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T
MPEAUCIIOBUE

OPMHPOBARUA HAYTHOTO MIPOBOIIPEHILH, TIOHUMAHNA CTPOCHUA 1 CBOCTE O
FKAIEr0 HAC MHpa.

 (Duauka 0KasuIBACT HOJLIIOE BAHSHUE HA APYTHE HAyKH W pasjiuunble 001acT|
FEXHUKH, 03TOMY e usyueHue coziaet 0asy s BOATOTOBKH CENUANNCTOB B
PeKeHHAX HAYAILHOTO U cpeiHero mpodeccuonaibioro obpasosanms. s pei
HMSA BOIPOCOB 3KOHOMMYECKOTO W CONMAIBHOIO PasBUTHS He0OX0AMMBI COBpeMeH
Hble 3HANMS, TOITOMY B COOTBETCTBYIOMINX PA3Aeaax H TeMaxX Kypca yIammecs i cry
JIEHTHI BHAKOMSITCS C 3a/ia4aMy 1 TIePCHEKTHBAME DA3BHTHA HAVKH M TEXHUKMH. {
B yuebuuxe pazbscusaercs cMbic (DU3HYECKHUX 3aKOHOB, IOHATHIT M SIBJCHHHN, pad
KPBIBAIOTX (PU3HYLCKYIO KAPTHHY MEUPa 8O Beem ee muoroobpasun. [pn nanoxe
HITH MaTepHAIA B KHUIE OTPAKEHBI OCHOBHBIE TAIB! CI0JKHOTO HCTOPHYECKOTO Pad
BHTHS COBPEMEHHOMH (DH3HKH.

B xonne Kaxkn0ii riasb nanbl KPATKME BHIBO/b N0 M3Jiaraemoil TeMEe, a TaKxe Bo1l
POCHI LTS CAMOKOHTPOJS U NOBTOpeHuA. Hapsaiay ¢ TeopeTHYecKHM MaTepHaioM
KHUTY BKIOMEHBI IPUMEDbI PEIIEHHs! 3a/[ad, a TAKKE 3a/[a4i JUIA CaMOCTOSATETbHO
PaboTEL, 4TO NO3BOJINT MCKMOUNTL POPMaZbLHOE YCBOCHAE YIeOHOTO MaTepHaia
HAYYUTH CTY/ICHTOB HPHMEHSTD €10 LIS TPAKTHYECKHX 1eeil.

Tlospasnessl ana AONOIHHTENBHOTO H3ydeHust HaOpaHpl MeJTKHM WPHPTOM W
nomevenn ¥, |

B kuure npeycMoTpenn creaviolie yeoBHEe 0003HaTCHHS: '

— KpaTKHe BbIBOJIBT;

Cospementast pusnka umeeT QyHAaMEHTAIbHOE SHAYEHHE IS TEOPHHU uo:mar-mj
KPp

— BOMPOCH /151 CAMOKOHTPOIA W TTOBTOPEHMUS; 3a/1aui LIS CaMOCTOSITEIbHOI
peLieHs;

— TIPMMEPBI Pelienns 3a1ay;
— MCTOpPHYeCKAs ClIPABKa;
— KJoYeBble CI0Ba.
VueGunk npeaHasHades 00y4aomnMMes B 00pa3oBaTeabHbIX yUPeRKICHHAX HAUAb

HOTO 1 epeanero npodecCHOHATEHOIO 0OPA30BAHNS KAK MPH H3YYeHnH Kypea (husn
KH, TAK H 1IpH MO/IrOTOBKE K 9K3aMCHAM B BhICHITE yueOHbie 3aBe/IeHus.




BBEAEHWE

Mduaka — Hayka o npupoje. Beanvaiiimii MLICIHTE T IPEBHOCTH APHCTOTE D
(384 - 322 rr. 10 11.9.) B eMbicst c10Ba «pusamukas (0T rped. physis — NpUpoa) BKIAL-
B BCK) COBOKVIIHOCTH CBEJICHWIT 0 UpHpOAe, BCe, TT0 OLIIO H3BECTHO O JeMHBIX H
nebecinx apaemiax. B pycoxini aspik Tepmun «husiikas Obiii BBEACH BEIIKHM yie-
HBIM-9HIHKIOHEAHCTOM, OCHOBOIIONOKHHKOM MaTePHAIUCTHICCKOI (dunocodun B
Pocenn M. B. Jlomonocosum (1711 - 1765). !

Honroe Bpemst (pusnky Hasbisauy HatypaibHoil (husocodueit (humocodmeii npupo-
1), U OHA (HAKTHIECKH CAMBATIACH ¢ ecTecTBO3HanHeM. [1o Mepe HakoILIenust sKenepu-
MEHTATBHOTO MATEPHATA, €50 HAyMHOT0 0000NIEHIS 1 Pa3BHTHS METO/IOB HCCTEAOBAH IS
H3 HATYpaJIbHOH (hrroco(ri Kak 0OMIETO YUEHHS O TIPHPO/E BLLIEANANCH ACTPOHOMIS,
Xumu, (pusuka, Guosorns 1 apyrue nayku. OTCIOAa CIAYET, IT0 PE3KYIO TPAHITY MEsK-
Ay (pUBHKOI 1 APYTHMH €CTECTBEHHBIME HAYKAMH VCTAHOBUTE I0BOJBHO COMKHO.

Hponece 1IUTEAbHOTO H3YYEHHs ABICHHIT IPUPO/BI IPHBEN VIEHBIX K HICE O Mi-
TEPHANBHOCTH OKPYAKAIONIero Mupa. Matepus BRIIOYaeT B cehs Bee, OKPYKalOIee HAC,
W HAC CAMHX. YYeHHe 0 CTPOCHIH MaTePHH SBASCTCS OJHAM U3 HeHTPATLHLIX B (hi13n-
Ke. Ono oxsarsiBaer A8a H3BeCTHHIX (DUBHEKE BUIA MATEPHIT: 6ewgecmeo i no.te. Besi-
KO€ H3MEHEeHHe, POUCXO/IAINee B OKPYKAIOUIEM HAC MHPE, [TPEICTAB/IAeT cOOOI BH-
Kenne Marepun. Jeuscenue ecms cnocob cyuecmeoeanius mamepuu.

Ousnka usydaer nanbonee obme GOPMBI ABMKEHNST MATEPHI 1 HX BIAHMHBIC
NPEBPAIICHIS, TAKHE, KAK MEXaHHIecKas, MOJIEKVIAPHO-TCITOBAA, JIeKTPOMATHNT-
nast, aromuast i aaepuas. Hogobroe aesentte Ha GOPMBI ABHKEHHS YCIOBHO, OHAKO
(pusmka B mponecce nayuenist OOLIMHO NPEACTABIEHA HMCHHO TAKHMH Pas/ie aMi.

B Marepus cymectsyer B IpOCTPAHCTBE H BO BPEMEHH.

Hpocmpancmeo onpejienseT B3aHMHOC PACTION0KE -
HHe (OHOBPEMEHHO CYIMECTBYIOUNX ) 0GBEKTOB OTHOCH-
TEIBHO APYT APYTA W HX OTHOCHTEIBHYIO BEIMYNHY (pac-
CTOAHNE 1 OPHEHTAINIO ). PasMepbi MATEPHATBHBIX 00bEK-
TOB B0 Beestennoil pasnoobpasabl. DTH MarepuaabHbie
00beKTH 0OPAIVIOT MHKPO-, MAKPO- 1 Meramup, Mux -
POMUP — MUP HEBIMMBIX O0BEKTOB, HAIIPUMED 2 1eMCH-
TAPHBIE YACTHLBL, ATOMBI, MOJIEKY.Thl. Maxpomup — mup
00BeKTOB, 00JAMAIOMIX «OOBMHBIMI pasmepamu. Me-
2amMup — MHD aCTPOHOMHYECKUX 0OBEKTOB, HAIPHMED
3Bea/bt 1 oOpasyembie M cucteMol. Bee sisienns npu-
PO/BI NPOMCXOSIT B ONPEACICHHOI MOCICA0BATEILHOC
TH H UMEIOT KOHEYHYIO TTPOAOIKHTENBHOCTE. Bpems
Apucrorens ONPEIESCT TOCAEAOBATETLHOCTD SBACHIIH TPHPOLI 1 HX

m

OTHOCHTEILHYIO HPOAOLKUTENbHOCTD. Cae0BaTenbHo, NPOCTPAHCTBO U BPEMS! He ¢y
{HECTBVIOT CaMi 110 cebe, B OTPBIBE OT MATEPHH, M MATEPHA HE CYIIECTBYET BHE MPO
CTPAHCTBA U BPEMEHH. .

O6mieii Mepoil pas/mrTHEIX (HOPM ABIKEHIA MaTePHN sABisgerTcs anepzusn. Kaue
CTBERHO pasimabie huanyeckne OPMbI ABIKEHHA MaTEPHH CIOCOOHLI IIPeBPaIaTh
51 APYT B APYTa, HO CaMa MaTepis HeyHHYTO)RuMa 1 HecoTBopuma. K takomy Beisoxy
MPHILIH ele anTHYHbIC (hunocothbI-MATEPHATHCTEL ’

Muanka — HayKa, H3yyalomas npocTeiinme H BMecTe ¢ Tem ganboiee o6mm
3aKOHOMEPHOCTH SIBICHHII IPHPO/IbI, CBOICTBA H CTPOEHHE MATEPHH H mq
HbI €€ JIBH/KEHHSI. ’

u

MuanKa — OCHOBA ecTecTBO3HaHHA., DU3NYCCKNe NOHSTHS SBIAITCH UPOCTE]
HEAMH H B TO 7K€ BPEMSl OCHOBOIOIATAIOUMMY i BCOOIUMMH B €CTECTBOZHAHUH (1!
CTPAHCTBO, BpeMs, ABIKeHe, Macca, pabota, sneprus n ap.). Teopus u Meroant ¢u
BUKH ITAPOKO HCIO/Ab3YIOTCSA B ACTPOHOMMM, OHOTOIMY, XUMUH, TEOJTOMHH 1 IPYTH
ecrecTRenHbix naykax. (Dusirgeckie 3aKoHbl (HAIPUMEp, 3aKOHBI COXPAICHNA ), Bl
BOJBI, CIEACTBIS 13 DH3HHecKiX Teopiii nmeioT riybokuii hunocodeknii empiea. Oy
3WKa OTHOCHTCHA K TOUHBIM HayKaM W H3y4aeT KOJIUIeCTBeHHBIE 3aKOHOMEPHOCTH A
JeHnii.

MusnKa — HAyKa sKcnepuMenTtaibaas, OcHOBHAs 3a1ava (PH3HKN — BEIABHTE
0OBSICHUTD 3aKOHBI TIPHPOIBI, KOTOPBIMH ONPEJeTAoTes (husHyeckue siBaeHns. 3
JauM, crosinme nepe pusnkoii, onpeaensiior 0cobeHHOCTH YPOBHEI 1O3HAHMSE TIPE
poibl. B manke BBIIEIAIOT CEAYIONIIE YPOBHIT TO3HAHUS: IMITHPHYECKHIT, T.€. O
HOBaHHBII HA O1IBITE, TEOPETHYECKHI 1 MOLe/IMPOBAHUSA, KaK/IbLH M3 KOTOPBIX HCIOJ
3yet onpejesernbie Metoast. [log Memodonm 10HIMAIOT COBOKYITHOCTE TTPHEMOB
onepargii HPAKTHYCCKOTO W TEOPETHYECKOTO MOZHAHIS ACHCTBUTEIBHOCTH.

IMRUpUUecKuil Yposens IPeIyCMaTPHBAET NCTIOIB30BAHNE TIABHBIM 00Pa30)
METOJIOB, OIMPAIOIINXCH HA YYBCTBCHHOE MO3HAHNE 00BEKTHBHO CVITIECTBYIONIET!
Mupa. K atHM METOAAM OTHOCAT: CHCTEMATHUYECKHE HAOMIOACHHS, 3KCIIEPHMEHTHI
H3MepeHus.

Habarodenus ssis101cs1 1€PBOHAYATBHBIM HeTOUHHKOM uE(opMmanun, Ha #
HANBHBIX CTAIHAX PA3BUTHA HAYKH HaOIIOeHHs NTPajN BaKHEHIYIO POTIb U (’u[al‘q
Aaps uM obpasosancst aMiMpryeckiil (onpiThblit) Gasuc vaykn, Kak nasectno, niep
BBIC 3aKOHOMEPHOCTH B IPHPOjie GbLIN YCTAHOBJIEHDBI B MOBeIeHHH HeDeCHbIX TeJl
5HJ[_H OCHOBaHbI HA Haﬁ.."l HOJICHHAX 34 HX JIBHACHUEM, OC‘,VIII{‘.CTB."ISIEM bIX I[CBOOP}’)KC]
HBIM F1asoM. B HEKOTOPBIX HayKax (HanmpHMep, aCTPOHOMHHN, Fe0I0THN 1 Ap.) HabJi
ACHWA SABISIOTCS @AMHCTBEHHBIM METOI0M HCCACIOBAHNSA.

JKCnepumenm — BUKHEINIT METOL HMIPHYECKOIO HCCAEAOBAHMS, C TIOM
B0 KOTOPOIo ABICHHS WCCAeAVIOTCS B KOHTPOJIMPYEMBIX VIIPABAAEMBIX VCAOBHs
HMposoas omurr, DKCIIePHMEHTATOP LEJCHATIPABICHHO BMEIITHBACTCS B €CTECTBEHHBI
XOA npotekanus nporecca. OranunrenrbHas 0coGeHHOCTb IKCHEPHMEHTA — BOCHPO
HIBOAUMOCTS, T. €. €r0 MOJKET OCYIIECTBATE KWKIbII HccaenoBaTen B Moboe BpeMsi

DKCHEPHMEHTHE MOTYT OBITH KAYCCTREHHBIMK B KosndecTsenmbivis, Kageernennprii akcmne
PHMERT 0TREuAET, HATPHMED, Ha TAKOIH BOMPOC: OCTAETCS MOCTOSHHONH M H3MEHsAETCS ZaHHa
busimeckan BEAWYIHA (TPH H3MEACHIN BHEITHIX YenoBuin? KonuuecTBeHunii akenepuMen
CBABAN € H3MEPEHNEM.



He nap scemu TeamMu MOXKHO TIPOBOJIHTE SKCTEPHMEHTD, HANPIME] NIAHCTHE, BHC3TN MOKIO
T0aBKO HabmozaTs. Ecim see ke oxcrepuMent HeoOX0/MM, TO IPOBOAAT HKCHEPHMEIT C MOJe-
JIBIO, T. €. TEJIOM, PA3MEPHI I MACCA KOTOPBIX NPONOPIUMOHAILHO YMEHLIHEHE 10 CPABHEHUIO ¢
peanbHBIM TesioM. B aToM ciiyuae peayabTaThl MOACTLHBIX SKCTICPHMEHTOB MOXKHO CYHTATE (PO~
TIOPIHHOHAIBHBIMH PESYJIBTATAM PEAIbHOTO DKCTIEPHMEeH T,

H3zmepenue — COBOKYITHOCTD JICICTBHI, BBINOJIHAEMbIX ¢ [IOMOIIBIO CPE/ICTB U3-
MepeHHIT B LEJISIX HAXOKAEHHS YHCI0BOTO 3HATEHHST H3MEPSIeMOil BeINYHHEL B 1Tpy-
HATHIX SIHHHLIAX H3MEPeHHsl.

Hmerno B HHTEPIPETAIN PE3YIBTATOR U3MEPEHMIT BBIABIISIETCA IVIyOHHA Teope-
THYECKHX BBIBOJLOB.

Teopemuueckuil ypoeens No3HaHNs npeayeMarpusaet obobmenus, Kiacc-
(bHKALMIO M AHAIH3 DKCIIEPHMEHTAIbHBIX JAHABIX, YCTAHOBACHHE (DH3HYECKHUX 3aK0-
HOB, BBIIBHIKEHHE HAYUHBIX TUIIOTE3 W CO3/IaHie HAYYHBIX TEOPHIL.

DusurecKue 3aKoHbl — YCTOIUNBBIE OBTOPSIONUECH 00HEKTHBHBIEC 3aKOHO-
MEPHOCTH, CYIIECTBYIONIUE B TIPHPO/IE.

liunome3za — naydnoe NpenonoKenie, BLUIBHTAEMOE st 0OBLACHEHNS KaKoro-
ambo sipsenus u Tpebyiomiee MPoBepKH Ha ormbite. EC/n riumoresa BLUIEDKHBAECT IM-
MHPHYECKYTO TIPOBEPKY, TO OHA NPHOOPETAET CTATYC 3AKOHA, B IIPOTHBHOM CTYHAE CU-
TAETCS OIPOBEPrHYTOI.

Teopus — COBOKYIIIOCTH HECKOIBKMX 3aKOHOB, OTHOCSIIUXCS K OAHON 06.1acTH
MOIHAHMA.

0 BepxosubiM cy/beii mo6oii Teopun sBaserca onbir.

Ecim TEOPHA B IEJOM HE ITONYUAET OMITHPIIECKOTO TMOATBEPAZCHHA, TO OHA JIONOJTHACTCS
HOBBIMH THITOTE3AMH, HOII,'I‘BE'))K}IEHH&H OTNBITAMH TEOPUS CHUTACTCH HCTHHHOM 10 Tex nop, Noka

He 6}’IR3T MPeLIOKeHA HOBAS TEOPMST, oﬁmcusmnuaﬂ HOBLIC IMITHPHYCCKHE t])a.K'T‘bl H BRIIIOYA10-
I3t CTAPYIO KaK YaCTHBI CIyvait.

Kaskawiii mar 8 usyuennu npupoast — 1o nputukenne k uctite, Ousnka pee
ry0ike NPOHMKACT B HOBBIC 00AACTH I U3YHAET TAKHE OOBEKTE, KOTOPHIC HE HMEIOT
AHAIONOB B MOBCEAHEBHOCTH. B Takux ciryyasx B pusuke HCHoAb3yOT MOAETHPOBa-
ie.

Modenuposanue 10380151€T BOCHPOMIBECTH ONPEACICHHbE [COMETPHYECKHE,
busHYECKIe, AMHAMHYECKIe XaPAKTEPHCTHKH 00BEKTa — OPUTHHAMA.

Modenw — ynpomennas sepeus hU3HIECKOH CHETEMBI MM 1IPoLecca, COXpaHs-
OMIast UX [1aBHble 4epThl. [IpocTeiimmmvn Moe/ M IBSTIOTCS, HATPHMED, MaTepH-
UIbHAs TOUKA, HACATHHDLIH 1as, KPHCTAIMYECKAs PEMIETKA — TAK HASHIBAEMOE TIPell-
METHOE MoAepoBatue. [Ipn MoaeanpoBaHIN YKA3BIBAIOTCS TIPEACIIBI M TPATHILH 10-
IVCTHMbBIX YUPOIMEHHTH.

Jhiobas MoACIh HPERIE BCETO [IOABEPraeTces ﬁponepke COOTBETCTBIS €€ CBOMCTB CROICTRAM
MOZeTpyemoit peantbioii usnyeckoii cuctemst. [lo Mepe YCOBEPILEHCTBOBANNS MOEH CTA-
10BUTCS Gostee Touol 1 coBepuiennoii. Moaes, BBIICPIKABIIAA MIOIO MCIIHITAHMIL, 1TPejIcKa-
ABIIIAs HOBBIE ABJICHUS W YKAZABIIASA Ha HOBbIE HKCTICPHMEHTHI, KOTOPLIE COTIACYIOTCS ¢ HEl,
OCTABISET OCHOBY (hHanuecKkix Teopuit. CyNiecTBYeT TAKKe 3HAKOBOE, MBICICHHOE i KOMITBIO-
eproe mofenuposanue. [pn anaxesom moderuposanuu B kavecTse MO/ HCIONB3VIOT
XeMbl, deprekn, popmynl. YacTHBIM cayuaem IHAKOBONO MOJICTHPOBAHNS ABJACTCS mame-

wecikoe modenuposaie. Lipn mbtcnennom Moderuposaniuii (MEICACHHOM SKCITe-

) YUCHBIH MTPEACTABIAET cebe 00beKT, KOTOPBII He CYHMECTRYET B DEATBHOCTH, H IIPOBO-
1 s aKcriepument B yMe. [ITHPOKO H3BECTHEL, HATPUMED, MbICICHHBIC SKCICPHMCHTbI
spmrreitna (1879 1955), cozparess TEOPHH OTHOCHTEILHOCTH, I.Tanuaes u Jax. Magc-

(1831 — 1879). Tax, Tamnieil OTKPBUL 3aKOH HHEPIHH, MBICJCHHO YMEIbUIas, a 3aTeM
451 CHIIBI TPEHIS Npi ABRAKeHin; Makcsesn copMyInpoBal MApaIoKe ¢ <1eMOHOM»,
CHEHHO PACTIONOKNIL HA ITYTH JETSITHX MOJIEKY.I FUNOTETHHECKOTO ¢1EMOHas, COPTHPY-
MOJICKY/IBI 110 CKOpoCTsM. LIpH Komnbromepom MOOeaUPOBaHULL B KATECTBE MOJE-
faeT ATTOPHTM — NTPOrpaMMa (pyHKIMOHIPOBATIA 0OBeKTA.

Mojenn, KOTOpbIe HMeIoTCs Y (DH3NKOB Cerojs, B COCTOSHMM OlMCaTh MHOTHE
sust Tipupozast. OHako 3aBTpa oHy OyyT yCOBEPUICHCTBOBANLL H NOCE OMbIT-
[ posepki Bee Goablue cnocobeTBOBATS TO3HAHHIO TIpuposnbl.

Mirax, pusnKa — HayKa SKCTIEPUMEHTANBHAS, TAK Kaik OCHOBHBIM METO/OM H3yie-
@npom ABASIETCS HKCHEPUMEHT, KOTOPBIii OATBEPAJIACT M OTPHILAET BHIBO-
PH3NKH.

Musnueckas peinunna. DuU3UUECKAR GEAUMUNA — ITO UIMEPAEMAST Xd-
-__epﬁCTHKa duanyecknx 06beKTOB HIN ABAEHHIT MaTepHATLHOTO MHPA, obmas
aueCTBEHHOM OTHOMICTHH MHOXKeCTBa 0OBEKTOB WK SIBICHHI, HO WHIUBHIY-
st U151t KaXK/I0TO M3 HUX B KOJMYecTBeHHOM oTHomenn. Hanpumep, macca —
rHecKas BeHYHA, ABAAI0Nancs obuieil xapakTepucTHKoil pusnueckux 00bek-
B, JUIs KaXKZ0T0 0ObekTa (aBTOMOONIIb, TENEBU30P, CAMOJICT 1 T.1T1.) HMEeT HH/N-
UIVATIBHOE 3HAYEHIE; VACTBHOE CONPOTHRICHHE — QU3NUECKas BeINTHa — 06-
Has XapakTePHCTHKA MHOTHX (PHIMHECKHX TEJI, HO /UIS PA3HBIX METAIOB OHA Pas-

. @uaeckas Beandnna npeactapisier coboil mbo obobmennoe moRATHE (pmia, obneM,
m }_nmﬂaﬂ TENI0EMKOCTD, BAIKOCTE, CHIA 3NEKTPHYECKOTO TOKa 1 T./L.), b0 KOHKpeT-
HYIO BEIMIRY — WHANBUYATLHYIO XAPAKTEPUCTHRY OTACALHOTO ofberTa Wil $BJeHH; BMe-
CTEMOCTB IAHHOTO COCY/Ld, HANPAKEHHOCTD 3NEKTPHYCCKOro Hojid B ARHHOI TOYKE NPOCTpat-
crsa, VACABHAA TEIIOEMKOCT) BO/LbI TPH Temmeparype 0 °C # 1. 4. YKa3augHOMY Bbillie onpese-
JIEHHIO HE YAOBAETBOPSIOT TCPMHILL JIEKTPHIECKOE 10J1¢, BOIHA 1 T. /L., 4 TAKKE HAHMEHOBA-

m@mmecmx ofBEKTOBR: THPS, O3, YJad 0 T L

3unauenue KoHKpeTHOI (DH3NYECKON BEJIMYHHE BHIPAKAIOT HPOHSBE/ICHHEM 0T
BJCYCHHOTO YHC/IA Ha NPHHATYIO /UIst AAHHOMN (DHBHIECKOI BeTHYHILE ©AMHUILY.

Y10 Hayto 3uats 0 GUaNYECKOIl BeTHTHHE:

® usuuecKuii CMBICT BeJIMUHHB! (KaKne CBOHCTBA WM KauecTBa BELleCTsa WK
TOJISA OHA XapaKTepusyer);

® onpejeneHne GU3HYECKO BeTMYHHbL

® (hopmyIry, BHIPAKAIONIYIO CBA3b AAHHOI (PHHHECKOH BeLMUMHBI C APYTHMIL

® EAMHHLY BeJTHYHHbI (HauMeHoBaHHe, obo3HaueHne, onpene.l'lemie);

® criocoObl ee u3Meperns.

WY PuauMecKol 6EAUHUHBL MOKHO YCTAHOBITH IIPOU3BOIIBHO, HO ECTH

HPHHSATH UX HE3aBHCHMBIMHA APYL OT APYTa, TO B (hOPMYIAX, CRA3BIBAIOUMNX Pas/Ii-
Hble (puanuecKue BeTHYniibl, TOSBATCS MHOTO NEPEBOAHBIX KO3(h(UIHenToB, 1ro ye-
JAOKHUT Kak cami hopmyIibl, Tak 1 serancaenust. K. Tayee mokasa, 4o uis nocTpoe-
IS CHCTeMBI eI, (DU3HYECKHX BETHIHH JOCTATOMHO BHIOPaTh HECKOIbKO HE3a-
BHCHUMBIX JIPYT OT ApYyra IHNIL DTN ¢ANHHIIL HA3KIBAIOT OCHOGHBLMHU. Emnmisi
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M3HYECKHX Be/IHYHH, KOTOPLIE OTIPEIENSIOTCS 10 VPABHEHUAM ¢ HOMOIBIO OCHOB-
JIX €THHWIL, HABBIBAIOT MPOUIEO0HBIMU.

COBOKYIHOCTH OCHOBHBIX M ITPOU3BOHBIX €/IMHUIL HAIBIBAIOT CUCMEMOU edu-
ey, Mesxtynapoanas cacrema exmminin CH coctont u3 ceMu oCHOBHBIX (MeTp, Ki-
TPAMM, CEKYHJIA, aMIIeP, KeTbBHH, MOJIh, KAH/Ie1a), ABYX JAONOJIHUTENLHBIX (pati-
[ 1 cTepajian) # 60ABIOro YHCAA MPON3BOIHBIX €IMHHIL.

JLnst obpasoBaimA MPOM3BOIHBIX €/IMHNT] U3 OCHOBHBIX MPHMEHSIOT ONPELeIsoNIHe
YaBHEHMS CBSA3H MEK/AY BennunHamu. Hekoropsle nponsBoHbie eXManib, momy-
IBITHE creHaIbHbIe HAHMEHOBAHNS, MOTYT ObITh HCIIOILA0OBAHDI 15 0OpasoBatus
yyruX npoussoabix emauiy CH. Cokpamennnie 00o3HaueHust eAMHUIL, HA3BAHHbIC
4ECTh YIEHBIX, MUY TCH ¢ HPONHCHOI GYKBBL

Crenmanbibie HaMMEHOBaHHA, TPICBOCHHBIE E/IMHNIEAM, 0034Te/ IbHBl K TIPHMe-
w0, Hatipumep, juist paboThi M 9HEPIrum CielyeT TPHMEHsITh eANHHILY /KoY. ( [1xK),
ie apioTon-MeTp (H- M), neemorpst na ro,aro 1 H-m = 1 JIx.

Muznueckne 3akonsl. PuzuuecKue 3aKOHbL BHPAKAIOT B MATEMATHYCCKOH
OIpME KOJMIECTBEHHBIE CBA3H MEFKAY (pu3HYeCKnMH Bestnyntamu, Ol yeTaHasin-
I0TCHA HAa OCHOBE 000OIMEHNSA ONBITHBIX (IKCITEPHMEHTATBHBIX) JAHHBIX W OTpaka-
I OOBEKTHBHBIC 3aKOHOMEPHOCTH, cymecTyioime B [Ipupoje.

Yeranopienie GH3HYCCKAX 33KOHOB CBSSAHO ¢ H3MepeHHeM (QH3NYECKNX BeJH-
tH. QUEeBMJIHO, YTO Pe3yJIbTAT H3MEPEeHHIT He MOJKeT OLITh ahCOMOTHO TOYHBIM.

Musuueckue 3aK0HbI CNPABE/LTHBbI LIs TOH 061acTH, st KOTOPOIl HX NpH-
MEHHMOCTD IIPOBEPEHA ONBITHBIM ITYTEM.

Hampusep, sakonsr mexanicit Hoiotora (Kiacenueckoil MEXaHnKn ) yeTaHOBIeHbL L5t [1BH-
*HHST MAKPOCKOITMHECKHUX TEJ1, IBIDKY LIMXCH €O CKOPOCTAMIT MHOTO MEHBIIE CKOPOCTH CBETA.
UIBHEIILIEE PA3BHTHE HayKN NOKA3A/I0, 4T0 3aKOHB! KIACCHYECKOI MeXaHHKH He CIPABe/LIH-
l, € OIHOH CTOPOHD, UL ABUKEHIA 00BEKTOB MUKPOMHDA (OTA/BLHBIX ATOMOB HILH 2JCMEH-

PHBIX FACTHIL), € APYTOR — [is ABHKeH s 00BEKTOB, CKOPOCTH KOTOPBIX CPABHHMEI CO CKOPO-
bi0 CBeTa (¢ =3 - 10° m/c).

Dusnueckue 3aK0Hb!, HMeOUIE HanGosee OOIMUPHBIE 061ACTH TIPHMEHMMOCTH,
3BIBAIOT pyndamenmanvubiMu (HanpuMep, 3aKOH COXPAHCHIS IHEPIiM).

Wayuas usuueckmii 3aKon, HyKHO 3HATH:

® CBSI3b MEXKTY KaKuMu sSiBAeHUSMN (TPoHeccaMH) MitH (DH3NYECKMMH BEIMYMHA-
1 OH BHIPaKaeT;

® (hOPMYAHPOBKY 3aKOHA 1 €10 MATEMATHIECKOE BHIPAKEHHE,;

® OUBITBI, NOATBEPKAAIONINE CHPABEUTHBOCTD 3aKOHA;

® VYET H MCLOJIB30BAHHE HA HPAKTHKE;

® I'PAHMIIL! IPHMEHUMOCTH.

Tonstue o puzuueckoii kaprame mupa. [1o Mepe HakomIeHHs IKC MEePHMEHTAb-
IX IAHHBIX [OCTETIEHHO BHPUCOBBIBAIACH H CKJIAIBIBAIACH BETHYECTBEHHAS H CII0K-
A KapTHHA OKPYXAIoLiero Hac Mmupa u Beeslennoil B 1esom.

Hayunsie noncku 1 nccaefosasmst, NpoBeIeHHEIE Ha TPOTSKEHIH MHOTHX BEKOB,
ssoaw W Heworony (1643 -1727) otkpeims u chopmyuposarts (hyHaaMeHTAIb-
1€ SAKOHBI MEXAHHKH, KOTOPEIC B TO BPEMsl KA3A/IHCh HACTOIBKO BCCOOBEMITIONIHMH,
0 JIETIN B OCHOBY NMOCTPOCHNSA MEXAHUMECKOU KAPMUNLL MUPQA, COTTTACHO KO-
pﬁﬁ BCE TeJla AO/DKHEI COCTOATL U3 aﬁ('OHI'OTHO TBEPJALIX YACTHIL, HAXOAAIHXCS B
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HenpeppiBHOM JIBHIKCHIH. BaanmMojeicrsne MEATY TeaaMi OCYIECTBAAETCH € IOMO-

*

HIBIO CHJT TATOTErIsA (PPaBUTAIMOHHBIX cHr). Bee MHOTO0OPA3NE OKPYKAIOLEro MUpa,
110 HBI0TOHY, 3aKT04AI0CH B Pa3ITINH ABHKCHIS HaCTHIL <

Mexanuueckasi KApTHHA MHPa TOCHOACTBOBATA A0 Tex nop, noka [k Makcpesiom
(1873) ne 1 cOPMYIHPOBAHEI YPABHEHMST, OTTHCHIBAIOIHE OCHOBHLIEC 3aKOHOME]-
HOCTH DJEKTPOMATHHTHBIX SBJICHHI. ITH 3aKOHOMEPHOCTH HE Moram ObITh OOBsICHE-
HBI € TOUKH 3penus Mexannkn HpioToHa. B o1/mune 0T KAaccH4eCKoN MEXAHUKM, T1e
'ﬁpe;m'(mame*r(:ﬂ, YTO B3AMMOJICHCTBIE MEXKIY TEIAMH OCYINECTBISACTCSH MIHOBEHHO
(Teopust AANBHOAEHCTBHA ), TEOPUA Mam‘ﬁo.nna VTBEpIRAAIA, UTO B3aUMOAeHCTBHE
HPOMCXOIIT C KOHEUHOH ¢ KOPOCTBIO, PABHOI! CKOPOCTH CBETA B BaKyyMe, IOCPENICTBOM
2UEKTPOMATHHTHOTO 1Ot (Teopus ommskojeiteris). Cosfanne cnemHaibHol Teo-
PHIL OTHOCHTEIBHOCTH — HOBOTO yueHUs 0 NPOCTPAnCTse U BPEMEHH — HO3BOJIWIO
HOAHOCTHIO 060CHOBATH AJCKTPOMATTHTHYIO TEOPHIO.

B cocrap Beex 6e3 HCKITIOUeH sl aTOMOB BXOAAT INEKTPHUYECKH 3dPsKeHHbIe Ya-
crmibt. C OMOULbIO 3EKTPOMATHUTHON TEOPHH MOKHO 0OBACHHTD OpHPOLY CHI,
ACHCTBYIONUX BHYTPH ATOMOB, MOJCKYJI i MAKPOCKOIIMYECKHX TeJL. DTO nosoKe-
Hife JerJI0 B B OCHOBY CO31aHAS 3AeKMPOMAZHUMHOU KAPMUHbL MUPA, CO-
FAACHO KOTOPOIl BCE TIPOHCXO/SIIIE B OKPYKAIOIEM HAC MUPE SBJACHAA ITHITATHCH

"Gﬁ'bHCHHTh ¢ IMOMOIIBIO 3AKOHOB 2J1eKTPOJAHHAMAKH. Oanako 00BSICHUTD cTpoe-

HHE 1 ABHAKCHITe MATEPHH TOJABLKO IEKTPOMATHUTHBIMH B3aUMOACHCTBIAMA He

Yamoch. :
Jlampreitmee passuTie (UIUKH MOKA3aTI0, 410 KPOME 2PACUMAUUONHOZ0 T €K~

MPOMAZHUMNOZO 63AUMOOCUCMEUL CYTECTBYIOT W APYIHE THIIH B3aNMO/IEH-

CTBUA. HEDB&H [MOJIOBMHA X X B. 03HAMEHOBAIACH HHTEHCHBHBIM H3YUYEHHEM CTPOEHMA

SAEKTPOHITLIX 000I0EK ATOMOB M TeX 3aKOHOMEPHOCTEI], KOTOPhIe YIPABIAIOT ABIIKE-
HHEM 2IEKTPOHOB B ATOME. TO MPHBEJIO K BOSHUKHOBEHUIO HOBOM OTpac/iu pusnkn —
KBAHTOBOI MexaHHKH, B KBAHTOBOI MEXaHNKE HCTIONB3YETCS IIOHSTHE Oy AIUSMA: [IBU-
KYUIASICS MATepHst ABIACTCS OAHOBPEMEHHO M BEIIECTBOM, M TIOTIEM, T. €. oﬁnz:me'r ot
HOBPEMEHHO KOPITYCKY/SIPHBIMI 1 BOMHOBLIMI cBOfiCTBaMH. B Knaccnueckoif xke (hu-
3MKE MATepys BCer/ia THO0 COBOKYIHOCTD YACTHIL, W00 HOTOK BO/IH.

Passutie sieproii husHKM, OTKPBITHE STEMEHTAPHBIX YaCTHIL, HCCTEI0BAHNE UX
CBOMCTB 1 B3AMMOTIPEBPAIIEHHIL NIPUBEIH K YCTAHOBJICHHIO €lLe IBYX THIIOB B3AHMO-
ACHCTEIHN, HASBAHHBIX CUTTOHBIMU 1 CAGBIMU.

Takum 06pasom, coBpemMenHas (puanyecKas KapTHHA MUPa HPe/oIaraeT 1eTbipe
THIIA BIAHMOCHCTRUSE CHTBHOE (SEPHOE), 21eKTpOMArinTHOe, craboe 1 rpaBiTa-
worsoe. CrubHoe BaanMozeiicTrie obecTiednBaeT cBasb Hyk10HOB B spe. Craboe
BEAMMOZEHCTBIE IPOABIIAETCS B OCHOBHOM HPH PACTIAZE dIeMeHTapHbIX YacTuil, MTar,
VHUEHUE 0 CTPOCHUH MATEPHH B HACTOSIICE BPEMST SIBJISICTCS ATOMHCTHYECKHM, KBar-
TOBBIM, PEAATHBUCTCKIM, B HEM MPUMEHSIOTCS CTATHCTHYECKHE ITPEACTABICHHS.

Bonpoch Ans caMOKOHTPONA W NOBTOPEHUA

1. Yo uayuaer nayka «puznkas? 2. Kakue suas marepun am uasectni? 3. Uro onpene-
JHET tpoctparicTo? 4. Yto onpenesier Bpemsi? 5. Kaiie MeTo/1b1 HCHOAB3YIOTCH HA IMITHPH-
HECKOM ypoBHe nosHanis? 6. [Touemy dnauka — nayka akcnepumentansias? 7, Yro HeoOXo-
JIMo 3nats o (uanueckoil seananne? 8. Kaxne enmnisn puanieckux BeAHYII STBIIAIOTCS 0C
HOBHBIMK B C? 9. Yo Bripakaior (husuueckne sakonu? 10, Yto Heobxommo 3uath 0 hrsu-
HeckoMm saxone? 11. CKoIbKO THIOB B3aHMO/IEHCTBIEA HPEATIONATAET COBPeMeHHas (pH3IYecKasn
KapTuna mupa?



MEXAHUKA

PA3AEN

h’. '

Mexanuxa (ot rped. mechanike — HCKYCCTBO NOCTPOCHNUA MANIHH) — HAVKA O
MEXaHHYECKOM ABMKEHHN MaTEePHANLHBIX TEl M IPOUCXOASIINX HPH 3TOM B3aHMO-
AEHCTRUAX MY HUMU.

Kunemamuxa (or rped. kinematos — JBUKeHNE) — pasjies] MEXAHHKH, B KOTO-
POM H3YHAIOTCST CIOCOOBI ONHCAHIST ABHKEHHIT 1 CBA3L MEX/Y BeIHYHHAMM, Xapak-
TePU3YIOHIHMI aTH ABMKennsa. KnnemaTuka uayqaer asmwkenns tea Oe3 yuera npu-
YHH, HX BI3bIBAOILNX.

Hwunamuxa (or rped. dynamis — CHIa) — pasies MEXaHUKH, HOCBSIIEHHbIH U3y-
YEHHIO JBUKEHUS MATEPHAJILHBIX TeJl 1O JAeHCTBHEM TIPIIOMKEHHBIX K HUM CHIL

B nunammke paccMaTprBalOTCs IBa THIA 3a/1a4.

3ajauH NepBoro THIlA COCTOAT B TOM, 4T00bL, 3Hasl 3aKOHBI JIBIDKEHHUS! TeJIa, Onpe-
AEAUTh JeHCTBYIONIHE Ha Hero cHibl. KiaccHuecknM npuMepoM penieHus Takoi 3a-
Aauy sisuaock orkpeitie M. HeioToHOM 3aKoHa BCeMUPHOTO TATOTEHHS. 3HAS yCTa-
Hosaernsie M. Kennepom saxkonsi asuxenns maaner, M. Heloton nokasan, sro a1o
ABHIKEHHE TPOMCXOUT TOJL ieiicTBHEM CUJIbl, 00PaTHO NPONOPHHOHAIBHON KBagpa-
TY PACCTOAHUA MeskAy naHeToil 1 CoHieM.

3anaum BTOPOro THa (OCHOBHLIC B AMHAMUKE) COCTOAT B TOM, 4T00bI, 3Has Ha-
YaNhHOE 10JI0KEHIE TeJla H ero HAualbHYI0 CKOPOCTS, 1O AHCTBYIOHNUM Ha TEI0 CH-
JIaM ONPeleTHTh 3AKOH ero JIBHIKEHUS,

(@ Vcropuueckas cnpaska. CyuecTseninii Bag B pas-
=1 pyrie MexannKyn BHecan yuenbie: Apxumesn (okx. 287 -
212 rr. 10 H.9.), KOTOPLII pa3paboTa TEOPHIO PHIMATE, CAOMKE-
HHE NAPATLACIBLHBIX CHJL, YIEHHE 0 TeHTPE THKECTH | T.11.; Jle-
oHapio aa Bunun (1452 1519), necaenosasmnii cioboanoe
HajieHue 1 ABIsKenne Tea, OpoImeHoro ropusoHTAILHO, CONPO-
THBJEeHMe OATOK PacTAKEHHIO 0 CHRATHIO; YCTAHOBHBIIMI, 4T0
ACHCTBUE DABHO TPOTHBOACHCTRIIO M HATIPABICHO IPOTHB HETD;
HBYYUBIINIT MEXaHW3M TPEHUS 1 onpelesmpinii koaguhuim-
CHT TPEHHHA; COBAABIIIT MPOEKT IIEPBONO JETATEARHONO ATIIA-
paTa, HApauioTa, PAjia FHAPOTEXHHYECKHX COOPYKeHUTT 1 Mio-
roe apyroe; H. Konepnnk (1473 - 1543) n M. Kenzep (1571 -
1630), OTKpLIBIIE 3aKOHbI ABHIKEHUS TLIAHET, KOTOPHIE BIOCTE]T-
CTBUH CTaJIN 0cHOBOI 475 chopmysinposatnoro M. Heoronom
3akona scemupnoro tarorvenus; ILTanunei (1564 - 1642) —
OCHOBOTIONIOAKHHK THHAMMKHN ¥ OIMH H3 OCHOBATEACH TOYHOO
CCTECTBOZHANNS, VCTAHOBIIT JAKOH MIEPUNY, 3aK0HE! ¢BODO/L-

Apxumen
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eI, JABIDKEH NS Teaa 110 HAKJIOHHOH TLIOCKOCTH N Tena, Hpomentoro o/ yijioM K
* OTKPhLI 3AKON CHOKEHNA ABMIKEHII 7 3aK0H TOCTOAHCTRA NEPHOAR Koedanui Ma-
; A Ik

M EMy HE10BEUCCTBO 0BS3AN0 ABYMST IPHETIMITAMH MEXAHHKH, ChiTpasmMu 6obmyo
o B PAIBUTHH HE TOJBKO MEXAHUKIL, HO H (DUANKH B UEI0M, — TIPHHITHIT OTHOCHTETRHOCTH U
@unmlﬂ [HOCTOSHCTBA YCKOPCHIsl CBOOOHOIO NA/ACHHA.

rmasa 1
KUHEMATHUKA

:L.:l MexaHH4YecKoe iBMKEeHue

 Ommcanse mexannyueckoro jsukenns. [lox mexanuveckum deusicenuem 110-
HUMAIOT HAMEHEHHE C TCYCHHEM BPEMEHH B3aHMHOTO TO/I0KEHHSA TEA HIIH HX HacTeH
g upoctpancrse. Hanpumep, B npHPOAE — 9TO BPAIICHIIC 3emin BOKPYT coﬁcmsuuun
OCH, ABIKEHHE 3eMIH H IPYTHX [LUIAHET BOKPYT Coumuita, Bpantenie Conmneanoi cHe-
eMB! BOKpYT sipa FanakTniw, «pasberanue» ralakTHK, T.€. pacuiipenne Beenennoit;
B TEXHHKe — JBHACHHE aBTOMOOK.ICH, CAMOJIETOB, MOPCKUX H KOCMHYECKHX Kopad-
.zieﬁ, yacTell ABUraTe el MaHH i MEXaHU3MOB.

TIpn usyuenun ABIDKEHHs: MaTePHATBHBIX TeJl, UL yIPOUICHIT PEMEHH HEROTO
PHIX 3aa% B MEXaHWUKE HCTIO/B3YIOT MOJIeNN — MAaTePHANIHYIO TOUKY M abcoaoTHO
TBEPAOE TeO. 5 X .

Mamepuaasnas mouxa — 1e10, 0013/ a101ee MACCOH, PasMCEpamMit KOTOpOro 8

JAHHOI 3a/[a4e MOYKHO 1peHebpedD.
- Honoxenne MaTepHAIBHOI TOUKH B TPOCTPAHCTBE OLPEAEIIACTCS KaK TON0KEHNC
reoMeTpuueckoii Touku. MatepuambHOI TOUKOL, HapuMep, CauTaioT 3eMio TPy pac-
emorpesny ee swkennst Bokpyr Connna. B ranbneiiuiem npu yIoTpedIeHHI TePMU-
Ha <Ten0» GyieM uMeTh B BIULY MATEPHAILHYIO TOUKY.

Abcomomio meepooe meo — CHCTeMa MATePHAILHBIX TOUEK, PACCTOANHE
MEXLY KOTOPbIMU € TEHCHNEM BDEMEHH HEe H3MEHACTCAL. ]

Paameps 1 hopma aGCOMIOTHO TBEPIOTO TeIa UPH PasiHyHbIX BHEIMIHMX BO3ACH™
CTBHAX HE W3MEHAIOTCSH. _

Mexannueckoe ABHKEHME IPOUCXOANT B MPOCTPAHCTBE i BO BPEMEHH. B wracen-
YECKOH MeXaHuKe MpoCTPaiCTBO OHOPOIHO H H3OTPOITHO, BpEMST — OZHOPOHO.

00nopodnocms npocmpancmea 03HAUAET PABHONPABHE BCEX €r0 TOTEK.

Haomponnocms npocmpancmea 03iadaeT PaBHOIPABIEC BCEX HAIPABIICHITH
B IIPOCTPAHCTBE.

Oonopoodnocms epemenu — paBHOIPaBHE BCEX MOMEHTOB BPEMEHH.

JLst onscanns MexaHIYeCKOTo ABHKEH s HEOOXO0IMMO YKa3aTh TeJI0, OTHOCHTEIDL-
HO KOTOpOro paceMatpusaetcst asikenne, Otnocurensno Colmla paceMaTpHBacTeH
ABIDKEHHE TUIAHET, OTHOCHTEIbHO KAKHX-THO0 MYHKTOB HA MOBEPXHOCTH 3eMIi —
ABMIKEHIE CAMOJIETOB, 110e3/08, apTomMobueil. [Tpn atom Comte (wim 3ewmust) cun-
TAETCsl HeNOABIKHBIM H SBJISIETCS TENOM OTCHeTa, .

Teno omcuema — POMBBOABHO BbIOPAHHOE TEJI0, OTHOCHTE/ILIO KOTOPOTO OIF-

PEAEAAECTCS HOA0KEHUE ABUAKYILEHCS MATEPHAIBHOH TOYKH. |
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HMonoxenne ABNKymelics MatepuaisHOM TOY-
KH B JaHHBIN MOMEHT BPEMCHN MOMKHO o1peje-
JATh, eciin BoiGpaHa cHCTeMa OTCyeTa,
Cucmema omcuema — COBOKYIHOCT TeJla
OTCYETa, CBABAHHBIX ¢ HUM CHCTeMbl KOOPARTIAT
—- " 4Yacos.

MexaHu9ecKoe ABHKEHUE MPOHCXOAUT BO
BPEMEHN, 1103TOMY CHCTEMA OTCYeTa J0JKHA
MMETH YAChI, OTCYHTHIBAIOIHE TPOMEKYTKH Bpe-
MEHU OT MPOU3BOIBHO BHIOMPAEMOI0 HAYAIBHO-

Puc. 1.1 ro MoMeHTa Bpemenu (puc. 1.1).

Ha puc. 1.1 Teso oveuera () naxoures B Hauame
coopmrar. [pu ormcanun asiokenns manbonee ynorpebiTebHa IPAMOYTONLHAS, Wi
[eKapToBa, cucTemMa koopHar. [osnoxenne MaTepuaasioi Touku M 8 qekapToBoii cic-
reMe KOOP/HHAT OIPEAENSIETCS] TPEMSA KOOPAMHATAMI: &, ¥ 2 WIM PAIHYCOM-BEKTOPOM T

Pajinyc-seKtop r — BEKTOP, NPOBENEHHBIH M3 HAYAIA CHCTeMbl KOOPAMHAT B 1aH-
iy10 TouKy. Linna paanyca-BeKTopa I, T.€. ero MOJLY.Ib |t = 7, OUpPeAeNseT paccTos-
e, Ha KoTopom To4ka M HAXOAMTCH OT HAYAAA KOOPAHHAT, 4 CTPEJKA YKABHIBACT
1AlpPaBIEHHE Ha 9Ty TOUKY.

Iipn apwxenny Matepraabaoii Tovkn M KoHew pagnyca-BeKTopa r OniCcHBaeT B
IPOCTPAHCTBE HEKOTOPYIO JTHHUI) — TPaCKTOPHIO.

Ipaexmopus (0t nar. trajectorius — OTHOCSILMICA K EPEMENIEHII0) — HEnpe-
IBIBHAA JIMHUSA, KOTOPYH) OIMCHIBAET TOYKA MPH CBOEM [IBHAKEHIH.

Buzapt apwkenns. [1o Gopme Tpackropun Mexaunueckoe IBiReHne Kiacenduim-
IVIOT Ha NIPSMOIHHEIHHOE M KPHBOJIMHEITHOE.

Hpamonuneinoe oeuincenue — 310 ABKEHNE, TPACKTOPHEI KOTOPOIO B Bbi0-
PAHHOM CHCTEME OTCYeTa SBJISIETCS TIPAMAst NHS.

Kpueoauneiinoe dsuncenue — 510 asuienue, TpaeKTOPHS KOTOPOLO B Bbi0-
PAHHOM CHCTEME OTCYETa — HEKOTOPast KPUBast IMHIIS.

Bul TpaekTOpHI 3aBHCHT OT TOT0, 110 OTHOMEHUIO K KAKOIT CHCTEME OTCHETa PACCMAT-
pusaercs apikenne. Ha puc. 1.2, @ nsobpasketia rpaektopia Aanskerits JIyHbl — CIIyTHi-

[Tommonyine

Opbura Jlyns
OTHOCHTEIBHO
3emmn

e

Hopoaynuwe

" Opbura Jynm J'I

OTHOCHUTEIBHO
B Pt
. C'OJIH“E] \\9!]0[—11'3
Connne 3eMan
a a
Puc. 1.2
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Puc. 1.3

Puc. 1.4

Ka SeMJI — B TEONEHTPHYECKOIT ciicTeMe (OTHOCHTEIBHO 3emin), a na puc. 1.2, 6 B re-
SMoLenTpITEecKoi cucteme (orrocurenbio Commia).

[Tpocreiiimu SBAAIOTCS TIOCTYIIATEIbHOE I BPAIATEALHOE JABILKERHA TBEPAOTO

HMocmynamenvnoe Osuicenue — 510 TaKOE JBIKEHHE TBEP/IOTO TeJIa, Ipu
KOTOPOM 1IPsSIMast, COCIMAAIONAA ABe 1 0OBIE TOUKH TeJa, epeMelnaeTcs, 0CTaBasich
TAPAIETBHON CBOEMY HAUAIBHOMY no0KeHio (puc. 1.3).

[pu nocryrareasHoM ABHKEHIN TBEPAOIO Tejla BCE TOUKH Tea OHCHIBAIOT Ot~
HAKOBBIE TPAEKTOPH M. [{BHKEHHE Te1a 3a/1aeTCA M H3YIAeTCA TAK KE, KAK W JIBHKCHHC
oAnoI Toukw. llocTynaTeabpHo JABIKETCS SUMK THChMEHHOTO CTOJA, BArOHbL 1EKT-
ponoesia, kabuusl <koseca 0003peHnsy. ’

Bpawamenvioe 06uiceHue 60Kpyz HenooSUNCHOU OCU — ITO TAKOE JIBN-
KEHHE TREPAOTO TeJa, IPH KOTOPOM BCE €0 TOUKH OMHCHIBAIOT OKPYIKHOCTH, HEHTPBI
'KOTOPBIX JIEKAT Ha OAHON HEMOABHAHON IPAMOI — 0CH BpallleHns, nepledAnKy.nsp-
HO¥ MIOCKOCTAM ATHX OKPYAKHOCTEI.

TIpumepamMu BpamaTe ILHOIO ABUKEHIS MOTYT ObITh: BPALIEHHE KOJIEC BENOCAIIe-
A3, NPONeIACPOB CAMOJIETA, BAJIOB JIBUTATEJICH U TeHepaTopos. 3 n

ITpu BpaiaTe bHOM ABMKEHHI TREPOTO TeJia BOKPYT HenoABiskHoi ocn 00’ ero
HOJOKEHHe OnpefeaseTcs yriaom nosopota ¢ (puc. 1.4).

1.2. Nepemeuienue. Mytb

Bexrop nepememenns. Ilonoxenne Marepiannioil Toukn (Tena) B m,lﬁpe_.nnoi‘t
CHCTEME OTCHETA B IAHHBIT MOMEHT BPeMeHH 3ajaeTcs pajauycom-sekTopom T, 1lyers
TOUKA [lepeMeInaeTcs Ha 1I0CKOCTH H B HAYAILIbIH MOMEHT BPEMEHH fy HaXOAnTCs B
HOJOKEeHUH A, B MOMEHT BPEMeHH | — B NoJA0KeHUH B. ITH NOJ0KEHUA TOYKH B
cucreme koopaunat XOY onpeneisiorcd COOTBETCTBEHHO Pa/iycamMi-BEKTOPAMH Ty
Hr (puc, 1.5). Bekrop A'r, nposeaennniii n3 KoHla paiiyca-BeKTopa r; (n3 Toukn A)

' Tpeueckan Gykea sgennTas (A) ofoanauaet 8 GOPMYIUX HIMEHENNE, TPHPATIICIHE, TPOMERKYTOK,

OTPE3nK.
a3 |
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h Az, Yo )
% BLs., S
Alt)
Iy Ar B(1)
¥
X
0 X
Puc. 1.5 Puc. 1.6

B KOHEIl paiyca-BeKTopa r (B Touky B), ABIAeTCH nepemMeleHneM TOUKH 33 [IpoMe-
AKyTOK Bpemenn At =t — i

Ar=r1,—r, (1.1)

Hepemewgernue Ar — BeKTOD, COSTMHTIOMMI 1TOTOKEHHS IBIKYIIEHCS TOYKH B
HAYAJIEC 1 KOHIE HEKOTOPOTO MPOMEKYTKA BPEMEHH.

BekTop nepemenieHnst HanpasieH B/10.ib XOP/bl TPAEKTOPHI TOYKH.

JLis onucanus ABIOKEHHS HeoOX0ANMO 3HATh PaIHYC-BEKTOP TOYKH B 1000 MO-
mMeHT Bpemenn. M3 puc. 1.5 BuHO, 4TO ec/in U3BECTEH PAJINYCc-BEKTOP B HAYATLHEII
MOMEHT BPEMEHH Ty 1 H3BECTHO TiepemMernenne Ar, To MOXKHO HAHTH Pajinyc-BEKTOpD T
B JH000I HOCAEAYIONMIT MOMEHT BPEMEHHU 1

r=r,+ Ar. (1.2)

Bexropuomy ypasnenmio (1.2) /uis ABH)KEHHS TOYKH Ha IUIOCKOCTH COOTBET-
CTBYIOT JIBa YpaBHeHHA B KoOpauHaTHOM ¢dopme.

OnycTns nepreHanKy.isipbl H3 HAYa/Ia ¥ KOHLA BEKTOPa nepemelenns Ar Ha ocH
KoopauHat X 1 Y, MOKHO HAHTH ero NPoeKIH Ha HTH OCH.

Hpoexyuu sexmopa nepemewerusn — 310 usMenenus koopauuar Az u Ay
Jmkyieiics roukn (puc. 1.6). MaMeHnenne KoopAMHAT HPH JABHIKEHUH MaTEPHAD-
HOH TOYKH MOKeET OBITh KAK MONOKUTENBHBIM, TAK H OoTpuuaTenssusiv, M3 puc. 1.6
BU/IHO, 970 [P JIBUKEHHN MATEPHATBLHOI Toukn u3 A B B koopauHata 1o ocn X Bo3-
pactaet (x> 1), H03TOMY H3MEHEHME KOOPAMHATH HON0KUTENBHO (Az= z — 7 > 0).
To ocn Y koopauuara ymenbmaercs (y < 1), H3MEHEHHE KOOP/IMHATHI OTPHIIATE b+
HO (Ay=y— g < 0).

3Hast, 4TO HPOEKIMH BEKTOPA lIepeMeieH s PABHB H3MEHEHHSIM KOOP/IMHAT, IMeeM

r=2+ A5 y=h+ Ay (1.3)

Bexropnomy ypaenenmio (1.2) auis ABHMKEHHS MATEPHAIbHOH TOUKH B 1IPO-
CTPaHCTBE COOTBETCTBYIOT TPH YpaBHeHHs B KoopauHaTHOi (opme

r=5+An y=y+ Ay z=zx+Az (1.4)

Takum o6pasom, 4To0bi HANTH NOA0KEHHE TOUKH B IPOCTPAHCTBE B JHOO0H MO-
MEHT BPEMEHHN (KOOPAHHATHL &, ¥, z), HEOOX0/MMO 3HATH €€ HAYAIBHOe TIONOKEeHHe
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Puc. 1.7 Puc. 1.8
(KOOPAMHATEI Ty, Y, %) ¥ YMETb BEIYHCAATH M3MEHEHNS KOOP/IMHAT TOYKH Az, Ay, Az

npx ee JIBIDKeHNH.
Moyiib 1 HATIpaBJIeHHE 1epeMelCHits MOAHOCTHIO ONPEAEAAIOTCSA ero NPoeKIs-

it Ha oci opamsar. Menoasaya puc. 1.6, o reopeme [mdaropa onpenesasiem MoayIb

|Ar| = (AP + (AyY- (15)

Hampagienne BeKTOpa Ar MOXKHO 3a/1aTh YIJTIOM (¢ MEK/ly BEKTOPOM H TOJIOKH-
TenbHbIM Hanpasiaenyem ocn X. V3 puc. 1.6 suano, 4ro

BEKTOpPA IepeMeIeHTS

AY I
tga = —i—” (na puc. 1.6 Az > 0; Ay < 0). (1.6
T

BekTopHbiii # KOOPHHATHBIH METO (bl ONMCANNSA IBHIKEHHSA BIAHMOCBS
# ¥ OKBHBAJICHTHBI.

Caoxenne nepememensii. ITepeMenienne — BEKTOPHAS BEITHNTA, TOSTOMY nfiil-
CTBHS C BEKTOPaMy TepeMelneniii NPOBOIATCS 110 TPaBHIAM BEKTOPHOM anredpsi'.

[osicnim 370 na npumepe. IIycTh J0Ka ABHKETCH ONEPEK TEUEHHA PEK]
'(ig,uc; 1.7). Ecam Gt Boaa B peke Obl1a HENOABHKHOM, TO JIOKA, ABHTAACDH BAOJb OCE
¥, 4epes HekoTopLiil MPOMEXKYTOK BPEMEHH OKa3alach B TOUKE A. HEPEM(’U.[E.‘I-IFHI
BAOAL ocu Y — BekTop a. B AeiiCTBHTENBHOCTH BOJA B PEKe TEHET BAOJDL OCH }s I
«CHOCHT» JNOJIKY 110 TEIEHMI0 33 TO K¢ Bpemst B Touky B. [lepemenienue 81015 OCH X -
BekTop b.

Kakoso ke Gyzet aeiicTsurensroe nepeMenienye 10aku? Yrobbt 0OTBETHTD HA 3TO
BOHPOC, HYKHO CHOKATH /iBa BekTopa a i b, Coxkenye BeKTOPOB MPOM3BOAT 110 11pa
BHITY TIapa/Lie/iorpaMMa Wi TPEYTOJAbHHUKA (MHOTOYTOIbHHKR).

Cornaciio npasuay napainenozpamma, CyMMapablii BEKTOP € IIPe/ICTaBIAe
€oboit maronans napaiaeJOrpaMMa, TOCTPOEHHOTO HA COCTABAIONIX BEKTOPA
(am b) kak Ha cTOpoHAX, PN ATOM HayaIa BCEX TPEX BEKTOPOB (a, b, ¢) coBrazaloT.

M3 puc. 1.7 suano, uro ¢ = a + b wim ¢ = b + a, T.€. pesyabTaT CIOKCHI nepemMe
WEHUH He 3aBICHT OT MOCTIEA0BATEIBHOCTH CJIATAEMBIX TIePeMEICHIIL.

2t A e A PHE
! Bexropuan anrebpa — yuenne o T€HCTBIAX HaZ BEKTOPAMH (CHOKCHUH, BERTHTALII, YMHOMKEHH |
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Puc. 1.9 Puc. 1.10

[o npasuny mpeyzoavrnura (puc. 1.8) neodxoanMo ¢ KOHILOM BEKTOPA & Co-

BMECTHTDL Ha4d/ 10 BERKTOPa b. CoeauHue Hayano HEPBOro BEKTOPa € KOHIIOM BTOPOTO,

HOAYHAOT CYMMapHbIH BEKTOD ¢,

Ecum neo6x0nMo CA0KNTD HECKOJBKO BEKTOPOB, TO HPABHIIO TPEYTOJBHIKA 0600-
MACTCH HA NPABUTIO MIL020Y20AbHUKA. |15 HAXOKIICHI PE3VILTHPYIONIEro fe-
pementenns a + b + ¢ +d = Ar Hajl0 COEAMHUTD HAYAJIO I1IEPBOTO BEKTOPA (TOYKY A)
¢ KoHIIOM Tiocaeniero (touxoii ) (puc. 1.9).

Iyts. [lyTs B oTIMYME OT nEpeMeIeHns SBASeTCs CKAIAPHOH (DYHKIMEH BpeMenil.

IHyms S — ckajusp, PaBHbIA ATHHE YVIACTKA TPACKTOPHH, MPOHAECHHOTO ABMKY-
HIEHCS TOYKOI 33 JaHHBIT TPOMEKYTOK BPEMEHM.

Eaumaua nytu — metp (m) ssisiercest B CH ocoBHOI.

Memp — equnnIa JUIHHDL, PaBHAS PACCTOSHMIO, KOTOPOE IIPOXOAHUT CBET B BAKYY-
Mme 3a Bpemst 1/299792458 c.

[IyTn, npoitaeHtbie TOUKOI 3a MOCTEAOBATEILHBIEC TPOMEKYTKN BPEMEHH, CK/la-
JABIBAIOTCH anrebpandeckn,

I'pacuk sapucumoctn myru ot Bpemenn S = f{{) nasvisaercs zpagpuxom nymu
(puc. 1.10). Hatpusep, 110 U3BeCTHOMY PaHKY My TH MOYXKHO ONPEACINTD Iy Th, IPOTi-
ACHHbBI MaTepHAIBLHON TOYKOI 3a Onpeeiennslii IPOMEXYToK Bpemenn. [lns atoro
HaJI0 M3 TOYKH HA OCH BPEMEHHN, COOTBETCTBYIONIH KOHILY IPOMEXYTKA, Hanpimep 2 ¢,
BOCCTAHOBUTH NEPUEILIHKYAAD /10 Mepeceuenus ¢ rpadmkoM (touxa A). M3 atoit toukn
A onyeTuTh mieprienamKy.isp Ha och S. Touka nepecederust NEpHeHARKYIISPa ¢ 0CHI0 S
nact 3nauenue myTi. Cornacno rpadmky, 3a 2 ¢ toyka nponia nyts 4 m (em. puc. 1.10).

Ipu aemsxkeni MaTepHasbHOIN TOYKH YTh HE MOXKET YMEHBIIATHCS H He Obl-
BaeT OTPHIATEIbHBIM S > ().

Ipu npamomuneiinom apikesin MOYIB BeKTOpa nepementenns |Ar| pasen myTi
AS, 1.e. |Ar| = AS.
Ecmi nsmxkeme NporexouT no ocu X, T0, COTJIACHO (1.4),

AS= Ay = |z — x]. (L.7)

Ecin nanpapnenne npsmMosmHeiiHONO ABMKEHUS] UBMEHSIETCS, TO TIyTh OOJIBIIE
MOJlyJist BeKTOpa nepemeinennst. Hampumep, teso Spocnim ¢ noBepxHocTH 3eMin sep-
THKa1b1Oo BBepX. [loanspmmcs ma Beicoty A, Teno najaer suus. Bexrop nepemere-
HUA Tesa paBen Hy/o Ar = 0, a nyrts S = 2k,

[Tpu kpuBoanseiinom asuxennn myts AS Gopie MOy nepemenienusa |Arl.
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| MOIKHO, HAITPHMED, TAKUMH CHOCO0aMu:

1.3. CKopocTb

BexTop ckopocti. CKOPOCTh — 0/1Ha U3 OCHOBHBIX KWHEMAaTHYECKHX XapaKkTepH-
CTHIS ABVDKCHIS TOMKH, Ot6oznavaeTcst (,Kupm Th AaTHHCKOI OYKBOI 1 - nepsas ﬁyl{-
pa JATHHCKOTO c/ioBa velocitas — CKOPOCTD'.

Cxopocms — BeKTOPHAA BEANYNHA, XapaKTePU3YIONIasl HallpaBJIeHe IBHKEeH s
gesia ¥ OBICTPOTY €ro HEePeMEIICeH I,

PacemarpuBas ABHKEHHE KAKOFO-M00 Tesia, HanpuMep asToMoOu/s, caMoieTa,
KOCMMHYECKOI0 Kopabiis, HaM M3BECTHO, YTO CKOPOCTD JABH/KEHUSA CaMosIeTa Gonbine,
yeM CKOPOCTb aBTOMOOW.IS, HO MEHbIIE, Y4EM CKOPOCTh KOCMHYECKoro kopabus. Ha |
TPAHCIOPTHLIX CPECTBAX 00BbIMHO VCTAHABAMBAOT NpnOOP, KOTOPbLI II0KA3bIBaeT
MOZLYAh MITH MHCIOBOE 3HAYEHHE CKOPOCTH €r0 ABWKEHHA — CIII0OMETD.

CkopocTh H300PaKAIOT HANPABICHHBIM OTPE3KOM NPAMOil, UIHHA KOTOPOTro
B BeiOpansom MacmTabe xapakTepHayer Moay.b ckopocti (puc. 1.11).

Cpeanssi CKausipHas cKopoctb. OUPELEeiHTh, KAaKoe H3 TET ABHKETCs OuicTpee,

® BEIYUCHUTD 1y Th, KOTOPBIT NPOXOAAT ABHAKYIIHECS Tea 3a OJUH | TOT JKe 1po-
MEIKYTOK Bpemern. YeM GoJibiie 9ToT 1yTh, TeM ObicTpee ABUKETCS Teo 1 TeM H0ub-
1€ €10 CKOPOCTh;

® BLEIYHUC/IHTE BPEMS, 32 KOTOPOE TeJla IIPOXOJIAT 0/[MHaKoBLie myTi. Yem Menbiie
9T0 BpeMst, Tem GhicTpee IBIDKETes Teno 1 TeM Gonbie ero  CKOPOCTD,

Takum 06pasoM, CKOPOCTh NPOHOPIHOHATBHA Iy TH i 0ODATHO IPOTIOPIHOHAIBHA
BPEMEHM JIBHAKCHNA

AS
. At

Ho dopmyae (1.8) onpeeasior cpeanion CKalapHyKl CKOpoCTh.

Cpeduasn ckaanapran cxopocms — (u3NyecKan BEJIUUHHA, PABHAS OTHONIE-
Hﬂmnym AS, npoiiIenHoro Te0M 3a MPOMEKYTOK Bpemenn Al K ITHTETbHOCTH
ATOTO TPOMEKY TKA.

Cpeansisi cransprast CKOpOCTh yA00HA LISt OuMcaHust ABIKCHMS 10 3aMKHYTO#
TPAEKTOPHY MM 110 TPACKTOPHE, PA3NMYHbIC YIACTKH KOTOPOH HEPeceKaloTes.

(1.8)

?,Iq —

Y <v>
B
AS

Ar

L - SO ! A
e
v 3 -
e 0 X

Puc. 1.11 Pue. 1.12

“i /\ Pue. 1.13

_:%/iqm;ﬂ)ﬁ Béh{mh{!u (HanpuMep, upu—‘

i
Jlarunckie Gykas HANOMUHAIOT 0 GUINTECKOM CMBICHE
M3t — tempus, oGosnasaercs JaTHHCKOI OYiBOI 1).

TL EEKA
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ObnexT Cropocts, M/c Obbexrt Cropoets, M/¢
Pocr wenppeueckoro Boaoca 5.107 Mouaexyaa B atmocdepe 5-10°
Apeiidyrommii sensng 3.10°6 Jlyna Bokpyr 3eman 1-10° |
Mypaneit 1.10-2 3emis 1o opbnte 3.101
ITaosen 2-10° Comneanas cncreMa 2-10°
Cupunrep 10 B lanaxruke
3BYK B BO3yXe 3.3-10° INEKTPOIL B aTOME BOAOPO/IA 2.108

Hpumeyanue. Oopexthl Beenennoit amnkyres ¢ pazanuneiMi cropoctamu. Ho (1) cymectayer
(byHﬂaMEHTaJIthIﬁ MPHHATLHIL, COLTACHO KOTOPOMY MaKCHMATLHAH CKODOCTh ABHAKEHAA MATEPHATL-
HbIX 00BEKTOB paBHA CKOPOCTH CBETA B BAKyVMe ¢ = 3 - 10% m/c.

Mrrogennas ckopoctb. Cpejisst CKOpoCTh SBAACTCH 1PUOIH3UTENBHOIN Xapak-
TepHeTHKO ABukenns. Koria asroMo0u/ib pasroHsieTcsi nim TOPMO3HT, IOKa3aHms
CTHMIOMETPA H3MEHSIOTCSA U He GYyT COBNagaTh ¢ BoMucaeHnsiMu no opmyaie (1.8),
HOCKOJBKY CIMIOMETP NOKA3ShIBAET CKOPOCTh JABYWKEHHsI aBTOMOOH/IS B IAHHBIH MO-
MEHT, T. €. 3a HECKOHeUHO MabI npoMexyTOK Bpemenn. CKopocTb B AaHHBIIT MOMeHT
spemern (Al — () Ha3LIBAIOT MZHOBEHHOU (V).

I[IycTsh MaTepHANbHAA TOUKA ABMIKETCs 110 TpaeKkTopun (puc. 1.12) na nonoxkenus
A B monoxenue B no ayre AB. B reyenue npoMexkyTka spemenn Af = t — f, Touka
npoizer myts AS, paBHbiii AuHHe 1yry A B, 1 COBEPIINT NepeMenieHne

Ar = Ar — Ar,

[pu ymensmenun npomeskyTka spemenn At touka B Oyjier pacnonarathes Bee G-
e u 6mike K Touke A, T.e. Ar Gyzner ymensiathes. Ecau At Gyier cTpeMuThes K Hy 1o,
TO MOJLyJIb BEKTOpA nepemenienns papen nyt |Ar| = AS u B npeaessHoM ciayyae Ar
Oyzer HaMPaBIEH MO KACATEABLHON K TPACKTOPUM JABUKEHNSA MATEPHATEHON TOUKH,

Bexrop MraosesHol CKOPOCTH HANPABJIEH [10 KACaTeIbHOH K TPAEKTOPHH B Ha-
upasjeHu aAsikenns (puc. 1.13).

B 1abn. 1.1 npuBesens! CKOPOCTH ABMKEHNs PA3IUIHBIX 00LEKTOB.

1.4. PaHOMepHoOe NpAMONUHEHHOE ABUIKEHUe

3aKkon paBHOMEPHOTO TPAMOIMHEHHOTO ABIKEHHS. [P PAMOIIHETHOM JBI-
HKEHHH TPaeKTopust [JBVKeHHsT — npaMas auHus. [Ipn onmcannu Takoro ABIDKerns
MOKHO CHHTATh, YTO TEJO ABMKETCH BADIDb O/HOI M3 0ceil KOOp/IHHAT.

Ecin aemkenme npsaMoanneiitoe, To MO 1b BEKTOPA TIepeMeIenis paBer myTi.
Iyctb Matepnanbuas Touka ABuKerca BAoab ockn X, Toraa |Ar| = AS = Ar u cko-

Ax
POCTH BhivucaseTcs 1o (bupMy.?Ie: Vs = E €C/IH HallpaBaeHne BEKTOpPa CKOPOCTH H

NOJOXHUTEIbHOE Hampasiaenue ocu X coBNaiaoT, TO A — NoJoKHTeIbHAS BEJINYHHA,
At — Beerjia noJoKUTeIbHAA BEIHYHHA, Ce10BATEIBHO, CKOPOCTH — BEAHYHHA [10-
aoxaTenvnasn (v, > 0).
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Ecnu HanpasieHHe BEKTOPa CKOPOCTH HPOTHBONO- Uy, M/C
JIOIKHO TOJOKEHTENBHOMY HanpasieHuo ocu X, To
> Ax
o = —-F, r.e u.<0 50
1 ;
TIpu IPAMONHHEIHHOM JABIDKCHIM TEJa BEKTOP CKOPO- 40
CTH He M3MEHAETCA 110 HANPABJIEHWIO, MOTYTb BEKTOPa ==
CKOPOCTH € TEYEHWEM BPEMEHH MOKET KaK H3MEHATHCHA, P 2222 =B
T sersessad
mﬂ OCTABATHCH NOCTOAHHBIM. Ecau MOAVJ/Ib CKOPOCTH 10 :'_::;:::’
TeJia € TedeHHEM BPEMEHH H3MEHSIETCS, IBHIKEHTE Ha3hl- A
BAETCA HEPASHOMEPHBIM (Nepemenbim). DA 2HR TS e

Pagnomeproe npamoiuneiinoe deuice-
Hue — 310 JABHKEHHE, TIPH KOTOPOM TeJIO TiepeMela-
STeA ¢ HOCTOSHHON 110 MOIYITI0 CKOPOCTBIO 1 = const’.

Pasromepnoe deudcenue — JBIKCHNE, TPH KOTOPOM TEJIO NePeMEIAeTCs c
MOCTOAHHOI 110 MOZYJIIO H HANIPABJIEHNIO CKOPOCTHIO

Puc. 1.14

|
v = const. (1.9
Emunnia ckopocTiH — MeTp B cekyHay (M/c).
1 M/¢ paser CKOPOCTH TIPAMONHHEIHHO M PABHOMEPHO ABHIKYIENCS TOYKH, npw
KOTOPOIt 9Ta Touka 3a Bpems 1 ¢ nepemenaercst Ha 1 M.
~ 3asucimocts (1.9) Moxno usobpasuth rpacuyeckn. Ipadmkom ckopoeTn pasiio-

'MEPHOTO JIBVSKEHWS SBIIACTCS NPAMAs JILHUS, Napa/uiebras ocu Bpemeni (puc. 1.14).

B MomenT BpeMenti 1 ¢, 2 ¢ 1 T./I. CKOPOCTD ABHIKEeHUs pasHa 30 M/¢, T.¢. ABJISETCS
—

* Ecoim Tes1o ABIIKETCs1 PABHOMEPHO BIIOJb OMOKHUTENLHOTO HANpaBienus ocH X u
B HAYAILHLTH MOMEHT BPEeMer# f = () HAXOANIOCH B TOYKE ¢ KOOPAHHATOM T, & B Ipo-
HU3BOAbHBIT MOMEHT BPEMEHH { B TOUKE € KOOPANHATOMH 7, TO CKOPOCTD IBMKCHHS paB-

Ha v, =é‘T-'- S $ES WJIM, VIUTRIBAA, 4TO fy =0, v, = 2% Otciona caemyer, 4to |
wlar  t—1y t
' o=y + v, (1.10)

Boipakenye (1.10) Ha3biBAIOT 3GKOHOM PACHOMEPHO20 NPAMOIUNETINOZ0
enus. V13 31oro ypaBHnenns cieayer, 4to

T— Gh= Uk
_ YuuTBiBas, 4TO MOYIb PASHOCTH KoOpAHHAT paseH myTH [cm. hopmyary (1.7)], Tesio
ABIGKETCH BIOJS NONOKHTEALHOIO Hanpasienus ocn X, T.e. |r — 5| = & — p, nojyunm
AS=ut (1.11)

l TIpu paBHOMEPHOM IPAMOTHHEHHOM JIBHIKEHHH 3aBHCHMOCTD Ty TH OT Bpeme-
HH ABJISIETCS THHCHHOIN.

Mas onpenencins KOOPAHHATHI ABIGKYLLETO TeJla B 060l MOMEHT BPeMeHU HA0
SHATH HAYANBHYIO KOOPAMHATY & W CKOPOCTD .

Ecau navano orcuera nomectirs B Hauano rkoopanHar (4 = 0), T0 3aK0H paBHO-
MEPHOTO 1PAMOIMHEHHOTO ABMIKeHNS OYAeT UMETb BUJ

1 5
Const (or nar. constans — HOCTORHHBI).
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= Pt (1.12)

M3 ypassenii (1.10) u (1.12) Buano, 410 3aBHCHMOCTH KOOPAHHATBI OT BPEMETH
aunnetinas. Koopaunara zco Bpemenem mbo Bospactaet, b0 yobiBacT B 3aBHCHMOCTH
OT TOTO noJokuTeasHad (v > 0) wim orpunartesstas (v < () CKOpoCTh JBHKEHUA,

[To rpapmky 3aBHCHMOCTH CKOPOCTH 1, 0T BpeMelH (cM. puc. 1.14) Moxn0 onpeace-
JANTH TIYTh S, T. €. MOJLV/Ib PA3HOCTH KOOPAMHAT ABMIKYINErocs Teta S = [Ax| = |2 — 4
8 0060ii MoMenT BpeMeti t. [TyTh HuCAeHHO paBeH IUI0WA/H 110]] IPAUKOM BaBHCH-
MOCTH CKOPOCTH JBHAKeHH: Tena oT speMent. [Ipn npamosmneiinomM paBHOMEPHOM
ABHAKEHHN MYTh, HJIH MOAYJIb PasHOCTH KoopauHaT [Az|, paBeH naomais mpavo-
VIOJBHUKA CO CTOPOHAMMA v, 1 1

S='ut

Hanpumep, npu i =2¢, S=30m/c-2¢c =60 M.
13 ypasrenns (1.12) MoKHO Onpese/inTh CKOPOCTDL ABHIKEHUS V. €CJIH U3BECTHA
KOOpPAWHATA Te/la £ B MOMEHT BDEMEHH f, 4 Ha4aabHasi KOOPAMHATA ) PaBHA HY.IK:

v, ==, (1.13)
t

Ipaduk nyru paBHOMEepPHOTO NPAMOJHHEITHOTO ABHKeHHA. JluHeilnyio 3aB1CH-
MOCTB IIYTH, IIPOXOLHMOTO JIBIIKYILHMCSL TEJIOM OT BPEMEHH, MOKHO H300pasiTh Ipi-
(huueckn. Ecim o ocn abepec oTKAaABBaTL BpeMs ABWKeHUs {, a 10 0CH OpArHAT —
1yrs S, To 8 coorsercrBun ¢ Gopmyaoi (1.11) rpagurom nuneiiHol 3aBUCHMOCTH
NYTH OT BPEMCHH ABAACTCA MPAMad JHHA, TTPOXO/ATIAS Yepes Haya 0 KoopAHHAT
(mpu ¢ =0, S=0) (puc. 1.15). BoisicHIM, OT 4ero 3aBHCHT YI0JL HAKJIOHA IPAMOH K 0CH
BPEMEHH — VTOJI (. 32 HEKOTOPLIIH TIPOMEKVTOK BpeMenn f (MycTh 3a Bpemst = 2 ¢ —
Ha ocu abeimee 8TOT POMEKYTOK Bpemenn nzobpaxken otpeskom ( OB), Teno 1po-
w0 1myTh S (1 = 2 ¢ coorBercTiyer S = 20 M — oTpe3ok AB). U3 puc. 1.15 umeem

AB 8§ 20 m
t,g&:-—-——:—:t}:r; '{.‘;r :—:lUM/C_ (11{)
oB i 2c
Taxim 06pa3oM, yroa HaKIoHa TIPAMOI 3aBHCHT OT CKOPOCTH ABHKeHNA Tesa. dem
BOJIBINE CKOPOCTH ABMAEHNS 1, TeM OOJIbINE tg o 1, CAeA0BaTeAbHO, H0MbIIE o (0 = 0,

S M vy, M
| —1':3 = 2[}” NlJ (&
=0 | 200
| . =08 /c
20l fiesy A : > g 150 / | v, =50 M,
5] '. | / i —
T 4 1 |
T]T 10 : ! 100 | -
i | | B
; B : NV
& ‘1 B | 50 I[ ?, ol -
o 1 2 3 L.c 2 M e
i vl | Joi | .
Y 0 1 .2 3 4 T«
Puc. 1.15 Puc. 1.16
I  s1m]

TaK KaK v, > 0 v)" (puc. 1.16). YIIbi OTCHHTHIBAIOTCA OT HOJOKHTEIALHOIO HANpAR-
JICHMSE KOOPAMHATHO#H ocu (Ha puc. 1.16 — 9710 OCh 1) IPOTHE YACOBOIT CTPEJIKH.

1.5. YcHopeHue

H3menenne CKOPOCTH. PeasibHble Tesla, HanpHUMep aBTOMOGWIIE, He MOTYT 0110
ABMTATHCS! PABHOMEPHO M PAMOJIHHEIiH0, HaxkaTtnem ne/am rasa BoanTeb YCKOpPsieT
ABIDKEHIE aBTOMOONS, T. €, CKOPOCTD ABMAKeHNS Rospactaet. Haxaruem neaau top-
MO32 BOJIMTENb 3aMELIACT ABHIKEHHE aBTOMOOHIIA, T. €. CKOPOCTD JIBH/KEHHSE YMEHbIIA-
‘ercst. [Ipw ABIKEHHH MOKET H3MEHHTBCA He TOJILKO MO/LY.JTh CKOPOCTIL, HO ¥ HalTpaBe-
AEe ABHACHUS (Hanpasiaexue ckopocTs). sl XapakTepueTHKH H3MEHEHUs! CKOPOCTH
¢ TEUEHMEM BPEMEITH BBOAT elle O/IHY XapaKTepHCTHKY /IBHKCHHA — YCeKopeHue (a).

S_i:xopenue (ot nar. acceleratio — yeckopenue) — BeKTOPHAs BeJIMUHHA, XapaKTe-

‘pﬁ:;ym[{laﬂ GthTpOT}’ H3MEHEHHS CKOPOCTH MaTepHEUII:IIOI'-'i TOYKHM TIO MOJY.JTK) H Ha-

TIpaBJieHnIo.

~ Ipn npAMOIMHEIHOM PABHOMEPHOM JABUKEHUH V = COnst, T.€. CKOPOCTH TeIa He
H3MEHHAETCH HI 110 MOAYJIO, I 110 HANPABIeHNIO, ToaToMY a = ().

~ [lpn npsaMOAHHEHOM HEPABHOMEPHOM ABHXKE€HUN CKOPOCTH TeNa Hanpasjena
‘BAOJIL IIPAMOiE, COOTBETCTBYIOLIEH TPACKTOPHH JIBIIKEHHS, T. €. HANPABICHHE CKOpOC-
TH He UBMEHSIETCS, 4 HBMEHACTCA TOJMBKO MOAYJIb ckopocT. Ha puc. 1.17, @, Teno asn-

JKerest BIoas ocn X.

- Mojyais ckopoctH B Touke A Dosibie MOysIst CKOPOCTH B TOYKe B:

[Veal > Vsl AV = Vo — v

~ Ilpn KpUBOAMHEITHOM ABHKEHHN BCET/A MPOHCXOANT MBMEHEHIE CKOPOCTH 10 Ha-
PABACHIIO, TAK KAK BEKTOP CKOPOCTH HAIIPABJIEH 110 KACATEIbHOH K TPACKTOPHU J1BH-
Kenus rena. C TeueHHeM BPEMEHH MOAYJ/IL BEKTOPa CKOPOCTH MOJKET KaK He Hame-

‘HsiTRest (puc. 1.17, 6), Tak n uamenstees (puc. 1.17, ¢). CoemecTus Hauai0 BEKTOPOB

¥y U V, HAIeM UX PasHOCTh AV =V — v, T.C. H3MEHEHHE CKOPOCTH 3a IIPOMEKYTOK
BPEMEHH £ — 1.

Yexopenne. Beejiem eine 010 onpenenenie yeKOpeHHs.
- Yexopenue — sexropuas (hmanueckas BeTMYHHA, DABHAS OTHOIICHHIO H3MEHE-
HUSA CKOPOCTH MAaTePUAILHOM TOUKH (Av = V — ¥,)) K JUINTEILHOCTH MPOMEKYTKA Bpe-

?@HH (At =t — t), B Te4enue KOTOPOro HTO NAMEHEHUE NPOU3OILIO:
Av
a=—. 1.15

Bexcrop ycxkopenns a Hanpasien Tax e, Kak BEKTOp H3MEHeHNs CKOPOCTH AV =V — V.
Hapuc.1.18,a M300PAsKEH YYACTOK TPACKTOPHH ABWKYIIEHCS MaTepHaTbHOi TOY-

Ki. B MoMenT spemenu £, CKOpPOCTb TOUKH vy, a B MOMEHT BpeMeHH t — v. Bextop
YCKOpenust a HanmpapJIeH Tak e, Kak ¥ BEKTOP M3MEHEHUs CKOpocTn Av = v — v,

B DGHJ.GM CayHae Hanpas/ieHHe BEKTOPa 4 He COBIAJAET ¢ HallpaB/JIeHUeM HH BEK-

Topa v, i BekTopa v (puc. 1.18, 6). BekTop a Hanpas/ien B CTOPOHY BOTHYTOCTH Tpa-
EKTODIN ABMIKeHIS MaTepHaTbioi Toukn (oM. puc. 1.18, a).

——

L 1
Vrm:l HAKJTOHA CPABHUBAIOT, €CJIH Buﬁpana OJIHA K Ta KEC CHCTEMA KOOPZAHHAT, T. €. oJIHHAKOBLIH Mac-
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(?1) tn‘c%;ﬁt
. L S
0 A Vza B Vo X
a
vi=I%| v=y, +Av [v[]>w| v=w+Av

e =

O

b+ At

Puc. 1.17

TanreHIMaJbHOE ¥ HOPMAJBHOE yckopenns. B obmem cayuac Iphn KpHBOJMHCT -
HOM JIBHKEHHH BEKTOP YCKOPEHUS @ HALIPAB/IEH <BHYTPb» TPAEKTOPWH O/ HEKOTOPbIM
YEAOM 1O oTHOWEHNIO K Heit (puc. 1.19). Paszioxnm 1o npapiiy napajiieiorpamMmMa
BEKTOP @ Ha [pe cocTassionte. OHa cocrapisiontas a, Oy/er HanpasieHa BAOJIDb Kd-
caTeIbHON K TPAEKTOPHH ABIKCHHS MATEPHATLHOMN TOUKH, 4 PYTas a, — BAOJIb HOPMa-
JIM K TPAEKTOPHH, T. €. EPIeHAMKYIBIPHO KacaTeIbHOl B JaHHOIH TOYKE TPACKTOPHI.

Cocrapsnonas a, BEKTopa YCKOPeHUS a, HalpasienHas BA0Jb HOPMa/IH K TPaek-
TOPHH B IAHHOI TOUKE, HASBIBACTCH HOPMAAbHbIM Yycxopenuem. Hopuanbiioe yo-
KOpeHMe XapakTepiusyer H3MEeHEHHe BEKTOpa CKOPOCTH MO HAIIPABJIEHUIO IIPH KPHBO-
JMHEHHOM /IBH/KeHUH.

CocTapstionias a, BEKTOpPa YCKOPEHHS a, HAIPABICHHAS B0JIb KACATE/IbHOM K Tpa-
EKTOPHH B JIAHHOI TOUYKE, HASHIBAETCS MAHZEHUUANBHBIM, NI KACAMEAbUBIM,
ycxopenuem. TanrenmanbHoe YCKOPEHNE XapaKTepH3yeT H3MEHeHHe BeKTOPa CKO-
POCTH 110 MOV,

M3 puc. 1.19 sunno, uto a = a. + a,, a MOAYJIH BeKTOPOB |a| = ¢, [a.| = e, |a,| = «,
cBsi3ansl Mexy coboil COOTHOUEHHEM

o +al. (1.16)

Pue. 1.18

lﬂﬂ

a=a, a=a,
e e

P B B oy
Vi ¥ X 0 Yo v o
—
Vu v Vo v
— —
Av=v—v; Av=v—vy,
Puc. 1.20 Puc. 1.21

* TIpu NPsIMOJTAHEHHOM JBHKEHHN CKOPOCTD TeNa H3MEHACTCS TOMBKO 10 MO0, T. €.
=0, nogromy a = a.. Onperemnm HapasIeHHe YCKOPEHNs CTAPTYIOMEr0 FOHOTHOTO
Ha HPSIMOJIMHERHOM yuacTke Tpaektopun (puc. 1.20). Cxopocts v Goasime v,
ambmoﬁm JIBHKETCA YCKopeHHo. [losToMy BeKTOp HaMeHeHHA CKopocTn Av=v — v,
BJIEH BAOJIb HANPABICHHS JIBMKCHHS, C/ICI0BATENLHO, i BEKTOD YCKOPEHNs a = a.
eH B/I0JTH HAIPABJICHUS JBHKeHHs (HAIIPABJISHHS CKOPOCTH ).

‘HANPABJCH MPOTHBOMOI0KHO HANPABJEHHIO ABHKEHHA (HalPAaBICHNIO0 CKOPOCTH ).
aKiM 00pa3oM, BEKTOPBI CKOPOCTH M YCKOpeHis — KoJunHeapus™. [Ipu mpsvo-
[HOM YCKOPEHHOM JIBHIKE€HHM BEKTOD CKOPOCTH V U BEKTOP YCKOPEHHS a HMEIOT
1 TO JKe Hattpapsienue (pagHoHanpasiaennsie): v 11 a. [Ipu npaMosanneinom sa-
OM ABHZKEHIH BEKTOP CKOPOCTH V H BEKTOP YCKOPEHUS a HMEIOT MPOTHBOMO-
e HatipaBieHus: v 1] a.

__'-Plim-loycuopeuu‘oe NPSAMONHHEHHOE ABUKEHHE

(¢ . HacTHBIM ciIy4aeM HepaBHOMEPHOTO NPAMOTHHEHTHON0 ABHKCHHA AB-
' pasﬂunepeueuﬂue JIBHAKEHHE.

EpeMeHHOE Bsu:ucenue — 9TO ABIIZKeHHE, TIPH KOTOPOM YVCKODEHHE

1 IIOCTOAHIBIM 10 MOJIYJI0 U HANPABJICHWIO!

Ty a = consh. s )

1Hﬁiu'l_]_:u’-m;ﬂmt:n VCKOPEHHUE a B0Jb TPACKTOPHH JIBIDKCHHA MATePHAJBHON TOUKH.
PMAIBHOE YCKOpEHHE PABHO HY/MO a, = (). PaBHONEpeMEHHOE ABIKEHHE MOXKET
PaBHOYCKOpEeHHEIM, JHO0 PaBHO3AME/LIEHHBIM.

161 ycmpemwe npamoaunenroe deudicenue — 310 ABNACHIE, TIPH KO-
M YCKOPEHHE [MOCTOSHHO IO MOV ¥ HATIPABJIEHHUIO, M BEKTOPbI CKOPOCTH |
; EHHA ABIAIOTCA PaBHOTANPaBIeHHBIMN:

kl R

a=const;viTaa>0.

IR ,anumm YCKOPEHHS! — MeTp Ha CeKVHY B kBaapare (m/c?, wiu Mm-c™2).
‘Ta 1 3‘/ PaBEH YCKOPEHHIO npauo.rumelma H YCKOPEHHO ABHIKYIIEHCS TOYKH, [1PH

AEHHE ARMIKEHIA OIPe/Ie9eT HANPAaRACHEE ReKTOPa CKOPOCTH.
CAPHBIMH HASKIBAIOT BEKTOPLL, JEKAUME Ha NapajiebHBIX AW O/H0il 1 TOll #e nps MOI.
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AV
a:‘-l-—, eAv=v—vyulAlt=1— ¢,
At

CreaoBatTeabpio,

vV—v; .
a=——-. (1.18
r_fll )

Ecan B MOMEHT Haua/1a oT4eTa Bpemenn (= 0) n3BecTHa HadaibHAas CKOPOCTD v,
T0 MOKHO ONPEACTHTD CKOPOCTD V B HPOU3BOJIBHLIH MOMENT BpeMeni {.

— ¥ v —1
WIH 0 = ———, OTCI/a HMEeM
l

W3 dopmyist (1.18) caeaver, uro a =

ty

v =v,+atnam v= 1w, + at. (1.19)

Ecm Hatipa/ieHue IBIOKEHHS COBMECTHTD ¢ ockio X, To ypasaennio (1.19) Gyaer

COOTBETCTBOBATH HOPMY.IA LIS IPOEKIHU BEKTOPA CKOPOCTH Ha 3TY KOOPAMHATHYIO
0Ch:

V.= Uy, + 0t

IIpn paBHOYCKOPERHOM NMPAMOJHHEHHOM /IBHIKEHHH 3aBHCHMOCTH CKOPOCTH
JIBHKEHHS] MATEPHAJIBHOI TOUKH OT BPEMEHH SIBJISICTCS JIHHEIHOi].

Ecim navannnas cKOpocTh JBHWIKeHHA pasHa uymo (v = 0), To ypasuenue (1.19)
HMEeT BUJL
v, = at (1.20)
W COOTBETCTBEHHO
v=at. (1.21)

CROpOCTh Tejta npH PABHOYCKOPEHHOM TTPSIMOTMHERHOM JBVKEHUH ¢ TEUEHMEM

BPEMEHH BO3PACTaeT.
I'padux 3agucumoctn ckopoctu or spemern (puc. 1.22) — npsimasi, poxozuias
Hepes #Havano koopauHat (f, = 0; v, = ()). ¥Yroa Hak1oHa OpsIMOIL 3aBHCHT OT YCKOPEH s
JABHACHNA Teld: 4yem (’J{').HLIIIE _\,’CK()P'L‘I-II-H;‘.. TEM

v, M/e Homabie yron HaknoHa (ma pic. 1.22, a, > a, 1
/{LJ 'lf}| M|/C2 0y >.(x1).

25 | 34KOH PaBHOYCKODEHHOTO IPAMOJIHHE-

/ HOTO IBMKEHNA. YUYHTHIBASA, YTO MOJVIL Pa3-

20 o HOCTH KOOPAMHAT ABWKYILETO Tea | — x| =

/ = & — Iy YMCJAEHHO PaBeH TIOMAAN 1o/ Ipa-

B - ' QUKOM SaBUCHMOCTH CKOPOCTH ABHKCHWT

10 y/ i Tena ot Bpemenn (cM. puc. 1.14), anpeae/inm

) aTY PastocTs Koopautar, win nyTe. [lycrs B a-

5 N a=25m/c’ qaIbHLIH MOMEHT BpemeHu f, = (), HauanbHas

s ’T% i 1t ckopocTh v, = 0. Pasnocts koopaunat Az ABu-

KYIErocs resia B MoMenT spemenn ¢ (puc. 1.23)
YHCIEHHO DABHA ILTOIAAN IPAMOYTOJALHOTO
Puc. 1.22 TpeyroabHuka OA B, KaTeTaMmu KOTOpOro SABis-

0 1 2 5 1 t ¢

|24

[OTCH BpeMaA ABHZKEHHA i m cropoc Th B 3TOT MOMEHT 1, M/C 4
o o AB-OB af®
peMeHH V= al: § = ———— = —.
BpE 2 B) R
CoienoBaTe/IbHO, PAa3HoOCTh Koopannar Az 8 Mo- /j
un t Oyjer paBHa
MEHT BpeMe VIET P /a i
at? al® . // /
T — 2y =——, WM Ng = e (1.22) / /ff/.
| 3 S ////‘B
YauTsiBasi, 9TO TPH [PAMOIHHEHHOM ABMKCHIN 0 t ic
H3MEHEHHe KOOPAMHATHL ABIKYIero Tena Ar= r— 1, D195
PaBHO Ny TH I — &) = S, uMeem A Lot
. af
5= = (1.23)

Ecaw pavyanbHasi KoopauHdra JIBIKYIierocs tena g, = (0, T0 KoOpAHIaTa Teia B
MOMeHT BpemenH t, cormacho (1.22), pasta

wl?
r=—
2

(1.24)

2

at 3
TIpadmkom dyrkim = = & SIBJISIETCS TIPaBast MacTh napaloibl ¢ BEPIIMHON B

Touke O, oceio napadosbl spiasieTca ock opaunat (puc. 1.24). Bersu napaboan na-
HpaBJieHs! BBEPX, TaK kak ¢ > (). JIesas BeTBb napabouibl He UMeeT (HHSIIECKOTO CMbIC/IA,
TAK KaK JIBUKEHHE TeJ1a HA4al0Ch B MOMEHT BpeMeHU f = ), npu stoM 1, = 0 u v, = 0.

Eean maganbas cKopocTh JIBYKEHHST OTJIHYHA OT HyJd, T.€. 1y = 0, TO 3aBucu-
MOCTH CKOPOCTH 0T BpeMeHH onpetensercs ypasaennem (1.19) n rpacpukom aroii 3a-
BHCHUMOCTH ABJIACTCA MPSIMaA T, HAUHHAIONAACS Ha oc opuuar (i = 0) 13 ToukH
oy (puc. 1.25).

Ha puc. 1.25 Havansias CKopocTh PaBHOYCKOPEHHOro ABMKenns v, = 4 m/c. Mc-

v —
NoJbayst (hopMyay a = ” L maiizeM yCKoperwe IBIDKYINerocs Tea.

v, M/C |
10 B
S, M1 8 \i -
\“‘{ at
bR RT S CERT
\\ 6 / - ..-,_;_)_/_.-. 1?_ |
\\\ i W 2 /;IE |
\\\ 2 ),}" | % g //|_. 2D
= P l 0 L 2B tc
O .t 20§ 4 t,.c B {
Puc, 1.24 Pue. 1.25
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1o rpaduKy MOXKHO ONPEACTHTH CKOPOCTDL B M060i MOMEHT BpeMeHH, HalrpUMe]p
10—4
ana t=3¢,v=10m/c, Toraa a =—3——=2M/(‘2.
Passocrh KooparHAT A2 ABHAKYIIETOCS Tela B MOMEHT BPEMCHH { (mmpumep. 3¢)
(em. puc. 1.25) unesenno papa moma Tpaneiun OABD, coctosmeit u3 npsyo-
yrosbaika OACD n npsiMoyroasioro Tpeyroabinka ABC. Iliomans IPSIMOYTOJh-

BC: -AC m‘t al?

Huka OA- OD = w,t: maomazns tpeyroabinka A BC: 5 3 ?

Takum 06pasoM, TIOMA/Lb TPAneinH, i Az, COCTABHT

’2

a
AI-' = 'U“f- + 2

Vuursisas, 410 Az = T — I, NOJIY4HM

T =g+l + ”2 (1.25)
@opmyna (1.25) BrIpakaeT 3aKON PAGHOYCKOPEHNHOZ0 NPAMOTUNEUNHO20

deuncenusn.
[lyth S npH PABHOYCKOPCHHOM UPAMOJAMHEHHOM JABMAKEHHU PaBer PasHOCTH KO-
opauHar 8 = Az= z— 1, 1 I03TOMY, Kak caeayer u3 (1.25), oupeaensiercs no opmy.e

S = W+£. (1.26)

Muorpa npu pemenny 3a1a4 Tpedyercs BRIPasHTb MYTh HYePe3 HaYaIbHYIO U KO-
HEYHVIO CKOPOCTH, HCKJIIOYHRB U3 paccMoTpenus Bpems. (s aToro Boipasium £ 13 ypan-
HeHud &= 1 + ak
v—1y

;
a

¥ MOJICTABUM 3TO BhipakeHue B ypasHenne (1.26):

Pl [11—1;“ +u[1:—v”]" vt
= n _ —— *
a 20 a 2a

cienoBaTeabHo,

(1.27)

1.7. PaBHOo3amepNeHHOE NPAMONIMHEAHOE IBHEHHE

Vekopenne, PasnozamedieHnoe npamoiuneinoe 06UNcenue — 310 1Bi-
FKEeHHE, IIPH KOTOPOM YCKOPEHHE MOCTOAHHO [0 MOJAYIIO H HAIIPABAEHHIO H BEKTOPbI
CKOPOCTH M YCKOPEHHSA TPOTHBONO/I0KHO HAIIPABIEHbL:

a=const; vl|a=|a] <0.

v=1ty— at. (1.28)

p TEIA TIPY PABHO3AMEVTEHHOM HPSAMOJIHHEHHOM JIBIDKEHUH € TeYeHHeM
1 IMHEHHO YMEHbIIACTCs! JI0 MOJTHOH octanoskyn Tesa (v = 0). U3 ypasnenns
8) MOIKHO ONpeennTh Bpems ABIKenns () = v, — at, oTtkyna t = ﬂ
ﬁ-,mu, NpPH PaBHOSAMELICHHOM TIPAMOIHHEHHOM JIBHAKEHHH cxopoc“rb TEIa B Ha-
bl MOMEHT Bpement (1 = 0) paBHa HaYaIbHON CKOPOCTH U = 1), 3 B MOMEHT

u it = -"—"— v=0 '

Pﬂmm npsiMOJHHEHHOro ABIKenua. [ padmkom 3aBucHMo-
1 o7 Bpement (1.28) ABAETCA NPAMaZ, NPOXOAAMAN Yepes TOYKH ¢ Koop-
(0, w) m [—a-, {}J. Ha puc. 1.26 nzo6paken rpadk paBHOZAMEICHIOTO 11psi-

HOPO JABHAKEHNA: Haqanbnaa CKOpocThb vy = 10 M/¢; Bpemst ABMAKEHUS!
10
: —ﬁmuonym: YCKOpeHUst a = ? =—=2Mm/c.
)
QHHOMY TpauKy MOKHO ONPEAETHTb PA3HOCTh KOOPANHAT, MM OYTh, KOTO-
TeJo 0 ocTanosku. [L1s 51010 onpesemM 1101ab TPIMOYTOALHOTO
] Bl OAB:

TR LU PR S, P 1) (1.29)
2 a 20
2
2-2m/c?

a puc. 1.27 nzoGpaxens! rpaduki IPSIMOTHHEHHOTO PABHOIAMEAICHIOT0 ABH-
S TEJ1 € PA3THYHBIME YCKOPEHHAME, OTKYA BUAHO, YTO TeJd, UMEONIHE OHY H
KE HAYATTBHYIO CKOPOCTD, Gy YT IBUTATHCSL L0 OCTAHOBKH pasHoe Bpemst. Yem 6o.ib-

v, M/C

10
g\

ey

Pue. 1.26 Puc. 1.27



H1e MOAY/Ib YCKOPEHHS TIPH PABHOSAMEICHHOM JABWAKEHNH, Tem OpICTpee NBMCHUTCS
CKOPOCTE M TeM paHbine Teo octanoutes. Hepes 1 ¢ nocae nauaza ABMKECHUS Y TIep-
BOTO TENa HYAET CKOpOCTh 5 M/e, a y sroporo — 8 M/c. Tlepsoe 7eso oCTalOBUTCS
yepes 2 ¢, a BTopoe — 4epe3 5 C.

3aK0H HPAMOJIMHEITHOTO PABHO3AMELIEHHOTO JABHAKCHHUA MOKHO NMOJNYUHTL U3
puipazkenms (1.25), VIUTHIBAA, YTO HPH HTOM JIBHKEHHH YCKOPEHHE OTPHIATEbHOE:

z = 1 + gt f% (1.30)

[1yTh, HPOXOIMEL TEJIOM MPH PABHO3AMELIEHHOM ABHKEHNH, fyner pasen

S = vyt — EL'— (1.31)

2

1.8. CBo6oaHoOE nageHue

Onbitsl Taaunes. Waydenne cBOOOHOTO MaZCHUS TEA BhIIAIOUMMCA HTATbsH-
ckuM (PU3NKOM H aCTPOHOMOM, OJIHHM M3 OCHOBATEJEl TOYHOTO €CTEeCTBO3HANMS
I. Tanuiaeem SBAAOCH HAYATOM (QMBHKH KAK 9KCIIePUMEHTAILHOI HAYKK, OH HEePBbiii
obparuica K GU3HIECKOMY ONBITY 1 a1 eMy MpaBHILHBIC MaTeMATHHeCKHe OIHCa-
HHSI.

Ipu nagennn moboro Tea Ha 3eMII0 13 COCTOANHA MOKOs €r0 CKOPOCTD yBeJIi-
QUBALTCS, T.C. TEJM0 ABMAETCA Vekopenno, Habulosas 3a najeHHeM pas/inyibix Te)
{[{al’lpHMep, nepa m KaMHH), MOMHO CJICJATh BBIBOL, 4TO 9€M Jierde TeJo, TeEM MeHbIe
ero yckopenue. JLeifcTBUTEILHO NIEpO NajaeT B BO3AYXe I'OPA3/0 MeLIeHHee, YeM Ka-

I'. Masnsieit Puc. 1.28
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siefb. Ho Tamieii BBUIBIHYIL THIOTESY O TOM, T0 CBOGOHO Hajiaiontie Tema (i
CKATHIBAIOIHECS 110 HAKJIOHHOH TJI0CKOCTH) OYAYT MO/AyYaTh PABHLIC TTPHPAIIEHTS
gxopac'm B PaBHEBIC TPOMEKYTKH BPEMEHH, T.€. JIBUTATLCSA € TOCTOAHHBIM LIS BCEX
TE YCKOPEHNEM. Jipyrumu cioBami, ecan Obl He OBLIO COIPOTHBICHNUS BO3/IyXa, TO
sce Tea Ha emnio nagarn 661 onunakoso. Ce0600n0e nadenue — 510 ApiKckne

res1 B GE3BOFAVIIHOM NPOCTPATICTBE.

Jl15 IPOREPKH CBOETO HPEIOKEeNns Tamuneii npoBes cepmio OTBITOR, CAMBIMH H3BECTHE -
M 13 KOTOPBIX GBLTH OIBITHI 110 HabmIoAe o Haaennd Wapos co agaMennToil TTnzanckoi
Ganrun (puc. 1.28). COpomeniibie ¢ HFAKTORHON Gatniy 9yryHubtit u AePeBANHLIT NAPK 071~
mmm AMAMETPA VIIETH Ha 3EMTIO IOYTH OAHOBPEMENHO. Y4eniit 00bACHNI Pasinaie po

faZie s [APOB COMPOTHBAGHAEM BO3AYXa. 3aTeM OH HPOAQIKHIL O1LITHL B Jiabopa-
TOPHBIX YCAOBHSX, 110 HAKTOHHOMY enoby. [lockoabky IpH MPOBEACHHH OILITOR 158 HaMe-
PEHHA MATBIX HHTCPA0B ppeMeHy TpeboBaInes Yackl, 01 H300PeI! BOISIBIE YACH, TOYHOCTD
uaMepenmi Kotopnix pasistaack 0.1 ¢, Mayuas jpiokerne Iapos 3 Aepesa H CA0HOBOH KOCTH
mmmaﬁuouy xcefmﬁ\f yroJ HaKJI0Ha Komporo MOJKHO OLLTO H3MEHSTh, YYelBlii \'( TaHo-
memm ~t2, Bn.nee TOT0, OH TTOKa3aJ1, UT0 910 crlpmeu.rmno JUIST BCEX VIVIOB NAKJIORA KE0-
Ba, ATF KOTOPBIX OH CMOT BEIIOJTHNUTD H3MEPEHNs, CAe0BaTe o, i s yraa 90° Ha ocuo-
BAHU OIBITOB OH CAEIAN BHBOL CBOOOAHO NARIONIEe TeI0 TOTTHHsIeTCA gaKkony  ~ (2, [Tpu
BAYHEHIH 1 OLUCARNN ITHX onbiToB [asiieii BBoAuT B (PU3MKY HO-
BOE HORSTHE — YCKOpenue.

_ BitocaencTsim, Hoc/1e Co3aautst BAKYYMITBIX HACOCOB, ONLITHI [a-
mm OB MHOTOKPATHO MOBTOPEHLL. YT001 HCK/IIOUNTD AeHCTBHE
CH2IbE CONPOTHBIEHHS BOJIVXA U3 CTEKIAHHON TPYOKH, B KOTOPYIO
TIOMETEUTH PA3IHTIBIE [peAMeThl, OTKauBau soanyx. Torma upep-
METBI, HAXOANIHECHT B HEl, HAIIPHMED MY IIHKA 1 APOOTTHKA, Tazam
B OIHOM TeMIIe, T €. ciixpono. Coppemenias Texuika noasoiser
MpoBepuTsh runoTeay Lamies ¢ Goabuioli TOUHOCTLIO, MCTIOIL3Y L, HA-
npumep, crpobockonireckoe’ ocpenenue.

Mz pue. 1.29 (kaia gana B cM) BHAHO, 970 1BA HAPHKA Pasiiy-
HOI Macehl Haa10T cHEXporHo. Ita c1pobockoimueckas GoTorpa-
!{bﬁﬂ TOUTYHEHE TTPH OTKPLITOM 3aTBOPE KaMEpPhl # [IEPHOLMYECKH 110~
BIOPAKOBIAXCH BOTTBIIKAX CBETA C BPEMEHHTIM narepsanom 1/40 ¢,

3 namepermii, cesanpix ¢ NOMOUIBIO TAKOH atHapaTypbl, c1e-
AYET, 4TO TeAa NAjaoT ¢ yexopennes 980 on/c2.

0t 0z 0

OF _0g 0 01

0Fr

09 0¢

0D6_08 0L

Vexopenue ceoboonozo nadernusn (g) — 210 yekope-
HiiE, ¢ KOTOPBIM HaJdloT Bee Tela Ha 3eMITI0 He3aBHCHMO OT
HX Macehl B OTCYTCTBHE CHJI CONPOTHRICHMS BO3/IYXa.

pu coGomom tagenun Tea ¢ HebGo/bIOI BHICOTH hi OT
HosepxHocTi 3eman (h < K., rne R. — pamyc 3LM JTH) OHO
ABHIKETCS! C NOCTOSTHHBIM yeKopenuey | gl = 9.8 M/c?, naipas-
JICHHBIM BEPTHKANBHO BHIS.

0

0z 01

0F_0f
0F _0€ 0z 0T

' Cmpodocronuuecruii sgpgpexm - SpUTeAbHAA WITIOZHA, BOSHNKA-
WOlas B cayyae, ecn HaGmoAeHHe KAKOTO-1100 HPeIMeTd 0CY HeCTRIHeTCs
HE HEUPEePUIBHO, A4 B TEUEHIE OTALABHBIX MAIBIX, IEPHOIHECKH C1EAVIONTHY
APYT 3a ApYTOM HHTEPBANOB BpeMenn (oraeantsie kaaps ). Ha srom sddex-
TE DCHORANO BOCTIPUSTHE JUNHKCHMA B KUHeMaTorpadie o Ha TeICRIACH I,

0909
0009




Yekopenne ¢BoGOAHOTO NaeHHs 3aBUCHT OT MIMPOTHI MECTHOCTH U BBICOTBI HAA
yposrem mopsa. Ha mupore Mocksst (p = 56°) g = 9,82 m/c? [lpn pemeHnn 3ajaq,
A5 TIPOCTOTH! BEIYUCACHHH, HHOTAQ CHUTAIOT, yTo g = 10 M/c,

Caobonsoe nagenne. CpoboiHoOe DaJeHue TEJA ¢ BHICOTH i AHATOTHIHO PapHo-
YCKOPEHHOMY /IBHIKEHHIO, TPOMCXOATIEMY BAOJb OcH Y, MOM0KHTEIbHOE HallPagie-
FHe KOTOPOIl COBIIAIAET € HAIIPABJICHHEM BeKTOPA g YUYuThiBas, 4T0 g = const, ypas-
HeHMe ABmKenns OyeT nmets B [em.Beipaxkenne (1.25)]

2
yzyg-i-'unﬂ-!-'%. (1.32)

CxopocTb CBOOOAHO MAAAIONET0 Tena Oy 1eT HAMEHATRCA 10 3aKoHY [eM. opmy.iy

(1.19)]
(1.33)

Eciv B MOMEHT BpeMeHH f, = () HanpaBieHusi BeKTOPOB v, U § Lomxaanm TO B
MPOEKLHN Ha 0cb Y

v=v,+ gl

v, = Uy, + gt (1.34)

CeoGoanoe napenne Ges HavanbHOI CROPOCTH (1, = ) aHATOrHYHO PABHOYCKO-
PEeHHOMY ABHAKCHHIO, NPOHCXOASIIEMY BAONb OCH Y, IONOKHTEALHOE HAlIPABIeHIe
KOTOPOI COBIA/IACT ¢ HANpanjieHneM BeKTOpa g, a Havano otcyera O (f; = 05 y, = 0)
HAXOAMTCS B BEPXHEl TOYKEe TPAEKTOPHH CBOOOAHO IA/IAIONIEro Tea. 3aKoH [BHKe-
HUS 110 OCH Y B 3TOM CTyyac MeeT B

gt* -
y= Jé— (1.35)
a 3aBMCHMOCTh CKOPOCTH JIBH/KCHUA Teia No ocH Y 0T BpeMenn
v =gf, (1.36)
WM
u,= gt (1.37)

gt*

I'pacbmk hynkimm y = 5 SIBJIAETCA YACTHIO NApabo/ibl ¢ BEPLINHOIL B Touke (), 0Ch

napabossi COBNAaeT ¢ OCLI OpAMHAT (JUIg MPOCTOTH pacyera GyaeM cuUnTaTh § =

gy a2 3.4 55 ¢ v, M/C
v it
10 \{ ; ‘ 4
20 - : 30
30 \ ; 20— L
50 B !
hy, M 0 12 3 die
Puc. 1.30 Pue. 1.31

| an

—

o rpadhuKy MOKHO ONPEACHUTH BPEMS MAICHUS TEIA C ONPeIeIeHHO}
.1-.30). Hanpmuep. €CJIH TEJIO Nazaer ¢ BhcoThl 20 M, TO BpeMs NajieHus

2

h= —92‘—, (1.38
2

t= —g’f. (1.39

|
|
v, = gt SIBJISIETCS, IPAMASL, NPOXONAIIAA YEPED HAYAI0 KOOP

1.31) Jna CBOﬁO}.‘[HO]'O naaeHns ¢ ONPeAeeHHON BBICOTH h hU3HIecKui
JUAIIIb OTPE3OK NPAMOIL B MHTEPBAJIE BPeMeHH OT fy = 0 10 ¢ = {, t/e 1, -
resa Ha 3emuio. B pacemotpernnom caydae (h = 20 m) reso uepes 2
2 3eMITi0 €O CKopocTbio 20 M/c (em. puc. 1.30 1 1.31).

)eHue Tena, GPOLIEHHOTO NOJA YINIOM K FOPU30HTY

OpHs ABMKeHHs. Eciy Teny coobimmTh HAYAILHYIO CKOPOCTD Vv, H:
MO YINOM ¢ K FOPH3OHTY, TO €10 ABHKeHHe OyAeT KPpHBOAUHEHHbIM, ITi
1€ MOKHO PaccMaTpUBaTh B IIOCKOCTH XOY Kak pesyJsistar CIoKeHHs B
HBIX JIBHIKEHHH — PaBHOMEPHOIO BAOIb 0cH X H PABHOIEPEMEHHO
yexoperinem, g (puc. 1.32). Tlopobusie TpaekTopun nMeor apmmepnﬁcmj
i, li}y!ﬁomme MSTUH, JIETAIIHE KOIThT,
edpedh CHIAMHM CONPOTHBICHUA BO3/AYXA, TO TPACKTOpPUEil ABHKEH
napa6oa. "1
Ol cHeTeMe OTCHETa JUIs HAYATBHOTO MOMEHTA Bpemenu £, = 0, 3aKol
TO ABHIKEHUS B0JIb OCH X HMEET BHJL

T=1uI + zlﬂt_ (140

31




C yuerom HavaabHbIX yeaoBuii: iy = 0; v = 1,cos « (em. pue. 1.32)
= (1ycosa)t. (1.41)
34KOH PaBHONEPEMEHHOTO ABHKEHNS B/0/Ib OcH Y umeeT Bua

l'.?
Y =gy 'f'_-;u’ = y__)' (1.42)

MM © YYETOM HauaibHbIX yeaoBuii (4= 0; v, = yysina) (em. puc. 1.32)

y = (vysina)t - ﬁ; (1.43)

Hau6osbmas Bbicota nobeMa. Hanbompimyio BLICOTY MOABEMA Ay = Yy MOJK-
HO OTTpeaeaHTh U3 ypastenns (1.43), ecn OyAeT H3BECTHO BPEMS ABIKEHHS Tella 0T
Touku O 110 ToYKH A, T.e. BpeMs NobemMa.

[pu ABIoKEeHMH Tea oT Touky O 210 ToUKN A CKOPOCTD Tesa uamensieTcs. /Ipimie-
Hue BAOIb 0cu Y OyZieT paBHOSAMeATeHHBIM U, = Wsina — gf. B Hausbicmeit Toake
MO/'beMa BeKTOP CKopocTH v napaiienen ocn X (em. puc. 1.32), noatoMmy npoexims v
Ha ocb Y paBna mymo: gysine — g, = ()

CreioBaTelIbHO, BPEMSI II0IbEMA PABHO

1, Sl o i
iy = I - (1 A44)
q

Hozxctasus HalieHHoe BpeMd nogbeMa B ypagHenue (1.43), noayqum

ypsine g

g 2

Fl 2
_ — vy S
Ymax = Vo SID & .

9

HJIH

e SO 2 a2 - TR
Uy sin® o ugsint o wgsin o

g 29 29

y'l'IUL\( -

Taxnm obpaszom,

vt sin? o

h"nm: =MWnww = — - l<a< E‘ 1’15}
—— = - (

Haubombinasg Beicota noasemMa TIPOIOPHHOHATIBHA KBAAPATY HAYAMhHOH CKOPOCTH
. vy LW
1 OVeT MakcuMabHa npu yrie Gpocanus o = é TakK Kak sin— = 1. B atom ciayuae

TEJIO ABHIKETCH MPAMOJHHEITHO BEPTHKATBHO BBEPX W BRICOTA TTOABEMA, KAK CACAyeT
u3 (1.45), paBna

p=3 (1.46)
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l fﬂ-'@mom noaera. /lanviocts nonera Y

KOOP/IMHATON TOYKN TAAeHHA
Ha MOBEPXHOCTL 3eMIIH, T.€. KOop/u- 75
m:mﬁ touki B (em. puc. 1.32),
~ Koopanuaty Toukn B naiiziem 13 ypas-
penns (1.41), MOICTABUB B HErO BPEMS 110-
gera Teaa o1 Touku O 710 Toukn B.

Tax kax napabojia CHMMETPHYHA OTHO-
cHTEAbHO BepInHbl (TOUKKM A), TO Bpems
HOABEMA PABHO BPEMEHH NAJ1EHN, T. €. BpE- 0
M5t fofiera { paBHO YABOCHHOMY BpeMeHk
MOABEMA bya!

JY
Puc. 1.33

T TIRE 21 sin o _ (1.47)
A g
Moacrasns dopmyny (1.47) B ypasHenue (1.41), nmeem:
g

o Tynw = Y COSQL

_ YuurniBas, 4T0 2 sin o cos o = sin2a, H0Ay4UM

il
vf sin 2o

Ty = ————— (1.48)
aq

Kak caenyer uz hopmyast (1.48), rasnsnocTs roaera 1pu JanHoit HadaibHOR CKOpo-
e .. 1 g brie ™ § =
hgmmaﬁyne'r HauGoJIbIIeH, Korja sin2a = 1, T.e. 20 = oo o= = 45 (puc. 1.33).

Wi ¢

- Ecsm conporusaenneM Bo3ayxa 11peHedpednb, To MAKCUMaTbHas A41LHOCTH moJie-
T4 Tena Oyaer npu yrie dpocanmnsa 45° K TOpH3OHTY.

Peansroe 1BHKeHUE TeJI B BO3AYXE IPOUCXOHT 110 TPACKTOPHH, OTIHHAIOIIEHCs
wﬂapaﬁmm'{ecxon Teno asuKercs 1o Gammerndeckoit (ot rped. ballo — Gpocaio)
lﬁpmoﬁ ITa KpuBas B CBOei BocxoaAmei BeTen Kpyue napabouas. Ha puc. 1.34 npea-

1€HbBl TPACKTOPHH JIBIDKEHIST: UeanbHas (B BaKyyMe) 1 peajibHasi (B BO3AYXeE).
I3MEHEHUe TPaeKTOPHH PONCXOMT IOTOMY, YT0 HA JABHKYTIECCS TEAO AEHCTBYET
mnpmnnneﬂue BO3/LyXa, KOTOPOE 3aBHCHT KaK 0T OPMBI TEJId, TaK 1 0T CKOPOCTH €10

ABKeHuA. Yem Oosbiie CKOPOCTH Tea, TeM CHIbLHEE PealbHas TPAeKTOPHsL ABHKe-
"

Y M
w=10*m/c
7 B Bakyyne
. B poaayxe
;/ 300 400 600 800 1000 X, m
¥ Puc. 1.34
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Hus OTAMYaeTcs oT napabommueckoil. Kak cneayer us onprros, nanbombinast aajib-
HOCTD 110JIeTa B BO3/LYXe CHapsAA0B AOCTHIAETCA DU yI/iaX HeCKOJABKO MEHbIINX 45°,
OnucanueM ABWKEHHA TeI B aTMOC(DEPE € YUETOM CONPOTHBACHHS BO3/LyXa 3aHHMa-
erca baaaucmuKa.

ermm Cpeanee paccrosume ot 3emn 10 CosHia HA3HBAOT 00HOH
qiueckoii edunuyedd (1 a.e.), 1 a. e. = 1,5-10" m. Tpaexropus apmxe-
gokpyr Connna — ammnc, #Ho HOKyChl HTHICA HIUIKO PACTIONOKCHBI
. HOATOMY MOXKHO Cuntars, wro 3emis Bokpyr Conmna ABIXKeTcs no ox-

ca R = 1.5-10"" a. 3a oaus 060poT, T.€. 32 BPEMS1, PABHOE HePHOLY
1 = 3.16- 107 ¢, 3eMst MPOXOANT MYTh, PRBHBII LTHHE OKPYKHOCTH § = 2R,

1.10. PaBHOMepHOe ABMIKEHWE N0 OKPYHHOCTH 5 ¢ I HEHHOH CKOPOCTHIO v

JIBHoKEHHE 110 OKPYKHOCTH KaK NepHOANYEcKoe ABMKenHe. /[RKenne 1o ok-
PYKHOCTH ABASETCS HPOCTEHNINM IPHMEPOM NEPHOHUECKOTO ABHKEHHS,

IMepuodurecxkoe deuncernue — ato IBWKEHNE, TOBTOPAIONIEECS YepPes Olpe/ie-
JIEHHBII TIPOMEKYTOK BPEMEHI.

Hanpusep, Bpaienie 3emM/i BOKPYT COOCTBEHHOH OCH, BpalieHue 3eMiIn BOKpyr
Coanna, XapakTepiCTHKOH HepHoIHYecKoro AsmKken s spasetcs mepuo (7).

Hepuod — MuRMMaNbHBI TPOMEKYTOK BPEMEHH, Yepe3 KOTOPBII IBHKCHNE 110~

BTOPSETCH, T. €. BpEMSA OJIHOro Oﬁopt)'l‘a. OIpeAesIeTCs YIVIOM A MEXJIY TONOKUTEILHBIM HaTlpaBIenuem oc X u
Emnuia nepuoaa — cexyuma (c). eKTOPOM T, MPOBEICHHBIM U3 Hauala KOOPAMHAT K /ABMKYLIelcs TOuKe.
3Hag Nepuo/l BpaleHus, MOXXHO ONPEAeUTh YacToTy BpateHns (). : OTCUUTHIBACTCS OT NMOJOKHTETBRHOT0 HATpaBaeHud oc X 10 paauyca-Bek-
Yacmoma epauienus — BeJIH1AHA, IOKA3BIBAIOIIAS THCI0 000POTOB B €/1HiH- ! : B .‘npgm YaCoBOI CTPEJIKW. YIJibl BHIpakKatoT B paananax. Yron 360° coorser-

1Ly BPEMEHH:

ll
p S 2R 23150 o0
P 3.16-107¢c

noBopota. [Ipn ABMIKEHNH TOYKH 110 OKPYKHOCTH PA/IHYC T SB/ISETCA BETH-
MOCTOAHHOM 7= const. IIpoBeseM KOOPAMHATHYIO OCh X Yepe3 NeHTD OKPY K-
0, BRoab KOTOpOit Asnkerces touka (puc. 1.35). lentp okpysxnocrn O — Hava-
ganar. Tlonosenue Touxn A Ha OKPYKHOCTH B moGoil MOMEHT BpemeHn o/1-

_mpt)'re PanUyCca-BeKTOPA T Ha yroJ @ = 27 TOYKA NPOXO/UT 11y Th S, pABHBIi
WIKHOCTH S = 27r; IPH MOBOPOTE pajluyca~-BeKTopa r Ha yrod Ay To4ka
myTh, pasuntit gwne ayrn AS. Vs nponopimn 27 : 2nr = Ag: AS; onpese-

v:%. (1.49)

Eanuuia 4actoThl — CEKYH/Ia B MHHYC 11epBoil crenenn (¢ ).
1 ¢! paBHa yacToTe PAaBHOMEPHOTO BpamieHus, PN KOTOPoil 3a Bpems 1 ¢ Telo

2nrA
COBEpUIAET OJIMH NOJHBIT 060pOT. AS = Ti =rlAg,
[lepuon spawenust 3emam BoKpYr cobcTBeHHOI ocu pasen 1 ¢y, T.e. 24 u, T = . %
= 1 cyr = 8,64- 10" c. Benepersue Toro uro 3emiisi Bpaiaercst BOKPYr cOOCTBEHHOI
OCH, IPOUCXOHT CMeHa BpeMeHwn cyTok. Bokpyr coberBennoit ocH Bpamalores Takie
Jlyna, Conxue n niateTsL. v §=1lp, 0 < Ap < 27 (1.50)

Iepnox spamenns 3eman Bokpyr Connna cocrasaser 1 rox, t.e. T= 3.16-10" ¢
Benencrsue toro uro 3emis spamaercst Bokpyr COMHIME, HPOUCXOANT CMEHA BpeMe-
HH TO/A.

B ra6u. 1.2 nanst nepuoss o6pamenys naner Conseanoil cueremsl Bokpyr Conmiia.

Jluneiinas cxopoers. CropocTs ABWKEHHUS TEJIA 110 OKPYKHOCTH HA3HIBAIOT Jitd-
nenoil cxopocmuvro. Onpeieuy THHeHYI CKOPOCTh 3emm.

3emumio, Byt cs Bokpyr CoJmima, MoKHO paccMaTpUBaTh KAk MaTEPHATBHY 10
TOYUKY, TaK Kak paauyc 3emant R, = 6,4-10° M MHOTO MeHbiIe cpeHero pacctosanna

biti nymo AS paBeH NIPOM3BEACTTNIO MO/IYJIs PAMYCa-BeKTOpa |r| TouKK
nosopora Ag.

PHOE IBHKEHHE TOUKH M0 OKpYy:KHOCTH. Pasnomeproe deudcenue
10 — JBIKEHHE, PR KOTOPOM TOYKA ABHKETCH € HOCTOAHHON 110
) IMHEITHOIT CKOPOCTBIO:

k |v| = const.

'PABHOMEPHOM JIBHKEHHH 10 OKPYKHOCTH 32

e Ta6auna 1.2 _ ~ "UHKA TIPOXOIHT paBHbie 110 THHE JIVTH OKPYAHO-

Ry nﬁp:;g}?:: & Hnaﬁm £ ;,2::31‘:; Py [Lranera uﬁpal;l:epi:;oi . YC-BERTOP TOYKH MOBOpPaYMBaeTCH Ha paBHLIE %
Mepikypuii 0,24 Mapc : 1,88 Vpan 84,02 / TIOBOPOTA PAJUyCca-BeKTOpa ABIKYIeiics
Benepa 0,615 {Ouurep 11,86 Henryn 164,79 TOYKH XapaKTepH3YeT yIioBas CKOPOCTb.
- N o= 29.46 Thayton 247.90 10 CxopocTh obosHaualor rpeueckoii Gyksoii w )
' Puc. 1.35
| 24 35 |




Yenoeasn ckopocme — (QU3HIECKAS BeJIMYNHA, paBHas OTHOMIEHWI) YITIa OBO-
pota paguyca-BekTopa Ag K MPOMEKYTKY Bpemenn Af, 3a KOTOPBIH 2TOT MOBOPOT
HPOUBOLIENT:

L Ap &

= (151)
OTKyAa

Ap = wAL. (1.52)

Ejtnuutia yTI0Boii CKOPOCTH — pallHaH B CeKVHIY (pai/c).

1 pa/c paBen yrioBoH CKOPOCTI PABHOMEPHO BPAIAIOMEHCH TOYKH, PAAHVC-BEK-
TOP KOTOPOIT 3a BpeMd 1 ¢ moBopaunsaercs Ha yroan 1 paiuaH.

VIA0BYI0 CKOPOCTH MOJKHO BBIPA3HTh Yepes nepuox odpamenns 1. 3a Bpemst, pag-
noe nepHoiy (At = T). parnyc-Bexrop TOUKH HOBOPAUHBAeTes Ha yro 2w (Ay = 21):

2%
W= —,

= (1.53)

Ucnombaysa cootnomerus (1.49) u (1.52), BEIpasuM yII0BYIO CKOPOCTD 9epes gac-
TOTY Bpaljenus:

wW=2muw. ( 154}

Meskzty MOAYJIEM JIMHEIHOI CKOPOCTH TOYKH, O0PAAOMENes 110 OKPYKHOCTH, 1
€e VIII0BOI CKOPOCTBIO MMEeTCs CBsI3b, 3a IPOMEKYTOK BpeMeHH Al TOUKa 1PoxXorT
myTs AS = vAt, a paauyc-BeKTop MoBopaunBaeTcsa Ha vros Ap = wAtf. Yaursisas, 4To
S = rAyp, nmeem

AT = 1At
WITH

(1.55)

Mojyiis InHefiHOI CKOPOCTH TOUKH, JBIDKYILEHCA 110 OKPYVIKHOCTH, PABEH 1TPOH3-
BEIEHMIO YIVIOBOH CKOPOCTH Ha pajnyc okpysxkHocr. M3 dopmyant (1.55) caeyer,
uem Goavure paouyc okpyxcrocmu, mem 6oivwe wunetinas ckopocms. pii
BPAIEHHH 3eMTH BOKPYT COOCTBEHHOIT 0CH MAKCHMAIBHAA JIMHEIRAA CKOPOCTH Y Te,
PACMOMOKEHHBIX HA 9KBATOPE, MUHHUMAILHASL 1 PABHA HYJIO HA [OJI0CAX; VITI0Bast
CKOPOCTh PH 3TOM OANHAKOBA.

A IlenTpocTpeMuTEeIBHOE YCKOPEHHE.
[Tpn pasnoMepHOM BPAILEHITH MATCPHAIL
HOIL TOMKHM 1O OKPYIKHOCTH MOJLY/Ib €€ 11
HEHHOI CROPOCTH TMOCTOAHARI, (JIEI0BH-
TeJbHO, TAHTEHIMAJIBHOE, 1IN KaCaTe/ih-
. HO€, YCKopeHHe pasHo nuyiio: a, = (. M3-
MEHEHHE BEKTOPA CKOPOCTH V 110 HAMPAB-
JEHUIO XapaKkTepU3yeT HOPMaibHOoe, M
HEHTPOCTPEMHTEABHOE, VCKOPEHHE a,,
Bektop ckopoct v 5 11000i1 TOUKe OK-
PVKHOCTH HAIpaB/eH Mo KacateabHoil K
neit. PaceMoTpum nosioskerue ABuKyiei-
¢ MATEPUATBHOI TOUKH B IBYX TOYKAX HA

U= wr

|36

M, w M B GinsKne MOMerTb Bpemenn £ 1 ¢+ At (puc. 1.36). 3a npome-
i At paauyc-BeKTOD NOBepHeTes Ha yros Agp, MaTepHaibHas TOUKa
g Ha Ar, cKOpocTb Hamenutest Ha Av. Moayns H3MeHeHHs! CKOPOCTH
cropone AB tpeyroabiuka MyAB, MOCTPOEHHOrO HA BEKTOPAX CKOPOC-
croponax. Paguobeapenusie tpeyroasnnkn MyOM u MyAB nonobusl,
1,OM = Z AM,B = Ay Kak yiiibl €O B3AHMHO-IIEPHEHIMKYASPHBIMH CTO-
i3 moso6us TPEYrOABHUKOB CeyerT, 410

FAC R
o),
Ar r
1
Ay ==Ar.
r

0 ONPEACTEHIIO, MIHOBEHHOE YCKOPCHUE PABHO @, = i:’
BIBAS BHIPAKEHHE, TIONYUEHHOe Uit Av, HMEEM:
4 =287
v AL
151, 4TO oF v, MOJAYIAM
[Basl, 4TO — = 1, MOJIVY
At ’
' vé'
a, =—. (1.56)

Op &, HallpaB1eH, Kak 1 BEKTOp Av, o paguycy K uempv okpyxHoctTi O, Tak

0 A O LMAR = 2MBA =T 2%, . Taust oBpasou,

1 paBHOMCPHOM J/IBHIKCHHH MaTepPHAJIBHOI TOUYKH N0 OKPYKHOCTH €€ YCKO-
HHE HANPaBJIeHo NepHeHIHKYISPHO CKOPOCTH, N0 PajHycy K HEeHTPY OK-
HOCTH, II03TOMY €r0 HA3bIBAIOT HOPMAJILHBIM, HJIH HEHTPOCTPEMHTEIbHbIM.

A5 CBA3b MEK/LY JIMHEHHOIT ¥ yraosoii ckopoctsio (1.55) w dhopmyay (1.56),

(1.57)

o
h, == W'T

E C Tevenunem B]'JLMOIIH

Mda omcuena — DROKVIIHOCTD TeJa OTCYeTa, CBAIGHBAA C HIUM CHT eMa I{OQP«'IH'
wnxpommupoamme MY CoGOoil HackL

EPHMbHd.R maoyka — Teao, }Ja.’iM(‘]'Jd\LI-! KOTOpOro 8 ,'!,dlll!(Jll dagane MoXHO Hpe-
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® AGCORIOMND MEEPOOE NERO — CHETEMA MATEPHATBHBIX TOYEK, PACCTONHHE MEXKITY Ko-
TOPLIMH HEe H3MEHACTCHA DY ABUIKCHUH,

® [loaoncenue dsuncyusenics mouxu (Tena) o6bYHO paccMarpuBaeTcs B ACKAPTONO
(MpAMOYTObHOIT) CHCTEMe KOOPARBAT. B AaERIT MoMenT BpeMenn oHO ONpeaesieTcs Tpeys
MPOCTPAHCTBEHHAIMH KOOPITHATAMI (7, ¥, 2) HIH DAIHYCOM-BEKTOPOM T, TIPOBEAEHHBIM 13 1z~
YANA CHCTEMBI KOOPIUHAT 10 Toukn A.

® Tpaexmopust — MR, OHCHRAEMaN B IPOCTPAHCTRE IBHKYIICHCA MATCPHAIRHON Toy.
Koif (Te1om).

® /Lruna nymu S — CKANAPHAA BEINYIHA, DABHAA CYMME [UIMH BCEX VHACTKOB TPAeKT()-
Puii, NPOACHHBIX MATEPHAIBHON TOYKON 3a PACCMATPHBACMBII IPOMEKYTOK BPEMEHI.

® [lepemewenue Ar — BEKTOP, IPOBEACHHBI U3 HAYAILHOIO NOJAOKEHUS ABIGKYLICIcs
MATEPHANLHON TOYKH B KOHEYTHOE 110.10/KEHHE.

® [locmynamenvroe J6uUMeHUe — TBKRECHIE, IDH KOTOPOM NpsMad, CoRIMHSIIONIAs 1o
oBkIe TOYKH TEJIA, OCTALTCS TPH JBIDKEHNH TAPAAIeThHON camoii cebe.

® [Ipsamonuneiinoe osuIceHue — IBIKEHNe, TPAEKTOPHA KOTOPOTO B AAHHON CHCTEye
oreveta ABAACTCS HpAMOoil aunuei (JAr| = 9).

® Cpednas ckopocmy vs — CKaIAPHas BCIMMHHA, PABHAS OTHOWIEHHIO IHHBI Y4ACTKA

TpaekTopin AS Ko Bpemenn At, 32 KOTOPOe HPOHAEH HTOT YUacToK ((vy = ad 3

® Mznosentas CKOPOCNbH Vv — CKOPOCTH Te/la B Aakiibiii MOMEHT Bpement (Al — (), Bek-
TOP MPHOBEHHOI CKOPOCTH BCET/IA HAIIPARJIEH 10 KACATEMbHOI K TPACKTOPHH JABHAKCHMUSL.

® Pasrnomepnoe deumncenue — IBWKeNRe, IPH KOTOPOM CKOPOCTh ¥ OCTAETCH N0CTOsN -
HOH 110 MOZYJTIO W HanpaByennio (v = const; &= o +vk S = vt).

® Yexopenue a— Bexropnas (pH3HICCKAs BETHTHIA, PABHAA OTHOMIETHIO MAMEHEHHS CKOpO-
CTH MATEPHAIBHON TOUKH (AV =V — V) K VIHTEABHOCTH NPOMEKYTKA Bpemenn (Af = i — fo),
B TEYEHHE KOTOPOTO 8T0 HaMeHeHHe pouaoniio (a = —A—VJ.

= At
® Pasnonepemennoe Osuncenue — IBiKenne ¢ IoCTOANHLM YCKOPEHHeM (a = const;
g

at? 2
r=Iy +vgf :':—2—. 5= Uu!'- iag
0 a > () — ABMKEHIE PABHOYCKOPEHHOE;
O a < (| — JABHKEHUe PABHO3AME/LICHHOE,

Croboanoe nanewnme Tejia ¢ BRICOTH h ¢ yekopenueM g (YCKoperie cBo60HOro agenss) —

. = f T.!
YACTHBII CTyall pABHOYCKOPEHHONO NPAMOTHHENIOrO ABMKEIHIE: » — L ghh =t = —’2—

yir=1w; tat):

® Yckopenue c606001020 NAdeHUst g — YCKOPERNE, € KOTOPHIM MAJAIOT BCE Tea Ha 3eMA0
HEZABHCHMO OT HX MACCH! B OTCYTCTBHE CHT CONPOTHBIIENNS BOJLYXA.
® euncenue mena, Gpoweniiozo nod yaiom K 20pUIONMY;

i sin? o
© HANGOIBIIANA BBICOTA MOABEMA Py = Yoy = [—2—;
g
vf sin 2
O JAJIBHOCTb HOJCTA Ty, = ——— .
_ g
® llepuood obpawenus T — pemsi 6IHOTO HOAHOTO NOBOPOTA Tea BOKPYT OCH Bpallle-

HUA.
1
® Yacmoma v — wncno odoporon, COBEPIIAEMBIX TEJIOM 3a €IMHIILY BpeMeHH ( 1V = T )

® Veuosoe nepemewenue Ay — yron HNOBOPOTA pajinyca-BeKTopa r 3a Bpems At

Touku, naxozsmmees na pasHoM paccTosnu ror acm BPAIIEHHS, 32 PABHBIE TPOMEKY TKH
BPEMEHH NPOXORAT pasHie nyTi (AS = rAgp).

® Vznoeas cKopocms w — duanieckas penmmma, PasHasi OTHOLIEHNIO YT7IA MOBOPOTA Pa-
AWyCa-BEKTOPA Ap K IPOMERYTKY BpeMeti A, 34 KOTOPBII 5TOT TOBOPOT npomsomen ( w = E}t )
- 2 :
® Bpawamenvnoe 0suncenue — paBHoMepHoe, ecam w = const (W = = 27u).

| =8

ATLHOE YCKOPeHue a_ onpeienger GuCTpoTy HIMCHEHUS MOIYAH CKOPOCTH

110 KACATEALHON K TPAEKTOPHH JIBHIKEHNS ).

ne YeKopeHue a, XapaKTepHiyer U3MeHenne CKOPoCTy 110 HarpaBieHuIo

TI0 HOPMAJIH K TPAEKTOPHH K EHTPY ¢€ KPHBH3HBL). MOAY.Th HOPMATLHOTO VKO-
2

. o
- 0T CKOPOCTH TOYKH ¥ M PAANYCA KPUBU3HEI TpaekTopun r(a, = — ).

; r
JUHEUHBLY U YZIOBBLEX XAPaKmepucmux BpauarebHOr0 JIBHKOHI:
AS= rAyp; v= 1w,

i AN CAMOKOHTPONIA H NIOBTOPEHNA

ABIKCHIE HAsbIBAETCA Mexarmyeckum? 2. Kakoe Te10 MOKHO CHHTATD MATEePH-
3. Yem pasaudaiorcs HOHATHS <CHCTEMA OTCYCTAS H «CHETEMA KOODIITHATS ?

e TpaeKTOpHst ABMKenna? 3. Yo Takoe BekTop nepementerns? 6. Y10 xapakrepm-
, asiokeniia Tena? 7. Kak nanmpasien sextop MruoserHoi ckopoctu? 8. Kakoe
BLIBAIOT PABHOMEPHBLIM NpaMo/HHeiinsM? 9. UTo xapakrepusyer yekopenme?
BYIOT TAHTEHIMANBHOE 1 HOPMAatbHOE yekopenns? Kax onu nanpapiensi?
pARHERHOe ABIKEHIE HAIBIBAIOT PABHOYCKOPEHHBIM; PARHUIAMEICHHBIM?
B NeHIE yekopenus csoboanoro uaaenns. 13. Yem oranuaeres masenne ten B

?15. Kax Bauger Cuaa CONPOTHRICHNA BOSAYXA HaA JATBHOCTS NOJMETI cHa-
Yro takoe nepuos iswaenua? 17. Laiire onpeaesenue yriaosoii ckopoctn, 18. [lo-
0€ JIBIKEHHE 110 OKPYIKHOCTH sIB/steTest vekoperuim? 19, Yemy pagto nenrpo-
e yeKOperue H Kyaa ono nanpasaeno? 20, Kakas casiab cyIecTBYeT MEKIY 1H-
CROPOCTAMH?

epsbi pelieHns 3agay

1. M3 nynkros O u A, paccrosnye Mesxty Kotopsivm 240 M, 0/HOBpe-
1 ABUTATHCS HABCTPEUy APYT ApYry ABa Tena. Ilepsoe Teso ABUrasocs ¢
| CROpocThIo 20 M/c, BTOpoe — ¢ NOCTOSHHOI ckopocTsio 40 M/c. Hepes
MEIKYTOK BPEMCHN M HA KAKOM PACCTOSHUH OT myHKTa () 9TH Teaa BeTpe-
14y petTh rpaduYecKuM crnocobom.
U = 20 M/C; 55, = 0 m; v, = 40 M/C; 8, = 240 M.
S '

1. CoBMecTHM Hauasio KOOPAMHAT ¢ YHKTOM (), TOTAA 7y = 0; 2 = 240 M.
HATHI TeJl U3MEHSTIOTCSA 110 3a-
Uil B = Ty — Wyl
M rpacdukn 3aBHCHMOCTER
Ten o7 Bpemenn (puc. 1.37).

' st rpachikos Bume- 240

z,mw

A

L L CHI

Ez=80M;t=4c. 200
4¢r=80Mm. 160
120

2. Kabuna andyra, noanmnma-
DPEHHO BBEPX, B Teyeune 2 ¢ !
YOCTH 5 M/¢, € koTopoit ipo- 40 —— E

BTeuenue 3 ¢, 3a nocje- TR

} L,
PABHOGAMEIERIOTO ABIKE- -4 2 9 4
Jmdra ocranasrusaercs, On- Puc. 1.37

o I




v, M/cH

L L T - = = >

peaejnTe BHICOTY NoabeMa Kabubl mudra. 3azauy pewnre rpadmueckim crioco-
Gom.
Hano: 4, =0; t, = 2 ¢; v, =5 m/c; L=3¢vu=5m/c;ty=4¢; n=0.

Pemenue. [Toctponsm rpaduk ckopocTu ABmkens kabuin macpra (puc. 1.38). Bui-
COTa noAbeMa KabuHbl TH(Ta YHC/IeHHO paBHa Tuomanu tpaneuuy OABC:

OC: tl+£3+b.l’ AB:tz, AD:UJ.:UJ«

Torna
p=lithtbth, b4 4e
2 2
Borumcaenns:
H=2c+2';c+4c5u/c=301u.
Otser: = 30 m.

® 3anava 3. Tporasics ¢ MECTA, JIOKOMOTHB JIBUTAETCA NPSMOIMHEIHO U IPOXOIUT
HEPBLIT yyacTox mytn 500 M ¢ YCKOpEHHEM @y, a ciiefyioumii yyactok nyti 500 m ¢
ycxkoperneM a,. [1pu stoM Ha HEPBOM YYaCTKe IyTH ero CKOpPOCTh Bo3pacTaer Ha 10 Mm/c,
4 Hd BTOpom ydacTke — Ha 5 m/c. Yto Goubine — a, wm a,?

Hano: S= 5, = S, = 500 m; Uy =0; vy = 10 M/c; v, = 15 m/c.

Ly Gy

Pemeunne. [Tycts nonoxurensuoe HanpasjieHue ocH X COBNAJAET ¢ HalpaB/IeH -
EM ABIKenms IokoMoTHEa. B Havamsubiil MoMenT BPEMEHH 1, = (), IOKOMOTHB Haxo-
AUTCS B HAYAIIe KOOPMHAT 3 = 0 (puc. 1.39). anumenm ypasHerus ABHmKeHUS 1 thop-

MYJIBL CKOPOCTH JUISI IEPBOTO K BTOPOTO YYACTKOB [BHKCHISI JIOKOMOTHBA B [TPOEKITH-
SAX Ha och X:

atf ats

=t adh F = = Zog + Wby + 2
1 i S v % = o Uty 2

U = vm +Gz]tl. Wy = Ugs +62322-

| a0

S Sy

i
Ty
Ty
Pue. 1.39

uT0 Ty = 0; 7, — Iy = S 1y = 0, MEPBAsA CHCTEMA YPABHEHUH HPUMET

S =“1?"12; M
. - @

s YTO Gy = T} & — Ty = 5 Uy = vy, BTOPAsi CHCTEMA YPABHEHHH TPHMET
A, - ?

5 =uty + 22 )
W = 1+ agly. (4)
DIPEIENTD ay, BHIPA3NM #, 3 ypasienns (2) u noacrasum B ypasrenne (1):

L ﬂ-fv}, B ”12

—ﬁ-' S ?
s A dab

L3

aﬁpeztmm @y, BHIPA3HM 1, U3 ypasrerns (4) M NONCTABMM B ypaBHEHHE

:

won g ult-w)  wm-uP g
- § = a 2a3 2a,
2 2 .
e _@omfe) o, (15w/) —(OM/C) g0 |
B G = 0, LM/ o = e |
~ Omerig,>a,

YBOI HAYAIBHOI]
Bamaua 4. /Isa Tena Gpomiensl BEPTHKAIBHO BBEPX C OZIMHAKO o4
0 1 = 20 M/c ¢ uHTepBanom Bpemenn 1 ¢. OnpeaesuTs CKOPOCTh /IBHKEHIA

Opocanus nepsoro Tea. :
Up=20M/c; At=1¢;t=2c.
2 --.vaUﬁ— FI;S' |
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PACHOJOKHM HA NOBEPXHOCTH 3€MIM B TOuKe Opocanns ten. Bekrop ye-
KOpeHs CBOGU}IHUI‘O najaieHusa g Halmpasien HMPOTHBOMOJIOMHO Harnpag-
g nenuio ocu Y (puce. 1.40).

1. CKOpOCTE ABRKEHHSA TEN H3MEHSETCA 1O 3aKOHY V, = v + g v, =
= vy +g(t— Al). :

J B npoekuusax na ocsp Y

!

Puc. 1.40

Vo

“y] = I”yG _gr>

Uy = U,q — gt — At);

Uy = U — Uy = Uyg — gt — Uy + g8+ gAL= gAL
2. Ypasrenust ABHKEHUS T B MPOEKINAX Ha 0Ch Y HMEIOT BUIL

2

Y =yl ——;

2
w0 (£ — At)— &

I

$ 2
. gt = Aty
2

Paccrosnme Mesiy tenavn S paBHO PasHoCTH Koopansar S = y, — 1= Ay

gt* t— At ALY
S — wtlt —‘52—— 'E.'yﬂ(f ‘—Af)‘f’q_(z—J = T}yu:’li’ -+ ﬁq(.‘&z—f)—'f}fﬂf

Beruncaenus:

v, =98M/c*1¢c=98m/c%

S=20m/c-1c+

9.8 M/c*(1¢)? ) ;
—+(L)——9.8M/cz-lc-2u:5,3m,

Orser: v, =98 M/c; S=53 m.

® 3anava 5. Uemy pasia Juneitnas n yriosas CkopocTs BPAIENHA TOUKH HOBep-
XHoctn 3emim, HaXojsnelicss Ha SKBATOPE, TONATAS, YTO OCh BPANIEHHA 3eMIH npo-
XOJLUT 9€Pe3 noaoca. 3eMas aesaet oauH 060poT BOKPYT CBOeii ocu 3a 24 v,

Hano: T=244=864-10'c; R, =6,4-10°m.

Haibru: w; o ‘

Pemenue. ITonaras spaiienne 3emmn Bokpyr croeit oci PAaBHOMEDHBIM, OTTpEe-
JHEM YTIIOBYIO CROpOCTD 110 hopmye (1.53), a smneiinyio — no dopmyae (1.55):

W= %?; v=whsg.
2-3,14 p: g . i
Boraucaenws: o — 8_51_(:)’1? =7,3-107 pan/c; v=7,3-10"pan/c-6.4-10m =
=467,2 m/c. ) '
Orser: w=7.3-10"" pan/c; v = 467,2 m/c.
| a2

Yy Pemenne. Hatipasum och Y Beprikansno BHEPX, HAYAL0 KOOPAMRAT

3agayM 4ns caMoCTOATe/ILHOMO pelueHus

B 4. Ha puc. 1.41 uaobpaxena TpaeKTOpus Asiskenus mMatepHaibaoit toukn. Onpesae-
JIHTH, HA KAKHX YYACTKaX TPACKTOPHMH: ) ABIKEHHE NPsIMOIRHEITHoE, KPHBOJIHHETHOE;
) MAMEIILIOCh HAIIPABAEHNE ABHIKEHNE TOUKH; B) MOAYAh BEKTOPA 1EPEMENIEHHS PaBeH

\ ;w;_r) MOZIY/Ib BEKTOPA HePEMEIHEHUS MEHBIIE TVTH; /L) MOJIYJIh BEKTOPA NEPeMeIeHns

pasen HyIo. _

~ 2. CxopocTh pacipocTpaieHis paaioBo/in (CKOPOCTE CBeTa B Bakyyme) pasta 3-10° m/c,

K10 palbilie YCIBIIHT FOI0C CONHCTA, BRCTYTAIONIETO Ha KOHUEPTE: CAYIIATeH, CHAALLHE Ha

pace 1 60 M OT HEro, WIn PaHOCIyIIATENH, Haxoasuecs ga paccrosmmi 6 000 m? Cko-

m 4BYKA B BO3AYXC HPHHATD pasHoii 340 M/c.

3. Cpeauas nyTenast CKOpoCTs Asikennst e Bokpyr Connia pasna 30 km/c. Kakoe pac-

€103 (EpH ITOM TPOXOANT 3eMlA 3a CYTKH; 3a§01?

4. Tewexop 3a muny Ty aeaaet 90 waros. OUpeseanTs CPEAHION CKOPOCTh ABHAKEHI MEle~

Xofta (B KM/), CanTas ATUHY mara pasHoit 60 eM.

5. Asromo0un 1pome1 paccTosnue ot A 10 B co cpeanieii ckopocTsio 36 km/4, a obparto
mwﬂeﬁ cropoeThi0o b4 km/u. Kakopa cpeanss cKopocTh apromoimis?

6. Kabuua ckopocTHOTO JH(TA NOAHIMACTCS PABHOMEPHO €O CKOpPOCTBIO 3 M/c. Onpene-
ANTL BPEMst, B TevenHe Kotoporo kabuna udyra 6es ocranosku GyaeT IOANUMATECA 10 BBICOTHI
50 m (15 sTaxk). 3agauy pemmnTh rpaduiecki.

7. Jlpa anTOMOOHIS ABIIKYTCS HABCTPEY JIPYT APYTY — OAHI YCKOPEHHO HA BOCTOK, APYIOii
saMenstenHo Ha 3anaj. Kak nanpaniesn yekopesust apromobueii?

- 8. Teao asmskeTcst BAOAL OCH PABHOYCKOPEHHO ¢ HAYATBHOI CKOPOCTLIO . B KoHue sernep-
TOM COKYHIIBI ABMIKCHIS CKOPOCTh Tejla = 3uq. 34 970 BPeMsi TeJ10 npouLio nyTs 32 M. Onpene-
JITH YCKOPERHe Tena.

9. Baoab ocu X U3 00 TOYKH OIHOBPEMEHHO HAYIMHAIOT ABMTaTLCs Asa Teaa. [lepsoe Teso
WEKETCH PABHOMEPHO CO CKOPOCTHIO 20 M/¢, BTOPOE — PABHOYCKOPEHHO ¢ yeKoperuem 0,5 M s,

HAYAILHAS CKOPOCTSH BTOPoro tena papgua (. Hepes kakoe BpeMst BTOPOE TEJI0 HATOHUT TIepBoe?
~ 10. ¥ Bepxiiero konua Tpyoin, PACTIONOKEHIO BEPTHKATBLHO, HAXOAATCs APOOHIKa 1 TPos-
K, Kakoe 13 Tex mpH 0,1HQBPEMERHOM CTAPTE HEPBBIM A0CTUTHET HIDKHET0 KOHIA TPy (K, ecri

M3 Hee oTKauen BO3yx?

1. Tesio ua cocrosHus 110Kos cBOOOAHO Tataet Ha 3emaio B Tevente 4 ¢. C Kakoil BuicoTh

|OHO HANAET 1 KAKYIO CKOPOCTS Gy/IeT MMETh B MOMEHT IIPH3EMIICHHS ?

- 12, Kamensb cobonno nanaer B maxry ¢ Boaoii. Uepes b ¢ cavtimen senieck Bojs. Onpeje-

JIHTH TIYOUHY MIAXTHL, €CITH CKOPOCTh 3BYKa 330 M/c.

. 13. Jlna Tenta cBOGOANO MALAIOT: OIHO — € BHICOTHE 20 M, & apyroe — ¢ peicotsl 80 M. C kakoi
CKOPOETBIO tPHIEMAsTest Tena? OnpesenTh Bpems: aieHist.

14, C epronera, Haxonamerocs ia percote 200 M, cOpomen rpya. Yepea kakoe BpeMs rpys
Yiajer va 3eMiio, ecai BepToIeT:

m%}; HEHOABHKEH;

D) CHIKAETCS €O CKOPOCTRIO 4 M/C;

- -P).__ﬁoammacma €O CKOpOCTBIO 4 M/C?

15, Maapuuk Gpocaet MatH OJUAH 3a APYTHM BBEPX, KAKIBLT CASAYIONHI B TOT MOMEHT,

KOPRa npeasitynmii naxoautes B nansbicinei Touxe. CKoAbKO Mstueil B cekynay Gpocaer Masib-
'THK, ECTTH MM [OARNMAIOTCS HA BhicoTy 1,23 M?

16. B kakoit ouke rpackropun (oM. puc. 1.32) netsmee

Tel10 0franano nanmenvinei ckopocTio?

R 7. Iloa kakum yriom k ropusonty Gpouteso teno, 1 2 4

ECIM JaabRoCTh n04eTa B YeTHIPE pasa HOJble MAKCH-
bHOK BRICOTE! noxbema? ConpoTusicHnem Bo3yxa
UPenehpeyp,

. '18._" €MY panna Yriaopas CKOPOCTh BPAIEHHs TOMeK 4

F€MHO#i nosepxnoctTH na wupore Cankt-Ilerepbypra

(p=160°)? Puc. 1.41

B a3 |




19. Onpeaeanrs IHHEARYIO CKOPOCTD TOMCK, TeKALMX HA 3eMHON HOBEPXHOCTH HA HHIPOTE
Mocksni (p = 567).

20. Cronpko 000POTOBR B CEKYHLY AEJAKT KOJACC TPY30Boro asToMobmaa anaMetpom 1.5 M
[IPH CKOPOCTH ABHAKCHMSA T2 KM /1.

21. K sepenke aamnoii 0.5 M npuss3an kamens. [Ipn spamennn KaMus B BepTHKATBLHOI
NAOCKOCTH BEPEBKa 0OPBIBACTEA B TOT MOMEHT, KOT/Ia CKOPOCTh KaMus Obl1a nanpasjieHa Bep-
THKATBHO BBEpX. Ha KAKVIO BBICOTY NOAHUMETCA KAMEHD, €C/TH €10 BPAULAIN €0 CKOPOCTHIO
3t

22. Tlepuoa Bpamenus HCKYCCTBEHHOTO cnyTHHKa 3eman paser 1,5 u. [peanoaaras, uro
CPEHSS BEICOTA €10 HA/L HOBEPXHOCTHIO 3emin 320 kM, a 0pOnTa ABIAETCS KPYTOBOH, otpese-
JINTH AHHEITHYTO CKOPOCTh U LEHTPOCTPEMUTENIbHOE YeKopenne crivranka. Paauve 3eman
6400 km.

\‘p Knio4yesble cnoBa: MexaHM4eckoe 4BWKeHNe, NnepeMeLLeHne, nyTb, CKOPOCTE,
ycKopeHune, ceobogHoe nageHne, LUEeHTPOCTpEMUTENBHOE YCKOPEHHE.

lhasa 2

3AKOHbl MEXAHUKW HBIOTOHA

2.1. MNepBbiA 3aKOH HblOTOHA

Asmwkenne u nokoi. Ha nepsuiit B3r/s/1, caMbIM €CTECTBEHHBIM COCTOSIHHEM TeJa
ABJIACTCS COCTOSHUE NOKOS. B 110K0e HAXOAATCSI KAMHU-BATYHBI, PACTIOIOKEHHbIE Ha
obounte goporn, Meben B KOMHaTe, CTPoeHHs Ha nosepxHocTH Semun. Ho Bee atn
Tesia ABIKyTes Bmecte ¢ 3emueil Bokpyr Connnal CoctosHEE IBHKEHHS CBOICTBEH-
HO ILIAHeTaM, 3Be3/1aM M 3BE3HBIM CACTEMaM — IaIaKTHKAM, BOJIE B PeKax, of/1akaM,
camoseTaM, aBTOMOOIIAM, MOJIEKY.IAM ¥ aTOMaM.

OcHOBHOH XapaKTePHCTHKOM ABIKEHHSA ABJISCTCS CKOPOCTh. MokKeT /i ABIXKY-
HIEECS TEN0 caMO 110 cehe H3MEHHTb CKOPOCTh CBOEro ABnxenna? UTo apasercs npu-
YHHOI M3MEHEHUs! CKOPOCTH JABIoKenns Tera? OTBET Ha 5TH BONPOCH OYEBUIEH, OH
CNICAYET U3 HeTOCPEACTBEHHBIX Hab/oeHuil, YToOb! H3MEHHTE CKOPOCTD IBUIKEHHS
Tes1a, HeohX0MMO BO3/eHCTBIE HA HEro APYTHX TeJl.

Bo Beenennoii npakriueckn HEBOSMOKHO HAIITH Tes1a, He HCTILITBIBAIONIHE BHEIIHe
Bo3zieiicTRis. Ho eciu BHeNTHIE BO3NEHCTBISA MMEIOTCS, HO OHM CKOMIIEHCUPOBAHbI (Y PaB-
HOBEHIEHBL ), IIPH PELICHHH HEKOTOPBIX 3a/a4 TeJI0 MOKET CHHTATHCS CBOGOIHBIM,

C60600nbLM Menom HASHIBAIOT TENO, Ha KOTOPOE He JAEHCTBYIOT JIPyTHE TeJa
(uam nons).

Ecim teno anasiercst cBoGOAHBIM, TO CKOPOCTD €r0 IBIKEHIS HE HEAMEHSIETCH,

Hanpumep, crosimmmit 8 kommare mkady HUKOIA caM coboil He HAUHeT TepeBH-
FaThed 10 KoMHare. Ecim res1o HaxoAnTes B MOKOE, TO €ro CKOpOCTs TIOCTOSHAA 1 PaB-
Ha HYJO, T.€. v = 0 = const. YT0OHI NAMEHUTH CKOPOCTH NOKOAILErOCs! Tea, He0OX0-
AMMO BOB/IEICTBHE HA HETO JPYTHX Tel.

CaMbIM TIPOCTBIM BHOM ABHIKEHMSI TEJa SBAACTCS PABHOMEPHOE TPSAMOJIMHEN-
HOE IBUAKEHHE, [IPH KOTOPOM CKOPOCTh — BEJANYIHA 1I0CTOSHHAsL. B cOCTOSHIIT MOKOs
CKOPOCTH TOKE BeJIMIHHA TOCTOAHHAA U paBHa HyMi0. Cilel0BaTenbHo, TOKOH — 4a-
CIHBIE CAYUALL RPAMOIUHEUNOZ0 PABHOMEPHOZO OBUNCEHUS.

| a4
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[epsbiii 3axon HuiotoHa — 3aK0H WHEPIWMH. Habmoaenus 3a ABMKEHHEM T
AaABIHIJIEHIS O XAPAKTEPe ITHX ABMIKCHIH NMO3BOJIHIH . Heorony chopMyaspo-
paTh HAMEHHUTIC 3aKOHBI IBHKEHMS:, KOTOPHIC OH HIIOKH B pabore «Maremarn-
\yecKue HaYaIa HaTy PA/bi 1ol puaocoduns (nsaana s 1687 1.). B ocHose ranHoro tpysa
JIeAT HECKOJILKO He HYX/@IOUIUXCS B AOKASATE/BCTBE aKCHOM — 3aKOHOB (OCHOB-
HBIX HOMOKEHHIT), NPEACTABIMIONHX 000l 0000LIEHIE MHOTOBEKOBOTO OTIBITA, HTOT

CieAAHHOMY 33 IIPEUNECTBYIONIEE THICHHEETHE B YHEHIH O rpocTeiimx hopmax iBu-
JKEHUA MaTepui.

Hepeviii saxon Hoiomona: moGas matepraiblas TouKa (1€/10) coxpansi-
©T COCTOSHHE NOKOst WM PABHOMEPHOTO NPAMOJIMHEHHOTO /IBIKEHHS 10 TeX
10p, OKA BHENIHHE BO3/EHCTRHSA CO CTOPOHBI APYTHX TeJl HE UIMEHAT ITOT0
COCTOSIHHS.

Tepsbiii 3akos HBIOTOHA BBULOAHAETCS B CHCTEMAX OTCIETA, KOTOPbIE HASHIBAIOT-
51 UHEPUUATLHBIMU, W YCTAHABIUBAET (DAKT CYLHIECTBOBAHMA WHEPUHAILHBIX CHC-
TEM OTCYeTa. ) )

B UHepUUAIbHLX CUCTNEMAX OMCUema c60600H0e Mer0 JGUNCEMCS NPt~

MOAUHECHUHO U PAGHOMEPHO.
* Jlag onpcaHus MEXaHIWYeCKNX JBIGKeHuil Ha 3emie HHEPUHATBHYIO CUCTEMY OT-
cueTa CBASHBAIOT C 3eMeil — zeouenmpuueckoll cucmemoti omcdema. Hauano
OTCYeTa KOOPAMHAT ATOH CHCTEMBI COBMEUIAIOT € IIEHTPOM ConHila, & KOOp/IHHATHBIE
OCH HPOBOAAT B HATPAB/ICHHN HETIOBHIKHEIX 3BE3/L. .

Bomnpoc 0 ToM, SABJASETCH 1 BbIOpaHas CHCTeMa 0TCUETa HHEPLUMATLHOM, permacT-
€5 Ha OCHOBaHMM aKcnepuvenTa. Eciii B npejenax TOUHOCTH H3IMEPEHHs B JAHHOH
cucremMe orcuera nepsbiil 3aKoH HbioToHA BBINOJIHAETCA, TO OHA MOKET CHHTATBCA
uﬁepmaanbﬁoﬁ Bouee (‘.’I‘[}:)I‘{) MepBhLI 3aK0H HpioToHAa BLINOJIHAETCHA B [e/IMOIEHTH-
YECKOI cHcTeMe OTCUETA. _

Pasnomeproe npamonuneiinoe 0suicenue ce06001020 meia 6 UHepUU-
AABHOLL CLUCIEME OMCHEmad HA3LIBAIOM OBUIICEHUEM NO uHepru. 11pn asn-
FKEHUH 110 HHEPLHH CKOPOCTh CBOOOHOTO TeJ1a He M3MEHACTCA HH 10 MOJIYJIIO, Hi 110
'HANpaBJIeHMIO, T.€. Vv = const.

JKcnepuMeHTAIbHbIC TIOITBEPIKICHHS 3aKOHA HHEP-
muH. [Ipu peskom Topmokennn aprodyca HaXOIANIHECs!
B HEM NACCA/KMNPhl HAKJIOTAIOTCSA BIEPEL, IIPOIOKAS IBH-
Kerne no uaepunn. Korna asrobyc pesko Tporaercs ¢
MECTa, Maccainphl OTKHAbBaOTCS Hasal. [lo neprin
CHETAeT rPsish ¢ BPALMAONIMXCH KOJEC aBTOMOOMIISA WK
BEJOCHTIE A,

M3 xnanennoro onsita Kaxkablil 4eJ0BEK 3HAET, KaK
TpyaHO Gerymemy 4denoseky OblcTPO OCTaHOBHTHCS,
€CJIH He yXBaTHTLCS PyKami 3a Kakoe-HUOyAb HEnoj-
BHJKHOE Te10 — €100, A€PER0, 10 HHEPIIHH TPOOIKA-
T JIBUIATHCS CHPHITED WK JBUKHUK, podexan neob-
XOaumMyIo ancranunio. Muoraa saiiy yaaeTes CHacTeh
OT IpecaeAyIONero ero BoJKa nin codak, eciH OH CMO-
JRET cjletath cKkavyok B cTopony. [lo uHepumn asuxKeTca
Jlyna Bokpyr 3emun n nranerst Bokpyr CosHlia. M. Heioton

as |



2.2. Cuna

Cuant B Mexauuke. Ha sioboe IBIRyHIeecs teno AEHCTBYIOT BHEIIHNE CHJIBL.

Cuna F — 310 BekropHasn (M3HYECKas BEAHYNHA, ABAAIOIAACH MEPOH MEXaH -
YECKOTO BO3AEHCTEMA HA TEJI0 CO CTOPOHLL APYIUX TEJT Wl MOJeT.

D10 BO3AEIHCTBAE MPOABISIETCS] B M3MEHEHHH CKOPOCTH ABMKYLIETOCA Tesla Win
H3MEHEeHI (POPMBI 1 PA3MEPOB TeJla.

Cura, kak # mo0asi BeKTOpHAsE BETWYWHA, CYMTAETCS 3A/IaHHOM, €C/TH U3BECTHEI ee
MOJLY.Ih, HANTpaBJeHNe B IPOCTPAHCTBe H TOYKa npuiaoxenus. IIpamas, saoas Koro-
poii HanpaBieHa CHIA, HASBIBACTCS JIUHUCH 0etiCMEUs CUIbL,

HowusTie criabl BCETAA OTHOCHTCA K ABYM TenaM (Win tely u nomio). [pn Boazaeii-
CTBHH OAHOTO Tea Ha JAPYIoe MPOHCXOAUT UX B3aHMOAeHCTBIE b0 1PH CONPHKOC-
HOBEHHH, THO0 Ha PACCTOSHUIL MOCPEACTBOM 110JI5.

Duznyeckas MPUPoa B3anmoaeiicTsuit MoxeT ObITL pasinyna. B Hactosmee Bpe-
M H3BECTHO YeThipe THIIA PyHOaMeNmanbHbIX 83auModeiicmeul: zpasuma-
UUOHHOE, SNeKMPOoMaAZHUMIOE, CUAbHOe, caaboe.

B MexaHnuKke paccMaTpHBAIOTCS IPABUTAIMOHHbIE CIUIbL, WIH CHIbI TATOTEHMS, U
PAIHOBUAHOCTH HJEKTPOMATHHWTHRIX CHJT — CHJIAa YIPYrocTH W cuia Tpenus. Takne
CHJIBI 3aBUCST JHO0 OT PACCTOSHMA MEMKAY TEJaMU MIH YaCTSIMH OJIHOTO M TOTO e
Tena, 1uh0 OT OTHOCHTEIBHBIX CKOPOCTEH JIBHKEHHA Tel.

IpuHigan HesasHeHMOCTH AeHeTsus o [ puHimn He3aBucHMocT AeHeTBIS, HIH
IPHHTAI CYREPHOSHIINH (HATOKEHHSA ), CHJI CIIPABEJINB A CHJl Pasiu4Hoil duan-
YECKOI NPHPOILL.

Hpuryun nezasucumocmu Oeticmeus CUN: eCiv Ha MATEPHATLAYIO TOUKY
(Tes10) O/IHOBPEMEHHO AEHCTBYIOT HECKOJIBKO CHJI, TO Kakaas H3 CHI fefi-
CTBYET HE3aBHCHMO OT JIPYTHX CHJIL.

CHeTeMa HeCKOTbKIX CHJI, OIHOBPEMEHHO JEHCTBYIONMX Ha MATEPHAIBHYIO TOY-
KY, MOKHO 3aMEHUTL pAEHO0eHCMmeyIowel: CUn0u, pasHoi HX TeOMETPHYECKOT
cyMMe:

F=F, +F, (2.1)

B obumem ciyuae mist onpesiesienns paBHOCHCTBYIOME CHITbI MCTIOAB3YIOT 1Tpa-
BILIO MHOTOVTOJILHUKA.

Yame HaxoasT pasHOAEHCTBYONYI0 BYX cna. B atoM cayuae yaobuee nenois-
30BaTh IPABIIIO Hapa/ieorpaMmal pagHoieiicrsyonas cuna F pasHa muaronanm
HApanaesiorpamMma, CTOPOHAMH KOTOPOTO ABAANOTCA ABe caaraemuie cuast Fy i F,

(puc. 2.1).

- Cunn F, n F,, cymMmMa KOTOPBIX PaBHA BEKTOPY
F, nasniBaorcs cocmasasrouumu BeKTopa
cunbl F.

Ecom nsgecrint mopyiu cun |Fy| u |F,| w yron
MEKIY HUMH (, TO MOJKHO OTIPEIeHTh MOJYJIb
pasnoaeicTeytonieii cnasl. [To Teopeme kocuny-
COB HMeeM

[F(? = [Fy[* + [Faf* — 2{F,|{F,] cos (180° — o).

Puc. 2.2 Puc. 23

VaursiBad, 4to cos (1807 — o) = —cos«, moaydum
F|? = By + [Fo]* + 2|F,||Fyjcosa. (2.2)

Mojty:ib PaBHOAEHCTBYIOWEN CHIIbl 3aBHCHT He TOJBKO OT MOJIYJIeil cOCTABASIO-

JEMX CHUI, HO 1 OT KOCHHYCA YIJia (o) MEKILY HUMIL:

" e ecan o = 0, 10 coso = . Cumnt siBastiorest conanpasiaeHnbivu Fy 1T Fy
|FI? = |F,° + B,)* + 2|Fy||Fy|, smn |[F|* = (JFy| + |Faf)*.
Takum oopasom, |F| = |Fy| + [F,). .
~ Moayib Pe3y/IbTHPYIOLLEH CHIIbI PABEH CyMMe Moayaeit coctasasmomux cui. Cria
F conanpagiena ¢ cunavu Fy u Fy;
@ ecau o= T, TO cos & = — L. Cuuibl ABAKIOTCA NPOTHBOMONOKHO HAIPABIEHHbIMA
PR
Rl,-}l?]2= [y [2 + |Fy)* — 2|F,|[Fyf, uam |Ff2 = (] — |2 [P 7 |Fy| — [Fy.

Moty b peayIbTHPYIOILENi CHITbI PABEH PA3HOCTH MO/ I€# COCTABSIOMIMX CHIL.
Hanpanaenue Bekropa F coBnajaer ¢ HalpPaBAEHHEM CHIIbI, MOAYAb KOTOPOH
Gone:

— npu |[F,| = |F,), 7.e. cuinl paBibl 10 MOAYJ/IO M ABJISIOTCS HPOTABONONOAKHO Ha-
MpaBAeHIbIMi, peay isTHpygoitas cuia F Gyaer pasna nyimo. B a1om ciyuae cucremMy
CHJI HA3hIBAIOT YPABHOEEUICHILOU,;

— CHCTEeMY CHJl, JCHCTBYIOUIMX HA MATEPUATLHYTO TOUKY, MORHO yPaBHOBECHTD,
ecan K Touke O NPUIOKUTE CUJTY, TPOTHBOINOIOKHO HATTPABICHHYIO PE3YJIbTHPYIO-
1eii 1 paBHOi eit mo Moy (puc. 2.2). Ity CHITY Ha3LIBAIOT ypaBHOBE nmBatormeit F;

®EC o = 3. 10 cosa = 0. Cuast F, u F, sanmmo-rieprienankyasipane: ¥, 1 Fo

B2 = [Fy|2 + |Fy)% wm |[FP = |EF+EF. Moayas pesymmrapytoueii cunst [F|
omnpesensiercs o Teopeme [Indaropa. Hanpasienne cniibi F MOKHO 3a/iaTh yIIoM o
- F
(pue.23): tga = —.

| ||

Paanosxenne cuibl Ra coctarnsionie, [Ipy peresiny HeKOTOPIX GH3HYeCKHX 3a-
Ja4 1e0BXOMMO TIPOM3BOUTH pas/ioKerne BeKTopa ciarbl F Ha cocrasisiome. Taie

TR A _,\.7“ 5
F 1 / ) %
F F,
(9]

a 6
Puc. 2.4
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Puc. 25

BCTPEUAIOTCH 3a1a4M O pasoxKennn BekTopa cuiibl F Ha ase cocTaBisionine, Jexa-
[IHe B OIHOMH IIOCKOCTH. ITd 3a/iaua HMEeT O/IHO3HAYHOE PeNIeHne B IBYX CIIyYasx:

® uszBecTHa ojiHa u3 coctassstionux sextopa F. Ha puc. 2.4, a usobpaxken Bexrop
cuanl F u ero cocrasisiiontas F, B onpegesnennom macirabe. /s Haxomaennst BTo-
POl cOCTABAAIONMICH HCTIONBL3YEM NMPABUIO TPeyTOJIbHUKA. OTMETHM HA MJIOCKOCTH
npOM3BOAbHYI0 Touky O (puc. 2.4, ) n OTAVKUM OT 3T0i Toukn Bextopsl OA = F,
n OB = F. Bextop AD = F,, HanpaBieHHslil 0T KOHOA cocTaBiaomei F; K koHiy
sexropa F, Oyaer sropoii coctagasonmit sekropa F: F, + F, = F;

e u3BECTHLI Hanpassienns obenx coctasmmonmx sekropa F. Ha puc. 2.5, a 910 o1-
peski NN MM. OtMeTnm Ha II0CKOCTH TPOM3BOIbHYI0 TodKy O (puc. 2.5, 6) 1 o110~
KHM 0T 9710l Toukn sekrop OB = F. Iposenem wepes Touky O npsimsie N'N||NN u
M'M'||MM. B npunsiTom Maciitae, MCIOIbays MPaBHo NapaiiesiorpaMmma, onpesie-
asnot coctapasionme OA = Fy n OC = F, Kak CTOPOHBI NAPALIEIOrPaMMa, AMaroHa-
a0 Kotoporo sissiercs OB = F. Hanpumep, Ha Teno, Haxo/isnieecs Ha HaKJIOHHOH
mrockoetn A BC, yron naknona o (puc. 2.5, 8), geiictsyer cina F, Hanpasiesnas nep-
nenkyasipuo AC (F L AC). Cocrasnsnoniye aToit b, HATIPABACHHbBIC TTAPAJLICTh-
1o AB(F)) n nepnermkynapro AB (F ), oupeaesisior 1o npasuiy napauieiorpaMma
(cM. puc. 2.5, €); MOLYJIM STHX CHA PaBHBI COOTBETCTBERHO F) = Fsina; F| = Feosa.

2.3. Macca

Macca — Mepa HuepTHOCTH. BeiieicTBHE HHEPTHOCTH TEJIA COXPAHSIOT CBOIO CKO-
POCTH B OTCYTCTBHE B3AMMOIEHCTRIS C APYTHMH TEJTAMM.

Huepmnocms — cBOICTBO TeJla COXPAHSITh COCTOAHME TIOKOSI HJIH PABHOMEPHO-
TO NPSAMONHHEHHOO ABHXKEHUS, KOT/1a IEHCTBYIOIME Ha HETO CHIIBI OTCYTCTBYIOT WJIN
B3aHMHO YPaBHOBEIIEHEL.

[peanonoxum, 4T0 Ha pesibeax CTOST /IBA OIMHAKOBBIX BArOHa, O/IMH U3 KOTOPBIX
TIOPOXKHUM, a APYroil rpy:kerbii. Kakoil H3 BaroHOB <«Jerye» BBIBECTH W3 COCTOSHUS
IOKOS1, T. €. H3MEHHTD €10 cKopocTh? Pasymeetcs, nyctoit. [lyers mopoxkuuil 1 rpyxe-
HBIH BaroHbl ABMXYTCA € O/IHHAKOBOI CKOPOCTHI0. KaKoil N3 3THX BAOHOB «TpY/1Hee»
OCTAHOBHTB, T.€. H3MEHUTL ero cKopocTs? Pasymeercs, rpyxensiil. Taxum obpasoM,
MHEPTHOCTD IPYKEHOro Baroxa HOJIble, YeM HHEPTHOCTD [LYCTOrO0, IIOTOMY 4T0 Macca
IPY’KeHOro BaroHa OoJibile Maccsl mycroro.

Macca (ot nat. massa — KOM, KyCoK, rpy/a) — 9710 (puanyecKkas BeTHInHA, SB/Is-
I0LIAACA MEPOH MHEPTHOCTH TeJIa 1PH NOCTYNATeILHOM ABHKCHUH,

| a8

'! Macca — BETHYMHA CKANAPHASL. Eamuuia Macest — KHaorpaMs (Kr).
270 MACCA ATANOHA, OTIHTOTO W3 CTIABa M/ATIHL 1 Hpuzus (90 % Pt, 10 %

o n ).li?;‘me JpUTHEpa (MEAIYHAPOHBIH HPOTOTHI KIJIOTPAMMA), BHICOTA KOTOPOTO
€39 M), PaBHA €10 AMETY, XPAHALUIErocsk B MEAULYHAPOLIOM 610po MEp U BECOB B
Cenne 63 [apusia. Bee crpasbl MMEIOT TOIHBIE KOIMM 9TOT0 3TANONA.

B KIACCHYECKOIT MEXAHHKE, WIH MEXaHUKE HuioTona, T. €. KOrjla cKOpoeTh JIBHKe-

;mﬂMAKPOTm 1 MHOTO MEHBIIe CKOPOCTH CBETA ¢ B BaKyyMe (v < ¢), CUNTAETCs], 4TO
acea TEA HE 3aBUCHT 0T CKOPOCTH €70 ABHKEHUSA.

‘Macca — BeIdIHa QUIHTHBHAS, T. €. MACCA TE/Ia PABHA CYMMe MACC BCEX HaCTHIL
(sl MaTEpPHATIbHBIX TOYEK), H3 KOTOPBIX OHO COCTOMT. Ecnn, Hanpumep, TpH Tena
ACCAMM 71y, My, Ty COEJHUTH BMECTE, TO MacCa 00bEAMHEHHOTO TeJIa 1n Oyzer pasna
cymMMe Mace TeJl ero COCTABJITIONIMX: m = 1y + My + my. Ecim Tesio PA3ELUTD Ha
W‘ HANpPUMED PasopBacs cHapsAJL, TO CYMMa Mace yacted (ockoakos) Oyaer pasHa
sacce Tesa 10 pasaeneHus (Macce cHapsa). Bakueiimee cBOHCTBO Macchl — ee €o-

?;;a.ueane

& Macca 3aMKHYTOH CHCTEMbI T€J 0CTAaeTCs HEH3MEeHHOI npu JNoObIX npoLec-
I
: I cax, NPOHCXO/IANIHX B CHCTEME.

Ientp macc. IIpu 10CTynaTeIBHOM ABHAKEHUH T/l y00HO BBECTH HOHATHE [eH-
TPa MAcc, WK eHTPa HHEPIHH. 3
" Ifewmp macc — 570 T04Ka, B KOTOPOit MOKET CHHTATLCA COCPEIOTOMCHHON Mac-
€a TeJIa [PH €0 MOCTYIATEbHOM ABIKEHHH,

Tlpu mocTymatesbHOM JIBFKEHIH Tela BCe €ro TOUKHM ABUAYTCS ¢ OAMHAKOBOM
CROPOCTHIO H OMHCHIBAIOT IAPAIEALHIEC IPYT APYTY TPAEKTOPILH. [ToaTOMY MOKHO
PACCMATPHBATH IIOCTYTIATECTBIOE IBIKEHIIE HE BCETO T/, & OHOH TOUKH — Er0 HeTl-
TPa Macc, T.€. MATEPHATBHON TOYKH, B KOTOPOH Kak Gbl COCPEIOTOYEHA BCA MaCca
Tena. :

OuUeBH/HO, YTO NEHTP MACC OJIHOPOAHLIX CHMMETPHYHBIX TCJ COBHNALAET € NEHT-
pom cummerprn 0. [lenTp Mace OAHOPO/HOTO HIapa COBIAAAET C €T0 IEHTPOM (puc.
2.6, @). LlenTp Mace OAHOPOHONO CTEPIKHS HAXOANTCS B €O Cepe/liHe (puc. 2.6, 6).
Llewrp Mace Tesia MOKET HAXOAHTBCS! U BHE TEJIa, HAPHMEP UEHTP Mace 0AHOPOAHOIO
060 uan kosbia (puc. 2.6, 6).

Kak onpeennTs 010KeHHe LeHTPa MACC TTPOUBBOILHOIO Tela? PaccMOTpIM ipo-
CTEHILYIO CHCTEMY, COCTOSILYIO U3 ABYX MATEPUATBHEIX TOUCK MACCAMI 111y M 17Ly:

® ECJTH 111, = 1y, TO LEHTP MACC JIEKUT Ha CEPeHE OTPe3Ka NPAMOH, COEANHAIO-
el atn Touxwy, T.e. B touke C(puc. 2.7, a), [ = b . i

® €CITH My = 1, (11 > 1My), TO LEHTP MACC JIEJKHT HA OTPe3Ke NPAMOH, COSANHAIONIEH
ITH TOUKH, M HAXOAWTCS B TOYKE, PACTIONOKEHHOM OGomaKe K my, T. €. Oivke K Teqry, HMe-
fomemy 60sbiryio Macey (puc. 2.7, 6). Paccrosmma [ 1 L 0T COOTBETCTBYIOUIMX MAaTEPH-
AIBHBIX TOYEK 10 1[eHTPa Mace 0OPaTHO MPONOPIHOHAILHE MACCAM ITHX TOHEK:

0O

Puc. 2.6
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Dopmyaaa (2.3) anaoruusa IPaBUIy peruara, KOtopoe ObLIO U3BECTHO eine Apuc-
TOTEMNO. ITO TPABHIIO HCIHOAL30BAT H ADXMME/] B PA3AHUHLIX M0EMHEIX MEXaHH3-
max. [To opmyne (2.3) MOKHO ONPEACIMTH IEHTP MACC ABYX TeJl, HEPA3PBIBHO CBsi-
3AHHLIX IPYT € APYTOM, HANPHMep ABOMHEIX 3Be3/1 WIH cHcTemsl emus —Jlyua, ecin
M3BECTHBI MACCA TEJI H PACCTOSHMS MEXK/y HUMH.

OnpeneuM MOJOKEHUe HEHTPA MACC MATEPHAILHBIX TOUEK MaccaMH my 1 m, OTHOCHTE b-
HO Hauata orcuera (puc. 2.8).

Honoxenne Touek [ 1 2 n nentpa Macce C ONpeAENsIOT BEKTOPHI Ty, Ts U Te. Ha pue. 2.8
1, m 1, — BeXTOpPLL IPOBEAEHIIbE H3 MATEPHAILIBIX TOUCK K IEHTPY Macc.

M3 pue. 2.8 piano, uto

ro=r1+L re=r3+0L.
VMHOKUM HEPROE YPABHEHME HA 1My, & BTOPOE — HA Ty, TOJTYIHM
mTe = myury + mmly, merg = mars + mols,
CrioXuB nocneHIe YpaBHeH A, IMEEM
re(m + my) = mry + myly + mgry + mol,.
Hs dopmyant (2.3) caeayer, uro myly = —myly, ce0BaTeNbHO,
relmy + mg) = myry + mers.

Taxum 06pasom, HoNOKene HeHTPa MACC CHCTEMBI, COCTOSATIEH M3 IBYX MATEPHANBHBIX TO-
UEK, OIPeIeNIAeTCs PajinyCoOM-BEKTOPOM T

Ty + Mgk
rp=—. 24
T Fm 24

2.4. Umnynbe Tena

Hvmyime Matepuaiabroii Toukn. Mexannueckoe COCTOSHRE MaTePHATLHON TOU-
KH B JIAHHOH CACTEME DTCYEeTa ONpPeAeNsiercsl KOOPANHATAMU 7, ¥, 2 (MM pasmycoM-

| s0

— A — ™

FOPOM T) M ee CKOPOCTLIO v. Ecin ona ua sesmyny i S p=mw
1ETCS, TO MATEPHATBHASA TOYKA NIEPEXOJNT B APY- .
MEXAIHIECKOE COCTORIHE. T TS T
el MEXaAHHYECKOTD COCTOSHNUA MaTepHailh- Puc. 2.9

TOUKH ABISIETCST (DU3HYecKas BeJIMYHHA, HAa3bIBae-
MITVILCOM (OT JaT. impulses — TOMYOK, YAAp).
Hmnyase MamepuaibHoi moyku p — BEKTOPHAS BEAMYMHA, DABHAS TIPOU3-
{eHHIO MACCHI M TOUKH HA CKOPOCTD V €€ JABHIKEeHUSI:

P = mv. ' (25)

EaniuIa RMITYJThca — KHJIOIPaMM-METP B CeKyry (kr-m/c).

] KE- M/C PaBEH HMITYJIbCY MATEPHAIBHOM TOUKH Maccoit 1 Kr, ABMIKYMIEHCs CO CKO-
1m/c.

Ak Kak Macca Beer/ia nojaoxureasta (m > 0), T0 BeKTOPhl CKOPOCTH H HMILYJIbCa
1 conanpasaeHHbLIMA v 1] p (puc. 2.9).

OMY MEXAHHYECKOMY COCTOHHMIO JaHHON MaTepHaibHOil TOYKH B BoibpaH-
EME OTCHETA COOTBETCTBYET OMpeIe/IeHHLII HMITYJILC.

(IYABC HE 3aBHCHT HU OT TIPOIECCa, B PE3yIbTaTe KOTOPOro MaTepHasibHas ToY-
‘OKazanach B IAHHOM MEXaHHYECKOM COCTOSTHUM, HH OT NPeAbLLY X HIIH TTOCJIEy-
X ee Mexanuveckux coctosuuil, [pn namsneiimen usyyenun duzukn yoepmes,
YJIBC — OJIHA M3 BAKHEININX XapaKTepUCTHK ABIKEHNS MATEPHAIBHbIX TeJL
MITyJibe Teaa. Jlioboe Teno MOKIO MPeJCTaBnTh Kak CHCTEMY MaTepHaIbHBIX

'

JIBC P TENA, COCTOAINI U3 1 MAaTEePHAIBHBIX TOYEK, PABEH BEKTOPHOIH cymMMe
VJIBCOB BCEX TOYEK CHCTEMBL!

p:p1+p‘£+"'+pn‘

TIOCTYIATEILHOM IBHKEHUH BCE MATCPHAILHBIE TOUKH CHCTEMBT ABHAKYTCA C
A M TO ke ckopocThio v. CyMMapHas MAcCa TOYEK CHCTEMbI PABHA MacCe TeJa .
Pbl HMIYJILCOB BCEX MATEPHAIBHBIX TOYCK COHAIIPABACHDL
MNYJIBC MeAA P — BEKTOPHAS BEINUIHA, PABHAS IPOHSBE/ICHHI0 MACCHI 17 Te/a
'b V HOCTYHATENABHOTO [[BHKCHIS:

p=mv. (2.6)

M MaTepHaTbHAs TOYKa (Te0) ABHKETCS MOCTYNATENLHO 110 HHepuuu (v =
), TO MMITYJIBC HE H3MEHAETCH, T. €. OCTACTCS MOCTOSTHHBIM (p = const ).

sy

). Bropoit 3akoH HbloToHa

poii 3axon Helotona. Pasibie ciiibl, IeHCTBYIONNE HA OHO H TO K€ TeJo, CO-
0T €My pagjiHuHble YeKopeiis. Kak 10KasbIBaioT ONLITE, YCKOPEHHE Tej1a npo-
OHATBHO ACHCTBYIONICH HA HETO CHIE:

i -F.i ﬂ._}

#.- B a

Tpu aeitcrai omakoswix et na pasIMYHbIe Tela YCKOPCHHUST Tel 00paTHO 1po-
OHAIBHBI HX MACCAM:
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Bmopoii saxon Heromona: yckopenne Te1a B MHHEPUHANbHOM cHCTEME 0T-
cueTa MPONOPIHOHANIBHO AeHCTBYIONICH Ha TeJo cHie H 00paTHO NPONOPILIO-
HAJbHO Macce Teja:

(2.7)

a=—.
m

Bekropsi yekoperns a i bl F conanpasienst: a 7T F.

B raxoit hopme Bropoii 3akon HeioTona ciipaBeutns 718 HOCTYIATETbHOTO JBH-
JREHIS HEMZMEHHOTO 110 MAcCe TeIA KOHEUYHbIX Pa3MepoR, MpH 3TOM BCE TOYKH Tea
JBMIKYTCA € O/IHUM M TEM JKe YCKOPEHUEM.

[1pn pemennn 3a1a4 AMHAMHKH BTOPOIl 3akoH HboTOHA 4acTo 3anuchiBaloT B BHE

(2.8)

Cuna, deticmeyiowas na meJjio, pasHa nPouUsse0eHuI0 Maccsol meia Ha
€20 YCKOpeHue.

Enunmma cuiasr — Hbtoton (H).

1 H pasen cie, kotopast Teary Maccoil 1 kr coobmaet yekopenue 1 M/c? B naupas-
aermn geticrsnsa cuabk 1 H = 1 kr-m/c.

Ecim Ha Tes1o AeHCTBYET HECKOIBLKO CHJL, To B (hopmye 3akoHa Heotona (2.7) noa
cunoii F caenver noHuMaTh pasHo/leiicTeyonyio atux cuil. Takoit BLIBOJ BHITEKaeT
M3 MPUHIMIEA He3aBUCHMOCTH ICHCTBHS CHT.

B yacTHOM CJyyae, KOTja Bee CiJlbl, ICHCTBYIONME Ha TeJI0, HaTIpaBaeHbl 110 OJHOH
1 TOI 3Ke NPAMOI, HX PaBHO/EHCTRYIONIAs, a Ce/I0BATEIbHO, H YCKOpeHue HallpasJie-
HBL 110 TOH K€ MPSIMOIL, M TI0ITOMY YPABHEHHE OCHOBHOTO 3aKoHa Mexanmkn (2.8) Mox-
HO 3anucath B CKanAapHoil popme:

F = ma.

(2.9)
rjie pasHOAelicTRYIOMAs cuaa F npeactapaser cofoit anredpanieckyio cyMMy Beex
CHIL, IEHCTBYIONINX Ha AanHoe Te0. [Ipn aToM ecim HatpasIerie ciJibl COBIIAJIaeT ¢
HanpasnerneM cropocTi asuxennsd, T.e. F 1T v, to F' > 0 u a > 0. D10 o3nayaer, 4ro
1O/ AEHCTBHEM TAKO# CHUIIBL TEI0 Oy/IeT ABUTaThes YCKOPEHHO.

Ecam BexTOpBI CHIIBI 1 ¢KOPOCTH HANPABJIEHEBI TPOTHBOION0KHO F T| v, 10 F< 01t
a < 0. Toa aefcTareM TAKON CHITBI TEI0 ABWKETCS 3aMeUIeHHO (HarpumMep, o7 1eii-
CTBUEM CHJILI TPEHHS).

Ecau pasnogeiictsyioman seex e pasia nymo (F = 0), To yekopenue Te1a TaK-
e pasHo Hy10 (a = 0), T.e. CKOPOCTh ABHMKEHHS TeAa TOCTOAHHEAsA v = const — JABH-
JKEHHE TIPAMOIHHEITHOE 11 PABHOMEPHOE.

HenTpocTpemurenshas cuia. Poiab HEHTPOCTPEMHTENBHOM CIIBI BBITOJIHS-
0T peanbHo CYUECTBYIONHE B IPHPOE CHIBI MW WX paBHoAeiicTByiomue. Cuia
WJIH PABHOACHCTBYIONAH HECKOJABKHX €1, 00ec1eunBaloias JauxeHne MaTepu-
AJBHOMN TOUKH (Tes1a) 110 OKPYKRHOCTH, HA3bIBACTCS UEHMPOCMPEMUMENABHOU
cunou F, .

F= ma;

' Obparure sunsanie! LeHTpocTpeMHTEIBHBIX CHI B IPUPOJE HE CYILECTBYET,

Il-'nD

|

LlenTpocTpeMHTEIbHAA CUJIa BCETa HaMpanjeHa K LUeHTpY i
KPMBHSHEI TPACKTOPHH. Ecam na resto Mmaccoii m geiicrsyer eH-
WTP&MHTCJIMI&SI cuta (puc. 2.10), To 0HO ABUXKETCS € HEHT-

POCTPEMHTEILHBIM, WM HOPMANBHBIM, YCKOpeHueM (a,. = a,),
d J 2 m

v
MOILYJTb KOTOPOTO PaBett ay, = =-

VEKOpeHHE dy,, TPHOOPETEHHOE TENIOM MACCOI m OT BO3/eii-

CTBYA HA HETo IeHTPOCTPEMHTENbHOI CHIbL [, OIpeaesieTcs o 808
HC. £,

Fuc I
coraacHo BTopoMy 3akoHy Heotona: a,. = —=, orxyma F, =
— A, YUNTHIBAsA, YTO YCKOPEHWe a,, 110 HANPaBIeHuIo COBIaaeT ¢ cuioi F ., Mo-
JLyJib HEHTPOCTPEMHTENLHOIT CHITbI PaBeH
e

I‘Iu. = —R—-
 OcHOBHOH 3aKOH KJIaccHYecko aunaMuki. B rpyie Huorona « Maremarnaeckue
‘Ha¥aa HaTYpa/ibHOI (puiocodun» BTOPOIl 3aKOH HMEET HECKOIBLKO niyio hopmym-
POBKY, 4eM Ty, KoTopas Oblia npHBe/icHa panee:

(2.10)

L I HBMEHEHHE HMITYJIbCA Tela NPONOPIHOHAILHO IPHIOKEHHONH K HEMY CHIE H
| IPOHCXOIMT MO HANIPABIEHHIO TOif NPAMOIL, MO KOTOPOIi 9Ta cuaa elicTByer.

MaremaTHyeckn aToT 3aK0H MOMXKHO 3a1TUCATDH TAK:
A(mv) = FAtunu Ap = FA{,

A€ P = mv — NMITYJIBC TeJa.

Hpoussedenue cupvt ¥ na epems ee deticmeus At, 1.e. FAt, nasvisarom
UMNYABCOM CUIHL.

Emmmma umny.isca st — HpioToH - cekyraa (H-c).

1 H-c pasen umnyascy cunn 1 H, aefictsyionieii B Teyenne 1 c.
. Bropoit sakon Heorona MoxHO chopMyIHpOBaTh elle  ceyionum obpasom:

(2.11)

B | HMITYJIbC CHJIbI, IEHCTRYIOMEH Ha TeJl0, paBeH H3AMEeHEHHIO HMITYJIbCa TeJa.

- @opmyaa (2.11) uipakaer Gonee 06myio hopmyIry BToporo sakona HeioTona, uem
q)ﬂpﬂyﬂa (2.7), noroMy 4TO OHa CTIPABENTHBA IS ABHKYIIUXCS TeJ Kak MOCTOsH-
HOI, TaK 1 nepemenoit Mace (Hanpumep, Macea pakeThl B nojere yonBaer ¢ Teyen-
€M Bpemertn, T. e. SIBJISIeTCH BeIHIHEOI [IepeMeHHO ).

U opmysr (2.11) Boipasum cury

Ap
F=—,
At

OTKYAA BHTHO, 4TO CHJIA, IEHCTBYIONIAs Ha TEJIO, PaBHA HAMEHEHHIO HMITYILCA TeJIA 33
CMHHILY BpeMenH. 3HAYHT, UAMEHEHUE UMNYALCA Meld, A CAedosamenbio, U
CKOpOCMuU 1e MONcem NPOUCYOOUINL MZHOBECHIO.

_E(:Jm At =0, 10 F — > (npH ycaosua m = const). AHATOTHYHBIT BEIBOA 110~
AVHHM, ecin Gyaem ananusuposath hopmyay mAv = FAL 3xech m = const = 0,
F = const « 0. Ecan Av = 0, 10 u At = 0.

(2.12)
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2.6. TpeTuit 3aKoH HbloTOHA

Cubi aeiicTRus u nporuBoaeiicTeus. [ToHsTHE <«Ciias Beer/ia OTHOCHTCS K ABYM
resam. CHia BOZHMKAET NMPH B3AWMOAEHCTBHH JIBYX TeJI, TIPH 3TOM MaTepHaIbHbIE
TOYKH WIH TeJa SIBISIOTCA PaBHONPABHBIMA. . .

PaBHONPABHE B3AMMO/ICHCTBYIOUINX MATEPHA/IBHBIX TOYEK (Te/1) OTPaKaeT TPeTHil
saxon HpioToHa,

Hpioton chOpMyTHPOBAL FTOT 3aKOH TaK: TOOOMY AEfiCTBHIO BCET/a IPENATCTRY-
eT paBHOe i HPOTHBONOIOKHOE TPOTHBOACHCTRAE.

Tpemuit 3axon Horomona: cuibl B3aHMOIEHCTBHS IBYX TeJl B HHEPUHATb-
Holi cHETeMe 0TCYeTa PaBHbl [0 MO/IYIH, HPOTHRONOA0KHBI 110 HANPABJIEHHIO
W 7eHCTBYIOT B/I0JIb NIPSAMOi, COeTHHAIONIEH DTH Tea:

F]q = "'iji.

(2.13)

Omly 3 cu, Hanpumep F,, naspiBaior cunot deiicmeusn, 1pyrywo (Fy) — cu-
Jou npnmusoaeucmsun (puc. 2.11). I cuibl Beera AelicTBYIOT NapaMu U AB-
JIIOTCS CHAAMH OJIHON MPUPO/bI, TAK KAK BOIHUKAIOT IIPH B3aNMOAEHCTBIM TeL. ITH
CHJIBL IPHIIOIKEHEH! K PASHLIM TEJIAM, II03TOMY HE MOTYT YPaBHOBCIIHBATS APYT APYTA.

IIpumenenne Tperbero 3axona Helotona. PacoMoTpinv B3auMoAeiCTBHE JIBYX TeJ|
A n B, nanpuMep 4eJI0BEK, CTOS B JIOZKE, HOATATHBACT JIPYTYIO JIOAKY € HOMOIIbIO
sepesku (puc. 2.12). Coraacuo TpetheMy 3axony Hpiotona:

F.-H?: _FBA' (2.14)

Ec/int Ha TeNo fieficTyeT Ciia, TO COTIacHO BTOpoMY 3akoHy HeloTona Teso nioj aei-
CTBHEM TOI CIUTBI TPHOOPETAaeT YCKOPeRHE U cooTHOImeHne (2.14) MOIKHO Hepenmcars B
BUJIE 148, = — M Ay SHAK <MHHYC»> B 9TOH (DOPMYJIE NOKA3BIBAET, WIO YCKOPEHNs Ter A
¥ BTIpoTHBONO0KHO Harpas/iesbl a4 | | ag Ilo rpersemy sakony HbiOTOHa MOZY/IM STHX
cuat pagabt. OnpejesiiM OTHOIERNE MOJIY/Iel YCKOPeHHi B3auMOLeHCTBYIOIINX TeJT

a4 Mg

il (2.15)

p my

Vexopenusi, npuobpemaemvie meaamu npu 83aumooeticmeut, 06pammo
NPONOPUUOHANLIBL MACCAM 63aumodeticmeyrowux mei. Uem Gosbire Macca
TEJa, TEM MEHbIIE ero VCKOPEeHHe.

OnpeaennM oTHOMEH e VCKOPERHit 3eMilt a., H KOCMIYeCKoro Kopabas & npn ero
sanycke. CoBpeMeHHbIe KOCMUUeCKNe Kopah/iin MHOTOpPa3oBoro HCTIOIb30BAHMS Me-
10T Macey iopsaaka m = 2-10°% kr. Macca 3emm M, = 6- 10 kr:

_f.‘,__-'_" m

_ 2-10%kr
e M, 6-10%kr

~6.6-107%,

m My
I Fp, Fy /j
Y G 7 AN 7
vl iy B
Pue. 2.11 Puc. 2.12
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Tpu saxona HbIOTOHA OMNCHIBAIOT JABMKEHME HOYTH BCEX MATEPHAILHBIX 0bbek-
0B, OKPYKAIONIHX HAC: OT MOJIEKYJI Fa30B 10 MiaHeT Connednoii CHCTEMBI.

2.7. 3aKOH BCEMHUPHOTO TATOTEHHA

Heropuueckas cnpaska. [eoleHTpHIecKoe MEPOBO33PEHNAE, WIH YHerine, APUCTOTe s —

Ilronemen (11 8. 1.9.), npocyiecTBOBaBOIEE MOYTH 2 THIC. JIET, OMHPATIOCH HA ANTEIhHEIT
oﬁmeqe‘mamecr(m{ ontit. Jlioan exepesno nabmoaasn socxoa n 3axoa Coanua, cytounoe
ABWKEHIE 3BEHL 1 HE NOXO3PEBATH, TTO 3eMIsd He NOKOMTCS, & € OFPOMHOM CKOPOCTBIO J8u-
HCCTCA & MUPOSOM NPOCMIPAHCINGE.
B 1543 r. Gbuma uazana kawra noasckoro acrponoma H. Konepunka <O spantenun nebec-
Hix cepr, B KOTOPOIt OH O00CHOBAN 2EAUOUEHMPUUECKYIO CUCTNEMY MUDQ, COZRACHO
KOMOPOii 3eMis, Kax u opyzue naaremot, obpawaromecs 6okpyz Coanya. 1ot ocHo-
BONOAArAIONIMI HAYMHENT TPY/L BHEC Pemaoniuil, pyHIaMenTanbHBI BRIAT B HAYYHYIO PEBO-
JHOIMIO, KOPEHHBIM 06pasoM naMesnBiyio sarsia na pupoay. Yuenne Konepruka onposep-
110 reonenTpuieckoe yuenne Apucrorend—[ltonemesn n HOCTABIIO NEPe;l HAYKON DAL Bask-
HBIX HpoG/eM, B TACTHOCTH TPOBEPHTH COOTBETCTBUE HOBOIT TEOpHH (harTam.

' FenmoneaTprtecKas CHCTeMa MUpa Hyiaanack n B pusuyecsom obocrosannm. Heobxom-
MO OBIIO BLIAICHATD, YTO <CBg3biBaeTs manetsl ¢ Commnen, 3emmo ¢ Jlynoi? Kakosbt dhian-
WeCKIE TIPHUMIGL ABIDKENI BOOOTIe W ABWKenus IaneT B yactioctn? Takim oOpasoM, Gaaro-
Japs sesukoMy oTkpeiTiio H. Konepruka nogpimach nayuras mporpaMMa, BHITIOJHECHHE KOTO-
POii NPUBEO K BO3HUKHOBEHHIO SKCHEPUMEHTATLHOTO H MATEMATITIECKOTO eCTeCTBOSHANMS
KIACCHYECKOI MeXanukH, Wi Mexanuky Huorona.

H.Kemzep (1571 - 1630) — axTusHiii CTOPOHHHEK TETHONEHTPHYECKOTO YUSHM, [PHBET CHCTE-
My H. Konepaika B cootnercTeHe ¢ nocaemmmun ganusivi acrpoHomi. Menomssys mabmonenus
T. Bpare i cBow coberernbie, [Kenaep oTKphL1 sakonst asmkernms moianet (Tpu sakona Kerepa).

Pemaionniii mar B 60psOe 3a reTHOLEHTPHYCCKYIO CHCTEMY M HOBOE MHPOBO33pErne Obin
caenan L. Famneen. On obocropan cuctemy H. Konepruka (husuyecki B I7aBHOM CBOEM cO4U-
nerun «/luanor o asyx cucremax mupa — Ilrosemeesoit n Konepuuxosoii».

3aKkon BceMHPHOTO TATOTEHHA. OTKPHITHE 3aKOHA BCEMHPHOTO TATOTEHHS CBA3A-
HO € perenuenm sajay AnHamuki nepsoro tuna. M. Hpiotony Obuin H3BECTHDI 3aKOHbI
Aprkenus maanet soxkpyr Comnana — saxonnsl Keriepa.
1o u3BeCTHRIM KHHEMATHUECKIM 3aKOHAM J{BHKEHMS
ftarer HploToH onpeaenns cuiy BCeMHpPHOTO TATOTE-
HUA M YCTAaHOBWI 3aKOH, KOTOPLIil ABagercs GyHiamen-
TAMBHBIM 32KOHOM [PHPOIbL.

daxon ecemuprozo mazomenus: modwie 1Be
MaTepPHAILHBIE TOUKH IPHTATHBAIOTCSA APYT K APY-
Iy € cuiioif, NpoNnopIHOHATBHOI IPOHIBE/ICHHIO
HX Macc H 0OpaTHO NPONOPUHOHAIBHON KBajpa-
TY PACCTOSHHSI MEXK/Y HHMMH:

My

S et
2

(217)

Koadumenr nponoprmonamnoctn @@ nassisaercs
2PAcUMAUUOHHOU NOCMOAHNOU, KoTOPAs DbLIA OT1-

H. Konepiink
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penenena B 1798 r. anrmuiicknm usuxom I Kagenaumem onsirasiv mmyres. Tocoe-
JAVIOUIHE U3MEPEHHs JHIITh YTOHHAIH eC 3HAYEHHC.

Ipasumayuonnast NOCMOAHHAN YUCICHHO PAGHA MOOYIIO CUIbL A0~
menus 0BYX Mel, MAcCoU 1 KI' Kawcdoe, HaxOO0AUUXCH HA Paccmosinuu 1
opyz om dpyeza:

G=6,67-10"" m*/(kr-c*), nam G =6,67-107"" H-m"/xr’.

Ibaaumauuouuue CUW/ibt — CUABI MPUMANCEHUSA — HATIPABJEHBL BAOJIb 1TPA-
MO, C(JE,H.HIIﬂ!OIIiEﬁ B-?ﬁiTMO,?[CﬁCTB}'K}HIHE TOYKH, HOATOMY ABJSIOTCA UeHmMpalb-
HBIMU CUAAMU.

Ecan Temo maccoil m HaAXOAWTCA Hal NMOBEPXHOCTEIO 3eMJn Ha BuicoTe A, TO Ha
HEeTo ﬂEﬁCTB}'ET CHIA 3EMHOTO HPUTHIKEH N — TATOTEHMA, OIIPpeAe/IaeMas 1no d]ﬂp:ﬂ_\-’ﬂﬂ:

peg.iMs (2.18)

(Re +h)’

rae M., R, — Macca ¥ paanyc 3emiin.

[Iposepka sakona BCEMHPHOTO TATOTEHHA B YCJAOBHAX 3eMIH M € TIOMOLLBIO MHO-
FOMHCJIEHHBIX ACTPOHOMMYECKNX HaOJI0/1eH il IOATBEP/HIIA €r0 BCeoOuIHiT XapakTep.

3aKoH BCEMUPHOTO TATOTEHHsI TO3BOJIAECT BRIYMCAATH Maccy TlaHeT H UX CITYTHH-
KOB, OOBSCHATH SBAEHNUS MPHIHBOB 1 OTJIHBOB B OKEAHAX H MHOXKECTBO JAPYIHX sSBJIe-
HIH, B TOM YHCJIE OTTUCATH ABHKCHUE B 3BE3/IHBIX CKOTICHHAX — TralaKTHKax.

To, uro M. Heloron pacripocTpani 3TOT 3aK0H Ha Beio BeeaenHywo, siBusioch re-
HHATLHOH HHTYHIHEN YYEHOTr0, TIOCKOIBKY cooTHOomenne (2.17) 610 monyieHo Ha
OCHOBaHWMN 3aKOHOMEPHOCTEH, CTIPABE/TMBEIX B PAMKaX 0AHOI CoJIHeYHOI CHCTEMBI.
Tonpko B Hawe BpeMs HAOIIOXEHUS 32 TAIEKMMK 3BE3/IaMK W 3BE3THEIMH CHCTEMAMI
MOATBEP/MIN YHUBEPCAIBHOCTh 3dKOHA BCEMUPHOTO TATOTEHUS.

Buaroaaps 3akony BCeMHUPHOTO TATOTEHHSI OTKPBITH BOCKMAst W IEBATAs MIAHETH!
Commeunoil encrems — Henya (1846) n Tinyron' (1930).

2.8. [paBuTaUMOHHOE None

IpaBuramponnoe B3anmoseiicTBre. [pasuranuonioe B3anMoieiicTsne NPUCyIIe
BceM Tesam Beenennoil,

Ipasumayuonnoe ezaumodeiicmeue — B3aNMHOE NPUTSKEHIE MATCPHATb-
HBIX Teq, nabuoaemoe B 1060 cpele 1 BAKyyMe.

[pasuTanmnonHoe B3aNMONEHCTEHE NPOSBIAECTCH B BUIE CHJI BCEMUPHOTO TATOTE-
HUS, ITH CHITBE 3ABUCAT TOJILKO OT B3aHMHOIO PACHo/I0kKeHHs Te/1. [ paBHTAlMOHHOE
B3AHMOACHICTRIE SIBISIETCA 0QNbHOOCTICMBYIOULUM, T. €. PATTYC €70 IeHCTBAS CIH-
Taercs GeckoHedro Goubitim. V3 yeTsipex THITOB (hy HIAMEHTATbHBIX B3AMMOCHCTEHIT
HHTCHCHBHOCTH MPABUTAIIMOHHOTO B3aUMOICHCTBHSA caMasl MATTEeHBKAA, HO OHA HIpa-
€T BasKHYIO poJib Bo Beesennoii, noromy uto cuisl taroTeHns o0ecnediBaioT Cye-
CTBOBAHHE IAAHET, NAaHeTHRIX ceTeM — CoHedHOH CHCTeMBI, 3BE3/1, 3BE3THbIX CHC-
TeM U Apyrux oObexktor Beenennoit.

1 13 ”
Ha XXVI Accamburee MextynapoHoro actpoHoMireckoro coosa (2006) npunsiro pemenne Hashi-
Bars lLayron kapamkoroil aneToi

| s6

|| Mﬁﬂl{e TeJa B IPAaBHTAIIHOHHOM 110J1€e Semum. [ paBHTALIMOH-

X
foe noJie 3eman — aro obaacTs Beesiennoii, B KoTopoit cuiibi IpuTs- F l\
skeHis, ACNCTBYIONIHE Ha MaTepHAIbHBIC O0BEKTHI CO CTOPOHDI 3eM- a

i, GonbIne, Yem co CTOPOHLI APYIUX KOCMHYECKHX Tell.

. Ipasumanuonnoe noe — 310 GopMa MATEPHH, TIOCPEACTBOM
KOTOPOil OCYNIECTBIIACTCS IPABUTALMOHHOE B3auMOAelicTEHE.
TpaeKTOpHsi JIBIDKEHHs TeJ B IPABHTAIHOHHOM 107 3eman 3a-

BHCHT OT HAYAIBHBIX YCITOBHI.

o Ecam nasasibHAS CKOPOCTD V,; TeJa, HOAHATOIO HA BRICOTY 1 Hajt Puc. 2.13
MOBEPXHOCTHIO 3eMIIH, HAIPAB/IeHa NEPIEeHIKYIAPHO ocH X, T.€. 110
JUAHIH AEiCTBIA TPABATAIMOHHOIL chibt (puc. 2.13), 10, COrIACHO BTOPOMY 3aKOHY
Hpiorona, ata cia (em. opmy.ry (2.18)) eoobmaer Teay yeKopenue a, HarpasJjieH-
noe, kak u cusia F, x nentpy 3emin

mM,. mM,
—=— onyMa a=G——.
(R, +h)* (Re +h)
B6muan nosepxHoct 3emun (h < R.) yckopenHe a paBHO YCKOPEHHIO CBOOO/HO-
o HajieHn g

ma =G

M,
~, a4 =g = conust.
T

a=G

Tea, HAXOASALINECS B TPABATAIMOHHOM TOJe 3eMIH BOJINGH e¢ NOBEPXHOCTH, PaB-
HOYCKOPEITHO JIBUAKYTCA TI0 NPAMOit K ee HeHTPY (CBOGOAHO NAJAIOT) ¢ YCKOPEHHEM
¢BODOIHOIO NAAEHNS

g=G=—= (2.19)

Tipn h <« R yckopenne csobojiHoro najenus Apasercs pyaxnueil r= R, + h

mM..
(Rg + )’

W3 dopmya (2.19) u (2.20) caenyer, uto yexopenue ce06001020 nadenus ne
3ABUCUM OM MACCHL «NACAIOWLE20 MEAA> M, A ONPEICNSCMCI MACCOU 3em-
au M, — maccoit meaa, coz0arowezo zpasumayuonnoe noae (LCmounuKa
NOAR), U BIAUMHBIM PACNONONCCHUCM B3AUMOOCUCTIBYIOULUX TENL.

Yexopenue csoboanoro nagerns tea na Jlyae g = 1.6 m/c”. Béiman nosepxHocty
HJAHET UX rPABHTAIIMOHHOE YCKOPEHHME 3aBHCHT, Kak cieayer us opmyant (2.16), ot
HX MACChHI M pagmyca.

B T1abxn. 2.1 upusesenst 3uauenus rpaBuTallnOHHBIX yekopenwit naaner Coaned-
HOI cicTembl BOIM3M OBEPXHOCTH.

g=G VT g——“G%. (2.20)

Tabauna 2.1

HNaanera g M/c? [aanera o M/c? [ranera a M/c? Tlnanera g M/
Meprypuii 3,7 | Mape 3.7 | Carypn 12 Henryn 12
Benepa 89 | IOuurep 26 Vpau 11 [LnyTon 2

57 I



Hoacrapnaa dopmyay (2.20) B (2.17), onpeneannm ciny rsroTenns

F=mg. (2.21)

e E[.'.'[]l HaYaJIbHaA L'I\'f..l])l)("rb Vy TENa, MoAIATOrO Ha fi].l('()l'_\' Il,' Hal !ltlBL‘p_‘{Hf)l"ﬂ,H:
3emJii, Halpas/ieHa TOPH3OHTAILHO, T. €. BA0JAL OcH X, TO ABMKEHHE Tena GyaeT ciiox-
HBIM, COCTOANLAM U3 JIBYX HE3AaBHCHMBIX ABUKEHHH: CBOOOHOrO NAZICHUsA W 1PsIMO
JHHEHHOTO U PABHOMEPHOTO ABHKEHHS CO CKOPOCTBIO ¥, = const Ba0.b ocu X. Tpa
eKTOPHA JIBIKeHNs — KpuBad aunns (om. puc. 2.14). Yem Gosibine 1, TeM gansiie ot
mecta «bpocanusy npusemanTes Teno. IIpn HEKOTOPOI CKOPOCTH 1, = 1) TEI0 HE BO3-
sparaeTcs Ha 3emao. CKOPOCTD v; HASKIBAIOT MEPBOH KOCMBYECKOH CKOPOCTBIO.

llepsas Kocmureckan CKOPOCMd v; — 570 MUHHUMAILHASA CKOPOCTH, KOTOPYIO
HYJKHO COOOUINTE Tey, 9TOObI OHO MPEBPATHIOCH B CIYTHUK 3eMJIM W ABHTAI0CH 110
OKPYKHOCTH, ILIOCKOCTh KOTOPOiT IPOXOAHT Yepe3 HEHTP 3eMIH.

[Tpn aBykeHnn cryTHUKA 3eMIIM 110 OKPYKHOCTH pajnycom R. + h Ha HEro aeii-
CTBYET rpasutaimonias cuia (em. dopmyay (2.18)), koropas coobuaer cnyTHky
HOPMAJILHOE, HEHTPOCTPEMUTEIBLHOE, VCKOPEHHE - '

i
a, = i &
. +h
[To BTOpoMmy 3akony Helotona:
Boaee 11.2 kn/c )
l! € wie 1/X ff 3 'H.’.."‘-f_
Fripy : m— ={r= T
== R +h (R.. + h)*

Coxparus (;(;:L YACTH MOCJIEIHEro pa-
BEHCTBA Hd ———, [MOJYYHM
R, +1

A
|~ M,
'f'[ — | I ——
\ R, +h
Ecan cnyrank sanyckaercs ¢ mosepx-
e i M
HocTH deMan (h=0), 10 vy = |G s
>
4

C yuerom popmyant (2.19) noayuum

Bouncium npubianikentoe sHauenne
[FPBOI KOCMHYECKOI CKOPOCTH

o =9,8M/c?-6,4-10° M ~

~ 7.9-10° Mm/c = 7.9 um/c.

Ecan ckopocTpb sanycka cnyrHuka v
Puc. 2.14 GosbIIe TIEPBOI KOCMHYECKOIT CKOpOCTH

—

gy (v > i), HO MeHbine BTOPOI KOCMAYecKolt cxopocthn (v = 11,2 KM/c, CM. moj-
pasit. 3.9), TO TPAEKTOPHsI IBHKEHISI CIYTHHKA TIPEACTABACT JIUIHIIC, O/H U3 hoxy-
coB KOTOPOTO COBIAIAET € LIEHTPOM 3emmu (puc, 2.14).

[Taamers: — cmyTHHKH ColHa — ABIKYTCS MO JLANNTHYECKHM opiuTtam, B o11-
oM M3 (DOKYCOB JJLIHNCA HAXOAUTCS Coanne. OpbuThr 11aneT Aekar NPIMEpPHO B
QAHON [LAOCKOCTH.

2.9. Cuna TaXecTu. Bec

Cuiia TsoKecTH. PaceMoTpHM Tenlo, HaxoAseecs B MpoOU3BoabHOM Touke B no-
BEPXHOCTH 3EMJIH HA MIHPOTE p, Ha HENOABHAKHON OTHOCHTEBHO 3EMIIH NO/ACTaBKe
(puc. 2.15). Ha 5710 TeJ10 A€HCTRYIOT /iBe CHABL CHAA TATOTERUS Fp i CHITA Peakitu
seMH0il OBEPXHOCTH (MM CH/A peakluy onopet) N, Hanpas/aenne KOTOPoi onpee-
A9eTesT He TONBKO CHJION TArOTeHns, HO n spanienunem 3emum. Pagrnonelicteyonasn F
STHX ABYX i1 obecnednBaeT ABMKEHHE Te/a 110 OKPYKHOCTH ¢ 1enTpom (F npu cy-
TOYHOM BPAILATENBHOM JIBHKEHHN 3eMIH BOKPYT OCH.

Cuna msaycecmu F,, — cuia, IeRCTBYIONAA HA TeI0 BCAEACTBUE €10 TIPHTSANKE-
HuS K Semiie, pasuast TIo MOAYJI0 cuie peakiny [N, Ho HanpasiaeHHas TTPOTHBOOI0K-
HO Cif.

Cuia TsKeCTH paBHa MPOH3BEIEHHIO MAcChl Tela Ha yeKopenne cBoDOHOTO najte-
HisA W IPUIIOKEHA K Tey

.. =my. (2.23)

W3 puc. 2.15 Buano, uro el Fpn £, COBNAAIOT 110 HATIPABAEHUIO, €CIH TOYKA
B naxoanTes Ha momoce wiam axksatope. Ecin Touka B HaxoZWuTes Ha OAHOM U3 [10/110-
€OB, TO OHA HE YHACTBYET B CYTOUHOM BpallaTeanHOM ABHxkeHnn 3eman. Todkn aem-
HOH HOBEPXHOCTH, JeKMIMe Ha IKBATOPE, ABHIKYTCH 110 OKPYAKHOCTH, PAAHyC KOTO-
POl MAKCHMAJIEH W PABEH Painycy 3eMuri.

Bec tena. Bec tena npuioken He K Teary, a K OlOpPe WK I10/1BECY.

Bec mena P — ciua, ¢ KOTOPOil TENO BCACACTBHE TIPUTAKENHS K BPAIIAIOUIEHCS
demiie ielicTBYeT Ha OOpY HJTH MOABEC, VAEPKHBAIOLLE €10 0T cBODOAHOTO NaleHns,

Bec resia uncaenno pases AeicTByonei Ha teio
CHJIE TsRKeCTH P = mg TOJILKO B TOM CJIyYae, Korja
OHOPA W MOABEC HAXO/ATCS B HIOKOE OTHOCHTE/h-
HO 3eMi WM B COCTOSTHHH PABHOMEPHOTO IIPSIMO-
AUHEeHHOro ABMKenud, T.¢. a = 0 (puc. 2.16, nos. 1).
Ecam xe noasec wim onopa asmkyTes ¢ yekopenn-
€M, TO Bec Te/1a MoeT BbiTh Kak GoIbIe, TaKk 1 MeHb-
IHE CHJIBI TSKECTH,

Hanpuwmep, B xabune mmdra naxonures Mamis-
UK Maccoit m (puc. 2.16). Ha nero aelicTByor na-
HpaBiicHHas BepTHKAALHO BHH3 CHJA TSRECTH Mg
1 BEPTHKAJILHO BBEPX cHia peakuuy onopul N (Ha
PHCyHKe ne nokasanst). Ecau audt noguumaerces
€ YCRopernueM a (1o3. £), To ypasHeHne IBHKeHHIS
B lpoeknu Ha och Y: N, — mg= ma, orkyna N, =
=mlg+ a). Puc. 2.1

-
(%]



0 1 X
P, =mg P,=m(g+a) Py=m(g—a) P,=0
Pne. 2.16

Mo tpersemy 3akony HsioToHa ¢ Takoil xe no snavennio cunoii [Po| = [IN,| Teno
AABUT HA OJ1 AUTa, T. €. BeC MATBYHKA B CHCTEME OTcueta < T» paBeH Py =m(g + a),
T.€. OOJIBIIe CHIIbL TSKECTH, B 9TOM ciy4yae OH HAXOAMTCS B COCTOSHNAH NIEPETPYEKH.

Hegrecomocts. Ecoim nmudhr onyekaeresi ¢ yekopenuem a (1os. J), To ypasHenie
Aukenus Ny — mg = —ma, otkyna Ny = m(g — a). Maapunk nasut Ha mox andra ¢
cuaoii |Py| = [Ny, 7.e. ero Bec B cucreme «indrs menbute cuapt Tsskectit. Ipn cBo-
GoaroM nazexun mdra (a = g) Bec pedenka pasen nyaio (Py = 0). B arom caryuae o
HAXOAWTCA B COCTOAHUYN HEBECOMOCTH (1103. 4).

Hesecomocmsb — 310 coCTOsIHNE, IPH KOTOPOM TEJI0 JIBHIKETCH TOIL AeHcTRUCM
TOJBKO CHIIBI TAKECTH.

Bo Bcex pacemoTpeHHbIX cayyaax cua Takectn Fo, = mg.

B cocTofmn HeBecoMOCTH HAXOAATCS BCE TIPEAMETh B KOCMHUECKOM Kopabie —
CIYTHHKE, KOFjla Hpekpanaercs pabora ABUTATENsI H HA KOPaOab ACHCTBYET TOMHKO
cuia nparaKenna k 3emue. Hemnas rosopurts o sece Jlyisl, 3eMiaun u ApyrHx raHer
Conneunoii cucrempl. Kocmuieckune 00BeKThl XapakTepH3YIOTCS MACCOA.

2.10. Cunbi B MexaHuKe

Cuna TPEHHA. Cuant TPEHUA UMEIT IEKTPOMATHUTHYIO HIPHDPOIY W 3aBUCAT OT
CKOPOCTH ABHKEHUS TeJl OTHOCHTETHRHO APYT Apyra.
Cuna mpenus — aTo CiJjia, BOIHHKAKIAA npy COHPpHKOCHOBEHHH HOBEPXHOC-

Tell Tesm u MPpEnATCTBYonas ux OTHOCHTEJILHOMY TIepeMeleHnin B MA0CKOCTH Kaca-
HHA. - :

Pazauaior cuim Tperns nokog Fy 4 CHIIBI TPEHNA CKOBKERNA F, ., CAIBI Tpe-
HIA Kavenust Foo . JUst olHUX ¥ Tex e nosepxsocreii FoonS Fyo & 1 e Tipa
PEIICHUHN 3aJ1a4 AMHAMMKH YaIle IPpUXOANTCS MMETh 10 ¢ TPCHHEM CKOMbKEHHS,
BOSHHKAIOMMM 1PH OTHOCHTENBHOM MEpeMeNleHIr conprkacaonmxca rei. Bosmu-
Kalomas npu a1oM cunra mpenus ckoawvacenus F,, ' ecezoa nanpaenrena 6

TpeK

' Nanee F.,,, Gynem obosnaars P,

IBU

CIOPORY, NPOMUGONORONCHYIO OMHOCUMENBHOU CKOPOCTY OBUNCCHUS CO-
!@uxacamwu‘tfcx e, U IAGUCHTIT O CUIABE HOPMAASHOZ0 daanettus IV

Fyy = . (2.24)

Cuta HOPMATIBHOTO AaBJieHnst N epuesanKy/IApHA HOBEPXHOCTH, [0 KOTOPOH IBHAKeT-
‘¢st Te10. TIpy IBHIKEHIN 110 TOPH3OHTANLHOI oBepXHOCTH N = myg, noatomy Fy, = jung.
Tperue CKOTLKECHNS XaPaKTePH3VeTCA KoAPPHIIHenToM TPEHHS CKONBKEHNS (Ko~

aduIIenTOM TPEH )

e i — Gespasmepras senanHa.

Ha puc. 2.17 usolpaskeHo Teno, jiexkallee Ha HAKIOHHOI IUTOCKOCTH, # CHIThI, Ha
HETo AEHCTRYIDNIHE.
Buibepem ocu koopauHat Takum o0pasoM, 4ol ock X ObL1a napasiienbha Ha-
KJAOHHOI II0CKOCTH, & 0Ch Y — neprenauky/sapHa. B qannom ciyuae cusa [F | = [N|
HRAACTCH COCTABAAIOUICH CHIbI THKECTH mg. Jlpyras coctaBasiomas CHibl mg, Bbi-
BRIBAIOTIAA ABUKEHHE TeJla, HallPaB/ieHa apauIesIbHO TPYIHMEA nosepxHocTsm F
 Cuna rpenns croyxkenns Foy BO3HUKAET B MeCTe KOHTAKTA, HO, CHHTAS [01Iepey-
HATH pasMep TeJa, JEKAILEro Ha HAKIOHHOH IJIOCKOCTH, HEe3HAYHTEIbHBIM, NEPEHO-
CHM TOYKY €€ MTPHJIOKEHNS B HeHTP TsokecTH Tena. Hanpasienne cuiibl TpeHUs CKOJb-
JKEHMS MPOTHBOIO/IOKHO Hanpas/ieHnto ciabl F,, KoTopas nobyiaaer Teno ABUraTh-

€A BHH3 1o HAKIOHHOH HIOCKOCTH;

F.=mgsinao,

[ & — Yroj HaKJoHa NITOCKOCTH K 1¢ IPHIOHTY.
B cnowo OHEPE/Lh, CHILA 'th‘HI*L‘F[ CKOABKeHust F T VAePARHBAKOIAS TE/10 Hat HAKJIOH=
HO¥H HJIOCKOCTH, TAKMKE 3aBICHT OT VIVia (v, TaK KaK

N = mgcosq,
H Toria
Fm = JWIMg Ccos oL

Coorromenne cun F, i F,, 3asienr ot yrima
& 1 PU3HYECKUX XapAKTEPUCTHK TPYIMXCA 110~
BepxHocreit, T. e. 0T KoapdpunmenTta rpenHns.

Tesio nauner ABUraThest 10 HAKIOHHOI TI0CKO-

CTH, KOria cuta I, npessict cuy Tpennst: F, > Fy,

Korzna reno naxomures s nokoe, cuna TPEHUA
HASBIBACTCH CUNOU MPEHUN NOKOA, A KO-
bument rpenus — xoappunuenmom mpe-

Nust noxos (|1,,). X .

Teno MOKHO 3aCTABUTE ABUTATHCS, VBEIHYH- & |
Bag yron HakioHa o. B MOMenT navana fRwKe- A KA //'Y“W"* W
Hits ABmokymas cuna F, Gyier papHa MakCcHuMa/ib- ) e
HOMY 3HAU€HMIO CHJIbI TPEHHS MOKos, Tak Kak
CHIIA TPeHNs NOKOs DONBIIE CHIET TPEHUS CKOJb- Puc. 217

mgl-—

61 |




Tabnuuna 2.2

Koadpment rpemns L Koathdmument rperus
Marepuans: Martepnamn R S
NOKOA |1, | CKOJIBKEHHS |1 | nokos p, | CKOABKCHHA |1
Jlex — nen 0.05—-0.15 0,02 Craabs — crais ] 0.6 04
Cranb — nen 0.1 0,05 Peasna — MOKpHIi
Peauna — nejt 03 0.02 beron 0.7 0,5
Jepeso — aepeso 05 0,5 Crexso — cTeki1o 09 07
Peauna — acamsr 0.6 | 04 Peaitua — fepesa 09 07

JKEHHMSL, TO OYE€BH/IHO, YTO 1 KoapuitenT TpeHus nokos i, 6oabime koagduimenTa
TpeHus CKONBKEHNS B OOABITHHCTBE Cydaes. [[03TOMY CABHHYTH TEJI0 ¢ MECTa «TPY/i-
Hee», YEM [I0TOM €ro nepememarts (1, > p) (rabi 2.2).

KoadpduimenTsi TpEHNS i, H |1 B CHABHOH CTENIEHN 3aBHCAT OT POAA M COCTOSTHHA
TPYIINXCS HOBEPXHOCTE, KpoMe Toro, KoahPHIMEHT TPEHHA CKOABKEHUS 3aBUCHT U
OT CKOPOCTH ABIKeHHs!. Bo MHOTMX C/Iygasix oH B Hauasre ABHKEHHS YMEHBIIAeTCH ¢
VECIHUYEHUEM CKOPOCTY IBMIKEOHUS, a IOTOM BO3pacTaet.

13 noBceaHEBHOIO OIbITA U3BECTHO, YTO JIerde Be3TH IPy3 Ha TeNeKKe, YeM ero
TAUATE, NOTOMY 4T0 Koaddurment Tperns kavenuns menbme koadduumenta rperns
CKOABKEHUs JU1s O[HHX U TeX K€ MaTepUaioB (... < ). Hanpumep, ais MatepHanos
cTalb — CTAMD Ly, = 0,001,

Cuna yapyrocta. /ledopmalius Tena mpouCcXoauT 110/ AeHCTBHEM BHEUTHHX CHJI |
COMPOBOXKIACTCA H3MeHeHeM pa3mepos H (hopMBl TBEPIOIO Tesa.

JAedopmaini, KOTOPHIE 110IHOCTHIO HCYEIAKOT PN CHATHA AeOPMUDPYIONIAX (hak-
TOPOB, HA3BIBAIOT ynpyeumu. /lechopMallnn, KOTOPLIC HE HCYE3AIOT MPH CHITHH J1e-
thopmupyommx Gakropos, ABAKOTCH RAACMUHLECKUMU,

YHpyrocts Wi IIACTHIHOCTD TeJl B OCHOBHOM OTPEAEISIETCS MATEPHAIOM, 13 KOTO-
POro OHU H3roTORMEHLL. Hanpyumep, cTasib 4 pesuHa yupyr, a Meb H BOCK IJIACTHYHbI.

Yupyrue gecopMmaiiy, BO3HHKAIONINE B TeJaX, BecbMa pasnoodpasuel. Pasmmua-
0T YETLIPe OCHOBHBIX B/la fehopManuii: pactsukenue (cxkarTue), ¢ABUT, KPyyeHHe 1
H3THO.

Haubosee yacto npu skcIuyataliny pasaAMuHblX KOHCTPYKIMIT HPHXOUTCS pac-
CYUTHIBATE YIPyrHe AeOopMating pacTsRenns Win cxaTha.

Hedopmatins pactskeHns 1 CKATHS XapaKTePH3YeTest VUTiHenneM Al:

AI: z_ !ﬂ!

rjie |, — NepBoHaYaNbHaA AJIHHA TEJIA WK TIPYKAHBL.

Hpwn cxarun Al < 0, T.e. yina Tena [ nocae cKaTis MeHbIIE ePBOHAYANBHOI
Akl Tena k. Bexrop Al nanpasnes mpotBononoxkHo ocu X,

Hpn pactsixenun Al > 0, 1.e. 1anna Tesa I nocae pacTspkenns Hoapime nepsona-
HATBHON JUTHHBI TeJ1a . Bextop Al coBnazaeT ¢ No/ioKUTEABHBIM HallpaB/ieHuem oci X.

Crust, Bosuukaouwe upu AeOPMAIN | CTPEMANMECSH BOCCTAHOBUTS NePBOHA-
HarbHbie pasMepsl U (hopMy Tesa, HasbiBalT cuaamu ynpyzocmu F,

Cuna ynpyroctn K, Bosumkaouas npu AeopMaiiinu Teia, BCeria Hanlpas/ieHa
CTOPOHY, NPOTHBONOJIOXKHYIO CMelleRno acTun Tera, Ipu omnomepnoit sneitHoOl
AechopMali pacTsKeHNs WM CHKATHS CHJIa YIPYTOCTH HANPABICHA BAOIL JTHHAN
AeHCTBHA BHENHeil CHIIbI | IIPOTIopHHoHaibHa BekTOpy Al
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3axon liyxa: Moxynb ciibl YOPYTOCTH, BO3HHKAIONLEH 1pH yupyroit nedop-
MAIHH PACTANKEHHA HIIH CHKATHSA, IPOTIOPUHOHANCH €10 VTHHeHHIO:

Fypp = —kAL (2.25)

KoadpuienT NponopuHOHATBHOCTH £k HA3BIBAIOT KOIPPuruenmom ynpy-

2ocmut, WIN HCECMKOCMBIO.

K ecTKoCTb BEIpaKaeTcst B HbloTonax na merp (H/m).
3akony ['yka moAYMHAIOTCA Madble gedopMaliny, BOSHUKAIONIHE B CTEPKHAX 11.3
CTAIM, ANOMIHISA, IPYKUHAX U APYTHX VIPYVINX Telax, T.e. ecnn Al < :’.,
ﬁpg ponbimx gedopmannsix 3akoH 'VKa He BRIIOIHAETCS.
Kak caepyer us cootHomenus (2. 25), MO YATHHEHHIO TIPYAKHHBL Al MOKHO Onpe-

AeuTh CHILY, AEHCTBYIONYIO Ha Hee, 3akoH [yka JiexnT B OCHOBE H3MEpEIns CHIIL,

[porpazynpoBanHas NpyKUHA, MpejHasHa YeHHast I/ H3MEePEeHHs CHJ, HA3KIBACTCH

npyscurivimn ounamomempom. C ero noMoIbio H3MEPAIOT CHILBI, HMEIOLLIe 1PO-

M3BOJIbHOE HANPABJEHHe B [POCTPAHCTBE,

B3 KPATKME BbIBOAI

o funamuxa — pazgess MEXAHUKN, H3YMAKIUH 3aKOHbB! IBMIKEHIA Te W IIPHYUNHBL, KOTO-
Phle BhISHIBAIOT MW HIMEHAIOT 9TO JABHIKEHHE,

® [lepaniii zaxon Hovromona: BCAKOE TEN0 COXPAHAET COCTOAHHE OTHOCHTENBHOTO TIOKOS]
HJIH PABHOMEPHOTO TIPAMOJIHHEHHOTO ABMKEHHA /10 TEX TOP, MOKA BHENINEe BO3eHcTBHe He
VIBMEHWT 3T0 COCTOANHE,

8 Huepyuaivuvie cucmemui OMmMciema — CHCTEMBL OTCHETa, B KOTOPBIX BBITIOJIHAETCS
nepbLil 3akon Hpiotota,

@ Cuna F — pextophas (puandecKkas BETHYANA, SBIAIONAACH MEPOH MEXAHHYECKOTO BO3-

gmﬁmmm Ha TEJIO €O CTOPOHbI APYIHX TeJ1.

‘BoaaeficTeie npoAB/IAMYCs B H3MEHEH AN CKOPOCTH ABHKYerocs Tesa, Cnia cauTaercs 3a-
AAHHOI, CITH H3BECTHDI €€ YHCJIOBOE 3HAUCHNAE, HATTPABICHUE H TOYKA [TPHJIOKCHMSL.

L] Hpuxuun He3ABUCUMOCITIN JCCTNEUSA CUL: eCTH HA TEJ0 OHOBPEMEHHO AeHCTBYIOT
ECKOJILKO CHJL, TO KaXKAas W3 CHJ ACHCTBYET HEZABUCHMO OT APYTHX.
_ . anpmuocma — CBOIHCTBO Tea COXPaHATh COCTOSTHIE OKOST WK PABHOMEPHONO Mpsi-
MOIMHEHHOO ABHAKEH A,
® Macca m — ckanapuas Qusnueckas BeIHYHHA, ABTHIONAACH MEPOil HHEePTHOCTH TeJa
TPH HOCTYHATENLHOM ABIDKETHH.
A MACChl — Kuaorpamm (Kr).

‘B ruacenyeckoit mexarke (<< ) Macea TeJia CHUTALTCS TOCTOSTHHOT BETHYHHOM, e 3aBH-
GALICH 0T CKOPOCTH ABIKeH#Ms Tesa. Macca Tesia paBHa CyMMe Mace BCeX YacTHIL (HIH MaTepi-
AILHLIX TOYEK), U3 KOTOPLIX OHO COCTOMT.

SAMKHYTOH CHCTeMEI TEJT OCTAETCH HEM3MEHHOH TIPH JII00BIX HPOIECCAX, HPOUCKO-
MHX B cHCTEME.
® Hmnyavc mena p — BeKTOPHAsH BETHYHEA, PABHAS TIPOMBEEAEHHIO MACCLI TE/A Ha CKO-
POCTE €70 ABHIKEHNS,
i p = mv.

Himpannelme BEKTOPA P BCEIZA COBNA/JAET ¢ HAllpaB/ieHHeM BeKTopa v, Exminna umiyib-
€3 — KIIOrpaMM-MeTP B CEKYHAY (KT M/C).
® Bmopoii aaxon Huviomona: ycKopenue, iprobpeTacmoe TeJIoM B HHePUHATLHOH cHCTe-

¢ 1 I!ponopllﬂoua.ﬂb[ﬂ) l[ﬂ'HLTHVK)IuEH Ha HETO CHJIE H U()Dd THO Ilp(}llopull“ﬂa-ﬂ—bﬂo Mac-
% ST0rO Tesia:

F

a=— um F=ma
m

s B




Cnara F 1 yeropenne a panpanieHst 00 ool npaMoii s oany ¢ropouny. Ecam na 110 aeii-
CTRYET HECKOJILKO CHIT, TO 11071 CHIIOH CAEAYET IOHUMATh pasnogeiicTrylonyio seex e E-
HHHa cuibl — Hbioton (H).

- Ap

® Ocrosnoi 3axon dunamuxu: F = g

® Tpemuii 3axon Hutomona: UL, ¢ KOTOPLIME JIBe MATEPHAILHBIE TOUKH AeHCTBYIOT
j{py[' Ha ,-Ipyra, paBHlvl 1o MU,’{.\"JIEO 1 HAlIpAaBJICHBI B NPOTHRONMOJOMHBIE CTOPOHEBL BAOJIL I[]JHM(_H‘J[.
COEJIHHSIONIEH 9TH TOTKH,

Fyy =—Fy.

DTH CHJIBI IPUAOKEHB! K PASHBIM TEJdAM, HE YPABHOBCUMBAIOT APYT APYIa M ABAAIOICA CH-
JaM# OLHO# TPHPOJILL

® JaKon ecemMupHOz0 MAZOMEeHIST: 1Be MATEPHALILIC TOYKH UPUTATHBAIOTCA JPYT K
APYIY € CHIIQI, ITPONOPIMOHATHHOM NPOHSBEEHHIO HX Mace (my W my) i 0OPATHO HPOHOPLIO-
HANBHON KB@IPATY PACCTOAHKA (1) MCARLY HAMIL
M T

F=@G

o
re

e G — rpapurannonnas nocroanas (G =6,67-107" m'-xr'c ).

® [ pasumanuonibie cuiibt — CHIABI IPUTSKEHUS — HANPABIEHB! BAOIB NPAMOIL, coejti-
HSAIONLEH BIANMOACIHCTRYIONINE MATEPHATBHBIEC TOYKHA, AB/ISIOTCSA [EHTPATLIBIMU CHIAMH.

o Cuna majycecmy — Cwia, ¢ KoTopoii Teo NpuTsTHRaeTes 3eMieil.

Cuia TSKeCTH PaBHA IIPOH3BENCHHIO MACCLI TEIA M Ha YCKOpeHue ¢BoSOMHOTO HALEHUA ¢

Fiow = muy.

Cuna Tam&ecTH NPUIOKEHA K Temy.

® Bec mena — cuiia, ¢ KOTOPOI TEJ0 BCASACTBUC IPHTSIKeNUA K Bpaaomeiics 3emiue
AEHCTBYET Ha ONOPY WK NOABEC, YAePKUBAOIIHE €ro 0T cBoboiHoro matenns. Bee Tena mpu-
JURKER K OHOpe WK noasecy,

e Cuna mpéeHrus CKOIBKEHNS BOZHUKALT IIPH CROJARKEHWN OJIHOID TEIA TI0 NOBEPXHOCTH
APYTOro. Cuna TPEHMA CROJLARCTTHA NPONOPUHOHAILIA CHIC HOPMAIBHOTO AABTEHIA (N), npu-
KUMADIIEH TPYIHECH TOBEPXHOCTH JIPYT K APYIY,

FTF = plN
FAE |\ — Kl):-ld)dlblll,ﬂ(THT TpeHMA CKOJLMKCHMNH, 3aBMCSUINIT OT NPHPOALI H COCTOANNA COOPUKACA-
IOMMXCH HOBEPXHOCTEI U CKOPOCTY JIBITKEHHS,

Cunna Tpenns HAPABJIEHA 110 KACATEIBHONH K TPYIIHMCH TOBEPXHOCTAM B CTOPOHY, TPOTH-
BOTIOJIOMHYI0 JIBHMKEHIHO JIAHHOTD TEJIA OTHOCHTEABHO JPYTrora.

® Cunwbt ynpyzocmu BOSHAKAIOT B PEAYALTATE BIANMOJCHCTBHS TCJ, COMPOBONKIAIONIET0-
st ux aehopmanueii.

Cuna YOpyrocTH NponopUHORAILRHA CMEIIEHHTO JaCTHIIL! U3 MOJIOVKeHHS PABHOBECHA H Ha~
paBaeHa K NOJMOMEHHKD pABHOBECHS

e k— ynpyrocts; Al — ypnunenne,

ﬂ Bonpocsi ANS caMOKOHTPONSA U NOBTOPEHUR

1. Yro usyvaer mnamuxa? 2. Kakoe reno naswasawor caobogumm? 3. Copmyanpyirre
iepsstit 3akor Heiotona. 4. Kakyio CHCTEMY OTCHETA HA3LIBAIOT MHEPIMAILHOI? 9. Jlaitre
onpeaenenne ciabl. 6. B ueM sakmovaeTcs npuHLMI He3aBUCHMOCTH AeficTaia cun? 7. Yro
Takoe nueprocTh? Kakan dutandeckan semuuna apngetces Mepoii uneprHocTn Tesa? 8. Temy
pasen uMIlyube Teaa? 9. Chopmyaupyiite sropoit sakon Helotona. 10. Kaxyio cany nasuipa-
107 nenTpoctpemurensroii? 11. Copmymmpyiire tpernit sakon Heworona. 12. Chopmynn-
pyiite sakon BeceMuproro TaToTerund, 13, B yem sakmouaercs Gpusnyecknii cMblca rpasuTa-
HHOHHOI nocroannon? 14. Jdaiite xapakTepueTHKy rPpaBHTALHOHHOMY B3AHMOAECHCTBRIO.
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|. g Jaiire onpeaeaenne peca rena. 16. Kaxoe cocrogume veaa Ha3blBaloT HEBECOMOCThIO?

17. Kakue criocodnl H3Mepesnd Macch Tena BaM wasectini? 18, Kyna nanpasaena cuna tpe-
HHA CKOALKEHIA M HeMy oHa pasHa? 19. Kakue cuiasl HasbiBaloT cuiaMu yupyroceru?
90. ChopmyanpyiiTe 3akon I'yka.

|E MpMMeps! peleHus 3aaay

® 3axava 1. Ha saron maccoit 20 1, ABHKYIIHHCS CO CKOPOCTBIO 54 KM /4, HAYHHA-
er AeHCTBOBATL CHJIA TOPMOKEHHA, H OH oCTanasausaercs uepes 100 ¢. Onpegennrn
CHIY, ACHCTBYIOLLYIO Ha BATOH; YCKOPEHHE, € KOTOPBIM OH JIBHTAJICS, W IyTh, Npoii/en-
Hblil BAPOHOM JI0 OCTaHOBKH.

Jano: m =201 =2-10"kr; 1y = 54 km/9 = 15m/c; £ = 100 ¢; v = 0.

Haiirw: o, S; F,,,.

Pemenue. Ha saron aeiictsyior (puc. 2.18): 1) cuna rakectu mg; 2) cuna peak-
waw onops N; 3) cuza tpenust F .

Baron ABIoKeTCs B TOPH3OHTATLHOM HaMPaBienun. 3a 110/10KUTeIbHOE Halpan/ie-
Hie ocu X IIPHMEM HallpasjieHue JBIKeHIs BaroHa. /Biokenie parona paBHO3aMe-
JIEHHOE, BEKTOPBI YCKOPERHA M CKOPOCTH HATIPABJAEHBI B IPOTHBOTIONOKHBIE CTOPOHBL.

B Bexroproii popme sropoii sakon Hoiorona umeer sun mg + F,, + N = ma, B ripo-
eKitn Ha ock X: —F, = —ma, Win F, = ma.

YCKOpeHue u 1y Th, NPOIIeHHbI BATOHOM /10 OCTAHOBKH, HAM/IEM H3 YpaBHEHHs
KUHEMATHKH U = 1, —af, OTKy/la

7

a= —'— TaK Kak v=0;
s
» 2a
].\ : 2 2 2 ;
Boiuncaenus: o = HC =B I5Mm/c%; S =—15—M£7 = 750 M; £, = 2- 10" Kr X
100 ¢ 2.0,15 m/c?

Ormer: a= 0,15 m/c%, §=T50 m; F,, = 3-10° H.

® 3ajaua 2. /Ipa rpysa maccamn 1 u 2 Kr npUKPEI/ICHB! K KOHIIAM HEBECOMOI He-
PACTARUMON HITH, HEPEKITHYTOl Yepes 010K, OABEMEeHNbIIT K 10ToKy. Onpenenurs
YEKopenue, ¢ kotopbiM GyayT ABuraThes rpyssl. CYnTars 610K HEBECOMBIM, TPEHHEM
B 0cH 6710Ka ripenedpeu,

Hano: m, = 1 xr; my, =2 k15 g = 9.8 m/c>.

Haitra: a.

Pemenne. [Ipn pemenun 3azaun cuntaem, 9to 610K He BPANACTCs, HUTH CKOMIb-
3HT 1o 610Ky Ges tpenus. [To yeaosuio 3a1aum:

1) HATH HEpACTSRUMDL, CIEIOBATENBHO, 4, = a4y

2) Gnok Hesecombiit, caeoBatensio, Ty = T, = T. 5 NS
Ha xaxnuni 13 rpysos aeiictsyior cuisl sokectd myg, r
o 1 cuinbl Hatskenusi T, u T, coorBercTenno (puc. - I_—-I
2.19). B BekTOpHOI (hopme BTOpoit 3akon Helotona nMe-  —~— X
€T BU g + T, = mya; — juisi nepBoro rpysa; m.g + T,= el
= Myay — JLIS BTOPOro 'py3a, B IPoeKIuHy Ha och X: Puc. 2.18
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— —mmg + T, = myay; M
X =g + T, = —mya,. (2)
N/
ITY CHCTEMY YpaBHEeHHI HEOOX0/MMO AOTIOIHHTD ABYMS
T, YPABHEHHsIMH, TAK KAK OHU COAEPKAT YEThIPE HEU3BECTHEIX:
| L =1=T; (3)
a, T2
6 =a, =a. (4)
g
laz Toacrasus (3) u (4) B ypasuenus (1) u (2), nmMeem
—mg+T =ma; ()
g —mpg+T =—maa. (6)
Puc. 2.19 :
ol Berunras us ypasuenis (5) ypasnenue (6), nosyuaem
—mg+ T+ myg — T'= mya+ mya,
OTKy/1a
g(my — my) = a(m, + my), mmn @ = 2 g,
my +ny
2Kr—1kr 2 9
Boruncaenns: ¢ = —— . 9.8 M/c” = 3,3 M/,
1Kr+2kr

Orser: a = 3.3 M/c’.

® 3azaya 3. Beepx 1o HAKNOHHOMN IAOCKOCTH € YI/I0M Haksiona 30° ApnKercs TpYya
Maccoii 1 kr. Ha rpys neficryer cuna 20 H, nanpasrennas noat yriaom 60° K HAKIOH-
Hoii nockoety. Haiiti yckoperue, ¢ KOTOPBIM ABIKETCS Teslo, ecan KoaduimenT
Tpenus ckosbxenus paset 0,05,

Hano: m = 1 xr; F =20 H = 200 kr/m% o = 30% B = 60% pp = 0,05; g = 10 m/c>

Haiima: a.

Pemenne. Ha tesio peiictyior (puc. 2.20): 1) cuna F, nanpassiennas moa yriom

60° k maxsonHoit miockocTy; 2) cuna Tpenus F,; 3) cuna peakuuy onopsi N.

Honosurensnoe nanpasienne ocu X BuiGepem BAOJIb IT0CKOCTH BBEPX, TOMOKIH-
TeJIbHOE Haupas/ienue ocu Y — BRepX, NEPIEeHANKYAApHo ocu X,

B Bexroproii hopme BTOpOii 3akor Heorona nveer Bug

F+F,+ N+ mg=ma,
B [TPOCKIMHU HA OCH KOOP/MHAT; .
FcosB—F,, —mgsina =ma — och X; (D
N +Fsin3—mgcosa =0 —och Y. (2)

W3 ypasuenus (1) onpenensiem yexopenne
| &8

3 Feosp—F, —m.gsinn.
m

a 3)
51 HATH YCKopeHue, HeoOX0MMO 3HATEH
TPeHHUs: F,, = uN, rae N — cuna peaxigm

ypasHenus (2) naxonum N = mgcosa —
B. Toraa cuia Tpenns pasra F,, =
‘mgcosa — Fsinf). [loacrasass Fyy, B ypas-

e (3), monyuaem

@B—p(mgcma—ﬁ'smﬁ)—mgainu,. %)
m

Puc. 2.20

_ - = [200 kr/m?  cos60° — 0,05(1 xr - 10 M/c* - cos 30° — 200 kr/m” - sin 30°) —
A
—1 kr-10 m/c? - sin 30"]/1 Kkr = 54 m/c?.

er: a= 5.4 m/c2

*&uwm 4. CaMoieT ONUCLIBAET «MEPTBYIO NET/110» B BEPTUKATBHON MIOCKOCTH.
' b HAMMEHDBITYIO CKOPOCTH CAMOJIETa, IIPH KOTOPOI JIeTYHK B BEPXHEi TOY-
He otpbiBasicst Ob1 0T kpecia. Kakyio neperpysky HCHbITLIBACT TeTIHK B HHAK-
(€ NeT/IN, ECIIN CAMOJIET ABHIKETCH € 9TOl cKopoctbio? Paauyc neran 200 m.
R =200 m; ¢ = 10 m/c? m = T0 kr.
Pmigs M-
we. Ha nerugka aeiictayior cuant (pue. 2.21, a):
TAKECTH Mg,
enaa peaknnn onopsi N.

TOKHTEbHOE HanpaBaenie oci X BelOHpaeM K HEHTPY OKPY/KHOCTIL
K HaxoauTes B Touke A. B BektopHoii ¢opme BTopoii sakon Heiotona

mg + N = ma,;
[IHK HA OCh X
mg+ N = may,
= (1) X
fﬂg g R ] A
OTPBIBA JIETYNKA OT 0Tophl (Kpec-
1 N = 0, noaromy ypasrenne (1) s
muema UMEEeT BUIL
= mu; B
= min Mg
myg = N
R a 6

I v, = /gR. Puc. 2.21
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<. JIETYMK HAXOANTCS B TOuKe B
Heperpyska — aro otnomenne Beca
mg

ACTHHKA N0 MOJYINIO paBen cuite peaximu onopwl (P =

upoTHBONOJIOKEN. Bee — ato cuna, ¢ KOTOPOJi JieTunk Aeiicteyer na O10pY.
B npoexmun na ocy X (puc. 2.21, ) Bropoii sakon Huiotona nmeer gy

ma?
—mg+N=—
4 I

1

2
orkyga N = E;?L +myg, Tak kak [N| = | P|, 10

mu*
P =— 14 my.
R 4
Onpezxensiem TIEPEIPY3Ky
muv*
P TR + mg 112
n=-—= =—d1

mg my Rg

Beruncaenus:

Uiy = '\1'10 M/’CL) 20’0 M =14 M/C,
(14 m/c)?
200 M- 10 m/c?
Otser: v, = 14 m/c; n = 1.1.

F+1=1.1.

ﬂ 3agaym ans CaMOCTOATeNIbHOro peleHuns

1. Tipu peskom BLIZCPIHBAHHK MOPKOBH
Mouemy?

2. Mosxer 1 ckopocts et

A H3AMEHSITLCH MIHOBEL0?
3. C oHakoBbiM 1 YCKoperueM GyieT ABHraThes e Mac
2.22). Hurs HEBECOMA, HepPACTSKUMA,

4. Moxnexyna maccoii 5,3- 102 KT, JICTAIA HOPMATBHO K CTeliKe cocyaa co CKopocTio 600 m/c,
YAAPSIETCSI O CTEHKY H YIPYIO OTCKAKHBAT OT Hce, Onpeseants iy, HOMYYEHHbI CTEHKOH.
9. IMap maccoit 0,15 kr, apurascs €O CKOPOCTBIO 10 M/

C. YUPYI'O YAAPSCTCS O MAaiKyio He-
loABHANRYIO Crenky. Onpescants HMITYABC, HOMYYEHHBI CTeHKOM, e CKOPOCTH 1tapa Ghuia
Hanpasiena noa yraom 60° k maockoeTn CTEHKH,

6. Teno maccoit 2 kr HAAAET B BOAYXE ¢ YCKOpeHieM 8 M/c,
BOBTYXa,

7. Ha o, HPHKpeIIeHHOI K 10T Iy KabuHs 1udyra, noxsenen Tpy3 maceoit 0,5 kr. Onpe-
ACIHTH CHIY HATSIKEHUST HirTH, ecan angr: 1) nokonres:; 2) noannmaeres ¢ YCKOpeHuem 2 v /¢
3) onyckaercs ¢ VeKoperuem 2 m /¢

8. Ipya maccoit 25 kr PABHOYCKOPEHHO HOAHHMAIOT ¢ TIOMOITHI0 BEPEBKH BePTHKAILHO BBEPX
Breverue 10 ¢ na seicory 5 m. Onpeaennrs CIIY HATAJKEHUS Bepenk,

9. JIsa tena maccamu 0.1 i 0.3 kr coexmmens muTBIO 1 EPERMITY Thi Uepes HeBeCOMBI (10K,
Hpenedperas Tpenuem & 6.10xke, Haitri: 1) YCKOPEHne, ¢ KOTOPBIM JABMKYTCH Tena: 2) enny na-
TSOKEHHA HUTH,
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Haittu cuny conporusnerms

P
JACTYHKA K €ro cHIe THKeCTH n — . Bec

= N), Ho no wanpasnemnmo of;

H3 3eMIn 6()1’38 PBETCH, & TTPH MELTEHHOM — HET,

€Ol 7 B BYX catyuasx ( prc.

T
% lF =5H

mg =5H
Puc. 2,22

O ey

Puc. 2.23

' PYCOK Maccoii 4 KI' B rOPHBOHTATLHOM HATIPABICHUH JACHCTBYET r:.gma 20 H. Omnpe-
: 0 NOBEPX-
PEHHE, C KOTOPBIM ABMKETCA OpyCoK, ecam Koapuiient Tpenns 6pycka p |

TIEPEMETITAETCs 110 mpnaomudﬁ ITOCKOCTH Hnoi JeHcTEHeM cunbl 294 H, H::
i 1EOT yraom 307 K roprsonty, ¢ yexkopennem 5,9 M/c”. Koaddmmenr rpenms py.
e D‘L:&);rz}c];ﬂmfﬂﬂ (;1151’1:1 l;‘.%f(‘grf‘g;:igﬂauaue HEBECOMOIT HEPACTHANMON HUTBIO, TEIKAT HA
Kna Iiouépmroi:m. Ha rpy3 maccoii 0.5 kr geficrayer ropmnma.nmu;ﬁrxr:&a:;]ﬁ:-
H. OnupesesnTs yeKoperie, ¢ KOTOPBIM ABHKYTCS TPY3n, ¥ enaty rfazm i i
Tloesx maccoit 1000 T ocranasaiBaeTcs IPH TOPMOKeHHH 3a 20 ¢, IPoii 1p o
m. Haifmi mavanbinyio ckopocTs noes3ia  CHIY TOPMOJKEHS, €CJH OH ABH A |
‘ pam(:('meplm ABHIKETCS BHH3 110 HAKJAOHHOH [UIOCKOCTH, COCTAB/ISHONE! ¢ ropH-
) ¢ yror 30°. Haitru koadpdyuiment Tpermst Tema o miockocTs, Sy ikl
Hepecowmsiii 610k YEpenen na komre crosa (puc. 2.23). Tena pasHoit Maccst 1 i
111 HUTBIO 1 HEPCKHIYTHI depes HA0K. Kuatixbmmr:'m TPEHHS [IEPBOro 1?:;;1:;0 CTOJ pa

, Haiiru: 1) yekopenne, ¢ KOTOPBIM ABIKYTCS Tena; 2) CHITY HATSIKEHNA HMr i .
Moot Maccoit 200 KT mazaer ¢ BuicoTsl 2 M Ha HakoBAILHI0. /[ TITeBHOCTS Vitapa 0,
CITHTE AYEHWE CHIIBE YIapa.

b iffgvﬁzfmz};?ﬁ 5-10" kr JELBHJI:L'ETCB €0 CKOpUCTLIO 36 KM/ 10 smlymtm_\g Bar::‘:;r}'
it on AABUTHIA MOCT B €0 BEPXHEH YaeTH, eCJIH DAY C KPUBUIHLI h‘t‘of‘i:{g?: i m—
Bezpo ¢ Bojii Bpantaerca s seprukaibHoil TI0CKOCTH Ha ﬁepcnx{.: ;Ufnﬂm:) it
[BIIEH CKOPOCTBIO HY IO BPAILATH BEAPOD € BOAOIH, uT0Ob BOAA 13 Her

Onpesents pamuyc nerm Hecreposa, eca, COBEpILAY €e, JETYUK JABHUT Ha cw.tenug
A CAMOJIETA B HILKICH TOUKE ¢ CHION 7.1 kH. Macca meranka 80 Kr, CKOPOCTH CAMOJIET:

> ATBHOM 110

20. Kakyio TIEPErPY3IKY MCHBITHIBACT KOCMOHABT, Bpalllalﬂlmiﬁ_(.];'l B FOPHIOHT Ho;: mn ME

C .uh:ﬁeﬁmu(byvc-pamiycom 6 M ¢ yraosoil ckopocrsio 4.05 c ? l‘l@l\r‘f}"pan-la MaK i
fpyarca €CITH 9Ta HenTPHADYTa BPal@eTes B BEPTHKAILHOI II0CKOCTH ¢ TOH e CROp(

. Onpee : ) 3emuneii.

Ompeneanrs cuny npursokeris mexay Coammem i N
Ha kakom paccrosmmn ot 1errpa 3emin PACTIONIORERO Te0, t;n’mpoe Hyner ng; ;scg:e
’ Bemneit u Jlynoit ¢ ogunakoroii cnuoit? Paauye 3emunr 6.4 10° m, cpestiee pac

ULy menrpamn 3emun i Jlyist 3,84 - 10° . _ . ;

Onpegeants yexopenne csm%o;mom najieHnst na seicote 100 KM 0T oBepXHOC Ti}; g;ﬁu:;{e
Ha KaKOii cpetHesi BHICOTe HAJL HOBEPXHOCTHIO Bemg ﬁ%ﬁm?cgcﬂ MO KPYroBo
“TBen ; Thio 8- 107 M/
BEHHbIN CTTYTHHK, €CTH OH ABIIKETCH CO CKOPOCT ity
. » Oupegennts macey Counig, ecin nepuosa obpaimenng Mapea sokpyr C
B ? 4 CPEIHEe PacCTOSHIE MEKY HX HeHTpaMu 228 M K.

Kmiouesbie cnoea: 3akowsl Hel0ToHa, cina, Macca, UMNysc, 3aKoH BCe-
- MUPHOro TaroTeHuss, cuna TSXeCTH, BEC, CUa TDEHUS, Cuia ynpyrocTu, rpa
BUTALNOHHBLIE CATSI.
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frnaea 3

3AKOHbI COXPAHEHWUA B MEXAHUKE

3.1. 3aKoH coxpaHeHMA uMnynbca

HamMenenne aMiTyibca cuctemsl Tes. PaceMoTpuM cucTemy, cocTosyio U3 anyx
TeJ1, HATPUMED JIBYX 3BE3]L. ' ‘

CHibl BIAMMOACHCTBIS MEJKTY TENaMM, BXO/LIINMH B CNCTEMY (MeX/Ly 3Be3ia-
MH), HAIBIBAIOTCH 8HYMPennumu cunramu. Buyrpeunne cuant 6yaem obosnavars,
cumpo/ioM F,.. 3xech nepsrii Huaeke i 0003mavaeT HOMEpP Tea, Ha KOTOpoe eii-
crByeT cuia Fy, a BTopoi mnjexc k — Homep Teza, co CTOPOHBI KOTOPOro jieficteyer
cuaa Fy.

ITo Tperbemy saxony Hpiotona:

Fi=rYu (3.1

Cuuibl BO3AEHCTBIS Ha TeJa Jannoii cucTeMsl (JiBe 3Be3abl) o CTOPOHbBIL TeJ, He
BXOASIIHX B 3Ty CHCTeMY (HALPMMED, COCENIHE KOCMHYECKHE TeJla), Ha3blBAIOTCs
GHEWHUMU CURAMU.

PaBHOACHCTRYI00LY10 BCEX BHEIIHAX CIUL, AEHCTBYIOUNX HA i-€ TeIO CHCTeMBI, Oy-
aem obosnavars F.,.

AL KaXKA0ro Tesia, BXOASIIEro B CHCTeMY, 3animem BTopoii sakon Helotona (2.17):

Almyv,)

s Uik 6 7 08 RS
Nt 12+

A(m,vs,)

e Fq E]. 'J
N 5+ Es (3.2)

Ci101B NTeBbie W PABBIE YACTH YPABHEHUI, TOXYYHM

A(myv,) o A(myv,)
At Al

=F; +F +F +F,
Yuurnsast, uro Fy, = —F,,, umeem

Almyvy +m,v,)

KT F F"J!
At it
I
Ap i
- = F Fq‘
=R +E (33)

[A€ P = gV, + MyVy — CYMMAPHBINH MMITYJIBC CHCTEMB JIBYX TCJL
U3 coorromerms (3.3) eneayer, uto uamenenue CYMMAPHOZO UMNYALCA Cl-

CMeMbL Mex Onpedeisemcs: 6eKmopHOLl CYMMOU GHENUX CUT, deticmeyro-
WUX G 3MY cucmemy.
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T CYMMAapHBI UMITYJIbC cHeTeMbl (3.3).

¢OH COXPAHEHHS HMIYIbCA. 3AMKHYMas CUCMEeMA — ITO CHCTeMA TeJl, Ha
p 113 KOTOPBIX HE JeHCTBYIOT BHEIIHHE CHITbI.

ﬁgmé'cucrema TEJ 3AMKHYTA, TO CYMMa BCeX BHCUINHX CHJL, ACHCTBYIOIIMX HA CHC-
e, papha Hy/10. Tak Kak BHEUIHHE CHIIBI He ACHCTBYIOT HI HA OJTHO TeJI0 CHCTe-
10 B ypauennn (3.3) F, + F, = 0, Torza

Ap =0, uan Ap =10, At = 0.
At

aknM 00pPa30M, HE3ABHCHMO OT IPOAOJIKHTENBHOCTH UHTepBAia BpemMenn At
JIbC CHCTEMBE TeJT B HHAYAJIE i KOHIE 3TOTO HHTePBaia BpeMenu OyAeT 01t i ToT
eAOBATEABHO, P = const WK

myvy + muv, = const. (3.4)
Coornomenue (3.4) BhipakaeT 3aKOH COXPAHEHUS HMITYIbCA.

3axon cCOXpanenun uMnybCa: B THEPIHAILHOI CHCTEME 0TCUETa cCyMMap-
Hbli{ HMITy/IbC 3aMKHYTOM CHCTEMBbI TEJ ¢ TEUEHHEM BPCMEHH He H3MEHSIeTCH,

B
1 a‘ﬁmynbc CHCTEMBI PAaBEH ITPOU3BEACHHIO MAaCCEl M CHCTEMBI Ha CKOPOCTDL €€ HEHT-
ey

ol p = mv (35)
?,;mg" JiH 3AMKHYTO# CHCTEMBI TeJl p = my; = const, Tak KaK m = const, CJCI0BATEILHO,

'h . Vo= const. (3.6)

?:B-mepquaﬁbuau" cucmeme Omeuema UeHIMpP Macc IAMKHYMOU Cucme-
- Mblmen OBUICCTNCIL NPAMOIUNCUNO U PACHOMEPHO.
Il' Bekropuomy ypasiennio (3.4) COOTBETCTBYIOT /BA YPABHEHNA /LIS IPOEKILMIE Ha
ﬁm HPAMOYIOJIBHOMN eKapTOBOI CUCTEMb! KOOPAHHAT:
gty + Matyy = const;
. Mty + My, = const.
- Beepearsamie cuereMsl He ABISIOTCS 3aMKHYTHIMH, TTOTOMY YTO HA TEJIA CHCTEMBI ieii-
~ CTBYIOT KAK CHL/IBI THKECTH, TaK i PASIHYHBIE CHIIBI COPOTHBACHMUS, HANPUMED TPEHMSL.
B HekoToprx cyyasx 3aKon COXpaHEH S MMITYI5CA MOKHO IIPUMEHSITE M 115 He-
SAMKHYTBIX CHCTEM TEJI, €C/T1 BHEIIHHUE CHIbI, ACHCTBYIONHE Ha Mo60e TeJI0 CHCTEMB,
YPABHOBEIMBAIOTCS, T. €. CYMMA BCEX BHENIHNX CHI
~ Pasua uymo. Hanpumep, npn coyiapennn JIByx
Ten, sanpumep OMABAPAHBIX HAPOB, MOKHO NPi-
MEHATH 3aKOH COXPAaHEHHS MMITYJbCA, TAK Kak
CHIBI TSHRECTH 1,, 1 Mg, W bl peakipnn Ny u
N, ypasnosemmpaiores (puc. 3.1). Cuoit Tpenust
Kagenust MozkHO npenedbpedb B CHILY €€ MaJ0CTH,
- Ecsmnpoexims cymMmbl Beex BHENTHMX CHJT HA Ka-
KYI0-1160 KOOpAMHATHYIO OCh PABHA HYJIIO, TO MMe-

N, N,




Yt ETMECTO 3aKOH COXPAHEHIS ITPOCKIMH HMITYIBCA He-
JAMKHYTOIH CHCTeMBbI Ha JAHHYIO KOOPIIMHATHYIO OCh.
Pacemorpum mpumep. [lymxa crour na miar-
N (hopme. Macca cucteMs! nyika — CHaps#A| pasHa M
(puc. 3.2, ). Iocae BoICTpena cHapsa Maccoii 1
JIETHT CO CKOPOCTBIO Vy, HANPAB/ICHHOI 110/ YTIOM
M Cx K TOPH3OHTY, NYIIKA [IPH 2TOM OTKATHIBAETCS CO
CKOpOCThIO vy (pic. 3.2, 6). Moxys ckopoctn |v,|
0 X MOxKeT OBITh ONPEAEIECH U3 3aKOHA COXPAHEHUS
Mg TPOEKITHH HMITYJIbCA Ha KOOPAMHATHYI0 0Cb X, Tak

a KaK NPOEKIHsS BHEMHEH CIIbl — CHJIBI TSKECTH
cHapsiia mg ua ock X — pasna aymo. o BuCT-

pejta CKOPOCTD V CHCTEMBI Y KA — CHAPSAL PARHSI-

v JIACh HYJIO, MMnyibe cuetembl Mv = 0, noaromy

0= (M—m)v,; + muy,. Yaursisas, uro v, = 1 COS G,

mu, CcOsx
sl R umeeM v, = |v;| = = T

- 3HAK «MUHYC»> O3HAYAET, YTO TIPU BBICTPEIE B
MOJOKNTETLHOM Hanpasjienun ocH X ckopocTs

v, HYWIKH HanpasjieHa B POTHBONOA0KHYIO CTOPO-
iy (em. puc. 3.2, 6). [lymka cmeugaercs p Harnpas-
0 X JIeHHH CKOPOCTH — BOSHUKACT «OTAYAS. Monayan
6 CKOPOCTH |v,| 3aBHCHT 0T Maces! mymin (M — m):

Puc. 3.2 4eM DOJIbINE MACCA YLK, TEM MEHbIIe [v,|. Uto-

OBl YMEHBIIMTB OTAYY, OXOTHHK IPH BHICTPETE

MPIXHMACT PYIKbE K ILIeTY, TAK KaK Macca CHCTEMbI PY3Kbe — ITYJIs OKOJO 6 KT, 4 CHe-

TeMbl OXOTHHK — pyKbe — 11y Gosree G0 k.

Ecam nponcxoasr 6uictphic B3aumozeicTsms Tiia B3PbIBOB HJIH Y/IAPOR, TO H3MeHe-
HITH HMITYJIBCOB OT/ICTIBHBIX TET CHCTEMBI MTPOHCXOAT TIO/ IeHCTBHEM BHYTPEHHHX CH.I,
BHEIHNE CHIIbI — CHJIB TATOTEHMS, TDEHHST — He YCIeBAIOT H3MEHHTD HMITYIIBC CUCTEMBI

3.2. PeaKTHBHOE ABUKEHHE

Onpenenenne peakrusroro apwxkenns. 3akou COXpanenust UMIYJIbCa JCHKHT B
OCHOBE TEOPHH PEAKTHBHOIO JIBHKEHHSI.

Peaxmuenoe deuncenue — npiwenne, Bosuu KaioIlee npy OT/Ie1eHHIT OT Teja
HEKOTOPOIT €r0 YaCTH ¢ ONPEAEIeHHOI CKOPOCTLIO OTHOCHTE/bHO T,

IIpumepom peaxtisHOTO ABHKEHHS ABISIETCS ABIOKEIHE pakersl. Ilpu sanyeke
PAKeThl IPOMCXOANT UCTEUEHNE NPOAYKTOB CTOPAHHS TOIUIMEBA C HEKOTOPOii cKopoc-
IO v, oTHOCUTENIBHO pakeTht (puc 3.3). MMnyase npoaykTos CropaHus p, Hanpas-
A€l «BHH3>. COTIACHO 3aKOHY COXpAHeH s UM MyJabCa, pakera OyieT UMeTh Takoii xe
1O MOZIYJTO MMITYJIBC Ps, HO HATIPABJICHHLLH B TPOTHBONOI0KHYIO CTOPOHY — «BBEpPX».
B nonere macca paxersi ¢ revennem BpeMeru yobisaet. InHaMuka Tes1 iepemMen oii
Macenl Oblia cosfana B konne XIX B. pyccknm npodeccopom M. B. Memepckum
(1859-1935) u K. 9. Ilnoakosckim (1857 - 1935). Ilpusenem Ges nokasatensersa
(opmyny Iuoakosckoro aus ONPEACACHHSA MAKCHUMATLHOH CKOPOCTH Uy, KOTOPYIO
MOJYHUT paKkeTa 110 H3PACXOA0BAHMM BCErO TOTIHBA:
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- M,

]
MM W, =ty —
M,

o
Vinis

=2 3th 1
2,31 gM

— CKOpOCTb HCTCHEHHA Ta30B; M, — Mmacca PAKEThEI B MOMEHT CTapTd,

. v O B E e
Iﬁ: CIHO.T]FIhIM 3anacoM ToTMBa; M, — Macca pakern: 6e3 Tormsa, i
i ‘Hs 9TO# (POPMYJTbI CIEYET, YTO YBEAMTHTD Uy, MOKHO, €CTn: |
M,
® YBETIYUTD OTHOLIEHHE —=;
N E 3

® YBEAMHHTh ¥ — CKOPOCTh MCTCYEHNS ra30B. ITOT 1LVTh YBEJIHYEHHS
: aKeTsi O ¥ coBCKUM. OH npeasioxu ucnoin-
CKOPOCTY PAKETHI ObIJT YKa3aH K. 3. lnonkos : UCMUS 1 |
0BATH MHOTOCTYTICHUATBIC PAKETHI /LIS I0JIeTa B K ; r ‘ i

' HeropHueckas cnpaska. OCHOBONOIOKHUK TEOPHH MC}KI:L’IE].HGTIU.TL\L' c?o'f)me— Pic. 3.3
| a1 2. nonkosekmit mucas: «4e10BeuecTBO He OCTAHETCH BEHHO Ha 3emie, o . .
'ﬁ;’ﬁm'ouc 34 CBETOM W 1TPOCTPAHCTBOM CHAATA POBKO NPOHUKHET 3 TTPEACIbI armocdeps, a 3aTeM
W cebe BCe OKOIOCONHEYHOE TPOCTPAHCTBO». MeuTa PyCeKOro y4eHoro OCyecTBiIach. -
Hauasio KocMIHecKoii 3pbl 031aMeHOBAIOCH 3aTTYCKOM NIEPBOTO H{fl(yCC'l'B?I-IHOI‘.rJ CIYTHHKA
3BMJD| — 4 oxrabps 1957 r. 2 susaps 1959 r. craproazia Kt:(:MH‘-It‘l.‘.KaH pz_uce*a a, KoTopas ‘BHB;
na aé'op()my NEePBLIT HCKYCCTREHHBIA CIYTHHK Connna. 14 cenratips 1959 r. pakera nocTur)
popepxHoct JIyHe 1 qoCTaBILIA TYAd repb Coserckoro Coiosa. o s ll
. JIpyrum 9TanoM pasBHTHs KOCMOHABTHKN ABILICS NOJIET YeJI0BCKA B'I\l.ll.M‘UL. OCN ik
gopab.in «Boctoky, nuaotupyemsiii 0. A. Tarapumibiv, 12 anpess 1961 | coBe pl.l.!.liﬂ ricg.ue RO
pyr semuoro mapa. Cnyers 8 ner — 20 uoas 1969 r. asa AMEPHKAHCKIX acmms.‘mﬁ eita ]
(;Ipom 1 Dasun OJPHE M3 IKANAKA KOCMIHECKOT0 Kopabast <Anoaion-11» cosepiuiin -
ﬁamty Ha Jlyny. B nacrosiiiee Bpemst 10JICThE B KOCMOC CTaTi 0OBIIEHHBIM JIC7I0M, HOSTBIIL
JEUKE KOCMMYECKNE TYPHCTBL : v
mm:z::;(::;an Eppaamrrue OTEYeCTBEHHOI KOCMOHABTHKH m‘ujr HbIJ!Ellll':[llI;i:}[; g;;};h»n:;
KOHCTPYKTOD [EPEOTO HCKYCCTBEHHOTO CITYTHIKA 3eMIIH, KOCMITICCKIX KOpaO/e

<«Bocxon» — C.T1. Kopoaes (1906 — 1966).

3.3. Pa6ora cunbi

Dnementapuasi paGora ennnr. JeMenTapHoii paboroit AA cuibl F ra Elﬂeh:‘iz-
3T 7 r -
TAPHOM TIepeMenenii Ar HasbIBAIOT CK/ISIPHYIO (DH3HUECKYIO BEITIHIY, PABHYIO
JSIPHOMY TIPOM3BEAEHMIO BeKTOPOB ciutbi F 1 nepementenys Ar:

AA = (F,Ar). (3.7)
CornacHo OIpe/IeIeHHI0 CKaIAPHOTO IPONSBECHIS BEKTOPOB:
AA= FArcosao, (3.8)

e o — yron mexzay sekropamu F u Ar (puc. 34); Fu AF —
COOTBETCTBEHHO MOJY/IH CHIIB! 1 IIepeMelteHns. o
Pa6oma cunwt F na nepemewjeruu Ar pasna npousce- g
denuio MOOYNCU SMUX BEKMOPOE HA KOCUHYC Y21a MENC-
HUMU. ) it
Emnuna paborsr — pkoyas (Jx), 1 Lk = 1 kr-M7/¢% _
1 /lx — pabora, cosepuaemas cunoii 1 H #a nepememenny

Puc. 3.4
1 M, ecomt HanpaBAeHys CHIIBL W IlepeMelenns COBIALAIOT.
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Ec/i Ha MATEPHAJIBHYIO TOYKY (T€JI10) OIHOBpeMenHo AeHCTBYET HECKOIBLKO CHIL
TO 3MEMEHTapHAs PabOTa BCEX HTHX CHI TIPH TiepeMerennn ToIKH (Tena) Ha Ar paBHa

AA = F Arcosu,

rae Fye, — MOAYJIb pesyasTupyonieil (paBHOAENHCTBYIONIEI) BCeX CHJI, ACHCTBYIONINX
HA MATEPHATBHYIO TOUKY; o — yroa Mex/ay Bektopamu F. u Ar.
B 3aBHCHMOCTH OT B3aiMHi0# opuenTaiuy sekropos F u Ar, .. yrina mexy Humu,

pabora MoxeT GbITb:

o nonoxkaTeabHoil (A4 > 0), ecmn 0 <o < g TaK KAK KOCHHYCHI OCTPBIX VIVIOB
THOJIOKH TEbIBL;

o orpuaTesbioi (AA < (), ecn ;E < o < T, NOCKOJABKY KOCHHYCBI TYTILIX YTJIOR
OTPHIATENBHBI

® paHoii Hyo (AA =0), ecmn o < g, TaK Kak cm-‘;%T =1,

Cuna, nepnenduxynsipnas nepemewenuio, pabomy we cosepuaem. Ha-
npuMep, He copepiiaeT paboTy cHia TSKECTH MPH ABHKEHHH TeJa 110 FOPH30HTAIb-
HOI TLIOCKOCTH.

BesteacTsue TOT0 HTO TOHATHS 1OKOH H ABHAKEHHE OTHOCUTE/IbHBI, T. €. TeJI0, 110~
Koseecss B OIHOM cucTeMe oteuera, GVeT nepeMemaThes B APYToi, ABHIKyeiics
OTHOCHTENLHO TIEPBON, 3HAQUeHUEe IAeMEeHMapHot pabombst 3a6UCUTI OM 6bl-
6opa cucmemovt omcuema.

B obmem caydae spraucaenne paboTsl CHIBL HA KOHEYHOM [E€PEMELIEHHH OYeHb
cnoxno. Ho ecan enaa nocrosinia (F = const), a TpackTopus Tesa npsAMoIHHeHa
(o = const) (puc. 3.5), 10, corzacto (3.8), pabora cuibt F 11pa epeMeliennn Tea ua
TO4KH A B TOuKy B pasha:

A = Pryzcosa = FSypcosa,

TaK Kak TP TPAMOIHHCHIOM J[IBUIKEHHH MOIYJIb BEKTOPA [EPEMELLeHN PABEH 1TYTH
a5l = Sap.
Pa6orta norenupanbibix cuit. K 10TeHIMATBHBIM CHIIAM OTHOCSTCS CHIBI VIIPYTOCTH
 CHIBI TSPOTEHUS, KOTOPBIE SIB/ISIOTCS EPEeMEHHBIMH CHJIAMHA, T. €. 3aBUCANIAMHA OT Ar.
Homenyuanvusvie cuibt — 310 CIIH, PaboTa KOTOPBIX 3ABUCHT TOJIBKO OT Ha-
YATHHOIO M KOHEYHOTO [TOJI03KEeH Wi ABMZKYHICTOCH Te/ld.
Caenosarensno, pabota NOTEHIHATBHBIX CHJ HE 3aBUCHT OT QOPMbI TPAEKTOPIH
JBHIKEHHSI.
Paboma nomenyuanvioil Cuibt npu 3aMKHYMOU mpaexkmopuu scezoa
pasna wyo.
Henomenyuaavnsie cunbt — 310 cuibl, pabora
-KOTOPBIX 3aBHCHT OT (JOPMBI TPAEKTOPHH (Hanpumep,

F 3 F, cuibl TPeHUs).
(/ O( @/ Ecom uasecten rpaduk sapucumoctn F, = flA7),
A Arg 2 B 1o pabora cuasl Ha nepementenun [ — 2 papna nJjonia-

i au burypsi 1ab2 (puc. 3.6 n 3.7).

r .
3 A2 Daementapuoil pabote AA COOTBETCTBYET IIO-
Ah alb KPHBOIMHEHHOMH Tpaneun ¢ ocHoBanuem Ar,
Puc. 3.5 (cM. puc. 3.7).

F

A

Puc. 3.6

~ PaGora ynpyroii cusi. Padora ynpyro# ciint F = kAl (k — xectkocrs; Al —
OCHTEITBHOE YAIMHEHIE) BhYHCIACTCS jibyma criocobamHi. )
" Cnoco6 1. Tpaduk 3aBHCHMOCTH YIIPYTO#f CHITBI OT YAJIMHEHHA Al uzobpaxken na

3.8. ;
~ Pabota cuIBI YIPYTOCTH IPH OAHOMEPHOM pacTsKEHIH (CKaTHH), XapaKTepH3y-

aMcA BEKTOpOM yjuimHenust Al, pasHa nu0ma/m MPAMOYTO/IBHOTO TPEYFOIbHNKA
puc. 3.8 OH 3aIITPUXOBAH), KATETAMH KOTOPOTO apysores |Fa| 1 |All:

_ EyAl_ kAP
S P

IlycTb och X COBHAAET 110 HANPABICHHIO C BEKTOPOM ALpnz— Koopfmﬁarhl
iauata 1 KoHI sektopa Al Paborta ciiibt ynpyrocti 8 5TOM cayuqae (puc. 3.9):

kzz  kai 19
Am=" "% )
Ecin 1, = @, T.€. Al= 0, — TPaeKTOpus JAMKHYTa, TO, COTTACHO (3.9), npu nepe-

MeweHUn mouKu ynpyzodeopmupyemozo meaa no 3AMKNYMOU MPAeKmo-

puu paboma cunbl Ynpyzocmu pasia Hyio. i ;
F Cnoco6 2. B nauaie npouecca 0HOMEPHOT0 PaCTIKEHIA (cxcamﬁ) F, =0, TaK
kak Al = 0, npu yumiaenuy Al cuma ynpyrocT Fx, = kAL Ee cpeanee snavuenie
HAXOIMM KaK CpejiHee apu(hMeTHIecKoe, TOTOMY 4TO0 saBucHMocTh F ot AlmpsaMo npo-

MOPUMOHATbHAS:

E _0+kAL kAL
i..'|!-_ 2 2 .
Fof—em e
N
F, A
Al 5 Al & X

Puc. 3.8
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4 PaboTa ciJibl YIPYIOCTH
kAP
Aynp == FcpAI = 9 (3]0)

PaGora rpaBrTauHoHEbIX cHA. Onpe.
Aeium paboTy TPABMTALMOMHBIX CHI, iy
CHJL TATOTEHHS, TIPH MePeMEeNICTHN Mare-
PHAILHON TOYKH MACCON 11 U3 TI0J0KEH |y
X 1BuoaoxKeHue ZO0THOCUTEILHO IPYTOiT Ma-

TePHATILHOI TOYKH M, momMenennoil B ya-

vano oreuera (puc. 3.10). Tlpu nepemenge-

HUKM TeTa m CATA HaMeHsgerca obpatuo

nponopuuosaibio 2. Padory 4, Ha yua-
 CTKe 1— 20TpeiesnM Kak cyMmMy pabor ma
OT/ENBLHEIX yuacTKax: A, = A, + A,y + A, + ... + An

Pabora na yuactie (1 —a) A;, = Fy,(r, — ny), tae F), — cpeamss reoMeTpHyeckas
CHJIA, PaBHAS KOPHIO KBAZPATHOMY M3 MPOMSBEACHHA CHIT B KPAHHTHX TOYKaX:

Puc. 3.10

B, = m - la E'.f::n G M:n, _ GMm'
1 fl?';i

TJ;
Pabora Ha 5T0M yHacTke
Mm

ity

(n, —ﬁ):GMm[l —i]
noo

[}

Aln :G

Coorsercrrerino pabora Ha yuactkax (a—b), (b—c¢) ... (i—2) Gyaer

N

l—l]: A,-2=Gmu[i—i].
s

o

i A, =GMm

-

Caoxur HOJAYUHEHHBIE SHAYCHHA paﬁm‘u Ha OTIE/IbHBIX YUACTRKAX, NOJIYIIM

11 .
Ay =GMm[_— ——J—!—GM’m[l —l]+...+GMm[I —l] =
n T T Ty 1 (L
1 .1
———GMm{———+——i+...+l-— l]zGMm l—l]
norn o h Lo T Y

Bee npomexkyTounsic yiaenns B CKOOKAX B3aHMIO YHHYTOKAIOTCSA. OKOHYATEBHO
UMeeM: .

A =0Mm.[l—_l], (3.11)

B

TJE 7y M 7y — MOJYIM PAMYCOB-BEKTOPOB, XAPAKTEPUSVIOINX HAYAIBIOE I KOHEYHOE
TOJOAEH IS IEPEeMEeIaoIIerocs Tea.
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(3.11) caenyer. _
MONBKO OM HAHATLHOZO U KOTeH -

il NEPEMEUATOULZOCH meJa, m.e. He 3d-
bopAbl MPAEKTIOPUL, o
S erl OOHOU U3 B3AUMOOEUCTMEYIOUUX
mouek no 3AMKHYMOU MpaeKmopuu
\a Cll MAZOMEHUS PasHa HYao.
(341 1) MOKHO nepenucaTh B BHAE

A= GM.ng =
Tt

Pue. 3.11

7n TOJUIAATO Ha BBHICOTY h naz 1PBEPXHOCTDIO 3emian (puc. 3.11). Torpa

Me TEIAa Maccoil 1 Ha BHICOTY h ¢ yuetoM TOrO, uto 1 = Ry 1 =

yAeT PaBia

- ) y 312
A=6Me" T8 —

__ COOTBETCTBEHHO MaCca i pajiuyc 3eman.
il h < R 1 Y4UTBIBASL, 4TO MOJYJIb YCKOPEHITA ¢BOGOANOTO MAJEHNS

HOCTH 3eMIn g= R%}il , OJAYYUM

A = myh. (3.13)

MONTHOCTB. [IpH KOHCTPYHPOBAITHH H SKCIUTyaTalHi ManiHH HeoOXoAn-
HE TOJILKO paﬁow*y’, COBEPIIEHHYIO MATITHOI, HO 1 OBICTPOTY BBINOJIHE-
Beamuuma, XapakTepH3yionas CkopocTh BLITIONHEH A PabOThI, Ha3bIBa-

i) .
1 MowgHOCMY N, SUCICHHO PaBHA OTHOMCHINO pabotst AA K npome-
A, 32 KOTOPBII OHA COBEPLIAECTCS
N =2 (3.14)
At

KT - M2

a mommoctn — sart (Br): 1 Br=1
asen MowHocIU, NPU KOmopou paboma 1 Jlx cogepuiaemcs 3d

A5 BMECTO paboTl A ee BBIPAKEHHE, 0JyuaeM

Nep = —Pﬁ‘:—i—%—g = éé—('.t.)ﬂ o = P, cosog (3.15)
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Ecam mammna paﬁoTam' HCPABHOMEPHO, T.€. MOUHOCTE H3MEHACTCH © Tevgenyp

- M
BpeMent, To opmyia (3.14) Syaer onpesensivh cpeAHION MOIHOCTD,
MrHoBenHas MOIMHOCTb. MrHOBeHHas MONTHOCTE — MOUWHOCTL B JAHHBI M.
MeHT — onpeaesasercs no dopmyme:
N= Fvecosa, (3.16)

rjle v — MIHOBEHHAsi CKOPOCTb.

Menoeennas mouwgprocmn pasia NPONIBE/ICHIK MOLY/IST BEKTOPA CHIIBT 114 po.
Jy7Ih BEKTOPA MIHOBEHHOIT CKOPOCTH M HA KOCHHYC VIJIa MEKY HalPaBICHUAMY 57y
BEKTOPOB.

Mowgriocme, kax u paboma, — 6eauNUHA CKATAPHASL.

MonHoeTs pas3anYHbIX ABUraTe Teli, B TOM YHCIIC W aBTOMOOWIBLHEIX, 10 CHY 110
H3MEPAETCA B IOIMATHHBIX cuiax: 1 a. c. = 735 Br. MomsocTs genopeka =~ 70 Br.

3.5. JHeprus

W3 Heroprueckas cnpaska. B [Ipipose Bee HaXomuTes B0 B3aHMOCBARN 1 B3AUMOSABI (11
=1 mocrn. [Todnasasi 1 n3y1as TOCICAOBATEIBHOCTE M B3ANMOCEARD S BICHHIT, CCTOCTHO O
HBITATEIH OTKPBIBAIOT 3aKk0Hb [TpiposL.

Eme apesnerpeuecknii inocod Apnerorens s rpakrare « Dusnkas nucam « Tak ka1 -
PO/A ECTh HANANO JIBIKETHS H H3MEHEHNA, A NPEAMETOM HAILICTO HCCTEAOBAHTIA SABIACTCH [PH-
POLE, TO HEJNb3S OCTABIATE HEBBISACHEHHBIM, YTO TAKOE JABIACHIE: Belh HE3HANUE JIBICKCTIY
HEODXOAMMO BlleUeT He3HAHIe Ipupoabt». [losee Gpi0 verarosieno, 1ro KPOME MEXAHMYEC-
KOPO JIBHIKEHUST CYTICCTBYIOT JAPVIHE BIUILL ABIKCHIA, HAIIPUMED TETUIOBOE, KOTOPBIC MOTYT
BSAHMHO NPERPAIATBCSL. [ BIoKenne coxpansaetes, HaMeHsierest Toanko opma asikenis, C npe-
BPAIICHHEM PASTHIHELX BIJIOB JIBHKEHEA JAPYT B APYFA CRESAND MOHATHE <DHEPIHs» (01 rpey.
ENETgein — JIEHCTBHE) — OCHOBHOE NOHATHE (DHANKIH.

Tepmun «aneprus»> B coBpeMennom eMbicse nossuics 8 vadate X1X s, Auraniickuii -
auk L IOnT (1773 - 1829) nepsutii onpeacann aHeprino kax pabotociiocobHocts is MY X CHA
mace (1807).

B cepemme XIX B. Guuin onybankosanst patorer 10. Maiiepa (1814 1878), /1. /Loy
(1818 - 1889) u I'. l'esmrommna (1821 — 1894). B KOTOPBIX H3JATAICHA 3AKOH COXPAHCITITA 1 ITPe-
Bpauen s sHeprinL. Lonsamie sueprin pacipocTpaHiioch, Kpo-
ME MEXAHHICCKOI0, Ha IPYTHE BUJILE JIBHAKCHMS,

MOKHO HPOBECTH AHATONITIO MEKAY 1IPEBPAUIEHIEM iep-
I'HH H 06MEHOM BATIOTSE PYOACH Ha A0ATAPhI WIH €BPO; APy THe
DAHKHOTDL, IPYTOE HABBAIHE, HO OCHOBHOE — HOKYHLTELEKS
cnocobHoCTs — octaeres. Tak U SHEPrUs, HCIBITRIRAS || PeBpI-
HIEHME, OCTACTCH JHCPIHEH M XapakTepuaveT crocobuoc (b el
I CHOTEMBL TEJT COBCPINATH PaboTy.

BsanmoaeiicTsyionine Tea, HanpiuMep B rpaBHTalHOHHOM
10716, CTIOEOOHE COBEPIATH PabOTY, CACI0BATEAbHO, GHIl <00
AazaioT» AHCPriei.

Taxum 00pazoM, HOHATHS «ABIKCHIE 1 B3AHMMOIETCTRIC
MATEPHALLUBIX OOBEKTORS U «OHEPTIHS> CBASAHBE MEHTY (OO0

Buawt oneprun. Inepzusn — cxansprasn (huspuccrad
BEJTMYHHA, ABJBHONASCHA €AUHOH MEPOi PasimiHbIx (JopM
JBMKEHWS | Bijill-ll\nll’l,.-‘l,{.?ll'il'"l'ljl'l}I MHTE]’)III'!.

. [Bkoyan
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suM ¢ PASTHIABIMI (POPMAMH JIBHHKEHIIS MATEPHIT TOBOPSIT O Pa3HbIX

_ MexaHWYeCKol, BHyTpeHHeii, suiepnoii u ap. B npouecce Bsanmo-

1 hOpMA ABIIKEHIS MATEPHH MOKET MSMCTATHCA, HATIPUMED MTPH TPEeHIH

ABAIOTCA, TIPH HTOM H3MEHSETCSL W BII SHEPIHI, T. €. MCXANMYECKasl SHEpIis

30 BHYTPEHHIOIO. MaMeHere BHja SHEPTuH 00VCJI0BIEHO JICHCTBHEM Ha

1 CBA3AHO C COBEPIIeHTeM paboThl.

Just — QUIUNECKAS! BEAUNUNG, XUPAKTNEPUIYIOUA cnocobuocms

cucmeMsL mejl CosepuLamy padomy.

1 SHEpPrHy, Kak H eHHHLA paborbl, — amoyab (Lx).

1 MexaHHecKyo paboTy, TeJ0 MM CHCTEMA Teql TIEPEXOIAT U3 0HOrO

B apyroe. Cocrosmue MEXAHITIEeCKOIT CHCTEMBIL OTIPELEISIETCS pajiuycaMi-
KOOPILMHATAMH T H uX ckopocTsamit. [Ipy H3MeHenin cocTosHms

CcTEMbl TeJI HX SHepPrust MeHsIeTCs. |

2 A, COBEPIIECHHAS TEJIOM HJIH CHCTEMOIT TeN IIPH STOM, ABJIAETCS! Mepoii

wx aneprun AE:

A=AEwm A=E, — E,. (3.17)

SHEPrUM Tena (CHCTEeMBI TeJ) OlPe/eNAeTca nanboasnieit paboToii, KOTO-

coBepIIUTD TeNo (cHeTema Tel).

jerie paboTHl CHIIAMA CBABAHO € U3MEHEHHEM JHEpPrin:

CHCTEMA TeJ COBEpPIIACT PabOTY Ha/l BHELIHHUMI TENaMI, TO JHEPIUs CHCTe-

1 ymenbmaerca. Hanpumep, mexaniyeckie (MPYKUHHBIE) YaCh paboraioT B
ONpeIe/IEHHOT0 TPOMEKYTKA BPEMEHH, TAK KaK JHCPTHA [IPYRHHbL PACXO/LY-

‘copepriierie paboTHI 110 NPEOOTEHNIO CHIT TPEHHS KOJIECHKOB, CTPEJIOK, Me-

qACOB,;

f BHENTHME CHIbl ( BHEITHME TeJla) COBEPIIAIOT paboTy Ha/L CNCTEMOIT Tell, TO

1 9 cuctembi Ten yBemgBaeTcs. Irobp Mexaniyeckie achl padoTa, HX Ha/io

, T. €. BHEITHIE CHJIbl J0JIKHBI COBEPHITE PaboTy 110 AehopMaInm IPYKUHbI

unecxan snepaun — GU3NUCCKas BeJMUNHA, KOTOPas AB/seTcs (PynK-
DPOCTEEH M B3aMMHOIO PaCiiONOKeHNsS TEL.

3.6, Kunetuueckan sneprus

1eHHe KuHeTHyeckoi aneprun. Kuuerieckan (07 rpey. kinetikos — unpn-
B JIBIGKeEITe) oHeprus F, MaTepHaIbHOi TOUKH (Tesa) sSIBJISeTCA Mepoi Me-
[0 JABHJKEHUS W 3aBHCUT OT CKOPOCTH [IBMZKEHMST TOYKH (Tena) B JlATHOH
HOI CHCTEMEe OTCYeTa.
i ABIDKEHIM TeJia [IePeXO/IsiT M3 OJIHOTO COCTOAHMS B APYTOE, CIeA0BaTE/IRHO,
cst UX aHeprus. VaMenenue sHepru paBHo paboTe BHEUTHHX CHIL
UM paboTy HOCTOSHHON CHIIbE v; v
AEHCTBYIONIEN Ha TEI0 MACCO — -

F
ABIDKETCA NOCTYNATEIbHO, NPS- () I_,-_—l-- |_v;l—’ X

0, BAONL OcK X, BEKTOPBI CHITbL 2777777777 7 T 0,
i |

)

PO Tela coHanpasieHsl (puc. Az K
Ipu nepememennu tena na Ax
BepiaeT paboTy, PABHYIO Puc. 3.12
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AA= FAa. (3.18) : s AHEPLUS meaapasia KB8AOPATNY UMNYACA TENA, DereN -

ul'[pli 9TOM 3a BpeMs At CKOPOCTH /IBHKEHIS Tela HAMEHACTCH OT vy JI0 v, ] (2f10 MAcCcy med.
AeHCTBHEM NOCTOAHHOM CHIbl F = ma Tesio aBuxkerces paBHOYCKOPEHHO (a = {;-"1510)11 g 9Heprua CHCTEMbI TEJI PABHA anrebpPaIecKol CYMME KUHETHYECKITX
K

¢ TeJ1, U3 KOTOPLIX COCTOUT CHCTEMAL

e Vo — ) i = ‘fn(]_}z == UI}'
ar At o p (3.22)

F

v | Mats mv?
=— =k
3a spemst A t TEAO NPOXOANT TTYTh ’

exast SHEPTHs TEJIA 3a8UCUM O aulbopa cucmemvt omeuemad, Ho

a(At) orpunatenbha, T.e. B > 0.

Az =y At +——L =y At + (1 — v )AL _ (m +u)At
2 2At 2 :

p KHHETHIECKOH SHEPIHH. Ha veso MoryT ZeiicTBOBATh PA3/INIIBIC CHIIBL — THANG-
TH, TPEHMS WIH O/LHOBPEMEHHO HECKOJIBKO CILI.

% CHJTBI T PESYALTHPYIOWEH CHUL, ZEHCTRYIONX Na TEN0, ABIIETCH Mepoii
I koit sreprun Tena. Panee noayuennyio (hopmyaty (3.19) moxkHO nepein-

TaKim 06pasom, nojt AeiicTeren cuisl F = ity —t)
' e - TeJo ne ac 3971
Ad peMeniacTes 3a po-

MEKYTOK Bpemern A Ha pacetosite Ag = M

PaGota cuael I, cornacho thopmyie (3.18), pafma AA = By — By = AE (3.23)
= Bg2 — Ml T (o] L,

AA— mv, — ) (w + o)At m(s —f) eCKas HHEPIIS TENA B KOHETHOM OAOKEHITH; Fy — KHNCTIMECKAT JHEPIid

At 2 9 A MOJIOKCHIN.
W _ KUMETMUYECKOH IHepeul meiid AE, npu nepexode u3 001020 Noi0-
20¢ PasHO PaGome GEEX cul, OCHCMBYIOULUX L MEeNRo:
. 2 A TeNO CHIL, paﬁa'ra KOTOPLIX HA AAHHOM LEpeMelleHH HOAOKHTENBHA, TPHBO-
Aa=T= B (3.19) 10 KHHETHYECKOTT SHEPTHK Te1a;
2 2 ' _ BHE HA TEJIO CHUT, PAbOTa KOTOPHIX HA AAHHOM IEPEMEILICHIN OTPHIATEARH, HPHBO-
U3 conocrasaennst opmya (3.17) u (3.19) coreayer Boison : B EREC TR ECKONR DBEPTHH TSR

e *

2 9
muy | muy
EK = Eh'l = _1'
2 2

BHLMaNbHan aHeprus

Kunemuuecxasn snepzus IpA NOCTYNATEILHOM /IBH;KCHHH TeJIa PaBHA 110~

e MOTEHIHANbHOH sneprun. Tesa, NOIATLIE HA HEKOTOPYIO BRICOTY
JIOBHHE TIPOHIBEICHHA MACCHI TeJa HA KBA/IPaT €10 CKOPOCTH '

CTBIO 3eMJIH, NP TAAEHUH MOTYT COBEPIINTD paboty (Harpumep, Ko-
anuy cpaut B rpyHT). CreoBaTebHO, TAKHE TEIA 00ONANAIOT SHEPIHEH,
3BIBACTCS TIOTEHIHATLHOLL

uanvnas snepeust E, — 970 9HEPIMs, KOTOPAA 3ABUCHT OT B3AHMIOTO
WS T T 4acTeil 0HOTO H TOT0 #Ke Tefa.
Ha 3eMJIIO TeJ1a coBepuiaioT padoTy, NOTOMY UTO TEIO B3AMMO/ICHCTBY -
ii. YnpyrozedpopMupoBantast 1pyKitHa criocobHa coepuiTh pabory, 1mo-
POHCXOJINT B3AHMOIEHCTBIE MEJKLY €€ YACTAMM.

.
muy=
Bo= . (3.20)
2
Yacro npu pentenim 3ajiay yA06Hee HCTIOb30BATE BBIPAUKEHHE KHHETHHeCKOTL aHep-
rfu‘{ TeJa YEPes ero UMIYILC p = 1. YMHOKNB 1 pa3aeaus Ha m (m = () npasyro
yacTh B hopmyare (3.20), noayuim

B my®  mAv? IAILHASR IHEPLUSL — IO FHEP2US 63aUMO0eUCMBUsL.
K="= g ST O TIOTEHIMA/IBHOI HHEPTHE OIHOTO TEJTa, BCET/1a IMEToT B BIVLY APy~
HUTH ' , KOTOPHIMH IAHIOE TEN0 saanmoaeiictyer. [loaToMy HHOT/IA ¢€ HA3hIBAIOT
i NOTEHIMANLHOI HEPrHEil, HAN HEPrHell TOTEHIMATbHbIX B3aHMOACH
n? PUMED TPaBUTAIIHOHHOTO B3AHMOIEHCTBI.
Ee=_—, (3.21) nUE NOMEHUUANBHOTE INEPLUU OMIOCUMCH K CUCTIEME G3aUMO0et~
2m - o8
riae p = muv.

| M3BMEHENHs MOTCHIMAIBHOI AHEPTHH TIPH 1IEPEX0je CHCTEMDL 13 0IHO-
M1 B Apyroe siasiercs paboTa NOTeHIHAJIBHBIX CHIL, OCYILECTRAAIOIHNX
CTBHE MEXAY TENAMM CHCTEMbL FUIH HaCTAMI OAHOLO H TOTO Ke TeJad.

B‘ll

1 .
Dopuyia Guuia npeanoxkena panyacian yiensiv T Koproancas v 1809 .
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Pabora norerumansHbix cui A, panua y6bUIH TOTEHUMANBHON SHEPTIH CHCTEM
(Eul o E"UQ):

‘4[1 — 'E'Illl e EQ = “AE“, (3.24)

e By — noTennuaibias JHEPruA CHCTEMDBE B HAYATLHOM COCTOSINIG By, — NoTey-
IHAIbHAA SHEPIHA CHCTEMbI B KOHEHHOM COCTOSTHUIL

o dopmyze (3.24) paboTy TOTEHUMAILHELX CHA — CUA BIAUMOAEHCTRH — OIpesenser
PasHOCTh 3HAYEHHI NTOTeHIHATBHON aHeprun (AL,), 4T0 0COOCHHO BAKHO TTPH PelicH iy -
gugeckux 3anad. [ToaToMy U1 yIPONIeHIs pelenns 3a1a4u HeoGX0AMMO BHGPATE CocTos e
CHCTEMbI, B KOTOPOM €€ NOTEHTIMATHHAT IHEPIHs CHUTACTCH PABHON HYJII0. DTOMY COCTOsII
COOTBETCTBYET HYJIEBOI yPOBEHB MOTEHUHABYOI aHepriit. B sasncumocti ot subopa iy repg.
IO YPOBHS NOTEHIMANILHAA JHEPTHA MOKET ObITh MOAOKITEALHON ( By > (1), OTpHI@Te L)
(E, < 0) win pasroit vymo (5, = 0).

HMorentuanbuas sHeprus ONPeAeNsAeTCs BIAHMHBIM PACTIONOKEHHEM (PaCCTOs -
€M) TeJT B CHCTEME HJIH HaCTeii O/IHOr0 M TOTOo e Tesa. PACCTOMHISA MEAKLY TelaMi ne
3aBHCAT OT BHOOPA CHCTEMBI OTCYETA, T.€. HEe HIMEHAITCH HPH HEPeXoae T 01Ol
CHCTEMEI OTCYETA K JIPYTOH, T0ATOMY H ROMENUUAIOHAS IHEPUSL He 3asUCum
om eulbopa cucmemsl Omeuema.

Iorennuanbuas SHeprus rPaBHTAIMOHHOIO B3aUMOAEHCTBHA. PaboTa 1pasiita-
IHOHHOIT eubt, cornacHo (3.11), 10 1epeMenennIo Teaa Maccoil m 13 TOYKK 1 B 104-
Ky 2, HAXO/ISIIIHXCS HA PACCTOAHMM 11 W 75 OT 1ieHTpa 3esiu (puc. 3.13), pasna;

A

_GM.m GM.m

n 7

(3.25)
PaGota rpaBHTAtmOHHOI cuanl MOKeT ObITh ONpeIeIena KaK no dopmyae (3.24),
TaK w o dopmy.e (3.25). Ua cpasnenns atnx dopmys cieayer:

GM.m GM.m
=" En2 =5 —a
i 1

Enl =

[TpHHATO NOTEHUMATLHYIO SHEPTHIO B3AUMO/IEHCTBUSL OMHOCUMENBIHO HYAeE0~
20 YposHs omcuema CHUmams ROAONCUTNEAbHON, eCIN NPH B3aUMMO/ICHCTRITH
TeJa OTTATKHBAIOTCS, HAMPHMED OHOMMEHHO 3apsKeHHbIe Tea,
Ecom nipu Baanmozeiicrsnm tea npumsizusaromesi, nan PHMEP Pa3HOUMETITID 38~
PAUKEHHDBIE TeAd, HIIH [PH TPABHTALIMONHOM B3aHMMO/EHCTBHY, TO HX MOTEHIHAILITas]
1 DHEPIUs OMPUUATRENbHA OMHOCUMENLHO HY.1€6020
yposua omcyema.
[Morenunanbuas SHEPTHS TPABHTAIHONHOTO BIAKMOACT-
2 CTBHSI CHCTEMBI ABYX MaTepHaIbHbIX TOUeK Maccamm m i M,
HAXOJATIUXCS. HA PACCTOSHHA 1 APYT OT Jpyra, paBHi:

J B == GmM .

T

(3.26)

[enecoobpasHo sa HyaeBOIT YPOBEHE OTCUETa MOTCHII-
AIBHOI IHEPruH rPABHTALHONHOTO B3aUMOJIeHcTBIS 3eM-

Puc. 3.13 JIH € MATePHANBHBIMH 00bEKTaMI MacCOi m BBIOpATE TOUKY,

HA TAKOM PacCTOSHIM 0T 3em-
APHTSIKEHHA Tea K 3eme

K HYO:

'M__g.‘i-\«{], ecm 1 — Q.

_.Hor .
oTCYeTa NOTCHIMANBHOM SHEP-
12 GecKOHeHO BOTIBLIOM PAc-

nenTpa 3emun; |
soxHocTH Jeman (r = R) mo-
JHEpPruA [PABHTALMOHHOTO

GmM,
R,
%pmu MUHVUMATIbHAHA MOTEHITHA/IBHAA JHEPIH Y Tena, HAXOAIETOCH
Ll

i 3eMIIH. e
CHMOCTH NIOTEHLHATBHON SHEPIHi CHCTEMBL TEJI0 — 3eMIs1 OT PAccTo-
¢ TEJOM ¥ TIeNTPOM 3eMH 1300paiKen Ha pic. 3.14.

L peKeCTH BOJANEH TIoBEpXHOCTH 3eMan ( h < R.) ONpeACIseTes 1o
13), CIEIOBATEIBHO, MEL0, NOOHSINOE HA BHLCOMY h oriz‘uocumwm-
socmi 3emau, obradaem nomenyUaIbHOU INePIUCU:

st MIHEMATbHA 1 pasHa B, = —

B

B == gl (3.27)

gasi SHEprHsi ypyroaedopMHPOBAHHOIO Tea. Jedopmarnus cxa-
951) TPOMCXONT [0/ ACTICTBHEM BHEILITHX CIVL. B ynpyroaedopmMupo-
BOSHMKAIOT CHIIBI YIPYTOCTH — MOTEHLMATBHBIC CHJIbL, KOTOPHIC TIPe-
 aepopmarrant Tesa. Vx jieiicaue

DHH CTPEMSITCA BEPHYTb TEIO B ko g
nehOpMHPOBAHHOE) COCTOA-
2. IIpu 9TOM CHIIBE YUPYIOCTH

ks by | — anmna Tesma, HanpuMep
1¢. 3.15), COOTBETCTBEHHO B He-
oM 1 1ehoOpMHPOBAHHOM CO-

pin ¢ (3.24) nomenyuain-

2us ynpyeux ezaumooeil- ,___.%_.JE
k(AL ——
E,= il 21) : (3.28) !
F. wp— kAL
Has aneprus ynpyroaedop- S ?
Pue. 315

Tena paBa paboTe cuiibl yii-
ga |



PYTOCTH 1pH nepexoe 3 AeGoPMIPOBAHHOIO Coeg.
AN B HejechopMIpoBanHOe COCTOSAHME.

Hanano oresera norenunatsHoii anepri (£, =0)
COOTBCTCTBYCT TAKOMY COCTOSHHIO CHCTEMAL, pu KO-
TOPOM CHJIA YHPYTOIO B3aUMO/ICHCTBHS paBia
(Eyp =0, 1= b, Al=0).

I'pahiik 3aBHCHMOCTH TOTEHLATDIOT BHEDPIMY B
YIPYTOACHOPMHPOBAHHOIO TEIa OT YANUHCH s Aﬂz
m300paxKen Ha puc. 3.16 n npeactasasger coboii napa-
Gony.

Havano xoopausar coorsercrsyer HONOKe RN
pasnosecist: Al = (); E, = 0. [Iparas BeTsb napabosb otolGpakaer HaMeneie 1OTeR-
IHATBHON dHEpriy upw pacrsikenun (Al > 0, rak kak [ > |); 1esast Beren — TP Cka-
i (Al < 0, Tak Kak [ < }).

B [

Coxarue Pacrsxenie Hy.ig

Al
Pue. 3.16

X

3.8. 3aKOH COXpaHeHMA NONHOK MeXaHW4YeCKOH IHeprumn

lonmas oneprus rena. Honnan mexanunecxkasn snepaus mena (cucme-
Mbt met) PaBHA CYMME KHHETHYCCKOH I TTOTeHIHATBHOT SHEPIHil Beex Te, BXo/s-
X B CHCTCMY,

E=E + E, (3.29)

B sasucimoctit o1 ens, eificTBYOnmx na tema, BXogsnme B CHeTeMy, PABTITYAOT
KOHCEPBATUBHBIE M HEKOHCCPRATHBHBIE CHCTEMBL TE;

@ CCJIM BHYTPEHHNE W BHEITHIE CHJIBI, ACHCTBYIOIIME HA TeJIa CUCTEME], ABJAI0TCS
NOTCHUMANILHBIMI (HAIDHMCD, IPABITALMOHHBIME HIH YITPYTHMI CHIAMI), TO CHC-
TEMY TeJl Ha3hliBAIOT KOHCEPBATHBHOMN;

® CC/IH HAPAAY € TOTEHITAAILHBIMEI JEICTBYIOT U HENOTeHIMANBHBIE CHhl (HA-
LIPHMED, CHJILI TPEHHS ), TO CHCTEMY TeJl HAZLIBAIOT HCKOHCEPBATHBHOIL,

peanonosknm, uto cuetema Ten ARIAETCH 3AMKHYTOH 1 KoHcepsaTurHoil. [pn-
MEHNM K DTOIl CHCTEME Te/l TEOPEMY 0 KHHETHYCCKOi aHepruu (3.23):

AA= E{II —E,,

rae A4 — pabota HOTeHUMANLHBIX CIT, PaBHast YOLUIH OTEHLMATBHOI DHEPIim.
Cacaorareisuo, By — By = By — Egwin Ey + Eg = B, + B
Vuureisas, uto (E,, + E,) = E, — Mexameckas FHEPIHA CHCTEMBI B HAUY/ILHOM
cocrosnuu, a (E,, + EKE)I = E, — MexaHuveckad SHEprust CHCTEMBI B KOHEIHOM COCTO
SAHHH, noJyqaM: £, = F,, win
E = coust.

(3.30)

Dopmya (3.30) BBIDUKACT 3AKOH COXPANCHUS NOIHOL MEXAHUMECKOT Inepeuu.

I [osmas Mexauuyeckast SHEPIHS 3aAMKHYTOI KOHCEPBATHBHOI CHCTeMbI HE H3*
MeHsiercs, T.€. COXpaHsAeTcs.

[peanonoskum, uro cucrema re spasercs HEeKOHCepBAaTHBHOIL B sToM cirydae pa
ﬁOT}I‘ CHLIL, .'lE'f'ICTB_\/K)fU,I-iX Ha CHCTEMY, MOJKHO MPEJACTABHTD KaK CYMMY paf)UT noreH=

| sa

' 0 KHHETHYCCKOIT
\ A # HEMOTEHIMAIBHBIX AA,, cir. IIpuMeHus Teopemy
1

JVIMM

Enl = E,‘g — AA[: i AAHH'

uto AA,= Ey — E,,, BoipaReHne IPUMET BHIL
2 n '
Ea’). k1l — Eul En.." A-‘iun-

\%%: ﬂﬁ.ﬂy"ﬂ?}rﬂoe Bh[pmf.‘f[ﬂf?. HMEeM
(Eﬂ i E:rz) = (Ep.-.l i Em) = AAHH,
ast, 9T0 (Eo + En!) = Eya (B + E,) = E, mosyunm

B — B = Ay (331)

e NOANOU MEXAHUYECKOU IHEPZUU CUCTMEMbL PABHO paﬁo?zs:’
i HeNOTEHUUAALHBIX CuJl (HATIPHMED, 3AMKHYTAsA cnr:Ten)Ia% B fco‘m

¢ [IOTEHIHAABHBIMH CHIAMH JEHCTBYIOT H CHJIBI Tpt‘HI{H). Paborta cun
% 'mc'nﬂxeauu CHCTEMBI VMEHbIIAET e KITHEeTHYECKYIO JHEPIHIO |, Cle/0Ba-
1 ecxaﬂ aueprms CHCTEMBI YMEHbIIACTCA, [IEPEXO0/s B AHCPIHIO APYTHX

X (hOPM ABIDKEIIST MATEPHH.
COXpaHeHns YHePrHH — ITO yHHBEpCAIbHbI 3aKOH NPHPOIBL.

COXP ¢ynnamMenTaIbHbIe 3aKOHbL NPHPO/IBL.* 3aKOHKI COXPAHC-
COXpaHeHHs — ' xpae
(hyHAAMEHTAJIBHBIMI 3aKOHAMH MPHPO]IBL 110 CACYIOLITM HpUYHI faM.
T pemarth pAJL CAOKHBIX 3a/1a' 6e3 paccMOTpeHist IeHCTBYIONINX Ha
HE MPOCTEKUBA ABHKEHHSL CHCTCMBL TE. K rakum sagagam OTHOCATCS
aa,nalm o cToaKHoBerny e, [IPIMeHeRie 3aK0HoB COXpalieia yupoia:
OTHX MEXAHHYECKUX 3a/da4; |
IT IATIEKO 32 PAMKM MEXAIHKH (3aKOHbI COXPAHEHUH, OTKPBITBIE B M;xa
uyuaﬂx Kor/ia 3akorbl HbloTo1a HempUMEHMBI, HANpUMep J11: Onuca
T s

Hs1 9EKTPOHOB B ATOME, 3AKOHBI COXPAaHENHA MEXaHIUCCKHX Be.mm}m H
0Er0 3HAYCHTA. MEXaHHUecKne BeTMIIHbL — Macca, MMILYJILC, SHEPTHA
BeeodIMMY B (hu3mke; -

AIOT» B MUKPO-, MAKPO- 1 METaMUPe, 1. €. TPUMEHIMDBL K CHE

: * 9JEMETTTAPHBIM HACTHIIAM
'hEKTOB, HE3ABUCHMO OT MX PasMepon: 2.€
" —_—— 1AM, JaKOHBL cOXPa

y (OOBIMHBIX JITA HAC PASMEPOR) 1 K KOCMIHECKHM TE : s
T HEHTPAILHYIO POJIb B PH3HEKE, ocOOEHHO TTPH H3YYCHITH aTOMOB 1 5.
OT ci::un;apman HOBbIE OTKPbLITHS (nanpnMEp. llp[.‘-}l(‘.KﬂBaH‘l:) L‘)-'mecmu;i
IPHOI YACTHIB — HempuiLto, OHa He 00TaaeT Maccon TTOKOH, neee
PUIECKIIA 3apsUT PABEH HYJTIO, /IBIKETCS €O CKOPOCTLIO cpera i 1-1MCT
nponukaomyio criocobnocts. [lianera 3emast s He}rrplmr? npomE
Teopernueckoe npejckasanne HEITPHHO HA OCHOBAHHH 3dKOHA C lel;;sa
6nuto crenano s 1930 r. mseiinapekum (usnkom B.1Taymm (1900 — .m
HTAMBHOE OTKPBITHE HEITTPUHO CBEPIINIOCH CITYCT 26 et nocie noAB
X HCTOUHUKOB HEHTPIHO-SULEPHBIX DEAKTOPOB; .
€ OAHOPOANOCTLIO BPEMEHH, OAHOPOAHOCTEIO H HIOTPOIHOC

TEMAM BCE:

TBIO TP
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3.9. NpumeHeHUe 3aKOHOB COXpaHeHus

Wy Hcroprueckas enpaska. syuchie croakuopenmns Ter win VAapos' curpaio Fm,rlbllryh
(=1 poun B Gusuke. B 1666 r. Jomaoncioe Koponesckoe obuectso o0biaEHI0 xnmcypc‘ﬂa
ayyqmy1o paboTy 110 n3yHeHnio cronknoserms ten, Tak KaK AeTanbio NpociciiTh, 4To Npope.
XOZNT 32 KPATRIH MHT COYAAPCIIA TC/1, HEROIMOMKHO, HEOGX01MMO BBUTO HANTH BEN i b, 0=
TAIONIHEC S HEHIMEHHBLIMH TPH COVAAPCIIAX. PeayrsTat MOMCKOB OKAIAICH VINBUTE, | hH b Hy-
nepranackuii yaenstit X. liofirenc i anraniicine dusnin [x. Yosme u K. Pes otkphiny FAKD
COXpaHeHIst HMITY.1bca; Liofirenc, moaHoCTRIO peinBumil 3a1a4y 0 CTOAKHOBEHITH TeJl, NepBL
BBICKA3A MBICTh 0 COXPAHEHNH KHHETHIECKOIT SHCPIHH [IPH VIPVIHX CTOTKHOBEIINAN,

Cronxnosenue Tex. CTONKHOBEHUS, WIH YAAPLI, Te/1 HOAPASACATIOT Ha a0CO Tiy7-
HO HEYTIPYTHE 1 aOCOMIOTHO YIIPYTHE.

Abconromno neynpyeuit yoap — CTOJKIOBCINC T, IIPH KOTOPOM MEAKIY T
JaMu ICHCTBYIOT HETIOTEHIMATBHBIE CHIIbL H L0C/IE BIAHMONEHCTBISA Tea ABIKY ey
KaK eMHOe Lenoe.

Abcomomno ynpyeuii yoap — CTONAKHOBEHUE TEN, TIPH KOTOPOM CHThl Bia-
MOZEHCTBHSA COYAAPSIOUMXCS Te ABAAIOTCSH HOTEHIHATLHBIMM U B PE3V.ABLTATE BIan-
MOJIEHCTBHA MEXaHNYeCKasl SHEPIUs CHCTEMbI HE H3MEHSIeTCSI.

AbcomoTHO Heynpyruii 1 abcooOTHO YIPYTHIT VAPl ABASIOTCS (hH3HUECKIMY
MOJIEJISAIMHM JIJIST ONHCATTHA PEATBLIBIX CTOJKHOBEHUIL.

Orpannmunmest paccMOTPeHHEM TeHTPATBHBIX YAAPOB, T.€. TAKUX Y/APOE, KOIa
CKOPOCTH TEJI /10 V/apa HaPaBaebl BAOTb JHHITH, COEAMHSIONICH HEeHTPB Mace Te.

A6comorno neynpyruii yaap. K abcomoTio HeynpyriM viapam Moo OTHECTH
CTOJNKHOBEHHE METeOPUTOR ¢ 3emieil, Haboukin — co CTeK/IOM ABHAYLIETOCS ABTOMO-
Ousa.

PaccmotpuM B KauecTse npimepa abeoXioTHO HEYIPYTOIO yiaapa CTOAKHOBEHHe
IPY30BOro agroMolmis ¢ neckom M, ABHSKYIIETOCS €O CKOPOCTLIO ¥y, 1 1TV 77, TeTs~

el co CKopocTsio . [Toce menTpasbHoro Heynpyroro yaapa (ny/is sacrpesaer B

necke) x obias ckopocts pasha U/ (puc. 3.17). Onpeneanm sty CKOpocTs.

Ira cHCTeMa Tell HeKOHCEPBaTHBHA 1 HE3AMKHYTA, HO JUISL Hee BBIIIOIHACTCS 3a-
KOH COXPAHCHHS TPOCKIMN UMITYJIbta Ha 0cb X, TAK KAK B 9TOM HapasieHni Ha TeI0
He JIEHCTBYIOT CHITBI:

My, + muy, = (M + m) U,
Wi ¢ yueToM HanmpaBIenns BeKTOPOR Vy, Vo 1 0cH X
Muv, + mu, = (M+ m) U,
OTKYy/la
_ Muv, +muy

U= (3.32)
M+m

Ckopoctn U cueremsr (M + m) nocie
HEYHPYTOro CTOJAKHOBEH S cOHArpaBiend
€O CKOPOCTAMM v, 1 vy, [1pit ey pyrny o
YAAPCHUAX MPOUCXOAUT H3MEHEHHE MeXaT

Pue. 3.17

Noap — avienne vamenens ckopocTeii Te 3a OueH ML IPOMEKYTOK BPeMeni Hx (TOIKHOBE

IR
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B ZAHHOM CcJydae KHHETHYECKOI, SHEPIHA CHCTEMBI, IOCKOIBKY IPH yape
131 JICHCTBYIOT HCMOTEHIMAIBHBIC CHIIBL

AEI( = E:;;' = EKI:

(M4+m)U* . B Mui *M
E;Q'—_ 9 1 bh‘l 9 2
M+m

M +m ( My, +mu, T
Bk = 2 [ M +m

ag, uto U = , TIOJLYHHM

Mui
) 2

mvs

Mm
2(M +m)

(17 — 1) (3.33)

AB, =—

5 CBUAETENBCTBYET 00 yMEHbIIeHUH KHHCTHYECKOIH 3HEPTHN; TAK Kak

;ﬂ%iﬂﬁ ynap. K aﬁcu;rnoj'no VIPYIHM yaapam MOKHO m_nec*n‘il L'II;UJI-
GUUBSIPAIBIX THAPOB, Y/ap WAHOb! O INTAHTY BOPOT IPH UTPE B )‘IL()]{KCIL aL_
TPATLHOE COy/IapeHie ABYX 1APOB MACCAMK 11 W Tiiy, JIBMIKYHHXCA no
B0/ 0cH X €O CKOPOCTAMM V; M Vs (puc. 3.18). Onpeaennm CKOPOCTh

' pas « rOro yaapa.

u U, mocsie HeHTPAIBHOIO YIpY .
4 CHCTEMBI Tl BHITOJISIOTCA 3aKOH COXPAHENTE TPOCKILIN MMIIYALCA Ha
OM HAUIPABJICHHs BEKTOPOB Vy, Vo 1 OCH X 3aKOH COXPATCHIL HMITYJIBCA
BHJE:
my vy + maty = my Uy + ma Uy

191 aNg 1L el
[HAPOB KOHCEPBATHBHA, HOITOMY K HEH TPHMEHIM SaKOH COXPAHEHNSA Me-
AHEPIHI B BAJIE:

: ; CR
me:  merd U muls

2 9 2 p)

OBMECTHO YPABHEHMs, BHIPAKAONINE JAKOHBL COXPAHEHNA UMILYyIhca H

(1my — ) s + 20t

(3.34)

0 = (my —my )y +2m,7, .U,
my + 1y

ny + iy

PHM YACTHOE petietiie CHCTeMbl ypaB-

[HO U3 Ten 10 yaapa okoutes. Harpu-
BOPOT Ha XOKKEiHoil Maomaike
JaeT maiida Maccoii m, JeTalas co
. Onpenennm cxopocts waiitni U 1
ot U, ocsie ynpyroro yapa maiion
OPOT,

S T %
///)::///,/‘_,2.:‘;5, ,{_//':x‘/’l;x_'_.-"'/j,a_';/_,z’.ff‘}’/A “

Puc. 3.18
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B aTom c;rryqae CHCTEMaA YPABHEeH i, BhIPAKAIIINX 3aKOHLI COXPAHeTTI S Hanmm
H AHepPruM, DVIET UMeTh BHUJL i
may 4+ 0 =ml, + MU,

MU2
=L,

3
muf
2

_mUf
2

Yuiens ypaBHeHs, XapakTepusyionme maiily, HepeHeceM Biaepo:

mey —mU, = MU,,
_mUf  MU3
B =

mu;
7

¥

Buinecem oOmmit MEOKHTE D 7 1 BTOPOE YPaBHEHHE YMIOKHM Ha 2:

m (’b‘; a5 Ia) = M.Lfg.
m (v;*’ - U?) =MU;.
Ilepenmenm nepsoe ypapHenne 6e3 H3MEHEHHUI, 4 BTOPOE INOUAEHHO PA3ETHM Ha
nepBoe:

m (o —U,) = MU,,
‘U] -+ U] - I]Q.

MMoacrapasaa vaitiennoe spauchie [/, B nepROE ypaBHEHNE, UMEEM:
m(v, — U)) = M(v, + U,).
Packpoem ckobxm:
my; — mU, = My, + MU,
[Iepenecenm uwnenst, cosepxamme Uy, Baeso
—mU, — MU, = My, — mu,,
OTKY/a 1oJaydaeM

—U(m+ M) = (M- m)y
M

S M-m

U= 3.35)
! M+m . (

JHaK «MUHYC»> NOKA3BIBACT, 9TO CKOPOCTH MAN0bl 10 1 noc/ie yaapa [poTHBono-
JI0KHO Hatipasaensl (vy 1] U)).

HMoacrasus (3.35) B panee noayuennoe cootnomenme v + U = U, onpejneraeM
CKOPOCTH BOPOT 1OCJE Yiapa maiidbl 0 UX HITanry:

| ss

2m

“M+m
.W' DOT i CKOPOCTb THAitbI 210
penst (v; 11 Us).

. m (nanpumep, 1pH yvaape
(m) © cTenKy (M)), T0
(3.35) caenyer

M
M
B onneroco-*
- ab--nponmnhono)lcﬂo eit nanpasiena v, T, U,. |
_ m (sanpuMep, /Ba OHITBSIPAHBIX A4, OINH 13 KOTOPBIX JBMKETCH C
‘a Apyroii fokomTest), To u3 hopmya (3.35) u (3.36) caenyer, uro nps
pYTOM yAape (B OHIBSIPAE HASHIBACTCS memu.lf) CKOpOCTD TEPBOTO LIAP:
proporo mapa U, = . [Ipy merke neppiii map 0CTAHABIMBACTCS,
ostieiicst, Gy/IET IBUTATHCA B HAIPABIICHIM IBHZKCHIS TIEPBOTO [P
;. B pesy/israte yapa maphbi mﬁmenmaamcm_ cropoctsimi (puc. 3.19
peMHEUecKasi ckopocts. Bmopasn kocmuneckan cxopocms — 9t
€KOPOCTD, KOTOPYIO HYHKHO COOOMHTH TEy, qr00BI OHO, TIPEOJIOES P
rsprenme 3emu (Benepsi, Mapca, JIyHbl mint JIpyroro KocMiusec
J0Ch OT Hee Ha HeckoHeuHo GOMBIToe PacCTOsTHME.
{ BTOPYIO KOCMITUECKYIO CKOPOCTh 2 PAKETHI MACCOIT 1, CTAPTOBABIIE
€0 CKOPOCTBIO Ty, BOIH3M HOBEPXHOCTH 3eMIU MEXanHeckast SHEpri

WQ . (3-36)

o

4

TR

Pue. 3.19

_omug c mM.
2 A
VAa/leHHs 0T 3eMn OTeHIATbHAS SHCPTHA PAKEThl YBCAHIHBACTCH,

— ymenbmaetcs. B touxe, Haxozuimeiics Ha paccTOAHIN 7 OT LCHT]
ECKas IHEPTUs PaKeThl, JIBIKYIIEHCSA €O CKOPOCTHIO ¥ < Gyner

E

" et M

! e mt

E:—-——G J'.
T

G mM.. .
#

9
muv
P

&

aeiicteus ¢ 3emaeit E, — 0, T.e.

mM,,
r

(7

— 0, upn r— oG

B€



B 910M ¢ciiyHae 3aKOH COXpancins SHeprim NMeeT BIJ

o
my _ amMs mu?
2 By — 2

=

CKropocTs g, TIPH 3alTycKe ¢ KOTOPoii pakeTa MpeojosieeT rpaBUTAIHOHHOE

MojeicTBIE ¢ 3eMJieil, paBna; -

2
a7
m

mM,
R,

Cmv®
2

W=

Cxopocrhb t, By AL B B _
o DVIET MUHHMAIBHA, 'I. €. s g : . .
ST,y == SN e U}’,Ll(il. SIBJSITBCS BTOPOI KOCMHYCCKOIT ¢Kq-
W =ty €C AKOPEHHOE BhIpaXKenHe GyaeT MMeTh MUHHMAIBHOE 3HAYe-

HHE, T. €, =1, Toraa

(3.37)

Borauesmm no chopmye (3.37) BTOpYIO KOCMHYECKYIO CKOPOCTh

26,6710 " (H-8*)/1r” - 610" xr
6,4-10° m

M

R

Wy =

= 11,2 -10% M/c, mam vy &~ 11,2 kv /e

Cornacno (2.19), ¢ =G —"

2 ! HO3TOMY

v = yJ29R;.. (3.38)
YauteiBas, 4T0 nepsas KOCMHYECKas CKOPOcTs [eM. (2.22)] v = (Jgll, = 7.9 km/¢,

BTOPasi KOCMHYECKast CKOPOCTH BOTbIIE TiepBoit i
) PBOIi KocMHYecKoit B V2 pas, T.¢. 1y = -
MIH vy = 1,410, RS -

B 1abn. 3.1 npusesenst sHauenns BTopoii
i S : 3HAYEHHS BTOPOI KOCMHYECKOI CKO T T J—
HOIT TPYITIBL POCTH JUIA MIAHET 3EM

Tabanua 3.4

[Taanera thyy KM/C Inanera w1y, KM/ C
Mepgrypmii 42 3eman 11,2
Benepa 10.3 Mape 5.0

KPATKUE BbIBOAb!

.H;W""f‘ﬂ He y.-‘f Wl At Ca me -

=l - L & pHO(?f) u,ﬂ»ﬂ'!f/’! Ced CUL { ]l’ i ?
" . - i - TTREMBE TEN ONPeIeTaeTCH CVMMOI BHE 1
[l'.}‘[' e lB\-’]ﬂme Ha TV CHC "LMy.

° 3mfx’fyma«ﬂ CUC
o nemema ATOCHCTEMA T ] i I ! X i CTRVIOT >
; ; Ma TV, Ha Kaa10e M3 KOt Upbl. HE JAeHC ’\ T BH

| s0

 COXPANEHUS. UMY IbCA: UHEPHHAILHOH CHCTEME OTCHET CYMMapLBIi HM-
' COXP S epCTeMBE TEJ € TEHCHHCM BPEMEHH HE HIMEHHTCS. JakoH coxpancins M-
= eCKOil OCHOBOIT PEAKTHBHOIO ABIKCHIS.
o ckaqspHas GHaMYECKast BEIUMHEA, paBHas CKATAPHOMY TIPOHABEAC-
4 1@ BEKTOP TepeMeIeis:
A= (F.Ar) wm A= FArcoso.

Hie CUIbi — CILIB, paboTa KOTOPBIX SABHCHT TOILKO OT HAYLILHOTO H KO-
rena. PaboTa noTeHIHaThHBIX CHTTIPH SAMKIYTO{ TPACKTOPHH PABHA HYJTIO.
¢ b HbIE CUABE — CHIIBL paboTa KOTOPHIX JABHCHT OT TPAEKTOPIU.

R PABHA TPOHIBEACHILIO MOJAYI5T BEKTOPA CHITEL HA MO/LY.1h BEKTOPA CKOPOCTH
yIia MEKIY HANPaBEHUSIMH HTHX BEKTOPOE: N= Fuycosc.
— ckansipHas (usueckad BEIMMMILA, ABISTIOMASCH CAHHOH MEPOH PA3JLITTHBIX
M B3ANMOJIEHCTBIA Matepui.
sCKAS IHEPLUA NPU nocmynaneibHomM

H

deudicenuu meaa paska nojo-
1 MACCHI TETA HA KBazpaT ero ckopoeth: Ey = %

» xunemuuecxoit snepeuu mena AE, npu MEPEX(/Ie 13 OAHOTO HOT0XKe-
31O PAbOTE BCEX CHL, AEHCTBYIOLINX Ha TEO.
CLTBHAS FHEPZUST — DUCPIHS BIANMOACHCTBISA.
MEXQUUNECKAS. IHEPZUS CUCTeMbl ML — CYyMMA KHHETHYECKO 0 HOTEH-
snEIT BCEX T, BXOAAULHX B CHCTEMY.
COXPAHENIUS. INEPZUL: MEXATITECKA HIEPTHA FAMKHYTOH KORCEPBATHBHOI
HSMEHHETCS, T. €. COXPAHSETCH.

OMmHO HeYNPY2ULl Yoap — CTOTKHOBCHHC TE, TPH KOTOPOM MEKTY TeaMH Jefi-
SHIMAIBHBIE CHIbT 1 TOC/IE BIANMOAETCTEHA Tea IBHAYTCA KAK eHOe TENOL.

HO YnpYy2ul Yoap — CTOTKHOBCIHE Te, TIPH KOTOPOM CHIIBI B3AMMOZIEHCTBHS

51 TeN SBASIOTCS TOTEHIMATLHBIMH 1 B PE3YIbTaTe BIAMMO/LCHCTBIA MEXAHH-
CHCTEMBI HE HIMEHSETCS.
15 KOCMUMECKAS CKOPOCTb Uy — HANMEHBILAN CKOPOCTD, KOTOPYIO HYZKHO €O
wTO6B OHO, NPEOIOER I'PABHTALIMOHHOE [PHTAKRCHIE 3emun (Benepn, Mapea,
© KOCMUUECKOT0 Tea), VAATHIOCH OT Hee Ha (OecKoHe Ho HoapInoe paccTos-

KM/C).

! ANS CAMOKOHTPONS W NOBTOPEHHA

CHJIBI HAZBIBAIOTCS BHYTPCHHMMIL, piemmvu? 2. Kakas cnerema Teq HashiBacTea
 TipmsesuTe npumeph: saMknyTsix cneren Tei. 3. Cho PMYTHPYiiTE 3aK0H COXPA-
hea, 4. Kakoe ABIDKEHHe HASLIBAIOT peakTuriLIM? [louemy Ui 3aIyCKa KOCMIt-
Yabaeit ¢ HOBEPXHOCTH 3EMIH HCTTO/b3YI0TC MHOT JCTYTICHUATEIE PARETHI? 5. Chop-
onpexenenne paboTs cHIbl. B KaKNX eIMHNTAX H3IMEPACTCA pabora? 6. TTpyn Kaxux
OTa CHLILI HOAOMKHTETbHAA? OTpUIATETLHAS? PABHa nysmo? 7. Kakne cithl Hassi-
raabbiMu? TTpuseante npuvepnt. 8. Hemy pasiia paboTa, coBepiacMas yipy-
BHTAIMONEOH cuutoi? 9. Jlaiite onpenenenne MowHOCTH. B Kakimx IR
omunocts? 10. ChopmympyiiTe ONPCACTCHIE SHEPTHIL B xakux euHiax 1i-
A aneprus? 11. Yro seasercs MCPOil HBMEHEHISA DHEPTHR CHCTEM rea? 12. Jlaiite on-
HeTHueckoii aneprun tea. 13. Copmyupyiire Teopemy 0 KHRCTHEEC KOil oHep-
[pHBe e ONpe/ieeHIe NOTEHIAABHON SHEPIHN CHCTEM TCL. [oremMy HOTEHTHRAL:

51 HE 3ABUCUT OT srGopa cueremnt orcdera? 13, Hemy pasha HOTCHIHA B HAs] DHED-
ACHOPMEPOBAITOTO teaa? 16, Uemy papia NoIHaA MEXAIHICCKA DUEPrHa CUCTE-
ONPEEIeH IS KOHCEPBATHBHBIX I HEKOHCEPBATHRHBLX CHCTEM TC1. 18. TIpn
HAX HOJIHAA MeXauieckas HHEPritd CHCTeMbl coxpaisiercs? 19. Yemy pasho ns-
Aol Mexastieckoil suepritu cierenpl? 20, Kakoii yap Hasmaiot AhCOTOTHO He-
] mmm yupyrum? 21, Tlouemy nmanerhl CONHEUHDI CHETEMB] IMEIOT Pasiii-
KOCMUYECKYIO CKOPOCTh?
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MNpumepbl peweHus 3agay

® 3azaua 1. Hesonek Maccoii m = 60 kr cnyckaeres Ha 3eMIo 110 J1ecTmye -
10it s = 20 M, pACTioJOAREHHOI 110/ y1710oM 3 = 30° K ropH3oHTaBHOI IT0CKOe
PadoTy CHIIBL THKECTH.

Hano: m = 60 xr; s = 20 M; B = 30°% g= 10 m/c>

Haiima: A.

Pemenne. Crnoco6 1. Pabota CH/IBI TAKECTH PABHA N3MEHEHIIO OTEHUHAb IO
AHEPrui, B3ATOMY € IPOTHBOTIOIOKHBIM 3HAKOM: '

i, Haifry

A = —(mgh, — mgh,). (1)

Cumraen, YT0 NOTEHIMAILHAA DHEPINS YeI0BeKa Ha HOBEPXHOCTH 3eMIN pasya
nymo (mgh, = 0), Torna
A =mgh,. (2)
rne
ly = ssinf3 (puce. 3.20).

[Moacrasaas (3) s (2), nonygaem

(3)

A = mgssinf.
Bermeaenus: A = 60 kr-10 m/¢”- 20 m - sin30° = 6- 10° k.
Cnoco 2. Pabora cuist Tskeetn pasta (eM. pice 3.20)
A= Fscoso nam A = mgscos o,
T/Ie 00— YTOJI MEKJlY BEKTOPAMH CHIIBI M TIePEeMeIeH s
o =90° — 3 =90° — 30° = 60°.

Borumcaennsi: A = 60 k- 10 M/¢?- 20 M - cos60° = G- 10° /Ix.
Orser: A = 6 k/lx.

® 3azaua 2. [ly.ns, neranias co CKOPOCTBIO iy, VrayOnaeres B Munenn #a S, = (), 5 CM.
Ha ckoabko yrayburea B Ty ske MUIICHD Ty2Ast, A€TAWAS €O CKOPOCTBIO 1y = 21y,?

Hano: vy, vy, = 21 S, = 0.5 em = 5-107m; v=0.

Haiiru: S,

Pemenne. Kunernyeckast aneprus 1yJi#
PACXOIVETCH Ha COBEPHICHIHE padoTbl 1o Mpe-
OJIOJEHNIO CUJBI COMPOTHRACHMA MITLICTH.
Cyprraem, 9T0 CHJIA CONPOTHBACHHS NOCTO
SIHHA.

st nepsoro cayvas:
) my®  mug,
YT _ pg,
2 2 1
s sroporo cayuast:
i p "
me mi*  magy e
Puc. 3.20 2 g e

|92

e = 2t 1 =0, T0

mum — FS;: (1) _‘%‘l = P8 (2)
g (2) Ha (1), nomyuum
g9 5 8»
PARD_FPe e 1, g5,
2w} FS, 5y
st 5= 45107 M =2.10"*m =2 oM.

52-_- 2 CM.

a 3. CryCKasiCh N0 YKJIOH NPH BBIKJAIOYEHHOM msnr'a’rme ABTOMOONb
— 2. 10%r ABIKETCA PABHOMEPHO CO CKOPOCTBIO v = 10 M/ Onpene.:m'rb
JIBUTATENS HPH O/IBEME ARTOMOOW/IA 110 TAKOMY K€ VEJIOHY € TOI JKe CKO-
KJIOH VHACTKA, 110 KOTOPOMY /IBUIKETCA ARTOMOO I, pasew (0,1,
m=2-10%r; v= 10 M/c; sinB = 0,1; ¢ = 10 M/¢% a = 0.

RE

me. [Ipy paBHOMEDHOM [ABWKEHHH aBTOMOOKIISE MOLHOCTD ABHIATE N
ganaue mMourHocTh 06oanaunm Gvksoii P (ofbmno N), 4Todbl He nyTaTh ¢
M OHOPDI ).

P= Fij;

CHJIA TSITU ABTOMOOIIIS; ¢ — CKOPOCTL PABHOMEPHOTO ABHIKCHTHA,

Fonpezesisiem 110 Bropomy aakory HeioTona, yuuTsisas, 1m0 v = const wim a = 0.

MOGHTD, CTTVCKAIONIIHCS 11071 VKIOH, AeHCeTBYIOT crrpl (prc. 3.21):

TSOKECTH Mg,

Tpenns F;

peakuuit onops N

eM B BeKTOpHOIT hopme Bropoil sakon Howrona: N + mg + F,;, = 0, nan B
“Ha OCH:

=k +mg sin 3 = 0 — npoexius Ha och X;

N —mgcos3 = 0 — npoexins Ha ocb Y,

L3
\\
y _
|\
mgY.-

Puc. 3.22
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M3 TIEPBOTO YPABHEHHA TOJYIHM
£, = mgsinf.
[Tpu ABMSKEHUM ABTOMOOWIS BBEPX 10 YKJIOHY HA HEro
1) cuaa TsKecTH mg;
2) cnna tpenns Fo
3) enna peakuny onopst N;
4) cuna tarn asromodms F.
3anumem B BeKTopHOI hopme BTopoii 3akon Hblotona:

N+mg+N+F=0,
WM B MPOEKIHN Ha 0Ch X:

=mgsin — F,,+ F=0,
OTKY /2

F'= F,,+ mgsinf}.

Cuna TpeHus IPH ABHXKEHIH BBEPX M BHU3 10 YKJIOHY ULl OAHOIO 1 TOIO JKe Tena
OJIMHAKOBA, TOT/IA ¢ yYeToM ypaBuenus (1) mveem

I = mgsinf + mgsind = 2mgsin 3.

Mommocts asurarens P = Frceoso, wo & =0, 1.6, coso = 1.
Torpa

P = Fv=2mgvsing.
Berusciaenus:

P=2-2-10°kr- 10 M/c*- 0,110 M/c = 4- 10" Br = 40 kBr.
Ortser: P= 40 kBr.

® 3anaya 4. C xesne3noopoxioil naarhopmbl, ABMKYIEHCS CO CKOPOCTLI) © =
= 2 M/c, BuicTpemuay 13 nymkin. Obmas Macca niardopmst ¢ nymkoit M = 2- 107k,
Macca cHapsiia m, = 20 Kr, ero HayainHast cKopocTs v, = 600 M/c. Kakosa Gyier cko-
POCTH MAATHOPMBI B MOMEHT BBICTPEA, €C/TH HAIPABACHHE BLICTPE/IA: a) COBTIALAcT ¢
HATIpAB/ICHHEM ABIGKEIHA maathopmbr; () NPoTHBONOIOKHO HATIPABIEHHIO [BHAEC:
HIS aThopmp?

Hamo: v=2wm/c; M= m, + my = 2-10°kr; m, = 20 k13 v, = 600 M/c.

Haiira: of; v/,

Pemenne. Ha cucremy xenesnonopoxknas niaardopma—cHapsii AeHeTByior sie-
ITHHE CHJIBL CHJIA TSKECTH CHAPAAA, CHIIA TAKeCTH IIaTOPMBbE, CHJIa PeaKkinm peib:
coB. Ho B ropu3oHTaIbHOM HANpaB/ieHny Ha cucteMy miatdopma — CHAPsSA BHOIHNC
CHJIbL He ZIEHCTBYIOT, MO3TOMY IPH PEMICHIH 3a1a90 MOXKHO HCIOIB3OBAThH 3AK0OH CO-
XpaHeHud MPoeKiluy UMIyaLea Ha och X.

HNonoxurensnoe nanpasaenne ocn X coBnagaer ¢ HallpaBJIeHHeM ABHZKeH s Ke-
JIe3HOAOPOKHOI maaTdopMbl 710 BEICTpea.

1. Hanpassienne BuicTpena cosniafaet ¢ Hanpas/ienienM ABUKe st naardopabl:

My = (M —my )v| +mav,,
| sa

(1)

ACHCTBYIOT CHuIB (pHcC. 3.22),

Muy — mavsy
M —m,

1eHe BHICTPENA IPOTHBONOIOKHO HATIPABIEHIIO IBHAKEH S wiargop-

i =
M=

My = (M —m; )v{ — s,

" Muv+myt,
22

M —41Ty

2-10% k-2 m/c—20 kr-600 /e
2-10% kr — 20 Kkr

[eHns: ] = —4 M/¢,
y  2-10% kr-2m/c 420 kr-600 M/C

= 8 M/cC.
2.10% kr —20 kr

o] = —4 M/c, CIEIOBATE/IBHO, HAIPABIIEHUE JBIKCHISA KEIESHOAOPOK- ¢

ODMBI H3MEHWJIOCH HA TIPOTHBOIO/I0KHOE, CKOPOCTH MIAT(HOPMEL B 9TOM

4m/c

¢, CHIETIOBATE/THHO, CKOPOCTB ABIKEHNA TIaT(OPMbI YBETUAIACE, TLIAT-
B IPEKHEM HAIPABJICHHH.

ol = —4m/c, v =8m/c.

jua 5. /IBa TOBapHbLIX BAaTOHA JABIKYTCS HABCTPEYY JAPYT APYTY €O CKOPOCTS-
0.4 M/c 1w = 0,1 M/c. Macchl BaroHoB COOTBETCTBEHHO PABHbL My = 127,
KaKoil CKOPOCTBIO 1 B KAKOM HaNpaBJieHiti ByyT IBUrATHCs BATOHEI MTOC/1€
151? Yiap cuuTatk HEYIIPYIMM.

1 : 1 _ - .

2 vy = 0.4 M/C; 1 = 0,1 M/c; my =127 =12-10°kr my = 4871 = 48 - 107kr.
'Ji

Henombsyem 3aK0H COXPAHEHHS TPOCKIIHH HMITY/IbCa Ha 0Ch X. [ono-
HanpaBienne ocH X COBIAAACT ¢ HAMPABJIEHHEM JIBHKEHHA NEPBOTo Bd-

myy — Mty = (my + M),

LU i ]
my —+ Mo

v

_12-10%kr-0,4 M/c—48-10%kr-0. 1 m/c _
N 12-10% kr+48-10% kr

3: v = (), cae/10BaTe/1LHO, TTOCNC CTOMKHOBEHHSA BATOHB! OCTAHOBATCH.
mu=10.

o5 |



® 3anaua 6. ri:t'ﬂo OPOMIEHO 1101 YIIOM K FOPHIOHTY €O CKOPOCTHIO 1, = 10 M/,
Kakyio cxopocts Hyier uMeTsb Teno na Beicote i — 3,2 M naa ropusanrom? Conporng-

JeHUeM BO3AyXa npenedpenn.
Hano: v, = 10 m/c; h= 3.2 M; g= 10 m/c2

Haiirn: v,
Pemenne. K samknyroii cuereme 3emiis — Te10 npumenny sakor COXpAHEeHHS Me-

XAHHYECKOH 3HEPTHM:

mug  m? —
— =——+mygh.
2 g

Pemus YPaBHEHHE OTHOCUTENBHO 1), MOJYYIHM

v = \Ju§ —2¢h.

Boruncnennst: v = /(10 m/c)? —2-10 M/c? -3,2 M = 6 M/c.

OtBet: v =G Mm/c.

® 3ajaua 7. Oyr6obinii Msta Maccoit m = (.4 kretut 8 HAIPABJIEHUN BOPOT €O
¢kopocThio = 20 m/c. HaBerpeuy emy Geskur sparaps co CKOPOCTBIO ¥, = 2 M/c.
OnpesieniTs KHHETHIECKY IO SHEPITIO MSIYA OTHOCHTEALHO BOPOT H OTHOCHTETLHO Bpi-

Taps.
Hauo: m = 04 kr; v, =20 m/c; v, = 2 M/cC.
Haiimu: F; E,..
Pemenue. 1. Kunetiueckas aneprus Msua 0THOCHTEABHO BOPOT
2
. mu
By =1,
Kl 9

P

2. Kunernyueckas 9Heprus Msda OTHOCHTETLHO BpaTaps
M )
=,

TA€ vy + vy = v — CKOPOCTL MsAYa OTHOCHTE/IBHO BpaTaps.
0.4 kr-(20 m/c)?
2

=80 JIx;

Boryncaenusn: E,

,_ 0,4xr-(20 M/c +2M/c)> — 96.8 I

k2 =
2

Otser: £, = 80 [Ix; £,, = 96.8 JIk.
® 3aznaua 8. Teo, mazaiiiee Ha HOBEPXHOCTH 3EMJIH, HA BHICOTE 4.8 M HMeNo eKo-
pocth 10 m/c. C kakoii ckopoerbio Te10 ynafer na 3emmo? ConpoTHsienies BO3TY-

xa npenedpeyn.
Hano: hy = 4.8 x; v, = 10 M/c; hy = 0, g = 10 m/c?
Haiiru: v, — ?

Pemenne. Cucrema 3emas — reno ssagercs 3aMKHYTO#, 103TOMY K 9TOW cucreme
IPHMCHUM 34KOH COXPAHCHNSA MeXaHH4ecKoil aHepriu:

IQB

.l?’-“yﬂa

il

mui

ase
THs
+mghy = —22 + mgh,.

 Ha OBEPXHOCTH 3eM/IH TTOTEHIMATIbIAsA IHEPTHsL Testa By = mghy, =0, T.€. 10BEpPX-
e, 3eMTH BHIOHPAEM 3a HY.Tb OTCHETA TIOTEHIMATLHON dHeprin. CleloBATENRHO,

9 4
mud s
—+mghy = -

vy = «2ghy + 07 .

BuHCACHHA: 1, = /210 M/c* - 4,8 M+ (10 m/c)? = 14 m/c.
Orset: 1, = 14 M/cC.

@ Banaua 9. Teno GPOMERO BEPTHKATLHO BBEPX €O CKOPOCTHIO 1) = 8 M/c. Ha
BRICOTE [OTEHIMATbHAS JHepPrHs Tesa Oy/er paBHa KMIeTHYeCKOM dHepruu?

Y THBJEHHEM BO3/yXa mpeHedpeyn.

y , =B M/¢; By = FEp:ig=10 M;’(L‘EZ h, = 0.

Haﬁ'm: h-_;_». % .

Pemenue. Cncrema 3emis — TEIO SIB/AETCA 3aMKHYTOMH, CE0BATENAbHO, TOJIHAA
,"'I MEXaHHUECKAS SHEPITS CHCTeMB! OCTAeTCA NOCTOSHHOI. 3a Hy/ih OTCUeTa NOTeHIH-
~ anbioi anepriy BpiGupaem TouKy Opocatus, .e. by = 0.

[Io 3akony coxpaneHmst sHeprun:

3 V1
mu;  m
L = —2+ mgh,.
2 2

Ilo yeaosuio sagaun B, = Eg. 1.

i

——=m f-;.
2 mgi,
) v
Torma 4 _ Ymghy, OTKYAA Ry = ==
2 o g
3 M/cR
— _(_M/L)— — ]‘6 M.

Boraucienus: iy = :
2T 110 M/
Orser: ;= 1.6 M.
® 3ajaua 10. ABTOMOOHIL ABIKETCA 1O TOPUIOHTANbHOI ac(hanbToBOM A0POTE
co ckopoctsio 108 km/4. Onpeaennts ero TOPMO3HOM 1y Th. Koadumment Tpe -mm:

wuH apromodust 00 actanst pasen 0.4.
Jano: v, = 108 km/u = 30 m/¢; 1, =0, p =04 |
OrIEM JIC

Haiiu: S.
Pemenne, TOpMO3HOIi yTh — 3TO PacCTOsIHUE S, MPOXOAMMOE aBTOMO
MOMAHOI OCTAHOBKH, CEA0BATENBHO, KOHEIHas CKOPOCTh vy = ().
a7
1 4 3ax. 15007



ITpu TopMOKeHnI Ha aBTOMOGIAT, AEHCTBYIOT CHIIBL — TSUKECTH, PEAKITTH ONOPbI 11
Tpennsi. PaGora cun tsikectn 1 peakumm onopi PABHA HYTIO, TAK KAK OHH MepIeH -
Kyﬂﬂ'pﬂbl HallpaBJIEHH]O nepeMeneHmns.

[Ip Topmoxkenn asromobGuist pabory COBEPIIAIOT JINIL CHABI TPEHUSL, HANPan-
JIEHHbIE IPOTHBOTIOIOKHO NEPeMEeNIeHHI0 (CKOPOCTH ) ABTOMOGHIS:

Fi, = pN = pmg.
PaBora cnn Tpernst Ha TopmMosHom HYTH OTPUIATE/IbHA U paBHa:
AT]'I . l"l'mgS'

Io Teopeme o xureTHYECKOT IHEPrIM HMeeM

2
, mt v?
—pmgs = ———i, oTkysa S =——.
2 2ug
AHAIH3: TOPMO3HOI ITYTh He 3aBHCHT OT MACCH ABTOMOGILIA.
(30 m/c)’
2:0,4-9,8 m/c?

Borucnenns: S = 2115

OtBer: S~ 115 M.

ﬂ 3afayn ans caMoCTOATENbHOrO pelweHns

1. TloaseMnIii Kpan, MOILHOCTL IBHTATE TS kotoporo 15 kB, pasnomepno noganmaer TPy
€O CKOpOCTHIO 1.5 M/c. Onpeaennts Macey rpyaa.

2. Yenosex maccoii 60 kr npoberaeT AecTHUITY BoicoTol 10 M 34 15 ¢, Kaxyio cpeanioro moni-
HOCTb Pa3BHBACT YEJOBEK B ITOM CAyyae?

3. I'pya maccoit 10 kr najaer ¢ HEKOTOPO# BHICOTBI | OCTHTACT NOBEPXHOCTH 3eMin qepes
2,5 c. Haifru pabory cumst Tskectn.

4. IMoesn maccoti 250 1 PABHOMEDHO MOIHUMAETCS CO CKOPOCTLIO 30 KM/ 110 yraony 10 M Ha
L v nyri. Koadipumer perns 0,002, OnpeneanTs MOIHOCTS, Pa3BHBAEMY IO JOKOMOTHBOM
noesza.

3. Moumocts apurarens tanka 368 kBr. C kakoit MaKCHMAIBHOI CKOPOCTBIO MOXKET PABHO-
MEPHO MOAHUMATHCSA TAHK B TOPy ¢ vKaonoM 30°? Macca Tanka 15 1.

6. Komnkobexen maccoii 50 kr, cros na A1y, GPOCAET B TOPHBOHTANBLHOM HANPABIEHITH
maiiby maccoii 300 r co ckopoctsio 15 m/c. Ha kakoe paccrosmue otkaties KoHbKoBeKe,
CCIH KoapuuenT Tpenns KoHnkoB o aex 0.017

7. Hascrpeuy BATOHY € IECKOM, ABHAYILEMYCH CO CKOPOCTHIO 36 KM/, FOPH3OHTATILHO Jie-
THT CHapAL co ckopoctsio 500 M/c. OnpeaeanTs CKOPOCTh HX COBMECTHOMD ABIKEHHs, €C/IH
CHapsi 3acTpeBaet B necke. Macca sarona 10 T, Macca cHapaga 100 kr.

8. Cuapsia, nersnnii co CKOPOCTBIO 15 M/C, PAa3pEIBAETCS Ha ABA OCKOIKA MACCAMH 6 11 14 kT
Onpenemtrs ckopocts Goamero OCKOJIKA, €CJTH MEH LI OCKOJIOK II0JIETHT CO CKOPOCTHIO 6 M/C
B HANPABAEHIH, IPOTHBONOTIOKHOM HANPABIECHHIO BMKCHNS CHapsu1a.

9. JIsa mapa maccamu 6 1 4 ke ABHIKYTCS BAOAD OAHOI IPAMOIL €O CKOPOCTSMH 8 11 3 M/c.
C kakoii ckopocTsio onn GyayT aBurarsea noce abcomorio HEYIPYTOTO YAApa, €CAH NepBbiii
Tap A0rouseT BTopoii?

10. Ty maccoii 2,4 - 102 kr, setsmas co CKOpOCTLIOo 400 M/c, nonajtaet B nperpany. Cpen-
13151 CH.1a CONPOTHBIAEHIA HPerpaib ABIWKCHHIO Ty 7.6 kH, TT poGber m myns nperpany, ecam
€€ To/mHa 30 em?

11. Testo nogammaor seprikamHo BBEPX ¢ yekopenseM 2 m/c?. Onpesients maccy Tesa,
CC/M B TEYCHHE NEPBLIX NSTH CeRYHI Gblia cosepiena pabora 1.48 x/x.

™ —

10 Maccoit 5 Kr nazaer ¢ Beicorsl 20 M. Onpeaenuts cyMmMy NOTEHIHANLHOM 1 KNHETH-
SHEPIHIl Te1a B TOUKe, HaxoasAmeiica oT nopepxioctn 3emiun Ha soicote T M. Tpennenm
, BOBIYX penedpeys. FeL)

Te10, Ma/1asi ¢ BHICOTHI 5,14 M, B MOMEHT CONPHKOCHOBEHMH ¢ 3emiei obuaaer MIMITY 715
( .‘Wﬁ_ OUpe/leNnTh MACCY TEA 1 €70 KHHETHYECKYIO BHEPIHIO B MOMEHT YAapa 0 3em-

Asromo0mibL Maccoit 2 T ocTanaaMBaeTcs 3a 12 ¢, npoiiaa paccrosauue 60 M. Onpene-

pHYIO CKOPOCTH aBTOMOGHIIA | CHITY TPERNSA, COBEPIIAIOMYO PaboTy No TopMoxKe-

FOMODIIA.

Ipys Maccoit 4 Kr, Magalomyii ¢ BHICOTH 5 M, TPOHHKAET B TPYHT Ha rayOnny 0,05 a.

pIWTh CPEIHIOI CHITY COMPOTHBACHNUS TPYHTA. ; :

. M3 npysKHHHOI'O [IHCTO/IETA TPOM3BEIeH BHCTPE] BEPTUKATBHO BBEPX Tysaeli Maccoil

) r. Ha Kakyio BRICOTY TIOTHUMETCS MyJIst, CJTH IPYKHHA JkecTKoCThio 392 H /M Obiiia cxarta na

ConpoTHBJIEHHEM BO3AYXa 1 MACCOi IPYKMILL HIpenedpedn. .

7. Ty, AETSTAS FOPHZOHTATLHO CO CKOPOCTHIO 500 M /¢, HONANA B TOABEINEHHBL Ha ATiH-

= K€ MEITOYEK ¢ TICCKOM H 3acTpsina B HeM. Ha kakyio BBICOTY NOIHUMAETCS MEIIOEK ¢

ecan ero macca 6 Kr, a macca my 15 r? .

Ilpenedperas TpeHNEM, OIPEALINTS HAMMEHBIIYIO BHICOTY, € KOTOPOIl 10/DKEH HauaTh

 BEJIOCHIIEINCT, YTOOBI OH CMOT NPOEXaTh 110 BEPTHKATLHON HeTIe paguycoM 4 M U He

51 0T HEE B BepXHEeH Touke. L

CKYCCTBEHHBIH CTIYTHHK 3eMIH ABIDKETCA 1o aumiTuyeckoii opbure. Oupegennts

) JUBHOKCHILS CIYTHHKA B A10ree, CJIN €ro CKOPOCTD B niepuree 8,25 KM /;:. Mepureii op-
HaxoamTes Ha pacetosiumn 200 kv, a anoreii — na pacerosanm 400 KM 0T MOBepXHOCTH 3eM.

KnioueBbie CnoBa: 3aK0H COXpaHeHns UMIynbca, PeakTuBHOe ABUXEeHNe,
- paboTta cu/lbl, MOLLUHOCTbL, 3HEPIAs, KMHETUHECKAn IHEPrns, NOTEHLUUaNLHaa
SHEPIVsl, 3aKOH COXPAHEHMNS MEXaHNHECKOA SHEPTN.



OCHOBbI MOJIEKY/IIPHON
®U3UKKU U TEPMOAUHAMUKHU

=
L
(=i
m
=€
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B dusuxe aaa omucanus psanMoneiicTsus yacti (aTOMOB, MOJIEKyY.1, HOHOB), CO)-
CTABJIIONIX TEI0, NPHMEHAIOT /182 METOA: MOJEKY ASPHO-KITICTHYECKHI (CTATHCTH-
YECKMIT) i TEPMOIMHAMITYECKMIL,

Monexynapno-kuHeTnieckmii MeTox 0CHOBAH Ha IPEACTABACHNN O TOM, YTO BCe
BETECTBA COCTOAT U3 MOJIEKY.J, HAXOANMXCA B Xa0THYECKOM ABMKenitH. Tak Kak
HHEIO MOJIEKYIT OTPOMHO, € TIOMOIIBIO 3aKOHOB CTATHCTUKH MOYKHO BBISIBHTD 011 peue-
JICHHBIC 3AKOHOMEPHOCTH U151 BEILECTBA B [E/IOM.

Tepyomnnammaeckmii MeToz HEXOANT H3 OCHORHBIX OMBITHBIX 3aKOHOB — 3aKOHOR
TEPMOAMHAMUKH — (€3 paceMOTPEHNS BHYTPEHHETo CTPOEHHS BEIIECTRA.

Monexynspnas pusurxa — Pasest YUIMKH, H3YYAIONIHIT 3ABUCHMOCTH CTpoe-
HUST M DH3IYECKHX CBOHCTB Tes1 oT XapaKTepa ABHAKEHNA 1 B3AHMOICHCTBHS MEAKTY
HACTHUIAMY, M3 KOTOPBIX COCTOAT TEJIA.

Heropiveckas cipaska. Vueune o tom, 410 see e COCTOAT M3 OTAEABHBIX YACTHI] —
=1 aromon, BosiNKIO B [Ipesneii Mpern B 1V 8. 10 1.9,

OcHOBONOAOKHUKOM ATOMUCTHYECKOT Teopun Ghir duocod HAemoxpur. Bosspenna [le-
MOKPHTA, ECTECTBEHHO, BECHMA JANTEKH 0T COBPEMEHHAIX HPEICTABJIEHIHI, HO OHI CBIIPATI BAK-
HYI0 POJIh B pasBuTin iz,

Cpemt Tpy/08 Kpymbx (hiocodos-husukon, 3aruMaBTIxCs YUCHHEM O MOJIEKYIISIPHOM
CTPOEHIH BELIECTHA, 0COBYIO POJIb CBIFPA/IH TPY/LhI BETHKOLO pycekoro yaenoro M. B. Jlomono-
COBA. Y 4eHblil BRIIBHILYI FUIIOTERY 0 TOM, TCIIOTA €CTh ABHIKE-
HHE HeYYBCTBUTEIbHBIX YacTull. Xapakrep aToro ABHIKeHis
MOKET OBITh BPAILATETbHBIM, NOCTYNATEAbHBIM, KonebaTein-
HbiM. v Obuii pacemoTpen st Bompoct BPALATETEHOTO ABHKE-
HUS MOJIEKY! B OOBACHEH B TENTOBLIC ABICHNSA, ITPOHCXOAATITHE
IIPU ITOM BUJIE ABHKEHMS,

Oun orsepran roclioacTROBaBmeE B TO BPEMST VHEHUE O Tell-
JIOPOAE — HEKOTOPOI HEBECOMOIT SKIIKOCTH, KOO onpejleis-
IOWIEH TeTIOBbIE CBOICTRA Te, 1 VIBCDAIAN, UTO «TCHAOTA CO-
CTOUT BO BHYTPEHHEM JLBIKCHITH MaTepHis.

Pabora M. B. Jlomonocosa « Pagmuimiens o NPUYITHE Ter-
JAOTEL 1 X104 (1750) npeacranaser coboii nabpocok Oyy-
meii Hayku — tepmoansamimgi. B peii VUEHBL 00BACHUA 11Po-
HCXONZICHHE TETIOTHI 1IPH TPeHHIL

Ocnosnnte npeacrasaenns, suickasannpie JIOMOHOCOBRIM.
OBl B AIBHETTTeM PasBHTH 1. Boasumanowm, P. Knaysaycom,
JL Maxcsenion, J1. Leil-JTioccakom, A, Amoranpo u ap.

M. B.Jlomonocon
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rnasa 4
OCHOBbI MOJIEKY/IIPHO-KUHETUMECKOMN TEOPUM.
'ijAanblﬂ ras

4.1. OCHOBHbIE NONOXKEHUA MONEKYNAPHO-KUHETUHECKON TEOPHU

. (O cHOBHBIE IONOKEHHA MOJEKYIAPHO-KHHETHICCKOH Teopuu. MuorouncieHnbie
moaanuﬂ HO3BOAN/H CHOPMYIHPOBATD OCHOBHBIC NOLONICEHUS MOACKYLAD -
HO-KUNCTMUYCCKOU MEeOPULL

1. Bee Tenia COCTOAT M3 MEIbYAIIIHX YACTHI, — ATOMOB, MOJEKYI, B COCTaB KO-
TOPBIX BXOAAT enle Goiee MeJIKue dIeMeHTapHbie YacTuibl (21eKTPOHb, npo-
ToHbI, HeiiTponbl). Ctpoenne m0b0ro BenecTsa AMCKPETHO (NPEPHIBHCTO).

2. ATOMbBI H MOJIEKYJIbl BEIILECTBA BCEINIa HAXO/ATCS B HENPEPHIBHOM Xa0TH-
YECKOM JIBHXKEHHH,

3. Mexxay yactunavu 100010 BemecTBa CYNIECTBYIOT CHIbI B3aHMOeii-
CTBHA — NPHTSZKenHs W orTankuBanms. [Ipupoaa cun — asekTpomariunTras.

DTH HONOKEHHS NOATBEPALAIOTCH sBAeHUAMN Inddyaun, GPoynuumcnm JABHKE-
HHSA, OCOOCHHOCTAMM CTPOEHHS H CBOMCTBAMH TA308, KHAKOCTel, TBEPABIX Tem 1 ap.

Tennosoe aApmikenne. ONbiTHBIE JAHHbIE, JIEHKANHE B OCHOBE MOJICKYJIAPHO-KH-
HETHYECKOH TEOPHH, CITYKAT HATTISIHBIM JI0KA3aTe/IbCTROM MOJEKYJISPHOLO TEII0-
BOTO ABIKEHNA M 3aBHCHMOCTH 3TOT0 JIBHAKEHNS! OT TeMIIepaTyphl. B otsmyne ot Me-
XANWYCCKOTO JBHAKEHIS HArpeBaHne Wi OXJMak/Aenie Tea MOXKET UPHBECTH K HEMe-
HEHMIO UX (PuaHIecKnX cBOCTB. Tak, 1pH CHIIbHOM OXJIAK/IEHHH BO/IA IIPeBPAIIaeTCs
B JIe/l, a TIPN HAIPeBaHUM — B ras. L

TC'-!EHI'I{‘ TEILTOBBIX IIPOII&}('L'GB ITCII('}C])(_‘Il{‘.'l'Bt‘HHt') CBA3AHO CO L'-'JP_\I«'K'I'_\']JUH Benie-
CTBA, TOITOMY TEIIORBIE ABAEHNSI MOTYT OBITh HCIOIBL30BAHEL /151 00LACHEHNSA CTPO-
€HHS BEIeCTBa, 4 CTPOEHHE BEleCTRa, B CBO O4epejib, JaeT HAM [PeACTaBIeHue 0
PUsHUCCKOI CYIIIOCTH TENTOBBIX SBACHHIL.

Hro6m1 06bsCcHUTS 5TH NPOLECCH I HAyYHTLCS VIPaBAsiTh HMH, HeOOX0 MO ve-
TAHOBHTH 3aKOHbI, KOTOPHIM NOAUMHAKTCSH U3MEHEHNS, IPOUCXONAIIINE C TeAAMH
HOA AHCTBHEM TEIIOTH. DTH 3aKOHbI OMHCHIBAIOT TEMA0BYI0 (hOPMY JIBHKECHIIS
MaTepiu.

4.2. Paamepbi  Macca MONeKyn U aToMoB

_ Paamepni monexyan. Bee Tena cocrost na OFPOMHOFO YHC/Aa MOJEKY)T 0 aTOMOB.
Tak xax PAa3MEPLI ATOMOB H MOJICKYJI O4€Hb MBI, TO YBHJIETE HX HEBOOPYKEHHBIM
F1asom Hennas. Toabko ¢ HOMONIBIO HIEKTPOHHOIO MHKPOCKOTIA, JAIONIEr0 YBe/ITue-
HHe B 30 000 pas u 6oaee, GuwtH choTorpapoBaHbI OTAEABHBIE KPYIIHBIE MOJEKYIIbI,
Meronom PEHTIEHOCTPYKTYPHOIO AHAIM3A € XOPOILEeH TOUHOCTBIO MOJKHO OITPEIeTHTE
Pasmepst Mosieky.. JlaHnbie PEHTTEHOCTPYKTYPHONO aHAJIIA TOKA3KIBAIOT, 4T _lligm-

BUIH S HeliHbIL pasMep ABYXaTOMHOI MOJIEKYJIbI KHCIOPO/ia nopsAaka4- 107 M,
TaKO¥ XKe pasMep HMEIOT MOJIEKYJIbI A30TA.
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O ToM, yTo psMEPBl MOJEKYT YPE3BBINAiHO MAIbi, MOIKHO CYANTH 1 663 namepe-
uit. Hposegem wreyoumit 1poctoii onsir, B 1 1 (107° M%) wrcroii Boas! passejiem
1 mm? (1077 ) seneHBIX uepHN, T.e. pasGasum wepiia B 1000 000 paz. Yenmny,
YTO PACTBOP HMe:T 3€ICHYI0 OKPACKY H BMECTE € TeM OXHOPOIeH. ITO CBHETENbCTRY -
€T O TOM, YTO Zaxe [PV IHAYATEALHOM pasbasjieHun B Boje HaxoAuTes 6OMBIIOE KO-
JAHYECTBO MOJIEKT/T KPACAIEro Bemectsa (YepHi).

Boubiiye yenesi, Z0CTHIHYTHIE B IOC/E/IHee BPeMS B H3YUeHHH CTPOCHHA BEUIECTBa,
PaCKpBLIN 1iepeasaMH HOBBIH MUP — MHDP MEIhYaifiiuX YacTHIl — MUKPOMMP, KOTODPLIIi
OKA3AICHA O4eHb CrosKHBIM. M{}JIEKyIrM JobOro Tena cocTosT U3 eme 6oJ1ee METKIX yac-
THIL — ATOMOB, KerOpbIC, B CBOIO 0YEPENID, COCTOAT H3 HMEKTPOHOB 1 sitep. Ajpa aromon
BICTIOHAIOT B ceOANPOTOHBI M HEITTPOHBI — YACTUILBI, TAKIKE HMEIONIHE CTI0KHOE CTPOCHHUCE.

Amomom HEHBAIOT HAMMEHBIIVIO YACTHILY AANHOTO XHMUYECKOTO AJCMEHTA.

Kasktomy XmmueckoMy a1eMeHTy COOTBETCTBYIOT BIOJIHE OIPE/ACCHHbBIC aTOMBI,
COXpaHAIONINE XIMHIECKHEe CBOMCTBA JAaHHOTO IeMenTa.

Monexynoi na3bIBalOT HAUMEHBUTYIO YCTOHYHMBYIO YACTHILY JIAHHOI'O BEIecTna,
obmaaontyo ern 0CHOBHBIMH XHMHYECKHMU CBOHCTBaMH,

Macca moserya. Macchi OTZEABHBIX MOJIEKYJI H ATOMOB OY€Hb MaJibl, HATTPHME]
aBCoMOTHOE 3HAEHIE MACCHI MOJIEKYJ/IBI BOJL nopsaka 3- 1072 kr. Macchr oTens-
HbIX MOJIEKVI SKIIEPHMEHTATBLHO OTIPEAEAAIOT € HOMOIIBIO CHENNATBHOIO IPHHOPa
MacC-CIEKTPOMETPa.

B mostexymsipaoil (prsmke NPUHATO XapakTepu3OBaTh MACChl ATOMOB M MOJEKY.1
He uX abcomoTHMA 3HAYeHHAMH (B KT'), @ OTHOCHTEILHBIMEI Oe3pa3MepHBIMU BEJIH-
YHHAMM, HAZBIBEMHIMH OMHOCUMETbHOU AMOMHOU MACCOU A, 1 OmHOCU-
MENBHOT MONEKYAAPHOU maccou M,

ITo MesxjyHajoAHOMY COTTIAIIEHHIO B KAYeCTBe ATOMHOI e/IMHUIBI MAcchl (a. e. M.)
my, IpUHAMaeTcs | /2 Macest usotona yraepona “*C (mye):

My = 1/12 Mee = 1,66-10 " kr=1a.e. M

Orrocutensiyio MOACKYIAPHYIO MACCY, HAH OTHOCHTEABHYIO MAcCy MOTCKYJIbI
(M), MOKHO OipeaeTnTh, ecan abCOMOTHOE 3HAYEHNE MACCH MOAEKY.IbI (M, B KI)
Pa3/leInTh Ha amMHYIO euaiiy Macest (1,66-107% kr):

m
M, =—=. (4.1)
Mg

AHanoruunoii opMy10ii ONpenensaeTcsa u 0THOCHTETbHas aTOMHas Macca A,, Hano

JIMITS TO 1y, Bopmyae (4.1) nonumars abcos0THOE 3HAYEHHE MAacChl atoma (11, ):

Koamuecrso semecra. Mukpockomiieckne tea COCTOAT 13 OTPOMHOO KOIu-
HecTBa MOsieKyJ1. Tak Kak Macchl OTACNBHBIX MOJIEKY./I OTJAMYAIOTCSE IPYVT OT APYTa, TO
OMMHAKOBOE YHCI0 MOJIEKYJI PA3HBIX BELECTB HMEIOT Pas3iyio Maccy, Hanpumep 10*
MOJICKYJI BOAODGIa HMeOT Macey 33,45 Kr, a 10% moaekyn kucaopoga — 531,45 kr.
Hosromy npuisre cpaBHIBATH YHCAO MONEKYJT HJIH ATOMOB B TAHHOM BEIECTBE C
ICIIOM aToMOB, cogepkautnxest B 0,012 kr yraeposa. OTHOCHTEIBIOE YHCI0 aATOMOB
HITH MOJICKYJL, CulepaKalliXcs B MaKPOCKONMYECKOM Telle, XapakTepusyercs Quan-
YECCKOH BEIHYHIDI, HA3BIBAEMOI KOIHYECTBOM BELecTna V.
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IUMECNEO 8CULECMEa — HTO OTHOUTeHHE uncia N Moeky/1 (aTOMOB) B Aari-
MAKPOCKOMIYECKOM Tee K Yuesy Ny aromos B 0,012 kr yraepoaa:

N
ESits 4.2
= (4.2)

MUUECTBO BelecTBa BhIPAKAoT B MOJAX.

75 — KOJNWYECTBO BEIECTBA, COAEPHKAILETO CTONBKO XKe MOJIEeKYsT (aToMOB),
o copepsxkutcs aromos B 0,012 kr yraepoaa.

foJb OO0 BEUIeCTBa CONEPKHT, 110 ONpe/eIennio, OIMHAKOBOE THCIIO MoJTe-
(aTOMOB). TO YHCIO HAZBIBAIOT nocmoannoi Asozadpo:

-3
o2k L 100k

= = moab ! = 6,02 -10% mom .
12mp 166107 kr

N ik
FTHe MOJIST OTHOCHTCS K umcay Moneky.r (atomos) semectsa. Hanpumep, ne-
JIBHO TOBOPHTE, 4TO B GAJIOHE CONIEPKNTCA ABA MOJIs yriekncoro rasa CO,.
 FOBOPUTE: B Dasisione COAEPIKMTCS 1B MOJIst MOJIEKYJT YIIEKHCIO0T0 Tasa. Aro
aeT, uto B Oamnone nmeercs 2- 6,02 107 mozeky CO,, T.€. /IBa MOJISA aTOMOB
0jla 1 SETBIPE MOJIsE aTOMOB KHCAOPOAA,

yspHasi Macca. B MoslekyspHoil GrsHKe HOIb3YIOTCH TAKKE TOHATHEM MO~
il maccer M, KoTopast OTIPE/Ie/ISIETCs KAK Macca OIHOTO MO/ BEUIECTBa:

M= nzu(\nNA- (4‘3)

Ii:iﬂ.mpﬂaﬂ Macca BLIPAKAETCS B KULOZDAMMAX HA MOTb (Kr/mMosms) 1 paBHa
CHIIO MACCHI BEIECTBA K COMEPKALICMYCS B HEM KOJIHYCCTBY BEILECTBA V-

.7 i
s ‘

! |
B I moas soGoro semectsa cofepxutes Ny = 6,02- 10% moexy. Masectio, 10 MO, 1Py

IHHBIX YeIoBuAX sanmumaet oobem Vy = 22,4-107° M. Caenosarennio, B 1 mM* moboro rasa
HOPMAABHBIX YCJIOBHSAX COAEPAUTCS O/IHHAKOBOE YMC/IO MOTIERYJL:

N, 6,02-10% mom'

- - _=27-10% m7",
V, 224-107 mom™-m*

g

N

A am YHEA0 HOYYILIO HAa3Bauue nocmosnnoti JJowmuoma.

' BpoyHosckoe gBumeHue. Anddysuns

poyHoBckoe apikenne. B 1827 r. anraniicknii Goramik P. BpoyH, nyyas BHyT-
e CTPOEHHE pAacTeHWii ¢ MOMOIIbI MHKPOCKOIA, ofHapy#uJ, 4To qacmfmu
1070 BemecTsa B JKAIKOI CPE/ie COBEPIIA0T HelPephIBHOE XaoTHHEeCKOE JIBH-
1e. AHATOTHUHOE ABH/KEHIE MOKHO HaOII0aTh B MHKPOCKOTTE, €C/H paccMar:
b JIbIM, KamneJbKH KIpa B BOAE WK YaCTHYKH TBEPAOrO TEd, B3BEIIeHHDIE B
OCTH 1N Taze. TeroBoe JABMKEeHNEe B3BEHICHHBIX B XKHIKOCTH (rase) qacm—_
CHOMYYII0 HA3BAHHC BPOYHOECK020 D8UNCEHUSA. BHLI0 YCTAHOBIEHO, HTO CRO7
b .5p0yﬂoacmx YACTUIL 3aBUCHT OT MX PA3MEPOB B TeMIepaTyphbl. Yem Boillle
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TEMIIEPATYPA U MEHBILE pasMepet, Tem OBICTPEe ABHMKYTCH
gacTHIL Hpiannoii 6poynosekoro ARIGKeHUA SBAALTCS He-
NPEPBIBHOE XA0THYCCKOE JIBHAKEHIE MOICKY. KUAKOCTH 1T
gl rasa, Koropure, BeCTopsoIHO YAAPAACH CO BCEX CTOPOH o
i'a B3BEIIEHHDIE B AKHWAKOCTH (TA3€) YaCTHYKH, IPUBOIAT HX B
JBHIKEHHE,
i Ecu pasmeps! Takoi 9acTHYKH BETHKH, OHA HCIIBITHIBACT
i l [] €O BCEX CTOPOH OOMIBLIOE THCIO VAAPOB; PE3YIBTHPYIOMLHIT M-
1y/IbC, HOAVIEHHBIH €10 TIPH COYAAPEHMIX, OKA3hIBACTCS Pab-

Puc. 4.1 HBIM HITH OJIMBKHM K HYJIO; TACTHYKA OCTACTCH TIPAKTHYECKH
HETNOBHAKHOII.

[Ipy MHKPOCKOUHYECKHX Pa3Mepax YacTHYKH CYMMA HMITY/IBCOB, MOJLY4EeHHDIX
€10 OT MOJIEKYJl € PasHbiX CTOPOH, MOKET CTaTh He PABHOI HYJIIO KaK BCJACACTBHE
PA3Horo YHCIa yAapos, TaK H BCTEACTBHE TOT0, 4TO YACTHYKY C O/INOI CTOPOHBI MOT-
I YAAPUTD HECKOJILKO MOJIEKY.I, 00/aaI0INX B AQHHbIH MOMEHT BpeMenn 0o
HIHMH CKOPOCTAMU, 9€M MOJICKYJIBL, YAapHBIINE ee ¢ Apyroil croponnt. Takas yac-
THYKA HAUHHACT ABATATHCS. Hepes kakoe-10 BpeMs 10/ ACHiCTBIUEM HOBHIX coyape-
HIH HAPABJIEHHE ee JIBHAKEHHS MOKET HaMennThes. Ecan nabmonars 3a 3ol uac-
THYKOI, TO MBI YBU/IUM, YTO OHA JBHAKETCH 10 JJOMAHOI Tpaekropuu (puc. 4.1). Mo-
JIEKYIAPHO-KUHETHYCCKAs Teopust GPOYHOBCKOro ABIUKeHs Oblia coanana A. Diin-
MTEHHOM, SKCHEPUMEHTAILHOE TTOATBEPIKACHUE OHA MIOTYYHIA B Tpysax ¢ppatiy:-
ckoro dusnka JK. ITeppena.

HAnddyaus. Henpeprisroe Amkerne MoJIeKYII T000F0 BeliecTsa (rBepaoro, swku/i-
KOI'0, ra3oo0pasioro) NojATBepKAACTCS MHOTOHCCHHBIMH OIBITAMH 110 aidpehyami
Aupdpysueii naspiBaior ABICHNE CAMOIPOHIBOIBLHOTO NPOHUKHOBCHIS OJIHOTO Be-
mecrsa B Apyroe. Ecom naxyuee seutectso (achip, kepocun, nadrammm, JYXH U T.01.)
BHECTH B TIOMEIEHHE, TO Tepes HeKOTOPOe BPeMsl 3a1aX 3TOT0 BEIECTBA PACIPOCTPa-
HHTCA 110 BCEMY NOMEIIEHHI0. ITO CBUAETENLCTBYCT O TOM, YTO MOJEKY/IBI OAHOIO
BElIecTBa 663 BO3/EHCTBIS BHEIHIX CHJI NPOHHKAKT B APYToe. OmbItHbim 1y'remM GbLIo
YCTaHOBJIEHO, ITO CKOPOCTh NPOTeKaHst ITpotiecca udiysin saBucAT ot posa -
(YHAMPYIONINX BEHECTB W TEMTIEPATYPbi. Andpysus B KIAKOCTSX NPOUCXOAHT MeI-
JIenTiee, YeM B rasax, Ho GhicTpee, YeM B TBEPABIX Teax, HOTOMY YTO 4eM MI0THEC
BELIECTBO, TeM O.1M3Ke APYT K JIPYTY PACTIONOKEHBL B HEM MOJIEKYJIbI.

T T

7

4.4, Cunbi n 3Heprun MEXMONEeKY/IAPHOro B3aumMogencTeus

Monexyusipusie cibt. TTpn nayueriu crpoerus semectsa Gbiio YCTaHOBJIEHO, 4TO
MEZILY MOJIEKYAaMi 0/IHOBPEMEHHO JeHICTBYIOT CHJIbI HPUTSDKCHUSA M OTTANKHBAHMSL,
HASLIBAEMBIC MOteKY AApHbIMU cuiamu. CriocoOHOCTS TREPBIX TeJ COMPOTHBIATL-
1 PACTSKEHHIO, 0COObIC CBOICTBA TIOBEPXIOCTH KNAKOCTH 1 APYTHE ABJICHMUS TIPUBO-
AAT K BRIBOLY, 4TO MEKLY MOJICKYIAMHU ACHCEBYIOT CUtbt npumsancerus. Manas cxi-
MAEMOCTD BECMA TIOTHBIX 4308 H 0COOEHHO KHIIKOCTEH U TBEPABIX T O3HAYACT, H4TO
MEAILY MOJIERYIaMM CYLIECTBYIOT CUTIBL OMMATKUGANUA. B TREPABIX 1 KHAKIX Te-
JAX CHIIbE OTTA/IKUBAHHS 1 IPHTSDKEHUS! AETICTBYIOT 0AHOBpeMenHo. Eciu 61 a10r0 He
Obi710, T0 Tesa He Gum Gbl yeToluUBEMA: THOO pasjaeramichk Obi Ha wacTuibl, 1160

CIANAAHCE. CHITHI MEXMOTEKYIAPHOTO BIAUMOACHCTBUS 110 CBOET HPHPO/IE ABJISTIOTCS
CHAAMH SNICKTPOMArHHTHOTO MPOUCXOKACHHS.
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peHHE ATOMOB H MOJIEKYJ. ATOMbBI, BXO- [

e B COCTAB MOJEKYJI, NPEACTABASIOT CO- \
JOIKHYIO CHCTEMY, COCTOSAMLYIO0 M3 3apsi- A
X YACTHI, — HAEKTPOHOB, HMEIOUINX 0T~ F\E' :
Ce/IbHBL 3apsi, W AZep, 3apsil KOTOPBIX o,

arieH. DIEKTPOHB OKOJIO sjlpa B aTo- \,_______'____-_
PIKHBAIOTCA KYJTOHOBCKHMH CHJIAMH 0 m\/_,f_‘______,____ -
SIS PASHOUMEHHBIX 3aPAT0B. ATOM B : {
anexTpuieckn Helirpaien. Moaeky bl / p
#3 aroMoB. CHIbL, VAEepPKUBAIOIHE .
ATOMBI B MOJIEKYJIe, 110 CBOEH NpHpojie /

Tes SACKTPHYECKMMH, OJIHAKO BO3HHK-
p {X HECKOJbKO caoxuee. Crporast re-
OAEKYASPHBIX CHJ 1AeTCA € TO3M I
DIt MEXaHWKI. ]
MONCKYNAAPHOE E3AUMOOCHUCMEUE — ITO BIAUMOACHCTBUE 2JIEKTPN-
HETPATBHBIX MOJIEKYJl MM ATOMOB.
BHCHMOCTH Monexynﬁpnmx CHJI OT PACCTOSIHHSA MeskAy mojexyaamu. Cuibl
[eHCTBIS 3ABUCAT OT PACCTOA M MEAKILY MoJTeKyaamu. Ha paccTosnmsx, mpe-
MIAOULAX PAIMEPDI MOJIEKYJl B HECKOJIBKO pas, uxX A-eﬁcmf:e NPAKTHYECKH PABHO
umio. Ha pric. 4.2 npescrasiena 3aBUCHMOCTD CHUI B3auMoneffcTsist F ABYX MOJIEKY.I
CETOSTHIS MEJKLY HUMH 7. e -
ey 91EKTPOHAMH O/IHOI MOJIEKYJIbl M aTOMHBIMH SUIPAMH APYTOH JA€HCTBYIOT
mpursKenua F,,, KOTOpbie YCAOBHO NPHHSITO CHMTATh OTPHIATEILHBIMIL On-
0 MEKLY AIEKTPOHAMH MOJICKYJT U X SUIPAMH JACHCTBYIOT CHJIBI OTTAJIKH-
F,,,, KOTOPbI€ VCJIOBHO CUMTAIOT HOAOKHTENBH BIMH. Ha p?ccmmma = Ty, KaK
13 puc. 4.2, pesyapTHpyonas cuaa pasHa Hyio (F, = 0)', T.e. ciiibl NpHTke-
BHOBELIMBAIOT CHJIbI OTTAIKUBAHHUA, ITOMY COOTBETCTBYET Hanbouaee yCroii-
P PACTIONOKEHHE B3anMOAeHCTBYIONIX Mosteky.L. IIpu r > 7y cnia npirsKenns
CXOMT CUILY OTTAAKHBAHNS, HPH 1 < 1y — HA060POT.
KaK CHJIbl NPUTAKEHNS 1 OTTAIKHBAHNA ACHCTBYIOT O/[HOBPEMEHHO, TO MOK-
IPEACTHTD MX PABHOAECTCTBYIONLYIO, KOTOPas XapakTepusyer Cuiay BaaUMOJICH-
| MEKILY MoJeKyaamMi. Kpusasi, XapakTepusyouias cHTy B3auMOACHCTBUS, L0~
I IaTh KA4eCTBEHHOE 00bACHEHHE TIOABJEHHUS CU/Ibl YHPYTOCTH HPH CKATHH H
un Teqt. [Ipu cxaTHH TBEPAOrO Tesa npoucxoput commkenne yacruy. Ha
11 MEHBIIE 75, BOSHMKAET CHIIA, TIPEISITCTBYIONAs] COMMAKEHHIO YaCTHIL M CTPe-
t BEDHYTH HAaCTHIlBI B nepBoHauaisroe nodoxkenune. [Ipu pactszkennn Teep-
) TEJa NPOHCXOJMT yAaNneHne YacTHIl APYT OT Apyra Ha pacCTOAHUE T > 7y 1IpH
M HAYMHAIOT AeiCTBOBATD CHIIbI IPHTAKCHUA MEAKLY HaCTHIAMH, CTPEMAIIHECH
THTb YACTHILY B HCXOHOE NOJ0KEHHe (1= 7).
HCHMOCTD 9HEPIHH B3aHMO/ICICTBHA OT PACCTOSHHA MeXK/1y MOJEKyIaMH.
I 1 MOJIEKY/ILI B3aHMOZEICTBYIOT U, CJ€A0BATEIbHO, 00/1a/AI0T HOTeHITHATb:
aHeprueil F,.
Y CTAHOBUM rl;pnmepﬁuﬁ XapaKTep 3aBUCHMOCTH TOTEHITHANLHOI 9HepriH B3an-
HCTBHA MOJIEKYJI OT PACCTOSHUS MEJKITY HIIMU.

Pre. 4.2

Jiee crporo, ozl F, nonpasyMeBaeTes POEKIHA CIIILL Ha HANpasielue BeKTOPa T, OTPEACAAIONIE-
OSHIE MEAY LEHTPAMY MOJICKYJL

105 |



E, ToTennuaibHas IHEPIrHS CIATACT-
CS1 II0JIOKATENHHOH MTPH OTTANKHBA -
HHH MOJIEKYJl, OTPHIATEdbHON —
NpPH NPHTAREHHH.

[MoTeHnMaIBHYIO IHEPTHIO TATOTEIONTIY
TeJl, HAXOANIMXCS Ha HECKOHEYHOM paccTo-
SHUR APYT OT ApYra, YCIOBHANCH CIHTATI,
pasroit mymo. [Ipn cOmokennn Moseky:
(puc. 4.3) noreHumanbHas SHEPTHA UX Oy-
J€T YMEHBIIATLCS ¥ IOCTHTHET MUHHMATE-
HOro sHayeHust npu 7 = 1, (F, = 0). JTans-
Heifulee COMMKEHNe MOAEKYJ BO3ZMOKHO
TOJLKO 34 c4etr paboThl, COBEPIIAEMOIT 1Po-
THE CIJ1 OTTAKuBamA. [1pu 5T0M noTeHnaibHast SHEPTHS MOJEKYI HAYHET PESKO BO3-
pacrath. MTak, NOTEHIMAIbHAA SHEPIHs B3AHMOACHCTBUS MOJIEKY/I MMEET MHHIMYM
npu = 1. Caezoparesnbho,

Puc. 4.3

I HOJI0KEHHE YCTOHYHBOTO PaBHOBECHSA MOJIEKYN COOTBETCTBYET MHHHMYMY HX
NOTEHIHANBHOH IHEPTHH.

I'padmk saucumocTH MOTEHIMATLHOI SHEPIHI B3aMMOACHCTEISA MOJIEKY.T OT pac-
CTOSHIA MEKJly HHMH Ha3BIBAIOT ROMEHUUANBHOU KPUGOH, YiacTOK ABC — no-
MeNUUARLHOU AMOU; E,, — 2nybunoii nomenyuansnoi amot, s — s ex-
MUCHBIM OUAMEMPOM MONEKYIbL, ONPEE/ISIONIM PasMePsl Toi 001acTH, B
KOTOPYIO APYTast MOJEKYJIa HPOHHKHYTh HE MOJKET.

Kak npasnsno, MeXMOJIEKYISPHOE B32HMOAEHCTBIE OINCHIBACTCS MOTEHIHATBHOI
SHEPrueil B3aNMO/IeHCTBIS, XapaKTePU3yIolleii COCTOANTE H MHOTHE CBOHCTBA Bele-
CTBA. ATOMBI M MOJIEKY/TbI HAXOAATCH B IBVKEHUH H, C/IE0BATENBHO, 00Ia1a10T Ki-
HETHYECKOI aHeprueit.

Coorromenne MexIy MUHIMANLHOMN MOTEHIMATLHOM sHeprieit E, . 1 cpeniei
KHHETHYEeCKoii aneprueii (E,) Xa0THYECKOTO TEIIOBOTO ABHKEHHS ONpPEIEISIeT BO3-
MOXKHOCTb CYIECTBOBAHHS TOTO WK HHOT0 arperaTHoro COCTOSIHUS BEIeCTBa: 2a30 -
06pasnozo ((5,) > B,,;,), meepdozo ((E) < E,;,) n wcudkozo ()~ F,,.,).

4.5. CTpoeHue razoo6pasHbix, MUAKUX U TBEPAbIX TEN

Tass1. Xapakrep Ten10B0ro ABHKEHIS MOJIEKYJI i ATOMOB 3aBHCHT OT arperaTHoro
COCTOAHHA BEIECTBA W ONPE/IEISETCs] CUIAMH MOJIEKY.IAPHOrO B3auMozeiicTeus. Be-
IMECTBO MOJKET HAXOAMTHCS B YETBIPEX arPeraTHBIX COCTOSIHMSX: TBEPIAOM, JKHIKOM,
razoo0pasHoM u B BuAC masmbl. KauyecTBeHHoe 0OBSCHEHIE OCHOBHBIX CBORCTB Be-

HECTBA, HAXOMAETOCs B ONPEIETeHHOM arperaTHOM COCTOSIHHM, AaeT MOJEKYIAp-
HO-KHHETHYECKAS TEOPHSI.

Yacruus! rasza ue cBssann MOJICKYISPHBIMH CHIAMH NPHTSKEHUS W IBHIKYT-
¢ cBOGO/IHO, PABHOMEPHO, 3AIOJIHSIS BECh npeaocTaBJIeHHbI HM 00bheM.
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raz3ax [IpH HOPMAIBHBLIX YCIOBHAX MOJIEKYITE! HAXO[ATCS HA PACCTOAHMUSIX, BO MHOTO
HERBITTAIONINX PA3MeEPB! CaMHX MOJeKyJL. MoJIeKy ibl rasa IBHIKYTCS €O CKOPOCTSIMH
2 HECKOJIBKIX COTEH METPOB B CeKYH/IY. /laB/ieHiie BHYTDH rasa i Ha CTEHKH cocy-
. OM OH 3aKJIOUYEH, CO3AETCst CTOMKHOBEHMSIME MOJIEKYJl JIPYT € APYTOM U €O
fiami cocya. [1pH CTOIKHOBEHUAX NEPE@acTca MMITYJIbC, Korropuﬁ"uﬁymu&mae*r
e raga. BCJAEJACTBHE TOTO UTO CHIIBL MOJIEKY/ISPHOTO B3aMMOAEHCTBIA MPAKTH-
QTCYTCTBYIOT, Ta3bl MOTYT JIETKO CHKHMATBCS H HEOTPAHHUEHHO PACHIHPITHCS.
WIKOCTH. JTO arperaTHoe COCTOSHKE BEIeCTsa, B KOTOpoM Habmonaetcst ymo-
0e OTHOCHTEIBHOE PACIOJIOKEHAE COCEHNX YacTHIL. MOeKYJIbl JKHAKOCTH
SmAIOT KOJICOaTEAbHOE JABMKEHIE OKOJIO ONIPeAEICHHBIX NOJ0KEHHH paBHOBe-
i KoAEDAHNS BOIMOKHBI IOTOMY, UTO MEAKLY MOMEKYIaMH KHIKOCTH CyIIie-
r cBOeOOpasHoe «CBOOOIHOE> MPOCTPAHCTBO.

ygercinil puank-teopernk F. M. Dpenkens pazpaboTas Teopuio, COIJIACHO KO-
| gpemsn <OCeON0U HCUIHU> HACMUUDBL, T.€. BPEMA rgo;zeﬁauua OKONO
enus pasnoseecus, ouens maao, nopaaka 107" — 107" ¢, nocJie vero yac-
eXOAT B HOBOE MOJOKEHHE PABHOBECHSA M, TAKMM 00PasoM, MepeMemaeTcsl
1 snzikocTi. C NOBBULEHNEM TEMTIEPATYPbI BPEMST ¢0CEAJI0M JKHIHH> MOJIEKYJI
ctit yMenbinactes. OCHOBHOE CBOMCTBO KUAKOCTH — mexyyecms. Ilox neii-
oM BHEITHE CHIIb] B JKHAKOCTH HOABJISACTCS HAPABJIEHHOCTh CKA4KOB YACTHIL M3
L0 <OCEILIONO MOJOKEHUST> B APYTOE BAOJb HAITPABACHHS AeicTBHs cu/ibl. Bot
FHJIKOCTD TeueT 1 npruHuMaeT (opMY cocy/ia, B KOTOPOM OHA HAaXOAUTCA.
epabie BemecTsa. OHI OTIMUAIOTCS OT ABYX MPEILUYIIHX arperaTHbiX COCTOs -
BemecTsa HocTosiHeTroM (hopMbl H 00beMa. B TBepABIX Tenax aTOMbL M MOJIEKY -
KO CBSA3ANBL APYT € APYrom, oOpasys MPOCTPAHCTBEHHbBIE KPHCTALIHYCCKAE
1, YIOPSAOUEHHOE, MEPHOIMYECKH TOBTOPAIONICECS B TIPOCTPAHCTBE Paciio-
o yaeTHil, CHusl B3auMOeicTBIS (CHIIBI IPATSKEHM ) HACTOJILKO BEJTHKH,

b 3HAYNTENBHOE paccTosnme. TermoBoe ABIKEHHE YaCTHIl B TBEP/IBIX Telax
aBasieT coboil XaoTHYecKoe KoJiebanne OTHOCHTENLHO HX MOJIOXKEHHH PaBHO-
. B kpucTasiax noJsoKeHnsMH PaBHOBECHS ABJISIOTCH Y316l KPUCMALAU-
pewemxu, T.e. TOUKH, COOTBETCTBYONE Hanboee VCTONUMBOMY MOJNOKE-
YACTHLL TBEPAOrO TeNa.
Pacnosioskenne yacTiIl B KPHCTAIMYECKHX pemeTkax obycnosimsaet (opmy H
cTBa kpucTainos. Hapsity ¢ TBEpABIMH TEAaMH B MPUPOJE BCTPEIAIOTCH H
pprbie mena, y KOTOPBIX OTCYTCTBYCT KprCTALTIMecKas pemerka. [Tpiuvepom
X T€J MOTYT OBITH TIACTHIINH, CTEKJ/I0, CMOJIa W JIPYTHE BellecTsa. Awmoph-
OSIHHE — 3TO HEYCTOIYMBOE COCTOANIE, KOTOPOE € TeueHUeM BPeMEHH nepe-
‘B KpucTanmyeckoe (em. nozpasi. 8.1).
ILmaama. D10 eme oo arperatHoe coctosanme semectsa. [lnazma — ras, B KO-
DM UMeeTCs GOBIIoe KOMHIECTBO MOJOKHTENBHO W OTPHIATE/IbHO 3aPSIKEHHBIX
B, & Takxke cBOOOAHbBIX ajekTponos'. Ona Moxer ObITh nojayyeHa IMpH Harpesa-
BEHecTsa 10 OMeHb BHICOKUX Temnepatyp (nopaaka 10° K). ITpu aTix yclIoBHax
BO HAXOANTCSA B Ta3000pa3HOM COCTOSHUH, TPUYEM BCJIEACTBHE TEILIOBbIX CTOT-
Wil noYTH Bee aToMbl Tperpamaiotes B Housl, [lojgobubie yenosus CyecTsy-
T Ha CosHie u Apyrux 3Be3/lax, I/le TeMiepaTypa A0CTHTALT MOPsLKa 10° K u 6osiee.

n‘cﬂ?l_lﬂlapﬂuﬁ SUPHL DACKTPOHOB H HOHOB B KAX/IOM 3NEMEHTAPHOM 00beMe pasen (W nOYTH paBen)

i
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4.6. CHOpOCTH ABUIKEHUA MONeKyn
U UX U3MepeHue

Onpir HItepra. Merox onpeacienns cxopocreii MOJCKYJ OLIT Mpeanoxkey
O.Ilreprom (1920). Uamepenste cxopocreii Moxexyn Gbi10 NpoBeAEHo Ha VCTAHOR-
Ke, CXeMa KOTOPOii mpecTaBiena Ha pue. 4.4,

YeTanoBKa COCTOHT 13 ABYX KOHUEHTPHYECKIX IHIHAPOB A 1 B, IMeionmx pas-
JIYHbIE AHAMETPBI 1 0011YyI0 0ch. BO3AyX BHYTPH LWIMHAPOB OTKaYaM, ® 1u HHIpe
A nmeercs yskaa mess C. [To ocn nporsiHyTa mnarnnosas npoeojaoka P, moKphitis
caoem cepebpa, 110 KOTOpoit mponyckaioT anekTpryeckuii Tok. [Ipi Harpesani 1po-
BOJIOKH TOKOM Cepedpo HermapseTcst, aToMbl €ro BBLICTAIOT yepes meas O nonana-
K0T Ha BHYTPEHHIOK 1OBEPXHOCTD MWinnaApa B. Ecin o6a [iinnapa HenosuaHL,
TO BCE ATOMBI Cepedpa He3aBHCHMO OT HX CKOPOCTH TIONAAYT B OJIHY 1 TY Ke TOuKy [)
nuanaapa B

Ipu oaHOBPEMENHOM Bpamen i 060X WLIHHAPOB € YIIOBOI CKOPOCTBIO W aTOM
cepedpa B 3aBHCHMOCTH OT CKOPOCTH TIONA/AET B APYTYIO TOUKY Ha CTEHKE IMITHH/pa
B, nanpumep B TouKy D', Tak KaK 3a Bpems [poJeTa aToMOB 0T IpoBosiokn P 10 ¢Ter-
KU UHAHHAP B yernesaeT HeMHOro MoBepHYThHCA.

3Has PACCTOAHNS d, HA KOTOPHIE CMECTUINCDH CTEIBl ATOMOB OTHOCHTEIBHO X
CAEI0B PH HEMO/BIKHKX WIIMH/PAX, YIIOBYIO CKOPOCTD BPALLCHHA MILTHHZADOR,
Pajnychl BHENIHEro i i BHYTPEHHETO 7 IHHAPOB, JETKO BBIYHCANTh CKOPOCTb MO-
JIeKYJTBL.

JlelicTBUTEIbHO, €CTH CKOPOCTH BHEITHEro IWINHAPA %, 2 BPEMS TIpoJeTa MOJIEKY-
JIBL OT BHYTPEHHETO IMIHHIPA 10 BHEUIHETO f, TO PACCTOSHNE HA IIOBEPXHOCTH I1if-
TP d= ut = wRt, a ckopocth Mosekynt v = (R — r) /t. Mckmouns na obonx ypas-
HEHUITL 1, TomyYuM

o wR(R —r)
d '

Cpetian ckopocTb aToMoB cepedpa B OlBITE OKazaxach pasHoii 650 m/c. Xapak-
TEPHO, UTO ¢JI0ii cepebpa Ha BHENTHEM IHIHIPE MOAYHIICH PasMBITBIM. DTO O3HAYA-
€T, 4TO CKOPOCTH JIBHIKEHWSA ATOMOB Pas/InyHbL.

Pacnpezenenne moaexy no ckopocrsamM. 3akon pacupesenemis CKOPOCTEH MO-
JeKya B rase Obii noayden JIx. K. Makcsewiom.

BButy cI0KHOCTH 3aKOHA 3€Ch MPECTABICHO
Jiinis ero rpaduieckoe uzobpakesine (puc. 4.5).
o ocut opamnar oraoxena (yHKIA pacnpesee-
HUS

(4.4)

flr)=22,
" o nlv

e n— odmee Yueao MoaeKky; An — 9HCA0 MOJTe-
KYJI, UMEIOIHX CKOPOCTU B MHTEPBAIC OT 010 1+ A1,
a 1o ocH abeumuee — CKOpPOCTb MOAEKYI.

[Lro1a16 3a1rTPUXOBAHHON TOMOCH € OCHOBAHH-
eM A OKa3eiBaer, Kakasd 4acTh 0T o0uIero umneaa
MOJIEKYJT UMEET CKOPDOCTH, JIeKAILHE B IAHHOM HH-

Puc. 4.4

Tr Tﬂ' > T.f

TL‘

(] 0 t w! v
Puc. 4.6

4, (0){u,)Av
Puc. 4.5

' MakciHMyM KPHBOii paciipejie/ieHisi, NPeACTaBAentoi na puc. 4.5, cooTseT-
fpoJiee GePOIMHOU CKOPOCMU U,

MMHCTBO MOJIEKYJ1 1asa iBiKkeTes ¢ Hanboee BepoATHOI CKOPOCTHIO, TOTAA
€10 MOJIEKYJI, MMEIOLIIX 0UeHb MaJIble i 0ueHb HOJThINE CKOPOCTH, Mano.
 panboree BEPOATHOH CKOPOCTH U, /IBHIKEHUE MOJIEKYI Ta3a XapaKTepHsy-

cpedueii apugmemuneckoil CKOPOCHIbIO

W+t a1
(v) = —2———n, (4.5)
i
sroteit coboii cpejree apupMeTHUECKOe SHAYCHHIH CKOPOCTEH BCeX MOTEKYI
cpedneil K6adpamu1ecKoi cKopocmolo

5 Sl 7 \f e, (4.6)

n

| KOPHIO KBAAPATHOMY 3 CPEHET0 apuhMeTIHIeCKOTO 3HAYEHISA KBAAPATOB CKO~

[ BCE MOJIEKYJThl OJIHHAKOBbL 110 MdCCe, TO
1 < (1) < (). (4.7)

* C noBhImIenTeM TeMITepaTyphl HanboJiee BepOATHAs CKOPOCTh BOSPACTACT, N.laKCH:
i pacipe/ie/ieHisi MOJIEKYJT 10 CKOPOCTSIM CZBUIAETCS B CTOPOITY GOJBIIIX CKOPO
(puc. 4.6). C nopslueHneM TeMIepaTyphbl yBETUTHBAETCS! OTHOCHTEILHOE YHCTO
yL, 00X GOIBITIIME CKOPOCTAMMK.

4

7. NMapameTpbi COCTOSHUS MAGANBHOTO rasa

Mneansusiii raz. B Monekyusproii pm3nke u TEPMOAMHAMHKE pacCMaTpHBAIOT-
CHCTEMDbBI, COCTOSAIINE H3 60.11131[[01' O UHCJA 4acTHL, T. e, MaKpoC KOTTMYECKHe CHCTE-
Mbl. [l 01O YacTHIB B OTAEABHOCTH HEJIb3s YKa3aTh ee KOOpAHHATy 1 Hallpas-
JIEHHE NBHKEeHHsA, OHPEeaeTnTh TeMIepaTypy n jgaBjaeHuce. M3ME‘DHMB[ TOJLKO M:
4 m:empu COCMOAHUA COBOKVIIHOCTH MOJCKYJL, T.€. MaKpOC[{()HH‘IL‘C KHe Xapak

TEPHCTHKH.
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Hax]?);[;l:.l. 2?&3}?‘;23“& x::.u M saxn.uuomepﬂocu'au NOAMUHAETCS MOBEICHNE BellecTyy,
e, pesuom COCTOSTHMH, Iipa 91OM Gyiem paccMaTpHBATH Hjeq.
e aJl-bIEbl.X rasoB — WAeallbHbIH ras.
. c‘:;]. HA3LIBAIOT TAKoii Tag, 1S KOTOPOTO MOXHO npeHedpeyy,
L 4MH MOJIEKY.ISIPHOTO $3aHMOICHCTBHS; COYAAPEHHA MOe.
KysiB TAKOM Iase NPOHCXO g1 110 3AKOHY cOyAapeHHus VIIPYIHX HIdPOB.
PeasibHbie rasbl BEAYT Cebs moA06HO HACATHIIMY, KOT/A CPEAHEE PACCTOSTHHE Mes
Ay MOJEKYIaMH BO MHOTG pa3z GoJblite MX pasMepoB, T.€. MPH A0CTaTodHO 6oy :
PaspeKeHHsIX, e
CoctosiHne HEKOTOPOI Mmaceht ra3o06pasnom BEUIECTBA XapaKTEPHYIOT 3aBHC-
MBIMH JIDYT OT APYTa DHAygecKMME BeHUHHANH, HA3BIBACMBIMIT Ilapa_;-[E'TpaMll ﬁr;—
crosuns. K H1M oTHOCATC Yy ofmem V, naBaernne p i Temneparypa 1. h
Oﬁae.u. 2a3a BCCTIA COpria/aeT ¢ BMECTHMOCTHO TOTO COCY/Ia, KOTOPBII OH 3aHNMaeT
Ennrnua obvema 8 CW — xybuueckuii menp (M%) :
L&fameuue — pusnieckag permunna, pasms OTHOWIEHUIO cuiani F, aefictayio-
[IEH Ha ANEMEHT [OBEPXHOCTH HOPMAJIBHO K Hel, K II0maan S 9T0ro ajieMenTa:

p g

Epununa pasrenns 8 CU — nackany (1 Hjw? = 1 TTa).
& H}}; .H:I(:;;)il;lem BPEMEH N yrioTpelsi0Tes CeYIONIHE BHECHCTEMHBIC CTHHIB 121-
B posc / uecxg.n ammocepepa 1 ar = 9.81-10" Ia; pusuueckas ammocge-
PGH::M— O13-10° s agunmumemp pmymmozo cmoa6a 1 mm pr. cr. = 133 112,
i m mif:iﬁ: rasa, Kw MO.JIEK}E[a rasd, VAAPSICD O CTCHKY COCYAd, B
7k e g ‘tetferme MaJIOr0 IPOMEKY TKA BPEMEHH IefiCTBYET Ha CTeITKy
T Ay - pesybrate GECIOPS/MMHBIX YAAPOB O CTEHKY CHIA CO CT0-
1 i Oﬁlmmmy. MAOA/N CTERKH OBICTPO MEHSIETCSL CO BpeMeHem
- .umm.uem];) (cpeaneit) pemumnnt [1pubopst, namepsionue nasnenne,
Bpeumenmn cl s nasﬂe}m;[a‘:u (puc. 4.7, a—z). MaHOMETPbI (DUKCHPYIOT CPEAHIOIO 110
g i A » TAPUXOAALIYIOCS HA €JIHHILY TUIOLAAH €70 YYBCTBHTEIBHO-

. L eM ;?am::) NI ZIPYTOTO TIPHEMHIKA 1aBJICHHSA.
L
T aux fAasaennit. OCHOMON €0 YacThio ABISETCS H30THY-

(4.8)

- W

=

.um!ﬂ||||||ﬂ|m|||11||111||m

2] 1

|

I

Puc. 4.7

A, OTKPEITBIH KOHEIl KOTOPO# Npuias K TpvOKe B, a 3aKpuITHIi — CO-
p eTpesiKoit. Ias noctymaet uepes Kpas K w Tpybxy B B Tpy6KY A M pasru-
obomabil KoHell TpyOKH A, mepeMelasch, MPHBOAHT B ABHIKEHHAE Tiepe-
asM 1 cTpesiky. lllkana rpaaynpoBaHa B ONPEIETCHHBIX eHHUIAX
ubo B Mackansx, mibo B TEXHHYECKHX armocgepax, mmbo B MHILTHMET-
croaba.
4.7. 6, @ TIOKA3aHBI CXEMBI HCUOKOCTIHBIX MAHOMEMPOB. OTKPLITOTO
4.7, 6) a5 naMepenis HebOJTbIINX JIaBJAEHNIIT Bbitie atMocepHOro n 3aKkphbl-
puc. 4.7, 6) s H3MEPeHMI AaB/ieHuil Hike aTMOCGEpPHOTo, T. €. HeGoIbIoro

il CMBIC/T TIOHSITHSE TeMIiepaTyphl OYET PACKpPBIBATLCS 110 MEPE U3yue-
yAAPHO-KIHETHUECKOi TEOPHH 4308 H OCHOB TEPMOAHHAMHKH.
napamerpamu V, p, T cymiecTsyeT OIHO3HaUHOE cooTHOWerwe. B obuem
ypapiierue cocTosHus. JList IPOCTBIX CHCTEM OHO MOJKET GBITh 3aMHCAHO
o6pasom: f(p, V. T) = 0. C NOMOMBIO YPaBHEHIs COCTOANMA BCEr/a 1o
©eTPaM MOXKHO ONPEEIUTh TPETHII.

HOBHOE ypaBHeHue MOJ'IBKYJ’I!IPHO-KHHOTH‘IBGKO“
rasos

ge MoJIeKyJL. [lannerie BO3HUKAET B pe3y ibrate y/1apoB MOJIEKYJI O CTeH-
108. PacCMOTPHM TIOBEIeHMe OHOH MPOH3BOIBLHO BHIOPAHHOI MOJICKYIBI i
OTO rasa, Haxoselcs B cocyze, nmemouem dopmy kyba (puc. 4.8). Tlycrs
CKOPOCTD, HAPaBJIeHHAS NePeH/INKYIAPHO CTEHKE COCYaAa, a m; — macca.
[PYIOM YA4pe MOJIEKY/a COOOIMT CTEeHKe MMIIYJIhC m,v; MOCe yiapa ee
bC CTAHeT paBHBIM —m,v,. Ciief0BaTe b0, HMITY/IbC MOJIEKY.THI H3MEHHTCS Ha
(—mv;) = 2m,v,. Tlo BTopomy 3akosy Heiotona,

Fit; = 2m,v;. (4.9)

i B KyOe, Jumna pebpa KOTOPOro paBHa [, HAXOJUTCS 1 MOJIEKYJT, TO BCJIEICTBHE
PAIOMHOTO ABIKEHMS MOJIEKYJI 1 DABHOBEPOSITHOCTH BCEX HANPAB/IEHHH MOKHO
uTO 11/3 MOMEKyH ABIKeTCs BAoss ocu X, n/3 —
1 Y, n/3 Mosexy: — Bosb ock Z. YTodsl HailTH cpet- Z
CHITY IaBJICHNA Ta3a, CIeyeT HOACUHTATH CyMMY HM-

COB BCEX MOJIEKYJI O CTEHKY 3a OTIPE/IEJIEHHOE BPEMA. P IR
°0 JI0 APYTOTO Y/Iapa O Ty JKe FPaHb MOJIeKyJia IIpo- T
MyTh, B cpeHem pasHbii 21 VinTepsan BpeMeHn Mex- } i I
JBYMsI 5THMM yAapaMu pases t; = 21/v,. Onpenennm Te- Bl 1 ol 5
l '
CPEIHIOIO CIITY, ¢ KOTOPOH JeHCTBYET Ha O/IHY M3 CTe- R0 - :";/ 3
cocy/ia o1Ha Mosiekyaa. B ypasuenne (4.9) noactaBum 4 & B A
1 Mexzy symst ynapamu Fi(21/v,) = 2m,v;, oTKynAa m3, 2200
i
L2 P Y
i IS L 65 (4.10)
21 { Puc. 4.8

"'_‘1.".
' Taa, massenne koToporo HIDKe aTMocepHOT, HABIBAIOT paspexcertbim. TAKOe COCTOMNIE Hashl-

BaoT BAKYYMOM. |
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BeiBon ocHOBHOTO ypaBHeHns MOJIEKYIsIpHO-KHHETHIeCKOH Teopui raaoB. Mo-
JAEKYJIbI Ta3a ABHIKYTCS C PASTHIHLIMH CKOPOCTAME (1), .oy Uy ey Uy,); CACIOBATENBIO,
OHH COOOMIAIOT CTEHKE COCYAA W PA3/ANYHBIE HMILY/ILCLL. BHOEPEM KaKoe-H60 oo
Hanpab/ieHHe ABHKCHIA MOJICKY.1 (Hanpumep, BAoab oci X ). Mexay AByMs NPoOTH-
BOTONOKHLIMU TPaHsAMU KyDa B 9TOM HANPaBACHHN ABHIKCTCS n/3 Beex MosekyJl, j
cyMMapHas ciia yAapos 00 oy rpassb I

1 ?RI'U%, Tﬂ-z'f’g Tnn'fjg
=—|—+—= . gl §
30 I I (411)
B mneanviiom rase my = my, = ... = m, = my, TOATOMY
1 m : " 5
j E%(?}f +9§ 4.+ 22). (4.12)
YMHOKUB it PasAe/UB IPABYIO 9acTh pasencrsa (4.12) na n, moay4um
1 mgn [v? 408 + ..+ 02
;s 0 [ 1 2 n
o - L (4.13)

Bripazenue, crosuiee B cko0Kax, ecTh KBapaT cpemneil KRaAparuueckoii ckopocTi
ABMZKEHHST MOJEKY (v,)°- Takum obpazom,

- 1 mgn 5
F= E%(v}mr. (4.14)
rae K= pS.
B pacemarpusaemom cayuae S= (% CHTeJIOBATENBHO,
F F oo )
p:-—:‘—zw._l (4.15)

B 4 3

3 y ol Tk b2 .
e n/l* = n/ V= n, — qucio Monexys B euHmie o6bema, win KOHUEHTPALIHS MOJIEKY.T.

1 5
p= = TigMg (Vi

— OCHOGHOE YpasHeHue MONEKYAAPHO-KUHEMUNECKOI meopuu.

(4.16)

OcHosroe yparnenne MoseKyIspHO-KHHETHYECKOH T€OPHH ONPENEISET MAK-
POCKONHYECKYIO BEIHUHHY — /laBJICHNE ra3a Yepe3 KOHIEHTPALHIO 7, MOJIe-
KYJI, MACCy 11l OTACTbHBIX MOJEKYJ H CPE/THION KBAAPATHIECKYIO CKOPOCTH
() MX IBMIKEHHS.

3 )
Ecim uepes (B) = = Mo V) 0B03HAYMTD CPEAHIOID KHHETHUECKYIO HEPIHIO T0-

CTYNATE/bHOTO AIBHAKEHHA HEKOIT «CPeHeii» MOJIeKYJIbl, TO YpaBHenue (4.16) moxHO
3alucaTh B BUje

p= gnﬁ(f_«:). (4.17)

Hasaenwe raza pasno 2/3 or cpenpeii kunerHyeckoii SHEPIHy MOCTYTATENbHO-
'O IBIKEHHSA BCEX MOJIEKY.1, KOTOPBIE COACPMRATCS B €HHHIHOM 00beMe raza.

l 112

‘eMnepaTypa u ee uaMmepeHue

Teni0Boe paBHOBecHe. [TonsTHE TEMIIEPaTYPLI — OIHO H3 BaKHEHITHX B MOJeKy-
oroit puanke. axke Ges crienManbHbX TpHGOPOB YEIOBEK PARTHYACT TEILIO W X0-
ee HarpeThie W MeHee HarpeThie Tera. Crenens HarpeToCTH Tes XapaKTepusy-
epamypoit. Takoe ONPEAENeHIe NOHATHS TEMIIePATYPhl HMEeT JIHINb Ka-
auplil xapakrep. [lia yCTAaHOBJIEHHS KOJIMYECTBEHHOTO ONPE/ICTICHUs TeMITe-
HEeoHXOAMMO BBECTH HOHATHE TeruioBoro paswosecus. [oscaum sro. Ecom
£Th HATPETHI METALT HA JIE/l, TO Jejl HAYHET TUIABHTHCS, a4 META/L — OXJa%K-
10 T€X 1Op, T0Ka TeMIIePaTyphl Tea He CTaHyT oAnHakoBbiMu. [1pu Konrakre
JIBYMST TEJIAMH IIPOHCXONT 00MeH TenoToi (TensooldMen), B pe3yibrare Ko-
TO SHEPTHA METALIA YMEHDLIAETCS, & JHEPIHs Jib/la (IPH IUIABICHNN ) VBEIIn-

P BO3bMEM HECKOJIBKO TEN (CHcTeMy TeJ): HarpeToe xesneao (tesno A), soay
1 KOMHATHOI Temmieparype (Teno b) u nen (tesno B). Beeaem ycaoBHYIO 3a1MCh,
ATONLYIO, KaK [PH TEII000MEHe MEA/TY 3THMH TeTaMi IPOUCXOAUT H3MEHe-

ASB3B.

.;-Lanpmenue CTPEAOK YKA3LIBALT, OT KAKOTO TEJA K KAKOMY NEPEJACTCH aHepris
py TenioobMene. JHeprus npH TelmoodMene Beersa nepeaaercs ot Teaa ¢ boaee

] Tena, naxopsmmecs B TEIVIOBOM PABHOBECHH, HMEIOT 0/IHHAKOBbIE TEMIEpPa-
- B TyphL.
L
 Ecam encrema Tes Haxopntes B COCTOSHIH TCILTOBOTO PABHOBECHS, TO 00beM, TeM-
HEparypa ee 4actel ¥ JAPyTHe XapaKTepHCTHKN COCTOSAHHA HE MEHAITCHA €O BPeMe-
eM. CBOICTBO TemepatTypsl OMPEEIATh HANPABICHHE TEIIOBOTO OOMEHA MEeKLY
11 SIBASIETCS] BOKHENIITHM B TEPMOIMHAMHKE.
- Hamepenne temnepatypbi. [Ipi H3MeHEHHH TEMIEPATYDbl UBMEHSIOTCS Pas-
Phi TEJ1, HX 00BEMbI, 31EKTPHIECKOE CONPOTHBICHIE U APYTHE CBOCTBA. B 60/1b-
WIMHCTBE GUIHUCCKIX H XHMHYECKNX ABIeHII 00HAPYKHBAIOTCS 3ABHCHMOCTH OT
Temueparypol. Takum 06pazom, TeMiepaTypy MOKHO OMPEACTHTE N0 H3MEHeHN IO
- Kakoro-amdo yao6Horo /g uaMepenns (QU3HYeCKoro cBoiicTBa aHHOIO Bene-

| das oanosnaunoro onpeiesienus TeMIepaTypbl He00X0aHM BbIGOp TepMOMeT-
B pHYECKOro Tesia H TEMIIEPATYPHOrO HapamerTpa.

|
B kauectse TepMoMeTPIUECKOrO Tea AJisl ONPEAEIEHHBIX HHTEPBAIOB TeMIlepa-

TYP MOKHO BrIOpaTh ras (HanpiMep, BOAOPO) HIAH KIAKOCTb (PTyTh, cimpr). Tem-
HEPATYPHBIM napaMerpom y Hux sisasercs odbem. TemueparypHbIME HapaMeTpaMH
MOTYT OBITh IEKTPUHECKOE CONPOTHRICHHE HEKOTOPBIX MOJIYIPOBOJIHIKOB W HIPO-
BOAHHKOB, NHTEHCUBHOCTD U3IYUEHHA H T. /L.
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TemnepatypHbiii napamMeTp I0KEH HaMeHsSTHCH NPH H3MEHeHHn
TeMIepaTyphbl HENPEPHIBHO H MOHOTOHHO, T.€. OH HE JIOJKEH HMeTh
O/IMHAKOBBIX 3HAYEHHIl NPH PasHbLIX TemnepaTypax.

Yaine BCero /ISt H3MEPeHUst TEMITEPATYP HCITONL3VIOT CBOHCTBO HKILTKO-
cTH HaMeHaTh oObeM npH Harpesanmi (i oxnaxenun). [pubop, ¢ no-
MOIIBIO KOTOPOI0 M3MEPAETCA TeMIepaTypa, HasbIBACTCs MepMOMENPOM.

QOBIKHOBEHHBII KHAKOCTHBIIT TepmoMerp (puc. 4.9) coctont u3 me-
HoaBIIOTO CTEKNAHHOTO Pe3epByapa, K KOTOPOMY TPHCOEANHEHA cTek-
JisHHas TpyOKa ¢ V3KUM BHYTPeHHAM Kananom. PesepByap n yacth TpyOkn
HanoaHeHsl pryTeio. TeMuepaTypy cpejibl, B KOTOPYIO HOTPYKeH TepMo-
MeTP, OIIPEAEAIOT (10 MOJOKEHHIO BEPXHEro yposHsA pryTn 8 TpyOke. Je-
JleHAA HA MKaJe YCJAOBHINCh HAHOCHTH caeayionmM obpasom. Ludpy 0
CTABAT B TOM MECTE IKaJIbl, I/le YCTAHABINBACTCH YPOBEHDL CTONONKA
JKAAKOCTH, KOT/A TEPMOMETD ONy1eH B tawowmii cuer (jen), uudgpy 100 -
B TOM MECTe, I/Ie YCTaHaBINBaeTCs YPOBEeHb CTONOMKA KHAKOCTH, KOI/1a
TEPMOMETP NOTPYKEH B I1APbl BO/bI, KUIISILEH [P HOPMATIbHOM JlaBjie-
aun (10° Tla). Paccrosnme Mexay aTHMH oT™MeTkamu fAenar na 100 pas-
HBIX YacTei, HazbiBaeMbIX rpagycamu. Takoli ciocob geieHnst WKab Bee-

aen A, LleascneM. I'paayc no mxane Heascna obosnavaor °C.
PTyTHBIE TEPMOMETPBI TTPUMEHSTIOTCS JUISL H3MEPEHMUsL TeMiepaTypsl B obiactu
ot —30 10 +800 °C. Hapsany ¢ J#IKOCTHEIMH PTYTHBIMH W CITUPTOBLIMH [TPHMEHI-
I0TCS1 DNEKTPHYECKHE (TEPMOIIeMEHTDI WM TEPMOMETPbI CONPOTHBICHHS ), TA30BbIe
TepMomeTphl H T.11. Tlokasanus TepMOMeTpOB, HCHOMB3YIOMNUX PAsIHYHbIE TEPMO-
METPHYECKHE Tesia, 00bITHO HECKOILKO pasinyalores. Jlns goctiskennst 6obedi tou-
HOCTH BBOUIT TaKKe PAJ APYTHX MOCTOSHHBIX TeMIIEPaTYPHEIX TOYEK, HATPHMED TeM-
TIePATYPbl 3ATBEP/IEBAHNS PA3THYHBIX YHCTHIX BEIECTB (0108, CBIHILA, 301074, MEJIH ).
Ho Tounoe onpesenieHie TeMIepaTypsl He JOKHO 3aBHCETh OT BEIECTBA, 3aT0THAK-
miero repMoMerp. C aToi HesIbio HPUMEHATOT TEPMOAHHAMHYECKY IO KAy TeMIIepaTyp.

4.10. Ma3oBbIe 3aKOHbI

Hsorepmuiecknii npounece. 3akon Boiis— Mapunorra. Besikoe namenenne co-
CTOSTHHS TA32 HAIBIBACTCS MEPMOOUHAMUHECKUM NPOUECCCOM.

I B m06oM TepMOAHHAMHYECKOM NPOLECCE HAMEHSIOTCA TTapaMeTphl, ofpe/e-
JSIONHE COCTOSIHUE rasa.

Her nu oanoro npouecca, Hpu KOTOPOM H3MEMSICs Obl TOABKO OJIHH MapaMeTp.
Mavenenue oHOTO MapaMeTpa Be/IET K M3MEHEHHIO ocTanbibiX. [lpoiece, npi KoTo-
POM OJIHH H3 APAMETPOB OCTAETCS MOCTOAHHBIM, A /IBA APYIHX HAMEHSIOTCS, HA3bIBa-
0T USONPOUCCCOM,

Tpouecce, mporexaonyii B rase, 1P KOTOPOM TEMITEPATYpa OCTAETCST MOCTOSIHHOI,
HAa3BIBACTCA UIOMEPMUHECKUM («H30C» — PABHBIN; «TEPMOC> — TErIBIi ).

Howrn omnospementio 8 XVII 8. hpaniysckum yuensim D, MapuoTTOM M aHT/Hii-

ckuM yuerbiM P. Bolinem Gria yeranoBjieHa 3aBHCHMOCTD aBIeH s Ta3a 0T eT0 00be-
Ma [IPH NOCTOSTHHOM TeMiiepaType.
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8 3axon Boilis — Mapuomma: nasnenve rasa Aanpoi Maces! (m = const) IpA
| HOCTOSIHOI TeMIepaType HaMelsieTcst 05PaTHO NPONOPIHOHATLHO €10 00LeMYy.

3aKOH MOKHO c(hOpMyIHpPOBaTH NHAYE!

2 apou3BeleHHe JaBJIeHHs ra3a Ha 00beM JLis JanHOoi Macchl ra3a IpH NoCTOsH-
lmg TeMueparype eCTh BeJHIYHHA NOCTONHHAA:

pV = const. (4.18)

€CKH ITOT 3AKOH B KoopAuHatax pV msobpaxkaercs JuHHel, Ha3pIBaeMOii
aoii (puc. 4.10). JLis o1HOIE 1 TOM e MAcChl Tasa PasHBIC H3OTCPMBI COOT-
1IPOIECCAM, HPOHCXO/UATINM [TPH PASAMYHBIX TeMIIEPaTypax.

apubiii nponece. 3akon Ieii-Jlioccaka. [ponece, mporekaonpiii 8 rase, npH
OM JIABJICHHE OCTAETCS NOCTOAHHBIM, HA3kIBaeTCH uz0baprvim (<bapoc» — 1a-
-M;CHMOCTB ofbeMa raza OT €0 TeMIePATYPhl IPH TOCTOSAHHOM JaBienny Oblaa
sena dpantysckim pusmukonm n xumukom JL efi-JTioccakom (1802).

ITHI, IPOBEICHHBIC WM, TIOKA3AIN, YTO yBeanyerne o0heMa rasa MpomopiHo-
pHO LPUPALIEHHIO TeMIIepaTyphi.

8 3axon Ieii-Jhoccaxa: 00beM ra3a JaHHOI MACChI MPH OCTOSIHHOM JlaBJjie-
§ mam Bo3pacraerT JMHEHHO ¢ yBeAWYEHHEM TeMIepaTyphi:
A

V=Vl + at), (4.19)

.V — obwem rasa npn remneparype ¢, °C; V, — ero obwem nipn 0°C; o — memnepa-
wiii KO3 Punuenm oosemnoz0 pacuupenust (715 Beex rasos o = 1/273 C).

V=V, [1 L rl. (4.20)
273
~ Tpadueckas 3aBUCHMOCT 00BEMA OT TEMIEpATYPbl H300paKaeTCs pAMOit JMH-
¢l — uzobapoii (puc. 4.11). TIpu ouens HusKux Temueparypax (6amskux k —273 C)
sakon Teii-Jlioccaka e BHITOAHSETCS, TI0ITOMY CILIOMINAS! JIHHMsT Ha Tpaduke 3ame-
HEHA MYHKTHPOM.

- p v
Py
>t
Pa< Py s
t
2 ///
t /5/
__ ¢ =
0 v —273°C 0 ¢
Puc. 4.10 Puc. 4.11
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4.11. AGconoTHbIA HYIb TEMNepaTypbl.
TepMmoagMHaMH4eCcKan WKana remnepaTtypbi

3axon Hlapas. lIpouece, npotekaiomuii B rase, 1pn KOTOPONE 6ibeM OCTaeTCs o=
CTOSTHHBIM, HA3BIBACTCH UIOXOPHBIM (<XOPEMA> — BMECTHMOC TR),

Mece1oBanist 3aBUCHMOUTH JaBACHNIS JAHHON MACChl 1434 0T TEDIEPATYPbI IPH Hels
menHoM o0beme Oniri Briepsble poseaersl B 1787 r. dpanyacknm dhuaniom 7K. Mapaen,

3axon Hlap.as: apienye ra3a 1anino# Macchl NPH NOCTEIHHOM 06beMe Bog-
pacraeT JHHEIHHO € YBEIHYCHHEM TeMIepaTypbl:

p=pll+~t), (4.21)
e p— AaBJeHue rasa npu remueparype i, “C; py — ero aasaenues npu 0 °C; ~ — men-
nepamypuoiil ko3@duyuenm dasaenusn. Ero smavenne yaee 3apncnt o1 npipa-

Jtel rasa; 4 Beex razos ~y = 1/273 °C 1 Takum obpazom,
B= .1 L t
p=pg|l+ 273 ) (4.22)

[pacprveckas 3aBNCHMOCTb AABJIEHIS OT TEMIICPATY DB H300 PREpKacTest npaMoit -
aueit — uzoxopoiu (puc. 4.12),

AbcomoTubiii HyJih TeMuepatypbi. Econt msoxopy (em. pue. <4.12) npoio/uknTs B
0612CTh OTPHIIATETBHBIX TEMIIEPATYD, TO B TOYKE MEPECCUCHIS € @OChi0 abCIiee HMeeM

!
p= gl 4+—1]=0:
= “[ 273
Orciona t = —273°C (Tounee, —273.16 °C), 4TO COOTBETCTEIVET HY./IIO 110 TEPMO-

JAMHAMHIYECKOI Ka/ie. DTy TeMIEPATYPY HaszbiBaloT Hyaem Keeaveuna (i ab-
CONOMHBIM HYJIeM),

Tepmonuammaeckan wkaia remiepatyp OblIA IPEUIOKEHA ST THICKIM YIeHBIM
Y. KeapsunoMm. 3a Hauan0 oTcyeTa Ha 9TOM MKaae MPHHsTA TeMTmeparypa 1y b Kesib-
BiHa (0 K). Hyos KesrsBHna — 910 npeaensias TeMnepartypa, [IpwsH KoTopoil Las/eiie
HJIeanbHOLO rasa pasuo Hy 0. Temneparypa moke () K nesoamosmxua; 0 K — o710 camad
HH3KasA Temnepartypa B npupose. Cymecrrosanme ee npejackaszaza M. B. JToMonocos.

3a eMHULY TEMITEPATYPbL 110 TEPMOAHHAMHYECKOI IITKAIC TPOMHT Kestb8uH ( K)
1 K cootsercrayer 1°C.

Temireparypa, OTCHHTAHHASS 110 TEPMOANHAMH-

b 4eckoil mKaje remneparyp, obomanauaercs 1. Ee na-
3BIBAIT THEPMOOUNAMURCCREOL memnepamy”
_poit. Tak Kax TOYKA IABICH N SE] Jib/la [Ipn HopMaib
V,<V, HOM aTMOC§EPHOM AaBACHNH .., [IPUHATAA 32 0°C,
pasna 273.16 K ' (puc. 4.13), 7=0

T=273,16+ - ¢. (4.23)

3amenum Tenepb 8 vpanHensaan (4.20) remnepary”
PV, OTCYnTannyIo 1o mkate Heswupcis, Tepmon masit
HECKOI TeMIiepaTypoit:

P Hlgana lxana
3] =W [%l] =V % Keaspuna  Teascns
3,16 273, 73,
' 373K - -100°C
: f , OOBEMBI Ta3a 1PH TeM-
, %ﬁgm d 273,15 K- L 0°C
s =V (429)
273,16 73.16 ok | o
AOYICHHO 3TH PABEHCTEA, HOYHHM U1 Puc. 4.13
-:—_I = g—j. I E: = const. (125)

0 HOJTYH 1M COOTHOHICHHE MEALY TAPAMETPAMH, XaPaKTePH3YIONIMI H30-

Ty P

- —, WM — =coust.
T

(4.26)
p D
it aanmen sakonor Leii-/lioccaka (4.25) u Ulapas (4.26) nanbonee nonso
eq X (PU3UTECKoe coAepHame.

IAHAOI MacCchl rasa ero 00beM npH H306apPHOM HIIH JJaBJIEHHE IIPH H30-
)M HPOLECCAX NPONOPIHONATBIBI TEPMOAHHAMHECKOH TeMileparype.

3aKOHDI BBITIOMHSIIOTCS € BBICOKOI CTENCHBIO TOYHOCTH A4 Ta30B NnpH He-
VICHHAX 11 HE 04eHD IMTHN3KUX TeMuepatypax.,

ABHEHMEe COCTOAHMA MealsibHoro rasa.
ra3oBas NOCTOAHHas

ie Knaneiipona. PaccvMaTpuBas H301POLECCHI, Mbl TOJIATANH, YTO O/0TH U3
STPOB COCTOSTHUS OCTABAJICS 1TOCTOAHHBIM. Ha MpakTHEe yaue npuxoanTes
A CO CILYHAsIMIT, KOT/IA OHOBPEMEHHO H3MEHSIOTCH BCe TP MapaMeTpa co-

TOJKNM, YTO HAYATHLHOE COCTOSIHUE 1a3da 1TpH m = const XapaKTepuayercs
Vi, p1, Ty, a koneurioe — cootperctaento Vi, ps, Ty (puc. 4.14). Hycts
HAYATBHOTO COCTOSHUS B KOHEUROE [TPOHCXOANT tocaeaoBatenbio. Bra-
CHHM JaBAeHNC p, na Py, a Temuepatypy 1) octapum venssentoil. OObew,
BalimMeT ras nocsie 51010 nepexoia, oboanaynm V, Tora, no sakony boilias —
P Vi=p,V, orkyna




Pa=py

(7

Puc. 4.14

Terneps HPH HEM3MEHHOM JAB/IeHUY P, YMeHbInM Temnepatypy ¢ T 1o T, npn
aTOM 00BbEM H3MEIHUTCA OT 3navenna V no V, crexosarensto, mo 3akony Hlapas,
Vo/ V= T,/ T, orkysa

g =Bl (4.28)
R

B ypasrennsx (4.27) u (4.28) paBHbI JIeBBIE YACTH; CJI€0BATE/IbLHO, PABHBI H TIPa-
BBIE, TOT/IA

¥
A T}Vg! . }%_ = E}L (4.29)
P 2 1 2

T. €. MOKHO 3alTMCaTh, HTO

% — const. (4.30)

Boipaskenue (4.30) naseiBaercs ypasnenuem Knaneupona:

Npou3Be/IeHne JanjJeHns Tasa JaHHOH Macchl Ha ero 00'beM NPONOPIHOHAb-
HO TEPMOJIHHAMHYECKOH TeMmeparype.

Vpasuenne Kaanelipona - Menjeseena. 3nauenie nocrosHnoil B ypasHesnn
(4.30) 3aBuenT OT Macchl M MOJIEKYJIIPHOIT Macchl Tasa, a TAKyKe 0T BHIOOpa eHHHI]
AaBnenus1, 00beMa 1 TeMreparypbl. Boramcimm a1y nocTosHHyio sl BEIIECTBA, Basi-
TOro B Koamyectse 1 Mosb, Kak caeqyer u3 saxosa Asoraiapo, 1 moms moboro rasa
IPH OIHHAKOBBIX 3HAYCHUSX TEMIEPATyYPhl M JIaB/ICHHS 3aHUMAET O HAKOBBII 00BeM.
Ipu T'=273K (1 = 0°C) u p = 1,013-10° [Ta 1 Moab moboro rasa saHuMaer 00beM
Vo=224-10"* M*, TloacTasus otn aanssie B ypasienue (4.30), noayuum snauenue
BXOASILICH B HETO KOHCTAHTBI, TPUUeM J11s1 1 Moab moGoro Tasa 310 3HAUEHNE OANHA-
KOBO. OHO N0JIy4III0 HA3BAHHE MOAAPHOU (YHUBEPCANBIOIL) 2a3060U NOCMO-
annoi (obosuavaerca R). Haiinem uncsiopoe snavenue R g CH:

pVo _L013-10°TIa-224-10° M® |
k= = : =8,31 Mo - K).
T 213K Ayl )

Ypasrenne (4.30) w15t oHOTO MONA ra3a Tenepb MOXKHO 3alHCATD TAK:

pV,= RT. (4.31)
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p = const

ypasuennst (4.31) 7erko nonyunTh ypasHesue JUis Jio-
pl rasa. ['as maccoii m saitmer o0bem V= Vy(m/M),

— macca 1 Moabym/ M — uncno Moneii raza. YMuo-
obe wacTh ypasHerus (4.31) na m/ M, nosyaum

1 T
Wi = B g
TR T

M, = V; cnesoBareisHo,

oV =L BT,

4.32
v, (4.32)

w ecrb ypasuenne Knaneiipowa - Menneneesa s
Oif MACCHI TA3a.

‘Moaspaas ra30Bas NOCTOAHHAA, Y CTAHOBUM Terepsb
MYeCKHI CMBICH MOASPHONH Ta30BOH MOCTOSHHOMN.
OI0KHM, YTO B i ape (puc. 4.15) moa nopuriem npu temmeparype 7' Haxo-
g 1 Moatb raza, o6bem kotoporo V. Harpeem ero usobapno (p = const) va 1 K, npu
opIeHb ToAHUMAaeTcs Ha BeicoTy Ah, a o0bem raza yeemuntes na AV, 3amn-
ypasrenue (4.31) s Harperoro rasa

p(V+ AV)=R(T+1)

Puc. 4.15

eM U3 9TOTO paBeHcTBa ypapuenue pV = RT, coOTBETCTBYIOLIEE COCTOAHUIO
Jto garpesanus. [lomyunm

pAV = R. (4.33)
raBuM B (4.33) anauenne AV = SAh, rae S — nuomaap ocHOBaAHHS ITJITHHPA:
pSAh= R. (4.34)

!*Ho pS= Fecrb cuna, a FAh= A — pabora 1o nepemeinennio HopHIHA, coBepIIaeMast
il CHITOH TPOTHB BHEITHMX CHJT IPU pacimupennt rasa. Takum odpasoM, R = A, T.e.

‘ I MOJISIpHAS ra30Bas NOCTOSHHAS ONpe/ieasdeTcs patoToii, copepimaemoit 1 Moab
rasa npu uzo0apuoM Harpesansy ero na 1 K.

M, BBITEKAIONIMM U3 OCHOBHOTO VpaBHEHﬂH MOJICKV.T!H})HD KHHEeTHYECKOIH TeOpPHH ra-
 Bossmewm 1 Monb rasa, kotopsiii sanumaer oobem V. KontenTpaitis MosieKyJ1 rasa
Ny = N, /V, u ypasrienne (4.17) MOKHO 3a1icaTh B Buje

' 2N
& p=——2

i (E). (4.35)
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Ho st 1 MoJth CITPABELIHBO VPABHEHHE COCTOSIHIS pV = RT. orkyaa
RT
¥V
TlogcTaBus 3T0 BhIpazKeHue 1714 JABIeHNs B ypaBHeHre (4.35) 1 penrns ero oTHOC -
renbHo T win (E), NOIYYHM Repeoe no0HCeHUe MOAEKYAAPHO-KUHemUuye -

CKOll meopun 2a306:

4.36
3l R (2:96)

W3 ypasuenns (4.36) caeayer, 4to

I TEPMOHHAMHYECKas TeMIIepaTypa NPonopIHoHAIbHA cpeiHeH KHHeTHYCCKOi
BHE])THH XAOTHYECKOI'O JIBUAEHHA MOJ]CKYﬂ rasa.

Iocroammaa Boasumana. TakiM obpasom, ueM GbICTpee ABHKYTCAS MOJCKYIIbI,

TeM Bhilie Temieparypa. Ha ypasaenus (4.36), nockonsky (E) = T s mobo-

R
2| N,
I'0 rasd, Cle/iYeT 6MMopoe nojaojicenue .uo.fcexympuo-xuuemuﬂecxoﬁ meo-
puu 2a308:

I Cpe/IHHe¢ KHHETHYCCKHE JHEPIHH MOJICKYJI PA3HbIX ra30B8, HAXO/IAIHXCH NPH
O/IHHAKOBOH Temneparype, paBHbl Me;K1y Co0oii.

Wz PaBEHCTBA CPCIHIX KHTICTHYCCKIX BFIC]')I‘I'li"l TA30BhIX MOJCKYIT CACVET, YTO HPH

NEPEMCLHHMBAHNN PAS/THTHBIX [A30B, MMEIIHX OAHHAKOBBIE TEMIICPATYPEL, HE POHCXOIIT

HPEHMYHIECTBEHHOH HEPEIATH SHEPIHU OT MOJEKY OIHOIO rasa MOJCKYJIaM JIPyTIor.

Beawunna R/N, = k 8 ypasuenuu (4.36) nonyuwia naznaHue nOCMofSHROU
Boavymana 1 npeactasiger coboii razoByio NOCTOAHNYIO, OTHECEHHVIO K OAHOI
MoJeKy.ne:

R _ 831 [x-Moms '-K!

o = -
N, 6,02-10% Mo !

=1,38-10"% Ix/K.

CaenoBarenniio, Buipakerne (4.36) MOKHO [IPECTABUTD B BUJE

(B)= %kT- (4.37)

3aBHCHMOCTD /IaBJEHHS Ta3a OT €r0 KOHLUEHTPaluu u Temneparypsi. [loacras-
7551 (4.37) B (4.34), naiiiem BbipaskeHne LISl JABIEHMs] [A33;

p=nk?. (4.38)

I /laBrenne rasa npoNOPIHOHATLHO IPONIBE/ICHHIO YHCIA MOJIEKY B e/IHHHILE
00beMa Ha ero TePMOMHAMHYECKYIO TEMIIEPaTypY.

Ananmus ypasuennst (4.37) nokaseisaer, uro npu T = 0 K kunernyeckas anepriis
HOCTYNATENBHOIO ABMKEHNA MONeKy1 B = 0, a cieoBaTesbio, 0 1, = 0.
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Taxum 00pasom,
mpn T'= U K orcyTcTByeT NOoCTynare bnoe ABHAKEHHE MOJIEKY.I.

aTo He o3nauaet, 4ro 1pu T'= 0 K npexpamaercs asumkenne soodute. Co-
OTCS BpANATEILHOE H KoledaTebHOe JABHIKEHUS aTOMOB i MOJekyJL [lo co-
: npeacragaeduam, npu 1'= 0 Ky amomos u ewe O0Iee MEAKLUX Hac-
{ OCTIAEMCSI HEKOMOPGSs IHEPEUs, HASBIBACMAS HYACBOU.
i sz"c-ramm tenepsb opmyay (4.37) B Takom Bie:
'2 «
M 3
mvw)® _ 3 kT.
2 2
»

; cpe}lﬂﬂﬂ KBaJ[paTHYECKas CKOPOCTD

{m}_\/T

(4.39)

| cpe/nsisi KBaiPATHYECKAst CKOPOCTh MOJICKYJ IPOTIOPIHONATLHA KOPHIO KBaJI-
i | paTHOMY H3 TEePMO/IHHAMHYECKOH TeMIeparyphl.

1 00pasoM, 3uas TEMIEPaTypy rasa, MOKHO HAHTH CPETHION KBAAPATHICCKYIO
ABKeHust Monexya. Ha ocnosannn suipaskenins (4.37) MOMXHO yCTAHOBUTD
[EHHE TEMTIEPATYPBI:

1 repmammecxaﬂ TEMIEpaTypa ¢ TOYHOCTBIO /I0 NOCTOSAHHOIO MHOKHTE-
y as 3/5k paBHa cpe/iHell KHHETHYECKO# DHEPIHH NOCTYNATEIbHOTO /IBHAKEHAA
& | MOJICKYJIbI H/I€aJbHOI0 rasa.

CHOMB3YS 3aBUCHMOCTD ZIABJIEHTs Ta3a OT KOHIEHTPALIMI €10 MOJIEKY.1 1 Temlle-
pu1 (oM. (4.38)), moskito noxyants ypastenne Knaneitpora - Menjeneesa.
D03Hauas gepes n obuiee Tuci0 MoAeky1 B oObeme 1V rasa i IpHHUMAA BO BHH-
, 4TO 1y = n/ V, ypastenne (4.38) npeactasum B BHE

pV=nkT. (4.40)

§ Tax KaK n JUIA JaHHOi Macchl raza HeMoCPEACTBEHHO He H3MEPSETCs, TO HeohX0-
mputath ypasaennio (4.40) Gonee yiobustit B [List 31010 BOCTIONL3YEMCS 110~
HEM MOJIS.

. Obuiee yncio MOJIEKYJT B 1V MOJIAX paBHO 1= uN,.
bsrouy

pV=uRT. (4.41)

Pasencmo (4.41) nassiBaior ypasnenuem Krnaneiipona — Mendeneeaa.
Hpﬂ T = const nosyunsm ypasuenne boiinsa — MapuorTa, a npu p = const — 3aKoH

i-JTioccaka.
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KPATKWE BbIBOAbI

® OCHOBHBIE ROAOICEHUA MOAEKYIAPHO -KUHEMUNECKOU meopul 24308:

O BCE Teda COCTOHT H3 MEIbYARIIIX YacTHIL — ATOMOB, MOJICKY.L CTPO@H]IE moboro Be1e-
cTBa AHCKPEeTHO;

O ATOMBl ¥ MOJIEKYIIbl BEIIECTBA BCETIA HaXOASATCS B HENPePRIBHOM XaoTHUMeCKOM JIBHM# -
HHIH, KOTOpog HAIBIBACTCA TENJIOBLIM JIBHIKCHHEM]

O MeHRIY yarTniaMn JHoboro BEHIECTBA CYIHECTRYIOT CHIILI B:iBHMU}It‘ﬁ("I'HHﬂ — upura-
XKenns 1 orrankusanns. [Ipupona 91X cia aJeKTPOMATHUTHASL.

L ] MEKP(K:KOUH‘-ICCKHC TEJd COCTOAT U3 OrpOMHOI0Q THCJ A MOJICKYJL, MACCHL KOTODLIX MAThI,
MOATOMY Maccy MOJIEKYJ H UX KOAWYECTBO BRIPAXKAKT B OTHOCHTEILHBIX €IHHHLAX (OTTIO('II-
TeabHAs MOJEKYAAPHas WK aToOMHias Macca). KoanuetTso BemecTsa BLpakaloT B MOJSX.

® Koauvecmso eewyecmaa — 310 OTHOIEHHE yucaa N Moaekysn (aTOMOB) B JIAHHOM M-
pockonyeckoy Tese K uncay Ny (6,02- 10% moas ') atomos B 0,012 kr yraepona:

DALY, LR

Ples e =
Ny M

® bpoyroackoe dauxcenue — 310 TEILI0BOe JABIXKCHUE B3BCIICHHbIX B HKHAKOCTH (I
rase) 4acTHyekx.

® ArperaTHoe COCTOAHHE BEIECTBA ONPEAeISIeTCH) COOTHOIEHHEM MEXKITY CPEIHeil Kineyi-
HECKOI | CpejiHell MoTeHHALHOI IHePIHeit B3AUMOICHCTBHS MOJICKYIL V 2306 CPeHA Kii-
HETHUECKAs SHEPTHs MHOTO Goibine abcomT0THOTO 3HAMeH s cpeiieil nOTeHMaTbHOI SHeprin
BIANMOACHCTBISA MOJIEKYL, ¥ HCUDKOCet: OHN TTPUMEPHO PABHBL, 4 ¥ Meepoblx men aheo-
MOTHOE 3HAYEHNE CPEAHER TOTCHINANLION HEPIHI B3aUMOASHC TRISI MOJICKY. MEOTO Hob11¢
HX CpeiHel KHHeTHIecKOH SHepriu.

® [loTenumanbias SHEPris BIANMOACHCTRIA P MPHTEXCHUN OTPUIATEhH:.

® Hoeauvbtit 2a3 — MOJIEh PEATHHOTO 1a3a, COCTOSTIEN0 M3 MOJIEKYJT, PA3MEPhI H B3aHMO-
Aelcraie MeXIy KOTOPBIMH npeHeGpesknMo Masbl. Cpeanss KMHCTHYECKAA SHEPIMS MOICKY.)
WICAIBHOLO Ta3a 3HAYHTETBHO GOUIbINE CPEHER NOTEHITHAILHOI SHEPrHH WX B3auMoeiicTRIA,

® MonekyrapHo-KHHeTHYeCKas! TEOPHS PACCMATPHBACT JABICHHE ['A3a Ha CTCHKH COCYIIA, B
KOTOPOM OH HAXOAMTCH, KAK PesyJIbTaT YAapOB MOJEKYJT O €r0 CTCHKH,

® /lasnenue ra3a oupeacisercs Kak 2/, ot cpeaneil kMueTndeckoil aneprun HOCTYHATE -
HOTO ABMAKEHHS BCEX MOTEKYJI, KOTOPBIE COAEPIKATCS B eIHHAIHOM 00beMe rasa;

p= %m(b’?-

® Temnepamypa s$sasetcs Mepoii cpeaHeil KHHeTHUecKoli BHeprHH XaoTHUECKoro (Ter-
JIOBOTQ) ABMIKEHUS MOTEKYT:

® B usie nanGosiee pacnpoctpanenie noayunsa abeooTHas nkaa remieparyp (mka-
na Keappuna). Onun keabBun paseH oHOMY rpaaycy no mxaze Llebens.

® TepMoAMHAMINECKHE TAPAMETPLL, XapaKTePU3YIOUINE HACATBHBI T3, CBA3AHEL MEK/LY
coboii ypaenenuem Kianeupona — Menoeneeea

o I
pV =—RT,
M
ITO yPABHEHMAE COACPKUT B KAYECTRE YACTHBIX CITYUAEE TA30BHIe JAKOHHL:
© 3akor Boiins — Mapuotra (npu T'= const pV = const);
r

© gakon leii-Jlioccaka (nmpu p = const -;; = const);

© sakou [Hapas (upu V = const % = const).
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7] Bonpock ANR caMoKOHTPONSA M NOBTOPEHUS

CopMyaupyiiTe OCHOBHBIC HOTOKEHUS MOJEKYIAPHO-KUHETHIECKOR Teopuu. 2. Hro
goexya? 3. Uro rakoe atom? 4. Yo takoe OTHOCHTE/IbHAS MOJIEKYAsPHAst Macca? 5. o
red KosdecTsos pentectsa? Exnnnina nmamepennst. 6. Kakor duandeckuii empica no-
1ofi Asoranpo? 7. B uem uamepacrcs moastpuas macca? 8. Hem obycnopneno Gpoyuonc-
une? 9. Yro rakoe audihysna? 10, Kakos xapakrep 3aBHCHMOCTI CHI MEKMOJIEKY-
 B3AMMOJIeHCTBIS OT paccTosTHUs Mevy Mosexkyaamu? 11, Maobpasute 3aBucnmocts
ALHON SHCPIHK BIAMMOEHCTBUA MOACKY L OT PACCTOARMS Mexkty Humu. 12, Kakwe
ple COCTOSIHNA BetecTra cyiectsyior? 13. KakiMu ckopocTsamMu XapakTepuayioT ABi-
mostekya raza? 14. Kakoii ras massisaior naeansubivM? 15. Hasosnre napamerprr cocto-
1. 16. Y10 rakoe nasaenvie raza? Yem ono obycaosneno? 17, Kakumu sipubopamn ma-
yr qasaenne rasa? 18, Jaiire onpejenenue pagyyma. 19. 3ammimre ocHosHoe ypasHere
pHO-KHHETHYeCKoi Teopun rasos. 20. YTo masniBaeTes TEPMOAMHAMHYECKHM TIPO-
msonponeccom? 24, Cihopmy aupyiire saxont bolias — Mapuorra, leit-Jlioccaxa, Hlap-
Kakas TeMneparypa HazsiBaetcst TepmMonnamiteckoii? 23. Kakoil dmamnaeckii embies
MOJSPHAS Ta308as MOCTOAHEAA W NocToARHaa Bossipvana? 24, Kakopa cssise Meskay
' C0il DHEPTHEN TOCTYNATENBHOTD ABIGKENHA MOJEKY/ Fada 1 €10 TEPMOAHNaMHyIee-
mrepatypoii? 23. Bepeanre ypapsenne Kianefipoia— Memjieeesa 113 0CHOBHOTO ypaB-
MOJIEKYJEIPHO-KUHETHHEC KO TeOpPHH,

d npumepsi pewenns aapay

@ 3anaua 1. OnpezenTs CPELHION KBAAPATHUECKYIO CKOPOCTh MOJIEKYJI Fasa, IIoT-
, KoToporo Tipu asnennn p = 50 klla cocrassier p = 4.1-107 kr/m”.

Jano: p=>5-10"Tla; p = 4,1- 107 kr/m”.

12 (V)

Pemenne. [10 0CHOBHOMY YPAaBHEHU) MOJICKYJISAPHO-KHHETHYCCKOH TEOPHH 1A
HUS TIMEeM

1 9
p= 5 m{v ) Ny,

Tl — YUCI0 MOJIEKYJ B ejiiHiie o0bema; m — Macca MOJIeKy.Ibl.
H3BE/IEHHE MmN, = p — 2TO IJI0THOCTH ra3a. Torna

1 3 3p
p=—ptha): Ma)= [—.
p= ol {om)= =

LBL.104
(Ivm}:\( 3:5:1000a 000,

4,1-1072 kr /m®

Orser: (v,,) = 1913 m/c.
® 3anaua 2. CkombKO MoJeli 1 MOJIEKY1 BOAOPOAA cofepxkntes B Da/sione BMec-
MOCTBI0 50 M o aasaenuem 767 MM pr. cT. npn Temmiepatype 18 °C? Kakosa roT-
Th rasza?
Hano: V=>50m% p=767-1,33-10°Tla=1,02-10° [Ta; T= (273 + 18) K=291 K;
2-107* kr/momn.

s m,p.
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Pemenne. 13 ypasuenns Kiapefipona — Mengesncena
m
V=—RT,
7 e

e v = m/ M — uucao moneil, conepakaninxes B ooneme V, mmeem

M N

UHeao 1 MOEKY I, COREpRamxest B Aaiiom 00beme, HaXo uM HeHoAb3Y s TOCTOs -
Hy10 ABOTanpo:

n=uN,.
TLioTHOCTS tas3a p = m/ V', Toraa
.
o B

Boruuciaenns:

_1,02-10° Tla - 50 m®
- 8,31 [k /(moab - K) - 201 K

n = 2,1-10% Monb - 6,02 - 10* monp ! = 1,26 - 10%7;

= 2 109 MomIb &

2.1-10% Mou:

_1,02-10° Ma -2-10"% &r / mom»
8,31 o/ (monw - K- 291 K

= 8,44-107% xr/m3,

Orser: v = 2,1-10° Moaw; n = 1,26-10%; p = 8.44- 10 2 xr/n°.

® 3anaua 3. Kakosa j1o7xHa ObITh HAHMEHBIIASI BMECTHMOCTD DA/VIOHA, UTOOBI 011
Bymelltan m = 6.4 Kr kucaopona npu { = 20 °C, ecin €ro eTeHKH BBIJICDKUBAIOT JlABJ1e-
ane p= 16 MIla?

Hano: m = 6.4 xr; M=32-10" kr/mons; T'=

Haitru: V.

Pemenue. 13 ycrosus aagaun cie/1yer, 4To npi noMentenny s fasmon 6,4 kr knc-
JIOPOAA IABJICHME HE J0JKHO npesblath p = 16-10° [a. Tlo ypasuenio Kraneiipo-
na— Menjieneesa,

(273+20) K=293 K; p=16-10" ITa.

m
WV =—RT,
Er i e
OTKY @
. V= m RT
M p
Boiuncaenusn:

V= 6,4 kr-8,31 /Ix /(moan - K) - 293 K
32.107% xr / Moan-16-10° Tla
Oreer: V=3-102m"
I 124

= 31072 M3

3agaun gnsi CAaMOCTORTE/ILHOIO PeueHns

OnpejestnTb MACCY OAHOR MOTEKYIIE BOALI
OnpeaesinTs MACCY aTOMa JKelesa H MOJEKYJIB VIVIEKHCI0r0 1asa,
'CKOJILKO MOJIEKYJT Tada HaXOAHTCA B cocyie BMecTEMOCTSI0 0,15 M¥ npn HopMaasHE ye-

i Gmﬂ&m MOJIEH 11 CKOJBKO MOJEKY 1334 HAXOAHTCH B COCYAE BMECTHMOCTHIO 250 en?,
 AasseHite raza 566 MM pr. c1., a Temneparypa 10 °C?

Kaliosa MOJIIpHAST Macca rada, ecan o npn remueparype 27 °C u gasnesun 2 [la umeer
>Th, PABHYI0 2.6 kr/M*?

Onpene.rnm TEMTIEPATYPY T34, €CIIH cpe,zmnﬂ KHHETHYeCKAs JHePrus T0CTYHaTeTbHOro
1 0;H0IT MoseKy.1bl pasta 6,9- 107 [T,

Cpemn KHHETHYECKAA SHEPrHs nucrwm‘bﬂbnnm JIBMKEHTS OTAEILHLIX MOJCKY Pa3a
10 Ik, usicio Monexya B 1 em® cocrapaster 3- 10", Onpenesnirs arienite rasa

Bm“mm'b HOCTOARYIO JIOHIMWITA, T.€. 4He0 MOACKYJS, conepakaniaxest B 1 M* rasa
ATRHBIX YCIORHIX.

- Hsﬂﬁoﬂee BEPOSITHASA CKOPOCTDL MOJAEKYJ KHCIOPOAa 11pH jasicuni 240 Mm pr. €1 co-
sier 160 m/c. Yemy paBo uueao modegya 8 100 em®?

Bamton BMecTHMOCTBIO 8 71 coxepuint 2 Kr raza upy gasaenun 5- 107 [Ta. Onpeaeaurs
0 KBAAPATHHLCKYIO, CPE/ULOI0 apHIMETHYECKYIO # Han(0ee BEPOSTHYIO CKOPOCTH MO-

Kmioueebie cnoea: artoM, MOJIeKyna, MOAeKynapHas Macca, Kom4ecTso se-
- WecTsa, Mofb, MONsipHas macca, angpdyansa, ras, XuakocTs, TBEPAoE TENo,
- [1nasma, Bakyym, TeMmrieparypa, rasoBbie 3aKoHbl, ypaBHenne KnaneinpoHa —
MeHgeneesa.

I0Bbl TEPMOAWHAMMKHU

OCcHOBHbIE NOHATHUA W OnpejeNeHUn

] Ucroprueckas enpaska, VcTopiiecki Hauao paspiTHs TEPMOAMHAMUKH CBA3AHO € H3Y-
| genem koadpunenTa noAe3noro AeiicTong TETIoBLIX Manu, Passyriie TEXHITKH 1 110~
CTHOE PACTIPOCTPAHEHUE TENTORLIX MaunH 8 nepsoi nomopuie XIX B HACTOATEILHO TPe-
1 PasBHTIS TEOPHH TELMOBRIX Hpolieccos. OHako (PH3HKH TOT0 BPEMEHH He MOTIH JIaTh
¥ TEOPUM TENA0BBIX HPOIECCOP HA OCHOBE MOJAEKYIBIPHEIX TPEACTABICHHIL, TIOSTOMY
HE TEOPHIt HONLI0 110 CBoeoOpaszHomy 1y, B 1824 1. hpanirysckuii huank 1 HmKeHep
HO B pabote <Paambliiienue o ABIKYILEH cuie origs chopmyanpoBa HPHHITI, CO-
'HO KOTOPOMY 1IPOUSBOANTEABLHOCTS TENA0BOI MU 3ABUCHT He OT pAboUero Bemectsa,
PAZHOCTH TEeMIEPATYP HAIPEBATEIH 1 XOA0AIbHHKA. B naabueitnien TepMoAMHAMUKA 10~
a passurie 8 paborax B. Kananeiipona, JUk. Jixoyas, P. Kaaysuyca, 0. Maitepa, ¥. Tou-
1D,

Tepmoanuamika OTHOCHTCA K (heHOMEHOTIOIIYeCKHM TEOPHIM (DH3HKH, KOTOphie
€I0T caeyionme obupe veprsi: 1) onl He PaceMaTPUBAIOT aTOMHYIO CTPYKTYPY
pHIE; 2) HCTOJIB3YIOT BEJIHYHILL, KOTOPBIE OTPeACIAIOTCH TOABKO 1A MAKPOCKO-
HeCKOH cuctembl; 3) NOCTPOEHHE TeOPHH OCHOBBIBAETCS 1A M3BECTHBIX ONBITHBIX
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HHBIX; 4) cBOICTBa BEIIeCTBa BuIpaskaioTcs B opme xapakrepucTHIECKHX mapa-
TPOB (IJIOTHOCTD, BASKOCTDL U T./L.).

TepmogHHAMHKA H3YYAET TETIOBIC CBOHCTBA MAKPOCKOITMYECKHX CHCTEM, He 06-
@sch K MHKPOCKONMYECKOMY CTPOEHHIO TeJl, COCTaBasionmux cucremy. OHa ctpo-
¢ Ha 6aze HeCKOJbKMX OCHOBHBIX HPHHIMIIOB — Hayal TePMOAHHAMHUKH, KOTOPLIe
eactagasior coboii 06001IeHIe H3BECTHBIX MHOTOYHCAEHHBIX ONBITHBIX AaHHBIX.
OPETHIECKHM H3YYCHIEM CBOICTB BENICCTBA SAHUMACTCS CTATHCTHYECKas husHKa,
Topas Aara 060CHOBAHNE 3AKOHOB TEPMOAHHAMHKHN 1 ONPE/ICTHA IPAHHILY HX -
HeHHs.

Ocuosusie onpenenenns. [Ipu H3y4eHnn 0CHOB TEPMOAMHAMAKH He0OX0IMMo
aTh CACAYIONIHE ONPe/IeIeHHs.

Muszuueckas CHCTEMa, COCTOANAs U3 HOMBIIOTO THCAA YACTHIL — ATOMOB Wi
\ICKYJT, KOTOPbIE COBEPIIAIDT TENIOBOE JBHAKCHUE H, B3AUMOAEHCTBYA MCK/Ly
601, 0OMEHUBAIOTCA IHEPTHAMH, HA3LIBAETCS MEPMOOUHAMUMECKOU CU-
rRemou.

CocrosiHue TepMOAHHAMHYECKOH CHCTEMBI OIIPEe/ISeTC MAKPOCKONUHECK U -
¥ napamempamu, HanpUMep yAeabHbiM 00beMOM, JaBICHIEM, TEMIIEPaTypoii.

Tepmodunamuxa paccmampusaem moasbko pasno8ectvle COCMOSHUS,
3, COCTOSIHUS, B KOTOPBIX NAPAMETPBI TEPMOIHHAMHYECKOTT CHCTEMBI He MEHSIOTCS co
CeMEHeM.

TepMOOUHAMUHECKUM RPOUECCOM HAZBIBACTCH TIEPEXO/T CHCTEMB] M3 HATAT,-
IFO COCTOSTHNSA B KOHEUHOE Yepes NOC/IE0BATE/IBHOCTD TPOMEKYTOUHBIX COCTOSHIII.
souecenl OHIBAIOT OOPATHMBIMIT 1 HEOOPATHMBIMH.

Ob6pamumsbimM RPOUECCOM HAZBIBALTCSL TAKOI 1TpoIlece, NP1 KOTOPOM BO3MO-
*H 0OPaTHEHIH TEPEXO/L CUCTEMbE 3 KOHEYHOTO COCTOSTHIS B HAYAIbHOE Yepe3 Te e
IOMEIKYTOUHBIE COCTOSIHUA, YTOOBI B OKPYKAIHX TeNAX HE MPOH3ONLI0 HHKAKKX
senenuit. Obparumslii npoitece Apagercst Gpuanyeckoi aberpakumeit. IIpumepom
iorecca, npreanKanILerocs Kk oOpaTHMOMY, SBISETCH KoJAehaHHe TAKEN0I0 MasT-
[Ka Ha JVTHHHOM nofiBece. B atom coryyae knHeTHYecKas SHepris NPaKTHYECKH 10J1-
ICTBIO HPEBPAIACTCS B OTEHIMAIBHY O, U HaobopoT. Kosmebanus npoHcxoaarT 1o-
6e3 3aMeTHOrO YMEHBIIEH s aMITIHTY/IBl BBH/IY MAJTOCTH CONPOTHBJIEHUS! CPe/bl i
J1 TPEHnA.

JhioGoit 1mpouece, COMPOBOKAACMBIH TPEHHEM HIIH TEILIONepefayeli OT HarpeToro
713 K X0JI0IHOMY, Ha3bIBAeTCst HeoOpamumvim npoyeccom. lIpumepom neobpa-
MOTO HpOlecca ABISETCA PACHIMPEHHe rasa, ajke Hiealbloro, B nycrory. Pacmi-
5ICh, Ta3 He MPeojI0JIEBACT CONPOTHRICHUS CPEabl, He coBepmaeT paboThl, HO A
O 4TOOBI BHOBB COOPATh BCe MOJIEKY.ThI Tasa B IPpesKHuil 00beM, T. e, IPUBECTH a3 i
MANbHOE cocTosHHE, Heobxoanmo satpatuts pabory. Takum obpasom, Bee peans-
1€ NPONECehl SABISIOTCS HeOOPaTHMBIMH.

2. BHYTpeHHsAs 3Heprus

Bryrpennsin sneprust cuctremsl. TepmoanHaMitieckas CHCTEMa KaK COBOKYITHOCT
10KEeCTBA aATOMOB 1 MoJieKys obGiajaer BHyTpeHueil aneprueii [/, Buympennns
tepun — HTO CyMMa SHEPruil MONEKY ISAPHBIX B3aUMOAEHCTBII M 9HEPTHN TET10-
ITO JABHKEHIS MOJIEKY.I.
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: €HHSSA DHEPIUA CHCTEMBI 3ABHCHT TOJIBKO OT €€ COCTOSHUS H ABISeTCs
‘1 onHo3HauHOMN (yHKIMel cocTosmusL.

pﬂsuenenue COCTOSIHHS CUCTEMBI XapakTepuayercs apamerpamu coctoauua p, V, 1.
7 TOMY K€ COCTOATHIO CHCTEMBI COOTBETCTBYET ONPEIENEHHOe 3HAYCHHE BHYT-
ji snepru U, IIpy Harpesanui rasa yBeIHINBACTCA CKOPOCTD ABIKEHHS MOJIEKY 1
B, UTO NPHBOZANT K YBETHUCHHIO BHYTPEHHEl SHePriy; C1e10BaTe bHO, BHYTPEH-
DIHs 3aBUCHT OT TemmepaTypsl [Ipr uamenenvm maprenvs wm yaeasHoro oGbema
s MEKMOVIEKYJISAPHBIE PACCTOSTHMUSA, T. €. TIOTeHIMAIBHAS SHEPIHS B3AMMOJIEICT-
MOB HJTH MOJIEKY.T TOKE M3MEHSIETCST, 2 3HAHT, U3MEHAETCS H BHYTPEHHAA 9HEPIUsL.
AAJIOM OTCYETA BHYTPEHHEeH JHePIriuH CHHTAeTCs TAKOe COCTOSHIE CHCTEMbL, IPH
POM BHYTPEHHSS SHEPrust pasHa 1y.mo. OGbIMHO CHHTAIOT, YTO BHYTPEHHSIS SHED-
 pasiia gyio nipi 7= 0 K. Ilpu nepexozie cHCTEMBbI #3 OAHOTO COCTOSHASA B APYTOE
MHMECKIT HHTEPEC 1IPe/ICTaBIseT u3MeHeHne BRyTpenseil aneprun A U, 11oaTo-
6op Hayasa OTCYeTa BHYTPEHHEH SHePrui He NMeCT 3HAYCHHA.

Tak KaKk BHYTPEHHsISI SHEPIUsi CHCTEMBI 3ABHCHT OT XapaKTepa B3auMoAeHcTsHs!
HACTHIL B CHCTEME, TO JUIA CTPOTOro ee onpeaeIeHHs HeoOX0AUMO YIHTHIBAT
SHEPIUIO 3MEKTPOHOB, ABHIKYIIHXCH HA MEKTPOHHLIX 000109KaX aTOMOB HOHOB,
pusAnepHyio anepruio. [loaromy Yacto 11 ynobersa, ynorpeluisas noHaTHe BHYT-
gil AHEPriM, UMEIOT B BHY HE BCIO BHYTPEHHIOW SHEPIrUi0 AAHHOI CHCTEMBI, 4
0 TY €€ YacThb, KOTOPast CYLIECTBEHHA IS PACCMOTPEHMS JJAHHOTO SBJEeHMS.
‘Hanpuvep, 4acTHIlbI Tea HAXOAATCS B IBHIKEHUH, T.€. 001a/al0T KHHETHYeCKOT
geit 1 MeXLy HUMH JIeUCTBYIOT CHJIBE IPUTSAKEHUSE M OTTAIKMBAHHS — YaCTHIb!
10T ¥ noTeniuanbHoil aneprueil. [loacuntars SHEPrAi0 Xa0THYECKOTO JBHIKE-
OIPOMHOTO KOAMYECTBA YaCTHIL, @ TeM G0Iee yuecTh NOTERIHATBHYIO SHEPTHIO
KIOM 13 HUX HeBo3MOskHO. Takum o6pasoM, SHEPTHI BCEX YACTHIL CIaraloTes B 06-
CYMMY, KOTODPast ONPEJIesieT BHYTPEHHIOK 3HEPruio Tesia. SlcHo, 4To naMepuTs
KHO JINIIb H3MeHeHHe BHYTPEHHeH SHEPriy, a He BCIO SHEeprHio Tea.

Hennast canrars, 4o aneprieii Moxer ofuiajars Kakoe-HHOY/Ib O4HO TeJI0 WIH 0/IHA
tita 0e3 CBsI3M C JIPYTHMH TeJaMH | ¢ ApyruMH Yactinamu. Hebas roBoputs o
MAJTBHON SHEPTHH KaMHsi HE30THOCHTEIBHO K 3eM/e, HEBEPHO TakKe moja-
YTO JIETSIHIT MSIY WA CHApsit obnazaeT KHHeTHYecKoil sHeprueii cam 1o cebe,
TO OTHONIERHIO K KaKoMY-HHOY b Tey.

- W Tonsitne snepran 0THOCHTCS BCera K CHCTEME Tel.
J

[pu Besikom nsMerentn GOPMBI HIH 06BEMa Te1a H3MEHAETCS BHYTPEHHSIS Hep-
Tena. Ecam npu atom He uamensercs Temneparypa (KuHeTHyeckas IHepris Jac-
), TO M3MEHsIeTCsl NOTeHIHAIbHASE 3HePria YacTuil Tesa. B 6osbmnHcTBe cyuaes
BPEMEHHO H3AMEHAIOTCA W KHHETHYeCKast, U IOTEHIMAIbHAS 9HEPTHH YaCcTHI] TEJIA.
- Buyrpennsisn anepras uaeansHoro raza. ['as, CocTosImil 13 OT/€IbHBIX ATOMOB, 4
MOJIEKY/1, HAZBIBAETCS 0OHO@MOMHbIM. K OHOATOMHBIM Ta3aM OTHOCSATCS HHEPT-
€ rashl — reimil, HeoH, apron. B ciyuae naeaibHbIX 1a308 npenebperaoT cHIaMu
IMOACHCTBHS! MOJICKYJ, T. €. MX TIOTEHIIHATbHAS SHEPTHs [TOJIATaeTCs PABHOI HY/I0,
09TOMY BHYTPEHHsIA SJHEPrHsl HACATHHOIO rasa npe/cTasisier coboil KHHETHYECKYIO
PLHIO TEIIOBOTO JIBMIKEHUS MOJIEKYIL,

B noapasn. 4.13 Gblio nokasaHo, uTo cpeHas KHHETHYECKAsA SHEPTHs MOCTYIa-
BHOI'O IBMIKEHHST MOJIEKYJTbI (OHOATOMHOIT ) pasua (E) = 3/5 kT. Onpepesum BHYT-

127 l




ch]IH:)I() AHEPru HACAIBHOTO OJIHOATOMHOI'O Tada maccoil m. J’lﬂﬂ FTOr0 CPEJLHIONN
:-'l[iE']')I'mO OJTHOTO aTOMd HA/0 YMHOAKUTH Ha YMCI10 aToMOB. B 1 moab COACPHRWTCS ‘l\'.\
ATOMOB, B Fa3€ Maccoii m COLepKuTes v = m/ M MOJIb, MosToMy BHYTPEHHSSH JHEPris
HASANBHOrO OAHOATOMHOINO ra3a

m 3 m

5 .
U=—N,=kT, wvim U=——RT, 3
MO 2 M L

taKk Kak kN = K.

BryrpeHnsia 9HePrHa WIeaJbHOTO rasa MponopUHOHAIbHA MACCE Ta3a U ero
TePMOHHAMHYECKO#H Temneparype.

Crenenn ¢B0o60abI MOTERYIbE * Mo/ieky1a 0IHOATOMHOTO Ia3a IPUHUMAECTCS 334
MATePHAALHYIO TOYKY, TAK KAK MAcca aToMa COCPEIOTOYCHA B OCHOBHOM B SUPE, Pis-
Mepbl KOToporo Masbl. [ToM0KeHNe OHOATOMHOM MONEKYJIbl B HPOCTPAHCTBE 010
3HAYHO 3AAETCsl TPeMsi Koop/uriatamMi. [OBOPAT, 4TO 0AH0ATOMHBI ras uMeer Tpu
erenenn cBobozbl (1 = 3). ITa MOJNEKY.JIa JABUIKETCSA TOJIBKO NOCTYHATeIbHO. Beses-
CTBHE TOIO 4TO MOJIEKY/IA HAXOAUTCS B XA0THYECKOM /IBU/KCHHH, BCe HATIPABISHUA (¢
JBHAKEHHA SBAAIOTCS PABHOIPABHBIMA, T.€. CPEAHAS KHHETHYCCKAS! IHEPIHS XA0TII -
YECKOr0 TEIIOBOTO ABMIKENNS MOJCKY bl PABHOMEPHO PaCTpeIe]eHa Memxay Tpemy
CTenensaMn ¢BoOOABL.

Ha kaxayio crenenb cBOOO/IbI NOCTYNATEIbHOTO IBHKEHHS OTHOATOMHOH MO-
JeKyJIbl IPUXOIMTCS OIHHAKOBAs KHHETHYECKas aueprusi, pasuas 1/ b7

MoJiekyJia AByXaroMHioro rasa npeacTasigeT coboii dea amoma, Jcecmno cast-
BAHHBIX MENHCOY COO0IL. ITH MOJCKYILI HE TOABKO ABHKYTCH 10CTYVHATEALHO, HO It
BpalIAOTCA.

Taxan MOJIEKY.JIa KDOME TPeX CTeneHei t‘B(.ll()l.J,r'LI)l HOCTYHNATEABHOTO JABHUAKCHHHA HME-
€T JIBe CTereHn CBOOOIBI BPAIaTeIbHOTO ABHAKEHHS, T. €. 1 = 5. Eciin ras MHOroaToM-
HEIiL, TO 1 = 0.

BryTpestsis sHEpriasi MHOTOATOMHOTO Tasa HpeicTaBiser coboll Kueruyeckyw
AHEPruio Beex ABIKennil yacTii. Bee crenenu eBo60Ib MEOTOATOMHONH MOJEKY/Thl
ABASKOTCA PABHOLUPABHBLIMU, HO3TOMY OHH BHOCHT OJMHAKOBbLL BKIAL B ee CPeqHIoi)
KHHETHIECKYIO SHEPIHIO;

<A v,
{ﬁ’)} _ = A-‘ r.
2
BH}TP(""””H AHEPIHA MHOFOATOMHOTI'O MACAIbHOIO rasa Macchl m paBHA

= 2Ny 2kt =2 g
M Y2 T aM

U

5.3. Pa6oTa u TennoTta Kak GopMbl Nepefavm sHeprum

Cnocobsl namenennst BryTpennei sneprun. MsMennts BHYTPEHHION JHEPTHIO
TeJa MOXKHO Pa3HbLIMHA [TI'IO('UGE].MII. I}I:l(.‘.('!\‘lt')"l'plll\-l ABa L‘ll{!(l(]i’f}a H3MCHCHHA Blly I'I}L’H'
Hell aHeprun Tesa.
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. Mexanuueckuii cnoco6. B unannape ¢ HoABHKHBIM 110D
4  HaxomuTes wieaisnbiii raa (puc. 5.1). [Tyers Ha nopeiin
ﬂ@myﬂ BHEIIHsA CIIa, KOTOPas OBICTPO CRUMAET Ta3 U Co-
sepmaeT paboTy 110 IPEO0JICHIIO CIJL COPOTHBIeH! rasa. Pac-
CMOTPHM [IPOH3BOJILHO BLIOPAHHYIO MOJIEKYILY 1aza, JIBUAKYILY-
jocsi HABCTPEUY TMOPINTIO CO CKOPOCTBIO . Ecan nopiuens JABH-
JKETCA €O CKOPOCTBIO 1 TO 1+t — CKOPOCTH MOJCKYThl OTHOCH-
geabio nopuits. [Tocie yrpyroro yiapa MoieKysibl o nopuierh
CKOPOCTH MOJIEKYJIbl COCTABHT —(v+ u) OTHOCHTENLHO [OPILHZ
# —(v + 2u) OTHOCHTEILHO MJIHMH/PA. CrepoBarenniio, nocie
yi1apa O TIOPIIEHH CKOPOCTb MOJIEKY/Ibl, & SHAUHT, W €€ KHHETi-
yecKas HHEPTHs BO3PACTAIOT, YTO MPUBOIAT K VBETHYCHIIO BHYT-
perTedi sHeprit rasa. Puc. 5.1

Ilpn coKaTHH raza ero BHYTPEHHSIS 9HEPIUs YBEIHYHBACTCS 34 CYET COBepIe-
HHA nopiHeM Mexanuieckoii padorbl. IIpn pacmmpenin ra3a ero BHyTpeH-
1518l JHEPIHA YMEHBIIAETCS, IPEBPANAYAICH B MEXAHHYECKYIO JHCPIHIO JABHAKY -
HEerocs MOPIIHs.

TennooOmen. l1puBeieM B CONMPUKOCHOBEHME JIBA TEAA C DA3HBIMU TEMICPATYPa-
it ITyers TemMnepaTypa nepBoro Tesia Bolile, 4emM BToporo. B pesyibrare oOMerna suep-
THSAME TEMIIEPATYPa HEePHOT0 TEa YMEHbINACTCS, 8 BTOPOro — ypeanuusaercd. B pac-
CMATPHBACMOM IIPHMEPe KMHETHUECKAS 3HEPIUsl XaOTHYECKOIO ABUKEHUSL MOJIEKY.I
HEPBOrO Tea NePEXOANT B KHHETIYCCKYT0 SHCPIHI0 Xa0THYCCKOTO JBHKCHIS MOJIe-
KYy.J1 BTOPOro TeJia.

Ilpornece mepeaaun BRYTPEHHCH sHeprun 6€3 COBCPIICHHS MeXaHHYecKoi paboTsl
HA3BIBACTCS mentoodmenom. Mepoii aHEPriH, NOJVIaeMOl IWIH OTAaBaeMoil Te-
JIOM B IIporecce TernoobMena, CayRuT GusHUecKas BeTHYMIA, HA3bIBaeMast KoJiu -
HECMBOM MENJIONbI.

Temnora u pabora sABAAOTCH HE BHOM 3HEpruH, a QopMoii ee nepeIayu, OHH
CYIECTBYIOT JIHIIIb B NpoOllecce mnepeiatn JHEePrHH,

Hepenaua sneprum B peanbHbix yeaosusx. /lse hopMBbI Nepesati IHEPIrum sAB/is-
I0TCS KavecTBeHNo HepaBHOLEeHHbIMK. [1pu nepeaade sHeprum Tesy myTeM Termmoo-
MEHA YBEIMIMBAETCH SHCPIHsA XA0THYCCKOro ABHIKEHHs aTOMOB IIH MOJIEKYJl, 4To
HPUBOANT K H3MEHEHHI) BHYTPEHHEH 3HePrin Tea,

Ecan nan tesiom cosepriaercst pabora, To 310 HPHBOANT K YBEJIHUEHNK) H000T0
BUJIa SHEPrum Aantoro Tea, B TOM YHCIe U BHYTPeHHEl.

B peansubix yeaopusix o6a criocoba nepeaauu sHeprum cucteme g (hopme paboTst i
(opme Tennors 06buio COTIYTCTBYTOT JAPYT JIPYTY.

Kak uspectno, cxxarmii ras, pactmupssics, oxaaxkaaercsa. B 1807 r. duank 7K. Teii-
ﬂloccaic. M3YYABIMHIT CBOHCTBA H/ICATLILIX FA308, MOCTABII ONBIT. B ero skenepumen-
T€ HleanbHblii ras paCHIMPsLICs B BAKYYM, T. €, B COCV/L, H3 KOTOPOTO MPE/IBAPUTE/IBHO
Gbin oTkayan BO3YX. HUKAKOro OHWKeHus1 Temieparypsl He npousontio. Leii-Jlioc-
CaK He cymen 00bsicHNTD, oveMy 210 Tak. ObbsacHna peayaprat ombita eii-/Tioccaka
Hemenkuii spau P. Maiiep B paGore «Oprannyeckoe ABuKenne B CBA3N ¢ 00MEHOM
BemecTe» (1845). Pacemarpusas pasinunsle sHepreTnieckue npespaienns, Maiiep
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NOKaA3aJ1, 4TO HPH RCITHPeHHA eanbHOro rasa OyCcToTYy rad He JAOJTKEH OXJ1a35-
AATHCA, TAK KaK HE IPOMIBOJMT HUKAKOIT paGOTE poTus sreminx et Ecan xe nipy
paciiupeniy ras corepiaeT paboTy NPOTHE BHEUTHUX CHJL, TO €F0 TEMTEPATYPA 1I0HY-
HKACTCH, HTO HPOUCKDIAT, HATTPHUMED, B TETUIOBBIX JIBHTATEISX.

B CH konudectso TensioTsl, Kak u paboTa, Beipakaerca B dacoyasx (JIx).

Mo ssenens CH sou1ecTBo TEILIOTEL BLIPasKajii B KAIOPHAX.

Karopusi — 9710 K0AHMECTBO TEILIOTHI, HEOOX0AAMOE /Ul HArpeBaHuA | T AMCTHUpO-
parnoit poast Ha 1 °C,or 19,5 1o 20.5 °C.

Ezmnina, 8 1000 pas 6os1nas kKanopuw, naskisaerea kunokaropuet (1 kxan = 1000 kan),
CoorHomenne mexay emimHniamMi: 1 kar = 4,19 [Ix.

5.4. TennoemKocrb. YaenbHas TennoeMKoCTb.
YpaBsHeHue tennosoro 6anauca

TennoeMrocTsb. Tenoemkocmvio meaa HA3LIBAIT OTHOUICHHE KOMMYECTRY
TEIIOTH (), HEOOXOMMOTO AJisl HOBBIIIEHUSA €ro temuepatypol ot T\ go T, K pasto-
cTH aTHX Temrepatyp ATl = T, — T\:

Gy
AT

TennoemroeTh, taknm 06pazom, XapaKTEPH3YET TO KOJTHYECTBO TEMIOTHL, KOTOPOE
HYXKHO cooOumts Tery, uTobul HarpeTs ero Ha 1 K (npu oxnanesun ma 1 K teno
BBIAEJIACT TO K€ KOMMECTBO TEIUIOTHI, YTO W [OIJIONIAeT IIPH HArpeBammum ).

Harpesas Tesia ¢ o1MHAKOBBIMM MaCCaMi, HO COCTOSIIHE H3 PASIHYHBIX BEIIECTS,
MOKHO OOHAPYIKHTH, 4TO /IS HOBBIIIEHHS] WX Temieparypul Ha 1 K tpefyores pas-
JIHYHBIE KOJMYECTBA TeILIOTHI; CJE0BaTe bHO,

(5.2)

B TenI0eMKOCTh 1eJ1a 3ABHCHT OT €10 IIPHPOZIBL.

Tennoemxocmns mera nponopyuonanvua ezo macce. losromy XapaKkTepu-
CTHKOM TEMJIOBBIX CBOHCTB BEIECTBA ABISIETCS €I0 YOeAbHAS MEeNA0eMKOCTb
€ — BEJIMYHHA, PABHAR OTHOMIEHHIO TETVIOEMKOCTH TENa K €ro MACCe:

 —- —— = —, 5-3)
m mAT (
B CH yaeannas wmi0eMKOCTh BEMecTsa BRIPAKACTCSL B OHCOYAAX HA KUAO-
epamm-xeaveun [[ix/(kr-K)|.
3HAs TEMUIOEMKOCTh BEIECTBA, MOKHO ONPEeACTNTH KONUUECTBO TEIIOTH, Heol-
XOZMMOE JUIsl HATPEBAUA Teid Maccod m ar Temreparypsl 7} 10 Temneparypsi Ty

Q= cmAT = em(T, — T)). (5.4)

Has wamepennsi u cpashenns renoemkocTei PA3THYHBIX TEJ NOJb3YIOTCA Ka-
AOpumempom — NpHGOPOM, B KOTOPOM IPOHCXOAUT TEMIOOOMEH MEATY TeamH,
H30HPOBAHHBIMH OT so3/1eliCTBHSI OKpYIKatomeii cpeabt. pocreitumii kagopumerp
npecTasrisiey cobo seTananueckii crakan ¢ kpumkoil. Ero crasar ua podKH, 110-
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B cocyL B0TbIIEH BMECTHMOCTH, TAK 94TO MEK/IY CTEeH-
ZIBYX COCYJIOB OCTACTCsE HEKOTOPBIi npomeskyTok. CBepxy
v/ 3AKPBIBAIOT KPHINKOIL (pue. 5.2).
gHeHie TetvioBoro dananca. HMsmepenne temioeMKoc-
; TBEPALIX ¥ AIIKHX TeJi 00BMHO HPOMSBOMTCS € HOMONILBIO
ODUMETPA, HATOJIHEHHOro BOAOH WIH APYTroil KUAKOCTBIO,
o TEJI0 M3BECTHOM MACCHI 171, HATPETOE 10 U3BECTHOH TeM-
Bl, GHICTPO MEPEHOCHTCS M3 HATPEBATEIS B KAOPHMETD
- eMy HEKOTOPOE KOJIMYECTBO TEIIOTEI, OXAKAASICH CaMO
Basi BENICCTBO KAJIOPHMETPa 10 TEX 0P, TI0Ka TemIiepa-
Tea W KAIOPHMETPA He CTaHYT PaBHbi OJHOMY ofiieMy
o T. 3uas Haua/IbHBIE TEMIEPATYPBIFMACCh] BCEX T U _
o TEIIOEMKOCTH JKHIKOCTH ¢; U MATEPHAIA KAJJOPUMETPA ¢, MOKHO BbIYHC-
, HEH3BECTHYIO TEILIOEMKOCTD ¢, TBEPIOTO TeA HCXO/1 U3 YPAGHEHUR Menio-
Ganarca, 10 KOTOpoMy KOJIHMYCCTBO TEHJIOThI (), OTAAHHOE TEIOM, PABHO KOIH-
V TEIIOTEL, TOIYYEeHHOMY KATOPHMETPOM ( (), — COCYAOM, €y — AKUAKOCTHIO):

Q= Q+ Qs (5.5)

Puc. 5.2

W3 (5.4) cnenyer, 4to

~

} Q= emy(Ty—T), Qu=cem(T—T,), Q3= cymy(T— 1)),

M 1My — COOTBETCTBEHHO MACChl KAJIOPHMETPa i XKHAKOCTH; T, — MX HAYANbHAS

A OCHOBaHWM YpaBHeHMs Teruosoro Oananca (5.5) nmeem
emy(Ty — T) = eymg(T — T) + eama( T — To),
[d HaX0AUM HEH3BECTHYIO YASTbHVIO TEILIOEMKOCThH Tea:

_emy(T —T) +eymy(T - T5)
v my(T; —T)

X

i Mcropiueckas cnpagka. Briepenie Karopumempuieckuii memood (memod cmeuwe-
‘Hust) Guin paspabotan Kosuteroit w apyrom M. B.Jlomonocosa, podyeccopoM aKCHEpHMEH-
i puzinin I, Pixmanom, kotopsit 14 gexabpst 1744 r. s TlerepGyprekoii AkaieMun HayK B
rain M. B, JIoMoHOCOBa IPoMHTA IOKIIE/L HA Temy « PasMbliuiente 0 KOTHIecTse Ten-
1, KOTOPOE 0KHO HOTYUNTLCA TPH CMENIERHH AKWIKOCTEH, IMEI0NNIX ONPEIEICTHbE rPajty-
TEILI0ThEs. Puxmvan npeaioxi hopMyty A7 olpeiesieHis TEMIepPaTyPLl CMECH OJTHOPOAHBIX
OCTell, KOTOpas HOTOM Teperiia B yueGHHKH (DHAMKH 07 HASBAHEM <3a/tauH PHXManas.
‘G_WPEMe'HHLm KJIOPHMETPSI TTO3BOJSIOT MTPOUIBO/NTE 04CHD TOHHBIC HIMCPEHIHA HE TOMb-
| TETLIOEMKOCTH, HO | TerIoTh (hasoBoro nepexojia, Tenaorst abcopbim (abcopbius — 910
CC 0OBEMHOrO NOrTOIEHH A TA30B FKHAKOCTHIO).

9.3. NepBoe Hayano TepMoOAUHAMMUKH
I' + | I
~ Hepsoe nauano TepMouBAMEKH. OCHOBY TEPMOJIMHAMHKH COCTAB/IAIOT /1Ba 34-
Ha (m navana). Meropugeckn 8 (hopMy/IHPOBKE NEPBOI0 HAYAA TePMOIUHAMM-
0 POJIBL CHIFPANH HEYIATHBIE NONBLITKH YeI0BEKa NOCTPOWTD MAIMY, KOTO-
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pasi npousBozaa Onl padoTy, He 1HoTpebasaa IKBHBAIEHTHOIO KOJHIECTR: IHEPI e
TAKYIO MAININHY HASBAIN B€¥HbLIM deuzamenem (0T NaT. perpetuum mobile _‘
HEMPephIBHOE JIBIGKeHNE ) Hepsozo poda. lleppoe HaYa/Io TEPMOAHITAMHKH dmpuy.
JUPYIOT B BHJIE CJEAYIOUIET0 Y TREPAACHHA; HEBO3MOKHO NOCTPOHTS LEPIETYYM peye
OuJie IepBoro poja.

Ilepsoe navano mepmodunamuky (3aKoH COXPAHEHHS | e :

DHEPIUH): NPH Pa3HOOOPAHBIX NPOIECCaX, NPOTEKAIOUX B IPHPOe, anep
TH3 He BOHHKAET U3 HUYEIO H He YHUUTOXKAETCs], HO NPEBPANACTCS IHI, 1y
OJIHHX BH/IOB B JIpyTHE.

JL1s1 TOro MTOOBL 3aITHCATH HEPBOE HAYAIO TEPMOIMHAMHKH B MATEMaTIYeCKOH thop-
M€, PACCMOTPHM, KaK MPOMCXOIUT H3MEHEHNE BIYTPEHHEH aHEPrun cHeTeMpl,

B obmem cayuae BHYTPEHHsAS SHCPIUS TEd MOMKET BO3PACTATh KAK B Pesy/IbTare
MEXanH4ecKoil padoThl BHEIHIX CHJIL, TAK H BCIEACTBHE TCMI000MENA.

[Ipu oOMere aHeprieii ¢ OKPYZKAIOMMMI TENAMU BHYTPEHHA JHEPTHS TCNa B 34BH-
CHMOCTH OT OOCTOATETBCTE MOKET KAK BO3PACTATD, TakK H YMEHBIIATLCS: 3HAK ( VKA3bI-
BaeT HarpasseHne Teroodmena. ECam mpn rervioodMene OKpYAAIONIE Tea Harpera-
IOTCSL, T.€. OTHHMAIOT SHEPIHIO YV PACCMATPUBAEMOLO Tea, To Q < (. Ecom npn namene-
HHUM BHYTpeHHei aneprnd A U Tena cosepimaetcea pabora A naj oKpyKatomuMn Tema-
MH, TO 9Ta paboTa CYNTACTCA NOJOKNTETBHOM (+A), eciH XKe OKPYKAIONINe Tera co-
BepaloT paboTy Ha/l PacCMATPUBACMLIM TEJIOM, TO aTa paboTa oTpuiaTeanHa (—A).

Tak kak B ob1leM cjyuae BHYTPEHHSIS JHEPTHS Tea MEeHsIeTCs Kak 1Ipu coobe-
HUM TEJAY KOAMYECTBA TEIVIOTHL, TaK | [IPH COBEPUICHITH Ha/l HUM padoThl, TO, Y4HTHI-
Bast PABIIA 3HAKOB, 3AKOH COXPAHECHISI SHCPTHH IPHMEHUTEIBHO K IIPOUCXO/SIIEMY
IIPOTIECCY MOJKHO 3alUcaTh B BHIE

AU= Q— A. (5.6)

Hamenenne BHyTpeHHel dHEPIHH Te/la PABHO PA3HOCTH COOOMIEHHOIO Texy
KOJIMYECTBA TEILIOTH H NPOH3BEAEHHOH HA/l HUM MeXaHuuecKoil paboTbl.

Torna gopmy.y (5.6) MOKHO HepenucaTh B Bie

Q=AU+ A (5.7)
KoanuecTso Temnorsl, coo0mennoe Tey, HIeT Ha YBEIHYCHHE er0 BHYTPeH-
HeH DHEPrHH H Ha COBEPUICHHE TeJIOM PadOThl HA/l BHEITHHMH TEJ1aMH.

Tak hopmysmpyeres nepBoe HauaIo TePMOANHAMUKH — 3aKOH COXPAHEeH T 9HEP™
FHH IPHMEHHTE/ILIO K TCIIOBRIM [IpoLeccaM.

Ec/m B 3aMkHyTO# cucTeMe, cocTosmelt H3 HECKOJIbKUX TeJl, MMEeIONHX nep”
BOHAYAJILHO Pa3/IHYHbIE TEMIIEPATYPLI, TPOHCXO/THT TEII000MeN, TO HHKAKO
paboThl BHYTPH CHCTEMBI HE COBEPIIACTCH,

Tak Kax cucTeMa 3aMKHYTA, TO H3MEHEHIE BHYTPEHHEH S3Heprin cueTeMbl paBHO
HYJTI0, HO TIPOHCXOANT H3MEHEHHe BHYTPenTeil oneprun tet cuctemst. CormacHo mep
BOMY HAYAJTy TePMOIMHAMMKH, H3MEIHCHHUE BHYTPCHHEH SHEPIHH Tea CHCTEMbI paBHO
KOJIMYECTBY TEIUIOTH, OTAAHHOI WKW MOJYVHCHHON ITHMH TejiaMi 10 uar:Tytmeau-m
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OBECHS! BHYTPH CUCTEMBI, T. €. COCTOAH N, MpH KOTOPOM TeMIIEpaTypa

MIMEHATBC.
y ypaBHEHHE TENIOBOro GAIAHCa VIS SaMKHYTOI CHCTEMBI MECT BIL

Q+ Qo+ ..+ Q,=0, (5.8)

. 0, — KOMUUECTBO TENJIOTEL, TOTYIEHHOE I OTIANHOE Kaik/IbIM TENOM.
TPIM TIPAMEHCHHS TIEPBOTO HAYaA TEPMOJHHAMUKH K PA3JIHIHBIM H30-
TPONCXO/LSALLNM B HeabHBIX Ta3ax.

pubti mpotecc. OGbeM raza 0CTAETCS HOCTOSHHBIM, MEHAIOTCH er0 JaBienye
ha, TTOCKObKY 06bEM Tasa He MEHACTCS, Ta3 He COBEPIIAeT HUKAKOI pabo-
prenrHix ci A = 0, T.e. IPH H30XOPHOM HarpeBaty Bes cooOImentas razyv
JIHOCTBIO PACXOVETCS Ha YBETMHCHHE £10 BHYTPEHH eit aneprun: Q= AU
AN ¢ BeipazereM (5.3) yaeabHas TenJI0eMKOCTb ra3a MpH mocTosH-

AU
 mAT’

AU=meAT.

1eHIe BHYTPEHHEH SHePrHH H/1€aIbHOTO ra3a npH H30XOPHOM Npouecce
IHOHAILHO H3MEHEHHIO €ro TeMIEepaTyphl.

i nporecc. /lasiernie OCTAETCH HOCTOAHIBIM, HAMEHAIOTCA el"o o()'bez\f
. IIpn n3obapHOM HarpeBanii rad PACHIHPSAeTCs, YaCTh COODNEHHON
W/ET Ha VBe/IMYenne BIYTPEHHEN S3HEPIH 1a3a, 0CTalbHAA — Hit pabory
BHEITHHX CHJL

Q=AU+ A.

CIMM PaBoTy, COBEPIIAEM YO TA30M IPH H300apHOM pacuniperii, [TycTh B 11H-
DJL LIOPITHEM HAXOANTCSE Tas, 3aHuMalonuii obnem V moa gasaeruesm p. [Lio-
S. Cuna, ¢ KoTOpoii ra3 1aBHT Ha HOpHieHs, F' = po. HP:-I pacHIIpeHM

HOAHUMETCS Ha BBICOTY A, 1P 9TOM a3 COBEPIUINT padory

A = FAh= pSAh.
AV — yemienne obbema rasa. Cae0BaTeaLuo,
A=pAV. (5.9)

P

a D= const b
CK1 Ha auarpamme plV (pue. ;/Kf" -

M306apHOTO pacipenyist rasa Vi )
A IIOMAABIO TPSMOYTOILHHKA a

OTa IPH H306aPHOM PacIIHPEHHH
A PABHA NPOU3BE/ICHHIO JIaBIeHHs
Ha yRe muenue ero oObeMa.
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Haorepmuvecknii nponece. Temmeparypa rasa HEM3MCHHA, HAMEHAIOTCST 06 Beng
masnenme tasa. Ilockoanky Temmeparypa raza ne HIMEHSCTCS, HE N3MEHSIETCs 1 et"::
BHYTpeRHss anepris, T.e. AU = 0, [lepBoe Ha9a10 TEPMOIMHAMIKH JUIA 37010 e
LeCca 3AITHCBIRACTCH B BULE

Q=A

TIpH H30TEPMHECKOM HATPEBAHHH BCSI TEILIOTA, COOOMEHHas rasy, pacxo 1y
ercsi Ha padoTy rasa NPOTHB BHEIIHHX CHIL.

I'padmueckn Ha suarpamme pV (puc. 5.3, 6) pabota n3oTepMUYecKoro PACHHpe-
HI ra3a BeIpaKacTcs maoimanbio huryvps abed.

5.6. AqnabaTHbii npouecc

Anmabarubiii npouece. Aduabamuvim (or rpev. adiabatos — nenpoxomn biit)
HAZBIBACTCA TIPOTIECE, TTPOUCXOAANMIT He3 Tenoo0MeHa ¢ OKPYKAOIIITMH TeJIaMiL,

Ocyumtectsuts npouece, bnmskuil K arnabatHomy, MOKHO B TOM Cayuae, ecau rag
HAXOANTCS BHYTPA 0O0J0YKH € OYCHD XOPOIMMIE TEIIONS0/IHOHIIBIMIT CBOTICTRg-
mu. Hpnbamkennem K Takoit 060104Ke MOKeT CayKITL cocyo dvioapa. 1o cocya
C ZIBOHHBIMH NMOCEPEOPCITHBIMI CTEITKAMH, 3 POCTPAHCTRA MEXKLY KOTOPBIMI Bbika-
YaH BO3AYX.

AanabaTHBIMH MOJKHO CYHTaTh OBICTPO TpOTeKatoume uporecest. Ipn Osietpom
CHRATHM Fa3a saTpaunBaercst padora, PHUBO/SIIAA K YBETHYCHHIO BHYTPeHHelT anep-
THH W NOBBIUIEHHIO TeMITepaTypbt. Tena, TeMieparypa KOTOPbIX TOBLIEHA, 0JKHBI
HEKOTOPOE KOJIMYECTRBO TeILIOThI Hepeiarh OKPYIKAILEH Cpefe, HO TPolece Terone-
peaaun TpebyeT HeKOTOPOTO BPEMEHH, TT0aTOMY TTpH OBICTPOM caxkaTni (MK PaCIin-
PEHMHM) TENA0TA HE YCIeBaeT PACHPOCTPAHMTBCA H3 AaHHOIO obbema, T.e. ¢ = 0,
NpoLEce MOKHO paceMaTpyBaTh Kak ajnadarmbiii. [IppMepom rakoro nponecca Mo-
KET CAYKHTH BIPBIB FOPIOUEii CMeCH Hpn paboTe ABHIATE/st BHYTPEHHEIO Cropais.

[lepsoe Hawano TepMOAMHAMHKH 131 7HabaTHOro MPOIecca HMeeT BiJT

AU+ A=0 mm A=-AU (5.10)

[pu aanabaTHom nporecce paboTa copepmaeTcs TOIBKO 3a CHET H3MEHEIHS
BHYTpeHnei oneprun rasa.

[Ipn amnabarHoM pacmmpenni ras copepaeT paboTy, ero BHyTpeHnss aHepri i,
CAE0BATEJIbHO, TeMniepaTypa rommkaores. pn agmadarsom cxxarnm padoTa 1asa 0T
PHIIATE.IbHA, €T0 BHYTPEHHSS JHEPIUA U, CAEA0BATENBHO, TEMIEpaTypa Bo3pacTaioT.
Awaenue oxnaxaenus raza npn aaMadaTHOM pacHIHPEHU HHPOKO HCTIOAB3YETCH B
TEXHHKE, HAIpUMep B paboTe XO0A0/H/IbHbIX YCTAHOBOK.

Hoautponnsrii npouecc. Peasbible HPOLECCH, TPOTEKAIONTIE B [IPHpoe. He T8
JAOTCS CTPOTO M30TEPMHYCCKHMH WITH aHabaTibiMi, TAK KaK HEBOZMOKHO Hil 0CY
ECTBUTB TOTHYIO TEPMUYECKYIO M30MSILIMIO, HH CO3/1aTh aanabaTiyio 000104KY, HME
JOIIYIO TEIIONPOBOANOCT, PaBHYIO HyM0. Peaibibie npoleccyl, apasionmecs 1po”
MEARYTOYHBIMI MEUTY EL'J,HRI.’)H‘]'I [BIM H H3OTEPMHYECKUM TTpaLeccami, HABKIBAIOTCS no-
JAUMPONHBIMU.

134

n AeACTBUA TENNOBON MaLIMHBI.
30ro ABMrarens

eicasi CHPABKA. TeiL10Bbie IBUTATEI TOABILTHCE B Hawane XVIHI B. 8 nepuon
' METALTVPIHYECKOI i TeKCTHABHOI npoMeiaernocti. B Poccin
. w Guut cosnan VLI Tloasynoswiv (1765). B 1784 1. aHraniicknii nsoopera-
T HATENT HA YHUBEPCANbIBIT NapoBoii ABurateh. B roawt xusun pan-
C. Kapnio (1796 — 1832) nasuryunne napoBbie Maiiiib uyem KIIZL5 %. 1o
b Fi MBIC/H MCCHEI0BATE PAMHHBI HECOBEPIENCTIA TEILIORBIX MAIIHI 1 Haif T

s KITJL. B 1824 r. C. Kapro uanan paGoty «Paswuniienns o asmkymeii cuie
1aX, CTIOCOBHBIX PASBHBATS ITY CHIIY»>. Ta paloTa BONIR B COKPOBMIILIHILY MUPO-
IOCTABIIIA €€ ABTOPA B PA/Lbi OCHOBOTIOTIQKIHKOB TEPMOHIIAMHKL. B Heit GbLi mpea-
s TBHOM TETLIOBOIT MAIIHDI.

JABHTATENb. Teni0B0# ABUTATE b NPEACTABISET COO0IT yeTPOHCTBO, TIpe-
BHYTPEHHIOIO SHEPIHIO TOIIHBA B MEXAHHIECKY 10. JHeprus, BhlAeIsI0-
ODAHITH TOIUINBA, TyTeM Terioobmena nepeaetcs razy. las, pacumps-
_ 'paﬁm'y MPOTHE BHENIHMX CHJI, IPHBOZSA B JIBIGKEHIE Mexannam. Cxe-
JIBMTaTe s TOKa3ana Ha puc. 5.4, a.
TErIoBOI ABATATEb COCTOUT U3 TPEX OCHOBHBIX uacteii: pabouero Tena,
1 xopomuapanKka. Pabodee Teno (ra3 M Tap) IpH PACIIMPEHNH CO-
Ty, HOAY4asi OT HarpesaTe/ia HeKOTOPOe KOAMYECTEO TenaInTs! Q.. Tem-
Harpesatessi ) OCTAeTCH NOCTOAHNOI 34 CHET CrOPAHUs TOTLINEA. [Tpu
ee Telo NepeiaeT HeKOTOPOe KOJMYECTRO TETUIOTH (), XON0HIbHH-
Temneparypy Ts < T). Tennosoil ABAraTeb L10JKeH padoTaTh MHK-
SN TEJNO U3 HAaTAIbHOTO COCTOsIHMS A IEPEBONTCA B KOHEMHOE COCTOHA-
M gepes Jpyrue NPoMeKYTOSHbIe COCTOSIHISI BO3BPANLACTCs B Haallb-
e A, TO TOBOPSAT, UTO COBEPWIACTCsT KPY2060U NPOUECT, WIN LHK

i

OKOHYAHNS [IHKJIA TEJI0 BO3BPAMAETCS B CBOE [IePBOHAMANBHOE COCTO-
€10 BHYTPEeHHsISl 9HePTHs IPHHHMAET HAYaIbHOE 3HAYCHHE.

PaboTa [KAA MOKET COBEPIIATHCS TOJIBLKO 3a CHET BHEIHAX HCTOUHH-
X Temioty K pabodemy Teny. Peaibibie Telonnie ABuraten pabo-
. OMY IUKJIY, T.€. MOC/Ie PacIPenid ra3 BOpachiBaeTCs, a B Ma-
UTCA M CIKMMAETCS HOBAs! HOPLIMS Iasd.

m PasanyaloT apamoi (1K TenoBoil Manints) 1 oopammbii
HALHOM MalTHHDBI) HUKTBL.

TKHYV

1.8
B
|
Q,
Vv
a 7]
Puc. 5.4
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P Padowumii muca KapHo cocTouT M3 1Byx PaBHORee.
HLIX H3OTEPMHUYECKHX M /IBYX PABHOBECHBIX gy
abaTHbIX npoueccon (pHc. 5.3). '

PaenosecHbim HasbIBAOT NPOLECE, B KOTOPOM ray
TPOXOAUT PSLA CACAYIOUUX IPYT 3a 1PYTOM PABHOBEC Hhix
coctosuuit. [lapamerpit ABYX Takux cocemnx COCTOS Hy
OTAHYAIOTCA Ha HECKOHEUHO MAJIYIO BETHYMITY, B iy Neaig.
HOIT MatnHe, paboTatoniei o wnkay Kapro, OTCYTCTRY-
0T BCAKNE TIOTEPH Ha TETUIONPOBOJHOCTD, TPEHUE, Mygas
ucnyckauue U T.2. B kavecrse pabouero senectsa BHIOMPAeTes MACATLHBIL g,

Ha yuacrke 1— 2 (130repya) HACAIBHBIT 1a3 COBEPMACT paboTy 10 M30TepMIrye.
CKOMY PaciiHpenHio 3a cYCT TENAOTh, HOAYUEHHOI 0T Harperaresist, BHyTpennsg SHep-
IHst Faza He MaMensiercs, Tak kak 7'= const. [Ipn aanadatnonm pacmmpenn (yyacrog
2— 3) raz copepiuaet pabOTy 3a CYCT W3MEHCHMS BHYTPEHHCH SHEPIHM, TAK Kak Iipi
ATOM [IpOllecce ras TemtoTsl He nosyqaer. [Ipu nsorepmmuyeckom cxatin (yudcrog
3 4) BECATIOMAACH TEIIOTA HONHOCTLIO NCPLAALTCA XOAOAMIBHIKY, BRYTPCHHSS
aneprist e Mensieres, [pu agmadaTHom exxatuy (yuacrok 4— 1) paboTa nier wa mo-
BBIIIEHHE BHYTPEHHEN SHEPIUM Taza, TEOTH MACATHHBI ras He noaydaer. Mrax,
MACATBHBI T3 BO3BPALIAETCS B CBOC HEPBOHAYAILHOE COCTOSHIE 1, CTE0BATEIBHO,
K NEPBOHAYAIBHOMY 3HAUYCHIIO er0 BHYTPeHHeH sneprin. OT narpeBateis Wieah-
Hibiii a3 HOAYYH KOAMNECTBO TeIIoTH (), XOAOAWIBHWKY 0Tiaa 0, CIe0Bareasho,
COIJIACHO MEPBOMY HAYATY TEPMOAHHAMHKH, B padoTy IPEBPANICHO KOTHYCCTRO Tell-
JIOTH, pasioe (), — (). Bemmunna

Puc. 5.5

o Qu o Q\

nN=—

Qﬂ

Hasbisaercs koahguinentom nosiessoro aeiicrsis (KIT) rermoBoil ManimHbi.

KIT[ muxia KapHo MOKHO BBIPaauTh 9epes Temneparypbi narpesatens 1, n Xon0-
anasHuka T

(5.11)

TH — T

(5.12)
T

rl:'

Koadpunment nonesnoro geiicTeus onpe/iensieTes ML TeMiepaTypami Ha-
rpeBatelis H X0J0/{HIbHAKA U HE 3aBHCHT OT Po/ia pabovero BemecTsa.

M3 ypasnerns (5.12) creayior BLIBOBE

1. Jlns nospunenns KIIJL Tennosoii Mammnbl HY’KHO yReanuHBaTh TeMiepas
TYPYy HarpeBareliss ¥ YMeHbIIATh TeMIEpaTypy XO0JI0AHIbHHKA.
2. KII /1l renioBoii MaMHLL Beer/ia Menbie 1.

B nacrositee Bpemsi yeniins uHkeHepos manpasaenst va nossimenmne KIT/L ABE
FaTesisl 38 CHET YMEHbLICHNS TPeH s YacTell MAibl, NOTEPh TOL/MBA BCICACTBHE
€T0 HENOJIHOIO CFOPARNS 1 T. I, Peamblible BOSMOKHOCTH 1A tnosbitenns KI1JL 3ech
edle ocTaoTes doabmmiMy. Tak, s HapoBoii TYPOHUBL HAYAIBHLIC 1 KOHETHHIC TeM”
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npUOIMBNTETHHO TAKOBEI: T, = 800 K, T, = 300 K. Ilpu aTix Teme-

agpioe snavenie KL
L-T

A

100 % =~ 62 %.

Mmax =
apHoe ke snagenme KIT/I 13-32 pasmittHoro pojia SHEPreTiIecKux no-

qe KI1JI TenoBbix jBAraresei, IpubInAeHHe ero K MaKCHMAILITO BO3-
BaKHEHIIAs TEXHITECKad 3a1aja.

yoe Hayano TepMonHaM1KH

jauano TepMoIMHAMHKH. [epnoc Haualo TepMOAnHAMH KH yCTaHARIHY
SEHHOE COOTHONIEHHE MEKITY KOJIMYECTBOM TeIIOThL, paboTol 1 H3Me-
rpeHHEl SHEPTHH TeJIA, HO OHO HE OIPEAEIACT Hallpas/IeHnA Te4enis npo-
TOUKH 3PEHIS IEPBOTO HAAT T}’le)ﬂlif-IilMllKH, OZMBAKOBO BOZMOJKEH 11C:
i B (hopME TEILIOTH Kak OT DoJjiee HArPETOTO K MCHEE HArPETOMY TeTy

 HAYANTO TEPMOIMHAMUKH ONPE/C/ISIET HATIPABICHHE NPOLECCOB, MPOHCXO:
| IPUMPOJIE 1 CBA3AHHBIX € NPEBPATIETHCM SHCPIHIL

HieHre TeI0Thl B paboTy BO3MOKHO TOJIBKO NPH HAJIMUMH HArpeBare:
HIBHHKA BO BCEX TEIIOBBIX MALIHHAX [10JIE3HO HCMOIb3YETCH TO/Ib:
‘DHEepPruH, Nepe/aBaeMas 0T HArpeBaTellsi K XON0HIbHHKY.

mopn, HI OJIHH TENJIOBOH JABHTATE L, BRAIOYAA ABHTATE/h BHYTPEHHCT
e Moxer path KI1JI, papistit eaumnne. CymecrsyeT HECKOILKO thopmy

TIPHPO/Ie HEBO3MOKEH IpoTiece, e/IMHCTBeH-
3YJIBTATOM KOTOPOro ObL1 OBl Iepexo/l Ten-
nommoctsio B pabory» (M. [lnank).

leTI0Ta He MOKeT caMa co00i mepexouTh
a ¢ Gomee Huakoii TemnepaTypoii Kk Tely ¢
BbICOKOH Temnepartypoit» (P. Kunayzuye).

44910 OTPHILACT BOZMOKHOCTE UCTIOJIB30-
HACOB BHyTpeHHeil aHepru Kakoro-anbo ne-
O€3 mepesoza ee wa Goaee HU3KKil Temnepa-

eHb, T.¢. Oes xonoauasHuka. Hanpumep,
1 HEOTPAHMYEHHbIE 3allachl BHYTPEHHEN
CAHOB HE MOTYT OBITH OJHOCTHIO HCITOJIb-
CROIBKY, KaK TOJILKO TeMIepaTypa oKeana
' TEMIIepaTypbl OKPYIKAIONIEH CPe/bl, Hpo-

M. Ilaanx
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H:’!Oﬁ}lﬂ‘ MpoIece, B KOTOPOM LOJIHCH OCYILECTRAATHCA nepexo] TeIJIOTL! o 60.-,, e

o ronor0 CO3AeTCA HU3KAS TEMITepaTypa B XOJI0AMIbHON KaMepe H ca-
XOAVAROIO K Dojee ropsiveMY TENy, a Takoil Npolect CaMOIIPOU3BOILHO HPoTe- f

o (puc. 5.6), COCTONT N3 KOMNpECCOpa A, xonjencaropa B, kpana K

KaTh He MOXeT. Takum 00pasom, Bropoe Haualo TEPMOITHAMUKN YTBEeK 1ac
BO3MOKHOCTH HOCTPOCHHA BEYHOTO JBUraTelsa BTOPOro poia, T.e, JABur
OoTaoInero 3a CHeT OXJaKIAEHHA Kakoro-imbo oinoro tea,

HL‘]_)B()L’ H BTOPOE HAYATA TEPMOAHHAMMKN, ¢ (J,JIHOﬁ CTOPONBL, MOKasblBAIOT 1 H}K[‘!He-'
PAM M TEXHHKAM, KaKHe IPOCKTHI AB/ITIOTCA MIPOCTO HEPEATHHBIMM, ha TacTRu ey
a ¢ APYroil — yKa3pBaioT UM PeanbHLI ITyTh YCOBEPIICHCTBOBAHUS TEIMIORLIX Malupmf

TepmonnaMmyeckas mKaia remueparyp. OTRPLITHE BTOPOTo 3aK01a TePMOjy-
HAMHKH T03BOJIMIIO HOCTPOHTH TEPMOANHAMUYECKYIO ITKATY TEMIEPATYD, e 3aBues-
LLYI0 OT TEPMOMETPHHECKOTO TE/IA H TEMIIEPATYPHOTO [apaMeTpa.

Hsmepus pabory A 1 U3PACX0A0BAHHOE KOIMTECTBO TEMAOTH (, MOKHO Bilyye-
marb = A/Q. U3 (5.11) n (5.12) caeaver:

T He-
aTens, pa-

IrT:ﬂr‘_Tk:.[_“:}i' 'r]‘—_Q"HQx-‘:l‘—Q—x-.
Ty Tu Qn Qu
Otcioaa nosyyaem
(S .
G T e

CaenoBaresnbHO, OTHOIEHHE KOJHYECTBA TEILIOTH (), OT/ABAEMOE X001 IBH#-
KY, K KOJIH4ECTBY TEIIOTH (,, HOJIYUEHIOMY OT HArPEeBaTe/Ist, PAaBHO OTHOIIEHHIO CO-
OTBETCTBYIONMX TeMTIepaTyp. 1o noaoxeHne 6u110 B30 KelbBHHOM 33 OCHOBY HpH
HOCTPOEHHH TePMOIHHAMUTECKON ITKAILL TeMuepatyp (eM. noapazf, 4.11),

B CH 3a ocHOBHYIO eZIHHUITY TEMIIEPATY Dbl HpuHIMacTes keavsun (K).

Keaveun — 210 1/273,16 TepMoANHaMAYECKOil TeMIepaTypbl TPOHHON TOTKA
BOAbL Mexiy TemMnepaTypaMi, H3MEPEHHLIMI [0 TEPMOAMHAMMYECKON HIKaie i 110
mkane Lleabenst, cymecrsyer npoctas ¢Bsasb, Beipazkenas Gopmy.ioin (4.23).

Tax kak Berpaskerne (5.13) 6uw10 noayyero npu pacemotperuu wnkaa Kapro, KT/
KOTOPOTO HE 3aBUCHT OT pabouero BewecTsa, T 910 O1peIeeHHe CBA3AH0 HE CO CBOIH-
CTBAMH Kakoro OBl TO 131 GBLI0 BeMecTsa, Kak 970 UMEET MecTO JUid Joh0i OMIIpH-
YeCKOii TeMIepaTypHoit uka/ibl. TepMOAMHAMHIECKOE OTIPELeICHIe TeMIePaTy Pl He

MMeeT TOH OrpanHYeHHOCTH, KOTOPAst CBOHCTBEHA MOJICKY/IAPIO-KAHETHYECKOMY Ol
pellesieHHIo.

5.9. XonoaunbHasn mawnHa. TennoBo# gBUratens

Xonopumsubie Mammnb.* Bee Tennopnie Mamimin paboTator o Tak HaspiBaeMOMY
IIPAMOMY HHKJLY, T. €. OCVIIECTBISIOT TAKOI 3aMKHYTBII POLIECC, IPH KOTOPoM Terio
Ta npespamaercs B pabory. OAnako Mammy MoKHO 3aCTABHTH PaboTaTh M 110 00paT-
HOMY LMKy, KOI/Ia B PE3V/ILTATe COBCPUICHHOH padOThl OT CHCTEMbI OTHHMACTCS HEKO”
TOPOE KONMYECTBO TEIIOTh. B 9TOM cityyae Terwiota 6yeT nepexoiTs o1 meiee Ha
IPETOro re1a K 601ee HarpeToMy, a MAIIHA TPERPATHTCS B XOAO/ULTHHYIO Maimiy.

IpuMepom camoii pacnpocTpaHeH oI XON0MIABHOI MAlUHB B HACTOSILEC BPE”
MS1 SIBJISIETCH JOMATITHUI XONOUILHMEK. PaccMOTPIAM Hpritium ero pabots. Arperat
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(' HCHOAHEHHOrO B BHJE TPYOOK B CTEHKAX XOJOAMIBHON KAMEPHL.
1251 CHCTEMA XOA0ANIIBHIKA 3aT0JHAETCA KMAKOCTBIO, KOTOPast JICTko
O, AMMAAK, CEPHUCTHI aHTHAPHA M /P.) U Ha3bBaCTCs X2ado-

1  HOCPE/CTBOM KOMIIPECCOpa, PadoTAIOWEr0 OT HNEKTPOABUTATENS, CIKI-
[eHCATOpE, TIPeCTaBIIsIomeM coboil 3MeeBHK i3 TPYOOK HehosbIoro
CRATHY XJIAJ0ATCHT MEPEXOT B KHIKOE COCTOAHNE, OXIAKAALTCS, OT-
TV B OKPYKAIONIYIO CPeay (TpyOKH CMOHTHPOBAHbI Ha 3aj€if cTenKe Xo- |
yCTPEMIISETCA B TpyOKH HCIapHTe s, OKPYKAIOIHE XOM0/HABHYIO
¢ WCHAPEHUs! POUCXOUT LOTOMY, YTO TPYOKH MCHapuTens uMeloT
ot auaMeTpa TpYOOK KOHeHCcaTopa, U AaBJIeHNe rasa B HHX PesKo
TOTO, H CaM KOHAEHCATOP CO3/aeT B ucnapuieie Hoaee HU3Koe Jasie- |
mmapelma Kak Oy/er 10Ka3ano Aaaee, CONPOBOKAAETCA MOTIOIHEHH -
CTEHOK 3MEEBIKa-HCIaPUTEs, BO3/[yXa U MTPOAYKTOB, HOMEHIEHHbIX B
gamepy. Temueparypa B XOJOIH/IBHON KaMepe H, CIe10BaTENbHO, BO
e mommKaercst. [asoobpastblii X1amoarenT ocTyaeT BHOBL B KOM-
MPoLEece MHOTOKPATHO NOBTOPALTCSH.

apurarenH. [IpuvepaMu TenA0BbIX JBHTATEIeH MOFYT CAVKATD 1Aapo-
NapoBbie TYPOUHBI, ABHIATENH BHYTPEHHETO CIOPAHMS, PEAKTHBHbIC

MANMHAX H MAPOBHIX TYPOMHAX HATDEBATEIEM CYKHT NAPOBOH KOTET,
~ Jap, XOMIMILHIKOM — aTMochepa WK YeTpoieTsa I OXJIaK-
HITOTO Mapa — KOHJleHcaropbl. B ARHraTe X BHYTPEIEro Cropanus
W pabounM TEIOM CAYIKIT TOINTHBO, @ XOMOAMIBHHKOM — arMochepa.
\ TOIIMBA OOBIYHO HCHOIB3YIOTCH OCHANTT, CIUPT, KCPOCUH H AU3EIbHOE
OMOIIBIO CTIELHATBHBIX YCTPOHCTE (Hanpumep, kaphiopaTopos B Henan-
EIAX ) TOTUIMBO W BO3/LYX NEPEMEItHBAOTCA W B BHJIE CMECH OAI0TCH B
€ H IIPOUCXOUT cropatue 9Toit emec, [IpoayKTst cropanys BrOpachiBa-
chepy. Cxema paborsi TensioBoro Asuratess npuseaena na puc. 5.7. Pa-

Harpesarens
(Ty)

Tewnota ¢y

Pabora 4
Pabouee

TEJg0
japurares

Temnora &,

X0J0AHIBHUK
(Ty)

Puc. 5.7
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Puc. 5.8

Douee Teno JBATATEH LOAYYACT OT Harpepatens npu temneparype T, KoaMgecTso
TENO0TH (), cosepuraet paboTy A U Nepesder YacTb TeIIOTh ) XONOINTBHIKY, HMe-
omemy temneparypy 1.

Kapoioparopusiii gBHrarteb. * PaceMOTPHM e ThIPexXTakTHBII LK KapOiopatop-
HOTO ABATATEIst 1 HOJTYyYIM pabouyio uarpaMmy atoro mukaa (puc. 5.8),

Tpu aBikeHun nopuss BAU3 (puc. 5.8, @) 3a cuer paboThl BHEIHUX CHI OTKPLIBA-
eTcs BIYCKHOI Kiaman 1 pabouas cmech nogaerca 8 nminap. [pouece uzobapiii,
1 Aasaenne paBio armocepromy. Koraa nopuiens Z0CTnraer KpaiiHero HIBKHETO 10-
JIOKeHHsA, BBINYCKHOH Kianan sakpbiBaeTcs. [lepsoiii takT (Bcacksanme) 3aKoHyels:
Ha rpacuKe mpoiece nokasan npsimoit 0 — 1. Bropoii takr (cxarue) (pue. 5.8, 6) uaer
TaKKe noj AefictereM puemmeit cuisl, O0a Kiranama 3aKpeITel, H ra3 auadarHo Ha-
rpesaetca. Ha rpadmke aro coorsercrayer ausun 1 — 2 Tpetiii TakT — BCILITRA B
pabounii xoa (puc. 5.8, ¢). Ipn 20CTHIKEHUH TOPIIHEM KPATHETO BEPXHETO NMOI0Ke-
HIS HCKPA 3A1ALHOI CBEYM BOCILIAMEHACT CMECh, JIABJICHIE Ta3a Pe3KO BO3PacTaer.
Ha rpachiixe 910 coorsercTByeT n30xopHoMy nporeccy 2— J. [opiuens satem riepe-
MEIIACTCST BH3 TIPH 3aKPHITHIX KAANAHAK, YTO HMEET MECTO 11PN aiHabaTHOM pacuin-
penun. KpuBas 3— / cOOTBETCTBYET TAKTY, HA3BIBAEMOMY PA0OUUM XO/0M.

Kak Buano u3 rpadwka pue. 5.8, 6, B aTOM TaKTe AaBAcHIC Tasa Hazaer, olmeM
BO3pacTaer, TeMiepaTypa yMenbitaercst. Pabora B 31oM eaviae HoA0KHTe bHa it 11po-
MBBOIITCA 34 CHET YMEHBIICHNS BIVTPEHHEH aHeprum raza. YersepTolii TakT — BbIX-
aon (puc. 5.8, 2). Korja nopuieHs A0CTHIAET KPAitHEro HIGKHETO HO10ACINA, OTKPD
BACTCS BBITYCKHOM KJIATan ¥ MPOAYKTHI CTOPanus Yepes BuXA0nHyIo TpyOy BHOPa-
CBIBAIOTCA B OKPY/KAIOLLYIO epe/y. [laBnenie raza najaer u B KOMUE TakTa CTaHoBHTCA
paBibvM armocdépromy. Ha rpaduke a1o naoxopnsiii nponece 4 — 1. [opienn 1€pe
MEHAET S 34 CYET IHEPIUH MAXOBUKA B BEPXHee [OJ0KEeHHe — TAKT 3aK0OHUEH.

B pacemoTpenrom saMkHYTOM 1IpoLiecce nponaseaentasn pabota A pasha 1o
AW 3aTPHXOBAHHON (DUTYPEI, OTPaHHYeHNON JIMHUAMI IIPOTEKABITIX TPOILCCCOR.

Ananna rpadmka nokassisaet, UTo paciumpenne npH padouem xoae (y4acTok 5 {
LPOHCXOZHT P GAIBIIEM AABIEHITH, YeM CKATHE [TPH BTOPOM TakTe (yuacToK [ — 2)-
ITO OOCTOATRNBCTBO B KOHCTHOM HTOIE 11 0OYCAOBANBACT 0TYUCHIE 1o1e3Hoil pa-
BoTHI BUTATENIEM. '
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HZOXOPHBIX TPoLEccax (3—2n 4 — 1) pasaa nyaw (V = const), a 1no-
| paboTa ONPE/IEASAETCS S PAIHOCTLIO pabot 1pu axuadarHom pac-
CKATHHL.

e KI1/L ABuraTesist BHYTPEHHETO cropanust gocturaer 2030 %,
nospicuTs KIT/L aToro asurarensn? OubiT # pacueTsl MOKA3bIBAIOT, 1TO
10 00uTHCs Gosbuieii crenenn ckaThs cMech. OIHAKO B JABHIATEIAX
OF0 THIIA 0YeHb CHJIBHO CKIMATh rOPIOYYIO CMECh HEJIL3s, TaK KaK OHa,
ASICh, OYJET TTPEJKIAEBPEMEHHO CAMOBOCILIAMEHATLCH.

emerkmii mokerep P.Jlusens H300pes ABurareib, HA3BAHILII €ro iMe-
it 110 TAKOMY HUKJTY, KOTOPBI 103ROJISICT H30eKaTh YKA3aHHBIX BbILIe
u anaunrebio noseicnts KIT/L

CoRATHS B AN3ENAX IOCTHTAET GONLIION BENHYIHbI, BCICACTBHE 9ET0 TeM-
VXA B KOHIIE CARATHSA MO/IHUMAETEA /IO TEMTIEPATY Pb, A0CTATOMHOMN J1Is1

s TOMTHBA.

) CropaeT 31ech He Cpa3y, Kak B KaphiopaTOpHLIX [BHIATCIIAX, a TOCTeleH-
KeHie HeKOTOPOH HacTu xoxa nopurms. [Ipouece ropenns Tonmisa seaen-
NPOMCXOLUT NPH YBeHUHBaioliemes odpeme pabowero npocTpancTsa,
TeHHE Ta30B BO BpeMs paboThl OCTACTCH MOCTOSHHBIM.
0BpazoM, Cropanne CMecH MPOHCXOANT IPH HOCTOSHHOM JQBJIEHITH B OTTH-
DATOPHBIX JABHIaTesel (PN MOCTOSHHOM 00LeMe).
okazancs Ooee SIKOHOMUUIBIM JIBUTATENEM, YeM KapOIPATOPHBIL, €ro
praet 40 %. On MoKeT pasBHBATE 3HAYWTEILHYIO MOIHOCTE (AECATKH Thi-
HBIX CHJ) B padoTarh Ha JIPHICBBIX COPTAX JKWIKOTO TONIHBA.
HOABITIOI MOITHOCTH HHPOKO TPHMCHSIOT KAk B CTALMOHAPHBIX VCTAHOB-
'Ha BOJTHOM, JK€/1€3HO/IOPOKHOM 1 BO3/VIITHOM TPAHCIOPTE, a AN3CTH Manoii
B IOCTIE/IHEE BPEMsI YCTIETITHO HCIIOMB3YIOTCS Ha aBTOMOOWIIAX, TPAKTOpax
cyaax.
asurarenb. Ha puc. 5.9 npupeaena cxema npsMoToMHOro BO3jLyIi-
ABUTATEIS, UCTIOAL3YEMOTO B asuatni. Lro pabota nporekaer cie-
oM. [Tpu ozete camosiera BCTPeYHbL HOTOK BO3/LYXA MPOXOINT Yepes
CONTIO M 3aXBaTBIBACT ropioyee, pasdpuisrisacmoc (opeyrkamu. O6paso-
paGouasi cMech [OCTYIAET Aa/lee B KaMepy CrOpaHiis, [/ie BOCTTaMeHACTCS
3aA/ILHBIX CBEYeil.
HAIONINECH B Pe3yJIbTate cropatns paboueii emecn, ¢ orpoMHOI CKOPOCTBIO
5 Yepes BBIXOTHOE OTBEPCTHE — cOmo. Bene/ieTBHE PesKoro VBe/nyeHn
 CIOPAHNH CMECH CKOPOCTh 308 HPH BLIXO/E M3 ColLIa HaMHoro Goabie
A BXOJiIIIero B ABuratesib Bosyxa. 1o sakomny coxpanerms KoJAHuecTsa ABIKe-
¥IbCa) 6J1aroaps 910l PasHOCTH CKOPOCTEll M CO3/aeTCsl PEAKTHBHAS TsTA.

I Sanannnas cseda

Puec. 5.9
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Tazosasg TypOuHa

ITyckosoii motop Kommpeccop

Puc. 5.10

B macrosiimee Bpemst B aBHalMK MIHPOKO MPUMEHAIOTCH TYPOOBHHTOBLIE ABHTATE-
au (puc. 5.10). B atom asHTaTese npoxoasiugae 4epes TypOMHY raspl 0TAAI0T eit Gourn-
MYIO 4ACTh CBOEH SHepruy, I0ITOMY ra3oBas TypOHiia PasBHBACT MOIHOCTD, 3HAYN-
TENBHO MPEBLINAIONYIO TY, KOTopas notTpedasercs xkoMnpeccopoM. M30mTok Momm-
HOCTH TYPOHHBI PACXOAYETCS HA IPUBEAECHUE BO BPAIICHUE BO3AYNIHOTO BHETA, ABJIS -
TOIIErocA OCHOBHBIM MCTOYHMKOM Tsirn ABuratessi, Kpome Toro, B TypOOBHHTOBEIX
ABUIATENAX HONAYYACTCA HEKOTOPAA AONOJAHHTENIbHAA TATA OT PEAKTHBHOTO ACHCTBIH
BBIXOAAIHX U3 COTLIA 0TPaboTABITIX 1a30s.

B cospemennbIX Ten0BbIx MalmHax 1 Koaedsaercst npuMepHo ot 40 (y asurare-
Jeit pryTpentero cropasuis) 1o 60 % (y peakTHBHbIX JBUraTeneit ).

Koncrpykropekaa mbicib yUeHbIX WAET KakK 110 MYTH COBEPIIEHCTBOBAHUS CYIIIE-
CTBYIOIIHX ABHraTesieil (co3aanis HOBBIX MATEPHATOB, YMEHBIIECHUS TPEHHS H T10-
TEPh TONJIMBA PH HENOTHOM CTOPAHKM ), TAK U 110 JTHHUN CO3/IAHNSA IBUTATENEH, KO-
CTPYKILHS KOTOPBIX HPHHIMITHAILHO 0T/AH4YaeTcs ot cyulectsyionmx (MT/-renepa-
TOPBI, ATOMIBIE, AAEPHBIE 1 T.]1.). BaKHO HMeTb B BHILY, YTO YBEIHYEHHE KOTHYECTRA
JBUTATE/ICH BITyTPEHHETO CTOPAHHA BLI3LIBaeT HOMBINYI0 03ab09eHHOCTh /Hojiei B 111a-
He 3alUTHl HPUPOJILL 1 oKpYyKaiolieil cpeabl. Coszanne HOBBIX ABUTaTeNEll, MPOAYK-
Thi COPAHUSA KOTOPBIX He 3arpasHami Obl OKPYKAIOUIYIO Cpey, — BaxHasg npodiema
COBPEeMEHHOCTH.

Oxpana npupozast. IIpnpoza Uis Ye10BeKa HEe TOILKO MCTOYHMK TPOJLYKTOB ITHTA-
HHS H CHIPBS LIS IPOMBIILIeHHOCTH. Yen0Bex — caM 4acTh IIPHPOALI — HYKAAETCA B
OuaronpusITHOI cpezie KU3HK ¢ YNCTOIl Boaoi ¥ Boamyxom. Boanyx — ato dmsnue-
CKas cMeCh razoB, oOpasyiongx semMuyio armocdepy. OH coaepkuT BO B3BENICHHOM
coctoarun Go/bIee HIH MEHBIEe KOJMYCCTBO ITHUTH, ABIMA, YACTHIL COMH W APYIHX
€CTeCTBEHHBIX NpHMecei. Kak nparuiio, KOHIEHTPalLis B BO3/LyXe eCTECTBEHHBIX TPH-
Meceil He A0CTUTaeT TAKUX 3HAYeHHil, IPH KOTOPBIX OHH MOITIH Obl OKA3bIBATE oTpu-
HaTesbHOE BO3JCHCTBHE Ha opranuam denoseka. CylecTseHHO Gosiee BpeAnbiM s1B-
JsieTes 3arpssHenue arMocePHOTO BO3AYXA MPOMBIIICHHBIME BHIGPOCaMH.

[ToscemecTHO® HPUMEHEHHE TEILIOBBIX ABATATE e OTPHUATENBHO BANSET HA OK-
pyxaioutyio cpeay. Hoacunrano, 410 B HACTOsAIIEE BPEMS €IKETOANO CHRUTASTCS 1P~
BAMBATENLHO 2 MAPA T PA3THYHBIX BUIOB KAMEHHOTO yria v okojio 1 mapa t Hedpri.
ITO HPUBOAAT K NMOCTENEHHOMY HOBBINIEHNIO CPETHEN TeMnepaTyphl Ha 3eMmae, 4To
MOZKET CO3aTh YTPo3y TasHud JICJIHHKOB W [MOBBIIeHNe yposHsa Muponoro okeana.
Kpowme Toro, B armocdepy oibpackisaercs e Menee 120 MaH T 3051 1 10 60 Mun T
SAOBUTOTO CePHUCTOrO anTuapiia, Ceeine 200 MaH asToMoOHIEH BO Beem Mupe He-

l“n

DEIBHO OTPaBIAIOT a’rmocdlepuhll'«': BOSAVX OKCHAAMH YIVIEDO/IA H A30Ta, YIVIEBOJIO
o1 1 ap. M ato s vacts spe;mnix npumecedi, nonajaommx s armocdepy. C yse
cgeHIeM MONTHOCTET! TEIIOBBIX M ATOMHBIX 2JIEKTPOCTAHILNI PE3KO BO3PACTAET I1C
HHOCTH B BOJAE, VT aTHX lleseil B palieil cTpane Henoas3yeTcs okoso 35 % Boib
LOZYEMOIT BO BCEX OTPAC/ISIX HAPOAHOIO XO3AHCTRA.
" B nacrosliice BpeMA B PAAE CTPaH NPHMEHSIOTCH OPAMbIE 1 KOCBEHHbIE METO/
JIHTHI BO3/AYLIHOTO 1 BOMWIHOTO Gacceitnos ot sarpssuenust, [IpaMbie MeToas: — ot
~TKa ¥ YJIABJIHBAHUE JIIMOBLIX H BEHTHIATHOHHBIX TA308B; EPEX0/ Ha HCHOb3C
paHHe TOTLTHB, MAJIO 3arpASHATOMMX armocdepy, HAIPUMED [IPHPOIHOIT rasa,
pEACTOI HedyTH; co3anre HEOEHSITHOBEIX aBTOMOOHIBHALIX ABHTATENEH; O4HCT
¢ [TOMONTLIO PHIABTPOOOMEHHBIX CMOJI i MOBTOPHOE €€ HCTIOJIb30BaAHNe,
PHMEHEHNE KOCBEHHBIX METO0B o6ecleNBaeT 3HAUNTENBHOE CHIDKEHHE KO
paiil BPEAHBIX BELIECTB B CAMOM HIDKHEM CJI0€ aTMOChephl. ITH METO/B ¢
1 ¢ YBEJMHEHHEM BRICOTBI HCTOUHHKOB BBIOPOCOB H HCNOIb30BaHKMeM (DUsHIec
HOMEPHOCTEl pacceMBanis npuMecell B BO3yXe, ¢ PAUMOHAILHBIM Y4ETOM M

JList 9KOHOMMUH TLTOMIAEH H BOAHBIX PECYPCOB 1e1eC006pasHO COOPYKATh 1eh
KOMILIEKCHI 3JIEKTPOCTAHILHIT ¢ 3AMKHYTBIM I[HKIOM BOIOCHAOKEHMS.

SBappeieH BBOJ B SKCIUIYATALIMIO NPETPUATHI ¥ TeILI0NEKTPOCTAHIINIA, BHIOpAcK
: ¢ B aTMOC(EPHBIIT BO3/IYX 301y, KOIIOTh, IIBLIL, BpeHbie rashl Ges obeciedeny
oumcTKH. Bpemibie npoH3Bo/CTEA, KK HPABIO, I0JIZKHBI BEIHOCHTLCS 38 YepTy I
. B Gombtunx Macirtabax BeAeTCs 03e/IEHEHNE VL, PasDRBaOTCA CKBEPH, TIAPK

d KPATKUE BbiBOJbl

@ Bee MakpocKkonuyeckue Teaa 001agaioT BHYTPEHHET JHEPTHei, KOTOpast ABISETCs O/
BHAMHOI yHK1meil TemmepaTy bl 1 00beMa. BiyTpemiss SHepritn oHOATOMHOTO HACATBHG
BABUCHT OT TCMIIEPATYPEL

u=2"pr,
2 M

:l, Ha xaxiyio crenens cpobopt i IOCTYIATETHHOTO JIBHAKEHHA OJHOATOMHON MOJIEKYJIbi 1]
XOZUTCH OAHHAKOBAS KHHETHYECKAS IHEPITAA, PABHas 1okT.
@ [lepsoe nawaio mepMoouHamuKy — 310 3aKOH COXpaleHis W IPeBpalieHus 31|
H HPUMEHHTEIBHO K TeroBuiM npoteccaM. CornacHo emy,

Ty

=71, Q =AU 4 A. |
Ii{ - ® BrepMoaunaMuKe paboTa, cOBEPIIAeMas CHCTEMOI IIPOTHB BHEITHHX CHJT, paBiia A=pd
~ ® [Ipn narpesanun it OXJIAKIACHHI KOTHIECTBO TEILIOTH PABHO

S )]

Q= emAT. |

® Obmen TenoToi B M30AHPOBaHoil cucTeme He3 copepiienus paboTsi XapaKTepuaye
YpaBuenuenm renosoro Hananca

Q+ @+ @+ ...+ Q=0

@ [Ipumedenne nepeoro Hauaia TepMOIMHAMHKH K PAsiHiHbIM H30TPOLECCAM, TPOUCX0
- MIHM B HEAILHOM Tase;
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o) 1pn H.’!_UKU’P'HOM Npougcce LiMeHeEH e Bnymeuueﬁ AHEPIHH HACLTLRONO I'd34 "pﬂnoplli[oa
HAIBHO HIMEHCHHIO €T0 TeMIepaTyphl (pabora pagHa HVIIO):

Q=AU

© npH NI0GAPHOM TTPOLECCE NepeaBaeMast CHCTEME TEILIOT HIET Ha H3MeHCHIe BHY Tpeg-
Hell aHepry 1 coBepiienne paboTey; s :

O HPH H3OTEPMHUHECKOM [TPOLIECCe BHY TPEHHAN SHEPIHA WICAABHOTO TA3H HE MEHS Ty
TENIOTA PACKOIYLTCS Ha PalaTy Tasa NPOTHE BHETTHWK CHIT,

Q=4

© npi aanabaTHOM IIponecce paboTa COBEPIIACTCH TOALKO 34 CHET HAMEHCH U5 BHYTPelHejj
sHeprin rasa: AQ = 0; A = —AlL 1

® Bmopoe nHanaio mepmodunamuku OnpeiesieT Hanpaniens POLecCor, poMexo-
AU B uprpoge. OHo OTPHIAET BOSMOKHOCTL HCHOTLIOBAILIN 3a1ACOB BHY TPeHIe] .-m'epm,,
kakoro-mu6o nerounnka Oes nepesosa ee Ha GoJiee HHAKIIT TEMITCPATYPHBIT YPOBEHD, T. ¢, 683
XOAOAMILIHHKA,

© Bo Beex TEIUIOBBIX MALIIHAX N0JIE310 HCTIOIB3VETCS UL HaCTh AHEPIHH, Nepeaanaemay
OT HArpPeBaTesist K XOAO/IMARHHKY, MAKCHMAaILHO RO3MOKHOE SHauenne koadhduumenta nojes-
HOTO JeiicTBrA

Hacy

Tﬂ = Tx ;
T,

Baskeiinieii aajiaueit navicn 1 rexningn sipasercs mopsimetie KT/ remnoneix asurarenedi
W NpuGInIKeHNe ero K MAaKCHMATBHO BO3MOMKTOMY.

T
Ornomenne 9 —X [ION0KEHO B OCHOBY METO/Ia M3MEPCHHA TEMIEPatyp (TepMo/nnas

Q!i Tll
MHYECKad KT TeMIeparyp).
® [lopcemecTHOE HPUMEHEHIE TETTOBRIX ABHIATEICH OTPHIATENLHO BINSET Ha OKPYKaI0-
HIYIO CPEAY. 10 CTABNT PS cephesiinix npodiaesm nepea oomecrsom. Hapaay e paxneiieit sa-
aaveit nosunenns KITL renionsix jsurateseii tpelyerca npoBojUTh: MEPOIPHATIS 110 OXPd-
HE OKpYIKalonieii Cpe/sl.

nN=

E Bonpockl AnA CAMOKOHTPONA W NOBTOPEHHSA

1. Kaie MeTO/b HECACA0BAINA CBOHCTE MAKPOCKONNYECKHX CHCTCM IPHMEIAIOTCH B MO*
geryaapHoil guapke? B dem cocront pazanane atnx Metogor? 2, 1o HadhiBaT TepMO/MHE-
Muueckoit cietemodi? 3, Yo nassmsaor TepmonaMudcc ki mporeccom? 4. Jlaitre onpeaeie:
mHe obpaTnMoro 1 neoGparimMoro npoieceon. . Jlaiire onpejgeaenie gy Tpennei dieprii ¢
crembl. 6. OT vero JaBHEHT RHYTPCHHSISE dHeprus niearsroro raza? 7. Kaxne dopyul nepeadi
SHePruy BaM H3BeCcTHHI? Pacckamute o tinx. 8. Kakosa pasHiliia MEKIY TEIIOCMKOC Thi0 Tena i
VACABHON TEM0EMKOCTHIO? 9. B uem eMbica ypagHeHHs! Tl 10Boro Gatanca i Kakoe 0THOME
HIE OHO MMeeT K 3akoHy coxpanerna sneprun? 10. Chopayanpyiite neppoe Hauaio TepMOoLE
namuki. 11. /laiire onpeaenenne axnabarioro nponecca. 12, Or yero sasncnt KIT/L rennoBoi
mannmni? 13, Chopmyaupyiite Bropoe Hauato repmoannamikn, 14. Yto takoe 1epMoAHHe"
MHteckas 1mkata Temnepatyp? 15. lpusenme npuMeps! naBecTHBIX BaM TEILTOBKIX ABHIATE
sieit, 16, Hanoent s yuiepd npupose padora Tenaossix apurateneii?

lNMpuMepbl pelieHun 3aga4

® 3anava 1. T'as, sanumasnmiit 06bem 20 71 npH HOPMATBIBIX YCAOBHAX, ORI W30
Gapno sarper 10 80 °C. Oupeaeants pabory pacuimpenms rasa.
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A = pA V. Vi3 ypaBHenHsi COCTOSHUA Iasa Claeayer

T

M
15 Knaneiipona — Menjiencesa

A RAT.

m
pV = I?RTI

m _ oV
M RT/’
_ pV AT

%

1,01-10° Ma-2-10~% M* - 80 K
273 K

== 592 k.

. B kanopumeTpe cMeniBaloTCsl TPH XUMHUECKH HE B3aMMOJEHCTBY-
¢ Maccon my = 1 kr, m, = 10 k1, my = b KT, IMEIOIHE COOTBETCTBEHHO
6, —40, 60 °C 1 yaeasbusie renoemkocti 2 000, 4 000 1 2 000 JIx/ (xr- K).
' epatypy © cMecH 1 KOTHYeCTBO TeNJI0ThL, HeolXomumoe Ast noc-

‘HarpeBaHist cmecn 1o t= 6 °C.
= 1K1 m, = 10 kr; my = 5 k13 Ty = (273 +6) K=279 K; T, = (273 — 40) K=

= (273 + 60) K = 333 K; ¢, = 2000 JUk/(xr- K); 3 = 4000 o /(xr- K):
[(xr-K); T'= (273 + 6) K=279 K.

W3 ypasrenus temnosoro 6amanca caeayer, 4o ajnrebpanyeckas cyM-

HbBIX H OTAaHHBIX JKHAKOCTAMM KOJAWYECTE TEITOTH PABHA HYLHO!

mye (0 — T)) + myes(© — Tp) + myes(© — Ty) = 0.
PABHEHWE OTHOCHTE/ILHO O, TMeeM

e . anf:]'.n = W12C2T3 =+ '”53{:;]:!;{
e, + Moy + Myl

b HarpeTh 10 Temmepatypbl T, HCOOXOAUMO KOJHYECTBO TEILTOTH
Q= eymy(T—0) + exmy(T— O) + eymy(T—B6) =
= (eymy + cams + camg)( T — O).
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Boruncienus:

1 kr-2 000 i—""‘ 279 K+10 xr-4 000 225 533 K4 5 -2 000 2. 333 K
B Kr-K T Kkr-K Kr-K
L kr-2000 == +10 kr-4 000 M +5 kr-2 000 A=
kr-K kr K

=954 K

kr-K
A% 1 ke +40002% 1055 +2000- 2 .5 wr (279 — 2540k —
Kr- K wr- K kxr-K

=1,3-10% Ix = 1,3 M/lx.

Q = |2 000

Oreer: © =254 K; Q=1,3 M/1x.

® 3anaua 3. Temueparypa HarpeBaTesst naeanbHoi TenioBoit mamnmet 500 K, tey-
epatypa xonoauisiika 400 K. Onpegeanrs KITJT minkaa Kapro n noneanyio mon-
OCTb MAIIHHBI, €CTH HArPeBaTeIb epeaet e 1675 Ik Tennorsl B cekyHuy.

Hao: T, =500 K; 7, =400 K; Q= 1675 [Ix; t=1c.

Haiiru: 1, N.

Pemenue. KII/] manmue: onpesesnsercs no gopmye (5.12):

Ti—T 500K 400K _
B 500K T
| IOJIE3HYI0 paboTy MpeBpaniaoTes

A=nQ=0.2-1675JIx = 335 Jxk.
[o1e3HasT MOIHOCTE MATITUH B

n=

Boruncienns:

iTBeT: 1 =0,2; N =335 Br.

g 3apayn AnA caMOCTOSTENLHOIO peweHns

| & TCJ‘IQ Maccoii 10 kr ynano ¢ Buicorst 20 M. Ha CKOABKO yBEIHUHTCS BHYTPEHHSISI SHEPII1A
MOMEHT yiapa 0 3eMJI0, €CIM Ha ero Harpepanne waet 30 % KuHeTHYecKoil oHeprin Te/a?

2. IIpn M30TEPMHIECKOM PACUTUPEHHH HACATBHBIM FA30M copepiena pabora A = 20 /D
AKOE KOJHYECTBO TEMI0TH COOOIEHO rasy?

3. Kakyio Temneparypy Gyaer umers sona, ecan eMemarts 400 1 Bozbt upy 20 °C u 100 1
MIBL ipu 70 "C?

4. Bmecnimocm CHCTEMBI OXJIOKACHHA aBToMoONAs 6 1. B paaumarop smwm 2 1 rensoii
Mkl Tiput 40 °C, a satem 1onosHIAR cHeTeMy ropsiueli Bozoit mpu 85 °C. Omnpenemirs peaib-
/10 TEMIEPATYPY CMECH, YYHTBIBAA, YTO OHA Ba 14 % minke pacHeTHo?

3. B aksapuym nammio 25 1 soam npit 17 °C. Cronsko ropaueit soast mpu 72 °C myxHo
VIHTD B AKBAPHYM, YTOOBL B HEM VCTAHOBAACK TemTepaTypa 22 °C?

6. [Lnat panmbi 1y RHO IPUTOTOBITH 320 1 BOABI npu 36 °C. B rasoBoii kononke Temmeparypi

Q
bt 78 °C, 13 Bofonposota Tevet Bosa pi 8 °C. CKOABKO ropseii 1 X010/10ii POz HYKHO
ATh 15 TIPHTOTOBJACHHA BaHHBI?
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[louemy, TOIHIMANCE B BEPXHHE cIoW atMoc(epsl, BOAyx oxianmaercs?

JloHeMy IPH BLIYCKe ra3a i3 Galiona BeHTHIb NOKPRIBACTCS POCOIT WM Jake nHeem?
InpeAeauTs PAboTy MACANLHON TENIORON MANIHBI 33 OAMH LUK, CCJIH B TCYCHUE 1K
posay4aet or varpesateas 2 095 [Lx renaoru. Temueparypa narpesarens 400 K, tem-

xonouubinKa 300 K.

Temmneparypa HarpesaTeas TEII0BON Manrunsl, pabotawmeii no uukay Kapno,
a remmeparypa xoaoauasHika 117 °C. Kakoit qoiokia Ob1Th TeMiepatypa Harpesa-
W feusMennoii TemnepaType xoaopktnka), wroon KITJL mamuns yseanunsics s

i KnioueBbie CNoBa: TepMOANHaMMYeckasl CUCTEMA, BHYTDEHHSS HEeprug,
M pabora, TennoTa, Tenn0eMKoCTb, yAeIbHas TeMnI0eMKOCTb.

]

apeHWe U KoHAeHCalua

papenne. V3yuus cBoicTBA M€ANbHBIX a3oB, NepeileM K PpacCMOTPEHHIO
PEATBHBIX Ta30R W KMJIKOCTEH, B YaCTHOCTH WX B3AHMHbIX ITPEBPAILCHHE APYT
3A€ech CIeYeT MMETD B BH/LY, YTO MOJIEKYJIBI IA30B H JKH/IKOCTEIT XOTS 1 Masbl
paM, HO HMEIOT KOHEeYHbIe PasMephl # OnpeeeHHyio hopMy U MeKILy HUMH
TBYIOT JOBOJIbHO 3HAUMTE/IbHbIE CHIIbL B3aumoeiicTeud. B atom coctonT rias-
HYHE PEATBHLIX Ta30B M JKHAKOCTEIl 0T HACATLHBIX, KaK YIPOIEHHOH MOjeau
IX 00BEKTOB.
{ M3YUCHUH HCATLIBIX Ta30B OTMEYAJIOCh, YTO MHOTHE €ro CBOMCTBA HE 3aBH-
npupos rasa. OgHako yeMm HisKe Temneparypa n 6oJibie JaBjieHue, TeM 3a-
3ABHCHMOCTH CBOMCTB ra3a 0T ero NpHpoasl. I'as B TAKUX yCAOBHAX HABKIBA-
POM, TEM CAMBIM YKA3bIBAsL, 4T0 OH 00Pa30Baics 13 ONPEAe/IeHHOH KIAKOCTH.
eHye [epexo/la BemecTsa B Nap Ha3LBaeTCsl napoobpaszosanuem.
 IPHPO/te napoo0pPasoBaHue IPORCKXOANT B BH/IC MCTIAPEHNS W KHIEHHSL.
D00OpasoBaie ¢ OTKPLITON IHOBEPXHOCTH KMIKOCTH HA3BIBACTCS UCnape-

[APAIOTCS] HE TOJIBKO AKHUAKOCTH, HO H TBEpP/bIe Tela.
ApEeHe TBEP/ABIX Te/I HA3bIBACTCS CYBAUMAUeit, Wi 60320HKOU.
ICCMOTPHM I1Ipoltece uenaperns skmakocteit. Tak ke kak auddysns, ncnaperne
CXOJIUT BCJAE/CTBHE HETIPEPHIBHOTO XA0THYECKOTO IBHAKEHUA MOJIEKYJl AKHUIKOCTH.
KA MOJICKY 13, ABUKYINAACS U3 TVIYOMHBI JKHIKOCTH K €€ IOBEPXHOCTH, HCIIBIThIBA-
THOBEPXHOCTHOM €JI0€ J€HCTBUE CHIIbI, TPESTCTBYIONICH BRIPHIBAHIIO MOICKYJIBI C
XHOCTH HKUAKOCTH. YT0OBI NPOHTH CKBO3b IIOBEPXHOCTHRIN CJI0M, MOJIEKYJIA J10.1-
001a/1aTh 10CTATOHON KHHETHYECKOH dHEprueii 715 coBepIiennst paboThi BBIXO/A
DBEPXHOCTH ANAKOCTH, CKOPOCTH MOJIEKY.1 KHIKOCTH, KAK ¥ MOJIEKYJ1 Ta3a, Pas./imy-
HKunkoers nokmaior manGosiee «GHICTPBIes MOIEKYJIbl, BCJAEACTBHE YCTO CPETHSs
HIECKAA SHEPTHA OCTABHIMXCH MOJIEKYJI YMEHBIIAeTCs, 4TO BEAET K HOHMKCHNIO
PATYPbI AKNAKOCTH, 15t HOUIEPAKAHMSA HOCTOSHHOI TEMITEPATYPhI KHIKOCTH €il
0XOMMO coobIaTh SHEPITIO H3BHE, HATPUMED B Buje Teriotsl. Kommyecrso ren-

1a7 |



N0TH (), HEOOXOAMMOE JLTst TIPEBPAlCHIs B nap | K sKHAKOCTH IIPH MOCTOSHHOM TeM-
IePaType, HASBIBACTCS YOerbiol meniomoii napootpasosanus:

Q

=
1]

(6.1)

B CH yaeasHas Teiuiora napoodpasoBanust BHPOKAETCSH B ONCOYNAX HA KUO~
zpamm (Jlx/xr).

[ocae Toro Kak MoJIeKyjia KHAKOCTH NEePEMECTHIIACE OT FPaHHilhl HOBEPXHOCTHO-
O €05 Ha paccTosHue, H0/bIIee PAHYCa AEHCTBHS MOJEKYISIPHBIX CUJ KHIKOCTH,
OHA CTAHOBUTCS MOJIEKY/I0I Tapa. Mosekyasiphblie Cnibl AiICTBYIOT Ha CPaBHNTE I hL-
110 KOPOTKHUX paccTosiHusAx (nopsiaka 10 nm).

Konpencamus. B pe3yipTaTe¢ XaoTHY€CKOTO IBIKEHNS HAT ITOBEPXHOCTBIO A
KOCTH MOJIEKYJIA 1apa, nonaias B chepy AeHCTBUS MOJCKYISPHBIX CI1, BHOBR BO3-
Bpam@eTcs B KUAKOCTH. DTOT MPOLECC HASBIBAIOT Kondencayuei. TIpn KoHgenca-
MM Tapa HEKOTOPOil MACCHI BLLACAACTCS CTOIBLKO JHEPIIH, CKOJBKO 3aTpaynBacTes
TIPH HCTIAPERUH KHAKOCTH TAKOi e Macesl. Mlcnaperue KiiKOCTH IPOHCXOAMT (pH
Mmoo TemrepaType i Tem OhCTpee, Yem Bhiiile TeMnepatypa', Goabine nIomaib C8o-
BOMHOIT TTOBEPXHOCTH UCTIAPSIOIENCS] KIKOCTH 1 GpicTpee yiarsioTes o0pasosas-
HIHECs HAJL KHAKOCTHIO TIAPbI.

Ecam 5RHAKOCTD HAXOAUTCSE B OTKPBITOM COCY/IE, TO MOJEKY.1 HenapsieTes Goblite,
4eM KOHACHCHPYETCS, It Macca JKMIAKOCTH YMEHBIITAETC,

Caenyer oOpaTuTh BHUMAHIE, YTO HPOIECC MapooOpasoBaHILs CBS3AH ¢ YBeIH e-
HIEM BHYTpEHHEH 3HePIii BeNecTsa, a mporece KOHAEH M — ¢ YMCHBIIEHEM ee.
Crenosarenbho,

I KoHJIeHcalusa u napooOpasoBanHe TPOHCXOAAT TONLKO B Hpolecce ooMeHa
IHepruell MexK/1y OKpyKRawieii cpeioii i BelecTBOM.

6.2. HacbiuweHHbIW Nap U ero CBOWCTBA

Hacpimennsiif nap. [Tyerh AKmiKocTs HAXOAHTCA B 3aMKHYTOM COCY/Le, H3 KOTOPO-
10 OTKa4aH BO3ayX. BHauare Yueio MOTeKys1, HCHAPHBIIHXCS U3 JKIWIKOCTH, PacTeT,
HO YeM GOJbINe SHC/I0 MOJIEKYJI napa, TemM bosbie MoieKy Konaencipyeres. B tom
Cllyuae, Korja qTHucao M()JIE‘K}’JI Hapa BCe Ke VBeJH'THBACTCH, 11ap, H&XUMHIL‘[FICR Hajl
ANIROCTLHIO, NasbIBaOT HEHACHIEHTIHIM. Ecnu 3a OHO N TO KE BPEMA YN0 Henaps-
IOIUXCA M KOHZEHCHPYIONINXCS MOIEKYTT Hapa OJWHAKOBO, TO YNCJI0 MOJIEKYJI TTapa
HaJL ZKHAKOCTHIO ﬁy,".I,E‘T OCTARATHCAH MOCTOAHHRIM, TRKOE COCTOAHNE HASBIBAKOT ﬁuna =
Mureckum pasHogecuem napa u ycuoxkocmu. [lap, Haxomanutiicst B 1uHAMI-
YECKOM PABHOBECHH ¢ KHIKOCTBLIO, HA3LIBAIOT MHa t:bmgerm bBIM.

HEH&CHHIBHHT:IH nap IlOJ.‘lHI-lﬂL‘TCﬂ Ia30BbIM 3AKOHAM. Hem JENbIIC COCTOAHME Iidp'l
OT HACHIIEHHST, TEM Ty dilie on MounHseTes sakonam boilas — Mapuorra, [efi-JTioccaxa.
C YBEJIHQCHHEM YMcha 't'i{).iE:KyJI Hapa HaJl HOBEPXHOCTHIO ANAKOCTH HPH H{ZHBMPHHGH
T‘EMIICD&TY[JE Ero JasJgeHHe _VBEJ]H‘II—TBRETCH. Ol—IO JAOCTUTAET MAKCUMAIEHOIO 3HaYeHA,

: "Pl‘l TIOBRHHEHITH TeMITEPATY Phl BOALUIMHCTBO FRILIKOCTET PacHmpsercs, 4To DPHBOAHT K VBETHYC
HHI) PACCTOAHNA MeAY MOJCKYIAMH EKHIKOCTH, a CAeJ0BATENRHO, K YMEHBIIEHHIO CHIT MOACKYARPHOTO
BIAMMORCHCTEUS W YMEHBITCHWK DHCPYWW, Zla‘i‘]}a‘{ﬂ'ﬂ’dt’?d()ﬁ Ml}.‘ltk}'.ﬁ(}ﬁ PN MOHape N,
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fiap CTAHOBUTCS HACKIHEHHBIM. [lap/ienie HACBIIEHHOrO Napa ONPeAeTAeTCs KoH
yarmei (MHCI0 MOTeKyIl B eamnie obbema V) MoseKyJi Tapa i TeMmepatypoii.
goiliCTBa HACBIIIEHHOTO Napa. PaceMOTpiM, KAk 3aBMCHT JaBJeHNe HACKITIEHHOT
HEH3MEHHOI TEMMIEPaType 0T ero 00beMa. Y BETHYHM BMECTHMOCTh COCYA, |
{ HAXO/AATCS KIIKOCTD M €€ HACKITICHHBI 1ap, TOrd KOHLEHTPAISA MOJIEKY.
1 €10 IIOTHOCTB yMeHbinates. Moeky il apa OyyT peske Monaiarh B AHAKOCTE

pueckoe pasrosecue Hapymmres. pn nocroannoii remmeparype ynesno uena
51 MOJICKYT HE M3MEHHTCS, T. €. ucraperwe OyaeT npeodaasats HAL Konzenca
. Do Oyzer HPOMCXO/NTE JI0 TEX TTOP, NOKA BHOBb HE YCTAHOBHTCS THHAMHYECK
seue, Takum 06pPasoM, KOHUEHTPALMA MOJIEKY T, & CICIORATENBHO, 1

J nasieHne HACBINEHHOrO Mapa HaJl CBOOOAHOH NOBEPXHOCTHIO JKHAKOCTH np
MOCTOSHHOI TEMIepaType He 3aBHCHT OT o0bema.

BCS1 AKMTKOCTD HCIAPUAACD, 2 0GBEeM COCYAA NPOI0NKACT VBeJIMYMBATHCH,
I'Tpatiza MOJEKVJ Iapd YMeHbIIAeTCs, a CJIe/I0BaTe/NbHO, YMCEHBLUACTCH JaBJe:
3, 11ap CTAHOBHTCH HCHACKIICHHBIM.

. HaoBOPOT, CARUMATD HEHACHILCHHBLI 11aP, TO B KOHIE KOHIOB BCE BEIECTB(
epeitTH B KH/IKOE COCTOSHNE, TalbHeHIee cxRaTie SKUAKOCTH BCISICTRHE e
CRUMAEMOCTH TTOTPEOYET PE3KOTo VBEIMUeHNs TaBIeHIs. -

Jlanjienie HACHIIEHHOTO apa He JABHCHT OT €10 0OhEMa, HO 3ABHCHT OT TeM-

VBEJTHUCHHI TEMIEPATYPhl M3 KIAKOCTH CTAHET HCNAPATHLCS BOMbIIee YHeaq
a. Junamnyeckoe paprosecne napynmnrcs. Kormentpauus Monekyi napa 6y-
acTi /10 TeX 110D, MOKA CHOBA HE YCTAHOBUTCS AMHAMITIeCKoe paBHoBecue. B aToM

® KOHIIEHTPALIHA, & 3HAYNT, 1 Aasserne Gyayr Gomsmumn. Wrak, ¢ Bospacranm
MIEPATYphi IABICHIE HACBIIEHHBIX HAPOB YBEIHYHBALTCS.
ICTOSHIE HACBILEHHOTO Napa NPUOIMKEHHO OTTHCIBACTCS YPABHEHHEM COCTOsI-
lealibHOro ra3a. /larienne HACKIIIEHHOIO Napa

Py = nkT. (6.2)

COCYJl, B KOTOPOM HAXOIHTCA HACBIIIEHH b nmap, npeABapiTe/JIbHO OBl TIHA-
ILHO OUHILICH OT IEeHTPOB KOHACHCALLHM, T. €. IThLAMHOK, TO MOKHO MOJYIATH 11epe-
LI ap, T.e. nap, Aasierdue KOToporo pbliiile, HeM 5TO COOTBETCTBYET HaRIe-
0 HACKIEHHOrO napa npd nannoit TeMInepaType.

3. AGCONIOTHAN M OTHOCUTENbHAS BNAXHOCTL BO3AyXa.
iKa pochi

BOJIOEMOB, ¢ TIOBEPXHOCTH KOTOPBIX HAET HEITPephIBHOE netapenne BosL. IToaro-

€ocTaB aTMOCephl BXOAT H 1Taphi Bobl. Ko/lniecTBO BOASHBIX IPOB B BO3/YXE
AKTEPUSYET €10 @GCOTIOMHYIO BAANCHOCHG — BEIMHHHY, TOKA3bIBAIONLYIO,
15 Macca mapoB BOAL Haxoutes 8 1 m” Bosayxa.
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Puc. 6.1

Kpome abcomomnoii srasioctin HeobX0A1MMO 31ars ACTe-
NEHb HACKILEHWS] BO3/LyXa 1IApoM, KOTOPas Xapaxkrepusyer-
G5 CT0 OMHOCUMENILHOU BAAHCHOCIMBIO — BEANYH 0]
paBHOIt oTHOMWEHHIO abeomoTHol BraxkmocTn D k I(('i.-'ll-ltqe:
ctBy D, Bojsinoro napa B 1 M*, maceimatomero BOBAYX Tipy
JAHHOIL TEMTIEPATYPE, H BBIPAAKEHHOI B NPOLIEHTAX:

=2 100 (6.3)

~1

Ecau Boaayx ne cofiepskut mapos Bosl, T0 €10 abeoio-
Has 1 OTHOCHTENIbHAS BAAKHOCTh PaBHA HYTO (HO Takoro
B pupoze e GuBaet).

Touka pocbi. AGCOMOTHYIO BAAKHOCTS BOZIYXA MOKIHO
OHPEJETHTE 110 ToYKe pocsl. Touxa pocur — 910 Tesmepa-
Typa, npu KOTOPOii Map, HaXOAANMIICS B BO3IYXE, CTAHO-
BHTCSI HACHIUEHTBIM, 3Hauenns D st PasHbiX TeMiepa-
TYp Ralotes B ciipaBoHbX Tabaniax. Takum o6pasom, 3nas
TOYKY POCHL ¥ TEMTICPATYPY BO3AYXA H B3AB 13 Tab/MLL 3Ha-
genns D Dy, MOKHO onpeaennts f.

Turpomerp. IpuGopni w18 onpexesenns BAaKHOCTI
BO3/lyXa HashiBalOTCsl 2uzpomempamu. Pabora npocteii-
[IEro FTHrPOMETPa OCHOBAHA HA TOM, 4TO 003U PEHHEII Ye-
JIOBEYCCKHI BONOC YUIMHSIETCS MPH YBETHYEHHH BIAKIT0-
CTH BO3/yXa.

Ecsm raxoii sBonoc C (puc. 6.1) nponycrurs uepes geriuit

Dy, YeM TEPMOMETP € CYXHM pesepByapoM. Hewm cylue BO3AYX, TeM Bonbine pas-
HOKA3aHMIT CYXOro i MOKPOro TepMoMeTpos. 110 970l pasHocTH U3 11e pr()Mt‘:l'p]-l-
- raGu1] OMPEAEISIIOT OTHOCHTEILHYIO BAGKHOCTB Bosayxa. Ecim Bosayx Hacs-
HIISTHBIM TTAPOM, TO IOKA3aHHA TEPMOMETPOB Oy T O/IMHAKOBBIMI, OTHOCHTEJIbHAs!
iy cocrasut 100 %, 94To BO3MOMKHO, HATIPUMED, BO BPEM#A JIOAJIA, TYMaHa 1 T. 1L

. Kunexue. MNeperpeTbiit nap

esme. B npouecce nenapenisi Haubonee OHICTPBIE MOJEKY/IR KHIKOCTH 10-
AOBEPXHOCTD KHAKOCTH, IPEOI0JIEB CHIbl MOJIEKYIISPHOIO B3aUMOACHCTBHA
Amasich B MoJieKyJibl napa (em. 6.1).

BIM CJTYHACM HCIIAPEHHS SBJACTCA Kunenue. 10 TPOHECC HHTEHCHBHOTO
pasoBaHusi He TOJIBKO O CBOGO/HOI TOBEPXHOCTH, HO | 110 06beMY XKUAKOCTH.
HeeM KHAKOCTh, HAXOASIIYIOCA B OTKPLITOM cocyfe. Besikas xuakoets conep-
HEKOTOPOE KOJIMYECTRO PACTBOPEHHBIX Ta30B. C yBe1udeHnem TeMiepaTypsl pa-
OPHMOCTD Ta3a YMeHbiaeres. [a3 BhjiessieTca U3 JKIAKOCTH, 0ce/lad B BU/e M-
1y3LIPHKOB HA BHYTPEHIHX CTEHKAX cocy/ta. [To Mepe nosbimerus TemMieparyphi
Ybi HY3LIPBKOB YBEJIHUMBAIOTCA M ITY3BIPHKH BCIL/ILIBAIOT.

Jomajiast B BEPXHUE, MEHEE HATPETHIE CJIOH KHIAKOCTH, OHU YMEHBIAIOTCA B pasMepax

KOHJICHCAIMN BOSIHBIX Napos BHYTpH nux (puc. 6.3, @). ;

Korza TeMiepaTypa KHIKOCTH BRIPaBHsETCs, 00beM 1y3bIPHKOB PH NofbeMe Oy -
7 pospactats. [IpoHCXoUT 3TO MOTOMY, YTO /IABJIEHNE HACBILCHHOIO HAPA BHYTPH
DbKA OCTACTCS MOCTOSHABIM: p, = nk T, a rIPOCTATHYECKOE AaBAenue pgh yMeHb-
4. TIpHt HOCTOAHHOI TeMIEpaType AaBAeHne HACHIIEHHBIX apos 0T ohhema He
MCHT, BCE MPOCTPAHCTBO BHYTPM IIy3bIPbKa TIPH €10 POCTE 3allOHEHO HAChIIeH-
napou. Korza nyssipex J0CTHIHET NOBEPXHOCTH JKHJIKOCTH, TO AAABJICHIE HACHI-
Or0 napa B HeM MPAKTHYECKH PABHO arMocdepHOMY AaBJISHITIO Ha N0BEPXHOCTH

e 2 TR B EE

. Hachimennniii nap, 3amomsionii myssipex, eibpacsisaetes B aTMoce-
(puc. 6.3, 6). [TpovicxonuT Kilexue.

10K, HPHKPEITHE O/INH KOHEI] €10 K METALTHYeCKO pame, a K
ZPYTOMY TOJIBECHTH I'PY3 P, TO IPH U3MCHEHHU JUTHHBI BOJIO-
Ca yKasare/ib S, IPUKPeTIeH bl K 610Ky, Gy1eT ABHraThes.

[Iporpanymnposas upeasapurennio pubop T, MOKHO 110
HEMY HElOCPEACTBEHHO ONPEE/IsiTh OTHOCHTENBIYIO BAXK-
HOCTD.

Bouiocsinoii rurpomerp npumensior B tex CIIyYasx, Kor-
Ad B OTIPE/IEICHIH BADKHOCTH BO3/IyXa He Tpedyercs 60n-
IO TOYHOCTH.,

Ieuxpomerp. Bosiee Touno BaaskHocTh BO3/lyXa Olpene-
JEAIOT ¢ TIOMOLIbIO RCuxpomempa (puc. 6.2). On cocront
H3 IBYX TepMOMETPOB A 1 B, pesepByap 0/Horo 13 Hix 0bep-
HyT MapJreii M, onymienHoii B cocyi ¢ soaoit C. Boaa, nojuin-
MASICH 110 KalWLIADaM Mapiii, CMaquBaeT pesepryap TepMo-

-
§
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1
3
1
A

| Knnenne xaaKocTH NPORCXO/INT NPH O/IHHAKOBOH TeMIepaType Beeii xKuj-
KOCTH, KOIJIa JABJI€HHE HACKIIEHHOTO NAPa 9TOH JKU/KOCTH PABHO BHEIIHEMY
JABJIEHHIO.

Il il
~ Kampas sukocrs 1pH HOPMATBHBIX YCJOBHSIX KHITT IPH ONPE/I/IEHHOIT TemIlepa-
TYPE, IIPH KOTOPOH JABIEHHE HACHILIEHHBIX [TAPOB ATOH XKUIKOCTH PABHO BHEIIHEMY JlaB-
JIEHHIO Ha ee NOBEPXHOCTh, JTY TeMIEpaTypy Ha-
- Hoasoaumas k xuakocTn B npoiecce kume- [= —
HUSA TEII0TA PACXOAYETCsl HA YBeTHYCHHE TOTeH- [ =
- MHAIBLHOIL dHepriyn MOJIeKyI, Ha paboTy 1poTus et
- BHEmmero japjennst 1pn 00pasoBaniy u JiBHIKe-

90 0 00 0 0 =0 W L0 0L 0 -

e, {177 R 0 O P P

MeTpa. Eciin Bo3ayX He HaCIIEH BOASHBIM LAPOM, TO BOA C ] * HIE 1y3BIPHKOB 1TApa, HA KOMIEHCALMIO HOTEPh ol — — —_0—__ i
MAPIIH HCIIAPACTCH, OXIIIGHSL TEPMOMETD, TI0STOMY TEPMO- TEIJIOTH, CBA3AHHBIX C TIPONECCOM HCTapeHus _( )_ IR, « =i
METD C BJKHDLIM PE3EPBYApOM HOKakKeT 00J1ee HU3KYIO TeM- JKIIKOCTH B OKPYIKAIOILYIO CPEjLy. p

W3 npusesennbix paccyikaeHUil SACHO, 4TO a

3 re : UT OT
Puc. 6.2 TeMueparypa KHICHHA KHIKOCTH 3aBHC




RHEIHETO AaBiIeHIs. HeM ke BHeliHee Aanienne, TeM HIKe TEMITEPATYDA KHITe-
HUSA KHAKOCTH. DTHM 00bsicHseres XOPOMO H3BeCTHRIN (PaKT, 4TO HA HOJBIIHX BBICO-
Tax, rjie aTMOCHEPHOE JaBIeHHE TIOHIKEHHOE, KIAKOCTI KHIISIT npu TeMIIEPaTypax
Bomee HUIKHX, 4EM Ha YPOBHE MOPSI. Haobopor, B kor1ax maposbix Mamms, re xanie-
HHE I0CTHTAeT nopsiaka 15 atm (15-10° Ia), remiepatypa kunesns Bogsi G:mska K
200 °C (473 K).

Korza roBopsaT 0 Temiepatype Kunenus RUAKOCTH, He YKa3bIBasA JaBACHHS, TIMe-
10T B BHILY TEMUEPATYDY KHIICHUS NIPH HOPMaIbHOM JaBienun (760 MM pr. cr. —
= 1,02-10° I1a).

YpagHeHue TeILI0BOr0 Gananca NpH MapooGpasoBAHMK 1 Konaencauun. Konu-
HECTBO TEIIOTEI, HeOOXO0AMMOI U151 IPeBPAIEHUS FKIIKOCTH B 14 P, HATPETOH J10 TeM-
NEPaTypul KNIEHUs, ONpeesercs 1o (hopmy.ie

Q=rm, (6.4)

TIE 7 — YACTbHAs TEIUIOTA NApO0OPasOBAHIST, 717 — MACCA KHAKOCTIL, TIPEBpaIeHHOI B map.

M3 sakoma coxpanens aSHeprum cieayer, 4ro LIPH KOHJIEHCAIMN Hapa B KHIKOCT)
BBIACACTCA KOJTHMECTBO TEILIOTHI, onpesenseMoe no hopmye (6.4).

Y nejibHast TEIUIOTa NapooHPa3OBANUS st JAHHOI KWIKOCTH YMEHBIITAETCS C 110-
BBIEHHEM TeMnepaTypbl. Onpesesiercs yeabHas Teniora napoodpasoBatns o
M myTeM. OGBIYHO ee HAXOAST 110 TENA0Te KougeHcarmu, /st a1oro 11ap BelecTsa,
YACTBHYIO TENIOTY Hapoo6pasoBanits KOTOPOTO ONPEAESIOT, BITYCKAIOT B XOJIOAHYIO
KHAKOCTB TOT'O Jke BEmecTRa, HaXoO/UILYIoCs B KalopumeTpe. 3uast TEMIICPATYPY KH-
nenns T, Maccy KuAKOCTH m; W ee TeMIEPaTypy 10 Biyckanust mapa (7)) n nocae
(75), cocraBnsiior ypasnenue TemoBoro dananca. [Ipenebperas kommuecTsoM Teno-
Thl, MIYIIETO B OKPYIKAIOLIEE TPOCTPAHCTBO, MOTYYHM

Q+ QIZQQ"E_ Q:),

e Q = rm — KONMYeCTBO TeIIOTH, BHIAESIONeecs TP KOHAEHCAUMK napa; @, =
= eym(T, — T,) — KOAHYECTBO TEILIOTHL, OTAAHHOE AKHAKOCTBHIO, 00pa3oBaBIeiics 1a
napa; @, = ¢;m,(T, — T,) — konuyecTso TEILIOTEL, HOMYYEHHOE KHIKOCTHIO, HAXO/IS1-
HIEHCS B KaTopuMeTpe; Qs = cymy(T, — T}) — KONMMYECTBO TEMIOTHI, O/IYYEHHOE Ka-
JIOPUMETDOM; €y, €3 — YAEAbHBIE TETI0EMKOCTH JKIAKOCTH W BelecTBa KaJI0pUMETpa.
Orciona onpesesm yaeasnyio renory napooBpazoBaAHMS:

L (T3 = T) +eymy(Ty — 1) — eym(T — )

m

eperpersiii nap u ero uenoasaosanme B TexmuKe. ap, nmelonmii Temneparypy sbime
TEMICPATYPEI HACHINEH NS TIPH TOM K€ AABIACHIH, SBJSICTCS Nepezpembim. Heperpersiii nap
CYKHT PabOTHM TEAOM B TEILIOBBIX ABHIATENSX, TYpPOMEAX 1 T. 1,

PasBiTie Texsukn saBUCHT OT YMCHIS KaK MOKHO GOJIEE 0JHO HCTIOIL30BATH TPOMA/IHEIE
Sanackl BHYTPEHHeH SHepriuu, cofepaalteiics B rommse. Menoas3osats BHYTPEHHIOK aHep-
THIO — SHATUT NOJAYYHTE 32 CHET Hee NOAesnyio paboTy, a 910, B CBOIO 0MEPE/Ih, O3HAYAET, UTO
BHYTPEHHIOIO JHEPIHK) €€ HYKHO CHAYANA TPEBPATHTE B MEXAHHYECKYIO0. ITO MOKHO OCYIIe-
CTBHTh PA3HBIMH CIOCOOAMH, HANPUMED NEPEBECTH IHEPIHIO TOILHEA B DHEPIHIO Tasa HAH Iapa.
Pacunpsasics, ras cosepuaer paGory u u Py aToM oxnaxkaactes. Ero sHyTpentss sueprina nepe-
XOIUT B MEXAHUECKYI0 DHEPTHIO JIBIKYETOCS NOPITH Wil Bpamaiomeiics TypOunst. Momy-
UEHHBIH B KOTJAX Heperpersiii nap (Cyxoii) HANPaBIAIOT B HAPORKIE TypOumsr. Temneparypa
TEPETPETOIO [APa HACTOILKO Beamka, uro KITJ] taknx Typoun npessimaet 45 %. [oce cosep-
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g paboTel B TypOHIe Iap MMEeT ellle BRICOKYIO TeMiepatypy 1 obzianaer Gombiu 3arn
3“Epnl“ M ero i'l(_'l[tl;'lbliy KT B OTONHTEABHBIX CHCTCMAX. ‘ ; J
DHepruio BOAANOTO apa WHPOKO MPUMEHSIOT LA paboTn MapoBLIX TVPOHH TeII02IEeK
i, MTAPOBBIX MALIHH, UL HYAUL MPORSBO/ICTRA H OBITOBBIX 11e1eil.

=

PN KPATKME BbIBOAbI

o Kounencaiiis i napoolpasosaiue NPONCXOIAT TOABKO B IpoLecce 00MeHA SHeprueit Mesx 1
SRDVIAIOHIEH CPesloil H BelecTBOM.,

@ Mesxy KHIKOCTBIO M MApOM Ha/l Hei MOXKET CYHeCTROBATS IMHAMITYeCKoe PaBHOBECH
o UCAD MOJIEKYJ!, HOKHIQIONIMX JKHAKOCTD, PABHO YHCIY MOJICKYJI, BO3BPAUAIOIINXCS B He

apa 32 OLHO M TO KE BPEeMsL. |
e Hap HAXOASMICS B AMHAMIMNECKOM PABHOBECHT C SKIIKOCTBIO, HAIBIBACTCH HACHIET
- .

e, JLABTIEHIC HACKIIEHHOTO ITAPA OPE/IEJIHETCH TOLKO TEMIEPATYPOIT H HE 3ABUCHT OT 06HeM
" @ B coctas arMocdepst 3eman BXOAST BOAsSHBIE naphl. Bex WHHHA, OKASHLBAIONIAN KOS
0 BOASHLIX 1APOB B 1 M BO3/LYXa, HAILIBAETCS! AOCOMOMHO eAaNCHOCTEI0. CTENeH) 1
MIEEHHS BO3/IVXA NAPOM [T0KAZKIBACT OMHOCUMENLHAS GAAHCHOCTD. .

@ JKiAKoCTS KHIKT 1P TEMTIEPATY e, KOI/Ia IaBIeHHe HACKITICHHOTO TIapa 3101 KUAKOCT

| PaBHO BHEIHEMY /ABJICHUIO.
e Temueparypa KHMEeHHs MOBRIIACTCH ¢ YBEANUEHHEM BHEIHEr0 JaBIeH .

E Bonpocbl AN CAMOKOHTPONA M NOBTOPEHMA

1. Yro naseiBaercs uenapeanem? kowjencanmeii? 2. Ot Kakux ycaoBHil 3aBUCE
eKOpoCTb ucnapernst KuakocTu? 3. Kak 00bsICHUTD MCHIAPEHHE ¢ TOUKH 3PeHmst M('
! '___éaqmﬂpﬁomuuemqecmii teopun? 4. [lpusegnte npuvepn uacmuteumx U HEeH:

CHIMEHHBIX 11apoB. 3. OGBACHATE HE3ABHCHMOCTD JAB/IEHNS HACBIIIEHHOTO Napa 1
HOCTOAHHOI Temnepartype o1 06bema. 6. Yto Takoe abcomoTHast BAAKHOCTD BOB/YX
OTHOCHTEIbHAS BJAAKHOCTD BO3AYXa? 7. OObsicHITe TEPMIH «ToUKa pochi». 8. Kako
Tporecc HaswiBaoT Kunennem? Kakosa 3aBHCHMOCTD TEMITEPATypPhbi KHUEHUS OT Aal
! Jlemm. 9. Yro raxoe neperpersbiii ap? Ero noayuenne 1 HCnoinb30Banne B TEXHAKS

ol MNpumepbl peweHus 3agay

@ 3azaua 1. Kotea BMecTHMOCTBIO § M* 3aM0IHILTH BOZIOIL, Macca KoTopoii rmy = 20 K
M Harpes ee 710 Temneparypsl ¢ = 180 °C. Haitru sasaenve n Maccy BOAHBIX na[ioa
- J i ; e :
Kosie. [L10THOCTh HACKITIEHHBIX [1aPOB BO/LBI IPH STOH Temieparype p = )_,05 ‘I{I'/ :1 3,
Hano: V =5wm% m, = 20 kr; T= (273 + 180) K = 453 K; p = 5,05 kr/m* M
= 18-107 kr/moub.
Haiira: m., p. P
Pemenne. Macca napa, Heo6Xoanmas 17151 HACBIEHHS KOTJd BMECTHMOCTHIO
Tipu remneparype T,
m=pV: m=505kr/m* -5 M = 2525 kr.

51 B 1ap; P/IOBATENBH
Hﬂﬂyqﬂ.ﬂﬂ. 4TO m > my, T.€. BCA BO/a B KOTJe NpeEBPATHTCS B nap; Cae |
M= ms, 1 3TOT nap 6}'£IET HEHACBIIEHHBIM. ity
ﬂaBJ'!(."IlH(‘ HEHACKIIEHHOro napa olpejaeasaeTcs 13 YPaBHEHIA COCTOSL
p m p
pV = —RT,
M
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_mRT
=My
Boruncaenns:
_ 20 kr-8,31 [k /(moms- K) - 453 K
18-107* &r / Mo - 5 M
Otser: m, = 25,25 kr; p = 840 «Ila.

2~ 8,4-10° Tla ~ 840 lla.

® 3anaua 2. Aﬁcsomotnan BIAKHOCTh BO3ZyXa 1pu TeMneparype ¢, = 60 °C paBHa
D, =p, =005 Kl‘é’ M”. Haiitn abcomorayio sraxnocts Di(p,) 1pu noHmKeHNH Tenre-
parypbi 10 t, = 10 °C. laBsienye HaChIeHbx LAPOB npu Temmeparype t, pasno 1 226 x4,

Hano: T} = (273 + 60) K = 333 K: Pr= 0,05 kr/m*%; T, = (273 + 10) K = 283 Kip, =
= 1226 I1a; M = 18-10~* xr/mou. ' ”

Hﬂﬁ?ﬂ!: Pa-

Pewmenne. Onpejenum wiorhocts HACLIIEHHBIX MapoB 1pu Temueparype T, uc-
X0/sl H3 YPaBHEHHS COCTOSIHHS:

nY = %RTE.

Tak xak m/V = p, 1o YPaBHEHHE COCTOSHHA IIPHMET Bi)]

OTKyAa

Boruncnenus:

e 1226 T1a-18-10? kr / moan
- 8,31 [k /(moms - K) - 283 K
[LrotocTs nachumenmbix napos lput remnepatype T, Menbille, 4eM p;, T.€. p < p,. Cirte-

JA0BaTeILHO, NpH OXJABKIEHHH 10 TEMITCPATY Pbl Tz HACTh [Tapos CKOHIACHCHUDYETCS 1

;?)COJI!{)‘I‘HEIH BALKHOCTL BO3]lyXa byseT onpenensiTbes mioTHocTsio HACBILEHHBIX 13-
B, T.E.

=9,4-10"% kr /m®,

P2 =p.
Orser: p, = 9.4-10 3 kr/m?

' ] E{ana'm 3.B COCYA, conepxammit 3 1 Boas! npu 20 °C, onyernau KYCOK KeJesa
Maccon 3 kr, narperslit ao 540 °C. ITpu arom Temneparypa Boast momsnacs 10 55 °C
HHacTs ee nenapuiace. Haiitn Maccy Bozbl, ofparupmeiics: B map.
> HE.H(:.I: Vi=3n=3-10"wm% T, = (20 +273) K=293 K; m= 3 kr; T= (540 + 2T3)K=
=813K;0=(55 + 273)K =328 K: T,=(100+ 273) K=373K: c=046-10° Ik /(xr- K);
€6 =4,19-10° Lk /(xr-K); r = 22,6-10° Aok /xr; py = 10° kr/nm?.

2 M
Pemenne. Vpasnenue temiosoro Gananca

em(T—0) = ¢;my(6 — 7)) + rmy + eymy( Ty — 0),
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my = en(T —6) — ey (0 — 1)

i r+¢(7, —6)

1

vy 0:46-10° [k /(- K) -3 kr(813 - 328)K
* T 22,6-10° i/ kr+4,19-10° ok / kr - (373 — 328)K

- 4,19-10° JDx /(kr - K) - 10° kr/m® - 31079 m*(328 — 203)K
‘ 22,6-10° Ik / xr+4,19-10° [x / (kr - K)

- Omser: m, = 0.01 «r.

= 0,01 &r.

' 3agaum ans camocTosTeNbHOrO peweHus

1. Jlasnenue Boganoro napa mpu 27 °C parno 1 330 TTa. Kakuym Gyaer aasaenue napa, e
) TeMIepaTypa HamennTes 10 127 °C, a oovem o1 2 10 4 17 (013 10 4 21)? Kakuwm Gy aer napie
e frapa, ecm obbem ymensmmrest ot 2 710 0.5 1, a Temneparypa cuuanTes 1o 7°C? Kakmn
' 3TOT map?

Hpu 17 °C nachiesnsiit BOATHOI Hap OTAENER 0T KMAKOCTH 1 TIOCE HTOTO HAFPET 11
i nom obveme 1o 27 °C. Kakum craner ero aasienne?

3. Onpeaents KOAMYECTRO TEILIOTE, HEOOXOAMMOE /151 TOT0, 4T00B HATPETH A0 KHITCHH,
‘3 Kr Bobt, umelomedi temneparypy 20 °C, u obparuts 8 nap 200 v Bosbi. |
- 4. Kakoe KomecTBo CTOrpaycHoro BoAsiHoro mapa tpedyerca s narpesanus 10 kr BOJ
ot 10 no 60 °C?

5. MOKeT 15 BOZA HAXOMTECS B IKHIKOM COCTOSHIMN npu temmepatype 300 °C?

6. Ilpn kakoil TemnepaType BhITATACT POca, €c/n abCoMIOTHAS BIAKHOCTS BOZLYXA COCTAB
qster 7-107% kr/m%? |
7. C raxoif BHICOTBI I0/KHA A/ Th KATLASE OIS, TeMIEpaTypa Kotopoii 20 °C, urobn npi
YAape 0 3emai0 OHa 0AHOCTBIO Henapiaach? CONpOTHRICHNE BOA/YXA He YUHTBIBATD. :
8. Temneparypa Boaayxa 2 °C. OrHocurenbHas BIaKHOCTb 60 %. Biaier 1u Houbio unei
ELITH TEMTIEpaTYPa NOYBLI CHU3HTCS 10 —3 °C?

9. B nojsane mpu 8 °C oTHOCHTEIbHAS BAAKHOCTD Boa/yxa pasna 100 %. Ha ckonbko ma
| hasucm TEMIIEPATYPY BOJIYXA B [IO/{BaJe, 1T0O BAGKHOCTE YMEHLIIach 10 60 %2

0 Knlouessie cnoea: ucrapeHmne, KOHgeHcaums, HacsILLeHHbIN nap, abeo.
" TMOTHaSI BAXHOCTb, OTHOCUTENLHAS BAAXHOCTb, KUNEHne.

f NnaBsa 7
CBOMCTBA XXUAKOCTEM

7.1. XapaKTepuCTHUKa }KUAKOro COCTOSIHUS Belujecrea |
|
Onpenenenne xuakocTi. 2Kudxocms — 910 arperarioe cocTosHIe BBLIICCTB::IJ
HPOMEKYTOUHOE MEKAY Ta3000pasHbiM 1 TBepAbiM. OJIHAKO KHAKOCTH BCIEACTBH
PA3TNYHOIO XapaKTepa TeTIOBOIo JABHKEHHST MOJIEKYJI CYILECTBeHHO OTAHYAIOTCH O]
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OB M TBepALIX Teil. OTBeT Ha BOIIPOC, K HeM y Omske cpoiicrsa sunkocTei (K rasy
1 TBEPAOMY TEJY ), 3aBUCHT OT TOTO, IIPH KAKHX TeMITepaTypax u ZaBaeH six Iposo-
' 9T0 cpasHenne. Eean cuiibl MOJICKYASPHOIO B3aHMOACTICTBHS B Ta3aX HAUHHA
MIBASATHCS TIPH HUBKHX TEMIepaTypax u O0AbIIHX JIABICHISX, TO B SKHAKOCTHX ITH
1Ll HTPAIOT OCHOBHYIO PoJib, MOACKYISPHOE JIABACHIE B SKHKOCTSIX 09CHD Besy-
O6parnM BHHMARHE, YTO MOJACKYJ/ISPHOE AaBJACHIE — ITO HE AaBJICHHE B TOM CMlsje-
KaK OHO [OHMUMAZOCH B ra3oBBIX 3aKOHaAX, & YCA0BHOE 0003HAUEHHE BEIMYMHL),
ITLIBAIONIEH AelicTBHEe MOJIEKYBIPHBIX CHIL Y Aeabiblil 00BeM KHAKOCTOH B Thics-
pa3 MeHbIle VIEIbHOro odbeMa rasa; CIeJ0BaTeIbHO, MOJCKY.IAPHOE MdBIeHHe o
JIKOCTAX B MUJLTHOHDBI Pa3 ﬁl}.ﬂ bIlE, HEM B rasax. Pacuer MOJIEKVIIAPHOTO JTaBlieH g
1 BOABI AaeT sHadenie okono 1 100 MIla. Monekynsaproe masienve Moxet Gy,
IHMEIEHO 1O TOH padoTe, KOTOPYIO COBEPIIAIOT MOICKY.ThI, TPOXOAS 1ePe3 MoBepx-
THBI ol kuakocery. Ecam KuakocTs HAX0ANTed B COCTOAHUN PaBHOBECHS, To
TEKYTBI KIAKOCTH KOJTEOITIOTCS KO0 HEKOTOPOTO NOJ0KEHNA paBHOBeCHsL. B atom
yae CHJIbI IPUTAKEHUS] YPABHOBEIMICHD! CHJIAMH OTTAJIKHBAHUSI,
Croiicrsa jkHaKR0CTH. F3-3a 60/IBIIOT0 MOTCKY. IS PHOTO AARACHIS JKUAKOCTD HPalK-
leckn HecKMaema, /leficTBHTENBHO, HAXOAACH O OIPOMHBIM MOJICKYIADHBIM 445~
[(HEM, KHAKOCTE TPAKTIYECKN He PEATHPVET Ha H3MEHCH NS BHEIIHEIo JaBIeH s,
HKuaxocrs obaanaer crofictsoM mexywecmu, npuodperaer Gopmy cocyia, i Ko-
'OM OHA HAXOAMTCS.
PaceMoTpiiM OTAIBHYIO0 MOJEKYITY, HaXO/S LY IOCst BHYTPH G0ab110ro odbema i i-
™ (puc. 7.1). Ha sty Momexyny AeficTBYIOT coceHNne MONCKY b, HAXOAATIHECS]
JaccToarnl 1y, = 1 v (paduyc monexyaaprnozo ezaumodeticmeus). Feiin
HYCOM MOJIEKYISPHOLO B3aNMOACHCTBHA OrpanimiaiTh chepy, B neHTpe Kotopoii
OJMTCA paccMaTpUBacMas MOJIEKYJIa, TO B 3T 00JaCTH PACTIONOAKATCA BCE MOJIC-
B, BOACHCTBHIO KOTOPBIX NOBEPraeTCs Aannas Mojekyaa. Tak kak niotHoc s
TKOCTH OMHAKOBA 110 BeeMy 00BEMY, TO PABHOACHCTBYIOIAs MOJEKYISPHBIX CIL,
CTBYIONIHX Ha paccMaTpuBaeMylo MOJIEKYILY, pasHa Hy 1o, Mojaekyint KuiKoceti
ITATHBAIOTCH APYT K AIPYTY, HO TAK Kak Pe3yahTHPYIOIAS CHJL IPUTSKEHUS PaBlid
10, TO HUKAKHX TepeMententii MOJIEKY)1 1101 AeHCTBHEeM 3THX CHI HE TPOHCXO/INT.
[Tpu casnre c10es APYT OTHOCHTEALHO APYTa B KUIKOCTH BOZHUKAIOT CHIIBI BIYT-
HETO TPEHIs, 3aBucanme o1 Koa(phuUHeHTa BIYTPEHHEro Tperns (dunamune-
U BAIKOCHILL).
dem Gosbie AHHAMITYCCKAS BISKOCTD, TéM OoJIee BA3KOMH SIBISeTCs HKMAKOCThL. Ha-
Mep, Bofa — OoJiee BS3KOE BELIECTBO, YCM ALETOH, HO MEHEe BI3KOC, UeM IHILe-
. ¥ GonbuHCTBA Fa30B MMHaMITYecKas BISKocTs B 100 — 200 pas MCHbBINE, YEM V
bl. Baskocts auzkocteii sapucut ot remmeparypsl n asiedus, C [OBBILLIEHHEM
NEpaTypbl BAZKOCTD IKHIKOCTeil OBICTPO YMEHBINAETCST, BO3PACTATNE AaBICHITA BC-
JIET K VBEJIHYCTHIO BASKOCTH AKUTKOCTH,

MHorouncaelbie JAHNBE CBHACTEIBCTRYIOT O TOM, 1TO 110
CTPYKTYPE SRHIKOCTb (UIHIKE K THEPLIM TC/IAM, ueM K Tasam. B xiin-
KOCTAX MEJKIY Mu.'mfc_\'ml ML CYHICCTBYCT Gatusicnuit nopacox.
T. €. MOZKHO YKa3aTh NOJOKCHHE MOJACKY.1, OIBKaiImX K nepeoit.
aupie penTrenocTpYKTY PHOTO AHAIHEA HOKAIBIBAIOT, UTO CTPYK-
TYPa HKIWIKOCTH 10100114 CTPYKTYPE TBEP/OIO Tesa, 13 KOToporo
OHA HOAYHACTCS, TOABLKO ITA CTPYKTVPA BhipakeHa ciabee.

Cosercxuit dusux . M. @penkenn paspaboran reopuio,
COTACHO KOTOPOH MOACKYIA SKHAKOCTH B TEUCHHE HEKOTO-

5] BpBM(‘HH K()JIt!ﬁ.'IL"l'l.'H OKOA0 CBOMX MOA0MKe il paBHOBeCHA, KdK Ol HAXO/JAHCH B Vaae
peranTuieckoil pemerii. Bpems «OCELTON KHAHNS MOJEKY L KHIKOCTH 09€Hb Mao
107 10— L0 ' ¢). mocae Yero MOJCKY1d FKHAKOCTH NEPEXo/IUT B HOBOE NONOKEHHE PABHO-
pecHa (HoBbIil ysei), B npo¢Teiimmx cayiasx 1poder MoIeKy bl KIIKOCTH COBNaaeT ¢ Ro-
? MO pewemKy — PACCTOANHEM MEN/LY JIBYMA COCCAHNMU Y3/1aMil PCILCTKH. Mo-
'_ ercyiid, HAXOASINAACH B y3ae PEMETKN, COBCPIacT TeIospe Kozebanusa ¢ aMIAnTY10H
: seHBIIEIT, YEM HOCTOAHMAS PEMETKH. JTO HOZBOJIACT CHUTATE, HTO IKUAKOCTS HMEET KBa3H-
,@m«raﬂmmerxuc (xax OB KPHCTAUINMECKOE ) CTPOCHHE.

¥ 7.2 MoBEepPXHOCTHbIH CNOWH MMAKOCTH. IHEPrusi NOBEPXHOCTHOrO C/IOA

TIpoucxox/ieHHe CHI NOBEPXHOCTHOTO nartskénusa. Ha nosepxnoctn pasaena
JKMAKOCTH M €€ HERACKITIEHHOTO Napa BOSHUKAET Cuia, 00yCI0BACHHAS MONEKYIISIp-
HbIM B3AHMOEHCTBHEM IPAHMYANHX CPEL.

Kasasi MOICKYJ1a, PACIOIOKEHHAS BHYTPU 00beMa KHAKOCTH, PABHOMEPHO OK-
[ PYIKEHA COCEHIMA MOJEKY.IaMi 1 B3aNMOICHCTBYET ¢ HUMM, & PABHOAEHCTBYO1LAs!
- PIEX CHJ pasHa HYJo (M. puc. 7.1). OuHaKko B HOBEPXHOCTHOM CI0€, TOJNNIHHY KOTO-
- poro GyaeMm CUHTATH PABHOI PajnyCy MOJEKY/IAPHOTO B3aumojeicTeus (~1 am),
BCAEACTEHE HEOAHOPOAIOCTH OKPYIKEHHA HA MOEKY.TY ACHCTRYET cita R, He CKOM-
[EHCHPOBAHHASL CHIIAME CO CTOPOHBI APYTHX MOJIEKYJT KHAKOCTH. Ha Takyio Mojaeky-
Jy AeHCTBYIOT CHIIBL, COCTABJISIONINE KOTOPBIX B BEPTHKAILHONH H TOPH3OHTAIBHON
JIOCKOCTSIX pas/iinytibl, Cuiibl B BePTHKAILHON MJIOCKOCTH CTPEMSTCH BTSHYTD MOJIC-
KyIy BEYTPD AKHAKOCTH. FICHBITBIBASI 0HOCTOPORHEC 1eiiCTBHE, HANPABJICHHOE BHYTPD
SKHAKOCTH, MOJIEKY/IbI HOBEPXHOCTHOTO CI0A CARUMAIOT JKHIKOCTE, TPOUIBOJA 1A Hee
JIABAEHNE, HA3HIBAEMOE MOREKYISIPHLIM OasieHueM.

Cuuibl, Ji€ficTBYIONIHE B TOPH3OHTAIBHOMN ILTOCKOCTH, CTHTHBAIOT HOBEPXHOCTD K-
KoeTH. OHK HASBIBAIOTCSH CUAGMU NOBEPXHOCMHO020 Hamacenus'. Hanpiuvep,
@CIH B pacTBOp CIMPTa B BOJAE BANTH TTPOBAHCKOE MAC/0 (IUIOTHOCTH PACTBOPA PaBHa
TUIOTHOCTH MAc.14), TO, HAXO/SICh B Ge3pasMyHoM PaBHOBCCHH, MAc/10 npuHuMaeT Gop-
My tiiapa. M3BecTHO, 9TO 13 BCEX BO3MOKHBIX T, MMEIOLLINX O/IHHAKOBLIT 00HeM, Hav-
MEHBIICH MOBEPXHOCTHIO 00aaeT wap. B pearbibix yenoBisX Ha KUAKOCTh ACHCTRY-
©T CHJIA THXKECTH; CAEI0BATEILHO, B JAHHOM C/IVyae ee JEHCTBHE CKOMITEHCHPOBAHO:
FKHAKOCTL mpunstia GopMy mapa, Xorst 00BIMI0 CH/la TAKECTH IPEISITCTBYET STOMY.

Ecan Ha MOBEPXHOCTH BOTBI TOMECTHTH MeJIKHe Kycoukn kamdopni, To omm GyayT
BHICTPO TepeMenaThes [0 OBEPXHOCTH BOJIBL, COBEpIIast OeCOPSI0YHbIE ABIKCTH.
Kamdopa, pacTBOpsAsCE B BOJIC, HAIMEHACT HOBEPXHOCTHOE HATSKEHHE BOTBL, & TAK KaK
pacTBOpeHHe MPOMCXOIHT HEPABHOMEPHO, TO KycoK Kam(opsl nepemetiaeres B €10
POy, B KOTOPOIT B TAHHBII MOMEHT HOBEPXHOCTHOE HATSIKEHE HOTBIIC.

IosepxnoctHoe Hatsixkenue. [losepxnocmnoe namsycenue — (Husnyccras
BETMUIHA, PABHAS OTHOMEHHIO CHIBL F HOBEPXHOCTHONO HATAKEHNA, MPHAOKEHHOI
K IPAHMIE TOBEPXHOCTHOTO €051 KHAKOCTH H HANPABIEHHOI 10 KacaTebHOM K 110-
BEpPXHOCTH, K e | 9TOIT rpanmniLby:

(7.1)

' Tlog nedicTares aToil CHIIL TOREPXHOCTI LI CA0H HAXOAWTCA B COCTOSHIH [OCTOAHHOI0 HATHACITHA.
Cianl NOBEPXHOCTHOID HATAKCINA 3ACTARARIOT CHODOIVIO NOBEPXHOCTH CORPAATHCHA,
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R Ennnyma nosepxmoctiioro natsxenns —

"
na memp (H/m). "ormion

-—- - -=°1C I Hosepxnoctnoe narsxenme PASIHHO /1151 pay
N e HBIX JXHAKOCTEH M 3aBHCHT OT TemMneparypg, §

= 5 = =] O6nr4amo nosepxnocTioe Harskere YMEHblaeTe

A — |p € BO3PACTAHUEM TeMITEPATYPBI M 11pH KPUTHYCCKO1 e g
) - 1[__“____ Ah:f MepaType, KOraa nAOTHOCTL KUAKOCTH 1 napa m“HM-
<1y TS e e BBl I =
= "'_UI_ KOBBI, HOBEPXHOCTHOE HATSIKEHNE KUAKOCTH a J

HYJTIO. PR

Puc. 7.2 ‘

Ha o6pasosanite nonepxnocts smakocs pe
) ) 3aTpaTHTh OUpeNeTeHHyI0 PaboTy, KoTopas ¢
Poii cBOGOAIOI AHEPrUn NoBEpXHOCTH,

[Tposesem rakoii onwir. Ha MPOBONOMHYIO paMKy (puc. 7.2) Hajgenem HPOBOIOY.
HYIO JIETKYIO NEPEeKAAAUHY, KOTOPask MOKET ¢BOGOIHO nepementarnes. I e

Gyeres
JIYKAT Me-

. _ aYATbHOe
HoJ0MKenne HepeKTa I A D,. orpyane pamky ¢ COCYIL € MBIIBHBIM PACTBOpOM
JATSTHEM €€ MBLIBIOH 11eHKoil. CTpeMsich COKpaTHTh cBoo HOBEPXTNOCTD, MI1 'Ib]-]aj;

IUICHKA TOHAMET IEPEKNaMHY BBEPX H OHa 3afiMer HoBOe ToMOKeHIe 4D Cn

TMOBEPXHOCTHOTO HATSKEHUS, HATIPABICHHAS BEPTHKATHHO BREPX, tmcnm-.mn' asﬂa
KO3(DOUIHEHTY HOBEPXHOCTHOIO HATSIKEH IS, YMHOKCHHOMY Ha 2/, rje | — nu? o
PaMKy (CHIBI TOBEPXHOCTHOTO HATSOREHUST AeHCTRYIOT ¢ 06enx CTOpOH u.rreE::)a
Yrobs YPABHOBECUTD CHAY TIOBEPXHOCTHOTO HATSDKEHMS, K paMKe H\,’}ECHO'TI]}H t0-
AKHTD DABHYIO €H U HANIPABICHHYIO TIPOTHBOTIONOKHO cuy F. 3a {."it‘T‘\’\i{?HhrJ.IE};I

cBoGoHOI DHepriN coBepiacTes pabota AA = FAh. U3 (7.1) cnenver 1o F= o 2{?
Torma AA = «-2[Ah Ho 21Ah = AS — usmeneme monaznm nnm;pxl;ocrn n rmmml‘
nosromy AA = aAS, orkyna ' T

AA
a=—
AS

r.e;onosepxnocmuoe HAMANCEHUE PABHO OMHOWEHUID PAboOmbl, KOMO-
ggamuéyalcuo aampamumb rgpu ?ZOCWZOJHHIOHV memnepamype, Hfﬂ()dh’- cO-
nosepxmocms wuoxocmu naouwjad > : 2
1m dui0 AS, k¥ naowadu amoi

nosepxHocmi. e
3Heclz;(:ﬁozmax SHEPIUA NIOBEPXHOCTH KHUAKOCTH MOKET NEPEXOANTE B IPYTHE (DOPME]
p H HJIA 34 cuer Hee Mozker COBE‘leIaTbC}I paﬁo'ra 160 l'le]}eMCIIICIIHHl H{I*L'I,I\'UCTH-

[osepxuoctThoe matsi . :
CHUE PASIIHYHbIX JKHJAKOCTel 1pu 20° C (29 IpHBEIeHO B
Tabn. [L7 (em. mpua.). p (293 K) npusen

. (7.2)

7.3. fiBnexus Ha rpanuue MHUAKOCTH C TBEPAbIM TENOM.

Kanunnspubie ssnexus - < *

30354;[:;‘::';;::?1“[)” '(:(JH[E)I-{K('KTHt)BCIli!lI KMAKOCTH € MOBEPXHOCTHIO TBU}J;I.UFD;T esa

s “ .ytl’a}f_. JKH.;[I\ULTB CMAuYHBALT TBEP/I0C TE/HO U He CMaynBaceT ero. Ecai,

- m.Ha H;B{‘pr} ri [IOl\ilE(?TI-[Th Ha MOBEPXHOCTL YHCTOTO Keaesa u Ha YUCTOe

. ! . me OCTH Kesesa onn Oy/ayT pacTekarbest (puc. 7.3, @), a na nosep-
W CTeKAa mets thopmy, 61u3KyI0 K wapoobpasHoii (puc. 7.3, ). /lasi BbisiCHE®
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Puc. 7.4

Puc. 7.3

STHX ABJICHMIT PACCMOTPHUM OT/AEIbHYIO MOIEKVJIY, HAXO/ATIYIOCH Ha 110~
 JKIAKOCTH M CONPUKACAIONLYIOCS € TIOTPYKEHHBIM B KUAKOCTH TBEP/IbIM

fieM BOKpYT MosieKy./ibl M (puc. 7.4) cdepy nefcTBYS MOJACKYAAPHBIX CHA
1. Cina F, BOSAEHCTBAS BCCX MOJICKYJT KHJIKOCTH, BXOASIHX B chepy Mo-
HOTO ASHCTBHS, HATPABJICHA 110 GHCCEKTPUCE TTPAMOTO yIuia, 00pasoBaHoTo
i 1 HOBEPXHOCTBIO JKHIKOCTH, BHYTPH AKiIKOCTH. Kpome Toro, co croponn Teep-
MOJEKYIY M AeficTBYIOT MOAEKYSIpHBIE CHILL F), ROTOpbIe Hanpas/e-
KyJISIPHO MOBEPXHOCTH TBEPOTo Teia. PasHoneficTeyonyio FaTux apyx
1o mpasuy napauiesorpamma. B aasucnmoctn ot cootnomenns F, n
CTBYIONAs HATIPAB/IEHA B CTOPOHY TBEPAOIO TeJia (puc. 7.4, @) wmm xKnj-

(puc. 7.4, 6).

CHIbI xaamlo,neﬁcmua MOJIEKY.T TRBEPJIOTO TEJa H MOJIEKY )l HHAKOCTH
[© CHJI B3aHMOZICIICTBHS MEX/TY MOJIEKYJIAMH JKHIKOCTH, TO JKHAKOCThH
BaeT TBepioe Teso (pryTs — xesneso). B nporuBHoM cayuae KuaAKOCTb
MHBAET TBePA0ro Tejaa (PTyTh — CTEKJI0).

HHAsA NOBEPXHOCTH KHJAKOCTH B Y3KHX [IMAMHAPHYCCKHX TPVOKaxX HITH
cocyna HasbiBaercest Menuckom. TloBepxXHocTs eMaunBAOLIETH SKHIKO-
TBEPAOTO TeJa MOAHUMAETCs, N MEHHCK — BOTHYTHIH (pHc. 7.3, @). ¥ ue-
B JKHIKOCTH €€ OBEPXHOCTD BOIM3H TBEPAOTO Tela HECKOIhKD OITyCKa-
CK — BBITYKABIH (puc. 7.5, 6).

b, CMAYHBAIONIEI 1IN HECMA4HBAIOUIET 110 OTHOIIEHHIO K TBEP/IOMY TeJTy
IKHAKOCTh, MOJKHO TI0 KPaeBoMy YT.1y 0 (Yros MexIy MOBEPXHOCTBIO TBEp-

, CMAYHBAIOLLETT MOBEPXHOCTD TBEPOTO TETA, KPaeBoi yro. 0 ocTphiii
 HEM Jiydine cMaunBanme, tem Mexsiie 8. [ pu noa-

tuBannn § = 0. /i necmaunBalomux sKHAKoCTell 7 /

1 YTOI M3MeHseTCs1 B npejienax m/2 < 8 < ; npm no- ;; A
ATHRA 0=mr. 1 /

! AM /
CMaYHBalONeii JKHAKOCTH MEHHCK BOTHYTHI, y He- /| /4

e

:
v

7, S —
Hble sBaenus. OcoGenHo Xopomo HabIIoaeT- ﬁ;,‘,\_ Y
HHE MEHMCKA JKIIKOCTH B TOHKHX TpyOKax, na- 74 N4 7
Kanunnsipamu. Ecin B cocyil ¢ KuIKOCTHIO 011y~ h p
a

AD, CTEHKH KOTOPOro cMavunBaloTCA JKHIAKOCTBIO,

b NOAHMMAETCS 110 KAIWUIAPY Ha HEKOTOPYIO Bbi- Puc. 7.5
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coty h (pue. 7.6). D10 0OBACHHETCS TeM, 4T0 HCKPHBeHya
g NOBEPXHOCTH AWIKOCTH BBISBIBACT AOTIOINNTEABHOE MOjjeqey,.
1 JAPHOE Aapsrenne. Ecan N0BepXHOCTb BBITYKIast 1 imeer e

¥ PHUCCKYIO (hopMY, TO 106aBOYHOE TABACHNE COCTARNT

= & g = 20 :
T . Basae (7.3)
- — L = _— rXer— paamyc KpHUBU3HEI HOBEPXHOCTH.
= s _—!- = = = Jasaenue py aare6pandeckn ckraabBacTes ¢ aty occhep-
— ' - HbiM. B eaysae soinykioro menucka (r > 0) CYMMAPHOE 13-
o P1_76 genne Gobiie arMochepHoro u KHAKOCTE onycKaerest g
|5 L

Katsipy. Ecam mennck goraytatit (v < 0), 1o CYMMapHoe
AABJIEITHC MCHbILE ATMOCHEPHOTO | KUAKOCTH TOAHUMAET-
¢ 1o KamanApy. ZKuakoeTs noguuMaetes (Han onyckaeTes) 10 tex nOp, NOKaA k-
POCTATHYECKOE [JaBeHne p = pgh cTonba KUAKOCTH BLICOTON h He KOMTIEen pyer no-
Gasounoe (sranacoso) Aasacnne p,. (Jamac VCTAHOBII 3aBICIMOCT ATOFO

Adrje-
aus o1 hopmbl Menucka.) B atom cayuace
2w
—— pgh, (7.4)
e p — IIOTHOCTD JKUAKOCTH; ¢ — YCKOPEHHEe CBOOOIHOTO TS,
U3 (7.4) moxcto onpesenth
2o
h=—. (7.5)
pgr

Slsienue KamuLisiproCTH B ObITY, IPHPOJIE H TEXHAKE. Hrienie KalTMJTSIPHOCTH
HIPAET OTPOMHYIO PO/Ib B CAMBIX PA3HO0OOPAIHBIX LPOLECCAX, NPOHCXOAANIX B TPH-
poje. Haupumep, nponnkiosenite BAari U3 MOUBLI B PACTCHIS, B CTeOIM U JHCTbS
obyenopieno kanuisipHoctsio. Knerin pacrenis 00pasyIOT KanuAAAPHbIe Kanalbl,
H, K4K BUAHO U3 GOpMYaInt (7.5), 4eM MEHbILIE PAIHYC KATTHISIPA, TCM BhILIE 110 HEMY
HoAruMaeTed Kuaxkocers. Ilponece kposoobpaiierns Toke CBA3aH ¢ KanHLIAPHOCH
Tb10. Kposenocrble cocyzibl ABAAI0TCH KALWLISIPAMH.

Ocobeno 60bi0e SHAYEHHE HMEET KA/ pHOCTS H0uBbL. TTo Mebuaiiiiim co-
Cy/laM BJiara u3 rayOuIb HEpeMenacTes K HOBePXHOCTH ouBbl. Ecan xoraT yMeHb-
HIHTD UCHAPEHHE BJAAIM, TO 1LOUBY PBIXJIAT, PA3pPyIlast KalUsphl. B nesix ypesrde-
HUS IIPHTOKA BAATH M3 CTYOHIDI OYBY YKATBIBAIOT, VBETHYNBAS KOJHUYCCTRO KAILII-
JISPHBIX KAHATOB. B Texnnke kaluiasipible spieins nMeior GoAbIoe 3HAYEH e B [1PO-
Leccax CyUIKH, B CTPOUTENTLCTBRE,

)1 KPATKME BbIBOAI

® [Tosepxnocmuoe namsicenue — TepyMoANHAMIICCKAA XAPAKTEPHCTIKA TOBEPXHOC™
TH pasjieid KHIKOCTH I ¢ HACLIICHHOTO HapPa, paBHast OTHOIIEHMIO PADOTLL KOTOPYIO HYHHO
SaTpaTiTh NPH NOCTORHHOI TeMepaType, YTobsl CO3AATH HOBEPXHOCTS KIAKOCTH HIOIALRI0
AS, K NITOWam 91011 10BEPXHOCTH:

- AA

o —
AS
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gteiiist 0OYCAOBICHBI TIOBCPXHOCTHBIM HATAMKEHUEM Ha FPAHMIE Pas-
eIE F e CMAYHBAIONTHE OBCPXHOCT b KATHIIAPOB, HMCIOT BOTHYTLI
4

; KOCTH et :
cw:l-:g:saqunamm!w HOBEPXAOCTY KAIIUBIPOR, — BIIYKIbIT MCHICK. Bot
OCTH, : :

s (oiycKanHs) KUAKOCTH [0 KaTTHILISIPY
20

h=—.

pyr

ochbl ANA CaMOKOHTPO/IA H NoOBTOPEeHHWA

3 MOJICKY I PHO-KHHETHYCCKOIT TEOPHT CTPOEHHS BENLECTBA, ;u;]af
b 11 BASKOCTb AKHKOCTH. 2. O 4ero 3aBReNT NOBepXIocTHOE maTshkenne? 3. Kak

Tl XHOCTHOTO HATSOKEeHHs AHAKOCTH? 4. Kak olpeacanTs uMeHenHe no-
e REDXHOCTHOTO C105 KIPIKOCTI HPH YBELMUEHITH WM YMEHbIICHHT ¢
mg (j:.ZBJ'Il:t:HHS{ MOKHO HAG/OAATH HA FPAHHILC KIKOCTH € TBEPILIM T’ermm?
g i1 KIIKOCTH B PASIMYHBIX KAIH/AAPHLX TpyOKax coobuiaio-

5 {ODOZHO . 6 00 )
pW'?'I Briseute (hopMyJty, N0 KOTOPOT DLUPLACTAETCA BbICOTA 1101

KaHs1) KIIKOCTH 110 KaIHILspy.

HIrre, MCXoaA H

pbi peleHun 3aaay

1. JlBe nacTHHbL HOPPY/RETBl B CHUPT. Ha xakyio BbICOTY 11 onﬂuiae'rcg

\g::mpm €CJTH PACCTOATINE MEKY MIACTHHAMM yMEHBUINTL C 1 1o 0.5 mm:
¥

THE TUIACTHHEI CHUTATH TTOJIHBIM. B B

— 0,022 H/m;p=08-10°kr/m*% 1y = Lam = 107" M iy = 0.5MM =05 10 *

=0

: Ah. )
Mesk/ty naacTHHaMi 00pasyeTca MeHICK, MMCIONUHIT IHARHAPHYECKYIO

B aTom cayuae

y 2a| 1 1
= b= 22 Ah=hy=hy =—[_—d—.].
pPgn Pgr: pgin 1
| 7y — PACCTOANNE MERK/LY [LIACTHHAMIL
u 2-0,022 H/m TR T,
T 0,810 kr/M*-9,8 M /2 (051070 107 M

—5.6-10% M =5,6 M.

Ah=586 mm.

ua 2. Onpeseauts painyc my3ppbka BO3AYXA, HAXOMSLIErocs He_nocpiil:;
L HOBEPXHOCTBIO BOJLbI, €C/IH IVIOTHOCTD BO3YXA B MY3BIPLKE 2'(’0 el .
'HOe HaTskenume 721072 H /M, atmocpepHoe naBieHie 1-107 ITa, Temu

0 K.
=72-10"* H/m; p = 260 kr/m% p, = 1-10° H/m% T =290 K.
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Pemenne. Coracro ( 73),

P=p+ o,
2o
rae p_rt _—
r
Torpa
20y
P=p,+ _f_

i i
W3 ypasnenust Knaneiipona— Meuneneesa pV — Z- BT noayuny
¥
pM
p

Hoacrasnss (1) B (2), nmeem

[pu + ?Of]M

u r
pi= RT A
OTKY/14
- 20M
pRT — Mp,
Boiuucaenns:

al_ 2:72-10" H/m-29-1073 kr/ moas -
260 Kkt /M* - 8.3 [Tk /(Moab - K) - 290 K — 2910~ Kr/MOs-10° H/m?

~6.7-107" M2~ 6,7 nm.

Orser: r= 6,7 mm.

E 3agayn gns CaMOCTOATE/IbHOIO peleHns

1. Onpesennts uamenenne crobomnoi IHCPIHH MBLIBHOTO MY3bIPA, €CITH [PH ero pasayBeas
HUR AMAMETp BoapacTaer ot 3-10 % 10 30- 10~ m. [losepxHocTHOE Hatsukemie 30- 103 H /.

2. C noMonisio nuneTin orMepeno 10 Kariesib BO/tht. HaitTi nopepxuocHoe naramenie Boabl,
€CITH MACCA OTCHHTAHITLIN Kafieds 1,84 r, a JIHAMETP LIEHKH ITHIETKI 2 MM.

3. IosepxnocTHoe HaTskeme Kkepocita 2.4 - 107 H /m. Kakyio paGory cogepuiar ciis 10-
BEPXHOCTHOIO HATSDREHHS! 1PH YMEHBIIEHHH [IOBEPXHOCTHOIO C1051 KepociHa Ha 25 eM*?

4. Haitti no6Gasounoe ganenne, cosaasaemoe HOBCPXHOCTBIO BOJAYUIHOTO NVIbIPhLKa AHa-
METPOM 1 MM, HAXOZSUIEIOCH 1O BOZIOIH.

5. B oanoit u roil ke kanssproii TpybiKe BoAa nomivaeTes Ha 50 MM, a Kepocin — Ha 26 MM
Oupenemtrs nosepxrocTHoe HatsiKenye kepocuna, TTosepxroctioe narszkenne so/m 0,072 H/a

6. B COCYAL € KHIKOCTBIO ONMYILeHa Kail HAEpHas TpyOKa ¢ BHVYTPEHHEM JTHaAMETPOM 3_ MM.
Haiitn nosepxnocrhoe natsrere HHIKOCTIE, €C/M BEC KW/IKOCTH B Kannaisape pasen 0.2 H.
Cwmamisarie cuuTaTs HombM,

7. Ha kakyio Bricoty nounserca soga MESKITY ABYMS II0CKOTIAPATIIE IBHBIMH CTe K ISTHHDI”

MM ILTACTIHKAMM, €C.IH PACCTOINE MEAJLY WMH PanHo | My? [l0BEPXHOCTHOE HaTsKERHE BO/M
0,072 H/wm.,

.P Kniouessie cnosa: nosepxHocrHoe HaTsDkeHue, cMaymsaHmne, kanuansapsl-
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FOTIH

(1)

T RT (2)

M.

BA TBEPAbIX TEJI

- KTEpPMCTHKa TBEPAOro COCTOSRHNA BelecTsa

- KpHCTALTOB. Pasioobpasiibie TBEPAbie Telia, BECTPEYAIONHecs B IpH-
: ?;vm: Ha 7Be TPYIIIbI, OTIHYAIONIHECs! 10 cBoUM cBoiicTRaM. [lep-
0 pasit I

v COCTABISIIOT KPUCMAAAUYecKue mend, BTOpYio — amopuvte
i

BHOI UEPTOIl KPUCTALTHIECKOTO COCTOANNA BEILECTBA ABISETCA anut
— 3aBHCHMOCTH psia (PHIHYECKUX CBOMCTB, TAKNX, KaK cxopr'm'rh ::::i
4 CRETA, TENIONPOBOHOCTD, MOAYJIb YIIPYFOCTH M Ap., 0T H’arrpaf:{m:w 0-.
rBa KOTOPBIX OJMHAKOBLL MO BCEM HATIPABICHUAM, Ha-:iblf.&dj()'l‘(. <
M30TPOITHBIMU ABJSOTCSH rasbl, HONBIIMHCTRO KUJKOCTEH M aMo

HOI AHU30TPOITHH KPHCTALIOB ABJSCTCS. YIIOPA/I0YEeHOe PacIooKeHne
() [

FOTINX NPOCMPANHCMECHHYIO PEUETKY. Yol PEICTABHTE TTPO-
I. - . -
. *0e, 1T 3 He TOYKH, B KO-
10 PEIIeTKY, HYXKHO MBICIEHHO COEAHHNTD Gz IesKanl ;

FHOJ0MEHB] HEHTPLI aTOMOB KPHCTAJLTA. ITH TOUKH HA3LIBAIOTCA Y3Iamu

ecxoil pewemxu. B y31ax PeleTkin MOTyT PaCHoNaraThCs Kak 0/~
(puc. 8.1), TaK M IPyIIiIa ATOMOB MK HOHDI (puc. 8.2).

_ , _
o1 OOLACHHTD AHU3OTPOITHIO, POAHANUIHPYEM CTPOCHHE KpueTaLia. PaceMor

e IpUMEpa CTPOEHHE KpueTania rpadmTa, H306PAKCHHOTO HA PHC. 83 Aro-
B ITOM KPHCTAILIE PACTIONIATAIOTCS B TLI0CKOCTSIX, KOTOPBIE HAXOLATCS IPYT

Ha HEKOTOPOM OTPEZIC/IEHHOM PACCTOSHITH, PacCTOSHIE MEAKITY aTOMAMM, pac-

MH B OZHO TUIOCKOCTH, MEHbIIE PACCTOATIHA MEAILY Iumcxmt'l*ﬂg:)m :—;Haqu:l,
JIEHCTBAS MEKILY ATOMAMH, JICKAIMIL B O/IHOH TIIOCKOCTH, JII;II'IE T:r g
TBUSE MESKITY aTOMaMH pasiaubix miockocteit. Hoaromy K{)HCTEUUI rpady
PaspYIINTD B HALPABICHUH, MTADAJLIEBHOM aTOMIBIM TLTOCKOCTSM. e
HCTAJUTB! ¥ IOMMKPHCTAIBL. BOJIBITIHCTBO TBEP/LbIX MATCPHATIOR 5B/ “_
cm UHeCKUMU; OHW COCTOSIT M3 MHOKECTBA DECTIOPSA0THO OPHETIT .
MENKHX KPUCTALTIMMECKHX 3ePeH — KPHCTALIATOB — MEJIKAX Monuxgrjtﬂ a.:‘
i M3 METKAX MOHOKPNCTAIIOB aHH30TPONEH, HO TaK KaK Kp[-tma:rjmi'hn Ogn-
XAOTHUECKH, TO B [EA0M [OJMKPHCTATIHYECKOE TEN0 ABISETCH N30T

H MOHOKPHCTALIEI KEIKHM-HHGYZLB criocobom OpHEeHTHPOBAHD] B ONpeae/1eH-

 amy AL
B - 1 -’
L g
| N
D = ‘ Ll L
O Fe ONa' e(C] e
Pne. 8.2 Puc. 8.3
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HOM HAITPABACH I, Hanpimep HPOKaTKOH, TO HOJTHKPHCTALTHY e C KOE
AHNHSOTPOITH BIM.

Kpynubie oauouHhie KPHCTALIL Ha3bBAIOTCS MOHOKpUCIMaIamu. Kpyiig,
KPHCTALABL B HPUPO/LE BCTPEHAIOTCH OMEHD PEIKO. ITorpebuocts 1 1pr)Ml:IIl.l.-’l(-:ll.l{(}t"me
HAYKIT 1 TEXHIKH B KPHCTA/IAX BEAHKA, OHM HAXOLAT MIHPOKOE TIPHMEHe 1e B Da.-‘
ANOTEXHHRE, ONITHKE HAPYIHX OTPACAsAX HAPOAHOTO XoasiicTsd, Har 1PUMED, KPHETay.
/bl PYOHHA HCTO/b3YIOTCS B KBAHTOBBIX I€HEPATOPAX CBETA — Jagepax, HOMOTg
KPHCTWILIOB CETHETOBOM COJIM NOJIYIAIOT YABTPA3BYKOBbIC KoNebanns. B HacTos11ep
BPEMsl HCKYCCTBCHHO USTOTOBAFIOTCS MOHOKPHCTALIb MHOIHX BeliiecTs: KBaplia, az-
Masa, KOpyH/a, pyouna u ip. Uro0sl BEIPACTHTH KpHCTaisy, IYKHBL OCOOBIe v
Hanpumep, ass noayuennsa anmazsa Tpebyiores masaenwe 10° MIla u vean
2000 °C.

ATOMaM OAHOTO M TOTO e XHMHYECKOTO H/leMeHTa MOTYT COOTBETCTBOBATH Pag-
AIYHBIC 110 CBOACTBAM KPHCTALIMYECKHE CTPYKTYpBL. Yiepoiy NPUCYLIH CIOUCTag
CTPYKTYpa Ipachnta n HPOCTPAHCTBENHAS CTPYKTYPA A/IMA3a, CBONCTBA KOTOPBIX ¢o-
BEpIIenno pasiuitst. M3 Moaeky 1 BoAbI MOKET COCTOSI TS MG TISITH PARAMYHBIX Kpg~
CTALIHYECKHX CTPYKTYP.

CoolicTso BewecTBa 0AHOTO CoCTaBa 00PAIOBHIBATH Pas/IMUHBIE KPUCTALMYecKe
CTPYKTYPbI, 0BAaaioNe PasHBIMEI (MHINYECKIME CBOHCTBAMI, HASbIBACTCS noau-
Moppusmon.,

JList KpHCTAIIMYECK X T/l XapakTepen daasrusi ROPAOOK, T. €. UPABIILHAN 110
BTOPACMOCTE NMO/IOKEHITIE Y3108 KPHCTALIHYECKON PEIICTKH Ha TOBKIX PAcCTosHsX
B KpUCTa/LIe,

Amoppusie Teaa. Kpome kprertasmnueckis e CYHIECTBY 0T amop@Prbie meaa.
Oun, X015 M paccMaTpUBalOTCs OOBIMHO Kak TBEP/bie, HPEACTABIAIT cODOM nepeox-
JTKAEHTBIC KUIKOCTH,

Ecau pacemarpusars vexotopsiit atom amopdinoro tena kak LeHTPaIbHLILH, TO (1=
Kale K HeMy atoMbl GyayT pacnonararbes B ompeeseHHom Hopsizike, Ho 110 Mepe
YAAICHNA OT <HEHTPATLHOIO> ATOMA HTOT NOPANOK HAPYLIAETCA H PACTIONOKCHIIE ATO
MOB MOKET ObITh PA3IHUHBIM, T. €. CAyHaiinbiM, B aMOP(DHBIX TCTAX B OT/HMHE OT KpH-
CTALTTIECKUX CYIICCTRYET Anilb OAMKHUI TOPS/IOK BO B3AMMHOM PaCTONOKEHHHA
coceux atoMoB. K amopdusiv testam 0THOCSTES CTek0, maactmacest i 1.1, Muo-
rue Tesa (cepa, MUepHH, caxap it T.1.) MOTYT CyIecTBOBATh KAk B KPHCTAJLIMTeC-
KOM, TaK 1 B aMOP(HOM COCTOSHIM, HITH, KAK IPHHATO TOBOPHT, B CTeKA000paIHOil
dopme. B mpupose amopdroe cocrosime e menee PACHPOCTPAHEHO, YeM KPHETal=
JYECKOe,

TENO CTaHomm

CNOBHyg,
Ml‘!t’par}rpa

8.2. ¥npyrue cBoicTBa TBEpPAbIX TeN. 3aKOH lyka

Hedopmarns. [Tox nefictries Buewmsnx e, PN HATPEBAHMM MM OXJ1azK/eHHH
HIMEHSETCS 0GBEeM TeJ1a, 4T0 0OBMHO COTIPOBOKAACTCS HIMEHETIEM eT0 (hopmnt, T.€
npoucxoanT aepopmanma teeporo teaa. Jedopmarum, KOTOPbIe [LOAHOCTRIO HEHE™
3QI0T TPH CHATHI JtehopMupyIOLHX tdhakTopos, HazbiBalOT yrpyeumu. Jlehopmatiny,
KOTOpLIE HE NCYC3AIOT UPI CHATHH JAehOPMHPYIONUIX (haKTOPOB, ABASIOTCS NAGC™
murecKkumu. Ynpyrocth win IWACTIHMHOCTD TeA B OCHOBHOM onpesesiercs MaTe:
PHAJIOM, U3 KOTOPOID OHKM M3TOTOBACH L. Ha MpUMED, CTATE 1 pesuia YIpyru, i Meib #
BOCK ITACTHYHI.
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: Waonu.m
aedopmanny

hopmaiiy TBEPIOI
1eTKH, CMELAIOTCS OTH

-TEF_‘ 3

pacTAKEHN

rHOILEHITEM &

Bt

by

O TEJA YACTHIHE, PACTIONOIKCITHBIE B Valax KprueTaim

ly

Allb CEYCHMA Tela.

a Tyka, P.Iykom GbiIo yCTaHos. pyru
o HAIPSKEHHE 1 OTHOCHTEIBHOE YMHCHIIC CHS3AHbI MEALY

Al

e

Al

E

Al
by

E.-::

X : 1 = tgh.
opmariin capura (pic. 8.5) & = te
5 K TeJly BHEIIHSS Cira F' CO3MaeT BHYTPU HErO HOPMAILHOE MEX

e panpsokenye (WIH HANPAKEHHe o)

===
&

Al

= = a0

1
E==

Q

OCUTETHHO JIPYT JIPYTa. DTOMY CMELICHHIO IPerIs
DeHHNE YIIPYIHe CHIIbI, ACHCTBYIONIME MEAITY YaCTHUAMM TBEPIOTO Te.T:
o BOZHUKAIOLTASL PK jiehopMaluy Tesia, Beeria nanpanJjiena

JKHVIO CMEIIeHHIO YacTHIL TeJla.
Yﬁﬁvrﬂe ;‘IE(]]O]}MH.I.IHH. BOSHUKAIONIME B TETAX, BECbMd Pa:

Pas/M4aloT YeThIpe OCHOBHDIX BIIA neopManmii: pacTaAKeHne (NI CkK:
enne 1 uarud. i '

; qg:m [TPH HKCTUTYATAIIH PA3THUHBIX KOHCTPYKIUTH MPHXOAHTCS pacctl

e gethopMmatium iwacm'}xennﬂ (puc. 8.4, a) nam cxatus (puc. 8.4, 6). [l

5 (CKaTHS) TeIa XAPAKTCPUIYIOT €0 OTHOCHTENBHBIM VIIHH

GeomoTHOTO yiutHer st Al= [— [, K nepBoHaYa bHOMH e i

(8.

coboit:

Pue. 8.5

eHo, 9T0 B ohiacT ynpyrux aedopmait

(8.

orHOmenne Haspigaior zaxonom Iyxa. Koadumenr nponopunoaa.r:
tﬁpax'repuaym'umﬁ YIIPYTHE CBOHCTBA MATEPHATA, HA3BIBACTCS xaafj';qbl
. ynpyzocmu. Beinsina, o0paTHas koahumeHTy yn]‘)y[‘f-)CTH, HABBI
oM RPOOOTLHOI YNpy2ocmu, Wi modyaem I0nea:

(8
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Ilepermmenm sakon T'yka B Buge —’% Wit a, Wi

o= Ee. (8.4)

[Tpu yupyroii aedopmanmm Tesa HANPsEKeRHe TPOTOPIHOHATBHO OTHOCHTEABHO-
MY VILTHHEHHIO.

C yuerom (8.1) coorromenne (8.4) npumer Bua

Sesp At

3 7 (8.5)

Hem Gomine E, Tem MeHbliy o AeopMAartinio npi npoumx PABHBIX YCAOBHAX HCIThI-
THIBAET H3/IE]HeE.

B Jledopmamus Te cBA3ana ¢ H3MEHEHHEM HX BHYTpeHHei OHeprum.

Hesanmcimo o Toro, 1ponexoanT i AehopMartust pacTsKe st i cKaTi, BHYT-
PEHHAS SHEPIHS TEJA YBENMIHBACTCS, TAK KAK HA HHM BHEUIHUMH CHIAMH COBCPITA-
ercst pabora. Pacemorpum, Hanpumep, cryuaif ynpyroit nedopmanmn yuumnenmst. [lo
MEpE YUIHHEHNS PACTArHBAONIas CHJla J0JDKHA YBemanThest, B Hauane nporecea ona

PABHa HY.TIO, B KOHIE pasha I ee cpejiiee 3HaYCHUE HAXOAMM Kak cpesinee apudpme-
THYECKOE:

A il

Koneunomy suavenmio bl F cootsercTByer yiumnenne Al Jlas toro wroOsl
PacTsHyTh TeJio Ha Al, caeayet cosepummts paboty

DN S
2
Tax kak F = E.S;AZ, TO
1 ES
A=——AP
2 f (86)

W3 coornomenns (8.6) caenyer, uto paGora, 3aTpadenHHasn Ha jgeopmaiio e,
nponopumonansia Al2,

8.3. MexaHuyecKkue cBoiicTBa TBepAbiX Ten

Hpounocrs marepuana. /115 pacuera pasammbix KOHCTPYKItHii HeoOX0ANMo 3HaTS
fpotmocTs Matepuasa. IHpounocmuvio matepuana HazbIBAETCS €TI0 CIIOCOBHOCTh Bhi-
ACPIKMBATEL HArpy3Ku Ge3 paspyiens.

Hpedenom npounocmu o, wassisaior anavernme HOPMAIBHOIO MEXAHUYECKOTO
HAPAKEHUST, KOTOPOMY COOTBETCTBYET HAMGObINAS BBLACPIKNBAEMAS TEIOM Harpy3-
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npedenom ynpyzocmu (NPoONnOpUROHAABHOCINU) O, = SHANCHMCOY A0 KO-
JOTO COXPAHSETCS! TPOHOPIHOHAIBHOCT MEAILY nedopMaIHEH 1 IIPHAOIKEHHOM ch-
. T.€. BBITIOJIHAECTCS 34KOH I'yka (8.4).
JLacTiunocTs MaTepuaia. [Ipesie)l NPOUHOCTH MHOTHX MATEPHA/IOR SHAUHTCT-
Goaste npesiesa ynpyroctit. Takie MaTepuaihl HAILIBAIOTCA GAIKUMU. Ouu 06-
OT W yIpyroi, u nactigeckoit gedopmaisvu. K Hum oTHOCATCA Me/lb, IAHK,
0 1 ap. .
‘MarepHasibl, y KOTOPHIX OTCYTCTBYET obmacts yupyrux aedopmargiii, OTHOCATCS K
ZCMUMeCKUM, HANPHMED BOCK, NIHHA, TTACTH/IHH.
Cri0coOHOCTb MA/IeTHS IPOTUROCTOSTE PA3PYIIEHAIO 3aBHCHT HE TOIBKO OT Kaue-
MaTepHasa, HO TAKKe W OT (JOPMbI HIICTUS U BHAA BOSNCHCTBHA. Hanpuwmep,
KCHB JIeTYe PA3PYIIHTD OTHOCTOPOHHUM CHRATHEM, HEM PACTIKEHHEM.
; oCTh MaTepHana. Kpome IIpOYHOCTH B TEXHUKE MATCPHAIEI PA3IITAIOT 110
meepoocmu. VI3 IBYX MaTEPHAIOB TOT CHHTACTCA Hosee TBEP/ABIM, KOTOPLIH 11a-
ot AAPyroit. Pesithl i cBEPJIA ISt PE3AHILST METAILIOB JIOJUKHbI, O4EBHIHO, obna-
b GOTBLIEH TBEPAOCTBIO, yeM 00pabaThbiBaeMbIi MATEPHAL. B coBpeMeHHOH TeXHuU-
AN Pe3LOB H CBEpJl YTOTPEOJISHIOT CBEPXTBEP/IbIE CTIIABDL. M3 npupoiHbIX MaTEPH-
anoB Hanbosibineil TBePAOCTbIO OTAHYALTCA a/IMa3.

" Bosbuioe 3HAYEHHE HA MPAKTHKE WMEET CBOMCTBO TBEPABIX T/, HAILIBAEMOE
ynxocmbio. Viazenue HaspBaloT XPYIKUM, €CIIH OHO paspymIaeTcs 1pu HehoIb-
e aeopmanmsix. Hanpumep, uajemns 13 crexaa, (apdopa — xpy‘mcne. YyryH,

MPaMOp, SIHTaph 00JALAI0T TOBBIEHHON XPYIIKOCTBIO, & CTa/b, MEID, CBUHEIL He s‘m-
ésmrcx XpyHKUMH. Y XPYIKHX MaTepPHANOB IIPECH yIPYTocTi i npcm-eﬂ MPOHHOCTH
nouTH OAMHAKOBEL [liacTiumble CBOHCTBA Y XPYIKHX MaTepHAJIOR [IPAKTHYCCKH HE

npoﬂﬂ.ﬂﬂl()'l’(‘ﬁ.

8.4.* TennoBoe paciuMpeHue TBepabiX TeN U MUAKOCTE#H

Tenaosoe pacmmpente. M3pecTHO, YTO NPH NOBBILIEHITH 'reMnepaTypl',I nn;eﬁ:
Hble paaMepbl TBEPAbIX TeJl YBeIHUNBAIOTCA, & IPH HOHHKEHIH — YMEHBIIATOTCH. cmlj
N06bIM PACUUPEHUEM HABIBACTCS YBETHHCTIHE THHEHHBIX pasMepoR TeJia H er
obbeMa, TPOUCXOAAIICE TIPU TOBbIICHAM TEMIIEPATYPhI.

[IpH HATPEBAHHH TBEP/IOTO TEJa YBEIHIHBAIOTCS CPC/INHE PACCTOSTHUS MEXK~
JIy aTOMaMH.

Jluneiinoe pacumpense. JInneiinoe TenioBoe paciipenne xapam'?pmyemﬂ’;?:
neparypHbiM K0a(pHIHeHTOM /11 HeitHoro paciuuperns o. IIpearnonoKim, qT?eﬂ1 le ¢
JIOE TeJI0 LIpH HAYaJbHON TeMIeparype T, umeer mny Iy [pn H‘dl‘[}EB‘ailLf_H Hm: it
Temnepatypbl T €ro AmMHA YBEAHUHTCA 10 I, 1.e. va Al = | — I OTHOCHTETD y}k
menne Tena coctaput Al/ly. Beamunna, papHasd OTHOMIEHHIO OTHOCHTEJIBHOTO ¥ i
JIMHEHHS TeJa K N3MEHEHHIO ero TeMIepaTyphbl Ha AT=T- T HEK?]:IBa(’.TCH mem
nepamypvim Ko3PPuyuenmom Iuneunozo pacuupenus:

r‘.

1 Al

(8.7)
C=AT

|
167



HS quva-'I]JI (8 ; ) alnpeaeaserc L W B
! . p( ACTACTCA 33.]3}’[(?':151()(7']'[ IL THHBI THEDJIOro Te |

| = f;,“ -+ (\'_.‘A T) (8 8)

”ﬂ.rm OOABIMHCTRA TEA MOKHO CUHTATD, YTO TeMIEPATYPHbIE Koaddu e
HEHHOIO PaCHIHPEeHns HPAKTHYCCKI HE 3aBUCAT OT 'I’l-?MI]I-_’p;iTVpI;I. Temnepary o
HpOHIHERTH! THTHEHHOrO PACIIHPCHITS He : F
bl B Taba. [1.8 (em. npua).

O6bemuoe pacuumpenye. C BO3PACTANNECM TEMIICPATY Db HAMEHACTCH H O0BEM Torns
B npesenax ne caMmKoM G0JIBIIONO TeMIIEPATYPHOTO HHTEPBAIA 00beM VBC‘“{J&L&,
eTCst NPONOPIHOHATBHO TeMiepatype. O6beMioe pacmnpenue TBepihix ‘|'e_:1 X: H'Ba‘
TEPH3YETCS TeMIEpaTypHbIM xosppuyuenmom obsemmnozo pacwupé;m_:; ]?? ..
BEJTHYHHON, PABHOI OTHOMIEHIIO OTHOCHTETBHOTO yBeanyenns obbema AV/ V. -
H3MEHeHNIO Temueparypsr AT - " TS

JIH-
- PHbIE Ko-
KOTOPbIX MaTepHaios 1mpu 273 K NnpHBege

1 AV

=
AT V,

(8.9)

I Il.e AE — I‘; ol [‘ i [‘” H L‘- (Jﬁ‘beMbI T d 5] MI ¢ .
[ L €L Ll[) re ”w'pt“ V pax T H TCO{)IB T
i ( ) ) 3 . 1] Ui i BEHHO.

V= V(1 + BAT). (8.10)

ngcﬂy TEMIIEPATYPHBIMI KOAMPHOUIMERTAMM THHEHHOT0 1 00 BEMHOTO pactipe-
HHA CYIIECTBYET CBASD

8 =3q, (8.11)

;L:)‘i;)l();;}ﬁ iegrg? YCTaAHABANBAETCS U3 COOTHOMEH A MY JUTIHO [ Tel1d 1 ero ofrbe-
Tennosoe pacumpenne skuakocreit. [Ipi narpesanmi KnakocTi BOZPACTAET Cpejl-
HAA KHHETHYECKAs: 9HEPIHsE XA0THYCCKOTO JIBIKEHIS €€ MOEKY L. JTo OPHBOJNT K
YBEJIHYEHHIO PACCTOSHUS MCHK/LY MOJICKYIAMH, A CACA0BATEABHO, H K YBCAHYCHHIO
o6bema. Tenosoe paciupenne KHAKOCTEH, Kak i TBEP/LIX TeT, xapa}crepnsye'rcsi
memnepamypHsvim Ko3pduyuenmom odbsemnozo pacmﬁpemm.
Temneparypunie Koa)pHIEHTH 0GHEMHOTO PACIILPEHUSI HEKOTOPBIX JKILLKOCTEH
npu 273 K upusesens: B tabn. 8.1. |
Obbem x'(rimcocm 1IpH HarpeBatitn onpejensiercs no gopmyae (8.10). Tpu yse-
iﬂ::cr:{nu obemMa Ten YMEHBINACTCS X IIOTHOCTD. OBGosmayns wepes p i py HTOTHOC-
pu Temnepatypax T u T, COOTBETCTBEHHO M yuuThiBas, 4to p = m/ V, nojayuaeM

Po

P 1T pAT (8.12)
Tab6anna 81
e = ide R Bemecrro B 10K
@;‘;wl 0.18 Crnpr "
10 Schup 1.7
I 168

e TeILIOBOT0 PACHIHPEHHS! Tell B NPHPO/IE H TEXHHKE. TIpu KOHCTPYHPO-
HOOPOB 1 MALTHH HEOOXOIMMO YUUTBIBAT TEILIOBOE PACLIHPEHHe MaTepHa-
DHIX OHM BBITIOJHSAIOTCA. Tak, npy MATOTOBACHHH Pa3TIMHBIX HJIEKTPHU-
OB, F/ie HEODXOIMMA CHaiika MeTALIA CO CTCKIOM, CICeT BLIOMpATL Ta-
B, TeMTIepaTypHbie KOa(pOHUIEHTE! JIMHEAHOrO PACTHPenna KOTOPhIX
COMBMEPHMEL C TEMTIEPATYPHRIMH koahhUImenTaMy AUHEHHOTrO pacimpe-
o Ecom 9TH K02(OUIMEHTE! 3HAUNTETLHO OTIHYAIOTCA, TO NPH Harpesa-
¢ OXJIAK/ACHIH CIIAs BOSHUKAIOT CHITBHBIE MEXAHHUCCKHE HATPSIKCHIS, KOTO-
v BRIBECTH 13 CTPOst TpHOOP. /leTam MHOTHX MAUIMH H MEXAHUSMOB, A5t
FEII0BOE PACHTMPEHIE HEKETATENBHO, BRIOITIAIOT I3 ocoforo craBa HH-
£30M, HA3BIBAEMOTO MHBApOM (o = 1- 107" K~'). MaBap npuMeHsIoT B T04-
ypax, HANPHMEP /I MAATHHKOB HaCOB, TOKA3AINs KOTOPLIX HE JOUKHbL
5 OT Temneparypbl. 113 HHBapa Aeal0T STAM0Hb! VIHHbL, TPHMEHACMbIC NPH
JIHBIX H3MEPEHUSIX, HallpHMED TEOACINYEC KX,
B TeMiepaTypHblil K0dG(MHUMEHT JTHHEHHOIO PaCUIPenns HMeeT
— 4-10°7 K1), B cocyzax, M3rOTOBJISIEMBIX i3 KBAPLA, AdKe TPH 3HAYH-
fepenajie TemMrepaTyp MPaKTHIEeCKH HE BOIIKAIOT MEXAHIHECKUe Halps-
pleBasi 10CYJEA He JONACTCA TPH OUEHb PE3KIX M3MCHEHHAX TeMIIepaTy-
1€ OCTAETCS! L0, €C/TH PACKAIEHHYIO JIORPACHA TIOCYLY OUYCTHTE B BO/LY.
OHTEIBCTRE JTAHHIL FA301POBO/I0B H TPYOOHPOBOIOB Ha OTPE/IeIeHHbIX pac-
JJIAI0T TIPOrHyThie Y4aCTKH W3 TpyO (KoMIEeHCATOPbL). DTH YUACTKH TIpe-
TpyOBI OT PA3PbIBA TPH M3MEHEHHN HX UIMHBI B CTyHac HArpeBatust i.im
ast. TIpu MoHTAKE JIMHNIL JEKTPONEPe/Iatil TTPOBO/A MEXLY thepmamMu He
. 4 JIEIAIOT € 3AMETHBIM TTPOBHCOM; BEJIMYHHA HTOTO MPOBHCA 3ABUCHT OT
pHOTO K0a(PMUIHEHTA JHHEHHOTO PACUIHPEHMS MaTepuasia, 13 KoToporo
gaierbl 11poBo/ta. [IpoBoa HAEKTPI(HLHPOBAHILIX JKEIEIHBIX JOPOT HAXOAAT-
FOM COCTOSHHE € TIOMOLIBK) CHCTEeM OJIOKOB ¢ IPy3aMil, HO HE 3aKpeili-
BHZAKHO, TAK KAK C HAMEHEHHEM TeMIIepaTyPhl UX UTHH H3MEHACTCA. Mowx-
1 HEMATO IIPHMEPOR 1IPH CBAPHBIX padoTaX, IMTHE H T./1., KOI/a yunThIBa-
0€ PACIIHPEHNE.
VKA3BIBAIOCH B 8.4, GOABLUIHCTRO KHAKOCTEI 1P HATPeBAHHN PACIIMPACTCA,
SIBNCHUEM TPUXO/MTCA CYUTATBCS U B TeXHUKE, ECTH KHAKOCTD HaTpeBarh B
COCYIE, TO OHA MOKET PasopBarh ITOT cocy. [10aTOMY NpU 3anOIHEHHI
LIX eMKOCTEH 11X 1He 3aKpBIBAIOT FepMeTHYHO HIIH JKe OCTARIAI0T NpocTpan=

eHHe. BemecTso CyImecTsyer B TRCPAOM KPHCTALIMYECKOM COCTOAHHIT TTPH
EHHDBIX 3HAYCHUSX AABJICHHA U Temueparypsl. B 9ToM cocTostHITi BEWECTRO
JI0 TEX 10p, TOKa KHHETHHeCKOH JHEPrIH aTOMOB HCAOCTATOUHO, qTO0K
eTh CIUTBI B3AHMHOTO PHTSIKEHISL DT CHIIHT Y/IePAKHBAIOT aTOMBI HA HEKO
“CTOSHUM APYT OTHOCUTEILHO JPYTa, HE O3B0 UM MepeMeniaThes. ITpn
KOJIebeTes 0K010 [OIOKeH s cBoero pasiosechs. [Ipn narpesauny TBEp-
4 KHHEeTHYeCKast HEePIist aTOMOB (MM MOJIEKYJT) BO3PACTaeT, [1pwn aTom aM-
bl KOZCHAHIT MOTYT CTATH HACTOLKO GOJBIINMHM, 4TO y3Ke GYAYT CPasHiMb! C
PEMIETKH, POM30IIET HAPYIIEHNE JaTBHET0 MOPS/IKa, KPHCTaLHeCKds

169 |



peleTka HayHeT paspymarses. [Ipn A Hej.
MIEM YBETITICHHH TEeMIEPATYPhI MPOUCX0uy
naasaenue meeposix men, T.e. nepexaod Sex
wecmea us meepoozo CoOCMoOsSHUS ¢ HCUD-
Ko€e. ITOT IPOIECT UB0TEPMUYECKHIL, 1Ipu maag.
JCHHH TEMIIEPATYPA TE/Ia OCTACTCS HOCTOs o,
Best noaBoanmas usgHe TenaoTa uaeT Ha paspy-
menue kpucrawia. Hoceae paspymenssn kpucray.
A4 1 00pPa3OBAHMS KHAKOCTH HOLBOANMaAs H3-
BHE TETJIOTA WIET HA HAIPEBAHHE KUAKOCTY,
JluarpamMma naasaenns KpuCTaamueckoro Teia n3odpakena ua puc. 8.6. Ha ocn
abcupce 0TI0KEHO BPpeMst, Ha OCH OPMHAT — TeMuepatypa. Y vactok A COOTBETCTRYeT
HArpeBatmIo TBEPIOro Tela JI0 TeMnepatypni iiasienus 1. Temneparypa tena pa
TOM YYACTKE BO3PACTAET 1PUOIHINTEIBLHO MPONOPIHOHATEHO BPEMEHH Harpesars,
Vuactok AB cOOTBETCTBYET NPOIECCY TIABACHHS.

T‘IIJI ________ ‘;‘1 B 5 E F
I'
|
|

Puic. 8.6

Ilpy naaBreHHH KPHCTAINYECKOE TEJI0 HAXOAHTCS OTHOBPEMEHHO U B TBEp-
/I0M, H B JKH/IKOM COCTOAHHAX.
Temneparypa naBreHHs 3aBHCHT OT PO/Ia KPHCTALIHYCCKOTO Tesia. JLst Gop-

HNIHHCTBA KPHCTA/LUIHYECKHX TEJI OHA NMOBBIINACTCS TPH YBeJIWYeHHH amoct,])ep-
HOTO JaBJIeHHs.

[1pn narasaenHn NPOUCXOANT YMEHBIICHHE IIOTHOCTH (MCKIIOYCHTEM SBIATOTCH,
HAlPHMED, BHCMYT M JIel — MX IUIOTHOCTb Y BeJMUMBaeTes npy maasaciim). Touka B
ANArpaMMbl TIABJICHHS COOTBETCTBYET OKOHYAHMIO 1porecca 1uasienns. Teepioe
TEJIO HPEBPATHIIOCH B HKHIKOCTD.

OtHoulenne KouyecTsa TEIoTh ¢, HeOGXOAMMOTO JUIst TOTO, YTO0BL EPEBECTH

TBEP/IOE TEJIO B XKHAKOCTD IPH TEMIICPATYPE IUIABIEHUSI, K MACCE 3TOTO TeAa Hasbiba-
0T YOCABHOU MENAOMOU NAACCHUN:

A= Q/m. (8.13)
B CH ynenbuas Teriora miaBieHus BHPaKACTCH B OMCOYMAN HA KUAOZPAMM
([ /xr).
M3 (8.13) cenyer

Q= \m.

B Tlpn naasnennn yresmunsaerces ByTpeniss IHeprus rena.

Kpucrammzauus. Yuactox BC anarpammst (eM. prc. 8.6) COOTBETCTBYET HAIPEBE-
HUIO KUAKOCTH. EC/M B HEKOTOPBI MOMEHT BPEMEHH NPEKPATHTh HATPEBAITIE KM/KO-
CTH, a TOTOM €€ OXJAAHTD, TO KPHUBas noiizer sun3 (yuactox CD). Korza temnepatypa
HOHH3NTCSL 10 3HAYeHNsA, pasHOTo T, HAUHEeTCA Kpucmanauzauyus (yaacrox £F) —
NEPEXO BEINECTBA U3 XKIAKOTO COCTOAHUS B TBEPAOE KPHCTALINYECKoe. JTOT 1Po”
HECC CONMPOBOKIACTCS BHUICICHHEM TEITOTH KPUCTAIIH3AINH, KOTOpas pasHa Ter-
JoTe naasnenusa. Bo spema storo nponecca HPOHCXONT YIOPSIOMeHHe JIBIDKeHHA
MOLEKYT KUAKOCTH, B PE3YTLTATE OHM HAYMHAIOT KOJIe6aThCs OKOJIO Y3/108 KPHCTAL
Jmieckoit pewerku. Iponece kpucrtammmsaim naotepmitdecknii. Temmepatypa KpH-
CTAHIAHAN T, 1 ye/IbHAST TEIIOTa KPHCTAIIM3AIINH PABHBL COOTBETCTBEHHO TEM”
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;j_ﬂa,BJ]e!‘lHH H yl[CJIbHDI'-:i TenJaoTe MAaBJeHns s OJAHOTO W TOFO 3Ke Tﬂil?l
' | TOM JKe JlaBJIeHnm. Koria KpueTaumaaliis 3akoHIHTes (Touka F), Teno
oxAKAATLCS (YHACTOK FG). i )

scC KPHCTALTH3AIAH OPOHCXONT B asyxthaznoil cncreme, BOMIVI3I LEHTPOB
rpaani. TAKAME LEHTPAMH MOTYT OBITDH TBLIMHKH, MEBYAITITIHE TPHMECH,
fl}iocmo E(‘J‘[i{ AHAKOCTD yucTas, T.¢. B HeH HET NEHTPOB Kp}'ii"l"rl..'[.-'ﬂ'liifillHII.
“oe GHICTPOM OXIKAEHUH MOKHO MOJLYUHTH [ICPEOXTKACHAYIO KHAKOCTD
eTh ¢ TEMIIEPATYPOil HIKE TeMIEpaTyphl KPHCTALTHZAINH). Atot npo-

pHC. 8.6 uzobpaen junneii DE. Cucms’mue [EPEOXTAN/ICHHA ABJBIETCH He-
| 1 TIPH CHJIBHOM TIEPEOXTAK/ICHHI 00PasyOTCH UEHTPb KPUCTA/LIH3AIHH
ETCH B TBEPILOE TEI0.
gem JTo cucr;omme, B KOTOPOM OOHApY/KHBAIOTCA CTPYKTYPHbI®
HPOMEIKYTOTHbIE MERIY CBOCTBAMA TBEPAOTO KpHCTALTA 1 AMIKoCTH. 7Kz
AJ11b] 0OPA3YIOT BELIECTBA, MOJIEKY.IbI KOTOPBIX UMEIOT Y/UIMHEHHYIO Ha/I0N-
710 popmy. OGpA3OBaARIHE KKHX KPHCTALIOB NPOVICXOMIT B YIKOM HHTEpPBa-
yp. [TpH OXTAKACHNH JHIIKIHE KPHCTATIIG! PEBPAIAIOTCS B TBCP/LIC.
manus. Jecybaumanus.® Y HEKOTOPLIX TBEPABIX TelL, TaKu, llanplizwq),
TautH, HOX, Kamdopa, TBep/ast yriekueiora (Cyxon Jiefn), nahmonaercs ie-
Cpasy U3 TBEP/OTO COCTOAHNA B razo06pasHoe, T.e. HPOHCXOAUT HCTaperne.
JI TeJia M3 TBEPAOTO COCTOSHMS B Taz000pasHoe MUHYS KIIKOE HA3bIBAIOT
saweedi, v BO3TOHKOi. OBpaTHEI HPOIece Ha3biBaIoT decybaumanueit.
Dbie TeA1a CYOIMMHPYIOT, HO IIPOTece CyOImMALM y PasibiX Tel MpOTEKAET C
¢KopocTBio. [IpH KOMHATHO! TeMIePaType CKOPOCTH IPOTCKATI ATOrO
HACTONBKO MaJIa, 9TO CyONMMAIMIo MPAKTHUECKH HETb3A OOHAPYAKHTE. )
¢¢ cyGIUMAIIMN [IPOTEKACT KaK [IPH HATPCBalii TBEPAOrO Te/1a, TaK 1 Le3
TenIoTh u3BHe. BO BTOPOM c/yyae MPOMCXOANT Mepepactipeie/IeHue BHYT
SHEPTHH MEAKJTY TBEP/ABIM H Fa3000PasHBIM COCTOAHHAMI. [Tpu cyGaumatuim
SOKJAETCS, TAK KAK €70 TOKH/AIOT nanboee OnicTpbie MOJEKYJIb, obaanaio-
eCKOii HEeprueii, KOTopast I0CTATOMHA V1A TTPEOAOCTIHS MOEKYTAPHO-
JKEHWs M OTPhIBA MOJIEKY/1 OT MOBEPXHOCTH TBEPOTO TE/IA. Cpenuss KuHe-
| SHEPIHS! OCTABIINXCS MOJIEKYT YMEHITACTCS; CLE0BATEIBHO, TE/I0 OXIAK-
Jlst Toro 9ToOb TeMIleparypa cyOIHMHPYIONICTO TeTa OCTaBamach NOCTOAH-
M3BHE HYKHO TIO/IBOJINTD TELLIOTY.

IBHIHHCTBO TBEP/BIX TE HAXOAMTCH B KPUCIATNUHCCKOM COCTNOAHUU. Kpuerai-
30TPOITHELL, T. C. (pm”qm-mw CBONCTBA KPHCTALI0B 3uBHCST O BuIOpanHoro HalpaBie

Ophroe cocrmosinie — TBEPAOE COCTOAHME penectra. B otuyne ot KPHCTATLIOB Y
X Te HET CTPOroro Hops/ika B pacioIoReHn ATOMOD.

PE3VALTATE BHENIHNX BOSACHCTRUH [IPOMCXOIT H3MEHCHHE KoHpUTYpalL TBt'Pﬂ‘ff"{
OHO echopmupyercs. [TedopMalis HasbiBACTCHA YNPY2oul, eCcan OHA HCHE3ACT TOCIE
A HATPY3KH, 1 maacmuyecko, cein OHa H0Ce CHATHHA Harpyskn ne HeuesaeT.

| MAUTBEX ZlechOpMALIMSIX B VITPYTOI CPEAC BLLITOTHAETCS 3aKOH Tyxa

E — (x(.

: ; ; e
NpOTecce HAMPERANIS Te HPOMCXOAUT H3MEHEHIE €10 PAIMEPOs, 1.¢. Mentoeo
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@ Ilepexon BewecTsa M3 KpuCTATTHYCCKOrD TBEPAOTO COCTOANNA B XKILIKOE Hashisgey,
nracaernuesm. Hamaue onpenenennoli TEMIEPATY PhI NAABACHNA — BAKHDIT NIPH3Hak KPie-
TALAMYECKOrO CTPOEHIA TBCP/BIX TeT, Temllepawpa ILIABACHMS 3ABHCHT OT BHENLeTo) JABen
tuA, [Liarienite TpOMCXOANT ¢ mornomenes TemioThe, Y acanias TETLIOTH TR s 1

A= Q/m.

ﬂ Bonpocei Ans caMoKoHTpons u noBTopeHus

1. Ha kakue jie rpymmsl MoxkHO PAGACTHTH TBEp/bIe Tena? Oxapaktepuayiire K&OKIVIO 13
Hux. 2. Karne tena naasgaor AHIIOTPONHBIMIL, Kakne — usotpounsivu? 3. Ofnsich HTe HoHsHe
TIPOCTPAHCTHCHHOM pemeTri. 4. Kakue Tt kpuerainmeckm PCHIETOK BaM U3BECTHLI? 5, Ky.
Kue BHAbl Jehopmariii Bbl sHaete? 6. OGnscHuTe TPITHIY BOSHIKHOBEHMS! YIDYTUX CHT fipyy
Aepopmarm. 7. Cihopsypyitre sakos Tyka, 8. Mamensieres s BUYTPERHAS DHEPTIS Aechop-
mupoBanibx ren? 9. Jlaitre onpegesenne nonsriii VIIPYTOCTH, [IPOMAOCTI, ITACTHY HOETY,
10. ObnsacrmTe TeNI0BOE pacTTHpente Te ¢ Tovk SPCHILA MOJIEKYIAPHO-KHHETHUCCKOI Teopyy,
11. OBwacuure OcoOEHHOCTI Tena0BOTO pacimpering 8ozst. 12, Kakoe smaueitie nveer renmg.
BOE PACIIMPEHTE Te B Ipupo/ie i Teximnke? 13. Ofbacuire npoiece mastenns ¢ Toviy apetins
MOAEKYIAPHO-KHHETHUECKOI Teopun, 14. Kak sasncut remmepatypa mwiansens OT AaBneig?
15. Y10 HashBaI0T yAETBION TeIIoToM naanicHusn? 16, Kax nsmenstiores oGuem  morroers
BelecTsa npH wrasaenun? 17. Haiire onpeenenue nomsiris cybmmmannn.

Mpumepsl pewenns 3agay

® 3anava 1. K nposonoke 13 YIIICPOIMCTOM CTamN NOARENTeH TPVa Maccoit 100 kr.
Jlnuna npososokn 1 M, mamerp 2 M. Moyyan I0ura ang crami E= 2.10' [1a, 1pe-
aen npounoct o, = 330 MITa. Ha ckossko YBELTIHTCH JUIHA 1poBoaoku? [Tpepu-
HWIACT /M MPHIOKCHHOE HANPAKCHUE PEeS TPOuHOCTI?

Hamo: I = [ m; d=2-10" m; £=2.10" Tz m = 100 KI; 0, = 3,3-10° [Ta.

Haiimu: A/, 0.

Pewenne. U3 hopmyni (8.5) maxomqnm

Al ___Ei= dlmy

ES =dE’
rae | — umua nposonoku; Al — HaMeHeHne bt F'= mg — cina, geiicrsyiomnas Ha
wd?
LIPOBONIOKY; S = ke 1101a/th TIOLEPEYHOTO CEHEHNST HPOBOIOKM,

Haiinewm nupunoxentoe HopMabHOe Hanpszkenne [em. (8.1)]:

F dmg
S =xd*
Boraucaenus: ’ i

4:1m-100 kr- 9.8 m/c? o
= — =1,57 Mm;
3,14-4-107% * . 2.10" [Ta
o 4-100 Kkr-9.8m/c?
3,14-4-10°% m?

=3.12-10° TTa = 312 Mlla.
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2 TIOMYHEHHOE SHAUETHE O He [IPeBbINACT NPE/ie/a IPOYHOCTH.
Al= 1,57 mm; 0 = 312 MITa.
2. TpyDOKa 13 MeIiT UMEET LIHHY 0,5 m npu remneparype 200 °C, Kakosa

, o
tpyOkn mpu Temneparype 10 C? ) )
"-'- 0,5 m; tIZ =9200°C; a=16,7-10"" K} t, = 10°C.

1

& Tax kax B Ta6. [1.8 (mpnut.) remnepatypibiii KOdOUIHENT THHeHHO-

1 ian utst peutects npn temuepatype 0 °C, a anuna TP.\.’G*“L npn TeM-
o HeH3BecTHa, TO [sl onpeeseHns Amnbt [y Tpydxu mpu 10 °C nyxmo
a pasenicrsa (At = AT):

Ii = l“(]. + &At[)!
& = 41(1 -+ CLAQ}.

COBMECTHO CHCTEMY VpaBHEHWIT, OJyTaeM

_ 1+ady
T

1416,7-10% K" - (273 +10) K — 05 M 1.004726
el 1416,7-1079 K- (273 +200) K 1.007899

ser: |, = 0,498 M.

aya 3. CooBaonmecs cocy bl 3am0IHeN bl AKIIKOCTBIO, NMEIOLeH TeMIie-
[Tpit HarpeBaHny KIIKOCTH B OAHOM H3 COCYL0B /10 1"emncpafryp§1 ty ypf:)

DCTH B HEM YCTAHOBHJICS Ha BBICOTE fiy, @ B APYTOM COCYAE — Ha BhicoTe A},

iepatypHblil Koaddiient 00beMHOIO PACIINPETH AKHAKOCTIL.

8 | ) _
. TLtoTHOCTS KiAKOCTH obparHo nponoprHonaisia ee obdvemy. Cieno
ecan nipn Temmnepatype (0 °C MIOTHOCTD KHAKOCTH COCTABAALT py, TO MPH

pax t; u ¢, [em. (8.1.‘5)’[ coorsercrrenno umeeMm (At = AT)

= (0.498 m.

=05

=—tf . oo PO
= e T 140t
o 1+086
ps 148t

% 1y4aeM, HTC
M3 THAPOCTATHYCCKOTO PABHOBECHS (py = po M prly = pyhs) Oy HAC
. Takiy obpasom,
’ 148t, _ hy

1+ 3t hy
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CrenoBate/ibHO,

hs —h

PSS . H hy :

® 3anaua 4. Kakoe KOJHYCCTBO TEILIOTH U3PACXOAOBAHO HA Harpe

. oy
um}r;nm mrapa o1 0 °C, ecun ero obseM yseamanics va 15 ev'?
ano: t, = 0°C; AV = 15 cM* = 15 - 10~ M ¢ — ‘
e ; =1 ;€ =880 [k /(xr-K); p, = 2.7 - 10°

o 24-10-6 K. /( ) Po=2,7-10 KI‘/MR;

Haiiru: (.

Pemenue. Komraectso Tennorst, cooSuiennoe wapy npu HarpeBarnmy

Q= cem(t, — t,). (1)

rjie t, — KOHEYHas TeMIepaTypa; m — Macea AIOMHUHHEBOT0 mapa. s dopmyier (8,10
1151 00BEMHOTO PACIIMPEHNS UMEEM B o

V= V(1 + BAg),
rae At=t, — t;, =, (tax kak {, = 0°C). Toraa

BAHUC amiomy-

V-V, _AV
ViB Vol

t!:

(2)

Tak xak 1o ye108110 34712 3Be =1
v sajgaun nssectno AV, a V, = p—, L€ py — ILIOTHOCTE AJOMPHHS
(1]

npu 0 °C, To popmyra (2) npumer g £, = m Hexons s Toro, uto f = 3o [em.

(8.11)], monyuaem me
g =0V,
Toraa oo
Q=4ln,
Boruncaenusi: s
G'= 880 HX(/(KrK;;zII{L]]:: 1\;-12,7-103 Kr/wm? — 4.9-10° Jx — 4.9 MLk

Otser: Q = 4,9 M/x.

[ ] T :
>, 63aaa‘1a 2 ’Kamie KOJMYEeCTBO TCIIOTH 3ATPATHTCS HA TITABACHITE aJIOMITHIE~

% a(:maﬁxu g&;gcmi 200 xr, naxonsueiics npu remneparype 20 °C?

0: m = 200 kr; ¢ = 880 JI/(kr-K); X = 3.9-10° [k /xr: 20 +273) K=

N : ; - / i N=3.9-10° Ik /xr; T, = (20 4+ 273) K=
=293 K, T,,, = (660 + 273) K =993 K. s

Haiiru: (. ~ =t

Pemenue. Ha narpesanmne ano i ]

. ; MILHIST MACC 0

R s ot mor 1T, no T,

Tpedyeres KOIie:
Ql - I’Tm( TTL-‘I = T])—
a s —
AVIS €0 ILIAB/ICHNS 3aTPauYHBACTCS KOJIHYECTBO TeIIOTH
Qs = X,

I 174

Q=0 + Q= em( T, — Ty) + Xm.

7 -

[eHHA:
880 Jlx/(xr- K) - 200 kr (993 — 293)K + 3.9+ 107 L/ - 200 kr ~
~ 19107 JIx = 190 M/Ix.

Q= 190 M/Lx.

M a4m ANS CAMOCTOSTE/ILHOTO PelLIeHHs

bidi CTEpIKeHD AIMHOM 3 M M CCUCHHEM 1.5 mM® pactsirupaior. Jemy pasHa pabora

1, €CJIN OTHOCHUTEJILHOC YUIMHCHHE PABHO 0.0017

0 HANMEHBIIYIO JUTHHY JI0/DKHA IMETh CBHHILOBASA [IPOBOJI0OKE, 4yT06bI OHA PA3OPBa-

oM COBCTBEIHOTO BECA IIPH EC BEPTHKIBHOM MOJBETHBAHIH 33 O/iHH KOHeI?

1 cepmma 19,6 Mlla

cTpyHa amamMeTpos 0,5 MM H UTHHOI 80 CM PACTATUBACTCA HA 1 ym, Kakas cusia

crpyne? Boiaucants paboTy PN PacTsKETHH CTPYHBL

1A ME/HOI TPOBOJIOKN ipu Harpesanny ot 0 10 100 *C ysemanmintacs Ha 0,17 M. On-

epaTypHBLA KOIQOUIHERT JIHHEITOTO PACHIMpPeH s ME/H, CCIH HEePBOHATATb-

posooki 100 m.

it crepakens, BastThiil npu Temneparype 10 °C, mIOTHO BCTABAER MEXLY HETIO/L-

cocrsmi. Crepskens Harpesaetcs 0 80 °C. OnpeenuTh HAPAKECHNE, BOSHH-

HEM.

10 CHITY HYXKHO NPHIOKUTH K CTAIBHOMH IIPOBONOKE IHAMETPOM 2 M, 9TOGEL O -

JKe YJUIHHeHHe, KaK [Ipi ee Harpesaritn Ha 100 K7 Jlast cramt o = 12-10°K % E=

Ia.

ii crepokens mpr temmeparype 0 °C iveer iy 0.2 . Tlpn Kakoii TeMueparype

et 0,213 m?

obnem mveet Hedyrs pi ) °C, ecam npy emmeparype 20 °C ee obvem paset 65 m*?
COCY/hl /U1 TIEPEBOZKH 11 XPAHEHHS KIIKOI'O TOUIABA, €C/IH OHH HAXOLATCA B

MBMEHSIOMEHCS TEMIIEPATYPbl, HEb3s1 3ATOMHSIT J10 Kpaen?

HAJIITA B IHIMHAPHIECKY IO HHeTepHy BuicoToil 2 M. Mpu remmeparype °C nedrn

WT 0 KpaeB iucrepnnt na 0,1 M. Paceuaurats, tpn KaKOil Temmeparype HedTh HauHeT

1 M3 IHCTEPHBI.

cea 1 1 comrpra ipu 0 °C pasnia 0,80 kr. OnpesesuTsh WIOTHOCTh CIHPTA TIPH TEMILE:

KOJM4ECTBO TEMI0TL HeoGX0MMO /11151 IIPEBPAIEHTIA 5 KI'/1b/14, BIATOIO NPH TEM™
—20°C, B nap, Temneparypa kotoporo 100 °C?
bKO TEILIOTH HY3KHO 3aTPATHTh, YT00LI PACIIABHTh PH TEMIEPATYPE NIaBIe-
¥ EBAHIA?
OBt oxaazuTh 5 21 BoAK 01 20 20 8°C, B Hee Bpocator aex mpi Temneparype 0°C.
b MACCY JIB/1a, PACXOAVEMOr0 Ha OXJIAMIEHHC.
COCTOATIYVIO M3 5 KT JIbjia i 15 KT BOABI TPH o6eit remneparype 0 °C, HarpesaoT
atypw 80 °C, mpomyckas uepes Hee Bojunoit map ups 100 °C. Onpeaeants HEOOXO-
13 HTOFO Maccy mapa.
yae maxomrres esech 0,5 1 soast 1 0.5 kr abza npu 0 °C. TennoemkocTs Cocy
Kakoe komuuecTso BOASHOTO CTOFPAAYCHOTO Mapa GBi7I0 NPONYIIEHO B BOY, €CT
Tas i TeMnepaTypa BoAL yeragosnaachk 30 °C?

DHMEBBIE CROBA: aHU30TPONUs, NoauMopduam, aedopmayns, 3aKor
2, MPOYHOCTh, PACLUMPEHUE, NNIABIEHWNE, KPACTAITN3aLNS.



PA3JE

LI SRR L

l"l (-_" . ;M e .. -y - v
o F jcran:l.efmmu B AAHHOM Pa3/Ienne MaTepHa IOCBANEH VUCHUIO 06 316Ky
.0.. I MarHeTusme. Eciamn B MexaHuke H3VIAIOTCS Pas/HuHbie B wm&onnni “r‘i 3
POCKOIMIECKAX TEJI 1 B3AUMOACHCTBIA MEAJLY HUMH, @ B MOJICKYJISTPHO] r}m.m‘ .
i st € 3 ) JICKYJSIPHOT 3HKe —
Jlaml: ;r:a TE/L B 3aBUCHMOCTH OT MX CTPOCHHSA, CHJT B3aUMOACHCTBIA MEXKAY MO q;K
ot a'r.tfmamn) W XapaxTepa TEII0BOro JABIKEHUS! 9TAX YaCTHIL TO B 9J1CKT ]Ju;xﬁnz-
MHKC paccMaTpHBAIOT B3AMMO/ICHCTRIS, OCYITECTBISICMbIC HOCPEICTBOM 3J1eKTe
HUTHOI'O 110151 i R
. Omio n3 npoaBIeHHii HIeKTPOMATHITHOLO B3AHMOACHCTEIS MENIY DNCKTPHYee
- Y A : ™ ot . ) . 1
SAPSREHHBIMEI HACTHILAMI 1M MAKPOCKOTTHYCCKIMH 3aPSIKETTHBIMI Te
JIOHOBCKHE CHJIBI, KOTOPbIe 00yCI0B) NG m——
‘ A p VCIOBIMBAIOT CYIIECTBOBANME aTOMOB. Pacemorpeny
OJIEKTPOMATHUTHBIX B3ANMO/ICHCTBIIT OCHOBATIO Ha NPUHITITE GaHaKOei .‘T g
[JIACHO KOTOPOMY, MEXILY 3apsuke B SR
) ! HHBIMH YaCTHITAMH TJTH TeraMmil B: HCTE
pacnpocTpaHiercs ¢ KOHeIHo ¢ i i P
! 10U CKOPOCTBIO, PABHOI CKOPOCTH CB Z '
CKOopocTh paBha 3- 10° m/c. ’ o 3 mns g
[IpaxTHueck ¢ e ;
- II)qu B'ccrcoe pdS?HT}IC teopust Lk, Makepe/ina noayunaa s rpymax I I'epiia n
i 0Ba, BEJTHKOIO PyCCKOro (husnka, nsobperarens paino.

Her ¢
Bam:)g::sﬁ::ii ;:?[l:,:l;;:,; I:.:.ﬁ:wmﬂ,o. 3.H€I{'l‘11t},1l-|HaMi-mil RaK HayKu upejmnecrso-
TIL Ky totont Grsn ;.mmep;memaﬂ[:; 1' W aKenepumMenThl. B 1783 r. (hpanimyscxum dhuanrom
A N ; 0 YCTAHOBJICH JAKOH B3AHMOZEHACTBIA ABYX HEHOABIKHBIX
PHIOR. Or. narerwit gpmangk X. DPCTEN NOKAZAT, UTO TORH, TEKYILHE [0 MpoBo-
/1AM, COZAAIOT BOKPY! ¢ehst MarauTHOE No.te, Barem chpamyac-
Kkue yuensie 7K. buo, ®.Capap u I1.Jlanaac axcie |Jlihlt;‘l1‘1‘£l,'lh‘
HO, & TIOTOM M TEOPCTHUECKH ONPeIeTHIn CHIY BO3ACHCTBIA
MArHHTHOTO 1O/ HA TPOBOAHHK C TOKOM. l’Dpz;mw:smmﬁ -
UK A A.\i’l'lCD AOKAz CYIIeCTROBAl e .\umpm'xuni{qev KX T0-
KOB B modom Tede, OOYCTOBIEHITBIX ABHACHICM 2ACKTPOHOB.
B 1831 r. anramiickmit pusux M. Dapajieii oTkpbi 216KTPO-
MArHUTHYIO HHY KUIHIO ( BOHIKHOBEHHE 2JIeKTPHYECKOr0 11014
MpH BCAKOM MSMEHEHIH MarauTuoro). OynaamerTom /KT
POLAUHAMUKI CTAIM YPARHEHHA, BuBeACHHbIC B 1867 T anrmi-
ckum yyennim [k Makepesiom, soctarounpie s onicani
BCEX JNCKTPOMAIHHTHRIX ABAEHUI, B KOTOPDIX [e MPOAB/IAINT
5 KBAHTOBLIE 3aKOHOMepHOCTH. (Drsuyeckas cyIHoCTh ypans
Heril Makeneasa sakaiouaeres s Tom, 4To B ﬁpnpﬂ.’u' cyme
CTBYET eAMHOE DACKTPOMATHUTHOE 110716, KOTOPOe MOKHO Pas
ACJUTH HA INEKTPHYCCKOC U MATHUTHOE JHIB OTHOCHTEIHHO:

L Kyaon

a9
PUYECKOE NOJIE

eKTpUYECKHUe 3apAfbl. 3aKOH CoXpaHeHus 3apaaa

Ssraeckmii 3apsu1. Bee Tesa B IPHPOJIE COCTOAT U3 METBUAHTITNX YacTHIL, KO-
CAOBHO HASBAHDI aneMedTaApHbIMHE. a.T[C‘I\-l'E‘HTH_plII:TE? YACTHIL! XAPAKTEPHIYIOTCH
1 seKTpITdecKnM 3apsiioM. Cnia 2IeKTPOMArHUTHOTO BiaiM ofleiicTBIs vac-
MHOTO TTOPS/IKOB MIPEBITIACT CATTY UX IPABHTAIIHOHHOLO B3AUMOJLelicTBIA. 3Ha-
| cUUTBL SEKTPOMATHHTHOLO B3AMMOJETCTBIS SaCTHIL ONPEACIACTCA WX ITeKT-
CRUMHE 3aPsiIaMH. ‘ ‘
COBPEMEHHBIM TIPEJICTABCHUAM, SEKT unecku sapaod spisercs pusn-
BeTMMHHOI, XApaKTepU3yomeii HHTEHCHBHOCTh NEKTPOMATHHTHLIX B3aIMO-
__
3HaKa SNEKTPHYECKHX 3apsi/ioB. B MpHUPO/E CYINCCTBYIOT TACTHILBL € 9/1EKT-
1 3apAAAMH IPOTHBOTIOMOKHDIX 3HAKOB. 3apsi/L 3JeKTPoHa CHrTaloT OTpH-
, a 3apsiAl IPOTOHA — ANEMEHTAPHOI YaCTHILI, KOTOPAsS BXOAWT B cOCTAR
oMa, — TOTOKUTENBITEIM. BOABIIHCTBO Tel SueKmpuiecku neumpaib-
MEI0 ANEKTPOHOB B HUX PARHO YHCITY TPOTOHOB. Heiirpanes atom 1000ro petie-
Ec/i napymuTh KakinM-T0 00pazoM HNEKTPHIECKYIO HEIITPANBHOCTD TEMA, TO
TAHOBITCS HaAdAeKmpuzoeanivim. Teio, micomee U30BITOK DJNEKTPOHOB,
e10 OTpHUATELIO, TEN0, B KOTOPOM SMEKTPOHOB MCHBINE, HEM NOA0KNTCILHO
HHBIX YACTHIL, 3APSUKENO TOTOKUTEIBHO. [MoaomnTebHbI 3apaa obpasyer-
IPUMED, HA CTEKJIE, TIOTEPTOM KOKeil, OTPULIATETLHBIH — HA AHTAPE, TOTEPTOM

apHbiif 3apsaz. [Ipy saexTprsamm s/exTpn WeCKHIT 3apsijL HaMeHAeTca He
BIBHBIM 1 11POM3BOIBIBIM 00PA3OM, 4 TOJILKO Ha CTPOTO OMPE/ETEeHHOE SHAHC:
PABHOE WTH KPATHOE MUHIMATHIOMY KOJIHYECTBY HICKTPHUYECTBA, HAIBIBACMO-
APHBIM JICKTPUYECKNM 3apsi/I0M.

ammrpmecuuﬁ 3apsi/i AMeeT AHCKPETHbIIi XapakTep H H3MCHACTCA HA ULEAYI0
'KpaTHyio BeauuMHy (KBaHTYeTcs).

PHBIIAS TO MACCe CTabMTpHAA YacTHIE, 001a/Ial01Iast 3/1eMCHTAPHBIM 3.1EKT
1M OTPHIATEILHBIM 3apPSi/IOM, HABIBACTCS SNEKINPOHOM. 3apsijL HNEKTPOHd
-10" K. Macca anexrpona m, = 9.11-10 3 gr, 3apan nPOMOHA NONKHTE-
f D MOJTYJIEO PABEH 3apsiLly 37eKTPOoHa, €ro Maccd my, = 1,67 107" kr. 3aps resa,
ero ua N gapsKenslX 4acTHIL, KPATeH [C/IbIM SHAUCHHAM 3apsa 2AeKTpoHd;
€. DNeMeHTapHbI 3aps/1 BrEpBBIe OB H3MepeH P. 3. Mumkernom B 1909 .
CCTRYIOT T APOGHBIE 3aPsi/ibl? DTO IPEANOI0KEHNE BOSHIKIIO B CBASH € npesi-
M CYHIECTROBAHWUA KEAPKOS8 — TACTHIL, H3 KOTOPRIX 1OCTPOCHO GobIImH-
CEJIBIX 31EMEHTAPHBIX ACTHIL, HANPUMED IPOTOHOR. 3aps/l KBAPKOB MPEATIO-
PaBHbIM +1/3 ¢, +2/5 ¢, [[OMCKH KBAPKOB TPOBOTILAECH MHOTTIMH YHCHBIMI Pas-
METOaMH, HO BCe OHM Jia/til OTPULATEbHbII pesyabTar. Takum 06pasom, B
HEe BPeMsl IKCITePHMEHTAIBHO ¢ DOJILIION TOYHOCTBI) YCTAHOBACHD, 9TO

.

& ApoGubix 3apanos B CBOGOAHOM COCTOSHIH He CYHIECTBYET.
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3akon coxpanenus 3apsiza. 3uauenie sapsiza, H3MEPAEMOE B PAITHYHBIX Hijep,.
HHAJBHBIX CHCTEMAX OTCHETA, BCET/1a OJIHHAKOBO H HE 34BHUC HT OT TOro, JABIKEeTCY ‘:E:
HWIH HOKOMTCSL.
3aKon coxpanenun 3exmpunecKozo 3apaoa: CyMMapHbiii 3apan dek.
TPHYECKH H30JHPOBAHHOH CHCTEMBI HE H3MEHSIeTCs.
IAEKTPHYECKHE 3aPAbI He COIAIOTCA U HE HCYE3AIOT, a TONbKO nepenaorey
OT O/IHOTO TeJa K APYTOMY HJIK NIEPEPACHPE/ICNAI0TCH BHYTPH JAHHOTO Tena:

; @, = const. ©9.1)

Kpome npoTonos u a/1eKTpoHOB cyiecTsyer Goiibloe THeio APYIHX a1eMeHTap-
HBIX 3aPSKEHHbIX YACTHIL Bee O y9acTBYIOT B Pa3/IHuiBIX NPOLECCAX BIamyor; PeB-
PAlEeHH, HO KaKOBbI OBl Hit HBLIN HTH MPOLECCH, CyMMa PHBIIT 3PS YACTHIL 10 B3an-
MONPEBPANERNSA PABEH CYMMAPHOMY 3apsijly 110CJ1e B3aUMOTIPCBDALLEHHS,

HTak, 3apsjt He ABAACTCA cAMOCTOSITENBHON CYHHOCTHIO, HE 3aBUCHMOIT OT MaTe-
PHH, OH — 0/IHO M3 CBOHCTB MaTepHH. 3aKOH COXPAHEHIIS 3aPSIa MMEET TAKOE JKe (yn-
AAMEHTAIBHOE 3HATCHHE B (DUBHKE, KAK U APYTHE 3aKONbI COXPAHCHNSA (IHEPIUH, jiv-
MyAbCa, MOMEHTA HMITYJIbCA M T. 11 ). '

9.2. 3aKkoH Kynona

OcHoenoif 3AKOH SNEKTPOCTATHKH. Pasjies1 91K TPOAHHAMHKH, B KOTOPOM H3yua-
ETCS BIAMMOACHCTBHE HCNOABHAKHBIX 3MCKTPHUECKHX 3APAJO0B, HASKIRAIOT J2ekm-
pocmamuxou. Takoe B3aMMOAEHCTBIE OCYIIECTBIACTCS OCPEACTBOM Inexmpo-
Cmamu1eckozo noas.

OcroBHOIT 3aKOH SIEKTPOCTATHKH — 3aKOH B3aHMOJICHCTRI JBYX
HETIOABHIKHBIX TOYEYHBIX 3aPAL0B (JIEKTPHYECKH 3apsiKEHHBIX TE,
PasMepbl KOTOPBIX MBI 110 CPABHEHHK) € PACCTOSHISMH MEKAY
HIMI) — ObUT 9KCTIEPHMEHTANIBHO YCTAHOBIOH hPAHILy3CKiny (hHan-

: koM L Kysionom (1736 — 1806) B 1785 r. u nassau ero nvexem”,
‘ ‘ Onwir Kynona. /115 onpeesiesus CHist sB3anMo/eiic Tens IByx
sapanos Kyiou socnonbsosasics kxpymuasusimu eecami
(puc. 9.1) — yeranoskoii, cocTosieii U3 CTeKAANHON MATOUKH,
| NOABEIICHHOH HA TOHKOI YIIPYTOH NMpoBonoke n noMerenioil B
CTEeK/ISIHHbLIT ITHIHHAPHYecknii cocy, Ha oaHoM Koriie matodkn
HAXOIMTCA MATCHBKHNA METATINYECKHI mAapuK, a Ha JApYTOM —
nporusosec. Bepxnuit kowen HUTH LpUKpPeTLIeH K mKane ¢ Jee
| HUsMH. C HOMOIIBIO 9TO HIKAIBL ONPEICASIOT Yo/ 3aKpyynsa-
Hus nur. Jepes orseperne B Kpoinike COCY/Ia BBOAAT APYTOii Ta-
KOi1 ke wapuk. Ecim mapukam coobuien sapsit, T0 O B3aiMO-
AEHACTBYIOT Mexy co6oit. O chute BaanMoAeHcTBIs YT 10 YITY
3akpyuuBaHus HUTH. B ofmem cayyae ciiibl B3anmoeiicrsms 3a-
BHCAT OT (hopMBI M PA3MEPOB HAIEKTPHIOBAHHBIX Te/ H XapaKTe:

[

Puc. 9.1

! ETY g " . .
ITOT 3AKOH GBI YCTAHORICH ARTMHCKIUM vuenbiv I, Karennmes aa 13 siet 1o ovepirmis ero KyaoHOM.
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Puc. 9.2

a mmx. B covuae HerojABHAKITBIX TOTETHBIX 3ap#A/10B, T.€.

Tenax, JuHeinHie PasMeEpPbl KOTOPBIX MaJIbl 10 CPaBHE-

TOSHISAME MEKLY HAMM, CIPaBE/LIHE 3aK0N Kynona. )

:,nnponaa saxona Kynoma. OnbiTibiM 11y TeM KynonoM nbl.uu‘yc"ranorlme—

ecJin 3apAal BHOCHMOTO IAPHKA VBEJITHH BaTh B N pas, OCTaBJgA 3apsiy lIl.:'ipI:l—

EeHHOro Ha CTEKJ!H!IHG]"JI HANOYKe, TOCTOAHIBIM, TO CHJIA UX B3aUMOAEN-
aetcs B n pas. Ecoim paccTosHne MexKy [LAPHKAMH YBEANUNBATL B 1

CHpeeNenis 3apsaios H
pacnpenesierHbixX Ha

| |
a
> CHIA MX B3AMMOJEHCTBHA YMEHDIINTCS B 7Y pas.

axon Kysiona: cnia 31eKTpHiecKkoro BaanMo/ieiCTBHS [ MeA/1y ABYMS He-
SHSKHBIME TOYEYHBIMH 3JEKTPHYECKH 3apAKEHHbIMHA TCIAMH @, 1 @, B Ba-
€ IPONOPIHONA/IbHA IPOHBBE/ICHIIO HX 3apsi/ion H 06paTHO NPONOPLHO-
1a KBAJIPATY PACCTOSIHMS / MEMK/LY HHMH:

F =k _——lQllLQﬁi, 9.2)

K09 dUUMEHT MTPONOPUBOHATLHOCTH, 3ABHCAIINI 0T BHIOOPA CHCTEMBL €N~
X BEJTHYMH.

B3AMMOAEHCTBITH OTHOMMEHHBIC 3apsUlbl OTTATKHBAIOTCA, p’d:il—l?lﬁiem'ible =
matotcst. Croisl Kysiona nampasaient 110 NPAMOiT, COeUHSIONICH ddpﬂ;.lh:l. 2l
orramcnsaris F, geficrsyionas Ha sapsi/t (; €O CTOPOHBL OAHO HMEHHOIO 32

COBNIAZIAET 110 HATIPABICHHIO € PA/IMyCOM-BEKTOPOM T, [IPOBCICHHBIM H.:,i. (@) rf
sapsiy (puc. 9.2, @). Cuia npUTAKCHILA, seficTBYIONAs Ta 3apsaa (& c;o qL 12 0%(;
HOHMEHHOTO 3apsjia (), IMeeT IPOTHBOIOIOAKHOC HATIPAB/ICHHE (puc.9.2,6).

OTTATKWBAHNA TPUHITO CHUTATD TIOJIOKATETLHBIMU, CUTB TPUTH Kenns — OT-

hIMH.

151 B 0GO3IHAYECHIN 3apsi/ia B AasbHeiTieM GyeM omycKath. )
CU sapsii — npousBoaHas BEIMYUNG, ONPelesieMas Hepes ocaungylo BeJH
= cuay Toxa. ExpHiia aieKTpuieckoro sapaia B CH — xyzon (.1 1). )
it pasen InexkmpuNecKomy 3apaoy, npoxodsuemy 3a 1 cuepes

2 ceuenue nposoonuKa npu cuie moxa 1 A. ' _—
PHIMEHT TPONOPIHOHAIBHOCTH B 3aKOHE Kyaoua (9.2) 8 CH onpeze

yiie
(9.3)
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Jaxon Kynona 8 CH sanucuisacres g Bue

= QIQ;’
dmegrt (9.4)
Besmuuny = nassisaior saexmpuvecroii NOCMOAHNHOU, HTO OHA 113 (bnap-
HEeCKHX KoHcTanT. /Las 10ro 4106 onpejennTs ee yncaermoe SHAYCHILE, PACCMOTPy
caryyail BRauMoaeieTeis sapsaon 1o 1 K1 kakom i1, PACTIONOKEHHBLIX i PaccTos Y
I M apyr o1 Apyra. Uasectro, 4to ciita BaanMoneiicrsnsg 3APAIOB B ITOM CTyyae
Ha 9-10" H. M3 chopmy.iet (9.5) naiizem

L QR | Kar*
T 4 F 4.314-1M2-9-10° H

T.8.5; = 8,85-107"* D /M.

pan-

= 8,85-107" K /(H- m2), (9.5)

9.3. AneKkTpuyeckoe none.
HanpsmeHHOCTb aneKTpuYecKoro nons

DNEKTPHUECKOE MONe. JICKTPHUCCKOE TTo1e npeAcTapiasger cob0il 0CoORIT BT Ma-
TEPUH, CBABAHHBIH ¢ HNCKTPUTECKUMU 3apsilaMil 1 NEePEAALII ACTCTRIS 3apsiioB
/IPYT Ha ipyra.

INEKTPUIECKOE TIOJC He BOSHHKAET 11 Pu B3anMoiencTrin 3apsgos. Jliohoil sapan
HESABHCHMO OT HAJIYHS APYTHX 3aPAIOB BCETa HMeeT aNeKkTpuyeckoe mose. Ecan

3dpPAL HENOABHIKEH, TO A1 CKTPHYECKOEe MOJIe Ha3bliBaeTCH IAEKMPOCAIMULCCIKUM
noJiem.

I DNEKTPOCTATHYECKOE MOJIe HE MEHAETCS BO BDEMEHH H CO3JAETCH TOJABKO
IEKTPHYCCKHMH 3apsAiaMH.

Mayuas ocnoBbl 91eKTPOAMHAMUKH, MbI OY/eM 3HAKOMATBCA 1 € TIEPEMEHHDIM BO
BPEMEITH 3JIEKTPHYECKHM 110/1eM, KOTOPOE He CBA3aHO C 3apsyiaMu HepaapuiBro. Muo-
THE CBOHCTBA CTATHYECKITX 1 MEPeMEHHBIX 10,161 COBLAJIAIOT, HO MEXK/LY HUMH €CTh |
CymecrnetHhle pasaisns. B aaabneiinesm nose Gyaem maswigats SNEKTPUUCCKIIM, CCIIH
AanHoe CBOHCTBO B PABHOI Mepe IPUCYINE KAK CTATHYECKITM, TAK i MEPEMEHHDBIM 110+
JAM.

B cospemennoii dusmke JICKTPHYECKOR HOJIE paccMATPHBAETCH Kak ocohas (op-
Ma Matepun, obnazaomas creindiHecknyi GU3HTeCKMI cBoifctBaMu. [1aBHBIM
13 HIX SIBIACTCA CIICAYIONICe: HA 3/1EKTPIIECKHE 3apsiiibl, TOMCIICHHBIC B 9T0 T,
ACHCTBYIOT CHJIBL, MPONOPIHOHATBHBIE HTHM 3apsIaM. INCKTPHUECKOE [10/1€ MOKHO
OOHAPYKHTE, ecin B HPOCTPANCTRO, OKPYXKRAlOMee 3aps @, suecTH apyroil supsil.
Obwiuno st ncenenoarnus croiicrs MO NOAB3YIOTCSA TTONOKITEAbHBIM 3aPAI0M,
KOTOPBIH Ha3bIBAIOT RPOOHBIM 1 0O0ZHAYAIOT Qup- Hpn a10M cumrasoT, yro poOHbI
SapsL HE HCKAKACT U3YYaeMOTO 1O, T.¢. NPeHEOPEraloT ero cobeTREHHEIM TO/CM.

Ha npobusiii sapsn, novewenmsii s KaKylo-TH00 TOUKY NOJSI, co3gaBaeMoro 3api-
AoM @, neifeTsyer cuna

F . QQII}I

dygyr?

(9.6)
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e RS

Puc. 9.3

SHHOCT NEKTPHYECKOTO 1ot Ec/ut B oty 11 1y e EoAiy oA Eanc;:rm
w1 Qy Qo Qg ..o TO HA HUX OYIIYT AGHCTBORATS PASHHE CHIH F\, F, 3
smenne F/ Q = Fyf @y = Fy/ Qs st o104 'I'(NI\I“I'I 1'10..:? Beerzia oyaer nncr'rf} .
3 PASHBIX TOHEK TIOJI MOXKHO COCTABHYD TOUHO TAKHE KE OTHOIICHUS, T. €. ag);
omno KOJIMYECTBEHHO XapaKTepH3oBaTs HoJe B DEL'L‘ITFIT*]HX Ti:];d_\. 1-
F/Q,, HA3HIBAIOT HANPANCEHHOCMBIO SNEKMPUHECKOZ0 NOIL.

- (9.7)

051 HATTPSZREHHOCTh. | )
HAUPSIKEHHOCTD HIEKTPUYECKOTO MO BLIPAKACTCS B HBHIOMONAGX HA KY

| ) 10CTD — CHJIOBAs XapaKTePHCTIKA OIS, OHA YHCIETTO DABHA CHIIE, AeH-
i 1A eMHIIIBIT MOMTOKUTE IbHBI 3apAL

G @

— '—'_) .
4meqr

IPSKEHHOCT — BETMY A BEKTOPHAs. 3d Ha'npanm-_:]me BEKTOPA HallpﬂuﬂfEIIHD-
TPUHMMAIOT HAPABJIEHNE CHIIBI, C KQTOPOIT TIOJIC AeHCTBYCT Ha poOHbLIL 3apst,
; JIA.
';i;;!;:;gﬁczﬂ?gng;puqcmoe nome rpadpuueck yaooHo np.enc.TaB;{ AThH
pIMI IHTAMA. CUT06bIMU TUHUAMU, NI JTUNUAMU nanpmemmcn‘m
.mbmalo'r JAMHUHN, KACATEIHBIC K KOTOPBIM B KaAK10H TOYKe COBIA/AIOT ¢ BEK-
HANPSDKEHHOCTH B IAHHON TOUKE [10JI5.

§ Jhun HAlPSKEHHOCTH JMEKTPOCTATHUECKOIO
 1I0JI51 HHKOT/1a He MOTYT ObITh 3aMKHYThl CaMH Ha
J ce6a. Oun oGa3aTEABLHO HMEIOT HAYATO H KOHEIL

| GO yxoasT B 6ECKOHEUHOCT.

CBHETENLCTBYET O HATITIHA B IPUPOJLE JIBYX PO-
JIEKTPHYECKUX 3apsA/10B. Y CA0BIIHCE CYHTATD, UTO

| TMHHH HaNpAKEHHOCTH DIEKTPHUECKOTO NOAA
| Hanpasjeubl OT NOJOKHTEIBHOTO 3aps/la K o1-
PHUATENBLHOMY, T.€. BBIXO/IAT H3 I[OJIO)fHTeJI'bI{O-
TO 3aps/ia, a BXOAAT B OTPHIATEIBHBIN 3aps/l.

8 Jhmam sanpsuKenHOCTH HEKOLIA He TIEPECeKaloTest. Puc. 9:4
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[Tepeceuenne smmmit o3nagano 6u OTCYTCTBIE ONPEACACHHOIO HATPABICHY -
TOPa HANPAKREHHOCTH SJIEKTPHYECKOTO NOJS B TOUKE Hepeceyenys, Fvcro-'mii -H -
HALPSKEHHOCTH XAPAKTEePU3YIOT HANPAKEHHOCTD Mo, B mectax, e ,—lanpnme:n-muﬁ
NOJIST MEHBIIE, THHUH TPOX0AAT pexke. [Ipumepsr npocreiinmx 3,r£(.=',{-,-pm[ec S THOCTY
npeacrapiecibl Ha puc. 9.3, a—z. Torelt

INEKTPUUECKOE 110J1¢, BO BCEX TOMKAX KOTOPOO HAIIPSKEHHOCTD HOJ1s1
1o Mojty/mio 1 Hanpasiaennio (E = const), nassisaercs oonopodnnim.

IIprmepom Takoro noas MoryT GbiTh SMEKTPHYECKHE OIS PaBHOME

HOM 1ockocTn (puc. 9.4, @) 1 II0CKOro KOHAEHCATOPa BAATH 0T Kpaep
(puc. 9.4, €). '

OtMHaKoRy

PHO 3aps HKeH-
ero 00K 1anok

9.4. NMpuHUMN cynepnosuuumn nonei

[puanan cynepnosuuun. Pesyastnpyiomas cuia, feficTsyionmas ua TOMEY
8apsii () cO CTOPOHBI ABYX JAPYIHX 3apsiioB Q) n (b, pasna TEOMETPHYCCKOI Cymme
cunt Fy n F, co eroponst kaxkioro s sapsaon Q) u Q. Tax kak '

F,=QF, n F,=QE,
rne B, 1 B, — nanpsokennoctn noei, cosgannwix sapsigamu Q, 1 Q,, To
F=QE, + QE, = Q(E, +E,).

M3 9roro pasencrsa caeayer, 4to reomerpuieckyio cymmy B, 4+ E, nano pacevarpn-
BaTh Kak pesy.nbTHPYIOLYIO HANIPAKEHHOCTS 1015t B TOUKe A, I7le pachioNoKen 3apsy

Q (puc. 9.5):

F
E:5=E,+E2.

B aroum cocront npunyun nanoncenus, nm CYNepno3ukuu, noaeil.

Ecsm none cospano asyms sapsanamn Q) u Q,, T0 MOZY. 1D sekTopa E onpejessiercs
no Teopeme KocHycos (M. puc. 9.5):

E =/} + B} +2E,E, cosa,

rie a — yron mexiay E, u E..

B obwem cayuae nprmign cyuepnosuimm Gopmyaipy-
eTCs TakK:

(9.8)

€C/IH B /IAaHHOH TOYKe MPOCTPaHCTBA PA3IHYHbIC 34~
PSKEHHbIE YACTHILbI CO3/IAI0T OIS HANPSIKeHHOCT-
mu E, E,, E; 1. 1., TO peayastupyiomas HanpsioKes-
HOCTb ITOJIsl B TOH TOYKE paBHA

E=E +E,+E;+ ... (9.9)

W3 upuaimma cynepriosuimm noseii caeayer, wro 1pi i
JOKEHHH TIOJICH OHH HE OKABLIBAIOT HUKAKOTO Biisiiis APy T
na apyra. baarogapst TpuHIy cynepnosuimun 118 HaxoK-
JIeHIIS HATTPAJKEHHOCTH N0 CHCTEMbI 3aPSIKCHRIX HacTHIL

MOCTATOMHO 3HaTh BuIpakenne (9.7) ais
JOCTH 11011 TOHEUHOTO 3apsaa. P
* Cperema, COCTOSAA 13 ABYX O/INHAKOBAIX

> Pue. 9.6
1O PA3HOHMEHHbIX TOYCYHBIX 3apsI0B, pac-
Ha HEKOTOPOM paccTosnuu [ ApyT OT Apyra,
aaexmpuxeckum ounonem (puc.9.6). Or-
oit [, coemMBsAIONIHiT 002 3aps/a, HA3BIBACTCH -

i XapaKTEPUCTUKON MO ABISACTCH €10
sexcuti (OUNOTBHBIT) MOMENHM — BEKTOD,
gaamhrﬁ MTPOUBBE/ICHNIO 3apsAla Q vaBextopl u
HBIT OT OTPHIATEBHOTO 3aPA/a K MOJTOKHTE b

p= QL (9.10) Puc. 9.7

JIHTTONb TOMECTHTH B OIHOPO/IIOE SNEKTPHIECKOE 110J1e HATIPAIKEHHOCTBIO E
, TO Ha K2K/AbIi 13 €T0 3aps/I0B JCHCTRYCT CHITA: Ha noJoxKHTe B F, =
-_n:ao'rpnua'rem:ﬂblﬁ F_ = —QFE ITH CHIbLL PABHBI O MOJIY.TIO, HO TIPOTHBO-
110 Hanpas/iennio. OHu 0OpasyIoT Mapy CiuJt, 11e4o KOTopoii pasHo ! sin «, 1
- momenT napbi cnt M. Bexrop M Hanpagiies neprceHiKyIapHo BEKTOpaM p
puc. 9.7 — k mam). Mozyiis M onipe/ieaseTcs: COOTHOWEHUEM M = QFElsin o,
— yron Mexy sekropamit p i E.

OPOJIHOM TIOJIEC MOMEHT Haphi CHJI CTPEMHTCS TIOBEPHY Th N0 TaK, YT0Ob!
u E 66111 trapasiiensHbl.

a60Ta CH 3INEKTPOCTAaTUHECKOro nons

3apsiL, TIOMEIIEHHbIT B CTAIMOHAPHOE (HE HAMEHSAIONIeeCs BO BpeMEeHN ) AICKT-
D€ 1oJ1e, )].eﬁCTByCT CHJIA, BCJOEJACTBHE YETO BO3IMOMKHO I'ICI)CMCIJ.I,CHHE' 3apsjia.
2peMelleHy 3apsaaa () B 9J1eKTPOCTATHHECKOM 110J1€ TIO/L peiicTeuenr ciasl F
aetcsi pabora

- AA=FAscoso= QEAscosw,

— MOJLYJIb BeKTOPA Hepemerienns As; o — yroJl Mex-
ipasaenusmu BekTopos E u As. Ecin nose oanopon-
=const), To cuna F = QF, neficTBYIOMas HA 3aPsL €O i
bl [0JIs1, TAKsKe ITOCTOsAHHA. B atom ciryuae paboTta

A= QFEs cosou (9.11)

JIH NIoJie HEOHOPOIHO, KAK, HAlpUMe], noje To4eqHo-
4, TO HATTPSAIKEHHOCTD 1O/ B PA3/INUHbIX €10 TOYKaX
Ha. Y100s1 BRMMC/INTE padoOTY B ATOM CJIydae, BHISIC-
» BABMCHT /T paboTa DACKTPITIECKHX UL HIPH TIepeMelte-
3apsiia M3 OLHOI TOYKK N0/ B APYTYIO OT (DOPMBIL I1YTH.
b 3apsizl () nepeMenaeTcs u3 Toukn I B TOUKY 2B
OPOIHOM AJICKTPOCTATHYECKOM M0/1¢ HALPAKEHHOCTHIO

v, . . T s .




E(puec.9.8). Uz touxn 18 TOUKY 2 3apsi MOKET [IOTACTE (10
PASTUUHBIM TpaeKTOpHsM, Hanpumep 1 — 21 1— 38— 2. Cpap-
HUM PaGoTsl cuit moms B 06GOMX CAyYasX.

[To dopmyane (9.11), pabora cun noas ua uyti 1 —2

A= QE(z, — 1),

s TAK KaK § cosou = x5 — . Pabora cnt 1107t na mymn 71— 3— 2

By pasHa cymme paboT Ay u Ay, Ho A4, = 0. Tak Kak BEKTOPbI

0] T = X HANPSUKeHHOCTH H MEPEMELLEHHS B3IAHMHO-1I€PIICHAMKY,151]-
Puc. 9.9 HbL H IX CKATAPHOE IPOHIBE/IEHHE PABHO HYTIO, TO

Aygp = Ajz + Agy = QE(z, — Ty).
Takum obpasom, 4;, = A,

PaGota cun anexrpoctatHyeckoro nosis IpH NepeMeNieHnH 3apsiia He 3aBH-

CHT OT (DOPMBI IYTH, & 3ABUCHT JIMIIL OT B3aHMHOTO PACHIOJIOKEHHA HAYA/IL-
HOl M KOHEYHOIi TOYeK TpaeKTopmu.

ITOT BHIBOA SABISETCA CBOHCTBOM nomeHyuaronbix noaei. s nero caenyer
(puc. 9.9) eme om0 3akn0UeHNE,

PaGora, cosepmaemas B HJIEKTPOCTATHYECKOM 110J1€ N0 3aMKHYTOMY KOHTY-
PY, paBHa Hymo (z, = r,).

Hpﬂ nepeuememm Japsa/10B HAMEHSETCH HX B3aHMHOe paciojioxkenme, no-
aromy pabora, cosepuiaemas JIEKTPHYECKHMH CHJIAMH, B 9TOM CJIyYae paBHa
H3MEHEHHIO NOTEHIHATBHOM JHEPIruH nepeMeniaeMoro dapsia:

A= —AlL (9.12)

IT0 yTBePKACHHE CTIPABEUINBO KAK 1151 OJIHOPOHOTO, TaK M 151 HEOTHOPOAHOTO
10151,

PaGota amexrpuueckux cun orrancnsanms OJIHOMMEHHBIX 3aPS/I0B MOJMOKATEh-
Ha, ECITH 3apsAAb! yIATIOTCS APYT OT APYTA, M OTPHIATETbHA, €CITH IIPONCXOUT COIH-
Kenwe 3apazoB. Pabota s1eKTPHYECKHX CHIT IPUTSKeH s Pa3HOMMEHHBIX 3apsi/IoB

NOJOKATELHA, eC/IH OHH COMMKAIOTCS, M OTPHIATE TbHA,
T CC/TH OHM Y AA0TCA APYT OT pyra. Tak kak paGoTa anekr-
PHYECKHX CHJI BCEIZia PaBHA YMEHBLICHHIO MOTEHIMAILHOI
JHEPTHH, TO NOTEHIMAILHAS SHEPIHA OTTANKHBAHMS NPH-
OrBKATONIXCsl APYT K IPYTY O/IHOMMEHHBIX 3apsiI0B 10J10-
KUTC/IbHA W yBemunBaetces (puc. 9.10, kpusas 1), Ecm ke
PASHOMMEHHbBIE 3aPS/Ibl YAANAIOTCS APYT OT APYTa, TO 10-
TEHUMAIbHAS JHEPIUA UX NPUTSIKEHHs OTPUUATENbHA 1
CTPEMUTCS K HYJ10 npH r — oo (puc. 9,10, kpupas 2).

[orentmansuas aneprus sapsia s OJTHOPOLHOM TIOJIe
CBA3AHA ¢ HAIPAKCHHOCTLIO TI0JA COOTHOMICHAEM

II=—QFxz (9.13)

FAC & — KOOpAMHATA 3APSIAA, €CTH CHUTATD, 4TO [T = 0 1pn
=0k

5!

Pue. 9.10
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. MoreHuyuan. PasHocTb NOTEHLUWaNOB.
MNOTEHLUMUANbHbIE NOBEPXHOCTH

Tlorerman. Buidepem B anexTpoctaTiny €CKOM noJe Karcym-r.rmﬁu TOY K“v 3:‘:1;1;? :
c 0 11 GY/leM BECTH OT Hee OTCHeT NOTeHIHATBION JHEPriL. s nepeme limn 5;:—[ A
HAYAIBHOM TOYKH B AHHYIO TOUKY 1107151 TpH mio00it rp(?pmie TYTH JOKHS
aquena ojtHa i Ta ke pabora A (cM. 9.5). Otcoa careayer BuBO/L

B Jno6oii TouKe noJsi noTeHHaIbHas oneprus [ 3apsja wiciaenno passa pa-
GoTe, KOTOPYIO HeOOXO/IHMO 3aTPATHTE /LISl IEPEMEIIEHHs 3apsi/ia B 9Ty TOUKY.
1 ?

tIOﬂDGHO TOMV KaK [HOTCHIIHAJILIAA JHePRA B HOJE CHJL TATOTEHHA ITPOIIOPHHO-
Ha Macce TC, ‘}a NOTEHIIHATBHAS OHEPIrUs 3NEKTPOCTATHUECKOTO 10/ TTPOITOPITI-
JTh A ~ hiky

Bi=0, (9.14)
Besmunna
L I (9.15)
U s
T4 i Q

‘ | a xapakmepusyen no-
| HABBIBACTCS CKMPULCCKUM NOMENUUATOM 110/, Ona xap pfI gauuw-
MENUUAIBHYIO IHEP2ZUI0, KOTMOPOU obaadan bl NOTOICUMENLHL
il - 7 MoKy Mot
apso, NOMCULCHHBI 8 OanNYI0 ; |
: Paa:m{;cn: norenmmanos. /st Toro 4roOB BEINHCANTD MOJHYIO HOTEHIHATBHYIO
“éﬁépmm 3apaja, HaAo HaiiTi paboTy CHI TIOJISH 110 NEPEMENICHI0 3apsaia U3 JaHHON

3 oe pac-
| OuKH 110151 B TOUKY, T/I¢ T10J1e OTCcyTersyer, nanpiuvep Ha Geckoneuno Gombiioe p

cTosAH 03 ToJe.
: fe 0T 3apAzIoB, CO3AAKIIIX e £
B cootsercreny ¢ (9.12) pabora cui 1osst MoKeT OBITh BbIUHC/ICHA YEPe3 PasHO

MOTEHIIHAIOB HAYAILHOM M KOHEYHONH TOUEK TPAEKTOPHIH:
A=-All=—-(I,—1L;) = Q(p; — a)-

6 IEKTPOCTATHYE-
Bemnuuny (i, — ;) Ha3bIBAIOT PASHOCMbIO nOMEHUUAR0 3HM ;51 g
cKoro 1o, [TonsTHe Pa3HOCTH MOTEHINAIOB (M1 HATIPsIKeH!s ) 1P
' - OYKaM MOJIA.
K ZIBYM Pas/MYHBIM TOUYKaM 11¢ ' N
B CH pazHocTh NOTEHITHAIOB BbIPAKACTCA B ?Oﬂbm(ﬁ; ::gf;oe i{an; el
FHOCIT uarog (saexm
Boavm — amo pasnocms nOMeHy, P i
npu komopoii nepemewjenue sapsida 1 Ka conpoeo.;.vcdafmcx paf:)Tr:Tme Fi =
ToTenimasn ABASeTCs IHEPrETHUECKOI XapakTepuCTHKON .a;s:[-:bl;hw ERES
aTh 1003 ]
' : UIMYHHA MOKET IPHHIMATH 1 5
B s On Gpar IManne, UT0 (PuangecKni CMbIC
punatenpnbie snavenus. Caenyer oOpaTuTh BHUMAHHE, -
; ; € Td C J1.
HMEEeT pasHOCTb NOTEHIHAMOB, TaK Kak Yepes Hee Bmpazxae”rcsf de;I) e
10 HepeMentennio 3apsia. [oBops o noTeHaie B 1anaoH TOUKC MO .C
- 3 TOYC
PasyMeBaioT PasHOCTD HOTEHIMAIOB, HMes B BHAY, 4TO OJHA nil s
3apaee 1 HAXOAMTCA B «OecKoHe HOCTHS, Tak Kak 3HAYEHNE NOTEHIT Te.mmaﬁa 54
MM 3aBHCHUT OT BHOOpa HYIEBOTO YPOBHSA 3HEPTHH, TO 3HAUEHHE anm o
KeT ObITh ONPEesIeHO b 110 OTHOIIEHHIO K HEKOTOPOMY YPOBHIKO, )
3a HyJeBoil.

(9.16)

K BbiOpana
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DHIOOD TOYKH ¢ 1 3EIM
yenosuii sanaun. 11 i
TeHIHaT 3emin,
HYJIEBOTO YPOBHA NOTEHLHANA He BANseT Ha
Ipu pewennu 3axaq vacro HEOOX011MO
1071 TOYeYHOTO 3apsiza ( B TovKe,

TOYEK 3JEKTPUYECKOI0 0.1, Bhiﬁop
3HAYCHHe PA3HOCTH NOTEHIHATIOR,
SHATB NOTEHUMAT 3TEKTPOCTATHYec

Korg
YAAleHHOI Ha paceTosame 1 o1 3apana;

Q
= . 9.17
v Anzgr ( 2
ITa hopmyia CHpaBeMBa 11PH YCAOBHH, YTO 1HOT

eHIIna CTPEMUTCS K HYJIIO Mpy
¥ =00

p= _Q__ (9.18)

4dme R '

IKBHTIOTEHIMAIbHBIE fiosepxnocty. I'paduyeckn suexrpirueckoe HoJe MOKHO
H306PaKATE HE TOABKO ¢ OMONTLIO JMHAT Ha

HPAKEHHOCTH, HO H ¢ HOMOUIBIO 3K6 1 -
nomenyuaitbHbix rRosepxHocmer; — COBOKYITHOCTEH TOHEK, UMEeoHX OJINHa-

KOBBIH noTentma, epecexascs ¢ mwiockocrsio HCPTEXKA, IKBHIIOTCHUHANBHBIE [10)-
BEPXHOCTH JAI0T dK6uUROMenyuatvmumie AU,

Ha puc. 9.11 nokasamnm IKBHIOTCHLMATbHbIE IMHUHK T0JIA TOYCIHOTO HONOKMUTETL-
HOTO 3apsza. Bokpyr aroro Japsila MOKHO IpoBecTH Heckoneyoe MHOMKECTBO 9KR-
HOTEHIMAALHBIX unmit. VX veprst Tagmm obpasom, uTobnr PA3HOCTB OTEHIHAIOR
AT ABYX TOOBIX COCCAHMX THHMI Guina ogma u ta xe (manpmmep, 1 B). Takoe uzo6-

PAKEHHE IKBUIOTEHUHANLHBIX Ml qaeT HALISAHOE HPEICTABICHAE O TOM, KAk Me-
HACTCS Pa3HOCTh NOTEHUMATIOB B Zannom noJje.

Ha prc. 9.12 nokasan YHACTOK SKBUIIOTCHLUMATHHOM uHny. B TOuKe I nomenten
3apas Q. B oanoposanom JJIEKTPHIECKOM T0JIC nepeHeceM 31oT 3apsaa () ua pac-

CTOAHUE = U3 TOYKK [ B TOUKY 2 BAOJAb JMHHUM PaBHOrO noreHuHana (@ = const),
B atom cayyae pabora onpeneasercs mo dopmyne A = Q(p, — ¥2). B T0 e Bpems
A= Frcosa = QFEzrcos GreaoBarenso, Q(p, — y) = QExrcoso. Tak xax P = const,

¥ = const

Pue. 9.11

Pue.9.12
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: I ast 4acTh
e s s i, s, s
i Kak @, ru F He MoryT
4 OLITH pasHa nym0). Tak :
— 90°, OTKY/A CIEAYET BBIBOIL

1/1a NepPHeHIHKYIspeH
g BEKTOp HANIPSKEHHOCTH JIEKTPHUECKOrO MO E Bcera p
 HOBEPXHOCTH PABHOIO HOTEHIHAJA.

- " o e r T 3.,

KaK KTOP HANPSKEHHOCTH
B IKBHIIOTEHIIHABHOH NOBEPXHOCTH Be ;
" no” :g Oﬁuwmxyqxiapeu eii W HanpaBJien B CTOPOHY yObIBAHWS NOTEHIMANA;
.2) g:eno nepeMelieHnio 3aps/ia 0 IKBHIOTEHIHAIbHOH NOBEPXHOCTH

2) pa

p‘am HYO. \

11 H3BECTHOM
13 CBOHCTB DKBHIIOTEHIHAIbHBIX TTOBEPXHOCTEH NE.O)K:Q 2(:1 Onpeney:
: b T ¥ TOYKe Mo
: qg'}::ﬁnm SKBUTIOTEHIIMATLHBIX [TOBEPXHOCTEH B KamK/J10H N
nanp » eu;vre BEKTODA HATIPSKEHHOCTH WITH 10 H3BECTHOMY Pac
aBJi . . ! & | <
HALPSUKCHHOCTH HOCTPOHTD 3KBHH0T€H1UJdthHIﬂLM[LOl;§g;{2;}f{ By
com A30BAHO HECKOJIBKH M, . |
Ecn Hueckoe 1noje obpasosa . s ohi
. ?éleﬁglsme noJis pasen aare6pandeckoii cyMmMe MoTEHIHAIOB, CO31L
-mbo J .

18510 3apMBM:

I

9.19
p=p1+%+ st )

-' CBS3b MEXAY HanpsMEHHOCTbIO U Pa3HOCTLIO NOTEHUHWanos
BKTPUYECKOro nons

KT urocts E)

N KO€ 110J1€ UMeeT JIBE XapaKTepHCTHRN: CHIOBYIO (Hanpaa):f:mqmﬂe %,

uepem‘::f:ym (m;renmia.rl ). HanpsikeHHOCTD 1 nmqm.mz;.n = pI [ J i
'ePUCTHKY OHOM M TOIT JKe TOUKH HOJIS; CAEN0BATENbHO, MEHKIY HIMHA

{ Ep]{ u

: B TO3HATHASL CBA3D. "y o Tl

p Ecam 'mor?:ggc:ﬂlo pacrpeiesieHie oTeHiana, T.6. ero de‘;i;{;{qu{ éca;:fém s

7151 B KK/t ; ‘MOTP

noa ) Hal ALPAKEHHOCTD 3TOTO 110 i

i s YOAHOM TOJIE TIPU TIePEeMeITeHHH MOTOKHUTE,

PaloTy SIEKTPHUECKHX CHIT B OIHOPO/LH

10 3apsijia u3 Toukn 1 B Touky 2 (puc. 9.13):

A= QE, Az,
' octr E na ocn X. .
' e 4 BEKTOpa HalpAKeHH . R
me(fr "pr:l:gg}:onm "BT}I’) paboTy MOKHO BBIPA3HTH Yepe3 PasHOCTD MO
ApYTOii 1 = 3
KOHIax oTpeska Ax:

A= Qg — 91) = — QA9

nie Ap = (9 — ). )
men.pf‘lpalgﬁﬂB ]'[pillﬁhle qactu opmy.t (9.20) n (9.21), no
ayaum QF Az = —QAy, oTkyna

(9.20)

9.21)

Ap
= ~ Az

Puc. 9.13
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Ananornyno,

Ay

Az’

CiieniosatesibHo, 3nas HAIPSKEHHOCTD OIS R Ka
pa:mo(‘ Th HOTEHIIHAIOR Mf.‘?:K,’l}' J f['lﬁlhl.\"'[ TOYKAMM

B . ¢ -
» 6myqae OAHOPOAHOrO MOJSL, HAPHMEDP N0 MA0CKOLO KOHACHCcaTopa (¢
4, 6) MOnyJIb HANIPSKEHHOCTH OTpesesTeTes 110 (hopmyae -

Eyz_éii

Ay’ 0

KIOH TOUKe, MOKHO BHIHC gy,

M. Pue,

B P
B (9.22)
e d — paccrosue; (g,
caropa.
Pasnocts notennmanos (a2 eKTpHYEC
max (B); nanpsaennocty aie
max na memp (B/m).

— Pu) — PA3HOCTE MOTCHUMATOR M eXY 00KaKamn KOIL1eH-
Koe nanpszkenue) s CH soipakaercs » B0H-

KTPHUECKOTO OIS, B COOTBETCTRIM ¢ ( 9.22), — B gous

9.8. lnaneKTpuku B ANEeKTPUYECKOM none.
Monsipusaumusn AW3ANEeKTPUKOB

JnajekTpuku. exm aAMU Hi:
pmecmmm ' Tﬂus:z PUKAMU HASBIBAIOT BELECTBA, HE IPOBOASATIIHE HICKT-
iy TOKA. 1epMIH «<IHJICKTPUK» Obl BBeeH M. Dapazeenm s 06o3HaYCHIS
. 3 2= N 3 - o , (el | i
a;i:ex';]; lfqlégl{'opou Mu;jc_leT B OTHITHE 0T METATIOR /TTUTeTBHOC BPEMS CVICCTBOBATS
‘ CCKOE 1oqe. /nsnerTpukn uenoanavior pHssEC
MIE ] SYIOT JUTA HIOAAITH JICKTPUL ;
1IEH, a Takoke 471 cooOmenms - ' : s iond
31 QICKTPHYCCKUM YCTAHOBKAM 0coh “BOICT
5 sl i KIPHHCCRIRE . ICOOBIX CBOTICTR, O3BO-
|.13ro;u;13 ; ESSLE }I;[;)J.;H!O HCHOTL30BATH :)61101»1 M MACCY MaTepuaioB, H3 KOTOPHIX OHE
OTOB! + AHDIIEKTPHKAME MOTYT ObITh BOIHECTRA, HAXO! ; 0
0 7 » HaXoAmmecs B moGoM 13 1pe
ATPETATHBIX COCTOSTHUIT razoo6pasne sl
: z 0OPAIHOM (A30T, BOAOPOL), KK
_ : ) » FRHIKOM (ITPOY KL Hedh1
nepepadoTkit), TRepaoM (anmaps, gapdop, ksapiy). S i

B B ugeamnom AHDJICKTPHKE HET CBOOOIHBIX 3apsizioB.

s paﬂ“r{)ﬂﬂ-};ﬂ‘u{] IILF;;JHH d Ilt[)).\-'I{I.T'B AHDJICKTPITKAG KPeHIKO CBAZANL] ¢ AIpaMuy, [[I)n BHYTPHET
(&) i IPsLIKa M JTAKC BAeMenTy PHBIT DACKTRHYeCK I 3apsAn )‘- acT 1noae
HalrpH}KE'HHOCTbIO = . e R B R

Be=® o L6107 Kn
dregr? 4-3,14-885100 2 Kn-B 1.y 10 D 2 108w,

IT0 sHAYEHHE MouTH § 1() D00 pas Gonbme, uem

W see-rakn econ JAHIICKTPHK BHECTH
TEPLEBACT CyliecTBEenNRE HaMeTIC
TPUEKA.

ACCTHTHYTHE B HacToAuee Bpemsa (107 B/M).
BO BHCLIHEE DICKTPHYECKOE NOJIE, TO AN3ACKTPHK TPe-
HIST, 4T0 0ObACHACTCH MOJCRYIAPHBIM CTPOCHHEM JTHAIER

Besikas MOJEKY.Ma Lipes
Hymo. Ognako MOJIeKy

| 188

X — g )
(‘I‘i]li.iii-lt‘l CODOH CHCTEMY € CYMMAPHBIM 3aps/10M, pABHBIM
JILI oDaiagamnT HIEKTPHYECKHMN CBOHCTBAMI 1 HX B nepBoM

e
sV MOAKHO PACCMATPHBATH KAK 9/IEKTPUTECKHE JTH-
JKUTETLHBI 3apsit AUNI0/sE paBeH CyMMapHOMY 3d- EeEerEe»red
4 TOMCHIEH B <IIEHTPE TSDKeCTiTs TOTOKHTEIRHbIX
oTPUIATELHLL 3PS PABEN CYMMAPHOMY Sapiiy e a®
HOMEIEH B «IIEHTPe TSHKECTI» OTPHIATETBHBIX [
i g o)
- - ¥ 7 e ]
IO TPH TPYIIITEL U3 ICKTPIKOB.

- EH
Y HeliT Hbl€, HEMOAAPHbIE, THIICKTPHKH, HMEIOT

DUYHOE CTPOEHHE MOJIEKYI. Pue. 9.14

pSKECTH TIOTOKUTETLHBIX M OTPHUGTENLHBIX 3aPsUI0B B OTCYTCTBHE BHEII-

OITIECKOTO TIOJIST B HUX CORMAJAIOT; CIET0BATENBHO, TAKME MOJIEKY N HE

* cOOCTBEHHBIM JIMIOJBIEIM MOMEHTOM. K HETOAAPILIM HDIEKTPHKAM OT-
Gen3o, napadi, T TIIIeH, PToporTact, H,, Oy, Ny 1 ap.

JIunoJibHbIe, NOSPHbIE, JUDICKTPHKH HMEIOT ACHMMETPITIIOe cTpoente
(OeKYJ1, YTO NPHBOMT K HECOBIIA/ICHUIO IIEHTPOB TAKECTH NOJ0KHTETHIBIX

1 OTPHUATETBIbBIX 3aPAI0B.

[eKYJIa [TPe/CTAB/sleT B ATOM C/Iyiae KECTKHI IUTIONb. DMERTPHYECKuil MO~
KOro [toas (umoasHbni Moment) ecTh p = Q1 (em. puc. 9.6). IIpm oTeyT-
WMENTHET0 OIS AHHOILHEIe MOMEHTEL MOJIEKYJl OPHEHTHPOBAHbI XAOTHHECKH
@PHBIT IMMOABHBIT MOMEHT PABCH HYJTI0. K nossipabiv JH2JEKTPHKAM OT-
1 (hertost, HITPOOEH30J1 1 Ip.

Kpucraumueckue, C1adonoaspubie, MdIEKTPHKH XapaKTePHIYIOTCst HOH
CTPYKTYPOil.

ornocstest NaCl, KCl, CsClom ap.
puaanust. [I[pi HOMEHCHIH AMDCKTPUKOB BO BHEIIHEE 3/ICKTPHUECKOE 11016
1IPOHECC UX NOTAPHIALHH. Daexmpunecxoi no.?‘l'apuaaqueu HAa3bl-
COCTOSIHUE BEIIECTRA, IIPH KOTOPOM A/TCKTPHICCKIH MOMEHT HEKOTOPO=
M@ HTOTO BeNecTsa He PaBeH HYJIO.

ABTATE MOASPUIAIAN HA TPAHSX AMAICKTPHKA HOABIAIOTCA 3apsibl, e
HEUPOBAHHBIE COCEIHUMM AMNOIAMH. ITO UPUBOJMT K TOMY, 4TO Ha OAHON
BEPXHOCTH BOSHUKAIOT MOJ0KHTENbHbIC 3apA/ibl, & Ha

= orpuuartessibie (puc. 9.14). ITH DAEKTPHUCCKIC 32~
HASbIBAIOT CEABAHHBIMUL.

O

. +

dapubie 3aps/ibl IPHHA/UICIKAT MOJIEKYIAM IHIIEKT-

A ¥ He MOTYT ObITb Y/IAJ€HbI € €ro NOBePXHOCTH. ——
E
BOzpacTaHuy HATPSPKCHHOCTH BHEUIHETO 110151 OPHEH-
TEKTpirgeckix MOMEHTOB iMmoseii emme fosiee yrnopsio-
= =
L E
UPsKeHHOCTh DACKTPHYECKOTO 110Jis1 E’, coznasaemoro :
! Pue. 9.15

bIM i 3apsiiaMi BHYTPH AHOAEKTPUKA, HAnpas/iena 1npo-
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THBOMOJIOKHO HAl ps::-l-;ern HOCTH BHENTHETO, TTOJSIPUSYIOLIETO /113
koro nodisi B, (puc. 9.15). Hanpawkennocrs CYMMapHOLO 110J

E = E; + E'. Pesyanrupyomas nan '
\ ) aupPsKeHHocTb E 1043 3aBMCHT 0T ek Tpuye

CBOMHCTB CPEJBl, OHA [POTOPLITOHAbH; 3 i -
2 d NPITOKCHHOW K JIU3]1 ! H ] X
i By BHeHero moJs: HIISKIPAY Hanpemserming
g_E
= (9.23)
Husnexmpunecxan nponuyaemocms = — Eq

— Cpey =k - >
g CPeABL mOKasmiBact, g

CKOJIBKO pa3 HalPAKEeHHOCTD 10 B BAKYYME OOJblie, YeM B AHIIIe

BeanunHa Gespasmepuas. AnanekTpuueckas HpoHUIAEMOCTD HEKOTO
irpuBesena B taoa. 1113 (em. upna.).

KTPUKe. D1
PBIX Beluectp

9.9. NpOBOAHWKM B 3NEKTPHYECKOM Nnone

me[}{lf;ﬁf:ﬁ: r?;ﬁf::f:ﬁgm?u nfme. B sasucumoctn o1 xapakrepa Bosciictous
e % CBOﬁCTB.. .I AAPASALJISIOT HA NPOBOIHMKM, JAMIACKTPHKN U 10,1y 11po-
; 4 TCJI 1 HOBEIEHHE HX B ATCKTPHIECKOM TOJIE OHPEACTSIOTC CTPo-
:;m:i ‘n paCH(‘)Jll}}KEHHeM aTomMoB B Tejax. B coctar atoMoB BXoasT .‘-‘J..’l(?K'!'le‘TC(PI(H
= ﬂnp:,:ﬁi,:fﬁzgﬁ; H]:{(:;u;)mn'em:ufre ~ MPOTOHb, OTPHIATC/IBHBIE — SAEKTOHbL.
T e TOM. ACKTPHUECKH HEHTPANEH, TaK KaK YHCI0 TPOTOHOB,
o aB ANpa aToMa, PABHO YHCITY DJIEKTPOHOB, BPAIMAIOUMXC BOKPYT
AAPA H 0OPATYIONAX «3TEKTPOHHLIE 000I0YKHI> aTOMA. DAEKTPOHBI \’aepalcnrsalni'a't'}; B
gzome CHJIAMH JTEKTPHYECKOTO NPATSIKeNNA K s4py. Onnako B METAILIAX H3-33 0CO-
§ ﬂ:;:g:e;{ Hx (3’[‘_[)08[11-15 TP BACTIIHEM BOSACTHCTBHH 31CKTPOHBI JIETKO MOTYT OBITH
e :i;].(;xa 1‘1{1;;1]1:[3;;1;[ ;E:i}f;r%a aToMa u (‘l?ﬂﬁ()ﬂHO IEPEMEATLCA /IO TEX 10p, 110Ka He
S Ha;;bmamvr.l ;:; jﬁn%vmm ATOMOM. DJIEKTPOHBL, HOTEPSBIIHE CBA3L CO
B e ;)T —— .aT . 'o :'alu:ulmT P‘hc ,fmux;eane UMEeT XA0THYICeCKHIT XApaK-
e an PATYPBI: 4EM BbILE TEMIEPATypa, TeM Hosibline CKOPOCTh JABH-
AHBIX SNEKTPOHOB. B MeTanmyeckix npoBoARNKaxX KONTeHTpaIls CBO-
Goamwix anexTponos nopsiaka 102 v, Jlpmskenne Takix
MICKTPOHOB aHATOTHYHO TeILI0BOMY JABHIKCHUIO YACTHTL FA3d,
IO3TOMY COBOKYIHOCTH CBOOOHBIX AJ1EKTPOHOB HA3hIBAIOT
INEKIMPOHHBIM 20130M.

Ecn Metammiiecknii IPoBOHIK HOMELEH B 916K TPH-
HECKOE 110J1€, TO HA XaOTHYCCKOe [IBHIKEHHE DIeKTPOHOB Ha-
KALABIBACTCA VIOPSIOUCHHOE ABMKCHHE B HAllpaBJICHILM,
HNPOTHBOUOJIOMKHOM HATIPSZKCHHOCTH o7, Takoe ABisKkeine
AIEKTPOHOB HasbiBaloT dpetighom. Ha puc. 9.16 npeacran-
JIEH MPOBOJIHHK, MOMEIEeHNbIH BO BHEUIHEE OAHOPOAHOE
daekrpuyeckoe nogae By Tlox aeifctenem noas 2aeKTpoibl
IePEMCIIAIOTCS B HAIIPABJIEHHN nosepxHoctn A B. B pesy.ib-
TaTe fa NOBEPXHOCTH MPOBOAHNKA AB BosHHKaeT H30LITOY
HBbLA OTPHILATENbHLIH CBODOAHBI 3apsjl, na NOBEPXHOCTH
npopoAHHKa CD — U36BITOYHBIH TOAOKHTEABH LI 3Pl

A C

I
+ 44+

oy

!

+
S

NEKTPHEK 2.1 EKTDI"I"IGC-
11 BHYTPH 2n '.'}J']E_‘K'L‘p”Ka

spepaclpe/ie/lenis 3apsIoBs BHYTPH PO
1 ACHCTBHEM BHEIHETO 3/1EKTPHYCCKOTO
aeTCs SAEKMPOCMAMUHECKOU U=
. Bapsiibl, HOABJAIOUHECH HA MOBEPXHOCTH
2 HASHIBAIOTCS HAGEOEHHBIMU, WIN Ut -
unemie. llepepacnipeienenne 3apalos
HBOIHAKA [IPOMCXOMT JI0 TEX 110p, 110K Ha-
r1, BHEITHETO 110151 HE CTAHET PABHOM 11PO-

%

— == — —
OJCHO HATIPAB/IEHHOI parnpskennocTH E nonn i
< i
gHBIX 3aPSA0B. B aTOM CiIytae |Eqo =|E|, | | x ANEKTPHHE-
HHOCTD PE3YJILTHPYIONIETO 110/ paBHa ——=1 CKOil MalnHe
Pue. 9.17

YHOpSAA0UEHIOE JBWIKEHHE 3apsijloB B PO~
eKxpaiiaercs, T. €. HacTyrnaeT paBHOBECHE.
OBECHH 3aPSIIOB Ha TTPOBO/IHIKC NOTEHLUA BCEX €70 TOYEK OHHAKOB. Cuae-
JHO, 8 CAYuae pasHo6eclsl 3apA00E NOGEPXHOCHIL HPOGOONUKA K-
wuaIbHa.

ocTarHyecKas 3amura. Ec/u 1PoBOIHIKY CO0OMNTH HEKOTOPhL 3apsij
1 gﬁmpeneﬂmca TaK, 4ToOBl COOMIOAANOCH YCAOBHE PABHOBECHS, T. €. HAT/E
1 IPOBO/IHHKA He OyieT M3OBITOUHBIX 3aPAI0B, & BCE OHN PACTIONIOKATCA 10 T10-
“TH MPOBO/IHKA C HEKOTOPOH ITOTHOCTRIO O (ITOTHOCTHIO 3apANd HA3BIBAIOT
e /S, tae S — NAONMA/Lb OBEPXHOCTH nporoHuKa). V30brrounnsiit sapsi
TIPOBO/HIKE PACHPEEIACTCS TAK HKe, Kak i Ha CHIAOITHOM, T.€. TI0 ero Ha-
MOBEPXHOCTH. JTOT BBIBO/L GbisT HarIAARo TpoaeMoncTpuposan Mapajseem,
M CIeyIonytit onelT. ECAM H3rOTOBHTD 3AMKHYTBIT TIOJIbIH TPOBOJIHUK
ounoii cetkn (puc. 9.17) B BuAe KAeTkn (KICTKA Mapajest), YKPENUTh €10
ONIeil NOCTABKE I TOBECHTD Ha €10 BHYTPeHHEH 1 BHEINTHEI H0BEPXHO-
KHBIE TOJOCKH, BBUTOIHSIONHE POJIb 9JEKTPOCKOTIOR, TO 1TPU 3aPSIKe KIET-

i{BI0 9AEKTPO(OPHOI MALIMHBI OTKJIOHATCH JIHIIb HAPY/KHbIE JTHCTOTKIL.
AETEIBCTBYET O TOM, YTO DIEKTPHUECKOE [10]1¢ BHYTPH KIETKH OTCYTCTBYCT.
1 00PA3OM, TPOBOZUIIIAS IOBEPXHOCTD HAZEIKHO SANWIIACT Ty 00.1aCTD TPOCTpAl-
PYIO OHA OKPYIKAET, OT ACHCTBUS 3ACKTPHYECKOTO 1O Takne HOBEPXHOC-
3VIOT B KAUECTBE 3J1EKTPOCTATHYECKON 3aliTThl.

I’lﬁunnenca'ropu

TpHYecKas eMKOCTb. ONbITHBIM yTeM GBII0 YCTAHOBIIEHO, HTO eCai Gopya
YEAHHEHOTO TIPOBOIHHKA HE H3MEHATOTCH H OCTAETCH HETIAMEHHOIH cpea,
i HAXOAMTCS TPOBOHIK (HATIPHMED, BO3AYX), TO TIPH YBEIHUCTIH 3apA/id Q
OAHHKE IPOMCXONT TIPONHOPIMOHATLHOE €MY BO3PACTAHNE TOTEHIHATA TTPO-

Q= Cy. (9.24)
pdunment nponopunonansioct C = /@ Ha3BIBALTCH FNEKTPUIECKOI eM-
ecxasn emkocms (eMKOCms) 1POBO/IHIKA WIH CHCTEMbL PO~
B €CTh (PU3MYecKas BeIMUNHA, XAPAKTEPN3YIOLLAs CIIOCOOHOCTD TPOBOAHMKA
CHCTEMBI IPOBOIHIKOB HAKATLIMBATH S1CKTPHYECKHE 3apsi/ibl.
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B obntem i YHae eMKOCTDb 3aBUCHT KAk o1 cpednt, 6 Komopoi naxodumcs npo-
BOOHUK, TAK W OT pacnoroxcenus OKPYHAIOUUX €20 men, 1o He 3aBHCHT OT
SHAYEHNS COOGINEHHOTO eMy 3apsia 1 ero NOTEHIHATA.

B CH eannmnei HIEKTPIIECKON eMKOCTH SBsIeTes $papao (D).

Dapao — emxocms maxozo nposodHuKa, nomenuuan KOomopozo uame-
nemes na 1 B npu coobuenuu emy 3apsida 1 K. Ira eqnmmna BeChbMa BeIHKa,
Hanpusep, emxocts takoro IIPOBO/IHUKA, KaK 3eMJiA, BCero Jums nopsaaka 7-10 * @,
OITOMY /118 NPAKTHYECKNX [esreii HCTOB3YIOT AosbHbIe CaAnHmst: 1 Mpd = 1(-5 @,
Lad =10"°®, 1 n® = 10-12 D,

Ilasi npuMepa pacesiraen FICKTPHUIECKYIO EMKOCTh VE/IHHEHIIOT) MPOBOIHHKA, HMCIOIErD
thopmy ehepi. ITo onpeacaenmo, C'= Q/q. Horenuan cepuyeckoro ITPOBO/HIKA, HMeOTIe-

ro pamnye R, na ero nosepxuocri paBeH i =

copeprr

PR Taxum obpasom, exxocrs YEMHLHHO
TE

U= JTf-fl]If.

DNEKTPHYCCKAS eMKOCTh TPOBOARMKOB ApyToii hopMbl BEMHCAsIETCS: G0TCe cnoxco. Ecay
IPOBOZHUK NOMECTHTb B ININEKTPHK, OTHOCHTEMbHas AHDICRTPIYCCKAA NPOHHIACMOCTE KO-
TOPOTO PaBHA £, TO €0 eMKOCTB BOpACTAeT B & pas.

DNEKTPHYCCKAS. EMKOCTH He 3aBUCITT OT MATCPHANA NPOBOAHMKA H OT HANMMMA NOJ0CTe]
BuyTpiero. Io hopmysie anexrpuyeckoit em KOCTH TPOBO/IMKS, HMelomiero hopmy chepbi, Mok -
HO BRMHCIHTS EMKOCTH KAK 0JIbIX, TAK H CIUIOMIHBIX METALIHYECKHX IAPOR, TOMCIEHHBIX §
CPEAY C ARDAEKTPHYECKOI TIPOHHIAEMOCTLIO &

C = 4nee, R

Konaencaropsi. Ussecrio, uto & obuem ciyuae eMkocTh NPOBOAHAKA 3aBHCHT OT
CPCIBL, B KOTOPOI OH HAXORUTCS, 1 OT PACLOIOKCHIST OKPYKAIOIMX €10 IPOBO;IHN-
KOB. CHCTEMY MPOBOIHNKOR, eMKocTs KOTOPOIi He 3aBHCHT OT PACHOI0KEHIS OKpy-
HKAIONUMX TeJl, HA3BIBaKOT Kondencamopom. Kouzencatopst — 910 06pmmio cn creMa
H3 ABYX MPOBOJHUKOB, HA3bIBAEMBIX OOKIGOKAMU W pasTencHHbx AUATEKTPHKOM,
TOJMIMHA KOTOPOro Masia o cpaBHeHtIo ¢ pasMepamu obinazok. OGKIaLKH Komen-
CaTOPA PACHOIATAIOT TAKHM oGpazom, 4To6sI Hote, CO3/1aBaeMOE 3apsiaMu, HaX01s-
IHMHCst Ha 06Kaazkax, Gumo COCPEAOTOUCHO B MPOCTPAHCTEE MEIKLY HITMI,

dnexmpuneckas emxocmy, Kondencamopa onpedersiemes ezo zeomem -
puer u dusnexmpuveckumy ceoucmsamu cpedw., sanonsiiowel npocmpan -
CMEo mewmcoy obrradkaru. Ipn sapsaxe KOHJEHCATOpa Ha ero 06KIa1Kax nogas-
JIAIOTCA 3aPANIB, OAMHAKOBbIE 110 SHAUEHHIO, HO TIPOTHBONONOKHBIE 110 3HAKY. PagHocTs
HOTEHUHANOR Mesky 00K Iankamy H3MEHSETCA NPONOPIHOHAILHO sapsny [em. (9.22)].

Hpocreitumvn ssasores ITOCKHE KOHAECHCATOPRI — CHeTEeMA ABYX IUIOCKONapaJi-
JICIBLHBIX IPOBOASIIIX I7TACTHH — O0KTaJI0K, pasjenentisix AHANCKTPUKOM. EMKocTs
TLTOCKOTO KOHACHCATOPa BRIMHCASETCS 1o opmyae

e ol (9.25)

A€ 5'— nromazns 0bKranok KOIICHCATOpa; d — paccrosnme meskay obKnagKamr; £ —
AUSTIEKTPHYECKAS NPOHHIACMOCTE CPebl, 3anonHsiomeii npocTpaneTso MeX Iy 06-
KJaaKaMy.

l 192

' Coenunenne KONZEHCATOPOR. [LUi51 HOAYHEHHA SATAHHOT0 3HAYEH S SO Knlrl
AEHCATOPbI COCANHAIOT B Gamapen. Paszm4alor B2 BHA COEMHEHMI: napaies
e
HOE W [10C/EI0BATENbHOE.,

Tlpn napaaneavriom coedunerun KONJACHCATOPOB COCAMHSIIOT UX OHONMEY
HO mf)ﬂmt:mmro obxaanxn (pac. 9.18, @). Ipu otom obumwmii sapsz Gatapen

Qoﬁut = Ql e Q’.’ + Q:i-
Ho tak xak @ = UypCy, Qs = UypCi, Qs = UypC, TO
Qoo = Uas(C1 + G2 + Gy).

EmrocTs Takoii Garapen A
¢ L8 Qnﬁm
fobir —
U
HIH

Coom=Ci + Cy+ Gz + ... (9.2¢

; : Ha CYMA
HPH NapaLaeIbHOM COEINHEHIH KOHICHCATOPOB eMKOCTh 63'1‘{1])811 pan 3

[KOCTEH, BKITIOYEHHDBIX B Hee. ; ) . ‘
eM!iF[);H nocaeaosame.ftbuwu coeduueuuu KOH/ICHCATOPOB COCINHAIOT PasHi

§ '
HMEHHO sapsokenbie ooknaakn (puc. 9.18, 6). [lpn atom sapsa Garapes

Qﬂﬁul = QI S QE - le-
Hampsxenue mexay TouxamMu A u B |
: 1 1 |
Q.9 & _o [Lprgad |
Uy =U,+U; + U3 = C_q' T 53— + C, Qﬂmu ¢ & O

5 g : OB eMKOC’
Orcioaa nosyuaeM, 4To HpH NOCIe0BaTel1bHOM COEJMHEHNT KOH/ICHCATOP!
Barapen paccunTHIBAIOT 110 hopMye

1 _ UAH
Cnﬁm Qoﬁul
Il l
1 §iog 5
Sl TRk kT (9.2
("oﬁm Cl C: C'.;
== Cl
1= C_C, B
4ty I — I'““"_Elﬁ =y
F E's v, 0, U
=
1 i
a 6

Puc. 9.18
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HCATODOR
PEH TIDH mapasiensiom coep

enms o, = nC. Ilpu nocaenoBateasnon ¢
HUK G5y = Cfn,

0C/HRye.

9.11. 3Heprus 3apsieHHoro KOHAeHcaTopa

Ecim obknanxn sapskennoro KOHJCHCATOpa 3aMKHyTH METATTHYECKITM

HHKOM (puc. 9.19), 10 no ey NOHAET 2NeKTpHYCCKiii TOK, JIaMioyKa
OVICT 1OPeTsh /10 Tex 10p, 1I0Ka KOHZAEHCATOP He paspsmmTes.
HKEHHBIH KOHAEHCATOP 06amaer aneprueit. /st Buraucrenus SHEPIHH 3apaxennory,
KOHAeHcaTopa cHavama paceMoTpiy YEAMHEHHDI He3apsKen i LIPOBOAHKK,

ITepenecem sapsin @ MHOTOKpaTHEIMU nopiwsaivu A Q us GeckoneynocTi iy

HpoBog-
HUK. [Ipu atom meoGxommvo HPCONVAETD CHIIBT OTTANKHBAHILS, AEHCTBY IO HE MEKy
BHOBb MEPEHOCUMOIT Nop1LHei ; p

HocTi nposozimka. [epenoc owepeanoii HOpiHn 3apsina A Qus Geckone

nposog-
3ArOPHTes 5y
210 3Ha4UT, Y10 3apg-

sapsukeny,
JTI0. — KOHCYHBIT NoTeHIIAN, TO ¢ pern-
HeeC SHAYEHHE [OTEeHIMANA COCTABUT #/2. Pabora, kotopas COBCPILACTCH UPOTUE Cliy

HOJIST TP Co0BIe MK HPOBOAHMKY 3apsna () u notenmana P ABJACTCS Mepoi aiep-
THI 3apspkeinoro nposoumka. Oxa Moxer OBITH BBIMMCICHA 110 thopmyae

."p
A=

Ecim nposogunk ne Haxoanres
XapakTepusyer coobuennyo noren
XOAAUMXCA Ha [IPOBOIHHKE:

BO BHEIIHEM s1exTpudeckom 1ose, 1o 91a pabora
UHATLHY 10 SHEPIHIO B3auMoaeic st 3aps/I0B, Ha-

Qp _ C¢? -
1__[: :——-:‘_———-—' 9.28
A - = (9.28)

TaK Kak Q@ = C'p, rae € — emyocrs MPOBOHMKA.

Ecn nmeerca cucrena ABYX 3aPsUKEHHBIX IPOBOAHMKOB (Komjicl icaTop), To no-

Hasn Inepzusn cucmemve PaBHa cyMMe cobeTReHHbBIX AHEPTHIT TPOBOIHIKOE i aHep-
HH MX B3auMoseicrems;:

Qg

“90) e = Cloi—aaf
2 2

IT =

(9.29)

e Q — 3apan onHol n3 00KAa10K Konzencaropa; (!
P2 — HOTEeHUMaNp COOTBETCTBYIOIMX 0OKAAA0K, co

K
ELE }C

Puc. 9.19
| 184

— EMKOCTL KOHeHcaTopa; o, 1
3/laBaemple Kak noJjem qpyroi
O0KIazKK, Tak i cobetrer HBIM TIO/IeM.,

Konzencarop o6iapaer JHepruei, pasnoii pabore, npo-
H3BEICHHOI NpH pas/enennn 3apsaos,

' Hesasucumo or dbopmbr u FeOMETPHYECKHX pa3MepoR
HbIX Ha ero o0KJaKax.

cocpenoroyeH-

OJHHAKOBOI €MKOCTH ACKTPHYECKASA EMKOCTY, Darge

A
p NIEKTPUHECKOro non
* JHeprua 3

r KA3aHO, 4T0 3aPAKCHITBIH KOM-

' '1. : :muﬁ meclforg “g;l:f;n?ca%: L.{i?}[;zi:nr?ne JOKAM30BAHA 374 :-!HCDI:HH?
-' g COCPENIOTOYEHA Ha ODKJAAKAX KOHACHCATOPA HIIH B
e i A Tp('l‘ B OJEKTPHUECKOM T0J1e KotaencaTopa. OTser
s 06&13&1{3&::)' o;ua'lT. B asexTpocTaTHKE PACCMATPHBAIOTCA TN
ks TmECMi MaTepuaibibiil 00LEKT He 0OMeHn BaeTCst dHep-
o g lmﬂﬁ.“ MH 10 JHEPrHs NOJA He NPoABIAeT cedsd. Onpeﬂf!-
o S0 He' IUH Y [0S MOJKHO TOJBKO B BJEKTPOAMHAMUKE,
e -nﬁe Bo Bpemenn. /lanee OyaeT nokasaHo, 4To Cylie-
mpol i Hepememl MpeICTABISTIONIe coDOil ANeKTPHUCCKIE 1 Mar-
Mm i er]:;bls‘peueun ¥ PacipOCTPAHSIONIHECS B IIPOCTPAHCTRE
- Hmemmaec%nmf MOKA3BIBAET, YTO SNEKTPOMATHHTHLIE BOIHLL 3a-
¥ ‘ cmg;;:—;cwﬁ snepruio. CleoBaTeIbHO, DHEPIHs KOHAEHCATOPa CO-

r B cefe u 1

pHA B JICKTPHICCKOM 110J1€.

prHH ¢ Qe Oro 1nomnsa
aHe : FHEP2UU NNCKTPHYIECK!
IJIOTHOCTD . Obpemuasn LIOMHOCTL % : i . s
a, paBHas OTHOICHHIO NOTEHIHAABHOM JHEPUIH H‘ SJdACeHHO B
AST BEJIHYII e
xo&’h_ﬂh&y‘ T.C. |
2 I {9'3_ U‘
y=—,
Oro noaa T F= iy — oy) = Hia
KakuM ARIHAETCH NOAe IJIOCKOTO KOHIEHCATOpa, L {“p: *i:} o
= 54 txe. 18 : ; ; d — paccTogaue MeHITY H 5 A
; Oﬁlﬁllﬂlﬂl( KOHACHCATOPE] ! 1HM
i’ : Sd. e S ILI0EAb [

_Qu?
T2
CU* _ e, SEd _ esf? (9.31)
L T 284 2Sdd 2

ed KPATKME BbiBO/bl
- JIeiCTBHC v 3AEKTPHYCCKI
et — 3TO BIATTMOJLEITCTBHE MEIKILY

j umodeiicmasue — 310 ( . e s
'mmuaumm:ienfn‘:axpccmmmecm RADSIKCHIBIMH TETAMH, Hpﬂu1 gz:;:;ﬂ I;FHTEH-
i ‘m:rx BA3AUMOJAEHCTBHI OCHOBLIBAIOTCA HA TTPUHIMIE Gi;rﬂllatfinﬂe:j zapan;)M.
anem*po- ex MArHHT : IPEACIAETCA DIICKT] "KUM 3apsi]

X B3AUMOAEHCTBII O11pejt s i
g ABa Bim:?.:CKT[J}I‘lECKOI‘O Fapsiia, VEJIOBHO HA3BAHHBIX HOL0MCU
A 3 : 3
i MHH Bl i V KPATHbI BCE
tice yu lm\lam: it a71EMEHTAPHBII ANCKTPHHCCKHIT 3apsAJL, KOTOPOMY KP
HBIE 3aps/1bl YaCTHIL W Te — .'mex‘m,?on.-mm[ - ;mreﬁpanqcc}coﬁ i 3313{[_
ane Kl 3apas1 3aMKHY TOI CHe pas ; : B s 2

Cz:g;l:;c BHQMEI-EI‘;'apIth wactai. O CTPOIO COXpanaeTes Bo Bee
1] 3 h b
HpEBpater ACTHIL FTOI CHETEMDL i e e cunol
' elﬁieqq‘:;ﬂe ;nelc'rp}met'mm 3apsIbl B3AMMOZIETICTRYIOT B BAKyV
AT : _
i 1o saxony Kyaona:
Qe

F= -,
dmzgre
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b 4 5t HCCTE I
BOH Xapakrepucrikoii OISt ABASETCR Jerrp,
HHYH L NOAOKUTC bR 3apsL;

€51 [IOCPECTROM SAEKTPHUECKOIO Moy, Cino-
EHHOCINY, PaBRAS CHIIC, ACTCTBYIOLE Ha ejLi-

E=

P
Q
Haupaxerocrn noJed, cosdiaBaesbx OTACABHBLIMK 3apsaamy, CRAa/BIBARYTCS) TEOMETpy-
UECKY (nputiyun cynepnrosuu).
® JNeKTPOCTATIMECKOE none spisercs NoTeHImaNLHBIM, 1. 0. paGora,
PEMEINEHMIO 3apazna, He 3apucnT OT TpackTOpHN, a

SABMCHT J01uTL 0T fray
NOXOMEHUsT 3apsina. Padora PaBHa H3MEHEennO HoTemay BHO# Heprin
SHAKOM:

COBEpIIACMas 110 e
AILHOIO 1 KOHEYHOr
CHPOTHBO] TONOXKHE v

A4 =-Al

® Juepretityeckoii X4PAKTEPHCTHKOI 1015 st isieresy nomen
TEHUHAIBHY 10 SHEpru0, KOTOpOit o6aanan 6 HOJOKHTETLH hrit
HBLI B Kanyio TOYKY MmoJist,

SHUCCKHTT CMBIC/ HiMeer Pastwocms nomenyuanos,

A0 10 lepesmenen o Japsaa;

Yuan. On XapaKrepusyer -
CAMHHYHBI 3apsy, HOMeme -

"1€PE3 Hee Buipakaeres paGota CI

A= Qe — Pa).

® Cutonasi SHEPIeTHYCCKAN XapakTeprc ik MO/ CBAZAHBE MeATY OGO COOTHOMIE I HENM:

E:Lplﬁ{;‘l

s

Moxapusosanmmi AMATERTPIK cospaer

AMEKT] PHYeCKDe
Ka ocnabaser sremnee noge g £ pag:

foJ1e, Kotopoe sHyTpy AMIneKTpY-

=2

® Cocobuaocrs UPOBOXHUKOB HakamTinaty, MEKTPHIECKHIT 3apsi Xapakrepu

IVETCHA 7ek -
Mmpuveckor EMKOCITbIO:

Ci=

6 |

nexTpryeckas EMKOCTE He 3appe

METpHIeCKMu pasme Pam, hopmoit,
Mu OKpyxRaiomei; CPEIhL.

.TIEKTpI‘IIIGCKaI{ EMKOCTHL HIoCcKoro Lcmmehcampa

HT OT 3apsja HPOBOIHIKOR,

4 onpenenseres JIHIIL reg-
BIaHMHLIM paCTIUJIOJKCHHEM H

SICKTPHYCCKHMH CROJiCTBA-

¢S
-

@ 3apsm;eurm_aﬁ Konaencarop obnagaer SHEPrite

- Clei-ef
2

enrampa cocpenorovena g aJe
KOTO 1101351 paBHa

® Sneprig KOHJT

KTpHYeCKoOM noge, Obnemuas WIOTHOCTh
HEPriun MIEKTPHYee
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BOnpoch ANs CAMOKOHTPONA ¥ NOBTOPEHMUS

z wrpona? 3. Chopmympyiite
L eKTpHuCcCeKiil 3apaa? 2. Yemy paBen 3apaj asie i
Egmpam Tauemneuaaﬂ Tpﬂ;xa 4. Chopmymupyiite sakon Kynona. 5. Yro npesx s el
coxp ‘fap m'cl;uﬁ("mm oo 0baazaer? 6. Yro HA3BIBAIOT lii_;ilépm oemno i
e TTOJIE M KAKMN mr IEKTPHYIECKOH CHAOBOI JIHHHE ?8. Kak e i
mpnnTmm';; i gT(bopO H:fympyﬁrc TPUHIHI cynepnoszuign noseir. 10, 3asne m:p .ﬂﬁox
cone : " MBI . =
BOR i ITEKTPHHUCCKIM HOJEM IIPH NepeMenen wgainza. g:ﬁ)::;:s ;,mg?{m(mmo-
. _pmaema:l;mxn MOTEHIHATOM TI0J151 B AAHHOMH ero Touke? 12,
. Yro Has

it o i CBAZAHDLI HAPAKCHHOCTE H paa ; i
BHO! i ]BE‘-]}X]{OC’I'BIO? munneii? 13. Kax ™ > ;
ANEKTPHYECKOTO noaa? 14. Kaxue BeUECTRA HA3BIBAIOT AHMICKTPHRAME (15 B uem

HITE 110, " THA TH3JEKTPHUKA ?16. Yo nokasnigaer AUANMEKTPHYCCKAH IPOHK-
ABJACH] U pIEa 1540]
. ? 17. Kaxue BEUICCTEA OTHOCHTCH K npzmwrmmam? 18. l'ae pacnosaraloTes

. cpenbl ¥

BCKHEe 3aps/ibl i Heckas
H ig. 1‘11'0 xapaKTepm et MEKTPH
; A 3A[HKEHHOM l'IpOBOI.LHH.K!i? 21 v : : .
: ][]H)m)!mﬁ arT '161‘0 Oﬂa BaBHC“T .; 20. Kam“ KOH,[[CHL& I'(J]) Hasl.ﬂeajo] nlf[{:ICKHM; 'IEM:J
-eﬂ Y ? 2‘1 Kal( pa(‘(“{li'!'hlﬁaﬂ'ﬂ.’ﬂ :').IIEKTIJ]‘I TeCKas EMKOCTL Oat A 1 P I]apa. LneNb-
BMKOCTIJ - i o
. }
[ IOCAEJOBATENBHOM COCTHHeHHAX KOHACHCA TOposB

MNpumepsl pelieHun 3aaay

; T JIpyra yKperJieHsl ABa
B e L S
! ap}m — @, yToObl OH HAXOLMJICS B PABHOBECHH?
Hano: +Q; +4Q; —Q, ;= = 1.
' Pemenn? 80 CTOPOHBI 3apiaioB + (Q u +4Q) va sapsiji — Q AeiiCTBYIOT CHIIBI IPUTS-
s By w Fy (pue. 9.20):

po ol a4
Vodmegrt’ Y Ameg?
3apsiaMu
} 1y — paccTostine MexLy sapsagamu +Qu —Q; r, — p;cicioﬁi!rf:‘r ?;?my p
2 ‘::-+4p5 3apsjt — Q naxoauTes B papnosecun, ecim | F)| = | Fy,

[ @l _ Q- 41@)

g "
dmeyrd  Awen

»

e Eaan =1k
1 st = 1o ua puc. 9.20, r, + ', = 1,

Otcona 4 =12, wm 2r, = 1, Kak sun P

:éi;eﬂOBaTeﬂLHO,

[ 21
==, By=—
: 1TE T
OTBCT: TIZIE/B, 71*:2'{/‘5‘ T i
® 3anava 2. /[Ba 0iMHAKOBBIX nmo}xmenbubu;; ?éan; R@>0_0Q<0 4Q>0 Q
. Y S 3 CCTOAHHN
sita 107 Kor naxopatest B Bo3yxe na pa i F,
pzma [1,2 ﬂpyK;:l (puc. 9.21). OnpenenanTs HaNpsKeH H‘()C’I:h ¥ : 2 ne
AP ; vilest na cepenne otpeska, | n |
Nosst B Touke O, naxopameiics T SOl
COSJIMHAONIETO 3apsitbl, 1 B TOUKE A, PaconoKer Pic. 9.20

Ha paccTosHuM 5 CM 0T 3apsI0B. . I



E, Hano: Q, = @, — 107" Kme=1;2r=8cM=0,08 m;
¢ T=5cM=0,05m.
Haiimu: £, 1,

Pemenne. Tlo TPHHIHNY CYNEPHOSHIIMHE Pe3yy,-
THpyIOWas nanpsokennocts E noas, CO31aBaEMOro 34-
pidamu @ u Q,, onpeaensiercs BEKTOPHOIT cymmoj;
Hanpskenuocteit B, u E,, coszabaemsix KasKIIhim 3a-
PAOM B IAHHOH TOMKE 10151

QI. Em O Elu Qz

E=E, +E,. (1)

B touke O sexropm E\; 1 Es nanpasaenst or toy-
Ki () B CTOPOHBL OT 3aPsiJIOB, COIAIOMIX noje. Kpome toro, sapsizp (1 m @, paBan 1

PACTIONOKENbI HA PABHOM PACCTOANIH OT TouKH (). Hoaromy ¢ yuerom HalpaBJIeH 5
BEKTOPOB 13 (1) nomyuaem:

En F= Em = E‘.m- Ey,= Em, -E‘;j =0

Brouke A pesymsmapyioummii BEKTOp HapsurenHocTk E 4 stsrsieres anaronasio napai-

JenorpamMma, obpasosatnoro E 1 1 Ey; caiesiosarensho, E, = 2F, cos o, Tak kax E, =E.

h .
Hockonsky cosa ==, a h = VI =% =0,03 M, HATIPSZKeHHOCTD MOJs B Touke A

Pirc. 9.21

n
g,o9-G b,
dmeger? n
Boruncaenng:
. 1 a |
E, 2-1077 Kn-0,03 m

= =432.10 B/m.
4m-8,85-1072 D/ n-0,057 o - {2
Otser: £, =0, B, = 4,32-10° B/m.

® 3anava 3. Onpesennrs HOTEHITHAL JNEKTPHYECKOrO TS JMTIONIS (pue. 9.22),

TEKTPUYECKHIT MOMEHT KOTOporo coctasaser 8-10~" Ki-m, B Touke A, pacnono-
KCHHOM Ha OCH AMNO/IS1 Ha paceTosnmy 7 — 0,2 m 0T ero newrpa co cTopoms mONOsKH-
€JILHOTO 3apsna (I < 7).
Hano: p=8.10 " Kn-m; =02 M; £y =885-107 @ /m;e = 1.
Haiiru: o,
Pemenue. Corgacuo MPHHIUITY cynepriosuumn nosei, noteniman 1o6oii TOYKH
/IEKTPHYECKOTO Houis1 Aunosnst pasen anredpanyeckoii cysmme NOTEHITHATIOB, CO3/1aBa-
MBIX B 9TOM TOUKe Kas/sim HAPAROM: 0 = 0. + p_, uau [em. (9.18) u (9.19)]

{
i 0 z‘__Q_T:__Q__rT=___LfT’ (1)
41:53[r'-§J 41739[_1"#-5] 41tsﬂ[f'3—"z} 41reo{:r2~1]

! rae p = QI Tlockonbky | < r, Bemunoii 2/4 o

i ‘ A CpaBHEHHIO ¢ ¥ MOKHO penebpeun i hopmyana (1)
T npumer suy
¥ ’

Puc. 9.22 e r? :
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8'10_1.1 i{J‘[M

=1,8-10*B.
4-3.14-8,85-1072 D /M-0,2° M?

\p

er: o = 1,8-10_2 B.

. ennmanos 7= 10000 B,
i eaa . 3ﬂ?‘mou‘ "p;?: T?;r?{?lgg’ltigac:ﬁ ?1?;?1}3:::9 ﬁapa:menbno ILIACTH-
B HHI; K naacTHHAM KOHAEHCATODA, PACCTOSHIE MEKIY
Loy paccwmﬂﬂot:eﬂa I;a3HOC'rb porenmmaaos U, = 300 B. Oupegenunrs
b mnti)e: cignfé.?ﬁe 37IeKTPOHA TIPH Bb;JIE‘I‘f uls; 33};‘.&@;031'%%% g
'U=1U4B;I=1UCM=U,1M;J.= eM =0, v U = .
i Am'no 3aKOHY COXPaHeHMUsl JHEPriy PHOOPETEHHAS 5IEKTPOHOM B TioJe
::;ceag IHeprus f)aana paboTe MEKTPHUECKHX CHIT IO, T. €.

9
muv
el = 1
2

_ [T M
Bi= i

WKEHWAX!
‘B 10/1¢ KOHEHCATOPA HJICKTPOH YUACTBYET oxfﬁil):::;‘;’c: Ti';ixﬁ[; H STOM 2J1eK-
0 ] —— ) :
e bHOM HATTPABJIEHHH BAOIL nyTs I (an-
e mgcﬁg:q:;l;mpuun HPAMOTHHEEIHO 1t PABHOMEPHO 1 nposieTaeTt myTs I(
JIBH

IUIACTHH) 32 BPEM3, PABHOE

n— CKOpOCTh sﬂ?m‘poﬂa’;;memm. ITpit 37OM HJEKTPOH JIBHIKETCA pasnog‘rcmpe:(;
e :“mneuﬂ::):n}:ggempmecmm nouist (CHJION TSKECTH 3/ICKTPOHA MOXK
eﬁggh) " ubﬂyqaer cMelleHHe, pagHoe

s @

§ = —2—,
: 0 — YCKOPEHHE,

€ {5 — BpeMs JIBIKEHHS 3/1eKTPOHa B BemeGUlhﬂ;;l HafnpaBJieHHH; a — YCKOpe
' KOTOpOoe, coriacHo sropomy 3akony Hbworona, pas

o B (3)

m

: KOHJIeHCaTOPA.
e i [as Ha JJNEeKTPoH B T1oJe
rae F,, — cuna, nedcTByio 199 |



Ho spema asmxenna AIEKTPOHA B Be
HHSX OAMHAKOBO, 109TOMY

PTHKaIbHOM # FOPH3OHTAIABHOM Hanpase-

h=t =

S |~

Cuna, nefictsyiomast n.
; A DNICKTPOH, PABHA IIPOU3BEACHNIO 34
HocTh E'nons kongencatopa, . e. R AR T

F,=ek, (4)
4 HANPHAKEHHOCTD BHIPAKACTCS YePe3 TPAAMCHT NOTeHIHATA 110 thopmyae
sy
i (5)

rme Ul — PA3BHOCTB NOTEHIHATOR MEKIY IIACTHHAM:
]

d LN i
Hloose porcTampaks nerpamenn (4) 1.(5)  opatyss PACCTOSIHINE MEXKIAY HITMH,

(3) momyunm
el
(l = ——

md
Torpa

Ag= s
2md v*

Yuaurssas seipakenme (1), nonyuaem nekomoe cmenierme

U,P°

Ay = .
2d - 2T

Boraucnenus:

300 B- 0,01 m2 B
2:0,02m-2-10' B =3,75-10"% M = 3.75 M.

Orser: Az =375 ma.

Az =

® 3a
3apava 5. Emxocts niockoro BOBAYMHOTO KOHAeHcatopa (= 10~ paccros-

P i
3@1&32 431.11acm9. e aé.;u 4 yr.u. Ha nomeniennprii MEKIY IIACTHHAMM KOHJIEHCATOPA
aénchmpa 160 s ACHCTBYET cua F = 9.8.10° H. ITnomans nnactias: kon-
u‘e:ic;(y l:mac—mnamr:- HPEACANTD. HAIPSKEHHOCTD MO U PAsHOCTH NMOTEHINANOB
i : l_IsJIOTHOCTb SHEPIHH H IHEPIUIO 11015 KOHjeHcaropa.
g s e 810 °H; Q=4,9-10""Kui; C= 10~ - S=10"2m% d= gl
= Ligy = 8,85-102 Oy ’ SRl D
Haiiru: E, ¢/, 17, . .
_ - Mone mexxay nnactunamu ko JHBIM
TPAKEHHOCTD NI015 E MOXKeT GbiTs, onpeneneiiezsc?gﬁaaxfggem i rong

F
B==
Pas i
Hi
OCTbh NOTEHUHATOR MEKAY IIIACTHHAMM HAXOAMM K3 cooTHomenns 7= Fd.
200

eprisi KOHEHCaTOpa paBHa
s (:'U.2 " EEuSU.Q .

2 2d
cro (9.30) u ¢ ygerom Toro, uto V= Sd — 00BEM 110151 B KOH/IEHCATOPE, TIJIOT-
aHEPruu paBHa

by e
N
10°H 3
9,810 AR/
= =9.10* B/wm;
4.9-109 Kn /

U=2-10'B/m-4:-10* m =80 B;

b 1.8,85- 10—-12@/ m-107* M2(8 . 10)",' B? =7,08- 10-% Jox;

11 2.4-10° m

_ 7,08-10°° Ik
CTI07M 4100

=1,77-10" Lk / M.

Th

s B=2-10" B/M; U= 80 B; IT = 7,08-10"% [x; w = 1,77-10"* Jox/m".

Bajaua 6. Y CTaHOBITD, KAK H3AMEHAIOTCS EMKOCTD H SHEPTHA ILIOCKOTO BO3AYIH-

HAEHCATOPA, €C/TH TAPAILIEIBHO €ro obxnaakam (puc. 9.23) BBECTH MeTALIH-
0 IAACTAIKY TOMIMHO# dy = 1 MM. TLiomais 0bKIaIKH KOHJleHcaTopa  1Lia-
o1 150 em?, paccrosme Mty obknakamu d = 6 MM. KomjeHncatop sapsixed 10
st 400 B 1 orkmnouen ot HaTapeu.

g0 — 13 dg= 1 MM =10""z; §= 150 e = 1,5- 107w d =6num=6-10"»;
B.

AC, AlL

e, EMKOCTb 1 9HEPIUs KOHIEHCATOPA NP BHECEHHH B HETO META/LIIHC:
IACTHHB MBMEHAETCS. DTO BHISBAHO TEM, UTO IPH 5TOM YMEHBIIACTCA PaCCTos=
Mexay maactisamu ot dy 0 (d — d). Menonnsosas dhopmyy 31EKTPOEMKOCTH

:_s ro konzencaropa (9.25), nomyunm

SR T
AC =0, ("_d——dﬂ d  did—dy)

BHECEHITH METAUTHYCCKOMN IIACTHHBI NaPA/IETbHO 00KIa/IKaM
bEM IEKTPHUECKOTO NMOJsi yMeHbimaetest Ha AV = S(d — dy) —

= —8d,. CrenosaTenbHo,
12
ATl =AYV = -f‘iﬁ‘?ﬂ-




r

Hanpsxennocrs, ' noas ONpEnesIsieTcs Yepes rpajinenT notenman: F — =

i
ofpazom,

seqU2Sd,
24

All =

Buiuncaenns:

AC — 1-8,85-10"2 D /p-1.5.10-2 p2 107
610" m-5.10 % u
107" D/ m-400% B 1,5-10 2 m2. 10 % y

2.6 107 M2
Otser: AC'=4,42-107" @; AT = 2.95- 10~ Jx.

=4,42-102 ;

Aff — 885

= 2, 95 - 1[']—7 PJI)[\-_

ﬂ 3apayn ans caMocTonTenbHOro pelwexus

1. C kakoii ¢uioit ANPO ATOMA BOAOPOIA LPHTAIMBACT DNCKTPOH, eCILH pa
Tpoua 5- 10" M7 Yemy pasiin CKOPOCTE DJICKTPOMA I HANPAKEIIOCTS 5
Apa B TOUKAX 1ePBoit ophHTH A7eRTPOHA?

2. Ha toHknx uursix JUTHHOI 12 ¢M mojse
was. v coobuaan norommrennasii 3apsij,
HCCKYIO CILTY OTTAIKHBAHHS, CHY TPaBHTAL
P

3. B kamaoii sepmmie KBAAPATa HAXOAATCS! NOAOKHTENLHBIC 3aPSLIH (0= 1077 Ka xam b,
Kakon orpunareasimii SAPALL CAC/LYET NOMECTHTS B LienTpe KBajpata,
JIACEh B PABHOBECTTT ?

4. B Bepmmnax Kpaapata pacrioyoxeHsl OTpHIETENbHbIC apanbt @ = —5. 10 K wa/ipiit.
Onpeaeants, KaKoil 107105KITe bR JapalL HeOOXOAIMO TOMECTHTD B HEHTPE KBa/[PATA, UTO-
Gbl cHeTeMa 3aps10B OKazanach s PaBHOBECHI,

9. Onpegenurs otHomenme FAPAE DIEKTPOHA K €TI0 MACCe, BCiIi HNEKTPOH BPAUECTCS 110
opbuTe pamiycom 5.3 1011 BOKPYT HOI0KHTCABHONO 3apsama 1,610 Ka, Yacrora ppame-
st 0.7 10" ¢!, 3apsium cunrars TOYETHLIM,

6. Tpu sapsiga pacnonomeri i BEPIIHHAX NPAMOYTOALHOTO PABHOGEAPEHIIOrD TPCYTOJLHHA-
Ka. oy peficramem cia 1015, 00pasOBANHOrO dapsiaamu +3-10"7 1 +5- 10 7 Ka, naxoasum-
MUCH B OCHOBAHUM TPCYIOILHUK, OTPHIATE/IbHBIH 3apag —2- 1077 Ka HepeMelaeTes no Mean-
AHE B LCHTD TSKCCTH TPeYIo/ihHIKa, Onpezenurs paboty cna noas, ecam karer TPEVIOIbIH=
Ka pasen 2y2 e,

7. Ilyuok saextporos HANPABACH Napa/eIbHO ILIACTHHAM ILIOCKORO KOHJIeHcaTOpa [UTHHOI
D CM € PACCTOSHHEM MERLy iLacTiami 3 eM. C kakoit ckopocThi rreTerm IACKTPOHB B KOHACH-
CaTOP, ECIN HIRECTHO, YTO OHI OTKIAOHILTHCY, 34 BPEMA TI0JICTA B KoHAeHcaTope Ha 3 My ? Pagnocts
NOTEHUMANOB MEAU1Y I1acTHHAMY TO0 B. Onpenenmrs KHHETHIECKYIO 9HEPIHIO SCKTPOHDE.

8. Onpesgcnntsy HOTEHIMAN B HAYATLHOI TOYKe nepemenieHna sapaaa —6- 10~ K, JsiKky-
HIErocs B moJe sapajga —+4.- 105 Ko, ecai IHEPTILSL, 3aTPAMEHHAS 1A HePEMeTLel e sapsiaa, paB-
Ha 6- 107" I, a norennman KOHeuHoli Touku 1 500 B, Yeranosurs, na kakom PACCTOS HUH HAX0-
AWJINCE 3apsA/Lhl B HAYAIE 1 B KROHILC HEPEMELCHMS, 3

9. Kaxyio YCROPAIOILYIO PA3HOCTE NOTEHIATOR AOEREH LIPOITH 3J€KTPoH, uTob 1pnod-
PECTH CKOPOCTH 10 000 1ov /¢ ?

10. [Ba royeninx sapaaa +4- 107w +3- 10-° K VAATCHB APYE OT APYIA HA pacCTosine
40 em. Kakyw PaboTy HYKHO 3a1PaTHTD, YTOGR! COMMBHTH HX 10 paceTosinis 15 cm? Onpese-
JHTh 3HAYeHIS HOTEHIIHASIOB B TOUKAX, /1€ HAXOSTCA J4pajibl mocae chn HOKEeH M.
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JMYC 0PORTLE 31ek-
EKTPHYCCKOTO Moy

CILTH Mapricn Maccoii no 1 r. Touka noaseca of-
W OHH Pasonuies va yrox 45% Hafion NEKTPH-
ONHOO NPATARCHIA MEKIY WAPHKAMH H 11X Ja-

YTOOB! CHETEMA HAXOJTH-

-, Takuy

; AMM B IIOCKOM BOSAVITHOM KOHIEHCATO
e MEKJLY BEPTHKATLHBIMM ITACTHHA .
'e;:)rpyacmop"r 10 NoJ0BUHE B Macao (= = 7). Kak naMernTcs emxoc

o= .4 e

bl TIZIOCKOTO BO3AYIIHOIO KOHAEHcaTopa IIomaaeio 150 cM™ pasasuraor T

e mmw HIM# VBEAMYHBACTCA ¢ 5 10 14 MM, Kakyio pafory tieoOxoanmo i

it m;c,’m uanpm;ce}me MEAULY TUIACTHHAMI KOH/LEHCATOPA NOCTOAHHO (T. €. KO
213 -

oriaodaetces ) n pasio 380 B? S i
: u&gmanxamﬂ )i rfmx:&orn KolzieHcatopa maomaapio 100 eM™ Kamkaad HaxoaHT
e WPHTATHBAKTCA JAPYT K APYTY ¢ cuaoi 0,03 H. Onpeaeanrh vanpsskennoc

A Eamama = 6)- .
; " mocxun)) BAKYYMHOTO KOHAEHCATOPA PABHOMEPHO PACHpPe/ACICH 3ap,:
m,a' ,a : Oﬁxna.ﬂ.ox 100 r;nig. a PACCTOANIE MY 0OKIAIKAMHN 3 MM. 3apaKerH:
eH oT Garapen. Kakyo Ha/0 1pou3secTy paboTy IpH pasaBiKeHHH 1117

M7

e L e o e ]50(,‘1\-[91-]

HAX MIOCKOTO BO 0 KOHACHCATOPA € TLIOHIAIBIO TIACTHH |
KOTO BOBLYITHOIO KOHAE

, 5. 10~% K. KakoBbl ciua B3aHMHOTO NPHTSGREHTT MY IIACTHIRAME 1 06be

SHEPrHH 10151 KoHAeHcaTopa? . |
KOH 'ms HeaTopa eMKocTsio 5 1 7 MED N0C/IeA0BATENBHO HOACOE/ITHEHB K MCTOTHH
"zibf':"e:uﬂa.uoa 200 B. Kakonst OyAyT 3apsiibl II pasHOCTh HOTEHIHATOB HaTape
G 'pm OTCOEJIHHH T OT HCTOMHHKA M COLTHHUTD HapalIcanio?

JeBbIe CNoBa: 3/1eKTPUYECKUIA 3apad, 3akoH KynoHa, SNeKTPUYECK!
HaNPSXKEHHOCTh, MPUHLIAI CYNepno3numum, Auross, MOTeHLMan, An3ne
Jnmmpuaauun, NPOBOAHNK, KOHAEHCAaTOop.

Ibl NOCTOSIHHOIO TOKA

BUA, Heo6XoAuMbie /11 BO3SHUKHOBEHUA
pPaHUA INEeKTPUHECKOro ToxKa

PKMPUHECKUM MOKOM TOHUMAIOT YIOPSI0UYCHHDI nepenocumm H
> ABUGKEHIE 9/TeKTPHYCCKH 3aPssKeHHbIX YaCTHIL 3,1e1<1'pnuec1cug T(): 1:
B TBEPALIX Tenax, KujKkocTax n rasax. Ecan B cpene H'l\.lf;‘EETCH Ol "
D CBOGOAHBIX 3/IEKTPOHOB, TO TEYEHHE JIEKTPHYECKOIO TOKa B HE!Mn .
3a cuet aApeiicha aTux anexTpoHoB. Takoil TOK HAZKIBAIOT morcoafgaz:]
U, A BENIECTBA, B KOTOPhIX OH BO3MOMKCH, — nposoauu_m‘z.uu. .3 2
€ TOKa NPUHIMAIOT Hampasaenne aApeida moaoKHTe I bHBIX 3dpsulo-r . ]
IPaBJIeHne TOKa B MeTa1ax [HPOTHBONON0KHO HANPABICHHIO BHXKEH

ECKHI TOK MPOBOIMMOCTH BO3HIKACT B IIPOBOHHKE, CCITH B HEM €CTh ;_:
IPANBL M CYIIECTBYIOT CIUIBL, 00€CHeHBAOLIe }fuopﬂﬂO'-lEHHbI-H Jpeiic ac
Coner anexrpuieckoro sanmozeiicTsis MEJKLY 3apsulaMH B CaMOM “P::o :
 BBI3BATH He MoryT. OHM HPUBOJAT JIHIIL K TAKOMY II[‘FC[)&C]TP?}IE{IE‘H] m:
E3YIIbTATE KOTOPOIO HANPSUKEHHOCTb OJ151 BHYTPH HpOBOFsRA cTanoB :
0, & TIOTEHIMATE] BCeX TOYEK — OAMHAKOBBIMA. /L7151 noaaepskanmus 8 1L |
D TOKa Ha cBOGO/IHBIE 3apsibl AOJBKHBL ACHCTBOBATL CHIOPOHIHUE CUL

2N-

Py



S i = IPOT 1HE BOSHUKHOBE-
i} O Yerpoiicrsa, obeciieunsaonme so e
7]

& HHE H AelicTBHe CTOPOHHHUX CIJI, HASBIBAK)T
ucmounuxamu moxa. B stux yerpoii-
CTBax IMpOHCXOo T PaszjieIcHHe pasHOMMEeH-
HbIX 3apsazios. Hloa aeiicTBiem croponrux e AIEKTPHIECKHC 3aDAABI BHYTPH HCTOY-
HHKa TOKA /IBHAKYTCA B HATIPABJAEHUH, MPOTHROLOIOKHOM JICHCTBHIO CHUT ANeKTpHYec-
KOro 1oJisi. B peayanrarte 51010 Ha nomocax HETOYHITKA ToKa HO/IEPHKHBACTCH TIOCTO-
AHHAT PAsHOCTh HOTEHIHAN0B. CxeMarHiecKoe n3obpakente HCTOURITKOR HOCTOSTH-
HOTO TOKa NoKasano Ha puc. 10.1. TTonoxmuTeab b NOMOC TAIBAHINECKIX S/1eMel ITOR
H AaKKYMYTISTOPOB H300paskaeTcs UMHHOT 4EPTOll, OTPHITATEThHbIIH — KOPOTKOI (pHc,
10.1, @). ¥ nomocos reneparopos (puc. 10.1, 0) CTaBATCS 3HAKK <+» 1 «—».

Pue. 10.1

10.2. Cuna ToKa ¥ NNOTHOCTL TOKA

Cuaa roka. Kosmuectsenmoii xapa KTEPHCTHKOM 3MEKTPHYECKOr0 TOKa ABAAIOTCH
CHIa TOKa I 1 ILIOTHOCTD j,

Cuna moxa — cxanapnas Bennumnna, PaBHAs OTHOWIEHWIO KOJIHYECTBA ANeKTPH-
uecTBa AQ, Kotopoe 3a Bpemst At nepenocures H€pes JaHHoe CeYeHue NPOBOJIHAKA,
KO BpemMenu Af;

_AaQ
At

Hocmoannvim moxom nassisactes ANCKTPUYECKUH TOK, CHJIA W HaNpaBJIeHHE
KOTOPOTO € TEYCHHEM BPEMEHN He MBMEHSIOTCS. [18 MOCTOSIHHEOIO ToKa

4 (10.1)

(10.2)

Haoraocts Toxa. Maomuocms MOK@ — BEKTOPHas (PM3HUECKasT BEIHYIHA, MO-

AYJIb KOTOPOIi PABEH OTHOMEHUIO CHIE TOKA ] K TIIONIaAM NONEPeIHOT0 CEYCHH ITPO-
BOIHHKA S

J g (10.3)

Bexrop j nan PABJIEH B/IOJTh HATTPABJICHWS TOKA,

Eemi B nens nocrosmmoro toka BIJLOYEHDI TIPOBOAHMKH € PasHbIMI NIONEpPeyHbl-
MH CEHCHUSIMM, TO ILIOTHOCTD TOKA B PABIHYHBIX CeYEHNAX 0OPATHO MPONOPLIOHAIDL-
Ha niaomansm cevenmit npoBogHNKoB. TLIOTHOCTD TOKA XapakTepusyer pacrpejeie-
HHUE JIEKTPHYECKOT0 TOKA N0 CEMEHIT0 MPOBOJIHIKA.

Buisicanm, or wero aasnent IAOTHOCTE. TOKA. /151 9TOT0 MBICHeHHO BhiemTM
BHYTPH NPOBOANMKA ILIOIANKY eAMHHYHOI omazn (8 = 1), pacnonoxesnyo
HEPNCHANKYNAPHO HANPABJIEH IO CPE/IHEI CKOPOCTH v ABHIKEH NS 3apsipos. [Tocr-
POMM Ha 9Tol nI0manKe, Kak Ha OCHOBAMM, IHITHHAD, BBICOTA KOTOPOTO YHCJIEH-
HO paBra v (BoobGme, h = ot, vo t = 1 c, orcioaa k= v). Toraa ynucao anexTponos,
KOTOpsie mpoiiayr uepes paccMarpuBaemMyio niomaaky sa ¢ = 1 ¢, pano YHCTY
QNEKTPOHORB, 3AKII0YEHHBIX BHYTPH tnannapa. Ecan n — unciao anekTponos
HPOBOAMMOCTH B eAMHHYHOM 00beMe (KounenTpamus cBoBOAHBIX HACKTPOHOR),
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£0 Y — SACI0 HNEKTPOHOB NPOBOAHMOCTH BHYTPH .uu'-
:-mnm'pa a nev — 3apsal, nepenocHMbtit AMu (& — 3apsai

271€
o hopmye

K& NPONOPYUOHATILHA KOHUEHINPALUL c80600HbIY

grposa). [L10THOCTL TOKa MOKET 6BITH BHIYHCTICHA

(10.4)

j= nev.

Taxiy 06PasOM, NAOTHOCIL MOKA 6 NPOBOOHI~

QAEKMPOHOE 6 HEM U CKOPOCMU UX c}su.m:e'nuﬁ. .
Caeyer OTMETHTD, 9TO BAKHOM OC(J(}?III%I.OClbm ,\-If.-
TAILIOB ABJSCTCA IPAKTHYCCKH [MOCTOSIHHAS KO]IHE.Ii'l."pd-
st CBOGOHBIX AMEKTPOHOB B HuX. KonueATpais ¢ I.MJ:
HoIBIX BNCKTPOHOB Ui AHHOTO METa/Ia Hie 3aBHCHT
pATYPbl.
i ﬁgggz;@g dpopmyay (10.4), MOKHO ONPEACTHTD CKU:
POCTh HATIPABICTTHOTO JIBLOKCHILA 27EKTPOHOR B TPOBOJL

mike (cxopocmy Opetigha):

A. Amnep

==

ne

; a (n=8,5-10% m?). [Tpu Maxk-
Brrumc/ i 9TV CKOPoCTD /LTS METHOTO NPOBO/ITNKA (n=285-10m"). IIp

CHMAIBHO AOMYCTUMOI II0THOCTH ToKa | = 107 A/
107 A/ m?
= 1.6-10719 K- 8,5:10% M3

y ' ATHOI TeMIlepa:
] y JREHMA SNEKTPOHOB IIPH KOMHATHOH Té

Cpeansist CKOPOCTH TEIIOBOTO JIBUKEHIA SJICKT ﬁ;m pini o

e coctapaseT okoiao 10° m/c. CpasHuB 310 3HAYEHHE CC p stk
3 i % i ; : - |
;-yngl Y70 CKOpOCTH Apeiidha 31eKTPOHOB MHOTO MEHBIIE CKOPOCTH HX Tert ]

’
IKEHA. i TALTE W CKOPOCTh Pac
( *Th [ g TPOHOB B MeTALTC |
Caeayer pazindatb CKOPOCTh apeiia anexTp el s
HpocTpanenus anekrpieckoro Toka. Kozoa peus ude KO iyt
mo umeemcs 8 6udy CKOPOCMe pacnpoc ¢
aroweil Opetih 31eKmpoHo
CKHAX TTPOBOHMKA!

~8-10* Mm/c.

cmpavenust moxda, .
ANEKMPUUECKOZO NOLA KAK NPUHUNDBL, mg.ame i
oz aeiicTBieM HCTOYHMKA TOKA BCE SJIEKTPOHAL B MCTAL it S e
HATIHHAIOT CBOE HalpPaBJICHHOE IBHKEeHHE noq‘m‘omwnpem‘;:) - ‘;» e o
pacHpocTpasenia HIEKTPHUECKOro TI0JIT PABHA ¢ K(‘lpOCTHr L’ e I/C.. ]
JIeHHsI SIeKTPHUECKOT0 TOKA B Tieln AmHoii [ cocrassie Ka‘_I ! ;q
Cuty ToKa MOFKHO HailTH, €CTH H3BECTHA [L10THOCTD T: : meﬁ‘)} o
B CU eamuuia cuibl 2JIeKTPHYECKOTO ToKa amnep ( ) iﬁff\\u‘[epa.( et
EIMHHIA TOTYHHIA HA3BAHIE B 4eCTb QPPaniy3ckoro (pr3uka A. o b il
C nomontsio cootnomenns (10.2) MOKHO 110ayanTh (hOpMyy /

EANHHIE KOIMYECTBA 3NeKTPHYECTBA.
Q=l=1A1lc=1A-c=1Kxr

q opes3 Noneé
Kyaon — amo xoauwecmeo INeKmpuiecmea, npoxodsiuee uep

' Le.
peunoe cevenue npogooHUKa RPU CUie moka 1 A .?a uepe.mlf P
EiH1IA II0THOCTY TOKA — amnep Ha keadpamitotic memp (A/M7).
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10.3. 3axoH Oma gns y4actka uyenu 6es 3/1C

3axon Oma uis yuactka nemm. Has

. TOIO Y4TOORI B NPOBOMITIT ke
KaJl TOK, HeoOX0MmMo MOUEDKHBATE B He i ot

PEMS Tipopa.

- , i ecKoe nogue, B
METALIMYECKHH MPOBOJIHIK JJIHHON | (pue. 10.2). Ilyers E — M BKeHOC O:t_meu
TPHHECKOIO NOJIA BHYTPH NPOBOAHMKA, A ), — : OCTD Smegs

, Y1 = $2= U— nocrosumn: IHOC
HHAJIOB Ha KOHUEAX TPoBO/AHUKA. Tora A3t PABHOCTH HoTey.

Ecau cocrosnme NPOBOAHHKA HE MEHACTCH ¢ TeyeHneM B
: (@ PEMCHU, TO 718 fcaser

:{IE(::B::::E:::( (L;}::ﬁ:rf[y:?‘”gim I03HAYHAS 3aBHCHMOCTh MERJTY CHA0I 1'::1{&1!]15 r? pltc;;i:::iﬁ
S cm;;. mm’ P'|::;m.:vr ;i:rf,m K ero kormam, I. Om AKCTICPHUMEHTAIBHO Yerano-
B I.: o }%03 ‘;jtri)mrv nj?om,lumcax HPOHOPIHOHATLHY OPHOKe -
. npo‘.mam;;cmbm HITHEHT aﬂpmH)lelTOHB.?IbH(.JCTI-I (* HasBIBaT e~
s nposodnuKa, a oﬁpa'r}iylo BEJIHYHHY R = (1 _

CKUM COnpomusenuem. E)ﬂex'lprmcc KOE conpoTuBIenue — oy

W3 Bi i KT i
axc.Hemlmx XaPAKTEPUCTHK AMCKTPHICCKUX CBOCTR IPOBOAHIKA, OIPe1esK)
YTIOPAJOYEHHOCTD NEpeMeNICHIs. HOCHTE el Toka. ' B

Saxon Oma das yHacmrka wenu: cHia Toka B IPOBO/IHHKE 1PONOpPIHO-

=%

= (10.5)

Boawr- 1
amiepnas xapakrepucruka. [paduk, na KOTOPOM H300pakeny 3aBHcH-

MOC ¢ I '
- x‘I‘h TOKA OT MTPHWIOKEHHOIO HANPAKCHUSA, HasbIBaCTCS 80 1bm-amnepioil xa-
MEPUCMUKOU JAHHOTO TPOBOIHMKA U HpeAcTaBasier cobol PAMYIO AMHHIO

Hc. 10.3). é 3TOI] i
(p )- ¥ron naknona sroi MPAMOH 3aBHCHT OT CONPOTUBICHNS R YHACTKA 1IeTH:

0

ctga=-L=pR
I

Hpn nsmenernun IIPHJIOKENHOTO HAILD

AKEHHA [/ usmengercs cun: i
menue 7/ ] . : 5 CWJld TOKa [, o OTHO-
/1wt mannoro nposozmka OCTAETCA NOCTOTHHBIM LIPH ZANHOi TeMIIEpaType.

Pue. 10.3

CAMOCTb 3/IEKTPUYECKOro ConpoTuBneHun
a, ANMHBI K Naowanm nonepe4yHoro ce4yeHun

e HPOBO/IHAKA. DJIEKTPHYECKOE COIPOTHRICHHE 0OYCII0BIEHO TEM, 4TO
971eKTPOHBI TTPH Jipeiide B3AMMOJIEHCTBYIOT € TIOJIOKUTEIbHBIMH HOHAMM KPU-
il pereTKi MeTa/LIa. [Tp#1 HOBEIHEHUH TEMIICPATYPhl YMALIAIOTCS Coyaape-
HOB ¢ HOHAMH, OITOMY COLPOTHEACHHE POBOITHKOB 3aBHCHT OT TeMIiepa-
DOTHEJICHHE IIPOBOIHIKOB 3ABHCHT OT MATEPHAIA IPOBO/HMKA, T. €. CTPOCHILT
prgeckoil peteTki. JList OAHOPOHOTO WITHHAPHTECKOrO HPOBOIHMKA JLTH-
AIBIO TIONEPEYHOTO CeUeH sl S CONPOTHBICHHE onpeesseTes 1o dopmy.e

= pj-.

- (10.6)

= y}lem:HOe COHPOTHBIEHUE MPOBOIHMKA (COHDOTHBHEIH‘IE OTHOPOIHO-

£CKOTO TIPOBOAHHK, HMEKHEro CAHHUHITYIO JTHHY H CAHAHYHYIO 10~
OF0 CEYECHHS ).

conporusierus — o (Om).

i — conpomusienue NPOBOOHUKA, 1O KOMOPOMY NPU HANPANCCHUL
mox cunoii 1 A, r.e. 1 Om =1 B/A.

2 CONPOTHBJICHHE NPOBOANHKA. Bemunna o = E_I),Uﬁpamaﬂ VIAEJBHOMY

CHUIO, HA3BIBACTCS YOCABHOU SAEKMPUHECKOU RPOSOGUMOCHIBIO

A DIEKTPHIECKON HPoBoAUMOCTH — cumenc (Cwm).

aeKmpuuecKas nposooUMOCMy NPOBOJHUKA CORPOMUBTEHUEM
.1Cu=10Mm"".

myJel (10.6) caenyer, 4To eAMHNTIEH VIIEJIBHOIO CONPOTHRICHIA AB/ISETCA
(Om-m). Yaenstoe conpoTuienne Haudosee pacrpocTPaHeHHBIX 1TPO-
npuseneno B Tabn. [1.12 (em. npua).

‘3aBMCMMOCTL 3N1EKTPUYECKOrO CONPOTUBNEHHA
DAHUKOB OT TemMneparypbi

10CTh CONPOTHBJIEHHSA POBOTHAKOB OT TEMIIEPATYPBI. YIEIBHOE JJICKT-

CﬁﬂpUTllBJIEHHC MPOBOAHMUKA 3aBHCUT HE TOJBKO OT POJd BE HecTBd, HO 0 OT

{51, 3aBHCHMOCTH YETBHOTO CONPOTHBICHNS p OT TeMmeparypst ¢ (1o
EBCHA) BbIpAKAETCS (HOPMYITOi

p=poll + af), (10.7)

= YAeisHoe conporusienme npu 0°C; o — memnepamypnsiil Kosdunu-

Inp o‘mumem, xapaxmepusymmuz‘i OMHOCUTIENBHOE UIMEHCHUE

0 conpomuenenust nposoonuxa npu nazpesanuu ezo na | °C w1 K
(10.8)

-P=P
Pt

(43
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Temnieparypune Koapuumernry con POTHBIACIHS BEIICCTB pasjiuiyp TPH paaHyy
remuepatypax. Oanako ans Muorix METAIOB H3MEHEHHe (v ¢ TeMIepatypoii He oyeyy,
BEJIUKO. /L5t Beex uneTsx metannon a=1/273 K- (uwam °C- 3

3aBUCHMOCTE CONPOTHRIE S MCTLIOR OT TEMNEPATYphI NOKOKeHA B OCHOBY ye.
TpoficTsa mepmomempoe conpomusienus. Onn HCIOAL3YIOTCA KaK OpH oy I
BBICOKHX, TaK M IPH 0Y4€Hb HU3KIX TEMIEpaTypax, Koraa npusmencHie KIIKOCTHy
TEPMOMETPOB HEBOSMONKHO.

W3 nonsris o mposomoci HPOBOAHNKA clienyer, uto yem MEHBILE CONPOTIH -
JICHHE NPOBO/IHNKA, TeM GoThie ero HPoBoauMocTs. Ipn narpepammy YHCTBIX MeTaq.
JIOB HX COIPOTHRIEHHE YBEHYMBACTCS, & UPH OXNAKACHUY — YMeHbIIaeTcs,

I lpoBommocts uncrsix METANIOB IPH HArpeBaHuK YMEHbIIACTCS, a npH ox-
JIAK/IEHHH YBeIHIHBaeTes,

Ceepxuposonmocrs. B 1911 r. rosnanacknii (husuk I, Kamepmimir-Onsec upo-
BET ONBITBL € PTYTBIO, KOTOPYIO MOXKHO 1101 YUUTB B 9HCTOM Buze, On CTOJKHYJICH ¢
HOBbIM, COBEPLICHHO HEOKUAANHBIM ABNCHHEM. Y enbHoe conpornsiete pryTH
1pu Temneparype 4.2 K (oxosno —269 °C) pesko vnasio 10 TAKOH MasIoi Besuymmy
4TO ET0 PAKTHYECKN CTAN0 HEBOSMOXKIO MSMEPHTD. ITO siBeHNe obpamienms ANEK-
TpHYecKoro conpotunienns g Hynn Kamepanur-Onnec nassar CeepxXNPOBOJu -
Mocmbio,

B nacrosmee spems CBEPXTIPOBOAMMOCTD 06Hapyskena y Gosee vem 25 metamm-
HECKIX coe/ttHenit, Gonnimoro yneny CIIABOB, HEKOTOPBIX OMYPOBOAHUKOR 11 110~
Jsepos. Temneparypa T xp TEPEX0/Ia IPOBOAHMKA B CBEPXNpoBoaAALIee cocTOSHue
AJTA HHCTBIX METAIIOB JICAKNT B npeaenax or 0,14 K (gus upuang) no 9,22 K (st
HHOGHS).

Arikenne SNEKTPOHOB B METAILIE, HAXOASIIEMCS B COCTOSIHUM CBEPXNIPOBOAHMO-
CTH, SIBIACTCA 10 TaKoii cTemenn YHOPAROYEHHbBIM, YTO 3/1eKTpoHE, NepeMeInaschy 1o
POBOAHMKY, IOYTH He HCIHIThIBAIOT COyAapeHumii ¢ aToMaMn 1 Honamu pemerkn. [Ton-
HOe o0BACHEeHNE sBTeHNY CBCPXNPOBOAMMOCTH MOMXHO [Ty, ¢ HO3MIMIT KBaHTOBO]]
MEXAHMKH,

10.6. 3neurpoaanmyman CUNla UCTOYHKMKA ToKa

I/IC nerounuka toka. Ecmm asa sapaxennpix rena A u B (puc. 10.4, @), Haxos-
HIFXCA M0 pazHbiviy NMoTeHumnasamu (p; > p,), coemuuuTs nposoanukom AaB, 1o no
HEMY noteyer ok, KOTODBLIT Yepes KopoTkoe BPEMs1, KOrzia noTenuas YPaBHSIOTCS,
Hbekparmrest (puc. 10.4, 6)., s MOMIEPKAHMA HEMIMEHHOTO 110 BDEMEHH TOKa Heoh -
XOLHMO noepxKuBaTs HEM3MERHOIT PasHocTh NoTenmmanop ¥1 — Py = const, T.e. Bee
BPEM3 HONOMHATS 3apss COCAMHEHHBIX Te1. DTO MOKHO CACAATE TON bKO NEpeHocs
3apsLBE Tena B obpatho B Teno A, BBes Kak bl Kpyrosopor VIEKTPUYECTBA, /LT Yero
KOHTYp, o KOTOpoMmy maer Tok, JIOJKEeH ObITE 3aMKHYT (AaBbA).

Onnako ua yuactke BbA sapsinam TIPHAETCS NepeMeIarTbes npoTHs ANEKTPH-
HECKHX cHu1. 10 mepememere MOLYT COBEPIIHT JINIIL CTOPOHHME CHTH (T.e. cuanr
HE anekTpuyeckoii IPUPOABI, 4 MEeXaHHYeCKOi, XuMHYeCcKkoii u T, A.), KOTOpbIe MO-
YT refictBoBath muGo ya BCEM NPOTsKeHUH uenw, aubo na OTACABHBIX ee yyact-
Kax. Xopowreii ananorueii MOXKET CTyKHTb IpuMep, TpHBEACHHDIH Ha puc, 10.4, g,

B noanepxkanus nocrosnnoro TOKa BOABI U3 BepxHero Gaka ! B HusKHM 28
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7] a
Puc. 10.4

&
. K T TV : B, Ha 4TO,
: . 0 60TV 110 nepeMenieHinio 3apanos, ki
[He CHITBL /L I

YUBAETCH IHEPTHsL culeHUU
L m— n;:oeepwamm cmoponHue Cuibl "Plé ”91’?:‘8;4“3”“’
ma, xomopy*; CABHOZ0 ANEKMPUUECKO20 3APAOA 6001

o n!p Ojaemm,,rmeﬂ cune (I/1C) ucmovnuxa mo
. B). g \CKMi 10
pta I/1C — “Mbm: am(ulfwy TeueT TIOCTOSHHDIH AEeKTPHYCCKHI Tnf::lo% BT’::
i nEax KYJNOHOBCKUX ( Fiyy), TAK 1 CTOPOHHIX (&”Lir?vxﬁ e onei‘{I‘
e €10 110151 ONPEATAETCS! 110 MPHIIITY CYNEPHOSHITE
OCTI PEBYJISTHPYIOIIETO 110, (10.9)
E = E,, + Ees |

[H

HE H 1 Ero
. ﬂ‘ T q T IDOBO b 29l | :iapﬂ,&OM Q lTpH.
]Ipol p ' F I p( ,EIII )
‘ : H CKaAHITH JJIeKTpH CCROTO Ka 110 . . .
. : ; aeTcAa p3.50'1'3, KaK KyﬂOHQBCKHA\'[“ (ilx}':})'

TICHHH COBEIJH] | TaK H CI{)]}DHIHH H

cuami. Hosmas pabora pasia CyMMe 9THX padoT:
B A=A+ A

' A_Aw , Aa
' 0 Q@

i B,
coit e (puce. 10.3,
| Tpivenny 510 COOTHOMIEHHE K YHIacTKy AB 21eKTpHieck
;iwropoﬁ NPOTEKAeT MOCTOSHHBI TOK:

' é’.‘ﬁ-_—éﬂ.{.ﬁ
| 0 Q ' Qq

u B a
= o

Bemunna /= =,
4 - ficTsyionLyio Ha ydactie BA, no-
BeaMuNHA Ao & 4 — DNEKTPONBIDKYLLYIO CHITY, ACHCTBY

e
aromy coorromenue (10.9) MOXKHO TIEpencaTh B BHL

% TOYKax A
P XapakTepusyeT pasi 10CTH MOTEHIHaJIOB B
—

Aip =(p4 —¢p) +&pa
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Hanpsaxenne. Dusnueckasn seamnyy-
Ha, YHCACHHO paBHAS NOJHON paboTe, Ko-
TOpasi COBEPMAETCs KVJIOHOBCKUMH H CT()-
POHHIME CHIAMH IIPH TIEPEMEICHUM e1-
HHYHOTO TONOKUTETBHOTO 3apsaia BAo.n,
yyacTka uenn (nanpumep, AB) u3 touky,
A BTOUKY B, nasvieaemcs Hanpsice-
Huem (nadenuem Hanpaxcenus )
Up4 Ha a1OM yuactke. Torna

Puc. 10.5
Ups = (04 —9p) + &y,

Upa=1¢,4 —Pg NpH &y = 0.

Hamepurs 3/1C mozkno 110 pasnocts no

s Lo TeHIIHAOB Ha KJIeMMax PA3OMKHYTOIO He-

€pa=9s—pp mpu Uy, =0.

10.7. 3akoH OMa ansi NoNHO# uenu

10.5, 6). Coru

) s i P |

]-a,llf;m{)ﬁ Hanpa‘;f: uia;?{?; onpaneuun aneprun, I/IC uerounnka Toka paBHa cymme

s CHIHEM H BHYTDEHHEM YYaCTKAX LIETIH, TaK KaKk 1Py Tiepe-
TTH 3apA BO3BPAMAETCSL B UCXO/IHOE TONOKECHHE — B TOY-

*Y € TeM Ke MOTCHIHATIOM (T.€. ¢, = ep):
&=IR+ I, (10.10)

ne IRw Ir— (&
Naziehusl HANPsKeHUs COOTBETCTBEHHO HA BHEIIHEM 1 BHYTDEHHEM yua-

TKaX LN,
s :
bopmy.s (10.10) caesyer (hopmyia, BBIPAKAIONAS 3aKOH Oma juist nonmoii e

R+r’

I= (10.11)

3axon O i abHA

mwome;::( S;sariognzuﬁ Yenu: CHIa TOKA TeNH NPOoNOPIHOH neti-

e W 0DPATHO NPONOPIHOHABHA CYMMe CONPOTHRIECHHI
HYTPEHHEr0 CONPOTHBICHHS HCTOYHHKA 4 -

IC, kax
He -
- o Hia e;tzl:{:; BesmumHa anrebpandeckas. Ecam DJIC crnocobersyer
. CHHIO S m(f g E)::.r ::apémn? B BHIOPAHHOM HANPABAEHUH, TO OHA CYHTACTCS
muama i 1 I/IC npensaTCTBYeT ABHKEHIO NONOKHTELHEIX 3a-
PABJICHITN, TO OHA CYUTACTCS OTPHIATEILHOI (& < 0)

210

Cieyer mMerh B BUY, 410 hopmysoii (10.11) MOKHO HOMLIOBATHCH AIIL B cy-
, KOIZI2 TOK W/ET BHYTPH HCTOYHHKA OT OTPHUATEILHOTO HOMOCA K TOAOMUTEAL:
, 2 BO BHEIIHEH 1eMH — OT MOKOKUTEABHOTO K OTPHIATEALHOMY .

b
10.8. CoeguHeHne NpOBOAHUKOB

Tlocnenosarensnoe coegunenne. [IpoBoaHnKi B BAEKTPHYECKOH eTH MOTYT CO-
HTHCS OC/IE/0BATEILHO WK ITapasiileIbHO.

TIpu 10CTEA0BATEILHOM COCTMHEHIN (puc. 10.6, @) cuaa ToKa BO BCEX HACTsIX 0/t~
saxoBa (I = const); obuiee cONPOTHBICHHE LENH, cocTogmieil U3 MocAeA0BaTeILHO
MHEHHBIX TTPOBOAHAKOB, PABHO CyMMe COMPOTHB/IEHMH OTAETBHBIX IIPOBOJHN-
(R = R, + R,); nanpsiKenie Ha KOHIAX Leru pasio CyMMe HalPsKEeHHi roce-
eIbHO coeMHenHbix nposofrukos (U= Uy + Uy).

IIpH nocJIe10BATETHHOM COS/THHEHHH ABYX NPOBO/HIHKOB: I=coust; U= U, + Uy
R = R'l + Rg.

paiesbHoe coenenne. [1pn napaiierbiom coennuennn (puc. 10.6, 6) npo-

LHIKOB CHJIa TOKA B HEPA3BETBJIEHHOM YacTH LEIN PaBia CYMME CIJI TOKOB, TEKYy=

B Pa3BETBICHHBIX Y4acTKax ([ = I, + L); najiensi HAUPsKEHuaA B MapailieibHo
HEHHBIX YHaCTKaX O/THHAKOBbI (U = const).

~ O6ntee conpoTHBAEHHE R napaiiebHO COEIMHCHHBIX HPOBOAHNKOB 7y 1 1, ner

GUTHIBAETCS CAEAYIONUM 00pasom:

Loguk sl
R R R’
.. obiiee CONPOTHBIIEHHE
. RR,
: R=—"-.
R+ R,
{ Tpu napaiiesbHOM COeIHHEHHH /IBYX nposoaHHKoB: I = [, + Iy; U= const;
_ R
R+ R

1 R R
B S
U, U,
- |
a
Puc. 10.6
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HacTo NCTOYHHKH 2J1€ CKOM
1 JMEKTPHYECKON SHEPTHH COCAMHSIOT MEKTY CoO0I st 1iTa-

HEA HEend. COE‘;-I"HE.’HH(‘ MCTOYHHKOB B Oar bIT
i JATApPe0 MOXKeT Ob1 o (51 (e I'e
" 5 - b MOCTIC/IOBATE/ IBHBIM 1|

I Hpu nocnenoBaTebHOM COE/IHHEHHH JBA COCE/THHX HCTOMHMKA COEJTHHAIO
csl pPasHOHMMEHHBIMH noocamu (puc. 10.7). "

0. [ i -
,mg, JIOKHTEJIBHBLH 1 OTPHIATE/IBIBIH TTOJIOCH! CORAMNHEHBI TIPOBOAHUKOM, 4 CACIO
2 T o ? )
bHO, HMEIOT OJHHAKORLIH noteHnHaL [loaromy pasnocTs noternmanos \{EHJ(.'L\'

NOJOGKHTENBHBIM NOJHOCOM B Opﬂ 0 HC qH c | re THOCOM |[EI]B -
1T I I TO HEKd H O p]iua JIDHBIM [1C

; ; ) ()

ro deHd LY&{ME SHC ITHX MCTOYHUKOB, )

HHxEﬁgmem VIMEETCS 1 OAMHAKOBLIX HCTOYHHKOB, TO PA3HOCTh HOTEHIMAION Kpaii-
COB NPH PA3OMKHYTOMH LEelu B n pa3 00JbIIe, YeM Y OTHOTO HCTOUHIKA

Ipu nocieoBarensHoM coe
aunenun JJ[C Garapen pasua
I JI€JIbHBIX HCTOYHHKOB, COCTABJSIONIHX 6a1apem.p ’ .

Jto IVYAe, K
BEPHO H B TOM C/1ytae, KOrja OT/le/ibHble HCTOTHHKH UMEOT pasnunsie J/1C

O6mee conporunaenue 6
) aTaped OHHAKOBBIX HCTOUHHKOB PABHO CYMM
PEHHHX CONPOTHBAEHHIT OT/ICTbHBIX HCTOYHHKOB: ol

= = etk R=—rnpr

Toraa, no sakony Oma, cuna Toxa B Takoit wenu

né&

= (10.12)

Ecau c i ( 7
i (;zeaunumb MeNCOY COBOU BCe NOACHCUMELLHbIE U GCe ompuya-
mesy OMI0CHL DBYX UAU T UCTIOUHUKOS, THO noaYUUM napmme.zzbuole

Pue. 10.7

Pue. 10.8
212

[Ipn napasielbHOM COEAMHEHHH HANPIKEHHE HA pasomkHyToil Gatapee Ta-
Ko JKe, KAK Ha OTAEIBHOM HCTOYHUKE. SHAUMT, NIPH NApALICILHOM COE/MIe-
HHUH OIMHAKOBBIX HCTOUMHHKOB anexTpwaeckoii aneprun IJIC farapen pasHa
3J1C 01HOTO HCTOHNKA.

. _Co]'lpﬂ'[' HBJICHHAE 63‘1‘8[)8[1 HpH fnapa/uieibHoOM coe/inHeHHn MeHbLLE, YEM CONPO-
JerAe 0iH0T0 HCTOYMHHMKA. Ecau tens COCTOUT B3 1 OJAMHAKOBLIX HCTOYMHHKOB, BHYT-
qee conmpoTH BICHHE KAFJAOTO 1, TO COLPOTHBIACHHE ﬁil'l'apt.‘li

¢
' %= o
mn
Toraa, no sakony Oma,
' %

pe
A v e 13
R+r/n (10:13)

40.10. 3aKoH [xoyns —JleHua

o

~ [Ipotekatue TOKa 10 TPOBOJHNKY BbIbIBACT HATPCBAINE nposoganka. Kak noxa-
FBIBAIOT ONBITHI, KOJMYCCTBO BRUIESeMOil TernIoTsL Tem Gobie, yeM 0oJbiie ciia
| T0KA ¥ CONPOTHBJICHAE MPOBOAHMKA. [Tposesem Takoii ombit. [TojBecHM JKEIEIHYIO
TPOBOJIOKY M HPOIYCTHM 11O Heli TOK, BKJIIOYHB B Tellb PEOCTaT i aMmepmerp. Y Beu-
‘ymBas CIJIY TOKa B 1€, Hab10aeM CHAYANA TPOBHCAHHE IIPOBOJIOKH OT Harpesa-
HMS1, @ 3aTEeM IIPH J0CTATOYHO Goubloii cuae Toka Kpactoe Kanenue. [laavreiuiee
YBEJMYEHHE CHIBI TOKA MOKET MPHBECTH K NEPErPEBAHITio npososiokn. Ha ocrHosa-
HHH ONBITHBIX JAHHBIX MOZKHO YTBEPXK/ATh, 4TO B HAEKTPHYECKOI Leny MPONCXOANT
psiz npespaiennii snepruu. 1lpn nepementennn 3apsja BACD ANCKTPUYECKOIl 1erH
KYJIOHOBCKHMH 1 CTOPOHHUMH CHJIAMY COBCPIIACTCS pa6ora A. Ecim aieKTpirieckas
Ll B PACCMATPHBAEMOIL CHCTEME KOODHHAT HAXOAMTCA B COCTOAHHE IOKOA, & TOK,
HPOTEKAIOMIT 110 Heil, TOCTOSHEH (I = const), To paboTa BREIYHCAAETCA TIO dbopmyie

HE3ABHCHMO OT TOTO, B KAKOil BI/L 9HEPIUH MPEBPALIACTCA HACKTPHACCKAZA IHEPIHd.

Dra pabora MoZKeT TOHTH HA YBCIIMEHHE BHYTPCHIEH SHEPrui MPOBOLHIK, T.€. ero
Harpesanye, Ha U3MEHEenHe MEXAHHYCCKOIT 2HEPrUiL, HATIPIMED Ha IBHKCHIE 1POBO/I-
HHKa ¢ TOKOM B MATHUTHOM 11077€, ¥ T. /L.

Heobparunmbie TpeobpasoBatiis MEKTPHUECKOI JHEPTHIL B TEIIOBYIO MOKHO
OOBACHUTH BIAMOJICHCTEICM DICKTPOHOB C HOTAMIT METALTHYCCKOTO HPOBOHUKA.
CrankuBasich ¢ HOHAMH META/LIMYECKOTO TPOBOAHMKA, D7CKTPOHBI MIEPEAIDT M CBOIO
SHeprio. BeaeAcTBIE TON0 YBEIHTHBAETCS HITCHCHBHOCTL Komebaumii MOHOB OKO-
10 nosnokennst papiosecus. A ¢ yem Gobliieii CKOPOCTBIO koAeOMOTCS. HOHBL, TEM
'BhIlIe TeMIepaTypa npoBoAHKa. Beas Temnepatypa — aTo Mepa cpeaielt aHeprun
XAa0THUYECCKOTO JBUIKEHHUA ATOMOB, H3 KOTOPbIX COCTOHUT MPOBOJIHHIK.

- YroGbl BRIUHCIITD HIEKTPHUECKYI0 JHEPIHIO, 3aTPAYCHITYIO Ha HAarpepaiie TTPOBOJL-
HUKA, HY/KHO 3HATH 11a/leHHe HAIPSKeHHsT Ha JaHioM yHacTRe nposoxnuka U= IR.
' Moacrasus 8 dhopmyy (10.14) nocieiHee BHIPAKEHHE, MOTYHIM

' A= IRt wm Q= IRt (10.15)
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HPOBOHHKE ¢ TOKOM, NpPONoOpUHOHAJIBHO KBa/ipaTty CHIbI TOKa, Bpemenu €ro

I 3axon Jncoynsn —Aenuya: xonauecTso TeIOTHI, KOTopoe Beigengercs p
NPOXOIACHAS H CONPOTHBACHHIO NPOBOHMKA.

10.11. Pa6oTa u MowHoCTH ANEeKTPHYECKOro ToKa

o Pa6ora asiektpiyeckoro Toka. [peanonoxum, nac unre
THBT;, KO op%rro COBEPLIAET HICKTPOABHTATE D, ecan [/ — Hallpstikerue cetu; R — conpoe
. . pvealery ] I .
s e:(:ue go MU'I;{’H, I — cnia Toka, Texymero 1o obmotke. OueBunno, yro Ha \mxmr:r:
w T\ . 'S ! 3 B
%Cgm ;::) K; )[]; s tg:epmamy!o ABHTATEIEM, PACXOAYETCS YacTs SHEPIHH 3TEK TPy
M paoote aBuraresst o6MoTka ero Gye: | J :
: Oyaer HarpeBatbes. Ha o

i : 3 3 CHOBAHT 1
3aK XPAHEHUST SHEPIHH MOXKHO YTBEPKIATS, YTO IHEPIHS HNEKTPHYECKOTO TOK:

(1Ut) npespamaercs B MexaHudeckyo (A,,.) n Ternosyio (1°Rt) sueprum:
IUt= A, +I’Rt, A, = IUt— IRt

Hpubop, cayxamuii 11 usme
INEKMNPUUECKUM CUETTUUKOM.

[omnas pabora, cose
: + COBEPIIAEMAsT HCTOYHHKOM TOKa, - e
e oka, 3/1C koroporo Z, onpexensier-

PECYET MeXaHuyecKas pa-

pPeHns SHEPTHH IEKTPHYECKOro TOKa, Ha3wIBaeTcy

A= (10.16)

Enununa padors JNCKTPHYECKOIO TOKa — Ooncoyin (/1x)
Mouyocts snexrpuyeckoro oxa. Mouwgn :

3 OCMb — 970 OTHO . _ .
TPHYECKOro TOKa KO Bpemenn f, 3a KOTOPOE Hmenne paboTel anek-

oBepmaetcs paGora:
A

N=2=1. (10.17)

Eannnua mommocrn FNCKTPHYECKOTO TOKA — eamm (Br)

10.12. Tennosoe AeicTBUE TOKa

Tenno itc -
s 1;(:—.; ACHCTBHE 2JIEKTPHYECKOTO TOKA urpaer 6obIIyIo poss B COBPEMEHHOI
ex:imxHa 're.rm CMOTDIM HEKOTOpbIE TPHMEPHI ero IPHMEHEHH S,
W ngf;)BM ACHCTBHI TOKa OCHOBAHO YCTPOICTBO TeIL10BOro rajibBAHOMETPa, ero
1pe Jdeta Ha puc. 10.9. Konust Metasummeckor MPOBOJIOKN 2 3aKperLie b

Herfnnmmrm B MeTaLInueckux kosmozakax 1 u 3. 11 POBOIIO-
Ka 2 BBIOJTHEHA M3 HEOKHCISEMOro VIIpYTOro marepuasa
B CEpe/ptte IpoBoIoka 2 oTTAriBaeTcs HUTBIO 5, Tpoxoas )
meH uepea 610K 4 i CKpenenHoii ¢ npyxunoii 6. Ipu npo-
XOKACHHN INEKTPHIEEKOrO TOKA 110 ITPOBOJIOKe 2 OHA Ha-
IPEBACTCS 1 y/UIHHSAETCSL, e IporuG YBesnnunsaerest, Beaen-
CTBHE 9TOrO HUTh § IepeMenaeTcs u 1I0BOpauMBaeT 6:101;4’

C 6uokom 4 CKPEILICHa CTpeska raabBaHOMETpA, nu%mm;
rmuopot Onoka COOTBETCTBYET OTKAOHEHHIO CTpe1KIT ;m He-
b o I{OT(')ph{.l-l ym:l Ecam nrcana npubopa rpaaynposana g eg-

HHIAX CHJIBI TOKA, TO NPUGOp HasbiBacTes amnepmempon.

TesbHbie 1prdOph! 1 asekTpirveckue neun. K anekrpuye-
HarpeBare/ibHbiM npHiopaM OTHOCATCS IUIABKNE ITPEIO-
enn («npodKu»), KOTOpPBIE CAYXKaT ANt YCTPAHCHHSA
CHOCTH KOPOTKOTO 3aMbiKarusi. OOBIMHO 3T0 TOHKHE Me/-
> JJTH CBUHIOBLIE TIPOBOIOYKH, BBOAMMBIE TTOCTEI0BATE Tb-
el HJIEKTPUYECKOro TOKA W PACCYHTATHbBIC TakuM 00pa-
. yroOB OHY TUIABHJINCH P TOKE, IIPEBILIAIOILEM TO 3Ha-
e, HAa KOTOPOE PACCYMATANA 11eTIh.

HarpeBaTeNbHBIM PHOOPAM MOXKHO OTHECTH H JTAMITOUKH
garns. [lepsas nammnouka 6uima m3obperena B 1872 1.
extukoM A. H.Jlogsiruusiv. Ona npejicgasasia coboii
HHBI Oa/TOH, B KOTOPOM MEMK/AY TOJCTBIMU MEJHBIMI
OUKAMH VKPETUIS/ICS YroJbHblil crepaxens. [1pu npornye-
1 TOKA YTOJTBHBI CTEPKeHb PACKA/ISUICS U JABA CBET. Y Co-
HCTBOBaHUEM JiaMn Hakagausanua samumaaucs T. ancon, W Jlenrviop w jp.

K

1 1IPOBOJIOKA ¢ TemniepaTypoit maasierina 3 370 °C. Yewm shiiie TemMmeparypa muTH,
M OOJBIIAST YACTh U3Jy4aeMOil sHeprun otiaercs B suje ceeta. B 1913 r. nossu-
ch JIAMIIONKH, GATITOHBI KOTOPBIX 3all0IHSLIHCh HHEDTHBIM rasoM (apronom). Ilpu-
CTBHE aproHa 3aMejUISieT MCIAPEHHe HUTH, M CPOK C/IyKOBI JIaMIl YBEJTHIHBACTCS.
Jlamna nakasusanus npeacrassiena Ha puc. 10.10. Ona nveet BonshpaMoBYIO HUTH
i CITHpaib 1, YKPEIVIEHHYIO Ha METATHYECKON HOKKE 3, BHYTPH KOTOPOH TIPOXO-
TIPOBOJIOYKY 2, NOJABO/SANIME TOK K cripain. [List OTKaYKn BO3LYyXa CJYKHT TPY-
KA 4, KOTOpasi 1I0CJie VaJeHust Bo3jlyxa sanansaercs. Jlamma umeer Metasingec-
KMl IOKOJIb 5 M M30/IMPOBAHHEI OT [OKOJS KOHTAKT 6, K KOTOPOMY HPHIIAHBAIOTCS
g@osona OCH HUTH HakaauBaHusA. [LoKOms 1 KOHTAKT § TpH BBOpaYMBaNHK JAMIOYKH
‘B IATPOH COEJIMHATOTCS ¢ TPOBOIAMH MEKTPHYECKOM CeTH.

HarpesarenbasiMu npudopamMu SBISIOTCS AIEKTPOILINTA, JAEKTPOYTIOT, 2JIEKTPO-
MAMHHK W T.JI., KOTOPLIE HAILTH IIHPOKOE NPHMEeHeHHe B AomaitHem obuxoze. [Lis
'CO3JIaHKST BBICOKHX TEMIIEPATY] CJIYKAT IeKTPHYecKue redd. Temneparypa BHyTpH
Teun Mosket gocturath 2 500 —3 000 °C. Lisi 3T0ro B nedax B Ka4ecTBe TOKOMPOBOS-
MIIETO BEIECTBA NPUMEHSIOTCS TYTOTIABKME METAIHI, HAPUMEDP MOJMO/eH. DNeKT-
PHYECKHE TIeYN HAULIH HIMPOKOe TPUMEHEHHE B Pa3HuHbiX 00J1acTAX HAPOAHOTO X0~
3sicrpa. Ene oiHiM BAXKHBIM TPHMEHEHHEM TEILIOBOTO JICHCTBHA TOKA SBASETCH KOH-
TAKTHast CBAPKA, KOTOPAS MPUMEHSIETCS /LISt CBAPUBAHMA METAJLIOB CO 3HAYNTETbHBIM
VACABHBIM conpoTHBacHieM (HHKeTb, TanTal, Moub/IeH H ap. ).

KPATKME BbIBObI

® Inexmpureckutl MoK — 910 YIOPAAOHEHHOE IBIKEHHE BIEKTPHUECKH JapsIKeHHBIX
HacTui. KoamuecrseHHbIMU XapakTepUCTHRAMH 2IEKTPHYECKOT0 TOKA ABIOTCA Cula moxa

A
=29

At
U naomuocms moxa

|~
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Cornacno 3akony Oma st yyacTka e,

—

R=p—,
Ps
C yremuuennenm TEMIIEPATYDBI COMPOTHBICHHE VBeAnYnBaercy:
P=po(l + at).

¥ nekoropeix nporoanmnikos 1 CIAABOB TpU TemMmeparype, G1uskoi & () K, axexrpivecioe
BYET, 1. €. Habmonaetesa ceePXNPOsoduUMOcS.

Kynoua) ne MOUYT Houtepxy-
KHYTOro KOHTYpa paBHa ny. i,
: BATh HETIOTEHUHATBHBIC (C1(-
HCCKYIO WM HHYIO NpHpO.Y. Yerpoiicrsa, o6ec-
POHHUX CHJT, HA3WBAIOT UCmOyHIKaMY MoK,

+ THCJIEHHO paBHyIo patorTe, KOTOPYIO COBEPINAIOT CTOPOHIHIE Cliy
NP HIEPEMELIEHHY eTMHNYHOrO TOOKHTENBHOTO 3apsA/a B0, Beeil nenw, nasesalor 37[C

BaTh HOCTOAHHBIT TOK B ey, 12

Has nogaepxanns s yenn TMOCTOAHHOIO TOKA A0/DKHB AeficTRo
POHHHE) CHIIBL, UMeInIITHe MEXaHHIECKYI0, XM
TEIHBAIOIINE BOIHUKHOBEHUE U AeficTBHe cto

IC nerounmka m nosmnim COOPOTHBACHHEM TIeTIH:

&
Ryr’

) TEILTOTH, KOTOpoe BRUIeAACTCS B IpOBOIHHKE ¢
TOKa, COMPOTHBACHHIO 1 BpeMeH:;

O=T"R

® PaGoma anexrpuueckoro 10JIS1 TP YHOPSIOYEHHOM ABUKEHIHH 31
HUKE HPONOPUHOHAILHA Cie TOKa, HANPAKEHHIO U BpeMeHu:

A =it

I =

® 3akon Lwcoyns — Jenya: konmectse
TOKOM, PONOPUHONANLHO KBaZpATY it

€KTPOHOB B PORO/I-

® Mougocm ane

) KTPHYECKOTO TOKA pasHa OTHONIEHHTO PaBoTsl Ko BPEMeny, 3a Kotopoe
OHa cosepmacTes:

N-_-

ﬁ--:l'&".
t

Bonpocw ans camokontpons u noBTOpeHMs

1. Y10 nosumaior nox HICKTPIieCKuM Tokom? 2, Kakue yenonus HEOOXOAMBI J1si BO3HIK-
HOBEH s

M MOMICPRAHUA ANCKTPHYECKOro ToKa? 3, 910 Hazpsaor cuoi Toka? ILIOTHOCTHK)
Toka? 4. Ot yero JABHCHT CKOPOCTS HaNPaBACHHOTO) ABIGKEHNH (CROPOCTS Apeiiha)
B NpoBoanuke? 3, Cipopmy.tnpyiire sakon Oma A yaactka tenn 6e3 3/1C. 6. Kak 3aBHCHT
ConpoTHReane HPOBOINKA OT €10 Ui, TLIOMAH, TONEPEYHOID Cevetims it Marepuana? 7. Yro
HaSHIBAIOT Ve ibHbIM CONpoTHBIEHHEM? yieabrOl SICKTPOTIPOBOANMOCTBIO [IPOBOIHKA?
8. Kax sasucur YACILHOE CONPOTHBACHHE NPOBOAHTIKA 0T Temueparypu? 9. B uem cocrour sip-

' 2186

JTHAMOC IH? 0 '-] ji6) BIBAHT afleltlp(l ],B]' ¥ Cﬁ CHAOH MCTOYHHEKA ‘l‘()l(a?
i LAY 1L
1 . Hnai
XHP’OBO

i #EP P
¢ : I’lOJ’IHGﬁ Hemn. . KHKOE' COCAHICTT
; . y;mpvme aakon Oma ann A 12 s , He ConpoTHRIEHHH

' Cch'ﬂ.OBaTEJ!BHHM? lIa.[)aJUlCJlb]ﬂ:[M." qEM}" panHo COUPOTHBACHNE LETH DA 9THX
DT 110 -

S i
: fire sakon JLxoyas — Jlenua. 14, Yemy pasna pabora nocros
s (.tbopMy;Il;qu : parHa MOIHOCTH TOCTOAHHOTO TOKa?
X . Hemy :
Ha VHACTKE HenH

’ epu pﬂmﬂl‘l“ﬂ 3apa4

Kakoe KOIM4eCTBO 9/1eKTPOHOB POXOAHT Yepes NonepetHoe c;qeugg
g IIIaI[bOfO 1 mm? 3a 2 MHH, €CJTH IUIOTHOCTH TOKA B TIPOBO/HUKE ltoi y chm ‘
_n.nloMMQ =10""m% t =2 mun = 120 ¢; j= 150 A/em* = 150-10 )

. t.usmmx < “eqeHmne 1po-
ik yepes HONEePeTHOe CeyeHn
i HYECTBO JIEKTPOHOR, IPOX0 | ;
L e-_KOJ! HOWICHITIO 3apsia, IPOLIeNero Yepes Janioe nornepedHoe ceve
paBHO OT

¢ 3ApAJLY ANEKTPOHA:

n=9-- M
e

151 £ 4epes ceveHne TTPOBOIHMKA TPH TOKe [ = S TIPOXOIUT 3apsiil =
Q= jst.

s (2) B (1), nveem

%
@

n=

o

150 - 10 ﬁ/MB .10—#5 M2-120 ¢ o L15 1021
n= ]_,6‘ 10-19 Kn

© Omser: n=1,15-10". Harapen, I/1C koro-
@ 3azava 2. Onpeenuts CHITY TOKa KOPOTKOIO wmucamu{l) am?lea ,mm 2
’15 B, m; IpH TOJIKTIOYEHIN K Heil conpoTus/ieHus 3 OM ¢

et 4 A.
Ho: & = 15B;: R=30m I=4A.
‘Haiirn: /.

~ Pemenue. Cusia TOKa KOPOTKOIO 3aMbIKaHHsA

n gy (1)

= HTH OJ15 113 3aK0-
€ r— BHYTpeHHee CONPOTHBJIEHHe Gatapen, KOTOPOE MOXKHO HAHTH HCXOA
=B
Oma s noanoit nems (10.11):
. &—1IR 2)
P T- —_—

=5
Honcrarms (2) 8 (1), moaym

& &l _
e ="=%_ 1R

217 |



Boiuncaenns:

15B.4 A , :.
15B-4A.30m 0N

Otser: I, = 20 A.

‘o :%a.uatla 3. Onpenesnrs spemst T, HEOOX0AHMOE
;;;;1; n:gTol{(g- MOWHOCTEIO 1 200 Bt npw KITJL 75 % 2 kr msaa B35TONO 1
— -, IPEBPALEHUST er i : gl
B p 0 B BOAY W HarpeBan
Hano: N=1 200 Br; = 0,75
/ =078 m=2xr;1, = —16°C: t, = b 6
6 =21-10° ZIs/(kr- K), 6 = 4,19-10° [T fr- K3, D G 33010° e
Haiiru: 7. ) 6 = 4,19-10° Uk /(kr- K). §
Pemenne. Daexrpuueckas aHeprust
Temueparypbt —16 °C 10 Temneparypoi
(@) 1 na narpesanme NOJAYHeHHOH n3
Typit 100 °C (Qy):

, 0 Mite.
A MOAYUEHH0I Bozn 10 're:

Q= 1Nt pacxonverca na HarpeBaHe
nnasnedna iy = 0°C (Q,), na nnagnen
JIbJIA BOZIBI OT TeMIepaTyphi ()

"""“'laﬂ‘r
. e _rn,ﬂa'
C no TeMITepa-
Q= exmty — 1),
Qs = X,
@ = cym(ty — 4
Ypasuenue rennoporo Gasanca: wilty — 4).

VT = em(ty — ) + m + cm(t — &),

OTRy1a
_ Camfty — &) + N + cam(t, — &)
nN ’
Borumcaenus:
9100 o R
LA T i o 2K +4.19-10° Krﬂ’*‘ﬁ.z k- 100 K

0,75-1200 Br

=1740c.
OtBer: =1 740 ¢,

ﬂ 3agaym ANA camocTosTensHoro peweHnn

1. Yepes nonepe =
Me;n )K(:::;?,Kouj'g‘%g;isznegI:ozziﬁﬁf:;:;‘;lﬁ?yy 10 ceKyH1y npoteract 12 10" enoGosix
uennte 1 ¢, ecm 3a ator np;:iﬁgf;’; :n:i nmxfm""‘ HePes MONCPETHOE CETeHNe MPOBO/IIKA B TC:
3. Kaxosa 3/1C ucrounuxa Hm}pﬁm;ﬁﬁz {;ﬂ:j TOKA PABHOMEPHO BO3PaCTaeT OT 1y1si 10 6 A?
Hpﬂépimenemm piiaienr e st CAH1 CTOPOHIME CHUIBI corepialoT padoTty 10 /UK
- AKKYMYJIsTOpHAs Garapes, cocTosAmag 13 60 Ganok, 3apsaxKaeTes o1 HETOUHUKA [10CTOAH-

HOTO HanpsKeHus 100 e
BHYTDEHICE COnpori mﬁ;;:.‘c; %‘3’%‘::’ ]Ij(?eﬂ 2.5 A. IIC kasknoii Garikn B Havane gapsymion 1,2 B
HCTOUHUKOM 1 Gatapeeii? ) - RAKOBO COMPOTHB/CHHE PEOCTATA, BIJTIOYCHHOTO MEKIY

3. IC merounnia Toka
CHAA TOKa coctasaser (.3 A.
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asha 1,/ 3¢ :
‘z)u c’.lrl,S B. Ipn sambikanin nerounmka conpornpaenyes 2 OM
PEACTTHTEL CHILY TOKA KOPOTKOTO 34MBIKAHMSL,

IS HAIDEBAHMA Ha AeKTpya

coMdec KUl MaiiHu K MMCeT B HarpesaTene B¢ CCRIHM, Ecum oHI CoejIMHER L Ha-
, TO BOJIA B YA HIKE 3aKMIAeT 32 8 MHH, 4 ec/U O BKIOMEH B! TOCTe0BATC b=
) My, 33 KAKOE BPEMS SAKHINT BOJA B YAl HHKE, CIM BEII0YeHa 0JIHA M3 CeK-

o ST MOLTHOCTD HATpEeBaTeIH AACKTPOHAITHIKA, eCTH BHEM 3a L0 MITH MOJKHO BCKH-
“ROJIHL, HAYATLHAS TEMIepaTypa kotopoii 20 °C. KI1 marpesarens 70 %.
wus 4.5 1 sostst o1 23 °C 10 KUTIeHNst narpepareis norpedser 0,5 kBr-y

coit aueprun. Hemy papen KITA aroro uarpesares?

~ueBble CNOBA: CUIa Toka, MI0THOCTL TOKa, 3aKOH Owma, 3/1C, anexr-
eckoe CONpOTUB/IEHNE, HANpPsXeHne, 3aKoH Lxoyna—Jlerua.

-
'PUMECKUIA TOK B NMOJSYNPOBOAHUKAX

3eHHas NPoOBOAMMOCTb NONYNPOBOAHWKOB

jeckas cnpaska. BypHOe PasBiTHE PATHOTEXHHKI OHARANO AIERTPOBAKYYMHbIM
aM. OHN ABIAINACH HEOTBEMIEMOI HACTHIO BCAKOTO PA/HOTCXHHYECKOTO yCTpOit-
BHBIM 0OPA3OM HX CBOICTBAMH OUPEAETAINCH TEXHIUCCKHE TOKASATEH Ammapa-

0 B IEPHOJ| HANBLICIIETO PACTIBETA TEXHIKH I TEOPHH 3AEKTPOBAKYYMHBIX nprbopos
1 AOCTOMHBIX KOHKYPEHTOB B BH/IE PA3HOOOPA3HBIX TOTYIIPOBOAHHKOBRIX pubOpoB.
OBJEAAAIOT PAIOM NEHHBIX KauecTs: DOJBIINM CPOKOM €1 vKOBl, MaTBIMI Tabapy-
KOMt MEXAHHYECKOIl TTPOUHOCTBIO H HEBHAYUTENBHBIM TOTPeOICHHEM JHEPrHH. Arn
B COBOKYITHOCTH 00eCneMHBaIOT MOBIICHHE HaIeKHOCTH paboTH anmapaTypsl NpH
M COKPAIIEHHH PACXO/A IHEPTHH HA CC MUTANHE, MACCHIH rabapuTos. K oMy xe
HOYTIPOBOAHMKOBEIE TPHOOPHE MOTYT BLITONHSTE (DY HKILHH, HC J0CTYITHBIE SCK-
AMI1aM.

rogax XX g. 0. B.JIoces 0TKpbiI CHOCOOHOCTE HOMYTTPOBOAHNKOBLIX AHOA0B (xpu-
CMX JIETEKTOPOB) TeHEpHpoBaTh HE3ATYXA01INE konebamig. B waiell crpate ne-
i HOAYIPOBOHKKOS Havaancs B Konie 20-x rogon XX 8. 110/l PYKOBOACTEOM

GILHEHIIEM B CBS3H ¢ IPOIPECCHUBILIM PASBHTHEM (DHIHKH H ocobenHo (PranKi TBepao-
OTKPBIT PAJ| BAJKHBIX CBOHCTS MOTYTIPOBO/IMKOR, KOTOPBIE OSBOTMIN JHATHTENRHO
0BAACTD NCNONBIOBAFIS T0/TYTIPOBOLHNKOBBIX IPHOOPOB B HACTOAILEM 1 OLEHHTH

JLVIIEM.

pBonuKkH. Cymectsyer GObIIAA TPyl BENECTB, KOTOPHIE MO CBOMM
*CKUM CBOIICTBAM 3aHHMAIOT HPOMEKYTOUHOE MOJIOKEHNE MEFKLY 1TPOBOA
AMINEKTPHKAMI, DTH BOIIECTBA HA3BIBAIT 7104y RPOGOOHUKAMU. K Hum
Kpemuuii, repmaruii, hochop, MbIIIBAK, CYPbMY, CEIeH, OKCHIbL pAd Me
yasduast, Tesypuabt. Hanbosee THITMYITBIMI OYTIPOBO/IHAKAMH ABJI-
i 1 kpemunii. C HIME CBA3AHBI MHOHE YCIEXH HOMYITPOBOITHKOBOH
MKH. ATOMBI ITHX 91eMEHTOB, 00/1a/iast YEeTBIPLMSI BAICHTIIBIMH ANEeKTPO-
PABYIOT KPUCTAI/IMYECKYIO PelleTKy THia aamMasa ¢ KOBAICHTHOW CBA3LIO

219 |



OTrHmmybix NPOBOAHUKOB (MeTaL10B) umryu])tmn;mn_
KIL OTIHYAIOTCA NPEeRK/IE BCEro KOHnenTpanmeii cmﬁo;max
ANEKTPOHOB, [(om.wH'l'paLPw HOCHTeRCI 3apsa p ""J«'T.Vﬂpn.
BOAHHKAX NPH KOMHATHOI TeMnepaType sHauuTe LHo MeHp.
lie, 9eM B MEeTALIax, o1 MY VACIBHOE CONPOTHB e e Tig-
AYNPOBOAHKHKOB 10Pa3no Gopine, yem METALIOR,
Yaeasnoe conporupienme MOJIYTIPOBOAHHKOR CYinfe.
CTBETTO 3aBUCHT OT TeMuepatypur (ecian MPH HAIDeRafy,
META/LIA 01O BOSpacTaer, To mipy HaTpeRaHmy OTYTIPORG
HUKA CHIILHO YMeHbluaeTces ). :
Hamuume npumeceii takske no- PasHOMY BrHgeT 1y K-
TPUYECKYIO HPOBOAMMOCTL METANIOB 1 TOMYTPOBOANNKOB (HPHCYTCTRIE NpuMecef;
B METALIAX 3AMETHO CHUWKACT 11X IEKTPHYECKYIO NPOBOAMMOCTD, B TO BPeMA Kak g
MOAYNPOBOAHUKAX NPHMECH B OTIICTLHbBIX CAVUASX MOTYT HOBLICHTS MEKTPHYECKyg
NPOBOANMOCTD B JIECATKH M COTHN ThICSY pas).
Haanune saexrponos NPOBOAMMOCTH B HOMYIPOBOAIITKAX oObsicHaeTCH 0coben-
HOCTBIO HX KPUCTATIHYECKOIO CTPOCIL,
Cobcreennasn nporoumocts HOTYNPOBOHHKOR. Pacomorpim KpHCTa LI eckyyg
pemerky repmarns (puc. 11.1),
Bo suemueii o6onouke atomos TCPMAHIA UMECTCA YeTHIPe BAACHTIbIX IEKT-
pona (repmammnii naxoamres g 1V rpyure Ilepnoamyeckoii cucremy ANEMEHTOR
/L. M. Menaeaeesa). Dru HJACKTPOHBL, YUACTBYIOINE B KOBAACHTHO] CBAAN ¢ Co-
CEAHMMM aToMaMH, c1ab0 CBIZANLT ¢ AAPOM. IHEPIHA HOHMBATIN ATOMOR repma-
HH3A CpaBHMMA ¢ dHEprHeil TemioBoro ABWKCHUA (Koaebanua qacting g Kpueran-
JIe) yKe [IPH KOMHATHOI Temuneparype. [oatomy vacth senmmix ANEKTPoHOB 0006~
MECTBIIACTCA COCCANMMMU ATOMAMMI U J1EIKO HEPEXOAUT OT OHOIO U3 HUX K Apyro-
MY, CTAHOBACH GIYKAAOUIMMH YacTHIAML. Oanospemerno ¢ nosmienney OuryoK-
AQIOMET0 SIEKTPOHA Y OAHOTO U3 ATOMOR MOAYOPOBOAHMKA BOSHIKACT BAKAHTHOE
(cBoboxnoe) nus HIEKTPOHA MECTO, KOTOPOE NpUHATO HASBIBATL dbIpKOL. DTy
ABIPKY MOXET 3aHATh JNEKTPOH cocelHero aToMa, v KOTOporo B CBOIO ouepeis 0b-
Pasyercsa ampka. Baykaanne aj CKTPOHOB B KPHCTATINYECKOI pelnerke noJIynpo-
BOIAHHKA BJAEYET 34 coboii cBoeobpazHoe OayKIaMe ABIPOK. « [Tepememenes an-
POK OT OIHOTO aTOMa K APYTOMY MOTOOHO ABMKEHNIO ROAOHCUMETHIHO20 3apst-
da, paBnoro 3apsany aeKTpona.
Ecan B nonyiposoiuxe COBMATD ANCKTPHYECKOE TT0IC, TO JBUIKCHIE KAK H/1CKT-
POHOB, TaK M ALIPOK UpHHIMaeT HATpaBICHHbIL XapakTep, npiryem ALIPKH <l1epeMe-
MATCA» B HANPABACHIM Mo, 2 SJACKTPOHbBL — HABCTPEYY 1M,
B yncrom nosyn POBOIHHKE YHCAO CBOGOAHBIX JJCKTPOHOB PABHO MHCAY JIBIPOK,
HOITOMY HPOBOAUMOCTE YHCTHIX HOAYNIPOBOAMNKOR HANOAOBIHY DJIEKTPOMHIAA, Hid-

HOJOBUHY Anipounas, T. AKYI0 IPOBOMMOCTD HASBIBAIOT COBCMEennoi npoeodu-
MOCHIBIO.

Hpumecnas NPOBOAUMOCTD.
Ofpenenseres Konuentparuei 3,
K€ aTOMOB npuMecn npusomrr k
BBIIIACT an1ekTpuyeckyo 1
BOJHHKOR — npuMecHnie,

Hdonopupie IpHMECH.
MOB MbIllIbsIKa, CYPbMLI
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Pue. 11.1

ONEKTPIICCKAs IPOBOANMOCTD [0 HPOROITHKOB
TCKTPOHOB M ABIPOK 1 MX HOABMAHOCTHIO, BBE/CHHE
COSAAHMIO IOMIOTHUTEILHBIX HOCHTE. 161 TOKA U 110+
poBoanMocTs Bemecrsa. [oatom y GoitbmmicTro noaynpo-

Upw Beesenin s KPHCTAANUTECKYIO DeLLeTKY repMaHiis aTo-
Wi IPYIUX BEHICCTE. ATOMBI KOTOPBIX HMEIOT 1$Th BAJICHT”

Atom
TCPMELHT 5

R
\ Meramn
b Homyuposoituk
ot -
6 -2::'3 0 (L
Puc. 11.3

Puc. 11.2 b

DOHOB, KOHIEHTPALMs CBODO/HBIX SIEKTPOHOD B '“f"”m,’_‘m"_‘“‘_"’_‘:z ;}Ie:a}:;tj
TIpoHeXOAT HTO TOTOMY, YTO YETHIPE BAJICHTHBIX 2/1K1 [_Nji_lid ar10) ' Tr[[e"_
" B CO3IAHHN XUMHYECKOH CBA3H ¢ ATOMAMH I‘epM'Tl}{:u:]._Ua 15::{\1:{?:%1.‘
NEKTPOH OKA3BIBACTCS CTad0 CBA3AHHBIM ¢ dTUMt;I\; MPUMECTH, 3
< ATOM M CTAHOBUTCS «cBoOOAIBIMY (pHC. 11. ia"). . i
06pasoM, a ITOM CJIYUAE HPUMECHDIE ATOMbI OTAAIOT QHHBI\TI)?I |\;(,J“h ﬁdyc-
OHOPAMY HJAEKTPOHOB, YTO H OOBACHAET WX HA3BAHMC. POROMMNG .Hﬂ,n H]_?u_
Has JABWKEHHEM cBOOOAHBIX 2JCKTPOHOB, HAZLIBACTCA DJEKTPOHHOM,
pz;r: l:l:.nmecn. [Tpn BBE/ICHUN B KDH(‘.TELTIIII-F{E}CK._V[O peLeTKY repmafmsf
LIS, TAILITS AJNCHTHBIX HJIEMEHTOB XapakTep MPoBOjn
i o B ofium Opa3opaHue [ABYX-
1 POBOJHUKA MEHSAETCH. ITO 0DBACHACTCA TEM, 4TO Ha 00D il
CBSIBH C OIIHIM M3 COCE/HIX ATOMOB TepPMAHNS ¥ a'ran1 nnime I il
éﬁﬁmpona, T. €. MEJKILY STHMH JIBYMsI ATOMaMH HOMTYIAeTCS He3all0) s
I CBSI3b, W asipka (puc. 11.2, 6). Yucao dupok 6 glucma.mj ﬁ.,; o
amomos npumecu. [IpoBognMocTs, 00YCIOBIEHHAs ABHAKEHHEM JBIPOK,
GHOMH, HJIM TPOBO/IMMOCTBIO P-THIIA. )
MPO : snem'pnqgclcoﬁ NPOBOJHMOCTH OT TeMIIepaTypbl H ucne:;,zgn{;):“
YHE MEKILY MPOBOAHIKAMM H OJVITPOBOAHIKAMI r:coﬁeﬁlo. 3:2 b
."I‘CMﬂepaTypr, TOTZIa KaK Pasaigue MeAR/LY [HOLYLPOBOHHKA e;m;‘ﬁ .
1 € HOHHKEHWeM TeMTICePaTypbl HeUuesaceT. 3aBHCHMOCTh cmgaomm
1 TIOJTYTIPOBOAHMKOR OT TEMTIEPATYP bl IIOKA3AHA Ha pHc. 11.3. I
METAII0B YMEHBIIEHe 3ICKTPHYCCKOT TPOBOINMOCTH [IPH TIOB reipians
Pl CBA3AT0 ¢ yMEHbIIEHHEM [IOABIGKHOCTH 3/iekTpoHos. KontenTpait
AJIEKTPOHOB ;rpam'uqecml HE 3aBHCHT OT TeMIepaTypbl. —
HOJIYIPOBOAHIKOB C POCTOM TEMIIEPATYPbL HOABHAKHOCTD ;3_.!1(‘.}{1:[)0110 : -
HajaeT, Ho 3710 He HUTPAET 3aMeTHOH POJH, TaK Kak 1P HalpeBaHHn r.cp;ﬂH o
A DHEPTHA BAJICHTHBIX AJIEKTPOHOB BO3pacTacT 1 I-]il(‘T?y.ﬂ.aE'f Pa.:r)o.g o
X CBA3EI, 4TO NPUBOANT K VBETHUCHHIO HHC/IA CBOOOAIBIX .msmpna e ey
HEKTPIYecKoii mposogmoct. Buepswie B 1873 r. B. Cyvut nabmogan na:
OHPOTHRIIEH S KPHCTALTHYECKOrO ceneHa rnpu {Jl'-.ﬂl‘I.IIL‘HHF'I.” | —
OCBEUIEHNN N0y HPOBOHNKA B [HeM MOABASIOTCS ,’J.UIIOJ.LIIIUE.JI' mlallju’ i
) APHBONT K OBBLICHIIO €0 HIEKTPIHCCKOTT TPOBOUMOCTH. II({..llt,H.( " =
: + MTO Ha CBOI‘-‘ECTB}I TOAVITPOBOJIHHKORB BJAHAKOT PEHTIEHOBCKIE .ril')' 111, pail
MBJTYUeHIe, MArHHTHBIE 10/s1, MeXaHiieckie AedyopMattn i ap.
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11.2. NonynpoBogHuKoBbIe npuGopkl

Hpﬂ']ﬁ)pg;}:gcoll:zl\; éﬁ;{é\f;apomm.j t-n‘n:un APRO BHIDAMKEHA 3aBHCHMOCTD SJIeKTPHYCCK}
1€ OH HPOBOINT TOK. Hpuﬁjg[?lzl.ﬁt;)g;ﬁ lfr:i;lglrﬁ;ygg);onynpomfuimca. g
e, 0 s €KTe, HA3BIBAIOT MEPMO -
Me:gi - Texu:;:-x:é ;{: 11:“ r::pmucmopanu. TepMchme HAIILIM OTPOM H(i{’ 1Ipi-
; 1 CEJTbCKOM X03aucTBe. OHN HCNONB3VIOTCS TS -
MEPEHHMs TEMIePaTyPhl B PA3NTHUHBIX arPeraTax, BCIOAY, I/e HeoOXOMIMO 1102 'l-ld-
Eir,; 20{‘,;1211‘%!)!“‘) TEMIEPATYPY U CBA3AHHbBIC ¢ Hell d)ﬁz:memme Bf-mmm:lo J(LZPI f}?}ﬁ:]
Cmpme::om ;-:} 0;1;);1?{1:[]:@*?:;1::?7 TEMIIEPATYPY MOYBbL HA Pa3nnyHoi rayGune. Tepwmy :
g ’ PEACTBEHHO B KPOBEHOCHDIH cocyl. YyBeTBHTEIBHOCTL
IPHOOPOB HACTOMBKO BEIMKA, YTO HA HX OCHOBE M3TOTOBJISIO :
qnc{;on SHEPrH, HasviBaeMble GorOMempamu.
NEKTPOHHO- YHbIIH
o :;g@ ogo;:ﬁl:{% . mnl:{e}]::ﬁo.u ( p—n—ngpexu,u). I'pannua conpukocHoBes
o : OTOPLIX HMEET JNEKTPOHHYIO, & APYTOiH — ABIPOY-
p_n-“pnep : ;10 - o();‘TbéHa.ibIBaeTCﬂ DAEKMPOHNO -ObIPOUHBIM REPEXOIOM 11.11;
8 e o paf.{,r.m \;ﬁozgge:mm HMEIOT OOJILITOE NPAKTHYECKOe 3HAYCHUE, B -
o Dcymecmme.r.c s Mexcr;:ynpoaommonm npubopos. [pakruyeck p—n-ne-
e g HOQOPHH‘: I:ij;}::r:ecx'rflm KOHTAKTOM ABYX PA3HBIX HOJYNPOBOAH-
s i g > IENTOPHLIX NPUMECEIT B PAIHBIE YACTH YHCTOTO
1'1 Th AT
:onpﬁ:{ w ;1;3)2 ;n;py;gc;n;aﬂr;;m (i] PAS/ITHIHBIM THIOM 3J1€KTPOITPOBOAHOCTH (p 1 )
e j';{ g}; y M. lipu 5Tom Haunerces nepexoa (anddyans) snexr-
ol H,an + MHOTO, B p-06/1acTh, rje HX Maso, u HnepeMenenne
S gonneum«l. Tak Kax /ABIPKH M 3MCKTPOHDI SBASIOTCS 3apsi-
i nomenm.‘m! ::;J]enc*raue ux andpysnn nossuTes KoHmaxmuasn
e A —— MeRAY p- u n-obaactsmn (puc. 11.4, a). Inekrpo-
oo ety e r;:]aiagta JIBYX no.nynpoaj}ﬂﬂuxon CO371aI0T 3ANUPAIO -
mcg e ity PEHATCTBYET Aa/ibHelmIeMy tnddysuonnomy nepe-
HI0XK :
e, I:I oxaaz::; it;ell::'lieei?n;l(;;;ﬁ;ecme TOJIE K CHCTEME JIBYX HOAYIPOBOJAHUKOB
s Hanpam;em;n; . B 3TOM ciyvae HanpsKeHHOCTh BHEIHEro oA
L e € 1oJieM 3anupawouero ciaos. [pu rakom nanpasie-
b v PHUECKOTO TI0/St 9J1CKTPOHBI, ABUTAsICh TIPOTHB NOJIS, A ABIP-
AOJIb OIS, YXOAAT U3 0baacTH BOIH3H KOHTAKTA. Ilpn .'-)'I‘U;\d 3anm-

T IPHEMHHKH J1y-

Obaacts 3anmupaionii
nepexojia (& ()11
:‘A—-ﬁ N —A—— P n p
: [~—O H-++ o— e——H @
n fH— » ~—ol+H—|e—~ oe—|{]|-—®o
; L
- ~oh+d—le—-| | ||le—1| ®
a o — -—
E BHtI?‘uIHEE E Buemnee
! ! — -
a
B?I. a
Pue. 11.4
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it cnoil pacmupseTes W MUPHHA ero 3aBHCAT OT NPHJIOKEHHOI PasHocTH
rernaion. B sammpaionieM cjioe KoHenTpalms cBOOOLHBIX IEKTPOHOB H J1bl-
MaJiad ¥ OH BeJleT cebs Kak QUIAeKTPHEK. QueBWIHO, YTO B 3TOM COytae 2JaeKT-
KHil TOK 4epes p—n-Tepexojt HPaKTHYeCKH HE TPOXOLIT. Hanpas/ienne BHell-
o [0S, PACHIHPSIONIETO 3aTHPAONIAH c1oit, Ha3uBaAOT 3anupalowum (06-
TIHBIM ).
JIpu M3MEHEHUH HATPaBACHHA BHEMHEro aaeKkTpuyeckoro nossa (puc. 11.4, 6)
CHSIETCA HATIPABICHHE ABUKEHNSA DJIEKTPOHOB W ALIPOK HA HPOTHBONOJIOKHOE,
acTH p—n-nepexojia oy pekomGunupyior. [Ipn aToM mUPHHA 3aMHpaonie-
TOSt M €70 CONPOTHB/ICHHE YMEHBIIAIOTCH. CieoBaTeNbHO, B 3TOM Hampasie-
SAeKTPUYECKHIl TOK MPOXOUT CKBO3b P—n-NIEPEXOA OT P-TIONYTIPOBOAHHKE K
paynpoBoARUKY. Takoe HAMpaBICHHE TOKA E{aahmaro"r NPonyCcKHbIM, WIH

npA. bIM.
~ TakuMm obpasom,

. Jimon. IloaynpoBoAHUK ¢ OJHHM p—n-TIEPEXO/IOM HasbIBAIOT MOy IPOBOTHHKO-
v monom. Ha puc. 11.4, 2 nokasano yciosHoe 0603HATCHUE NOAYNPOBOOHUKO -
0 duooa.
ToayITPOBOAHMKOBLIH MO/, KaK W JIBYX3/IEKTPO/IHAA aJIeKTPOHHAsA JaMIia (JMOz),
JaeT OHOCTOPOHHEH MPOBOAUMOCTHIO. [MoypoBOAHMKOBbIEC AHOALI TOPA3LO
e B KOHCTPYKITHH H HajexHee B paboTe, HeM DACKTPOHHASA JAMITA. B nacrosimee
51 OH TIOUTH TOAHOCTBHIO BHITECHUN CTEKJSIHHBIE INO/ILL B PATHOTCXHIIKE. Ilo-
[DOBOHMKOBBI IHOJ MCTIOMBIYETCS JU/ISt BHIIPAMIEHUS HEPEMEHHOTO TOKA 1 MO
#eT pabOTaTh B KaUeCTBE AeTeKTOPa.
- Ecaus 1OJIYTIPOBOIHHKOBRIH MaTepHal npuMeceil Bieceno B 20 —30 pas 601~
1me, gem 0OBITHO, TO MOAYHAIOT OCOOBIH KTACC AMO/0B, HASBIBACMDIX mynHe -
bimu. Taxue INOIB IPUMEHSIOTCS KAK YCUIHTENH M FeHCPATOPRI Bbi COKOI1 gac-
Tpanzucrop. /l1st CO3aHNsA TOMYIPOBOAHHKOBOTO TPHOA — TpaHsnucTopa — He-
OIMO MMETh TPH COCTABHbIE YACTH NOTYIIPOBOITHKOBOIO HPHMECHOTO MarepHa-
Jia: JiBe n- 1 O/UTY p-THIIA WM HAODOPOT. O1Ha B3 BO3MOJKHBIX CXeM HPEJICTaBIeHa Ha
puc. 11.5, @. [lpu BKIOYEHHH TPAHZNCTOPA B LEMD MCHIOIB3YIOT ABE Hatapen. Oana
BKJTIOYAETCS [LTIOCOM Ha p-4acTh TPHOAA, HA3BIBAEMYIO amummepom (), a MUHY-
COM — Ha CPE/HIOI0 T YACTB, HasbiBaeMyio 6asoii (b). Bropas Harapes MOAKIIOYaeT-
e51 Iunocom Ha 6asy, a MUHYCOM — Ha BTOPYIO p-4acTh, HA3HIBACMYIO KOJAeXMmOpoOM
(K). TIpn Takom BKTIOYEHHH AbIPKH SMUTTEPA YXOIAT B Gagy. [lansueiimee ABHKCHIE
 ZBIPOK 13 Gadbl B KOLIEKTOP OCYIIECTBIIS-
€Test 3a cuer BTOpoit GaTapen.

S

* Tlpu ypemrieHuy HanpAKenns 1eproii p ‘n p TomEoa
Garapen BO3pACTACT YHCIIO JIHIPOK DMHTTE- = o J— | =Ko
Pa, Kotopbie yepes Dasy AOCTHIAIOT KOJ- (1]
Jekropa. CnegoBaTesibHO, HAPsDKEHHE Tok AR
Mezy Haz0it 1 SMHTTEPOM YHPABIAET TO- ‘&33“ ,_J .__J 9
KOM KOJITEKTOPA, TAK XKe KaK HallpsKenne f l 6
MEXJly CeTKOH M KaTOJAOM B JIaMIIOBOM q
TPHOJIE YHPAB/AAET aHOJHDIM TOKOM. Ha Puc. 11.5
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pre. 11.5, 6 nokasano yeaopnoe obosnatenme noAYNPOBOOHUK06020 mpuoda
THIIA p—n—p.

Hepsoiii noaynposoanmkossrii Tpnoa (Tpanancrop) Guua cossan B 1948 . aMepi-
Kanckumu gusukamu V. B. Hlokm, 1. Bapnun n V. Bpurreiin, [Ipumenenne oy -
TIPOBOAHHKOB COBEPILILIO PEBOTIONHIO B paanorexmike. Pagmoserany craum nacrony,-
KO MUHHATIODHBIMH, 9TO HOABHIACH BO3MOKHOCTS USTOTOBAATDL THITOIrPadCKIM Clio)-
co0OM Tak HasbIBaeMbie MUKpoMoayn. Muxpomodyau upeacrapasior cobOoi TOk-
KHE JIHCTHKH, Ha KOTOPBIX OTTIEYaTaHbl MO/, TPHO/bI, CONPOTHBACHWS, HHAYKIH-
OHHBIE KaTYHIKN i IPYTHE IEMEHTBI PAIHOCKEM. Hcnonssys pazmuunsie KOMOMHIi3-
LHH MHKPOMOYJIeH, MOKHO H3rOTOBASTI paanoycrpoiictpa ¢ sapanee 3aJaHHBIMY
HapamMerpamu.

[Tonynposoasmkn npuodperainT Bee Goabliee 3nauenue, oboramas (usuky, xu-
Mtio, Guosiornio u Apyrue ma yku. Ueeaeposanne HOTYNPOBOAHMKOR ewte He 3asep-
IIEHO, M B HACTOALIEE BPEMS HEBOIMOKHO B HOJIHOI MEPE TIpeICcKasaTh pasBuTHE hiy-
BHKH TIOJIYIIPOBOAHUKOB.

)5 KPATKME BbIBObI

® Pazinruus B asexrpieckoit TIPOBOAMMOCTH MEAILY (IPOBOAITHKAMIL (Merannamm), noay-
HPOBOAHNKAMH W U30MATOPAMH BBI3BAHB PA3THYHEM B CTPOCHUH TBEPABIX TEJ I JJCKTPOHIHIN
00070%€eK ATOMOB, 13 KOTOPBIX OHH COCTOSIT.

® IIpu BReselnm & KPHCTALIIMECKYIO PEMeTKY H0AyIpoBoiHika (repmanms) atomos pe-
HICCTB, KOTOPBIC HMEIOT 181Th BACHTHEIX ICKTPOHOB (MBINIBAK, CYPLMA 1 Ap.), KOHIEHTpaIis
CBODONNBIX DAEKTPOHOR B HMOIAYIPOBOITHKE Pe3ko Boapactaert. ITpumecipie ATOMBI ABJISIOTCS]
ABHOPaMIL saexTporos. [Iposogumocts, 0ByCaOBNCHAAS ABH KEHHEM CBOOOIHBIX WICKTPOHOR,
HASKIBACTCH SAEKMPOHNOU NPOGOUMOCTILIO n-muna. T] PH BECACHIH B KPHCTALIHYECKYI0
PEMIETKY MOMYIPOBOIHMKA ATOMOB TPEXBASICHTHBIX HNEMEHTOB (MHAMH, ranmii u ap.) RO3pac-
TAET koHuenrpaiuts Antpok. Takas nposomnmocts HA3BIBAETCS ALIPOMHOMR, WM NPoGoduMO-
cmvio p-muna.

® Haubonee otaermso HOYTIPOBO/HMKH OTAMYAIOTCH OT HPOBOAHHKOR TEM, HT0 C YBeIn-
ACHIEM TCMIIEPATYDBI M OCBEIEHHOCTH ¥ 1101 YIPOBOAHUKOB PACTeT SNeKTPHYCCKAs! NPOBOJH-
MOCTL.

® lllupokoe npamenenne o HICKTPOHMKE B HACTOALICE BPEMst Oy N ROAYRPOGOHLL-
K. Pannogerann cramm MHHIATIODHLIMH, HOABHIACH BOSMOKHOCTH H3FOTORISTE HX THHOrpad-
Ckum cnocobom. Oun ofecneansaior HCETIOYHTENBHYIO HA/eRHEOCT AlNAPATYPBI U IPHBOAA'T
KSHATHTEIhHOI SKOHOMHH J0POrocTos LI Marepiasios. Heeaenosanne nostynposoanmkos eme

HE JABEPLIEHO, W CETOHS HENb3S B OAHOI MEpC Npeackasarh passurie (huankn MOJIVIIPOBO/T-
HHKOB,

g Bonpocki ans CaMOHOHTpONS U NoBTOpeHun

1. B uem oramume nposoaninkos ot HOJIYITPOBOAHIKOB  H30/151T0PoB? 2. UTO Bh nOHIMAe-

T€ [0/l COBCTBEHHO TIPOBOIIMOCTEIO roaynposouukos? 3. ObbscuuTe nposoauMocTH p-u

r-Tina. 4. Kak sasueur snexrpuueckas NPOBOANMOCTh NOMVIIPOBOAHIKOR OT TEMITEPATYEL 1

ocpemennocTi? 5. Kak yerpoen n pabotaer rioiyn POBOTHHKOBBI oa? 6. Kakimu peHMy-

HeCTBaMI 001AAI0T HOAYTIPOBOAHKKOBEIE AROIBL M TPHOZBL TIO CPABHEHHIO ¢ JIAMIOBBIMIY
7. Pacckaxirre o NEPCMEKTUBAX MOIYNPOBOIHUKOBOM TEXHIKH,

TOp, NPOBOANMOCTL P-TUNa, NPOBOAUMOCTS N-Tuna, nonynpoBoaHUKoBsI

Aoz, TpaH3ucTop.
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Kntouessie cnoea: MIPOBOAHMK, noaynpoBoaHuK, uaonsTop, AOHOP, akyer-

]

. |3 HepBbLIX €00

JATHUTHOE NOJNE

2 1. MarHuTHOE none

¢ 4 ax . .r b UII .6-
‘ m 'apmnﬂ B (U[HOM H3 HAYYHBIX .TIUHI[OIICI\HX }KypH&[dh B 1 ;3\5 3 Gbl 1a “_\
) Baﬂa( raTha éKUI(}pUﬁ ('0()0”.[3.'[()('1». qTO B p[’.‘ﬁ_\l'.?lh rare y,llapa MOJITHH B KOMIIATe
r: c -1

If 336 i | TTHHYCHBLI M a1 2CK HWIKH H AL 'O OJIHO
II F £ l"r (‘ bl o Ie’[‘a- = }il{tthll

6!" BITH p I]I](‘aﬁbl U CHJIIbHO HaMa % ‘ e B ‘]\ HOMKY dl . M1H

II . 6].LIJ;'H I'Iﬁ O MATHATHOM BO3/€HCTBHHA 3JICKT [)quQCKOI'O paapﬂgla HIH TOKa

| Ha METALIHYECKUE TPEIMETHI.

h

'

: Py MarHeTH3Ma TTOMOKAT AATCKUIA chu-l
i Hacmm'mm{8[’1'?“13::1[:;:10{1;1;?::50;3:1&13Hue Ha TO, YTO CTPEJKA KOMITAca,
e -(17‘7_ I‘T)a z"'mne 1071 TPOBOIHAKOM, PACIOIAraeTcss B OTCyTCTBUMN
cayuaiiio omgdgmaﬂf gnm{m{y (puc. 121, @). Tlpn sBinioyenn Toka cTpeika OTK.}IO."
\@xawnaﬂ e lél}ijI::HbI‘O nonoxenus (puc. 12.1,0). Msmenenue Hanpasienus Tf).l{d
W . > m‘neprs(tlla‘i OTMMHBIM OTKAOHEHHEM, HO TOIBKO B HPOTHBOMOOMKHYIO CTO-
> ':a?malgmlbhr?)“ai'ﬂamm 06[533(»1, OBIJIO TOKA3AHO, YTO ANEKTPUHCCKHI TOK BO3-
ol uc. 12.1, a). ]
mﬁg;ﬁ;ﬁﬁ; :;:?1'::1 ?E:S E‘;:ft JI0KA3ATENBCTBOM B3aHMOCBAZH HJIEKTPHIECTBA U
amme'm. seckats A3bIBACT MATAUTHOE JAEHCTBHE.
e 351&”1}111:?;;:;;3:* (;li::;t:;iﬂburmxum AA Bi'TK(’ITPaJII:JIOM B 1901 1
| rTD JKEHHOE Te10 HOKOWTCS OTHOCHTE/BHO HaboaTens, T(f BOK-
B e coroc syem anexmpuueckoe noie. Ecin ke 0HO JIBUKeTCH mi
ww-r i -Cymeqiﬂy'ro B(‘J‘iH.kiKaET MAZHUMNHOE NOJIE, KOTOPOC BHISHLIBACT OTJ,
B Haﬁﬂmmrr;cm}'ii Mar;i;rruﬂﬁ cTpeakn. AHalorHaHoe AefHCTBIe Ha Man-rp.rrq.
i, Ilel'KOHIOIlBH I M IPOBOAHME ¢ TokoM. Ecimu nmo npamomy nNpoBOAHHKY, PdL;
- saetd DK&H}IF?‘;HTH];]:{V MEPHIMAHY B HAITPABJICHHH CEBEP — IOT, uporryti}rznﬁ
s TIOJT HUM MarHHTHAS CTpenKa OTKAOHUTCA (CM. pur;. . ﬁ
- IKOM, TO CTPETKA OTKAOHHTCSH B APYTYIO CTO
Eean noMecTHTh CTPesiKy Ha/l TPOBOAHNKOM, |
e arseT  hpaHILy3CKHI yIeHbi
| reim et e
| _VCTRHOBJIBHE:);!;(T]; I:{C;lg;j;:;fz’ MOZ{ET GbITh 0OBSACHEHA KYJIOHOB
MOEHCTBOBATH € APYTHM TOKOM € CHIIOH,
| — 71 B3aMMOeICTBHE HENOBIKHBIX J/CKT
Cornacuo meopuu 61u3K00€UCNEUS, B! s
PHYECKHX 3apSA/I0B OCYIMECTBAAETCS TOCPEACTBOM 3JIEKTP

p ]
Puc. 12.1
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Puc, 12.2

KH € TOKOM 571e i
KTPHUCCKN HeHTpasTb b, Ho, uponye

BOJITHHKaMm T
TOK, Mb! VBHANM, yT0 I'IDOBOJIHHKH, no Ko

THB 110 IBYM Tiap:
s o YM HAPATINENbHBIM [1p(-
» IPHTArHBatoTCA (prc. 12.2, a),a

‘ TOpBIM ToKN [, 1 J, TEKYT B OHON
TPOBOZHMKH, 110 KOTOPEIM TOKHK Teky

B s MICHIBIX, OTTAIKIHBAIOTCS (pHC, 12.9. 6 ) e
RKYIIMUCH 376 LY HPOBOTHHKAMHY ¢ TOKOM, T. 6. 3 e
) KTPIUCCKHMH 3apsiamu, nasy, ' BSAMOLeHCTBHE Meskty supn

IKenepmm

CHTATLHBIM JlOKa:

s T0Kazarene ’ :

KOTO 1101 S TBOM peansHocTH m:
€1 sBasercs dakr Cymecmonarmnp:fmm;;m .

nose, kax u sne
’ 'KTPHYECKoe, 5
MAZHUMIO20 nous. » AABJAETCA YacTHbIM mpo

THTHOTO M aJtekTpHyec-
MATHHTHBIX BOJTH. Marnwraoe
ABICHHEM efnnoro neKmpo-

[Tpu uzy
YEHNH B3ay Hic
B3auMoaeicTBs nocrogmnmpix MarauTos 6eino ye
710 YCTaHOBJIe

NOCTOAHHbBIE MarHuT
bl HMEIOT /1Ba 1y .
COOTBETCTRE ) O10CA: CeBepHbiii
B s N S); omonmentsie nomoc - am": owHBH (12 pHe. 12,1
) e —— Bl OTTAIKHBAIOTCS APYT OT Y-

HO:

ITHBIX 3apsinoss. Ecan
JKHO OBLIO b PaszeanTs

coM. Onnarko TOAHHBII M;
ECJIN pazje v : IH MarHHUT :
PASACTNTH MArHIT Ha gpe HOJIOBHHEL, TO & TO/BKO € 0/1HmM nosmo-
’ BKRAAST YACTh cHOBA Gv-

ACT UMETS 1Ba noutioca, |
iBa nonoca. [ponece ge;
KK AbI n01yy i G CHHS MOXHO HPOZ0.1
€HHBIH Mase i POROJLIKaTE CKOJIR ’ ;
TCHBKHH Kycouek Marumra Gyger 1pecTas, ;:,:wwuéto? iy
. JIATH COO0IT Mar-

A nosocamu. I
4 - LLo31Hee Hn1y %
HEHTPOHLI BeqyT ¢ IBLIO [MOKa3ano, t . :
P EAYT cebs nogobro " mm; ITO JXKe 3MeKTPokEL, HPOTOHBI,

EEB ITaM,

 Eeam OTAENbHBIE TeJld MOMXKHO 3apiainTb MOAOKHTEJIbHO WIH OTPHIATE/IBHO,

m KaK CyHIeCTBYeT 31eMeHTaPHBIH JeKTPHUECKH 3aP:/1, TO HHKOT/IA HEeTb35
§ o1jienmTs ceBepHbil NOMOC MATHHTA OT I0ZKHOTO.

v 00pasoM,

HeT OCHOBaHHii CYHTATh, YTO B IPHPOAE CYNIECTBYIOT OT/IE/bHbIE MATHHTHbIE
3apaabl.

2 MBICTTH ObiIa BEICKa3aHa AMIEPOM B FHTIOTe3e 00 21eMEeHTAPHBIX dJIeKTpHYe-
gokax. CoracHo runoTese AMIEpPa, BHYTPH aTOMOB 1 MOJICKYJ1 BETECTBA ITH]-
VIOT 3J1EMCHTAPHBIE HJICKTPUHECKHE TOKH. Ecsm a1 TOKH pacniosioxkeHbl Xao-
[10 OTHOLIEHHIO JIPYT K APYTY, TO UX ACHCTBHE B3aHMHO KOMITEHCHPYETCS H
KIME MATHHTHBIMHA CBOMCTBaMH Te0 He 00iajaer. B HaMarnuueHHoM cocTost -
(HanpuMep, B TIOCTOANHLIX MarHUTAX) 3AEMCATAPHLIC TOKH OPHEHTHPOBAHE OT1-
erubiM 00pasoM (puc. 12.3). CrenosarebHO, MATHUTHbIE cBoiicTEa JI10H0TO Tesa
CHATOTCS! 3AMKHYTBIMH SIEKTPUMECKUMI TOKAMH BHYTPH HETO, T.€.
. MATHHTHOE B3aUMO/IeHCTBHE — DTO B3aHMO/ICHCTBHE TOKOB.
~ 3aMKHYTBIIl KOHTYP C TOKOM B MATHHTHOM HOJIE, [Ipn H3y4eHHH HAEKTPUIECKOIO
15 HCTIO/Bb3Y 10T RPOBHBIN 3apsd, T.¢. TAKOl 3apsijl, KOTOPBI COOCTBEHHBIM T10-
e HCKAKAET H3ydaemoro nosa. Mecaenosanus CBOHCTE MAarHUTHONO HOJA PO-
Ha MA/IEHBKOI TLI0CKO PAMKe € TOKOM, MOZIBOJIANINE NPOBO/A K KOTOPOii 1epe-
OT: TOT/IA B 9THX HPOBOJAX TEYET TOT Ke TOK, HO B MPOTHBONOJOKHOM HAlpaB-
M, I109TOMY CHUTBI, ICHCTBYIONLME CO CTOPOHBI MATRUTHOIO HOJA Ha KasK/IBIi TTPO-
[MK, PABHEL, HO IIPOTHBONOJIOKHO HATIPABJIEHbL. PeaynbTHpyionias cuia, .ueii(:'my-i
1 CO CTOPOHBI MATHATHOTO 10/l HA CKPYYEHHBIH POBOJHNK, PaBHa HYJIO. Pas-i
PaMKH ¥ CHJIA TOKA, TPOTEKAIOILETO 110 Hedl, 10/KHbI BBITH TAKMMM, YTOODI Mar-
H0€ 110Jie CaMOil pPAMKH HE HCKaKajlo HCCJAEIyeMOro MarHiTHOTO MO/ Takyio
KV ¢ TOKOM HA3LIBAIOT RPOOHBIM KOHMYPOM.
[Ipoaenaem onpit. ITogBecum BepTHKATIBLHO MATEHBKH it npobublii Kontyp. Ha me-
"KOTOPOM PacCTOSIHHK OT HETO PACTIONIOKAM HPOBOAHIK. Ecim ToKa B HPOBOJHAKE HET,
TO pamka HaxoAuTes B 6e3pas/IMUHOM COCTOAHNHE PABHOBECHA. Ecjii 110 IPOBOANHKY

HPOMYCTHTS TEKTPHYECKHIT TOK, TO PAMKA € TOKOM [IOBEPHETCS! 1 PACTONOKHTCA Tak;
"TO6BL POBO/L HAXOMMJICS B IVIOCKOCTH PaMKH (pHC. 12.4). Ilpn u3MeHeHUA HaTIPaB-
JIeHHs TOKA B POBO/IHMKE paMKa NoBepHercs Ha yroai 7. CleloBaTeabio, MAzHum:

HO€ nose 0Ka3bIEAem OPUCHMUPY -

wwee delicmeue Ha nPoOHbIL KO-

myp. ITiM NOAL3YIOTCS IS YCTaHOBIE- O O O
OO W

HUA HanpaBJeHUs 1oJs.
Puc. 12.3

Ilpo6ubiii KOHTYP, HOMEHEHHBIIT B
MArHUTHOE 110J1e, HCTLITRIBAET CO CTOPO-
HBI MAarHUTHOTO TI0JISA JeiicCTBHE Bpamia-
ouero momenTta cnabl M. OnbITHBIM 11y~
TEM YCTAHOBJEHO, YTO 1A JIAHHOI TOY-
KH MArHHTHOIO HOASE MaKCHMAJTbHOE
3navenne MoMenTa cuibt M., 1efCTBY -

Puc. 12.4
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TOIIETO HA KOHTYD ¢ TOKOM, TPONOPIHHONAILHO HPOMBBEIEH i)
CIJIBI TOKA [ B KOHTYpe Ha II0Ua b KOHTYpa §, T.e. M, ~ IS
Beavwunny p, = 18 XapakTepHsyoIyIo MArHHTHLIe CBOMCTRY
KonTypa ¢ Tokom, koTopsie onpesensor ero NOBEAEHUE By
BHEHITHEM MAarHHTHOM 110J1€, HA3hl BAIOT MAarHUTHBIM MOMEHT( )
KonTypa. Takum o6pasonm, My 2 p,..
Marnursomy MOMEHTY KOHTYpa p,,
ACHHOE HANPABACHHE B OPOCTPAHCTR
BelunUna eexmopuast,

HPHIHCBIBAIOT OTIpe/e-
e. Crenosarensno, aTo

Bekrop p,, coBnanaer ¢ HanpasIeHHeM NOTOKHTeNbHO;
HOPMaJIH 1 K JIOCKOCTH Kontypa (puc. 12.5).

Puc. 12.5

Honoxurenntoe u
NPasIeHieM nepesmenienus 6ypasuuka c n
Jlesin Toka. Hanpasiresne maruntioro yo
MariuTHOMN CTpesku. ITo HapapieHie

dlIpaBIenne HOPMaIl COBNAAAET ¢ Hy-
PaBoii Hapeskoii, Bpamaemoro p Halpag-
MEHTA MOXKHO OIPENEANTD I ¢ 1OMONIbIo
YKa3bIBACT ceBepHLI [omTI0C CTPETKH.

12.2. BeKTop MHAYKUMM MarHuTHOro nons

ME NPOGHOZO Kormypa 1 noaToMy MoeT CILYHKUTH Xa-
PAKTEPHCTHKOI HeCeAYEMOro MArHUTHOTO 108, Ero nassmaor maznummo -
oyxyueii:
ﬂlfnm
B~ Pma (12.1)
P

Mopmyia (12.1) oupeaensier mum, MOy Th MATHUTHON HuAyKimn, Marnutioe
lfoae Moxer ObITh omicano HOMHOCTBIO, €CIH B KAXK0H €ro Touke HAMACHBI MOAY/Ib 11

HAlIpaBIEHIE MArHUTHOL Haykunan B. Bexrop marumnrhoii HHIYKUNAH COBIIAgaeT «
HATIPABACHHEM BHEIIHEr0 MArHITHOIO OIS

I Marunrnas HH/TYKIHSA SBAAETCH CHJL

OBOW XapaKTepucTHKOii MArtMTHOTO 10,15
B JanHol Touke npocrpancrea.

B 06mmem

CiIy4ae 3aBHCHMOCTE Bpalaionero M omentTa Mot o

PHEHTaIIN KotTypa
BbIpaskaeTcs opmynoit

. M= Bp, sinag, (12.2)
TA€ O — yrosi Meskay Bexropamu P, 1 B (puc. 12.6). Maxk-

CHMAIBHOTO 3Havenmust M, BPAIMAIONMIT MOMEHT JocTH-
FaeT npu o = w/2.

PHBHOBE‘CH(:‘ t{mr'r_vpa B MarHuTHOM

TOIAA, KOI/ia BeKTo
Puc. 12.6 MOH.

110J1€ BO3MOKHO
PBi p,, ' B nanpasaenst no ojuoii nps-

Pue. 127

1 . -
. = HHIMAET
) ; v maranrHoii naaykin B CH, nassisaemoil mecaa (’F?L;;E’wum et
ey enﬂﬂiigymw npu KOMOPOI 1Ha Kowmyp, Mamumu?ﬂj, et
[ £ s L. MO s
raKast : 2 BHbIL GPAWAIOW,
f 2 delicmeyem MAKCUMAt

zo 1 A'M »

:1 H + M. A 4 M)

e, eem 1 Tn=1H/( ' o
Cornacno (12.2), ;;M yimuu. [10106H0 TOMY Kak 51€KTPHYECKHE 110151 13;11((1) -
T ArHATHOU HHJL . : g 1bI€ [10]
JIuHHH M YICS € MOMOMIBIO 3AEKTPHYECKUX CHIIOBBIX JIHHUH, Md'.l"ﬂ::;'lcﬂijbﬁ
: moﬁpmacj(nomon&m AMHMIT MATHETHOM MHYKIWH (I MarHiTH '
)pazKRaIOTCs C T ’

KOT! an-
)- A T TENHHBIE K KOTOPHIM B ]

. N u — 9TO JIMHNH, Kaca sl
- aAzHUMNHOU UHOYKUU - s, JIMHMH MArHHT

Junuu 'ﬁ;uauam 110 HAmpas/iennio ¢ BektopoM B B a1oi TnL-":;;ﬁ AL P A
i iim MOZKHO CAe1aTh <BHAHMBIMUS € MOMOMILIO Ee;ﬁe;poﬁonmm C TOKOM,
HHAYK A ! 1EH IPSMOIT :

£ i e > OpyIo 1pory ) s
CTEK/ISIIHYIO IIACTIHKY, TePe3 KOTop) e ) KEJCIHBIE OMU

113 e}jrrl(e]:n;mx OIMLT{;K ¥ CJIErKa MOCTYHATh M0 IVIACTHHKE, TO JKe

: X i 12.7, a)

s muit (puc. 12,7, a). s
Jasn KaTCs BJLOJTb CHIIOBbIX JI¥ 3 _ 0 TPOBO/IHHKA
Ki .,-%:?gr{,?ma CHEVET, YTO JMHHH MATHHTHOH HHAYKIHN dl;&)::ga:;rmmgl{m“’ oo,

! ) | : 4 e T 2 -

= 'CKNE OKPYIKHOCTH, | ey Y
SRR S S10T KOHIEHTPUUYECCKH A A ika. C o
% SHTKY, npem,;rggi;om LLeHTp ATHX OKPYKHOCTEH HAXOUTCS HA OCH Ei?;ﬂ?mloﬁ -
. :cfrf:iasﬁ'mx t;ﬁu 0K MOKHO HOJYYHTD “3061)3;{ ;"“eg ‘:;;j
MOILBIO 0K 3 7. a,06,8).
la@w’mn NPOBONIKOB ¢ TOKOM J1060i1 dopmst (prc. 1
N

BOJIHMKH C
_ KHYThI U OXBaThIBAIOT IIPO

B JInanu MarsaTHOH HIJLYKIHH BCET/Ia 3aMKHY

- 8 Tokamu.

¢ . Takne
: OCTATHYECKOTO T10J1
[ HANPSUKEHHOCTH 2JIEeKTP 2t
: €T MX OT JHHHH Hanp " e
I noJn E Dmlﬂa;'r BUXPeSbIMU b OTIHYHE OT ROMEHYUATLHBLY, TIPHME]
Jsl Ha3biB
m X s 'KOE TIOJie. a B 1IPO-
ANEKTPOCTATHYECKO: . B e
i Ez'rcﬁ;mc MLI: il MATHHTHOH HHAYKIIMH CBA3aH0 C Hml;?awrms:ae“om w51
80 He JTeHHe CIIOBBIX Tl MATHHTHOTO TOJS, COJL
Boanuke. Hanpasnenue . g
cmM e i— wﬂsﬁgjgiﬂ% HaIPaBJIeHHI TOKA,
P 5 o ppa-
HTOBOI OypasyuK BB SHgARSEHIE) TER T
I @HHE - pvxommf Oypasuitka COBIAJIAET C HANPABICHHEM JI
~ JIeHHe Bpaledns p 3
4 £ o .
| ; TH BEK MartTHON HHJTY
HaﬁM HTHOE TI0JI€ HABBIBAETCH OOHOPOOHBIM, ECITH BCKTOpru:;l o sl
Hun o ex ero Toukax oaunakossl (B = const). IIpumepom oaHop
THH BO BC

TO HAIIpAB-

Eﬂuli“l[d MAHMTHON VEI ¥ih e 14 CBOE HASBAHNE B YeCTL 101D BOKODO }Hl‘}li o — AeKI ]]Ll“
HHT 1THH 110, i h e JIABCHK

W pamorexmika H. Tecin (1856 - 1943). o I
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TO TTOJS MOJKET CAVIKHTE noje BH
MHOTO Goubitie ee uamerpa (puc.
F'O MONA NAPALNEABHBI, 1 UX TLIOT

Hromuocmvro nunuii ma

ernumm

TEHHE MATHHTHONH MHIYKuny B, Yenosumuen HEPE3 CAMHHTHYIO TAOILAKY, Pactioio-
KEHHYIO NEPHCHANKYIAPHO JIHHHSM MardHTHOR MY KM, IPOBOAHTS TaKO€ Yne

JIMHHH, KOTOPOE PaBHO 1

obracTH MarHUTHOrO MO,
Maruuraas nponnnaemocts cpeast. Ecim ¢ novMomsio nposojumiga ¢ TOKOM B pas-

JTHYHBIX Benec:

HPONOPIHOHANEHO MOJIYJTIO MATHHTHORH WHJIYKITHH B 3701

I'BaX co3/laBaTh Maru HTHOC 1oJie y HCCAeaA0BaTh ero ¢ HNOMOLTLIO e 16-

HOTO KOHTYDa, TO MOXKHO yheruTbes, uro MATHUTHAS WHAYKUMS 3aBHCHT B Aammoj;
TOUKE OT PO/IA BELECTBA, T. €. 3ABHCHT OT CBOCTR cpeast. Ilycrs B u By — marnurige

HHIVKIIHH COOTBETCTRBEHHO B

Hx orromenne

AQHHOH OHOPOMHOMH H30TPOLHOH cpesie u B BAKYVMe,

= 5 (12%)

NOKasbIBAIONICE, BO CKOJIBKO Pa3 MaruuTHasa HHIVKLHS B cpeie 60.’['{:1116 (HJIH Menn-
UI€), 9eM B BAKYYME, HA3LIBAIOT Maznumnou nponuyaemocmsio cpedvt. Om-

nocumenvuan maznumnan nponuyaemocms XapaKTePUIYeT MATHUTHBIE CBOT -

crBa ¢

dbeppomarnernkos 3roro

PC/BL, OHA 3aBHCUT OT POJA BellecTsa 1 TEMIEPATYPhL: . 2 1 — Benuynna Ges-
PaaMepHast; s Bakyyma p = 1. [To
HAIIPHMED, BOAA, MpaMop, 3071070, PTYTh, HHEPTHBIE rassr; 6) napaMarueTiy (n>1),
HaNpuMep, KHCAOPO, amoMmHmii,

MArHCTHKM, HAIDHMED JKeIe30, UMeIoT 1> 1, uX HasHIBAIOT beppomarnerikamm, M

SHAYCHUIO |1 DA3IIYAIOT: a) AMaMarHe Ty (r<1),

ILTATHHA, HIe0YHbIe MeTa/LIBL H[‘K(}T()pbl[? napa-

BJIAIOT MOCTOSAHHbIE MAarHnThI,

Ipn pemenim sanau moneano 3HaTh POPMYIBI MHAYKIMH MArHITHOrO HOJIST:

a) Geckorewno mnmnor

e r—
ercs B;
6) BHYTPU Geckoneno

VA€ n — "meno BuTKOB, npuxoasNy
HEW UK Topousa,

O IPAMOJIMHENHOIO TTPOBOAHMIA

2nr

; (12.4)

Kparyaiiimee paccrosinime or 1IPOBOZHMKA 110 TOil TOUKH, B KOTOpOii oTpeiensi-

ANHHHOTO COTerron1a man TOpOHIa

B = pyyln, (12.5)

1XCA Ha CAMHHYHYIO ATHHY COJIEHOMA TTH cpea-

12.3. feiictBue MarHMTHOro nons H"a' NPAMONIMHEHHbIA NPOBOAHUK
C TOKOM. 3aKoH Amnepa

3akon Ammne
803der]

1820 r.
l 230

A. Amtiepom Gpin YCTaHOBJIE

pa. OHHH M H3 NposBAeHHIT Mar HHTHOIO MOJIH ABASeTCH €ro cuiosoe
Cmeue Ha ABMKYITHECS NEKTPHYECKHe 3aPsIBI M HPOBOJIHMKH € TOKOM. B

1 3aKOH, onpesesonumii cuy, AHCTRYIOIYIO Ha

M CONeHOUOa — KaTyiuikH, JUIHHA KOTOPOij
12.7, 8). JIunun marsutaoii HHAYKIHH OIHOPOTH (-
HOCTE BE3I€ OMHAKOBA,

Ol UNHOY KLU MOKHO XapaKTEPHIOBATE 31y -

elT ToKa B MarnuTHoM nose. Tak kak cosmath 060c006-

: P
AJIEMEHT TOKA HEIbL3A, AMIEp N3y4ast HoBeAeHHe
BIX MPOBOJOYHEIX 3aMKHYTBIX KOHTYPOB PasJIHIHOH N
I
| 3axon Amnepa: na NpoOBOIHHK C TOKOM, TOMENIEH- v
B ‘@Il B 0ZIHOPO/IHOE MATHHTHOE NoJie HuAyKImA B, neii-
‘h | CTBYET CIJIA, PONOPUHOHANBHAS JUIHHE OTPE3Ka 1po- =LA
' goannka Al, cune Toka /, IPOTEKAIONIEro 10 NpoBo/I-
] HHKY, H HHAYKIHH MArHHTHOTO 1015 B:
F = BIAlsinw, (12.6)

e (v — VI0Jl MEJKITY HATIPABJICHHEM TOKA B fipuaumuu{e U HanpaBJIeHueM sektopa B.
e @ — v

-51'31‘3 CHJIA HMECT MaKCHMabHOe 3HaYenie opy o = /2. Ecsm npoBojruk pacno-
| OKEeH BAOJb JTMHUI MATHUTHOIN WHYKITHN, TO 5TA CHJIA PABHA HYJLO. )
ﬂpasmm AeBoit pyku. /a5 onpesiesienis HAIPABJIEHIA CHIBI, AeiicTBYIOnIC Ha
BOAHEK € TOKOM, IIOMEILEHHbIH B MATHUTHOE 110J1€, IPUMEHSCTCS [IPABAIIO JIeBOIl
H N

' (puc. 12.8).

Hpasuno ae6oit pyKu: eCin JEBYI0 PYKY PACTiONOKHTL TaK, YTOObI THHHH
MaraMTHOH MHYKIMH BXOJIWIH B JIaZilOHb, a BBITSHYTHIE YEThiPe Najibla co-
BIAJAJIH ¢ HATIPABICHHEM TOKA B MIPOBO/IHHKE, TO OTOTHYTHIH H0bImof masen
yKaxKeT HanpaBJienHe CHbl, AefiCTBYIOei Ha IPOBO/IHHK C TOKOM, OMENLeH-

HbIif B MATHUTHOE TI0JIE.

D1a CUa BCETa TIepIeHANKYIAPHA II0CKOCTH, B KU'royuﬁ Jexar npnmmniilrc(:

b ﬁexmp B. 3Has HanpaBaeHUe 1 MOZLYITh CHITHE, AeHCTBYIOMNIE Ha /11060i yqz}iwxwgm

= mgmﬂxa Al;, MOJKHO BEITHCTATL CHY, ACHCTBYIOLULY IO HA BeCh HPOBOHNK. [Las : |
: ‘s

TYHRHO HAlTH CyMMY CHIL, ACHCTBYIONTHX Ha BCE YYACTKH IPOBOAHMKA.

Nl

12.4.* BaaumoeiCcTBME TOKOB

s i JIT0J10-

Paccmorpuym BzanmozeiicTBHe napa/uiesTbHBIX TPOBOIHHKOB € TOKOM. ]'lpe:: e

JKMM, YTO B OJIHOPO/IHOIN H3OTPOITHOI CPele ¢ MATHUTHOM npmmuaemocm::}o ”1'1 Cgb .B
emsr;ﬂm d ipyr OT Apyra pacroiokKeHbl ABa MpoBoAEuKa 1 u 2 (puc. 12.9). Iy

;}QIHGM HallpABJEHHH 110 OJIHOMY M3 HHX TedeT ToK [, a 1o

Apyromy — I,. Byjiem cunTaTh, 4TO IIPOBOIHHK € TOKOM [,
COBJaET MATHUTHOE 1101€, @ IPOBOJIHUK ¢ TOKOM /, HaXo-

AATCS B MATHATHOM TI0JI€ IPOBOAHNKA I). 1
Buizennm va npososauke 2 pON3BOIBLHBIH HJIEMEHT

Al Ha Hero zelicTyer cuaa AMnepa

AF, = B LAl;sino,

Yol I *03/1aBa-
e B, = _|2‘ L MHAYKHHS MATHUTHOTO NOJS, CO3/aBa
md

Puc. 12.9

EMOro NepBbIM MTPOBOJIHHKOM.



Bek"rop B, nanpasnen HEPHEHAMKYAAPHO IIPOBOAHUKY € TOKOM L, noarqg

My
sina = 1. C yuetom aToro

AR =Ml oy
2nd

[pumetisis npasusio tesoii PYKH, OTIpe/ie/isieM Hanpasenwe STol cyis, 10081 Hajj.

TH cuay Fy (Te. cuy, ACHCTBYIOULYIO O CTOPOHLI IEPBOTO NPOBOAHHKA Ha BTopoif),
HYXKHO IPOCYMMHPOBATH Bee aeMenTaprbte AF. C yaerom Toro, uro YA b= 1, nostyyypy

) g » _ Mol, T, Hppdy 1yl
By = AP,-:————AJI:————.
o Z—; 27d 2nd

(12.7)

Kpowme roro, ona sasucur or MarHyuTH
TMPOBOAHUKH, H UX /THHBL

[ycrs reneps, HaobopoT, 1epBHii HIPOBOAHUK HAXOAUTCS B MATHUTHOM noJe, co-
BacMOM BTOpbIM TIPoBoHIKOM. C HOMOWIBIO AHAJIOTHYHBIX BBIYHCTeHHI HOJTYH M,
4TO BTOPOI HPOBOAHMK JeiicTeyer na 1E€PBLI ¢ CUTOi]

BIX CBONCTB Ccpenni, B KOTOPOH Haxosrey

B.o— ol 1l
B =
2nd
M3 cpasuenns thopmyar (12.7) 1 ( 12.8) Buano,
HO HPOTHBONOAOKHEL 110 HanpasTeno,
Ecam roku texyr no POBOXNMKAM B 0/AMHAKORBIX HanpaBtenmsx (em. puc. 12.9),
TO MPOBOAHMKH IPHTATHBAIOTCS, 4 B POTHBONOIOKHBIX — OTTA/IKHBAKOTCS, notomy

70 Ha KDK/BI M3 HUX CO CTOPOIDI MATHHTHOTO IOJIsL IPYTOrO NPOBOAHMKA JlelicTRy-
€T Chna, Moaynh KoTopoii

(12.8)

YTO BTH CHIILI PABHEI 110 MOy 1),

fo Mgl 1 (12.9)
2nd
Mal"HHTHOE‘ BSZIHMU.&E}”{CTBH& Il:[)UBUJHHIKUB CTOKOM OJOXKeHO B OIIPCHGJTEH He am~
”epﬂ . eﬂ,HHH_U,bI CHUIEI 51

CKTPUYECKOrO TOKa, OCHOBHOI o111 Huist CH:

L A pasen cune HeusMenaiowezocs moxa, Komopwii npu npoxoxcoeniu

7o ogy.

Ha xascoom yy
My 2-10° 7 H.

Henon b3ys onpencnenne amuepa u opmyay (12.9)

acmxe nposoonuxa Onunodi 1 u Cuny 63aumoodeiicmeus, paea-

» MOJKHO HaliTH
I-IM-2.10-T o
_ 2ndF _ 2n-1m 2 10 H:al'n:-lf}“' Rihi
1-1A-1A1m
l 232

. MarHMTHbIA NOTOK

MM TIOCKYIO TUIOHIAIKY ILTOMAABI0 AS, HAXOAAUYIOCS B OMHOPOAHOM
none B (puc. 12.10). )
o MHBIM NOMOKOM Yepes NOBEPXHOCTL AS
OT (PUHHECKYIO BEIMTIHHY, PABHYIO npousacnc'-
B, (npoelcumi BEKTOPA MATHHTHOH HIULYKIHM Ha
b K [MOBEPXHOCTH) HA IJIOMIA/Th 3TOW MOBEPXHO-

A® = B,AS= BAScosq, (12.10)

'
— YTOJI MEKJLY HATTpaBJIEeHHEM HOPMa/IH 1 H BEKTO-

W“‘;i 8. Beos o — BeJIMYMHA CKAISIPHAS, CKAISIPOM ABJISETCA W MATHUTHEI
K KaK b, = beoso — ]

Pue. 12.10

| Marsutibiii 10T0K ¢ XapaKTepH3yeT HHCJI0 JMHI MArHHTHOH MY KITHH, IPO-
XOSIIUX Yepes JaHHYH NOBEPXHOCTD.

s 13 S
B , 6
)

€H HYJII0, TAK KaK YHC-
~ | Maruutusiii HOTOK 4epes 3aMKHYTYIO HOBEPXHOCTb PABEH HYJIO,

i §) 4
B 10 BXOAANMX CHAOBBIX JTHHHI PABHO YHCIY BBIXOISTIHX

~ HM3MenuTh MArHHTHBIH MOTOK MOMKHO CJI€LYIONNMNA m(}mﬁﬁzﬁi‘ ipor -
1) Hamensa MarTITHYO HHAYKITHIO 110 MOZIYJTIO H HATIPABJIeH 0,58 1ast
€ HEM3MEHHOIT IIOWABIO B HEOAHOPO/HOE MATHHTHOC NIONE; e
M3MEITIs OPHEHTAIITIO KOHTYPA OTHOCHTE/TBHO HATTPABIEHHS BE
. M . ; ] a f
wzrﬂnyﬁumi Bp T.€. Bpallas KOHTYP B OJIHOPO/THOM MATHITHOM [0JIe
oy, un —eetep (BG). P
~ Exusnua marnutioro noroka — eebep (B6) e T e
e e a;dnopoauom MAZHUMI020
we ou 1O CUNOBBIM AUHUSM 02
10 nepnenouKynsap
no, i 1 ; pasrna 1 Ti:
- ROAR, UHOYKUUS KOMOPOZO P

: 1B6=1Tu-M

12.6. Pa6oTa no nepeMelLeHuI0 NPOBOAHUKA C TOKOM
‘B MGrHuTHOM rnone

o
7 ITHHBL, BJLOJTH
Hpeanonoxum, uro napauie/ibHbIC BETBH HEMH npmcréni'lil;m coboii

OTO 2 ; I kotoporo [ (puc. 12.11).
b3UT NPOBOJAHUK, J/THHA e —
K EPbe cminc-remypnﬂmec'””b B OJIHOPOIHOE MATHUTHOE T10J1€, urm_\n(u14:»11;:3 : ILE“_

. 0o ay
j ro m}{;ﬁua HEePHEIUIKYISPHO TUIOCKOCTH PHCYHKA, TO IPOBOAHNK Ha
| Haﬂp o L o

233 I



A ;
PSR T .l'BTbCﬂ. Mpu asywxenun on byner nepemeimnaTpes HOCTY i1y
FeILHO Napamteasno camomy cede, Tak Kak Ha Hero €O ¢
POHBI MaruuTHOrO 1nOJIS AeHCTBYeT cuia AMnepa )

F=BIl

Hyers nposommmk N0 A€iiCTBUEM CHp F nepeme

€TCA Ha Az M3 nonoxenus 1 p noaoxenue 2, Ipy oo,
HEPIIACTCS MeXaHyeckas paGora "

g~
Puc. 12,11 S

AA= FAz= BlIAz

rze Az = S— maomane, oxs
7 » OXBATBIBACMAA TIPOBOANHKOM 1y | z
OHa 3amTpuxosana). Toraa ¢ yuerom (12.10) PHCURNIN ST (na pic. 12,1 :

AA = IBAS = IA®.

MApHOE YHCII0 nepecevenui 1po

12.7. feiictBue mar

HUT
S o HOro nons Ha ABuMYWMiics 3apsag

, KOTODLIii BLIB Z
Ay VI pacyera cuuisl, .ueiimnymmel:‘i co CTOESH?:[OILhiﬁ-
HUTHOTO 107151 Ha ABHXyIyIOCS 3APAKEHHYIO vacTHILY
Cuna Jlopenna. Cuuny, AeHCTBYIONYIO O cmpm}t;:
MarHuTHOIO nosast B na 3apan @, mBIKyIIMiics co cko-
POCTBIO v, MOKHO Onpexenuty HCXOA U3 3akona Anﬁe-
pa. Ilyers no nposogmm Ky mHoi Alza Bpems A ¢ npo-

XOZHT 1 OXMHAKOBLIX 3apsiion Q@ (puc. 12. 12). 310 o3na-
HaeT, 9To Yepes npoBoaumK nporexaer Tox | = nQ Co-

TJIACHO 3aKoHy Amtiepa, na n(Q 3apsANI0B AeiicTByer cua

Puc, 12.12

F = BIAlsing = BEQA!sin o
e -

fa, © KOTOPOii 1oJie AeficTByeT Ha Kaxaplii OTAeabHbIHi 3apsaa (cuia Jloperia)

F:-‘] p— i — BQ%SinG-

n
e 7 Al
1, 40 ~= = U — CPEMISISL CKOPOCTH ABHIKCHITA 3APSa, 10y aeM

Fy = QuBsina, (12.12'

— IO MEJKILY BEKTOPOM CKOPOCTH 3apsiia v H BEKTOPOM MarHHTHOMH urtykimnn B
§ Cuna Jlopeniia Hanpasjiena nepneHNKYIsPHO BeKTopaM v u B.
= ."

10 AeBoi pyku. [Liist ABIKYINErocs NOJOKHTENLHOO 3apsia Hanpamxeﬁul
peHia ONpe/IeIsIeTCs 110 NpaBuTy J1eBoit pyku (em. puc. 12.12). C uamenen
¥ 33[)}1,[(3 HATIPABJEHHE CHJIbl MEHAETCH Ha H])DTT{BOIIOJIOH{HOC.

aupys Beipakenye (12.12), MOXKHO CIETaTHh BRIBOJBL

KHYIO 3apsyKeHHY10 YaCTHILY;
eca o = 0, Tosina = 0 u Fiy =0, 1. €. eciim yacTHia JIBHKETCS TaK, 4TO BEKTO]
POCTH Vv TIapal/ie/ieH BEKTOPY MAarHuTHO! unaykinn B, 10 Ha Hee co cropons
HOTO HOJAS CUIIBI HE AeiCTBYIOT.
Kak cuia Jlopenila Beerzia Hatrpas/ieHa NepreninKyJIApHO BEKTOPY CKOPOCTY
ICH YacTHILLI, TO OHA HE N3MEHACT MOJIYJISi CKOPOCTH, @ U3MEHACT JIHINb HaJTpElB]'
JABMKeHUs yacTHibl. Ecn 3apsukenHas YacTHLA ABHIKETCA B OAHOPOIHOM Mar
M [10Jie, BEKTOP HHAYKIIMH KOTOPOTO HEPIeH/IMKYASPEH HallPABAEHHIO CKOPOC:
HOKEHHOI YyacTullbl, TO ciusa JIoperiia NCKPHBISIET TPACKTOPHIO ABHIKEHHS, Bl
0Jib TIEHTPOCTPEMHTEIBHOI ciiibl. [leficTBre 3TOH CHIhI HE ITPHUBOJIHT K
HHIO KMHETHYECKOH 9HEPIUM 3apSUKeHHON TacTHILBI, T.€.

s ﬂ ‘cuna Jlopenna ne coBepmaer paGory.

AL
© e

.* Onpegenexune yagensHoro sapsaaa.
OPHUTENM 3apPAIKEHHbIX YacTHL

JBrxenne 3apsxentoil YaCTHIB B MATHHTHOM none. OQucinh BaKHLIM ABISETCS
HCHOIB30BAHNE SIBJICHNS JACHCTBHS MATHHTHOTO [I0JI51 HA JABHGKY LMELCS 3apsiL TTPH HC
CIEIOBAHISIX KOCMHYECKUX HYACTHIL /U1st ONPEACICHHA 3HAKOB HX 3apsiaoB. [l1s BRIBO
A2 00UIX 3aKOHOMEPHOCTEH CYHTAeM, 4TO MATHUTHOE 101€ OAHOPOJIHO.

. Tpaemupua 3aPSKEHHON YaCTHIBI, TIONABIIEH B MOUHOE MATHUTHOE 110JIE, PESKO M3
Memsierea (puc. 12.13). B saBucimocTi 0T 3HaKa 3apsiid YaCTHIIA OTKIOHSETCS G1E6C
Wan enpaso (na puc. 12.13 BexTop MHAYKIHH MATHATHOTO TIOJIST HAIPABJIEH OT HAC Tep

- TEHAMKYISPHO IUTOCKOCTH MePTeska) M ABHIKETCS 110 OKPYIKHOCTH, PATHYC R KOTOPOit MO
~ HO OnpesiesnTs U3 YCIOBHS PaBCHETBA HEHTPOCTPEMUTEIBHOIN CHIIbI W cuitb Jlopenia:

mu*
—_— ‘UB.
= (@)

(o L=1-1



Pue. 12.13 Puc. 12.14

Orciona

_m
=22

Hacruma, ckopocts v KOTOPO# HatlpabJiena nox yro
BOI JisHnn 1 Kak Gbl HaBuBactes Ha CHJIOBYIO JIMH
ONPCAEIAETCA TAHICHIMANBHON COCTABAIONCH Y- CROPOCTH "acTunbl. Paguye ciiy-
pasii R 3aBUCUT OT ee HOPMaThHO cocraBasoneii v,

Ha anexrpuueckuiy 3apsij, ABMIKYILMIiCA o

/UHOBPEMEHHO B S/IEKTPHYCCKOM 1 Mar'-
HHTHOM 1moJIsX, NefiCTBYeT pesyabTHpyIomas cua

(12.13)

oM B K B, iBixkercs no puiiro-
uio (puc. 12.14). Iar CIMpAT /

F = FD.T+ F-rl = QE + QVB

Mexay anexrpimyeckoii i MariHUTHOI ¢
MLHATbHASL pasHMIa,

(12.14)

OCTaBIAOMHMA 3TOMH CHILI HMEETCst 1PHH-

POCTD, a clie/I0BaTEAbHO, H KHHETHYECKY IO
SHEPIHIO YACTHIBL; O/IHOPOAHOE MariuTHOE MOJEe H3MEHSET TONBKO Hampas-
JICHHE €€ /IBH/KCeHMs,

lponyckas sapsokenmmie

l DJEKTPHYECKOE IO/ HAMEHsIET Cxco

HACTHIbI YEPE3 OJIHOBPEMEHHO ACHCTBYIONINE HA HNX
¢ mons, u3 (12.13) onperensior ux VAe/IbHEBIE 3apsijibl
HACTHIL K nX Maccam. CKOpOCTs 9acTiis! ey

JBTIOT 110
HIHANOB 2AEKTPHYECKOTO 110,
L JACKTPHYCCKHX CHt Q(

Heiictrurensno, pato-
1 — P») PaBHA KHHETHYECKOI] FHEPTHH YaCTHIIbI:

)/ m— OTHOWICHHS 3apsiion
CKOpSTOmEit pasHocTn nore

2
-

p— [2QP1—pp) -
m ;

Pamuye R TPAEKTOPHI ONPEACNSIOT SKCTIEPHMEHTATLHO. IIpn nssectmix B u
1= 492) 13 (12.13) paccunuiBaor VACTBHBI 3apsiz;

Q _ ey —¢,)
m RB?
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5 : 1
: — =1,7588-10" Kn/kr n
GBI ONPE/C/ICHbE Y/CbITbIC 3APSAbI JNEKTPOHA — -

[] ﬂa e .I:}.I \5488 < 10' KJI / KI.
Jh ]

amu.
2 A3BIBAIOT MaAcc-cnexmpozpad :
e m-e Mpﬂﬂm,aﬁiﬁ; yacrail. CTPYKTYPY aTOMHBIX sjep ucmenyﬁr:)rr 601\1“
et - 1 ¢ foabIIoN
o X qacml:mmt, MMEIONIMMH DOIBITYIO HHEPTHIO, T. €. IETAIAMI el
il Jlaisi HOMTYHEeHMsl TAKMX YacTHIL B 1a00PaTOPHBIX yCAOBHAX HC . -;{u .
e YACTHIL PA3IMYHBIX BUIOB, OHHM H3 KOTODPBIX ABISETCH YUKAUYEC
[}
b (UUKAOMPOH). (i)
mmpm(:: (puc. 12.15) sapskertas 4aCTHLA ABHKETCH MEKIY uommamcu -
OrOKPATHO ITPOXOST Uepes aekTpiieckoe noe. Ipn aToMm & amz:gf
s l\;‘;0apzu:'ra&n‘ na 102—10° 5B. Yupasienue JABHKeHHEM YaCTHIHL PO
IHEPIH
5 CpIIDMOLIJ.b!D NOTIEPEYHOT0 MArHUTHOTO TIOJIH. B e b =
CHITYIO YACTHILY, ABHAYIIYIOCA B MOCTOSAHHOM Ma _ i
3 o y ) N
__336“;1;:( Hdp.ieulxa Fy, B peaybraTe 4acTHI[a ABHAKETCS 1O mcpyx;uom um —
o uyca R CIN e MACca m M CKOPOCTb v OCTAIOTCH HEH3M :Hm-mm,ﬂoe 5,
. C ' Jlu' sera Fj paBHA CHJIe, BRI3BIBAIOMIEI [EHTPOCTPEM
, ). Cuna Jlog !

P2 LA

; v
mir e Q‘!’B,
R
SAUMHO-

Q AL YaCTHILbL; B — HHJIYKISA MATHUTHOTO 1O (BEKTOPBL V H B Bzaun
@ —3a : ;

HAMKYISIPHBIL, T.€. sino = 1). | i
Gl ﬁyrpogmy.;lm JIErKO 1IOMYYHTh BEIPA/KEHHS JUIs1 YIJI0BOH CKOpPOC

¥y 95
R m’

1

=

_ ' 0 ofo-
JI0B: a CJIE0BATETLHO, 1 YUCT

~ Eecan Q mun B nocTosMESL, TO YII0Basi CKOPOCTD, @ ¢ B g
OB vacT Ibl B COKYHJLY TAKJKe ABJIAIOTCS HOCTOSHHLIMHI BEJI ashivlono 3

. ; G

ﬂic;fg i yacTiibl. O/IHAKO pajimyc TPaeKTOpUU samichv‘n ozmm}p; 2 Ly

upm [em. (12.13)]. TToaToMy € yBEIMYCHHEM CKOPOCTH JU it

. a¥le - . - 2 ; ) d : M

" 'p::(’)rmlfze 9HEPIHH PAIYC TPAEKTOPHH YBETIHBACTCS, TIOITOMY

. OTPOHE ABMIKCTCS 110 PACKPYYHBAIOIIEHCS CITHPATIH,

i 2 38
” ,;Y///\ S ISTL] 7\
B Sl Z -
] %
4 %
%
4 %
7 2
. 3 J
! X
| 4 56
A a
[ <} - (i

Pue. 12.15
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Cxema HHKJIOTPO! A3aHa
ANk - = Ha Ha puc. 12,15, 6 (BI-IJ'J, cﬁmcy) " puc. 12.15, e (BIy
3GPXY) N[GMV noJaocam 3JIEKIDOMa.PHm COCTOSIIETrD M3 MarHura 2 un 06M0 [‘(l;{

HOMEINAOT JBA METaLIHTec 1 TCSH BBIC
KMX 3JeKTpoaa 4 1 p 1A OK
s ; 1 6, Ha KOTOpEIE Hojae {
APAKEHIE OT BRICOKOYACTOTHOIO Tenepatopa 7. INEKTPOIBI HABLIBAKOTCH Vi TO;;.
p ; p g arTesa
1 H3-3a CX0/ICTBa MX (DOPMBI ¢ AaTHHCKON byksoii D. BGmiau LeNTpa MArHHTA B l]:p )
0-

CIKYTRE ME
yT ALY AYAHTAMI PACHOAATACTCA UCTOMHHK 5 3apSoKeHIhIX qacTHIl (MOHOR)

CH CHCTEMA M3 3JeKTPOA0B H HO
HHOI'0 HCTOYHHKA [1OME]
4 z paspexenue B KoTopoi gocturaet 107 mm i IICHA B BAKYYMHYIO Kane-
acToTa M3MCHEHHUS * # 2l

JIAeTa HoHa, mmm;sz;};":g"“m “DJ;H noﬂﬁ“PaeTCﬂ TaK, 4TOOLI K MOMeITTY

: OYHHKA 2, K 3430
BOBAJIA YCKi : ; PY MEXK/Y Iyanramu :
. YCKOPHIOWAA pasHOCTb NOTeHIMAN08. BryTpn ﬂy'imon? TaM cyule-
CYTCTBYET, H TaM HOH JIBUKETCH 110 j1y ANEKTPHYECKOE 110, 1o

bk i '€ HOCTOSTHHOTO Pa/tMyca, COOTBETCTBYIONIE
mmﬂ - ; cﬂémmmx KA NyaHTaMH SHEPTHsA HOHA YBeIHUHBACTCS, VEe-
qHBa paauy AYIOIIETO NIOTYBHTKa B tyanTe. Monbt ABmKyTCS 110 cnn pa-

, NpHOMILKAsACH K Kpaio ¢
34 et ng X no:mca marmnTa. IIy4ox yekopenusix nonoxures s
. mﬂae‘mgumnucoxmﬁ TPOHA ¢ TTOMOILbIO OTKAOHSIOIETro 31eKTPpoaa 8, Ha Kot :
HH OTpunare/bublii norennmnan. lpoxoxa mumo He,ro my i
y» HYHOK

HOB H3MEHSIET CBOIO TPAeKT
OPHIO 1 YEPes oK "
MT U3 KaMephi. PE3 OKOTITKO, 3aKPLITOE TOHKOH (hOMBIO, Bhi-

Mukaorpon ucnonsayeres B kavectse YCKO

| : PUTEIIS T : :
(HOOSAPSTHBIX TONOKHTEILHNX HOFOL. SUKENBIX YACTHIL — IPOTOHOB

| KPATKME BbIBOADI

® Baanmoseiicts
He M
e memmmsmaap\'wnpoioﬁgnmm € TOKOM, T.€. B3aNMOJIHCTBIE Meskay ABIAKY
& 0 ec " 3 i
® Marauthoe nose, kax i YHECTBAACTCS NOCPE/ICTROM MATHHTHOIO 11015,

} ANEKTPHYECKOE, B .
IEKTPOMATHHTHOTO 110,151, ISICTCA HACTHBIM CTYYACM ITPOSBICHHS €HIT0-

Moy
Py |

B:

» Marnntsoe nos
\ : e uzobpakaercs ¢
| _ NOMOIIBIO JIHHHI MATHITTHOR
10i HIZTYKIMN Beera samin 10 JHHRUH MACHHTHOI My K. Jlmm mar-

£ _ YTbl M OXBaThIBAIOT
WIOBLIMH THEUAMN HA3LIBAIOT GUADCEbIMU PR ¢ oo onae o

 Besnmay, TOKA3LIBAIOILYIO, BO ¢

KOJBKO pas M
SUIE, TeM B 5 PAa3 MarnuTHas WHIYKINA B ¢
BAKYVME, HA3BIBAIOT MAZHUINH O NPOHULaEMOCTTHIO: ez Gonmuie

lL:E’t_l'

Mo snavenmo marwims X
o 1011 ipoy . » AL
emuai (3> 1), g TPOHHUACMOCTH PASTHYAIOT OUaMaznemuxi (n< 1), napa-

H - 4C 1
: OKOM ]DM&IIIEHH hrﬁ B MaruMTHO® I'IOJI('.’. Adene Vel ']
J; — BI&! SiIl {6 15
al]deJl’e (& J T €6 K
HH CHIBI (]HPCHE-IHE CH no ﬂp(l&l‘.{.}ly AEEON pf/ H

[IpH nepeMeLieHH N HPOBOIHIKA ¢ TOKOM B MAFHHTHOM [HOJE CHiiaMy AMIiepa coBepiact-

A= IAD,
D — M3MEHCHIE MAarHITHOTO HOTOKA:
Ad = BAScosa.

Hbii TOTOK XapaKTepHayer YHCI0 JIHHIH MAFHHUTHONH HHAYKIHH, TPOXOIAIIHX He-
VIO HOBEPXHOCTH, MariHuTHEI NOTOK 4€Pe3 3aMKHY TYIO NOBEPXHOCTH PABCIL HYJTIO.
Ha ABIOKYILYIOCH 3aPSKEHHYIO YaCTHILY B MATHHTHOM 10 aeiicryet cuna Jlopeniia

F_g; = QL’BSi—nn.

CHJIA M3MENSIET HATIPABJIeH e CKOPOCTH, T. €. HCKPHBJACT Tpaektopuio aBmkerns. Cria
111 He HAMEHACT KHHeTHUECKY10 DHEPIHIO YACTHIILI T. €. He COBEpIaCT pabory.
Bee 1712 B MArHUTHOM TI0J1€ HAMATHHYHBAIOTCA, T. €. CO3AAI0T CBOE MarauTHOE ToJe.

. BOnpochi ANA CAMOKOHTPONS W NOBTOPEHUA

Yo npeacraraset coboil MarHHTHOE nose? Kaxnmu cpoiicTBamu ono obranaer? 2. B uem
aach ranoreaa Amitepa? 3. HTo Ha3pIBAIOT BEKTOPOM maranTHON wHayKkin? Kakoii
SMCTHKOI 108t of sRsieres? 4, UTo HASBIBAIOT JAMHILAMH marnuTHoit uEaykupn? Ka-
anDARIeHHe OFH HMeIoT? 5. KaKie 10151 Ha3bIBAIOT BUXPEBLIMH? 6. CropmypyiiTe IpHH-
cyniepriozmiuLi noJeii. 7. Kak caaaansi BEKTOPE! HaNPKENHOCTH Y HHYKIHH MATHATHOTO
Cdpopmympyiite 3akon Amuepa. 9. Pacckakute o saaumozeiicTeun Tokos. 10. Tro

MaATHUTHBIM oTOKOM? B Kakux eIHHIIEax ero phipaxaior? 11. Hemy pasna paboTa no
[EHITIO TTPOBOIHHKA € TOKOM B MariTHOM none? 12. Kakas ¢uia elicTByeT CO CTOPOLHbI
WTHOTO 1107151 Ha ABKKYIITHiCs 3apsin? Hemy ona papta? 13. YTo HASKIBAIOT yATHHBIM 3aPs-
g uacTrihi? C nOMOIBIO KAKHX rpubopos orn onpeensiores? 14. Kakne yckopurein 3aps-
X YACTHI[ BAM H3BCCTIEI?

MpuMepbl pelleHnA 3aaa4

Banaua 1. ITo BYM JIMHHBIM TTaPAJLIEIbHBIM NPOBO/LAM TEKYT B IIPOTHBOIO-
pix Hanpassennsix Toxn 90 u 70 A. OnpeeanTs HHAYKIHIO MArHUTHOTO HOJI,

1aBaeMOTO TOKaMi B ToKe M, Haxo/ignieics Ha pacctosany 12 €M OT NepBoro u

M OT BTOPOTO IPOBOJIOB, CCJIH PACCTOATHE MEIKALY MPOBOAMH 10 em.

14 oM = 0.14 M:; d = 10 em = 0,1 M; o = 4x-107" TH/™, o

=1

Haiirn: B.

Pemenue. [1peimooKmM, 4TO ITPOBOHUKY HATIPABIE-

HEI TIEPRERMKYISPHO TI0CKOCTH YepTeka (puc. 12.16).

Tox I, uner ot Hac, 3a ueprex. On 0603HAYEH KPECTHKOM.

Kasksiii Tok cosazer B Touke M unaykimio [em. (12.4)]

B Wiols

oy
B =—— )
: 21‘}?3

21TR1 {

mpuyeM B, HanpasieHa nepreHuKysIpHo R, no 4acosoii
erpenke (6ypaBuiK BEHHYHBACTCA), 2 B, — neprennKyisp-

Puc. 12,16
239 |



B =B+ B —2B.B, cosp.

Boiunenenus:
1-4w-10—7@-90A 1-4;-r-u—'”£*_‘-mA
A M ~15-104Tn, B, — M ~1-104 T,
B 27-0.12 M : : 27-0.14 M -

W Teopemer koc UHYCOB onpeaesnm cos o NOCKOJIBKY v =

8, Kax yrimt co B3aum-
HO-TIEpIeHIMKVIsApHBIMY CTOpoHaMM, cos 3 = cos o):

2 e g e ey
cosa = Bt Ri—d® _ (144 4196 — 100)cm
23132 2:12-14 cm?

5
=%

CJIE}IOBHTOJIbHD,

[
B = 15107 + (1104 —2.1,5.10 -1-10-*?1‘3 ~ 1,110 Ty,

Oreer: B=1,1.10'Tx

® 3anaua 2, Hapaxrensno TUIACTHHAM IIOCKOrD KO
HOE MarduTHoe noste uugyKiwreii 4. 19~ Ta. Mexay
HaNPaBICHHIO MATHHTHOTO 1105 1 TAPATLIeIbHO 11

CHCATOpa coszano onropos-
I1ACTHHAMHM MEPHeHMKY.AapHO
ACTiHaM (puc. 12.17) apmxercs

MO MEKJLY NiacTHzAM,
Aano: B=4.10 Ty y—5 000 km/c = 5-106 ar/c.
Haiirn:

AHO Kpectukamu ), Ha ANCKTPON, JABH-
Kymuiics HepneHanky asipro oo, 1o dbopmyae openna (12.12) co cTopons sar-
HUTHOTO noJs AeiicTByeT cua Fy = Bue, rae B = Mol — uuaykuus MATHHTHOTO
Hoast; e — zapay SNEKTPOHA; | — OTHOCHTE MBS MarHuTHast HPORULAeMOocTS cpe-
ABL Py — MariuTHas HOCTOSIHHAS,

DnexTpuyeckoe nosie aeicrsyer va JJICKTPOH ¢ CHIolf F,,

=¢eE e B — Hamps-
JKEHHOCTI:E}JIBKT])PNECKO

O HOMA. DNEKTPOH ABMKeTCS HApaIeBHO IIACTHHANM 1 1ep-
HeHANKYnsipHO MATHHTHOMY 10110 B ToM ciryygae,

CCIH 9TH CHIIR] PaBHBI 10O MOV, HO ITPOTHROIIO-

MIOXKHBI 110 HANpaBAeHnIO: Bye — Ee. Orciona

PP ®® ®P®  E=Bu.
PRR®® Boriitcaenus:
PE® E:-‘lﬁ-l(}"“Tﬂ-S-IOEM/{'=2-IU4B/M.
OtBer: E=2. 1! B/m.
® 3ajaua 3. 3apsu ¢ nocrosmmoi CKOPOCTLIO
Puc. 12.17

BJeTaer B O/AHOPOIHO® MaruuT HOe 1one neprenHn-

| 240

¥ -
¢ HAPALICABHO MATHHTHOMY TIOJTIO JAeHCTRYeT 3.rre1crp:: ],I; i (
omte .HaJJpHKE?HHUCTbIO 100 B/m. Beiuncauts nocros c
THDATBHOI TPACKTOPUH 3apajia. “l

[T

-w. MaruuTHasi COCTABASIOMAN CHITLI HU]l);P;[éa 11:[“:
HOPMAIBHO K HANpPaBAeHnio ckopocti (pue. 12. “). ’ ‘a
FHHE CHITBI MOKET OBITh ONIPEIEIeHO npanrm?m .n:zm:»; é}r} g__ B
| OTCYTCTBHUH 3/ICKTPHYECKOTO 10 9Ta .cu.::a 3acTaB) fi it o
BUTATHCA TT0 OKPYRHOCTH. Marsunast Locmnﬂmoma? b
i Fy = BQusin(B, v) paBHa eHTPOCTPEMHTENLHOI CHIe:

e

=

BQ!JZM, (1)

r

B — WHAYKUMS TOTST; Q — 3apSizt; v — CKOPOCTb ABHKEHMS: 1M — Macca 3apsna; r—
o i o1 3apsil.

> OKPYZKHOCTH, 110 KOTOPOIi JABUKETC . :
p‘;}cgarpuaaemom cry4ae sin(B,v) = 1. Panmyc okpyxrocts naxoum na (1)

_m (2)
T‘—BQ-

:<€ yaetoMm (2) nepuon obparienus sapsiia

2nr  2nm @3)
v BQ
15 BC JIEKTpHYEC-

~ IIpu KPaTKOBPEMEHHOM AEHCTBIN HICKTPHIECKOTO na..ts‘a su.'mmrc;ejﬂl;;) - ;; o

i COCTABISIONIAS CHIBL Jlopera, nanpasiennas napa/uiesbHo 20 D;::aﬂmm-
‘ B HANPAKEHHOCTD 3JIEKTPHICCKOTO MOJIsL, 3a BpeMaA t,z:r—:}mrr.mm H,,;I Q. o i
CKOPOCTH, HANIPABJIEHHAS MAPAILIELHO N0/, BOSPACTAET OT HY.J1 8
CYy cuanl F, L = mu, Haxoaum

Fat _ QB )

U =
™m m

5 e e HKYJIHPHO V, 03Ha~
- Hammune cocrasasiomeit ERAPOCTE ¥ay RAIDIRRCHR O DN OR eiuupmar CIHpa-
e 4TO mpﬂ;i asuzkeres no cnupanu. [lpu yeranosnsineMes JBHXK Ay o]
m}mcmsneu On ompeziensieTcst 13 yCAOBHA, 9TO 32 O/H USOPD?;E?Z) HOJLY M
ng')rupoacxoam €ro cMeleHne Ha paccrosiiue wara r= v, T. M3 ( .

~gaitn _EBa
sk m BQ B

Buiyucaenusn:

100 B/m:2-3,14-10~" ¢
ooy 1Tn

= 0.06 m.

Orser: © = 0,06 m. e i



ﬂ 3agauu gnn CaMocTosTensHoro pewenns

+ HaXOISIIMMCH Ha paccTostnum 12 oM APYT OT apyy-
PeAenTh Mgy Ko MArgiTHOTO MO B TOYKe, HaxXo/Amerey
O TIPOBO/IHIKa, €C/N TOKH IPOTERAOT: a) B ojtHoM, 6) B HPOTH (.-

rd, MpoTekaoT Toku 1no 30 A. On
Ha paccTosai 10 om o1 kancaorn
HOJOMKHBIX HAPABIeHHIX,

2. llo nBy™ mapannesusm TPOBOHMKAM HPOTEKAIOT TOKM CHitoii 3 14 A, Paccrosime mesy Ty

nposoaHukamy 14 em. Hailty muoskectso TOHEK, B KOTOPBIX HHAYKIMA MAIHHTHOTO MO/ pa nl{a

Y10, PaceMoTpeTs Ba cayyas: Tokn UPOTEKAIOT: a) B OAHOM HaNpaBaeHuN, 6) B upoTHBONG /105K
HBIX HalTPABJIEHISIX.

3.Tlo H30HPOBAHHOMY KPYTOBOMY HPOBOAHUKY pamiycom 10 cMm OPOTEKAET TOK 5 A, Mep-
HEHIKY IAPHO IL10CKOCTH KOJIBIM@ HPOXOINT JUTHHHBLH HPOBONHHK TaK, 9TO OH CONPHKacaeTey
€ KoabuessiM npoponukom. Haiiri manpsokennocrs MATHHTHOIO MONS B EHTPE KPYroBorg
HPOBOAHMKR TIPH YCJIOBHH, IO TOK B IPSMOM MPOBOJIHAKE parer 15,7 A.

4. Tlon pansiamenm OIHOPOHOIO MATHUTHOIO MO B Hem € Yekopernem 0.2 M/c? apuskercy
UPAMOAMHERHLIT A TOMHEHEBBII MPOBOIHIK cedennem 1 mm> Tlo TPOBOAHMKY TeYeT Tok § A
IO HAlpaBJICHIE NePIEeHANKYIHPHO 10110, Berue s HH/YKIHIO 11014,

5. B ommoponrom ropusonraisron MAarHUTHOM TI0JI€ HAXOHTCS B
TATLHBII TIPAMOANHEIHBI 210MUHIEB b TIPOBOAHNIK ¢ TokoM 10 A, pacnionomen i nepes-
AHKYIAPHO 110:10. QnpeaenTs HuayKumio mos, canras PALHYC HPOBOANNKA DABHBIM 2 M.

6. B marmnrhoe noste, o6pazosantioe BAKYYMC, IEPHeNANKYISIPHO AMH sz 1 H/LYKIIHH BU1e-
TAIOT 3AEKTPOLBI ¢ aHepraeii 1 aB, Wuaysams noas 1,3- 109 T, Boiutrc s ey Jlopenna i
PAIRYC TPAEKTOPHI ABHKEHHS HNEKTPOHOR,

7. IpoTont 8 MaruTIOM M0 C© HHAYKIEed 5-10 2 Ty

] ! ABHIKYTCH B BAKYYME 110 J1yre (k-
py)xrm(,;m paanycom 50 eM. Kakywo yekops IOHLYI0 PasHOCTD MOTEHIHANOB OHI ZOKHBI Gbiy
MPOITH?

PABHOBECHH FOPR3OLH-

Kniouessie cnoga: MarHuTHoOe none, MarHuTHas WHBYKuwms, MarHnTHas npo-
HulaemocrTs, sakoH AMnepa, MarHUTHLIA MOToK, cuna Jlopetua.

lnaea 13
SANEKTPOMAT HUTHAS UHAYKUMKA

13.1. AneKTpomarHuTHas MHAYKUMA

Onbirer Mapazges.