABHEI 10 MOVIIO
H NPOTHEONOMOAHEL M0 HANDPABAEHHIO,
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ITOT 3aKOH DBLT OTEPHIT HBIOTOHOM ¥ Ha3LIBA-
eTca mpembum 3axonom Heromona.

MaremMaTHYeCKH OH 3aNHCLIBAETCH B CHAEAVIO-
eM BHIE:

flm-ﬁﬂ‘

3HAK ¢MHUHYC» TTOKA3LIBAET, UTO BEKTODKI CHII
HaIpap/jeHbl B pasHbIe CTOPOHEL.

Jwboe nz HabmogaeMBIX HAMH JABHEeHHH
PASMHYHBIX TeJ MOMKHO 00BLACHHUTE C HOMOLILIO
aarkonoB HeioToHAa.

Hanpumep, HAVIIHI YeNOBEK JBUMKETCH Bie-
pén BraromapA TOMY, YTO OH OTTAJKHBAETCs HO-
raMH OT 3eMJIH, T. €. B3aUMOJeHCTBYET ¢ HeMH.
Yenoser ¥ geMJa AeHCTBYIOT APYT Ha ApVra ¢ ogH-
HAKOBRIMH 0O MOAVIK W OPOTHBOMONOMXKHO HAa-
NpaBRleHHLEIMM CHIAMM H NOJAYVHAKT YCKOPEeHH,
obpaTHO NOPONOpHMOHAIBHBIe HX wMaccam. Ilo-
CKONBKY Macca 3eMJM OrPOMHA [0 CPABHEHMIO C
MACCOT YEeNOBEHA, TO YVCHODEHHE JeMAN NMparkTH-
HeCKH PABHO HYJIO, T. €. OHA He MeHAeT CBOI CKO-
pocTh. YelloBeK e NMPUXOOUT B ABHIKEHHE OTHO-
CHTEILHO SeMJIH,

Cheayer oTMeTHTH, YTO CHJILI, BOSHHKAKOIHE B
PEe3yIRTATE B3AMMOAeHCTBUA Tell, ABIAITCA CH-
JaMu oxnoH npupossi. Haupumep, 3emas u JIyuaa
B3aUMOeiICTEYIOT ADYT C JPYroM HOCDEeACTEOM
CHJI BCEMHMPHOI'O THAMOTEHHMH, CTAJALHOW IBO3[b H



Cwnel, peAcTRYIOWLME

Ha NerioBOR W rPY30BOR
ABTOMODUNH,

He ypasHOBBILHBAaT
APYr APYra, TAK HAK

OHW MPHUNDHEHEL

K pasHeiM TenamM

Hatep HaxoaxTca
B PaBHOBECHM,
By

X
TaKHAK F, = -F

MarguT npHTAraBamTca Onarogaps  melicTEHIO
MATHHUTHBEIX CHJIL.

Bur yixe amaere, 4To noa AedicTBHEM MNPHTA-
HEHHA K 3eMJe OpegMeThl, Je:aline Ha omno-
Pe, HEMHOrO CHMHMAIOTCHA CAMH H CHEMAaKT Ha-
XOAAMIVIOCH ToJ HHMH onopy (ofwiuHo atH ge-
dopManan TAK Madbli, 4TO MEl He 3aMedaeM HX).
B peavnepTare 1 B cAMHX TeJaX, H B OIOpe BO3-
HUKAKIOT CHJLI VIIDYIOCTH, MNOCPEICTBOM KOTO-
PLIX TElo H OIopa B3aNMOJEeHCTBYIOT ApPYr ©
APYToM.

Cnny, NpUNOMKEeHHVIO K ONOpe W HANPABIEH-
HYI0 BEPTHKAJILHO BHH3, HASKIBAIOT 8€COM mead

P, a cuny, IPUICKEHHYIO K TEJy W HAIpaBiIeH-
HVIO BEPTHKANLHO BBEDX, — CLLI0IL peaxkyuu ono-

pul N. Kax yrKe OTMe4asoch, 00e aTH CHiLl ABJIA-
HOTCA CHAAMHE YIPYTOCTH.

Crnepyer HDOMHHUTEL, 4TO CUIbL, O KOMOPBLIX 20680~
pumes 8 mpembem sarxone Hulomona, nuxozda
He YPaeHo8ewuaaom apyz opyza, nocKoabKY OHU
NPUNONCEHBL i pa3Hbim meaam. ([Ise parable o
MOAYIH0 H NPOTHBOOOJIOMHO HAIpABJIEHHbIE CH-
Nkl YPABHOBEIIWRAOT APYT APYVIrA B TOM ciayuae,
eCa OHW TMPUITOMEHEl K ofHoMy Teny. Toraa ux
DABHOAEHCTBYIOIIAS PABHA HYIIO, M TEJIO IIPH
3TOM HaXOJWTCA B PABHOBECHH, T. €. JHOO MOKO-
uresa, au60 ABMIKETCA PABHOMEDHO H MPAMOJIH-
HeHHOD.)

PLITEEY 1. [Tonnaysaes pucyakamu 22, 28 u 24, pacexastdTe, KAK OPOBOAMIHCH
naclpamxeHHble HA HOX ONBTH H KAKHe BEIBOAB! DBLIM CHelaHsl Ha OC-
HOBAHEMI NoAVHeHHBIX peaviasratos. 2. ChopMmynupyiite Tperuit sza-
o Hzroroma. Kak on sanncssaerca mMaTeMarRuecku? 2. Yro mommo
cKAa3aTe 0b YCEKOpeHIH, KOTODOE MONYYaeT denmns npn BE-B.HHO.EEﬁCTBHH
¢ HAYIOuM no Heit venosexom? OTeer obocnyiire. 4. Ilpneenure npm-
Mephl, NOKABIBAKIILIHE, HTO CHJALL, BOSHHKAKMIINE B pPesy/ILTATe B3al-
MofaelicTBAA ABYX Tell, oiMHaKOBL Mo csoell npupoge. 5. Tlouemy Hesep-
HO FOBOPHTH O PDABHOBECHH CHJI, BOSHHEAIIIHE IPH B3aAMOIEHCTBHE

Tea?
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Puc. 27

Ha pucyeExe 25 naofpamen nemamuit ua qocke kamensb. Cuenaiite B Tem-
Paiy TAKOR e PACYHOR B Haobpasure cTPeIOYKAME ABE CHAKIL, KOTODbIe
no TpetTseMy saxoHy HeloToHA paBHEL ApVTr Apyry. YTo ato aa ceam? Ofo-
dHAULTE HX.

Byner nn npessimen npeaen uaMepenuil tuaamomerpa [, uaobpaménno-
ro Ha pucyHke 26, ecnu ol paccuwTad HA Hemeperue cua go 100 H sxmo-
YUTEIBHO?

Ha pneyare 27, ¢ nsobpaxennl IRe TEAEHKKH, COBINHCHERE MEXIY co-
Goit auTho, [lop geficrenenm HexoTOpoit cuabl F reies ki OpHILIN B ABH-
s#enne ¢ yekopeanem a = 0,2 m/c?,

a) Onpefennre NPoeKiMy HA 0ck X cHI Fz " F'l. € KOTODRIMH HUTh feficr-
BYET COOTBETCTBEHHO HA BTOPYID ¥ epsyio TedexkH, (Tpeaue He yauThI-
Baiire.)

0) Hemy ByayT pABHLI DPOSKIHE CHII f‘ |1 }"':'2, GCAH TeNe¥KH I0OMeHATE
MECTAMH, KaK NOKA3AHD HA pucyHKe 27, 07

8) B kakoM ma QByX caydaes, DOKASAEHLIX HA PHCYHEe 27, HUTh MEeMIy
TeJeKaMH BHaATAHYTA cunsHee?

r) Onpegeaure npoekumio cHakl F, nog AeACTBAEM KOTOPOH TeEIeAKM
IPHILIH B ABAHEHHTE,

FEE]  ceosonwo nagenue Ten
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CrofoIHBIM NMAJeHHEM HAZLIRAGTCH ABHMGHNE Ten Moj AeHceTBHEM CHILI
THABCTH.

ITagerwe Ten, HabmwIzaeMoe HAMH B TOBCE-
JHEBHOH XM3HH, CTPOTO I'OBOPA, HE ABIAETCH CBO-
GOIHEIM, TOCKONBKY MOMWMO CHALI THMXECTH HA



Puc. 2B. PapnoycKopen-
HOB IBEMXKeHNE cBoDOJI-
HO MAJAKIIIETD 'IIl.&pllKﬂ

Tena AeHeTBYeT CHJla CONPOTHBJIEHHUA BO3AyXAa.
Ho ecsiy cuia conpoTHRIEHNS TpeHefpe Mo Ma-
JIA 10 CPABHEHHMI) C CHIION TAMECTH, TO ZBUAKEHHEe
Teaa O4YeHbL OMHM3KO K cBobogHOMYy (Kak, HaOpH-
Mep, IPH NafeHHHd MAJEeHbKOrOo THMKEJ0ro riaam:
KOO HIapuKa).

Tena magawoT cBobonHo B DE3BO3AYIIHOM IPO-
CTPAHCTBE, HANPHMEpP BHYTPH cocyia, U3 KOTopo-
ro OTKA4YaH BO3AYX.

ITocKoOJBKY CHIA THIKECTH, AelcTRYOIAaf Ha
Kaxgoe Teao BOAH3H HGBEPXHDCTPI JEeNMIIH, TIOCTO-
AHHA, TO caobodHo nadawuiee Mmeno GOAMHO deu-
2ambCa ¢ NOCMOAHHBLM YCKOPEHUEM, M. €. DABHO-
ycrkopeHHo (3T0 caeayeT Ha BToporo sakosa Heio-
TOHA).

OnerTel noaTBepicaaoT 5ToT eiBoja. Ha pueyn-
Ke 28 noxkazaHsl nojo:keHnsa ceofoaHO magaine-
ro mapwka, KOTOpEIH (ororpadpupoBann uepes
raxasie 0,1 ¢ ¢ MoMeHTA Havasa gBHKeHHA,

Mul 3HaeM, 4TO MOAYJIH BEKTOPOB Hepemene-
HMIi, COBEpPIIAeMEIX TEJIOM [IpPH HpAMOJHHEHHOM
PABHOYCKOPEHHOM IBMIHEHHU 38 NOCNeN0BATeNk-
Hbl€ paBHBIE HIPOMEMYTKH BpeMeHH, OTHOCATCH
KaK PpPHI ODOCHed0oBATEIRHEIX HEUEBTHBRIX YHCEeN.
HmerHO Takoil pAg M 0bpasyiT COOTBETCTBYIO-
IHe NepeMelleH s [apHKka, NoKasaHHable HA DH-
cvHEKe 28:

8 588yl Byt sy
=49cm:14,lcm:24em:35cm:45em=
21:3:5:7:9.

Taxkum oOpasoMm, OTHOILIEHWE MOAYJIeld BeKTO-
pOB TépeMelieHuiH, COBEpPIIEHHEIX MAPUKOM 3a
nocnefoBaTeLHLIE PABHBIE NPOMEXKYTKH BpeMme-
HH, CBHAETENLCTBYET O TOM, YTO IIAPHK B CBO-
DONHOM HaJeHHH ABMIaJICH PABHOYCKOPEHHO,

L Tagne hororpadun qenaoT erpobockoTMUeck M MeTOL0M.
CpoBogHO NAAAIONING B TEMHOTE IIAPHE OCBRIIAKT KPATKOBDEe-
MEHHBIMH BCOLITKAME CBETA CTPOBOCKONMA Yepeld PABHEIE NIPO-
MexyTiy Bpemedn. [lonoxeEnd IIAPHKA B MOMEHTE BCIIRIIIER
huxenpyoTea Ha NUEHKe QoToanmapatTa, JATBOP KOTOPOIO
OTEDEIT B TéYeHHEe BCEr0 BpEMeHH MAJEHHA MADHKE.
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Pue. 29. He pensiTs--
BAA CONPOTHRIEHH A
BOZAYEA, BOE TEIA

B TpvlKe COBepLIgnT
ceEoDOIHOE DajleH e

H3z pmeyaka 28 Buano, uToO ¢ MOMEHTA Hadaja
ABHMEeHHA mapuk npomén 1,23 M 3a 0,5 ¢, npu-
YEM €ro Ha4abHAA CKODOCTh OBLIA PABHA HYJIK.
ITo arM naHHBIM MOYKHO BEIYHCIMTEL MOAYJIb BEK-
TOPa YCKOPeHHA IapuKa, BLIPA3HE ero ua opmy-

ait.

ABl 8= S
2

2z 1,28 m _ 248w _ ; '
=ig = 2(015 e 9,84 m/c2= 9,8 m/c2.

CroBosiHOE nageHmMe IUADHMKA IPOHCXOLHT ¢
yckopenuem 9,8 m/e2.

A c KaxKuM yerxopeHHeM OVAYT cBOGOIHO NAJATE
ApyrHe Tejla, HANPHMED KYVCOYeK BATEH!I, KAPTOE-
Had Kopobka us-nmog obyEH, NepeBAHHAA OGVCKE-
ka? JpyrumMmn cjaoBaMu: 3a6ucum Ju YCKOpeHue
npu ceobodrom nadenuu mea om uUX MAcchl,
o0séma, popmst u m. a.?

OTrBer Ha 3TOT BONPOC AAET ONBIT, M300paKéH-
HBIH Ha pacyaxe 29, B crexnsaroi TpyOke gnn-
HOH, mpubanauTensno pasuoit 0,8 M, HaxogATeH:
Kycouer mpobku, npobMHKA, NTHYLE NEPEIIKO H
mMoHeTEa. KoHIBI TpYyDKHA repMeTHYHO 3ARYTODe-
HbI PE3HHOBBIMY TPOOKaAMHE, B OIHOH M3 KOTOPBIX
umeercsa KpaH. OThadaem Bo3ayx U3 TPpyOKH H 38~
Epoem kpad. IIpn mepepéprniBaEME TPYOKH MEI
BHIHM, 9T0 BCE HAXOLAINHeCA B Hell Tela OIHO-
BpeMeHHO JocTHTaT aHa. B moboit MmoMenT Bpe-
MEHH BCE 3TH NpeIMeTkl UMeT ONMHAKOBEIE
MI'HOBEHHBIE CKOPOCTH, & 3JHAYUT, LBHMKVTCHA C
O/IMHAKOBBLIM YCKODEHHEM, KOTOpOe HASBIBAETCH
ycxoperuenm ceobodnozo nadenus u ofosnauaeres
OykBoit g (mepBoil OVKBON JAaTHHCKOTO CHOBA
gravitas — eTsMKeCTE»).

Yerwopenne ceofonnoro mageAHas — YCKOPEeHHE, C KOTOPLIM ABHIKOTCH TEI0
BO BpeMA ceoOOIHOTO NAJeHH,
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CyIIecTEYIOT cocoDR OMPENeIeHuA THCJIOBOTO
gHadeHUd g ¢ Donbmneil ToYyHOCTRLIO (HaupHMep, J0
0,00001 m/c?). Ho npu pemeHUH 3aaU MKOJIRHO-



B BOAY

ro Kypca (Guankn, rie He TpedyeTcH BRICOKOH Tou-
HOCTH peayibTaTa, 0DBIMHO HMCOOABL3YIOT SHade-
Hue 9,8 m/c? murn pase 10 m/c?.

CroboHOE TNAleHHe ONMUCHIBAETCH TeMH Ke
thopmymanmm, 910 ¥ 110006 pABHOYCKOPEHHOE JBH-
#enne. Hanpumep, npm nmageHEHH M3 COCTOAHHMA
MOKOA MPOEKIIHH BEeKTOPOB CKOPOCTH H Hepeme-
MeHUA paccydThiBAOTCH N0 (hopMynaMm v, = at,

a_t?

8, = ’T, ec]¥ HAYAJBHAA CKOPOCThL He paBHA

2 _ 332
U.‘r Ul‘.lI

2a

a£
0003HAYAIOMIErO IPOEKIIHI0 ITPON3BOILHOTO YCKO-
peHus, CTaBAT g, NOAYEPKUBAA TEM CAMEIM, UTO
awboe crobOIHO NajaloIIee TeNo ABMMKETCA ¢ Ve-
KOpeHHMeM cBobogHOro nagenud, [losromy hopmy-
JIBEL BEITJIAJAT TAK:

X

HYTIO, TO 8, = n . A. Toasko smecro a,,

g.t2 vd — vf
Ux=g.rt9 8,7 g ! 8, = joxx

ITpu nBMKeHMN Tesla BHU3 BEKTOPBI YCKOPEHHA
cBobOJHOrO HmajeHHdA, CKOPOCTH H IepeMemenus
HaNpaBJIeHbl B OJHY 1 TY 3Ke CTOPOHY, [I03TOMY HX
OpoeKIHE HMeT OJHHAKOBEIe 3HAKH,

Brigog o Tom, 4TO BCe Tesia, HE3ABMCHMO OT
X Mace, QOpM H pasMepoB, COBEPIIAINT cBRoGOI-
HOe NAJIeHHEe COBePIIeHHO 0[NHAKOBO, HA TIePBEIiL
B3IVIAJ, MOMKET TOKas3aThCA MOpPOTHBOPEYAIHM
HalleMy NOBCeiHEeBHOMY onRITY., MBI BHIHM, YTO
THIKENbIE Tema JOCTHTAIOT 3eMan BhicTpee, 4eMm
JETKHE, TATAIOIINE ¢ TOH 3#e BLICOTL.

Ha camom mesie HUKAKOro NPOTHBOPEYHA 3AECh
HeT. IIpocTo ofervao Mur Habaogaem DageHHe Tes
B BO3AYXe, KOTOPLIN AeliCTEVeT HAa mAKaloNee Te-
J10 C HEKOTOPOH CHA0H, OKA3RIBAA CONMPOTHBISHHE
ABHMHEHHID.

Ecan pacemarpuBaTh, HaAOpHMep, DageHHe
B BO3jlyXe MAJEHBKOTO THMXKEIOTO Imapuka
(puc. 30, @), TO CcHIOH CONPOTHUBJIEHHMS BO3AYXA
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Puc. 30. B Boanyxe
DAJeHINE APHKA
OOOYCTHMO CHRTATE
crOGOIHLIM, & KYCOUKA
BATBEI — HET

MOXKHO TpeHe0fpeub Mo cpaBHEHHIO ¢ AeHCTBYIO-
el He MapHK CHJI0H TAMECTH H ¢ HEKOTODHIM
npubanMKeHHeM CUMTATE, WTO IMTAPHK CBOBOIHO
nagaet. i3 pucyEKa BHAHO, UTO PABHOAEHCTBYIO-

masn (F) CHI TAXECTH M COMPOTHBIEHUS BOBAY-
Xa, IpRAaKIIas WapHKy YCKOpeHHe, MAJO OTIH-
4aeTCH OT CHJLI TAKECTH (ﬁ',m_ ) II0BTOMY ImIa-

DMK JBUKeTCH ¢ yeKOpeHueM, DAU3KIAM K .

Ho naneHue B BO3AVXe Kyco4ra Barsl (puc. 30,
) HUKAK HeJb3d CYHTATE CBODOAHEIM, TAK KAK B
STOM CHAVY4Ee CHJIA CONPOTHBIEHHA COCTABJIAET
SHAUWTENRHYIO HACTh OT CHIEl THIKECTH H PABHO-

aeiicreyoman cuna (F|) 3HAYATENBHO MEHbIINE

cansl ramecrn (F . ). [loatomy Kycouex BaTh
najiaeT B BO3JyXe C rOpasfio MEeHLIIHM YCKOPeHH-
eM, 4YeM NIpH cBoDOAHOM NaleHHH.

K BrIROZV 0 TOM, YTO VCKOpeHue cBoboaHoro
NajleHUA He 3aBHCUT OT MACCE! TeJa, HePBLIM MPH-
men Manuned B koane XVI 8, OauoppeMeHHO po-
HAA ¢ DamHN TAMXKEIse Imaphl # HabmroJas 3a ux
nageHHeM, OH ODHADYHHJI, 4TO 1IApPLI, HMesa pas-
HBIE MAaCChl, JMOCTHTAIH 3€MJM [OYWTH OJHOBpE-
MEeHHO.

3Ha", ¢ KAKHEM VCKOpPEeHHEM ABHIKeTcH Jwoboe
TeNO0 MOoJ AeHCTBHEM CHJIB THIKECTH, COTJAacHO
BropoMy 3akoHy HeroToHA, MOXKHO 3anHCATE Qop-
MYy 8 HaXOMZeHHS MOAYJIS BEKTOPA CHJIEI
TAMNECTH, AelicTBYIOMENR HAa TeJN0 IPOM3BOILHON
MACCEI m:

Fow=9.8M/c* m.
CpaBuuBas 91y popmMyay ¢ Toi, koropas Oeina
fgaHa B Kypce pusnkn 7 Kiacea:
F...—98H/kr-m,
MOMHO 3aMeTHTE, 49TO OHH OTJIHYAKTCH TOJBKO

enuHANaMy npn Koadpunueste 9,8, Ilokamem,
yto H/Kr MoaHO mpeoSpasoBaTs B M/ c?.



B § 11 6uino nokasano, aro 1 H = 1 kr » m/c2,
- 2
Caemosatensro, 1 H/ur = 1 BD-M/E ] M/c?,

KI'
r.e.9,8H/kr=9,8 m/c?.

1. Y7o HaswBaerTcd caobopHbiM nanenwem rten? 2, Kax noxasaTh, wTo

cBoboAHOE NAfeHKe WAPHEKA, HI0DpAXKERHOTO HA pHeyEKe 28, 65110 paB-
HoyeropeHHERIM? 3. C kakoll Helbio CTABHIICA OOBIT, M30OpaAHEENT HA
pucysxe 29, u xaxol BeIBOA N3 Hero ciexver? 4. Yro Taxoe VCROpEHNE
cpofognoro nageaua? 5. [loueMy B BOZIVXe KYCOUEK BATH MAJAET ¢ MEHR"
IIAM YCKOPeHHeM, deM #enearnlil mapuk? 6. Kto nepssiv npmimén » nni-
BOLY O TOM, YTO CBODOAHOS NAEHHE ARIASTCH DARHOVCKODEHHEIM JBHHE-
auem?

1.

2.

§14

C xakoif BEICOTH cBOGOIHO MAfATA COCYIRKA, SCIH PACCTOAHNE 10 3eMIH
OHA Npeogonena za 4 c?

OnpefeanTe BpeMA TAJeHUA MOHETHH, €CAH £ BBIPOHWIM M3 PYE Ha
suicore 80 em nan semaéii. (Mpurars g = 10 m,c?.)

Menensruit crannEolf mMapHE YIOAA ¢ BRICOTH 45 M. CKOIBKO BpeMeHN
Aannock ero nagenne? Kakoe mepemenienie cOBEPITHS MADHAK 38 MEPBYIO
H IOCTeTHIOK CeRYHIR choero Aemmenun? (Ipuaate g = 10 m/c?,)

ABWIKEHME TENA, BPOLLEHHOI0 BEPTMKANBLHO
BBEPX. HEBECOMOCTb

Cuna TAMecTH gelicTBYET Ha BCe Tesa Ha Sem-
Je! NOKOALIHecH W ABHIKYIIHecs, HAXOAANIHECH
HA NOBEPXHOCTHA SEMJIH W BONH3H Heé,

Teno, ceofogHO NagapiIee Ha 38MIK0, IBHMXKeT-
Cfi PABHOYCKOPEHHO ¢ BOZPACTAIOIIEN CKOPOCThIO,
MOCKOJIBKY ero CKOpPOCTh COHANPABJIEHA € CHIOMH
TAMECTH H VCKOPeHHeM CBOD0AHOrO Naje A,

Teno, nopfpomennoe BBEpX, NPH OTCYTCTBHM
COLPOTHBIEHUSA BO3NYXA TOME ABUMKeTCH ¢ [0-
CTOAHHBEIM VCKOpPeHHeM, BhISBAHHLIM AeilcTBHEM
CHIE TAxRecTH. Ho B 3TOM ciiyuae HauaasHAas CKO-
POCTH U, KOTOPYIO TNy NPUAAIH OpH Opocke, HA-
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il'.!x = unx+gxt

8, = Vgt +
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g.1*

NpABJIEHA BBEPX, T. €. IPOTHBOIOIOMHO CHIIE TH-
JKECTH H YCKOPeHHK cBoboaHoTo najgerusd. [losto-
MY CKOPOCTE TeNa VMeHRIIAeTCS (3a KAaMIVIO
CeKVHAY — HA BEJUYHHY, YUCAEHHO PABHYIO MO-
OVJII0 YCKOpEeHHA cBOOOLHOrO majeHuWsd, T. €. HA
9,8 m/c).

Yepea onpegenéHHoe BpeMs TeJ0 JOCTATaeT Ha-
H100AbIIel BHICOTHI H HA KaKOH-TO MOMEHT OCTa-
HABJHMBAETCH, T. €. €ro CKOPOCTH CTAHOBUTCHA PaB-
Hoi1 Hyaw. IToraTHO, YT YeM DOALIIYIO HAYAIL"
HYIO CKOpPOCTH NOJVYHIIO Telo npu Bpocke, Tem
Oonbine OvaeT BpeMA HoABEMA H TeM HA 00NBINYIO
BBICOTY OHO IIOJHHUMETCA K MOMEHTY OCTAHOBKH.

BareMm 1o NeHCcTBHeM CHJIBI THMECTH TeJ0 Ha-
YHHAET PABHOYCKOPEHHO N&JaThL BHUS.

IIpn pemenMy 3a7ad Ha ABHMI;KeHUE TeJa BBEDX
npu AefcTBHM HA HET0 TOJBKO CHJbl THMECTH
HCTIONB3VIOT Te Je (QOPMYJILI, YTO H IPH IpAMO-
ITWHeHHOM DABHOYCKOPEHHOM [BHIKEHHHM C Ha-
YALHON CKOPOCThI0 Uy, TOJBKO 4, 3aMeHAT

HA gt

g.t*
V. =Up, t8, 0 u sx=ont+T-

I[Ipr 2ToM YUYHTHIBAIOT, 9TO0 TPH ABHMKEHHH
BBREPX BEKTOP CKOPOCTH TEJA U BEKTOD VCKOPEHHH
cBODOAHOrO TMAJSHWA HANPABJEHL! B IPOTHBOIO-
JIOFKHBIE CTOPOHBI, MO3TOMY HMX NPOEKIIMH BCeria
HMEIOT PASHEIE 3HAKH.

Ecau, ¥ npumepy, ock X HamnparJleHA BepTH-
KaJLHO BBEpPX, T. €. COHATDABJEHA C BEKTODPOM
ckopocTH, T0 v, > 0, 3gauur, v, =v,a g, < 0, 3Ha-
uuT, g, = -2 =-9,8 M/c? (rae v — MOAYJIb BEKTO-
Pa MPHOBEHHON CKOPOCTH, & § — MOAYJEL BEKTOPa
YCKOpeHH!d).

Ecnn e oce X HanpaBiieHA BePTHKANILHO
BHM3, To v, < 0, r. e. v, = v, a g, > 0, 7. e.
g.=g=98m/c?,



a) el

Puc. 31, [levorcTpanes
HEBECOMOCTH TeJ NpH
X CBOGOIHOM ITaI8HIN

Bec Tena, ABMIEYIIErocsa ol JelcTEHeM TOME-
KO CHJABI THAMECTH, PaBeH HYIKD. B aToM MOMHO
yOeIHTRCA ¢ MOMOIKLI) OITKITOR, H300pAXMEHHEIX
HA pHCYHKe 31.

K camopensHOMy AWHAMOMETDY TOABEIIeH
MeTannudeckrmii mapux. CormacHo nDoKa3aHH-
AM TNOKOAINETocA JAHHAMOMETPA, Bec IIapuKa
(puc. 31, a) parern 0,5 H. Ecau ske HUTH, yaep:Ka-
BAIOIIYI0 AWHAMOMETD, MepepesaTb, To OH Oyjer
cBobDofHO TAaJaThH (COTPOTHBIASHHEM BO3JAVXAa B
LJAaHHOM chaydae M0XXHO npenebpeun). IIpu srom
ero YKasaTeJb NEePeMeCTHTCA HA HYJIEBYIO OTMeT-
KY, CBHAETEJILCTBYA O TOM, YTO BeC [HAPHKA paBeH
aymo (pue. 31, 0). Bec cBobogBO magawuiero Jan-
HAMOMETDA TOZKe paBeH Hy10. B janHOM cayuae u
DIAPDHEK, ¥ JHHAMOMETP ABHKYTCH C OJMHAKOBBIM
VCKOPEeHHEeM, HE OKA3RIBAs APYT HA Ipyra HHKa-
Koro Bauaauda. Ipyravu cioBaMu, B JHHAMO-
MeTp, H MIapUK HAXOAATCH B COCTOAHHUH Hedeco-
MOCML.

B paccMOTpEeHHOM ONBITE JHHAMOMETD W IIA-
PHEK EEIDGD,D:H{] ODamaIH L3 COCMOAHUIA NOKOA,

Tenepr yOeaumMes B TOM, 9TO TeJ0 DyieT HeBe-
COMBIM M B TOM CJIy4ae, ec/IH ero HauaJbHAH CKO-
pocTh He papHa Hymo. Jlaa sToro BosbMéM mosm-
STHIEHOBBIH MaKeT W TpMMepHO Ha !/, samon-

HIM ero BOJOI; 3aTeM VIANIHM U3 NAKeTa BO3AVX,
CKDYTHE €ro BepPXHIOI HYACTh B JKIVT H 3aBA3AB
Ha yaea (puc. 31, @). Ecin B3aATh NakeT 3a HHMK-
HIOK, 3al0JIHEHHYIO BOLOH Y&CTh M IIePeBepHYTh,
TO CBUTAN B MI'YT 4YACTE HAKETA OOJ AeHCTBHEM
Beca BOALI PACKPYTHUTCH M 3J4lIOJHHTCH BONOH
(pue. 31, 2). Ecam :xe, mepesopaumBas naker,
VIAEePIKHUBATE XKI'YT, HE IIO3BOJIASA eMY PACKDPYTHTh-
cia (puc. 31, 4), a saaTeM DOIKHHYTH HaKeT BBEpPX,
TO ¥ BO BpeMdA NOABLEMA, M BO BpeMs NALEHEA
IyT He Oyaer packpy<usarsca (puc. 31, €). Dro
EHH.EIEETEJII:CTBFET O TOM, 4TO BO BpeMHA NoJeTa Bo-
1a He JelcTBYeT CBOMM BECOM HA IaKeT, TAK Kak
CTAHOBHTCA HEBECOMOIM.
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MoxHO DepeKHALIBATE 5TOT NMAKET APYTr Apy-
ry, Torga oH Gyger snereTs no mnapabonmHuecKoi
rpaexTopuu. Ho i B 9TOM cTyuae NMakeT COXPAHUT
B OJETe cBOI0 PopMY, KOTOPVIO eMV IPHIANN OPH
Opocke.

PR L. TTeftersyeT A CHIA TAMXECTH HAa NMoAGpPOMIEEHOE BBEPX TEJIO BO BpeMsa

ero noabéma? 2. C KaKuM YCKOPEHHReM ABHMKeTcA noaldpolieHHOe BEEDX
Teno npu orcyrerenn rpeaHa’ Kak MeESeTCA IpH 3TOM CROPOCTE TBHMe-
apsa Tena? 3 0T Uero sapucHT HARDONBIIAS BRICOTA DOALEMA OpoIIeEHOTO
BREEPX TeJd B TOM CHOYYAe, KONIA cONDOTHREISHUEM BO3TYXA MOIKHO Mpe-
aebpeus? 4. UTo MOIKHO CKASATH 0 BHAKAX TPOEKNHNA BEKTODOB MIHOBEH-
HOM CKOPOCTH Ted& M YCKOPEeHHA cBODONHOTO DAAEHWA npH cBobogrOM
ABMEEHNN 3T0T0 Tena seepx ? 5. Paccrasture 0 X01e ONLITOR, Hao0pameH-
HEIX HAa pieyrke 31. Kakoil BalBog B2 HuX caeayer?

§15
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TeHHHCHBEIN MAY GPOCHIN BEPTHRANBHO BBEDX C HAMAIBHOH CHOPOCThID
9,8 u/c. Yepea narolt TpoMesKyTOK BpeMeHH CKOPOCTE TOAHAMAOLIero-
CA MAYA VMeHsBINHTCHE g0 Hyaa? Kaxoe mepemeinendse or Mecra OGpocka

COBEPIINT [IPH 3TOM Maq?

3AKOH BCEMWPHOIO TATOTEHWA

B kypce pusuky 7 Kaacca BRI M3YYANIH ABIEHHE
BCEMHpPHOro TAToTeErA. OHO 3aKII0YALTCH B TOM,
uto mewdy ecemu meaanu 6o Beeaennoit deticm-
8YOM CUNLL NPUMANEHUSR.

K BrIBOAY 0 CYINECTBORAHWM CHJ BCEMHPHOIro
TATOTeHUA (X HABLIBAIOT TAKIKE ZPAGUMALUOH-
netmu) npumen HelOTOH B pe3yasTaTe HayVIeHns
asmwxeans JIVEsl BOKpPYT 3eMIH U IJIaHET BOKPYT
Conana,

Bacayra HseloToHa z3akmiodaeTcs HE TOJBKO
B €U0 TeHHANLHON JorajKe O B3AMHOM IIPHMTH-
JeHHH TeJ, HO M B TOM, 4TO OH CyMeJ HalTH
3AKOH WX BIaUMOJEHCTBHA, T. €. QOpMyIny IO
pacuéra IpaBHTAITHOHHON CHJIEI MeKIV ABYMSA
TeJIAMHA.



Faron SCEMUPHOZ0 MAZOMERUA TTTACHT,

ABa A00BIX TeJa IPHTATHBAITCA IPYT K APYTY € CHION, NPAMO NPONOPIHO-
HAMLHON MACCe KamAOro u3 HMX u 00pPaTHO UPONOPUMOHAIBEHOMN KBATPATY
PACCTONHMSA MERIY HUMI.

Pue. 32, Yeaonns,
onpeaen A He
TPAHHIL OPHMeHH-~
MOCTH 3aKOHA
BCEMHPHODND THIOTEHAA

mym
F=G'—l—2|

r2

rge F — Moaynb BEKTOpa CHIILI TPABATATTHOHHOTO
TPUTHMEHNA MeKIY TelaMH MacCcaMu m; u m,,

I — paccToAHHME MexAy TeaaMH (HX IeHTpaMH);
G — KoahpUIHeHT, KOTOPKI HABEIBAETCA 2PA6U-
MAYUOHROU ROCMOARHOU,

Ecau my; = my,=1xrur=1m, 10, KK BUIHO
u3 (PopMyabl, IPaBHTALMOHHAA OOCTOAHHAA G
4YHCJIeHHO paBHa cune F, [lpyrumu ciosaMu, rpa-
BUTALHOHHAHA [OCTOAHHAA YHCJEHHO paBHA CHJE
F npurasenus AByX Tea maccoi no 1 kr, Haxoas-
muxcAa Ha paceroanuu 1 M apyr or gpyra. Hame-
PEHHA ITOKA3BIBAIOT, UTO

G=6,67+10"" H- m2/kr?.

Popmyna KaET TOYHBIN PE3VIILTAT IPH paciéTe
CHJIBl BCEMUDHOTO TATOTEHHA B TPEX CAYYAHX:
1) ecsin pasmepnl Tes npeHeGpeXKMMO MAJEI MO
CPaBHEHHIO ¢ PACCTOAHHEM MeXXIy HUMH (pue. 32,
a); 2) ecn ofia Tela OJHOPOAHBI M HMEIOT IIAP00H-
pasuyo thopmy (puc. 32, 6): 3) ecam 01KHO U3 BIAK-
MOZeHCTBYIOLMX TeJ — [Iap, pa3Mephl H Macca
KOTOPOT0 3HAYHTENLHO Dojblle, YeM Y BTOPOTO
Tesa (woboit opmbl), HAXOAANIETOCH HA [IOBEPX-
HOCTH 3TOro mapa HiaH Bbinsn Heé (puc. 32, 8).

TpeTnil 13 pacCMOTPEHHEIX CIYYAER SABIAESTCS
OCHOBAHWEM T8 TOTO, YTODEl PACCYMTHIBATHL 110
IpHBEeAEHHOH (DOPMYJIe CHAY NPHUTAKeHNA K SeM-
Je moboro u3 Haxoasmuxca Ha Heil rea. Ilpm
9TOM B Ka4ecTBe PDACCTOAHMA MY TeJlaM# cle-
ayer Oparh paguyc 3eMJH, IOCKOJBKY pPaszMephl
BCEX TeJ, HAXOAAIMMXCH HA €€ NOBEPXHOCTH HJH
BOIM3N Hee, npeHefpeAUMO MATHI TIO CPABHEHHIO
C 3EMHBIM pAJMYCOM.
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Ilo rperbemy saxony Heiorona abuaoxko, Buca-
IIEE HA BETHE WIH MAAA0IIee ¢ Heé ¢ YCKOPeHHeM
cBODOAHOTO NaJjeHndA, IPUTATHEaET K cebDe demaio
€ TAKOH 3Ke 110 MOAYJIIK CHJI0H, ¢ KAKOH ero OpuTH-
rusaer 3eman, Ho yekopenue 3emin, BRIBBAHHOE
CHJIOHN eé npuTsxeHns K A01oKy, OIHIKO K HYJIIO,
MOCKOTRRY MACCcA 3eMJH HecouaMepumo DoJbie
maces! Abnoka.

1. Yro GniJI0 HAIBAHO BCEMIIPHBLIM TArOTEHEHEM?
2. Kik HHAYEe HASKIBAOTEHA CHJLL BEEMBDHOTO
rarorerua? 3. iTo 1 B KaKoM BeKe OTKDELT 3a-
HOH BeemmupHOro rarotenns? 4. Copmyiu-
pyiiTeé 38KOH BCEMUPHODO TATOTEHHS. 3armH-
mHTe QOPMYIY, BHPAKAIIYI TOT JAK0H,
5. B KaKHx cAYUaHAX CASlyeT NPAMEHATE SAK0H

BaaMmogercTaMe BCEMHPHOTO TAMOTEHHA A8 pacyéra rpasHTa-
AGN0KE W 3emnu nuornex cun? 6. [Ipprarusaercs ne 3eMna
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¥ BHCAMEeMY Ha BeTie abaory?

YNPAMHEHHE 15

IIpuBe HTE NpUMEDEL MPOABISHHHA CHIL TATOTEHHA,

Kocmmueckan crasns deTHT oT Senman K JIvee, Kax MeHAeTCA IPH aTOM
MOAV/E BEKTOPA CHJALI eé OpHTHxKeHHA K 3emae; k Jyne? C oguaakoRk-
MH HIH PA3JIHTHLIMM TI0 MOAVAR CHJAAME DPHETATHBAETCH CTAHLLHA K
Bemue w JIyHe, KOTIA oHA HAXOAHTCA NocepefnHe Mexiay HuMu? Eomn
CMIThl PAGIMUHEL, TO KAKad GoJbie W BO cROTBKO pas? Bee oTeerTwl obo-
cuvitre. (Magecrso, ¥To Macca 3eMau OpEMepHO B 81 paa GONBIIE MACCEL
JIlyHEL)

Hspecrro, uro macca Comana 8 330 000 pas Gosnine macesr Seman. Bepio
an, 9o Coianne npurarnsaer 3emiio 8 330 000 pas cunbHeil, YemM 3emns
npurarusaer Conaue? Oreetr noacHnTE,

Msu, nogbpomeHHEH MAIBTHKOM, B TEHeHIE HEKOTOPOIO BPpEMEHH [BH-
ranca seepx. [Ipu 91oM ero cHOpPOCTE Beé BpeMS YMEHBLITANACE, IOKA He
CTANA PABHOI HY/II0. 3aTeM MAY CTAN NMANATE BHH3 ¢ BospacTaromei cro-
porTeion. OfsgcEMTE: a) gelicTBOBANA JM HA MAY CHIA OPHTAMEHHA K
Sesiie BO BPEMSH Er0 [BEHMEHW] BEePX; BHH3] 0) YT0 NOCTYRII0 OIPHTH-
HOH YMeHBIISHNA CKOPOCTH MAYA IPH ero ABHMKEHHH BBEDX; VBe UM eHAA
€0 CKOPOCTH HOPH ABMMKEHMH BHHZ, B) NoYeMy TIPH ABHXXEHHM MAYA
BBEDX €0 CKODOCTh VMEHBIIATACE, A TPH ABMIKeHHH BHHI — YBEIWENBAa-
JIACh.

IIpurareeaerca an K Jlyae uenosex, croammi #a 3emae? Eean ga, o
¥ WeMy OH NpHTATHEaeTcA cuiabHee — K JIvae nax k Semae? Tlpurarasa-
eres an Jiyea & aromy senosery? Orsersl oDoCHYITE,



16 YGI{QFEHHE CBOBOAHOIO NAAEHWA HA 3EMNE
: M APYTUX HEBECHbIX TENAX

~buauvecroe
I T TeJ0

[IpuTsyrenne Ten K 3emie — OJWH U3 CIyYaes
BCEMUpHOTo TaAroreHus. Jlaa Hac, sureneilt 3em-
14, 97a cuaa uMeer DoJbIIOe 3HAYEHHE,

Cuna F =

NPATATHBAETCH K 3eMJle, HECKOIBKO OTJHYaeTCsH
OT JIEHCTBYIONIEH HA 8TO TEJI0 CHILI THKECTH, OT1-
pefensiemon no popmyne F = gm (aTo CBA3AHO

¢ TeM, YTO 3eMJIHA, BCIAeACTEBHE €€ CYTOYHOro Bpa-
MIeHHA, He ABASETCH CTPOro HHePLHAJAbLHOH CH-
creMoi oreuéra). Ho NoCKONRKY DABTHYHE MEX IV
VEKa3aHHBIMH CHJIAMH CYIIIECTBeHHO MEHbIIIe Kark-
A0 M3 HHX, 9TH CHJLI MOKHO CUHTATL Hpubianan-
TeNLHO DPABHEIMIH,

dHauuT, 1A AW0doro TeJa MACCOH M, HAXOIA-
LIErocsi Ha MOBEPXHOCTH 3eMin HiM BONH3H Hed,
MOMHO 3ATHCATE:

HIH

Hs mocaenneit dopmMyiasl caeay-
l}mm T, UYTO VCKOpeHHe CcBODOmHOrO ma-
: JAeHHA TeJ, HaXOJANIMXCA Ha Mo~
BEPXHOCTH 3eMJIH MM B0AH3H HeE,
3aBHCHT OT MACCHEI 3EMIH | €6 pajgn-
yca (T. e. pACCTOAHHUA MeXAY LeHT-
poM 3eMiH B JAHHLIM TEJI0M).
Eenn Teno mofiHATE HA BRICOTY A
Haja 3eM €, KaK HOKA3aHO HA PH-
cyHKe 33, a, TO PACCTOAHHE MeXIY

Puc. 33, Buavenie VoKOpeHNA ATHM TEJOM M IeHTDOM Seman Oy-

cEODOIROND NANEHNA 3ABMCHT M,

OT BEICOTHI TeNa Baj 3emaéit 1 er + k. Torma o . T

reorpaduyecKol IWWHPOTE MECTA A R-; Aa g (Ry+h)?
65
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Yewm Honeme seIcOoTA i, TEM MEHBINE £ U TéM MeHbL-
Ille CHJIA TAMKECTH Tesia. 3HAYNAT, C YBEJIWYEHUEM
BBICOTEI TeJA HAJ MOBEPXHOCTHIO 3eMJIH AeHcT-
BYVIOIIASA HA HErO CHJIA THMECTH YMEHBIIAETCH 3a
CUéT YMeHbIUEHNA YCKOpeHHA cBOOOLHOIO mane-
qus, Ho yMeHBIIEeHEHE 9T0 OOBIYHO OYeHDL HEBEJIH-
KO, MOCKOJIBKY BBICOTA Tena HAJ Jemaéit uame
BCETO MpeHefpeKuMOo MAJIA TI0 CPABHEENIO C PAIH-
ycom Semun. Hanpumep, eciin anbIHHKCT MacCcoH
80 xr nogEsANCH HA MOPY BBICOTOH 3 KM, TO Aeiier-
BVIOLAs Ha Hero CHJIA TAKeCTH YMeHBIIHUTCA Bee-
rora 0,7 H (man 5a 0,09% ). ITosaToMy BO MHOTHX
CAYUAAX NMPH PACUETE CHUIIKI THKECTH TeJa, HAXO-
asAmerocs Ha HeGoNBIIOI BEICOTE HAL 3eMJIEH, yc-
KOpeHHe CcBODOLHOrO NafeHUA CYHTAIOT PABHEIM
9,8 m/c?, npenebperasa ero HeGONLIINM yMEHbIIE"
HEEM.

3HaveHus xkoadduuueHTa g (8 3HAYKT, H BHA-
YeHNA CHJIbl TAMECTH) SABUCAT TAKMKE OT Teorpa-
¢puueckoi mMUpoTE MecTa HAa 3eMHOM mape. O=HO
mensercs ot 9,78 m/c? Ha axBaTope no 9,83 m/c?
Ha noJocax, T. e, Ha IoJKcax oHo 4yTh OoJbie,
yeM HA SKBATOpE. ITO U [OHATHO! Belb 3eMJIA
HEMeeT He cTporo mapooOpasHyio topmy. Omna
HEMHOT'0 CILTIOCHYTA ¥y moaiocos (pme. 33, 0),
[IO3TOMY PACCTOSHHE OT LEeHTPA 3eMJH 0 HoJIo-
coB R, MeHblle, 9eM Ao axBaTopa R,. A cornacHo
38KOHY BCEMMPHOIO TATOTEHHA, Y8M MEHBIIe pac-
CTOSAHHWE MEeAY TeJaMHy, TeM OoJbie cHJa IPpHATH:
FHEHHA MeyRIy HHEMH.

IMogcrasus B hopMyIy 418 yeKopeHns ceolo-
HOMO TMAAeHHUA BMECTO MACCHI M paguyca 3emiiH
COOTEETCTEEHHO MAaccy H paguye Kaxod-imbo
APYToH IJIAHETHbl MM e€ CHIYTHUKA, MOMKHO Onpe-
nenuTe NpUOMUANTENLHOE 3HAYEHHEe YCKOPeHHH
ceofogHOr0 NajeHnda HA IOBEpPXHOCTH J00oro ua
atux HebecHbIX Tes. Hanpumep, yexKopeHue CBO-
G6oguoro mamenws Ha JlyHe paccuHTRIBAETCH IO
thopmyne:



My
OkassiBaeTcHA, 49TO OTHOLIeHNe — B 6 pas

Rj

MB
MeHblile, YyeM TR IloaToMy 1 yexopeHHe cBoboj-
3
HOrO MAJeHWH, ¥ CHIA NPUTHMeHHA Tea K JIvae B
6 paa meHBIme, 4yeM Ha 3emnae. Hanpumep, ueno-
BEK, Macca kotoporo 60 kr, k Semie OpUTATEBA-
ercs ¢ cuanoit 588 H, a x JIyae — ¢ cunoii 98 H.

ﬂ COLNTTVEE L. BepHo JId, 9TO OPATARKEHHE TeJ K JeMIe SBIAETCHA OJHHM H3 TIpiHMe-

poe seemupuoro Tarorenud? 2. Kax mensercs cuia TasecT!, gelierayio-
Liafd Ha Teao, HPH ero viateHuH oT nosepxxHocTi demau? 3.11o kaxon
diopMyie MOMEO PACCUNTRIBATE AEHCTBYIOMIVIO HA TENO CHAY TAMECTH,
ecJH OHO HAXOOUTCH Ha Hebonbmoll Brcore Hag 3emnéit? 4. B kaxom cay-
qae CHJIA TAMeCTH, JeifcTEYIONIAA HA OOHO B TO e Texo, Gyaer Goasime:
eCJaH 3TO TEA0 HAXOAHTCH B SKBATOPHANBHON oBIACTH 3eMHOrO mAapa
wan Ha ogEOM Ma momwcos? IMowemy? 5.Yto Bel agaere of yoropeHHH
ceobogHore nafenns 2a Jlyae?

¥NPAMHEHHE 16

Yemy paBEA cHIE TAMeCTH, JeficTeyiomas BEA Teno maccoit 2.5 kr; 600 r;
1,2 7; 50 r7 (Ipunate g = 10 M/c?.)

2. Onpegenure NpUOAMANTENRRO CHIY THIMECTH, JeHCTHYIONIVIO HA Y8 TOBRKA

maccoit 64 xr. (IIpuaars g = 10 m/c?,) IIpurArKsaerca ¢ aeMHoll map
Kk aroMy uemosexy? Ecom ga, To weMy NpuOIHAERTENLHO PABHA BTA CHIa?

2. lleppnfi coBeTCHKHI MCKYCCTEEHHEIN COIVTHHE 3eMIH O samyvuieH 4 ok-

Tadpa 1957 r. OnpegenuTe Maccy 3TOro COYTHEKA, €CIH H3BECTHO, YTO HA
Jdemie Ha Hero AelcTBOBANA CHIA TAMecTH, pasnax 819,3 H.

4. Paxera pponeraeT Ha paccToAHEM, pasHoM 0000 KM oT nosepxHOCTH

deman. MoxHO IR pacCYMTRIBATE AelCTBEYIOIIVIO HA KOCMIYECKVIO
PAKETY CHIAY THMXeCTH, npuAarmMan g = 9,8 m/c?? (MasecTno, uro paguyce
Semnu npubnusurensao paped 6400 km.) Orper noacuure,

Acrpeb B TedeHKE HEKOTODOTD BPEMEHH MOMET IADHATH HA OOHOH M TOH
#e BhicOTe HBY Jemaeil. 3HauuT A 970, 4TO HA Hero He Jeficrayer cHia
raAxstecTH? YITo TpoMaoHaET ¢ AcTpeboM, eCAM OH CAOKHAT Kphiaba T

64, C Bemu craprver KoCMHYeckad paxera. Ha xaroM pacCcTOAHHH OT I0-

BEPXHOCTH 3eMJIN CHIA THXECTH DareTk ByaeT B 4 PA3A MeHBIOE, YeM
nepen craproM: B @ pas MerbIIe, YeM mepes craproM?
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OTkpeiTe nnadeT HentyH u MNnyToH

C NOMOLLLID 33K0OHA BCEMMPHOIO TATOTEHWA U 3aKoHOB HeloToHAa BbinK on-
peaeneHs TpaekTopyu ABMXeHus nnaHet ConHeYHoM CUCTEMBI, 8 TAaKXKE pac-
CHMTAHBI UX KOOPAWMHATH B M0G0 MOMEHT BPEMEHW HA MHOrO neT Bnepén.
Ons a1oro cHaYana rno 3akoHy BCEMWUPHOrO TAFOTEHWH BLIMUMCNANACL CMna
rpasyuTauUoHHOrO B3aumodencTens Mexay CONHUEM W JaHHOW MNaHeTod,
3ateM C NOMOLWLK BTOPOro 3akoHa HelOTOHA pacCuYMTHIBANOCE YOKOpEHWe,
C KOoTOpbiM Nnadeta aewxercs sokpyr ConHua. A no yckopeduio onpenens-
NUCE W APYIME BENWYMHB!, XapakTepusyolmWe OBVKEHME, B TOM YWCTIE W KDOP-
OWUHATHI.

MNpy 3TOM YyYUTLIBANOCE TAKKE BAMAHWE Apyrix nnadet ConHeYHor cucTe-
Mbl Ha [ABUXEHWE OaHHDI NNaHeThl.

NpaBuNEHOCTL PACCHMTARHBIX TakKM 00pazoM OpbUT NAAHET W WX NoNoXKe-
HWA B NIOBOIN MOMEHT BPEMEHN NOATEEPXKLAANACE Pe3YbTATAMM acTROHOMMW=-
Yeckux HabnooeHuWIA,

B 1781 r. aurnuickuii acTpoHoMm Yuneam Fepwens nyTémM HabniogeHuwi
OTKPbLIN Ceasmyo nnadeTy CoNHeYHoN CMCTEMBI, KOTOPRYKD HAZBANW YpaH.

Bekope nocne atoro DsIN0 paccyMTaHo, Kak DyayT MEHATECH CO BpEMEHEM
KOOpAMHaTE! ¥Ypada v no kakoh opbuTe oH ByoeT OpvraTscs.

B pesynerare mHoronetHux HabalogeHnin 3a aewkeHrem Ypada B nepeon
nonoeuHe XIX e. y48HbIe OKOHYATENLHD yEeauIMch B TOM, 4TO peanbHas opiu-
Ta YpaHa He coBnanaert ¢ sbiuvcneHHol. Cosaasanocs BNeYaTneHwe, 4to aa
YpaHom HaxogwuTCH BLUE OOHA NAaHeTa, KoTopas nputarveaeT k cebe Ypad
W TEM CaMbiM BNUAET Ha ero ABMXEHWE.

Mo oTKNoOHEeHWAM B ABuMxeHr Ypaua cHayana aHrnuiickrii yaeueiin Jwox
Agamec, a HECKONLKO NO3Xe 1 hpaHuy3ckuiil yyEnelid ¥pbew Jlesepse Ha
OCHOBEHNW 38KOHA BCEMWPHOrO TAFOTEHWA CYMENK BBIYWCNUTE MECTONOND-
MEHWEe aToI NpeanonaraeMon NnaHeTel.

Agamc nepseiM 3akoH4mn padoTy u 00paTUNCA K OQMPEKTOPY OQHON M3 06-
cepeatopril ¢ NpockBoli OpraHn3oBaTh NOUCKK NNAHETEl, KOOPAWHATEI KOTO-
PO OH HAWEN € NOMOLLBKD TEOPETUHECKKMX pacHEToR. B 3Ty Xe o6cepsatopui
c nogobyoi npoceGoit o6paTvncs u Nesepoe.

Ho no kakoi-To npu4mHe NOMCK NnaHeTbl Bbinl OTNOXKEH Ha HEONPeaenéH-
HEIl CPOK.

Torpa Nlesepbe nocnan NUMceMo G YKA3aHWEM TOYHBIX KOOPAWHAT NAaHeTsl,
KOTOpas, No ero MHEHNo, AonkHa Obina HaxoauTheA 3a YpaHom, Monogomy
coTpyaHuky Bepnunckoii obcepeatopun Moranny Fanne.

23 centabpa 1846 r. Fanne, nony4ue ato nUcemMo, Be3 npoMeaneHKa npu-
CTYNWA K HAO/IOOEHWAM W B TY XE HOYb 0GHapYXWN HAYYHO NPeacKasaHHyio
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nNaseTy, KOORLWHAETEI KOTOPOR BCero Nvile Ha Nonrpagyca oTivYanics oT
YEa3aHHEIX B NWCEME,

Mate gHen cnycTs Jlesepee nonywun ot gupexTopa bepnunckoi obcepea-
TOPWKW NO3APaBUTENLHOE MWCLMO, B KOTOPOM, B YacTHOCTW, MOBOPWNOCH:
«Bawe uMa OTHBIHE BYOeT CBA3AHO C HAWBONEe BbIAANMMEA U3 MBICTMMBIX
OoKa3arebCTe crnpaBseNnMBOCTA 3aK0OHA BCEMWPHOMO TATOTEHWH:,

Mo npeanoxedwio Nesepse NnaHeTy Ha3sann HenTyH,

W Tonkko HECKONLKO NET CNYCTA B HAYYHOM MKUpe Buina Nnpu3HaHa 1 3acnyra
xoHa Anamca B 0TEphITHUY HenTyHa.

C NoMoLLEI0 PACYETOR, OCHOBAHHKIX, B YACTHOCTW, HA NPUMEHEHMIA 33K0HAa
BCEMWPHOID TATOTEHWA, W UENeHanpaeneHHsIX acTDOHOMUWHECKHMX Habnone-
HWiA 18 pespana 1930 r. 6uina oTkpoiTa ewé ogHa nnaHetTa ConHeYHol cucTe-
Mkl — MNYTOH, KOTOPaR HAXOAWTCA NOYTKM B TPK paza aansuie ot Condua, 4em
HenTyH.

XKenan NoaMepKHYTh, YTO OTKPBITHME 3THX NAAHET CAENaHD TEOPETHUHECKAM
NyTEM, T. 8. UCKNIOYHTENBHC C NOMOLUBIO PACHETOR, OCHOBAHHLIX HA 33KOHAX
©WINKK, FOBOPAT, 4TO NnaHeTsl HenTyH 1 MNMnyToH Geink OTKPbITE «Ha KOHYWKE
nepas,

B HacToswee spema MNMAyToH NPUHKCHEH K Kap/WMKOBLIM NAaHeTam, Tak Kak,
umen maccy B 500 pas MeHblEe 3eMHOR U QUaMeTp, COCTABNAIOLLA 2;’3 nyH-
HOrO, OH HE COOTBETCTRYET ONPefensHnio NOHATHA «NnaHeTas, kotopoe Grino
nado g asrycre 2006 r. MexnyHapoaHeiM aCTPOHOMWYECKNM CO30M.

§ 17 NPAMO/IMHEHHOE U KPMBO/TMHEWHOE JBUKEHWUE

JlelicTBne HA Teao CAABl B OJHEX CAYYAAX MO-
FEeT NpHBeCTH K H3IMeéHeHHK) TOJIRHEO Mﬂ&yﬂﬂ.
8eimopa CKOPOCTH 3TOrO TEJd, 4 B JAPYIHX —
K H3MeHeHHI0 HanpasaeHua ckopocet. [Tokamem
9TO HAa NpHMEpax.

Ha pucynke 34, a mzobpaskéd miapmk, Jexxa-
muit 5a crone B Touke A. [[lapuk npuesazan ¥ on-
HOMY B2 KOHLOB PE3HMHOBOrQ MHYpAa. BTopoi Ko-
Hell MIHypa DPpUKpeniIén K croay B Touke 0. Ecau
INAPUK [epeMecTHTh B Touky B, To mHyp pacrsa-
mercd, IIpn 9ToM B HEM BOSHHKHET CHJIA YIIPYIOC-

TH F, nelcTBYyWILAA HA IIAPHK H CTPEMAIIAHCH
BEePHYTE €r0 B NIepBOHAYAILHOE noJoykeHune. Ecnn
Teneph OTOYCTHTEL MIAPHEK, TO TOL AeicTBHEM CH-
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Puc. 34. Egnu CROPOCTE
Teaa ¥ JefeTBY IOman
HA HErO CHIA HATIDAR-
JeHE! BAOAL oAR0H
II]}HMUE. TO Teao 18R~
HercH I'I]IIHMU'JIHH'EE‘
HO, A E0JH OHE
HANpARAEHK! BAOME
nepeceKaKIINRECH
OpPAMBIX, TEJIO IBH-
ETCA HPHBOIHHENHD
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abl F oH GyAeT yCKODeHHO ABHIAThCA K TOYKe A.
B paEHOM ciaydyae ckopocmb wapuxa 6 Janbou
mouke mpaexmopuu (Hanpumep, B Touke C) cona-
npasiedda ¢ CuJoll ynpyzocmiu u YCcKOpeHueM,
BO3HMKIIMM B Pe3yJbTaTe AeHCTBHA 3TOH CHJIHL.
IIpm aTOM MEHAETCH TOJBKO MOJYIIE BEKTOPA CKO-
POCTH LIAPHMKA, & HANPABNEHUE BEKMOPA CKOPOC-
mu ocmaémea HeudMeHHbIM, U wapux deuxem-
CA NPAMONUHEILHO.

Teneps paccMOTPHM IPUMEP, B KOTOPOM HOX
HefiCTBMEM CHJbI YIDPYIOCTH INAPDMK JIBHIKETCH
KpUBOJUHELHO (T. €. TDEEKTOPHA ero IBHMKEHHA
npeacrasager coboil kpusyio quanW). Ha pucys-
ke 34, 4 uzobHpamkeH TOT JKe INAPHK HA Pe3MHOBOM
muype, nexamuii 8 Toure A. TorkHEM mMAapPHK K
Touke B, T. e. npudadum emy HAUAIABHYW CKO-
pocmb, HANPABACHHYIO NEPREeHIUKYNAPHO Ompes-
iy OA. Ecan 65l Ha INapuK He JeiCTBOBANM HUKA-
KHe CHJIkl, TO OH coxpaHAs 0nl BeJIMUMHY H Ha-
NpPABJIeHNE MOJYYEHHOH CKOpoCcTH (BCIOMHHTE
Aejerne nEepuun). Ho, gBurasce K Touke B, ma-
pPHEK yaanserca or ToukH O H YyTh-4yTh pacTAru-
paerT mEyp. [loaroMy B MIHYDE BOZBHUKAET CHIA

yrnpyroets F, cTpeMAIIAACH COKPATHTL €ro o0
NepBOHAYAIBHON ANWHLI ¥ OJHOBPEMEHHO HpH-
6amanTe mapuk K Touxe O. B peayasTare geifer-
BMA 3TOH CHIkLI HATIPABJEHHE CKOPOCTH IIADHKA B



Puec. 35. TpaexTopus
ABCDEF moser
GBITH NPEOCTABIEHA

B BHIE COBOKYIIHOCTH
IYT OKpYHOCTEH
PAIHEBIK DATHYCOB

KAMIBIN MOMEHT ero IBHMeHUA HeMHOI0 MeHsAeT-
CH, NO3TOMY OH /[BHMKETCH N0 KPUBOAUHEUHOL
mpaexmopuu AC. B awbolt mouke mpaexmopuu
(ganpumep, B Touxe C) ckopocmbs wapuka U u cu-

ara F HanpasreHsvt 60016 NePeceKanuiuxca npa-
MblX. CHOPOCTE — IIO KACATEIBRHOI K TpaeKTOPpHH,
a cuna — K rouke O.

P&CGMDTPEHEHE opEMephl NOKa3BIBAKIT, HYTO
ﬂEﬁGTBHE Ha TeJo CHJIbBI MOMeT IIPDHBECTH K paa-
HBIM PESYJNLRTATAM B SABHCHMOCTH OT Halmpapje-
HHUA BEKTOPOB CKOPOCTH M CHJIBL.

Ecau cwopocmv meaa u deticmeyrowai Ha Hezo
CUAA HANPAEACHbL 800b 00O NpaAMOLL, MO me-
A0 JBUMNEMEA NPAMOLUHENHO, 4 eCllU OHU HA-
npasaeHbi 8004b NEPECEHANMNULUXCA NPAMBLX, MO
meno 6eusw:emc.z Hpusaﬂuneﬁuu.

Bepro u oDpaTHOE YTREPMKICHHE: ECJH TEI0
ABMIKETCH KPHBOAKHHeHHO, TO 9TO 3HAYHT, YTO Ha
HErO JeHCTBYeT KAKAA-TO CH/&, MEHAWIIAH HE-
TpaBiIeHHe CKOPOCTH, IPHYEM B KaiJoH Touke
CHJIa M CKOPOCTh HAPABJEHBI BLOJb [ePECeKalo-
HMNXCHA IPDAMBIX.

Cymecreyer GecumcleHHOE MHOMKECTBO pas-
JHYHBIX KPUBOIWHEHHBIX TpaexkTopuit. Ho wacro
KpHMBEIe JHHNHN, Hanpumep JauHuA ABCDEF
(puc. 35), moryT GBITE HpeACTABICEE] B BHAE COBO-
KYIHOCTH AYT OKPYAKHOCTEH PASHLIX PALHVCOB.

IToaroMy BO MHOTHX CIVYAAX HBYUCHHE KDHBO-
JHHEeHHOTO ABHMEeHHHA TeJa CBOIHTCH K Hay4e-
HHIO €r0 IBHKEHHA TT0 OKPVIKHOCTH,

1. Pacemorpure pucyaok 34, 0 o 0TBeTETE HE BODPOCHI: NOJ AeHCTBHEM
Karoil cHJBI MApUK OpHoGPETAET CKOPOCTH: M JABMIKETCH 0T ToukH B K
roure A7 B peaynsraTe yero ara cuna sosEnkaa? Kak HAMDABIEHE! VeKO-
peHHE, CHOPOCTEL mmapHka ¥ neiferayioman Ha gero cuna? ITo xawnoit Tpa-
€KTOPHR ABHAeTcH wapux? 2. Pacemorpure pucyraok 34, 0 n 0TBETHTE HA
BOMPOCKI: TIOHEMY B IIHVPe BOSHHKIA CHIA VODYTOCTE U KAK OHA HATIDABR-
JeHa 10 OTHOIEHWo K camoMy mEypy? Yo MosHO cKasaTs 0 Hanpasae-
HUH CKOPOCTH INAPHEKA M Jeil¢TEYOIeH Ha Hero CHJILI VIPYTooTH WIHYpa?
Kax aBMkeTcs mapuk — npaMoInHefiHo uam kpupoauseitno? 3. IIpm
KAKOM VCJAOBHE Teao Iod JedicTBHeM CHALI ABHKETCA NpAMoJnHeHHO,
f IpM KAKOM — KpHBONREeHOT?
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1. mapm{ KATHIOCH 0D mpnaumamoﬁ NOBEPXHOCTH CTOXA
or Touki A K rouke B (puc. 36). B vouxe B va mapuk

NOZeRCTRORANHE CHIOH F.B PeayIRTATE OH CTAI OBH-
rateca K rouke C, B kaxom Uz HanparieHuil, obozHaueH-

Huix cTpenkany [, 2, 3 u 4, morna gedcreosaTs cuaa F7

2. Ha prcyvake 37 naobpakeHA TPAEHTOPMA IBHMHEHWA III&-
puxa. Ha mell orMeueHbl HOI0HEHILA IIADHKA Y€ PE3 KaM-
AVIO CEKYHAY IOCIe Hadana gerxeann. deficrsosana nn
HA Imapuk cuaa Ha yuactre 0—3; 4—B; 7—8; 10—12;
13—156; 16—197 Ecan cuna AeACTHOBANA, TO HAK OHA

DeLIA HATIpaBJeHa MO OTHOIIEHANK K BEKTODY CRODOC'I"'H? Hoqeu}" Ha yua-

erie 7T—Y mapuK DOBePHYI HANEBO, a Ha yyactie 10—12 — sanpaso mo

OTHOMIEHWIO ¥ HAMPABICHAD IpMenun nepef nosoporom? Conpornsne-

HHe IBHIKEeHWIO He VUHTHRBaiiTe,

12 13 14 15 16 171819

=}
ey o

Puc. 38

3*. Ha pucyuie 38 nuuueit ABCDE waobpaxeHa TpASKTOPHS IBHMEHHA He-
KOToporo Tesa. Ha Kkakmx ywacTHax Ha Teqo HaBepHAKA JefCTBOBANA CH-
aa? Morna a9 52a Teno LefcTEOBATh KAKAA-HHBYIE CHIIA DY €10 [BHHEe-

HHHA Ha ADVIHX VYACTEAX aToH TpaexTopru’ Bee orsers: obocHyiiTe,

[Ff]  mewxenme 1ena no okpymHocn
C NOCTOAHHOW MO MOAY/NIO CKOPOCTBIO

B ToM, 1T0 MIrHOBEHHAS CKOPOCTS TeJia B 00l
TOUYKE KPHBOJHHEHHOH TPAGKTOPHHM HAIDABJIEHA
Mo KacaTelbHol B aTOH ToTHe, MOA#HO VieITUThCA
Ha OIIBITE.

Ecim Kk OnicTpo BpamamomeMycs TOUNABHOMY
KAMHIO DJICKTPOTOYMNA MPHIOMKHUTE METANNUYE-
CKMIl TpyT, TO M3-TMOA HEero OyAYT BHIDLIBATHCH
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uckpel (puc. 39). 910 packanéHHble YACTHIIHI
KaMH#, OTphIBaAOLHecH IpX TpeHuH o npyr. Oru
JeTAT ¢ TOH CROpPOCTHIO, KOTopoi obirazanyu B Mo-
MeHT OTPBIBA.

Mz pucyHKa BHAHO, YTO HANDABJIEHHE ABHIE-
HHMA YACTHI], 4 3HAYHUT, H BEKTOP KX CKOPOCTH COB-
NajaeT ¢ KACAaTelbHOI K OKPVHOCTH, N0 KOTO-
poi OHHU IBHUIAJIHCE.

HamoMHHM, YT0 BEKTOPHBIE BEJIHYHHbl XapakK-
I TEPHUAYIOTCH MoJyJjaeM B Hanpasiesuem. [Ipna na-
| MeHeHHH XoTa Obl OJHOH M3 9THX ABYX XapaxTe-

PHCTHK BEKTOD MEHAETCH.
Puc. 39. YacTsiu spa- IIpy ABMMKEHWH TeJa IO OKPYKHOCTH ModYJb
IWAIOMEros TOUMILHO"  gepmopa cropocmy MOMeT MEHAThCH WAH OcTa-
o KAMHH, OTPLIBARCEH
OT HEro Ipi TPEHHH O BATHCSH MOCTOAHHBIM, HO HANPABAEHUE B8eKMopad
METANNHYECKNit IDYT,  cKOpPOCMU ODA3ATENBHO MeHHETCH, T.Ee. BeKTOp
AeTAT 00 KAcATeALHON o ona0my pesa, ABMAKYINETOCA 10 OKDYKHOCTH,
K OKPYVHRHOCTH B TOUKEe
OTpLIBA ABJIAETCH BeIHYMHON IepeMeHHOH (He3aBHMCHMO
OT TOTO, MEHAETCH CKOPOCTE 110 MOJYIII0 HIIK HET).
3uaunTr, JsuMeHlUe NO OKPYMHOcmU 6cezda
npoucxodum ¢ YCKOPeHUeM.
B kypce pusnrn 10 Kjaacca OPUBOIUTCA CTPO-
roe AOKasaTelbLCTBO TOr0, YTO0 YCKOpPeHHe, ¢ KOTO-
PBIM TEJ0 ABHIKETCH MO OKPYHHOCTH € MOCTOAH-
HOII O MOZYJIIO CKOPOCTHIO, B M0boil Touke Ha-
NPABJIEHO 10 Paguycy OKPVIKHOCTH K eé IeHTDY.
IloaroMy OHO HAJLIBAETCS UYeHMpocmpemu-
menvHbLM.
a. == Mogyab BeKTOpA HEeHTPOCTPEMUTEIBHOTO YCKO-
peHus a, . Tena, ABHIKYIIEroCA C TOCTOSHHOMN
0 MOAYJI0 CKOPOCTEIO U 110 OKPYMKHOCTH pangmdy-
COM 7, OIpegeaseTcd oo opMyae:

2
a =2
n.c r

ITony4yuTe DpejacTaBieHHe O HaOpaBIeHHH
MEeHTPOCTPEMHTEIBHOTO YCKOPDEHHA MOMCHO MO
pucyary 40. Ha s5ém uaobpaseso Teno (MaTepu-
AMTBRHASA TOYKA), ABMMKYIIEecs N0 OKPYRHOCTH

73



panuycoM r. 3a OMEHB MAJIEI NPOMEHYTOK Bpe-
MEeHH { 3TO TeJIO NePeXO/IHT U3 TOUYKH A B Toury B,
KOTOpAadA PACHONOMKEHAa OYeHE OJH3KO K TO4uKe A.
N | ITpu cTpemaeHHN K HYJII0 NIPOMEKYTHA BpeMeHH ¢

! Touka B cTpeMUTCA K Touke A, yron o — K HYJIIO,
I ayron DBC — k 90°, 1. e. npu ¢t —» 0 BeRTOp yCcKO-

' PEeHUfA, KOTOPBIA COBMNALAET MO HATPABICHUIO
6 ¢ BeKTOpOM U — 1, HAIPABJeH BJAOJbL pajHyca
K IEeHTPY OKPYKHOCTH.

b}

" IlyeTe Bee y4aCTKH TPAEKTOPHH TeJa, JBHIKY-
%ﬁ;ﬁiﬁﬁgﬁﬁ‘f‘ IeTOCA € MOCTOAHHON MO MOAVIIO CKOPOCTHIO,
VCKODEHMA Tena NpeJcTaBAAT coboil JyrH OKpysxHOCTEH (cM.
g:ﬂﬂﬁsgiﬂuﬂﬂz pm:: 35). Torga vckopeHHe Tena B d1000H Touke
Ol HEHOCTH 910 TpaexkTopuu OGyaer HAUPABIEHO K IEHTDY

COOTBETCTEYIOMIEH OKPYMHOCTH M MOMKET OBITh
onpejesieHO No (opMyJie I pacdéTa IeHTpPO-
CTPEMHTENBHOTO YCKODEHHA.

ITo Bropomy sakony HeioToHA yCKOpEHHe Beer-
Ja COHATIpAaBJeHO ¢ CHIA0H, B PE3VALTaTe AeleTBuA
KOTOPOH OHO BO3ZHHKA&ET. JTO CHPABEJINBO H AJsd
LEeHTPOCTPEMHTEIBHOTO YCKOPEHHAA.

3uaunr, w cura, nod deiicmaeuem Komopoii
meno deuicemcsa no OKPYMHOCMU € NOCMOIH-
HOL RO MOOYJIN CKOPOCMBI, 8 KaMAol mouke
Hanpasnaena no paduycy OxkpyrcHoOCmU K eé
yenmpy.

Moayns BexTOpa aTOH CHABI MOMHO Onpene-
JHTE 10 (popMy.Jie:

7o B0
r
J""'.,:p
'70 Tena MOryT JBHUrATBCA [0 OKPYMEHOCTH [OA
i  fJelicTBMeM cma pasHoit npmpoasl. Hampumep,

WAD JIEKOATJETHYECKOT) MOJIOTA ABHIKETCH II0
OKPYKHOCTH NOJ AelcTBHeM CHJLL YIPYIOCTH
Pue. 41, Tauscenie Tpoca (pue. 41); nnaseTsl o0pammalOTCA BOKPYT
et el i Comrna, a cOyTHAKHA — BOKDYT ILIAHET IOX Heii-

ol AeficTEHEM CHJR
YIPYIoeTH CTBHEM CHJbBl BCEMHPHOI'O THAI'OTEHHH, a&BTOMO-
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fuab coBepLIAeT IOBOPOT 3a CHET CHJLI TPEHUS
KOJIEC O JOpOry; ABHXKEHHE 3JeKTPOHOB BOKPYT
Axnpa B aroMe 06yCA0OBIEHO NEHCTBHEM CHII DJIEKT-
PHYECKOI'0 IPUTAEHNH.

Ilog meficTEHMeM 2THX CHJI BOSHHHKAET VCHOpe-
HHe, MeHdIIee HalpaBJeHHe CKOPOCTH Teja,
6aarogapAa 4eMy OHO ABHUMKETCS 10 OKPYRHOCTH
HIIHM e nyre.

RO 1, OnnrmiTe ONBIT, ¢ MOMOLILI0 KOTOPOro MofiHO yORIHTRCA B TOM, 4TO

MTHOBEHHAR CHOPOCTD TeJa, PABHOMEPHEC OB VILErocd o OKPYMHOCTH,
B 1060 TouKe 3TOM OKPYXHOCTH HANDABISHA TI0 KACATENLHOR K Heil.
2. Kax manpaBieHo YCKOPeHHE T8 IPH erc IBHMEeHHH 110 OXPYHHOCTH ¢
IOCTOAHHON Mo MOoIviw ckopocTeio?! Kaxk HaseIBAeTCH aTO veroperme?
3. Io waxoi HopMYIe MOMHO BRITHATATE MOTYIE BEKTORA HeHTROCTRE-
mMuTensHoro yekopeana? 4. Kax uanpasnesa cnia, nog QeHcTEHeEM
KOTOPOIl Teno ABHIKETCA [0 OKDPYKHOCTH € HOCTOAHHON 10 MOAYII0
CKOPOCTRIOT

S YNPAXHEHHE 18

1.

4x,

Tpu paboTe CTHPANBEHOH MAMIMHEL B DEXKUME CYLIKH NOBEPXHOCTE 6 Da-
pabaHa, HAXOIALIAACH HA PACCTOAHMME 21 €M OT OCH BDAINEHHA, JBHIKET-
ca BORpYT aToil ocm co ckopocTeio 20 M/e. Onpeagenmnre yekopesue,
¢ KOTOPHIM ABHMYTCHA TOUKH NoBepxHocTH Gapabana.

OnpejennTe VCKOPEHAE KOHIA CeKYEIHON CTPEIKHA YaC0B, eClH OH HAXO-
aures Ha paceroasun B = 2 cwm ot uentpa spamesnd. ([lna=a | oxpys-
HocTH pagayeom R onpegenserca no gopmyae: | = 6,28H.)

Joxasure, 4ro yexopenue IBIKeHNS KpaiHeil TOURN cTPEIKH YACOB B
JiBa pasa GoJLIne yeropeHus cpegHed ToukH aToil cTpearu (T. €. TOUKH,
paxoiAmeiics HocepeUHEe MeXNLLY HeHTPOM BDAIEHWA CTPETKN ¥ 88 KOH-
1monm).

MuBYTHAR H CEKVHAHAH CTPEIEM YACOB APAMIAIOTCH BOKPYTD ofmiero
ueHTpa, PAcCTOAHHA OT LEeHTPA BPAIIEHHSA [0 KOHIOB CTPEIOK OIH-
HAKOBE. UeMy DABHO OTHOINGHHE YCKODEHHH, ¢ KOTODBIMH ABHIKYT-
ca koHnsl crpeaok? Karxas crpeaxa asuskercs ¢ DOasmmM yexope-
aueM?

Macca Bemuu pagea 6 - 1024 kr, a macca JIyast — 7+ 1022 gr. Cunras, wro
Jlyea pRuserTcH BOKPYT 3eMJIN 0 OKPYIRHOCTH paguycom 334 000 xm,
OnNpenenuTe: A) CHAY TpHTAMeHHA Mexgy 3emnaéd w Jlymoi: 6) uenrpo-
CTPEMHTEIBHOE YeKODeHne, ¢ KoTopeiM JIVEa IBHAKeTCH BORPYT SeMim;
B) MOZYTh CKOPOCTH ABHReREA JIVHE OTHOCHTEIBHO 3eMITH,
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sl

FEE]  vekveeTBEHHbIE CyTHUKH 3EMAM

Puc, 42, Konus
puecyaka Heworora
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ObparuMcsa emé pas k pucyary 34, 6. Ecam
APHK TOMKHYTH, & 3aT€M NPEeLOCTABUTL CAMOMY
cefe, TO OH ONHIIET HEKOTODYK AYI'Y H OCTAHO-
BuTcA. [IpHunHON OCTAHOBKM NIADHUKA ABISETCA
AeHCTBHE Ha HEr'o CHJILI TPEHUA M CHJIEI COTIPOTHE-
JEHHA BO3AyXa, NPENATCTEYKIIHMX [ABHKeHHIO
H YMEHBIIAKIIHX €ro CKOPOCTh.

Ecni yMeHBIMUTE efCTEHE TOPMOSSIINX CHJI,
TO HIAPHE MOMeT OMHCATE BOKPYT ToukH O oany
HIIH HECKOJLKO OKPYXHOCTEH, Tpes e 4eM 0CTa-
HOBHTCA (IIPX 5TOM KPeIJIeHHe IOHYPA B TO4YKe O
AOMKHO OLITh TAKHMM, YTODLI OHO HE NPENATCTBO-
BAJIO ABHKEHHIO [IAPHKA).

Ecin 651 HaM yaa10Chk YCTPAHUTE BCE CHITLL CO-
NPOTHBJIEHNA IBUMEHHWIO, TO IMAPHEK DeCKOHEeTHO
ABHMranacsA Okl BOKPYT TOUKH O MO 3aMKHYTOM KpH-
BOif, Hanpumep mo oxpy:kHOoCcTH. IIpH sTOM Ha-
npaBieHre CKOPOCTH INAPHKA HeNpepbIBHO Me-
HANOCH OBl MOJ AeHCTBHEM CHJIbI, HANPABJIEHHOMN
K IeHTPY OKPYHHOCTH.

IIpumepom MoAOGHOTO IBHMKEHHA CIVKHT 06-
pammenne maaHer BoKpyr CoaHIIa W COYTHHUKOB
BOKPYT ILIAHET,

Pacemorpum Gonee feTasnEO BONPOC 0 3aTIVCKe
U JBHMEEHNH HCKVCCTBeHHBIX COVTHHKOE 3eMJH
(corpamterno MC3).

Yr1obbl NOHATE, NPH KAKHX VCIOBHAX TEJO
MOMET CTATL HCKYCCTBEHHBIM CIYTHHKOM 3eM-
au, paccmorpum pucyHoK 42. OH npepcrasiser
co00il KOIMIO pUCYHKA, caejaHHoro HsoToHOM.
Ha arom pucyHke uaobpaxkéH zeMHoil map, a Ha
HEM [0KajaHa BBICOKAA ropa, ¢ BEDIIHHBI KOTO-
poii OpocalT KAMHH, ITPHIABAA UM PasiHYHEIe 10
MOAYJIH0 TOPH3OHTAJILHO HANPABAEHHBIE CKO-
pocTH.

B moanuen k pucyHKY rosopurca: «Bpomen-
HBIH KAMEHb OTKJOHHTCA MO AeHCTBHEM CHIBI



3emNA, OKDYHEHHSA
WC3 v TaK Ha3olBaembimM
HOCMWHECH UM MYCODOM

Puc. 43, O6pamenns

Jlyam soxpyT Beman
ABJIASTCH IPHMEDOM
CROGOMHEOTO AT A

TAMKECTH 0T NPAMOJHHEIHOIO HYTH H, ONHCARB
KPHBYIO TPAeKTOPHIO, YIAJET, HAKOHeI, HA 3eM-
a10. Ecnu ero 6pocurs ¢ BonbIoil cKOPOCTHIO, TO
oH voajer aaismes. [Ipomgonman aTe paceyskie-
HuA, Hel0TOH IpHXOAMT K BHIBOJY, YTO IPH OT-
CYTCTEHHN COOPOTHBEJICHHA BO3OVXA H IPH nocTa-
TouHO HONBINOI CKOPOCTH TEJ0 BOODINEe MOKeT He
ynacTes Ha demuio, a BygeT ONHCBIBATE KPYroBhIe
TpaeKTOPHH, OCTABAACE HA OHON W TOM e BRICO-
Te Hag 3emuaer, Taxoe Teno CTAHOBRHTCA HCKYCCT-
BEHHBIM COYTHHKOM 3€MJIH.

IBmEeEHe CIYTHHKA SBJIA€TCH HIPUMEPOM CBO-
ﬁGi‘lHOT‘O nmageHudA, TAK KAK NPOHCXOOHUT TOOBRKO
nos AedcreHeM cuabl TaxKecTH. Ho ecnyTHEK He
nagaeT Ha Jemuw Onarogaps ToMy, 4To ofnanaer
A0CTATOYHO DOJBIIOH CKOPOCTHLIO, HANIPABJACHHOMH
M0 KACATEIBHON K OKPYHHOCTH, N0 KOTOPOH OH
AepmiKeTcs. Tak, ecTECTBEHHEIN COVTHHE SeMIH
Jlyaa (pmc. 43) obpautaerca BOKDYr IJIAHETH
OHOJIO YETRIPEX MUJIJIHADPAOB JIET,

BHATHUT, AJA TOTO 4T0DLI HEKOTOPOE TEJN0 CTAJO
HCKVCCTBEHHEIM COVTHUKOM 3eMIH, ero HYMHO
BBIBECTH 34 Ipeaeikl 3eMHOH armocdeps m npm-
JaTk eMy ONpeAeNeHHYK CKOpPOCTh, HalpabJeH-
HYIO 110 KACATEALHON K OKPYKHOCTH, 110 KOTOPOHl
oH OyvaeT ABHIATRCH.

\Hanpasnenue
| Bpamesns
] JIvEE
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Hamvenpmasn BLEICOTA HAA IOBEPXHOCThIO 3eM-
IH, HA KOTOPOH CONDPOTHBJIEHHE BO3AyXa Ipak-
THYECKHM OTCYTCTBYET, COCTABAAET MPHMEPHO
300 km. ITosTomy ODBIYHO COYTHUKH 3aTYyCKAIOT
Ha BelcoTe 300—400 KM oT 3eMHOIT MOBEDXHOCTH,

Brisegem dc¢opmyny ans pacdéTa CKOPOCTH,
KOTOPYIO HAA0 COODUIMTE Texy, 4To0kel OHO CTAN0
HCKYCCTBEHHEIM COYVTHHKOM 3eM/IH, IBHragch
BOKDYT HEE 110 OKPYHHOCTH.

IIBH)eHHE COYTHHKA IIDOMCXOIHT NoJ Heicr-
BHEM OJHOI TONLKO CHJLI THIKECTH. JTA CHIA CO-
obmaer eMy ycKopeHne cBoDOJHOTO NMANEHWS £,
KOTOpPOEe B JAHHOM CJIy4ae BEINOJHAET POJIb IeHT-
POCTPEMHTENBHOID YCKODEHH A,

Bel yie aHaere, WTO IE@HTPOCTPEMHATEIbHOE
yCKOpeHue onpejensieTcs mno gopmyae: a, = "?E .

SHaAYHT, JJAH COVTHHKA

2
[ 5]
= vi=gr,

v=./gr.

ITo aroii hopmye onpegenaeTca CKOPOCTh, KO-
TOPYI0 Haao coobmnTs Texay, 4Tobsl oo obpamra-
JIOCh II0 OKPYHOCTH BOKDPYI 3eMJIH HA PACCTOM-
HUH ' OT €8 IeHTDA.

9Ta CKOPOCTE HA3LIBARTCA NepPeotl KocMuye-
cxou cxopocmbro (Kpyzosoll).

Ecan BricoTa i COVTHHKA HAA MOBEPXHOCTHIO
3eMIM MaJIa [0 CPABHEHMIO ¢ BeMHEIM PAJHYCOM,
TO €10 MOMKHO npeHe0peds M CYMTATE, 4TO I = Ry,

O6osrayumM yCcKopeHHe cBODOAHOTO NAJAEHUH
BOJIM3HK NOBEPXHOCTH 3eMIH &;.

Torma dopMyaa 1A pacuéra nepeoil KocMHue-
CKOil CKOPOCTH COYyTHHKA, ABHIKYIIerocda BOAHGH
NOBepXHOCTH e, OVIeT BRITIAAeTh TAK:

= ,JguRa ;



[~ My
DR Gﬂs-i-h

Paccunraem 3Ty CKOpPOCTE, OPHHHMA&A paiu-
ye Bemnm pasanim 6400 xm (unm 6,4 - 106 M),
agy,=9,8m/c

v=.9,8m/c2+6,4-102 M =7,9 - 10%m/c =
= 7,9 gm/c.

Ecnn se BeicoTot h cnyTHMKA HAJ SeMaéit npe-
He0peus HeNb3H, TO PACCTOSAHHE I' OT HEeHTPa 3eM-
JIM 10 COYTHMKA W YCKOpeHHWe cBOGOAHOrO naje-
HUA g HA BRICOTE i ONPeJenAKTCA N0 CAeAVIOMHM

dhopmynam:

M

r=Ri+h,gxG—2—.
3T = Ry r hy?

B atom cayuae gopmysia LJf pacdéTa HepBOK
KOoCMWYecKo! CKOPOCTH NpUMeT BHIL:

- o Ma_
U= JG(RB . h)EI:Ra + h] 3

e Ms
= 3
= GRB+h

ITo aroil GopMyae MOMHO PACCEUTATE NEPBYIO
KOCMHMYECKYIO0 CKOPOCTE COYTHHEA 1000 niaHe-
ThI, 8CJIM BMECTO MACCHI ¥ PAAHYCHE 3eMJIH mojgeTa-
BATH COOTBETCTEEHHO Maccy W pPaAHUyC OAaHHOR
MLJIaHEeTHL.

H3 dopmyasl caegyer, 4To 9eM DOJEIIe BHICO-
Ta h, HA KOTOpPON 3anycKaeTcid CHOYTHHK, TeM
MEHBIIYIO CKOPOCTh U EMY HYXKHO cooDmuTe aan
ero NBMMKEHUA 110 KPYroeoi opbmre (TaK Kak h
CTOWT B 3HaMeHaTe e npobn). Hanpumep, Ha BhI-
core 300 KM HaJ MOBEPXHOCTBI0 3eMJN NepBad
KOCMHYECKAA CKOPOCTE NMpHOIMANTENRHO paBHA
7.8 KM/c, a Ha BuicoTe 500 KM — 7,6 KM/cC,

HIHN
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MepBbii MCKYGETBEHHLIRA
CNYTHUK SeMim

KocMU4ECHUMI KOpPaGNE
e T

Ecan cKOPOCTE Tesa, 3allyCKaeMOoro Ha BhICOTe
h man 3emnéil, npeBBIIAET COOTBETCTBYIOUIVIO
aToji BRICOTE NEPBYIO KOCMHYECKYI0, TO €ro opou-
Ta mOpeacraeaser coboit ayummnc (cMm. puc. 42,
BHEIIHIOW TPAeKTOPHK), Yem Hosblie CKOPOCTE,
TeM Donee BBEITAHYTOH DyAeT alIHNTHYECKAS Op-
bura. I1pu ckopoern, paseoit 11,2 KM/c, KoTopas
HASLIBAGTCHA 6MOPOU KOCHULECKOU CROPOCIbIO,
TeNo NpPeoNoIeRaeT NPUTAMEHNE K 3eMJie U yX0-
AUT B KOCMHYECKOe ITPOCTPAHCTEO.

Jlna sanycKa COYTENKOB NMPAMEHAIOT PAKETHI.
Jruraresnn pakeThl AOJKHEI cOBepiuTh pabory
NPOTHE CHJ THMECTH M CHJ CONPOTHBACHHA BO3-
Jayxa, a Takxe coobmHUTE COYTHHKY COOTBETCT-
BYIOUIYH CKODOCTh.

4 orrabpa 1957 r. B Corercrom Coxoze 6r1a a-
NYIIEH NePBLIH B HCTOPHHY YeNI0BeTECTEA HCKYCCT-
BeHHBIA cOyTHHK demian. CnyTHMK B BHJe mapa
auamerpom 58 cm m maccoit 83,6 kr m paxera-
HOCHTENE JONTOE BPEMSA ABHUTANMCE HAN SeMIéi
H& BBICOTE B HECKOJIBKO COTEH KHIOMETDOB,

12 anpena 1961 r. nepsbiit B MUpe METIUK-KOC-
MOHEBT, Hall cooTedecTBeHHUK FOpuildl Anexce-
esuyx l'azapun coBeplINJ IIOTET B KOCMOC Ha
KocMmuueckom Kopabae «Boctoke.

B nacrosmee BpeMs COTHH CIYTHHKOB 3AMYC-
KAITCH KamIbIl rog B HAYUHO-MCCIEAOBATEL-
CKHX H [PaKTHYECKHX LEeJAX: [AJA OCyIIecTBJe-
HHA TeJie- H PAAHUOCBA3H, HCC/IeJoBaHMA aTMoche-
PEl, HPOTHOSHPOBAHHWA NOTOAEI H T, 1.

1. llpueeauTe npumeps (13 0fIacTH aCTPOHOMEHN), AOKA3LIBAKITIHE, YTO
IPH OTCYTCTENH CII CONPOTHENEHASA TEA0 MOMET HEOIDAHHYEHHO JOJT0
ABHTATECA M0 3AMKEYTON TPAEKTODHH TIOJA AeHCTBHEM CHALI, MeHTIONIeH
HATIPABJEHWE CHODOCTH IBMMEHHA sroro tena. 2, [lowemy cOyvTHHKH,
ofpalafck BOKPYT SEMIN [0 ASHCTRMEM CILILI TAFKECTH, He NaIAIT HA
Bemmo? 3, MoHO a1 cunTarh ofpallenie COyTHHKA BOKPYT 38MIH CBO-
OonmeiM nagenuem? 4, Yro HeobXoIuMO CAEAATH ¢ (IHAMUECKHM TEJNOM,
ITOOEl OHO CTAIO MCKYCCTBeHHBIM cHyTHHKOM 3eman? 5. Buseaure dop-
MyIy A4 packéra nepsoii KocMHUYecKolt CHOPOCTH CIYTHHRKA, IBHAYINE-
rocs no kpyrosoil opdure niauan nosepxuocta Seman. 6. Kax gaumercsa
COYTHHE, ofnafamwmmii nepsoli KOCMHYECKOH CKOPOCTHIY;, BTOPOH Koe-
MHYECKOH CHOPOCTHIO?
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7.
Rl yuransng 19
1. Onpejenire cHOPOCTH HCHYCCTBEHHOTD cOyTHHHA JeMAH, ecld 0B ABN-

JRETCH 00 Kpyroeoil opnre Ha eeicore 2600 kM HAR TOBEPXHOCTRIC JeM-
au. (M =6 - 108 kr; R;=6,4 - 109u,)

2. Ecam 66! Ba Epyroayo opinTy B0IHAN NoBepXHOoCTH JIVHEL OLIT BRIBEIEH
HCKYCCTBEHHEI CHYTHHIC, TO OH JIBATANCH OBl co cropocThio 1,67 kM /c.
Onpegennre paguye JIvasl, ecan H3BecTHO, YTO YecKOpeHHe cBobogHOrO
najeHna Ha ef noBepxEOCTH pasHo 1,6 M/c?,

FFI]  vmnynbc TENA. 3AKOH COXPAHEHHS HMNY/IBCA

3axoakl HeOTOHA TO3BONAIOT PEIIATE Pas3/iHy-
HEIE MPAKTHYECKH BarKHEIe IANATUH, KACAKIITHECH
B3AMMOJ[eHCTBNA W [BHXKeHHd Ten. Borkmoe une-
JIO TAKHX 3aZay CBA3AHO, HAIPHMED, ¢ HAaXOM-
AEHHeM YCHOpPpeHHA [IBHYIIErocda Teja, EeCIH
M3BECTHBI BCE AeHCTBYIOMIME HA 3TO TeJ0 CHJILL
A 3aTeM IO YCKOPEHNIO ONPefeaioT i JPVIue Be-
JHYHHE (MIHOBEHHYIO CKODOCTBL, TIepeMeIeHune
u p.).

Ho uacTo OGhIBAET OUEHB CIIOMHO ONPEIeINTh
Aedicrsyiomue Ha Teqo cuanl. [losromy ana peme-
HHSA MEOIMMX 3884 HCOOIL3YVIOT e1lé OQHY BayKHeH-
Y0 QUBHYECKYIO BEIIHUHHY — UMAYALC MEAa.

Hmnyascom Telia P HASLIBAETCH BEKTOPHAR (JHAMYECKAN BeIMYMHA, PABHAN
MPON3BENeHNI0 MACCHE TEJIA HA er0 CKOPOCTE,

- =
p=mb.
Humnoynee — BekTopHas senumumnHa. Hanpas-
j" =mt JeHHE BEeKTOpa HMNOYJILCA Teja BCerja COBIALAET

¢ HANIpABJIEHHEM BEKTOPA CKOPOCTH JABHMKEHHS.

3a emrErny uMmnyasca B CH npuEHMaRT HM-
OYJIEC TEJa Maccod 1 Kr, JBMMKYIOErocH co cKOpo-
cTei0 1 M/c., 3HaAYNT, eqUHEHIEH HMIOVILCA TEaa
B CH apasaerca 1 kr » m/c,
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Puec. 44, [lemoncTpa s
JAKOHA COXDAHEHN
HMITY . IBCE
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IIpu pacuéTax MOJB3YIOTCH YpaBHEHHMEM I
HpoeKI Uil BEKTOPOR:

P = mv,.

B 3aBMCHMOCTE OT HATPARIEHUSA BeKTODA CKO-
POCTH MO OTHOIMIEHHIO K BRIGpaHHO# ocu X npoek-
LUHA BEKTOPA HMIOVJILCA MOMET OBITE KAK IOJO-
FKHTEJBHON, TAK U OTPHILATEIbHOM.

Croso ¢«umnynncs (impulsus) B meperoze ¢ aa-
THHCKOrD O3HAYAST «TOMUOK». B HEKOTOPEIX KHHI-
rax BMECTO TEPMHHA «HUMIYJILC» MCIOIL3VETCH
TePMHH ¢KOJMYECTBO JBHKEeHHAS .,

Ora BeTuuKMHA OBINIA BBEIEHA B HAYKY IpPHEMep-
HO B TOT }Ke MepHoa speMeHwu, xorma HeoTomom
OBLIIH OTKPBITHEI 34KOHBI, HA3BaAHHEIE BHOCHE-
eTBUM ero uMereM (7. e. B Korne XVII B.).

IIpn B3auMoOmeICTBHH TEJ UX UMITYILCEl MOT'YT
naMeHATECA, B arom MoxxE0 yOGeauThcHs Ha Npoc-
TOM OMNBITE.

JBa mapuka oAMEAKOBOI MacChl DOABEIINBA-
10T HA HUTAHBIX TIETIAX K VKPEILIEHHOH HA KOJIb-
1le LITATHBA JepeBAHHO JnHelKe, KAK TOKA3aHO
Ha pucyHKe 44, a.

Illapuk 2 OTKJOHAIOT OT BEPTHKAJHN Ha yroJa o
(puc. 44, 6) m oroyckalor. Beprysmmuces B nmpex-
Hee MOoJOXKeHHe, OH yIApPAEeT mo mapury I #u
ocTaHasnuBaerca. IIpu aTom mapuy ! NpUXoOIAT




B ABM)KEHHME M OTKIOHAETCA HA TOT JKe YIroa o
(puc. 44, 8).

B gamHOM cAIvVYae OYEBHAHO, YTO B Pe3yJibTATE
B3AUMOJECTBHA IIAPOB HMIYJLC KaMKIOTO H3
HHX H3MEeHHJCA: HA CKOJBKO YMEHLIIHJICA HM-
OVJIBC mapa 2, Ha CTOJABKO e VBeIHUMJICH HM-
ovaec mapa 1.

Ecam aBa MM HECKOJBKO TEJ BRAUMOJEHCTEY-
0T TOABKO MesAy coboit (T. e. He NOABEPrarwTCH
BOSAEHCTBHH) BHELIHHX CHJI), TO 8TH Tesa o0paay-
0T 3AMKHYMYW0 cucmemy.

HMovabpe KasI0oro U3 TeJ, BXOAAMNX B 3aMK-
HYTVIO CHCTEMY, MOMET MEeHATHCH B DE3YJbLTATE
UX B3aWMOJIelcTEMA apyr ¢ gpyroM. Ho

BEKTOPHASN CYMMA HMIOYNLCOB TeJl, COCTABIAIOIIHY 3AMEHYTYH0 CHCTeMYy, He
MEeHASTCH C TEHEHHAM EPeMaHH MpH M0OBIX TBHKEHHAX H B3AHMoaeicTEHAX

ITHX TeJl.

Puc. 45, CucreMa

3 JBYX Ten — HIAPOB,
ABMIKYIIMXCH IpAMO-
JNEeHO HaBCTPEYY

APYT ApYTY

B sToMm B3armIOUAETCA 3AKOH COXPAHEHUR
UMRYnvea.

3aKoH COXPAHEHHMA MMIMYJIBCA BRHINOJHAETCA U
B TOM CJy4ae, ecllM HA TeJjia CHCTeMEl AeHCTBYIOT
BHEIIHHUE CHJIbl, BEKMOPHAA CYMMA KOMOPbLX
pasna nyaw. Ilokaxem 8T0, BOCIONB30BABIINCE
JIIfi BRIBOJA 3AKOHA COXPAHEHWSA MMIYJRCA BTO-
PHIM H TpeTbuM sakoHamu Heiorona. [Ina npoero-
Thl PACCMOTPMM CHCTEMY, COCTOSIIYI) TOJNBKO K3
ABYX TeJ — INAPOB MACCAMM /71y M Mgy, KOTODHIE
ABHKVTCH IPAMOJMHEHHO HABCTPEYY APYT APYIY
co ckopocTaMu Uy 1 U, (puc. 45).

Cuasl THMKECTH, JeHCTBYIOLINE HA KaKILIH U3
LWIAPOB, YPABHOBEIUMBAKTCA CHJAAMH YIPYroCTH
NOBEPXHOCTH, N0 KOTOPON OHM KATATCA. JHAUMT,
gefcTBHE 9THX CHJ MOMKHO He YINTHIBATH. CHIEI
CONPOTHBJIEHNA JIBMXXEeHHUID B JaHHOM cJy4ae Ma-
JIBI, IO3TOMY MX BJHAHHWE MEI Toxe He Dygem yau-
ThIBATh. Takum obpasoM, MOMKHO CYHTATbH, 4TO
IIAPLI BRAHMOAEHCTBYIOT TOJABKO APVT € APYIOM.

Ha pucynxa 45 BuaHO, 4TO 4Yepe3 HEKOTOpOe
Bpe€MA MIAPEI CTOAKHYTCA. Bo BpeMaA cTONKHOBE-
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HHH, ANANIEN0CH B TEUEHHE 0UYeHb KOPOTKOTO TIPO-
MEMYTKA BPEMEHH !, BOSHMKHYT CHIkI BIAWMO-

neifteTBsA F‘l M ?2. IPHIOHEHHLIE COOTBETCTBEH-
HO K NepBOMY W BTOpoMYy mapy. B peavabstare
JeficTBHA CHI CKOpOCTH ApoB maMmeHarcsa. O6o-
3HAYUM CKODOCTH MIAPOB MOCJe COyAapeHust
OyxBamu U, u U,.

B cooreeTcTBHE ¢ TpeThHM 3akoHoM HbloToHa

CHJIBI B3AMMOIEHCTBHA LIAPOB PABHEL 110 MOAYJIIO
M HalpasJeHbl B IPOTHBOIIOI0M HBIE CTODOHLIL:

F! Y "'Fz-
ITo eTopomy 3axkony HeloToHa Kamayio I3 9THX
CHJ MOKEHC S3AMeHHTh MPOH3BedeHHeM MACChI H

YCROPpeHHA, DOAYUYeHHOIO Rad IbiM U3 IITAPOB TpA
BBE]’IMU,E[EﬁCTBHH:

myd, = —myly.

YcropeHHA, KAK Bhl 3HAETe, ONPENeNAnTeA A3
pPABEHCTE:

- Py=U
a, : "
L By-B,
aa':

3aMeHHE B YPABHEHHH JJIA CHJI YCKOPEHHUH CO-
OTBETCTBYIOLIHMH BEIPDAAEHHAMEN, TOJYYHM:
v -0y Op— Uy
T S
B pesynsraTe coxpameHua ofeHx 4acTe pa-
BEHCTBA HA f MOJYyUYHM:

HJIA
CPPFHHHPYEM UJEeHEl 3TOr0 VpaBHEHHSA CJle-
aynomum oGpason:

m,v; + myv; = m,U, + m,0,. (1)



Bi+ By

YuMThIBAH, YTO MU = FJ, SATHIIEeM YVDABHEHHE
(1) B TakoMm BROE:

P+ Py = Py + Py (2)

Py + Bo Jlepurie uacTu ypasaennit (1) n (2) npeacrasna-
10T cODOH CcyMMAPHBII HMOVJILC IIADOB DOCJEe HX
B3AMMOLENCTBHA, A& NpaBble — CYMMAPHBIA HM-
OYJAbLC A0 B3aHMOJAEHCTBHA.

SHAYHT, HECMOTPH HA TO, YTO HMIIYILC KAXKI0-
ro M3 MAPOB IIPH B3IAHMOJAEHCTRHMH H3MeHHICH,
BeKTOPHAA CYMMA HX HMIIYJILCOB NMOCJIEe B3aHMO-
JeHCTBHA 0CTAJACH TAKOH JKe, KaK H J0 B3auMO-
JeHCTEHA.

Ypasaenus (1) u (2) apasmoTca MaTeMaTHYe-
CKOH 3aNNCRLI0 3aKOHA COXPAHEHNA HMIYILCA.

IlockonbKky B TAHHOM KYpCe paccMaTpPHBAIOT-
CcA TONBKO B3aMMOIeHCTBHA Tel, ABHVIIHXCA
BAONB ONHOM OPAMOM, TO AJiA 3aIHCH 3AKOHA CO-
XpaHeHUA HMNOYJILCA B cKaNApHOi dopMe mxo-
CTATOYHO OJHOTO YPABHEHHA, B KOTOpPOe BXOMAT
OPOSKIINH BeKTOPHEIX BEJIMYMH HA 0¢h X!

My O+ MaUs, = MUy, + MUy,

CUONLETE 1. Yo HesBIBAKOT BEMIVAbcoM Tena! 2. YUTo MOMHO CKAZATE O HANpABIE-

HHAX BEKTOPOR EMOY/IBCA M CKOPOCTH IBiMvinerocs Tena? 3. Paceramn-
Te 0 XOJe ONEITA, HEoAPAKERHOTD HA pucyHEe 44, O 4éM OH CBHAETENBCT-
Byer? 4. Uro oaHaYaeT YTEEDMX IEHHE O TOM, YTO HECKONLKD Tl 0DpAasvIoT
3aMEHYTVI) cHcTeMy? 5. ChopMynupyiTe 3aKOH COXPAHEHMA HMIYVALCH.
6. Ilna 3aMKHYTOH CHCTeMEL, COCTOAMIEH M3 ABYX TeJ, SANHINHTE JAKOH
COXPAHEHRA HMOYILCA B BMIE YPABHEHHA, B KOTOPOe BXOIHAN GBI MaccH
B CKOPOCTH aTHX Teu. [oAcHHTE, ©ITO 03HAYART Kad sl CHMBOJ B 3TOM
VYDaBHEHHIH.

1.

JlBe nrpyuedEse 3aBOAHLIE MAIIHELI, Maccor no 0,2 Kr KasKIaA, IBH-
#HYTCH MTPAMOIHHENHEO HARCTPEYY APYVE ApyTy. CROpOCTE KA ol MAaIImH-
HEI OTHOCHTeNBHO 3emMan paeHa 0,1 m/c. PAaBHE 11 BEKTOPL! HMITYTLCOB
MANTHH; MOAY/IH BEKTOPOB HMyiscon? Onpegesure Ipoer M0 HMITY.Ib-
Ca RaM ol B3 MANTHH Ha OCh X, TapalilelbEy0 HX TPAEKTODHH.




Z. Ha cronsro mamennTeH (o MOIy/I0) AMOyIse asromobuas maccoit 1 1
OpH HIMEHEHHH ero CRopocTH oT 54 go T2 ra/a?

3. Yenoper CHOHT B JOOKe, DOKOAWMEHcH HA HoBEpXHOCTH o3epa., B xa-
HOM-TO MOMEHT OH BeTAET H HAET ¢ HOPMEI Ha Hoe. Yro npousofinéT npm
ATOM C .TIDARI’.‘!E? OE‘EHGEETE ABNeHHEe HA OCHOBE 3AKOHA CUKDHHQHHH Hn-
aoyasca.

4. HenesnonoposcHblil BATOH Maccoi 85 T MOTBEIKAET K CTOAINEMY HA TOM
JHe OVTH HeNOJBHHOMY BAroHY Maccoll 28 T ¥ ABTOMATHYECKH CIeIlIA-
erca ¢ uumM. Ilocie cuenku BArOHLI ABMIRYTCHA NPAMOIHHEHHO €O CHO-
pocreio 0,6 m/c. Kaxosa Dmia cKOpocTh BaroHa maccod 35 T nepea

cnenkoi?

Wil  PEAKTMBHOE ABWXEHWE. PAKETBI
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PaccmoTpuM HeCKOJBKO IPHMEPOE, HOATBEDH -
JAOIINX CHOPABeJAJINBOCTE JAKOHA COXpPAHEHHHA
HMIOYIbCA.

HasepHuaka MHOTHMe B3 BAC HaOIOZATH, Kak
NIPUXOOHUT B ABHIKEHWEe HANYTHIN BO3AYXOM BO3-
AVIIHEIHA IMADHE, eCJOH PasBAsaThk HHThL, CTATH-
BAKIIYH €I'0 OTBEPCTHE.

OOBACHUTE 3TO ABJEHHE MOMHO € IOMOINBIO
3AK0HA COXPAHEHHAA HUMITYIbCA.

Tloka oTBepcTHe IMAapHMKA 3aBA3AHO, IHAPHE C
HaXoJAMIMMCH BHYTPH Hero cHaThkIM BO3OYVXOM
NOKOMTCH, H €r0 HMIYJALC PABEH HYJIIO.

Ilpn OTKPBITOM OTBEPCTHH M3 HEro ¢ A0BOJLHO
00NBIT0H CROPOCTLID BLIPBIBAETCH CTPYH CIHATOLO
Boaayxa. [Isumyniuiica sosayx obaagaer HEKOTO-
PRIM HMIIV/ILCOM, HANDABJEHHEIM B CTODOHY ero
JBHIKCHHS.

CornacHo AeHCTBYOIIEMY B HPHPOJIE 3aKOHY
COXPAHEHHA HMIYIbCA, CYMMADPHLIA HMIIYIbLC
CHCTEMBI, COCTORAINEH M3 IBYX Tel — IMAPHKA H
BO3ZOVXA B HEM, JMOIMKEH OCTAThCH TAKIM e, Ka-
KM OBLT 10 HAYAJA ICTEYeHHA BO3AYXa, T. €. pas-
HEIM HY10, [ToaTOoOMY LIADHK HAYHHAET JBHIaThCA
B TPOTHBOMOJIOKHYID CTPYEe BO3AYXAa CTOPOHY
¢ TAKOH CKOPOCTBIO, YTO €0 HMOVALC DaBeH 1o
MOZAVII0 MMIOYJILCY BO3AYIIHOH ceTpyH. BeKTOpE!



MMIIYJIBCOB INAPMKA W BO3JYXA HANDABJIEHEI
B [IPOTHBOMOJOMHEIE CTOpPOHBI. B peayawnrare
CYMMADPHRI HMITYJIBC B3aUMOIEHCTBYHOIINX Ten
OCTAETCH PABHEIM HYJIIO.

[Brmxerne MapUKa ABAAETCH IPHMEDPOM peak-
mueénozo dJeuncenun. PeakTHBHOE [IBHIKEHHE
NPOMCXOAUT 3a CYET TOr0, UTO OT TeJa OTIeaeTCH
H ABMMKETCcH KaAKafA-TO ero 4acTh, B pPeayJbTaTe
Yero caMo Teno npuofperaer NPOTHBOMOJIOMKHO
HAIIpPABJEHHBIH HMIYJLC,

Ha npuHunue peakTHBHOrO ABMMKEHHMA OCHOBA-
HO BpallleHHe VCTPOHCTBA, HAILIBAEMOIO CezZHe-
posvim wonecom (puc. 46). Boga, seiTeratoman

::;;{ﬁﬁ%’:g““““““ M3 COCYJa KOHMYeCcKoi (opMEl uepes coobmiaio-
ABMIKeHHSA ¢ moMomsio  LIYIOCH C HEM HM30THYTYIO TPYOKY, BpallaeT cocyi

CerHepOBA KoJecA B HaANpaBJeHWH, NPOTHBOIOJOKHOM CKOPOCTH
BOJABI B crpyax. ChnemoRaTensHO, peakTHBHOE
HeiicTBHAEe OKA3BIBAET HEe TOJLKO CTPYA rasa, HO
H CTPVA EHUIKOCTH.

PeaxTuBHOE nBHKeHMEe MCNIOJL3YIOT AJf CBOE-
I'o NepeMeleHnd H HeKOTOPEIe JKUBhIE CYNIecTBa,
HanpuMep OCBMHHOI'H, KAJIbMADHI, KAPAKATHIIHI
B JpyTHe TO0JIOBOHOrHMe MoJnckn (puc. 47).
HOeuxyrcs onn Grarogapsa TOMY, YUTO BCACLIBA-
HT, & 3aTeM C CHJIOH BBITAJTKHBAIOT H3 ceba BOAY.
CymecTByer aajke pasHOBHIHOCTE KaJbMapPOB,
KOTOpREIE ¢ TMOMOIILIO CBOMX ¢«DeaKTHBHBIX IBU-
rarejeii+ MOIyT He TOJBKO NJABATH B BOJE, HO
H H& KOPOTKOE BpeMA BBIJIETATH H3 He€, 4ToDhI

Pue. 47. Peaxtussoe
ABHIKEHHE [[IH CBOETD
OepeMe e HH g
HEI‘[DLW]:E}’!GT
roA0BOHOTHE
MOJTIOCKHN;

@ — HAPAKATHIIA;

0 — KanbMap;

8 — OCEMHHOD
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CTapT paKeTbl-HOCHTENS
C HOCMUHECHHM
«Cowa»

Puc. 48, Cxema paxeTs!

a8

[OCKOpPee HACTUYL [JODBIYY WM CHACTHCH OT
BPATOB.

BBI JHaeTe, UHTO NPHHIITHAT PEAKTHRHOI'O IBHME-
HUA HAXOAAT MHPOKOe MPaAKTHYECKOe NPHMeHe-
HIe B ABHAIMHA M KOCMOHABTHKe. B KocMuueckom
IPOCTPAHCTEE HET Cpefbl, ¢ KOTOPOH TEn0 MOTJO
OBl B3AHMOLEHCTBOBATE M TEM CAMBIM HIMeHATE
HATIpABJIEHHE ¥ MOV a6 ¢Boel exopoeTH. [loaromy
AJA KOCMHYeCKHX I0JIETOE MOTVT ObITh HCIIOAB30-
BAHEI TONBKO PeAKTHBHBIC JeTaTe/ibEbLIC anmapa-
THI, T. €. PAKETHI.

Pacemorpum ronpoc of yerpolcTBe H 3alycKe
TAK HA3LIBAEMEIX PAKEM-HOCUMENELL, T, e, DAKET,
npeqHasHAYeHHBIX A8 BHIBOJAa B KOCMOC HCKYC-
CTBEHHEIX CIOYTHHKOB 3EMJH, KOCMHYECKHX KO-
pabneil, ABTOMATHYECKNX MEKIIAHETHRIX CTAH-
IUH ¥ ADYTHX I0Je3HLIX MPY30B.

B n106oit pakere, He3aBUCHMO OT €€ KOHCTPVE-
LIAH, BCerZa NMeeTca obomoTKa i TOILINBO C OKHC-
antenem. Ha pucyske 48 maobpakena paxera B
paapese. Mubl Buanm, yro o60o/I09Ka paKkeThl BRAK-
yaeT B ce0A II0JIE3HEIHA Ipy3 (B JaHHOM CJy4ae aTo
KocMudecknii kopabas 1), npubopHEIl oTcex 2 B
IBUTaTENb (KaMepa cropaaus 6, Hacocsl 5 1 Op.).

OCcHOBHYKO MacCy PAKETHI COCTABIAET TOILIHBO
4 ¢ ogMcaATe en J (OKHCIHTe s HYIKeH I I01-
JeprraHns TOPeHMsA TOILIHBA, IIOCKOJIBKY B KOC-
MOCe HeT KHCIopoaa).

Tonauepo M OKHCIHTENs € TTOMOIILK HACOCORB
noaaoTes B KaMepy croparusa. Tonaueo, cropas,
[NPEBPANIAETCH B Fa3 BEICOKOM TeMIepaTypPhl | BhI-
COKOr'O AaBJEeHNsA, KOTOPEIH MOmHON eTpyeéd yer-
pemJisercs HApyKy deped pacTpyl cnenuanseoi
dopMBl, HASEIBACMBI conaom 7. HagnadeHHe co-
n/8 COCTOMT B TOM, 4TO0OBl NOBBLICUTH CKOPOCTH
CTPYH.

C xakoil 1eAb0 YBEJIHYHBAKT CKOPOCTE BBIXO-
na erpyn rasa? Jleno B TOM, 9TO OT 9TOH CKODPOCTH
3aBHCHT CKOPOCTh PaKeThl. JTO MOKHO MOKa3aTh
¢ MOMOILLBI0 3aK0HA COXPAHEHUA HMIIYIBCA.



HKocmuaecknit
: ropabib

111 eryoens

11 eryvoeHs

I erynens

Puc, 49, Cxema
TPEXCTYIeHYATOM

paKeTh

Haa npocToThl paccyxJeHHA DyIeM NoKa cuH-
TATh, UTO paKeTa NpejactasifeT coboll 3aMKHYTYIO
cucTemy (1. €. He DyIeM VUHTHIBATE NeHCTEHE HA
Heé CITRI 3eMHOTO MTPHTAMKEHHA),

[TockonbKy 00 CTAPTA MMOYJIBC PAKETHl GBLI
PABEH HYJK, TO 10 3AKOHY COXPAaHEHHA cyMpMap-
HBIH MMOYIRC OBHMYIIeiicAa oDOMoYKH ¥ BRIGpa-
CEIBAEMOTrO M3 Heé rasa ToMe JMoMEed ORITE pABeH
gyxio. OTecwga caeyer, 4YTo MMIOVALC 000JI0YKH H
HAIPAaBJEHHBI NPOTHBONOJJOIKHO MY HMIYJLC
CTPYH Ta2a JONMHEI ORITE PABHEI TIO MOAVJIIO,
3HaYHT, YeM ¢ DoablIed CKOPOCTBIO BhIPLIBARTCH
Tag M3 comia, Tem DoJakmre Oyner CHOpPOCTh oDo-
JIOYKH PAKETHI.

[ToMHMO CKOPOCTH HCTEYEeHUA I'asa CYLIeCTBY-
10T B Apyrae (axKTopsl, 0T KOTOPbLIX 3aBHCHT
CHOPOCTE JRUMEHWHA DAKEeTH.

Mgl paccMOTpeNIH VCTPOHCTBO B IPHHINI Jeii-
CTBHA OJHOCTYIIEHEYaTON pakersl, rje o cTy-
NeHLI0 MOAPARYMEBASTCS Ta HACThL, KOTOpas Cco-
ZepiKuT DAKH € POPIOYMM M OKMCJAMTEIEM U ABHTH-
TeJb. B IpakTHKEe KOCMAYECKUX TOJETOR OOBITHO
HCIONB3YIOT MHOTOCTYIIEHYATHIE PAKeThI, pa3BHu-
BAIOIIHE ropasgo GONbIIHe CKOPOCTH W IpPEeIHA3-
HAaYeHHBIe AaA 0ojiee HaATBHHX TIOJETOE, YeM
O HOCTYITEHUATKIE.

Ha pucynie 49 nokasana cxeMa TPEXCTYIIEHYE-
TOH pakeTtsl. [locle TOro Xak TOILIHBO M OKMUCJIH-
TeJlb NepBOH CTYIIEHH OYAVT NOJHOCTLIO H3pac-
XONOBAHEI, T4 CTYIEHBL aBTOMATHYecKH orbpa-
CRIBABTCH M B JeliCTBHe BOTYIAET

KOHCTAHTMH 3[IYAPQOBHY JBHrATENb BTOPOI CTYNEHH.
UHONKOBCKUH VMmenwmernue odmei macchl pake-

{1857—1935)

Poceniternit yubnnifl i naodpera-
TeNh B ODIACTH AYPOAMHAMILKH,

Thl IIYTEM OTOpackIBAHHA Ve He-
HYHOH CTYIEHH IIO3B0IHeT COKOHO-
MHTE TOOJABO H OKHCJIHTENL B VBEIH-

PHKETOIHHAMMKE, TEODHT CAMOTETA YHTE CKOPOCTE pakKeThl. 3aTeM TAKHM

i ZMpHKAC.IA, OCHOBOTIONOACH K e ofpasom orfpackiBaeTca BTOpAS
'I‘EOPETH'-IE[:KGﬁ HKOCMOHABTHHH

CTYIIeHkb.
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Ecan BozBpameEne KOCMHYECKOT0 Kopabaa Ha
3eMiI0 HAM €ro NocajkKa Ha Kaxkyw-1ufo Apyryiwo
IIAHETY He NJIAHMPYETCH, TO TPeThA CTYNEeHE,
KaKk M ABe HNepPBHEIX, HCHOJAL3YETCHA IAA YBeauye-
HHA cKOpocTH pakersl. Eenu site kopabab Jommen
COBEDIINTL MOCAAKY, TO OHA HCHOJILAVETCH IJIH
TOpMOMEHHA Kopabas mnepex mnocagkoii. Ilpnm
aTOM pakeTry pasBopaumBaioT Ha 180°, urobsI co-
710 OKasadock Brepenu. Torna BrIpeIBatomuiics
13 paxeTsl ras coobuiaeT elf HMITYIBC, HATIPABIEH-

HBIH [POTHB CKOPOCTH eé IBHMEeHUA,

4TO NPHBOAMT K YMEHBIIEHHMIO CKOPOC-
TH W JAET BO3MOMKHOCTE OCYIIECTBHTH
(1907—1966) MOCAIKY.
TR W Unes MCTIONB30BAHMA PAKeT Mnf
PAKETHO-KOCMHHECKHX CHCTEM. KOCMPHeCKHX MO0JETOB OBITA BRIZBH-
OCHOBONOTOM HUK TTPAKTHYECKOA HYTA B Hayane XX B. pyCcCKHM YU8HBIM
PAENCEANEN S u maodperaresem Kowemanmuwnom
ddyapdoeuiem Quoarrosckum, ln-
OJMKOBCKUI paspaboTas TeopHIO ABHIMKEHMA PAKeT,
BLIBEN GOPMYIY ANE PACUETA MX CKOPOCTH, OhLI
MNepBLIM, KTO NPEeANOMHI HCIOJAb30BATH MHOIO-
CTYHOEeHYATHIE DAKETHI.
IMoaeexa cnycra uges llmoaxosckoro Onina
PA3BHTA M peAJH30BAHA COBETCKHME VYEHEIMH
nox pyxoeoacreom Cepzen ITasnosuwa Kopo-
néaa.

UMY 1 OcHOBRIBAACH HA 3AKOHE COXDAHEHHA HMIYIbca, ofbACHHTE, IOYEMY
BOSOVIUHBHN IUADHK IBHMKETCH IPOTHBONOJIDNKHO CTPYE BRIXONAMIEND H3
HETO cxkaToro Boaayxa. 2. IIpusenuTe IpEMEpRL! PEAKTHBHOIND IBRAEGHHA
ren. 2. Kakoso nassauenmue pawer? Paccrasmnte of yerpoftcrse 1 npas-
nune AelfcTuA paxersl. 4.0T uero 3aRMCHT CKOPOCTh pareTh? 5.8 uém
JAKJOYASTCH NPEMMYILIECTEO MHOTOCTYIEHYATHIN PAKET Oeped OaHOCTY:
mepdataMu? 8. Kak ocyniecTsnaercd TOCAIKA KOCMHYecKoro kKopabaa?

1. C noagxw, genmymeiics co ckopocTsio 2 M/c, Yenosexr Gpocaer Bec/o Mac-
coit 5 Kr ¢ rOPH3OETANABHONR CKOPOCTRIC B M/C NPOTHBONOMOMHO ABRAHE-
g0 noakl, C xaxoft cXOPOCTRIO CTANA ABHIATECA JOAKA mocne Gpocka,
eciu eé Macca BMecTe ¢ Yesnoserom pasaa 200 kr?

a0




Z. Kaxymo cKopoCTh NOIYYHT MOZEAb PAKETH, EC/IH Macca eé
obonouxu passa 300 r, Macca nopoxa s geit 100 r, a raan
BBIPEIBAIOTCHA H3 COILTa co ckopocThio 100 m/c? (Canraii-
Te HCTeHdeHNe Maz2a M3 COIIA MITHOBEHHBIM. )

3. Ha xaxom ocfopyAHoBaHEK H KAK UPOBOMNTCHA OOMT, W30
Oparxéuanbii Ha paeyake 507 Kaxoe dusndeckos asnerme
B JaHHOM CIyvae JEMOHCTPHDYETCH, B MEM OHO 3aKJII04a-
8TCA M Kakoil dHInHecKHil 3aKO0H JIeXHUT B OCHOBEE 3T0r0
ARJIeHEAT
Ilpumevarue: pesuxosas Tpybka OBLTA pACHONOMEHA
BEPTHEANBHO A0 TEX Nop, TOKA Yepes Heé He HAYAAW NIpo-
OYCEATL BOTY.

4. Mpogenaiire onwiT, naobpameénnnil Ha pueyake 50, Kor-
Aa pe3HHOBAA "E']}Yﬁ“ﬂ- MAKCHMANBHO OTKIOHHATCA OT BED-
THKAJH, IepecTAHbTE JUTH BOAY B BopouKY. [loka ocras-
madcs B Tpybre Boga BeITEKaer, momabmioaaiiTe, Kax
GyaeT MEHATLCA: 8) JATLHOCT IIOAETA BOAE B cTpye (oT-
HOCHTEJLHO OTBEPCTHA B CTeKJIAHHOMN Tpybke); 6) mono-
MWeHHe peanHOoBOH TpyDKkH. O0bacHENTe 0fa naMeHeHNA,

[B2]  suison 3akoHa coxpanenns
MEXAHWYECKOW 3HEPTUM

M3 xypca dmauxkn 8 wnacca BRI 3HAETE, UTO
cymma nomenyuaabroit (mgh) u Kunemuveckotl

rmu21
TJ JHep2uU meaa uJu cucmeMbl Men Ha3bida-

emcA NOAHOL Mexanuveckol (HIM Mexauvye-
CKoll) anepzueil,

Bam mnoBecTeH TaKkKe 3IAKOH COXPAHEHUA
Mexanuveckoll aHepauu:

MeXaHH4YeCcKad oHeprua aamymﬁ CHCTEMBEI TeJl OCTAETCA NOCTOHHHOMN,
GCIH MeEIV TeJAMH CHCTEMbI ,male-ﬂm'r TOABKO CHILI TATOTSHHA H CHIILL

YOPYTOCTH H OTCYTCTBYIOT CHIbI TPeHHH.

IToTernuanbHEAA M KNHETHYECKAR dHEPIHA CHC-
TeMbl MOT'YT MeHATHCH, IIpeofpasydack ApPyT B Apy-
ra. IIpy yMeHbIeHMM SHEDPIMH OJHOTO BHIA HA
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Pue. 51. Ceofoguoe
nageHue MAPHKa

Ha 38MA0 ¢ HEROTODOM
BRICOTHI

92

CTOJLKO e VBeJIM4YHBAeTCH DHEePrHa APYroro BH-
na, Dnarogapsa 4yeMy HX CYMME# OCTAETCH HEH3MEH-
HO.

[TogTBepIUM cpaBelIMBOCTE 3AK0HA COXPaHe-
HHA OSHEPrHHM TeopeTHHeCKHM BuIBogoM. [lns
9TOr0 paccMOTpPHM Takoil npumep. ManeHbKHi
cTANLHON mapuK maccoill m ceofogHo nagaeTr Ha
3eMIK0 ¢ HeroTopo#t BeicoTel. Ha sBeicore A
(pwc. 51) mapuk HMeeT CKOPOCTE Uy, & NPH CHU-
EHHH [0 BBICOTH /1, €r0 CKOPOCTH BOSPACTAET L0
JHaYeHWHA Uz..

Pabfora geficTBYVIONIEN Ha IIADHMK CHIALI TH¥eC-
TH MO;KeT GBITH BRIpAYKeHA M Yepe3 VMeHBIIeHHe
NOTEeHLHAILHOM 9HEPruH I'DABUTAIMOHHOTO B3aH-
MogelicTBHA apuka ¢ 3emae (E ), 1 depes yse-
JUYeHHe KMHeTHYeCKOH sHepruy mapuxa (E,):

A =Fs=mg(h, - h,),

_mgwi-vi) mvi mof
2g - @ 2

A — mghl - mghz,

A=Fs

HJIH

L L
A= 5 5

IMockoibKy NeBble 9ACTH YPARHEeHHI PABHEI, TO
paBHBI ¥ UX NpABble YACTH:
mv§ muvf
megh, — mghy = "8 - T2
Ha sToro ypapHeHHSA CIeAyeT, UTO NPH JIBHIKE-
HUM IIAPHKA ero NOTeHIHANBHAA M KHHEeTHYE-
cxas aHeprud meHagack. IIpm aromM KuHeTHwIE-
CKas SHepPrus BO3POC/a Ha CTO/IBKO e, HA CKOJIb-
KO YMEHBIIHAJACH NOTEHIHANLHAA.
Ilocne mepecTAHOBKH 4YIeHOB B IOCHeAHEM
VPARHEHWUH MOJIYUHM:

muv§
=t

muvj
2

mgh, + =mgh, (1)



E‘nl + El:l -
=E,+E_

YpaBHeHHEe, 3aTTHCAHHOE B TAKOM BHAE, CBHIe-
TEJLCTBYET O TOM, 49TO [OJHAHA MeXaHWYeCKad
OHEPruda INapHKa OpPpH erc ABHMKeHHH ocTaércs
MOCTOAHHOIL.

OHO Mo#eT ObIThE 3alTMCAHO ¥ TAK:

En+E =E,+E,. (2)

Ypasrenus (1) u (2) npegerapnator coboit Ma-
TEMATHYECKYIO 3ATTHCH 3AKOHA COXPAHEHHA MeXa-
HUYECKOH DHEPIMH,

Takum o6pazoMm, MBI TROPEeTHUECKH JOKA3aJIH,
YTO [IOJTHAA MeXaHUUeCKAd sHepruA Tea (TouHnee,
3AMKHVYTOH CHCTEMEI TE/l IIADHK —3eMJIH) coxpa-
HAETCH, T, €. HE MEHAELTCA ¢ TeYeHHEM BDEMEeHH.

Paccmorpm npuMeHeHHe 3aKOHA COXDPaHEHHS
MeXaHUYECKOH aHEPIHH 1A pelleHHs 3ajad.,

ITpumep 1. fidnoko maccoit 200 r nagaer ¢ jge-
peBa ¢ BeicoThl 3 M. Kakoi kuaeTHyecKoli sHepru-
eit omo 6vaer obragaTs Ha BeicoTe 1 M or zemarmn?

Hauo: CH Pemenue:

m=200r |0,2xr| CorxacHo 3aKOHY COXpaHe-

hy=3m HHA MexaHWueckoit sxep-

hy = (1] M rum;

——— mvf

E,—? lNockonsry E , = =
m-+0 ,

= =0, 0L, =E,+E ;=

= Ep=E - E ,=mgh,—mghy=mg(h; — h,);
E,=02kr-10Mm/c?+(83m—1m)=

=0,25r-10m/c2-2m =4 % *M=4H'm =

=4 JIx%.
Orger: £, = 4 JIx.
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ITpumep 2. Mau GpocaimT BHU3 ¢ BLICOTH i, =
= 1,8 M co cropocThio v; = B Mm/c. Ha rakyw BeI-
cory h, orcrounT MAY nocxe yaapa o semnio? (Ilo-

TepH 3HEPrHH [IpH IEMMKEHHH MAYA ¥ ero yaape
0 3EMJII0 He YYHUTHIBAUTE. )

Jano: Pemenue:
hy=1,8m TlockoIBKY CHKOPOCTL OTCKOYHB-
v, =8m/c | MIer0 OT 3JeMJIM MAYa TPA ero

g=10n/c? | nDogeEéMe HAa MAKCHMAJBHYIO BhI-

- ' | coTy paBH& HYJIIO, TO 3aKOH CO--

hy—1? XpaAHEHUA MeXaHUYeCcKOH sHep-
ruM AAs OaHHOro cayyas Oyzger
BRITJIAJETDh TAK:

muvf
mghl + =g - mgh-a.
IIpeoGpasyeM yDAEBHEHME W BhIpaduM .
¥
m[§h1 g Ef \I =mgh,,
2gh, + vi
28 '

_(2+10m/c2- 1,8 M + 64 m2/c2) _
‘ 2+10 n/c2

_ (86 m?/c? + 64 m?/c?) _ 100 m2/c? _ .
20 m/ct 20 m/c? ’

Orser: h, = 5 M.

oTRyzna hy =

LTS 1Yo HAsKIBASTCA MeXAHHHECKOH (NOMHOH MexaHuyecKoH) AHEprHeR?

2. ChopMyiapyiTe 3aKOH COXDaHeHHA MEXAHHHECKOH oHepruM. 3amu-
WHTe ero B BuAe ypasuenwit. 3. Mos#eT 10 MeHATLCA C TEHEHHEM BpeMeHH
NOTeHIMANBHAS HIH KMHETHHeCKAS JHEPIUS 3aMEEYTOM cHeTeMEI?

CEREEEETE
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1. Pemure pRCCMOTDEHEVIO B Naparpade sagady na npuMepa 2 Gea menoae-
RO0BAHWA 3AKOHA COXDAHEHNH MeXaHHIECKON AHEepPI'MM.



2. OTOpBABINASCHA OT KPBINIM COCYJBKA TIAJA8T ¢ BLICOTH hﬁ = 36 M oT aem-

ai. Kaxyo cropocTs v oHA GyIeT HMETh H& BricoTe h =
g=10m/c*.)

1 m? (IlpuEsTE

[lapui BEITETAET W3 AETCKOrD NDYIKUHHOND TTHCTOJETE BEPTHKANLHO
BBEPX ¢ HayansHOH cxopocTeio U, = 5 m/c, Ha xakywo seicoTy or Mecra
srutera ol nogausMerca? (Mpusars g = 10 m/c2,)

B 3amaune

CAMOE
FNABHOE

ITpraymaitte u npoBeguTe DpoCTOl ONLIT, HAMIALHO 4EMOHCTDHDYIOITN,
4TO TEN0 ABHHEeTCA KPHBOMHEE KO, 6N CROPOCTE ABUIKEHM S 3TOTD TeJIA
H NeHCTBYIOMAS HE HEro CHJIA HAUDABASHE BAOJL HepecekAlIInXcH
ppaMeix. Ooummre #cnoasayemoe ofopyaoBanue, Bamm jefferBus ©
Eaba0gaeMule PESYILTATEL.

MTOrW rNABbI [

Huxe 0anbi HA36AHUA PUIUNECKUX FAKOHOE
U ux gopmyauposrku. IlocredosamensvrHocms us-
JONEHUA (POPMYJIUPOBOK IAKOHO8 HE coomsem-
cmayem nocaedosameibHOCMu Ux HA38aAHULL.

ITepenecume 68 mempads Haz6aHus @usuve-
CKUX 3AKOHO08 U 68 KeadpamHuble ckolku Snutliu-
me nopadkoeviil HOMep GOPMYIUPOBKU, COOM-
8emcmay el Ha3BaHHOMY 3AKOHY.

Ilepseni saxkon Heiorona (saxon waepuun) [ J:
BTOpo# sakon Heioromna [ J;

Tperuii 3axkod Helorona [ ];

38KO0H BCceMupHOTO TAToTeHuA [ J;

3aKoH coxpaHenna umnyasca [ ];

3aK0H COXpaHeHHHA MeXaHW4ecKoi amepruum [ .

Yekopenue Tesa NPAMO MPOMOPIMOHATLHO DAB-
HOZEHCTBVIOIEH CHJ, NPHIOMKEHHBIX K Teny,
1 00paTHO MPONOPIMOHAILHO r0 Macce,

Mexapnyeckasa 3HEPruA IAMKHYTON CHCTEMEL TeJ
OCTAETCA TIOCTOAHHOM, €ClM Mexay TejaMH CH-
CTeMhI fefiCTBYVIOT TONBKO CHMABI TATOTEHMA II CH-
JBI YOPYTOCTH H OTCYTCTBYIOT CHJILI TDEHHA.
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NPOBEPL CEBA

JIra mo6LIX TENA NPUTAIMBAIOTCH APYT K ApYyIry ¢
cuJ0it, MPAMO NPOTIOPIHOEANBHON Macce Kamuao-
ro 13 HUX 1 0DpATHO NPOMOPIIMOHANLHOH KBaApAa-
TY PACCTOAHNAA MeKAY HIMH,

BexTopHas cymMMa HMIOYABCOB TeJ, COCTABJIAIO-
HIMX 3AMEHVTVIO CICTEMY, HE MEHAETCH C TeYeHH-
eM BpeMeHHM NpH T06hIX IBHKEHHUAX U BIANMO-
geiicTBHAX 9THX Tell.

CyIIecTBylT TaKHEe CHCTEMBI OTCYETA, OTHOCH-
TeJTbHO KOTOPBIX TEJld COXPAHAIOT CBOIO CKOPOCTH
HeM3MeHHOM, ecIH HA HHX He JeMCcTBYIOT Apyrue
Tesa NI IeHCTRHSA ADYVTHUX TeJl KOMIEeHCHPYIOTCH.

Cuuiel, ¢ KOTOPBIMHE IBA Tena AefcTBYIOT APYT Ha
ApYra, paBHEI 110 MOAYJIIO B DPOTHBOIOMOMKHE] MO
HaOoparRJIeHHH.
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1. OnpesesleEHeM CKOPOCTH NPAMOJHHEAHOr0 paBHOMEPHOIO
JBHIKEHNA ABJIAETCH ypapHeHHe

A.U=adt
a_t?
B. s, = gt + E
. B
B.uv=-
t
=T
r.a 3

Bropoit saxon HewoTona npefcTaB/ieH ypaBHeHHEM

Nig=2
m
m,m
B.F=G—sz
;
2
rra=%

-



3.

dakoH BCEMHPHOTO TArOTEHNA NPeACTaBeH ypaBHeHHEeM

AF= Gﬂ%"_z
r
M
B. g = GE
B. F = pgV
2
r.r—2%
-
SaKOH COXPAHEHNA HMITYIhCA IPEACTAB/NEH YDABHEHHEM
muvi muv#
A. mghl + T = mgh2+ '—2'—

B. my U} + my0y = m, U, + m,,
B. 'En.‘l " Eul =En2+ EHE

r. ﬁi + ﬁé i _(151 + E"g)

4

BuimonunTe 3aJaH¥A, TPeJTOHEHHLBIE B 2TeKTPOHHOM IIDH-
JOMEeHHH.

Il C1m s om0 BAL



§ 23 KONEBATE/NIbHOE ABUMEHME.
'CBOBOJHbIE KONEBAHUS

C omEMM M3 BHAOB HEPABHOMEDHOTO ABMIKE-
HUS — PABHOYCKOPEHHBIM — BhI V2Ke 3HAKOMEI.

PaceMoTpuM emé oAMH BHUJ HEDABHOMEDPHOTO
NBHEEHHS — KojdefamenbHoe.

KoneBarennHbie JBHMKEHHMS IMIMPOKO pacunpo-
cTpaHeHE]l B OKpY:Kalomei Hac xusuu, [Ipamepa-
MH KOJeOaHHIT MOTYT CHYIKHTh! NBHMKEHHE HIJILI
meeifHON MAMIMHBI, Kadenell, MAATHHKA YACOB,
BAI'OHA HA PECCOPaX B MHOI'MX APYTHX Te,

Ha pucyuxe 52 m3obpaxeHBl Tena, KOTOpEIE
MOryT COBepIIATE KoJNebaTenbHBIE NBHKEHUHA,
eCTM WX BHIBECTH M3 [OJIOMKEHHHA PABHOBECHHA
(T. €. OTKJIOHUTB HJIH CMeCTHTb oT auaun 00).

B aBHsKeHHMHM STHX TeJ MOXKHO HAUTH MHO-
ro pasnuyuii. HanpuMep, IApMK HA HHETH
(puc. 52, a) ABMAKeTCA KPHBOJHHEHTHO, 8 DHIHRHAD
HA pesuHOBOM LuHype (pmec. 52, 6) — npaMONH-

a (#] |0
¢ ‘.. "?c. f [
r 1] L5
Py )}/HE'"’ PeanroBsiit ﬁ .,:,“ Crpysa “i ﬁLI
\\ Iy % r;:' Meranmuqeckas | | |
/£ y ! auHelika 1]
'] ! R O |
5 N Treku 1
::'-.___ = (2] o h
% ; C
a) 6 Y r

Pue. 52. [IpriMepsl T, coBepIIADIIHY KonebaTenbHble ARMMEHHA

a8



HelfHO; BepXHMIl KOHell JuHeliku (puc. 52, 6) Ko-
nebrerca ¢ GONBIMMM Pa3MaxoM, 4YeM CpeAHsS
TOYKA CTPYHEI (pHc, 52, 2). 3a 0XHO U TO e BpeM#A
OAHH TeJla MOr'yT COBEpPIIATE DOJBIIee UNCIO KO-
nebaHuH, YeM apyriue.

Ho npu Bcém paaHooGpasui 9THX ABUMKEHHN ¥
HHX eCTh BaykHas obuias gepra: vepe3 onpedeaén-
Hblll NPOMENYMOK Bpemenu deuxcerue nwb02o0
mena nosmopsemca.

HeiicTBHTENBHO, €CIH IIAPAK OTBECTH OT MMOJ0-
JKeHHMA DABHOBECHA M OTOYCTHTH, TO OH, Opolias
Yyepes MoJ0XKeHHe PABHOBeCHHA, OTHJIOHHTCHA B
NPOTHBOIOJIOHYK CTOPOHY, OCTAHOBHTCH, A 3a-
TeM BEPHETCA K MEeCTy HAYANA JBMXKeHMdA. 3a
aTHM KonebaHWeM IIOcIelyeT BTODPOE, TPETEHE
HT. A., IOX0/HE HA TEPBOE.

IlopTopsomuMuca 6YAYT U ABMMKEHEA OCTATL"
HEIX TeJ, H300paKEHHEIX HA PHCYHKe 52.

IIpoMerkyTOK BpeMeHH, uyepe3d KOTOpPHIH ABH-
HEeHWe MOBTOPAETCH, Ha3bIBAETCHA NEPpUodom Ko-
nebanui. IloaroMy TOBOpPAT, UTO Konebamenb-
HOE OBUNCEHUE NEPUOTULHO.

B asmxenun Tes, u3o0parEHHBIX HA PHCVH-
Ke 52, KpoMe NEepHOIHYHOCTH eCTh elleé oJHa ob-
1ITad 9epTa: 3a TPOMeXYTOK BpeMeHH, PABHLIH 1e-
PHOAY KoJieDaHHI, J10D0E TeN0 JRAMK LI TPOXOANUT
4yepes NOoJOXEeHHEe paBHOBecHA (ZBHMrafck B Ipo-
THBOTIOJJIOXHEIX HAIIPABIEHHAX).

IHlosTopaiompecs Yepes paBHbIe NPOMEKYTRH BPeMeHH IBHAEeHHA, npx Ko-
TOPLIX TeJ0 MHOTOKPATHO H B PASHBLIX HANPABIAeHHAX NPOXOIHT MOJ0MKeHHE
PABHOBECHH, HASLIBAKOTCHA MeXaHHNYeCKHMH Komefammamn,

Hmernno takne konebanua u 6yayT npeamerom
HAIIEro MaydyeHus,

Ha pucyske 53 naobpaskés mapue ¢ oTBepeTH-
€M, HAaJeThIll Ha IIagKy0 CTAJLHVIO CTDVHY H
NPHKPENJEeHHBIH K Opys#HHe (Ipyroii KoHel Xo-
TOPOH TNPHKPENJIéH K BEPTHHAJIBHOM cTOolKe).
Ilaprx moer cBoDOAHO CKONMBBUTE IO CTPYHE,
T. €. CHJIbLI TPEHMA HACTONLKO MAJEI, YTO He OKAa-
3BEIBAIOT CYILECTBEHHOIO BAMAHKA HA €ro ABHMKe-
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aj

0)

B}

r}

Hue, Korga mapumk HaXoOMTCA B
rouke O (puec. 53, a), npy:xu=HA He
nedopMHpOBAHA (He pacTAHYTA W
He crKaTa), HoaTOMy HMKAaKHEe CH-
ALl B TOPH3OHTAJIBHOM HAaMNpas-
JeHWH HA HEero He JeHCTBYIOT.
Touka O — noaosxenue pasnoee-
cus wapura.

IlepemecTHM MApPHK B TOUKY B
(puc. 53, 6). IIpy:xuna upu aToM
pacrsaHeTcs, H B Held BOSHHKHET

D
T —

Oy =

T

cuna ympyroeru F . p. 9ra cm;-
JIa TIPONOPIHOHANBHA CMELCHUN

2) 2 Frup
L

Dy

n

——

(T. e. OTKRAOHEHWIO NIAPMKA OT 1O~
JIOJKEHHA DPABHOBECHS) M HANpas-

o WD~

——

Puc. 53. luramuka ceoDOHRIX

Ly

i JIeHA TTPOTHBONOJOMKHO eMy. 3Ha-
4|T, TPH CMeINeHHWH INapHKa
BIPABO AeHCTBYIOIIAA HA HErO CH-
A HATIPABJIEHA BJEBO, K NRONONCE
HUW PABHOBECUA.

Ecau oToyeTHTE IIAPHE, TO 01
nefcTBHEM CHJIBI YIOPYroCTH OH
HAYHET YCKOPEHHO NepPeMellaThes
BJeBo, k¥ Touke (). Hanpasienne
CHJIBI YOPYTOCTH H BEIZBAHHOTO

nonebannil rOPEACHTANLHOTD el0 YCKOpeHHA OVIeT COBIAJATE C

OPYHHHHOM MAATHHRA
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HAIIPpABJAEHHEM CKODPOCTH IIAPH-

Ka, I0aTOMY M0 Mepe MpHbIHKe-

HUA mapuka ¥ Touxke O ero ckopocthk Oyger Bcé

BpeM#A Boapacrark. IIpm 2TOM CHJAA YNPYrocTH

¢ yMeHBINeHMeM aedOPMAINN NPYXHHBI Dyger
yMeHbIIATECA (pHC. 53, 8).

Hanomuaum, wro mwoboe Teno obnagaer ceoiier-
BOM COXpaHATH CBOK CKOPOCTH, €CJIH HA HEro He
NJEHCTBEVIOT CHJBI MM ecJIH paBHOAeHCTBYHOIAA
cwua pasHa HyJ0. [losToMy, ZOHAA 0 HOJOMKeHH
paBHOBecHu: (puc. 53, 2), rjie cAIa YOPYTOCTH CTa-
HeT paBHA HYII0, MIaPUK HE OCTAHOBHTCH, a Oyaer
IIPOAOJIKATE ABHTATECH BJIEBO.

I1pwm ero au#eHnH 0T To9KH O K To4Ke A npy-
smuHa Oymer caxamareces. B Helt cropa BosHUKHET
eH7a VIPYrocTH, KOTODAA H 6 3MmoM cayiae



Oydem nanpasieHa Kk NOLOMEHUID PABHOBECUS
(puc. 53, d, ¢). [TockonsKy cuIa YOPYrocTH HAa-
OpaBieHd OPOTHB CKOPOCTH ABHIKEHWA IIADUKAE,
TO OHA TOPMOSHT ero aeumxenwe. B pesyabraTe B
TOYKe A wmwapuKk ocraHoBHTeA. CHna ynpyrocrs,
HampasneHHas K Todke O, ODymerT TpPOJOIIKATE
fefiCTBOBATE, NOSTOMY IUADHK BHOBH TPHUAET B
ABHIKEeHNEe M Ha y4yacrke AO ero ckopocts Gygmer
BO3pacTars (puc. 53, e, i, 3).

Jdemxenune mapuka or rouku O g Touke B cHo-
BA NPHBEIET K DACTHKEHUIO NPYIKHUHEI, BCIIENCT-
BHe Yero ONAThH BOSHWKHET CHJa YIPYrocTH, Md-
NPABLeHHAS K NOAONCCHIUIO PABHOGECUA U 3aMe]]-
JAIAR JBHMEHHMe MAPHKA 10 OOJIHOH ero
ocraHoBKM (puc. 93, 3, u, k). Taxum obpasom,
MAPHK COBEPIIHT OJHO moxHOe Koaebanue. [Ipu
ATOM 6 Kawdou mouke ezo mpaexmopuu (kpome
moyuxu 0) na nezo Oydem deilcmeosame cuaa un-
Pyeocmu RpYMCUNHbL, HANPAEAEHHAA K NOXONHCE-
HUIO PABHOBECUA.

Ilox neficTBMeM cHJBI, BosBpamammEel Tero B
IOJIOKeENe PABHOBECHA, TEJIO MOMKEeT COBePHIATE
Konebanma kak Oul camo 1o cebe. IlepBoHayansHO
oTa cuJia BO3HHKJIA Graromapa ToMy, 4TO Mbl CO-
BePIINAH paboTy o pacTAXKeHUI0 NPYKHHEL, CO-
o0muB el HEKOTOPHII aamac sHeprum. 3a cudr
9TOI 9HEPIHH ¥ ITPOMCXONNIN KoneBaHus.

KoneGaans, nponcxoasmme Toasko G1arofapA HAYANBHOMY 3ANACY SHep-
THH, HAAKBAKTCH cBODOIHBIME Konelanuamm.

Crobonuo xonebamommecs Tera Beerga BIaUMO-
AeHCTBYIOT ¢ APYIHMH TEJAMH H BMECTe ¢ HUMM
00pazyioT cucTeMY TeJl, KOTOPas TOMYIMIA HA3EA-
HHEe KojebamenvHoil cucmembi. B paccMoTpen-
HOM mpuMepe B KONeDaTelbHYI0 CHCTEMY BXOHAT
OIAPUE, MPY)XHHA U BEPTHKATRHASA CTOHKA, K KO-
TOPOH NMPUKDPeNEH JeBblil KOHel npy:xuHeLl. B pe-
SYJAbTATE BBAHMOJEHCTBHA 3THX TeJl M BOGHHKALT
CHIIA, BOZBPAINAIOIIAA IIADHK K HOJ0MKEHTIO DAB-
HOBECHHA.
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Puc. 54. Hutanoit
MAATHHEK

Puc. 55. [pyscnaamil
MAaATHHE

Ha pmcynke 54 maobpaskeHa KoJjaebaTenbHas
cHCTeMAa, COCTOAIIAHA B3 MIAPUKA, HATH, HITATHBA
n Bemnn (3eMns HA pHCYHKe He NOKAasaHa).
B namHOM clyyae MIAPDUK coBepliaeT cBOOOMHBIE
rogefaHuA MO JeHCTBHEM IBYX CHJI: CHJIBI TAMe-
CTH ¥ cHJBl yupyroer Huta. Hx parHoaelicTByo-
Mas HATPABJIEHA K [IOJA0KeHNIO PABHOBECHA.

CHeTeMBI Tell, KOTOpEIE cnocolHbl COBEPUIATE CRO-
GonEsle KoneGaANKA, HAIKIBAITCH KolelaTelbHBIMHE
CHCTeMaMH.

OFHO U3 OCHOBHBLLX O0WLX CEBOLCME BCEX KO-
Ae0amenbHbiX CUCIMEM FAKINUACTICA 8 BOFHUK-
HOBEHUU 6 HUX CU.bl, 6038paujaiouiell cucmemy
8 NOJONEeHUe YCOULUB020 PABHOBECUA.

KonebarenbHBle CHCTEMBI — JOBOJIBHO LIMPO-
KOoe DOHATHEe, NPpUMeHHMOe K PasHoOOpasHBIM
ABJIEHHAM.

PaccMoTrpeHHBIe KoJebaTe/ bHbIE CHCTEME! Ha-
anIBAOTCH MaamHuxamuw. CyigecTByer He-
CKOJBKO THIOB MAATHHKOB: Humaibie (cM.
puc. 54), npysurHsie (cm. puc. 53, 53) u T. 1.

B ofmem cayuae

MaSTHWKOM HA3BIBAETCH TBEpIOE Tejo, cOBEpIIAD-
[iee Mo AeficTBHEeM NMPUJI0KEeHHBIX CHJI KoJebaHus
OKOJ0 HeMOABHRHON TOYKH HIH BOKPYT OCH.

KonebaTensHoe apHeHue OygeM HM3IYYaAThE HA
npuMepe IPYHUHHOrO H HATAHOI0 MaATHHKOB.

PR 1, [IpusenuTe npuMepsl KoaeOaTeTbHEIX IBHKEHHH. 2. Kak Bl noHMMA"
ere yTBepHIeNHe O TOM, YTO KojlelarensHoe ABMKEHNE NepHOIMYHO?
3. Yro maseeaeTes mMexanpdeckumu KonefamEmamn? 4. llonsaysice pH-
eyaxom 53, ofkRAcEETe, TOYEMY M0 Mepe NPHOIMIKeHNA MaDHKa K TOW-
xe O ¢ moboil cTOPOHLL r0 CKOPOCTE YBEANYHBAETCH, & 10 Mepe YAaIeHnA
o7 Touky O B MOOVI CTOPOHY CEOPOCTH INADHEA YMeHBIIAETCH. 5. Tloue-
My INAapHK He OCTAHABIUBASTCH, AOWAA A0 NOJIOKEHHA papHOBECHAT
6. Kakxpe xoneGauns HaswBatorcs csobogammu? 7. Kakne cHereMsbl Ha-
ampawTes koaefareneasiMu? [IpHBeguTe MPIMEDhI.
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Illapuwk Ba
rOPHIOHTANBHOL Hlapsm 5a AHe Yamn Hlapws Aa BEOYRIQH
NOBEDXHOCTH OOBEPXHOCTH
r) E z Aa) e) -
1k
1
‘I. "- @
Torkas BeTRA Jepena Mopmwess B LHAHEADE
Puc. 56 Mpymxuaseit MaaTHHK

1. PaceMoTpHTe DHCYVHOR 56 B yeasuTe, KAXHE CHCTEME
ABIANTCA KONeOATEABHEIMY, A KAKHE — HET.

2. Ha pucynxe 57 naoSpaxén meranauueckuit TucK, nogne-
[IeHHEI HA TPEX PEGHHOBLIX MEYPAX., Beau nuck HEMHO-
ro NOBEPHYTE BOKPYT BEPTHKATLHOMN OCH M OTOYCTHTS, TO
oH fyzer B TeueHHe HEKOTOPOTO BPEMEHH TIOBOPALHBATE-
Cf BOKPYT STOI OCH TO 00 X0IY TaCOBOI CTPEAKH, TO Opo-
THB, OFBACHATE: A) NOA AeACTEHEM KAKON CHIB IpoHC-
xonaT goneGauug gucka; 6) BosHuKAA OhI BTA CHAA MM
HeT, ec/H Onl AuCK He AeHCTBOBAT HA IIHYDHI CBOMM Be-
COM; B) KAKHE TeJa BXOLAT B 3Ty KoNeGATENEHYIO CHOTE-
. ;2 —— MY; T) ABIAETCH JH 9TA CACTEMA MAATHHKOM,

Puc. 57 3. Hro obmero B korefaTeILHOM ABMMKEHHE TOABEIIEHHOTO
K HHTH rpyaa (cm. prc. 52, @) 1 ABHMEHME [0 OKPYIRHEOC-
TH IDADA TETHOATIeTHYECKOro MotoTa (oM. puc, 41)7 Uem
OTNMHYAIOTCA 3TH IBHMERRAT

KONEBATENIBHOE [BUMEHME

CpaBEHM Kone0a8HMA IBYX ONMHAKOBBIX Ma-
ATHUKOB, uao0paxeéHHsx Ha pucyake 58. Ilep-
BEI MASTHUK Kojedierca ¢ GOABIIMM paaMaxom,
T. €. Ero KpaHHe TIONOKeHNA HAXOJATCH JajibIlne
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OT NOJA0REeHHA PaBHOBECHA, YeM ¥ BTOpPOTo Ma-
ATHHEKA.

Haubomsmee (Mo MoxyTi0) OTEIOHeHNE KoTefI0inerocs Tea 0T NoI0KeHH A
PABHOBECHN HAJBIBALTCH AMILIMTY/I0H KoNefa i,

Puc. 58. Koaxebapns

MAHTHHHKOR,
npoHcXoaAaniHe
C pASHON AMILTHTYA0H

. ¢ B

Pue. 59, [lpu xonebami-
AX C MAXOH AMITITHTY I0H

JIHHA JYTH AB pasaa
orpeary AB
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Bynem paccmarpupars KoJeOaHHA, IpoHc-
XOALIHE C MaAbIME AaMILTHTYAaMH (pHe. 59), npn

KOTODHIX JJIMHY AYTH AB MOYKHO CUMTATHL DaB-
HOil orpesky AB u paxe nomyxopae CB. lloaro-
MY MOJ aMIJIETYZ0H KoJAeDaHHH HUTAHOTO MaAT-
HITKA MOJKHO HOHMMATE KAK AYTY, TAK U T1000# U3
aTuX oTpeskos. Tak, aMIUIHTY A KoueDaHWIT nep-
Boro maaTHHKA (cMm. pme. 58) pasna 04, nam
0,B,, a roporo — OzA, wim 0,B,. Amumaryay
0boanagawT 6ykeoi A 1 B CH naMepsatoT B eJUHHA-
uax AJHHBL — Mmempax (M), canmumempax (em)
H Ap. AMIINTYZY MOYKHO H3MEpPATH TAKME B eJ[1-
HHIAX IIA0OCKOro ¥Iia, HanpaMep B rpajycax, no-
CKOJIBKY AYTe OKPY’XHOCTH COOTBETCTBYET Ompe-
OeTéHHBI HeHTpalbHbIA yToa, T.€e. YIoJX ¢ Bep-
muroil B MeHTPe OKPYIHOCTH (B JaHHOM claydae
B Touke ).

AMnanTyia KoaebaHuil NPpYyRHHEHOTO MAATHH-
xa (cm. puc. 53) paBEa aampe orpeska OB mau
OA.

Konefaomeecda Tea0 COBepLI&eT 0JHO HOJTHOE
KonebaHme, ec/HH OT Hadamia Koaedanuil TpoXoanT
IVTh, pABHLIT YyeThipéM ammiuryaam. Hanpamep,
mepeMecTHBENTHCE H3 Toukn O, B Touky B, aaTem
B Touky A, W BHOBL B Touxy O, (cM. pme. 58),

IapHE cOBEPIIAET O4HO NOJTHOE rosebaHne.

IIpomemyToK BpeMeny, B TeMeHKe KOTOPOro Telo co-
BepIMAST OJIHO TTOTHOE HBJIHGMB, HAa3RIBASTCH Ie-
pHogoM KoaeGanmii.

Ilepuon wonebanni obDo3HAYALTCH Gykeoit T
u 8 CU namepseTca B cexyndax (c).



IlogBecum gBa OAMHAKOBEIX IMIAPHKA HA HUTAX
PA3HON AMMHLI ¥ IPHBEAEM HMX B KojebDaTelbHOe
ABMMKEHHME. YBUAWM, YTO 34 OJOUH H TOT e
IPOMEMYTOK BPEMEHH KOPOTRHH MaATHHK COBED-
MUT Doabine KoJebaAHMI, YeM ITHHHBIHN,

l "Uneno koneGanuit B eJHEMILY BpeMenH HA3LIBACTCA YACTOTON KoXeGammit,

Obosnauaercs uacTOTA Trpeueckoit GVKBOHR v
(¢HIO»). 3a eMHNULY YACTOTHl IPHHATO OXHO KO-
nebaHHE B CEKYHAY. ITa eIHHHIIA B YeCTh HeMell-
koro yuénoro I'enpuxa I'epya nazsaua zepyem
(I').

HonyeTum, B 0Hy CeKVEAY MAATHHK COBEDINA-
er asa xoaebaHuda, T.e. gacToTa ero xogebamuii

pasna 2 I'n [HJIH 2 % |. Urober BaliTH nepuox KoJe-

Ganns, HeoOXOUMMO OLHY CEKVHIY DASIEJNTL Ha
YHCJI0 Konmebaanit B 9Ty CEKYHAY, T. €. Ha YACTOTY:

1 1
i dae R | 11
2T 9 1 :
P e
S
Taxum obpasom, nepuog koaedanua T w uac-
TOTa KoJeDaHWHA Vv CBASAHE! CAEIVIOIIEH 3aBHCH-
z MOCTEIO:
V= =
T

T = % , HJIH V= % e

Ha npumepe kosebanmnii MafmTHHKOB pAaSHOI
ANUHEl IPUXOAUM K BEIBOAY: ©@emoma u nepuod
CE80000HbLY KORCOAMUI HUMAHOZO MAAMHUKA 30-
sucam om daurst ezo Humu. Yem Gonplue IauHa
HHATH MaATHHURA, TeM DoJibille nepnon Komebami
U MeHbIIEe yacToTa. (I1y saBHCHMOCTh BRI Gyaere

HECTeJOBATE NPH BblIOJHeHENH JabopaTopHoil pa-
Gorer Nt 3.)

Crobogume konebanna B oreyrerBHe TPpeHHA H CONPOTHEIEHHA BO3IyXa
HAZBIBAKWTCA CODCTECHHLBIMHE KoJdefamMAMM, A MX YACTOTE — COBCTBEHHON
HACTOTOH KoJefaTeldbHoll CHOTEMBI.
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Puc. 60. Konefanns
MAATHHEOR,
II]JDH(:KDMH{HG

B DPOTHEOIOIOAHBIX
thazax

Pwc. 81, Honebatuna
MAATHHKORE,
NPOHCKOAATIHE

¢ HEKDTOPOH
pPE3HOCTLI dias
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He Tonsxo ERTAHON MAATHHEK, HO H JI10bas apy-
rag xKoneBaTeNBHAA CHCTEMA HMeeT OnpejaeseH-
HVIO COGCTBEHHYIO YACTOTY, 3ABHCANIYIO OT Napa-
MeTpOB aToH cHcTeMmbi. Hanpumep, cobcTBeHHAA
YACTOTA MPYAHUHHONO MAaATHHKA 3ABHCHT OT MAC~
ChI TPY38 M JKECTKOCTH HPYHHHBIL.

PacemorpuM  kKoneDaHMS IBYX OAWHAKOBBIX
MaATHHKOB (puc. 60). B ogun U TOT e MOMEHT
BpeMeHHM JIeBEI MaiTHHK M3 KpaiiHero jyesoro
NOJIOMeHHA HAUMHAET ABHIKEHHEe BOpPABO, a Ipa-
BEII MAATHHE H3 KpaHHero IIPABOTO MOIOMEHHSA
nBHkerca Braeso. Oba MasTHHKA Konebaiored C
OofHOH M TO#H e JacToToll (MOCKOABKY AJHHBI HX
HHTell paBHBI) H C OAMHAKOBBIMM AMIJIHTYAAMH.
OgEakxo 2™ KonebaHUA OTAHYAIOTCH APYT OT 4PY-
ra: 8 0ol MOMeHm EPeMeHl CKOpOCcmU Maam-
HUKO08 HANpAeAeHbl 8 NPOMUBONOLONHbIE CTHO-
poibi. B TAKOM ciyuae roBOPAT, 4TO KoJebaHMsA
MAATHUKOB NPOMCXOLAT B NPOMUGONONONHbIX
gaszax.

MasTHuEX, H300paXéHHELIE HA PHCYHEKe D38,
TOME KOoJedIoTcA ¢ OANHAKOBRIMH YACTOTaAMH,
CKOpPOCTH 3THX MagTHHKOB B M1060# MOMeEHT Bpe-
MeHH HalpAaBJeHLl OARHAKOBO. B aToM cay=ae ro-
BODAT, YTO MAATHUKH K0AeOM0TCH 68 00UHAKOB8bIX
gazax.

Pacemorpum ene oauH cayyaii, B moMenT, H3o-
Opaxxénneiii Ha pucyake 61, a, cropocTn oboOMX
MafTHHKOB HaTpasieHsl Bupaso. Ho uepea me-
KoTopoe Bpems (puc. 61, 6) orn byayT HANpaBIE-
HEI B pasHble CTOPOHLI. B TAKOM cJIy4ae rOBOPAT,
uTo KoJefaHHA NPOHCXOAAT C ONpeAeIeéHHOH
Pa3nocmubio pas.

ﬂ} _— —



Pusrueckans BeTHYWHA, HasnBaeMmasa pasol,
HCHOJIB3YETCA He TOJNBKO NPH CPABHEHHH Koseba-
HUH ABYX HJIH HECKOJBKHX Tel, HO U JJA OMHca-
HHA Konebanuit ogHOTO Tena,

@opmyna nns onpefeneHud dasn: B Jroboil
MOMEHT BpeMeHH OyleT pacCMOTPEHa B CTAPIIMX
KJaccax.

Takum obpazom, KoxebamenvHoe OsuieHUE
xapaxkmepusyemca amniumydoii, wacmomoil
(mu nepuodom) u asoi.

1. Y70 HassiBaeTCA AMILIMTYA0H KoneBanuil; mepuonoM Konebanmii; uac-
ToTOM Konebauui? B Kakux efHHNIAX HaMepAeTCH KaKAAA H3 ITHX Be-
auunH? 2. HaKas MaTeMaTHY9ecHAd 3ABHCHMOCTS CYIIECTEYET MeH Iy me-
progoM u yacroroll koneSanui? 3. Kak samncar: a) uacrora; §) nepuon
cBoGogabX KonebaHME MAATHNKA OT AauHk ero BuTH? 4. Kaxue xoneGa-
HIA HA3RBAKTCA coborsenunimu? 5 Yro massipaerca colcTBeHHOM qac-
ToTol KonebaTelbHol cHeTeMEl?

YNPAMHEHME 28

1. Ha pucysre 62 raofpamens napsl KOAeOMOIIHXCA MAATHHEOS, B kaxmx
CAVHAAX BA MAATHHKA KOJel10TeH: B OIHHAKOBEIX (asax mo oTHOmE-
HHI APYE K ZRYTY; B IPOTHBONOIOXKHRIX (hasax?

2. Yacrora xonebaEnft cToMETpOBOro JFHENeIHOMOPOMHON0 MOCTA DARHA
2 I'n. Onpegenwre nepuog 9T Konebammit.

a} — " E} F " . .
o
I
|
|
! | 0
o v Uy %y By
r) ' Aa) e €)
I I
| |
r-'l e s
| |
! |
:
v ¥y -:I:a va vy vz
Puc. 62



3. llepuoj BepTHHANLHLIN HOMeOAHHI HelesHOIOPOMKHOIO BAINOHA PABEH
0,5 e. OnpegennTe wacToTy Konebanuil BATOHA,

4, Hrana maseiinoll mamuns penaer 600 monmsix konefadmit B MUHYTY.
Karosa sactora Ronedanmit nran?

5. Amnmuryaa xonebammil rpyss HA npyxuHe paszsa 3 cm. Kakoit noyTs or
3

MOJIOHeHNA PABHOBECHA NPOIJIET IPY3 3a BpemMA, PABHOSe i T % T 1 T

6. AmmanTyaa KoaeGammii rpysa Ha npysune pasia 10 cm, waerora 0,5 T,
Karoit nyTts npoiaér rpys aa 2 c?

3ANAHME

s CooapsEupyiite skcoeprIMeHT ¢ VIACTHEM MArHHTHBLIX CHJ, HMHATHPYH-
MMX YBeIHY9eERe YCKOpeHHA cBOGOAHONO MAJEHHH U IEHCTBYIONIINX HA
koJgebmomuiica HuTAEOR masTHMx. [IpoBemnTe »TOT IKCOEPHMEHT H
¢jlenaliTe BRIBOL 0 KAYeCTBEHHOH 3ABHCIMOCTH Iepnoga kojefaHuil or
YCKOPeHHA CROBOAHOTO TAJeHIH,

[FH  rAPMOMWMECKWE KONEBAHMS i

B npupose W TexXHHKEe IHPOKO pacupocTpa-
HeHBl KoneDaHWdA, HA3blBAEMEIe 2a P MOHIULYLECKU-
S

Fapmonuveckum A6AANOMEa KONEOAHUR, KO-
mopbte npoucxodam nod deilemeuem cultvi, npo-
ROPUUOHAAbHOU cMeleHU Koaelawelca moy-
KU U HANpasnennol npomueononox#Ho 3momy
CMELUCHUIK).

Brl y:ke aHaerTe, YTO IIOZ AeiicTBHEM TaKOM
CHJIE TIPOHCXOSAT KoJeDaHMA NPYMHHHONO Ma-
ATHHKA, [03TOMY 0IPH ONpPeJeleHHBIX VCJOBH-
AX OHM MOIYT CAVKHTE NMPHMepoOM IapMOHHYEe-
CcKHMX KonebaHMi (B YJACTHOCTH, IIPH YCJA0OBHH, 4TO
HA HAX He OKA3hLIBAET 3AMETHOrO BJIHAHHSA CHIA

TREHHA).
Pwc. 63. OmsiT no C noMomei onoeiTa, H30Dpa:KEéHHOTO HA pPH-
HCCILEIOBAH D B BH" cyHKe G3, BRIACHUM, 110 KAKOMY 38HOHY MeHAeTCH
CHRMUETE O SLM o C TeUEHHEM BPEMEHHM KOODAMHATA KOJeOmolero-

KOOpPAHHATE] TTDYHIHH-
HOTO MAATHHEA, COBER- cA MPYHAHHONO MAgTHHEKA W KAK BRINVIALIHT I'pa-

WAIIEro Koebanis (huK 9TOH 3aBHCHMOCTH.
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X

B mansOM ONBITE B KAYECTEE Ipy-
3a GepyT RakoH-HHOVAER HeGOIE-

\
AN 1 i‘\ % 4

\ET /\ /\ OIOH MACCHEHEIH COCYVI C MAJIEHB-
O = KHM OTBEPCTHEM CHH3Y (HAIDHMED,

Puc. 64. I'pachux zaen-
CHMOCTH KOODNHATE
KoaTeGTiomerocs opy-
HUHHONO MAATHHEA
OT BpeMern

’2- \_/ # \/ QT\_/ A BOPOHKY), & 110l Hero KJIagyT ATHH-

HYID Oymamuyio jgenty. Coeyp c

MpeIBAPATENLHO HACKITAHHEIM B He-
ro HeCKOM (MJIH HAJUTOH KPaCHINEeH MUJAKOCThIO)
NPHBOJAT B KoJebaTenLHOe ABH:Henne. Eciau nen-
TY NepeMeIlaTh ¢ HOCTOAHHON CHOPOCTRID B HAa-
OpaBJeHNH, NePNeHIUKYIAPDHOM LJIOCKOCTH KO-
nebaHWi, TO HA Hell OCTAHETCH BOJHOODDA3HAN
AOPOMKKA M3 NecKa, Kaaad ToYKa KOTOpoH co-
OTBETCTBYET MOJOMMEHHI0 KoJebniomerocs rpysa
B TOT MOMEHT, KOTZla OH IIPOXOANJI HAJ HEIl,

Ha pucynke 64 moxazan Buj H0JV4EeHHON KpU-
Boii. OHa HaselBAETCHA KOcuRrycoudol (va kypea
MATEMATHKH CTAPIINX KIACCOB BEI Y3HAETE O TOM,
4TO AaHANOTMYHBIE TrpapHUEH UMelT (VHKIIHH
THINA i = 8in X ¥ y = COS X [IpK NepeMeHHoi x). Ye-
pes TOYKHM, COOTBETCTRYIONINE MOJOMEHHIO DaB-
HOBECHA MafATHHKA, [HPOBeJeHAa OCh BpPeMeHH f,
a MepPrneHIHKYIAPHO eif — OoCh CMEIeHHN X.

H3 rpadmka BuaHO, uT0 HaMBOIBIIHE OTKJIOHE-
HUA I'Pys4 OT NOJIOKEHUH PABHOBECHH B o0e cro-
POHEI OJMHAKOBE O MOAVJIIO H PABHBI AMILIKTY e
Konebarmii A.

MaATHHE HAYAN ABHIKEHHE H3 KpalHel TOYKH
€ KOOpAMHATON x = A, 3a Bpems#, DABHOE TIePHOAY
T, MaATHHE COBePIUHJ LIOJHOE KoJeDaHMe, T. e.,
MHHOBAB NOJOKEHWe DABHOBECHA, JOIMEN L0 Hpo-
THBOOOJIOHHOH KpaiHEeH TOYKH ¢ KOODIWHATOMR
x = —A, Ha MTHOBEHHE 3aJeDIKAJICA B HeH, HaMe-
HHB HAINPABJIEHWE CKOPOCTH HA TPOTHROIMOION-
HOE, 3aTeM MOoIIé;j B ofpaTHOM HanpaABJIeHHW H,
BTOPHYHO Npofiifa Hepes noloKeHne paBHOBECHA,
BEPHYJICA B TO JKe CAMOE MECTO, OTKYyIa HAdAT
ABMsKeHHEe, BaTeM HAYMHAETCH CISAVIONee Kome-
GaHme mT. 7.

Ecuu B Xofie onbiTa GBI M3MEPeH TDOMENKYTOK
BPEMEeHH £, 3a KROTODPEIH MAATHHK COBEDIINI ITOKA-
SaHHBIE HA rpapvre KonebaHWA, TO MOKHO OHpe-
OeTHTh X nepuoa T, pasgenns aTo BpeMs HA YHC-
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N
u 1

TH 48CTOTY KoneDauuit: v = T

Mpadur gaér BOZMOMKHOCTE NPHOIH3IUTENLHO

OnpeaeIuTh KOOPDAWHATY Ipy3a B Jo00i MOMeHT

1o Konebarnii: T = — . BHasA nepHoa, MOMKHO HA-

1
Bpemeru. Hanpumep, sepes 3 T oT MOMEHTA Ha4a-

JIa nepBoro KonebDaHHA Ipys HAXOAUJICH B TOUKEe
C KOOPAMHATOH X,.

Ecan rpadux saBHCHMOCTH KOOPAMHATRI OT
BpeMeHH KAKOT0o-HHOYIb Tella IPeJCTABIALT CO-
ol curyconay (KocHHycOoHAy), T.e€. €CIH KOOD-
AMHATA MeHAETCH CO BDEMEeHEM 110 3aKO0HY CHHYCAa
(KocwHYEAa), TO B 3TOM CJIyiae IOBOPAT, WTO U KO-
opduHama, u camo meno co8EePwaIom zapmoHuLe-
cHUE KoneDaHUA,

Hepuogmueckne HAMeHSHNA BO BDeMeHH QuiHueckoH BeJIHYMHEL, MPOHCXO-
AANIHE WO 3aKOHY CHHYCA HIH KOCHHYCA, HASBIBAMTCA rapMoOHHYeCKHMH

romefaEmaMH.

Pwc. 65, ['apaornge-
ckmne KonebaERs
HHTHHEOTO MAATHHEA
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Ha pumcyake 65 msoOpameH OnelT, AHAJIOTHY-
HbIf pPACCMOTPEHHOMY BEIOIE, TOJABLKO JJIA HUTH-
HOTo MaATHUKA. C MOMOIIREIO 3TOTO OIBITA MOMHEO
NOKA3aThH, YTO U AJA HUTAHOIO MAATHHKE rpadHK
3aBHCHMMOCTH KOOPAMHATEI OT BPEMEHH TOME
npezcrasafaeT cofoil CHHYCOMAY, T. €. UTO €ro Ko-
nefaHUA ABAAIOTCA TAPMOHHYECKHMH.

Teoperuueckn KoiebaEHA HUTAHOTO MAATHHKA
0511 661 CTPOrO TAPMOHHYECKHMH B TOM CIIyuae,
ecan 6ul OH NMpeIcTABNAN coboil MATepPHAIBHVIO
TOUKY, Komebmoimyoocsa 0e3 TpeHUA ¢ Maaoi aM-
nanaTyAoii! npH He MEHAKONIEMCA CO BpeMEHEeM

| HagoMEHM, YT0 OO MaToil MNOApPASYMeBAETCHA TARAR
AMIIATYA, TPH XOTOPOil TDAEKTOPHIO ABMMEHHA MAATHHKA
MOMCHO CIMTATH DpAMoIHHelHoR, ncnosoe sHaYeHRE AMILIH-
TYAR, YAOBASTEODAWIOIEE STOMY YCAOBHIO, JABHCHT OT TO4U-
HOCTH peayasTaTa, Tpebyemoit B pemaemoit aanave. B Goasuing-
CTBE NPAKTHYECKHX 3a0a9Y MAMOH MOMCHO CIMTATEH AMILTHTYAY,
eciH YIo OTHAOHEHHA He npessmaer 87,



PaccTOAHHMH OT He€ A0 TouKH mozeeca. (MoxHO
ZIOKA3ATE, UTO TOJLKO IPH 3THX VCJIOBHUSAX CHIA,
BO3BPAINAKINAS TOYKY B MOJOMeHHe paBHOBe-
cudA, Oyaer NpAMO IPONOPUMOHAIBHA CMEITeHNIO,
BCIeJCcTBHE Yero Kojgebannsa ByayT NpoMcXoauTh
M0 TADMOHHWYECKOMY B38KOHY, T.€. OO0 3aKOHY
H3MEHEHHA CHEYCA WX KOCHHYCA.)

Marepuansuas Touka, KonefIIOLASCH HA He MeHAIIIEMCH CO RpeMeHeM
PACCTOHHHH 0T TOUYKH MOABECA, HASKBAESTCH MATEMATHYECKHAM MAATHHEKOM.

MaremaTnaecknii MAaATHUK — o710 abcTpakTHAS
MOJEeNE, PEANTBEHO TAKUX MAATHEHKOB He OnIBaeT.

IlpakTuueckn rkoneGanusa, 6aMaKkMe K rapMo-
HHUYEeCKHM, COBEPINAeT TAMENHN mapuk (HampH-
Mep, CTANLHOIM), IOABEINEeHHEIN Ha JErKoi u Ma-
JIOPACTAXKHUMOH HHTH, AAUHA KOTOPOH JHAYH-
TenbHo foJblne guaMeTpa STOrO IIapwKa, npu
MAaJOH aMILTHTY /A€ ¥ MAJIOM TDeHMH.

ITpu coBepIIeHUN TeIOM rapMOHHYECKHX KOJe-
Danmil He TONBKO €ro KOOPAHHATA, HO ¥ TAKHE Be-
MUYHMHBI, KAK CHJIA, YVCKODEHHWEe, CKODOCTE, TOME
H3MEHAKTCA M0 3AKOHY CHHYCA WJIN KOCHHYCA.
9TO cleyeT M3 M3BECTHHIX BAM 3aKOHOB H (hop-
MYyJI, B KOTOPHEIX VKA3aHHBIE BeIHINHE! NOMADPHO
CBA3AHEI mMpAMO I[pOIEOpE[HDEﬂJIbHOﬁ 3ABHCHMO-
cThI0, Hampumep F, = —kx (saxon I'yka), a, = %
(BTOpoit saxom Hsioroma). Ha arux dopmyn
ClexyeT, 4YTO CHJIE& M YCKOPEHHe JOCTHIalT
HaubONBIINX GHAYEHHN, Korza kojebaiomeecs
TEJ0 HAXOMAHTCA B KPAWHHX [OJOMKEHHAX, rie
cMelmeHHe Haubolee BeJMKO, M PABHLI HVJIO,
KOTZa TeJIo IPOXOANT Yepes NoJIoKe e pagEHOBe-
CcHA. 3HAYUT, KonebaTeNbHOE IBMYKEHWE BOJM3HN
CpelHEro NoJOXeHHNA Temna H‘ﬁﬂﬁOJ‘lEe 6.1'.[1-!3!{0 K
PaBHOMEPHOMY, a BOJH3H KpalHEIX DOJ0oXKeHnit
CILIIBHO OTJIHYAETCHA OT PABHOMEPHOIO ABMHEHHA.

Cxopocts e, HaoBopor, B kpaifiHIX nosioke-
HAAX paBHA HYJO, & IPH OPOXOMJEHHH TeNoM
HNOJIOMEHHA PABHOBECHS AOCTHraeT HANOGOABLIEro
3HAYeHNA,
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1. IIo pucyary 63 pacckaxmTe 0 NeAn, DOPHAKe BEIIOTHEHAS B DE3yib-
raTax uacfpaménnoro oneita. 2. Yemy coorsercTeyioT orpesku OA u OT
aa rpafuHie (eMm. pie. 64)? 3. Kagkne konebaEHA HASLIBAIOTCH FAPMOHN-
geckamn? 4. Uro MOMEHO MOKASATE ¢ TOMOMILIO OTEITA, HA0OpAXKEEHOTO
Ha DpHcyHre 657 5. Yro HasmBaeTcA MATEMATHYECKHUM MAATHHKOMT
6. Ilpn KaKHMX VCIOBAAX PRANLHLIA HHTAHON MAATHUK DVAST COBEDINATE
Konebanns, Gauskne Kk rapMoHmuecknM? 7. Kak MeHAWTCR QeHCTBYIO-
IAA HA TeTo CHJIA, ero YCKODEHHE B CRODOCTE NTDH COBeDIIeHHN HM Tap-
MOHHYeCHAX Koaebamuii?

SATYXAIOWMWE HONNEEAHUA.
BbIHYMAEHHBIE KONEBAHUSA

Obparumen ewmé pas K pHcyHKy 53. Ilepeme-
maa mapuk us roukn O (DonmoseHWA paBHOBE-
cus) B Touky B, Mbl pacrarusaeM npyxuny. IIpu
3TOM MBI COBEpPIIAEM HEKOTOpPYH padoTy mo mpe-
OIOJIEHHIO CHJIBL €€ ynpyrocte, Oiarosapa udemy
Opy:XUHA TpHOOpeTaeT NOTEHIMAJIBHYI0 JHEpP-
riio. Ecam Teneps oTHycTHTE IIAPHK, TO MO Mepe
ero npubanmxenns Kk rouke O neopManma npy-
JUHEI H MOTeHIIHAJIBHAA dHEPruA MaATHHKAa Oy-
NYT YMEHBINIATHCH, 4 CKOPOCTH B KHHETHYECKAR
AHEPIHuH — YBEJIHYHBATHCH.

Ionyernm, 9T0 HMOTEPH dHEPrHH HA TIPEoJaoJe-
HHE CHJ TDeHHS TIPH ABMMKEHHMH MAaATHHKA Ipe-
Hebpesxumo wMaasl. Torga, coriacHo B3aKOHY
COXPAHEHHNS OHEPrHH, MOTHYI0 MEeXaHHYeCKYIo
oHeprul MaaTHHKA (T.e. £ + E.) B mwoboii mo-
MeHT BpPEMEeHH MOMHO CHHTATh OJUMHAKOBOH H
paBHO TOW DOTEHLHAJNBHOH JHEPruH, KOTOPYIO
MBI M3IHAYAJLHO COOOIMUIM OPVYKHHE, DACTAHYRB
eé Ha Aauey orpeaxka OB. [IpH aToM MasTHHE MOT
Or1 coBepIIATE KOJefaHUA CKOJIB YIOJHO IOJITO ¢
MOCTOAHHOMN aMILINTY 0, paBHoit OB.

Tak 661710 0561, ecTH OB TPH ABHXKEHHH He ObLI0
HUKAKHX MOTEDh SHEPTHH.

Ho peansHE0 NOTEpH 2HEPIHH BCErga ecTh.
Mexanuyweckana Hepzus pacxodyemcs, HaNpH-
Mep, Ha coBeplueHHe paboThl O NPEOOTEHHIO
CHJI COUNPOTUBIEHMH BOSAYXa, nepexoda npu
IMOM 60 BHYMPEHHIOW IHEPZLID, AMILUIATYAR] KO-



x B Boge xi B soanyxe
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Pue. 66. Fpatmrn
JABHCHMOCTH OT
BPEMEHH AMILIATY A
ceobonaey koneba-
HHR, TPOHCXOASHINY
B BOIE H B BO3IVXe

aefaHuH ToCTeNeHHO YMEHLIIAeTCH, M Yepes He-
KoTopoe Bpemsi kKomebaHmsa mpekpatnairced. Ta-
Kne RKogefaHWUA HalblBAKTCH 3amyxalouiumi
(puc. 66).

Yem Oonvute cujbl cORPOMUBNICHUS O8uMce-
HWo0, mem Ovlempee NPeKpaanmea Koie0anus.
Hanpumep, B Bozle konebaHUA 3aTyXawT ObicTpee,
yeM B BOa3ayxe (puc. 66, a, 6).

Ilo cux mop paccMATPHBAJECE CBODOJHBIE KO-
aefanuAa, T.e. KONAeDAHHA, OPOHCXOAAINIIHEe 3a
CHET HAYAJILHOTO 3anaca aHeprum.

Caofadusie Koaebanui acezia zamyxanujue,
TAK KAK BECh 34lIAC PHEPIriH, NepBOHAYAJIBHO CO-
oDIEHHEIN KOIeDaTeNbLHONW CHeTeMe, B KOHIe
KOHIOE VXOIHT Ha COBepINeHHe pﬂﬁDTH oo ope-
ONOJICHHIO CHJ TPEHUA M CONPOTHBJIEHUHA CPEebl
(T. 8. MEXAHWYECKAHA SHEPIrUA NIEPeXoauT BO BHYT-
perri00). [losToMy cBODOLHBIE KOTEDaHMA TOYTH
He UMET NPAaKTHYeCKOT0 TpPHMEeHEHHW A,

Yrodsr Konebanuga GBLIN HE3ATYXAONTHMI, He-
oBXOAMMO BOCTIONHATH [MOTEPH JHEPTHH 38 Kaj:-
Al mepuog xKoAebaAHMH. 9TO0 MOMKHO ocyliect-
BHUTH, BozjeicrBya Ha Kogelnwomeecsa Teno Ie-
pHognUYecKH MamMeHaomeiica cuaoii. Hanpumep,
KA LI paz NOATAJKHBAA KAYENHd B TAKT UX KO-
JefaHnAM, MOHHO J0BHTECA TOI0, 41066l Ko1eba-
HHA He 3aTyXalu.

Konaebanus, copepiiaeMbie TeJoM MO AeHcTEHeM BHeulHell mepHoIHYecKil
HEMeRHIIIeHcs CHIbl, HASKMBANTCH BRHYIKICHABIMH Konebanuamm,

BHemHAA NepHOAMYECKH N3MEHHAIOIIAACH CH-
Jla, BhISHIBAOIIAA ATH KoJjeOaHHs, HA3LIBAETCH
SbiHYNcdaowel cunou.,
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Ecan Ha nokosilumecs Kaveau HAYATH AelicTBO-
BATh MNEePHOANYECKH MEHHOLIeHCHA BLIHYMKIAK-
merd CHJoil, TO B TEYEHHE HEKOTOPOro BpPeMeHH
AMIIHTYAA BBIHYMKIEHHBIX KoJgebaHHN Kadeseit
OyaeT BO3pPACTATE, T. €. AMILINTYI4 KEMKIAOIO IIO-
caegymomero konebanma dyaer fosbine, yem npe-
ABIAYIIEro, Y BeJMYEeHHE aMILTHTY/ILI TPeKPaATHT-
Cfl TOrjJla, KOTgA DHeprus, TepAeMas KAUeIaMe HE
NpPeooeHHe CHNLI TPEeHWA, CTAHET DABHA 2HED-
UM, NOJy4YaeMoil MMH H3BHe (3a cuérT paborh
BBIHY A0 H CHIILL).

B GorbmuHCTBE cAyYaeB HOCTOSHHAN YACTOTA
BEIHYMJIEHHEIX KOTeDaHWE YCTAHABRTMBASTCH He
cpasy, a CIyCcTA HeKOTOpOe BPEMSHA IOCIe MX Ha-
qajia.

Rorga aMnauTyga ¥ 4acToTa BEIHYMKICHHBIX
KonebaHMil MepecTaldT MEHATHLCH, TOBOPAT, 4YTO
KONe0aHUA YCMAHOBUIUCD,

YacTroTa yCTAHOBHBHINXCH BEIHVIKICHHBIX KO-
nefanuil pABHA 9ACTOTE BHIHYEIAIOMECH CHIIbI,

BrirysxaenHble kKonmedaHMA MOTYT COBEDIIATH
[a¥e Teja, KOTOPhIe He ABIAIOTCH KonebaTeTEHEI-
MH CHCTEM&MM, HAlpUMep, HITIA INBeHHOH MAaIlH-
HEI, IOPIIHH B IBHIaTe/[€ BHYTPEHHEr O CIOPAHHA H
MHOrme apyrue. Konebanus TaKNX Tesa TOXe NpO-
HCXOAAT € YACTOTOH BRIHYAJAIOMIEH CHJIEL,

BrinysxaeHHbie KoJebaHuUA — Hezamyxalo-
wue. OHKM IPOMCXOAAT A0 TEX IIOP, MOKA AeicTBY-
eT BEIHYKJAKIAR CHJIA,

' 1. Yo MOMHO CKA3IATE 0 NOAHOH MEXaHHYecKoH sHepPruH Koaelawinero-
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cA MAATHWHA B J1000H MOMEHT BpEMEHH, cC/H JO0OYCTHTh, 9TO IOTEpPh
anepruy Her? CoriacHO KAKOMY 3AKOHY 0TO MOKHO yTEepKiaTh? 2. Kag
MEHABTCA ¢ TEYeHHEeM BpEMeHH aMILTHTYAa cBOGOIHEIX KonebaHu#, mpo-
HCXOAAIIMY B PealbHBIX yeaoBuax? B uém npuunEa TAKOro HaMeHeHna 7
3. I'ae OGuicTpee npexparaTes xodefanns MAATHHHA — B BO3LYXe HAH B
soge? [Movemy? (HauarsHbr sanac 3HEPTHE B 000HX CIYYAAX OJUHAKOEB. )
4. Moryr mun ceoboaumie ronebaana 0T HesaTvxawmumua? [Touwemy?
YHro HeoGx0aMMO HenaTh QaH Toro, 4Tobkl konebaEus OELIH HESATYXAD-
muMe? 5 YTo MOMHO CKABATE 0 YACTOTE VCTAHOBMBIINXCHA BRIHYMKIEH-
HEIX Kogebaaui B 4acTore BeIEYRAaomel cunn? 6, MoryT au Tena, He
HBJAAOMHeCHE KonebaTeJEHRIME CHCTEMAME, COBEDIIATE BhlIHYHIASHHLIE
wosefanna? TTpusenuTte npusmepnt. 7. Mo KaKUY MOD NPOMCXOAAT BEIHY M-
HeHHBIE Koredanua?



) ynPAXHEHKE 25

1. TopwacHTANLHEI NDPYMUEHRIE MAATHUEK, noofpa:BHHLIl Ha pHCYH-
ke 53, OTBENH B CTOPOHY ¥ OoTOVCTHAH. Kak MeRAOTeR NepeucleHHble B
rabaune 1 peTHYMEB OIDH JRMHEHNH MAATHUKA HA VEASAHHEIX YIaCTKAX
ero myru? [lepeweprure Tabouny B TeTpadb ¥ 3ATOTHATE &8,

TaGnnuya 1

OrBr0O
Or0OrA
OrAxO

OrOx B

TopusonTams 2

/

T'opnaonTtans 1
Pwc. 67

Ioauas
Moren- 4 =
i Na i Knnets:

F'u:.l‘ u:if;" AHEPrHA = B Hoe-

AJLHBIX
" i yc'?:’:n YOIOBHAX

e (T. &. Dea
¢ TpEHHeM) senus)

. Ha pucynxe 67 ugolpamén mapus Ha HRTH, Konebrm-

mufica Ges Tperua Memay rouxavu A u B, Haxonace 8
ToMKe B, 3T0T MARTHHE 00nagaeT NOTEHIIHAJILHON aHED-
rueit, pasmoit 0,01 [ orsEccHTEIRHO TOpPHaoETANM 1,
NpHEHEATOH 3a HYIeB0oll YDOBEHD OTCUETA MOTEHIMATILHON
SHEPI'HE. Lle.ﬂ[‘y PABHAD B.} ONOTeHIHAIRHAA DHEDIMHA LA~
puka B roukax A u 0; 6) KEHeTHYRCKAN SHEDIHA IIADPHKA
B roukax B, O n A; B) nonHaA mMexaHWYeCHAA aHeDTHSA
IapHKAa B TouKax B, D, O, Cu A7

. PacemorpuTe pHeyHOK 56 ¥ crasuTe, KAKMe U3 Tel cOo-

cofHbl copepmIaTh: cBoboaHble HoMeDAHWSA; BLIEYMJEH-
uble konebanma. Orser ofocHyiiTe.

. Moryt am npoMcXoiHTh: a) BRIHYMIeHHRIE Kogebamua

B xonefatensHoit cucteme; §) ceobonunsle xonefanua B
CHCTeME, He ABaaomeidcn xoaebareasnon? IlpaeegnTe

npuMephl.




§ 27 PE3OHAHC

PaapyleHHE#
EruneTckmii moct

Puc.B8. [lemoncrpannm
JABHCAMOCTH aMILITH-

TVIIEL BEIHY IS EHEIX
HOneBAHIH MAATHN -
KOB OT YACTOTE] Hame-
HEHHA BEREVA AR
CH AR
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IIpuBexém HCTOPUYECKHT (DaKT, MMeIOM KT He-
NOCPeACTBEHHOE OTHOIIEHHE K TeMe [IaHHOTro
naparpada.

B 1908 r. B [lerepfypre cunbHO pacravaica H
B peayJIbTATe 3TOT0 OfpVINHACA TAK HAILIBASMBbIH
Erunerckuii moct uepes pery PoHTaHKY, Korza
00 HeMy NOPOXOAHJI MaplieBsIM marom (r.e.
B HOT'Y » ) KAaBAJIEPHHCKHI 9CKAApOH.

[louemy HMEeHHO B OITHCAHHOM CJIVYAE BRIHYH-
OeHHBIE KoJdebaHMsA MOCTA QOCTHIINA TAKONR GOIB-
woil ammuauTyasl? MoskHo an 6BIIO NMpeaoTEBpa-
THTb aBapui?

s orBeTa HA 9TH BOIIPOCElI PACCMOTPHM, KaK
BABHCHT aMAJUMYIa sbihyideHHblX Koael0aH il
Om Yacmomyl UIMEHEHUA BblHYNCOaIowetl cuabl,

Ha pucyake 68, a naobpakeHs! 1Ba MAATHUEKA,
BHCHALINEe Ha o0meM mHEype. llinHa MAATHHKAa 2
HEH3BMEHHE, 9TOH AJHHE COOTBETCTBYET olpeje-
AEHHAM YacTOTA cBODOIHBIX KoneDanuH (T. e. cob-
CTBEHHAA 4YacToTa MaATHHEKA). [[IHHY MaaTHM-
Ka ! MOMHO MEHATh, NOATArUBAA CBODOAHBIE KOH-
uet Hured. IIpn neMeHeHMH IIHHE MagTHHKA |
COOTBETCTBEHHO MEHAETCH ero coberBeHHas qac-
TOTA.

Ecau oTKNIOHHTE MafATHHK ! OT [NONOMEeHHH
PaBHOEBECHA B NPEeIOCTABHTE €ro CAMOMY cebe, TO
oH Oyger cosepuiaThk cpobogHbie Kouebanusa., 910
BEIBOBET KoJieDAHMs IIHYPA, B PE3YAbTATE Yero Ha
MaaTHHE 2 Yepes ero TOUYKHM Dojgseca Ovaer geicr-
BOBATH BHEIHYKIAIOLIAA CHIA, HEPHOAHYECKH Me-
HAIOMIAACA 110 MOZVJII0 H HANPABISHHIO C TAKOI
Jie JACTOTOH, ¢ Kaxoll komednerca mMaaTHUK [,
Mon aeiicTBHeM 2TOH CHILI MAATHHK £ HaYHET
COBEpIIATH BHIHYKAEHHBIe Kone0aHmus.

Eciau mocTeneHHO VMeHBIIATE JJIHHY MafgTHH-
ra !, To vacToTa ero KonebaHKuil, a 3HAYNT, H YaC-
TOTA HMAMEHEHUH BBIHYMAAOMEN CHIBI, JeHcT-
BYKWIIEH Ha MaATHHK 2, OylIeT VBelIHYHBATHCH,



ErMneTcHHiA MocT,
NOCTPOSHHBIA 3AHOBO
B8 1954—1956 rr.

0 Vi v
FpadMK 3aBHCHMOCTH
aMINIHTYABI
BbIHYMABHHBIX
HONeBaHWA OT YacToTh!
BLIHYHABIOWER CHAbI

npubamikasics K coOCTBEHHOM YACTOTE MaATHH-
ka 2. TIpu sToM AMONUTYAA YCMAHOBUBUIUXCA
EblHYJNCOeHHbIX KoMeOaHuil MaATHHKA 2 Oyaer
BozpacraTk. OHa gocrurHer HanbosblIero sHave-
HHA, KOrJla JJHHB MAATHHKOB CDABHAKIOTCH, T. €.
KOTJa 4aCToTa v BEIHYHIAIIEed cHIBl COBIAAET ©
cobersennoii uacroroil v, magaTHuka 2. MasrTHu-
KH DyaIyT KomefaThCH B OMMHAKOBRIX (hazax.

HanwHeiimes VMeHBINEHHS NITHHE MaATHAKA [
MPHUBEAST K TOMY, UTO YACTOTA BEIHVIKAAIOMIEH
cHIEl  ¢cTaHeT Ooabme co0CTBeHHOM YACTOTH
maaTanxa 2. IIpn sroM aMmiuTyIa ero Koneba-
HUil HAYHET YMEeHBIIATECH,

Hﬂ OCHOBAHMHM 32TON0 OIBITA MOX{HO CIEJIATL
CAeNVIOUMH BbIBOJ! AMIIJIMTYAA YCTAHOBHBIIHX-
Cfl BRIHYJKJIEHHBIX KoJeDaHHIl JOCTHIaeT CBOEro
HAHOOIbLIEro 3HAYEHHHA IPH YCIOBHH, YTO 4Yac-
TOTA V BBIHYIKJAIOIEH CHJLI paBHA coOCTBEH-
HOii HacTOTE V,;, KoNefaTensHOMH cHeTemsl. B sToM
SAKIIOYAETCH HBJICHHE, HAJBIBAGMOE PE3OHAH-
cCoOM.

Pesonanc MoKHO IpOHADIIONATH TaK:Ke HA
ONBITE, MOKASAHHOM HA pucyHke 68, 6. Ha uém
H200pake bl YETHIPE MAATHNKA, MOJABCIICHHLIC K
obmemy maypy. Maaranku I n 3 nMmeioT oguHAa~
KoBvID anunay. [log zeficrermeM cBobOMHLIXY KoJe-
faHMi MaaTHUKA J OCTANLHEIe MASTHHKH COBEp-
IIAIOT BEIHYXKeHHBIe Kodebanua. [Ipu srom am-
OauTyZa Komebanwil MmMagTHUKA | SHAYUTENBHO
Boneme amnauTys maatHukoB 2 u 4. B marnom
cayvuae maamuukrk l konednemesa 8 pe3oHawc ¢
MaamHuuxom 3.

[Toyemy aMIANTYIa YCTAHOBUBIIUXCA KojgeDa-
HMI1, BRIGBAHHBIX BLIHYKIAKINE CHJIOH, TOCTH-
raeT HauOGoIbIIIeTO SHANMEHNSI UMEHHO IpH COBIIA-
JeHUH JAcTOTHI M3MeHeHMA 3Toil CHABI ¢ cober-
BeHHOH HacToToll KonedarensHoil crucremel? Heno
B TOM, UTO B 3TOM CJYUAE HANIPABJIEHHUE BLIHYMK-
papined cuakl B 060 MOMEHT BpeMeHHN coBna-
IAEeT C HATIPABJAeHHEM JBHKeHHH Koaedaoimerocs
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Mp# NoATANKUBAHKK
Kavened B HanpasneHlm
HX ABWHEHHS 3HERTHA
KoneGaTensHoA eHCTeMb|
nonoHAETC
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Tend. Takuwm o6pazom cozaawTes Hanboree 6aaro-
IPUATHRIE YCIOBHA 104 TONOTHEeHNA DHEPTHHA KO-
nefaTenrHON cHCTEMEI 38 c4eT padoThl BEIHYALA-
omei cansl, Hanpumep, 4rofel mocuiabHee pac-
Ka4daThk HKadYeJH, MblI [MIOITAJEKHBASM HX TaKHM
ofpazom, urodBl HaAnpasleHHe JgeficTBYHOIIEH
CHJIBI COBIAJAJNIO € HANDPABIEHHEM [IBHMHEeHNA
Kayemei,

Cregyer ODOMHMTH, YTO [NOHATHE pPe30HAHCA
OPUMEHHMO TOJNBKO K BEEYRJAEHHEIM HKomeba-
HUAM.

Bepuémesi Teneps K cay4dano ¢ o0pvIIeHHEIM
mocToMm. OueBHAHO, MOCT pacKadajcH a0 O0Jb-
0 aMIMUTYAbLl TOTOMY, 4YTO 4ACTOTA NEepPHOIH-
HeCcKH JeHCTEVIOIIE HA HErD BEIHYIAIIICH CH-
JIbI (YAGPOB KONBIT HAYVIIHX ¢B HOU'Y® JIOLIanei)
cayuyaiiHo cOBIAJA ¢ cOOCTBEHHON YACTOTOH 3TOro
MOCTa. ABapHIO MOXHO OBLJIO Obl NPELOTBEPATHTE,
ecan ORI mepea BXOAOM Ha MOCT DbLIa OTAAHA KO-
MAaHA MATH HE «B HOTY #.

Pesoranc urpaer SogsMIVIO POJSEL B CAMEIX pas-
HOOOpPA3HBEIX ABJIEHHAX, NPHUEM B OXHUX — IIO-
JIE@HYI0, B APYyrux — BpenHvio. Ero meobxoamnmo
VUMTHIBATH, B YACTHOCTH, B TeX CAy4asax, Korja
¢ TIOMOLILK) HAWMEHBINEH NIepHoOgWYecKOoN CH-
JIBI HYZKHO MOJYYHUTEL ONpejesIEHHBIH pasMax BhI-
HY)KIeHHEIX Koaebanmit, Hanpumep, Taxensii
A3BIK DONBINOro KOJOKOJIA MOMHO PACKAYATD,
NeHfCcTBYA CPDABHUTE/ILHO HeO0NbIIOH CHIIOH ¢ yac-
TOTOI, paBHOW cobcTBeHHO# uacToTe #Aseika. Ho
MBI He JOCTHI'HEM 3KejlaeMOoro pesy/ibTara, geHcT-
BYSA He B DE30HAHC, Ja)e NpHKIaJsIBaA OonbllyIo
CHUITY.

[Tpumepamu BpegHOTO MPOABJISHHA DE30HAHCA
MOI'VT CAVHTE CIHIIKOM CHJIBHOE pacKaduBaHme
JeJIe3HOJOPOYKHOI'O BAT'OHA NIPH cAydaiiHOM coB-
nageHNWH ero cobeTReHHON YACTOTR Komefa i Ha
peccopax ¢ HacToToll YAApOB KOJEC HA CThRIKax
pelkLCOB, CHIBHOES DACKAYMBAHME IAapoxXoJ0oB HA
BOJITHAX T MHOI'Me& ,Il])YI‘I'[B ABJEeHHH.



B Tex cayuasax, Korga pesoHaHC MOXKET HaHec-
TH yuwepd, npuHHMAIOT MeDbBI K ToMY, 4T0oDnI He
AOIYCTHTE €ro BOSHHKHOBeHuA, Hanpumep, MHO-
re 3aBOJACKHIE CTAHKH, OTJEIbHBIE YacTH KO-
TOPLIX COBEPIIAIOT NEePHOAMYECKHNe IBMMEHHA,
VCTAHABNIMBAIOT Ha MACCHBHOM QYVHIAMEHTe, Ipe-
OATCTBYKINEM BOSHHKHOBEHNIO KoaebaHHUI Beero
CTAHEKA.

SR L. C Kakoit meslo M Kak OPOBOAHJICH ONBIT ¢ ABYMS MasTHHKAMM, Mao-

Gpaménnnili Ha pucyake 68, a? 2. B 9éM saxmo4YaeTcd ABAEHME, Ha-
seiaemoe pesonamcoM? 3. Karofl H3 MAATHEKOB, HaobpakEHHEEIX Ha pu-
cyake 68, 6, RonebGnerca B pesoHaHe ¢ MaaTHUEOM J7 [To Kaxum npuana-
KAM BEl aT0 onpemenunu? 4. K nakum wonebagmamM — cBoCOIHEIM HIAK
BRIHYJHIEHHEIM — HOpUMeHuMo noaaTae pezonadca! 5. [pusegwre npu-
Mepbl, MOKAZBIBAIOINNE, UTO B OJHHX CAYVUYAAX PEIOHAHC MOMET DLIThL
NOJe3HBIM SBTeHHeM, 8 B APYIHX — BPeqHLIM,

YNPAXHEHME 26

1.

Maarnuk 3 (em. pue. 68, 0) cosepinaer csofioqunle KoneGauns,

a) Kaxue ronebaaun — cpofognele I BEHYMIEHHME — GvAyT cosep-
LIATH [IPH 3TOM MasTHHKN [, 2 u 47

6) KaxoBei cobcTBeHHBIE YACTOTH MAATHUKOB 1, 2 w 4 mo cpapHesHD
¢ HacTOTOH Konebarnit magTHHKA 37

Boaa, xoTopyio MAnbMHE HecET B Bejpe, HAUNHAET CHILHO DACTINECKN-
BaTHCA. Mansunk Menser TeMn xoAs0bl (MaM npocro <cBupaer Horys),
H pacnnéckuBande nperpamaereds. [louemy rax nporexogur?

Coficreenran uacTora kKavenei pagea 0,5 I'n. Yepes kaxue HPOMEHYTHH

BPEMEHH HYMAKHO INOATATKHBATE X, 4T06bl PACKAYATL KAK MOMHO CHAL-
Hee, 1elicTBYA OTHOCHTeALHO HeBoasmol cuxoii?

PACMPOCTPAHEHME KONIEBAHWW B CPEAE. BO/IHbI

PaccMorpuM onelT, mMOKASAHHBIA HA DPHCVH-
ke 69. [InweEYIO NPYXAHY OOABEINIMBAIOT HA
HUTAX., YIapAKOT DYKOH II0 €€ JIeBOMY KOHOY
(puc. 69, a). Or yaapa HECKONLKO BUTHOB IPYXKH-
Hbl cOMMKAIOTCA, BOSHHKAET CHJA YIDVIOCTH,
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Puc. 69, Bosnuknose-
HHE BOJIHE! B IPYKHEE

a)

6) _ BOSOONIBIR Sun s s sun0t0 i sBuEnonus0

&) ﬁ}mmmmmmmmm
noJ jgeificTRHeM KOTOpPOil 5TH BUTKH HAUWHAIOT
pacxoauthea. Kak MaATHAK NMPOXOAUT B CBOEM
MBHIKEHHUH TOJOMEeHHe PABHOBECHA, TaK W BHT-
KW, MHHVS TOJOMKEHHE pABHOBeCHH, OYAYT Hpo-
MOJIKATE PACXOAUTHCA. B peaynbTare B 5TOM e
MeCTe IMIPYXIHEE 06pasyeTcs yiKe HeKOTOPOe pas-
pesxenne (puc, 69, 6). Ilpn puTMHEYEOM BO3JEeHCT-
BUHE BHTKH Ha4 KOHIE NOPVMAHB OYAYT OepHo-
AHYecKH To cOMMIKATLCH, TO OTXOAMUTE APYr OT
Ipyra, coeepmas KonebAHUA BO3JE CBOEro Mo-
JOMEHNA PABHOBECHA. JTH RoJeDaHNA IOCTelleH-
HO IepefajyTcs OT BHTKa K BHTKY BIOJNB BCEH
npy»xuabl. [lo OpyMKHHE DPACIIPOCTPAHATCHA CIy-
NIEHNA U paspe:eHns BHTKOB, KaK [IOKA38HO HA
pucyrEke 69, 8.

IpyrumMu cnoBamMu, BAONL TPYAAHEL OT €€
JIeBOTr0 KOHIIA K TIPABOMY PACIPOCTPAHACTCA 603
Myuienue, T. €. U3MeHeHHe HEKOTOPBIX (hH3HYe-
CKUMX BeJIWYMH, XAPAKTEPUIVIONIUX COCTOAHHE
cpeasl. B 1aHHOM cIyuae 3TO BOZMYIIEHHE Npea-
crapageT coboif HaMeHeHHe ¢ TedeHHEeM BDeMeHH
CHJTBI YIIPYTOCTH B [IPYKHHE, YCKOPeHHA ¥ CKOPOo-
CTY ABMIKEHNA KoaebIIUXCes BHTKOB, HX cMe-
IeHHAA OT NONO¥eHA DARHOBECHHA.

B{IBI\I}"[EBI“IH, PaACOpOCTPAHAKIIHECH B MPOCTPAHCTEE, YIAJHACE 0T MECTa
HY BOJHHEHOBEHHA, HASKIBAKTCH BOMTHAMM.
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B nanEOM onpejseleHHH pevyb HAET O TAK HASHI-
BaeMbIX Oezyujux eoanax. OCHOBHOe cBOMCTBO
ferymux BoaH J1000H NPHPOALL 3aKJI0OYaeTcd B
TOM, 9TO OHH, PACIHPOCTPAHASACE B IPOCTPAHCTEE,
[MePeHOCAT SHEPTHIO.

Tax, Hanpumep, KoaeGIION{HECss BHTKH HpPY-
suHEB! obnamaror sHeprued. BaanmogeiicTBva c
COCeHUMH BHUTKAMH, OHH IIepefial0oT UM YACTh
CcBO€il DHEeprMH W BIOJb IIPYKHHEl PacupocTpa-
HEeTcd MeXaHHYeCKOoe Bo3MmylleHEHe (Jedopma-
nug), T. e. obpasyerca Gerymana BoaHa.

Ho nipn aTom kamaelil BUTOK NPYKHELL Koles-
JIETCHA OKOJIO CBOETO MOMIOMEHANA DABHOBECHA, H BCA
OPYHHA OCTAETCH Ha IEPBOHAYAIBHOM MECTe.

Takum obpasom, B Oeryme BoJHe mnpo-
HCXOANT TepeHOC JHEepPruH 0e3 nepenoca Be-
NiecTBAa.

B gammoit Teme GygeM paccMaTpPHBATE TOJMLKO
ynpyzue Oeryinue BOMHEI, YACTHRIM CJIVUAEM
KOTODBIX ABAAETCH 3BVE.

¥npyrie ponws — 310 MexauH4YeCKHe BOSMYIIEHHH, PACIPOCTPAHANIIHECH
B yIpyToil cpene.

Hnaue rosops, obpasosaHEuEe YIPYIrHX BOJH B
cpeze oBYCTOBISHO BOSHHKHOBEHHEM B Hell yopy-
I'MX CHJI, BBISBAHHKIX Nedopmanumeii. Hanpumep,
eClIM 10 KAKOMY-HHOYIE METANIHYECKOMY TNy
VAADHTHE MOJIOTKOM, TO B HEM BOSHMKHET VIpYras
BOJIHA.

TloMmmMo yOpyrux cyHIecTBYIOT M JPyTHe BH-
ALl BOJIH, HANPHMED 3JeKTPOMATHUTHRIE BOIHLI
(cm. §44). BoanoBble TPOUECCE] BCTPEYAOTCH
MouTH BO BeeX oOsacTsax GHIMYECKHX HBIEHHIT,
MMO3TOMY HX M3yUeHNe uMeeT HoAbIlOe 3HAUEHHE.

IIpn BOBHHMKHOBEHHH BOJH B NpyHEUHEe Koaeda-
HHS €€ BHTKOB [IPOMCXOLHIN BAOJIbL HANIPABICHHH
pacnpocTpaHeHH A BOJIHBI B Helt (cM. puc. 69).

Boassl, B KOTOPEX KoJefaHHS TPOMCKOJAT BAOIL HATTPARTEHAA HX PACIPO-
CTPaHeHH, HAZRIBAIOTCH IIPOAOILHBIMHE BOTHAMM,
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KpoMe npomoneHeIX BOIH Cy-
IECTBYIOT H NONEPEeLHble 80.JMHbL.

a)

G)

Puc. 70. BoserkHOBE-
HHE BOJIH B [MHYPEe

Paccmorpum takoi onmir. Ha pn-

cyake 70, a mokasan AIMHHEIM pe-

SWHOBRI THYD, OMUH KOHEI KOTO-

poro sakpemnyeH. pyrol KoHel

OpUBOAAT B KoJgefaTenbHoe IBH-

JMeHHe B BePTHKAJNBHON ILJIOCKOCTH
(mepneHINKYJIADHO TOPUIOHTATRHO PACIOMOMKEH=
HOMY WIHYDPY). Bnarosaps cunam ynpyrocrs, Boa-
HHKAKIIAM B IIEVpe, Konedanmsa GyayT pacmopo-
CTPAHATECA BAONE MIHYpa. B HEM BO3HHKAIOT
BonHE! (puc. 70, 6), npuuém KodebaAHMA YACTHIL
IHYpA NPOUCXOMAT MEepNeHAMKYJIAPDHO HANpap-
JIEHHIO PACHIPOCTPAHEHUA BOJH.

Boanel, B xoTopeIXx EoJefaHNA NPOHCXOAAT NePHNeHAWKYIRPHO HANPaBIe-
HHIO WX PACODPOCTPAHEHHA, HAZRIBAKTCA MONEPETHRIMHE BOJHAMM.

Pue. 71. [lonepeurasn
{a) 1 npogoneaan ()
BOJIHE]
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JBuskeHHe 4YacTHL, cpedbl, B KoTopoit obpa-
3yIOTCH KAk MOONepedYHble, TaKk ¥ NPOAOJILHLIE
BOJIHEI, MOKHO HaIrVIALHO MNPOJeMOHCTPHPOBATE
¢ NMOMOIILID BOJHOBOH MamuHEEl (puc. 71). Ha
pHcyEKe 71, a DoxasaHa NOOoNepedHas BOJHA,
a Ha pucyHke T1l, 6 — npogonsHaa. Obe BomrHEI
PaAcOpPOCTPAHAKITCH B IODH3OHTAJNLHOM HAIPAR-
JIEHHH.

Ha BonHOBOH MallMHE OPEACTABIEH TOJALKO
oauMH panx mapukoB. Ho, Habmomas 3a UX ABH-
JKEeHHEM, MOMKHO NOHATH, KAK PACTPOCTPAHAIOTCH
BOJIHBLI B CILIOIUHBIX CPefax, TPOTAMKEHHBIX BO

SN TR : ‘--n-"-l.
R Bl

ar
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BCEX TPEX HaNpapBleHHNAX (Hanpumep, B HEKOTO-
poM o0bEéMe TBEPAOrO, MHIAKOrNO MIH rasoodpas-
HOI'0 BEIIECTBA ).

Ina sroro mnpeacraBbTe cebe, UTO KayEabiH
IIADUK HBAAETCA YACTHIO BEPTHKAJILHOTO CIOA
BEILOECTBA, PACHOJIOKEHHOTO NEPHeHANKYIAPHO K
NAOCKOCTH pucyHka. M3 pucysxa 71, e BHanHO,
9T0 OpH PACOPOCTPAHEHHH NONEpeYyHONM BOIHBI
aTH cJIOH, nogobHO WapukaM, OyayT cdsuzamsca
APVr OTHOCHTE/IBHO APYI'a, COBEpIIAA KoaebaHus
B BepTHKANBHOM HanpasiaeHuu. Iloaromy none-
PeUHble MeXAHUYCCKUE BOJHbL ABNAIOMCA BOAHA-
MU cdsuza.

A npomonsHEIE BOMHEI, KAK BHAHO M3 PHCYH-
ka 71, 6, — 9T0 BONHBI CKATHA W DA3PEIKEHHA.
B arom cayuae nedopMamus cloép cpefbl COCTO-
HUT B H3MEHEHHH UX ILIOTHOCTH, TAK UTO MPOL0.JIb-
HBIE BOJIHBI IIPEACTABAAIOT cOBo YepeaviomHecs
VIIOTHEHUSA ¥ PA3PEIKEHNA,

HapeeTHO, 4TO YIpYrUe CHILI IIPH CABHUTE CI0SE
BO3HHKAIOT TOJLKO B TBEPAEIX Tesax. B mugroc-
TAX ¥ razax CMe)Hble CJ0H CBOOOAHO CKOJIL3AT
APYT mo ApYyTY 6e3 moABJIEHUA NPOTHBOAEHCTBYIO-
IUX yOpyrux cui. Pas mer yuopyrux cmi, To H
ofpasoBaHMe YIPYTHX BOJH B JKHIKOCTAX W rasax
HeB03MOsxHO, IToaTroMy nomepevunbie BOIHE] MOTYT
PACIPOCTPAHATHCA TOJBKO B TBEPARIX TeIax.

IIpn cxkaTn U paspexesnn (T. e. NpH U3MeHe-
HHH 00bEMA YYACTKOB TeJia) YIPYTHe CIITLI BOZHNA-
KalOT KaK B TBEDALIX TEJaX, TAK ¥ B KHUIKOCTAX U
rasax. IlosaroMmy npogosibHEIE BOJIHEI MOTYT pac-
IPOCTPaHATECH B 000 cpejie — TBEpaoit, »wHI-
KO} # rasoodpasHoii.

i. Yro massieaercd soanavu? 2. B 4éM sagnm0YaeTcs OCHOBREOE CROMCTEO
beryuiux Boas awboldl npupons? IpowexoasTt fiu B Gerymoed sonme
nepenoc emecrna? 3. Uro raroe yrupyrue sonas? 4. Ilpusesnre npunmep
BOJTH, HE OTHOCHILIHXCA K yOPYIHM. 5. Kakde BOMEI HA3RIBAIOTCH OpO-
Aoseasivn; nonepedasmu? [Ipreeawre npamepnt. & Kaxne sonunr —
II0NepedHbIE HAW NPOJOILHEIE — ABIANTCA BONHAMH CABHTA, BOTHAMH
cHATHA W paspexennun? 7. IloueMy NoOepeyHsle BOTHEI He PACIIPOCTDA-
HAKWTCA B XHAKHEX ¥ ragoofpasaeiy cpegax?
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m ANWHA BONHbBI.

CKOPOCTb PACNPOCTPAHEHMA BOJTH

Puc. T2. Cxema npoiiec-
Gl PAGTIPOCTPAHEHITA

B IPOCTPAHETEE
NOOepesdHail BOJHE
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Pacemorpum Gosee nmoppoGHo mpouecc epe-
Jauu xonebaHMIl OT TOYKHM K TOYKe IPH pacnpo-
CTPAHEHWH NonepeuHod BoaHLI. [las asroro ob-
paTHMCH K PHMCYHKY 72, HAa KOTOpPOM NOKa3aHEI
pasangHbBe CTAJHH NPOUEeccA PacHpoCTPaHEeHHS
[IONEepPeYHO BOJHLI Yepe3 IPOMEXYTKH BpeMeHH,

1
paBHBIe 7 5 i

Ha pucynake 72, @ naobpakesa nenodka MIpoHy-
MEpOBAHHEIX IIAPMKOB., JTO MOJAeNk: MIAPHKH
CUMBOJIM3MPYIOT HaCTHIE cpeabl. Bynem cuuTars,
qTO MEAY IMAPHKAMHM, KAK M MEMXJY YacTHIamMu
cpe/ibl, CYMIECTBYIOT CHJIEI B3AMMOAeHCTBHA, B 4a-
CTHOCTH TpH HeDOJBIIOM YIAJIeHHH HIAPHKOB
JPYT OT APYra BOIHHKAET CHJIA IPHTAMKEHNHA,

Eciu npusecTn mepsbld WIAPHK B KoJdebaTens-
HOE [IBHKEeHHe, T.e, 38CTABMTE ero JEBHTAThECH
BBEPX U BHH3 OT MOJOEHWA paBHOBECHA, TO baa-




rogapd CHJAM B3aHMOJEHCTBHA KAMKABIH IIapHH
B nenoyke OyueT NOBTOPATE ABHMEHHE TTepBOTO,
HO ¢ HEKOTODLIM 3anasAakiBaHueM (casurom daa).
9o sanasgeiBaHue Oyzer Tem Dosible, yeM AalTh-
me OT MNepBOIrc ILOapruKa HaAXOJAHUTCH JaHHLIH
mapuk. Taxk, HanpuMep, BUAHO, YTO YETBEPTEI
. 1

OIAPpMK OTCTAET OT DepBOro Ha 3 KoJaeDaHHuA
(puc. 72, 6). Beas Korga nepeslit mapui npomsn
1

3 acTs IyTH HOIHOrO Koe0aENA, MAKCHMAIBHO
OTKJIOHHBIIHCE BBepX, HeTBEPTHIH MIAPUEK TOJbL-
KO HAYNHAET ABHKEeHHE N3 NOJ0MEeHNA paBHOBe-
cHa. JIsrixeHue ceabMOro mapHeEa OTCTAST OT

ABMIKEHHA IEPBOro HA % ronebarus (puc. 72, 8),

3
JecsaToro — Ha 1 RoJjebanMa (puc. 72, 2). Tpa-
HaAlaThld MIADHK OTCTAET OT NMepBOro HA OIHO
moJsHoe konebanne (puc. 72, 4), T. . HAXOIHTCH C
HUM B OAMHAKOBLIX dazax. [[smxerns sTux IBYX
IIaPHKOE COBEPIIEHHO OJMHAKOBEI (pHe. 72, e).

Paccrogane Mexay GammaimmmMy Apyr K APYrY TOUKAMH, KOTe6II0MHMuesn
B OJIHHAKOBBIX (pazax, Ha3sIBAETCH NIHHOM BOJTHEL

Hnuea BorHE! 0003HAYAETCA rpevecKoil Gyx-
BOH A («nmambaar). Paccrosuune Mersy nNepBeIM 1
TPHHAJUATHIM MApUKAMH (cM. puc. T2, ), BTO-
PBIM ¥ YeTBIDHAANATEIM, TPETBHM H NATHAAIA-
TBIM H TaK Jajlee, T.e. MeXAY BCeMu Oamkaii-
IIHMH APYyT K APYIY MIADHKAMH, KOIeO0II0mH-
MHCA B ONMHAKOBBIX (hasax, OVAeT paBHO HJIHHE
BOJIHBI .

M3 pucynka 72 BHAHO, YTO KOJMeBaATeTRHBII
nporece pacrpoCTPAHKICA 0T HEPBOro WapPUKa 10
TPHHAJIIATOrO, T, €. HA PACCTOAHHE, PABHOE JIJTH-
HE BOJHBI A, 32 TO Xe BDeMs, 3a KOTOpPOE IepBblii
MAPHK COBEPIINI OJHO TTOJHOe KonebaHue, T.e.
3a mepuog xoaebanuin 7.
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Pue. 73. O6pasosanue
OpOAONBHON BOJHE

B TpyDe OpE Oeproan-
HECKOM CHATHH

1 pASDEHEHUH BOGAVEA
TMOPLIHEM
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3EagnT,
L=oT,

rfe U — CKOPOCTE BOJHEI.
IMockonsry nepuoj KonebaHWE CBASAH € HX

gacToToll sapucumocteo T = %, TO AJHHA BOJTHEI

MOKeT OBITH BHIPAXKEHA HWepe3 CKOPOCTh BOJHBI
H 4ACTOTY:

LX)
l=‘;.

Taxum 0oBpazoM, ATWHA BOTHEI 3aBHCHT OT 4ac-
TOTHI (MM mepuojaa) KonebaHMl HCTOYHHKA, 110"
POMKAAIOIIErO 9TY BOJHY, M OT CKOPOCTH DACTIDO-
CTPAHEHNA BOJTHEL.

Mz dopumyn aad onpeleleHHA IJIHHBI BOJHBI
MOMHO BhIPA3HTE CKOPOCTH BOMHEL:

v=% "  p=)yv,

DopMyIEl ANA HAXOMJEHUA CKOPOCTH BOJHBL
cIpaBelIHMBhl KAK QJd NONEpPeYHBIX, TAK H 118
OpOAOJBHEIX BOAH. J[IMHY BONHBI A NpH pac-
OPOCTPAHEHHNHW TMPOJOJLHEIX BOJH MOXMCHO Ipej-
CTABHTH ¢ MOMOMIIEI0 pHcyHKa T3. Ha ném usobpa-
yxeHa (B paspeae) Tpyda ¢ mopmHeM, ITopmess co-
RepiIaeT KoJedaHusA ¢ HeOONBIION AMILIHTYROM
BXOAL TPYORI. Ero ABM:keHNs nepelaroTcH ONpRe-
ramAM K HEMY CJI0AM BO3AyXa, 3anoJHAIIEro
Tpy6y. KoaebarensHEIil nponece NocTeneHHo pac-

Topmens Paapeserne

!

Hamparnenue Henpapneaue
JIBMMEHMA MOPIIHA  PACHPOCTDAHEHHSA
H HACTHIL BOSOVXA MpoADALEHOM
B TpyGe BOJIHEI



OpocTpaHAeTCA BOPaBo, 00pasyd B BO3AyXe pas-
pexeHHa H crvimeHusa. Ha pucyHke gasm npn-
MEpPBI JABYX OTPE3KOB, COOTBETCTBYIOIIMX J[LIMHE
BOJHEI ). OueBHAHO, YTO TOUKH [ » 2 ABIAOTCA
DAMIMANIIIMY APYT K APYTY TOYKAMH, KOJ1ebmamn-
IIMMMCH B OAHHAKOBEIX (hasax. To e caMoe Mok-
HO CKAa3aTh Npo ToYKK J 1 4.

i. Y10 maswiBaeTcA AnuHON BonHE? 2. 38 KAKOe BpeMA KOJefaTenbHLIH
Oponece pPACTPOCTPAHASTCA HA PACCTOAHHE, DABHOE LuuHe Boauu? 3. [a
KAREM (POPMYJAM MOMHO PACCUYHTATH AMHHEY BOTHB | CKODOCTh PACHPO-
CTPDAHEHHA TONEPEYHHX H NPOAOABHEIX Boak? 4. Paccrosmme mesny
KAKWMH TOUKAMH PABHO JJAHMHE BOJHEL, H3obpamxénaoit Ha pucyake 737

1. Crakoi cKOPOCTEH DACIPOCTPAHASTCA BOMHA B OKRAHS, eCHM LIMHA BOJI-
Hel pasHa 270 M, a nepuos konebanawnit pasen 13,5 ¢?

2. Onpegenure gaumy sonmrs: npu wacrore 200 I'u, ecan cxopocts pacnpo-
CTPAHEHAA BOJMHE paBEa 340 m/c.

3. Jlogka Ka4YaeTcA HA BOJAHAX, DPACOPOCTPAHAIOMMXCE CO CKOPOCTHIO
1,5 m/c. Paccroanne Memay apyms Gammaiimumy rpe6HAME BOIH pas-
Ho 6 M. Onpejgeawre nepuos xonebanmii mogen.

FEI]  wcrounmky 3syka. 3BYKOBBIE KONEBAHMS

IMonyuerntbie anauMA 0 KoNeOAHMAX M BOJHAX
HOSBOJIAIOT HAM MEPeiiTH K PACCMOTPEHHIO 3BYKO-
BhIX HBJIEHHI,

Mup OKDYXAKOIMHUX HAC 3BYKOB pasHoOOpa-
3eH — roJgoca Jwjelt ¥ My3eIKA, NeHHe OTHN H
YHIKAHME [TUEN, TPOM BO BPEMSA FPO3hl H IIVM
Jleca Ha BETPY, 3BYK MPOeaxKalolinux aABToMODH-
nell, caMonéToB M T.A. HMcmownukamu 3syka
ABNAKOTCA Koaebawumiueca Tema. B atoM MoOMKHO
VBeauTLCA HA HPOCTHIX ONBITAX. PaceMOTpHM HX.

Ha pucynke T4 msobpaskeHa YKpeNIEHHAs B
THCKaX yOpyrad MeTalnuuYecKan JuHenKa., Ecan
€€ cBODOJHYI0 YACTh, AMWHA KOTOPOi mozobpana
onupeaenéHHBIM 06PA30OM, TPHUBLCTH B KoiebaTens-

Puc. 74, [Tpumep HOe OBHMKeHHe (KpallHHe DONoKeHHsa Koaebiimo-
MCTOMHHKA BBYKA meica IMHeH KN N0OKA3AHE! INTPHXOBLIMM THERA-
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Puc. TB. 3ayuamas
CTPpYHA, HOHI
KOTOpOH 3AKPEILIEHEL,
copepmiaeT Kouebaaus

Pue. 76. ODnapyaenne
wonefannii Reroeil
FBVHAINETO KAMEPTOHA
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Mui), To THHeHKa OyneTr Hagasarsb 38yK. B nagHOM
ciayuae Koae0aHIA HCTOTHHKA 3BYKA OUeBH/THEI,

Teneps obpaTuMea K pUCYHKY 75. Ha HéM m30-
Dpaxena aByUalllafd CTPYH&A, KOHIIbI KOTOPOH 3a-
KpenneHsl. PA3MBITHIE OYEPTAHNA TOH CTPYHEI H
Ka;KylieecH yToJalleHue B cepeliHe CBHAeTe/IbCT-
BYIOT O TOM, 4T0 cTpyHa konebmerca. Ecan
aByuaniei eTpyHe Npuan3uTs KoHel OyMarKHOoi
MONOCKH, TO nojgocka Dyaer NOAUPHITHBATE OT
TomdkoB crpyabsl. [loxka erpyHa Homebmercs,
C/BINIEH 3BYK; OCTAHOBHM CTPYHY, M 3BYK Ipe-
KpaljaeTcs.

IIpubop, maobpancénusiii Ha pucyHke 76, ma-
3pIBAETCH Kamepmowom. OH TPEICTABIAET CO-
00if MABOrHYTHI MeTANNINYECKHI CcTepXKeHb Ha
HOMKKe. B JaHHOM caydae KaMepToH YKPenJIéH Ha
pe3oHaTOPHOM sAHKe (0 HASHAYEHHH KOTODOTO
BEI yaunaete ua § 40).

Ecim nmo KamMepToHY YAAPHTH MATKHM MOJIO-
TOYKOM HJAH IPOBECTH 110 HEMY CMBIYKOM, TO Ka-
MepToOH 3a3BydnT. llogHecéM K 3BYUAINEMY Ka-
MEPTOHY JErKuil mapHuk (CTeKIAHEYI0 OYCHHKY),
MOBEIIeHHEIT HA HHTKEe, — LIapuk OyaeT oTCKa-
KIBATH OT KAMEPTOHA, CBHAETENLCTBYH 0 Koeba-
HUAX €ro BeTBei.

Ha pucvaxe 77 noxasaHo, KaK MOMHO «3allu-
caTe» KonebaHMA KAMEPTOHA ¢ Manoil (mopsaaka
168 I'n) coberseHHOIT yacToTOH ¥ HONBLITION AMIITH-
Tyaoit Konebanuii. K xoEny 0aHON BEeTBH KaMep-

Puc. 77. Banues kosebannil BeTRN KaMepTOHA



TOHA OPUBHHYEHE TOHKAA M Y3KAA MeTAJIHYe-
CHAA MOJOCKA, OKaHYMBawmascs ocrpuém. Oct-
PHE BATHYTO BHU3 U CJIerka KAcaeTCH Jemamei
HA CTOJIe 3aKOMYEHHON CTEKAAHNHON IIacTHHKH.
[Ipu GBICTPOM MepeMeLIeHUH TAACTHEKY MO KO-
1e0AIIMMNCH BETBAMM OCTDHE OCTARIAST Ha Hel
cjies B Buae BonHooOpazHoil THEAH,

1.

BonnooOpasuasa munwns, IpoOYepUYeHHASN Hﬁ?
ILTACTHHKE OCTPHEM, OYeHb OIMAKA K CHHYCOHe.
- e TaxkuM 06pasoM, MOKHO CYHTATH, YTO Kaxiaad

Aensguisl HanyuaoT BETBE 3BYYAIlEro KaMepTOHA COBEPLIAET rapMo-

FaLT e

H MCIONB3YIOT YAbTPa- HUYeCKke Koaebamma. A
3BYK 1A OGLEHMHA YT - 75
z&ﬂ"t"ﬂ"p‘&fm nﬁ% PasznuuHnie OnerTh CBHAETEILCTBYIOT O TOM,
HOCTH, OBHADYMEHAN uTO M0G0 MCTOYHMK 3ByKa 00fA3aTe/IEHO KOJen-
KOCAKOB Pbifibl JeTcA (XOT# dYalle BCero sTH rogefaHua Heaa-

MeTHBI ANA raasa). Hanpumep, aByvkH ronocos
TIOfEe B MHOTHX >XHBOTHLIX BOSHHKAKT B pe-
AynbTaTe KoJIeDaHMil HX IOJOCOBBIX CBAJOK, 3BYy-
Y8HHE AYXOBBIX MY3LIKANLHBIX HHCTPYMEHTOB,
8BYK CHDeHBI, CBHCT BETDA, IIEJIeCT JHCTLER, Pac-
KATBI T'POMa oOyCJIOBIEHLI KOTeGAHHAMM Mace
BO3yXa,

ﬁ:&?&f{*ﬂ’gﬁrﬂn Ho zaneko me Beakoe xoneGionieecs Tesio sg-
CPE/ICTEOM 05Hapywe- JAETCA HCTOYHMKOM 3BYKa., Hanpumep, He nagaér
HHA JoBbiuy 3BYKa KOJeDNDIIHICH IPY3HK, ToABEeIIeHH B Ha
HHTH HJIH npy:kuHe. Ilepecraner apyuarth u me-
TANTHYECKAR NTUHEIKA, M300paKEéHHAN HA PUCYH-
Ke 74, eciH HepeMecTHTh 86 B THCKAX BBEPX U TeM
CaAMBIM YINMUHUTH CBODOAHBIN KOHEI| HACTOILKO,
UTOOBI 4acToTa ero KoaebaHHMil CTANA MEHBIIe
16 I'm,

Heeneposanna moxasanwm, 9To 4e/I0BEYRCKOE
VX0 cnocobHO BOCHPHHMMATHL KAK 3BYK MEXAHU-
HecKHE K0aeDaHWA ¢ JacToToi B Ipegenax ot 16
no 20 000 I'y, (zepepawninecs obbIYHD 4EDE3 BO3-
Ayx). ITosromMy Kosebanmsa sTOro IMATIA30HA qac-

Megyael qyscTayOT

NEHBNIREHME tTOpMA TOT HASBIBATCH 36 YKO6 bL MU

Enarofans Cnemyer OTMETHTB, YTO VKA3AHHBIE IDAHHILKI
YRaBAHBEH Mo SBYKOBOTO AMATTA3S0HA YCAOBHBI, TAK KAK 3ABHCAT

CO3fasaemMon UM e i
WHGpassyKomod ponkw 0T BO3PacTa JJelt W MHAMBUAVAIBHEIX ocoben

HOCTel uX ciayxosoro anmapata. O6si9HO ¢ BO3-
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pacToM BEPXHAA YACTOTHAH I'DAHMIA BOCHPHHH-
MAeMBIX 3BYKOR 3HAUATENBHO IOHNIKASTCH — HE-
KOTOpHBIe IO HJIEIE JI0AH MOTYT CABINATE 3BYKH C
yacroramu, He npessimarompMu 6000 I'o. Hdern
jKe, HaobOpOT, MOTYT BOCIIPDHHHMATEL 3BYKH, Uac-
TOTA KOTOPbIX Heckoabio Gonsmre 20 000 .

MexaEnuecKHe KoaebaHusA, 4acToTa KOTOPBIX
npepsimaer 20000 T'm, =aseiBawTes YyJabmpa-
JeyroebiMU, A KonmeDaHWA C YACTOTAMM MeHee
16 'y, — uH@PazsyKo6uIMU.

VaeTpassyk H mH(DAIBYE PACHPOCTDAHEHBI B
TPHPO/IE TAK iKe IIHPOKO, KaK H BOJHEI 3ByKOBOI'0
puanasosa. Ux mamydaioT B HCOOIL3YIOT A5 CBO-
HX «MeperoBopoB* Aeb(PHHEl, JTeTYIHe MBI H
HEKOTOpbIE APYTHE KHBEIE CYIIecTBa.

VIBTpasByK HAXONUT ITUPOKOE NPUMEHEHNe B
rexHauKe. Hanpumep, HAIIDABJCHHBIE Y3KHE Ty~
KM VIbTPasByKa MPEMEHAKTCH A HIMEepeHU:
ray6usel vops (pue. 78). JIna aToll mean Ha
[He CYLHA NOMEIIAKT HaJdydaTelbh W NPHEMHMEK
yiabTpaseyxa. VManyuaTenb 1aéT KOPOTKHE CHIHA-
7BI, KOTOpEIE AOXOJAT A0 AHA H, OTPAMKAACE OT
Hero, gocruraoT npuéMHUKa. MoMeHTH Hanyde-
HUS U MPHEMA CHI'HAJA perucrpupypores. Takum
obpasom, 3a BpeMs ¢, KOTOPOE MPOXOJUT C MOMEeH"

Puc. 78, Henonwaosa- i
HIe YLTPAIBYHOBLIX T4 OTNpAaBJIEHUA CHPHAJNA 0 MOMEHTa ero mpme-

KoneBa i Qna Hame- Ma, CHI'HAJI, PACIPOCTPAHAOLINHCA €O CKOPOCTHIO
DeHHA ryGHHL MOps v, NPOXOAUT MYTh, paBHBL yaBOeHHON raybnae
Mop#H, T. e. 2h:

2h=vt.
OTCI0MA JerKo BEITUCIUTh NIybury Mopa:

vt
h=—.
2
OnHeadHEIT MeTo) onpejelleHHd pPACCTOAHHA
0 06LEKTA HA3KIBAETCA 2X0T0KAUUEL.

1. PacckasnTe 0 Xole ONLITOB, H300pameé HEIX HA PHCYHRAX T1—T7. Ka-
xofi serBog M3 HuX cnegyver? 2, Uro armAeTCA HCTOTHHHAMMN BBYEAT
3. Mexanpuueckne KoMeDaHNa KAKHX TaCTOT HASHIBAIOTCH IBYHKOBRIME I
nouemy? 4. Kakne Rone(aHuA HASBIBAKTCA YALTPA3RYKOBBIME; HHppa-
apyKoreMu? 5. PaccramuTe 00 naMepeH K CIyOHHEE MOPA METONOM 3X0-
JIOKAIIME.
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3BYK OT B3MAXOB KDBUIBEE JETAIIEr0 KOMAPA Mbl CALIINM, & JeTAmedt
OTHIE — HeT. [Togeny?

BBICOTA, TEMEP M FPOMKOCTb 3BYKA

Puc. 79. Hecnenosannp
3ABHCHAMOCTH BRICOTEI

JBYEH OT 9ACTOTH!
KonebaHuil HoToURMRA

ik

O6paTumes enté pas K oneITy, u3obpaKéEHOMY
Ha pucyake T4. Kar yxe rosopunocek, cBoGoaHas
HacTh MTHHEHKH CO3J486T 3BYK TOJLKO B TOM CJy-
Hae, ecJid oHa HoJeOieTcd ¢ yacToTol, He MeHL-
meif uem 16 I'n. IlepemecTaM nuHEHKY B THCKAX
BHH3 (YKOPOTHB TeM CAMBIM BeDXHIOI 9aCTh) H
npruBejEM eé B KosebarTesbHOE ABMIKEHKe, Same-
THM, 4YTO HACTOTA KoaebaHuil JuHellKH yBenuuu-
Jlack, a B3/lABAEMEII €10 3BYK craJl Beime. [Ipogon-
FKafd NepuogU4ecKH YHOPAaYHBATE Koaebinomyoes
4acTh JHHEeHKH, yiequMcs B TOM, 4TO ¢ yBeJmye-
HHEeM YACTOThl KoNebaHnil 3BVK HOBBIIARTCH.

ITpoBepuM 3TOT BEIBOZ HA APYTroM omnbite. Bozn-
MEM 3y6uaThiil guck (puc. 79, a), ¢ nOMOIIBIO CI1e-
IHANBHOTO YCTPOHCTBA NPHBEIEM €ro BO Bpaule-
HI€ ¥ HPUKOCHEMCHA K 3y04aToMy Kpal TOHKOI
KapTOHHOH niacTuHKoi (puc. 79, 6). ITox Boapeii-
CTBEHEM 3y0bheB BPAIAIOIIErocH JUCKA TIACTHHKA
HAYHET COBEPINATH BEIHYKJACHHEIE KOJe0aHms,
E PE3YILTATE Y€I0 Mhl YCIBININM 3BYVK. ¥ BEIHYHM
CKOPOCTH BPAIIEHNSA JUCKA, M MIACTHHKA CTAHET
KonebarhcaA uaiie, a M3LABaeMBI €10 3BYK byaer
BEIIIE,

Ha ocHoBaHMH ONHCAHHOrO ONBITA MOMKHO 3a-
KJHYNATH, YTO BRICOTA 3BYKA 3aBHCHT OT YACTOTH!
KoJebanuii: yem Gonsme wacrora Koaebaumit me-
TOYHMKA 3BYKA, T€M BRINIe H3TABAEMbIH HM 3BYK.

Hanomswm, uro sersm kameproma c:onepu:mm%
TapMOHHYeCKHe (CHHYCONIAIBHBIE) KOTeGaRus, KO-
TOPEIE ABJIAIOTCH CAMBIM MTPOCTEIM BHIOM KouseGa-
HE#l. Takum xkonebanmam MPHCYINa TOJLKO OJHA
CTPOro oIpejeéHHas YacToTa. 3BYK KaMmeproHa
ABIACTCH LUCTLLLM MOHOM,
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YReTHIM TOHOM HaswBAeTCH 3BYE HCTOYHHKA, COBePIUIAKINEre rapMoHHYe-
CEHE Koae0anns 0HOH YACTOTHL.

T — ———

HoneGanis cTpyHl,
M3NBIOLLER 3BYH
OCHOBHOTO TOHA

1 AByx 0GEpTOHOE

TemOps| 38YKOB PORIA
W CHPMIIKKM OTAHYAIOTER
HabopoM COEPTOHOB

132

3BYKH OT APYTUX HCTOYHHKOB (HATTPHMED, 3BY-
KW pasau4HbBIX MY3BIKAIBHBEIX HHCTPDYMEHTOR, I'O-
noca miofeli, 3BYK CHPEHbI 4 MHOTHe Jpyrue)
NPeacTABIAIT cOoDOl COBOKYVIHOCTE TAPMOHHYE-
CKUX KoaeDaHHH pasHBIX YacToT, T.€. COBOKVI-
HOCTh YHCThIX TOHOB.

Camasa HAU3KAa#A (T. . caMas Majgas) 4acToTa Ta-
KOTO CAOMKHOID BBVKA HASLIBAETCHA OCHOGHOU
Yacniomoil, i COOTBETCTBYIOUIHHA el 3BYK OIpe-
NeNéHHOI BBICOTH — OCHOGHbLM MOHOM (HHO-
rga ero HASLIBAIOT MTpocTo moxoM). Bwicoma
CROMCHO20 38YKA Onpedensemcsi UMEHHO Bbico-
moil 20 OCHOBHO20 MOHA.

Bee ocTankHEIE TOHEI CO0HOID 3BYKA HAShIBA-
iores obepmonamu. TacToTel BCex 00epPTOHOB
JAaHHOI'O 3BYKA B IeJoe 4yuciao pas bomsime wac-
TOTHEI €70 DCHOBHOIO TOH& (II00TOMY HX HASBIBAIOT
TAKKE GLICULUMU 2APMONUNCCKUMU MOHAMU).

Obepronsl onpenensioT membp 3BYKA, T. €. Ta-
KOEe ero KadecTBO, KOTOPOE IO3BOJIAET HAM OT/IH-
TaTh 3BVEH OJJHHX HCTOYHHKOB OT 3BYKOB JIPYTHX.
Hanpumep, mMbl Jerko OTIHYaeM 3BYK posuis OT
BVHA CKPUIIKH Taje B TOM c/y4ae, ec/Iii 0TH 3BY-
KW AMeHT OJHHAKOBYIO BEICOTY, T.€. OJHY H Ty
JKe YaCTOTY OCHOBHOTO TOHA., OT/IHYEE Ke ITHX
@BVKOB 06ycIOBIeHO pasHbiM HabopoM 06epTOHOB
(COBOKRYITHOCTE ODEPTOHOB PA3THYHBIX HCTOYHH-
KOB MOJKET OTITHYATHCA KOJHYecTBOM 00epTOHOB,
HX AMIIMTVAaM#, caBurom (das Mexay HHMH,
CIeKTPOM YACTOT).

Takum o6pasoM, BHICOTA 3BYKA ONpeleIHeTcH
YACTOTOH €ro OCHOBHOTO TOHA: YeM foJbINe Uac-
TOTA OCHORHOTO TOHA, TEM BhIIIE 3BYK.

Tem0Op 36yKa onpedeisemca COB0KYHOCTbIO

€20 06EPMOHOE. A

Yrohbl BHISCHATE, OT HET0 3ABHCHT I'DOMKOCTH
3BVEA, BepPHEMCH K ONBITY, H300pDaKEHHOMY HA
pucyare 76. K ogaoil BeTBN KaMepTOHA HOJBOAAT



BILTOTHYIO MAJIEeHbKHUA BUCHIINI HA HHTH LIADHK,
4 10 APYTo¥ Cclerka yaapsmoT mMomorouxom. Obe
BeTBH KAMEDTOHA NPHXOAAT B RojgebaTeiabHoe
ABuixeHHe. CJbIIeH HerpoMKHH 3BYK. [Mapux
OTCKAKHBAET 0T Konebaiomeiica BeTBH HA HeHOIIE-
II0€ paccTOAHME. 3aTeM KaMepPTOH IVTYIIaT U CHO-
Ba YAAPDHIOT IO HEMY, HO T'OPAa3i0 CHILHEe, YeM B
nepeeiii pas. Teneps kamepron aByumt rpoMue,
4 mapuK OoTCKaKuBaeT Ha OoJibIlee paccTosHme,
UTO CBUAETE/IBCTBYET 0 GOJIbINEH aMIIUTYIe Ko-
nefaHHI BeTEEI.

: ) 9TOT M MHOI'HE JPYTHE ONMEITHl O3BOJIHIOT cle-
"1; & JaTh BEIBOJ O TOM, YTO FPOMKOCTh 3BYKa 3ABHCHT
A \ j— -1;, & ¥ 0T AMILIHTYIEI :tconeﬁannii: qem Go/IbIe AMITIH-

v =200 T Tyda xonaebanuii, Tem rpomue spyk.

B paccmoTperHOM OnblTe 4acTOTHI KoaeGammit
060MX 3BYKOB — THXOT0 M 'POMKOTO — OIHHAKO-
Bbl, TAK K&K UX HCTOYHUKOM ABJAETCH OAHH ¥ TOT
7Ke KamMeproH. Ho eciiu cparEUTE 3BYyKR pasHbix
“acmon, TO KpoMe aMILTHTYAB KoseGanuii mpu-
mIock OBl yIUTHIBATS €LUE OfMH haKTO P, BIAHAW-
Ui HA rpoMkocTtk. eno B ToM, uTo HYBCTBH-
TeNbHOCTE YeJOBETeCKOro yXa K 8BYKaM DAasHoii
YACTOTH pasauuda. [lpu odunarosvix AMILAUITY-
dax Kax Goaee 2pomicue BOCLPUHUMAIOMCA 38}-
KU, Yacmombt KOMOPLLX AeHam & npederax om
A 1000 @¢ 5000 I'. TToaTomy, HanpuMep, BLICOKHH

AAAAAAN HEHCKHH rosoe ¢ wacroroit 1000 ' 6yaer ans Ha-
VUV VYTV ¢ WIEro yxa rpoMue HH3KOTO MYKCKOrO ¢ YACTOTOMN
200 I'u, pasme ecau AMILTATY IR KoJleGagnil roao-

e COBBIX CBABOK B OOOMX CJYYAAX OIHHAKOBEL.
g'mﬂ““a_;:;':mm“"ﬁ T'pomicoeme s6yrxa 3aeucum mawxxwe om ezo
rONGG, HMEIOLLHA daumensvnoecmu u om undueudyarvHblx 0cober-
GENLLLIYID HECTOTY, HOCMEl CAYyUWamens.

&"‘n‘;ﬁﬁmﬁm I'poMKOCTE 3BYHa — 3TO CYOBEKTHBHOE KAYECT-

HEH 6ONe. FPOMHHil BO CIYXOBOIO OUIYIIERN#A, HO3BOJAAIIIEe PACIIO-
JaraTh BCE 3BYKM O MIKAe OT THXHX [0 TpoM-
KX,

=1

Exuanna rpomkocTs 3BYKA HA3KIBAETCH CDH:_ﬁ‘
B npaxkrTHuecknx sajauax IPOMKOCTE 3BYKA
NMPAHATO XaPaKTEPH30BATL YPOGHEM I8YK0E020
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dasnenun, wnaMepsemeim B Oenax (B) mnam
deyudenax (nB), cocTaBiAwIIMX ASCATYIO TaACTh
bena.

Hanpumep, 3BYKY, BOSHHKAWOIEMY NPH JIACTa
HUM raseThl, COOTBETCTBYET VPOBEHL 3BYKOBOIO
nasnenus nopanka 20 B, sBYKY 3BOHKA OyARIE-
auka — npumepso 80 aB, ABAraTes caMoneéTra —
nopsanxa 130 aB (rakoil rpoMK#ii 3BYK BhISHIBAET
v gesosera boyesoe oLIVIeHre).

CHeTeMaTH4YecKoe BO3jelicTBHe HA YeJIOBeKa
IPOMKHMX 3BYKOB, 0cOBeHHO IIyMOB (COBOKYIHOC-
TH 3BYKOB PA3HON I'DOMKOCTH, BEICOTHI TOHA, TEM-
opa), HeBJATONPHATHO OTPAXKAETCA HA €ro 340-
pPOBBE.

B myMHBIX palloHAX ¥ MHOTHX JIOfe# TOABIA-
JOTCA CHMITOME! IMIYMOBOH 0ONMe3HM: MOBBIIIEH-
Hasl HepBHAs BO3DYAMMOCTH, OBICTpas yToMJise-
MOCTEH, TOBLINIEHHOE APTEPHANBHOE [AaBJIEHME.
MoasroMy B GOTBIMNX TOPOJAX HNPHXOANATCH MTPH-
HHMATHL CHeNHUAIbHBIE Mepsl AAA YMeHBINeHH:
IIYMOB, HANpHMep SalpellaTh 3BYKOBBIE CHI'HA-
el apToMOOHIIeH.

AR 1. C xaxoi neabio IpOBOIAANCE OMLITEL, naobpaxBARKE HA PUCYHKAX T4

® 797 Kakoit OsL1 clleIaH BRIBOJ 110 DE3YILTATAM 3THX onmron? 2, Kak Ha
OOBITE YAOCTOBEPHTLCA B TOM, WTO M3 JBYX KAMEDTOHOB Doaee BRICOKHH
3BYE M3AAET TOT, ¥ KOTOporo Gonbmre cobeTBeRHAR uacrora? (HacrorTe: Ha
KAMEDTOHAX He YRAsAHLL.) 3*, Or 9ero 3aBlCHT BEICOTA apyra? 4. Kak na-
MEHHTCHA PPOMKOCTE BRYKA, 60 YMEHBLIINTEL AMOIETYAY ronebanuit ero
perounuka? 5. 3eyk Karoit uacrorst — 500 Tn mam 3000 I'n — wenoseve
ckoe ¥X0 BocnmpHMer kak Gojee rPOMKMH IPH OARHAKOBLIX AMILTATYAAX
#one6aEui HCTOYHHKOB aTuX sByxoB? &, Or wero 3aBMCHT IDOMKOCTE
seyka? 7. Kax orpakaeTcs Ha 30DPOBLE eJOEERA CHCTEMATHHYECKOE neii-
CTBHE I'POMENX 3BYKOB7

L YNPAMHEHME 29
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Kakoe HACEKOMOE YAIE MANIET KPHUIEAME B OOJNETE — MIMEIB, KOMAap
s myxa? [Togemy shi TAK aysaere?

3y0ikA BpANAKIIEHCE MHPKYIAPHON MILTL COBMAKT B BOSAYXE 3RYKORYID
mormHy. KAK HaMeHUTCA BLICOTA S3EVKA, NIAABAEMOTO nuoil OpH eé xoa0-
CTOM X0, eciy HA Hell HAYATL PRCOBINBATE TONCTYH NOCKY H3 IA0THOH
npesecuEsr? Ilovenmy?



3. HapecTHO, 9T0 YeM TyHe HATAHYTS CTPYHA HA THTADE, TeM HOJEE BRICO-
KHI 3BVK 0HA H3aaéT. [{ak naMenuTesn nucors SEYYAHHA THTAPHBIX CTPYH
NpH SHATHTENLHOM NOBBIUEGHHH TEMIEPATYDE ORPYIKAIOIIEre Bodavxa?
OTBeT IOACHHATE.

FEZ]  PacnpocTPaHEHHE 3BYKA. 3BYKOBBIE BONHBI

Puc. 80. Onwrr,
JAOHASEIBRK TN,

4T0 B NPOCTPAHCTRE,
THe HET BeHIECTREHHOH
CpedLl, 3BVE He
pacnpocTpanfeTes

Mger BOCHIpHHUMAEM 3BYKH, HAXOAACH HA Dac-
CTOAHHH OT MX HMCTOYHMKOB. ODEIYHO 3BYK A0X0-
AHT 10 Hac mo Bo3AyXy. Boanyx saBuseres ympy-
ro¥ cpejol, nepegaiomeil 38yK.

Ecmr Memay MCTOYHMKOM M MPUBMHHKOM yaa-
THTE 3BYKONEPEAAIUIYIO CPeY, TO 3BYK PACIPO-
CTPAHATBLCA He DyNerT u, cleNOBATEALHO, NPHEM-
HHUK He BocopuMmer ero. IIposeMoHCTpHpYeM 3TO
HA OMeITE.

IMomecTum mog KONOKON BOBAYIIHOTO HACO-
ca vacel-OyauneHUK (puc. 80), Iloka B kKonoko-
J¢ HAXOIUTCA BO3AYX, BBYK 3BOHKA CIOBILIEH
AcHO. IIpH oTKaYMBAHHEY BO3AVXA U3-T0 KOJIOKO-
Jla 3BYK MOCTeNeHHO ciaadeeT M, HAKOHEI, CTAHO-
BHTCA HecaplluMMbIM. Bea mepepaioumieit cpemst
KonebaHUA TAPENKH 3BOHKA He MOTYT pacupocT-
PAHATHECA, U 3BYK HE JOXOAHMT A0 HAIIEro yxa.
BrryernM mog Kosokon BRoagyx u cHoBa VCIBITITH N
3BOH,

Xopowo npoBOAAT 3BYKH YIDYTHE BelecTsa,
HAODHMED MeTAJIE], APeBeCHHA, SHKOCTH, Iaskl,

Ionoxum Ha oauu KoHer NepeBAHHON JOCKH
KAPDMAHHEIE 4aChl, 4 CAMH OTOHAEM K Apyromy
KOHENY. Ilpuiomus yxo K nocke, yeasimum X0
HACOR.

IIpupsasem Kk MeTanTHICCKOI NoKKe feuérry.
Koren Geuépku mpuiomuM K yXy. Yaapas no
JIOAEKE, YCABIUMM CUIBHEIN 3ByK. Emé Goaee
CHIIBHBIN 3BYK YCJIBIIINM, ecin GeuéBKY BaMeHIM
OPOBOIOKOI.

Msarkne u mopHcThle Tera — mIOXHe NpoBOx-
HHKH 3ByKa. YT06bI samuTHTs Kakoe-HUGY AL Mo~
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MelneHHe OT NPOHHEHOBEHHA MNOCTOPOHHHX 3BY-
KOB, CTeHBI, TOJ 1 HOTOJOK IPOKJIAJABIBAIOT PO~
caolffkaM#® HM3 3BYKONOIVIOUIAIIIHX MaTepHANOB.
B ®ayecTBe NMPOCJ0OEK HCNOJAL3YIOT BOMIOK, Mpec-
COBAHHVIO NpoOKY, mOpUCThIE KAMHHK, pasiHYHbIe
CHHTETHYECKHe MATePHANB! (HAIPHMED, IEHO-
nJjacT), M3rOTOBJIEHHbIE HA OCHOBE BCHEHEHHBIX
noIuMepoB. 3BYK B TAKHX NpocJoiikax OmICTPO
3aTyxaer.

HLHIKOCTH XOpOIIO TTPOBOJAT 3BYK. PLIOEI, Ha-
IpuMep, XOPOILIO CALIIUAT MIATM I roJI0cA Ha Oepe-
I'V, 3T0 M3BECTHO ONEITHHIM PRIGOIOBAM.

Hrak, 36y pacnpocmpaniemes 8 niolol ynpy-
20i1 cpede — meépdoii, wudrol u 2a3006pasnol,
HO HE MOMEM pacnpocmpaHaAmeca 6 npocmpan-
cmee, 20e Hem aewlecmaa.

Konebanus HMCTOUHMKA CO3NAKT B OKPYXA-
mieif ero cpege VIpyryio BOJHY 3BYKOBOW dacTo-
Ter. BoaHa, JocTHras yxa, Boajeicrsyer Ha 6apa-
faHHYIO MEepPENoOHKY, BACTABJIAA e€é Kojebarbes ¢
4aCTOTOI, COOTBETCTBYIONIEH YACTOTE HCTOUHMKA
aByka. JIpoxanns OapabagHON NMepenoHKH nepe-
JA0TCA TOCPeACTBOM CHCTEMEI KOCTOUEK OKOHYA~
HHAM CJAVXOBOrO HepBa, DA3JDAMKAIOT HX H TeM
BBLISLIBAIOT OIYIEHHE 3BYKA.

HapoManmM, 9TO B radaX H KHAKOCTAX MOTYT
CYLIECTBOBATE TOJBKO IPOJOJIBHEIE YOPYTHE BOJ-
HBl. BBYK B BO3AVXe, HANPHMED, HepefaéTca mpo-
AONBHLEIMHE BOJHAMH, T.e. YepeayHoIMHMHCA CTy-
MEeHNAMHA W paspexeHuAMA BO3AyXa, HAYIIAMH
OT MCTOYHUKE 3BYKA.

3ByKoBaf BOJHA, KAX #u Jobbie apyrae mexa-
HUYeCKHe BOJHBI, PACIPOCTPAHASTCH B IPOCTPAH"
CTBe He MTHOBEHHO, a ¢ OnpefleIéHHOH CKOpoc-
TLID. B 2TOM MOMHO yOenMTLCH, HAIDMMED, Ha-
fmogas wagalexa 3a crpenbboil W3 PyEbA.
Cravana BULUM OTOHBb M JBLIM, & IIOTOM Hepes He-

Mpw crpensGe ua pyMbA
EE;{ asg:puna cruiued  KOTOpPOE BPeM#A CIBIIINM 3BYK BRICTDEJNA. HMbim oo-

NO3HE, HeM BHAHO ABIAETCA B TO ¥Ke BpeMm#a, Korja OTPOMCXOANT IIep-

MORBIEHHE OTHR MABIME o6 spyiomoe Konebanue. HaMepHB IPOMEXKYTOK
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BpEMEHH f MesxR1y MOMEHTOM BO3HHKHOBEHUA 3BY-
Ka (MOMEHT MOABJEHHUA OBIMA) H MOMEHTOM, KOT-
42 OH JOXOMHUT [0 yXa, MOMKHO ONpejesnTh CKO-
POCTE pacnpocTpaHeHH A 3BVKA:

8
v=73.

Hamepenns mokassIBAIOT, UTO CKOPOCTh 3BVKA
B Boaayxe npu 0 °C u HopMansHOM aTMocthepHOM
AaBieHWH pagHa 332 M/c.

Cxopoers asyra B rasax teM 00JiblIe, YeM BEI-
nre ux remneparypa. Hanpuwmep, npu 20 °C cko-
pOCTE 3BYKa R BO3gyxe paBHa 343 M/c, opn
60 °C — 366 m/c, upu 100 °C — 387 m/c. O6bac-
HAETCA 9TO TeM, 4UTO C NOBLILIEHHEM TEMIIEPATY DI
BO3pacTaeT yOpyrocTk Ma30B, A 4YeM DoJbIe yupy-
rUe CUJIBI, BOIHUKAKIIHE B cpele npu ed agedop-
ManuH, TeM GoJblle DOABHAKHOCTh YACTHIT H TeM
BricTpee mepenaloTCA KoaebaHHA OT OAHON TOYKH
K pYTOH.

CropocTh 3BYEA 3aBHCHT TAKIKE OT CBOHCTB
Cpelsl, B KOTOPOHl pacmpocTpaHAeTcs 3sByk. Ha-
npumep, npu 0°C ckopocts 3ByKa B Bogopone
paBua 1284 m/c, a B yraexucsaom raze — 259 m/c,
TAK KaK MOJEeKV.JLl BOAOPOLA MEHee MACCHBHBI
H MeHee WHePTHHI.

B mactosmee BpeMsA CHKOPOCTE 3BYKA MOJKET
ObITE HaMepeHa B 1060 cpege. B rabnnne 2 mpu-
BeeHEl CKOPOCTH 3BYKA B HEKOTODBIX Cpefax.

Tabnuua 2. CKOpPOCTE 3BYKS B PaanMyHbix cpeaax (f = 20 °C)

Cpean

Boma

I'paanT

Meps

Cxopocts, M/¢ Cpena Cropocts, M/c
1483 Jepeno (em) 5000
3850 Crans 5000—86100
4700 Crexan 2500
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Mosekynsl B JHHAKOCTAX H TBEPABLIX TeJax
PACTIOJIOMEHBI OaMMe APYr K APYyry M CHIbHee
BRATMOJIEHCTBYIOT, UYEM MOIeRynsl raszos. [lo-
HTOMY CKOPOCTh 3BYKA B MHAKHX H TBEDILIX
cpesax Doabiue, 4yeM B ra3oo0pasHBIX.

IMockoasKy 3BYK — 9T0 BOJIHA, TO AJAA OUpeie-

&
JIeHHA CKOPOCTH 3BYKAa, IOMHMO GOPMY.JIsl U = L

MOKHO H0Jb30BATECA H3BECTHLIMH BaM (popMyna-
MM U= %, up=vi. llpu pemesnH 3afiatd CKOPOCTh

3BYKa B BOSAYXe 00BIYHO carTaOT paBHoi 340 n/c.

1. C garoll Medsl CTABAT ONLIT, HaoDpaskeRand Ha prcyvEkre BO? Onm-

muTe, K&Kk ITOT ONEIT MPOBOMMTCH M Kakoli BEIBOL H3 HETO CJELyeT.
2. Mosker AH SEVE PACTIPOCTDAHATHCA B TAJAX, JEHIAHOCTAX, TBEPILIX
Tenax? OTeersl HOATBEpANTE NpHMepaMy, 3. Kakwe Tesa Jydile OpoBo-
LAT 3RYK — ynpyrie wan nopuctee? [Ipubemire npumepsl YOPYIEx A
HOpHCTHIX Ten. 4. Kakyio Bomny — OpPoAcidbHEYH HIN NOTEReIHyr —
npeaerasaner coboil agve, pacOpoCTpAHEAKINMNIlCE B Bo3avie; B mojge?
5. [IpusegnTe OpUMep, NOKAILIBAKOIIWNA, YTO 3BVROBASN BOJIHA pacOpo-
CTPAHSETCH He MIHOBEHHD, 8 C OIPegeneH HoW CHOPOCTR.

YNPAMHEHME 30

1.

2.

Moser M 3BYK cHiabHoro sapsiea Ha Jlyse ObiTh crnimen ma demme?
Orper obocayitre.,

Ecaw B mamjaoMy M3 KOHIOB HMTH TPHBA3ATE N0 OAHOH NONOBHHKE
MBLIBHHIE], TO ¢ IOMOIIBI TAKOTO TeledoHa MOMHO MEPeroBADHNBEATLECH
Jaske MENoToM, HAX0LACE B DasHEIX KoMuaTax, OfbAcHUTE ARIEHHE.

Onpegennre CKOpPOCTh 3BYKA B BOJE, BCIOH HCTOMHHE, Hoaelmommies
¢ meprojgonm 0,002 ¢, BoabyapeT B Boge BOMHB ANHHOH 2,9 M.

Onpegeanre anuuy ssviosoll sonasl wacroroit 725 ' » sosgyxe, B BOjE
H BCTEHIIE.

Ilo ogHOMY KOHOY MHHHON MeTAlTAYeckol TPYOHR OfiNH DAR YIADHIR
mogorkom, Byjier A1 3aBVK OT VIapa PACOPOCTPAHATHECH KO BTOPOMY KOH-
oy TpyGel mo MeTAanny; mo Boaayxy BHYTpH Tpybm? Croasko yaapos
YCABIOINAT Te/ 088K, CTOANLH ¥ ADYIoro KOHLA TPYOLI?

Hafnwgarens, CTORIANR 0KOA0 TPAMOIMHESHHOrO YUACTKA Heneanoi 1o-
POTH, VBERISN AP Hal CBHCOTKOM HAVILEND BAANH NApOBOIA. Yepes 2 ¢ no-
cjle MOABAEHMA TApa OH YelblIaj 3BYK CRHCTKAE, a Jeped 34 ¢ maposod
npoImén Mumo Badnogarens. OopeeHTe CROPOCTE ABMEHH TAPOBOIA,



Pwe. 81, Orpasesnue
SBYKOBEIX BOJH

Kaxawiit 13 Bac 3HAKOM ¢ TAKIM 3BYKOBLIM AB-
JIEHMEeM, KaK 3X0. Jxo ofipazyercsa B peayiwTaTe
OTpAKEeHHA 3BYKA OT PASJAHYHBIX IIPDErpas — CTeH
HOMBINIOrDO MYCTOTO NOMEIIEeHHA, JEeCa, CBOJ0B Bhl-
coKoif apKH B 3gaaun (puc. 81).

Ho mouemy MBI He CHBIIIAM 5Xa B He(OLINOH
xeaptupe? Begk 1 B Heil 3ByK JOMKEH OTDAMKATE-
CA OT CTEH, [I0TOJKA, I10Ja.

OxaasiBaeTcd, 9X0 CHABIIIHO JHIL B TOM CAV-
Hae, Korjd OTpame€HHBIE 3BYK BOCIHPUHHMMAETCH
OTAENBLHO OT NMPOM3HecEHHOro. A aToro HYKHO,
4YT0OBI TPOMEXKYTOK BPEMeHH MeyAy BO3aelicTBH-
EM 3THX IBYX 3BYKOB Ha DapalaHHYIO NepernoHKy
vXa cocrasiaaa gHe menee 0,06 c.

Onpegennm, yepes xaxoe BpeMHA MOCHe MPOMU3-
HECEHHOT'O BAMH KODOTKOIO BOSIVIACA OTDaMKEH-
HEIM OT CTEeHBI 3BYK JOCTHIHET BALIEr0 VXA, ecili
BBl CTOHTE HA PACCTOAHUN 3 M OT 2T0il CTEHEI.

SBYK [OJEH MPOHTH PACCTOAHME 0 CTeHLI
1 obpartHO, T. e. 6 M, pacupoCTpaEAACE CO CKO-
pocteio 340 m/c. Ha sTo morpebyercs spems

8

t=-,7. e.
[ &)
i -
t 740 /o =0,02¢.
B nammoM cay4yae HHTepBAJ Mexy JBYMSA BOC-
OPHHHMAEMBLIMH BAMH 3BYKAMH — MOPOUSHECEH-

HBIM M OTPAJKEHHEIM — 3HAYHMTEJBHO MEHbIIe TO-
T0, KOTOpIH Heobxogmm, uTobBl VCIALIIIATE 3XO0.
Kpome Toro, obpasoBanuio 5Xa B KOMHATE ITDEnsT-
CTBYeT HaxXojALlasAcH B Hell MeDens, IMITOPE H
ApYyrHe mpeiMeThbl, YACTHYHO HNOIVIOIIANIIHE OT-
pa’kéHHbIH 3BYK. [lo3TOMY B TAKOM IOMEIIeHHH
peus JAI0AeH H APYIHe 3BVKH He HCKAMKAIoTesd
AXO0M W 3BYYAT YETKO ¥ pa3bop4uHBo.

Bomemue noaymyeTeie noMeneH s ¢ MIAIKHME
CTeHAMH, NOJOM H HOTOAKOM 00JAKAT0T CBOHCTBOM
O4YeHb XOpOLIO OTPa)kaThk 3BYKOBbIe BOMHBI. B Ta-
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Puc., 82. [Tpwammn
AeilcTBHEA PYIOpa

Puc. 83. [Ipamep
MEeXaAHWUECKOTD
pesoHaHCA

Puc. 84. DBopyaosanne

JLNH AeMOHCTDAIINE
ABYROBOMD PESOHAHCA
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KOM DoMemeHun Onarogaps Haleragumo upej-
[MECTBYIOIAX 3BVKOBLIX BOJH HA TOCJIeAVIOI{HEe
MOAYUAETCA HANOMeHHe SBYKOB, W ofpasyerca
rya. Jnsa ynydyuieHWs 3BYKOBBIX CBOHCTE DOJb-
OIMX 38JI0B B AYAMTOPHH HX CTEHEI YACTO ODJIHIO-
BLIBAIOT SBYKOIOIIOMIAIOIINME MATEPHATAMH.

Ha ceBoiicTee aByka oTpakaThCA OT TIAAKHAX
MOBEDXHOCTEH OCHOBAHO AeiiCTRHE DYNOPA — pac-
mEpAreica Tpydel 00bIYMHO KPYTIOro MAH NpH-
MoyronsHoro ceuennda (puc. 82). Ilpnm menonnzo-
BAHWH PYIIOPA BRYKOBEIE BOJIHEI HE PACCEHBAKTCSA
BO BCE CTOPOHKI, 4 00pA3VIOT VEKOHATIPABICHHBII
OVY0K, 34 CYET Jero MOLIHOCTb 3BYKA VBeInunBa-
eTcA © OH pacupocrpaHsercda Ha Gonemee pac-
CTOSAHHUE.

HamomamnM, 4T0o UPH pe3oHaHCe aMILIMTYIA
VCTAHOBHUBIIHXCH BEIEVMASHHBEIX MeXaHHYECKUX
xKoaebanuil gJocTHraeT HambDoNbIIEre 3HAYEHHHA B
TOM CIAyHae, eCJH YACTOTA BRIHYIKAAIOMIENR CHIIbI
coBnajgaer ¢ coberBeHHoll YacTroTol KomeGaTens-
HOII cHCTeMEI,

HanpuMep, A0BOJABHO TAMKENbLIT HUTAHOH Ma-
ATHAK (puc. 83) MOKHO CHILHO pacKavaTb, €ClH
nepHoJHYecKH AyTh Ha Hero (aaxe odeHs cnaboit
cTpPYEil) B HAIpaBJIEHMH ero ABMKEeHHH C YacTO-
ToM, paBHOIi ero cobeTBeHHON UaACTOTE,

Pezonage MonateT OLITH BLIGBAH W JeificTBH-
€M 3BYKOBBIX BoJH. Yrofm mpomaGmiogaTe aTo,
npogenaeM caeaviommnii onslT. BoasMeEM ABa Ka-
mMeproRa A 1 B ¢ 0fHHAKOBEIMH COOCTBEHHBIMH
JACTOTAMH M IOCTABMM HX pajoMm, obpa-
THB OTBEPCTHA HIUIHKOB, HA KOTODBIX
OHHM VKpeniIeHkl, HABCTDEUY APYr APYIY
(puc. B4). ¥napas pesHHOBREIM MOJIOTOU-
KOM [0 KAMEepPTOHY A, IpUBEJEM ero B KO-
nefarue, a 3aTeM MPHANIVIIAM TalbIlaMH.
MuI YCOBIIITUM 3BYK, H3/laBAEMBIA KaMep-
ToHOM B, KOTODBEIH OT3EIBAETCH HA KOJe-
Danus KaMeproHa A MogobHO TOMY, KakK B
onmEITAX ¢ MasTHHKam# (cm. puc. 68, 0)
MAATEUK | OT3BLIBAJICA HA KonebaHWSA Ma-
ATHAKA 3.



Aeua rutaps cnywmr

HMamenum nepuop koxebanus wameprona B,
HAJEB HA ero HOMEKY Hebomwmym mydproury C.
[ToBTOpHE ONBIT, OOHADYAIM, UTO Tenepk KamMep-
ToH B yxe He oT3eiBaeTcHa Ha KojgebaHws Kamep-
ToHA A.

3BYKOBHIE BOJTHE], 00pa30BAHHEIE KAMEDTOHOM
A, poipa mo kameptToHa B, Bo3OyxIawT B HEM
BBRIHYRAeHHEIe Konebauuda. [lockonsky cobersen-
HbIe YACTOTHI KOJeDAHUI KAMEPTOHOB OAHHAKO-
BhI, TO HMEET MECTO PE30HAHC: KaMepToH B Kojed-
nerca ¢ Haubonbiued BOSMOMKHON aMIIHTYIOH H
uanaér asyk. Ho npnm mamrwuuu Ha xameprone B
my{rel € ero cobeTBeHHAH YacToTa KoJeDaHHii
MEHAETCA, H AMIJIHTYA KoaeDaEH# VMeHLITaeT-
CcH HACTOJNBKO, 9TO 3BYKA MBI HE VCIIRITITHM.

Amukn, Ha KOTOPHIX YCTAHOBJEHB! KAMEPTO-
HBI, COOCODCTBYIOT YCHUIEHHIO 3BYKa B HauboJiee
NOJHOH Nepeave 9HEPIUHM OT OAHOTO KAMEPTOHA
K Apyromy. YcHJeHHe 3BYKA NPOMCXOLHAT 38 CHET
kosebanwii caMoro smmKa M ocobeHHO cTON0A
BO3AVXA B HEM. Paszmepr amuka nmoadmpaior Ta-
KHUM obpasom, 9ToGRl coDCTBEHHAS YacTOTa BO3-
AVIIHOrO cToJiDa B HEM COBIAJAJIA ¢ YACTOTON KO-
nebaHnil xKameprouna. Ilpm srom crond Boagyxa
KoaebyeTcs B PESOHAHC ¢ KAMEPTOHOM, T. €, aMII-
THTYAa ero xKojefaHHH H COOTBETCTBEHHO I'DOM-
KOCTE 3BYKA AOCTHUIAKT HANOOALIINX 3HAYEHHI.

RKamepron, cHabMEHHBIN TAKMM AIM[UKOM (pe-
3oHamopom), uagaétr Gojee IpOMKMI, HO MeHee
JATHTENLHBIH 3BYK (10 3aKOHY COXpPaHEeHHA sHep-
rum).

B My3BIKANRHBIX MHCTPYMEHTAX POJbL pesoHa-
TOPOB BRHIOJHAKT YaCTH HX wRoprnycos. Hanpm-
Mep, B 'HTape, CKPHIKE B IADVIHX DOgo6HBEIX WM
CTPYHHBIX HHCTPYMEHTAX DE3OHATODAMH CJOVIKAT
JEKH, KOTOPhIe VCHAHBAIOT U3IaBAEMBIE CTPYHA-
MH 3BYKH ¥ IDHAAKIT 3BYTAHHIO NHCTPYMEHTA Xa-
PAKTEPHYIO AJIA HEro OKpacky — Temop. Temodp
SBYKA 3aBUCHT HEe TOJBKO OT (POPMBI ¥ pasMepa pe-
30HATODA, HO M OT TOT'0, M3 KAKOI'O ZiepeBa OH H3-
FOTOBJEH, U JayKe OT COCTABA JIAKA, IIOKPLIBAIO-
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mero ero. Tembp ompegenserca Tax:Ke wMarte-
PHATOM, M2 KOTODOTO CJeNaHA CTPYHA, W TeM,
riagkad OHA WK BHTAaH.

PesoraTopsl HMEKTCHA M B I'OJIOCOBOM AllllapaTe
qejiopexa. MeTouHMKH 3BYKA B IOJIOCOBOM anna-
paTe — roJocoBkie cBA3KH. OHM NIPHUXOAAT B KO-
aebarme Oaarogaps NpoAyBAHMI0 BO3AYXa U3 Jer-
KHX ¥ BO30YIA10T 3BYK, OCHOBHOH TOH KOTOPOIro
3ABHCHT OT MX HaTAMeHnA. 2T7oT 38yK Gorat obep-
roramu. ['oOpTaEs ycHJIHBaeT Te H3 00EPTOHOB,
uacToTa KojiebDanui xKoToOpeIX ONHMaKa K eé cobor-
BeHHOH gacToTe. [lanbile 3BYKOBEIe BOJIHBEI ITONA-
AAloT B MOJ0CTHL pra. Jid DIpOHsSHeCeHHA KaX a0t
raacHod Heobxogumo ocoboe nogo:xeHme ry6,
A3blKA B onpejenénHas popMa pesoHATOPHON Mo~
JIOCTH BO PTY.

1. Kaxosa nprunsa obpasosang axa? [HodeMy 3X0 He BOHHUKAST B Ma-
nenskoil, sanonsennoll Mebenno womaare? Orsersr obocHyiire. 2. Kaw
MOMHO YIVIOIHTE 3BYKOBRE cBolicTea Goasmoro sanal 3. llouemy opu
HCOOAL3CBAHHE DYIOpA 3BYK pacOpocTpaHAeTcA Ha OONbilles PAcCToA-
aue? & [IpusegwTe NpEMepsl NPOARTEHHS SBYKOBOrNO pe3OHAHCA, HE
VIOMAHYTEIE B TeKCTe naparpada. 8. [L1s 4ero KaMeproHsl yCTAHABIMBA-
0T HA PE3NHATOPHLIX Auprkax? Haxoso HasHaweHHe De3OHATOPOB, IIPH-
MEHAGMBIX B MYBHIKAJLHEIX HHcTpyMenTax? 6. Yro spasercsa HCTOYHM-
KOM roJioca 9efosera?

4| 3ARAHME

Ipupgymaiite, ¢ DOMOUILE) KAKHX DpeimMeros (KpoMe KaMepTOHOR Ha
PE3OHATOPHBIX AUIMKAX ) MOXKHO TPOAEMOECTRPHPOBATE AB/IEHHE JBYKOBO-
ro pesosarca. llpogenaiite NpuayMaHHLIE BAMH ONLIT, ONHIIWTE BALIN
AeHcTEMA ¥ HADMIOAAEMEIE DEIYIIBTATH.

MTOrM TNABbI | g

CAMOE
FNABHOE
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Huxe daupt pusuneckue nOHAMURL U Ux onpe-
deaerun. ITocaedoeamenvHOCMb UAONCHUR ON-
pedenenuit He coomaememayem nociedosamens
HOCTW ROHAMUILL.

ITepernecume 6 mempads Ha36aHUR NOHAMUL
u @ Keadpammublie cKoOKU BRUULLME NOPATHOGHLU
HOMED onpedeNeHun, COOMBemcmayouLezo GaH-
HOMY NOHAMULK.



IMeproguueckne Mmexaangeckne Koaebaausa [ |;
esoboaasre Kosebanun | |;

kogebGarTenbabie emeremsl [ |

coficreennbie KoseGamnn [ |

BBIHYEAeHHbIe KoaeGanun [ |;

pesonanc| J;

poamusl [ ];

asye [ ]

. KoneGanus, npoucxogsAlliHe TOABKO OJarogaps

HAYAJBHOMY 3anacy sHePruaH.

l[losropawmuecs wWepea pPaBHBIE MMPOMEXYTKH
BPEMEHH [IBHMHeHHHA, IIPH KOTOPRIX TeJo MHOrO-
KPATHO M B PASHBIX HANPABJIEHHAX IIPOXOILHT
OOJIOMEeHTe DARHOBECHA.

CHCTeMEI TeJl, KOTODBIE CNIOCOOHEI COBEPIIATE CBO-
BogHEbIE KoreDaHHA.,

Boamymesus, pacnpocTpaEAiIiAecd B IIpo-
CTPAHCTEE, VIAXAACHE OT MECTa MX BOSHHKHOBE-
HHA.

Yupyrue BonHBl ¢ AMATA30HOM YacToT or 16 mo
20 000 I'n.

. Crobomasle KoneBAHHA B OTCYTCTBHE TPeHMHA K

COIPOTHBNEHIA BO3VXA.

. fABnenne Pe3KOoro Bo3pacTaHHMH aMIOIHUTYARI BBI-

HYHJeHHLIX KOaeOaHNi cHcTeMEl NPpH OpHiImxKe-
HHH HAaCTOTHEl BRIHYMAawmed cuHiasl B cobeTeen-
HOH 9acTOTe 9TOH CHCTeMbI.

Konebanusa, coeepmaemsble TelnoM Doj jgeicT-
BHeM BHEIIHEH [IepHOIMYeCKH H3MeHAWImMecs
CHJIEL,

143



NPOBEPL CEBA

1. BaauMocBA3E Memxay MNepHOIOM ¥ YACTOTOH KoMeSamHmMii
npejcrasieHa ypaBHEeHHEM

|~

1
T

2. Bce eIMHNIOBI COOTBETCTBYIOT DPACTONOMEHHBIM HAJA HHUMH
thusHUECKHM BEJIHYHHAM TOJLBKO B CTPOKE ¢ HOMEPOM

A.?L=§ 5.T=% B.T= roy=

L

MyIHIecKHe Ni
REEHITIR T t” ¥ i o CTpoKH
¢ [ I'm H M/ 1
Exwaunsy & [\ 'o M 'y 2
MAN9eCHAX
seawaan (CH) I'm c I'o M M/C 2
[ e I'n ™ Mm/c 4

3. B nponecce konebHannii MAATHHKA VCKODEHHE €r0 [BHIKeHH A
A. IOCTOAHHO
B. MEHHETCA TOJIBKO II0 HATIPABISHHIO
B. gocTUraeT HANOOJLIIEro 3HAYEHHS B TOYKE PABHOBECHSA
MAATHHEKA
I BCerga HanpabJeHD K NOJOREeHHAID DABHOBECHA

4. 3BVK TeM Bhllle, YyeMm 00JIblLIe
A. gyactora KomnebaHWiA
E. nepuoa Kosedbanui
B. aMminTyaa Konebanmnit
. I'pOMKOCTH 3BYK&

~?  BuIIOJHUTE BaJaHNH, IPEJI0KEHHBIE B 3JeKTPOHHOM IpH-
JIOJKeHHH.
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Puc. B5. Hamocrpamms
THOOTEIL! AMTepa

M3 kypca dusmxnm 8 Kiracca BEl 3HAETE, YTO
MATHHUTHOE T0Je TOPOMIAeTCA SJMeKTPHIeCKHM
rokoMm. OHO CcyIIecCTEYeT, HAIPHMED, BOKPYT Me-
TAJIHYECKOro HPoBOJHMKA ¢ Toxom, Ilpm arom
TOK CcO3laéTcA DIEKTPOHAMM, HAITPABICHHO IBH-
MYNUMHACH BAOIbL IPOBOAHMKA. MarauTHoe noje
BOBHUKAET M B TOM CAydae, KOIJla TOK MNPOXOJAT
Hepes PACTBOP 3JEKTPOJHTA, I'Ie HOCHTEIAMHA 38-
PALOB ABIAKTCH IOJOMHTEILHO H OTPHUATENb-
HO 3apsyKeHHBIe MOHBI, ABMICYIIMECH HABCTPEUY
ApYT IpyTY.

ITockonbRY 3NEKTPHUECKHI TOK — 3TO HATIPAB-
JIeHHOE NBHEHUE 3aPAMKEHHBIX YACTHIL, TO MOM-
HO CKa3aThk, 9YT0 MAZHUMHOE noJe coidaémcen deu-
HCYUWUMUCA JAPANCCHHBIMU YACMULAMU, KAK 1O~
AOMUMEAbHBIMU, MAK U OMPULAMETbHbLMIL.

Hanomaum, 4ro, cornacHo rumnorede Ammnepa,
B aToOMaX ¥ MOJEKVIaX BeIlecTBA R Pe3YVJILTATe
ABUXEHUS JJEKTDOHOB BO3HHKAOT KOJbIEBLIe
TOKH.

Ha pucyaxe 85 mokasamo, 4TO B DOCTOAHHEIX
MATHATAX 3TH 3JeMeHTAPHBIE KOJNLIEBEIE TOKH
OPHEHTHPOBAHKRI OIWHAKORBRO. llodTOMY MATHHT-
Hble I0Jif, 00pasyIoMHeca BOKPYT KadLoro TaKo-
ro TOKA, HMEIOT OJHHAKOBLIE HATIDABIEHMA, DTH
NOJIH YCHIMBAKT APYT IpYra, CO3NaRBAA MOJE BHY-
TPH H BOKPYTI MArduTa.

Jna HAPAIAOHOTO NPeiCTABJIEHMA MAIHWTHOIO
MOJA HMCHOJB3VIOTCH MATHMTHLIE JIMHMM (HX HAa-
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Hampasrenne
MATHATHOR THHEKT

5 N BN SN B Touke B \
—— gy Sl N
Marewrean Hanpasmerne =
JHHHA MATHHTHON THHHH
a)
MarawTHAR

Puc. 86. B awbo# Tou-
KE MATHHUTHON JHHHH
KACATEILHAA K Heil
COBIIBAAET ¢ OCBLID
MATHEHTHOR cTpem,
OOMEIBHHOR B 3TV
TOYKY
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JAHHHA /,»

6)

BIBAIOT TAKMKE JIUHUAMHM MATHUTHOro mona)l.
HanoMHEHM, 4T0 MAZHUMHbIE JUHUL — 3MO 8000~
paxcaemvie JAUHUL, 6004b KOMOPHLX PUCOAO-
MUJUCL Obt MAJNCHLKUE MAZHUMHBIE CIMPEAKU,
NOMEUIEHHBIC 68 MAZHUNHKHOE LONE.

MEII‘HH’PH}’!G JHHEK MOFHO H]_]{)BECTI{ Hepea
J0bYH TOUKY ITPOCTPAHCTBA, B KOTOPOM CYIIecT-
BYET MArHHTHOE [oJIe.

Ha pucvake 86 moxaszaHo, 4TO MATHATHAA JIH-
HHA (KaK HpAMOJMHEHHaA, TAK H KPHBOJIHHEH-
HadA) DPOBOAHTCA TAK, 4TODE! B N1060i TOYKE 9TOH
JHHHAN KacaTelLHad K HeH COBIAJANA ¢ OCBID MAT-
HHUTHOH CTPENKH, NOMEITIAHHON B 3TV TOUKY,

MaraurTHble JHHHHA SBIASKOTCA 3aMEKHYThIMH.
Hanprmep, kapTHHA MATHATHBIX JHHKHE DPAMOro
NPOBOJHMKA C TOKOM Mpejcrasiser cobol KoH-
LeHTPHYEeCKHe OKPYHOCTH, JeiKallHe B MJI0CKO-
CTH, NEPNEHINKYIAPHON# NPOBOIHHUKY.

Wz pucyura 86 Buamo, 4To 3a HAUpPABIEHHE
MATHHTHOH JUHNUNW B KAKOH-TH00 88 TOYKE VCJIOB-
HO NPUHMMAKIT HAIpABJIEHHE, KOTOpoe VKaskl-
BAET CEBEPHBIH [OJIOC MATUHHTHOH CTPEeJKH, HO-
MELEHHOI B 9TY TOUKY.

B Tex ofnacTax npocTpaHcTBa, TAe MAarHATHOE
nose Gosee cHIbHOE, MATHHTHBIe TWHAKA H3obpa-
AT BAMKe ADYr K APVTY, T. &. TVINe, YeM B TeX
mecrax, rjae noje caabee. Hanpumep, noae, uso-

1B § 37 Gyaer gaxo Gonee TOYHOE HAIBAHHE H ONpejeleHne
ITHX THHMIT.



Puc. 87, Marunrune
JavHnl Dine gpyr

K APYTY B TEX MeCTax,
rAe MArHHTHOS TOJE
CHILHEE

Puc. 88. Kapruna
HMATHHTHOID NOOA
ONOCTOAHHOrC
OOAQCOBOro
MATHHTA

TN
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Puc. 89, Maraurasie
NHHUH MATHHTHOTO
moad, coamARHOTG
OpPAMOJTHHeITHEIM
OPOBOSHEKOM C TOKOM

DpaskenHoe Ha pucyHKe 87, caesa cHibHEe, 4eM
CHpaBa.

Takum o6paszom, IO KAPMUHE MAZHUMHBX JU-
HUll MoXNcHO cydumb He MOoAbKO 0 HANPA6ACHUU,
HO U 0 8JUMUMe MAZHUMHOZ0 nOAA (T.e. 0 TOM,
B KAKHAX TOYKAX TMPOCTPAHCTBA IOJe JedcTByer
HA MATHHTHYK cTpenaky c¢ Ooasmed cuJoif,
8 B HKEKHX — C MeHBLIIeH).

PaccmoTpuM KapTHHY JHHHEA MArHMTHOIO NO-
JA MOCTOAHHOTO MOJOCOBOTO MarauTa (puc. 88).
Ha xypca ¢pusukn 8 kaacca BLl 3HAETe, UTO MAT-
HHUTHEIE JHHHH BEIXOJAT M3 CEBEPHOro IOJIOCA
MATHHTA M BXOJAT B IOKHEIH. BayTpm marauTa
OHHW HATIDABIEHK! OT IMKHOIO MOJOCA K CEBEPHO-
My, MarsurTesle JHHHE He HMEOT HM HAvYana, Hd
KOHIIA: OHKM Jnb0 3aMKHYTHI, JUDO, KAK CpeaHAA
JUHUA HA PHCYHKE, HAYT U3 DecKoHeuyHOCTH B Dec-
KOHEYHOCTh.

BeHe MareEMTa MArHWTHBIE JUHHH PacHoJOKe-
HEI HAUDOJIEE TYCTO ¥ ero NoJocoB. 3HAYHT, BO3Je
NOJIOCOB 1I0JIe CaMoe CHJIBHOE, a 110 Mepe yjaJe-
HHA OT NOJIOCOB 0HO ocaabesaer, Yem OGammke
K DOMIocYy MAarHHTA PpAacHoJOoKeHAa MAarsHuTHad
CTPeNKAa, TeM ¢ DONBIIeH II0 MOIVIK CHJIOH aeifcT-
BYeT Ha Hee nojge mMaraura. [locKoabKy MarLuT-
HBEIE THHUW UCKPHBISHEI, TO HATTPABJIEHUE CAIE,
C KOTOpPON moJye AeliCTBYeT HA CTPENKY, ToxXe
MEeHAeTCA OT TOUKH K TOUKE,

Taxum ofpazom, cuaa, ¢ KOTOPOH TOJe MOJ0Co-
BOI'0 MATHHTA EHCTBYET HA NMOMEINEHHYIO B 3TO
nojie MArHMTHYI0 CTPeJIKy, B PasHbIX TOYKAX
noJaa Mo:EeT ObITh PA3IHYHOH KaK IO MOJYJIO,
TAK H M0 HATIPABJIEHHIO,

Tawxoe mone Ha3LIBaETCA HeOOHOPOOHBLM. JIU-
HUL HeNOHOPOOH020 MAZHUMHNZ0 NOLA UCKPUELE-
Hbl, WX 2YCMOMa MEHACMCA ONM MOYKL K MOYKe.

Emé opunum npumMepoM HEOAHOPOJHOrO MAar-
HHTHOTO [OOJ8 MOMKeT CIYVHEHTE N0Je BOKpyr
NpAMOJHHEHHOTO NPoBOAHHKA ¢ ToKoM. Ha pn-
cvEEe 89 uzo0paskéH Y4Y4CTOK TAKOI0 IPOBOIHH-
K&, PACTIOIOHEHHBIH NePpIeHANKY IAPHO ILIOCKOC-
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Pue. 90, MarsuTtaOoS
noae coJdeHOMIa

a)

Puec. 81, Jluunn MmarauT-
HOD TIOJLH, HATPEBIIEH=
HbIE ePNEHHEYAADHO
NACCKOCTH SEPTEHAS

a — ot Habawgarens;

0 — K HabmIogaATeTIo
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TH 4Heprexa. HKpyxouxkom obfoanaueHo ceudeHHe
nposoauuka. Touka osHauaer, 4T0 TOK HANPAB-
JleH M3-3a4 YepTexa K HAM, KAk OyATO MLI BH-
AAM OCTpPHE CTDelbl, YKAa3hIBAIOIIEH HAMpanie-
HHe TOKa (TOK, HalpaBJeHHEIH OT HAC 34 YepTEx,
000BHAYAIOT KPECTHKOM, KaK OYATO MBI BHINM
XBOCTOBOE ONepeHue CTPesikl, HANpaBIeHHOH mo
TOKY ).

Mz aToro puMcyHKa BHAHO, YTO MATHHTHBIE JIT-
HUH NOJIA, CO3MAHHOTO NPAMOJIHHEHHBIM IDPOBOI-
HHKOM C TOKOM, IODpPEICTABIAKT coboit KOHIOEeHT-
PHYECHKHE OKPYIKHOCTH, PACCTOAHHE MEeXAYy KO-
TOPLIMH YBEJIWYHUBAETCH [0 Mepe YIAAJIeHHHA OT
MPOROJHHKA.

B wnexoropoit orpaEmueHHoil ofI8CTH TIpO-
CTPAHCTBA MOXKHO CO3JATH 0OHOPOTHOE MATHUT-
HOE IoJe, T. e. noJe, 8 00l MoYKe Komopozo cu-
aa dellemeun Ha MAZHUMMNYD cmpeary oc0unaxo-
B4 N0 MOJYAI0 U HANPABACHLIO.

Ha pmcvake 90 noxasano MarHuTHOE IoJe,
BO3HHMEKAIONIEe BHYTPH COJIEHOHJa — MIPOBOJIOY-
HOH OHMAMHAPHMUYECKOH KaTymIkK ¢ Torom. [lome
BHYTPH CONRHOHIA MOMHO CUMTATE OMHOPOIHBIM,
ec/H AAHHA COJeHOHIA 3HAYMTEILHO OoJkIIe ero
auaMeTpa (BHE COMEHOMAA ToJe HeOQHOPOAHO, €T0
MATHHTHERIE JHHHH PACHOMOMEeHBI IDHMEDHO TakK
e, KAK Y IoJaocoeoro Maraura). Ms sroro pucys-
KA BHIHO, YTO MAZHUMHbIE AUHUL odHopodHozo
MAzZHUMHOZO0 noas napaiieisHbl dpyz dpyezy u
pacnonoMcernvl ¢ 00UHAK0BOL eycmomoil.

OpHOpOHBIM ABJAETCA TAKMKE IIOJ€ BHYTDH
OOCTOSHHOrO I10JIOCOBOrO MANHHTA B LEHTPAJIb-
HOW ero gacTH (cM. puc. 88).

Ina waobpaKeHns MATHUTHOrO IOJA [MOJb3y-
OTCH CJeAyIHM npueémom. Ecim nuHEAM OJHO-
POAHOIO MArHHTHOTO NOJASA PACHOJO;KeHBl mnep-
NeHAHKYIAPHO K MII0CKOCTH HMepTexa W HANpae-
JIgHLI OT HAaC 3a qepTéJK, TO HX HSDE]}&DK&WT
KpecTuraMu (puc. 91, a), a ecoi 13-38 YEPTEXKA K
HaM — TO Toukam# (puc. 91, 6). Kax u B cayuae ¢
TOKOM, KamJAbIH KPecTUK — 2TO Kak OBl BHIHMOE
HaAMH XBOCTOROE OTNepeHHe JeTAmleit oT HAC cTpe-



JBl, & TOYKA — OCTDPHE CTDeJIBL, JNieTAIlel K HaM
(#a oboMX pHCYHKAX HAOpaBJIEHHE CTPEeJ COBIIA-
AaeT ¢ HanpaBjJeHHeM MAMHUTHEIX JTHHHI).

E UL L Yo gRaseTeHs HCTOYHHEOM MaraaTHoro noaa? 2. Yem coanadren mar-

HUTHOE ToNe nocrosaroro maranTal 3. Hro rawoe marnwrabie Tunmun?
HTo NPHHEHMAIOT 38 BX HalpaBleHHe B KaKol-1HDO € Touke? 4. Kax pac-
HOAATAIOTCHA MAMHATHEIE CTPeNKH B MATHATHOM [0, JHHHE KOTOPOTO
npAMOJEHeHE; KpuBoauHenas? 5.0 4ém MOMHO CYARTH MO KADTHHE
aunuit marauTHoro mona? 6. Kakoe MAarRMTHOE MOJE — OJHOPOIHOE JITH
He0fHOPOAHO: — oDpasyeTca BOKPYT HNOIOCOBOIC MATHHTA; BOKDYT OpA-
MOJIHHEHHOTO IPOBOAHHWEKA ¢ TOKOM; BHYTDH CONEHOWAA, IIHHA HOTOPOTO
sHauNTeNLHO Godbme ero guaMerpa? 7. Uro MOMKEO CKABATE O MOTYJIE M
HATIPABAEHHH CHILI, AeHCTEVIOIEH HA MATHHTHYI CTPENKY B PasHBIX
TOYKAX HEOAHOPOAHON) MATHWTHOIO 11014 OAHOPOAHOrO MAMHHTHODO 110~
aa? 8. Yem orantaeTcH DAcIONOMKEHHE MAIHHTHBIX JHAWH B HEOTHOPOJ-
HOM 1 OIHOPOIHOM MATHETHBIX noaax ]

i. Ha pucynke 92 waobpamés ywactrox BC nposogHHKA

O ¢ TokoM. Bokpyr Hero B ogEol B3 maockocTel moxasamsl

JHHHH MATHATHOMO TOAA, CO30aHHOD ATHM TOKOM.
CyImecTeYeT 1M MAPHNTHO® TIOJNE B Touke A7

. . 2. B kakoit u3 Touek — A, M aaa N (cm. puc. 92) — mar-

i HHATHO® ToJe ToKa, NPpoTeRanmero no yaactky BC npo-

Pwc. 92

BOOHEHEA, OyAeT QeiiCTBOBATE HA MATHHTHYIO CTPEJKY C
Haubonemel cuaol; ¢ HauMeHbILeH cuaoi?

3. Ha pueyske 93 naolipamén TpoBoioTHEIil BHTOK € TOKOM
H JIMHAE MATHHTHODO ITONE, COSMTARASMOTO 3THM TOKOM.

a) EeTh 4 cpey YKASAEHHEEX HA PHCVEKe Towek A, B, Cn
D rakue, B KoTOpRIX noge AeficTBORAAD (B HA MACHAT-
HYH CTPEJKY © 0JHHEaKOBOH no mogymo cuaoi? (AC =
=AD, AE = BE) Ecng TaAKMe TOUKHN 6CTh, VKARHATE HX.

) B karoit ua rouex — A, B, C wnn D — none geffcTeyer
HA MATHUTHYIO CTPENKY ¢ HANBONBIDEH cmnoii?

8) MosxHo 11 HAfTH TAKNE TOYKH, B KOTOPBIX CHJIA Heil-
CTBHSA OIS HE MATHHTHYIO cTpeasy Ooina 06 oZHHAKOBA
Kax Io Momy/io, Tak ¥ no HanpasieHHw? Eorw ga, To
clenaliTe B TETDAMH DHCYHOE M VKARHTe Ha HEM XOTA

GBI ABE TAPHI TAKAX TOMBK.
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Puc. 94. Hanpasneane
nuHAl MATHETHOrO
MoAR, COdAHEON TPo-
BOAHHMKOM ¢ TOHOM, 38~
BICHT OT HATIDABIEHHA
TOHA B HPOBOJAHHKE

Ha pucynke 94 noxasaHO pacnojiodeHHe Mar-
HHTHBIX CTPEJOK BOKDPYI HPOBOAHHKA C TOKOM,
PACIIONIOYKEHHON0 NEPIeHAMKYIAPHO ILIOCKOCTH
yeprexa. Ha pUcyHKaA BUAHO, 9TO HEMEHEHHE HA-
IIPABJIEHHA TOKA MPHBOJAT K TTOBOPOTY BCEX MAT-
HATHBIX cTpesok Ha 180°, [Ipuyém B oDomx cay-
4ASX OCH CTPEJOK PACIOJATAIOTCA N0 KACATeNh-
HbIM K MATHHTHBIM JHHHAM.

CaenosaTelbio, HAOpaBJIeHHe JHHHE MATHUT-
HOrO MOJA TOKA 3ABHCHT OT HANPABIEHHHA TOKAa
B IPOBOJHHKE.

Jra cBA3L MOXKET OBITE BRIPAKEHA NPAGULIOM
6ypaswura (HIM npasurom nNpasozo 8uHma),
KOTOPOE 3AKJAI0YAeTCA B CJAeQyIOLIeM: ecJiH Ha-
MIPpABJEHHe MOCTYIATEILHOTO TBHKeHHN OypaBum-
KA COBITATAST ¢ HANPABICHHEM TOKA B IPOBOIHHEE,
TO HAIIpABJIEHWE BPANICHHA PYYKH OYPABYHKA COB-
NANAeT ¢ HANPABICHHeM JHHHH MATHHTHOIO IIOJA
Toka (puc. 95, 96).

Hampasnerue

MATHHTHBIX JHHEHEHA
¥ BpPAILIEHHEA pYIKHN OypasuEka
i R

a)

HanpasneHue Toka
H TIOCTYTATeNLHOTO ABHHEENA
BypapdHKa

Puc. 95. [lpuMeneHHe IPpABUIA
OypasuHMEAa: MPOBOAHHE C TOKOM
DACTIONOMHEH MePIEH/IHEY IR PHD
IJIOCKOCTH YepTrexa
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‘Hamparnerne ToRa

Puc. 96. [TpuMeHerHe IpaBRaa
GypasuMKa: IPOBOSHHK C TOKOM
PACTIONOEH B [IOCKOCTH YEDTEMA

Hamnpasienne
_TOCTYIATENEHOrO
/rJf‘\ IBMKEeHAA
= OVpaBUHKA -
(@l _ :-
\""-'__J__,_o-"; ~. /_H_F,r* -
B g i
Hanpaenenne
BpalleHHA PYyIRn
GypasanKa
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6) a) IE Hanpasaesn L )



Hanpagneane
TOKA B BHTKAX
CONMeHON A

Puc. 27, Onpenenenne
J-EE[!]'J}JBJIEHH.H J'I:H'I]I‘!Ivl
MArHHTHON MTOJH
BHYTPH COJEHOMIE

C noMours npasuia DypapdHKa IO HAIIpaBJe-
HHIO TOKA MOXHO OIPELe/]UTh: HAIPpaBIeHHe JIHHHH
MATHUTHOTO MOJIA, CO3AABAEMOr0 3THM TOKOM, & [0
HATIPABIEHWI0 JHHWE MATHMTHOTO MOJA — HAa-
NPABIEHHE TOKA, CO3AAOIIEN0 9TO e,

IOnsa onpeneneHns HANPABJEHWA JHHUN MAar-
HATHOTO TOJA coleHonAa yaolHee NoJib30BATHCHA
,E{pYI‘HM NpaEniIoOM, HOTODOE HHOTAA HAIRIBAIOT
npesuaom npasoi pyrxu. ITo npasmiao ¢op-
MYJTHEPYETCS TAK: €CIOM 06XBATHTH CONEHOMT Ja-
NOHELIO NPABOH PYKH, HANIPABHE YeTLIpe NAJLUA
II0 HaNmpaBJeHHMI) TOKA B BHTKaX, TO OTCTAB-
JNeHHBIH DONBINOH MaJgen MOKaXKeT HANpABJIeHHe
JHHHH MArHHTHOTO NOJS BHYTPH CcOJeHOMJa
(prc. 97).

Bul yie sHaere, 4TO MACHHTHOE II0QJE COJIEHO-
naa (cm. puc. 90) nogobEo MO0 NOCTOSHHEOID 110-
N0COBOTO MaranTa (cM. puc, 88), Cosenona, Kak
MAaTHMAT, MMeeT IIOJKCH: TOT KOHEeI[ COJeHOH/a,
H3 HOTODPOTMO MATHHTHRIE MHHHUN BRINOTAT, ABIH-
eTCH CeBepHEIM ITONIOCOM, 4 TOT, B KOTOPHIHA BXO-
OAT, — FOIHBIM.

3HasA HANpPABJEHNE TOKA B COJIEHOHAE, N0 IIpa-
BHJIY MpaBoil pYKH MOMKHO OIPEJeTnTh Hallpasjie-
HHe MArHUTHRIX AuHEN moas BEHYTDH HEro, a 3Ha-
YHUT, B 70 MATHUTHEIE MOJTIOCK,

N naofopor, N0 HANPABACHHMIO MATHMTHBIX
NMUHMHA OOJA BHYTPH COJNEHORJAA KON PAaCIOJIO-
HEHHK er'o IOJKCOB MOJKHO ONpeJeJHTh Hanpas-
JIEHHe TOKA B BHTKAX COJJeHOHMIA.

IIpaBuno npaBod PYKH MOMKHO NPHMEHATHL H
AJd onpegesieHHA HAIpaBJIeHHHA JTHHHH MarLurT-
HOT'O TIOJIA B LEHTPEe BHTKA C TOKOM,

1. OnuuuuTe ONBIT, NOITEEDALAIOLIMN CBASE MeIY HAIDABJISHHEM TOKA
B NPOBOAHMEE ¥ HANPABIEHEEM JTMHHH MAMHHTHODO 100, CO3IAHHOID
nposogaukoM. 2. ChopayaupyiiTe npasnro Gypasumixa. 3. Hro momHO
OmpeJeInTE, HCOONE3YH npapnao Gypasunka? 4, Chopmyvaupyfirve npa-
B NpaBoil pyxH, 5, YUTo MOMHO ONPEIeIHT ¢ NOMOMILI NPABHIA Ipa-

BOH pyxn?
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Puc. 98

N il ©\0

Puc. 99 Prc. 100

1.

4%,
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Ha pueyare 98 uaohipaikid NpoBoioYHLill NDAMOYTOILHHE, HATIDARIE-
HHE TOKA B HEM MoKaszamno crpenkamn. Ilepedeprire pHCYHOK B TeTPaAmh
¥, NOJBAYACE NPABKIOM GYPABYMEKA, HAYEDPTHTE BOKDYT KAMAOH H3 ero
YeThIpEX CTOPOH 1O ONHOH MATHMTHON JHHHMM, VKasas cTPeNKoil e& Ha-
npapileHNe.

GHFE,II:EJIHTB HAODABMEHHE TOKA B KATVIIKe H TIOAKCHEl HCTOMHHKA TOKA
(psc. 99), ecan OpE OPOXOIKASHEH TOKA B KATYIIKE BUSHHKAIT VEASAH-
Hble HA PHCYHEE MarHUTHBIE HOJIOCE .

Hampasnenne TOka B BHTEAX OOMOTKH NOAKOBOODPASHOrO 3IEKTPOMAD-
HATA Hoxkasano crpenxamy (prc. 100), OnpegennTe NoawCk sIeKTROMAar-
HHTA.

H&D&JUTE‘J'ILHHE OpoBOMa, N0 KOTOPRIM TEKYT TOKH OJHOI'O HANTDARTEHMAA,
OPHTATHBAKTCH, A HAPAJJeJIBHBIR ONYYKH MeRTPOHOB, IBHAEVIIHXCH B
OAHOM HANDABISHHH, OTTAJIKHBATCH. B xaxom ma aTHX cay4aegns Baan-
MogeiicTEHe 00YVCHOBIEHO ATEKTPHYSCKAMA CHIAMHE, 4 B KAKOM — MAar-
EHTHRIMET? [Todemy 8ol Tax cuuraeTe?

OBHAPY)XXEHME MATHUTHOTO NONsA
no Ero0 AEWCTBUIO HA SNEKTPUYECKUHA TOK.
NPABU/IO IEBOW PYKM

Hs xypca ¢pusurn 8 Kiacca Bel sHAETE, 4TO HA
8CAKUL NPOBOJHUK € MOKOM, NOMEWEHHbLLL 8
MAZHUMHOE NOAE U He COBNAdanwuil ¢ 620 maz-
HUMHBIMU JAUHUAMUL, M0 NOXe Jedcmeyem c
HEeKomMopoi CuLol.

Hanuaue Takod CHILI MOMKHO TOKa3aATE C
MDOMOIIBE) VCTAHOEKH, H30DDakeHHON HA PHCYH-
ke 101. T'péxeroporuas pamrka ABCD, uzroror-
JIEHHAA 13 MeaHoii MpOBOJOKHM, MOABEIIeHA HA
KPIOKaxX TaK, 9TO MOXKeT CBODOJHO OTK/JAOHATLCH
or Beprurann. Cropona BC maxoxwresa B obnac-



Puc. 101, [eicreEne
MATHHTHOID OOJIH HA
NPOBOAHHE C TOKOM

Hsonnpywinas mMTAHTA

B

a)

TH HauboJee CHILHOIO MATHUTHOTO OO Ayrood-
PA3HOrO0 MATHWTA, PACHOJArasch MEMLY ero mo-
miocamMu (puc. 101, a). Pamia npucoeinHeHA K
HCTOYHHKY TOKA TOCIENOBATENBHO C PeEOCTATOM
M KJII0UOM,

Ilpy 3aMBIKAHHH KIKYa B [eOH BO3HHUKAET
aJeKTPHYECKHIl TOK, W cTopoHa BC BTATMBaeTCH
B NIpOCTPaHCTBO MexkaAy nontocamu (puc. 101, 0).

Ecnu y6paTh MATHHUT, TO IPH 3AMBIKAHIN [ENH
npopogaur BC asurareca He Oyaer. 3HAYHT, CO
CTOPOHBI MATHHTHOI'O IOJH HA NPOBOJAHWE C TO-
KOM geHcTBYeT HEHOTOPAS CHIA, OTKJIOHAKIIIAA
ero OT MepROHAYAIBHOTO MOJ0XEHHA.

IeiicTEMe MATHUTHONO [I0JA H& OIPOBOJHHK C
TOKOM MOeT ObITh HCIIOJBL30BAHO ANSA o0HApYHe-
HUH MATHWTHOTO MOJA B JAaHHON obiacTH Ipo-
CTPAHCTBA.

Koreumno, 00HaApYyKHTE MATHHTHOE [I0JIE OpOLIE
¢ nomouleild Komunaca. Ho pelicTeHe MATHHTHOTO
[0JIf HE HAXOAANIYVIOCA B HEM MATHATHVIO CTPeI-
KV KOMIaca, 1o CYILEecTBY, TOXe CBOOHUTCA K Jei-
CTBHIO IMOJA Ha 2JEeMEHTAPHEIe JJeKTPHUYeCKHe
TOKH, MHPKYAHRDPYIOIIHE B MOJEKyJlax M aToMax
MATHUTHOI'O BEIleCTBA, U3 KOTOPOTO H3roTOBIEHA
CTpeNKA.

Takum obpaszoM, MATHHTHOE TOJ€ CO3IaéTCH
ANEKTPHYSCKHM TOKOM M 00HaAPY/KHBAETCA IO €T0
AEeHCTBHIO HA 2JIeKTPHYECKHIH TOK.
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Pue. 102. Hanpaene-
HHE CHIIKL, AefieTayio-
mieii B MArHHTHOM HoJ1e
Hi [IPOBOJHME ¢ TOKOM,
FEBHCHT OT HATPABJE-
HHA TOKA

Pwec. 103. [lpumenenne
IPABHIA JeBoil Py
K NPOBOINHHEEY € TOHOM
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WsMenuM HanpasieHHe TOKa B
HEenH, NOMEHABR MECTAMH IIpoBOJA
B IHE3JZAX HIJMHDpYHOIEHd mTaHTn
(pre. 102). Ilpn sTOM mME3MEHHTCA U
HANPABJIEHHE JIBHMKEHHUA TPOBOJHH-
Ka BC, a 3HAYUT, ¥ HATpABIEHHE
AefcTBYHIIei HA HErO CHIEIL,

Hanpasiaense cHIIBl HGMEHHTCS H
B TOM CIy4ae, ecId, He MeHAS Ha-
NpaBJIEHHA TOK&, IIOMEHATE MecTa-
MU MOMIOCEl Marsura (T.e. nsMme-
HHTh HANPABJIEHHe JHHNI Marsur-
HOT'O NOJIA).

CnepoBaTesbHO, HanpasieHue nMoka & npoaod-
HUKe, HanpagieHue QTUHUL MazHUmMH020 Nois u
Hanpasaenue cuavt, deiicmsyiowell. Ha npoeod-
HUK, CBA3AHL MencOy cololl.

Hanmpasneaue cuawl, AefcTByIOmeH Ha Opo-
BOAHMEK C TOKOM B MArHHTHOM I10JIe, MOM¥XHO OIIpe-
U Th, NOIb3YACH NPAGULOM /LES0U PYKLL.

B nanbonee npocrom cayuae, KOraa NpoOBOIHHK
PACTIONIONEH B OJOCKOCTH, HepPHEeHIMKYIADPHON
JHHHAAM MATHMTHOTO TONA, 3TO MPABHJIO 3aKII0-
YAETCH B CAEAVIONIEM: eClIH JIeBYI0 PYKY PAcrnoio-
EHTE TAK, 9T00H] JHHMH MATHHTHOTO IMOJH BXO-
OHIH B IAI0HL NMePHeHINKYISAPHO K Heil, a ge-
THIpe Najksua ObLIH HANPABJIEHEI IO TOKY, TO OT-
CTABNeHHRIH Ha 90° Goasmoii manen nokaxkeT Ha-
NpaBjeHHe [IeHCTBYONIell HA NPOBOJHHK CHJIBI
(puc. 103).

Ilonesysick npaBMJIOM JIeBOH DVKH, Clegyer
IMOMHHTE, UTO 38 HANPABJICHHUE TOKA B 3JIEKTpHYE-
CKOH HeNHd MPUHUMASTCH HATIPDABIEHNE OT IOJIO-
JKUTEJABHOIO I0JI0CE HCTOYHHMKA TOKA K OTPHIIA-
TeJbHOMY. JIpyrAMHM cJ0oBAMH, 4YeThipe MOEJIbLA
JEBOH PYKH JIOJIFHE! OBITH HATIPDABIEHBL! MPOTHB
ABMKeHWS JJeKTPOHOB B DJEKTPHYECKOH IeHnH.
B TakKHX NUPOBOAAIIMX CpPelax, KaK pacTBODH
SMEKTPOJMNTOR, IJle 8ACKTPHYECKHH TOK CO3aaeT-
cfl [BHKEHHEM 3apajoB 0D0HX 3HAKOB, HANpaBe-
HHe TOKA, A ZHAYHAT, W HAOPABICHHE YETHIPEX
NAJBIEB JeBoH PYKH COBNAAET ¢ HATIDABIEHHEM
JABHXKEHNA NONOMKHUTENLHO 3aPAMKEeHHBIX YACTHIIL.



Puc. 104. [Ipumenenne
npapiia gesoi pyRH

K SAPAMEHHERIM SACTH-
[EM, JABH MY MO

B MATHHTHOM M0J1e

C noMonisi0 NpaBiia Jesoi pYKH MOMKHO onpe-
IeJUTh HANPABJAEHHE CHJIBI, C KOTOPOH MArHHT-
HOE ToJie AeiicTBYeT HA OTATBHO B3ATHIE ABHICY-
IIMEeCsH B HEM YaCTHIBl, KAaK TOMOMMHTENLHO, TAK
M OTPHUATEILHO 3apAKeHHbIE,

IIna panbosee NpocTOro caydad, KOIAa YacTH-
1Ia ABMKETCHA B IJIOCKOCTH, NEePHeHIHKYJIAPHOM
MATHUTHRIM JTHHHAM, 5T0 Opasio GopMyanpy-
eTCcA CAeAVIONINM 00pasoM: eciH JeByo PYKY pac-
MOJORHTH TAK, YTOOBI JHHMH MATHHTHOI'0 NOJHA
BXOMMJIN B I1aJ0HbL TePHeHIHKYIAPHO K Heil, a 4e-
ThIpe NMaiapua OBLLIH HAaNpaBJeHsl [0 ABHKEHHIO
NOJNOKMTEIBHO 3aPAMeHHON YACTHIE! (MK Hpo-
THE ABMMKEHUS OTPHIATENIBHO 3apHIKEHHOH), TO
orcraBaenHblil HA 90° Goablmol majien MokaxeT
HanpagsJeHue AeHCTBYIOWed HAa YaCTHILY CHJIbI
(pue. 104).

[To npasuay AeBOH PYKH MOMKHO TAKIKE OIpe-
NeJIMTE HAIIpaBJIeHNe TOKA (ecnu 3HAEM, KaK Ha-
HpaBaeHbl JHHHH MATHUTHOTO MOJA ¥ JEHCTBYIO-
[Ias HA NPOBOAHHK CHIA), HAIPDABJIEHHE MArHUT-
HEIX AHHANR (€CH H3BeCTHHl HAIIPABJIEHUA TOKA B
CHIILl), 3HAK sapsaja ABHMIKYINEHCA YacTHIE (IO
HAMPABJIEHWIO MAIHHTHBIX JTAWHAH, CHIBI H CKOPOC-
TH JBHUMKEHHSA YaCTHI[EI) ¥ T. I,

Caexyer OTMETHTb, WTO CHIA JefCTBUA MAI-
HHTHOI'C [I0JIf1 H& MPOBOJHHK C TOKOM MJIH JBHIKY-




Puc. 105. Maranraoe i F=0 %

nose He AefcTEVeT ;.‘;L=_'_;..' S _a—._.u
- - - - - -

B CAVHATX, €C/IH IMPA-
MonUHeH BT TpoBOT-

HHEK € TOKOM HJIH CKO- i 3

o —
pocTh ABIIRYINeiten Py P "—Q
3APAMKEHHOH TaCTHIIN o e W T
BAPALIETEEE THANAM DLl e er—’-
MATHHTHOTO NOJTA HIIH I
COBIMANAKIT C HHEMH I

=

ITTEEEE—T -

a) G)

LIYIOCHA BapAMKEHHYI0 YacTHIY PABHA HYJIO, SCIH
HANpapJeHHe TOKA B NPOBOAHHKE HIH CKOPOCTH
YACTHUIIEI COBHNAJAIOT ¢ JAHHHel MAarHUTHOM HMH-
AYKIIMHA WIH NapainensHsl el (pue. 105).

1. Kaxoif onsIT nosroaaer 06HAPYHUTE HATHIHE CHILL, JelicTBYIOmeH Ha

NPOROAHNE ¢ ToKOM B maranTHoM oone? 2. Kak ofsapymxusaertca mar-
HUTHOE None? 3. OT Yero 3aBHCHT HANDABICHHE CHUIL, AeiiCTEYIONEH HA
OPOBOJHHE € ToKoM B MarauTHom mosne? 4. ChopMynupyiive npasumo jge-
BOM PYKH 08 HAXOAAINErocH B MATHUTHOM MOJE NPOBOJHAKA C TOKOM;
AR ABMMYIOIEHCS B 5TOM TIOJE 3apAMKeRHON yacTansl. 5. UTo MOMKHEO on-
PEJENHTE, NONLIYHCE NPRBATOM JeBod pyru? 6. B xaxoMm cayuae cuia
JefcTBHA MargHTHOIO NOMH HA OPOBOJHMK ¢ TOKOM WM ABIHCYITYIOCS
FAPAMEHHYVIO YACTHIY PARHA HYIOT

YNPAMHEHME 33
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B ragyo cTOpORY MIOKATHTCA JEMKAR ATIOMIEHeBAR TPYBOTKA TIPI 3aMuL-
Ha#EuW nenH (puc. 106)7

Ha preynre 107 maofpaxess Asa OroNéHHEIX TPOEOJHEKA, COSIHHEH-
HBIX ¢ HCTOUHHEOM TOK&, M NETKAf AMOMEHMenas Tpydouka AB.

Bea yeranoska HaxoauTes B MarsuTHoM noe. Qnpejgeaure HANpaBaeHRe
ToK# B Tpyboure AR, eciid B peayasTATEe B3AHMOIENCTBIS 3TOTO TOKA ©
MATHHTHBIM O0JeM TPYG0oUKa RATHTCH TT0 NPOBOJHHKAM B HANPABIEHHH,
YEasaHHOM Ha pucyHEe. Kaxoill nogoe HeTOYHEKA TOKA ABAASTCA NOI0-
HMHTEALHEIM, A KAKOH — OTpHOATETEEBIMT

Puc. 107



(v NONZN < | .
[ s ORI~ |

Puc. 108 Puc. 109 Puec. 110

3. Me:xpy noagmcamMi MarguTos (puc. 108) pacnososxeHbl YeTeIpe HpoBOL-
HHEA ¢ ToKoMm. OmnpegeninTe, B KAHVIO CTODOHY JBHIMKETCH Kad(ALid na
HHX.

4. OTpHOATENTLHO BAPAMEHHAS YACTHIA JRMIKETCA GO CKOPOCThIO U B Mar-
auTHOM none (pue. 109). Vrasure nanpasiesHye ¢Hakl, ¢ KoTopol none
ACHCTBYET HA HACTHILY.

5. Marsuraoe noae qeHeTeveT ¢ enaoit F aa YACTHILY, JBHHYIIYIOCH CO CKO-
pocthio U (pre. 110). OnpegennTe anax sapAfa 9acTHIILL.

§ 37 WHAYKUWSA MATHWTHOTO nons

1 Muorue us Bac HaBePHAKA 3aMeYaJIH, 9TO OOHH
MATHHATHI CO34AI0T B IPOCTPAHCTEE DoJee CHILHLIS
moJag, yem Apyrue. Hanpumep, moie mepeoro Mar-
HUTA, Wa0bpamenHoro Ha pucyHke 111, cnnbaee,
yeM BTOporo. JlefeTBHATENLHO, IPH OJHOM H TOM
JHE PACCTOAHHH [0 I'Bo3jeil, pacchlIAHHLIX HAa
CTOME, CHAA OPATHMEHUA K IIepBOMY MarHury
oKrAasanach JOCTATOYHOH AMA MPEOAOTIEHHA CHIhI
THMECTH IBo3feil, A CHIE IPHTHMEHHA KO BTOPO-

My — HeT.
Puc. 111, Marnutioe & -
IIOJTe IBPEOID MATHETA Kakoil ke BeJMYHHON MOMKHO OXapPaKTepH3o-
CHALHEeR, &M BTOROr0 BATH MATHHTHOS HGJI'E'?

MarauTHOe NHOIEe XApAKTepPH3YeTCH BeKTopHOH dHiHueckoH BeaMYHHOI,

ROTOpaA O003HAYAETCH CHMBOJOM .g M HAIBIBAETCH H.Ilm]:l,lll.‘-l MATHHTHOTO
moas (HaH MATHRTHOR HHIYKIHe).

HOHCHJ{M, YTO 29TO 38 BEJIHYMHA.

Hanomumm, 9T0 MArEATHOE MOJIE MOET AeHCT-
BOBATE C ONPENeNeHHOH CHIOil HA MOMeIéHHbIN
B HET'O MPOBOJHHUE C TOKOM,
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ITomecT™M HpAMONHUHEHHBIH yuac-
TOK npoBonauka AB ¢ TOKOM B Mar-
HUTHOE TIoJle TNepHeHAHKYISPHO
ero MAarHATHBIM JuHEAM (pHe. 112).
IIpn noxkasaHHOM HA pPHCYHKe Ha-
mpaBIeHVT cHNEI TOKA [ B IpoBOgHA-
Ke M PAacioJOXKeHHUHN TOJICOB MAT-
HHATA ACHCTBYIOIAA HA [POBOJHHK

cuaa F, corjiacHo npasBily JI€BOH py-
ku, Oymer HampasiaeHa BEu3. Onpe-
JeJTUTEH ATY CHJIY MOMKHO, BRIMHCIHUB

P “"'u;’;ﬁ“c';?:;? BEC THPLKH, KOTODYK NIPHXOLUTCH JOGABIATEH

aeficTByIomel Ha no- HaA TMPAaBYI0 Hallly BECOB AJA YPABHOBEIIHBAHHA

MeIIEHHKIH B MATHHT- o

HOe ToJe NPOBoIHIE cunet F.

¢ Torow OneIThEl TOKA3HIBAIOT, YTO MOLYIb STOR CHIH
3ABMCHT OT CAMOr0 MATHHTHOTO nojada — Oojee

MOIITEEIA MATHAT JelcTBYeT Ha JAaHHLIH IpoBOI-
HUEK ¢ Donemiedt cunoft. Kpome Toro, cuna fmeficr-
BHA MATHUTHOTO [0S HA OPOBOJHUK ITPONOPIIHO-
HANLHA JJuHE [ 9TOro NpoBOAHMKA U cuie Toxa I
B HEM.

Ornomenue e Mogyaa cunel F K gnnHe npo-

F Y
B= ;_ BoaHWKA [ ¥ cuJe Toka [ [T. e. ﬁl ECTh BEJIUNUNHG
: J

nocmoanHan. OHa He 3ABHCHT HH OT OJIHUHBEI OpO-
i F
BOOHHKA, HA OT CHJIBI TOKA B HEM. OTHOLIeHHE ﬁ
38BHCHT TOJBKO OT IIOJAA H MOMXET CIVEHTE ero

HOMTHYECTEEHHOH XapAKTEDHCTHROM.
9Ta BeTUYMHA | OPHMHHUMAETCH 38 MOAYVIE BEH-

TOPa MAarHUTHOH HHAVKIIHHA:

=I_I"

Moayae BeKTOPAa MATHHTHOM HEIYKIME B pasen oTHOINEHHIO MOIYIA CHITLI
F, ¢ KOTOpOH MarENTHOE NOJIe NEHCTEYET HA PACIION0KeHHEIH MepIeRIHKY-
JAAPHO MArHHTHLIM JHHHAM NPOBOIHHE C TOKOM, K cuae Toxa I B mposogmn-
Ke H ero gnune [,

ITo aToif hopMyIe MOMKHO ONMPEASTNTh HHAVK-
ITHHY uﬂuapoé'unzu MATHHTHOI'O ITOJH.
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Puc. 113. Bexrop
MATHHTHOR AHAYKIHH
OpAMOTO TPOBOIHHEA

C TOKOM HAOPABTEH MO
HACATENLHON B Kam a0l
TOYEKS INOJIH

B CH egpuvua MATHUTHON MHIYVKIHH HA3LIBA-
erca mecaa (Tha) B 9ecTh HOrocIaBCKoOro aIeKTpo-
rexEuka Hurxoawm Tecaa.

YeTaHOBHM BSAHMOCBASE MEMAY eJHHHIEH
MATHUTHOW WHAYVKINHA ¥ eIUHAIAME APYIHUX Be-
awamH CH:

H

.

1Tn=1

Ho cnx mop ana rpaduuecKoro u3obpaKeHns
MATHHTHBIX HO0JelH Mbl NOJLBI0BAMHCE JUHUAMH,
KOTOpBIE YCJIOBHO HA3BIBAAM MArHHTHBIMK JIH-
HHAMHI HIR JHHUAMH MATHUTHOrO nonasa. Bonee
TOYHOE HAZBAHHE MATHHUTHRIX JUHWUE — AUHUL
MazHumMHoOU undyrkuyuu (AIH AuHUL LHOYK-
YUU MAZHUIMHOZ0 NOAAR).

JIxpuamn MATHNTHOH HEIYKIHE HASLBAIOTCH JHHNM, KACATeNLHEIE K KOTO-
PBIM B KAJKT0H TOUKE IMOJA COBIALAIOT ¢ HANDABTEHNEM BEKTOPA MATHHTHOM

WHIYKIIHH.

Phe. 114. Bo seex
TOHKAX OJHOPOAHOM
MATHATHOID NOJH
BEKTOP MATHHTHOI

HHOVEKOHH E DJaHHAa
KOB 10 MOAVIIIO
H o HanpaBae au

IanHoe onpegeleHHe JIHHHH MarEWTHOW WH-
AVEOMH MOMHO IOACHHUTE C IOMOILEK PHCYH-
ka 113. Ha uém wnsobpaskéH IPOBOJHHK € TO-
KOM, DACIOJIOMEHHBIA NepUeHAUKYIAPHO ILIOC-
KOCTH wepre:xa. OKpYMHOCTE BOKDYr NHpPOBOA-
HuUKAa npeicraBiafger coboii ogHy M3 ITHHHE HH-
AVKIHH MarHATHOTO II0JdA, CO3AAHHOTO MpOTe-
KalolUWMM 00 OpOoBOZHHKY ToKOM. IlpoBegénHble
K 9TOH OKpPVIHOCTH KaCaTelbHbIE B JIOO0OH TOYKE
COBIIAJAIOT C BEKTOPOM MAIHUTHON HHAYKIHHA,

Temeps, HONBL3YACH TEPMHHOM ¢MATHUTHAaHA
HHAYKOWA», HA30BEM OCHOBHLIE NPH3HAKH OI-
HOPDOAHOTO HW HEOAHOPOLHONO MaTHUTHBIX I0O-
Nen.

B opgsoposmHOM MarEMTHoOM mnone (puc. 114)

BeKTOD MACHHTHOH HHIVEIIHH B Bo BCex NpoMa-
BOJILHO BRIOPAHHEIX TOYKAX IIOJAH OAMHAKOB KaK
M0 MOJIVJIKO, TAK H 10 HATIDABISHMIO.

CpaBHHM 3TO NIOJIE € ABYMSA HEOJHOPOIHBIMH
MOJAMHM: TIOJeM MOCTOAHHOI0 NOJIOCOBOIC MATHM-
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Puc. 115. B pasamx
TOUKAX HeoJHOPOAHOID
MATHHTHOTO NIOJIA BEKTOD
MATHHTHOR HHIVKLHH
MOMeT OhITE Da3IHIHEIM
KAK N0 MOV, TAK K 10
HATTPABTEHITIO

ra (puc. 115, a) m monem TORa, NPOTEKAIOIIE-
ro No NPAMOJHHEHHOMY VYYACTKY IIDOBOJHHKA
(puc. 115, 6).

Jlerko 3amMeTHTE, ITO B HEOAHOPOAHBIX TIOIAX,
B OTJAHYHE OT OAHOPOMAHOTO, BEKTOpP MATHHTHON
HHIVKIAA MEHAETCHA OT TOYKH K Touke. Hanpn-
MeD, B KarmI0M H3 pACCMATPHUBAESMEBIX HEOJHOPOI-
HBIX TIOJIe# MpH nepexoje u3 TOYKH ! B Touky 2
BEKTOP MATHHTHON HHAVKIHA MeHAETCHA 10 MOAY-
110, pH nepexoze us To9KH I B TouKy 3 — 1o Ha-
MpPaBIeHNI0, TPH Mepexoje H3 TOUKH 2 B TOUYKY
J BEKTOD MATHUTHOH MHAVKIINHE MEHASTCH KAK MO
MOV, TAK U 110 HATIPABJIEHHIO,

MarauTHOE NOJIé HASBIBAETCH OJHODOIHBIM,

€CJIH BO BCeX ero TOYKax MarHuTHadA HEIYKUHA B
oaurakxoBa. B nporusHOM cnyvuae mose Ha3elBAET-
cA HeDOHOPOOHBLM.

Tem Gonbine MarHWTHAA MHAVKIHUA B JaHHON
TOYKE NoJsA, TeM ¢ Doabliuell cHoi Oyaer aeicTBo-
BATE NOJIe B 2TOH TOYKEe Ha MarHHTHYIO CTPEIKY
WITH IBMGKYIIMICH 2TeKTPHUYeCKHI 3apa,

Ehnpn:u 1. Kax HaswiBaeTcA BEKTOPHAA BETHMUHHA, KOTOP&A CHAVIKHT KOIHYeeT-
BeHHON xXapakTepHCeTHKOH MmarmmrTHOro moaa? 2, [lo xaxoil dopuyae

OnMpefenfgeTca MOAVIhH BEKTODA MATHHTHOH HMHAVKINH OJHOPOLHOTO
MAargHTHOro noaa? 3. Yro EagnpaeTcA THHHAME MATHRTHON HHAVEOHAT
4. B RAROM cAVUAe MATHWTHOE TONE HASKIBABTCA ONHOPONHBLIM, A B Ka-
KoM — HeomHOponHEM? 5. Kax sasmenT cuza, aeficTBYIOIIAA B JAHHOM
TOMKE MACHHTHOTO MMOJA HA MATHHTHYIO CTPEIKY MAH IBMMKVIIHICH 3a-
P, OT MATHATHON WEIYRIINH B aT0H ToOTHe?
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1. B ogsOpogHOR MATHHTHOE NOJE€ NEPHEHAMKVISPHO THHHAM MATHWTHOL
HHAVEOHH TOMECTILTH NPAMOTHHENHLI TPOBOIHAK, M0 KOTODOMY MpO-
reraeT Tok. CANa Toka B npoBogunike 4 A. Onpejenute HHAVKIINID 3TON0
nong, ecau oHo fgeltersyer ¢ ennoi 0,2 H wa kampame 10 em gauas npo-

BOMTHEKA.

2. IIpoBOAHHE € TOKOM MOMECTHIH B 0SHOPOAHOE MATHHTHOR MOJE MepIeHE-
JAHKYJAAPHO JHEHAM MArHUTHOH WHAVEOUH B, Yepes HekoTopoe BpemMs
CHIY TOKA B IPDOBOIHAKE YMEHBIINIH B 2 paza. MaMeHnunach 11 npu aTom
HEAYVEOHA B MarsuTHOrO non#, B HOTOPOE GHRA MOMEIEH NPOBOTHHKT
ConpoBoEAanocs NTH VMEHLIICHEE CHILI TOKA HIMeHEHHeM KaKoii-audo
apyro# dEspveckol senmunam? Ecan ga, TO 9To 970 3a BEAMUHEA M KAk
OHA AAMEHRTachH?

m MATHHUTHbIA NOTOK

Prc. 1168, 3aBRceHMOCTE
MATHATHOTO TOTOKA,
NPOHHALIBATOIIErD MI0-
M{AAE KOHTYPE, 0T MOJIY-
AA BEKTOPA MACHHTHOR
HHAVEIHH, IA0I81H
KOHTYPA W OT OpPHERTA-
OHH IMTAOCKOCTH KOHTY=
Pa N0 OTHOTIERH

K JHHHMAM MACHHTHOH

MHAVEIIAK

B- Mepraricio, O wen.

Ha pucynxe 116, a nsobpaién IpoBOsOYHBIH
KOHTYP, NOMEIIEHHLIN B OJHOPOJHOE MarHHTHOR
noJie. [IpuHEATO rOBOPHTE, YTO KOHTYD B MArHuT-
HOM IoJie [pPOHWUSLIBAeTCH OIpele/JEHHBIM Maz-
HUMHbBLM nomoxom O, HIH NOMOKOM GeKIO-
pa maznumnou uRdyryuu.

OnsITE TOKASRIBAIOT, WTO MAFHUTHBIH ITOTOK
CKBO3b KOHTYD OPOIOPUHOHAJIEH MOAYJIIO BeKTO-
pa MHAVKIHNA OTHOPOZHOTO MaArHMTHOIO HOJA H
IJIOIAAH, OTDAHHYeHEOH 3TUM KoHTYpoM. Kpoue
TOI'0, MAFHHTHBIH HOTOK BSABHCHT OT TOro, Kak
pacmonoskeHa TMIOCKOCTh KOHTVPA N0 OTHOILIE HHIO
K JHHUAM MATHUTHON HHAVKI[IN.

161




Puc. 117. MarauTasi

NOTOK PABEH HY IO,
PCTH MTMHAM MAPHHT-
2Ol MHIVHIHN TEHAT
B NJIOCKOCTH KOHTYPA

162

Honyerum, 4T0 HHAIVKIHMA MATHATHOTO TIOJM,
NPOHHMIBLIBAIOIErO OTPAHNYEHHYIO KOHTYDOM TIIO-
mans, craja DoJblie. ITO MOIVIO IPOHA30OMTH, Ha-
npuMep, B pesyibTare yBeJHYeHHA CHJIBI TOKa,
CO3A0IIEro 9T0 MATHUTHOS NOJe, UIH NPH Tepe-
MeIeHUH KOHTYpA B Apyroe, 6oJiee CHJIBHOE ITOJE,

IMocKkoMBKY MATHUTHBIN NOTOK MPOINOPLIKOHA-
JIeH MHAYKIHHA MArHUTHOrO MOJd, TO OPH eé yBe-
JUYEHHH B n pas (or 3HaueHus B, no 3HaYeHUA
B,=nB,, kak noxkasaHEo Ha puc. 116, a, 0) BO
CTOJIBKO 7K€ Pa3 BOIPACTET M mMoTOK P, NpOHN3EI-
BaOMmuil naomaask S JTaHHOIO KOHTYpAa.

IIpu ToM e cAMOM MATHHTHOM IIOJIE C HHAVKIIH-
eit B, MATHMTHEIN TMOTOK, MPOHMALIBAIOIIAI GOIb-
myio nnomans S (pue. 116, 6), 6yzer Bo croib-
KO e pas OoJbine [DOTOKA dYeped ILtomans S
{em. puc. 1186, a), Bo ckoasko paa S’ bonsme, vem S.

Ecou mmocKocTh KOHTYpa NepHeHIuKyIApHA
JMHHAM MACHHTHON MHAVKIUHA (cM. puc. 116, a),
TO NpH ZaHHONK mEAYKOuM B, nmorok @, nporu-
3LIBAION[HII OrPAHHYEHHYIO 9THM KOHTYPOM IJIO-
mMank S, MAKCHMAJIEH,

IIpu BpameHEWH KOHTYpa Bokpyr ocH 00" npo-
XOAANIMA CKBO3h HEr0 MATHHTHEII IIOTOK YMEHB-
maeTcA (10 3aKOHY KOCHHYCA) ¥ CTAHOBMTCH paB-
HEIM HYJII0, KOTJA TI0CKOCTE KOHTYDA Daclojara-
eTCH [APAJUIeJBHO JHHUAM MACHHTHON MHAVKIIHH
(puec. 116, 2). B arom ciyuyae JTUHUM MArHUTHOM
HHIVKIUH KaK Obl CKOJIB3AT IO IJOCKOCTH DaM-
KM, HE IPOHU3LIBAH €€.

TaxuMm o6pasoM, MATHUTHBIH NIOTOK, TPOHHIBI-
BAKOIIHII NI0MATE KOHTYPA, MEHAETCH PH HaMe-

HeHWH MOJYJA BeKTOPA MATHHTHON HHIYKUNK B,
MJIOIIANH KOHTYpa S M OpH BpAlleHWH KOHTYpa,
T, €, IPU H3MEHEeHWH er0 OPHeHTAILIHM 10 OTHOLLe-
HHIO K JHHHAM HELIYKIIHH MArHUTHOTO MOJIA,

Ecnu 3xe KOHTYpP BpalaeTcd TAK, 4TO NPU IO~
foM ero MOJOKeHHH JUHWUM MATHUTHOW MHIVE-
[IMH JIeKAaT B INIOCKOCTH KOHTYpA, He Oepecexkas
OrpaHHYEHHYIO UM naomans (puec. 117), To norok
He MeHAeTcHA: B a0boit MOMEHT BpEMEHH OH DABEH
HYJTI0.



[d Bonpocs:

1. O wero aBRCHT MB.I."H.HTHJ;IE OOTOoK, HpDHHBHBm{!ﬂHﬁﬁ [LIomaas mJao=
CKOIO KOHTYD&, MOMEMEHHOI0 B OJHOpOJHOE MATHHTHoe Tone? 2, Kax

MEHASTCA MATHHTHRIH [IOTOXK [PH YBeIHYEHHH B 7 pPad MATHHTHONR HH-
IVHIIWH, BCIN HE [JIOILALL, HH OPHEHTAIIWA KOHTVpAa He MeHSOTCAT
3. Ilpe xaxoil OPHEHTAIIME KOETYPA [0 OTHOIIEHHIO K THHIAM MATHUT-
HOH HMEAYVKIHHM MATHHMTHBINH DOTOK, NPOHH3BIBAIINHA OIOMAAL JTOO
KOETYPA, MEKCUMAIeH; papel ayaw? 4. Meggeres 11 MarHETHEI DToTOR
IIPH. TAKOM Bp&m&EHH KOHT‘_I."pa. KEOrga THHEH MATHHETHOH }{Hnyls',ll,ﬂl-{ TO
OPOHHIBIBAKOT €0, TO CKOTBRAAT 0 er'o 111 DCROCTHT

Puc. 118

Ipoponousasn karymea K, co cranpHeM cepredaHn-
KOM BEIHYEHA B IENL MCTOYHHKE NOCTOAHHOMD TOEA
OoCHAeIOBRATEIBHD © DECCTATOM R H EKITEOYOM K
(pme. 118). AnexTpHyeckKu TOK, NpoTeKammuil mo
BHTHaM KaTymku K, c03naéT B MPOCTPAHCTRE BOKPYT
Hed MmaranTHoe none. B none karymen K, aaxoaures
TaKas e KaTymea Ky,

H:B.KH'M Gﬁ]]EGDM MOM{HO MeHATE:E MATEWTHRIN OoToKE,

uporusesaomnlt karymxy K,? Pacemorpure sce
BO3MOMHEIE BAPHAHTLI.

FEE]  ABnEnME 3nEKTPOMATHUTHOR MHAYKUMK

Brr vike sHaeTe, 4TO BOKPYD AJeKTPHYECKOTO
TOKA BCeTJla CYIIeCTBYEeT MATHHTHOE [IoJe. DIeKT-
PHYECKHIl TOK H MATrHHUTHOE IOJEe HeoTAeIHMEI
APYT OT ZpyTa.

Ho ecam asmexTpHuecKHH TOK, KaK IOBOPAT,
¢CO3AET» MAIHHTHOE [0JI€, TO HE CYLIECTBYET JIH
obpaTtHoro seneaua? Heabsa 11 ¢ MOMONILIO MAT-
HHUTHOTO TIOJNA «CO3LATE» 3JMeKTPHUYECKHI Tok?

Taryw zagauy B HauaJe XX B. NRITANTHACE De-
mINATE MEOTHE yuéHble. IlocTasna eé nepes cobolt
¥ aHrmMicKui yueasii Maidka Papadei. «[Ipe-

- - BpaTHTh MAT'HeTH3M B NEeEKTPDHYEeCT~
MAHKNT ®APAAEW BO» — TAK 3aTlHCAJ B CBOEM IHEBHHUKE

(1791—18B67)

Anranfickudt huavk. OTEpELD
ARJIEHHE Q.UUK'FPQ MnPHHTI—iDﬁ
HHAVEIHH, 3HOTPATORY

IpH 3aMLIKAHHA i PAIMEIHAHHH

aty sanauy Dapagei 8 1822 r. IToutn
10 ner ymopro#i paboTei norpebosa-
J0ChH YUEHOMY LI €€ pelneHns.

Yro6el nouars, kax Papajgew yia-
NOCH ¢TPEBPATHTL MATHETH3M B 3JIeKT-
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Puc. 119, BoznukHoee-
HHe HHIVEITHOHEOTO
TOKA TTPH TBH SN
MATHATA B KATYIIKH
OTHOCHTEARHD ADYT
apyra

Pue. 120. BosauxHOBES-
HHE HEOYRIIHOHEOTG
TOKR I.Tp]-'! OAMEBEIKAHHHA
i3 pRﬂMI}IHﬂHll]!
ANEHTPHYECHOH TIRTH
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PHYECTBOS, BLIMOJHUM HEKOTOpPEIE onbITH Papa-
Jnesi, HCTIONBAYA CORPEeMEeHHBIe TPHBopEL.

Ha puecyrake 119, a mokasaHo, 4TO €CJIH B Ka-
TYIIKY, 3aMKHYTYIO Ha raJIbBAHOMETD, BABHIaeT-
CH MATHHT, TO CTPEJKA MaJIbBAHOMETPA NPH 3TOM
OTKJIOHHAETCH, YRAZLIBAA HA NOABIEHHE ULHOYKUL-
OHHO20 (HABEJEHHOTO) mMOKQ B HelH KaTyIIKH.
HHAYKIIMOHEHEIA TOK B IPOBOJHHKE OpeJcTaBIder
co00H TaKOe ¥Ke VIOPAZOYEHHOE ABHEHHE DIACKT-
POHOB, Kd4K ¥ TOK, HOJYYEHHEIH OT raJbBaHHYe-
CKOIo ajeMeHTa HJM axkymynasTopa. Haasauwue
«MHAVKIMOHHLIN» VHASLIBAST TOJMBKO HA NPHYH-
HY €r'0o BO3HUKHOBEHHUA.

IIpu un3BnevYeHHN MATHHTA U3 KATYIIKH CHOBA
pabrogaeTcsa OTKI0OHEHHE CTPEeJIKH FajibBaHOMEeT-
pa, HO B TPOTHBOTOIOMHYI0 CTOPOHY, 9T0 VKA3bi-
BAET HA BOZHMKHOBEHHE B KATVILIKE TOKA ITPOTH-
BOTOJIOACHOI'O HAIIDABJIEHHA.

Kak ToIBKO ABHKEHHE MATHHTA OTHOCHTEIBHO
KaTyIIKH IpeKpallaercs, IPeKpallaerca B TOK.
CrhenoBaTelbHO, TOK B IeNH KATYIIKHA CVINECTBY-
eT TOJLKO BO BPeMH JABHMMEHHHA MATHUTA OTHOCH-
TeJBHO KATYIIKH,

OnwelT MOKHO HM3MeHUTH. Ha HenmoaBMIKHLIN
MarguT GyaeM HaJeBaTh KATYVIOKY ¥ CHHMATE €é
(pre. 119, 6). 1 onAaTeE MOMKHO 00HADYHRHUTE, YTO
BO BpeMA [BHMKEHHA KATYIIKH OTHOCHTEIhHO
MATHHTA B IEMH CHOBA NOABJLAETCH TOK.

Ha pucyake 120 wnzobpasxena karymka A,
BRJIOUYEHHASA B [IeITh HCTOYHHKA TOKa, JTA KATYIO-
Ka BCTaBJeHa B Apyryio karymky C, mogKIo4Yed-
HYKW K raassanomerpy. IIpn saMBIKaRHH U pas-




Pue. 121, I1pu apamge-
HHH HOHTYDE B MAMHHT
HOM mojie (MArHHTA
OTHOCHTENBHD

KOHTYDA) HIMEHEHHE
MAPHHTHOTO TOTOKA
NPHBOAHT K BOSHMEK-
HOBEHHIO HHIVKIIHOH-
HOTO TOKA

MBIKAHHH [eIIX KaTymkH A B Katymke C Bo3HH-
KaeT HHAVKIIHOHHBIN TOK.

MosxHO BEIZBATL TOfBJEHHE HHAYKIIHOHHOIO
TOKA B KaTyiuke C ¥ OVTEM H3MEHEHUA CHJIEL TOKA
B KaTVIIKe A HIM IBHMXEHHEM 3THX KaTYIUeR
OTHOCHTENLHO APYT APVTA.

IIpomenaem emé ogun oneirT. IloMecTum B Mar-
HETHOE IOJe TLIOCKHH KOHTYP H3 NPOBOLHHEA,
KOHIBI KOTOPOTO COEAMHHUM € TalkBAHOMETDOM
(puc. 121, a). I1pu noBopoTe KOHTYPA rajJbBAHO-
MeTD OTMeYaAeT NOABIeHHE B HEM MHIYKIHOHHOTO
ToKa. ToK OyZeT NoABAATLECA B B TOM cJAyYae, ec-
N PAJOM ¢ KOHTYPOM HIJIH BHYTPH HETO BpallaTh
MargurT (puc. 121, 4).

Bo BCcex pacCcMOTPEHHBIX ONBITAX WHIAVKI[HOH-
HBEIN TOK BO3HHKAN NP M3MEeHEHHMH MATHUTHOIO
DOTOKA, MPOHHSEIBAKINEN0 OXBAYEHHYI MPOBOJ-
HEKOM TLJIOIALE.

B cnyuaax, H300paKEHHERIX HA pHCYHEKax 119 n
120, marauTHREIN DOTOK MEeHAJICH 3a CHET H3MeHe-
HEA HEIVKINKM MArgsuTHoro noiad. delierBurens-
HO, OIPHA ABM)EHHM MATHHATA ¥ KATYIUKH OTHOCH-
TeabHO APYT Apyra (cm. puc. 119) xarymka noma-
panxa B obnacty monf ¢ Goakmmei MM MeHbIIeH
MATHUTHON MHAVKIIHEH (TAK KAK TONe MATHHTA
HeogHOpoaHOoe). IIpH 3aMBIKAHWH ¥ PASMBIKAHHHA
peny karymky A (cm. puc. 120) uHAYKIHA co3na-
BAEMOT'0 9TOH KaTYIIKOH MArHHTHOIO IIOJIfA MEHH-
nackh 3a CUET H3MEHeHHA CHLI TOKA B HeH.

Ilpu BpaieHHH OPOBOJIOYHOIO KOHTYpa B Mar-
HHUTHOM Tojie (cwm. puc. 121, @) wiad MardaTa oT-
HOCHTEeNBLHO KOHTypa (cm. pue. 121, 6) maraut-
HBII NOTOK MeHAJCH 3a CUET MAMEeHeHNSA OpHeHTA-
OUK 3TOT0 KOHTYPA [0 OTHOIIEHHK K JTHHHAM
MATHEHTHOH HHIVKIHIM,

Taxnm cOpaszom,

HpH BEAKOM HAMEHeHHH MATHWTHOIO HOTOKA, MPOHWIRIBAIIEro IJIDIIALE,

OrPaHHYEHHYIO 3AMKHYTEIM TPOBOIHNWEOM, B 2TOM NMPOBOAHNKE BOJHHKAET
INEKRTPHUECKHI TOK, CYINecTBYIOMMIl B TeYeHHe BCero NpoUecea HaMeHeHHA

MArHHTHOI'D TIOTOKA.
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B arom m sakawuaercsa HABIEHHE 3/E€KMpPO-
MAZHUMHOU UHOY KU,

OTKpriTHE 9/JIeKTPOMATHHNTHOH MHIYKIIMA OpH-
HALTEKHAT K THCIY CAMBIX 3aMevYaTeJbHLIX Hayd-
HBIX AocTHKeHnH nepsBoi nososrasl XI1X 8. Ono
BLIZBAJIO [IOABJEeHHe 1 OYpPHOE PA3BUTHE IJEKTPO-
TEXHUKH U PAANOTeXHIKH,

Ha ocHOBAaHHM ABIeHMA 3J1eKTDOMATHHTHOM
MHAYKIUKE OBIIM CO3AAHBI MOIIHBIE TeHEPATOPHI
aJIeKTPHYECKOI aHepruu, B pa3paboTke KOTOpPBIX
NPUHAMAINA y9acTHe Y9€Hble H TEXHHKH DAsHBIX
crpad. Cpein HEX OLITH M HAIIH COOTEYECTBEH-
auku: Imuauid Xpucmuanosuy Jeny, Bopuc
Ceménoeuuw Awrobu, Muxaun Hocugosuy
Honueo-/Jo6posoavckuld W Apyrue, BHECIIHE
GosIBIION BKJIAJ B PA3BUTHE 3JI€KTPOTEXHHKH.

1.C maxoil nejsio CTABMANCH ONBIThI, H30OpAMKEHHEIE HA PHCYHEEAX
119—1217 Kax oun nposogunucs? 2. [Ipa xaxkom yeroBEM B OnRITAX
(cm. pre. 119, 120) B karyIike, 3aMKHEYTO Ea TAJIbBAHOMETD, BOSHMKAN
HHEAVKIHOHHELIE Tok? 3. B 4ém saxknwuasTca ABNeHHEe ANeKTDOMATHUT-
Holl nEAVELEN? 4, B 4éM BaXKHOCTS OTEPHITHAN ABICHHA 3MeKTPOMATHIT-
solf mEAVEINMNT

S YNPAKHEHME 36

1. Kar coagars KpaTKOBpPEMEHHEIR MHIYHIHOHHEN Tok B Katymee K,
naobpaskéanoll na pucynrke 1187

2. IlpomogounHoe KOMBNO DOMEMIEHO B OO-
HOpOAHOE MATHHTHOe mose (pme. 122).
Crperouxy, wuaclpakéHHEble DAJOM C
KOMBLOM, MOKAZLIBAIOT, UTO B CAYHAAX
g 1 0 KoIblo ABMIKeTeR npaMorwHefiso
BOOJL JUERHE FEIVEONHE MATHUTHOTO 00

aj 6) 8) r) a) JIA, & B CAYHAAX 8, 2 M d — BpamaeTes BO-
kpyr ocx 00'. B xaxkux %3 aTHX CIyYaes
Puec, 122 E HOJMBIE MOMKET BOZHHKHYTH MHIVKILH-

OHHBIL TORT

§ 40 HANPAB/IEHME WHAYKLMOHHOTO TOKA.
MPABU/IO JIEHLA

B npeasigvimem naparpadge O pACCMOTPeHE]
ONBITH] MO MOJVUYeHHI HHIVKIWOHHOTO TOKAa H
VCTAHOBJIEHA MPUYMHA €r0 BOSHHKHOBEHHA A,
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Puc. 123. llpwe nprban-
AHEHHH K CIAOLTHOMY
KOsy Juoboro
NOMKCA MATHHTA

KOALILO
OTTAMTIEHBACTCH
OT HEero

Puc.124. BoannkHoseune
HEIVKIIHOHHOTO TOKA

B CILIOLIHOM ROOLIE

npu nprbIMKeENH

K KOMBILY MATHHTA

Hak ;e nanpaBnes uHAYKNHWOHHEIE Tok? Jlns
OTBETA HA 3TOT BOMNPOC BOCHOJB3yemcs mupubo-
pom, msobpazxéassM Ha pucyHke 123, O npena-
cTaBafAeT coDOH VOKYI0 ANIOMHHHEBYIO ILJIACTHH-
KV C ATIOMHHNEeBRIMHA KOJBLIAMA HA KoOHDAaxX. OaHO
KOJIBLILO CILTOINHOE, Apyroe uMeer paspes. [Lnac-
THHE& C KOJIblIlaMH NOMEIIIEeHa Ha CTﬂﬁH}T H MOD-
seT cBoDOAHO BpAIATHECA BOKPYT BEPTHHANBHOH
ocH.

BossMéM monocoBOH MATHUT M BHECEM ero B
KOJIBHO ¢ PASPE30M — KOJBLO OCTAHETCHA HA Mec-
Te. Ecnu ke BHOCHTH MAIHHT B CIUIOLIHOE KOJb-
110, TO OHO ByfeT OTTATKHMBATECH, YXOAUTEL OT Mar-
HUTA, IOBOPAYHMBASA IPH 8TOM BCIO ILTACTHHRY. Pe-
ayiabTAT Dymer TOYHO TAKHM K€, eCJOH MATHHT
fyner MoBEpHYT K KOJEIIAM HE CeBepPHBIM ITOJIO-
coM (Kak NOKA3AHO HA PHCYHKE), a 10K HEBIM, O05-
SICHMM HabmonaeMbie ABIeHHA.

ITpu opubinuskeHUN K KOJBLY J000ro moswo-
ca MArHHTA4, I[0Je KOTOPOro SHBJAAETCHA HEeoI-
HOPDOJHEIM, MPOXOZALIMH CKBO3BE KOJBIO MAar-
HUTHEIH noToxk ysenwumeaerca (pmuc. 124). Ilpu
9TOM B CHJIOIIHOM KOJblLE BOSHHKAET HHAVKIIH-
OHHBEIH TOK, & B KOJBIE C pa3pe3oM TOKa He
byvner.

Tok B COIOIMIHOM KOJLIE CO3J88T B NPOCTDAH-
CTBE MATHHTHOe [oJe, Oiarofapfa 4eMmy KOJAbyo
npuolpemaem ceolicmea maznuma. BaauMmoaeii-
CTBYH ¢ NTpHUOMIGHARIIAMCA MTOJOCOBRIM MAar-
HHTOM, KOJBIO OTTAIKHBAETCHA oT Hero. Ma atoro
cilenyeTr, YTo KOJIBLO M MarfEuT ofpaiueHsl gpyr
K OApYTrYy OJHOMMEHHBIMH MONIOCAMH, & BEKTOPHI
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Puc. 125. Onpegencane
HADPABACHHA HHEAVRIHOHHBOMD
TOKA B KOJbLe

Pre, 126, [Tpn yoanenun
MATHHTA OT COAGIIHOND
HOJbLIA OHO, IPHTAIHBAACE,
CAeJYeT 38 MACHHTOM

N
O s o

B, B, a=—=

Pue. 127. Hanpasjienue
HEAVEIHOHHOrMD TOHA

B EONLBIE MEHAETCH OPH
HaMeHeHHH HANPABICHHA
OBMMEHHA MATHUTA
OTHOCHTEIBHO KOABIIA

MarEnTHON mEAYKNuK (B, u B ) nx nonei
HATIPABJIEHEI B TTPOTHROMOJIOMHEIE CTODOHEI
(pic. 125). 3HaA HANpaBIeHNEe BEKTOPA MH-
OAVKIIMA MATHATHOrO HOJA KOJbIA, MOMHO
o opasuay npasoit pykn (cm. puc. 97) on-
PelleTHTE HANPARIEHHE WHAVEIIHMOHHOIO
ToKa B Koabiue. OToaBuraacs or npubiam-
KAIOMIETOCH K HEMY MATHHTA, KOJBIO NPo-
THROJSHCTBYET VBEJIHMUEHUIO MTPOXOASIIErO
CKBO3b HEro BHELIHEr0 MATHMTHOIO NOTOKA.

Temeps mocMOTPHM, YUTO NPOM3OHAET IpH
YMEeHBIIeHNY BHEMIIHEr0 MATHUTHOrO MoTo-
K& CKBO3b KOJabLO. [l1s 3TOTO, VAEpPHKHABRA
KOJIBIO PYKOI, BHECEM B HEro MATHHUT. 3a-
TEM, OTOVCTHR KONbLIIO, HAUHEM YIAlfATh
MarsuT. B aroM cayuae Koaeno Oyger cae-
HOBATHL 38 MATHWUTOM, MPHTATHBATECA K He-
My (prc. 126). 3HaYHT, KOJBNO W MATHHT
obpaiensl APyr K APYry pasHOMMEHHBIMH
MOJIOCAMM, & BEKTODPEl MATHMTHOH HMHIYK-
UK X IMoNell HATIPDABRIEHH B OAHY CTOPO-
gy (puc. 127). Ilpu odurnarxoseom HaIpaBie-

EME B, » B, marHMTHOe moie Toka Oyaer
npomusodeilc meosamy YMEHbUEH IO BHEI-
Hero MATHMTHOIO MNOTOKA, NPOXOAAINEro
CKBO3b KOJIBIIO.

Mgp! BHAHM, 4TO AJA ONpEAENEHHA Ha-
OIpaBIeHUdA NHAYVKOIHOHHOIO TOKA Mpexjae
BCEro HeobXOAMMO V3HATH, KAK HaOpabBJeH
BEKTOP MArHHUTHOH MHAVKIMH CO3JaHHOIO
STHM TOKOM MATHWTHOTO ToJA (B HOeHTpe
Komkia). Ha ocHoBaHMMA pes3yiabLTATOB pac-
CMOTPEHHBIX ONBITOB (B OJHOM H3 HHX
BHENIHHI MATHHTHBIH TOTOK VBEeJHYHBAJ-
Cs, A B IPYyroM — yYMeHbIUaaca) bswio edop-
MYJHPOBAHO [PABHJIO, HKOTOpoe B cOBpe-
MeHHOH GOpMYyIHPOBKE 3BYYHT TaK:

BOZHHKAIOIIHI B FAMEHYTOM KOHTYPe mymnumit TOK CEOMM MAUrHHT-
HBIM ITOJTEN npnmnnnaimyﬂ HEZMEHEHHK) BHENTHED MANHHTHOIO IMOTOEA,

KOTOPOE BRI3ZBAJO 2TOT TOK.
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Ilannoe npasuio 6uL10 yerasoeaeHo B 1834 r.
poccHiicKIM VUEHBIM Imunuem Xpucmuano-
suvem Jlenyem, B CBABH C 4YeM HASLIBAETCH
npacunom JdJenya.

1. [lna yere OpOBOANICA ONLIT, H300parkEHHEEN Ha preyarax 123 u 1267

2. [ToweMy HOJABIOC ¢ PA3PEIOM HE PeArHpyeT Ha NpuliKenne MaranTal
3. OfnACHUTE ABJIEBHUA, NPOMCXOAANIHEe NpPH TpACIHAEEHH MarHnTa
¥ COTOITHOMY ®Roasny (cm. pue. 125); npu vaaieHuw MarsuTa (e,
puc. 127). 4. Kag onpegenwnThs HanpasieHHe HHIVKIIMOHHONO ToOKA B
koasne? 5. ChopmyaupyiiTe npaenae Jledna,

YNPAMHEHHE 37

i.

Kax BeI fyMaere, moueMy opudop, Haobpaskéunbiil #a pucyEke 123, naro-
ropned n3 amomuuaua? Kax npoxognn 6el onwiT, ecau 661 npubop Guia
AeTesHEIM; MeTHEIM !

B aasHOM HHe MepeuHe JOrHTIecKnx onepaiinil, KOTopsle Mbl BEIIOIHA-
M A8 onpefefeHHd HANPaBIeHIA HHAVKIIHOHHOTO TOKA, HAPYWIeRA Lo-
caedosamensHOcns X npodedenii. 3aTHITHTE B TeTpatn OyKant, obo-
SHAYANIINE ITH ONEPANN, PACOOAGHNE HX B OPABIIBHON HOCAE0BA-
TeIBHOCTH.

a) Onpeaeanan HANpapAeHE HHAVKUNOHHOTO TOKA B KOJBIE (DONBE3VACE
TPaBHJIOM OPABOH pyEH).

0) Onpegennay HANPABEIEHNE BEKTOPA HMHIVKIIHH E x MATHUTHOTO TOJMA
TOKA B KOMhIlE MO OTHOIMEHHI K HANDABISHID BEKTODA MATHHTHOH HH-
AVEIIH B o TOVIA MATHHTA, HCXOAA H3 TOPO, 4TO KOJLIO OTTAIKHBAETEA
OT MATHWTA IPH Er0 NPAGTHREEHH (aHaunT, ous ofpaniedsl ApYT K IpyTY

OHOMMEHHEIMHA TOTHCAME, H EK e ﬁm] H NPHTATHBAETCHA NP yaane-
HHE (3HAUMT, HOTLUO B MAPHHT ofpAlIens] IPYT K ADYIY PASHONMEHHLI-
M ODOJIcaMu, B E':K N} B’m}.

8) Onpefenuid HANpaBleHHe BexTOpa MarauTHON MHAVEINR B nonsa
MArHHTA (00 PACOOJIOMEHHED 10 [10JK0C0E),

SIBJIEHME CAMOMHAYKLMM

Pacemorpum yacTHLIEA eay4dail aJIeKTPOMATHHUT-
HON MHAYKIHH: BOZHMKHOBEHHE HHAYHKIHOHHOI'D
TOKA B KATYLIKE IPH HGMeHeHHH CHILI TOKa B Hell.

Jna ororo mpoBeaéM oneT, H30OpAXKEHHEIN HA
pucyHEe 128, a u cxeme 128, 6. IIpy BeIno/IHEHHH
nepBoil yacTH onbiTa HeoHoBas Jamua JI, Ham He

NOHAAOOMTCH, MOITOMY BhIHEM e M3 NATpPoHAa, OC-
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Puc. 128, BossrkHOBe-
HHE& HHAVEIHOHEOD
TORA B KATYVIOES OPH
HIMeHEHHH CHJIElI TOKA
B Hell NpH saMBIKAHAR
e

170

TABHB TOJLKO JIBE NMapajjenbHLIE BETBH: C Deo-
craroMm P 1 karymroit K. (O6paTruTe BHMMaHHe HA
YCIoBHOE 0DD3HAYEHNE KATYINIKH ¢ CePIeYHHKOM
Ha cxeMme 128, 0 1 3aIOMHHTE €ro.)

damrEéM pens Kmodom Ka. Jlamma JI, aaro-
pHTCA cpa3dy, a JI, — c onoszaEMem npHOAN3H-
TeasHO B 1 ¢, I[IpuunEa 3anasbiBaHUA 3aKJII0YA-
ercd B eaepyouiem. [Ipn saMEIKEHEYM OENH CHIL
TokoB I, Iy u I, (cm. pue. 128, §) HAMMHAIOT PACTH.
Baaromxapsa sToMy yBelHYMBAIOTCH MHAYKOHE B,
¥ B, MAHUTHBIX [I0JIeH (CO31aBAEMBIX STHMM JKe
rokamMu [, u I,) 1 maraurasie norokn P, n O,,
NPOHHUBLIBAIOIHE COOTBETCTBEHHO BHTKM peocTa-
Ta B Karymk#H, [lonygaercsa, 4To nmpoxojsamiHe
CKBO3b PEOCTAT M KATYVIIKY NepeMeHHEIe NMOTOKH
(‘Dl H sz CO3IAaKTCA HE BEHEIMHMMH IDPHYHHAMHA
(kayk OBLIO B ONBITAX, paccMoTpeHHEIX B § 39),
a Omarogaps M3MEHEHWIO TOKOB B CAMHMX OJTHX
yeTpolicTBax.
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Puec. 129, [MeMoHCT-
DPAITUA ABRAEHUA
CAMOMHIYKIHNA OIpPH
PASMBIRAHUH [enH

CornacHo ABIEHNIO BJIEKTPOMATHHUTHOH HHAY K-
MM, B PEOCTATE H B KATYIIKE BOSHHKAIOT HHAYHK-
LHOHHEIe TOKH. OHH NpenATCTBYIOT VBEJIHYEHHIO
cuapt Toxa Iy 1 I, (910 cnegyeT U3 npaBmuia Jlerma
u npasuna npasoit pyku). Ho B karymxe K nn-
AVKOHOHHEEIN Tok Oyaer aEauuTensHo Ooiblle,
ueMm B peocTaTe P, TAK KAK KATYIIKA HMEET Iropas-
10 BoJabiIee YHCJA0 BATKOB U CEPAEYHHK, T. €. 00-
Jdagaer DoablIell UHIYKMUBHOCMBIO, UYeM peo-
CTAaT.

Hudyxmuenoems (koddOUIHEHT caMOWH-
AIVEOWM) — 370 (PHINYeCcKad BeIWYUMHA, BBEJIEH-
Had IJIA OUPHHBAHUSA CIIOCODHOCTH KATYIIKH OPO-
THBOAEHCTBOBATh M3MEHEHHIO CHJIbLlI TOKA B HEH.
HuaayrrusHocTs L KATYIIKHM 3aBHCHT OT eé cop-
MEI, pA3MepDOB, 9HACTA BHTHKOR IT HAIWM4Y¥H HJIH OT-
CYTCTBUA CcepAevHHKa (HATDPHMEpP, MKEeIe3HOT0).
Enpnunna naayrTasaocT B CH — zenpu (I'n).

Yem Oonblie cHJIA HHIVKIHOHHOTO TOKA, TeM
Gonbiuee npoTHBOACHCTBHE OH OKA3LIBAET H3Me-
HEHHIO CHILI TOKA, CO3AHHOI0 HCTOUHHKOM. [To-
ATOMY TOK B BETBH € KATYVIIKON BO3PACTAET Me-
JIeHHee, YeM B BETBH C peocraToM, H Jamna JI, sa-
ropaertcs ¢ ono3gannem (puc. 128, a).

Tenepr nmocmoTpuM, 4TO OyaeT NPOHCXONUTH
NIpH PASMBIKAHMM Ien#. 1A 9TOro HEOHOBYIO
namny JI, momecTHM B TaTpoH, a Jammy JI;
BBIBHHTHM, PASOMKHYB TeM CAMBIM YYACTOK LEMH
¢ peocraromM (puc. 129).

IIpn saMBIKEHUH eNH 3arOPHTCH TOJBKO JaM-
na JI,. Heonosasa naMna He BKAKYAETCH OTOMY,
YTO HAOPAMEHHe, HeoOXoaumoe IJIS e€ 3asKura-
HHA, 3HAYHATENLHO DOIBINe HAUPAXMKeHHA, IMoJa-
BAEMOI0 OT MCTOMHUKA TOKA.

Teneps pasoMKHEM Henb — JAMNA HAKAJNWBA-
HHA FacHeT, 3aTO HEOHOBAA NAET APKYI0 KPATKO-
BPEMEHHYI0 BCIBINKY. BHAUNUT, YMeHbIIEHHE TO-
K& NpH pasMEIKAHHUM LEeNH Cco3Jaér HACTOJLKO
MOILUHBIH HHAVEIHMOHHBLIN TOK, OPOTHBOJeHCT-
BYIOIIHWH YMEHBIIEeHWIO TOKA B KATVIIKe, YTO Ha-
NpsXeHHe HA HeH OKABKIBARTCH HOCTATOYHBIM
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IJIA 3AKUTAHMA JTaMMbl (M 3HAYUTEILHO ODEeBLI-
AaKRIIAM Hanpa#xeHEne HCTOUYHHKAL).

B npopenarHOM OnRITE MBI HaDIHOAATH ABIE-
HHE CAMOHHIOYVKIIHH.

ABnenne caMOHHAYKUMH 3aKII0ONAETCH B BO3-
HHKHOBEHHH HMHIYKUHOHHOTO TOKAa B RATVIIKE
npH H3IMeHeHHuM cuiael Toxka B Heil. Ilpu astom
BO3HHKAKMHH HHIYKIHOHHEIH TOK HAa3bIBaeTCH
TOKOM CAMOMHIYKIIHH,

Koneuno, TOK caMOMHAYKIHH BO3HHKAaeT He
TONBKO B KATYIIKAX, HO U B AODBIX IDYIrUX Opo-
BOJHHKAX, eCIH cHJAa ToKa naMendercda. Ho, kax
VviHe OTMEeYAJIoCh, B KATYIIKAX € OTHOCHTEILHO
HeOOJNBIINNM YHCJIOM BHTKOB, HE HMEIOIIUX Cep-
JedHuKa, ¥ TeM GoJjiee B OpAMLIX IPOBOJAHHKAX
(T. €. B oameMeHTaX IenH, obNAIAOIINE MATON H-
AVETHBHOCTRI) TOK CAMOHHIVEIITHE O0OBIUHO HERe-
JHK M HE OKA3bIBAET CYLUECTBEHHOIO BAMAHNA Ha
IpPOLIECCHI B 2JIEK TPHYECKOI enu.

I[loaBnenne MOINHOIO HHAYKLHOHHOIO TOKa
NP PasMBIKAHUHM LENH CBHAETEeILCTBYET O TOM,
9T0 MATHATHOE [DOJIe TOKa B Karyinke obaamaer
sHepruei. HmenHo 3a cuér yMeHBHICHHA SHEDIHHU
MArHUTHOIO IOJIA coBepliaeTca padora 1o cosga-
HHI0 WHEAVEKIHOHHOTO TOKA. A HaKoIIWIAck 3Ta
DHEPrUs paHbIlle, MIpH 3aMBIKAHNHT eI, KOT/Ia 34
CHEéT DHEePrHHM HCTOYHHKA TOKA COBEDIIAJACh pa-
60Ta Mo OpeonONeHHI0 TOKa CAMONHAVKIIHH, Ipe-
OATCTEVIOMErO VRESIHUSeHHD TOKA B UENH, M ero
MArHUTHOTO TONA,

DHEPrnA MACHHTHOO [MOJHA TOKA OIPeIeNAeTCs
oo gopmyie

~
T

MAT

|

M L)

Li2
B ==
2
rage L — MHAVKTHBHOCTE IPOBOJIHMKA, | — CHIA
TOKA B 3TOM ODOBOJHHEE.

1. Kakoe ARASGHNE MAVHANOCE HA ONEITE, NPEICTARIEHHOM HA PHCYHKAX
128 1 1297 2. Paccka:nTe 0 Xxoae Kaxa0H sactn onsita. OfbacHEuTE Ha-
Omwaaemuie ApneHud. 3. B uéM sarmoMaeTeA SABICHME CAMOMHIVHINNT
4. MosteT W BOSHHEHYTE TOH CAMOHHIYKIHH B TPAMOM TPOBOAHHEE
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¢ ToxkoMm? Ecnm Her, To offbHcHHTEe DOYeMVv; £cii J&, TO DPH KAKOM
yCIoBHHI. 5.3A cuéT YMEeHLIIeHHH KAKOW aHeprum coBepmanace pabora
[0 COSTAHHE WHAVKIIHORHOTO TOKA TPH PAIMBIKAHHE Hemn?

Puc. 130

B snexrprueckaoit uenn (pre. 130) nanpasenue, noayyae-
MOB OT MCTOUHNKA TOKA, MEHLINE HAMPAMEHHA 38MATAHAA
HEDHOBOMH JI8MITb.

Hax Gymer cefa BecTH HEOHOBAS JAMINA IPH SAMLIKAHHN M
pPAsMBIKAHAK KIo4a?

Yro Oyger OpoMCcXOoANTE € HKAKIBEM 3IeMEHTOM [edH
(MCHAWUAA HCTOMHHK TOKA U KJKY) TP 3aMEHYTOM KIH0YE;
TPH 3aMBEIKaHAH KI09a; IPH PABMEIKAHEH KIo4a?

[¥%]  nonyYEHME M NEPEAAYA MEPEMEHHOIO
3NEKTPUYECKOTO TOKA. TPAHCDOPMATOP

PacemoTpHM eImé pas TodyueHde HHIVKI[A-
OHHOTO TOKA B KATVIIKE ¢ MOMOIILI0 HepeMmeIie-
HHA OTHOCHTENLHO Heé NOCTOAHHOIO MAarsuTa
(cm. pue. 119, a). Ho reneps Gynem nmepuoaute-
CHH ABHTATH MArHHUT BBEDX H BHU3 B TeUeHUe He-
CKOJBKHX CeKvHA. MBI VBHIHM, 4UTO TPH 9TOM
eTpeNTRa rajLBaHOMEeTPA OTKIOHAETCH OT HyJIeBO-
ro JeleHNd TO B OJHY, TO B IPYIYIO CTODOHY. ITO
FOBOPHUT O TOM, YTO MOAYJE CHIE HHAVKIIHOHHOIO
TOKA B KATYIIKE U HATIPABIEHWe 3TOT0 TOKA NepH-
OJHMYECKHE MEHAIOTCH.

DaexTpHuecKHi TOK, NePHOLHYECKH MEHAIILMICA CO BPEMEHEM 10 MOy T10
¥ HANPAB/IeHII0, HAIEIBASTCH HePeMemHbIM TOKOM.

B ocpeTHTEARHON CETH HAIIKMX J0OMOB U BO MHO-
FHX OTPAcAAX NPOMBIIIJIEHHOCTH HCIOJAL3YEeTCH
MMEHHO HepeMeHHEIH TOK,

B macrosamee spems AJad MOIVHEeHHA MepeMeH-
HOrO TOKA MCI0AB3VIOT B OCHOBHOM 2AeKmpome-
XAHUNCCKUE UHOYKYUOHHBIE ZEHEPAmopbl,
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Pwc. 131, Cxema
NMEHEPATODA
1€ PEMEHHOTO TOKA
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T. €. YCTPOHCTBA, B KOTOPBIX MEXAHWYECKAA DHED-
ruf npeobpasyercs B sNeKTpHYeckyo. Huavenn-
OHHBIMH OHH HA3LIBAIOTCH [IOTOMY, 4YTO HX geilcT-
BHE OCHOBAHO HA HABNEHNH 3JIEKTPOMATHHTHOIH
MHAYKIIHH.

B §39 paccmarpuBasica TpUMeEp NOMYUEHHS
WHAYKIHOHHOIO TOK& B IIOCKOM KOHTYDE NpH
BPANIEHWH BHYTPH Hero maruuTa (cm. pmc. 121,
0). Ha arom npurnune n paboraer anexTpoMexa-
HHY9ECKHI reHepaTop nepeMeHHOro Toka. Hemno-
ABHJCHASA YACTH TeHEPATOPA, AHAJOIHYHAA KOHTY-
Py, HASRIBAETCA CMILAMOPOM, 4 BPAINAIOLIANACH,
T, €, M&rHHT, — pOomopom. B MOLTHEIX TpOMEIT-
JIEHHLIX reHepaTopax BMECTO IIOCTOAHHOIO Mar-
HUTA MCTONB3VeTCA 9/IeKTPOMATrHHT.

CraTop nNpOMBINIEHHOTO TeHepATOpa IIped-
craBaser coboil CTATLHYIO CTAHHHY HUIHHADHYE-
CKOH (bopMbl (CTAHHHA — 3TO OCHOBHASA Hecyllas
YacTh MAIIMHEI, HA KOTOPOH MOHTHDPYIOTCH paa-
AuyHBle pafoumne vamel, MeXaHH3AMH U 1up.). Bo
BHEYTDEHHeIi ero 4acTW NpOpes3alnTcd Mmasbl, B KO-
TOPBI® BUTKAMM YRJIAALIBAETCH TOJICTHIN MeIHBIH
npoBon. B BUTKAEX ¥ HEAYHHPYeTCH NepeMeHHbI
BJIEKTPHYECKHH TOK NPH HM3MeHeHUN NPOHMA3LI-
BAIOILIEr0 HX MArHMTHOTO NOTOKA.

MarsunTtHoe moJe co3naéTcH poTopoM
(puec. 131, a). Ou upeacrasaser coboil 3JeKTpo-
MATHHUT: HA CTANLHON CepIeYHHE CA0MKHOH (op-
MBI HajeTa 00MOTKAa, MO KOTOpPOH MPOTEKAaeT IMmo-
CTOSHHEIN aneKkTpuyeckuit Tox. Tox K aroit ob-
MOTKe TOABOANTCA 4Yepesd METKH H KOJAbBLA OT
NOCTOPOHHEro MCTOYHUKA MOCTOAHHEOTO TOKA.

Ha pucynre 131, 6 npuBegena cxeMa reHepa-
Topa nepeMmeHHoro Toka. IlTpuxamu noxasamo
[IpHMePHOe PpPACHOJIOKeHHe JHHHH MHIVKIIHA
MATHHUTHOTO mojs portopa. [Ipu Bpamesuu poro-
pa xakoii-nubo BHewHell MexaHWueckolt cuoit
CO3/IaBAEMOE MM MarHMTHOE [0JIe TOJKe Bpallaer-
ca. [IpH aToM MArHMTHEIHA NDOTOK, NMPOHHBLIBAID-
IMAH BETKH 0OMOTKH CTATOPA, IIePHOLHYECKH Me-
HAETCA, B DE3AYILTATE Hero B HUX HHAYNHpYeTeHA
nepeMeHHBIH TOK.



Puc. 132, Buemunii suj
H YCTPORCTBO MOLLHOTO
rHAPOreHEpaTopa

Ha TenoBeIX 5JeKTPOCTAHIIUAX POTOP TeHepa-
TOpa BpAaLIAeTCH ¢ IOMOINEIO maposoit TypOHHEL,
HA TMAPO3JIEKTPOCTAHIUAX — € IMOMOINIEI BOJA-
HOI TYpOHHEL.

Ha pucyrke 132, a nsobpaxeés BHEIIHHH BHJI
MOIIIHOTO THAPOreHepaTopa, a Ha pucyake 132, 6
CXEMATHYHO MOKASAHO Ero ycTpoicTBO, rie mud-
poit ! o6ozHaden cmamop, uudpoit 2 — pomop,
a uubpoi 3 — eodanaa mypouna.

Porop rugporeHepaTropa nmMeer He OJHY, a He-
CKOJLKO Map MATHHTHEIX moxocoB. Yem Gomsimne
map moJiocos, TeM DoJbIIe YACTOTA NMEPEMEHHOTO
ANEKTPUYECKOT0 TOKA, BEIpabaThIBAEMOrO reHepa-
TOPOM HPH ZaHHON CKOPOCTHM BpAIEHHA POTOPA.
IMocKOIBKY CKOPOCTE BPATIEHUA BOAAHBIX TYDPOHH
o0BIYHO HEeBEIHMKA, TO JAJS CO3JAHHUA TOKA CTaH-
N&PTHOH YACTOTHl HCHOJL3VIOT MHOTONOJNIOCHEIE
POTOPEL.

CraEapTrHas YacTOTA IepeMeHHOTO TOKA, IpPH-
MEHAEMOI0 B NPOMBINLIEHHOCTH M OCBETHTE/b-
HOH ceTH B POCCHH M MHOMHX APYIrHX CTpDaHaX,
pasaa 50 I'm. 9To o3HaUAeT, UTO HA NPOTAMXEHHH
1c¢ Tor 50 pas Teuwér B oaHy cropory M 50 paa
B Apyryio. B HexoTopeIX cTpaHax (Hanpumep,
CHIA) craggapTHas YACTOTA NEPEMeHHOTO TOKA
pasaa 60 ',
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i, MA | Cuna ToKa, BHp&ﬁamH&EMOP;fT
21 TeHEepATOPaMH IIePEMEHHOIO TOKA,
é‘ 0,02 /_\ 0,04/ MEHSeTCA CO BPeMEeHEeM II0 TapMo-
0.01 0.0 t,c HHYECKOMY 3aKOHY (T.e. IO 3aK0-
-1 \_/ 3\/ HY CHHyca Bam Kocmuyca). Ha pm-
-2 cynke 133 nokasan rpadur mame-

HEHHMA CHJLI TOKA i CO BDEMeHeM . |-

Puc. 133. I'padux )
IABMCHMOCTH CHIED dis nepesaqyy 3JeKTPOIHEPIHM OT aJeKTPO-
Dﬂsg;h;;iﬂm TOKA CTAaHIHI B MECTA e€ HOTPeDJIeHHA CIaVIRAT THHHKI

anexTponepegadn (JISII). Yem mansme or snew-
TPOCTAHIHE HAXOAMTCH NMOTPeOHUTEN:E TOKA, TEM
Gonbiie sHeprun @ TPATHUTCHA HA HATDEBAHTE TTPO-
BOJIOB ¥ TéM MeHbIUE JOXOAHUT A0 IHoTpebuTens:

E E

YMeHbIIeHHE NMOTEpP: 3NeKTPOIHEPIUH HPH eé
repegade OT JJMEKTPOCTAHIINIT K TOTpebuTenaM
ABJAETCH BAMKHON 3agaueil SROHOMHKH.

Ha saxona moyna—Jleana (@ = I?Rt) cne-
AyeT, UTO0 YMeHbLIIHTL HOTEPH MOMKHO 3a CUET
YMeHBIIeHNsA CoNpoTuBaeHns R OpoBoJ0B H CHIR
ToKa I B HuX (4To Gonee ahheKTHBHO, MOCKOTBKY
CospemenHsie mpH yMeHbiueHuun ] B n pas § yMeHbIIaeTcs B
BLICOKOBOABTHEIE 13N n2 pas).

ConpornBreHHe NpoBoAoOB OyAeT TeM MeHbIIE,
eM BoaBITe MIOImMAans S UX MONEePEeYHOr0 CeYeHIA
H UeM MeHEIIe yIeJlbHOe COIPOTHBJEeHIe p Me-

moTpeBaseMan | - reHepHpYeMas Q.

Tajlla, H3 KOTOPOTrD OHH H3roTOBRJIEHLI | TaK HakK

— Pt
R S )
HHA, TAK KaK CpeIH OTHOCHTEILHO HeJOPOTHX Me-
TARJNOB OHHM 0DJafanT HANMEHBIIHM VIEIbHBIM
COIIPOTHRJIEHHEeM. ¥ BETHYHBATE TOJLIHHY IIPOBO-
0B 3KOHOMHYECHKH HEeBBITOJHO (BRUAY VBeIH-
YEeHHA PACXO/A MeTanaa) ¥ HeygobHo (M3-3a TpyI-
HOCTEeH TPH UX MoLBecKe).

Ilosromy cymecTBeHHOIO CHUMEHHA [10TepPs
MOMHO NOOHTLCH TOABLKO 34 CYET YMEeHbIIeHHS
Mepasie /13N cuaet Toka /. Ho npu atoM HeoGX0ZMMO BO CTOJE-

. IIpoBoa nenawT M3 MEAH WIAH ATIOMM-
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KO e Pas YBeIWUINTE MOJYyYaeMoe OT I'eHepaTo-
pa Hanps:xenwe U/, uTobOBl He CHHMKATH MOMI-
HoCTh TOKA P (rak kak P = UI'). Bea rakoro npe-
0DpasoBaHHA CHJILI TOKA B HANDAMEHU:A NOepe-
Ja4a JIeKTPOIHeprud HA Oojbloue paceTOdsHMs
CTAHOBHTCH HEBBIIOJAHOH M3-38 CVILECTBEeHHLIX
OTEPS.

Pemenue aToi BasgkHel el TeXHUUeCcKO# 3a5a-
9H CTAIO BO3AMOMKHBIM TOABKO Nocae n3obpeTeHns
mpancgopmamopa — ycTpoilcTBa, IpeJHasHa-
YEeHHOr0 JJA VBeJIHYEeHAA WIH YMEeHbIIeHuA nepe-

T ———— M EHHOTO HANDAMKEHHUS ¥ CHIIbl TOKA.
— Tpanedopmarop 6bin HaodpeTén B

(1847—1894)

Pycerwil anexTpoTexanNK | naobpe-
Tarens. Haobpén ayrosyo Jamoy
{«ceeua AGaouKOBA ), CHOBCTPYHPO-
BAJ MEPBLIA NFéHEPATOD NEPEMBHHOID

1876 r. pyvecrkum yuérbmim I[lasnom
Huronaesuwem Honouxoasim. B oc-
HOBe ero paboTsl JeKHT ABICHAE DJIEKT-
pomarguTEONl WHAYKOUH. Ha pueys-
ke 134, a nokazaH BHEIIHHH BH] TPaHC-

toka, TpadcgopMaTop, cienan nao-  POPMATOPA, & HA PUCYHKe 134, 6 cxema-
GpeTeHus B ITACTH ANEHTPIYBCKIEN THYHO HE{}ﬁp&H{EHH erto OCHOBHBIE Tac-
MAHE # XHMHYECKHN HCTOUHHKOR TH. UﬁpaTHTE BHHMAaHHE HAa TO, HTO

TOKA

Pue. 134, Baemani sng
H CXeMA YeTpollcTEa
NOBLILIANMIIETD
TpaHCHOPMATODA

YHCJI0 BHTKOB B ODMOTK&X PasIHYHO;

B ganHOM caydae N, > N,.
Ilporerawmuit 8 nepeUYHON o00DMOTKE nepe-
MEHHEIH TOK cO31aéT (r/iasHpIM 00pasoM B cepaey-

ObmMOTHE KATYIIEK 13 H30JNPOBARHOTD

npoBojA:
MEPBMTHAS BTOPHHUHAS

K ncrodHBRy
HanmpAaxeHHAa

) CepaeunuK

L7, [ — 18K HASKEAeMEe JCUCMEYIOWILE JHAYSHNA HA-
MPpAMEHNA 0 CHIE] DEPEMEHHON TOKA. On#l PaABHE COOTBET-
CTHEHHO HanpAMeHHn B CUJAe NOCMORRHOZ0 TOKH, BhITEJAI0~
H{ErD B OPOEDIHAKE EXMECeKYHAHO CTOIBKOD 3@ TeILId, 4TO K
NepeEMEHEEIT TOK. JeHcTByinmne SHAMEHHA HANDAMEHWA M

CHALI MEPEMEHHOID TOKA B 2 pa3 MEeHBLIEe AMOIHTYIHLIX:
u I

U=-2_7=-"2,

J2

Wl
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TpaHchOPMATOD

Cxema nepejiaqy INEKTROIHERrHH OT INEKTPOCTEHUMM K NoTpetuTenio

BHEWHWA 81
CHNOBOTD MACARHOTO
TpaHedopMaTopa
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HHKe) MmepeMeHHOe MArHHTHOE I[I0Je, KOTOpoe,
B CBOIO OYepe]b, TIOPOMIAET MepeMeHHOoe JNeKT-
puyeckoe noJye. B peaynsrate geitcTBus 3TOrO0 no-
1A HAa KOHLAX BTOPHYHOH OOMOTKH BO3HHMKaET
nepeMeHHoe Haupsamenue U,.

Bennuuna U, onpegensieTca U3 COOTHOLIEHHA:

U, _N, _N,
U, N, um U,= N, U,.
3uaunt, npu N, > N, Tpancthopmarop Gyaer no-
sviwarowum (rax kaxk U, > U,), ampu Ny, < N, —
noruxarwun (B nagaom cayuae U, < U,).

Teneps BepHEMCA K BONPOCY O TEpPENade aIeK-
TPO3HEPTHH OT 3JeKTPOCTAHOWH K MeCcTy eé mo-
Tpebnerna. Hanpasxxerne, BuipabaTkIiBaemMoe re-
HepaTopoM, 00biuHO He npessiinaeT 20 KB, A aaa
ONTHMAJBHON mHepefa4Yy aJeKTPOPHEPrHH Ha
BfonenIne paceToAHNH TpedyeTcs HanpsKeHue mo-
PAIKA COTEH KMJI0BOALT, [103TOMY TOK € aJIeKTDO-
CTAHIHM CHAYAJA [OJAETCHA HA PACHOIOMKEHHYIO
HENOJANEKY NOBEIIIAKIYI0 TPpaHCGODMATODHYIO
MOACTAHIIWIO, T HANDPAMEHHE MOBLIIIAETCH 10
HECKOJBKHX COTeH KHIOBOJLT (B GOJBIIHHCTBE
cayuaes oHO He npesbimaer 7150 kB), u nog rakum
Hanpamenuem mnogaérea B JIIII. ITlockoabky



TAKOe BBICOKOE HATIpAXKeHNe He MoKeT ObITh
NpefIoKeHo NoTpefuTeNI0, TO B KOHIIE JIHHHH €ro
MogamT MOOUepEAHO HA HECKOJBKO TpaHcgopMa-
TOPHBIX MOOACTAHIIMII, NOHMIKAMMINX HAaANpAMKe-
Hue no 380 uau 220 B, a sarem — Ha npeanpedA-
THA MM B ¥UJIBIE JOMA,

TparchopMATOPE HAINIH IHPOKOE NpHMEeHe-
HHe B 6piTy. Hanpumep, npr mogsapajke COTOBO-
ro TexedoHa UMeIIHACH B 3APAJHOM yCTpOHCTBE
TparchoOpMATOD NOHHIMKAET HANDHMXEHHe, MNOJay-
4YeHHOe W3 ocBeTHTelIbHO# ceTH B paBHoe 220 B,
zo 5,56 B, npuroanoro gna renegora. B reresuso-
pe uMeeTcs HECKONBKO TpaHCHOPMATOPOB (Kak
TOHMKAKINIAX, TAK H TOBRIINAKIINHX), HOCKOJIBKY
JJf OUTAHWA PasIn4dHBIX €ro yaao0B Tpebyercs
sHanpsamxenne ot 1,0 B o 20 xB.

EBnnpum 1. Kagoll snexTpHHecKHI TOX HASHIBASTCH HepeMeHHLIM? C noMomibLio

1.

KaKOT0 NPOCTOrD OOBITA er0 MOMRHEO noayanTe? 2. I'ge nenonssyior nepe-
MEeHHBIH anexTpudeckni Tok? 3. PacckasmuTre of yerpoficTee # IPHEHIIRTE
OefcTBHA IPOMBILLICHEHOrO regepaTopa. 4. Hem npmsoguTes BO Bpaie-
HHE pOTOD MeHEePATOPA HA TEILI0BOH aJeKTPOCTAHIIMN; HAa MAAPOadeKTpo-
craguuu? 5. [lovemy B rUZpOreHEpATOPAX HCINOABIYVIOT MHOTONOTIOCHBIE
poropui? 8. [To warouy pusnueckoMy 3AKOHY MOMHO ONPEIeIHTE TOTEPH
anexTposHepruy B JIDII 1 aa cueT yero ux mostHo yMmessmuTh? 7. Ina ge-
ro Ipy YMeHbIIEHHNHE CHILI TOKA BO CTOALBKG FHe Dad NOBBINIAKT &0 Ha~
npaAceHne nepea nogaygedt s JISIM? 8. Paceramure of yerpoitcTse, MPMH-
IHILEe IedCTEHA H NpHMeHeEHH TpaHchopMaTopa.

OnexrpocTannun Poccku smpadaThiBaloT NepeMeHHBIN TOK dacToTol
50 'y, OnpegeanTe DepHod 3TOMO TOKA.

2%, Ilo rpadury (cM. puc. 133) onpegennTe NEpHOA, YACTOTY ¥ AMILTHTYIY

roneGaERil cITLL TOKA [,

3NEKTPOMAIrHMTHOE NONE

fABnenue 3eKTPOMArHHTHOH MHIYKIMH OBIIO
orkpeiTo Papageem B 1831 r,

B ToMm e rogy B Aurmum poxunca Hxwcedmc
Maxceenn, cTABIIHI BOOCHEACTEHH YVYEHEIM H
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clenaBIINi BajKHeHIee HAYYHOE OTKPBITHE, KO-
TOpOE TMO3BOJUIO TrayG:ke MOHATE CYH[HOCTH
ABJICHUA 2JIeKTPOMAIHHTHON HEAVKIIHHA,
HamoMHEM, YTO COTNACHO SABJCHUIO 3J1€KTDO-
MATHHTHOW MHIVEIHH NpPH U3MeHEeHHH MATrHUWT-
HOT'O MOTOKA, MPOHU3RIBAIONIETO KOHTYP 3AMKHY-
TOTO NPOBOJHMKA, B 3TOM ONPOBOJHNKE BO3HUKAET
HHEAVELHOHHBLIHE TOoK. HO TOK MoOM#eT BOIHMKHYTH
TOJBKO NPY HAJTHYNH 3JIeKTDHYECKOrO MOJ1A.
[Mpegmonoxenne 0 BOZHWKHOBEHNN 3JeKTpH-
YECKOI'0 HOJIA B Pe3y/ibTaTe H3MEHEeHHH MarHHT-
HOT'O CpAa3y BBIGBAJIO V YYEHEIX pHL

AMEAMC MAKCBEAN pomMpocoB. HampuMep: oTamYaeTca JH

(1831—1879)

OHO OT MOJA, CO3TAHHOID HEeNnoaBH -
HBIMH JIEKTPHYECKHMHA 3apAgamMu?

Anraniicknit puank. Teopernaeckn BoanukaeT JId 9T0 [OJE TOJBKO B IIpO-

OpefCRAIAT CYIIecTBOBAHME DJIEKT-
POMATEHTHBRIX BOJIH. OIpele/ TR,

BOJHHEE HIH CYIIECTBYET H B TpOCTpAaH-

4TO B BAKYYME OHE JOJKEEI pacnpo-  CTBE BOKpYT Hero? HMrpaer kaxyro-mubo
CRPAHSTRCR 00 CRODOTTREY CHOTH. POJib B BOGHHHEHOBEHHH JJEKTPHYECKOID

Coagan TeopHIo 31K TPDOMArHHTHOTO
noaAa
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MoJjA SAMKHYTHIH TPOBOAHHK, II0 KO-
TOPOMY ITPOTEKAET WHIVKIINOHHBIH TOK,
WIH OHO CYIOECTBYeT B IPOCTPAHCTEE
HE3aBHCHMO OT HAJIMYHMA NPoBogHnKAT

OTeeTsl HA 9TH ¥ APYTHE BONPOCH! BBIJIM MOJIY-
gensl B 1865 r., xorga MakeBer co3ian TeopHio
AJIEKTPOMATHUTHOTO Toag. OH TEOPeTHYECKH 10-
Kasall, 4YTO BCANKOE UJMEHEHUE CO OGpPEMEHEM
MAZHUMHOZ0 NOAA NPUBOOUM K B03HUKHOBEHILID
nepemMenHozo INCKMPUYECKOZ0 NORA, & BCAKOE
UIMEHEHUE CO BPEMEHEM IACKMPUNECKO20 ROJA
nopoxdaem nepemernoe MazHumHoe noue.

ITH HOPOKAAKILIHE ADYT ApPYra lepeMeHHLIe
ATeHTPpHYeCHO2 ¥ MATHHTHOe ITOJTA oﬁpaaym'r eqH-
HOE 3IEKTNPOMAZHILMOE TLOJLE,

HemoyrHuom 31eKmpomazHuLmHoz0 nois cay-
Ham YCKoOpenHHo ABUNYUUECA INeKmPuiecKle
3apadbi.

Ecnu ssiekTpHYecKHe 3apajsl ABHMKYTCHA C ye-
KOPEHHEM, HATTpHMep KosefawTes, TO cosaBae-
MOE MMM 3JeKTPHUYECKOe [TOJE NePHOJHYECKH Me-
HHEeTCH. HEPEMEHBGE JJNeKTpHYeCcKoe oJie cosga~
€T B NpocTpaHcTBe NepeMeHHOe MarHATHOe IIoJIe,



KOTOpPOE, B CBOK O4Yepenb, MOPOJKIAET NepeMeH-
HOE SHQKTPH‘IECEDE HT. 0.

IlepemernHOe SNEKTPHYECKOE [10JI€ HAGLIBAETCH
GuXpeablm, NIOCKOILKY er0 CHIOBbIe JIMHHH 3aM-
KHYTHI MOA00HO THMHHAM HHAVKIHH MATHHTHOrO
nons. ITO OTAWUAET €ro OT MOJA JdeKmpocma-
muyeckozo (T. e. MTOCTOSHHOTO, He MEHAIONIEerocs
BO BEPEMEHHM), KOTOPOe CYILIECTBYeT BOKDYI HEIOo-
ABMJKHBIX 3apAMKeHHBIX Ted. CHIOBEIE JIHHHH
IEKTPOCTATHYECKOIO MMOJH HAYHHAIOTCH HA I10-
JOMHUTENBHBIX 3apAIaX U 3aKAHYHBAIOTCA HA OT-
PHIATENbHBIX.

OTxpeiTHE 3IEKTPOMATHHUTHOTO MOJIA HO3BOJIM-
1o Gonee AeTANBHO ONMMCATL MEXAHHU3IM BOSHHK-
HOBEHHA MHAVKIMOHHOTO ToKa. BO Beex ombiTax
o OOAYYeHHI0 MHAYKIIMOHHOTO Toka (cm. § 39)
TeM HJIH HHBEIM 00pasoM H3MEHAJICH MATHUTHBIN
OOTOK, [POHMIBIBAWINHE KOHTYP 38MEHYTOTO
nposoguuka, IIpu sTom, cornacuno Teopun Makce-
BEJJIA, BOSHHKAIO BHXDEBOE 3JEeKTpHYECKoe Io-
Te, MOA AeHCTEHEM KOTOPOTO CBODOLHLIE 3apsjLl,
ECerja MMemlnuecs B NPOBOAHMKE, NPHXOIWUIH
B HanpapJeHHOe OBM:KeHue, B nanHoM cayuae
NPOBOAHHUK, 3aMKHYThIH Ha raJbBaHOMETD, Hrpaj
JMIUE POJIbL MHAUKATOPA, 00HADYKHBAOIIET0 BO3-
HHKIIEe B JaHHOH ODIaCTH IPOCTPAHCTBA 3IIEHT-
pUTIecKOe NoJie, IAeKMPULECIOe NOAe CYLLeCmaly-
em He3A8UCUMO OM HAJAUYUR nposodHLKa.

Cozmannaa MaxceennoMm TeopH#s, I03BOJIHB-
mag MNpefcKasaTh CVIIECTROBAHMWE JHIeKTpOoMAar-
HUTHOTO T0J#A 3a 22 roja o TOro, Kax oHo OELIO
0bHApPYXEHO JKCOePHMEHTATLHO, CUMTAETCS Be-
JAUYaHIINM U3 HAYYHBIX OTKPBITHI, POJbL KOTODO-
ro B pASBHTHH HAYKH H TeXHHKH TPYAHO Nepeolle-
HHTL.

1. Kem m xorga Obina cosjiaia TEOPHA AIeKTPOMATERTHOrO TOJA M B ubM
sarTwYanack ef cyre? 2. UTo cOVERHT HETOUHMKOM 3MeKTROMATHHTHOTO
nosa? 3. YeM OTAHYAKTCH CHAOBLEIE JHHAM BHXPEBON0 MIEKTPHIECKOTO
TOJIA OT CHAOBRIX AMHWE snexkrTpoctarnueckoro? & OnnmuTe MexaduaMm
BOZHUKHOBEHHA HEAVKIKOHHOI TOKA, OIMHPAACH HA 3HAHME O CYIIECTRO-
BAHHH 3JIEHTPOMAIHHTHOTO TOJIA.
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YNPAIKHEHHE 40

B onkiTe, uaofpameénaom Ha pueyake 120, npu samMbiKaHAH KIKYA CAJIA
TOK#A, HPOTEHAIDMIEro Yepes RaTymky A, B TeYeHe HEROTOPOrD TpOMe-
SHYTHA BpeMenH yBeanuusatacs. [lpn atom B menn KaTymks C BosHUKAD
KDATKOBpPEMeHHEIH ToK. OTIHYAKTCA TH 4eM-HRGYIbL SIeKTPHYeCKHE [10-
Jisi, TOM, JeHCTARHEM KOTOPhRIX BOSHMKANIK TOKH B KATYIIEAX A u C? Cy-
IecTBOBATH OBl 3TH NOJA B MOMEHT 3aMBIKAHHA KJIKYa, ec/In 0wl He OuLao
kaTymri O ¢ rankeasoMerpom?

W3 cozmanHoi MakKCBe/LIOM TEOPHMH MOMKHO
COeNMaThk BBIEOH O TOM, HTO OBRICTPONEpPEMEeHHOe
AMEKTPOMATHUTHOR TIOJE OJMHO pPAaCIpPOCTpAa-
HATHCH B IPOCTPAHCTEE B BH/IE NONEPEYHEIX BOJIH.
IMpuuém 3TH BOJMHBI MOT'YT CYILECTBOBATD He TOJb-
KO B BelecTse, HO ¥ B Bakyyme, Onupasck MCK-
JOUATEeNIRHO HA TeopeTHYecKne BeIBoABI, Makc-
BEAJ onpefenna TAKIKe, YTO AMeKTPOMATHHTHEIE
BOJIHE] JOJIHEI DACIPOCTPAHATECH B BAKYYME CO
crkopocteio 300 000 km/c, T. €. CO CKOPOCTHIO CBe-
Ta (CKOpPOCTh CBETA, KAK M3BECTHO, Oblma uaMmepe-
HAa 3aJ0Jr'0 0 3TOTO).

Bl yice aHaeTe, UTO B MeXaHHYECKHUX BOJHAX,
HAIpHMEpP B 3BYKOBEIX, 9HEpPruA Nepejaercda OT
OAHHX YACTHIL cpeakl K ApyraM. IIpx sTom gacTH-
Ikl NPHXOAAT B KojebaTenbHOe NBMIKeHHe, T.e.
MX CMEMIeHHE OT MNOJIOHeHHA PABHOBECHH NepHO-
audecKkn MeHsercsa, [Ina mepeaaum 3Byka obasa-
TeAhHO HYKHA BEIIRCTBEHHAA CpeJia.

B cBaau ¢ TeM, 4YTO 9JEKTPOMArHMTHBIE BOJIHLL
paCTIPOCTPAHAKTCA B BEIIECTBe W B BaKyyMe,
BOZHMKEET BOIpPOC: YTO COBepliaeT KoiaeDaHHA
B 2MIeKTPOMATHHTHOI BOJIHE, T. €, KakHe Qusnye-
CHHE BeJINYHHLI NepHOAHYECKH MEeHAITCeA B Hel?

DaeKTPOMATHMTHAN BOJHA NpegcTanjserT cofoil cHOTeMY MOPOMIAIONIMX

APYT APYTa H PACNPOCTPAHHIOIIHXCA B MPOCTPAHCTEE NEePeMeHHBIX 3JIeKTPH-
HecKOro H MATHNTHOTO moaeif.

is82

HMGMHKM, YTO KONHUYECTBEHHOH XapaxrepHc-
THAKOH MATHUTHOTO MOJA ABJIHETCH BEKTOPR MAT-

HHTHOH HEAYKUMH B.



OcHoBHOIl KONMHYECTBEHHOH XaPAKTEPHCTHKON
3JIEKTPHYECKOTO TOJA CAVIKUT BEKTOPHAA BeJiH-
YHMHA, HA3KIBAEMAHA HANLPANCERHOCMBIO ANEKm -
PUYECK020 NOAR, KOTOPAA 0D03HAYAETCA CHMBO-

aom E. Hanpaxénnocms E aaexmpuneckozo no-
AR 8 KaKOW-1ub0 €20 movKe pasHa OMHOULEHILI

Puc. 135, Moaens anex- &
TpomarauTHol BonER:  cuabt F, ¢ komopoil none deliemeyem Ha mowey-

E — nanpsxénocTs Hbill noaoMumenbHblit 3apad, nomewénmuviit e
MIEKTPHACCROTO MO, 3my MoKy, K SHAYeHUI 3mozo 3apada q.
B — umaykuus Korpa rosopsaT, uTo MAarHuTHOE M aJeKTpHYe-

MATHHTHOID TIOUTH

- CKOPOCTS BOMHE CHOE [IOJIA MeHAKTCH, TO 3TO O3HAYTAET, 4TO MeHA-

IOTCA COOTBETCTBEHHO BEKTODP MHIVKIIAHA MATHWT-
HOTO N0JA B ¥ BEKTOD HALPSKEHHOCTH JIeKTPH-

JeCHOTO MomnAa E.
B aaexmpomazHumHoil 601HE UMEHHO BEKMO-

pot B u E nepuoduuecru mensiomes no mModynio
U N0 HANPABAEHUIO, M. €. KOACOIIOMCA.
Ha pucynre 135 nzobpakeHsl BEKTOp Hamnps-

MEHHOCTH 3JIEKTPUUYECKOro Tons K 1 BeKTop MH-

AVKIHA MATHHTHOI'O NOJA B aJeKTpOMATHHTHONH
BOJIHBI B Of{H M TOT € MOMEHT BpeMeHN. JTO KaK
OBl «MOMEHTANBHEIH CHHMOK» BOJHEI, PACHPOCT-
paHAwmeiica B Hanpasaernu ocn Z. IInockocTs,

npoBe/iéHEAA yepea BeKTopsl B 1 E B mo06oit Toy-
Ke, MepHmeHINKYIAPHA HATIDABISHHIO PaCHpPOCT-
paHeHHs BOJHBI, YTO TOBOPHT O MONEPEeYHOCTH
BOJIHEL,

3a BpemM#, papHOe nepmony konebauuit, BoTHA
nepeMecTHTCHA BAOJL OCH Z HA PACCTOAHHE, paB-
HOe NJTWHe BOJHEL. [lna sneRTpOMATHUTHBIX BOJIH
COpaBeJINBLI TE e COOTHOIEHHA Me IV AJHHOoIl
BOJIHEI A, € CKOPOCTEIO ¢, mepuogoM T' ¥ 4acToToil
vV KoneDaHHi, 9TO U 18 MEXAHUUYECKHUX BOJH!

J..=cT=$.

}.=cT-$

Makcsenn He TonbKO HAay4HO 0DOCHOBAJ BOG-
MOYXHOCTH CYIIECTBOBAHHA BIeKTPOMATHHTHLIX
BOJIH, HO ¥ YKa3a/, 9YT0 018 c03JaHUR UHMeHCUB-
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HOW JACKMPOMAZHUMHOU 60JHbL, HOTOPYIO MOXK-
HO DBLTO DLI 3apEerHcTPHPOBATE NPUbOpAMY Ha He-
KOTOPOM PACCTOAHMH OT HCTOUHHKA, Heolxodumo,

ymotsl koredauua sekmaopos E u B npoucxoduiu
¢ docmamoiHo 6bicOKOU wacmomou (mopAgka
100 000 koaebanuii B cekyHAy u Doabiue).

B 1888 r. nemeuxkomy vuénomy I'enpuxy ep-
Yy VAATOChE MONYHHTE M 3aPerneTpHpoBaTh aJeK-
TPOMATIHHTHBLIE BOJIHBIL, B peayasrare onerros
lepua Oplin Tak:xe o0HapY:XeHLBI Bee cBoiicTsBa

TEaiDun ren 2JIEKTPOMATHUTHEIX BOJH, TeopeTrnde-
CKU TipejickaszaHHkle MakcremrmoM.

(1857—1894) Beé oxpy:kainniee Hac NpOCTPAHCTBO
Hemenxmi PHamE, OIIE H3 0CHOBO- OVKBanbHO IIPOHM3AHO JJeKTpOMAar-
OMOACHIKOR DICKTPO LM E AN, HHUTHBEIMH BOJJHAMH PA3/IHYHBEIX 9aCTOT,

OKCOePHMEHTANBHO AOKAZAN CYIECT B gacToAIee BPeMS BCe ATeKTpOMAar-
BOBAHHE 2NeKTROMATHHTHLIX BOJH HUTHBIE BOJTHEI MJIEHEHH oo .IEJIH’HH.M
BOJIH (H COOTBETCTBEHHO 110 YACTOTAM) HA
IECTH OCHOBHBIX JMAIIA30HOB, KOTOPbLIE IPeACTaB-

neHEbl Ha pucyHKe 136.
I'panunsr AMATA30HOB BeCEMA YCJIOBHEI, TI0O3TO-
MYy, KAK BHIHO M3 PACVHKA, B DOJIBIIKMHCTBE COy-
Yaes COCejHHe AHANa30Hbl HEeCKOJbKO NEpPeKphi-

BAIOT APYT APYyTa.

ONeKTPOMATHUTHEIE BOJHEl DASHBIX HACTOT
OTIHYAKOTCH APYT OT APYyra NpOHHKAKIeH cIo-
co0HOCTLID, CKOPOCTLIO PACHIPOCTPAHEHH B BeLIle-

(MuxpoMeTp) (HaHOMETp) (MHEOMETD)
1 k™ 1m Tem 1 mm 1 MEM 1 um 1mm
I | | I |

|
llm 10 102 1T 106 10 100 101
3 et T B e = "o LTS

TITI Tl L

|
1

1010 16
* 3 FY il
v, 'y
- Tamma-
i l-—.f_.J
"2 H3ay4yeHHEe
Paguoaonsn: Hudipaxpacuoe PenrreHoBcKOS
HIny4YeHue HaTyieHHe
nkTpahHMISTOBOE
Puc. 136. [llkana HAMVIeHe
SMEKTPOMATHHTHRIX Bugraoe =
BOJE HANTYHEHHE
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CTEE, BHIHMMOCTBID, INBETHOCTBID H HEKOTOPBIMHE
APYTHMH CBOHCTBAMH,

OHM MOryT OHABLIBATL K&K IOJIOMHTEIbHOE,
TaK ¥ OTPHIAaTENhHOE BO3JEeWCTEBHE HA KVBLIE Op-
raauaMel. Hanpumep, mH(ppakpacHoe, T.e. Ten-
NOBOE, M3IYVUeHHe UI'PAaeT ONpeae/Igionlyi0 poib B
MNOAMEPIKAHNH JRUSHN HA 3eMIie, TOCKONLKY JT10-
IH, FCHBOTHEIE ¥ PACTEHHA MOT'YT CYIIECTBOBATE M
HOPMANLHO QYHKIIMOHUPOBATE TOJLKO IIPH OIpe-
JeléHHBIX TeMIIepaTypax.

Burpauwmerit ceer naér maMm madopMannio ob ox-
pyawineM MHPe H BOZMOMXKHOCTE OPHEHTHPO-
BATECH B npocrpaHeTee, OH Heobxoaum TarIKe
1A MpOTeKaHHUA Tponecca (HOTOCHHTE3a B pacre-
HHAX, B PE3YJILTATE YEI0 BhIJEIHETCH KHCJIOPO,
HeoOXOoAMMEIN A4 JLIXAHAA MABLIX OPraHHEMOB,

Bimsaane Ha YenoBeKa VILTPA(DHOIETOBOIO K3
nyuyeHns (Bel3biBalomero sarap) B Sonemoi cre-
NEHH OIpeje/AeTcHd WHTEHCUBHOCTRIO W TIPOAOT-
HHUTENIBLHOCTHIO 00IydeHHA. B fonycTHMBIX 034X
OHO TOBEITIIAET COTMPOTHBAAEMOCTE OPraHH3MA Ye-
JIOBEKE K pasInyHBEIM 3a00/JIeBAHIAM, B YACTHOC-
™M HHbeRmHoHHBIM. IlpeBRIImeEHe ZONVCTHMOIL
A03BlI MOX{eT BEIBBATE OJHOIH KOMH, PA3BUTHE
OHKOJOTHYecKHX 3aboneBaHnii, ocaabierme uM-
MYHHUTETA, HOBPEHIEHHE CeTYATKM r/as. [/asa
MOMHO 3ALIUTUTE C NOMOIIELIO CTEKJIAHHLIX OYKOB
(kaKk TEMHBIX, TAK W IPO3PAYHEIX, HO He MJIACTH-
ROBHK}, TaK KaK CTEKJIO IOIJIOInaeT dHAYHUTe Ik~
HVIO YACTEL YILTPA(QHONeTOBEIX JIYYel,

Brl 3HAKOMEI M ¢ PEHTIeHOBCKHM HAJIYYeHHEeM,
B YACTHOCTH C €r0 MIHAPOKAM NPUMEHEHHEM B Me-
JunmHe — (hooporpagpuueckoe obcnepoBanne
MW PEHTreHOBCKHMH CHEUMOK HABEDHAKA JeJain
rasxgomy u3 Bac. Ho cnmmkxom OonbiuHe A03HI
HIH HacThle 0DCJELOBAHHMSA € IMOMOIILI PeHTre-
HOBCKMX JyYed MOTYT BeI3BATH cephésnbie 3a60-
JIEBAHUS,

[Tonyyenne SIEKTPOMATHHTHEIX BOJH HMeeT
OFPOMHOE HAYYHOE M NPAKTHUECKOE IHAYEHHE,
B srom moxpo ybegwThRCA HAa TPHMEpE BCETD
JHUINEL OJHOTO AHAIASOHA — DPAJHOBOJH, IpHMe-
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Bonpocsi

HAEMEIX JJIf TeJeBH3MOHHON U palHOCBA3N, B pa-
JHonoranHr (1. e. nnA obHaApYHeHnA 00’ beKTOB U
H3MEepeHHs PACCTOAHMA A0 HHX), B pagHoacTpo-
HOMHMH H IPYTEX chepax JeATeIBHOCTH,

1. Karue BRIBOAL OTHOCHTENBHO SJeKTPOMATPHHTHRIX BOJH MOMHO Che-
narts u3 TeopuH Maxcsenna? 2. Kakue dpusuueckye seIHYHEE] HePHOIM-
HeCcKM MEHATCA B aJeKTpoMarsuTHoi BonEe? 3, Kakme cooTHolmeHMA
MeRAY OJIHHON BOJHEL, €€ CKOPOCTRID, IEPHOILOM H 4acTOToH Kogebanui
COpPABEANNBLL IJfA 3MeKTpoMAarHUTHEX BonaT 4. I[Ipm RaxoM ycIoBHRA
BOJSHA OVAeT NOCTATOMHO WHTEHCHBHON Mafg Toro, yrobsl ef MoRHO OBLIO
saperucTpupoBars? 5. Korga H kem 6BLAM BIepELIe HONYHEHEL 3IEKTDO-
MACHHTHBE BOAHEI? 6. [IpuBeguTe NpHEMEpPs] IPHMEHEHNA PAJHEIX JHA-
NMA30HOE 3NeKTPOMATHHTHRIX BOJH M HX BO3AeHCTEHA HA XHUBEIe ODra-
HHAMEI,

YNPAMHEHME 41

1.

2.
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Ha raxoil uacrore cyna nepegator curaan begerens S0S, ecnin no mens-
IVHAPOIHOMY COIJIAIIEHUID JJIRHE PATHOBOIHE oK HA ObTe 600 M7

Papguocuraan, nocnasesii ¢ Semnn va Jlyay, MoieT oTpasuTEES 0T No-
BepxHOCTH JIvERl # sepHyThCA HA Semumo. llpennomuTte cnocol namepe-
HUH paccTosHuE Mexxay 3emagi 1 JIveoi ¢ noMOIE0 pagHOCHTHANA,

Vrazanue: aagaua peimaeTcd TAKHM e METOIOM, KAKWM HIMepHAeTCH
rayGHHA MODA € NOMOIEI0 axonoKanm (cu. § 30).

Moseo 1M HGMEPHTD paccTosine mexiy Semadit u Jynoit ¢ moMmongsio
apyroBoil nan yasrpaseyroecit sonur? Orser ofocHyiiTe.

KONEBATENbHbIA KOHTYP.
MNONYYEHUE 3NEKTPOMATHUTHBIX KOJIEBAHWH

Pagmopemanue (T. €. mepejada 3BYKOBOH HH-
thopmanun Ha DONBIIHE DPACCTOAHHA) OCYOIECTB-
JfAeTCcHA MOCPEeACTBOM 9JMeKTPOMATHMTHBIX BOJIH,
H3IYyIAeMBIX AHTEHHON pajgnonepefaiiero yer-
poiicrBa. HanomMuEM, YTO MCTOYHHKOM 2JEKTPO~
MATHHUTHEIX BOJH ABIAKTCA YVCKOPEHHO ABHMRY-
uecs 3apsyXeHHble YACTHIIEl, SHAYMUT, AJIA TOrO
yTobbl AHTEHHA H3AyJYANa 3JeKTPOMATHUTHBIE
BOJIHEI, B Hell HY»XHO BO30y#/1aTh KoJie0aHuA CBO-
Bonueix anexrpononr. Taxmwe womefaREuA HASKIBA-
OTCH I1eKxmpomazHUmMHbLMU (IOCKOJIBKY OHH
MOPOMAAIOT ATEKTPOMATHUTHOE M0J€e, PACIPOCT-
PaHAIIEeCH B IPOCTPAHCTBE B BHAEe dJIeKTPOMAr-
HUTHEIX BOJIH).



Pue. 137, Yerasosra
ATA TOMYHeHH A CRo-
DONHEIX AIEKTROMAT-
HUTHBIX KoaeOanmi

Jdnsa cosgaEma MOIMHON SIeKTPOMATHHTHON
BOJIHEI, KOTODVIO MOMHO BBITO OB 3aperucTpupo-
BaTh NpHOoOpaMyu Ha DONBIINX PACCTOAHHAX OT H3-
Iy4apouei eé AHTeHHE], He00X041uMO, YTO0k! Yac-
TOTA BOJMHEI Obi1a He meHbme 0,1 MI'g (105 T'm)!.
Konebaana Taxnx OoJBIIHX 4ACTOT HEBOZMOMKHO
NOJYYHTE OT MEHEPATOPA HEPEMEHHOI'D 3JIEKTPH-
veckoro Toka. [loaroMy OHM HOZAIOTCH HA AHTEH-
HY OT 2eHepamopa 8blCoOKOYACMOMHBLY dNEKMPO-
MAZHUMMHLLY KOAe0aHUll, AMEIOIETOCH B KAMKJIOM
pagnonepeIanIleM YyeTpoicTRe.

OnHoii 13 OCHOBHEIX YACTEH reHepaTOpPA ABJIA-
eTca Konebamenvholil KOHRMYpP — Kouedarens-
HA#A CHCTeMa, B KOTOPOW MOrYyT CVILEeCTBOBATE
CBOGOOHBIE ANEKTPOMATHUTHBIe Komebanua. Ko-
nebaTeNbHEIA KOHTYP COCTOMT M3 KOHAEHCATOPA
(mnu OaTapen KOHAEHCATOPOB) H IPOBOJOYHOH
KATVIIIKH.

I[oayvunrs cBOGOAHBIE 3EKTPOMATHHTHEIE KO-
nefaHUA M YAOCTOBEPUTLCA B MX CYIIECTBOBAHHH
MOMHO ¢ NMOMONIILK) YCTAHOBKHW, M300pa>keéHHON
Ha pucyHke 137.

Rarymxa 4 ¢ cepageusnxom 5 (puc. 137, a) co-
CTOMUT M3 ABYX 00moToK: nepsuuHoi 4, (ns 3600

BHTKOE) M BTOpH4YHOH 4, (pacnonoxeHHON noBepx

| NanssotTs PACHPOCTPAHEHUA BOTHAL JABMCHT OT & MOLI-
HOCTH P, a MOWHOCTE — OT yacTors: vi P = vi, Ha aroll sasncn-
MOCTH CJIESYeT, YTO YMEHLIOeHRe YAUTOTE BOJIHE, HAODAMER,
BOET'D JIHINB B 2 pA2a TPABEAET K VMEHLIDEHHID 88 MONMIHOCTH
8 16 pas # cOOTBETCTBYIONIEMY YMEHLIIEHNIO NANBHOCTH pac-
OPOCTHAHEHHA,
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Puc. 138. O6nacaenue
BOJEHNKHOBEHHA

M CYILECTROBRHNA
AMEHTPOMATHHTHLIX
woaebaani

B kogebarensHOM
KOHTYp®

188

NEPBHYHON B cpeaHeill e€ dacTym M uMelomeit 40
BUTKOB).

IMepenunasn ofmoTKa KaTyIOKH ¥ DaTapes KoH-
fencaTopon 2, cOEAWHEHHRIE APYT € APYIOM Hepes
MEePERIIOYATENb 3, COCTABISIOT Ko.tefamenbHbiil
Kormyp. Bropuunas o6MOTKA BAMKHYTA HA Tajb-
Ba"HoMeTp 6, KOTODPRIH OyaeT perucTpUPOBATE BO3-
HHKHOBeHMe KoJje0aHuii B KOHTYpe.

ITocrasuM nDepexJiioHaTelb B MOJOMKEHHE I,
(pue. 1387, 0), coegnHEUB daTapel0 KOHJEHCATOPOB
¢ MCTOUHHKOM TocToAHHOTO Toka 1. Batapesa 3a-
paauTCeAa 0T ueTouHHKA. [lepexnHeM mepekoua-
TeJb B IOJOMEHHe 3,, coefuHNB Barapei ¢ Ka-
rymroit. [Ipn sTomM eTpenka rarkBaHOMETpa CO-
BEDPIINT HECKOJBKO 3aTVXAKIIAX KoJeDaHMH,
OTKJIOEAACE OT HYJIEBOI'O JejleHMA TO B OfHY, TO
B APYTVIO CTOPOHY, H OCTAHOBHTCA HA HYIe.

Yrobel 06BACHUTE HAOTIONAEMOE ABIEeHNe, 06-
patumcs K pucyHky 138. Ilvers npu sapaake
OT MCTOYHMKA TOKA (NepexaIiouaresh B MOJIOMe-
HUE J3,) KOHASHCATOD MONYYMJ HEKOTODBI Mak-

CHMAaNbHEBIA 3apAJ q,,. JonycTHM, IPU 3TOM BepX-




HAA ero ofKJafKa FAPASHIACE TOJOKHTEIBHO,
a HHMHHAS — oTpHIaTeasHo (pHe. 138, a). Mexay
ofKnajKaMK BOZHHKIO Hanpasenue U 1 sj1exT-
puuecKoe none, obnanaimiee sneprued £, .

[Tpu saMBIKAHUYT HA KATYIIKY (IepeKII0YaTelb
B IIOJIOMEHHH .':-’2] B MOMEHT, KOTODLIH NMpHUMenM 3a

HAYAJI0 OTCHETA BPEMEHH, KOHAEHCATOD HAYHHAET
pPA3pAKATRECH, M B KOHTYDE NOSBIAETC 9JIeKTPH-
yecKH ToK. Cnia Toka VBEIHYHBAETCH ITOCTE-
NEHHO, TAK KAK BOSHHKIINI B KATYIIKE TOK CAMO-
HHIVKIIMM HaOpaBJeH NPOTHB TOKA, CO3LAHHOI'O
PaspAKAKIIMMCH KOHIEHCATOPOM.

Yepes HEKOTOPBIH NPOMEKYTOK BPEMEHH 1, OT
Havaja paspAlKH KOHOEHCATOD IOJHOCTHE) pas-
PEANTCH — ero 3apAjl, HaOpPSMeHHe Mexxay
ODKEJIagKaMM M SHEPIHA AJEeKTDHYECKOTO MOas
OyzayT pasmsl Hynwo (puc. 138, 6). Ho, cornacao
3aKOHY COXpaHeHHA SHepPruM, 9HepPIusa HIEeKTPH-
YEeCKOr0 [I0JIA He HCYeala — OHAa Teperia B aHep-
THI0 MArHMTHOIO [OJA TOKA KATYIIKH, KOTOP&X
B 3TOT MOMEHT AOCTHIAaeT MAKCHMAJILHOrO SHA-
yenus E . Haubonememy sHaueHWI0 SHEPIHH

COOTBeTCTBYeT U HanboasImas cuna Tora [,

Tlockonsry KOHIAEHCATOD PABPHIKEH, CHIA TOKA
B KOHTYpe HauyMHaer yMeHsllarbed. Ho Teneps
TOK CAMOMHAYKIONH HANPABJEH B TY JKe CTOPO-
HY, WTO W TOK Pas3pAMKABIIErocH KOHAeHCATOpA,
H NpPenATCTBYET ero ymMmeHblleHu0. Baarogaps to-
KY CAMOMHAYKIHH K MOMeHTY Bpemenu 2¢, or Ha-
HaJa paspagrmn RﬂHﬂEHE&TDp nepe3apaivuTCcA: ero
3apsAj BHOBL OyleT paBeH ¢, , HO TeMNepb BEDXHAN
obKIaAKA Oy IeT 3aPHKeHA OTPHILATEILHO, A HHMK-
HAA — MOJOAUTENLHO (puc. 138, 6).

IlonaTHO, YTO Yepe3 NMPOMEeMYTOK BpEeMeHH,
paBHBli 31, KOHAEHCATOD BHOBL OyaeT paspsaxkeH
(puc. 138, 2), a uepea 4, GyneT sapasked Tak e,
KAaK B MOMEHT HAYATA paspaAgku (puc. 138, J).

3a DpoMexyTOK BpeMeHM, DaBHbIi 4f,, Tpo-
M30ILI0 OAHO NOJHOE Kosnebanue. Suaauur, T = 41,
rae T' — nepuoy konebanwmii (a t,, 24, 3t, — coor-
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T=2n/LC
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BETCTBEHHO YETBEPTh, MMONOBMEA ¥ TPH YeTBepTH
nepuoya).

[Ipn mepuoanMuYecKOM H3IMEHEHNH B KATYII-
Ke 4, CHJBl TOKAa M ero HaOpaBJ€HHA COOTBET-
CTBEHHO MEHAETCA H CO3JaBAEMEBIN 3THM TOKOM
MATHMTHBIH @IOTOK, NPOHH3BIBAIOMIKN KaTyll-
Ky 4,. IIpu aToM B Heil BOSHHKAET MepeMeHHEIN

HHEAYKIHOHHEI TOK, PErHCTPUPYEMBIA raTbBAHO"
merpoM. Mexons ma Toro 4ro crpelka raJbBaHO-
METPa COBepIILia HECKOJbKO JATYXalolHX Koje-
DaHMII ¥ OCTEHOBMJIACE Ha HYIe, MOMKHO CIeJaTh
BBIBOJI, UTD 2JIeKTPOMATHHTHLIE Koj1e0aHMSA ToXe
OBLTH BATYXAONAMHK,. JHEPrud, NOJyYeHHAA KOH"
TYPOM OT MCTOYHHKA TOKAa, ODOCTENEHHO PACXON0-
BAJIACH HA HAUDEBAHUNE NPOBOAALIKX HacTel KOH-
Typa. Korga sanac sHeprum MccAk, kKonebaEus
OpPeKPATHIHCE,

HamomanMm, uro KonebaHWE, MPOMCXONAIINE
TONBEKO DNAroJaps Ha4YaNbHOMY 3alacy 3HeprHu,
HaswiBawoTcAa cBobogEiMu. [lepuon cBODOZHEBIX
xoaebanuil paped cobcTBeHHOMY epuoy Koneba-
TeJLHOH CHCTEMEL, B JAHHOM CAYUAER TTEePHOAY KO-
aefaTenbHOrO KOHTYpa. PopMyna Ana onpeaesie-
HHA Nepuoja cBOOOXHBIX 8I€KTPOMATHATHBIX KO-
gebaEni Oblia NOoaydYeHA aENIHHCKHM (HU3HKOM
Yunvamom Tomeconwom B 1853 r. OHa HazwsIBa-
erca gpopmynoid Tomecona v BRITIAAHT TAK:

T=2x.LC.

W3 namHoil hopMyALI caeIVeT, 4TO NepHO] KO-
gefaTeNbHOrD KOHTYpa OnpelnejifAeTrcA NapaMer-
pPAMH COCTEABJASIMIHX €ero »JIeMeHTOB! HHIVK-
THBHOCThIO KATYIIKH H éMKOCTLIO KOHIEHCATOPA.
Hanpumep, nOp# VMeHbINeHHH EMKOCTH HIH
HHIVKTHBHOCTH MepHoj] KojaeDaHHA [OOJKEH
VMEeHBIIHTHCH, 8 MX YACTOTA — YBeJAHUYHTECH.
[IpoBepum 3TO HA OILITE. ¥ MEHBIIHM EMKOCTE Da-
Tape, OTKJIKYHB OT Heé HeCKOJNBKO KOHIEHCATO-
poB. M1 yBHaHM, 4T0 KoJe0aHHA CTPeJKH ralb-
BAHOMETPA YYACTHIHCE.



B mauane naparpaa oTMedYasock, YTO IO-
jJaBaeMble B aHTEHHY BBICOKOYACTOTHBIE Kojeba-
HUA HeoOXogMME! JJIA CO3JaHNuA 3JIEKTPOMAaTrHHUT-
HBIX BOJIH. Ho gua Toro yrolel BOJIHA HaAyHalach
B TEYEHHE JUTHTEIEHOTO BDEMeHH, HYKHEI HE3aTy-
xawomue xonebanua. [Inf cosgaHuA B KOHTYpe
He3aTYXAamnIuX KoJedfannil HeoOXoAHMO BOCHION-
HAThE TOTEPH 3SHEePrHH, MepHOJAHYECKH MOAKIIIO-
Yad KOHJEHCATOD K HCTOUYHHKY TOKa. B rerepaTo-
Pé 9TO OCYLIEeCTBIACTCA ABTOMATHYECKH.

1, Ans gero anexTpoOMArHEMTHEIS BOJMHE ODogawTes B agrenny? 2, Iovemy
B pajHOBEIIAHHE HCIOILIVIOTCA SMeKTPOMAHATHRIE BOMHELI BLICOKON
gacToThi? 3. YTo npegcrasnser coboil monebarensusiil kouTyp? 4, Pac-
CHEMHTE 0 LUead, Xojde ¥ Haf ogaeMoM Pe3yabTaTe OOEITA, Ma00paén-
voro Ha pucyHre 137, Kakum ofpasosm rajibBaHOMETD MO DErHCTPHDO-
BATH IPOMCXOAANINE B aTOM KoHTYpe Konebanna? 5, Kaxwne npecbpasona-
HHA JHEDIUH NPOUCXOIAT B PE3V/ABTATE SJEeKTPOMATHETHRIX Komefammi?
6. Mouemy TOK B KATVIIKE He NPPKPAIIAETCA B TOT MOMEHT, KOIJ4 HOH-
peHcarop pasps:xer? 7. 0r 4ero sasMcHT cobeTBEHHBIN Nepuod Komeba-
TeNLHOTD KOHTYPa? Kak ero MoMmHO HEAMEHHUTE?

BN YNPAKHEHHE 42

KonefarensHulil KOHTYD COCTOMT U3 KOHIeHCATOPA NepeMenHoH SMEOCTH
H KATVIOKH. KELK MOJAYHHTE B 3TOM KOHTYDE SJAeKTPOMAIHETHRIE Koneba-
HMA, HEPHOIB KOTOPBIX OTIMHMAIHCE 06l B 2 pazal

[XE]  newsumnet paauocesan u TenesuaeHus

Ilepenaua m npuéM HHGOPMALIHH MOCPEICTBOM
3JIEKTPOMATHUTHRIX BOJIH Ha3elBaeTcA paduo-
C6A3b10. JIHHMH PAJHOCBA3H HCMOOJL3VIOT, HA-
npuMep, [AJHA OCYILIEeCTBJIeHHA pajguoTenedOoEHON
CBA3HM, nepega4du TejerpamMM, paxcumuiae (pax-
COB), PAANOBEIIATEILHEIX U TETeBHSHOHHBIX IIPO-
rpaMmm,

Pagnocease npeacraesaser coboil Z0OBOABHO
enoxHEEI nponece. IlosToMy paccMOTpHM JHINE
Haubonee obmIMe NMPUHIMNLI OJHOTO M3 €€ BH-
I0B — paauoreneOHEHON CBA3H, T. €., Iepena-
Y 3BYKOBOH MHEHGPODMALMM, HAIPHMED PEYH H
MY3BIEH, ¢ TOMOIIEI0 3IeKTPOMATHUTHEIX BOJIH.
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Puc. 139, Brok-cxema
OpoHecca PATHOCBAIN

lemepartop
SNEKTPHYECKHX
KonedDaHuil
BHICOKOH (Hecymiei)
HYACTOThI

s noaydeHR A HeJ0CTHOTO NpeacTaBieHnsa ob
aToM mponecce ofparuMmca K OGo0H-cXeme, npesn-
craBnenHoil Ha pucyHKe 139,

Ha pucynre 139, a usobpameno nepedawouiee
yempoilemao, cocToAmee U3 reHepPATOPA BBEICOKO-
YACTOTHRIX KonebanuH, muKpodoHa, MoayImM-
PVIOIIETD VETPOieTBA H Iepelalieil AHTeHHBI.

B Murpodor mocTynamT 3ByKOBble KoNebaHuse
(peusb, MyasiKa U T. 1.). OHH NpeodpPasyiTCa MHK-
pothoHOM B aNeKTpHYecKHe KomeGaHUA TAKOR e
dbopmbl, Karkyw uMeoT 3eyKoBele. M2 Murpodora
HHU3KOYACTOTHBIE AJIEKTPHYECKHEe KoJseDaHuA No-
CTYNAIOT B MOAyaupyioinee verpoiicreo, Tyma me
M3 reHepaTopa MMOJAalOTCH BRICOKOYACTOTHRIE KO-
nebaHHA TOCTORHHON AMIIHTYALL.

B Moay IMpyolemM yeTpOHCTEE AMILIHTYAY BbI-
COKOYACTOTHRIX KoaeDaHuH HaMeHAT (MOAVJIH-
pVIOT) ¢ IOMOINLID 3IMeHTPHUECKHX KonebaHuWii
3RVKOBOH wacTOTH. B peayabpTare aMILIHTY1a cTa-
HOBHTCH NepeMeHHoi, NpHYEéM MEeHAEeTCH OHa ToY-
HO TAK e, KaK ¥ [MoCTYIawinue U3 MHKpodoHA
anexTpuueckne wkonebanusa. Takwe BhICOKOYAac-
TOTHBIE MOAYAUPOEAHHbLE IO AMILIUTYAEe KoJsieba-

M
Baicoko4aCTOTHBIE BricoRo9ACTOTHBIR

Konefanms MOIYIHDOBAHHEELID

| " KoeGam
Mmﬁow\lt Mogymmpyomee TI{WIIIWMMMM

S3BYKOBLIE UBJ‘IEKTPE‘:EECRHE Mepematomasn

KouefaHng

KoaeDaEnA AHTEHHA

3BVKOBOM YACTOTEI

a)

L
{ BricokouacToTEEe
MOAYITHPOBAHHLIE nerT ecrme
- £ KojeDaHIA JByKoBLIe

Npuémaasn
AHTEHHA
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HHA HecyT B cebe nH(popMalmw o (popMe 3BYKOBO-
ro curaana. [TosroMy HacToTa BHICOKOYACTOTHRIX
ronebanuit HasnIBaeTCA Hecyuleil.

[Ipouece HaMeHeHHA AMILIHTYIb BLICOKOYMACTOTHRIX KoJaefaHui ¢ wacTOTOM,
PABHON YACTOTE 3BYKOBOT0 CHIHANA, HASLIBACTCH AMILTHTYIHOMN MOy IHIHEN.

¥ — Nepamiu, 95x.

ITog BozmeiicTEHEM BEICOKOYACTOTHRIX MOXYJIM-
poBaHHBIX KomeGanwit B mepegaloimes aHTeHHEe
BOBHHKAET NMEPEMEeHHbIH TOK BhICOKON YACTOTEI.
3T0T TOK DOPOKAAET B IPOCTPAHCTBE BOKPYI AH-
TEHHEI 38K TPOMATHHTHOS [T0JIe, KOTOPOe PACHpo-
CTPAHAETCH B [IPOCTPAHCTBE B BHE 3JeKTDPOMAT-
HHTHBIX BOJIH H JOCTHTAET AHTEHH DAJHOIDHEM-
HEIX YCTpOiicTE.

Bl ye 3HaeTe 0 TOM, UTO MOIIHOCTE 3JEKTPO-
MarsHTHOH BOJIHBI IPONOPUHOHAJILHA YETBEPTON
cTeneHu eé yacrTors: P~ vi,

ONeKTPOMATHUTHEIE BOJHBl SBYKOBBIX, T. €.
HE3KAX, 9acTtoT (ot 16 1o 20 000 I'm) mmeloT Ma-
JIVIO MOIIHOCTE M [I0CJIe H3JIVYEeHHA 0YeHb BRICTpo
3aTyXamoT. ITHM M BhEI3BAHA HeoOXOJAMMOCTB HC-
MONBL30BAHUS MOJAVIMPOBAHHLIX PAAHOBOIH, KO-
Topeie Birarogapd BeICOKOH Hecymleil 4acToTe pac-
IPOCTPARAKTCA Ha D0JblIHe pacCTOAHHA M IpH
ATOM coflep:aT mHbopMAanuio o Qopme mepexa-
BHEMBIX 3BYKOBBIX KOJIeDaHMH,

Kak suano us pucyaga 139, 0, paguonpuémeoe
VCTPOMCTBO COCTOMT M3 MPUEMHON AHTEHHEI, IPH-
EMHOI0 Pe30HHPYIoLlero KonebfaTerbHOTO KOHTY-
pa u demexmopa — 3JIEMEHTA, NPONYCKaKIero
MepeMeHHEIH TOK TOJNLKO B OZHOM HANIPDABICHUH.

B npHéMHYI0O AaHTEHHY MOCTYVIAIOT BOJHE OT
MHOMiecTBa paagunocrannui. Ho kaskzasa paguo-
CTAHITHA OCYIIECTRIAET BellaHNe TOJbKO Ha CTPO-
ro QUpefeJJEHHOH, OTBEAEHHON ell Hecymmeld Jac-
TOTE.

Hacrpansas cBoil pagHonpréMHAK HA YACTOTY
HY#HOH DAJAOCTAHIIMM, Bkl MeH#AeTe coDCTBeH-
HYIO 9ACTOTY MMEIOIIErocs B IPHEMHHKE KoJIeda-
TeJIbHOTO KOHTYpa Tak, 4To0el 0oHa Oblia paBHa
HecyIIel 4YacToTe NAHHOH pPaiMOCTAHIIMH, T.e€.
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Puc. 140. padsn
BRICOKOYACTOTHRIX
MOV IHPOBAHHRIX
KosefaHuR

W BBYKOBBIX
Konefarui

4T0OBl KOHTYpP Obl1 HACTDOEH B pe30HAHC € KOJe-
OaHMAMH, TreHepHPYEeMBIMHM Ha OAHHOE paguo-
craHuuu. Ilpr srtoMm aMnamTyna Komefanm#d BRI-
OpaHHOH PAIMOCTAHOHMH B HOHTYPE BALIETO MPH-
éMHHEKa OyIeT MaKCHMAILHOH [0 CPaBHEHWIO C
aMIHTYIaMHA KosebaHHI, IOCTYIMBIIAX OT pa-
AMOCTAHOMI, BEIIAIMIMX HA APYIHX HECVIIHMX
qacToTax. B aToM 3aKkI0YaeTCH BTOpPOe HASHAYe-
HHE HEeCYIOell 4acToThl — OHA ofecnednBaeT BO3-
MOMHOCTEL HACTPOHKHM HA YACTOTY HYKHOH pajauo-
CTAHIIHH.

IIpuaaTeie KogebaHMA CHAYAJA YCHIAMBAKT.
3ateM ana mpeofpazoBAHHS BEICOKOTACTOTHBIX
MOAVJIMPOBAHHEIX KOJeDAHHN B 3BVKOBBIE TIPONS-
BOOAT demekmuposanue, T.e. npouecc, obpar-
HBIN Moayaanun. JlerTeKTHpoBaHMe IPOBOJAUTCH B
JBa 9Tana: CHa4Yaja ¢ DOMOLILIO AeTeKTopa (npes-
CTABAAIIET0 coboil aaeMeHT ¢ OAHOCTOPOHHEH
MPOBOAHUMOCTEK)) M3 BRICOKOYACTOTHRIX MOMAYJIH-
POBAHHLIX KoJefaHHN OOJAVYAIOT BBICOKOYACTOT-
HEIT nyascupyoomui Tox (puc. 140, a), a 3atem B
JHHAMHKE 3TOT TOK CriajyKHBaeTcA H npeobpaay-
eTcA B KoseDaHMA 3BYKOBEIX 9acToT (puc. 140, 6).
Ha BOSMOMHOCTh HCHOJL30BAHUA 3JIEKTPOMATD-
HUTHLIX BOJMH JAIdA Iepejaun pajaudocHraanop!
BroepBele yrazan B 1889 r. Anrexcandp Cmena-
noeux Ilonoe. B 1896 r. mpn momomu cKoOH-
CTPYVHMPOBAHHBIX MM NepeJaTUMKa M NPHEMHIKA
PaAMOCHTIHAJIOB NepejaJ IIepBYIc B MHpe pajHo-

rpaMmMy, COCTOSUIVIO M3 ABYX CJOB

ANEKCAHAP CTENAHOBMY «'erpux I'ep1g».
nonos ITps nepenadye TeIeBU3HOHHBIX HIpO-

Pyecknit husux, SNBEKTPOTEXHUK,
uaofperaTens paguo. Cronerpyn-

rpaMM BBICOKOYACTOTHLIZ roaebanusa
MOOYIHPYVIOTCHE HE TOJNBKO 3BYHKOBLIM,
HO M BHACOCHIHAJOM. Jro acyIecTB-

poBA rerepatop prexTpomarsur-  JIHETCH € TIOMOINBI0 TeJeBH3HOHHOM
aeIX koaebanuit, Haobpén npuém- nepegawein Tpydku, Koropasa npeob-

HYVI0 AHTEHHY, NOCTPOMI DePELIA
B MHDE PATHONDHEMEREK
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pasyer onruueckoe uacbpaieHne B
AeKTPOMArauTHEe Konebarna. Moay-

! Paduscuznaast — 3NEKTPOMATHMTHRIE BOJHEL, Haaydae-
MLl B TEUeHNEe KOPOTKHX NPOMEXVTKOE BpeMeHN B AMANIAIOHE
gactor ot 104 go 10" &M,
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JHPOBAHHEIE TAKHM 00pA3OM BEICOKOYACTOTHLIE
KoNefaHMA 3aKJIKYAIOT B cebe MHDODMAINID M
0 3BYKe€, ¥ 00 n3obpamxeHHH.

B reseBniaeHHH HCHONb3VIOTCA D0Jlee BLICOKHE
(mopAfKa MUJIHAPAOB repll) HeCYIHEe YaCTOTEL.

L. Yro sasesaetca paguoceassio? 2. [Tpasegure 2—3 npuMepa HCNoab-
aosaHEs auEN pagnocsasn. 3. Menoaeava pucyarn 139 n 140, pacera-
MHMTE O NPHHOHOAX OCYVIIecTBJIeHHA paagnorenedorasol ceazH. 4. Yacro-
TA KaKHX KomeDaHuil HasreaeTca Hecymed? 5. B uén sagmouaercs npo-
Lece SMOJIATYAHON MOOYNALNE ajaeHTpHYecKuX Koaebauauit? 6. [logemy
B PATMOCBHAN HE MCHOJILIYIOTCH MIeKTPOMAIHHMTHEIE BOJHEI 8BYKOBRIX
yacror? 7. B uéM saKA0YaeTCA OPOLECce AeTEKTHPOBARKA Konebammit?

Tlepmoa koaebaEinil 3apAmoB B AHTCHHE, HINYHMAKIIEH pagnOBONHEL,
pasen 10-7 ¢. OnpejenuTe HACTOTY STHX DATHOBOIH.

Afl NPUPOJIA CBETA

B mauvane XIX B. onwITHHIM TyTEM ORIIa TOMA-
TBepXAeHa CIPABEJJIHBOCTL I'HIOOTE3sl O BOJHO-
BOH mpupoje cBeTa. B TO BpeMA HH 0 KAKHX BOJ-
HaAX, KpOMe MexXaHHWYecKHX, VIEHRIe elllé He 3HA-
nu. [Tosromy cuMTaNH, YTO CBET, HOAODHO 3BYKY,
npegcraeidger cobolfl MeXAHWUYECKVIO VIDYVIVIO
BOJIHY.

Be1 yke agaeTe, 9TO YOPVIHe BOJIHLI MOTVT BO3-
HHUKATL TOJBKO B BEIIECTBe, NOCKOJIbKY HMEHHO
YACTHIEl BELIECTBA COBEDIIAIT YIPYrHe KoJe-
DaHWA, PACTIPOCTPAHAWIMECHE B MIPOCTPAHCTBE
(BcmoMENTE ONBIT, LOKA3BIBAIOIIAH, YTO 3BYK HE
pPACTpOCTDAHASTCA B BAKYYMe).

SHAYHUT, eCAl C8em — Ynpyzas 60aAKHa, mo dan
€20 PACNPOCMPAHCHUA HYNHA cpeda.

OpEako cBeT OT 3BE3A AOXOAUT N0 HAC uUepes
TaKHe obacTH KOCMHYECKOI'o IPOCTPAHCTBA, I'Ie
HeT BEIIecTRA. VUHTHIBAA 3TOT PAKT, CTOPDOHHEHKH
BOJIHOBEIX BO33pPeHHIl HA NMPUPOAY CBETA BRIJABU-
HYJIH PHIOTE3y O TOM, YWTO BCE MHPOBOE IPO-
CTPAHCTRO 34T0JHEHO HEKOW HeBUANMONH ynpyroi
cpesioil, KOTOPYK) OHHM HASBAIW CBEMOHOCHBIM
apupom (Maes O cCyIIECTBOBAHMM ohupa Oblia
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Beickasana emé B XVII B.). Cunranock, 4To HMeH-
HO B 2TOM a()Hpe B pacnpocTpaHseTcs CBeT,

B To e BpeM#A NpeinoioMeHue 0 cyIlecTBOBA~
HHH CBETOHOCHOIO 3(hHpa NoOpoMkIalo MHOTO Ipo-
THUBOpeuYHi M BonpocoB. Tak, HanpuMep, B KoHIlE
Broporo gecAatwnerns XIX B. OsLT0 BRIACHEHO,
4TO CEET ABJfAETcA nonepedHoil soaHod. Hasecr-
HO, 410 yIPYI'Me HOoNepeuHble BOAHBI BOSHUKAIOT
TONBKEO B TBB]JJIHK TEJdax. HDJTY'IEUIUGB, HqTO CBeTOD~
HOCHBI apup npegerasigeT coboil TEEpIOe TEJO,

B cBasH ¢ 9THM BO3HHMKAJ BOOPOC O TOM, KAK
IJIaHeTH! # ApyTrHe HefecHbIe TeJIa MOTYT ABUTATH-
cA CKBO3b TBEpPABIH 2()up, He HCOBITBIBAA IpPH
9T0M HHKAKOI'O COIIPOTHBIIeHHS,

Bo sropoi nomosuae XIX B, Makcee/LT coagan
TEOPHID AIEKTPOMAMHHTHOTO MOJA, COrJIACHO KO-
TOPOH YIEKTPOMArHHTHEIE BOJHEL, T0400HO cBeTO-
BBIM, ABAAKTCA MONEPEYHBIMH M DACTPOCTDAHA-
I0TCA B BAKYYMe CO CKopocThio cBera. Hexops us
TOrQ, 4TO CBETOBLIC M AJEKTPOMATHHTHEIE BOIHEI
obmananT ofmUMH croiicTEAMHE, MakcBenn npej-
NOJOFHI, HTO CEEM HAGAAEMCA YACMHBLM NPo-
AGNEHUEM INEKMPOMAZHUMHBLYX B0IH.

Hansueitinee passuTHe (PUINKN NOATBEPIIIO
aTo npennosoxkeHEme. Crano AcCHO, 4YTO BHIAU-
MBIH CBET — 9TO TOJALKO HeDOJBHIOH AMATIA30H
AMeKTPOMATHUTHEIX BOJH € JANMHHOH BOJHBI OT
3,8:10°7 go 7.6-10°7 M mam ¢ uHacTOTAMM OT
4,010 50 8,0+ 10 I'y, (cMm. puc. 136).

Tem He MeHee MPEJCTABIEHWE O TOM, YTO B He-
KOTOPRIX CNYYUagX CBET BeJleT ceDA aHANOIHYHO 110~
TOKYV YaCTHIL, He [IOTePAJI0 CBOoeil AaKTYAJIBLHOCTH.

K masany XX B. BBIACHHIOCE, 4TO 3IEKTPO-
auHEaMHaka Makcsenna He TO3BONfSeT ODLACHHUTH

HEeKOTODEIE 3KCIepUMEHTANLEEIE (hak-

MAKC NAAHK Thi. IIpoTHBOpEYHS MEMKAY Teopueil H

(1858—1947)

Hemeuruil (ppank-reoperix,
OCHOBOOOMOGKHMK KBAHTOBO thinan-

OKCIEPHUMEHTANBHLEIMA JAHHBEIMH yZa-
M0CE PA3PeNIHTh, NPEANON0KHB, UTO
cBeT o0Jgagaer KOPNYCKYJISDPHBIMH

wu. Barxon naryuenus [nanxa cpoiicreamu. B 1900 r. memenruil -
ABHJICH OCHOBOH HOBOTO 2TaANA ank Maxe ITnanyx BRIJIBHHY MHIOTE-

pasaHTHa (PHInKE
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HHTHYI DJHEDPIHID OTIACJHBHEIMM IIOPLHHA-MH —
Keanmamu. JEeprua E xamaod mopnan npaMo
NpONOPIHOHANLHA YACTOTE V H3JIY4YEeHHA:

E=hv,

rpe A — rRoahOHIIHEHT NTPONODIIHOHATBHOCTH,
nonyuuBIINii Hassaaue nocmonnrow IMTnanka.

B 1905r. memeunruit dwmauk AnwsbGepr IiiH-
INTeHH BEIABMHYJ HIC0, COIIACHO KOTOPOH 3J1eK-
TDOMATHHUTHLIE BOJHEI ¢ UACTOTON V MOMHO pac-
CMATPHBATE KaK II0TOK KBAHTOB H3IJNVYEHHA C
aHepruen £ = hv.

B macTosiee BpeMs KBAHT 3JIEKTPOMATHHUTHO-
ro MaNy4YeHUs HAJBIBAIOT TaK}e homonom. Po-
TOH (oT rped. phos, photos — ceeT) — ato anemen-
TAPHAS YACTHIA, ABNAIOMAACH KBAHTOM SJIeKTPO-
MAarHdTHOro H3ayieHHA (B TOM YHCIE CBeTa).
thoron He obnamaeT HH MACCOH, HH 3apAgoM M
BCET/Ia PacIpOCTPAHAETCH CO CKOPOCTRIO CBETA.

TaruMm obpaszom, cBeT obiajgaeT Kak BOJHOBBI-
MH, TAK 1 KOPOVCKYIAPHEEIMH CEBOHCTBAMH,

C yBeauYeHHEM HaCTOTHI MEKTPOMATHHTHOrO
H3IyUeHHs B D0AbIIEH CTEIeHN NPOABJISAIOTCA €ro
KODNYCKYJIAPHEIE CBOMCTBA, T. €. CBOMcTRA, TPH-
CVILHe NMOTOKY YACTHI[, M B MeHbIIEH — BOJHO-
Brie, HMa meex IHATTa30HORB SNeETPOMATHHMTHEIX
BOTH Haubosee APKO BEIDAMKEHHBIMH KODPIIYCKY-
JAPHBIMH CBOMCTBAMHN OOJAIAET raMMa-M3IVUe-
gxe (cM. puc. 136). IogpobHee 0 raMmMa-KBaHTAX
BhI V3HALTE M3 CAeAVIONIeit riIassl.

(7 EETTT™ 1. Kaxoset 6niim mpeficTaBAeHEs YUEHLIX O NPHPOJE CBETA B HaYale

§ 48

XIX 8.7 2. Yem Ouina spiapaHs HeoOXOAHMOCTE BEIIBHREHAR THIIOTEIE! O
CYIIecTBOBARNH cBeToHocHoro athrpa? 3. Kaxoe mpeanonoxenne o npu-
pone ceeta Gu1no cnenano Maxepeaxom? Kanxme obnipe esoficTEa CEETa
ANEKTPOMATHUTHRIY BOJIH ABMJIHCEH OCHOBAHHEM AJNS TAKOTO ODEANONIO-
mennn? 4. Kax Ha3RIBASTCH TACTHIIA 3TEKTPOMATHHTHOIO HATYIeHMA?

NPENOMNEHUE CBETA.
®U3HYECKMIA CMbIC/I NOKASATENS NPENOMIEHUA

B xypee ¢mankn 8 Kiacca Bbl HO3HAKOMHJINACE
¢ ABJEHHEM [IPeJOMJIeHHA cBeTa. Teneps BhI 3HaE-
Te, YTO CEeT NpeAcTaB/IfgeT coboi aJIeKTPOMATrHHT-
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HBIE BOJIHBl OIPeNelIEHHOr0 IMAIAZOHA YACTOT.
Onwupanck HA 3HAHHUA O TIPHPO/IE CBETA, BBl CMOMKe-
Te MOHATE (PHIHYECKYID NPHYMHY NpPeToOMIeHHS
H 00BACHATHL MHOTME APYIHe CBA3AHHBIE C HUM
CBETOBLIE ABIEHIH,

CornacaHo 3axKoHy nNperoOMAEeHUR cEema
(puc. 141):

JYyMH DaJalIui, TperoMIdHALIl A MepHneRIRKyAAp, TPOBeIéHuEIH K rpa-
HHIE PA3NENA ABYX Cpell B TOUKEe NATeHNA JIYUa, JeMAT B 0IHOH NI0CKOCTH;
OTHOIIeHHE CHHYCA YIJa NaJeHHsd K CHHYCY yIJa NpeJoMIeHHd eCTh BeJIHIH-
HA NOCTOAHHAA NJIA TAHHEIX ABYX cpen.

Puc. 141, TTepexoan
W3 0nHOH cpenkl

B OAPYTYH), JIy4
NPEIOMAAGTCH, T. €.
MEHAST HANDABIEHHE
PACTIDOCTDAHEHHA
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sin

— ==

sin f§ a1 (1)
PAE My, — OMHOCUMENbHbLIL noxazamens npe-

JAOMAEHUSA BTOpO‘ﬁ cpenkl OTHOCHTEJIRHO HEPBOH.
Ecim nyy nepexoguT B KAKYIO-NHO0 Cpeny ua
eaxkyyma, To

sin o

: = 2)

sin , (
rge n — abCconwmubii noxkazamens npenomie-

HuA (AW TOPOCTO NOKA3ZAMENb NPEAOMIAECHURA)
BTODO#H cpenkl. B aToM cayuae mepsoil <«cpemoils
ABJIAETCHA Bdiyym, abCONOMHBLLL NOKA3Amens
KOMmopozo NPUHAM 3a eGUHULY.

SaK0H NpeaoMIeHHA cBeTa Obl/l OTKPBIT ONBIT-
HEIM OYTEéM OIAHACKHM y4éHbIM Buanebop-
dom Chennuycom B 1621 r. 3axon 6u11 chopmy-
JHPOBAH B TPAKTATE 110 ONTHKE, KOTOPLIA HaNIIN
B OyMarax y4éHOTO0 mOCJIe ero CMepTH.

ITocne orkpeiTEs CHennuyca HECKOJNBKUMH
VUEHBIMH GBIIA BLIABHHYTA THIIOTE3a O TOM, HUTO
npeaomienue caema 00YCROBACHO UIMEHEHUEM
€20 CKopocmu npu nepexode yepes spanuyy dsyx
cped. CnpaBelTABOCTE 3TOH rUIIOTE3kE! OHBINA NojA-
TBEDHIIEHA TEODETHYEeCHHME NHOKAZATEILCTBAMHM,
BBINMOJHEHHLEIMH HE3aBHCHMO JIpyr OT JApyra
thpannyasckum matematrHroMmM ITwepom Pepma
(B 1662 r.) u ronnangckum dpuaunkom Xpucmua-
nom I'odzencom (8 1690 r.). Paguapimu nyramm



OHH NPHILJIH K OJHOMY W TOMY ’Ke pesyJabTaTy,
LOK&34B, 4YTO

OTHOIEHHE CHHEYCA YTIa NaJeHHA K CHHEYCY YIJA NpeJIOMIeHHA ecTh BeJIHdH-
HA NOCTOAHHAHA JJH JAHHBIX ABYX cpel, PABHAH OTHOINEHHIO CKOPOCTEH CBe-
TA B 3THX Cpejax:

- -
:ﬁﬁ'nn';;- (3)

Ha ypaswmenmwsa (3) crmenyer, UTO eCIW Yron
NpejoMIeHus [} MeHbIne yria NageHus o, TO

sina _n CBeT [JAHHOH YACTOTHl BO BTODOH cpeje pacmpo-
sin =nn v,  CTPAHAETCA MeJJeHHEe, 4YeM B NepBOi, T.e.

Uy < 1,. JTO 03HAYAET, YTO BTOPaA CPeAa ABJHETCH
onTudecku Gonee NIOTHOM, YeM nepBas.
BzanmocBa3r BenmMuUHH, BXOASINIAX B ypapBHe-
HHe (3), ToCAyKIIa BECKUM OCHOBAHHEM [JIf NO-
HABJEHUA emeé OaHOl (POPMYyTHPORKH ONpejgene-
HHA OTHOCHUTENRHOTO MOKAZATENA NTPeTOMIEHIIA:

OTHOCHTEJBHBIM INOKaZATeaAeM MNpeJoMJIeHHHA I'!oni ¢cpelbl OTHOCHTEJJIBHO
napanﬁ HAGBIBABTCH [llEEII‘IEEHRH BETHYHHA, DPABHAH OTHOINEHHWED cmopuc'reii
CEeTA B 9THX Cpelax:

=

g, = Op " (4)
IlyeTes Tyva cBeTA MepexXOaHUT M3 BAKYVMA B Ka-
Ny, = — KVIO-ubo cpeny. 3aMeHUB B ypaBHeHU™N (4) v, Ha
CKOPOCTh CEeTA B BaKyyMe C, 4 Uy, HA CKOPOCTB
CBeTa B cpeje v, NOJAy4YuM ypasHeHue (b), ABagi0-
eecs onpegejeHueM abCcOMOTHONO IOKABATENSA
npenoMJIeHu:

afcomIOTHEIM NOKABATEIeM IIPeJOMISHNA Cpeabl Ha3sBaeTcHa QUaHIeCKan
BeJIMYHHA, PABHAA OTHOIIEHIIO CKOPOCTH CEETA B BAKYYME K CKOPOCTH CBETA
B JaHHON cpexe:

u-ﬁ nw==, (5)
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Coryacuo ypasaesuam (4) u (9), n,, NoKasbiBa-

€T, BO CKOJIBKO Pa3 MeHAeTCH CKOPOCTh CBeTA IIPH
€ro mepexoje U3 OAHOH Cpeiabl B APYIVIO, a n —
OpH IOepexoje M3 BakKyyMa B cpeay. B srom
3arouaeTca QuiuvecKuil cMmuien noxkasameneil
nperomIeHus.

3uauenne abCOMIOTHOTO MOKASATENA MOPEeJIoM-
JeHUsa n a0boro BelecTBa ODONBIIE SIHHHIIL
(B aToM VOERIAIOT JaAHHLIe, colepsaninecd B Tab-
IHIAX (HIHUYecKHUX cupaBouHMKOR). Torma, co-
r1IacHO YpaBHeHEHO (5), ¢/u>1nm e >, T. 8. CRO-
pocmp caema 8 Ji6oM BEULECMBE MEHBULE CKOPOC:
mu ceema 6 saKyyme.

He npusonsa erporux obocHOBAHWI (OHH CHOMK-
HEl H TI'POMO3JKH), OTMETHM, YTCO HNPHYHHOH
VMEHBIIEHUA CKOPOCTH CBETA IIPHM ero mepexoje
H3 BAKYYVM& B BELIECTBO ABJIHETCH B3AHMOJEHCT-
BHE€ CBETOBOH BOJIHBI C ATOMAMH H MOJEKYyIaMH
BemecTBa, Yem donvuie onmuiecKas NAOMHOCMb
seulecEea, mem CuabHee amo éiaumodeilcmaue,
meam MeHbWe cKopocmb céema u mem OGoawiue
noxasamens npeaomraenuna. Taxmm obpasom,
CHOPOCTHL CBETA B cpene W A0COMIOTHBLIN TOKa3a-
Téeldh MPeIOMISHHS ONMpenelsioTCH CBONCTBAMH
ATOI Cpe/Iki.

I[Io uucHOBEIM SHAYEHHAM TOKAasaTeNel Ipe-
JOMIIEHHUSA BEIECTE MOYKHO CPABHHBATE HX OI-
THYeCKHe MI0THocTH. Hanpumep, IOKasaTenn
NpeJIoOMJeHHA Pa3/IMYHBIX COPTOB CTeKJa JIeMaT
B npegenax or 1,470 mo 2,040, a nokasareias
npeiromMaeHns Bogsl paseH 1,333, 3auunT, cTEK-
JIo — cpeja onTH4ecKkH Gosee naoTHad, 4YeM BOJa.

Ob6patnMea & pucyaky 142, ¢ moMoOIIeio Ko- "
TOPOTO MOHHO NOACHHTH, TOoYeMy HA IpaHHIe

Puc. 142, [Ipu mepexo- OBYX Cpeg ¢ H3IMeHeHWeM CHOpPOCTH MeHHAeT-

42 CBETOELIX BOJIH €A W HATIDABJMEHWE DACTDOCTPAHEHEUA CEBETOBOMH
H3 BO3AYNA B BOIYV

CROPOCTL cBETA yMeRs- — BOIHBL

maeres, HPOHT BOTHEL, Ha pucynxe usobpaxieHa cpeTOBAS BOJHA, IIe-
A BMECTE ¢ HHM H &2

elstosbishig iy pexoasinas M3 BO3AYXa B BOAV W Majamouiad Ha
il bsdnisn rPAHUILY PASJIeNIa 9THX cpej mof yraom a. B Boa-
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¥d Bonpocut

dyxe cBeT pacropocTpaHdAeTCd CO0 CROPOCTLIO Uqs
aBBOIE —C MeHbIIei CHOPOCTLIO Uy.

Ieprpoit 1o rpaHUUBL JOXOART TOYKA A BOJIHEI,
3a NpoMeRyTOK BpeMeHH Af Touka B, mepeMernta-
fICh B BO3JyXe C IPeHEeH CKOPOCTLIO UV, HOCTHUT-

HeT TouKH B'. 3a To e BpeMA TOuUKa A, mmepe-
MeIaAch B BOAE ¢ MEHbIUEH CKOPOCTBIO Uy, NPoii-

OET MEHbIIee pPACCTOAHNE, AOCTHIHYB TOJIBKO
Touku A'. Ilpn aToMm Tak HaskiBaeMbIi QPOHT BOJI-
Hel A'B' B BOJle OKaKeTCH NOBEPHYTHIM Ha HEKO-
TOPEIN ¥I'0JI 10 OTHOIMMEeHW0 K QporTy AB BOJHL
B BOBAYXe. A BEKTOD CROpPOCTH (KOTODGI BCer-
Ja HepueHINKyJIApeH K (hpoHTY BOJTHEI W COBOA-
AaeT ¢ HanpapjeHHeM €€ pacnpocTpaHeHnd) noso-
paumBaerca, npudinkaics K npamoi OO, nep-
MeHANKVIAPHOH K rpaHHUe paszena cpef. Ilpm
ATOM YTOJT OpeloMJIeHuUA [} oKasniBaeTcd MeHbIIe
yraa najesus . Tak npoMexoaurT npejioMmieHue
cBeTa.

Ha pracyHKa BH/IHO TAKIKE, YTO IPH Mepexome B
APYIVIO cpeay H II0BOPOTE BOJHOBOTO (hpoHTa Me-
HAETCHA M AJHMHA BOJHBI! IIDH NEpPexXoje B ONTH-
UecKH 0oJee NJIOTHYH CPeAy YMEHLIIAeTCH CKO-
POCTD, ITHHA BOJHEBL TOKE yMeHbIIaeTCH (hy < A)).

OTO COrJIaCyeTcsi M ¢ M3BecTHOM Bam (hopmymIoit
A =uv/v, N3 KOTOPOIf caeayer, 4TO NPH HEU3MeH-
HOI1 9acToTe v (KOTOpAS He 3aBHCHT OT ILIOTHOCTH
cpelikl H NOBTOMY He MEeHSeTcHs NpPH Hepexoje
Jy4a u3 OJHOH cpelbl B JDYIYI0) VMeHBIIeHWe
CKODOCTH PacHpOCTPaHEeHHS BOJHBI CONPOBOA-
eTCA NPONOPUMOHANBHBIM YMEHLIIEHHeM ANHHL
BOJIHBI,

i. Karoe H3 ABYX BeLiecTR ABIAETCH onTHuecky Goaee naoraem? 2. Kak
QHPELENATCA NOKASATETN NPETOMIEHNA HeDed CROPOCTE CREeTA B cpe-
Aax? 3.Tne ceer pacnpocTpassercs ¢ Hanboabmmeli cxopocthio? 4. Ka-
KOBA (DHIHYeCKan NTPIYHHA VMEHBIIEHNH CKOPOCTH CHeTA NpPH ero nepe-
X0jle H3 BAKYYMA B Cpely WK H3 CPeiisl ¢ MeHbIned OnrHyeckoil IIoTHO-
CTBIO B cpejy ¢ Sonsmeii? 5. Yem onpeaensiores (T. €. oT wero aasucart)
afcomoTHLIA NoKASATE b IPENOMASHHA CDEXE H CKOPOCThL CBETA B Heil?
B*. PaccramuTe, 9T0 HIMOCTPHPYET pReyHOK 142,
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Boza 1. Kakue 13 Tpéx BeMWMYMH — JJWHE BOIHBI, YACTOTA ¥ CKO-
pPoCcTE PACHPOCTPAHEHHA BOJIHE — HIMEHATCH IPH Iepe-
XOJe BOJIHE H BAKYYMA B aaMaa?

2. Henonpaya pHeydox 143, »oxssHaTe, HTO OTHOCH-
TEALHBIH NOKasaTelb NPEJOMASHHA Ay, JIA JAHHBIX

ABYX CpEfl He 3ABUCHT OT VIJIA DASEHHHA JYH4 CBETA.

3. Kagam ws apyx cped (pue. 144) obnagaer OGonbmeii
onTHueckol naorrocTeio! B HAKOM M3 HHX JOyY CBETA
pacupocTpaHsAerca ¢ Gonbined ckopoctsin? Orteer o6o-
cHYyIliTE.

4% Henonssya ypapaesns (4) u (9), njoxamure, uro ng =
n
| = n—i, rae n, — afcomOTHLI NoKAZATENb TPETOMICHIH
I
| 1
I

NepBoH Cpegkl, & H, — BTOPOH,

Cpema 2 | Viasanue: BuIDASHTE B3 YPABEeHHSA () CROPOCTE U CBETA
; B Cpele uepes ¢ W M) [0 AHAJOIHE ¢ TIOJyYeHHOH
dopmynoll sanumETe QoUpMYALL AAA ONpPefeNneHEa CHO-
I pocTeii v; B Uy, BXOAAIINX B ypasHeHne (4); samesMTe B
ypasnenn# (4) v, ¥ v, HA COOTBETCTBYIOLINE UM OVKBEH-
Puc. 144 HblE BEIPAMEHASA 0 yIPOCTHTE NoAy9eHRym popMyay.

Brr y:xe aHaeTe, uT0 aDCOMIOTHBIM NOKasaTeb
NpeJIoOMIeHHA cpeibl ONpEedensieTc eé CBOHCeT-
BAMH.

flsnsoTeAa MU cBoiicTBA CPeJLl efWHCTBEHHBIM
(haxTOpOM, ONPEIENAIOIIHM MOKASATENb NIPEJIOM-
JeHMS, WIN CYIIecTBYHT Kaxkme-IHO0 pgpyrme
MIPUUYHHBI, OT KOTOPEIX OH 3aBHCHT?

Jlnsa oTBeTa HA ATOT BONPOC NpojejaeM OILIT,
naobpaskéHHbll Ha pucyake 145 (Bce naobpaskeH-
HEle Ha PUCYHKE IpeIMeTHI padMeneHbl Ha KJace-
HOM JOCKe ¢ MeTajlIHYecKol OCHOBOM M y/eprH-
BAKOTCA HA Hell DjJarojgaps HMenIiuMed HA HHX
marguraMm). Pasmectum oxono o0'beKTHBA OCBETH-
Teaa O aradbparmy [l ¢ TOPHBOHTAJILHOH IIEILIO
(pacmoroeHHO NepHeHAuRYNAPHO ILIOCKOCTH
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Puc. 145, Habmogenne
ONCTIEPCHH CBETA OPH
NpPeJIOMIEHAH B OpHa-
MEe CBETOBRIX Vvl
pazsoit gACTOTH

HepTexa) U cHHUE ceBeTouabTp P (T.e. cHHee
crexno). [Ipu aTrom Ha sxpaHe (polk KOTOPOTO BEI-
MOJIHAET YKPeIllJIEHHAA HA AOCKEe H HEeMHOTI'O 0TO-
rHyTas 6yMasKHAA MOJIOCKA) HA YPOBHE CBETOBEIX
Jyuell monyuuTcs H300payKeHHe MOIeAH CHHEro
nsera (Ha pucyHke 145, a ero nonoskernue ofoaHa-
yeno cumpojom C, ).

daMeHuM cHHHH GUILTD HA KPACHBIN — U Ha
TOM e MeCTe BMeCTO CHHero n3obpakeHnd e/ n
yBUAHM KpacHoe K;.

Teneps Ha IyTH KPacCHOro CBETOBOIO NMYYKa 110~
CTABHM TPEYrONBLHYIO CTEKIAHNYIO npusmy NEM
(puc. 145, 0; ob'béMHOE HROOPAKEHNE IPHUEMEl —
Ha puc. 145, 2). [Ipoxoas uwepes npusMy, JIVd OT-
KJIOHAETCA B CTOPOHY 0OJlee MIHPOKOH €€ YacTH
NM, B peayneraTe uero uzodpa;enne meiamu cme-
LiaeTcs BHUS B nojoxkernue K,.

Ilpomenaem TOT e onsiT, OpPeABAPHUTENBHO
3aMEHHMB KpacHEIH cBeTOQHIBTD HA CHHHMA
(puc. 145, 8). Mn! o6Hapy>XuM, UTO H30OpaKeHHE
[Ieau, OoJAy4eHHOe B CHHUX JVY4X, NPOIIefmHx
Hepea MPH3MY, OKamerca B nonosxenun C,, T. e.
CMECTHTCH B TOM >Xe HATIPABIEHHH, UTO U Kpac-
HOE, HO Ha DoJbllee paccTOAHHE,

IIpoBenénubIl ONBIT CBUAETENBCTBYET O TOM,
YTO JIYUHM CHHETO IBeTA, UMeouiie G0/IbIIYIO Yac-

_—AE
13 By o o et
=
N M B
r) ) A
\.a\ 2 gn
e e,
2 I}:‘ \ \\-‘.“\.
; L
’ M
3 M = Aa)
9 N
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TOTY, 4eM KpacHble, DPeJIOMHIECH CHILHEee Kpac-
HBEIX. JTO o3dHadYaeT, 4To abcomiomHybill noKdid-
menb NperoMAeHUR cMeKaa, ud Komopozo u32o-
nmosjienad npuIama, JasUCUMm HEe moaAbKo O0m
caolicmea cmekaa, Ho U am vacmomet (om ysema)
npoxodauiezo wepes Hezo ceemda.

W3 pucynka 145, 0 BuAHO, 4TO yiKe Ha rpaHEy
NE nmpuaMul npr OAHOM U TOM e YI71e MaJeHus o
CHHWI AyT [OpeloMBJcHs CHIBHee KpPAaCcHOro:

Z , sina . sina
P == Py BEESETy
OTBETCTBEHHO OAA CUHUX JYy%ell 00nblLe U Onmu-
YecKana NAOMHOCMB CMEKNA, HO CKOPOCMb UX
pﬂ't".’!pﬂﬁ'ﬂ!pﬂﬂ.(’HNﬂ 8 CHMEeKAE MEHBLUE CHUPUL'H‘IH
KPACHBLY, NOCKOABKY CKOPOCTb 00pAMHO NPonop-
WUOHAABHA NOKAIAMERN0 J’IPE’-.’IO.’H.’EEHHJT:

7. 6. n,>n,. Co-

D=ty

FI

il =
S3aBMCHMOCTE MNOKASATENA MPeIOMICHHA BEIIEeCTBA H CKOPOCTH CBETA B HeM

OT YACTOTEI CBETOBOI BOJHB]I HASEBAETCH IHCIEPCHLH CBOTA,

Caoso «gucnepcudas» HPOMCXOLHT OT JTATHHCKO-
ro dispersio u 03HauaeT s¢pACCEefHMEe, PA3BeHBA-
HHES.

Teneps, yOpas ¢ ocBeTHTe]dA (QHIABTR, OPO-
OycTHM uYeped NpHaMy NOydox ©Oesoro ceera
(puc. 146). Mb1 yBHaNM, UTO 3TOT OYUOK HE TONB-
KO OTKJOHMJICA K Doaee MUPOKOH YACTH NPU3ME],

Pue. 146. Pagnoskomnus
ny4xa Heaore ceeTa
B O F!J-11'|J
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Puc. 147. Cnoxenne
CTIEHTPANTLHERY [IBSTOR
€ IOMOL LI JINHEIL

HO M pasIoiuiics B cnexmp’, B KOTOPOM CEMb
NBETOBR — KPACHLIA., OpaHMEBLIH, MENTHIA, 3e-
J€HbIM, roaydoli, cMHMH B (HoneToBRI (Kak B
pazyre) — IUIABHO NEPEXOAAT APYT B APYTA.

JTO HABOAMT HE MBICJIb, YTO DEJILIH CBeT ABIAET-
CH CJAOMKHBIM, COCTORIIHAM M3 CBeTOBLIX BOJIH pas-
HBIX [IBETORB (M COOTBETCTREHHO DASHKIX TACTOT).

Cunmii ¥ KpacHEIH JIy4YH, BLRLJEJEHHEIE B IIpe-
JLIIVINEM ONLITE W3 DeNoro cEeTa ¢ IOMOIIBI)
(pHABTPOB, NPU NPOXOMKASHWH Hepes MPHaMy He
pa3jarajiices B CHEKTP. JTO TOBOPHT O TOM, 4YTO
IIBETHRIE JIYYH ABAATCH NPOCMbIMU, WIH, KAK
X ellé Ha3elBAIOT, MoHoxpomamuyeckumu (ot
rpedecKHx CJI0B IMONos — oOUH, eITHCTBeHHEEIN I
chromatikos — mnBerHO#i, okpamenHsiii). Carer
HaMI0ro IReTA NpeicTABNeH BOJNHAMH HACTOJIb-
KO V3KOr0 HMHTEDBAIA YacTOT, 9TO OOBITHO ero
XapaKTepH3YVIOT OJHOH onpeleNéHHON YacTOTOMH.

Yr10o051 yAOCTOBEPHTLCH, YTO NIPH3MA HE OKpa-
mIMBaeT, a TMEHHO paajaraer DeJblid CBET, IOCTAa-
BUM HA OYTH BREIIEIIIEro U3 OPH3MBI B pPasiio-
JHBIIErOCH B CHEKTP OVYKa CODHPAKIIVIO THHIY
(pre. 147). Mul yBMAHM, 9TO IIOCIE NPEIOMJE-
HHA B JIHH3E PasHOIBETHRIE JIYYH, TTepeceKanach B
TOYKe A, «CHJAagblBaiorcA», npuobperas Gensrit
LBET.

B mamnoM coyvag mog clekTpoMm MOoHMMABSTON COBOKYII-
HOCTER HACTOT HJAM AJHH BOJH, COOepRalinXcH B Haay4eHHan
Earoro-nudo semectra. (B ofmem CAYHae B PHU3HKE cnexmp —
BTO COBOKYIHOCTE BCeX JHAYeHHI Karoli-nube dmanueckoi
BEJIHYHHEB, XADAKTEDHAVIoMme!l cucTeMy HIK Npolece.)
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Puc. 148, Onner
00 CAoRe HHI
CHeKTPaIbHBIX
LEETOR

Pue, 149, YeTanoska
JLIA NONYVYeHHE
CILTONIHOND CHeRTDA

# ofeAcHeHRS TOTD,
NOUeMY OKpPYIRAIIIHE
HAC Teaa, OCBeIEHHEIE
COMHETHEM CRETOM,
HMENT PASHEIE [LBETE

206

CnoxuTs CIeKTpalbHEIE IIBETA M TTOIVIUTE He-
JbIH [BET MOMHO H Ha DOoJee nmpocTOM OTBITE.
BoasMéM KAPTOHHEBIH OIHCK ¢ N300pasKéHHBIMM HA
HEM PASHOUBETHEIMH CEKTODAMH H VKEDEOHM ero
HAa Baay HeHTpobekHOM MamuHbl (puc. 148). ITpn
OblCTpPOM BpalleHHMH AMCKA CO3ZAércd BIedaT/Ie-
HHE, UIT0 0H OeJbIH.

3azanMMCsH BONPOCOM, [OYEMY OKDVIKAIOLIHE
HAC Tena, OCBEMIEHHBIC OJHHM M TEeM JKe COoMHed-
HEIM CBETOM, HMEIOT PA3HEIe IeeTa. B uéM 3aki1io-
gaeTCH (PH3HYEeCKAA TPHYWHA TAKOTO Pa3InIna?

Yro0Bl BHIACHUTE 3T0, NpoaenaeM onklt. C mo-
MOUIBI0 YCTAHOBKHM, H300pa:KeéHHONA HA pHCYH-
ke 149, monyumm EHa DesoM skpaHe (Ham Ha
VKPEILJIEHHOM H& [ocKe JucTe Oenoil Oymaru)
CHEKTP, Hao0paxeéHHuMH HA pHcyHKe 150, a. 3a-
KpoeM NpAaBYIO YACTH CHeKTPa IIHPOKOH Oyman-
HOIl MOJIOCKOH, Hampumep 3enéHoro meera. Mer
VEHINM, TTO IIBET MOJMOCKH OCTAETCA APKO-3ené-
HBIM ¥ He MeHHeT OTTeHKA TONLBKO B TOW obaactH,
rfie HA Heé NajaloT seJeHble JJyun. A IIpH ocBere-
HUH JYyYaMH IpVIEX IBETOB OHA JHD0 MEHSAET oT-
TeHOK (B K&JITOH 4aCTH cueKkTpa), JH00 BRITIALHT
rémuoi (puc. 150, 6).

3HAYNT, HOKPEIBAWIIAA HOJOCKY Kpacka ofaa-
faerT cooco0HOCTBI0 OTPAMKATE TONBKO 3€NIEHEIN
CBET M HOTJIOLIATH CBET BCEX OCTANEHLIX IIBETOR,

Mgr TOBTOPHIHE ¢ BAMH OILITHI, KOTOPEIE ITPO-
nenan M. Heroron B 1666 r. Or mponyckan uepes
OPH3MY V3KHIl ITyYOK COMHEYHOTO CBeTa, MpoxXo-
OAINEero Yepe3 MaJeHbhKOe OTBEPCTHE B CTABHE.

S3eprano




Pue. 150. Craomaoi
(HenpepeIBELIT)
CHOBRTPR

Pue. 151. Cxema
YeTpoiicTRA M BEHeNTHUH
B ABYXTPYIHOTO
CHEKRTPOCKONA

B HacToAmee BpeMA AJA HOAVYEHHA YETKHX
¥ HPKHX CHEeKTPOB HCMONB3VIOT CHelHANLHEIE
ONTHYECKHE NPHUOODEHI.

Ha pucysarke 151 nokasaso ycTpoHCcTBO U BHEIII-
HHUH BUA OJHOrO H3 TAKHX Npubopos — ZBYXTpPYO-
HOI'0 CIeKTPOCKOMA.,

PaccMoTpuM nNpHHUMI ZefCTBHSA CHEKTPOCKO-
na. B tpybe K (pme. 151, a), nasuinaeMoit xoa-
JduMamopom, WMeeTcH VakaAa mens S. Yepea
9TV Ieab HCCHeAyeMBI CBET BXOAHT B upudop
U PACIHUPAOMIMMCS MYYKOM najaer ga aunaay JI,.
ITocrkoneky miess S pacrosoxeHa B (hoKaNTLHOIM
TIJIOCKOCTH 2TOH JIHH3bI, TO CBET BRIXOAMT H3 JHUH-
8bl MApANNETBHEIM TYTKOM, 4 3aTeM DagaeT Ha
npuamy I1.

Tax Kak BOJNHEI PA3HKEIX [IBETOE (T.e. PA3HEIX
4YACTOT) OTKJIOHAIOTCH NIPH3MO# HA PASHEIE VIVIEL,
TO H3 NPHUBMbI BBEIXOAAT MAPANTEeTEHBIE TYIKH
Pa3HOTO HaNpaBJIeHUs (HA PUCYHKEe MMOKA3aHBI
KpailHue JIYYH TOJBKO ABYX NMYYKOB — KPACHOIOD
H (HOJeTOBOro). ITH OVYKH, NPEJOMUBINHCE
B 1rH3e Jl,, 06paayior B eé (JOKANLHOH HIOCKOCTH

99, maobpamennsa meau S. I[Ipuuém maobpaske-

HH#, COOTBETCTBYIOIIME BOJNHAM PA3HBIX HacTOT,
NPAXOAATCA Ha PadHble MeCTa ILIOCKOCTH 93,.

9 a)
3purenpHan
Tpyba, Mpuama Konpmamarop

5,
Pasneunsnan
meas

Oxyasp
Kpoiuxa,

3AKPHIBADIIAS
OpUaMy OT CHeTa

6)
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Ecnu Ha mens nagaer Genwlil ¢cBer, TO BCE H30-
fpaxeHHa MM CAMBAIOTCA B I[BETHYIO IOJOCY,
] KDTL‘I]}Bf! NpeAcTaABJIEeHKE BCe IBeTAH.

Ecnn ke wconegveMsuIdl cBeT TpeNCTaBIAET
coBol cMecsr HeECKOJBKHX MOHOXPOMATHUECKHX
(MpoCTREIX) TRETOR, TO CTEKTp MOJVUHTCA B BHIe
Y3KHX J'J.’HHHﬁ' COOTBETCTBYIOIIHX LOBeTOB, pasie-
JNEHHEIX TEMHBIMH TTPOMEsKYyTKAME.

B cnexrporpade B mockoeTn 33, nMoMemaerca
doronracTHHKA, HA KOTOpoH monyuaercs goTo-
rpathmrs coextpa. Pororpathrd cIeKTpa HadbIBa-
eTCH CREeKMPoZpaMmoLl.,

Ecnu see B naockoeTs 39, TOMECTHTE MATOBOE

CTeKJIO, TO o6pA3VIOIIHIICA HA HEM CIEKTD MOMK-
HO HAOIIOZAaTH IIA30M, VBETHYHE H3oOpaxkeHme
¢ NOMOINEK JUH3EI. B atom cayvuae npuop
HA3LIBARTCH cnekmpockonom. BHemHe cnekrt-
porpady ¥ CHEKTDOCKON BBIIIANAT OSHHAKOBO
(pmc. 151, 4).

Ha pucyrke 152 nokasaH ogH0TPYOHEI CIIEKT-
pOCKOI (BHELIHMI BHJ — pHC. d; YCTPOHCTBO —
pHe. 7 8). B mKxoJae ero oDEI9HO HCNOJIE3YIOT [IPH
BRlonHeHu#n JgabopaTopHeix pabor mo oOTHKe.
B ToMm, Kak OH jgelicTBYeT, Bbl pasbepérech camo-
CTOATEIBHO IIPDH BREIINOJHEHHI SaJa A 3 H3 vIO-
pambaenusa 45,

INHUCITEPCHA CBETA
NERETPOCRON OJIOTPYEHER I

OIITHRA

PITICS

1_l_+3_ B o = “ _‘;____-—_._'_ Sl TS
5 — VAR v | | S —

6) C D E

JIK — eTerao «ErRI Kpons

Puc, 152. Baewsmi Bryg B cxema TP — crerno «TamEnnrl GARAT:
yerpoiteTea oguoTpYOHOTO Ona avaef mo6oro OBeTa Mye > Nk
COPRTPOCKONA, NIPHMEHAEMOTO
P} BELOOMIHEHMH OIKOIEHBLX 8)

JAabopaTopHsix prboT 10 onTRKE
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Cuexrpockon ObLl cKoHcTpyHpoBan B 181571,
memenkum (usuxom Hosegpom Ppaynzoge-
pom. 3ror npubop Oul HeoOXoAUM YUEHOMY AJIS
HCCAeLOBAHMA ABJEHH AUCHEPCHH, KOTOPBIM OH
3aHHMAaJICA B TO BpeM4.

GLLTER 1, Yo HaskiBaeTCa Ancnepenelt ceera? 2. Paccraxknre 0 OnbeiTe Mo Ope-

moMueEnio Genoro csera B npname. (Xog onwsiTa, PesyiasTATH, BBIBOA.)
3. PaccrammuTe 0b onmre, waobpaxérnom Ha pucyuke 152, 4. B wém aa-
KJIKYaeTcH (HaYecKads NPAYHHA PA3THTHA [BETOB OKPYAKAOIIHX Hac
ten? 5. Memonsaya puevaor 151, pacekasmure of yerpoiterse COeKTRO-
rpada. 6. Yo raxoe cnexrporpanma? 7. Yem cnexTporpady oTIM4aeTes
OT CHERTPoCKOnAT

1.

Ha cTome B TEMHOM XOMHATE JIEMCAT ABA JHCTA OyMare — ekl W 9Ep-
Hblll, B HeHTpe Kaxioro JHcTa HAKIEEH OpPaHKERLIH Kpyr. YTo Bhl yBH-
AHTEe, OCBETHE 3TH JHCTE BeIkIM CEBETOM; ODAHMKEREIM CEETOM TAKOTO e
OTTEHES, KaK H Kpyr?

Hanmmure na Genom nucre GyMark nepssle GViKBL HASBAHUI BCEX nEBe-
TOB CIEKTPa IOMACTEPAME COOTBETCTEBYIOMMX neeTop: K — xpacHbIM,
0 — oparmessiM, il — ménaTeiM 1 7. 4. PaceMmorpure SVKBE Hepes TREx-
CAHTUMETPOBELN cloll ApKO OKPALUISHHON MPO3PAYHON MIIKOCTH, HAIH-
TOH B TOHKOCTEHHEIR cTaKaH, 3anumuTe peayiaeTarsl HalnaeEui 1 0bb-
ACHHTE HX.

¥Yrasaguue: B KAYECTEE YHARAHHON MUAKOCTH MOMHO HCIDIB3OBATEH,
HATPAMED, MATHHOBBIN MM AMMOHHBIA CHPOT, DASIHYHEIE COKH U T, O,
Pacemorpure pucysor 1562, 8 n 06bacHuTE, TOYEMY IPH BXOAE B OPHIMY
ADB 1yvn oTKJIOHAWTCA B cTopoRY Gonee mupokroil e uaeTn (yroa npe-
JOMISHHA MEHLIIC YIOIA NANEHHA), a8 OpH Bxoge B mpuamy DBE —
B cTOpoHY DOonee yakol e gacTH (yroa npenomiesnus Goabioe vrja
najesua).

‘TWMbl ONTUYECKUX CTEKTPOB e

B onwire, naobpamieénnom Ha pucyHke 149, npn
NPONYCKAHHHA COJHEYHOIO CBETA UYepes NpHaMy
OOJIVYAICA CHeKTP B BHAe CIUIONIHOW TOJOCHL.
B reil Os1I1 npejcTaB/IEeHBI Bee [[BeTA (T. €. BOJIHBI
Beex gactor ot 4,0+ 104 10 8,0 - 1014 '), nnasHo
nepexoAdniHe oameE B apyron. Takxoil cnexTtp
HAa3dblBaeTCH CRAOWHLLAM HIIH HEHPEPMBHHM
(em. puc. 150, a).
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CnyromHoi CHeKTp XapakTepeH s TBEPALIX
H MUIKUX NIMyYaomux Tejl, HMeONiHX TeMmie-
PATYDY TOPAIKA HECKOJABKHX THICAY I'DAAVCOB
Henscnsa. CnanomuHol coeKTp Ja0T TAKIKE CBETH-
HIHEeCA Tas3bl H OAaphi, eCJIM OHHM HAXOMATCH 104
0O4YeHbh BBLICOKHM JaBleHHeM (T.e. eCJH CHIB
B3AHMOJEHCTBUA MEMIY HX MOJEKYIAMH J0CTA-
TOYHO BETHKH).

Hampumep, cnnoImHONH CHEKTP MOMKHO VBH-
feTh, eCAM HANPABUTE CHEKTPOCKON HA CBeT
OT pacKaJéHHOH HHUTH JJeKTPHYECKOH JaMilki
(24300 = 2300 °C), cpeTAmyHOCH NOBEPXHOCTL pac-
NJA8BJ€HHOI'0 MeTajja, nJaM#a cBedH. B aToMm
cly4ae CBeT H3JNydaeTcda MeIb4yaiiiiuMH packa-
NEHHBIMH TBEPABIMHM YacTHIAMH (KarIaa M3 Ko-
TOPBIX COCTOMT M3 OIPOMHOIO 4MCIa B3auMofeii-
CTBVIOIIHAX Memxay coboit aTromos).

HMuoit B HMeeT COEKTP, ecJu B KAYEeCTBe M-
TOYHMKA CBETA HCOOJAL3OBATH CBeTANIMECHA I'askl
masuoil miorHoeT. Takue rasel o0BIYHO COCTOHAT
N3 U30AUPOSAHHBLX ATOMOB, T. €. ATOMOB, B3a-
UMOJAeHCTBHEe MEeKIV KOTOPRIMH IpeHedpemnmo
mano. CBeueHMA rasa MOMKHO JODWTHCH, HATDERB
ero go remneparypel nopagka 2000 °C nau Goxee
BRICOKOI.

Hanpumep, eciin BHECTH B HJaAMS COMPTOBKH
KYCcOuYeK IoBapeHHOoi coau (pue. 1563), To nnamsa
OKPACHTCH B MKEITHIH LIBET, & B CHEKTPe, HADIIO-
AAEMOM € MOMOIIBLI CIIEKTPOCKOIA, DYAYT BHI-
Hbl ABe OMHMAKO pACTIONOMEHHBIE KEIThle -

A HUM, XapaxKTepHLIE AJfA CNeKTpa NaAPOB HATPHA
(puc. 154, a).
1o JTO 03HAYAET, YTO O0J AEHACTBHEM BEICOKON
‘ reMueparypsl moaexkyas NaCl pacnanucs Ha aTo-
MBI HATPHA B X710pa. CRegenne ATOMORB XJ10pa BO3-
Pwc. 153, [Tpx sxece- fyauTs ropassio TpyJAHee, 98M ATOMOB HATPHUSA, 0-
HHH B IIaMA FAI0B0H TOMY B JAHHOM OIIBITE JIMHHH XJIOPA HE BHIHBI.
FOPETKH KYTOYKS .
LRt tons Ipyrue xuMAYeCKHE BICMEHTLT AAIOT APYTHE Ha
TLIAMSA OKPACHTCSR BOpB! OTHEIBHBIX JHHUH ONpeAeNéHHKIX IITWH
B HENTHIA nBeT BOJIH (puc. 154, 61 8).
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a}

6)

8}

a)

&)

Pue. 154, CoexTphl
HCIYCHRAHHH:

0 — HATPHA]

fi — BOAOPOLA;

8 — I'eJIKA,
Crnexrpst
NOTIOIEREA?

2 — HATDHS;

i — Bopopopa;

g — CpInusH

Takue cneKTphl HASLIBAIOTCA AUHEULLAMbLMU.
JInreitaaTeie CIIEKTPE! MOMYYAIOT OT PA30B U 1APOB
MAJION MJIOTHOCTH, MPYU KOTOPOH CBeT M3/IVYaeTeA
HB30JIUPOBAHHEIMH ATOMAMH,

OnncasHele BEIIE COEKTPHl — CILUIOMIHLIE M
JMHEAYATHIE — HA3LIBAIOTCA CREKMpaMu uc-
NYCKRAHUA.

Kpome cneKTpoOB HCOIYCKAHHA CVINECTBYIOT TAK
HASBLIBAEMBIE CneKmpe. noznowenun. s Becex
CIEeKTPOB TMOTNOIIeHHA OyaeM paccMaATpHBATH
TOJIBKO JJHHEHTATRIE,

JInHelluaTEIe CHeKTPBl NOTIOMIEHEWS Jal0T Mashl
MAJIOH IJIOTHOCTH, COCTOAIIHME M3 H30ONHPOBAH-
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HEIX ATOMOB, KOTAa CKBO3b HHUX IPOXOLHT CEET QT
APKOTO H GoJee ropaAdero (o CpABHEeHHIO ¢ TeMIIe-
paTypoif caMuX rasoB) MCTOYHMKA, JAIOIIEro He-
[IPepLIBHEIN COEKTP.

JIMHeHTATHIN CHeKTD MOTTOIMEeHHA MOMHO HO-
JIYYHThE, HATTPHUMEp, eCHHW MNPONMYCTHTE CBeT OT
JIAMIIkl HAKAJMBAHNUA Yepes Cocya ¢ mIapiM| HAT-
pHUA, TEMIOEPATYPa KOTOPBIX HHUXKE TeMIIEePaTyphi
HIATH JaMiobl HaxaamBanud., B arom ciayyae B
CILTOIIHOM CHOEKTpE CBETA OT JaMIILl HOABHTCH ya-
Kad YépHas NUHNA KAK pa3 B TOM MecTe, T'Jle pac-
noJIaraeTcd JKENTas JHHHA B CHEeKTpe HCIycKa-
HIAA HATPHA (CpaBEHTe PHCYHEH 154, aun 2). Oton
Gvner TUHeHYATRIH CIERTD MOTJIOHIEHITA HATPHA,
OpyrumMu cjaoBaMy, JHHEHH IOIJIONIEHHUA ATOMOB
HATPHA TOYHO COOTBETCTBYIOT €ro JHHMAM HCOYC-
KaHH4d.

CoBnajsieEre 4aCTOT MHHHHE HMCOYCKAHHA K IO-
MIOLIeHN A MOKHO HaAbII0AATE H B CIEKTPAaX ApYy-
Puc. 185, Menmudsixa- THX 2JEMeHTOB, HANDUMeD BOAOPO/a H Trelusd
A 110 YHHEAILEEIM (puc. 154, 6, d n &, €).
ocoSennoctan ofnesTa O6mumit 114 BCexX XMMHYECKHX 3JIEMEHTOB 3a-
KOH, COTVIACHO KOTOPOMY

ATOMEI JAHHOTO MIEMEHTA MOMTOIAKT CEeTOBLIEe BROIHE TEX e CAMBIX Jac-
TOT, HA KOTOPLIX OHH H3JYy4aloT,

6611 OTKPHIT B cepegurae XIX B. Hemenkum uam-
ko I'yemaeom Kupxzogpom.

wia

CroexTp ATOMOB HEJKIOND XEMHYECKOTO e~ .
MEHTA VHUKaTeHn. Kak BHe OnIBaeT ABYX Nl ¢
OZMHAKOBBIM JAKTHIOCKOIHYECKHM yaopom! Hian
ABYX KHTOE C G,LLHHREOBOEI OKPHCHDf{ XEBOCTOBOTO
LIABHHEA, TAK ¥ He CYIIeCTBYeT JABVX XUMHTe-
CEHX JJeMEeHTOB, ATOMBI KOTOPHIX HIJIY4Yaau
Bel OgHHEAKOBBIH HADOD CHEHRTPAJLHBIX JHHHH
(pme. 155).

I Pacnonosense pelbediblx THHHE HOME HA BHYTDEHHHX
(IAZ0OHHLIX) NOBEDXHOCTAN HOMTEBRX (DATAHT HATLUES DYH,

212



Buarogapsa 910My CTAJM0 BOSMOKHBIM IIOHBJIE-
HHEe Memoda cnexmpaibvHo20 anaausa, paspabo-
ranHoro B 1859 r. Kupxrodom u ero cooredecTreH-
HHKOM, HeMelIKHM XUMHEoM P, ByHaserowMm.

CroexrpanbieiM AHATHIOM HAZBRIBAETCHA METOA ONMpeNeeHHA XHUMHTOCKOTD
COCTABA BOHIECTBA N0 £ro ANHeHYATOMY CHERTDY.

FYCTAB KWPXMrom

(1824—1887)

Hemenkmit huank. PaspaGoran
METOI CNEKTPATBEOTNO AHAMNA

IIna mpoBejeHHUA CHEKTPAJBHOTO AHAIHN3A HC-
cIeayeMoe BEIIeCTBEO IPHBOAAT B COCTOAHHE ATO-
MAPHOTO rasa (ATOMHIHMPYIOT) H OJHOBDPEMEHHO
¢ 3THM BO3OYIHIAIOT ATOMEI, T.€. COODILAIT HM
DOTIOTHATENLHVIO AHEPTHIO.

Jdnsa aToMHBATIHA W BO3OYAEHNA MNCIOAL3Y-
IOT BbICOKOTEMIEPATYPHBIE MCTOYHMEHM CBOTA:
OJaMA HJIH 3JeKTDHYECKHe paspaabl. B HEx
nomemnalT obpasen MCCIAELYEMOI'O BellecTsa B
BHJIe TIOPOIIKA MJIH a3po3oias pacrsopa (r. e.
MeJibYalilinX KanejeK PACTBOPA, PACHLIIEHHOIO
B BO3AYXe). 3aTeM ¢ TOMONIEIO cieKkTporpada mo-
aIy4anT gororpaMi CHeKTPOB aATOMOB 9JIeMeH-
TOB, BXOJANIHX B COCTAB IAHHOTO BEIIecTsA.

B HacrosAumiee BpemMAa CyYIIECTBYIOT TabaMIisl
CIEKTPOB BCeX XMMHYECKHX aJieMeHToB. OThICKaR
B TAOIHIIE TOTHO TAKHE KE COEKTPLI, KAKHe ObLIH
[OJIyYeHE! MPH aHATW3e Hcceaegyemoro obpasna,
V3HAKT, Kakne XHMAYeCKHe 21eMeHTHl BXOIAT B
ero cocrae. IlyTéM cpaBHEeHHS HHTEHCHBHOCTH
JHHHRH OLpeNenAlnT KOJIHYECTBO KAMIOro aje-
MeHTa B obpasie.

CrexTpanbHLIH AHAMHS OTJAHYEETCH OT XH-
MHYECKOr0 AHAJHM3a CBOEH TPOCTOTOMH, BBICOKOH
YYBCTBHTEJIBHOCTHIO (HANPHMED, € ero MOMOIIhIo
MOKHO 00HAPYRHTE HATHYAEe XHMITe-
CKOTI'O 3JIEMEHTA, MACCA KOTOPOTO B JaH-
HOM oDpasne He npessimaer 10719 r),
a4 TAKIKE BO3MOYKHOCTBI ONDPEIe]ATH
XUMHYECKHH COCTAE OTHAJEHHBIX TeJ,

H OTEPGLT 51eMEHTH — I[e3HH HATPHUMep 3BE3A,
# pyGu i, yCTAROBILT 320N OH HCHOOIB3YeTCH MJMA KOHTPOISA CO-

TEONOBOrY H3NYUeHNA

CTaBa BELIECTBA B METAJIYDIUK, MaIu-
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HOCTPOEHHH M ATOMHOH HHAYCTPHH. JTOT METOJ
OpHMEHAETCH TAaKe B IeoJIOrHH, ADXEOJIONHH,
KPAMHMHAJIMCTHKE H MHOI'HX JPYrux cdepax pe-
ATelbHOCTH. B ACTPOHOMHH MeTOIOM CINeRTpalb-
HOT'O aHAJH3aA OoIpenelIArT XAMHYeCKHH COCTaB
arMocdep TIAHET W 3BE3], TeMIEPATYPY 3Béa] U
MATHHTHYIO HHAVKIHK X nojei. Ilo cMemerno
CIeKTPpaNBHBIX JAHWH B COeRTPaX laJlaKkTHEK bBI-
Jia onnpeelieHa HX CKOPOCTE, H HA OCHOBAHIIH 3TO~
ro cAelaH BEIBOJA 0O pacmiupeHHn Hameil Bee-
JIeHHOH. s
? L Kax BeiraageT conomHod conextp? Kakdme Teaa gaoT cOI0MIHOH
N cunexrp? [Ipueegure npumepnt. 2. Kax BRIrIagaT THHeMaTHe CHEKTPHIT
07 KakNx MHCTOUHHKOE CBETA NOJVYAIOTCA JWHeHuaTHIe CHeHTDHIT
3. Kaxxn o0pasoM MOMHO [OOYYHTL JHHEAHATEIH CHEETP HCOYCKAHHA
aarpua? 4. OmUITHTE MEXAHH3M MOJYUSHHA JHHENHAThIX CHEKTPOB I0°
rnomenns. 5. B uéM sarmwouaeTcs cyTh aakona Knpxroha, kacawmeroes
MHHEHYATHIX CHEXTHOB HENYCKHAHNA B noromenns? 6°. Yo Tanoe coesT-

paTBHBI AHAMNS M KAk oH npoBogurca? 7°. Pacckasnte 0 NpHMEHEHAH
CIHEKTPANBHOI BHAJTHIA.

m  MOFNIOWEHNE M MCNYCKAHWE CBETA ATOMAMM.
 IPOMCXOMAEHME IMHEWHATBIX CMIEKTPOB

B npouecce uayuYeHHA M NPAMeHeHH A JIHHeua-
ThIX CIEKTPOB BOSHUKJIH DASJIHMYHBEIE BOIIPOCHL.
Kak, HanpuMep, 00bACHUTE, NOYEMY ATOMEI Kaik-
AOr0 XHMHYECKOIro 9/IeMEeHTa MMelOT CBOI eTporo
HHIMBHAYaNbLHLEIN HAOGOD CTEeKTDANBHBIX JHHNHE?
ITouemy coBnAAAIOT THHAH HIAYUYEHHA H OOIJIO-
IeHHA B CTEKTpe AAHHOTO AaeMmeHTa? Yem obyc-
JIOBNEHEl PASNUYHMSA B CIEKTPAX ATOMOB PA3HBIX
aneMeHTOB?

OTBeThl HA 9TH H MHOTHE JAPYyTrHe Bom-

HW/ILC BOP pocEl Yaanoch HAWTH TONLKO B Hadajie
Y ip iz XX B. Bnarofaps BOZHHKHOBEHHID HO-

Boit hUaNUecKOil TROPHUH — KEAHMOGBOU
Mmexaruku, OMHAM N3 OCHOBOIIOJIOMHH-

Harexut dMaHK-TEODPETHE,
ofec TEeHHEIN ABATRNE, DANH Hd g
coagaTenei coBpeMeHHON (PHINKH, KOB 9TOH TeOpHH OBILI LaTcKmil usnk
Coagan Teopuio sogoposonogoliiore Huase Bo p.

ATOMA, OCHOBAHHYE HA ARVX -
NOCTYAATAX ¥ ’ Bop npumén K 3aKIKNYeHH), 4TO

CBeT H3Ny4YaeTcA aTOMaMH BeIIeCTBAa.
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B ceasu ¢ atam B 1913 r. o= chopmyauposan asa
OOCTYJIATA.

1. AToM MOEET HAXOIHTHCH TOJALKO B 0codbIX, CTAIINOHAPHBIX COCTOAHHAX,
KamaomMy cOCTOSHHIO COOTBETCTBYeT ONpefeéNHOe JHaveHHe JHepram —
JHepreTHYeckni yposens. Haxogsics B cTAMOHAPHOM COCTOAHMM, ATOM He
HATVIAST M He MOTIOMIAEST.

CraunoHapHEIM COCTOSHHWSM COOTBETCTBYIOT
CTAalMOHAPHEIE OPOHTBI, 10 KOTODBIM IBHIKYTCSA
anexkTporsl. Homepa crTaunuoHApPHEIX OopouUT u
AHEPreTHYIECKHX YPOBHeH (HAUMHAas C OEpPBOro)
B oDmeM ciydae 0003HAYAKOTCA TATHHCKHMHE
Oyusamu: n, k ur. 1. Paguycsl opduT, Kak 1 aHep-
IHH CTAlMOHADHBIX COCTOAHMI, MOIYyT HPHHH-
MaTbh He Jw0ble, a ONperenéHHbLIE AUCKPETHLIE
sHavyenus. [lepsasa opbura pacnonosxena Gamse
BCEX K AADY.

CToAENHA ¢ Gonbmiedi smeprueii £, B cTAIHOHADHOE COCTOAHME ¢ MeHbIHeH

2. Hayvenne caeTa MPOMCXOXNT NPH NEPEXoe ATOMA H3 CTANHOHAPHOTO 0~
aneprueit £ .

Cornacso SaKOHY COXpaHeHWA 3Hepruu, aHep-

hv=E. —E. s H3NYIEHHOro OTOHA PABHA PABHOCTH 3HED-
"' " I'uif CTanHOHAPHBIX COCTOSHWIMA:
U3z sToro ypapHeHHA CHEAVET, YTO ATOM MOJKET
e HM3JIy4aTh CBET TOJBKO € YACTOTAMHMA
y=—k_"n
h El‘ = En

V= g

ATOM MOMET TaKHAe MOTJIomATE horonsl. [Tpu
nornomeHEny POTOHA ATOM NEPEXOAMT M3 CTAIH-
OHAPHOI'O COCTOAHWA ¢ MEHBIeil aHeprueil B cTa-
OHOHAPHOE cCOCTOAHUE ¢ Goabluel sHeprueii.

Cocroanue aToma, B KOTOPOM BCE 3J€KTDPOHBI
HaXo4fATCA HAa CTAUHOHADHBIX opbéWTax c¢ Han-
MeHbINel BO3MOJMKHOH 9HeEprueii, HasbIBaAeTCH
ocHOGHBLM. Bee Ipyrue cocToAHHA aTOMA HASKL-
BawTCA 6036y HcOEHRBLMU .
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¥V aroMoB KaMAOro XMMHYECKOTO 2JEMEHTA
HUMeeTcda CROH XapaxkTepHEIH mabop amepreTHue-
ckux ypoemeil. [ToaTomy mepexoay ¢ 6oiee BhI-
COKOTO DHEPreTHUYeCKOro YpoBHH Ha Oojee HH3-
KUl BYAVT COOTBETCTBOBAThL XaAPAKTEPHLIE THHUK
B CORKTPE MCOVCKAHHSA, OTJAHYHBIE OT JUHHAN B
CTIeKTPEe IPYroro 3J1eMeHTA.

CosnajeEre JHHHHA H3AYYEHHA W ODOIVIOLIEHHA
B CIIEKTPAX ATOMOB JAHHOIO XMMHYECKOTO aJIeMeH-
TA o0'BACHASTCH TeM, YTO YACTOTHI BOJIH, COOTBET=
CTBYIOLIMX 5THM JIHHUAM B CIIeKTPe, ONpefessaor-
CcA OTHHMH I TeMH JKe JHEPreTHYEeCKNMH VPOBHA-
nu. [ToaToMy ATOMEI MOT'YT MOTJIOIMIATE CBET TOTBKO
TeX YACTOT, KOTOPhIE OHHU CIOCOOHEBI HAIYUATS.

1. ChopmymapyiTe nocryiaars: Bopa. 2. 3anumire VpaBHeHEUA A ONpe-

MEAEHHA SHEPrUM M dacToTsl Hamyaérnoro goroHa. 3. Kaxoce cocrogname
ATOMA HA3KIBAWOT OCHOBHBIM; Bo3Oy:xmuéausivM? 4. Kax obbacnaerca cos-
NaJeHHe THHUH B CIEKTPAX HCOYCKAHNA ¥ NOTIOUPHHA [AHAOID XHMH-
yecKoro aaemenTa?

B pamem pacropsskenun HMeWTCA JBeé cTanbHBIE cmunsl. IIpugymaiire
SKCHEPHMEHTEl, € NOMOMIBID KOTOPHRIX MOMHO Oblio Gbl ONpegelnTh:
a) HAMATHHYEHA 1T O/IHA U3 CHNT, ¥ eclH a4, To Kaxkad: 0) HAMATHHYSHEI
it ofie CIHIs.

Hpumerarue: B sxcnepuMerTe MOTYT OBITH HCNONB3OBAHBL TOJALKOD
VHASAHHLIE TPeAMeTR,

MTOIMW TNABbI

CAMOE
FMABHOE
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Huoe dambi pusuveckue noHamud, A8AeHUA,
npasu.no, 3aKon, NOCMYLANbL U UX onpedeneHun
u opmyarupoeku. ITociedosamenbHocmb U3RO-
HEHURA onpedenenuii He coOoOmaememayem nocie-
doeamenvHoCmu NOHATMUL,

Iepenecune 8 mempads HABAHUA NOHIMUU
U 3AK0H08 U BnUWLILMe 8 Keadpamubie co0KU no-
padkoeviit Homep onpedenenus (opmyruposru),
coomeemcmaeyouezo JaHHOMY NOHAMUNW, AsJe-
Hulo, nocmynramy, npasguly, 3aKony.
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Tlepemennsiii Tok [ ];

sJexTpoMarsMTHad BoaHAa [ |;

panunocease [ |;

auenependsa ceera| |

ABJEHHE JNCRTPOMATHATHOR HEXYKIMHK [ ];
npasuao Jenua [ J;

arnenue camouaayRuun [ J;

3aKO0H npeaoysrenns ceera [ |

KBAHTOBbBIe mocTynaTsl Bopa[ |

THIIBI ONTHYeCKHX cniekTpos | |.

Bosnuxamwmuii B 3aMKHYTOM KOHTYDEe MHIVKIIN-
OHHBEIM TOK CBOMM MATHUTHBIM MOJIEM TPOTHBO-

,I[eﬁETB‘j'ET HIMEHEHHIO MalHHTHOI'O [IOTOKH, KO-
TOpPOE BBISBAJIO 3TOT TOK.

OTHOmeHRNe cHHYCA yIa NAAeHHA K CHHYCY VIia
NpejiOMJIEHWA EeCTh BEIHUYMHA TOCTOAHHAR I8
JAaHHBIX JABYX Cpel, PABHAA OTHOIIEHHIO CKOpOC-

sin o u
Tell CBETA B OTHX CPEAAX: ——o = fly = — .
sin f§ Vg

BosHHKHOBEHHE HHAYKIMOHHOIO TOKA B KATYIIKE
NpPH HBMEHEHHWH CHIILT TOKA B Hell,

. ATOM MOMeT HaXO[HTHLCS TOJLKO B 0cOoBLIX, CTAa-

NUOHADHBEIX cocToAHMAX. HamaoMy cocTosHHKO
COOTBETCTBYET ONpeJeIHHOE BSHAUYEHHE JHHep-
THH — aHepretwueckuii yposers. Haxogsch
B CTALlHOHAPDHOM COCTOAHMH, aTOM He H3JIVY&eT
H HE TOrJoIaeT.

Hanyuenue cBeTa IPOMCXOAUT NIPH HEpexoe aTo-
Ma H3 CTAUUOHAPHOI'O COCTOAHHMA c OoJskinei
sHeprueil E, B CTALMOHADHOE COCTOAHHE € MEHb-

e anepruei £ .
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NPOBEPb CEBA

5.

10.

DIeKTPHYECKHH TOK, NEepHOIHYECKH MeHAOIINH-
CH [0 MOAYJI H HANPABJIEHHIO.

CnecreMa NOpPOMKIAIOMIMX APYT ADYTa U PacnpocT-
PAHSWIIHXCH B OPOCTPAHCTEE IepeMeHHBIX B/IeK-
TPHYECKOT0 W MATHUTHOTO MOJeil.

HpH BCAKOM HM3MEeHeHMH MATHHTHOIO IIOTOKAa,
OPOHHIEIBAOIIETO [JIOMIAAb, OTPAHHYEHHYIO 3aM-
KHYTHIM MPOBOJHHKOM, B 9TOM NPOBOJAHHKE BO3-
HHKAET 2JeKTPHUYeCKHIl TOK, CYINECTBYIOIINil B
TeuyeHHe BCEro IIPOLeccda H3MEHEHHs MATHUTHOIO
OOTOKA.

[lepenaua m npméM WHQOPMAIMH OCPEACTBOM
3JEeKTPOMarHMTHLEIX BOJIH.

BaBHCHMOCTE [TOKA3ATENA [IPEJIOMICHHA BemecT-
BA U CKOPOCTH CBETA B HEM OT YACTOThHI CBETOBOK
BOJIHEL.

CrnromHodl (HenpepsIBHbLL) XapaKkTepeH LA HKun-
KHUX ¥ TBEPILIX HAJAYUAIOMIHX TEJ ¢ TeMIlepaTypoii
TIOPAKA HECKOJIBKHMX THICHY TPAXYCOB H [LIA CBE-
TANHXCA FA30B H N4POB, HAXOAAINXCA 10 O4eHE
foabIIMM AaBjeHHMeM; JAMHeWUaTHIl xapaxTepeH
AJIA CBETHIIUXCA rajoB MAJOH [JIOTHOCTH TPH
remmepatype nopaaxa 2000 °C.

1. B gmanHoit cucTeMe oTCUETA MATHHTHOE MOJIE CO3naéres ABuU-
MYIIAMBCA B HeH

A. doToHAMH

B. DMIEKTPOHAMH
B. aroMamm

r. HeATpoHAMH
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2.

MarauTHoe nosie o0HADYKUBAETCA 110 €ro AefieTBHIO HA

A. MOKOALIHECH B HEM MPOTOHEI

B. moxoANIUecHd B HEM HEHTPOHEL

B. NOKOAIIHECHA B HEM MOHEI

l. OPOBOAHHK € MNPOTEKAKIIHM [0 HeMY NIEKTPHYECKHM
TOKOM

. MarruTHOe 110JIe XAPAKTEPHUAYETCH BEKTODHON (Hamueckoit

BEJIHYMHOMN, KOTOpas obosHauaeTcs cuMeoaoM B u masnipa-
eTcHa

A. MATHHTHON HHAVKTHBHOCTRIO

b. MATHHTHON HEAVKIHEH

B. 9JIeKTPOMATHATHON HHAVEIIHEH

. caMOMHAVKIIHEeH

3aKOHY NpeJOMIeHHS CBETA COOTBETCTBYET (hopMyia
sin « vy

it =n —
sin P Ay,

TR
- Ty ==

Boinosnute 3afaHns, Npeo/KeHHbe B 97eKTPOHHOM IpPH-
JOMKEHHH,



U ATOMHOIO HAPA |

PICI'IO.ﬂb3OBAHHE 3HEPI'HH

 ATOMHBIX AAEP -~

FEZ]  eaavoakmmBHoCTb. MOAENM ATOMOB

[Ipexmonoskenye 0 TOM, UYTO BCe TeJNA COCTOAT
M3 MenhYAHINHX YACTHIL, ObLJIO BHEICK&3AHO JpeB-
Herpedeckumn guiaocobhamn Jeskunnom u He-
moxpumom npumepro 2500 rer nasan. Haeru-
Okl 9TH OBLIH HA3BAHLI AMOMAMIL, YTO D3HAYALT
«HeZeMMMEIes . ATOM — 3T0 Meab4yaHIlad, Opo-
cTeifias, He MMEonas COCTABHBIX YacTell U mo-
TOMY HeZEJIHMa#d YaCTHILA,

Ho npumepso ¢ cepegnabl XIX B, eraan nosgs-
JNATHCH SKCNEPUMEHTAIbHBIE (aKThl, KOTODBIE
CTABUJIN 1O/ COMHeHHe IpeicTaBJIeHHA 0 HeJean-
MOCTH aTOMOB. PeaybTarsl 9THX 0KCIEPHMMEHTOB
HABOAMIM HA MLICJAL O TOM, ¥YTO ATOMEI HMEKOT
CJI0FKHYI0 CTPYKTYPY H 49TO B HX COCTAB BXOHAT
SJMEKTPHYECHH 3apAXKeHEBIe YACTHIIRI.

HanGonee ApkuM CBMIETEIBCTBOM CJIOMKHOID
CTPOEHNA AaTOMa SBHUJIOCh OTKPBITHE ABJIEHHA pa-
JHOAKTHBHOCTH, CHeaHHOe (PPAHNY3CKUM (hH3H-
xom Anpu Bexrepenem s 1896 r.

Bekkepess OOHADYIKEI, YTO XMMHYECKHH aJie-
MEHT ypaH CaMOnpouaBonLHO (T.e. 6e3 BHEIIHHX
BO3fleiicTBMI) U3AyYAeT paHee HeM3BECTHHIE He-
BHIUMBIE JIVYH, KOTOPBIE Mo3e ObLIH Ha3dBaHBI

PaduoaKmUEHbLM UILYIeHUEM,

AHPU BEKKEPENb IMockonbky pagHoaAKTHBHOE H3NyHUe-

(18521008)

DpasnyacKril QHINK.,
Onis 13 TePBOOTRPBIBATE RS

PEIFMOAKTHBHOCTH
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e obmanano HeoObIYHBIMM CBOMCT-
BAMH, MHOIHEe V4YéHbIe 3aHAIHCE €ro
mecnenosanueM, OKasaloch, YTO He
TOIBKO YpaH, HO M HEKOTODhIE ADYIHE
XUMUUeCKIe 31eMeHThl (HanpumMep, pa-



3PHECT PE3EPQOPA
(1871—1935)

AWil) TOKe CaMOTPON3BOJIBHO MCNYCKAOT Paguo-
axTHBHBIE 1y4u. Coco0HOCTE aTOMOB HEKOTOPKIX
XHMHYECKHX 2JIEMEHTOB K CAMOIPOM3BOJIBHOMY
UBNTYYeHHI0 CTAIH Ha3EIBaTh PAOUOAKMUEHO-
emuio (0T mar. radio — mamyuamo 1 activus —
HeHCTBeHHBIH).

B 1899 r. B peaynbrare onstra, NpoOBEJEHHOTO
004 PYKOBONCTBOM aHIMNIHHCKOro pusuka JpHec-
ma Pesepgopda, 06110 00HADYHEHO, YTO PALAO-
AKTHBHOe HANYy4YeHHE DAAAA HEOLHOPOIHO, T. e.
HMeeT CJIOKHBIL cocTaB. PacemoTpuM, KAk mpo-
BOZHJICH 3TOT OMBIT.

Ha pucyske 156, a uzobpaskén Ton-
CTOCTEHHEI CBHHIIOBBII cocya ¢ Kpy-

Anrnuitcrnit huank. OGHApY LT muued pagma Ha aue. Ilywox pammo-
CAQYKHEI COCTAB PATHOBKTHBHOTD AKTHBHOI'O M3JIYYeHHWH PAJNA BRIXOIHT

VEANYHAEMH PAAER, LDOLNOACET CKBO3L V8KOE OTBEPCTHE H MONAAeT

ANEPHY IO MOAEIh CTPOSHHA ATOMA.

OTEpLLT TIpOTOH

Puec. 156, Cxema oneira
Peaepopaa no
OnpefeIeHRD COCTABR
PATHOAKTHBHOTD
HAAYIeHHA

Ha (QOTOTIACTHHKY (M3JIVYeHHEe pagus
NPOHCXOJIHUT BO BCE CTOPOHEI, HO CKBO3h
TOJCTEIE CHOH CBHHIA OHO MpoliTHm He
mozker). Iloene mposeaenusa oromracTHHEN Ha
Hell 00HAPYMUBATOCE OTHO TEMHOE IIATHO — KAK
pas B TOM MecTe, KVJa MoIagal IyYoK.

[Torom omerr mamenstu (puc. 156, 6): coanana-
JH CHJIbHOE MATHHTHOe TMoJe, IeicTBOBABIIee Ha
ny4ox. B arom ciayuae Ha npogBaeHHOR NIaCTHH-
Ke BO3HHKAI0 TPH LATHA: OAHO, INeHTpalkHOe,
OBLIO HA TOM XK€ MecTe, ITO M paHblle, a JABA IpPY-
I'MX — [0 pasdHble CTOPOHLI OT HeHTpanbLHoro. Ee-
NI ABA MOTOKA OTKJOHHJHCE B MATHHTHOM TOJe
OT Ipe) Hero HANDABIeHW#A, SHAYHT, OHHM TIpes-
CTaBNANT coDOH NOTOKM 3apAKEHHBIX YACTHIL,
OTknoHeHMe B pasHble CTOPOHBI CBHIETENLCTBO-
BAJI0 O Pa3HBIX 3HAKaX 9JEKTDHYECKHX 3apAJOR
YacTun. B ogHOM MoToKe npHeYTCTBOBAILH TOJIBKO
MOTOMUTENBHO 3apAMKeHHBIe WACTHILI, B ApPY-
roM — OTPHIATE/ILHO 3apHKEeHHbIe. A IEeHTPalb-
HBI MOTOK npeacraBasasa coboi HaTyYeHHe, He
HMeIlee 3JeKTPHICCKOI0 3apA/ia.

IlonoxuTenbHO 3apsskeHHLIe YACTHIE HAZBA-
M anvga-sacmuyamu, OTPHIATEIRHO 3api-
WeHHBleé — Oema-wacmuyami, 8 HEHTPAIL-
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AMO3IED QHKOH TOMCOH

HblE — 2GMMA-4ACMUAEMU HJIX TaMMa-KBaH-
TAMH.

HexoTopoe BpeMs CIYCTH B Pe3yabTaTe HCCje-
MOBAHWUA PABJIHMYHBIX (MINYECKHX XapaKTepHc-
THK ¥ CBOHCTB 3THX HaCTHIL (3MeKTPHYECKOro 3a-
pfafa, Macckl W pP.) VAANOCh YCTAHOBHTBH, HTO
B-uacmuya npedcmasisem coloil IAEKMPOH,
a a-yacmuya — NOAHOCMBI0 UOHUIUPOSBAHHBLLIL
amom xumuveckozo aaemenma zeaus (T. e, aTom
reJMH, NMOTepABIIMI 0Da snexTpoHa). Boiacaa-
JIOCH TAKIKE, YTO y-u2iyyeHue npedemasnaem co-
Goil 00uH u3 sudos, mouHee JUANA3VHO6, IJEK-
mpomaznumuozo usayienus (cm. puc. 136).

fiBneHwe paTUOAKTHBHOCTH, T.e. CAMOMPOHA3-
BOJILHOE M3JIVYEeHHe BeIecTBoM o-, - u y-uacran,
HapAAY C APYTHMH 3KCIEepAMEeHTAIBHEIMHE (haxTa-
MM, MOCJVIKHJIO OCHOBAHHEM JUIf TPEANooNKe-
HHA O TOM, YTO ATOMEI BEIISCTBA HMEIOT CJIOMHBIA
cocTap. llockoabky OBLIO HM3BECTHO, HTO ATOM
B Ile10M HeHTpajieH, 9T0 HABJeHHE OTO3BOJIHIO
cAenaTs NPeAloaoMeHne, YTO B COCTAB aroma
BXOAAT OTPHIATENBHO M [I0JOMHTEJNLHO 3apsa-
JHEeHHBIE YaCTHILEL.

Onupasch HE 9TH M HEKOTODEIE ADYTHE (PAKTHI,
arumitcknit Gusur Jacoazedp Howcon Tomcon
npeanoxun 8 1903 r. ogHy U3 nepshIX Mojesnei
erpoerus aroma. [lo npexnono:xennio ToMcoHa,
aToM npeicTaBaaer coboll map, mo BceMy o0BEMY
KOTOpPOro paBHOMEPHO PacIpe/ie/eH MOJOMKATENb-
HEIE sapan. BeyTpm aToro mapa HAXOAATCHA
aMeKTpoHbl. KasKILlil 9JeKTPOH MOMKeT COBep-
mIaTh KoJAeDaTeJbHBIE IBHKEHHA OKOJIO CBOErO
MOJIOMKeHUA papHoBecHd. [1o0MATeNbHELL 3apA
[Iapa paBeH MO MOAYJI0 CYyMMAapDHOMY OTPHILA-
TeABHOMY 3apAly 3JIEKTPOHOB, MOITOMY ANeKTPH-
yecKHH 3ap#Ajl ATOMA B LIEJIOM PaBeH HY 0.

Mogenrs CTPOBHMA ATOMA, OPEJO-
ssennand TomMcoHOM, HyMHAAJI4Ck B 9KC-
[IepUMeHTAIbLHOM NpoBepke. B wacTHOC-

Anrmmiicruil husuk, Orgpsi TH, BaMHO BLIIO NPOBEPUTL, NeHCTBH-
anexTpoE. llpezroxun oqny Hs TeNBHO JHU DOJOMKHTeILHEIH 3apaAj

NepBEIX MOJenell CTPOREUA ATOMA
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Pue. 157. Cxema vera-
HOBKM 0onLiTa Peaep-
diopaa 1o HecAeADBa -
HHID CTPOSHHHA ATOME

NocTOAHHON mroTHOCTE0. [ToaTomy B 1911 r. Pe-
sepdopa COBMECTHO €O CBOMMH COTPYIHHKAMMN
NPOBEJ pHAJ ONBITOB 10 HMCCHEAOBAHHIO COCTaBa
H CTDOEHHSA ATOMOB.

HTo0Bl NOHATE, KAK MPOBOAMIMCH DTH OIBITHI,
paccMmorprumM pucyHok 157. B onmrax mecmonszo-
BAJICA CBHHLOBRINA cocya C ¢ pagfHoaKTHBHLIM Be-
mectsoMm P, nanyuarommm o-gacriansi. Mz sroro
COCYAQ O-4aCTHILEL BRIIETAIOT Yepes YaKUH KaHas
co cKopocThio nnopaaxa 15 000 km/c.

Iockoasky o-4aCTHLBEI HEIOCPENCTREHHO VBH-
AeTh HEBO3MOMHO, TO ANA UX oOHADYKeHUS cay-
MAT CTERJAHHBIH dKpad D. DKPAH MOKPHIT TOH-
KHM CJIOEM CHEHHaJLHOI0 BelecTea, Gnaromaps
HeMYy B MecTax NOIaJaHMA B 9KDAH (-YACTHI] BO3-
HHKAOT BCHOBIINIKH, KOTOpLIe HAGMIOAAIOTCA ¢ OO~
MomEe MHKpockona M. Takoi#t meton perucrpa-
IUH YaCcTHUl, HA3kIBAETCH Memodom cyunmun-
asyuid (T, e. BCOBIILIEK).

Bes ata yeTaHOBKA HOMEIASTCH B COCYJT, U3 KO-
TOPOro OoTKa4aH BOsAyx (4rofsl yerpaHuTe pac-
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CEeHHHEe 0-YACTHIL 38 CUET UX CTOJKHOBEHHH C MO~
JIEKYJIaMH BO3OVXA).

EcaH Ha DyTH G-4ACTHIL HET HUKAKHX NpensaT-
CTBHI, TO OHM TaZalOT HA SKPAH Y3KHM, CIerka
pacmmpsaomuMea nyuxoMm (pue. 157, a). Ilpm
ATOM BCE BOZHHKAIOL[HE HA 9KPaHEe BCIBIIIKHA CJIH-
BAIOTCA B OAHO HEDOABIIOE CRETOROE MATHO,

Ecau jxe Ha NVTH 0-TACTHIL TOMECTHTE TOHKYIO
doaery @ nz uceneayemoro meranna (pme. 157,
i), TO NPH B3ANMOJEHCTBHK ¢ BEIIECTBOM (-JACTH-
B PACCEHBAIOTCSH MO BCeM HATIDABIEHHAM HA Pas-
HBIE VIUIHL @ (HA pHCYHKE H300paKeHbl TOJBKO TPH
VIIIa: @y, (g ¥ Qg).

Korga skpdaH HAXOLHTCHA B NOJOMKeHHH I, HAM-
DoJbllIee KOJNUYECTBO BCIIBIIIEK PACHOJIOMEHO B
neHTpe SKpaHA. 3HAUNT, OCHOBHAS YaCThH BCEX
G -TACTHIL MPOIILIA CKBO3E (POALIY, NOYTH HE H3Me-
HIEB NePBOHAYAJABHOI0O HANpaBNeHEnA (pacceAnach
HA MaJskele vrasl). [Ipr yvaameHnn oT HeaTpa sxpa-
HA KOJIHYecTBO BCOBIIIEK CTAHOBHTCH MeHBLIIEe.
CJlefl0BATEIBHO, ¢ YBeJIHYEHHEM YTIa PACCEAHHA
¢ KOJNYEeCTBO PAcCeAHHRIX HA 3TH YTVIEL YACTHIL
pesKo VMEeHBIIAeTCH.

Ilepemerniaa aKpad BMECTE ¢ MHKPOCKOIIOM BO-
Kpyr QOaLrE, MOMKHO OOHADYKHTE, UTO HEKOTO-
poe (04eHB HeGOABITOE) YHCI0 YACTHL, pacCesioch
aa yrael, Gouskue K 907 (a0 nosoenmne aKpaHa
oboaHauero nHuppoil 2), a HEKOTOPEIe eJHHIIHBIe
YACTHIE — HA yrael mopaaka 180°, T.e. B pe-
ayJnTaTe BaamMopeiicTeuA ¢ Qoabroii Swinm or-
6pomens! Hasag (Hoaoxenne 3).

MMeHHO 2TH CAVYAH DACCEAHHSA O-YACTHI, Ha
poabiue vrasl ganu Pesephopay Hanfonee Baz-
HYI0 HHOOpPMANWK JJid HOHNMaHHA TOTO, Kak
yeTpoeHk! aToMbl BemecTs. [Ipoanannanposas pe-
3YJIBTATEI OILITOB, Pesephopa npHInél K BRIBOAY,
4T0 CTONEL CHJABHO® OTKJIOHeHHEe ¢-YacTHIl BO3-
MOGEHO TOJBKO B TOM Cjiydae, eclii BHYTpH aToMa
pMeeTes Upe3aBhUaiiHO CHIBHOE NIEKTpHUYecKoe
noae. Takoe nojge Morao OLITE CO31AHO 3APAA0OM,
CHOHHEHTPHPOBAHHLIM B O4YeHb MajoM o0BEMe
(mo cpaBHEHHIO ¢ 00BEMOM aToma).
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Pue. 168. Tpaexropin
NOJETA O-YACTHIL,

OPH OPOX 0 ASHHE
CKBOAE ATOMbI
BEIIeCTHA

8 - Mepucmcun, 9 ex.

ITockombky wMacca BdIEKTPOHA TPHMEPHO B
8000 paz MeHBIITe MACCET O.-TACTHILEI, HTeKTPOHEL,
BXOJAILIHE B COCTAB ATOMA, HE MOTJIM CYVIIECTBEH-
HEIM 00pasoM H3MEeHHTh HANIPABJIEHUE [BHIKEHHASA
o-wacrun,. Ilosromy 6 danmnom cayvwae pews mo-
Hem udmu MoabKo 0 CUNAX INCKMPULCCKOZ0 OMm-
MARKUBAHUA MeHTY O-4acMUUaAMU U NOJONU-
MEeAbHO 3APANEHHON Yacmbio AmoMa, Macca Ko-
TOpPOH 3HAYUTEILHO BONBIIEe MACCEL (L-HaCTHITEL.

It coobpaskenna npueenn Pesepbopaza x
CO3OAHHID ANepHOH (naaHerapHoiil) Mogenw aro-
Ma (0 KOTOPOH BEI ViK€ HMeeTe NMpefcTaBIeHue Ha
Eypca ¢duauxn 8 Kaacca). Hanomuum, uto, co-
IJIACHO 3TOH MOJeIM, B LEeHTPe aToMa HAXOIUTCAH
[MOJIOAATENbHO 3apAKEHHOe ALDO0, SAaHNMAIOINee
oYeHb manbii obbeém aroma. Boxpyr sapa asu-
MYTCSL BJIEKTPOHEI, MACCA KOTODEIX 3HAYHTE/ILHO
MEeHBIIE Macchl Apa. ATOM 3JMeKTPUIECKH HelT-
pPaneH, IOCKOJBKY 3apHj HApa DPaBeH MOAYJIIO
CYMMADPHOT'O 3aPAJA 3JIEKTPOHOB,

Peaeptopa cymesr oneHUTHL pasMephl ATOMHBIX
Agep. Okazanock, YTO B 3ABHCHMOCTH OT MACCHI
aToOMa ero AAPO MMeeT amamerp mopsagkxa 10-14—
10-15 M, 7. e. 0HO B AECATKYU K AANKE COTHY THICHY
pa3 MeHbIIe aToMa (ATOM MMeeT AHAMETP OKOJIO
1010 3y),

Pucynoxk 158 nunocTpupyer npomece mpoxos-
JleHUA 0-4aCTHI] CKBO3L ATOMEI BEIECTBA ¢ TOUKH
BpeHHA AnepHOit Mogenu. Ha aroM pucyHKe noxa-
88HO, KAK MEeHAETCH TPAeKTODHA MOJETa (-4ac-
THI{ B 3aBHCHMOCTH OT TOro, Ha KAKOM pPACCTOA-
HHM OT fAZpa OHH npoJerawT. HanpaménHOCTL
CO3/1aBAeMOro AAPOM 3JIEKTPHYECKOTro MONA, A 3HA-
AT, W CHJA NEeHCTBHA HA (-4ACTHILY JOBOJLHO
DbICTpO YOLIBAIOT ¢ YBEeJIMYEHMEM DACCTOSHHUS OT
Axapa. Ilosromy HanmpaBRieHue MONETa YACTHIIBI
CHIBHO MEHAETCH TOJBKO B TOM CIVYae, ecaH OHA
OPOXOIHT OYeHb OJIM3KO K ALDY.

Ilockomery auaMerp aapa SHAYWUTENALHO MEHb-
IIe InaMeTpa aToMa, 7o Soabmas 4acTe U3 YHCHAA
BCEX U-YACTHII TPOXOIUT CKBO3L ATOM HA TAKHX
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PACCTOAHMAX OT AApPA, TIe CHIA OTTANKHBAHMA
CO3JaBaeMOro MM IIOJA CIHLIIKOM Mania, YTo0s! Y-
[eCTEeHHO HSMEHHTHL HAIIPABJIEHHE IBHMKEeHHS
o-gacTun., M TonnKo OveHE HEMHOTHE YACTHITH
OPOJETAIOT PAJOM C AAPOM, T. €, B ODJIACTH CHIIh-
HOT'O NOJH, W OTKIOHEAIOTCA Ha OOJBIINE YTJIRL.
HMmMenHOo TAKHe Pe3VIBTATHI H GBI OOJMYYEHBI
8 onsiTe Pesepdopaa.

Taxum o0pazoM, B pesyIbTATE ONBLITOB N0 PaC-
CeAHNID o-4acTHll Obla JoKasaHaA HeCcOCTOATEIb:
HOCTE MOJeJIH aToMma TOMCOHA, BEIABHHYTA ANED-
HAd MOJAE/Ib CTPOCHHA ATOMA ¥ MTPOBeeHA OLeHKA
AHAMETPOE ATOMHLIX AMlep.

1. B uém zaxnosanrock oTKperrde, cienanaxnoe Bewkepenem B 18896 .7

2. Pacerasiure, KAK NPOBOAMICH ONMEIT, CXEMA KOTODOTO Haolpamena ua
pucyEKe 156, UTo BLEIACHEIOCE B peayabTate aToro onura? 3. O 9ém cpu-
LeTeTBCTBOBAJNO ABNeHNe paguoakTuraocTu? 4. Yto npegcrasnan coboil
aroM coriacHo mMoaenu, npeanoxerHofi Tomcorom? 5, Henoasays pu-
cyHOK 157, paccKAMKHTE, KAK MIPOBOAHJICH OHOBIT IO PACCERHHI0 O-TACTHLL.
6. Kaxofi Buisoj Gei caenad PezepiopaoM #a 0CHOBAEWH TOTO, ¥TO HEKO-
TOpPEIE (-4ACTHIIE TPA BaanMoneiicTEHHU ¢ donsrofi paccesnncs Ha Gob-
mee yrasi? 7, Yro npeacrasnger cofoll aTom cornacHo AaepHOil Mogen,
BRIABHEYTONR Peaephopaom?

[T3]  PAAMOAKTUBHBIE NPEBPALIEHHS ATOMHBIX SAEP
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B 1903 r. (r. e. emé a0 obHapyXKeHHH CYy-
mecTBOBAHMA aToMHEIX faep) Pesepdopa u ero
COTPYAHMK, AaHTAuiickuiA XuMur @Ppedepux
Coddu, oDHADYIKHIH, 9TO PaAHOAKTHBHBIH 3Je-
MEHT pajuii B mpouecce c-pacnaja (T. €. CAaMOIpo-
HM3BOJBHOTO M3NVUEHNS C-4YACTHIL) OpeBpaliaer-
CA B Ipyroit XUMHYEeCKHH 3JeMeHT — DPafioH.

Panwmit # pajioH OTJANYAI0TCH 110 cBoAM (huauye-
CKHM M XHMHYECKHM cBoiicTpaM. Paaui — wme-
Taid, IpH OOBIYHEIX VEIOBMAX OH HAXOJHUTCH B
TBEPAOM COCTOAHHMM, & Paf0H — HHEPTHHIA raa.
ATOMEL 3THX XHMHYSCHKHX 3JeMEHTOB OTJIHYAKT-
ca Maccoif, 3apAagoM #1pa, YHCI0M JIEKTPOHOB B
anexTpoHHON ofomouke. OHHM DO-pa3HOMY BCTYIA-
OT B XHMHYEeCKHe PeaKIlnu.,



2 ceobognx °"-._.
SNEHTPOHA g

A

‘__ e

YACTHILE
2 npotosa
2 peliTpoHA

(raa)

Aapo aromMa paguna
(TREpHOE BEOECTEO)
‘BB npoToHOB

138 sefirponor

136 neitrporor
Cxema g-pacniaga RaDa aToma paHa

ATom renps

HanpHeimme ONBITE ¢ PA3IHY-
HBEIMH PajuoaKTHBHBIMHA Ipena-
paTamMu MoKAa3aaH, 9To He THOAbKO
npu a-pacnade, Ho u npu P-pac-
nade npoucxodum npespauierue
00HO20 XUMUYECKO20 3NeMERMA 6
dpyzoii.

Ilocne Toro rak B 1911 r. Pe-
sepdopnoMm Orina npe,u.nu:ﬁneua
fANepHAS MOAeNb AaTOMAa, CTAJO
OUEBHAHEIM, HUTO UMEHHO AOPO
npemepnegaem uIMeHeHUA npu
PaduoaKmuaeHbly npespaunienu-
ax. [leficrBurensHo, ecan OBl H3-
MEHeHHS 3aTPATHMBATH TOJBKO
3JeKTPOHHYI OBOJOUKY aToMa
(HanpuMep, TOTEPA OJHOrO WJIH
HECKOJbKNX aJIEKTPOHOB), TO IDH
aTOM ATOM TMpeBpamanca 0Obl B
HOH TOT'0 JKe CAMOTO XUMHUYECKOoro

d/IeMEHTH, & BOBCE HE B ATOM [PYroro sJeMeHTa,
¢ APYTHMH (DHEHYECKHMH I XUMHWYECKUMH CBOI-

CTBAMI.

Peaxuusa o-pacnasa aapa atomMa pagusa ¢ mpe-
BpAILlEHHEM €U0 B AP0 ATOMA PAIOHA 3ATTHCKIBA-

eTCH TaK:

226 4
gaBba = “ggRn + ,He,

222

226
rae sHakoM ggRa ofoamaveno agpo aroma pagns,

222
BHAKOM goRn — aapo atoma pasloHa m aHaxom

-
ZHE — C-"acrmua, HIH, UTO TO e caMoe, aapo

aroMma renud (1.e. gApa ATOMOB of03HAYAIOTCA
TAK JHe, KaK ¥ caM¥ atoMmsl B radauue [I. M. Men-

Jieneesa).

Hueno, croamee mepes GyKseHHBIM oboaHave-
HHEM AJpa CBEPXY, HAIBIBAETCH MACCOEbLM YUC-
JOM, & CHH3Y — 3apriosvim wucrom (uan
ATOMHBIM HOMepOM).

B#
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Macecoaoe wuecro adpa amoma JaHHOZ0 XUMU-
YeCKO20 AAeMeHma ¢ MOYHOCTbI) 00 UeablX Yil-
CEN DAGHO YUCAY QMOMHBIX e0UHUY MaAcCbl, CO-

OepHaUXca 6 MACCEe M0 A0pa. (HBI[DMILH.M,
YTO OJHA ATOMHAA €JHHHLA Macchl (COKPALIEHHO

1a.e.M.)paBHA % YACTH MACCH! ATOMA YIJIepoga

g o

3apsadoseoe wueno adpa amoma CAHHOZ0 XUMU-
YECKO20 ANEMEHMA PABHO HUCAY INEMEHMAPHBLY
INCKMPUYCCKUX 3apAd0s, COOePHAULUXCA 6 3APA-
de amozo adpa. (HamoME®M, 9TO aJeMeHTADPHBIM
AJIeKTPUYECKUM 3ADAIOM HAIRIBAETCA HAWMEHbL-
muii AJeKTPHUYECKHR 34apsfi, IOJOXKHTEIbHBIH
HJIHE OTPHUATENEHEIH, DABHEIH IO MOAYJ/IK 3aPAAY
AIEeKTPOHA.)

Mo3HO CKABATE U TAK! 3apad080e YUuclLo PAHo
3apAady A0pa, GblPANEHHOMY 6 IAEMEHMAPHBLY
aaermpuvecKlUx sapadax.

Oba 2TH uMCNIa — MACCOBOR H 3apDAN0OBOE —
Beerja Imelwle M TmonoMUTenbHEIEe. OHM He HMe-
0T pasMepHOCTH (T. e. eUHUI] N3MEepeHHd), Io-
CKOJIBKY YKA3LIBAIOT, BO CKOMBKO DPA3 Macca Hu
sapan aapa DoaLINe eAMHUYHEIX,

IIo ypaBpHEeHKIO PEaxIlHM MOMHO YBHIETh, YTO
ALPO ATOMA PaAufA B DPE3yIbTaTe MIJIYYEHHA HM
O-49acTHILI TepAeT NPHOTH3HTEeNbHO YeThIPE ATOM-
HBIE eMHUIILI MACCH M /1BA 3JIeMeHTAPHBIX 3api-
18, NpPeBpAILIAACE IPH 3TOM B AP0 ATOMA PAJOHE.

Jra sanuck ABASETCA CAeACTBHEM TOro, 4To
B IpOLEcCe DPaAHOAKTHBHOTO pAaclaja BhIIOJ-
HAIOTCA JAKOHBI COXPAMEHUS MACCOB020 HUCAA
u szapada: maccosoe umeno (226) u sapap (88)
pacIajalomerocss AApa aToMa pajus PaBHbI CO-
OTBETCTBEHHO CyMMe MaccoBuIX wmecern (222 + 4 =
= 226) 1 cymMme a3apazos (86 + 2= 88) agep aro-
MOB DAJ0OHA M refinsg, 00pa3oBaBIMInXcA B PE3VIk-
TaTe ITOro paciaja.



Taxum 00pasoM, U3 OTKPBITHSA, clerargHoro Pe-
sepdopaom u Connu, crenosano, uro adpa amo-
MOE UMENOM CAONCHBLUL COCMAS, T.E. COCTOAT
M3 KAaKMX-TO uacTHl. Kpome Toro, crajo schHo,
uTO0 paduoakmueHocms — amo cnocobHocmb
HEeKOMOoPblX AMOMHbIX R0eP CAMONPOU3BONbLHO
npespawambes 8 dpyzue a0pa ¢ UCRYCKAHUEM
wacmuy.

EBannnu 1. Y7o OPoHCXOMMT ¢ PANHOAKTUBHEIMM XUMHYECKHMM SIEeMEHTAMH B

pesyibTarte t- M f-pacomaaa? Ipusegure npumeps. 2, Kakas gacTs ato-
Ma — AJPO HIH 3JIEKTPoHHAN 0D0NM0YKA — NPeTepHeBAST HAMeHeHN s npn
paaucaxkTHBHOM pacnane? louemy snl Tax gymaete? 3. Yemy passo mac-
COBOR THCAOD; sapaxosoe uncio? 4. Ha npumepe peaxnmm a-pacrama
pagns o0BACHWTE, B 4EM 3AKIOYAIOTCA 3AKOHLI COXDAHEHHS JAPALA
(sapraoBore ynena) 1 Maccosoro uieaa. 5, Kaxoil BHBOI CAeA0BA K3 OT-
KPBITHA, caeranHoro Peaephopaom n Copan? 6. Uro Taxoe pagmoas ras-
HOCTE!

B ynramuenue a6

i.

Onpezennre mMacey (B A. €. M. ¢ TOYHOCTBIO O METHIX WHCED) H 3apsj
(B aneMeHTADHBIX 3apAAAX) AED ATOMOB CAEIVIOMNX XUMAYECKHY ane-

12 B . 40
MeHTOB: yraepoaa oC; aurns 4Li ; karenus ,Ca.

CROMBKO 3/EKTPOHOB COAEPHKHTCA B ATOMAX KaXA0ro M3 XAMHUECKIIX
8JEeMEHTOR, DePe HCICHARIX B Opeas Iy IIei 3aaye?

Onpegennre (¢ TOUHOCTBE 0 HENBIX SHCEN), BO CKOIBKO pas Macca sgpa
3 1
AaToMa JTUTHHA SLI fGoIbpIne MACCH! AIDa ATOMA BOAODOIA 1f(-[ .

lna agpa atoma Sepuinms 3Be OOpejeiiTe: A) Maccy SApa B a, e. M.

(¢ TouHOCTEHI0 A0 BeakIX qHceN); §) 3apAL AADA B aNEMEHTAPHBX 3IEKTPH-
YECKHUX 33PAJAX; B) HHCIO 8IEKTPOHOB B ATOMeE.

Toarayack 3axoHaAMH COXPAHRHHA MACCOBOTO WHONA H sapAga, oupege-
JUTe MACCOBOE YHCAO0 U 3APHL AAPA XHMHYECKOro sTeMenTa X, obpaayio-
Werocd B peayasrare caeqyiommeit pearnn J-pacnana:

14 n
g + X+ a8,

rae _[:e — P-=wactHia (anexTpoH).

HaiinnTe ator axement s rabanue [, H. Meaneneesa na tbopaane yuedum-
ika. Kak o8 HaswiBaeTea?
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Crex?maaaa Tpybra

K yenanTemso
11 CUBTHOMY
YeTpORCTEY

Puc. 159. Cxema
yeTpOHCTEA CUBTIHRA
Teiirepa

230

Ana ganpHeimero pasBNTHA ANEPHONH DHIHKH
(B YACTEOCTH, AJA MCCIEIOBAHNA CTPOEHHMA ATOM-
HBIX #ep) HeoOXoQuMEl OBIIH CIIeNNaJbHEIE YCT-
poiicTBa, ¢ MOMOINBIO KOTOPHIX MOMKHO ObLIO OB
PETrHCTPHPOBATE ALpa M PA3IJIHYHBEIE YACTHILLI,
a TAKIKe H3YYaTh HX BaamMmojeicTRHA.

Omii 13 H3BECTHRIX BAM METO/IOB PerHCTPalHH
YACTHUN — MEeTO] CHUMHTHIIALKRE — He maéT Heob-
XOIHMOH TOYHOCTH, TAK KAK PE3yJIbTAT HOACYETA
BCTIENTIEK HA 3KpaHe B D0AbII0H cTeneHH 3aBHCUT
orT ocrporel apernsa Habmiogarens. Kpome toro,
[ATenkHOe HaAOGMOIEeHHe O0KasbiBaeTcd HEeBO3-
MOM¥HBIM, TAK KaK raas 6eicTpo yCcTaer.

Bonee cosepleHHEIM TTDHDOOPOM AJIA PETHCTPA-
M¥ YaCcTHIl HEBISETCA TAK HASHIBAEMEIH Ccwém-
yur Ieiizepa, nsobperénnniil B 1908 r. nemerr-
kum pusurom Nancom lelizepom.

Ilna paccMOTpEHMA YCTPOHCTBA M TPHHIIMIIA
peiicTBHA aToro npubopa oOpaTHMCHA K PHCYHKY
159, Cuérunk eifrepa cOCTONUT H3 MeTAJLIHYECKO-
ro MUTHHJPA, ABAAIIIErocs KAToqoM (T. e. OTpH-
[ATeJIbHO 3apAMEHHBIM AJeKTpPOJAOM), H HATH-
HYTOif BAOJb €70 OCH TOHKON NPOBOJNIOYKH — &HO-
na (7.e. monosuTenbHOro anexTpona). Karon
1 aHOJ uYepes compoTHBIeHEmMe R npHcoeiHMHEHbI
K MCTOYHHKY BLICOKOIO HAOPAMKEHHs (DOpAIkKa
200—1000 B), 6naroxapsa 4YeMy B IMIDOCTPAHCTBE
MesEIY 2JeKTPOLAMH BO3ZHMKAET CHJBHOE DJIIEKT-
puueckoe moae. 06a aaeKTPOLA MOMEINAT B Tep-
MeTHYHYI0 CTeKJAHHYIO TPYOKY, 3AMOJTHEHHYIO
pasperKeHHBIM razoM (06EIYHO aProHOM).

Iloka raa He MOHW3HpPOBaH, TOK B dJIeKTpHYIe-
CKOJ IIeIl HCTOYHHKA HAIPAKEHUA OTCYTCTBYET.
Ecam e B TpYOKY CKBO3b €€ CTEHKH BJETAeT Ka-
kag-Eubyns uaeTHna, crmocobHas HOHHIMPOBATE
ATOMBI Taza, To B TpyOKe obpasyeTcd HEKOTOPOE
KOJMYLCTBO SJeKTDOH-HOHHBIX IAp. OJeKTPOHBI
M HOHEI HAYWHAKT JABHTATBECA K COOTBETCTBYIO-
TIAM SJIeKTPOgaM.



Prc. 180, Cxema
yerpotictea
KaMeprl Bunscora

Ecim HanpsameHHOCTh 2JeKTPUYECKOro MoJs
HOCTATOYHO BEJIHKA, TO 3JI€KTPUHEI HA JUIHHE CBO-
bogsHoro mnpobera (r.e. Memay coOyIapeHHUAMU
C MoJeKyJaM® rasa) npaodperarnT OCTATOYHO
BONBITYIO SHEPTIUIO M TOMKE HOHUSHDPVIOT ATOMEI
rasa, o6pasys HOBOE IOKOJIEHNE HOHOB H 3JIeKTPo-
HOB, KOTOpPEIE TOe MOIYT NMPUHATh YJacTHe B
MOHHZAINH, U T. I. B Tpybxe obpaayercsa Tax Ha-
3pIBAEMAHA JEKTPOHHO-HOHHAK IABUHA, B PE3YIIb-
TaTe 4Yero IPOHCXOAHT KDATKOBDEMEHHOE M pea-
KO BO3pDACTAHME CHJBLI TOKA B LENu H HAIpHA-
MEeHHA Ha conpoTuBiaeHun R. DTOT MMNyJabe Ha-
OPAMEHENA, CBHALTENLCTBYIONIHE O NoNajaHH#a
B CHETYHMK YACTHIEI, PErHCTPUPYETCHA CHEemHas-
HBIM YCTPOHCTBOM.

Ilockoneky conpormsieHne B ouyeHE BeTHKO
(nopaaka 10° OM), To B MOMEHT NPOTEKAHHA TOKA
OCHOBHAH J0JIA HAIPAMEHUA HCTOYHHKA I18J8eT
HMEeHHO Ha HEM, B Pe3yJIbTATE U4ero HANpMMKeHne
MeR Iy KaTogoM H 8HOJO0M DPe3K0 VMeHbIIAeTCHS U
DA3pA aBTOMATHYECKH NpeKpallaeTcs (TAK Kak
3T0 HAUDPAMEHHe CTAHOBHUTCA HEeNOCTATOYHBEIM
JA1A 00paszoBaHENA HOBRIX MOKOJEHHH 3JeKTpPOHH-
HOHHBIX nap). [Ipudop roros k permerpannu cie-
AYIOLIEH YacTHIIEL.

Cuérunk [efirepa npumMerseTcs B OCHOBHOM I8
PErHCTPAIHMH DJIEKTPOHOB, HO CYIUECTBYIOT MOIe-
JIH, TPUTOAHLIE U M7 PErHCTPALHH Y-KBAHTOB.

CubTynk m03BONAET TOJABKO pPErMCTPHPOBATH
TOT (haKT, 4TO Wepe3 HEro mpoJeTaeT 4HACTHIA.

lopaago 6GOMBIIME BOIMOMHOCTH
AJA HMBYYEHHA MHKDPOMHpa OaéT

oroannapar g npubop, naobpeTéHHBIH MmOTNIAHA-

CKHEM QusukoM Tapnsom Buns-
conom B 19121, u maseiBaemerit
kamepa Bunscona.

Kamepa Bunscona (pue. 160) co-
CTOMT M3 HEBLICOKOI'Q CTEKJAHHO-
ro muaueapa CC co crexJasHEHON
kpuimkoit LL (Ba puCcyHKe DoH-
JHHAP mOKasaH B paspese). Buy-
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TPH UHJIMHIDPA MOMET ABHTAThcA nopmwens P, Ha
JHe KaMepbl HaxoguTca qépHaa THaAHE FF.
Baarogapa ToMy 4TO TKAHL VBIAXNHEHA CMECEIO
BOJBI ¢ STHJIOBLIM CITHPTOM, BO3fyX B Kamepe
HACHIIIEH MAPAMM aTHX JKHAKOCTEH.

IIpu GwicTpOM JBHIKEHMH DOPHIHA BHH3 HAXO-
AAIMeca B KaMepe BOSAYX M Napbl KHAKOCTEH
PACIIHPAIOTCH, HX BHYTPEHHAA 3HEPrUf yMeHb-
aeTcd, TEMIEPATYPa NOHNKASTCH.

B 00bIuHBIX VCIOBHAX 9TO BEIZBANIO OBl KOHEH-
canuio napos (mosaenerne Tymasa). OnHaKo B Ka-
Mepe BrancoHa 3TOro He NPOMCXOLHT, TAK KAK H3
Heé npegBapHTe/lbHO VAANAIOTCA TAK HAIBIBAE-
Mple adpa kKondencayuu (NBIIHHKH, HOHRI H
p.). [loaToMy B IAHHOM CJy4YAE NPH NOHHMKEHHH
TeMIeparypkl B KaMepe napbl KHJAKOCTE cra-
HOBATCA NEPeCchilyeHHbLMU, T.e. NEePeXofaT B
Kpaiige HeyCcTOHUHBOE COCTOSAHME, IPH KOTOPOM
OHH OVAYT JNerko KOHIEHCHPOBATHCA Ha JTIOOBIX
00pasyioliuxcs B KaMepe fpax KOHJAEHCALWH,
HAIpHMep HA HOHAX.

HMayuaeMrle yacTHIbl BIYCKAIOTCA B KaMmepy
yepes TOHKOE OKOLIKO (MHOTAa MCTOYHWK JACTALL
noMemawT BHYTPH Kamepsi). [Iposeras ¢ ODoab-
mofi CROPOCTHIO Yepes3 ras, 4ACTHILL CO3JAI0T HA
CROEM MYTH WOHBL. 9TH HOHBI ¥ CTAHOBATCH AApa-
MM KOHIEHCAIIHMH, HA KOTOPRIX MAphl JKHIKOCTEl
KOHZEHCHDPYVIOTCA B BHJIE MAJEHBKHX Kallejex
(ropAHOII WApP HOHIEHCHpYeTCH IIPeAMYVIIecT-
BEHHO HA OTPHUATEIbHEIX HWOHAX, MAPBI 3THAO-
BOT'O CIIMPTA — HA MOJOMKUTENbHLIX ). Baoas Becero
NYTH YACTHIIE BOZJHHKAET TOHKHH cJie]l H3 Kale-
nexk (mpei), Gaarogaps 9eMy ee TpaeKTOPHA ABH-
YKEHHS CTAHOBATCH BHAMMOM.

Ecan moMeeT™Th: Kamepy BuHibcoHa B MArEWT-
HOE TIoJIe, TO TPAEKTOPHH BSaAPSIKEeHHBIX YACTHIL
nckpueagoresa. [lo nanpasnennio uaruba cueja
MOHO CYAHTE O 3HAKE 3APANA YACTHOLL, 4 10 pa-
AMyCcy KPHBHU3HBI ONpPeleNATh eé Maccy, 3Hepruio,
sapsam.

Tpexn cyIIeCTRYIOT B KAMEpe He10/1I'0, TAK KAk
BO3JYX HarpesaeTrcH, OoJy4as Temjao OT CTEeHOK



KaMepsl, H KaneJabKH HcnapAwTea. Yroder nomy-
YHTE HOBRIE CAEILl, HEOOXOIMMO VIATHTE HMeIo-
EecHd MOHEl C MOMONIEI0 ANEKTDHYECKOrO Mo,
CHaTh BO3AYX NOPITHEM, BblMATh, NOKa BO3IYX
B KaMepe, HarpeBlIWicA IPH CHEATHHA, OXJIaLNT-
¢, ¥ IPOM3BECTH HOBOE PACIIHPEHHE.

Ob6eryno Tpexkn uacrul, B Kamepe Bunscona me
TOABKO HabmojawT, HO 1 QororpadupyoT. [IpH
9TOM KaMepy OCBeNaoT cOOKY MOIHLIM Oy4Y4KOM
CBETOBLIX Jydeil, KAK MOKA3aHOo Ha pucyHke 160.

C momomew kKamMeps! Burncoma 6ma caenan
PAL BAyKHEHIIHX OTKPBRITHH B 00/acTH AxepHOH
OHINKH B QHINKY aJIeMEHTAPHBIX YaCTHIL.

Ozxnmoit us pasHoBMAHOCTEH KaMephwl BWibcoHa
ABAAeTcA nsobperénuan B 1952 r. nyssiprrosan
xamepa. Ouna peiicTByeT NIPHMEPHO [0 TOMV e
OPHHIHITY, 9TO W KaMepa BuabcoHa, HO BMECTO
NepechIeHHoro napa 8 Hell Mcnoas3yercs nepe-
rperasi BhIIIE TOYKH KUNEHUA MUJAKOCTS (HaIpH-
Mep, HUAKHEA Bogopoa). IIpm ABMMKeHHUN B HTOM
HHAKOCTH 3aDAYKEHHOH YACTHIIE BAOJE 8€ TpaeK-
Topuu obpasyercs PAL My3sIPEKOB napa. [Tyasips-
KoBas xamepa obnagaer 06abIMM OGnicTpOAeicT-
BHEM L0 CPABHEHNI0 ¢ Kamepoii Buiscona.

1.1lo preyrky 159 paccraykmure of yerpoiicTBe B OpPHENEDe geiicTBHA
caérunra leitrepa. 2. Jlng persterpanuu KaKMX HACTHI, NPHMEHAETCH
caérymk leitrepa? 3.1lo pucysxy 160 pacckammre 06 ycrpoiicree n
OpHELNNe JeHCTERA KaMmephl Bunbcona, 4. Kakue xapagTepucTirn uac-
THIL MOMHO OUPELeIHTE ¢ MOMONIBI0 KaMepht Buibcona, IoMeIIEHHEOH B
marauTHOR nose? 5. B uéM NpeMMyINecTEO OY3hipPhKOBON KaMepH nepex
ramepoit Bunscorna? Yem orauuaioren aTH npHGOPHI?

m OTHPBITUE MPOTOHA U HEWTPOHA

Korna BBIACHMJIOCH, YTO HZpa ATOMOB MMEIOT
CJIOMCHOE CTPOEHHE, BCTAT BONPOC O TOM, H3 KAKHX
HMEHHO YaCTHII OEH COCTOMAT.

B 1913 r. Pesepdopa BEIZBMHYJ rHIOTE3Y O
TOM, YTO OZHOH M3 YACTHI[, BXOAANIMX B COCTAB
ATOMHEIX AJepP BCeX XWMHYECKHX 3JIEMEeHTOR,
ABJIAETCA AJDO ATOMA BOAOPOJA.
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Puec. 161, Dororpadius
TPEKOE 38 PAEHHEIX
HACTHIL, TIOMTYYEHHEIX
B ramepe Bunscomna

234

OcHOBAHHEM JJA TAKOTO TIPENMONOMEHUA TO-
CAVHUT PAA TOABHBIIUXCA K TOMY BpeMeHH
thaxTOB, MONYUEBHHBIX ONBITHRIM nyTéMm, B gact-
HOCTH, OBIJI0O M3BECTHO, YTO MACCHl ATOMOB XH-
MHYECKHX 3JIeMeHTOB HpE‘BhI]lIE.lOT Maccy atoma
BOZIOPOJA B LEJI0e YHeIo pas (T. e. KPATHH ei).

B 1919 r. Pesepdopa nocTaBui OOLIT 10 HCCJIe-
MOBAHHI0 B3AHMOAEHCTBHA (-9acTHI, ¢ SAApaMH
aTOMOB a30Ta.

B arom oubiTe (i-HacTHIA, JeTAIIAA ¢ OTPOMHOH
CKOpOCTLIO, IPH NOIAJAHWM B AAPO ATOMA A30TA
BEIDMBAIA M3 HEro Kaxkyw-ro sactuny. Ilo mpen-
nojso:xennio Pesepdopaa, arodl vacTHmoeil Owlao
AApo aToMa Bojgopoma, koropoe Pesepdopa Ha-
asan npomonom (or rped. protos — mepssrii).
Ho mockoneky HAOIIOIEHHE 9THX YACTHIL BeJIOCh
MEeTOA0M CUMHTHJJIALLHNA, TO HENb3A OLIJIO TOYHO
onpejeinTh, KaKad HMEHHO YACTHIIA BEITeTAaNa
U3 A/pa aToMa A30TA.

VnocToBepHTHCS B TOM, UTO U3 AApA ATOMA AeH-
CTBHTE/ILHO BLIJIETAJ MPOTOH, ¥VAAN0CHE TOJBKO He-
CKOJIBKO JIeT CIVCTSH, KOT/IA DEAKNNA B3aHMOJen-
CTBHA (-UACTHIL! ¢ £APOM aToMa azora Oblna npo-
BefeHA B KamMepe BuabscoHa.

Yepes npospatHoe KPyIJioe OKOIIKO KaMephl
Bunscona jaske HEBOOPYKEHHEIM IJIA30M MOMHO
VBEHAETHh TPekH (T. . TPAeKTOPHH) YacThHL, ObICT-
PO NBMIRYIIMXCcH B Hedt (pue. 161).

Ha pHCYHKE BHIHBI pacxojsfliHecd BeepoMm
npaAMbie. D10 CAeAbl (-9ACTHI, KOTOPHIE TPOJIeTe-
JIH CKBO3b IPOCTPAHCTBO KAMEDE!, He HCTILITAB CO-
yaapeHnii ¢ aapamMu aromos azota. Ho caen ofsoil
-4aCTHILI pasjipapeaeTcd, 00paA3yds TAK HAIBI-
BAEMYVIO ¢ BHJIKY®, JT0 03HAYAET, YTO B TOYKE PAS-
ABOGHHS TpPeKA NPOMBOLLIO B3aHMoOAeicTBHE
O-YACTHILI C AJAPOM ATOMA A30Ta, B Pe3yIkTaTe
yero 06pazoBaiuch AApPa ATOMOB KHCJIOPOJA H BO-
nopona. To, uTo ofpasyloTca UMeHHO aTH ALpa,
OBLLIO BEIACHEHO MO XAPAKTEDY MCKPUBJIEHHS Tpe-
KOB IIPH TOMEINeHHH KaMephl BuibcoHa B Mar-
HUTHOE TIoJIe.



Peaxnmio szanMofgeifcTBHA AAPA A30TA C (-YAC-
THIAMY ¢ O0pA3OBAHHEM ANED KHCJIOPOAA M BOAO-
po/ia 3aHCLIBAIOT TAK:

14 T 1
N + ;He - ;0 + H,

1
rae cuMBoiaom H obossayen nporoH, T.e. AApO

aToMa BOJOpOAA, € Maccod, HpHOIHBHTEIBHO
paBHO# 1 a. e. M. (Tounee, 1,0072765 a. e. M.),
H TOMOMHUTENLHBIM 3apafoM, PABHBIM 3JeMeH-
TapHOMY (T. €. MOAYIIO 3apafa sjaexrpona). lus
0003HaYEHNs NPOTOHA MCHOJLAYIOT TAKME CHUM-
BOJI lp

B naneHeiimeM ObIJI0 HCCTeN0BAHO B3aNMOAeiH-
CTBHE O-YACTHL ¢ AAPaMI ATOMOB JIDVIHUX 3JeMeH-
ToB: bopa (B), sarpus (Na), amomuansa (Al), mar-
aua (Mg) m MHOrHX Apyrux. B peaymbrare Brl-
ACHHMIIOCh, YTO M3 BCEX ATHX AJEP G-YACTHIBI
BRIOMBAJIH MPOTOHBI. 3TO JABANO OCHOBAHHSA IIO-
JIAraTh, ¥mMo npomoxs. 6xodam 6 cocmae sdep
aAmoMos 8Cex XUMULECKIUX 3IEMEHIMOE.

OTxpeiTHE NPOTOHA He AABAJO IIOJHOTO OTBETA
HAa BONPOC O TOM, U3 KAKHX YACTHIL COCTOAT AApa
aromoB. Ecnu cunrars, 4To ATOMHBIE S1pa COCTO-
ST TOJBKO U3 IIPOTOHOB, TO BOZHWUKAET NMPOTHBO-
pevue.

Ilokaxxenm HA mpuMepe Ajapa atoma Gepuiins

g o
(4Be), B uém zaxa0OUaeTes 9TO IPOTHBOPEYHE.

9
Homryerum, uTo sigpo ,Be cocToMT TONBKO U3

nporoHoB. IToCKONBKY 3apsAil KayKaoro npoToHA
PaBeH OJIHOMY 3JeMeHTAPDHOMY 3apaay, TO YHCI0
NPOTOHOR B AfIpe NOMKHO OBITE PABHO 3aPAL0OBOMY
HHCITY, B IHHHOM CJIy4Yae YeThipém,

Ho econ 611 Aapo 6eprianna AeficTBHTEILHO CO-
CTOSAJIO TONBKO H3 YETHIPEX NPOTOHOB, TO €r0 MAC-
ca buura 661 mpHGIU3ATEIBLHO paBHa 4 a. e. M. (Tak
HAK Macca KasJOro IPOTOHA NPHOIHIHTENBHO
paBHa 1 a. e. M.).
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MUKEMMC YEABUK

OIHAKO 3TO OPOTHEOPEYHT ONLITHRIM JaHHEIM,
COTJVIACHO KOTODPEIM Macca Anpa aroma OepHInns
HPHEJIHSHTEJH:HD paBHAa g d. 2. M.

Taxum 0OpasomM, CTAHOBUTCA fACHO, UTO B sAapa
ATOMOB MOMHMO IPOTOHOB BXOAAT Ié KAKHe-TO
YACTHILEL.

B cBasm ¢ atum B 1920 r. Pesepdopaom Gurno
BLICKAZAHO TIPEJANOJONEHHE O CVIIECTBOBAHUN
AMEKTPHYECKH HEeHTpaJbHOI 4YacTHIIBI ¢ MACCOI,
nprbAH3IHTeNLHO PABHOH Macce IPOTOHA.

B mauane 30-x rr. XX B. DTN 0OHAPYKEHE He-
M3BeCTHLIE pAHEee JYYH, KOTOphble HA-
3Banu (epuiLUCEbLM UILYHCHUEM, TAK

(1881—18974) KaK OHHM BOZHHUKAIH npH bombapgupos-
Aarauiickri dHaHE-sRCIepUIMeH- HKe (-4acTHIAMH ﬁEpHJl.TIHﬂ.
Tarop. Pabors: B obaacTH pagno- B 1932 r. asraumiickmil y4eHBIN

EXTHEHOCTH M AfepHOH QHauKA.

OTKpBIN BeHTPOR

dacetime Hedeur (yuenux Pesepdop-
Aa) ¢ HOMOIIbLIO ONLITOB, MPOBENEHHLIX
B KamMepe Bunwcona, goxasan, 4To De-
PHAIHEROe HANYYEHHE MpejcTaBiader colol nmo-
TOK 3JIeKTPHYECKH HeHTPAJbHBIX YACTHIl, Macca
KOTOPBIX NpuOAM3HTE]EHO DABHA MAcce NPOTOHA.
OrcyreTBHe y HecAeAVeMBIX YACTHI[ aJIeKTpHYE-
CKOro sapsiia cliejoBajio, B YaCTHOCTH, M3 TOro,
YyTo OHM HE OTHJIOHAINCE HA B JIEKTPUYECKOM,
HH B MATHHATHOM TIOJNe. A MAaCCY HaCTHI, YJAJN0Ch
OIEHNUTE MO WX BI3aHMOAefCTBHIO ¢ APYIHMMH dac-
THIAMH.

OTH wacTHIbl OBIIM HASBAHBLI HEUMPOHAMU.

™ 1
Heiirpor npumsaTro o603HAYATE CHMBOJOM ,N.

TouHnsle H3MepeHNA NOKAIATH, UTO MACCA HENTPO-
ma pasua 1,0086649 a. e. M., T.e. 4yTh OoJblue
Macchl TpoToHa. Bo MHOMHX ciiy4adx Maccy HeHT-
poHa (K&K W MAcCY NPOTOHA) CHHTAIOT PABHOH
1 a. e. M. IToaToMy BBepXy nepeJ CHMBOJIOM HeHT-
poHa crasaT eguHuny. Hynbs BHuay osHAaYaeT OT-
CYTCTEHE DeKTPHUHeCKOro 3apaia.

PN L Kakoit sainoj fbl0 ofesad Ha OcHOBAHMH (oTOrpaduK TPEKOB HACTHIL B
wamepe Buascona (cm. pue. 161)? 2. Kak #HaYe HA3LIBAETCA H KAKHM
CHMBOJIOM 0Bo3HAYAETEA A7po aroma Bofopoga? KakoBw ero macca i 3a-




paa? 3. Kakoe npeanono:xenne (OTHOCHTENLHO COCTABA A1ED) IO3BOJIANK
COENATE PeIVILTATH OOBITOBE MO B3EMMOAeHCTBHIO O-MACTHII ¢ SIPAMH
ATOMOB PasiIHMYHLIX sneMenToe? 4. K rakoMy TPOTHROPEYHIO TPHBOIHT
npeanoioeEHe O TOM, UT0 AAPA ATOMOE COCTOAT TOJBKO H3 NPOTOHOBT
TloscanTe 3TO Ha npuMepe. 5. Kak 8e110 oKAasaH0 OTCYTCTBRE V HEHTPO-
HOB anexTpH4ecKoro zapaaa’ Kak Duiia onesena nx macca? 6. Kak ofo-
apaATaAeTCS HelITPOH, KAKOBA €r'o MACCA 10 CPABHEH D ¢ MACCOH npoToHa?

.
]m

PaccMorpuTe sanmuch SlepHOR PeakiHy BI3aUMoAelcTBMA HAED AJOTA H
refds, B PeaynbTaTe wWerg o0pasvITCA AApa KHCI0pOJa B BOOOPOIA.
CpaBnuTe CYMMAPHEIA 3aps/ BIAMMOACHCTRYIOMIMX A0ep € CYMMADHLIM
aapajgomM Anep, 00pasoBaHHLIX B Pe3y/IbTATe 23Toro ssammoneitorsna. Cue-
JiafiTe BRIBOX O TOM, BRITIONHALTCA JIH 3aKOH COXPEHEHHA DJNeKTDHYECKO-
ro 3apAjn B JAHHOH PeaKIlnH.

]  cocras aTomHOro siaPA. SAEPHBIE CHAbI

OTxpelTie HeHTPOHA JaN0 TOMYOK K TOHAMA-
HHIO TOr0, KaK YCTPOEHE! Apa aTOMOB.

B rom ke 1932 r., xorga 6B OTKPEIT HEHTPOH,
coBeTCKHil du3nK JAmumpud Jmumpuesuw
Heanenxo n nemenkunii pusux Beprep Ietizen-
6epz NpPenNOKUIA RPOMOHHO-HEUMPOHKYIO
Mmodens cmpoenua adep, CIPABEAIHBOCTL KO-
TOPOI OElNa BIOCAEACTBHA NOLTBEDIK/IEHA JKCIIe-
PHMEHTALHO.

IIpoToHs! 1 HeMTPOHE! HASLIBAIOTCH HYKAOHA-
Mmu (or nar. nucleus — sazxpo). Hemonwsya ator
TePMHH, MOMHO CKA3ATEH, 4YTO ATOMHLIE HpA
COCTOAT U3 HYKJIOHOB.

Ofmee yncao0 BYRIOHOB B SIpe HASHIBAETCH MACCOBEIM YHCIOM H 0003HATA-
erca GyxBoit A,

14
Tax, nanpumep, ans asora N MaccoBoe yHC-
F'E -
10 A =14, nnsa skenesa ,gFe A =56, aaa ypana

23
SU A =235,
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IloraTro, uTO Maccosoe Uuca0 A YUCAEHHO
pasHo macce R0pa m, BbLPANEHHOL 8 AMOMHbBLY
eduHuyax maececvl U oxpyzaénnol 0o yeawvtx wu-
cesl (IOCKOJBKY MaCCA KAaMAoro HYKJIOHA INpH-
MepHO paBHa 1a.e.mM.). Hanpumep, ana asora
m=14a.e. M., InAxeneaam=56a.e. M. U T. O.

Yneao NpOTOHOE B AADe HASLIBABTCH 3APAAOBEIM YHeaoM M oboaHadaeTcH

Gyxsoii Z.
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14
Hanpumep, ana asora N sapsgoBoe umMCIO

Z=1T, nnsa xenesa ggFe Z = 26, nna ypaHa “ﬁgu
Z=92nurT. 1.

3apsa/ KarkIoro NPOTOHA PABEH BJIEMEHTADHO-
My aexTpuyeckomy sapany. [losTromy zapadosoe
YUeao Z YucAenHHo pasHo 3apady Adpa, 6bipaicen-
HOMY 6 SAEMEHMAPHBLY INEKMPULECKUX FapA-
dax. lna kaxdozo xumuyeckozo snemMeHma 3apa-
dosoe wucao pagro amomuomy (nopadxosomy)
nomepy 6 mabauye []. H. Mendeneeea.

fAnpo a0boro XMMHYECKOT0 3/1eMeHTA B ofeM

snje ofoaHAUAETCH TAK! ';}( (mox X moppasymena-

eTCA CHMBOJI XHMHYEeCKOro a/ieMeHTa).

Yneao HeliTpoHOB B Agpe oburuno ofosnavaoT
6ykeoit N. ITockorsKy MaccoBOe YMcino A mpen-
craBafeT coboil ofiiiee HUCI0 MPOTOHOB M HEHTPO-
HOB B fiIpe, TO MOXHO 3anucatb: A =Z + N,

Ha ocHOBe NIpPOTOHHO-HEHTPOHHOH MOZenH
CTPOEHMSH ATOMHEIX fifep Obin0 gano obbACHeHHE
HEKOTODBIM SKCNEPHMEHTAJBLHEIM (akTam, OT-
KDBLITHIM B [IepPBbIE ABa necATnneTna XX B,

Tax, B xole M3VUEHHS CBOHCTB pajHOaKTHB-
HEIX 2JIEMEHTOB OEL7I0 o6HADYHEeHO, UTO ¥ OJHOTO
M TOTO Ke XHMHYECKOro 3JIEMEHTa BCTDEYaloTCH
ATOMBI C PASJANYHBIMH II0 MACCE AAPAMH.

OauEaKOBEIN 3apaAj AZEp CBHAETEILCTBYET O
TOM, YTO OHM HMMEIOT OJHE U TOT e NOPAIKOBLIK
HoMmep B tabmume I[. U. Mergeneesa, T. €. 3aHH-
MaioT B TabIMIle OLHY H TY ’Keé KJeTKY, O4HO I TO



ke mecto. OTcioa ¥ NPOMSOIIJI0 HA3BAHHE BCEX
PA3IHOBHAHOCTEIl OJHOTO XUMUYECKOT0 aleMeHTA:
uszomonst (0oT rped. cnoB iS008 — OAWHAKOBBIH
H topos — mMecT0).

Haoronsl — aT0 PAa3HOBHAHOCTH NaHHOT0 XHMHYECKOT0 AJTeMeHTA, PARIH-
YAHIMeCcH 10 MaCCe ATOMHEBIX Alep.

Baarogapa cosgaHWi0 MPOTOHHO-HelTpoHHON
MoOjead Aapa (T. e. IpUMepHO 4Yepes ABa JecHTH-
JIETHH MOCJTe OTKDBITHA M30TONOB), YAATOCE 065-
ACHUTH, IIOYeMY ATOMHEIE AApPa ¢ OJHAM U TeM e
sapagoM obIafaT pasHeIMU MaccaMmu. QueBma-
HO, f/IDA M3OTOMNOB CONEDIKAT OXMHAKOBOE YHCJIO
IIPOTOHOB, HO PAZJIUYHOE YUCIO HeHTPOHOB.

Tak, HanpuMep, CYIIECTBYeT TPH HM30TONA BO-

aopona: :H (mpoThit), fH (neiirepnii) n ?H (Tpu-

|
tait). HAzpo maoroma ;H Boobme He wumeer
HEeHITPOHOB — OHO IpeAcTABIAET coboit 0IMH mpo-

ToH. B cocraB agpa peirepus {fH} BXOOAT aBe

YACTHILI: IPOTOH M HeWTpoH. Hapo TpuTns ?H

COCTOMT M3 TPEX WACTHI: OLHOrO HPOTOHA H ABYX
HeHTPOHOB.

I'mnoresa o ToM, YTO ATOMHBIE HAPA COCTOAT 13
NPOMOHOE U HeilmpoHos, MOLTBEPHKLANACE MHO-
HMH SKCIIePUMEHTANBHEIMY (haKTAMH.

Ho BosHHMKAN BONpOC: MoYeMy sApa He pacna-
LAlOTCHA HA OTJelbHble HYKJIOHBI IOJA JeHCTBHEM
CHJI 3JIEKTPOCTATHYECKOIO OTTAJIKHBAHNA MeXIy
IOJOKHUTENBHO 38 PAKEHHEIMHE IPOTOHAMMI Y

PacueéTsl NOKA3LIBAKIOT, YTO HYKJIOHEI HE MOTYT
VAEDAHBATECA BMECTe 34 CUET CHJI NPUTHXEeHNS
rPaBUTAOMOHHON MM MATHHTHOH NPHPOABI, IO-
CKOJIEKY 9TH CHJIBl CYLIECTBEHHO MEHBIIE aJeK-
TPOCTATHYECKHX,

B nouckax orBeTa Ha Boupoc o0 veroliunsocTn
ATOMHEIX AZeP YYEHBIE NPeIOa0HMIIN, YTO MENC-
dy ecemu HywKJOHaAMU 8 AOPAX AEHCTBYIOT Ka-
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KHEe-TO 0C00bl€ CHIIbI IPUTHMKEHNH, KOTOPEIe 3HA-
YHTEIbHO OPEBOCXOAAT SJEKTPOCTATHYECKHE CH-
JILI OTTAJIKMBAHKS MEMIV OPOTOHAMH, JTH CHJIEL
HA3BANH RdepHbLMU.

Tunoresa 0 CYyUiECTBOBAHKY AJEPHEIX CHJ OKa-
ganach NPABMJILHON. BRIsIcHHMIOCHL TaKMe, YTOo
AJIepHBIE CHJIBI ABAAIOTCH KOPOTKOAeHcTByONm-
Mu: Ha paccroanuu 107°M oHm nDpuMepHO B
100 paz Hoabmme cHI AMEKTPOCTATHUECKOTO B3a-
MMOIeiicTBHA, HO vie Ha paceroaann 10714 M onn
OKa3bIBAIOTCA HUYTOMKHO MAIRIMH. [[pyruMH cao-
BAMM, S/epHBIE CHILI JeiffCTBYIOT HA PACCTOAHM-
AX, CDABHUMBIX ¢ PASMEPAME CAMHX HIED.

ﬂﬂanpncu 1. Kax HaseBap0TCH OPOTOHEI W HeirTponsl amecre? 2. Yro Hasmpaercs

MaccoBeIM uncaoM? YTo MOMKHO CKAIATE O YHCJIOBOM 3HAYEHMH MACCHI
aroma (Ba. e. M.) ¥ ero MaccoBoM uHeae? 3. Yo MOMKHO CKAZATE O 3APALO-
BOM YHCJE, 3apALe SApa (BEIDAMKEHHOM B MIeMeHTAPHBIX JMeKTPHYSCEHX
aapanax) u nopAakosoM HoMepe B Tabaune JI. H. Mergeneesa aaa mobo-
ro xaMEveckoro aremeaTa? 4. Kok ceasansl mexxay cololl MaccoBoe 4me-
N0, 3apANCBEOE YHCAO B 49McIo HedTponos B aape? 5.Kax B paMuax
nporoREc-HeliTpoRHol Momenu HApA OGBACHWTE CYLIECTBOBAHHE AJED C
OMHEAKOBLIMH 3apAIAMHE ¥ pasnarmuHaME Maccamu? 8. Kawoli sonpoc soa-
HHEAJ B CBAIN € THOOTEI0H 0 TOM, YTO AADA ATOMOE COCTOAT U3 MDOTOEOB
1 Heiirporos? Kawoe npeiloromente OpHIIOCh CASNATH YIEHBIM A04
oTBeTa Ha 3ToT Bompoc? 7. Kak HASHIBAIOTCA CHJB NPHTAMEHWH MeXny
HYKJOHAMH B AJDEe 1 KAKOBSI HX XapaKTepHbie ocofieHHoeTHT

YNPAKMHEHME 48
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1. CHOABKO HYKJIOHOB B fApe aToMa DepH/LIHA EBE? CKOIBKO B HEM LIDOTO-

HOB; HeHTpoHOBY

a0
s atoma wamna | K onpemenwTe: a) sapagosoe uneno; 6) 4ueio nporo-

HOB; B) NOpANKOBLI HoMep B rabaune . . Merzeneesa; r) 9HCA0 HYK-
NOHOB; 1) YHCA0 HelftTpoOHOB.

Onpegennte o nosmomsio radmmusr J[. U, Mesgeneesa, ATOM KAKODO
XAMHYECKOr0 aJIEMEHTa HMeeT: a) 3 oporosa B saape; §) 9 saexTporos,
4

Ipn a-pacnmane McXoQHOS AAPO, MATYUaA a-dacTRny ,He, npespantaercs
B AP0 ATOMA IPYTOT0 XAMETECKOro 3/1eMeHTa,
Hanpumep,

g2 202 4

agRa -+ ggBn + gHe,



§ 57

Ha cronBKO KASTOK B B KAKYIO CTOPOHY (K HAMATY MIM K KOHILY Tabmnis:
II. M. Mengeneesa) cMemén o6pA3OBARIMIMHCH aJ6MEHT N0 OTHOLISHHIO
K HCXOOHOMYT

[lepenumpTe B TETPaAE JAHHOE HIDKe APASUI0 cMeueHUA Gan a-pacna-
aﬂ. FJANOJHAE TPOIIYyCKH:

npe G-pacnafe OJHOTO NHMHHecKOro siemeHTa obpasyerca ApYrol
amemenT, Korophlid pacnonosxen B tabarne J1. M. Memneneesa ma ...
KIeTEH GJIHMXe K e€ ..., 9eM HCXOAHRI.

IIpn [(-pacoage MCXOAHOrO AAPA OIMH W3 BXOJAIIHX B 3TO AOPO

0 0-
HeliTPOHOB TIPEBPAINABTCH B MPOTOH, 9JEKTPOH € H AHTHHEHTDHHO vV

(wacTHily, JTErKo TpOXOoAAnIVId CKBO3E BEMHON IMAD W, BOIMOMHO, HE
HMEWIIV) MAcchl). DIEKTPOH M AHTHHeHTDHHO BBUIETAWT M3 ajapa,
A MPOTOH OCTAGTCA B HAPE, VBENMHWYHBAHR Ero Japfai HA eIHHUIY.
Hampumep,

111 40 a 0.
l“K b QGB. -+ -l! i o -
[II‘.‘I:IEI'.IH].LIM'I'E JAAHHOEe HHMe Apasuto CMEelW@HuR o ﬂ-pacrmﬂn,

JANOJHHE IPOOYVCKH:

npu f-pacoage oJHOTO XHMHYSCKOTO odemeHTa obpasyerea apyroi
BIEMEHT, KOTOpRIM pacnonosen B Tafnume J. W. Menjgeneena ua ...
KITETHY DIHM#E K ... TADIHIE, YeM HOXOAHRIIL.

Kar BBl gyMaeTe, TeffeTRYIOT A0 MeMRIY HYKJIOHAMH B AADE CHILI IPABH-
TANHOHHOTO TNDHATAMEHNA (T.e. CHAR BeeMHpHoro tarorennz)? Otser
oboCcHYHTE,

JHEPIMA CBA3W. AEDEKT MACCHI

Ins roro arodbbl pasdbuTs AAPO HA OTIETLHBIE,
HE B3auMOJeHcTBYIOOIHe Mesay coboH (csoboj-
HEIE) HYKIO0HBI, HeoOX0auMo npouaeectTn paborty
Mo NpeogodeHno AJepHBIX CHJ, T.&. coodmuTh
AApY onpenenénHyo auepruio. Haobopor, opu co-
eAHHEHHH CBODOAHBIX HYKJIOHOB B AP0 BHIAEIH-
ETCH TAKAA yKe Heprud (Mo 3aKOHY COXpaHeHUH
DHEPrun),

MuEHMaNEHAA IJHEPrUdA, HeoDXOOHMAA JIA PACIIRILIeHHS ANpPAa HA OTHeldb-
HBI¢ HYKT0HDBI, HA3LBACTCA 3JHeprued CBAIN Aapa.

Kaknm >xe ofpa3oM MOXKHO ONpeflelIHTh BeJH-
YHHY SHePruH CBA3H Aapa?
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ANbBEPT 3UHIUTEWH

Haubonee npoecroft nyTe HaXO:xJeHHMA aTOM
SHEDPIrMH OCHOBAH HA IPHMEHEHWUM FAKOHA O 834-
UMOCBA3U MACCH U IHepPZul, OTKDPRITOTO HeMel-
KHM Yy4YeHRIM Aasbepmom Junwmedrnom B
1905 r.

Cornacuo aTOMY 3AKOHY MemAY Maccoll m cuc-
TE€Mbl YACTHIL M 9Hepzueil noKos, T. e, BHYTDEeHHel
sHepruel K, sTol cCHCTeMEI, CYINECTBYET NPAMAR

IPONOPIHMOBATBLHAA 38BHCHMOCTE:
E,=mc?,

rAe ¢ — CKOPOCTE CBeTaA B BAKYYVME.

Hemenkuil puank-recperuk, Ecamn sHeprma moxod cucTeMbI Hac-

OOHH N3 coanaTensi cospeMeHHO

thusurn. OTKpLa 3aKoH

THII B pe3yibTaTe Kakux-1ubo npomoec-

B3AMMOCBAIM MACCHL H SHEDIHH, COB U3MEHNTCH HA BeJAWUNHY ﬁE& , TO

COAIAT COeHATEHYI B ofnyin

TEOPDHHN OTHOCHTENRHOCTH

E,=mc?
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3TO mOBJeYET 38 cofoif COOTBETCTBYIO-
Imee M3MEHEeHHe MAcChl 9TOH CHCTEMEI
Ha BEJHYUHY Am, IPUYEM CBA3b MeXKIY
STHMH BeJIMYMHAMH BBIDA3HTCH paBeH-
CTBOM!:

HIIH
AE, = Amc2,

Taxum o6pasoM, NpH CINAHHHE CBOOOIHEIX
HYKJIOHOB B AP0 B PE3YJILTATE BEIJEJEHHA SHED-
rud (KOTopas VHOCHTCA HaJydaeMbIMH TIPH 3TOM
hoTOHAMMN) JOMMHA YVMEHBITUTHCA M MACCA HYK-
JoHOB. [lpyrEMm cjJOoBAMH, MAacca AIpa Beeraa
MEeHbIlIe CyMMbl MACC HYKJ/IOHOB, H3 KOTOPBIX OHO
COCTOMT.

I Ppewecroft Gyusoit A («genstas) npwraTo obosEAqATE
MOMEHEHHE TOH (PHAHYECHOE BENUYHELL, OEPE] CHMBOJIOM
rOTOpo ara GVKBA CTABHTCA.



Am-[.‘Z‘mP+
+Nm,)-M,

HemocraToxk Maccel aapa Am 10 CPaABHEHHIO
€ CYMMAapHOH MACCQiIl COCTABAAIOIHX ero HyKJO-
HOB MOKHO 3aIMCATE TAK!

Am=(Zm,+Nm,)-M,,

roe M, — macca agpa, Z u N — 4HCJIO NPOTOHOB
M HEeATpPOHOB B HA1pe, a m, " m, — MAacchkl CBO-
DOAHBIX MPOTOHA H HEHTPOHA.,

Beqwunsa Am  HassiBaetca degrexmom
macebt. Hammupe pedexra Macchl IOLTBEpPIKaA-
eTCs MHOTOUHCIeHHBIMH OILITAMH,

PaccunTaem, HAOpUMEDP, 2HEPruw ceasu AE,

L 2 i
Axpa aroma geirepua H (rameénoro sogopoaa),

COCTOSILEro H3 OJHOTO IPOTOHA M OJHOTO HEHTpo-
HA, JIpyruMm crIoBAMM, DACCUYHTAEM SHEpPruio,
HeoOXOAMMYIO I8 PACIIENIeHHA fIPa HA TIPOTOH
M HefiTpoH.

Ilna aToro onpegejnM CHa4aJa JedeKT Macchl
Am artoro agpa, B3AR NpROIIMMEHHLIE JHAYEHHS
MACC HYKJ/JOHOB H Macchl AZpa ATOMA ZeiiTepudA H3
coorBereTByomuX Tabmun. CornacEo TabauyasM
JaHHEIM, MACCa IIPOTOHA NPHOJMHM3UTEIBHO paBHA
1,0073 a. e. M., macca Heiirpona — 1,0087 a. e. m.,
macca sAgpa peitrepus — 2,0141a.e.Mm. 3=Ha-
aur, Am = (1,0073 a.e. M. + 1,0087 a.e.m.) —
-2,0141 a. e. m. = 0,0019 a. e. M.

YrobLr sHepruw CBA3SH TMOIYIHUTE B IIHOVIAX,
HeeK T MACCE] HYKHO BRIPA3HTH B KUJIOTPAMMAX.

Yuuresaa, uro 1a.e. M. = 1,6605-10727 kr,
HOJVYHM:

Am=1,6605 +10?7 kr+0,0019 =
=0,0032- 10727 xr.

ITopgerasue aTo aHAYeHHe AederTa MACCHI B
(hopMy STy aHEPTUHN CBA3M, TOJIYHHM:

AE,=0,0082+10*" kr+[3+108 ¥ 2=

=0,0288- 101 "“;—2"‘ ~m=0,0288+ 1011 .
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JHepruw, BRILIAIOIOIVIOCH HAN DOTJIOLIAD-
IIYVKCA B TIPOIECCe JMOKX SAePHLIX peaKIiHi,
MOHO PACCYHTATE, €CJIH M3BECTHLI MACCHI B3AH-
MOREHCTBYIOMMX B 00PasyOIUXCH B Pe3yIbTATe
2TOr0 B3aMMOAEHCTBUA A1ep H YACTHII.

i. Yro HasniBaeTcA aHeprueil caxan napa? 2. 3annmute GopMyIIY JANH OI-
pefensHua AederTa Maccesl gwboro sapa. 3. 3amumuTe QOPMYIY AIR
pac4éTa SHeprUi CEAIH Aapa.

Puc. 162. TTponece
JelneHNAA AApa YPaKa
nojL Bo3geficTReM
NOMARIIENO B HETO
nefitpoHa
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Henenue sgep ypaHa npu SomMBapampoBKe MY
HedTpoHaMy 061710 OTKPEITO B 1939 r. HeMelgKuME
vaéHeiMH Ommo Fanom n @puyem Himpace-
MAHOM.

PBBBMDTPHM MexaHuaMm aToro Arnenuda. Ha PH-
cvHEe 162, a yvemosHO M3obparkeHo SIpo aTOMA

235 I s .
ypaHa ooU. IlornoTus JMIOHHE HEHTPOH, AApPO

poa3bysknaerca ® Aedopmupyercsa, npurobperasn
BeRITAHYTYIO dhopMmy (pue. 162, 0).

Bri y:xe 3Haere, 4TO B £Ape NeHCTBYeT JBa BU-
Ja CHI: JAEKMPOCMAMULECKUE CUAbL OmMmaJ-
KUBAHUSA MEN DY NPOMOHAML, CTPEMAIHECH pa-
30pPBATE SANPO, U AJEpHbLIE CLLIbL NPUMANECHUA
Mexncdy Bcemu HYyxaoHamu, Oirarosapsa KOTO-
PBIM AApo He pacnagaerca. Ho axepHble cAABI —
KOPOTKOZEHCTBYVIOIIHE, OOSTOMY B BBITHHYTOM
fAApe OHHM yHe He MOryT VAepKATh CHILHO yIa-
JéHHEIE ApPYr or apyra uactu Aapa. Ilox geiicr-
BHEM 3JEKTPOCTATHYECKHX CHJ OTTAJKHBAHHA
AAPO paspeiBaeTcs HA ABe dacTH (puc. 162, 8), ko-
TOpEIE PA3NETAIOTCHA E PA3HEIE CTOPOHEI C OUDOM-
HOM CHOPOCTHLIO ¥ M3NYYAloT Ipy atom 2—3 Heir-
POHA.

Ilonyuaeres, uTo YaCTh BHYTPEHHEH DHEPTHH
SApa MePEeXONNUT B KMHEeTUYECKYIO 3HEPruio pas-
JeTRIIHXCH OCKONKOB B yacTHl. Ocxonkn 6uieT-



PO TOPMO3ATCH B OKpY:;HAlOIell cpeje, B pesyib-
TATE YET0 WX KHHETHYECKAA 3Heprus npeobpa-
aveTcA BO BHYTPEHHKK AHEDIrHIO cpennl (T.e.
B 9HEPIHIO B3aMMOALHCTEHA ¥ TEILIOBOTO JBAMKE-
HHUHA COCTABIAIINAX 88 YaCTHIL),

Ilpu ogHOBpEMEHHOM JeleHHH GOJBIIOTO KO-
JHYeCTBA Hlep VPaHA BHYTPEHHAN 3HEDPIHdE OKPY-
JKANILIEH YPaH CPeikl M COOTBETCTBEHHO €€ TEMIIe-
parypa saMeTrHO Bo3dpacTtawT (T.e. cpeiaa Harpe-
BaeTcHd).

Tarum obpasom, peakyus dereHus

(1879—-1968)

Hemenruit dusns,
VIEHEH-HOBATOR
8 o0IACTH PAANOX TMAN.

2uu 8 oOKpyXcanuwyio cpedy.

DHeprus, 3aKNIOYEHHAA B ALPAX &TO-
MOB, KOIoccambHa. Hanpumep, npm
NOJTHOM J8MeHHM BceX AJep, HMe X~

OTKPLUL pacinenienne Ypasa, ca B 1 r ypaHa, BEIIeNUN0CE GBI CTONBKO

PREA PATHOAKTHREHBIX HWIEMEHTOB

e IHePTHH, CKOJBKO BRIIGIAETCH DK
cropaEny 2,5 T HedhTH.

Haa npeobpasoBasus BEyTpeHHelt aHeprun
ATOMHBIX AIEP B SJIeKTPHYECKYIO HA ATOMHBIX
IEKTPOCTAHIIMAX HCIOMBAVIOT TAK HA3KIBAGMEIE
yenmnbie peaxyuu derenun adep.

PaccmoTpuM MEXaHM3M TPOTEKAHUA MenHoi

pPEaKOHH JeJieHHA AApA H30TOIAa ypaHa SEEU. Hm-

po aroma ypasa (puc. 163) B peayiwsTaTe 3axBara
HelITPOHA pasJeNHI0Ch Ha JBe YACTH, HAMYIHB
NpH 3TOM TPH HelTpoHA. [IBa M3 3THX HedTPOHOR
BEI3BAJIM PeaKIUI0 AeseHHd ellé OBYX sajep, npu
aroM ofpasoBalioch yiKe 4eTblpe HeHTpoHA, JTH,
B CBOW oOUepelb, BLIZBANH JefeHHEe UeThipEx
Alep, Mocjde Yero obpas’oBANIOChH AeBATH HEeHTpPO-
HOB ¥ T. 1.

[lemnaa peaxius BosMOMHA Diaro-

WENL BITTAGOMAH 1aps TOMY, YTO NPH ZeNeHNH KaXXIOro

(1902—1980)

anpa obpasvercs 2—3 HeliTpoHEA, KOTO-

Hemeuxuil duank 1 xumpk. Paborn  PBIE MOI'YT OPDHHATE YUACTHE B JeIeHHN

oraocaTon X aepaok xmunk, axey-  ApyTHX sep.
HOKASATEABCTEO MPOLEECY ALICHNUA Ha pucyake 163 noxasana cxema

HeTHON PeakliMM, IPH KOTopoi obmee
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ypeno cRoBOIHBIX HEHTPOHOB B KY-
CKe VDaHAa JasuH000pASHO YBesH-

oo
¢ 0
i)

Pue. 163. llenaaa

peaKInA JejeH s
285
snep ypaua “golJ
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JEeJIeHHH #jep B SHeprus, BbLie-

JAIIIAACA B eJUHKIY BPEMEHH,

é\‘ ITosromy Taxas peaxknus HOCHT

’/ % B3pBIBHOIH xapaxTep (oHa mpore-

Y KAaeT B ATOMHEOH bombe).

BoamoskeH JApyrod BapHaHT,

npH KOTOPOM YHCJI0 CBODOZHEIX HEHTPOHOB

VMEeHBIIaeTCH CO BpeMeHeM. B sToM caydae men-

HadA peakuusa npexpaumaerca. CregosaTensHO, Ta-

KYH0 PEaKLHIO TOMEe HeJL3A HCHOJL30BATE ANA
[IPOMEBOACTEA 3JIE€KTPOdHEDTHH.

B MHpHBIX LeJasiX BO3MOMKHO HCHOJB3IOBATH
SHEPTHIO TOJNLKO TAKOH IEenHol peaknui, B KOTO-
poil uncsno HeHTPOHOB HE MEHAETCH € TeuYeHHeM
EpeMeHM.

Kak e ao6uThca TOro, 4robbl 4HCIO HERT-
POHOB BCEé BpeM# OcTaBaiock nocToaHEBIM? [lna
pelreHus 9Toil mpobieMbl HYH#(HO 3HATh, KaKmne
(haKkTOpEl BJAHAIOT HA YBENHYEHHE H HA YMeHbIle-
HHe oDigero yica ceoboJHEIX HEHTPDOHOB B KyCKe
ypaHa, B KOTOPOM NPOTEKAET LeNHad PeaKIHA.

Oaaum 13 TakHuX (PAKTOPOB ABJIHETCA MACCA
ypara. [leso B TOM, 4TO He KamAblil HeTPOH, U3~
NYVUEHHBIN [IPH JeJleHHHA A4pa, BEISLIBAGT NeaeHNe
npvrux ajgep (cM. puc. 163). Ecan macca (7 coot-
BETCTEEHHO PA3ZMEPBI) KYCKA YpaHA CITHITKOM Ma-
Jia, TO MHOIrHe HeHTPOHE! BRLIETHAT 33 ero mpeae-
JILI, HE YCIeB BCTPETHTh Ha CBOEM OYVTH HIADO,
BHIGBATE €r0 JieleHHe M NMopPoAuTh TaKHuM 00pasom
HOBOE TOKOJeHWe HeHTPOHOB, HeOOXOAUMEIX A
TPOAOJKeHNA peakuuu. B sToM cayuae nenHas
peaknmMs npexkparurcA. Urolsl peaklHsa He IIpe-
Kpaljajack, HyKHO YBeJAMYHTE MACCY YpaHa Jo
onpeeieHHOr0 3HAYEHNA, HASEIBAEMOIO KPpUMmM-
weCKUM.

IogeMy TpH yBEJIHYEHHH MACCHL LEIHAA PEaAK-
OIuA cTAHOBUTCH BosMmos;cHOH? Yem Bonbmme macca

yneaercA co BpemeHeM. CoorTser-
CTBEHHO DPE3KO BOSPACTAET HHCJO
e el



KYCKa, TeM DoJIbILUE ero pasMepsl H TeM JJIHHHEE
Oy¥TL, KOTOPELH NPOXOoAAT B HEM HeliTpoHsl. IIpn
9TOM BEPOATHOCTE BCTPEYM HEHTPOHOB ¢ AADAMH
Boapacraer. COOTBETCTBEHHO YBEJMYHBACTCHA YHC-
JIO JeJeHHH fZep W YHCJI0 H3JIYyYAEeMEIX HelTpo-
HOB.

ITpm kxpurHueckoil Macce ypana 4HCI0 HEHTpPO-
HOB, MOABHBIITHXCH IID'H AeNeHHH Allep, CTAHOBIMT-
Cf paBHEIM YHCJY NOTEPHHHLIX HeATpoHOR (T. .
3axXBaYeHHRIX Axpamu Oe3 Je/leHHA H BBLIETEB-
IIHX 34 Mpefessl KYCKA).

[Tosromy ux obmee uueno ocradres HeMIMeH-
HbIM. IIpH 2TOM IlemHAS peaKIMd MOMKET MIATH
AINTelbHOE BpDEM#A, HE IPEKpalasack U He Npuob-
peTas B3PEIBHOIO XApaKTepa.

Haumensman macea ypaHna, IpH KOTOPON BOSMOMHO NPOTeKAHHEe MemHOH
peaklHH, HA3LIBAGTCH KPHTHYSCKOH MACCOH.

Ecan macca ypaHa Goasile KpETHYECKO, TO B
peayabTaTe pPeskoro yBeJIM4YeHHs 4yHcaa csoboj-
HBIX HelTPOHOB HENMHAA PeaKOHS NPHBOAUT K
B3DPBIBY, & €CJIM MEHBIe KPUTHYECKOH, TO peax-
OHA He NPOTeKaeT H3-3a HeJOCTaTKa CBODOIHBIX
HelTPOHOB.

VYMeHEIIHTEL NOTePK HelTPOHOB (KOTOpLIE BEI-
JIETAIOT M3 ypaHA, He NMpPOpPearvpoBaB ¢ HAADAME)
MOMHO HEe TOJNLKO 38 CUYET YBENHIEHHA MACCLI
VPaHa, HO U € IOMOILIBIO CHEIHAILHON 0Mpaicaio-
el ofoaouxy. 18 aTOre KYCOK ypaHa [IOMeIla-
10T B 0DOJIOUKY, CAENAHHY U3 BEIIECTBA, XOPOIIO
OTPAKAOLIEr0 HEMTPOoHL! (HANpUMED, H3 GepHn-
ana). Orpasanck oT aToil oDOIOYKH, HEHTPOHBL
BO3BPAIAOTCA B YPAH M MOTYT IPHHATL VIaACTHE
B AeJIeHUH Ajep.

CymecTByer emé HeCKOJBbKO ()AKTOPOB, OT KO-
TOPBIX BABHCHT BO3MOKHOCTE TPOTEKAHHA MLell-
HOl peaxnuu. Hanpumep, ecnim Kycox ypaHa co-
AEPHHUT CANIIKOM MHOTO NpuUMecell IpYyrHx XUMH-
YeCKHX 2J€MEeHTOB, TO OHH MOrJIOLIAIT GOMBLIIVIO
9ACTHh HEHTPOHOB M PEAKITHA TPEKPAIIAeTCH.
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Hasnumne B ypaHe TaKk Ha3LIBAEMOIo Jamed-
aumena HEUMpoOHOE TaKXKe BIUAET HA XOJ pe-
aknuu. [emo B Tom, uyro Aapa ypana-235 c na-
HOOTBINEH BePOATHOCTRIO NENATCA IO 1eHCTEHEM
MeAJeHHBIX HeliTpOHOB., A IpHu AejJeHUH Ajep 00-
pasyioresi GeicTphie HelTpoHEI. Ecam OsicTphie
HeHTPOHEI 3aMENIUTh, TO BonemIAf MX HACTh
3aXBATHTCA AAPAMH ypaHa-235 ¢ nocjaeayoluM
NeleHUeM 3THX Afep. B xauecrTee zaMeJIMTeNIel
HCNOJBL3YIOTCS TAKHe BemecTBa, Kak zpagum,
goda, maxcéians éoda (B cocTaB KOTOPOil BXOJLHAT
JedTepui — HM30TON BOJAOPOAA C MACCOBBIM HHC-
oM 2), 1 HEKOTOpBIe APYrHe. DTH BEIIeCTBA TONE-
KO 3AMEANSI0T HeHTPOHLI, IMOYTH HEe IOrJIomas
HX.

Takum oOpazoM, BOZMOMHOCTL NPOTEKAHHA
NEemHOW DeaKiuM OTmpelendeTca Maccol YpaHa,
KOJUYecmaom npumeceit 8 Hém, Haauwuem odo-
AOYKU W Jamediumeniai W HEKOTOPbIMH APDYIHMH
(AKTOPAMH,

Kpurnuecras wmacca mapoobpasEoOro Kycxa
ypaaa-235 npubamaurensro papHa 50 kr. Ilpm
aTOM ero pajguyc cocraBisier Beero 9 cM, IOCKOIE"
KV VpaH MMeeT OUeHE DOJBIIYIO IIJIOTHOCTE.

IlpuMesss saMefIuTeNls ¥ OTpaKaUlyio o6o-
JOYKY M YMeHBIIad KOJHYecTBO IpHMeceH, yaa-
£ICA CHH3HTh KPHTHYECKVIO MAaccy ypaHa o0
0,8 xr.

B'Uﬂ!]l](}'lﬂ 1. Huﬁemy neneHne AApA MOMET HAMATHCH TOMBKO TOTLE, KOTAa OHO 4e-
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(HhOpMHpYeTCA IO AeiicTEMEM NOrIOWERHOr0 iy Heitrpora? 2. YTo obpa-
3yercs B pezyasrarte geneHpd fapa? 3.B KAKYIO SHEprHi NepexoiHT
YacTh BHYTPEHHEH SHEPTHH AApa TPY ero JeJeHHH; KNHEeTHYeCKasd sHep-
I'HST OCKOJIOB SIPA VPAHA TPH HX TODMOMKEHHH B OKpYalmeil cpege?
4. Kay upéT peakmus Je/eHMH SAep YpaHa — C Bhae/eHHeM JHEPTHT B
OKPYHAIOIIVIO cpeay Bam, HaoBopor, ¢ mormomenmesm sHepren? 5. Pac-
CKaMMUTE 0 MEXAHH3ME NPOTEKAHHA HEeNHOH PeaKINH, HCIOILIVH PHCY-
ok 163. B. Yro wasweaerca KpHTHUeckoil Maccoll ypara? 7. Boanmomao
5 OpOTERARMe HenHol peaKnuH, eI MACCA yPaHA MeHbioe KpHTHYe-
exoit; Gonsme kpurHueckoit? Iovemy?



AAEPHbIA PEAKTOP. NPEOEPA30BAHUE
BHYTPEHHEHW SHEPIMMM ATOMHbIX SEP
B 3NEKTPUYECKYIO 3HEPIUIO

HAodepuwil peaxmop — 5T0 yCTPOHRCTBO, IIpeJ-
HasdHAYeHHOe [ OCVIIECTBACHHA YIPABIAEMOM
AAepHOE PEAKITIH.

Ymupasnenue agepHOll peaxmuell saKI0YaeTcsH
B PEryJMpOBAaHHH CHOPOCTH Pa3MHOMKEHHS CBO-
00AHBIX HEWTPOHOB B VpaHe, YToOLl UX YHCI0 OC-
TABAJOCh HeM3MeHHBIM. [Ipw aToM menHas peak-
ous Dyder NpPOJOJIMATHCA CTONBKO BpPEeMeHH,
CKOJIBKO 3TO HeoDX0AMMO, He IDEeKPAIAAChE W He
npuobpeTas BSPEIBHOID XapaKTepa.

Paccmorpum yerpoiicTBO H NPHUHIAT JeficTBHSA
peaxTopa, B KOTOPOM B KAYECTBE JeIALIErOCH Be-
HIECTBa (€0 HASLIBAIOT TAKIKE AOEPHLIM MONAL-
B80M WIH 20PHOYUM) HCHOOJBL3YETCH B OCHOBHOM
ypan-235. B npupoaroM vpaHe 8TOro H30TOLIA He-
AOCTATOYHO A NPOTEKaHHWS MemHON peaKIHH
(Bcero 0,7% ), mosToMy NpHpoAHBIH vpaH obora-
LIAKT, T. €. YBEJHYUBAIOT NPOLEHTHOE CoJepaKas
HHe B HEM ypaHa-235 (10 5% ).

Peakrop, paboraiomuii Ha sTOM HaoTome ypa-
HH, HEBBIBAETCH PEAKMOPOM HA MedNeHHbLX
nHeumponax. OH HasBaH TakKk NOTOMY, HTO
vpan-235 saubGonee apexTHBHO JenHTed MOJ
fmeiicTEMEM MeAJeHHbIX HeHTpoHOB. [locKonbry
NpH 1eJeHnn aiep ofpasyloTes B OCHOBHOM DbleT-
peie HeHTPOHEI, WX HeobxoauMO 3amMennaTs. Jan
ATOr0 B PeaAKTOpE ¢ TAKHM SAOePHEIM TONJIMBOM
HCIOJIb3VeTCH 3aMeTUTeT: HeiTDOHOR.

Ha pucynxe 164, a wmaobpaxenb: OCHOBHBIE
YACTH PeaKkTOpa Ha MeJJeHHHBIX HeliTpoHax. B ak-
THBHON 30He HAXOAUTCH A0EPHOE MONJIUBO B BUJE
YPAHOBRIX cTep:iHell (0OHM HA PHCYHKe He [OKa-
3aHBl) U Famedaumenb HellMPOHOE — B NAHHOM
cay4Yae Boma.

Macca xa)KIOTO YPAHOBOTO CTePIHH 3HAYM-
TEJIBHO MEHLIIEe KPUTHYECKOil, [I02TOMY B OJHOM
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Puc. 164, Cxema
VOTPOHCTEE AABRDHOTO
PEAKTODA HA MeIJeHHEIX

HeliTponax
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Peryaupyomue
CTEPACHA Orpasarens
/

Axtisman g e | Kongencarop g
3oHa / O J

. TennoobMeRHEEK

TenioHoCHTE DL a)

CTep:HHEe NEeNHAA PeaKkIlif MPOHCXO0ANTE HE MO-
#eT (3To ZenaeTcH cnenuanbHo U3 coobparcennii
besonacHocTn). OHa HAYMHAETCA [OCJIE MOTPYHKe-
HHS B AKTHBHYVIO 30HY BCEX YDAHOBHIX CTepXHEH,
T. . KOI'JA MACCA YPAHA JOCTUTHET KPHTUYLCKOro
3HAYEHNSA.

AKTHBHAS 30HA OKPY:KeH& CJOeM BeIlecTsa,
OTpaMKAIOIEro HelTpoHE (ompaxameas), 0 3a-
wumuol o6onovkoll na GeToHA, 3AePIKHBATONICH
HeHTPOHBI H APYTHE YACTHILLI,

Ilnsa yopasieHus peaknuell CIVHAT pezy.al-
pyroujue cmepyeny, 3POeKTHBHO MOrIOIAOIIHe
HelfTpoHsl. IIpM MX OJHOM NIOrPY:HEHHHM B aK-
THBHYIO 30HY LeTHAS DEAKIIMA HITH HE MOMKeT.
Jna sanycka peakTOPa PeryIHPYIOIIHE CTePIHEH
TOCTENeHHO BRIBOAAT M3 AKTHBHOM 30HBI J0 TeX
nop, NOKa He HAYHETCH IeNHAA Peaklus AeTeHnH
axep ypaHsa.

Obpasviomuecs B Ipolecce sTOH peak My Hew-
TPOHBI M OCKOJKHM fiflep, pasjerafch ¢ 0onbiioit
CKOPOCTBIO, MONARAIOT B BOAY, CTANKHBAIOTCH C
AApPaAMH ATOMOB KHCIOpPOJa W BOAOPOAA, OTHAIOT
MM YACTE CBOEH KHHEeTHYeCKOH sHepruH M 3aMel-
nawTeA. Boaa mpH 8TOM HAarpeBaeTcs, 8 saMen-
JleHHbIe HeHTPOHK! Yepesd KaKOe-TO BpeMsA ONATH



nonagawT B YpaHOBBIE CTEDHHH H YT{HC—TB}TIDT B
JeNeHAn ARED.

AKTHBHAS B30HA pPeakTopa NOCPeACTBOM TPYO
COEAMHACTCHA C MENNOOOMEeHHIKOM, O0pasysa TaK
HA3LIBAEMEIH NEePBLIH 3aMKHYTHIH KoHTYP. Haco-
Chbl o0ecIeYHBAIOT UHUPKYVIALKKD BOIEL B 3TOM KOH-
rype. Ilpn aTom BOZA, Harperasa B aKTHBHOM 30HE
3a cUET BHYTPeHHeH 9HeprHK ATOMHEIX silep, Opo-
Xonas depes Tenaoo0MeHHHEK, HAI'peBaeT BOAY B
3MeeBHKe BTOPOro KOHTYpAa, NpeBpamas eé B oap.
Taxum ofpasom, soda 6 axmueHoll 30He pear-
mopa caydum He moibko 3amedaumenem Heli-
MpoHO8, HO U MEeNnJOHOCUMeneM, Omeodauium
menJo.

Ha pucyuke 164, 6 cXeMATHYHO NIOKA3AHBI VCT-
poiicTea, B KOTOPLIX SHEPrHuA napa, odpasosasiie-
TOCA B 3MeeBHKe, mNpeobpasyercs B DIAEKTPH-
yeckyio sHepruw. IlocpemersoM aroro mapa Bpa-
maeTcA TypbuHA, KOTODAaA, B CROK OYepels,
IIPHBOSHAT BO BpallleHue POTOP reHepaTopa aJeKT-
pudeckoro Toka. OrpaboTagHEIN Dap DOCTYIAET B
KOHZEHCATOP M ITpeBpaIaeTcs B BOAY. 3aTeM Bech
UK NOBTOPAETCH.

Taxum ofpasoM, UpH DOJAYYEHHH SJEKTPH-
YeCKOTO TOK& HA ATOMHBIX SJIEeKTPOCTAHIIMAX
TMPOUCXOAAT CHeAVIouue npeofpasoBanus sHED-
THU: YACTH BHYTPeHHell 9HepPrHH aTOMHEIX fiep
ypaHa — KHHeTHYecKas dHepriA HeHTPOHOB W OC-
KOJKOB AJEP — BHYTPEeHHAA 3HEPrAs BOALI —
BHYTPEHHAS OHEPTHS NApPA — KHHETHYECKAN
3HEprus mapa — KMHEeTHYECKAR DSHEPrus POTOpa
TYDPOMHE! H POTOPA PEeHEPATOPA —» JJIEKTPHUYECKAR
aHeprud.

i. 90 Takoe agepHkiil peaxTop? HasosHTe OCHOBHEIE MACTH DEAKTOPA.
YTo HAXOAHTCA B IO AKTHEHOH 30He? 2. B 4éM 3aKMIOYASTCHA YIIPABIEHTE
AgepHOl peakunei? 3. [las vero Ey3HELL peryanpyiomme crepxan? Kak
HMA nonbayiTeR? 4. Kakyw sTopyo GyHKIHI (IoMIMO 3aMelieHns
HeliTPOHOB) BRINIOJIHAET BOAA B IEDBOM KoHTYpe peaxkTopa? 5. Kaxue npo-
necchl MPOMCXOAAT BO BTOPOM KOHTYDe peaxtopa? 8, Kaxue npeoGpasosa-
HHH IHEPraf IPOHCXOJAT [PH HOXYUEHHN IMeKTPHYEeCKOrD TOKa Ha
ATOMHBIX 3TeKTPOCTAHINAX Y
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FXI]  avomuas axepremka

O6HukcHan A3C

OxrO# M3 BaKHeHmMINX npobaeM, CTOAIIAX Te-
pel 4YeJJOBEYeCTBOM, HABIAETCA 3JIHepreTH4YeckKas
npobaema. Ilorpebnenne sHEPruM pacTéT CTOJAb
OBICTPO, UTO M2BECTHEIC B HACTOAINEE BpeMs 3ana-
ChI TOMAUBA OKAKYTCH UCUEPIAHHLIMY B CDABHH-
TEJBHO KOPOTKOE BpeM#.

IIpobremy <«sHeEpreTH4YEcKOro rojojas He pe-
LIAeT ¥ MCNOJL30BAHME 9HePI MM TAK HASLIBACMBIX
BO30OOHOBIAEMBIX HCTOYHHKOB (2HEPIUH PEK, BeT-
pa, COJHIA, MOPCKHX BOJH, I'MyDMHHOTO TeNJa
BemaH), TAK KaK OHHM MOryT ocbecueduTs B Jay4-
mieM cayvydae Toabko 5—10% mammx nmotpeb-
HocTeii. B cesian c aTHM B cepeguHe X X B. BOBHHK-
Ja HeoOXOoJAUMOCTh TMOHCKA HOBBRIX HCTOTHHKOB
SHEPIruH.

B nacrosaiee BpeMs pealbHbIH BRIAA B HEPTO-
cHafxeHWe BHOCHT sjepHaa pHepreruka. llep-
BEIIT eBponefickuil peakrop 6610 cospad B 1946 r.
B Coeercrom Cowose nop pykosozersom Hzopsa
Bacunavesuwa Kypwamosa.

B 1954 r. B mameit crpane (B r. O6HuHCKe) 6BI-
JIA BEEJeHa B ,I[Eﬁ'ETBHE omepRad B MHPpe ATOMHAA
anextpocrannua (A3C). Eé momBocTE CcocTab-
aana seero 5000 kBr. Cospemennsie ADC umeror
B COTHH pa3a G0JBIIVIO MOII[HOCTE.

AIJC umeom pad npeumpyuiecme neped dpy-
umu eudamu aexmpocmanyuit. OcHosHoe
Ux npeumywiecmac 3aKa0HAemes 6 mom, 4mo
dns pafomwi AIC mpebyemes o0veHb HebONL-
woe koiuvecmao moniuea (HAanoMHMM, YTO 9HEp-

rud, sakjwouénHas B 1 r ypana, pasHa

HIroPh BACHNLEBMY KYPHYATOB JHEpIruH, BEIZIENAIOmMeRca npH crapa-
HaE 2,5 T HedTH). B eBAzn ¢ arHm

HEE=I00) SKCOIVATALMA ATOMHBIX 2JEKTPOCTAH-
Pocenitonuit GHIgK, aRATSMEE. nmuil ofXoOAWUTCH SHAYUUTEIBHO ellleB-
TMoa ero pykosojscrsom s CCCP me, 4eM TemaosBeix (Aas paborsl Ko-

NPpOROANIANCE HCCAe0BaHHA

B PANWYHEIX 0DNACTAX
AnePHEOH PHIMKK
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TOPEIX HeoOXoAuMEl DONIBIIHE 3aTPATHL
HA J0o0bIYy W TPaHCIOPTHPOBKY ToN-
JHBAa).



[IpaBga, CTPOMTENBCTBO TEIUIOBBIX CTAHIIHI
(TOC) obxoaures genesse, yeM aToMHBIX. [1oaTo-
MY Ha CerojHSANIHWH JeHb CTOHMOCTHL TEILIOBLIX
H ATOMHBIX CTAHIMI cOMocTaABHMA.

Bmopoe npeumyuwecmao A3C (npu npasuib-
HOU UX FHCRAYAmMayuil) 3aKI0Yaemecs 8 ux ano-
JAozuveckoll vucmome no cpasnenuio ¢ T3C. Ko-
HeuHo, B BrIOpocax ADC cogep:xaTcas pasHoax-
THBHEIE Tazkl M YacTHnkl. Ho Honemasa wacts
pPajMOaAKTHBHEIX AAep (TaK HA3LIBAEMBIX PaaMo-
HYKJHJOB), cogep:xammxcs B sutbpocax A3C, no-
BOJBHO OBICTDO PACTIAAAETCH, IPEBPAIIAACE B He-
pagHoaKTHBHEIE, A KOJIMYECTBO AOJTIOMHBYIIIHX
PaAHOHYKINIOB M MOITHOCTE HX M3JIYVIEHNA Cpas-
HUTENBHO HEBETHKH.

HTo Ke rKacaeTcd aJTeKTpOCTaHUu@A, paboTaio-
IIUX Ha yTJe, TO HMEHHO OHH ABJAAITCS OJHUM T3
OCHOBHBIX HCTOYHHKOB IIOCTYILIEHUS B CpeLy obu-
TAHHNA 4YeJOBEKA MAOJATOMKHBYIINX DPAAHOHVKJIH-
goe. Heso B ToM, uTo B yrie Beerja cogepscar-
¢ MHKDOIPHMECH pPAJHOAKTHBHBIX 3JIEMEHTOB,
KOTOpBIE BBIHOCATCH € NPOAYKTAMHM CropaHuHs,
OCARAAACE Ha NPHJIEraieii MECTHOCTH W HaKAall-
JABASACH HA 30JLHBIX MoasX Bosse TAC,

Kpowme Toro, acnonsayemoe sa TAC npuponnoe
OpraEAYecKoe TOMJHMBO (Vroab, HEe(QTh, rad) co-
aepsxxaT or 1,5 no 4,5% ceprr. OBpasylonmuiics
IPH CrOpaHi# TOIITHBA CEPHUCTHIN AHMHADIN, T4~
e mpoiiasa depes QUIALTPLI B CHCTEMBl O4HCTKH,
4acTUYHO BrifpaceiBaerca B arMochepy. Berynasa
B KOHTaKT ¢ armoctepHoit Braroil, om ofpazyer
PACTBOD CEPHOM KHCJIOTHL M BMECTE C J0MIAMH
BeINAJaeT HA 3eMao. TakHe KHCIOTHBIE NOMIN
HAHOCAT OIPOMHEIN yIepd pacTHTeNLHOCTH, pa3d-
PYIIAKOT CTPYKTYDY HOYBLL I 3HAYHTEIRHO MEHSA-
0T €€ cocTAB (1717 BOCCTAHOBIEHUA KOTOPOIO He-
obXoauMa He OHA COTHA JeT).

HefnaronpusTHble 9KOJNOIHYECKHE IOCTEACT-
BHS CBASAHLI ¥ € WCNONL30OBAHHEM JHEPIHH DEK.
ITH NOCHEJCTBUA 3AKIIOUAIOTCH B OTUVKISHHH
DonbIIMX IUIOMIANEH 3eM/Hu (B CBH3N €O CTpOH-
TENBCTBOM BOJAOXPAHMININ ©W 00pajoBaHHEM
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BeaedcTsHe atoro Goaor), rmbearpio pufnl B pe-
3yJbTATE HEePeKPEITHA PEK B T. 1.

Ilas cTpoMTENbCTBA JJEKTPOCTAHIHE mocTa-
TOYHOH MOIIHOCTH, Ipeo0pasyloniHX JHEPruio
COJMHIA B BeTpa, Toxe TpelyioTcd, KAK DKasa-
J10Ch, OrPOMHELIE TEPPHTOPHH.

Yro e xacaeTca AJepHOM PHEPreTHKH, TO OHA
HE CONPOBOMAAGTCA BHIMIENEDEYHCTEHHBIMH He-
raTMBEEIMI aeaeanamMu. Ho aTo BoBce He o3Ha4a-
eT, uro ADC He NOpPOKAAIOT Cepbe3HRIX Npobiiem.

B wmacToaniee BpemMA KBAITH(PHINDOBAHHAH
KPHUTHKA #AAepHOil 2HEPreTHKH HKOHLIEHTDHDPY-
eTCA BOXKDYI TPEX NPHHIHOHAIBHBIX npofaem:
codelicmeue pacnpocmMpaneruio AdepHozo opy-
Heun, paduoaKmuensle omxodsl B 60IMOMHOCTIE
asapuit, ocofeHHO BEI3BAHHEIX NMPHUPOAHBIMYU Ka-
TAKJIH3IMaMH.

ITepsasa npofiemMa MoeT OMITE peleHa TOAbKO
B paMKax Muposoro coobriecTsa. Bonsmoit sBknan
B @6 pelleHne BHOCHT, B YAaCTHOCTH, AeATENLHOCTE
MesxIVEADOAHOTO ATEHTCTBa 10 ATOMHOH 3JHeEp-
rumn npu OOH (MATATS3), cosparnoro B 1957 r.
NS KOHTPOJIA 34 HEPACHPOCTPAHEHHEM HAEPHOro
opvausa u 0He3onacHBEIM NPUMEHEHHEM HlepHOH
SHEPrHH B MUPHBIX [Ie]1dAX.

OfesBpeKMBAHNE PpaIHOAKTHBHBIX OTX0J0B
CBOJAWTCH B OCHOBHOM K Tpém sagayam: 1) x cosep-
IIeHCTBOBAHMIO TEXHOJOTHHE ¢ Lensi0 yMeHbIIe-
HHusA 00pasoBaHMA OTXOAOB TpH paboTe Deak-
TopoB; 2) K nepepafoTKe OTXONOB JMNA UX KOH-
comuuanuu (T.e. CKpeniIeHHs, CBAZLIBAHHA) H
VMeHBITeHHA ONACHOCTH OT PACTDOCTPAHEHHA B
oxpyaxalomeit cpene; 3) HAMEKHON H3IoNALNH
0TX0A0B 0T OHOC(epsl ¥ YejioBeKa 3a CYeT cosga-
HHUA MOTMJIBHHKOB PA3HBIX THIIOB,

Jlna BRINONHeHHA IOCTABJAEHHBIX 3489 B IIPO-
exrax Beex AJC npeayeMoOTpEeHBL VCTAHOBKH ANS
OTBEPHACHMA KHAKNX 0TX0A0B. Kpome TOro, Ha
aaBoOAaX T0 nepepaboTHe AZePHOrO TONJAHBA PO~
N3IBOJUTCA OCTERJOBaHHe 0TX040B, I'agoobpasanre
OTXOEI TOIBEPTAIOTCH OUHCTKE,



TloMHMO TepeYHCIEHHBIX MNPUHIMAIOTCA |
MHOTHE ADYTHE Mephl, HANPABJIEHHLIE HA Delle-
HHe npobieMsl PAANOAKTUBHEIX OTXOMOB,

1. B enasu ¢ wem B cepearne XX B. BOIENENA HeoOXOAHMOCTE HAXOHLE"

ﬂ IANAHME

IloaroToBsTe KOJIEKTHBEEI JOKJAN-IUCKYCCHI0 HA TEMY «3KOIOTR-
HECKHe mMocJIedCTEEA HCOOJL3DBAHHA TEINIOBEIXY, ATOMHLIX W T‘H’.II:DOEJIER'
tpocrasunits. ITpy nmogroroBke KORTANOB ROMYCTHMO B3ATh 34 OCHOBY
COOTRETCTBYHIIMI MaTepman, HMeWIHHcA B yueDHHEKS, SONOAHHR Bro
MATEPHAMAMY, CAMOCTOATEARHO HAH L HHEMI COI0KAATINKAMH,

HHA HOBRIX HCTOMHEKOB 2Hepruu! 2. HasosMTe Apa OCHOBHBIX IIpeHMY-
mectea ADC mepea TAC. Orser obocuyiiTe. 3. Hagosare TpR npHAIHIN-
aneHBle npofiemel coBpemenHolt atomuoit smeprerunu. 4. [IpueegnTe
npHMeps! myTell pemenus npoiieM aTOMHEON SHePreTHRH,

HssecTHO, YTO pajHOaKTHBHBIE H3IYUYeHWS
np# ONpefeJeHHBIX YCIOBHAX MOIYT IIPEACTAB-
IATH OMACHOCTHL JJIf 3[0POBbH }KHBBIX OPTAHH3-
MOB. B uéM mpuuMHA HEraTHBHOIO BO3IeHCTBHHA
pPaHANNE HA JKUBLIe cyIIecTsa?

Heno B ToM, 4TO -, B- W Y-UACTHIEI, TPOXOAS
yepes BellecTBO, HOHH3HADYIOT ero, BaGHBaA
SIEKTPOHEI M3 MoJekysa M atomoB. Monmsanna
AMHEBOM THKAHM HAPYIIAET KHUIHEJEATEILHOCTh
KJeTOK, M3 KOTOPLIX 8TA THAHL COCTOHT, 9TO OT-
PHIATENBHO CKASBIBAETCHA H& 3J0POBLE BCErO Op-
rausma. Yem Goapine SHepPrHE TIONVHAST HEIO0-
BEK OT JeHCTBYIONIEr0 HA HEero moOTOKA YACTHIL M
HeM MEHbINE NPH 3TOM MACCA YellOBeKa (T. e. ueM
Gonbmas dHePruA NPUXOJHTCA HA KAMIAVIO eau-
HHIY Macchl), TeM K Gonee cepuEé3HbIM HADYIICHM-
AM B €ro oprasmusMe 370 IPHRBREET.

OHEpPrus HORHAHDYIOWEro MITyYeHH, NOTI0MEHHAS 00ayIaeMEIM BeIecT-
BOM (B YACTHOCTH, TKAHAMH OPraHM3Ma) H PACCYMTAHHAN HA eXMHNILY Mac-
Chl, HASLIBAETCA NOrAOMEHHON D030H HaJAYIeHHH.
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Ilornomésnana aoaa waavieEunsa D paBHA OTHO-
HIeHUI0 TOrJOHEHHOH TeaoMm »Heprum £ K ero
Macee m:

D=

i

B CH egmEHneil noraoieHHol 03kl M3JIvue-
HUA Aaagercd 2pait (I'p).
Hz sroii hopmMyasl caexyer, 4To

1rp= 1A%

1 Br

Oro o3HAYAET, YTO NOZAQWENNKAA d03a usayye-
Hua Oyoem pasna 1 I'p, ecau eewecmey maccol
1 kr nepedaémesn snepeun usayienus 6 1 .

B onpenenésHEIX caydaax (HanpumMep, npu od-
NYYEHUHE MATKHAX TKAHEH XHBBIX CYINECTB PEHT-
FeHOBCKUM HJIH Y-M3JY4YeHHeM) NOTJIOLIEHHYIO 10-
ay MOMKHO HaMepHaTs B penmezenax (P): 1 I'p coor-
BerTcTByeT npubmuaurensro 100 P,

Yem OoAblle NOZIOWPHHAA 0030 UIAYHEHUA,
mem Goavuruil sped (npu nPoYux PasHblx YCcroauU-
AX) MONCEM HAHECMU OP2AHUIMY 3TN0 USAYUEHLE,

Ho gnsa gocTosepHOR OLEHKH TAMECTH ITOCTES-
CTBHIi, K KOTOPBIM MOKeT NPHBECTH AelCcTBHe
HOHHIHPYIOIIHX HBJAVYEHHH, HeoOXOAHMO y4IH-
TEIBETE TAKIKE, YTO NpuU 00UHAKOBOI NOZJLOWEH-
HOU dose pasnbie sudvl U3AYHeHUll ablLautsalom
pPudHbie No AU UHE DUONOZUNeCKUE IPDerKmbi.

Buonornueckne sp@erThl, BhIZBIBAEMbLIE JII0-
OBIMH HOHM3HDYIINEMH HAIVYEHHAMM, IPHEATO
ONEHWBATE [0 CPAaBHeHHO ¢ sthderTOoM OT PEeHT-
TeHOBCKOTO M oT y-usayuesus. Hanpunep, npn
ofHOM M TOM e NorICIIEHHOH Jose OHMOMOrH-
uecknit ahderT oT AelficTBHA «-uaaydeHudn Oyaer
® 20 paa Goasme, 9eM OT y-HIJYHeHHA, OT geiier-
BUA OBICTPBIX HEHTPOHOB 3hdMeKT MOKET OHIThH
B 10 pas Goabuie, ueM OT y-U3AyUeHNA, OT AeiieT-
Bus [f-manyueHus — TaKoll e, KAK OT y-M31ay-
UeHH,



B cBsAsH ¢ 9THM NPHHATO MOBOPHUTE, UTO KOAg)-
Puyuenm rkawecmaa o-uanydeauns pased 20,
BRIIIEYIIOMAHYTHIX OeICTpRIX HeliTponos — 10,
IpH TOM 4YTO KO9(HIHEHT KadecTBa y-H3Iy4e-
HHA (TaK K€ KaK PeHTTeHOBCKOro H -uaayJueHHs)
cuuTaercs pasHuM eaunnne. Takuwm obpasonm,

koadupuunenT kauecrsa K nokassisaer, EO CKOABKO Pa3 pPAIHAUHOHHAR
OnmacHOCTE OT nnmeimnn HA m“ﬂﬁ OpPraHHIM JAHHOTO BHIA HIJYYeHHHA
GoakIne, YeM OT BOZNEHCTEHMA Y-HANYUeHHH (IPH 0HHAKOBEIX NMOTJIONIEH-
HBIX T03aX).

Jlna onenkn Omomormyecknx adpexToB Gbina
BBEJ€HA BeJIHYNHA, HA3LlBAEMAS IKEUEALEHIm-
1ol doaoi.

JxBuUBaNeHTHARS Ao03a H onpegenserca KAK
NpOH3BEJEHNE NOIVIOIIEHHoH noawnl D u Koadn-
uuenTa kayecrsa K:

H=DK.

DKBHBAJIEHTHASA 1034 MOMKET U3MEDATECH B TEX
Ae eINHUNAX, YTO H HOOIJIOLIEHHAN, ONHAKO INA
€ HAMEpPEHHA CVINECTBYIOT M CIeHaATbBHEIe -
HUIIAL.

B CH exuEHLeH SKBEHBAJCHTHOH NOBLI ABIA-
erea auaepm (38). IIpuMeHAIOTCA TAKIKE JOABHLIE
eAMHHIEI: Muriususepm (M3B), MUKposusepm
(ME3EB) 1 Ip.

Hs sroii popMyasl claedyeT, 4TO AJA PEHTTE-
HOBCKOTO, y- ¥ -manyuennii (ar1s Koropeix K = 1)
1 38 cooTeBeTCcTBVET NnOrJoimésHoH goze B 1 I'p,
a NI BCeX OCTAJBHBIX BHAOB M3JVYEHHA — A03e
8 1I'p, vMHOMEHHOIT HA COOTBETCTBYIOUINMN HaH-
HOMY H3JVIeHHI0 KOa(PHUIIHEeHT KadecTRrA.

IIpu oueHke BO3AEHCTBHI HOHHIHPYIOIIHX H3-
JYYeHH HA JKHBOH OpPraHMaM YUYHTHIBAIOT H TO,
YTO O4HH YaCTH TeJja (opraHbl, TKAaHH) Hojlee 4yB-
CTBHUTEJLHEL, YeM Apyrue. Hanpumep, npm oguua-
KOBOI 9KBHBAMEHTHON JI03e BOHMKHOBEHHE DAKA
B Nérkux DoJjiee BEPOATHO, Y€M B IHHTOBHM/THOI He-
Jege. JIpyramu cioBaM¥M, KaM IR OPraH M THAHB
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HMEIOT ONpeleléHHbIH KodpPuuuenm paduauyu-
OHNO20 pucka (AnA NErKUX, HATIDUMED, OH PABEH
0,12, a nna murosuagoi Reneser — 0,03).

IMornomérHan ¥ 3KBHBAJEHTHAA T03BI 3aBH-
CAT W 0T BpeMeHH obaydyedus (T.e. 0T BpeMeHH
B3AMMOJeHCTBHA Haxy4denua co cpegoi). Ilpm
NPoOUYMX PABHBIX VCJIOBHAX 3TH A03kI TeM Goabine,
yem QoJibine BpeMsa 00JQy4eHHA, T, €. J035I HAKAI-
JAHBAKTCA CO BpeMeHeM.

IIpu omneHKe cTeneHH OMACHOCTH, KOTOPYIO pa-
AHOGKETHBHEIE H3IOTOIIR MPEeJCTABIHIOT IJH FH-
BRIX CYIIECTB, BAHHO YUYHTHIBATE W TO, 4YTO UHUCIO
PATHMOAKTHUBHBIX (T. 8. EII[E He PACITABIITHXCH) ATD-
MOB B BELIECTEE YMeHbLINAeTCHA ¢ TeUeHHEM BpemMe-
HM. Ilpu aroM nponOPUHUOHAJBHO YMEHBLUAETCHA
YHMCJA0 PAIHOAKTHBEHBIX PACHAL0B B eAMHHNY Bpe-
MEHH M H3JyYaeMas SHePrus.

DHeprus, KAK BhI ViKe 3HAETE, ABJASETCH O4HHM
H3 haxToOpoOB, ONMPEAENAIOIIMX CTeNeHb OTPHILA-
TelIsRHOTOD HﬂaﬂEﬁETBHH H3NY4YeHHWHA Ha YelOEBeKA.
TToaToMy Tak BaHO HANTH KOJHYECTBEHHYK) 3a-
BACHMOCTE (T. €. (hopMyJy), 00 KOTOPOH MOMKHO
OeLIO0 GBI pAacCYMTATE, CKOJBKO DAAMOAKTHBHBIX
ATOMOB OCTAETCH B BellecTBe K JioboMmy 3a18HHO-
MY MOMEHTY BpeMeHH.

IOna BBIBOZA 2TOH 3aBUCHMOCTH HeoOxoaMMO
3HATh, UTO CKOPOCThE VMEHBINEHHSA KOJHYECTBA
PAAHOAKTHUBHEIX AP ¥V PA3HBIX BeIECTE Pa3iny-
HA ¥ SABHCHT OT (PH3MYECKOH BeJMHYHHBI, HAJkl-
BAEMOil nepuodom nonypacnada.

Mepuon nonypacnaga T — 3T0 NPOMeXYTOH BPEMEHN, B TeYeHHe KOTOpPOro
HCXOAHOS YHCI0 DATHOAKTHBHEIX AIEP B CPeIHEM YMEHBUIASTCH BABOE,
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Brigenem saBHCHMOCTB 4ncja N DagHOaKTHE-
HEIX ATOMOB OT BpeMEHH { H NePHOAA OOJIypacia-
aa T. Bpemsa 6ynem oTcHUTHEIBATH OT MOMEHTA Ha-
vyana nabmogenus t, = 0, Korga YHeJo paguoak-
THEHEIX ATOMOB B HCTOYHHKE HINVYEeHHA OblIO
pasao N, Torma uepes npoMeKyTOK BPEeMEHH



Puc. 165. I'pachux zasn-
CHMOCTH YHCJIA PALHO-
BKTHBHBIX ATOMOB OT
BRPEMEHA A H30TOMOR
HOJa K CeJIeHA

t;, = T uucnO PATMOAKTHBHBEIX ATOMOB Oyzer
1 N,

Nl_ﬁ'”g =5

1 N N
qepﬂ3t2~2T——N2=E._f=2_ﬂ’

1 N N
wepesty =BT — Ny= 3 20 = Lur. z,

N
auepest=nT — N = -2

on

Ny

2n
Juoarmusnozo pacnada, Eé MoKHO 3anHCATH

Popmyna N = HASLIBAETCA 3AKOHOM Pa-
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2uT Hs nocaen-

H B Jpyrom Bujie, Hanpumep N =

Heil dopMmynrl caexyer, uro 4eMm Goasme T, Tem
merpme 2T g tem Goabme N (npn sagaHHBIX
aHaveHnsax N, mu t). 3nauuT, Yem Goabine nepHoa

OONYPACHIAAA JIEMEHTA, TEM A0JILINE OH 43HBET»
H M3TVYAET, NPEICTARIAA ONACHOCTE JJIA JKEBLIX
opraEuamMoB. B arom y0esxjgamT M DpejcTas-
JleHHEIe HA pucyHKe 165 rpadmxm 3aBHCHMOCTH
N or t, nocrpoerHble Ana maoromos moma (1311,
T;=8cyr) ucenena (°Se, Ty, = 120 cy7).

Crenyer 3HATE cOCOBE! 3AIINTHI OT PAAHATINH.
PagnoaKTHBHBIE NPENAPATEI HM B KOEM cJjydae
HeJIb3s OpaTh B pYKH — HX 0epyT cenHAIbHEIMH
[MMANOAMHE C JJIMHHEBIMHA PYYKEMH.

Jlerue Bcero 3alMTHTBCA OT
G-M3TVUYeHNA, TAK KaK oHO obJa-
JaeT HNIKOH NMpOHWKAIIEH cITo-
cOOHOCTRIO U TOATOMY 3aJEDHH-
BAETCH, HAIPUMEP, JUCTOM ByMa-
TH, OAeMAOH, KOMel YeJoBeKAa.
B To ke Bpema o-yaCTHILLI, ITO-
TaBIIMEe BHYTPL Oprasuama (¢ nm-
e, BO3IyXoM, Yeped OTKPLIThIe
PaHEI), NPeCTABIAINT DOABINYIO

Ny

No g (T = 120/ y4)

":9:1' | >

Ny SUENEERRS ais

B N I M (T=Beyr) | | [

Nﬂ | " 1 ‘.

2308 24 40 56 T2 88 104120 t,cyT

g

OIMacHOCTb.
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f-Hanyuenue uMeeT ropaszo HOIBOIVIO MPOHMA-
KAyl cnocodHOCTh, IOATOMY OT €r0 BO3jeicr-
BUS TpyAHee dammATHThCA. [-Hanyuenwme mosxer
IPOXOIUTE B BO3YXE PACCTORHME 10 5 M; OHO CIO-
cOBHO TPOHUKATE U B TKAHH OpPraguamMa (mpumMep-
HO HA 1—2 cM). 3ammnTol oT f-U3NyUeHHS MOXKeT
CAYHHTh, HAONPUMED, CJ0H aJllMHHHA TOJNHOMH
B HECKOJIBKO MHJIJEHMETPDB.

Emeé Oonsumeit mpoHHKawOieil cnocobHOCTHIO
obsranaeT y-MailydyeHue, OHO 3ajep:RUBaeTcH TOJIC-
TEIM cnoeM cBuHOA uau Geroua. [loaromy y-pa-
AHOAKTHBHEIE MIPENAPATEI XPAHAT B TOJACTOCTEH-
HBIX CBMHIOBRIX HOHTeHHepax. [lo sToil e npu-
YHHE B A/IEPHBIX PEAKTOPAX HCHOJNb3VIOT TOJACTHIH
DeTOHHBIH CJIOH, SAIMUIIAIOIIAN JI0AEH OT T-JIy-
Yol ¥ PasJAMUYHLIX 4acTHIL ((1-4acTHL, HeIITPOHOR,
OCKONIKOB JelleHHA AJep U 0p.).

RGN 1. B géy opuYnHEAa HEFATHBHOIO BOSAelicTBHA PASHAINHE Ha #MHEBLIE CyLLe-

ereal 2. Yro masmsaerca mornouiénpoi gosolt manyvaenps? [Ipn Boas-
miei MO MeHBIIeH go3e HIdyHeHNe HAHOCHT OPraHniMy SonbIIni Bpemd,
eCIH BCE OCTANLHEIE YesoBu#A ofuEakoesT 3. OQHHAKOBEIA HIH pagnuy-
HEI Mo BeananHe SHonormueck il aduperT BRZHIBAIOT B KUBOM OPTraHM3-
Me pasHble BHAB HOHH3WUDVIOIDHX HanydeHnit? [IpuBegnre mpuMepsl.
4. Y7o noxassisaer xoathuimest kadecToa nanyuenua?! Kaxas seauqan-
HE HASRIBAETCH IKBHBAJNEHTHON mozoil manvuenna? 5. Kaxoi eme dak-
TOD (MOMHEMO SHEPIHH, BHAA HIAVYEHNA H MACCK! TEAR) CAeaver YUHThI-
BATE IPH OUEHKEe EBOAJEHCTEHII WOHHIHDYIOIIHK H3JTYHeHHH #Aa RHBOH
opraauam? 6. Kaxoll opomesT AToMOB DATHMOAKTHEHOIO BEMISCTBA OCTA-
Hered yepea 6 cyror, ecaum neprog ero noaypacnaga pasen 2 eyrram?
7.PaccKakuTe 0 cHocobax J4MIMTEl OT BO3AeHCTEHA DAIMOAKTHBHBIX
FACTHIL H MEIVIeHHH.

IX7]  repvosaerHAs PEAKUMS

Bt vice anaeTe, uTo B cepeinHe XX B. BOZHHK-
Jna npobdieMa TMOMCKAa HOBBIX HMCTOYHHKOB 3HEp-
rui. B cBAsK ¢ 9TMM BHUMAaHHE YYCHBIX IPHABJICK-
JTH MepMOAGEPHBLE PEAKUUY,

Tepmosanepuoii HASLIBASTCH PeAKIHA CANAHMA JEIEHX saep (TARMX Kak
BOJOPOMA, TeJiMii M ap.), TPOMCXOAAINAN TPM TeMIEPATYPAX OT ASCATKOB
M0 COTEH MIIIKOHOR TRATYCOR.
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Cospanie BeICOKOH TeMIepaTypsl HeoOXoaumo
ILJIA MPUIAHWA AZPAM JOCTATOYHO OONBINOH KH-
HeTHYeCKOil PHEPrHM — TOJILKO MNPH aTOM YCIIO-
BHH AApa CMOTYT OPEeofosieTh CHJIBI 3JeKTPHYE-
CKOI'C OTTAJIKHBAHHA H GﬁJ’IH-'!HTLEH HACTOJRKO,
yToORI MOMACTE B 30HY AeHCTBHA ANEPHBIX CHUI.
Ha rakmx mManbix pacCTOAHHUAX CHIAblI ANEPHOTO
NPHUTHAMKEHHA JHAYHTEJILHO NOPEeBOCXOAAT CHJIEL
AIEKTPUYECKOTO OTTATKHBAHMA, DIarolaps 4emy
BO3MOMKeH cHHTe3 (T.e. ciusHue, o0'bejMHEeHHE)
Anep.

B § 58 na npumepe ypana ObUJIO IOKA38HO, YTO
NPH JelIeHHHN THKENBIX AJep MOMKEeT BblIeJNATbCH
sHeprusda. B cayuae ¢ JérKkEMH AApaM¥ dHEPrHS
MOMKeT BEIIeNATHCA NPH oOpaTHOM mpomecce —
npH AxX cuHTese. [IpuuémMm peakiHA CHHTe3a JIEr-
KHX Aflep SHepreTnyecku Dojee BEITOgHA, YEM pe-
AKI[HA JeJIeHHA TAMKENLIX (eciu CPaBHUBATEH Bbi-
JeTUBIIVIOCS SHEPTHI0, IPUXONATIYIOCA HA OJITH
HYKIIOH).

[IpumepoM TepmMOAdEepHON pearkiuHl MOMKET
CHAY3KHTh CIUAHIE H30TONOR Bojgopoaa (aeiTeprs
H TPHTHH), B PE3YJLTATE 4ero odpasyeTcs reJimi
M H3Ay4aeTcsa HeHTpPOH!:

TH + ?H —» ;HE 07 én.

Jro nepsas TEPMOAAEDHAA PeakUUdA, HOTOPYHO
VUEHBIM VIAA0CH ocyiecTBrTh. OHa OblIa peasn-
30BaHa B TepMofAgepHoii Gombe 1 HocHla HeyIIpas-
JaeMblil (B3pBIBHOM) XapaKkTep.

Kax yxe Ob1J10 OTMe4eHO, TEpMOSIepDHbIE PeaK-
A MOTYT WATH ¢ BREIAETEHUEM BOJBITOrO KOJIH-
yecTsa sHeprun. Ho nnsa Toro uTobhl a1y aHEPrHio
MOXEHO OBLLJIO HCNOJIB30BATE B MEPHRIX HENAX, He-
0DXOAMMO HAVUUTHCH NPOBOINTL Ynpasisembie
mepmondeprbvie pearxyuu. OpHa H3 OCHOBHBIX
TPYZHOCTEHl B OCYINECTBIEHHH TAKHX peAKImit
BAKJIIOYALTCS B TOM, UTOBRI VIePKATE RHYTPH VC-
TAHOBKH BRICOKOTEMIEPATYPHYVIO IJIa3My (mouTu
MOJHOCTEK) MOHHIHDOBAHHBIN ras), B KOTOPOH u
NpOMCXoAnT cuaTed Axep. IliagMa He QOJMKHA CO-
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OPHKACATECH CO CTEHKAMH VCTAHOBKH, B KOTOPOH
OHA HAXOAWTCHA, MHAYE CTEeHKH 0OpaTATCA B map.
B BacTOsAImee BpemMs IS VASPAHWUBAHHA LIA3MEl B
OTDAHMYEHHOM TPOCTPAHCTBE HA COOTBETCTBYIO-
IIeM PACCTOAHHUY OT CTEHOK NMPUMEeHSIOTCS OYeHL
CHThLHBIE MATHATHEIE TTOJIA.

TepMosepHEIe DEAKIITHH HTDAIOT BAMKHYIO POJb
B apomiontnd Beenenuolt, B 4aCTHOCTH B npeobpa-
ZOBAHHAX XMMHYLCKHX BeIIeCTB B Hell,

Banarogapsa TepMOSZepHEIM PeaKUHAM, HpoTe-
KawomuM B Heapax ColHIA, BHIeNAETCA IHED-
s, JA0masn KU3ee oburaresnam Seman.

Hamre Connue nany4aer 8 1pOCTPAHCTBO CBET 0
Telnao y:xe noutu 4,6 mapg aer. EcrecrseHHO, 4TO
BO BCE BpeMeHa YY€HBIX MHTEDECOBAJ BOIIPOC O
TOM, 9TO ABJAETCH 4TOIJIHBOM#*, 38 CIET KOTOPO-
ro Ha ConHue BeipabaThIBAETCA OIPOMHOE KOMHNYe-
CTBO 3HEPIUH B TeYeHHE CTOJb AJHTEJNLHOIO Bpe-
MEHH.

Ha aroT cuéT cymecTsoBani pasHbIe M'MIIOTE3E.
OpHa M3 HUX 3AKJIIOUAJACH B TOM, UTO 3HEPIUA HA
CoqHIe BEIZENAETCH B PE3YILTATE XUMHUYECKOMN
peaxiiuu roperus. Ho B aToMm cny4ae, KaK moKa-
seiBaOT pacuérsl, Conrme Morao Gl mpocyimecT-
BOBATH BCEI0 HECKONBKO TRICAY JIET, YTO NPOTHBO-
PEYHT DelCTBUTEIRHOCTH.,

OpurrEanpHas rupoortesa ObLI& BLIZBHHYTA B
cepesune XIX 8. Ona cocrosana B ToM, 9TO yBEan-
yeHHe BHYTPEHHE! 3HEPrMM M COOTBETCTBVIOIEe
NOBHIIIEHHE TeMIEPDATVPhI ConHna NPpOHCXOOHT
38 CYET YMeHLIIeHWs ero NOTeHIMAIBHON sHep-
THM TpH rpaBUTanuoHHOM cxkatuu. OHa ToMMe
OKA3AACH HECOCTOATENBHOM, TAK KAK B 3TOM CIV-
yae cpok 3xusHM ColHIA YBeIHYHBACTCH SO MIJI-
JIHOHOB JI€T, HO HE JO0 MH/IJIHADAOB.

Ilpeanonosxenne o TOM, YTO BhIZCJCHHE DHED-
ruu HA ConHIE NPOMCXONUT B Pe3yAbTaTe ImpoTe-
KaHWA Ha HEM TEPMOAJEPHEIX peakmuit, OnLio
BhICKasaEo B 1939 r. amepuxkaHCKMM GH3UKOM
Xawncom Beme.



MM sxe Bl npeiiiosKeH TaKk HASLIBAEMBIA 60-
dopodublil Yyukn, T. e. IeNOYKA M3 TPEX TEPMO-
ANEPHBIX peaknnii, NpHBOAANIAS K 00PA30BAHUIO
reJIis M3 BOJOPOAA:

2 0
tH+,H > H+le+gv,
2 1 3 0
H + 1H = ,He + oy,
oHe + EHE - ,He +21’H,

o w
rge zv — 4YacTHIA, HAgplBAEMAHA ¢ HEHTPHHO® , UTO

B NepeBojie ¢ HTAJLAHCKOID O3HAYAET ¢MAJNEHBb-
KW HeTpoH» .

HYrobsl mOAYIHINCE ABA AZpa gHe, Heobxoau-

MBI€ AJd TpeTbel peakl MK, HepBHIe JBe HOIMHEL
IPOMIONTH ABAMABI,

Bul y:ie sHaeTe, 9TO B COOTBETCTBHMH ¢ (popmMy-
noft £ = me? ¢ ymMeHrImeHneM BHYTpeHHe! aHep-
I'AH TeJa YMeHBITAeTCA ¥ ero Macea,

Y7106kl NpejCTABHThH, KAKOE KOJOCCANBHOE KO-
JHYecTBO sHepruM repser CONHIE B pesyJasTaTe
IIPEBpALleHHs BOZOPOJAA B Teauil, AOCTATOYHO
3HaTh, 4To mMacca CoJHIA eMeCeKYHIHO YMeHb-
[IaeTcA HAa HECKOJbKO MHJAIHOHOB ToHH. Ho,
HeCMOTpH HA HOTEepH, 3anacos sogopoaa ua Conn-
e A0JAHO XBaTHTh emé Ha 5—6 mMuianapnos
JeT.

Takue e peaklly NPOTEKAKT B Heapax Apy-
I'MX 3BE3J, MACCA ¥ BO3PACT KOTODHIX CPABHUMEI
¢ Macco# i Boapactom ConHna.

1. Kaxas pearnua HaaslBaeTcA TepmMoazepEol? llpmeeanTe npamMep pe-
axnuE. 2. [loveMy nporekaHie TEPMOANEDHBIX PEAKIIRI BOBMOACHO TOIL-
KO [PH O4YeHb BhicoKux Temneparypax? 3. Kaxas peaxnus aneprevnae-
cxm GoJee BHITOZHA (B PACUETE HA OJMH HVKJIOH): CHMHTe3 JEIKHX Agep
HIH jJejeHne Treamx? 4. B uéM saxaiouaeTes 00HE 13 OCHOBHELX TPY.I-
HooTell NpH OCYIIECTRIEHEN TepMOsIepHnix pearuwit? 5. Kanosa poib
TePMOAZEPHBIX PEAKIINI B OVIIECTBOBAHWA »HuaHn Ha Semne? 6. Yro as-
JIAeTCH MCTOYEHKOM sHepran ConHLA N0 cOBpeMeHHBIM OpPeLCTABIEHN-
am? 7. Ha waxolt mepHosn nonsHo XBaTHTS 3anaca sogoposa Ha Consne no
noAcHeTaM yueasx?
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3710 MoBonsITHO...

JnemMeHTapHbIe YacTulbl. AHTUHACTULBI

HacTuubl, U3 KOTOPLIX COCTOAT AaTOMbl PA3NVYHLIX BELWLECTE — 3NEKTPOH,
NPOTOH W HEWTPOH, — HA3BANW SNIeMEHTapPHeIMK. CNOBO «3NEMEHTAPHbLIA
NOOPA3YMERAND, Y4TO 3TH YACTWLULl ABNAITCA NEePBUYHEIMY, NMPOCTERLLIMMM,
AANee HeABNMMBIMK 1 HEM3MEHREMBIMK,. HO BCKOpPE OKA3anoch, 4TO 3TW Yac-
THLUBl BOBCE HE HBAAIDTCH HewaMmeHdeMbiMi. Boce oww obnapawt cnocob-
HOCTLIO NPEBRAWATLCH APYr B ApYra NpW B3anmMmogenctana.

Mostomy B cOBpeMeHHOR GKH3KKE TEPMWH <3NEeMEeHTAPHLIE HacTWLbls
0bkiuHD ynoTpebnaeTca He B CBOEM TOYHOM 3HAYSHWU, 8 ANA HAUMEHOBaHWA
BONbLUIOH rpynnbl MENBYARLLKMX YACTHL MaTepKkKu, HE ABNAIWUKMXCA ATOMaMK
Wk KOPamM aToMOB (MCKITIYMEHWE COCTABNABT NPOTOH, NPEeACTABNAKILMA Co-
0ol ALRO aroma BOAOPO0AA M B TO XEe BPpeMA OTHOCALLWWCAH K 3NEMEHTARHLIM
YacTuuam).

B HacTosuiee spema naeecTHo Gonee 350 paanuuHbix 3aneMeEHTapHbIX Yac-
THL,. YacTnusl 3TW o4eHe Pa3HOOBpAE3HE N0 CcBanM ceolcTEaM. OHU MOryT OT-
NWHATLCA JPpYT OT Apyra MAacCoi, 3HEKOM 1 BENIWMHMHOA SNeKTPMHECKOro 3apa-
A2, BDEMEHEM XU3HK (T. 8. BpEMEHEM C MOMEHTA DOpazoBaHUA HacTULbl KU 1,0
MOMEHTa 26 NpPeBpaLleHVn B Kakylo-nubo ApYryl 4acTuuy), NpoHUKaKLWeR
CcnocoBHOCTEK (T. B. CNOCOBHOCTEI NPOXOAUTE CKBO3b RELLECTEO) U APYTMMIA
XapakrepuctTukamr. Hanpumep, GONbIWWHCTED HACTHL, ABNAIOTCA «KOPOTKO=-
KUBYLLMMM> — OHM XKUBYT HE Donee ABYX MWNNWOHHLIX AONEW CEeKYHOLI, B TO
BPEMA K3k CPefHEes BPeMA XU3HW HERTPOHA, HAXOAALLEroca BHE aTOMHOro
agpa, 15 muH.

BaxHenwee oTkpuiTne 8 oDnact MoccnefoBaHWs SNeMeHTapHbIX YacTull
Beino coenayqo B 1932 r., korpa amepukadcewid pvavk Kapn Qerawg Angep-
con oGHapyxwn B kamepe BunbcoHa, nomewBHHoi B MarHuTHOe none, cneg
HEW3eecTHOW YacTuubl. Mo xapakTepy atoro cnega (no paguycy KPUBW3HGI,
HENPABNBHWKD Marba 1 np. ) y4EHsIe ONPEOENMIM, YTO OH OCTABNEH YACTHULEN,
KOTOpas NpeacrasndaeT cobol kKak Obl 3NeKTPOH C NONOKUTENbHEIM MO 3HaKY
SNEKTPUHECKMM 3apaaom. 3Ty HACTULY HAZBANW MOSHTPOHOM.

HMHTEpEeCHO, 4TO 33 roj, 40 SKCNePUMEHTANBHOMD OTKPLITUA NO3WTROHA ero
CYUECTROBAHKWE BbINO TROPETWUHECKM NPEACKAZaAHD avrnuickum Guankom
Monem Qupaxom (CYLLECTBOBAHWME WMEHHD TAKOW YacTuubl Cregosano vl
BbIBEASHHOMO MM ypasHerns), bonee toro, dupak npepckazan Tak Ha3slBae-
MEIE MPOUECCH aHHUMMNSYMK (WCHE3HOBEHWA) W DOXAEHHS 3/eKTpoH-
MAO3SHTPOHHOA Napil. AHHWIMAAUMA 3aK1I04aeTcH B TOM, 4TO SNeKTPOH M No-
3UTPOH NPWM BCTPEYE MCYE3ainT, NPEBPalanck B y-KBaHTH (fOToHbL). A npu
CTONKHOBEHVIM y-KBaHTA C KakuM-nnG0o MACCUBHBIM SADOM NPOVNGXOANT POX=-
OEHWE 3NEKTRPOH-NO3UTROHHORM Nap.l.
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_ O6a 2TW Npouecca BNEpBbe yAanocs npoHabnio-

e g 0aTte Ha onuite B 1933 r. Ha pucyHke 166 nokaszaHs
v A TPEKM 3NEKTPOHA W NO3UTPOHA, 00pPA30BaABIUMXCH B

: peaynbTaTe CTONKHOBEHWA Y-KEAHTa C aTOMOM CBUHLIZ
NpW NPOXOXASHUKM y-NyYeli CKBO3k CBUHLIOBYIO nnac-
=y TWHKky. ONLIT NPOBOAWNCH B KaMepe BunkcoHa, nome-

I LWEHHOA B marHuTHoe none. OawHakoBaa KPWBM3Ha
Tpekos ceugeTenscTeyeT 06 oAMHaKoBOW Macce Yac-

Pue, 166, Tpern TWL, @ NCKPWUBNEHWE B PA3HBIE CTOROHEl — O NROTUBO-

B O LB L AR NONOXHbLIX 3Hakax ANeKTPNYECKoro 3apsaa.,

HOM TADLI B MArHHT- ¥

HOMTIONEA B 1955 r. 6wina obHapyxeHa ewe ogHa aHTHHacTi-

LA — SHTHAPOTOH (CYLUECTBOBAHWE KOTODOW TOXE
BLITEKANo 13 Tecpun Oupaka), 8 HECKONbLKO NO3XKE — AHTHHEHTPOH. AHTHU-
HEHWTPOH, Tak e Kak W HEWTPOH, HEe UMEET 3NEeKTPWYECKOro 3apana, HO OH,
GeccnopHo, OTHOCKMTCA K aHTWMHACTWUAM, NOCKONLKY Y4acTEYET B npouecce
AHHVIANIALUAKN U POXAEHMA NAPE HEUTPOH—AaHTUHENTPOH.

BO3MOXHOCTL MNOAYYSHUA aHTUHACTHL, MPUBENA YY4BHbLIX K Maee O Co3aaHum
aHTHBeLecTBa. ATOMbl AHTUBELLECTEE AOMXHEI ObiTh NOCTPOEHL! TakuM 06-
pasom: B UEHTPE 2TOMa — OTPULUATENLHO 3apaxXeHHOe A0po, COCToRWEee 13
AHTUNPOTOHOB W AHTMHEWTPOHORB, 4 BOKPYr AApa oDpallarTCH No3nTPOHGL.
B uenom artam HelTpaneH. Ita naea TOxe nonyduna CNeCcTAWEES SKCNEPH-
MEHTa/ILHOE noaTeepxaeqHue. B 1969 r. Ha yckopuTene npoToHos & r. Cepny-
XOBE COBeTCKMEe hM3NKK NOAYYMNK AAPA aTOMOB aHTHUTMeNus.

B HacToflWee BPpeMA 3KCNEPUMEHTANBHO ODHARYKEHB! AHTUHACTULL NOYTH
BCEX M3BECTHLIX NEMEHTAPHLIX HacThu,

UTOIKH TNABBLI

CAMOE Huoce 0anbl ususeckue nOHAMUA U ABNEHUA.
FMABHOE MocaedosamenbHOCMb UIAONEHUA onpedeneHull
U opmMyruUPOBOK HE coomeemcemeyem nocredo-

6AIMEAbHOCILU NOHAMUL U M. 1.
Iepenecume e mempade HA3GAHUA ROHAMUL
u 8 Keadpamuste CKolKU BNUULLME NOPAGKOBHLL
Homep onpedesieHun ((hopmyauposku). coOmeen -

CMBYIOULEez0 OAHHOMY ILOHAIMLI.

* PagwoaxTHBHOCTH [ |;

* gaepuas (NIameTapHAS) MOTEdh CTPOSHUS aTOMA

[k

= aromuoe agpo| |
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PalHOAKTHBHEIE NPEBPALICHHA ATOMHEBIX AJep

[ L

IKCHEPHMEHTAJIBHBIE MeTOABl M3VUCeHHT YaCTHIL
B ATOMHOM H AnepHoil duanke [ |;

sanepusie cuasi [ |;

ameprus ceasu aapa [ |;

nedert mace aromuoro aapa [ 1;
mernHana peaxkumna| |;

snepusiit peaxrop [ J;

IKOJTOTHUYEeCKHe H COIMAJbHEIE MpodjaeMsl, BO3-
HHEaoune npu ucenoassosaann AIC|[ |

MOTrIOIEnHAan no3a nanyyenns [ |.

. Perucerpanus wacrun ¢ moMomsio cuérunka efi-

repa, uzydyesue u ororpadHpoBaHEe TPEKOR Yac-
THI (B TOM YHCJe YYACTBOBABITUX B ANEPHBIX
peaknuAx) B kaMepe BunawcoHAa M NY3RIPLKOBOH
KaMmepe.

. Canpl OpHTAMXKEHNA, DEHCTBYVIOIIHE MeXIY HYK-

JOHAMY B AApPAX ATOMOB M 3HAYHTENLHO MpeBoc-
XOAANIHE CHITET 3MeKTPOCTATHIECKOT0 OTTAIKHBA-
HUHA MEM Y IIPOTOHAMH.

. MuanmanpHaa 9Heprus, HeoOxoammad IJIH pac-

LIEIJIEHHA Allpa Ha OTAeJIEHBIE HYKITOHEI.

. CaMOmpon3BOIbHOR HAMYUYEHHE aTOMaMH HEKOTO-

PBIX 2JéeMeHTOB PAIHOAKTHBHEIX nyqeﬁ.

. FGTpﬁﬁﬂTBO. NpelHA3HAYeHHOe 1A OoCYIlecTBJe-

HHUHA VIPaBI#eMOHl ANepHOH peaxkiiy,

. CocronT N3 HyKI0HOE (T. €. H3 OPOTOHOE M HellT-

POHOE).

’ PB.}IHGBRTHBHI:-[E OTXDIkI, BOSMOMHOCTh ABAPHWH,

coneicTBHE PACTIDOCTPAHEHWIO AJEDHOTO ODVEHA.



10.

11.

12.

NPOBEPb CEBH

ATOM COCTOMT M3 PACTHONOMKEHHOIO B €ro IeHTPe
[OJIOMKHTEIBHO 3aPAKEHHOI0 AAPA, BOKPYT KOTO-
poro HA PACCTOSAHNM, 3HAYMTENBHO IIPeBLIIIAI0-
[eM paaMep aapa, 06pamalTCa TeKTPOHEL.

IIpespalnesEre OJHOTO XHMHYECKOr0o 3JIeMEHTA B
APYroM IpH «- MM -pacnaje, B peayabTaTe KOTO-
pOro HAPO MCXOJHOTO ATOMA MPETEpIeBaeT U3Me-
HEeHHA,

Paauoers Mexy cyMMOil MACC HYKJIOHOB, oOpa-
IYVHOIIUX AIpPpO, 1 MECCOH 3TOr0 Agpa.

CaMonoggepKHBAKMIAACA PEAKUNA TeeHNs Ti-
HEABIX AfEpP, B KOTOPOH HEeNpPephIBHO BOCITPOHI-
BOJATCA HeWTPOHSI, JAeMAIIHE BCE HOBLIE H HOBBIE

Azpa.

JHeprua HMOHWBHPYIOIIEro H3JAYYEeHHHA, NOIJIo-
MIEHHAA U3JIYYAEMEBEIM BELIECTBOM (B 4acTHOCTH,
TRAHAMY OPraHuaMa) ¥ pacCuNTAHHAA HA eWHH-
1LY MACCEI.

1. a-Pacnaj npefcTasieH ypaBHEHTEM peaKIIUN

2,

‘213 -+ ;n —};Li = ;He

40 4
B IHK =

2381
B. “gaU

0 1] 0~
D‘Ca + _lE + oV

— “5oTh + 3He

I‘.fH +1H > 2Hvs: "'UT

[MornomérHan 1038 HaAYYeHHA onpeaeasercs no dopmyae

A.H =DK

rp==%£
m

EE
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3. BsaumocBAsk MeMay HGMEHeHHeM JHePIMyu NoKoA M Zedex-
TOM MACChI IPEACTABJEHA YDABHEHHEM

A.Am = (Zm,+ Nm,)- M,

B. Ey = mce?
o=

2?1
r.AE; = Amc?

4. IIpuMepom TepMOALEDHON PEAKIHH ABJIAETCH PeakIlns
ATH +H 5 iHe + In

226 222 4
B. 33Rﬂ. — BERII e EHE

8. ';N +;He — [0 + IH

1
r. 25U + on — 'aBa + Kr +31n

BrimonauTe safaHHs, NPEAJIOKEHHBIE B JIEKTPOHHOM TIDH-
JIOYKEeHNH.



TPOEHHE

_omo}l.n /\"’

B cocrar Conreunon cucremsl Bxoant Cornne,
BOKPYT KOTOPOTo OOPAIIAIOTCA BOCEMB OOAbLILX
naanem. B nopagke ypanenns or ColHna OHHM
PACTOJATAKITCA B TAKOH IIOC/IEIOBATENLHOCTH!
Mepxypnit, Benepa, 3emas, Mapce, FOnurep, Ca-
TypH, ¥Ypar, Hemntym (pme. 167). Boxpyr seex
niarer, kpome Mepkypus m BeHephl, oGpalmmaroT-
¢S UX @CTEeCTEEHHRIE CIYTHUKH.

Emeé nars naaner — [lepepa, IlnyroH, Xaymea,
Magkemake W OpHIa, MacChl H PASMEPBI KOTODBIX
CVIIECTBEHHO MEHBINE, TeM Y DOJBIINX IJIaHeT, —
cocTaBlddlT rpynny niaxem-rxapauxos. llepepa
pacnonodena mexgy opouramn Mapea n IOmare-
pa, OpOMTEl UETHIPEX DOCIENHUX ILIAHET-KapJau-
KOB npojeraioT 3a opbuToi HenTyaa.

HKpome nnaner Boxkpyr CoJiHIA ABHIKYTCA TAK
HASLIBAeMBIe Marbie menad CoanetHol cucmemot:
acTepouasl, KOMETEl, METEOPHEIE Tema.

Pwc. 167. Pacnonosse nie SOIBIINK MIAHET © BX CHYTHHEAMYE W NIAHET-HADJANKOR
B mopAAke nX yaatenns or Cormna: Meprypuii, Benepa, 3eman, Mape, Uepepa,
I0Onurep, Carvps. ¥pan, Henrya, [lavros, Xaymea, Maxemare, dpnaa
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Puc. 168, [[nck
rajonkIeBOro obnaka,
13 KoToporo copMu-
POBAJTHCH I8 HEThI

270

Bararogapa romy, uro macca CoHna cocTas/idA-
et noutn 99,9% or Beeit maces Conreunoil cucre-
MBI, CHIBI TPABHTALIHOHHOrO HPHTHMKEHHS MEILY
ConHnem u nepeyHc/IeHHBIMYE HeDeCHBIMHE TeTaMHe
OKA3bIBAOTCH HOCTATOYHLIMH VA VIEPXKaHAA 10~
cnenanx B ConHeuHOM CHCTEME,

Corsacuo obuenpuesaTOl B HAaCTOAMEe BpeMsA
runorede, topmuposarune Cormeunoit cHeTeME:
HAYAJIOCE OKOJIO & MJIDA JeT HA3aJd ¢ rpaBHTALH-
OHHOTO KoJuianca (T.e. kKaTacrpodudecks GnicT-
poro cxkaruf) HeSOMBIION YACTH T'HIAHTCKOro
MeXK3BE3NHOrO raszonslieBoro obaaxa. B obmmx
HePTAaX ATOT OPOIEce MOMKHO ONDHCATDL CJIeLyEO-
mum ofpasom. Bo ppamjamineMcHa TrasonbIIEBOM
obnake B pe3YNLTATE BSAHMOASHCTBUA €I0 YaCTHI
MM 04 geicTBHeM KaKHX-Iu00 BHEINHUX BIHA-
HHH MO0 BO3SHHKHYTH VIJIOTHEHHE, CTaBIIee
HEeHTPOM I'DABHTALMOHHOIO IPHTHAMEHNA TACTHIL
OKPVIKAKLIEero BelllecTEa M Bhi3BaBINee TDABUTA-
OIHOHHBIA KOJJIALLC.

B mponoecce rpaBUTANNOHHOrO C3XATHA pasMe-
PBl Fa30NBLTEBOr0 00MaKa VMeHbmAanIuck., Ha-3a
BpalleHus obTaKa ero ciKaTHe B HAINPABJIeHHH,
NApa/IIeIbHOM OCH BPAMIEHUA, TPOHMCXOIHUIIO
OricTpee, YeM B HANPABJICHHAX, [epIeH-
AHKYIAPHBIX OCH. JTO I[IPHBOJWIO K
VIUIonieHHo obsaka M QOPMHDPOBAHMIO
xapaxkTepHoro aucka (puc. 168). Ilpm
CHHATHHM o0JaKa ero ILIOTHOCTh YBEeJIH-
YMBAJACEH, [IBHJKEHHE YACTHIL BeIecTBa
CTAHOBHJIOCE BCE€ 00Jee MHTEHCHBHEIM,
ocobeHHO B NEHTPAJbHON YACTH UCKA,
Kak caepcrBue yBenmumBanack BEVTDeH-
HAA 3HEPrMA U MOBEIIATACE TEMIIEPATYDA
BemiecTea. IIpm TeMmepaType B HeCKOJb-
KO THICAY rpajycoB ATOMEI HeHTpaIbHOM
yacTH ofsaka CTAMH HMBIYYATH CBET, YTO
CBHAETEbCTBOBANIO © BOIHMKHOBEHHN
npomoseeids. — 3Be3AR B cTAAHH o6paso-
BAHHA.



ITog peiicrBHeM IPABHTAIHOHHOIO MPHTAMNE-
HUA BemecTse objaka IIPOAOIIEANIO NMAJNATH HA
OpPOTO3IBE3AY, VBEINYHUBAS AABJIeHHEe M TeMIlepa-
TYPY B IeHTpE.

Korza reMnepaTyvpa B IeHTpe IPOTO3Besbl [[0-
CTHIIA MHJUIMOHOB MPAJYCcOB, B IIEHTPaJIbHOM 00-
JIACTH HAYAJACH TEDPMOAAEDHAA peaKInA Npespa-
I€eHKUA BOAOPOJAS B TeNINii, MPOHCXOAAIIAA C Bhl-
meneamem sxHepruu. IIporoasesaa NpeBPATHJIIACH
B ODLIYHYIO 3Be31y, BIOCHEICTBHN HA3SBAHHYIO
Conrnem. Bo BHemHed 00acTH OHCHA KPYIIHbIE
CryuieHH s o0pa30BATH MJIAHETH.

B nmpotonsaEeTHOM NBLIEBOM 0DJaKe TeMIepa-
rypa npunerasmedt k& Coxrny obmactn Osina Go-
Jee BBICOKON, YeM B OKPAMHHBIX Ero 4acriax,
M3-3a Yero JEérkMe XHMHUecKHe 3J1eMeHTbl BhIHO-
CHJIHCE B YIAJNEHHBIE, XOJOIHEIE YACTH 00IaKa.
B peayabrare B cocraBe Damkaimmux x Coarny
NMIaHeT, HASBAHHBIX BOOCHEACTBUH IUIAHETAMHW
3eMHOH rpynnel, npeofiaagaior THAMENLle aje-
MEHThl, 4 YeThipe JaJbHHE — IMJIAHETHI-THraH-
Thl — COCTOAT B OCHOBHOM M3 rasos. Pasnuums
B cocTABe BenlecTBa, OOpa3OBABINEro ILIAHETSI,
OPHHAAJEMAIIHE K DASHBIM I'DYIINAM, ABHIHCH
OPHYMHON pasauuuil uX QHIHYECKHX XapaxTe-
puctuk, [lnaners: 3eMBON rpynne o61a1aioT cy-
HIeCTBEHHO MEHBIINMH PA3MepPaMU U MACCAMH, HO
Sonemeit nrorHocThio. QM nonyyawT ot ComHna
GonnIIe cBeTa H Tenna, GrIcTpee ABHIMKYTCH IO Op-
OuTam (BeregcTBHE TOTO, UTO BHYTDEHHHAS YACTH
OpPOTOILIAHETHOrO JMCKA Bpaunanack OsicTpee
BHeIllHell), ropasfo MeITeHHee BPAIAITCA BO-
KPYT cBoelt OCH M TO3TOMY MEHBIIE CHKATHI ¥ 0"
JI0COB, HeM MJIaHeTh-rTUradThl. [InaseTsl-ruras-
ThHI MMEIT 3HAYMTENRHO DOJbIIMEe pasaMepsl ar-
mocdeps! u MaraEuTocdepst!, y HUX HeT TBEpHOH

! Maznumoedepa — obJ80Ts OKOIOIIAHETHOIO NPOCTPaH-
crBa, (PHaHUMECKWEe CBONRCTBA KOTOpOH OMpelenAmTCA MATHHT-
HEIM O0JEM [IAHETE H 8r0 B3IARMOoIelicTEHEM C HOTOKAMM 3ADH-
MEHHBIX HACTHL KOCMHUYeCHOrD NPOHCXOMIBHHA .
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HIIH XHIKOH IOBEPXHOCTH. YHca0 ecTecTBeHHEIX
COYTHHKOB YV ILJIAHET aTOH IDYIIEI Bennko: 164
ua 167 nasectnnix B Conseunoii cucreme. Kpome
TOr0, y IJAaHEeT-THMaHTOB ecTk 00pA30BAHUA H3
MEJTKHX YaCTHL — K04bUd, KOTOPRIE OTCYTCTBY-
0T ¥ IJIaHEeT 3éMHOH Ipynnbl.

Koasna mnoaHer-rurasToB ofpasoBastHch H3
OCTATKOB OKOJIOILIAHETHOrO obnaka, mpelcTaBiis-
omuX coboil YaCTHILEI Pa3HBIX DAIMEPOB.

LD 1. Kagwe rpynnsr ofvbexton sxopsr s Conneunyio cucremy? 2. B kakue

BB SHEPIHM EPEX0WIIA IPARMTAIIMOHEAA BHEPIHSE CHRATHE MPOTOOG-
naka npu obpazosannn Conreduoi cueremut? 3. Yem oTAMYANTCR ILaHE-
TH 3eMHO¥ rpynnu or mrader-ruranros? Uem sta oranuna obyenosine-
7 4, Tlouemy muaners: CotHeynodt cHOTEME! He TORMAAIT e6; He mama-
1ot #a Conune?
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Hanmomumm, uro armochepa 3emauw — 5To
BHEIIHAA rasoBafd o00J04YKA, KOTOpas HAYHMHA-
ercA y €€ MOBePXHOCTH H NPOCTHPAETCA B KOC-
MHYECKOe NPOCTPAHCTBO UPHOJHSHTENBHO HAa
2000 kM.

Armocepa uMeeT odeHb (OJBIIOE IKOJIOTHYE-
crKoe suavenue, OHa sauuigaeT BCe XKHBBIE Opra-
HH3ME 3eMJIH 0T ry0HTeNbHOr0 BJAHAHNA KOCMH-
YeCKHX M3JIYYEeHHH H yJapoB METeopHUTOB, pery-
JHMpYer ce30HHEIE TeMIlepaTypHbIe Komebanus,
YPaBHOBEIIHBAET H BhIPABHUBAET CYTOUHBIE, Ec-
Jm 6Bl aTMochepsl He CYIIeCTROBAJIO, TO KoJjeba-
HHE CYTOYHOH TeMIepaTyphl Ha 3eMJje JOCTHIIIO
os1 +200 °C.

ATMochepy YCI0BHO PASASNAIOT HA HECKOIBLKO
cioeB (puc. 169). 910 cBA3aHO ¢ XapaAKTEePHLIME
0COOEHHOCTAME H3MEeHeHHA TeMNepaTyphl B Kak-
[OM cJoe.

HuscHsAsA yacTs arMocdepsl, TOCTUTAIOIAA BhI-
coTel 8—10 KM B moaAapHeIX obracTax m 16—



Ioaspuos
cinHne

BS xia

Mereapi

W Mereosonn

Puc. 169, Ctpoenmneg
armoctheprr 3emian

18 kM B 8KBATOPHMANBHOHN, HasbIBAETCA MPONO-
X - 4 "
cgpepoii. B neil cocpesoroueno - Beeii macest ar-

Mocdeproro poaayxa. [na ApIXaEWA TPHUTOJeH
TONLKO €68 HUMXHHIA, JOCTATOYHO NMJIOTHRIH CJ0H
TOJIIMHON A0 O KM. B HanpaBJileHHH 0T HOBEpPX-
HOCTH 3eMJIH K BepXHed rpandue rpouocdepsi,
T. €. IpPH yaaideHdn or garperoil Conamem B u3my-
yawImei Tensno 3eMaAn, TEMIOIEPATYPA BO3AVXA MO~
HUFKABTCH.

O6nara ofpaayioTcs B OCHOBHOM B IIDEAENaxX
Tponoctepsl, TAK KAK B Hell CONEDMHATCHA MMOUTH
BECHh BOJAAHOW map armochepsl. B Tponochepe
NpoTEKAaT NpOoILEeCcChbl, ONpeleJIAIIKNE IOT04Y,
HanpuMep (GOPMHPYIOTCH H NEPEeMEINaloTeH LHK-
JIOHBEI ¥ AHTHITHKJIOHEL.

Hap rponocdepoil nexur empamocgepa —
OYeHE BAMKHAA AJA MKH3HN Ha 3eMJe JacThk ATMO-
cheprl. MmenHo B Hell pacmonaraeTcs 030HOBRIHR
CJI0W, TOTomAanIui nayiuee o CoaHIa CHIbHOE
yaeTpaduoseroeoe nanydesune. B Doapmux ko-
JMYECTBAX OHO MNPEICTABIHET OIACHOCTh MIJIH
sunopoBbA H xusHH. ITormomas yvaerpadmosero-
BOE H3IYVUeHHe, 030H HArpesaer crparocdepy,
Onaromaps 4YemMy eé TeMIeparypa BO3pacTaeTr ¢
BEICOTOIA.

3a crpatocitepoil cregyer meszocgepa (uTo B
TePeROe ¢ TPEYeCKOrN0 03HAYALT «CPeIHAA, Mpo-
MexxyrouHas cihepas). Hax mesochepoit 10 BeICO-
Tel nopaaxa 800 km nmpocTupaerca mepmocge-
pa. B geit go Beicorel 200—300 kM Temnepary-
pa pactér, gocturag 1000—1500 °C BecaeacreHe
HOHH3AIMH aTMoc()epHOro KHUCJIopoJa H APYIHX
rasoB yJILTpadMOJeTOBHIME M PEHTTeHOBCKMMM
aydamu ConHDAa ¥ KOCMHYECKHM HMITVUeHNeM.
OGaacTH, TAe NPOHCXOAUT HOHN3AUMA, HAShIBA-
10T woHocgepo. Brarogapa HAIUYUIO 3aPHMEH-
HLEIX YaCcTHL, HOHOC(HEpA OTpaMaeT PaJHOBOJHLI
KOPOTKOBOJIHOBOTO AHAMIA30HA H TeM CAMLIM TaéT
BOBMOMKHOCTE IPUHUMATE PASHONEDeIAYH ¢ DOTh-
IIHX paccToOAHWH.
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Puc. 170. Bavrperuee
CTpoBHNE SenMau:

1 — KOHTHHEHTANBHAA

Kopa; 2 — ManTHA
(BepXHAA U HIDKAAA);
J — BHEIDHee FIPO;

4 — BHyTDEHHEE RAPO;
5 — omeaH;

# — oxeaHNYECKAH

Kopa

8 Bvan?.'m

Puc. 171, Jinuun
HHAVHEIMH
MATHHTHOrD MoJAs
Seman
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BryTpennee cTpoenme 3eMIE HNOKA&3ZAHO Ha
pucyere 170. Bepxraa Teépaas ofonouka Seman
HageiBaeTcd kopoi. Fla pucyHEKa BHAHO, TTO TOJ-
IMHA 3eMHOM KOpPbl B pPAasHbIX MECTAX pPAa3IHY-
Ha. B nenrpantHoil YacTm miaHeThl HAXOLATCH
AHeJle30HNKeJeBoe AP0, TeMIIEPpATYpa H JaBle-
HHE KOTOPOro MOIYT OOCTHIATH COOTBETCTBEHHO
7000°C u 3,6-10°arm. Bremnas uacTs sgpa
KHEIKaA, BHYTPEHHAA — TBépaas. Yacts Semiun,
pacnooxKeHHafd HenocpelcTBeHHO Ioj KOpol H
BEIIIE f/ipa, HAZLIBAETCA MaAHMUen. B MaHTHn
HAXOAUTCH DONBINAA YACTH BelllecTBa 3eMJIn.

HcenegoBaHuA NOKASANH, YTO YOPYrHe momne-
PeYHBIEe BOJIHB] PACHIPOCTPAHAKTCA B IAVOL 3enmutn
Toasko no rayouuasr 2920 xm. OQuesmaHo, aneck
HAYHMHAETCSH BHEIIHEE MHJAKOe AP0,

C cymecTBOBaHHEM MHMAKONO BHEIIHETO SJADA
CBABLIBAIOT NPOHCXOMJEHUNE MATHUTHOTO TMONA
Semian. [IBHHeHEHe 3JIEKTPOIPOBOAAINErO BeIle-
cTBa B KugKoM ropadveM (mopagka 10 000 °C)
Alpe nJaHeT:l BO30yrAaeT aJleKTPHYECKHe TOKH,
DOpOMAaiiIHe MaraiTHoe noJe (puc. 171).

Semua obnagaerT caMbBIM CHABHBIM MArHHTHBIM
noaemM Io CPABHEHHH ¢ ADYTIHMY IIJIAHeTAMH 3eM-
HOH rpynmuel. Maraursoe none 3eMau BpeMs oT
BpeMeHH U3MeHHeT CBOX OPMEeHTAINK, COBEpPINAS
B BeKOBbl¢ KoJe0aHHMA ¢ IepPHOAOM HECHKOJbBKO
corer ger. Kpome toro, 2—3 pasa 8a MHILIHOH
JIeT IoJie MeHAeT MeCTAMH MATHHMTHLIE IOJIOCHI,
Ha ar0o yrassIBaeT «BMODPOKEHHOE» B OCAXOYHEIE
¥ BYJKAHHYECKHUE TIOPOILl MATHHTHOR II0JIe OTIA-
JIEHHEIX 310X,

Mepxypui. Tem Ooabuie mMacca IJIAHETH H
YyeM MeHELIIe NPH 9TOM €€ pagnye, Tem Gosee CHIb-
HOe TPAaBUTALMOHHOE MOJIeé OHA CO3JAET B OpO-
CTpaHCTBE BOKPYT ceba ¥ TeM Bosble YCKOpPeHHe
cBoDOZHOIO NAJeHHA HA eé NOBEepPXHOCTH, II0-
GM
R
rPABMTALIHOHHLIM [I0JIEM, IJIAHETA MOXKET yiaep-
KUBATEL BOKPYT ceba aTmocgepy.

CKOJILKY § = Obnangas T0CTATOYHO CHIIBHBIM




Hanuuue aTMmocdepsl B eé NJOTHOCTL onpeje-
JHEeTCA ene OAHHM (PAKTOpPOM — PACCTOAHHEM
naadersl or CoJIHIA B COOTBETCTBEHHO TeMIepa-
Typol Ha eé nosepxHocTH. [IpH OUYeHE BHEICOKHX
TEMIEPATYPAX CKOPOCTH ABHIKEHMA W HHHETHYe-
CKHE SHEPTHM MOJEKYJI ra3on B atMocdepe JOCTH-
rajoT TAKHX 3HAUEHHIl, MPH KOTODBIX OHH MOTYT
NpeoaoJeTh CHJIBI IPABHTAIIHOHHOIO INIPHTHMKE-
HHA K IJIaHeTe 1 NOKHHYTE €€ aTMocdepy.

ITo manoseHHLIM BhIIle NPUYMHAM IIPEXIOa-
ranock, 4ro Mepkypuit, bunsxuin k Connuy ©
HMeIIHH HebonbIIyI0 Maccy, He HMeeT aTMocpe-
pul. Tem He MeHee aTMoc(epa, XOTh ¥ OYeHbL Pas-
pekeHEasA, Oulna oGHADYIKEHA HA IUIAHETE aMepH-
KAHCKOH aBTOMATHYECKONH MeXITaHeTHO! craH-
nueit (AMC) «Mapuuep-10», KoTopaa B MapTe
1974 r. npomna Bcero B T05 KM OT ero moeBepx-
HOCTH,

Peaynprarsel nmpopeeEEBIX «Mapmaepoms mc-
CNeA0BAHMH YIHBHJIH YYEHEIX TE€M, 4YTO B ATMO-
cthepe Mepkypusa DOMMMO IPOYMX rados OuLI 00-
Hapy:eH reanii. Ma-3a o4eHb BEICOKHX TeMIepa-
Typ (nopsaxa 420—450 °C) seck renmit qommeH
OuL1 OBl yaeTYYHTLCA M3 aTMocdepsl IIAHETHl B
KOCMHYECKOoe NPOCTPAHCTBO B TeYeHHE MPUMEepPHO
200 nueit. Bepoarro, Meprypuil mocToSHHO TO-
aydaeT rejamnil, KOTOpPLIN MOCTABIAET eMy COAHEY-
Hbill aemep — NOTOK M3 BJNeKTPOHOB, NNPOTOHOR H
Alep relud, ACTEKAKIINNA U3 COMTHEYHOH KOPOHEI.

Hecnenosasnd, npoBelEHHEIE «Mapusue-
pom-10» B 1974—1975 rr., noxasanu, aro Mep-
Kypuili uMeer odens caaboe (B 100 pas cnabee
8eMHOT0) MATHHTHOE II0Je.

Mepxypuit apaserca oxHo#t na Hanbonee nmor-
uerx nraner Conueunoit cmeremer. Dro obyenor-
neHo aBymsa daxktopamm: obpasosanuem Mep-
Kypua ®u3 Ommxaiimed K ConHny uwacTm mpo-
TOILJIAHETHOrO JMcKa, cogep:xawieil Ooaslie
TAMEIRIX 2J1eMeHTOBR, YeM OKPDAVMHHEIE eT'0 YACTH,
H HaauydeMm odeHs miorHoro (9,8 r/cm®) azpa,
copepsxamero 80% macchl naaHeTH.
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Puc. 172, Bayrperanee
crpoenne Meprypna:

1 — agpo;
2 — MAaHTHA;
3 — wopa
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BrvrpenHee crpoedue Mepkypua noxazasgo ga
pucyake 172, OH COCTOMT M3 BHEIIHEro KHIKO-
ro W BHYTPEHHero TBEpjoro sjpa. MaraurHOoe
noje MeprypHA co3gaéTes 3MeKTPONPOBOIAIIN-
MH KOHBEKTHBHBIMHA MOTOKAMH B JKHAKOM AJDE.

Hang aapom Meprypua I€HHT CHIHKATHAA
obosnouka — manTaA ToamuHoH 600 kM. Tperseit
obonoukoit TBépaoro MepKypHA ABIHETCH o Ko-
pa, Toaumuaa Koropoi 100—300 xn.

Cymecrrosanne armochepsl v Benepwm Guino
obHapyseno B 1761 r. M. B, JIoMoHOCOBEIM TIpH
HEOIIOJeHNH B 3pPHTENBHYK TpyDy NIpoxo:xge-
HHA eé no aucky ConHpoa. B ganesrelimem Brige-
HHI0CE, HUTO MNOBEPXHOCTE BeHepn cEpHIBAIOT
YPe3BRIYANHO T'YeThEIE 00G/AKA CEepHON KHCJIOTEI,
XOPOII0 OTPAMAIOITHE CBET, JTO He Aa6T BO3IMO-
HOCTH HabTIJATE MOBEPXHOCTE IJIAHETEI B BHILM-
MoM nuanaaone. [losaToMy HayueHHe DOBEPXHOCTH
BEHE‘FH CTAI0 BO3IMOMHBIM TOMBKO IOCHEe BO3-
HHKHOBeHHA U pasBuTuda B 30-x rr. XX B, paano-
JOKANMOHHLIX HabmogeHuil (pATHOBOIHBEL CBO-
00ZHO OPOXOAAT CKBO3b BEHEPHAHCKYID aTMO-
cepy).

HEthIM HCCIeJI0BATENBCEKIANM annapa'mm. HA~
NpaBIeHHBIM 3eMIfAHAMH K JApyroil mnnaHere,
CTAJIA COBETCKAA ABTOMATHYECKAA CTAHIHUA «Be-
Hepa-14, craproBasmiad 12 despans 1961 r.

Jansreiimue nccaegoBaEna BeHepsl ¢ HCIoab-
sosanueM coperckux AMC <Bemepa» n amepu-
raHcKkux «Boamxep» u «IIHonep» nokasaam, 4To
pasnesue Ha Bemepe pmocturaer 93 atm, a remue-
parypa — 500 °C. Takue BhICOKHE 3HAUEHNIHA TeM-
nepaTypsl 4 gasinedns obVCI0BIeHs! B aTMochepe
Benepul napuukxoswvim aperxmom, cnocoberTry-
KOOI M aRRYM}?JIJIHHH TEeMlJA B HHAHHAX CINOHX AT-
MDC{!}EFH- Brino BriacHeHO TAKHAE, UTO HA BEICOTE
20—70 kM OT TIOBEPXHOCTH, I'le PAcHOJATrarTCH
IJIOTHRIE 00/1aKa, JAYIOT YparaHHkele BeTphl. Takum
obpaaom, Benepa — aro nuaHeTa AN0BHMTHIX 0baa-
kOB, OYypE ¥ AACKON MADLI.



Puc. 173. Bayrpeasee
crpoenne Berepri:

1 — aapao;
2 — pamTHa;
3 — xopa

Pue. 174. [lonspuas
manka ga Mapoee

Cornacro ogHONH M3 I'HIIOTE3 0 cTpoeENN Bene-
PBI, 3Ta OLTAHETA COCTOUT H3 KOPLI, MAHTHH U pac-
ILTABJMIEHHOTO JKeJe3HOro ffpa, Macea KOTOporo
COCTABJIAET OKOJI0 YeTBEDTH BCelt MACCHI TIJTaAHEeThI
(pue. 173).

Cobereenuoe mazHumuoe nose Bereprl mourn
IOJHOCTEK OoTCeyTeTBYeT. BUANMO, 3TO CBA3AHO €
OMeHb MeIJeHHBIM €€ BpameHHem. MarsmTHOe
IoJie BOSHHKaeT DJaarogapda TOMY, 4TO Mesniia-
HeTHOE MArHMTHOE Hoje Boabysaaer 8 monochepe
Benepni sneKTpHYecKHe TOKH, HOPOIKIAIOIINAE JIO-
KATEHEIE MATHUTHEIE NoJH. BARAEME HA 9TH DOJIA
COTHeUHOTO BeTPa yemoxHAeT kapruay. IloaToMmy
v BeHepEI HET MATHHTHRIX NOJIOCOB B TRAAHIIHOH-
HOM HX NOHHMAaHHH.

Mapec. ®@orToTeneBHaHOHHEBIE HaoOpaskeHus
MAPCHAHCKOI HOBEPXHOCTH, IEPELAHHLIE HA 3eM-
a0 B 1976 1. ¢ amepHEKaHCKEX opOHTAILHO-IOCA-
AOYHBIX cTaHOME <«Buxmur-l» u «Bukuar-2»,
TOKAZANH, 4YTO NoBepxHOoCcT: Mapca noxpeiTa
KEDACHOBATEIM MeckoM. TakoR OTTeHOK TpHAAAéT
NMecKky orkeHg xedeza. |IpoBeéHHEEIE 3THMHA e
CTAHOMAMH HCCJIEIOBAHNA MADCHAHCKOTO IDYHTA
Ha npeamMeT ODHAPYIKEHMA B HEM CIHEIORB SKUBRIX
MHKPOOPIraHHZMOB JAJIH OTPHUATENbLHEINH pe-
SYAbTAT.

Armocdepa Mapea no maor-
HOCTH He npesBbimaer 1% zem-
HOH, JaBJeHHe Yy NOBEePXHOCTH B
160 pas menrme zgemuaoroe. B oran-
yHe OT 3eMJIF, MACCA MAPCHaH-
CROH aTMOoc(hepsl CHILHO HAMEHA-
eTCA B TeYeHHe I'0Jla B CBA3H ¢ Ta-
AHHEM H HAMED3AHHEM MOJADHBIX
IIATIOK, COCTOAIMX B OCHOBHOM
H3 yraekHcnoro asja (puc. 174),
H NpOCTHPAETCH B TPEIETAX OT
110 go 130 KM Ha HOBEPXHOCTHIO
ILJIAHEeTHI.

Knumvar sa Mapce smauurens-
HO XOJOJHEe I CYIIe 3eMHOro,
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Oaém B o0nacTH 3KBATOPA TEMIEPATYPa MOJKET
coctapaaTk or —10 go —30 °C, Houblo OnycKaeTcs
aume —100 °C. Peaxne nepenaibl TeMIePATYPh
ga Mapce (obycioBieHHBIE, B YACTHOCTH, CHIIb-
HOHl pAa3pPeMEeHHOCTLI0 ATMOochephsl) ABIAIOTCH
TPAYMHON YACTON0 BOSHHKHOBEHHA Ha HEM IIblJe-
BhlX OypE.

W3z-3a suaroro armocdepHOro janieHHs BoJa
HE MOIKEeT CYIIeCTBOBATE B JKHIKOM COCTOAHHH
Ha noBepxHocTH Mapeca. Aunnapar «@PeHHKC* B
none 2008 r. obuapy:xun na Mapce Bozy B co-
CTOAHHH JIbIA.

Mapenancxkuit rog cocrout uz 668,6 mapcuan-
CHHX COJHEYHBIX CYTOK (HA3BIBAEMEIX cOAaMU).
Hakjgor ocu obecneunBaeT CMeHY BPeMEH rofa,
[Ipr aroM BEHITAHYTOCTH OPOMTHI NPHUBOAUT K
HOMBMIMM DPASJIHYHAM HX NPOJO/IKHTEJILHOCTH,
Tak, ceBepHaA BECHA M JIETO NPHXOAATCSA HA V4ac-
Tox opbuTel Mapca, yaanénusit or Comana. Ilo-
aroMy Ha Mapce ceBepHOE JIeTO J0JT0e H IpoxXaaj:
HOE, & HIKHOEe — KOPOTKOEe H ¥RAPKOE.

MarantHoe moge Mapca ogerEn crabo m Heye-
ToliunBo. B pAa3IHYHEIX TOUKAX NJIAHETHI €ro WH-
AVKIHNS MOMeT oTauyarsces or 1,5 ao 2 pas. Mar-
HUTHBIE TIOJIIOCKH! HE COBOALAIOT ¢ reorpadpuiecKH-
M#. OTO TOBOPHT O TOM, HUTO >KEJ€3HOE HAAPO
Mapca HAXOAWUTCH B CPABHHTENBHON HENOABHI-
HOCTH 110 OTHOIIEHHIO K €0 Kope.

HOnumep — xpynHeimasa nianera Conmeu-
HOI cHCTeMEI M cpeju rasoBslx rurasToB. Macca
KOnurepa npessInaeT Maccy BCEX APYIHX IJaHeT,
pMecTe B3ATHIX. OH HAXOAUTCA B 5 pPa3 JaNbIIe OT
Connua, uem 3emnas. Opur ofopor sokpyr Cons-
na IOnmTep cosepiaer 3a 12 neT.

Ilnanera He uMeer TBépAol mosepxuocTH. ITo-
aToMy, M'OBODH O e pasMepax, YKA3RIBAIOT pagHyC
BepXHel rpaHunkl o6aaKkoB, rae AaBfleHne NOPAA-
ka 10 xlla. Cpeanas nnorHoceTs KOnurepa o4dens
mana (1,33 r/em?). OH DOYTH LEJIHKOM COCTOHT
U3 BOAOPOJA U rejinfa: mo o6beMy COOTBETCTBEHHO
891 10% . M Tonsko 1% cocrasaanr Gojee TAMKE-
JIBIe 9JIeMEHTHI.



[IporamxeénHoCTE  BOJAOPOJHO-
renueBoit armocheprl Onurtepa
npessimaer 1000 xm. Ona cosga-
ér Takoe GoanlIoe gaBaeHHe, 4TO
MOJEKYIAPHBIN BOIOPOI W TeIHH
NoJ, HeA NPeBpallalTcHs B KHUJ-
KocTb. OpasH:xeBblil 1BET aT™MO-
cihepe NpUAAIOT COETHHEHHA (hoc-
ML DA thopa NN CepEL.

Ha-3a Henpo3pa4dyHOCTH AaTMO-

O TSRO . .11 101 chepsr  IOnuTepa HEBOBMOKHO

ekt

L R

Puc. 175, [loaca, 30HH
i Boasmoe Kpacuoe
Ilatao KOnurepa

VBHIETHh 66 HIWHNe caod, B omu-
TepPHAHCKOH aTmocthepe obpaay-
IOTCA BHXPH (IIMKJIOHB W AHTH-
IHKJIOHEI), INTOPMBI H TpO3kI.
BuxpH npoasinAnwT ceda B BHIe
KPVIIHBIX KPACHBIX, DEJIBIX H KO-
pUUHEeBLIX IIATeH. Tak HaswiBaeMmoe Boaswoe
Kpacnoe IMTamuwo — KpynHelmuii MasecTHLIHN
Buxpes B ConHeuHOH CHCcTeMe ABIAETCA AHTH-
nukjgoHoM (pue. 175). B npegenax sroro muxps
MOTJIO OBl PASMECTHTHCA HECKOJBKO TLIAHET pas-
MmepoM ¢ 3emuo. OH CYIIECTEYET ViXe OKOJIO
300 ner.

Ilockonery Onurep sBasAeTcs rasoBol 1Jiane-
TOlH, ero BpAINeHVEe OTJHYAeTCH OT BpAIIeHHUHA
TBEPAOrO TeNa. JKBATOPHAILHAA 00aacTh ILIaHe-
TEl Bpamaercs OuicTpee npunoaapHeix. Ocs Bpa-
IEeHHA [IJIAHeThl MOYTH NepHeHAUKYVIAPHAa TLIoCc-
KoCTH 0pOuTH ¥ akAunTHKHE. [Tosromy Ha KOnuTe-
Pe HeT cMeHEl BpeMEH roja.

Brnauman nosepxrocts IOnurepa — 210 Bepx-
HHe NJIOTHEIe AMMHAAYHEIe o0aKka. aags c S3eman
Ha HnownTep, ME BHMAMM BepXVIIKH 00JaKOB B
BH/Jle BBLITAHYTHIX BJAONbL aKBaTOpa mnojaoc. Ha
pucyHKe 175 mokasaHo, YTO 3TH DoJocekl ofpa-
3YIOT CHCTEME! TEMHBIX NOSCOB M CBETJIBIX 30H,
pacnoyoseHHLIX CHMMETPHYHO K CEBEPY H IOTY
ot sxkparopa. IloAaca u 30HEI — aTo ofiTacTu HU-
CXOAALIHX M BOCXOAAIIMX [MOTOKOB B aTMocdepe
MIaHEeTEL.
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Puc. 176. Buvrpennes
crpoesne Kimnrepa:

1 — rasoobpasnii
ROJAOPOS;

2 — MHIEHE BOAODOI;
3 — MeTaTAHHeCKH

BOAOPOO;
4 — TREPIDE AP0

Puc. 177. CepepHile
11 MK HEIE [T0UA PHEIE
caanna ma [0mmrepe
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[lpeanonaraemoe crpoeane HnuTepa noka-
sano HA pucyHKe 176. Ha raybune 10 000 xm
mpagnerne pocturaer S00 I'[la, Temneparypa —
11 000 °C, n BOAOPOA MEPEXOANT B BEIDOMKIEHHOE,
NN MeTANNWYecKOe, COCTOAHME (NpH KOTopoM
JIEKTPOHEl OTOPBAHKLI OT MNPOTOHOB), T. €. CTAHO-
BHTCA NOAOOHBIM JKHAKOMY Meramry. Tommuaa
aroro ciaoa okoxo 42 000 kM. BayTpm Hero naa-
paeT HeDOJLIIOE JKEJe30CHIMKATHOE TBEpJoe
aapo paguycoM 4000 kM ¢ TemmepaTtypoii, Gams-
koit 30 000 °C, m maccoit, 8 13 pas npessImnam-
mieit Maccy 3eMHOTO TIapa.

Cnoit MeTanmuUeckoro BEONOpoAa cnocoben npo-
BOAWUTH 3JIEKTPUYECKHI TOK M, 10 BCeil BHINMOC-
TH, ABJAAETCA HCTOYHHKOM CYLIeCTBOBaHHMA ©0-
IMHPHOM) MATrHMTHOLI'O IOJIsd NJIIAHEeTHL.

Onwrep obnagaer caMbiM NPOTAMKEHHLIM Mar-
HUTHBIM [OJIEM H caMol MOIIHOI W axTHBHOI
marguTocdepoil u3 scex nuaner Corrneunoitl cue-
TemMEl. B MarauTociepe TPOHCXOINT VCKOPeHHe
uyacTH. [IpoEnKEOBEHNME YACTHI, K3 MarHMTOChe-
pui B armocdepy Hnurepa cosgaér rTaMm noasap-
Hble CHAHHA, 3aPerdcTPHPOBAHHBIE KOCMUYECHM-
MH annaparamH (puc. 177).

Camypn MOMHO VYBHAETH HEBOOPYHEHHBIM
raazoMm ¢ 3eman. Ero Komneso — camoe MoOIHOe,
CBETJIOE H KpacHBOE MO CPaAaBHEHHI) C EOJbIIAMM
TPEX OCTANLHLIX TLNAHET-TUTAHTOB — COCTOUT H3
JABYX KOJIeIl, PA3JJeTéHHBIX Y8TKO BHJIUMBEIM 3a30-
pom.

B nepuog ¢ 1979 mo 1981 r. ¢ noMoLusio aMepu-
KaHCKMX KocMHYecKHuX annaparop «IInonep-11»,
«Boasxep-1» u ¢Bospkep-2» 60 0bHADYHEHO
marsuTHoe noje CarypHa. Brlnn raxk:xe nonyue-
HBEI CHUMKH CTPYKTYDH KOJEI, H OTIpe/iesIéH HX co-
crap. Oxazazocs, UTO KOJNBIA COCTOAT IIIABHBIM
obpazoM M3 HACTHUEK JibAA, 4TOPHBIX [ODOAY H
IIBIJIH,

CarypH coctouT B OCHOBHOM M3 BOZODPOJa €
IpHMecSMH TeTus ¢ cAejiam# BoJkl, MeTaHa,
AMMITAKA W «TOPHBIX DOPOI#*.
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Pue. 178. Ctpoexne
CarypHa:

I — razosas atmochepa:

2 — smuaxnii sogopon;
3 — merannpueck it
BOOODOI;

4 — BOAA, METAH,
AMMHBAKS

5 — AHIPO M3 KPEMHUA
H METRLION

Pue. 179.
eBosmmrep-2» —
AallImapar,

HECNE N0BA BIITHA
¥pan ¢ Gauakoro
PACCTOSHHA

Carype — eguHCcTBeHHAs naaHera ConHegHOM
CHCTEMEI, CpejHAf IIOTHOCTE KOTOPOH MeHbIIe
NaoTHOCTH BoALI. CyrHM Ha naadere guates 10«
34 mun 13 c. Ogur obopor eorpyr Conana CaTypr
copepiiaer 3a 29,46 zeMHBIX JeT, B €ro roay
10 759 caTypHHAHCKHX CYTOK.

ILnockoers sxsaropa Carypra (¢ KoTopoii cos-
najaeT MIOCKOCTh 00paIeHHsa ero KoJell) Hakao-
HEHa K IIocKoeTH ero opouTsl Ha 26,737, mostoMy
HA HEM, KAK H HAa dSemMie, NPOHCXOJHT CMeHa
BpeMéH roga. Ho xamioe M3 ueTbIPDEX BpeMeéH
roga Ha CaTypHe AnuTea He MeHee T JeT.

Ha pucynre 178 norasano erpoenne CaTypHa.

Vpan. B 1986 r. xocmuueckuit annapat «Bo-
AjLEep-2+ nepecék opOury YpaHa H OpOLIET B
81 500 kM or moBepxHOCTH niaHersl (puc. 179).
dro EeIMHCTEEHHOE2 B MCTODHN HOCMOHAETHKH OO~
celleHHe OKpecTHOCTe ¥ paHa, ANnapar Hayaus
VHHKaJbHLIE 1004 HEIE YCJIOBHA, 00y CIOBIeHHBIE
TEM, UTO OCH BpallleHHa Y paHAa pacnoaosKeHa mo-
4YTH B NJAOCKOCTH ero opbuTsi, oTKpbia 10 HOBRIX
COYTHHKOB M JBA KOJbIA M NPOBEN PAJ JPYVIHX
HCCIeIDBaAHNH,

Ilepnon BpameEWs TMIAHETE BOKPYT CROEH OCH
coctaBisier 17 3eMHBIX 4acoB 1 34 3eMHBIX MUHY-
Thl, OJHAKO H3-338 CHJIBLHBLIX BETPOB, AVIOUIHX B
BepXHEM ciaoe aTMochepsl H JOCTHTAKIIHX CKO-
poctn 240 M/c, HEKOTOPBIE YaCTH aTMoc(eps co-
BepliaT of0poT BOKPYr niaHeTsl 3a 14 uacos.
JBurasces mo opbuTe co cpeaseil CKOPOCTLIO, PAB-
HoM 6,81 xm/c, ¥Ypan genaer o6opoT BOKpYT
Couania 3a 84 seMHBIX roga.

Ypan aepnaercAa efuHCTBeHHO naaneroi Cou-
HeYHOH CHCTEMEI, HOTOPad BPALLASTCH «J€XKa Ha
00Ky #, TOCKONBKY OCH €r'0 BpallleHHA pacmoiiara-
eTcH IoUTH B rmaockoeTn opburel. IlosroMy npo-
IecChl CMEHRI JHA H HOYH HaA HéM CYIIeCTBEHHO
OTIHYAIOTCA 0T TeX e NPOLeccos, NPOHCXOoMs-
WX Ha MHOMHUX JPVIUX InaHeTax. 34 ypAHOBBINA
rojl Kamaeld Todoc TMIaHeTHEl MoJOBHHY TONa
(42 sgeMHBIX) HaAXOAWUTCA B TEMHOTE, a JPYIVIO
NOJOBUHY — nox ceetoM ComHIE.
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Pue. 180. Crpoerne
Vpana:

1 — razoeasa
aTmocdepa;

2 — muaxni
BOAOPOMS

g — Ibfkl 13 BOOLL,
METAHA, AMMIAKA,
4 — sapo

Puc. 181, Koasna
Henryaa
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Xora YpaHe ¥ He HMeeT TBEP0i MOBEPXHOCTH B
OPHBLIYHOM TOHMMAHWN 3TOTO CIIOBA, Haubonee
yAANEHHVI0O YACT: razoobpazHol oBoMOYKH NpH-
HATO HA3LIBATE ero arMocdepoi, 9To cAMAR XO-
nojaHas nnaHetapHas armochepa CongevHoil cic-
TeMEl ¢ MUHHMAIRHON TeMmmeparypoii —224 °C.
TlonaratpoT, uyro ¥paH MMeeT CAOMRHYID CIOHCTYIO
CTPYKTYDY ODJNAKOB, I'Jle BOJAA COCTABJIAET HMMH-
HUit cJ10if, A METAH — BEPXHHUII.

B meppax ¥pana (m cxomero ¢ HuMm Henrtysa)
OTCYTCTBYET METAJIMYecKHii BOJOPOX, HO 3ATO
ecTh pasHEIe JbAbl: BOLHEIN, MeTAHOBHIN, aMMH-
aunbii. [TosTOMY MX HABBLIBAIOT «NeIAHBIMH T'H-
FAHTAMMS, B OTJHYHME OT TABOBRIX T'MIAHTOB —
Carypra u IOnuTepa, COCTOAIUX B OCHOBHOM M3
BOAOPOJA M I'eTHA,

B nenrpe ¥Ypama (puc. 180) maxoaurca He-
Goasmoe (oxoao 20% oT pagmyca ILIAHETHI) Ka-
MEHHOe HApo, B cepesuHe — o00JMOYKa H3 Jbla
(okozmo 60% or paguyca VYpasa), a BOKPYI
BogoponHO-TenueBas armochepa (20% paamyca
MJIAHETHI).

Hamepennn «Boagsepa-2» nossommnn obHa-
PVHTHL Vv ¥YpaHa BecbMa CHelupHUYecKOoe MAar-
HUTHOE [0Jie, KOTOpOe HANDABIEHO HE H3 Treo-
MeTPHYeCKOr0 IEeHTpa MIaHeTkH!, & HAKJIOHeHO Ha
59° orHOoCHTEILHO OCH Bparlenusa. Ja-za acum-
MEeTPHYHOCTHA MAPHHTHOTO MOJAA 3HAYEHHH Mar-
HHUTHOM HHIYKIHH HA& NDOBEPXHOCTH B KXHOM U
CeBEPHOM TNOMYIIAPWUAX pasiuuHbl. MarsmTrOe
none npesocxoaut semuoe B 50 pas. Kpome Ypa-
Ha, AHAJOTMYHOE CMEIEHHOe MATHATHO®e [10J1e Ha"
onwopaercHa v Henryaa. BosmomHo, Takas Koadu-
rypalnps MOOJA XapakTepHa AJA <¢JefAHLIX IH-
raETOB» W 00yCAOBAEHA TeM, UTO HojJe Yy HHX
(opMEpyeTcs HA JOBOJABHO MANBIX PIVOHHAX.

Henmywn. «Bosigsep-2» ObLT NepBBIM KOCMH-
yeckMM Kopabiém, Koropeiii B 1989 r. mocrHr
Henryna. On chororpadpuposas nnasery, u diaa-
rojaps aTeM usobpareHuamM Obl1o oDEADYXEHO,
YTO ¥ ILIAHEeTHI €CTh HATH KoJen (puc. 181).



Puc. 182, Baabiine
Témuoe Maruo
Henryea

Puc. 183, Crpoenue

Henrynua:

! — Bepxuas
armocepa,
BepPXHEE obaKa;
2 — atmociepa;
3 — mauTHA;

4 — anpo

Bupnmasa nosepxnocts Henrryua npeacrasiaser
co00il naoTHLIN o0gadHEIN IO CHHErO IBeTa ¢
MOJNOCAMH U DellbIMY M TEMHBIMH IATHAMHA. Boas-
moe Témuoe IlsTHO (pHc. 182) Apnsgerca caMbBIM
KpYynHbIM 13 HAOMIOJABIIMXCH 10 CHX TIOp ypara-
HOB-AHTHUIIHKJIOHOB,

Temneparypa HenTysma B BepXHHMX Cl0fAX
armoctepnr 6im3ga K —220°C. B nenrpe Hen-
TYHA TeMIepaTypa COCTABISET, [0 PASTHYHEIM
ouerkam, ot 6000 mo 7000 °C, yro conocTaBHMO
¢ TeMNeparypold Ha nosepxsHoctH Comuia. Buyr-
penHee crpoenne HenryHa noxasaHo Ha pHMcyH-
xe 183.

Ha-3a orpomMHOro JaBjeHHH (B HECKOJBKO
MH/UTHOHOE pAa3 MpPeBRIIIAIIEro armocheproe
AaBjeHHe Ha 3emJie) HAXOAAIIHIICA B MAHTHY JI8]
He HCnapAeTcs, HECMOTDS HA BBICOKVIO TeMIIe-
patypy — ot 2500 zo 5500 °C.

CBoMM CHHHM C 3eJICHOBETHIM OTTEHKOM IIBE-
roMm Henryn o6f3aH NMPHCYTCTBYIONEMY B BepX-
HHUX CJIOAX arMocepsl MeTaHY, KOTODPBIA ITOTIO-
LIAET U3 COTHEUHOTO CBETA KPACHEIe JIVYH ¥ oTpa-
JAST CHHHE,

B ray6oxkmx wacrax armocheps nog gedcrTsu-
em Oonelmoro aaBleHU#A rassl npeobpasyioTes B
KPHCTAJLIEL, KOTOPLIe HA ewlé 0onbImux rayduHEaAx
NpPeBpaLaOTCA B JE.

Cmena Bpemén roga Ha HenryHe, KAk u Ha
3emJie, TPOMCXOUT MO Mepe ABMMKeHHA ILIaHe-
Thl BA0Jb opOuTEl. Ho rox na Herrryne paren
164 zemrmiM rogam. CooTBeTCTBEHHO NPOHO.JI-
JKHTEJIEHOCTL K&MIOr0 H3 YeThIpEX ero ceso-
HOB — 41 rog — ropasfgo AnuHEHee seMHBIX. OQue-
pPelHOe JleTo, HAa4YaBIIeecHA B HOMKHOM MOJYIIADHH
8 2005 r., npognurcea xo 2046 r. B aror nepuon
BOKPYT ceBepHOro momioca Henrtyma 8yvaer ma-
PHTH 3UMHAA TOJADHAA HOYb,

Marsuruaoe nose y Henryua snepesre 6u1mo 06-
HApY#eHo B 1989 r. ro BpeMa nponéra 6aus nua-
HeThl «Boamkepa-2+». MecaegoBanusa mMoxA3arm,
YTO MATHHTHAA OCh [LJIAHETHI OTKJ0HeHa Ha 47° or
OCH BpAINeHMA IInaHeTrl. M3-3a cHIBHOrO HAKJID-
HA MarsuTHOH ocH cusHua Ha HenTyHe pacnona-
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TAIOTCH BOBCE He HAJ ero rnojocaMu, a Ha yaane-
BHuH oT HAX Ha 40—50°, noaromy ux yie Henp3sg
Ha3BaTh MOJADHBIMHA.

1, Y10 HoBOTG BRI VaHann o0 armocdepe, cTPOeHNH, MarHATHOM IOJe
Beman? 2. Hem moryr OuiTh BEIGBaH B TpobIeMEl ¢ ALIXAHHEM ¥ 310POBOTD
HeaoReHa, NOAHUMAINMEeroecs Ha posaymHEoM mape? 3. Bricota Tpomo-
cepsl B mogApHLIX obnacTax Jeman gocturaer 10 kM, a B aKBATOPHANL-
Hoil — 16—18 kv, Kar On1 Bel 06BACHUIH 2TO PASNTHYHE, MCTIONL3YA 3HA-
aufA no pranke? 4. Mo kakuam geym npaanzam armochepa Meprypns
xpaline paspesena? 5. Yem oramuaerca marsnTHOe nose Hnurepa or
MAarHHTHOrO noad deman? 6. Yro raxoe merannuydeckuil rogopon? 7. B uém
JARTIOYAIOTER OCOGEHHOCTH MATHHTHENX nonell Ypara n Henryaa?

YNPAMHEHME 49

1.
2.
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Yro apaAeTcA IPUYHHON CMEHE BpeMen roga Ha desse?

Henonnsys AOOOTHHTENRHVID JuTeparypy # Hureprer, onopegeanTte
CKOPOCTh B LEHTpocTpeMBTEALHOe yerkopeane 3emau. Cunrars opbuTy
JeMITH OKPYHHOCTEI.

IMoMumo DONBIIKX NJAAHET H HJNAHET-KAPIHKOB
porpyr Conaua asurkercs DoJiee 4eTBIPEXCOT Thi-
cAY MAJBIX HeOBCHBIX Tel PASMEDOM OT KHJIOMET-
pa u OoJiee, Ha3LIBAEMBIX acmepoudamu, 4TO B
HepeBofie C IPeYEcKOro O3HAYAET «3BEe3NOnonos-
aeles. OTIHUUTE ACTEPOHABRI OT 3BE3N MOMKHO
TOJLKO 0 MX ABM3KEHMWIO Ha (JOHe 3BE3JJHOTO He-
6a. CoBoxkynHoeTs ofpamalomuxes soxpyr Coms-
a4 ACTEPOMA0B, OpPOHTHEI KOTOPHIX TIPOJETAIOT B
OCHOBHOM B IpocTpaHcTBe Mexay opburamm Map-
ca # HOnurepa, npuHATO HaskBaTek I'lasHBLM
noscom acmepoudos.

Bokpyr Conmua taxse ofpamaioTes 1O BeI-
TAHYTRIM 3NTHATHYECKHM OpPOHTAM KOMembl H
MemeopHbie meaa (Ha3kIBaeMble TaKKe Memeo
poudamie), T. e, TBEPIBIE TEJA PASIHYHLIX pasMe-
POB — OT MECYMHEM 0 MEJNKOI'0 acreponga. Acre-



Pue. 184, Komera
XoaMca, OTKPEITa
6 moalpa 1892 r,

azossiil XEocT

Pue. 185. Cxema obpa-
FOBAHHA IBVX THOOB
XBOCTOB KOMETEI

POHJIbI, KOMEThEl I METEOPHLIE TeIA HAZEIBAIOTCH
manrvimu meramu CoanewHou cucmemni.,

Komemer mnpeacrasaAmoT coboil Ooasmime
o0pasoBaHUs M3 PA3PEIKEHHOIQ rasa ¢ OYeHb
MAJTEHBKUM TBEPAIM sigpoM. HAjupo cocromr u3
aefos: BogHOTo (Gomee 80Y% ), meramoBoro, am-
MHAuYHOTO, yriaekuernoro u ap. Komermnii aég
NepeMellad ¢ ThITRI0 W KAMEHHCTHIM BeLIecT-
BOM.

Brann or Connua npu remmeparype mopsaiaka
-260 °C xomeTa He HMeeT HH I'OJIOBbI, HY XBOCTA.
Ipn npubnumxennn k Coanny Ha Takoe paceToa-
HHe, IIPH KOTOPOM TeMIepaTypa KOMeThl TORKI-
maercs 20 —140 °C, 1pabl HAYUMHAKIOT HCTIAPATHEA,
ofipasya IpospavHyIo aTMochepy — roJioBy Kome-
THI (puc. 184).

ITpm menmapeHHy TLAOB HAa NOBEPXHOCTH #AApA
OCTAETCA KOPK&, COCTOAIMASN H3 NBLIM M IPDYIHX
TACTHIL.

KBaHTBI COJIHEYHOTO CBETA, HAJIETAS HA FOJOBY
KOMEeThl, MOHH3HPYIOT MOJeKYIkl razoe. ComHeu-
HBIH BeTep, JeHCTBYA CBOMM MACHHTHBIM IIOJEM
H& HOHEI, YHOCHT X or CojHULA CO CKOpPOCTHIO
500—1000 kM/c, B peayasTaTe Hero y KOMETE
o0pasyerca AJWHHEBIN B npaAMoil naasMeHHBLIH
XBOCT,

ConHeunnlil cBer (IIOTOK CBETOBRIX KBAHTOB)
OHaablBaeT [4BJeHMEe HA OBIIAHKH, Onaromgaps
YyeMy V HOMeTHI oDpasvercs BTO-
poit XxBocT — neLIeBOM. IlocKOIE-
KV CBeTOBOe JaABJCHHEe CPEaBHH-
TEJILHO HEBENUKO, MblJbL [IOKH-
JdaeT I'JIOBY KOMEeTRI JOBOJILHO
MEIJJIeHHO H, CIejlydA a3a Hel
M0 KPHUBOJHHEHHOH TpacKTOpHH,
INIPHHHAMAET H3OTHYTVI0O (opMy
(puc. 185).

Haspanue ¢komerTas mpomcxo-
JHAT 0T Ppedeckoro caosa kometes,
T. . «IJIHHHOBOJIOCKLI», Bepoar-
HO, TAKOE HasBAHWe OBLJIO JaHO
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Pue. 186. Anaenue
METEOPE

Puc. 187. Bonng

majg Jlarsue

GnarogapA HAMHMYHIO I'OJOBBI H PASBEBAIOIIETOCH
3a Hell XBoCTA.

IIpu noaxoge xkomers! Gausko k Conany (Ha-
NpAMED, IIPH eé IBM¥eHUH BHYTpH 3eMHOH opbn-
Thl), M3-3A CUILHOrO PASOTIDERA M'A3 M IHLITh BEIPEI-
BAIOTCHA K3 AApA HellPEePHEIBHO U ¢ TaKo# Goabloi
CHODOCTBH), UHTO Ero MACCa MOX¥eT VMEeHBIIATHCH
Ha 30—40 7T B ceryray. [loMHMO 3TOTO B KOMETE
MOTYT IPOUCXOJANTE BADBIBEI, IPHBOAANINE K Pa3-
PVINeHKIO AApa.

OcTarki pacnaslIerocd KOMETHOro AJpa, Ha-
SBAHHBIE METEODHLIMH TE€JAAMH, MOTIYT PACTAHYTE-
ca BAoAbL OpOMTHEI KOMeThl H& DOJBIIOE paccTod-
Hue. Ecnu 3eMIs NpoxXolHT CKBO3R HX CKOILIE-
HWEe, OHH, BJAETAA B eé aTrMochepy co CKOpPOCThIO
11 EM/c, HCOAPAIOTCA HA BEICOTE B HECKOJIEKO Je-
CcATKOB KHJIoMeTpoB. HHOrga xKaskercs, 4To MeTe-
OpHI BBUJIETAKOT U3 Kakoi-ubo obaacTrn HeGecHOH
cihepnl (puc. 186). O6nacTe HebecHOM cheprl, Ka-
KYIIagcs HCTOUHUKOM METeOpPOB, HAZBIBAETCH
paduanmom.

Ecan M3 MeXnaaHeTHOrO NpOCTPAHCTBA B AT-
mocthepy NPpOHNKAET KPVIIHOe XKeJledHOoe HJIH Ka-
MEHHOe MeTeOpHOe Teno, HAnpumep obJIoMOK ac-
TepOHaa MACCOH B HECKOJNBKO KHJIOTPAMMOR, TO B
GOJNBIIKMHCTBE CAYHAEB OHO He YCIeBaeT paapy-
HUTECA B aTMochepe H magzaer Ha semato. Taxoe
TEJI0 HASEIBAETCH MEMEOPUMOM.

BriBaeT, 4To KPYMHOE METeOPHOE TeJ1o Ha 00Jb-
ol CKOpOCTH NMPOHHMKA&ET B HUKHHUE CJIOH ATMO-
cepsl, OT TpeHHA 0 BO3JYX OHO CHJILHO Harpe-
BAETCH, M Y HEro nospasgerca o0OJI04YKA H3 pac-
KAJIEHHBIX ra30B H YACTHL. BEIIISgAT 9TO0 KAK
meTAmMid 1o Heby OGonbmoiol OTHEHHBIA INAap,
ocTaBAAKIINI mo3anw ceGa apkmit cnen. Takoe
ABJIeHNe HagkIBaeTeH Bonudom (puc. 187).

=
(2L 1. Yvo sasmsaerca actepomaoM? 2.YTo B 3Haere o xomerax? 3, ro
HasEBaeTcA apnennem Mereopa? 4. Yro rakoe MeTeopuT?
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8péagn! npeacrasaaiorT coboil maps M3 rops-
Hero, no SonbIIel YACTH HOHUSZUPOBAHHOrO rasa,
Honuszanms 3Bé3HOr0 BelecTRa ABIASTCH cien-
CTBHEM €r0 BhICOKOH TeMuepatypsl (0T HECKOJb-
KHX TRICAY 10 HECKONBKUX JeCATKOB THICAY Ipas
AYCOB).

B peaynnraTre mcciefoBaHNA XHMHYECKOI0 CO-
crasa Conmuna 1 Apyrux 3séan 6sL10 obHAPYIKEHO,
YTO B HUX OPHCYTCTBYIOT [IOYTH BCe XHMMHUECKHe
3JIeMeHTHl, MMelolIuecs Ha 3eMile ¥ NpeiCcTaBJIeH-
uele B Tabaune 1. H. Menjaeneesa. BusicHHI0CH
TaKKe, yro B GonbmuHeTBE caydaeB 70% maccenl
3Be3]bl COCTABIAET Bojopon, 28% — renuii u
2% — Oonee THMKENBIE 9TIEMEHTEI,

Brr yae anaere, uto ueM BObLIE MACCA 3BE3/1bI,
reM DoJiee cCHIBHOE MDABUTAIIMOHHOE MMOJIe OHA CO-
agaér. Baaropapsi neiicTBHIO I'DABHTALHOHHBIX
CHJI, CORUMATONIMX 3BE3HOE BRIECTRO, ero Temie-
patrypa, NJOTHOCTb, AABJeHHE 3HAYHUTEIbHO BO3-
PACTAIOT OT BHEIIHHX CJIOEB K LEeHTPY.

Tar, HanpuMep, TeMOePATYPa BHEIIHHX CJI0EB
Conana npubnuaurensHo pasHa 6-103°C, a B
neaTpe — nopAgxka 14—15 Mmar °C, IIOTHOCTH
sBemecTsa B ueHTpe Connia npubanauTebHO pas-
Ha 150 r/cm? (B 19 pas Boxbme, ueM y xenesa),
a JaBJieHUE 0T CPEJHUX CJ0EB K IIeHTDY BO3pacTa-
eror 7+10% go 8,4+10' arm. IIpu Takux Temme-
paTypax H ZaBJeHHAX B AApe MOIYT IPOTEKATH
TEPMOAJEeDHEIe DEAKIIHHN, ABAAOIIHECA HCTOYHN-
KOM 9HEePruu 3BE3x.

MomuocT: HBNy4YeHHs 5Be3ikl (HaseIlBaeMAsA
TAKIKE c8emumocmsio n obozHauaemasa OYK-
Boi#l L) nponopoHoHabHA YeTBEPTOH CTeneHH eé
MACCEI:

L= M4,

Mog apdagamn sgeck H JaNee MOAPASYMEBATER IBESNE
Tina CoMHNA, HAXOASIMECH HA TOM e CTAZNR PAIBHTHE, 4TO
i Coamne,
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Puc. 188. Crpoenne
Comuua

288

IIporeratormme B HeJpax 3BE3]] TEPMOAJEPHBIE
PeaxINy ABJIHIOTCH OJHUM H3 IIPOLEccos, cyle-
CTEEHHO OTJHYaIOMIMX 3BE3bl OT NJIaHeT, TAK KaK
BHYTPEHHUH MCTOYHUEK ODOrpeBa IJIaHET — BTO
paguoaKTHUBHBIN pacman. YKasaHHOe pasnanvHe
o6yeIOBIeHO TeéM, UTO Macca Jni00oli sse3/ibl 3aBe-
momo BoJiblle MacCE! ga)xke camoit Gosrsoi nmane-
Thl. 9T0 MOYKHO IPOMINIOCTPHPOBATE HA IIpHMepe
HOnurepa. HeemMoTpa Ha TO 4TO 110 MHOTHM Iapa-
METDAM OH OUeHBb IIOXOX HA 3BE3y, €ro Macca
OKaszajach HEAOCTATOYHOH I/ BOSHUKHOBEHHHA B
ero HeJpax ycI0BHil, HeoOXOAHMEIX IJId NPOTeKa-
HHS TepMOSAePHEIX PeaKIiHi.

B peayasTare TepMOSAEpPHBIX peaxknuit B men-
pax ConHua BbLAEAAETCA OTPOMHAA SHEPIUA, 110
AepIKUBAIOILAA ero cBedeHue. PaccMoTpuMm, Ka-
KuM o0pasoM 3Ta SHEPrHA BBIXOJUT HADPYIKY,
Kk moBepxHocTH ConHna.

B 3oHe neperoca Jy4ncToil aHeprun (puc. 188)
ocroDOMCIEHHOE B siZ[pe TEILNTO PACMpOCTPAHHETCH
or nenTpa K nopepxuoctn ConHna myTeM Halyde-
HHHA, T. €. Yepe3 NorJIoNleHHe H HaJlyYeHHe BeInecT-
BoM mopruit ceera — ksaHTOB. [locKonbpKy KBaH-
TH HATYVIAKTCA ATOMAMH B JII0DBIX HANPpABIEHUAX,
UX IIVTh K TOBEPXHOCTH IJNHTCA THICAYH JeT.

B 3oHe KOHBeKUHNH 3HEPTHA TIe-
PEHOCHTCH K NOBEPXHOCTH BCILILI-
BAIONIHMH HOTOKAMH TOpPSYero ra-
3a. [[OCTUTHYB TOBEPXHOCTH, I'ad,
MaAyUas SHEPTUI0, OXJIAKAaeT s,
VOJIOTHAETCA W IOrpyiKaercda K
OCHOBAHHIO 30HEI. B HOHBEKTHB-
Ho#t 30He ras Henpospadex. [lo-
STOMY MOMHO VBHIETH TOJBKO Te
CJIOHM, KOTODBIE HAXOAATCH HAJ
Hel: dorochepy, xpomocgepy n
KOPOHY (Ha pHcyHKe He oDo3HAa-
yeHa)., ITH TPH CJOH OTHOCATCHA
K COJTHeMHOH aTMochepe.

@omocgepa («cepa cBeTar)
Ha thoTorpadHAx BRIMIAZHAT KaK
COBOKVIIHOCTE SAPKHMX THATHBI-



Puc. 188. I'panyiant
W OATHO B (poTOChe pe

Connia

Puc. 190. Corneunasn
ROPOHA (BO BpeMs
OOMHOID CONTHeYHOrO
zaTMerRnA 1999 r.)

10-n epRLHam, 8 e,

mwex — rpanyda (pac. 189), pasgenéHHEIX TOHKH-
MU TEMHBIMHA JHHRAMH, Apiue NaTHRIIIKH — 3TO
[IOTOKH rOpAYero raaa, BCNILIBAIOIIHE Ha IOBEPX-
HOCTH KOHBEKTHBHOH 30HBI.

Xpomocgpepa («cepa useras) HagBaHa Takr
3a CBOK KpacHOBATO-(PHOJMeTOBYI0 oKpacky. On-
HUM 13 HanboJlee HHTepEeCHBIX ABJEHWI, KoTo-
pBle MOKHO HabMIONAaTE B XpoMocdepe, ABIAIOTCH
npomydeparubi', Ilporaménnoers xpomocheps
poctaraetr 10—15 Thic. KM.

Camvasa BHemHAA Yacrs armochepwsl ComHia —
Kkopora. OHa DPOCTHPAETCHA HA MHJJIHOHEI KHJIIO-
MeTpOoB (T.e. H& DACCTOAHHNE TOPHAKA HeCKO/b-
KHX COJHEYHBLIX DAJNYCOB), HECMOTDPHA HA TO YTO
cuaa tAmecTd Ha ConHne ovenh BesqmKa. Boab-
masf TPOTAMEHHOCTE KOPOHEI ODBACHASTCH TeM,
49TO ABMIKEHHSA ATOMOB W BJIEKTPOHOB B KOpOHe,
pasorperoii go temneparypsl 1—2 mum °C, npo-
HCXOOAT ¢ OrPOMHEIMHM cKopocTaMu. ColHeunas
KOPOHa X0POIIO BAIHA BO BPeMS COJMHEYHOTD 3a-
TMeHnA (puc. 190). Popma ¥ APKOCTE KOPOHE! Me-
HAKOTCH B COOTBETCTBHH C HUKJIOM COJHEYHON akK-
THBHOCTH, T. €. ¢ NEPHOANUYHOCTEIO B 11 JreT.

Mupaykuus marautaoro noas sa ConxHie Beero
B 2 paaa Bonsine, yuem Ha moBepxHocTH Senun. Ho
BpemMeHamM¥ B Hebomsmod objacTH cormeuHoi
arMoc(eEpPhl  BOZHHMKAIOT KOHIEHTPHPOBAHHBIE
MAaTrHUTHEIE II0J1, B HECKOJIBKO ThICAY pas Gomaee
cuabHBIe, weM Ha 3emme, OHH IPEOATCTBYIOT
nogbLEMY TopAdYeil ILIasMbl, B DPeayiIbTaTe 4ero
EMECTO CBeTIRIX rpaHyJi ofpasyerca TEMHaA ob-
TacTk — coaHewnoe namHo (eMm. puc, 189). Tlpu
NOABIEHHH BOMBIIHX TPYIIN HIATEH MOIIHOCThL BU-
AUMOrO, yiAbTpadHOJIeTOBOr0 M PEHTTeHOBCKOIO
H3NYyHYeHWH pedko BOSPACTAET, YTO MOKeT Hebma-
FONPHATHO OTPAXKATRCH HA CAMOUYBOTBHHT Mogeil,

Ilepememenue nusten mo aucry Connua apna-
eTcs CJAeJCTBHEM ero BpallleHNsd, KOTOPOe MpoMe-

! ITpomyGepanyst — rpoManHble, NPOTHMKEHIOCTEIO 4O CO-
TeH ThICAY KHAOMETPOB, NAasMeEHbie olpasoBanna B CONMHeY-
HOIT KOpOHEe, IMenniae ﬁﬁ.‘ih[ﬂ}?m NACTHOCTE ¥ MEHLINVI TEM-
TMEPATYPY, YeM OKDYHALAA MX Ia3Ma KOPOHBL.
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XOJUT ¢ MEPHOLOM, PABHBIM 25,4 cyT OTHOCHTE L~
HO 3BE3.

SaBeplIAIOMINIl OTAN MNpolecca JSBOJIOIHN
3BE3] BK/AKOYEET HECKONBKO crammit. Horaa B
LeHTpe 3Be3El BeCh BOOPOJ IpeBpalaeTca B re-
Jmit, CTPYKTYpA 3Be3Nlkl HAUMHAET 3aMeTHO Me-
HATECA. E& CBeTHMOCTh DAaCTET, TeMIleparypa
TOBEPXHOCTH MOHHMMKAETCA, BHEIIHHE CJA0H pac-
IMAPAKTCH, 4 BHYTPEHHHE CKHMAOTCA. 3Beasa
CTAHOBHTCH KPACHBLIM 2U2AHMOM, T.e. 3Be3oi
OrpOMHOTO pas3Mepa ¢ BREICOKONH CBEeTHMOCTBI H
OYeHE MANot maoTHOCTHEIO. B meHTpe oDpasyerca
TLIOTHOE U ropsuee rejunesoe aapo. Korga remmne-
parypa B HéMm gocruraer 100 man °C, naunnaerca
pPeaKIMs NpPeBpaIlleHns I'eIus B YyIyiepos, conpo-
BOKAAIOINAACH BhIAeIeHHEeM BOMBIION0 KOJIHYeCT-
BA SHEPI'MH.

Ha caeayromeit craaun sséansl tana Coanma
cOPACKIBAKOT YACTE BEIIECTBA, CHHMAKOTCH 10 Pad-
MEepOB [JIaHeT, IPeBPANIAACcE B MaleHbKHe, OYeHb
NJIOTHBIE 3BE31EI — Oeabié KapauKu, 1 MeJJeHHO
OCTBIBAKOT.

ﬂ (I 1. IIpe Temmepatype B sgpe mopanka 14—15 smaH °C U zaBleHHax or
7+10% no 3,4- 10" aTm seeana gosskHa G618 OB TPEBPATHTECA B DACIITH-
paomeecs razopoe obaaxo. Ho sroro Be npoucexoaur. Kar Bu mymaere,
KEKHE CHILL TpOTHBOAecTRYI0T pAcnpeRnio 3eeaan? 2. Uro asnsercs
MCTOYHIHKOM GHePIHH, nanyuaemoit aseagoi? 3. Kaxol duawaecknii npo-
Ilece ABAAETCH HCTOMHHMEOM BEYTpeHEero oborpesa nuanerni? 4. Yo an-
nsetcda npuunHoi ofpasosasua naren Ha Comane? 5. Ha kakux cioés
COCTOMT conEeunas armocgepa? 8. PacckamuTe of OCHOBHBIX CTAAUAX
apomwonne Conrua.

3eéanrr B0 BeenenHol 06/beHHEHBI B I'HMAHT-
CKHe 3BEaHBIe CHUCTEMEI, HA3SLIBAEMbIE 2AR4K-
muxamu. 3BE3IHAA CHCTEMA, B COCTABE KOTOpOH
Haxoautca mawe Connue, HaswBaetcs lNanak-
muxot (uin Mnaeunwvim ITymém, NOCKONBRY
CNOBO <TAJIAKTHKA» B IIePEBOJE C I'PEYECKOro
O3HAYAET ¢ MJIEYHBIH, MOJIOYHBIHS ).
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Pue. 191, [Manaxriia
(8upm c pebpa)

Yucno asésn B 'anakTHKe mno-
paaka 10'2, Ceernas cepedpueras
MoJ0ca 3BE3], ONOACKIBAKINAA BCE
HeDo, HKOTOPYK MbI HA3bIBAEM
Maeunsim IlyTém, nDpeacTaBiser
coboll OCHOBHVIO UACTE HAImel
lFanaktiki, no QopMe HAITOMHE-
HAKIMYIO JHH3Y HIH YeueBHIY
(puc. 191). Tuamerp IamaxTHrKH
npudauantensHo pased 30 000 nk!
wian noura 100 000 ceeToBEIX JeT2,

ManakTHRAE He HMeeT 4YETHMX rpaEudl — o
KPHHM :33&3;:1-1&3 INJIOTHOCTE IDOCTEeneHHO CXonmnaT
Ha HeT. B neaTpe l'aJaKTHKH pacnoJIOKeHO AADO
auanmetrpom 1000—2000 nk — rurasTCcKOe YILIOT-
HEHHOE CKomJieHue 3eésn. Macca FaJakTHRH IpH-
oauarTensHo pasHa £ + 101! mace Conana.

ITlomumo 3BE34, MAaHET W MAJILIX TeJd, HMEH-
MUXCsA B HEKOTOPLIX 3BE3JHLIX CHCTEMAaX, B CO-
cras lamakTHEN BXOAHT emé DACCeAHHAA Ma-
TEPHA — MEK3BE3/HBLIH ras, NbLIb, U3Jy4YaeMble
EBEEJI,&MH. JAPHMAMOCHHEBIC YACTHIIEIL. MH.CCH pacce-

AHHOH MATEPHH COCTABIIHET YACTL MACCH

1
1000
TamaxTukrn,

IIo xnaccmpukanEy, TPOBEJEHHOH
AMEPHKAHCKHM acTpoHOMOM Jdeu-
nom Xabbrom, cyluecrsyer Tpu Buaa
FATaKTHK: AAJUNMUYECKUE, CNUpPATb-

AmepHEaHCKHN acTpoHoM. OCHOB- Hbte B Henpasuavkbie. Hama lamakru-
HBIE TDYIB MOCBAILEHE! HIYUEHIIO K& #ABJHeTcHd CHOHpaJnsHoii (pue. 192).
ranaxTHE. OGHADYUT cuemeHHe ConHeunas cHcTeMa  PacIo/IoEeHa
CHeKTPANLHLIX MHEHIE B LTHHHO-

BOTHOBY IO 06J4CTE B CHeKTPAX MeHAY ABYMSA CIHPalTbHRIMH BeTBAMH,

AAfMEKHX PANARTHE

10#

rie HKOJIHYeCTBO 3BE3J CPABHUTEILHO
HeBeJIHKO.

! Mapeex (oK) — 970 TAKOS PACCTOSERE, C KOTOPOTO Cpeguni
pagnye seMEoll opoiHTH (pABHENE 1 a. 8.), TepNeEIHKYIEDHLIH
JyYY SpeHH#H, BHOEH IO ¥riIoM B OOHY YIIO0BYH ceryeIy (1),
1 nx = 3,26 ce. roga = 206 265 a. e.

* Csemosoft 208 (cB. rog) — paceroanue, npolizennoe cee-
TOM B TéNeHHe rMoja.




Puc. 192, Maeuawsrii
Ilyre — cnupatsHas
TaJIAKTHKA

BonmbImMAHETBO TAMAKTHK COCDENOTOMEHO B
CEOITTIeHHAX. BCH CHCTeMAa CKOH.TIEHHﬁ TamTaKTHE
(13 KOTOPBRIX HAM TIOKA M3BEeCTHA TOIBKO HUX
4acTh) HaseiBaeTca Memazanaxkmukoik.

Ilns BEIACHEHMA NpPOLLIOre M OyAVILEero Ha-
bmopaemoil BeeneHHOH BAKHOE 3HAYEHHE HMeeT
CO3/JaAHME TEOPEeTHYECKHX MOIeNlell H3Y4aeMoro
o0pexTa. IlepBoie Hay4yHO 000CHOBAHHBLIE MOJEJH
Beenensoi GBIIH cO3MAHLI POCCHHCKEM QHIHKOM
Anexcandpom Anexcandposuvem Ppudma-
Hom. JITA OTBETA HA BAMKHBIE KOCMOJIOTHYECKHE
BOIIPOCKI, HANIPHMED O CTAILMOHADHOCTH HJIH He-
craunoHapHocTH BeeneHHO#H, 0 ee hopme, pamm-
yCe KPHBHSHLI 1 MHOIHE JPYI'HE, OH BOCHOJIbL30-
BAJICHA CO3AaHHOH JiHmTenHoM B 1916 r. obmeit
TeopHel OTHOCHTEIBHOCTH (TeopHeil BCeMEDHOIO
TATOTEHM).

B 1922 r. ®pngvmasE TpoaHATU3WPOBAT CHCTe-
MY W3 [eCATH CHIOXHeHITHX VpaBHEHHH TeopHH
OTHOCHTEIRHOCTH ¥ TIDHINER K QYVEIaMEeHTAIBRHO"
MY BBRIBOZY O TOM, 4TO HE IIPH KAKHX YCIOBHAX HX
[JEIIIE.'HHE He MOEeT ﬁhITb EIHHCTBEHHEIM. BTO
0o3Ha4yaeT, 4yrTo 0oDmIas TeOpHUHd OTHOCHTEIbHOCTH
He AaéT odrozo onpeneEHHOTO OTBETA HA IIOCTAB-
nennnue ponpocsl. Tem ne menee PpuaMan MoHAT,
KEK MOMHO DOJNYIHTE OTEET (X0TE H HeOJHOZHAY-
HBEII) HA BONPOC, 9TO MOMKET NPeICTABRIATE cobOMH
BeeneHHad ¢ TOYKH 3peHHA 00LIeH TEOPHH OTHO-
cureasHocTn. OH Hameén HoOBbIE, BIOJHE OIpeze-
JEHHBIE PelleHNs VpaBHeHHH o0mel TeopHH oT-
HOCHTEILHOCTH B BHJe TPEX BO3MOMHBIX MoOAeleH
HecranwoHapHoii Beenennoil. Jlpe w3 HUX oma-

ChEIBATH MOHOTOHHO pElCH]HpHIDﬂIy]ﬂBH

ANEKCAHAP ANEKCAHAPOBHY Beenennyw (¢ MOHOTOHHO pPACTVIIHM
PPHAMAH PagHyCcoOM KPHUBH3HBL), A TPEThA — IIe-

PoconitcHitil MaTeMaTHR, (mankx

pPHOZHYECKYIO BeeleHHYIO (paguyc Kpu-
BHSHBL €€ IIPOCTPAHCTEA CHAYAJIA BO3pac-

it rerbatan. CHUTNGDE dRDERRE TAM OT HYJA A0 HEKOTOPOil BeTHUHHBI,
Hayuao 0DOCHOBAHNEX MOenei MoCTe YT VMEHBIIAICA JI0 BEVIA).

Beenennon, npeackasan
pactnupenne Beeaennoi
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M3 arux mogeneil ciaenyer BBIBOX O
TOM, HWTO BCBJIEHEEE He MOJKEeT OoCTa-



BaThLCHA TOCTOAHHONH, OHA JOMMKHA DPACIIHUDPATHCS
HAM CHHMATLCA NOA OeHCTBHEM IpaBHTALMOH-
HBIX CHII.

Bo Bpemena PpHIMaHA O JBHKEHHH Tajak-
THE HA4Yero He Owino mHasecrHo. Ho B 19291,
Xabdn, Hadmoaaa COeKTPhl JAJTEKHX TAJTaKTHE ¢
NOMOLIEK TeJiecKona ¢ DOJbIINM pa3pelleHneM,
oDHApPYIKMJ, YTO CIIEKTPAJBHbIE JTHHHH CMeIleHbl
B AJIAHHOBOJIHOBYIO 00J8CTE, T. €. B CTOPOHY Kpac-
HeIX 1uHEHE. B coorBercTeun ¢ agdpexmom Hon-
nepal 9TO 03HAYAJO, YTO PACCTOAHHA MEMXAV
HabaozaresemM ¢ 3eMJIM H FaJIAKTHKAME YBeJIH-
YHUBAJOCH, 8 YACTOTA HCCJAEAYEMOr0 HaJYYeHHH
yMeHBIIANACE. Bojiee Toro, conocTaBuB paccTos-
HHA [0 TaJaxTHK M BeJIUYHHY CMEUIeHHA B HX
cnexTpax, Xab0a oTKpBII clIeayION[Hi 3aKoH (Ha-
3BAHHBIN BIOCIEJICTBUM ET0 UMEHEM): CHOPOCTH
yialleHH#A TaJakTHK MNPONOPIHOHANBHEI pac-
CTOSHHIO 10 HHX.,

v=HR,

rje v — CKOPOCTh ABMMEHNA NATaKTUKY OTHOCH-
TeabHO Habmwgarensa, B — paccroasaue 1o Hee,
H =70 gm/(c+* Moe) — nocmosnnan Xatona.

Ilo cMemeREnW0 CIEKTPATLHBIX JUHUIT MOMKHO
QIpegeATE HE TONBRKO CHOPOCTH TATAKTHH, HO
H DACCTOAHWA 10 HUX.

Hauuei saxon caegosas ua mogeneir Opugma-
Ha, ONMUCHIBAKIIMX paciuupsawmyiocs Beexen-
Byio. [TosToMy MOMHO CKA3ATD, UTO BO3MOKHOCTD
pacmuperHa BeeneHEOH ObBLIa TEOpPeTHYECHH
mpejcKasaHa J0 OTKPLITHH 3aKoHa Xabhaom.

U Behpercm Jonaepn — usMeHeHMe YACTOTHl NPHHHMAEMEIX
BOJIH NIPH OTHOCHTENBHOM JBMIKEHHH MCTOYHHKS H HAaOImIa-
rena (mpHémanka poas). Ipn nx chaMRerEnH YACTOTA YBEMN-
THBASTCHA, & TIPH VIAJASHHH ZDPYD OT APYId — YMEeHBIUAETCN,
diptert Jdonnepa vabaioIaeTCA KAK A4 3BVHOBRIX, TaK 11 114
IMEKTPOMATHHTHRIX BoaH, Hassad B uecTs ABCTPUIHCKOro
husuxa Xpucmuana Honaepa, Teoperuuecku oBocHOBAB-
mero aToT apdiexT 8 1842 r.
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P 1. YTo sasmsaeTca ceeTosM rogom? 2. Kaxoi suBoA caegoBan Hs Mome-
neit Beenenswoi, noayuesusix A. A. Dpuamanom? 3, K1o, Korga 0 KAKRM
ofpagoM SKCNePHMEHTAILHO DOATEe PR (panT pacinpenka Beenennoit?

1. OnpegennTte HIeHTPOCTPEMHUTEIRHOE yeropenne JIVAL npK eé o0 pameHnn
Bokpyr demaw. Heobxogmmule OnA pemeHAA 3alaYH JAHHBIE HAWIHTE
CAMOCTOATENBHO.

2. Henomesys noOOTHATEIEEYIO AHTEPATVDY U pecyperl Huareprera, monro-
TOBETE Aokaar #Ha Temy « [lnapern-wapnimin B ConHeqHOH CHOTEME

MTOTH TNABDI oot phe i) Dt i a0 sip o - RMBITE S n
CAMOE Huxe danb Havaara ymeepxwodenuil u yugppa-
TMABHOE MU YKA3AHbL BO3IMONCHLLE UX OKOHYAHUA,

ITepenecume 6 mempads Hawaaa ymeepicde-
Hull u anuuwiume 8 keéadpamubie cKODKL HOMED
nodxodawezo OKOHYAHUA YymeepH deHus.

= Or ry0HTeJIBHOT0 BANAHMA MOIIHOTO yaAbTpadHo-
gerosoro uzaydyenusa Connua 3eMIaH 3AIHITAET

[ ]

* Herounuxom smeprun Comnua aeamoren [ |.

* 3péansl THna ConHuna HAa 3aBeplialIieM 3Tale
cBoOei spoaonun cranosaresa| |

* BremeRHAS OO JeHCTEHEM IPABHTAIMOHHBIX CHJI
moaer|[ |

. TepMOfAJepDHEIE DeAKITHHA
. KPACHBIMHM P'MTaHTaMI
. OCTABATHLCS NOCTOAHHOMN

1

2

3

4. BenRIMH KADTUKAMH

5. peakIlM¥ PaIHOAKTHBHOIO pacnasa
L]

. OBOHOBEIN M0, HAXONAIMWICA B cTpaTochepe
H MOTJIOMIAIOIIHI 9TO U3TYVIeHEe

7. pacluMpPATLECA HIH CHXHMAaTBECA
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NPOBEPb CEBA

1. @opuupoparne Conrednoil cHCTEeME! HAYATOCE NpHOTHIHN-

TeaLHO

A. 3,b Mupn et Hazang
B. 4.6 nmw neT Hasag
B. b MuH neT HAsan

. 5 MJIpa JieT Hasan

. Hueno Sonsmmx nnaner B ConmaedHOl CHCTEME DABHO

A 13 6.9 B.8 r.s

. Hanpasaenue obpamenns bonsumnx nuxarer Boxpyr Comrna

A. COBIAJAET ¢ HATIpABIeHHEM BpaMleHHA MpoToobiaxa

B. IPOTHBOLOJIOXHO HANDaBJIeHHK Bpamenna CoaHpa Bo-
KPYTr cBOEl ocH

B. MOX{ET NEPHOAHYECKN MEHATBCH

r. coBnajiaer ¢ HanpasreEmem ppamenna ConHoa y Bcex
niaageT, 3a UcKJAK4YeHneM Bersepsl n ¥Ypana

. Cymeereennoe ymensinenue maces Coanua morio 6s1 npu-

BECTH K

A. BEIXOAY HEKOTODPHIX nuaHeT u3 ColHe4YHOH cCHCTeMbl

b. yMeHBRIIEHHIO paguycos opbur asmxenumsa naaner Cos-
HEeYHOH CHCTEME]

B. DOTEILIEHHID HA SeMJe H IPpYIUX IMIaHeTax

. YBeAWYeHNI0O MOIMHOCTH  HM3Jy4YeHHA (CBEeTHMOCTH)
Comana

Brinonanre JalaHuH, OpeljJOoHeHHBIe B AIeKTPOHHOM TIDH-
JOMEHNH.



NAEOPATOPHBIE
PABOTDbI

Uens padoTs

Onpeaenurs yCKOpeHHe ABHMEHHSA OpyCKa M0 HAKJIOHHOM
TLTOCKOCTH M 70 MIHOBEHHYI0 CKOPOCTh B KOHIIE 3aJaHHOT0
NYTH, NPOIJIEHHOr0 3a ONpeleeéHHbI [POMEMXYTOK Bpe-
MEeHH.

IlpuGop anA HaydeHHd ABUIKEHHA Tell, [OTATHB ¢ My(pTOH
M Janxoi,

TeopeTuveckne oGocHoOBaHWA

IIpu paBHOYCKOPEHHOM ABMKeHNN Ge3 HaYaTRHON CKOpOCTH
NpofeHHOe PACCTOAHNE onpeendeTcs no dopmyJe:

at?
§=—
2
OTCHIa
a= E+

=]

i

3HaA VCKODEHHE, MOKHO ONpeNeJHTh MTHOBEEHYVI) CKO-
pocTs 1o popmye:
v=at.

OnucaHWe YyCTROKCTB A M AeWCTEHA Npubopa

IlpuGop mua usyuyeHusa apmsxeaus rtea (pue. 193) cocront
W3 Hampasnswieid ! anuwHoi 60—70 cMm; Gpycka 2 ¢ oye-
KOBBIM MATHHTOM 3, 3aKPEIIEHHbIM HA TOPLE AJIOMHHHE-
BOTO CTEDIKHS; AMEKTPOHHOTO CeKYHA0OMEPa 4 ¢ ABYMSA JaTUH-
kamu 5. Hanpasasionas 3aKperifeTcs B Jalnke mratusa 6,




IO Heé MOAKIAIRIBAETCH KOBPHEK 7

6. M3 TTOPHCTOTO ILIACTHKA.
k//’fﬁ [lpy NPOXOMAEHHH [VCKOBOTO
| B MA'HHTA MHMO HEPBOTO JATUHEKA

b

i

Puc. 193

mepa GHKCHPYETCHA 3HAYEHHE PO~
MeMXyTKa BpeMeHH [, 32 KOTOPHIH
Opyco¥ [DpPOXOIMT PAaCCTOAHHE S
MEMRIY IaTdHKAaMH.

I 3.3
\ \ OTCYBT BPEMEHHM BKJIKYAETCH, &
[IpH [IPOXOMBAEHIH BTOPOro — BhI-
- KIIOUaeTes, ¥ Ha 3KpaHe CeKyHIo-
S ;
4_____.--"' -

YHASAHMA H PABOTE

1.

CobBepure yeranoBky 1o pucyHKy 193. Hampasasiomryio
saKpemuTe B Jamke mrartEsa moj yraom =30—40° k miaoc-
KOCTH CTOJCLIHHILI,

ITpouTHuTe MHCTPYKIMIO HA THIIBHON CTOPOHE CEKYHIOMEpa
M0 ero BKJIOUEHHIO H BEIKIIOUEHWI0. BRIIOYHTE CeKyH-
aoMep.

PasMecTuTe GpyCcOK HAa HalpaBiaAiomieil Tak, 9TO0HI ero
NVCKOBOH MATHMT Haxoiuica Ha 1,5 ¢M BEIIIE BEPXHErO
DATYHKA.

Ornyerure 6pycok. OnpegennTe pacCTOAHME § MEXAY AaT-
YHKAMH H IPOMEMYTOK BpeMeHH {, 34 KOTOPRII Opycor
MpOINEN 3TO PACCTOAHHE.

He MeHss DACIOJ0MKEHHS JATYMKOB, NPOBEAKTE OMLIT SIIE
2 pasa.
ITo pesyasTaTaM TPEX ONBITOB PACCUHTANTE CPejHee BpeMA
JBHxerna Opycra:

cp 3 ’
BrucanTe YCKOpeHHe ABMKEHMA OpPYCKA W ero MIHOBEH-
HVIO CKOPOCTE B KOHIIE ITYTH § N0 opMyTaM:

_ 28

a=23 uv=at,.
cp

PesyJLTATE BCeX WM3MEpPeHHH M BLIYHCIEHWl 3aHecHTe B
rabanny 3.
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TaGawua 3

Bpem=a ¢
NPOXOEICHNA Cpennep ¥exopenne Mruaorennan
Ne Gpycrom BEpeMs Paceroanne Gpycka a, CEOPOICTE
ONMLITA  PACCTOAMMH & TUBH A S FURL 8, M w/c? Gpycka v,
MeIRLY .0 M/e

JATINKAMMNA, O

lens pasors  MsMepuTh yeKoperne cBOGOAHOTO MANCHNAA © IOMOLI IO TPH-
Gopa ANA H3YUEHNA NBIKEHNS Tell.

OGopyaosawwe [IpMGOD nns MayueHUs ABMIKOHHS TeJ; IITATHE C MyToi
H JAIKOH.

Onwcaxue yerpoicTea w AeRCTEMA npnGopa

IIpubop jasiA M3aydeHUs ABHRKEHHA Tel (puc. 194)
COCTOMT M3 Haupasasomeit 1 pauroit 60—70 cm;
Gpycka 2 ¢ NYCKOBLIM MarHUTOM 3, 3aKperiéH-
HELEIM HA TOPIE ATIOMHHMEBOI'O CTEPHCHS; 3JIeKT-
POHHOIO CeKyHAoMepa 4 ¢ IBVMA OATUNKAMH 5.
Hanpasnsomas ykpeninsercd BePTHKATLHO B
nanxe mratuea 6. Ilog pelry noakIanelBaeTcs
KOBDHK 7 M3 [HOPHCTOrO NJIACTAKA. MarHMTHbIE
JAaT9YHKH 5 MOryT ORITE yeTa-
HOBJIEHE! B J00oM MecrTe
HANDpasJIdAKIIeil Ha MAarHHT-
HOH pesHHEe, pacHoJIOKeHHOH
B/IOSTE HATIPABJAIOLIEH PAAOM
CO INKATOA € MIJLIHMETDO-
BhIMH JeIeHHAMH.

B MomenT npoxodcaenus nve-
HOBOI'C MATHHTA MHMO IIepro-
ro JaTiMKa HAYMHAETCH OT-
: CYéT BPEMEHH; IPH IPOX0OHK-
6 NeHHH BTOPOr'0 [gaTYMKA HA

EITTIE 10 v h 0 e s gt

.
:
[:
J




oKpaHe CeKYHIOMepa BRICEETHUTCH YHCIOBOE 3HAYEHHEe DO~
MeyTKa BpeMeHH [, 3a KOTOPHIH OpyCcOK IPOIIET PACCTOA-
HHE MEeXIY AaT4HKaMu.

TeopeTH4ecHHE 0DOCHOBaHHWA

HaMmepHE pACCTORHHE § MEIKAY YCTAHOBJISHHBIMI HA HAlIpaB-
AAIIIeH TATYMKAMY BPEMEHH H NPOMeYTOK BPEMEHH [, 3a
KOTODBIA 9TO paccToAHMe OBIIO MPoHeHO OPYCKOM, MOMKHO
paccunTaTh yCKOpPeHe cBOGOAHOTO NajeHuA o popMyie:

E=1

YHASAHMA K PABOTE

p
2.

CoBepure yeTAHOBKY To pucyHky 194, a.

IIpouTHTe MHCTPYKIMIO HA ThiIBHOH CTOPOHE CeKYHJOMepa
¥ BKJIIOYHUTE ero.

IIpunomxure Opycok K Hanpasagiome# rmar, urobbr eé
MycKOBOH MAIHHT HAXOAMJICH BHIINE TEpPBOro AaTHUKA
ppeMeHH (puc. 194, 7).

Ornyerure Gpycox. Onpenenure MpoMeKyTOK BpeMeHH, 3a
KOTOPLIM OpPYCOK MPOXOAUT PACCTOSHHE § MEeXAY AaTHH-
KAMH.

He MeHsAs PACTIOJOMEHHA JATUYMKOB, IPOBEIHTE OIBLT eLe
4 pasa. PaccuuraiiTe cpe/Hee BpeMs (BN KeHHs OpyCKal

_t1+12+t3+t4+15

cp 5
BoiuMcauTe YeKoperne cBo60aHOro najieans mno hopMye:
g=2.

!Ep
BagecuTe B TAGHMUIY 4 peayiaLTaThl BCEX M3MeDEHM H
BEIYUCICHNIN.

OnpejesnTe OTKJIOHEHHE MOJYUEHHOT'O BAMH 3HAYEHHA £ OT
AeflcTBHTEILHOTO ero 3Ha4enus g, = 9,8 m/c? (1. e. HallguTe
PA3HOCTH MeXAy HuMH). Brrumenmre, Kaxkyw 4acrtb (B %)
COCTEBIAET ATA PAIHOCTL OT 3HAUEHHA g,. ITO OTHOIIEHHE
HA3LIBAETCHA OTHOCHTEIbHON HOIPEIIHOCTHI0 W 0603HAYAETCH
OykBoil & “leM MeHbIIEe OTHOCHTEILHAHA MOTPEIIHOCTH, TEM
BBLILIIE TOYHOCTL HaMepeHuit.
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TaGnuua 4

Bpemat
npoxoxaeann Cpeamee spems ¥eropenue
N onmrra PACCTOSHHA & AEMREHHN Paccrosmue cBOGOTHOrO

T, C it nanenns g, m/c:

MEETY
JATIHKAMM, C

W

Ilpumevanue: npm axkyparHoit pabore ¢ npubopom
MOMHO JOOHTHCS TOTO, YTOOBI OTHOCHTENLHAA TIOIPEIIHOCTE
He npessimana 10% .

Uens paBort BBIACHHTE, KaK 3aBUCAT MEPHOA U YACTOTA cBOOOZHEEIX KOJe-
DAHHH HUTAHOTO MAATHHKE OT €r0 JJIHHEL

OGopyaosanne IllTarus ¢ mydroit n nanxoit, wapuk ¢ npEEpennéHHOM K
Henmy HUTBIO guuHOH 130 eM, OPOTAHYTON CKBO3E Kycodek
Pe3nHbI’, YACh ¢ CEKYHIHOH CTPETKOH HIH CEKYHZOMEpP co-
TOBOIO TeneoHa,

YHA3AHWA K PABOTE

1. CobGepure yeranosxy no pucysry 195. Ips satom grusa ma-
ATHUKA L0JI2KHAa OBITE paBHAa 5 cM, KAK YKazaHo B Tabanne 5

! Kycouer peausns (B AaHHOM CIoyYae AACTHE) HETIOABIVETCR
ANA TOTO, 9Tobnl HMTE He BRICKAIBIEIBAA H3 JAIIKH [OTATHES 1
4Tofbl MO#Ho GEI0 BBRICTPO B TOMHO VCTAHOBHTD HVHHYID
LaHRy ManTaara. Huts nporarneaeres cxeoan DEIHHY ¢ [IO0MO-
L BTOJTTHH.




JlacTuk ans nepporo onsita. Jauny | MagTHUKE H3Me-
: pafiTe Tak, KaK IOKAadaHO HA PHCYHKE, T. €. OT
TOYKH II0ABECA 0 CepeNHbI IAPHKA.

2. Jlna mpoBefieHHA TEPBOro ONLITA OTKJIOHHMTE
MAPHK OT MOJIOHEHWA PABHOBECHA HA HeDO0JIb-
wywo amoaarygy (1—2 em) u oroyerure. Ha-
MepbTe NPOMEKYTOK BpeMeHH f, 3a KOTO-
puiii masTHHK cosepmuT 30 MOMHBIX KOJe-
paHuii. PeayaeTaThl HM3MEpPEeHHH JaNHIIATE
B Taauiy o.

Pue. 195

TaGnuua 5

JNE IRIT
Duauaerra * 1 2 3 4 5
BeTMYHHA

I, cm & 20 43 8O 125

3. IlpomeauTe ocTanbHBIE YeTHIPE ONBITA TAK JKe, KAK I mep-
prrit. Ilpn svom mmmuy | MAATHNKA KarkIbIH pas ycraHas-
JIuBafiTe B COOTBETCTBHH C €€ 3HAYEHHEM, VKA3AHHLIM B
rabarue 5 418 JaHHOTO ONbITA.

4. JInA Kaa0TO ONLITA BLIMMCIWTE M 3ANMINNTE B TAOLUIY 5
aHadenna nepuoga T xonefaHUA MaATHHKA.

Vikasanue: IpH BRIIOJHEHWH 1. 4 B 5 INTATHB ClIeAyeT CTa-
BHTL Ha Kpail cTosa, uTo6sl KoJsedanua MasTHHKA ITPOHCXO-
AWIH HAT DOJIOM.

5. Ilna Kamaoro ONLITA paccUYMTANWTE 3HAYEHHHA HacTOTEL V
I

wonebaHH# MasTHHEA 00 Qopmyne: v = -,;— wm v = ‘%

TMony4yeHHbIe PE3YNLTATH 3aHECHTe B Tabauny 3.

g. CpesaiiTe BLIBOALI O TOM, KAK 3aBHCAT LEepPHOJ H HACTOTA
cBOBOMHBIX Komefanuil MagTHHKA 0T ero ATHHEL. SanuiiuTe
3TH BBIBO/IbI.
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7. OTBETHTE HA BOMPOCEHL.
YBeAWYHIIH HJIM YMEHBUIUIK JTHEY MASTHHKA, €CIIH: a) ne-
puoj ero komebGannii caagana 6u11 0,3 ¢, & noc/le HaMeHeHH
Anunsl crad 0,1 e; 6) vacrora ero Konebanmnit BRATATE Gbiia
paBHa 5 'n, a noroM ymersmuaIacs go 3 I'u?

AononnATenstoe 3agarne

Uens sapaims  BEIACHHTE, KaKad MaTEeMaTHYECKAHd 3ARMCHMOCTL CYILECTBY-
€T MeIy AJIHHOH MAATHNKA U [eDHOL0M ero KoJedaHnii.

YHASAHHWA K PABOTE

1. Hoawaysacsk gaEHBIMT TAGAMIELL 5, BEIYHCAHTE M SATHITITE
OpuBeJeHHEEe B Tabnauue 6 OTHOMEHMA NEPHOAOE M AIWH
(Opu BLIMHCIEHNH OTHOMIEHMI NEPHOLOB OKpyTidliTe pe-
S3YJIbTATEL [0 1e/IbIX YHCENT).

TaGnuua 6
Ty B
T,

i
I
|
Il
I
|
I

._.
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b |
-

—
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T
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!
J
:
|
I

P
o

-
oy

-

p

CpaBEuTE pesyasTaTh Beex QeThIpéx cTonGos Tabnuie: 6 u
nocrapaiTeck HaliTH B HuX 0611YI0 3aKoHOMepHOCTL. Ha oc-
HOBAHWM JTOr0 BbIOEpHTE M3 MATH NPUBEACHHLIX HHXKE pa-
BEHCTB Te, KOTOPhIe BEPHO OTPasKaloT 3ABHCHMOCTL MesKAy
nepuoaoM Kosnebauuil maaTHnka T ¥ ero gnuHod

Ty _ Iy, Ty . (Ty® _ 1y
1},qu 0 3)T1 J% 5]..111] i

T, _ L, v
e =i Dir, =
rAe k MOKeT IPHHUMATS CAeNVIOLHe SHAYeH ! 2,3,4, 5;
f TE 2 - 13
\T )4

3. M3 nmATH UpUBEAEHHBIX HHXKe YTBepIKACHHIL BLIDEDHUTE
BepHOE.
IIpu yBesuuYeHNH AJIMHLI HUTH MAATHUKA B 4 pasa mepmoj
ero konebSauuii: a) yseanunsaerca B 4 pasa; 6) yMenslIaeTc
B 4 pasa; B) yBenmumBaeTca B 2 pasa; ) YMEHBIIAGTCH B
2 pasa; 1) ysesmunBaercs 5 16 pas.

Halnpumep,
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Uane pafoTe

Hayuurs sBieHMe 3JeKTPOMATHATHON HHAYKIHH.

OGopyposanwe MitjLIuaMIoepMeTp, KATYIIKa -MOTOK, MArHuT nyroodpas-

HBIIT, HCTOTYHHK NTHUTAHHHA, KATYVIIKE ¢ JKeJe3HbIM CeplevdHH-
KOM 0T paa3bopHOro sJIeKTPOMATHHUTA, PEOCTAT, KJIHOY, HIPOBO-
Ja COeIMHHMTEeNbHBIE, MOJAEeNb IreHepaTopa 3JIeKTPHYeCKOro
ToKa (0OHA HA KJacc).

YHASAHHA K PAEOTE

1. IlogxmourTe KATYMIKY-MOTOK K 3amMHMaM
MHLIHaMIEpPMeTpa.

2. Habmopas 3a NMOKA3AHUSAMEA MIJIJIHAMIEDMET-
pa, TOABOANTE OJHH U3 IIO/IIOCOB MAHUTA K Ka-
TYIIKEe, TOTOM HA HECKOJIBKO CeKYHI OCTAHOBH-
TE MATHUT, & 3aTeM BHOBb OpubamxaiiTe ero
K KATymke, Basuras B Heé (pme. 196). 3anm-
IMTe, BOHHKAJ JIM B KATYIIKe MHIVKIHOH-
HBIl TOK BO BpeM# [BHEKeHHMA MATHHTA OTHOCH-
TeJBbHO KATYIIKH; BO BpeM#A ero OCTAHOBKH.

SanumuTre, MEHAJACA JM MATHATHBIA norox P, IPOHUIBLI-
BAIOLIHI KATYIUKY, BO BpeM# IBHKEHHA MarHuTa; BO BpemM#
ero OCTaHOBKHM.

Ha OCHOBAHHH BAIIMX OTBETOB HA NpeiLIAYINHII BOTIPOC
caenaiiTe W IANUINUTE BRIBOJ O TOM, IPH KAaKOM VCJAOBHHR
B KATYIIKe BOBHUKA] HHAYKIIMOHHBIA TOK.

TToueny TpY TPHGIMHEHENH MATHHTA K KATYITKe MATHATHBIH
TOTOK, MPOHMUSLIBAIOIMIT BTY KaTymKy, meranrca? (Jaa or-
BeTa HA STOT BOIMPOC BCNOMHHTE, BO-IIEPBBIX, OT KAKHX BeJIN-
YHHY 3aBHCHT MATHUTHELL TOTOK @ H, BO-BTOPEIX, OAHHAKOR

JIM MOZVJb BEKTOPA HHAVKIINN B MArHUTHOTO IIOJISA NOCTOAH-
HOPO MATHHMTA BOIHM3HM 9TOTO MArHMTA W BAAJIH OT HETO. )

O HATIDABMEHWUHN TOKA B KATYIIKE MOMHO CYAHTE IO TOMY,
B KAKYIO CTOPOHY OT HYJIEBOTO JelIeHHA OTKJIOHAETCA CTpen-
Ka MEITHaAMOepMeTpa.

IIpoBepbTe, OAHHAKOBLIM WM DA3THYHEIM DyAeT Haupase-
HHe WHAVKIMOHHOrO TOKAa B KaTyLIKe NP NpUbMIKeHIH K
Hell ¥ yAaleHHy OT Heé OJHOrO M TOTO e IOJI0ca MAarauTa.
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Puc. 187

304

7. IlpubamskaiiTe moMIOC MATHMTA K KATYIIKE ¢ TAKOM CHOpO-

10

.

11.

CTBIO, YTOOLlI CTPEJKA MMJLTMAMIEDMETDA OTKJOHAIACHE He
bonee uem Ha MOTOBHHY NPeebHOT0 SHAYEHHS ero MTKAbL.

IosropuTe TOT %€ ONBIT, HO IPH GOALLIEH CKOPOCTH ABRM e
HHA MATHWUTA, YeM B [IEPBOM CcJaydae.

IIpn Goxremeil uan MeHbIIeH CKOPOCTH MBHIKOHHS MATHHUTA
OTHOCHTEJILHO KATYUIKH MATHHUTHBIH motok P, mpoHH3EI-
BAIOIIMIl 3Ty KATYIIKY, MeHscsa Ouierpee?

ITpu GBICTPOM MJIH MeATeHHOM H3MEHEHHHM MATHHTHOTO MO-
TOK& CKBO3b HATYIIKY CHJIA TOKA B Hel Oblta 6onsme?

Ha ocroBaruwu Bamero oTBera Ha nocseaHHil BOIpoc caenaiire
H 3AIHIIUTE BRIBOJ O TOM, KAK 38BHCHT MOAY.Ib CHILI HEAVE-
OHOHHOIO TOKA, BOSHWKAKIMIETO B KATVIOKE, OT CKOPOCTH
HIMEHEHHA MArHHTHOTO NOTOKa P, NMPOHH3BIBAIOIETO 3Ty
KaTYIIKY.

CobepuTe yeTaHOBKY AJIA ONBITA 110 pHCcYHEY 197,

IIpoBeprre, BosHNKAET M B KaTyIIKe-MOTKEe | HHAVKIMOH-
HBLH TOK B CIEIVIOIMNAX CAy4asx:

8) P! 3aMBIKAHMM M PA3MbIKAHHH [EMnH, B KOTOPYIO BKJIIO-
HeHa KaTyviuxa 2;

6) npu NpoTEeKAHUM Yepea KaTYIIKY 2 IIOCTOAHHOIO TOKA:

B) IPH VBEJAMYEHHH M YMEHBIIEHWH CHJIBI TOKA, IPOTEKAO-
LIero 4epez KaTymky 2, OyTéM DepeMel|eHEHs B COOTBETCT-
EYHOIIYI0 CTOPOHY IBHKA PEOCTATA.

B Kakux 13 nepeuncIeHHBIX B IVHKTE 9 CAVIACB MEHSeTCH

MAarHUTHBIN [OTOK, NPOHHBLIBAIOINNI KaTymmKy 7? IMogemy
oH Mensgerca?

Ilponabawaaiire BOZHHKHOBEHHE DJIEKTPHYECKOI0 TOKA R
Mogesn rereparopa (puc, 198). OosacauTe, nmouemy B pam-
Ke, BPAMawneica B MACHUTHOM TT0JIe, BOZHHUKAST HHAVKIH-
OHHBIH TOK,




Uens pabors  HabuirofaTh CILUICIIHOH CHEKTP OT HOJAYYEHHOH HA 9KpaHe
BePTHKAJNLHON CBETOBOM MOJOCHI, JHHEHYATEIE COEKTPE OT
paapsia B padpereHHBIX rasax.

OGopynosawwe [[poeKIMOHHBIN ANmapar, PasiBHKHAA H[elb, HA0OD CIeRT-

Ofwee MR pasbHBLIX TPYGOK (HAIPHMED, C BOAOPOIOM, KMCIODOIOM H
HEeOHOM) ¢ MCTOUMHHEOM ODHTAHEA (pHc. 199), nnockonmapan-
MAelbHAA TLJIACTHHA CO CHOINIeHHBEIMHA TPaAHAMW HIH O0OHO-

TpYOHBIHE CHERTPOCKON (1A HAMIOI0 VUeHNKA).
YHAZAHMA K PABOTE

1. PacronoxuTe CTeKIAHHYIO ITACTHHY FTOPHU30H-
TaNLHO nepey raasom. CKBO3L CKOIIEHHEIE T'DA-
HU NIACTHHBI, 006pasymomue yron 45°, Habmio-
paiiTe HA DJKpPAHE CBETJVIO BEPTHKAILHYIO
nonocky, OOGpPA30BANHEYVI0 NPOIISAIINM Hepe3d
PA3IBHIKHVIO eIk CEETOM OT NMPOEKIIHOHHOTO
allapaTa.

2. Banmumure, KaKoll BHJ cneKkTpa Bl Habmoaae-
Te, CKOMLKO B HEM OCHOBHEIX IIBETOB M B Kaxoi
HOCIeA0BATENEHOCTH OHH PACIIOJIOMEHEL.

3. [lporabnmoaaiiTe ciexkTp NOJOCKH, PACCMATPHUBAA €8 CKBO3h
CKOLIeHHEIE TPAHH ILIACTHHEI, 00pasyroumae yroa 60°, Samm-
IIKTe, YeM STOT CHEeKTpP OTJHYaeTcA OoT npeablaymero. Cre-
nafiTe ¥ 3aNWIINTE BBLIBOJ O 3ABHCHMOCTH NPOTAMEHHOCTH
CNEeKTPa OT NPeJOMJJIAINErD VI8 ITPH3Mbl, B KOTODPOI npe-
JoMafercsa ny4ok Besoro ceera.

4. IIpm BaIMUYHHE 0HOTPYDHOTO CHEKTPOCKONA TpoHabaoaaiite
CBETOBYIO NOJIOCKY HYepes Hero, OTaHYaeTcs JH CIeXTp, No-
JNYYeHHLIH ¢ NOMOLIBI CHEKTPOCKOIA, OT CHEKTPOB, HOaY-
HeHHBIX ¢ MOMOIIIBID ﬂJIOCROHEp&JIJIEJIhHDﬁ MIACTAHBI T

s. lIpomabnopaiiTe wepes CHONIEHHLIE TPAHM IJIACTHHLI WIH
yepes OJHOTPYDOHRIN CIIeKTPOCKOT CIIeKTPhI, MOJYVYEHHBIE OT
CBETSIMXCHA Ma30PaAsPAAHBIX TPYOOK. KaKoil B CIEKTPOB
eel HaOmioganu? HapwueviiTe B TeTpagax DpEMEpPHBIH BHI
CNEeKTPA OT PAZPHAA B KAMKJIOM U3 FA30E.
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Lank pabiore:

HaMepuTsh MOIIHOCTE 03K PAAHOAKTHBHONO (OHA GEITOBLIM

AO03HMETPOM.

O6opynosanwe JloaumeTp «Cocnas (puc. 200).

TonkoBaHmne HCNONL3YyaMbIX TEDMWHOB

Qon pagHoaKTHEHLIN — €CTeCTBeHHEIM PagualH-
oEELI hoH, co3MaBaeMBli HOHHSHDYIOIIUM M3V~
YeHHEeM, HCTOYHHKOM KOTOPOT'O HBJIAKTCH KOCMH-
YecKHe JVYHM M TaK HAJLIBAEMEIE eCTEeCTBEHHLIE
PAIHOHYKJAIL! (T. . CYIMIECTBYVIOIINE B OpHpOAe
Allpa pafHOAKTHBHBIX 3JIEMEHTOB).
Honnsupyiouee Haay4eHne — PasInYHbIE BHILI
YACTHIL ¥ (DMZHYECKUX TIOJel, cIToco0HBIX MOHH-
GHPOBATE BEILIECTBO,

Kocvuveckne ny4n NpPeACTABAAIT coboil MOTOK
YACTHIL BEICOKHX 3HEPruil, IpHXOAAIIAX Ha 3eMI10 H3 Koc-
Moca (conHeuHas pajguanm).

EctecTBeHHBIE PAJHOHYKIWILI MOBCEMECTHO IPHCYTCTBYIOT
B OKPYXAIOIIEH cpefie, a TAKMKE B JMHBOTHBIX H PACTHTE k-
HEIX opraausMax. GoxHosoMy 001y4eHHIO IOABEPIAXOTCH BCe
SKUBRIE OPFAHHAME! JeMIM, B TOM UHCIe YeTorek. B saucu-
MOCTH OT BhICOTHI HaJl YPOBHEM MOPH H COIEpP:KAHHA pagno-
HYKJHJOB B OKpYy:KalolleH cpefle paaManuoHHLINA (o Ko-
nebnercs B 3HAYMTENbHBIX npenenax. [lna ero mamMepeHus
Henonbaywr cuerunkn leiirepa—Mmoutepa (em. § 54 yae-
HHEKE).

B OBITOBBIX JOZMMETPAX HWCMONBIVETCH CUBTUHK YKECTKOTO
(T. e. BLICOKO3HEPreTHYECKOro) - B y-H3Jy4YeHHA, cHocob-
HBIH PErHCTPHPOBATE MOIIHOCTE 03k B AuanasoHe 0,004 —
40 mxP/c (MHKpPOpPEHTIEH B CEKYHAY ).

YHASAHHA K PABOTE

1.

Z.
3.
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IMonoxxmure fO3NMETP HA CTON M BKIAKOUHUTE €70.

SanycruTe OTCYET HMIYJILCOB HaxaTHeM KHONKH «IIyvcke,
Yepes 40 ¢ nogcyér mmnyiabscos OyieT nNpexkpaiuen (mepe-
CTAHYT MepLATE TOUKN), HA 3KpaHe BREICRETHTCHA 3IHAUEHNE
MOLIHOCTH 40351 (hOHOBOI0O Hany4ueHud (B MuP /4),



Uens paboTw

OBopyoRaHue

Puc. 201

Japaxne 1

Japavwe 2

[IpuMeHUTE 3AKO0H COXpAHEHHA HMIYILCa AJ8 06bLACHeHHnHA
MBHIKEHHA ABYX Afep, 06pa3oBaBIIMXCH NPH JeJeHHH AADA
aToMA ypaHa.

hororpadma TpekoB sapameHHsIX uacTu (pue. 201), obpa-
30BABIIMXCH [IPH AeJleHWH AJpa ATOMA VPaHAa.

Ha mannoit ¢pororpaduu Bl BHAHUTE TPEKH ABYX OCKOJKOB,
00pasoBaBINIMXCA IPH AEJEHHH AADA ATOMA ypaHA, 3aXBa-
THBILIETO HEHTPOoH. HIpo ypaHa HAXOAMUIOCE B TOYKE g, VKA~
38HHOH CTpeJoYKoiH.

ITo Tpekam BHJIHO, YTO OCKOMKH
AApa ypaHA PA3IeTeHNCE B IPOTH-
BOIOJIOMKHEIX HanpasiaeHHAX (ua-
JIOM JIEBOTO Tpexa obDBAcHAeTCH
CTOJNKHOBEHHEM OCKOJKA C SAPOM
OZHOTO M3 ATOMOB (DOTO3MV.ILCHH,
B KOTOpPO# OH ABUTANCA).

[TonkaysAch 3aKOHOM COXPAHEHHMA HMNIYILCa, 00BACHATE, TTO-
ueMy OCKOJKH, o0pasoBaBIInecs IPH JelleHMH AADa aTOMA
VpaHa, pasieTeics B IPOTHBOMOJIOAKHEIX HANIPABJIEHUHAX.

HasecTHO, UTO OCKOJIKM #fApA YDAHA HPEJCTABIAIOT co00il
ANpa aTOMOB JABYX pPAa3HBIX XHMHYECKHX 3JIeMeHTOB (Ha-
npumMep, OapHsa, KCeHOHa ¥ Ap.) M3 cepeadHbl Tabaumnbl
J. 1. Menjgeneesa.

OnHa U3 BO3MOMHEIX PeAKIIHH Je/eHNsA ypaHa MoKeT OLITh
3AMHUCAHA B CHMBOJIHYECKOM BHJe clelyiomum ofpasom:

92U+ GH —3 ﬁﬁBﬂ+zX.+ 2"01‘1,
rae cuMBoaoM X 0003HAYMEHO ANPO ATOMA OQHOIO H3 XHMH-
YeCcKHX 3JIeMEeHTOB.

IlonbayAck 3aKOHOM COXPAHEHNA BIEKTPHYECKOrO 3APALA H
tabmuneit II. 1. Mesgeneesa, onpefesnTe, YTo 3TO 3a 3Je-
MEHT.
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lient paGoTsl.

OBopyaoBanme.

OneHEHTs: NepHOA MOJYpAacTaza MPOAVETOR pacnafa pajgoHa
€ IOMOIIBIK DBITOBOTO JO3UMETPA.

Hosunmerp «CocHas, GeiToROII NBlNEecoc, BATHRIN AHCK, pe-
HIeTKA.

Te opeTHYeCcHOe obhocHOBAaHMWE

Pagon — mHepTHLIH ras, noayyamouiuiica Ipy pacnage saep
ypana. Hanboaee crabunsasiit usoron (222Rn) nmeer nepuon
nonypacnana 3,8 cyr. IIpn KoMHATHOI TeMmepaType paioH
TAMeaee Boaayxa. Ecnm anurensHOe BpeM#A He NPOBETPH-
BaTh HOMEILUEHKEe, TO PAJOH CKAILIMBaeTCcS B obnacTi, 6ama-
Ko K mouay. llpr pacnane panoHa 0DpasyioTCeH KOPOTKOMHE-
BVIIME H30TONEl PA3JHYHBIX METAJNJIOB, ATOMEl KOTODHIX
OCefaloT Ha HAXOAAIINXCA B BO3AYXe NMEIMHUHKAX. Hemrm or-
(hUABTPOBBIBATE MBIk U3 BO3AYXA YV I0Ja B HEIPOBETpHBAE-
MOM IIOMEILIeHHH, TO MOZKHO codpaTe NPOAYKTEL pacrnajia pa-
ZIOHA.

NoparoToBKa IHCNEPHMMEHTE

1) B HenpoReTpHBaeMoOe MOMeIleHNe (JKenaTelbHO NOABAJ)
[IPHHECHTE IbLIeCOC HIH ObITOBOM (eH.

2) Ha BeacriBaiolee BO3AYX OTBepCTHe Mblnecoca (uau dena)
YCTAHOBHTE PEIETKY ¥ CBEPXY BATHBIN JHCK.

3) HoakawunuTe MELIECOC K ceTH B BRAK4uTe, [ToToK BO3ay-
X8 NPHAMET BATHBIM AHCK H PELIETKY K BXOZHOMY OTBEpC-
THH ORLIeCOCAa.

4) YerasnosuTe NbLIECOC TaK, 4T006 0TBepcTHe OBLIO HEBLI-
COKO HAJ II0JIOM B yIVIY IIOMeLlleHHA,

5) lIpokauusaiTe BOZAVX He MeHee H— 10 MuH.

6) CEuMHUTE BATHBIN IHCK.

7) Caenyer nenoiib30BATH NOJYYEHHEIN IpenapaT B TeUeHue
J MHUH.

YRA3AHHA K PABOTE

1.

2.
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Brxaounre gosuMerp.

OTKpoiTE METAIMYECKYIO KPLILIKY Ha THIIBHOH CTOpOHE
SAIMTHTHOTO KOXYXA JOo3MMeTpa.

Hammure kHonky «Ilyck» a8 Hauaia H3MepeHHil.



4,

HoxaUTeCH OCTAHOBKY MOJACYETA MMITYALCOB. BEI maMepmin
MOLIHOCTb O3 (POHOBOTO HAIYUEHHAA P,W SaHecHTe HOKasa-
HHA Jo3AMeTpa B rabnumy 7.

TaGnuuya 7
N onsrTa Bpema t,c Py, miP/u P, MxP/q AP, MeP /u
s. Tonoxmnre npenapar Ha cTo. IloBepx Hero moaoKuTe KOaM-

o

=]

MeTp TaK, 4To6Bl OKHO HA €Tr0 THIILHON CTOpoHEe DhIIO HAj
NpenapaToM,

damycTuTe OTCYET HMIIYIbCOB. BBl MaMepsere cyMMapHYIO
MOITHOCTL P N03bl MBJIY4YeHHA TPOAVKTOR PACHafa pajoHAa
u (QoHOBOro maxydennsa. [locie oKoHYAHHA CUYéTa 3aHECHTe
noKazaHue Jo3uMerpa B Tabmumy 7.

IToBTOpaitTe naMeperna B Teuerne 20 MUH OME Pas B MHHY-
TY, PESYIBTATEL K&K AOT0 H3MEPeHAA 3aHocHTe B Tabauny 7,

PaccunTaiiTe MOIHOCTh 035kl H3TYUEHUA IPOLVKTOB pacia-
ha panoa AP =P — P, 1 sanuiuuTe 3HaveHwe B rabauuy 7.

IlocTpoiiTe rpad@uK 3aBHCHMOCTH MOIIHOCTH IO3EI M3TyUe-
HUA NPOAVKTOB PACITAZA PAJI0OHA OT BDEMEHH,

10. OnenuTe MEPHOA MOAYPACIALA PAJOHA.

11. OTBETHTE HA BOIIPOC: KAK CAEJATH YACKI, H3MEDAKINKE BDe-

MEHHBIE [IPOMEKYTKHA B THICAYN 1eT?

Lians pabori

O0eacHNTE XapaKkTep ABHMKEHHA 3apAKEeHHBIX YaCTHIL.

O6opyposanne POTOrpaduM TpPeKOR 2APSIKEHHLIX UACTHIL, OOJYYEHHBIX B

ramepe BuibcoHa, nyasIpbKOBOI KaMepe 1 (DOTOAMYITECHH.

IIpn Brnimoasenun pasHOl snabopatopHoit pafoTel ciaenyer
HOMEUTE, YTO!

a) znuEa Tpexa Tem 6oJbIe, HeM 6ObIe AHOPTUA YACTHILLI
H 9€M MEHbIIIE MIOTHOCTE CPe/IkL;
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Japanwe 1

3apanme 2

3apanne 3

6) ToNIMHEA TpeKa TeM 6oJbine, YeM G0JIbIIEe 3aPAL YACTHIBI
U YeM MeHbIIIe eé CKOPOCTh;

B) NPH JBHKEHUH 3aPAKEHHON YacTHIbl B MArHATHOM IIOJ1e
TPeK €€ HMOJVYaeTcd MCKPHBJIEHHBIM, IIPHYEM pajiuyc KpH-
BH3HBI Tpexa TeMm Goawine, weM DONbINEe MACCA B CKOPOCTH
YACTHILAEL 1 YeM MEHBINE e& 2apH]l H MOOYJIh HHIYKIIAH MAT-
HHATHOI'O IIOJLH

r') 4acTHIA ABHTaJaCH OT KOHIA TpeKa ¢ O0JBIINM paguycoM
KPUBHAHEL K KOHIY ¢ MEHBIIAM DAJHYCOM KPHBU3HLI (pa-
JAHYC KPHBH3HEL 10 Mepe IBHAeHHNA YMEHBIIAETCH, TAK KAaK
H3-38 CONPOTHBIEHH: Cpelbl YMEHLINAETCHA CKOPOCTL Hac-
THIIEI).

Ha apyx #3 Tpéx npeAcTaBlIeHHBIX Bam ororpagui
(puc. 202) naobpasensbl TPeKH YACTHIL, IBHMKYIIHXCA B Mar-
HHTHOM moJie, ¥ Kaykure Ha Kakux. OTeer obocHyiiTe.

PacemorpuTte (poTorpathuio TPEKOB (-HACTHULL, JBUTABIINXCS
B KaMepe Bunbcona (puc. 202, a), 1 OTBEThLTE HA BONPOCHL.

a) B KakoM HaANpABJCHHAH JIBATAIHCE O-YACTHILEI ]

6) JImuHA TPEKOB (t-UACTHI, MPHMepPHO 0AHHAKOBA. () UeM 3To
TOBOPHUT?

B) Kak mMeHANAch TOJMIIMHA TPEKA 0 Mepe IBHMXEHHSA Jdac-
T ? Yo us atoro caegyer?

Ha pucvaxe 202, 0 gama d¢ororpadusa TPEeKOB o-HACTHI]
B KaMepe Bmiabcoma, HaxoauBmieiics B MArHMTHOM I[oJe.
OnpepennTe o aToit thoTorpadum:

) notUeMy MeHAIHCH DAAHYC KPHMBH3HEI H TOJMIHWHA TPEKOB
nmo Mepe IBHMeHWH -HacTHIL;

0) B KEKYIO CTOPOHY ABHI'AJIMCE YACTHIIEL.

Pwec. 202

310




3apanme 4.

Ha pucynxe 202, 6 gana dororpadns Tpexa >J1eKTpoHA B
nyseIPpbKOBOI Kamepe, HaXOMHBIIEHCs B MATHHTHOM IOJIe.
Onpegenwure 1o aroii oTorpadmmu;

) no4yemy Tpex uMeet (hOPMY COHPAJIH;

0) B KaKOM HaNpaBJIeHWM ABUIAICH 9JIEKTPOH;

B) YTO MOTJIO TOCTYKATE IPHYMHOM TOrO, 9TO TPEK BJIeKTPO-

Ha Ha pucyuke 202, 6 ropasgo JIMHHEe TPEKOB (-UACTHIL
Ha pracyake 202, 0.



OTBETHI K YNTPAXHEHWAM

¥np. 5.
¥np. 6.
Ynp. 7.

¥Ynp. 8.
¥np. 8.

¥np. 11.
¥np. 12.

¥np. 13.
¥np. 14.

¥np. 15.

Ynp. 16.

¥np. 17.
¥Ynp. 18.

2.1,5 m/c?. 3.0,6 m/c2.
1.1m/c.2.10¢. 5.a,=0,5 M/c?; a, =1 m/c?,
1. 31.26m. 2. 160 m. 3*. VkasaxHua: samernTe B (opmyie

+
S= u—”‘a—u‘ « t BpeM# t er0 BEIpasKeHueM, NoJyYeHHBIM U3 (op-

MVJBl 1A pacuéra ycxoperus (§ 5), a mromaas S — npoex-
1ueil nepeMeNIeRns §,; IpoBeauTe NPeobpasoBaAHMA ¢ vVuérom

Toro, yto (a + b)(@a—b)=a? - b2uuroa +b=>5+a.
1.0,4 m; 0,8 m/c2, 2+. Tm/c.

5% 248 M/c npu ABMMKEHHUM HA BOCTOK M 198 M/c npH ABHIKe-
HHAW Ha 3anaj.

2.36,8 kH, 3.9,6 H. 4. 6 m/c?.

2. He 6yager. 3.2) F,,=0,3H, F, =-0,3H;6) F,,= 0,1 H,
F, =-0,1H;r)F_=0,4 H.

1.78,4m.3.3¢c; 5m; 25 M.

1.1¢; 4,9,

4. B) [Ipn ABMEeHUM BBEPX U U ¢ HANDABIEHH B NPOTHBOIO-
JIOXKHEIE CTOPOHBI, A IPH ABMYKEeHUN BHUS — B OHY H TY HKe.
2. Ilpurarusaercsa ¢ TAKOMH e Mo MOy chioi. 6%, ;= Ry;
he=2R,.

3. Ha yuaerxkax ABu CD. Moraa.

2.2 + 10~ m/c2, 4*. 3600, Cexynanas. 5*.a)~1,9 - 1020 H;
0)=2,7 - 107%m/c* B) =1 rM/C.

Ynp.19*, 1.6,67 km/c. 2. 1,7 » 10% kM.
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¥np. 20.
¥np.
Ynp.
Ynp.
Ynp.
Ynp.
Ynp.
ynp.
Ynp.
Ynp.
¥np.

Ynp.
Ynp.
Ynp.
¥Ynp. 46.
¥np. 48.

21.
22.
23.
24.
26.
27.
29,
30.
31.
32.

33,
34.

41.

4

1
i
2
2
4
3.
1
2
6
1

.0,02xkr-m/c; 0,02 kr m/c. 2.5« 10%9kgr-m/c. 4. 0,9 M/c.
.2,26m/c. 2.2 33 Mm/c.

.10 m/c. 3. 1,25 m.

. a) llox peitcTBHEeM CHIBLI YIPYTOCTH IIHYPOB.

.10 T'. 6. 40 cM.

2e.

.20 Mm/c.

. Iloruanrea. 3. [loananTcsa,

.20 m/c.

.Ha.2. N, M. 3. a) C uD;06) A; B) MO3KHO.

“*.B meppoM — MAarsMTHEIMH, & BO BTOPOM — 3JIeKTpHYe-

CKHMMH.

|

oW e

.Bupaso. 2.0t A k B.

.0,6 Ta.

.5 » 105T'n, 3. Henwas.

. B 6 paa.

. Hyrnornor — 9, mporosos — 4, HeliTpoHOB — 5.



NPEAMETHO-WUMEHHOM YKASATE/Ib

a

Anndm-pacnan 226
Apnpa-ugerima 231
Amnmuryaa 104
ApruHeRTpiaEo 241
Acrepony 284
Argm 230

B

Bexuepens A. 220

Bes (egMEHILA YPOBHA I'DOMKOCT
aByma) 134

Bera-pacnay 241

Bera-uacTHns 221

Bop H. 214

Bennuina sextopaas 11
— ¢KAaApHas 10
Bopgopoanusiii unkn 263
Bonma 120

— berymaa 121

— monepegHas 122

— ppopoithEas 121

— cBeTOoBAA 196

— ynpyrag 121

— BMeRTPOMArHHTHAER 182
BricoTa asyra 132

r

lanakrnka 280
Tanuneit . 40
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T'amMa-qacTHIE (PAMME-KBAHTEI,
ramMa-HaayieEne) 222

Tag O, 245

T'eneparop BEICOKOYACTOTHLIX 3ERTPO-
MAFHHTHLIX Korefannit 187

— OepeMeHHOro Toxa 174

TepuT. 184

Tepn (enuunma gvacToTRl) 105

T'paenTalHOHHAH NOCTOAHHASR 63

T'pomyocTs 3pyra 133

Tpaii (eguHEIA NOTIOMEHHOE {0361 HATY-
ypHuA) 256

A

Iemsenne ronefarensaoe 98

— KpHBOARHEeMHOe T1

— HepapHOMepHOe 20

— nepuogudeckos 99

— [0 OKPYHOCTH T3

— MOCTYIATEARHOE 7

— — DABHOVCKOpeHHOEe 21

— paBHoMepHOoe 18

— peaKTHEHOS 87

Hefirepuit 239

Henesne goep 244

HerexTHposarre 194

JderexTop 194

HedenT Maccw 243

HMenube (IoNRHAS eIHHHIIA
or Gena) 134

Hucnepcud ceeta 204

JinuHa BONER 125

— — cBeToEOR 196

Josa HaayueHHA DorJomenHas 255

— — aHBHMEBAJMIEHTHAA 257




E

Enummna rpomiocr 133
— HmMnyasca 81
— yexopenns 21

3

3AKOH BCEMHDPHOID TATOTEHEA 63
— Heworona eropoid 48

— — nepebii (3IaKoH HHepOHN) 42
— — TperHit 52

— npeaoMIedua cBeTa 198

— PagHOAKTHEHOIO pacmagsa 259
— COXPAHEHNA 3apans 228

— — MMnOyasea 83

— — MACCOROrD uHcnaa 229

— — mexannqeckolt aneprun 91

Hanyuenue sauMoe 185

— HH@paxpacHoe 1885

— penTrenosckoe 185

— yawrpajmonerosoe 185

Haoneposaunbie aroMsl 210

Hzoromer 239

Hunyasc Tena 81

Haavirusnoeres 171

Haayrous MariHTHONO 0oaA (MATHHTHAR
uHgyKunH) 157

HekyeorserEetil ooy THRK 3eman 77

K

Kamepa Baascona 231

— OVaspLKoBER 233
Kamepron 128

KsamT 197

KupxrogI'. 213
Konebanpa BeIHYH/IeHALE 113
— rapMoHEHYecEne 110

— saTvxamnmpe 113

— anyKOBBIZ 1289

— HRppaseyEOoRRe 130
— MexXaHH4YecKHe 99

— eaofonase 101

— VIBTpA3IBYKOBRIE 130
— WIEKTPOMArHHTELIe 186
— MOJVIHpOBAHHLIE 192

Konebarensnwrii kontyp 187

Komern 284

Kopomnen C. I1. 90

Koeunyeonns 109

Koatpprnwenr kadecTsn (pagroAKTHEHO-
ro yaayaenda) 287

Kypaaros H. B. 252

n
JInsme MarswrEoll KHIyKOe 159
M

MarsuTeEEH noToR (MOTOK MATHRTHOI
MHEIVEOHHE) 161

Maxecsenn I, 180

Macca kparnueckas 247

Maatuur 102

— MarTeMaTHyeckuil 111

— OpysHHEHEBIT 100, 102

Mereopur 286

MeTon coHATHINAIIREG 223

Mogene sgpa nporoHHO-HelTpoEHAR 237

Mogvaanus aMoaaTygHas 193

HanpameénHoeTs MIEKTPHYECKOr0
nonga 183

HesecoMooTs 61

Hefrrpuro 263

Heitrpon 238

Hywnou 237

Huworon (eanauna cunet) 49

Heuwron H. 41

o

OBepron 132

OnTHvecKad IAOTHOCTL Cpeibl 200

Oneite Pesepdopaa (1o paccesiano
o-gacraun) 223

OTHOCHTEALHOOTL IBMREAHA 36

n

IMagenne ceobognoe 54
Tlepememmenne 11
Mepiog wonebanuit 99, 1085
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Mepuon nonypacnaaa 258

Ilnaus M. 196

[lorasaTtens mpenomMiIeERA abconoTHEIH
199

— — OQTHOCUTARTRERIH 1899

[oae puxpesoe saekrpryeckee 181

— MArHHTHOe 145

— BNeRTROMArHHTHOS 180

Homos A, C. 1924

IMocroaunas [Tnanka 197

HocrvaaTel Bopa 215

[Ipasnio Gypasunka 150

— nepoi pyKu 154

— Jlemna 168

— MPABOH pyE# 151

— cMemenns 241

I[Iporu# 239

[Iporoa 234

P

PaanoakTRBHOCTE 220
Papnoceases 181

PasnoeTs thas 106

Paxera 88

PearTop suepERil 249

Peakuusa repMoAgepEas 260

— HEOHAR 245

Pesephopn 3. 221

Peaonanc 117

— 3BYROROW (Axycrwueckuii) 140
Pesonarop 141

Penrres (BAMHERLA 1036 HATVHeHHA) 256
Porop 174

L¥

Camonnmyxuna 172

CernepoBo Koneco 87

Cria BceMEDHOTO THIOTEHEA 62
— BRIHYAJaWmas 113

Crner axepEme 240

Cucrema egnanng MexavEapogsas 11
— MedHOOeHTDHYecras 37

— reouedTpEueckas 37

— gaMKHyYTAan B3

— HHEpOHAILHAA 42

— wonebarenessas 102

— HEMHEMINANBHAH 42

318

CucTema orcuéra B

CropoeTs BofRE 126

~— BTOpAH KocMudeckan 80

— amyka 137

— MTHOBeHHa# 20

— MepBAA KOCMWHECKAR (Kpyrosan) T8

— pasHOMepHOro npaMoiuHEeiinoro neu-
#Henud 16

— gsera 182

— ATEKTPOMATHHTHLIX BONHE 196

CoH (eauHEHIA YCIOBHOM IIKANEI TPOM-
KOCTH 3BYKA) 133

Cnextp 205

~— HCOYVCHAHHA THHeHYATHIE 211

— — HenpepsisHbii (cnnomwaoil) 209

— MOTIOMEeHHA MHHeldaTeit 211

CnextpansHelfl apaana 213

Coerrpocron 207

CraTop 174

Cuérunk Fefirepa 230

T

Teno oreuera B

Temdp 132

Tecna (efHUIA MATHRTHOE HHIYKIHN)
159

Tow nepemestsit 173

Tomcor Jx. 222

Ton ocaopaoi 132

— gieTRE 131

Touka MaTepuaisaas §

Tpaucthopmarop 177
— mosnimammui 178

— moHMAaUHE 178

Tper 232

Tparuit 239

y

Yewopenue 21
— CERODOJAROTD mageHmna 56
— OedTpOoCTpeEMHTeIbHOe T3

@

Dapazeli M. 163
D ranuecKEi CMBICH IIOKEZETEIH
NpeaoMJaeHE 200



Popvyna Tomcona 190

— Difnmreiina (B3AUMOCEASH MACCE! H
SHEPrHH) 242

Poron 197

Ppuaman A, 292

X
Xabbr 9. 291

-
Muonkorckuit K. 3. 89

Y

Yacrora koaeSannii 108

— — HECYVIAR 193

— — QCHOBHAA 132

— — eofcTsesEas 105

— — YCTAHOBMBIOMXCcA 114
— nepeMessorn Toke 175
Yeanuw . 236

Yucne zapaposoe 227, 238
— Maccosoe 227, 237

w

IlIrpaceman @, 245
3

Jinmreiin A, 242

DNMeRTpOMArHMTHAN HHIVELHA 165

DHepPrHA MAPHNTHOTD TOAN ToRA 172

— monoas 242

— CBA3H 241

— horoHa (REAHTH JEeRTPOMATHHTHOM
H3JIYYeHHA) 196

Dipup creronocHEl 195

Dxonoxauns 130

A

fAdnouxos 1. H. 177
fnpa wougescanuu 232
Hapo aromece 225
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§1 MaTepuaneHad TouKa, CHCTEMA OTCUBTA ... iviiiiisaniniiarivsiines
§2 Ilepemeuterne............. A RO A e R e A e AT
§3 Onpeaenende KOOPAWHATEl JRHMYIHETOCH TEIL .. oo vnurrnsrerrrrannss
§4 Ilepemelesne npy IPpAMOTHEEIHOM DABHOMEDHOM IBHMAKEENH .....
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§14 [Isprsenune rena, GpOIIEHHEOrD BEPTHRANEHO BEepX. HepecoMoeTs .
§16 JAKOH BCEMHDHOTO TATOTEHHEA « v ivvsearrnsirasranasinrninns
§18 Ycxoperue cBoBOAHOTO NAJRHUA HA 3eMae

H OIPYTHX HEDECHEIX TEMAN ....ooviveeariis

ATO NOECNEITHO ...

OTHPLITHE NNEHET HeNTYH M MIAYTOH . oiviiisininnas ivsnnes ihs s ians
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