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Jlekuusa Nel

Tema: «BBenenne. OCHOBbI KHHEMAaTHKH»

1. Bonpocs! nexuuu:

1.1. ®usnka — HayKa 0 IpUpoOJIE.

1.2. EcTecTBeHHOHAYYHBII METO/ TIO3HAHUS, €T0 BO3MOXKHOCTH M TPAHUIIBI IPUMEHUMOCTH.
1.3. MonenmupoBanre GU3NUECKUX SBICHUH U MPOIECCOB.

1.4. Pormp 3KcTIepEMEHTa U TEOPHH B MIPOIIECcCe TIO3HAHUS ITPHPOIBL.

1.5. ®usnuecKue 3aKOHBI.

1.6. OCHOBHBIE 3JIEMEHTHI (PU3NIECKOI KapTHHBI MUPA.

1.7. MexaHu4yeckoe IBUKEHHE, €T0 OTHOCUTEIBHOCTD.

1.8. XapaKTepUCTUKH MEXaHUYECKOr0 JBIDKEHUS: IepeMeIleHIe, CKOPOCTh, YCKOPEHHUE.
1.9. Bunsl nBuxeHus (paBHOMEPHOE, PABHOYCKOPEHHOE) U MX Ipaduieckoe ONHcaHue.

2. Kpatkoe coneprkaHue BOIIPOCOB

®Du3ukKa — HayKa 0 Ipupoje.

OmsuKa — 0Ha U3 HayK o mpupoze. ['pedeckoe cinoBo “physis” “ro3mc” B mepeBoae 03HAYACT “TIPHPOIA”, HOIMOMY HAYKY
0 npupoode cmanu Haswvieamsv Qusuxoi. B QU3NKe M3ydaroTCs MEXaHWYECKHE, TEIUIOBHIC, SJIEKTPHUSCKUE M CBETOBBIC SBICHUS.
Bce a1 s61enua Ha3BIBAIOTCS usuueckumu (TassHUC JbJA, TAICHNS KaTUTH).

Bce okpyxaromue Hac IpeAMETH SBITIOTCS (PU3MYECKUMH TelnaMu. To, M3 9ero COCTOHT (PH3MYECKOE TEJO, HA3hIBAIOT
BEIIIECTBOM.

(WKeneso, 6oda, conv, 8000po0 - gewgecmeo, kanis - meno). BemecTBo - OAUH U3 BUIOB CYIIECTBOBAHUS MaTEPHHU.

Marepust — 3T0 00BEKTUBHASI PEAIBHOCTD, CYIIECTBYIOIAs IOMUMO HAILIETO CO3HAHMS U JaHHAsl HaM B OLIYIICHHU.

Marepus cymiecTByeT B (Gopme BemiecTBa U Moy (BOIA - BEIIECTBO, PAMOBOJHBI - TOJE). MaTepusi JBHIKETCS B
MPOCTPAHCTBE U BO BpeMeHU. Marepusi MOXKET BUAOM3MEHSTHCS, HO HUKOT/Ia HE BO3HUKACT M HE Mcue3aeT. JIBikeHne mMaTepuu
MOYET MEHSTh CBOIO ()OPMY, HO CaMO JIBI)KEHHE MAaTepHH HE CO3/IaeTCsl M HE YHHUTOKaeTcs. TakuM o0pa3oM, okpysrcarowuti Hac
MUp ecmb 8eUHO OBUICYWAACA U pazeusaiowasncs mamepus. BeeolOleld Mepoil TBIKEHUST MaTepuy BO BeeX ee (hopMax sIBISETCs
SHEprus, a HEYHHYTOKUMOCTh IBHYKCHHUS MaTEPUH BBHIPAYKACTCS 3aKOHOM COXPAaHEHHS SYHEPTHH.

Omsnka — HayKa SKCIEpUMEHTANbHAs. B OCHOBY M3y4YeHHS SBICHHHA B MPUPOAE TOJOKEH SKCHEPUMEHT: €CTECTBEHHBIN
(JTyHHBIC W COJTHEUHBIC 3aTMCHUS) U JTA0OPATOPHBIH (H3yIEHUE CBOMCTB TBEPIBIX TEIN).

Coepemennas ¢usuxa uzyuaem pasiudnsie Gopmul, OBUNCEHUS MAMEPUU, UX 83AUMHbBIE NPEBPAEHUs, d TNAKIHCE CBOUCMEA
sewecmsa U noJis.

MeToasbl ecTeCTBEHHO-HAYYHOT0 MO3HAHHUS

B ocHOBe METOIOB €CTECTBO3HAHMS JIS)KUT EAMHCTBO €ro SMIHPUUECKOI U TeopeTnieckol cTopoH. OHM B3aUMOCBSI3aHbI U
00yCIIOBIMBAIOT ApPYr nApyra. VX paspblB, WM TNPEUMYIIECTBEHHOE pa3BUTHUE OIHOW 3a CYET NPYroi, 3aKpbIBaeT MyTh K
NpaBUJILHOMY MTO3HAHHIO IIPHUPOJIBI - TEOPHSI CTAHOBUTCS OECIIPEMETHOH, OIIBIT -

CJIETIBIM.

MeTo/1bl €CTeCTBO3HAHUS MOTYT OBITh IOJIpa3/ieeHbl Ha CJIEIYIOUINE TPYIIIIbI:

1. Obwue memooOsi, Kacaroumecs JHO0OT0 mpeaMeTa, JOO0H Haykd. ITo pasiaudHbie (OPMBI METOJA, JAFOIIEIO
BO3MOKHOCTh CBSI3BIBATH BOCIMHO BCE CTOPOHBI MpoIlecca MO3HaHUS, BCE €ro CTYICHH, HApPUMEp, METOA BOCXOXKICHHS OT
a0CTpaKTHOTO K KOHKPETHOMY, SAMHCTBA JJOTHUYECKOT0 M HCTOPHYECKOT0. DTO, CKopee, odmedunocodckre MeToAbl TO3HAHMUS.

2. Ocobennvie memoOvl KacarTCs IUIIb OJHOH CTOPOHBI W3y4aeMOr0 IpeAMeTa WM K€ OIPEICeNICHHOTO IpHeMa
UCCIICTOBAHMS:

aHaM3, CHHTE3, WMHAYKIWS, Aeqyknusa. K gmcmy ocoOCHHBIX METOIOB TaKKe OTHOCATCS HAONIOACHUE, W3MEpeHUe,
CpaBHEHHE M SKCIIEPUMEHT.

B ecrecTBo3HaHMM 0COOCHHBIM METOJAM HayKH IMPUAAETCS YPE3BBIUAHO Ba)KHOE 3HAYEHHE, MOITOMY B paMKax Hallero
Kypca Heo0XoauMo 0oJiee Mo JpOOHO PACCMOTPETh UX CYIIHOCTb.

Habniooenue - 3T0 1ieJeHANpaBieHHBIA CTPOrMH IPOLIECC BOCHPUSATHS IMPEAMETOB JEHCTBUTENLHOCTH, KOTOpbIE HE
JIOJDKHBI OBbITh W3MeHeHbl. VIcTopuuecku MeToJ]| HaOJIoJIeHHsT pPa3BUBAETCSl KaK COCTaBHAas 4acTh TPYAOBOH oOIepaluH,
BKJIIOYAOLIeH B cesl yCTaHOBJIGHHE COOTBETCTBHS IPOIYKTa TPYy/Ia ero 3aiuilaHupoOBaHHOMY 00pasiry.

HaOmonenne xak MeTo]| MO3HAHUS JEHCTBUTENBLHOCTH NPUMEHSETCS JH00 TaM, I HEBO3MOXKEH WM OYEeHb 3aTpyJHEH
9KCIIEPUMEHT (B aCTPOHOMHHM, BYJIKAHOJIOTMH, THAPOJIOTHH), JHOO TaM, TJe CTOMT 3ajada HM3y4YUThb MMEHHO ECTECTBEHHOE
(YHKIIMOHMPOBaHNE WM IIOBEJEHHE OOBEKTa (B OITOJIOTHH, COLHMAJIbHOW NCHXOJOTMM M T.1.). HabmroneHme kak Meron
IpeArosaraeT Halu4ue MporpaMMbl UCCIIeA0BaHus, GopMHUpYOLIeHcss Ha 0a3e MpOUUIBIX YOeKAEeHHUH, YCTAaHOBIEHHBIX (DaKToOB,
NPUHATBHIX KOHLENIUH. YacTHRIMU CIIy4asMi MeTo/1a HaOIIOJeHUS SIBIISIIOTCSI U3MEPEHNE U CPAaBHEHHE.

Dkcnepumenm - METOJ] TO3HAHUS, TIPH IOMOIIN KOTOPOTO SIBJICHUS JIEHCTBUTEILHOCTH HCCIIETYIOTCS] B KOHTPOJIUPYEMBIX U
YIPaBISIEMBIX yCI0BHUX. OH OTIMYAETCS OT HaOJOICHHS BMEIIATEILCTBOM B UCCIIEAYEMbIii 00BEKT, TO €CTh aKTUBHOCTBIO 110 OT-
HOIICHHI0O K Hemy. [IpoBOXsi SKCIEPUMEHT, HCCJIEIOBATENb HE OTrPAaHWYMBACTCS MACCHBHBIM HAOJIOJICHUEM SIBICHHH, a
CO3HATENFHO BMEIIUBAETCSI B E€CTECTBEHHBIH XOJ WX IPOTEKaHHs IyTeM HENOCPEJCTBEHHOI'O BO3JEHCTBHS Ha H3y4daeMblil
MPOLIECC MITH U3MEHEHHS YCIOBHMA, B KOTOPBIX IIPOXOAUT 3TOT HpoLeCC.

Crneunduka 3KCIepUMEHTa COCTOUT TaK)Ke B TOM, YTO B OOBIYHBIX YCIOBHSIX IPOILIECCHI B NMPHUPOJE KpaiHe CIIOXKHBI U
3aIlyTaHHBI, HE OAI0TCS TIOJTHOMY KOHTPOJIIO U yIipaBieHuo. [[03ToMy BO3HMKAET 33/1a4a OpraHu3aliy TaKOTo UCCIIeIOBaHMS,
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P KOTOPOM MOKHO ObUIO OBI MPOCIEANTH XOJA MpOLEcca B «YHCTOM» BHJE. B 3THX HENmsX B SKCHEPUMEHTE OTACISIOT
CYIIECTBEHHbIE (haKTOPBI OT HECYIIECTBEHHBIX M TEM CaMbIM 3HAYMTENILHO YIPOIIAIOT CUTyalMio. B urore Takoe ynpolueHune
crioco0cTByeT OoJiee TITyOOKOMY IIOHHMAHUIO SIBJIEHUH M CO3JaeT BO3MOXKHOCTh KOHTPOJIMPOBATh HEMHOTHE CYLIECTBEHHBIE IS
JAHHOTO TIpo1iecca (haKTOPHI ¥ BEUIHHBIL.

Pa3BuTHe ecTecTBO3HAHWS BBIABHIAET MPOOIEMY CTPOTOCTH HAOMIONCHMS W OIKCIEpUMEHTa. J[eno B TOM, 4TO OHH
HYKJAIOTCS B CIIELINATIBHBIX HHCTPYMEHTAX U MPHOOpPax, KOTOPbIE MOCIEIHEE BPEMsI CTAHOBATCS HACTOJBKO CIIOXKHBIMH, YTO CAMHU
HAYMHAIOT OKa3bIBAaTh BIMSHHUE Ha OOBEKT HAOIIOACHHS M 9KCIIEPUMEHTA, YET0 TI0 YCIOBUAM OBITh HE JIOJDKHO. DTO MPEXKIE BCETO
OTHOCHTCSI K UCCIIEZIOBAHMAM B 001aCTH (PU3MKN MUKPOMHPA (KBAHTOBOH MEXaHUKE, KBAHTOBOH IEKTPOJUHAMHKE H T.11.).

Ananozus - METOJl IO3HAHMS, IPH KOTOPOM IIPOMCXOAUT IEPEHOC 3HAHMS, MOIYYCHHOTO B XO/E PACCMOTPEHUSI KaKOro-
100 OgHOro O00BEKTa, Ha APYIoi, MeHee M3Y4YCHHBIH W B JaHHBIH MOMEHT M3y4daeMblil. MeToa aHaJoruu OCHOBHIBA€TCS Ha
CXOJICTBE MPEAMETOB IO PSIAY KaKUX-THOO MPU3HAKOB, YTO IIO3BOJISET MOJYYHUTh BIOJIHE JOCTOBEPHBIC 3HAHUS 00 M3yd4aeMOM
npeaMere.

[TpumeHeHne MeToja aHAJIOTHH B HAYYHOM ITO3HAHMU TPEOyeT ONpeAeIeHHOI OCTOPOKHOCTH. 31€Ch Ype3BbIYaifHO Ba)KHO
YETKO BBIBHUTH YCJIOBHS, IIPH KOTOPBIX OH paboraer Hauboiee a¢pekTrBHO. OHAKO B TEX CIIydasx, KOIZa MOXHO pa3padoTaTh
CHCTEMY 4YeTKO c(OPMYJIUPOBAaHHBIX NPaBHJI NEpeHOCa 3HAHUKH C MOJCIHM Ha IMPOTOTHI, pPe3ylbTaThl M BBIBOIBI MO METOAY
aHAJIOTUH MPUOOPETAIOT JOKA3aTEIbHYIO CHITY.

Mooenupoeanue - METOA HAayYHOTO MO3HAHWS, OCHOBAaHHBIH HA M3YYCHHH KaKHX-THOO OOBEKTOB MOCPEACTBOM WX
Mmozenel. [losBneHne 3TOro MeTona BEI3BAHO TEM, YTO WHOTJA M3YYacMbIH OOBEKT WM SBICHHE OKa3bIBAIOTCS HEIOCTYITHBIMHU
JUISL IPSIMOTO BMENIATENILCTBA MO3HAIOMIETO CyObEKTa MM TAKOE BMEIIATEILCTBO IO PALY NPUYUH SIBISIETCS HELENECOOOpa3HbIM.
MogenupoBaHue MpeAIoNaraeT IMEPeHOC HCCIENOBATENbCKON ESITEIPHOCTH Ha JPYrod OOBEKT, BBICTYNAIOIIMN B pOIH
3aMECTUTENS UHTEPECYIOIero Hac o0bekTa Win siBieHusl. OObEKT-3aMECTUTENb HAa3bIBAIOT MOJICIIbIO, @ OOBEKT UCCIICIOBAHUS -
OpUTHHAJIOM, I TpoTOTUIIOM. ITpH 3TOM MOZAENH BRICTYIIAeT KaK TaKOM 3aMeCTUTENh IIPOTOTUIIA, KOTOPHIH MO3BOJISET MONY4YUTh
0 IIOCTIeTHEM OTIpeieIeHHOE 3HaHUE.

Takum 00pa3oM, CYIIHOCTh MOJETHPOBAHMSA KaK METOJa MO3HAHMA 3aKII0YaeTcs B 3aMELICHHH O0BEKTa HCCIIEeIOBaHUS
MOJICTIbIO, NPUYEM B KauyeCTBE MOJIENM MOTYT OBITh HCIOJB30BaHbl OOBEKTHI KaK E€CTECTBEHHOIO, TaK M HCKYCCTBEHHOT'O
MPOMCXOXAeHUI. BO3MOXXHOCTh MOIETTMPOBAHUS OCHOBAaHA HA TOM, YTO MOJIETIb B ONPEIECICHHOM OTHOIICHUH 0TOOpaXaeT KaKkue-
100 CTOpOHBI mpoToTHMa. [IpH MOIETMPOBaHWM OYEHb BaXKHO HAJMYNE COOTBETCTBYIONIEH TEOPHH WM THIIOTE3bI, KOTOPHIE
CTPOTO YKa3bIBAIOT IPEIEIIBI ¥ TPAHMUIIBI IOMYCTUMBIX YIIPOIICHHH.

Du3ivecKuii 3aKOH — IMIUPUYECKH YCTAHOBJICHHAS M BBIPAKECHHAS B CTPOTOM CIIOBECHOHM /WM MaTeMaTH4ecKOu
(opMyTHpOBKE YCTOHUYMBAs CBA3b MEXIy ITOBTOPSIONIMMUCS SIBJICHHSIMH, IIPOIECCAMH M COCTOSHHSMH Te€J W JPYrHX
MaTepuaIbHbIX 0OBEKTOB B OKPYKAIOIIEM MHUPE.

BrusiBneHne pu3NUECKUX 3aKOHOMEPHOCTEH COCTABISIET OCHOBHYIO 3aady (pU3NIEeCKON HAYKH.
Jns Toro, uyToObI HeKkas CBsi3b MorJla OBbITh Ha3BaHa (U3MYECKMM 3aKOHOM, OHa [OJDKHA YJIOBJETBOPSTH CIEAYIOIIUM
TpeGOBaHUIM:

e DMIupuYeckas MOATBePKAEHHOCTh. DU3NYEeCKHi 3aKOH CYMTAETCSI BEPHBIM, €CJIHM TOATBEPKAEH MHOTOKPATHBIMU
AKCIEPUMEHTaMH.

® YHUBEPCAIBHOCTD. 3aKOH JIOJKEH OBITh CIIPaBEIUB I OOJBIIOTO YKcia 00heKTOB. B nymeane — i Bcex 00BEKTOB BO
Bcenennoil.

e YcroitunBocTh. PHU3NUecKue 3aKOHBI HE MEHSIOTCS CO BPEMEHEM, XOTS M MOTYT IIPU3HABAThCs MPUOIMKEHUsIMU K Ootee
TOYHBIM 3aKOHaM.

®uznveckue 3aKOHBI, KaK MPaBHJIO, BBIPAKAIOTCS B BHJE KOPOTKOTO CJIOBECHOTO YTBEP)KACHHSI WM KOMIAKTHOU
MareMaTH4ecKoil hopMyJIbL.

MexaHu4yecKoe IBH:KeHHE, €70 OTHOCHTEJIBLHOCTD.

BeimenmuM cpeau BEMTMKOTO MHOMKECTBA IPOLECCOB, MPOHMCXOSIIUX B TNPHPOJE, KPYT SBICHWH, KOTOpPBIE H3ydaeT
MeXaHHKa.

IlepBoe, uto Opocaercs B Ia3a MpH HAOMIOJCHUM OKPYXKAIOIIEro HAC MHpa, - 3TO €ro M3MEHYMBOCTb. MHup He sBISeTCA
3aCTHIBILMM, CTaTUYHBIM. V3MeHeHHs B HEM BecbMa pa3Ho00pa3Hbl. Ho ecim cripocuTh Bac, Kakue W3MEHEHHs BBl 3amMedaeTe
yalmie BCEro, TO OTBET, MOXalyl, OyZeT OJAHO3HAYHBIM: MEHsIeTCsl MOJIOKeHHe NMPeAMeTOB (MM TeJsl, KaK TOBOPAT (PM3UKH)
OTHOCHTEJbHO 3eMJIU U OTHOCHTEJIbHO APYT Jpyra ¢ TedeHueM BpeMeHH. bexxuT i cobaka Wi MYNTCS aBTOMOOHIIb - C HUIMHU
MPOUCXOIUT OJUH U TOT K€ MPOLECC: UX MOJIOKEHHE OTHOCUTENBHO 3€MJIM MEHSAETCs ¢ TedeHneM BpeMeHH. OHH IepeMenaoTcs.
To ke camoe NMPOHMCXOMUT C JIUCTBSIMH JICPEBHEB B BETPEHYIO IIOTONY, NMaJAIOIIUMU KaIUIMH A0S, IUIBIBYIIUMH B HeOe
obJrakamu.

KoneuHo, He mo0ble N3MEHEHHS COCTOSIT B IIEpEMENICHUH Tell. Tak, HarnpuMep, PpH OXJIaXKICHUH BOJA 3aMep3aeT, IPEeBPaIlasch B
nen. Ho Haubonee yacTo BCTpeyaromyecss BOKPYr HAC W3MEHEHHS - 3TO M3MEHEHUs MOJO0KEHHH TeJl OTHOCHTENILHO JIPYT Jpyra.
M3MmeHeHne TMONOXKEHHWA Tejla WJIM YacTed Telna B IPOCTPAHCTBE OTHOCHUTENBHO JPYTHX TEN C TEUYEeHHEM BpPEMEHHU
Ha3BIBACTCSI MEXaHHYECKUM ABHKEHUEM.

OnpezneneHne MEXaHMYECKOTO JBIDKEHHS BBITJISIIUT MPOCTO, HO MPOCTOTA 3Ta oOMaH4nBa. IlpouTture ompeneneHue emie
pa3 W moxyMmaiTe, BCE JIM CJIOBAa BaM SICHBL: NPOCHPAHCMBO, 8pems, omHocumenvHo opyeux men. CKopee BCEro, 3TH CIOBa
TpeOYIOT TOSICHEHUSI.

Mexanuka - Hayka 00 OONIMX 3aKOHAX JBIDKEHUS Tel. MeXaHWYeCKHM JIBHKCHHEM Ha3bIBACTCS MIEPEeMEIIeHUE TeNl WIIH
yacTel Tel B IPOCTPAHCTBE OTHOCUTEIBHO APYT Apyra ¢ TEUEHHEM BPEMEHHU.
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JBU:KeHNe TOUKH U TeJia

[Ipuctynum K N3y4eHNIO0 MEXaHUYECKOTO ABMKEHHS. YeroBeuecTBY MOHA00MIOCH OKOJIO JIBYX THICSY JIET, YTOOBI BCTaTh
Ha BEPHBII IyTh, KOTOPBIN 3aBEPIIMIICS OTKPHITHEM 3aKOHOB MEXAaHUYECKOI'O IBUKEHUS.

IMombiTkN ApeBHUX (HHIOCO(POB OOBSICHUTH MPUYMHBI JBIDKCHUSA, B TOM YHCIE M MEXaHWIECKOTO, OBIIM IUIOJOM YHCTOH
(arTasun. IlomoOHO TOMy, paccyknanu OHH, KaK YTOMJICHHBIM IyTHHK YCKOpSIET INard 10 Mepe IMPUOIMKECHUS K I0MY,
HaJarolInii KaMEHb HAaUMHACT JIBUTAThCS Bee ObICTpee U OBICTpee, MPHOMIDKasICh K MaTepu-3eMIIe. JIBIKCHNS )KUBBIX OPTaHU3MOB,
HalpuMep KOIIKH, Ka3aliCh B T€ BpEMEHa ropasfgo Oosiee MPOCTHIMH M TOHATHBIMHM, YeM MaJcHUE KaMHs. beiim, mpasna, u
TeHHaJbHbIe o3apeHns. Tak, rpedeckuii ¢punocod Anakcarop roopwi, uto JlyHa, ecnm OBl HE IBHTANAch, ymaua Obl Ha 3eMITio,
KaK IalaeT KaMeHb U3 Mpally.

OnHaKo MOJUIMHHOE Pa3BUTHE HAYKH O MEXaHMYECKOM JIBWKEHHU HAdaJloch C TPYAOB BEJIMKOI'O UTAIBSHCKOTO (usuka I
lamunes. OH HepBBIM HOHSN, YTO JUIS OTKPBITUS 3aKOHOB MEXAHWYECKOTO JIBMIKEHUS HY)XKHO CHadaja Hay4dHTbCS ONUCHIBATh
JBIDKCHUE KOJMYECTBEHHO (MaremaTwdecku). Hemb3s orpaHM4YMBaTBhCS NPOCTHIM HAOIMIOJCHUEM 3a JBIKYLIMMHUCS TEJIAMH;
HY’KHO CTaBUTb OIIBITHI JUISl TOTO, YTOOBI BBISICHUTB, 110 KaKUM MPaBHIaM IPOUCXOHT JIBUKECHHE

Kunemarnka - 3T0 pa3ges MEXaHUKH, U3Y4YalOLIUil c1OCOObI ONMUCAHUS ABUKEHUH W CBA3b MeXk1y BeJIHYMHAMH,
XapaKTepHU3YIOINMH 3TH ABHKCHHS.

Omnucate ABMKEHHE TEa - 3TO 3HAYMT yKa3aTh CIOCOO ONMpPENEICHUs €ro MOJOXKEHUS B MPOCTPAHCTBE B MIOO0H MOMEHT
BPEMEHHU.

VYike Ha TEpBBII B3I 3ajada ONMHCAaHWA Ka)KeTCS OYeHb CIIOKHOW. B camom merne, B3IJsIHWTE Ha KIyOsmuecst oOIaka,
KOJIBIIIYIITECS] JHUCThS Ha BeTKe aepeBa. IlpeactaBbre cebe, Kakoe CIOXKHOE JABI)KCHHE COBEPIIAIOT ITOPIIHH aBTOMOOWIIA,
Myalerocs 1o mocce. Kak ke mpucTynuTh K onucaHuio ABIpKeHus? Camoe mpocToe (2 HaunHATh BCEra JIydlle ¢ IPOCTOro) -
3TO HAY4MTHCS ONHUCHIBATh JBIKEHHE TOUYKU. [Iox TOUKOW MOXKHO MOHHMATh, HAlpUMEpP, MAJCHBKYIO OTMETKY, HAHECEHHYIO Ha
JBIDKYIIMICS npeaMeT - QyTOonbHbII M4, KoJieco TpakTopa U T. A. Ecinu Mbl Oynem 3HaTh, Kak MPOMCXOAUT JABMKEHHE KaXKIOH
TaKOM TOYKH (KaXI0ro O4eHb MAJICHBKOTO Y4acTKa) TeJsla, TO MbI Oy/JieM 3HaTh, KaK JIBIXKETCS BCe TEJIO.

Ho BHawane He Hajo THaThCS 32 0CO00 TOUHBIM ONMCAHWEM JBIDKEeHHUs. JlaBaiiTe MpHMeM 3a TOUYKY OYE€Hb MaleHbKH
IpeaMeT - MaJeHbKHH IO CPaBHEHUIO C TeM PpAacCTOSHHEM, KOTOpoe OH IpoxoauT. Hampumep, korzma BbI TOBOPHUTE, UYTO
npobexany Ha gpbkax 10 KM, TO HUKTO He CTaHEeT YTOYHATh, Kakas MMEHHO 4acTh Balllero Tena Mpeojosiena pacctosHue B 10 kum,
XOTS BBl OTHIOAb HE TOYKA. B maHHOM cioyd4ae 3TO HE HMEET CKOJbKO-HHOyOb CYIIECTBEHHOTO 3HA4YCHHUS.

OTO0 04YeHb BaXHBIH MOMEHT. Kora Mbl IbITaeMCst ONMCATh COOBITHS, TIPOUCXOASIINE B MUPE, TO BCET/1a MPUXOANTCS MpHUOEraTh
K pa3HOrO poja YHpPOIUEHHUSIM ACHCTBUTENBHOCTH, T. €. K MOJAEIM pealbHbIX sBieHU. He mmeer cMbicia mpeTeHIOBaTh Ha
a0COIOTHYIO TOYHOCTh ONHCAaHWS. Bo-TIepBBIX, OHA MPAaKTHYECKN HE HY)KHA, & BO-BTOPHIX, BCE PABHO OHA HEJOCTIKMMA BO BCEH
HOJHOTE.

B manpHeiimem, koraa Mbl OyzeM rOBOPHUTH O IBH)KEHHH TENa, TO OyeM UMETh B BUJLY, YTO YCJIOBHS €TO IBM)KEHHS TAKOBBI, UTO
€r0 MOKHO CUUTATh TOUYKOM.

JIBI>KeHMe Tel, KOTOPBIE MBI MOYKEM CUHTATh TOYKAMH - TIepBasi MOJIENb ABIDKCHHS PeabHBIX Tell.

MaTepuanbHasi TOYKa

BosbmuTe nuct riotHol Oymard M moaOpocbre ero. OH HayHET MEJIEHHO OIyCKaThCs, ClErka packaduBasich W3
CTOPOHBI B CTOPOHY. Eciu TOT ke JIMCT CKOMKAaTh, TO OH OyJeT maaarh 0e3 pacKauMBaHus U ropasno ObicTpee. OOBIKHOBCHHBIMH
BOJIUOK, COCTOSIIMH W3 [MCKa, HACA)KEHHOT0 Ha TOHKYH NallouKy, CIIOCOOEH KpPYKHUTbCS, He mnajxas HaboK,
MIOKA CKOPOCTh BPAILICHUsI BEJIMKA. 3aCTaBUTh K€ BECTH ce0s MOA00HBIM 00pa3oM AMCK M MaJOYKy IO OTAEIBHOCTH IIPOCTO
HEBO3MOXKHO.

C nomomipio MoJ0OHBIX MPOCTHIX HAOMIONEHUI HETPYIAHO YOEANTHCS, YTO JABM)KEHHE TE CHIIBHO 3aBHCHUT OT MX Pa3MEpOB H
¢opm. Uem cioxxaee (opma Tesa, TEM CIOKHEE €ro JBIDKeHHE. TPyHHO MO3TOMY Ha/EsThCS HAWTH KaKue-TO OOIIHe 3aKOHbBI
JBIDKEHUS, KOTOpBIE ObUIM OBl HEMOCPEACTBEHHO CIIPABEAIUBHI [UIS TEJ IPOU3BOILHON (POPMBI.

OcHoOBHBbIE 3aKOHBI MeXaHUKH HbI0TOHA OTHOCSTCSI He K MPOM3BOJILHBLIM TeslaM, a K To4Ke, o0J1agalouieii Maccoi, -
MaTepUaIbHOIH ToUKe.

Ho Touek, obnamaroniux Maccoii, B mpupojie HeT. B uem jxe Torna cMbIci 3Toro moHATHA? Bo MHOTHX CiTydasx pa3Mepsl U
¢opmMa Tema He OKa3BIBAIOT CKOJBKO-HUOYAb CYIIECTBEHHOTO BIHSIHMA HAa XapakTep MEXaHWYECKOTO JBHMKCHHMS.

BoT B 3THX CiIydasix MBI 1 MOXKEM paccMaTpUBATh TEJIO KaK MaAmMepuaibHylo mo4Ky, T. €. CHUTaTh, YTO OHO 00JIalaeT Maccoi, HO
HE UMeeT TeOMETPHUECKUX Pa3MEPOB.

[Ipruem oAHO U TO ke TENO B OJHUX CIydasX MOXHO CUMUTATh MaTepHaldbHOI TOUKOH, a B Apyrux Her. Bce 3aBucur ot
YCIOBHH, MPU KOTOPBIX NMPOUCXOAUT ABHKEHHE TeNa, U OT TOro, YTO UMEHHO Bac MHTepecyeT. Hanmpumep, mpu uccienoBaHUU
opOuTaNbEHOTO BMKEHHS IUaHeT BOKpyr CosHIA Kak IuiaHeTsl, Tak 1 COoJIHIIE MOXKHO CUMTATh MaTepHaIbHBIMH TOUKaMu. Jleno B
TOM, YTO PacCTOSHHE MEXAY HHMH MHOTO OOJbIIe MX COOCTBEHHBIX Pa3MEpOB, a MPH ITHX YCIOBHSX B3aUMOJCHCTBUE MEXIY
TeJlaMH He 3aBUCUT OT (opMbl Tesl. Ho Ha ABMKEHHE HCKYCCTBEHHBIX CIIyTHUKOB 3eMi (opMa HallleH IUIaHeThl y)Ke OKa3bIBaeT
3aMETHOE BIIUSTHUE.

Eme ogma Baxusril npuMep. [Ipu moctymaTensHOM IBIDKEHHH TBEPAOTO Tea, HANPHMEp KyOMKa, COCKAIb3BIBAIOIIETO C
JIOCKH, BCE 9aCTH KyOHKa IBHXKYTCSI COBEpPIIEHHO 0/TMHaKOBO. KyOHK BIIOJTHE MOKHO paccMaTpUBaTh KaK TOUKY C Maccoil, paBHOI
Macce kyouka. Ho ecnu TOT ke KyOMK BpamaeTcs, CYNTaTh €ro TOYKOW HEJIb3s: €ro YacTH OyIyT UMETh CYIIECTBEHHO Pa3INYHbIC
CKOpOCTH.

Kak OBITh B T€X MHOTOYHCJICHHBIX CITydasX, KOTJa TEJO HeNb3s CUNTATh MaTepHaIbHOW TOYKOH? BBIX0a ecTh, 1 OH COBCEM
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HecJNOoXeH. Teno MOXXKHO MBICICHHO pa3[euTh Ha CTOJb Majble JJEMEHTHI, YTO KaXKIbld M3 HUX JOMYyCTHUMO CYHUTATb
MaTepHaIbHOM TOUKOIL.

B Mexanuke m000€ TEJI0 MOXXHO PAcCMATPUBATh KAK COBOKYITHOCTH OOJBIIOrO YHCIAa MAaTepPHATBHBIX TOYCK. 3HAS 3aKOHBI
IBIDKEHUS TOYKH, MBI B IIPUHITAIIE PACIIONaraeM METOJOM OIMUCAHUS IBIKEHUS IPOU3BOJIFHOTO TeTa.

IoJ10:xeHNe TOYKH B MPOCTPAHCTBE

UroObI pemmTh 3a/1a4y O IBIKCHHH Teja, MPEKAE BCEro HAJ0 YMETh ONpPEAeNATh, WIH, YTO OJHO U TO )K€, 3a1aBarthb,
MIOJIOXKEHHUE eT0 B IpocTpaHcTBe. Kak e ompenessfoT MoJI0KeHHEe TOUKH?

Habmomas 3a moOBIM TEOM, MBI 3aMedaeM, YTO €r0 TIOJIOKEHHE B OOMH W TOT XK€ MOMEHT BPEMEHH OTHOCHUTEIIBHO
Pa3NUYHBIX TN pa3nudHo. Hampmmep, KocMudecknii Kopadilk, 3aNMyIICHHBIH ¢ KocMoapoMa BaiflkoHyp, 3aHMMaeT COBEpIICHHO
pasiIuyHBIC TOJOXKEHUs OTHOocuTenbHO 3emud, Jlynbi u Connna. IlosTomMy B JAaHHOM ciaydae o00s3aTelbHO  HAJIo
yKa3aTh Qusuieckoe meno, OMHOCUMENbHO KOMOPO20 3a0aemcs NOI0JNCeHUe OAHHO20 meaa iy e OaHHou mouku. Takoe Teno
HAa3bIBAIOT TEJIOM OTCYETA.

Tenmo oTcueTa MOKHO BBHIOpPATh MPOU3BOJIBLHO. IM MOXET OBITH KOCMOJIPOM, CAMOJIET, B KOTOPOM MBI JICTUM, KOCMUUCCKUH
Kopabib, 3emirst, ComHile, 3Be37bl U T. 1. HO OTHOCHTENIFHO Pa3IMYHBIX TOYEK TEa OTCYETa MOJOXKEHHUE JIF000ro JAPYroro Teia
WIH TOYKH TOXKE€ pa3nuyHo. Eciu, Hampumep, 3a TeI0 OTCUeTa MPUHATH 3eMIII0, TO MOJIOKEHHE CIYTHUKA 3€MJIM OTHOCUTEIHHO
MockBsl OymeT MHBIM, HEXEIH OTHOCHTEIBHO KocMonpoMa baiikonyp. Ctporo roBopsi, MBI JOJDKHBI YKa3aTh, OTHOCHUTEIHHO
KaKoif TOYKH BBIOPAaHHOTO TeJla OTCYeTa 3a4aeTCs MOJIOKEHUE JAHHOW TOUKH WM Tela.

Ecmu Temo otcuera BBRIOpAaHO, TO OTHOCHTENBEHO HETO IIOJIOKEHHE TOYKH MOXKHO 33/1aTh C TOMOIIBI0 KOOPAWHAT
WIH paouyc-eekmopa. BeIOOp CHCTEMBI OTCUETa M CHCTEMBI KOOPAWHAT HOJDKCH OBITH pa3yMHBIM, YTOOBI ONHCaHWE IBHKCHUS
TeJa BBITIIAEIO JOCTATOYHO MPOCTO, HO B TO e BPEMs MBI MOTJIM OBl OTBETHUTH Ha BCE BOIIPOCHI 3a/1a4H.

[TonokxeHrne TOUKH B MPOCTPAHCTBE MOXKHO 3aJ]aBaTh C MOMOIIbIO KOOPAMHAT WM PaguyC-BEKTOpa, COSAMHSIOMIETO
HA4aJio KOOPJIWHAT U TOUKY.
Cnoco0bl onucanus aprmkennsi. CucremMa orcuera
Ecnu Teno MoKHO cuuTaTh TOUKOMH, TO JJISl OMUCAHHUSI €T0 JIBUYKEHUS HY)KHO HAYUHUTHCS PACCUUTHIBATH MOJIOKEHUE TOUKH
B JII000I MOMEHT BPEMEHH OTHOCHTEIBHO BEIOPAHHOTO TEJIa OTCYETA.

Cy1iecTByeT HECKOJIBKO CIIOCOO0B OMMCaHUS, WK, YTO OJTHO U TO XK€, 3a/IaHus, ABIKEHUS TOUKH. PaccMOTpuM /iBa U3 HHUX,
KOTOpBIe HanboJiee YacTo MPUMEHSIOTCS.

KoopaunatHblii cmocod. bynem 3amaBaTh MOJOXKEHHE TOYKH C MMOMOIIBI0 kKoopauHat (puc.l.7). Ecmu Touka mBmxercs,
TO e¢ KOOPAMHATHI H3MCHSIOTCS C TSUCHNEM BpeMeHH. Tak Kak KOOPAWHATHI TOYKH 3aBUCSAT OT BPEMEHHU, TO MOJKHO CKa3aTh, 4TO

OHHU SABJIAKOTCA CI)yHKL[I/IﬂMI/I BPCMCHHU.
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MaremaTHuecKH 3TO MPUHSTO 3alUChIBaTh B BUJIE
Xx=x@),
y=y(@), (1.1)
z=2z(t),

VYpasuenus (1.1) Ha3pIBalOT KHHEMATHYECKUMH YPABHEHHSIMH /IBHKEHHMs TOUYKM, 3alMCaHHBIMH B KOOPAWHATHOM
¢opme. Ecn oHM M3BECTHBI, TO I Ka)KI0TO MOMEHTA BPEMEHH MBI CMOXKEM PacCUMTaTh KOOPIUHATHI TOUKH, a CIIeJI0BATEIbHO,
U ee IMOJIOKEHHEe OTHOCHUTENIBHO BBIOpaHHOTO Tena oTcueTa. Bun ypaBnenuit (1.1) mis KaXmaoro KOHKPETHOTO IBM)KEHUS Oyner
BIIOJIHE ONPEJEIICHHBIM.

JIuHUsA, IO KOTOPOH ABMXKETCS TOYKA B IPOCTPAHCTBE, HA3BIBACTCS TPACKTOPHEH.

B 3aBucuMocTH OT (OPMBI TPACKTOPUHM BCE ABHMIKEHUsI TOUKHM JENATCS HA NPSMOJIMHEWHblE M KpUBOJIMHEWHbIe. Eciu
TpaeKTOpUEH SBJICTCS MpsIMast JIMHUS, ABUKEHUE TOUKH HAa3bIBACTCS NPAMOIUHEUHbIM, & €CITH KPUBAS - KPUGOIUHEIHBIM.

BexTopHslii cnocod. [TonoxeHne TOUkH MOXKHO 3aaTh, KaK U3BECTHO, U C ITOMOINBIO paguyc-BekTopa. IIpu nBrmxeHnn
MaTepHaIbHON TOYKH PaJNyC-BEKTOp, ONPEAEISAIONMN €€ MON0KEHHE, ¢ TeUEHHEM BPEMEHU U3MEHsETCs (IIOBOpauuBaeTcs U
MEHSIeT JIIMHY; puc.1.8), T. e. sBiseTcs GyHKIMEH BpeMEHH:

r=r(t). (1.2)
’

(o)

3

» Puc. 1.8

[Tocnennee ypaBHEHME €CTh 3aKOH IBIDKCHHUS TOYKHM, 3alMCaHHBIA B BEKTOpHOH (opme. Ecim oH u3BecTeH, TO MBI
MOXEM JUIsl JII000T0 MOMEHTa BPEMEHH PAacCUUTATh PAJNyC-BEKTOP TOUKH, a 3HAYUT, ONPEICINTD ee MmojoxeHue. Takum oOpazom,
3ajJ1aHKe TPEeX CKaISIPHBIX ypaBHeHHH (1.1) paBHOCHIBHO 3aJaHUIO OJTHOTO BEKTOpPHOTO ypaBHeHus (1.2).
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CucremMa orcuera. JIBmkeHHe J1000r0 Tejda €CTh JBIKEHHE OTHOCHTEIbHOE. DTO 3HAYHUT, YTO JBHIKCHHE JTAHHOTO Tela
MOJKET OBITh COBEPIICHHO PA3IUYHBIM MO OTHOIICHHIO K JPYTUM TEJIaM.

Tax, ecnu U1 HAOTIOAATEINS, HAXOMSAIICTOCS Ha Many0e IUIBIBYIIETO TEIUIOX0/1a, KaKOW-HUOYIb JISKAIMNA Ha HeH mpeMeT
HETIOJIBIIKEH, JIUTsl HAOTFO1aTeNsl, HaXOIAIIEeToCs Ha Oepery, OH JBUKETCS.

B 6e3BeTpeHHYI0 TOTOAY KaIlUIH JOXAS TaJar0T OTHOCHTEIHHO 3eMJIM 10 BEPTHKAIBHBIM JUHHSAM. HO OTHOCHTENHHO
BaroHa, JBIDKYIIETOCsS PaBHOMEPHO M MPSMOJUHEWHO, 3TH K€ KaIuIM JABWXKYTCS TI0 TPSMBIM, HAaKJIIOHHBIM K BepTuKaimu. Ecim
Kakoe-1r00 TeJI0 HAaXOAWTCSA B TOKOE IO OTHOIICHHIO K 3eMile, TO OHO JBIDKETCS Mo oTHomeHuio k ConHily. Takum obGpasom,
n3ydas JBIKCHHE MHTEPECYIOIIEro Hac Tela, MBI 00S3aTeNbHO JOJDKHBI yKa3aTh, OTHOCHTEIBHO KaKOTO Tela 3TO IBIKCHUE
paccMaTpuBaeTCs.

Teno, OTHOCUTEIHFHO KOTOPOTO PacCMATPUBACTCS IBHKCHUC, HA3BIBACTCS TEJIOM 0TCYeTA.
YToOBl paccCUUTATh MOJIOKECHUE TOYKH (TeJia) OTHOCHUTEIIBHO BBIOPAHHOI'O TEla OTCYETa B 3aBUCHMOCTH OT BPEMCHH, HAJ0 HE
TOJILKO CBS3aTh C HUM CHCTEMY KOOPJAMHAT, HO U CYMETh U3MEPUTh BpeMs. Bpems u3MepsroT ¢ moMoIso yacoB. CoBpeMeHHBIC
Yackl - ATO CJIOXKHBIC yCTpoiicTBa. OHH TMO3BOJIIOT M3MEPITh BPEMsl B CEKYHAAX C TOYHOCTBIO IO TPUHAIATOTO 3HAKA MOCIEC
3amsToi. ECTeCTBeHHO, HM OJHM MEXaHHYECKHE Yachl TAKOW TOYHOCTH OOCCICYMTh HE MOTyT. Tak, caMble TOYHBICE B MHpPE
MEeXaHHYECKHe Yachl, nupepOIaT KOTOPhIX MbI MOKEM KaXKIbIH JI€Hb BHIACTh HA TEIEIKpaHE, B JCCATh THICAY pa3 MEHEE TOUHBI,
geM ['ocymapcTBEHHBIH 3TallOH BpeMEHH. ECIU 3TalOHHBIE Yachl HE KOPPEKTUPOBATh, TO Ha OJHY CEKYHIY OHH yOEryT WiIu
OTCTaHYT 3a TPHUCTA ThICAY JieT. [IOHATHO, 9TO B OBITY HET HEOOXOIMMOCTH HU3MEPATH BPEMs C O4YeHBb OONBIION TogHOCTHIO. Ho
JUTSE QU3UIECKIX UCCIICIOBAaHWHA, KOCMOHABTHKH, T€O/IC3UH, PATHOACTPOHOMUH, YIPABICHUS BO3IYIIHBIM TPAHCTIOPTOM BBICOKAS
TOYHOCTh B M3MEPCHHUU BPEMEHH IpocTO Heobxoamma. OT TOYHOCTH M3MEpPEHHS BPEMEHH 3aBHCHT TOYHOCTH, C KOTOPOH MBI
cyMeeM pacCUUTaTh MOJOKEHHE Tella B KaKOH-TH00 MOMEHT BPEMEHH.
COBOKYITHOCTh T€Ja OTCYETa, CBI3aHHON C HUM CHCTEMBI KOOPAWHAT M YaCOB Ha3bIBAIOT CHCTEMON oTcueTa. KuHemaTtuiyeckue
YpaBHCHHS JIBHIKCHIS, 3alTUCAHHBIC B KOOPIUHATHOM MJIA BEKTOPHOH (opMe, TIO3BOISIOT OIPEACTUTh MOJI0KECHUE TOUKH B JTFO00M
MOMCHT BpeMeHI/I.
Ilepemeimenue

ITycTh B Kakoi-TO MOMEHT BPEMEHHM JABMXKYIIeecs TeJo (Touka) 3aHuMaeT noioxenue M; (puc.1.10, a). Kak HaiiTu ero

MOJIOKCHHUE CITYCTSI HEKOTOPBIN MPOMEXYTOK BPEMEHH IOCIIC 3TOr0 MOMEHTA?

. Vg e

a) 0)
Puc. 1.10

JlomycTrM, U3BECTHO, YTO TEJIO HAXOAUTCS Ha PACCTOSHUU [ OTHOCUTEIBHO CBOETO HAUaJbHOTO MO0XKeHHs. CMOXKeM JIi
MBIl B OTOM Cllydyae OJHO3HAYHO OIpPENeIUTh HOBOEe MoyiokeHne Tena? OdueBHIIHO, HET, IMOCKOJBKY €CTh OeCUHCIeHHOE
MHOKECTBO TOYEK, KOTOPBI€ yNAJIeHbl OT TOUkH M; Ha paccTosHue [. UTOOBl OJJHO3HAYHO OMPEJEeNIUTh HOBOE MOJIOKEHUE Tena,
HAJIO eIlle 3HaTh, B KAKOM HATPaBIECHUH OT TOYKHU M CIeAyeT OTIOKUTH OTPE30K JITTMHOH /.

Takum 00pa3zoM, ecii U3BECTHO ITOJIOKEHHE Tella B KAaKOW-TO MOMEHT BPEMEHH, TO HalTH €r0 HOBOE IMOJIOKECHHE MOXKHO C
MIOMOIIIBIO HATIPABJICHHOTO OTpe3Ka OMpPEAETICHHONW JITHHBI, KOTOPBIH CIEAYeT OTIOXHUTH OT HAYaIIbHOTO IMOJIOXKEeHHS Tena. KoHen
9TOTO OTpe3Ka U OyIeT 3a/1aBaTh HOBOE MoJIoKeHue Tena (puc.1.10, 6).

HampaBieHHBIH  OTpe30K, MPOBENCHHBIH M3 HAYAJIBHOTO IIOJIOKCHHS TeJla B €ro KOHEYHOE IOJIOKECHHE,
Ha3bIBacTCS BEKTOPOM INepeMellleHusl WIH ITPOCTO MepeMeneHueM TeJa.

Ilockonpky mepemelnieHHe - BEIMYMHA BEKTOpHAs, TO TIEepeMelleHue, IoKa3aHHoe Ha pucynke 1.10, 6, MoxHO

0003HA4YUTH M,M 2,
ITokaxkeM, 4TO MPU BEKTOPHOM CIOCOOE 3aJaHus IBMXKEHMS MEPEMENIEHNE MOXHO PaCCMATPHUBATh KaK W3MEHEHHUE PauycC-
BEKTOPA JBWKYILETOCH TeIa.

-> =

5 s
Ilycte paamyc-BeKTOp "1 sajaer momoxenne Tenma B MOMEHT BpEMEHH?;, a paguyc-BEKTOp < — B MOMEHT

BPEMEHH 1> (pu¢;1 .11). YtoObI HAITH U3MEHEHHE PAINyC-BEKTOPA 32 MPOMEKYTOK BPEMEHH 2 1, HaZI0 U3 KOHEYHOI'O

>

ero 3HadeHus = 2 BbluecTh HauaibHOe 3HadeHue | !. U3 pucynka 1.11 BUAHO, YTO mepeMelleHHe, COBEPLIEHHOE TEJIOM 3a
MIPOMEXYTOK BpEMEHHU At , €CTb U3MEHEHHE €r0 pajnyc-BeKTopa 3a 3To Bpems. CiiezoBaTenbHO, 0003HAYHB M3MEHEHUE PaJIIyC-
N > > 24
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BekTopa uepes L3, MOKHO 3amHCaTh:
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’ Puc. 1.11
Monyne nepeMenieHus: MoOXeT ObITh HE paBeH JUIMHE IIyTH, NpoiaeHHoro Toukol. Hanpumep, Ha pucynke 1.11 amuna

JIMHAN, COSANHSIOMeNH Touku M; u M, 6onbIne MOAYIIS ITepeMeIIeHUs . IIyTp paBeH NepeMeLEHUIO TOJIBKO B CIIydae
HIPSAMOJIMHEHHOTO OJTHOHAIIPABICHHOTO JABMKCHHUS.

IepeMelnenue Tesia |Ar | BEKTOD, JUIMHA IyTH - cKajsp, | =7 | =
CkopocTh PABHOMEPHOT'0 NPSIMOJIHHEITHOTO IBUKEHUS
Ha ypokax ¢u3ukn BB TOBOJIFHO MOAPOOHO M3ydaldd PaBHOMEpPHOE ABIKEHHME. Kak BaM WM3BECTHO, IBIKCHHE Tena
(TOYKM) Ha3BIBAETCSl PABHOMEPHBIM, €CJIH OHO 32 JI00ble paBHbIE TPOMEKYTKH BpeMeHH MPOXOAUT OANHAKOBBIE MyTH.

PaBHOMepHOE ABMIKEHHE MOXKET OBITh KaK KPHBOJHMHEHHBIM, TaK W TNPSIMOJHMHEHHBIM. PaBHOMepHOE NpsIMOJIMHEHHOE
JBUXKCHUC - caMbIi HpOCTOﬁ BUJ] ABHUKCHUS. C Hero Mbl ¥ HAaYHEM N3Yy4YCHUEC IBUKCHUA B KHHCMATUKE.

BaxHoll BenMUMHOM, XapakTepu3yrolel ABMKEHUE Tella, SIBISIETCS ero ckopocTh. HekoTopoe npeacraBieHrne 0 CKOPOCTH
KaXIbIil M3 HAC MMeJ W J0 Havana u3ydeHus pusmku. YUepenaxa mepemeniaercs ¢ Majllod CKOPOCTBIO, YEIOBEK JIBIKETCS C
OoJibIIeil CKOPOCTBIO, aBTOMOOWJIb JIBM)KETCS ObICTpee 4YeJoBeKa, a camosieT - emie ObicTpee. Camoil OONBIIONH CKOPOCTH
OTHOCHUTEJIFHO 3€MJIH YEIOBEK JOCTUTAET C MOMOIIHI0 KOCMUYECKHX PaKeT.

Hecmotpst Ha TO, YTO CIIOBO «CKOPOCTB» JaBHO CTAJO AJISI HAC NPUBBIYHBIM, OMPEACIUTH CTPOTO, UTO JKE TAKOE CKOPOCTh
HEpaBHOMEPHOTO JBIDKCHHUS Tella, HE TaK MPOCTO. ['opa3mo mporne BBLICHUTH, YTO HOHMMAIOT IO/ CKOPOCTHIO PAaBHOMEPHOTO
HPSMOIMHEHHOTO JBIKCHUSI.

B MexaHHKe paccMaTpHBalOT CKOPOCTh KaK BEKTOPHYIO BEJIMUMHY. A 3TO O3HAYaeT, YTO CKOPOCTh MOXKHO CUHTATh
W3BECTHOH (33/1aHHOI) JIMIIB B TOM ClIy4ae, €CJIM U3BECTHBI €e MOJYJIb U HallpaBJIeHHeE.

JanuMm onpeneneHne CKOPOCTH PaBHOMEPHOTO MPSIMOJMHEWHOTO JBUKEHUS TOYKHU. [lycTh Teno, ABUrasich paBHOMEPHO U

OPAMOJIMHENHO B TE€YEHHE INPOMEKYTKA BPEMEHH t , TIEPEXOANT U3 TOJIOKEHUA M B monoxeHueM: (puc.1.12), coBepIIuB IpH
- >

9TOM TEepeMeIeHIe Ar . Hogemnm nepeMeneHue Ar ma MIPOMEXYTOK BPEMEHU At , B TEUEHHE KOTOPOTO 3TO MepeMeIleHue
npomsonuto. B pesymerare momyunm BekTop. ([Ipu genmeHWn BekTopa Ha YHCIIO TOIyY9aeM BEKTOP.) DTOT BEKTOP HAa3BIBAIOT
-
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CKOpOCTBIO paBHOMepHOFO HpHMOHI/IHeI/IHOFO JOBHUXKCHUA TOYKHU U O603Ha‘IaIOT 6yKBOI/I l' . CHeI[OBaTeJ_H)HO, MOXHO 3a11mucaThb.
T e o]
| 5= ‘“".‘ (1.3)

| At
l

%
! M,

7o (2g) :/\I,

r(t, +At)
o} i

/ X
< Puc. 1.12

CKOpOCTblO PaBHOMEPHOTO HpﬂMOJIHHeﬁHOl"O ABHKCHHUS TeJIa Ha3bIBACTCA BECJIWYWHA, PaBHAsA OTHOIICHHIO €T0

MEPEMCUICHUSA K MIPOMCEIKYTKY BPEMCHHU, B TCHCHUEC KOTOPOT'O 3TO MEPEMEIICHUC ITIPONU30MIIIIO.
-

)
Tak kak IIPOMEIKYTOK BpPEMCHU -XI - BCJIMYMHA TIOJIOKUTECIIbHAsA, TO CKOPOCTH l' HalpaBJICHa TaK K€, KaK H
-

nepeMereHne Ar .
BBISICHIM CMBICIT MOJYJISi CKOPOCTH

_|ar|

D=
At

Mopynb HepeMeHICHI/IHI Ar ICCTB paccTosiHUe, MPOMIEHHOE TEJIOM 3a BpeMmsi At . A Tak Kak TeNo JBHXKETCS
PaBHOMEPHO, TO MOJYJb OTHOIIEHHS, a 3HAUYUT, U MOIYJb CKOPOCTH V, €CTh BEJIMYMHA, YHCIEHHO paBHAas PACCTOSHHIO,
MPONUJEHHOMY TEJIOM 3a €UHUILY BPEMEHH.

Takum 00pa3oM, €clii CKOPOCTh PABHOMEPHOTO MPSIMOJIUHEHHOTO JBUKECHHS Tella 3aJjaHa KaK BEKTOP, TO MBI 3HAEM €ro
TepeMeIeHNe 3a eINHIITY BPEMEHH.
YpaBHeHUe pAaBHOMEPHOTO NMPSIMOJIUHEIHOT0 TBUKEHH ST

| x=xy + U,t. | (1.5)
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VYpaBuenue (1.5) ecThb ypaBHEHHE PaBHOMEPHOTO MPSIMOJIMHEHHOTO JBHMXKCHUS TOYKH, 3allMCAaHHOC B KOOPIWHATHOM

(hopme. OHO MO3BOJSACT HANTH KOOPAMHATY X TEJIa IPU 3TOM JIBH)KCHUH B JIFOOOH MOMEHT BPEMEHH, €CJIM N3BECTHBI IPOCKIIUS €T0
CKOpOCTH Ha och OX U ero HavajabHasi KOOPAUHATA Xp.

Ilytb s, mpoiimeHHBII TOYKOW TIpH JBWKEHWH BHonb ocu OX (puc.l.13), paBeH MOAYIIO W3MEHEHHS ee

KOOP/IMHATEHI: ‘ . Ero Mo>xHO HaiiTu, 3Hast MOJTyJIb CKOPOCTH Bt
s=|v.|1=vl. (1.6)
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OTMeTuM, 9TO, CTPOTO T'OBOPS, PABHOMEPHOTO MPSIMOJIMHCHHOTO JBMKCHHUS HE CYIIECTBYET. ABTOMOOWIIb Ha IIOCCE
HUKOT/Ia HE €JICT a0COIIOTHO TPSAMO, HEOOJBIIINE OTKIOHCHHUS B Ty WM HHYIO CTOPOHY OT MpPSIMO# Bcerna uMerotcs. M 3naueHue
CKOPOCTH ClieTKa n3MeHsiercs. HesHauuTenpbHass HEpOBHOCTb IIOCCE, MTOPBIB BETPa, UYTh-YyTh OOJIbIIECE HAXKATHE HA TIEANb T'a3a U
JIPYTUE TPWYHHBI BBI3BIBAIOT HEOOJNBIIME M3MEHEHUS CKOpOCTH. Ho MpHOIMKECHHO HA MPOTSDKCHHHM HE CIUINKOM OOJBIIOrO
MPOMEKYTKa BPEMEHH IBIDKEHHE aBTOMOOWISI MOXHO CYHTATh PABHOMEPHBIM W TPSAMOJHMHEHHBIM C JOCTaTOYHOH [UIA
MPaKTUYEeCKUX IeJIell TOYHOCThIO. TakoBO OJHO W3 YIPOIICHHH MOEHCTBUTEIHHOCTH, IIO3BOIIAIONIEe Oe3 OONBIINX yCHIHN
OIACHIBATH MHOTHE TBIKCHUSI.

I'paduyeckoe mnpencraBieHHe PaBHOMEPHOI0 MPSIMOJIUHEHHOro IBHI:KeHHsI. [lodydeHHBIE pPE3yIbTaThl MOXKHO
n300pa3uTh HATISAAHO C TMOMOINBIO rpadukoB. OcoOeHHO MPOCT TpaduK 3aBUCHMOCTH IPOSKIUH CKOPOCTH OT BPEMEHHU
(puc.1.14). Dto npsMas, mapavienbHas ocu BpeMeHH. [Imomans npsMoyroasanka OABC, 3amITpuxoBaHHAas Ha PUCYHKE, paBHA

U,
U3MEHEHUIO KOOPIAMHATHI TOYKH 3a BpeMsat Benp cropoma OAects ~ *, a cropona OC- BpeMs JIBIKEHHS f,
/ " — Y
HO03TOMY Ax t ,v'[.
Uz}
B
Al ,
?
F
VLiildZddy
0 Puc. 1.14 ¢ t

Ha pucynke 1.15 npuBeneHsl npuMeps! rpaKoB 3aBUCUMOCTH KOOPAWHATHI OT BPEMEHH [UISl TPEX PAa3IMYHBIX CIyJIacB
PaBHOMEPHOTrO NPSAMOIMHEUHOr0 ABMKEHUs. [Ipsimast 1 cOOTBETCTBYET ciayyato xg = 0, vy > 0; npsamas 2 - ciaydato xo < 0, vz > 0,
a mpsimast 3 - ciydaro xo > 0, vy < 0. Yron HakJIOHA o MPsSMOH 2 OOJbINe, YeM YroJ HakIoHao; MpsiMoi /. 3a OOWH M TOT Ke
MPOMEXYTOK BPEMEHHU f; TOUKA, JABMXKYIIAACS CO CKOPOCTBIOVy2, MPOXOIMT OOJIbIIEE PACCTOSIHUE, YeM IIPH JIBIDKCHHH €€ CO
CKOPOCTBIO Vy;. BO BTOpOM citydae CKOpocTb vy Oosplie, 4eM B repBoM. CKOpPOCTh ONpenelsieT Yrojl HakJIOHa MPSIMOM K OCH 1.
OueBHIHO, CKOPOCTb Vx UUCIEHHO paBHAa TaHTeHCY yriaaoa. B ciydae 3 a3 < 0, [BIKCHHE IIPOMCXOAUT B CTOPOHY,

MPOTUBOMOIOXKHYIO ocH OX.
X

2

1
Xm‘ ‘i“(,.&
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Puc. 1.15
[omy4yeHo ypaBHEHHUE MPSIMOJWHEHHOTO PAaBHOMEPHOTO ABIDKEHHS TOYKHU. [ padMKu 3aBUCHMOCTH V() U X (?)TIO3BOJISIFOT
JIETKO NPOAHAJIN3UPOBATL U CPABHUTE JBMIKEHUS.
MrHoBeHHasi CKOPOCTh
Hu OAHO TEJIO HE ABUXETCA BCEC BPEMA C MHOCTOSIHHOM CKOPOCTBIO. Tporaxcs C MEcCrta, aBTOMOOM/Ib HAYHHAET JABUTAaThCA
Bce ObicTpee m ObicTpee. HekoTopoe BpeMsi OH MOXET JBUTaThCS PaBHOMEPHO WM TMOYTH PaBHOMEPHO, HO PaHO WM TO3]THO
3aMEIICT ABMKCHUC U OCTaHABJIMBACTCA. HpI/I 3TOM OH MIPOXOAUT PA3JIMYHBIC PACCTOAHUA 34 OJHU U TC K€ MHTEPBAJIbl BPEMCHU,
T. €. IBUXKETCSI HEPAaBHOMEPHO.
HepaBHOMEpHOE IBIDKEHHE MOXKET OBITH KaK IPSIMOJIUHEHHBIM, TaK U KPUBOJIWHECHHBIM.
UYToOBI TIOTHOCTHIO OMUCATh HEPABHOMEPHOE BI)KCHUE TOYKH, HAJIO 3HATH €€ TOJI0KEHUE U CKOPOCTh B KaXIbIii MOMEHT
BpeMeHHU. CKOpOCTh B JaHHBIH MOMEHT BPEMEHH HA3bIBAETCSI MTHOBEHHOW CKOPOCTBIO.
Uro sk MOHUMAIOT MO MTHOBEHHON CKOPOCTbIO?
Ilyctb TOYKa, ABUrascb HEPAaBHOMEPHO M KPHUBOJMHEHHO, B HEKOTOPBII MOMEHT BpEMEHH ! 3aHUMAET TOJI0XKEHHE

At .»"\I'L

M (puc.1.18). Tlo npomiecTBUU BpeMeHHU I OT 3TOr0 MOMEHTa TOYKa 3aliMEeT MOJIOXKEeHUE M), COBEPIINB MEepeMeIlIeHHE
.

Ilonenus BekTOp Ar !, Ha IPOMEXYTOK BPEMEHU At I, HalileM CKOPOCTbh TaKOI'O PABHOMEPHOI'O NPSIMOJIMHEWHOIO JBMIKEHUS, C
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KOTOpPOW HOJkHA OblTa OBl JBUTATHCS TOYKA, YTOOBI 32 BPEMs At TOTacTh M3 TOJ0XeHUs M B monoxenue M;. DTy CKOpOCTb
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Ha3bIBAOT CpeIlHeﬁ CKOPOCTBIO NIEPEMEIICHN A TOUKHA 3a BPEMA
Y
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/

v
Zy Puc. 1.18
Haiinem cpegnue cKOpocTH 3a BCE MEHBILNE U MEHBILINE IPOMEXYTKHA BPEMEHMU:
> Ar, > Arg
U, = 5 O ia= i
s At, i Atg

HpI/I YMCHBIICHUH MNPOMEKYTKAa BPEMCHHU 3[ NEepeMCUICHUA TOYKHW YMCHBIIAIOTCA IO MOAYJIO M MCHAIOTCA I10
HalpaBJICHUIO. COOTBETCTBEHHO 9TOMY, CPCAHUC CKOPOCTU TAKIKEC MCHAIOTCA KaK IO MOAYJIIO TaK W HAIIPABJICHUIO. Ho no MEpe

PUOIMOKSHUS TPOMEXYTKa BPEMEHH t K HYJIIO CpETHHE CKOPOCTH BCE€ MEHBIIIC M MEHbIIE OYAYT OTIUYATHCS IPYT OT Apyra. A
Ar

3TO 03HAYaET, YTO MPU CTPEMIIEHUH MPOMEKYTKAa BPEMEHHU At K HYJIIO OTHOIIICHHE At CTPEMUTCS K ONPEACICHHOMY BEKTOPY
KaK K CBOEMY NpeAEIbHOMY 3HAUE€HUI0. B MEXaHMKe TaKylo BEIMYMHY Ha3blBalOT CKOPOCTHIO TOUYKU B JAHHBIII MOMEHT BPEMEHH,

->

o )
WA ITPOCTO MT'HOBCHHOU CKOPOCTBHIO, U 0003HAYarOT L .

>

MrHoBeHHasi CKOPOCTh TOYKH €CThb BEIMYMHA, PaBHAas MpEAeTy OTHOIICHHS IEepEeMEICHUS Ar x MIPOMEXYTKY

BpPEMEHHU At , B TeUeHHE KOTOPOI'0 3TO MepeMeIeHIe IPOU30II0, IPU CTPEMIICHUN IIPOMEXYTKa Al HYJIIO.
BosicHuM Temnepb, Kak HalpaBieH BEKTOP MTHOBEHHOH CKOpOCcTH. B mro0oi TOUYKE TpaeKTOPHMHM BEKTOP MIHOBEHHOM
CKOPOCTH HAIIpaBJIeH TaK, KaK B TpeJielne, [IPU CTPEMIICHIH IPOMEXYTKa BPEMEHHU At HYJIO, HalpaBJIeHa CPEIHSAS CKOPOCTb

mepeMeIeHns. JTa CpeqHss CKOPOCTh HAIlpaBlIeHa TaK, KaK HAIPABJICH BEKTOP MEepEeMEIICHUSI Ar. us pucyska 1.18 BugHO, 9TO
-
IPY YMEHBIICHUH HPOMEXKYTKAa BpPEMEHU At BEKTOP At ", yMeHbIIas CBOIO JUIMHY, OJHOBPEMEHHO MOBOpauMBaeTcs. Uem
S

KOpO4Y€ CTAaHOBHUTCS BEKTOD Ar , TeM OJIMKE OH K KacaTelbHOM, TPOBEJCHHON K TPaeKTOPUH B IaHHOH Touke M.
CrenoBarellbHO, MTHOBEHHAS! CKOPOCTh HAIIPaBJICHA 110 KacaTeNbHOW K TPaeKTOpuH (cM. puc.1.18).

B gactHOCTH, CKOPOCTH TOUKH, JBUXKYILEHCS MO OKPY’KHOCTH, HAaIpaBJIeHa 10 KacaTeIbHOM K 3TOH OKPYXXHOCTH. B 3TOM
HeTpynHO yOenuTbes. Ecim ManeHbKne 9acTHYKH OTIEISIFOTCS. OT BPAIIAOMIErocs TUCKA, TO OHU JICTST 10 KacaTelIbHOM, TaK Kak
UMEIT B MOMEHT OTpbIBA CKOPOCTb, PAaBHYI0 CKOPOCTH TOYEK Ha OKPYXKHOCTH AMCKa. BOT mouemy rpsse u3-mox Koiec
OyKcyromei aBTOMAIIMHBI JETUT 110 KacaTeIbHON K OKPY>KHOCTH KOJIEC.

Ilomumo cpenHEll CKOPOCTH NEPEMEILEHUs, MU ONUCAHUS JABW)KCHUSA 4allle IOJb3YIOTCS CpEeIHEH IIyTeBOM

ckopocThio  “P¥. Dra cpeaHss CKOPOCTh ONPENENISIETCS OTHOLIEHHEM ITyTU K MPOMEXYTKY BPEMEHH, 3@ KOTODPBIA 3TOT IMyTh
MpOUJIEH:

5= LD

Korma mb1 roBOprM, 4To myTh 0T Mocksb 1o CaHkT-IletepOypra moesn mpormien co cKopocThio 80 KM/4, MBI IMEeM B
BUAY HMMEHHO CPEIHIOI IIyTeBYIO CKOpPOCTh JABIDKEHHMS IMO€3[a MEXAY O3TUMH TropojamMH. Moayns cpeaHeil CKOpOCTH

MepeMEILEHUs Ipu 9TOM Oyzner MEHBbIIIE cpenHen IIyTeBOU CKOpOCTH, TaK Kak S > |Ar .

[ToHsiTHE MTHOBEHHOU CKOPOCTH - OJJHO M3 OCHOBHBIX MOHSITHA KWHEMATHUKU. DTO MOHSATHE OTHOCUTCS K Touke. [losTomy B

JlabHENIIeM, TOBOPS. O CKOPOCTU JBMKEHUs Tella, KOTOPOE HEJIb3sl CUMTATh TOUYKOW, MBI MOXEM T'OBOPHUTH O CKOPOCTH KaKOM-
HUOYIIb €r0 TOYKH.
Yckopenue

[pu ABIOKEHUH TEN UX CKOPOCTH OOBIYHO MEHSIOTCS OO 110 MOJYJIIO, TUOO IO HANpPaBJICHUIO, THOO K€ OTHOBPEMEHHO
Kak o MOJYJIIO, TaKk 51 o HaIlpaBJICHUIO.

Tak, CKOPOCTh MAHOBI, CKOIB3AMICH MO JIbAY, YMEHBIIACTCS ¢ TCUCHHEM BPEMEHHU JIO TIOJTHOW €€ OCTaHOBKH. Eciiu B34Th B pyKH
KaMeHb W pa3kaTh MaJblbl, TO IPU MMaJICHUH KAMHS €T0 CKOPOCTb IMOCTENIEHHO HapacTaeT.

M3MeHeHne CKOpOCTH Tela MOXKET MPOUCXOIUTh Kak OYeHb OBICTPO (IBMIKEHHUE ITyJIM B KaHaJle CTBOJIA MPU BBICTPEIE U3
BUHTOBKH), TaK U CPABHHUTEIHLHO MEIJICHHO (JBYDKEHHE MMOe37a MPHU €ro OTmpaBieHuH). YTOOBI yMeTh HaxXOIUTh CKOPOCTh B
000 MOMEHT BpeMeHH, HEOOXOAMMO BBECTH BEIMUYWHY, XapaKTEPHU3YIOMIYIO ObICTPOTY U3MEHEHHUS CKOPOCTH. DTy BEIUUHHY
Ha3BIBAIOT YCKOPeHUEM. Y CKOPEHHE - eIlle OfHa BaKHEHIIas (hU3ndeckast BeIMIrHa.

»

yCKOpCHI/ICM TeJIa Ha3bIBACTCA MPEACI OTHOMICHUS U3MEHCHUSA CKOPOCTU -\l K IIPOMEIKYTKY BPEMCHHU X’ , B TCUCHHUC
KOTOpPOTro 9TO HN3MCHCHUC mpounsouuio, npu CTpEMJICHUU S[ K HYJIIO.
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yCKOpeHI/Ie HampaBJICHO TaK, KaK B IIPCAC/IC, INpHU CTPECMIICHHU IIPOMEKYTKAa BPEMCHU 3[ K HYJIIO, HaIIpaBJIICH BCKTOP
>

HU3MEHEHHS CKOPOCTH Av . B omimune ot HampapieHHs CKOPOCTH, HAalPaBJI€HHE BEKTOPA YCKOPEHHs HEIb3S ONPENEIUTh, 3Has
TPAEKTOPUIO TOYKU M HAIpaBIEHHE IBIKEHHS TOYKH II0 TPAEKTOPHH. B manpHelineM Ha IPOCTHIX IPHUMEPaX MBI YBUIUM, KakK
MOXKHO ONpEAEINTh HalpaBjJIeHHe YCKOPEHHs Tejla NPH IPAMOIMHENHOM W KPHMBOJIMHEHHOM JBMKEHHMSAX. [IoKa ke Hamo
3allOMHHMTh, YTO IPH  JaHHOM  HAlOpaBJIEHHMH  CKOPOCTH  YCKODEHME  MOXET HMeTh J1000€  HalpaBJeHHE.
MoryT BO3HUKHYTh BOIPOCHI: BEIb MOET CYIIECTBOBATh JBHXKEHHE C TEpPEeMEHHBIM yckopenueM? He ciemyer nu BBecTH
BEJIMUMHY, XapaKTEPU3YIOIIYIO ObICTPOTY M3MEHEHHsI YCKopeHus? KoHeuHO, Takyi0 BEJIMYMHY BBECTH MOXHO, HO OOBIYHO B 3TOM
HET HEOOXOIUMOCTH.
[pu aBMXKEHUM CKOPOCTH TEJ, KaK MPaBHUJIO, H3MEHSIETCs. 3HATh OBICTPOTY €€ U3MEHEHHS CO BPEMEHEM, T. €. 3HAaTh YCKOPEHHUE
HEOOXOUMO JUTS BBIYUCIIEHHUSI CKOPOCTH U OIPEJIEIICHHS TIOJIOKEHUS Tella.
Exnnnua yckopenust
JIBIKeHHe ¢ YCKOPEHHEM MOXKHO Pa3[elnTh Ha JBa BHA: JBIDKEHHE C IIOCTOSHHBIM YCKODEHHEM, KOTIa MOIYIb H
HaIpaBjIeHHe BEKTOPA YCKOPEHMs HE MEHSIOTCS CO BPEMEHEM, U JBHIKEHHME C IEPEMEHHBIM YCKOPEHHMEM, KOTJa YCKOPEHHE CO
BpEMEHEM MEHSETCS.
JIBiKeHHe C MOCTOSHHBIM YCKOPEHHEM SBIIETCA HAMOOJee IMPOCTHIM JBIKEHHEM C IIEPEMEHHON CKOPOCTHIO. MOXKHO
OpUOJIMKEHHO CYHTATh, YTO C IIOCTOSHHBIM YCKOPEHHEM IBIKETCSA aBTOOYC (WM IO€3[) NP OTIPABIEHUM B IyTh U IPH
TOPMOKEHHH, CKOJB3SAMIas M0 JIbAY [Iai0a U T. 1. Mbl OyaeM H3y4aTh B OCHOBHOM JBH)KEHHE C IOCTOSHHBIM YCKOPEHHEM.
Eciau yckopeHue Tena MOCTOSHHO, TO OTHOIIEHHE M3MEHEHHUS CKOPOCTH K MHTEPBAly BPEMEHH, 3@ KOTOPOE 3TO H3MEHEHHE

IMPOMN301LIO, 6y,£[€T OJHMM HW TEM XK€ OJIA m000ro HWHTCpBAJIa BPCEMCHHU. HOBTOMy, 0003HaYUB qcpes [XIHeKOTOpBII\/’I
>

[IPOU3BOJIbHBIN IPOMEKYTOK BPEMEHH, a Yepe3 Av . M3MEHEHHUE CKOPOCTH 32 3TOT IIPOMEXYTOK, MOKHO 3aIIHCATh:
¥ Av
a==—. (1.11)
At

OTcroza CIeAyeT, 9TO MOOY/Ib YCKOPEHUs YUCIEHHO PAGeH eOuHUYe, ecii 3a eOUHUYY 8peMeHlU MOOYIb 8eKMOPA U3MeHeHUs

ckopocmu usMeHsaemcs Ha eouHuyy.
Eciu BpeMs M3MEPEHO B CEKyHJaX, a CKOPOCTh - B METpax B CeKyHay, To | eamHuMna yckopeHus = 1 M/c%, T. e. yCKOpEHHE
BBIPA)KaeTCs B MeTpax Ha CEKYHIY B KBaJIpare.
Eciu ycKOpeHHE TOYKH TOCTOSHHO M €ro MOJyJb PaBeH, Halpumep, 2 M/C2, TO 3TO O3Ha4aeT, uTo 3a | ¢ MOAYNb BEKTOpa
U3MEHEHU CKOpOCTHU YBEJINYHBACTCS Ha 2 m/c.

[IpssMoIMHENHOE ABMXKEHHME C IOCTOSHHBEIM  YCKOPEHHMEM, IIpU KOTOPOM MOAYJIbL CKOPOCTH  YBEIMYHBAETCH,
HA3bIBACTCIA paBHchKOpeHH]ﬂM ABHKEHHEM, a HpﬂMOHI/IHeﬁHOG ABMIKCHHEC C IOCTOAHHBIM YCKOPCHHEM, IIPU KOTOPOM MOIAYJIb
CKOPOCTH YMCHBIIACTCA, Ha3bIBACTCA paBH03aMe}:[.]1eHHLIM.

HOHHTI/IG yCKOpeHI/Iﬂ, KaK W IIOHATUC CKOpOCTI/I, SABJIACTCA OAJHUM H3 OCHOBHBLIX HOHﬂTHﬁ KHMHCMATHUKHU. ECHI/I TEJIO0 MOXKXHO
CUMTATh TOYKOM, TO MBI TOBOPUM 00 yckopeHuu Tena. Ecim ke GopMoit 1 pasMepamu Tena NpeHeOpeyb HENb3s, TO YCKOPEHHS
paSJ'H/I‘IHBIX TOYECK TEJIa MOFyT OTJINYATLCA.

CKOpOCTB le/l ABUKEHHUU C NIOCTOAHHBIM yCKOpeHHeM
,
G=,+a| @12

BekropHoMy ypaBHeHHio (1.12) COOTBETCTBYIOT B Cllyuae IBMKEHWS HA IUIOCKOCTH JBA CKAISAPHBIX YpaBHEHHS s

HPOEKIMI CKOPOCTH Ha KOOPIMHATHBIE OCH X U Y:

‘ v, =0, t+a,.t, (1.13)
v, =V, + a,t.

7

Kak BUAUM, IIPU ABHKCHUUN C TOCTOSHHBIM YCKOPEHHUEM CKOPOCTb CO BPEMCHEM MCHSACTCA 11O HHHCﬁHOMy 3dKOHY.
I[BI/I)KCHPIB C MOCTOAHHBIM YCKOPEHUEM

a,t?
5
a,t?

Y

2

X =Xy + Uyt +
(1.15)
y = !/u + U(lyt +

Otn (GHopMyIBl IPUMEHHMBI JUIS ONHCAHUS KaK MPSIMOJIMHEHHOTO, TaK M KPUBOJMHEHHOTO JIBIDKCHUS TOYKA. BakHO
JIUIb, 9TOOBI YCKOpEHHE [Q3u0) ITOCTOSTHHBIM.

OObBIYHO B YCIOBHAX 33/Ja4M JAOTCA 3HA4YCHHS (MOIYNH) CKOPOCTEH W lycxopeHm?I. [Tostomy ymoOnee, Hampumep, Hpu

at
X=Xx¢Tyt £ v .
JBIKEHUHM TOYKH MO ocu OX UCTIONB30BaTh ypaBHEHWE , Tne 0 ma- Momynmu HadalbHOW CKOPOCTH H
YCKOPCHHSI.

b ]
OueBUIHO, YTO B 3TOM YPaBHEHHH 3HAK «+» Oepercs Torja, KOr/a HaIllpaBIeHUs CKOPOCTH Yo u YCKOPEHHUS a COBMAAAIOT C
HarpaBieHueM ocu OX, 3HaK «-» - KOT/Ia OHU HaIPaBJICHBI B TPOTHBOIOJIOKHYIO CTOPOHY.

CBo0oaHOe mageHue Te
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PaccMoTpuM Temepbh OMHO YAacTO BCTPEUAIOMICECS JBIKCHHUE C IOCTOSHHBEIM YCKOPEHHEM, KOTOPOE HAa3bIBACTCS
CBOOOIHBIM TAJICHHEM TEJ. DJTO [BIKCHUC OINBITHBIM ITyTEM H3y4all BCIUKWUN WTANbSHCKUN ydeHbsld [ammieo [amwmeit.
Kaxaprit 13 Hac HaONIOMA, YTO TPU MAJCHUM Tella Ha 3EMIIF0 M3 COCTOSHUS TOKOS OHO YBEIMYUBACT CBOKO CKOPOCTH, T. €.
JIBUXKETCSI ¢ YCKOPEHHEM. DTO YCKOPEHHE coo0maeT eMy 3eMHOH map. Jlonroe Bpems CUWTAIH, 9TO 3eMIIsl COOOIAeT pa3HbIM
TeJaM pa3IndHbIe ycKopeHus. [IpocTrie HaOMIOAeHUS Kak OyATO MOATBEP KOAIOT 3T0. HampuMep, NTHYbE Iepo WX JIUCT OyMaru
MaIal0T TOPa3Io MeIIeHHee, YeM KaMeHb. BOT modeMy co BpeMeH ApHCTOTeNs (TPpeYecKoro yueHoro, KuBmiero B IV B. 1o H. 3.)
CUMTAJIOCh HE3BIOJISMBIM MHEHHE, YTO YCKOpeHHe, coolOmaeMoe 3eMied Temy, TeM Oojbllle, YeM TsDKeJIee Telo.
Tonbko [Nanunero B konue XVI B. yaanocs onbITHBIM MyTeM JI0Ka3aTh, YTO B JEHCTBUTEIBHOCTH 3TO HE Tak. Hy>XHO y4HTHIBaTH
COIIPOTHBIICHHE BO3AyXa. VIMEHHO OHO MCKa)KaeT KapTHHY CBOOOTHOTO MaJeHUs TeJl, KOTOPYI0 MOXKHO ObUTo ORI HAaONOJATh B
OTCYTCTBHUE 3eMHOM aTMOC(EPBI.
Habnronas mageHue pa3muyHbIX Te (MyHICYHOE PO, MYIIKETHAsI MyJIA U T. JI.) CO 3HAMCHUTOW HAKJIOHHOH [Tu3aHckol OaniHu
(puc.1.32), Tanuneir nmokasay, 4TO 3€MHOW mIap COOOIIMAET BCEM TelaM OJHO M TO ¢ yCKopeHue. Bce Tema mocTturamu
MMOBEPXHOCTH 3EMITH MPUMEPHO 32 OJJHO H TO K€ BPEMSL.

Oco0OeHHO MPOCT M YOCAWTENICH OIBIT, MPOBEICHHBINH BriepBbie HeroTOHOM (puc./.33). B cTeknsHHyIO
TPYOKY MOMEIIAIOT PAa3JIMYHbIC MPEIMEThI: TPOOUHKU, KyCOUYKH MPOOKH, MYIIMHKH U T. 1. Eciu mepeBepHyTh
TpyOKy Tak, 4TOOBI 3TH MPEeIMEThI MOTJIM TajaTh, TO OBICTPEE BCETO yMajeT APOOWHKA, 33 HEH - KyCOYeK
MPOoOKH W, HAKOHEII, IJIABHO OIMYCTHUTCS MyMHHKA. HO ecii BBIKauaTh W3 TPYOKH BO3AYX, TO MBI YBUINUM, UTO
BCE TPH TeJa yHaayT OJHOBPEMEHHO. 3HAUWT, ABIDKCHHE MYIIMHKH 33JCPKUBANOCH PaHEe CONPOTHUBICHUEM
BO37yXa, KOTOPOE B MEHBIIIEH CTETIICHN CKa3hIBAIIOCHh HA IBIKCHUH, Harpumep, npodku. Korna ske Ha 3TH Tena
JEHCTBYET TONBKO MPUTSDKEHIE K 3eMJIe, TO BCE OHH MaJaloT C OJHIM U TEM K€ YCKOPECHUEM.

KoneuHo, Ha OCHOBaHMU NaHHOTO OTBITA €IIe HeNb3sl yTBEPXKAaTh, YTO YCKOPEHHE BCEX Te MOJ
JCHCTBUEM TPUTSHKEHUS 3eMJTH CTPOro OJuHaKoBO. Ho u Ooyiee TOYHBIC OIBITHI, MPOBEACHHBIC C TIOMOIIBIO
CcaMOM  COBEpILIEHHONM COBPEMEHHOW 3KCINEPUMEHTaJIbHON  TEXHUKHM, [alOT T€ JKE€ PpPe3yJbTaThl.

Ecnu conporuBieHne BO3IyXa OTCYTCTBYET, TO BOJIM3M MOBEPXHOCTH 3e€MIIM YCKOPEHHE IMaJalolero Teja
MOCTOSIHHO. DTOT (hakT BhepBble ObLT ycTaHoBieH [. [ammieem. J[BM)KeHHE Tella TOJIBKO IMOJ BIIHUSHHEM
MPUTSKEHUS €ro K 3emiie Ha3bIBAIOT CBOOOAHBIM najieHueM.

COOTBETCTBEHHO 3TOMY, 1 YCKOpEHHUE, coolmaeMoe 3eMiieii BceM TelaM, Ha3bIBal0T YCKOPEeHHeM CBOOOTHOIO MaJAeHus. O_}io

Puc. 1.32

BCeraa HaIpaBJIeHO BEPTUKAIBHO BHU3. Ero HOPUHATO 0003HauaTh g .
CBo0ogHOe NafieHue - 3T0 He 00513aTeNbHO ABWKeHUE BHU3. Eciu HauanpHas CKOPOCTH HallpaBlIeHa BBEPX, TO
TENO TpU CBOOOJHOM MaJIeHUH HEKOTOPOE BpeMsi OyleT JIeTeTh BBEPX, YMEHbIIAs CBOIO CKOPOCTb, W JIHMIIb
3aTeM HauyHeT MajaTh.
YckopeHre CBOOOJHOTO MajieHHs HM3MEHSETCS B 3aBHCUMOCTH OT Teorpauyeckoil IIMpOThl MecTa Ha
MOBEPXHOCTH 3eMJIM M OT BBICOTHI Tejla Haj 3eMiei, TouHee, OT PaccTOSHUS 10 neHTpa 3emun. Ha mmpote

~ 9,82 m/c2

Puc. 1.33 BooOmie ke Ha TOBEPXHOCTH 3eMITH g MeHsieTcsl B mpezaenax oT 9,78 wm/c? Ha skBarope 10 9,83 m/c? Ha
MoJTroCe.

Ecnu momusaThCa Ha | KM Haj ypoBHEM MOPS, TO YCKOPEHHE CBOOOIHOIO MajgeHus yMeHbIuTcs npumepHo Ha 0,00032 cBoero

3HaueHuss B JaHHOM Mecte 3emin. Ha Boicote 100 kM Haxg momrocoM 3eMiim OHO TpUMEPHO paBHO 9,53 _’M/Cz.

MockBel N3MEPECHUA AT CJICAYIOUIECC 3HAUYCHUC YCKOPCHUA CBOOOJIHOTO TaJICHHS: g

Ilpu nmageHun Ten B BO3AyX€ HA WX JBH)KEHHUE BIMSET CONPOTUBIEHUE Bo3nyxa. [losTomy yckopeHue Tea He paBHO g . Ho
Korja ABMXKYTCS CPAaBHUTEIIbHO MAaCCUBHBIC TEJIA C HEOOJIBIINMH CKOPOCTAMHU (KaMeHB, CIIOPTUBHOEC AP0 U T. Jl.), COITPOTUBJICHUE
BO3/lyXa BJIMSIET Ha WX JIBIDKEHUE HE3HAUYHUTENHHO. B 9TOM ciyuae ABMKEHHE TENI MOKHO paccMaTpUBaTh Kak CBOOOHOE TajieHHE.
JIumb mpu OOJIBITUX CKOPOCTSAX (CHAPSA, MyJIsl UT. J1.) COIPOTUBIEHUE BO3/yXa CTAHOBHUTCS CYIECTBEHHBIM. J[JIs JIETKUX TeJ THUIa
IMMYIITUHKHA COIIPOTUBJICHUC BO3ayXa CYIIECTBEHHO n npu MaJlbIX CKOPOCTSIX.

CBo0OoHOE TTaIcHUE - IBIKCHUE TeJa MO IEHCTBHEM CHIIBI IPUTSDKEHUS K 3eMIIe.

OcHOBHOe yTBep:KIeHHe MeXaHUKH

3aKOHBI MEXaHUKHU, KaK M BCE OCHOBHBIC 3aKOHBI (DM3HMKH, UMCIOT TOYHYIO KOJIMYECTBCHHYIO (opmy. Ho BHauame MbI
mocrapaeMcsi Ka4eCTBCHHO C(OPMYIHPOBAaTh OCHOBHOEC YTBEPXKICHHWE MeXaHWKH. Tak OyAeT Mpolle YIOBUTH TJIaBHOE
comepxanne Mexanuku HprotoHa. [locme »Toro mepeiiieM K KOJWUYECTBEHHOW (DOPMYITHPOBKE 3aKOHOB MEXaHUKH.

Bui6op cucrembl oTcdeTa. MBI yke 3HaEM, 4TO JIFO0OE JBMKCHUE CICAYET PacCMaTPUBATh IO OTHOIICHUIO K OIMPEICIICHHOM
CUCTEME oTCueTa.

B KHHEMATHUKE, T. €. IIPU ONMMCAHUN JIBUKCHUA oe3 pPacCMOTPEHUA IPUYNH €TO U3MCHECHUS, BCE CUCTEMBI OTCUCTA PaBHOIIPABHBI.
Bri6op ompeaeneHHON CUCTEMBI OTCUETA ISl PEIICHUS TOW WM MHOH 3a7aud JUKTYETCS COOOPaKEHUSIMH IeJIeCO00Pa3HOCTH H
ynobcTBa. Tak, IpH CTRIKOBKE KOCMHYECKHX Kopabiel y1o0HO paccMaTpUBaTh ABIKEHUE OHOTO M3 HUX OTHOCHTENBHO JIPYTOTO,

a HE OTHOCHUTEIBLHO 3emin.
B raBHOM paszjiene MEXaHHKH - JHHAMHKE - PaCCMATPUBAIOTCS 63AUMOOeUCMEUsl mejl, SBIIONINECS TPUINHON H3MEHEHUS
JIBHDKEHMS ITHX Tell, T. e. W3MEHEHUS X CKOpOCTEH.

BOHpOC o BBI60p€ CHUCTEMbI OTCUCTA B JUHAMUKE HE SABJIICTCA MPOCTLIM. BLI6€pCM BHa4aJIe€ CUCTEMY OTCYUETA, CBA3AHHYIO C
3€MHBIM HIAPpOM. HBI/I)KCHI/IG Tel BOIU3U MOBEPXHOCTHU 3eMin 6yﬂCM paccMaTpuBaTb OTHOCUTECJIBHO camoii 3emum.
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Uto BbI3bIBaET yckopeHue Te? Ecnu Teno, Jiexaliee Ha MOy WIK Ha CTOJIe, HAUMHAET JIBUraThCsl, TO BCETAA MO COCEACTBY
MOKHO OOHAPYKHUTh MPEIMET, KOTOPBIH TOJKAET 3TO TEJO, TSHET WK ACHCTBYST Ha HETO Ha PACCTOSHHUU (HAIPUMED, MATHUT Ha
skene3Hbld map). [TogasaTeIi Hag 3emiel kKaMeHb He OCTAaeTCs BHCETh B BO3JAyXe, a maaaeT. Hamo gyMaTh, YTO MIMEHHO JEHCTBUE
3emin TIPUBOJIAT K 3TOMY.

Bcest coBOKYMHOCTH MOAOOHBIX (DAKTOB TOBOPHT O TOM, 4TO U3MEHeHUe CKOpOcCmu mena (a 3nauum, ycKopeHnue) eécezoa
6b13bl8ACHICA 8030€iiCMBUEM HA He20 KAKUX-1udo opyzux men. Ot1a Ppasza colep KT TJIaBHOE YTBEP)KIeHHE MeXaHukn HproToHa
u BEIpakaeT TIPHHIIATL TMPUIUHHOCTH B MEXaHHUKE.

MoskeT OKa3aThCs M TaK, YTO TEJNO MOKOHWTCS WM JIBIKETCS PABHOMEPHO W MPAMOIMHEWHO, T. €. 0e3 YCKOpeHHS (a = O),
XO0TA Ha HEro u JNEeHCTBYIOT Ipyrue Tena.
Ha crone nexxut xkHura, ee yCKOpeHHE paBHO HYJIO, XOTS JEUCTBHE CO CTOPOHBI APYTUX Tea Hanuio. Ha KkHury nedcTByroT
NPUTSHDKEHUE 3eMJIM U CTOJ, HE JAIOUIMIA i mamaTh BHU3. B 3TOM ciiydae rOBOpAT, YTO JCHCTBUS YPaBHOBEUIMBAIOT (MK
KOMIIEHCUPYIOT) ApyT apyra. Ho kHUra HUKOra He MpUAeT B ABIKEHUE, HE TIOJYYUT YCKOPEHHE, €CIU Ha Hee He MOJeHCTBOBATh
PYKOI, CHIIbHOHM CTpye# BO3IyXa WM €lle KaKUM-HUOYAb cmocoooM. CKOPOCTh Tela Hukoeda He MEHSETCS, €CITU Ha HEro HUYTO
HE JIEHCTBYET.
JBukeHUe ¢ TOCTOAHHON ckopocThio. OIHAKO HE CIeAyeT OyMaTh, YTO OCHOBHOE YTBEP)KICHHE MEXaHHUKH
COBEPLIEHHO OYEBUIHO u YSICHUTh €ro HHUYETO HE CTOMT.
Ecau peiictBuii €O CTOPOHBI APYrHX TeJ HAa [JAHHOE TeJ0 HET, TO COIVIACHO OCHOBHOMY YTBEPiKIACHUI0 MEXaHUKH
YCKOpeHHMe TeJa PAaBHO HYJIO, T. e. Telo OyleT NOKOUTbCA WJIM [BUIaTbCl C IOCTOSIHHON CKOPOCTHIO.
OTOT aKT coBCeM He SABIAETCS caMo co0oi pasymerommMcs. [Toramoomcs reruit ['ammnes n HeioToHa, 9TOOB €T0 0CO3HATE.
HeroTony Benen 3a [MamiiieeM yaaaoch OKOHYATENLHO Pa3BEsATh OJHO M3 TIIyO0OYalIIMX 3a0IyXKICHHI YeIOBEUSCTBA O 3aKOHAX
IBHKCHUS TEII.
Hauunast ¢ Beukoro apeBHerpeueckoro guiaocoda ApHcToTeNs, Ha IPOTSHKCHUU MTOYTH BAIIATH BEKOB BCE OBLIM YOCKICHBI,
YTO ABUIXXCHHEC TCJia C MOCTOSIHHOM CKOPOCTBIO HYXKAACTCA IJIA CBOCT0 MOAACPIKaHUA B [[CIZCTBI/ISIX, MIPOU3BOAUMBIX Ha TCJIO U3BHE,
T. € B HEKOTOpPOW aKkTuBHOW mnpuuuHe. Cumramu, uYro ©Oe3 TakKod TMOAJEPKKH TEIO 00s3aTEbHO OCTAHOBUTCS.
OT0, Ka3aJoch, HAXOOUT IIOATBEPXKICHHE B HAIleM IIOBCEIHEBHOM ombITe. Hampumep, aBTOMOOWIBE C BBIKIIOYCHHBIM
JIBUTaTEJIEM OCTaHABJIMBAETCA U Ha COBEPIIEHHO FOPU3OHTAIBHOM nopore. To ke caMoe MOXHO CKa3aThb O BEJIOCUIIEAE, JOAKE U
TEIUIOXO/IC Ha BOJIE W JIFOOBIX APYTHX ABIDKYIIMXCS TelaX. BoT mouemy nmake B Haile BpeMsi MOXXHO BCTPETHUTD JIFOICH, KOTOPBIE
CMOTPST Ha JIBUOKCHHE TaKk Ke, KakK CMOTpen Apucrorensb.
B nelcTBUTEIBHOCTH XK€ c80000HOe meno, KOTOpoe He B3aUMOJCHCTBYET ¢ APYTHUMH TEeJIaMH, TBUKETCS BCET/Ia C TIOCTOSHHON
CKOPOCTBIO WJIM HAaXOOUTCA B IOKOe. TONBKO AEHCTBHE CO CTOPOHBI OPYTOro Teila CHOCOOHO H3MEHHTH €ro CKOPOCTD.
ﬂeﬁCTBOBaTL Ha TCJ10, ‘-ITOGI:-I MOAACPIKATEL €ro CKOPOCTH HOCTOﬂHHOﬁ, HY’KHO JIMIIb ITOTOMY, YTO B O6I>I‘IHI)IX YCJIOBUAX BCErjaa
CYIIECTBYET CONPOTUBJICHUEC IBM)KCHUIO CO CTOPOHBI 3¢MJIH, BO3ayXa Wi BoJbl. Eciin Obl HE OBUIO 3TOTO COMPOTHBIICHHS, TO
CKOpPOCTH aBTOMO6I/IJ'I$[ Ha rOPU30HTAJIBHOM IIOCCE U MTPU BBIKIIOUYCHHOM JABUTATEJIC OCTaBalaChb 6BI THOCTOSIHHOM.

Jlexnust Ne2

Tema: «BBenenune. OcHOBbI KUHeMATHKU. OCHOBBI TMHAMMKH»

1. Bompocs! nekuuu:

1.1. Cuctemsl orcuera. [Ipunuun orHocutensHocTH ["anunes. [lepsriii 3akoH HeloToHa.

1.2. BzaumoneiictBue Tei. [lpunuun cynepno3uuuu cui. Bropo#t u tperuii 3akonsl HeroToHa.

1.3. Cunbl B mpupojie: ynpyrocTb, TPEHHE, CHia TsKECTH. [ paBUTanMOHHas cuia. 3aKOH BCEMHPHOTO TSTOTECHHUSL.
HesecoMmocTs.

2. Kpatkoe coneprkaHue BOIIPOCOB

HNHepunanbHble U HeMHEPIMAJIbHBIE CHCTEMbI 0TcYeTa. /[0 cHX MOp CHCTeMy OTCYeTa MBI CBSI3bIBAIM C 3eMIICH, T. €.
paccMaTpuBaiM ABHKEHHE OTHOCHTENbHO 3eMiM. B cucreme orcuera, CBSI3aHHOM ¢ 3emiel, yCKOpeHHe Tela ompenersercs
TOJBKO  JeWCTBMEM Ha  Hero  Jpyrux Teid.  [lojoOHble  cUCTEMBI ~ OTCYETa  HAa3bIBAIOT  MHEPIHAJbHBIMH.

OnHako B IPYruX CHCTEMax OTCYETa MOXET OKa3aThCsl, YTO TEJIO MMEET YCKOPEHHE JaXke B TOM Cilydyae, KOrJa Ha Hero Jpyrue
Tena HE JIEWCTBYIOT.

B kauecTBe mpHMepa paccMOTpUM CHCTEMY OTCYETa, CBS3aHHYIO C aBToOycoM. [Ipum paBHOMEpHOM JIBMXKEHHH aBTOOyca
Haccakup MOXET He JiepKaThcs 3a MOpYYeHb, JEHCTBHE CO CTOPOHBI aBTOOyca KOMIIEHCHPYETCSl B3aUMOJEHCTBHEM ¢ 3eMileil.
[Ipu pe3koM TOpMOKEHHHU aBTOOYCa CTOSIINE B IIPOXOJIE TTACCAXKUPHI MATAIOT BIEPE/], M0JIy4dast yCKOPEHHE OTHOCHTEIIFHO CTEHOK
aBToOyca (puc.3.2). OqHaKo 3TO YCKOPEHUE HE BBI3BAHO KAKMMH-THMOO HOBBIMH BO3/ICHCTBUSIMHU CO CTOPOHBI 3€MJIM WK aBTOOYCa
HEIOCPECTBEHHO Ha IaccakupoB. OTHOCUTENHHO 3eMIIM IAaCCaXUPBI COXPAHSAIOT CBOIO IIOCTOSHHYIO CKOPOCTh, HO aBTOOYC
HA4YMHAET JIBUTATHCSl C YCKOPEHHEM, U MacCaKUPbl OTHOCUTEIBHO HErO TaKKe NBIKYTCS ¢ ycKopeHueM. OHAKO 3TO YCKOpPEHHUE
HC CBA3aHO CO BSaHMOHeﬁCTBHeM macCaxupoB C KaKUMH-JTH00 TCJIIaMH, OHO IOABIACTCA BCJICACTBHC TOro, YTO ABWXCHHEC HX
paccMaTpuBaeTCs OTHOCUTENBFHO Tella 0TcueTa (aBTodyca), IBUKYIIETOCs C YCKOPEHUEM.
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SRS Puc. 3.2 — 0
Takum o0pa3om, Korja Ha maccakupa He JEHCTBYIOT Jpyrue Tejla, OH He MOJIydaeT YCKOpPEHHE B CHUCTEME OTCYeTa,
CBSI3aHHOW ¢ 3eMJieil, HO OTHOCHTENHFHO CHUCTEMBI OTCYETa, CBSI3aHHOW CO CTEHKaMM aBTOOYcCa, JBMXKYLIETOCS 3aMEJICHHO,
Taccaxup nMeeT YCKOpEHHE, HaTpaBJICHHOE BITEpE].
To ke camoe TONyYUTCS, €CIM CBS3aTh CHCTEMY OTCUETa C Bpamjaromeics kapycemnbio. OTHOCHTEIBHO KapycelH 000
TpeaMeT, HaXOQIIIUiCs Ha 3emiie, OyIeT ONMICHIBATh OKPY)KHOCTD, T. €. OYIeT ABUTaThCs C YCKOPEHHEM, XOTSI HUKaKUX BHEITHIX
JeHCTBUH, BBI3BIBAIOIINX 3TO YCKOpEHHeE, 0OHApYXUTD HEIb3sL.
Ecmu oTHOCHTENBPHO KaKOH-HHOYIOh CHCTEMBI OTCUETa TENO ABIDKETCS C YCKOPCHHEM, HE BBI3BAHHBIM JEHCTBHEM Ha HETO
JIPYTUX TEJ, TO TAKYI0 CUCTEMY Ha3bIBAIOT HEMHePIUAJbHON. Tak, HeMHEePIMaIbHBIMHU SBIIIOTCS CHCTEMBI OTCUETa, CBSI3aHHEIC C
aBTOOyCOM, JABIKYIIMMCS 1O OTHOUIEHMIO K 3emMiie C YCKOpPEHHEM, WIM C  Bpallaloulelcss Kapycelblo.
B HemHepIMambHBIX CUCTEMaX 0TCYETa OCHOBHOEC MOJIOKECHHE MEXaHHUKH O TOM, YTO YCKOPCHHE TEJia BBI3BIBACTCS JCHCTBUEM Ha
HEro JAPYyrux TCII, HE BBIITOJIHACTCA.
BBeZ[eHO OYCHb BAXKHOC MOHATUC - MHEPIIMAJTIbHAsA CUCTEMa OTCUECTA. B Z[aﬂbHeﬁIHeM JBU>XCHHUEC TCJI MbI 6yZ[CM paccMaTpuBaTh
TOJIBKO B UHCPHHAJIBHBIX CUCTEMAX OTCUCTA.
IepBrlii 3axkoH HeloTOHA
[epBEIif 3aKOH MEXaHWKH, WIH 3aKOH WHEPIUH, KaK €ro 9acTO Ha3bIBalOT, OBLI, IO CYIISCTBY, YCTAHOBIICH eIIc
Tlamuneem. Ho o6mryro ¢popMymupoBKy 3TOT0 3aKOHa Aaid HRIOTOH M BKITIOYHII 3TOT 3aKOH B YHCIIO OCHOBHBIX 3aKOHOB MEXaHHKH.
JBuxkeHue cBOOOAHOrO Tesia. 3aKOH HHEPIIMH OTHOCHTCS K CAMOMY IPOCTOMY CIy4ar0 ABIDKCHHS - ABIDKCHHIO TeJa, KOTOPOe
HE B3aMMOJACHCTBYET C APYTUMH TelaMu. Takue Texa MBI OyZeM Ha3bIBaTh c80000HbiMu menamu. OTBETHTh Ha BOIPOC, KaK XKe
IBIDKYTCSI CBOOOTHBIC Tela, He 00pamasich K OMBITY, Helb3s1. OJJHaKO HEIb3sl OCTABUTH HU OJHOTO OIBITA, KOTOPHIHA OBl B YHCTOM
BUJIE TOKa3aJl, Kak [BIDKETCS HHM C 4YeM He B3aMMOJEHCTBYyIOIIee Telo, TaKk Kak Takux T1en HeT. Kak ke ObITh?
Nmeercs numb OAUH BBIXOA. Ha,uo NIOMCECTUTDH TCJIO B YCJIOBUA, IIPU KOTOPBLIX BJIWAHUEC BHCIIHUX BSaHMO[[efICTBHfI MOXHO
JcjJatb BCEC MCHBIIMM M MCHBIINUM, H Ha6J'IIOJIaTI), K Y€MYy 3TO BCICT. MO)KHO, Harpumep, HaGJ’IIOI[aTI) 3a ABHMXKXCHHUEM I'J1aIKOI'O
KaMHsI Ha TOPU30HTAJBbHOW MTOBEPXHOCTH, IOCJIE TOTO KaK €My cooOlieHa HekoTopas ckopocTbh. (IIpurshkeHne kamHs K 3emiie
KOMIIEHCUPYETCS JeHCTBHEM NMOBEPXHOCTH, Ha KOTOPYIO OH OIUPACTCs; Ha CKOPOCTh €ro ABMKEHHUS BIHET TOJIbKO TpeHue.) [Ipu
9TOM JIETKO OOHAPYKHUTh, YTO YeM OoJiee TIIaKOM SBIISETCSl TOBEPXHOCTh, TEM MEJJICHHEe OyJeT YMEHbIIAThCS CKOPOCTh KaMHSL.
Ha rmagkoM mpay KameHB CKOJIB3HT BECbMa JIOJTO, HE MEHSS 3aMETHO CKOpocTh. Ha OCHOBe MOIOOHBIX HAaOIIOJCHUHA MOYKHO
cHenaTh BBIBOJ: €CIM OBl MOBEPXHOCTH OBLIA HMICANbHO TIIATKOW, TO MPH OTCYTCTBHH COIPOTHBICHHS BO3IyXa (B BaKyyMe)
KaMeHb COBCEM HE MEHsNT OBl CBOCH CKOpPOCTH. JIMEHHO K TakOMy BBIBOAY TPHWIINEN BIEpBbIC [ anmiei.
HetpynHo 3ameTuTh, 9TO, KOTJ]a YCKOPEHHE Tella OTIMYHO OT HYJs, OOHapYXKHBaeTCs BO3JICHCTBHE Ha HETO NPYIHX Tl
OTcroma MOXXHO TPHHATH K BEIBOJY, YTO TENO, JOCTATOYHO YAAJCHHOE OT JAPYTHUX Tel W MO 3TOW TpHYUHE HE
B3aMMO/ICHCTBYIOIIEE c HUMH, Oyzner JIBUTATBCS c ITOCTOSTHHOM CKOPOCTEIO.
3aKoH WHEPUHMH U OTHOCHTEJIBLHOCTH JABHKEeHHs. [[BI)KCHHE OTHOCHUTEIHHO, U MMEET CMBICII TOBOPUTH JIHIIL O JABMIKCHHU
Tella Mo OTHOLICHHUIO K CHCTEMe OTCYEeTa, CBA3aHHOM C ApyruMH Teiaamu. [1oaToMy cpasy ke BO3HHMKAET BOIPOC: JIBMIKETCS JIH C
MOCTOSIHHOW CKOPOCTBIO JIF00OE CBOOOIHOE TEJIO IO OTHOIICHUIO K JIoOomy apyromy teny? OTBeT Oyaer, KOHEUHO,
oTpuuaresbHpIM. Tak, eclii MO OTHOLIEHWIO K 3emiie CBOOOJHOE TeNl0 JBHXKETCS PAaBHOMEPHO W NPSMOJMHEWHO, TO TI0
OTHOIICHHIO K Bpauaronieics Kapyceiu TEJo 3aBEZOMO TaK JIBUTaThCsI HE Oyner.
®DopmMyaupoBKa nepBoro 3akoHa Heworona. TakuM 00pazoM, HAOMIOICHNS 32 ABIDKCHHEM TE M Pa3MBIIUICHUS O XapaKTepe
9TOTO JBIKEHUSI TIPUBOJIAT HAC K 3aKITFOUSHHIO O TOM, YTO CBOOOHEIEC TeJla IBHKYTCS C TIOCTOSHHON CKOPOCTBIO MO OTHOIICHUIO
K OIpEICNICHHBIM TellaM U CBS3aHHBIM C HIMH CHCTEMaM OTCYETa, HallpUMep 0 OTHOUICHUIO K 3emiie. B 3TOM cocTouT ritaBHOE
colepaHWe  3aKOHa  WHepuuu.  [lodToMy mepewtii  3aKkoH  OuHamuku MOXeT  ObITh  cOPMYJIHMPOBAaH  TaK:
Cywecmeylom cucmembl omcuema, Ha3vleaemvle UHEPUUATLHBIMU, OMHOCUMENLHO KOMOPLIX MeNo O06UNCemcs
RPAMOJIUHENHO U PDAGHOMEPHO, eClU HA Hezo He Oelicmeylom Opyzue mena unu Oeiicmeue IMUX men CKOMREHCUDOBAHO.
DTOT 3aKOH, C OJHOI CTOPOHBI, COJEPKHUT Onpedeienue UHEPIMAILHONH cucTeMbl otcueta. C Apyroit CTOpOHBI, OH
COJICPIKUT ymeepoicoeHue (KOTOPOE € TOH WIIM MHOW CTENEHBIO0 TOYHOCTH MOXKHO MPOBEPHUTH HA OMBITE) O TOM, YTO HHEPLUAIbHbIC
CHUCTEMBI OTCYETA CYIIECTBYIOT B HeﬁCTBHTCHBHOCTH. HepBBH\/'I 3aKOH MEXaHUKHU CTAaBUT B OCO6OC, MMPUBUIIETUPOBAHHOC
TMOJIOKEHNE NHEPIUATIBHBIC CUCTEMBI OTCUETA.
Cuiaa
OCHOBHOE YTBEpK/ICHHE MEXaHUKH COCTOHUT B TOM, YTO YCKOPEHHS TeJl ONMPEACIIIOTCS NeHCTBUAMH UX APYT HA ApyTa.
KonmdecTBeHHYI0 Mepy ACUCTBHS Tel APYT Ha Opyra, B Pe3yJbTaTe KOTOPOrO Telia MOJYYar0T YCKOPCHHS WM HCIBITHIBAIOT
neopManunio, HA3hIBAIOT B MEXAaHUKE CHIIOW. DTO TOKa €mle KadyeCTBEHHOE, HEJIOCTATOYHOS JJIS TaKOW TOYHON HAyKH, Kak
¢usnka, oTpeieIICHHE. BBems  ero, MBI  pacWwiCHWIHM  TJIABHOE  YTBEP)KICHHE  MEXaHUKM  Ha  JBa:
1) yckOpeHHUs T BBI3BIBAIOTCSI CHIIAMU;
2) cuitbl 00yCIIOBIICHBI ISHCTBUSAMU Ha JJaHHOE TEJIO APYTHX TeJl.
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ITonsiTHEe CHJIBI OTHOCHTCS K ABYM TeJIaM. C camoro Hayaja HYXXHO OTYCTJIMBO IMPCACTABUTH 0666, YTO IIOHATHUC CHJIBI
OTHOCUTCS UMCHHO K IBYM T¢€JIaM, 4 HC K OAHOMY. BCCI‘,Ha MOJXKXHO YKa3aTb T€J0, Ha KOTOPOC HCﬁCTByeT Ccuja, 1 T€JI0, CO CTOPOHBI
KOTOpPOro oHa I[eﬁCTByeT. TaK, CHJIa TS2KCCTHU HCﬁCTByeT Ha KaMCHBb CO CTOPOHBI 3€MJ'II/I, a Ha [apuk, HOHBGHIGHHLIﬁ Ha MpYy>XHUHEC,

JeHCTByeT cuia YOpYyTOCTH co CTOPOHBI MPY>KAHBL
Cuia mMeeT HampasiieHHe. Tak, CHiIa yIIPYTOCTH PacTIHYTOH IPY>KUHBI IEHCTBYET BIOJIH ee ocH. Crila TpeHHsI OCTaHABINBACT
CKOIIB3AIIYIO o h11:91 4% a0y u HampaBJeHa TIPOTHB CKOpOCTH ee JIBIDKCHUS.
Cuna - 8EKMOPHAA BeNUYUHA.
CpaBHenne cuii. [ KOJMYECTBEHHOTO OIIPENENICHUS CHJIBI MBI JIOJDKHBI YMETh €€ M3MepATh. TOJBKO MPH ATOM YCIIOBHH
MOJKHO TOBOPHUTH 0 cuie KaK 00 oTpeneIeHHON (hU3NIECKOH BeTIMIHHE.

Ho Benp neiicTBHS Ha AaHHOE TENO MOTYT OBbITH CaMBIMH Pa3HOOOpa3HbIMH. UTO 00mIero, kazainoch Obl, MEXIy CHIIOH
nputsokeHus 3emiu kK CoJHIYY U CHIIOH, KOTOpasi, IPeoaoseBast TArOTEHUE, 3acTaBIsIeT IBUTAThCs pakeTy? W Mexay 3TUMU
JBYMsS CUJIaMH M CHJIOH, CXKUMarOIeil M4 B pyKe, OIpeaessieMoil COKpalleHneM Myckyn? Beab OHU COBEpIIEHHO pa3IMyHBbI 110
cBoeil mpupone! MoOXHO 1M TOBOPUTH O HHUX KaKk O 4YeM-TO (M3MYECKH pOJACTBEHHOM? MOXHO 1M CpaBHUBaTh HX?

Korga gyenoBex He MOMKET MOJHATH TSDKEIYIO Belllb, OH roBoputT: «He xBataer cumy». IIpu 3TOM, B CYIIHOCTH, NPOUCXOIUT
CpaBHEHHE JIBYX COBEPILICHHO pa3HBIX MO CBOEH MpUPOJE CHII - MyCKYIbHOM CHIIBI U CHIIBL, C KOTOPOI 3eMJIsi MPUTATHBAET 3TOT
npenmer. Ho ecny BBl MOJHSIM TSDKENBIA MPEAMET W AEPKUTE €T0 Ha BECy, TO HMYTO HE MENIAET BaM yTBEPXKIaTbh, YTO CHIIA,
JEHUCTBYIOIIAst HA TEJIO CO CTOPOHBI BAIINX PYK, II0 MOJYJIO paBHA CHJIE TSDKECTH. DTO YTBEP)KACHHE, IO CYIIECTBY, H SIBIISETCS
OTIpeeTICHIEM paBeHCTBa cuI B MEXaHHKE.

Jee cunvt nesagucumo om ux npupoobl CUUMAIOMCA DPAGHBLIMU U RPOMUGONOSIONCHO HANPAGIECHHBIMU, €CAU UX
00HO6peMenHnOe  Oelicmeue HA MeN0 He MeHAem €20 CKOPOCTH (T. €. He CooOIaeT Telly YCKOPEHHE).

OT0 ompeneneHne MO3BOJACT U3MEPATh CUIIBI, €CIH OJIHY U3 HUX MPHUHATH 32 €IUHHUIY U3MEPECHHUS.

Cps3b MEXKIY YCKOpEHHeM H CHJION.
Ecnu Ha Teno oJHOBpEeMEHHO JeHCTBYIOT HECKOJIBKO CHUJI, TO YCKOPEHHE Tena 0yeT MPONOPIMOHAIbHO T€OMETPUUYECK Ol cymMMe
BceX ATUX cwil. Haue roBops, ecinu:
-

e : > >
F=F +F,+..+F, (3.2)
-> -
o~ F.
OTO MOJIOKEHUE MHOTJA HA3bIBAIOT NPMHLUMIIOM CyNepno3uuuu (Hauo:keHus) cuj. OTMETUM, YTO NEHCTBUE KaXAOH CUIIBI HE
3aBUCHUT OT HAJTUYHS JPYTHX CHIL
Macca. [Ipssmast mpomTOPIIOHATFHOCTh MEXKAY MOIYJISIMH YCKOPSHHS U CHIIBI O3HAYAET, YTO OTHOIICHUE MOIYIIS CHIIBI K
MOJYJII0 YCKOPEHHS SBIACTCS TIOCTOSHHON BETUINHON, HE 3aBUCSIICH OT CHIIBL:

= = const.
a
Benmnuuny F/a, paBHYIO OTHOIICHHIO MOIYJS CHIBI K MOIYJIIO YCKOPEHHS, Ha3BIBAalOT MACCOM (TOUHEe, HHEPTHOI
Maccoii) Tea.

Macca - ocHOBHasi TUHAMHUYECKas XapakTEepHUCTHKa Tella, KOJIWYECTBEHHAss Mepa €ro MHEPTHOCTH, T. €. CIIOCOOHOCTH Tema
npuoOpeTaTh ONPEACICHHOS YCKOpPEHHE MO ACHCTBHEM cuiibl. UeM Oosbliie mMacca Teja, TeM OOJbIIe €ro MHePTHOCTh, TeM
CJIOKHEE BBIBECTH TEJI0 M3 TMEPBOHAYAILHOTO COCTOSIHHSA, T. €. 3aCTaBUTh €ro JIBUTaThCs, WU, HAa0OOPOT, OCTAHOBHUTH €TrO
IBUXCHUE.

Bropoii 3akon  HbloToHa. Beass moHsTHE  Macchl, CHOPMYyIHpPYyeM  OKOHYATENLHO émopoil 3akoH  HploToHa:

Yckopenue mena npamo nponopyuonanvno cune, oOelicmeyloujell Ha He20, U OOPAMHO NPONOPUUOHATLHO €20

+ _F
a = -
Mmacce: m

Orta (dopmyna BbIpakaeT OJWH U3 CaMbIX (DYHIAMEHTaIbHBIX 3aKOHOB MPUPOJBI, KOTOPOMY C YAMBHUTEIHHOM TOYHOCTHIO
MOJUUHSCTCA NBIKCHHE KaK TPOMAIHBIX HEOECHBIX Tell, TaK W MeJbYaimux mecynHOK. C MMOMOIIBI0 3TOT0 3aKOHAa MOXKHO
paccunTaTh OBIDKCHHE TIOPIIHA B IIMUIMHIPE aBTOMOOWIIS W CIIOKHEHIIHME TPAaeKTOPHH KOCMHYECKHUX KopaOiei.

Jdns  pemieHus 3ama4y = MBI OOBIYHO  TOJB3yeMcs  JAPYrod  QGopMyIHMpoOBKOW  BTOporo 3akoHa  HproToOHa.

Ilpou3zeedenue maccel mena Ha yCKOpeHUe PaeHO CymMme 0eliCmEYIOUUX HA MeNo CUl:

l v — => = r
ma=F,+F,+ F,+ .... (3.3)

yBepeHHOCTL B CIIPpAaBCAJIMBOCTHU BTOPOT'O 3aKOHA HproToHa BBITEKAET HE CTOJIBKO W3 OTACJIBbHBIX OIIBITOB, HA OCHOBAaHUH

KOTOPBIX YHAACTCA HOﬂOﬁTH K (I)OpMyJ'II/IpOBKC OTOro 3aKOHa, CKOJIbKO M3 TOro, 4TO0 BCC BBITCKAKOIIWEC H3 HEro CJICACTBHA,

IMPOBEPACMBIC KaK CHElHHaJIbHBIMU OIIbITaMH, TaK H BCEHl UEeJIOBEYECKOMH HpaKTHKOﬁ, OKa3bIBaOTCsA IIpaBUJIBHBIMHU.
>

(F

3aMeTI/IM, YTO €CJIH Ha TCJIO HE HeﬁCTByIOT CUJIbI WJIM UX CyMMa paBHa HYJIIO = ()), TO OTHOCHUTCIBHO HHCpHHaJ’IBHOﬁ
>

cuctempl orcuera (4 = 0 H, CIIe0BATEIBHO, & ( ()“ht-. OpmHako 3TO HE O3HAYaeT, YTO MEpBHIN 3ak0H HrploTOHA ecTh
cnencteue BToporo. Ilepsbiil 3akoH HbproTOHA ycTaHaBIMBAET CyLIECTBOBAHUE MHEPLUAIBHBIX CUCTEM OTCUETAa, & UMEHHO TaKUX
CUCTEM, B KOTOPBIX CIIPAaBEIJIMB BTOPOU 3akoH HploTOHA.
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Tpetnii 3axkon HeroTona

B tpersem 3akoHe HproToHa hopMymupyercss ogHO 00Iee CBOMCTBO BCEX CHJI, PACCMATPUBACMBIX B MEXaHHKE: JIFO00C
JIEHCTBUE TeNl APYr Ha Apyra HOCHT XapakTep e3aumoolericmeusi. ITO O3HAYAeT, YTO eCIAu Tello A JeHCTByeT Ha Telo B, To H
Teno B JIEUCTBYET Ha TEIo A.
B3aumopneiicrBue Tei. I[lpuMepoB B3aMMOICHCTBHS TEN W COOOIICHHUS WUMH JAPYT APYTy YCKOPEHUH MOKHO TPUBECTH CKOIb
yromHo MHoro. Korna Bel, Haxomsch B OJHOW JIOJIKE, HAWHETE 3a BEPEBKY MOATATHUBATH APYIYIO JIOAKY, TO M Ballla JIOJKa
o0s3aTensHO OyneT nBurathes Buepen (puc.3.11). JIeficTBys Ha IpyTYIO JOJAKY, BB BEI3bIBAcTE €€ ACHCTBHE HA JOAKY, B KOTOPOH

HaXOJIUTECh.

Puc. 3.11
Ecmu BEI yaapure HOTOM 110 (bYT6OIIBHOMy MAYY WIA TOJKHETC IUICYOM TOBapHIla, TO OIYTUTC 06paTHO€ Z[QﬁCTBPIG Ha
HOTY I TJIEYO. Bcee 9TO - IIPOSABJICHUA 3aKOHa BSaHMOHBﬁCTBHH TCII.

JleiicTBus Ten Ipyr Ha Apyra HOCST XapaKTep B3aUMOJIEHCTBUS HE TOJIBKO IIPU HETIOCPEACTBEHHOM KOHTakTe Tenl. Ilomoxure Ha
TJIIKUE CTOJ JIBa CHJIBHBIX MarHuTa PasHOMMEHHBIMH IOJIOCAaMH HABCTpEUy APYT APYTY, U BBl TYT K€ OOHApYKUTE, YTO OHU
Ha4YHYT JIBUTATHCS HaBCTpEYy Ipyr Jpyry.

H3meHeHus1 ckopocTell 000MX B3aMMOJCHCTBYIOIIUX TeJ JIETKO HAOJIIOJAIOTCS JIMIIb B TE€X CIydasX, KOTJa MacChl 3THUX Tell
MaJio0 OTIMYAroTCs ApPYr oT Apyra. Ecimm ke B3amMozeHCTByoLIME Tejla 3HAUUTENBHO Ppa3MYaloTcs 110 Macce, 3aMETHOE
YCKOpEHHE TI0JTy4aeT TOJIBKO TO M3 HUX, KOTOPOE UMEET MEHBIIYI0 Maccy. Tak, Ipu NMaAeHNH KaMHS MBI BHIUM, YTO KaMeHb C
YCKOPEHHEM JIBIDKETCS, HO YCKOpEHHE 3eMIIH (2 Bellb KaMEHb TOKE NMPUTATUBACT 3eMITI0!) IPaKTHIeCKH 0OHApYKHUTh HEIb3sI, TaK
KaK OHO OY€Hb MaJIo.

Tpernii 3aKO0H HbroToHa.
Cuniel, ¢ Komopvimu mena Oeiicmeyiom Opy2 Ha 0py2a, PaAgHbl RO MOOYAAM U HANPAGIEHbl N0 OOHOU NPAMOU 6
RPOMUEONOJIONCHDIE Cmoponul.

Ecnu Ha Teno A co cTOpoHHI Tena B neiicTByer cuia F-\, (puc.3.13), To OTHOBpEMEHHO Ha TeJo B co CTOpPOHHI Tena A Oyner
Al

neiicteoBath cuna © 8, mpudem
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Puc. 3.13

Hcnonb3ys BTOpoit 3akoH HproTOHA, paBeHCTBO (3.6) MOXKHO 3amucaTh TaK:
m,a, = —m,a,. (3.10)

OTCIOI[a CJICAYET, YTO
a, my ¢

= ——= = const, (3.11)
a, m;

- -->

. a, da. .
T. €. OTHOIIEHHE MOJIYJIei YCKOPEHUH | U £ B3aUMOJEHCTBYIOMIMUX JAPYT C APYrOM TeJl 0OPATHO IPOTIOPIHOHAIBHO UX
Maccam.
Cuuibl B3aMMOJICUCTBHS IBYX TEJ - CHIIbI OJIHOW (DU3UUECKOM IPUPOIBI, BpEMs MX JEHCTBUS OJAMHAKOBO, HO OHU ITPUIIOKEHBI K
pa3HBIM TeNaMm, CJIeIOBAaTEeNbHO JEHCTBHE MEPBOTO Tejla HA BTOPOE HE MOXKET OBITh CKOMIICHCHPOBAHO JICHCTBHEM BTOPOTO Telsa

Ha TIepBoe.
Hpuanun  oTHOcUTEdbHOCTH. Ha  ocHOBaHmM HaOMONEHWH MOXHO  CHOPMYIHPOBaTH OJWH U3  CaMBIX
(hyHIaMEeHTAITEHBIX 3aKOHOB MIPUPOABI - npuHYuUn OMHOCUMENTLHOCHIU:

Bce mexanuueckue npoueccel npomekarom — 00UHAKOBO 60  6CeX  UHEPUUAIbHBIX  CUCHeEMAX  OmcHYemd.

DTO yTBEpKJeHNE M3BECTHO KAaK MPHUHIIMII OTHOCUTEILHOCTH B MeXaHUKe. Ero ele Ha3bIBarOT MPUHIIUIIOM OTHOCHTEIBHOCTH
T"anunes.

He HyXHO nymaTh, YTO BBINOJHEHWE NMPUHIIUIA OTHOCUTEILHOCTH O3HA4YaeT MOJHYI0 TOXKAECTBEHHOCTh JBHUYKEHUSI OJHOTO U
TOTO € TeJla OTHOCUTEIHHO Pa3UYHBIX MHEPIMATBHBIX CHCTEM OTcueTa. TOXIEeCTBEHHBI JIMIIh 3aKOHBI TUHAMUKHA. 3aKOHBI
JIBWDKEHUS TEJT OINPEIEIISIIOTCS HE TOJBKO 3aKOHAMH AMHAMUKH, HO U HAaYaJIbHBIMM CKOPOCTSIMH M HayaJbHBIMU KOOpAMHATaMU
Teld. A HadJaJbHbIE CKOPOCTH W HAYalbHBIE KOOPJIWHATHI JAHHOTO TeJla OTHOCUTENIBHO PAa3HBIX CHCTEM OTCYETa Pa3IHYHBEI.

Tak, kameHp OyIeT MajaTh OTBECHO, €CJIM €ro HadalbHas CKOPOCTh paBHA HYJIO IO OTHOIICHHIO K 3emiie. B paBHOMepHO
JIBIDKYIIEMCSI TT0€3]Ie KaMEHb Takke OyNeT MajaTh OTBECHO IO OTHOIICHHIO K CTCHAM BaroHa, €CIM HadalbHas CKOPOCTh KaMHS
MO OTHOIICHHIO K TI0e3y paBHa Hyr0. Ho, ¢ Touku 3peHuns HaOmonaTens Ha 3eMiie, KaMeHb, ITaJaroIlui OTBECHO B Ioe3e, OyaeT
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JaBHUTaThCs 1o mapabone (puc.3.15, 3.16). [leno B TOM, YTO HadaJbHas CKOPOCTb KaMHS IO OTHOLICHHIO K CHUCTEME OTCYETa,
CBsI3aHHOH C 3eMJiel, OTIIMYHA OT HYJs X paBHA CKOPOCTH MOE3/a.
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Puc. 3.16

OTKpBITHE TPUHIUIIA OTHOCHTENHFHOCTH - OJHO M3 BEIWYAHIINX IOCTIDKEHHH YeloBedeckoro pasyma. OHO OKa3aloch

BO3MOJKHBIM JIMIIb TIOCIIE TOTO, KaK JIIOAW TOHSIIH, 9TO HU 3eMirsl, HU COJIHIIE HE SBJISIOTCA IIEHTpOM BceneHHo.

Cuuanl B npupope. I'paBUTallMOHHBIE CHJIBI

Brrsacaum CHauaja, MHOTO I BUJIOB cul CYIIECTBYET B IPUPOJIE.
Ha nepBbIif B3I KakeTcsl, YTO MBI B3SUIMCh 32 HEMOCWJIBHYIO M HEpa3pelIuMyIo 3aauy: Tel Ha 3eMJie U BHE ee OECKOHEUHOe
MHOXkecTBO. OHM B3aUMOJCHCTBYIOT Mo-pa3sHoMy. Tak, HalpuMep, KaMeHb MaJaeT Ha 3eMJI0; 3JEKTPOBO3 TSHET MOe31; Hora
¢yrOomicTa yaapser mo Msdy; HoTepras o MeX 300HHTOBAs IMAJIOYKA MPUTATHBACT JIETKHE OYMaXKKH, MarHUT IMPUTITUBAET
JKeJIe3Hble OIMJIKM; IMPOBOJHHMK C TOKOM IIOBOpPAuMBAaeT CTPENKy KoMIlaca, B3aumojeicTByroT JlyHa m 3emisi, a BMecTe OHHU
B3auMozeicTByoT ¢ ConHIEM; B3aUMOJEHCTBYIOT 3BE3[bl W 3BE3JHBIC CHCTEMBI M T. 1. I[IolOOHBIM mpuMepam HET KOHIIA.
IToxoxke, dYro B mpuUpoOAE CyHIECTBYeT OECKOHEYHOE MHOXKECTBO B3amMmopeicTBuii  (cmwm)? OxaspiBaercsi, Het!
Yeroipe THNA cHJI. B 6e3rpannyHbIX npocTopax BeeneHHoH, Ha Hamiel miaHeTe, B JIIOOOM BEIECTBE, B )KUBBIX OpPraHU3Max, B
aToMax, B aTOMHBIX sJIpax U B MHPE JIEMEHTAPHBIX YaCTHIl Mbl BCTPEUAEMCS C MPOSBICHUEM BCETO JIHIIb YETHIPEX THIIOB CHIL:
TPaBUTALIMOHHBIX, JIEKTPOMAarHUTHBIX, CHUIIBHBIX (sImepHBIX) u c1a0BIX.
I'pasumayuonnvie cunvl, UINA CUNBI BCEMUPHOTO TATOTEHHS, JEUCTBYIOT MEXAY BCEMH TEIAMH - BCE Tela NPUTATUBAIOTCSA APYT
K npyry. Ho 310 mpuTsbkeHne CyIieCTBEHHO OOBIYHO JIMIIL TOTJA, KOTAA XOTS Obl OJJHO U3 B3aUMOJEHCTBYIONIMX TEN TaK Ke
BeJMKO, Kak 3emus  wiu  Jlyma. Muawe 3TM  CHABI  CTOJB  Majbl, 4YTO HMMH  MOXHO  MpeHeOpeub.
DJIEKTPOMAarHUTHBIE CiIbl NEUCTBYIOT MEXKIY YaCTHLAMH, UMEIOLIMMH dieKTpuueckue 3apsapl. Cepa nx AeHCTBUS OCOOCHHO
o0mupHa U pasHooOpa3Ha. B aTomax, MoyeKkynax, TBEpPAbIX, KMAKMX M Ta3000pa3HBIX TellaX, >KUBBIX OPraHU3Max HMEHHO
3JIeKTPOMarHUTHbIE CHJIBI SIBIISIIOTCS TJIaBHBIMU. Benuxka ux poib B aToMax.
OOmactp OEHCTBHSA sI0epHbIX cuil O4eHb orpaHudeHa. OHM 3aMETHBI TOJIBKO BHYTPH aTOMHBIX sAnep (T. €. Ha PacCTOSHHUIX
nopsaaka 10713 cM). Yike Ha pacCTOAHMAX MeX Ty YacTUIAMH mopsaaka 107! cM (B TeIcsSy pa3 MeHBIIMX pa3Mepos aToma - 10 cm)
OHHU HE MPOSIBIISIIOTCS COBCEM.
Crabvie 63aumodeiicmeuys POSBISAIOTCA HA €lle MEHBIIMX paccTosHusaX, mopsaka 1075 cm. OHM BBIBIBAIOT B3aMMHBIE
NPEBpAlllCHUs JJIEMEHTApHBIX YaCTHL, ONPEJENSIOT PaJUOaKTUBHBIA pacmajx snep, peaknud TepMOSAECPHOTO CHHTE3a.
SnepHble cUIIBL - camble MOIIHBIE B MpUpOfe. EcIM MHTEHCHBHOCTH SAEPHBIX CHJI NPHUHATH 3a €AMHUIYy, TO HHTEHCHBHOCTb

5JIEKTPOMArHUTHBIX ¢l coctaBur 102,  rpapuramuonmbix - 10%,  cmabeix  B3aumopeiictuit - 1071°,
CunbHble (S€pHBIE) M CIa0ble B3aUMOAEHCTBHUS IIPOSABISAIOTCA HA TAKMX MAallbIX PACCTOSHMAX, KOTAA 3aKOHBI MEXaHHKH
HbroToHa, a c HUMH BMeECTe u MTOHATHE MeXaHUYeCKOi CHUIBI TEPSIOT CMBICIL.

B MEXaHHKE MBI 6y)1eM paccMaTpuBaTh TOJIBKO I'paBUTALITMOHHBIC n QJICKTPOMArHuTHbLIC BSaPIMOL[efICTBHSI.
Cuibl B Mexanuke. B Mexannke 0ObIYHO UMEIOT JCJI0 C TpEMSA BUJAaMU CUJI - CUJIAMU TATOTCHUA, CUJIaMHU YIIPYT'OCTU U CUJIaMU
TpEHHUS.
Cuutel yIpyrocTd ¥ TPEHUsI IMEIOT JICKTPOMAarHUTHYIO IpUpory. Mbl He OyzeM 3/1eCh OOBSICHATH MMPOUCXOXKICHUE STHX CHII, C
MOMOIIIBIO OIBITOB MOKHO OyJIeT BBISICHUTH YCJIOBHS, NMPU KOTOPHIX BO3HMKAIOT 3TH CHJIBI, M BBIPa3UTh MX KOJHMYECTBEHHO.
B nipuposie cymecTByIOT 4eThIpe THIa B3aMMOAEHCTBUS. B MexaHNKe n3y4yaroTcsi IpaBUTALIOHHBIE CHJIBI M JIB€ Pa3HOBUIHOCTH
3JIEKTPOMArHUTHBIX CHJI - CHIIBI YIIPYTOCTH W CHJIBI TPEHHSI.
Cuibl BCEMHPHOT'O TATOTEHUS
Panee moapo6GHO TOBOPHIIOCE O TOM, YTO 3€MHOW Iap COOOINAET BCEM TejaM y MOBEPXHOCTH 3€MJIHM OJHO U TO XKe
YCKOpEHHE - YyCKOpeHue cBoOoaHoro maaeHus. Ho ecnu 3eMHOM map coobmiaer Teiay YCKOpEHHE, TO COTJIACHO BTOPOMY 3aKOHY
HeroToHA OH AEHCTBYET Ha TEJIO C HEKOTOPOW CHIION. DTy CHITy HAa3bIBAIOT CHJION TszkecTH. CHavaja HaiiieM 3Ty CHIIY, a 3aTeM H
paccMoTpUM CUITY BCEMUPHOTO TATOTECHUS.
YcKkopeHne o MOIYIIO OTPEAEIIeTCs U3 BTOPOTo 3aKkoHa HproToHa:
a=—.
m
B obmiem citydae oHO 3aBUCUT OT CHJIBI, ICHCTBYIOIIEH Ha TENO, M €T0 MAcChl. Tak Kak YCKOpPEHHe CBOOOHOTO TaICHHUS
HE 3aBHCUT OT MaccChl, TO CHO, YTO CHJIA TSDKECTH JOJDKHA OBITH MPOMOPIIMOHATIFHA Macce:
S |

f;: mg,;, (4.1)
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e é - IOCTOsSITHHAA 11 BCECX TCJI BCIMYHHA. Torz[a, TOJACTABIAA 3TO BBIPAXKCHHUE IJISA CHJIBI TAXECTH BO BTOPOU 3aKOH
_mg
HL}OTOHa, TIoJIydyacm JIISL BCEX TCII: m ’ . qTO HaXOOUTCs B IIOJTHOM corjiacun C OIIBITOM.
HY)KHO TOJIBKO IIOMHHUTH, 4YTO CHUJIa TAXKCCTH, IleﬁCTBYIOHlaH Ha JaHHOC TECJI0 BONIM3H 3€MJ'II/I, MOXKET CUHUTATHCS ITOCTOSHHOM
JIMIIIb Ha OHpeﬂeﬂeHHOﬁ IMUPpOTEC Y MOBEPXHOCTHU 3emau. Ecnmu teno IIOAHATh MK ICPEHECTU B MECTO C [[pyl"Oﬁ HII/IDOTOﬁ, TO

YCKOpEHUE CBO60,HHOFO maacCHuA, a CJICO0BATCIIbHO, u cuia TAXKCCTH HU3MCHATCA.

Ha ochoBe (,’popMyan = IME moxuo yKa3aTh MPOCTOW M MPAKTHYECKH YTOOHBI METOM H3MEPEHHsS MacC Tel IMyTeM
CpaBHEHHsI MacChl JAaHHOTO Tella C STAJOHOM eIMHUIBI Macchl. OTHOIICHWE MAaccC BYX TN PaBHO OTHOUICHHIO CHJI TSKECTH,
JIEHCTBYIOILMX HA TEJa:

my F, 4.2)
Mo I &
DTO 3HAYMT, YTO MACCHI TEI OJMHAKOBHI, €CIIM OJWHAKOBBHI JCHCTBYIOIIMEC HAa HUX CHIBI TsHKeCcTH. Ha 3TOM OCHOBaHO
oTIpe/IcNICHUE MAacC IyTeM B3BEIIMBAHUS Ha TPYXKUHHBIX WM PhIYaXHBIX Becax. JloOMBasch TOTO, 4TOOBI CHjla JaBJICHUS TeJla Ha
YaIKy BECOB, paBHAsI CHJIE TSKECTH, IPIJIOKEHHOH K Tely, ObUIa ypaBHOBEIICHA CHIION AAaBJICHUS I'MPh Ha IPYTYIO YaIIKy BECOB,
PaBHO# cuiie TSHKECTH, MPUIIOKEHHON K THUPSM, MBI TEM CaMbIM OTpEAEIsieM Maccy Tela.
3aK0H BCEMHPHOT0 TATOTEHUS
MOo>kKHO JHUIIL AOTaIbIBATHCS O BOJTHEHHH, OXBaTHBIIEM HbIOTOHA, KOTJ]a OH MPUIIEN K BEIMKOMY pe3ybTaTy: OJHA U Ta
Xe HpI/I'-II/IHa BBI3bIBACT SBJICHUSA nopaanTeano LHI/IpOKOFO JAuara3soHa - OT MaaCHUus 6pOIlI€HHOI‘O KaMHs Ha 3CMJ'IIO 0 OBUXCHUA
OI‘pOMHI)IX KOCMHUYECCKUX TCII. HLIOTOH HanIea 3Ty HpI/I'-II/IHy U CMOI' TOYHO BblpaSI/ITI) €€ B BUIC O[[HOﬁ (bOPMyJ'H)I - 3aKOHa
BCECMHUPHOI'O TSATOTCHUS.
Tak xak cuia BCEMHPHOTO TATOTSHHS COOOMIAET BCEM TelaM OJHO M TO K€ YCKOPCHHE HE3aBHCHMO OT UX MAcChl, TO OHA

JIOJDKHA OBITH TIPOTIOPIIHOHAIEHA MAcCe TOTO Tela, Ha KOTOPOE NeHCTBYET:

- cm

P (4.4)

Ho mockonbky, Hampumep, 3emiis jaeicTByeT Ha JIyHy C cuioi, mpomnopiuoHanbHou Macce JIyHbl, To u JlyHa mo
TpeTheMy 3aKoHYy Hbl0TOHA JODKHA TEHCTBOBATh Ha 3eMITIO C TOM ke CcHIIoH. [IprdaeM 3Ta cuiia JoibKHA OBITh IPOMOPITHOHATbHA
Macce 3emin. Eciii cuima TATOTEHUS SABISCTCS NEHCTBUTEIBHO YHUBEPCAIHLHOM, TO CO CTOPOHBI JAHHOTO Tella Ha JIto0oe apyroe
TEJO0 JO/HKHA NEHCTBOBATh CHJA, MPOIMOPIHOHANIbHAS Macce 3Toro Apyroro tena. CiaeaoBaTeabHO, CHIa BCEMUPHOTO TATOTESHUS
JIOJDKHA OBITH TPOTIOPIIMOHATRHA MPOU3BEACHUIO MacC B3aUMOJEHCTBYIOMHUX Ten. OTciofa BEITEKaeT (HOPMYITHPOBKA 3aKOHA
6CEMUPHO20 maA2OMmenHusn:

Cuna 63auMH020 RpuUmMANCEHUs O08YX Mel RPAMO HPONOPUUOHAILHA NPOU3EGEOCHUI0 MACC IMUX Mel U 00paAmHO
RPONOPUUOHANLHA KEAOPANMY PACCIOAHUA MENHCOY HUMU:

mym, (4 5)

F=G—/=.
Koaddpunment IPONOPLUHUOHATBHOCTH G Ha3bIBAETCA FPABUTALIMOHHOM MOCTOSIHHOM.
I'paBuTanioHHasl MOCTOSHHAS YKMCIEHHO paBHA CHJIE NPUTSDKCHUS MEXAY ABYMsI MaTepHajdbHBIMH TOYKaMH Maccoi 1 kr
KaXIas, €CIM paccTOSHHE MeXAy HuUMH paBHO 1 M. Bemp npumy=m;=1 xr mR=1 M mnomydaem G=F(4iCIE€HHO).
HyxHO MMeTh B BUIy, YTO 3aKOH BCEMHPHOTO TATOTEHHs (4.5) Kak BCeOOUIMH 3aKOH CIPAaBEIJIMB JUIl MATEPHAIbHBIX TOUEK.
IIpu 3TOM CHIIBI TPaBUTAIIMOHHOTO B3aMMOJICHICTBHS HAIIPABJICHBI BIOJIb JIMHUHU, COSAUHSAIONMEH 3TH TOUKH (puc.4.2). IlogobHoro

PpoJia CHUJIbl Ha3bIBAIOTCA HEHTPAJIbHBIMU.
my my
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Puc. 4.2
MoXHO HOKa3aTh, YTO OJHOPOAHBIC Teyla, MMeromue (GopMy mapa (ake ecin WX Helb3sl CUMTaTh MaTepHaIbHBIMHU
TOYKaMH), TAK)KE B3aMMOJCHCTBYIOT C CHIIOH, onpeaensieMoil popmyoii (4.5). B atom ciydae R- paccTOSHHE MEXKIy HECHTPaMH
mapoB. Cuibl B3aMMHOTO TNPUTSDKEHHUS JISKAT HA TPSIMOM, NMpOXoAasiied uepe3 HEeHTpHl mapoB. (Takue cuibl M Ha3bIBAIOTCS
HeHTpaIbHBIMK.) Tena, majgeHne KOTOPBIX Ha 3eMIII0 MBI OOBIYHO paccMaTpHUBacM, MMEIOT pa3Mepbl, MHOTO MEHBIINE, YeM
3eMHOU pammyc (R=~6400 xm). Takue Tema MOXKHO, HE3aBUCHMO OT HX (DOPMBI, pacCMaTpUBATh KaK MaTepHUAIbHBIC TOYKUA U
OTIPeNIeNATh CHIIY MX MPUTHKEHUSA K 3eMiie ¢ IOMOIIBI0 3akoHa (4.5), nMest B BUAY, 9TO R €CTh pacCTOSHUE OT JaHHOTO TeJa A0
HeHTpa 3emiu.
U3 onbITOB GBLIO HOYYEHO CIIEAYIONIEe 3HAYE€HUE UL IPABUTALMOHHON TOCTOSHHOIM:
G=6,67-101" H - m?/kr?.
Cuna tsuxectn 1 Bec. HeBecomocTb. CHIIBI YIPYTocTH
W3 paBeHCTBa yCKOpeHHH, cooOmaeMbIx 3emiieli BCeM TellaM, BBITEKAeT BO3MOXKHOCTH ITOSIBJIICHHSI COCTOSIHUS
HEBECOMOCTH npu cBOOOTHOM MTAICHUH TeJL.
[IpencraBum cebe B3MBIBarOImMi BBepx camosieT. OH W HaXOJAIMIMECS B HEM JIFOIH U IIPEIMETHI HMEIOT OJIHY U Ty K€ CKOPOCTb.
Ecmu 651 B HEKOTOPBIHf MOMEHT B3aMMOAEHUCTBHE CaMOJIETa C BO3AYXOM IPEKPATHUIIOCH, TO OH CaM, JIFOAX U BCE MPEAMETH BHYTPH
HEero Havajau Obl CBOOOIHO MMajaTh, IBUTASCH C OAHAM M TE€M )K€ YCKOPEHHEM, HAIpPaBJICHHBIM K HEeHTpYy 3emin. VX nBrmkeHue
MPOUCXOMIIO OBl IO OJAMHAKOBBIM Iapadoiiam.
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BoT npu 3TOM U HACTYIAeT COCTOSIHUE HEBECOMOCTH: MalacT MWIOT B KAOWHE, C TEM KE YCKOPCHUEM MAJIAI0T CTCHEI, ITOJ
U TIOTOJOK KaOWHEI. B pe3ynpraTe 4eloBeKk OyAeT CBOOOJHO MAPUTH HAJ IOJIOM, He OKA3bleasi OasleHus Ha OKPYKAaIoIIHe
MPEMETHL
MHOTOKpaTHO TPOJIENBIBAN OIBITEL, B KOTOPHIX CO3/IaBAIIOCH COCTOSHHIE HEBECOMOCTH. Hampumep, caMmoiieT pasroHsercs H,
Ha4YMHAS ¢ HEKOTOPOT'O0 MOMEHTA, IBIDKETCSI CTPOTO IO mapadosie, Toi, KoTopas Oblia OB B OTCYTCTBHE BO3Ayxa. B kabuHe mpu
STOM HaOIIFOJA0TCA HEOOBIKHOBEHHBIE SIBJICHUS: MAsSTHHUK 3aMHUPAET B OTKJIIOHEHHOM ITOJIO’KSHHH, BHITUIECHYTas U3 CTaKaHa BOJa
Oonpmioit cheprudeckoil Karieil IOBUCAeT B BO3MyXE M PSAIOM C HEH 3aCTHIBAIOT, OYATO NMOABEIICHHBIE HA HEBUIMNMBIX HUTSX, BCE
OCTaJbHBIC TIPEIMETHI HE3aBUCHMO oT ux MAacChl u (hopMBL
To xe camoe MMPOUCXOIUT U B KaOMHE KOCMHYECKOT0 KOpaliis IpH ABIKEHHUH ero 1o opbute. Ha Gombinoit BeicoTe Hax 3emieit
MOYTH HET BO3/IyXa, TAK YTO HE HAJIO €r0 COMPOTUBIICHHUEC KOMIICHCHPOBATh PabOTON nBurareneii. Jla u moner AyiuTcs He MUHYTY,
a MHOTHE CYTKH.
Haxkowern, Bel 0e3 0co0Oro Tpyaa MOXKETE CaMH IPUBECTH CBOEC TEJIO B COCTOSHHUE HEBECOMOCTH. [ 3TOro J0CTaTOYHO
MOJIPBITHYTh. B TeueHue HEOOIBIIOTO MPOMEKYTKA BPEMCHH, ITOKA HA Ballle TEJIO ACUCTBYET TOJIBKO CHJIA TSKECTH, BBl OyaeTe
HAaXOIUThCS B COCTOSHHUM HEBECOMOCTH COBEPIICHHO TaK JkKe, Kak KOCMOHABTHI B KOCMHYECKOM Kopaoe.
Teneph MOCMOTPUM BHHMATEIBHO, Y€M CHJIA TSDKCCTH OTJIHYACTCS OT Beca, M MOYEMY BEC Tejia MpHU CBOOOTHOM MaJCHUH
ncuesaer, B TO BpeMs KaK JeiicTByromas Ha HETo cuia TSKECTH 0CTaeTcsl.
CuJ10ii TSIZKeCTH HA3BIBAIOT CHILY, C KOTOPOH 3eMIs MPUTATHBACT TEJIO0, HAXOAAIIeecs Ha ¢ MOBEPXHOCTH WM BONHM3H 3TOU
noBepxHocTH. [lox BecoM ke B Qu3MKe OOBIYHO TOHUMAIOT HEYTO COBCEM MHOE. BecoM Telsia Ha3BIBAIOT CHITY, C KOTOPOH 3TO
TEJNO NEHCTBYeT HAa TOPU3OHTAIBHYIO OMOPY WM DPACTATHBAeT IMOJABEC. Bec He sBIsLeTCS CHIONW KaKOM-TO CIenu(pUIECKOH
IPUPOABL. DTO Ha3BaHUE IIPUCBOCHO YACTHOMY CITyJar0 MMPOSBICHUS CHIIBI YIIPYTOCTH.
Ha monroce Bec Tena paBeH cwie TaroteHus. OYEeBHIHO, YTO Ha IMOJIOCE BEC Tejla OOJbINE, YeM Ha JKBaTOpE.
OcraHoBuMcsi Ha Oosee mpoctoM ciydae. IIycTh Teno Haxogurtcs Ha qamKe pr)KI/IHHLIX BECOB B JU(TE, IBIXYLIEMCS C
-
yekopernem . CornacHo BTOpOMY 3aKOHY HeroTona m a - F + f rae m - Mmacca Tena.
Koopnunatnyio ocs OY cucTeMbl 0TCUeTa, CBSI3aHHOM ¢ 3eMyiel, HallpaBUM BEpPTUKAIbHO BHU3. 3allUIIeM ypaBHEHUE ABHKCHUS
ma,=F + F,,
TeNa B MPOEKIIUU Ha 3Ty OCh: L Y “Y . Ecmu yCcKOpeHHE HANpaBJICHO BHHU3, TO, BhIpaXKas MPOCKIHUU BEKTOPOB
yepe3 uxX Moayiu, nonydaeM ma=F-F>. Tak kak F>=F;, To ma=F-F;. Otcioga scHO, 4TO Jullb npu a=0 Bec paBeH cuie, C

KOTOpOii Teno nputsaruBaetcs k 3emie (F;=F). Eciu a +* 0, ToF1=F-ma=m(g-a). Bec Tena 3aBUCUT OT YCKOPEHHUSI, C KOTOPHIM
JABHMIKETCA OIlOpa, U MOABJICHUC 3TOI'0 YCKOPCHHSA 3KBUBAJICHTHO U3MCHCHUIO YCKOPCHUA CBO60}1HOFO HaacHUs. ECHI/I, Harpumep,

ot najaet CcBOOOTHO, T. e. a=g, ToF 1=m(g-g)=0.
HacrymieHue y Tesl COCTOSIHUSI HEBECOMOCTH O3HAYAET, YTO Teja He JABST Ha OMOpY H, CIEI0BATEIbHO, HA HUX HE ACHCTByeT
CHJia peakuumn OIIOPHI, OHH JABUXKYTCA TOJIBKO moa I[eﬁCTBPIeM CHJIBI NPUTSIKCHUA K 3eMne.

Jedopmanusi M CHJIbI YIPYTOCTH
Cuibl TATOTEHUS ICWCTBYIOT MEXAY TellaMH Bcerna. He HyxHO 3a00THTBCS O TOM, YTOOBI IPUBECTH 3TH CHIBI B
JIEHCTBUE, W HET BO3MOXKHOCTH UX YHHYITOXKHUTH, HX MOXKHO TOJBKO CKOMIIGHCHPOBATh. A BOT CHJIBI YIPYTOCTH BO3HHKAIOT IPH

nedopmanuu Ten u HCYE3aI0T, KOT/a OHa MpEeKpaIiaeTcs.
Ilox degpopmayueii TIOHUMAIOT M3MCHCHHE oObeMa WA dhopmbl Tena.

Jnst Toro 4toOBl pa3iM4HbIe Teja WIM YacTH OJHOTO M TOTO K€ Tella B3auMOJEeHCTBOBAJIM IMOCPEICTBOM CHJ YIPYTrOCTH,
HE00X0IUMO omnpeieieHHOoe yCIIOBHE:! Tena JIOJKHBI OBITH nedopMupoBaHsL.

Cuiibl yIpYrocTd BO3HHMKAIOT TOJILKO TPH JAedopMaly Tell. 3HaueHHsl CHJI YIIPYTOCTH OOBIYHO OIPENENSIOTCS 3HAYCHUSIMU
3TUX AepopMaruii.

JUis Toro 4ToOBl PE3WHOBBIM WIHYp WM NPYKHHA JEHCTBOBAJIM C HEKOTOPOW CWJIOM Ha BalllM PYKH, ITH Tela HYKHO
IIPEIBAPUTEILHO paCT}IHyTL T. €. ,uetbopMHpOBaTL (puc 4.7).

I

Puc. 4.7

Ilpu MCUYE€3HOBEHUU nedopManu OJTHOBPEMEHHO HCUE3al0T M CHUJIbI YIPYTOCTH.

IIpu mombiTKE W3MEHUTH 00BEM HWIM (QOPMY TBEPABIX TEN BO3HUKAIOT CUJIBI YNPYTOCTH, MPEMATCTBYIOMIHE AcPOpMAaIU.

Kunxoctr GopMy He COXpaHSIOT. BBl MOkeTe MepenuTh BOAYy M3 TpadHa B CTakaH, U OTO HE BBI3OBET TOSBIEHUS CHI
YIPYTOCTH.

TTonpoOyiiTe CKaTh KUAKOCTh XOTS ObI BHYTPH BEJIOCHIIETHOTO HAcoca WM MpocTo B OyThuike. CHia ympyroctd He 3aMeJJIAT

CKa3aThCsl. Touno TaK XKE CHJia YIpyroctu HOABJIACTCA npu CXXaTHuu B Hacoce BO3ayXxa.
I/ITaK, CHJIbI YIIPYT'OCTH BO3HUKAIOT BCCT/Jla IPU NONBITKEC U3SMCHUTDH 00beM WU (bOpMy TBEpAOIro TeJjia, IpU U3MECHCHNUU o0beMa
KHUJIKOCTH, a TaKXKEC apu CXXaTHuu rasa.

Jedopmanust Tena BO3HHMKAeT JHIIb B TOM CIydae, KOTJa pasJIMuHbIE YacTH Teja COBEPINAIOT Pa3INYHbIC MEpEeMENICHUs.
Hanpumep, korga Bbl pacTAruBaeTe pe3sMHOBBIN LIHYp, pa3IM4HbIE YACTU LIHYypa MEPEMEIIAIOTCS HA Pa3JIMYHbIE PACCTOSHHUS.
Bonbmie BCETo CMelaTCs Kpas, a cepeauHa BOOOIIE ocraercs Ha MecTe.

B oTamume ot cun TATOTCHMUA, HGﬁCTBy}OH.[PIX MCXAY TEIaMHu BCErja, IJid BO3ZHUKHOBCHHA CHUJI YIIPYTOCTHU HCOGXO)II/IMO
OTIpeIeNIeHHOE YCIIOBHE: TeJa JOJDKHBI OBITh Ae(hOpPMUPOBAHEI.
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3akon I'yka. Cuibl TpeHust
I[pu w™aneix gedopMamusax CBsI3b CHIIBI YOPYrocTu Tena ¢ ero jaedopmarmedi mpocra. OHa ObUla OTKPHITA

SKCHEPUMEHTAIBHO AHTTIMHCKUM (u3UKOM PoGeprom I'yxom, COBPEMEHHUKOM HerotoHa.
Ynpyzoii HazpiBaeTcs pedopmariys, Mpyu KOTOPOH TENIO BOCCTAHABIMBAET CBOM IIEPBOHAYAIBHBIC Pa3Mephl U (POPMY, KaK TOIBKO
MpeKpaiaeTcs JIeCTBUE CHUJIBI, BBI3BaBIICH 3Ty nehopMarturo.
3akon I'yka: Ilpu ynpyzoui Oegpopmauuu pacmadxcenus (unu cxcamus) yoauHeHue mend NPAMO RPOROPUUOHATILHO
RPUNLOIHCEHHOT cue.
3akoH ['yka 3aIiChIBAIOT CIIEIYIONIIM 00pa3oM:
F = /1‘ l\l[ — l'.‘ .\‘;. (4.10)

Koaddunrenr nponopuuoHaIsHOCTH k Ha3bIBAIOT KOI(GUIMEHTOM YNPYTrOCTH WX KeCTKOCTBIO. YUHTBIBAsl, YTO
KOOpJMHATa X U MPOEKLHs CHJIBI yNPYroctd aeOopMHUPOBaHHOTO Teia Fx HA OCh X UMEIOT MPOTHUBOIOJIOKHBIE 3HAKH, MOXKHO
TaKXKe 3aIliCaTh:

F_=—kx. (4.11)
Ora 3aKOHOMEPHOCTH XOPOIIO BBITOJIHIETCS TOJIBKO MPU YIPYTHX AeOpMaIysixX, IpH KOTOPIX YJIMHEHHE X Teja Majo.
Ona HaOmomaeTcs NpU PacTSHKEHUM CTEPXKHEH M3 CTaly, YyryHa, alIOMHHUS M IPYTHX TBEPABIX YNPYyrux ten. 3akoHy ['yka
HNOAYMHAETCS TaKkxke AeopMalyst ypyrou npyKuHbl.

3akoH ['yka XOpoWIO BBINONHAETCS TOJBKO HPH YNPYrux AedopManusx, Mpu KOTOpbIX x Mano. Ilpum nanmpHeimem
yBeIMYCHUH JehopMalui U3MEHEHHE JUTMHBI Teja IepecTaeT ObITh MPSMO MPOTOPIMOHAIBEHBIM MIPHIOKEHHOH CHJIe, a IPU OYCHb
6oupIINX eOpMAIHAX TEIO Pa3PyIIaeTCs.

Poasb cua TpeHust

Eme omun BHI CHII, C KOTOPBIMH HMEIOT JEJIO0 B MEXAHHWKE, - JTO CHJIBl TPEHHA. OTH CHIBl JEWCTBYIOT BIOJb

MOBEPXHOCTH Ten pH X HETNOCPEICTBEHHOM COIIPUKOCHOBEHHH.
Curnsl TpeHHS BO BCEX CITy4asX NPENSTCTBYIOT OTHOCUTEIBHOMY ABHKEHHIO COMpPHUKAacaromuxcs Tel. [Ipy HEeKOTOphIX yCIoBUsIX
CHIIBI TPEHHUS [AENA0T 3TO ABMKEHHE HEBO3MOXKHBIM. ONHAKO CHIBI TPEHHsS HE TONBKO TOPMO3AT JABMXKEHHE Tel. B pane
NPaKTHYeCKH BaXKHBIX  CIy4aeB JBIDKCHME Tella He MOIIO Obl BO3HUKHYTh ©0€3  JeHCTBUSL CHJ  TpEHHs.
CuIbl TpeHHS 3aBUCAT OT COCTOSIHUS TPYIIUXCS TBEP/BIX IIOBEPXHOCTEH, a MpU ABMKCHUM TBEPJOTO Tejla B BOJE MIIM BO3AYXE -
oT OTHOCUTEIIbHOM CKOPOCTH JBUKCHMUS, oT pazMepoB u (bopMEI 3TOro Tena.
Tpenue - sBIEHUE, CONPOBOKIAIOIIECE HAC BE3/le U MOBCIOAY. B 0QHMX CilydasX OHO IIOJIE3HO, U MbI BCAYECKU CTApaeMCs €ro
YBEIHYHUTH. B Apyrux - BpeHo, U MBI BEJIeM C HUM OOpBOY.
Cuiibl TpEeHHS MEKAY CONMPUKACAIONIUMHUCS NMOBEPXHOCTAMHU TBEPABIX TeJl
CHauana MBI OCTAaHOBUMCS Ha TaK Ha3bIBAEMOM CyXOM TPEHHH, T. €. TPEHUU MEXAY IOBEPXHOCTSMH CONPUKACAIOIINXCS
TBEPIBIX Tel.
Tpenue noxosi. [TonpoOyiiTe cABHHYTH MaNbLEM JIEXKAIIYI0 HA CTOJIE TOJCTYyI0 KHUry. KHura OyzmeT ocraBaThCsl HA MECTe 10
TeX Mop, MOKa JEHCTBYIONIAas Ha Hee CUJIAa He JOCTHIHET ONPENEeNIEHHOr0 3HaueHus. DaKT 3TOT COBEPIIEHHO PUBBIYHBIN, HO, ECITU
BIyMaThCA, JIOCTaTO4HO CTpaHHBII u HETOHSTHBII.
Benp uro 310 3HaUNT? BHI NPUIOKIIN K KHUT'€ HEKOTOPYIO CHITY, HAalIPaBJICHHYIO, CKaXXeM, BJIOJb IIOBEPXHOCTH CTOJIA, a KHUTa
ocraetcd B mokoe. CieoBaTenbHO, MEKAY KHUTON U MOBEPXHOCTHIO CTOJIA BOHUKAET CHJIA, HAPaBJIEHHAs! IPOTUB TOM CHIIBL, C
KOTOPOIl BBI JIeiicTByeTe Ha KHHUTY, U B TOYHOCTH paBHas e€il mo Moxaymto. Bel ¢ Gonbliel cuiioif ToJakaeTe KHUT'Y, HO OHa IO-
>

MIPEXKHEMY ocTaercs Ha MecTe. 3Hauur, 31 cuna F TpEHUs HACTOJIBKO xKe BO3pACTAET.
Cuny TpeHus, JEUCTBYIOUIYIO MEXIY ABYMS TeJaMH, HEMOJIBMKHBIMU OTHOCHUTENBHO JIPYT JPYyra, Ha3bIBalOT CHJION TpPeHHs
TOKOA.

>

~
Ecnmu Ha Temo ﬂeﬁCTByeT chiia P , HnapajijicjibHasd MOBCPXHOCTH, Ha KOTOpOf/'I OHO HaxOJUTCA W TEJIO MPU I3TOM OCTACTCA
HCIIOJABHWXHBIM, TO 3TO O3HA4YACT, YTO HA HECTO ﬂeﬁCTByeT Cujia TPEHHUA IIOKOA Fmp, paBHag MO MOAYJIFO W HaIIpaBJICHHAasA B
bd

MPOTUBOMOJIOXKHYIO CTOPOHY CHIIE F (puc.4.14). CrenoBaTenbHO, CHJIa TPEHHS TOKOS OIpeNeseTcs NEHCTBYIOMIEH Ha HEro
CHIION

> >
F_=-F.
F
il ot SR
ﬁ-‘p
Puc. 4.14

HNHavye roBops, KOrja yCKOpEHHUE Tejla PaBHO HYJIO, CWJIa TPEHHUA pPaBHA IO MOAYII0 M MPOTUBOMNOJIOXKHA IO
HaIpaBJIEHUIO TOW CHUIIE, KOTOPasi Hapsily ¢ TPEHUEM JEHUCTBYET Ha TEJO MapaulebHO MOBEPXHOCTH €r0 CONPHUKOCHOBEHUS C
IpyruMm TenoM. Ecim mapayuiebHO 3TOH MOBEPXHOCTH JAPYTHE CHUJIBI HE JCWCTBYIOT, TO TPEHHE TOKOS OyJeT paBHO HYIIIO.

HauGonpiiee 3HaueHHWE CHUIBI TPEHUS, TIPU KOTOPOM CKOJBKEHHE elle He HACTYINaeT, Ha3bIBAeTCSI MAKCHMAJbLHOW CHJIOH
TpeHus MOKOs. Eciu neficTByroIIas Ha MOKOSIIEEecs TENO CHIa XOTsI ObI HEMHOTO TIPEBBICUT MAKCUMAIIBHYIO CHITY TPEHHS MOKOSI,
TO TEJOo HayHeT CKOJIb3UTb.

ITpu xonpbe 1 Gere Ha TIOJOIIBEI HOT ICHCTBYET CHJIA TPEHUS MOKOS, €CITU TOJIBKO HOTH HE CKOJB3AT. Takas ke cuiia JeHCTBYET
Ha BeayIue Kojeca aBToMoOmisi. Ha BegoMble kKoseca Takke NEHCTBYET chjla TPEHHS MOKOS, HO YK€ TOPMO3sIasl JBUXKEHHE,
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http://school.xvatit.com/index.php?title=Конспект_уроку_з_теми:_Алюміній_як_хімічний_елемент_і_проста_речовина._Фізичні_та_хімічні_властивості_алюмінію
http://school.xvatit.com/index.php?title=Взаємодія_тіл._Результат_взаємодії_—_деформація_і_зміна_швидкості._Інерція
http://school.xvatit.com/index.php?title=Закон_Гука._Силы_трения
http://school.xvatit.com/index.php?title=Силы_трения_между_соприкасающимися_поверхностями_твердых_тел
http://school.xvatit.com/index.php?title=Роль_сил_трения
http://school.xvatit.com/index.php?title=Ускорение

MPUYEM 3Ta CHJIa 3HAYUTEIFHO MEHBIIE CHIIBI, ICHCTBYIOIIEH Ha BEIyIIHe Kojieca (MHAYE aBTOMOOMIb HE CMOT OBl TPOHYTHCS C
MECTa).

B nmaBHee Bpems, Kora HE OYCHBb XOPOIIO MPEIACTABIUIA ceOe CIMOCOOHOCTh CHJIBI TPEHUS MOKOS NPUHUMATH Pa3JINYHBIC
3HAYEHHs, COMHEBAINCH, YTO MAPOBO3 CMOXKET €XaTh IO INIAJAKUM pejibcam. Jlymanu, 4yTo TpeHue, TOpMO3siiiee BEIOMbIE Koeca,
OyzmeT paBHO cujle TpeHUs, ICHCTBYMOIICH Ha Beayluue Koseca. [Ipearanu jaaxe aenaTh BeAylHe Kojeca 3y04aTbIMH U
MPOKIIAIBIBATH JULst HUX crienuanbHbIC 3y0buaThie PEIIbCHI.

TpeHue ckoJibixeHusi. [Ipy CKOJNIBKEHUH CHJIa TPEHHS 3aBUCHT HE TOJLKO OT COCTOSIHUSI TPYLIMXCS TMOBEPXHOCTEH, HO M OT
OTHOCHTENIbHOIM CKOPOCTH JIBUKEHHS TeJ, MPHUYEeM 3Ta 3aBHCHUMOCTb OT CKOPOCTH SIBJISI€TCS JOBOJBHO CIIOXHOH. OmbIT
MOKAa3bIBALT, YTO YACTO (XOTS M HE BCET/Ia) B CAMOM Hayalle CKOJILKEHHSI, KOT]a OTHOCHTENbHASI CKOPOCTD €llle MaJa, CUila TPEHHUs
CTaHOBUTCS HECKOJIBKO MEHBIIIC MAKCUMAIILHOW CHIIBI TPEHHUSI TOKOsL. JIMIb 3aTeM, Mo Mepe YBEIMUYCHHS CKOPOCTH, OHA PacTeT U
HAYMHACT TIPEBOCXOUTD Fup siarc-

Bbl, BeposITHO, 3aMeYaiy, YTO TSDKEJBIM MPEJIMET, HApUMEp SIIUK, TPYJHO CABHHYTH C MECTa, a IOTOM JBUTaTh €ro
CTaHOBUTCS Jierue. DTO KaK pa3 ¥ 00BACHICTCS YMCHBIICHUEM CHJIbI TPEHHUS MPU TOSBICHAN CKOIBKCHHS C MaJIOd CKOPOCThIO.

Ilpu He cnMIIKOM OOJBIINX OTHOCHTEIBHBIX CKOPOCTSX JBMJKCHUS CHJIA TPCHHS CKOJBXCHHS Malo OTJIMYACTCS OT
MaKCUMAaJIbHON CHJIBI TPEHUS MOKOs. [103TOMY MpHOIMKEHHO MOXKHO CUMTATh €€ MOCTOSHHON M PaBHOW MaKCHMAJBHOW CHIIC
TPEHHS TIOKOSI:

SR = UN.

TP TP, MHKC
BaxxHas 0COOCHHOCTh CHIIBI TPEHHS CKOJBXKCHHUS COCTOMT B TOM, YTO OHA BCErJa HampaBleHa MPOTHBOIOJIOKHO
OTHOCHUTENBHOM CKOPOCTH CONPHKACAIOIIXCS Tell.
Cuity TpeHHsI CKOJIBKEHHUSI MOYKHO YMEHBIIMTH BO MHOTO Pa3 C MOMOIIbI0 CMa3KH - Yallle BCEr0 TOHKOTO CJIOSl YKUAKOCTH
(0OBIYHO TOTO MJIM UHOTO COPTa MHUHEPAIBLHOI'0 MAaclia) - MEXAY TPYIIMMHUCS TTOBEPXHOCTIMU. TpeHHe MEKAY CIOSMH KHIKOCTH,
MpujcraromuMu K TBEPJAbIM IMOBEPXHOCTAM, 3HAYUTCIbHO MEHBIIC, YEM MEKAY CYXUMU MMOBCPXHOCTAMMU. Hu OHa COBpEMCHHAs
MallliHa, HallpuMep JIBUraTelb aBTOMOOWIISI WIM TpPakTopa, He MOKeT paborarb 0Oe3 cmasku. CrnenuanbHas CHCTEMa CMa3Ku
MpeycMaTpUBaETCs npu KOHCTPYHPOBaHUU BCEX MAaIlKH.
Cuna TPCHUA 3aBUCHUT OT OTHOCHUTEILHOMI CKOPOCTU ABUIKCHUA TCII. B sTOM ee rimaBHOE OTIIMUME OT CHJI TATOTCHUS U YIIpYyrocrtu,
3aBHUCSAIINX TOJBKO OT PACCTOSHUIA.

Jlekuusa Ne3
Tema: «3aKOHBI COXPAHEHHMS B MEXaHUKE»
1. Bompocs! nekuuu:
1.1. Imnynbc. 3aK0OH COXpaHEHHsI UMITYJIbCA U PEAKTUBHOE JIBUYKEHUE.
1.2. IloreHnmanbHas ¥ KUHETHUECKas SHEPTHH. 3aKOH COXPaHEHHs MEXaHUUECKOH YHEPTUU.
1.3. PaboTa 1 MOILITHOCTb.

2. Kpatkoe cojaepkaHue BOMPOCOB
HmnyJabc maTepuajabHoil Touku. /[pyras popmyanpoBka Broporo 3akona Herorona
BeenmeM HOBYIO (PH3HYECKYIO BEIMYHHY - UMIIYJIBC MaTEepPHATBHOW TOUKH. JagmM Apyryo (QopMyIHpOBKY BTOPOTO
3aKOHA Herotona.

>

>
Bropoii 3akon Herotona 71a = F' Mosuo sammcars B uHoil (dhopme, KoTOpas mpuBeaeHa caMUM HBIOTOHOM B €T0 TJIaBHOM

Tpyze «MareMaTudyecKue Havana HaTypaIbLHON dunocopum».
— > >
s
mv, — mv, = FAt. (5.1)
B 3TOM YpaBHCHUHA IIOABJIIACTCA HOBasA (bPI?)I/IquKaﬂ BCJIMYHHA - HUMITYJIbC TEa.

I/IMIIyJILCOM TeJaa (MaTepHaﬂLHOﬁ TO‘IKI/I) Ha3bIBACTCAd BCJIIMYMHA, PABHAA IIPOU3BCACHUIO MACChlI TC€jJIa HAa €ro CKOPOCTb.
>
O0603HaYNB HUMITYJIbC (GFO TAaKXK€ HAa3bIBAKOT MHOI'1a KOJIMYECTBOM Z[BI/DKSHI/I;[) 6yKBOI>lI [) , IOJIyYUM
> : -
p = mv. (5.2)
|

W3 dopmynsr (5.2) BHIHO, YTO WMITYJIbC - BEKTOpHas BeIM4YMHA. Tak kak m>0, TO HMIIyJbC HMEET TaKoe Ke
HarpaBJeHHe, KaK U CKopocTs (puc.5.1).

v p
nG—t— L
Puc. 5.1
> > > >
) o a = JTel) .
0O0603Ha9MM Yepe3 Py muv, HMMITYJIbC T€Ja B HAUaJIbHBIM MOMEHT BpEMEHHU, a Yepe3 P Wy €ro UMITYJIbC B
i p,—p,=4Ap At
KOHEYHBbI MOMEHT BpeMmeHH. Toraa £72 €CTh U3MEHEHHE UMITyJIbca Tena 3a Bpems L3¢ . Teneps ypaBHenue (5.1)

MOJKHO 3aImtucaThb TakK:
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| \[; = ﬁ/,\!. | (5.3)
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Tak kak At > 0, TO HampaBJeHUs BEKTOPOB Ap " F copmagawt. CormacHo dopmyne (5.3) nu3mMeHeHHe
HMIYJbca Tejia (MaTepuaJbHOli TOUYKH) MPONMOPIHOHAJILHO NMPUJIOKEHHOH K HEMY CHJIe M UMeeT TaKoe ke HaNpaBJIeHHue,
Kak " cuJia.

IIpousBenaeHue cuiibl Ha BpeMs €€ JICHCTBUS Ha3bIBAIOT HMIYJIbCOM CHJIbI. [l03TOMY MOXXHO CKa3aTh, YTO U3MEHEHUe
UMRYJIbCA Mena PAeHO UMRYJIbCY OCUCmEyIouieil Ha Hez2o cUibl. YpaBHeHUe (5.3) moKas3bIBaeT, YTO OJMHAKOBBIC M3MCHCHUS
AMITYJIbCA MOTYT OBITH TOJYYEHBI B pE3yibTaTe NECHCTBUSA OOJIBIION CHIIBI B TEUCHHE MAaJOTO WHTEpBaja BpEMEHHU WM Majon

CHUJIBI 3a GOJIBIION MIPOMEKYTOK BPEMEHHU.
EnuHuma uMIyiasca HE MMEET 0CO0O0ro Ha3BaHUs, a €¢ HAaMMEHOBAHHE IOJYJYaeTCs M3 ONPEICIICHHS 3TOM BEIUYMHBI (CM.
(opmyny (5.2)):
1 en. AMITYJIbCa = 1 Kkrel m/c = 1 Krem/c.

JJst HaXOKACHHSI UMITYJIbCa Tela, KOTOPOE HEJb3sl CYMTATh MaTepUaIbHONW TOUKOM, IIOCTYNAIOT TaK: MBICIICHHO Pa30UBalOT TEJIO
Ha OTJEJIbHBIC MaJible I€MEHTHI (MaTepHaibHble TOUKH), HAXOISAT UMITYJIECHI TIOTYYEHHBIX AJIEMEHTOB, a IOTOM CYMMUPYIOT UX
KaK BEKTOpHI. MIMIyNbC Teda paBeH CyMMe UMITYJIbCOB €0 OTJENIbHBIX JJIEMEHTOB.

3aKoH coxpaHeHHMs HMIYJIbCa

3aKkOH  COXpaHEHHs  UMIIylbca  SBISETCS  CJIEIACTBHEM  BTOPOrO U TpeTbero  3akoHoB  HpioToHa.

JIyist mpocTOTHI Oy/IeM CYUTATh, YTO CHCTEMA COCTOMT BCETO M3 JIBYX Tel. DTO MOTYT OBITh JIBE 3BE3/bl, JIBa OMIBSPIHBIX HIapa

130031 IiBa IPYTHAX Tena.
Cuitbl, BO3HUKAIOUINE B PE3yNbTaTe B3aMMOJCHCTBHA Tela, MPHHAIJICKAIIETO CHUCTEME, C TEJIOM, He NMPHHAIIC)KAININM e,
Ha3BIBAIOTCS BHEITHUMU CHJIAMU.

I/IMIIy.]IbC CHCTEMBI TeJ MOIYT M3MEHUTh TOJbKO BHEINIHHE CHJIbI, TPHYeM H3MeHeHHe HUMIYJIbCa
CHCTEMBI ‘/\P CMCT COBMAJAET MO HAMPaBJEHHIO ¢ CYMMApHOI BHeNIHe#l cuioil. BHyTpeHHHE CHITBI M3MEHSIOT HMITYJIBCHI
OTIENBHBIX Tel CUCTEME, HO HU3MEHHUTH CyMMAapHBIH UMITYJIbC  CHCTEMBI OHH HE MOTYT.

Ecnn BHenmrHwe CWIBI Ha CHCTEMY HE JEHCTBYIOT WM WX CyMMa paBHa HYIIO, TO "\p =0
HEM3MCHHBIM, HITH, KaK TOBOPST, COXPAHACTCS:

U UMIIYyJIBC CUCTCMbI OCTACTCA

. . = "
Pover = M0, + myv, = const. (5.8)

3axon COXPAaHEeHUA umnyjioca CI)OpMyJ'II/IpyeTCSI TaK: ecjiu CymMma 6HeWHUX CUl paéHa HyJj110, mo UMnyjibC CUCHIEMbl

meinl coxpanaemcs. HNnaue TOBOps, B 3TOM ClIyda€ TEjla MOI'YT TOJIbKO 0OMEHHBATHCS HUMITyJIbCaMH, CYMMApPHOE€ K€ 3HAYCHHC

HUMITYyJIbCa HE HU3MCHSICTCA.

HMmysbe, 04eBHAHO, COXpaHAETCS B M30JUPOBAHHOM CHCTEME Tel, Tak KaK B ATOH CHcTeMe Ha Tela BooOIne He JNeHCTBYIOT

BHemHue crmiel. Ho oOmacts MPUMEHCHUA 3aKOHA COXpaHCHUSA UMITYJIbCa IUPE: CCJIIN JaXXE€ Ha TCJla CUCTEMBbI HeﬁCTByIOT

BHEITHHUE CUJIBI, HO UX CyMMa paBHA HYJIO (T. €. CUCTEMa SIBISACTCS 3AMKHYMOU), TO UMITYJIbC CUCTEMBI BCE PABHO COXpaHSETCS.
[Tomy4eHHBIN pe3ynbTaT CIIPABEUINUB TSI CUCTEMBI, COJep KaIel IPOU3BOIHHOE YUCIIO TEII:

P+ moU, + mavg + ... = muu, + myu, + may + ..., (5.9)
- » -> > >
)

Liy Uss Uz,

m,v

iy Uie Uiy e

rae - CKOPOCTH TeJl B Ha4aJIbHBbIII MOMEHT BPEMEHH; - CKOPOCTH Tel

B KOHEYHBII MOMEHT.
Tak xak UMITyJIbC - BEKTOpHAs BEJIMYMHA, TO ypaBHeHHE (5.9) mpencraBiseT cob60il KOMIAKTHYIO 3alIUCh TPEX YPAaBHEHHUH IS
MPOEKINH HMMIYJIbCOB CHCTEMBI Ha OCU KOOpAHHAT.

Ecnu cymMMa BHEIIHMX CHII HE paBHA HYJIO, HO CyMMa MPOCKIMH CHJI HA KAKOE-TO HANpPaBJICHHUE PaBHA HYIIO, TO MPOCKIUS
CYMMapHOT0 UMITyJIbca CUCTEMBI Ha 3TO HAIlpaBiieHHe He MeHseTcst. Hampumep, cuctemy Ten Ha 3emiie Win BOJIM3U HOBEPXHOCTH
3eMiM HeENb3s CYHTATh HW3OJHPOBAHHOW, TaK KAaK Ha Tella JICWCTBYeT BHEIIHAA cuia - Ccuia TsbkecTH. OIHAKO BIOJb
TOPU30HTAIBFHOTO HAINPABIICHHUS CHJIA TSHKECTH HE JCUCTBYET M CyMMa IMPOEKIUI MMITYJIBCOB TEJ HAa STO HalpaBlieHHE Oyaer
0CTaBaThCS HEU3MEHHOM, eciiu JIEUCTBHEM CHUI TpEeHHS MO>KHO npeHeOpeyb.

B H301MpOBaHHOW CHCTEME TEJI MMITYJbC CHCTEMbI COXpaHSCTCsA. TakKe OH MOYKET COXPAHIThCA B Ciydae, €ClIH CymMma
BHEIITHUX CHJI, IEHCTBYIOIINX HA CHCTEMY, PaBHA HYJIO.

Pa6ora cniabl
BCG HaIlll C€XXCAHCBHBIC HeﬁCTBHf{ CBOIATCA K TOMy, YTO MbI C ITOMONLIBK) MBIIIII] J'II/I6O HpI/IBO]lI/IM B JABHXCHUC
OKPYIKaIOIIHe TeNa u O ITIEPYKUBAEM 3TO JBWKEHUE, mbo xKe 0CTaHaBJIMBAEM JIBIOKYIIIACCS Tea.

DTUMH TeJIaMH SBISIOTCS OpyAHs Tpyda (MOJOTOK, pydka, MUIA), B Wrpax - Ms4YH, IMaiObl, maxmatHeie ¢urypel. Ha
MPOM3BOJICTBE M B CEIILCKOM XO3SIICTBE JIFOJIU TAKXKE NMPUBOIAT B JBIKCHUE Opyaus Tpyaa. [IpaBna, B HacTosmiee BpeMs poJib
pabodero Bce Oouiblie U OOJNBIIE CBOAMTCS K YIPABICHUIO MeXaHM3MaMu. Ho B 1000 MammHe MOKHO OOHapYXKHUTH MOJ00HE
MPOCTBIX OPYAUN PYYHOTO Tpyna. B IIBeHHON MallMHKE MMEETCs WIJa, pe3ell TOKAPHOTO CTaHKa IOJ00CH pyOaHKy, KOBII
9KCKaBaTOpa 3aMEHSCT JIONATY.
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Omnpenenenne pa6orel. Bropoii 3akon Hrlotona B ¢dopme Ap = FAt MO3BOJSIET ONPENENINUTh, KaK MEHseTCs
-»> »

) o
CKOpOCTb  T€Jia U 0 MOAYJIO HW HaOpaBJICHUIO, €CIIM Ha HETO B TCYCHHUE BPEMCHU At JACUCTBYET CHJIIa F
Bo mHOrmx CllydasixX BaKHO YMETb BBIYUCIIATH U3MCHCHUC CKOPOCTHU IO MOAYJIIO, €CJIU MPpU NEPCMCUICHUN TEJ1a HaA r Ha HCTO
»

JEHUCTBYET crila F. BoszelicTBust Ha Tenma cuil, NPUBOASIIMX K U3MEHEHHIO MOIYJISI HX CKOPOCTH, XapaKTEePU3yIOTCSI BEMYNHOH,
3aBHCAMIE Kak OT CWI, TaKk M OT IIepeMENICHHH Tel. DTy BEeNWYWHY B MeEXaHHKE M Ha3bIBAlOT padoTOi CHJIBI.
B obmewm ciryqae nmpu ABMKEHHH TBEPAOTO Tesla MEPEMEINCHUS €r0 Pa3sHbIX TOYEK PA3IH4HbI, HO NPH ONpPEIEICHUN paldoTh

>

CHJIBI MbI IIOJ Ar NoHUMaeM TICPEMCUICHUC €€ TOYKU MPHUITOKCHUA. HpI/I MOCTyNaTejibHOM JBUXXCHHUU TBCPAOTO TEJIa
MEPEMCIICHUEC BCCX €ro TOYCK coBIagacT C nepeEMECIICHUEM TOYKH MIPUIIOKCHUS CHJIBI.

Cuna, nepneHIUKYJIsSpHAas CKOPOCTH (a CIEJOBATENBHO, U NMEPEMEIICHUI0 A"), U3MEHSET CKOPOCTh TOJBKO 110 HAaIpaBJIECHUIO,
HO He no Moxymo. (IIpu paBHOMEPHOM ABMKEHHHM IO OKPY)KHOCTH YCKOPEHHE Tela, a CJIEA0BATENbHO, U ACHCTBYIONIAs HA HETO
cua MEPIEHANKYISIPHBI CKOPOCTH.)

V3MeHeHne CKOpOCTH 1O MOJIYNIO BO3MOXKHO JIMIIL B TOM CiIy4dae, KOTJa NMPOEKIMS CHIBI Ha HAllpaBJICHHE NEpEMEIICHHS

F

TCIa r OTJIMYHAa OT HYJIA. HMmenHo sTa MPOCKIUA ONPEALIACT JneicTBUe CHIJIBI, H3MEHSIOIICH CKOpPOCTH T€JIa IO MOAYJIIO. Ona

coBepuraer pabory. [lostomy pabory MOXHO paccMarpuBaTh Kak IPOM3BEICHHE TIPOSKIMH © © HA  MOAYJb

NepEeMELLEHUS | Ar I (puc.6.1):

A=F |Ar (6.1)
F

Pt
Puc. 6.1
Ecnu yronm Mexay CHioil n mepemermenreM oGosnaunts gepes O, to F,=F cos a CnemoBarenbno, pabora
paBHa:
- ,
< ’ s &
A =F |Ar | cos o. (6.2)
Pa6ora cuibl paBHA NPOU3BEIEHUI0 MOAYJ/Iell CHIILI M IepeMelieHnsi TOYKH MPHJIOKEHHsSI CHIIbI H KOCHHYCA yIJIa
MesKLy HUMH.

®dopmyia (6.1) cripaBeynBa B TOM Cilydae, KOT/Ia CHJIa IOCTOSIHHA U MIepeMellIeH e Tella TPOUCXOAUT BJOMIb NpsMoi. B ciryuae
KPHUBOJIMHEITHOW TPAeKTOPHM M MEPEMEHHOHM CHJIBI MBI pasfeiisieM TPaeKTOPHIO Ha Majble OTPE3KH, KOTOPhle MOJKHO CUHMTAaTh

IPSIMOJIMHEUHBIMU, a cuiLy Ha HUX MIOCTOSIHHOM.
Pabota, B OoTinMuYMe OT CWIBI M IIEPEMEIlEHHMs, SIBJISIETCS HE BEKTOPHOM, a ckajsipHOM BennunmHOH. OHa MOXeT ObITh
MOJIOKUTEIBHOM, OTpPULIATENIBHON WIA paBHOM HYJIIO.
3Hak paboOThl OMpe/eseTcsi 3HAKOM KOCHHYCa yriia Meskly cuioi u nepemerienuem. Ecim O < 90 , TO A > O, TaK Kak

KOCHHYC OCTpBIX YIJIOB TojioxkutesieH. Ipu O = 90 paboTa oTpHIaTeNbHa, TaK KaK KOCHHYC TYIIBIX YIJIOB OTPHIIATENIEH.

Ipu X 90 (cnma mepreHAMKYIISIpHA NepeMeleHnIo) pabota He coBepiuaercs.. Tak, CHila TSDKECTH He COBEpIIaeT padoTy
NP NepeMeIleHHH Tella 10 TOPU30HTANIbHOM MII0CKOCTH. [Ipu JIBMKEHUH CITyTHHUKA 110 KPYrOBOH OpOMTE CHJia TATOTEHUS TaKKe
HE COBepIIaeT paboTy.

OueBHIHO, 4YTO IUIOMIAAb MPSMOYTONbHHKA, 3aITPUXOBAHHOTO HAa pHUCYHKe 6.3, YHCIEHHO paBHa paboTe mpHU

MNEPEMCUICHUH TCJIa U3 TOYKHU C KOOp,I[PIHaTOﬁ X1 B TOYKY C KOOpI[PIHaTOﬁXz.
F 4

F, .
{
{
/
0 xm L m X
Pruc. 6.3

Ennanna pa6orsl. Equaniy paboThl MOKHO YCTaHOBHTH C IOMOIIBIO OCHOBHOH Qopmynsl (6.2). Ecim npm
HNepeMeleHNH Tela Ha €IUHUIY JUIMHBl Ha HEro JeHCTBYeT CHia, MOAYJIb KOTOPOW paBeH E€AMHUIEC, U HAMpPaBICHHE CUJIBI
COBIAJAET C HAIIPABIICHUEM IIEPEMELICHUS (a = 0), TO ¥ paboTta OyaeT paBHa eauHulle. B MexXIyHapoaHOHN cUCTEME eMHUIT
(CI) pabora n3mepsiercs B Ipkoyiisix (obo3navaercs JIx):

1/Ix=1H-1Mm=1H - mM.

Urak, pxoyas - 310 padora, coBepmaemasi cuioii 1 H Ha mepememenun 1 M, ecim HanpapjieHUs] CHJIbI H

nepeMeLeHHs COBIA/IAIOT.
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[IpuBeneHo ompexneneHne pabOTHI CHIIBI F IIpU TICPEMEIICHAN Tela Ha Ar , cocraBisromeM yron O ¢ HampaBiIeHHEM

> »
m: A = F |Ar| cos o
MoumHoCTh
OueHb 4acTO BaYKHO 3HATH HE TOJBKO paboTy, HO U BpeMs, B TCUCHHE KOTOPOTO OHA Mpou3BezicHa. [lo3ToMy Hallo BBECTH
elie OJIHY BETTMUUHY - MOIIIHOCTb.

Pabota MoxeT ObITh COBEpIIICHA KaK 3a OOJIBIIOI MPOMEXYTOK BPEMEHH, TaK M 3a OYCHb Mablil. Ha mpakTuke, 0JHAKO, TaJIeKO
He 0e3pasznuyHO, OBICTPO WJIM MEUICHHO MOXKET OBITh NMpOW3BEJcHAa paboTa. BpeMeHeM, B TeueHHE KOTOPOrO COBEPIIACTCS
paboTa, ONpeneystoT MPOU3BOIUTEIHLHOCTD Jt000ro auratessa. OdeHb OONBIIyI0 PaboTy MOXKET COBEPIIUTL W KPOIICYHBIH
JNEKTPOMOTOPYUK, HO sl OSTOr0 IMOHAJOOMTCS MHOrO BpemeHH. [loToMy Hapsgy ¢ paboToii BBOIAT BEIHYHHY,

XapaKTePU3YIOLIYIO OBICTPOTY, c KOTOpOH OHa MPOU3BOIUTCH, - MOIITHOCTB.
MoOIHOCTBI0 Ha3bIBAIOT OTHOIIEHUE Pa0OThI A K HHTEPBAIY BpEMEHH At , 3@ KOTOPBIi 3Ta paboTa coBepIleHa:
y A \
N=2%, (6.4)
At

VHbIME ~ clOBaMH,  MOIIHOCTh  YHCIEHHO  paBHa  pa0oTe, COBEPIICHHOH B  EAMHMIY  BPEMCHH.
[oncrapmnss B cpopMyJIy (6.4) BMecTo paboThI A ee BrIpakeHHUe (6.2), TOITyduM
| -
N=F2 cosa=Fvcosc. (6.5)
At
Takum 00pa3oM, MOIIHOCTb pPaBHA NPOU3BEACHHIO MOIYJIS BEKTOpa CHJIBI Ha MOJAYJb BEKTOpAa CKOPOCTH M Ha
KOCHHYC yIJa MEXKIY HaIpaBJICHUSIMA 9TUX BEKTOPOB.

ITonsTue MOIIHOCTHU BBOAMTCA OJI1 OLUCHKHU pa60TLI 3a CAMHUIY BPCMCHHU, COBCpLHaCMOI;‘I KaKUM-JIH0O0 MEXaHHU3MOM (HaCOCOM,
-

MOJJFEMHBIM KPaHOM, MOTOPOM MAIlIMHEI U T. 1.). [loaTomy B dhopmymax (6.4) u (6.5) mox F BCer/ia MoApa3yMeBaeTCsl CHIA TATH.
B CH wmommHocTh BhIpakaercs B Barrax (BT). Mommuocts paBHa 1 Bt, ecnmu pabora 1 JIx coBepmraercs 3a 1 c.

Hapsany c BATTOM HCTIOJIb3YIOTCS 6osee KpYIIHbIE (kpatHbIe) €IMHULIBI MOUIHOCTH:
1 rBr (TexToBaTT) = 100 Br,
1 kBt (xunoBarT) = 1000 Br,
1 MBT (meraBarr) = 1 000 000 Brt.
MoITHOCTh MOKHO HOBBICUTH KaK 3a CUET yBEJIUUEHHs JeHCTBYIOMUX CHII, TaK U 3a CUET YBEJIHMUCHHSI CKOPOCTH JBIDKECHUSI.
OHeprus

Ecim cncrema Tenm MoOXeT cOBepIIMTh pabOTy, TO MBI TOBOPHM, 4YTO OHa O0OJamaeT JSHEPTHEH.

Jlist coBepieHus paboThl HEOOXOAMMO, YTOOBI Ha JBIDKYIIEECS TEJIO JICHCTBOBAJIA Ta WIM WHAs cwiia. TeIuioBbIe JBUIATENN
obecrieunBaOT AEHCTBHE CHIIBI 0 TEX IOp, ITOKa HE KOHYHMTCS TOIUIMBO, a JJIEKTPOJBHIraTeNb - O TeX IOp, MOKa K HEMY
noaBoauTcs TOK. OIHAKO STH JABHTATENM NPEACTABIAIOT cOOOM CIIOXKHBIE CHCTEMBI M B MEXaHHKE HE H3ydJaroTcs.
PaccMoTpuM TIpOCTBIE CHCTEMBI JABMXKYLIMXCS TeJ, B3aMMOJICHCTBYIOIIMX MEXAY COOOH IOCPEACTBOM CHI TATOTCHUS H
CIIOCOOHBIX B TOI Mim uHOU Mepe aedopmupoBarbes. (IIpyxuHa Wi pe3MHOBBIN IHYD Ae)OPMHUPYIOTCS 3HAYUTENBHO, & KaM eHb,
JIepeBo, METaJI - CTOJIb MaJio, YTO UX AehopManMsiIMU OOBIYHO MOKHO IpeHeOpeys.) Bynem cunuTtaTh, 4TO HUKAKUX XUMHUYECKUX
MPEeBpaLCHUH TeJl He MPOUCXOAUT U YTO B CHCTEME HET 3apsyKEHHBIX TeJ U 3JICKTPUYECKUX TOKOB. Torza jierko 00Hapy>KuTh, 9TO
MOJHATHIE HAJ 3eMJIeH TPY3bl, a TAKXKe YCTPOHCTBA, MMEIOIIUE CXKAThIe MPY>KUHBI, CIIOCOOHBI IeHICTBOBATh Ha JIBHXKYIEECS TE€JI0 U
CoBepIIaTh PabOTy JIHUIIL B TEUCHHE OINpPENIETICHHOr0 NMPOMEXYTKa BpeMEeHH. PaHO MM MO3MHO NIPYXHHA PACHpSAMHUTCA, a Tpy3
OILyCTUTCSI Ha 3EMIIO u CHUIBI NIEPECTAHYT COBEpILIAThH pabory.
Cosepuenue pabomul He npoxooum 0 cucmemvl mea becciedno. PaccMoTpuM, HarpuMep, Jachl ¢ IPYKUHHBIM 3aBoJioM. [Ipu
3aB0/JI€ YaCOB COCTOSTHHE CHCTEMBI (YaCOBOTO MEXaHNW3Ma) MEHSETCS TaK, YTO OHa MIPUOOPETAET CIIOCOOHOCTH COBEpLIATh paboTy B
TE€4YEeHUE UIUTEIbHOro BpeMeHu. [IpykuHa moanep:KUBaeT IBI)KEHHE BCEX KOJIEC, CTPEIOK M MAasTHHKA, HMCIBITBIBAIOLINX
COIPOTHUBJICHHE JIBM)KCHHIO, BhI3BaHHOE TpeHueM. [1o Mepe xo/1a 4acoB CIIOCOOHOCTH MPY>KHHBI COBEPIIATH PAOOTY MOCTETICHHO

yTpauuBaeTCsl. CocrosiHue NPy KUHBI MEHSETCS.
IMomo6HBIM 00pa3oM MpU COBEPLICHHH pAbOThl MEHSETCS COCTOSHHE CXKAToro Trasa M CKOPOCTeH IBIIKYLIMXCS Tell
DHeprus XapaKTepusyer CIOCOGHOCTH Teaa (mm CHCTEMBI Tew) CoBepLIATH padory.

CoBepiniass MEXaHHUYECKYIO pabOTy, TEJO MM CHCTeMa TeJl MEPEXOIsAT U3 OJHOTO COCTOSHHS B JPYroe, B KOTOPOM HX SHEPTHsl
MUHUMaNbHA. ['py3 omyckaercs, NpyXHHA PacHpsSMISETCS, NBIDKYIIEECS TeJNO ocTaHaBimuBaeTcs. [lpw coBepiieHUu pabOTHI
SHEPrus MMOCTENEHHO pacxoxyercs. s Toro yTo6sI cucTeMa OnsaTh MPHOOpesia CHIOCOOHOCTh COBEpIIATh PadoTy, HA/I0 M3MEHHUTh
€€ COCTOAHHME: YBECIUYUTH CKOPOCTH TECJI, MNOAHATH TEJIa BBEPX HIH }le(bOpMI/IpOBaTB. JIJ'ISI O9TOTO0 BHCUIHHUC CHJIIBI OOJI’KHBI
COBEpIINTD Hal CHCTEMOiA THIOJIOXKUTEIBHYIO paborty.

OHeprusi B MEXaHHKE - BEJIMYHMHA, ONpeJelisieMasi COCTOSIHUEM CHCTEMBI - ITOJIOXKEHHEM Tel M MX CKOPOCTSIMH; M3MEHEHHE
SHEPTUM NPH NePexo/ie CUCTEMBI U3 OJJHOTO COCTOSHUS B JIPYrO€ PaBHO pabOTe BHELIHNUX CHIL.

Kunnernueckasi SJHeprusi M ee H3MeHEHHE
B MexaHnke cocTosiHHE CHCTEMbI ONPEIeIsieTCs] MOJIOKEHNEM Tel M UX cKopocTsiMu. CHavaia BBIACHMM, KakK dHEPIHs
Ten 3aBUCHT oT ux CKOpOCTEH.
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[oncunraem pabOTy MOCTOSTHHON CHIIBI F , ICHCTBYIOIEH Ha TeJlo (MaTepHaIbHYIO TOUKY) MacCOH m MPH ero NpsSMOINHEHHOM
JBIDKEHUH.
2 R 42 2
Je Uy muog, mnl

A = ma-=2 = - . (6.9
¢ s
2a 2 2
MokHO TmoKa3zath, 4To (opmyna (6.9), BbIBeAeHHas UIA CiIy4as NPSIMOJTMHEHHOTO ABM)KCHHS TEIa, HAa KOTOPOE
JICUCTBYET MOCTOSHHAS CHJIa, CIPAaBEJIMBA M B TeX CIIy4asx, KOTJa Ha TeJo ACHCTBYET MepeMEHHasl CHja U OHO JBIKETCS IO

KPUBOJMHEWHON TPaEeKTOPHUU.
Takum oOpazom, paboTa CHIBI TpPH MEpEeMEIICHHH Tela W3 HAa4YaJIbHOTO IOJIOKCHWS B KOHEYHOE paBHA H3MEHCHHIO
2
mtL

BEITMYHHBI 2
2
mi
- -
2 i v
Bemunna npencraBisier coOOH DHEPruIo, KOTOPYIO HMEeT Telo, IBIDKYILEeCs CO CKOPOCThIO Y. DTy 3Hepruro
Ha3bIBAIOT KHHETHYECKOii (0T IPEYEcKOro CcJIoBa «KHHEMa - JIBIDKEHUE).
Kak BumuM, KHHeTHYecKasi JHEPrHs Tella paBHA II0JIOBUHE NPOM3BEACHUs MacChl Tejla Ha KBaapaT ero CKOPOCTH.
Bynem 0603HauaTh KWHETHUYECKYIO SHEPTUIO OYKBOM Ey:
2 |
2 muv
E = 5 (6.10)
|

DOHeprust I3MepsIeTcs, B TeX JKe SIUHANAX, YTO U padoTa. YuuTtheiBas paBeHCTBO (6.10), MokHO ypaBHeHHe (6.9) 3amicaTh

A=E,-E,=AE,. (6.11)

%

TaK:

PaBenctBo (6.11) BbIpakaeT TeopeMy 00 W3MEHEHHWH KHUHETHMYECKOW IHEPrUH: U3MEeHeHHe KUHETHYeCKOil IHepruu
Teaa (MaTepHaJbHOI TOYKH) 32 HEKOTOPBI MPOMEKYTOK BpeMEeHH pPaBHO padoTe, COBepPIICHHOI 32 TO ke BpeMs CHJIOI,
neiicTByIomleii Ha Testo. Eciu Ha Teno NelCTByeT HECKOJIBKO CHJI, TO M3MEHEHHE €r0 KHHETHYEeCKOW SHEPTHU PaBHO CyMMe paboT
BCEX cul, JIeHCTBYIOIUX Ha Teno.
Kunernueckas OHEPIrus TCJI 3aBUCUT TOJIBKO OT UX MacCC U CKOpOCTeﬁ. Kaxk MbI YBUAUM JAJIbIIC, TOJIHAA MEXaHUUCCKasd SHEPTUA
CHUCTCMBbI 3aBHCUT OT CKOpOCTeﬁ TCI U paCCTO)IHI/Iﬁ MCXKY HHMH. ,21.]'[}1 TOTO YTOOBLI BBEIYHCIIUTH Ty 4aCTb JHCPruH, KOTOpas
3aBHCHUT OT PACCTOSIHHN MEXIy TelaMHd, HYXHO MpeIBapUTEIFHO PacCMOTPETh BOMPOC O padOTe CHIIBI TSHKECTH W CHIIBI
YIPYTOCTH.
JBmwkymeecs Teno o0namacT KHHETHYECKOW JHEprueil. DTa SHeprus paBHa paboTe, KOTOPYIO HAI0 COBEPIIUTH, YTOOBI
YBEJIMYHUTH CKOPOCTh TEJa OT HYJIS A0 3HAYCHHUS V.
Pabora cuibl TKECTH
Brrancnmm paboTy, UCTIONB3ys B ATOT pa3 HE BTOPOH 3akoH HEIOTOHA, a SBHOE BEIpaKEHHUE IS CHJI B3aMMOICHUCTBUS
MCXKIY TCJIaMHW B 3aBUCUMOCTH OT paCCTOfIHI/Iﬁ MECXKIY HUMH. DTO MO3BOJIMT HaM BBECTH MOHATHE HOTEHHHaHLHOﬁ OHEPIUU -
SHEPTUH, 3aBUCSIICH HE OT CKOPOCTEH Tel, a OT PaCCTOSHUNA MEXy TeJaMH (WJIM OT PacCTOSIHUN MEXTy YacTSIMU OJHOTO U TOTO
Ke Tema).
Brruncnum cHavana paboTy CHJIbI TSIZKECTH IIPU MaeHUU Tejla (HalpuMep, KaMHs) BEPTUKAJIBHO BHU3:
A=mg(h,— h)=mgh, — mgh,. (6.14)
®opmyna (6.14) maeT BO3MOXKHOCTH IIOJMETHTH Ba)KHYIO0 3aKOHOMEPHOCTH. [IpHM TpsSIMONMHEHHOM MABIDKCHHH Tela
paboTa CHIIBI TSXKECTH B KaXKIOM Cllydae paBHA Pa3HOCTH ABYX 3HAUCHWH BEITHMYUHBI, 3aBUCSINCH OT TOJOXCHUH Tena B
HAYaIbHBIA U KOHEYHBI MOMEHTHI BpEMEHH. DTH MOJIOXKESHHUS ONIPEICITIOTCS BRICOTAMHU /i; U hyTena HaJ MOBEPXHOCTHIO 3EMITH.
Ipu 1BUKEHUM Tejia MO 3aMKHYTO# TPaeKTOPUM PadoTa CUJIbI TSZKECTH PaBHA HYJIIO.
Cunsl, obnanaromue TaKUMHU CBOWCTBaMH, Ha3bIBAIOT KOHCEPBATUBHBIMH.
I/ITaK, pa60Ta CHUJIBI TSKECTH HE 3aBHUCHUT OT q)OpMI:I TpaCKTOpUU TEJIa; OHA ONPEACIACTCA JIMIb HAYaJIbHBIM W KOHCYHBLIM
MOJIOKEHUSIMU Teuta. [Ipu mepeMeneHnn Tea 1mo 3aMKHYTOM TPAeKTOPHH paboTa CHIIBI TSHKECTH paBHA HYIIIO.
IoTeHuuanbHas 3Heprus
HWcnons3ys Bropoit 3akoH HpI0TOHA, MBI T0Ka3aJIM 9TO B CIIydae JBIDKYIIETOCS Tena padoTa CHJ 000 IPUPOIBI MOXKET
OBITH TIPE/ICTABJICHA B BUJE PA3HOCTH JIBYX 3HAUYCHHUH HEKOTOPOW BEIWYHMHBI, 3aBUCAIIEH OT CKOPOCTH Tela, - Pa3HOCTH MEXIY
3HAUEHUSIMU KHHETUYECKON YHEPTUU Tela B KOHEUHBI U HaualbHBIH MOMEHTHI BPEMEHU:
mv:  muvi

A= T — -2— = AL,, . ( - )
Ecnu ke cunbl B3auMOJEHCTBUS MEXIY TENaMU SIBISIOTCS KOHCEPBATUBHBIMU, TO, UCHOJb3Ys SIBHBIE BBIPAXKECHUS VIS
cui, Mbl nokasanu (cM. § 47 u 48), uro paboTy TAaKMX CHJI MOXXHO TaK)Ke NPEJCTaBUTh B BHJE PA3HOCTH JBYX 3HAYCHUH

HCKOTOpOﬁ BCJIMYUHEI, 3aBPICHIIICfI OT B3aUMHOT'O paCloOJIOKCHUS TCJI (I/IJ'II/I qacTei OJITHOT'O Tena):
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A =mgh, — mgh, (Ansa cuiIbl TAMKECTH),
(6.20)

8 kALY kAL
T2 2

31ech BBICOTHI /iy A, ONIPENEISIIOT B3aMMHOE PACIIONIOKCHHE TelNa W 3eMIIH, a YIJTHHCHHS /\Il u A['d - B3aWMHOE
pacmoyioKeHHe BHUTKOB  JIe()OPMHUPOBAHHON TMpYXKWHBI (WM  3HadeHWS nOedopManuidi  JApyroro  ymopyroro Telna).
BenuuuHy, paBHYIO NpPOHM3BEICHHIO MACChl TeJjia m HA YCKOPEHHE CBOOOJHOTO TAJCHHS ¢ U HAa BBICOTY & Tena Haj
MOBEPXHOCTHIO 3€MJIM, HA3hIBAIOT MOTEHIMAJLHOW HHEpPrueil B3amMojAeiicTBUA Teja W 3emJiHu (OT JATUHCKOTO CJIOBa

(anst cuibl yNpyroctTH).

CIIOTCHLUA» - IIOJIOKCHHUC, BO3M0)KHOCTB).
YcnoBuMcest 0003HaYaTh OTEHIIHATBHYIO SHEPTHIO OYKBOH E),:
E = mgh. l (6.21)

BennunHy, paBHYIO TIOJIOBHHE NpOU3BeAEHHS KOd(p(HUIMEHTa YIPYrocTH k Tela Ha KBaiapaT aedopmanuu Al ,
Ha3bIBAIOT NOTEHUMAJLHOM JHeprueii ynpyro 1e(p0pMupoOBaHHOIO TeJla:

I pasm—

| !“ (‘,\,)‘.f

o= (6.22)
n 2 x
B o6oux ClIydyasaX IOTCHHOUAJIbHAsA JSHCPIUs OIIPCACIIACTCA PacCIlOJIOXKCHUEM TECJI CUCTECMBI HIIU qacTen OJIHOro T¢Cja
OTHOCHTEIILHO pyrT Jpyra.

BBGZ[H IIOHATHE HOTGHI.[PIaJ'IBHOﬁ OHEPIruu, Mbl NOJIYy4aeM BO3MOKHOCTH BBIPA3UTH pa60Ty JTFOOBIX KOHCCPBAaTUBHBIX CHUJI YECPEC3
HN3MCHCHHUC HOTGHHI/IaHLHOﬁ OHCPIruu.
n

OTKy/a M‘u =-A

1 .
V3MeHeHne TOTCHIMANbHOW SHEPrUHM Tejla pPaBHO pabOTe KOHCEPBATHMBHOW CHIIBI, B3ATOH C OOpaTHBIM 3HAKOM.
Ora (dopmyna MO3BOJISET JaThb obee onpeneIeHne MOTEHINATbHON SHEPIHU.
IHoTeHuunanbHOM dHEPruei CUCTEMBI HA3BIBAETCS 3aBHCAIIAs OT MOJ0XKEHUS Te BEIMYNHA, U3MEHEHHUE KOTOPOH P NMepeXoe
CHCTEMBl W3 HAdaJbHOTO COCTOSHHMS B KOHEYHOE DPABHO pabdOTe BHYTPEHHWX KOHCEPBAaTHBHBIX CHJI CHCTEMBI, B3STOH C
MPOTHBOMOI0KHBIM 3HAaKOM.
3HaK «-» B popmyne (6.23) He o3Ha4aeT, YTO paboTa KOHCEPBATHBHBIX CHJI Bcerja oTpuuarenbHa. OH 03Ha4YaeT JIMIIb, 4TO
U3MCHEHHE TIOTEHIMAIbHOM SHeprud M paboTa CHI B CHUCTEME BCerJa HMEIOT  IPOTHBOIIOJIOKHBIC — 3HAKH.
Y
Hampumep, npu najneHun kKamHs Ha 3€MIIIO €rO IOTEHLUAJbHAs JHEPrus yObIBaeT (A]‘ ‘n < O),
COBEPIIAET MOJOXKHUTENbHYIO padoTy (A>0). CHC}IOB&TCHLHO,AI/IAE n UMEIOT TPOTHUBOMOJIOKHBIE 3HAKH B COOTBETCTBUHU C
dbopmynoi (6.23).
HyneBoii ypoBeHb moTeHnuaabnoi 3Hepruu. CormacHo ypaBHeHHIO (6.23) paboTa KOHCEPBATHBHBIX CHIJI B3aHMOJICHCTBUS
omnpeenseT HE camy HNOTEHIUANbHYIO SHEPIHIO, a ee HU3MEHEHHE.
IMTockonbky paboTa onpenenser JIUb H3MEHEHNE TOTCHIMAbHOW SHEPTUH, TO TOJIBKO N3MEHEHHE YHEPTHH B MEXaHUKE UMEET
¢usmuecknuit  cmbicn. [lo3TOMy MOKHO IIPOM3BOJIBHO 8bI0pamis COCTOSIHUE CHCTEMBI, B KOTOpDOM €€ IOTEeHIHaJbHas
SHEPIHsA cyumaemcs paBHOM HyI0. DTOMY COCTOSIHHUIO COOTBETCTBYET HYJIEBOW YpOBEHb MOTEHLUaNbHOW sHepruu. Hu ogHo
SBJICHHE B IPUPOJIEC WIN TEXHHUKE HE ONpeeieTcs 3HAYCHUEM CaMOil MOTEeHITNAIbHOM SHepriy. BaxkHa MUIIb pa3sHOCTh 3HAYCHUN
MOTEHIMATBHON SHEepPruu B KOHEYHOM u HadaabHOM COCTOSIHUSIX CHUCTEMBI TeJL
Br160p Hys€eBOTO ypOBHS ITPOU3BOAUTCS MO-PA3HOMY M JUKTYETCS HCKIIOYUTEIBHO COOOPaXeHUAMH yI00CTBa, T. €. IPOCTOTOM
3aMMcu YpaBHEHHUS, BBIPAXKAIOIIETO 3aKOH COXpaHEeHHS SHEPTHUH.
OOBIYHO B Ka4yeCTBE COCTOSHHS C HYJIEBOH IOTEHIMAIBbHON JHEeprueil BBHIOMPAIOT COCTOSHHE CHCTEMbI C MHHUMaJbHON
SHEPTHUeH. Torna NOTEHIMATbHAS SHEprus BCeraa HOJIOXKHUTEIbHA WIH paBHa HYJIIO.
Hrak, noTeHInalbHast SHEPTUsSI CUCTEMBI «TENO - 3eMIIs - BEINYMHA, 3aBUCALIAS OT MOJOKEHUS Teda OTHOCHTENBHO 3€MIIH,
paBHas paboTe KOHCEPBATHBHOW CHJIBI TPH IEPEMEICHNH Tejla W3 TOYKH, TZe€ OHO HAXOJHUTCS, B TOYKY, COOTBETCTBYIOLIYIO
HYJIEBOMY YPOBHIO MOTEHIMAIbHOI SHEPIHH CHCTEMBI.
3aKoH coXpaHeHHs JHEPTHH B MeXaHHKe
B m3onmMpoBaHHOW cHCTeME Tell TOJIOKHUTENbHAss paboTa BHYTPEHHHMX CHJI YBEJIMYMBAECT KWHETHUECKYIO SHEPTHUIO U
yMeHbIIaeT MOoTeHIuaNbHyt0. OrTpunaresnsHas paboTa, HANpPOTHUB, YBEIWYMBAECT ITOTEHIMAIBHYIO SHEPrHI0 M yMEHbBIIAeT
KHHETHYECKYIO. Nwmenno 6maromaps 3TOMY BBITIOJTHACTCS 3aKOH COXpaHCHHS SHEPTHUN.
CHoBa oOpaTuMcsl K MPOCTOH CHCTEME TeJl, COCTOSAIIEH M3 3eMHOTO IIapa W MOJHATOTO Haj 3eMyed Tena, HampuMep KaMHS.
Kamens mamaet mox neiictBueM cuiisl TsokecTH. CHITy CONPOTHBIICHHS BO3IyXa YUYHMTHIBATH He OymeM. PaboTta, coBeprmaemas
CHJION TSDKECTH NPH MEePEeMENIeHUH KaMHS U3 OJHOW TOYKH B APYTYIO, PaBHA M3MEHEHUIO (YBEIMYCHHIO) KHHETHUECKOW SHEPTHH
KaMHS:
A=AE,. (6.24)
B T0 xe Bpemsi 3Ta paboTa paBHa yMEHBUICHHUIO [TOTEHIIMAIBLHOW YHEPTHH:

A=-AE_. (6.25)

HO CHJIa TAXKCCTH
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Pabora cuipl BCEMHPHOTO TATOTCHUS, NCHCTBYIONIEH CO CTOPOHBI KaMHs Ha 3eMITI0, TIPAKTHYECKU paBHA HyIo. M3-3a
0ONBIION Macchl 3eMIIM e¢ MEePeMEIICHUEM M M3MEHEHHEM CKOPOCTH MOXHO TpeHeOpeus. Tak kak B Gopmynax (6.24) u (6.25)
JICBBIC YACTH OJJUHAKOBBI, TO PABHBI U MPABBIC YACTH:

AE, =-AE.. (6.26)

PaBencTBO (6.26) 03HAYAET, YTO YBEIMUYCHUE KHHETUYECKOM SHEPTHH CUCTEMBI PaBHO YOBLTH €€ TOTCHIUAIBLHOW YHEPTUU

(umm HaoOopoT). OTCrO/Ia BEITEKAET, YTO

AE_+ AE, =0,

13031
A(E.+E)=0. (6.27)

M3menenue CYMMBI KHHETHYECKOH Y TMIOTEHUIUAILHON SHEPTruil CUCTEMBI pPaBHO HYJIIO.

Benuuuny E, paBHY!0O CyMME KHHETHYECKOM M MOTEHLHUAJIBHON HSHEPTUN CUCTEMBI, HAa3bIBAIOT MEXaHUYECKOH 3Hepruei

CHCTEMBI:

E=E, +E,. (6.28)

Tak xak U3MEHECHHE TIOTHOM SHEPTHH CICTEMBI B pacCMaTpUBAaEMOM CITydae COTJIaCHO ypaBHEHHIO (6.27) paBHO HYIIIO, TO
SHEPTHs 0CTAeTCS MOCTOSHHOM:

E=E_ + E_=const. (6.29)

'

Takum oOpaszoM, 6 uzonupoeannoi cucmeme, 8 KOMOPOU OelicmEyIOm KOHCEPEAMUGHbIE CUJIbl, MEXAHUYECKAs
Inepzus coxpanaemcs. B 3TOM COCTOUT 3aKoH coxpaneHus MEXaHMIECKOHN JHepzun. DHEPTUs HE CO3/1aeTCsl M HE YHHUITOXKACTCS,
a TONBKO TMpeBpamiaeTcs H3 OXHOH (opMBI B JAPYrylo: U3 KHHETHYECKOW B MOTCHIHAJIBHYIO M  Hao0OpOT.

2
L
E.=mgh “« =~ "9
Y4uThIBas, YTO B paccMaTpHBacMOM KOHKPETHOM ciydae = Il " , MOXKHO 3aKOH COXpaHEHHS
MEXaHUYECKON SHEPTUH 3aIicaTh TaK:
muv*=
5 + mgh = const, (6.30)
nIn
2 2
l)'!l’l muoy
_ F = —- J
2 +mgh, TR mgh, .
OT0 ypaBHEHHE IO3BOJIIET OUCHb IPOCTO HANUTH CKOPOCTh KaMHs Vv Ha JII000H BBICOTE h> HAll 3eMJICH, €ClIM H3BECTHA
HavaibHas CKOPOCTh V; KaMHs Ha HCXOHOM BBICOTE A1;.

3aKoH COXpaHEeHUsT MeXaHHUECKOoU sHepruu (6.29) jgerko 0bo0IaeTcs Ha ciaydai Jr00ro Yucia Tea U 00X KOHCEPBATHBHBIX
cul B3auMozeicTeus Mexny Humu. Ilox E. Hy)KHO NOHUMAaThb CyMMY KHUHETHYECKHMX 3HEPIUH BCeX Tell, a noj E, - MOJHYI0
MOTEHIMATBHYIO SHEPIHIo CHUCTEMBI.
Jlis cucteMsl, cOCTOSILEN U3 Tena Maccoil m U MPYKHUHBL, 3aKOH COXPaHEHHS MEXaHUYECKOW DHEPTUU UMEET B

2 2
muv* k (Al) v«
— +——— =const. (6.31)
2 2
ITonnas mexanuueckas OHEPIrusl CUCTEMbI paBHa CyMME €€ KAHETUYECKON U HOTeHHI/IaHLHOﬁ 3HeprI/II71. B I/ISOJII/IPOBaHHOf/'I
CHUCTEMCE, B KOTOpOﬁ I[eﬁCTByIOT TOJIBKO KOHCEPBATUBHBIC CHIJIBI, MEXaHHUYECKaAa OHEPIrud COXpaHsACTCA.

Jlekuus Ned
Tema: «MexaHnyeckne KoJeO0aHUsT U BOJHBID»
1. Bompocs! nekuuu:
1.1. Mexanuueckue Koyiebanus. AMIUIUTY/Ia, IEPUO/I, YaCTOTa KoJicOaHuii, (haza KoacOaHHiA.
1.2. CBo6osHBIE U BEIHYXK/ICHHBIE KoeOaHus. Pe3oHaHc.
1.3. Mexanuueckre BoHbl. CBONCTBA MEXaHUYCSCKHMX BOJIH. J[JIHHA BOJIHBI.
1.4. 3ByKOBBIC BOJHEI. YIIBTPA3BYK H €r0 HCIIOJIb30BAHNE B TEXHUKE U MEIUIMHE.

2. KpaTkoe coaepxaHue BOIPOCOB

MexanndyecKue KoJe0aHnus
B TexHHMKe M OKpyXawIleM HAac MHUpPE 4YacTO MPUXOJUTCS CTAJKUBATBCS C

=
| MEPUOTNIECKUMH (WJIM TIOYTH TEPUOTUYECKUMH) MPOIECCaMH, KOTOPHIE IOBTOPSIOTCS
yepe3 OJMHAKOBBIE TPOMEXYTKH BpeMEeHH. Takue Mpouecchl Ha3hIBAIOT KOIeOaTeIbHBIMH.

k&SF KonebarenpHble SBIEHUS pPa3TUYHOW (PHU3MUECKOW MPHUPOABl TMOMUMHSAIOTCS OOIMIHMM

3aKOHOMEpHOCTSIM. Hampumep, koneOGaHUs TOKa B DJIEKTPUYECKOH IMENMd W KoJeOaHUs
MaTeMaTHIeCKOT0 MasTHUKA MOTYT OMUCHIBATHCS OJMHAKOBBIMU YpaBHEHUSAMHU. OOIHOCTD
KoIeOaTeNbHBIX 3aKOHOMEPHOCTEH IO3BOJIIET PAacCMaTPHUBATH KoJeOaTelbHBIE MPOIECCH
Ppa3IM4HOM NPUPOJBI C €AMHON TOUKHU 3PEHHUS.
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MexaHU4eCKMMHU KOJeOaHMUsAMH HA3bIBAIOTCS JBHIXKCHUS TEJ, TOYHO IOBTOPSIOIIMECS Yepe3 OAWHAKOBBIE IPOMEKYTKH
BpPEMEHHU. 3aKOH [IBIDKCHHUS Tela, COBEPILIAIOLIErO KoJeOaHWs, 3aJaeTcs C MOMOLIbI0O HEKOTOPOH NEPHOANYECKOH (QYHKLINU
BpeMmenu X = f(t) (1). ['paduueckoe n3o0paxxenue 3Toi QyHKIUH AaCT HAIJISJHOE NPEICTABICHUE O MPOTEKaHUH KOJIe0aTeIbHOro
nporecca BO BpeMEHH.

[IpuMepamMu TPOCTBIX KOJEOATEIBHBIX CHCTEM MOTYT CIY)XHTh IPy3 Ha INpPYXKHHE WIM MaTeMAaTHYeCKHH MasTHHK,
n300paKeHHBIC Ha PUCYHKE.

YpaBHeHHe K0J1e0aTeJbHOI0 ABUKEHUS

ABisgeTCsl QYHKIMSA BUAA

X = Xm cOS (0> + @o) (6).

31meck x — CMeNIeHHe Tella OT ITOJIOKCHUSI PAaBHOBECHS, X, — aMIUIMTYAA KOJeOaHHH, T. €. MaKCHUMalbHOE CMELICHHE OT
TIOJIOKEHHSI PABHOBECHS,  — LUKIJIMYECKas WJIM KPyropas 4acToTa KoyieOaHWH, ! — BpeMs. BemnuuHa, crosias MOJA 3HAKOM
KOCHHYCa ¢ = wt + (o Ha3bIBaeTcs Pa3oii rapMoHnUecKoro nporecca. [Ipu ¢ = 0 ¢ = ¢g, TO3TOMY @p Ha3bIBAIOT HAYAJIBHOM (ha30ii.
I'apMoHnyeckune Kosxedanust

KoneGanusi, onuceiBaeMble ypaBHEHUEM (6), SIBIISIIOTCS TapMOHHYECKUMH.

MuHUMaNbHBIA WHTEpBal BPEMEHH, Yepe3 KOTOPBIH NMPOUCXOJHUT MOBTOPEHUE NBM)KEHHS Tesa, HAa3bIBACTCS NEPHOAOM
konebannii 7. Yacrora (BenmuuuHa, oOpaTHasi MEpUOJY) MOKA3bIBAET, CKOJBKO KOJIEOAaHMH COBEpINAECTCS 3a €AMHHILY BPEMEHH:

1 2T
V= $=2m= —
T

T, Hukrueckas yacToTa KoJeOaHUH CBA3aHA C YACTOTOH U MEePHOAOM KoJeOaHmid T cOOTHOMIEHUIMH

Mexanuveckue BOJTHbBI

Ecmu B kakoM-HHOYIF MECTE TBEPIOMH, KUAKOH WK ra3000pa3HOi cpeasl BO30YKIIECHBI KOICOaHNs YacTHUIl, TO BCICICTBHE
B3aMMOJICHCTBHS aTOMOB M MOJICKYJI CpeIbl KOJICOAHWS HAYMHAIOT MEPEAaBaThCs OT OIHOM TOYKH K JAPYrod ¢ KOHCUHOU
ckopocThlo. IIporiecc pacnipocTpaHeHus KojeOaHu B cpefie Ha3bIBAETCS BOTHOU.

MexaHuyeckrue BOJIHBI OBIBAIOT pa3HBIX BHIOB. Eciau mpu pacmpoCTpaHEHWH BOJIHBI YACTHIBI CPEJbl HCHBITHIBAIOT
CMEIIeHHe B HAIPaBJICHUU, NEPIEHIUKYIIPHOM HAMpPABICHUIO PACIpPOCTPAaHEHUs, Takas BOJHA HAa3bIBACTCA NONEPEUHOL.
[IpuMepoM BOJHBI TAKOT'O POJia MOTYT CIYXKHTh BOJIHBI, OCTYII[UE M0 HATSAHYTOMY PE3WHOBOMY JKTYTY WJIM MO CTPYHE (PHCYHOK
cJeBa).

Ecnu cmemeHue dactui cpeabl NPOUCXOAWUT B HalpaBiCHUM PACIpOCTPAHEHHs BOJIHBI, Takas BOJIHA Ha3bIBaeTCA
npoooibrotl. BOIHBI B yIpyTroM cTep:KHEe (PUCYHOK CIpaBa) WIH 3BYKOBBIE BOJHEI B T3¢ SBIIOTCS IMPUMEPAMH TAKUX BOITH.

Bomns! Ha TMOBEPXHOCTHU KUJAKOCTU UMEIOT KaK IMOMEPEYHYIO, TaK U MPOAOJIHbHYIO KOMIIOHCHTHI.

MexaHuuecKkre BOJHBI MOTYT paclpoOCTPaHSIOTCA B TBEPHABIX, KUAKMX M Tra3000pasHbIX cpenax. IIpomosbHble
MEXaHWYECKHE BOJIHBI MOTYT PaclpOCTPaHATHCS B JIIOOBIX Cpelax — TBEPHABIX, XKUIKUX M Ta3000pa3HbIX. B ®HUIKOCTIX M rasax
ymnpyras nedopmanusi CABHra HE BO3HHMKaeT. Ecim OIMH CIOH KHMIAKOCTH WM ra3a CMECTHTh Ha HEKOTOpOE pacCTOsSHHE
OTHOCHTEJIFHO COCEIHETO CJIOS, TO HUKAaKUX KacaTeJbHBIX CHJI Ha IPaHMIC MEXIy CIOSAMH He nosBisieTcst. CHibl, AeHCTBYONIHE
Ha TPaHUIE XHUIKOCTH M TBEPJOTO TEJa, & TAKXKE CHIIBI MEXKAY COCEJHUMH CIIOSMH JKHUIKOCTH BCET/Ia HAIPABJIECHBI 110 HOPMAIH K
TpaHHIe — 3TO CHWIBl AaBleHHA. TO ke OTHOCHTCA K Tra3oobpasHoil cpene. CremnoBaTelbHO, MOMEPEYHBIE BOJIHBI HE MOTYT
CyIIIECTBOBATh B XKMIKOW MM Ta3000pa3HOM cpenax.

PaccmoTpuM BONHY, KOTOpas paclpoCTpaHseTcs B IPOCTPAHCTBE OT HCTOYHHKA, COBEPIIAIONIETO TapMOHHYECKHE
konebanusa. Eciu Terno, sBIArOmeecss MCTOYHUKOM KOJIEOaHUHM, ABIDKETCA IO 3aKOHY Y=Yy, cos (wt) (20), To ypaBHEHHE BOJHBI,
PpacpoOCTpaHSIONMIEHCs: OT UCTOYHHUKA KoyiebaHuit BIob ocu OX, OyJeT UMeTh BUJ

¥ =y, cos(@—&x) @1,

P

rae A (22) Ha3bIBaeTCS BOTHOBBIM YHCIIOM. BOTHOBOE YMCIIO OnpeAessieT KONUYEeCTBO BOJH, YKIIAABIBAIOIINXCS Ha
oTpe3ke 27 M IOAO0OHO TOMy, KaK HUKIMYECKas 9acToTa ® OMpEeAessieT YHCIO MEePHOA0B, YKJIAIBIBAIOIINXCA HAa BPEMEHHOM
oTpe3ke 27 cC.

Jlnunoii gonnbl A Ha3BIBAIOT PACCTOSHUE MEXIY JIByMSI COCEAHMMH TOYKaMH Ha ocu OX, KOJICOTIONMMUCS B OJAMHAKOBBIX
¢azax. Paccrosnue, paBHOe JUIMHE BOJHBI A, BOJHA npoberaer 3a nepuoy T, ciaenosarensHo, A =vI  (23), tae v — ckopocmb
pacnpocmpanenus BOIHBL.

OOpamaem BHHMaHHE, YTO BOJIHA, ONMHKCHIBacMas ypaBHeHueMm (21), memxkercs Baosib ocu OX, mpotuB ocu OX Oynper

yix. )= x, cos( @ +kx)
JIBUTATHCSI BOJIHA, ONFICHIBa€Masi ypaBHEHUEM .
CKOpOCTh pacIipoCTpaHEeHUs! YIPYTroil BOJIHBI 3aBUCUT OT THHA JieopManny U IUIOTHOCTH CPEAbI, U BBIYUCIISCTCS KakK
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c (24), rne E — Moaynb cOOTBETCTBYIOIIEH nedopmanun (ckatusi, CABHUra, U3ruda), p — IWIOTHOCTH cpeabl. CKOpocTh
pacnpoCTpaHeHUs BOJHBI HE MMEET HMKAKOIO OTHOILIEHUS K CKOPOCTH OTAEIBHBIX TOYEK BOJIHBI, U MPU MaJIbIX aMIUIUTYyAax He
3aBUCHUT OT aMIUTUTYBI.

Hanpumep, npu temmneparype 20 °C cKOpocTh pacnpoCTpaHEHHs MPOAOJIBLHBIX BOJNH B Boje Vv =~ 1480 m/c, B pa3nnyuHbIX
COpTax CTalu vV =~ 5—6 kM/C.

3ByKOBBI€ BOJIHBI

3BYKOBBIMH BOJIHAMH WM IIPOCTO 38VKOM TIPHHSITO HA3bIBATH BOJIHBI, BOCIIPHHUMAEMbIE YEIOBEYECKUM yXOM. [lnama3oH
3BYKOBBIX 4acTOT JexuT B mpenenax oT 20 I'm mo 20 kI'm. Bomuer ¢ wacrotoit menee 20 'y Ha3bIBAIOTCS uH@paszeykom, a ¢
gacroroit 6onee 20 k['m — yrempasgyxom. BomHBI 3BYKOBOTO JAMamna3oHa MOTYT paclpOCTPaHAThCA HE TOJBKO B ras3e, HO W B
XKHUIKOCTH (TIPOJOJbHBIC BOJHBI) M B TBEPAOM Tene (MPOAOIBHBIE M TIONEPEYHBbIC BOJIHBI). V3ydeHHeM 3BYKOBBIX SIBICHUI
3aHMMAETCs pa3zieN GU3UKH, KOTOPBIH HAa3bIBAIOT aKYCMUKOI.

[Tpu pacnpocTpaHeHNH 3ByKa B ra3e aTOMBI M MOJICKYJIBI KOJICOIIOTCS BIOJIb HANIPABJICHUS! PacIPOCTPAHEHUsI BOJHBL. DTO
MIPUBOAUT K U3MEHEHHAM JIOKAJIbHOMN IJIOTHOCTH P M JAABJICHUS P. 3BYKOBBbIE BOJHBI B ra3e 4acTO HA3bIBAIOT BOJIHAMH IUIOTHOCTHU
WM BOJTHAMH JIaBJICHMUS.

CKOpOCTb pacnpoCTpaHEHHs 3BYKOBBIX BOJIH ONpeAesieTcs WHEepTHBIMH M YINpYruMu cBoiicTBamu cpeabl. CKopocTh

v = E
pacmnpoCTpaHeHHUs MPOJIOIBHBIX BOJIH B JIF000# 0e3rpaHUYHON OTHOPOIHOU cpefie onpeaessieTcs mo hopmyie A ,rne B —
MOJlyJIb BCECTOPOHHEIO CXKaTHs, p — CPEAHAA IUIOTHOCTH cpenbl. CKOPOCTh 3ByKa MPH HOPMAJBbHBIX YCIOBHSX (TO €CTh NpPH
temneparype 0 °C u maBmenun 1 at™m) paBHa 331,5 m/c, a ckopocth 3Byka mpu temmepatype 20 °C u ngaBneHmn 1 atM paBHa
343 m/c.

[Tpn BocipusATHH pa3IMYHBIX 3BYKOB YEJIOBEUECKOE YXO OLEHMBAET MX MPEXIE BCETO M0 yPOBHIO T'POMKOCTH, 3aBHUCSILCH
OT MHTCHCUBHOCTHU 3BYKOBOH BOJIHBI. Bo3nelicTBre 3ByKOBOH BOJIHBI Ha OapabaHHYIO NEPETIOHKY 3aBHCHUT OT 3BYKOBOTO JIaBJICHHU,
TO €CTh AMILTUTY/BI Po KOJNEOAHHUii JABIEHUS B BOJNHE. [10pOT CIBIIIMMOCTH COOTBETCTBYET 3HAYEHMIO Po mopsaka 10710 atm, To
ectb 1075 [1a, GoseBoil OPOr COOTBETCTBYET 3HaYeHHIO Po mopsaaka 10~ arm mmm 10 [Ta. Takum 06pa3oM, YEIOBEYECKOE yXO
CHOCOOHO BOCHIPUHHMMATH BOJIHBI, B KOTOPBIX 3BYKOBOE JIaBJICHHE M3MEHSETCS B MHJUTHOH Pas.

Eme onHON XapaKTepUCTUKOM 3BYKOBBIX BOJIH, OIpPEACNSIONIEH HMX CIYyXOBOE BOCIPHUSATHE, SABJISIETCS BBICOTA 3BYKA.
Konebanuss B rapMOHHYECKOI 3BYKOBOI BOJIHE BOCIPHHHMAIOTCS YEJIOBEYECKMM YXOM KaK MY3bIKaJbHbIH TOH. KonebGanus
BBICOKOI 4aCTOTHI BOCIIPUHUMAIOTCSI KaK 3BYKH BBICOKOT'O TOHA, KOJieOaHMsI HU3KOW 4acTOThI — KaK 3BYKH HU3KOT'O TOHA. 3BYKH,
n3JaBaeMble My3bIKAJIbHBIMU HHCTPYMEHTaMH, a TaKXKe 3BYKH YEJIOBEYECKOI'0 I'0J0ca MOTYT CHIBHO Pa3INyaThCs M0 BBICOTE TOHA
U TI0 Tara3oHy 4acToT. Tak, HarpuMmep, uana3oH Hanbosee HU3KOTro MY>KCKOT0 rojoca — 6aca — MpoCcTUPAETCs IPHOIU3UTENBEHO
ot 80 110 400 I'y, a TMana3zoH BBICOKOrO KEHCKOT'0 rosioca — conpano — ot 250 go 1050 I'm.

Jlexkuusa NeS

Tema: «ArperaTHble COCTOSIHHSI BELIECTBA»

1. Bompocs! nekuuu:

1.1. Atomucrndeckasi TeopHus CTpOeHHs BellecTBa. HaOmroneHHs M OMBITHI, MMOATBEPKAAIOIINE ATOMHO-MOJIEKYJISIPHOE
CTpOEHHE BellecTBa. Macca 1 pa3Mepsl MOJIEKYIL.

1.2. TenmoBoe nBmxeHHe. AGCOMIOTHAS TeMIlepaTypa Kak Mepa cpelHell KHHeTHYeCKON SHePTUH YacTHUIl.

1.3. OObBsicHEHHE arperaTHbIX COCTOSHHM BeleCTBa HA OCHOBE aTOMHO-MOJIEKYIAPHBIX INpeACTaBiIeHUHA. V3MeHeHus
arperaTHbIX COCTOSIHUY BEIECTBA.

1.4. Monens wuneanpHOTO raza. CBsA3b MEXAY JaBIC€HHEM W CpEJAHEH KWHETHYECKOW OSHeprued MOJeKyld rasa.
M3omnpoueccel.

1.5. Mogenp crpoeHHs XHIKOCTH. HachbllleHHble W HEHACHIIEHHbIE mNapbl. BiaxHocTh Bo3gyxa. IloBepxHOCTHOE
HaTsDKEHHE M CMadlBaHHe.

1.6. Monens cTpoeHus TBEpIbIX Tell. AMOp(hHBIE BEIIECTBa M XKUAKUE KPUCTAIUIBl. MeXaHn4ecKHe CBOHCTBA TBEPBIX TEI.

2. KpaTkoe cozep:kaHue BOIpOCOB

OcHoBHbBIE MOJIOKEHUS MOJIEKYJIAPHO-KUHETUYECKOH TeoOpHH. Pa3mepsnl MOJIEKYJI.
MOHeKyHH OYC€Hb MaJibl, HO TOCMOTPHUTEC, KaK IMPOCTO OLUCHUTH UX Pa3MEPHI U MaccCy. ﬂOCTaTO‘{HO OHOTO Ha6mo;1em/m 1 T1apbl
HECJIOKHBIX pacderos. IIparna, HaJ0 ere JIOTyMaThCst bi (o) TOTO, KaK 3TO cIenaTh.

B ocHOBe MONEKYISIPHO-KHHETHIESCKONH TEOPUH CTPOSHUS BEIIECTBA JIEXKAT TPH YTBEPIKICHHS: BEIIECTBO COCTOUT M3 YACTHIL;
9TH YaCTHIbI 0eCNOPSII0YHO JABUKYTCSI; YACTHIBI B3aMMOJIEHCTBYIOT JpPyr ¢ apyrom. Kaxkjoe yTBepaeHHE CTPOTO
JIOKa3aHO Cc TTOMOIITBIO OIIBITOB.

CBoiicTBa 1 MoBelieHHE BceX 0e3 MCKIIOYCHHUS TNl OT HH(Y30pUH 10 3BE3/Ibl ONPEACISIFOTCS IBIDKCHHEM B3aHMOICHCTBYIOINX
JPYT C IPYTOM YacTHI[: MOJICKYJI, aTOMOB HJIH elle 0osee MallbIXx 00pa30BaHUH - JIIEMEHTAPHBIX YACTHII.

Macca mosekyJi. KosimuecTBo BemecTna.
OTHocuTe/IbLHAS MOJIEKYJISIpHAsi Macca.
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Tak kak MacChl MOJEKYJT OYCHb Maibl, ymoOHO WCIOJNB30BaTh B pacyeTax He aOCOJIOTHBIC 3HAYCHHS Macc, a
OTHOCHUTENbHBIC. [10 MEXKITyHAPOAHOMY COTJIAIICHUIO MAcChl BCEX aTOMOB M MOJICKYJI CPaBHUBAIOT ¢ 1/12 Macchl aToMa yriiepoaa
(Tak Ha3pIBacMas yriepoJHas IIKaia aTOMHBIX Macc). OTHOCHTEIbHO MOJIEKYJISPHOIl (MJIM aTOMHOI) Maccoil BemiecTBa
M Ha3BIBAIOT OTHOIICHHE MACCHI MOJIEKYJIBI (MIIM aToMa) 1y JAHHOTO BeriecTBa K 1/12 mMaccer aToma yriaeposa mioc:

) |
mg
= i"m ¥ (5-2)
12"

OTHOCHUTETIBHEIC ATOMHBIE MAaccChl BCEX XUMHYECKHIX JJIEMEHTOB TOYHO HU3MEPEHBL.

CkapiBasi OTHOCHTEIBHBIE aTOMHBIE MAacChl AJIEMEHTOB, BXOJIINX B COCTaB MOJICKYJBI BEIIECTBA, MOXXHO BBIYHCIHTH
OTHOCHTEIIFHYI0O MOJIEKYIIPHYIO Maccy BemlecTBa. Hampumep, OTHOCHTENBbHAas MOJEKYIApHAas Macca YIJEKHCIOro Trasa
CO; npubnmkeHHo paBHa 44, Tak Kak OTHOCUTENbHAS aTOMHAs Macca yriepo/a TOYHO paBHa 12, a kucimopoaa mpuMepHo 16: 12 +
216 = 44.
KoanuecTBo BemecTBa U mocTositHHasg ABoranpo. Koauuecmeo sewecmea Hanbdolee €CTECTBEHHO OBLITO OBl H3MEPSTH YUCIOM
MOJICKYJI HJTH aTOMOB B Tene. Ho 4ucio Mosiekys B JF000M MaKpOCKOITHUECKOM TeJe TaK BEJIHMKO, YTO B pAaCUeTaX UCIOJB3YIOT HE
a0bcoroTHOE YHCIIO MOJIEKYI, a OTHOCHUTEIILHOE 170'¢ YUCIIO.
B MexayHapoHoii cucTeMe eIUHUI] KOJIMYECTBO BEIIECTBA BhIpaXatoT B Mossx. OJIMH MOJb - 3TO KOJUYECTBO BEIECTBA, B
KOTOPOM COJIEP>KUTCSI CTOJBKO K€ MOJIEKYJ WM aTOMOB, CKOJBKO aTOMOB COJEpKUTCS B yriepoge maccoi 0,012 xr.
3HauuT, B 1 Monp JI00O0r0 BEUIECTBA COAEPKHUTCS OAHO M TO K€ YHUCIO aTOMOB WM MOJIEKYJ. DTO YHCIO aTOMOB
0003Ha4ar0T N4 1 HAa3BIBAIOT NOCMOSHHOLL Asoeadpo B 4ecTh WUTaJIbSHCKOTO Y4EHOTO (XIX B.).
Juis onpeneneHus OCTOSHHONH ABOTaApo HaIO HAWTH Maccy OJHOTO aToMa yriepona. [IpuOmmkeHHas OIleHKa MacChl MOXKET
OBITh MPOM3BEACHA TaK, KaK TO OBUIO CAETAaHO BHIMIC JUIS MacChl MOJICKYJBl BOABI (HamOojee TOYHBIE METOABI OCHOBAaHBI Ha
OTKJIOHCHHUH ITyYKOB HOHOB 3JICKTPOMATHUTHBIM TIOJIEM).

= | e
Hus MAacChl aToma yriepona U3MEpeHUs JTATOT: My 1,995 - 10 i,
ITocrostHHY10 ABOTraspo N4 MOXKHO OIpPENENINTh, Pa3/eNUB Maccy yriepoja, B3ATOTO B KOJHUYECTBE OJHOIO MOJs, Ha Maccy
OJTHOTO aToMa yTiepoja:

K 1 KI 1

N, = 0,012 - = 0,012 - e =
' MOJIb  Mge Mosib  1,995-104° kr
- - 6,02 - 10 moas .
N, = 6,02 - 10> monp'. | (8.3)

> A\

Hanmenosanue monb’ ykaspiaeT Ha To, 4To Ni - uMciIo atoMoB B 1 Mose smoGoro Bemiectsa. Ecnm, Hampumep,

KOJIMYECTBO BemecTsa ¥ 2,9 MOJIB | 1o uneno monexyn B Tere N = VN, 1,5- 10 *. OTCIO/la BHJIHO, 9TO
KOJINYECTBO BEIIECTBA PaBHO OTHOLICHHIO YHCIIAa MOJIEKYN N B JAaHHOM Telle K OCTOSHHONW ABorazipo Nj, T. €. K UHUCITy MOJIEKYII B
1 Monb BemecTBa:
N Y (8.4)
-
OrpoMHOE 9HCI0BOE 3HAYCHHE OCTOSHHONW ABOTaipo MOKa3bIBAET, HACKOJIBKO MaJlbl MUKPOCKOIMYECKHE MacIITa0bI 110
CPaBHEHHIO C MaKpOCKONMHMYeCKMMH. Terno, obnagaromiee KOJIMYECTBOM BellecTBa | MOib, MMEET MpPUBBIUHBIE I HAac
MaKpOCKOTINYECKHE pa3mepsl u Maccy nopsiiKa HECKOJIBKUX JIECSITKOB TrpaMMOB.
Monsipuasi macca. Hapsimy ¢ OTHOCHTENBHOW MOJIEKYJISIDHOW Maccoil M, B GU3MKE U XUMHMH IIMPOKO HCIIOJB3YIOT
TIOHSITHE MOAPHAs Macca. MoasipHoi Maccoil M BelecTBa Ha3bIBAIOT MAacCy BEIIECTBA, B3ATOTO B KOJWYECTBE | MOJIb.
CornacHO TakoMy OIpeNeNIeHHI0 MOJIIpHAas Macca BEIIeCTBa PaBHA IPOM3BEICHHIO MAacChl MOJIEKYJBl Ha MOCTOSHHYIO
ABorazipo:

M = m,N,. (8.5)

Macca m J'HO6OFO KOJIMYECTBA BCUICCTBA PaABHA TPOU3BCICHNUIO MACChI OHHOﬁ MOJICKYJIbI Ha YHUCJIO MOJICKYJI B TCJIC:
L T
m = myN. (8.6)

3amenuB Nj u N B hopmyie (8.4) ux BelpakeHISIMH U3 Gopmy (8.5) u (8.6), moryanm
In ~
Vv \—[’ i (8.7)
KoauyecTBo BelecTBa paBHO OTHOLIEHHI0 MAcChl BELIECTBA K €ro MOJSIPHON Macce. VIMeHHO Takoe onpejesieHne
KOJIMYECTBa BeIIeCTBA JaeTcs B YYIEeOHHUKE XHMUU.
Ywcno MoeKy JTF00ro KOJIMIecTBa BEIECTBa Maccoil m U MOJISIpHON Maccoit M cornacHo Gopmynam (8.4) u (8.7) paBHo:

N=VN,=Ny1r. (8.8)
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@opmyner (8.2), (8.4) u (8.5) maroT ompenereHUS HOBBIM (U3UYCCKUM BEITUYMHAM, TAKUM, KaK OTHOCHTEIhHAs
MOJIEKYJISIpHasl Macca, KOJIMYEeCTBO BEIIECTBA U MOJSIpHAs Macca. BeIBecTH UX HEmNb3s, UX HAAO MPOCTO 3aOMHUTH. OcTanbHEIE
¢dopmyasl, Hanpumep (8.7) 1 (8.8), MOXKHO BBIBECTH.
Cuabl B3auMo/eficTBUS MOJIeKY.I.
Mormnexyibsl B3aMMOJCHCTBYIOT Apyr ¢ ApyroM. be3 3Toro B3amMoneWcTBHs HE ObIO OBl HM TBEpABIX, HH >KHIKHX TEIl.
JlokazaTp cyniecTBOBaHHME 3HAUYUTEIBHBIX CHII B3aMMOJCHCTBHS MEXIy aTOMaMU WIN MOJEKyJIaMH HEcIOXHO. [lompoOyiite-ka
CJIOMaTh TOJICTYIO HanKy! A Beab OHAa COCTOMUT M3 MoJeKys. Ho omHU cuner npumsasicenus He MOTYT 0OECIIEIHUTh CYIIECTBOBAHUS
yCTOWYMBBIX 00pa3oBaHMII M3 aTOMOB M MOJIEKyl. Ha oOdYeHb MasbIX pacCTOSHHUAX MEXOY MOJIEKyJIaMH 00s3aTeIbHO
JIEHUCTBYIOT cuibl ommankuéanus. brarogapsi 3ToMy MOJIEKyJbl HE MPOHHUKAIOT JIPYr B Apyra W KyCKH BEIIECTBAa HUKOIZA HE
CKHMAIOTCS JI0 pa3mepoB HopsiAKa pa3mepoB OJTHOM MOJICKYJIBL.

Kak Bo3HuKaeT B3aumMojeiicTBHe MoJIeKyJ. Moyiekysa - 3TO CIOXHas CHCTEMa, COCTOAIIAs U3 OTHCIbHBIX 3apsKEHHBIX
YaCTHII: IEKTPOHOB U aTOMHBIX sAep. XOTA B II€JIOM MOJEKYNIbI 3JEKTPHUECKU HEHTpanbHbl, TEM HE MEHee MEeXIy HHUMM Ha
MaJIbIX PAcCTOSHUSAX ACHCTBYIOT 3HAUUTENIbHBIE JICKTPUYECKHE CHJIBL: MPOUCXOIUT B3aUMOAEHUCTBHE IJEKTPOHOB M aTOMHBIX
saaep COCEIHUX MOJIEKYIL.

Ecnu Monekynbl HaXOASITCA Ha PAacCTOSIHUAX, MPEBBIIIAIOIIUX WX pa3Mepbl B HECKOJBKO pa3, TO CUIIbI B3aHMMOJAEHCTBUS
NPaKTHIECKN HE CKas3bIBatOTCs. CHIBI MEXIY 3JEKTPHUIECKH HEHTPATbHBIMH MOJIEKYJIAMH SIBISIOTCS KOPOTKOAEHCTBYIONIMMHU.

Ha paccrosHusx, npeBslaromux 2-3 1uaMeTpa MOJIEKYJ, JEHCTBYIOT Cuilbl NpUTsxkeHUs. [1o Mepe yMEeHbIIEHUS pacCTOSHUA
MEKAy MOJEKYJaMH CHJa MX B3aMMHOTO NPHUTSDKCHHS CHAdYana YBEIUYMBACTCS, HO OJNHOBPEMEHHO YBEIMYHMBACTCS M CHIIA
OTTaJKUBaHUs. [IpH OINpEAENeHHOM PACCTOSIHUM CHJAa IPHUTSHKEHUS CTAaHOBUTCS PaBHOHM CHJIE OTTAJKHBAHUS. DTO PACCTOSHUE

CYUTAETCS paBHBIM JUaMETPy MOJIEKYJIBL.
[lpu panpHedieM yMEHBLICHUH PAaCCTOSHHS DJICKTPOHHBIC 000JIOYKM aTOMOB HA4YMHAIOT IEPEKPhIBATBCS M OBICTPO
YBEIMYUBAETCS cuia OTTaJIKUBAHUS.

ATOMLI U MOJICKYJIBI COCTOAT M3 JJICKTPUUYCCKHU 3aAPSAKCHHBIX YaCTHII. Bnarouapa I[eﬁCTBHIO QJICKTPHUUCCKUX CHUJI Ha MaJIbIX
PacCTOAHUAX CUIIBI ITPUTKCHU S 6OJ'H)IHe CHUJI OTTAJIKUBAHUS.
TemnepaTypa U TeIUIOBO€ PABHOBECHE
TepmomeTpamu monb3yroTcst Bce. A uro oHu m3mepstor? Koneuno, temnepatypy! OmHako 3To emie He oTBer. UTto
03HavaroT cioBa: «S uaMepui Temmeparypy Teaa»? Uro s mpu 3ToM y3HaI? UTo MMEHHO XapaKTepHu3yeT TeMIiieparypa? JTo Bce
HE Tak IIpOCTO, KakK MOJKET MOKa3aThCs Ha MIEPBBIi B3TJISLI.
MakpockonuyecKkue napaMerpbl. J{JIs OIKMCaHus IPOIECCOB B ra3ax U APYTHX MaKPOCKOITMYECKUX TEJIaX HET HEOOXOAMMOCTH
BCE BpeMsI 00paIiaTbCs K MOJIEKY/IIPHO-KHHETHUECKOM Teopun. [ToBeaeHe MaKpOCKOIIMYECKUX TEJI, B YACTHOCTH ra30B, MOXKHO
OXapaKTeprU30BaTh HEMHOTHM YHCIIOM (PM3HYCCKUX BEIMYHH, OTHOCSIIUXCSA HE K OTACIBHBIM MOJIEKYJIaM, CararolinM Tella, a Ko
BCEM MOJEKyJaM B IenoM. K 9Mcly  TakdX — BEIMYMH — OTHOCSTCS — 00beM V,  [maBieHHE p, TeMIeparypa f.
Tak, ra3 maHHON Macchl BCerja 3aHMMAacT HEKOTOPBIH 00beM, MMEET ONpEACICHHBIC NaBlIeHHUE U Temmeparypy. O0beM u
JaBJICHUEC TPCACTABIIAIOT CO60ﬁ MEXAaHUYECKUC BEJINYHUHBI, KOTOPBIC NMOMOI'arOT OIHCHIBATH COCTOSHUE rasa. TeMHepaTypa B
MEXaHHUKE He paccMaTpuBaeTcs, TaK KaK OHa XapaKTepU3yeT BHYTPCHHEE COCTOSIHHE Tena.
BennuuHbI, XapakTepU3YIOIIUE COCTOSHHE MaKPOCKONMMYECKHUX Tel 0e3 ydera ux MosekyisapHoro crpoenus (V, p, o),
Ha3bIBAIOT MAKPOCKONMMHYECKMMH  mapaMerpamu. OJHAKO  MaKpPOCKONMYECKHE  [apaMeTpbl  HE  HCUCPIBIBAOTCS

00BEMOM, JTaBJICHHEM U TEeMIIepaTypoi.
Hanpumep, mis omucaHusi COCTOSHHS CMECH Ta30B HY)KHO €I¢ 3HATh KOHIICHTPAIWU OTACIBHBIX KOMITIOHEHTOB. OOBIYHBIH
aTMOC(hEepHBIN BO3IyX MPECTaBISICT coboit cMech ra3osB.

XoJioaHble U ropsiume Teja. [[eHTpaabHOe MECTO BO BCEM YYEHHH O TEIUIOBBIX SBJICHUSIX 3aHUMAET MOHITHE meMmnepamypd.
Bce MBI XOpOIIO 3HAEM pa3idvue MEXAY XOJOJHBIMH M TOPSYMMH TeilamMu. Ha ourymb Mbl ompenesnsieM, Kakoe TeJIO Harpero
CHJIbHEE, U TOBOPUM, YTO JTO TEJIO MMeeT 00Jiee BHICOKYIO TeMIeparypy. TakuM o0pa3oM, memnepamypa XapakTepu3yer CTEIeHb
HarpeTocTu Tena (XOJIOAHOE, Terioe, ropsuee). s ee mamepenus ObLT co3laH MpUOOp, Ha3bIBAEMBIN mepmomempom. B ero
YCTpOHICTBE HCIIOJIb30BaHO CBOMICTBO TEN HU3MEHSATH 00BeM npu HarpeBaHuu WA OXJIAKICHUH.

TemnoBoe paBHoBecHue. J[Js1 M3MEpEeHUsT TeMIEpaTyphl Tejla 4YeIOBEKa HYXKHO IMOACPKATh MEAUIMHCKHA TEPMOMETD IO
MBIIIKON 5-8 MUH. 3a 3T0 BpeMsI pTYTh B TEPMOMETPE HAarpeBaeTcs U yPOBEHb ee MoBbImaeTcs. [1o aarHe cTonouKka pTyTH MOXKHO
OIIPE/ICINTh TeMIlepaTypy. TepMOMETp HUKOTAA HE MOKaKET TEMIIEpaTypy Tella cpa3y ke MOCie TOro, Kak OH CONPUKOCHYJICS C
HUM. HeoOxommmo HEKOTOpoe BpeMs Al TOTO, YTOOBI TeMIIEpaTypsl Tella W TePMOMETpPa BBIPOBHSUINCH M MEXIY TelaMH
YCTaHOBHIIOCH mennogoe paBHOBECHE, npu KOTOPOM TeMIeparypa nepecTaer HM3MECHSATHCS.

TenmoBoe paBHOBECHE C TCUCHHEM BPEMEHHU yCTAaHABIUBACTCS MEXKY JIOOBIMH TEIaMHU, UMCIOIIIMHE PA3IMIHYIO TEMIIEPATypy.
BpockTe B cTakaH ¢ BOJOH KyCOYEK JIbJa U 3aKPOHTE CTaKaH IUIOTHOW KPBIMIKOW. Jlen HauHeT IIIaBUThCA, a BOJIA OXJIAXKIAThCS.
Korma nmex pacraer, Bojla HAYHET HArpeBaThCs: IOCIE TOTO KaK OHA IPUMET TEMIIEPATypy OKPYKAIOIIET0 BO3AyXa, HUKAKHX
U3MEHECHUH BHYTpH CTaKaHa c BOJIOM MIPOUCXOTUTH HE Oyxer.

U3 3THX 1 MOJOOHBIX UM MPOCTHIX HAOIIOMCHUI MOXKHO C/IENATh BHIBOJ O CYIICCTBOBAHHU OYCHH BAXKHOTO OOIIEr0 CBOWCTBA
TEIUIOBBIX SBJIEHUH. JII060e MaKpOCKOMMYIECKOe TENIO MM TPYIa MaKPOCKOMNIECKUX TeJl MPH HEU3MEHHBIX BHEUTHUX YCIOBHAX
CaMOIIPOU3BOJIBHO MEePEXOJIUT B COCTOSIHHE TEIIOBOTO paBHOBECHSI.

TemIoBbIM PABHOBECHEM HA3BIBAIOT TAKOE COCTOSHHE TEJ, MPH KOTOPOM BCE MAKPOCKOIMMYECKHE MapaMeTpPhl CKOJIb YTOIHO
JIOJITO OCTAIOTCSI HEM3MEHHBIMHU. DTO O3HAYAET, YTO B CUCTEME He MEHIOmMCcsi 00bem U Oaeienue, He TIPOUCXOJHUT TEeIUIO0OMEH,
OTCYTCTBYIOT B3aMMHBIC IIPEBPAICHUA Ia30B, X(HHKOCTeﬁ, TBEPABIX TCI U T. IO. B YHYaCTHOCTHU, HC MCHACTCA 06’I)CM CTOJ'[6I/IKa pTYyTH
B TEpMOMETpE, T. e. memnepamypa cucmembl ocmaemcs NOCMOAHHOU.
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Ho muxpockonmueckue mpouecchl BHYTPH Tejla HE MPEKpallaloTcs U NpU TEIUIOBOM PABHOBECHUHU: MEHSIIOTCS TOJOXKEHHS
MOJIEKYI, ux CKOPOCTH npu CTOJIKHOBEHUSIX.

Temneparypa. CucreMa MakKpOCKOIMUYECKUX TEJ MOXKET HaXOJUTHCS B PA3JIMYHBIX COCTOSIHUAX. B Kaa0M U3 3THX COCTOSHUMN
TeMIIepaTypa UMeeT CBOe, CTPOro olpeAeeHHoe 3HaueHne. [lpyrue Gpu3nvecKkre BETHYNHBI B COCTOSHAU TETNIOBOTO PABHOBECHS
CHCTEMBI MOTYT UMEThb Pa3HbIe 3HAUEHH:, KOTOPHIE C TEYEHHEM BPEMEHH He MEHSIoTcs. Tak, HampuMep, 00bEeMBI Pa3ITHIHBIX
YyacTel CHCTEMBI U JaBIICHUS BHYTPH HUX IPH HAJTHYIHH TBEPABIX MEPErOPOTIOK MOTYT OBITh pa3HBIMHU. ECIIH BBl BHECETE C YIIHIIBI
MSY, HAIlOJHEHHBIH C)KaTBIM BO3AYXOM, TO CITyCTS HEKOTOPOE BpeMs TeMIlepaTypa BO3IyXa B MsSU€ M KOMHATE BBIPOBHICTCS.

Jasrenue xKe BO3IyXa B MsTde BCE paBHO Oyzmer Oonprie KOMHATHOTO.
TemnepaTypa xapakTepu3yeT COCTOSIHHE TEIVIOBOr0 PABHOBECHSI CHCTeMBbI TeJ: Bee TeJla CHCTeMbl, HaX0Asuecs APYr ¢
JIpyrom B TeIJIOBOM PaBHOBeCHH, HMEIT OJIHY " Ty Ke TeMmeparypy.

IIpu oarHAKOBBIX TeMmIepaTypax ABYX TeJd MEXAYy HUMU He MPOUCXOAUT TertooOMeHa. Eciu ke TemmepaTypsl Ten pa3iudHbl,
TO MPH YCTAHOBJICHUU MEXKIY HHMH TCIUIOBOTO KOHTAaKTa OYyHeT MPOMCXOAWTh 0OMeH sHeprueil. [Ipu sToM Teno ¢ Oomblueit
TEeMIepaTypoil OyeT OTIaBaTh IHEPTUIO TEJNy C MEHbIIEH Temreparypoil. PasHOCTh TeMIepaTyp Tell YKa3bIBaeT HAIPAaBICHUE
TEII00OMEHA MEXTy HUMH.

A0coaioTHas Temneparypa. Temneparypa — mMepa cpeiHell KHHeTHYeCKOI FJHEPTUH MOJIEKYJT
He Bce B Mmpe oTHocuTenbHO. Tak, CymecTByeT aOCONIOTHBIA HYJb TemrepaTypbl. EcTh W abOcoitoTHas IIKaia
temmeparyp. Ceitgac BBl y3HaeTe 00 3TOM, a TaKXKe O TOM, KaKOBa TOYHAS CBS3b MEXKIY TEMIIEPATypO M CpenHel KHHETHICCKOM

SHeprueun MOJIEKYJL.
BMecto Temmeparypsl &), BbpakaeMoii B SHEPreTHUECKUX ¢AMHMIAX, BBEICM TEMIICPATYPY, BHIPAKACMYIO B IPUBBIUHBIX VIS
Hac rpanycax.

Bynem cautath BennunHy © MPSMO TPONIOPLIHOHATIBHON Temueparype T, n3MepseMOoi B rpagycax:
© = kT, (9.5)

rae k - ko3 dummeHT nponopruoHaasHocTH. OnpeneneHHas paBeHCTBOM (9.5) Temmeparypa HaspIBacTcs a0COJIIOTHOIA.

Takoe Ha3BaHUE, Kak MBI ceifyac YBUIHM, nMeeT JIOCTaTOYHBIC OCHOBaHMSI.
VYuutsiBas omnpeneneHue (9.5), momrydum
P” _pr. (9.6)
N
Io sT0it opmyne BBOAWTCS TeMIepaTypHas MIKana (B rpagycax), He 3aBUCAIIAs OT BEIIECTBA, HUCIONB3YyEeMOTO I
U3MEPEHUS TEeMIEPaTypHl.

AOCONTOTHBII HYJIb TeMmmepatrypsbl. Temneparypa, ompenensiemas Qopmynoir  (9.6), 0YEBHIHO, HE MOXKET OBITh
OTPULATENIFHOM, TaK KaKk BCE BEJWYMHBI, CTOSIINE B JIEBOH YacTH 3TOW (HOPMYIIbI, 3aBEOMO MHOJIOKHUTENbHBI. Clie0BaTeNbHO,
HaVMEHBIINM BO3MOXHBIM 3Hau€HHEM Temmeparypsl I aBisercd 3HadeHue 7=0, eciu maBieHHE p WIH 00beM V paBHBI HYIIO.

[IpenensHy0 TeMIEparypy, MpH KOTOPOW AaBICHHUE WACAIBHOTO rasza o0Opaiiaercs B Hyjb NpH (PUKCHPOBAHHOM O0BbEME MM
NPy KOTOPOH 00BEM HIEANIBHOrO Ta3a CTPEMUTCS K HYJIO NP HEU3MEHHOM JaBJCHHH, Ha3bIBAIOT A0COJIOTHBIM HYJIEM
TeMHnepaTypsbl. JTo camasi HU3Kasl TeMIlepaTypa B IPUPOJE, Ta «HaUOOIbIIAsT WU TOCIEIHSSI CTENICHb X0JI01a», CYIIECTBOBAHNE
KOTOPOit npeacka3bpBai JIOMOHOCOB.

AOcCoJI0THAsI MIKajJda TeMmepaTyp. AHrnuiickuii yaensrii Y. KensBun (1824-1907) BBenm aOCOMIOTHYIO IIKATY TEMIEpPaTyp.
Hynesas Temmeparypa mo abCONIOTHOH IIKaje (ee Hasvlearom makce wikanoi Kenvuna) COOTBETCTBYET aOCOIOTHOMY HYIIIO, a

Kakaast eIMHHIA TEMIIEPATYPBI o 3TOM iKane paBHa rpaaycy 1o IKasie Lenbcus.
Enuanma a0COTIOTHOM TEeMITepaTyphbl B CHu HasbIBaeTcs Kenvsunom (0003HAYaeTCS OyKBOI K).
Mocrosinnasa Boabnmana. Onpenenum kodpdunneHT k B Gopmysie (9.6) Tak, 4todsl oauH kenbBuH (1 K) ObI1 paBeH rpamycy
o IKane Henbcus (1°C).

Msl  3HaeM 3HAYCHUSA pemmannbl &) npu 0°C u 100°C (cm. (hopMyIIBI 9.2) u 9.4)).
O603HaunM abcomoTHyI0 Temmeparypy npu 0°C yepes 77, a mpu 100°C uepes T». Torna cormacuo gopmyie (9.5)

O, TS,
O0— O, =k - 100 K = (5,14 — 3,76) - 10-2 [[x.

Otcrona
5,14 - 3,76 oy JIIK
i~ 100 — .10 i;?‘ = 1,38 - 10% /K.
Kosdduuuent

k=1,38 - 10% /K| (9.7

Ha3bIBacTCs NOCTOAHHOM Bouabumana B uects JI. bosbliMaHa, OIHOTO M3 OCHOBATENIEd MOJIEKYJISIPHO-KMHETUYECKOU
TeOpUu rasos.

Tlocmosnnas bonvymana cesasvieaem memnepamypy g oHepeemuueckux eounuyax ¢ memnepamypoi T 6 Kenvgunax. 910
o/lHa u3 HauboIee BaXKHBIX MIOCTOSIHHBIX B MOJIEKYJISIPHO -KMHETUYECKOM TEOPHUHU.
CBs13b a0coTI0THOI mIKadbl U Kaabl Leabcus. 3Has noctosHHy0 boibiiMana, MOXKHO HANTH 3HaYCHHE a0COIIOTHOTO HYJIS
no wmkane Llenbcus. s 3Toro HaiiieM cHauyana 3HaueHUe a0COJIIOTHON TeMmmepatypbl, cooTBercTByromee 0°C.
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OnvH KeTBBUH M OJUH rpaxyc mkambl Llenscus coBnanatot. I[losTomy moboe 3HaueHHe abCoMOTHOM TemiiepaTypsl 1 OyneT Ha

2773 rpaayca Bblllle COOTBETCTBYIOIIEH TeMIieparypsl ¢ o Llenbcuro:
T (K)=1 (°C) + 273 (°C). (9.8)
Ho  wu3meHenwme  aOCOJIOTHOW  TeMIepaTypsl AT paBHO  M3MEHEHHUIO  TeMIepaTypbl MO  IIKajue
Lenbcus /\f J\T (I{) = Al ((\)

Ha pucynke 9.3 nns cpaBHeHHsT M300pa)keHBbI aOCONIIOTHas mikana W mkana Llenbcus. AOGCOMIOTHOMY HYIIO COOTBETCTBYET
Temneparypa =-273°C.

|
—_—
3

[Ixana IMxana
Kenneuua Ienbcus
373K 100°C
273K
1 () . S— -273°C
Puc. 9.3
OtMeTum Ba)KHEUIINN (haxr: a0COJTFOTHBIN HYJIb TEMIIEPATYPBI HEJOCTHKUM!

Temneparypa - Mepa cpelHeii KUHETHYeCKOil 3HepPruM MoJieKyJ. 113 OCHOBHOTO ypaBHEHUS MOJEKYJISIPHO-KHHETUYECKOM
Teopun B hopme (9.1) u onpenenenust TemMuepaTypsl (9.6) BRITeKaeT BaKHEHIIIEE CICACTBUC: abOCOMOMHAS MeMnepamypa ecmb

Mmepa cpeoneli KUHemu4eckou SHepaulu ABUKEHUS MONEKYIL.
Jlokaxxem 3TO.
[7‘ _ 2 E pV BT
e X B =
JleBble yacTu ypaBHEHUNU N 3 u N OJIMHAKOBBI. 3HAYUT, JOJDKHBI OBITH PaBHBI U UX MpaBbie yacTu. OTcrona

BBITEKACT CBSI3b MEXY CpEAHEH KMHETUYECKOM S3HEPrUuel OCTYNAaTeNbHOIO ABUXKCHHS MOJIEKYJIbL U TEMIIEPATYPOU:

Cpeonsna KunemuuecKkas IHepzusi XAOMUYHO20 NOCHMYRAMENbHO20 OBUNCECHUS MOJIEKYI 2434 NPONOPUUOHANbHA
abcontomuoii memnepamype. UeM BbIIIE TEMIIEpaTypa, TeM OBICTpee ABMXKYTCS MOJIEKYJIBl. TakuMm 00pa3oM, BEIABUHYTAs paHee
Joragka O CBS3M  TEMIeEparypbl CO  CpelHeldl  CKOPOCTbIO  MOJIEKYJ  IOJy4nia  HaJeKHOe  OOOCHOBaHHE.

CootHomienne (9.9) Mexay TeMmMmepaTypodl W CpeaHedl KWHETHYEeCKOHW JHEeprueil MOCTYNMaTeIbHOTO JBHKEHHSI MOJEKYI
YCTaHOBIICHO JUIS MACANbHBIX ra3oB. OJJHAKO OHO OKa3bIBAETCs CIPABEUIMBBIM JUIsS JIOOBIX BEIIECTB, y KOTOPBIX JIBH)KEHHE
aTOMOB WJIM MOJIEKYJI IOTUMHSETCs 3aKoHaM MexaHuku HproroHa. OHO BEpHO VISl KMJIKOCTEH, & TaK)Ke M Ul TBEPIbIX TEJ, I/e
aTOMbl ~ MOTYT  IIMIIb  KONIEOAThcsi  BO3JIE  MMOJOKEHHH  PaBHOBECHS B y3llaX  KPUCTAUIMYECKOHW  PELIeTKH.

Ipu npuOIMKEHUH TEMIIepaTypbl K a0CONOTHOMY HYJIIO SHEPIrUsl TEIUIOBOTO JBIIKCHHUS MOJICKYJ MPUOIMKAETCS K HYIIO.

CrtpoeHue razo00pa3HbIX, KUJIAKUX U TBEPABIX TeJI
MonekynspHO-KHHETHYECKasl TEOpPHUS JaeT BO3MOXHOCTh TOHATH, II0YEMY BEIIECTBO MOXKET HAaXOIWTHCS B
ra3o000pa3HoM, KUIIKOM u TBEPIIOM COCTOSIHUSIX.
I'a3bl. B razax paccrosiHue MeXIy aTOMaMH WM MOJIEKYJaMH B CPEIHEM BO MHOTO pa3 OoJbllle pa3MEepOB CaMUX MOJIEKYIL.
Hanpuwmep, npu atMochepHOM aBIeHUH 00BEM COCyIa B IECATKH THICAY Pa3 MPEBHIIIAeT 00heM HAXOAIMNXCSA B HEM MOJIEKYI.

I"a3wl IErKO COKUMAIOTCS, MPH 3TOM YMEHBINAETCS CPEIHEE PACCTOSHUE MEXIy MOJIEKyJIaMu, HO ¢opMa MOJIEKYIBl HE
W3MEHSETCS.

MOHCKyHBI C OI'POMHBIMH CKOPOCTSAMH - COTHHU METPOB B CCKYHAY - ABUIXYTCA B ITPOCTPAHCTBE. CTaJ'lKI/IBaﬂCI), OHHU
OTCKaKHBAaIOT JIPYT OT Jpyra B pa3HbIE CTOPOHBI MOJOOHO OMIBApAHBIM miapaMm. Cia0ble CHIIBI NPUTSHKEHUS MOJCKYJ ra3a He
CIIOCOOHBI yJepkaTh UX ApYr Bozie aApyra. [loatomy easwr moeym neozpanuuenno pacuupsamocs. Onu He cOXpansiom nu popmol,
HU obwvema.

Muozouucnennvle yoapul MOJIEKYIL 0 CMEHKU cocyoa cozoaiom oasnenue 2asa.
Kuakocrn. Morekynbl KUIKOCTH PACIONOKEHBI IIOYTH BIUIOTHYIO JPYT K JIPYTY, IIO3TOMY MOJICKYJa KUAKOCTH BEIET ceOs
WHa4e, 9eM MOJICKYJIa ra3a. B )KHIKOCTAX CYIIECTBYET TaK Ha3bIBACMBIH OJFMKHUIA MOPSAIOK, T. €. YIIOPSIIOYCHHOE PaCIIOIOKCHHE
MOJICKYJI COXpaHIEeTCsl Ha PACCTOSHUIX, PABHBIX HECKOJBKUM MOJIEKYJSPHBIM JuaMeTpaM. Moliekymna KoieOaeTcss OKOJIO CBOETO
MOJIOKEHUS PABHOBECHS], CTAJKHUBAsCh C COCEIHMMH MoOJIeKyJlaMmu. JIUIIb BpeMsi OT BpEMEHHM OHa COBEpIIACT O4YepeaHOM
(IPBDKOK), Ionagasd B HOBOC IIOJIOKECHUE PAaBHOBECHA. B sTtomM mnonokenuu paBHOBECHA CHJIa OTTAJIKUBAHHA pPaBHA CHIIC
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NPUTSDKEHUS, T. €. CyMMapHas CHja B3aUMOJCHCTBHUS MOJIEKYJIBl paBHa HYJIO. Bpems ocednoi sicuzHu MOJIEKYIBl BOIBI, T. €.
BpeMs ee KoJieOaHni OKOJIO OJJHOTO OTIPEETICHHOTO TIOJIOKEHHUS paBHOBECHS I[P KOMHATHOW TeMIlepaType, paBHO B cpeaHeM 10°
¢, Bpems xe omHoro kosebanus snauntensHo menbiue (10712-10713 ¢). C nosbleHnemM TeMIepaTypbl BpeMs OCEION KU3HH
MOJIEKYJT YMEHBIIACTCS.

XapakTep MOJISKYJSIPHOTO JIBHXCHHS B KHIKOCTSX, BIIEPBBIC YCTAHOBJICHHBIH coBeTCKMM (u3ukoMm S.U.DpeHkeneM,

IO3BOJISICT MOHATH OCHOBHBIC CBOMCTBA JKHIKOCTEH.
Moutekysbl KUAKOCTH HaXOISATCS HEMOCPEICTBEHHO IpYyr Boszjie Apyra. [Ipu yMmeHbIIEHWH o0beMa CHIIBI OTTaIKHBaHUS
CTaHOBSATCS OYEHb BEJIMKH. OTHM " 00BSACHIETCS MA/ds COHCUMACMOCHIb orcuoKocmell.

Kak u3BecTHO, srcudkocmu mekyuu, m. e. e coxpausiom ceoetl popmvi. OOBICHATD 3TO MOYKHO TaK. BHEIIHss crila 3aMeTHO He
MEHSIET YucJia MePEeCKOKOB MOJIEKYJ B ceKyHAYy. Ho mepeckoku MoJeKysl U3 OAHOTO OCEJIOro MOJIOKEHUS B JPYroe MPOUCXOIAT
MPEUMYIIICCTBEHHO B HAMIPABJICHUH JICHCTBYS BHEIIHEH CHTBl. BOT mouemy sKHUAKOCTh TEYET U MpUHUMAET (HopMy COCya.

TBepabie Tesa. ATOMBI WJIH MOJICKYJIBI TBEPBIX TEJ, B OTJIMYUEC OT aTOMOB U MOJICKYJI KHIKOCTEH, KOJICOIIOTCS OKOJIO
OTPENICIICHHBIX TOJIOXKCHUI paBHOBecUs. [lo 3TOW NpUYMHE TBEPHABIC TENA COXPAHAIOM He MOIbKO 00beM, HO U ¢opmy.
[loTeHranpHass 3HEPTUsl B3aUMOJICHCTBUSA MOJCKYJ TBEPIOTO TEla CYIICCTBCHHO OOJBIIE HMX KHHETHYCCKOW OSHEPTHH.

EcTb eme oHO BaXKHOE pa3ivune MEXIY KUIKOCTIMH M TBEPABIMH TeJIaMH. JKUIKOCTh MOXKHO CPaBHUTh C TOJIIIOW JIFOJICH, IIe
OTIIebHBIC HHIUBUAYYMBI O€CITIOKOWHO TOJKYTCS HAa MECTE, a TBepAOe TEI0 MOJ00HO CTPOHHON KOTOPTE TeX K€ WHIUBHIYYMOB,
KOTOpBIE XOTS M HE CTOST IO CTOMKE CMHPHO, HO BBIIECPKHBAIOT MEXAY COOOW B CpelHEM ompeiciieHHbIe paccTosHus. Ecim
COEMHUTH LIEHTPHI MOJIOKEHUH PABHOBECHSI aTOMOB WJIM MOHOB TBEPJOIO TeJa, TO MOJYYUTCA MpaBUIIbHAS MPOCTPAHCTBEHHAs
perieTka, Ha3bIBaEMasi KPUCMALIUYECKOLL.

vy rasa paccrosiHue [ MexXIy MOJICKYJIaMH MHOTO OoJIbIIIE pa3MepoB MOJICKYro.: 1>>r0.

VY XKHUIKOCTEH U TBEPIBIX TeN/~rg. MOJIEKYIbI )KHUIKOCTH PACIIOIOKEHBI B OCCIIOPSIIKE U BPEMs OT BPEMCHH MEPECKAKHBAIOT M3
OJIHOTO 0CEJI0TO MOJIOKEHUS B Jpyroe.

YV KpUCTAUTMYECKUX TBEPBIX TET MOJIEKYJIbI (MM aTOMBI) PaClOIOKEHBI CTPOTO YIOPSI0YEHHO.

Ilnazma
Ceﬁqac BbI ITIOBHAKOMUTECH C lleTBepTLIM COCTOSIHUEM BELICCTBA - HH33M017I. 3TO COCTOSAHHUEC HEC SABJIACTCA DK30TUUYCCKUM.
[Topasnsromas 4acTh BeliecTBa BeceaeHHON HaxoauTCes HUMEHHO B COCTOSIHUH IUIa3MBblI.

[Ipu oyeHb HU3KUX TEMIIEpATypax BCE BEIIECTBA HAXOATCS B TBEPJIOM COCTOSHUU. VX HarpeBaHUe BbI3bIBAET MEPEXO] BELLECTB
U3 TBEPAOIrO COCTOSIHUS B kKuIKoe. JlanbHeilllee NOBBILIEHHE TEMIEPATYpbl NPUBOAMT K IMPEBPALLEHUIO XUAKOCTEH B TIas.

[Ipu moctaTo4HO OONBIIMX TeMIEepaTypax HadMHACTCS MOHM3AIUS Ta3a 3a CYET CTOJIKHOBEHHUH OBICTPOIBIDKYIIUXCS aTOMOB
WIM MOJieKyJ. BemiecTBo nepexoAauT B HOBOE COCTOSIHME, Ha3blBaeMoe niazmoti. Ilja3Ma - 3TO 4acTUYHO WM IOJIHOCTBIO
MOHM30BAHHBIN ra3, B KOTOPOM JIOKAJIbHBIE MJIOTHOCTH MOJIOKUTENBHBIX U OTPHULATEIBHBIX 3apSJO0B MPAKTUUYECKH COBIAAAIOT.
Takum oOpa3om, IUIa3Ma B IEJIOM SBISETCS AJIEKTPHUYCCKH HEHUTPalnbHOW cHCTeMoil. B 3aBHCHMOCTH OT YCIOBHH CTETCHB
HOHHU3AIIUU I1J1a3MbI (OTHOIlIeHI/Ie YqucJia HOHU30BAaHHbLIX AaTOMOB K HUX HOJ'IHOMy I-II/ICJ'Iy) MOXET 6bITI> pa3J11/1qH0171. B IIOJITHOCTBIO

MOHHU30BAHHON niaa3me HEUTpanbHBIX aTOMOB HET.
Hapsimy ¢ HarpeBanmem, MoHHM3aIMs raza u oOpa3oBaHHE IUIa3Mbl MOTYT OBITh BBI3BaHBI PA3IUYHBIMU HM3IIYUYCHHUSIMU WU
6oMOapAUpPOBKOIA aTOMOB rasa OBICTPBIMHU 3apsHKEHHBIMU YaCTULIAMHU. Ilpu 3TOM MoJy4aeTcs Tak
Ha3blBaeMasi HUSKOMeMNepamypHas niasma.
CaoiicTBa miaa3mel. [I1azma obnamaetr psaoM crenupUUecKuX CBOWCTB, YTO TO3BOJISET paccMaTpuBaTh €€ Kak ocoboe,
YETBEPTOE COCTOSIHHE BEIIlECTBA.

W3-3a OONBIION MOABIKHOCTH 3apsHKCHHBIC YACTHIBI IDIA3MBl JIETKO MEPEMEMIAOTCS IO JCHCTBHEM JJIEKTPHUYSCKUX U
MarHUTHEIX moneil. [loaromy mro0oe HapylIeHHE SJICKTPUUCCKOW HEHTPATFHOCTH OTAEIBHBIX 00JacTeil IU1a3Mbl, BEI3BAaHHOE
CKOIUICHHEM YaCTHI[ OJHOTO 3HaKa 3apsga, OBICTPO IJMKBUAMPYETCS. BO3HHKArOIUe 3IIEKTPUYECKHE OIS MepeMEIaloT
3apsOKEHHBIE YaCTULBL 0 TeX IOp, MOKa 3JIEKTpUYECKas HEHTpaabHOCTh HE BOCCTAHOBUTCS M AJIEKTPUUYECKOE I0JIE€ HE CTAHET
PaBHBIM HYJIIO.

B ornauune OT HEWTpasbHOTO raza, MEXAy MOJEKYyJIaMH KOTOPOTO CYIIECTBYIOT KOPOTKOJEHCTBYIOIIUE CHIIBI, MEXIY
3apsOKEHHBIMUA YacTUIAMU TI71a3Mbl  JICHCTBYIOT KYJIOHOBCKHE CHJIBI, CPAaBHUTEIHLHO MEJIEHHO YOBIBAIONINE C PACCTOSHUEM.
Kaxnas dactuiia B3auMOJEWUCTBYET cpa3dy ¢ OOJBIIMM KOJHMYECTBOM OKPYXKAIONIMX 4YacTHIl. biaromaps 3ToMy, Hapsmy c
OecropsoUHBIM  (TEIUIOBBIM) JBIDKCHHEM, 4YacTUIBl IUIa3MBl MOTYT Yy4YacTBOBaTh B Pa3HOOOPa3HBIX YHIOPATOYEHHBIX
(KOJIIEKTUBHBIX)  JOBMKEHHWsX. B 1uiasmMe  Jerko  BO3OYXKITAIOTCS ~ pasHOTO  pona  KojebGaHWs W BOJIHBL

[IpoBogumocTh Mia3Mbl YBEIMYHMBAETCS MO MEPE POCTa CTENEHM €€ MOHu3aluuu. [Ipu BBICOKHMX TemIepaTypax HOJHOCTBHIO
MOHM30BaHHAS njaazma 1o cBoel MPOBOAUMOCTH pHUOIMKACTCS K CBEPXIIPOBOJHUKAM.

[Ina3mMa B KOCMHYECKOM MPOCTPAHCTBE. B coCTOSIHUM I1a3Mbl HaXOAWTCS mMojaBisomas (okoso 99%) vacte BeliecTBa
Bcenennoii. Beneacrue Boicokoit TeMmeparypbl CollHIIe U ApyTrue 3Be3/bl COCTOST B OCHOBHOM M3 IMOJHOCTbIO MOHU30BAaHHOM
J1a3MBl.

W3 mma3Mbl COCTOMT U MEX3Be3AHasl cpefa, 3aloiHsIoNIas NPOCTPAHCTBO MEXAY 3Be3JaMH M rajaktukamu. ILnoTHocTh
MEXK3BE3JHON Cpelbl OYeHb Mala - B CPEJHEM MeHee OJHOro aroma Ha 1 cM’. MoHM3alUs aToMOB MEXK3BE3JHOM Cpembl
BBIBBIBACTCA H3JIYYCHUEM 3BE€3]] U KOCMHUYCCKHMHU JIydaMH - TIOTOKaMH 6I)ICTpI)IX YacCTHull, MMPOHMU3BIBAIOINUMHA TMPOCTPAHCTBO
BceenenHnoil mo Bcem HampapieHusM. B oTiuune OT ropsiyeil miasmbl 3Be3[ TeMIepaTrypa MeEX3Be3JHOHM Iia3Mbl OYEHb Maja.

[Tna3moit okpyxeHa u Hama miaHeTa. BepxHuii cioit armocdepst Ha BeicoTe 100-300 kM mpeacTaBisieT co00ii HOHU30BaHHBII
ra3 - uonocghepy. VloHnzamms BO37yxa B BEpXHEM cjioe aTMOc(hephl BBI3BIBACTCS MPEUMYIIECTBEHHO u3iMydeHHeMm ConHIA U
MOTOKOM 3apsDKEHHBIX 4YacTull, ucmyckaeMbix CosHieM. Briie noHOchepsl MPOCTUPAIOTCS paJuallMOHHBIE TMOosica 3eMIH,
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OTKPBITBIE c TIOMOILBIO CITyTHUKOB. PaguanuonHsle nosica TaKxKe COCTOAT u3 IL1a3MBI.
MHOTUMH CBOMCTBaMH IIIa3Mbl 00JIaJal0T CBOOOAHBIC 3JEKTPOHBI B MeTaulaX. B oTinmyue oT OOBIMHON IUTa3MBbI B IUIa3Me

TBEPIOTO Tena MOJIOKUTETIbHbIE HOHBI HE MOTYT NepeMeIaThCst o BCEMY Temly.
YacTUIHO WM MOTHOCTHIO MOHW30BAHHBIN ra3 HA3bIBAIOT IUIA3MOM. 3BE3/BI COCTOSAT W3 IJIa3Mbl. PacmmpsieTcss TEXHHYECKOE

NPUMEHEHHUE IIa3MBI.

HNneanbHblii ra3 B MOJIEKYJIAPHO-KUHETHYECKOH TeOpUH

KadecTBeHHOE 00BSICHEHNE OCHOBHBIX CBOMCTB BEIIECTBA HA OCHOBE MOJEKYJISIPHO-KWHETHUECKON TEOPUH HE SIBIACTCA
0Cc00CHHO CcI0XHBIM. OIHAKO TEOpHs, YCTaHABIMBAIOIIAs KOJMYECTBEHHBIE CBA3HM MEKAY M3MEPSEMBIMU Ha OIBITE BENMYNHAMU
(maBIeHHEM, TEMIEpPaTypol W Ap.) W CBOHCTBAMH CaMHX MOJEKYJ, HX YHCIOM M CKOPOCTBIO IBIDKCHUS, BECbMa CIIOXKHA.

Hneanbusbiii ra3. Y raza npu 0ObIYHBIX IAaBJICHUSIX PACCTOSHUE MEXKy MOJIEKYJIaMH BO MHOT'O pa3 IPEBBIIIAET X pa3Mmepsl. B
9TOM Cilydyae CHJIBl B3aHMMOJCHCTBHSI MOJIEKYJ NPEHEOPEKMMO Mallbl M KHHETHYECKas: SHEprusi MOJIEKyJl MHOro Oouiblie
MOTEHIMAIbHOM SHeprun B3auMoOJEeUCTBUS. MoJeKynbl raza MOXKHO paccMaTpuBaTh KaKk MaTepuajbHble TOYKHM WM OYCHb
MaJleHbKHE TBepAble MIapuku. BwmecTo peanvnozo 2asa, MeXIy MOJEKyJIaMH KOTOPOrO MAEHCTBYIOT CIIOXHBIE CHIIBI
B3aUMoO/JIecTBYS, MBI Oynem paccMaTpuBaTh ero Mooens - uoeanvHblil eas.

HpeanbHblii ra3 - 3T0 ras, B3aUMOJAEHCTBHE MEXIy MOJEKYJIaMHU KOTOpPOro IpeHeOpexxumo Mmajno. EctecTBeHHO, mpu
CTOJIKHOBEHHH MOJIEKYJ HIEaIbHOIO ra3a Ha HHUX JAEHCTBYET CHJIa OTTAJIKMBAHUA. Tak Kak MOJIEKYJBI I'a3a Mbl MOXKEM COTJIACHO
MOJIETIH CUYHTaTh MaTEpPHATbHBIMH TOYKAaMH, TO pa3MepaMH MOJEKYJ MBI NpeHeOperaeMm, cumuras, 4To 00BEM, KOTOPBIH OHH
3aHUMAIOT, ropasao MEHbIIIE o0bemMa cocyza.

HamomauM, 4to B (hmM3MUEcKoil MOJENM NMPHHUMAIOT BO BHHMAaHHWE JIMIIb T€ CBOICTBA pEalbHONW CHCTEMBI, y4€T KOTOPBIX
COBEpIICHHO HE0OXOIuM Ul OOBSICHEHHS HCCIENyeMbIX 3aKOHOMEPHOCTEH MOBENeHHs 3TOoi cuctembl. Hu onmHa Monens He
MOXKCT NepeaaTb BCC cBoiictBa cuctembl. Ceiyac HaM MpEeACTOUT PCHIMTH AOBOJIBHO Y3KYIO 3aJiady: BbBIYHMCIUTHL C IOMOLILIO
MOJICKYJISIPHO-KMHETUYECKON TEOpUH JaBJIeHHE HAEaJbHOTO ra3a Ha CTeHKH cocyna. [lisg 3Toi 3amauu Mojaenb WAeaJbHOTO rasa
OKa3bIBACTCs BIIOJIHC y}lOBJ’IeTBOpHTeHLHOﬁ. Omna MPUBOAUT K pE3yJibTaTaM, KOTOPBIC MMOATBEPIKIAAIOTCS OIIBITOM.

WneanbHBI ra3 - Monens peanpHOro rasa. CoryiiacHo 3TOH MOJENM MOJIEKYJBl ra3a MOYKHO paccMaTpuBaTh Kak
MaT€praJibHbIC TOYKH, B3aHMOI[eﬁCTBPIe KOTOPBIX HNPOUCXOAUT TOJBKO IPHU HUX CTOJKHOBCHHUU. CTankuBasich CcoO CTeHKOﬁ,
MOJIEKYJIBI Ta3a OKa3bIBAIOT HA Hee JaBJICHUE.

CpenHee 3HaYeHHe KBaJPaTa CKOPOCTH MOJIEKY.JT

Jlnst BBIYUCIICHUS] CPEHETO AABICHHS HalO 3HATh CPEIHIOI0 CKOPOCTh MOJIEKYJN (TOYHee, CpelHee 3HauCHHE KBajapaTa
CKOPOCTH). DTO HE MPOCTOH BOMPOC. BBl MPHUBBIKIN K TOMY, YTO CKOPOCTh MMEeT Kakaas dactuia. CpeIHsas ke CKOpOCTbh
MOJIEKYT 3aBHUCHT oT JBIDKCHUS BCEX JACTHILI.

Cpeanne 3Havenusi. C caMoro Hayasa Hy’)KHO OTKa3aThCs OT MOIIBITOK MPOCIJIEANTD 3a JABM)KEHHEM BCEX MOJIEKYJT, U3 KOTOPBIX
COCTOMT ra3. MX CIMIIKOM MHOTO, ¥ IBHXKYTCS OHH OY€Hb CJIOKHO. HaM 1 He Hy>KHO 3HaTh, KaK JABIKETCS KaXkaas MOJIeKya. Mbl
JTOJIKHBI BBISICHUTD, K Kakomy pe3ynbTary MPHUBOJUT JIBHOKEHHE BCEX MOJIEKY I rasa.

XapakTep IBI)KEHHS BCEH COBOKYIHOCTH MOJIEKYJI ra3a M3BECTEH M3 ONbITa. MOJEKyJIbl y4acTBYIOT B O€CHOpSIOYHOM
(TeroBOM) IBMXXEHHH. DTO 03HAUYAET, YTO CKOPOCTh JIFOOOHW MOJEKYJIbl MOXKET OKa3aThCs KaK OYeHb OOJBINOHN, TaKk M OYECHb
Manoi. HampaBneHue IBIDKEHUS MOJIEKYJI  OECIIpECTAaHHO  MEHSeTCS TMpPH WX  CTOJKHOBEHHSAX Jpyr C  JAPYIOM.

CKOpPOCTH OTAETBHBIX MOJEKYJI MOTYT OBITh JIIOOBIMH, OJHAKO CpedHee 3HAUEHHE MOMYNS 3THX CKOPOCTEH BIOJIHE
ompeneneHHoe. TOYHO Tak k€ POCT YYEHHKOB B KJlacce HEOJMHAKOB, HO €r0 CpefHee 3HaueHHe - OIpeesIeHHOe Yuciio. YToOR!
9TO YWCJIO HAWTH, HAJO CJOXUTb POCT OTHAENbHBIX YYEHHKOB U PA3feiINTh 3Ty CYMMY Ha 4YHCIO y4YaIIuxcs.

CpeaHee 3Ha4YeHHe KBaJApaTa CKOPOCTH. B nanpHelimemM HaM IMOHaI00UTCS cpe/iHee 3HaUYeHNE He CaMOi CKOPOCTH, a KBajpaTa
ckopocTh. OT 3TOH BEIMYHMHBI 3aBUCUT CPEIHAS KUHETHUYECKash SHEPIUsl MOJICKYJ. A CpeiHssl KHHEeTHYecKast SHEPrusl MOJIEKYII,
Kak Mbl BCKOpe yOenuMcsi, HMeeT OdYeHb OOJjbIIoe 3HAaYeHHE BO BCEHl  MOJEKYISIPHO-KHHETHYECKOH TEOpHH.
)13 Uoy Ugy eeuy U
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0603HauYMM MOAYJIHM CKOPOCTEH OTJENbHBIX MOJIEKYJ ra3a uepe3 V. Cpennee 3HaUeHUE KBajpaTa
CKOPOCTH OMpeNesieTcs chueayrolieil popmyoii:
vy +0; + U7 + ...+ U}

. x . C
U : ) (8.9)
N
rae N - YHUCIO MOJIEKYJI B rase.
Ho kBagpat Moxyins mo0oro BeKTOpa paBeH CyMMe KBaIpaToOB €ro MpoeKui Ha ocu koopauHat OX, OY, OZ. Ilostomy
v = v + v° + Ve (8.10)
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CpenHue 3HA4YECHUS] BEJIHMYUH i < MOXHO OIpEETNTh C MOMOIIBI0 (opMyl, MonoOHEIX (opmyine (8.9).
7
Men(;ly Cp€aAHUM 3HAYCHUEM v n CpECAHMMHU 3HAYCHUAMHU KBaApaTOB HpOCKHHﬁ CYIIECTBYET TAKO€ K€ COOTHOLICHHEC, KaK
cootHomenue (8.10):

L Ve + Ve + Ve, (8.11)

JleficTBUTENBHO, A Ka)XIOH MOJIEKYJIBI cipaBeaianBo paBeHCTBO (8.10). CrmokuB Takue paBEHCTBA ST OTAEIBHBIX

MOJIEKYJl W pa3lenuB o0e dYacTH MOJYYCHHOTO YypaBHEHHWS Ha dYHCIO MoJekyna N, Mbl mpuzeM K dopmyne (8.11).

Bunmanwme! Tak kak Hampasnenus tpex oceit OX, OY u OZ Bcieactsue OECIOPSIIOYHOTO IBIDKEHHS MOJIEKYN paBHOIIPABHEL,
CpeIHMe 3HAUYEHUs KBaIPATOB MPOEKINI CKOPOCTH PaBHBI APYT JIPYTY:
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0 = 402 408 (8.12)

Bunnure, w3 Xaoca BBIIUIBIBACT ONpEICICHHAs 3aKOHOMEpPHOCTh. CMoram OBl BbI 3TO COOOpa3uTh camu?

o e 9

\e [ L
VYuuteiBass coorHowenue (8.12), moxacraBum B ¢opmyry (8.11) U, BMeECTO ¥ ' 2. Torma mua cpenHero kBajapara
MPOEKIMH CKOPOCTH MOJTyUUM:
o p
vi=z0f,  (8.13)

T. €. CPEIHUH KBaJpaT MPOSKIMKA CKOPOCTH paBeH 1/3 cpeaHero kBaapaTa caMoi cKOpocTH. MHOXHUTENb 1/3 mosBiseTcs
BCJIC/ICTBHE TPEXMEPHOCTH TPOCTPAHCTBA M COOTBETCTBEHHO CYIIECTBOBAHUS TpEeX MPOEKIMHA Yy Jr000ro BeKTopa.
CkopocTH MOJIEKyJ OeCTIopsI0YHO MEHSIFOTCS, HO CPeTHHUI KBapaT CKOPOCTHU BIIOJIHE ONpe/ieCHHAs BEIMUNHA.
OCHOBHOE ypaBHEHHE MOJIEKYJIAPHO-KHHETHYECKOI TeOpHH ra3oB

ey 1 2
p=—==m,nvl. (8.14)
S p 0
[ €,
910 u ecTb OCHOBHOE ypaBHEHHE MOJICKYJISIPHO-KMHETHUECKON TEOpUH ra3os.
®opmyna (8.14) cBsA3bIBaET MaKpOCKOMMYECKYIO BEIWYMHY - JAaBJICHUE, KOTOPOE MOXKET OBITh U3MEPEHO MaHOMETPOM, - C
MHUKPOCKOTIMYECKMMHU BEJIMYMHAMH, XapaKTEpU3YIOIUMH MOJIEKYJIBl: HMX MacCOH, CKOPOCTBIO XAOTHYHOTO JIBUXKEHUS.
Cesa3b JaBJIeHUSl CO Cpe/Hell KHHeTH4YecKoil 3Heprueii moJieky.. Ecou uepes E 0003HAYUTD CPEHHIOK KHHETUICCKYIO
9
}‘ m l'f )
~ P b J
SHEPrUIO MOCTYNATEILHOTO IBUKEHUS MOJIEKYJIbI 2 TO ypaBHeHHe (8.14) MOXKHO 3anmcaTh B BUJE

2 T 2 15
p= 3 nk. (8.15)
)
Haenenue uoeanvnozo zaza nponopyUoOHAIbLHO RPOU3EEOCHUI0 KOHUEHMPAYUU MOJIEKY]l U CPEOHell KUHEeMmUuUuecKoll
IHepzUU NOCMYNAMeIbHO20 TBUKECHUS MOJIEKYIL.
N
— =n
3aBMCHMOCTH IaBJICHHSI T232 0T KOHIIEHTPALMH €ro MOJIEKY/l H TeMIepaTyphbl. YUuThIBas, 4to ¥ n3 GOpMyIIBI
(9.6) monmyuuM BBIpaXKEHUE, TOKA3bIBAIOIIECE 3aBUCUMOCTD JaBJICHHS I'a3a OT KOHIIEHTPAILMH MOJICKYJI U TeMIIepaTyphl:
p = nkT. (9.10)
{ -
U3 dopmyist (9.10) BbITEKaeT, 4TO MPU OJUHAKOBBIX JABJICHUIAX U TEMIlEpaTypax KOHLEHTPAIHMs MOJIEKYJ Y BCEX ra30B
0JHa u Ta xe.
Otcioma cnenyeT 3akon ABOTajpo, HM3BECTHBIH BaM W3 Kypca XHMUH: 6 PAGHBIX 00bemax 2a308 npu 0OUHAKOGHIX
memnepamypax u 0ageHusX cooepycumcs o00unakosoe uyucno MOJIeKyL.
CymiecTByeT MUHHMMalbHas TeMIlepaTypa, IpH KOTOpOW JaBlIeHHE WM 00bEM HJEeaJbHOTO rasa obOpamiaercs B HyJb. JTO
a0coMOTHRI Hymb Temmeparypel: -273 °C. Y1IoOHO OTCYMTHIBaTH TEMIIEPATypy OT aOCOJIOTHOTO HyJsd. Tak cTpouTcs
abcomroTHas IIKaja TeMIIepaTyp.
CpenHss KHHETHYECKast SHEPTUsl MOCTYNATEIbHOTO IBIKEHUS MOJIEKYIT PSIMO TIPONOPLIHOHAIBHA a0COIIO THON TeMIIepaType.
H3mepenne ckopocTeii MoJIeKyJI rasa
3Hasg TeMmepaTypy, HETPYJHO BBIUMCIUTH CPEIHIO KHHETHUYECKYIO IHEPTHIo MOojekyd rasza. Ilocime 3Toro jerko
BBIUHCIUTh M CPEJHIOI0 CKOPOCTH MOJIEKYJIBl. A MOXHO JHM 3Ty CKOpPOCTh u3Mepurh? Bemp MoONeKynsl Tak Maibl!
CpeaHsisi CKOPOCTh TeNJIOBOI0 ABHAKEHUS MoJIieKya. YpaBHeHue (9.9) naeT BO3MOXXHOCTh HATH CpeIHHH KBaApaT CKOPOCTH

: mq v*
3 0
1'4 — e
JBIDKEHUS MOJIeKyJIbl. I1oficTaBUB B 3T0 ypaBHEHHE 2 HOJYYHM BBIpa)KEHHE Ul CPEIHEro KBaapaTa CKOPOCTH:
; i L
v 3 . (9.11)
mg
KBagpaTHbI KOPEHb U3 3TOM BEIMUYMHBI HA3bIBAECTCS CPeJHEH KBAJPATHYHONH CKOPOCTHIO:
__ [3kT
) = f——, (9.12)
\ Mo
Boruncnsas o dopmyne (9.12) ckopocTh Monekyd, Hampumep aszora npu =0°C, momyunm U 500 M/ C.
o . 9
MoJieKyJibl BOJIOpOIA npu TOM xKe TeMIepaType HMEIOT CPEIHIO ckopocts U 1800 m/c.

Kornma BmepBble OBITM TOMyYeHBI 3TH 4Yncia (BTopas monoBuHa XIX B.), MHOrHMe ¢GU3MKK ObumHM omrenomiieHsl. CKopocTH
MOJIEKYJI Ta3a MO pacdeTaM OKa3alIHuCh OOJbIIE, YeM CKOPOCTH apTHIUIEpUicKuX cHapsinos! Ha 3ToM OCHOBaHMM BBICKA3bIBAIIH
Jlake COMHEHHS B CTIPaBEIJIMBOCTH KHHETHYECKOW TeoprH. Bens M3BECTHO, YTO 3allaXy PaclpoCTPAHSIIOTCS JOBOJIBHO MEUICHHO:
HYKHO BpeMsI IOpsIJIKa JAECSITKOB CEKYH/I, YTOOBI 3arax JyXOB, IPOJIMTHIX B OJTHOM YIIIy KOMHATBI, PaCpOCTPAHMIICS IO APYTroro
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yria. OTo HETPYAHO OOBSCHHUTH. M3-3a CTONKHOBEHHS MOJIEKYJI TPACKTOPHS KXKJ0H MOJIEKYIIbI IPEACTABISIET COOO0M 3aIyTaHHYIO
JIOMaHyl0 JHHUIO (puc.9.4). boaplne CkOpocTH MONEKylna UMeeT Ha MPSAMOJIMHEMHBIX OTpe3kax JoMaHoH. IlepemerieHue e
MOJIEKYJIBl B KAKOM-JIMOO HAIIPaBJICHUN B CPETHEM HEBEJIMKO JaXKe 3a BpPeMsI OPsIKa HECKOJIBKMX MUHYT. BoT 1 momydaercs, 9yTo
TIPY TIEPEMEIICHUN MOJIEKYIbI U3 TOUYKH A B TOUKY B MPONHICHHBIN €10 ITyTh OKa3bIBAETCS ropa3fo OoJbIe paccTosHUS AB.

Puc. 9.4
YpaBHeHHe COCTOSIHAS HIeATLHOTO ra3a

CocTosiHME ra3a JaHHOM MacChl XapaKTepH3yeTCsl TpeMs MaKPOCKOMMYCCKHMH TapaMeTpaMu: JaBJICHUEM p,
oosemoM V u temmeparypoii 7. Cellyac Mbl HaliieM MEXAYy HHUMH CBs3b, a 3aTEM IOCMOTPHM, JUIA YEro 3Ta CBA3b HY)KHA.
YpaBHeHHe COCTOSSHUSI. MBI [IeTaqbHO PACCMOTPETM TMOBEACHUEC MJICANBHOIO Ta3a C TOYKH 3PCHUS MOJCKYJISPHO-
KUHETHYECKON Teopuu. Bputa ompenerneHa 3aBUCHMOCTh JaBICHHS Ta3a OT KOHICHTPAIMU €r0 MOJICKYNI M TeMIepaTypbl (CM.
dopmymny 9.10). Ha ocHOBe 3TOH 3aBHCHMOCTH MOXKHO ITOJIYYHTh ypaBHEHHE, CBS3BIBAIONIEE BCE TPU MaKPOCKOMHUYECKHUX
nmapamerpa p, Vu 7T, XapakTepH3ylOIIHe COCTOSHHE MJOCTATOYHO pa3peKeHHOTO Tra3a JaHHOH MacChl. ODTO ypaBHEHHE

Ha3BIBAIOT YPAGHEHUEM COCMOAHUS UOEdIbHO20 2a3d.

. m ,
pV = — RT. (10.4)
M
EI[I/IHCTBGHHaSI BCIIMYMHA B OTOM YpaBHCHHMH, 3aBUCAINAd OT poJda rasa, - 3TO €ro MOJsIpHasd Macca.
I/I3 YpaeHeHusl COCMOAHUA BBITCKACT CBS3b Me)K[ly JaBJICHUCM, O6’I)CMOM u TeMnepaTypoﬁ nacajabHOI'0O rasa, KOTOpLII7I MOXKET
HAXOOUTHCS B I[ByX J'IIO6I)IX COCTOSHUAX.

Ecnu unaexcoM 1 0003HAYHUThH TApaMETPhl, OTHOCSIIUECS K IEPBOMY COCTOSIHHUIO, & HHIACKCOM 2 - MapaMeTPhl, OTHOCSIIUECS KO
BTOPOMY COCTOSIHUIO, TO coriacHO ypaBHeHUIo (10.4) nist raza JaHHON Macchl

PV _m R u P2Vea  m R
= M o7 M
IIpaBble yacTu 3TUX ypaBHEHUH OJMHAKOBHI, CJIEI0OBATEIBHO, JODKHBI OBITh PABHBI U UX JIEBBIE YAaCTH:
PV, P2V,
—= = ——= = const. (10.5)
75 T
Ypaenenue cocmosnusa B dopme (10.5) HazpBaercs ypasnenuem Kianeiipona M TpeacTaBiseT coboil omHy u3 dopm
3armcu YpaBHEHHS COCTOSIHHSI.

VYpaenenue cocmosnus B dopme (10.4) ObUIO BHEpBBIE MOJIYYCHO BENHKUM pycckuM yueHbiM [I. . MenpeneeBbim. Ero
Ha3bIBAIOT ypaBHEHUEM MeHeneeBa - Knaneiipona.
I'azoBbIe 3aK0HBI
C moMomIpi0 ypaBHEHHUS COCTOSIHUS HI€AJTbHOTO Ta3a MOXHO HMCCIIEI0BATh MPOLECCH, B KOTOPBIX Macca ra3a W OJUH U3
Tpex MapaMeTpoB - JaBleHue, 00beM WM TeMIIepaTypa - OCTal0TCs HeM3MEHHBIMU. KoruecTBeHHBIE 3aBUCHMOCTH MEXIY IBYMS
napameTpamu rasa npu (bUKCHUPOBaHHOM 3HAYCHUHU TPEThEro Ha3bIBAIOT 2d308bIMU 3aKOHAMU.
[Iporecchl, mpoTeKkaromue Npu HEM3MEHHOM 3HAYEHHH OJHOTO W3 MapaMeTpoB, Ha3BIBAIOT uzonpoyeccamu (OT I'PEeYecKoro
CJIOBa «HM30C» - paBHbIN). [IpaBaa, B JelCTBUTENILHOCTH HHU OJMH MPOLIECC HE MOXET MPOTEKaTh IPH CTPOro (HUKCUPOBAHHOM
3HaYeHUH KaKoro-mmbo mapamerpa. Bcerma mmeroTcs Te WM HMHBIE BO3ICHCTBUS, HAPYIIAIOUINE IOCTOSHCTBO TEMIIEPATYpHI,
JaBleHUs. WM oObema. JInmp B 1a0OpaTOPHBIX YCIOBHSAX yAaeTCs IOIAEPKHBATH MOCTOSHCTBO TOTO WIJIM MHOTO Tapamerpa ¢
BBICOKOM TOYHOCTBIO, HO B JICHCTBYIOIIMX TEXHHYECKMX YCTPOWCTBAX M B IPUPOJE 3TO IPAKTHYECKH HEOCYIIECTBUMO.
W3zomporiecc - 310 uaeaan3upoBaHHast MOJEIb PETLHOTO MTPOLIecca, KOTOPask TOJIBKO MPHOIMKEHHO OTPaXKaeT AeHCTBUTEINEHOCTD.
M3oTepmuuecknii mpouecc. [Iporiecc W3MEHEHHMsT COCTOSHHS CHCTEMBI MaKpPOCKONMYECKHX Tel (mepmoounamuieckou
cucmembl) TIPU MOCTOSHHOW TeMIIEpaType Ha3bIBAIOT H30TePMUYEeCKMM. J[1d moajepkaHus TeMIEpaTypbl Tra3a MOCTOSHHOU
HeoOXonnMo, 4TOObl OH MOr OOMEHHMBATHCS TEIUIOTOH C OONBIION cHCcTeMOH - TepMmocraroM. MHaue mnpu cxatum WiIu
pacuIMpeHny TeMIiepaTypa raza OyaeT MeHSAThCA. TepMOCTaTOM MOXET CIYXHTb aTMOC(hEpHBIH BO3IYyX, €CIIU TeMIIepaTypa ero
3aMeTHO HE MeEHseTCs Ha MPOTSDKECHUN BCETO mporiecca.
CornacHO ypaBHEHHIO COCTOSHUS HaeanbHoro rasa (10.4) B mo0oM COCTOSHHHM C HEM3MEHHON TeMIIepaTypoi NMpOn3BEICHNE
JTaBJICHUS ra3a Ha ero 00BeM 0CTAeTCS MOCTOSTHHBIM:
pV = const npu T = const. (10.6)
Mna 2aza 0anHON Maccvl NPU NOCMOAHHON Hemnepamype npouseedenue 0agieHusa 2a3a Ha e20 00bem NOCMOAHHO.
DTOT 3aKOH 3KCIIEPHUMEHTAIBFHO OBUT OTKPHIT aHMIHACKUM yaeHbIM P. Boitnem (1627-1691) u HeCKOJIBKO MOKE PPaHIy3CKUM
yueHbiM 3.  Mapuortom  (1620-1684). TlodToMy OH HOCUT Ha3BaHue 3axkona boina -  Mapuomma.
3akon boinst - Mapuorra crnpaBeyiuB OOBIYHO ISl JIOOBIX Ta30B, a TAKXKE W Ui UX CMECEH, HampuMep IJs BO3ayXa.
Jlmme Tpu gaBNEHHWAX, B HECKONBKO COTEH pa3 OoJbIIMX aTMOC(HEpHOro, OTKIOHEHHS OT JTOr0 3aKOHAa CTAaHOBSATCS
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CYIIECTBEHHBIMHU.
3aBUCHMOCTD JIaBJICHHSI Taza OT o0beMa INpH IOCTOSHHOW TemIieparype TIpaduuecku H300pa)kaloT KPUBOH, KOTOPYIO
Ha3bIBAaIOT M30TepMoii. M30TepMa raza nzo0paxkaer 0OpaTHO MPOMOPIMOHANBHYIO 3aBHCUMOCTh MEXIy AaBJIEHHEM M 00BHEMOM.
Kpuyro Takoro poga B MaTeMaTHKe Ha3bIBalOT TumiepOoioit (puc.10.1).
p

%
9 Puc. 10.1

Pa3znu4HBIM MOCTOSIHHBIM TEMIIEpaTypaM COOTBETCTBYIOT Pa3jIMUHbIC M30TEpMbI. [Ipy MOBBINICHNH TEMIEpATyphl rasa
JIaBJICHUE corylacHO ypaBHeHHIo coctosnus (10.4) yBenmmuusaetcs, ecnu V=const. [loaTomMy n3orepma, cooTBeTCTBY!IOIIAs OOJIEe
BBICOKOW Temmeparype 7>, JIe)KHT BBIIIC H30TEPMBI, COOTBETCTBYIOIEH Oonee Huskoi Ttemmepatype 17 (eM. puc.10.1).

Jlyist Toro 4ToOBI MpoLIECC MPOUCXOIMI TPH MOCTOSHHOM TeMIleparype, C)KaTHe WM paclIMpPEeHUe ra3a JO0JDKHO MPOMCXOAUTH
OYeHb MeEJIeHHO. Jlenmo B TOM, YTO, HampuMep, NpH CXKaTWM Tra3 HarpeBaeTcs, TaKk Kak NpH JBIKCHUM MOPIIHI B
COCYJIe CKOPOCTh MOJICKYJ TOCJIE YAApOoB O IMOPIICHb YBEIWYMBACTCS, a CJIEJOBATEIbHO, YBEIUUUBACTCS W TEMIIEpaTypa rasa.
VIMeHHO mO3TOMY [UISl peann3alii H30TEPMUUECKOT0 MIPOIIEcca Hal0 MOcie HEOOIBIIOr0 CMEMIEHHS TOPIIHS MOJ0XKIaTh, KOTia
TeMIepaTypa rasa B cocyze OTIAATH CTaHeT paBHOH TeMIepaType OKPYXKaIOLIET0 BO3IyXa.

Kpome storo, otMeTnm, 4To Ipu OBICTPOM CXKaTWUH AABJICHHUE IO IOPIIHEM Cpa3y CTAaHOBHUTCS OOJbINE, Y€M BO BCEM COCY/JIE.
Ecnu 3HaueHMs nMaBieHHWS M TEMIEpaTypsl B Pa3lHYHBIX TOYKaX OOBeMa pasHble, TO B 3TOM Cllydae Tra3 HaXOAWUTCA B
HEPaBHOBECHOM COCTOSIHUM M MBI HE MOXKEM HA3BaTh 3HAUEHHS TEMIICPaTyphl U AABJICHUS, ONPEICISIONINE B JAHHBI MOMEHT
cocTosiHMe cucTeMbl. Eciu cucTeMy mpenocTaBHTh caMoil cee, TO Temmeparypa M JIaBJICHHE IMOCTEIICHHO BBIPAaBHHBAIOTCS,
cucTeMa IPUXOAUT B PaBHOBECHOE COCTOSIHUE. PagHosecnoe cocmosmue - 3T0 COCTOSIHUE, IIPU KOTOPOM TeMIlepaTypa U JaBJICHUE
BO BCEX TOUKaX 00beEMa OJUHAKOBBI. HapaMeTpLI COCTOSAHUA Ta3a MOTYT 6I)ITI) OIIPECACICHBI, €CJIM OH HaXOJUTCA B PaBHOBECHOM
cocrosiuuu. Ilpomecc, mpu KOTOPOM BCe IPOMEXKYTOUHBIE COCTOSHHMSI Ta3a SBJSIFOTCS PAaBHOBECHBIMH, HA3bIBAIOT
PaBHOBECHBIM npoyeccom. OUEBUAHO, YTO Ha TrpaduKax 3aBUCHMOCTH OJHOIO MapameTpa OT JIPYroro Mbl MOXXEM H300paxarh

TOJBKO paBHOBECHbBIE MIPOLIECCHI.
HN300apublii  mpouecc. [Iponiecc M3MEHEHUS COCTOSHHS TEPMOJMHAMHYECKON CHCTEMBI IIPU IOCTOSHHOM JIaBJICHUU
Ha3bIBAIOT H300apPHBIM (OT TPEYECKOTO cioBa «bapoc» - Bec).

CornacHo ypasaeHuto (10.4) B 1F000M COCTOSIHUHM T'a3a ¢ HEM3MEHHBIM JIaBJICHHEM OTHOILICHHE 00beMa Ta3a K ero TeMIeparype
OCTaeTCsl IOCTOSHHBIM:
7 = const npu p const. (10.7)
Jna eaza Oannoil maccel npu NOCMOAHHOM OAa6JeHUU OMHOUIEHUe 00vema K memnepamype ROCHOAHHO.
OTOT 3aKOH OBLI YCTaHOBJIEH 3KcriepuMeHTadbHO B 1802 r. ¢panuysckum ydensiM XK. [eii-Jlroccakom (1778-1850) u Hocut
Ha3Banue 3akona [Iei-/lioccaxka. CornacHo ypaHenuto (10.7) oObeM rasa mnpu IMOCTOSHHOM [aBJICHUH MNPOMOPIMOHAIEH
TeMIepaType:
V=const-T. (10.8)

Ota 3aBUCHMOCTb rpauyecku U300paXkaercsi MpsMoi, KOTopasi HasbiBaeTcs uzobapot (puc.10.2). Pa3HpIM naBieHUSIM
COOTBETCTBYIOT pasHble H300apel. C pocTOM JaBieHHs 00beM rasa IpH IOCTOSHHOI TeMmIepaTrype COrjacHO 3akoHy boitns -
Mapuorra ymeHblnaercs. Ilodtomy wuzobapa, COOTBETCTBYIOIIas Oojiee BBICOKOMY JABICHHIO P2, JIOKHT HIDKE H300aphl,
COOTBC”{CTByIOH.[efI OoJiee HU3KOMY JaBJICHHIO Pj.

£}

Puc. 10.2

B oOmactn HM3KHMX TemmepaTyp Bce H300aphl udeanvrozo raza cxonsrcsi B touke 7=0. Ho 3To He o3Hauaer, yTO
00beM peanvrozo Taza oOpalaeTcss B Hylb. Bece Tas3bl Npy CHIBHOM OXJIQXKJCHUH NPEBPAIIAIOTCS B JKHJIKOCTH, a K KUAKOCTSIM
ypaBHeHue cocrosiHus (10.4) HenpuMeHnMo. VIMEHHO 1MO3TOMY, HadMHasi C HEKOTOPOTO 3HAYEHHS TEMIIEPaTypbl, 3aBHCHMOCTh
o0BeMa OT TeMIepaTypsl MPOBOAUTCS Ha TpaduKe MTPUXOBOW JIHHKEH. B 1eHCTBUTENEHOCTH TaKWX 3HAYCHWH TeMIIepaTypsl U
JIaBJIEHUS y BEIIECTBA B ra3oobpa3zHoM COCTOSIHUM OBITH HE MOXET.
M306apHBIM MOXXHO CYMTATh PACHIMPEHHWE Ta3a IPH HAarPEBAaHUM €T0 B IIUIMHAPE C MOIBIKHBIM IOPIITHEM, €CIIH BHEIIHEe
JaBJIEHUE TIOCTOSIHHO. [lOCTOSHCTBO JaBiE€HHSA B IWIMHApPE oOecrednBaeTcsi aTMOC(EpHBIM JaBICHHEM Ha BHEIIHIO

MMOBEPXHOCTh TIOPIITHSI.
H3zoxopHblii  mpouecc. [Ipoliecc U3MEHEHHS COCTOSHHMS TEPMOJAMHAMUYECKOHW CHCTEMbI IIPH IIOCTOSHHOM OOBeMe
Ha3bIBAIOT U30XOPHBIM (OT IPEeYECcKOro CJIoBa «xopemar» - BMECTHUMOCTB).

U3 YpaBHCHUSA COCTOSAHUA (104) BBITCKACT, 4YTO B J1F000M COCTOSIHHU T'a3a ¢ HEU3MEHHBIM 00BEMOM OTHOIIECHHE JaBJICHUA ra3a K
€ro TeMIIEpaType OCTACTCA IMOCTOAHHBIM
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T
Mna zaza OauHOU Mmaccvl OmHOUIeHUE O0AGNeHUA K memnepamype HOCMOAHHO, eciu 00beM He MeHAEnicA.
DTOT ra30BhIi 3aK0H ObLT ycTaHOBICH B 1787 1. ¢dpaniry3ckum dusukom XK.1llapnem (1746-1823) u HOCUT HA3BaHUE 3AKOHA
Illapna. CornacHo ypaBHenuto (10.9) naBneHue rasa npu mocTOSHHOM 00BeMe MPOTIOPIHOHAIBHO TEMIIepaType:
p=const-7T. (10.10)
DTa 3aBUCHMOCTh U300pa)kacTcsi MPsAMOM, Ha3bIiBaeMoil uzoxopou (puc.10.3). Pa3HpiM 00beMaM COOTBETCTBYIOT pa3HbIC
n3oxopsl. C pocToM o0beMa Taza MpHU MOCTOSHHON TeMIlepaType HaBJICHHE €Tro corjlacHO 3akoHy boins - Mapuorrta mamaer.

[TosToMy H30X0pa, COOTBETCTBYIOIIAS OONBIIEMY 00BeMy V>, IEKHUT HIKE H30XOPHI, COOTBETCTBYIOIIEH MEHbIIIEMY 00beMy V.
P}

= const npu V = const. (10.9)

T

Puc. 10.3
B cootBercTBuu ¢ ypaBHeruem (10.10) Bce M30XOpHl HICAIBHOTO Tra3za HaYMHAIOTCS B Touke 7=0. 3HAUWT, JaBJICHHE

H/ICATBHOTO raza mpu a0COIFOTHOM HyJIe paBHO HYJIIO.
YBenuyeHue MaBICHUS Ta3a B JIOOOM COCYJC WM B 3JICKTPHUYCCKOW JTAMIIOUKE MPU HArpeBaHUM MOXKHO CUMTATh M30XOPHBIM
MIPOLIECCOM. N3oxopHblit rporiecc WCIIONIb3YETCS B ra30oBbIX TepMOMeETpax MIOCTOSTHHOTO obbpema.

I'a3oBble 3aKOHBI - YaCTHBIA CIydyall ypaBHEHHs COCTOSIHMS UIEaJbHOIO TIa3a, OJUH U3 IapaMeTpPOB KOTOPOIO OCTaeTCs
MOCTOSIHHBIM.

Hcnapenue u konaeHcanus. Xopoluo 3aKpbIThIN (JIAKOH ¢ AyXaMH MOXKET CTOSITh OY€Hb J0JIT0, U KOJIWYECTBO TyXOB B HEM HE
u3MeHuTcs. Ecim ke (pIakoH OCTaBUTH OTKPBITHIM, TO, B3IVITHYB Ha HEro uepe3 JAOCTATOYHO MPOJOJIKUTENIBHOE BPEMS, BbI
YBHIWTE, YTO KHUIKOCTH B HEM HeT. JKUAKOCTh, B KOTOPOH pacTBOPEHBI apOMaTHIECKHE BEIECTBA, NCTIapMiIach. I opas3no ObicTpee
ucrapsieTcsl (BbICBIXaeT) JTyka Ha acanbTe, 0COOCHHO €CII BBICOKAa TEMIIEpaTypa BO3AyXa M IyeT BeTep. DTH SBICHUS MOKHO
OOBSCHHUTH TaK.

Mornekynsl )KUAKOCTH ABMXKYTCS OecriopsimouHo. UeM BbIIE TeMIEpaTypa *XKUAKOCTH, TeM OOJbIIe KMHETHYECKas SHEpTus
Monekyl. CpenHee 3HaUeHHEe KMHETHYECKONW YHEPTUU MOJIEKYII ITPH 3aJaHHOM TeMIepaType UMEET onpeeneHHoe 3HaueHue. Ho y
Ka)KJJOH MOJIEKYJIbI KHHETHYECKast SHEPTHsl B JAHHBII MOMEHT MOXKET 0Ka3aThCsl KAK MEHbIIIE, TaK U OoJiblle cpeaHeil. B kakoii-To
MOMEHT KHHETHYECKasi IHEPTUs OTHCIBHBIX MOJIEKYJ MOJXET CTaTh HACTOJNBKO OONBIION, YTO OHM OKaXyTCA CHOCOOHBIMHU
BBUICTETh U3 JKUAKOCTH, IIPEOAOJIEB CUIIBI NPUTSDKEHUS OCTaNbHBIX Mojekyn. [Iporecc mpeBpamieHuss XKUIKOCTH B Iap
Ha3bIBaeTCs HcnapenueM. IIpu 5ToM mponecce 4YMCIO MOJIEKYJ, NOKMAAMOIUX XKUAKOCTH 32 OIPEICIICHHBIM IPOMEKYTOK
BpPEMEHH, Oosnblie yucia MOJIEKYJI BO3BPALIAIOIIUXCS.

BrulereBmias MoseKysa IpUHAMAET y4acTHe B OECIIOpSA0YHOM TETIOBOM JIBHKEHUH Ta3a. becropsiouHo ABHUTasich, OHA MOXET
HaBCETAa YIAIUTHCA OT MOBEPXHOCTHU KHUIKOCTH, HAXOAALIEHCS B OTKPBITOM COCYJE, HO MOXKET U BEPHYThCS CHOBA B XKHJKOCTb.
IIponecc MpeBpalleHUs napa B KHUJKOCTb Ha3bIBACTCS] KOHACHCAIUEH.

Ecnu moTok Bo3myxa Haz COCYAOM YHOCHT ¢ co0OH 00pa3oBaBIIMECS Iapbl )KUAKOCTH, TO XHUIAKOCTh HCIapsieTcs ObIcTpee, Tak
KaK y MOJEKyJbl Iapa yMEHbBIIAETCd BO3MOJKHOCTb BHOBb BEPHYTbCS B JKHUAKOCTb. UeM BbIIIE TeMIeparypa >KUAKOCTH, TEM
OoutbIIIee YHCIIO MOJIEKYIJI MMEET JIOCTATOYHYIO JUIS BhIJIETa U3 KHUIKOCTH KHHETHUECKYIO HEPIHIO0, TeM ObICTpee HIEeT UCTIapeHHe.

Ilpn wncmapeHNM >KUAKOCTH IOKHIAIOT Oojiee OBICTPBIE MOJEKYJBI, MOITOMY CpPEAHSS KHHETHYeCKas SHEPIHs MOJICKYJ
JKUJIKOCTH yMEHBIIAeTCca. DTO O3HAa4yaeT, YTO NMPOUCXOAUT MOHMKEHHE TeMIepaTyphl KUAKOCTH. CMOUMB pyKy Kakoi-HHOyAb
OBICTPO HCHAPSIOMIEHCS KUAKOCTRIO (HampuMep, OCH3MHOM WM aIleTOHOM), BBl TYT XK€ IOYYBCTBYETE CHIJIBHOE OXJIaXICHHUE
CMOYEHHOTO MecTa. OxnaxjeHue 3TOro Mecra YCUIINTCS, ecinu Ha PYKY HONYTb.

ITponecc UCTIApEHUS IIPOUCXOJUT co CBOOOTHOM IIOBEPXHOCTH KHUJIKOCTH.

Ecnu nummTh KUIKOCTh BOSMOXKHOCTH HCHAPATHCS, TO OXJaXKICHHE ee OyIeT MPOMCXOIUTh Topa3ao MeqIeHHee. BeromuuTe,
Kak JI0JITO OCTHIBAET *KUPHBIN cym. CIoi )kKnpa Ha ero NOBEPXHOCTH MEIIAET BBIXOY OBICTPHIX MOJICKYJ BOABL JKHIKOCTh MOUTH
He HCcIapseTcs, U ee TeMIlepaTypa HaJlaeT MEAJICHHO (caM >KUp MCHapsieTcst KpaliHe MEIUICHHO, TaK KaK ero OOJIbIINE MOJIEKYJIbI
Goiee MIPOYHO CLIETIIIEHBI JIpyT c JIpyrom, 4eM MOJIEKYJIBI BOJIBI).

Hacpnuennsnii map. Eciu cocyll ¢ )KUAKOCTbIO IUIOTHO 3aKpBITh, TO CHa4ajga KOJIUYECTBO >KUAKOCTH YMEHBIIUTCS, a 3aTeM
Oyner ocraBaThCs HOCTOSIHHBIM. IIpym HeM3MEHHOH TeMmmeparype cHcTeMa >KHIKOCTh - Hap HPUAET B COCTOSIHUE TEIJIOBOTO
paBHOBecUs 1 OylneT HaXxOAMTbCS B HEM CKOJNb YroaHo Joiro. OJHOBPEMEHHO C IPOLECCOM HCHApeHHs] NPOUCXOAMT H
KOHJIEHCALuS, o0a nporecca B cpenHeM KOMIIEHCUPYIOT ZIpyr Jpyra.

B mepBrIit MOMEHT, ITOCTIE TOTO KaK KHUIKOCTh HAIBIOT B COCY/ M 3aKpPOIOT €T0, )KUIAKOCTh OyAET UCTIapsAThCA U IUIOTHOCTH Iapa
Hax Hel Oyzaer yBenmnumBatbes. OMHAKO OJHOBPEMEHHO C 3THM OyAeT pacTH M YHCIIO MOJEKYJ, BO3BPAIIAONINXCS B KHUIKOCTb.
UYewm OoJblIe MIOTHOCTh Mapa, TeM OOJbIIEE YUCIO €0 MOJIEKYN BO3BPAIIAETCS B KHIKOCTb. B pe3ynpTare B 3aKphITOM COCYyE
IPU MOCTOSIHHOW TEMIIEpaType YCTAHOBUTCS OuHamuueckoe(TIOOBUKHOE) pagHogecue MEXIY KHUIKOCTbIO M MapoM, T. €. YHCIO
MOJIEKYJI, HTOKHJAIOIINX TOBEPXHOCTH KHUIKOCTH 32 HEKOTOPBIM MPOMEXYTOK BPEeMEHH, OyZeT paBHO B CPEIHEM YHCIY MOJEKYI
napa, BO3BPATHBIINXCS 32 TO )K€ BPeMs B )KUAKOCTb. JJ11 BO/BI TP KOMHATHOW TeMIlepaType 3TO YUCIIO NPUOIM3UTENLHO PAaBHO
102 monekyn 3a Bpems, pasHoe | ¢ (Ha 1 cm? miomaan noBepxHoctH). Ilap, HAXOAAMMICA B IMHAMHUYECKOM PABHOBECHH CO
CBOEH JKMJIKOCTBbIO, HAa3bIBAIOT HACHIIIEHHBIM MAPOM. DTO OINpE]elieHHE MOJYEPKHUBAET, YTO B JAHHOM OOBbEME INpH JTaHHOH
TeMIlepaType He MOXKET HaXOJUThCsI OOJIblIee KOIMYECTBO napa. Ecim Bo3ayx U3 cocy/a ¢ )KHIKOCTBIO MPEBAPUTEIILHO OTKayaH,
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TO Hax MIOBEPXHOCTHIO KUAKOCTH Oyner HaXOAUTHCS TOJIBKO ee HACBIIEHHBII nap.

JlaBieHne HachbIeHHOTo napa. Uto OyJneT NpouCcXOoANTh C HACHIIIEHHBIM IIapOM, €CIIM YMEHBLIUTh 3aHUMaeMbIi UM 00beM?
Hanpumep, ecaum cxuMmMaTh map, HAaXOMSMIIUICS B PABHOBECHMHM C OKHAKOCTBIO B IWIIMHAPE MOJ  IOPLIHEM,
MOAJIEP>KUBAsI TEMIIEPATYPy COAECPKUMOTO LITHHIpA MOCTOSTHHOH.

ITpn cxatum mapa paBHOBECHE HAYHET HApyIIAThes. [IIOTHOCTH mapa B MEPBBI MOMEHT HEMHOTO YBEJIMYUTCA, M U3 Tasa B
KHUJKOCTh HAYHET MEPEXOINTH OOJBIIEE YHCIIO MOJIEKYII, UeM M3 XHUIAKOCTH B Ta3. Benp 4ncio MoleKy, MOKUIAONINX KUIKOCTh
B €IMHUILy BPEMEHH, 3aBHCHT TOJBKO OT TEMIIEPATYphI, U CXKaTHE Iapa 3TO YuciIo He MeHseT. IIponecc mpogomkaercst 1o Tex
1Op, TMOKAa BHOBb HE YCTAHOBUTCS TUHAMHYECKOE PAaBHOBECHE M IUIOTHOCTH T1apa, a 3HAYMT, M KOHICHTPAIHSA €ro MOJEKYJ He
OpUMYT TPEXHUX CBOMX 3HaueHHH. CleOoBAaTENBHO, KOHYEHmpayus MOJEKYl HACLIWEHHO20 napa npu NOCMOSAHHOU

memnepamype He 3aeucum om ezo obvema.
Tak kak JaBJieHHE MPOIOPLMOHAIBEHO KOHIEHTpAUHUU MoJeKyl (p=nkT), TO U3 3TOTO ONpEIEICHUs CIIAYET, YTO JaBJICHHE
HACHIIEHHOTO napa He 3aBUCUT oT 3aHUMAEeMOro UM o0BeMa.
JlaBnenue p,., mapa, Ipu KOTOPOM >KUAKOCTb HaXOJUTCSI B PABHOBECUU CO CBOUM I1apOM, Ha3bIBAIOT JABJICHHMEM HACBIIICHHOI0
napa.

[Ipu cxxaTM HACBIIICHHOTO Mapa Bce OOJBIIAst YacTh €ro MePeXoIuT B JKUAKOE COCTOsIHUE. JKUAKOCTh TaHHON MacChl 3aHUMACT
MEHBIINH 00BEeM, WeM Imap TOW ke MacChl. B pesynprare oO0beM Mmapa IpH HEM3MEHHOH €ro INIOTHOCTH YMEHBIIAeTCs.
OTmeTnM emre oauH BaKHBIH (pakT. O4eBHIHO, Ta30BBIC 3aKOHBI I HACBIIICHHOTO ITapa HEeCIIPaBeIUIUBEI (MIpH TH000M 00BeMe
NPY TIOCTOSTHHOM TeMIIepaTtype JAaBJICHHE HACHIIIEHHOTO Tapa OAWHAKOBO). B TO ke BpeMs COCTOSIHHE HACHIIIEHHOTO Tapa
JIOCTaTOYHO TOYHO OITHCBIBAETCS ypaBHeHHEM MeHeneesa - KrnaneiipoHa.
Henacbimennprii nap. Ecin map mocTenmeHHO CKMMAKOT, a NPEBpalIcHUE €ro B KUAKOCTh HE MPOWCXOIUT, TO TaKOH map
Ha3bIBAIOT HEHACBHIIEHHBIM. [Ipu omperencHHOM 00beME Map CTAHOBHUTCS HACBHIIICHHBIM, W IMPH JaJbHEUIIEM €ro CKaTuu
HpOI/ICXO[[I/IT HpeBpameHHe €ro B JKUIOKOCTh. B 3TOM cnyqae HaO XKHIAKOCTBIO y)Ke 6yI[CT HAaXOOUTHCA HaCI:-IHIeHHI:Iﬁ nap.
OpHako map MmpeBpalacTcs B XKUAKOCTh HE MPH JI000H Temreparype. Eciu TeMmepaTypa BhIllle HEKOTOPOTO 3HAYCHHS, TO, KaK
OBl MBI HM CXKUMAJIU Ta3, OH HUKOTJIa HE MPEBPATUTCS B KUAKOCTh. MakCUMallbHas TeMIepaTypa, MPU KOTOPOH map emie MOXKeT

MIPEBPATUTHCS B KHUJKOCTB, Ha3bIBAaCTCS KPUTHYECKOM TeMIepaTypoii.
CocTosiHHE BellecTBa IpU TeMIIEpaType BbIIIe KPUTUYECKOH Ha3bIBAaeTCA ra3oM; IIPU TeMIlepaType HIbKe KpUTHYECKO, Koraa y
napa ecTb BO3MOXKHOCTb MPEBPATHTHCA B KHUIKOCTD, - IapoM.
Kaxngomy BemecTBy COOTBETCTBYET CBOsS KpHUTHYecKass Temmeparypa, y remusilq=4 K, y asoral,=126 K
CaoiicTBa HACHIIIEHHOTO u HEHACHIIIIEHHOTO napa Ppas3JINIHbL.

3aBHCHMOCTD JaBJIeHUs HACBIIIIEHHOT0 NNapa oT TeMneparypbl. Kunenue
Kunakocts HE TOJBKO ucrapseTcs. Ipn HEKOTOPOH TeMIepaType OHa KHUIINT.

3aBHCHMOCTD AaBJ€HUS HACBIIEHHOr0 Mapa oT TeMneparypsl. COCTOSIHUE HACHINICEHHOTO Mapa, KaK MOKAa3bIBAeT ONBIT (MBI
TOBOPHJIM 00 ATOM B IpeaplaynieM mnaparpade), TprOIMKeHHO ONUCHIBACTCS YpaBHEHUEM COCTOSHHUS MieanbHoro rasza (10.4), a
ero faBleHHe onpeenseTcs Gopmynoi

p,. n:”}lT' (11‘1)
C POCTOM TEMIIEPATYPbl HABJICHUE PACTET. Tak xak daénenue HACbIWYWEeHHo20 napa He 3asucum om 06‘beMa, mo,
CﬂeaoeameﬂbHo, OHO 3asucum MOJIbKO om memnepamypbl.

OnHaKoO 3aBUCHMOCTb Py, OT T, HalJIeHHas! KCIIEPUMEHTAIbHO, HE SBISIETCA NPSIMO MPOMOPIMOHANBHON, KaK y HJIeaJbHOTOo
ra3a npu MocTossHHOM oObeMe. C yBeIMUYeHHEM TeMIIEpaTyphl JIaBJICHHE PEaJIbHOTO HACBIIIEHHOTO Iapa pacTeT ObIcTpee, YeM
JaBJICHUE WACATBHOTO Ta3a (puc.ll.l, y4acTOK KpUBOH AB). DTO CTAaHOBUTCS OYEBUAHBIM, €CITH MPOBECTH U30XOPHI UACATHHOTO
rasza gepe3 Touku 4 ¥ B (mTpuxoBsle npsamele). [logemy 310 nmponcxoaut?
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Ilpy HarpeBaHWHU >KUIAKOCTH B 3aKPHITOM COCYAE YaCTh JKHAKOCTH IpeBpaiiacTcs B map. B pesynbTare COriiacHO
dbopmyne (11.1) dasrenue nacviuyennoeo napa pacmem he MOIbKO 8CeOCMBUE NOGLIUEHUST MEMNePAMYpPbl HCUOKOCTU, HO U
ecnedcmeue y8enrudenus KOHYeHmpayuu mMoaekyn (niomuocmu) napa. B OCHOBHOM yBeNWYEHHE MABICHHS NPU TTOBBIIICHUH
TEMIIepaTyphl OMPEACSIETCS HMEHHO YBEJIHYCHHEM KOHIICHTpPAlMH. | JaBHOE pa3jnyhe B IOBEICHWW HICAILHOTO Tra3a H
HACBIIIEHHOTO TTapa COCTOMT B TOM, YTO IPH H3MCHEHHH TEMIICPATyphl Iapa B 3aKPBHITOM cocye (MM IpU U3MEHEHHU 00bemMa
NPY [TOCTOSTHHOM TeMIIepaType) MEHsIeTCsl Macca mapa. JKUAKOCTh YaCTHYHO MPEBPAIACTCs B Iap, WK, HAMPOTHUB, Hap YaCTHUHO
KOHJICHCHPYETCSI. C HCaTbHBIM ra3om HUYETO OT00HOTO HE MIPOUCXOTUT.

Korma Bcs *KHIKOCTh HCIIAPHUTCS, MAp NPU JaJbHEHIIEM HArPEBAHUH MEPECTAHET OBITh HACBHIIICHHBIM M €r0 JaBJICHUC NPHU
MOCTOSTHHOM 00BeMe OyIIeT BO3pacTaTh MPSMO IPOIIOPIHOHAIBFHO a0COMIOTHOM TemnepaType (cM.puc.l1.1, yaactok kpusoit BC).
Kunenue. INo mepe yBenuueHns TeMIepaTyphl JKHAKOCTH MHTEHCHBHOCTh MCIIAPEHHs yBeluduBaeTcs. HakoHel, KHIKOCTh
HAYMHAET KWIETh. [IpH KUIIEHHHM IO BCEMY OOBEMY >KHIKOCTH OOpa3yroTCs OBICTPO pacTyIIHe Iy3bIPhKH Mapa, KOTOPHIC
BCIUIBIBAIOT HA IOBEPXHOCTh. Temreparypa KHIICHHS J>KHUAKOCTH OCTAeTCs MOCTOSHHOW. DTO MPOHMCXOAMWT IOTOMY, YTO BCS
MOJBOIUMAS K JKHAKOCTH JHEPrHsl PacXOQyeTcs Ha IpeBpalleHHe ee¢ B map. IIpu Kakux YCIIOBHSX HAYMHAETCS KHUIICHHUE?
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B xunkocTu Bcerna npucyTCTBYIOT PACTBOPEHHBIE Ta3bl, BHIICIAIOMIMECS HA THE U CTEHKaX COCY/a, a TAK)KE Ha B3BELICHHBIX B
JKUJIKOCTH TBUTHHKAX, KOTOPBIC SBISIOTCS IIEHTpaMHU TapooOpa3oBaHus. [lapbl »KHIKOCTH, HAaXOISIIUCCS BHYTPH MY3BIPHKOB,
SIBIIIOTCST  HachbllleHHbIMU. C  yBEeIMUYEHHEM TEMIIepaTypbl [JaBJCHHE HACHIIICHHBIX MapoOB BO3pacTaeT M MYy3BIPHKU
YBEJIIMYHUBAIOTCS B pa3Mepax. [lox mAelCTBHEM BBITANKHMBAONIEH CHIIBI OHM BCIUIBIBAIOT BBEpPX. ECIM BEpXHHE CIIOM KHUIKOCTH
UMEIOT OoJiee HHU3KYIO TEMIEpaTypy, TO B 3THX CIOAX IMPOHUCXOAWT KOHAEHCAIWs Mapa B IMy3bIpbKax. J[aBlIeHHE CTPEeMHTEIIEHO
MalaeT, W Iy3bIPBKH 3aXJIOTBIBAIOTCS. 3aXJIOMBIBAHHEC NPOMCXOIWT HACTOIBKO OBICTPO, YTO CTEHKH ITy3BIPBKA, CTANKHBAsACH,
MIPOM3BOIAT HEUTO BPOAE B3pbIBAa. MHOKECTBO TaKMX MHUKPOB3PHIBOB CO3JAET XapaKTepHBIH mryM. Koraa JKUAKOCTh JOCTATOYHO
MPOTPEETCs], ITy3BIPHKH IEPECTaHyT 3aXJIONBIBAThCS W BCIUIBIBYT Ha MOBEPXHOCTh. JKuakocTe 3akumuT. [lomaGmromaiite
BHUMATEIBHO 3a YaWHUKOM Ha IUmTe. BBl OOHapyXkWTe, YTO TIepel 3aKWMaHWEM OH IIOYTH IIePecTaeT IIyMETh.

3aBHCHUMOCThH JIaBJICHUS HACHIIIEHHOTO Mapa OT TEMIIEPaTyphl O0BICHSET, TOYEMY TEMIICPaTypa KUIICHUS KUIAKOCTH 3aBUCUT OT
JIaBJIeHUs] Ha ee TOBEepXHOCTh. Ily3bIpex mapa MOXKET pacTd, KOIJa JaBleHHE HACBIIIEHHOTO Iapa BHYTPU HETO HEMHOTO
MPEBOCXOJUT JABJICHHE B JKUJKOCTH, KOTOPOE CKJIAaJAbIBAeTCA M3 JaBJICHUS BO3JyXa Ha IOBEPXHOCTb HUJIKOCTU (BHEIIHEE
JIaBJICHUE) u THIPOCTaTUYECKOTO JABJICHUS cTonba JKUIKOCTH.

OOpaTM BHHMaHHE Ha TO, YTO HCIAPCHUC KUIKOCTH MPOMCXOIWT MPH TEMIIEPaTypax, MCHBIINX TEMIIEPATyphl KUICHUSA, U
TOJBKO C TIOBEPXHOCTH OKMIKOCTH, IPH KHUIEHHH OOpa3oBaHUE IMapa HPOHMCXOTUT MO BCEMY OOBEMY JKHJIKOCTH.

Kunenne HaunHaeTCS IPH TEMITEpaType, IPH KOTOPOH TaBJICHHE HACHIIIEHHOTO Mapa B Iy3bIpPhKaxX CPABHUBACTCS C AaBICHUEM
B KHUIKOCTH.

Yem Oonvue 8HewHee OasieHue, mem @viuie memnepamypa Kunenus. Tak, B TapOBOM KOTIE IIPH JaBICHUHU, JOCTHTAIOIIEM
1,6°10° I1a, Boja He xumut ¥ mpu TeMmneparype 200°C. B MeIULIUHCKHX YUPEKICHUAX B FEéPMETHUYECKH 3aKPBITBIX COCYIaX -
ABTOKJIaBaX KHIIEHHE BOIBI TAKKe IMPOUCXOTUT MPH TOBBHIIIEHHOM NaBieHWH. [loaToMy TemmepaTypa KHICHHS >KHUAKOCTH
3HaunTeNbHO Bhie 100°C. ABTOKIaBbI MPUMEHSIOT JUIS CTEPUIIU3ALNN XUPYPTUUECKUX HHCTPYMEHTOB H JIp.

U Hao6opoT, yMenblias eHewnee 0agienue, Mbl memM CambiM HOHUdCaem memnepamypy Kuneuus. OTKaduBas HACOCOM
BO3AyX M Taphl BOJABI M3 KOJIObI, MOXKHO 3aCTaBUTh BOJY KHUIICTh IPH KOMHATHOW Temmeparype. [Ipu moaneme B Tropbl
aTMoc(epHOe aBJIICHHE YMCHBIIACTCS, MOATOMY YMCHBIIACTCs Temieparypa kumeHus. Ha Boicote 7134 M (muk Jlenwna Ha
[Mamupe) naBnenne npubmmxeHHo pasuo 4+10* Tla (300 mum pr. cr.). Bosa kunut tam npumepso npu 70°C. CBapuTh MSCO B 3THX
YCIOBHAX HEBO3MOXKHO.

YV KakIoW KHUIKOCTA CBOS TEMIIepaTrypa KUICHWSA, KOTOpas 3aBHCHT OT JABJICHHUSA €€ HACHIICHHOTO mapa. Yem BEIMIE
JaBJICHUC HACHIIICHHOTO Tapa, TeM HIDKE TeMIIepaTypa KWUICHHS XKHIKOCTH, TaK KaK IPH MEHBIIHX TEMIIepaTypax IaBICHHUE
HACHIIIEHHOTO TTapa CTAHOBUTCS PaBHBIM atMochepHoMy. Hampumep, npu temmeparype kureHus 100°C naBneHre HaCHIIICHHBIX
napoB Boxel paBHo 101 325 Tla (760 MM pT. cT.), a mapoB pTyTd - Beero jummb 117 Ila (0,88 MM prt. cT.). Kunur pryre npu
Temreparype 357°C npu HOPMaJIbHOM JIaBIICHUU.

JKuakocTh 3aKuIaeT, KOrjaa TaBIeHUE ee HACHIICHHOTO Mapa CTAHOBHUTCS PaBHO AABJICHHUIO BHYTPH KUIKOCTH.

BaaxxHocTh BO3ayxa

Bopna 3anumaer okono 70,8% moBepxHOoCTH 3eMHOTrO miapa. JKuBble opraHu3mbl conepxkaT oT 50 mo 99,7% Bojbl
O6pa3Ho TOBOPS, JKUBBIE OPTAHU3MBI - 5TO OAYINEBJIEHHAs Boja. B atmocdepe Haxomutcs okono 13-15 Teic. KM BOABI B BUIE
Kalesib, KPHUCTAJUIOB CHEra M BOASHOro mapa. ATMocdepHBII BOASHON map BIMSAET Ha TMOTOXy M KJIMMAT 3eMIIH.

Boasinoii nmap B armocdepe. BoasHol nap B Bo31yXe, HECMOTpPSI Ha OIPOMHBIE IIOBEPXHOCTH OKEaHOB, MOpEH, 03€p U peK,
JTaJIeK0 HEe BCETJa SBJSIETCS HACHIICHHBIM. llepemenieHre BO3AYIIHBIX Macc NMPHBOAWT K TOMY, YTO B OJHHX MecTax Haei
TUTAHETHl B JaHHBIH MOMEHT HWCIapeHHe BOIBI TpeoONiagaeT Haa KOHICHcallMeld, a B APYruX, HAo0OpoT, mpeobramaer
KoHmeHcanus. Ho B BO3gyXe  TpakTHYECKH  BCerJa  HMEETCs  HEKOTOpOoe  KONMYECTBO  BOJSHOTO  Iapa.

CopnepxaHre BOJASHOTO Iapa B BO3AyXE, T. €. €ro BIAXKHOCTh, MOXXHO XapaKTEPH30BaTh HECKOJBKHMH BEIHYMHAMHU.

[I70THOCTP BOISHOTO Mapa B BO3AyXE HAa3hIBACTCS aOCOJIOTHOI BJIAKHOCTBHIO. AOCONIOTHAS BIAXXKHOCTh H3MEpseETCH,
CJIEZIOBATENBHO, B KHAJIOTpaMMax Ha MeTp KyOndeckuit (xr/™3).

IMapuuajabHoe JaBJjieHMe BOASHOTO mapa. ATMOC(epHBIi BO3IyX HpeAcTaBiIseT co00i CMeCh Pa3lINYHBIX Ta30B M BOJSHOTO
nmapa. Kaxelif U3 ra30B BHOCHUT CBOM BKJIAJ B CyMMapHOE JaBlICHHE, IPOM3BOAMMOE BO3IYyXOM Ha HaXOJAIIMECS B HEM Telna.
JlaBreHne, KOTOpoe MPOM3BOAMI OBl BOJSHOW map, eciau Obl BCE OCTAJbHBIC Ta3bl OTCYTCTBOBAJH, HA3bIBAIOT MAPUHUAJBHBIM
JaBJIeHHeM BOJAsiHOro napa. [lapunansHoe JaBieHHe BOASHOTO Mapa MPUHUMAIOT 3a OIHMH M3 ITOKa3aTesell BIaXXHOCTH BO3AyXa.

Ero BBIPAXKAIOT B €AMHUIAX JTABJICHUS - MacKaysfx WIH MUJITAMETpPax PTYTHOTO cronba.
ATMOchepHOe JaBlIeHHUE OTPeNesIeTcs] CYMMOH MapIHaibHBIX JaBJICHHH KOMIIOHEHT CyXOro BO3ayxa (KHCIOopoja, a30Ta ! T.
I.) u BOJSHOTO napa.

OTHocHTeTbHAS BJIAKHOCTD. [10 mapuuaisHOMY JaBIICHUIO BOASHOTO Mapa W aOCOTIOTHOM BIa)KHOCTH €IIe HEJIb3s CYIUTh O
TOM, HACKOJBKO BOJSHOW IMap B JAHHBIX YCIIOBHSX OJH30K K HACHIIICHHIO. A WMEHHO OT 3TOTO 3aBHCUT HHTCHCHBHOCTBH
UCITAPCHUS BOJBI M MOTEPS BIArd KUBBIMU OpTaHU3MaMH. BOT mouemy BBOIST BEIWYHHY, IIOKA3BIBAOIIYIO0, HACKOJIBEKO BOASHOM
nap npu JTAaHHOM TeMIleparype 030K K HACHIIICHUIO, - OMHOCUMETILHYIO BIAICHOCMD.

OTHOCUTEIbHON BJI2:KHOCTBIO BO31yXa HA3bIBAIOT OTHOILIEHUE MaplHUalbHOTO JABJICHUs p BOASHOIO Mapa, coAepxallerocs B

BO3IyXe TMPHU JAHHOHU TeMIepaType, K IaBICHHIO Py, , HACBIIEHHOTO Mapa MpH TOH ke TeMIepaType, BHIPAKEHHOE B MPOIICHTaX:
{)
/ ~
¢ - 100%. (11.2)
Py n
OTtHocuTenbHasK BJI&YKHOCTh BO3yXa 00BIYHO MEHBbIIIE 100%.
I[cnxpomerp. BraxxHOCTh BO3IyXa HU3MEPSIOT C MOMOIIBIO CIHEIHMAIbHBIX MPHOOPOB. MBI pacckaxkeM 00 OJHOM W3 HHX -
ncuxpomempe.
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[lcuxpomerp cocToMT W3 ABYX TepMOMETpoB (puc.ll.4). Pe3zepByap OJHOTO M3 HHMX OCTAaeTCsl CyXMM, M OH IIOKa3bIBaeT
TeMIepaTypy Bo3ayxa. PesepByap Apyroro okpyxeH HOJOCKOM TKaHH, KOHELl KOTOpOH omymieH B BoAy. Boma ucmapsercs, u
Onaromapst 5ToOMy TEpMOMETp oxXjaxaaercs. Uem Ooibllle OTHOCHTEIbHAS BIAYKHOCTh, TEM MEHEE€ HHTEHCHBHO WJET HCIIAapeHUE U
TeMIIeparypa, moka3sBaeMasi TEePMOMETPOM, OKPYKEHHBIM BIIaXKHOH TKaHBIO, OJIDKE K TEMIepaType CyXoro TepMOMeETpa.
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Puc. 11.4
IIpu oTHOCHTENBbHO# BraxxHOCTH, paBHOoi 100%, Boga BooOIIe He OyAeT UCHAPATHCSA U MMOKa3aHHs 000MX TEPMOMETPOB

Oynyt onuHakoBbl. Ilo pasHOCTH TeMmmeparyp 3THX TEPMOMETPOB C IOMOIIBIO CHEIHANbHBIX TAOIMIl MOXKHO OIPEICIHTh
BIIAYKHOCTh BO3lyXa.

3HayeHHe BJAKHOCTH. OT BIAXKHOCTH 3aBHUCHT HMHTCHCHUBHOCTh HCIIAPEHUS BJIATM C IIOBEPXHOCTH KOXH dYeJIOBEKa. A
WCTIapeHHe BIIarkd MMeeT OOJbIIOe 3HAYCHHE U MOJAEPXKAaHUS TEMIepaTypbl Tela MOCTOSHHOM. B kocMmudeckmx KopaOisix
MOJNIep)KUBaeTCs  HawbOoyiee  ONarompusITHas  JUIS  YelIOBEeKa  OTHOCHTENIbHAs  BIaXHOCTh  Bo3ayxa  (40-60%).

OdeHp BaXXHO 3HATh BJIAXKHOCTh B METEOPOJIOTMU - B CBA3M C IpEJCKa3aHHEM IOrojbl. XOTS OTHOCHUTEIBHOE KOIUYECTBO
BOJSIHOTO Tapa B aTMoc(epe CpaBHUTENBHO HEBEIHKO (OKoio 1%), poib ero B aTMOC(EPHBIX SIBICHHAX 3HAYMUTEIbHA.
Konpnencauus BOASHOTO Napa IPUBOAUT K 00pa30BaHUIO 00JIaKOB M TOCIIETYIONIEMY BbINAICHHUIO 0canKkoB. [Ipy 3TOM BbIensieTcst
OoJibIIOE  KOJMYECTBO  TeIIoThl. I HaoOOpoT, uchmapeHne BOJBI  CONPOBOXIAETCS  MOTJIOMIEHHEM  TEIUIOTHI

B TkankoM, KOHAMTEPCKOM M APYrHX IPOHM3BOJACTBAaX Ul HOPMAJIBLHOIO TEYEHHs Mpolecca HeoOXomuMa oIpeaeIeHHas
BIIa)KHOCTb.

XpaHeHne IPOU3BEICHUI UCKYCCTBA M KHHUT TPEOYeT MOAAepKaHns BIAXKHOCTH BO3AyXa Ha He0OXoauMoM yposHe. [losTtomy B
My3esax Ha CTEHax BBI MOXeTe BUIETH TICUXPOMETPBI.

BaxHo 3HaTh He abCOJIOTHOE KOJMYECTBO BOJSHOTO Mapa B arMocdepe, a OTHOCHTeNnbHOEe. OTHOCHTENIBHYIO BIa)KHOCTH
H3MEPSIOT ICUXPOMETPOM.

Kpucramuimnueckue Tena
TBepable Tena COXpaHsAIOT HE TOJIBKO CBOH 00beM, KakK KUAKOCTH, HO U GopMy. OHM HAXOAATCS MPEUMYIIECCTBEHHO B

KPHCTAITNYECKOM COCTOSIHU.

Kpucmannot - 310 TBepAble Tena, aTOMBI MJIM MOJIEKYJIBI KOTOPBIX 3aHHMAIOT OINpEesIEHHBIC, YIOPSAA0UYECHHBIE MOJIOKEHHS B
npoctpancTie. [103TOMy KpHCTaUIBI UMEIOT IJIOCKHe rpaHu. Hampumep, kpynuHKa OOBIYHOM MOBAPEHHOM COJIM MMEET IUIOCKHE
TpaHH, COCTABISAIONINE APYT C APYTroM NpsMble yrisl (puc.2.1).

Puc. 12.1
3TO MOXHO 3aMETUTh, PACCMATPHUBAsI COJIb C TIOMOIIIBIO JIYNBL. A Kak reOMeTpUYeCcKH MpaBuibHa Gopma cHexxuHku! B Heit

Tak)Ke OTpakeHa TeOMETPHUYECKas TPABIILHOCTh BHYTPEHHETO CTPOCHUS KPUCTAIUTMUECKOTO TBEPIOTO Tena - mbaa (puc.12.2).

AHn3orponus KpucTaaioB. OIHAKO TpaBWIbHAS BHEINHSS (GopMa HE SAMHCTBCHHOE M Jake HE CaMoOe TJIaBHOE
CIIEZICTBHE YIOPSAOYEHHOTO CTPOCHUS KpUCTaUIa. [ TaBHOE - 3TO 3asucumocms usuieckux c8otcme KpUCmaiia om eblopaHHo20
8 Kpucmanuie HanpaeieHus.

IIpexxne Bcero Opocaercst B IWla3a pa3iWvHas MEXaHHYECKas MPOYHOCTh KPUCTAJUIOB IO Pa3HBIM HalpaBlieHWsM. Hampumep,
KYCOK CIIOJBI JIETKO PAacCIanBaeTcs B OJHOM W3 HAINpPaBJICHWH HAa TOHKHWE IUIACTHHKH, HO pa3opBaTh €ro B HAIPaBJICHHUH,
MEePIEHINKYIIPHOM IUTACTHHKAM, TOPa3I0 TpyIHEe.
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Tak ke Jerko pacciamBaeTcs B OJHOM HaIlpaBIeHMHM KpucTayul rpadura. Korna Bbl mumiere KapaHAAIIOM, TakKoe
pacciioeHHEe TPOUCXOJUT HENPEphIBHO M TOHKHE CJOM TrpaduTa OCTaloTCs Ha Oymare. DTO NPOUCXOIMT IOTOMY, YTO
KpHCTaJUTMUeCKasl pelIeTKa rpauta IMeeT CIONCTYIO CTpYKTypy. Ciou 00pa3oBaHbl pIOM HapauIebHBIX CETOK, COCTOSIINX H3
aTOMOB yriepona. ATOMBI pacHoJlaraloTcs B BEPHIMHAX MPABWIBHBIX MIECTHYTOJIBHUKOB. PaccTosHHME MEXIy CIOSMH
CPaBHHUTEIILHO BEJHMKO - IPHMEPHO B 2 pas3a OoJjblle, YeM JUIMHA CTOPOHBI IISCTHYTOJbHHKA, ITOITOMY CBSA3H MEXIY CIOSIMH
MEHee IIPOYHEbl, YeM CBS3U BHYTPH HHX.

MHorze KpucTauisl o-pasHOMY MPOBOAT TEIUIO M SIEKTPHYSCKHH TOK B PA3JIMYHBIX HampaBieHUsAX. OT HampaBlIeHHUS
3aBUCAT M ONTHYECKHE CBOIcTBa KpHCTauioB. Tak, KpHUCTaul KBaplia MHO-pasHOMY IIPEIOMIISIET CBET B 3aBUCHMOCTH OT
HaIlpaBJICHU MaJaromux Ha HETo JTy4ei.

3aBUCHMOCTh (PU3NYECKUX CBOMCTB OT HAIlpaBJIeHHs BHYTPH KPHUCTAJlJIa HA3bIBAIOT aHW30Tponueii. Bee kpucrammyeckue tena
AQHHU30TPOIIHBL

MoHOKPHCTALUIBI U MOJUKPHUCTAMIBI. KprcTaninieckyro CTpyKTypy UMEIOT MeTaulbl. VIMEHHO MeTaibl NpeMMYyIeCTBEHHO
UCIIONB3YIOTCS B HACTOsAIIEE BpeMs JUIsl  M3TOTOBJICHUS OPYAMH TpyHda, pa3iMuHbIX MalliH ¥ MEXaHWU3MOB.

Ecnu B3ATh CpaBHUTENBHO OONBIION KYyCOK METajula, TO Ha IEPBBIM B3V €ro KPHCTAJUIMYECKOE CTPOCHHUE HHUKaK He
NPOSBISIETCS HU BO BHEIIHEM BHJAE 3TOr0 KycKa, HM B ero (PU3MUecKux cBoicTBax. MeTanibl B OOBIYHOM COCTOSIHUHM HE
0OHapYKUBAIOT AHU3OTPOTIHH.

Jeno 3meck B TOM, YTO OOBIYHO METAI COCTOMT W3 OTPOMHOTO KOJMYECTBA CPOCIIMXCA IPYr C IPYrOM MaleHBKUX
KpUCTaJUTMKOB. [Iog MHKPOCKONOM MM JaXke C MOMOIUBIO JIYNbl MX HETPYAHO PAacCMOTPETb, OCOOCHHO Ha CBEXEM H3JIOME
Meraia (puc.12.5). CBOHCTBa KaXI0T0 KPHCTAILIMKA 3aBUCAT OT HAIPABICHHUS, HO KPHCTAUIMKH OPHEHTHPOBAHBI 110 OTHOLICHHUIO
Ipyr K Apyry OecrmopsnouHo. B pesynbprare B 0o0beMe, 3HAYMTENBHO MPEBBILAIONIEM O0BEM OTIENBHBIX KPHUCTAJUIMKOB, BCE
HaIpaBJIeHUsi BHYTPY METAJJIOB PAaBHOIIPABHBI U CBOWCTBA METAIIOB OJIMHAKOBBI 110 BCEM HAIPABJICHUSIM.

TBepooe Tenmo, cocrosmiee M3 OOJBIIOrO 4YHCJIA MAJICHBKUX KPUCTAJUIMKOB, HA3bIBAIOT HOIUKPUCALIUYECKUM.
OnuHOYHBIE KPHCTAJIBI HAa3bIBAIOT MOHOKPUCMALIAMU.

CoOmonast 60JbIINE MPEJOCTOPOIKHOCTH, MOYKHO BBIPACTUTH METAJUTMYECKUN KPUCTAILUT OOJIBIINX Pa3MEPOB - MOHOKPHCTAILI.

B OOBIYHBIX YCIOBHSX MOJUKPUCTANIMYECKOE TEJI0 00pa3yeTcsl B pe3ysbTaTe TOro, YTO Ha4YaBIIMIHCS POCT MHOTHX KPHCTAJJIOB
NpOJOJDKAETCS /IO TeX INOp, MOKa OHM HE MPHUXOAAT B COINPHUKOCHOBEHUE JPYr C JApyroM, oOpasys €IuHOE Telo.

K nomukpucTamiaM OTHOCSTCS HE TOJNBKO MeTawibl. Kycok caxapa, HampuMep, TakkKe HMEeT IMOJHKPUCTAILINYECKYIO
CTPYKTYpY.

BonbIIMHCTBO KPUCTAJUTMYECKUX TEJN - IOJHKPUCTAIIBI, TaK KaK OHH COCTOST W3 MHOXKECTBA CPOCIIHMXCS KPUCTAJUIOB.
OIMHOYHBIE KPUCTAIUIBI - MOHOKPUCTAIUIBI HMEIOT IPABUIIBHYIO T€OMETPHYECKY0 GOopMy, U UX CBOHCTBA PA3IMYHEI IO Pa3HBIM
HaIpaBJICHUSIM (aHH30TPOIINS).

AMopdHbIe Teja

He Bce TBepabie Tena - kpuctamibl. CyllecTByeT MHOXKECTBO aMOP(HBIX Teld. UeM OHM OTJIMYAKOTCS OT KPHCTaJUIOB?

Y aMOpgHBIX Tel HET CTPOroro MopsjaKa B PacHoJIOKeHWH aToMoB. TolibKO OiKaifline aTOMBI-COCEIM PAcHoNararTcs B
HEKOTOpOM Topsiake. Ho cTporoi moBTOpsIeMOCTH 10 BCEM HAINPAaBJICHHUSIM OJHOTO M TOTO K€ JJIEMEHTa CTPYKTYPBI, KOTOpas
XapakTepHa JUISl KPUCTAIJIOB, B amMopdHBIX Tenax Her.

I[lo pacnojoxkeHH0O  aTOMOB M [0  HMX  TOBEICHHIO  amMop(dHblE  Telda  aHAJIOTMYHBI  JKHJIKOCTSIM.

YacTo 0JJHO M TO K€ BELIECTBO MOYKET HAXOJUTHCS KaK B KPUCTAJUTMUECKOM, TaKk U B aMopdHoM cocTosiHuu. Hanpumep, kapi

SiO, MokeT OBITh Kak B KPHUCTAJUIMYECKOW, Tak W B amopdHOi ¢opme (kpemHe3eMm). Kpucrammmdaeckyro ¢opMmy Kapla

CXEMaTHYeCKd MOXKHO IMPEACTABUTh B BHJC PEIICTKU W3 MPABHJIBHBIX MICCTUYTOJIBHUKOB (puc.12.6, a). AMopdHas CTpyKTypa

KBaplla TaKk)Ke MMeeT BHJ PELICTKH, HO HempaBHJIbHOH (opMbl. Hapsay ¢ mecTHyroibHHKaMH B HEil BCTPEYalOTCS IATH- H

CEeMHUYTONBHUKH (puc.12.6, 6).
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CoiictBa amop¢HbIX Tea. Bce amopdHble Tena M30TPONHEL, T. €. MX (PU3MUECKHE CBOWCTBA OJMHAKOBHI MO BCEM
HampaBneHusIM. K amopdHBIM  Temam  OTHOCSTCA  CTEKJIO, CMoOJIla, KaHH(pONb, CaxapHBIM JEJeHell | Jp.
[Tpu BHEIIHUX BO3ACHCTBUAX aMOp(dHBIE Tea 00HAPYKUBAIOT OJHOBPEMEHHO YIIPYTHE CBONCTBA, MMOJ0OHO TBEPABIM TElaM, U
TEKy4eCTbh, OJOOHO XKUAKOCTH. Tak, MpH KPaTKOBPEMEHHBIX BO3JEHCTBUAX (yIoapax) OHH BeIyT ceOs Kak TBEpIble Tela W IpH
CIJIFHOM yJlape pacKajbIBAlOTCS Ha Kyckd. Ho mpu O4eHp MpOJOIDKUTEIHHOM BO3JEHCTBHU aMOp(dHBIE Tena TeKyT. B 3Tom BbI
MOXeTe yOemuThCcs caMM, €CIM 3amacerech TepneHweM. [Ipocmenamre 3a KyCKOM CMOJBI, KOTOPBIA JIEKHT Ha TBEPHOi
noBepxHocTH. [locTerneHHO cMojyla TIO HEeHl pacTeKaeTcs, W, YeM BBIIIE TeMIIepaTypa CMOJIBI, TeM OBICTpee 3TO MPOMCXOMIMT.
ATOMBI WJIM MOJIEKYJIBI aMOP(HBIX TeJl, MOJOOHO MOJIEKYJaM >KHJIKOCTH, UMEIOT OINpPEJENICHHOE BPEMS «OCEIUION >KU3HM» -
BpeMsl KojieOaHMH OKOJIO MOJOXEHHMs paBHOBecus. Ho B ommMume OT JKHJIKOCTEH 3TO BpeMs Y HHX BEChbMa BEIHKO.
Tak, mia Bapa mpu = 20°C Bpemsi «ocemnot xu3Hu» npumepro 0,1 c. B srom oTHomeHnn amopdHble Tenma OMM3KH K
KPHCTATIMUECKUM, TaK KaK MEPECKOKH aTOMOB U3 OJIHOTO HOJ0XKEHUS PAaBHOBECHUS B JPYroe MPOUCXOAST CPAaBHUTEIBHO PEIKO.
AmopdHBIe Tena MpH HU3KHMX TEMIepaTypax IO CBOMM CBOMCTBAM HAIIOMHHAIOT TBepAble Tesla. TeKydecThbI0 OHHM IOYTH He
00J1a/1a10T, HO 1T0 MEepe IOBBIIIEHHS TEMIIEPATYpPhl IIOCTENIEHHO Pa3MATYaloTCs U X CBOWMCTBA Bee Oosiee M Gostee MpUOIHKAIOTCS
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K CBOMCTBaM >KHUIKOCTEH. DTO MPOUCXOIUT NOTOMY, YTO C POCTOM TE€MMEPaTyphl IOCTENEHHO YYallaloTCs EPECKOKU aTOMOB U3
OJTHOTO TIOJIOXKEHHS paBHOBECUs B Jpyroe. Onpedenennou TEMIICPATypHl niasienussy aMOpQHBIX Teld, B OTIWYHE OT
KPUCTAIUTMUECKHUX, HeT.
Kunkue kpucraaisl. B mpupoae BcTpedaroTes BemecTBa, 00Iagaomnie 0JHOBPEMEHHO OCHOBHBIMU CBOWCTBAMH KPHUCTAJIa 1
JKUIKOCTH, a HMMEHHO aHHM30TPONHMEH M TeKy4ecThlo. Takoe COCTOSHHE BEIIECTBA HA3BIBACTCS HCUOKOKPUCTHALIUYECKUM.
KupxuMu KpuCTalTaMu SIBIISTFOTCS B OCHOBHOM OPTaHWYECKHE BEIIECTBA, MOJIEKYIBI KOTOPBIX MMEIOT [UIMHHYIO HUTEBUIHYIO
bopmy im)7t hopmy TITIOCKUX TJIACTHH.
PaccmoTtpum Hambostee mMpoCTON caydaid, KOTaa >KHAKHIE KpHCTal o0pa3yeTcss HUTEBHIHBIMH MOJEKYJIaMH. DTH MOJEKYJIBI
PAacCTIONIOKEHBI MMAaPaUIENBHO APYT IPYTY, OMHAKO OECHOPSIOYHO CIBUHYTHL, T. €. MOPAIOK, B OTIMYHE OT OOBIYHBIX KPHCTAJUIOB,
CYIIECTBYET TOJIBKO B OJTHOM HaIlpaBJICHUU.
IIpu TennoBOM ABMXKEHUU LEHTPBI TUX MOJIEKYJ IBHXKYTCS XaOTHYECKH, OAHAKO OPUEHTAIMsI MOJIEKYJI HE U3MEHSETCs, U OHU
OCTalOTCs MapaielbHbl caMuM cebe. CTporas opueHTanus MOJIEKYJI CYILIECTBYET He BO BCeM 00beMe KpHCTallia, a B HEOOIbIINX
obJlacTsiX, Ha3bIBAEMBIX JOMeHamMH. Ha rpaHuile JOMEHOB HNPOUCXOJHUT NPEJIOMJIEHHE M OTPaKEHHE CBETa, MOITOMY >KUAKHE
KpHCTalIbl Helpo3pauHbl. OHAKO B CJI0€ JKUAKOIO KPUCTAJUIA, IOMEIICHHOM MEXAY ABYMs TOHKUMM IUIACTHMHAMH, PACCTOSHUS
Mexay kotopeivu 0,01-0,1 MM, ¢ mapamnensabiMu yriyonerusmu 10-100 HM, Bce MOJEKYNBI OyIyT MapaiebHbl U KPUCTAILT
CTaHeT Tmpo3padyHsiM. Ecinm Ha KakuMe-TO YYaCTKM OKHOKOTO KpHCTAIa IONATh JIEKTPHUECKOE HANPSHKCHHE, TO
KUIKOKPHUCTAILTYECKOE COCTOSHIE HapyIIaeTcs. DTH YJaCTKH CTAHOBSATCS HENPO3PAaYHBIMU M HAYWHAIOT CBETHTHCS, a YUACTKH
0e3 HampsDKEHHST OCTAIOTCS. TEMHBIMH. JTO SIBJICHHE MCTIONB3YETCS IPH CO3/IaHIH KUAKOKPUCTAIIITYECKUX YKPAHOB TEJICBH30POB.
HyXHO OTMETHTB, YTO caM SKpaH COCTOUT M3 OIPOMHOTO YHCJIA BIIEMEHTOB W AJIEKTPOHHAS CXeMa YIPaBICHUS TaKHUM SKPaHOM
Ype3BBHIYAHO CJIO’KHA.
du3nka TBEpPAOro Teja. YeaoBeuecTBO Beera MCHONIb30Balo U OyAET UCIOIb30BaTh TBepAble Tena. Ho ecnu panbiie dusuka
TBEPJIOTO TeJla OTCTaBaja OT PAa3BUTUS TEXHOJOIMH, OCHOBAaHHONW Ha HEMOCPEICTBEHHOM OIBITE, TO TEHeph IOJ0XKEHUE
U3MEHWIoCh. TeopeTndecknue MCCiIe0BaHMs NMPHUBOIAT K CO3IAaHHIO TBEPIBIX TEN, CBOICTBA KOTOPBIX COBEPLICHHO HEOOBIUHBI.
[Moxyuuts Takue Tesa METOAOM Npod M OMMOOK ObUIO ObI HEeBO3MOXKHO. Co3/1aHHE TPAH3UCTOPOB, O KOTOPHIX MOWIET peub B
JanpHeHeM, - SpKUi MpuMep TOro, Kak MOHUMAaHUE CTPYKTYpPbI TBEPABIX TeJl MPHUBEIO K PEBOJIOIMM BO BCEH pajlOTEXHHUKE.
Ilony4yeHne MaTepuasloB ¢ 3aJlaHHBIMH MEXaHHUECKHUMH, MarHUTHBIMHU, 3NEKTPUUECKUMH U APYTUMH CBOWCTBAMM - OJHO U3
OCHOBHBIX HATIPaBJICHUN COBPEMEHHOW (pm3WKH TBepaoro Tena. [IpuMepHO moioBHHA (GU3UKOB MHpa pabOTalOT ceidac B 3TOU
obnact pu3uKH.
AMopGhHBIE Tela 3aHUMAIOT MPOMEXYTOUHOE TMOJIOKCHHE MEXITy KPUCTAUTMYSCKIMH TBEPIBIMU TEIaMHU W KHUIKOCTAMHU. WX
aTOMBI HJIM MOJICKYJIBI PACIIONAraloTCsS B OTHOCHUTEIHHOM mopsake. [IoHMMaHWe CTPYKTYpHI TBEPIBIX Tell (KPUCTAJUIMIECKUX U
aMOp}HBIX) MTO3BOJISET CO3/1aBaTh MATEPHAINBI C 33JaHHBIMU CBOHCTBAMH.

Jlexknust Ne6

Tema: «OcHOBBI TEPMOIMHAMHKU»

1. Bonpocs! nexnuu:

1.1. BHyTpeHHss1 sHeprust 1 padoTa rasa.

1.2. IlepBbIif 3aK0H TepMOANHAMHUKH. AnabaTHBIN Ipoiecc.

1.3. TeryoBbIe ABUTaTENN U OXpaHa okpyxatomieit cpeasl. KITJ] TermnoBeix nBurarenei.
1.4. HeoOpaTUMOCTh TETTOBBIX POIIECCOB. BTOpOH 3aKOH TepMOIUHAMUKH.

2. Kparkoe coaep>xaHue BOIPOCOB
Tepmoannamuka Obita cozgaHa B cepenuHe XIX B. 1mociie OTKPBHITHS 3aKOHA COXpaHEHUs SHEpruu. B ee ocHOBE JIEKHUT
TIOHSITUE 6HYMPEHHAA IHEP2UA.

BHyTpeHHSsIsAA SHeprusi B MOJIeKYJsIpHO-KHHeTHYecKoil Teopun. B cepequue XIX B. ObIIO 0Ka3aHO, YTO Hapsdy C
MEXaHUYECKOM JHeprueil MaKpOCKONMYECKHE Tella OO0JaJaroT elle M JHEeprueil, 3aKkioueHHOW BHYTPM CaMHUX Tell.
Ota eHympennas snepaus BXOAUT B OalnaHC 3HEPreTHUYECKUX INpeBpalieHuil B mpupoze. Ilocie oTKpbITUS BHYTpEHHEH 3Hepruu
Ob11 chOopMyITUPOBAH 3aKOH coxpaneHus u npeepawjenus SHepauu.

Yro Takoe BHYTPEHHSS HEPTH?

Korma cxomnp3simas mo jipay maiba ocTaHaBIMBAETCS IOJ JEHCTBHEM CHJIBI TPEHHS, TO €€ MeXaHM4YecKas (KHMHETHYecKas)
SHEPTrHsl HE MPOCTO MCYE3aeT, a MepeaaeTcs OeCIOPI0YHO ABIKYIIUMCS MOJIEKyJIaM JibJa 1 maiiosl. HepoBHOCTH moBepxHOCTEH
TPYLIMXCS Te JIePOPMUPYIOTCS MPU JBM)KEHUH, 1 MHTEHCUBHOCTH OECIIOPSIOYHOTO JBIDKCHHUSI MOJIEKYN Bo3pacraeT. Oba Tena
HarpeBaroTCs, 4yTO u 03HauaeT yBEJIUUEHHUE ux BHYTpEHHEN SHEPIUu.
Herpynno HaGmronate M oOpaTHBIA mepexoj BHYTPEHHEH SHEpruM B MexaHudecKyro. Ecim HarpeBath Boxy B NpoOMpKe,
3aKpBITOH NMPOOKOH, TO BHYTPEHHSSI SYHEPTHsI BOABI ¥ BHYTPEHHsISI SHEPTUS IIapa HAaYHYT Bo3pacTaTh. JlaBieHue napa yBeIHIUTCS
HacTOJIbKO, 4TO NpoOka Oyner BeiOMTa. KuHeTHdeckass sHeprus NMpPOOKM YBEIWYMTCS 3a CUYET BHYTPEHHEH SHEpPTuH Iapa.
Pacmmpsisice, BoAsHON map coBepmaeT paboTy W oxjaxgaercs. Ero BHYTPEHHSSI SHEpPTHsS NPH STOM YMEHBIIAETCH.
C TOYKH 3peHHMS MOJIEKYJIIPHO-KHHETHYECKON TEOPHH BHYTPEHHSS JHEepPrusi MaKpPOCKONMUYEeCKOro Teja paBHa cymMMme
KHMHETHYEeCKMX JIHepruii 0ecnopsiioyHOro ABM:KEHHs BceX MOJeKYJ (MJIM aTOMOB) TeJda W NOTEHUUAJBHBIX IHEPruii
B3anMo/IelicTBUS BCexX MOJIEKYJ Apyr ¢ apyrom (Ho He c MOJIeKY1aMH APYrux Tel).
BrrucinTh BHYTPEHHIOIO PHEPTHIO Tela (WM €€ W3MEHEHWE), YUWTHIBAs ABIDKEHHE OTJCIBHBIX MOJIEKYN M HX IOJO0KEHHUSI
OTHOCHTENIFHO APYT APYra, MPaKTUUYECKH HEBO3MOXKHO M3-32 OTPOMHOTO YHCIIa MOJEKYJT B MAaKPOCKOMWYECKHX Tenax. [loaromy
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HEOOXOMMO YMETh OIPEAENATh 3HaYeHHE BHYTPEHHEH SHepruu (WIM ee M3MEHEHHE) B 3aBHCHMOCTH OT MaKPOCKOIHMYECKHX
napameTpos, KOTOpBIE MOKHO HETOCPEICTBEHHO U3MEPHUTD.

BuyTpeHHsisi 3Heprusi WIeaJbHOr0 OJHOATOMHOro rasa.Haubonee mpoct mo cBoMM cCBOIcTBaM OIHOATOMHBIM Tas3,
COCTOSIIMIA W3 OTACITBHBIX aTOMOB, a He MOJeKyld. OTHOATOMHBIMHU SIBISIOTCS HHEPTHBIC Ta3bl - TENHWH, HEOH, aproH W Ip.
Brruancimm BHYTPEHHIOIO SHEPTHIO HICaTHHOTO OJTHOATOMHOTO rasa.

Tak kak MOJEKYJIbl HACaTFHOTO Ta3a He B3aHMMOJACHCTBYIOT APYT C APYTOM, TO MX IOTCHIHAIFHAS SHEpTHSA paBHA Hymo. Bes
BHYTPCHHSS JHEPTUs HICATBHOTO Tra3a ONpeAelsieTcs KWHETHYECKOH SHepruel OecrmopsIOYHOrO JABIKCHHS €Tr0 MOJIEKYII.

Jls BEIYWCIIeHNs BHYTPEHHEH SHEPTHH WACATHHOTO OJHOATOMHOTO Ta3a MAaCCOH /m HY)KHO YMHOXHTB CPEIHIOI0 KHHETHIECKYIO
SHEPTHI0 OTHOTO aToMa Ha YUCIIO aTOMOB . YUHTHIBasA, 9T0 kNo=R, momyuum (opmyiry ais BHYTPEHHEH SHEPTHH HIEalbHOTO
rasa:
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BHyTpeHHsIs SHEPrusi HAeaJbHOI0 OJHOATOMHOI0 r'a3a MPsSIMO MPONOPLHOHAJBLHA ero adCOIOTHOM TeMIepaType.
Ona HE 3aBHCUT oT 00BeMa u JIPYTUX MaKpPOCKOIIMYECKHX mapamMeTpoOB CHUCTEMBL.
Ag=S B pop Ty,
N3menenue BHyTpeHHeﬁ OHEPrum UJACaJIbHOI0 ra3a paBHO 2 "[ - , T.C. OIPCACIIACTCA TCMIIEpaTypaMunu
Ha4YyaJIbHOI'O u KOHCYHOI'O COCTOSIHUH rasa u HC 3aBUCHUT oT mpornecca.
Ecmu I/II[GEU'H:HBIﬁ ra3 COCTOMT M3 0OJIee CIOKHBIX MOJICKYJI, 4YCM OZ[HoaTOMHBIﬁ, TO €ro BHYTPCHHAA OSHEPIUA TaKXKC
IPOIOPLHUOHATIbHA aDCOIIOTHOM TeMIeparype, HO KO3 GHUIMEHT IponopuroHaabHocTH Mexkay U u T apyroit. OOBICHIETCS 3TO
TEM, UYTO CJIOKHBIC MOJICKYJIbI HC TOJIBKO OGI/IOnymC}Z nocmynameybHo, HO U 6pauiaromcst. BHyTpeHH;IH OHCPIuA TAKUX I'a30B paBHa
CyMMCE 3H€prﬂﬁ IOCTYNaTCIbHOI'O u BpalmaTcJIbHOI O I[BPI)KGHPII?I MOJICKYII.
3aBHCHMMOCTh BHYTPEHHEil HEPrHH OT MAKPOCKONMHYECKHMX NapaMeTpoB. Mbl YCTaHOBHIIM, YTO BHYTPEHHSS DHEPIHUS
HJCAJIbHOTO ra3da 3aBUCUT OT OJHOI'O IIapaMeTpa - TCMIEPATyPhI. Ot 00BeMa BHYTPCHHAA OHEPIrus UACAJIbHOTO ra3a HEC 3aBUCHUT
IoToMy, qTO NOTCHIIMAJIbHAs OHEPIrusa B3aHMOﬂeﬁCTBHH €ro MOJIEKYJT paBHa HYJIO.
VY peanpHBIX Ta30B, XKHUIAKOCTSH U TBEPABIX TEN CPEAHSS MOTCHIMAIBHAS JHEPTHs B3aHMOJCHCTBHS MOJICKYJ He PAGHA HYIO.
HpaB[[a, JJIA ra30B OHA MHOI'O MCHBIIC Cpe[[HefI KHHETUYECKOM OHCPIruu MOJICKYJI, HO IJId TBEPAbIX U KUIAKHUX TCJI CpaBHHUMa C
HEM.
CpeﬂHﬂﬂ MOTCHIMAJIbHAsA SHCPIUs B3aHMOHeﬁCTBHH MOJICKYJ ra3a 3aBUCHUT OT O6'I)eMa BCIICCTBA, TaK KaK IIpU U3MCHCHHUU
o0beMa MEHSETCS Cpe€aHeC PACCTOAHHUC MCKIAY MOJICKYJIAMH. CJ'Ie,HOBaTeHBHO, BHYMPEHHAA JHep2cUusa pedjlbHo2co c2d3a 6

mepMoounamuke 6  obwem  cayuae — 3asucum, — Hapsdy ¢ memnepamypoi T, u om  obvema V.
3HaveHns] MaKpPOCKONHMYECKUX IMapaMerpoB (Temmepartypsl T, o0bema VU [p.) OZHO3HAYHO OIPEACISIOT COCTOSHHE TelL
IMostomy OHH OIPEACIIIOT u BHYTPCHHIOIO JHEPTHIO MAaKpOCKOIUYECKHIX T
BHyTpeHHss sHeprust U MaKpOCKOIIMYECKHX TeJl OJHO3HAYHO ONpPEAENSeTCS MapaMeTpaMH, XapaKTepU3YIOIUMH COCTOSHHUE
ITUX TEJ: TeMIIEpaTypoi u 00BEMOM.
B ocHOBe TepMOIMHAMUKH JICKHUT MOHATHE BHYTPEHHEH SHepruu. DTa SHEPTrHs 3aBHCHT OT MAaKPOCKONMHUYECKHX IapaMeTpOB:
TeMITepaTyphbl " o0Obema.

BHyTpeHHsIsI 3HEPTUs HICAIbHOTO T'a3a MPSMO MPOMOPIMOHATIbHA ero adCOMIOTHOM TemMmepaType.
Pabora B TepMoAMHAMUKE
B mepmoounamuxe nBukeHNe Tela Kak IEIOTO HE PAacCMaTpPHUBAeTCs, pedb HIET O IepeMelIeHHH YacTeil
MaKpOCKONIUYECKOTO Tela APYr OTHOCUTENBHO Apyra. B pesynpTaTe MOXKET MEHATHCA 00BEM Tella, a €ro CKOPOCTh OCTaeTcs
paBHOI Hyr0. PaboTa B TepMOIUHAMUKE OTpEAEIIeTCs TaK JKe, KaK M B MEXaHUKe, HO OHA PaBHA HE M3MCHCHHUIO KHHETHYECKOH
SHEPrun Tena, a M3MEHEHUIO ero BHYTpEHHEH SHEPTUHU.
HN3meHenne BHYTpeHHel 3HepruM Npu coBeplieHHu padoTsl. [louemy npu ckaTUM WIM PACIIMPEHHUM TEla MEHSETCSl €ro
BHYTpeHHs1 »Heprus tena? Ilouemy, B 4YacTHOCTH, HarpeBaeTcsi BO3AYX I[P HaKauWBaHUU BEJIOCUIEIHON ILIWHBI?
[IprunHa M3MEHEHHs TEMIIepaTyphl ra3a B MPOIECCE €0 CKATUSA COCTOUT B CICAYIOIIEM: NpU YRPYSUX COYOAPEHUSIX MOLEK)Jl
2a3a ¢ 08UHCYWUMCS NOPULHEM USMeHAemc s ux KAHeTHUecKas 3Heprus. Tak, Npy IBIKEHHH HaBCTPEdy MOJIEKyJIaM ra3a IopIIeHb
BO BpEMs CTOJIKHOBEHUU IMepelaeT MM 4YacThb CBOEH MEXaHMUYECKOW 3HEpruu, B pe3yjibTare 4yero ra3 HarpeBaercs. llopuieHs
JecTByeT Mog00HO (yTOOMICTy, BCTpeUalomeMy JETAIMNUNH M9 yrapoM Horu. Hora coobmiaer Mady CKOpPOCTh, 3HAUYUTEIHHO
(1oN118113% ) TOH, KOTOpOit OH obmaman i yaapa.
W HaobopoT, ecnu ra3 pacumpsieTcs, TO TMOC/e CTOIKHOBEHHUS C YAAJSIOMIMMCS MTOPIITHEM CKOPOCTH MOJIEKYJT YMEHBIIAIOTCS, B
pe3yJIbTaTe Yero ra3 oxJaxmaercs. Tak ke JeWCTBYeT U PyTOOIUCT, IS TOTO YTOObI YMEHBIIUTH CKOPOCTD JIETSIIETO Ms4a WM
OCTaHOBUTh ero, - Hora ¢yrOonmCcTa  JABHKETCS OT  Msya, Kak ObI ycTynas eMy  Jopory.
IIpu cxaruu WM pacHIMPEHUN MEHSETCS U CpeAHssl MOTeHLMaIbHasi SHEPTUsl B3aUMOJICHCTBUSI MOJIEKYJI, TaK Kak IpU 3TOM
MEHSIETCS CpeJJHEE PACCTOSIHUE MEXKILY MOJIEKYJIaMU.
Pabora A, coseprraemas BHEIIHMMH TelaMH Haj TasoM, OTIMMaeTcs OT paboTel camoro Taza A’ TOJBKO

’ Al
3HaKOM: A — A , TaK KakK cuJjia F, JACUCTBYIOIIAad Ha ra3, HalpaBJI€HA IMPOTUB CUJIbL 14 a NEepEeMCIICHUEC TTOPIUIHA OCTACTCA
TEM K€ CaMbIM. HOSTOMY pa60Ta BHCIHIHUX CHIJI, ,HeﬁcTByIOIlIPIX Ha ras, paBHa:

| A =-A"=—pAV. (13.4)
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IIpu cxxatuu raza, korja AV =1 & | 1 < O, paboTa BHEIIHEH CHJIBl OKa3bIBAETCS MOJOKUTENBHON. Tak M TOJDKHO
OBITh: TPUM  CXKATHM Ta3a  HANpaBJICHUS CHJIBI M  TCPEMCIICHHS TOYKH €€  INPWIOKCHHUS  COBIAQJAIOT.
Ecnu naBneHue He MOANEPKUBATH MOCTOSTHHBIM, TO MIPU PACHIMPCHUM T'a3 TEPSIET YHEPTHUIO U MEPEACT €€ OKPYKAIOUIUM TEIaM:
MOTHUMAIOIIIEMYCsI TIOPIITHIO, BO3AYXY | T. A. ['a3 mpu sToM oxmaxaaercs. [Ipu cxatuu raza, Ha000pOT, BHEIIHUE TeJa MepearoT
€My 3HEPTHIO U ra3 HarpeBacTcsl.
Kosm4ecTBo TEmI0THI
M3MeHUTh BHYTPEHHIOI SHEPIHI0 Ta3a B IIMJIMHIPE MOXHO, HE TOJIBKO COBepimas paboTy, HO W HarpeBas ras.
Ecmu 3akpenuts nopiess (puc.13.5), To 00beM ra3a Ipu HaTrPeBaHWN HEe MEHseTcs U paboTa He coBepinaeTca. Ho temmeparypa
rasa, a CIIeIoBaTeIbHO, U €TO BHYTPEHHSS YHEPTHUS BO3PACTAIOT.

e

\

Puc. 13.5
[Ipomece mepemayn SHEPTHHM OT OTHOTO Tela K IpyroMy 0e3 COBEpIICHHS PaOOTHI HA3BIBAIOT Meni000MeHOM WIH
menjonepeodayell.
KomnuecTBeHHYI0O Mepy H3MEHEHHSI BHYTPEHHEH YHEPTHUHU TIPHU TEIIO00OMEHE HA3hIBAIOT KOJIHYECTBOM TemI0ThI. KommaecTBoM
TEILTOTHI Ha3bIBAIOT TaKXKe SHEPTHIO, KOTOPYIO TEJ0 oTJacT B mporiecce TEII000MEHa.
[Ipu TermooOMeHe He IPOUCXOANUT MPEBPAICHHS YHEPTHH U3 OJHOW (POPMEI B APYTYIO, YaCTh BHYTPEHHEH SHEPTHH TOPSIEro
Tela MepefaeTcsi XOJI0AHOMY Tey.
IlepBblii 3aKOH TEPMOAMHAMUKHU
[TepBblil 3aKOH TEPMOJUHAMHMKH - 3TO 3aKOH COXPAaHEHHWS! JHEPIHH, PaclpOCTPaHEHHBIH Ha TeryoBble sBieHUs. OH
MOKa3bIBaET, oT KaKuX NPUYUH 3aBUCHT HU3MEHEHHE BHYTpEHHEH SHEPTUH.
3akon coxpanenusi JHeprum. K cepeanne XIX B. MHOTOUNCIICHHBIE OMBITHI JOKA3aJIH, YTO MEXAHUYECKAsL IHEP2Usl HUK020a He
nponadaem 6eccreono. Ilamaer, Hampumep, MOJOT Ha KYCOK CBHMHIA, ¥ CBUHEI| HarpeBaeTcs BIIOJHE OIpEelICHHbIM
obpazom. Crusl TPEHUS TOPMO3SAT Tena, KOTOpBIE pu STOM pa3orpeBaroTCs.
Ha ocHoBaHMM MHOECTBa MOJOOHBIX HAOMIOCHHUH 1 00OOIICHNS OMBITHHIX (PaKTOB OBUT CHOPMYITHUPOBAH 3AKOH COXPAHEHUA
IHepeuu:
DHuepzus 6 npupode He 03HUKAEM U3 HUYE20 U He ucYe3aem: KOIUYeCcmeo IHePZUI HeUSMEeHHO, OHA MOIbKO nepexooum u3
00HOUl dopmui 8 opyzyio.
3aKOH COXpaHEHHWS SHEPTrUH YIPABISIET BCEMH SBICHHUSIMHU MPUPOABI H CBs3bIBaeT WX BoennHO. OH Bcer/a BHIMMONHACTCS
a0COJIOTHO ~ TOYHO, HEW3BECTHO HHM  OJIHOTO  Cly4as, Korga Obl  3TOT  BEJIMKUA 3aKOH  HE  BBIIOJHSIICS.
JTOT 3aKOH OBUT OTKPHIT B cepeauHe XIX B. HEMCIKHM YdYeHBIM, BpadoM 10 obOpa3oBanuto P. Maiiepom (1814-1878),
auruiickuM yueHbM J[x. xoysaem (1818-1889) u nmonyunsn Hanbonee ToOUHy0 GOPMYIHPOBKY B TPYyJIaX HEMEUKOIo y4eHoro .

T'ensmronsua (1821-1894).
IlepBblii 32aK0H TePMOAMHAMMKHU. 3aKOH COXPAHEHUS W MPEBPAIICHUS DHEPTUU, PACTPOCTPAHEHHBIH HAa TETUIOBBIEC SBJICHHS,
HOCHUT Ha3BaHUE Nepeoco 3aKOHa MepMOOUHAMUKLU.

B TepMopuMHaAMEKE PACCMATPUBAIOTCS TeJa, MOJOKEHHE IIEHTPa TSHKECTH KOTOPBIX MPAKTHYECKUA HE MEHseTCs. MexaHudeckas
SHEPrusi TaKUX Tl OCTAeTCsl MOCTOSIHHOW, W3MEHSAThCS MOXKET JIMIIb BHYTPEHHSSI OHEPrus KaXIOro Tena.

Jlo cux mop Mbl pacCMaTPHUBAJIH MPOIECCHI, B KOTOPBIX BHYTPEHHSIS SHEPIUsl CUCTEMbI H3MEHSIACHh MO0 33 CUET COBEPIICHHUS
paboThl, 1160 3a cuer TeroooMeHa c OKPYKAIOIIUMH TEJIAMH.

B 06wem cryuae npu nepexojie CUCTEMbI 3 OJIHOTO COCTOSHHS B JPYTro€ BHYTPEHHSIS SHEPTHUs M3MEHSIETCS OJIHOBPEMEHHO KaK
3a CYET COBEPINCHHUS pabOThI, TaK U 3a CUET Nepeaadyu TeruioThl. Ilepevtii 3aKon TepMOAUHAMUKE (HOPMYIHUPYETCS UMEHHO IS
TaKux 00X CITyJaeB:

H3menenue eHympeHHell IHepIUU CUCHIEMbl NPU nepexode ee u3 00H020 COCHIOAHUA 6 Opyzoe PABHO Cymme padomol
GHEWHUX CUJI U KOTUYECm8d MEeNI0Mmbl, NEPEOAHNHO20 cucmeme:

AU = A + Q. (13.10)

Ecmu cucrema sBiseTcs M30JUPOBAHHON, TO paboTa BHEIIHUX cv paBHa Hymo (4 = 0) u cucteMa He 0OMCHHBAETCS
TEIUIOTOM c OKpY>KaroIUMHU TeJIaMH (0= 0). B 3TOM ciyvae COTIJIaCHO IIEpBOMY 3aKOHY

- s { ) = I 7 - .

TEPMOINHAMUKH Al —2 vl ww U;=Uz.  Buympennss dHepaus  U30IUPOSAHHOU  CUCHEMbL  OCMAEMCs

HeU3MEeHHO (coxpamnsiemcs).
YacTo BMecTO paboThl A BHEIIHUX TeJl HaJl CUCTEMOI paccMaTpuBaloT padboTy 4 CHCTEeMbl HaJl BHEIIHUMH TEJIAMH. Y UUTHIBAs,

4TO A'=-A , TIepBBIi 3aK0H TepMoarHaMUKH (13.10) MOXKHO 3ammcaTh Tak:
Q=AU+ A". (13.11)
KonudecTBo TEmIoTHL, MepeiaHHOE CUCTEME, HIET HA U3MEHEHHE €€ BHYTPEHHEN 2HEepIuu U Ha COBEPIIECHHE CUCTEMOI
paboTsl Haj BHEIIHUMH TENaMHu.
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HeB0o3MOXKHOCTB CO3MaHHMSI BEYHOIO JBUTATeNs. 13 mepBoro 3akoHa TEPMOJMHAMUKH BBITEKA€T HEBO3MOXHOCTH CO3AAHUS
BEYHOT'O JIBUTATENIS - YCTPOWCTBA, CIIOCOOHOTO COBEPIIATh HEOIPAHNUCHHOE KOJIMUECTBO paboThl Oe3 3aTpaT TOIIMBA MIIM KaKHX-
mbo npyrux marepuaioB. Ecim k cucreme He nocrynaet Terio (Q=0), To pabota A" cornacHo ypasHeHHo (13.11) MoxeT OBITH

’

COBEpIIEHa TONBKO 3a cuUeT YOBUIM BHYTpPEHHEH »HEprHu: = AU Tocne Toro xax s3amac SHEPTHH OKaXeTCs
HCYEPIIaHHBIM, JIBUTATEINb TepecTaHeT paboTarts.
Padora ¥ KoOJIMYECTBO TEMJOTHI - XapaKTePHUCTHKHU Mpouecca U3MeHEeHHs] BHyTpPeHHeill ’Hepruu. B manHoMm cocrosHun
cucreMa BCera obnamaer omnpeeNeHHON BHYTpEHHEH SHEpTHeH.

Ho Henb3s rOBOpPHUTB, YTO B CHUCTEME COJEPKHUTCS ONPEAEIEHHOE KOJIWYECTBO TEIJIOThl WM pabotel. Kak pabora, Tak n
KOJINYECTBO TEIUIOTHI ABJISIOTCS BEIMUMHAMMY, XapaKTePU3YIOIIUMU U3MeHeHue HympenHel dHepaull CUCTEMBI B pe3yIbTaTe TOro
WITH HHOTO mpoliecca.

BHyTpeHHSIs1 9HEprusi CUCTEMBI MOXKET M3MEHHTBHCSI OJMHAKOBO KaK 3a CUET COBEPLICHUsS CHCTEMOW paboThl, Tak M 3a CYET
neperayd OKPY)KAIOIIUM TelaM KaKoro-JIM0O KOJIWYecTBa TeIIoThl. Hanmpumep, HarperTslii ra3 B HWJIMHIPE MOXET YMEHBLIUTh
CBOIO DHEPIHIO OCTHIBas, 0e3 coBepuIeHHs padoThl. Ho OH MOKeT HMOTepsTh TOUHO TaKOE YK€ KOJIMUECTBO SHEPrUH, IepeMernas
HOpIIEHb, ©0€3 OTHaYd TEIUIOTHl OKPYXKaloIWM TenaM. /[l 3TOro CTEHKM NWIMHAPA W IIOPIIEHb JOJDKHBI  OBITH
TETIIOHETIPOHNIIAEMBIMH.

IIpuMeHeHHe MePBOIo 3aKOHA TEPMOJAMHAMMKH K Pa3IMYHbIM Ipoueccam
C moMoImpI0 TEpBOro 3aKOHA TEPMOJWHAMHKH MOXKHO J€NaTh Ba)KHBIC 3aKIIOUEHHS O XapaKTepe INPOTEKaoMINX
npoueccoB. PaccMOTpHM  pasiIWYHBIE IPOIECCH, NPH KOTOPBIX OXHA W3 (U3MUECKMX BEIUYMH OCTACTCS HEM3MEHHON
(u3omporiecchl), Harpumep ciyyvai, Kor/a cucrema MPEJICTaBIseT coboit W7eanbHbIH ras.

H3oxopusiii npouecc. [Ipu n30xopHOM Iporecce 00beM Taza He MEHSETCs, U T03TOMY paboTa rasa paBHa HyJ0. M3MeHeHue
BHYTPEHHEH 9HepIruu raza coryiacHo ypaBHeHuro (13.11) paBHO KOJIHUYECTBY NepeJaHHON eMy TeIUIOTHI:

AU = Q. (13.12)

Y o
Ecmu ras HarpeBaeTc;{,.To Q > O H )\() = (), CTr0 BHYTPCHHAA SHCPIHUs YBCINMYUBACTCA. HpI/I OXJIAKACHHUH
R<0 AU=U,-U,<0
rasa n & 1
YMCHBIIACTCA.

H3otepmuyeckumii mpouecc. [Ipn m3orepmudeckoM nporecce (7=const) BHYTPEHHSA YHEPTUs WACATIBHOTO Trasa (cM. GhopMmyiry
(13.1)) e mensiercs. CormacHo Gopmyne (13.11) Bce mepemanHOE ra3y KOTUIECTBO TEIDIOTH UICT Ha COBEPIICHUE PaOOTHI:

Q=A". (13.13)

. ’
Ecnu ra3 nomyuaet Temso Q> ()), TO OH COBEpIIAET MOJOXKUTEIbHYIO PadboTy ( A’ > 0) Ecnu, nanpoTtus, ra3

OTJIaeT TEIJI0 OKpYXKarollel cpene (TepMocTaTy), TO Q <0nm A'< O Pabora >xe BHENIHUX CHJI HaJ Ta30M B MOCJIEIHEM
cirydae MIOJIOKUTETbHA.
N3o06apusiii npouecc. [Ipu nzodaproM mporecce cornacuo ¢popmyne (13.11) mepemaBaemMoe ra3y KOJIHIECTBO TEIUIOTHI HICT Ha
W3MEHEHHE €r0 BHYTPEHHEH 3HEPTHU U Ha COBEPIIEHHE UM pabOThI IIPH MOCTOSIHHOM JIaBJICHUH:
Q =AU + A’ = AU + pAV.
AnuabéatHblii mpouecc. PaccMOTpuM Terneps Nporiecc, NPOTEKAIoNMi B cucTeMe, KoTopas He 0OMEHHBAETCS TEIUIOM C
OKPYXAIOINMH TeJaMH. ITpomuecc B TETJIOU30IMPOBAaHHON cucreMe Ha3bIBAIOT aUA0ATHBIM.
IIpu agmabataoM mporuecce Q=0 u cornmacHo ypasHeHuto (13.10) n3MeHeHne BHYTPEHHEH SHEPTUH MPOUCXOAUT TOIBKO 32 CUET
COBepUIEHHs PabOThI:
AU = A. (13.14)
KoneuHo, Henb3s1 OKPYXHUTh CHCTEMY 000JI0UKOI, aOCOJIIOTHO HE JOoITycKaromel terutonepenady. Ho B pszge cirydaes
MOJKHO CYHTATh peasbHbIE NMPOLECCH OUeHb OJIM3KUMHU K aguabaTHRIM. J[JIst 7TOT0 OHM JOJDKHBI IPOTEKaTh JOCTATOYHO OBICTPO,
Tak, 4TOOBI 3a BpeMs Ipollecca HE MPOU3OIUIO 3aMETHOTO TeIIOOOMEHa MEXAy CHCTEMOW M OKPYJKaIOIIMMU TelNaMu.
Cornacuo ypasHenuto (13.14) mpu coBepIiIeHHH HajJ CHCTEMOW MOJIOKUTEILHOW PabOThI, HAIPUMEDP MPU CIKATHH Tasza, ero
BHYTPEHHSIS1 DHEPIHsl YBEJIMYUBAETCS, YTO O3HAYAET ITOBBIILICHHE TeMIepaTypsl raza. M1 Ha000poT, NpU pacIIMPEeHUH ra3a caMm ras

, HW3MCHCHHC BHyTpeHHeﬁ OHCPIruu OTPULATCIIBHO W BHYTPCHHAA OHEPrusA rasa

COBEpIIAET MOJOKUTENbHYIO pa60Ty(A >0y ero BHYTPEHHSS OHEPIUs YMEHBINAeTCs - Ta3  OXJIAKTAETCs.

HarpeBanne Bo3myxa HpH OBICTPOM CXKaTWM HaIUIO TNPUMEHEHWE B ABUTaTelsx Jusens. B STuX ABHraTensx OTCYTCTBYET
CHCTeMa 3aXHI'aHUsl TOpIoYeil cMecH, HeoOXoaumasl Jisi OOBIYHBIX KapOIOpaTOPHBIX JABUTATENeH BHYTpPEHHEro cropanus. B
IWJIMHAP 3acachIBaeTCs HE TOpIovasl CMeCh, a aTMOc(epHbIi Bo3ayx. K KOHIly TakTa cxKaTHs B IIMJIMH/AD C IIOMOIIBIO CIIENHaTbHOM
(hOpCYHKH BHPBICKMBAETCS KUIKOE TOIUIMBO (puc./3.8). K 3ToMy MOMEHTY Temmeparypa BO3JyXa TaK BEJHMKa, Y4TO Troprovee
BocIulamensiercsi. Jipurarenu Jlusenst uMmeror 60abInid K03(h(QUINEHT 0JIE3HOTO JISHCTBHSA, YeM OOBIYHBIC, HO 00JIee MacCHBHBI U
CJIIOKHBI B M3TOTOBJIEHMHM W OJKcIUTyaranuu. Bce Oosbliee KONMMYECTBO aBTOMOOWIEH cHaOxaeTcs aurarensmu [luzens,
6naromapst AeUIEBU3HE IU3EIBHOTO TOIIHBA.
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IIpu paGoTe MOUTHBIX KOMIIPECCOPOB, CIKUMAIOIIMX BO3MYX, TeMIIepaTypa BO3JyXa HACTOJBKO YBEIUYHBACTCS, UTO
MpUXOaUTCA npn6eraTL K cneunam,ﬂoﬁ CUCTEME OXJIAXKICHUA TUIUHAPOB. AI[I/IaGaTHOC OXJIAXKJACHHUC Ira30B IMPU UX paCHIMPECHUN
HCIOJIb3YCTCA B MalInuHax JUIsL CXKHNKCHUA Tra30B.
OxnakaeHue rasa npu agnadbaTHOM PaclIMpCHUH MPOUCXOAUT B T'PAHJAMO3HBIX MaciTabax B aTMOC(bepe 3emnn. HarpeTLIﬁ
BO3JyX NOJHMMACTCS BBECPX M pACIIUPSICTCS, TaK KaK aTMOC(bepHoe JABJICHUEC NAJaCT C YBEIIMUYCHUEM BBICOTHI. 9t0 pacmupeHue
COTIPOBOXKIAETCS 3HAYUTENBbHBIM OXJaKIeHHEM. B pesynbraTe BOIAHBIE Iapbl KOHACHCHPYIOTCA M 00pa3yloT oOiaka.
Ten1oo0mMen B l/l30JIl/lpOBaHHOﬁ CUCTEeME. PaCCMOTpI/IM TEIIO00MEH BHYTPHU CHCTCMBI, COCTOS[H.leﬁ U3 HCECKOJBKUX TCII,
HMCIOIIUX IICPBOHAYAJIBHO PA3JIMYHBIC TCMIICPATYPbI, HAIIPUMCP TEIIOOOMEH MCXKOY BO,HOﬁ B COCyAC M OIIYHICHHBIM B BOAY
TOpAYNM KCJIC3HBIM IIAPHUKOM. BYZ[eM CUUTAaTh, YTO CUCTEMA AJOCTATOYHO HM30JIMPOBAHA OT OKPYXAIOMIUX TCI U €€ BHYTPCHHSAA
JHEPTUs He M3MEHsAETCs (M30JUpOoBaHHAas cucTema). Hukakoi paboThl BHYTPH 3TOW CHCTEMBI HE cOoBepInacTcs. Torma corliacHo
MIEPBOMY 3aKOHY TepMOIHMHAMHKH (cM. ypaBHeHHe (13.10)) M3MEHEHHE >HEpPrHH JII0OOOTO Tejla CHCTEMbl PaBHO KOJHMYCCTBY
TCIIJIIOTHI, OTZ[aHHOI71 70051 HOHy‘IeHHOfI OTUM TCJIOM [0 HACTYINUICHHA TCIUIOBOIO PAaBHOBECHUSA BHYTPU CHCTCMBI. CKJ’IaI[BIBa?[
Mo100HbBIE BBIpQXXCHUSA A1 BCEX TCJI CHCTEMBI M y4YMThIBas, 4YTO CyMMapHas BHYTPCHHsAs JOHEpPrus HE

(AU, + AU, + AU, + ... = 0), ,
MEHSIETCS ‘ < , TIOJTyYUM cJeyIolee ypaBHEeHHE:

Q +Q,+@;+...=0. (13.15)

DTO ypaBHEHHE HOCHUT Ha3BaHHEC YPaABHEHHs TeIJIOBOro OaJjiaHca. 311ech (‘)’ ’ QJ’ (‘)3‘ - KOJIMYECTBA TEIJIOTHI,
MOJIYYCHHBIC WM OTHAHHBIC TeJaMH. JTH KOJMYECTBAa TEIUIOTH BhIpaxkatorcs (opmynoit (13.5) wim dopmynamu (13.6)-(13.9),
€cJI B IIpoIiecce TemIo00MeHa MPOUCXOIAT MIPEBPAIEHIs BEIIECTBA U3 XKHUIKOTO COCTOSIHHA B ra3000pa3Hoe MM TBepaoe (MiIn
xKe, HaInpoTHB, obpasyercs JKUJKOCTB).

BHyTpeHHsAS SHEprusi uaeagbHOro Tra3a HE H3MEHSETCS TOJIbKO TNpU H30TEpPMHUYECKOM Tpolecce. IIpu nM30XopHOM OHA
W3MEHSETCSA 3a CYeT TeIulonepeaadn, a MpU H300apHOM TPOIECCe BHYTPEHHSS JHEPTUs raza HM3MEHSeTCs Kak 3a CYer
TerIonepead, Tak W 3a CUeT COBepIIeHHs paboThl. B TEmIOM301MpOBaHHON cHCTEME MPOUCXOAWT aAuabaTHBIA MPOIECC.
M3MeHeHre YHePTUH CUCTEMEI B TOM IIPOIIECCE PAaBHO pab0Te BHEITHUX CIHIL.

HeoGpaTumocTh mponeccoB B NpUpoje

3aKOH COXpaHEHUS SHEPIHH YTBEP)KAACT, YTO KOJMYSCTBO JSHEPIHH MpPH IJIOOBIX €€ IPEBpAIlICHUSX OCTaeTCs
HEM3MECHHBIM. MEXIy TeM MHOTHE MPOIIECCHI, BIIOJIHE JOIYCTHMBIC C TOYKH 3PCHUS 3aKOHA COXPaHCHHS SHEPIHH, HUKOTIA HE
MPOTEKAIOT B JEHCTBUTEITLHOCTH.

I[Ipumepbl HeOOPATHMBIX MpoleccoB. HarpeTsie Tena IMOCTENICHHO OCTHIBAIOT, IEpeaBasi CBOK JHEPTHIO 0OJee XOJIOIHBIM
okpyxarommmM TenaM. OOpaTHBIA Tpollecc Mepefadrd TeMOThl OT XOJIOJAHOTO Tela K TopsYeMy He TPOTHBOPEUUT 3aKOHY
COXpaHEHHS DHEPTUH, €CIM KOJMYECTBO TEIJIOTHI, OTJAHHOE XOJOJHBIM TEJIOM, PAaBHO KOJUYECTBY TEIJIOTHI, MOJYYEHHOMY
TOPSYHMM, HO TaKOH MPOIIECC CaMONPOU3BOIBHO HUKOTIA HE TPOUCXOTUT.

OO11ee 3ak/I04eHHe 0 HeEOOPATHMOCTH NpoueccoB B npupone. Ilepexon Temna oT rops4ero Teixa K XOJOTHOMY U
MEXaHHUYECKOH DHEPTrUM BO BHYTPEHHIOI - 3TO MPUMEPHI Hanbojee THUIMMYHBIX HEOOPATHUMBIX MPOIECCOB. YMCIO MOIO0OHBIX
MPUMEPOB MOXHO YBEJIMYMBATh MPAKTUYECKH HEOTpaHUUEHHO. Bce OHM TOBOpPAT O TOM, YTO MPOILECCHl B MPUPOAE HUMEIOT
OTIPEJICNIEHHYI0 HAalPaBJIE€HHOCTh, HUKAaK HE OTPAXKEHHYIO B MIEPBOM 3aKOHE TEPMOJIMHAMUKU. Bce makpockonuueckue npoyeccul 8
npupooe NpomeKaiom moNbKo 6 00HOM OnpedeieHHoM Hanpagienuu. B oOpaTHOM HampaBlIeHWM OHH CaMOIIPOHM3BOJIBHO
MPOTEKaTh He MOTYT. Bce mporiecchl B Ipupoie HeoOpaTUMBL, H CaMble TParHYeCKHe U3 HUX - CTAPCHHUE U CMEPTh OPTaHU3MOB.

TouHasi GpopMyTHPOBKA MOHATHS HEOOPATHMOro mnpomecca. s TNPaBWIBHOTO MOHUMAHHS CYIIECTBA HEOOPATUMOCTH
MPOIIECCOB HEOOXOAMMO CIeNaTh CIEIyIIlee YTOYHCHUC: HeOOPATHMBIMH HA3bIBAIOTCS TAaKHE MPOIECCHl, KOTOPHIE MOTYT
CaMOTIPOM3BOJILHO TPOTEKATh JIUIIb B OJHOM OINpPEACIEHHOM HAaIpaBJICHUM, B OOpAaTHOM HAIPABICHUH OHH MOTYT MPOTEKaTh
TOJIBKO TIPY BHEITHEM BO3ACHCTBUH. Tak, MOKHO BHOBb YBEIMUUTH pa3Max KoJieOaHUIl MasiTHUKA, TOATOJIKHYB ero pykoi. Ho 31o
YBEJIMYEHHE BO3HUKAET HE CaMoO COOOH, a CTaHOBHTCS BO3MOXXHBIM B Pe3ylbTaTe 0OJee CI0KHOTO IMPOIECcca, BKIOYAOIIETO
JIBUKECHHE pyKH.

MaremaTiueckn HeOOpaTUMOCTh MEXaHUIECKUX MPOIIECCOB BHIPAKAETCS B TOM, YTO YPABHEHHS JBYDKEHHUST MaKPOCKOTTMUECKHUX
TeJ U3MEHSIOTCS C U3MEHEHHEM 3Haka BpeMeHH. OHH, KaK TOBOPSAT B TAKWX ClIydasx, He HHBAPUAHTHBI MPU IPE0Opa3OBaHUU {—>-
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t. YckopeHHe He MEHSET 3Haka Npu 3aMeHe f—-f. CHIIBI, 3aBUCSIIUEC OT PACCTOSIHUMN, TaKKe HE M3MEHSIOT 3HaKa. 3HAK IpU
3aMEHE ¢ Ha -f MEHSIETCSL Y CKOPOCTH. VIMEHHO MO3TOMY IMPH COBEPIICHHH Pa0OThl CHJIAMH TPCHHSI, 3aBUCSIIUMH OT CKOPOCTH,
KAHETHYCCKast SHEPTHS Tena HEOOpaTHUMO MEPEXONT BO BHYTPCHHIOK.

Kuno «Hao00poT». SIpkoii wutrocTpaueii HeoOpaTHMOCTH SBICHUH B MPHUPOAE CIY)KHUT IMPOCMOTP KHHO(PMIEMa B 0OpaTHOM
HanpaBiieHuu. Hampumep, NpeDKOK B BOAY OYJET MPU 3TOM BHITJLIACTH CienyromuM obpa3oM. CriokoiftHas Boma B OacceifHe
HauYMHAET OYpPIHTbH, MOSBISIIOTCS HOTH, CTPEMHUTEIHHO JBIDKYIIHECS BBEPX, a 3aTEM M BECh HBIPSIIBIIUK. [IOBEpXHOCTH BOMBI
OpIcTpO ycmokamBaeTcs. [IocTeneHHO CKOPOCTh HBIPSJIBIINKA YMEHBIIACTCS, H BOT YK€ OH CIIOKOHHO CTOWT Ha BBHIMIKE. To, 9TO
MBI BHOUM Ha D3KpaHe, MOTJIO0 OBl MPONCXOOUTH B JCHCTBHTENHHOCTH, €CIM OBl TPOIECCH MOXXHO OBIIO OOpaTHTE.

HemnenocTts mpoucxosmero Ha 3KpaHe IPOUCTEKAeT U3 TOTO, YTO MBI MPUBEIKIA K OIPEIeIICHHON HAIPaBIEHHOCTH IIPOIIECCOB
Y HE COMHEBACcMCsl B HCBO3MOKHOCTHU UX 00PAaTHOTO TEUCHHS. A BEIlb TAKOH MPOIecC, KaK BOSHECCHUE HBIPSIIBIUKA HA BBINIKY W3
BOJBI, HE ITPOTUBOPCYUT HU 33aKOHY COXPAHCHUS HHEPIHM, HU 3aKOHAM MEXaHUKH, HU BOOOIIC KaKMM-THOO 3aKOHaM,
KpPOME 81mopoco 3aKOHa MEPMOOUHAMUKU.

Bropoii 3akoH TepmMogmHAMHUKHU. BTOpOl 3aKOH TEPMOJUHAMUKM YKAa3bIBACT HAIPABICHUEC BO3MOXHBIX 3HEPTETHYCCKHX
MpEeBpaIlCHUH, T. €. HAPaBJICHUE MPOIIECCOB, M TEM CaMBIM BBIPaXKaeT HEOOPATHMOCTh MPOIIECCOB B MPUPOJIE. DTOT 3aKOH ObLI

YCTaHOBJICH nyTeM HETMOCPEACTBEHHOT'O 00001IIeHUs OTIBITHBIX (axToB.
EcTp HECKOIBEKO (HOPMYITHPOBOK BTOPOTO 3aKOHA, KOTOPHIE, HECMOTPS HA BHEIIHEE Pa3iindne, BRIPaKalOT, B CYIIHOCTH, OJHO U
TO xKe " MO3TOMY PaBHOIICHHEL.

Hewmenxwit yuensnii P. Knaysnyc (1822-1888) copmynnpoBai 3TOT 3aKOH TaK: HE603MONMCHO nepeeecnu menno om 6ogee
XO0J100HOIl cucmembl K Oojiee zopaueil npu OMCYMCHEUNU OPY2UX OOHOBDEMEHHbIX UIMEHEHUIl 6 00eux cucmemax uiu 6
OKpyMHcarouux menax.

311ech KOHCTATUPYETCS OTBITHBIN (PaKT OIpEICICHHON HAMIPABICHHOCTH TEILIONEPEAaYyH: TEIJIO caMO COO0M MepeXOIUT BCeraa
OT TOPSIUUX TeJ K X0JIOAHBIM. [IpaB/ia, B X0IOAUIBHBIX YCTAHOBKAX OCYIIECTBISETCS TEIUIONEpeaya OT XOJI0JHOTO Tena K boee
TEIUIOMY, HO 3Ta Mepejaya CBsA3aHa ¢ JPYTUMH U3MCHCHUSAMH B OKPYXKAIONIUX TEIaX: OXJIaXJICHUE JOCTHIACTCS 33 CUCT PabOTHL.

BaxxHocTh 3TOrO0 3aKOHa B TOM, YTO K3 HETO0 MOXXHO BBIBECTH 3aKJIIOUYEHHE O HEOOpaTUMOCTH HE TOJBKO Mpoiiecca
TEIUIONIEpPEeIaui, HO M JPYTrUX MpPOIECCOB B mpHpone. Eciu OBl TEIIO B KAKUX-JTHOO CIIydasX MOTJIO CaMOINPOU3BOJIEHO
MepeaaBaThCsl OT XOJOJAHBIX TEJ K TOPSAYMM, TO OTO IO3BOJMIO OBbI cHelaTh OOpaTHMBIMH W JPYTHAC IPOIECCHI.

Bce mporecchl caMOTPOM3BONBHO TPOTEKAIOT B OJHOM OIpelesicHHOM HampasieHHH. OHU HeoOpaTuMbl. Temo Bceraa
MEPEeXOAUT OT TOpAYEero Tella K XOJOJAHOMY, a MEXaHH4YecKas »SHEPIHs MaKpPOCKONUYECKHX TeJI - BO BHYTPEHHIOK.

Hanpasnenue mporeccoB B MpUpoOJIe YKa3bIBACTCS BTOPHIM 3aKOHOM TEPMOJMHAMHUKH.

Ipunoun geiicTBus Tem1oBbIX ABurateeii. Koaxgduuuent mouaesnoro geiicreus (KIILJI) TensioBuix ABUraTesei
3amacel BHYTPEHHEH SHEPTHH B 3€MHOW KOpe M OKeaHaX MOYKHO CUHTATh IPAKTHUECKH HEOTpaHW4YeHHBIMH. Ho mis
pemIeHnsT IPAKTHIECKUX 3a7ad pacIojiaraTh 3alacaMi HEPTHH elle HemocTaTOYHO. HeoOXoauMo eme yMeTh 3a CUeT SHEpTHH
MPUBOJIUTH B JIBKCHHUE CTAaHKU Ha (haOpuKax M 3aBOJaX, CPEACTBA TPAHCIIOPTA, TPAKTOPHI U IPYTHE MAIIMHBI, BPAIIaTh POTOPHI
TeHEPATOPOB AJIEKTPUUECKOTO TOKa M T. 7. UenoBedecTBY HYXKHBI JBHTATENIM - yCTPOMCTBA, CIOCOOHBIE COBEPIIATH PadoTy.
Bonpmas gacte nBurareneil Ha 3emiie - 3TO mennogvie Ogueamenu. TEIUIOBbIE JBUTATENH - 3TO YCTPOMNCTBA, MpeBpallatoniie
BHYTPEHHIOIO SHEPTHUIO TOTINBA B MEXaHHYECKYIO.

IpuHuMNBI JelicTBUSL TEMJOBBIX JBHMrareseil. [ims Toro 4roObl ABHraTeNb coBeplian paboTy, HEOOXoJuMa pPa3HOCTb
JIaBJICHUI 110 00€ CTOPOHBI MOPIIHS ABUTATENS U JonacTell TypOuHbL. Bo BCeX TEMIOBBIX JABUraTENAX 3Ta Pa3HOCTH JaBJICHUMA
JIOCTUTAETCS 3a CYET IOBBIMICHUS TEeMIIEpaTyphl pabdodero Tema (Tasa) Ha COTHH WIHM TBICSYH TPagycoB IO CPaBHEHHUIO C
TEMIIEpaTypoil  OKpyXKaromled cpedapl. Takoe TOBBINICEHHE TEMIIEPAaTyphl IMPOUCXOMUT TPH CrOPaHWU  TOIUIHBA.

OmHa W3 OCHOBHBIX YacTeW ABWTATeNs - COCYJH, HAIONHEHHBIA Ta30M, C MOJBIKHBIM MOpImHeM. PaboumMm TermoM y Bcex
TEIUTOBBIX JBHTATEJCH SBIACTCS ra3, KOTOPHIM coBepiiaeT padoTy mpu pacmupeHnd. O003HAUYMM HAYaIbHYIO TEMIICpaTypy
pabouero Tenma (raza) yepe3 7;. DTy TeMmepaTypy B MapOBBIX TypOWHAX WM MAalldHAX MpHOOpeTaeT map B IMapoBOM Kotie. B
JIBUTATEISIX BHYTPEHHETO CTOPAHUS M Ta30BbIX TypOMHAX MOBBIIIEHUE TEMIIEPATypPhl MPOUCXOIUT MPHU CTOPAHUM TOILIIMBA BHYTPH
camMoro neurarens. Temnepatypy 7 Ha3bIBatOT memnepamypou Hazpesamess.

Poab xonoamnbHuka. [Io mepe coBepmieHusi pabOTHl Ta3 TepseT DHEPTHI0 W HEU30EKHO OXJIKIAETCS JO HEKOTOPOM
TeMreparypsl 7>, KOTOpass OOBIYHO HECKOJBKO BBINIE TEMIEpaTypbl OKpykaromied cpeapl. Ee HasplBaloT memnepamypou
X0100unTbHUKA. XONOAWILHUKOM SBIsSIETCS aTMocepa WM CHEHUalbHBIE YCTPOWCTBA IS OXJXKICHUS M KOHJEHCAIMH
0TpabOTaHHOTO Tapa - KOHIEHCATOphl. B mociemHeM ciiydae TemrmepaTypa XOJOIWUIbHUKA MOXET OBITh HEMHOTO HUKE
TeMIIepaTypbl aTMOCQepHI.

Takum oOpa3oM, B nBuratene pabodee TelIO NPU PACIIMPEHUH HE MOXKET OTAATh BCIO CBOIO BHYTPECHHIO JHEPTHIO Ha
coBepIeHre padoThl. YacTh TEIUIOTH HEU30EKHO MepeIacTcs XONIOAWIBHUKY (aTMOcdepe) BMeCTe ¢ OTpabOTaHHBIM ITapOM FLUTH
BBIXJIONIHBIMH Ta3aMH JBHTAaTeJCH BHYTPEHHETO CrOpPaHWS WM Ta30BBIX TYpOMH. DTa 4YacTh BHYTPCHHEW SHEPTHH TEpSIETCS.

TemoBoit ABUraTenh coBeplIaeT paboTy 3a cYeT BHYTPEHHEH 3Hepruu pabouero tena. [IppydeM B 3TOM mporiecce MPOUCXOIUT
mepeAada  TEIUIOTBI  OT  Oojiee  TOPSIYUX  Tel (marpeBatens) Kk Oollee  XOJIOJHBIM (XOJIOTUITEHUKY ).

[TpuHnMUansHas cXxeMa TeTIOBOro ABUTaTe s n300pakeHa Ha pucynke 13.11.
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XOJOANNBEHUK
(remnepatypa T75)

Puc. 13.11
PaGouee Temo aBurartens moiydaeT OT HarpeBartelsi IIPH CrOPaHHWU TOIUIMBA KOJMYECTBO TEIUIOTHI (J;COBEpILAET

paboty A’ u nepeaacT XOJIOJUIIbHUKY KOJIMYECTBO TerIoThl O2< Q.
Ko3ddunmnent nonesnoro aeiicreust (KII/I) Temsooro asurartessi. HeBO3MOXXHOCTh MOJHOTO NMpEBpaIlleHUs] BHYTPEHHEH
9HEpruM rasza B paboTy TEIUIOBBIX JBUraTeieldl oOycioBJieHa HEOOPaTHMMOCTBIO HpoLEeccoB B mpupone. Eciamu Obl Temio morio
CaMOIIPOM3BOJIFHO BO3BPAMIATHECS OT XOJIONWIBHHKA K HArpeBaTeNlfo, TO BHYTPEHHSS SHEPTHS MOTia OBl OBITH ITOJHOCTBIO
npeBpaleHa B MIOJIE3HYIO paboty c TIOMOLBIO m000T0 TEIJIOBOTO JIBUTATEIs.
CornacHO 3aKOHY COXpaHCHHS YHEPTUH paboTa, coBepIIaeMas IBUTaTeieM, paBHa:
A'=Q,—|Q,|, (13.17)
rae Q; - KOJMYECTBO TEIUIOTHI, NOJYYEHHOE OT HarpeBarens, a (2 - KOJUYECTBO TEIUIOTHL, OTAAHHOE XOJIOAWJIBLHUKY.
Ko>ddunnentom monaesnoro aeiicrBus (KIIJ) TemnoBoro aBUrareisi Ha3bIBalOT OTHOMICHHE paboThI A°, coBeprIaeMoin
JIBUTATEJIEM, K KOJIMYECTBY TEIUIOTHI, OIYUEHHON OT HArpeBaTelIs:

| |
' ) .
]‘]: A 7()1 »_lQ&l :l &_ (13.18)

l(l)| | Ql (l)l
Tak kak y Bcex JBHrareneidl HEKOTOPOE KOJIMYECTBO TEMJIOTHI MEPENaeTcs XONOAWIBHHKY, To m<l.
KII[l TeroBoro nBUratesis NpoNOpIMOHAJICH PA3HOCTH TEMIIEpaTyp HarpeBaTelns u xonoawinbHuka. [lpu 7;-7>=0 nBurarens He
MOJKET paboTarts.
MaxkcumaibHoe 3HaueHue KIIJI TermuioBbIX ABMraresiei. 3aKOHBI TEPMOIMHAMHUKHU ITO3BOJISIIOT BBIYMCINUTH MaKCHMAaJIbHO
Bo3MoxHbIH KIIJ[ TeruoBoro nurartens, paboTalolero ¢ HarpeBaTeieM, HUMEIOIUM TeMmieparypy7;, U XOJOIWIHHHKOM C
Temneparypoit 72. Briepssie aTo cnenan dpaniysckuil nmkenep u yuensiit Cagu Kapro (1796-1832) B Tpyne «Pa3mbinuieHus o
JIBUXKYIIEH cuiie OTHS u o MaliuHax, CIIOCOOHBIX pa3BUBaTh 3Ty CHITY» (1824).
Kapro mpuayman npeasbHyIO TEIUIOBYIO MAIIMHY C WACAJIBHBIM Ta3oM B KadecTBe pabodero Tena. MpeanpHas TerioBas
mamnHa KapHo paboTaeT 1o ukity, COCTOSIIEMY U3 JIByX M30T€pPM U JIBYX aauabat. CHadasia cocyl C ra30M NMPHUBOJIAT B KOHTAKT
C HarpeBaTeleM, a3 HM30TEPMHYECKH pacUIMpsieTCs, COBEpINasl MOJOXKHUTENbHYI0 pabory, mpu Temmneparypel;, IpH 3TOM OH
MoJTy4aeT KOJINYECTBO TEIUIOTHI Q.
3areM cocyll TEeIJIOM30JIMPYIOT, ra3 MPOJOJDKAET PACIIUPATHCS YK€ anuadaTHO, IIPU 3TOM €ro TEeMIIEepaTypa MOHIKAETCs /10
TeMmneparypsl xonoaunbHuKa 72. [locne 3Toro ras mpuBOJAT B KOHTAKT C XOJNOAMIBHHKOM, NPH H30TEPMHUYECKOM CIKATHH OH
OTJaeT XOJOJWIBHUKY KOJIMYECTBO TEIJIOTH (0>, CKUMasch a0 obwvema V4<V;. 3areM cocya CHOBa TEpPMOHM3OJIHMPYIOT, ra3

CXKHUMaeTcs aanabaTHO JI0 obwsema Vin BO3BpallaeTcs B [IEpBOHAYAJILHOE COCTOSIHHE.
Kapno momyuwun nns KITJ[ 5To# MammHel cieayromniee BhIpakeHue:
T - T T
] 2 2 9 1C
| = =1-=. (13.19)
max
T, T,
Kak u crmemoBano oxwunmath, KIIJ] mammuel KapHO mpsMO MpONOPIMOHATICH Pa3HOCTH aOCONIOTHBIX TEMIIEPaTyp
Harpearest u XOJIOIUIIbHUKA.

I'maBHOe 3Ha4YeHME 3TOW (OPMYNBI COCTOMT B TOM, UYTO JIF00ast peanbHas TEIIOBas MallWHA, padoTaiomias C HarpeBaTeieM,
HMEIOUIUM TeMIepaTtypy 77, U XOJOJWIBHUKOM ¢ Temneparypoul 72, He MoxeT umers KIIJI, npespnuatromuii KIIJ[ nneansHoi
TEIJIOBOM MAllIMHBI.

Ql_lQ.?l < Tl‘Tz
Qr Tl
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®opmyna (13.19) maer TeopeTHdecKHil mpenmen il MakcuMmanbHOro 3HaueHus KIIJI teruoBwix nBurarteneil. Ona
MOKA3bIBACT, YTO TEIUIOBOW IBUTATeNb TeM A (eKTUBHEE, YeM BBINIC TEMIepaTypa HarpeBaTelli W HIKE TeMIeparypa
XOJIOAIIHHHKA. JTvmrs pu TeMIepaType XOJOAUIBHHKA, paBHOU a0COJIFOTHOMY HyIH0, #7=1.
Ho Ttemmeparypa XoiomniIpbHHKa MPAaKTHYECKH HE MOXKET OBITH HIDKE TEMIIEPaTyphl OKPY)KAIOMero Bo3ayxa. IloBEImaTh
TeMIlepaTypy HarpeBateist MoxkHo. OHAKO 000K Marepuall (TBepIoe Tello) 00JiaacT OrpaHWICHHON TEIUIOCTOHWKOCTBIO, WITH
JKapompoyHOCThi0. [Ipy HarpeBaHWHM OH IIOCTENCHHO YTPAayMBAaeT CBOHM YIPYTHEe CBONCTBA, a MPH IOCTATOYHO BBICOKOM
TeMIeparype TUTABUTCSL.
Ceifuac OCHOBHBIC YCHIIUSI HHXCHEPOB HampaBiieHbl Ha noBbiieHre KII/I aqBuraresnei 3a cueT yMEHbIIEHUS TPSHHUS X YacTei,
MOTEPh TOIUIMBA BCJIEACTBHE €TO HEMOJHOTO CropaHus W T. 1. PeampHple Bo3MoxHocTH s noBbrmeHus KIIJ[ 3meck Bce erme
ocraroTcst OonbiiuMu. Tak, JUis MapoBOil TypOWHBI Ha4YalbHbIC M KOHCYHBIC TEMIIEPATyphl mapa mpuMepHO TakoBbl: 7;~800 K
u 75=300 K. IIpu 5Tux TemmepaTypax MakCUMaJIbHOE 3HaYCHUE KOA((UIMECHTA MOJIC3HOTO ICHCTBHUSI PaBHO:

1 /
— 1 Z — — OO0
nn e T 3 0’62’ l]ll.nx 62 AJ .
1
JeiictButensHoe ke 3Hauenue KIIJ| M3-3a pa3smuyHOro pojaa SHEPreTHUYECKHX IMOTEeph MPHOIU3UTENbHO paBHO 40%.
MaxkcumanbsHbIH KITQ - OKOJIO 44% - HUMEIOT JIBUTATEITN Hwnzens.

[Moswimenue KITJI TenmaoBbIX qBUTATENCH M MPUOIMKESHIE €r0 K MAaKCUMAJIEHO BO3MOYKHOMY - BaKHEHIIIas TeXHUIECKas 3a/1a4a.
TeruioBble JBUTaTEIM COBEPIIAIOT pabOTy Ojarojapss pa3sHOCTH JaBJICHUH Ta3a Ha IMOBEPXHOCTSAX TOPIIHEH WIIM JIOMAacTeit
TypOWHBL. DOTa pa3sHOCTh HaBIICHUH CO3/JaeTcs C TIOMONIBI0 Pa3HOCTH Temmeparyp. MakcumanpbHO BO3MOXKHBIA KIT/]
MPOTIOPIIMOHATICH D3TOW PAa3HOCTH TeMIepaTyp W OOpaTHO MPONOPIHOHAJCH aOCONIOTHOH TeMIepaType HarpeBaTels.
TenmoBoit nBuraTeNs HE MOXeT paboraTh 0e3 XOJNOTWIBHUKA, pOJb KOTOPOTO OOBIYHO Hrpaer atMocdepa.

Jlexuus Ne7

TeMa: «iekTpHuyecKoe noje»

1. Bonpocs! nexnuu:

1.1. DnexTpuueckuii 3apsa. BanmoseiicTBue 3apsXKeHHBIX Tl

1.2. 3akoH coxpaHeHus dIeKTpuIecKoro 3apsaa. 3akon KymoHa.

1.3. DOnexrpuueckoe noiue. HanpsoxkeHHOCTh 0. CUIOBBIE TUHUU.

1.4. TTotenmman mossa. PazHocTh moTeHIManoB. [IpOBOAHUKH U TUDIICKTPUKH B SJICKTPHIECKOM IIOJIE.
1.5. DOnexrpuueckas emkoctb. KonneHncarop.

2. Kpatkoe coaep>xaHue BOIPOCOB
DJIeKTPUYCCKHUIl 3aps/x M 3J1eMEeHTaAPHbIe YaCTHIIbI
Co crnoBaMH 21eKmpuiecmeo, 21eKmpuyeckull 3aps0, d1eKkmpuieckuti MoK Bbl BCTPEYAINCh MHOTO pa3 M yCIeNHu K HUM
npuBBIKHYTh. HO mompoOyiiTe oTBEeTUTs Ha Bompoc: «UTO Takoe 3JIeKTpUYecKuil 3apaa?» - U BBl yOeIuTech, 4TO 3TO HE TaK-TO
npocto. Jleyno B TOM, UTO MOHATHE 3apsl - 3TO OCHOBHOE, NIEPBUYHOE IOHATUE, KOTOPOE HE CBOJUTCS Ha COBPEMEHHOM YPOBHE
pa3BUTHSA HAIUX 3HAaHUHI K KaKUM-TH00 Oouiee MIPOCTHIM, 3JIeMEHTapPHBIM MTOHATHUSM.

IlonbIiTaeMcst cHavajla BBIICHUTb, YTO IIOHMMAIOT IOJ YTBEpPXKACHUEM: «JlaHHOE TENO MM 4YacTULA UMEET IEKTPUYECKUI
3apsm.

Bbl 3Haere, 4TO Bce Tena MOCTPOEHBI M3 MENBYAMIIMX YacTHIl, KOTOPHIE HENeJMMBI Ha Oojiee NPOCTHIE W TOATOMY
Ha3bIBAIOTCS 3JleMeHTApPHBIMHU. Bce 31eMeHTapHble YacTHIBI UMEIOT Maccy M Osarojapsi 3TOMY NPHUTATUBAIOTCS APYT K APYTY
COTJIACHO 3aKOHY BCEMHPHOTO TATOTeHUs. C yBENTMUCHHEM DPACCTOSIHUS MEXKAY YacTHIAMH CHJIAa TATOTEHHs yObIBaeT oOpaTHO
MPOTIOPIMOHAIFHO KBAJpaTy 3TOTO PacCTOSHUS. BOIBIIMHCTBO 3JIEMEHTApPHBIX YacTHUI], XOTS M HE BCE, KPOME TOro, 00JIaaloT
CIIOCOOHOCTBIO B3aMMOJICHCTBOBATH JPYT C JPYIOM C CHIIOH, KOTOpas Takxke yObIBaeT 0OpaTHO IPONOPLMOHAIBHO KBaJIpaTy
paccTosiHUS, HO 3Ta CHJIa B OIPOMHOE YHCJIO pa3 MPEBOCXOIUT CHJY TAroreHus. Tak, B aroMe BOAOPOJA, M300paKEHHOM
CXeMaTHUECKd Ha pHUcyHKe 14.1, snekTpoH mpursaruBaerca K sapy (mportony) ¢ cunoi, B 10% pas npepbnmaromeii cuiy
IPaBUTALMOHHOTO MPUTSHKEHUS.

Ecnu gacTumbl B3auMOJEHCTBYIOT IPYT € APYTOM C CHIIAMH, KOTOpBIE YOBIBAIOT C YBEITMUEHHEM PACCTOSHUS TaK Ke, KakK
U CWIbl BCEMHUPHOIO TATOTEHUS, HO IPEBBINIAIOT CWIbl TSATOTEHHs BO MHOTO a3, TO TOBOPAT, 4TO 9/MU YACMUYbl UMEIOM
anexmpuyeckutl 3apao. CaMy HYaCTHIBI HA3BIBAIOTCS 3adpAdCeHHbIMU. BBIBAIOT YacTHIBI 0e3 3IEKTPUYECKOro 3apsaa, HO He
CYLLECTBYET 3JIEKTPUYECKOTO 3apsiia 6e3 YaCTULIBL.

BsaumopelicTBus Mexay 3apsKEHHBIMU 4acTUIL[AMM HOCST Ha3BaHME 3JIEKTPOMATHHTHBIX. DJIEKTPUUECKUN 3apsi OnpeaenseT
MHTEHCUBHOCTD JIEKTPOMAarHUTHBIX B3aUMOJIEHCTBHUH, OJOOHO TOMY Kak Macca ONpeAeisieT MHTEHCHUBHOCTb I'PaBUTAIMOHHBIX
B3aUMOJICHCTBHI.

DJIeKTPUYECKHUH 3apsi| SJIEMEHTapHOW YaCTHIBI - 3TO HE 0COOBI MEXaHN3M B YaCTHIIE, KOTOPBIH MOXHO OBIJIO OBI CHATH C Hee,
Pa3OXUTh HA COCTaBHBIE YaCTH M CHOBa coOpars. Hammame 3meKkTpuyecKoro 3apsaa y 3JIeKTpoHa M APYTHX YacTHI] O3HA4YaeT
JIMILb CYLIECTBOBAHUE ONPEIEICHHBIX CUIIOBBIX B3aUMOACHCTBUM Mex 1y HUMU. HO MBI, B CyIIIHOCTH, HUYETO HE 3HAEM O 3apsle,
€CJI He 3HAeM 3aKOHOB ATHX B3aWMOJECWCTBHUU. 3HaHHWE 3aKOHOB B3aMMOJIEHCTBUI JOHKHO BXOIUThH B HAIW MPEACTABICHUS O
3apsge. OTH 3aKOHBI HETPOCTHI, W H3JIOXKHTHh MX B HECKOJNBKMX CJIOBAaX HEBO3MOXHO. [lo3ToMy HeEnB3s JaTh ITOCTATOYHO
YAOBJIETBOPUTEIILHOE KpaTkoe OIIpE/EIICHUE MIOHSTHIO 3JIeKTPUYECKUH 3apsj.

JlBa 3HaKa 3JIeKTpUUYecKHX 3apsaa0B. Bce Tena 06manaroT Maccoii ¥ MOITOMY MPUTITUBAIOTCS APYT K IPYTY. 3apsOKEHHBIE JKe
Tesla MOTYT KaK IPHUTATHBATh, TaK M OTTAJIKHBATh APYT JIpyra. DTOT BaKHEHIMHA (haKT, 3HAKOMBIH BaM, O3HAYAET, YTO & Npupooe
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ecmb yacmuybl ¢ SNeKMPUYECKUMY 3apa0amu NPOMUGONONIONCHbIX 3HAKOG, 6 Clyude 3apsa008 OOUHAKOSbIX 3HAKOS8 HACTHUYb
OMMAanKuearmcs, a 6 cnyqae PasHbIX - NPUMASUEAIOMCAL.

3apsa 2IEeMEHTApHBIX YacCTHUIl - APOMOHOS, BXOAALIMX B COCTAB BCEX ATOMHBIX f]€p, Ha3bIBAIOT MOJOXHUTEIBHBIM, a
3apsil 91eKMPOHOE - OTPULIATEILHBIM. MEXy MOIOKUTENbHBIMH U OTPUIATENLHBIMHA 3apsAaMi BHYTPEHHUX pa3nnuuid HeT. Eciu
ObI 3HAKW 3apAA0B YACTUI] MOMEHAINCh MECTAMH, TO OT 3TOTO XapaKTep 3JIEKTPOMArHUTHBIX B3aMMOJICHCTBHH HHUCKOIBKO ObI HE
M3MEHUIICS.

DJieMeHTapHBbIii 3apsia. Kpome 31€KTpOHOB M IPOTOHOB, €CTH €IIIe HECKOIBKO THIIOB 3apsKEHHBIX 3JIEMEHTApHBIX dacTull. Ho
TOJBKO OBJICKTPOHBI W MPOTOHBI MOTYT HEOTPAHMYCHHO JOJT0 CYIIECTBOBATh B CBOOOAHOM cocTosHMU. OcTalbHBIE K€
3apsDKEHHBIC YaCTHIBl JKMBYT MEHEE MIJUIMOHHBIX moied cekyHApl. OHM POXIAIOTCS MPH CTOJKHOBEHHAX OBICTPBIX
3JIEMEHTapHBIX YAaCTUI] U, MIPOCYIIECTBOBAB HUYTOKHO Majoe BpeMs, paclafaloTcs, NpeBpamiasck B Apyrue yactuipl. C aTUMU
JacTUIIAMU BBI MTO3HAKOMUTECH B 11 KJIacce.

K vactunam, He UMEIOIUM 3NEKTPUUECKOTO 3apsAaa, OTHOCUTCS Hetimpon. Ero Macca JUIb HE3HAYUTENIBHO MPEBBILIAET MACCy
npoToHa. HeHTpoHBI BMeCTe ¢ MPOTOHAMHU BXOAAT B COCTaB aTOMHOTO sapa. Eciu aneMeHTapHas 4acTuIla UMEET 3apsifl, TO €ro
3HaYeHUE CTpOTo OIIPEJEIICHO.

CymiecTByeT MHHUMAJBHBIA 3apsisl, Ha3blBaeMbId 3JE€MEHTapHBIM, KOTOPBHIM O0O0JNaJaloT BCE 3apsDKEHHBIC 3JIEMEHTapHbIE
YacTHLBL. 3apAfpl 3JIEMEHTapHBIX YAaCTHI[ PA3IMYalOTCS UMb 3HakaMu. OTOENUTh YacThb 3apsja, HapuMep y JIEKTPOHa,
HEBO3MOJXKHO.
3apsiikeHHbIE Tea. DIeKTPU3aLUs TeJ

Kaknm 00pa3oM MakpoOCKOIIMUYECKHE Tena MpHOOpeTaroT »neKTpuueckuil 3apan? OO0 3ToM ceifuac OyzmeT pacckasaHo.

OJEeKTPOMAarHUTHBIE CHIIBI B MIPUPOJIC UTPAIOT OTPOMHYIO pOJb O1arofaps TOMy, YTO B COCTaB BCEX TEN BXOJST 3JICKTPHIECCKU
3apspkeHHble  4acTHlbl. CoOCTaBHbIE YacTH aTOMOB - s[pa M OJIEKTPOHBI - OOJANAOT 3JEKTPUYECKUM  3apsoM.

HeHOCpe)ICTBeHHO }leﬁCTBHe QJICKTPOMArHUTHBIX CUJI MEXKY TECJIaMU HE O6Hapy)KI/IBaCTC}I, TakK Kak TCJia B O6bI‘IHOM COCTOSAHHUH
JNIEKTPUYUECKH HeHTpasibHbl. HelTpaneH aTroM 000ro BEHIECTBa, TaK KaK YHCIIO 3JIEKTPOHOB B HEM PAaBHO YHUCIY IIPOTOHOB B
sape. [ToMOKUTETPHO M OTPHIIATENIFHO 3apsOKCHHBIC YAaCTHUIIBI CBS3aHBI JPYT C APYroM JJICKTPUYCCKHMHU CHIAMU M 00pa3yroT
HEUTpasbHble CHUCTEMBI.

MakpoCKOITMUECKOE TEJIO 3apsHKEHO 3JICKTPUYECKH B TOM CJIydae, €CJIM OHO CO/ICPIKUT U30BITOYHOE KOJINYECTBO 3JIEMEHTapHBIX
YacTHIl ¢ KaKUM-TTHOO OJHUM 3HAKOM 3apsaa. Tak, oTpHLATeNbHBIN 3apsa Teixa oOycIoBiIeH M30BITKOM YHCIA 3JIEKTPOHOB IO
CPaBHEHHIO c YHCIIOM IIPOTOHOB, a TIOJIO>KUTETBHBIN - HEIOCTaTKOM 3JIEKTPOHOB.

JIyist TOro 94TOOBI MOTYYUTh IEKTPUUCCKH 3aPsDKEHHOE MaKPOCKOIIMYECKOE TEJIO, T. €. HAIAeKMPU306ams €ro, Hy>KHO OTICIHTh
4acTh OTPHLATEIBHOTO 3apsia OT CBA3aHHOTO C HMM IOJOXXKHUTEIBHOT0. DTO MOKHO CJIeNIaTh ¢ TOMOIIbIo TpeHus. Ecim mpoBectn
pacdecKoi 1o CyXHM BOJIOCaM, TO HEOOJIBIIAs YaCTh CAMBIX MTOJBIPKHBIX 3apsKEHHBIX YACTHUI] - SJIEKTPOHOB NEPEHIEeT ¢ BOJIOC Ha
pacdecKy ¥ 3apsiIUT €€ OTPUIATEIBHO, & BOJIOCHI 3aPAIATCS MOJI0XKUTEIBHO.

DJIeKTPU3alMs TeJl M ee NPOsiBJCHMS. 3HAUUTEIbHAS IEKTPU3alUs IPOUCXOAUT IPU TPEHUU CHHTETUUECKUX TKaHEeH.
CHumast ¢ cebst HeWJIOHOBYIO py0alIky B CyXOM BO3JyXe, MOXHO CIIBIIIATh XapakTepHOe MOTpecKuBaHue. Mexay 3apsiKeHHBIMU
y4aCcTKaMu TPpYHIUXCA HOBerHOCTEﬁ IMPOCKAKNBAIOT MAJICHBKUE UCKOPKHU. C HO}IOGHI:-IMI/I ABJICHUAMU MPUXOJUTCA CUUTATHECA Ha
npousBoJcTBe. Tak, HUTH NPSHKM HAa TEKCTHJIBHBIX (aOpHKax dIEKTPH3YIOTCS 3a CYET TPEHHs, NPUTATHBAIOTCS K BEpeTeHaM U
poOJIMKaM Hu PBYTCA. Hpﬂ)l(a MPUTATUBACT TMbIJIb W 3arpA3HACTCA. HpI/IXOHI/ITCH NPpUMCHATH CHOCUUATIBHBIC MEPBI IMTPOTUB
3JIEKTPU3ALUU HUTEH.

OnexTpu3anysl Ted TPH TECHOM KOHTAKTE HCIOIB3YEeTCSl B PA3IMYHBIX 3JIEKTPOKOMHMPOBAIBHBIX YCTAaHOBKAaX H p.

MakpOoCKOITMUECKOE TEJI0 3IEKTPUIECKH 3apsHDKEHO B TOM CIIydae, €ClIM OHO COAEPKHUT U30BITOYHOE KOJIMYECTBO 3JIEMEHTapHBIX
YacTHII C OHUM 3HAKOM 3apsia. OTpHnaTeIbHbIN 3aps Tesia 00yCIOBIEH H30BITKOM 3JIEKTPOHOB MO CPAaBHEHUIO C IIPOTOHAMH, a
TIOJIO>KUTENBHBIHN - HEOCTATKOM 3JIEKTPOHOB.

3aKOH coXpaHeHHs IJIeKTPHYECKOro 3apsiia
Brr 3Haere, yTo Macca Ten coxpassercs. CoxpaHsSeTcs TakKe M INeKTpHUYecKui 3apsa. MIMeHHo 3apsa, a He YHCiIo
3apsXKEHHBIX qacTui.

OmnpIT ¢ 3HeKTpH33HHCﬁ IJIaCTUH JOKA3BIBACT, YTO IPU JJICKTPHU3ALUU TPEHUEM IMPOUCXOAUT MEPEPACIPECACITICHUEC UMCIOIIUXCA
3apsAA0B MEXY TeJlaMH, HEHTPaNbHBIMU B NEPBHIH MOMeHT. HeGombIast 4acTh 31€KTPOHOB IEPEXOIUT C OJHOTO Tejla Ha JPYyToe.
IIpu 3TOM HOBEIE JaCTHUIIBI HE BO3HHUKAIOT, a CyIIIECTBOBABILINE panee HE HCUE3AaI0T.

[Tpu srteKTpHU3auK TeI BBIIOIHACTCS 3AKOH COXPAHEHUA INEKMPUUEeCcKoz0 3apadd. ITOT 3aKOH CIPABEJINB I CUCTEMBI, B
KOTOPYIO HE BXOJAAT U3BHE U U3 KOTOPOH HE BBIXOJSAT HApPYXKy 3apsDKEHHBIE YaCTULBL, T. €. I U30AUPOSAHHOU cucmemul. B
U30NUPOGAHHOU cucmeme anzefpauieckas Cymma 3apaooe ecex yacmuy coxpansemcs. Eciu 3apansl dacTull 0003HAYMUTD
uepesq;, g2 U T. 1., TO

.

gy + ¢y + Q3 + ... + g, = const. (14.1)

3aKoH COXpaHEHHMs 3apsjia UMeeT TITyOoKHid cMbIci. Ecnn uucio 3apspkeHHBIX 3JIEMEHTapHbBIX YacTHIl HE MEHSETCs, TO
BBINOJIHEHNE 3aKOHA COXPaHEHUs 3apsaja oueBuIHO. Ho aneMeHTapHbIe YacTHILbl MOTYT IpeBpalaThes Ipyr B Apyra, POKIaThCs
U Hcue3aTh, JaBas KU3Hb HOBbIM yacTulaM. ONHAKO BO BCEX CIIydasX 3apsDKEHHBIE YACTHUIBI POKIAIOTCA TOJABKO MapaMu C
OJMHAKOBBIMH MO MOJYJII0 M MPOTHBOMOJIOKHBIMY II0 3HAKY 3apsaJaMM; UCUE3aOT 3apsyKEHHbIE YaCTHUIbI TOXKE TOJIBKO MapamH,
mpeBpamasich B HeWTpaimpHBIE. [ BO Bcex 3THX Ciydasx ainreOpandeckas cyMMa 3apsgoB OCTaeTcs OJHOM M TOH xe.
CrpaBeyIMBOCTh 3aKOHA COXPAHEHMS 3apsia IOATBEPXKAAIOT HAOMIOAEHHS HAA OTPOMHBIM HYHCIOM IPEBpalleHUH
OJICMCHTAPHBIX YaCTHI. DTOT 3aKOH BBIpAXXAa€T OJHO M3 CaMbIX (byHllaMeHTaI[BHBIX CBOMCTB QJICKTPHUYCCKOTO 3apsaa. HpI/I‘-H/IHa
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COXpaHEeHHUs 3apsna hils) cuxX nop HEU3BECTHA.
Dnektpuueckuii 3apsia Bo Beenennoit coxpansiercst. [lonmublii anexkTpuueckuid 3apsia BeeneHHoil, ckopee Bcero, paBeH HYJIO;
YHUCJIO TOJIOKUTENBHO 3apsSKEHHBIX DJIEMEHTAPHBIX YAaCTHULl PABHO YHUCITY OTPUUATENHHO 3apsHKEHHBIX JJEMEHTapHBIX YacTHll.
OcHOBHO# 3aKO0H 3JIeKTpocTATHKH — 3aKkoH KyJjioHa
TIpucTymuM K U3YYCHHIO KOJMYCCTBCHHBIX 3aKOHOB JJICKTPOMArHUTHBIX B3auMonaehcTBUH. OCHOBHOH 3aKOH
3IEKTPOCTATUKA - 3aKOH B3aHMOJICHCTBHS ZIBYX HETIOABIKHBIX TOYETHBIX 3apsDKEHHBIX TeJL

OCHOBHOW 3aKOH 3JIEKTPOCTAaTHKH OBLI 3KCIepuMeHTanbHO yctaHoBieH Illapnmem Kymonom B 1785 T. m HOCHUT ero ums.

Ecmm paccrosHme MeXIy TelaMH BO MHOTO pa3 Oojblle WX pa3MepoB, TO HH (GopMa, HH pa3sMephl 3apsHKEHHBIX Tell
CYIIECTBEHHO HE BIISIOT HA B3aMMOACUCTBIS MEX Ty HUMH. B TakoM cirydae 3apspKeHHBIC TElla CIUTAIOT TOYEYHBIMH 3aps/IaMH.
BcrmomHuTE, 9TO M 3aKOH BCEMHUPHOTO TATOTCHUS TOXE CPOPMYIHMPOBAH YIS Tell, KOTOPHIE MOXXHO CUYMTATh MaTepUATbLHBIMU
TOYKaMHU.

Cuiia B3aUMOJICHCTBUS 3apsHKEHHBIX TEI 3aBHCUT OT CBOWMCTB CPEIbl MEKIY 3apsUKCHHBIMU Tenamu. [loka Oymem cuuTath, 4TO
B3aMMOJICICTBIE MPOUCXOAUT B BakyyMe. OMBIT MOKA3bIBAET, YTO BO3AYyX OYEHb MajiO BIMSET Ha CUIYy B3aUMOJEHUCTBUS
3apsHKEHHBIX TEJl, OHA OKA3bIBAETCS MOUTH TAKOM XKe, KaK B BaKyyMe.

3akon Kynona. Onbitel KysoHa mpuBenn K yCTaHOBJICHHUIO 3aKOHA, MTOPA3UTENIbHO HATOMUHAIOIIETO 3aKOH BCEMUPHOTO
TAroTeHUs. Cuna 63aumooeicmeus 08yxX MoUeUHbIX 3APA006 6 BAKYYME HPAMO HPONOPUUOHAIbHA RNPOU3BEOCHUI0 MOOYell
3apA00é u 00pamHo RPONOPUUOHATILHA KEAOPAMY PACCHMOAHUA MedcOy Humu. OTy CHUIY Ha3BIBAIOT KYJOHOBCKOI.

Ecnu 0603HaulTh MOMYIH 3apsIoB Yepes |q;| U |g2|, a paccTosiHue MEKIy HUMH 4epes r, To 3aKoH KylloHa MOKHO 3alucath B
crenytomiei popme:

q119- ‘
F=p0llel | 4.2
r2

rzae k- KOd(pQHUIUEHT NPOMOPIMOHANBHOCTH, YHCICHHO paBHBIH CHJIIE B3aHUMOJCHCTBHS €IMHUYHBIX 3apsloB Ha
pacCcTOSIHUM,  PaBHOM €AUHUIIE  JUINHBL Ero 3HaYeHHe  3aBUCHUT OT  BHIOOpa  CHUCTEMBI €IMHUILL.
Takyto xe ¢popmy (14.2) mMeeT 3aKOH BCEMHPHOTO TATOTEHUS, TOIBKO BMECTO 3aps/ia B 3aKOH TATOTEHHS BXOJAT MacChl, a POIIb
ko3¢ dunneHTa k UrpaeT IpaBUTAIlMOHHAS MOCTOSTHHASL.
Jlerko oOHapyXWTh, YTO [Ba 3apsHKEHHBIX IIAPUKA, IOABEIICHHBIE HAa HUTAX, JHOO MPUTSATHBAIOTCS APYT K APYTY, JIHOO
orrankuBatoTcs. OTCIofa ciemayeT, YTo CHJIBI B3aUMOJCHCTBHS ABYX HEMOABIDKHBIX TOYEYHBIX 3aps/iOB HAIIPABICHBI BJOJb
MPSIMOH, cogz[I/IHﬂ}ou_[ei/'I_’aTH 3apsnabl (puc.14.4). [lomoOHBIE CHIIBI HA3BIBAIOT IICHTPAIBHBIMI. B COOTBETCTBUH C TPETHUM 3aKOHOM

HI;IOTOHaFl' = F;'f- L*
Fip, + r + Fp,
e e

Puc. 14.4 o

OtkpbiTue 3akoHa KyrnoHa - mepBbl KOHKPETHBIM IIar B W3YYEHUM CBOMCTB 3JIEKTpUYECKOTo 3apsana. Hamuuue
ANEKTPUYECKOTO 3apsaa Y HEOONBIINX TEJ WK 3JIEMEHTAPHBIX YacTHI] 03HAYACT, YTO OHH B3aUMOJICHCTBYIOT APYT C JAPYTOM IIO
3akony Kynona.

EanHnuna 3J1eKTpu4ecKoro 3apsajaa
BBezena HoBasi (u3MuecKasi BEIMUUHA - JJIEKTpUUecKuid 3apsy. HyHo BBIOpaTh €MHUILY 3TOH BEJIMYUHBL. JTOT BBIOOD,
KaK M BBIOOP CAMHHUI[ APYIHX (PU3MYCCKHX BEIHYMH, MPOU3BOJICH. JIe0 3/eCh TOJBKO B IEIECO0OPA3HOCTH TOrO HIIH HHOTO
BEIOODA.

Co31aTh MAaKPOCKOMUYECKHUN 3TAJIOH SIUHMIIBI HIEKTPHUYCCKOTO 3apsi/ia, M0 100HBIH 3TAOHY MacChl - KHJIOTPaMMy, HEBO3MOKHO
u3-3a yTeUKH 3apsna. EcrecTBeHHO OBUTO OB 3a €MUHHILY IPUHSTH 3aps]] JIEKTPOHA, YTO H CIIENAaHO B aTOMHOU (pHU3HKE, HO 3TOT
3aps]l  CIOWIIKOM Maj, MW TI03TOMY TIIOJb30BaThCsl WM B KavecTBe CAWHMIBI 3apsja He Bcerja  yaoOHO.

Ennnnna 3apsnga - kyjaod. B Mexnyrapoasoit cucteme enuani (CH) equanna 3apsa sBIsSeTCS HE OCHOBHOM, a TIPOU3BOIHOM
W JTAJOH Uil Hee He BBoauTcsa. Hapsny ¢ merpoM, cexkyHnoil u kuiorpammoMm B CH BBeneHa OCHOBHas eIMHULA
JUISL DJIEKTPUYECKUX BEIUYMH - €AUHHUIA CHJIBI TOKAa - amnep. DTAJIOHHOE 3HAYEHUWE aMmIiepa YCTAaHABJIMBAETCS C IOMOIIBIO

MarHUTHBIX B3aMMOJICHCTBHI TOKOB.
Enuaniy 3apsina B CH - KyJIOH YCTaHABIMBAIOT C MTOMOIIBIO €AMHULIBI CUITBI ToKa. OQdun kyaon (1 Ki) - amo 3apso, npoxoodswuii
3a l c uepes nonepeynoe ceuenue nPOBOOHUKA npu cuie ToKa | A.

Kosdpuuument k B 3akone Kynona npu 3amucu ero B exuannax CU Beipakaerca B Hem?/Ki?, Tak kak corsnacHo gopmyie (14.2)
nMeeM

&
=2l . (148
q1 | qs)
rae cuiia B3aHMOﬂCI7[CTBHH 3ap$[ﬂ0B Bpra)KaeTcs{ B HBIOTOHaX, paCCTOHHI/Ie - B MCTan, 3ap51,£[ - B KyJ'[OHaX. qI/ICHOBOG
3HAUYCHUC 3TOro KO3(1)(1)I/IIII/ICHT3 MO>XHO OHpC,HeJ'II/ITB 3KCHCpI/IM€HTaHBHO. I[J'IH 9TOTO Haao I/I3M€pI/ITB CI/IJ'[y
B3auMoeicTBUs F MEXIy IBYMs M3BECTHBIMH 3apsiiaMu |q;| U |g2|, HAXOASAIMMHECS HA 38JaHHOM PACCTOSIHHU F, U 9TH 3HAYCHUsI

nozacTaBuTh B popmyiry (14.3). IlonyueHHoe 3HadeHUE K OyeT paBHO:

k=9-.10°H - m?/Kn2. (14.4)
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3apsn B 1 Ki ouens Benuk. Cuiia B3aUMOJEUCTBUS IBYX TOUYEUHBIX 3apsiioB, mo 1 Kit ka)apii, pacrnonokeHHbIX Ha
paccTossHUU | KM JIPYT OT IpyTra, YyTh MEHBIIE CUIIBI, C KOTOPOH 3eMHOM map mpUTIruBaeT rpy3 Maccoit 1 T. [losToMy cooOIuTh
HEOONMBIIOMY TeNy (pa3MepoM TOpsIKa HECKOMbKUX MeTpoB) 3apsm B 1 Ki HeBo3MokHO. OTTamkuBasch APYr OT IpyTa,
3apspKEHHBIC YaCTHIBI HE MOTYT yaAep)KaThcsa Ha Tene. HUKaKkux APYTHX CHJ, CHOCOOHBIX B JAHHBIX YCIIOBHSX KOMIIEHCHPOBATh
KYJIOHOBCKOE€ OTTAJIKHBAaHKE, B IPHUPOJIE HE cymecTByeT. Ho B mpoBoAHMKE, KOTOPHINA B IIEIOM HEUTpPaJeH, IPUBECTH B IBIKCHUE
3apsan B 1 Ko He cocraBisgeT 6onpmoro Tpyna. Benb B 0OBIIHON AIEKTPUISCKON JTaMIiouke MOIIHOCTRIO 100 BT npu HampsbkeHUH
127 B cuna toka HemHoro menbie 1 A. Ilpu 3ToM 3a 1 ¢ depe3 momepeyHoe ceueHre MPOBOJHUKA MPOXOIUT 3apsAll, TOUTH
paBHBIN 1 K.
MuHUMaNEHBINA 3apsii, CYIECTBYIONINNA B IPUPOAE, - 9TO 3aps dIeMEeHTapHBIX yacTuil. B exnanmax CU Momyms 3Toro 3apsna
paBeH:

e=1,6-10"° Kr.| (14.5)
3apsin, ;<0T0prP“I MOJKHO COOOIINTH TEY, BCEr/Ia KpaTeH MUHUMAIILHOMY 3apsiy:
g=xN|e|,

rae N - nenoe uucio. Korga 3apsni Tena cymiecTBEHHO OoJibllle TO MOAYJII0 MHHHMAIBHOTO 3apsiaa, TO IIPOBEPSTH
KpPaTHOCTh HE UMEET CMBICIIA, OJJHAKO KOT/Ia peub HACT O 3apsAne YacTHI] AAep aTOMOB, TO 3apsi UX AOJDKEH OBITh BCErna paBeH
LENOMY YHUCITY Monynen 3apsza JJIEKTPOHA.
B CU enunnna 3apsna - KyJIOH YCTaHABIMBAETCS C MOMOIUBIO €IWHUIBI CUIIBI TOKA - aMmIep. DJIEMEHTapHBIN 3IEKTPUIECKUN
sapan e = 1,6210'° K.
JJIeKTpHYecKoe noJie
Yro Takoe 3jeKTpHYeckoe moJse? Mpl 3HaeM, 4TO 3JEKTPHUUECKOE IOJie CYIIECTBYET PpEaJIbHO: €ro CBOWCTBA MOXKHO
HCCIIeI0BaTh ONBITHBIM ITyTeM. Ho MBI HEe MOXeM cka3aTh, U3 YEero 3TO I0JI€ COCTOUT. 3/1eCh MBI JOXOJUM /10 TPAHHUIIBI TOTO, YTO
U3BECTHO HayKe.
JloM cocTouT U3 KHpHuuell, INUT U JPYTUX MaTepHajoB, KOTOPBIE, B CBOIO OYepelb, COCTOST M3 MOJIEKYJ], MOJIEKYJBl - W3
aTOMOB, aTOMBI - U3 3JIEMEHTapHbBIX YacTHUll. boiee e MpocThIX 00pa3oBaHuil, YeM dJIeMEHTapHbIE YacTHIIbI, MBI He 3HaeM. Tak
e OOCTOMT JeN0 W C DIEKTPUYECKUM II0JIeM: HU4Yero Oojiee MPOCTOro, 4eM IoJjie, Mbl He 3HaeM. [loaTomMy o mpupone
3IEKTPUUYECKOTO oJIst MBI MOKEM CKa3aTh Wb CleAyIolee:
BO-TIEPBBIX, M0JIE  MaTepHAJbHO; OHO CYIIECTBYeT HE3aBHCHMO OT Hac, OT HAIIMX 3HAHMA O HeM;
BO-BTOPBIX, M0JI¢ 00J1ajaeT ONpeeaeHHBIMU CBOHCTBAMH, KOTOPBIC He MO3BOJIAIOT CIYTATh €ro ¢ 4eM-JIH00 APYrHM B
OKPY7KaI0IeM MHpe.
YcraHOBIEHHE JTHX CBOHCTB W (OPMHUpPYET HAmIM TPEACTABICHHS O TOM, YTO TaKoe 3JEKTPHUECKOE TIOJIE.
[Ipy U3y4eHHH BIICKTPUYECKOTO TIOJS MBI CTAJKHUBAEMCSI C OCOOBIM BHIOM MAaTEpHH, JBI)KCHHE KOTOPOH HE MOAYMHSECTCS
3akoHaM MexaHukd HproToHa. C OTKpPBITHEM JIEKTPUYECKOTO T0JIS BIIEPBBIE 32 BCIO HUCTOPHIO HAYKH MOSIBHJIACH TIIyOOKas Uies:
CYyILIECTBYIOT pa3iIu4yHbIe BUJIBI MaTepHH u KaXIOMY u3 HUX MIPUCYTITI CBOH CBOWCTBA.
OcHOBHBIE CBOMCTBA 3J1eKTPUYECKOro moJjs. ['1aBHOE CBOICTBO 3NMEKTPHUYECKOTO IONA - delicmaue e20 HA NeKmpuyecKue
3apadel ¢ Hekomopot cunoti. I1o 1eCTBUIO Ha 3apsa YCTaHABIMBAIOT CYIIECTBOBAHHUE IOJIS, PAaCIpEAETICHNE €r0 B IPOCTPAHCTBE,
H3y4aroT BCE ero XapaKTepUCTHKH.
OJeKTpuYecKoe T0Jie HEMOABIDKHBIX 3apsAJOB HA3BIBAIOT dJIeKTpocTaTudecknuM. OHO HE MEHSETCI CO BpEMEHEM.
ONEeKTpOCTaTHYECKOE T0JIE CO3AAETCS TOJIBKO AIEKTPUUYECKUMH 3apsgamMu. OHO CyIECTBYET B IPOCTPAHCTBE, OKPYIKAIOIIEM 3TU
3apsabl, u HEPa3pBIBHO c HUMH CBSI3aHO.
[To Mepe n3ydyeHns 31EKTPOAMHAMUKH MBI Oy/IeM 3HAKOMUTHCS] C HOBBIMH CBOWCTBAMH 3JIEKTpHUYecKoro mois. [TosnakomMumes u
C TMEpeMEHHBIM BO BPEMEHH OJJIEKTPUYECKHM IOJEM, KOTOpOE€ y»K€ He CBA3aHO C 3apsgaMH  Hepa3pbIBHO.
MHorue cBOMCTBa CTATUYECKUX U NIEPEMEHHBIX MoJIel coBnanatT. OHAKO UMEIOTCS MEXKAY HUMU U CYLIECTBEHHBIE Pa3IHuusl.
T'oBopst 0 cBoiicTBax MoOJs, Mbl OyleM Ha3blBaTh 3TO MOJE MPOCTO ANEKTPUUECKHM, €CJIHM JAHHOE CBOIMCTBO B paBHOW Mepe
MpUCYIIIe Kak CTaTUYECKUM, Tak u MIepPEMEHHbBIM TOJISIM.
CormacHo Teopuu ONM3KOAEHCTBHS B3aUMOJCHCTBHE MEXIY 3apsHKCHHBIMM YacCTHIIAMH OCYILIECTBIIETCS IOCPEICTBOM
ANIEKTPUYECKOr0 MOJIsl. DJNEKTpUYecKoe Tmoie - 3To ocobas Qopma MaTepuM, CYIIECTBYIOIIAas HE3aBHCUMO OT HaIIUX
npeAcTaBiIeHuit o0 HeM. JloKa3aTeslbCTBAa pEANbHOCTH JNEKTPUYECKOrO IOJS - KOHEYHas CKOPOCTh PaclpOoCTpaHEHUs
DJIEKTPOMArHUTHBIX B3aUMOJICHCTBUI 51 JIeHCTBUE IOJIA Ha 3apsKECHHBIE Tena.
HamnpsizkeHHOCTB 3J1eKTpHYeckoro moJst. IIpuHnun cynepno3nuun moJei
HenocTtarouHo yTBepxaaTh, 4TO JIEKTpHUECKOE MOje cymiecTByeT. Hago BBECTHM KONMYECTBEHHYKO XapaKTEPUCTUKY
nois. [locie 3TOro 3nMeKTpuYecKhe IOl MOKHO OyZeT CpaBHUBATh JPYyr C JIPYroM M TPOIOJDKAaTh H3ydaTh MX CBOWCTBA.
HanpskeHHOCTB 3J1eKTPUYECKOT0 MOJIsl. DIIEKTPUUYECKOE 110JIe 00HAPYKHUBACTCS 0 CHJIaM, ACHCTBYIOIIMM Ha 3apsii. MOKHO
YTBEPXKaTh, YTO MBI 3HAEM O MOJIE BCE, YTO HaM HYXKHO, €Cii OyJieM 3HaTh CHITY, JEHCTBYIONIYIO Ha JI000H 3aps] B 1000 Touke
HOJIL.
IlosToMy Hamo BBECTH TaKyl0 XapaKTepUCTHKY TOJS, 3HAHHE KOTOPOM TO3BOMUT ONPEHENUTH STy CHIY.
Ecnmu moodepenHo moMeIaTs B OHY M Ty K€ TOUKY IOJI HeOOJbIINe 3apsDKEHHBIC Tela M U3MEPSTh CHJIBI, TO OOHApyKUTCH,
YTO CWJjia, JEWCTBYIOMAs Ha 3apsii CO CTOPOHBI HOJS, MPSMO NPOIOPIMOHAIBHA 3TOMY 3apsay. JlelcTBUTENBHO, IIyCTh IOJe
co3gaercs TouedHbIM 3apsnoMq;. CoriacHo 3akoHy Kysona (14.2) Ha 3apsin ¢2A€dCTBYET cuia, MPOMOPIMOHANILHAS 3apsay ¢2.
ITosTOMYy OTHOILIEHWE CHUJIIBI, NEMCTBYIOLIEH HA IIOMEIIAEMBIN B JaHHYIO TOUYKY IOJIS 3apsijl, K 9TOMY 3apsay Al KaXKAOH TOUKU
MOJIsI HE 3aBHCHUT OT 3apsa W MOXET paccMaTpUBAThCS KaK XapaKTEPHUCTHKA IONA. Ty XapaKTePHUCTHKY Ha3bIBAIOT
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HalpsA’)KEHHOCTBIO JJICKTPUYCCKOTO ITOJIA. HOZ[OGHO CUJIC, HAIIPSKCHHOCTL IIOJIA — 6eKmMOpHas e6eludurnda; €€ 0003HAYAIOT
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OykBoi E  Ecm TIOMEIIEHHBIN B MOJIE 3apsil 0003HAYUTh Yepe3 ¢ BMECTO ¢2, TO HANPSHKEHHOCTH Oy/IeT paBHa:
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Hanpsascennocms nons 6 0anHoil mouke pagHa OMHOUWIEHUIO CUTIbL, C KOMOPOIL nojle 0elicmeyen Ha mo4eyuHblil 3ap:o,
nomeuieHHblil 6 my mouKy, K amomy 3apaoy.
OTcrona cuia, AeUCTBYIOMIASI HA 3apsl] ¢ CO CTOPOHBI SJIEKTPHUECKOTO TOJIS, PaBHA!
> >
F =qE. (14.8)
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HanpaBnenue BekTopa £ cosnamaer ¢ HalpaBlIE€HUEM CHJIBI, JeHCTBYIOIIEH Ha IOJOXKHUTENBHBIA 3apan, U
MPOTUBOIION0XKHO HaIpaBJICHUIO CHJIBI, JeiicTByroImei Ha OTpHULIATENbHBII 3apsi.
HanpsikeHHOCTh MOJII TOYeYHOro 3apsja. HalineM HampsoKeHHOCTh 3JEKTPUYECKOTO IOJIA, CO3[JaBAaEMOT0 TOYEYHBIM
3apsanoM ¢qo. [1o 3akony Kysona 3ToT 3apsan OyaeT JeiicTBOBaTh Ha IOJIOKUTEIBHBIHN 3aps g C CHIIOH, paBHOM
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Moyl HAIPSAKEHHOCTH T10J1 TOYEYHOTO 3apAa go Ha PACCTOSHUHU 7 OT HETO PABEH:
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BeKTOp HAMpsPKCHHOCTHU B 0001 TOUYKE QJICKTPHUYCCKOI'O IOJIA HAIIPpaBJICH BOOJIb HpﬂMOﬁ, COGZ[I/IHSIIO].Heﬁ OTY TOYKY U

3apsn (puc.14.7) ¥ coBIagaeT ¢ CUIIOH, AEUCTBYIONICH HAa TOUCYHBIH OJIOKHUTEIBHBIA 3apsi]l, IOMEIICHHBIH B JAHHYIO TOUYKY.
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Ipunoun cynepno3uuuu mojeil. Ecim Ha Teno AeHCTBYeT HECKOJNBKO CHJI, TO COIJIACHO 3aKOHAM MEXaHHWKH
PE3yJIBTHPYIOIIAs CHJIa PaBHA TEOMETPUIECKONH CyMME 3THX CHII:
-~ » >
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Ha nanexktpuueckue 3apsibpl IEHUCTBYIOT CHJIBI CO CTOPOHBI 3JIEKTPUYECKOTO NOJs. Eciau npu HaloXKEHUH MOJIEd OT
HECKOJBKHUX 3aps/IOB 3TU MOJS HE OKA3bIBAIOT HUKAKOTO BIMSHUS APYT Ha Jpyra, TO pe3yIbTHPYIOUIas CHIa CO CTOPOHBI BCEX
noseil ToJDKHA OBITh paBHAa T€OMETPHUYECKOM CyMME CHJI CO CTOPOHBI KaXAOro mois. OIBIT IMOKa3bIBaeT, YTO MMEHHO TaK U

MNpoOrUCXoauT Ha CcaMOM JCIE. 210 O3Ha4dacT, qTOo HalPsSI’KEHHOCTH rmojein CKJIaAbIBAKOTCA TCOMECTPHUICCKU.
eciiu 6 OAGHHOU mouKe npocmpancmea pa3iudnsle 3apANHCeHHble Hacmuybl co3zoaiom dNeKmpuiecKue noJii, HanpalsiCeHHocmu
> >
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Komopbth 1? L’ E-'i u m. 0., Mo pe3VIbMUPYIOWAA HANPANCEHHOCMb NOAA 6 IMOU MmOUKe pABHA CyMMe
Hanpax)3ceHHocmel IMux nonei:

{E’—E’l +E,+E;+...,| (14.10)

NpUYEM HAMPSHKEHHOCTh MOJISI, CO3/laBaeMasi OTACIbHBIM 3apsloM, OMPEIeNsseTcs TakK, Kak OyATO IPYrux 3apsoB,

CO3/IAfOIIHNX noJe, HE CYIIIECTBYET.

Bnaromapst IPUHIKITY CYNEPIIO3UIIMU IS HAXOXKICHUS HANPSIKCHHOCTHU IMOJISI CUCTEMBI 3apsDKCHHBIX YaCTHIl B JIFOOOH TOYKE

JIOCTaTOYHO 3HaTh BbIpaxkeHue (14.9) ams HampsHKEHHOCTH TOJS TodeyHoro 3apsiga. Ha pucynke 14.8 mokazaHo, Kak
>

ONpeeNsieTcs HAPSKEHHOCTD TOJIS E 5 touxe A, co3faHHas AByMsl TOUEUHBIMU 3apsfiaMU q; Uq2, q1>q>2
E,

BBGHCHI/IG QJICKTPHUUCCKOTI0 MOJIA MO3BOJIACT pa3ACJnTh 3aJa4y BbIYHCICHUSA CHUJT BSaHMOHGﬁCTBHH 3apsSPKCHHBIX YaCTUI]
Ha ABC 4YacCTH. CHavaja BBIYHCIISIOT HAIIPpsPKCHHOCTh  110JI4, CO3JaHHOI0 3apsagaMu, a 3aTeéM II0 H3BECTHOU Halps’)KEHHOCTU
OMPECACIIAIOT CUIIBI. Taxkoe pa3aciIi€eHue 3a1a4n Ha 4aCTU 00BIYHO O0JIeTYaeT pacyde€Thl CUJL.

CuJjioBble JJMHUHT IJICKTPUIECCKOI'0 IMOJIsl. Hal’lpﬂ)l(eHHOCTl) moJIsA 3apPAKEeHHOI0 mapa
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DrekTpuieckoe Toje HE JeUCTBYET Ha OpraHbl YyBCTB. Ero MBI HE BU/IVM.

OpHaKO MBI MOXKEM IIOJYYHTh HEKOTOPOE MPEJCTABICHHE O PACHPENCICHUN TI0JIs, €CIM HAPHCYEM BEKTOPHI HAIIPSHKEHHOCTH

HOJISL B HECKOJIBKUX TOYKax IpocTpaHcTBa (puc.14.9, cnesa). Kaptuna Oyner Oosiee HarisiiHOM, €cIM HApUCOBATh HENPEPHIBHBIC

JIMHHY, KacaTelbHBIE K KOTOPHIM B KaKIOW TOYKE, Yepe3 KOTOPYIO OHH HPOXOIST, COBMAJAIOT IO HANPABICHHIO C BEKTOPAMH

HANPSDKEHHOCTH.  OTH  JIMHUM ~ HAa3bIBAIOT CHJIOBBIMM  JIMHHAIMH  JJIEKTPUYECKOro  MOJA  WIM  JIHHHSIMH
HANIPSIZKEHHOCTH (puc.14.9, cupasa).
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Prsc. 14.9
HaHpaBHCHI/IC CHJIOBBIX JIMHHH TO3BOJICT OIIPCACIINTG HAIIPABJICHHUEC BEKTOPA HANPSXKCHHOCTH B PA3JIMYHBIX TOYKaxX

MOJIS, & TYCTOTa (YUCIIO JIMHUHM Ha eIWHUILY IDIOIIAN) CHIOBBIX JTHHUHN IMOKAa3bIBAeT, Te HANPSHKEHHOCTH oS Oonpmie. Tak, Ha
> -

S - I
pucynkax 14.10-14.13 rycrora CWIOBBIX JHHHA B TOYKax 4 Oonpie, 4YeM B Toukax B. O4YeBHUIHO, E 2> E B,

He cnenyer mymatp, 9TO JTMHUHM HANpsDKEHHOCTH CYIIECTBYIOT B IEHCTBHTENBHOCTH BPOIE PACTAHYTHIX YIPYTHX HUTCH WIIH
IIHYPOB, Kak mpexmnonaran cam @apaneit. JImHNN HAPSHKEHHOCTH IOMOTAIOT JIMIIG HATJIIIHO MPEICTaBUTh PACHIPEACIICHHE OIS
B mpoctpanctBe. OHuM  He  Oojee  peadbHBl, UYeM  MeEpUAMAHBl W Tapajule]d  Ha  3€MHOM  Imape.

OnHaKo CUJIOBBIE JMHUU MOXKHO CAeNaTh BUAUMBIMU. ECIU TpomoiroBaThie KPUCTALIUKK H30JATOpa (HAIpUMeEp, XUHUHA)
XOpOIIIO TIepeMenIaTh B BSI3KOW KUAKOCTU (HApPHUMEp, B KACTOPOBOM Maciie) U MOMECTUTh TyJAa 3apsDKEHHBIE Tella, TO BOJIM3H
9TUX Ten KPUCTAIITUKU BBICTPOSITCS B LIETIOYKH BJIOJIb TUHUR HaNPSHKEHHOCTH.

Ha pucynkax mnpuBeaeHb! IpUMEphl JUHUN HAMpPsHKEHHOCTH: MOJOXHUTENBHO 3apshKeHHOTo mapuka (cM.puc./4.10); nByx
Pa3HOMMEHHO 3apsDKCHHBIX IIAPUKOB (CM. puc.14.11); IByX OJHOMMEHHO 3apsiKCHHBIX IIAPUKOB (CM. puc.l14.12); NByX IUIaCTHH,
3apsibl KOTOPBIX PaBHBI IO MOYJIIO M IMIPOTHBOIIONIOXKHEI IO 3HaKy (cM. puc.14.13). Ilocneanuii mpumep ocobernHo Ha pucynke
14.13 BHOHO, YTO B MPOCTPAHCTBE MEXIY IUIACTHHAMH ONMKE K CEpeIMHE CHIIOBBIC JMHUH MapaUIeIbHbI: SJIEKTPHUECKOE TOJe
37€Ch OJIMHAKOBO BO BCEX TOYKAX.

Ao/ \\{/,,;;
)

/ W "'/'L+i+++++++ﬁ‘+,++l\“~\ ‘
—— A 1y vl‘v! TREIR
: S AW I 18]
- /, \ K \ <\ _‘_1__[_1{‘_,_i_'__( >
4 . /, 8 ¢
Puc. 14.10 Puc. 14.11 \ Puc. 14.12 Puc. 14.13

SHCKTPI/I‘ICCKOG T10JI€, HANIPSKEHHOCTh KOTOPOIr0 OAMHAKOBA BO BCEX TOYKAX MPOCTPAHCTBA, HA3BIBAECTCS OAHOPOIHBIM.
B OrpaHquHHOﬁ obnactu MPOCTPAHCTBA JJICKTPUICCKOC TI0JIC MOXKHO  CHHMTATh HpI/I6J’II/I)K6HHO OAHOPOAHBIM, €CJIA

HAIPSKEHHOCTD T10JIs1 BHYTpU 3TOMN obsactn MEHSETCS HE3HAYUTEIILHO.
OmHOpPOIHOE IEKTPUUECKOE TI0JIe M300pakaeTcs MapaylIeIbHBIMU JIMHUSIMHY, PAcTIOIOKEHHBIMY Ha PABHBIX PACCTOSHUSX APYT
oT Japyra.

CuiioBBI€ JTMHUHM DJIEKTPUYECKOTO IOJI HE 3aMKHYTHI, OHM HAYMHAIOTCS Ha ITOJIOKUTENBHBIX 3apsiax M OKAaHUYMBAIOTCS Ha
oTpuuaTenbHbIX. CHIOBBIE JHMHUM HEMPEPBIBHBI M HE IEPECEKaloTCsl, TaK KaK IepecedeHHe O3Hadano Obl OTCYTCTBHE
OIIPEJICJIEHHOI'O HAIIPaBJICHUS HAIIPSDKEHHOCTH JIEKTPUYECKOTO 110JIsl B JAHHOU TOUKE.

IIpoBOAHMKH B 3J1EKTPOCTATHYECKOM IO

YTo NpoHCXOAMT ¢ TENaMH, €CIIU UX 3apsIUTh WK MOMECTHTh B dJIeKTpudeckoM mnoje? IIpomie BCero OTBETUTh HA 3TOT
BOIIPOC B cirydae MIPOBOJIHUKA.

Cpoboanbie 3apsaabl. B mpoBogHnKax, K KOTOPBIM B IEPBYIO O4epENb OTHOCATCS METAILIbL, UMEIOTCS 3apsKEHHbIE YaCTHIBL,
CIIOCOOHBIE TepeMeNaThCcsl BHYTPH MIPOBOAHUKA T10]I BIMSHUEM 3JIEKTpUYecKoro mnouist. I1o 3Tol mpuyMHEe 3apsabl STHX YacTHI]
Ha3bIBAIOT CBOOOIHBIMH 3apsaMH.

B Merammax HOCHTENSIMH CBOOOJHBIX 3apsIOB SBIIOTCA AIEKTPOHBI. [Ipm oOpazoBaHMM MeTajula €ero HeWTpajbHBIE aTOMBI
HAYMHAIOT B3aMMOJAEWCTBOBATH APYT C ApYroMm. biaromapst 3ToMy B3aMMOJEHCTBHIO 3JIEKTPOHBI BHEUIHHX OOOJIOYEK aTOMOB
MOJTHOCTBIO YTPAUMBAIOT CBSI3H CO CBOMMH aTOMAaMU M CTAHOBSTCSI «COOCTBEHHOCTBIO» BCETr0 NPOBOJHUKA B 1I€I0M. B pe3ynbTate
00pa30oBaBIIMECS TIONOXKUTEIFHO 3apsDKEHHBIC HOHBI OKa3BIBAIOTCS OKPY)KEHHBIMH OTPHIATENFHO 3apsDKEHHBIM — «Ta30My,
00pa30BaHHBIM KOJLIEKMUBUZUPOGAHHBIMU SEKTPOHAMHU. DTH CBOOOJHBIE 3IEKTPOHBI YUYaCTBYIOT B TETJIOBOM ABMXXCHUH U MOTYT
HepEMEINATHCS 110 METAIITY B TF000OM HalpaBJICHHUU.

DJIeKTPUYECKHIi 3apsii NPOBOJHUKOB. BHYTpU NpoBOAHNKA IPU PABHOBECUU 3apPSAJ0B HE TOJIBLKO HAMPSXKEHHOCTD MO
paBHa HYJIIO, PaBEeH HYIIO U 3aps. Bech craThueckuil 3apsj NPOBOJHUKA COCPENOTOUEH Ha €ro MmoBepxHocTH. B camom nene,
ecni Obl BHYTPH NMPOBOJHHUKA MMEJCS 3apsid, TO BOMM3M 3apsaa MMesoch Obl M rmoiie. Ho 3/eKTpocTaTHuecKoro mojis BHYTPH
npoBosHNKA HeT. CIeIoBaTelbHO, 3apadbl 8 NPOBOOHUKE MOSYM pPACHONA2AMbCA MOIbKO HA €20 NOGEPXHOCHMU. DTOT BBIBOJ
CIPAaBENIUB KAk Ul  HE3apsDKCHHBIX  IIPOBOJHUKOB B JJIGKTPUYECKOM  IIOJ€, TaK M I 3apsHKCHHBIX.

IIpu paBHOBecHHU 3apsA[OB AJIEKTPUYECKOE IOJIE M JJIEKTPUYECKUH 3apsA] BHYTPU NPOBOAHUKA paBHBI Hym0. Becwh 3apsn
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COCPEZIOTOYCH Ha IOBEPXHOCTH NMPOBOJAHUKA, a JIMHUM HANpPSDKCHHOCTH 3JIEKTPUYECKOrO MO B JIOOOH TOYKE MOBEPXHOCTH
MPOBOJHMKA NEPIIEHANKYJISIPHBI 3TON TTOBEPXHOCTH.
JM31eKTPUKH B 3JIEKTPOCTATHYECKOM MoJie. [I[Ba BUIa AMJIEKTPUKOB
Kakoe BimsiHME OKa3bIBAIOT Ha 3JIEKTPOCTATHYECKOE MOJIE Tela, HE SIBIISFONIMECS] TPOBOJHUKAaMu? 1Sl BBIICHEHUS 3TOTO
BOIIpOCa HaJ0 Omike MTO3HAKOMUTHCS co CTPOCHHEM TaKUX Tel.
VY u3omsTOpa MM IUAIEKTPHUKA IEKTPUUECKHE 3apsiibl, a TOUHEE, MEKTPUUCCKH 3apsDKCHHBIE JaCTHIBI - 3JICKTPOHBI U SIpa B
HEUTPAIBHBIX aTOMax c6A3aHbl APYT ¢ ApyroM. OHH HE MOTYT, MOJOOHO CBOOOIHBIM 3apsiiaM MPOBOJHHKA, IIEPEMEINATHCS MO
JEeHCTBHEM INEKTPUIECKOTO oJIA 1o BCEMY o0BeMy Terna.
Paznuaue B CTpOGHMM TPOBOJHHKOB M JAWAICKTPHKOB IPHBOJUT K TOMY, YTO OHM IIO-pa3HOMY BEIyT cebs B
3IEKTPOCTATUYECKOM I0JIe. DIIEKTPUIECKOE M0JIe MOXKET CYIIECTBOBATh BHYTPU AUINIEKTPUKA.
JABa  Buaa  gmdsekTpukoB.  CyllecTBylolMe — AMAJIEKTPUKK ~ MOXKHO — pa3OMTh  Ha  JBa  BHJA:
noaspuvle, COCTOSAIINE U3 TAKUX MOJEKYJ, Y KOTOPBIX LEHTPHI paclpeeNeHus MOJ0XKUTEIbHBIX U OTPUIATENbHBIX 3apsAA0B HE
COBIAJAIOT;
HenosapHsie, COCTOAIINE M3 aTOMOB WM MOJEKYN, Y KOTOPBIX LEHTPHI pacHpeAeicHUs MOJO0KHUTENbHBIX M OTPHUIATENbHBIX

3apsa0B COBIAJAIOT. CnenoBaTelbHO, MOJICKYJIBI y ITHX JIUAJICKTPUKOB pasHbIe.
K monspHBIM IUAIEKTPUKAaM OTHOCSTCS CIHPTHI, BOJA M JAPYTHE BEMIECTBA; K HEMOJAPHBIM - MHEPTHBIC Ta3bl, KUCIOPO,
BOAOPOI, OEH301, MMOJIUI THIIEH u Ip.

CymiecTBYIOT JBa BUa IUBIEKTPUKOB: MOJSIPHBIE U HETONsipHbIe. OHM Pa3In4aloTcs CTPOSHUEM MOJIEKYII.
IMoTeHuuabHasi 3HEPTUs 3aPSKEHHOT0 TeJIa B OAHOPOJAHOM 3JIEKTPOCTATHYECKOM I0JIe

3apspKeHHBIC Tesla TPHUTSATUBAIOT WM OTTAJKMBAIOT APYr aApyra. [Ipw mepemerneHuM 3apsUKEHHBIX TN, HalpuMmep
JIMCTOYKOB DJIEKTPOCKONA, JCUCTBYIONIME HA HUX CHJIBI COBEPIIAIOT paboTy. M3 MeXaHWKH M3BECTHO, YTO CHUCTEMa, COCOOHAs
COBepUINTh paboTy Onaronapsi B3aMMOJECHCTBHIO TeN JAPYT C APYroM, oOJialaeT MOTEHLHUAIbHOW dHEeprued. 3Ha4uT, cucrema
3apsOKEHHBIX  Ten  o0JajgaeT MOTEHIMAIbHON  »PHeprueil,  Ha3bIBaeMOH  3JIEKTPOCTATHYECKON MIH 3JeKTPHYeCKOi.
[ToHsiTHEe NOTEHIMATIBHOW SHEPTUH CaMOe CJI0XKHOE B 3JIeKTpocTaTuke. BCroMHUTE, Kak Helerko ObLIO MpeAcTaBUTh cede, 4To
TaKkoe IMOTeHIHANbHAs SHeprus B MexaHuke. CHly MBI OIIyIaeM HETOCPEACTBEHHO, a MOTEHIMAIBHYIO dHepruio HeT. Ha msatom
JTaKe I0Ma IOTEHIMaNbHasi SHEpPTusl Hallero teja OoJjblie, yeM Ha nepBoM. Ho MBI 3TO HUKak He BoclpHHHMaeM. Pazinune
CTaHOBHUTCS MOHATHBIM, €CIIM BCIIOMHHTH, YTO IPH IOABEME BBEPX NPHIIIIOCH COBEPIIUTH PaOOTY, a TaKXKe eCJIU IPEICTaBUThH

0666, qTOo r[p01/130171z[eT npu nmaacHun C IIATOTO oTaxa.
9Hepr1/1$1 BSaHMOﬂeﬁCTBHH OJICKTPOHOB C AApPOM B aTOMC W OHCPIrus BBaI/IMO,Zlef/‘ICTBI/IH aTOMOB Apyr € APYIroM B MOJICKYJIax
(XI/IMI/I‘ICCKaﬂ SHCpFI/Iﬂ) - 9TO B OCHOBHOM OJICKTPHUYCCKasg OHEPIHUs.

C TOYKH 3peHUs TEOpPHH ONM3KOACUCTBHUS HA 3apsl HEIOCPEICTBCHHO NEHCTBYET AIIEKTPHUIECCKOE IIOJIE, CO3TAaHHOE IPYTUM
3apsgoM. [lpn mepememeHnn 3apsga ASHCTBYIOMas Ha HETO CO CTOPOHBI IO CHJa coBepmiaeT paboTy. (B mampHewmem mis
KpaTKOCTH OyZeM TOBOPUTH MPOCTo 0 padote moisi.) [IoaToMy MOKHO YTBEPIKAATh, YTO 3apSHKEHHOE TEJIO B DIICKTPHYECKOM I10JIe
obnmamaer  oHeprued.  Halizem  NOTEHIMANbHYIO  DHEPTHUIO  3apsiia B OJHOPOJAHOM  DJIEKTPUYECKOM  TIOJIE.

Pabora npu mepeMelnieHUU 3apsa B OAHOPOJHOM 3JIeKTpPOcTaTH4YeckOM mnose. OJHOPOAHOE TOJIe CO3JAI0T, HAampUMep,
Oonpire TmapayuiebHble METAJUIMYECKHE TUIACTHUHBI, MMEIOIINE 3apsiibl MPOTHUBOMOJIOKHOTO 3HAKA. 3T9 mojie JeWCTByeT Ha
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3apsil g ¢ TMOCTOSTHHOW CHIIOHN , TTOJOOHO TOMY Kak 3eMJIs IeHiCTBYET C IMOCTOSHHOW CHJION > Ha KaMeHb
BONM3H ee HOBEPXHOCTH.
IIycTe mimacTWHBI PACHOJIOKEHBI BEPTHKANBHO (puc./4.26), neBas miIacTHHA B 3apspkeHa OTpHUIATeNbHO, a mpaBast D -
MOJIOXKUTENbHO. BprmcnuM paboTy, coBepumlaeMyr0 TOJE€M MpH MEepeMENICHHH MOJO0XHUTEIbHOTO 3apsijia ¢ U3 TOYKH /,
HaXOJIAIIENHCs Ha PACCTOSHUM d; OT JIEBOM IUIACTHHBI, B TOUYKY 2, PACIOJIOKEHHYIO Ha pacCTOSHUU d> oT Hee. Touxu / u 2 nexar
Ha OJIHOM CHUJIOBOU JTWHUM.
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SHCKTpI/IquKOC T10JIC l'[pI/I HCpeMeIlIeHI/II/I 3ap${[[a COBepHII/IT HOJ'IO)KI/ITCJ'IBHYIO pa60Ty
A=¢qFE (d, -d,) =qgEAd. 14.12
1 A
Ota pabora He 3aBUCHUT OT (POPMBI TPACKTOPUH, TOJOOHO TOMY KaK HE 3aBHUCHT OT (hOPMBI TPACKTOPHU paboTa CHIIBI
TAXKECCTHU.
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IoTenunansHast 3Heprus. Ilockonbky paboTa 3JIEKTPOCTATHYECKOH CHUITBI HE 3aBUCHT OT (DOPMBI TPAEKTOPHU TOUKH €€
NPWJIOXKEHUS, 9Ta CUIIa SIBJIAETCS KOHCEPBATHBHOW, M ee pabora coriacHo ¢opmyie (6.23) paBHa M3MEHEHHIO IOTEHIMAIBLHOM
SHEPIHH, B3ITOMY C IPOTUBOIOJIOKHBIM 3HAKOM:

A=—(W_,-W_)=—AW,. (14.13)

CpaBHuBas mosydeHHoe BblpakeHue (14.12) ¢ oOummM omnpeseneHueM NMOTeHUUadbHOH sHepruu (14.13), BuauMm, 4to

MOTEHIMaIbHAs SJHEPTus 3apsa B OJHOPOJHOM 3JIEKTPOCTATUIECKOM I10JIE€ PaBHA!

W_=gEd. (14.14)
(CqHTaeM, 410 B TOYKE 2 MOTCHIMATbHAS SHEPTHS paBHa HYJIIO.)
W_= mgh

®dopmyna (14.14) nonobHa dopmyne f JUTSL IOTeHLHAJIbHON 3Heprun Tena. Ho 3apsin ¢ B oTIMYUEe OT MaccChl
MOXET OBITH Kak TOJIOKUTETHHBIM, TaKk u OTpULATENbHBIM.
Ecnmu mone coBepiiacT IMOJOXKHUTEIBHYI paboOTy, TO TOTCHIMANbHAS JHEPTHs 3apsHKCHHOTO Tejia B IOJE

r
YMEHBIIIAeTC: AW, <0 . ODHOBpPEMEHHO COTJIACHO 3aKOHY COXpPaHEHHs SHEPTHH PACcTeT ero KUHeTHdeckas »Heprus. U
HA00OPOT, eciau paboTa OTpUIATEIbHA (HANPUMEP, TMPHU JBWKCHHUU IOJIOKUTEIHHO 3apsDKCHHON YACTHIBI B HAMPABJICHUH,
>

IMMPOTHUBOIIOJIOKHOM HAIIPABJICHUIO BEKTOPA HAIPSIKCHHOCTU MOJIA E , OTO JBHIXXCHUC HO[[O6HO JBUXXCHUIO KaMH, 6p01HeHHOFO

BBEPX), TO AW n > O [lorennmanpHass >HEPTUs pacTeT, a KWHETHYECKass SHEPTUs YMEHBIIAeTCs; YaCTHIA TOPMO3HTCS.
Ha 3amkHYTOH TpaekTopuH, KOT/ia 3aps/] BO3BpAIaeTCs B HAUalIbHYI0 TOUKY, paboTa 101 paBHA HYJIO:
A=-AW_=—(W_,-W_)=0.
3apspKeHHBIE YaCTHUIIBI B AJIEKTPOCTATHUECKOM I10JIe 00J1alaloT MOTEHINAIbHOM sHepruei. Ilpu nepeMerneHun 4acTHIIbI
U3 OJJHOM TOYKH IOJISI B JIPYTYIO AJIEKTPUUECKOE II0JIe COBEpIIAeT padoTy, HE 3aBUCAIIYIO OT (OpMBI TpaeKTOpHH. DTa paboTa
paBHA U3MEHECHUIO IOTCHIINATBHON SYHEPTHH, B3ATON CO 3HAKOM «-».
IMoTeHIMAN 3JIEKTPOCTATHYECKOTO MOJISI H PA3HOCTH MOTEHIHAJIOB
B wmexanmke B3auMHOE [eiicTBHE TeN Jpyr Ha JApyra XapaKTepu3yIOT CHWIOH W IOTCHIMAIbHOH SHEpruei.
DJNeKTpOCTaTHIECKOE TOJIE, OCYIIECTBISIONICE B3aMMONCHCTBHE MEXAY 3apsalaMH, TakKe XapaKTepPH3YIOT IBYMsS BEITUYMHAMH.
HanpspkeHHOCTE TIONSL - 3TO cunogas xapakmepucmuka. Temepb BBEIEM HHEPTETHUCCKYI0 XapaKTEPUCTHKY - IMOTEHITHAI.
HoTtennuan moJsi. Pabora 1r000r0 37IEKTPOCTATHIESCKOTO TOJS IPH TIEPEMEIICHUN B HEM 3apsDKCHHOTO TEla U3 OJHOM TOYKH B
JPYIYIO0 Tak)Ke HE 3aBHCHT OT ()OPMBI TPAaCKTOPHHM, KaKk U paboTa OJHOPOJHOrO Nois. Ha samknymou mpaekmopuu paboma
INEKMPOCAMUYECKO20 NOoJisl 6cecoa paena Hymo. Ilons, oOnamarolye TakuM CBOWCTBOM, Ha3blBAIOT MOTEHIUAJLHBIMH.
IToTeHnmaabHBIHN XapakxTep, B 9aCTHOCTH, nMeer 3NIEKTPOCTaTHYECKOe mojue TOYEYHOTO 3apsja.
Paboty MOTEHIAIBHOT O oJIst MOJKHO BBIPA3UThH yepes U3MEHEeHUe MOTEHIMATIBHOMN SHEPIUu.

Dopmymna A=—(Wy,—Wy,) CrpaBeUTiBa JUIsl JII000TO 3JEKTpocTaTHYecKoro nomsi. Ho Toybko B cirydae OAZHOPOIHOTO
oJIst MOTEHUHUAJIbHAS SHEprus BbIpaXkaeTcs (bopmyoi (14.14).

Morenuuan. IloTeHnManbHas SHEPrys 3apsa B AJIEKTPOCTATUUECKOM I10JIE MPONOPIMOHANBHA 3apsiay. JTO CIIPaBEJIMBO Kak
g omHOpomHoro moiist (cM. dopmyny (14.14)), tak u mna HeomgHOpoaHoro. CrenoBaTENbHO, OMHOWEHUEe HNOMEHYUANbHOU

IHepeuu K 3apﬂ<)y He 3asucum om NOMeu|eHHo2co 8 noJie 3apsnaa.
DTO NO3BOJISIET BBECTH HOBYIO KOJIMYCCTBECHHYIO XaPAKTCPUCTUKY IIOJIA - noOmeHyual, HE 3aBUCALIYI0 OT 3apsaaa, TOMEIICHHOTO
B moJIe.

I[J'IH OIPCAC/ICHNUA 3HAYCHUA HOTeHL{PIaJ'ILHOﬁ OHEPrum, Kak Mbl 3HACM, H€O6XO,I[I/IMO BBI6paTB HyHCBOﬁ YPOBCEHb €€ OTCUCTA. HpI/I
OIPCACIICHNH TMOTEHIIMAJIa MOJIsA, CO3aHHOTO CHCTEMOM 3apsa0B, OpeArnojgaracTcsda, 4To nNOTeHOUAl B OCCKOHEYHO yHaJ’ICHHOﬁ

TOYKE IoJIs PaBCH HYIIIO.
HOTeH].[l/IaJ'lOM TOYKH JJICKTPOCTATHYECCKOI0 II0Jd Ha3bIBAIOT OTHOIICHHE HOTeHHHaﬂbHOﬁ JHEprum 3apsaa,
MOMEIIEHHOT 0 B JAHHYIO TOYKY, K ITOMY 3apsay.
CormacHo JaHHOMY ONIPEACJICHUIO ITOTCHIINAJI paBEH:
W, )
P = e (14.15)

>

=
HampskeHHOCTD OISt E . BekTOpHas BenwunHa. OHa TpeACcTaBiseT cOO00H CHUIIOBYIO XapaKTEPUCTHKY IO, KOTOpas

. ( .
OnpeJeNsieT Cuily, ICUCTBYIOLIYI0O Ha 3apsj { B JaHHOM TOYKe moJsA. A MOTEHLHAT - CKalsip, 3TO SHEPeemuyecKds

xapakmepucmuka noJis; OH OIpeAC/IACT NOTCHIUAIbHYIO DOHEPIruto 3apdaaa / B I[aHHOﬁ TOYKE I10JIA.
J

s o s (14.16)
q

Pa3HocTh moTeHuuanoB. [10100HO MOTEHIIMATBFHONW HSHEPIHWH, 3HAUYEHHE TOTCHIHANa B JAaHHOH TOYKE 3aBHUCHUT OT
BbIOOpa HYJIEBOTO YPOBHS I OTCYETa MOTEHIWAaia, T. €. OT BBIOOpPAa TOYKH, MOTEHIHWAT KOTOPOW IMPHHUMAETCS PABHBIM
HyI0. M3menenue nomenyuana He 3aBUCUT oT BbIOOpa HYJIEBOTO YPOBHS oTcyera MOTEHIINANIA.

.
/‘( n - (1 (p’ .
Tak Kak MOTeHIMAIbLHAS YHEPTHSI , TO paboTa CWJI TIOJIsl paBHA:

A=—(W_ ,-W )D)=—q (@, —¢;) =g (¢, — ¢;) = qU. (14.17)
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3nech
U=¢, -9, (14.18)

- Pa3HOCTh IIOTCHLMANOB, T. €. Pa3sHOCTb 3HAYCHWH IIOTCHIHMAJla B HAYaJbHOW M KOHEYHOHW TOYKax TPacKTOPHHU.
Pa3noctb HOTEHLNATIOB Ha3bIBaIOT TaKoKe HaNPsKeHHeM.
Cornacao opmynam (14.17) u (14.18) pa3HOCTS TOTCHIIHAIOB MEXKTy TBYMS TOYKAMH OKAa3bIBACTCS PABHOM:

U=g¢, - @,= j (14.19)

Pa3HocTh mOTeHHMAJIOB (HANPSIKEHHE) MEXKAY JABYMsi TOYKAMH pPAaBHA OTHOIIEHHI0 PadOTHI MOJA NpH
nepeMelieHNN MOJOKUTEIHHOT0 3apsifla W3 HAYAJbHOW TOYKHM B KOHEYHYI) K BeJHYHHE JTOro 3apsja.
Ecmu 3a HyneBo#l ypoBeHb OTCUCTa MOTCHIMANIA MPUHATH MOTCHIMAT OCCKOHCYHO yNAJICHHON TOYKHU MOJIsA, TO MOTCHIHAN B
JTAHHOM TOYKE paBEH OTHOIICHHUIO PAa0OTHI 3JCKTPOCTATHICCKHUX CHJI IO MEPEMEIICHHUIO ITOJIOKUTEIBHOTO 3apsiia U3 TaHHON TOYKH
B 0ECKOHEYHOCTh K 3TOMY 3apsay.
EnuHuma pa3HoCTH NMOTEeHIHUANO0B. EMUHMIY pa3sHOCTH TMOTCHIMAJIOB YCTAaHABIWBAIOT ¢ momombsio ¢Gopmynsr (14.19). B
MekayHapoIHON cHCTeMe eAWHHI[ Pa0OTy BBIPAXKAIOT B JUKOYISAX, & 3apsi] - B KyJoHax. [losmomy pasnocms nomenyuanog
MedHcOy 08YyMsL MOUKAMU YUCTEHHO PAGHA edunuye, eciu npu nepemewenuu 3sapsoa ¢ 1 Kinuz oowoii mouku 6 opyeyio
anekmpuyeckoe noiae cogepuiaem pabomy 61 JIx. DTy enmuHuiy HasbBaioT eoaemom (B); 1 B = 1 JIx/1 K
DHEPreTU4ecKyl XapaKTepPUCTHKY AJIEKTPOCTATHYECKOrO MOJS HA3bIBAIOT MOTEHUUANOM. [IOTEeHIMAan JaHHOW TOYKH MOJIs
PaBCH OTHOIICHHIO MOTCHIMAIBHOMN SHEPTHH 3apsiia, MOMEIICHHOTO B 3TY TOYKY B MOJI€, K 3apsiay. Pa3HOCTh MOTCHIMAIOB MEXITY
JBYMs TOYKaMH YHCJICHHO paBHa pabOTe CHJI MOJIA IO MEPEMEIICHUIO CAMHUYHOTO 3apsga MEXAy O3TUMH TOYKAMHU.
CBs13b MEKIY HANPSIZKEHHOCTHIO JIEKTPOCTATHYECKOTO MOJISA H PA3HOCTHIO MOTEHIHAJIOB.
Kax1oit Touke 3JIEKTPUYECKOrO MOJIsi COOTBETCTBYIOT OIPE/IC/ICHHBIC 3HAUCHHS MOTEHI[MAa U HanpsbkeHHoCTH. Haiinem
CBSI3b HANpPSHKCHHOCTH 3JIEKTPHUYECKOTO oJIst c TMOTEHIATIOM.

[TycTs 3apsin g mepeMemaeTcsi B HaNpaBICHHH BEKTOPA HANPSDKCHHOCTH OJHOPOMHOTO JICKTPHUYECKOTO TOJIS E w3 toukn I8
TOUYKY 2, HaXOSIIYIOCA HA pacCTOSIHUU Ad or rouxu 1(puc.14.28). DnexTpudecKkoe moje copepmaeT padory:

A = gEAd.

VST

L I S W S~ Y

3ty paboty cornacHo Gopmyie (14.19) MOKHO BBIpa3UTh Yepe3 PasHOCTh MOTCHIIMAIOB B TOUKax [ u 2:
A=q (9, —9)=¢qU. (14.20)

HpI/IpaBHI/I_BaFI BBIPAXKCHUA 1JIA pa6OTLI, Haﬁ,[[eM MOAYJIb BEKTOPa HAIIPSXKEHHOCTH OJIA:

Fal

: By (14.21)

B aroii hopmyne U - pa3HOCTh MOTSHIIMAIIOB MEXAY TOYKaMU / U 2, KOTOPBIC CBSA3aHBI BEKTOPOM TepeMeILIeHHS Ad ,

COBIAIAIOLIUM 1o HaIpaBJICHUIO c BEKTOPOM HaNpsKEHHOCTH E (eMm. puc.14.28).

dDOpMyna (1421) MOKa3bIBACT: YEM MCHBIIC MCHIACTCA NOTCHIHAJT Ha PACCTOSAHHUU "'ﬁd, TEM MCHBIIC HANPAKEHHOCTb
QJICKTPOCTATUYCCKOI'O  IOJIA. Ecmm NOTEHIIMaJI HE  MCHACTCA COBCEM, TO  HAIPSIKCHHOCTb IOJ  paBHA  HYJIIO.
»

Tax kak pu MEPEMCUICHUN MOJIOKUTCIBHOI'O 3apsi/ia B HAIIPABJICHUN BCKTOPAa HANPS)KECHHOCTHU E QJICKTPOCTATHICCKOC I10JIC

COBepIIaeT TIOJIOKUTEIBHYIO pabory A=q(p - (PL"), TO norentman P1 Gonpie notenmmana 1z,
CrenoBatellbHO, HANPANCEHHOCMb — JNIeKMPUYECKO20 — N0 HANPAGIeHA 6  CMOPOHY  YObl6anus — NOMEHYUaiq.
JIroboe arekTpocTaTHvecKoe IMojie B JIOCTATOYHO MaJlol 00JacTH MPOCTPAHCTBA MOXKHO CUYHMTATh OAHOPOJHBIM. [loaTomy
dhopmymna (14.21) cipaBeanuBa sl IPOU3BOIBHOTO JEKTPOCTATHUECKOTO TMOJIS, €CITU TOJBKO PACCTOSIHUE Ad nacromxo Majo,
4TO U3MEHEHHEM HAINPSHKEHHOCTH TOJIst Ha 3TOM paccTosiHUU MOYKHO npeHeopeys.
Ennanna HanpsiKeHHOCTH 3J1eKTpUYecKoro mousi. EnvuHuIy HanpspbkeHHOCTH 3iekTpudeckoro nons B CU ycranaBimuBalor,
ucnons3yst popmyny (14.21). Hanpsicennocmo 91ekmpuyecko2o noisa YUcieHHO paeHa eOuHuye, eciu pasHocmb NOMEHYUdI08
mexncoy 08yma mouxkamu na paccmoanuu 1 M 00nopoonom noie paeéra 1 B. HauMeHoBaHne 3TOH €JMHUIBI - BOJIBT HA METP
(B/m).
HanpsbkeHHOCTh MOKHO TaKoke BhIpakaTh B HBIOTOHAX Ha KYJIOH. JleficTBUTEINBHO,

B e 1 H-m | H
l1==1"—. =1 - = =
M Kn wm Kn M Kn
DJ1eKTPOEMKOCTh. Eanannel 3JIEKTPOEMKOCTH.

[Tpu mmo60oM crocode IIeKTPU3aLUH TEI - C TIOMOIIBIO TPEHUS, HIEKTPOCTATUUECKOI MaIlINHbI, raJlbBAHUYECKOTO 3JIEMEHTa U T.
II. - IEPBOHAYAILHO HEUTPAJIbHBIE TEJA 3apPsDKAKOTCS BCIAEACTBHE TOTO, YTO HEKOTOPAs YacTh 3apsDKEHHBIX YACTHUL] IEPEXOAUT OT
OJIHOTO Tena K JIpYyromy. OO6Br9HO 3TUMU YaCTULIAMU ABJIIOTCS 3JIEKTPOHBI.

[Ipu srexTpu3anny IByX MPOBOTHHUKOB, HAIPHMEP OT IEKTPOCTATUYECKON MAIIMHBI, OJUH W3 HUX MpHOOpeTaeT 3apsad +¢, a
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JIpYToii -g. MexIy MPOBOJHUKAMH MOSIBIISCTCS DJICKTPUYECKOE TMOJEC W BO3ZHUKACT PA3HOCTh MOTCHIMANOB (Hampspkenue). C
YBEIMUYEHUEM 3apsijia MPOBOJAHUKOB INEKTpUYECKOE noJie MEXIY HUMU YCHUIINBAETCSL.

B cuimpHOM 3J€KTpUYECKOM T0JIE (TIPH OOJBIIOM HANPSHKCHUH M COOTBETCTBEHHO TPHU OOJBIION HAMPSHKCHHOCTH) TUMJICKTPUK
(HammpuMep, BO3AYX) CTAaHOBHUTCSA MPOBONIIINM. BO3MOXKEH Tak HAa3BIBAEMBIH #po06oil TUICKTPUKA: MEXKIY HPOBOTHUKAMH
MIPOCKAKMBAET UCKPa, M OHU pa3pspKatoTcs. UeM MEHBIIE YBEIHINBACTCSA HANIPSHKCHUE MEXKy IIPOBOAHUKAMH C YBEITUUICHUEM HX

3apsIoB, TeM OobITHiA 3apsg MOJKHO Ha HUX HaKOIINTE.
DJIEKTPOEMKOCTh. BBeieM (u3muecKkyr0o BeIHYHHY, XapaKTepU3YIOIIYI0 CIIOCOOHOCTH JBYX MPOBOJHHKOB HAaKaIUTUBAaTh
JIEKTPHUYECKUHA 3apsiz. Oty BEITHYNHY HA3BIBAIOT 3J1E€KTPOEMKOCTHIO.

Hanpspkenne U Mexay OByMs IPOBOJHHKAMH IPOIOPIMOHAIBHO JIICKTPUYECKMM 3apsiaaM, KOTOpPhIE HaXOIATCS Ha
NPOBOJHUKAX (Ha OJHOM +|g|, a Ha mpyrom -|g|). JleHcTBUTENBHO, €CIM 3apsAaBl YABOMTE, TO HAMPKEHHOCTH JIIEKTPUUECKOTO
MOJISl CTAHET B 2 pa3a OOJbIIIe, CIICOBATEIBHO, B 2 pa3a YBEIMIUTCSA U pab0Ta, COBEepIIacMasi oJeM MPU NepEMEIICHUN 3apsia, T.
e. B 2 pa3a yBeIMYHUTCS HampspkeHHe. [103ToMy OTHOIICHHUE 3apsijia ¢ OJHOTO U3 MPOBOJIHUKOB (HA JPYroM HaXOTUTCS TaKOW Ke
M0 MOJYJIIO 3apsi) K Pa3HOCTH MOTCHIIMATIOB MEXy 3TUM MPOBOIHUKOM U COCEHHM HE 3aBUCHUT OT 3apsa. OHO ompeaesseTcs
TCOMETPUYCCKUMH pa3MepaMu MPOBOJHUKOB, UX (POPMOIl U B3aUMHBIM PACIIOJIOXKCHHUEM, & TAKIKE JICKTPHUUCCKUMH CBOMCTBAMHU
OKpYy XKaroIien Cpelbl.

Or0 MTO3BOJISIET BBECTH MTOHSATHE 3JIEKTPOEMKOCTH JIBYX IPOBOHHUKOB.
DJIEKTPOEMKOCTBI0 /BYX HPOBOJAHUKOB HAa3bIBAal0T OTHOINEHHE 3apsiia OJHOr0 W3 MNPOBOJHHUKOB K Pa3HOCTH
TOTEHI[UAJIOB MEXK/IY HUMM:

c=4
U
Yem MeHbIe HampsokeHue U MeXIy TMPOBOJHMKAMH TIPH COOOMIEHWH WM 3apsAmoB +|g| u -|g|, Tem Goibiire
AIEKTPOEMKOCTh TIPOBOAHHUKOB. Ha MpOBOAHWKAX MOKHO HAKOMHUTH OOJBINKE 3apsdbl, HE BBI3bIBas MpobOos mudnekTpuka. Ho
cama 3JIEKTPOEMKOCTh HE 3aBUCHT HH OT COOOIIEHHBIX MPOBOJHUKAM 3apsI0B, HH OT BO3HUKAIOIIETO MEXKy HUMHU HATPSDKCHUS.
Ennnunsl jiekTpoeMkocTu. Popmyna (14.22) TI03BOJIIET BBECTHU SIMHUILY 3JIEKTPOEMKOCTH.
Dnexmpoemrxocms 08yX NPOBOOHUKOS HYUCIEHHO PABHA eduHuye, eciu npu coobuenuu um 3apsaoos +1 Ki u -1 Kit meocoy numu
go3HuKaem  passocmv — nomenyuanog 1 B. Dty  emuHuuny — HaszeBawT gapad (P); 1 d = 1  Ku/B.
W3-3a Toro uto 3apsin B 1 Kn oyens Benuk, emxocth 1 @ oxaspiBaercs oueHb Oouibinoid. [ToaToMy Ha mpakTHKe 4acTo
WCMONB3YIOT ~— JOJNM  BTOH  emuHunbl:  Mukpodapany (Mk®) - 10°® wu  nuxodapax (nd) - 102D,
BakHast xapaKkTepHUCTHKa POBOJTHUKOB - AJIEKTPOEMKOCTh. JJIEKTPOEMKOCTh MPOBOHUKOB TEM OOJIbIIIE, YeM MEHBIIE Pa3HOCTh
MOTEHIIUAJIOB MEXTY HUMH npu cOO00IIeHNT UM 3apsAa0B MPOTHUBOMOIOKHBIX 3HAKOB.
KonaeHcaropsl

CucreMy TPOBOIHUKOB OYCHH OOJBIIONW AIIEKTPOEMKOCTH BBI MOXKETE OOHAPYKHUTh B JIOOOM PaTUONPHEMHUKE FITH
KynuTh B MarasuHe. HaspiBaetcst oHa koHneHcaTopoM. Celfuac BBI y3HAETe, KaK YCTPOCHHI ITOT00HBIC CHCTEMBI U OT YeTO 3aBUCUT
179: AJIEKTPOEMKOCTb.
Konnencarop. bonbmioit 3meKTpoeMKOCTBIO 00JIaIal0T CHUCTEMBI W3 JIBYX IIPOBOJHHUKOB, Ha3bIBAeMblEe KOHIEHCATOPAMH.
Konpencarop mpencrasisgetr co0o0i 1Ba IPOBOIHHUKA, Pa3IeICHHBIC CIOEM TUIJICKTPUKA, TONIIINHA KOTOPOTO MaJia TI0 CPaBHEHUIO
c pa3mepamu MIPOBOTHHUKOB. IIpoBoHUKH B 3TOM ciydae Ha3bIBAIOTCS 00KJIAIKAMM KOHAEHCATOPA.
[IpocTeiimnii MIOCKUI KOHAEHCATOP COCTOMT W3 JABYX OJMHAKOBBIX MapajuIeNIbHBIX IUIACTHH, HAaXOASAMIMXCS HAa MaJloM

paccTosiHuU ApyT oT Apyra (puc.14.33).

Puc. 14.33

Ecnu 3apsiabl TilacTHH OJJMHAKOBBI IO MOJIYJIIO M ITPOTHBOIIOJNIOXKHBEI 110 3HAKY, TO CHJIOBBIE JIMHUHU 3JICKTPUYECKOTO MOJIS
HAYMHAIOTCS Ha IOJIOKHUTENLHO 3apsHKEHHOM 00KIIa/ike KOHIEHCATOpa U OKaHYMBAIOTCS Ha OTPULATEIBHO 3apspkeHHOW. [ToaTomy
MIOYTH BCE IIEKTPUIECKOE T0JIE COCPEOOMOUEHO BHYMPU KOHOEHCAmopa u 00HOPOOHO.

Jis 3apsiiky KOHJeHCcaTopa HYXXHO MPUCOEIUHUTH €ro OOKIAJKHM K IIOJIF0CaM HMCTOYHHKA HalpsDKSHUs, HalpuMmep K
noiocaM 6aTtaped akKyMyJIaTOpOB. MOKHO TakxKe IepBYI0 OOKIaIKy COSANHUTH C TIOJIIOCOM OaTaper, y KOTOpOH APYroi mojroc
3a3eMIIeH, a BTOPYIO 00KJIaAKy KOHAEHCcAaTopa 3a3eMinTh. Toraa Ha 3a3eMJICHHOM OOKIIaJKe OCTaHeTCs 3apsi/l, TPOTUBOIIOIOKHBIHN
M0 3HAKy W paBHBIH 1O MOIYJIO 3apsily He3a3eMJIeHHOH oOkmanku. Takoi jke Mo MOJIYINIO 3apsaj YHAET B 3eMITIO.

ITox 3apsioom KOHOeHcamopa IOHUMAIOT a0COIIOTHOE 3HaYEHUE 3apsa OJTHO u3 00KJIaIOK.

OIEeKTPOEeMKOCTh KOHJIeHCcaTopa oTmpenensercs thopmymnoit (14.22).
9HeKTqueCKI/Ie TIOJIA OKPpYXKaromiuX TCJI MOYTHU HE MPOHUKAIOT BHYTPbh KOHACHCATOPA U HE BJIMAIOT HA PAa3HOCTH IMOTCHIIMAJIOB
MeXay ero oOkiagkamu. [103TOMy 3J1€KTPOEMKOCTh KOHIEHCATOpa NMPAKTUUECKH HE 3aBHCUT OT HaJIMYMsl BOJM3M HEro KaKuX-
0o JIPYTUX TeJ.
JJIeKTPOEMKOCTH MJIOCKOr0 KOHAEHCATOPa. [ eoMeTpus III0CKOr0 KOHJEHCATopa IOJIHOCTBIO OTPEJIeIeTCs UIOMAIbI0 S ero
IUIACTUH M PAcCTOSIHUEM d Mexay HUMU. OT 3TUX BEIMYMH M JOJDKHA 3aBUCETh EMKOCTh IUIOCKOTO KOHJEHCAaTopa.
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UYem OGoutple TUIONIAb TUIACTHH, TeM OOJBIIHIA 3apsii MOXKHO Ha HUX HAaKONMUTH: ¢g~S. C OpYyroi CTOPOHBI, HANIPSDKEHNE MEKIY
IUIacTUHAaMU corylacHo (¢opmyiie (14.21) npornopunoHanbHO paccTOsSTHAIO d Mexay HUMH. [1oaTOMy eMKoCTh

c=2-5  (14.23)
U d
KpOMe TOT0, €MKOCTH KOHﬂeHCﬂTOpa 3aBUCUT OT CBOﬁCTB [[I/IBJ'ICKTPI/IKE[ Me)K,uy ITaCTUHAMM. Tak kak z[I/IBJIeKTpI/IK
0Cﬂa6ﬂﬂeT IoJjie, To 3ﬂeKTpOCMKOCTI) HpI/I HaJIMYUH HI/[:)HGKTPI/IKa yBeHI/I‘{I/IBaeTCH.

KOH)JeHcaTopLI ITIO3BOJISKOT HAKAIlJIMBATh 3JIeKTpI/I'{eCKI/II71 3apsna. 3HeKTpoeMKOCTL IJIOCKOI'0O  KOHACHCaTOopa
IPOMOPIMOHANIBHA IUIOIIAAN IIACTHH M 00PATHO MPONOPLUUOHAIBHA PACCTOSHUIO MEXIY IIACTHHAMU. KpoMe Toro, oHa 3aBHCUT
oT CBOWCTB JIMDJIEKTPUKA MEXIY 00KJIaIKaMH.
OHeprus 3apsiKeHHOro KoHaeHcaTopa. J[jis Toro 4roObl 3apsauTh KOHIEHCATOP, HY)KHO COBEPUINTH paboTy IO paseIeHHIO
HOJIOKUTENIBHBIX U OTPULATENBHBIX 3aps10B. COracHO 3aKOHY COXPaHEHHUs YHEPTUH 3Ta pa0oTa paBHa SHEPIMU KOHAeHcaTopa. B
TOM, YTO 3apsUKEHHBIA KOHAEHCATOp OOJIaJacT SHEprueid, MOXHO YOEIUTHCS, €CIIM paspsAIuTh €ro 4epes LENb, COAEPIKALIYIO
JaMITy HaKalMBaHWA, PACCUMUTAHHYIO HAa HANPSDKCHHE B HECKONBKO BONBT (puc.14.37). Tlpu paspsike KOHIEHcATopa Jamiia
BCIIBIXHUBACT. 3HeprI/IH KOHHeHCﬂTOpa HpeBpamaeTca B TCILJIO U 3Heprmo CBETa.

Y

" Puc. 14.3‘7
qU
r (9§ ~
W o=<1_. (14.25)
. 2
Orta dSHeprus paBHa paboTe, KOTOPYIO COBEPIIHT DJIEKTPUYECKOE II0JI€ NpH COMKCHWH IUIACTHH BIDIOTHYIO.
3amenuB B ¢opmyse (14.25) pa3sHOCTh MOTCHIUMAIOB WM 3apsl C MOMOIIBI0 BbIpaxeHus (14.22) ans 3IEKTPOSMKOCTH
KOHJIEHCATOPa, MOTyYUM:

U g2 72

W, = (lzﬂ . g( : f;fz-- . (14.26)

Jexnus Ne8

Tema: «IlocTOAHHBIN 3JIEKTPUYECKHIT TOK»

1. Bompocs! nekuuu:

1.1. ITocTrosiHHBIN 351ekTpuueckuil Tok. Cuia Toka. Mcrounuku Toka. HanpsbxeHue, 31eKTpUuecKoe COMPOTUBIIEHHE.

1.2. 3akon Oma aiist yuactka uenu. [locienoBaTesibHOE U apajljieIbHOE COEAUHEHUS MTPOBOAHUKOB. DJ]C HCTOUHMKA TOKA.
3axon OMa 1Jis1 3aMKHYTOM Liemu.

1.3. TemwoBoe feiicTBUE IEKTPHUECKOro ToKa. 3akoH [Ixoyns—IJlenia. Pabota 1 MOIHOCTh 3IEKTPHUSCKOTO TOKA.

2. Kpatkoe cojepkaHue BOMPOCOB
Aunekrpuyeckuii Tok. Cuiia Toka

IIpy nBM>XEHUM 3apsHKEHHBIX YaCTUIl B TIPOBOJHUKE MPOUCXOIUT MEPEHOC 3JIEKTPUYECKOro 3apsja C OJHOTO MecTa B
apyroe. OmHAKO eCiy 3apsDKEHHBIC YAaCTHIBI COBEPIIAIOT OCCIOPSI0YHOC TEIJIOBOE IBIXKCHHE, KaK, HampuMep, c60000Hble
27IeKmpoubl 6 METalule, TO NepeHoca 3apsaa He npoucxoAut. IlomepedyHoe ceyeHue NPOBOJHUKA B CPEOHEM IE€pPECEKAeT
O/IMHAKOBOE YHCIJIO JJIEKTPOHOB B JBYX MPOTHUBOIOJIOKHBIX HAaNpaBiICHUSX. DJIEKTPUUYECKUH 3apsj NepeMelaeTrcs 4depes
MOTIEPEYHOE CEUCHHE MPOBOJHUKA JIMIIh B TOM CIydae, €C HapsAxy ¢ OSCIOPSIOYHBIM ABIKCHHEM AJIEKTPOHBI YUacTBYIOT B

HaIpaBJIEHHOM JIBWXEHUH. B 3TOM ciyyae roBopsr, 4To B IPOBOJIHUKE YCTAHABIUBAETCS HJIEKTPUUECKHM TOK.
DJIEKTPUYECKHM  TOKOM Ha3bIBAIOT  YIOPSJAOYCHHOE  (HANpaBICHHOE)  IBIDKEHHE  3apsDKCHHBIX — YaCTHII.
DONeKTpUUeCKUd TOK BO3HHKAET TIPU  YIOPSAJOUYEHHOM TEPEMENICHHMH CBOOOJIHBIX JJIEKTPOHOB WJIM  HMOHOB.
Ecnu nepemerniath HEHTpaJIbHOE B 1IEJIOM TEJIO, TO, HECMOTPS Ha YNOPSAOUYEHHOE JBHMYKEHHE OIPOMHOI0 YHCIA JIEKTPOHOB U
aTOMHBIX SIIep, DJICKTPUUYECKUN TOK HE BO3HHMKHET. [IONMHBIA 3apsji, MEepeHOCHMBIN uepe3 oboe cedeHwe, OyAeT NpU 3TOM
paBHBIM  HYJIO, TaK Kak 3apsAapl  pa3HbIX 3HAKOB  [EpEeMENIaloTcsl € OJMHAKOBOM  CpeHEd  CKOPOCTHIO.
OJNeKTpUUecKuii TOK HMEeT OIPENeIeHHOE HANpaBJICHUE. 3@ HanpasieHue MoOKA NPUHUMAIOM HANPAGIEeHUe O8UNCeHUs
NONONHCUMENbHO  3apaAdceHHblx yacmuy. OTCIOfa CIemyeT, YTO HalpaBlIeHHE TOKa COBIAJaeT C HANpPaBICHHEM BEKTOpa
HANPSHKEHHOCTH 3JICEKTpUUYEcKoro moiisi. Ecnm Tok 00pa3oBaH JBHKCHHAEM OTPULATEIHHO 3aPSDKCHHBIX YACTHII, TO HAlpaBIICHHUE
TOKA CYMTAIOT IPOTHUBOIIOJIOKHBIM HATPaBICHUIO ABmKeHHS dacTull. (Takoi BEIOOp HampaBICHUs TOKA HE OYCHb YAaucH, TaK Kak
B OOJIBIIMHCTBE CIy4YaeB TOK MPEICTABISCT COOOH yIOPSIOYCHHOE IBUKEHUE DIICKTPOHOB - OTPHIATEIHHO 3apsHKEHHBIX YACTHIL.
Bribop HampaBneHHs TOKa OBUI CHIEIaH B TO BpeMs, KOTJa O CBOOOJHBIX JIEKTPOHAX B META/UIaX €Ile HUYEro HE 3HAJM.)
HeiictBue TOKA. [[BH)KeHHE 4YacTUI] B TPOBOJHUKE MBI HEMOCPEICTBEHHO HE BUAMM. O HaIUUMU DJIEKTPUUYECKOrO TOKa
MIPUXOAUTCS CyIIUTh o TeM JIEHCTBUSIM U SIBIICHUSIM, KOTOpBbIE €ro COITPOBOKJIAIOT.
Bo-niepBoix, MIPOBOTHHK, 1o KOTOpOMY TeYyer TOK, HarpeBaeTcsl.
BO—BTOpBIX, BJ'IeKTpI/I‘IeCKI/Iﬁ TOK MOYKET U3MEHATh XMMHYECKHH COCTaB IMMpOBOJIHNKA, HAIPUMEDP BBIACIATH €0 XUMHYCCKUE
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COCTaBHBIE yacTu (menn u3 pacTBopa MEIHOTO Kymnopoca u T. I.).

B-Tperpux, TOK OKa3blBaeT CUJIOBOE BO3ACHCTBHE Ha COCEIHHME TOKM M HAaMarHM4eHHbIE Teda. OTO JEHCTBHE TOKa
Ha3bIBa€TCSl MATHUTHBIM. Tak, MarHuTHasi CTpesika BOJM3H MPOBOJHHKA C TOKOM ITOBOpadnBaeTcs. MarHuTHoOe JIeHCTBUE TOKa B
OTIMYHE OT XMMHYECKOTO W TEIUIOBOTO SABISETCS OCHOBHBIM, TaK KaK MPOSBIIETCS y BCEX 0€3 HMCKIIOYEHHUS MPOBOTHHUKOB.
XuMmudeckoe IeicTBHe TOKa HAONIOJAeTCs JIMIIbL y PACTBOPOB M PACIDIABOB AJIEKTPOJIHWTOB, a HarpeBaHWE OTCYTCTBYET Y
CBEPXIIPOBOJTHUKOB.

CuJja Toka. Ecim B enu ycTaHaBIHBaeTCs 3IEKTPUISCKUN TOK, TO 3TO 03HAYACT, YTO Yepe3 MOoMepeyHoe CeueHHe MPOBOTHUKA
BCE BpEMsI TIEPEHOCUTCA DIICKTPUICCKAN 3apsa. 3apsm, IepeHeCeHHBIH B eANHUIY BPEMEHH, CIYKUT OCHOBHOW KOJMYECTBCHHOU

XapaKTEepUCTUKON TOKa, Ha3bIBAEMOW CMJIOM TOka. Eciu uepe3 momepevyHoe CeueHHe MPOBOAHMKA 3a BpPEMS At MIEPEHOCUTCS
3apsin ’/\q , TO Cpe/iHee 3HAUCHNE CHIIBI TOKA PABHO:

Ag
At °

(15.1)

Takum 00pazoM, cpeaHsisl CUJIa TOKA PaBHA OTHOLIEHHIO 3apsia Ag , TIpoLIeJIero yepe3 momnepevyHoe ceveHue

NMPOBOJIHHUKA 324 IMTPOMEKYTOK BPEMCHH At, K 3TOMY NIPOMEKYTKY BPEMCHHU. Ecnu cuna toka co BPEMCHEM HC MCHACTCA, TO
TOK Ha3bIBAIOT NOCTOAHHBIM.

Cwuiia ToKa B JaHHBI MOMEHT BPEMEHH OTpeaeseTcs Takke mo ¢popmye (15.1), HO MpOMEKyTOK BpeMeH! At B TaKOM cllyJae
JOJDKEH OBITH OUYCHb MaJl.
Ecmu Tokx mepeMeHHEIH, TO chila TOKa, HOJ00HO 3apsay, - BenndnHa nepeMeHHas. OHa MOXKeT OBITh KaK HOI0NHCUMENbHOU, TaK
U ompuyamenvHol. 3HaK CHIIbI TOKa 3aBUCUT OT TOT'O, KaKO€ W3 HAIMPaBJICHUN BIIOJIb NMPOBOJHHUKA MPUHATH 3a MOJOKHUTEIHHOE.
Cuna Toka >0, eciiu HaIlpaBJIeHHE TOKa COBIIA/IAET C YCJIOBHO BHIOPAHHBIM IOJIOXKUTEIBHBIM HAIPABJICHUEM BJOJIb TPOBOAHHUKA.
B npotuBHOoM cityuae I<0. (TepMuH cuna moxa HeNb3s CYUTATh YJAUHbIM, TaK KaK MOHITHE culd, TPUMEHIEMOE K TOKY, HE UMEET
HUKAaKOTO OTHOIICHHsI K MOHATHUIO cujia B MexaHuke. Ho TepMmuH cuna moxa Obll BBEJNEH JaBHO W YTBEPAWICS B Hayke.)
CBs3b CWIBI TOKA €O CKOPOCTHI) HANPABJIEHHOTO ABUKEHHUS YACTHUII.
Ag qg,nSAlv < o
— e e e—— (]“IZUS. (102)
At Al
B CU enunutieit cuiisl Toka siBisieTcst amnep (A). DTy eAMHUIY YCTAaHABIMBAIOT HA OCHOBE MarHUTHOTO B3aUMOJIEHCTBHS
TOKOB.
W3mepsiroT cuny TOka amnepmempamuy. [IpUHIMN YCTPOWCTBA 3THX IPUOOPOB OCHOBAaH HAa MAarHUTHOM JCHCTBUH TOKA.
YcioBus, He0OX0AMMBbIE JISl CYLIECTBOBAHUS 3JIEKTPUYECKOI0 TOKA
JI1si BOBHMKHOBEHHSI M CYIIECTBOBAHMS TMOCTOSSHHOTO SJIEKTPUYECKOTO TOKAa B BEIIECTBE HEOOXOJWMO, BO-TIEPBBIX,
HAJTH4YHe CBOOOTHBIX 3aPSZKEeHHBIX YacTHI. Eciy MoNoXuTeIbHBIC U OTPHULATEIFHBIC 3apSIIbl CBA3aHBI APYT C IPYTOM B aTOMax
WA MOJIEKYJaX, TO WX MepeMelIeHNe He TPUBEACT K MOSBICHUIO AIIEKTPHICCKOTO ToKa. Ho Hammdms cBOOOIHBIX 3apsoB ele
HEIOCTaTOYHO TUTS BO3HUKHOBEHUS TOKA.
JIis co3maHust U IOAIepKAHUS YITOPSAOYSHHOTO ABIKCHHS 3apsDKSHHBIX YaCTHII He00X0IMMa, BO-BTOPHIX, CHJIA, IEHCTBYIOMIAs
Ha HUX B ONpEICICHHOM HamlpaBieHHWU. Eciu 3Ta cmiia mepectaHeT ACHCTBOBATh, TO YIOPSIOYCHHOE ABIDKCHHE 3apsDKCHHBIX
YACTHI[ TPEKPATUTCS U3-32 DJIEKTPUYECKOTO COMPOTHBIICHHS, OKA3bIBAEMOTO0 WX JIBXKEHUIO HWOHAMHU KPHUCTAJUTMYECKOM
pENIeTKH METaJIOB WJIM HEUTPaIbHBIMU MOJIEKYJIAMH DJIEKTPOJIUTOB.
3akon Oma a5 yyactka nenu. ConporuBjieHue
BoJubT-amnepnast XapaKTepPUCTHKA.
JI1st KaXXa0ro MPOBOJIHUKA - TBEPJOTO, YKHUIKOTO M Ta3000pa3HOTO - CYIIECTBYET OMpejeNieHHasl 3aBUCMOCTh CHUJIBI TOKA OT
MIPIIIOKEHHOW Pa3HOCTU TOTEHIIMANIOB Ha KOHIIAX MPOBOJHUKA. DTy 3aBHCHUMOCTH BBIPXKAET TaK Ha3blBaeMas BOJIbT-aMIepHAast
XapaKTepUCTHKA POoBoIHAKA. Ee HAXOISIT, U3MEPsIs CHITy TOKA B IPOBOJHUKE MPH PA3IMYHBIX 3HAYCHUSAX HANPSOKCHUS. 3HAHUC
BOJIBT-aMIIEPHOM XapaKTePUCTHKH urpaer 0O0JBITYIO poib npu H3YYCHUH ANEKTPHYECKOTO TOKA.
3akon Oma. HambGonee mpocToil BUI WMEET BOJNBT-aMIIepHAs XapaKTEPUCTHKA METAJTMYSCKUX IMPOBOJHUKOB M PACTBOPOB
JJIEKTPOIHUTOB. BriepBhle (U1 METaNIOB) €€ YCTaHOBIJ HeMelKuid ydeHblid ['eopr OM, O3TOMY 3aBUCHUMOCTH CHIJIBI TOKa OT
HAIPsDKCHUS] HOCUT Ha3BaHHE 3akoHa OMa.
3akon Oma s y4acTka TN
Cuna moka Ha yuyacmike Uenu RNPAMO RPOROPUUOHAILHA RPUNOHCEHHOMY K Hemy Hanpaxcenuto U u obpamno
nPONOPUUOHATILHA CORPOMUETEHUIO IM020 yuacmKa R:
1

U -
I =y (15.3)
R

COHpOTHBJIeHHe. OcHoBHas QJICKTpHUYECCKasA XapaKTEPHUCTHUKA IIPOBOAHHUKA - COIIPOTUBIICHUC. Ot 3TO# BEIUYHUHBI 3aBUCHUT CHJIA
TOKa B IPOBOAHUKE IMPHU 3aJaHHOM HAIIPSIKCHUU. COHpOTPIBJIeHl/Ie MPOBOAHHUKA TIPCACTABIIACT C060ﬁ KakK 6])1 MEpy
HpOTHBOHCﬁCTBHﬂ NPOBOAHUKA HAIPABJICHHOMY JBUXXCHUIO BJICKTPUYCCKUX 3aps0B. C IIOMOIIIBKO 3aKOHa OmMma (153) MOXKHO

OIPCACIINTL COIMPOTHUBJIICHUEC ITPOBOJHNKA:
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Jus  »TOro HYXHO W3MEpPUTh HampsKCHWE Ha KOHIAX TIPOBOJHMKA W CHIy TOKa dYepe3  Hero.
ConpoTHuBJIeHHE 3aBUCUT OT MaTepuana NPOBOJHMKA U €ro reoMeTpuueckux pa3mepoB. COMPOTHBICHHE NPOBOJHUKA
JUTMHOM [ ¢ TOCTOSIHHOM TJIOMIAAbI0 TIONIEPEYHOTO CeUeHUs S paBHO:

R-=pL, (15.4)
S
I7ie p - BEIMYMHA, 3aBHCSIIAs OT pOAA BEIIECTBA M €ro COCTOSHUS (OT TEMIEPaTyphl B HEPBYIO OYEPElb).
BenuunHy p Ha3bIBAIOT YAEJAbHBIM CONPOTHBIIEHHEM [IPOBOJIHUKA. YOoeibHoe COnpomugieHue Mamepuaia YucCieHHO pAeHO
Conpomueienuio  NPoGOOHUKA U3 9mo20  mamepuaia Oaunoi 1 Mu  niowadelo  nonepeunozo  cewenus 1 M2,
Enununy conpoTHBIeHHS] TPOBOJHHMKA YCTaHABJIMBAIOT Ha OCHOBE 3akoHa OMa M Ha3bIBalOT €e OMOM. [Ip0BOOHUK umeem
conpomusnerue 1 Owm, eciau npu pasHocmu nomenyuanog 1 B cuna moKa 8 nem 1 A.
Enunaunedt ynenbHOro compoTuBieHUs sBisieTcss 1 OMmeM. YenbHOE CONPOTHBICHHE METAUIOB Majio. A BOT JMAICKTPUKH
00Naar0T OYCHb OOJIBIIMM YJICIHHBIM CONPOTHBICHUEM. B CIpaBOYHBIX TaOJHMIAX MPUBOIATCS 3HAYCHUS YICIBHOTO
COTIPOTHBIICHUS HEKOTOPBIX BEILIECTB.
Jaexrpuueckue nenu. IociaenoBarebHOe U NapasliiebHOE COeTHHEHNUs IIPOBOIHHKOB
OT WCTOYHMKA TOKAa JHEPrHs MOXXET ObITh IMepelaHa IO MPOBOJAM K YCTPOHCTBaM, MOTPEOJISIONIUM SHEPTHIO:
JNEKTPUYECKON JlamIie, paguoNpHeMHHUKY U 1p. JIs 3TOro COCTaBISIOT 91eKmpuueckue yenu PasiudHOU CIIONKHOCTH.

DJeKkTpudeckas Hernb OObIYHO COCTOMT W3 MCTOYHUKA TOKA, YCTPONCTB, MOTPEONSAIONIMX 3JICKTPUUICCKYI0 IHEPIHUIo,
COC/IMHUTENIbHBIX TPOBOJIOB M BBIKIIIOYATENCH ISl 3aMbIKaHUs [enmd. YacTo B 3JEKTPUYECKYIO [eMb BKIIOYAIOT MPHOOPBI,
KOHTPOJMPYIOIME CHJIy TOKA M HANPSDKCHWE Ha PAa3IMYHBIX YYacTKax II€MH, - aMIEPMETPhl U  BOJBTMETPBIL

K HauboJsee mpocThIM M YacTO BCTPEYAIOIIUMCS COSJAMHECHUSIM MPOBOAHUKOB OTHOCSTCS IOCIEAOBATENLHOE U MapajliebHOe
COE/IMHEHHUSL.

IMocnenoBaTenbHOE coeqMHEHHE NMPOBOAHUKOB. [Ipy ImoCiIeOBAaTEILHOM COCJMHEHHH OJIEKTpUYEcKas LeNb HE HMEeT
pa3BeTBiIeHHH. Bce MpOBOJHMKY BKIIIOYAIOT B LENb [MOOYEPEHO ApyT 3a Apyrom. Ha pucynke 15.4 mokaszaHo mocienoBaresibHOE
COCJIMHCHUE JBYX IIPOBOJAHUKOB / U 2, WMEIONIMX COMPOTUBJICHHUSI R; v R>. DT0 MOryT OBITH JBE JIaMIbl, JBE OOMOTKHU
JNEKTPOJBHUTATENs U Jp.

1 I, 2
oy o Sl e, o O o
i U, U, |
Puc. 15.4
U=U,+U,.

R=R,+R,. (15.6)

[apasnenbHoe coenMHeHue NpPoBoAHMKOB. Ha pucynke 15.5 1nokazaHo mapajielbHOE  COECJUHEHHE  JBYX
MPOBOJIHUKOB / U 2 CONPOTHUBIICHUSIMH R; 1 R>.

; 2

Puc. 15.5
I=I +1,, (15.8)
.41, % i
}'_‘, = R‘ + R‘f . (]-).9)
Orcrozia ciieyer, uro

R,R,

T L i 1 15.10

R=R+ R Ll

PaGoTa 1 MOIIITHOCTH MOCTOSTHHOTO TOKA
DNEeKTPUYECKHA TOK TMOJYYHJI TaKOe IMUPOKOe NMPUMEHEHHE MOTOMY, YTO OH HeCeT ¢ co0O0# PHeprur. DTa IHEPTHs

MOXKET OBITH mpeBpaIieHa B T00YI0 dbopmy.
[Ipu ynopsimoueHHOM ABIKEHHH 3apsDKCHHBIX YACTHII B MPOBOJHUKE deKmpuieckoe noie cogepuiaem padbomy. Ee npuHATO
Ha3bIBATh pabomou moxa. Cetiuac MBI HATIOMHUM CBEJICHUS 0 pabote u MOIITHOCTH TOKA.

Pabora Toka. PaCCMOTpI/IM HpOH3BOJ’IBHHﬁ Y4aCcTOK LECIIN. DTO MOKET OBITH OHHOpOI[HBIﬁ MPOBOAHUK, HAIIPUMEDP HUTH JIAMIIbL
HaKaJIMBaHUs, 00MOTKa JJICKTpOABUTATEIA U AP. HYCTB 3a BpeMmsA ‘\1 qyepe3 IMONEepeYHOC CEYCHUE IIPOBOJAHHMKA MNPOXOAUT

A

3apsmAq . DIJIeKTpUYEeCcKOoe II0JIe COBEpPIINT HPU 3TOM pPadboTy = AqU (U - nHampsbkeHHE MeXJIy KOHI[aMH YydacTKa
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MPOBOJHUKA).
Ag
I=-—",
Tax kak cuja Toka A 10 912 paGora paBHa:

A = TUAL. (15.12)

PaGoTa Toka Ha yyacTKe LieM PaBHA MPOU3BEAECHUIO CHIIBI TOKA, HANPSKEHUSI U BPeMEHH, B TeYeHHe KOTOPOro
1IeJ TOK.

. 5 U* y
A = JUAt = I?RAt = B At = Q. (15.13)
= A = I°RAt
(DOpMyJ'IOI/I o yﬂO6HO IMOJIB30BAaThCsA B ClIyda€ IIOCICOOBATCIBHOTO COCAMHCHUS IIPOBOJHUKOB, TaK KakK
CcWia TOKa B OTOM CIydae OJMHAKOBA BO BCEX NPOBOJHMKAxX. IIp¥ NapauielbHOM COEJWHEHUH  ymoOHa
U?
A =—AL,
(bOpMyﬂa R TakK KakK HaIpsHKCHUEC Ha BCEX IPOBOAHHUKAX OJUHAKOBO.

3akon Jlxoyas - Jlenma. 3aKoH, ONpENENSAOMIMNA KOJHMUECTBO TEIJIOTHI, KOTOPOE BBIAETSET NPOBOJHUK C TOKOM B
OKPYKAIONIYIO Cpey, ObLI BIIEPBBIC YCTAHOBJICH IKCIICPUMEHTANBHO aHTIHicKuM yueHbiM [, Ixoynem (1818-1889) u pycckum
yuenbiM . X. Jlennem (1804-1865). 3akon Jxoyis - JleHna popMynupyeTcs CISAYIOIMAM 00pa3oM: KOJIUYECHE0 mMenjiombl,
évl0enAemMoil NPOGOOHUKOM C MOKOM, PAGHO NPOU36eOEeHUI0 K8AOPAMA CUNbl MOKA, CORPOMUGEHUA NPOBOOHUKA U 8PeMeHU
HPOX0HCOCHUA MOKA RO RPOBOOHUKY:

| @ = I?RAL. (15.14)

MougHocTh ToKAa. JIF000i amekTpudeckuii nprOop (Jlamma, 3JIEKTPOIBHIATeldb M T. J.) PacCUUTaH Ha NOTpeOieHHe
ONIPENICNICHHOH SHEepruM B eIMHHIY BpeMeHH. IlosToMy, Hapsgy ¢ paboTOl TOKa, OYEHb BAaXHOC 3HAYCHHE HMECT
HOHATHE MOWHOCMb mMoKd. MOITHOCTh TOKa PABHA OTHOLIEHHI0O pPafoThl TOKAa KO BpeMeHH NPOXOKIEHHS TOKa.

CornacHo 3TOMy ONpeeTIeHHI0 MOLITHOCTD TOKa

P=2. (15.15)
At
4K 3TOM bopmybl OUYEBUJIHO, 4TO MOIITHOCTb TOKa BBIpa)kaeTcs B 6ammax (BT).

3T0 BBIpAXKEHHE YISl MOIHOCTU TOKAa MOXKHO TI€pernucaTh B HECKOJIBKHX YKBUBAJICHTHBIX (popMax, UCHOJb3ys 3akoH Oma s

y4yacTka LeMH:

U?
P=1IU=I’R="-.
R
Ha OOJIBILIUHCTBE mpubopoB yKa3aHa notpednsaemas UMU MOILIHOCTb.
[IpoxoxaeHne MO MPOBOJHHUKY 3IEKTPHUECKOIO TOKAa CONPOBOXKIACTCS BBIJCIEHHEM B HEM OJHEPIrUU. OTa JHEprus
ompenensercss paboToil TOKa - MPOM3BEIACHHWEM TIEPEHECEHHOTo 3apsiia M HampsDKeHHs Ha KOHIAX IPOBOJHHUKA.

DJIEeKTPOABIIKYIAS CHJIA
JIto60#i MCTOYHMK TOKa XapaKTepH3yeTcs SICKTPOIBIXKYIIEH cmioi, wmm, cokpamenHo, D/C. Tak, Ha Kpyrioi
Oarapeiike JUTSt KapMaHHOTO (honapuka HaIUCaHO: 1,5 B. Uro 3TO 3HAUUT?
CoenuHNTE TPOBOAHUKOM JIBAa METAUIMUYECKUX IIAPHUKA, HECYLIMX 3apsibl IPOTHBOIOJOXKHBIX 3HaKkoB. Ilon BimsHMEM
JJIEKTPUUECKOTO TOJIS 3THX 3apsIOB B IPOBOIHUKE BOZHUKACT AJIEKTpHUEecKnil TOK. Ho 3TOT TOK OyneT oueHb KpaTKOBPEMEHHBIM.
3apsiapl OBICTPO HEHTPATM3YIOT APYT APYTa, IOTEHIMAIBI IIAPUKOB CTAHYT OAWHAKOBBIMH, U JJIEKTPUUECKOE M0JI€ UCUE3HET.
CropoHnne cuibl. /i1 Toro 9To0bI TOK OBUI IOCTOSHHBIM, HaJ0 HOJAEPKUBATh NMOCTOSHHOE HAIPSDKCHHE MEXIY
mapukamu. i1 3Toro HeoOXOAMMO YCTPOMCTBO (ucmounux moxa), KOTOpoe HepeMenano Obl 3apsabl OT OZHOTO LIapuKa K
JpYroMy B HalpaBICHHH, MPOTHUBOIOJIOKHOM HANpPaBICHHUIO CHJI, JEHCTBYIOIIMX Ha ATH 3apsbl CO CTOPOHBI AJIEKTPUIECKOTO
MOJIS IAPUKOB. B TakoM ycTpoiCTBE Ha 3apsAabl, KpOME IIEKTPUIECKUX CHII, JOJDKHBI I€HCTBOBATH CHUIIBI HEAJIEKTPOCTATHIECKOTO
npoucxoxaeHus. OJHO JHUIIb 3JIEKTPUYECKOE I0JI€ 3apsKEHHBIX YacTHLl (KYJIOHOBCKOE 710/1€) HE CIOCOOHO IOJAEPKHBATH
MOCTOSIHHBIN TOK B IICTIH.
JlroOble  cuibl, JEHCTBYIONIME HAa  JJIEKTPUYECKH  3apsDKCHHBIE  YacTUIBI, 32  HMCKIIOYEHHEM  CHJI

3NEKTPOCTATUYECKOTO MPOUCXOXKIECHUS (. e. KYJIOHOBCKHX), Ha3bIBAlOT CTOPOHHUMH CHJIAMH.
LETH.

DJIeKTPOABMIKYIIAst  cuia. JleficTBHe  CTOPOHHHMX ~ CHJI  XapakTepH3yeTcsl  BaKHOM  (U3MYEeCKOW  BEIMYMHOM,
Ha3BIBACMOM 371eKMpoo0guiCcy el cunoti (COKpameHHO S10).

DJIEKTPOABHKYIIAS CHJIA HCTOYHMKA TOKA PABHA OTHONICHHIO Pa00Thl CTOPOHHHUX CHJI NPH NepeMelleHUH 3apsaaa mno
3aMKHYTOMY KOHTYPY K BeJIMYHHE 3TOr0 3apsaaa:

=, (15.16)

DIEKTPOABUKYITYIO cuiy, KaK 54 HaIpsOKEHUE, BBIPaXXaroT B BOJIbTAX.
3axkon Oma 11 MOJTHOM Lenu
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PaccMoTpuMm mpocTednryio MojHyIo (T. €. 3aMKHYTYIO) IIelb, COCTOSIIIYI0O M3 HMCTOYHHKA TOKa (rajbBaHHYECKOTO
JJIEMEHTa, aKKyMyJsiTopa WJIM TeHepaTopa) M pe3ucropa compotuBieHueM R (puc.15.9). Vcrounuk toka mmeer DJIC ¢ m
conpotusieHue r. CONpPOTUBIEHUE HMCTOYHHMKA YaCTO HA3BIBAIOT 8HYMPEHHUM CONpOmusieHueM - B OTIUYUE OT BHELIHErO
compoTuBieHHs R nenu. B remepatope r- 3T0 compoTHBIEHHE OOMOTOK, a B TaJlbBAHWYECKOM OJJIEMEHTE - CONPOTHBIICHHE
pacTBOpa 3IEKTPOIIUTA U HICKTPOIOB.

=

R
{1

Puc. 15.9

3akoH OMa U1 3aMKHYTOH 1IN CBSI3BIBAaET CIITY ToKa B 1emnu, DJC u noanoe conpomuenenue yenu R+r.  3axkon Oma
0151 3aMKHYmOll Yenu 3aTMCHIBAIOT B BUAE!

[=——. (15.20)

Cuna moxka ¢ 3amkuymoil yenu pagua omuoutenuro 3/ C ucmouyHuKa moka K ROIHOMY CONPOMUBIEHUIO Henu.
3aBHCHMOCTH CONPOTHBJIEHUS NMPOBOAHUKA oT TeMnepaTypsbl
Ecmu mpu Ttemmeparype, paBHoi 0°C, cCONpOTHBIIGHHE NPOBOJHUKA PaBHO Ry, a TPH TeMmIepaType f OHO paBHO R, TO
OTHOCHUTEIILHOE U3MEHEHHE COTIPOTUBIICHHUS, KaK IMOKA3bIBACT OIIBIT, IPSIMO MPOITOPIIHOHAIEHO U3MEHEHHUIO TEMIICPATYPHI £:

R—-R 0
- =0t (16.1)
R
Kosppuuuedr  mpomoplyoHaILHOCTH ¢ HA3bIBAIOT TEMIIEPATYPHBIM  Ko3()(puuueHToM conporusieHus.  On
XapakTepU3yeT 3aBHCHMOCTL COIPOTUBJIEHUS BEIIECTBA OT TeMIepaTyphl. TeMmepaTypHblii Ko03(pGHIHEHT CONPOTHBJICHHS
YHCJIEHHO PAaBeH OTHOCHTEILHOMY HM3MEHEHHIO CONPOTHUBJICHHSI NPOBOAHMKA mnpu HarpeBanuu Ha 1 K. Jna Bcex
METAUINYECKHUX [TPOBOJHUKOB KO3(P(PUUUEHT 0 > 0 M HE3HAYUTENLHO MEHSAETCS C M3MEHEHHEM TeMIeparyphl. Eciau uaTepBai

HU3MCHCHHUA TCMIICPATYpPbl HECBCIUK, TO TeMHepaTypHBIP‘I KO3(1)(1)I/II_[I/IGHT MOXXHO CHHUTAThb HOCTOSIHHBIM M PAaBHBIM €ro CpeaHCMY
3HAYCHHUIO HA 3TOM UHTCPBAJIC TEMIICPATYP.

Jlekuus Ne9

Tema: «MarHuTHoe nmoJie. JJaeKTPOMArHeTH3M»

1. Bompocs! nekuuu:

1.1. MarautHoe none. [TocTossHHbIE MarHUTH M MATHUTHOE TI0JIe TOKa. HAYKIIMS MarHUTHOTO TOJIS.

1.2. Cuna Amnepa. [TpuHImn aefcTBysI SJEKTPOABUTATENS. DIIeKTpor3MepuTenbHble mpubopsl. Cuma Jlopenmna.

1.3. MarHuTHBIH HOTOK. DHEPTHS] MAarHUTHOTO TTOJIA.

1.4. SIBnenuie snekTpoMaruuTHOM nHAYKIUK. 3akoH Papanes. [Ipaswuno Jlenna. BuxpeBoe anekTpuieckoe moie.

1.5. CamonHaykuus. UHIYKTUBHOCTb.

1.6. CBOOOAHBIE U BHIHYK/CHHbBIE AJIEKTPOMArHUTHbIE Kosiebanus. KonebaTenbHbIi KOHTYD.

1.7. Ilepemennslit TOK. JlelcTByOMME 3HAUEHUS CHIIBI TOKA U HanpskeHus. KonaeHcarop U kaTylika B HENH EPEMEHHOTO
TOKa. AKTUBHOE CONPOTHUBIICHHE. DIEKTPUICCKUN pe30HAHC.

1.8. [punmum neiictBus 3nexTporeHeparopa. Tparchopmarop. [IponsBoacTBo, epeaaya u MOTPeOICHUE HIEKTPOIHEPTHH.
[Ipob6nemsl 3HEprocOepekenHus. TexHuKa 6€30MacHOCTH B 00OPAMICHUH C IJIEKTPHUSCKAM TOKOM.

2. Kpatkoe cojepkaHue BOMPOCOB

B3aumopeiicTBue TOkoB

Mexay HEeTOABIKHBIMH 3JIEKTPHUECKUMH 3apsiaMu JIEHCTBYIOT CHIbI, ompeaensieMble 3akoHOM Kymona. CormacHo
TEOpHH OJM3KOJICHCTBUS 3TO B3aUMOACHCTBHE OCYIIECTBISETCS TaK: KAKIBINA U3 3apsI0B CO3JAeT JIEKTPUUECKOE T0JIe, KOTOpoe
JIEWCTBYET Ha JPYroi 3apsi.

OpmHaKo MEXAy IEKTPUICCKHMH 3apsiiaMH MOTYT CYIIECTBOBATh CHIIBI M MHOW MPHPOJBL. VX MOXHO OOHapyXHTh C
MOMOIIBIO CIEAYIOIIETrO OIBITA.

Bo3pmeM 1Ba THOKMX TPOBOJHMKA, YKPENUM HX BEPTHKAIbHO, a 3aTeM IPHCOEAWHMM HIDKHHUMH KOHLAMH K
nosocaM UcToyHuKa Toka (puc. 1.1). [IpuTskeHus nim OTTalKUBaHUS IPOBOIHUKOB ITPH 3TOM HE OOHAPYKHUTCSI.

Ecnu Teneps npyrue KOHIBI NPOBOJHMKOB 3aMKHYTh ITPOBOJIOKOM Tak, 4TOOBI B IPOBOJHHMKAX BO3HUKINM TOKH
MPOTHUBOMOJIOKHOTO HAIPABJIEHHS, TO POBOJAHUKKM HAaYHYT OTTAJIKUBATHCS APYT OT Apyra (puc. 1.2). B cimydae ke TOKOB OJHOTO
HarpaBJeHUs! IPOBOAHUKH NpUTATHBatoTcs (puc. 1.3).

B3anMmopelcTBUsS MEXIy NPOBOJHHKAMH C TOKOM, T. €. B3aMMOJEHCTBHS MEXAYy HAIPABICHHO IBIDKYIIUMUCS
SIEKTPHYECKUMH 3apsAAaMHy, Ha3bIBAalOT MarHUTHBIMH. CHIIBI, C KOTOPBIMH IIPOBOJHHUKH C TOKOM JEHCTBYIOT APYTr Ha IpyTa,
Ha3BIBAIOTCS MarHUTHBIMA CHJIaMH.


http://school.xvatit.com/index.php?title=Генератор_на_транзисторе._Автоколебания
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Puc. 1.1 Prc. 1.2

MarnutHoe nosie. CorjmacHO Teopuu OJM3KOJEHCTBHS, MOAOOHO TOMY KakK B IPOCTPAHCTBE, OKPYXKAIOUIEM HEIOBH)KHBIE
JJIEKTPUYECKUE 3apsiibl, BO3HUKAET OJIICKTPHUECKOE TII0JIE, B IIPOCTPAHCTBE, OKPYXKAIOMIEM TOKH, BO3HHKAeT IIOJE,
Ha3bIBAEMOC MAZHUMHbIM.

ONeKTpUYeCKNH TOK B TPOBOJHHKE CO3JAE€T BOKPYr Ce0S MAarHWTHOE IOJIe, KOTOPOE NEHCTBYET Ha TOK B IPYroM
MPOBOJHHKE. A TI0JIE, CO3ITaHHOE 3JEKTPUIECKUM TOKOM BTOPOTO MPOBOIHKKA, ICHCTBYET Ha IEPBBI.

MarHuTHOE I0JIe TIpeICTaBIAeT CO00 0colyro hopMy MaTepHH, TOCPEACTBOM KOTOPOH OCYIISCTBISICTCS B3aUMOICH CTBUE
MEKIY JBIDKYIIUMHUCS IEKTPUIECKH 3apsDKCHHBIMH YaCTHIIAMHU.

IlepeuncianM OCHOBHBIE CBOMCTBA MATHUTHOTO MOJISI, KOTOPBIE YCTAaHOBJICHBI SKCIIEPUMEHTAIBHO.

1.  MarHuTtHOe 1oJjie MOPOXKAAETCS IMEKTPHUSCKUM TOKOM (HAIPaBICHUIO ABWKYIIMMHUCS 3apsaMHu).

2. MarHuTHOE 1oJic 0OHAPYKUBACTCS MO ICHCTBUIO HA IEKTPUUYCCKHUH TOK (Ha JBUKYIUCCS 3apsiibl).

ITo106HO 3MeKTpHUYECKOMY OO, MATHUTHOE I10JIE CYIECTBYET pealibHO, HE3aBUCUMO OT HAac, OT HAIIUX 3HAHUH 0 HEM.

OKCIIepUMEHTAJIBHBIM JJOKAa3aTeNbCTBOM PEaTbHOCTH MArHUTHOTO MOJSL, KaK M PEaJbHOCTH 3JIEKTPHUECKOTO OIS, MOXKET
CITyKHTh ¢axr CYIIIECTBOBaHMUS JIEKTPOMAarHUTHBIX BOJIH.
3aMKHYTBIIl KOHTYP ¢ TOKOM B MATHUTHOM Io.1e. /Iyl N3ydeHUs] MarHUTHOTO TTOJISI MOKHO B3STh 3aMKHYTBI KOHTYP MaJbIX
(Mo cpaBHEHMIO C pPacCTOSHHUSMH, Ha KOTOPBIX MarHWTHOE IIOJIE 3aMETHO HM3MEHsETCs) pa3MmepoB. Hampumep, MOXHO B3SITh
MaJICHPKYI0 IUIOCKYIO TIPOBOJIOYHYIO pPaMKy Hpon3BOabHOM ¢opmbl (puc. 1.4). Tlomsomsmime TOK NPOBOTHHKH HY)KHO
pacronoxuTk Omm3ko apyr k apyry (puc. 1.4, a) mmm crutect mx BMecte (puc. 1.4, 0). Torma pesynpTupylomas cuia,
JEHUCTBYIOIIAst CO CTOPOHBI MArHUTHOTO TIOJIS HA 3TH IIPOBOAHUKH, OyIIET paBHA HYIIO.

BrIsicHUTE XapakTep AEHCTBUS MarHUTHOTO MOJIS HAa KOHTYP ¢ TOKOM MOXKHO € TIOMOIIBIO CIIEIYIOLIETO OIBITA.

[TogBecuM Ha TOHKMX TMOKMX HPOBOJHHMKAX, CIUIETEHHBIX BMECTE, MAaJEHBKYIO IUIOCKYIO pPaMKy, COCTOSILYIO H3
HECKOJIbKMX BUTKOB IPOBOJIOKU. Ha paccTosiHuM, 3HaUNTENbHO OOJBLIEM Pa3MEpOB PaMKH, BEPTHKAJIBHO PACIHOJIOKUM IPOBOJ
(puc. 1.5, a). Pamxa mpu mponycKaHHN 3JIEKTPHUUECKOro TOKA 4epe3 Hee M depe3 MPOBOJI IIOBOPAUMBACTCA M paclojlaraeTcs Tak,
YTO IPOBOJ] OKA3bIBAETCS B INIOCKOCTH paMKH (puc. 1.5,6). IIpn n3MeHeHNH HampaBiIeHUs TOKA B IIPOBOJE PaMKa ITOBOPAYHBACTCS
Ha 180°.

OmBIT MOKa3bIBAET, YTO MAarHUTHOE T10JIE CO3/AeTCs HE TOJIBKO TOKaMH B NMPOBOJHMKAX. JIf000e HampaBiIeHHOE ABHKEHUE
JJIEKTPUUECKHX 3apsi/ioB BBI3BIBAET IOSIBICHHE MArHUTHOTO IOJIs. Tak, HampuMep, TOKH B Ta3ax, HOIYNPOBOIHUKAX BBI3BIBAIOT
BO3HMKHOBEHHE B OKPYXKAaIOIIEM HX IIPOCTPAHCTBE MAarHUTHOrO 1oiisi. CMeIleHHe CBS3aHHBIX OJIEKTPUYECKHX 3apsioB
B INBJIEKTPHKE, TOMEIICHHOM B IIEPEMEHHOE 3JIEKTPUYECKOE T10JI€, TAK)KE BBI3BIBACT MOSBICHUE MAarHUTHOTO MOJIS.

W3 xypca ¢u3nkn BaM M3BECTHO, YTO MAarHUTHOE II0JIC CO3/IA€TCSl HE TOJBKO 3JIEKTPUUECKHM TOKOM, HO M MOCTOSIHHBIMHU
MarHutamu. Ecny Mbl moJiBecuM Ha MOKHX MPOBOJAX IUIOCKYIO PaMKy C TOKOM MEXJy IMOJIOCAMH MarHuTa, TO paMkKa OyaeT
MOBOPAYMBATECS A0 TEX IOP, MOKA €€ MJIOCKOCTh HE YCTAaHOBUTCS MEPHEHIUKYISPHO JTMHUH, COCIMHSIOMIEH MOJIIOCH MarHuTa
(puc. 1.6). Taxum o00pa3oM, MarHHUTHOE TIOJI€ OKa3bIBaeT Ha pPaMKy C TOKOM OpHEHTUpYIOIee JIeHCTBUE.

= 1

Puc. 1.4 Puc. 1.5 Puc. 1.6

JBmwxyimuecs 3apsabl (3IEKTPUIECKUH TOK) CO3/1al0T MarHUTHOE ITOJIe.

Boxkpyr mo0bIX HaNpaBJIeHHO ABMKYIIUXCS 3apsi/JOB BOSHUKAET MarHUTHOE Nosie. OHO TakKe MOSBIIIETCS B ClIydae, €Cliv B
IIPOCTPAHCTBE CYLIECTBYET JIEKTPUUECKOE I10JIE, U3MEHSIOLIEECS CO BpEMEHEM.

OOHapy»XHBaeTCsl MarHUTHOE TI0JIE 10 AEHCTBUIO HA SJIEKTPUIECKUH TOK.

BEKTOP MATHUTHOM NHAYKIUHN. JIMHUU MATHUATHOM NHAYKIOUN
DJIeKTpUYEcKOoe TI0JIe XapaKTepH3yeTcsl BEKTOPHOM BEIMYMHONW — HANPSHKEHHOCTBIO dJeKTpuieckoro nosisi. Hamgo Okl BBecTn
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TAaKKE€ W BCJIHWYHUHY, XAPAKTCPU3YIOIIYHO MArHUTHOC IIOJIC KOJHUYCCTBCHHO. ,Z[CJ'IO OTO HCEHOPOCTOC, TaK KaK MAarHuTHBIC
B3aHMOZ[eI>iCTBHSI CJIOKHEC DJICKTPHUYICCKUX. BeKTOpHyIO XapaKTCPUCTUKY MATrHUTHOTO IIOJISI HA3bIBAOT BECKTOPOM MarHUTHOH

VHIYKIME H  0003HayaroT OykBoil B. CHawama MBI paccCMOTpUM BONPOC TOJNBKO O HampaBleHWH Bektopa 8.
MaruutHast crpeyika. Mbl BHIENHM, 4TO B MarHUTHOM IIOJIe paMKa C TOKOM Ha TMOKOM IOJIBECE, CO CTOPOHBI KOTOPOTO He
JICUCTBYIOT CHJIBI YIPYTOCTH, HPEMATCTBYIONIME OPUEHTAIlMM PaMKH, MOBOpAayMBaeTCs 0 TEX IOp, MOKa OHA HE YCTAHOBHUTCS
orpezielIeHHBIM 00pa3oM. BaM n3BecTHO, 4TO Tak e BeJeT ceOsi U MarHUTHas CTPENNKa — MaJeHBKHUH MPOJI0JITOBaThIi MarHHUT C
JIBYMS TIOJTIOCAMHU Ha KOHIIaX — I0)KHBIM S " CEBEPHBIM N.
HanpaBienne BekTOpa MarHMTHOI MHAYKunMH. OpHEHTHpYIOIIee AEHCTBUE MAarHUTHOTO IOJSI HA MAarHUTHYIO CTPENKY WU
PaMKy ¢ TOKOM MO>KHO HCIIOJIb30BATh IJIsL ONPEIeNICHIs HallpaBJIeHHs BEKTOpa MAaTHUTHOW MHTyKIIHH.

3a nanpasienue eexmopa MacHUMHOU UHOYKYUY NPUHUMAEMCA HANpAasieHue, KOTOPOe IOKAa3bIBAaeT CeBEpHbIH momoc N
MarHUTHOHM CTpEeNKH, CBOOOJHO YCTaHABIMBAIOLICHCS B MATHUTHOM II0Jie. DTO HaIpaBleHHE COBIAJaeT C HAIPaBICHHEM
HOJIOXKUTENEHOI HOPMaJM K 3aMKHYTOMY KOHTYpPY C TOKoM. IlomoxkuTenbHas HOpMaib HampaBjieHa B Ty CTOPOHY, KyzAa
nepemernaeTcs OypaBUHK (¢ IpaBOi HAPE3KOil), €CIHM BpamaTh €ro 110 HallPaBJICHUIO TOKA B PAMKE .

Vcnone3ys paMKy ¢ TOKOM WM MarHUTHYIO CTPEJIKY, MOKHO OIPEIEIUTh HallpaBJICHHE BEKTOPAa MarHUTHON MHAYKLIUH B
10001 TOUKE MOJIS.

Hanpasnenue eexmopa MazHumuol UHOYKYUU YCMAHABIUSAIOM C NOMOWDLIO Npaguna Oypasyuka: eciu Hanpasienue
NOCMYNnamenbHo2o 0sudcenuss Oypasuuxa cognadaem ¢ HanpasieHuem moka 6 npogooHuKe, Mo HANpagIeHue 8paAujeHUs PyUKU
Oypasuuka ykasvleaem Hanpasgienue 6eKmopa MacHUmMHoOU UHOYKYUU.

OneIT 1O ONPCACIICHUIO HaIpaBJICHUA BEKTOpa HWHAYKIUHM MArHuTHOI'O IIOJIA 3emin mpoBOAUT Ka)l([[blﬁ, KTO
OpPHEHTHPYETCS Ha MECTHOCTH no KOMIIacy.
JIMHUM MAarHuTHOH MHAYKUWH. HarmsoHyro KapTHHY MAarHUTHOTO TIOJS MOXKHO IOJYYUTb, €CIH IIOCTPOUTH TaK
Ha3bIBACMBIC IUHUU MAZHUMHOU uHOyKYuu. JIMHUSAME MarHNTHOW MHIYKLUMH Ha3bIBAIOT JIMHUH, KacaTelbHbIE K KOTOPHIM B

060# MX TOUKe cOBMAAAtOT ¢ BekTopoM B B nanHo# Touke mosis . JIMHMKM BEKTOpa MATHUTHON MHIYKIMH aHAJOTMYHbI JTHHUSIM
BEKTOPA HAIIPSLDKEHHOCTH 3JIEKTPOCTATUYECKOTO OIS,

JI1s1 MarHUTHOrO MOJIA NPSMOJIMHEHHOIO IPOBOJHUKA C TOKOM M3 IIPUBEACHHBIX PaHEE ONIBITOB CIENYET, YTO JIMHUU
MarHUTHON MHAYKIUU — KOHUEHTPUYECKHE OKPYKHOCTH, JIeXKallhe B INIOCKOCTH, MEPIEHAMKYIAPHONM 3TOMY MPOBOIHUKY C
TOKOM. LleHTp OKpYKHOCTeH HaxoAuUTCAd Ha OCH MpoBOoAHMKA. CTpENKM Ha JHMHUSAX YKas3bIBAIOT, B KAKyl0 CTOPOHY HalpaBlIeH
BEKTOP MarHUTHOR UHIYKIVH, KacaTeNbHbII K JaHHOH JIVHHU.
Buxpesoe noJie. Baxxaas 0ocoO€HHOCTh JTMHUH MarHUTHOM MHIYKIMHM COCTOUT B TOM, YTO OHHM HE MMCIOT HM Hadaja, HU KOHIA.
Onn Bcerna 3aMKHYTHl. BCIIOMHHM, YTO € 3JIEKTPOCTATHYECKHM TIOJIEM €0 oOCTOMT mHade. Ero cuiioBble JTMHUHM BO BCEX
CllydasiX UMEIOT HCTOYHHUKH: OHU HAYMHAIOTCS Ha MOJ0XKHUTENBHBIX 3apsAax U OKaHYMBAIOTCA Ha OTPULIATENBHBIX.

Iloss ¢ 3aMKHYTBIMU BEKTOPHBIMU JINHUSIMU Ha3bIBalOT BUXPEBBIMU. MarHuTHOE 110JI€ — @UXpesoe noJie.

3aMKHYTOCTb JIMHMH MarHUTHOW WHIYKIMH TpEJICTaBiseT co0ol (yHIaMeHTalIbHOE CBOMCTBO MarHMUTHOro mnojs. OHo
3aKJIF0YAETCS B TOM, YTO MAarHUTHOE HOJIE HE UMEET UCTOYHMKOB. MarHUTHBIX 3apsI0B, MOJOOHBIX IIEKTPHUECKUM, B IPUPOE HE
CyHIECTBYET.

Puc, 1.15 PHe. 1.16

MarHuTHOe ToJIe — BUXPEBOE I0JIe, B KaXJI0W TOYKE MO BEKTOP MarHUTHOM MHIYKIHMH MMEET OIpeesICHHOEe HAIlpaBIICHHE.
OTO0 HampaBlIeHHE YKa3blBaeT MAarHUTHAs CTpPENKa WM €ro MOXKHO ONpeNeNuTh M0 MpaBHIy OypaBuMka. MarHMTHOE IOje He
uMeeT HCTOYHHUKOB, MarHUTHBIX 3apsAa0B B MIpUPOE HE CYIIECTBYET.
MOIYJIb BEKTOPA MATHUATHOM HNHAYKIUN. CHIIA AMIIEPA
MarHuTHOe TOJe AEWCTBYeT Ha BCE YJYACTKHM NPOBOJHHKA C TOKOM. 3Has CHIy, ACHCTBYIOIIYIO Ha KaXIbli Majblil y4acTOK
MPOBOJHMKA, MOYXHO BBIYMCIUTE CHITY, AEHCTBYIOIIYIO Ha BECh 3aMKHYTBIN IPOBOJAHUK B LIEJIOM.

3aKOH, ONpPENENIONMH CHUITy, IEHCTBYIOIIYI0 HAa OTIENbHBIM HEOONBIION Y4acTOK MPOBOAHHUKA (IJIEMEHT TOKa), ObLI
ycranoBieH B 1820 r. A. Amnepom. Tak kak co3gaTe 00OCOOJICHHBIN 3JIEMEHT TOKa HENb3s, TO AMIEp NMPOBOAMI OIBITHI C
3aMKHYTBIMH TIPOBOAHUKAMHU. MeHss (GOopMy NMPOBOJHHUKOB M X PACIIOJIOKEHUE, OH CyMell YCTaHOBUTH BBIPaXKCHUE JUISl CHJIBI,
JefcTByOIEH Ha OTAEIbHBIN 2JIEMEHT TOKa.

Moayab BeKTOpa MATHUTHOW HHAYKIIUU ONpPENAEIIeTCsl OTHOIEHHEM MAKCHMAIbHOM CHIIBI, JEHCTBYIOIIEH CO CTOPOHBI
MarHUTHOTO TIONSl Ha OTPE30K TNPOBOJAHHMKA C TOKOM, K TIPOM3BEJCHHIO CHJIBI TOKa Ha [UIMHY O3TOTO OTpE3Ka:

B = l“ (1.1)
IAl

MaruuTHoe ToJie TIONHOCTBIO XapaKTepU3yeTcss BEKTOPOM MarHuTHOH uHmykimu B B kaxoit Touke MarHMTHOTO MOJISt MOKHO
OTIpeNIeNUTh HAIPABICHWE BEKTOpAa MAarHWTHONH WHAYKIMH W €r0 MOAYINb, €CIH HM3MEPHUTh CHIIy, JNCHCTBYIOIIYI0 Ha OTPE30K
MIPOBOTHHUKA c TOKOM.
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Monyns cumsl Ammepa. Ilycts BekTop MarHmTHON wmHmykiumu B cocrasmser yrom O (puc. 1.18) ¢ HampaBneHmeM oTpeska
MPOBOJIHMKA C TOKOM (3JIEMEHTOM TOKa). (3a HANpaBJeHUE JIEMEHTa TOKa MPUHUMAIOT HAMPaBJICHHE, B KOTOPOM I10 TIPOBOJHUKY
uzet Tok.) ONbBIT MOKa3bIBACT, YTO MATHUTHOE I0JI€, BEKTOP MHAYKIMH KOTOPOTO HAMpPAaBJICH BJIOJb MPOBOJHHKA C TOKOM, HE

OKa3bIBAET HUKAKOTO JEHCTBHS HA TOK. MOIyb CHJIBI 3aBUCHT JIMIIL OT MOJYJIS COCTaBisiomeil Bekropa B, mepnenankynspHoii

MPOBOAHHUKY, T. €. OT B, = Bsina , ¥ He 3aBUCHT OT cocTapsiomeii B, HanpasnenHoii BIoIs NPOBOAHHKA.
MaxkcumanpHas cuia Awmriepa COIJIACHO bopmye (L.1) paBHa:
n
F,.=I1AlB, _ =g
' el COOTBETCTBYET YTOJ <. Ilpm mpow3BONBHOM 3HAYEHWHM yIJla a CHJa HpOIOpHHOHANbHA He B, a
coctansomeii . = Bsina

Puc. 1.18 Puc. 1.19

IloaTomy BbIpaskeHue A cuibl F, nelcTByrolied Ha Maiblii OTPE30K IIPOBOAHMKA Al, IpU CUJIE TOKa B HEM |, CO CTOPOHBI

MAarHuTHOT'O IoJIA C PIH,Z[yKL[HCﬁ B, COCTaBJ’I?[}OH.[eﬁ C QJICMCHTOM TOKa yroa e . HUMECT BUI

F =1I|B|Alsina. | (1.2)

370 BBIpaXKEeHHE Ha3bIBAIOT 3aKOHOM Amiiepa. Cuna Amnepa pagna npouseedenuro Mooyisa Cuibl MOKd, 6eKMOPA MAZHUMHO
UHOYKYUU, OJIUHBL, OMPE3KA NPOBOOHUKA U CUHYCA Y214 MeHCOY HANPAGICHUAMU 6EKMOPOE8 MAZHUMHOU UHIYKIVA U MOKA.

-
Hanpasienune cuiabl AMnepa. B paccMOTpeHHOM BBIIIE OIBITE BEKTOP F TIEpIEHIMKYIISAPEH dIIeMEHTy Toka U Bektopy 8. Ero
HaIpaBJIeHUE ONPEAEIISIETCS TPABIIIOM JIEBOW PYKH: €CIIH JIEBYIO PYKY PACIIOJIOKHUTH TaK, YTOOBI IEPICHANKYJIIPHAS TPOBOJHUKY

COCTaBJIAOMIAs BEKTOPa MAarHUTHOW MHAyKuuu B. BXoauna B NajoHb, a YeThIpe BHITAHYTHIX Maibla ObUIM HANpaBIEHbI MO
HAaIpaBJeHUIO TOKA, TO OTOTHYTHIH Ha 90° OOJNBLION Mael yKa)KeT HalpaBJICHHE CHIIBI, ISHCTBYIOIIEH Ha OTPE30K MPOBOAHUKA
(puc. 1.19).

3TO MPaBUIIO CHPABEUINBO BO BCEX CITydasX.

Eaununa MarHuTHO#W MHAYKUMH. Mbl BBEJIM HOBYIO BEJIMYMHY — BEKTOP MAarHUTHON MHAYKUUU. 3a eOUHUUY MOOY1A
6eK mMopa MAZHUMHOU UHOYKUUU MONCHO RPUHAMb MAZHUMHYI0O UHOYKUUIO OOHOPOOHOZ0 RONA, 8 KOMOPOM HA OMPE30K
npoeod nuxa onunoii 1 m npu cune moka ¢ nem 1 A deiicmeyem co cmoponsl nona makcumanvnas cuna Fn =1 H. CornacHo

H

dopmyre (1.1) eaMHMIA MATHATHOM MHAYKIK paBHa >~ ¥

Ennanma MarHUTHOHM MHIYKIWY MOTydria HazBaHue Tecna (Ti) B 4ecTh ForociaBcKoro yueHoro-3iekrporexauka I1. Tee i
a (1856—1943).

Wsmepsis cuiy, JEHCTBYIONIYIO CO CTOPOHBI MarHUTHOTO MOJII HAa Y4acTOK MPOBOJHHMKA C TOKOM, MOXXHO OTNPEAEITUTH
MOJIYJIb BEKTOpa MarHUTHOUW MHAYKIUHU. ChopmynaupoBaH 3aKoH Amrmepa JUisl CUJIbl, JEHCTBYIONIEH Ha Y4acTOK MPOBOJHHUKA C
TOKOM B MarHUTHOM roJie.
JNENCTBUE MATHUTHOI'O IMoJIsA HA JNBUKYIIUACS 3APSA. CUJIA JJOPEHLIA
DNEKTPUUECKUH TOK — JTO YHOPSAAOYEHHO IBUXKYIIUECS HapsOKEHHbIE 4yacTHibl. [loaTomy JeiicTBME MarHUTHOTO TOJST Ha
MIPOBOJHHK C TOKOM €CTh pe3yJbTaT JEUCTBUS TOJIS Ha JABIKYIIHECS 3apsHDKeHHbIE YacTHIIbI BHYTpU MpOBOAHMKA. Haiinem cuiy,
JIEHCTBYIOIYIO HA OJJHY YacCTHILY.

Mopayasb cuabl JlopeHua paBeH OTHOLIEHHIO Moayns cuibl F, nelcTByromieil Ha y4acTOK MPOBOJIHUKA JJIMHOM Al, K

quciy N 3apsS’KEHHBIX qacTun, Ynopsaa04€HHO JABMKYIIUXCA B 3TOM y4acTke IMPOBOAHUKA!
. F c
Fy= =t (1.3)

Ha  xaxnapriii  gBWKymuiicss  3apsg  CcO  CTOPOHBI MATHMTHOIO  MOJisl AeiictByeT  cuna  JlopeHma, — paBHas:

; F i g |
| F, ;\T:!(IIUBSi"a'J‘ (1.5)

rre ® — yrom Mexay BEKTOPOM CKOPOCTH M BEKTOPOM MarHWTHOW wuHaykumu. Cuna JlopeHna NeprneHIUKyIsIpHa
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BEKTOpam B n U, Ee HarpaBJICHUE OIPCACIIACTCA C IIOMOMIIBIO TOTO XE IIpaBUJIa JIEBOH PYKH, 9YTO U HAIIPABJIICHUE CHUJIBI AMHepa:

€CJIM JICBYIO PYKY pacCHoOJIOXKUTH Tak, YTOOBI COoCTaBJIArO1Ias MarHUTHOMH WHAYKINN B, NEPpHNCHAUKYJISIpHAd CKOPOCTU 3apsdna,
BXOOWJia B JIaJOHB, @ YETHIPE BBITSAHYTHIX ITaJIbIIa ObLIH HampaBJICHBI 110 ABMKEHUIO ITOJIOKUTEIBHOTO 3apsaa (HpOTI/IB JBUXCHUSA

OTPHILATENFHOT0), TO OTOTHYTHIM Ha 90° OONBIION Mmanel yKaXeT HalpaBlIeHHe JeicTByromeil Ha 3apan cuwisl JlopennakF, (puc.
1.24).
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Puc. 1.24

MATHUTHBIA MNOTOK
Jlnst Toro 4TO0BI AaTh TOYHYIO KOJIMYECTBEHHYIO ()OPMYIHPOBKY 3aKOHA 3JIEKTPOMArHUTHON MHAYKIMN Dapanes, Hy*KHO BBECTH
HOBYIO BEJIMYUHY — IIOTOK BEKTOpa MarHUTHON MHAYKIINH.

Bektop MarHuTHOM uHmykimu B XapakTepusyeT MarHuTHOe TONe B Kak/JOH TOYKE MPOCTPaHCTBA. MOMKHO BBECTH €Ile

OJIHY BEJIMYMHY, 3aBUCSIIYIO OT 3Ha4eHUii BekTopa B He B 0/1HOM TOUKE, @ BO BCeX TOYKAX MOBEPXHOCTH, OTPAHNYEHHON MIOCKMM
3aMKHYTBIM KOHTYPOM.

g 3TOrO paccMOTpUM IUIOCKMH 3aMKHYTBIH NPOBOAHUK (KOHTYp), OTPaHUYMBAIONINI MOBEPXHOCTh IUIOMIANBI0 S U
-
MIOMEIIECHHBIN B OJHOPOJHOE MaruuTHoe 1one (puc. 2.4). Hopmane 7 (BekTop, MOy KOTOPOTO PaBeH E€IWHUIE) K IUIOCKOCTH

MNpOBOAHHKA COCTABJIAICT YTOJI ¢ HalpaBJICHUEM BCKTOpa MarHUTHOU HWHAYKINHU B MarautHeiM noToKOM O (HOTOKOM
BeKTopa MarHUTHOH I/IHI[yKI_[I/II/I) Yepe3 NOBEPXHOCTH IUIOIIAABIO S Ha3BIBAIOT BCJIMYNHY, PaBHYIO IIPOU3BEACHUIO MOAYJIA BeKTOpa

MarHuTHOM WHIYKUUU B Ha IIOIIAAb S u KOCHHYC yraa U mexnay BEKTOpaMH B u ”
® = BScos . (2.1)
Beoswx =B . . 3
[IpousBenenue I IPEJICTABISIET COOOM TMPOEKIMI0 BEKTOpa MArHUTHOM HMHAYKIMH HAa HOpPMalb 7 K IJIOCKOCTH
KOHTYpa. [MosTomy
¢ =B,S. | (2.2)

Puc. 2.4

MarHuTHBIH MOTOK TeM OoJibiie, ueM Oojbiie B, u S. Benuunna @ Ha3BaHa «MarHUTHBIM MOTOKOMY» I10 aHAJIOTHMH C MOTOKOM
BO/JIbI, KOTOPBIN TeM OoIbIe, YeM OO0JIbIle CKOPOCTh TEUESHHUS BOABI U IUIOMIA(b CEYECHHS TPYObI.

MarHuTHBIH TOTOK TpadUIecKd MOXHO HCTOJIKOBATH KaK BEIMYMHY, NMPOIOPIHOHAIBHYIO YHCIY JHHHA MarHUTHOH
MHIYKIMH, TPOHU3BIBAIOIINX TOBEPXHOCTH ILIOMIAJIBIO S.

EnqunHuneil MarHuTHOro mOTOKa sBIsieTcs gedep. Maznummnwviii nomok ¢ 1 eeoep (1 B6) co3zoaemca 00nopoonvim
maznumnoim nonem ¢ unoykyueii 1 Tn uepez nosepxnocms niowadsio 1 m?, pacnonosicennyio nepnenouKyiapHo eKmopy
MAZHUMHOU UHOYKYUU.

MarHuTHBIH TOTOK 3aBUCHT OT OPHEHTAIINN TIOBEPXHOCTH, KOTOPYIO MPOHU3BIBAET MAarHUTHOE TIOJIE.

SHEPTUA MATHHUTHOT'O noJsA TOKA
CoriacHO 3aKOHY COXPaHEHHUS HEPTHUHU SHEPTUsl MATHUTHOTO IIOJIS, CO3JJaHHOTO TOKOM, paBHA TOW SHEPTHH, KOTOPYIO JAOJDKEH
3aTPaTUTh UCTOYHHK TOKA (TaIbBaHUYECKUH 3JIEMEHT, TeHepaTOp Ha AJIEKTPOCTAHIIUY U Jp.) Ha co3/1aHue Toka. [Ipu pa3MbIkaHUT
[ETIH 3Ta YHEPTHUS IIEPEXOTUT B JPYTUe BUIBI YHEPTUH.

To, 4To U1 CO3AaHKs TOKA HEOOXOIMMO 3aTPAaTUTh SHEPTHIO, T. €. HEOOXOIMMO COBEPIINTH PabOTY, OOBSICHSIETCS TEM, UTO
IpPY 3aMBIKAHUU LIETIH, KOTJa TOK HauMHAeT HapacTaTh, B IPOBOJHUKE MOSABISAETCS BUXPEBOE AIEKTPUUECKOE TOJIe, JEHCTBYOLIEE
MPOTHUB TOTO 3JIEKTPUYECKOTO IOJIsI, KOTOPOE CO3JIAaeTCsl B IPOBOJHMKE Oarosapsi HICTOYHUKY TOKa. [ Toro 4ro0sl cuiia Toka
CTajla PaBHOM /, NCTOYHMK TOKA JOJDKEH COBEPLIMTH PabOTy NMPOTHB CHJ BHXPEBOTO IToJis. DTa paboTa HIET Ha yBeJIHMYCHHE
SHEPrUU MarHUTHOTO MOJIS TOKA.
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[Ipu pa3MBIKaHUU ETIH TOK UCUE3aET, U BUXPEBOE MOJIC COBEPIIACT MOIOKUTEIBEHYIO0 paboTy. 3amaceHHass TOKOM SHEPTHs
BBIJICNIACTCS. DTO OOHApY)KHMBACTCs, HANPHMEpP, IO MOIMHOW HWCKpPE, BO3HUKAIOUICH NpPH pasMBIKAHUHM I C OOJBIION
UHIYKTUBHOCTBIO.

DHeprusi MarHUTHOTO TOJISI, CO3AaHHOTO TOKOM, MPOXO/SIIIMM 10 Y4acTKy IeNd ¢ MHAYKTHBHOCTBIO L, onpenensercs mo
dbopmyite

| w, - L
; 2

(2.9)

S

MaruautHoe IoJe, CO3AaHHOC JICKTPUICCKHUM TOKOM, 06naz[aeT BHCPFHCﬁ, npsaMo HpOHOpHHOHaJ’ILHOﬁ KBaJIpaTy CUJIbI TOKA.

OTKPBITHUE JIEKTPOMATHUTHOMW WHIYKIUA

B 1821 r. M. ®apaneii 3ammcan B cBoeM nHeBHUKe: «[IpeBpaTuTs MaraeTnsM B 3neKTpudecTBo». Uepes 10 et »Ta 3amaua
ObLITa M perIcHa.

He cnydaiiHo mnepBbldd, pelIaroiMid MIAar B OTKPHITMM HOBBIX CBOMCTB 3JIEKTPOMArHUTHBIX B3aUMOJEHCTBUI cIesaH
OCHOBOIIOJIOXKHUKOM IIPEACTaBICHUNA 00 3MekTpomarHuTHOM mone M. @apazmeeM, KOTOPHI OBUI YBEpeH B €AMHOW NPHUPOJE
SNEKTPUYECKUX U MAaTHUTHBIX ABJICHUNA. biaronaps sToMy OH U cZienan OTKpBITHE, BOLIEAIIEE B OCHOBY YCTPOMCTBA F€HEPATOPOB
BCEX OJJICKTPOCTAHIMM MHpA, INPEBPALIAONINX MEXAHHUECKYI0 SHEPrHI0O B HHEPTHIO 3JeKTpuieckoro Toka. (Mcrounukw,
paboraronyie Ha APYIMX HNPUHIOWIAX: TajJbBAHUYECKHE D3JIEMEHTBI, aKKyMYJISATOPbl W Tp., — Jal0T HHUYTOXXHYIO [OJIIO
BhIpa0aThIBAEMON 3JICKTPUUECKOM SHEPIUH. )

SIBneHue 3JIeKTPOMArHUTHOM MHIYKIIMH 3aKJII0OYAeTC B BO3HUKHOBEHHH 3JIEKTPUYECKOTO TOKa B MPOBOASAIIEM KOHTYpE,
KOTOPBIi MO0 MOKOUTCS B IEPEMEHHOM BO BPEMEHH MarHUTHOM I10J€, TMOO JBMXKETCS B MOCTOSHHOM MAarHWTHOM TIOJI€ TaKUM
00pa3oM, YTO YHCIIO JTUHUN MarHUTHOW MHAYKIIUH, TPOHU3BIBAIOIINX KOHTYD, MEHSIETCS. DTO sABJIEHHE ObUTO OTKPHITO 29 aBrycra
1831 r. Penkuii ciydaid, korjga Aata HOBOIO 3aMeUaTeNIbHOTO OTKPBITUSL M3BECTHA TaK TOYHO!

Chauana @apageeM Obula OTKPBITA D3JEKTPOMArHWUTHAS HHIYKOWS B HENOABIXHBIX OTHOCHTENBHO JpYyr Jpyra
MPOBOJHUKAX NPH 3aMBIKaHUN M Pa3MbIKaHUH IETIH. 3aTeM, ICHO TIOHUMast, 9TO COMIMKEHNE WIN yAaJICHHE IPOBOJIHIKOB C TOKOM
JOIDKHO IPUBOJIUTH K TOMY K€ pe3yJlbTaTy, YTO M 3aMbIKAHHE M pa3MbIKaHMe Lenu, Papanell ¢ MOMOIIBIO OMBITOB JOKa3al: TOK
BO3HHMKAeT MpPH NMEPEMEIICHUH KaTylleK OTHOCHTENBHO IpYr Apyra. 3HakoMmblil ¢ Tpygamu Ammnepa, Papaneil moHuMan, 4Tto
MarHiuT — 3TO COBOKYIHOCTh MAaJE€HBKMX TOKOB, IUPKYJIHPYIOIIHX B MOJeKynax. 17 OKTI0ps, Kak 3aperHCTPHPOBAHO M €T0
J1a00paTOPHOM KypHae, ObUT 0OHAPYKEH WHIYKIIMOHHBIH TOK B KaTyILIKe BO BpeMsi BBEJCHUS (WIIH ylale HHsI) MarHUTa.

B teuenue onHoro mecsinia @apaseii ONBITHBIM ITyTEM YCTAaHOBMII BCE INIABHBIE OCOOCHHOCTH SIBJICHUSI 3JICKTPOMAarHUTHOM
UHAYKIMM. B HacTosmee BpeMs onbITel Dapajess MOXKET MOBTOPUTH KaXKAbIM. (7 3TOro Hajgo MMeTh BE KAaTyIIKH, MarHMT,
6aTapero JIEMEHTOB U JOCTaTOYHO YyBCTBUTENIbHBIN TaJbBAHOMETP.

B ycraHoBke, M300pakeHHOW Ha pucCyHKe 2.1, a, MHAYKIMOHHBIA TOK BO3HHMKACT B OJHOW W3 KATYIICK B MOMECHT
3aMBIKAHUS WK Pa3MbIKaHUS IEKTPUYECKOW LIENU JPYrOM KaTyIIKH, HENOABM>KHOM OTHOCUTENBHO IEpBOM. B npyrux omslTax
MHIYKIMOHHBIH TOK BO3HHMKAeT NPH M3MEHEHHH CHIIBI TOKa B OJHOW M3 KaTyIleK ¢ MoMolubio peocrara (puc. 2.1, 6), npu
JBIDKEHUH KaTyNIEK OTHOCUTENIBHO APYT Apyra (puc. 2.2, a), IpH IBWKESHUH MOCTOSHHOTO MarHUTa OTHOCUTEIIBHO KaTYIIKH (pHC.
2.2,0).

Voxe cam Papazeit 3amMeTrin To o0Iee, OT Yero 3aBUCHT HOSBJICHHE HHIYKIIMOHHOTO TOKA B OIBITAX, KOTOPHIE TOCTABIICHBI
HO0-Pa3HOMY.

B 3amxmymom npogooswem Konmype 603HUKAem MOK NPU USMEHEHUU HUCIad JAUHUL MASHUMHOU UHOYKYUU,
NPOHU3LIEAIOUUX N06EpXHOCHID, 02PaHUYEHHYIO SMUM KOHMYPOM.

Puc. 2.2

W uwem ObicTpee MeHsIETCS YHMCIIO JMHUM MarHUTHOM WHIYKUIMH, TeM OoJblle BO3HMKAIOIIMI MHAYKIMOHHBIA ToK. Ilpm sTom
NpUYMHA M3MEHEHHUS 4KCila JIMHWH MarHUTHOW WMHAYKIMH HE CYLIECTBEHHA. DTO MOXET OBITh M M3MEHEHHE YHCIIA JIMHUH
MarHUTHOM WHAYKIMH, MPOHU3BIBAIOUINX MOBEPXHOCTb, OIPAHMYEHHYIO HEMOABHIKHBIM IMPOBOAALIMM KOHTYPOM, BCIEJCTBHE
M3MEHEHHSI CHIIBI TOKA B cocelHel karymike (cM. puc. 2.1, 0), 1 M3MEHeHHe Yucia JMHUH MHAYKIUN BCJEJCTBUE JBHKEHUS
KOHTYpa B HEOJJTHOPOJTHOM MarHUTHOM I10JIe, TyCTOTa JIMHUH KOTOPOTO MEHSETCs B MPOCTpaHCcTBe (puc. 2.3).
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B npoBonsmmeM 3aMKHYTOM KOHTYPE BO3HHMKAET 3JIEKTPHUECKUN TOK, €CIIM KOHTYp HaXOJWTCS B IEPEMEHHOM MarHUTHOM
TI0JIE WJTH JBIDKETCS B TOCTOSSHHOM BO BPEMEHH MAarHUTHOM II0JI€ TaK, YTO YHCTO JIMHWH MarHUTHOW MHIYKIIMH, TIPOHU3BIBAFOIINX
KOHTYD, MEHACTCSI.

HAIIPABJIEHUE HNHAYKIIMOHHOI'O TOKA. IMPABHJIO JIEHIA.
[IpucoennHMB KaTylIKy, B KOTOPOH BO3HHMKAeT WHIYKIMOHHBIN TOK, K TrajJbBaHOMETPY, MOXKHO OOHApYXUTh, YTO HAIpaBlICHUE
9TOTO TOKA 3aBHCHUT OT TOTO, NPUOIMKACTCS M MAarHUT K KaTylIKe (HalpuMep, CeBEPHBIM IIOJFOCOM) WM YAAIIeTCs OT Hee (CM.
puc. 2.2, 6).

Bo3Hukaromuii HHAYKIUOHHBIA TOK TOTO WM MHOT'O HAlpaBJIeHUs KakK-TO B3aUMOJAECHUCTBYET C MarHUTOM (IIPUTSTUBAET
WM OTTaJIKUBAET ero). KaTymka ¢ mpoxo siyM 1o Hei TOKOM I0JJOOHA MarHUTy C ABYMS ITOJIOCAMH — CEBEPHBIM U IOXKHBIM.
Hanpasnenne HHAYKIIMOHHOTO TOKA OMpPEENsIeT, KaKOH KOHEIl KaTYIIKH BBIIIOJTHSET POJIb CEBEPHOTO MOJIoca (JINHUM MarHUTHOU
MHIYKIUH BBIXOIAT W3 Hero). Ha ocHOBe 3akoHa COXpaHEHHWS 3HEPTHH MOXKHO IPEACKa3aTh, B KAKMX CIIydasx KaTyllka OyxeT
NPUTATHBATh MarHWT, a B KAKUX OTTAJIKUBATH €TO.

B3anmojeiicTBHe MHAYKIIMOHHOIO TOKa ¢ MAarHUTOM. Ecim MarHuT mpuOmmkate K KaTyIIKe, TO B HEH IOSBISETCS
MHIYKIMOHHBIA TOK TAKOTO HAIPABJICHHS, YTO MarHUT 00s3aTENbHO OTTANKUBAeTCs. [t COMMKEHNsI MarHATA M KaTyIIKH HY>KHO
COBEpIINTH MOJOXKUTENbHYI0 pabory. Karymka cTraHOBHTCS MOZOOHONH MarHuTy, OOpalieHHOMY OJHOMMEHHBIM IIOJIIOCOM K
npubIIKaroneMycs K Heit MarauTy. OTHOMMEHHBIE e MTOJIF0Ca OTTATIKUBAOTCS.

[lpu ynanenun MarHuTa, HAOOOPOT, B KAaTYIIKE BO3HUKAET TOK TAaKOT'O HAIpPAaBJICHHUS, YTOOBI MOSBHUIACH MPUTATUBAIONIAS
MarHuT cuia.

\B

Puc. 2.5
B gem cocrout pa3jnynue ABYX OIIBITOB: HpI/I6J'II/I)KeHI/Ie MarHmTa K KaTyHKe U €ro y;[aneHI/Ie? B IICPBOM Ciry4ae YUCIIO JIMHUT
MarHUTHOM HWHAYKIWH, TPOHU3BIBAIOIIUX BUTKU KATYHIKH, WIH, YTO TO KC CaMOC, MarHUTHBINA IMOTOK, YBCINYHUBACTCA (pI/IC. 25,

a), a BO BTOPOM Clydae yMmeHbImaercsi (puc. 2.5, 6). Ilpuuem B TepBoM ciydae JdMHMM MHAyKuud B' MarmutHOrO mnous,
CO3/IaHHOTO BO3HHKIIUM B KAaTYIIKC HWHIYKIIMOHHBIM TOKOM, BBIXOJSIT W3 BEPXHEr0 KOHIA KATYIIKW, TaK Kak KaTyIoka
OTTAJIKUBAET MarHHUT, a BO BTOPOM CIIydae, HAa00OPOT, BXOIST B 3TOT KOHEIN. DTH JIMHUU MarHUTHON MHIYKIWU Ha PHUCYHKE 2.5
n300paKeHBI YEepHBIM IIBETOM. B cilydae a Karymka ¢ TOKOM aHAaJOTHYHA MAarHUTY, CEBEPHBIM IIONOC KOTOPOTO HAXOIUTCS
CBEpXY, a B ciydae 0 — CHU3Y.
IIpaBuino Jlenna. Tenepp MBI NOAOLUIM K TJABHOMY: IIPM YBEJIMYEHUMM MAarHUTHOTO IIOTOKA Y€pe3 BUTKU KaTYIIKU
I/IHI[yKL[I/IOHHI)II/I TOK MMECT TAaKOC HaIlpaBJICHUE, YTO CO3I[aBaEMOC UM MAar"uTHOC I0JIE MPEIATCTBYCT yCI/IJ'IeHI/IIO MAarHUTHOI'O

IMOTOKA 4Y€pe3 BUTKU KATYIIKH. Bem) JIMHUHU UHAYKIUN B OTOT'0 1TOJIA HAIIpABJICHBI IPOTUB JTHHUI WHAYKOHUH B 110JIs1, ©BMECHCHUEC
KOTOPOI'0 TMOpOKAACT BHGKTpI/I‘{eCKI/II/I ToK. Ecinm ke MarHUTHBIA TOTOK HUepe3 KaTylKy OCHa6€BaCT, TO I/IHI[yKI_lI/IOHHBII/I

TOK CO3/Ia€T MarHUTHOE TI0JIe ¢ MHAyKImel ', yBemmumBaronee MArHUTHBII TIOTOK Yepe3 BUTKH KaTyIIIKH.

B 3TOM ¥ cocTONT CyIHOCTH OOIIEro MpaBuiia ONPEAEICHNs HAapaBJIeHNsT HHAYKIMOHHOTO TOKa, KOTOPOE IPUMEHHMO BO
BCEX CIIydasx. DTO NPaBHJIO ObIIO YCTAHOBJICHO pycckuM pu3ukoM J. X. JleHuem.

CornacHo npaBuily JleHIa 603HUKAIOWUIL 6 3AMKHYMOM KOHIMYpe UHOYKUUOHHBII MOK CE0UM MAZHUHIHLIM NOJIEM
npomueooeiicmeyem momy U3MEHEeHUI0 MAZHUMHO20 NOMOKA, KOmopuim on evizéan. bonee kpamko smo npaguno moicno
cipopmynuposamp cnedyiowum 00pazom: UHOYKUUOHHbBLI MOK HANPAGIEH MAK, YMoObl NPEnAmCME06Ams npuduHne, €20
ebvi3blearoueil.

HpI/IMeHSITB IIpaBUIIO .HCHL[a IJId HAXOXJACHUA HAIpPaBJICHUA HWHAYKOUOHHOTO TOKa B KOHTYPE HaIo Tak:

1. Onpenenurtsb HarpasJeHHe JIMHUHT MarHUTHOM unaykuun B remnero MarHUTHOTO TIOJIA.
2. BbIACHHUTH, YBEJIMYMBACTCS JM MOTOK BEKTOpAa MAarHUTHOW HMHIYKIMHM 3TOTO TIOJIS 4Yepe3 IOBEPXHOCTh, OrPaHHUYEHHYIO
KOHTYPOM (Ao > 0), WA YMEHBIIIAeTCs (AD < 0).

3.  VYcraHoButh HallpaBJICHUE JIMHUH MarHATHOM WHAYKIWHU B MAarumMTHOroO mnoJjisl MHAYKIIMOHHOI'O TOKa. OTH JIMHUN JOJIPKHBI
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6BITH cOTNIacHO mnpaBumy JIeHIa HampaBleHBI TPOTHBOTIONOXKHO JMHHSAM MarHUTHOH muaykmuu B'mpn A® > 0 u umers
OZIMHAKOBOE c HUMH HaIlpaBJICHUE npu AD < 0.

4. 3uHas HanpaBleHHMe NTMHMH MarHuTHOH MHmykimu B', HaliTh HanpaBneHHMe HMHIYKIIMOHHOTO TOKA, MONB3YAChH TPABUIOM
OypaBuuKa.

HanpasneHne MHIYKIIMOHHOTO TOKa OMPENEINSAETCS C MOMOINBIO 3aKOHA COXpPAaHEHHs SHEpruu. VMHAyKIMOHHBIA TOK BO BCEX
Clly4asX HamlpaBleH TaK, YTOOBI CBOMM MAarHMTHBIM MOJIEM IPEMATCTBOBATh W3MEHEHHIO MAarHUTHOTO IOTOKA, BBI3BIBAIOIIETO
JIAaHHBIA HHAYKIHOHHBIH TOK.
3aKoH PJ1eKTPOMATHUTHOW MHIYKIHH. 3aKOH >JIEKTPOMATHUTHOW MHAYKINH (opmymupyercs wuMeHHO miusa DJIC, a He s
CHJIBI MHAYKIIMOHHOTO TOKA, T. K. CHJIa TOKa 3aBHCHUT M OT CBOWCTB MpoBomHuKa, it DJIC ompenenseTcss TOIBKO U3MEHEHUEM
MarHuTHOTO noToka. Coznacno 3axkomny znekmpomazuumuoit undykyuu 3I/JC undykyuu 6 3aMKHYmMOM KOHmYype pasHa no
MO0y, CKOPOCHU  U3IMEHEHUA  MAZHUMHO20 NOMOKA  4epe3  NOGEPXHOCMb,  OPAHUYEHHYI0  KOHMYPOM:

OJC MHIYKIUH ONIPEAETIETCS CKOPOCTHIO M3MEHEHNSI MATHUTHOTO TTOTOKA.

SAC NTHAYKIHUHU B B YIUXCA ITIPOBOJHUKAX

[Ipyn nBWXEHUHM TNPOBOJHUKA €ro CBOOOJHBIC 3apsiibl IBIDKYTCS BMecTe ¢ HMM. [loaToMy Ha 3apsigpl CO CTOPOHEI
MarHUTHOTO MoJis feiicTByeT cuia JlopeHia. OHa-TO M BBI3BIBAaET NEpeMeEIleHHe 3apsioB BHYTpH npoBoaHuka. J/C uHaykuuy,
ClIeZI0BaTeNIbHO, UIMEET MarHUTHOE MPOUCXOXKICHHE.

Ha MHOrux 37€eKTpoCcTaHIMAX 36MHOI0 IIapa UMEHHO cuiia JIopeHIa BBI3bIBACT NIEPEMEICHHE 3JICKTPOHOB B ABIKYIIHXCS
MPOBOJHUKAX.

AD = ~Blv At sin .

(/18 JOBATEIBHO,
Ad

E = = Blvsin«.
A\t

O/1C MHAYKIUHU B MPOBOJHUKAX, JBIDKYIIUXCSA B MOCTOSTHHOM MarHUTHOM II0JIe, BO3HUKAET 3a CUeT JeHCTBUS Ha 3apsibl
IpOBOAHMKA cuibl JIopeHa.

CAMOUHAYKILUSL. NHAYKTUBHOCTD.
Camounaykuus. Ecnu mo kaTymke HaeT NEpeMEeHHBIM TOK, TO MAarHUTHBIM IOTOK, MPOHM3BIBAIOIIMN KaTYIIKy, MEHsETCH.
IlosToMy B TOM e caMOM NPOBOAHHUKE, II0 KOTOPOMY HIET HEepeMEeHHBIM TOok, Bo3HHKaeT OJIC HHAyKuuU. DTO SBICHHE
Ha3bIBalOT CAMOMHIYKLHEH.

IIpy camMOMHIYKIMK NPOBOASIIUI KOHTYp BBINOIHAET ABOHHYIO pOJb: MEPEMEHHBI TOK B NPOBOJHUKE BBI3BIBAET
HOSBICHHE MarHUTHOIO TOTOKa 4epe3 MOBEPXHOCTh, OTPAHUYEHHYI0 KOHTYPOM. A TaK KaK MAarHUTHBIA IMOTOK U3MEHSETCS CO

g

BpeMeneM, 10 mossisercs DIC unaykuuu “'is. Tlo npasuiny JIleHIa B MOMEHT HApACTAaHUS TOKA HAIPSKEHHOCTh BUXPEBOTO

QJICKTPUYCCKOT'0 II0JIsI HaIllpaBJICHA MPOTHUB TOKa. CJ'IeI[OBaTeJ'H)HO, B 3TOT MOMCHT BHUXPECBOC€ IIOJIC NPEMATCTBYCT HapaCTaHUIO
TOKa. Hao6op0T, B MOMCHT YMEHBUICHUSA TOKa BUXPEBOC I10JIC MOAJACPIKMUBACT €ro.

Puc. 2.13

SIBneHue caMOMHIYKIIMHA MOXKHO HaOJIOaTh B MPOCTHIX omblTaXx. Ha pucyHke 2.13 moka3zaHa cxema HapayjiebHOTO COeIMHEHUS
JIBYX OJMHAKOBBIX JlamIl. OHy W3 HUX MOJKIIOYAI0T K HCTOYHUKY Yepe3 pe3ucTop R, a qpyryro — mocienoBaTeabHO ¢ KaTyIIKOi
L, cHaO>XeHHOM >KeJIE3HBIM CEPICUYHNKOM.

IIpu 3ambIKaHUM KJIFOYa MepBasl JaMIla BCIBIXUBAET MPAKTHUYECKH Cpa3y, a BTOpas — C 3aMeTHbIM 3amo3ganueM. DJC
CaMOMHAYKIIMU B IIENIM 3TOW JIaMIThl BEJIMKA, U CWJIA TOKAa HE Cpa3y JOCTUTAET CBOETO MaKCHMMaIbHOTO 3HaueHHs (puc. 2.14).

Prnc. 2.14 Puc. 2.15

[ossnenne 3/IC caMOMHIYKIMH NPU pa3MbIKaHUH MO>KHO HAOJIIOAaTh B OIIBITE C LETIBI0, CXeMaTHYECKU TIOKa3aHHON Ha PUCYHKE
2.15. Tlpu pasmblkaHuM Kiatoda B Karymike L BosHukaer DJIC caMOMHAYKLMH, MOJAEP>KUBAIOIIas INEPBOHAYAIbHBIA TOK. B
pe3yibTareé B MOMEHT pa3MBIKaHMsS 4epe3 TalbBaHOMETpP WAET TOK (UIBETHas CTpeNiKa), HalpaBJCHHBIH IPOTUB
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HayaIbHOro TOKA 10 pa3Mblkanus (depHas crpeika). Cuiia TOKa NPU pPasMbIKAHHM IIEMH MOXET MPEBBINIATh CHILY TOKa,
«g
IPOXOJAIIEr0 Yepe3 TalbBaHOMETP MPH 3aMKHYTOM Kitode. 1o o3Hawaer, uyro JJIC camomHIyKuuu ©'is Gobiie
cg
BJIC © Garapen 37I€MEHTOB.

NHIyKTHBHOCTB. MoIy/b BeKTOpa MHAYKIMH B3 MarHuTHOrO MOJA, CO3/aBAEMOTO TOKOM, MPOMOPIMOHATEH CHJIE TOKA.

Tak Kak MAarHUTHBIN MIOTOK o MIPONOPLUOHANIEH B, TO O~ B~ L
MoxHo, CJICIOBATENHHO, YTBEPKAaTh, 4TO
) = LI, 2.7)

rre L — ko3¢ duumeHT nponopuroHaIbHOCTH MEXKAY TOKOM B IPOBOJSINEM KOHTYpEe M MarHUTHBIM MOTOKOM. Bemmuwmny L
Ha3bIBAIOT MHAYKTHBHOCTBIO KOHTYpPA, HJIH ero K03 (GUINEHTOM CaMOUHITYKIIUH.
Hcnons3ys 3aKOH 3EeKTPOMAarHUTHOM UHIYKIIH u BBIpa)KEHUE 2.7, MOJIy4aeM PaBEHCTBO

'(‘.'” - A}? — _L .A_I’ (2.8)
At At

N3 dpopmymst (2.8) cnemyeT, 9TO MHIYKTHBHOCTh — 3TO (pU3MUecKasi BeIMYNHA, YuCiIeHHO paBHas DJ[C caMOWHAYKINH,
BO3HUKAIOILEH B KOHTYpE NpU U3MEHEHUM CUJIbl TOka BHEM Ha 1 A3al c.

WHIyKTUBHOCTH, TOI0OHO 3IEKTPOEMKOCTH, 3aBUCHT OT FT€OMETPUIECKHUX (PAaKTOPOB: pa3MepOB IMPOBOTHHUKA U €r0 (GOPMHI,
HO HE 3aBHCHUT HEMOCPEACTBEHHO OT CHUJBI TOKa B MPOBOAHHMKE. KpoMe reoMerpuu MpPOBOAHMKA, MHIYKTUBHOCTH 3aBHUCHUT OT
MarHMTHBIX CBOWCTB Cpepl, B KOTOpOH HaXOJIUTCS MIPOBOJTHUK.
O4eBHIHO, YTO MHIYKTUBHOCTh OJHOTO MPOBOJIOYHOTO BUTKA MEHBIIIE, YeM y KaTyIIKH (COJICHOMAA), cocTosmel n3 N Takux xe
BUTKOB, TaK KaK MarHUTHBII IOTOK KaTYIIKH yBequuuBaeTcs B N pas.

Enunnny waayktuBHoctd B CU HaspiBatoT reHpu (o06o3Hauaercs ['H). MHAYKTHBHOCTD npoBojaHMKa paBHa 1 ['H, eciu B
HEM IIpM DPAaBHOMEPHOM M3MeHeHMH cunel Toka Ha 1 A 3a 1 ¢ Bosmukaer OJIC camomnpgyknuu 1 B:

| Drrom: 2B g Baier
A A
1 tara
(1]
CBOBOJHBIE u BBIHYKJIEHHBIE SJIEKTPOMATI'HUTHBIE KOJEBAHUA

DJIeKTpOMAarHuTHBIE KOJIeOaHUst ObUTM OTKPBITHI MOYTH ciydaitHo. [locnme Toro kak u3o0penu JelaeHcKylo OaHKy (HepBbIi
KOHJICHCATOp) M HAyYWINCh COOOIIaTh € OOJIBIION 3apsii C MOMOLIBIO AJIEKTPOCTATHYECKON MAIIMHBI, HAa4Yald H3y4aTh
JNEKTPUUECKUN pa3psi OaHKU. 3aMbikas OOKIaAKH JCWASHCKONH OaHKH C MOMOLIBIO ITPOBOJIOYHOM KaTyLIKH, OOHAPYKUIIH, YTO
CTaJIbHBIC CIHILBI BHYTPH KATYIIKH HAMarHUYMBAIOTCS. B 9TOM HMYEro yAMBUTENBHOTO HE OBLIO: 3JIEKTPUYECKUI TOK M JIOJDKEH
HaMarHW4YMBaTh CTAJIbHOIM cepleyHuK KaTymkd. CTpaHHBIM jke ObLJIO TO, YTO HeNb3s OBbLIO TIpelcKa3aTh, KaKoi KOHel|
Cep/IeYHUKA KaTyIIKH OKa)XKETCSI CEBEPHBIM ITIOJIFOCOM, & KaKOH — 10)KHBIM. [TOBTOpSISI OIBIT IPUMEPHO B OAWHAKOBBIX YCIIOBHSX,
MOJTy4aJld B OJJHUX CIIydasX OJWH pe3yibTar, a B APYruX — ApYyrou. Jlaneko He cpasy HMOHSIIM, UTO NPH pa3psaKe KOHICHCATOpa
Yyepe3 KaTyIIKy B JJIEKTPUYECKON IeNM BO3HMKAIOT KoyieOaHWs. 3a BpeMs paspsIKd KOHJCHCATOp YCIEBaeT MHOIO pa3
Hepe3apsiiuThCS, ¥ TOK MEHSET HAlpaBlICHHE MHOTO pa3, B PE3yJbTaTe Yero CEepACYHHK MOXKET HAMarHWYHMBATHCS PA3ITHYHBIM
obpazom.

[lepuonndeckre WM MOYTH MEPHOAMYECKHE M3MEHEHHMS 3apsa, CHIIBI TOKA M HANpPSHKEHUS HA3bIBAIOTCS JIEKTPOMAarHUTHBIMU
konebaHussMu. OOBIYHO OTH KoJeOaHUs TMPOUCXOMAT C OYEHb OONBIIOW YacTOTOH, 3HAYUTENHLHO TPEBBINIAIOIICH
4YacTOTy MeXaHH4YecKux Koyiebanuii. [ToaTomy /Uit MX HaGNIOACHUS U UCCIENOBaHUs OYEHb YIOOCH 3JIEKTPOHHBINA ocumiorpad.
CBoOomHBIMU KOJICOAHUSIMM Ha3BIBAIOTCS KOJEeOaHMs, KOTOphlE BO3HMKAIOT B CHCTEME IIOCJIE BBIBEIEHHS €€ W3 IOJIOXKECHHS
paBHOBECHSL.

HeTpyaHo HOMy4uTH B 3JEKTPHUUECKON IENM TAaK)Ke M BBIHYXKJIEHHBIE 3JIEKTPOMArHUTHBIE KojeOaHus. BhIHYXICHHBIMU
KoJIeOaHMSMM Ha3bIBAIOTCS KOJEOaHWS B LENM IOJ JEHCTBHEM BHEUIHEH NEpHOANYECKH H3MEHSIOIIECHCS 3JIEeKTPOIBIDKYIIEH
CHUJIBIL.

CB0OOHBIE 3IICKTPOMAarHUTHBIE KOJIEOaHHMsS BO3HHMKAIOT NPH pa3psiike KOHIEHCATOopa 4epe3 KaTyIIKy WHIYKTHBHOCTH.
BrnyxneHHbBIE KoJIeOaHus BBI3BIBAIOTCS HNEePUOIUUECKON SJC.
KOJIEBATEJBHbIN KOHTYP.
[Ipocreiimas cucrema, B KOTOPO MOTYT IPOMCXOANTH CBOOOHBIE JIEKTPOMArHUTHBIE KOJieOaHMs, COCTOUT M3 KOHJEHCATopa 1
KaTyIIKH, IPUCOSTUHEHHON K ero oOkmaakaM (puc. 4.3), n Ha3pIBaeTCs KoJeOaTeIbHBIM KOHTYPOM.

3apsaauM KOHIEHCATOp, MPUCOSINHUB €r0 Ha HEKOTOpOe BpeMs K OaTapee ¢ IOMOIIbIO niepekitouatens (puc. 4.4, a). [Ipu
3TOM KOHJIEHCATOP MOJTYIHT SHEPIHIO

. _ 4%
“1 - E;‘T' (4.1)

Iie qm— 3apsa KoHzaeHcatopa, a C — ero 3JeKTPOEeMKOCTb. Mexay OOKIagkaMHu KOHAEHCAaTopa BO3HHMKHET DPa3HOCTh


http://school.xvatit.com/index.php?title=Активное_сопротивление._Действующие_значения_силы_тока_и_напряжения
http://school.xvatit.com/index.php?title=Катушка_индуктивности_в_цепи_переменного_тока
http://school.xvatit.com/index.php?title=Электроемкость._Единицы_электроемкости
http://school.xvatit.com/index.php?title=Сила_тока
http://school.xvatit.com/index.php?title=Механическое_движение
http://school.xvatit.com/index.php?title=График_гармонического_колебания
http://school.xvatit.com/index.php?title=Условия_возникновения_свободных_колебаний

[MOTEHIHAIOB Um.

Puc. 4.3

ITo Mepe pa3spsakd KOHAEGHCATOpa YHEPIHs JIEKTPHUIECKOTO MO YMEHBIIASTCS, HO OZHOBPEMEHHO BO3PACTACT DHEPTHUS
MarHMTHOTO noJts TOKa, KOTOpast OTIpeesIeTCs ¢dopmynoit

W, = 5 (4.2)
rue i — cuiia NepeMeHHOro ToKa; L — MHIYKTUBHOCTH KaTyLIKH.

ITonnas sHepruss W 3JI€KTPOMarHUTHOTO MOJII KOHTYpa paBHAa CyMME DHEPTHM €r0 MarHUTHOTO M 3JEKTPHUYECKOTO TOJIEH:

Li* q°
2 ¢
B MOMeHT, Korja KOHASHCATOp MONHOCTBIO paspsautcs (q = 0), SHeprHs 3JIEKTPHUYESCKOTO OIS CTAHET PABHON HYII0. DHEprus
K€ MArHUTHOTO TOJIsI TOKA, COTNIACHO 3aKOHY COXPAHEHHWS SHEpruH, OydeT MakcHManbHOH. B 3TOT MOMEHT CHila TOKa TaKKe
JOCTUTHCT, KOHCYHO, MAKCUMAJIbHOT'O 3HAYCHUA Im.

HeCMOTp)I Ha TO 4YTO K 3TOMY MOMCHTY pPasHOCTb IMOTCHIIMAJOB Ha KOHIAX KAaTyHIKW CTAaHOBUTCI paBHOfI HYJIO,
NIEKTPUYCCKHUIl TOK HE MOXKET MPEKPATUTHCA cpaszy. DTOMY HPENATCTBYET SBICHHE CAMOMHAYKIMH. Kak TONBKO chia TOKa H
CO3JaHHOE UM MAarHUTHOE IOJIe HAYHYT YyMEHbIIAThCA, BO3HUKAET DJ[C caMOMHIYKIIH, CTPEMSIIAsCS HOAACPKATD TOK.

B pesynbraTe KoHAEHcATOp OyneT mepe3apshkaTbesl A0 TeX IMOp, MOKa CHila TOKA, IOCTCNICHHO yYMEHBINAsCh, HE CTAHET
paBHOI Hym0. DHeprus MarHUTHOTO IOJS B 3TOT MOMEHT Takke OyAeT paBHAa HYJIO, SHEPrHs DJICKTPUYECKOIO IIOJI
KOHJICHCATOpa OMSATh CTAHET MAKCHMAJIBHOIA.

[ocne 3TOro KOHIEHCATOP BHOBH HAUHET Mepe3apshKAThCs, M CHCTEMa BO3BPATUTCSA B UCXOXHOE cocTosiHMe. Ecnu Obl He
OBUIO TOTEPh PHEPTHH, TO ITOT MPOLECC NPOJOIDKAICS Obl CKOJb yrogHo noiro. Komebanus Obun Obl He3aTyxaromumu. Yepes
MPOMEKYTKHA BPEMEHHU, PaBHBIC MEPHOAY KOJCOAHUH, COCTOSHHE CUCTEMbI B TOYHOCTH MOBTOPSIIOCH Obl. [losHas sHeprus mnpu
9TOM COXpaHsyach Obl HEM3MEHHOW, M €€ 3HaueHHWe B JI000H MOMEHT BpEeMEeHH ObLIO Obl PaBHO MaKCUMAaJbHOW JHEPIHUU
QJICKTPHUICCKOT'O 110JIA 501040 MaKCHUMaJIbHOMN OHEPrun MAarHuTHOI'O I10JIA:

W = (4.3)

wall & o I (4.4)
2 2C 2C 2 é
Ho B ne#icTBUTENPHOCTH TOTEpH PHEPTUU Hem30exHbl. Tak, B 4aCTHOCTH, KAaTyIIKa W COCIUHHUTENBHBIC IPOBOAA OOIANAIOT
COHpOTI/IBHeHI/IeM R, a OTO BCACT K HOCTeHeHHOMy npeBpameHmo 3Hepr1/m BHGKTpOMaFHI/ITHOFO I10JIs1 BO BHyTpeHH}OIO 3Heprmo
MPOBOJHHKA.

B koneGaTenbHOM KOHTYpE JHEPTHUs DJIEKTPUYECKOTO TOJISA 3apsSKEHHOTO KOHAEHCATOpa TMEepUOJUYECKH TEepeXOauT B
3Hepr1/1}o MArduTHOI'O I10JIA TOKaA. HpI/I OTCyTCTBI/II/I COHpOTI/IBHeHI/ISI B KOHType IIOoJIHas 3Hepr1/1;1 BHGKTPOMaFHHTHOI‘O IoJIA
0CTaeTCsl HEM3MEHHOM.

AKTUBHOE COIIPOTUBJIEHUE. I[EFICTBYIOII[I/IE 3HAYEHUSI CUJIBI TOKA U HAIIPS)KEHUSA
[lepetinem x OoJee NETATFPHOMY PAacCMOTPEHHUIO IPOIIECCOB, KOTOPHIE MPOUCXOAAT B IEMH, MOAKIIOYCHHOW K HCTOYHHKY
MEPEMEHHOTO HANPSKEHUSL.

Cuna TOKa B LIeHH € pe3ucTOpoM. IIycTh Lienb COCTOMT M3 COEIMHUTENBHBIX NPOBOJOB W Harpy3kKu C Majoi
WHIYKTHBHOCTBIO W OonpmimM compoTuBleHHeM R (puc. 4.10). DTy BenmuunHy, KOTOPYE0 MBI 1O CHX TIOp Ha3bIBajH
ANEKTPUYECKUM COIPOTUBJICHHEM WM IPOCTO COMPOTHBICHUEM, Teleph OyaeM Ha3bIBaTh AaKTUBHBIM COIPOTHBIICHHEM.

R

u U, cos ol

Puc. 4.10

Comnportusienne R Ha3bIBaeTCsl aKTUBHBIM, TIOTOMY YTO NpPH HAJIWYUU HATPY3KH, OOJIAJAIONIed 3TUM COMpPOTUBIICHHUEM, IIETh
MOTJIONIAET YHEPTHIO, MOCTYMAIONIYI0 OT TeHepaTopa. DTa SHEPrHs MPEeBpaIlaeTcss BO BHYTPEHHIO YHEPTHIO MPOBOJHUKOB —
OHM HarpeBatoTcsi. byaeMm cunTarh, 9TO HANPSDKEHHE HA 32)KMMaXx IETTH MEHSIETCS 10 TapMOHUYECKOMY 3akoHy: u = Uy cos Wt.
Kak u B CJIydyac MNOCTOSIHHOTO TOK4, MIHOBCHHOC 3HAYCHUE CHUJIbI TOKa IMPSAMO HOPOIMNOPHUOHAIBHO MIHOBCHHOMY 3HAYCHHUIO
HalpsKCHUA. HOSTOMy JJIA HaX0XACHUA MI'HOBCHHOI'O 3HA4YCHUA CHJIbI TOKa MOXKHO NMPUMEHUTL 3aKOH Owma:
u U,,' cos ot
R R

B MMPOBOAHUKE C AKTUBHBIM COIIPOTUBJICHUCM KoJieOaHus CHIIBI TOKa COBIIaJar0T I10 (1)336 ¢ KoJIeOaHUAMU Halps’KCHUA (pI/IC.

= [, coswt. (4.16)
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4.11), a aMILTUTyAa CHUJIBI TOKa OIpenenseTcs PaBEHCTBOM

1, =—. (4.17)

I3

ﬂeﬁCTBymHIHe 3HAYCHUS CUJIbI TOKA U HAITPAKCHUSA. Benuuuna 2 ecThb CpeaHee 3a nNepruo/J 3Ha4CHUEC KBaJpaTa CHUJIbI
TOKa:

[

(4.22)

P cos 20t »
1

- T 0

-— =ty

|
! ' l
e - — -14

Puc. 4.12

BennunHa, paBHas KBaJpaTHOMY KOPHIO M3 CPEJHErO 3HAYEHHS KBaJpaTa CIIIBI TOKA, HA3bIBACTCS ACHCTBYIOUINM 3HAYCHHUEM
CHJIBI  TIEPEMEHHOTO  TOKa. JleHcTByromiee  3HaueHWE  CWIIBI  TNEPEMEHHOro  Toka  oOo3Hawaercss  uepe3 I
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I[eﬁcTBle[Hee SHaYCHHUE CHJIblI NMEPEMEHHOI0 TOKa PaBHO CHUJIE TAaKOI'0 IOCTOSAHHOTO TOKa, IMPH KOTOPOM B HPOBOJHUKE
BBIACIIAICTCA TO KE KOJINYCCTBO TCIJIOTHI, YTO U IIPU IIEPEMCHHOM TOKE 3a TO KE BPEMH.

I[eﬁCTByIOHlee 3HAYCHUC NECPCEMCHHOI'O0 HAIIPSHHKCHUA OMPEACIICTCA aHAJIOTUYHO Z(eﬁCTByIOH.[eMy 3HAYCHHUIO CHJIBI TOKa:

L“'m

U= Ju?= —. (4.24)

V2

3amenss B Qopmyine (4.17) aMIuIMTyAHBIC 3HAUCHHS CHIIBI TOKA M HANpPSOKCHUST Ha WX ACHCTBYIONIME 3HAYEHHS, IMOIy4acM

I=—. (4.25)

Oto 3ak0oH OMa 7151 y4acTKa LEeNH IEPEMEHHOTO TOKa C PE3UCTOPOM.

Kak u npu MexaHHYeCKHX KOJIeOaHUsIX, B Cydae 3JEKTPUYECKUX KoJieOaHUH OOBIYHO HAC HE MHTEPECYIOT 3HAYCHHUS CHJIIBI
TOKa, HANPSOKEHUS M JAPYTUX BENWYMH B KaXKJIbIH MOMEHT BpeMEHH. BakHBI 00IIne XapaKTepUCTHKH KoleOaHWH, Takue, Kak
aMIUIMTY/a, [IEPUOJ, YacTOTa, AECUCTBYIOIIME 3HAUEHUS CWJIbI TOKA U HAIPSIKEHUs, CpelHss MOIHOCTh. MIMeHHO neiicTByromue
3HAYEHUS CWJIbI TOKA U HAIPSKEHUS! PErUCTPUPYIOT aMIIEPMETPBI U BOJIBTMETPBI IIEPEMEHHOIO TOKA.

KOHAEHCATOP B HEIIN HNEPEMEHHOI'O TOKA

Puc. 4.13

ITocToSsIHHBIM TOK HE MOMET HIATH IO LEMH, COAepKalleld KoHaeHcarop. Beab (akTHUSCKH IPU ITOM IElb OKAa3bIBACTCS
Pa30MKHYTOH, Tak Kak OOKIaIKH KOHACHCATOPA Pa3IeIeHbI JHAIEKTPHUKOM.

TTepemeHHBIH K€ TOK MOXKET HJITH IO IENH, COeprKalieil KoHaeHcaTop. B 3TOM MOYXHO yOeIUTHCS ¢ TIOMOIIBIO TIPOCTOTO
OIBITA.

Ilyctp y Hac MMEIOTCS MCTOYHHUKHM TMOCTOSIHHOTO W MEPEMEHHOr0 HANPSHKEHHM, MPUYeM IMOCTOSHHOE HANpSHKEHHE Ha
3a)KMMax MCTOYHUKA PaBHO AEMCTBYIOLIEMY 3HAYEHHUIO MEPEMEHHOro HampsbkeHus. Llenmb coCTOMT M3 KOHAEHCAaTopa U JIaMIlbl
HakanuBaHUs (puc. 4.13), COCOMHEHHBIX IOCIEI0OBATEIbHO. [IpH BKIIFOUCHHHM TOCTOSHHOTO HANPSDKCHUS (IEepPEeKIIF0YaTenb
MOBEPHYT BIICBO, IETh IMOJAKIOYCHA K ToukaM AA') ynamma He cBeTHTCA. Ho THpu BKIIFOUYECHUH IMEPEMEHHOTO HANpPsHKCHUS
(mepexiroyatenb IMOBEPHYT BIPaBO, IIENb MOJKIIOYEHa K ToukaM BB') mamma 3aropaercs, ecim eMKOCTh KOHJIEHCAaTopa
JIOCTATOYHO BEJIUKA.

Kak >xe mepeMeHHBI TOK MOXKET UATH IO IEMH, €CITU OHA (PAaKTHYSCKH Pa30MKHYTa (MEXAY IUIaCTHHAMH KOHJACHCATOpa
3apsAApl IepeMenaTbess He MoryT)? Bce geno B ToM, Y4TO MPOMCXOAWT MEpHOIMYecKas 3apsaKa M paspsiika KOHACHCATOpa IOJ
JIEWCTBUEM NIEPEMEHHOTO HanpsikeHus. ToK, HAYIMI B LIETIH NIPHU Nepe3apsIke KOHJAEHCATOpa, HATPEBAET HUTD JaMIIbl.

YcTaHOBUM, KaK MEHSETCSI CO BPEMEHEM CHJIa TOKa B LIENH, COIEPKallel TOJbKO KOHJEHCATOP, €CJIU CONPOTUBICHUEM
MPOBOIOB M OOKJIAJI0K KOHJEHCATOpa MOKHO TpeHeOpedsh (puc. 4.14).
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HaprDKeHI/Ie Ha KOHACHCATOpEC
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paBHO HANPAKEHUIO Ha Kowunax neuu. CregosaTenbHO,
f N %
(" = U, cosot. (4.26)
Bapsyi KOHJIeHCATOPA MEHASTCH 110 TADMOHNYECKOMY 3aKOHY!
q = CU, cos ol. (4.27)
Cuna TOKa, HPEICTaBIIAIOIIAs coboii HPOU3BOIHYIO 3apsana o BpEMEHH, paBHa:

i=q'=-U,Cosin ot =

=U,Co cos‘ ot + % ] (4.28)

‘[_[ c u=Up cos ot

Puc. 4.14
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CrnenoBareibHO, KOJNICOAHUS CHJIBI TOKa OMEPESKAIT Mo (ase KojeOaHWs HANPSHKCHUS Ha KOHJCHCATOpPE Ha 2(p1/1c. 4.15).
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Puc. 4.15
AMmuTyna CHUJIBI TOKa paBHa: I, = UnC®, (4.29)
Ecmm BBECTH o00o03HauCHHE
: X
T - Ap 4.2
ol ( (4.30)
U BMECTO AaMIUIMTYJ CHJbl TOKA M HANPSUKEHMS MCIONB30BATh WX  JIEHCTBYIOIIME 3HAUEHHUs, TO MOJYYHM
I U
T 4.31
X, ( )

Bennunny X, oOparnyio npousBeneHnto OC HUKINYECKOW YacTOTHI Ha JJIEKTPUUECKYI0 €MKOCTh KOHJIEHCATOpa, Ha3bIBAIOT
€MKOCTHBIM CONPOTHBJICHHUEM. PoIb 3TON BEJIMYMHBI aHAIOTHYHA POJIM aKTUBHOTO CONpOTHBIEeHUs R B 3akone Oma (cM. popmyny
(4.17)). HeiicTByromiee 3Ha4eHHE CHIIBI TOKA CBSI3aHO C JIEHCTBYIOIIUM 3HAYCHHEM HANpsOKEHUS] Ha KOHJICHCATOPE TOYHO TaK Ke,
Kak CBsi3aHbl coryacHO 3akoHy OMma cuila TOKa M HalpspDKeHHe Uil y4acTKa LEeMH MOCTOSHHOIO TOKa. OTO M IO3BOJISIET
paccMmarpuBarh BeJIMYHHY X KaK CONPOTHUBJIEHUE KOHJIEHCATOpA NEPEMEHHOMY TOKY (€EMKOCTHOE COIIPOTHBIICHHE).

YeMm OoIpllle €eMKOCTh KOHJICHCATOpPa, TeM OOJBINE TOK Iepe3apsaKd. ITO JIETKO OOHAPYKUTh MO yBEIMYCHUIO HaKajia
JaMIbl IPH YBEIMYEHUH EMKOCTH KOHJIeHcaTopa. B To Bpemst Kak conpoTHBIIEHHE KOHAEHCATOPa MOCTOSTHHOMY TOKY O€CKOHEYHO
BEJIMKO, €r0 CONPOTHUBIICHHE NMEPEMEHHOMY TOKY MMEEeT KOHeuHoe 3HaueHHe X.. C yBeJMYeHHEM €MKOCTH OHO yMEHbBLIAETCH.
YMeHbIIaeTcsi OHO U C yBETMYEHUEM 9acTOThI .

B 3akiodyeHue OTMETHM, YTO HAa MPOTSDKEHHM YETBEPTH IEPHOJIa, KOTrZa KOHISHCATOp 3apsbKaeTcst 10 MaKCHMallbHOTO
HaIpsHKSHUSI, SHEPTUsl IOCTYIAeT B 1IeTh U 3aracaercsi B KOHJEHcaTope B (hopMe DHEPIHHU AIIEKTPUUECKOTro moiisi. B ciiepyromnryio
YeTBEpPTh NEPHOAA, IIPH pa3psKe KOHIEHCATOPa, 3Ta SHEPT U BO3BPAILAETCS B CETh.

COHpOTI/IBJ'IeHI/IC nerni ¢ KOHJACHCATOpPOM O6paTHO IIponoOpHUOHAIBHO IPOU3BCACHHUIO HHKHHHGCKOﬁ YaCTOThbI Ha
4

3MEKTPOEMKOCTh. KOIeGaHIs CHITBI TOKA ONIEPEXKAIOT 110 (hase KONEGAHUS HATPSDKCHHS HA 2 .

KATYIIKA HHAYKTUBHOCTH B OENN IHEPEMEHHOI'O TOKA
MHAYKTUBHOCTP B LIENH BIISIET HA CHITY IEPEMEHHOT0 TOKA. DTO MOKHO JIOKA3aTh C TOMOIIBIO IPOCTOTO OIBITA.

CobepeM 1ienb U3 KaTYIIKH ¢ OOIBIION WHAYKTHBHOCTBIO M 3JIEKTPHUECKON JaMIThl HakaiauBaHus (puc. 4.16). C nomoursio
MEepeKITIoYaTeNsl MOXKHO MOJIKIIIOYNTE 3Ty IeNb 00 K UCTOYHUKY MOCTOSTHHOTO HANpPSsDKEHUS, JTHO0 K MCTOYHHUKY MEPEeMEHHOTO
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HarpspkeHus. [Ipy 3TOM MMOCTOSHHOE HaINpsHKEHUE W JICHCTBYIOIIEEe 3HAYEHHE TIEPEMEHHOTO HANPSDKEHHS JTOJDKHBI OBITh PaBHEL.
OnbIT MOKa3bIBAaeT, UYTO JIaMIa CBETUTCH sipue NMPH MOCTOSHHOM HampsbkeHHH. CliefoBaTeNbHO, ACHCTBYIOIIEE 3HAUEHHE CHIIBI
MNEPEMEHHOr0 TOKa B PACCMAaTPUBAEMOI! LIeNH MEHbIIIE CUIIBI IOCTOSHHOTO TOKA.

OOBsICHACTCS 3TO pA3NWYHE SBICHHEM CAMOMHAYKUMH. IIpyM MOIKIIOYEHHHM KaTyIMIKH K HCTOYHHKY ITOCTOSHHOTO
HaNpsOKEHUSI CHIa TOKa B LIEMM HapacTaeT IMOCTENCHHO. BO3HMKaloIee NIpH 3TOM BHXPEBOE JIEKTPHUECKOE IOJIE TOPMO3UT
JBIDKCHUE DJICKTPOHOB. JIMIIB 1O MPOIIECTBHM HEKOTOPOTO BPEMEHHM CHJIa TOKA JIOCTHIaeT HAaHOOJIbIIEro (yCTAaHOBHBLIEIOCS)
3HAYEHHSA, COOTBETCTBYIOILIETO JAHHOMY ITOCTOSTHHOMY HalpsDKEHUIO.

Ecnu HampspkeHHe OBICTPO MEHSIETCs, TO CHila TOKa He OyZeT ycHeBaTh JOCTHUTHYTh T€X 3HAUCHHH, KOTOpBIE OHa
npuobpena ObI ¢ TEYEHHEM BPEMEHH MPU MOCTOSHHOM HANPSDKCHUH.

CrenoBarenbHO, MAaKCUMabHOE 3HAYCHUE CHIIBI IIEPEMEHHOr0 TOKa (€ro aMIUIUTYJla) OTPAaHWYMBAECTCS MHAYKTHBHOCTHIO
Henu u OyJeT TeM MeHblle, 4eM 0oJIblIe HHAYKTHBHOCTb U YeM OOJIbIIE YacTOTa MPUIIOKEHHOTO HANPSKEHHS.

OmnpenenuM CUITy TOKa B LIENH, COAEpKalleld KaTyIIKy, aKTHBHBIM CONPOTHBIICHHEM KOTOPOH MOXXHO IpeHeOpeus (pHuc.
4.17). [dna 5TOro npeABapuMTENbHO HAWAEM CBA3b MEXIy HanpskeHueM Ha Karymke ¥ OJC caMOMHAYKUMH B HEM.
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Puc. 4.16

Ecnu compoTuBieHNe KaTyIIKH PaBHO HYNIO, TO U HANPSKEHHOCTh MIEKTPUYECKOTO MOJIS BHYTPU MPOBOJHMUKA B JTH000IT MOMEHT
BPEMEHH JO/DKHA ObITh paBHa HyIO. MHaue cuiia Toka, coraacHo 3akoHy OMma, Oblia Ol OecKOHE4HO OomblIol. PaBeHCTBO HYITIO

>
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HalPsS’KECHHOCTHU  MOJISI  OKa3bIBACTCS BO3MOXKHBIM IIOTOMY, YTO HAIIPSIKCHHOCTb BUXPEBOI'O JBJICKTPHUUCCKOIO MOJIA g is
NOopoKKAACMOro MNMepeMCEHHbIM MArHUTHBIM IIOJIEM, B Ka)KI[OfI TOYKC paBHA IO MOAYJIO W IMPOTHUBOIIOJIOKHA IO HAITPABJICHUIO

»
-

HalIPsS?KEHHOCTH KYJIOHOBCKOI'O ITOJIA 2 k, CO34aBaACMOI'0 B MMPOBOJHUKEC 3apsAdaMH, PACIIOJOKCHHBIMU Ha 3a’KMMax MCTOYHUKA U
B [IpOBOAAX LCIIA.

» »
4 4

W3 paBeHCTBa = i=- kCJIELYET, 4TO yaeabpHas pabora BUXpeBoro mojs (1. €. DJIC caMOMHIYKIIMY €i) paBHA 10 MOJIYJIIO
U MPOTHUBOTIONIOXKHA 10 3HAKY yJICIbHOM paboTe KyJOHOBCKOTO MOJIs. YUUTHIBAsL, YTO y/edbHas paboTa KyJIOHOBCKOTO MOJIsS PaBHA
HAIPSHKEHUIO Ha KOHI[aX KaTYILKH, MOKHO 3arucaTh: € = -H.
Ipu M3MCHCHHUU CHITBI TOKa o TapMOHUYECKOMY 3aKOHY i = Im sin Ot
/C CaMOMHITYKITUU paBHa:
ei= - L = - L @], cos @t (4.32)
Tak KaK u = -€i, TO HATNpPsDKEHUE Ha KOHIIAX KaTYIIKA OKa3bIBACTCSI paBHBIM

’

| n : n
u= Lol coswt= Lol, sin lwt + 2—] =U, sm[(ot t3

rae U, = Lol,, — aMmjuTyaa HanpsyKeHus.

EY

CJIC,I[OB&TGJ'IBHO, KoJieOaHus HaPsPKEHUS Ha KATYHIKE ONEPEIKAOT 1O (1)2!36 KoJieOaHus CUJIBI TOKA Ha 2 , HJIK, YTO TO XK€ CaMO€,
R

KOJIeGAHHS CHIIBI TOKA OTCTAOT 110 (hase OT KosebaHuii HanpsokeHus Ha 2 (prc. 4.18).
AMIIATYJa CUJIBI TOKA B KaTYIIKE paBHa:

u(t)

U ..vl,(l)
In= 102' @9 Of'“ T
Ecau sBectu obo3HaueHue |
oL =X, (4.34) Puc.4.18

n BMECCTO aMIUIMTYZl ~ CWJIbl  TOKa W HaIIpsDKCHMUS  MCHOJIb30BATh  HX )ICI\/'ICTBy}OH_[I/Ie 3HA4YCHUA, TO IMOJIYYnM:

I=-Z
R (4.35)
X,

Bennuuny X1, paBHy0 NpOU3BEACHUIO IUKIMUECKOW YaCTOThl HA MHAYKTUBHOCTb, HA3bIBAIOT HHAYKTHBHBIM CONPOTUBICHUEM.

CornacHo ¢opmyne (4.35) melcTByroliee 3HAYCHHE CHJIBI TOKA CBA3aHO C JCHCTBYIOIIUM 3HAYCHHUEM HANPSHKCHUS U
WHIyKTUBHBIM COIIPOTHBIICHHEM COOTHOLIEHHEM, MOAOOHBIM 3aKkoHy OMa JUIs IIETIH TOCTOSTHHOTO TOKA.

MHaykTHBHOE CONMpPOTHBICHUE 3aBUCUT OT dacToThl (). [loCTOSHHBIMN TOK BOOOIIE «HE 3aMedaeT WHAYKTUBHOCTH
katywky. [Ipu @ = 0 uaAYKTHBHOE CONPOTHBIIEHUE PaBHO HYIO (X1 = 0).
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UeMm 6I)ICTpe€ MCHSACTCS HAIPSIPKCHUEC, TEM Oouble S,Z[C CaMOMHAYKIHWHU U TEM MCHBIIC aMIIJINTyAa CUJIbI TOKA.
KaTymKa WHAYKTUBHOCTU OKa3bIBACT COIIPOTUBJICHUC TICPEMCHHOMY TOKY. IT0 COIMPOTUBJICHUC, HA3BIBACMOC

WHAYKTUBHBIM, pPABHO IPOU3BCACHUIO HI/IKJIPI"IGCKOIZ YaCTOTbl Ha HWHIAYKTHUBHOCTD. Konebanus cuibl TOKa B oenm C
b4

MHIYKTHBHOCTBIO OTCTAIOT IO (hase OT KoneOaHuil HANPSKCHUS Ha 2 .

IMPOU3BOACTBO, INEPEJAYA n HNCITOJIb30BAHUE JIEKTPUUYECKOMN SHEPI'MHA
JJleKTpUYecKasi 3Heprus o0JagaeT HEOCTIOPHMBIMU IPEHMYIIECTBAMH ITI€pEl] BCEMH APYTMMH BHAaMH 3Hepruu. Ee MoxHO
nepenaBaTh MO MPOBOAAM Ha OTPOMHBIE PACCTOSHHA CO CPaBHHUTEIBHO MAJIBIMH TOTEPSIMH M yOOOHO paclpeleisTh MEKAY
noTpeduTesIMU. [ TaBHOE K€ B TOM, YTO 3Ty SHEPTHUIO C TIOMOIIBIO JOCTATOYHO MPOCTBIX YCTPOHCTB JIETKO MPEBPATHTh B JTIOObBIE
Jpyrue GOpMbL: MEXaHUUECKYI0, BHYTPEHHIOIO (HarpeBaHHe Tel), SHEPTHIO CBETA U T. JI.

IIepeMeHHBIN TOK B OTJINYUE OT MOCTOSHHOI'O MMEET TO NMPEUMYIIECTBO, YTO HANPSIKEHHE U CUIY TOKa MOXKHO B OYEHb
HMIMPOKHX TpezesIax MpeoOpa3oBhIBaTh (TpaHC(HOPMHUPOBATH) MOYTH O€3 TOTeph YHEepruu. Takue npeodpa3oBaHusl HEOOXO MBI BO
MHOTHX DJIEKTPO- M PaJANOTEXHHYECKHUX ycTpoiicTBax. Ho ocobeHHO HeoOXoauMa TpaHc(hOpMalys HANPSDKEHHS W TOKa HPHU
nepenaye 3IEKTPOIHEPTUU Ha Goupiue paccTosIHuUS.
I'EHEPUPOBAHUE SJEKTPUYECKOMN SHEPI'MHA
OneKkTpudecKni TOK BbIpaOaThIBaeTCAd B FEHEpaTopax — YCTpOiicTBaxX, MpeoOpasyromMX 3HEPTHI0 TOTO HMIM HWHOTO BHAA B
3NEKTPUUECKYI0 3Hepruto. K reneparopam OTHOCATCS rabBaHUYECKHE JIEMEHTHI, 3I€KTPOCTATHIECKHE MAIIUHbI, TEpMOOaTapeH,
cojHeuHble Oarapen ® T. 1. MccnenyloTcs BO3MOXKHOCTH CO3[JaHUS IPHHIHWIHAIBHO HOBBIX THIIOB TI'€HEPaTOPOB.
Hanpumep, paspabateiBatoTcs Tak Ha3blBaeMbIe TOIIMBHBIC JIEMEHTHI, B KOTOPBIX SHEPIHUs, OCBOOOXKIAIOMIASCS B PE3yNIbTaTe
peaKIiK BOJOPOIa ¢ KUCIOPOIOM, HETIOCPEICTBEHHO IIPEKPAIIACTCS B SIEKTPUIECKYIO.

OO6nacTh NPUMEHEHUS KaXIOI0 U3 IEPEYHCICHHBIX THUIIOB T'€HEPATOPOB 3JIEKTPOIHEPTUH OHpeAesercs HxX
XapaKkTepucTUKamMu. Tak, JIEKTPOCTATHUECKHE MaIMHBI CO3/IAI0T BHICOKYIO Pa3HOCTh MOTEHIMAIOB, HO HE CIIOCOOHBI CO3/aTh B
LENIN CKOJIBKO-HUOY/Ib 3HAUUTENILHYIO CHITy TOKA. ["allbBaHUYECKUE AIEMEHTBI MOT'YT JIaTh OOJBIION TOK, HO NMPOAOJKUTEIBHOCTh
HUX JEUCTBHS HEBEIIUKA.

OCHOBHYIO POJIb B Hallle BpeMsl BBIIOJHSIOT JIEKTPOMEXaHUYECKHe HHIYKIIMOHHBIE TeHepaTOphl NIEpeMEHHOTo Toka. B
STHX TeHepaTopax MeXaHHYecKas »SHEeprus NpeBpamiaercs B JNEKTpHUecKyro. Mx felicTBue OCHOBaHO Ha SBJICHHUU
3JIEKTPOMAarHUTHON MHIYKIUH. Takue reHepaTopbl HIMEIOT CPABHUTENBHO NTPOCTOE YCTPOMCTBO M MO3BOJISIOT ITOJIydaTh OOJNbIINE
TOKH TIPH JOCTATOYHO BBICOKOM HAaIIPSKCHUH.

B nanpHeimem, roBops 0 TeHepaTopax, Mbl OyAeM HMEThb B BHAY HMEHHO HHIYKIMOHHBIC JJICKTPOMEXaHHYECKHUE
TeHEPaTOPHI.

I'eHepaTop mepeMeHHOIo TOKA.

B HacrosIee BpeMst UMEETCS MHOTO Pa3JIMYHBIX THIIOB WHIYKIMOHHBIX TeHepaTopoB. Ho Bce OHM COCTOST U3 OJHUX U TEX
K€ OCHOBHBIX 4acTeil. 3T0, BO-NIEPBBIX, IEKTPOMArHUT WIN IOCTOSHHBII MarHuT, CO3/AIOMMNA MarHUTHOE T0Je, U, BO-BTOPHIX,
0obMoTKa, B KOTOpoil uHaynupyetcs: nepemenHas DJ[C (B pacCMOTpEeHHOW MOJIeNId TeHepaTopa TO Bpamaronascsi pamka). Tak
kak O/IC, HaBOAMMBIE B IOCIEIOBAaTENFHO COCIMHEHHBIX BUTKAaX, CKJIafbIBaloTCs, TO amiuutyna O C MHIYKIMH B paMKe
MPOTIOPLIMOHATIBHA YHCTY €€ BHUTKOB. OHa MPOMOPIMOHAIBHA TaKKe aMIUIMTYJE MEPEeMEHHOT0 MarHuTHoro mnoroka (®n, = BS)
yepes KaXIbIi BHUTOK (cm. § 31).

IMlerxu Porop Kopnyc Typbuua

AN

Koasua Teneparop Crarop

Prc 5.1 Puc. 5.2

Jnst moydeHus: OOJIBIIOr0 MAarHUTHOTO NOTOKA B F€HEPATOPax MPUMEHSIOT CHENHAIBHYI0 MAarHUTHYIO CHCTEMY, COCTOSIIYIO U3
JIBYX CEp/ICYHUKOB, H3TOTOBJIEHHBIX U3 JJICKTPOTEXHUIECKOH cTanu. OOMOTKH, CO3Jarolie MarHUTHOE T10JIe, pa3MEIICHBI B 11a3ax
OJTHOTO M3 CEpJECYHHUKOB, a OOMOTKH, B KOTOphIX MHAyHupyercss D/IC, — B maszax apyroro. OnuH U3 cepAeYHUKOB (OOBIYHO
BHYTpPEHHHUII) BMecTe ¢ OOMOTKOH BpamiaeTcss BOKPYT TOPHM30OHTAIBHOW WM BEPTHUKAIBbHOW ocH. [loaToMy OH Ha3BIBaeTCs
poropoM. HemoaBmkHEINA cepledHIK ¢ 0OMOTKOM Ha3bIBAIOT CTATOPOM. 3a30p MEXAY CEepIEeYHHKAMH CTaTopa M poTopa IENaloT
KaK MOXHO MCHBIIUM [JIA YBECJIMYCHUA ITOTOKA BEKTOpa MarHuTHOH WHAYKIH.

B u3o0paxenHol Ha pucyHKe 5.1 MOAenu reHepaTtopa BpamlaeTcs MPOBOJIOYHAS paMKa, KOTopas sSBISETCS POTOPOM (HO
0e3 KENe3HOTO CepJevHHKa). MarHUTHOE TI0JIe CO37[aeT HEIMOABIDKHBIM IMOCTOSHHBIM MarHuT. Pa3zymeercs, MOXHO ObLTO ObI
MOCTYIIUTh U HA00OPOT: BpaIlaTh MarHuT, & paMKy OCTaBUTh HENOIBIKHOM.

B GoipmmxX NMPOMBIIUICHHBIX TE€HEPAaTOpax BpallaeTcs MMEHHO 3JIEKTPOMArHMT, SBISIOLIMHCS POTOPOM, & OOMOTKH, B
KkoTopbIX HaBoguTcss DJIC, ylokeHbl B a3ax CTaTOPa U OCTAOTCS HETMOABIKHBIMU. J[€10 B TOM, UTO HNOJABOJUTH TOK K POTOPY
WM OTBOJUTH €r0 N3 OOMOTKH POTOpPA BO BHEIIHIOIO IIEMb MPUXOIUTCS MIPU IMOMOIIHM CKOJB3AMINX KOHTAKTOB. [yt 3TOr0 poTop
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CHa0’kaeTCst KOHTAKTHBIMU KOJIbLIAMH, IIPUCOESANHEHHBIMH K KOHIIAM ero oOMOTKH (puc. 5.2). HenoaBmXHBIE MIIaCTHHBI — IIETKH
— TPIKaTHl K KOJIbIIaM M OCYIIECTBIISIOT CBsI3b OOMOTKHM poTOpa ¢ BHemHel nenpio. Crila Toka B 0OMOTKaX 3JIEKTPOMarHura,
CO3/JafOIIET0 MarHUTHOE IIOJIe, 3HAYMTEJFHO MEHBIIE CHIJIBI TOKa, OTJaBaeMOro I€HEepaTopoM BO BHEIIHIOIO Iemb. [loaTomy
TeHEepUpYeMblil TOK yJoOHee CHUMATh C HEHOJABI)KHBIX OOMOTOK, a 4epe3 CKOJB3SILIME KOHTAKTHI MOIBOIUTH CPABHHTEIHHO
cnabblil TOK K BpamIaloIieMycsi JIEKTPOMAarHUTY. DTOT TOK BBIpaOaThIBACTCS OTIECIBHBIM T'EHEPaTOPOM MOCTOSHHOTO TOKa
(Bo3OymuTENIEM), PACTIONOKEHHBIM I1a TOM K€ BAITy.

B MayoMOIIHBIX TeHepaTopax MarHWTHOE IOJIE CO3MAeTCsl BPAILAIOIIMMCS MOCTOSHHBIM MarHuToM. B Takom ciydae
KOJIbLIa U IIETKH BOOOIIE HE HY)KHBI.

[osBnerne 3/]C B HENOABMXHEIX 0OMOTKaX CTaTopa OOBSCHACTCS BOSHUKHOBEHHEM B HUX BHXPEBOTO JJIEKTPHYECKOTO
HOJISL, TIOPOXKICHHOTO M3MEHEHNEM MarHUTHOTO MOTOKA IPH BPaIlEHHH POTOPA.

CoBpeMEHHBIH T'eHepaTop AIEKTPUYECKOT0 TOKa — 3TO BHYLIMTENHFHOE COOPY)KEHHE W3 MEAHBIX IIPOBOJIOB,
M30JSIIMOHHBIX MAaTEepUallOB M CTaJbHBIX KOHCTPYKUMH. [Ipn pasMepax B HECKONBKO METPOB BaKHEWILIWE JETaId I'eHEpaTOpOB
M3TOTOBIISIIOTCSI C TOYHOCTBIO 10 MIJITUMETpa. Hurzae B mpupoe HeT Takoro coueTaHust ABMKYIIUXCS YacTel, KOTOPbIe MOTIIH Obl
MOPOXKAATH AIEKTPUUECKYIO SHEPTHUIO CTOJIb )K€ HENPEPHIBHO U SKOHOMHUYHO.

MNEPEJAYA IJEKTPOSHEPTUUN
[NoTpebuTeny 3IEKTPOIHEPTUN MMEIOTCS HOBCIOAY. IIpoM3BOIUTCS k€ OHa B CPAaBHUTEIBHO HEMHOTMX MeCTax, OJH3KHX K
HCTOYHHKAM TOILUTMBO- M THAPOPECYPCOB. DJIEKTPOIHEPIHI0 HE yaaeTcs KOHCEPBHPOBATh B OonbImux Macmradax. OHa MoibKHA
OBITH OTpebIIeHa cpa3y ke mocie moydeHus. [103ToMy BO3HHKaeT HEOOXOOMMOCTh B Iepeaade AIEKTPOIHEPTHH Ha OOJbIINe

paccTOSHUSL.

IMepenaya 3IEKTPOIHEPTUH CBA3aHA C 3aMETHBIMH MOTEPSIMH, TaK KaK JJICKTPHUYECKHI TOK HArpeBaeT MPOBOJAA JHHHUI
anmekTporepenayn. B coorBercTBum ¢ 3akoHOM JIKoyias — JleHna sHeprus, pacxomyeMas Ha HArpeB MPOBOJIOB JIMHHH,
OTpeesieTCs thopmynoit

2
Q= I*Rt = 5_212:,

rae R — conporusnenue nuuuu, U — nepenaBaeMoe HanpskeHue, P — MOIIHOCTb UCTOYHHKA TOKA.

[Tpu oueHp OONBIIOW AJMHE JTMHUM Iepeadya SHEPTUU MOXKET CTaTh SKOHOMHYECKH HEBBITOJHOM. 3HAUYUTEIBHO CHU3UTH
COIPOTHBIIEHHE THHUU R mpakTHyecku BecbMa TpyAHO. [103TOMy MpUXOAUTCS yMEHBIIATh CUITY TOKa .

Tak Kak MOIIHOCTh MCTOYHHMKA TOKa P paBHa mpousBeqeHHIO cuibl Toka I Ha HampsbkeHue U, TO Ui yMEHBIIEHHS
nepeaaBaeMoy MOITHOCTH HYXHO IOBBICUTD NIEPEJaBAEMOE HANPSHKEHNE B IMHUH IEpENadn.

[TosTOMy Ha KPYIHBIX 3JEKTPOCTAHIMAX YCTAaHABIMBAIOT MOBHIMIAONINE TpaHc(hopMaTopsl. TpaHchopmaTop yBeaIndnuBaeT
HaNpsKEHUE B IMHUU BO CTOJIBKO )K€ Pa3, BO CKOJIBKO pa3 yYMEHBIIAET CHITY TOKA.

UeM [UIMHHEE JTUHUS NIEpelady, TEM BBITOIHEE HCIIOIb30BaTh 00Jiee BEICOKOE HanpspKeHue. Tak, B BHICOKOBOJIBTHOMN JIMHUH
nepexpaun Bomxckas I'DC — MockBa M HEKOTOPBIX APYTHX HCMONB3YIOT HampspkeHue 500 xB. Mexay TeM reHeparopsl
MEPEMEHHOT0 TOKa HACTpauBalOT Ha HampsDKeHUs, He npessimaroniie 16—20 kB. Bonee Bricokoe HampspkeHHEe TOTpeOoBano ObI
NPUHSTHUS CIOKHBIX CIIEIMANBHBIX MEpP [UISl MU HOJUIMKA OOMOTOK U JIPYTUX YacTeil TeHepaTopoB.

JlJ11 HeTOCpeACTBEHHOTO HCIIONIB30BAaHMS AJIEKTPOIHEPTHUU B 3JIEKTPONPHUBOJAX CTAHKOB, B OCBETUTENIFHOW CETH M A
JIpYTUX resei HanpspKeHUe Ha KOHIIax JUHUA HY>KHO MOHU3UTE.

Tenaoeasn
SAeRTPpOCTaAHIINA

lToBurtarogsm i
TpancdopMaTopD
110 xB —___

INousmssxcaromymit
TpancdopmarTop

35 B = /
e INouusxcaromimia
7/—- TpancdopMaTop
77 P 6 xB

ITorpeburens 2 <
ITorpeturTean

—— D ﬂV‘J

Puc. 5.7

3T0 ;oCcTUraeTcs ¢ MOMOIIBIO HOHIKAIHUX TpaHcdopmaropoB. OOIas cxema repeaadyn SHEPruy U ee pacrpeieIeHus MoKa3aHa
Ha pUCyHKe 5.7.

OOBIYHO TTOHMKEHNE HATIPSHKEHHUS W COOTBETCTBEHHO YBEIMUYEHHE CHIIBI TOKA OCYIISCTBIIIOTCS B HECKOJBKO 3TamoB. Ha
Ka)XXJIOM dTare HalpsDKEHHE CTAHOBUTCS BCE MEHBIIE, a TEPPUTOPHS, OXBAaThIBaeMasi SJEKTPHUIECKON CEThI0, — BCE IIHpeE.

IIpr odeHs BBICOKOM HANPSIKEHUH MEXKAY IPOBOIAMH MOXKET HAYaThCS pPa3psiA, NPHUBOMAIIMHA K TOTEPSIM SHEPTHH.
JomycTumas aMIuTy1a IepeMEeHHOTO HaNpsDKEHUs JOJDKHA OBITh TaKOH, YTOOBI IIPH 3aJaHHOH IUTONIaAN MTOTIEPEYHOTO CEUCHHS
MPOBOJIA MOTEPH YHEPTHUHU BCIEACTBUE pa3psiia ObIIH HE3HAYUTEIFHBIMH .

DJeKTpUYecKHe CTAaHIWH psija PailoHOB CTpaHbl OOBEAMHEHBI BHICOKOBOJITHBIMHU JIMHUSIMU 3JIEKTpOIEpenadn, oopasys
00IIyI0 3JIEKTPUYECKYIO CeTh, K KOTOPOH MOJKIIOYeHHl noTpedutenu. Takoe oObeIMHEHNE, Ha3bIBAEMOE SHEPrOCHCTEMOM, TaeT
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BO3MOJKHOCTB CIJIaJIUTh ITUKOBBIE HArpy3KH MOTPEOICHNUs SHEPTUU B YyTPEHHHUE U BEUEpHUE Yachl. JHEProcucTeMa 00eceyBaeT
Oecriepe0OHHOCTE IOAa4YX SHEPTHHU TOTPEOUTEIISIM BHE 3aBUCUMOCTH OT MECTa UX pacnosoxkeHus. Ceiyac MOYTH BCs TEPPUTOPHUS
Hamied cTpaHbl O0OeCIeunBaeTCsl HJICKTPOIHEPrUeH OOBeIMHEHHBIMH SHepreTHdeckumu cucteMamu. JlelictByer Enunas
SHEPreTUYEecKasi CUCTEMa EBPOIEHCKOM YaCTH CTpaHsbl.

Ilepenava syekTpodHEpPruM HA OONBIINE pPACCTOSHUS C MaJbIMH IOTEPAMH — CIOXHAas 3amada. lcmonmp3oBaHme
3JIEKTPUYECKOTO TOKA BHICOKOTO HAIMPSDKEHHSI IOMOTAeT YCIEITHO Pa3peIuTh ee.

Jlexknua Nel(

TeMma: «JeKTPOMArHUTHBIE BOJIHBI»

1. Bompocs! nekuuu:

1.1.2nexTpoMarHuTHeIEe BOJIHBI. PacpocTpaHeHue 31eKTPOMarHuTHBIX BOJIH. BUAbBI 371IeKTpOMAarHUTHBIX BOJIH.
1.2. TIpuHIUIBL PaIUOCBSI3U U TEIEBUICHUSL.

2. KpaTkoe copepxaHue BOIPOCOB

qTo TAKOE SJIEKTPOMATI'HUTHASA BOJIHA
PacnpocrpaHeHnue 3JIeKTPOMATHUTHBIX B3aNMO/eliCTBUI.

OyHIaMEHTAIbHBIE 3aKOHBI IMPHUPOIBI, K YHCIy KOTOPBIX OTHOCATCA UM  OTKPBITBIE MAaKCBEIIOM  3aKOHBI
3JIEKTPOMAarHeTu3Ma, 3aMedaTelbHbl 4eM, YTO OHH MOTYT JaTh Iropas3fo Oojblle, 4eM 3aKII0YeHO B TeX (haKkTax, Ha OCHOBE
KOTOPBIX OHU IOJIy4YEHBI.

Cpenu OeCUMCICHHBIX, OYEHb WHTEPECHBIX M BAXKHBIX CIEICTBHH, BBITCKAIONIMX N3 MAKCBEJUIOBCKHX 3aKOHOB
JJIEKTPOMAarHeTu3Ma, OJHO 3acily)KMBaeT OCOOOro BHHUMaHHUs. DTO BBIBOJ O TOM, YTO DJIEKTPOMAarHUTHOE B3aMMOJCHCTBHE
PacIpOCTPaHAETCS C KOHEYHOU CKOPOCTBIO.

CoriacHO TeOpHM JalbHOJECHCTBUSA KYJOHOBCKas CHJIa, ACUCTBYIOLIAs HA MIEKTPUUYECKUM 3apsi, cpasy K€ H3MEHHUTCH,
€CJIM COCEJIHUI 3apsa CABMHYTH ¢ MecTa. [lelicTBue, 1Mo 3Toi Teopuu, nepeaaercss MTHOBeHHO. C TOYKH 3peHHs 3TOH THIOTE3B
MHa4e U OBITH HE MOYKET: BEJIb OJIMH 3apsijl HEIOCPEICTBEHHO Yepe3 MYCTOTY «UyBCTBYET» MIPUCYTCTBUE APYTOTO.

CoracHO e NPeICTaBICHUIO O OJIN3KOJICHCTBIM BCE MPOUCXOIUT HE TOJIBKO COBEPLICHHO HHAYE, HO U HAMHOTO CJIOYKHEE.
[lepemernenue 3apsaa MEHSET IEKTPUUECKOE MOJIe BOIM3H MET0. DTO MEPEMEHHOE 3JIEKTPHIECKOE MOJIEe TOPOXKAALT IIEPEMEHHOE
MarHMTHOE MOJE€ B COCEAHHX O007acTsIX IpocTpaHcTBa. IlepeMeHHOE XK€ MAarHUTHOE IIOJIE, B CBOIO OYEpenb, MOPOXKAACT
HNEPEMEHHOE NEKTPUUYECKOE TONE U T. .

[lepememienue 3apsiia BBI3BIBACT, TAKUM 00Pa30M, «BO3MYILEHUEY HJICKTPOMArHUTHOTO OIS, KOTOPOE, PAacIIpOCTPAHSACH,
OXBaTBHIBAaCT Bce OOJNbBIIME M OONBIINE OONACTH OKPYXKAIOIIEro IPOCTPAHCTBA, M3MEHSS TO IOJIE, KOTOPOE CYIIECTBOBAJIO MO
cMmelenus 3apsaa. HakoHel,, 3T0 «BO3MyIIEHHE» JOCTUTAeT APYroro 3apsjaa, 4To U MPHBOIUT K M3MEHEHHIO JNEHCTBYIOIEN Ha
Hero cuibl. Ho mpowusoiiner 3T0 HE B TOT MOMEHT BpEMEHM, KOIZa IMPOM3OLUIO cMelieHue InepBoro 3apspaa. IIpouecc
pacnpoCcTpaHeHUs EKTPOMArHUTHOTO BO3MYIICHUS, MEXaHU3M KOTOPOTO OBLI OTKPHIT MakCBENIOM, MPOUCXOIUT ¢ KOHEYHOH,
XOTS U OY€Hb OOJBIIOH, CKOPOCTHIO. B 3TOM M cOCTOUT QyHIIaMEHTAILHOE CBOWCTBO TOJISl, KOTOPOE HE OCTABIISIET COMHEHHN B
€r0 PEAIbHOCTH.

MakcBemn =~ MaTeMaTH4eCKd  JOKa3aj, YTO CKOPOCTh  PAcCIpOCTpaHEHUs 3TOro  mpomecca  («BO3MYLICHHS»
3JIEKTPOMArHUTHOTO IOJIs1) paBHA CKOPOCTH CBETa B BaAKyyMe.

JaeKTpoMarHuTHas BonHa. [Ipencrasere cede, 4TO 3JIEKTPUUECKUH 3apsia HE NMPOCTO CMECTHIICS W3 OJHOW TOUYKH B
JpYTyo, a ObII IPUBEJCH B ObICTPBIE KOJIeOaHMS BJOJIb HEKOTOPOI NPsIMOM. 3apsia ABHXKETCs MOJOOHO Telly, IO/IBEIICHHOMY Ha
NpYXHHE, HO TOJIBKO KOJEOAHUs €ro IpPOMCXOJIAT CO 3HAYMTENBHO Ooubiiedl dyacToToil. Torma siekTpudeckoe Ioje B
HETIOCPEICTBEHHON OJIM30CTH OT 3apsAa HaYHET NMepUOANIECKH M3MEHSThCs. Ilepron 3TuX M3MEHeHuil, o4eBuaHO, OyneT paBeH
neprony konebanuii 3apsana. [lepemeHHOE A5IeKTpHUECcKOeE 10JIe OyeT MOPOXKAATH IIEPHOIUYECKH MEHSIOIIEeCs MarHUTHOE TI0JIe,
a OHO, B CBOIO O4Yepe/ib, BBI3OBET MOABICHHE IIEPEMEHHOTO MIEKTPUIECKOTO 10JI y>Ke Ha OOJIBIIEM PAacCTOSHHUM OT 3apsjia | T. 1.

B oxpykaromem 3apsa IMPOCTpaHCTBE, 3aXBaThBas Bce Oosblnme M OOibIINEe OONACTH, BOSHMKAET CHCTEMa B3aUMHO
MEePHEHIUKYIAPHBIX, MEPUOJUYECKA H3MEHSIONIMXCS JJIEKTPUYECKHMX M MarHUTHBIX mnoieil. Ha pucynke 7.1 wu3oOpaxkeH
«MTHOBEHHBI CHUMOK) TaKOH CHCTEMBI MOJIel Ha OOJBIIOM PACCTOSHUU OT KOJIEOIIOMIEToCs 3apsia.

>
-

E 3
Ha sToM pucyHke mNOKa3aHbI BEKTOPEI u B B pasnumuneix Toukax mpocTpaHcTBa. Hanpasnenune Z -— OIHO M3
HaIpaBJICHUH paclpOCTPAHEHUS JIEKTPOMATHUTHBIX BO3MYIIEHUM.

Puc. 7.1

OO6pa3yercs Tak Ha3pIBaeMasi 3JCKTPOMarHuTHas BOJIHA, OeryIiast Mo BCeM HaIlpaBICHUAM OT KOJeOromerocs 3apsa.
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B Kan(noi/i TOYKE IMPOCTPAHCTBA JJICKTPUYCCKHUEC U MArHUTHLIC MOJIA MCHAKOTCA BO BPECMCHU IICPUOANUICCKH. YeMm JaJIb1Ic

>
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E 3
pacrioyio)keHa TOYKa OT 3apsfa, TeM IO3IJHee IOCTHTHYT ee KoJeOaHWs BEKTOPOB u B. CrnenosarensHo, Ha pasHbIX
PACCTOSHHSAX OT 3apsijia KOJICOAHUS KaKIOr0O M3 3TUX BEKTOPOB MPOUCXOAT C Pa3IHYHBIMU (Pa3aMu.

»
-

E 1 . o .
Konebanns BekTopoB u B B mo6oit Touke cosnanaroT no ¢ase. KpaTuaiilee paccTosHue MexKIy ABYMs OMKaRIIIMU

TOYKaMHU, B KOTOPBIX KoJieOaHus TIPOUCXOIAT B OAWHAKOBBIX (1)8.33.)(, €CTh OJIMHA BOJIHBI

»
-

E 3
BEKTOPEI u B MensroTCSA B MpOCTpaHcTBe Mo ocK Z Mo 3aKOHy CHHYCA C IEPHOIOM
HanpasneHus 3Tux IByX KOJIEOIIOIIMXCS BEKTOPOB — HANpPSHKEHHOCTH 3JIEKTPUUECKOro MOJIL U MHAYKIIMM MarHUTHOTO
HOJIsI — NEepHEeHIUKYIIAPHBI HAIPaBIECHUIO PACIIPOCTPAHEHHSI BOJIHBI. DJIEKTPOMAarHuTHas BOJIHA SBIISETCS MONEPEYHOi.

Z[aHHLIﬁ MOMEHT BPEMECHH

»
-

E 3 .
Takum 00pa3om, BEKTOPHI u B B o1eKTpoMarHuTHOIM BOJIHE MEPHEHAMKYJAPHBI APYT K APYTY W TEPIEHIUKYISPHBI

»
-

. o E 3
HalpaBJICHHUIO PACIpPOCTPpaHCHUSA BOJIHEI. Ecnu BpalaTtb 6ypanI/n< C IpaBOM HAPE3KOU OT BEKTOpa K BCKTOpY B, TO

MOCTyNaTelbHOE NepeMelieHre OypaBunka OyeT COBIa aTh C HAlPaBICHUEM BEKTOPa CKOPOCTH BOJIHBI ¢, (cm. puc. 7.1).

H3nyyeHne 31eKTPOMATHUTHBIX BOJIH. DJIEKTPOMArHUTHBIC BOJIHBI U3JIyYarOTCsl KOJICOMoIMMuUcs 3apsaamu. [lpu sTom
CYILIECTBEHHO, YTO CKOPOCTH JBMKCHUS TaKUX 3apsAA0B MEHIETCS CO BPEMEHEM, T. €. YTO OHHU ABIKYTCS ¢ yckopeHueMm. Hammune
YCKOPEHHUS y ABMKYIIUXCS 3aps0B — INIaBHOE YCIOBHE U3ITYYEHHUS] HIMHU 2JIEKTPOMArHUTHBIX BOJIH.

OJEeKTPOMAarHUTHOE TI0JI€ HW3JIy4aeTCsl 3aMETHBIM 00pa3oM HE TOJBKO TpH KoJeOaHMSAX 3apsana, HO W IpH JII0OOM
JOCTaTOYHO OBICTPOM M3MEHEHHH €ro CKOPOCTH. MHTEHCHBHOCTH M3ITydaeMOW BOJIHBI TeM OOJblIe, 4eM OOJIbIIe YCKOPEHHUE, C
KOTOPBIM JIBHXKETCS 3apsi.

Harmsanao 310 MOXHO npeacTaButh cede Tak. [Ipn ABMKEHNH 3apsHKEHHOH YacTHUIIBI ¢ IOCTOSHHONW CKOPOCTBIO CO3aHHbIE
€10 DJIEKTPUYECKOE U MarHUTHOE IOJIsl, MTOJOOHO pa3BeBaroleMycs nuieidy, conpoBOXKIatOT yacTuiy. [Ipu yCKOpEHHH YacTHIIbI
oOHapy>XuBaeTcs MpHCyIlas 3JICKTPOMAarHUTHOMY TIIONI0O HMHEPTHOCTh. [lonme «oTpbhIBaeTcsSs» OT YacTUIBI U HAaYMHACT
CaMOCTOSATENHHOE CYIIECTBOBAHUE B (JOPME IIEKTPOMATHUTHBIX BOJIH.

OHeprusi 3JeKTPOMAarHUTHOTO TOJIS BOJHBI B JI000H (PUKCUPOBAaHHBIH MOMEHT BPEMEHH MEHSETCS NEpUOANYECKH B

>
-

E 3 .
MNpOCTPAHCTBE, BMCCTEC € HN3MCHCHHEM BCKTOPOB I/IB. Eeryu_[a;{ BOJIHA HeECeT C CcoOou OHEPruro, nepeMelarouyrocs co

CKOPOCTBIO ¢ BIIOJIb HAIPaBJICHUS PAclpOCTPaHEHUS BOJHBI. B pesynprare 3TOro SHeprus, nepeHocuMas 3JICKTPOMAarHUTHOH
BOJIHOM B JIF000H TOYKE MPOCTPAHCTBA, MEHSAETCS IEPUOMIECKH CO BPEMEHEM.

MaxkcBemn 6611 IITyOOKO yOeXIeH B PealbHOCTH 3JIEKTPOMArHUTHBIX BOJH. Ho OH HE MOXWI 10 MX SKCIEPHMEHTAIBLHOTO
obHapyxxenwus. Jlump yepes 10 et mocie ero cMepTH 3JIEKTPOMArHUTHBIE BOJIHBI OBIIH SKCIIEPUMEHTaIbHO noyueHs! I'. [eprem.

OJNeKTpOMarHUTHbIE BOJHBI BO3HUKAIOT M3-32 TOTO, YTO IEPEMEHHOE 3JIEKTPUUYECKOE IOJIE MOPOXKIAET IEPEMEHHOE
MarHuTHoOe IMoje. OTO IEpPEeMEHHOE MarHUTHOE II0JIE, B CBOIO O4YEpelb, IOPOXKAAET MEPEMEHHOE JIICKTPHUYECKOE MOJIe.
OJeKTpOMarHuTHas BOJIHA IEPEHOCHUT SHEPTHIO.

IVIOTHOCTb IIOTOKA IJIEKTPOMATHUTHOI'O N3JIYYEHUA
W3znyuaeMble 3JIeKTpPOMarHUTHbIE BOJIHBI HECYT C COOOI SIHEPTHIO.

IInoTHOCTH MOTOKA M3ay4YeHMsl. PacCMOTpUM TMOBEPXHOCTH IUIOMIAABIO S, Yepe3 KOTOPYIO 3JIEKTPOMATrHUTHBIE BOJHBI
HEePEHOCAT SHEPTHIO. Ha pHCYyHKE 7.5 n3o00paxkeHa TaKas TUTOIIA/IKA.

cAt
- -

.“j
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Hp?[MBIe JIMHUN yKa3BIBaIOT HaHpaBHeHI/Iﬂ paCHpOCTpaHeHI/I;I 3H€KTpOMarHI/ITHBIX BOJIH. 9T0 J'IyIII/I —JIMHHUH, HepHeHHHKyﬂHpHBIe
HOBCpXHOCTHM, BO BCEX TOYKaAX KOTOpI)IX KOHC6aHI/Iﬂ HpOI/ICXO,HﬂT B OAHWHAKOBBIX (1)333)(. TaKI/Ie HOBerHOCTI/I Ha3bIBAKOTCSA
BOJIHOBBIMU HOBCpXHOCTﬂMI/I. Hﬂomnocmbm nomoka 3JleKmp0MaZHumH020 u3ﬂy'leﬂu}l / Ha3bIBAKOT OTHOILICHUEC
SIEKTPOMATHUTHOU dHeprun AW, mpoxomsmieii 3a Bpemst At uepes NEPIEHAUKYIAPHYIO JTyd4aM MOBEPXHOCTh IUIOMAABI0 S, K
POU3BEACHHIO i ILIOILA N N Ha Bpems At:
AW
SAt
DaKTUYECKH 3TO MOIIHOCTH 3JIeKTPOMATHUTHOIO M3JIy4eHHust (SHEPIHs B €IAMHHIYY BPEMEHH), IPOXOJAIIEr0 dYepes
€/IMHWIly TUIONIA/MH TOBEPXHOCTH. [MOTHOCTL moToka m3nydenuss B CU BhIpakaroT B BaTTax Ha KBajparHbii Metp (Br/M?).
I/IHOFHa 3Ty BeﬂHqHHy HA3bIBAKOT HHTCHCUBHOCTBHO BOJIHEI.
BI)Ipa3I/IM I qepe3 IINIOTHOCTH SHCKTpOMarHI/ITH()ﬁ 3HeprI/II/I nu CKOpOCTL cec paCHpOCTpaHeHI/Iﬂ C. BBIGepCM HOBerHOCTB
IWIOIA/bIO S, TIEPIIEHUKYIAPHYIO JTy4aM, U [IOCTPOUM HA HEM KaK Ha OCHOBAHHMHU IIHHP ¢ obpasyrotuei ¢ At (puc. 7.6). O6bem
muuaapa AV=ScAt. DHeprust >JI€KTPOMATHUTHOrO TOJsA BHYTPH UMIMHAPA PaBHA TPOU3BEICHUIO IUIOTHOCTH JHEPTHU Ha

~————"»

Puc. 7.5 Puc. 7.6
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o6vem: W = YWcAtS. Beg ara sHeprus 3a Bpems At IpoliieT yepes IpaBoe OCHOBaHWE LUIMHApA. IlosTomy u3s dopmynsr (7.1)
HOIy4aeM
P HEOI0 we, (7.2)
SAt
T. €. WIOMHOCMb NOMOKA U3JIYYeHUA PAaBHA IPOU3BEIEHHUIO IJIOTHOCTH 3JEKTPOMArHUTHOM 3HEPTUHM HA CKOPOCTh €€
pacipoCTpaHeHHUsL.

NPUHIUIIBI PAJINOCBA3U
[IpuHUMOBl pagvoOCBA3M 3aKIIOYAIOTCS B CleayrolleM. llepeMeHHBI 3JI€KTpUYECKUH TOK BBICOKOM 4YacTOTHI, CO3JaHHBIA B
Mepeaaoniel aHTCHHE, BBI3BIBACT B OKPY)KAIOIIEM IPOCTPAHCTBE OBICTPOMEHSIOIIEECS 3JCKTPOMAarHUTHOE IOJe, KOTOpoe
pacnpocTpaHseTcsl B BUAE 3JIEKTPOMAarHUTHOMN BOJIHBL. JlOCTUras IPUEMHON aHTEHHBI, JJIEKTPOMArHUTHAsI BOJIHA BBI3BIBAET B HEM
TIEPEMEHHBIA TOK TOW K€ YaCTOTHI, Ha KOTOPOil paboTaeT rmepeaaTymk.

BaxHeimM 3tanoM B pa3BUTHUH PaanOCBs3n ObUIO coznanue B 191.3 r. reHepaTopa He3aTyXaloIUX 3JI€KTPOMarHUTHBIX
konebannii. Kpome mnepenaum TtenerpaHbIX CHTHAJIOB, COCTOSIIMX M3 KOPOTKMX U Oojiee IMPOJODKUTENBHBIX HMITYJIbCOB
(«TOYKM» M «TUPE») NEKTPOMArHUTHBIX BOJIH, CTajla BO3MOYKHOM HaJe)KHAsl U BEICOKOKAUYeCTBEHHAs! pagroTeneOHHas CBSI3b —
nepeaaya peuu U My3bIKU C TOMOIIBIO MIEKTPOMArHUTHBIX BOJH.

Panuorenedonnas cBasb. [Ipy  paanorenedonHON cBs3M KojeOaHMs JaBIEHUS BO3JyXa B 3BYKOBOW BOJIHE
NPEBPAIAOTCsl ¢ MOMOIIBI0 MHUKpO(OHa B 3JIeKTpHuYeckue KojebaHus Toi xe Qopmbl. Kazamoce Obl, ecnu 3T KojeOaHUS
YCHIINTD U TI0/IaTh B aHTCHHY, TO MOKHO OyZIET IepeaaBaTh Ha PACCTOSIHHUE PEYb U MY3BIKY C IIOMOIIBIO AIEKTPOMArHUTHBIX BOJH.

OpmHako B NIEHCTBUTENFHOCTH TakoW crocol mepenadd HeocymecTBUM. J[eJo B TOM, YTO 9acTOTa 3BYKOBBIX KOJICOaHUH
MaJia, a AJIEKTPOMAarHUTHBIC BOJHBI HU3KOU (3BYKOBOI) YaCTOTHI IMEIOT MaTyl0 HHTEHCUBHOCTb.

Monyasimusi. [l OCyIIECTBICHUS paAroTeNeOHHON CBA3M HEOOXOAMMO HCIIONB30BATh BBICOKOYACTOTHBIC KoJeOaHMS,
WHTCHCUBHO HM3ITydacMble aHTeHHOH. He3aTyxaromrue rapMOHHUYECKHE KOJICOAHUS BBICOKOM YacTOTHI BBIpaOaThIBAcT reHepaTop,
HaIpuMep T'eHEPATOP Ha TPAH3UCTOPE.

Jns mepenauu 3ByKa STH BBICOKOYACTOTHBIE KOJIEOAHHWS HM3MEHSIOT, WM, KaK TOBOPAT, MOAYJIHPYIOT, C IOMOLIBIO
SJIEKTPUYECKUX KOoJeOaHUl HU3KOW (3BYKOBOM) 4acTOTHl. MOXKHO, HampuMmep, U3MEHSATh CO 3BYKOBOH YacTOTOH aMILTUTYIy
BBICOKOYACTOTHBIX KOJICOaHUl. ITOT CIOCOO HA3BIBAOT aMILTUTYAHON MOTYIIAIHUCH.

Ha pucynke 7.8 npuBenensl Tpu rpaduka: a) rpadyk KoyieOaHMH BBICOKOHW YacTOThI, KOTOPYIO HAa3bIBAIOT HECYILEH
4acToTOi; 0) rpaduk KoneOaHWi 3BYKOBOH YacTOTHI, T. €. MOIYJIMPYIOUIMX KojeOaHuil; B) rpaguk MOIYJIMPOBAHHBIX IO
aMIUTHTYIe KoJieOaHuH.

Be3 Monymanuu MBI B JIydOIeM cilydae MOKEM KOHTPOJMPOBATH JUING, padOTaeT CTaHIUSA WM MOTYuT. be3 mMomymsmmun
HET HU TenerpadHON, HU TeIeOHHOH, HU TeJICBI3HOHHOHN IepeIayn.

Monynsamnus — MeAJICHHBIH IpoIecc. DTO TaKhue U3MEHEHHUS B BRICOKOYACTOTHOM KOJIEOATEIBHON CHCTEME, TIPH KOTOPBIX
OHa YCIICBAaCT COBEPIIUTh OYCHbP MHOTO BBICOKOYACTOTHHIX KOJEOAHHA, MpeXkIe YeM HX aMIUTUTyAa W3MEHHUTCS 3aMETHBIM
obpazom.

JerekTupoBanue. B mpueMHuKe W3 MOIYTUPOBAHHBIX KOJIEOAHUN BBICOKOH HYACTOTHI BBIICTSIOTCS HU3KOYACTOTHBIC
kosiebanus. Takoil mporece mpeoOpa3oBaHKs CUTHANA Ha3BIBAIOT IETEKTUPOBAHUEM.

ITonmy4deHHBIN B pe3yibTaTe ACTEKTHPOBAHUS CHTHAJI COOTBETCTBYET TOMY 3BYKOBOMY CHTHAly, KOTODBII JeHCTBOBal Ha
MuKpodoH nepeaardrka. [locie ycuneHus koyebaHuss HU3KOH YaCTOThI MOTYT OBITh IPEBPAIIEHbI B 3BYK.

PAINOJIOKALIMA
OOHapy)XeHHE M TOYHOE OIIpe[esieHHEe MECTOHAXOXKACHUS OOBEKTOB C IOMOIIBIO PAJMOBOJH HA3BIBAIOT PaJAHOJIOKAIHEH.
PagmonokamnmonHas ycTaHOBKa — PaguoiIoKaTop (WIIH pajap) — COCTOWT M3 Iepenaromieil M mpueMHON JacTeid. B pagmonokarm
HICIIONB3YIOT 3JIEKTPHYECKHE KONeOaHus CBEpXBEICOKOH dacToThl (108—10"! I'm). Mommsiii rereparop CBY cBs3aH ¢ aHTEHHOMH,
KOTOpasi M3IydaeT OCTPOHANPABICHHYIO BOJNHY. B pammonokaTopax, paboTamomuX Ha [UIMHAX BOJH mopsaka 10 cM U MeHskIe,
Takas BOJHA CO3Ja€TCS aHTCHHAMH B BHJE Mapaboimdeckux 3epkan. [Jis BOIH METPOBOTO JAMAna30OHa aHTEHHBI UMEIOT BH[
CJIOKHBIX CHCTEM BHOpaTopoB. [Ipu 3TOM ocTpast HallpaBICHHOCTh U3YYCHHUS MOTYYaeTCsl BCICACTBHE CIIOKEHUS BOJH. AHTCHHA
yCTpOEHa TaK, YTO BOJIHBI, TOCIAaHHBIE KaXKABIM W3 BHOPATOPOB, MPH CIOKCHHH B3aUMHO YCHIIUBAIOT APYT OpyTa JIUIIb B
3aJJaHHOM HalpaBJIeHHUHU. B oCTalIbHBIX HAIIPABICHUAX MPOUCXOAUT MOJTHOE MM YACTHYHOE MX B3aUMHOE TallleHHE.

OTpakeHHasi BOJIHA YJaBIMBAaeTCs JIMOO TOW K€ M3Jydarolled aHTeHHOW, JHOO APYroil NpUEeMHON aHTEHHOM, TOXKe
ocTpoHamnpapieHHOH. CTporas HampaBJIEHHOCTh H3JIyYeHHs II03BOJIIET TOBOPHTH O JIyde paguonokaTopa. HampaBnenue Ha
00BEKT U OlpeaenseTcs Kak HalpaBJIeHNE JTyda B MOMEHT NPHEMa OTPAKEHHOTO CHUTHAIA.

Jis ompeneneHuss pacCTOSHUA 10 IENN IPUMEHSIOT HWMITYJIbCHBIM PEXUM M3mydeHus. [lepenaTdmk M3iydaeT BOJHBI
KpPaTKOBPEMEHHBIMU MMITyJIbCaMH. JJTUTEIbHOCTh KaXKAO0r0 MUMITYJIbCA COCTABISAET MUJUIMOHHBIE JONH CEKYH[BI, 4 IPOMEXKYTOK
MesKy umiryiascamu npumepso B 1000 pas 6osbie. Bo Bpemst ay3 NpHHUMAIOTCSI OTpayKEHHbBIE BOJIHEL.

Omnpenenenne paccTosiHus R mpoBomuTcsl MyTeM HM3MEpeHHs OOIIero BpeMEHH t MPOXOXKICHUS PajvOBOJIH 0 LEIH U
o6paTHO. Tak Kak CKOpOCTh PaJHOBOIIH
R=Z,

c = 3 . 108%wm/c B armocdepe TPAKTHYECKH TMOCTOSHHA HA BCEM MyTH Jyda, TO .
BcenenctBue paccesHuss paguoBONH A0 HPUEMHHMKA [JOXOAUT JIMIIb HHUYTOXKHAS 4acTh TOW HHEPIUH, KOTOPYHO H3IydaeT
nepenaTyuk. 110ToMy IPHEMHHKM PagHONIOKaTOPOB YCHIIMBAIOT HPUHATHIA CHTHAI B MIJUIMOHBEI MMILIHOHOB pa3 (10'?). Taxoi
YYBCTBUTEIBHBIH NPHUEMHHK, pa3yMeeTcs, JOJDKEH OBITh OTKJIIOYEH Ha BpeMs IOCBUIKM HMMITYJIbCa IEPEeAaTINnKOM.
Jis pukcanyy MOCIaHHOTO U OTPAKEHHOTO CHT'HAJIOB HCIOJIB3YIOT MIEKTPOHHO-ITyUEBYIO TPYOKY. B MOMEHT MOCBUIKHM HMITYJIbCa
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CBeTJIas TOYKA, PaBHOMEPHO MIBIXKYILNAsCsS IO JKpaHy 3JIEKTPOHHO-IIy4eBOi TpyOkw, oTkinoHseTcs. Ha skpaHe mosiBisieTcst
BCIUIECK OKOJIO HYJIEBOW OTMETKHM IIKAJIbI MajdbHOCTH . CBeTsIeecs MATHBIMIKO Ha 3KpaHe MPOJOIKAET PAaBHOMEPHO JIBUTATHCS
BIOJIb INKAJIBI U B MOMEHT IIpHeMa cllaboro OTpaKEHHOTO CHUTHajla CHOBA OTKIJIOHSETCS. PaccTosiHMe MeXIy BCIUIECKaMH Ha
9KpaHe MPONOPHUOHAIFHO BPEMEHH t NPOXOXKICHHS CHTHAla M, CIEIOBAaTEeNbHO, PacCTOSHMI0O R no memu. DTO0 HO3BOISET
IPOTPagyHPOBATh IIKATY HEIIOCPEICTBEHHO B KHIIOMETPAX.

PasmonokaiMOHHEIE YCTAaHOBKH OOHAPY)KUBAIOT KOPAOJIHM M CAMOJICTHl Ha PACCTOSHUAX O HECKOJBKHX COT KHJIOMETPOB.
Ha ux paboTy JMIIb HE3HAYUTEIHHO BIMAIOT YCJIOBHS IOTOXBI M BpeMs CYTOK. B GONBIINX a3pormoprax JIOKaToOpbl CIENAT 3a
B3JICTAIOIIMMH M WAYLIIMMH Ha Iocajuky camoieramu. HazemHas ciyx0a mepemaet o paguo IMIIOTaM HEOOXOIUMbIE YKa3aHHUS U
TakuM 00pa3oM oOecreunBaeT OE30IaCHOCTH IOJIETOB. BHEHmHMI BUA a’pOIpOMHOTO JIOKaTopa IOKa3aH Ha PHUCYHKe 7.23.
Kopabnu 1 camoneTsl Takke CHa0KEeHBI PaJIn0I0KaTOpaMH, CITy>Kall[MMH I HABUT'AlIMOHHBIX Lelieid. Takue JJOKaTOphl CO31al0T
Ha JKpaHe KapTHHY PpacloJIOKEHHUs OOBEKTOB, PACCEHBAIOIIUX PaJUOBOJHBI, M ONEPaTop BUAUT DPAAHMOJIOKAIMOHHYIO KapTy
MECTHOCTH.

B Hacrosimee BpeMsi NPUMEHEHHE paJAMOJIOKAIlMM CTAaHOBUTCS Bce Ooiyiee pa3HOOOpasHbIM. C MOMOLIBIO JIOKATOPOB
HaOJII0AI0T METEOPHI B BEPXHUX CIOSIX aTMocdepsl. JIOkaTophl HCTIONB3YIOTCS CITy>KOO0M MOToAbI Uil HAOIIOACHHS 32 00JIaKaMH.

Puc. 7.23

HakoHen, JOKaToOpbl UCMONB3YIOTCS B KOCMHYECKUX HCCieJoBaHMsAX. Kaxaplii kocMu4Yeckuil Kopaldib 00s3aTeNbHO UMEET Ha
O0opty Heckombko pamuoiokatopoB. B 1946 r. B CIIIA m Benrpun OBUT OCYIIECTBICH SKCIIEPUMEHT IO IPUEMY CHTHAIA,
OTpaXXEHHOT0 OT noBepxHOcTU JIynbl. B 1961 r. yueHplMu Haliel cTpaHbl NpPOHU3BEICHA paauoioKanus IiaHeTsl Benepa, 4Tto
MIO3BOJIMJIO OLICHHUTH NEPHOJ €€ BpAICHMS BOKPYT CBOCH ocH. B HacTosmiee Bpems OCyIIecTBIEHA JIOKAIUs M APYTHX IUIAHET
CoIJTHEUHOW CHCTEMBI.

PagnonokaTopsl HCTIONB3YIOTCS At OOHAPYKEHHS CaMOJIETOB M KOpabiei, B Ciry0e morosl, 1J1s JOKAIUHY IJIaHET U Jp.

Jlexnusa Nell

Tema: «CBeTOBBIE BOJHbD

1. Bonpocs! jexuuu:

1.1. CBeT Kak dIeKTpOMarHuTHasi BOJIHA. BOJTHOBBIE U KOPITYCKYJISIpHBIE CBOMCTBA CBETA.

1.2. JIunzsl. ITocTpoenne m3obpaxenuii B muH3ax. PopMysa TOHKOI JTHH3HL.

1.3. Ontuyeckue npubopsl. Pazpeniaromas cnocoOHOCTh ONTHYECKUX TPUOOPOB.

1.4. UnTepdepenuns u qudpaknus ceera. JJucrepcus ceera.

1.5. PaznuaHbple BUIBI 2IEKTPOMArHUTHBIX H3ITyYSHHH, HX CBOHCTBA U MPAKTHYCCKUE MTPUMCHCHHS.

2. Kparkoe coaep>kaHue BOIPOCOB

IMPUHIIUIT TFOUT'EHCA. 3AKOH OTPAKEHUSA CBETA
3aKOHBI OTPaXXCHUS W MPETOMIJICHHUS CBETa MOXKHO BBIBECTH M3 OJHOTO OOIIETro NMPHHIHIA, ONHCHIBAIOIIEIO TTOBEICHHE BOJH.
OTOT NMPUHLHKI BIiepBbIe ObLI BBIBHHYT cOBpeMeHHHKOM HpioToHa Xpuctuanom [oiireHcoM.

Ipuaoun Trojirenca. CormacHo mnpuHIUIy [IolireHca Kakgash TOYKa BOJHOBOTO (POHTA SBISIETCS HCTOYHUKOM
BTOPHYHBIX BONH. J{7Is1 TOro 4TOOBI, 3Hasl MOJIO’KEHHE BOTHOBOI MOBEPXHOCTH ((pOHTA BOJHBI) B MOMEHT BPEMEHH t, HAWTH ee
TOJIOKEHHE B CIIEAYIONMIA MOMEHT BpeMeHd t + At |, HY)KHO KakKIyr0 TOUKY ()POHTA PaccCMaTpUBATh KaK UCTOYHUK BTOPHUHBIX
BoNH. Touku M, Mo, M3 1 T. A. ABISIOTCS TAaKMMH HMCTOYHHKaMu. IIoBepXHOCTH, KacaTenbHas K ()pOHTAM BTOPHUYHBIX BOJH,
Hpe/CTaBIsIeT co00i (PPOHT NepBHYHON BOJHBI B CIEAYIOIIMIT MOMEHT BpeMeHH (puc. 8.4). DTOT NpHHLMII B paBHOH Mepe
MPUTOJIEH /sl ONTMCAHUs PACIPOCTPaHEHHs BOJIH JIFOOOH NMPHUPOBL: MEXaHWYECKUX, CBETOBBIX M T. . ['toiireHc cdopmynuposan
€ro MepBOHAYaIbHO UMEHHO JJIsl CBETOBBIX BOJIH.

Jlis MexaHW4ecKHUX BOJH MPUHIMI [IoHreHca MMeeT HarisJHOE UCTOJIKOBAHHE: YacCTHULbI CPEAbl, 10 KOTOPBIX TOXOISAT
KoJieOaHusl, B CBOIO OYepeIb, KOJIEOIsICh, IPUBOAAT B JIBHKCHUE COCEAHUE YaCTHUIIBI CPEJIbl, C KOTOPHIMHU OHU B3aUMOJIEHCTBYIOT.
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Puc. B.4

3akoH OTpaKeHMsl.
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N3 teopun [tolirenca BHITEKAeT 3aKOH OTPAXXEHUS CBETA: JIYY RAOAIOW UL, JIYY OMPANCEHHBII U HOPMAL K OMpajcarouienl
HOBEPXHOCIU 6 MOYKE NAOCHUA Nedcam 8 00HOU NIOCKOCMU, RPUYEM Y2071 NAOCHUS PAGEH Y21y OMPANCEHU.

[Ipn oOpaTHOM HampaBJICHHH PAcIpOCTPAHEHUS! CBETOBBIX JIyUeil OTpaXKCHHBIH Jyd CTaHeT IaJafolluM, a NaJarolui —
OTPaKCHHBIM. ObparumocThb xoJ1a CBETOBBIX Tyden — nx Ba)KHOE CBOWCTBO.
3AKOH INPEJIOMJUIEHHU S CBETA.

Ha0uronenune npesiomiienusi ceera. Ha rpanune AByX cpell CBET MEHsIET HalpaBJIEHUE CBOErO pacnpocTpaHeHus. YacTb
CBETOBOW PHEPTUH BO3BPAIACTCS B MEPBYIO Cpeny, T. €. MPOUCXOANT OTpa)keHHe cBeTa. Eci BTopas cpena mpo3padHa, IO CBET
YaCTUYHO MOJKET IMPOUTH Yepe3 TPaHHUILy Cpel, TaKKe MEHsISI TP ITOM, KaK IIPaBHUIIO, HAIIPABJICHUE PACIIPOCTPAHEHUSL.

Dmo asnenue Hazvieaemcsa npenomieHuem ceema.

Bcernencreue npenomiieHnst HaOmoaaeTcs Kaxylieecs M3MeHeHHe (GopMBbl MPEAMETOB, X PACIIONIOKEHUSI U pa3Mepos. B
9TOM Hac MOTyT yOemuTb mpocTble HaOmroneHHs. [10N0KMM Ha JHO IyCTOrO HENpO3payHOro CTaKaHa MOHETY WM JpPYyroi
HeOoxpuIoit mpeaMer. [lonBuHeM crakaH Tak, 4TOOBI IIEHTP MOHETHI, Kpail CTakaHa W TJia3 HaXOJHWJIMCh Ha OJHOM MpSIMOW.

Puc. 8.6 Puc. 8.7

He MeHss 10J105KeHUs TONIOBBI, Oy/IeM HalMBaTh B CTakaH BOJAy. Ho Mepe MOBBIIICHUS] YPOBHSI BOJBI THO CTaKaHA C MOHETOM Kak
6])1 MPUIIOAHUMACTCA. MOHeTa, KOTOpast paHeEe 6])1.]12[ BUAHA JIMOIb YaCTUYHO, TCIEPb 6y}1€T BHUJIHA ITIOJHOCTBIO. YcraHOBUM
HaKJIOHHO KapaHJall B cocyne ¢ Bojaoi. Ecmu mocmoTpers Ha cocyn cOOKy, TO MOXKHO 3aMETHTh, YTO 4acTh KapaHjalia,
HaxoJs11ascs B BOAE, KaXKETCs CABUHYTOU B CTOPOHY.

OTH sIBIICHUSI OOBSICHIIOTCS H3MCHCHHUEM HAIPABJICHUS JIyUueil Ha TPaHUIE IBYX Cpell — IPEIOMIICHHEM CBETA.

3aKoH MPeNOMIICHHUsI CBETa OMpeeNsieT B3auMHOe PacloyiokeHue najaromniero ayda AB (puc. 8.6), mpenoMIeHHOTO Jiyua
DB u nepnenaukynsipa CE k MOBEpXHOCTH pasziena cpej, BOCCTABICHHOTO B TOYKe HajeHus. Yron U HaspIBaeTcs yziom

naodenus, a yroi. b_ Y2lloM npenomaenus.

ITamaromuii, OTpaXCHHBIH U NMPEJOMIICHHBIN JIydd HETPYAHO HAOIIOAATh, C/IENaB y3KUH CBETOBOM NMYyYOK BHIUMBIM. X0
TaKOTO IMyYKa B BO3JYXE MOKHO MPOCIEINTH, €CIH IMMyCTHTh B BO3AYX HEMHOTO JIbIMa HJIH K€ NOCTaBUTh SKPAH I10]] HEOOIBIINM
yoioM K Jydy. lIpenomsieHHBIH IIy4OK BHJCH TakKe B MOJKPAIICHHOW (UIIOOPECHMHOM Boje akBapuyma (puc. 8.7).

st tl T (8.4)

sin b Uy

rIe N — T[IOCTOsSHHAs BeJIMYMHA, HE 3aBUcsAmas or yria mnageHus. CoopMmyinupyeM 3aKoHBI IIPEJIOMIICHHS CBETa.
1) Haoawwuii nyw, npenomiaeHHblil JIydy U HOPMAIb K 2PAHUYE pazoena 08yX cped 6 mouKe NAOCeHUA J1eHcam é 00HOU
naockocmu.

2) Ommnowenue cunyca y2na nadenus K CUHYCy y2ia npeiomMaeHus eCmy eJIUYUHA NOCHOAHKAA O IMUX 08YX Cpeo,
PAGHAs OMHOCUMENbHOMY NOKA3AMETI0 NPEIOMIIEHUSA 6MOPOIL CPeObl OMHOCUMEIbHO NEPBOl.

IMoka3arens mpenomJienus. VI3 npuniumna ['folireHca HE TONBKO CIIEAYET 3aKOH MPEJIOMIICHUS, HO C ITOMOIIBIO 3TOTO
NPUHIUIA PAacKpbIBaeTCs GU3MYECKUI CMBICI TOKa3aress npenomieHus. OH paBeH OTHOIIEHHWIO CKOPOCTEH CBeTa B cpelax, Ha

FpaHI/I].[e Memz[y KOTOpBIMI/I HpOI/ICXOZ[I/IT HpeJ‘IOMJ‘IeHHe:
v.
n=—, (8.5)
vy

Ecnu yron npenomiieHus . B MeHblIe yria nageHus ¥, To coriacHo ypaBHeHHIO (8.4) CKOPOCTH CBETa BO BTOPOH cpelie MEHBIIIE,
YeM B IIEPBOM.

[lokazarenb mperoMIICHHS! Cpelbl OTHOCHTEIHHO BaKyyMa Ha3bIBalOT aOCOJIIOTHBIM MOKa3zaTeJeM NpEeIOMIICHHS 3TOM
cpenbl. OH MOKa3bIBAET, BO CKOJBKO Pa3 CKOPOCTh CBETa B BaKyyMme OOJbILE, YeEM B CPeJie, U PABEH OTHOLIEHMIO CUHYCa yria
R,

HaJieHNus! K CUHYCY yIJla IPeIoMIICHUs TP NePEeXo/ie CBETOBOrO dy4a U3 BaKyyMa B JaHHYIO CpeLy: 2

Ione3ysice popmynoii (8.5), MOXKHO BBIPAa3UTh OTHOCHTENBHBIN ITOKA3aTeh MPEIOMIICHHS depe3 aOCOIIOTHRIE TI0Ka3aTeNnn

IIPEJIOMJICHUS nu n, NepBOU u BTOPOH cpen.

C
JleilicTBUTeLHO, TAK KAK ) = — H Ny = ==, TAe ¢ — CKO-
1 2
poCTh CBETa B BAKYyMe, TO
U ILZ
n=—=—. (8.6)

v om

Cpezly C MEHBIINM a0COIIOTHBIM ITOKa3aTelIeM TIPEIIOMIICHUSA TPUHATO HA3BIBATh ONITUYCCKN MEHEC IUIOTHOM CpeHOﬁ.
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AOCOIIOTHEIN IMOKa3aTeIhb OPEIOMIICHUS OIIPEACIACTCA CKOPOCTBIO PACIIPOCTPAHCHUS CBETA B Z[aHHOﬁ cpeac, Koropas
3aBUCHUT OT (1)I/I3I/I"ICCKI/IX CBOICTB U COCTOSHHS Cpeanbl, T. €. OT TEMIICPATYPbI BEIICCTBA, €TI0 IMJIOTHOCTH, HAJIMYHS B HEM YIIPYTUX

HanpsokeHuil. [loka3aTens npenroMIIeHHs 3aBUCHT TaKXKe U OT JAJHMHBI BOJIHBI M cpera. Jl1g kpacHOTO cBeTa OH MEHBIIIE, YeM AT
3€JI€HOT0, a AJSI 3€JEHOTO MEHbIe, 4eM I (uometoBoro. [lostomy B Tabnwiax 3HaYCHWH MTOKa3aTelel NMPETOMIICHHS IS
Pa3HBIX BELIECTB OOBIYHO yKa3bIBACTCA, AJISI KAKOTO CBETA NMPHUBEACHO JAHHOE 3HAYCHUE NMMB KAKOM COCTOSHUH HAXOAUTCS CPeaa.
Ecnu Takux yka3aHUH HET, TO 3TO 03HAYAET, YTO 3aBUCUMOCTBIO OT IIPUBEACHHBIX (h)aKTOPOB MOXKHO IPEHEOPEUb.

B OonpIIMHCTBE CiTydaeB MIPUXOMUTCS PACCMATPUBAThH HEPEXO CBETA YEPE3 TPAHHILY BO3IAYX — TBEPIOE TEJIO HIIH BO3IYX
— JKUJIKOCTbh, @ HE Yepe3 rpaHuIly BakyyM — cpefa. OHako aOCONIOTHBIA TOKa3aTeNib MPeIoMIICHUS NoTBEPAOTO HIIH JKUIKOTO
BEIIeCTBAa OTJIMYAETCS OT II0Ka3aTels MpPEeJIOMIIEHUS TOrO € BEIIeCTBa OTHOCHTEIBHO BO3AyXa HE3HauuTelnbHO. Tak,
aOCOJIOTHBIH MOKa3aTelb MPEJIOMIICHUS BO3/lyXa P HOPMAaJIbHBIX YCIOBUSIX JUIS JKEJITOIO CBETAa PaBEH IPUMEPHO

n; = 1,000292. CrienoBaTesibHO,
n

n=—==n,. (8.7)
m

JHUH3A

[Ipo3pauHoe Teno, orpaHUYEHHOE CHEPHUUECKUMH OBEPXHOCTSIMHU, HA3bIBAIOT JIUH301.

Buasl smn3. JIuHza MoXKeT OBITh OrpaHMYEHA IBYMS BBITYKIBIMH C(EpUYECKUMH TOBEPXHOCTSIMH (JIBOSIKOBBIYKJIAs
nuH3a — puc. 8.24, a), BRITYKIOW c(epHuecKkoil MOBEPXHOCTHI0 M IUIOCKOCTHIO (IUTOCKOBBITYKNAs JHH3a — pHC. 8.24, 0),
BBIITYKJION M BOTHYTOH C(epHIeCKUMH MOBEPXHOCTSIMH (BOTHYTO-BBINyKJIast JIMH3a — pHC. 8.24, B). DTH JHMH3BI MOCPEIHHE
TOJIIIE, 9eM Y KPaeB, M BCE OHU Ha3bIBAIOTCS BBITYKIIBIMU.

JIuH3BI, KOTOpBIE TIOCPEIUHE TOHBINE, Y€M Y KpaeB, HAa3bIBAIOTCS BOTHYTHIMH. [la pucyHke 8.25 m300pakeHBI TpU BHAA
BOTHYTBIX JIVH3: 060AK0GOZHYM A — a, N10CKOGOZHYMAas — 6 U GbINYK/10-602HYMASL — B.

/

a) o) B)

\

a) 6) )
Puc. 8.25

Tonkast imH3a. MBI paccMoTpuM HauboJiee POCTOil Cityyaii, Korna TojurHa JnH3bl [ = AB npeHeOpexuMo Maia 1o cpaBHEHHUIO
¢ paguycamu R u R; chepuuecknx moepxHocTell nuH3BI (puc. 8.26) M paccTOSHHEM MpeaMeTa OT JMH3bL. Takyio JHH3Y
Ha3bIBAIOT TOHKOM JIMH30W. B nanbHeiimem, roBopst o JIMH3€E, MBI BeceTAa OyieM NoApa3yMeBaTh MOHKYIO IUH3Y.

A
BN}

o o
0, Al |B A 0

Puc 8.26

Toukn A u B — BepunHbl chepuuecKrx CErMEHTOB — pACIOJIOKEHbl B TOHKOW JIMH3E CTOJb OJNM3KO JAPYr OT Apyra, 4To HX
MOJKHO HPUHSTH 33 OIHY TOUYKY, KOTOPYIO Ha3bIBAIOT ONTHYECKUM LIEHTPOM JHH3BI B 0003HagatoT OykBoii O. JIyd cBeTa, KOTOPHIA
MPOXOIUT Yepe3 ONTHIECKUH LEHTP JIMH3bI, He H3MEHSAET CBOETO HAINPaBJIICHUS, a TOJIBKO CMEIaeTcs, HO, TaK KaK JMH3a TOHKas,
3TUM CMEIIEHUEM MOXKHO MPeHEeOpeyb.

IIpsimyto O;0; (em. puc. 8.26), MPOXOAAIIyIO Yepe3 HEHTPH! CHEePUIECKUX TTOBEPXHOCTEH, KOTOPBIE OTPAHUYHMBAIOT JIHH3Y,
Ha3bIBAIOT €€ TJIaBHOW ONTHUYECKOH OChl0. [ TaBHas onTHYecKast OCh TOHKOH JIMH3BI ITPOXOJUT Yepe3 ONTHYeCKUi neHTp. Jlrobyro
JIPYryl0 TpsAMYIO, IIPOXOJSIIYI0O dYepe3 ONTHYECKUI IIEHTp, HaA3bIBAlOT MOOOYHOIM onrndeckod ockio (puc. 8.27).

~ /\  Taasnas
S f | onruveckan

| 0ch

Puc. 8.27
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H3o6paxenue B aunse. [1o100HO 1tockoMy 3epKaity, JIMH3a CO3/aeT M300paKeHNs] HCTOYHUKOB CBETa. DTO 03HA4YaeT, 4TO CBET,
UCXOMSAIIMHA M3 KakOH-TMOO TOUYKM IMpeAMeTa (MCTOYHMKA), MOCHe NMPEJOMIICHUS B JIMH3E CHOBA COOMpAECTCS B OAHY TOYKY
(1300paxkeHNEe) HE3aBUCUMO OT TOTO, Yepe3 KaKylo 4acTh JIMH3BI MPOLUIH JIydd. Eciu 1o BbIXOJe M3 JIMH3BI JIYYH CXOASATCS, OHU
00pa3yioT [eiicTBUTeNIbHOE n300pakeHne. B ciydae jke, Korma mpomuieiine 4epe3 JUH3Y Jy4d PacXosITCsl, TO MepeceKaTcs B
OJTHO# TOYKE HE CaMM 3TH JIy4H, a JIHIIb UX MPOAOIDKeHHs. M300pakeHne B 3TOM citydae MHUMOE. Ero MOXKHO HaOJII0JaTh T1a30M
HEMOCPE/ICTBEHHO UITH C TIOMOIIBIO ONITUYECKHUX MPUOOPOB.

Cobuparomtas mua3a. OOBIYHO JTHH3BI H3TOTABIUBAIOT U3 CTEKJIA. BRIMYKIIbIE JTMH3EI ABISIOTCS cobuparomumu. Jro0yio u3
HHUX CXeMaTHYHO MOYKHO ce0e MPeICTaBUTh KaK COBOKYITHOCTh CTEKIISIHHBIX IPU3M. B BO3ayXe Kakaas mpu3Ma OTKIOHSET JIydH K
OCHOBaHHMI0. Bee nmyun, uiyiiue depes JUH3Y, OTKIOHSIOTCS B CTOPOHY €€ TJIaBHOW ONTHYECKON OCH.

Touka, B KOTOpPOH MepeceKaroTcsl MOCiie NPEIOMIICHHS B COOMpAIOIIEeH JIMH3E JIy4ud, Majalolliie Ha Hee MapajuiesbHO
IJIABHOW ONTHYCCKOW OCH, Ha3bIBacTCs TIABHBIM (POKycOM IHMH3BL. Ty TOYKy o0o3HavyaroT OykBoit F (puc. 8.29, a).
[Ty4yku, napajuiensHble TJaBHOW ONTHYECKOH OCH, MOXXHO HAampaBUTh Ha JIMH3Y W C TIPOTHBOIIOJIOKHOM CTOPOHBI.

A\ A
\ \
|'/ \ |"/ 5‘1
b o 3 5 |
{ F |
1\\/ / |\ , /'
a) @) .

Puc. 8.29

Touka, B KOTOPO#l OHHM COWIYTCS, PO IMH3Y, OyAET ApYruM IIaBHBIM GokycoM (puc. 8.29, 6).

Takum o0pa3oM, y NUH3BI JBa INIaBHBIX (OKyca. B 0JHOpOJHOI cpene OHM pacroyararoTcs 1Mo 00e CTOPOHBI JIMH3bI Ha
OJIMTHAKOBBIX PACcCTOSHUAX OT Hee. DTH PACCTOSHUS HAa3bIBAIOTCS (POKYCHBIM PacCTOSTHUEM JIMH3BL; ero 0003HavatoT OykBoi F (Toit
ke OyKBOH, 4TO U HOKyC).

HamnpaBum Tpu y3kux mapajjenbHbIX IMydKa Jlyded OT OCBETUTENs MOJ YIioM K IJIaBHOW ONTHUYECKOW OCH JUH3bI. MBI
YBUINM, YTO TIEpECceUCHNE JIydeii Mpon30iaeT He B IIIaBHOM (hoKyce, a B Ipyroi Touke (puc. 8.30, a).

Ho npumMedaTenbHO TO, YTO TOYKM IEPECEUECHHUs] HE3aBUCHMO OT YIJIOB, 0Opa3yeMbIX 3THMH IYYKaMH C IJIaBHOH
ONTHYECKOH OCBIO, PACIIONIAraloTCsl B IUIOCKOCTH, HMEPIEHANKYISPHON TIIaBHOM ONTHYECKOM OCH JHMH3BI M MPOXOASAILICH depe3
TJIABHBIN ¢doxyc (puc. 8.30, 0). Oty TUIOCKOCTh Ha3bIBAIOT (hoKaITEHON MIIOCKOCTHIO.
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IMomecTuB cBeTsIIyIOCS TOUKY B (hoKyce JMH3bI (WK B II000# TOukKe ee (HOKAIBHOU IIOCKOCTH), MOIYYHM IOCIE MPEIOMIICHUS
napajuiensHeie J1y4u (puc. 8.31).

Ecin cMecTUTh HCTOYHUK JajJiplie OoT (bOKyca JIMH3bI, JIYYH 3a JIMH30# CTAHOBSATCS CXOOAIIMMUCA U Ja0T [[eﬁCTBHTeHbHOG
u3obpaxenue (puc. 8.32, a). Korma ke MCTOYHHMK HAXOMUTCs OJvbke (OKyca, IPETOMIICHHBIC JIyYH PAcXOSITCS U H300pakeHHe
noJrydaeTcsi MHUMBIM (puc. 8.32, 6).
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Puc. 8.32

PacceuBaromas JuH3a. BorHyTble NHH3BI, HAXOSMIMECS B ONTHYECKH MEHEE IUIOTHOH cpene (IO CPaBHEHMIO C MaTepHaIoM
JIMH3BI), SIBISIOTCA paccenBaromuMK. HampaBuB Ha Takylo JHMH3Y JIydHM MapajuIeIbHO TINIABHOM ONTHYECKOH OCH, MBI ITOIYYHM
pacxoasmuiics my4ox jy4ei. VX mpoaoinkeHus nepecekaroTes B IIaBHOM (POKYCe paccenBaroleH JIMH3HI.

B srom cinyyae rnaBHblil hokyc siBisiercs MHUMBIM (puc. 8.33) u pacmosioxkeH Ha paccrosHuM F ot simH3bL Jlpyroii
MHHMBIH TTIaBHBIH (POKYC HAXOJUTCS MO IPYTYI0 CTOPOHY JIMH3bI Ha TAKOM JKE€ PACCTOSHHH, €CIIU Cpefia 1Mo 00 CTOPOHBI JIMH3BI
onHa u Ta xe (puc. 8.34).
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Puc. 8.33 Puc. 8.34

Onruueckas cuiia JIMH3bL. Benndauny, o0patHyo GOKyCHOMY pacCTOSHHIO, Ha3bIBAIOT ONTHYECKOH critoi nuH3bl. Ee 0603HauatoT
O6ykBoit D:
D=+L.
| F|
D > 0, ecnu muH3a cobuparomasi, D < 0, ecii TrH3a paccenBaromas.

Yem Ommxe Kk JmH3e ee (OKYCHI, TeM CWIIBHEE JIMH3a NPEJIOMIISIET JIydH, coOMpas WIM pacceuBas UX, U TeM Ooublie
OITUYECKAs CHJIA JTUH3BI.

Onruueckyto cuty D nuH3 BeIpaxatoT B anonTpusx (antp). Onrtudeckoit cwitoi B 1 anTp obnanaer auH3a ¢ HOKYCHBIM
paccTosiHueM | M.

OCHOBHOM XapaKTEPUCTUKOH JIMH3HI SIBIIETCS €€ ONTHYEeCKast CUIa.

INOCTPOEHMUME HN30BPAKEHUA B JIMH3E.
PaccMoTpuM cnoco0bl ocTpoeHHs: H300payKeHus! B JIMH3E.

CBoiicTBa TOHKOM JHH3BI OINpPEENAIOTCS TJIaBHBIM 00pa3oM pacHojoXeHHeM ee (pOKycoB. DTO O3HA4yaeT, 4To, 3Has
paccTosiHMEe OT MCTOYHMKA CBETA N0 JIMH3BI M ee (POKyCHOE paccTosHHE (TI0JIOKEeHHE (OKYCOB), MOKHO HAaWTH paccTOSHHE 0
M300pakeHNs1, HE paccMaTpHBasi X0 Jydel BHYTpH JUH3bI. [103TOMy HET HE0OX0IMMOCTH N300pakaTh HA YEPTEkKe TOUHBIH BH
cepuyecknx moBepxHOocTed JuH3EL. CoOuparomylo nuH3y 0003HA4alOT CHMBOJIOM, IIOKa3aHHBIM Ha pucyHke 8.35, a
pacceuBarolly0 — CUMBOJIOM, IPUBEJEHHBIM Ha pUCYHKE 8.36.

Ham yxe M3BeCTHO, YTO BCE JIy4H, BBIIIEIIINE U3 KAKOW-TMOO TOYKM NpeaMeTa, NMpOiIs CKBO3b JIMH3Y, IEpPECeKaroTCs
TaKke B OJHOM Touke. IMEHHO MO3TOMY TOHKas JIMH3a JaeT M300pakeHne Jr000H TOUKU NpeaMeTa, a CIIe0BaTeIbHO, H BCETO
MpeaMeTa B LIEJIOM.

s moctpoeHHns n300paskeHM, MOIYyIaeMbIX C TIOMOIIBI0 COOMparomieil THH3BI, (POKYCHI W ONTHYECKUH IIEHTP KOTOPOU

3a1aHBbI, MBI 6y}1€M IIOJIB30BATHCA B OCHOBHOM TpEMA BUIaMU ((y)lO()HHX» nyqef/i.
— O--— e Y e G
I 0 F F (o} F
Pre 835 Puc. 8.36

IToctponm m3o06paxkenue mpeamera AB (puc. 8.37). UtoOs! HaliTH n300pakeHne Touku A, HanpasuM 1yd AC mapaniensHo
rilaBHOM onrtudeckod ocu. [locie mpenomiieHnst oH mpoizer depe3 Qokyc JuH3BL Jpyroit ayd — AD MOXHO HampaBUTh
yepe3 ¢oxyc. Ilocne mpenoMieHUss OH NPOMIET HapajulesIbHO TJIABHOM ONTHYECKOW ocH. B Touke mepecedyeHHs 3THUX JBYX
NPEJIOMJIEHHBIX JIydeld OyneT HaxoauTbes u3o0pakeHnme Aj Toukd A. Tak ke MOXKHO IOCTPOWTb M BCE OCTAIbHBIE TOYKH
n3o0pakennsi. He ciiepyer TOIBKO aymarh, YTO M300pakeHHE CO3JAETCsl IBYMs WM TPEMsl JIydaMHd; OHO (POPMHpPYETCsl BCEM
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0ecunCIeHHBIM MHOXECTBOM JIydei, BBIICAIINX U3 TOYKH A M coOpaBmIMXcs B TOUKe Aj. B wacTHOCTH, B TOUKy momajaer Jiyd
AOA,, mpomrenmmii 4epe3 ontndeckuit neHTp O smH3BL. TakuMm 00pa3oM, A NMOCTPOCHUS HM300paKeHUS TOYKH MOKHO
HCIIOJIb30BATh JIIO0BIE JIBA U3 TPEX «YAOOHBIX» JTydeil, X0l KOTOPBIX Yepe3 JIMH3Y N3BECTEH:

1) Iy4, MIPOXOSAIINN yepes ONTUYECKUN LIEHTD;
2) ay4, naJaroInm Ha JIMH3Y NapajuleIbHO IJIaBHOM ONTHYECKOMN ocy;
3) myd, mpoXoIsIIHiA Yepe3 GOoKyc.

W3obpaxenue npeaqmera AB B 3TOM citydae OyneT JEHCTBUTENBHBIM, IEPEBEPHYTHIM, YBEINICHHBIM.

PaccmotpuM emre cirydaii, Koraa HEOOXOAUMO TIOCTPOUTE M300pakeHNEe TOYKH, PACIIONOKEHHOH Ha TJIABHOW ONTHYECKOH
ocu. TpyaHOCTH 3aKIIO9aeTCs B TOM, YTO BCE TPU «yIOOHBIX» JIyda CIMBAIOTCS B OAMH Jyd SF, coBmamaromuii ¢ TIaBHOW ONT H
Yyeckoi ocblo. I1oaToMy HE0OXOIMMO ONpeNesIUTh X0J MPOU3BOJIbHOrO Jdyda SB (puc. 8.38), nonaBmiero Ha JMH3Y B TOuke B.
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Puc. 8.37 Puc. 8.38

Jn1s TocTpoeHus MPETIOMIICHHOTO JIyda IPOBeAeM IMOOOYHYI0 ONTHYECKyIo ock PQ, mapamnensHyto ydy SB. 3atem moctpoum
(hoKaNTbHYIO TUIOCKOCTH M HaiineM Touky C nepecedeHust (poKaabHOM MIOCKOCTH ¢ TOOOYHON ONTHYECKOH ochlo. Uepes 3Ty TOuKy
1 npoiiaet npenomieHHbHA 1yd BC. TakuM 00pa3oM, IOCTPOEH X0 ABYX JIydel, BRIXomAmHMX 13 Touku S. [locne mpemomieHus B
JIMH3E 9TH Jy4u pacxopsarcs. M3o0pakeHue Si Touku S OyneT MHHMBIM, TaK KaK UCTOYHHMK PACIOJIOKEH MEXIy (OKYCOM H
JIMH30M.

Jist mocTpoeHus N300paXKeHNsI MOXKHO MCIIOJIb30BaTh JIBA U3 TPEX «YJOOHBIX» JTydeH.

®OPMYVJIA TOHKOM JIUH3BL

HJIH

o Sy (8.11)

Ypasuenue (8.11), npuHATO Ha3BIBAaTh PopMyIIoi TOHKOW MTUH3BL. Bemmuuns! d, f . F MOryT OBITh Kak MOJIOKUTEITHHBIMH, TaK U
orpunarensHeIMA. OTMeTnM (0e3 10Ka3aTenbCcTBa), 4TO, NPUMEHSS (GOpMyiTy JIMH3BI, HY’KHO CTAaBUTh 3HAKH TEPEA WICHAMHU

yYpaBHEHHs COIJIACHO cienytomeMmy mpaBwry. Ecnm nmH3a coOuparomas, To ee (OKyCc NEHCTBHTENBHBIM, W Tepeq
1

F o o
4YJIEHOM | CTaBAT 3HaK «t». B cimywae paccemBaromieit nuu3sl F < 0 u B mpaBoii wactu ¢opmynst (8.10) OyzmeT crosith

T21
OTpuLaTECIbHAsA BEJIMYMHA. Hepez[ YJICHOM '[' CTaBAT 3HAK «1+», €CIH 1/1306pa>1<eHI/1e )Z[ef/'ICTBI/ITeJ'H)HOC, 1 3HaK «-» B ClIy4yae
1

MHHMOTO n300pakeHns. Hakonern, nepex wieHOM ld | crapst sHak «t» B Clly4ae JEMCTBUTEIBHON CBETSILEICS TOUKH U 3HAK «-»,
€CJIM OHa MHMMas (T. €. Ha JIMH3Y NaJaeT CXOAAIIMKICS My4OK JTydel, NPO0JKEHUs KOTOPhIX EPECEKAIOTCS B OJIHOM TOUKE).

1 1
—, — HJIH

B Tom ciyuae, koraa F, f unu d Hen3BecTHBI, nepesi COOTBETCTBYIOIUMHU YIeHAMHU e 4 4 crapsr smak «+». Ho
€CII B PE3yJIbTaTe BBIYMCICHHH (POKYCHOTO PAcCTOSHUSI WIM PACCTOSIHMS OT JIMH3BI A0 W300pakeHHs JMOO 10 MCTOYHHKA
MOJTy4JaeTcsl OTpHLATENbHas BENWYMHA, TO 9TO 03HA4YaeT, 4To (POKyC, N300parkeHNe NIIM HCTOYHUK MHUMBIE.

JUCTIEPCUSA CBETA
3aHNMAasCh yCOBEPIICHCTBOBAaHWEM TeJlecKONoB, Hpl0TOH 00paTHi BHUMaHUE Ha TO, YTO M300pa’keHue, gaBaeMoe OOBEKTHBOM,
Mo KpasiM okpamieHo. OH 3aHMHTEpecOBaJICS 3THM U TEPBBIA «UCCIIEAOBAI Pa3HOOOpa3ne CBETOBBIX Jy4eHd M NPOUCTEKAIOIIUE
OTCIOZIa OCOOCHHOCTH IIBETOB, KOTOPBIX JI0 TOTO BPEMEHM HHKTO Ja)XKe HE MOJ03peBal» (ClIoBa M3 HAIMHMCH HAa HAATPOOHOM
namsaTHHKe HproToHy). PagyxHyio okpacky n300paykeHHs, IOITy4aeMOro ¢ TIOMOIIBIO JIMH3HI, HaOII0Jann, KOHEYHO, U 10 HEro.
Bruto 3amedeHo Takke, YTO pagyXKHbIE Kpas MMEIOT HPEIMETHI, paccMaTpuBaeMble depe3 npu3My. [Iydok CBETOBBIX Iydei,
MPOIIEAIINX Yepe3 MPU3MY, OKPALTHBAETCS 10 KPasiM.

OmnbiT HetoToHa OBLT reHnalibHO NpocT. HBI0TOH porafancst HanpaBUTh Ha MIPU3MY CBETOBOW MYYOK MaJloro MONEPEYHOTO
cedeHus. Ilydok conHeyHOro cBera NMPOXOAMI B 3aTEMHEHHYH0 KOMHATy 4epe3 MalleHbKoe OoTBepcTHe B craBHe. Ilamas Ha
CTEKISIHHYIO TIPU3MY, OH HpEJOMIISIICS W JaBal HA HPOTHUBOIOJIOKHON CTEHE YIUIMHEHHOE HW300pakeHHE C Pajay>KHBIM
yepenoBaHueM 1BeToB. Ciienysi MHOTOBEKOBOM TpaJHIIMU, COTIACHO KOTOPOH paayra cuuTanach COCTOSIIEH U3 CEMU OCHOBHBIX
1;BeToB, HBIOTOH TOXXE BBIJEIMII CEMb LIBETOB: (DMOJIETOBBIN, CHHUM, TOIyOOH, 3€JICHBIH, XKEIThIH, OpaHKeBbId 1 KpacHbIH. Camy
panyXHyo nojiocky HeloToH Ha3Ban CHEKTPOM.

3aKkphIB OTBEPCTHE KPACHBIM CTEKJIOM, HpIOTOH HaOroan Ha CTEHE TONBKO KPAacHOE MATHO, 3aKPhIB CHHUM CTEKJIOM —
CHHEE IIATHO U T. 1. ITO 03HAYaJI0, YTO HE MIPHU3Ma OKpAaIIMBaeT OeJbIil CBET, KaK Mpearoaraioch pansie. [Ipu3sma He n3MeHseT
CBET, a JMILIb pasjaracT €ro Ha COCTaBHbIE 4acTU. benbli CBET MMEET CIOXKHBIM cocTaB. M3 HEro MOXXHO BBIIEIUTH ITyYKH
pa3sNMYHBIX I[BETOB, W JIMIIb COBMECTHOE€ WX JCHCTBHE BBI3BIBAET Yy HAC BIEYaTIeHHWE O€Joro  IBeTa.
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B camom nierne, eciy ¢ MOMOIIBbIO BTOPOH NMPHU3MBL, MOBepHYTOH Ha 180° OTHOCHTENBHO NEPBOH, COOpaTh BCe MYYKH CIIEKTPa, TO
OIAITH MOyduTcsl Oenblid cBeT (cM. puc. Il Ha 1BeTHO# Bkielike). BrinenuB kakyro-n100 4acTh CIIEKTpa, HapUMep 3eJeHYyI0, U
3aCTaBUB CBET IIPOWTH ellle Yyepe3 OJHY NPU3MY, MBI YK€ HE MOJIyYUM JaJbHEHIIEero N3MEeHeHHs OKPacKU.

Jpyroii BaxHBIN BBIBOJ, K KOTOpoMy mpumen HeioToH, 6bu1 chopmynaupoBaH UM B TpakTarte «ONTHKa» CIETYIOIINAM
00pazoM: «CBETOBBIE MyYKH, OTIMYAIOLIMECS IO IBETY, OTIMYAIOTCA 110 CTENCHHM MPEIOMIIIEMOCTH» (IJI1 HUX CTEKJIO MMEET
pa3nHYHbIC TOKa3aTeNu mpenomMieHus). Hambonee CHIIBHO MpPENOMIIAIOTCS (DHOJIETOBBIE JIydH, MEHBINE APYIHMX — KpacHBIC.
3aBUCHMOCTD MOKa3aTeIs TIPEIOMIICHUS cBeTa oT ero I[BETa Heroton Ha3Bal oucnepcueil.

¢

[TokazaTenb MpesOMIIEHUs] 3aBUCHT U OT CKOPOCTH CBETa B BELIECTBE. AOCOJIOTHBIN MOKa3aTellb MPEIOMIICHUS e~ Y Jlyu
KPacHOTO IBeTa IPEJIOMIIACTCS MEHBIIEe HM3-3a TOTO, YTO KpAacHBIH CBET MMEeT B BEIeCTBE HAaMOOJBIIYyI0 CKOPOCTh, a JIyd
(HroneToBOrO [BETa MPEIOMIIETCS OOJIBbIIE, TAaK KaK CKOPOCTH I (PHOJIETOBOTO CBETAa HAaMMEHbINas. FIMCHHO OSTOMY IIpH3Ma U
pasiaraer cBeT. B mycToTe CKOpOCTH CBeTa pa3HOIO IBeTa OJMHAKOBBI. Eciy OBl 3TO OBLIO HE TaK, TO, K NPUMEPY, CITyTHHK
IOmmrepa o, xoTopslit Habmogan Pémep, kazasncst Ob KpacHBIM B MOMEHT BBIXOZ[a CITyTHHKA U3 TeHH. Ho 3ToT0 He HabmomaeTcs.

Briocnencrtun OblTa BBIACHEHA 3aBHCHMOCTH IBeTa OT (DM3MYECKOHl XapaKTEPHCTHKH CBETOBOH BOJHBI: €€ YacCTOTHI

KoylebaHui vV (WK UIHHBI BOJIHBI A ). IloaToMy MOXHO naTh Ooiree TITyOOKOE OIpeneNieHNe IUCIIEPCHH, YeM TO, K KOTOPOMY
npuiten HetotoH. Jlucnepcuen Ha3bIBa€TCS 3aBUCUMOCTD ITOKA3aTeNsl IPETOMIIEHHS CPEBI OT YaCTOTHI CBETOBOM BOJIHBI.

3Has1, 4To OeJBIi CBET UMEET CIO0XKHBIN COCTaB, MOKHO OOBSCHHUTH YAUBUTEIEHOE MHOT00Opa3ne Kpacok B mpupose. Eciu
IpeaMeT, HallpuMep JINCT OyMmary, OTpakaeT Bce IaJIalollie Ha HETro JIyYd Pa3IMYHBIX IIBETOB, TO OH OyJeT Ka3aTbCs OEIBIM.
[MTokpeiBas Gymary cioeM KpacHOW KpacKu, Mbl HE CO3/1aeM IIPH STOM CBET HOBOT'O I[BETA, HO 33/IEPXKMBAEM HA JINCTE HEKOTOPYIO
gacTs uMetorierocs. OTpaxarbes Tenepb OYIyT TOJIBKO KpPacHBIC JTyYH, OCTalbHBIE K€ MOTJIOTATCS CJI0eM Kpacku. TpaBa U JIUCThA
JIEpPeBbEB KAXKYTCS HaM 3€JIeHBIMU ITOTOMY, YTO U3 BCEX MaJAIOIIMX Ha HUX COJHEYHBIX JIyded OHH OTPa)KaroTCs JIUILb 3elICHBIE,
HorJomas ocrajgbHble. ECM NOCMOTpeTh Ha TpaBy 4Yepe3 KpacHOe CTEKJIO, MPOITyCKalollee TONIbKO KpacHbIe JIydH, TO OHa Oyner
Ka3aTbCsl IOYTU YEPHOMU.

SIBnenue nucmepcuu, OTKpbITOe HBIOTOHOM, MEpBBI IIar K NOHMMAHHUIO NPUPOABI IBeTa. OCHOBAaTENBHO MOHATh
JMCTIEPCHIO CMOTJIM JIMIIB IOCIIE TOTO, KaK OblIa BRIICHEHA 3aBHCHMOCTh IIBETa OT YAaCTOTHI KOIE€OAaHMH (MM JJIMHBI CBETOBOM
BOJTHBI).

HNHTEPOEPEHIINA CBETA.
Ecnu cBer mpexacTaBisieT co0Oi MOTOK BOJH, TO IOJDKHO HaOmonarThes siBeHWE WHTepdepeHnuu cBera. OXHAKO ITOIYYHTh
MHTEp(EPESHINOHHYIO KapTHHY (YepeloBaHHE MAaKCUMyMOB W MHHHMYMOB OCBEUIEHHOCTH) C MOMOUIBIO JIByX HE3aBHCHMBIX
UCTOYHUKOB CBE€TA, HANPHUMEpP JBYX OJJIEKTPUYECKUX JIAMIIOYEK, HEBO3MOXKHO. BitoueHue emie OHON J1aMIOYKH JHIIb
YBEJIMYHMBAET OCBEIICHHOCTh TOBEPXHOCTH, HO HE CO3/Ia€T YepPEJOBAHUS MUHUMYMOB U MAKCUMYMOB OCBEIIIEHHOCTH.

BbIsicHUM, B 4eM NPUYHMHA 3TOTO U MPH KaKKX YCIOBUIX MOXKHO HaOI0/1aTh MHTEP(EPEHIINIO CBETA.

YcaoBHe KOrepeHTHOCTH CBETOBBIX BOJIH. [IpuunHa OTCYTCTBUSI MHTEP()EPEHIMOHHOW KapTHHBI B OMbBITE C JBYMS
JIAMIIOYKaMH B TOM, YTO CBETOBBIC BOJIHBI, M3JIydyaeMble HE3aBUCHMBIMHM HCTOUYHHKAMH, HE COTJIACOBAHBI APYT ¢ apyrom. Jlms
MOJy4eHHUS K€ YCTOMYMBONW MHTEp(EPEHIIMOHHONW KapTHHBI HY)KHBI COTJIACOBAaHHBIE BONHBL. OHHU TOJKHBI MUMETh OJMHAKOBBIE
JUIMHBI BOJIH M TIOCTOSIHHYIO BO BPEMEHH Pa3HOCThH (a3 B JII000I Touke mpocTpaHcTBa. HarmoMHUM, 4TO TakHe COTJIaCOBaHHBIC
BOJIHBI C OINHAKOBBIMHU JJIMHAMH BOJH ¥ MOCTOSIHHOW pa3HOCTBIO (ha3 Ha3bIBAIOTCS! KOT€PEHTHBIMHU.

[Toutn TO4YHOTO paBeHCTBA JUIMH BOJH OT ABYX MCTOYHHMKOB JOOUTHCS HETPYAHO. /It 3TOrO JOCTaTOYHO HCIIOJIB30BATH
XOpOIINE CBETOQMILTPHI, INPOIMYCKAIONIMEe CBET B OYEHb Y3KOM HHTEpBaje JUIMH BOJH. HO HEBO3MOXHO OCYIIECTBHUTH
MIOCTOSIHCTBO PAa3HOCTH (a3 OT ABYX HE3aBHCHMBIX HCTOYHHUKOB. ATOMBI HCTOYHHKOB M3JIy4alOT CBET HE3aBHCHMO JIPYT OT Jpyra
OTAEJIBHBIMHU «OOpBIBKaMn» (I[yraMi) CHHYCOMIAIBHBIX BOJIH, HMEIOIIMMH OOBIYHO JUIMHY OKOJO MeTpa. M Takue I[yru BOJH OT
000MX MCTOYHHKOB HalaraimTcs APYyr Ha Apyra. B pesymprare ammauTyaa konebaHuii B 1000H TOYKE NMPOCTPAHCTBA XAOTHYHO
MEHSETCS CO BPEMEHEM B 3aBHCHMOCTH OT TOTO, KaK B JAHHBII MOMEHT BPEMEHM I[yI'M BOJIH OT Pa3IMYHBIX HCTOYHHKOB
C/IBUHYTBI OTHOCHUTENBHO JApYr japyra mo ¢ase. BomHbI OT pa3iM4HBIX MCTOYHHMKOB CBETa HEKOTEPEHTHbIE H3-32 TOTO, YTO
pa3HOCTh ¢ba3 BOJIH HE ocraercs OCTOSTHHOM
Hurepdepennusi B TOHKUX MUIeHKaX. Tem He MeHee nHTepdepeHnnIo cBeta yaaeTcs Ha0moaaTh. XoTs ee ¥ HaOoaaiu OueHb
JTaBHO, HO TOJIBKO HE MPHIaBAIIM ATOMY 3HAUYEHHUSI.

Bbl ToXXe MHOTO pa3 BHAEIM HHTEP(EPEHLIMOHHYIO KapTHHY, KOTJa B JETCTBE Pa3BJIEKAJHMCh ITyCKAHHEM MBUIBHBIX
My3bIpell WM HAOIIONAM 32 paay’KHBIM IEPEIMBOM IBETOB TAKOH IUIEHKM KEepPOCHHA MO0 He(TH Ha MOBEPXHOCTH BOJBI.
«MBUIBHBIN Ty3bIpb, BUTas B BO3JYXE... 3aKUTAETCS BCEMU OTTEHKAMM LBETOB, MPUCYLIMMH OKPYKAIOUIUM IPEIMETaM.
MBUTBHBIH Ty3BIpb, MOXaNYH, camoe H3bICKaHHOe 4dyno mpupoxasl» (Mapk Tsen). MiMeHHO wuHTepdepeHuus cpera aenaeT
MBIIBHBIH ITy3BIPb CTOIb JOCTOWHBIM BOCXHIIEHHUS.

Anrmmiickuii ydensiii Tomac FOHT nepBbIM mpHIIen K T€HHAIBHOH MBICIH O BO3MOKHOCTH OOBSICHEHHS 1BETOB TOHKHX
TUTEHOK CIIOKEHUEM BOJTH.
KorepeHTHOCTh BOJIH, OTPa)X€HHBIX OT HAPYKHOM U BHYTPEHHEH IOBEPXHOCTEH IUIEHKH, BO3HMKAET HM3-3a TOrO, YTO OHU
SBIISTIOTCS YaCTSMH OZHOTO M TOTO JK€ CBETOBOTO ITy4Ka. L{yT BOJTH OT Ka)KIOT0 M3JIydalolIero aToMa pa3aessieTcsl INIEHKOW Ha J1Ba
I[yTa, a 3aTeM 3TH YaCTH CBOJATCS BMECTE U HHTEPPEPUPYIOT.

TOHT moHs TaKKe, 9TO pa3IndKe B I[BETE CBA3AHO C PA3IMUMEM B JUIMHE BOJHBI (MJIM 9YaCTOTE CBETOBBIX BOJH). CBETOBBIM
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IMy4YKaM pas3janvHoro UBeTa COOTBETCTBYIOT BOJIHbI C pa3HOW JAJIMHOU BOJIHBI . I[J'ISI B3aMMHOI'0 YCHUJICHHS BOJIH, OTJIIMYArOMINXCA
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JIpyr OT Jpyra JUIMHOH BOJHBI (YIJIbl HaJCHUS TPEIoNaraloTcs OJMHAKOBBIMH), TPEOYeTCsl pasjiMuHasi TOJIIMHA IUICHKH.
CrenoBarenbHO, €CNM IUIEHKAa MMEET HEOJMHAKOBYIO TOJILIHMHY, TO NPU OCBEIICHHH €€ OCelbIM CBETOM MJOJDKHBI ITOSIBUTHCS
pa3yuyHbIe 1BETA.

Kouasua Herotona. Ilpocras uaTepdepeHINOHHAS KAPTHHA BOSHUKAET B TOHKOH MPOCIOWKE BO3TyXa MEXKIY CTEKISTHHOU
TUTACTHHOM W TOJIOKEHHOH Ha Hee IUIOCKOBBIMYKJION JHH30H, ceprudeckas MOBEPXHOCTh KOTOPOil mMMeeT OOJNBIION paimyc
KpPHUBU3HBI. JTa HHTEp(EPEHINOHHAS KapTHHA HMEET BHJ] KOHIIEHTPUIECKUX KOJIEIl, MOJIYYHBIINX Ha3BaHUe Koier HpioToHa.

Bo3zpMuTE TUIOCKOBBITYKIIYIO JIMH3Y C Majoi KPUBH3HOW c(hepudecKkoil MOBEPXHOCTH U TOJIOXKHUTE €€ BBITYKIOCTHIO BHH3
Ha CTEKJITHHYIO IJIACTHHY. BHUMaTenbHO pa3IisiapIBas IUIOCKYIO MOBEPXHOCTH JIMH3BI (JIydIlle Yepe3 JIyIy), Bbl OOHAPYKHUTE B
MECTE COIPUKOCHOBEHHMS JIMH3BI U MJIACTHHBI TEMHOE ISTHO U BOKPYT HETO COBOKYHMHOCTh MAaJICHBKHX DAy KHBIX KOJEI. DTO U
ectb Konblla HpioTona. HproToH HaOmrofanm M uccienoBall MX HE TOJNBKO B OElOM CBeTe, HO M ITIPH OCBELICHUM JIMH3BI
OJIHOLIBETHBIM (MOHOXpOMaTHUeCKuM) IyukoM. Oka3ajiock, 4TO pPauychl KOJIEI] OJHOTO M TOTO K€ MOPSAKOBOTO HOMeEpa
YBEJIMYHMBAIOTCS NIPU TEpexo/ie OT (PHOJICTOBOTO KOHIIA CIEKTpa K KPacHOMY; KpacHbBIE KOJIbI[Aa UMEIOT MaKCUMAaJbHBIA paanyc.
PaccTosHIS MeX Ty COCEHUMU KOJBbIIAMU YMEHBIIAKOTCS ¢ YBETUUCHUEM HX PaAUyCOB.

Y 1OBJIETBOPUTENILHO OOBSCHHUTH, IOYEMY BO3HUKAIOT Kousiblla, HetoTroH He cmor. Ypanock 3to IOnry. Ilpocnenum 3a
XOJIOM €r0 pacCyXJIeHUH. B MX ocHOBe JIEKUT NMPeINOoI0KEHHUE O TOM, YTO CBET — 3TO BOJHBL. PaccMoTpuM cityuail, korja BojHa
OTIpeNleIeHHON JUTMHBI BOJHBI MafaeT MOYTH MEePIeHANKYIIPHO Ha IUIOCKOBBIMYKITYIo MuH3Y (puc. 8.49). BomHa 1 mosBusercs
pe3ysbTaTe OTPaKCHUsSI OT BBITYKIIOH IOBEPXHOCTH JIMH3BI Ha TPAHMIE CPEJ CTEKIO — BO3AYX, a BOJHA 2 — B PE3yibTaTe
OTpaXEHH OT IUIACTUHBI HAa TPAHUIIE CPE BO3AYX — CTEKJIO. DTH BOJIHBI KOTEPEHTHBI: OHH MUMEIOT OAWHAKOBYIO UTHHY BOJIHBI U
MOCTOSIHHYIO Pa3HOCTH (ha3, KOTOpasi BOSHUKAET M3-3a TOTO, UTO BOJIHA 2 TMPOXOIMT OOJBIIHiL yTh, YeM BosHA 1. Ecnu Bropas
BOJIHA OTCTAaeT OT NEPBOH Ha IIETI0€ YHCIIO JUIMH BOJH, TO, CKJIA/IBIBAsICh, BOJTHBI yCHIIMBAIOT APYT IpyTa.

Puc. 8.49

HaHpOTI/IB, €CJIn BTOpas BOJHA OTCTACT OT HepBOfI Ha HCYCTHOC YMCJIO IOJYBOJIH, TO KOH€6aHI/I$[, BBI3BAHHBIC HMU, 6yZ[yT
MNPpOUCXOAUTDH B IIPOTUBOIIOJIOKHBIX (1)a3ax, 1 BOJIHBI IOTACAT APYT Apyra.

Ecmn usBecren paanyC KpHUBHU3HbBI R BLIHyKJIOﬁ MOBCPXHOCTHU JIMH3bI, TO MOXXHO BbIYHCJIIUTH, Had KAKUX PACCTOSHUAX OT
TOYKH COHIPHUKOCHOBCHUA JIMH3BI CO CTCKITHHOW IIJIAaCTHHOM Pa3HOCTU XOHda TaKOBbI, YTO BOJIHBI OHPCHGHCHHOP’I JUINHBI

BOMHBL , TacaT Apyr Apyra. OTH pacCTOSHHS U SIBIIIIOTCS pajuycaMu TeMHBIX koiel HerotoHa. Benp nuHMM MOCTOSIHHOM
TOJIIIMHBI BO3AYIIHON MPOCIOWKH MPEACTABIAIOT COO0H OKPYXKHOCTH. MI3MepHB paguyChl KOJIEI], MOKHO BBIYUCIUTD JJIMHBI BOJH.
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Jlnmina CBETOBOM BONHEL B pesynbrare w3MepeHuii OBUIO YCTAHOBJIEHO, YTO JUISl KPACHOTO CBETA '« =8 . 107m, a mis

¢uoneroBoro — % o= 4 . 10" M. JINMHBEI BOJH, COOTBETCTBYIOIIME APYTMM IBETAM CIIEKTPA, TPUHUMAIOT MPOMEKYTOYHBIE
3HaveHus. s y0o0oro 1BeTa ANMHA CBETOBOW BOJHBI O4YeHb Maia. llosicHuM 3To Ha mpoctoMm mpumepe. IIpeacraBere cede
CPEIHIOI0 MOPCKYIO BOJIHY IJIMHOM BOJHBI B HECKOJNBKO METPOB, KOTOpas YyBEJIWYMIACh HACTOIBKO, YTO 3aHsNa BECh
ATIaHTHYECKUH OKeaH OoT OeperoB AMepuku no EBpombl. J[iHa CBETOBOI BOJHBI, YBEITUYECHHON B TOH K€ MPOIMOPIMH JHUIIE
HEHaMHOTO IIPEBBICHIIA OBl IINPUHY 3TOH CTPAHMIIBI.

SIpnenne uHTEpGEPEHIINHN HE TOJIBKO JIOKa3bIBaeT HAJMYHE Y CBETA BOJNHOBBIX CBOICTB, HO M MO3BOJISIET U3MEPHUTh AJIHHY
BOJIHBI. [1000HO TOMY Kak BBICOTAa 3BYKa ONPEAEISIETCS €ro 4acTOTOH, I[BET CBETA OMPEACISACTCS YaCTOTOW KOJICOaHUN HITU
JUTUHOM BOJIHBI.

B npupone HET HMKAaKMX KpacoK, €CTh JIMIIb BOJIHBI Pa3HbIX JJIMH BOJNH. [71a3 — CIOXHBIA (u3uueckuid npudop,
CIOCOOHBIH OOHAPYXKUBaTh pa3iMuie B IIBETEe, KOTOPOMY COOTBETCTBYeT BechMa He3HauuTenbHas (okosno 10°cm) pasHuia B
JUIMHAX CBETOBBIX BOJIH. IHTEepecHO, YTO OONBUIMHCTBO JKMBOTHBIX HE CIIOCOOHBI pa3znuyarh msera. OHM Bcerjga BUAST YEpHO-
Oenyto kaptuHy. He pasmuuaror 1nBeta TakXkKe JAIbTOHMKM —  JIIOAM, CTPAjJalolide I[BETOBOH  CIIETIOTOM.
IIpu nepexoze cBeTa U3 OJHONW cpeibl B APYTYIO IIMHA BOJHBI U3MEHSAETCS. DTO MOKHO YBUJETh. 3allOJHUM BOAOM MM APYroi
MIPO3paYHON KUIKOCTBIO C MOKa3aTeleM IPeIOMIIEHUS I BO3AYIIHYIO NPOCIOHKY MEXAy JIMH30M M NiaacTUHOM. Panmycel
MHTEP(EPEHIIMOHHBIX KOJIEI] YMEHBIIATCS.

[Touemy sT0 mpomcxoantT? MBI 3HaeM, YTO NPU NEPEXO/e CBETa M3 BaKyyMa B KaKylO-HHOYAb Cpely CKOPOCTh CBETa

yYMEHbIIIaeTcs B n pa3. Tak kak % Vv, TO TIPH 3TOM JIOJDKHA YMEHBIIUTHCA B N pa3 TuO0 4acToTa v, MO0 JJIFHA BOJHBI ~ Ho
paanychl KoJel| 3aBUCAT OT AJUHBI BOJIHBL Clle0BaTeIbHO, KOTJa CBET BXOAUT B CPely, U3MEHSETCA B N Pa3 UMEHHO AJIUHA
BOJIHBI, a HE YacTOTA.

Hutepdepennnsi 3JeKTPOMArHUTHBIX BOJIH. B ombitax ¢ reneparopom CBY moxHO HabOmrogate MHTEphEpEeHIUIO
9JIEKTPOMArHUTHBIX BOJIH (PaJMOBOJIH) .

I'eHeparop ¥ TPHUEMHHK pacIoNaraloT ApYyr MPOTHB Jpyra. 3aTeM MOJHOCSAT CHH3Y METaUTMYeCKyl0 IUIaCTHHY B
TOPU30HTAIIbHOM HoNokeHHH. [TocTeneHHo NoAHNMAas TIACTHHY, OOHAPYKUBAIOT II00UYEPEIHOE OCIA0ICHUE U YCUIEHHUE 3BYyKa.
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SIBneHne 0OBsICHSETCS CIEAYIOMMM 00pa3oM. YacTh BOJNHBI W3 pyNopa TeHeparopa IIONajaeT HEIOCPEICTBEHHO B
OpuUeMHBIN pymop. [Jpyras ke ee uacTb OTpakaeTcs OT METAUIMYECKOM IIAacTUHBL. MeEHssl pacloyoKeHHE IUIACTHHBI, MBI
M3MEHSIEM Pa3HOCTh X0/a NPSIMOM M OTpa)KEHHOH BOJIH. BeneacTBre aToro BOJIHEI THMO0 YCHUITMBAIOT, THOO0 O0CIa0ISIOT APYT Apyra
B 3aBHCHUMOCTH OT TOTO, PaBHa Pa3HOCTH XOa IIEJIOMY YHCIY UITMH BOJIH WM HEYETHOMY YHCITY MOJYBOJIH.

Habmonenne wmHTEpdEpeHIINM CBETa NOKA3bIBACT, UTO CBET NPH PACIPOCTPAHEHWH IPOSBIAET BOJIHOBBIE CBOWCTBA.
HHTepdhepeHIIMOHHBIE ONBITH TO3BONSAIOT H3MEPHTD JUTMHY CBETOBOM BOJIHEL OHA 0YeHb Majga — oT 4 ¢ 107 10 8 + 107 M.

JANDPAKIUSA CBETA.
Ecmu cBet mpencraBnser coboil BOIHOBOH IpOIIECC, TO HAPALY ¢ WHTepepeHIHeil JoKHAa HAOMIOAATECS M TUPPAKINs CBETA.
Bens mudpakuus — orubaHne BOJTHAMH KpaeB MPENATCTBHH — MpHCYIIa JOOOMY BOJHOBOMY IBWKeHHIO. Ho HaOmonatse

J(dpakIuIo CBETa HEJIETKO, TaK KaK BOJHBI OTKJIOHSAIOTCS OT MPSMOJIMHEHHOTO PaclpOCTpaHEeHHs Ha 3aMETHBIE YTJIbl TOJBKO Ha
NPENATCTBUAX, pa3MePbl KOTOPBIX CPAaBHUMBI C JUIMHOM BOJIHBI, a JUIMHA CBETOBOW BOJIHBI, KaK MBI C BAMHU 3HAaeM, OYEHb Maia.

[Ipomyckass TOHKMH Ty4OK CBeTa 4epe3 MaJleHbKOe OTBEpCTHE, MOXKHO HaOJIoJaTh HapylIeHHe 3aKOHa
HPSIMOJIMHEWHOTO PaclpoCTPaHEHUsI CBETa: CBETJIOE ISITHO Ia SKpaHe MPOTHB OTBEPCTHs OyZET MMETh OOJbLIME pa3Mephl, 4eM
pasMepsl Imy4ka.

OnpiT FOHra. B 1802 r. T. FOHT, OTKpHIBIIMK HHTEPQEPEHINIO CBETA, TOCTABIII KIIACCHYECKUH OMBIT 110 Judpakunu (puc.
8.55). B Hempo3pauHOii mmpMe OH MPOKOJION OyIaBKOW ABa MajeHbKHX OTBepcTHs B m C Ha HEOONBIIOM pacCTOSIHUU APYT OT
Jpyra. OTH OTBEPCTHS OCBEIAINCH Y3KHM CBETOBBIM ITydIKOM, IIPOIIEALINM Yepe3 Majoe oTBepcTHe A B apyroi mupme. MeHHO
3Ta JeTajnb, 10 KOTOPOH O4YEeHb TPYAHO OBLIO JOAYMaThCs B TO BpEeMs, pemmia ycmex omelta. MHTepdepupyroT Benp TOIBKO
KOTepEHTHBIE BOJHBEL. BO3HUKIIAs B COOTBETCTBHM C NMpHUHIMIIOM [ folireHca cdepudeckas BoJHa OT OTBEpCTHst A Bo30y»knana B
otBepcTrsix B u C xorepenTtHble konebanus. Benencrsue nudpakmmm ot orBepctuit B n C BbIXOAWIM /1Ba CBETOBBIX KOHYCA,
KOTOpBIE YacTHYHO MEepEeKphIBAINCh. B pe3yibrare nmHTEp(EpEHIMH 3THUX JBYX CBETOBBIX BOJIH Ha JKpaHE IMOSBIISUINCH
YepeyIoIUecs: CBETIbIe U TEMHBIE MOJIOCHI. 3aKpbIBas OAHO U3 oTBepcTHil. FOHr 00HapyuI1, 4TO HHTEP(EPEHIIMOHHBIE TTOJIOCHI
ucuezany. VIMEHHO ¢ MOMOIIBI0 3TOro omblTa BrepBble HOHrom OBUIM M3MEpeHBI JUITMHBI BOJH, COOTBETCTBYIOIINE CBETOBBIM
Tydam pasHoro 1[BETA, IpU4YeM BeChbMa TOYHO.
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Teopuss ®peness. Mccnenosanne nqudpakuuu 6su10 3aBepuieHo B paborax O. @penens. dpeHenb HE TOIBKO Oojee AETATHHO
HCCIeI0Ball Pa3InYHbIe CITydan AUQPAKIMK Ha ONbITE, HO M pa3paboTal  KOJMYECTBEHHYIO TEOPHUIO AN(PAKINH, TI03BOISIONIYIO
B npuHuune Puc. 8.55 paccunrars mudpaknroHHYI0 KapTHHY, BOZHUKAIONIYIO IPY OTHOaHNH CBETOM JIFOOBIX MpensTcTBhi. MM
e ObLIO BIIEpBBIE OOBICHEHO NMPSMOIMHEHHOE pacpocTpaHEeHHE CBETa B OJTHOPOIHON cpejie Ha OCHOBE BOJIHOBOH TEOPHH.

Otux ycnexoB ®peHens 1o0mics, o0beIMHUB NPUHIUI [ ToiireHca ¢ uineel MHTEpdepeHINE BTOPUIHBIX BOJIH. CortacHo
unee DpeHens Kaxcoas mouKka 0JH06020 (PPOHMA AGNAEMCA UCHIOUHUKOM GMOPUYHBIX 60J1H, NPUYEM 6Ce GMOPUUHDbLE
ucmouyHuku Kozepeumusl (npunyun I'roiizenca @penens).

Ha ochHoBe sToil Teopun PpeHenb AOKa3al NMPSMOJUHEHHOCTb PAaCIpPOCTPAHEHUS CBETA U PACCMOTPEN KOJUYECTBEHHO
JU(PaKIUIO Ha PA3TUYHOTO POAA MPEMATCTBUAX.

JuppaknuonHble KApTHHBI OT Pa3JUYHBIX NpensaTcTBMil. Pacuersr, cienmanneile ®peHeneM, MONHOCTBIO OBLIH
MOJATBEPKJIEHBl SKCIIEPUMEHTOM. 3-3a TOro 4TO AIMHA CBETOBOM BOJIHBI OYEHb Majla, YIOJI OTKJIOHEHUS CBETAa OT HAIIPABJICHUS
NPSIMOJIMHEWHOTO pacrpocTpaHeHusl HeBelnuK. [103ToMy Ui 0T4eTNIMBOTO HAOMIONCHHS AN(PPAKIMH HYXHO JIMOO HCIOJIB30BATh
OYEeHb MAJICHbKHE MPEISITCTBHS, JIMO0 HE pacrojiaraTth SKpaH AAIEKO OT MpensaTcTBHi. [Ipu paccTOSHUM MEXIY MPEISITCTBHEM U
SKpaHOM MOpsIKa METpa pa3Mepbl MPENATCTBUS HE JOJDKHBI IPEBBINIATh COTHIX AoJiel MumuMerpa. Ecau ke paccrosHue 10
9KpaHa JIOCTUIaeT COTEH METPOB MJIM HECKOJIBKHX KHJIOMETPOB, TO AU(PPAKIMIO MOXXHO HAOJI0OAATh HA MPEISTCTBHAX pa3MepaMu
B HECKOJIBKO CaHTHUMETPOB u JlaxKe METPOB.
Ha pucynke 8.57, a—B cXeMaTW4HO TOKa3aHBl TU(PPAKIMOHHBIE KAPTHHBI OT PA3MUYHBIX MHPEISTCTBHHA: a — OT TOHKOM
MPOBOJIOYKH; O — OT KPYIJIOTO OTBEPCTHS; B — OT KPYTJIOTO 3KpaHa.

BwmecTo TeHHM OT HPOBOJOYKH BHIHBI CBETJIBIE M TEMHBIE HOJOCH; B IIEHTPE AM(PPAKIIMOHHON KapTHHBI OT OTBEPCTHSA
MOSABIISIETCA TEMHOE MATHO, OKPYKEHHOE CBETIBIMH M TEMHBIMH KOJBIIAMH; B IIEHTPE TEHH, 0OPa30BAHHOW KPYTJIBIM 3KPAaHOM,
BUJIHO CBETIIOE IS THBILIKO, a cama TEHb OKpYy’>KeHa TEMHBIMH KOHIIEHTPUYECKUMU KOJIBIIAMH.
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Puc. 8.57

JIroGonbITHEIN citydail mpousonien Ha 3acenannn Ppaniry3ckoil akagemMnu Hayk B 1818 r. OanH U3 y4eHBIX, IPUCYTCTBOBABIINX
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Ha 3acefaHud, o0paTHi BHUMaHHE Ha TO, YTO M3 Teopun DpeHens BBITEKAIOT (aKThl, SBHO MPOTHBOPEYAIHE 3/[pABOMY CMBICITY.
Tak, npu onpeneNeHHBIX pa3Mepax OTBEPCTHSI M OINpPEIETICHHBIX PAacCTOSHHUAX OT OTBEPCTHS /0 MCTOYHHMKA CBETa M DKpaHa B
IIEHTPE CBETJIOTO IIATHA JOJDKHO HaXOIMTHCS TEMHOE ISATHBIIIKO. A 32 MaJEeHBKUM HEIPO3payHbIM JIMCKOM, HA000pOT, TOIKHO
HaXOAMTHCS CBETJIOE IISTHO B IIEHTpe TeHH. KakoBo ke OBIII0 yANBIEHHE yUICHBIX, KOT/Ia TIOCTaBJICHHBIC 3KCIIEPHUMEHTHI JOKA3aJIH,
4TO TaK M €CTh Ha caMOM Jielie!

JUOPPAKIIMOHHASL PEHIETKA
Ha sBnennn audpakimm 0OCHOBAaHO YCTPOHCTBO ONTHIECKOT0 MPHOOpa — MU(PAKINOHHON PEIIETKH.

JuppakunonHas pemieTka mpeacTaBisieT co0oi COBOKYMHOCTh OOJNBIIOTO YHCIAa OYEHb Y3KHX IMENIeH, paselieHHBIX
HETIPO3pAaYHBIMHA TPOMEXKyTKaMu (puc. 8.58). XOpomIylo pemieTKy H3TOTOBIIIOT C IOMOIIBIO CIICIHANBHON JETHTEIbHON
MaIlIMHBI, HAHOCSIIEH Ha CTEKISHHYIO IUIACTHHY NapajuieibHble ITPUXH. YHCIO MITPUXOB JOXOIUT J0 HECKOJIBKUX ThICAY Ha |
MM; obuiee uncio mrpuxoB npesbimaer 100 000. IIpocTbl B M3rOTOBIEHUHN KETaTHHOBBIE OTIIEYATKH C TAKOW PEIISTKH, 3a)KaThle
MEXKAy JBYMSI CTEKJISTHHBIMU IDTaCTHHAMU. HamnmydimuMuy kauecTBamMu 00J1a/IaloT TaK Ha3bIBaeMble OTpakaTelbHbIe pereTkr. OHu
NPE/ICTABISIOT CO00M dYepenyroluecs y4acTKH, OTpaXkalollMe CBET M pacceuBarolue ero. PacceuBaromue CBET INTPHXH
HaHOCATCS PE3LOM Ha OTIUIM(OBAHHYIO METAUINYECKYIO IUIACTHHY.

Ecnu mmprHa npo3padHbIX menei (MM OTpaskaroliX CBET I0JIOC) PaBHA a, M MIMPHUHA HENPO3PayHbIX IPOMEKYTKOB (MIIH
pacceMBalOmAX CBET II0JIoc) paBHa b, To BenmmumHa d = a + b HaseBaercs mepuogoM permetkd. OOBYIHO
nepro AuGpaKIUOHHOI permeTky mopsaka 10 MkM.

PaccmorpuM amemeHTapHYI0 Teopuio audpakmuoHHON pemerkn. Ilycte Ha pemeTrky (puc. 8.59) mamaer Iwiockas

MOHOXPOMAaTHYECKas BOJIHA JUIMHOW BOJIHBI X, BropuuHbIE HCTOUYHUKH, PACTIONOKEHHBIE B HIENAX, CO3JAI0T CBETOBBIE BOJIHBI,
pacIpoCTpaHsOIMECs 10 BCEM HampasiieHUsAM. Halinem ycnoBue, IpU KOTOPOM HAYIIME OT ILIEJI€H BOJIHBI YCUIUBANOT APYT

apyra. PaccMOTpHM, HAPHUMED, BOJHBL, PACIPOCTPAHSIONIMCCS B HATIPABICHHH, ONPEEIICMOM YriioM P, PasHOCTb X013 MEXIy
BOJIHAMH OT KpaeB COCEAHUX Iielieil paBHa JunHe oTpe3ka AC. Eciu Ha 3TOM OTpe3ke yKJIaAbIBaeTCs IeJI0€ YUCIIO JUIUH BOJIH, TO
BOJIHBI oT BCEX miesnei, CKJIaIbIBASICH, Oynyt YCUJIUBATh apyT Jpyra.
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Puc. 8.58 Prc. 8.59
U3 tpeyronparka ABC moxHo Haiitu juimHy katera AC: AC = AB sin ®=dsin ?. MakcumMyMbl OyAyT HaOIIONAThCs IMOJ
yrmom @, B COOTBETCTBUH c yCIIOBHEM

({sin ¢ = kA, _] (8.17)

rae BenuunHa k = 0, 1, 2, ... onpeesnseT mopsiaoK CIeKTpa.

HyHO nMeTh B BHJy, YTO IPH BBINOJHEHUH ycIoBuUsl (cM. ¢opmyay (8.17)) ycuiuBaroT Apyr apyra He TOJIBKO BOJHBI,
uaymue ot HIWKHUX (cM. puc. 8.60) kpaeB mieneil, HO ¥ BOJIHBI, HAYIIHE OT BCEX JIPYTHX Todek menei. Kaxkmoit Touke B mepBoit
e COOTBETCTBYET TOYKA BO BTOPOM IIENH, Haxoasmiascs Ha pacctosHun d or mepBoil Touku. [losTomy pasHocTh X0na

HUCITYHICHHBIX 9TUMHU TOUKAMH BTOPUYHBIX BOJIH paBHa k K , 1 OTHU BOJIHBI B3AUMHO YCUJIUBAIOTCH.

3a perieTKoi MoMeIaT COOMPAIONLYIO JIMH3Y U 32 Heil — 3KpaH Ha (POKYCHOM PACCTOSIHUM OT JIMH3bI. JInH3a dokycupyer
Jydn, WAYIHe MapauielbHo, B OJHOM Touke. B 3TOH TOUKE MPOMCXOMT CIIOXKEHHE BOJNH M MX B3aHMHOE ycuieHue. Yrms P,
YIOBJICTBOPSIOIINE ycinoBUio (8.17), onpenessioT MONOKEHHE TaK Ha3blBaeMBIX TNIABHBIX MaKCMMYMOB Ha dKpaHe. Hapsny c
KapTHHOM, MONydaeMol B pe3yibTate AM(PpaKUWy CBeTa, B cilydae AU(PPAaKIHOHHON pelIeTKH HaOiromaeTcss OudpakiHOHHAS
KapTHHA M OT OTACNBHBIX Lieneil. IHTEeHCMBHOCTH MAaKCHMYMOB B Heil MEHbIIIe HHTEHCHBHOCTH TJIaBHBIX MAKCHMYMOB.

Tak Kak MOJIOKCHHE MaKCHUMyMOB (KpOME ILEHTPAJIbHOTO, COOTBETCTBYIOIIEro k = () 3aBHCHUT OT JIMHBI BOJIHBI, TO

peUICTKa pasjiaract OeJIblil CBET B CIICKTD. Yem 0obIie l' , TeM JaJIblI€ OT HCHTPAJIBHOI'O0 MaKCMMYyMa pacrojgaracTcda ToT Uin
HHOM MaKCUMYM, COOTBGTCTByIOH.II/Iﬁ IlaHHOﬁ JJIMHE BOJIHBI. Ka)KI[OMy 3HAYEHHIO K COOTBETCTBYCT CBOI1 TOPAAOK CIIEKTpPaA.
Me>i<}1y MakKCUMyMaMH pacCroJIOKECHbI MUHUMYMbI OCBCIICHHOCTH. Yem OoIbIIIE YUCTIO meneﬁ, TeM Oojee PE3KO OUCPUYCHDBI
MAaKCUMYyYMbl W TEM ooiee IMUPOKUMHU MHUHUMYMaMW OHH Ppas3aCJICHBI. CaeToBas OHEPIrud, TMaJaroiiasd Ha pEHICTKY,
nepepacnpeacideTca € TakK, 4YTO OosbIIas €€ YacTh MpUXOAUTCA HAa MaKCUMyMbI, a B o6macTe MHUHUMYMOB TMOIagacT
HEC3HAYUTECJIbHAA YaCTh OHCPTUH.
C IIOMOIIIBIO }ll/I(i)paKHHOHHOf/’I PEUHICTKM MOKHO IPOBOAWTH OYCHb TOYHBIC M3MCPCHUA JIMHBI BOJIHBI. Ecmu nepuon

PCIIETKH HM3BECTEH, TO ONPEIENCHHE JUIMHBI BOJHBI CBOAMTCS K M3MEPEHHIO yIa P, COOTBETCTBYIOIIErO HATPABICHHIO Ha
MaKCHMYM.

Hammm pecHuipl BMeCTe ¢ NPOMEXYTKaMH MEXIy HUMH IPEICTaBISIOT co0oi rpyOyro AM(QPaKIMOHHYIO DPEIIETKY.
[TosToMy, ecau MOCMOTpPETh, NPHIYPUBILKCE, HAa IPKUH MCTOYHHK CBETA, TO MOKHO OOHApYXHUTh pajayKHbIe IBeTa. bernblit cBer
pasnaraercsi B CIEKTp NpH JU(PpaKIMK BOKPYT pecHHI. JlazepHbli quck ¢ O0po3aKaMu, MPOXOIMIIUMH OJIM3KO APYr OT Jpyra,
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nogo0eH oTpakaTeJbHOW IM(paKIMOHHOW pemieTke. EciaM BBl NMOCMOTPUTE Ha OTPAKEHHBIH MM CBET OT AIIEKTPHUYECKOM
JIAMIOYKH, TO OOHApYXHUTE pa3lioKEHHE CBETa B CIEKTP. MOXKHO HaOII0aTh HECKOJBKO CIIEKTPOB, COOTBETCTBYIOIINX Pa3HBIM
3HaveHusM k. Kaptuna Oyner o4eHb 4eTKOM, €ciy CBET OT JIAMIIOYKH MaJaeT Ha IUTACTHHKY O/ OOJIBIIUM YTJIOM.

MHOXecTBO y3KHX Ienieii Ha HeOOJIBIIOM PACCTOSHUH NIPYT OT Apyra oOpa3yeT 3amMedaTelbHBIN ONTHYeCKuil mpubdop —
I(pakIMOHHYIO peneTKy. Pemerka pasnaraet CBEeT B CHEKTpP U IMO3BOJISIET OUYCHb TOYHO M3MEPATH [UIMHBI CBETOBBIX BOJIH.

Jlekuusa Nel2

Tema: «KBaHTOBBIC cBOICTBA cBeTa. PU3HKA aTOMA)

1. Bompocs! nekuuu:

1.1. ®oron. I'nnotesa I1nanka o kBaHTaXx.

1.2. ®oroadpdexr. TexHnyeckrue ycTpoiicTBa, OCHOBaHHBIE HAa HCHOJIB30BaHUH (HOTOID(EKTa.
1.3. Ctpoenue aTtoma: ruiaHeTapHas MOAENb U MoJielb bopa.

1.4. Iloryomenue n UCIyCKaHNe CBeTa aTOMOM. KBaHTOBaHME SHEPTUH.

1.5. IlpuHIMI 1efCTBYS U HCTIOJIB30BAHKE JIa3epa.

2. Kpatkoe conep:xaHue BOIPOCOB

DOOTOIPDPEKT
B pasBuTum mpencTaBiIeHUH O NMPHUPOJAE CBETA BAXKHBIN IMIar ObUT CHENAH NMPH M3YYEHWH OJHOTO 3aMEYaTesIbHOTO SIBICHHMS,
otkpeiToro I'. I'epieM W TIIATENBPHO MCCIEIOBAHHOTO BBIJAIOMIMMCS PYCCKUM (U3UKOM AJekcaHgpoM [puropreBndem
CroneToBbIM. SIBICHNE 3TO MOIYYHIIO Ha3BaHKe GoToddhpexTa.

DoT103¢(PeKT — 3TO BEIPEIBAaHKE YIEKTPOHOB U3 BEILECTBA IO ACHCTBUEM CBETA.

Haomonenne d¢orodrdpdexra. [ns oOHapyxkenus ¢oroddhdexkra Ha OMBITE MOXKHO HCIOIB30BATh DIICKTPOMETP C
MPUCOEIMHEHHOH K HeMy IMHKOBOW mumacTuHoil (puc. 11.1). Ecnm 3apsauTh MIacTHHY IOJIOXKHUTEIBHO, TO €€ OCBEIIEHHE,
HaIrpuMep dJIEKTPUYECKOH IyroH, He BIMSET 1a ObICTPOTY pa3psakd dnekTpoMeTpa. Ho ecinu nilacTuHy 3apsauTh OTPULIATENIHHO,
TO CBETOBOI My4OK or IyTu paspsbkaer JJIEKTPOMETP OYEHb OBICTPO.

OOBSACHUTEL 3TO MOKHO Tak. CBer BBIPBIBACT DJICKTPOHBLI C MOBEPXHOCTHU IJIACTUHBI. Ecau nnactuna 3apsKE€Ha OTPULATC/IBHO,
3JIEKTPOHBI OTTAJIKUBAIOTCS OT HEE, M JJICKTPOMETP paspsikaeTcs. [Ipy MOI0KUTENEHOM ke 3apsi/ie TIaCTHHBI BIPBaHHbBIE CBETOM
3JIEKTPOHBI PUTATUBAIOTCS K IUTACTHHE U CHOBA OCENArOT Ha Hell. [10aToMy 3apsiz 37eKTpoMeTpa B 3TOM CiIydae He U3MEHSCTCS.

OpnHako, KOrja Ha ITyTH CBETa MOCTABIECHO OOBIKHOBEHHOE CTEKJIO, OTPHLATENBHO 3apsHKEHHAs IUTACTHHA yXKe HE TepsieT
3JIEKTPOHBI, KakoBa Obl HM ObIIa MHTCHCHBHOCTH HM3JIydeHHUs. Tak Kak M3BECTHO, YTO CTEKJO MOTJIOIIAET YIbTPadHOIECTOBBIC
JTydd, TO W3 3TOTO ONbBITA MOXKHO 3aKITIOYWTh: MMEHHO YJIbTPa(HOIETOBBIM yIaCTOK CIIEKTpa BBI3BIBAECT (GoTodddekr. DtoT
npocToi GakT Henb3st 00BICHUTH HA OCHOBE BOJIHOBOH TEOpHH CBETa. Benb HEMOHATHO, OYEMY CBETOBBIC BOJIHBI MAJIOH YaCTOTHI
HE MOTYT BBIPBIBATh 3JIEKTPOHBI, €CIIM J@)XXe aMIUINTY/a BOJIHBI BElIMKAa W, CJEJOBATEJIbHO, BEIHMKA CWIa, JCUCTBYMOLIas Ha
JIEKTPOHEI.

3akonnl ¢oroddpdexra. [l Toro 4rodbl NoIy4uTh O (GoTOddhdeKTe OONiee MOJHOE MPEACTABIICHHE, HYXHO OBLIO
BBISICHUTH, OT YEro 3aBHUCHT YHWCIIO BBIPBAHHBIX CBETOM C IOBEPXHOCTH BEIIECTBA AJICKTPOHOB ((HOTODJICKTPOHOB) M YeM
ONPECALCIIACTCA UX CKOPOCTb UJIM KUHETUYCCKAs DHEPIrus. C sroit JA(SA1E2) 0] ObLTH MPOJAOJDKEHBI OKCIICPUMCEHTAJIBHBIC UCCIICIOBAHUSA.

Puc. 11.1

B crexnsHHBIN 0aTOH, H3 KOTOPOTO BRIKAYaH BO3AYX, IIOMEIIAIOTCS Ba dekTpoaa (puc. 11.2).

BryTps 0aoHa Ha OWH U3 3JCKTPOOB MOCTYIAST CBET Yepe3 KBapIeBOE OKOIIKO, IPO3payHOe HE TOIBKO IS BUAUMOTO
CBETa, HO M JJs yIbTPAPHUOIETOBOTO M3Iy4eHHUs. Ha 3NMeKTpoabl mogaeTcsi HApsDKEHHE, KOTOPOE MOXKHO MEHSTH C TOMOIIBIO
MOTEHLIMOMETpPA i HU3MEPATH BOJIBTMETPOM.

Puc. 11.2
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K ocBenraemomy 311€KTpoly PHCOEAMHIECTCS OTPULIATENILHBIN 1otoc 6atapen. [lon neficTBueM cBeTa 3TOT AJIEKTPOJ UCITYyCKaeT
JJIEKTPOHBI, KOTOPHIE MPH JIBIKCHUN B JIEKTPUYECKOM TI0JIe 00pa3yroT dJIeKTpHUueckuid ToK. [Ipy MaibIX HampsoKeHUsIX HE BCe
BBIPBAHHBIE CBETOM ODJICKTPOHBI JOCTHUTAIOT JPYroro jeKTpoja. Ecnm, He MEHss MHTCHCHUBHOCTH W3JIyYCHHS, YBEIMYHBATDH
Pa3sHOCTh TOTCHIMATIOB MEXAY OJJIEKTPOAaMH, TO CHJa TOKa Bo3pacTtaeT. lIpM HEKOTOpPOM HAmpsHKeHHH OHA JIOCTHUTAeT
MaKCHUMaJbHOTO 3HAYEHUS, TIOCNIE YeTo IepPecTaeT yBEIMIUBaThCA. MakCHMaabHOE 3HAUYCHHE CHJIBI TOKa |H Ha3pIBaeTCsS TOKOM
HachImeHns. Crjla TOKa HACHIIIEHNUS OTPeAeIsIeTCs YUCIIOM JIEKTPOHOB, UCITYCKAaeMBbIX 3a 1 C OCBeIaeMbIM JIEKTPOIOM.

W3MeHss B 9TOM OIBITe HHTCHCHBHOCTD M3JIYYCHUS, YIAJIOCh YCTAHOBHUTE, UTO YUCIIO 3JICKTPOHOB, BEIPBIBAEMBIX CBETOM C
MOBEPXHOCTH MeTailIa 3a | ¢, MpsIMO TPOIIOPIIHOHAIBHO TOTIIONIAeMOH 3a 3TO BpeMs SHEPTHH CBETOBOH BOJIHBI.

Ha ocHOBaHMHM pe3ybTATOB 3TOTO OMBITA MOKHO CPOPMYIIUPOBATH nepablil 3akon poToddhdhexra: pomomok nHacviujenus
RPAMO NPOROPUUOHAIEH RAOAIOULEMY CEENOBOMY HOMOKY.

Teneps ocTaHOBMMCSI Ha M3MEPEHMH KWHETHUYECKOH 3HEprHu (MM CKOPOCTH) 3eKTpoHOB. Cmiia (POTOTOKA OTIMYHA OT
HYJIS ¥ TIPY HYJIEBOM HANpsDKEHHH. JTO 03HAYaeT, YTO YacTh BEIPBAHHBIX CBETOM 3JIEKTPOHOB JOCTUTAET IPABOTO 3JIEKTPOJA U
IPU OTCYTCTBUM HANpsDKEHHs. Ecian M3MEHNTh MOJIIPHOCTH OaTapeu, TO CHila TOKa YMEHBIIUTCS, ¥ P HEKOTOPOM HaIpsHKEHUH
00paTHOW MOJISAPHOCTH OHA CTaHET PaBHOM HYJIO. DTO 3HAYMT, YTO DICKTPHUYECKOE IOJI€ TOPMO3UT BBHIPBAHHBIE AJICKTPOHBI 10
TIOJTHOM OCTaHOBKH, a 3areM BO3BpaIlaeT ux Ha IIEKTPOI.
3agep:xuBaromee HanpsikeHue Us 3aBUCHT OT MaKCUMAalbHONH KHHETHYECKOH SHEPTHH, KOTOPYIO MMEIOT BBIPBAHHBIE CBETOM
SMEeKTPOHBL. V3Mepsis 3aaepKUBaoIlee HANpsHKEHHE W TPUMEHSAS TeopeMy O KHHETHYeCKOW SHEpruH, MOXXHO HailTh
MaKCHUMaJIbHOE 3HAYCHUE KHHETHIECKON SHEPTUU AIIEKTPOHOB!
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HpI/I U3MCHCHHUU MHTCHCUBHOCTH CBCTA (HHOTHOCTI/I IIOTOKa I/ISJ'Iy‘IeHI/Iﬂ) 3aJCPIKUBAIOIICEC HAMIPSIKCHUC, KaK ITOKa3aJIu OIbIThI, HE
MeHseTcsl. 3HAauUT, HE MEHICTCS KHHETHYecKas SHEPTHs AMeKTPoHOB. C TOYKM 3pEHHS BOJHOBOW TEOPHH CBETa STOT (akT
HEeTOHATeH. Benap, dWeM Oojbpllle WHTEHCHBHOCTh CBETA, TEM OOJNBIINE CHJIBI JEHCTBYIOT Ha O3JCKTPOHBI CO CTOPOHEI
AJIEKTPOMATrHUTHOTO TIOJII CBETOBOW BOJHBI M TEM OOJIBbINAs SHEPTHsI, Ka3aJ0Ch OBI, JOIDKHA TIEPEAaBaThCs SJIEKTPOHAM.

Ha ompiTax 0p1I0 00HApPYKEHO, YTO KHHETHYECKAsI SHEPTHUS BBIPHIBAEMBIX CBETOM JJIEKTPOHOB 3aBHCHUT TOJIBKO OT YaCTOTHI
CBeTa.

Bropoii 3akoH porodrdhdexra: MakcumanbHasi KHHETHYECKas: YHEPTUs (POTOAIEKTPOHOB JIMHEHHO PACTET C YaCTOTOW CBETa
M HE 3aBUCHUT OT €TI0 HHTCHCUBHOCTH.

Ecmu yactora cBeTa MEHbIIE ONPEACICHHOW JJIs JTaHHOTO BEIIECTBA MUHHMAIBHON 4acTOTHI Vymin TO (hoTOddderra He
MIPOUCXOIUT.

3akons! horo3addekra mpoctel Mo Gopme. Ho 3aBHCUMOCTh KMHETHUECKOW IHEPTHH BBIPBAHHBIX CBETOM 3JICKTPOHOB OT
9acTOTHI CBeTa TpeOyeT 0OBACHEHHUS.

=el,.

CTPOEHHUE ATOMA. OIIBITHI PE3EP®OPJA
Monaens Tomcona. He cpa3y yueHble NpUIUIM K IPaBHIBHBIM MPEACTABICHUSIM O CTpOeHHH atoMa. IlepBas Monens aToma Oblia
npeiokeHa aHrmuiickuM gusukoM JIx. JIk. ToMcoHOM, OTKpBIBIIMM 31eKTpoH. [1o Mbeicinm ToMcoHA, MOJOXKHUTENEHBIA 3apsii
aToMa 3aHMMaeT BeChb O0BEM aToMa M paclpelelieH B 3TOM 00beMe C IOCTOSHHOM IUIOTHOCTHIO. [Ipocreiimmii atoM — arom
BOJOpPOJAa — TPENCTaBISET COOOM TMONOKMTENBLHO 3apsKEHHBIM map paamycom okono 108 cm, BHyTpH KoTOpOTO
HaXOAMTCSI MJIEKTPOH. Y 0oJIee CI0XKHBIX aTOMOB B ITOJIOXKHUTEIIFHO 3apSHKEHHOM IIape HaXOAUTCS HECKOJIBKO 3JIEKTPOHOB, TaK 4TO
aTOM MOA00EH KEKCy, B KOTOPOM POJIb M3IOMUHOK BBITTOJIHSIOT 3JI€KTPOHBL.

OpHako Mojens aToma TOMCOHa OKasajach B IOJIHOM NPOTHBOPEYHH C M3BECTHBIMH YK€ K TOMY BPEMEHH CBOIICTBaMHU
aToMa, IJIABHBIM M3 KOTOPHIX SIBIISETCS YCTOHYUBOCTE.

Ilnanerapnasi Mmoaensb aroma. Ha ocHoBe cBoux ombITOB Pesepdopn co3pan IaHeTapHyr MoJelb atomMa. B meHTpe

aToMa PAacHOJ0XKEHO TOJIOKUTENIBHO 3apshKeHHOE AP0, B KOTOPOM COCPEIOTOYEHa TOYTH BCSA Macca atoMa. B memom artom
HelTpaseH. [lo3TOMy 4YMCIO BHYTPHAaTOMHBIX 3JIEKTPOHOB, KaK W 3apsyl A1pa, PaBHO IOPSIKOBOMY HOMEpY 3JIEMEHTa B
MEpHOINYECKON cucTeMe. SICHO, 4TO MOKOWThCS DJIEKTPOHBI BHYTPH aToMa HE MOTYT, TaK Kak OHM ynaiau Obl Ha sapo. OHu
JBIDKYTCS BOKPYT s/pa, MOZOOHO TOMY Kak IUIaHeThl obOpammatorcs Bokpyr Comuma. Takoil xapakTep ABM)KEHHS DIIEKTPOHOB
OTIpeIeTISIeTCS JIeicTBIEM KYJIOHOBCKHX CHII MIPUTSDKEHUS co CTOPOHBI sapa.
B aTome Botoposa BOKpYT siipa oOpamiaercss BCEro JIHIIb OJUH JIEKTPOH. SIIpo aToMa BOIOpPOAa UMEET MOJI0KUTEIbHBIN 3apsi,
PaBHBIN IO MOJYIIO 3apsiIy AJIEKTPOHA, U Maccy, NpuMepHo B 1836,1 paza Goiblyto Macchl 3JIeKTpoHa. DTO Apo ObUIO HA3BAHO
MPOTOHOM M CTaJI0 pacCMaTpHUBaThCS Kak »dJEMEHTapHas JacTuma. Pasmep aToma Boxopoja — 3TO paguyc OpOWTHI €ro
3JIEKTPOHA.
[IpocTast u HarnAgHAS MIAHETApHAS MOJIENIb aTOMa HUMEET MPSAMOe dKCIIepUMEHTaNbHOEe 000ocHOBaHHE. OHA KaXXeTCsl COBEPIIEHHO
HEoOX0oMMOH 1i1si OOBSCHEHUs ONBITOB IO paccenBaHuio  -yactun. Ho Ha ocHOBe 3Toif Mozmenn Henb3st OOBSICHUTH (hakT
CYIIIECTBOBAHUS aTOMa, €ro YCTOMYMBOCTh. Beb IBIKEHUE JIEKTPOHOB MO OPOUTaM IPOUCXOANT C YCKOPEHUEM, IIPHYEM BECbMa
HEMaJbIM. YCKOPEHHO IBWXKYILUICS 3apsj MO 3aKOHAM SNEeKTPOAMHAMUKH MakcBelula JODKEH H3IIydaTh 3JIEKTPOMAarHUTHBIE
BOJIHBI C YaCTOTOW, PAaBHOM YAcTOTe €ro oOpalleHHs BOKpYT sapa. M3mydeHwe compoBOXIaeTcs moreped »Hepruu. Tepss
SHEPTHIO, JIEKTPOHBI JODKHBI IPUOIIDKATECS K SAPY, ITOZOOHO TOMY KaK CIYTHHK NMPHOIMKaeTcs K 3eMiie IPH TOPMOKSHUH B
BEPXHHUX CJHOAX aTMocdeprl. Kak Mokas3pIBalOT CTpOTHE pacyeThl, OCHOBAHHBIE HAa MeXaHHKe HBIOTOHAa WM 3JEKTpOIUHAMUKE
MaxkcBena, 3IeKTpOH 32 HUUTOXKHO Mayioe Bpems (mopsaka 10-8 ¢) momkeH ymacTh Ha sapo. ATOM JTOJDKEH HMPEKPaTHTh CBOE
CyIIIECTBOBaHHE.
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B neficTBUTENBHOCTH HUYEro IMOJOOHOTO HE MPOHMCXOMUT. ATOMBI YCTOWYMBBI M B HEBO30Y)KICHHOM COCTOSTHHHM MOTYT
CyILIECTBOBATh HEOIPAaHUUYEHHO JIOJITO, COBEPILIEHHO HE U3Iy4as JIEKTPOMArHUTHbIE BOJIHBIL.

He cormnacyrommuiics ¢ ONBITOM BBIBOJ O HEM30EKHOW T'MOEIM aToMa BCIIEACTBHE NMOTEPH SHEPTUH HA U3IIyYEHHE — ITO
pe3ynbpTaT MPUMEHEHHS 3aKOHOB KJIACCHYECKOW (PM3HMKH K SBICHHUSAM, IMPOHUCXOIIINM BHYTpH aToMa. OTcroma ciegyeT, 4To K
TaKWM SIBIICHISIM 3aKOHBI KITACCHIECKOH (PU3NKHA HEIPUMEHUMBI.

Pesepdopa co3man miaHeTapHYIO MOJENH aTOMa: AIIEKTPOHBI OOPAIIaroTCs BOKPYT SAIpa, MOJAOOHO TOMY KakK IDIAHETHI
obpamrarorcst Bokpyr CouHIta. 3Ta MOJENb MPOCcTa, 000CHOBaHA IKCIEPUMEHTAIBHO, HO HE TI03BOJISIET OOBICHUTh YCTOMIUBOCTh
aToMma.

KBAHTOBBIE MHNOCTYJIATHI BOPA. MOJEJb ATOMA BOJOPOJA no BOPY
BeIxon U3 kpaiiHe 3aTpyJHUTEIBHOTO MOJI0KEHHS B TeOpHU aTroma Obul HakneH B 1913 1. natckum ¢usukom Hunbcom Bopom Ha
MyTH JaNbHEHIIero pa3BUTUs KBAaHTOBBIX MIPECTAaBICHUI O Ipolieccax B MPUPOJIE.

OHHIITEHH OLleHUBaN IpoJeNiaHHyl0 BopoM padoTy «Kak BBICIIYIO MY3BIKAJIBHOCTH B OOJIACTH MBICIHM», BCETAa €ro
nopaxasiryro. OCHOBBIBasCh Ha pa3pO3HEHHBIX ONBITHBIX (hakTax. bop Onaronapst reHHaNbHON MHTYUINMY MTPABUIILHO TIpeyraaai
MyTh Pa3BUTHUS TEOPUH aTOMA.

Mocrynarer Bopa. [locnenoBarensHoit Teopun aroma bop, ongnako, He paspaboran. OH B BuAE IIOCTYJIaTOB
c(hopMyIHpOBaT OCHOBHBIC TIOJIOKCHHS HOBOW Teopwd. [IpmdeM W 3aKOHBI KJIACCHYECKOW (PH3WKH HE OTBEpralmch UM
Oe3oroBopounHo. HoBele mocTymaTel, CKopee, Hamarajid JIMIIb HEKOTOphlE OTpaHWYCHHWS HA  paccMaTpUBacMEbIC
KIJIaCcCH9IeCKOi (pU3UKON IBIKCHHUS.

VYcnex teopun bopa ObUT TeM He MEHee MOpa3UTEIHHBIM, 1 BCEM YUCHBIM CTalo SICHO, YTO bop Harmen mpaBWiIBHEIA TYTh
pa3BUTHA TEOPHH. DTOT IyTh MPHUBEN BIOCICICTBHU K CO3AAHUIO CTPOWHOW TEOPUH IBMKCHHS MHUKPOYACTHII — KBAaHTOBOM
MEXaHHKU.

IlepBoiif moctynat bopa rmacur: cyujecmeyrom ocobvle, cmayuonapusle COCMOAHUA AMOMA, HAXO0ACL 6 KOMOPbIX
amom He u3nyuaem 3IHepPIUl0, npU IMOM 3IJIEKMPOHbL 8 amome O0sux3cymca ¢ yckopenuem. Kaswoomy cmayuonapuomy
COCHIOAHUIO cOoomeencmeyem onpeoeennan snep2us En.

CoriacHo BTOpOMYy HOCTynaty bopa uznyuenue ceema npoucxodum npu nepexode amoma u3 CHAUUOHAPHOZO
cocmosanus ¢ 6onvueni Inepeueit En ¢ cmayuonapnoe cocmosanue ¢ menvuieii ynepeuen En. dnepeus uznyuennozo pomona

pasna paznocmu IHepzuil CMauuoHapHvix COCMOANUIL:
hvi, = Ex - E. (12.2)
Orcrona 4acToTy U3ITyYeHHs MOYHO BBIPA3UTh TaK:
E, - E E E
n “k 1
Vi = - = -~ - (12.3)
- h h h
CornacHo Teopur bopa 3HeprHs 3JIEKTPOHA B aTOME BOAOPOAA, HAXOMSAIIEroCs Ha N-M JHEPreTHYECKOM YPOBHE, paBHA:
’me! 1
" 2 n?’

[Ipn nornomennn cBera aToM MEPeXONUT U3 CTAIIMOHAPHOT'O COCTOSIHUS C MEHBIIEH YHEPTHEH B CTALMOHAPHOE COCTOSTHHE
¢ OompIIeit SHEPTHEH.

Bropoii mocrynar, Takke Kak W MEpBBIH, NPOTHBOPEYUT IEKTPOJMHAMHKE MakcBeUia, Tak KakK COIJIACHO 3TOMY
MOCTYJIaTy 4acTOTa M3JIy4EHHs CBETa CBHICTEIBCTBYET HE 00 OCOOEHHOCTSX IBIDKCHHUS JJICKTPOHA, a JIHIIbL 00 M3MEHEHHH
SHEPTUH aToMa.

Csou nocTynaTsl bop npuMeHm JUT MOCTPOEHHS TEOPUH NMPOCTEHIeH aTOMHOI cucTeMbl — aToma Bojopoa. OCHOBHAs
3a/laya COCTOANAa B HAaXOXKJICHUM YaCTOT AJICKTPOMATHUTHBIX BOJH, M3y4aeMbIX BOJOPOJIOM. ODTH 4YacTOTHI MOXHO HAaWTH Ha
OCHOBE BTOPOTO IOCTyJIaTa MU MpPaBHJIa OMPEAETICHUS CTAIlMOHAPHBIX 3HAYEHUI dHEpruM aToMa. DTO MPaBMIIO (TaK Ha3bIBaEMOE
MIPaBUJIO KBAHTOBaHMSA) bopy OMATh-TaKkM MPHUIIIOCH TOCTYIUPOBATh.

Mogaeas atoma Bogopona mo bopy. Mcnons3ys 3akoHbl MexaHuku HbpIOTOHa M NpaBUJIO KBAHTOBAaHUS, Ha OCHOBE
KOTOPOTO OTPEJENIAIOTCSI BO3MOXHbBIE CTAI[MOHApHBIE COCTOSIHHMSA aToMa. bop cMOTr BBIYHCIUTH PaJMyChl OPOUT AIIEKTPOHA H
SHEPTUU CTAIlMOHAPHBIX COCTOSHUM aToMa. MHUHHMaNbHBIA paanyc OpOWTHI omperenseT pa3Mmepbl atoma. Ha pucynke 12.4
3HAYEHUS DHEPTUH CTAIIMOHAPHBIX COCTOSHMI (B 3JIEKIPOH-BOJIBTAX ') OTIIOKEHBI HA BEPTHKAIBHON OCH.

Bropoil noctynar bopa no3Bonser BBIUUCINUTh MO U3BECTHBIM 3HAUYEHUSM DHEPIUil CTAallMOHAPHBIX COCTOSHUI 4aCTOTHI
U3Ty4eHUil aToMa BOJIOPOJIA.
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Lo
o
0.54 sB n=35
0,85 8B n=4
— 1,51 =B n—=3
— 3.4 n=2
3.49B Cepns
Bansmepa
—13,6 B n =1
Prc. 12.4

Teopus bopa nIpUBOANT K KOJIMYECTBEHHOMY COTJIACHIO C 3KCIIEPUMEHTOM JUIA 3HaU€HHUH 3TUX 9acToT. Bece 4acTOThl M3nydeHui
aToMa BOZIOPOZIA COCTABISIOT B CBOCH COBOKYITHOCTH PSIJ CEPHUM, KaXJast U3 KOTOPBIX 00pa3yeTcst MpH IEepexoiax aToMa B OJHO
W3 DPHEPTEeTHYECKIX COCTOSHHH CO BCEX BEPXHUX YHEPTETHUCCKUX COCTOSHUH (COCTOSHUI ¢ OONBIIeH SHepruei).

Ilepexonsl B mepBoe BO30YXKIEHHOE COCTOSHHE (HAa BTOPOH SHEPTeTHUYSCKUH YPOBEHB) C BEPXHHX YPOBHEH 00pa3yroT
ceputo bampmepa. Ha pucynke 12.4 3tu mepexonsl H300paxeHsl cTpenkaMu. KpacHas, 3eyieHast ¥ IB€ CHHUE JTHHUU B BUIMMOM
4acTH CIIEKTpa BOJIOPOZA COOTBETCTBYIOT nepexoaam

E;‘ - Ez, E’ —~ Ez, E:‘ b EB’ E(; - Ez.

[JanHas cepus Ha3BaHa 0 UMEHHU LBelnapckoro yuurens WM. bansmepa, koTopslii eme B 1885 1. Ha OCHOBE SKCIIEPUMEHTAIBHBIX
JAHHBIX BBIBEJI IPOCTYIO (hOPMYITy IUISl OIPENICNICHNS YaCTOT BUIMMOM YacTH CIIEKTpa BOJOPOA.

ITorsomenune cBera. [lornomenue ceera — Ipolecc, OOpaTHBIM H3ITy4eHHIO. ATOM, TOIJIOIIAs CBET, NMEPEXOJUT U3
HHU3IIUX SHEPreTUYEeCKUX COCTOSIHUI B BBICIIKE. [IpH 3TOM OH MOTJIONIAeT U3IyUYeHHE TOH ke caMOi YaCTOTHI, KOTOPYIO H3IydaerT,
Mepexo/s U3 BBICIIMX SHEPreTUYECKUX COCTOSIHUN B HU3IIHE.

Ha ocHoBe 1ByX IOCTyNIaTOB U NpaBHjIa KBaHTOBaHUS bop ompenenui paguyc aToMa BOJOpOJa U IHEPTUH CTaIIMOHAPHBIX
COCTOSIHUI aToMa. DTO MO3BOJIMIIO BEIYHCIUTE YACTOTHI M3JIy4aeMbIX U MOTJIOMIAEMBIX aTOMOM 3JI€KTPOMAarHUTHBIX BOJIH.

Jlekuusa Nel3

Tema: «@PuU3UKa aTOMHOIO0 1Apa. PaimoakTHBHOCTH)»

1. Bompocs! nekuuu:

1.1. Ctpoenue atomHoro siapa. Jledekt maccrl. SnepHpie peaknun. DHeprus cBs3u. CBA3b MacChl H JHEPTHH.
1.2. PagnoakTHBHOCTG. - U 3-pacmajsl.

2. Kpatkoe cojepkaHue BOMPOCOB

CTPOEHME ATOMHOI'O APA. AJEPHBIE CHUJIBIL.
Cpa3sy ke mocie Toro, Kak B onbITax YeaBuka ObUT OTKPHIT HEWTPOH, coBeTckuil pusuk . /1. VBaneHko u HeMelkuil yueHsIil B.
Teitzenbepr B 1932 T. mpeayioKWiM TNPOTOHHO-HEUTPOHHYIO Mojedb sapa. OHa Obula MOATBEPXKACHA MOCIETYIOIUMHU
HCCIIEIOBAaHUAMHU SIIEPHBIX MPEBPAIICHUH U B HACTOSIIEEe BPeMsI BJISIETCS OOIEPU3HAHHOM.

IIporonHo-HeliTpoHHAass Mopesb sapa. COrmacHO NPOTOHHO-HEMTPOHHONM MOJENH fA1pa COCTOAT M3 3JIEMEHTAPHBIX
Y4acTUIl IByX BUI0B — IMPOTOHOB U HEUTPOHOB.

Tak Kak B 1I€JIOM aTOM JIEKTPUYECKH HEUTpaJIEH, a 3aps]] MIPOTOHA PaBEH MOAYJIIO 3apsijia MEKTPOHA, TO YUCIO MPOTOHOB
B SIIpe PaBHO YMCITy JICKTPOHOB B aTOMHON oOoisiouke. CienoBaTenbHO, YUCIO IPOTOHOB B SiIpe PaBHO aTOMHOMY HOMeEpY
aJeMeHTa Z B nepuoandeckoit cucreme snemeHtoB . . Menzaeneesa.

CymMy 4mclia MPOTOHOB Z W 4Hclia HEHTpoHOB N B siape HA3BIBAIOT MAaCCOBBIM YHCIOM M O0O3HAYarOT OYKBOH A:
A = V4 + N. (13.2)
Maccel mpoToHa M HEWTpoHa ONMM3KM Apyr K APYry, W Kakaas M3 HUX NPUMEPHO paBHA aTOMHOI eauHuUIle Maccel. Macca
3JIEKTPOHOB B aTOME MHOTO MEHBIIE Macchl ero sapa. [loaTomy mMaccoBoe YHCIO sipa PaBHO OKPYIJIEHHON O IEJOro Yucia
OTHOCHTENIFHON aTOMHOH Macce 3JieMeHTa. MacCoBbIe YHCIa MOTYT OBITh OIIPEeICHBI ITyTeM MPHOIMKEHHOTO H3MEPEHNS MaCChI
saep npudbopamMu, He 00J1aJalOITMMU BBICOKOH TOYHOCTBIO.

M30TOmBI MPEACTaBIAIOT COOOH spa ¢ OJHUM M TeM K€ 3HAYCHHWEM HO C pa3IMYHBIMH MAcCCOBBIMH YHCIAMH A, T. €. C
pa3IUYHBIMU YHCcIaMU HEUTpOHOB N.

SnepHble cuabl. Tak Kak sapa BecbMa YCTONUYUBBL, TO NPOTOHBI M HEHTPOHBI JOJKHBI YAEP>KUBATHCS BHYTPH spa
KaKUMH-TO CHJIAMH, ITpUYeM O4yeHb OosbmuMu. Uto 310 3a cmutel? Cpasy MOXKHO CKa3aTh, YTO 3TO HE TPABUTAIIMOHHBIC CHJIbI,
KOTOpBIE CIIMIIKOM ci1a0ble. Y CTOHYMBOCTD SIpa HE MOXKET ObITh OOBSICHEHA TaK)Ke 3JIEKTPOMArHUTHBIMH CHIIAMH, TaK KaK MEXI1y
OJHOMMEHHO 3apsKEHHBIMU INPOTOHAMM AEHCTBYET 3JIEKTPHUECKOE OTTAIKUBaHME. A HEWTPOHBI HE HMEIOT JJIEKTPUYECKOro
3apsa.

3HaYNUT, MEXKAY SJEPHBIMU YaCTHIIaMU — MPOTOHAMH W HEWTpPOHAMHM (WX HA3bIBAIOT HYKJIIOHAMH) — JEHCTBYIOT 0COObIE
CHJIBI, Ha3BIBAEMBIC SJICPHBIMU CHIIAMH.
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KaxoBel ocHOBHBIE cBoiicTBa snmepHbIX cua? SnepHsle cunbl npuMepHo B 100 pa3 HpeBBIIAIOT AIIEKTPUUYECKHE
(KyJIOHOBCKHE) CHJIBL. DTO CaMbleé MOIIHBIE CHJIBI M3 BCEX CYLIECTBYIOIIMX B Ipupoze. [loaToMy B3auMoAeicTBUS sSOEpHBIX
YaCTHUI[ YaCTO HA3hIBAIOT CUJIbHBIMU B3aUMOJEHCTBUSMH.

CunipHBIE B3aMMOZEHCTBHS TIPOSIBISIIOTCS HE TOJNBKO BO B3aMMOJCHCTBHSAX HYKJIOHOB B siipe. OTO OCOOBIA THII
B3aMO/ICHCTBUM, MPUCYIINI OOJBIIMHCTBY JIEMEHTAPHBIX YaCTHUIl HAPSILY C JIEKTPOMArHUTHBIMH B3aNMOACHCTBUSIMU.

Jpyras BakHasi 0COOEHHOCTb SIECPHBIX CHJI — HMX KOPOTKOJCHCTBHE. DIEKTPOMArHUTHBIEC CHIIBI CPABHUTEIHFHO MEATICHHO
0C1abeBalOT C YBEIMUCHUEM PACCTOSHUSL. SIIepHbIC CHIIBI 3aMETHO MPOSBIIAIOTCS JINIIb Ha PACCTOSHHSIX, PABHBIX pazMepam sipa
(1012—10"13 cm), uTo nokazanu yxe onbsThl Pezepopaa no paccesnuro U -gacTuIl aTOMHBIMH SpamMu. SIIepHbIE CHIIBI — 3TO,
TaK CKa3aTb, «OOraTelpb C OYEHb KOPOTKMMH pyKaMM». 3aKOHYEHHAs KOJMYECTBEHHAsh TEOPHs SIEPHBIX CHJI TIOKa elle He
pa3paboTtana. 3HaUNTENBHBIC YCIIEXH B e pa3padoTke OBUIH JOCTUTHYTHI COBCEM HelaBHO — B mocienaue 10—15 mer.

Slnpa aTOMOB COCTOSIT U3 MPOTOHOB M HEHTPOHOB. DTH YaCTHUIIEI yICPKUBAIOTCS B SAPE SAACPHBIMU CHIIAMH.

SHEPI'USL CBsI31 ATOMHBIX AIOEP
BaxHeinryro poip BO Bcel sAAEPHON (HU3MKE HIPaeT IOHATHE SHEPTUU CBSA3U sApa. DHEPIUs CBSA3H IO3BOJSET OOBSCHHUTH
YCTOWYHBOCTD S1Ep, BBIACHUTH, KAaKHE IIPOIECCHl BEAYT K BBIACICHHIO ANCPHOM dHeprud. HykIOHBI B sAape HPOUYHO
yIEpKUBAIOTCS AACPHBIMU CHIIaMH. J{71s TOro 9TOOBI yAanuTh HYKIOH U3 SApa, Hal0 COBEPIIUTH JOBOJIHHO OOINBINYIO padoTy, T.
€. COOOIIUTS SI/IpY 3HAYNUTEIBHYIO YHEPTHIO.

[on sHeprueit cBs3M spa MOHUMAIOT TY SHEPTHIO0, KOTOpasi HE0OX0MMa JUIsl TTOJIHOTO pacUICIUICHHS spa Ha OTAENbHbIE
HyKJIOHBL. Ha OCHOBe 3akOHa COXpaHEHMs SHEPIMM MOXHO TaK)Ke YTBEP)KAATh, UTO IHEPIUs CBA3U SApa paBHA TOM SHEPruu,
KOTOpast BBIJIEIISIETCS IPU 00pa30BaHUU spa U3 OT/AENbHBIX YaCTHUII.

OHeprus cBA3M aTOMHBIX sAJiep O4YeHb Benuka. Ho kak ee onpenenuts?

B HacTosmIee BpeMs pacCUMTaTh SHEPTHIO CBSI3U TEOPETUUECKH, IIOAOOHO TOMY KaK 3TO MOXKHO CeNaTh VISl 3JEKTPOHOB B
aToMe, He yAaeTcsl. BRINOJIHUTD COOTBETCTBYIOIINE PacdeThl MOKHO, JIMIIb IIPHMEHSSI COOTHOIICHNE DIHIITEHA MEXK/Ty Maccoil
u SHEpTrUeil:
E=mc%. (13.3)

Touneimme u3MepeHus Mace siep MOKa3bIBalOT, YTO Macca MOKos sapa M21 Bcerna MeHbIE CyMMBI MAacC BXOZSIIHNX B
ero COCTaB IIPOTOHOB u HEUTPOHOB:
M;< Zmyp + Nmy,. (13.4)

CymecTByer, KaK TOBOPAIT, nedekr Macc: pa3HOCTh Macc
AM = Zmp + Nm, - My

MoJIOKUTEbHA. B yacTHOCTH, I1s1 Tenus Macca sapa Ha 0,75% MeHblie cyMMBbl Macc JBYX MPOTOHOB U JABYX HEHTPOHOB.
COOTBETCTBEHHO IS Telis B KOJMYECTBE BEIECTBA OAuH Mois AM = 0,03 r.

YMeHbIIeHHe Macchl TpU 00pa30BaHUM SJIpa U3 HYKJIOHOB O3HAYAET, YTO MPU STOM YMEHBIIAETCS SHEPTHsl 3TOH CUCTEMBI

HYKJIOHOB Ha 3HauCHHE SHEPTUH CBSI3H Ecs:
Ees = AMc? = (Zm,, + Nm, - M) ¢2. (13.5)
Ho Kyaa pu 3TOM HCYE3aAI0T JHEPTUs Ec: 1 macca AM?

HpI/I O6pa3OBaHI/II/I AApa U3 4YacTULl NOCJICAHUC 3a CUCT ﬂeﬁCTBHﬂ AACPHBIX CUJI HAa MaJbIX PACCTOAHHAX YCTPEMIIAIOTCSA C

OrPOMHBIM _ YCKOPEHHEM JIpyr K Jpyry. HM3saydaemple mnpu 3TOM T -xBanThI Kak pa3 obmagaloT SHeprueit Ee n

E,
AM=—,

c?

Maccoi .

DHeprusi CBA3M — 3TO DHEPTHs, KOTOPAs BBIICIETCS MPU OOpa30BaHMU sIpa U3 OTACITHHBIX YACTHIl, © COOTBETCTBCHHO
9TO Ta PHEPTHs, KOTOopas HeoOXoarMa TS PAcHICIICHUS sipa Ha COCTABIIIONINE €TO YaCTHUIII.

O ToM, Kak BeJNWKa DHEPTUs CBS3HM, MOXHO CYAHTH II0 TaKOMY IpUMEpy: oOpa3oBaHHE 4 T TeNds COMPOBOXKIACTCS
BBIIEJICHUEM TAaKOM K€ SHEPTUH, YTO U IIPU CropaHuu 1,5—2 BaroHOB KaMEHHOT'O YIJIs.

Baxxayro nHQpOpMAIIHIO O CBOUCTBAX SIICP CONCPIKHUT 3aBUCUMOCTD YICITEHOW YHEPTHUH CBSI3M OT MAaCCOBOTO YHCa A.

AJIb®A-, BETA- n TAMMA-U3JYYEHUA
[Toce OTKPBITUS palioaKTHBHBIX JJIEMEHTOB HAa4aJIoCh UccieaoBanne Gpruznueckoil mpupoasl ux usnydenus. Kpome bekkepens u
cynpyros Ktopwu, atum 3ansuicst Pezepdopa.

Kitaccudeckuit onbIT, TO3BOMUBIINN OOHAPYKUTH CIOKHBIM COCTaB PAJAMOAKTUBHOTO H3IYYCHHUS, COCTOSUT B CICTYIOIIEM.
[Ipemapar pagws moMeImaay Ha THO y3KOTO KaHaja B KyCKe CBHHIA. [IpOoTHMB KaHajma Haxoawrnack QorormiaacTuHKa. Ha
BBIXOUBINIEE M3 KaHAJIA U3Iy4YeHHE JeHCTBOBAIO CHIIPHOE MArHUTHOE TOJIe, TMHUN MHIYKIIMA KOTOPOTO NEPIEHINKYIISPHBI Tyqy
(puc. 13.6). Bes yctaHOBKa pa3Menanach B BaKyyme.

B orcyrcTBHE MarHMTHOTO TOJs Ha (DOTOIUIACTHHKE ITOCIE MPOSBICHHS OOHAPYKHUBAIOCh OJHO TEMHOE IIATHO TOYHO
HaIpOTHUB KaHajia. B MarHUTHOM MoJie My4yoK pachajaajcs Ha TpHU Mydka. J[Be cocTaBisitomne NepBUYHOIO MOTOKA OTKIOHSIIUCH B
MPOTUBOMOJIOXKHBIE CTOPOHBI. DTO YKa3blBaJl0 HA HaJUUME Yy J3TUX HU3IYUYEHHUH 3JEKTPUUECKHUX 3apsiioB MPOTUBOINOJOKHBIX
3HakoB. I[Ipu 3TOM OTpHULATENbHBIA KOMIIOHEHT HW3IyYeHUs] OTKJIOHSJICS MAarHUTHBIM T1IOJIEM TOpa3fl0o CHIIbHEE, YeM
MOJIOKUTENbHBINA. TpeThsi cocTaBIIsIONIas COBCEM HE OTKJIOHSUIACh MAarHUTHBIM MosieM. [10J10KUTENbHO 3apsKEHHBI KOMIIOHEHT

B

MONYYHJI Ha3BaHWE ajb(a-Tydel, OTPHIATENFHO 3apsDKeHHBIH — OeTa-iTydell M HeWTpambHbIH - Tamma-myded (U -myum, . " -

nyun, T -nmyun).
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i

S

S

Puc. 13.6

OTH TpH BHIA U3IYYCHHS OYCHb CHJIBHO PAa3IMYAIOTCS 10 IPOHMKAIOMIEH CHOCOOHOCTH, T. €. II0 TOMY, HACKOJBKO MHTCHCHBHO
OHH TIOTJIOIMIAIOTCS PA3IMYHBIMH BemlecTBaMHU. HanMeHbIeil mpoHHUKaomei crmocoOHocThio obmanarotr U -myun. Cioit Oymaru
ToJuHON okoito 0,1 MM /J1s HUX yKe Herpo3padeH. Eciiu npukpeITh 0TBEpCTHE B CBUHIIOBOW IUIACTHHKE JINCTOYKOM OyMaru, To
Ha ()OTOIUIACTHHKE He OOHAPYKUTCS ISTHA, COOTBETCTBYIOMIEro U -n3nyueHuto.

Fopa3a0 MCHBIIC MOIJIOIIAIOTCA MPHU MPOXOKACHUN YCPC3 BCUICCTBO . B -JIy4u. AnoMuHHeBas IIACTUHKA IOJIHOCTBIO HUX

3a/IepKUBACT TOJBKO MpPH TONIIMHE B HECKONbKO MWLTMMETpoB. HamGonbiueil nmponukarommeii cnoco6HOCTbI0 o6nanaoT | .-
Ty4n.

HMuTeHCMBHOCTH IIOTJIOIMICHUA f -J'Iy‘leﬁ YCHUIIUBACTCA C YBCIMYCHHUEM AaTOMHOI'O HOMEpPA BCIICCTBA-IIOTJIOTUTCIIA. Ho u

CJI0H CBHHIIA TOJNIIMHON B 1 CM He ABJAeTCA IS HUX HENPeoAoNuMOil mperpanoil. [Ipu npoxosxkaenuu ! -Tydeil depes Takoii

CJIOW CBMHIIA X MHTEHCHBHOCTH Oca0eBaeT JuIb BaBoe. dusnueckas npupoga & -, . B u T -nyueii, oueBnaHo, pazuyHa.
Tamma-ayuun. [To cBoum cBoiictBam | -ydy OYeHb CHIILHO HATOMMHAIOT PEHTTEHOBCKHE, HO TONBKO MX MPOHUKAIOMIAs
CMIOCOGHOCTh TOpa3no GoJibIIe, YeM Yy PEHTTEHOBCKHX Jydeid. DTO HABOJMIO Ha MBIC/b, YTO | -yuu NpPEACTaBIAIOT cOOOH

3IIEKTPOMATHUTHBIC BONHBL Bce COMHEHHA B 3TOM OTHAlM MHOCIE TOro, KaK ObLIa OOHapykeHa mudpaxius | -Tydeil Ha
KpUCTaJIaX ¥ U3MEPEHa UX JUIMHA BOJIHBL. OHa OKa3ajach OYeHb MaJOW — OT 108 mo 107! cm.

Ha mkame SIEKTPOMArHMTHBIX BOJH [ -TydM HENOCPEACTBEHHO CIEAYIOT 3a PEHTTEHOBCKUMH. CKOPOCTh

pacmpocTpaHeHHs y ! -Tydeii Takas ’Ke, KaK y BCEX 2JeKTPOMATHUTHBIX BOTH, — okomo 300 000 km/c.
Bera-ayun. C camoro Hagama - 1. | -JIly9d paccMaTpPHBAINCH KaK IIOTOKHM 3apsHKEHHBIX dacTHll. [Ipomie Bcero ObLIO

OKCIICPUMEHTUPOBATD C . B -JIydaMU, TaK KaK OHU CUJIBHEC OTKJIOHAKOTCA KaK B MAariHuTHOM, TaK U B QJICKTPUYCCKOM II10JIC.
OcHOBHas 3aJa4a OJOKCIEPUMCHTATOPOB COCTOdAJIa B OIPCACICHUU 3apsja W MaCCbl YaCTUII. HpI/I HUCCICA0OBAHUU

OTKJIOHCHHA | l -4aCTUI] B JJICKTPHUICCKUX U MATHUTHBIX IOJIAX OBLIO YCTAHOBJICHO, YTO OHH MPEACTABIIAIOT co0o0ii He 4TO HHOCE,

KaK J3JICKTPOHBI, ABMXYIIUECS CO CKOPOCTAMH, OYCHb ONU3KUMU K CKOpPOCTH CBCTA. CyH.IGCTBCHHO, qTo CKOpOCTI/I.l -4aCTHull,
HCIIYIHICHHBIX KaKUM-JI100 PaANOAKTUBHBIM JJICMCHTOM, HCOJAWHAKOBBI. BCTpC‘IaIOTC}I HacTulbl € CaMbIMH DPA3JINYHBIMU

CKOPOCTSAMH. DTO U IPUBOIUT K PACHIMPEHUIO ITyUKa B -4aCTHIl B MATHUTHOM IIOJI€.

Aabda-yactunpl. TpynHee ObuUTo BBUICHHTH Tpupony U -yacTuil, Tak Kak OHM cllabee OTKJIOHSIOTCS MAarHUTHBIM H
aNeKTprYeckuM moiisiMu. OKOHYATEIIBHO 3TY 3a/1a4y yAanoch pemnTs Pesepdopay. OH u3Mepuir OTHOLIGHHE 3aps/a  YaCTHIIbI K
ee Macce m Mo OTKIOHEHHIO B MarHUTHOM mojie. OHO OKa3ajoch MPUMEPHO B 2 paza MEHbIIE, YeM y IPOTOHa — sapa aToMa
BOJIOpOJIA. 3aps/l MPOTOHA PABEH JIIEMEHTAPHOMY, a €r0 Macca OueHb OJIM3Ka K aTOMHOM equHuie Maccwl!. Crenosatensho, y O -
YaCTHIBI HA OJJMH JIEMEHTapHBIHN 3apsil MPUXOANTCS Macca, paBHAs IByM aTOMHBIM €JMHHUIIAM MacChI.

Ho 3apsin  -yacTuisl M ee Macca ocTaBallCh, TEM HE MeHee, Hen3BeCTHhIMU. ClieloBaio U3MEpHTh JIMOO 3apsij, b0
maccy U -gactunpl. C mosiBieHneM cuerdnka leiirepa crasio BO3MOXHBIM MpOIIE W TOYHEe M3MEpHUTH 3apsia. CKBO3b OYEHb
TOHKOE€ OKOIKO - 9acTHIBI MOTYT NPOHHUKATH BHYTPb CUCTYMKA ¥ PETHCTPHUPOBATHCS HIM.

Pezepdopn momectnn Ha nyrtu U -uactui cuetuuk ['eiirepa, KOTOpBI H3MepsUl YHCJIO YaCTHILl, HCITyCKAaBLIMXCS
panMoOaKTUBHBIM MpemapaToM 3a OINpeIeNeHHOEe BpeMs. 3aTeM OH IIOCTaBHJI Ha MECTO CUETYMKAa METAUIMYCCKUHA IHIMHIP,
COGIMHEHHBII C YyBCTBUTENBHBIM 3JieKTpoMeTrpoM (puc. 13.7). Dnexrpomerpom Pesephopn msmepsin 3apsa U - gactun
UCITyIIEHHBIX MCTOYHMKOM BHYTPb IMJIMHIpA 32 TaKoe k€ BpeMs (paJdoaKTHMBHOCTb MHOTHX BEIECTB IOYTH HE MEHSETCS CO
BpeMeHeM). 3Hasg cyMMapHbIi 3apsn U -gactunm m mx gmcio, Pesepdopn ompenenna OTHOIIEHHWE ATHX BEIWYMH, T. €. 3apsij
onHOoN U -gacTumpl. DTOT 3apsa] OKa3ajcs PaBHBIM JBYM 3JIEMEHTapHBIM.

Taxum 06pa3om, OH yCTaHOBWIL, 4TO y  -4acTHIIBI HAa KXKIBIH U3 ABYX 3JIEMEHTAPHBIX 3apsi/I0B IPUXOJUTCS JIBE AaTOMHBIE
eauHuIB! Macchl. Cae0BaTeNbHO, Ha J1BA 3JIEMEHTAPHBIX 3apsa/a MPUXOJUTCS YEThIPE AaTOMHBIE €UHUIBI MacChl. Takon xke 3apsin
M TaKyIo k€ OTHOCUTEIBHYIO aTOMHYIO Maccy uMeet siapo remus. V3 atoro cnenyert, uto ™ - gactuma - 310 SApO aToMa renms.

He 1oBONBCTBYACH IOCTHUTHYTBIM pe3ynbTatoM, Pesepdopn 3atem eme OpSMBIMH ONBITAMH JIOKa3aJ, 9TO MpH
panuoakTuBHOM ' -pacnane oOpasyercss umeHHo renuid. CoOupas U -yacTuipl BHYTPM CHEHHAIBHOTO pe3epByapa Ha
NPOTSHKEHUH HECKOJIbKUX JIHEH, OH C MOMOIIBIO CIEKTPAIBLHOTO aHaliu3a yOeamics B TOM, YTO B COCYJE HAaKalUIMBAETCS TeJIU
(xaxmas ¢ -yacTuia 3aXBaThIBaJa /1Ba DJIEKTPOHA U MPEBPAIIATIACH B ATOM TelIHs).
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3AKOH PAJIMOAKTUBHOT' O PACITAJTA. HEPUOJ HOJYPACIIAJA
PangnoakTHBHBIN pacnaj HOAYMHACTCS CTATUCTHUECKOMY 3aKoHY. Pesepdopa, nccnenys npespamieHus paJioakTHBHBIX BELIECTB,
YCTaHOBHJI OTIBITHBIM ITyTEM, YTO X aKTUBHOCTb YOBIBAET C TEUEHHEM BPEMEHH

o
I.
N=N,-2T, (13.1)

OTO M eCTh OCHOBHOM 3aKOH pagnoakTuBHOTO pacmana. [To ¢popmyne (13.1) MOXKHO HaWTH YHCIIO HEpACIaBIIUXCS SAEP B OO0
MOMEHT BpPEMEHH.
[epuon nosrypacraza — OCHOBHAs BEIWYHHA, OIPEIEIoIas CKOPOCTh PAaANOaKTUBHOTO pacraza. YeM MeHbpLIe MepHo

Hoypacnazia, TEM MEHbBIIE BPEMEHH <OKMBYT» sA1pa, TeM OBICTpee NPOUCXOAWT pacmam. s pasHbIX BEIIECTB IIEPHON
238
MOJypaciiaia IMeeT CHIIBHO pa3iIMyaroIlnecs 3Ha4eHusA. Tak, mepuoj mojypacrnaga ypana 92 ) paBen 4,5 mupn ner. MimeHHO

MO3TOMY aKTHBHOCTh YpaHa Ha MPOTSHKEHHM HECKOJBKHX JIET 3aMETHO He MeHsercs. [lepron momypacnazna pagus 3HaYNTEIBHO
MeHblre — oH paBeH 1600 smer. [TosToMy aKTHBHOCTH pafisi 3HAUHTENHFHO OOJNBIIE aKTHBHOCTH ypaHa. ECTb paamoakTHBHEIC
3JIEMEHTHI € TIEPHOJIOM TIOJTypachaga B MHJUTHOHHBIE T0JH CEKYH/IBL.

UroOs1, mone3ysick Gopmymnoit (13.1), ompenenuTs mepuoi MoIypacmana, Hago 3HATH YUCIO aTOMOB No B HadaJbHBII
MOMEHT BPEMEHH U YHCIIO HEPACTIABIINXCS aTOMOB N CIIyCTS OIIpEAEICHHbIN HHTEPBaJl BpPEMEHH t.

CaM 3aKOH pagMOaKTHBHOTO pacnaja J0BOJIBHO mpocT. Ho du3mdecknil cMBICT 3TOr0 3aKOHa YSICHUTH ce0c HENETKO.
JleHcTBUTEIBHO, COTJIACHO 3TOMY 3aKOHY 3a JIF000I MHTepBall BPEMEHU pacHaJacTcst OHA U Ta e OIS MMEIOIUXCs aTOMOB (32
HepHOJ ToJIypacia/ia MoJOBUHA aTOMOB). 3Ha4YUT, C TEUEHHEM BPEMEHH CKOPOCTh paciiajia HUCKOIBKO HE MeHseTcs?

PaguoakTuBHBIE sJpa «HE cTapeloT». Tak, sApa paloHa, BO3HHUKAIOIIUME TIPU pacmane pagus, IIpeTepreBarT
PaIMOaKTUBHBIM pacliaj Kak cpa3y jke Ioclie CBoero oOpas3oBaHHdA, Tak M cmycTs 10 mMuH mocie storo. Pacmam mioGoro
aTOMHOTO $51/Ipa — 3TO, TaK CKa3aTh, HE «CMEPTh OT CTAPOCTU», & KHECYACTHBIN CIIydail» B €ro >KU3HH. J{JIsl paluoaKTHBHBIX S1ep

HE CYLIECTBYET MOHATHUSA BO3pacTa. MOKHO ONpPENENINTh JIUILIb UX CPEIHEE BPEMSI dKU3HU
Bpemst cymiecTBOBaHMS OTAEIBHBIX sIEP MOXET BapbHUpPOBAThCA OT JIOJEH CEKyHIBI 10 MIJIIMApIOB JeT. ATOM ypaHa,
HaIlpuMep, MOXKET CIIOKOMHO MpoJekaTh B 3eMJIe MIJUIMAPAbI JIET U BHE3AIIHO B30PBAThCA, TOTA KaK €ro Coceqy OJIaronoily4Ho

IMPOJAOJDKAKOT OCTaBaThCA B MMPEIKHEM COCTOAHUU. Cpe):[Hee BpPEMs KU3HU X — 3TO IPOCTO CPECAHEC apI/I(bMeTI/I‘-IeCKOC BPEMCHHU
JKHU3HHU IOOCTATOYHO OOJIBLIOTO KOJMYECTBAa aATOMOB JaHHOI'0 BHAA. Ono npsAsMO HOPONOPUHHOHAJIBHO HNEpHUOAY IoJIypacraja.
HpeZ[CKaSaTB, Koraa HpOHSOfIZ[eT pacman sipa AaHHOTO0 aTOMad, HCBO3MOKHO. CMBICTT HIMEIOT TOJIBKO YTBCPKACHHS O IMOBCACHUU B
CpeaAHEM 0OJIBIION COBOKYITHOCTH 4aTOMOB. 3aKkoH PAAUOAKTUBHOTO pacrnaga oOnpeAcasaeT CpeAHCE UYHUCIO0 AACp aTOMOB,
pacmagaromuxcs 3a OHpe,HeﬂeHHBIﬁ HWHTCPBAJI BpCMCHU. Ho BCEraa UMCIOTCA Hen30eKHbIE OTKIIOHEHHS OT CpCaHCI0 3HAYCHMS, U,
YCeM MCHBINC KOJIMYCCTBO PAJUOAKTHBHBIX AACp B IIpeliapare, TEM 0OJIbIIIE ATH OTKJIOHEHHS. 3aKOH PaaiuoOaKTUBHOIO0
pacnajaa ABJIACTCA CTATUCTUYCCKUM 3aKOHOM.

FOBOpI/ITB 00 OMPEACIICHHOM 3aKOHC paJMOAKTUBHOIO pacliaja Jjid Majloro 4uciia aae€p aroMOB HE UMECT CMBICIA. o1oT
3aKOH CHIpaB€IJIMB B OCHOBHOM IS 0OJILIIIOTO KOJUYECTBA qacTull.

Jexknus Neld

Tema: «SlnepHasi JHepreTuKa»

1. Bompocs! nekuuu:

1.1. Jenenue Tsoxensix saep. Llennas snepHas peakuus. Y npasisieMas LenHasi peakiusl.

1.2. Snepuelii peaktop. [lonydeHne pairnoakTUBHBIX U30TONOB U UX NPUMEHEHHE.

1.3. SnepHas sHepreTrka. PaguoakTHBHBIC H3TyUCHUS M UX BO3JCHCTBUE HA )KUBBIE OPTaHU3MBI.

2. Kpatkoe cojaepkaHue BOMPOCOB
JAEJIEHUE SAAEP YPAHA.
I[eJ'II/ITI)CSI Ha 4aCTHU MOTYT TOJIBKO fAJipa HECKOTOPLIX TAXKCEIIbIX 3JIEMEHTOB. HpI/I JACIICHUU A€P HUCITYCKAIOTCA ABa-TpH HeﬁTpOHa

u T -nyuu. OHOBpEMEHHO BhIENAETCS GOTIBINAS SHEPIUS.

Mexanusm JeneHun siapa. [Iponecc neneHus aTOMHOTO siipa MOKHO OOBSICHHTH Ma OCHOBE KallelIbHOM MOAENH spa.
CoriacHO 3TOH MOJIENIN CTYCTOK HYKJIOHOB HallOMHUHAET KalleNNbKy 3apspKeHHOH sxuakocTH (puc. 13.14, a). SInepHble CHITBI MEXITy
HYKJIOHaMH SIBIISTIOTCSI KOPOTKOJCHCTBYIOINMH, MOJOOHO CHJaM, ACHCTBYIOIIMM MEXIY MOJEKylIaMHu >XKuAKocTH. Hapsmy c
OONBIINMH CHJIAMH 3JIEKTPOCTATUYECKOTO OTTATKHWBAHUS MEXIYy MPOTOHAMHM, CTPEMSIIMMUCS pa3opBaTh SAPO Ha 4YacTH,
JEWCTBYIOT  emie  OONbIIME  sJiepHble  CHJIBI  NPUTSDKEHWS. OTH  CWIBl  yIepXKMBAIOT  SiIpO  OT  pachaja.
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Puc, 13.14

Anpo ypana-235 umeer ¢opmy miapa. [lorinoTHB NTUIIHUN HEHTPOH, OHO BO3OYXKIACTCS W HAYHMHACT OePOPMHPOBATHCS,
nproOperast BHTAHYTYIO Gopmy (puc. 13.14, 6). SAnpo Oymer pacTATHBAaTBCSA O TeX MOpP, IMOKA CIJIBI OTTAJKUBAHHUSI MEXKIY
MIOJIOBUHKAMH BBITSHYTOTO Siipa HE HAYHYT MIpeo0iaaTh HaJl CHIIaMH IPUTSHKEHUS, ASHCTBYIOIIMME B niepenieiike (puc. 13.14, B).
[Tocne sToro oHO pa3pbiBaeTcs Ha ABe yacTH (puc. 13.14, ).

Ilox neiicTBMEM KYJOHOBCKHX CHJI OTTAJIKMBAHUS ITH OCKOJIKH Pa3JieTaloTcsl 0 CKOPOCTHIO, paBHoii 1/30 ckopocTu
cBera.

Hcnyckanue HeliTpoHOB B mpouecce aeaeHnst. PyHIaMeHTaIbHBIN (aKT sIEPHOTO JENeHHs — UCIyCKaHUe B Ipolecce
JIeTICHUs]  ABYX-TpeX HEUTpoHOB. [IMeHHO Onarojapss STOMY OKa3ajoCch BO3MOXKHBIM IIPAKTHYECKOE HCIIOJIb30BaHHE
BHYTPUSJCPHOH 2HEPTUU.

[ToHATH, TOYEMY NPOMCXOAWUT HCITyCKaHHWE CBOOOMHBIX HEHTPOHOB, MOXHO HCXOIS W3 CICHYIOUHX COOOpaKEHHH.
W3BecTHO, YTO OTHOIIEHHE YHCIa HEHTPOHOB K YHCIY MPOTOHOB B CTAaOMJIBHBIX SApax BO3PACTAET C MOBBIIIEHHEM aTOMHOTO
HoMmepa. [loaToMy y BO3HMKAIOIIMX MPH AEICHUH OCKOJIKOB OTHOCHTEIFHOE YHCIO HEHTPOHOB OKa3bIBACTCS! OOJBIIMM, YEM 3TO
JOIMYCTUMO JUIA SiA€P aTOMOB, HaXOJSIIMXCS B cepeauHe TaOnuipsl MeHneneeBa. B pesynbrare HECKOIBKO HEHTPOHOB
0CBOOOXTaeTCs B IpoLiecce AeJICHHs. VX SHEpriust UMeeT pa3sInuHbIe 3HAYEHHUS — OT HECKOJIBKUX MIJUIMOHOB 3JIEKTPOH-BOJIBT 710
COBCEM MaJlbIX, OJIN3KNX K HYJIIO.

Jlenenue OOBIYHO NMPOUCXOAUT HA OCKOJKH, MAaCChl KOTOPBIX OTJIMYAIOTCS MpUMEpHO B 1,5 paza. OCKOJNKU 3TH CHIBHO

paJHoaKTUBHBI, TaK KaK COAEprKaT N30BITOYHOE KOJIMIECTBO HEUTPOHOB. B pe3ynbTare cepru mocie10BaTeIbHBIX . B -pacnajioB B
KOHIIE KOHIIOB MOJy4al0TCsl CTAOMIIbHBIE H30TOTIBI.

Peaknus nenenus siiep compoBOKAAETCS BBIACICHUEM SHEPTHH.

HEITHBIE SAJAEPHBIE PEAKIINH.
IIpu nenenuu sapa ypaHa 0cBOOOXKIAIOTCS 1BA-TPU HEHTPOHA. DTO MO3BOJISIET OCYLIECTBIIATH LETHYIO PEaKIMIO AeJICHUs ypaHa.

JIro60it U3 HEWTPOHOB, BBUIETAIOIINX U3 spa B MPOLECCE AENEHHs, MOXKET, B CBOIO OYEPE/lb, BBI3BATh JCJICHUE COCEIHETO
s1pa, KOTOpOe TaKkKe HMCIyCKaeT HEUTPOHBI, CIIOCOOHBIE BBI3HATH JalbHElIIee JeeHne. B pe3yiabraTe 4HCIo NEeNsIuXcs suep
OueHb OBICTPO yBeNWYMBaeTcs. Bo3HHKaeT IemHas peakiuu. SnepHoN IenmHOW peakuueil Ha3bIBae€TCS peakius, B KOTOPOif
YJaCTHUIIBI, BRI3BIBAIONINE €€ (HEHTPOHBI), 00pa3yroTcs Kak MPOAYKTHI 3TOH PeaKIny.

IenHast peakuusi COMpOBOKAAETCS BBIACIEHUEM OIpOMHOH 3Hepruu. Ilpu neneHnH Kak[goro sapa BBLAEISETCS dHEPrus
okono 200 M»sB. Ilpu moiHOM Ke JeIeHUH BCEX SAep, HMeloImmxcsa B 1 T ypaHa, Beuaessercs sHeprus 2,3 ¢ 104 kBt . 4. Dto
SKBUBAJICHTHO SHEPTUH, TI0JlydaeMO! TP CTOPaHuM 3 T yris win 2,5 T He(PTH.

Ho nuist ocymiecTBieHUs] HEMHOW peakiy Helb3sl UCHOJIb30BaTh JII00bIE Apa, NEISIIHecs 110/ BIMSHUEM HEHTpOoHOB. B
CHUITy psiia IPUYHH U3 1P, BCTPEUAIONIMXCS B IPUPOJIE, IPUTOAHBI JHIIb sIpa H30TOMNA ypaHa ¢ MacCOBBIM 4uciioM 235, T. e. 235

235
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M3oTonsl ypaHa. EcTtecTBeHHbII ypan COCTOUT B OCHOBHOM n3 JIBYX

23517 1 23817 e aomar E38T] 23817

W30TOMOB: 92 U n %5;U. Ho usoron “5; U cocrapusteT Bcero 1/140 momo ot Gonmee pacnpoCTpaHEHHOro m3oroma 92 7

23577 . 23817,
Snpa 92" W gensrTcs Moj BIMSHUEM Kak OBICTPBHIX, TaK M MEJIEHHBIX HEHTpoHOB. Sapa ke 92 ' MOryT JENUTHCS JIUIIB IO

BIIMSTHUEM HEHTpPOHOB ¢ sHeprueil Oonmee 1 M»aB. Takyio sHepruro mmerorT npumepHo 60% HEHTPOHOB, MOSBISIONIMXCS NPH
238
nenernn. OJHAKO IPUMEPHO JIMIIb OJWH HEUTPOH U3 ISITH MPOU3BOAMT jaeneHune 92 ', OcTanbHble HEHTPOHBI 3aXBATHIBAIOTCSI
STHM W30TOIIOM, HE TPOW3BOAS  JeleHus. B pesynprare memHas  peakius C  HCTOJNB30BAaHHEM  YHCTOTO
238

uzorona 92 ' HeBO3MOXKHA.

Koagduunenr pazMHoKeHUsT HEHTPOHOB. )1 TeUSHHsI IISTTHON PEaKIIMK HET HEOOXOIMMOCTH, YTOOBI KaXKIbI HEUTPOH
00s13aTeNIbHO BBI3BIBAN JieieHue siapa. Heo0XouMo nuiib, 4TOOBI CpeHee YNCII0 OCBOOOXKICHHBIX HEHTPOHOB B JaHHOM Macce
ypaHa He YMEHBIIAJIOCh C TEYCHUEM BPEMEHH.
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OT10 ycioBue OyAET BBINOIHEHO, €ciM KOo3(D(UIMEHT pa3sMHOKEHUS HEUTpoHOB k OoJybllle WM paBeH EAWHUIE.
Koapunrenrom pasMHOKEHHS HEHTPOHOB Ha3bIBAIOT OTHOLICHWE YWCIA HEWTPOHOB B KaKOM-ITHOO «IIOKOJEHUM» K UYUCIY
HEUTPOHOB MPEALIECTBYIOILETO «IOKOIEHUsD. IloJcMeHON «OKONIEeHUIl» MOHUMAIOT JeNIeHHE sAep, IPH KOTOPOM MOTJIOIAI0TCA
HEUTPOHBI CTAPOTO «IOKOJICHMS M POXKIAIOTCSI HOBBIE HEHTPOHBI.

Ecr B 2 1 10 uncno HEHTPOHOB YBEJIMYUBACTCS C TEUEHHEM BPEMEHH HJIM OCTACTCs MOCTOSHHBIM, M LETHAs peaKkius
uzert. [Ipu k < 1 gncino HEUTPOHOB yOBIBAET W IETTHAS PEaKIUs HEBO3MOXKHA.

KoadpduumenT pasMHOKEHNS ONpeaenseTcs YeTHphMs (pakTaMu:

1) 3axBaTOM MEIJICHHBIX HEHTPOHOB SApPaMu %2 U C TOCHEeIyIOUIMM JEJIeHHEM MW 3aXBaTOM OBICTPBHIX HEHTPOHOB

2y BV,

aapamu 92% p ¢ TaKKe C TOCIIETYIOLINM JIeJICHUEM;

2) 3axBaTOM HEHTPOHOB AApaMu ypaHa 0e3 JIeJCHHUS;

3) 3axBaTOM HEHTPOHOB MPOXYKTAMM JCICHMS, 3aMeUINTeIeM (0 HEM CKa3aHO Jajblle) W KOHCTPYKTHBHBIMH
3JIEMEHTAMH yCTaHOBKH;

4) BBUICTOM HEUTPOHOB W3 JEIAIMICTOCS BEIIeCTBA HapyXKy. JIMIIb MEepBEI MpoIecC COMPOBOXKIACTCA yBEITHUCHHEM

YKcia HEUTPOHOB (B OCHOBHOM 3a CUET JICNICHHS %65 U). Bce ocranmbHble MPUBOAAT K UX yObutH. llemHas peakuusi B 4UCTOM
238
u3oTorre 92 7' HeBO3MOKHA, TaKk Kak B 3TOM ciydae k < 1 (YHcio HEHTpPOHOB, MOTJIONIAEMBIX SIpaMu Ge3 JeNIeHHs, GOJbIIe
quciia HEUTPOHOB, BHOBH 00Pa3yIOIIUXCs 32 CUET NETCHHUS SIIep).
st cTaiioHapHOTO TeueHHsl LIEMHOW peakuuu KOd(PQHUIMEHT pasMHOKEHHs HEHTPOHOB JOJDKEH OBITH paBEH CAMHMUIIE.
3T0 paBEeHCTBO HEOOXOMMO NOAEPIKUBATE C OOJNIBIION TOYHOCTHIO. Yike np kK = 1,01 moyTn MrHOBEHHO IPOU30UAET B3PHIB.
OGpa3oBanue miayroHusi. BaxHoe 3HaueHHe MMeeT HE BBI3BIBAIOLIMI JICICHUS 3aXBAaT HEHTPOHOB spaMH H30TOIA

238 23911
ypana 927 Tlocie 3axBata o6pasyercs paanOaKTUBHEIN u30Ton 92 - ¢ meproaoM moiypacnana 23 MuH. Pacnaa npoucxoaur
C UCI[yCKaHHWEM JJICKTPOHA U aHTHHEHTPHHO W BO3HHMKHOBEHHEM IIEPBOTO TPAHCYPAaHOBOTO JJEMEHTa — HENTYHHS:

239 239 o 03
02U — “aNp + Je + gv,

HeHTyHI/H‘/'I,I -paIMoaKTHBEH C MEPUOJZIOM IIoNypaciiazia OKOJIO JByX aHeW. B mpomecce pacmama HenTyHust obOpasyercs
o (S13% 01115071 TpaHCYpaHOBBII 3JEMEHT — TUTYTOHUM:
239 239 0 05

9aNp — GiPu + Je + gv,.

[ImyTOHUI OTHOCHTENBHO CTAaOWJICH, TaK KaK €ro MephoJ moiypacrana Benuk — mopsaka 24 000 mer. Baxueifmee cBOHWCTBO
IUTyTOHHUSL COCTOMT B TOM, YTO OH JENIHUTCA MOJ BIUSHHEM MEIJICHHBIX HEHTPOHOB, TaK K€ KaK U H30TOII %03 U, [ToaTomy ¢
MOMOIIBIO TIJIYTOHUS TaKXKe MOKET OBITh OCYIIECTBIICHA IIETHAs PEaKIMs, KOTOpasl COMPOBOXKAAETCS BBIJIEICHHEM T'POMAJTHOM
SHEPTHUH.

IenHas peakiust AeeHUS BO3MOXHA Oiarofapsi TOMy, 9TO NIPH JAEJICHUH A1ep MCITyCKaeTcsl JBa-Tpu HeiiTpoHa. bonbnas
YacTh BBIJIENSEMON SHEPTHU IPUXOANTCS HA KWHETHUECKYIO SHEPTUIO OCKOJIKOB JEIISIIUXCS SAEp.

NPUMEHEHUE SAIEPHOM SHEPTUA

Pa3BuTHe sinepHoii 3HepreTukH. [lo TakoMy e IPUHIMITY AEHCTBYIOT BBEAEHHbIE B AKCIUTyaTalnio HoBoBOpoHEXKCKas,
Jlenunrpanckast, Kypckas, Konbckast u qpyrue ADC. PeakTopsl 3TuX cTanuuii umerot momHocts 500—1000 MBT.

ATOMHBIE JEKTPOCTAHLIUU CTPOSITCA MPEXKIIE BCErO B EBPONEHCKOM YacTh CTpaHbl. ITO CBSI3aHO ¢ NpeumyiiectBamu ADC
10 CPAaBHEHMIO C TETJIOBBIMH 3JIEKTPOCTAHIMSIMH, PAa0OTAIONIMMH Ha OPraHMYECKOM TOIUINBE. SIIepHbIe peakTOphl HE IOTPEOIISIOT
JeGUUUTHOrO OpraHUYecKOro TOIUIMBA M HE 3arpyKaroT MEepPeBO3KAMH YIJIs JKEJIE3HOJOPOXKHBIM TPaHCIOPT. ATOMHBIE
ANIEKTPOCTAHIIMK HE TOTPEOISIOT aTMOC(EpHBIH KUCIOPOA M HE 3acOpsIioT Cpely 30JI0d M Hpoiaykramu cropanus. OnHako
pasmemnieHre ADC B ryCTOHACEIEHHBIX 00JIacTAX TauT B ce0e MOTCHIHAIBHYIO YTPO3y.

B peaxTopax Ha TEeNJOBBIX (T. €. MEAJICHHBIX) HEHTPOHAX ypaH HCHONb3yeTcs Juiib Ha 1—2%. [lomHoe ucmonb30BaHue
ypaHa IOCTUTaeTCs B peakTopax Ha OBICTPBIX HEHTPOHAX, B KOTOPBIX 00eCIeunBaeTCs TaKyKe BOCIIPOM3BOJICTBO HOBOTO SAEPHOTO
roprouero B Buje mryroud. B 1980 r. Ha benospckoit ADC cocToscs Myck MEpBOr0 B MUPE peakTopa Ha OBICTPBIX HEMTpOHaX
MoiHocTs0 600 MBT.

SlnepHO# 3HEpreTHKe, Kak ¥ MHOTHM JIPYTHMM OTpacisiM MPOMBIIUIEHHOCTH, NPHUCYIIH BPEJHbIE WM ONACHBIE (aKTOPBI
BO3JICHCTBHSI Ha OKpY’Karollylo cpexy. HanOosplryro NOTEHIMANbHYI0 ONACHOCTH MPEJCTABISET PaJNOaKTHBHOE 3arps3HEHHE.
CroxxHble IPoOJIEMBI BO3HUKAIOT C 3aXOPOHEHHEM PAIMOAKTUBHBIX OTXOJOB U JIEMOHTa)KEM OTCIYXKMBIIHUX CBOI CPOK aTOMHBIX
anekTpocTaHiuid. Cpok ux ciyxObl okoso 20 JeT, 1mociie 4ero BOCCTAaHOBJIEHHE CTAaHIWI HM3-3a MHOTOJIETHErO BO3JECHCTBHS
pazuanuy Ha MaTepHasibl KOHCTPYKIUIT HEBO3MOXKHO.

ADC mpoekTupyercss C pacdeToM Ha MaKCUMalbHYI0 O€30MacHOCTh IepCOHaNa CTAaHIUH H HaceneHus. OIbIT
skcmryataiun ADC BO BCeM MHpe TMOKa3bIBaeT, uTO OMOcdepa HaJe)KHO 3alllHIieHa OT paHalliOHHOTO BO3ICHCTBUS
NPEANPUSATHN SIIEPHOM DHEPreTHMKH B HOPMAJIbHOM peXHMe JKcinryaTanud. OpHaKo B3pBIB YETBEPTOTO peakTopa Ha
YepHoObutbckoit ADC moKa3ai, 4TO PHUCK Pa3pylIeHHS aKTUBHOW 30HBI peakTopa HM3-3a OIMMMOOK TepcoHalla W MPOCUETOB B
KOHCTPYKLIMH PEaKTOPOB OCTACTCS PEaIbHOCTHIO, TO3TOMY IPHHUMAIOTCS CTPOXKANIIINE MEPHI AJIsl CHIDKEHHUS 3TOTO PHUCKA.

SInepHble peakTophl yCTaHABIMBAIOTCS TAKXKe Ha aTOMHBIX ITOJJBOAHBIX JIO/IKAX U JIEIOKOJIaX.
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Sinepuoe opy:xue. Heynpasisemass 1ienHas peakuus ¢ OONbIIUM  KOI(GDHUIUCHTOM  YBEIHUYCHUS HEUTPOHOB
OCYILIECTBIICTCS B aTOMHOU OoMOe.
st Toro 4to0bl MPOUCXOTUIIO MOYTH MIHOBEHHOE BBIZCICHUE SHEPTUU (B3PBIB), PENAKIMs JODKHA MATH HAa OBICTPHIX

. . . 23517 . S P,
HeiiTpoHax (6e3 MpUMeHeHHs 3aMeUIuTeNeit). B3phIBUaThIM BEIIECTBOM CITY’KHT YHCTBIH ypaH 92 U yim wiyTonuit 1 .

Yro6bI MOT IIPOM30MTH B3PBIB, pa3Mephl NEILSIIIETOCS MaTepHala JOJDKHBI MPEBBINATh KPUTHUECKHE. JTO TOCTHIAETCs
100 myTeM OBICTPOTO COEOWHEHMS ABYX KYCKOB JENSIIErocs MaTepHalla C JOKPHUTHYECKHMMH pa3MepaMH, JIMOO Ke 3a cueT
PEe3KOro CxXKaTusi OJHOr0 KyCKa JI0 pa3MepoB, IIPU KOTOPBIX yTEUKa HEUTPOHOB uepe3 MOBEPXHOCTh MaJaeT HACTOJBKO, UTO
pa3Mepbl KycKa OKa3bIBalOTCS HAJIKPUTHUECKUMU. TO M Apyroe oCyIecTBISIETCs ¢ TOMOIIBIO OOBIYHBIX B3PHIBYATHIX BEIIECTB.

[Ipu B3pBIBE aTOMHOM OOMOBI TEMIEepaTypa JOCTUraeT JeCITKOB MILIMOHOB KebBUH. [Ipy Takoi BEICOKOH TeMIieparype
OYEHb PE3KO IOBBINIACTCS JIABJICHHE W 00pa3yeTcs MOIIHAs B3pbIBHAs BOJHA. OJHOBPEMEHHO BO3ZHHMKAET MOIIHOE H3IIydYECHHE.
[IpoxyKThI LIETTHOH peakuy NPy B3pbIBE AaTOMHOI GOMOBI CHIIBHO PAaJMOAKTUBHBI U OTIACHBI JJIS XKM3HU JKUBBIX OPraHU3MOB.

Atomusie 60oMOb1 mpumenwTd CIIA B koHue Bropoit mupoBoii BoitHbI mpotuB SAnonuu. B 1945 r. Opumm cOpormieHs!
aToMHBIe O0OMOBI Ha ATTIOHCKHE Topoaa Xupocuma u Haracaxm.

B tepmosimepHOll (BomoponaHoW) OomOe AN MHUIIMMPOBAHUS PEAKIUM CHHTE3a HCIOJB3YeTCS B3PHIB aTOMHON OOMOBI,
MOMEILEHHOW BHYTPU TEPMOSACPHOM.

HerpuBnansHBIM penieHHEM 0Ka3anochk TO, YTO B3PEIB aTOMHONW OOMOBI HICIIOIB3YETCS HE AT TOBBIIICHUS TEMIIEPATYPBI, a
JUISL CHITBHEHIIIET0 CXKATHSI TEPMOSIEPHOTO TOIUIMBA U3Iy9E€HHEM, 00pa3yIoIUMCsI IPU B3PhIBE aTOMHOMH OOMOBI.

B Hamiell ctpaHe OCHOBHBIE WAEW CO3/aHMs TEPMOSIEpHOIl OOMOBI ObLIM BHIIBHHYTHI nociie Benukoit OteuecTBEeHHOMH
BOUMHBI A. . CaxapoBbIM.
C co3maHueM sAEpHOrO OpyXkus mobena B BOWHE CTajlla HEBO3MOXXHOW. SIjepHas BOiHA CIOCOOHA MPUBECTH YEJIOBEYSCTBO K
ru0eny, Mo3TOMY HapoJbl BCET0 MUpPa HACTOWYIMBO OOPIOTCS 3a 3alpelieHHe SIAEPHOTO OPYKHUS.

TEPMOSIJIEPHBIE PEAKIIUHU
Macca mokos siipa ypaHa 00Jibllie CyMMBI Macc MOKOSI OCKOJIKOB, Ha KOTOpbIE ENUTCs AApo. J[iis Jerkux siuep Aeno o0CTOUT Kak
pa3 Haobopot. Tak, Macca MOKOS spa TeNUsl 3HAYNTEIHHO MEHBIIE CyMMBI MacC IOKOS ABYX SJIEp TSHKEIOr0 BOIOPOAA, HA
KOTOPBIE MOKHO Pa3/IeNUTh SAPO TEIIHsL.

OTO O3HAYaeT, YTO NpPH CIUSHWUHU JIETKUX SJIEp Macca MOKOs yMEHBIIAETCS M, CJIEAOBATENLHO, NOIDKHA BBIACIATHCS
3HaunTeNbHAs »Heprud. [logoOHOro poja peakmuM CIMSHHUS JIETKUX AIEep MOTYT INPOTEKaTh TOJBKO INPH OYEHb BBICOKHX
TemrepaTtypax. [103ToMy OHM Ha3BIBAIOTCS TEPMOSAECPHBIMHU.

TepmosiiepHble peaKIMH — 3TO PEaKIUH CIUSHUSA JIETKUX SAEp IPH OUYCHb BBICOKOH TeMIeparype.

Jlist custHuA siaep Heo6X0AuMo, 4ToObl OHU CONM3UINCH Ha paccTosHue okono 1072 cm, T. e. 4To6bI oHM ToHany B chepy
JISUCTBHS SACPHBIX CHI. DTOMY COJMKEHHUIO NPEMNITCTBYET KYJIOHOBCKOE OTTAJIKUBAHUE SIIEP, KOTOPOE MOXKET OBITh IPEOI0JICHO
JIMIIB 32 cYeT OONBIION KHHETHYECKOM YHEPTUHU TEIIOBOTO JABMKCHUS ATep.

OHeprust, KOoTopas BbIAENAETCS IIPHU TEPMOAACPHBIX PEaKIHUsIX B pacdeTe Ha OAWH HYKIOH, IPEBBIIIAET YACIbHYIO
SHEPTHUIO, BBIIEIAIONIYIOCA NPH IETHBIX PeaKIMAX AeNeHMA sep. Tak, MpH CIUSHUU TSHKEIOro Boxopoja — JeiTepus — co
CBEPXTSDKEIIBIM M30TOTIOM BOJIOPOAa — TPUTHEM — BbLiensieTcss okoso 3,5 MaB Ha onun HykioH. Ilpu nenenmnm sxe ypaHa
BhIZEIsIeTCsT MpuMepHO | MaB sHeprun Ha oMH HYKJIOH.

TepMmosiiepHble peaknuy WrparoT OONBIIYIO pojib B 3BoIIOnMHM BceeneHnoil. DHeprust msnmydenus ConHIa M 3Be3]] MMeeT
TepMosiiepHOe TpoucxoxieHne. [1o coBpeMeHHBIM MpeICTaBICHNSAM, Ha PaHHEH CTAJANU Pa3BUTHS 3Be3Jla B OCHOBHOM COCTOHT
U3 Bojopona. Temmeparypa BHYTpH 3BE3Abl CTOJNb BEJNMKA, YTO B HEH INPOTEKAIOT PEAaKUMHM CIMSHHUA SAEp BOXOPOAA C
00pa3oBaHKeM renus. 3aTeM MpH CIUSHUY SAep reiaus o0pasyloTcs U 0osee TSKENble 3JIEMEHTHI.

TepMosiiepHbIe PeakUy UTPArOT PEIIAIONIYIO POJIb B ABOJIOIMH XMMHYECKOTO cOocTaBa BemecTBa Bo Beenennoil. Bee atu
peaKkuy CONPOBOXKIAIOTCA BBIACICHUEM SHEPTUH, 00ECTIeUNBAIONICH H3JIyuYeHHE CBETa 3BE3/aMHU Ha MPOTSKEHUH MUIUIHAPAOB
JeT.

OcCymiecTBICHHE YNPaBIIEMBIX TEPMOSACPHBIX peakuuii Ha 3emiie CYJIUT YeNOBEYECTBY HOBBIH, MPAKTUYECKU
HeHnc4YeprnaeMblii HCTOYHUK SHepruu. Hambosee mepcrneKTHBHON B 3TOM OTHOIICHHWH pEaKLUeH SBISETCA peaKkuus CIUSHU
Jenrepus c TPUTUEM:

H+ YH —» {He + n.
B aroii peakunu Beigensiercst sHeprust 17,6 MaB. Ilockonbky TpuTHS B NPUPOJIE HET, OH JOJDKEH BBIPAOATHIBATHCS B CaMOM
TEPMOSIIEPHOM PEAKTOPE U3 JTUTHSI.

OKOHOMUYECKU BBITOJIHAS PEaKIys, KaK MOKAa3blBAIOT PacdeThl, MOXKET UATU TOJIBKO IPH HArpPEBaHUM PEArupyOLINX
BEIECTB JI0 TEMIIEPATYPHI MOPS/IKA COTEH MUJUTHOHOB KEJILBUH TIPH OONbINOi mioTHOcTH BentecTra (10'“—10"uactun B 1 cm?).
Takue TemrepaTypsl MOTYT OBITh B NMPHHIMIE JOCTHUTHYTHI IIyTeM CO3JAHUS B IUIa3ME€ MOIIHBIX JJIEKTPUYECKHX Pa3psIoB.
OcHOBHasi TPyTHOCTH Ha 3TOM ITyTH COCTOWUT B TOM, YTOOBI yAEP)KaTh IUIA3MY CTOJIb BEICOKOH TEMIIEPaTyphl BHYTPH YCTAaHOBKH B
teuenue 0,1 — 1 c.

Hukakne cTeHKHM M3 BEmIeCTBa 37€Ch HE TOAATCA, TaK KakK MPH CTOJIb BBICOKOH TEMIIEpaType OHH Cpasy *kKe IMPEeBPaTATCS B
nap. EAMHCTBEHHO BO3MOXHBIM SBISETCS METOJI YAEP)KaHHS BBICOKOTEMIEPATYPHOH IUIa3Mbl B OTpaHMYCHHOM OOBEME C
MOMOIIII0 OY€Hb CHJIBHBIX MAarHUTHBIX moiiell. OgHaKo 0 CHX TOp PEIIUTh 3Ty 3ajady He YAaJoCh M3-3a HEYCTOHYHBOCTU
wia3mel. HeyctoianBocTs MpUBOIUT K AN Y31 YacTH 3apsHKEHHBIX YaCTUI] CKBO3b MarHUTHBIE CTEHKH.
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[t yMeHbIIeHHST HEOTHOPOAHOCTH MarHUTHOTO T10JISI, TPUBOJSIMIEH K M3MEHEHHIO KOH(UTypaluy IIa3MEHHOTO CTOJI0A 1
COOTBETCTBEHHO K ero HeycroWumBocTH, akagemukamu A. J[. CaxaposeiMm m U. E. Tammom Obuta mpemioxena Qopma
TUIa3MEHHOTO CTOJI0a B BUJIE TOpa, KOTOPAask HCIOJIb3YeTCsl HAa YCTaHOBKE, Ha3biBaeMol «Tokamaky.

Ha 5Toif ycTaHOBKE yaaloCh MOMYYHMTh IIasMy Temieparypoi 1,3 ¢ 107 K. Ommako mpoGiaeMa ee yuepiKaHUs €IIe He
perieHa.

[ToMuMO HEPTEeTHIECKOro MPEUMYIIECTBA, IPH TEPMOSAEPHBIX PEaKIMAX HE 00pa3yroTcsl pafilOaKTHBHBIE OTXOJbI, T. €.
HE HaJI0 peIaTh NpoOJIeMbl 3arps3HEHUS OKPY’KarOIIEH CPEIbL.

B Hacrosmmee BpeMs CymecTBYeT YBEPEHHOCTD B TOM, YTO PAaHO MM TTO3IHO TEPMOSIICPHBIE PEaKTOPHI OYAYT CO3IaHBI.

YdeHble HaIIeH CTPaHbBl JOCTUINIM OONBIIMX YCIEXOB B CO3JaHHM YNPABISIEMBIX TEPMOSIEPHBIX pEaKnuil. DT pabOTHI
ObLTH HayaThl MO/ PYKOBOJICTBOM akaneMHkoB JI. A. Aprumosuda 1 M. A. JIeOHTOBHYA U IPOAOIDKAIOTCSA UX YUCHUKAMHU.

[loka e ynamoch OCYIIECTBUTH JIMIIb HEYIPaBISEMYIO PEaKLUIO CHHTE3a B3PHIBHOTO THIIA B BOJOPOJHOH (MM
TepMosiiepHO) bomoe.

OcylecTBiIeHNe yINpaBiIIeMbIX TEPMOSAECPHBIX PEAKLUi CHOCOOHO PEUIMTh DHEPreTHUECKYIO IPOOJIeMy UellOBEYECTBaA.
Heynpasiisiemble TepMOsiiepHbIE PEaKIK B BOJOPOIHBIX OOMOaX MOTYT YEJIOBEYECTBO YHUUTOXKHUTb.

BUOJIOTNYECKOE JIEUCTBUE PAAUOAKTUBHbBIX U3JIYUYEHUM
W3nydenns painoakTHBHBIX BEIIECTB OKA3bIBAIOT OUCHb CHIIBHOE BO3ACHCTBHE Ha BCE JKMBBIC OPraHU3MBL. J{ake CpaBHUTEIBHO
cmaboe W3IIydeHHe, KOTOpOE NpPH IIONHOM TOTJIONMCHHH NOBBIMIAeT Temreparypy Tema numbe Ha 0,001 °C, nHapymaet
KHU3HEACATCIBHOCTD KIIETOK.

KuBass KJI€TKa — 3TO CIOXKHBI MEXaHM3M HE CIIOCOOHBIM MPOJO0INKATh HOPMAIBHYIO JEATEILHOCTh Jajiee NMPH MaibIxX
MOBPEXICHUAX OTACIBHBIX €ro y4acTKOB. MeXIy TeM M ciabble M3JIydeHHS CIIOCOOHBI HAHECTH KIIETKaM CYIIECTBEHHBIC
TOBPEKACHUS U BbI3BaTh OMAacHbIe 3a00eBanus (JrydeBasi O0Ie3Hb).

[Tpu GoBLIOI MHTEHCHBHOCTH U3JTy4YCHUS JKUBBIE OPraHU3MbI NOrn6atoT. ONacHOCTh U3NIy4YEHUI ycyryOuseTcs: TeM, 4To
OHU HE BBI3BIBAIOT HUKAKUX OOJIEBBIX OIIYIIEHUH NaXke MPU CMEPTEIbHBIX 03aX.

MexaHu3M OHOJIOTMYECKOT0 ASHCTBHUS M3TyUeHHs], HOPaXKaIOIIero 00bEKTHI, eIlle HelocTaTOYHO u3ydeH. Ho sicHo, 4To OHO
CBOIMTCS K HMOHM3allMMd aTOMOB W MOJEKYJl M 3TO NPUBOAMT K H3MEHEHHMI0 HMX XHMHYECKOM akTHUBHOCTH. Hambonee
YYBCTBUTEIBHBl K H3JIYYCHHMSIM sIpa KIETOK, OCOOCHHO KIIETOK, KOTOpble ObicTpo zaeisitcs. IloaToMy B mepBylo odepenb
M3JTy4CHHUS TTOPa’Kar0T KOCTHBIM MO3T, W3-3a YEeTo HapyIIaeTcs mporecc oOpa3oBaHus KpoBH. Jlajee HACTYMaeT MOPaKeHNE KIETOK
MHIIEBAPUTEIHHOTO TPAKTA M JPYTHX OPTaHOB.

CuiipHOE BIMSHHE OKa3bIBAaeT OOJydeHHE Ha HACIECICTBEHHOCTH, IIOPaXkas I'eHBI B XpoMOcoMax. B OoibIIMHCTBE citydaes
3TO BIHMSIHUE SIBIIAETCS HEOJIArONPHUATHBIM.

OOnyueHne >KUBBIX OPraHM3MOB MOXKET OKa3blBaTh W OIPENECICHHYIO MONb3y. BBICTpOpasMHOXarommuecs KIETKH B
3JI0Ka4eCTBEHHBIX (PaKOBBIX) OIMYyXOJISIX OOJiee YyBCTBUTEIBHBI K OOJTydCHHUIO, YeM HOpMajbHbE. Ha 3TOM OCHOBaHO MoJiaBlIcHNE

PaKoBOH OMyXonM ! -ITydaMd paJMOaKTUBHBIX MPENapaToB, KOTOpbIE A 3TOM leiu Gonee 3GQEKTHBHBI, YeM PEHTTEHOBCKHE
Jy4H.

Jo3a u3iaydyenus. Bo3nelicTBue U3J1y4eHUN HA KMBBIE OPIaHU3MBI XapaKTepU3yeTcs 10301 u3nydeHus. IlormomeHHom
J1030if M3JIyYeHHUs] Ha3bIBAETCS OTHOIICHHE IOTJIOMEHHON »Heprun E MOHM3MpYIOImero M3iaydeHHs K Macce m 00IydaeMoro
BEIIIEeCTBA:

;YA (13.6)
m
B CU mornomeHHy0 103y M3IyY4eHHs BBIPaXarOT B TpasX (cokpameHHo: ['p). 1 I'p paBeH MOTIIOMEHHON 03¢ M3ITyYeHHS, TIPH
KOTOpOH  OONy4eHHOMY BEIIECTBY Maccoi | Kr Tmepemaercss OSHEprus HWOHM3MpYylomero wminydeHus 1 Jxk:

1Tp=1 Ao o
KI
EcrectBenHsIii $oH paguanuy (KOCMHYECKHE JTydH, PAJHOaKTUBHOCTh OKPY)KAIOIIEH Cpelbl M YeIOBEYECKOro Tela) COCTaBIISET
3a roj 103y m3nydenus okoyo 2 ¢ 107 I'p Ha 4enoseka. MexmyHapoHas KOMUCCHS 10 PaJIMAIMOHHON 3allUTe yCTAHOBUIIA JUIs
T, paboTaloNMX ¢ M3ITyYeHHEM, MpeelbHO nomyctumMyro 3a ron mo3y 0,05 I'p. Jo3za msmyuenus 3—10 I'p, momydeHHas 3a
KOPOTKOE BpeMsI, CMEpTeNbHa.

Pentren. Ha mpakTnke mMHUPOKO HCHOJB3YeTCS] BHECHCTEMHAs €IUMHHIA SKCIIO3WIIMOHHOHN 03Bl M3IYyYEHUS — PEHTTeH
(cokpamienno: P). Drta eguHuIA sBISETCS MEPOW HMOHM3HPYIOMIEH CIOCOOHOCTH PEHTTEHOBCKOTO M TraMMa-m3iydeHuid. Jloza
M3JIydeHus paBHa ogHoMy pertreny (1 P), ecmm B 1 cm® cyxoro Bosayxa npu temmepatype O °C u mapiaenun 760 MM pT. CT.
00pasyeTcs CTOJIBKO MOHOB, YTO UX CyMMAPHBIH 3apsy KaXI0ro 3Haka B OTAENbHOCTH paBeH 3 ¢ 107'°Ki. IIpu sToM momydaercs
npumepro 2 ¢ 10° map noHoB. YnCiI0 06pa3yrOIIMXCS MOHOB CBS3aHO ¢ IOTJIOMIAEMON BENIECTBOM JHEPTHEN. B mpakTmueckoii
JIO3UMETPUU MOXKHO cUUTaTh 1 P mpuMepHO 3KBHBaIeHTHBIM NOIIOMEHHOM no03e u3nydenus 0,01 I'p.

XapakTep BO3ACHCTBUS M3ITyUCHHs 3aBUCHT HE TOJILKO OT JO3bI MOTJIOIIEHHOIO U3JIy4eHHs, HO U OT ero Buja. Pazmuuue
OMOJIOrMYeCKOT0 BO3JCHUCTBHS BHIOB M3IIYYEHUsI XapakTepusyercs KOd(PQHIMEHTOM KadecTBa K. 3a €IMHMILy IPHHUMACTCS
K03 PUnneHT KauecTBa PEHTTEHOBCKOTO u raMMa-u3IydeHHsI.
Camoe Oompmroe 3HadeHHe Koddduumenta kagectBa y U -gactun (k = 20), ¥ -myum sBIsAIOTCS CaMBIMH ONACHBIMH, TaK Kak
BBI3BIBAIOT CaMbIe OOJBIIHE Pa3pyIICHHS KHUBBIX KICTOK.


http://school.xvatit.com/index.php?title=Реликтовое_излучение_Большого_взрыва
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JIJiss OLCHKHM JCWCTBUS M3IYyYCHUS HA JKUBBIC OPTaHU3MBI BBOJUTCS CIICHIHANbHAS BEJIMYMHA — OSKBUBAJICHTHAS 1032
MOTJIONIEHHOTO ~ W3JIYYCHUS. OTO MPOU3BEACHUE JIO3bI  IOTJIOMICHHOTO M3Iy4eHHWs Ha KO3 (QUIMEHT KadecTsa:
H = D . k.
Emuanna skBuBaneHTHOH m03b1 — 3uBepT (3B). 1 3B — OSKBHBaJeHTHas 1032, NMPH KOTOPOH 032 IOTJIOMIEHHOTO TamMMa-
n3nydyeHus pasHa 1 I'p.

MaxcumansHOe 3HaYCHHE SKBUBAJICHTHOW JO03BI, TIOCIIE KOTOPOTO IMPOUCXOANT ITOPaKCHNE OpTraHW3Ma, BBIpa)karomieecs B
HapYIICHUHN JCTICHNS KIeTKH I 00pa30BaHUU HOBBIX KIIETOK, 0,5 3B.

CpenHee 3Ha4YeHWE SKBHUBAICHTHOH O3Bl IOTJIOMIEHHOTO WM3ITyYeHHS 3a CYET E€CTECTBEHHOTO paIHallMOHHOTO (oHa
(KOCMHUYECKHE JTy4H, paIUOAKTUBHEIE H30TOIIBI 36MHON KOPHI U T. [I.) COCTaBJIsAEeT 2 M B B TOJI.

3ammuTa opranu3MoB oT W3aydeHust. [Ipu pabote ¢ I0OBIM UCTOUHUKOM PATHaNnH (PaTuOaKTUBHBIC H30TOIBI, PEAKTOPBI
U JIp.) HEOOXOAMMO NMPUHUMATh MEPHI [0 PaJUAIIMOHHON 3aIUTE BCEX JIFOJCH, MOTYIIHX MMOMACTh B 30HY ACUCTBUS U3ITyYCHHUS.

CaMpIii MPOCTONH METOJ 3allUThl — 3TO YNAJICHHUEC NEPCOHANa OT MCTOYHUKA H3IYYCHHS Ha JIOCTATOYHO OOJIBIIOE
paccrosaue. [laxke 0e3 ydyera MOTTIOMICHHS B BO3yXe MHTCHCUBHOCTh PAJHAlMU YOBIBACT 0OPATHO MPOMOPIUOHANIBEHO KBAIPATy
pACCTOSHHS OT MCTOYHHKA. [103TOMY aMITylbl ¢ paTuOaKTUBHBIMY MperapaTaMy He cieayeT OpaTh pykamu. Hamo moms3oBaThes
CICIAANTBEHBIMY IHUIIAMY C JUTMHHON PYYKOi.

B tex ciyuasx, Koraa yiajieHnue OT HCTOYHUKA N3IYICHUS Ha JOCTATOYHO OOIBIIOE PACCTOSHIE HEBO3MOYKHO, IS 3AIIUTHI
OT U3ITY4CHUS HCIONB3YIOT MPETPaabl U3 MOTIIOMAOIINX MaTEPHUAIOB.

HauGonee cnoxkHa 3ammura OT | -mydell M HEHTPOHOB M3-3a MX OOJBILIOH NpoOHHKaKOIIEH crnocodHocTh. Jlydrmm

nornoTuTeseM | -mydeil sBaseTcss cBMHEN. MeJUleHHbIE HEHTPOHBI XOPOIIO TOIJIOMAKTCS GOpOM M KajMHEM. BhicTpbie
HEUTPOHBI IIpeaBapUTeILHO 3aMeJUIAIOTCS c MOMOIIBIO rpadura.
[MTocne aBapuum Ha YepHOoOBUTIECKONH ADC MeXayHapOAHBIM areHTCTBOM 10 aTtoMHoi sHeprun (MAI'ATD) mo mpeanoxeHuro
Haleil CTpaHbl IPUHATH PEKOMEHAALUH 110 JTOMOJHUTEIBHBIM MepaM 0€30IaCHOCTH SHEPreTHUECKUX PEaKTOPOB. Y CTaHOBIICHBI
Ooree cTporue periiaMeHThl padot nepconana ADC.

Asapus Ha YepHOOBITHCKON ADC MmoKa3asia OTpOMHYIO OITACHOCTh PaJIMOAKTUBHBIX M3Iy4YeHUH. Bee mronu JomKHE UMETh
Ipe/CTaBICHUE 00 3TOI OMACHOCTH M MEpax 3alIHUTHI OT HEe.

Jlekuusa NelS

Tema: «Boaa u pacrBopsl. CBoiicTBa BOABD

1. Bompocs! nekuuu:

1.1. duznueckre U XUMUYECKUE CBOWCTBA BOJBI.

1.2. PacTBOpeHHE TBEP/IBIX BEIIECTB U Ta30B.

1.3. Boansie pecypchbl 3eMin.

1.4.MaccoBas 710715 BEIIECTBA B PACTBOPE KaK CIIOCO0 BBIPAXKEHHS COCTaBa PacTBOpa.
1.5.KagectBo Bobl. CaHUTAPHO-TUTUEHUYECKUE TTOKA3ATEIN BOJIBI

1.6. 3arps3HATENHN BOJBI U CIOCOOBI OUUCTKHU.

1.7. XKectkas Boga u ee ymsardenue. OnpecHeHue BOJIbI.

2. KpaTkoe coaep:kaHue BONPOCOB.
dusnyeckne H XUMHYECKHE CBOMCTBA BOJIbI.

Brnaromapst cHUIbBHOMY TPUTSDKESHHIO MEXITy MOJIEKYJIaMH Y BOZIBI BeICOKHE Temreparypsl miainerus (0° C) u KummeHus
(100° C). ToncTelit cioif BOABI MMEET ToyOOW I[BET, YTO OOYCIIOBIMBACTCS HE TOJBKO €€ (PM3UUECKUMH CBOHCTBAMHU, HO H
MPUCYTCTBHEM B3BEIIEHHBIX YacCTHIl MpuMeceil. Boa ropHBIX pek 3eleHoBaTas U3-3a COACPIKAIIMXCA B HEW B3BEIICHHBIX YaCTHIL
KapOoHaTa KalbIIHs.

PacTBOpeHue TBepbIX BellleCTB H I'a30B.

PacTBOpAIMOCTH — CTIOCOOHOCTH BeliecTBa 00Pa30BBIBATE C IPYTMMHU BEIIECTBAMH OJHOPOAHBIE CHCTEMBI — PacTBOPHI,
B KOTOPBIX BELIECTBO HAXOMUTCS B BUAE OTICNBHBIX aTOMOB, MOHOB, MOJEKYN WJIHM YacTHI. PacTBOPMMOCTH BBIpa)kaeTcCs
KOHIICHTpAIMEeH pacTBOPEHHOTO BEIISCTBA B €ro HACHIIIEHHOM pAacTBOpE JIMOO B MPOLEHTAX, JIMOO B BECOBHIX MM OOBEMHBIX
enuHUIAx, oTHecEHHBIX K 100 r mwmm 100 cm® (M) pactBopurens (/100 T wmi ¢cm?/100 cm?). PacTBOpEMOCTE Ta30B B KHIKOCTH
3aBUCHUT OT TEMIEPATypPhI U IaBJIECHHS. PacTBOPUMOCTE JXHIKHUX U TBEPABIX BELIECTB — MPAKTHYECKH TOJBKO OT TEMIIEPATYPHI.

Boansie pecypcesl 3emun.

BonHbIe pecypchl — MOBEPXHOCTHBIE U MOJA3EMHBIC BOJIBI, KOTOPbIE HAXOATCS B BOAHBIX O0BEKTAX M UCIIONB3YIOTCS HIIH
MOTyT OBITh HCIIONB30BaHbl. B Gosee MIMPOKOM cMbicie — BOABI B JKHAKOM, TBEPAOM M Ta3000pa3HOM COCTOSIHUM M HX
pacnpeneneHue Ha 3emite.

Bonnsie pecypcsl — 3T0 Bce BOABI THIPOCHEPHI, TO €CTh BOABI PEK, 03€p, KaHAJIOB, BOJOXPAHMIIHIL, MOpEil 1 OKEaHOB,
MO/3eMHbIE BOJIbI, IOYBEHHAs BJIara, BOAa (JIbJ(bl) TOPHBIX U MOJSIPHBIX JIEIIHUKOB, BOJSTHBIE MAPBl aTMOC(EPHI.

MaccoBasi 10J151 BellleCTBa B pacTBope Kaxk cnocood BBIPAYKECHUA COCTaBa pacTBopa.
KonmgecTtBeHnHbIll cocTaB pacTBOpa Yami€ BCETO BBIPAXKACTCA C MOMOMIBIO MOHATHA «KOHOCHTpAIWW», IMOJA KOTOPBIM
IMOHUMACTCA COACPIKAHUC PACTBOPCHHOI'O BCUIECCTBA (B OIpPEACICHHbBIX C,HI/IHI/IIIE[X) B €IMHHUIIC MAaCChl UJIN o0bema.
MaccoBast JA0JIfl — OTHOLICHHUE MacCChl paCTBOPEHHOI'O BEIIECTBA K MacCe pacTBopa

w(8-6a) = m(6-6a)/m(p-pa)


http://school.xvatit.com/index.php?title=Радиация_вокруг_нас
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O0BemHast 10J1s1 — OTHOILICHNE 00beMa ra3a K 00beMy BCel CMECH Ta30B

o(eaza) = V(zaza)/V(cmecu)

MoJibHast 10151 — OTHOIIICHHE KOJIMYECTBA BELIECTBA B CYMME KOJIMYECTB BEIIECTBA M PACTBOPUTEIIS
x(8-8a) = n(s-8a)/(n(s-6a)+n(p-pa))

MouisijibHasi KOHIEHTPAIMS, WU MOJSUTBHOCTh — OTHOIIICHHE KOJIMYECTBA BELIECTBA K MacCe PaCTBOPUTEIIS
B(s-6a) = n(s-6a)/m(p-14) (MOIB/KT)

MaccoBasi KOHIIEHTPAIUsl — OTHOIIICHUE MAcChl BEI[ECTBA K 00bEMY pacTBopa

P(s-6a) = m(s-6a)/V(p-pa) (r/m)

TuTp — Macca pacCTBOPEHHOI'O B-Ba B 1 MJ1 pacTBOpa

T(s-6a) = m(s-6a)/V(p-pa) (/M)

MouisipHasi KOHIIEeHTPALHUsI — OTHOLICHHE KOJIMYECTBA PACTBOPEHHOT'O BEIIECTBA K 00BEMY pacTBOpa
C(s-6a) = n(s-6a)/V(p-pa) (Monb/n)

KauecTBo BObI. CAHUTAPHO-TUTHEHUYECKHE NT0KA3aTeJH BObI

OcyliecTBI€HUE TOCCAHAMUIHAA30pa B HOBBIX IPABOBBIX, 3KOHOMHYECKHX M OPraHU3AIMOHHBIX YCIOBHAX
OPHEHTHPOBAHO Ha TPAAWIMOHHBIC IIPHOPUTETHI, OCHOBAHUEM Pa3BHUTHUs KOTOPBIX SBIAETCA 00ECHEUEHUE 30POBON CaHUTapHO-
SMHUIEMHUOIOTHYECKON 00OCTaHOBKH JUIS HACENICHNS CTPAHBbI. BBIIENAIOT OCHOBHBIE ITOKA3aTEHN Ka4eCTBa BOIbBI

MyTHOCTb — MOKa3aTenb KauecTBa BOJBI, OOYCIOBICHHBIH MPHUCYTCTBUEM B BOJE HEPACTBOPEHHBIX M KOJJIOHIHBIX BEIICCTB
HEOPraHMYECKOTO M OPTaHWYECKOTO MPOUCXOXKACHHUS. [IpHUMHON MYTHOCTH MOBEPXHOCTHBIX BOJ SIBIISIIOTCS WIIBI, KPEMHHEBAs
KHCIIOTa, THIPOOKUCH >Xelie3a M aTIOMUHHSA, OPTaHWIECKHE KOJUIOWABI, MUKPOOPTaHW3MBl M IUIAaHKTOH. B IpyHTOBBIX BoOjax
MYTHOCTh BBI3BaHA NPEUMYIIECTBEHHO MPUCYTCTBHEM HEPACTBOPEHHBIX MHHEPAIbHBIX BEIIECTB, a MPU HNPOHUKAHUU B TPYHT
CTOYHBIX BOJ — TaKXe M IPHCYTCTBHEM OpPraHMYecKuX BeulecTB. B Poccun MyTHOCTH ompeneisioT (poTOMETpUYECKHM ITyTeM
cpaBHEeHUsI Npo0 HCClelyeMOl BOJBI CO CTAaHIAPTHBIMU CYCHEH3MSMH. Pe3ynbTaT M3MEpeHHH BBIp@XKAlT B MI/AM3 mnpu
HCIIOJIb30BaHIM OCHOBHOMH cTaHIapTa

Mepa npo3payHOCTH — BBICOTA CTOJIOA BOJbI, TP KOTOPOI MOKHO HaOJII0/IaTh OIyCKaeMyI0 B BOAY Oelylo IIaCTUHY
ornpezereHHbIX pa3MepoB (auck CekkW) WM pasiauyarh Ha Oenoil Oymare mpudT ompeneseHHOro pasMepa U Tuna (mpudT
CHesiena). Pe3ypTaThl BEIpaXkaroTCsl B CAaHTHMETpax.

I{BeTHOCTH — MOKa3aTeldbh KAadeCTBAa BOJBI, OOYCIOBJICHHBIH ITaBHBIM 00pa3oM IPHCYTCTBHEM B BOJE I'YMHHOBBIX H
¢yapdoBBIX KHCIIOT, a Takke coequHeHni xeneza (Fe3+). KonmnyecTBo 3THX BeIECTB 3aBHCHT OT T'€OJOTMYECKHX YCIOBHH B
BOJIOHOCHBIX TOPH30HTaX M OT KOJIMIECTBA U pa3MepoB TOPQSIHUKOB B OacceiiHe HCCIeayeMOn PeKH.

3apmax — moKasaTeldb KadecTBA BOJBI, OIPEACTAEMBIH OPraHOJENTHYECKUM METOIOM C IIOMOIIbI0O OOOHSHMS Ha
OCHOBAHMH IIKaJIbl CHIIBI 3amaxa. Ha 3amax BOABI OKa3bIBAaIOT BIHMSHHE COCTAB PACTBOPEHHBIX BELIECTB, TEMIEPATypa, 3HAUCHUS
pH wu nensiii psn npounx daktopoB. VIHTEHCHBHOCTH 3amaxa BOJBI OmpenessiorT skcrnepTHbiM mytem mpu 20 °C u 60 °C u
HU3MEpAIOT B Oaax, COrIacHO TPeOOBAHUAM.

Crnenyer TaKxke YKa3bIBaTh rpymiry 3amaxa o clenyrouei ki1accudukamu:
ITo xapakTepy 3amaxu A€JAT Ha J{BE TPYIIIHL:

. €CTECTBEHHOTO IPOUCXOXKACHUSA (KUBYIIME M OTMEPIIHE B BOJE OPTraHU3MBI, 3arHUBAIOIINE PACTUTEIHHBIC
OCTaTKH U Jp.)

. MCKYCCTBEHHOTO TIPOMCXOXK/ICHNS (IPUMECH ITPOMBIIUICHHBIX U CEIbCKOXO3SHCTBEHHBIX CTOYHBIX BOJ).

Boaopoanblii nmokasarens (pH) - xapakrepusyeT KOHLIEHTPALMIO CBOOOAHBIX MOHOB BOJOPO/A B BOJE M BBIpaXKaeT
CTEINEeHb KUCJIOTHOCTH WM IIEIOYHOCTH BOJIBI (COOTHOIIEHHE B Bojie HoHOB H+ 11 OH- oOpasyroniuxcs npy JUCCOLMAIINH BOJIBI)
1 KOJINYECTBEHHO ONpeAesieTcsl KOHIeHTpaueil noHos Bogopona pH = - Ig [H+]

KncnoTHOCTBIO Ha3BIBAIOT COJIEP)KaHKE B BOZIE BEIIECTB, CIIOCOOHBIX BCTYNATh B PEakuuio ¢ ruapokcua-nonamu (OH-).
KucaoTHOCTS BOABI OTpeieTsieTCsl SKBUBAJICHTHBIM KOJIMYE€CTBOM THIPOKCHIA, HEOOXOAUMOTO IS PEeaKI[UH.

O0mas (moJHas) KeCTKOCTh — CBOMCTBO, BBI3BAHHOE NMPHCYTCTBUEM PACTBOPEHHBIX B BOJE BEIIECTB, B OCHOBHOM -
comeit kampiust (Ca2+) u marnust (Mg2+), a Takke IPYruX KAaTHOHOB, KOTOPHIE BBICTYMAIOT B 3HAUMUTENHHO MEHBIITNX
KOJINYECTBAaX, TAKUX KaK MOHBI: JKeNe3a, alloMUHNA, Mapranna (Mn2+) U TsDKEJIBIX MEeTaIoB (CTpoHImH Sr2+, 6apuit

IIle10YHOCTBLI0 BOABI HA3BIBAETCS CyMMapHasl KOHIIEHTpalMs COJEPIKALINXCS B BOJAE AHHOHOB CJIAOBIX KHCIOT H
THIPOKCHIIBHBIX MOHOB (BBIp@&KE€HA B MMOJIB/N), BCTYIAIOMINX B PEAKIHIO IPH JTaOOPATOPHBIX HCCIEIOBAHUSIX C COJITHOM MIIH
CEepHOI1 KUCIIoTaMy ¢ 00pa30BaHNEM XJIOPHCTBIX MIIM CEPHOKHUCIIBIX COJIEH MIETIOYHBIX U IIEJI0YHO3EMEIbHBIX METAUIOB.

OxucasgeMocTs — 3TO MOKa3aTelb, XapaKTEPU3YIOLUINH COAEepKaHUE B BOJE OPraHUYECKUX U MUHEPAIIbHBIX BEIIECTB,
OKHCJIIEMBIX CHJIBHBIM OKHcauTeneM. OKHCIsieMOocTh BbIpaxkaeTcs B MrO2 HeoOXOAMMOTO Ha OKHCICHHE 3THX BEIIECTB,
coaepxamuxcs B 1 1M3 uccnenoBaHHo Boabl. CMOTPST OpraHU4eCcKUe BEIECTBA B BOJE.

DJ1eKTPONPOBOIHOCTH — 3TO YHUCIICHHOE BBIP2XKEHHE CIIOCOOHOCTH BOAHOI'O PacTBOPa MPOBOIUTH 3JIEKTPUIECKUH TOK.
OnekTpuyeckass MPOBOAUMOCTh NPHUPOJHOM BOJBI 3aBHCHUT B OCHOBHOM OT CTENEHH MUHEpaIH3aluH (KOHIEHTpanuu
PacTBOPEHHBIX MUHEPAIBHBIX COJIEH) M TeMIlepaTypsl. biaromaps 3Toi 3aBUCHMOCTH, IO BETTMYUHE JIEKTPOIIPOBOIHOCTH MOXKHO
C OTPEECTICHHOM CTETNeHBIO OTPEIIHOCTH CYANTh O MHUHEPATIH3AINN BOIHI. )

33Fpﬂ3Hl/lTeJ'll/l BOAbI U CIOCOOBI OUHMCTKH.
N3MeHeHnsT XUMHUYECKOTO H q)HBI/IqCCKOFO COCTOSIHUSI MM OHMOJIOTHYECKHX XapakKTCpUCTUK BOIBI, OrpaHUYUBAIONINEC
ﬂaﬂbHeﬁIlIeC €C yHOTpC6J'[CHI/I€. HpI/I BCEX THUIIaX BOJOIIOJIB30BAaHHWA MCHAKOTCA 6o (1)I/I3I/I‘I€CKOG COCTOSAHHUEC (Hal'[pI/IMep, npu



HarpeBaHuM), TM00 XMMHUUYECKHI COCTAaB BOABI - NP MOCTYIICHUH 3arps3HSIONIUMX BEIIECTB, KOTOPBIE JEISITCS Ha JIBE OCHOBHBIC
TPYNIBL: CO BPEMEHEM W3MEHSIOLINECs B BOAHOI cpene M ocraromuecs B Heil HensMeHHbIMHU. K mepBoi rpymme oTHocATCS
OpPraHMYecKHue KOMIIOHEHTHI OBITOBBIX CTOKOB M OOJIbIAsl YacTh HPOMBINIJICHHBIX, HAIPUMEP OTXOABI LIEJUII0JIO3HO-0yMasKHBIX
npennpusTHii. BTopyro rpymiry cocTaBisiioT MHOTHE HEOPTaHWIECKHE COJIM, HAPUMEp Cynb(haT HATPHsI, KOTOPHIH HCIIOJIB3YeTCs
KaK KPacHUTeJNb B TEKCTHIILHOHN NTPOMBIIUICHHOCTH, ¥ HEAKTUBHBIE OPTaHNYECKHUE BEIECTBA TUIIA TIECTUIIHIOB.

Kecrkas Boaa u ee ymsiryenme. OnpecHenue BO/Jbl.
OmnpecHéHne BO/bI — yAaJICHHE U3 BOJbI PACTBOPEHHBIX B HEH COJCH C LeNbI0 caenarh e€ MPUTrOAHON Al MUThS WK
JUTS BBITTOJTHEHHS OTIPEINEHHBIX TEXHUIECKUX 3a1ad.

Jleknusa Nel6

Tema: «cATMOc(epa H KIMMAT»

1. Boripocs! neknun:

1.1. AtMocdepa n KIMaT.

1.2. Xumuueckuii cocTaB BO3ayxa.

1.3. 3arpsi3HeHne aTMOC(Ephl U er0 HCTOYHUKH.
1.4. O30HOBBIC ABIPHL.

1.5. KucnoTHsle ocagku.

1.6. ITapHUKOBEII1 A deKT.

1.7. Crioco6b1 3amuThl atMochepsl OT 3arpsI3HCHUH.

2. KpaTkoe coaep:kaHue BONPOCOB
ATtmocdepa u KIUMaT.

XapaKkTepucTHKa KIMMaTHYECKUX YCIOBHH, HCIIOJIb3yeMas IIPH OIIMCAaHWHU TOTO WIIM MHOTO PalioHa, MPEACTABIsIET CO00i
KOMIIJICKC CpC€AHUX CYTOUYHBIX, MCCAYHBIX W T'OJOBBIX 3HAYEHHH BCEX METCOPOJIOTUIECKUX BCJIWYUH, a4 TAKKE HAaHHBIX 06 ux
HU3MCHYHBOCTH. Ka)K[[aﬂ METCOPOJIOTUYCCKAasA BCIMYMHA HETOCPECACTBECHHO BJHACT Ha APYIru€ XapaKTCPHUCTUKU COCTOAHUA
aTMoc(epbl, KOTOPHIE B COUYCTAHUN M B3aUMOJICHCTBHIHM a CO3/IAf0T TO, YTO MBI Ha3bIBaeM "KIIMMAaTHYECKUMH yCIOBHAMU'".

AtMmocdepa: ee cTpoeHHe, MpeAHA3HAYEHHE W UCMOJb30BaHue ATMochepa (OT rped. atmos — u sphaira — map) —
ra3oBas 00oouka 3eMiH, Bpamaromasicst BMecTe ¢ Heil. JKu3Hp Ha 3emiie BO3MOXKHA 10 T€X MOp, MOKa CyIIecTBYeT aTMocdepa.
Bce xuBbIe OpraHU3MBI HCHONB3YIOT BO3AYX aTMOC(Ephl I IBIXaHHs, aTMOocdepa 3alliIiaeT UX OT MaryoHOTO BO3ACHCTBHS
KOCMHYECKHX JIydeil U TeMIIepaTyphbl.

Atmoctepa mpoctupaeTcs BBepxX OT moBepxHocTH 3emun npuMepHO 3000 kM. C BBICOTOH MEHSIOTCS XUMHYCCKHIA
cocTtaB M (hU3MUECKHE CBOMCTBAa aTMOC(Ephl, 1 B COOTBETCTBUM C 3THUM €€ MOAPA3AeAIOT Ha mponocgepy, cmpamocgepy,

mesocghepy, uonocgepy (trepmocdepy) u axzocghepy.

OcHoBHasi Macca Bo3ayxa B armocdepe (1o 80%) HaxXomuTCs B HMKHEM, MPU3EMHOM ciioe — Tporochepe. TomuHa
Tponocgeps! B cpeaneM 11-12 km: 8-10 kM — Hax momrocamu, 16-18 kM — Hax skBaTopoM. Ilpu ynaneHuH OT MOBEpXHOCTH 3eMIH
B Tpomochepe MPOUCXOAUT MOHMKEHHE TeMIeparypbl Ha 6C Ha Kaxplid kutomerp. Ha Beicore 18-20 kM IU1aBHOE YMEHbBIIICHHE
TEMIIepaTyphl IPEKPAIIACTCs, OHA OCTACTCS MOYTH MOCTOSHHOMN: -60-70°C. DTOT y4acTok atMoc(ephbl Ha3bIBACTCS TPOIOMAY30ii.
Crnenmyromuii cinoit — crparocdepa — 3aauMaeT BbIcOTy 20-50 KM OT 3eMHOW MOBEpPXHOCTH. B Heil cocpemoTrodeHa ocTaibHas
(20%) wactp Bo3ayXxa. 31€Ch TEMIIEpaTypa MOBBIIIACTCS IPH YAAJIEHUH OT MOBEPXHOCTH 3eMir Ha 1-2°C Ha Ka)KAbIi KHIOMETp U
B cTparomnay3se Ha BeicoTe 50 — 55 kM moxomut no 0°C. lanee umet cioit Me30chephl, pacloIoKeHHBIH Ha BeIcoTe 55 — 80 KM.
IIpu ynanenuu ot 3emiu TemnepaTypa B HeM noHmxkaercs Ha 2- 3C Ha 1 kM, 1 Ha BeicoTe 80 KM, B M€301ay3€, OHA JIOCTUraeT -
75...-90°C. Tepmocdepa u s3kocdepa, cooTBeTcBeHHO 3aHIMaronue BeIcoTh 80 — 1000 m 1000 — 2000 kM, IpecTaBIAIOT COOOH
HanOoJiee pa3peXeHHbIE YaCTH aTMOC(epsl. 37eCh BCTPEUAIOTCs JIMIIb OTAEIbHBIE MOJIEKYJIBI, aTOMBI M HOHBI Ta30B, IUIOTHOCTh
KOTOPBIX B MIJIJTMOHBI Pa3 MEHbIIIE, 4YeM Yy noBepxHocTu 3emin. Ciiesibl ra30B 00Hapyk eHbl 10 BBICOTHI 10 -20 ThIC. KM.

TonmuHaa BO3AYIIHOW 000JIOYKM CPaBHUTEIHHO HEBEJIMKA MPU COMOCTABICHHH C KOCMHUYECKHMMH PACCTOSHUSIMU: OHA
COCTaBIIIET OAHY YETBEPTYIO YAaCTh pajnyca 3eMIId U OJIHY JECATUTHICSIYHYIO YacTh paccTosiHUA oT 3emin 1o ComHIa.

Mexnay aTMocdepoif, 3eMHOH MOBEPXHOCTHIO M APYTUMH chepamu 3eMIHM MPOMCXOJUT MOCTOSHHBIA OOMEH TETUIOM,
BJIAarodl W Ta3aMH, YTO BMECTE C IUPKYJSALHEH BO3AYIIHBIX Macc B arMoc(epe BIMSET Ha OCHOBHBIE KIMMAaTOOOpa3yrolie
npouecchl. ATMocdepa 3aluiaeT )KUBbIE OPraHM3MbI OT MOIITHOT'O MTOTOKAa KOCMHUYECKOT0 M3Iy4eHHs. ExecekyH/IHO Ha BepxHHE
cion arMocdepsl OOpYIIMBAeTCS IOTOK KOCMHYECKMX JIydel: TIamMma, PEHTI'€HOBCKHE, YJIbTpadHOJIETOBBIE, BHANMBIC,
nuHppakpacHsie. Eciy Obl Bce OHM TOCTHTraiy 3¢MHOW IMOBEPXHOCTH, TO B T€UEHHE HECKOJbKMX MTHOBEHHH YHHUTOXKasll ObI BCE
JKUBOE.

BaxHeiimee 3amuTHOE 3HaUEHHE UMEET 030H08bIU 9Kkpar. OH pacroyioxkeH B cTparocgepe Ha Beicote oT 20 10 50 kM oT
noBepxHocTH 3emin. OOIee KoJIn4ecTBO 030Ha B aTMocdepe onennBaercs B 3,3 Mipa.T. MakcuManbHasi KOHIIEHTpANKs 030Ha —
8 yacTeil Ha MIJIJTMOH YacTel BO3yXa — HaXoauTcs Ha BeicoTe 20 — 25 KM.

OCHOBHOE 3HA4YE€HHE 030HOBOTO JKpaHa B TOM, UYTO OH 3aIUIIAET KUBBIE OPTaHU3MBI OT KECTKOTO YIBTPapHOIETOBOTO
n3nydeHus. O30HOBBI JKpaH TMOTJOHIAeT YAbTPA(UOJECTOBBIC Jy4H, TIOITOMY JIO 3E€MHOW TOBEPXHOCTH JOXOJIAT
yIbTpadHOIETOBBIE JIYIH, TIOJIE3HBIE JIJISI BBICITUX KUBOTHBIX U Y€JIOBEKA M I'yOUTENIbHBIE IS MUKPOOPTAaHU3MOB.



ATMOC(I)epHLIﬁ BO3YX — 9TO CMECh I'a30B, U3 KOTOPbIX COCTOUT aTMOC(l)epa 3emin. BO3L[yX HC UMCCT 3allaxa, Ipo3pavcH,
B XHAKOM COCTOSAHHH an/Io6peTaeT FOJ'Iy60BaTyIO OKpacky. Kuzup ﬂlO,HCﬁ HEBO3MOXKHA 0€e3 BO31yXa, BOJAbI U WA, HO €CJIN 6e3
MU YCJIOBEK MOKET NPOXKUTH HECKOJBKO HEICIIb, 0e3 BOJbI — HECKOJIBKO ).'IHCI7[, TO CMEPTH OT YAYUIbSA HACTYIACT UCPE3 4 -5
MUH.

OCHOBHBIMH COCTaBHBIMH YacCTAMH aTMOCQEpHI ABISAIOTCS a30T, KHCIOPO, aproH W yIIIEKUCHbIH ra3. Kpome aprona B
MAaJTbIX KOHIICHTPALHAX CONEPKAThCS U IPYTHE Ta3bl: HEOH, TeIHi, MeTaH, KPHUIITOH, THOKCHI a30Ta, BOJIOPO.I, KCCHOH, 030H).

T™ HOM BO3[ Bcerga HaxoAsaTcs napsl Boasl (mpuMepHO 3 — 4%) 1 TBepAble YaCTHUILI — MBLIb.
B atMocdheproM Bo3ayxe Beeraa HaXOAATCS T1a 0 epHo 3 — 4% epJple Jac

ITo razoBoMy coctaBy Bcsi atMocdepa 3emiu mozpasziensercs Ha HkHIO (1o 100 kM) — eomocgepy, MMeEOUIyIO
COCTaB, CXOIHBINA C IPH3EMHBIM BO3IYXOM, H BEPXHIOIO — cemepocgepy — C HEOJHOPOAHBIM XUMHYECKUM cocTaBoM. OIHUM U3
B)XHBIX KOMIIOHEHTOB arMoc(epsl SBiIseTcs KHCIopo. B nepBuuHoil atmocdepe 3emiu kuciaopo oTcyTcTBoBal. [losiienue u
HaKOIUICHHE €ro CBS3aHO C paclpOCTpPaHEHHEM 3eJeHBIX pacTeHMH W mpoueccoM QoTocuHTe3a. B KHMBBIX OpraHm3mMax B
pe3ysbTaTe XUMUYECKOT0 B3aMMOJICHCTBHS BELIECTB C KUCIOPOIOM BBLACISETCS SHEPIUsl, HEOOX0AUMast IS KU3HEACATEILHOCTH.

Yepes atMocepy ocymiecTBiseTcss 0OMEH BellecTB 3eMIIM ¢ KOCMOCOM, TIPH 3TOM 3eMJIsl TOJy4aeT KOCMUYECKYIO IbLIb
Y METEOPUTHI U TEPSIET caMble JIETKUE I'a3bl — BOJOPOJ M refiid. ATMOocdepa NpOHNU3aHa MOIIHON COJIHEYHOH paauanuen, KotTopas
OIpeZIeIseT TEIUIOBO PEKUM IUIAaHETHI, BBI3BIBACT JUCCOLMALNIO MOJIEKYJ aTMOC(EpHBIX I'a30B M HOHM3AIMIO aTOMOB.
OO6mmpHas pa3pexeHHasi BEpXHAA 9aCcTh aTMOC(HEphl COCTOUT IPENMYIIIECTBEHHO U3 HOHOB

Xumuyeckuii cocTaB Bo3ayxa.

Bo3myx — ecrecTBeHHas cMech ra3oB (IJJaBHBIM oOpasoMm aszotra M kuciopoma — 98-99 % B cymme, a Takxe
YIJIEKUCIIOTO Ta3a, BOJBI, BOAOPOAAa W TMp.) oOpasyromas 3eMHy0 atMmochepy. Bosmyx HeoOXoaum anst HOpPManbHOTO
CYyILIECTBOBaHMS MOJABIIAIONICTO YHCIAa HA3eMHBIX JKHMBBIX OpraHumsmoB. Kucmopon, cojiepikamuiics B BO3AyXe, B IIpolecce
JBIXaHUS TOCTyHaeT B KJIETKM OpraHu3Ma U HCIOJNb3yeTcsl B IpOLEcCe OKHUCICHHSA, B pPe3yibTaTe KOTOPOTO MPOHCXOIHUT
BBIJICJICHUE HEOOXOJMMOM ISl KM3HU SHEpruu (Meraboin3M, a’poObl). B NpPOMBIIIICHHOCTH M B OBITY KHCIOpPOJ BO3JyXa
UCTIONIB3YETCS JUISl COKUTAHUS TOIUIMBA C LIEJNBIO TOJNyYEHHUS Telja M MEXaHW4eCKOH JHEeprMu B JIBUTATENIAX BHYTPEHHETO
CrOpaHMUsL.

3arpszHeHue aTMocgepbl M ero HCTOYHUKH.

3arpsizHeHue atMocdepbl 3eMiI — MPHUHECEHHE B aTMOC(EPHBIN BO3YX HOBBIX HEXAPAKTEPHBIX VIS HETO (PU3MUCCKHUX,
XMMHUYECKHX 1 OMOJOTHUECKHX BEIIECTB WIIM N3MEHEHHE UX €CTCCTBEHHON KOHIICHTPALINH.

Vcrounukn 3arpsi3HEHNs] aTMOC(EPEI MOTYT OBITh ecmecmeeHHbiMU U UCKYcCmEeHHbiMU. ECTeCTBEHHBIMU NCTOYHUKAMHU
3arpsA3HEHUS] aTMOC(Ephl CIy)KaT M3BEPXKCHUS BYJIKAHOB, JICCHBIC IIOXKapbl, NBUIBHBIE OYpH, INPOIECCH BBHIBETPHBAHMA,
pasnoxKeHNe OPraHNnIeCKUX BEUIECTB.

K wuckyccTBeHHBIM  (QHTPOIOTEHHBIM) HMCTOYHHMKAM 3arpsi3HEHUsl arMoc(epbl OTHOCSATCS IMPOMBIIUICHHbIE |
TEIJIODHEPreTHUECKHE TIPEIIPHUSTHUSI, TPAHCHIOPT, CUCTEMBI OTOIICHUS! HJIMILL, CEJIbCKOE XO035HCTBO, OBITOBBIE OTXO/BI.

Ecmecmeennvie ucmounuxy 3arpsi3HEHUS] aTMOC(EpBl MPEJCTaB/sIOT COOOH Takue IpO3HbIE SABICHUS NPHPOJBI, Kak
M3BEPIKEHHs BYJKAHOB W IbUIbHBIE Oypu. OOBIYHO OHM HMMEIOT KartacTpoduyeckuil xapakrep. [Ipy M3BEp)KEHHH BYJIKAaHOB B
aTMocdepy BBIOpachIBaeTCS OTPOMHOE KOJIMYECTBO ra30B, MAapOB BOJBI, TBEPABIX YACTHIL, Hemia U meutu. [locie mpekpameHus
U3BepKEeHH o0muil 6anaHc ra3oB B aTMoc(epe MOCTEIIEHHO BOCCTaHABINBACTCSL.

[Tpn u3Bep>keHUN BYJIKaHOB IPOMCXOANT TEIUIOBOE 3arpsi3HEHNE aTMOC(EpBI, TaK KaK B BO3/LYX BHIOPACHIBAIOTCS CHIILHO
HarpeTble BelecTBa. TeMieparypa ux, B TOM 4YHCIIE IIAPOB M I'a30B, TAKOBA, YTO OHH CKUTAIOT BCE HA CBOEM ITyTH.

CymecTBeHHO 3arpsI3HAIOT aTtMocdepy KpyITHBIE JIECHBIE MoKaphl. Yale BCero OHM BO3HUKAIOT B 3aCyIUIMBBIE roabl. B
Poccun Hanbosee omacHs! moxkapsl B Cubupw, Ha JlanpaeM Bocroke, Ha Ypane, B Pecydnnke Komm.

[Te11bHBIE OypH BO3HUKAIOT B CBSI3M C NEPEHOCOM CHIIBHBIM BETPOM ITOJIHSTHIX C 36MHOW MOBEPXHOCTH YacTHIl MOYBHI.
CuibHBIE BETPBl — CMEPYM M yparaHsl — MOJHHUMAIOT B BO3AYX M KpYIHBIE OOJOMKH IOPOJ, HO JOJT0 B BO3AyXE OHU HE
Jepxatbesi. [Ipy CHIIBHBIX MBUIBHBIX Oypsix B aTMoc(epHbIil BO3ayX mogHumaercst 10 S0 MuH. T meuid. [IpuumMHaM¥ MBUTBHBIX
Oypb SABIAIOTCSA 3acyXa, CyXOBEH, MPOBOIMPYIOT UX WHTEHCHUBHAS PACIallKa, BBIIAC CKOTA, YHUYTO)KEHHUE JIECOB U KYCTapHHUKOB.
Hawubosee yacTo BO3HUKAIOT IbUILHBIE OYPH B CTEHBIX, MOJYIYCTHIHHBIX U ITyCTHIHHBIX pailOHaX.

Karactpodnueckne SBICHHS, CBS3aHHBIE C H3BEP)KEHHEM BYIKAHOB, JECHBIMH TOXapaMH W TBUIBHBIMH OypsIMH,
MPUBOJAT K BOSHUKHOBEHUIO CBETO3ALIUTHOTO SKPaHa BOKPYT 3eMIIH, KOTOPBIH HECKOJIBFKO U3MEHSET TEIUIOBOI OajaHC IITaHEeTHI.
B menoMm 5TH SBICHWS WMMEIOT 3aMETHBIH, HO JIOKIBHBIM 3(¢QeKT B OTHOmEHWH 3arpssHeHus atmocdepsl. CoBceM
HE3HAYMTEIbHBIH, MECTHBIX XapaKTep HOCHUT 3arpsi3HeHHE aTMOC(EPHOTO BO3/yXa, CBSI3aHHOE C BBIBETPHBAHHEM U Pa3I0KEHHEM
OpPTaHMYECKHX BEIECTB.

Hckyccmeennvie ucmounuku 3sacpssHenus HanOoiiee omacHbl Juis atMocgepsl. OHHM CIIOCOOCTBYIOT TMOCTYIUICHHIO B
aTMoc(epHBII BO3/lyX MHOPOAHBIX, HE CBOHCTBEHHBIX €CTECTBEHHBIM YCIOBHSIM I'a30B M BellecTB. [0 arperaTHOMy COCTOSIHHIO
BCE 3arps3HSIONINE BEIIECTBAa AHTPOIIOTEHHOTO MTPOUCXOKACHHS MTOIPa3AEIAIOTCS HA TBEP/bIE, )KUJIKUE U ra3000pa3Hble, MpUYeM
MOCJIETHIE COCTABIISAIOT 0KOI0 90% 0T 00111el Macchl BEIOPAChIBAEMBIX B aTMOC(EPY HCKYCCTBEHHBIX 3arps3HIIOMINX BEIIECTB.

Ocob6oe MecTo cpelu HCTOYHHUKOB 3arpsI3HEHUST aTMOC(hephl 3aHUMaeT XUMIYECKast MPOMBIIIIICHHOCTh. OHa MOCTaBIsSIeT
TUOKCHA CEephl, CEPOBOJOPON, OKCHABI a30Ta, YIJIEBOJIOPOJBI, TaJOTeHBl, XJoppTopMmerans! u ap. [id xXuMmudeckoi
MPOMBIIIJICHHOCTH XapaKTepHa BBICOKAsl KOHIEHTPAIWs MPEINPUSATHHA, YTO CO3[AeT IMOBBIIIEHHOE 3arps3HEHHE OKpYXKaromeit



cpenbl. BemecrBa, BbLenseMble B arMocepy, MOTYT BCTyHaTb B XHMHUUYECKHE pEakIHMU Jpyr ¢ JpyromM, ooOpasys
BBICOKOTOKCHYHBIE coefMHeHus. Yacto oOpasyercsi 030H B KOHLEHTPALMAX, BO MHOTO pa3 MPEBOCXOISIIMX HOPMAJIBHBIA €ro
YPOBEHb B BO3/lyX€ Y IOBEPXHOCTH 3€MJIH, YTO OMACHO JUIsl *KU3HU PACTEHUH, dKUBOTHBIX U YEIOBEKA.

PagnoakTnBHOE 3arpsi3HeHHe aTMoc(epbl OCOOCHHO OIACHO i JIIOACH, JKMBOTHBIX M pAacTeHH. VCTOYHHMKH
PagMoOaKTUBHOTO 3arpsA3HEHHS B OCHOBHOM TEXHOT€HHOTO IPOMCXOXKICHUS. OTO 3KCHEPHMEHTAIBHBIC B3PBIBBI aTOMHBIX,
BOJIOPOHBIX M HEHTPOHHBIX O0OMO; pa3iIWdIHBIC MPOU3BOJCTBA, CBSA3aHHBIE C M3TOTOBICHUEM TEPMOSAEPHOTO OPYXKHUS; aTOMHBIC
pPEaKTOpbl M 3IEKTPOCTAHIMH; HPEANPUSATHS, TAE HCIOIB3YIOTCS pPaJHOAKTUBHBIC BEIECTBA; CTAHIMHM IO JAE3aKTHBAILINH
PagroaKTUBHBIX OTXOJIOB; 3aXOPOHEHMS OTXOJOB aTOMHBIX MPEINPHUIATHI M yCTAHOBOK; aBapHU WM YTEUKH Ha MPEIIPHUITHSIX,
r7ie IPOM3BOJUTCS M HCIOIB3YEeTCS SACPHOE TOIUIMBO. ECTECTBEHHBIE HMCTOYHHMKH PaJUOaKTHBHOTO 3arpsi3HEHHS aTMOC(EpbI
CBSI3aHBI C BBIXOJAMU Ha MOBEPXHOCTh YPAHOBBIX PYJ U FOPHBIX MOPOJI, UMEIOLUX MOBBIIICHHYIO IPUPOAHYIO PaIHOaKTUBHOCTb
(TpaHUTBI, TPAaHOJUOPUTHL, IETMATUTHI).

O30HoOBBIE ABIPHI.

O30HOBas IbIpa — JIOKAJbHOE MaJCHUE KOHLEHTPAI[MM 030Ha B 030HOBOM cioe 3emuu. [lo oOmenpuHsATO! B HayqHOM
cpese Teopuu, BO BTOpOH moJjioBuHe XX Beka BCcE BO3pacTarollee BO3JEHCTBHE aHTPOIIOTEHHOTo (hakTopa B BHJE BBIJEICHUS
XJIOp- U OpoMcoepKaluX ()PEOHOB IPHUBEIIO K 3HAUUTEIILBHOMY YTOHYEHHIO 030HOBOTO CJIOS.

Kpymneiimuie ropoma Mupa cTpamaloT OT cMoroB (oT aHri. smoke — apiM + fog — Tyman). IlpunHsATO pasnmudaTs cMor
JIOHAOHCKOTO H JIOC-aHKEIECCKOTO ((hOTOXUMHYECKOTO) THUIIOB.

HpI/I‘II/IHaMI/I 06p330BaHI/IH CMOTr'a JIOHAOHCKOI'O THUIIA CJIYKAT BBICOKHMC KOHICHTpAIIMM B BO3AYXC CCPHUCTOr'O rasa,
MBUICBBIX YaCTULl U TyMaHa. I'maBHBIM HCTOYHHKOM 3arpsA3HCHUA aTMOC(l)CpBI CJIY’KaT NPOAYKTBI C)KUT'aHUs YTJIA U Ma3yTa.

@DoTOXUMUYECKUI CMOT (JIOC-aHKEIECCKH) BO3HUKAET B pe3ybTaTe (POTOXMMUYECKHX PEaKIMi, MPOTEKAIOMINX MO
BO3ICHCTBHEM KOPOTKO-BOJHOBOW (yJIbTpaHOJCTOBOM) COMHEUHON pEaKI[MM Ha Ta30Bbie BBIOPOCHL. OOs3aTeNbHBIM YCIOBUEM
00pa3oBaHUs CMOra CIY)KHT BBICOKas KOHIIGHTpAIlMs OKCHIOB a30Ta, YIJIEBOJOPOJOB, TaJOI€HOB U JPYIMX COEIMHEHHUH,
MHTEHCUBHAsI COJTHEYHas! peaklusl (CoJHewHas norojia) u 0e3serpue. B mponecce GOTOXMMUYECKHUX peaklMii BOSHUKAIOT HOBBIC,
OoJiee sI0BUTHIE BEIECTBA, YeM caMM BBIOpPOCHl. OCHOBHBIE KOMIIOHEHTHI (POTOXMMHUYECKOTO cMora — (POTOOKCHIAHTBI: O30H,
OKCUJIBI a30Ta, HUTPHUTHI, HUTPATHI, YIJIEBOJAOPOIbI, (EHOJBI M T.J. DTH BELIECTBA B HE3HAYMTEIHHOM KOJHYECTBE BCErIa
MPUCYTCTBYIOT B BO3AyXEe OOJBIITUX TOPOIOB, HO (POTOXUMHUECKOM CMOTE MX KOHIICHTPAIMsI HAMHOTO IPEBHIMIACT MpPEACITHHO
normryctumble KoHeHTpanuu ([11K).

B Hactosee BpeMst cMOT TIPEICTaBIsIeT OOJNBIIYI0 OMACHOCTh IUIS KHUTEIeH MHOTHX TopoaoB. I[lpu ¢oTroxmmmyeckoM
CMOTe TIOSBIISICTCS HETIPUATHBIA 3amax, pe3ko yXYyIMaeTcs BHIUMOCTh. [1orn0arT moMaliHue KUBOTHBIC. Y JIOACH 3TOT CMOT
BBI3BIBACT Pa3IpaKCHHE TI1a3, CIU3UCTHIX 000JI0YeK HOCA U TOpJia, MOSIBISIOTCS CUMITTOMEI YIIYIIThs, 000CTPSIOTCS XPOHIMYECKIE
JIETOYHBIE W CePACYHO-COCYMUCThIe 3a0oneBannsa. CMOT OKa3bIBaeT BPEIHOE BIMSHHUE HA pacTeHUs (MHOTHE W3 HUX IOTHOAOT),
CIOCOOCTBYET KOPPO3UHU CTPOUTEIHHBIX MaTePUaIOB, PACTPECKUBAHUIO JJAKOKPACOYHBIX TTOKPBITHA, PE3UHOBBIX M CHHTETUYECKUX
W3JIEJHA, BBI3BIBACT MTOPUY OJCKIbI. M3 3a TII0X0H BUANMOCTH HapyIIaeTCsl paboTa TPaHCIIOPTa, YBEITMUUBAETCS YHCIIO aBapuil.

BaxkHeHIM 3arpsi3HATEIEM TOPOJICKOTO BO3yXa SBISAETCS AUOKCHJ CEpbl, KOTOPBIH 00pa3yeTcs NpH CTOpaHUH YIS U
HEKOTOPBIX BUAOB He(TH, COAepKaux cepy. Bo BnaxaoMm Bo3ayxe SO2 okucnseTcs M, COEAUHSACH C BOIOH, 00pa3yeT cepHyIo
KUCIIOTY. BrInagas ¢ 1oxaeM Ha 3eMIII0 MM yJep>KUBasch B aTMOchepe ¢ KaneabKkaMH TyMaHa, OHa Pa3belaeT JIeTKHe YeJIOBeKa
U JKUBOTHBIX, METAJUIbI, KPACKH, KaMHU. IIpOUCXOAUT mpexneBpeMEHHBIH U3HOC MOCTOB, 3[aHUH, IOpYa CKyJbNTYyp. Jluokcun
cepsl — OJIMH 13 HauboJIee OMacHBIX JUIs PaCTEHHH 3arps3HuTesneil atmocdepsl. Brinanas Ha 3eMITio, Tak Ha3bIBa€MbIe KHUCIIOTHBIC
JOXIM TYOAT pacTeHMs, HapylIalOT ECTECTBEHHBIC IPOIECCHl M HAa3eMHBIX M BOJHBIX JKOCHCTEMax 3a CYET HM3MEHEHUs
KHCJIOTHOCTH.

KuciaorHsle ocagku.
KucnotHbiit 10Xk — BCE BBl METEOPOJIOTMYECKUX OCAIKOB : JIOXKIb, CHET, IPaj, TYMaH, MOXIb CO CHEroM, Npu
KOTOpOM HaOIofaeTcs MoHwKeHne pH MOKIeBBIX OCagKOB W3-3a 3arpsi3HEHUH BO3AyXa KHUCIOTHBIMH OKCHJIaMU OOBIYHO
OKCHUJIaMH CEPBI, OKCUJIAMH a30Ta.

IIapHukoBbIii 3pPexT.
TapHUKOBBIH 3 HEKT — MOBBIILIEHUE TEMIIEPATYPbI HUKHHUX CI0EB aTMOC(EpbI IUIaHEThI M0 CpaBHEHHIO € 3(D(HEKTUBHOM
TEeMIIEpaTypOH, TO €CTh TEMIIEPATyPOil TEMIOBOI0 M3IIY4YEHHs INIAaHETHI, HA0II0JaEMOr0 U3 KOCMOCa.

Crnoco0blI 321U THI ATMOC(EPHI OT 3arpsI3HEHUIA.

Pemmenne npo6iemsl 3arps3HeHHs BO3yXa TpeOyeT COrlIacOBaHHBIX JACHCTBUI Ha caMbIX pa3HbIX ypoBHsX. Ha ypoBHe
NPaBUTEJILCTB U MEXIYHAPOAHBIX OPTaHU3AM TPHHUMAIOTCS pa3JINuHbIe JOKYMEHTHI, 00S3bIBAIOIINE YYaCTHUKOB
9KOHOMHYECKOH JIeITeIbHOCTH COKpAIaTh BPEIHbIE BEIOPOCHI.

OCHOBHBIMH IIyTSIMH CHIDKEHHSI M TIOJHOW JMKBHAALMM 3arpsisHEHUsT aTMocdepbl ciIyxaT: pa3paboTka M BHEIpEHHE
OYHCTHBIX q)I/IJ'II)TpOB Ha TpEeAnpUATHAX, HWCIIOJIB30BAHHUE DJSKOJOTHYCCKHU 0€30IacHBIX HCTOYHHUKOB OHEPIrum, 6C3OTXOHHOﬁ
TEXHOJIOTHH MIPOU3BOJICTBA, OOpH0a C BEIXJIOITHBIMU T'a3aMU aBTOMOOMIIEH, 03eTICHEHNE TOPOIOB U TIOCEITIKOB.



OuncTHBIe (QUIBTPBI SBISIOTCS OCHOBHBIM CpEACTBOM OOpHOBI C INPOMBIIUICHHBIM 3arpsi3HEHUEM aTMOC]epsbl.
[IpombInuieHHBIE BBHIOPOCH B arMoc(epy OYHMINAIOTCS ITyTEM HPOIYCKaHHs WX 4epe3 pasiinuHble (UIbTPHI (MEXaHHUYECKHE,
JJIEKTPUUECKHE, MATHUTHBIE, 3BYKOBBIC H JIp.). TakMMHU clloCOOaMH yJIaBIUBAIOTCS MbUIb, KONOTh, APHI U Ta3bl.

O¢ddexTuBHOCT PabOTHI OYHCTHBIX COOPY)KEHHH 3aBHCHT OT (PH3MKO-XMMHYECKHX CBOMCTB 3arpsA3HUTENCH W OT
COBEpIICHCTBA NPUMEHIEMBIX METOJOB W ammapaToB. [Ipu rpy0oi ouMcTKE MPOMBIIMITIEHHBIX BBEIOpOCOB ycTpansercs ot 70 mo
84% zarpsi3HNTENCH, TpH cpeHel ouncTke — 10 95 — 98% u npu ToHKOH — 99% W BBIIIE.

OudncTKa MPOMBIIUIEHHBIX OTXOZ0B HE TOJIBKO MPENOXpaHIET aTMOc(epy OT 3arpsi3HEHUH, HO U JJaeT JOMOJHUTEIBHOE
CBIPbE M PHOBLIN IPEIIPHUATHIM.

Be30oTxoqHasi TeXHOJOTUsI MPOM3BOACTBA. PemmThs mpobieMy oxpaHbsl aTMOC(EpbI TONBKO € MOMOIIBIO OYHCTHBIX
COOpY)XKeHHH HEeBO3MOXKHO. HeoOxonumMo npuMeHeHne KOMILIEKCa MEPOTIPUATHH M TPEKAE BCEro BHEJIPEHHE B IPOMBIIIICHHYIO
NPaKTHKY 0€30TXOJHBIX TEXHOJIOTHH.

BezoTxonnas TexHonorus 3pQekTUBHA B TOM Cllydae, €CIM OHa CTPOUTCS M0 aHAJIOTHH C MTPOIIECCAMH, ITPOUCXOIAIINMHU
B Orocdepe: 0TX0/bI OHOTO 3BEHAa B HKOCUCTEME HCIIOJIB3YIOTCS APYTUMH 3BeHbAMU. L{MKiImyHOEe 0€30TX0IHOE IPOMBIIIIICHHOE
MPOU3BOJICTBO, COIIOCTABUMOE C LUKJIMYECKHMH TIpolieccaMu B Ouocdepe, - 3T0 Oyayluee MpOMBIIUICHHOCTH, UICAIbHBIH MyTh
COXpaHEHHs] YUCTOTHI OKPYKAIOLIEH CpeIbl.

OmuH U3 crocoOoB MpenoxXpaHeHUs aTMoc(epbl OT 3arps3HEHHs — IEepexo]l Ha HOBBIE SKOJIOTHYECKH Oe30TacHBIC
HCTOYHMKHU 3Hepruu. Hampumep, CTpOUTENBCTBO MEKTPOCTAHINH, HCTIONIB3YIONINX YHEPTHIO IPUINBOB M OTJIMBOB, TETJIO HEAP,
NPUMEHEHNE T'eIIHOYCTaHOBOK M BETPSHBIX ABUTATEINICH AJISI MOTYIEHHS 3JIEKTPO3HEPTHH.

3amuTa BO3IyXa OT BBIXJIONHBIX T'a30B aBTOMOOMIEH. YacTHBIE peleHus 3TOH MpoOIeMbl — yCTaHOBKa (DPUIIBTPOB IS
OYMCTKH BBIXJIONHBIX Ta30B W JOXWIAIOMIMX YIJIEBOJOPOIB YCTPOWCTB, 3aMEHa COAEPXKALIMX CBHHEI] aHTHICTOHATOPHBIX
n00aBOK, Takas OpraHM3alys ABIWKEHHS TPAHCIOPTA, KOTOpAas YMEHbIIAET M HWCKIIIOYAeT YacTYI0 CMEHY pPEXHUMOB DPabOTHI
JIBUTATeJNeil: Co3/laHne JTOPOXKHBIX Pa3BsA30K, PACUIMPEHHE JOPOKHOTO TIOJIOTHA, CTPOUTENBCTBO MEPEXOI0B U T.JA. KapAWHAIBHO
npobiemMa MokeT OBITh pellleHa MpHM 3aMeHe JBUraTeleil BHYTPEHHETrO0 CropaHMs Ha ayeKTpudeckue. s yMeHbIICHHS
TOKCHYCCKHX BCIHICCTB B BBIXJIOIIHBIX ra3dax aBTOMOOUICH npeajaracTcsa 3aMeHa OeH3MHa APpYTruMHu BUJJaMU IrOprovyero, HaripuMep
CMEChIO Pa3JIMYHBIX CIUPTOB. [lepCreKTHBHBI ra300aJIOHHBIC AaBTOMOOITH.

O3eJieHeHHEe TOPO/IOB H MPOMBIIVIEHHBIX IEHTPOB. 3eJIeHbIe HACAXKCHNUS 3a CUeT POTOCHHTE3a 0CBOOOXKIAIOT BO3LYX
OT JMOKCHJA YTJIeposa W 000TaIaloT ero KuciopogoM. Ha mHucThsax nepeBbeB M KyCTapHHKOB ocenacT 10 72% B3BEIICHHBIX B
BO3Jyxe yacTull Ibutd ¥ 10 60% muokcuaa cepsl. [1osToMy B mapkax, CKBepax M caJax B BO3LYXE COICPKUTCA IBUIM B ICCATKH
pa3 MEHbIE, YeM Ha OTKPBITHIX YJIUIAX M IUIOMAASX. MHOTHE BHABI JEPEBbEB M KYCTAPHHUKOB BBIACIAIOT (DUTOHLUIBL,
yOuBaromme OakTepuu. 3eNeHbIe HACAXKICHUS B 3HAUNTEIBHOW MEpe PErylIupyIoT MHKpPOKIMMAT TOPOJA, «TacsiT» TOpPOJICKOH
LIYM, IPUHOCSILUNA OTPOMHBIN Bpe 310pOBBIO JIOAEH.

Jnist monep kaHus YUCTOTHI BO3yXa OOJbIIOe 3HAYEHHE UMEET IUTAaHUPOBKa roposa. @adpuku U 3aBOAbI, TPAHCIIOPTHBIE
MarucTpad JOJDKHBI OTICNIATHCS OT JKHUJIBIX KBapTaJIOB Oy(pepHOW 30HOH, COCTOsAIIeH U3 3eJCHbIX HacaxaeHuil. CremyeT
YUUTBHIBATh HAINpaBJI€HUE OCHOBHBIX BETPOB (PO3bl BETPOB), peibed) MECTHOCTH M HajJudyue BojoeMoB. Jlydmie pacmosnarath
JKUJIBIC KBapTaJibl C HOﬂBeTpeHHOﬁ CTOPOHBI 1 Ha BO3BBIIICHHBIX YYaCTKaXx. HpOMbIH_UIeHHI)IC 30HBI HCO6XOI[I/IMO noMemarh BaaJnu
OT JKWJIBIX KBapTaJIOB WIIH 32 TpeJiellaM1 Topoja

Jexmus Nel?7

Tema: «XuMHUs U OPraHu3M YeJIOBeKa»

1. Bonpocsl Jiekumu:

1.1. Xumuueckue 3JIeMEHThI B OpraHU3Me YeloBeKa

1.2. Heopranmdeckue BeIIecTBa, BXOSIINE B COCTAB KIETKH.

1.3. Crpoenne u QyHKIIIH OEITKOBBIX MOJICKYI.

1.4. YrneBozp! — IIaBHBIM HCTOYHUK PHEPTUN OpPraHU3MA.

1.5. Ponb 5XHpOB B OpraHu3Me.

1.6. MuHepaabHbIC BEIIECTBA B MPOYKTaX MUTAHMUS, MUIIEBbIC 100aBKH. COaTaHCUPOBAHHOE TIUTAHHE.

2. KpaTkoe coaep:kaHue BONPOCOB
XHUMHYeCKHe 3JIEMEHThI B OPraHu3Me YeJIoBeKa
Bce xuBBIe OpraHU3MBI Ha 3eMiie, B TOM YHCJIE M YEIOBEK, HAXOIATCS B TECHOM KOHTaKTe C OKPYXKAIOIICH Cpemoi.
[IumieBbie TPOMYKTH U IMHTHEBas BOJA CIIOCOOCTBYIOT MOCTYIUICHHIO B OPTaHU3M IPAKTHYECKH BCEX XUMHUYCCKUX 3JIEMEHTOB.
OHM MMOBCETHEBHO BBOJSATCS B OPTaHWU3M U BBIBOISTCS W3 HEro. AHAIH3BI TOKA3ali, YTO KOJUYECTBO OTHCIBHBIX XHUMHUYECKUX
JJIEMEHTOB ¥ UX COOTHOIICHUE B 3JI0POBOM OpPraHH3ME Pa3JIMYHBIX JIFOACH IPUMEPHO OJTUHAKOBEI.

Heopranmdyeckue BenecTBa, BXOASIINE B COCTAB KIETKH.
W3 HEOpraHMYECKUX BEIISCTB, BXOAAIIMX B COCTAB KJICTKH, BXKHEHIINM SIBJIIETCS Boga. KonndyecTBO ee COCTaBisIeT OT
60 1o 95% o6mielt Macchl KIIeTKH. Bojia HrpaeT BaKHEHIITYIO pOJTb B )KU3HU KIIETOK M JKUBBIX OPTaHU3MOB B 11e10M. [ToMuMO TOTO
YTO OHA BXOJHUT B UX COCTAB, Il MHOTHX OPIraHU3MOB 3TO €IIE ¥ Cpea OOUTaHMS.
Cpenn XMMHUYECKUX BEINECTB, MPUCYTCTBYIONIMX B JKUBOW KJIETKE, Ha MEPBOM MECTE€ CTOMT BOJA, HA JOJIIO KOTOPOi
npuxoautcss okosio 80%. DTo 0OYCIIOBIEHO TeM, YTO BOJAA CIYXKUT E€CTECTBEHHBIM DPACTBOPHUTENEM JJisi MHOTHUX BEIIECTB,
MOCTYTAIOIINX B KJICTKY U BBIBOSIIUXCS U3 HEE.



B cocraB kietku Bxoaut okoio 70 snemeHTOB Ilepmonudeckoil cucteMbl 3jieMeHTOB MeHneneeBa, a 24 U3 HUX
MPUCYTCTBYIOT BO BCEX TUIAX KIETOK. Bece MpUCyTCTBYIOLINE B KIIETKE SJIEMEHTHI JENATCS, B 3aBUCUMOCTH OT UX COJAEPKAHUS B
KJIETKE, Ha TPYNIbI:

o maxpoaremenmor —H, O, N, C,. Mg, Na, Ca, Fe, K, P, Cl, S;
o murpoaremenmor — B, Ni, Cu, Co, Zn, Mb u 1p.;

o yaempamuxposnremenmot — U, Ra, Au, Pb, Hg, Se u np.
Jpyroii npuHIMI KJIacCU(UKAIIH HIEMEHTOB:

. opearozensi (KACIOPOI, BOAOPOI, YTIIEpOI, a30T),

0 MAKposIeMeHmul,

. MUKPODTIEMEHMbL.

B coctaB kneTku BXogat MOJICKYJIbl HeOp2anHu4eCKux 1 OpeaHudecKux COETMHEHUM.

Heoprannueckue coeMHEHHUS KJIEeTKH - 600a u HeopeanuuecKue HOHBI.
Booa — BaxHelillee HEOpPraHWYECKOE BELIECTBO KIETKH. Bce OMOXMMHYECKHE pEakIMHM HPOUCXOJAT B BOAHBIX PacTBOPAX.
Momnekyna BOABI HMMEET HEIMHEHHYIO IPOCTPAaHCTBECHHYIO CTPYKTYpy M 00JagaeT MOJIIPHOCTBIO. MeXIy OTIEeIbHBIMHU
MOJIEKyJIaMH1 BOABI 00pa3yroTCsl BOAOPOJHBIE CBSI3H, OIPENEIIIomue GU3NIECKIE U XUMHUIECKHIE CBOWCTBA BOBI.

Ctpoenue u GpyHKIHH 0eTKOBBIX MOJIEKY.JI.

Benku cocTosT M3 aMUHOKHCIIOT. Y KaXXI0H aMHHOKHUCIIOTHI €CTh aMHHOTPYIIIA M KUCIOTHAs (KapOOKCHIIbHAS) TPYIINA,
TIPY B3aUMOJICHCTBUH KOTOPBIX MOMYYaeTCs MEeNTHIHAS CBS3b, I03TOMY OCIIKH eIlle Ha3bIBAIOT ITOJUICTITHAAMH.

Opranudeckue coeqUHEHHs COCTaBisAIOT B cpeaHeM 20—30% macchl KIETKH KUBOTO opranm3ma. K HUM oTHOcCSTCS
OHOJIOTHYECKHE MOJIMMEPbl — 6CHKI/I, HYKJICMHOBBIC KHUCJIOTBI W YIJICBOABI, a4 TAKXKC XUPBI U PAO HC6OJ'H)IHI/IX MOJICKYJT —
TOPMOHOB, TUrMeHToB, AT® U MHOTHE IpyTHeE.

1. U3 OPraHn4CCKUX BEIICCTB KJIIETKHM Ha MEPBOM MECTEC MO KOJMYCCTBY M 3HAUYCHUIO CTOAT 6em<1/1. B cocraB BXOOAT
aTOMBI yTIIepoAa, BOJOPOa, KUCIOpoia, a30Ta, a Takxke Me-Fe, Zn, Cu. benkam npucya orpoMHas MOH. Macca.

Crpoenne 0enxoB Cpenu OpraHMYeCKUX COCAUHEHHH OelKH camble clIoKHble. OHU OTHOCATCS K COEAMHEHUSM
Ha3pIBaeMBIM TonuMepamu. EE€ MOHOMEpPOM SBISIOTCS HYKJICOTHIBI, COCTOSIINE HYKICHHOBBIC KHCIOTHI, T.C. NepBUYHAA
cmpyKkmypa 6enxa — 3TO TOCIIeI0BATEeIbHOE COCTUHEHNE aAMIHOKHCIIOT, OCTAoIIeecs 3a CIET 00pa30BaHUATICIITUAHON CBS3H.

Bmopuunoe cmpoenue benxa- 310 3aKpydeHHAS B CIIUPAJh TOTUICTITHIHAS IIeTTOYKa.

Tpemuunas cmpykmypa Oenxka- TPOCTPAHCTBCHHOE PACIIONOKCHUE 3aKPYUCHHOW B CIUpaNb IOJUICTITHIHON
[ETIOYKH.

Yemeepmuunas beaxm cmpykmypa 6enxa- CymecTByeT B OeJKaX, B COCTaB MOJICKYJ KOTOPBIX BXOAMT OoJiee OTHOU
HOHI/IHCHTI/IZ{HOﬁ CIIOYKH.

2. Yraesoabl. llpexacraBisio coboil ClIOKHBIE OpraHUYECKHE COCIMHEHHUS, B MX COCTaB BXOIST aTOMBI YIIIEpoAa,
KHCIIopoia, Bonopoaa. ClokHbIE — OJMMEPHI ¢ MOHOMEpaMH B BHJIe MOHOCAXapuA0B (TII0K03a, prubo3a, 1e30Kkcuprudo3a).

Buonozuueckas pons

- Urparot posib uctounuka 3ueprun. [Ipu pacmennenun yrieoaa ocBodoxaaercs 17,6 kXK

- BEIMONHAIOT CTPOUTENBHYIO (DYHKIHIO: U3 TEIUTIONO36I cOCT. CTEHKH PacTUTEIBHBIX KIIETOK.

3. Jlumuasel. [IpencraBistror coboil opraHMYecKHe BemlecTBa, HEPACTBOPUMBIC B BOJE, HO PAacTBOPUMBIC B OCH3WHE,
a¢upe, aerone. V3 TMOUIOB caMble paclpoOCTpaHEHHBIC W U3BECTHEIC KUPHI, & TAKKE JCIUTHH, XOJICCTCpPUH U BUTAaMHUHEI A, D u
TOPMOHBL.

Buonornyeckoe 3HaueHne BeJMKO U MHOTO00OPa3HO

- CtpoutensHast QyHKIHS

- DHepreruueckas GQyHKIus (KUp)

- UcTOuHMK BOJBI

- 3ammTHas QyHKIMs ( HU3Kast TEIUIONPOBOJHOCTh

YriaeBoabl — rJ1aBHbI HCTOYHUK YHEPTUH OPraHU3Ma.

VYrneBoasl - BemectBa coctaBa CMmH2nOm, wMerommue TepBOCTENCHHOE OHOXMMHUYECKOE 3HAYeHHE, IMHPOKO
pacpocTpaHeHbI B )KHBOI MPHUPOJIC U UTPAIOT OOJNBIIYIO POJIb B KHU3HH YEIOBEKA. YTICBOIBI BXOAT B COCTAB KICTOK M TKaHEU
BCEX PACTUTENBbHBIX U KUBOTHBIX OPraHU3MOB U TI0 Macce COCTABJISIIOT OCHOBHYIO YacTh OpraHMYeCcKOro BelecTBa Ha 3emie. Ha
JIOJIIO YTIIeBO10B puxoauTcst okoio 80 % cyxoro BeuecTBa pacteHU U 0koJ10 20 % >KUBOTHBIX.

Pouib :xnpoB B oprannsme.
Pounp xupoB B opraHn3Me u3ydeHa Xopoio. J[aBHO CIIOXKUBIIEeCs MHEHHE O Bpe/ie )KUPHOI MUIIH, TIOX0XKE, B TIOCIICAHEE
BpEMsI HECKOJIBKO M3MeHsieTcs. MccnenoBaHus MOKa3ald, YTO HEJOCTATOK JKHUPOB - 3TO TOXKE OIMACHO Ul OpraHu3Ma. YdeHbIe
MPUBOAAT B KAYCCTBE MPECAOCTEPEIKECHUA OTKA3BIBAOIIUMCA OT KUPOB HCJ’IHI\/’I PAA BO3MOXKHBIX HOCHCﬂCTBHﬁ.

Mm{epa.nbﬂue BelieCcTBa B NIPOAYKTAX MATAHUA, MTUIIEBbIC x[oﬁamm. Cﬁanancnponam{oe NnUTaHue.
benkn MoxHO Ha3BaTh CTPOUTECIBHBIMU MaTE€puajiaMyu OpraHu3Ma. Honanaﬂ 13 U, OHU B IMPONIECCCE NMHUINCBAPCHUA
MpeBpanaroTcsd B aAMHUHOKHCJIOTHI. Hx OpraHnu3M MOKET pACHICINTh W «BIIYCTUTH» Ha Ppas3jiM4dHbIC LEJIHU. O,Z[HI/I 6yﬂyT



HCIOJIb30BaHbl JJIs1 pOCTa U MPOU3BOJACTBA HOBBIX HGOGXOILI/IMLIX TCIIy 6CJ'[KOB, Apyrue — sl peMOHTa MOBPEIKACHHBIX TKaHeﬁ,
TPCTbU CTAHYT TOPMOHAMHU, AHTUTCIIAMU U (bepMeHTaMI/I.

Jexuusa Nel8

Tema: «O0muMe npeacTaBJIeHUs 0 JKU3HI)

1. Bonipochl JieKIMu:

1.1. IToHATHE «KHU3HBY.

1.2. OcHOBHBIC IPU3HAKY JKUBOTO: MUTAHUE, JBIXaHUE, BEIICIICHUE, Pa3APaKUMOCTh, TOJBIKHOCTh, pAa3MHOXCHHE, POCT H
pa3BUTHE.

1.3. TloHsiTHE «OpTaHU3M.

1.4. YpoBHU OpraHU3alluH >KUBOU TIPUPO/IBL.

2. KpaTtkoe cofep:kaHue BONPOCOB
IlonsiTHE (KU3HBbY.

Ku3Hp — akTHBHas GopMma cymiecTBOBaHHSI MaTepUH, B HEKOTOPOM CMBICIIE BBICIIAsl IO CPAaBHEHHIO ¢ e€ GpU3nvecKor u
XMMHYECKOH (hOpMaMHu CYIIECTBOBAHMUS; COBOKYHNHOCTh (PM3MYECKMX M XHMHYECKHX IIPOIECCOB, NMPOTEKAIOIINX B KIETKE,
MO3BOJISIOIINX OCYIIECTBIATE OOMEH BEIIECTB U €€ JeleHue (BHE KICTKH XH3Hb HE CYIIECTBYET, BUPYCHI IIPOSABIAIOT CBOMCTBA
KMBOHW MaTepUH TOIBKO MOCIIE TIEPEHOCA TEHETHIECKOT0 MaTepHaa B KIETKY).

Bounp1ioii BKiaz B BRIICHEHHE CYLIHOCTH XXH3HHU crenan @. DHrenbe, KOTOPHIH paccMaTpUBall KH3Hb Kak 0co0yi0 popMy
IBIDKeHUST MaTepud. "JKI3Hb €CTh coco0 CyIecTBOBAaHHMSA OCIKOBBIX TEN, M 3TOT CIIOCOO CYIIECTBOBAHHS COCTOHUT IO CBOEMY
CYIIECTBY B IIOCTOSSHHOM CaMOOOHOBJICHMH XMMHUYECKHX COCTaBHBIX uacteil atux ten" (AHtu-topunr). "XKusHe ectb crocod
CYIIECTBOBAaHUS OEJIKOBBIX TEJ, CyLIECTBEHHBIM MOMEHTOM KOTOPOTO SIBJISIETCS TIOCTOSIHHBINT OOMEH BEILECTB C OKPYKAIOIIEH 1X
BHemHell npuponoit" (Auanektuka npupojsl). J[o HacTOSIEro BpeMEHH HET TOYHOTO BCEOOBEMITIOLIETO ONpPEEeNICHUS KU3HH.
Huxe naHbl onpeiesieHust 3TOro SBIEHUS, KOTOPbIE TOUSPKUBAIOT T€ MU UHBIE CTOPOHBI JKU3HU.

1)A. K. Onapun: ")Ku3Hp — oj1Ha U3 BICHINX (POPM JBIKCHUS U OpraHU3aluy MaTepun'.

2)b. M. Kenpos (¢dunocod): "XKuzHb ectb crnoco0 cymiecTBOBaHHS OHONONMMEPOB M TPEXKAE BCEro OEIKOB U
HYKJIEMHOBBIX KUCJOT".

3)Buabmrerrep ($pusuomnor): "JKu3Hp — CTpOTo yIopsaodeHHBIC B3aUMOCHCTBUS (PEPMEHTHBIX CHCTEM".

4)A. H. KoamoropoB (MaTeMaTHK): "JKuBBIE CHCTEMBI — 3TO CHCTEMBI, Yepe3 KOTOPHIE TEKYT HETPEpPHIBHBIC IMOTOKU
BEILIECTBA, YHEPTHH, HHPOPMAIIMU U KOTOPHIE CIIOCOOHBI BOCIIPHHUMATH, XPAaHUTh U IepepadaTriBaTh HHOPMALHIO.

5)JI. Homuur (6uoxumuk): "JKu3HB - 3TO HE CBOWMCTBO KAKOH-THOO MOJEKYINBI, a CKOpEe Pe3yNIbTaT B3aWMOJCHCTBUS
MeXay MoJeKyiaMu"

6)B. M. Toabaanckmii: "XXusHp ectb ¢opMa CylecTBOBaHUS OHONONMMEPHBIX Tell (CHUCTEM), CIIOCOOHBIX K
CaMOPETUIMKAIINH B YCIOBHUSAX TIOCTOSTHHOTO OOMEHA BEIIECTBOM M SHEPTUEH ¢ OKpYyKaroliei cpeaoi".

JKu3Hp HACTONBKO CIIOXKHOE SIBIEHHUE, YTO MOANAETCS ONPEACTICHHIO JIUIIb B CAaMbIX O0IINX YepTax. Pa3BuTune Onoioruu
B XX BeKke MO3BOJSIET 3aKIIOYHTh, YTO JCU3Hb — ITO COBOKYIHOCTH CJIEAYIOIIMX OCOOECHHOCTEH: CTPYKTYpHAsi OpraHH3alus
(opraHoMabl KIETKHM), COYETaHHE [OTOKOB MaTepPHM, OHEPrMM M HMHQPOPMAIMH, YHOPSJIOYEHHOCTh B IPOCTPAHCTBE
(MOJIEKYIISIPHBIH, KJIIETOUHBIM, TKAHEBOW M JIP. YPOBHH), YIOPSIOYSHHOCTh BO BPEMEHHU (0UepeHOCTh [IPOTEKAHHs ITAlIOB 0OMeHa
BEIIECTB).

OcHOBHbIE TPU3HAKY )KUBOT0: MUTAHNUE, IbIXaHHE, BbIIeJIeHHEe, PA3APAKHMOCTh, TOABHKHOCTD, PA3MHOKEHHE, POCT H
pa3BuTHe.

[Ipr3Haky KMBBIX OPraHU3MOB - OOMEH BEIIECTB, IHUTAHWE, JBIXaHUE, BBIICICHHE, PA3IPAXKUMOCTb, IOJBIXKHOCTS,
Pa3sMHOXEHHUE, POCT U Pa3BUTHUC. ’Kusnie OpraHu3MbI - )KMBBIC CYHICCTBA, CIIOCOOHBIE K CaMOCTOATECIbLHOMY Pa3sBUTHIO. HexuBrie
OpPraHMU3MbI - HE)KMUBBIC MPEAMETHI

IMuranue. Hmua HY>XHa BCEM JXHUBBIM CYHICCTBaAM. Onu HCTOJIB3YIOT €€ KaK HWCTOYHUK OHEPrunM ¢H BEIIECTB
,H€O6XOI[I/IMI)IX JUIA poCTa W APYTrUuX ONpOHeCCOB KUBHCACATCIIbHOCTU. Pactenuns u >KUBOTHBIE pa3jn4aroTCsa IJIaBHbBIM 06pa30M
IO TOMY ,KaK OHH JIO6I)IBaIOT uamry. IlouTtu Bce pacTCHuAd CIIOCOOHBI K (I)OTOCI/IHTC?;y ,TO €CTb OHH CaMH CO3Jar0T ITHUTATCIBbHBIC
BEIIIECTBA ,HCHOJB3yd JHEpruio cBera PorocuHTe3 -0aHA U3 (opM aBTOTpodHOr0o mnuTaHWA . JKUBOTHBIE W TPHUOBI NHTAIOTCA
MO-MHOMY (OHH HCIIOJIL3YIOT OpPraHMYECKOE BEIIECTBO JAPYIMX OpraHW3MOB ,pacUieIUisis C IOMOIIBI0 (EPMEHTOB 3TO
OpPTaHWYeCKOe BEIIECTBO W yCBaWBas MPOJYKTHl paclueruieHus. [ereporpodaMu SIBISIOTCS MHOTHE OaKTEepUM , XOTS
HEKOTOpbIE M3 HUX aBTOTPO(HBI.

Jbixanme. J{1s BceX MPOLIECCOB >KU3HEAEATENIBHOCTU HY)KHA DHEPrus, MOITOMY OCHOBHAs Macca IHUTaTeIbHbBIX
BEILECTB , MOJYYaeMbIX B pe3yibTaTe aBTOTPO(HOrO WIN IeTepOTPOPHOro IMUTAHUS , UCIOJIB3YETCsl B KAUeCTBE HCTOYHHKA
SHEPrUM, OHHEPrus BHICBOOOXKIAETCS B TpOLEcce JBIXaHUS IPH PACIICIUVICHUH HEKOTOPBIX  BBICOKOIHEPTeTHUECKHUX
coequHEHNH . BeicBoOOXKIaeMast 3HEprus 3amacaercs B MOJeKyJax aneHo3uHTpupocdara (ATD),koToperil 0OHapykeH BO BCEX
JKUBBIX KIJICTKaX.

Pa3zgpaxkumocth. Bee sxuBbIe cymecTBa CIIOCOOHBI pearupoBaTh Ha W3MEHEHHWE BHEIIHEH W BHYTPEHHEH Cpensl , 94To
IIOMOTa€T WM BBDKWTH, HAIPUMEP KPOBCHOCHBIC COCYAbl KOXH MIICKOIUTAIOMINX TP TMOBBIIICHUU TEMICPATYPhI TEa
pacImpsIoTCs ,pacceuBasi M30BITOYHOE TEIUI0O M TEeM CaMBIM CHOBAa BOCCTAHABIHMBAs ONTUMAIBHYIO TeMIIEpaTypy Tena ,a



3€JIeHOe pacTeHHe ,KOTOPOE CTOUT Ha MOJOKOHHHMKE M OCBEIIAETCSl TOJBKO C OJHOW CTOPOHBI, TSHETCS K CBETY ,IIOTOMY YTO
Jutst poTocHHTE3a HY’>KHA OIpEelICHHAs OCBEIIEHHOCTb.

IMoaBuxkHOCTH. JKMBOTHBIC OTIMYAIOTCA OT PACTEHHH CHOCOOHOCTBIO NEPEMEIIAaThCs M3 OJHOI0 MEcTa B JPYyroe , TO
€CTh CHOCOOHOCTHIO K ABMXEHHIO. JKHMBOTHBIM HEOOXOAMMO JBHUTATHCS ,9TOOBI JOOBIBATH MUILY , VIS PACTEHHHN TTOJBM)KHOCTD

HeoOs3aTeNbHA @ PACTEHUs] CIOCOOHBI CaMHM CO3[aBaTh ITUTATEIbHBIC BEUIECTBA W3 MNPOCTEHIINX COEAMHEHUH
,JJOCTYIHBIX TIOYTH IIOBCIOAY , HO W Y PACTCHHH MOXKHO HaOJIOAATh ABWIKCHUS BHYTPH KIETOK W AaXK€ ABIDKCHHS LENBIX
OPTaHOB ,XOTA M C MEHBIIECH ,9€M y XMBOTHBIX CKOPOCTBIO MOTYT IBHUTaThCsi U HEKOTOpPBIE OaKTEpHH , ¥ OJHOKIETOYHBIC
BOJIOPOCIIH.

Boijgenenne. Beinenenue , Wi 9KCKpEnys ,- 9TO BBIBEICHHE W3 OPTaHM3Ma KOHEYHBIX MPOJYKTOB OOMEHa BEIIECTB ,
TaKue SIOBUTHIC «IIJAKW» BO3HUKAIOT ,HAlpUMEp , B HpoLecce NbIXaHWs , U UX HaJ0 O00s3aTeNbHO YAAISTh, >KUBOTHBIC
HOTPEOIAIOT OYeHb MHOTO OCNIKOB , M, NOCKOJIBbKY OEJIKM HE 3alacaroTcsi , X HEOOXOAMMO pAacCIIEIHTh , a 3aTeM BBIBECTH U3
OpraHu3Ma , O3TOMY Y )KMBOTHBIX BBIICIEHHE CBOJAUTCS B OCHOBHOM K OKCKpPEIMH a30THCTHIX BemlecTB Emie onHol u3 dopm
9KCKPEIIMd MOKHO CYMTATh BBIBEJICHHE M3 OpraHM3Ma CBUHIA ,paJMOaKTHBHOMW IBUIH ,AJIKOTOJIS M MAacChl JPYIMX BPEIHBIX
JUIS 3/10POBBSI BELIIECTB

Pa3zmuo:kenue . [IpoomKUTeIbHOCTS KU3HU Y KaXJOTO OpraHn3Ma OrpaHHuYeHa ,0[JHAKO BCE KHBOE«OECCMEPTHO.
BopkuBanue BuIa oOecneyMBaeTCd COXPAaHEHHWEM TIJIABHBIX IPH3HAKOB POJHUTENCH Yy IOTOMCTBA ,BO3HHUKINETO IyTEM
6ecrosoro WM TOJIOBOTO PA3MHOXCEHUS, NBITAACh OOBSICHUTH NPHPOAY HACICIOBAHMS MPU3HAKOB ,MPEAYKIHMOHUCTHI »
OTKpBUTH HyKJIIemHOBbIe KucioTel -JHK (mesokcupmbonyknemnoBas kucimora )u PHK (pubomyxiemHoBas kuciora) B
MOJIEKyJIaX 3THX KHCJIOT COJCP)KUTCS 3aKOAMPOBAaHHAs HACIEICTBCHHas uH(oOpManus ,KOTopas INepeaaeTcs OT OIJHOTO
MIOKOJICHHUS K JJPYTOMY.

Poct. O6BEKTEl HEXUBOW NMPHUPOB! (HAIPUMEp ,KPUCTAIUT WM CTaJarMHT ) pacTyT ,IPUCOEINHAS HOBOE BEIECTBO K
Hapy)i(HOﬁ IMOBEPXHOCTHU ,)KUBBIC BCUICCTBA PACTYT UBHYTPHU 3a CUCT IMUTATCIbHBIX BCHICCTB ,KOTOPLIC OPraHU3M IOJYy4acT B
npolecce aBTOTPO(GHOTO WM TeTepoTPOGHOr0 MNHUTaHMS B pe3ylibTaTe ACCUMWIIIMU JTUX BEIIECTB 0Opa3zyercst HOBas
JKMBasi MPOTOILIa3Ma.

IlonsiTHE «OpPraHU3IM».

OpranusM — XHBOE TEJO, 00Iaa0IIee COBOKYITHOCTBIO CBOMCTB, OTIMYAIOIINX €r0 OT HEKUBOIM MaTepHu.

Opranmsm (0T MO3JHENAT. Organizo — YCTpaWBaio, COOOIAl0 CTPOWHBIH BHUI), I000€ KHBOE CYIIECTBO.
OnHOKJIETOYHBIE 1 MHOTOKJICTOUHBIE OPIaHU3MBI 00JIaIal0T COBOKYITHOCTHIO OCHOBHBIX KH3HEHHBIX CBOWCTB, O TIMYAIONINX UX OT
HEXKMBOM MaTepuy: KIETOYHOH OpraHM3aIyeil,00MCHOM BEIECTB, B KOTOPOM BEAYyIIas poJib NMPHHAUICKHUT OHOTIOIMMEpaM —
0eJKaM M HYKJICHHOBBIM KHCJIOTaM, O0OECHEYMBAIOIINM CaMOOOHOBJIEHHE M IIOJAEPKaHNE IIOCTOSIHCTBA BHYTpeHHeH cpensl O.
(cm. 'omeocras); nBmxeHHeM ¢ ero  crnenu(UUecKUMH  (HOPMAMH —  MBIIMICYHBIM, IUIa3MAaTHYHBIM, PECHHYHBIM U
JKT'YTHUKOBBIM; Pa3IpaKUMOCTBI0; POCTOM U pa3BUTHEM; Pa3MHOKEHHEM;U3MEHUYHUBOCTBIO U HACIIEICTBEHHOCTHIO;
HPUCIIOCOOIISIEMOCTBIO K YCIIOBUSIM CYIIECTBOBAHUS .

YpoBHU OpraHu3anMM ;KMBOM MPUPO/LI.

OpraHu3MeHHBIH YPOBEHb, BKIIOYAIONTNH B ce0s MONEKYIAPHBIN U KiIeTOuHBIH. CXOICTBO OPTaHM3MOB PA3HBIX IIAPCTB
JKUBOH MPUPOABI — UX KJIETOYHOE CTPOEHHE, CXOIHOE CTPOCHHE KIIETOK M MPOTEKAIOUINX B HUX MPOIECCOB KU3HEACSITEIHHOCTH.
Paznuumst MeXIy pacTeHMSIMH M JKUBOTHBIMU B CTPOCHHH M criocobax muTaHus. CBs3b OPraHU3MOB CO CPemoil oOWTaHms, MX
MPHUCTIOCOOJIEHHOCTH K HEH.

YpPOBHHM OpraHU3alny KUBOH NPUPOIBI.

1. Momnekysipasrii (Hampumep MOJIEKYITBI )KHPOB)

2. KnetouHsIi (3pUTPOIUT - KpacHas KJIETKa KPOBH)

3. TkaHeBBIH - 3TO yKe He OJHA KJIETKa, a TPyMNIa KJIETOK CXOJHBIX MO CTPOCHHUIO, MPOUCXOKICHUIO M BBITIOTHSIONIIX
onuHakoBble GyHKuK. (Harpumep y )KMBOTHBIX HEpBHAs, STIMTENHAIbHAS, dKUPOBAst, KpPOBb U JInM(Da, a y pacTeHUId NpOBOsIIIas,
MIOKPOBHAs, MEXaHWYeCKasi U 00pa3oBaTebHasl)

4.0Opranssiii (Opras - 3T0 HECKOJIBKO TKaHEH, COeIMHEHHBIX MEX 1y co0ol ...) Hampumep: cepiie, nedyeHb, MOYKH. ..

5.0Opraam3menssiii (Hanmpumep, yenosek, cobaka, KOIIKa...)

6. Bunosoii (Bux Homo Sapiens)

7.IlonynauuoHHbI (OAWH BHJ Ha OJHOM TEPPUTOPHH YAaCTUYHO WIIM TIOJHOCTBIO W30JUIMPOBAHBIM OT NPYTMX TaKHX
TIOTTY JISTITHII )

8. buoneHo3HbIH

Jlekuus Nel9

Tema: «Kierka — equHUIIA CTPOEHHSI U )KH3HEAEATEILHOCTH OPraHU3May
1. Bonipock! Jeknuu:

1.1. Knerounasi Teopust CTPOCHHS OPTaHU3MOB.

1.2. Opra"ouipl ¥ BKIFOYCHHSI KIISTKH.

1.3. Otnu4ane pacTUTENBHON KIETKH OT KHUBOTHOM.


http://ru.wikipedia.org/wiki/Жизнь
http://ru.wikipedia.org/wiki/Тело_(биология)
http://ru.wikipedia.org/wiki/Неживая_материя

2. Kpartkoe cofep:kaHue BONPOCOB
Kierounas Teopusi CTpOeHHsI OPraHU3MOB.

Knerounast Teopusi — 0JHO W3 OOIIENPU3HAHHBIX OMOJIOTMYECKHX O0OOIIEHHH, yTBEPKIAIOUIMX EIUHCTBO MPHUHIMIA
CTPOEHUS U PA3BUTHUS MUPA PACTEHUI, )KUBOTHBIX U OCTaJbHBIX )KMBBIX OPTaHU3MOB C KJIETOYHBIM CTPOEHUEM, B KOTOPOM KJIETKa
paccMaTpUBaeTCsl B KAUECTBE €AUHOIO CTPYKTYPHOT'O 3JIEMEHTA KUBBIX OPraHU3MOB.

Kierounasi Teopuss — ocHOBomonaramomas il OwWoJoruu Teopus, chopMyiampoBaHHas B cepennHe XIX Beka,
TpeocTaBuBIIas 0a3y U HOHUMAHKS 3aKOHOMEPHOCTEH JKUBOTO MHUPA | JUIS Pa3BUTHUS 3BOIIONHOHHOTO YUCHHS.

Martnac  Ulneiinen u TeopoplllBanH chopMynupoBany KJIeTOYHYI0 TEOPHI0, OCHOBBIBASICH Ha  MHOXKECTBE
uccnenoBanuii o kietke (1838). Pynonsd Bupxos mosgnee (1858) momonHun e€ BaKHEWIIMM IOJIOKECHHEM (BCSAKas KIIETKa
MPOUCXOJUT OT APYTON KIETKH).

Ineiinen u IlIBanH, 0000IMB MMEIOIIMECS 3HAHMS O KIIETKE, JTOKA3aldH, YTO KJIETKA SBJISETCS OCHOBHOHN €IMHHUIIEH
F000T0 OpraHu3Ma.

KreTku )KUBOTHBIX, pacTeHUN U OaKTepUN HMEIOT CXOoXKee cTpoeHme. [lo3mHee STH 3aKIIOUEHHs] CTald OCHOBOW ISt
JloKa3aTenbCTBa equHcTBa opranu3moB. T. IlIBann u M. IllneiineH BBenu B HayKy OCHOBOIIOJIAraroliee MpeACTaBIeHUE O KIIETKE:
BHE KJIETOK HeT KU3HU. KieTouHas Teopust TOMOIHANACh U PeJaKTHPOBAIach € KaXKIbIM pPa3oM.

Ioso:xenus kiaerounoii reopuu llneiinena-IlIBanna

1.Bce >)XxUBOTHBIE U paCTE€HUsI COCTOST U3 KIETOK.

2.PacTyT U pa3BUBAIOTCSA PACTEHHS U )KUBOTHBIC ITyTEM BOZHUKHOBEHHUS HOBBIX KIIETOK.

3.KireTka siBIsieTCst caMOi MaJICHBKOH €TUHHIICH KUBOTO, a LIENBI OPraHu3M — 3TO COBOKYITHOCTD KIICTOK.

OpraHonasl ¥ BKIIOYEHHS KJIETKH.

OpraHounsl, WIA OPTaHEIIHl — B IIUTOJIOTHH: TIOCTOSHHBIC CIICIIUATU3UPOBAHHBIE CTPYKTYPHI B KJIETKAX JKUBBIX OPTaHH3MOB.
Kaxip1ii opraHou/ OCyIIeCTBISIET OnpeaeaEHHbIC (YHKIMH, )KU3HEHHO HEOOXOIMMBIC /I KICTKH.

[{uTomiasma mpeacTaBisieT CO00H BHYTPEHHEE COMEPKUMOE KICTKH M COCTOUT M3 THAJIOIIA3Mbl M HAXOJSIIUXCS B HEM
Pa3sHOO0OPa3HBIX BHYTPUKICTOUYHBIX CTPYKTYP.

I'manonna3ma (MaTpuKc) — 3TO BOAHBIA PAacTBOP HEOPTraHMYSCKUX M OPTaHMYSCKUX BEIIECTB, CIIOCOOHBIA H3MEHSTH
CBOIO BS3KOCTh M HaXOJAIIMECS B IOCTOSHHOM JBIDKEHHMH. CIOCOOHOCTh K JBIDKCHHMIO WM, TCUEHHIO I[UTOILIA3MBI,
Ha3BIBAIOT Yuk1030M. MATPHKC — 3TO aKTUBHASA Cpela, B KOTOPOIl MPOTEKAIOT MHOTHE (U3NICCKHAE W XUMHICCKHE TPOIECCH U
KOTOpast 00bEIUHSCT BCE HIEMEHTHI KIIETKH B EIHHYIO CUCTEMY.

[uTomnazMaTuyeckue CTPYKTYPhI KIETKH MPEICTABICHbI BKIIOUSHUSIMA U OpraHouaMu. BKiIl0oUeHust — OTHOCUTEIBHO
HEMOCTOSTHHBIE, BCTpEYaloNIecs: B KJIETKaX HEKOTOPHIX THUIIOB B OIpPE/IEJICHHBIE MOMEHTHI JKU3HENEATEIbHOCTH, HAIpUMeEp, B
KauyecTBE 3amaca MUTaTeIbHBIX BEUIECTB (3epHa Kpaxmala, OeJIKOB, KaIuld TJIMKOTeHa) WIM MPOAYKTOB MOJICKAIINUX BBIICIECHUIO
3 KieTkn. OpraHoubl — TOCTOSIHHBIE M 00s3aTelbHbIE KOMIIOHEHTHI OOJBIIMHCTBA KIETOK, HMEIOIUM CHEIU(PUIECKYIO
CTPYKTYPY ¥ BBITIOJHSIONUM JKU3HEHHO BaxKHYI0 (QyHKIUIO. K MeMOpaHHBIM OpraHouAaM 3YKapUOTUYECKOW KIETKH OTHOCST
SH/IOTIA3MATHYECKYIO CETh, ammapar [ 0JIbIKi, MUTOXOHIPHH, IN30COMBI, TIACTUIEL.

Otnuue paCTl/lTeJIbHOﬁ KJIETKH OT KHBOTHOIA.

B pactuTensHON M KMBOTHOH KJIETKE CYLIECTBYIOT OOIIME OpraHOW[IBI, TaKHe KakK sJpo, SHAOIUIa3MaTH4YecKasl CeTh,
puboCOMBI, MUTOXOHApHH, ammapaT [onpmxu. OxHaKO pacTUTENbHAs KIETKa HMMEET CYIIECTBEHHBIC OTIMYHUS OT XHUBOTHOM
KIIETKH

PacrurenbHble KIETKH - aBTOTPO(BI, OHU CIIOCOOHBI CaMH CHUHTE3UPOBaTh OPraHMYEeCKUe BELIECTBA, HEOOXO MBI JIJIst
UX KU3HENESATEIbHOCTH, AJISl 3TOTO UM HYXKEH TOJIBKO CBET. JKUBOTHBIE K€ KJICTKH - TeTepOTPOQbl; HEOOXOJMMBIE UM JUISl KHU3HU
BEIleCTBA OHM NOJydYaroT ¢ mnwmmeid. [IpaBnma, cpenu KMBOTHBIX HAONMIONAIOTCA W HCKIIOYeHHWs. Hampumep, 3eneHbie
JKT'YTUKOHOCIIBI: JHEM OHH CIIOCOOHBI K (POTOCHHTE3y, HO B TEMHOTE MHUTAIOTCS T'OTOBBIMH OPTraHWYECKHMH BEIIECTBAMH. 2
PacTuTenbHas kieTka, B OTIMYHE OT )KUBOTHOM, NMEET KIETOYHYIO CTEHKY M HE MOJXKET, BCJIEJICTBHE 3TOTO, MEHSTH CBOIO (hOpMY.
JKuBoTHas KJIeTKa MOXKET pacTsATUBAaThCS U BUAOM3IMEHATHCS, T. K. KIIETOYHOI CTeHKH HeT. 3 Pasnnuus HaOIromatoTes U B criocode
JICNICHIS: TIPU JIeTICHUH PAacTUTENFHON KIETKH B HEeil oOpasyeTcs Neperopoika; XKMBOTHAs KJIETKA ICTUTCA ¢ 0O0pa3oBaHHEM
nepeTspkku. 4 Kitetkn pacteHuid conepkaT B ce0e TUIaCTHIBL: XJIOPOIIIACTHI, JICHKOIUTACTHI, XPOMOIIIACTHI. KIIeTKH JKHBOTHBIX HE
cofepxar Takux Iuractui. Kcrati, mMeHHO Onaromaps IUIacTHAaM, HECYIINM B cebe XJIOpOQMILI, M MPOUCXOIUT (POTOCHHTE3 B
pacTUTENbHBIX KIETKax. 5 B KieTkax Kak pacTeHMi, Tak W JKUBOTHBIX €CTh Bakyoiu. Ho y pacTeHuil 3TO MajlOuMCIIEHHbIE
KpYIHBIE NOJOCTH, a Y *KUBOTHBIX MHOTOYMCIICHHBIE U MeNKKe. Bakyonu pacTeHuil 3anacaroT NUTATENbHbIE BELIECTBA, TOr1A Kak
BaKyOJIM JXMBOTHBIX HECYT MNHIIEBAPUTEIbHYIO U COKpaTHTENbHYI0 (yHKumu. 6 CuHre3 aneHo3nHTpU(OCchHOpPHOH KHCIIOTHI,
HEOoOXOMMMOM /ISl TOJy4EHUsI SHEpIUH, Y PAacTeHHH INPOMCXOIUT B MHTOXOHJPHUSAX W IUIACTHAAX, y >KUBOTHBIX )K€ JIMIIb B
wiactuax. 7 Bee BUIBI KJIETOK MMEIOT OCOOBIM BHJI 3aIIaCHOTO YIIIEBOAA. Y PACTHTENbHBIX KJIETOK 3TO Kpaxmall, Y KMBOTHBIX -
rukoreH. Kpaxmai ¥ riavKoreH OTJIM4aroTCs M0 XMMUYECKOMY COCTaBY U CTPOCHMIO. 8 Y JKUBOTHOW KJIETKU €CTb LEHTPHONH, Y
pacTUTeNbHOW KieTkH uX HeT. 9 [luTarenbHble BeIIeCTBa PacTUTENBLHON KJIETKU XPAHATCS B KIETOYHOM COKE, 3alOJIHAIOLIEM
BaKyOJIM; TUTATEIbHBIE BEIIECTBA KUBOTHOW KJIETKH PACIOIAraloTcs B IUTOIUIA3ME H UMEIOT BHJ] KIIETOYHBIX BKIFOUCHHUI.



Jexnusa Ne2(

Tema: «OCHOBHBIE CBOMCTBA JKHBBIX CHCTEM»
1. Bonipocwl Jiekuuu:

1.1. MeTtabonusm

1.2. Pa3MHOXXEeHHE U pa3BUTHE OPTaHU3MOB

1.3. OuTorenes

2. KpaTkoe coep:kaHue BONPOCOB
Metaboau3m

MeTa0oa13M WM 00MEH BelIeCTB — HAa0Op XMMUYECKHX PEaKIMH, KOTOPHIC BO3HUKAIOT B KHBOM OPTaHHU3ME IS
MOAJIEPXKAHUS )KU3HU. DTU MPOLIECCHI MO3BOJISIIOT OPraHU3MaM PacTH U Pa3MHOMKAThCS, COXPAHATh CBOM CTPYKTYPHI M OTBEYATh Ha
BO3JICUCTBHS OKpYXKarolied cpepl. MeTabosin3M OOBIYHO JENAT Ha JBE CTATUM: B XOJC KaTaDoIHM3Ma CJIOXKHBIC OPraHHYCCKUEC
BEIIIECTBA JICTPATUPYIOT 10 OOJiee MPOCTHIX; B Mpolieccax aHaOOIU3Ma ¢ 3aTpaTaMK YHEPTUU CUHTE3UPYIOTCS TAKHE BEIIECTBA, KaK
OerKku, caxapa, JIUMUIbI U HYKJICHHOBBIC KUCIIOTHI.

MeTtagoau3m — 3T0 OOMEH BEIIECTB, KOTOPBIM MPOTCKACT B HAIIEM OPTaHM3ME II0J] BO3JICHCTBHEM pPAa3UYHBIX
OMOXMMHYECKUX TIPOIECCOB. B opraHmsM dergoBeka HENPEPHIBHO MOCTYIAIOT MUTATEIBHBIC BEIIECTBA, KOTOPHIE MCIIONB3YIOTCS
JUISL HOAAEPKAHUSI SHEPTUM U JKU3HENEATENbHOCTH YesloBeKa. [laxke eciu Bbl COIUTE WM HAXOIUTECh B COCTOSIHUU MTOKOSI, BBl BCE
PaBHO HCIOJB3yeTe PHEPTUIO, KOTOPYIO CO3AeT Balle TeNo, Ball OpraHu3M. To ecTh MeTaboIM3M — 3TO IPOILECC HEIPEPHIBHBII.
OTOT nmpouece yCI0BHO AEIAT Ha /1Ba dTana:

Kara6oam3M — mporiecc pas3iiosKeHHsI CIIOKHBIX BEIIECTB M TKaHEH 10 0ojee MPOCTHIX, IS TOTO, YTOOBI B JalbHEHIIEM
WCIONB30BaTh UX IS MOAJIEPKaHUS IPOIIECCOB OpPraHU3Ma.

AHAa00JIM3M — TPOIECC CHUHTC3MPOBAHUS HOBBIX CTPYKTYp M TKaHe. Tak B mepuoj aHaOONM3Ma MPOUCXOIUT
BOCCTAHOBJICHUE MBIIIICYHON TKaHH.

MeTa60,113M ObIBa€T YCKOPEHHBIM MJIU 3aMe/lJIEHHBIM M Ha 3TO BJUsIET psill (paKTOpoOB:

o/lon

eBospacm

eBec mena

e Koauuecmao ocuposoti mxanu
e Xponuueckue 3a001e8anus

CkopocTh MeTaboNM3Ma M €ro KadeCcTBO OYCHb CHIIBHO BIUSIOT Ha paboTy BCETO OpraHM3Ma B IEJIOM, ITOTOMY Kak OT
TOTO, HACKOJBKO IPABHIIFHO YCBAaMBAIOTCS INHUTATEIBHBIC BEIIECTBA B OpPTaHU3ME, 3aBHCHT 00pa30BaHHE TOPMOHOB, KOTOpHIC
BJIMSIOT Ha PabOTy pa3IMYHbIX YacTeil camoro opranu3Ma. Hy W KOHEYHO, HAIll BHEUIHHUHA BUJI, KOJIMYCCTBO JKUPA, KOJIUUICCTBO
BOJBI B TEJiC 3aBHCHT OT CKOPOCTH MeTaboiu3Ma. YpPOBEHb MeTa0oJiM3Ma BIIMACT HA TO, KAKOE KOJHYECTBO KHIJIOKAIOPHUIT
HE00X0IUMO YEIIOBEKY ISl TIOIEPIKAHUS KUZHEACATEIILHOCTH.

Pa3MHo:KeHUe U pa3BUTHE OPraHU3MOB

CrocoOHOCTh K Pa3MHOXKEHHUIO (CaMOBOCIPOU3BEJICHUIO, BOCTIPOU3BEICHUIO ceOe MOJ00HBIX) OTHOCUTCS K OJJHOMY M3
(hyHIAMEHTAILHBIX CBOWCTB JKHBBIX OPTaHM3MOB. Pa3MHOXeHHE HEOOXOIMMO UL TOTO, YTOOBI OOECHEUUTh HENPEPHIBHOCTH
CyIICCTBOBAHMS BUAOB, T. K. MPOJOJDKUTEIBHOCTH JXH3HH OTIENFHOTO OpraHM3Ma OrpaHuueHa. Pa3MHOXeHHe ¢ H30BITKOM
KOMIIGHCUPYET IMOTepH, OO0YCIOBJICHHBIC €CTCCTBEHHBIM OTMHpPAaHHEM OCOOCH W, TaKUM 00pa3oM, MOIICPKUBACT COXpPaHECHUE
BUJA B ALY MOKOJICHUI 0COOCH.

Pa3mHokeHHe - BAXHEWIIast PYHKIUS )KUBBIX OPraHU3MOB, 00ECIICUNBAIONIAsl COXpaHEHNE BUIOB B psy mokoieHui. K
Pa3MHOXKEHHIO CIOCOOHBI BCe 0€3 WCKIIOUEHHUS KMBBbIE OpPraHM3Mbl - OT OakTepuid J0 MIIEKONMUTAIONMX. MoJekynspHas
CYIITHOCTh 3TOTO TpOIlecca BhIpakaeTcsl B yHHUKaIbHOU cmocoOHoctn JIHK k camoynBoeHuro moinekyn. Ha ypoBHE KIETKH K
Pa3MHOXKEHHIO CIOCOOHBI TAaKWE€ OPraHOMIbl KIETKH, KaK MHUTOXOHJPHUH W XJOPOIJIAcThl. KIETKHM OMHOKIETOYHBIX H
MHOTOKJIETOYHBIX OpraHu3MOB
pa3sMHOXaTC JeneHneM. DopMbl pPa3MHOKEHHUSI OPTaHU3MOB OYE€Hb Pa3HOOOpa3HBI M CIOXKHBL. B mpupoje cymiecTByeT /Ba
OCHOBHEBIX CTIIOC00a pa3MHOKEHHs: OECII0I0e U OJIOBOE, MYTH OCYIIECTBICHHUS 3THX MPOIIECCOB pa3HOOOPa3HEI.

IIpu OecnonoM pa3MHOXECHHM HOBas 0COOb BO3HHKAET JHOO MOHOLUMTOTCHHBIM ITyTEM, T.€. M3 OJHOW KJIETKU
pa3BUBaeTCs CICAYIOIIEe MOKOJICHUE, JIN0O Ke TONHIUTOTCHHBIM ITyTeM, T.e. U3 HEKOTOPOTo Yucia HeaudQepeHIINPOBAHHBIX,
CIOCOOHBIX K JITICHUIO KJIETOK CTapoil 0cOOM pa3BUBAIOTCS J0YEepHUE 0cOOH. becrmonoe pa3MHOKEHHE IMHUPOKO PacIpOCTPAHEHO
BO BCEX IPYIIax PacTeHHUU - OT OAKTEPHid O COCYIUCTBIX, a CPEIU KUBOTHBIX - Y TMPOCTEUIINX, KUIIETHOTIOIOCTHBIX, MIIIAHOK,
HEKOTOPBIX 4YepBed, 000y0ouHHMKOB. [Ipy JeleHWH OJHOKIETOYHBIX OPraHM3MOB HaJBoe (OMHApHOM JIENeHHWH) BCS OCOOb
CTaHOBHTCS T€HEPATUBHOM KIIETKOH, M3 KOTOPOH TOCIIe MPEABAPUTENBHOTO ACTISHUS sapa (MK ero SKBUBAJICHTa) 00pa3yloTCs 1B
JlouepHue KJIeTKH. [Ipyu 3TOM KIeTKa JeNUTCs IMyTeM MuTo3a. JleleHue KIETKH MOXKET MPOUCXOIUTHh MPOJOJILHO (HAmpuMmep, y
KTYTUKOHOCIIEB WJIM OJHOKIIETOYHBIX BOJOPOCIHEH), MOTepedHo (Hampumep, y OakTepuil W WH(Y30pHil) WIM JeJIeHHEM B
HEOMpPEICICHHON IUIOCKOCTH. MHOXECTBEHHOE JICIICHHE CBOMCTBEHHO HEKOTOPBIM BOJOPOCISAM, TpHOaM W MPOCTEHIINM
(popamuHUPEpam, paaHONApUIM, CIIOPOBUKaM). [Ipu MHOXKECTBEHHOM JEIICHUU KIIETKA PACIagacTCsl Ha OOJBIIOE YUCIO OCOOCH,
paBHOE YHUCIy sIep, 3apaHee OOpa30BaHHBIX B MCXOJHOW KJIETKE B Pe3yJbTaTe SICPHBIX NCIICHUH (HAIIpUMEp, MaJHHTOMHUS Y
9BJOPHHBI WIH HIM30TOHHS Y CIIOPOBHKOB).B pesympTare Murosa (rped. “muroc” - HUTB) 00pasyercs ABE NOYCPHHE KICTKH.
HoBple KJIeTKH MOSBIIAIOTCS B XOJI€ IBYX ITOCIIEIOBATEIBHBIX MPOIECCOB: OIMH MPOIECC MPUBOAMT K YABOCHUIO S/pa, IPYToH - K



JIeJICHUIO LUTOIUIa3Mbl. MHTO3 - HempsmMoe jeneHue siapa (MM KapuoKHHE3), a LUTOKMHE3 - pasJeJieHUE LUTOILIa3MblI C
00pa3oBaHUEM JIBYX NOYEPHHUX KIIETOK, Ka)JIast UX KOTOPBIX COAEPXKHUT OIHO AouepHee siapo. [lesieHne sapa M HUTOIIA3MBI -
9TO J[Ba CAMOCTOSITENILHBIX TIPOLEcca, MPOXOASIINE HENPEPHIBHO U MOCIIEA0BATEIILHO TIOYTH BCET/Ia CTPOTO CHHXPOHU3UPOBAHbI U
KOOPIMHUPOBAHEI, OJJHAKO. J[JI MOHMMAaHUS IOCIIeOBATEIFHOCTH IIPOUCXOIAIINX COOBITHI MUTO3 HCKYCCTBEHHO Pa3leisioT Ha
yeTblpe cTaguu: mpodasy, MeTadasy, aHadazy u Tenodasy. Mexny AByMsS MHTO3aMH AP0 HAXOOHUTCS, KaK FOBODPAT, B CTalUH
nokosi. OJHAaKO 3TOT “IIOKOH” COCTOWT JIMIIBL B TOM, 4TO SIAPO HE JEIUTCH, a MeTabonnueckasi akTHBHOCTb JOCTATOYHO BBICOKA.
[lepronx Mexy ABYMs JeIEeHUAMH siApa HA3bIBAIOTCA HHTEp(a3oi, KoTopas moapasnemnsiercs Ha ¢assl G1, S u G2.

OHnTorenes

Onrorenes (0T Tped. On, poJ. HMajgek oOntos — cymiee H...reHe3), HHAUBHAYaIbHOE Pa3BUTHE OpraHU3Ma, COBOKYITHOCTb
MIOCJIEIOBATENBHBIX MOP(OIOTHUECKHX, (PU3NOTOTHIECKNX N OMOXMMUYECKUX MPeoOpa30BaHHUMN, IMPETEPICBAEMBIX OPTraHU3MOM
OT MOMEHTa €ro 3apoKACHHWA [0 KOHIA JKu3HH. OHTOreHEe3 BKIIOYAET POCT, T. €. YBEIMYCHHE MAacChl Tesla, €ro
pa3mepos, nuddepernnpoky. Tepmun "Ontorenes" BBeaéH J. I'ekkenem (1866) mpu popMymupoBaHrr UM OHOTCHETHIECKOTO
3aKOHA. Y JKMBOTHBIX M PACTE€HUH, Pa3MHOXKAIOIIUXCS IOJIOBBIM ITyTEM, 3apOXKI€HHE HOBOTO OpPraHM3Ma OCYIIECTBISETCS B
Iporecce OIIoA0TBOpeHHs ,a OHTOreHe3 HAYMHACTCS C OIIOAOTBOPEHHON SIMIEKICTKH, WM 3UTOTHL. Y OPraHM3MOB, KOTOPBIM
CBOHCTBEHHO 0€CII0JIOE pa3MHOXKEHUE, OHTOTCHE3 HAaYMHAETCS C 00pa30BaHMsl HOBOTO OpraHU3Ma IyTEM JEJIeHUs] MaTepUHCKOTO
Tela WIM CHEUUATU3HPOBAHHOW KJIETKHM, IyTEM MOYKOBaHMS, a TaKKe W3 KOPHEBHUIIA, KIyOHsS, JYKOBHIBI | T.IL.
(cM. BereratuBHOEe pasMHOXkeHHe). B XoJe OHTOreHe3a KaKIblii OpraHu3M 3aKOHOMEPHO MPOXOAMT IOCIeAoBaTesibHbIe (a3bl,
CTaJuH WIN TEPUOIBl PAa3BUTHSA, U3 KOTOPHIX OCHOBHBIMH y OPTaHM3MOB, Pa3MHOKAIOIIMXCSA IOJIOBBIM IYTEM, SBISIOTCS:
3apOJIBIIIEBHIN (IMOPHOHANBHBIN, WIN NPEHATaNbHBIN), MMOCIE3apOAbINIEBEIA (TTOCTIMOPHUOHANBHBIN, WM TOCTHATAIBHBINA) U
HNEPUOJ Pa3BUTHUS B3pPOCIOr0 OpraHu3Ma. B OCHOBE OHTOreHe3a JEKUT CIOXKHBIM MPOLECC pealn3aliy Ha Pa3sHBIX CTaIUsAX
Pa3BUTHSI OpTaHU3Ma HACIEICTBEHHOH NH(OpMAaLNK,3aI0KEHHON B KaXKIOH M3 €ro KIIETOK.

OO0ycioBieHHAS HACJIEICTBEHHOCTHIO IIPOTpaMMa  OHTOTEHE3a OCYIIECTBISIETCS II0Jl BIMSHHEM MHOTHX (DaKTOpOB
(ycnmoBus BHEIIHEH Cpeibl, MEXKKIJICTOUHbBIE M MEKTKAHEBBIE B3aHMOJICHCTBHS, TyMOPaIbHO-TOPMOHAIBHBIE X HEPBHBIC PETYIISIIIAN
M T.JI.) ¥ BBIP@KAeTCsl BO B3aUMOCBSI3aHHBIX MPOIIECCaX Pa3MHOXKEHHs KJIETOK, UX pocTa U AU(QepeHIIMPOBKU. 3aKOHOMEPHOCTH
OHTOTeHe3a, IPUYMHHBIC MEXaHU3MBI U (DaKTOPHI KJIETOYHO, TKAHEBOW M OPraHHOW AN PEepeHIIPOBKY H3Y4aIOTC KOMIUIEKCHO
HayKol — OuoJiorHedl pa3BUTHS, HCIOJIB3YIOUIEH, MOMHUMO TPAIUIUOHHBIX MOAXOAOB 3KCHEPHUMEHTANBHONW 3MOPHOJIOTHH U
MOP(]OJIOTHH, METOJBI MOJICKYJISIPHO OHOJOrMH, IMTOJNOTUM M TeHeTHKU. O. M HCTOPHYECKOE pa3BUTHE OPTraHM3MOB —
¢unoreHe3s — Hepa3pbIBHbIE M B3aMMHO OOYCIIOBJICHHBIE CTOPOHBI €IMHOTO IpOliecca Pa3BUTHS KUBOH mpupozbl. [lepByro
MOMBITKY UcTOpUUeckoro obocHoBanus O. cnenan U. ¢. Mekkens . [Ipobnema cootnomenus O. u ¢punoreHesa ObUIa MOCTaBICHA
Y. HapsunoM u pa3pabarteiBanack @.MromtepoM , 3. ['ekkeneM u ap. Bee cBs3aHHBIC ¢ M3MEHEHHEM HACJIEICTBCHHOCTH, HOBBIC B
9BOJIOLMOHHOM OTHOUIEHHHM NPHU3HAKM BO3HMKatoT B O., HO JHMIOIb T€ W3 HHUX, KOTOpBIC CIOCOOCTBYIOT JIydIIEMY
MPUCIIOCOOJICHUIO OpraHW3Ma K YCJOBHSIM CYIIECTBOBAHHS, COXPAHSIOTCS B IIPOIECCE ECTECTBEHHOTO OTOOpa M HEepeNaroTcs
MOCJICTYIOLIMM TTOKOJICHHSIM, T. €. 3aKpeIuIsIioTcst B dBomonuy. [lo3HaHMe 3akoHOMepHOCTeH, MpuinH U (akTopoB O. CIyXUT
Hay4YHOI OCHOBOW ISl OTBICKAHUS CPEJACTB BIIMSHHUS Ha Pa3sBUTHE PACTCHUH, )KUBOTHBIX M YEIOBEKAa, YTO UMEET BaKHEHIlee
3HA4YEHUE 711 IPAKTHKH PACTEHUEBOACTBA U )KHBOTHOBOJCTBA, a TAKXKE JUIS MEIULMHEI.

Jlexkmusa Ne21

Tema: «OpraHusm 4e10BeKa H OCHOBHbIE MPOSIBJICHUS €r0 )KU3HEAeSITETbHOCTI

1. Bonpocsl Jiekumu:

1.1. Tkanu, opransl ¥ CHCTEMbI OPraHOB YEJIOBEKA.

1.2. TlumeBapenwue.

1.3. Jlprxanue.

1.4. KocT, MBIIIIIBI, CYXOXKHINS — KOMIIOHEHTHI OTIOPHO-ABUTATEIHHONH CUCTEMBI.

1.5. BHyTpeHHss cpeia OpraHu3Ma: KpoBb, TKAHEBAs KHUIKOCTh, TUM]a.

1.6. ITonoBas 1 BBIIEIUTENbHAS CUCTEMBL.

1.7. BnussHue HapKOTEHHBIX BeliecTB (Tabaka, auKoroisi, HAPKOTUKOB) Ha Pa3BUTHE U 370POBHE UEIOBEKA.
1.8. HacnecTBeHHBIE U BPOXKICHHBIC 3a00J1eBaHus, Iiepeaaromuecs mojaoBbM myteM: CITU/L, cudwmnuc u ap.

2. Kpartkoe cofep:kaHue BONPOCOB
TkaHu, OPraHbI H CHCTEMBI OPTaHOB YeJI0BeKA.

TkaHp - 3TO Tpymnma KIETOK M MEXKJIETOYHOE BEIIECTBO, OOBEIMHEHHbIE OOLIMM CTpOEHHeM, QYHKIHMEH U
NPOUCXOXK/IECHHEM. B Teixe dYenoBeka pa3nnMyaloT dYeTHIpE OCHOBHBIX THINA TKaHEH: SMUTENIHAIBHYIO (IIOKPOBHYIO),
COEIMHUTENIFHYIO, MBIIICYHYIO” HEPBHYIO.

IInmeBapenue.

IuimeBapéHne — MeXaHHUYECKas U XUMHUYECKask 00pabOTKa MHUIIHK B YKEJyI0YHO-KAIICYHOM (THIIIEBAPUTEIHLHOM) TPAKTE
— CJIOKHBIM TIpoliecc, MPU KOTOPOM IPOUCXOJIUT TEepeBapuMBaHHE MHUINM U €€ YCBOGHHME KieTKaMu. B Xoge nuiieBapeHus
MPOMCXOINUT MPEBPAIICHNE MAaKPOMOJIEKYJI UMK B O0JIee MEIKHE MOJEKYIbI, B YaCTHOCTH, pacIeIieHHe ONOMOIINMEPOB MTUIIH
Ha MOHOMEPBIL.

Jbixanue.



JpixaHue — OCHOBHas (popMa TUCCUMUILSILIUK Y YSTIOBEKa, )KUBOTHBIX, PACTCHHI M MHOTHX MUKPOOPTaHU3MOB.

JpixaHne—>TO OOMEH Tra3aMu MEXIYy OpPraHu3MOM U aTrMoc(epol, KOTOPBIH OCYLIECTBISETCS aBTOMATHYECKH,
HENPOM3BOJIEHO, OJlarofapst NESTENbHOCTH JbIXaTEeJIbHOTO LEHTPA, HAaXOASLIErocss B TOJIOBHOM Mosre. [lostomy 310poBbIit
YeJIOBEK, €CIIM OH JICKUT, CUAUT U Jake HEOBICTPO UIET, 0OBIYHO HE 3aMeYaeT CBOETO JbIXaHHS..

B mpomuecce npIxaHUs K KJIeTKaM M TKAHAM MOCTYNAaeT KUCIOPOX U yraisercs oOpasyroniascs yriekuciora. Yactora u
rryOWHA IBIXaHWUS PETYIHPYIOTCS HpH 3ToM pediekTopHo. Uepes3 Jierkue B MOKOE M MPH HEOOIBIION (U3NIECKON Harpyske
BEHTHJIMPYETCs 5—O6 JUTPOB BO3IyXa B MHHYTY, H KPOBb IIOJIHOCTHIO HACHIIIASTCS KUCIOPOAOM. D10 B 8—10 pa3 MeHbLIE TOTO
KOJIMYECTBA, KOTOPOE CIIOCOOHBI IPOIYCTUTh 33 MUHYTY JIETKUE Jake HETPEHHPOBAHHOTO YEJIOBEKa.

I'myOuHa 1 4acToTa ABIXAHHS 3aBHCST HE OT HALIETO JKEJAaHWSA, a OT CHJIBI M BBIHOCIMBOCTH OCHOBHBIX JIBIXaTEIbHBIX
MBI (MBIMIB AUadparMbl, HAPYXKHBIX W BHYTPEHHHX MEXpeOepHBIX MBIIII). YeMm Jydine pa3BUTHl OTH MBI, TEM
9KOHOMHYHEE paboTaeT AbIXaTelbHas cUCTeMa, TeM OoJblle ee pe3epBHbIE BO3MOXHOCTH. B pesynbrare perynspHoi
(u3MYECKOil TPEHUPOBKH, 3aHATUH CIIOPTOM ABIXaHWE CTAHOBHUTCS PEIKHM U IIyOokuM: 8—12 BIIOXOB B MUHYTY (B HOKO€). Y
YeJIoBeKa HETPEHHUPOBAHHOT'O YacTOTa JbIXaHus oT 16 10 18 BIOXOB B MUHYTY.

KocTn, MBIIIIBI, CyX0:KHJINS — KOMIIOHEHTHI ONIOPHO-ABUTaTeJIbHON CHCTEMBI.
OmnopHo-IBUTaTENbHAsT CHCTEMAa (CHHOHHMBL:  OIOPHO-ABHTATENBbHBIM  ammapar, KOCTHO-MBIIIEYHAs CHCTEMA,
JIOKOMOTOpHAsI CHUCTEMa, CKEJIETHO-MBIIIEYHAsI CHCTEMa) — KOMIUIEKC CTPYKTyp, 0Opa3ylomux Kapkac, mpuiarommii (opmy
OpTaHM3My, MJAIOMUH €My OIOopy, OOECICUMBAIONIMK 3aIINTy BHYTPEHHHX OPraHOB M BO3MOXKHOCTH TIEPEABHKCHUS B
MPOCTPaHCTBE.

. oropHasi — (YUKCAIIs MBIIII] 1 BHYTPEHHUX OPTaHOB;

. 3aIIUTHAS — 3alIUTa KU3HEHHO BAKHBIX OPTaHOB (TOJIOBHOI MO3T ¥ CIIMHHOM MO3T, Ceplle U Ip.);

. JIBUTaTeNbHAsi — OOEeCHeueHHue TPOCTBIX JIBIKECHUH, JBUTATENbHBIX JEUCTBUH (OCaHKa, JIOKOMOIIHH,
MaHUTYJSIIUN) U JBUTATEIHLHOU JesITeIbHOCTH;

. peccopHasi — CMSATrYeHue TOJIYKOB U COTPSICEHU;

. OuoJIoTHYeCcKass - y4acTHe B OOCCIICUCHUH >KU3HCHHO Ba)KHBIX IPOIIECCOB, TAKHE KaK MUHEPAIbHBIA OOMCH,
KPOBOOOpAIIleHUE, KPOBETBOPCHHE U IPYTHUE.

. KpPOBETBOpHAs - CUCTEMA OPTaHOB OPraHM3Ma, OTBEYAIOLIUX 3a IOCTOSIHCTBO COCTaBa KPOBHU.

JBurarensHas (GyHKIOHUS BO3MOKHA TOJIBKO MPH YCIOBHH B3aMMOAEHCTBUS KOCTEH M MBIMII CKEJICTa, ITOTOMY 4YTO
MBIl IPUBOJAT B JBMKEHUE KOCTHBIE PhIYard. BOJBIIMHCTBO KOCTEH CKENeTa COCAUHEHO MOABHKHO C MOMOLIBIO CYCTaBOB.
OnHUM KOHILIOM MBIIIIA TIPUKPEIUIIETCS] K OJJHOM KOCTH, 00pa3ysi CycTaB, IpPYrMM KOHIIOM — K ApYroi koctu. [Ipu cokpaiieHnu
MBIIIIA IPUBOAUT KOCTH B JBIKEHHUE. biarogaps Mplam IpoTHBOIOJIOKHOTO JEHCTBUSA KOCTH MOTYT HE TOJIBKO COBEpIATh Te
WY MHBIE JIBIXKCHUS, HO U (PUKCHPOBATHCS OTHOCUTENBHO APYT ApYyTa.

KocTH 1 MBIIIIBI IPUHUMAIOT y4acTHe B 0OMEHE BELIECTB, B YaCTHOCTH B 0OMeHe kelie30 Kaiblust u (ocdopa.

CymiecTByeT TpH BHJa KOCTEH:TpyOuarele, TyOdaThle M IUIOCKHE. TpyOuaTble 0Opa3ylOT KOCTH HW)KHHUX M BEPXHHX
KoHeuHocTel. ['yOuaTsle-Tena Mo3BOHKOB, IPYIHUHY, 3aISICThs, MIPEAIUTIOCHY M MEJIKHE KOCTH KHUCTH M CTOITBI. A IINIOCKHE-KOCTH
yepena, JJONaTKH U Ta30BbIe KOCTH.

BuyTpeHHsis cpeia opranu3Ma: KpoBb, TKaHeBasl *KHKOCTb, JJuMda.

BHyTpeHHs KHIKasg cpefla OpraHu3Ma SIBJSIETCS MOCPEIHUKOM MEXIy TKaHSIMU M BHEIIHeW cpezoi. C ee MmoMOIIbIo
BEIIECTBAa, TOJyYEeHHBbIC OPTaHM3MOM W3 BHENIHEH cpejpl, MOMaJaroT B KJIETKH, a MPOAYKTHI pacmana, oOpa3oBaBIIMECsS B
KJIETKaX, yNaJsIOTCS uepe3 OpraHbl BBIJEJICHHMS BO BHEIHIO cpeny. BHyTpeHHe#l cpenoil opraHu3Ma y yeloBeKa CiyKaT
TKaHeBas KUAKOCTb, JTIUM(a U KPOBb.

IHonoBasi 1 BbIAEIUTEILHAS CHCTEMBI.

CoBpeMeHHEIH JKUBOTHBIA MU MIPECTABIACT cOOO0M pe3yabTaT ATUTEIHHON IBONIOIHMHN KUBOTHEIX, B IIPOIecce KOTOPOH
Mo Mepe TMOsBICHUs 000COONCHHOW BHYTPEHHEH Cpelpl B JKMBBIX OpTraHM3MaxX HAYMHAKOT 000COONATHECS W OpTaHBI,
MpelHa3HayYeHHbIE ISl MOJIEPKAHUS IOCTOSIHCTBA €€ COCTaBa, U MPEX/Ie BCEro — JIbIXaTelIbHbIE U BBIAECIUTENbHbIE OpraHsl. Bee
KJIICTKH TeJla CTIOCOOHBI BBIICISATE )KUIKUE WM TBEPBIC IPOYKTH CBOETO 0OMEHA.

Opradbl BbIIEJUTENbHON CHCTEMBI BKIIOYAIOT 7OYKY, KOTOpPBIE OOPa3ylT MOUY, U MOUebleodswjue HNymu -
MOYETOYHHKH, MOUEBOH IMy3bIPh U MOYEHUCITYCKATEIbHBINA KaHaJ.

IMo4ykm - rIaBHBIC OpPTaHBI BBIACIUTECIBHON CHUCTEMBI, UX OCHOBHOW (DYHKIMEH SBIIICTCS MOJICpPKaHHE TOMEOCTa’a B
opraHusMe, BKJIIOYAIONiee: 1) yajieHHe W3 OpraHu3Ma KOHEUYHBIX IPOIYKTOB OOMEHA M UYKEPOJHBIX BEIICCTB; 2) PETYISIIUIO
BOJIHO-COJICBOTO OOMEHAa W KHUCIOTHO-IICJIOYHOTO PABHOBECHS, 3) PpEryILIIUIO apTepHaIbHOTO JaBIICHUS, 4) Pperyisiuio
JPUTPONOI3A; 5) PETYIAIMI0 YPOBHEH Kanblus u ocdopa B OpraHusMe.

TTouku OKpY>KEHBI KHPOBOW TKAHBIO (JiCUp06asi Kancyia) W TIOKPBITHI TOHKOW @uobpo3noil xancynot W3 TUIOTHOM
BOJIOKHUCTOW COEAMHUTEIILHOM TKaHHU, COJAEpKallel IiaJKkue MblieyHble KiaeTKd. Kaxaas modka COCTOUT M3 pacroyioKEHHOTO
CHapyXH KOPK0OB020 8euecmaa v JIeKaIEro BHYTPU M0O3208020 8euyecmed

BiimsiHMe HAPKOTeHHBIX BellecTB (Tadaka, aJIKOroJisi, HAPKOTHKOB) HA Pa3BHTHE H 310POBbe YeI0BeKA.
O nbpsSHCTBE U KYpPEHHUH, aJIKOTOJIM3ME U HApKOMaHHH - BPEJHBIX JUIS 310pOBbs (haKTOpax rOBOPUIIOCH U TOBOPUTCS OYE€Hb
MHOro. IHOraa ux o4eHp MSrKO Ha3bIBAlOT «BPEAHBIMH MPUBBIYKAMU». AJIKOTOJIb U HUKOTUH HapeKIU «KyIbTYPHBIMHY» SJaMH.
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Ho umenno OHU, 3TU «KYJIBTYPHBIC» SJIbl MIPUHOCAT MHOXKCCTBO 66}1 n C’I’pa[[aHI/Iﬁ B CCMbSIX, TPYAOBBIX KOJUICKTHUBAX, SIBJIAIOTCA
COIMAJIbHBIM 3JIOM IJIA OGHICCTBa. Bonee TOTO, B pE3yJibTaTC BPCAHBLIX IMPHUBBIUCK COKpAIIACTCA MPOAOJDKUTCIbHOCTL KU3HU,
IMOBLIIIACTCA CMCPTHOCTL HACCJICHUS, POXKAACTCS HCITOJIHOLICHHOC IMTOTOMCTBO.

HacaencrBeHHble U BPOK/ICHHBIC 3360.]16B3HPISI, nepeaarommecs MmoJOBbIM MYTEM: CHI/LH, CI/I(i)I/IJ'II/B. JKuznennele
HUKJIBI OpraHMu3MOB. becnonoe u monoBoe Pa3MHOKCHUEC. HpeI/IMyHIeCTBa IMOJIOBOI'O0 PAa3MHOKCHUA. My)KCKaH n KCHCKasa
IIOJIOBBIC CHUCTCMBI. CHepMaTO?;OI/IZII)I U SHLEKICTKH. O6pa30BaHI/Ie U PpasBUTHUC 3apoAbllla: OBYJIALMA, OIIJIOAOTBOPCHUEC
ﬂﬁHEKﬂeTKH, YKPEIUICHUC 3apOoJblllia B MATKE. PazButue 3apoAblilia 1 1mjaoja. BepeMeHHOCTL " pOJbI. buorenetnyeckuii 3aKOH
FeKKenﬂ—Mlonﬂepa 1 MpUYUHBI OTCTYIUICHUA OT HETO. Bnusuue HapKOTCHHBIX BCILIECTB (Ta6a1<a, aJIKOT'0JI4, HapKOTI/IKOB) Ha
Pa3BUTHUC U 3J0POBLC YCJIOBCKA.

Jexnusa Ne22

Tema: «I'eHeTHKA U CeJIEKIIMI»

1. Bonipocwbl Jiekuuu:

1.1. OcHOBHEIE MMOHSTHS T€HETHKH.

1.2. 3akOHOMEpPHOCTH HACJIEOBAHUSI IPU3HAKOB.
1.3. 3akOHOMEPHOCTH U3MEHYMBOCTH.

1.4. OcHOBHBIE TTOHATHUSI CEJIEKIUM.

1.5. MeTtoapl cenekuyuu pacTeHUH 1 )KUBOTHBIX

2. KpaTkoe coaep:xaHue BONPOCOB
OcHOBHbIE IOHATHSI TeHETHKH.

FeHéTI/IKa— HayKa O 3aKOHOMCPHOCTAX HACJICACTBCHHOCTH U HU3MCHYMBOCTH. B 3aBucuMoctH 0T 00BEKTa HUCCIICAOBAHUA
KIACCU(PUIHMPYIOT TEHETHKY PacTeHHMH, )KUBOTHBIX, MUKPOOPIaHU3MOB, YEJIOBEKa W APYrHe; B 3aBHCUMOCTH OT HCIIOJB3YEeMbBIX
METOAOB JPYIHX IAMCUUIUIMH — MOJICKYJISAPHYIO T€HETHKY, SKOJOTMYECKYI0 TCHETHUKY M Ipyrue. Ve u MeToIpl TeHETHKH
UrPAIOT BOKHYIO PO B MEIHIMHE, CEILCKOM XO3SIHCTBE, MUKPOOHOJIOTHYECKONH HMPOMBIIUICHHOCTH, & TaKXKe B FCHETHYECKOU
WHXCHEPUH.

3aKOHOMEPHOCTH HAC/IeJ0BAHUS MPHU3HAKOB.

3akoHbl MeHzenss — 3TO NPHUHLMIBI [epelayd HACIeACTBEHHBIX IPH3HAKOB OT PONUTEIBCKUX OPraHU3MOB K HUX
MOTOMKAM, BBITEKAIONINE U3 IKCIEpUMEHTOB I'peropa Menzaens. OTH NPUHIMIBI IOCTYXKUIM OCHOBOM JUIS KJIACCHUECKOU
T'€HETHUKU M BIIOCJIICACTBUU 6LIJ'II/I O61)$ICHGHI)I KaK CJICACTBUC MOJICKYJIPHBIX MEXAaHU3MOB HACJICACTBCHHOCTH. XoTs B
PYCCKOSI3BIYHBIX YUeOHHKaX OOBIYHO ONMCBHIBAIOT TPH 3aKOHA, «IIEPBBIH 3aKOH» He ObUT OTKpHIT MenzaeneM. Ocoboe 3HaueHue U3
OTKPBITBIX MCHI[CJ'ICM 3aKOHOMepHOCTeﬁ HUMEET «T'UII0TE3a YUCTOTHI raMET»

3akoH eanHO00pa3usi THOPHIOB NMEPBOIr0 MOKOJIEHHs, WIH NepBbIii 3akoH Menaens. Ycrexy paboTsl Mennens
CIIO0COOCTBOBAN yAauHBIN BEIOOp 0OBEKTA AT MPOBEACHHUS CKPEUIMBAHNN — pa3iudHble copTa ropoxa. OcobeHHOCTH Topoxa: 1)
OTHOCHUTEJIFHO TPOCTO BBIPAIIUBACTCS U MMEET KOPOTKHH HEPHOJ Pa3BUTHS; 2) UMEET MHOTOYHMCICHHOE IIOTOMCTBO; 3) UMeeT

OOJIBIIOE KOJHYECTBO XOpo1mo 3aMETHBIX AJbTCPHATHBHBLIX HNPHU3HAKOB (OKpaCKa BEHYMKa — Oellasg WIH KpacCHas; OKpacka
CeMHHOHGﬁ — 3CJICHasA MJIM XKCJITasd, q)opMa CCMCHU — MOpPIIUHUCTAA WIH TJIaJiKasg; OKpackKa 000a — »xentas WIH 3CJICHasd,
(I)OpMa 600a — OKpyTJiass Uinh C MCPETAKKAMHU; PACIOJIOKCHUC LBETKOB WM IIOAOB — IIO Bcel JUINHE crebis uiu Yy ero

BEPXYIIKH; BBHICOTA CTEONSI — JUTMHHBIA HIIH KOPOTKHUH); 4) SBISIETCS CaMOOIBUINTENEM, B pe3ylbTaTe Yero MMeeT OOIbIIoe
KOJIMYECTBO YUCTHIX J'II/IHI/II71, yCTOﬁ‘IHBO COXpaHAIOIINX CBOU MPU3HAKHN N3 ITOKOJICHUSA B ITIOKOJICHUEC.

3akoH pacuienJieHusl, Wi BTOpoii 3akoH Menaens. I'. MeHaens aanl BO3MOXXHOCTh CaMOONBLIUTHCS THOpUIaM
TMEPBOro MOKOJICHUS. Yy TMOJYUYCHHBIX TaKUM O6p3,30M FI/I6pI/II[OB BTOPOT'O MOKOJICHU MPOABUIICA HE TOJIBKO HOMHH&HTHLII?I, HO U
peLecCUBHBIN IPU3HAK

3aKkoH He3aBMCHMMOI0 KOMOMHMPOBaHHs (HAc/Ie0BaHUs) NPHU3HAKOB, MJIM TpeTHii 3akoH MeHaeass. OpraHu3MBbl
OTJIMYAIOTCA Apyr OT JApyra mno MHOTHUM IIpU3HaKaM. HO:)TOMy, YCTaHOBUB 3aKOHOMCPHOCTHU HACJICAOBaHUA OJIHOﬁ mapsbI
npu3HakoB, [. MeHens nepemen kK u3y4eHHnIo HacleJOBaHuA ABYX (M OoJiee) map aJbTepHATUBHBIX IMPH3HAKOB.

3aKOHOMEPHOCTH U3MEHYUBOCTH.

Bce MHOT000pa3ue BCero *HBOTO U €r0 MOCTOSHHOE COBEPIICHCTBOBAHKME OBUIM OBl HEBO3MOXHBEI 0€3 H3MEHYHBOCTH.
DTO CBA3aHO C TEM, YTO ['CHOTHII IOCICAOBATEIIFHO pealln3yeTcs B (PEHOTHI B XOJ¢ WHIWBUAYAILHOTO PA3BUTHS OPraHU3MA U B
OTIPENICIICHHBIX YCIOBHAX Cpelbl OOMTaHUs, (PaKTOPBI KOTOPO (KoJeOaHUsI OCBEMICHHOCTH, TEMIEPATypPhl, BIaXXHOCTH, YCIOBUI
MUTaHMs, B3aUMOOTHOIIEHUH C JPYTMMH OpraHU3MaM{ W JIp.) 4acTO OKa3bIBAIOT OMpeAeNsiollee 3HAYCHUE Ha TPOSBICHHE U
pa3BHUTHE TOTO WM UHOTO MPU3HAKA U CBOMCTBA.

OcHo6Hble NOJI0HCEHUA XPOMOCOMHOU MeOPUU HACTEOCHBEHHOCIU:

1. T'en — 3TO aneMeHTapHBIA HACIEACTBEHHBIH (PakTOp (TEPMHH «QJIEMEHTapHBIN» O03HAYAET «HEACTUMBIA 0e3 MoTepH
KagecTBay). | eH mpeacTaBiseT co00l yq4acTOK XpOMOCOMBI, OTBEYAIOIIHI 3a pa3BUTHE ONPEACICHHOT0 Mpu3HaKa. lHade roBops,
TEHBI JIOKAJTN30BaHBI B XpPOMOCOMaX.

2. B omHOUM XpoMOCOME MOTYT COEPKAThCS THICSYH T€HOB, PACIOJIOKECHHBIX JTMHEHHO (TOHOOHO OyCHHKAM Ha HHTKE).
OTu reHBl O0pa3yOT TpyHIbl CHEIUICHWS. YWCiIo TPymm CIEIUICHHS pPaBHO YHUCIY XpOMOCOM B TaIUDIOMIHOM Habope.



COBOKYITHOCTh aJUIeNiCii B OJHOH XpOMOCOME Ha3sbiBaeTcs zcamiomun. Ilpumepbl ramnotunoB: ABCD (TONbKO JTOMHHAHTHEIC
aienu), abed (Tonbko peneccuBHbIe amenn), AbCd (pa3nuyHble KOMOWHAIIMY JOMHUHAHTHBIX U PEIIECCUBHBIX AJLICIICH ).

3. Eciu reHbl CLETUICHBI MEKY COO0M, TO BO3HUKACT 3PDCKT U CUENIeHHO20 HAC1e008aHUA TIPU3HAKOB, T.€. HECKOJIBKO
MPU3HAKOB HACNEIYIOTCS TaK, KaKk OyATO OHM KOHTPOJHMPYIOTCA ONHMM TE€HOM. IIpHM CIEIUICHHOM HaclieIOBaHWH B depere
TIOKOJICHUH COXPAHSIOTCS] HCXOHBIE COUYSTAHUS IIPU3HAKOB.

4. CuenuieHue TEHOB HE aOCOMIOTHO: B OOJBIIMHCTBE CIIy4aeB TOMOJOTHYHBIE XPOMOCOMBI OOMEHUBAIOTCS AJUICIISIMHU B
pe3ynbpTaTe TepekpecTa (KpocCHHroBepa) B Ipodaze MEepBOTO IeleHHs Mero3a. B pesymprare KpocCHHToBepa 00pa3yroTcs
KpoccosepHble XPOMOCOMBI (BO3HHKAIOT HOBBIC TaIUIOTHIBI, T.e. HOBBIE codeTaHws ajweneil.). C ydacTHeM KpOCCOBEPHBIX
XpOMOCOM B TIOCIEAYIOMIHX ITOKOJICHUAX ¥ KPOCCOBEPHBIX 0COOCH JODKHBI ITOSBIIATHCS HOBBIE COYCTAHUS TPU3HAKOB.

5. BeposiTHOCTh TOSIBIEHHS HOBBIX COUYETAHHI NPU3HAKOB BCIIEJACTBHE KPOCCHHTOBEpa MPSMO MPONOPIHOHATIbHA
(hU3MYIECKOMY PACCTOSHUIO MEXKIY FeHaMHU. DTO MO3BOJSCT OMPEACTATh OTHOCUTEIBHOE PACCTOSHUEC MEXAY T€HAMH M CTPOHUTH
reHeTryeckue (KpoCcCOBEPHBIE) KapThl Pa3HbIX BUIOB OPTaHU3MOB.

OcHOBHEBIE NOHATHS CeJTCKIHM.

Cenekuus — Hayka O METOAAX CO3JaHMs M YyIy4IIEHUs IOpPOJA JKUBOTHBIX, COPTOB pPACTEHWH, IITaMMOB
MHUKpOOpraHn3MoB. CeneKmueil Ha3bIBalOT TaKXKe OTPacib CEIBCKOTO XO035HCTBA, 3aHNMAIOLIYIOCS BBIBEACHHEM HOBBIX COPTOB U
THOPHUIOB CETBCKOXO3SIMCTBEHHBIX KYIbTYP U TOPOJ JKUBOTHBIX.

CeslekMsl - 3TO Hayka O CO3JaHWH HOBBIX M YJYYIICHHH CYIIECTBYIOIIMX IOPOJ JKMBOTHBIX, COPTOB PAacTCHUM,
IITaMMOB MHKPOOPTaHM3MOB. B OCHOBE cenekium Jie)xaT Takue METOIbl, Kak Tnopuauzanus u otoop. Teopernueckoit 0CHOBOH
CEJIEKIINH SBIISIETCS TEHETHKA.

Jnist ycremHoro peureHust 3ajad, CTOAMMX Iepen cenekiued, akanemuk H.M. BaBuwiioB 0co0o Bbliensl 3HaueHHE
U3y4EHUs] COPTOBOTO, BUIOBOTO M POJOBOTO Pa3HOOOpa3us KyJbTYp; U3yUSHHUS HACIIECICTBEHHOW M3MEHUYMBOCTH; BIUSHHS CPEJbI
Ha pa3BUTHE MHTEPECYIOUINX CeJEeKIMOHepa IPU3HAKOB; 3HAHMH 3aKOHOMEPHOCTEH HAcJleNOBaHUS IPU3HAKOB IIPHU
rHOpUIU3aINK; 0COOEHHOCTEH CeNeKIMOHHOTO IMpoliecca I CaMO- MM MEepeKpeCTHOONBUIUTENEH; CTPaTernu UCKYCCTBEHHOTO
otbopa.

ITopoabl, copra, MITAMMbI — HCKYCCTBEHHO CO3JaHHBIC YEJIIOBEKOM IOIMYJSIMM OPraHU3MOB C HAcJEICTBEHHO
3aKpETIEHHBIMUA OCOOCHHOCTSMH: MPOIYKTUBHOCTBIO, MOP(OIOTHUECKUMH, (HU3HOIOTMIECKUMH IPU3HAKAMH.

Kaxnast mopoja >KMBOTHBIX, COPT PacTCHMH, MTaMM MHKPOOPTAaHH3MOB NPHUCIIOCOOJICHBI K ONPEISIICHHBIM yCIOBHSIM,
MOATOMY B Ka)KJJOH 30HE Hallel CTpaHbl IMEIOTCS CIICIHAIN3NPOBAHHBIE COPTONCIIBITATENIFHBIC CTAHIIMN U TUNIEMEHHbIE X035iCTBa
JUISL CPAaBHEHMS ¥ IPOBEPKH HOBBIX COPTOB U MOPOJI.

Jns ycnenrHo# paboThI CeIeKIHOHEPY HEOOXOAMMO COPTOBOE pazHOOOpasue MCXOJHOTO MaTepuana. Bo BeecorozHom
MHCTHTYyTE pacTeHneBoacTBa H.V. BaBninoBsiM Obla coOpaHa KOJUICKIMSA COPTOB KYJIBTYPHBIX PACTCHHH M MX JUKHX IPEIKOB CO
BCET0 3eMHOTO I11apa, KOTOpas B HACTOSIEE BPEMsI ITOTIOIHSCTCS U SBJISAETCS OCHOBOM JUIsl paboT MO CeNeKIMH Jr0001 KYJIbTYypBhI.

MeToabl cesleKIIUH PACTeHUH U AKUBOTHBIX

OCHOBHBIE METOJZIBI CENEKIIUM BOOOIIE M CENEeKIMW PACTEHWH B YaCTHOCTH — OTOOp u rubpwmamsanus. Jis
MEePEeKPECTHOONBUIAEMBIX PACTEHHUH MPHUMEHSIOT MacCOBBIN O0TOOp ocobeil ¢ keTaeMbIMH CBOMcTBaMH. B mpoTHBHOM ciydae
HEBO3MOJXKHO TOJIYYUTh MaTepHai A AalbHEHIIero CKpeuBaHusa. TakuMm o0pa3oM IMOJTy4aroT, HallpUMeEp, HOBBIE COPTa PIKU.
OTH copTa HE ABISAIOTCS FEHETHUECKU OJHOPOIHBIMU. Ecnu ke kKenaTeabHO MOJydYeHHE YUCTOM JIMHUUA — TO €CTh F€HETUYECKU
OJTHOPOJTHOTO COPTa, TO NPHUMEHSIOT MHAWBUAYaJIbHBIA OTOOpP, MPH KOTOPOM ITyTEM CaMOOIBUICHHMS MOJYYalOT IMOTOMCTBO OT
OJTHOM EJMHCTBEHHOH OCOOM ¢ >KenaTeNIbHBIMM IIpU3HaKaMH. TakuM MeToJoM ObUIM TOJydeHbl MHOTHE COpTa MIICHHUIB,
KaIlyCThl, U T. II.

Jexmusa Ne23

Tema: «Pa3Burue :xu3HM Ha 3eMJie»
1. Bonpochl iekumu:

1.1. DBoNIIOLIMOHHOE yYEHUE

1.2. IBrKyuue cUiibl 3BOJIIOLIMH

1.3. MakponsBoJrouust

1.4. Dransl pa3BUTH )KU3HU Ha 3eMiie

2. Kparkoe coaep:kaHue BOIPOCOB
JBOJIIOLIUOHHOE YUeHHUe
DBOIIONHOHM3M (TAK)KEe SBONIONHOHHOE YJEHHE H JBOMIOLMOHHCTHKA) — CHCTEMA HACH M KOHIEMIHHA B OHOJIOrHH,
YTBEP)KIAIOIINX HCTOPHYECKOE MPOTPECCHBHOE pa3BHTHE Omochepbl 3eMid, COCTABISAIOMHNX €€ OMOTeoleHO030B, a TaKKe
OTIIENbHBIX TAKCOHOB W BHUJOB, KOTOPOE MOXET OBITh BIHCAHO B TIOOATBHBIA MPOIECC 3BOJIONUHN BCcelieHHOU. [lepBbie
9BOJIOLIMOHHBIE WJEW BBIIBHTAJNCh YK€ B AHTUYHOCTH, HO TOJBKO Tpyasl Yapmbza [lapBuHa clenand 3BOJIOLMOHU3M
(yHIaMeHTaIbHOM KOHLETIINEH ONOIOTHH.

JABH:KyLIMeE CHJIbI IBOJIIOLUM



Hcropuueckoe pa3BUTHE YEIOBEKa MPOMCXOAWIIO 1O/ BIMSHUEM TeX ke (PaKTOpOB OMOJIOrMYECKOW HBONIOLMH, YTO M
OCTaJIbHBIX BHOB XXMBOH NpUposl. OHAKO JUIS aHTPOIOTeHe3a HEJ0CTaTOYHO JNEHCTBHS OJHUX OMOJOTHYECKHX (PAaKTOpPOB -—
OH COIIPOBOYK/IAETCS €IIe COLMAIBHBIMU (haKTOPaMH.

EcTecTBeHHBII 0TOOP — 3TO HANPaBJIEHHBIH (PaKTOP IBOTIONHOHHOIO MPOLEcca, IBUKYIIAS CHIA IBOJTIOLHH .

HamnpasneHne ecTecTBEHHOTO 0TOOPa HAa3bIBACTCS BEKTOPOM 0TOOpA.

Pe3yabTaThl eCTeCTBEHHOI0 0TOOpA:

1. CoxpaHeHHE TeHETHYECKON CTPYKTYPBI O IISIIHH

2. I3MeHeHne reHeTHYECKOM CTPYKTYPhI MOMYJIALUN

3. IlosiBNeHNE HOBBIX BAPHAHTOB PaHEE CYIIECTBOBABIINX IPU3HAKOB

4. IlosiBNeHNEe NPUHIMINAIBHO HOBBIX IPU3HAKOB

5. OOpa3oBaHHe HOBBIX BHJIOB

6. IIporpeccuBHBIN XapakTep OHOJOTHYECKOM BOIIOLMH

EcTecTBeHHBII 0TOOP — 3TO ciaecTBHE GOPLOLI 32 CylIeCTBOBAHUE

ITox BelpakeHHEM «00pPHOa 3a CylIeCTBOBAHME) IIOHMMAETCS BCE MHOTOOOpa3He OTHOIIEHUI MEXIy OpraHn3MaMu U
cpenoii mx OOuTaHUs.

Y. MapBuH ynoTpebisin TepMuH 00ph0a 3a CYIIeCTBOBAHUE «...B CAMOM IIUPOKOM U MeTaOPHUIECKOM CMBICIE, BKIFOUAs
CIOZIa 3aBHCHMOCTH OJHOTO CYIIECTBA OT APYTOro, a TaKXKe BKIOYas (YTO €Ile BaXXHEE) HE TOJIBKO JKM3Hb OIHON 0COOH, HO U
yCIIeX €€ B OCTaBJICHHUH T10cTe ce0s TOTOMCTBAY.

Brlpakenne «0opbba» MoauepKuBaeT akKTHBHBIA XapakTep AEATEIbHOCTH OPraHU3MOB — MAaKCHMAaIbHOE HCIIOJIb30BAHHUE
OpraHu3MaMH BHYTPEHHUX U BHELTHUX PECYPCOB.

Jns m3ydenust ¢opm OOpbrOBI 3a CyIIECTBOBaHHME HEMEIKHH 3SBOJIOLMOHHCT . ['ekkenb cosfgan ocoOblil pasmen
6MOJIOTHH — 3KOJIOTHIO.

®dakTopbl 00pbOBI 3a cymecTBoBaHWe. bopn0a 3a cCyllecTBOBaHHME BO3HUKACT IPH BO3JACHCTBUM Ha TPYIIY
OpPTraHU3MOB Pa3HOOOPA3HBIX YHJOTCHHBIX M IK30T€HHBIX (haKTOPOB.

Dnoozennvle akmopel — OTO  KOPpPEISLHOHHBIE (B3aUMOCBSI3aHHBIE) B3aMMOJCHCTBHS  HMH(OPMAaLMOHHO-
SHEPreTUYECKNX CHUCTEM CaMHX OpraHM3MOB. B pe3ynpTare B3aMMOAEHCTBHS SHIOTCHHBIX (AKTOPOB BO3HHUKAET
KOHCIUmMyyuonanvias 6opvoa 3a cyuwjecmeoganue. VIMGHHO OT KOHCTHTYLMH OpraHm3Ma (TO €CTh OT €ro aHaTOMO-
MOP(]OIIOTHYECKNX, (DU3NONOTHUECKUX U OHOXMMHYECKHX OCOOCHHOCTEH), B MEpPBYIO OdYEpeAb, 3aBHCHT €ro oomas
KHU3HECTIOCOOHOCTB.

DK302ennble hakmopsl — 3TO SMTMMUHAPYIONIIE U TUMUTHPYIONINE (haKTOPBI CPeibl OOUTaHNS.

Dnumunupyrowue pakmopsl — 570 aONOTHIECKUE U OHOTHUYECKHE (AKTOPBI CPEbl, KOTOPHIE MIPUBOIAT K MACCHBHOMY
COPEBHOBAHMIO U dJIMMUHAIMH ((PU3MUECKON MM TeHeTHUeCKON rudenn) opraHu3MoB. [IpuMepbl: SKCTpeMalbHbIe TeMIIEPaTyPhbI,
KpafHUT HEeZOCTATOK WM KpaWHuil M30BITOK BIard, KpalHWN HEJOCTaTOK CBETa, ABIDKEHHE Cpeabl (CHIBHBIN BETep, TEUCHUE
BOJIBI, IPUOOIL, TMBHN)..., @ TAKXKE XUIHUKH, TAPA3UTH], TATOT€HHbIE MUKPOOPTaHU3MBL. ..

Jumumupyrowgue pakmopst — 310 HaKTOPHI—PECYPCHI, HENOCTATOK KOTOPBHIX NPUBOAUT K AKTHBHOI KOHKYPEHIHH U
CHIDKEHHIO HHTCHCUBHOCTH JKU3HEAEATeNbHOCTH. [IpuMephl: KOHKYpEeHIHA 3a CBET, BOJY, MHUIILY, BO3MOKHOCTH JUIS Pa3MHOKEHUS

Boppba 3a cymiecTBOBaHHME HE MIpeKpamaercs Aaxe B ONTUMAJIBHBIX YCIOBHAX, OJHAKO MPHU H3MEHEHUH JeHCTBUSA
NMMHUHUPYIOMINX WIIH IMMUTHPYIOMNX (pakTOpOB OHU ee HOPMBI MOTYT 3aMEHATHCS Ha JIPYTHE.

OnHako TOJbKO MPH HAJUYUH BHYTPHIIOMYJSIHMOHHOW reHeTHYecKoH M3MEeHYMBOCTH Oophda 3a CyliecTBOBaHHE
MPUBOAMT K eCTeCTBeHHOMY 0TO0opY. Torna akTopsl 60psObI 32 CyIECTBOBAHHE CTAHOBSITCS AT€HTAMHU eCTECTBEHHOr0 0T00pa.

®dopmoit 6OpBEOEI 3a CYIIECTBOBAHUE 33/1aCTCSI BEKTOP (HANPaBJeHHE) eCTECTBEHHOT0 0TOOPA.

JABuxymmii oroop . CymecTByeT MHOXKECTBO (hOpM €CTECTBEHHOTO 0TOOpA.

Ucxonnoii (Bemymien) (opmoii sIBIS€TCS ABHMKYUIHA OTOOpP, KOTOPBIA NPUBOIUT K UIMEHEHUI) TEHETHUUECKOW H
(heHOTUIHYIECKOH CTPYKTYPHI MOITYJISAIHH.

CymHOCTh JBIXKYILET0 O0TOOpa 3aKII0YaeTcsl B HAKOIUIEHMM U YCHJICHUU OMKAOHEHuil OT TepBOHAYAIBLHOIO
(HOpMaBHOTO) BapHaHTa MpU3HaKa. B nanpHeiinmem nepBoHavanbHBIM BapuaHT NPU3HAKA MOXKET CTaTh OTKJIIOHEHHEM OT HOPMBI.

Takum oOpa3om, ABMKYLIMI O0TOOp MpOsIBJIsieTCSl B BHJE YCTOWYMBOIO M, B M3BECTHON Mepe, HaNpaBJIeHHOI0
M3MEHEHU YacTOT ajulesieil (reHOTUINoB, (eHOTUIIOB) B MOMYJIsi M U.

PesynbpraToM ABmXKyIiero ordopa SIBISETCS JIOCTHXKEHHE TAaKOTO COCTOSHHUS IOIYJISIIUH, TP KOTOPOM €€ CPeOHAs
npucnocobnennocmes JOCTUTAET MakcMMyMa. lHade TOBOps, B XOJ€ JIBIDKYIIErO OTOOpa RnoGvluiaemcs cCpeonas
RPUCnOCOONEHHOCIb RORYAAWUN, HO HE 0053aTEIBHO BCEX €€ WICHOB.

[NosBnenue B momyssiuny Npu3HaKa (GEeHOTHIIa U COOTBETCTBYIOLIETO €My I€HOTHIA), 00ECIeYNBAIOIIETO ITOBBIILICHNE
MPUCTIOCOOIEHHOCTH OTIENBHBIX 0COOEH MM MOIYJISIMHY B LIEJIOM, Ha3bIBACTCS J1EMEHMAPHBIM A0ANMAYUOHHBIM AGIEHUEM.

VYcroiluuBoe U, B U3BECTHOM Mepe, HAIPaBICHHOE U3MEHEHHE I€HETUYECKOM CTPYKTYpbl MOMYISIMH, B YaCTHOCTH,
M3MEHEHNE YaCTOTHI aJuleyst (TalUIOTHIIA) HA3bIBACTCS 21EeMEHMAPHBIM IGOTIOUUOHHBIM AGTEHUEM.

TpaH3uTHUBHBIH (IepexXoaHbIi) MoJUMoOpPu3m

ITonumopghuzm — 310 BHEIIHEE NMPOSABICHUE BHYTPHUIIONMYIALIMOHHOIO MHOT000pa3ms, COCYIIECTBOBAHNE B MOITYJISIHH
JIBYX H 0oiee GopM (BapHaHTOB) MIPHU3HAKA.



IBOJIOLUOHHBIM (TeHeTHYeCKUM) NMOJTUMOP(PU3MOM HA3bIBAETCSl COCYlLIeCTBOBaHUE B MOMYJsIUMHU ABYX M 0oJiee
aneneil (reHOTHUINOB, (eHOTHNOB), MpPHYEeM, HAJIHYHME PEAKOro ajjielss WIH BapHMaHTa NPHU3HAKA He MOXKeT OBITh
00BSICHEHO TOJILKO MYTAIMOHHBIM NMPOLECCOM WJIM MHTPALIUSIMH.

Ha mpomexyTouyHBIX 3Tamax IBIDKYIIETO OTOOpa MOMYJLIIHsS NOJIMMOp(HA, OJHAKO TAaKOM TPAH3UTUBHBIN, WITH
nepexoHbId MOIMMOP(PU3M CylIecTBYeT OrpaHMYeHHOe YUCI0 MOKOJIeHHH, TIOKa HCXOAHBIA aiiens (TeHOTHN, (PeHOTHI) HEe
OKa)KeTCs 3aMeIIeHHBIM HOBBIM aynieieM (TEeHOTHUIIOM, (peHOTHIIOM)

Maxkpo3BoJonus
Maxkpo3BOTIONNST OPraHMIECKOTO MHpa — 3TO Npoliecc (GOPMHUPOBAHUS KPYITHBIX CHCTEMAaTHYECKUX €AWHUIL M3 BUAOB
— HOBBIX POJIOB, U3 POJOB — HOBBIX CEMEUCTB U T. A. B 0OCHOBE MakpO3BOMIOLUY JIeXkKAT TE >K€ ABIKYIIUE CUJIBL, YTO U B OCHOBE
MHKPOIBOJIIOLUH: HACIEICTBEHHOCTh, U3MEHUYNBOCTh, ECTECTBEHHBIH OTOOP U PENPOAYKTHBHAS W30JISALIHS.

JTanbl pa3BUTHS )KM3HU HA 3emJie
Ha ocHoBaHuu TOTO, 94TO OBLJIO CKAa3aHO pPaHEE, MBI MOXKEM C JIOCTATOYHOM JJIsl HAITUX IIEJEeH CTPOrOCTHIO U TOUHOCTHIO
OTIPEJICNIUTh «KHBOE BEIIECTBO» KaK TAaKOH CIOMXHBIA MOJEKYJSPHBIA arperaT, B KOTOPOM HMEETCS «yHpaBISIONIasi CHCTEMay,
BKIIIOYAoIIast B ce0s MEXaHW3M I[epefaddl HAaCIeICTBCHHOW WH(OpPMaNnH, 00ecleunBalomell COXpaHSIIOIMNE pPeaKIluH
CIICIYIOIINM IIOKOJCHHAM. TeM camMbIM Onarojapsi HEHM30SKHBIM «IoMeXam» IIpH Iepefade Takod WHPOPMAIWUU Haml
MOJICKYJISIPHBIA KOMITIEKC («OPTaHU3M») CLIOCOOCH K MYTAIHsIM, a CICIOBATENBEHO, K IBOJIOIHH.

Jexknus Ne24

Tema: «OCHOBHbIE IOHATHS YKOJIOTHH»
1. Bonpocel Jiekuum:

1.1. IToHATHE «PKOIOTHI

1.2. Tomynsauus

1.3.KpyroBopoThbl BEIIECTB B IPUPOJIE

2. KpaTkoe coaep:kaHue BOIPOCOB

IlonsiTHE «IKOJIOTHSD)
DKONOTHs — HayKa O B3aUMOJICHCTBUAX KUBBIX OPraHU3MOB U UX COOOIIECTB MEXIY COOOM U ¢ OKpYXKAroIIeH cpeoi.
TepmuH BIiepBbIe MPEIIOKHUI HeMeLKuit onosior IpHCT ['ekkensb B 1866 rony B kuure «O011as MOphOoJIOrusi OpraHu3MOBY

Honmyasiuus
[omymnsiums — rpymia ocobeit, criocoOHast Kk 6ojee-MeHee YCTOHUYMBOMY CaMOBOCIPOHU3BOICTBY (Kak IOJIOBOMY, TaK U
OecIoIoMy), OTHOCHTEIBHO 000co0NeHHas (OOBIYHO reorpaUyuecKd) OT IPYTHX TPYIIL, € MPEICTABHTEISIMHA KOTOPBIX (IpH
TIOJIOBOH PENpOTyKIMH) NOTEHIINATBHO BO3MOXKEH F'eHeTHYeCKUit 00MeH. C TOUKH 3peHNs MO ISIIMOHHON TeHETHKH, Oy M
— 3TO TpyINa oco0ei, B Ipeenax KOTOpoi BEPOSTHOCTh CKPELIMBAHHS BO MHOTO Pa3 MPEBOCXOJUT BEPOSTHOCTh CKPELIMBAHUS C
MPEICTABUTEISIMU JIPYTUX 1TOA00HBIX Tpyti. OOBIYHO TOBOPSAT O MOMYIISLMIX KaK O TPYIIIAaX B COCTaBE BUA MIIH ITOJBH/IA.

KpyrosopoThl BelllecTB B Ipuposje

Boma HaxoguTcs B TOCTOSHHOM JBIDKEHHH. lcmapsisich € TOBEpXHOCTH BOJOEMOB, IIOYBBI, pacTeHHUH, Boja
HakaruiMBaeTcsi B arMoc(epe U, paHo WM MO3[HO, BBINAJAET B BUJE OCAIKOB, MOTOJHSIS 3aMachl B OKeaHax, peKkax, o3epax u T.II.
Takum 00pazoM, KOJIMYECTBO BOJIBI Ha 3eMIle HE U3MEHSETCS, OHA TOJILKO MEHSET CBOU (DOPMBI - 3TO U €CTh KPYrOBOPOT BOJBI B
pUpOJE.

Kpyrosopor Ouosnornuyeckuii (0MOTHYeCKHil) — SBJIIEHUE HENPEPBIBHOTO, LUKIMYECKOIO, 3aKOHOMEPHOr0, HO
HEPABHOMEPHOTO BO BPEMEHM M TPOCTPAHCTBE MEPEPACHPEENEHNS BENIECTBA, JHEpruum' W WMHPOPMAIMM B MpEENax
9KOJIOTHYECKUX CHCTEM PA3IMYHOTO MEPapXWUeCKOro YpPOBHsS OpraHM3allu — OT OHoreoneHos3a 1o Ouocdepsl. Kpyrosopor
BEIlECTB B MacliTabax Bceil OMocdepbl Ha3bIBAlOT OOJIBIINM KPYroM, a B IIPEAeNaX KOHKPETHOro OHMOTeOLeH03a — MaJlbIM
Kpyrom OuoTHdyeckoro oOmeHna. YacTh OHMOJIOTMYECKOrO KpYroBOPOTa, COCTOSINAS M3 KPYrOBOPOTOB YIVIEPOJa, BOJBI, a30Ta,
¢docdopa, cepbl U IPyrux OHOTEHHBIX BEIIECTB, HA3BIBAIOT ONOT€OXMMHUYECKUM KPYTOBOPOTOM.

HexoTopoe kommuecTBO BemiecTBa MOXKET Ha BpeMs BHIOBIBATH M3 OMOIOTHYECKOTO KPYTOBOpOTa (OCaKAaThCs Ha JHE
OKEaHOB, MOpEW, BbIMAagaTb B TIyOMHBI 3eMHOW KOpHl W T. 1.). OJHAKO B pe3ynbTaTe NPOTEKAHUS TEKTOHHYECKUX H
TE0JOTMYECKUX IPOLECCOB (BYJIKAHMYECKOW AEATENbHOCTH, NMOABEMA U OIYCKAHWSA 3€MHOW KOPBI, M3MEHEHHS TPaHHIl MEKIY
Cymed M BOAOH W Jp.) OCaJ0YHBIC TOPOABI BHOBH BKIIIOYAIOTCA B KPYTOBOPOT, HA3bIBA€MBIH T'COJOTMYECKHM ITUKJIOM HWIIH
KPYTOBOPOTOM.

KpyroBopoTs! BemecTB OT MPOIYIEHTOB K KOHCYMEHTAaM Pa3IMYHBIX YPOBHEH, 3aT€M K PEAyIEeHTaM, a OT HUX BHOBB K
NpOJYyLEHTaM 3aMKHYTHI HEe HOJHOCTBIO. Eciin OBl B 3KOCHCTEMax CyIIEeCTBOBajia X ITOJIHASI 3aMKHYTOCTb, TO HE BO3HHMKAJIO OBl
HUKAaKHX M3MEHEHUH Cpebl KU3HM, He ObUIO OBl MOYBBI, N3BECTHIKOB W IPOYHMX T'OPHBIX MOPOJA OMOTEHHOTO HMPOUCXOXKICHHS.
Takum 00pazoM, OMOTHYECKUI KPyrOBOPOT MOXHO YCJIIOBHO M300pa3suTh B BHJE HE3aMKHYTOro Koibla. [lorepu BemecTBa u3-3a
HE3aMKHYTOCTH KPYroBOpPOTa MHHMMaIbHEI B OHMOcdepe (camoil KpyHMHOH sKocucTeMe IuiaHeTsl). MHdopmanus B skocucTemax
TepsieTcs ¢ THOENBIO BUJIOB M HEOOPaTUMBIMH T'€HETHUECKUMU NTEPECTPOKaMu.



Takum o00pa3oMm, Kakaas DSKOCHCTEMa IIOJJICPKHMBACT CBOE CYIIECTBOBAaHME 3a CYET KPYroBOpPOTa OHOICHOB U
MOCTOSIHHOTO IPUTOKA COJIHEYHOM 3Hepruu. KpyroBopoT sHEprum B IKOCHCTEMax HPAKTHYECKH OTCYTCTBYET, IOCKOJBKY OT
peIyLEeHTOB OHA (IHEPIHs) BO3BPAILACTCS K KOHCYMEHTAaM B MH3EPHBIX KojmdyecTBax. CUnTAIOT, 4TO KO3()(HUIUNEHT KPYroBOpOTa
sHepruu He npesbimaet 0,24%. DHeprus MOXeT HaKaIUIMBaThCs, cOeperaTses (T. €. MpeoOpa3oBeIBaThCS B Oonee 3 dekTHBHBIE
(GopMBI) U mepenaBaTbCs W3 OLHOM YaCTH CHCTEMBI B JPYryl0, HO OHa He MOXKET OBITh CHOBa IyIIEHa B €10, KaKk Boda U
MHHEpaJbHbIC BellecTBa. EMMHOKIBI PO OT pacTeHHH-IPOLYIICHTOB Yepe3 KOHCYMEHTHI K PeIyLeHTaM, SHePrusl BEIHOCHTCS
B OKOJIO3€MHOE W KOCMHYECKOE IPOCTPAaHCTBO. [Ipu IBHXKEHHH Yepe3 SKOCHCTEMY IOTOK HEPIUH 3aTparvBacT B OCHOBHOM €e
OHOIICHO3, TIO3TOMY OH IOAPOOHO PACCMOTPEH paHee.

Jlexknusa Ne2S

Tema: «buochepa»

1. Bonpochl JIeKIUH:

1.1. CoctaB 6uocheps

1.2. Dxocucrema

1.3. Tumnsl B3aMMOOTHOIIEHUS! OPraHU3MOB

2. Kpatkoe coaep:kaHue BOIPOCOB
CocraB 6uocdepbl

Buocpepa — obomouka 3emum, 3aceiHHas XUBHIMH OpraHM3MaMH W IpeoOpa3oBaHHas WMH. buocdepa Hauama
(hopMupoBaTbcs He TIO3MHEE, YeM 3,8 MIIpA. JIET Ha3al, KOTJa Ha HaIllel IUIaHEeTe CTajH 3apOXIaThcs MepBbIe opraHu3Mbl. OHa
MPOHUKAET BO BCIO TUAPOC(EpY, BEPXHIO YacTh JIUTOC(EpHl U HIDKHIOW 4acTh aTMocdepbl, TO ecTh HacensieT 3kochepy.
buocdepa mpencrasnsier coboi COBOKYIMHOCTh BCEX JKHUBBIX OpraHu3MoB. B Heii oburtaet 6osnee 3 000 000 BHIOB pacTeHHH,
JKMBOTHBIX, TPHOOB 1 OakTepuil. UenoBeK Toxe SIBISIETCS YacThio Oocdepbl, ero AesTeIbHOCTh MPEBOCXOAUT MHOTHE IPUPOIHBIE
npoliecchl U, kak ckaszan B. 1. Bepraackuii: «4enoBek CTAHOBUTCSI MOTy4€il re0JIOrHYeCKON CUIIO.

buocdepa Brirouaet Tpu nosica hazoBoro cocTaBa BeLIECTBa: TBEPAOTo (JuTocepa), sKuakoro (runpocdepa) U ra3oBoro
(armocdepa). [IpnbmmsntensHas Macca 6uocgepst cocrasisieT 0,05 % maccsl 3emin, a ee 00beM 0,4 % oObeMa IITaHeTHI.

CrpykTypa coBpeMeHHOI Omocepsl mpencTaBisieT co00i CI0KHYI0O MHOTOKOMITOHEHTHYIO CHCTEMY - COBOKYITHOCTH
ra3oo0pa3HOH, JXUIKOH, TBepaod M Owonormueckod opraHm3amuud. OHa XapaKTepu3yeTcs CTPOTOH OpPraHW30BAHHOCTHIO,
OMOJIOrMYEeCKUM PABHOBECHEM COCTABJISIOIIMX €€ OPraHU3MOB.

B.U. BepHanckuii momdepkuBai, 4To OHOC(epy HYKHO pPacCMAaTPHBATh KAaK IIEJOCTHYIO TCOJOTHUYECKYIO 00O0JIOUKY
3eMJIM, BECbMa CIIOKHYIO CaMOPETyJHPYIOIIYIOCS CUCTEMY, COCTOSIIYIO M3 KHBOTO BELIECTBA M HEXHMBOW MaTtepuu. B cocraB
KpOMe, )KUBOT'O BEIIECTBa (PACTUTEILHOTO U )KUBOTHOTO MHPa, MUKPOOPTaHU3MOB), BXOJISIT:

a) OMOTeHHbIEe BelecTBA — MPOIYKTHI JKU3HEICATEIIFHOCTH YKUBBIX OPraHU3MOB — I'yMYC TI0YB, KAMEHHBIH yTOJb, TOP(,
HE(Tb U T.IL.;

0) GMOKOCHBIE BellecTBa — OCaJ0UHbIE MMOPO/IbI, TPU3EMHasi aTMocdepa U MPOoYHe KOMIIOHEHTBI, KOTOPBIE CO3JIaHbI B
MPOLIJIOM OpraHU3MaMH, T.€. IPOIYKThI paciiaia v nepepaboTKy TOPHBIX U OCAJOYHBIX MTOPOJ KHUBBIMH OpraHU3MaMH;

B) KOCHbIe BelIeCTBA — TOpPHBIE IIOPOJBI MarMaTH4ecKoro, HEOPraHWYeCKOro IPOUCXOXKAEHHs, BOJA, a TaKKe
nepepabOTaHHbIE M BUIOM3MEHEHHBIC XKMBBIMH OPraHU3MaMH BELIECTBA KOCMHUYECKOTO NMPOMCXOKACHHs (KOCMHYECKas MbLIb,
METECOPHUTHI U T.11.).

Kakne xe Qu3HKO-XUMHUUYECKHE YCIOBUS HanOoiee ONarompHATHHI IS CYIISCTBOBAHUS >KU3HM (PKUBOTO BeIIecTBa)?
JocTaTo4HOE KOJMMYECTBO YIIIEKHUCIOTO T'a3a M KUCIOPO/a, TOCTATOYHOE KOJIMIECTBO BOJBI (00S3aTEIFHO B KUAKOM COCTOSIHUM),
TEeMIIEPaTYPHbII PEXXUM, MCKIIOYAIOUIMH KaK CJIMIIKOM BBICOKHE TEMIIEpaTypbl (BBI3bIBAIOLIME CBEPTHIBAHHE OEJKOB), TaK U
CJIMIIKOM Hu3kue (Mpekpainariimue padory (EepMEHTOB), HAIMYHME “TIPOKUTOYHOIO MUHHUMYMA” 3JIEMEHTOB MHHEPaIbLHOI'O
MUTaHMs, OTIPEIeNICHHAs COJICHOCTh BOJTHO CPeIbl.

JKocucTeMa

DKkocucTéMa, WK IKOJOTHUecKasi CHCTEMa — OMOJIOTMYECcKasi CUCTEMa, COCTOSIIAs U3 COOOIIECTBA )KUBBIX OPTaHU3MOB
(buonenos), cpenpl uX oOMTaHMs (OMOTOIT), CHCTEMBI CBSI3€H, OCYIIECTBISIONIEH OOMEH BEIIECTBOM U SHEPTUel MeX/ly HUMHU.
OnHO M3 OCHOBHBIX MOHSTHH SKOJIOTHH.

Omnpenenenne Ouoreonenosa mo B.H.CykaueBy (1964: 23) cumraercsi KJIACCHYECKHUM — «... 3TO COBOKYITHOCTH Ha
M3BECTHOM IPOTSDKCHHMM 3€MHOM IIOBEPXHOCTH OJHOPOJHBIX TPHUPOAHBIX SIBJIEHUH (arMocdepbl, TOPHOW THOpPOJHI,
PacTUTENBEHOCTH, XHMBOTHOTO MHpPa W MHpa MHKPOOPTaHHM3MOB, IOYBBI W THAPOJOTHYECKHX YCIOBHI), MMeromas oco0yio
crieduKy B3aUMOJEHCTBUI ATUX CJAralolIMX €€ KOMIIOHEHTOB M ONpEJeNICHHBIH THUI OOMEHa BEIECTB M DHEPrHEei: MEeXay
co00it U ¢ ApYruMU SIBICHUSMH MPHUPOJBI U MPEACTABISIONAass co00H BHYTpEHHEE NMPOTHBOPEUUBOE SIUHCTBO, HAXOJSIIEECs B
MOCTOSIHHOM JBMKCHHH M Pa3BUTHH ...".

Tunsl B3aUMOOTHOIIEHNUSI OPTAaHU3MOB
OTHOIIEHUsT MOTYT OBITh KaK BHYTPH-, TAK M MEKBHIOBBIC.
Bo3MoxHBI crieqyronue BUIbl BIMSHUN OJJHUX OPTaHU3MOB Ha JIpyTHe:
[omoxutenpHOE (+) — OAWH OpPraHU3M IMOJyYaeT MOJIb3Y 3a CUET qPYroro.



OtpuuarenbHoe (—) — OpraHu3My NPUYMHSIETCS BPEa M3-3a APYTrOro.

Hetitpansnoe (0) — npyroi HUKak HE BIUAET HA OPraHU3M.

Heiimpanu3m, npy KOTOPOM COBMECTHO OOMTAIOIINE HA OJJHOM TEPPUTOPUU OPraHU3MBI HE BIMSIOT Ipyr Ha apyra. [Ipu
HEWTpasm3Me 0coOM pa3HbIX BHIOB HE CBA3aHBl APYr C APYrOM HENOCPENCTBEHHO. [IpumepoM HeHTpamm3ma MOTYT OBITH
B3aMOOTHOIICHNE OEIIKH U JIOCS B OHOM JIECY, TJIc OHM HE KOHTAKTHUPYIOT IPYT C APYTOM.

- Cum6uo03 - COXHUTENBCTBO ( OT Tpedeckoro "cuH" - BMecTe, "0roc" - )KU3Hb) - PopMa B3aNMOOTHOIIEHHH, IPU KOTOPBIX
00a mapTHepa WM OJWH U3 HUX M3BIIEKACT MOJB3Y OT APYTOTo.

- Anmuéuo3, pu KOTOPOM 00€ B3aHMMOJCHCTBYIOIINE MOMYIAMH WIM OJHA M3 HUX HCIBITHIBAIOT OTPHUIATEIHHOE
BIIASTHHC

KoMMencanu3m - TN B3aMMOOTHOIIECHUWH, NMPH KOTOPOM OJMH W3 JBYX OOMTAIONIMX COBMECTHO BHIOB HM3BJIEKAET
TMOJIB3Y U3 COBMECTHOTO CYIIECTBOBAHUS, HE IPUUUHSIS BPEAa IPYroMy BUJLY.

MyTyanu3m - 00a BU1a U3BJIIEKAIOT BBITOJly M3 COBMECTHOTO CYIIECTBOBAHHS M HE MOTYT KHTh CAMOCTOSTENBHO.

Jlekuusa Ne26

Tema: «BausHue 3ko/10ruuecknx GakTopoB Ha OPraHu3M 4ejioBeka. OCHOBbBI PALIMOHAJIBHOIO NPHPOAOII0Ib30BAHUA»
1. Bonpochl JieKIMu:

1.1. Dxonornueckue GakTopsl

1.2. Bo3aeicTBrE 9KOJIOTHYECKUX (haKTOPOB Ha OPraHM3M 4YesloBeKa

1.3. Bump! 3arpsi3sHeHUs OKpY KaroIeit cpeibl

1.4. IlpupoaHbIe pecypchl U UX KiacCH(DUKAIUS

1.5. PanimonanbHOE MPUPOOIIOIB30BaHNE

1.6. IIprHOMITE PAIIMOHAIBEHOTO IPHPOIOTIONH30BAHMS

2. KpaTkoe coaep:kaHue BOIIPOCOB
Ikosiornvyeckue Gakropbl
OkoJoriyeckue GAKTOPEI — CBOWCTBA CpeIbl OOUTAaHHs, OKa3bIBAIOLIHNE KaKOe-JIH00 BO3ICHCTBUE HA OPraHH3M.
WanuddepeHTHBIE 37IEMEHTHI Cpe/ibl, HAIPUMEP, HHEPTHBIE T'a3bl, SKOJIOTHYECKUMH (PaKTOPaMH HE SBIISIOTCS.
Dkonornueckue GakTOpbl OTIIMIAOTCS 3HAYUTESILHON H3MEHYMBOCTHIO BO BpEMEHH U mpocTpaHcTBe. Hampumep,
TeMIIEpaTypa CUJIBHO BaApbHUPYCT HAa MMOBEPXHOCTU CYHINU, HO MMOYTH IMMOCTOAAHHA HAa THE OK€aHa WJIU B FJ'Iy6I/IHC.

Bo3aeiicTBre 3K0JI0rH4ecKuX (PAKTOPOB HA OPraHM3M 4YeJl0BeKa
B HaCTOAIIECEC BpEMA X031 CTBEHHAsA ACATCIBbHOCTD YE€JIOBCKA BCC Yalll€ CTAHOBUTCA OCHOBHBIM UCTOYHUKOM 3arpsA3HCHUSA
ouocdepsl. B mpupomHyr cpemry BO Bce OOJBIIMX KOJMYECTBAX IMOMAAAIOT Ta3000pa3HbIC, JKUIKUE WM TBEPIBIC OTXOJBI
MPOU3BOACTB. Pa3nnuHble XMMHYECKUE BEIIECTBA, HAXOASIIUECS B OTXO0JaX, Honajas B MOYBY, BO3yX WM BOAY, MEPEXOIST MO
9KOJIOIMYECKHUM 3BEHbSIM U3 OJHOW LENU B IPYTYI0, NI0MaAasi B KOHLE KOHIIOB B OpraHU3M YeJIOBeKa.

Buasbl 3arpsizHeHus1 OKpy:Kaouieil cpeabl

MukpoOnoornieckoe — HalpHUMep BHECEHHE B AKBATOPHIO MEKCHKAaHCKOTO 3aIMBa HE(TESIHBIX HCKYCCTBEHHO
CO3JJaHHBIX OaKTepHi

MexaHndeckoe — 3arpA3HEHUEC XUMUYCCKN MHEPTHLBIM MYCOPOM, IIPOTAINIThIBAHHUC TPOIIMHOK U MTPOYEE MEXaHUYCCKOC
BO37eHCTBHE Ha cpeny. KocMudeckuit mycop.

XUMU4YecKoe — 3arpA3HUTCIICEM SABJIAIOTCA BPEAHBIE XUMUYCCKNUE COCTUHCHUS.

Adp030JIBHBIE 3arPSI3HEHUS — 3arPSI3HUTENb-a3p030JIb (CHCTEMa MalNeHbKUX YaCTHIT)

®usnueckoe. TemnoBoe — U3IUIIHUNA HarpeB Cpebl.

CBeToBOE — M3JIMIIHEE OCBELICHHUE. J[BIkeHne 3a TEMHOE HE0O.

[ITymoBoe

DJIeKTPOMarHUTHOE — 3arpsisHEHUE Paanod(pHpa; MOKET MEIATh KaK )KU3HEIESTEIbHOCTH HEKOTOPBIX OPTaHN3MOB, TaK
Y PaiONIpUEMY.

PagnoakTHBHOE — IPEBBIIIEHUE €CTECTBEHHOTO PaJNOaKTHBHOTO (hOHA.

BuzyasnbHoe 3arpsi3HeHHE — Nopya eCTECTBEHHBIX Ieii3akel ToCTpoiikaMu, MPOBOIaMH, MyCOPOM, OECIIOPSIIOYHO
PacTIoNIOKEHHBIMH PEKJIAMHBIMH IIUTAaMH, IIeiipaMu caMosIéToB | T. [I.

IIpupoanbie pecypcebl M MX KIaccupuKanus

IIpupdaHbIe pecypchl — €CTECTBEHHBIE PECYpChI: Tella M CHJIBI MPHPOABI, KOTOPbIE HA JaHHOM YPOBHE pa3BUTHS
MPOM3BOIUTEIBHBIX CHJI M HM3YYEHHOCTH MOTYT OBITh HCIIONB30BAHBI JUIA YIOBJICTBOPEHHS MHOTPEOHOCTEH HYeIOBEUECKOTO
obmectBa. COBOKYITHOCTH OOBEKTOB M CHCTEM JKHBOW M HEXHBOH IPUPOJBI, KOMIIOHEHTHl NPHPOTHON CPEAbl, OKPY)KAIOIIHe
YeJloBeKa M KOTOpBIC MCHOJIB3YIOTCS B TIpoliecce OOIIECTBEHHOTO IPOM3BOACTBA JUIS YIOBJIETBOPEHHS MAaTEpPUAIBHBIX M
KyJIbTYpPHBIX IIOTPEOHOCTEH YeIoBeKa 1 00IecTBa.

OCHOBHBIMU KOMIIOHEHTAMHU OKPYXAIOIIEH Cpeabl SIBIAIOTCS €CTECTBEHHBIE 3KOIOTMYECKHE CHUCTEMBI: 3€MIIs, €€ Heapa,
MIOBEPXHOCTHBIE U MTOJI36MHBIE BOJbI, aTMOC(EPHBII BO3/1yX, )KHBOTHBIN MUp, MPUPOIHBIC 3aII0OBEIHUKN U HAIMOHAJIbHBIE TIAPKH —
BCE, YTO MPUHSTO HA3bIBATh IPUPOAHON OKPYXKAOLIEH CpeJoH.



IIpupoansie pecypcsl — 3TO Tela U CUIBI NPUPOALI, KOTOPbIE HAa JAHHOM JTale Pa3BUTHUS NPOU3BOAUTENIBHBIX CHII
obIecTBa MOTyT OBITH MCIOJIB30BaHBl B KauecTBE IPEIMETOB IOTPEOJIEHHsS WM CPEICTB IPOU3BOJCTBA, U OOLICCTBEHHAS
MOJIE3HOCTh KOTOPBIX U3MEHsETC (MPSIMO MM KOCBEHHO) MO BO3AECHCTBUEM AEATEIILHOCTHU YENIOBEKA.

I'maBHBIE BHIBI NPHUPOAHBIX PECYPCOB — COJIHEYHAs 3HEPIHsA, BHYTPHU3EMHOE TEIUIO, BOIHBIE PECYPCHI, 3€MEIbHEIC,
MHHEpAJIbHBIE, JIECHBIE, PBIOHBIC, PACTUTEIBHBIE, PECYPCHI JKHBOTHOTO MHpPaA U 1P

[IpuponHble pecypchl SBIAIOTCS Ba)XKHOW YacThIO HAIMOHAIBHOTO OOraTrcTBa CTpPaHbl M HCTOYHHKOM CO3JAaHUS
MaTepuanbHbIX Omar um ycmyr. IIpomecc BOCIPOM3BOACTBA IO CYIIECTBY IIPEACTABISIET COOOM HETPEPHIBHBIA ITPOIIECC
B3aMMO/IEHCTBUSI OOIIECTBa M MPHPOABI, B KOTOPOM OOIIECTBO MOIAYMHAET ceOe CHIIBI IPHPOIBI M TPHPOIHBIE PECYPCHI IS
yIOBIETBOpPEeHUsI moTpebHocTer. IlpupomHble pecypcsl BO MHOTOM IIPEAONPENENSIOT HE TONBKO COILMAIbHO-3KOHOMHYECKUH
MOTEHIMAJ CTPaHbl U peruoHa U 3(pPEeKTUBHOCTH OOIIECTBEHHOTO MPOMU3BOJICTBA, HO M 37I0POBbE, U MPOIOKUTEINEHOCTD XKU3HU
HACeJIeHHS.

[IpuponHble pecypchl SIBISIOTCS OOBEKTOM HCCIENOBaHMS B JIByX AacleKTaX: KaK BaKHEWINas 4YacTh COLMAIBHO-
SKOHOMHUECKOTO MOTEHIMaja, PeaJu3yeMoro B IPOLECCe CO3JAHUS BaJIOBOIO BHYTPEHHETO MPOAYKTa, YacTh HAIlMOHAIHHOIO
OoraTcTBa CTpaHbl; KaK OCHOBA ITPUPOIHOI OKpYIKatoLel cpe/ibl, o IexKaleil 0XpaHe, BOCCTAHOBJICHHIO M BOCIIPOM3BOICTBY

PanuoHajbHOE NPUPOI0N0JIb30BaAHME

[puponondiap30BaHHe — HUCIONB30BAHUE IPHPOTHON CPEABl VIS YIOBICTBOPEHMS DKOJIOTMYECKHX, IKOHOMHUYECKUX,
KyJIbTypHO-030POBHTENBHBIX MOTPEOHOCTEH O0mecTBa HayKa O PAUOHATBHOM (AJSI COOTBETCTBYIOMIETO HCTOPHUYECKOTO
MOMEHTA) HCIIOJIb30BAaHMH TIPUPOAHBIX PECYpCOB OOIIECTBOM —- KOMIUIEKCHAas [AWCHUIUIMHA, BKIIOYAIONIAs 3JIEMEHTHI
€CTECTBEHHBIX, OOIECTBEHHBIX X TEXHUIECKHUX HAYK.

OCHOBHOW KpHUTEpHH MOJpa3/ieieHuss PecypcoB B 3TOH KIacCU(PHKAMM — OTHECEHHWE MX K Pa3IMYHBIM CEKTOpam
MaTepHaJbHOrO Tpou3BoAcTBa. [lo 3ToMy mNpu3HAKy MPUPOIHBIE pPECcypchl MENATCs Ha Pecypchl IPOMBIIUIEHHOTO U
CEIIbCKOXO03SIICTBEHHOTO IPOM3BOICTBA.

1. Pecypchl IpOMBIIIIIEHHOTO MIPOM3BOJCTBA. DTa MOATPYINA BKIIOYAET BCE BHUIBI MPUPOIHOTO CHIPBS, UCIOIb3yeMbIe
MPOMBIIUICHHOCTBIO. B CHily oueHb OOJNBIION Pa3BETBICHHOCTH IPOMBIIIIEHHOTO MPOU3BOACTBA, HAMYUS MHOTOYHCIICHHBIX
oTpaclieif, HOTpeOIAIOINX Pa3HbIe BUbI IPHPOIHBIX PECYPCOB M COOTBETCTBEHHO BBIJBUTAIONIMX K HUM pa3jIMuHbIe TPeOOBaHMSI.
Bunp! mpupoaHbIX pecypcoB, TuddepeHIpyIOTCs CleIyOnM 00pa3oM:

1) snepeemuueckue, K KOTOPHIM OTHOCSATCS Pa3HOOOpa3HBIC BHIBI PECYPCOB, MCIONB3YEMBIX Ha COBPEMEHHOM 3Tare
Pa3BUTHS HAYKH W TEXHUKH IS TPOM3BOACTBA YHEPTHH:

a) TOpIOYHE MOJIE3HbIE HCKOMaeMble (HedTh, YIIIH, ra3, ypaH, ONTyMUHO3HBIC CIAHIIBI U AP.);

6) TMAPO’HEPTO PECypChl — SHEPTUSI CBOOOTHO MAIAIOUINX PEYHBIX BOJ, IIPUINBHO-BOIHOBAS HEPTHS MOPCKHX BOX U
ap-;

B) WCTOYHHMKH OMOKOHBEPCHOHHOW SHEPrMM — KCIIOJb30BaHHUE TOIUIMBHOM JIPEBECHHBI, IMPOHM3BOJICTBO OHorasa u3
OTXOJIOB CEJILCKOT0 X035ICTBa;

T') SiAEPHOE ChIPhE, HCTIIOIb3yeMOe IS TTOTyUeHHsI aTOMHON DHEPTUH;

2) Heanepecemuueckue BKIIOYAIOIIUE MOATPYINITY MPUPOIHBIX PECYpPCOB, KOTOPBIE MOCTABIAIOT ChIPbE A Pa3IMUIHBIX
oTpaciei MPOMBIIIJICHHOCTH I YK€ Y4aCTBYIOT B IIPOU3BOJICTBE IO TEXHOJIOTUIECKOH HEOOXOAMMOCTH:

a) MoJIe3HbIE HCKOMaeMble, He OTHOCSIIIECS K TPYIIEe Kay CTOOHOIUTOB;

6) BOZBI, UCIIOIB3YEMbIE AJISI TPOMBIIUICHHOTO BOJIOCHAOKEHNS;

B) 3€MJIH, 3aHSTbIE IPOMBIIIJICHHBIMA 00BEKTaAMHU U 00BEKTaMU HHPPACTPYKTYPHI;

T') JIECHBIE PECYPCHI, TOCTABIISIONINE ChIPE IS IECOXUMUH U CTPOUTEIILHOM NHITyCTPHUH;

) ppIOHBIC peCypChl OTHOCSTCS K JaHHOW HOATPYIIIE YCIOBHO, TAK KaK B HACTOsIIEe BpeMs J00bda peIObl 1 00padoTka
yJI0Ba IPHOOPENH TIPOMBIIICHHBIH XapakTep.

2. Pecypchl CenbCKOXO3SHCTBEHHOTO MPOM3BOJICTBA OOBEAMHSIOT BHIBI PECYpPCOB, YYACTBYIOIIMX B CO3JAHUU
CEJIbCKOXO3SIIICTBEHHON NPOAYKIMM: a) arpoOKIMMAaTHYeCKHe — Pecypchl Tella M Biard, HEOOXOIWMBIE JUIS NMPOIYLUPOBAHUS
KyJIBTYPHBIX PACTEHHUH MM BbINaca CKOTa; 0) MOYBEHHO-3eMEIbHBIE PECYPChI — 3€MJIS U €€ BEpXHHUH CIIOH — MoyBa, 00Jaaromias
YHHUKAJIbHBIM CBOWCTBOM NPOJYIIUPOBATH OMOMAcCy, pacCMaTPUBAIOTCS M KaK MPUPOTHBIN Pecypc M KaK CPeACTBO IMPOU3BOICTBA
B PACTEHUEBOJCTBE; B) PACTUTENIbHBIE KOPMOBBIE PECYPCBI-PECYPCBHl OHOIIEHO30B, CIy’Kallle KOPMOBOH 0a30# BBIIAcCaeMOro
CKOTa; T) BOJHBIE PECYpPCHI — BOJBI, UCIIONB3YEMbIE B PACTEHHUEBOJICTBE IS OPOIICHHMS, a B )KUBOTHOBOJICTBE — JJISI BOJOIIOS H
COJIEPKAHUS CKOTA.

JIOBOJIBHO YacTO BBLAGJSIOT TAaKXKE IPHUPOAHBIE PECYpChl HENPOM3BOJICTBEHHOH cdepbl MM HENOCPEICTBEHHOI'O
noTpedieHus. OTo, NPEXAE BCETO PEeCcypChl, MU3bIMaeMble M3 TPHPOAHONW Cpenbl (IUKHE >KHBOTHBIE, COCTABILIONINE OOBEKT
MPOMBICIIOBOM OXOTBI, JMKOPACTyIIHE JIEKAPCTBEHHBIE PACTEHMs), a TaKKe PECypChl PEKPEaliOHHOTO XO035iCTBa, pecypchbl
3allOBEJHBIX TEPPUTOPUIL U PAJ IPYTHUX.

I puHIMNBI PAHOHAIBHOIO MPHPOIONOIb30BAHUS
B mpupononons3oBaHUN NPUHATO paccMaTpUBaTh Ba YPOBHS YIPABICHHWS: YIpPaBICHHWE NPUPOAHBIMH CHCTEMaMH;
yIOpaBlIeHHE IPHUPOIOINOIH30BATEINIMU. YTPABICHWE TPHPOJHBIMH CHCTEMaMH MOXET OBITh (OKECTKUM» M «MATKHAMY, a
yIpaBiIeHHE IPUPOIOIIONH30BATEISIMA — KOMaH/IHO-aIMUHUCTPATUBHBIM M SKOHOMHUYECKUM.
3HadyeHHEe PACTUTENFHOCTH B NPUPOAE M XHM3HHM YeJIOBEKa BEIIMKO M Pa3HOOOpa3HO. 3eleHble pacTeHus Omaromaps
(oToCHHTE3y W BBIJCJIICHHIO KHCIOpOoJa O0ECHeunBalOT CYIIECTBOBaHHE JKM3HM Ha 3emie. DOTOCHHTE3 — CIOXKHBIHA



OMOXMMHUYECKHH Npoliecc, B KOTOPOM PacTeHUs! IOCPEICTBOM 3€JIEHOTO MMMTMEHTA XJIOPO(DHUILIA, HCIIONB3Ys SHEPTHUIO COJTHEYHOTO
CBETa, CHHTE3MPYIOT OoraTble SHEpruel opraHMYecKHe BELIECTBa M3 JUOKCHIA yriiepoJa W BOABL. B pesynbrare MpoucXoauT
npeoOpa3oBaHKUE COJHEYHOW JHEPIMU B JHEPrHI0 XUMHUYECKUX CBs3ed. PacTeHMs — NpOIYHEHTHl OpraHMYecKHX BEILECTB B
omocdepe, OHH CITy’KaT OCHOBOH TPOPHUESCKIX MIPaAMII, 00eCIeunBasi CYIIECTBOBAHIE BCEX JPYTUX OPTaHU3MOB.

@doTocuHTE3 Ha 3eMile MPOTEKAaeT MOBCEMECTHO, MOITOMY CyMMapHbIH ero 3¢dext komoccaneH. ExeronHo pacrenus
3emim 00pa3yroT okoso 177 MIpA. T OpraHMYecKuX BemecTB. M3 Hux 122 MiIpA. T IPUXOANUTCS Ha PaCTHTEIBHOCTD CYIIH (B TOM
gucne 70 Mupa. T — Ha Jeca) U 55 MIpA. T — Ha PacTUTEIHHOCTH MupoBoro okeaHa. ['ooBast XuMHudecKas SHEPTHSA IPOTYKTOB
(orocurTe3a B 100 pa3 mpeBsIIIaeT BEIPaOOTKY SHEPTUH BCEMH IIEKTPOCTAHIMSIMA MUpa. JJHOKCcHIa yriiepoaa, colepKamerocs
B aTMocepe, xBaTuiao 0b1 TonbKko Ha 300 5et, ecim ObI OH HE BBIAGISUICS TIPH ABIXaHUH XKUBOTHBIX U PACTCHUI.

IIpu doTocuHTE3e MPOMCXOAUT elle ONUH BakKHEWIIMil s 6uocdepsl npouecc — ¢GoTonu3 BoAbl. B pesynbrare ero
BBIJICIISIETCST KUCIIOPO/I, KOTOPBIM JIBIIIAT BCE JKMBBIE OpraHn3Mbl. Bech kuciopon atMocgepsl MPOXOJUT Yepe3 KHUBOE BELIECTBO
npuMepHo 3a 2000 neT. PacTeHus HCIONIB3YIOT U pa3iararoT BCIO BOJy Halllel MIaHeThl B TEUCHHE OJJHOTO MUJUIMOHA JIET.

3a MWIIHApAbl JIET PAcTeHUS CHHTE3UPOBAIM OIPOMHOE KOJMUECTBO OPraHMYECKHUX BEIECTB, YacTh KOTOPBIX
COXpaHWIIaCh JI0 HAIIMX JHEH B BUjE 3asIeKeil HeTH, TPUPOIHOTO ra3a, KaMEHHOTO YIJIsl, TOPIOUUX cilaHieB, Topda. KonnuectBo
yrieposa, 3alaceHHOro TOJILKO B BHIE yriiss M Hedru, mpumepHo B 50 pa3 mHpeBBIIAET €ro KOJIMYECTBO BO BCEX YKHUBBIX
opranm3Max. Bce 3T0 moka3piBaeT, 9To (POTOCHHTE3 — BENUKUN KOCMUYECKHI MPOIIecC, KOPEHHBIM 00pa3oM IpeoOpa3yonHii JTHK
TUTAaHETHI.

B coctaB MoeKysl OpraHMYECKHX BELIECTB BXOAAT (IIOMHUMO YIJIEPOJa, BOAOPOJA M KHUCIOPOJA) aTOMBI a30Ta, CEPHI,
(ocdopa u Ipyrux 3J€MEHTOB: MarHus, Jkene3a, Meau, kodansTta 1 T.1. OHM N3BIEKAIOTCS PACTCHUSIMU U3 TIOYBEHHBIX PACTBOPOB
¥ BOBJICKAIOTCS] B KPYTOBOPOTHI BXKHEHIIINX XUMHUECKHUX MTPOIIECCOB.

MI/IHepaHLHLIe COJIM OOJIXKHBI 6bIJ'II/I OBl BBIMBIBAThCS H3 TMOBEPXHOCTHBIX CJIOCB IMOYBbI, HO PACTCHUA IOCTOSIHHO
3a6HpaIOT N3 HCC YaCTb MHUHEPAJIbHBIX BCHICCTB, KOTOPLIC 3aTCM YaCTUYHO IOMNAaAar0T B OPraHU3MbI JKUBOTHBIX. Ilocne CMEpTH
paCTeHI/Iﬁ 1 JXMBOTHBIX MHUHEPAJIbHBIC BEIIECTBA BO3BpALIaAlOTCA B IMOYBY, OTKyAa OHM CHOBa HOTpe6J'I§HOTCH PacTCHUSAMU. Taxum
o0pa3oM, B pe3yJbTaTe 3TOT0 Majoro, WM OWOJOTMYECKOTro, KPYroBOPOTa BEIIECTB PACTEHUS IOCTOSHHO IOAJCPKUBAIOT
NPUCYTCTBHE MUHEPAJBHBIX COJICH B TOYBE, YTO OYEHb BaXKHO JUIA €€ INIOJOpOAus. DTO CBHUAETEILCTBYET 00 OIpOMHOIl poJu
pacTeHuil B KpyroBOpOTE BELIECTB M MOTOKA DHEPTUU B MpUpoJe. PacTUTENbHOCTh BO3/IEUCTBYET HA KJIUMAT, [TOYBY, )KUBOTHBIN
MHp ¥ JIpyTrHue KOMIIOHEHTbI Onocdepsl, C KOTOPEIMU OHH TECHO B3aHMMOCBS3aHBI. PacTeHUs OKa3bIBAIOT cMATYAIONIEEe BIMSHUE HA
KJIMMaT, B YaCTHOCTH, B aTMOC(epy OHH MOCTaBISIIOT Oonee 90% BoIbI, HCTapsIeMO CyIIeH.

Bennko 3HadeHHE pacTHUTENBHOCTH B XHM3HM denoBeka. OHa coszgaeT HEOOXOMUMYIO Cpemy Ul KHW3HU JIIOAEH U
Pa3BOANMBIX MMH >KHBOTHBIX, CIYXHT HEHCCSKAaeMBbIM HCTOYHHKOM Pa3HOOOpa3HBIX MUINEBBIX MPOIAYKTOB, TEXHHYECKOTO H
JIEKapCTBEHHOTO CHIPhS, CTPOUTENBHBIX MaTepualoB M T.I. MHOTHWE BHIBl PACTCHHH 4YENOBEK HCIIOIB3YET B PA3IUYHBIX
TEXHOJIOTHYECKHX Mponeccax (IMMBOBAPEHUH, XJICOOIIEYEHIH, OUNCTKE CTOYHBIX BOA H T.JI.).

OTpuuaTenbHas pojib PAaCTUTENBLHOCTH — 3TO IMOSBJICHUE COPHAKOB Ha 00pabaThlBaeMbIX 3eMJISIX M IAcTOMIIAX;
3apacTaHue BOJIOEMOB, BeJylllee K BOBHUKHOBEHHIO JISTHUX 3aMOPOB PHIOBI B 03€pax; Cllyyau BPEIHOTO BO3JIEHCTBHS Ha YeIO0BeKa
(anneprudeckue 3a00JieBaHUs, OTPABJICHUS) U HAPOJHOE XO3SUCTBO (oOpacTaHue CyJOB, 3apacTaHHe JOpor, 00padaThIBaeMbIX
3eMenb U T.4.). OnHaKo OTpUIaTeIbHOE BO3JEHCTBHE PACTUTEIHHOCTH HA YEJIOBEKa HECPABHUMO C €€ IMOJIOKHUTENbHOI POJIBIO.
OTtpurnarenbHOE 3HAYSHUE PACTEHU Yallle BCETro CBA3aHO C HEPAIIMOHAIBHBIM HX HCITIOJIb30BaHUEM, HE3HAHHEM 3aKOHOMEPHOCTEH
pa3BuUTHUA U B3aMMOOTHOILICHUMN PACTUTCIIBHBIX COO6I_[IeCTB, a TakKXe HEIPECIACKA3yEeMOCTbIO BO3MOXKHbBIX HOCHC}ICTBI/II\/’I
BMEIIAaTeNILCTBA YEJIOBEKA.

W3 Bcex pacTUTENBHBIX PECYpCOB IIIAHETHI CaMOE Ba)KHOE 3HAYCHWE B JKM3HM INPHPOJABI M UYEJIOBEKAa HMMEIOT Jieca,
KOTOpBIE OOJIBIIIE BCErO MOCTPAAAIN OT X03IHCTBEHHOM AEATEIHHOCTH U CTAJIU NIEPBBIMU 00BEKTaMH OXPaHBI.
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Tema 1.1. Beenenue. OCHOBBI KHHEMAaTUKH.

I[IpakTuyeckne 3aHATHSA:
1. Pemenue 3aga4 Ha TeMy «OCHOBBI KHHEMAaTHKH.
2. TectupoBanue 1o temMe «MexaHuuecKoe ABUKEHUE, €T0 OTHOCUTEIHHOCTh.

IIpuMepsl penienus 3a1a4:
Zana4da

M= 0AHOro 1M TOro ;e MectTa Hadarny PaEHOYCKOpEeHHO OEMIMaTeCa B O0HOM
HEaMpPagneHuM AEE TOHKK, MPpKYer BETORaA Hadana cE0e ABWKEHKME Jepes 2 © nocne
nepeoi. MNepeasd Todka ABWranace © HAYaNneHOR cChopocTer wl =1 Mfc 1M yckopeduer al =2
MfCE BETOpAs - C HAYanNeHOR ckopocTeh we=10 M/c 1 yokopeHiem aZ=1 m/cZ. Koroa i roe
ETOp&aA TOYKA A0MrOHKMT NepeyYy’?

Nano:
Mt = 2 [
=1 rfe
‘JZ = 10 rfC
a) = 2 P2
ap = 1 P2

HaiTu:
tow-7

FPeweHue:

Sanuwer HpaeHEHKMA OBMAEHKHMA TOWUEK

a1-t2

Xl(t:l = -‘urlt+
(1

az-lt—ﬂitlz

Hoith = W lt—5Mt 4 —mM8M

2(t) 2 =

BTDpElFl TOWES AOroHAeT Nepedl. Koroa [x= KoopAHaTEeEl CTAHOEBATCH paEHEIMIAL

() = 2o (th) = =

a -t2 32-'t—f’_‘at'2

Vqt+ =Wy lt—At)+

2

2
fa] —asi az-ﬂt — 2-‘ur2ﬂit
tz-#+t-l?l—?2+a2-&tl— > -0

—(Wq — Vo + ay At — J. V= Vot ag At 4+ (ag — ag |-i;a2-£at2 —2Vyat)

|a]—32| (23

—( Wy — Vo + ag-At) + J. V= Vot ag At 4+ (ag — ag i-i;az-ﬂttz— 2V At

t
< &) —ao|

B MOoMEHT BEpeMeHK 11 ETOpasd ToUKa A0roHAeT NEpEYH, 8 B MOMEHT BEQEMaHM 12
nepesa OBMOHAST BETORYH.

t = tl
t= 3394 =:
x = =zt

x = 14917 2]



Tema 1.2. OCHOBBLI TMHAMUKH.

IIpakTHyeckue 3aHATHSA:
1. Pemenue 3aga4 Ha TeMy «OCHOBBI TMHAMUKWY.
2. JJaboparopnas pabota «VccienoBanue 3aBUCUMOCTH CHJIBI TPEHUS OT BECa Tejay.

IIpuMmepsl penienus 3a1a4:

3agauya: /[Ba Opycka maccamu 1 Kr m 4 KI, COGIMHEHHBIC IIHYpPOM, Jiexar Ha ctoye. C Kakum

YCKOpEHHEM

HaINpaBJICHHYIO TOpU30HTATBHO? KakoBa OyfeT cuiia HaTsHKeHUs IIHYpa, COSIUHSIONIET0 OPYCKH,

OynyT ABHUrarbcsi OpYCKH, €CIM K OJHOMY M3 HHMX MNpuioxuth cuiay 10 H,

eciu cuity 10 H npunoxxuts k mepBoMy Opycky? ko Bropomy 0pycky? Tpenuem rnpeHeOpeys.

Ne 2-4
NaHo:
my=1kr
m,= 4 kr
F=10H

N=mg=1

HaiTu:
-7
T,-7
Te-1

N, N, PeweHue:
— o _ CornacHo 2-My 3akoHY HelToHa
F 1 T, T, 9 | F ypaeHeHue OuHaMM KM 1-ro Bpycka

T, et

" YpEBHEHME OMHAMMEM £-T0 BpyYcka

Y _ Moty =L+ Ftmgt+ N,
[ocKonskY B YCNOBKM TREEYeTCS

MpeHeBpeds TpeHueM, T.e, N=mg=0, YPEEHEHWS OWHEMUKM

3aNMWeM wHade, mya =1+ 5 mya, =T +F Moxopa uz atux

YPEEHEHWA LEHTP TAXECTW BYner ABMMATLCA C YCKOPEHWEM

= 7 = 108 = 2ufc’
wmytm,  lictdir

Ecnu ciiy & npunckuTe K NepeoMy BPYCKY, CHAE HATHKEHMA
whypa ynet T, = F—wma, = 10H-Tir - 2uic’ = 8H.

Ecnu ciiy & npuncskuTe K NepeoMy BpYCKY, CHAE HATHKEHMS
wHypa 6ynet T, = F-mya, =10H -4 2w’ = 2H

Oteer: a=2mic’; 7,=8H; T,=2H.

Tema 1.3. 3aKoHBI COXpaHEHHSI B MEXAHHKE.

IIpakTH4eckHe 3aHATHSA:
1. Pemrenne 3ama4 Ha TeMy «3aKOHBI COXPAHEHHSI B MEXAHUKE.

[IpuMepsl perienus 3a1a4:




3anava

B noake maccoit M = 240 kr cTout yenoeex maccal m =kl kr. Nogka nnwieet co
ckopocTek Y1 = 2 Mic. HenoBek NpEIraeT © NOAKM B FOPH0HTANEHOM HANPEENEHWM CO
CKOPOCTER Y = dM{C (OTHOCMTENEHD NOAKK). HAMTW CKOPOCTE U ABMAEHMA NOAKM NOCAE
MNpERKKE YENDBEKE BNEPE NO ABMAEHWUK NOOKM,

NaHo:
M =240 wr
m= 60 kK
Vi=2 mnk
V=4 mc

HaiiTu:

1
Pewenue:

CHDFIEIETI:' NPLMEWEro HeN0EEKA OTHOCHMTENEHD BOAEL

V =ut+V

oTH.B

JakoH COXPEHEHHA MMNYNECA

(m+ M) Vy = Mutm{nt V]

Vl-m+V1-M—m-ﬁf
n =
m+ M
n=12 mE



3anaJa

K.ameHe SpoweH EEe@X NoO Yraom did = B0 K ropu=oHTy. KMHETMJYECKaA 3HEpM43
KEMHA B HEYANEHEIA MoMeHT paeHa To = 20 O OnpenenuTe kKMHETMYECKYH 1
NOTEHUMENEHYHK 3HEAM4M KEMHA B BEICWERE TOYKE Bro TPaekTopHK. ConpoTHE NEHKMEM
E0ZOYxa npeHeSpeus.

Nauo:
= 60° K
TEI =20 I
HaiiTu:
Wk,Wp
PeweHue:

BBEPKHEHTDHKETpﬂEKTDpHHBEpTHKﬂﬂbHﬂHEDCTﬂBﬂHmMﬂHCKDPDCTHPEBH&
HHﬂm.erHSDHTﬂﬂbHﬂHCDETﬂBﬂHmm&H

V= "\fﬂ-cos(tb)

KHHETHHECK&HSHEPFHH

Wk = T,j-n::os(tb)2
W =5 Ik

MonHEA MEXBHWYECKEA SHEPrUA HE MEHAET CH:
Ty+0="0+ Wp
Wp = Tpy— Wy

szlﬁ L



Tema 1.4. Mexannyeckue KojieOaHus U BOJIHBL.

I[IpakTuyeckne 3aHATHSA:

1. Pemenue 3aau Ha Temy «MexaHudeckue KoiaeOaHusi U BOJTHBDY.

2. JIaboparopHas pabota «/I3yueHue 3aBUCHMOCTH Meproa KojaeOaHui HUTSHOTO MasTHHKA OT
JUTUHBI HUTWY.

[IpuMephl peleHus 3a1a4:

t=20

V=800 5 ¢ mpomuia

3agaya 1. Touka cCTpyHBI, KOTOpas KoNeOJeTcs C YacTOTOH

nyts 2 = 0%\, Onpenenure ammnryny kone6anuit Xm.

Pemienue
[1yTh, KOTOpBIIl TOYKA MPOXOAMT 3a OIHO IMOJHOE KoyieOaHHE, PAaBEH YETHIPEM aMILTUTyAaM. 3aIluIlieM,

410 91 — MyTh 3a OJHO KoNeOaHHue: 51(T) = 4x

HY)KHO 3HaTb 51— IIyTh, KOTOPBIM NPOXOAUT CTPYHA 3a OAHO HOJNHOE KonebaHne. OOpaTuM BHUMaHUE Ha
TO, YTO MBI 3HaeM TOJHBINA MyTh, IPOUICHHBIH CTPYHOH, — 3T0 64 M. IlyTh 3a OgHO KoJcOaHHME paBeH

m. DTO 3HAYMT, YTO AJIS TOTO YTOO HAUTH aMILIUTYLY,

Sy =<
TIOJIHOMY TIyTH, JEJEHHOMY Ha KOJNMYECTBO Kojebammii: *  ». Takum 006pa3oM, 3ajada CBOMMTCS K
CIeQyomel: HAWTH YHCIO KONeOAaHWH TOYKH CTPYHBI, BeAb NONHBIH MyTh MBI yxe 3HaeMm. Jlms

HaXO0XXICHUA HHUcCiia KOJ'IC63HI/II71 y HaC €CThb BCC. HaCcToTa U BpeMH JABUXKCHUSA. MO)KHO 3amnucarb, 4YTO YHUCII0
1]
N=—wumN=ty

KoJIcOaHUH paBHO TOJHOMY BPEMEHH t MOJEIIUTh Ha BpeMs OJHOro kojeOanus T: T .
Torga KOHEYHAas hopmyna JUTSt AMILTUTYIBI oyner UMETh
5, 5 5 B4
x =*t=—=—=—"—=0,001mMm=1mMm

B ™ 4 4N 4tv 420 c-B00 Iy
OTseT: 1 MM.

3apaua 2. [lonBomHas noAaka BCIUIBLIA HA PACCTOSHUU 5=200 M OT Oepera, BbI3BaJla BOJHBI Ha
MOBEPXHOCTH BOABL. BomHbl mommmm mo Oepera 3a t =40 C, TpUYeM 3a CIeAYIolIe At = 30 C
ObBLIIO N =60 BCILIECKOB BOJIH 0 Oeper. KakoBo paccTosiHrue MEKIy IPEOHSIMH COCETHUX BOJIH j'?
Pemenne

BcenomanM Gopmyity, KoTopasi CBSI3bIBACT JJIMHY BOJHBI C JPYTHMMH XapaKTEPHCTHKAMHU STOTO BOJIHOBOTO
JBYOKEHMS. J{JIMHA BOJHBI CBSI3aHA CO CKOPOCTHIO U HaCTOTOM, IOATOMY 3aj/iada pa3duBaeTcs Ha JBa dTana:
Ha HaXO)KJIEHUE CKOPOCTH BOJIHBI M HA HAXOXKAECHHE €€ YacTOTHI.

Ham wm3BecTHO, 4TO TepBas BOJHA, Kak M ToOcCleAyromue, mponuia paccrosaue 200 M 3a 40 c,
k) 200 M M

v = .
MO3TOMY t  4bc c. Itak, CKOpOCTh BOJIHBI HalIeHa.

YacToTa, eciy U3BECTHO KOJIMYECTBO KOJIeOaHU, COBEPIIEHHBIX 33 ONPEIEICHHOE KOJIMYECTBO BPEMEHH,
N &0
v=—= =2Tn
UMEET BU/I: At 30«

B | o

=25m
Mpr 3HACM BCC I HAXOXKIACHUA TJINHbI BOJIHBI: L .

OrtBeT: 2,5 M.

Tema 2.1. ArperarHble COCTOSIHUS BEIIECTBA.
IIpakTHYeckHe 3aHATHSA:
1. Pemenuie 3aa4 Ha TeMy «ArperarHble COCTOSHUS BEILIECTBAY.

2. Ou3ndecKui JHUKTAHT I10 TEME «AFpCF ATHBIC COCTOSAHHA U (ba3OBBIe NnNepexoabl MCIKAY HUMUD).

[IpuMepEl pelieHus 3a1a4:




3.10
CEONEED ATOMOE COTenEHTCAE rasay Maccol 1 ¢ kawnefd: Lirenuli, 2ivraepon. 31dTop,

AnonoHuR,

Ay =4

A=12

Az =19

Ay, =209

N, =602.10%aom™
m=lgp=10"ke
k=107 kz | aomw

N =1
lonagobarca 2 dopuynu w2z MCE - saxoHOE HESANEHEX Fa20E:

N=v Ngv="0, M=410"
M

IlopcTaEHE COOTEETCTEEHHO KaXNEH 03 TasoB B fopMyNy MONeKyIApHOH MaccH
M, =3 n.d,;, asatemqepes ceas MonapHol u monexynApHo#t Mace M = M & momyamm:
i

Mg =4.107
M.=12.107
My=19.107
M, =209.107
Hnéw namemie u oMY as M
.
v == _p5q07
My 410
-3
vo= = 0 53107
Moo 12107
-3
Vp =t = 10 - =53.107
My 19.10°
-3
by =% =10 _=48.107
M, 209.107

Hy u nocnepuufi prEoK
Ng=vg N,=151.10%
No=v. Ny=502.10%
Np=vp N, =317.10%
Ny =v,  Ny=28810%

CH caMH PACCTAEHTE. ..




3ana4ya

MpK HarpeeaHKK HekOTopoRE Macce raza Ha dT =TK NpuW NocToaHHOM OaENeHM
O5EEM 3TOM Macckel raza yeenudnca Ha 1/ 350 yacTe nepeoHadaneHoro oseerma. HaiTii

NeEpEOHaYaNEHYW TEMOepaTypy T raza

Hawno:
AT =1 k.
1
n=—
250
HaiiTu:
T-7
PeweHuve:

Sanuwer ypaEHEHKE MS0638pHOro NpoLeccs

Ty

— = const

T

Vo V(l+n)

T T+ AT

AT =Tn
AT

T = — 7
n

T = 350 k.

8.29

Foren emectamoctrio V=2 kyb MeTpa COREpRET NeperpeTH i BoRanol nap Maccol m=10
npu Temoeparype [=o00 K. Onpegenute gaenenue P napae xotne.

= 2ad
m=10x
T=500K

R=831Tn some ™ K HMTIT

P=t

m m- 7T

Henonesyem yp-e Mengeneesa-Knanefipona pl = (M] BT, monmydHEM; p=—
Ji

Mego=4z0 107 =18.107, Torna, MOACTAEHE BCE KYIA CIEVET, IONYHHM BOT TAKOE:

10-831.500 41550
P8 100 2 0,036

= 1154167(TTa) = L15(MTTa)



Tema 2.2. OCHOBBI TEPMOIMHAMUKH.

HpaKaneCKne 3aHATHUSA:
1. Pemenue 3a/la4 Ha TCMY «OcHOBEBI TCPMOJAUHAMUKN).

[Ipumep perieHnd 3aa4u:

3anadya

Bonopon Maccol m=4r Gein HarpeT Ha DT=10E npK nocToAHHOM OaENEeHMK,
OnpenenyTe paBoTy A DACWMpEHKMA Mrasa.

HaHo:
= const
mo= 41077 «r
AT =10 K
HarmTu:
&
PeweHue:

kdonapHasa Macca EoO0OpOOs:

MHZ = 2.0.001 krfMone

FagoTa paclkpeHKda raza:

A=p AV = p-[fvz—v]_] =pVo—p WV

I.:lF:IElBHEHHE KJ'IB.I'IEI:{F]DHE[-MEH,ELEJ‘IEEBE[ COCTOAHIA raza a0 W nocne Harpeea:

m

Mo
m
M1

MoacTaekm NoONYYeHHBIE BeIpEsKEHKWA B (1]

m .. _
A= ——R(Ty-Tyq)
My _.

A= — RAT
Mo

A= 1662 [«

Y



3anavya

loeaneHelt raz coeepwaeT uMkn KapHo. Temnepatypa T1 HarpeeaTense
YETHIPE PA3E BHIWE TEMNEPATYPE T2 X0N0AMNEHUKA, Kaky 000H KONMYECTES TENAOTYI,
NOAYYEEMOrD 38 OAMH UMKN 0T HEMpEEBETENA, Fas OTASET X0N0AWMNEHWKY?

JaHo:
n=+4
Hailtu:
g7
PeweHue:
KINO wakna;
Tx-::ln
n=1-
THar
1
M =1-= (1)
f

QHar_onn
Tl =
QHar
nm=1-g
1
g = )
fl
g =025

Tema 3.1. DnekTpuyeckoe noie.

IIpakTH4eckHe 3aHATHSA:
1. Pemenue 3a1a4 Ha TeEMY «DIEKTPUUYECKOE MOTIEN.

[Ipumep perieHns 3aaa4y:




ZJana4a

ToueuHele =apaae D1=20 mrkn, Q2=-10 mrkKn Ha=oo0aTcA Ha paccToAHkK d=5cm opygr
oT apyra. OnpeasenkTe HENPAKEeEHHOCTE NONA B TOUKe, 4aaneHHol Ha rl=3cm 0T Nepeoro 1
Ha rZ=4cm o7 BToporo sapana. OnpeaendTe Takske cuny F nefcTeEyrowgn B 3TOR TodkE Ha
ToWedHEIR 3apan O=1 Mrkn.

JaHo:
Qq = 20107 % Kn
Qs = —10.107 7 Kn
d = s5.107 2 -
r] = 3107 2 M
ry = 4.107 2 .
= 1.10°°%  Kn
HawmtK:
EF-7
PeweHwe:
E1
T
= W E
ot .
Ez?
a1 a2z

Haﬂpﬂ}KEHHDCTM, CoOz0aBE3eMEIE KExOkIM ZapA00rM B OTOENEHOCTH I:I—ICI MD,D.HJ'II—D:IZ

2
Eq | l| (13
4 'TI:-EO I’l
Q2
Es = ﬂ 21
4 '.TI:-EU ro

Hron o onpeaendm . NoMowss TEOPEHbl KOCHHYCOE:
d2 = r-l2 =+ r22 — 2-r1-r2-cos|ios:'

d2 r 2 r =

—t1 Tz

cosleg) = ————— = 3
2-1’1-1’2

CYMMapHaa HaNpAasKeHHOCTE!

E= JElE + By’ — 2B Eyocosl o)

d2 T 2 e 2
-1 1o
E= [E{°+Ex’—2E{Ey| ——— = )
2.rq-r
1tz
E=2075%10° Bm
CM.I'IE[ BDS,EI.EI:H:TBMQ H& Sapﬂ,ﬂ.:
F=EQ (5

F = 207.472 H




Tema 3.2. [10CTOSHHBIN MEKTPUYECKUN TOK.

IIpakTHYeckHe 3aHATHSA:

1. Pemienue 3anau Ha TeMy «I1OCTOSTHHBIN 3JIEKTPUYECKHUI TOK.

2. JlaboparopHas pabota «COOpKa SICKTPHUECKOM e U U3MEPEHUE CHITBI TOKA U HATPSHKEHUS
Ha €€ Pa3JIMYHbIX y4aCTKaX».

IIpumep penrenuns 3agay:

3anava: K ucrounuky Toka ¢ 3/1C 1,5 B npucoeaununm karymky conporusierrem 0,1 Owm.
Amrepmerp mnokazan cuiny Toka 0,5 A. Korma K HCTOYHMKY TOKa HPUCOEIUHUIM
MOCJIEA0BaTEAbHO €II¢ OJMH HCTOYHHUK TOoKa ¢ Takod ke OJIC, To cmma ToKa B TOM Ke
KaTynike okasanach paBHOM 0,4 A. OmnpenenuTe BHYTPEHHHUE COIPOTUBIIEHMSI NEPBOIO U
BTOPOT'O HCTOYHHUKOB TOKA.

fﬁ, /‘g“ @w 7

g&'/?‘ £ =
BT, olyen F ToReR EsoTman oA -

-7 |
/ '_‘/- -«-—-—& e e [T WM 7%0(
(F B ~Jure)- S SR e
4.4

Kt :f-?ﬁ’;'e?ﬂ.ﬁ’f! M-g/f/ﬂgfcfﬂi:”/ﬁf Rl Guaid meng { coten -

WU Jhblh Kl = 47 mﬂg@ HLHLLOQUBLILHRE LU REETE b
f{):wr AtbHeke ﬂ&féfﬁf?ﬁs & Bueiyites Ggere, Eﬂk’fﬁfffﬁﬁwﬂ
¢ rrigrod lamepbid’

[

@M} ,'[g-...._'[? m‘:‘!ze‘ﬂﬂ*’;t'—'r
poitd | L2y (DR A

Lg.2 04

Fases!
Cinbim " Jhugh = /5 oo

Mg

oy . :
ﬂr_?.ggcﬁ,ﬁ: j‘?f - Jeg! del ;1’;5_‘5 : f;f ¥

|
<
P




Tema 3.2. MarautHoe nose. DJ1€KTPOMarHeTH3M.

I[IpakTHyeckne 3aHATHSA:
1. Pemenue 3aga4 Ha TeMy «MarHutHoe noJjie. DJIEKTPOMArHETU3M.

[IpuMepsl peleHus 3a1a4:
Pemrenne 3a71a4 ¢ INPUMCHCHHEM 3aKOHA AMnepa (I/I HCIIOJIb30BAHUEM BBIPAXKCHUA IJId CHJIbI

JlopeHIia) aHaOTUYHO PEIICHUIO 3a7a4 MeXaHuKi. KpoMe MeXaHW4YeCKUX CUII, HaJl0 yYUTHIBATh
cuny Awmmnepa (wim cuiny JlopeHila) W OpaBWIBHO — OMNPEAENsATH €€  HalpaBlieHUE.

3apaua 1. Mexy moiarocaMu MarHuTa MOJBEUICH TOPU30HTAIBHO HA JIByX HEBECOMBIX HHTSX
npssMoil IpoBOoAHKMK JumHOW | = 0,2 M 1 Maccoit m = 10 . BekTop MHAYKIIMU OJHOPOIHOTO
MarHuTHOTO TOJISI NEPHEHIUKYIISIPEH MTPOBOJHUKY W HaIpaBiieH BepTukaibHO; B = 49 mTn. Ha
kakoii yron ™ or BepTHMKaiIM OTKJIOHATCS HMTH, MOMIEPKUBAIOIIME HPOBOIHUK, €CIH MO HEMY
IIPOITYCTUTh TOK? Cuna TOKa I = 2 A.

Pemenne. Ha IpoBofHMK J€ACTBYIOT CiIeIyIONIME CUIIBL CHJIBI YOPYTOCTH ABYX HUTel I, cuia

TsDKeCTH ME u cuia Awmnepa F (puc. 1.30).
Y )
¥ 4{ — ek
| /~
T 5
o >
b -
™ U
2 B )
B
I
Fy
mg 0) -
) P X
0 X ’7
Puc. 1.30 Puc. 1.31

Monyns cunel Amnepa F= IBl. [lpu paBHOBecHMM NpPOBOAHMKA CyMMbI IMPOEKLUMH CHUI Ha
BEPTUKAJIbHOE W TOPU30OHTAJIBHOE HANpaBieHUs (C y4eTOM MX 3HAKOB) paBHBI HYIIIO:

-mg + Tecosa =0,
—F + Tsin = 0.
Orcona
F 1Bl
tgo = = = 0,2.

mg g

CrepoBarennso, yroa o = 11,3°.

3amaua 2.B npocTpaHCTBE, TIJI€ CO3JaHbl OJHOBPEMEHHO OJHOPOAHBIE W TOCTOSHHBIE
AIIEKTPUYECKOE M MAarHUTHOE TMOJs, MO MPSMOJIMHEMHOW TPAEKTOPUHU JBUMKETCS IPOTOH.

W3BecTHO, 4YTO  HANpsSHKEHHOCTh  JJEKTPUYECKOrO MO  paBHa 2 Omnpenenure

WHIYKIUIO0 B MarHUTHOTO oJId.


http://school.xvatit.com/index.php?title=Применение_закона_Ампера._Громкоговоритель
http://school.xvatit.com/index.php?title=Энергия_магнитного_поля_тока

Pemenne. [IpsmonuueitHoe  IBM)KEHHWE  NPOTOHA  BO3MOXKHO B JIBYX  CIydasX.

>

1)  Bektop E HAMpaBJICH BJIOJb TPACKTOPUM JBH)KEHUS MpoToHA. Torma BekTop B Takxke
JOJKEH OBITh HANpaBJIeH BIOJb 3TOW TPACKTOPHUU, U €T0 MOAYIIb MOXET OBITh JHOOBIM, TaK Kak
MarHUTHOE nosne HE Oyner NIeHCTBOBATh Ha YaCTHUILY.

2)  Bexkropsl E , B, v, B3aUMHO NEpNEHIUKYJIAPHbI, M CHJIA, JEHUCTBYIOIIAs Ha MPOTOH CO
CTOPOHBI ANIEKTPUUYECKOTO MOJIsl, paBHA MO MOJYIIO U MPOTUBOMOIOKHA 0 HAMPABICHUIO CHIIe
JlopeHna, IEWCTBYIOLIEH Ha MPOTOH CO CTOPOHBI MarHuTHOro mojs (puc. 1.31). Tak kak

ek + f_., =0,

eE-evB=0u B= P

v

3agaua 3. MakcumanbHbIN 3apsig Ha OOKJIa/Kax KOHJEHcCAaropa KojaeOaTelIbHOTO KOHTYpPa (m =
100 K. AMIUIUTYIHOE 3HAY€HUE CHJIbI TOKAa M KOHType Im= 107 A. Onpenenure mnepuon
koseOanwmii. (ITorepsimu na HarpeBaHHe MPOBOJAHUKOB MOYKHO TIpeHeOpeyb. )

Pemenne. AMHJII/ITyI[HI)IG S3HAQYCHUA CHJIBI TOKa MW 3apsaja CBsA3aHbl COOTHOIICHUECM:

[rn = (00(1,",

OTKVAa
I,

Wy = —.

CrenoBaresnbHO,
2r Am ;
T=—=2n T ~ 6,3 - 1072 (c).

Wy

m

3anaua 4. Pamka niomansio S = 3000 cm? umeer N = 200 BUTKOB M BPAILAETCS B OJHOPOIHOM

MarHuTHOM MoJjie ¢ uHayknuen B = 1,5 « 10 2 Tn. MakcumasbHast O1C B pamke "“'m =1,5 B.

Onpenenure BpeMs OJTHOTO obopora.
Pemenne. MaruutHsbIi MOTOK, MPOHU3BIBAOIIIHI pamKy, paBeH:
) = BSNcos ©t.
CornacHo 3aKOHY 3IEKTPOMarHUTHOU WHIYKIUU:

e=-@'=BSN ®gin ®t,
Amvmuryna 3/1C unaykuuu

« (.'
©n=BSN o,
Ortcroma
o = hr'"—.
BSN
Bpemsa oasoro obopora paMrm paBHO:

T=—-=

2n _ 2rBSN
m a3

= 3,8 (c).

{v’n

3agaya 5. B nenp nepemeHHoro Toka ¢ yactrotod v = 500 I'm BkiIroueHa KaTylika


http://school.xvatit.com/index.php?title=Відеоматеріал_на_тему_
http://school.xvatit.com/index.php?title=Відеоматеріал_на_тему_
http://school.xvatit.com/index.php?title=Конденсатор_в_цепи_переменного_тока
http://school.xvatit.com/index.php?title=Вектор_магнитной_индукции._Линии_магнитной_индукции

MHAYKTUBHOCTBIO L = 10 MI'H. Onipeaenure eMKOCTh KOHAEHCATOPA, KOTOPBIM HA/I0 BKIIOUUTH B
3Ty IeTh, YTOOBI HACTYITHII PE30OHAHC.

Pemenue. Dnekrpuueckas LeNb CONIACHO  YCJIOBHMIO  3aJadd  IPEICTaBIseT  coOOM
Kojie0arenbHbIi KOHTYp. Pe30HaHC B ATOHM LeNmM HACTYMUT, KOTZIA YacToTa MEPEeMEHHOrO TOKa

Oymer  paBHa  COOCTBEHHOM  dYacToTe  KojebareiapHOro  KOoHTypa (V. = Vo).
Ho
1
Vo = —
2 LC
Orciona
1
C=——— 10" D =10 MxP.
4n=Lv*

Tema 3.4. DeKTpOMarHUTHbIE BOJIHBI.

IIpakTH4yecKkue 3aHATHS:
1. Pemenue 3aa4 Ha TeMy «DJIEKTPOMAarHuTHbIE BOJIHbBDY.

[IpuMepsl perienus 3a1a4:

3agaya 1. Ha kakoM paccCTOSHMM OT aHTEHHBI PaJUOJIOKaropa HAXOMUTCS OOBEKT, €cClu
OTPaKEHHBIM OT HETO PaJIMOCHTHAJ BO3BpaTwiics ooparHo yepe3 200 Mrc?

Pemenne: Pagnocurnan nokaropa npoien myTs 21, rae 1 — paccrosiHue 10 00beKTa CO CKOPOCTHIO
¢, [JIe C — CKOpOCTb cBeTa B Bozayxe. 21 =ct, | =ct/2 = 3- 10%-2:10%/2 =30 xm.

Tema 3.5. CBeTOBBIE BOJIHEI.

IMpakTHyeckue 3aHATHSA:

1. Pemenue 3amau Ha TeMy «CBETOBBIE BOJHBIY.

2. JIaGopatopHas pabora «3yuenne nntepdepeHuu u Tudpakuy CBETay.

[IpuMepsl perieHus 3a1a4:

3anauya 1: [Toxg kakuM yIyioM JIOJKEH MaJaTh JIyd CBETA HA MIIOCKOE 3epKajlo, YTOOBI YIOJl MEXKIY
OTpa)XEHHBIM U MaJalonMM Jyyamu Obul paBeH 70°7?

Pemenne: Yron mageHust o — 3TO yroyl MeXy MaJaroliuM JIy4OM U HOPMAJIbIO K 3epKaily. Yroi
OTpPaXEeHHUS [ — 9TO Yroil MEX]y OTpaK€HHBIM JydyoM W HopMmainbko. [lo ycmosuto o + B = 70°.
Kpowme Toro, yron nagerus paBeH yriy oTpakenus: o = 3. Orcrona 2o = 70° u o = 35°.

3anaya 2. B onbiTe FOHra no audpaxuuy cBETOBBIX BOJH paccTosiHMe Mexay meiasmu d = 0,07
MM, a pacCcTOsHUE OT JBOMHON menu 10 skpana D = 2 m. Ilpu ocsemennn npubopa 3ey1eHbIM
CBETOM pACCTOSTHUE MEXJIy COCEIHHMH CBETIbIMU JIHU(PAKIMOHHBIMU IOJIOCAMHU OKa3ajocCh
paBHbIM Ah = 16 Mmm. OnpenienuTe JJIMHY BOJIHBI.

Pemenne. B Hexoropoit Touke C »oskpana (puc. 8.65) Oymer HaOmIOOATbCd MAaKCUMYM
OCBEIIIEHHOCTH, ecinu BBITIOJTHEHO yCIIOBUE



d2 . dl = ’l.').,

rae k=0, 1, 2, ... — nensie
c yuesIa.
[Ipumenum teopemy ITuda-

d, ropa k Tpeyroasaukam S,CE u
s, @ Ith SCB: s
i P P
2] (o d..f'—[)~+(h,‘.+g].
1. c _ 2 )
D B d\2
df = D? +{h, - )
Puc 865 2
Bbruuras TIOYJIEHHO 13 IIepBOTO paBCHCTBA BTOpOE,
& - d2 = 2h,d,

HJTH
Tak xak d < D, 1o d; + d, = 2D. CnepoBareibHo,
hd

d, —d, = T

“

Vyursisad, uto d, — d, = kA, MOMXeM 3alHCaTh!
hd
kA = —.
D
Orciofa HAXOAUM paceTosinne k-if CBeT/0ii MOJI0CHl OT LeHT
)a 9KpaHa: )
I kAD
1" d A2
Paccrosinye MeXJy COCeAHHMMU I10JI0CaMH PaBHO!
»D
Ah=h, -l = -

h

Orcroaa
dAh

A= = 5,6 - 1077 (e™).

HOIy4aeM:

3anaua 3. Ha nudpakunonnyto pemerky, uMmeronryro 500 mrpuxoB Ha | MM, magaer miockas

MoHoXpoMmatudeckas BomHa ( = 5 ¢ 107 cm). OnpenenuTe HauGOMbIIHNE MOPAIOK CHeKTpa kK,

KOTOpBIfI MOXXHO Ha6J'IIOIIaTL IIpU HOPMAJIbHOM MAaACHHUN nyqeﬁ Ha pCHICTKY.

Pemenne. Makcumansaomy k coorsercrsyer sin @ = 1.

d
A
CrnengoBarenbpHO,

Tema 4.1. KautoBrle cBoiicTBa cBeTa. Pu3uka aroma.
IIpakTHYeckune 3aHATHSA:
1. Pemrenue 3anaq Ha temy «KBaHTOBbIE CBOMCTBa cBeTa. DU3MKa aTOMay.

2. TectupoBanue no teme «dotodddexr. CTpoeHne aroma.

[IpuMepsl perieHus 3a1a4:

3apaya 1: IIpu oOnyueHHH anrOMUHHEBOH MIaCTHHBI (POTO3(P(EKT HaUMHAETCS NPU HAaUMEHbLIEH

yactore 1,03 I[1I'u. Haiitu paGoTy BbIX0za SEKTPOHOB U3 ATFOMHUHUSI.


http://school.xvatit.com/index.php?title=Кристаллические_решетки

Pemenne: PaboTa BbIX0/a JIEKTPOHOB U3 aTFOMUHUS paBHA SHEPTHH (DOTOHOB, COOTBETCTBYIOIIIX
KpacHol rpanuie Gororddexra.
A =hv=4,13610"°-1,03-10'"° = 4,26 9B.

3agaua 2: Kakyro MakCMMaJIbHYI0 KHHETHYECKYIO SHEPTHI0 MMEIOT 3JIEKTPOHBI, BBIPBAHHBIC U3
okcua 6apusi, mpu o0ydeHur cBeToM yactotoit 1 [11'?

Pemenune: V3 ypaBHeHUs DiHINTEHHA U1 BHENTHEr0 GoTodddekra, MakCHMalibHAs KHHETHIeCKast

sHEprus GPoToaeKTpoHOB paBHA: Ewm = hv — A, rae hv — sHeprust ¢otoHOB 1 A — paborta BbIxoaa
dorosnexrponos. Orciona: Ewm=4,136-10"2-1015 — 1 = 3,136 3B.

Tema 4.2. ®usnka aTOMHOTO siipa. PaqnoakTHBHOCTb.

HpaKanecmle 3aHATHUA:
1. Pemenue 3a1a49 Ha TEMY «®Pu3nKa aTOMHOTO sapa. PagnoakTUBHOCTE ».

IIpuMepsl perieHus 3a0a4:

3agaua 1: B pe3yisTare Kakoro pajloakTHBHOIO pacnajia ImyToHuii >* o4Pu npeppaiaercs B ypan

235 0nU?

Pemienne: IIpy pagvoakTHBHBIX pacnazax BBIIOIHAIOTCA [Ba 3aKOHA — 3aKOH COXPAaHEHMs
ANIEKTPUYECKOrO 3apsiia Z U 3aKOH COXPAaHEHMsT MaccoBOro uucia A: 3apsan (MaccoBOE 4YHCIIO)
HCXOJHOIO si/ipa paBeH CyMMe 3apsJoB (MAaccOBBIX 4YHCEN) BO3ZHMKAIOIIMX sAep W dactul. B
COOTBETCTBHHM C 3TUMM 3aKOHAMM 3alHIIEM peakmmio: > oPu — 2 U + A 2Y, e Y —
HEU3BECTHOE SJIPO C MACCOBBIM uKcioM A u 3apsiioM Z. [1o 3akonam coxpanenus 239 =235+ A n
94 =92 + Z. CnenoBarenbHo, A = 4 u Z = 2. Uckomoe s1po * 7Y — sapo reus * ;He (HopsiakoBbIit
HoMep Z B Tabnuue MenzeneeBa). 3Ha4UT AApO IUIYTOHMS TPEBPATHIOCH B SIPO ypaHa B
pe3yabTare o-pacraja.

3angaya 2: BBuay OonblION 3HEPrUM CBSI3U, MPUXOJSIIEIHCS HAa HYKJIOH Sipa Teiusl, BO3MOXKHBI
DK309HEPIeTUYECKUE PEaKLMK JIEeJEHUs JIETKUX saep. Halru, xakas dHeprusi BBIIEIAETCA IIPU
6ombGapmuposke 60pa ! sB mpoTonamu ¢ 06pazoBaHKEM TPEX (-YACTHIL.

Pemenne: YpaBHeHue sijiepHoit peakimu umeet Bu: |'sB + ' 1H = 3 #,He. JleekT Macc cOCTaBuUT:
Am = 11,00931 +1,00783 - 3:4,00260 = 0,00134 a.e.M. Boinenupiuasics sHeprus pasHa: E = Amc? =
0,00134-931,5 =8,7 MsB.

Tema 4.3. SInepHast sHEpreTHKa.

IIpakTH4eckHe 3aHATHSA:
1. I'pynimoBas quckyccus Ha TeMy «SlaepHast SJHepreThuKay.

FDVHHOBaSI JAHUCKYCCHA HA TEMY «ﬂ[{eDHaﬂ OQHEPICTUKA»

I_IeJIL 3aHATHUA: WCIIOJIb3Yys 3HAHUA I10 (1)I/I3I/IKC, IpOoaHaJIN3npPOBaATh HpO6J'I€MI>I ﬂﬂepHOﬁ OHECPIreTUKU U
CACJIaTh BBIBOJ O I.IeJ'IeCOO6pa3HOCTI/I €C pa3BUTHA.

3amaun 3aHATHA:



1. oépazoseamensHhuie:
® CHCTEMAaTHU3UPOBATh 3HAHMSA M0 JAHHON TeMe;
® BBISIBUTH IIPEUMYIIECTBA U HEJOCTATKH HCIIONB30BAHMS SHEPTHH aTOMa,
® HayYHWTh aHAJIM3UPOBATh WH(GOPMAIMIO C MOCIEAYyIomel ee 00padOTKONW MyTeM BOCHPHUATHS U
CaMOCTOSITETTFHOTO aHain3a (paKToB;
2. pazeusarougue:
® pa3BUBAaTh HABBIKM CAMOCTOATEIILHOCTH, TBOPYECKOH aKTHBHOCTH, KOMMYHHKaTHBHBIC
CIOCOOHOCTH CTYICHTOB;
® pa3BHUBaTh IIO3HABATEIbHBI WHTEpPEC K (M3WKE, YMEHHE OCMBICIEHHO BOCIPOU3BOIUTH
MOMOOpAaHHBI MaTepual B XOAE IOATOTOBKH W TIPOBEACHHUSA 3aHITHA, yMEHWE CIyIIaTh M
CJIBIIIIATH;
3. éocnumamenshbie:
® BOCITUTHIBATh TYBCTBO COCTpaJaHUsl, OEPEXIINBOCTH, MIPEIOCTABUB MaTeprall 0 OHOIOTHIECKOM
JIEUCTBUY paJualiu;
® BOCITUTHIBATh YyBCTBO T'PaKJAHCKOM OTBETCTBEHHOCTH 3a CBOe Oymyinee, 3a Oymylnee cBoeit
MaJioil pOIMHBI, CBOEH CTpaHBbI.
Tumn 3aHATHA: 00001IEHUE N3yUYEHHOIO MaTepuala.
@opma 3aHATHA: TTPAKTHYECKOE 3aHATHE — KOH(DEPEHITHS.
MeTonnbl npenoxaBaHus: CIOBECHBIN — Oecena, pacckas, MPaKTUIECKU — pelleHue 3a/1a4, HATTISTHBIA —
WCIIOJIb30BAHNE KOMITBIOTEPHOM MPEe3eHTAINH, Pa3iaTOYHOTr0 MaTepuania.
Oo6opynoBanue: MynsTUMEANUHBIA mpoekTop, IIK, mpesentammst Microsoft Power Point, mmakarsr
YYeHBIX-(pU3UKOB, PA3IaTOUYHBI MaTepHAIL.

B xoze 1aHHOr0 3aHATHS CTYIEHT JA0JI/KEH:

YMmerb: Brnagere NOHATHIHBIM anmapaTtoM €CTECTBEHHBIX HayK, ITO3BOJIIONIAM II03HABaTh MHD,
y4acTBOBATh B JMCKYCCHSAX IO €CTECTBEHHOHAYYHBIM BOIPOCAM, MCHOJIB30BaTh PAa3IMYHbIC MCTOYHUKU
WHQOpPMAIMK AJSl TOATOTOBKH COOCTBEHHBIX Pa0OT, KPUTUYECKH OTHOCUThCS K coobmenussm CMU,
COAEpKAIIUM Hay4YHYI0 HH(OpMAanuio; MOHUMATh 3HAYMMOCTh E€CTECTBEHHOHAYYHOTO 3HAHUS JUIS
Ka)KIOTO YeJIOBeKa, HE3aBUCHMO OT €ro Mpo(eCCHOHAIBHOM ESATENFHOCTH, Pa3andaTh (GakThl U OLCHKH,
CpaBHUBATH OIICHOYHBIC BBIBOJABI, BUJIETh WX CBf3b C KPUTEPUSAMH OILICHOK W CBS3b KPUTEPHEB C
OIIPEIEICHHON CUCTEMOM LIEHHOCTEN.

3HaTh: O BIMAHUM €CTECTBEHHBIX HAayK Ha OKPYXKAIOLIYI0 Cpely, SKOHOMHUYECKYIO, TEXHOJIOTHUYECKYIO,
COIIMAJIBHYIO M TUYECKYIO Chephl IeITeTbHOCTH YeJIOBEKa.

TexHosoruueckas KapTa 3aHATUusA

JTansl 3aHATHS JelicTBUSI Y4aCTHMKOB 3aHATHS
IlpenogaBarenn CryneHTsl

1. [logroroBUTENHHBIN 1. oTOupaeT MaTepHabl K 3aHATHIO 1. TOTOBAT MHAUBHUAYaJIbHbIE

aTan 2. COCTaBIIAET CTPYKTYPY 3aHATHUS JIOKJIaJIbI C TIPE3EHTAIUSIMH 110
3. noxOupaeT NpaKTHYECKUE 3aJaHus BBIOpaHHBIM TEMaM
4. mocTaHOBKa MpOoOJIEMHOTO BOIpoca

2. OpraHu3alMOHHBIHI 1. mIpUBETCTBYET CTY/AEHTOB 1. mIpUBETCTBYIOT

JTal 2. 0TMEYaeT OTCYTCTBYIOLINX MPENoAaBaTes, CIIyIIA0T
3. IpoOBEPSIET TOTOBHOCTD CTYJAEHTOB K
3aHATHIO
4. HacTpaMBaeT CTYACHTOB Ha PaboOTy

3. Oran akTyanu3anuu 1. Ha3pIBaeT TEMY 3aHATHUS 1. cnymator

3HAHWUH 2. CTaBUT IIEIH U 3aJ1a4n
3. 0OBSICHSIET TUTaH 3aHATHUS

4. OcHOBHO#H 3TaI 1. Jaet BCTYMUTENBHOE CIOBO 1. cymator
2. oOpaliaeT BHUIMaHUE CTY/ICHTOB Ha 2. OTBEYArOT
snurpad, MOPTPETHI, 33JaeT BOMPOCHI
3. opraHm3yeT BBICTYIUICHUS C JOKJIAJaMH U | 3. CIyIIaroT, paboTaroT ¢
MIpe3CHTALUAMHU BOIPOCAMH M0 TOKIagaM
4. opranusyet paboOTy MO PEILICHHIO 4. opopmisrOT 32124y B
MIPaKTHYECKOM 3a]a9H TETpajgu




5. opraHmuzyet paboTy I10 3aIOIHEHUIO 5. 3aMOJHSIOT TaOIUIIBI

TaOJIULIBI
5. 3aKIIOYATETHHBIN 1. BO3BpaIaeT CTyICHTOB K MPOOIIEMHOMY 1. BBICKA3BIBAIOT CBOE€ MHEHUE,
aTall, pedeKcus BOIPOCY 000CHOBBIBAIOT €r0
2. IOABOIUT CTYACHTOB K BBIBOLY 2. AenaT BBIBOJ
3. opraamsyet padoTy I10 MOITOTOBKE K 3. pemmaroT, OTBEYAIOT
KOHTPOJILHOH paboTe (JOMOIHNUTENbHBIE
3a/1aHus)
4. BBICTaBIIIET 1 KOMMEHTHPYET OIIEHKH 4. caymaroT
6. JlomamrHee 3a1aHue 1. 3amaer 1. coymaroT, 3aKUChIBAIOT

Tema 5.1. Bona u pactBopsl. CBOMCTBa BOJIBI.

I[IpakTHyeckne 3aHATHSA:
1. Ompoc Ha Temy «Bopaa u pactBopsl. CBOHCTBa BOABI».

Tema 5.2. Atmocdepa 1 KiIumar.

IIpakTH4yecKkue 3aHATHS:

1. Onpoc o Teme «ATmMocdepa U KIrumar.

2. TectupoBaHue Mo TeMe «XUMUYECKHUE MPOLIECChl aTMOCHEPHI».

Tema 5.3. XuMusi 1 OpraHu3M yesioBeKa.

IIpakTH4yecKkue 3aHATHS:

1. PaccMoTpeHHMe BONpPOCOB MO COCTaBY KJIETOK M XapaKTEPUCTHUK

HCOPraHMYCCKHUX BCIICCTB, BXOAAIIUX B COCTAB KIICTKH.

Tema 6.1. O61ue npencTaBIeHUs O )KU3HU.

IIpakTH4eckHne 3aHATHSA:

1. Ompoc o teme «OO01IME NPEACTABICHUS O KUIHI.

2. IlpoBepounas pabora no Teme «OO1IMe TPEACTABICHUS O KUZHIY.
Tema 6.2. KneTka — eavHMIIa CTPOEHUS U )KU3HEAEATENBHOCTH OpraHU3Ma.
IIpakTH4eckHe 3aHATHA:

1. CocraBnenue TabIULbl OTIIMYUM PACTUTEIBHON KIETKU OT KUBOTHOM.

2. CocraBnenue cxeMbl «CHCTeMaTHKa )KUBOTO MUPa.

Tema 6.3. OCHOBHBIE CBOMCTBA KUBBIX CUCTEM.

IIpakTH4eckHe 3aHATHSA:

OpraHn4€CKux H

1. BeigBieHME U ONMMCcaHNe IMPU3HAKOB CXOJACTBA 3ap0111;1n1e171 YCJIOBCKA U APYTHUX IMO3BOHOYHBIX

KaK JOKAa3aTCJIbCTBO UX DBOJIIOIMOHHOI'O POACTBA.

Tema 6.4. OpI‘aHI/IBM YCJIOBCKA U OCHOBHBIC ITPOABJICHUSA €T'0 KU3HCACATCIIBHOCTH.

IIpakTH4eckHe 3aHATHSA:
1. Ompoc o teme «OpraHu3M 4eI0BEKa».

2. 3am1/1Ta npe3eHTauHﬁ Ha TEMY «BnusHue HAapKOTUYCCKUX BCIICCTB HA PA3BHUTHUC U 3M0POBLC

YCJIOBCKaA. HaCJ'Ie}ICTBeHHBIe " BPOXKIACHHEBIC 3a00JIEBAHUY.




Tema 6.5. ['eHeTnka 1 ceaeKIus.

I[IpakTHyeckne 3aHATHSA:
1. Pemnrenue OMoI0rnyecKux 3aaay.

Tema 6.6. PazButue xu3Hu Ha 3eMIIe.

IIpakTnyeckue 3aHATHS:
1. 3amoHeHne TabIHIIBI «DTAIbl BOSHUKHOBEHHS )KU3HU Ha 3eMIIey.
2. IlpoBepounas pabora Ha TeMy «Pa3BUTHE KU3HH Ha 3eMIIe).

Tema 7.1. OCHOBHBIE HOHITUS DKOJIOTHH.

I[IpakTHyeckne 3aHATHSA:
1. PaccmoTpeHue nonynsiiuii Ha KOHKPETHBIX MPUMEpax U €€ XapaKTePUCTHK.

Tema 7.2. buocdepa.

IIpakTH4yecKkue 3aHATHSL:

1. Onucanne ’xocucTeMbl. PaccMoTpeHne moHsTHii OMOTeoIeH03a, SKOCUCTEMBI U Onocdepsl,
YCTOHYHNBOCTH SKOCHUCTEM.
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BBenenue

JlanHbple METONMYECKHE YyKa3aHUs IMpelHa3HaueHbl [JIsl TPOBEACHHUS
7a00paTOPHBIX 3aHATUN MO AucuuIbinHe «EcTecTBO3HaHUe» pazaena «Duzukay u
paccMaTpHUBaIOT HECKOJIBKO TEM JAHHOTO pa3iena.

[lenp METOOMYECKHX YKa3aHHM — CHOCOOCTBOBaTh MPUOOPETEHUIO
CTyJIEHTAaMH HEOOXOJUMBIX YMEHHMA M HABBHIKOB B IPOBEACHHUH (HHU3HUECKOTO
dKCIIEpUMEHTa, (OPMUPOBAHUIO YMEHHS TPUMEHAITh TCOPETUUCCKUE 3HAHUS JIIS
BBITIOJIHEHHU S JTAOOPATOPHBIX Pa0OT U PEelIeHUs] KOHKPETHBIX 3a/a4.

Metoanueckue ykazaHUs COJEpAT MpaBHIIa BBIMOJHEHUS U O(DOpPMIICHUS
Ja00paTOPHBIX PabOT Mo (PU3MKe, a TAKKE HATUIUE caMUX JIAOOPaTOPHBIX padoT C
MOPSIIKOM MX BBIMOJHEHUs. Takke IMocie Kaxaol paboThl Mpe/iCTaBIICHbI
JIOTIOJTHUTEIbHBIE WJIM MPAaKTHYECKUE 3aJaHus (BOMPOCHI), MO3BOJISIONINE
IIPOBEPUTH YPOBEHb YCBOEHHUS M3Yy4aeMOT0 MaTepHalia.

MeTtonuueckue yka3zaHUs PEKOMEHJIOBaHBI JJisi CTYACHTOB CIEIMATbHOCTH
«[IpaBo u opranuzanus COIHUAIBLHOTO oOecmeueHus» 1 Kypca, 0OyJarommxcs: Ha

0aze  OCHOBHOro  00mero  o0pa3oBaHMs,  M3YyYalOIUX  JAUCLHUILIUHY
«EcTecTBO3HaHUEY.

MeTtonnueckue ykKa3aHHs COCTABJIEHBI B COOTBETCTBHHM C COBPEMEHHBIMU
TpeOOBaHUSAM, 0a3upyroTcs Ha TpeOOBAHMSIX roCyJ1apCTBEHHOTO

obOpazoBatensHoro cranjgapra CIIO u paGoueit mporpamMmmsl 1o auciuiuinae. OHu
OXBaThIBAIOT  cJleAylonme  Tembl  pasfgena  «Pus3ukay  AUCUUILIMHBI
«EcrectBo3Hanue»: 1) «Cuibl B mpUpoie: YIPYrocTh, TPEHHUE, CHIIA TSHKECTHY; 2)
«Mexanuyeckue kosiebaHus. MexaHWYECKHE BOJIHBI. 3BYKOBBIE BOJIHBDY; 3)
«O0OBsicCHEHUE arperaTHbIX COCTOSTHUM BEHIeCTBAa U (Pa30BBIX MEPEXOJIOB MEKIY
HUMHU Ha OCHOBE aTOMHO-MOJIEKYJISIPHBIX NpeacTaBieHuin»; 4) «3akon Oma s
y4dacTKa Lenu. TemmoBoe NENCTBHUE JJIEKTPUUECKOTO TOKa W 3aKOoH J[koyns —
Jlennay; 5) «DnexkTpoMarHuTHbeIe BOJIHBI. Pannocssa3p u TenepuaeHne. CBeT Kak
AJEKTpOMarHuTHas BosHa. HTepdepeHIiusa u qudpakiys CBeTay.



IIpaBuiia BbINOJHEHUSA JA00PATOPHBIX PadoT no pusuke

['maBHOe Ha3HayeHHWE JTAOOPATOPHBIX 3aHATHUH MO (U3MKE — MPUOOpPETECHUE
CTYJACHTaMH HEOOXOAMMBIX YMEHUN U HABBIKOB B MPOBEICHUH (U3UYECKOTO
sKcriepuMenTa. [Ipu 3TOM CTYIEHTHI AOJHKHBI MPOBEPUTH OCHOBHBIE (DU3UUYECKUE
3aKOHOMEPHOCTH SIBJICHHM, TO3HAKOMUTHCSI C METOJIaMU U3MEPEHUIN U MpaBUIIaMU
00paboOTKN pe3yJbTaTOB U3MEPEHUN, HAYUYUTHCS OOpAIlEHUIO C (PU3NUYECKUMHU
puOOpaMH.

Kaxnomy 3aHsTHIO  TpealiecTByeT — MpeaBapuTelbHash  MOATOTOBKA
CTYJIEHTa, KOTOpasi BKJIIOYAET B ceOs:

a) O3HAKOMJIEHHE C COJEP’KaHHEM JIA0OpaTOPHOM pabOThl MO METOAUYECKUM
YKa3aHUSAM K HEH;

0) mpopabOTKy TEOPETUUYECKOW YacTH MO JICKIMOHHBIM MaTepuaiaM WIH
ydeOHUKaM, peKOMEHIOBAaHHBIM B METOJUYECKHUX yKa3aHUSX;

B) COCTaBJICHME OT4YeTa N0 JiabopaTOpHOW paboTe B COOTBETCTBUU C
npaBuJIaMu OPOPMIICHHUS.

OT4eT BBINOJHAETCS B TETPAAAX JJIs JaOOPATOPHBIX padOT MM Ha JIUCTaX
cTanaapTHoro pazmepa 297x210 mm (popmar A4) (MOXKHO B3SITh Pa3BEPHYTHIM
JUCT OOBIYHOM TETpagu B KJIETKY). 3anucu Ha OOOPOTHOW CTOPOHE JIUCTa HE
JOITYCKAOTCS.

OT4eT ToJKEH CoepkKaTh:

1) Ha3BaHue 1ab0pPaTOPHOM PabOTHI;

2) 1enb;

3) npuboOpHl U MaTepUAIbI;

4) Tabnuily Juisl 3aHECEHUs MOKa3aHU (U3MUECKUX BEJINYUH;

5) rpaduk 3aBUCUMOCTH (U3MYECKUX BEIMYUH MO MOJYYEHHBIM H3MEPEHUSM
(ecyii OH BXOJUT B COZIepk aHuUE J1a00paTOPHOU pabOThI);

6) pelieHue (OTBEThI) HA BCE MPEMJIOKEHHBIE 3a/1a4u (BOMPOCHI);

7) BBIBOJ 1O MIPOJIETIaHHOM padoTe.

8) pelieHust U OTBETHI Ha TOTIOJIHUTEIbHBIE 3aJaHUsI.

CTyneHT AO0KEeH NOMHHUTbh, YTO METOAMYECKUE YKa3aHUS K J1abopaTOPHBIM
paboTam SBJSIOTCS TOJBKO OCHOBOM J/JIi WX BBINOJHEHUSA. TEOpeTHYECKyIo
MOATOTOBKY K KaXJ0uM J1abopaTopHON paboTe HEOOXOJMMO OCYIIECTBIATH C
MOMOMUIBIO JIEKIIMOHHBIX MaTepUaIOB WIH YUeOHOU JTUTEpaTypHI.

@dopMalIbHBIM TPU3HAKOM TOTOBHOCTH CTYACHTa K 3aHATHIO SIBISIETCS
HaJIM4YUME Yy HEro HauyaToro oTyera Mo mpexacrosiei padore. Bo Bpems
BBINIOJIHEHUS JIa0OpAaTOPHBIX PabOT HEOOXOAMMO CTPOro coONoAaTh MpaBuia
TeXxHUKU Oe3onacHocTH. CrTyaeHTsl paboTalOT TrpynmaMu MO JBa — YEThIpe
yenoBeka. OTYET y KaXIOro CTYAEHTAa JIOJDKEH ObITh WHAMBUAYalbHbIM. He
cleslaHHble 0€3 yBaXXUTEIbHOW MPUYMHBI PaOOTHI BBINOIHSIOTCA C pa3pelieHUs
IpernojaBaress B ClIeUaIbHO OTBEIEHHOE BPEMSI.

[lepBbIil 3Tan MpakTHYECKOM 4YacTh pabOThl — O3HAKOMJIEHHE CTYIEHTOB C
NpeIoKEHHbIMU MpubopamMu U MaTepuanamu. [Ipu 3TomM ocoboe BHHMaHuUE



yAENAETCS ONPENEICHUI0 METPOJOTUYECKUX XapaKTePUCTUK HU3MEPUTETbHBIX
npuOOpOB, B KOTOPBIE BXOJAT: JAMANA30H W3MEPEHUMN, II€HAa JACJICHHUM, Kiacc
TOYHOCTU (I CTPEJNOYHBIX AJIEKTPOU3ZMEPUTENBHBIX MPUOOPOB), MOTPEIIHOCTH
W3MEPEHUM.

Cnegyrommii  3Tanm  BBINOJHEHHS  pabOTBl —  MOHTaX,  HaJlajka
AKCIEPUMEHTAIbHOW YCTAHOBKU (€CJIM 3TO HE00XO0IUMO). MOHTaXX YCTaHOBKH,
BBITIOJTHCHHBIN CTYACHTOM, JOJDKEH OBITh MPOBEPEH MpemojaBareiieM. 1 OIbKO
MOCJIE ATON MPOBEPKU CTYJICHT MPUCTYNAET K CAMOCTOSTEILHOMY BBIOJHEHUIO
paboTel. [Ipu mepBrIX HAOTIOACHUSX HUKAKUX OTCUCTOB U 3aMUCEH MPOU3BOIUTH
He cienyeT. JIMip mocie Toro, Kak CTyJI€HT HECKOJIBKO pa3 MPOCIEIUT SIBJICHUE,
HAyYUTCS YMPABIATH YCTAHOBKOW M TPOBENET TaK HA3BIBAEMBIC «IIPHUIICTIOUHBIC
U3MEPEHUS», MOKHO TTPUCTYIUTD K 3aMMCH TTOKa3aHU MpruOopoB.

Pe3ynbTaThl U3MepeHuil B T€X €IMHUIIAX, B KOTOPHIX CHUMAIOTCS MMOKa3aHUS
npubopoB (3T0 — He oOs3arenbHo eaunuibl CH), 3aHocsaTcs B TaOuwuiLy,
MPEACTABICHHYI0O B METOJIMYECKUX YyKazaHusax. [lpm »sTrom B  Tabmuiy
3aMKUCHIBAIOTCS O0O3HAYEHUS! M EIUHUIBI U3MEPEeHUs] KakI0M (usnyeckoit
Benu4uHbBL. [lomydeHHbIe pe3ynbTaThl MPEICTABIAIOTCS MPENoAaBaTeNio. 3aTeM ¢
paspelnieHus mpernoaBaresisi Hy>KHO BBIKITIOUYUTh YCTAHOBKY.

[lo oOKOHYaHMM MPAKTHYECKOW dYacTH pabOThl CTYAEHT 3aBEpIIAET
odopMIIeHHE OTUETA 1O JaOOopaTopHOIl padoTe.

JIst Toro 94TOOBI OTYET OBUT YETKUM W aKKypaTHBIM, CTYACHT JOJDKEH UMETh
pabouyio (YEpHOBYIO) TETpajb, B KOTOPOH MPOBOJMUTCS PACUYET MCKOMBIX
bu3MYecKuX BETWYMH W T.O. Bce 3Tambl 3THX pacdyeToB HEOOXOAMMO KPaTKO
OTpa3uTh B OTUETE.

BriBOZBI OTYETa MODKHBI ONMUPAThCS HA aHAJIU3 BBIABJICHHBIX B pabore
3aKOHOMEPHOCTEH, CBSI3€M MEXIy pa3IMYHbIMU (U3UYECKUMU BEIIMYUHAMU,
CpaBHEHUE TOJYUYCHHBIX PE3YJIbTATOB C TEOPETUUECKUMHU U TaOIUYHBIMH.

B xoHIIe 3aHATHS MTOTHOCTHIO O(POPMIICHHBIM OTUET I10 JIAOOpPaTOPHOI paboTe
cmaetcst mpenojaBarento. [lepeHoc odopmiieHHMs oTyeTa Ha JOM JellaeTcsi B
UCKITIOUUTENBHBIX CITyYasx.

Bo3MOKHBI cuTyaiuu, Korjia Ha 1a00paTOPHOM 3aHSITUU CTYACHTHI paboTaoT
Mo TeMaM, KOTOphIE €Ile HEe OCBEIIAJUCh B JICKIUSIX M HE H3Y4YAINCh Ha
MPAKTUYCCKUX 3aHATHAX. B CBS3U ¢ ’TUM BaykKHA M OTBETCTBEHHA POJIb YICOHUKOB,
y4eOHBIX TOCOOHIA M CIIPAaBOYHOM JTUTEPATYPHI, KOTOPHIE JOKHBI UMETh CTYICHTHI
Ha 3aHATHSIX.

[To OKOHYAaHWM 3aHATHS CTYJICHTHI MPHUBOIAT B MOPSAOK pabodne MecTa, a
pUOOPHI U MaTepHUalbl K Ja00paTOpHOM padoTe CAAIOT MPENOIaBaTENo.



O0paboTKa pe3yJIbTaTOB JIA00PATOPHBIX U3MEPEHU I
1. IlpaBuia npudIH:KEHHBIX BHIYMCJICHUH U OKPYIJIEHUS pPe3yJibTaToB

M3BecTHO, YTO TpH U3MEPCHHSIX (U3HUCCKUX BEIUYHH IOJYYArOTCS
MPUOJIMOKEHHBIE YUCIIOBBIC 3HaueHus. [Ipu 3ToM mpuOIMKEHHBIC YUCTa CIEAyeT
3aMuChIBaTh, COXpaHSAs TOJBKO BepHble 3Hauvamme udpel. Ilpum momcuere
3HAYamuX MUGp HE CYUTAIOTCS HYJH C JICBOW CTOPOHBI. [10SCHUM 3TO C TTOMOIIBIO
Tabm. 1.

Tabmumna 1
OmnpeneneHre KOJIMYeCTBa 3HAYaIuX nudp
[Tpuommkennoe | KonmdaectBo [Tpubmmkennoe | KonmmuectBo
YHUCIIO 3HAYalMX MUQp | 9UCII0 3HAYAIUX AP
5000 4 3,20 3
5-10° 1 3,2 2
0,0107 3

Hanpumep, 3nauenue 5000 r monydaeM NpU B3BEIIMBAHUU TEJI C TOUHOCTHIO
1o rpamMma, a 5 - 10° T — mpM B3BEmMBAaHMU C TOYHOCTBIO JO KHIJIOIPAMMA.
B3gemmBanue B nepBoM ciydae Obuto mpousBegaeHo B 1000 pa3 TouHee, yem BO
BTOPOM.

AHnaniornyHo yucio 3,20 o3Ha4yaeT, YyTo MpPU H3MEPEHHH YUYHUTHIBAIUCH B
COTBIE JI0JIH, a B uucie 3,2 — TOJIbKO JAECATHIC, T. €. TOYHOCTh B 3TOM ciiydae B 10
pa3 wmenbiie. Tak ObIBaeT, B YaCTHOCTH, NPH HU3MEPEHUSX MHKPOMETPOM U
ITAaHT€HIUPKYJIEM.

[Ipu MaremaTuyeckux IEUCTBHSIX MPUOIMKEHHBIC YMCIA OKPYIJISIIOT, €CIU
OHM coJiepaT JUIIHUE 3Havamue nudpsl. [Tokaxkem okpyrieHue A0 n 3HaYaImnXx
uudp uucna 6 705, 846 (tad. 2).

Tabnuua 2
[IprmMepsl OKpyTIICHHS
[Tpubnuxennoe | KonuuectBo [Tpubnuxennoe | Konuuecto
YHCIIO 3HaYaIMX HUQp | YUCIIO 3HaYanmx mudp
6 705,85 6 671 -10 3
6 705,8 5 67 - 10? 2
6 706 4 7-10° 1

BreimosiHsst BeIUMCIICHMS, BCErja HEOOXOAMMO IMOMHHUTh O TOW TOYHOCTH,
KOTOPYI0 MOXHO Tony4duTh. [IpuBegemM mnpaBwiia, mpu COOIIOJCHUH KOTOPHIX
MOHO CUUTATh, YTO B CPEIHEM IOJTYUYEHHBIC PE3yJIbTaThl OYIyT UMETh BCE 3HAKU
BEPHBIMHU, XOTS B OTJEJIBHBIX CIIydasX BO3MOXKHa OIIMOKA B HECKOJBKO €IMHUIL
NOCJIEIHETO 3HAKA.

1. Ecnu HekoTopble HOaHHBIE conepkaT OoJbIlIe JECATUYHBIX 3HAKOB (MpHU
CIIOKEHUW W BBIYMTAHUM) WKW OoJibllie 3HAYamux Mudp (Mpu yMHOXKECHHH,



JIeJICHUH, BO3BEJICHUM B CTENEHb, M3BICYECHUU KOPHS), YEM Jpyrue, TO HUX
MPEABAPUTENLHO CIIEYET OKPYTIUTh, COXpaHss JUIIb OJHY JUIIHIO HUPpY.

Ilpumepor:

Bmecto 1,82 CIEAYET CIIOKUTh 1,82
+ 14,3673 + 14,37
+35,8 + 5,8
+ 21,9873 + 21,99

43,9746 43,98
Bmecto 83 937 - 0,4 = 33 577,8 cnexyer nepeMHOKUTH 84 - 10° - 0,4 = 33,6 - 10°.

2. HpI/I CJIOKCHHUHM M BBIYHTAaHUH HpI/I6J'II/I)K€HHI>IX quUCCJI B PE3YJIbTaTC CIICAYCT
COXpaHATh CTOJIBKO ACCATUYHBIX 3HAKOB, CKOJIBKO MX B YHCJIC C HAUMCHBIIIUM
KOJIMYCCTBOM ACCATUYHBIX 3HAKOB.

Ilpumep: 1,82 + 14,368 3 +5,8 =1,82 + 14,37 + 5,8 =22,0.

3. Ilpy yMHOXXE€HMM W JEJICHHH B pE3YyJbTATE€ CIEAYET COXPAHATH CTOJIBKO
3Havalmux LUQp, CKOJbKO HMX B NPHUOJMKEHHOM YHUCIE C HAUMEHBIIUM
KOJIMYECTBOM 3HavaIux mudp.

IIpumepwr: 83973 -0,4=84-10°-0,4=33,6-10>=3-10%

== ="

S « = XSSP CE B> <
4. Ilpu BO3BeneHHH B KBajJpaT U KyO B pe3ysibTare CIEeAyeT COXPaHSITh CTOJIBKO
3HaYalux HUQpP, CKOJIBKO UX HUMEET BO3BOJUMOE B CTENEHb NPUOIMKEHHOE

YHCIIO.
Ipumepwr: 1,32% = 1,74; 3,6° = 46.

5. Tlpu u3BIeYeHUN KBAJPATHOTO M KyOMYECKOTO KOpHEW B PE3ysibTaTe CIEAyeT
OpaTh CTOJNBKO 3HAYAMIMX MUQPP, CKOJIBKO WX B MOAKOPECHHOM MPUOIMKEHHOM
YquCIe.

Ipumepui: i=1,89-10% 3/420 =1,61.
=1



2. [IpeacrapiieHHne IKCNEPUMEHTATBbHBIX Pe3yJIbTATOB rpaduyecku

[Ipu mnoctpoeHun rpaduKOB ClEAyeT PYKOBOJCTBOBATHCS CIEAYIOIIUMHU
IpaBUJIAMH.

Boi6op koopamHaTHbIX oced. [lo ocu opaMHAT OTKIAABIBAIOT 3HAYCHMUS
(GYHKIIUA, IO OCH aOCITMCC — 3HAYEHHUS apTyMEHTa, HampuMep, MPU MOCTPOCHHUH
BOJIbT-aMIIEPHON XapaKTEPUCTUKH, T. €. 3aBucuMoctu I = f{U), 1o ocu opauHaT
OTKJIaJBIBAIOT CUJTy TOKA I, a 1o ocH adciucc — HanpsbkeHue U.

Bri6op nHTEpBania. Ha rpadmke mpUBOAWTCS TOJBKO Ta 00JIACTh U3MEHEHUS
¢usznyeckux BeIMYWH, KOTOpas Oblga wucciegoBaHa Ha ombite. CoBceM He
o0si3aTenbHO, YTOOBI Ha rpaduke momemanoch Hauano koopauHat (touku 0,0).
Crnenyer moMHHUTH, OiHaKO, 4To uHOrAa Touka (0,0) ecTb pe3ynbTaT U3MEpeHus,
IpUYeM 4YacTo HamOoJiee HaJeKHBIA pe3yibTaT (Hampumep, MPU CHATUU BOJBT-
aMIIEpHOM XapaKTepUCTHKU oMuueckoro conporusieHus I = 0 npu U = 0).

Bribop MacmitaboB. MacmTabbel mo 00eMM OCSIM BBIOMPAIOTCS HE3aBHCHUMO
apyr ot Apyra. Hamo moMHuTh, 4yTO rpaduk mnoxydyaeTrcs 00jee HarjasiHbIM, €CITU
OCHOBHAs YacTh KPHBOW MMEET HAKJIOH, OJM3KUM K 45° Macmtab momKkeH ObITh
ynoOHbIM. 1 KjeTka Oymaru mMoxket cootBeTcTBoBath 0,1; 0,2; 0,5; 1; 2; 5; 10 u
T.J. €IUHULAM H3MEPSIEMOW BeNIWYWHBIL, HO HE 2,5; 3; 4; 7; 13 u 1. a. llpm
HEYyI00HOM MacluTade HAHECEHUE HKCIEPUMEHTAIbHBIX TOYEK Ha Tpaduk u
HCIIONb30BaHue rpaduka TpeOYIOT HEOIMPaBIaHHO OOJBIIOr0 BPEMEHU U HEPEIKO
MPUBOJAT K JOCAJAHBIM OIIMOKaM. ['ycToTa METOK Ha OCSIX HE JOJKHA ObITh
CIUIIKOM 00JbIION. J[oCTaTOUHO HAHECTH UX Yepe3 2 CM WM Aaxe depe3 5 cMm. Ha
ocsiX  00s3aTEIbHO YKa3bIBAlOTCSI OOO3HAUEHUS M CAUHUIBI  U3MEPECHUS
COOTBETCTBYIOIINX BEIUYHH.

Hanecenue touek Ha rpaduk. Touku, HAHOCHMBIE Ha rpaduK, U300paKarOTCs
YeTKO U sicHO. VX ciemyeT oTMedaTh KapaH1amom, 4ToObl OIMO0YHO HAHECEHHYO
TOYKY MOKHO OBUIO JIETKO YJalnuTh C Tpaduka. Hukakux IUHUN U OTMETOK,
MOSICHSIFOIIIMX TIOCTPOEHUE TO4YEK, Ha TpauK HAHOCUTH HENb3s, T.K. OHH
3arpoOMOXKAAal0T PUCYHOK U MEIIAIOT aHAJIM3UPOBATh PE3YIIbTATHI.

[IpoBeneHne KpUBOW 1O HAHECEHHBIM TodkaM. KpuByio Ha rpaduke
MPOBOAST IJIABHO, 0€3 M3JIOMOB W MEperu00B Tak, 4TOObl OHA pacroJarajiach
BO3MOXXHO OJIM’K€ KO BCEM TOUKaM M 10 00€ €€ CTOPOHBI O0Ka3ajoCh
NpUOJM3UTENIBHO paBHOE HX KoaudecTBO. Hu B koem ciydae He cieayer
MPOBOJUTH KPHUBYIO dYepe3 KakIylo Touky. OTKJIOHEHHE TOYEK OT KPUBOH
OTpa)kaeT HaJU4Ke MOTPEeIIHOCTENH. DTO — OOBEKTUBHBIA U 3aKOHOMEPHBINA (PakKT.
KpuByto npoBoasT kapaHaamoM OT PYKH IO JIMHEHKE.

Odopmienne rpadpukoB. ['padux pucyercs B oT4eTe U CHaOXKaeTcs
MOJMHKCHIO, TJIe OTPAXKAETCS OCHOBHOE CO/IepKaHue Tpaduka.




JlaGopaTopnas padora Nel.
Hccneoosanue 3agucumocmu cuibl mpeHus om geca meJa.
Hean: MccnenoBarh 3aBUCMMOCTD CHIIBI TPEHHS OT Beca Tea.

IIpubGopbl M MaTepHaJbl: JUHAMOMETP, HA0Op TIpy30B, AEPEBSHHBIN OpPYCOK,
JICpEBsIHHAS JIMHEMKA.

IHopsnok BbINOJIHEHHUS Pa0OThI:

1. Tlonoxute OpPYCOK HA TOPU3OHTAIBHO PACIOJOXKEHHYIO JEPEBIHHYIO

nuHelky. Ha Opycok moctaBbTe rpys3.

2. IlpukpenuB k OpyCKy NMHAMOMETp, KaK MOKHO 00jIee paBHOMEPHO TSHUTE
€ro BJI0JIb JIMHEUKU. 3aMETHTE MPU ITOM MTOKa3aHUE TUHAMOMETpA.
B3BechTe Opycok u rpys.

4. K nepBoMy rpy3y A00aBbTe BTOPOM, TPETHUH TPY3bl, KOXKIBIA pa3 B3BEIINBAS

OpYCOK U Tpy3bl U U3MEPSIS CUITy TPECHHS.

5. Tlo pe3ynbratam u3MepeHui 3aN0JIHUTE TaOJIUILY:

»

PO P1 P2 P3

Fop,

H
P, H

6. Iloctpoiite rpaduk 3aBUCMMOCTH CHJIBI TPEHHS OT BEca TeJa, UCIOJIb3Ys
JaHHble Tabmuibl. Yepe3 Havyalo oTcueTa MPOBEAUTE MPSMYIO JUHUIO Tak,
YTOOBI YUCIIO TOUYEK HAJ MPSIMOU PaBHSIIOCH YUCTY TOYEK MO IPSMOM.

7. CpenanTe BBIBOJI.

HononnutenpHoe 3amanue 1: Haitnure kodpPuUIMEeHT TpeHHS CKONBKEHHS [
KaK TAaHTE€HC YTJIa HaKJIOHA MPSIMOM JIMHUM K ocH a0cuuce. J1Jist aToro Beioepure
IPOU3BOJIBHYI0 TOUKY ¢ koopauHatamu (P;F.,) Ha npsmoil u HaliouTe P Kak
OTHOUIEHHUE

JlononHurtenbHoe 3aganue 2: M3mMepuTh CUily TpEeHUs JUHAMOMETPOM Tejla Ha
napre, Ha TJSHIEBOM Oymare u Ha oObruHOM Oymare. ['ne cuna Tpenus Oyzaer
MaKCUMaJIbHOU?

JlononnuTtenbHoe 3amanue 3: JIokaKUTe, YTO CHJIAa TPEHUSI CKOJIBKECHHS HE

3aBUCHT OT IUJIOIIAINA TPYIIUXCSI HOBEPXHOCTEM.

1) JlepeBaHHblii  OpyCOK  paBHOMEpPHO  TSHHUTE  JIMHAMOMETPOM  IIO
TOPU30HTAIBLHOMN JTUHENKE, U3MEPSS CUILY TSTH.
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2) OmnbIT NOBTOPUTE IPHU MEPECTAaHOBKE OpyCKa Ha JPyrue TpaHu C pa3IuyHON
IUIOLIAAbI0 TOBEPXHOCTH.

3) YOenurech, 4YTO CHJIa TPEHHUS CKOJIBKEHUS HE 3aBUCUT OT IUIONIA/U
TPYLIUXCS TOBEPXHOCTEH, U CeNaTe BHIBOJI.

Teopernyeckoe 3aganue: OTBEThTE HA MPEAJIOKEHHBIA BOIIPOC.

1) IIpuBenure nprMepsl NOJE3HOIO IEUCTBUS CHUJT TPEHUS.

2) 3aueM Ha ryOKax TUCKOB M IJIOCKOTYOIIEB JAeNal0T HACCUKH?

3) Ansg dero Ha aBTOMOOWIBHBIX IMMHAX JENAlOT pelbe(HbIl pPUCYHOK
(npotekrtop)?

4) Yto noyKeH caenaTh BOJUTENb MAIIMHbI, TOAbE3XKas K KPYTOMY MTOBOPOTY?
[loueMy BOJUTENb AOKEH OBITh OCOOEHHO BHHUMATEIBHBIM B CBIPYIO
[IOTO/Y, BO BPEMS JINCTOIAa WIX IIPH ronojieac?

11



JlaGopaTopHas padora Ne2.

H3yuenue 3aeucumocmu nepuooa Koaed0anuii HUMAHO20 MAAMHUKA
om OJIUHbL HUMU.

Heab: M3yunTh 3aBUCUMOCTD NEPHUO/Ia KOJCOAHU HUTSHOTO MasiTHUKA OT JJIMHBI
HUTH.

IIpubGopbl M mMaTepuajbl: Ipy3UK Ha HUTH, JUHEHKA (M3MEpUTEIbHAs JICHTA),
CEKyHIOMED.

Ilopsiaok BbINOJITHEHHS PadOTHI:
1. YcraHoBuTe Ha Kparo cToia HUTh. K HUTH [TO/IBECHTE IPY3HK.
2. OTKJIOHMTE TPY3UK Ha 4 — 5 CM OT IOJIO’KEHUS] PaBHOBECHUS U OTIIyCTHUTE.
3. U3meppTe BpeMs t, 3a KOTOpPO€ MAATHUK CJEJIaeT  ONPEICICHHOE
KOJIMYECTBO TOJIHBIX KOJeOaHu.
4. Bpluucnure Nepuoa U 4acTOTy KoseOaHUi.
[ToBTOpPHUTE ONBIT HECKOJIBKO Pa3, U3MEHSIS ITTUHY HUTH.
6. Ilo pe3ynbraraMm U3MEPEHU 3aMIOJHUTE TAOJIHILY:

b

HN3mepenus Boruuncienust
Ne
onLrTa Jdnauna IpomexyToK Yucio epuon Hacrora
HUTH BpeMeHHU KoJie0aHui
T=t/n v=1/T
L, cm t, ¢ n T, c v, I'nl

N[Nk | W |[—

7. Tloctpoiite rpaguku 3aBUCUMOCTH MEepUoAa OT JIMHBI HUTU M YaCTOTHI OT
JUTUHBI HUTH.

8. Beruuciaure mepuos KoJaeOaHWM HUTSHOTO MasTHHKAa 10 (opmyre
MaTeMaTHYECKOro MasiTHUKa JUIs JIoOOro HOMEpa OIbITa M CPaBHUTE C
JTAHHBIM TIEPHUOJIOM.

9. CpaenaiiTe BBIBO/I.

[Ipaktuyeckoe 3aganue 1: ['apmoHMYeckoe KosieOaHHME 337aHO YPaBHEHUEM.
Haligute aMmunTyy, epuo U 4acTOTy KOJIEOaHUM.

1) x = 2sin/0xrt.

2) x = 3cos2xt.
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[Ipaktuueckoe 3aganue 2: [lo rpaduky 3aBUCUMOCTH KOOPAMHATHI OT BPEMEHU

OTPENCIIUTEe aMIUIUTYly, NEepPUOJ, YacTOTy KOJeOaHWW U 3aluIIUTe YpaBHEHHUE
3TOTO KOJIEOAHUS.

1 BapuaHr:
ITo rpaduky SABMCHMMOCTH KOOPAMHATE OT BpEMENH
ONPOACIHTE AMITHTYAY B nepuon xonebanuit.
A 0, 4% 08c. B.0,2wm, 0,4c¢.
B.04Am, 10 I 0,2m, 08e¢.
Yo M
0,2
0,1 /
014% 02 04\ 06 S 1 he
0,2
2 BapHaHT:

[To rpadury SABMCHMOCTH KOOPANMATEL OT BpeMeHl
ONPEeACANTE AMIINTYAY B nepioj xosebarmit,

x, M
0.4
0,2
024 o1 0,2 0,3 ¢
0.4
A.04dwn 040, B.04m 03¢
B.OBwm 04ec. r o8~ 03¢c.



JlaGopaTopHas pabdora Ne3.

H3mepeuue memnepamypusl eeuiecmaeda 6 zasucumocmu om 6pemeHu
npu UIMEHEHUAX azpecamHblx COCMOAHUIL.

Heab: M3Mepurs W HCClenoBaTh TEMIIEPATYPY BELIECTBA B 3aBUCUMOCTH OT
BPEMEHU ITPU U3MEHEHHUSIX arperaTHhIX COCTOSIHHM.

IIpubopsl U MaTepuaabl: ATIOMUHHUEBBIA CTakaH, mapaduH (Jex), CIUPTOBOM
TEPMOMETp, HArPEBATEIb (CBEYa), AEPKATENb CTAKAHA, YaChl, CIIMYKH.

IHopsinok BbINOJIHEHNsI PadOTHI:

1.

2.

hd

[TonoxuTe B aTFOMUHHUEBBIN CTakaH Kycouek napaduHa (Jipaa). C mOMOIIbIO
JieprKaTelIs 3aKpENUTe CTaKaH HaJl HarpeBaTeIEM.

3aXrUTe CBEUy M HAYHUTE HAONIOJATh 3a M3MEHEHUEM TeMIlepaTyphl
napacduHa (JibJ1a) C TCUEHUEM BPEMEHH.

OOpaTuTe BHUMaHHME Ha TEMIIEpaTypy, IPU KOTOPOH HAYHETCS IpPOLEecc
riaBiieHus napaduna (Jp1a).

[locne Toro kak Bech mnapaduH (Jien) paciuiaBUTCS, HaOMOgalTe 3a
U3MEHEHHEM TeMIIepaTyphl €IIe 5 MUH.

[Toracure cBeuy. Habmroaiite 3a U3MEHEHUEM TEMITEPATYPhI )KUJIKOCTH.
Pe3ynbpTaThl HAOIIOIEHUI 3aHECUTE B TAOIUILY:

Bpewmst, muH. Temneparypa, °C

[lo maHHBIM TaOMMIBI MOCTPONTE TpaduK U3MEHEHHS TEeMIEpaTypbl CO
BpeMeHeM (10 ocH aOCIHCC OTJOXKUTE BpeMsi, MO OCH OpJWHAT —
TeMIEpPaTypy).
OnummuTe BCe MPOIECCHI, MPOUCXOAAIIHE ¢ apadhuHOM (JIbJIOM) BO BpeMs
MPOBEICHUSI PAOOTHI.
Omnpenenute 1o rpaduky:

1) npu kakoil Temneparype miaaButcs napadus (aen);

2) Kak JOJTo JJTUTCS IJiaBjieHue napaduna (JIb1a);

3) 10 kakoW TeMmIeparypbl OBUIO HarpeTo BEIIECTBO B IKUIKOM

COCTOSIHUHU.

Pe3ynbpTaThl aHasn3a rpaduka 3anuiumTe B TETPAIb.

10. OTBeTbTE Ha CEAYIONINE BOMPOCHI:
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- Kakoit nBer mmen mapadgud (Jem) 1m0 Hadana IUIABJICHHS, BO BPEeMs
TUTaBIICHUS, TIOCIIC TIIABJICHUS?

- [lo xumuyeckoit popmyne napaduna C;sHsg onpenenure ero MosspHyrO
maccy? (KakoBa xumudeckas Gpopmysia jibaa?)

11. Cnenaiite BBIBO/I.

Teopernyeckoe 3aanue: OTBETHTE HA MTPEAJIOKEHHBIA BOIIPOC.

1.

2.

Kakoe nBmxeHne MOJEKYJ U aTOMOB B ra3000pa3HOM COCTOSIHHH BELIECTBA
HA3BIBACTCS TEIJIOBBIM JABM)KEHUEM?

Kaxkas temniepatypa npussta 3a 0°C?

Kakoe ¢usnueckoe sBICHHE HCHOJIB3YETCS B OCHOBE pabOThI PTYTHOTO
TepMometpa?

Kak wn3meHsieTcs BHYTpPEHHsSI SHEPrusi BEIECTBAa IMPU €ro MEepexoje M3
TBEP/IOT0 COCTOSIHUS B JKUJKOE MPU MOCTOSIHHON TemnepaType?

Mo3keT 1 OCyIIECTBIATHCS MPEBPAILIEHUE YAaCTH BOABI U3 KUJIKOCTH B HIap
0e3 nepeaaun BoJ€ TEIIa U3BHE U O€3 COBEpIICHUs paboThI?
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JlaGopaTopHas pabdora Ne4.

C60pl<a 9Jl€KmpulleCKOii uenu u umepenue Cujibl moKa U Hanpaxcenun
Ha ee pa3luiHblX yHacmKax.

Hean: Cobparh 3MEKTPUUYECKYIO IETh M U3MEPUTh CHITy TOKAa M HaIPsDKCHHUE Ha ¢
Pa3JIMYHBIX YYacTKax.

IIpubGopbl M MaTepuaJibl: aMIEPMETP, BOJBTMETp, JIAMIIOUKa, OaTapeiika,
COEMHUTEIIBbHBIE TPOBOA.

IMopsaok BeINoJIHEHUs] padOThI:
1. Cobepute 371eKTPUUYECKYIO 1IETb 10 CXEME:

2. W3meppTe crily TOKa M HAIIPSDKEHUS B JAHHOM LEIIH.
. Pe3ynbrarel u3aMepeHuii 3aHecUTe B TAOJIUILY:
Cuna Toka I, A | Hanpsixenune U, B

(98]

4. Tlo naHHBIM TaOMUIBI MOCTPOWTE BOJBT-AMIEPHYIO XapaKTEPUCTUKY —
rpaduk 3aBucumoctu cuibl Toka [ ot mampstkenuss U (mo ocu alcrumcc
OTJIOKUTE HANPSKEHHE, IO OCH OPJIMHAT — CUITY TOKQ).

5. Ilo 3akony Oma aJid yyacTKa LM ONPENEIUTE COPOTUBIICHHE ienu R s
JAHHBIX 3HAYEHUW CXEMBI.

6. OTBeTbTE HaA BOIPOC: 3aBUCUT JIM CONPOTHBJIEHHE OT CHJIbI TOKa U
HaIpsKeHUs ?

7. Tlo naHHBIM pUCYHKAM OMNpeJeInuTe, Ha Kakux MNpudopax u3MepserT
BOJIETMETP HAIpPSKEHUE?

F—- Fg i%i F%@%

Puc. 1 Puc. 2 Puc. 3 Puc. 4
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8.

Cnenaiite BEIBOJI.

[IpakTHYecKOE 3aJaHUE: HapI/ICOBaTB OJHY U3 IIPCIJIOKCHHBIX CXCM LICIIH.

1.

N300pa3uth cXeMy LENU, COCTOSIIYI0O M3 HCTOYHHMKA NHUTAHUSA, JBYX
MOCJIEIOBATEIbHO BKJIIOYEHHBIX pPE3UCTOPOB, MpPHUYEM B ITOW LENU
U3MEPSIETCS TOK.

N300pa3uth cxeMmy LEenu, COCTOSIIYI0 M3 HCTOYHUMKA IUTAaHHS, IBYX
NapajuieIbHO BKJIIOYEHHBIX PE3UCTOPOB, IPUYEM B ITOW LIEMU HU3MEPSETCS
TOK.

N300pa3uth cxemy UENu, COCTOSIIYI0 W3 HCTOYHMKAa NUTaHUSA, TPEX
PE3UCTOPOB, BKIKYEHHBIX CMEUIAHHO, IPUYEM B 3TOH LENU H3MEPSETCS
HaIpPsDKCHUE.

N300pa3uth cxeMy LENu, COCTOSIIIYI0 M3 HCTOYHHMKA NUTAHMS, JBYX
[IOCJIEOBATENbHO BKJIFOYEHHBIX PE3UCTOPOB, IPUYEM B O3TOH ILENH
U3MEpSETCs HAIIPSIKEHNUE.

N300pa3uth cxeMy LENu, COCTOSIIYI0O M3 HCTOYHHMKA NHUTAHUSA, JBYX
NapaJJIEIbHO BKIIFOYEHHBIX PE3UCTOPOB, IMPUYEM B 3TOM LIENH U3MEPSETCS
HaIpsHKEHUE.

N300pa3uth cxemy UENu, COCTOSUIYI0 W3 HMCTOYHUKA IUTaHUSA, TPEX
MOCJIEIOBATEIbHO  BKJIIOYEHHBIX JIAMIIOYEK, MpUYEM B OSTOM ILenu
U3MEPSIETCS TOK.

N300pa3uth cxemy UENu, COCTOSIIYI0 W3 HMCTOYHMKAa NUTaHUSA, TPEX
napajuieIbHO BKJIIOYEHHBIX JIAMIIOYEK, MPUYEM B 3TOM ILEMU HU3MEPSIETCs
TOK.

N300pa3uth cxemy LENU, COCTOSAILIYI0 W3 HCTOYHUKA IHUTAHUA, TpeX
JAMITOYEK, BKJIFOUECHHBIX CMEIIAHHO, NMPHUYEM B 3TOM LENH H3MEpsAeTcs
HaIpsHKCHUE.

N300pa3uth cxemy LMW, COCTOAILLYI0 W3 HCTOYHUKA NHUTaHUA, Tpex
NOCJIENOBATENbHO BKJIKOYEHHBIX JIAMIIOYEK, IPUYEM B OITOM ILENH
U3MepsETCs HANPSIKEHNUE.

10. U300pa3uth cxemy LENH, COCTOSIIYIO W3 HMCTOYHMKA NUTaHUS, TpeEX

[apajuIeIbHO BKJIIOUCHHBIX JIAMIIOYEK, MPUYEM B 3TOW LENH HU3MEPSAETCS
HaIpsKEHHUE.
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JlabopaTopHasi padora NeS.

Haobnrooenue unmepghepenyuu u ougppaxkyuu ceema.

Hean: [Iponabnrogats nHTEpPEpEeHLINIO U TUPPAKIUIO CBETA.

IIpuOopsl U MaTepHasIbl: CTEKIISHHBIC IUNIACTUHBI — 2 IIT., JIOCKYTHI KallpOHOBBIE,
3acBeueHHas (OTOMJIEHKa C TPOpe3blo, CACIAHHOM JIe3BUEM  OpHTBBHI,
rpaMIUIaCTUHKAa WJIA  KOMIIAKT-AMCK, INTAHME€HUWUPKYJb, MCTOYHHMK CBETa
(Jramriouka, cBeua).

IHopsinok BbINOJIHEHNSI PadOTHI:

Haonwoenue unmepghepenyuu

1.

2.

N

CTexsiHHbIE UTACTUHKHU TIIATEJIBHO MPOTPUTE, CI0KUTE BMECTE U COKMUTE
najJblaMH.
PaccmoTpuTe TmacTMHBI B OTPAaXEHHOM CBET€ Ha TEeMHOM (oHE
(pacronoXuTh WX HaIO0 TakK, 4YTOObBI Ha TMOBEPXHOCTH CTEKJIa He
00pa3oBaIUCh CIUIIKOM SPKUE OJIMKKA OT OKOH UJIU OEJIBIX CTEH).
B otrmenpHBIX MecTax CONPHUKOCHOBEHMS IUIACTHMH HAONIOAANTE sIpKue
pagy)HbI€ KOJIbLIEOOPA3HbIE UM HENPABUIBLHOU (DOPMBI MOTOCHI.
3ameTpTe  HM3MEHEHUs  (GOpPMBI M PACHOJOXKEHHS  MOJIYYEHHBIX
UHTEPPEPEHIIMOHHBIX MOJI0C C U3MEHEHUEM HaXKMMa.
[TonbITaliTech yBUIETh HWHTEP(PEPEHIIMOHHYIO KApPTUHY B MPOXOJSIIEM
CBETE.
Crenaiite cXeMaTH4ECKUM PUCYHOK.
OTBeTHTE HA BOIIPOCHI:
1) Yto takoe unrepdepeHIius ceera’?
2) 3aBHUCHUT JIU pe3yibTaT WHTEPPEPEHIIMN OT YIJia MaJCHHs CBETa Ha
IJIACTHHY, €€ TOJIIIUHBI U JJIMHBI BOJIHbI?
3) C xakoil (Pu3NYECKONW XapaKTEPUCTUKOM CBETOBBIX BOJH CBS3aHO
pasnuyue B IIBETE KOJIELI, TOJTYYEHHBIX B PE3YJITATE ONbITA?
4) Kak  wu3Mmenserca ¢opmMa U PACIOJOKEHHUE  MOJYYEHHBIX
UHTEeP()EPEHIIMOHHBIX TOJI0C MPU U3MEHEHUHN Ha)KMMa Ha IJIaCTUHBI?

Habawoenue ougppaxuyuu

1.
2.
3.

VYcranoBuTe Mex Ay ryOKaMu IITAHTEHIUPKYJISA WEib WUpUHOi 0,5 MM.
[IpucraBpTe 1IENb BIUIOTHYIO K IJ1a3Y, PACHOJIOKUB €€ BEPTUKAIBHO.
CMOTps CKBO3b 1IEJIb HA BEPTUKAIBHO PACTIOJIOAKEHHYIO CBETAILYIOCS HUTH
JaMIIbl (WJIM TU1aMsl CBedH ), HaOJIro1aiTe mo 00e CTOPOHBI HUTH (TIJIAMCHH )
pagyXHbI€ MOJOCH! (IUPPAKITUMOHHBIC CIIEKTPHI).

WN3menss mmpuny mwenud ot 0,5 n1o 0,8 MM, 3aMeTbTe, KaK 3TO U3MEHEHHE
BIUSICT HA AUPPAKITMOHHBIC CTIEKTPHI.
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5. HabGmonaiite Au@pakiiMOHHBIE CIIEKTPBI B MPOXOSILIEM CBETE C TOMOIIBIO
JIOCKYTOB KaIllpOHa, 3aCBEYEHHOM (POTOIIEHKHU C IPOPE3BIO.
6. IlpoBenute HabmoAeHNE NU(PPAKIIMOHHOIO CIEKTPA B OTPAKEHHOM CBETE C
IOMOIIIbIO TPAMIUIACTUHKYU (KOMITaKT-IUCKA).
7. Craenaite cXeMaTU4eCKNE PUCYHKHU.
8. OTBeThTE HA BOMPOCHI:
1) Yro takoe audpakims ceeta?
2) lns  dYero Mbl YCTAaHABIMBAEM TaKyl) MAJIEHBKYIO  IIEJIb
ITaHT €HLIUPKYJIS ?
3) YBenuuuBas IWUPUHY LIENM IUITAHTCHUUPKYJS, YTO IPOUCXOIUT C
IUQPPAKIIMOHHBIMH CIIEKTpaMU?

CrenaiiTe BBIBOJI IO MPOJICIAaHHOM padoTe.
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1. Opranuzanus caMoOCTOSATEJIbHON PadoThI

1.1.0pranu3annoOHHO-METOUYECKUE JaHHBIC TUCIUILITUHBI

KonudecTBo 4acoB mo BuaM CaMOCTOSATEIbHOM

Ne paboTbI
HaumenoBanue TeM AHIUBUIL.
ILII. MOATOTOBKA | MPOBEJIEHHUE | MOJTOTOBKA
JIOMAaIlTHUE
pedeparon OIIBITOB MPE3CHTAIUN
3aJaHUs
1 2 3 4 5 6
| Bsenenue. OCHOBEBI )
KMHEMATHKHU
) 3aKOHbBI COXPAHEHHUS B 5
MEXaHHKE.
3 MexaHnndeckue KonebaHus 1 4
BOJIHBI
4 OCHOBBI TEPMOJIUHAMUKHU 4
5 | DuekTpuyeckoe moie 2
6 MarauTHoOg II0JI€. ’
DIeKTPOMarHeTHU3M
7 CBeTOBBIC BOJHEI 4
g dusrka aTOMHOTO sIpa. )
PanmoakTnBHOCTH
9 | SAnepnas sHepreruka 6
10 | Atmocdepa u kumar 4
11 | XuMus u opranusm 4enoBeka 4
OpranusM 4enoBeka u
|p | ocHOBHbIE 6
MIPOSIBJICHUS €TO
JKH3HEACATEIILHOCTH
13 | I'eneryka M ceneKknus 2
14 | OCHOBHBIE TTIOHSTHUS KOJIOTHH 4
15 | Buocdepa 6

CamocrosiTenbHass padoTa OOydyarolUXcsi COCTOUT W3 IMOATOTOBKH pedepaToB Ha 3aJaHHYIO
TEMY C COOTBETCTBYIOUIMM O(GOpPMIIEHHUEM; NPOBEACHHUS, ONMUCAHUA U O(POPMIICHHUS JOMAIIIHEro
OIIbITA IIO Sa)IaHHOﬁ TEME; PCHICHUA MPAKTUYCCKUX 3a/lad C COOTBETCTBYIOUIUM 0(1)0pM.]'IeHI/IeM
3allMCH Ha 33/IaHHYI0 TeMY; ToA00pa U COCTaBJIECHUsI KPOCcCBOpAa ¢ 0POPMIICHHEM Ha 33JaHHYIO
TEMY; TIOATOTOBKH M MPAaBWIBHOTO OGOPMIICHHS MPE3CHTAIlMH M JOKJIaJa 10 3a/JaHHOW TeMe.
Yacel, aHHBIE HAa CAMOCTOATENbHYIO paldOTy, PacCUUTBHIBAIMCH, MCXOJS U3 O0bEeMa TEMBI,
YPOBHA CJIOXKHOCTHU pa6OTBI U BpPEMCHHU, 3aTPad4€HHOM Ha IOATIOTOBKY KOHKPCTHOI'O BHIA
3aJJaHUA.

2. MeToanuyecKue YKazaHus MO NMOATroTOBKE K 3AHATUAM

2.1. Tema 1.1. Beeoernue. Octosvl kunemamuxu. (2 4.)
2.1.1. Borpock! K 3aHATHIO




1. Kakoe aBukeHue Ha3bIBACTC MEXAHUYECKUM?

2. Kakoe Teno MOKHO CYATATh MaTepUAIbHOM TOYKOM?

3.Yro Takoe cuctema orcuera’?

4 Ilpousoiiier M CTOJIKHOBEHHE JBYX KopaOjiel, eclii TpacKTOPHH WX JBH)KCHHS
nepeceKkaroTcs?

5.Yto onpeaessieT 3aK0H ABUKEHUS Tesa?

6.UTo Takoe BeKTOp nepemenieHus? Uto oH xapakrepusyer?

7.Hailimure mnyTh MW TNEpeMENIeHHE KOHIla MHMHYTHOM CTpeliku dYacoB juuHOHM 10 cwm,
COBEpPIIUBIIEH MOIHBII 000pOT.

8.MoXeT I MTHOBEHHAsI CKOPOCTh OBITh 0oJIbIIe (MEHBIIIE) CpeaHel cKopocTh?

9.1lpu paBHOMEPHOM MPSMOJIMHEHHOM JBUKEHUU CPEIHSISI CKOPOCTh COBMAAAET C MIHOBEHHOM.
[Touemy?

10.Kak yron HakioHa rpaduka pPaBHOMEPHOTO MPSMOJIMHEHHOTO JBYIKEHUS 3aBUCHT OT
cKopocTu?

11.Kakoe mnpsMONMHEHHOE IBUKEHWE HA3bIBAETCS PABHOYCKOPEHHBIM? paBHO3aMEIJICHHBIM?
paBHOTIEPEMEHHBIM?

12.Kak ompenensiercss rpaduueckd  3aBUCUMOCTh  KOOPAMHATHEI OT BPEMEHH TIpU
paBHOIIEPEMEHHOM JBUKECHUU?

13.ITouemy cTpys BOABI pa3/ieiseTcs IPU NaJeHUU Ha 3eMIII0 Ha OT/IE€IbHBIE Karljiu?
14.ITpoBeaute onbIT 10 TeMe «OrpeeneHue CpeHeld CKOPOCTH MaIeHHsI Ta3eThD».

2.1.2. Ilpu moAroToBKe K BOIIPOCcaM HEOOXOMMO aKIIEHTUPOBATh BHUMAHUE HA CIEIYIOIIEM:
Jlist OTBETOB Ha BONPOCHI M BBIMOJHEHHS 3aJaHUN CTYJIEHTY HEOOXOAUMO 3HaTh
(GOpMyITUPOBKH BCEX OMNpPEIENEeHUH, 3aKOHOB U (opMyn 1O JaHHOH TeMe,
BOCITOJIB30BAThCSl KOHCTIEKTOM JICKIIMH 110 JAaHHOW JUCIUILIAHE.

2.2. Tema 1.3. 3axonwvl coxpanenus 8 mexauuxe. (2 4.)

2.2.1. Bonpocsl K 3aHATHIO
1. Yto Takoe UMMyYJIbC CUIIBI?
2. ChopmynupyiiTe omnpezeneHue UMIyibca Tena. IIpm KakoMm YCIOBHUM HMMITYJbC Teja
coxpaHsercsi?
3. Ilouemy HeOonblass cuia, AEHCTBYIOLIAs 3HAUYUTENBHBIM TNPOMEXKYTOK BpPEMEHH,
OKa3bIBaeT Ha JBW)KEHHME Tejla TaKoe K€ BO3/JCHCTBHE, Kak M Oojbllas cuia, KOTopas
JENCTBYET KPaTKOBPEMEHHO?
4. Kakas cucreMa Ten Ha3bIBaeTcs 3aMKHYTON? [IpuBenuTe npuMepsl 3aMKHYTBIX CUCTEM.
5. ChopmynupyiiTe 3aKkoH coxpaHeHusi umnynbca. Kak sddekr ornaum ucnosnb3yercs B
PEaKTUBHOM JIBUKEHUU?
6. Ilouemy nojka HauMHaeT OTIUIBIBATH OT Oepera, KOrja 4ejJoBEK BBIXOAUT M3 Hee Ha
npuyan?
7. Chopmynupyiite onpeaeneHre padboThl cuibl. B kakux eanHunax uzmepsercs pabora? B
YyeM 3aKiarodaercs (Gu3nueckuii CMbICT paboThI?
8. Ilpu Kakux ycIoBHsX paboTa CHUJIBI MOJIOXKUTENbHA? OTpULlaTeIbHa? paBHA HYIIO?
9. Kak 3aBUCUMOCTb CHJIBI OT KOOPJIMHATHI BIUSET Ha BETUYUHY paboThl criibl? Kak MOXXHO
HaiiTu paboty rpaduuecku?
10. [Toyemy HaKJIOHHBIE JIECTHUIIBI 00JIETYAOT YCUIIUS MPHU TTOabeMe?
11. Kakas cuna Ha3pIBaeTcsl MOTeHIManbHOoU? JlaiiTe onpeaeneHue NoTeHMaIbHON SHEPIUN.
12. B yem COCTONT NMPUHINII MUHUMYyMa NOTeHIManbHOU 3Heprun? [louemy noreHuuaibHas
CHJIa HaIlpaBJieHa B CTOPOHY YOBIBaHUS OTEHIIMATBHOMN SHEprUn?
13. [Touemy noTeHnManbHas SHEPTUSI MUHUMAaJIbHA HA TOBEPXHOCTH 3eMJIn?
14. Kak moTeHUuMalbHas SHEPIrUs CHUJIbl YHOPYrOCTH MPYXHHBI 3aBHCUT OT jAedopMariiu
PYKUHBI?



15. Chopmynupyiite onpeneneHne KHHETUUECKON dHeprun Tena. Kakue equHHIBI SHEPTUU
BaM U3BECTHBI?

16. ChopmynupyiiTe TeOpeMy O KHHETHYECKON YHEPTUH.

17. Moxker M ocTaBaThbCd HEW3MEHHOW  KHMHETHYECKass »dSHeprus Tena, eciu
PaBHOJCHCTBYIOIAs CUJI, PUIIOKEHHBIX K HEMY, OTJIMYHA OT HYJs?

18. ChopmynupyiiTe ompeneieHue CpPeAHEH MOIMHOCTH. B KakuX eIWHUIIAX H3MEpSIeTCS
MOIIHOCTB?

19. Yemy paBHa MrHOBEHHass MOIIHOCTh? K KakuMm BeIMYMHAM OTHOCHUTCS MOIIHOCTH:
CKAJIIPHBIM WJIM BEKTOPHBIM?

20. Ha yTto pacxonyercs MOIIHOCTb JBUTATeleil MaayOHOro UCTpeOuTelNs, 3aBUCIIEr0 HaJ
aBuaHocuem?

21. Yro Ha3bpIBaeTCS MEXaHWYECKOM sHeprueit cuctembr? ChHopmynupyiTe 3aKOH H3MEHECHHS
MEXaHUYECKON IHEPTUU.

22. Ilpu kakux ycIOBHSIX MOJIHAsA MEXaHUUECKasi YHEPTUSI CUCTEMbI COXpaHseTCs?

23. [IpoBeaute omnbIT 1Mo TeMe «O1eHKa COOCTBEHHOW MOIITHOCTH.

2.2.2. Ilpu noAroToBKe K BOIIPOCaM HEOOXOJMMO aKLIEHTUPOBATh BHUMAHUE HA CJIEYIOLIEM:
JUis OTBETOB Ha BOIIPOCHI M BBINOJHEHUS 3aJaHUM CTYAEHTY HEOOXOAMMO 3HAaTh
(GOpMYIMpPOBKH BCeX ONpEACICHUH, 3aKOHOB © (opMyn 1O JaHHOHW TeMe,
BOCII0JIb30BaThCsl KOHCIEKTOM JICKIMH 110 JaHHON TUCLMIUIMHE.

2.3. Tema 1.4. Mexanuuecxue xonrebanus u 8oHul. (4 4.)
2.3.1. Bonpocsl Kk 3aHATHIO
1. Kakue kosieOaHusi HA3bIBAIOTCS BBIHY)XICHHBIMH, a Kakue cBoOOmHbIMH? [IpuBenute
MIPUMEPHI.

2. Maiite onpeneneHre aMIUIUTYAE U epUOy KoJeOaHu.

3. Kaxkue xonebanus Ha3piBaroTCs 3aTyxatromumu? [IpuBeaure npumepsl.

4. Yro Takoe pe3oHaHC?

5. Kak MoxHO wu30exaTh HeXenaTeNbHOro pe3oHaHca? Kak MOXHO HCMOIB30BaTh
JHEPreTUYECKHUE PECYPCHI PE30HAHCHBIX MPOLECCOB?

6. Kaxkas BonHa Ha3bIBaeTCs MPOJIOJIBHOM, a KaKasi oNepeyHon?

7. Uro takoe jyMHa BoaHbI? [1o kakoii opmyse oHa HaXOAUTCS?

8. Kaxue BoHBI Ha3bIBAlOTCS 3BYKOBBIMU?

9. OxapakTen3yiiTe 4aCTOTHBIA Juana3oH MH(Pa3BYKOBBIX, 3BYKOBBIX U YJIBTPa3BYKOBBIX

BOJIH.
10. CocraBbTe KpoccBOp/I 1o Teme «MexaHndeckre KoieOaHus U BOJTHBI».

2.3.2. IIpu moAroToBKe K BOIPOCaM HEOOXOAMMO aKLEHTUPOBATh BHUMAHUE Ha CIIEAYIOIEM:
JUis OTBETOB Ha BONPOCHI W BBINOJIHEHUS 33JaHUN CTYAEHTY HEOOXOIUMO 3HATh
(GOpMYNIHUpPOBKM BCeX ONpeAeNeHuil, 3akoHOB M (opMya MO JaHHOW TeMme,
BOCIOJIb30BaThCs KOHCIIEKTOM JIEKIIMIA MO JAHHOM TUCIUIUINHE.

2.4. Tema 2.2. Ocnosbt mepmoounamuxu. (4 u.)
2.4.1. Bonpocsl K 3aHATHIO
1. ChopmynupyiiTe ompeaeleHHe BHYTPEHHEH HSHEpPTUM Teia. 3aBUCUT JIM BHYTPEHHSS
SHEPTHUs TeJla OT €T0 JABMXKEHUS U TOJI0KEHHUSI OTHOCUTENBHO JAPYTUX Ten?
ChopmynupyiiTe onpeeneHne unciaa CTerneHeil CBOOOIbI.
Kak M0XHO U3MEHUTH BHYTPEHHIOIO SHEPTHUIO KUAKOCTH, ra3a?
OT KaKuX BEIMYUH 3aBUCUT paboTa, coBepliaeMas CUJIOHN JTaBJIeHHs ra3a?
Kakyto 1o 3Haky paboTy coBepIaeT ras npu paclIupeHuu U MpH CXKATUU?
KaKO¥M T€OMETPUYECKUN CMBICII UMEET paboTa Ha quarpamme p, V7?7
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7. CdopmynupyiiTe MepBbI 3aKOH TEPMOAMHAMUKH JJII H30XOPHOTO U HM300apHOTO
MPOLIECCOB.

8. 3anmumure NepBbIN 3aKOH TEPMOJIMHAMUKH U1 H30TEPMUUYECKOTO MpOLiecca.

9. Kakoit mpomecc HaspiBaercs aauabatHeiM?  CdopMynupyiTe MEpBBIA  3aKOH
TEPMOJIMHAMUKH JUIs a11abaTHOTO MpoIiecca.

10. Iloyemy mpu anvabaTHOM pacIIMpPEeHHHM TeMIlepaTypa rasa mafaer, a IpH CXKaTUU
BO3pacraer?

11. Kakue ycTpolcTBa OTHOCAT K TEIUIOBBIM Auratensm? I[louemy B kadecTBe pabodero
TeJa B TEIUIOBBIX JIBUTATENSAX UCIOJIB3YIOT ra3bl U napbi?

12. Kak onpenensatot KII/] 3amkuyroro nukia? Yemy pasen KII/I nukna Kapuo?

13. Chopmynupyiite BTOpOW 3aKOH TEPMOAMHAMHKHU. B UeM 3akiIrodaercs cTaTUCTHYECKas
MHTEpIIpETAIHsI TOT0 3aKoHa?

14. TloaroroBeTe pedepart.

2.4.2. Ilpu noAroToBKe K BOIIPOcaM HEOOXOJUMO aKIIEHTUPOBATh BHUMAaHUE Ha CIEAYIOLIEM:
JUisi OTBETOB Ha BOIIPOCHI M BBINOJHEHUS 3a/JaHUM CTYAEHTY HEOOXOAMMO 3HAaTh
(GOpMYIHpPOBKH BCEX ONpEACICHUH, 3aKOHOB © (opMyn 1O JaHHOHW TeMe,
BOCII0JIb30BaThCsl KOHCIEKTOM JICKIMHA 110 JaHHON TUCLIMIUIMHE.

2.5. Tema 3.1. Dnekmpuueckoe none. (2 u.)

2.5.1. Bonpocsl K 3aHATHIO
1. Yro xapakrepusyer snekTpuyeckuil 3apsn? Kakoll MUHUMAanbHBIN 3apsiJ U3BECTEH B
HacTosIIee BpeMs?
2. CdopmynupyiiTe NpUHLMIT KBAHTOBAaHUS 3apsja.
3. Tloyemy mpu 3I€KTpU3ALMH TPSHUEM 3apsKAIOTCS 00a TpyIuXcs Tena?
4. Omnpenenurte 3HaK U3OBITOYHBIX 3apsI0B Ha JIepeBe MOCE TOro, Kak 00 HEero moTpercs
kormika. Kakue mo 3HaKy 3apsipl OCTal0TCA Ha IIEPCTH KOIIKU?
5. CdopmynupyiiTe 3aKOH COXpaHEHHUS 3apsija.
6. ChopmymupyiiTe 3akoH KyjloHa. B uyem 3akmtouaercs (U3MUECKHH  CMBICI
koa¢¢uimenTa k B 3akone Kynona? Onpenenvre rpaHuibl IPUMEHUMOCTH 3TOTO 3aKOHA.
7. Bo ckombkO pa3 KyJOHOBCKas CHJIa OTTAJKHBAaHUS MPOTOHOB OONbINE CHIIBI HX
TPaBUTALIMOHHOTO MPUTSHKEHUS?
8. CdopmynupyiiTe  ompeaelneHue  HampsHKeHHOCTH — mojs.  KakoBa — eauHUIA
HaNpsDKEHHOCTH?
9. Kak HanmpspKeHHOCTH MOJIs, CO3aHHOTO TOYSUHBIM 3apsI/IOM, 3aBUCHT OT PACCTOSTHUS?
10. Chopmynupyiite onpezesneHue JINHUN HAIPSYKEHHOCTHU 3JIEKTPOCTaTUYECKOTO MOJIS.
11. I'me HauyMHAIOTCS W T/I€ 3aKaHYMBAIOTCS JIMHUHM HANPSHKEHHOCTH 3JIEKTPOCTATHYECKOTO
nosisi? [Touemy oHM HE nepecekaroTcs?
12. Kakoe 371eKTpoCcTaTUYeCKOE MOJI€ HAa3bIBAKOT OJJHOPOIHBIM?
13. ChopmynupyiiTe MPUHLUI CYNEPIO3UILINN DIEKTPOCTATHUECKUX MOJIEH.
14. Kak 3aBHCHUT OT pacCTOSHHSI HANPsSKEHHOCTb MOJIsI, CO3IaHHOTO AUMoNIeM? 3apsKeHHON
cthepoii?
15. IIpoBeauTe OMBIT MO TeMe «DINEKTPU3ALUS TEI.

2.5.2. Ilpu moAroToBKE K BOMpOcaM HEOOXOAMMO aKIIEHTUPOBATh BHUMAHHE Ha CIICTYIOIIEM:
Jlis OTBETOB Ha BOMPOCHI W BBIMOJHEHUS 33JaHUN CTYACHTY HEOOXOIUMO 3HATh
(GbOpMYITMpPOBKM BCEX OMNpeAeieHud, 3akoHOB u  (OpMyn TI0 JaHHOM TeMe,
BOCHOJIb30BATHCSA KOHCIEKTOM JIEKITUM 110 JaHHOM TUCIMIIIMHE.

2.6. Tema 3.3. Maenumnoe none. dnekmpomachemusm. (2 u.)
2.6.1. Borpock! K 3aHATHIO
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29.

Kakue nuHumn Ha3bIBAIOT CHUJIOBBIMU JIMHUSIMA MarHUTHOTO TOJIsA?

Kakas BexTopHas ¢u3nueckas BeJIHMUMHA XapaKTepU3yeT MarHUTHOE 1oJje?
Cdhopmynupyiite mnpaBwio OypaBuMKa W TPABHIO IPABOH PYyKH, OIPEIeNsIolee
HallpaBJ€HUE BEKTOPAa MarHUTHOW MHIYKLIUH, CO3JaHHOMN MPSIMBIM TOKOM.
ChopmynupyiiTe MPUHIIKIT CYIIEPIIO3UIUH JIJISI MATHUTHOTO U AJIEKTPUIECKOTO MOJICH.
Kak onpenenuts HanmpaBieHHE BEKTOpa MarHUTHOW MHAYKIMHM HAa OCHU BUTKA C TOKOM?
Kaxk narnpaBneH BeKTOp MarHUTHOM MHIYKLIIUH OT KOJIBIIEBOTO TOKA?

Jlaiite omnpeneneHue NOHATUS JUHUNM MAarHUTHOM MHAYKIMU. B uem coctoutr ux
XapakTepHasi 0COOCHHOCTB?

Kaxkoit nosiroc MarHuTa Ha3bIBatOT CEBEPHBIM; FOKHBIM?

Chopmynupyiite u 3anumute 3akoH Awmmnepa. Kak opuentupoBana cuiia Awmrmepa
OTHOCHUTEJIbHO HAIPABJICHHS TOKA U BEKTOPAa MATHUTHOM UHIAYKIUU?

Kak onpenensiercst HanpaBienue cuiibl Amiiepa? Chopmynupyiite mpaBuiio JIEBOU PYKH.
Uemy paBeH MOIyJIb BEKTOpA MArHUTHOW MHIYKIIMK? B Kakux eIMHUIIAX OH U3MEPSIETCS?
Haiite onpenenenue cuibl Jlopenna. Yemy paBen ee moayns? Kak ompenensiercs
HarpasJieHue cuibl JIopeHIa ¢ MoMOLIbI0 IpaBUiia JIEBOU pyku?

Kak B3auMo1eliCTBYIOT APYT C IPYroM MapajvieibHbIC U aHTHITAPAILICIbHBIE TOKHU?

JlaiiTe onpeneneHrie MAarHUTHOTO MOTOKA. B Kakux equHuIax OH u3Mepsiercs?

Jaiite onpeneneHne UHAYKTUBHOCTH KOHTYpa. B kakux equHunax oHa usmepsiercs?

. Kakas OHEPI'Us HAKAIJIMBACTCA B KOHTYPC HHAYKTUBHOCTH L IIpU CHUJIC TOKA B HEM I?
16.

B dem coctouT siBieHue aniekTpoMarHuTHOW mHAYKIuH? ChopMmynupyiiTe u 3amuimre
3aKOH 3JIEKTPOMArHUTHOM MHIYKIIHH.

Chopmymnupyitte npasmio Jlenna. [Ipusenure npuMepsl €ero NpUMEHEHHS.

Kakoe ¢usnueckoe sBrneHue Has3biBaeTcsi camoumHaykuuei? UYemy paBHa DJIC
CaMOMHIYKITUHN?

Kakoe anexTpruyeckoe ycTpoicTBO Ha3bIBAIOT TpaHC(hHOpMaTOpOM?

Haiite omnpexnenenne kodpdummenta Ttpanchopmanuu. Kakoit TpaHcopmarop
Ha3bIBAE€TCS MOBBIIAIOIIUM U KaKOH MOHM>KAOIITIM ?

[IpuBeauTe npuMeEpbl HKCMOIB30BAHUS AJIEKTPOMATHUTHOW HMHIYKIIMM B COBPEMEHHOU
TEXHHKE.

3aueM Tpu Tepenaye dIJICKTPOIHEPTHHM Ha PACCTOSIHUE HWCIONB3YIOT TOBBIIIAIONINE U
MTOHMKAIOIIINE TPAHCPOPMATOPHI?

Kaxkoe conpoTuBieHue B 11enu NepeMeHHOro ToKa Ha3bIBalOT aKTUBHBIM?

Uemy paBHO EMKOCTHOE CONPOTUBIIEHUE KOHAEHcaTopa?

Uemy paBHO UHIYKTUBHOE COMPOTUBIIEHUE KATYIIIKNA?

Kakyto anexTpudeckyro 1enb Ha3bIBalOT KoJeOaTeNbHBIM KOHTYPOM?

Kak 3aBucut nepuoa coOCTBEHHBIX KoJjeOaHWH B KOJIEOATEILHOM KOHTYPE OT BEIWYHMHBI
ANIEKTPOEMKOCTH KOHJIEHCATOPA U MHIYKTUBHOCTHU KaTYIIKU?

OxapakTepu3yiTe sBIIEHHE pE30HaHCAa B KoJjiebarenbHOM KOHType. Kak wucmomb3yercs
SIBIICHUE PE30HAHCA B PAIUOTEXHUKE?

[IpoBeauTe OMBIT MO TEME «DIEKTPOMATHETUIM).

2.6.2. Ilpu moAroToBKE K BOMpOcaM HEOOXOAMMO aKIIEHTUPOBATh BHUMAHHE Ha CIICTYIOMIEM:

Jlis OTBETOB Ha BOMPOCHI W BBIMOJHEHUS 33JaHUN CTYACHTY HEOOXOIMMO 3HATh
(hOpMYITMpPOBKH BCEX OMNpeAeNeHWH, 3akoHOB u  (OpMyn IO JaHHOM TeMe,
BOCIIOJIb30BaThCs KOHCIIEKTOM JIEKIIUM MO TAHHOW JUCLUIUIAHE.

2.7. Tema 3.5. Ceemosvie onnvl. (4 u.)
2.7.1. Bonpock! K 3aHATHIO

1.
2.

Kakoe siBnenue Ha3piBatoT uHTepdepenueit? Yro Takoe MHTEpPEepeHIIMOHHAs KapTHHA?
Kakue BomHBI Ha3pIBalOT KorepeHTHbIMU? JlaiiTe ompeneneHue AJIUHBI U BPEMEHU
KOT'€pEHTHOCTH.
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Urto Takoe reomeTpuyeckas pa3HOCTb Xoaa?

4. 3anummTe YcaoBHs UHTEP(EPEHIIMOHHBIX MAaKCUMYMOB U MHHHUMYMOB [UIsl JABYX
CUHXPOHHO M3JTy4YalolUX UCTOUHUKOB.

5. Kak ¢ momompro 3epkana Jlmoiga m Ounpusmbl DpeHens MOMydarOT KOTEPEHTHBIC
HMCTOYHHUKHU cBETa?

6. Omnumute onbiT FOHra. Kak ¢ momompto omnbita KOHra MoXxHO U3MEPUTH JUIMHY BOJIHBI
cBeTa?

7. Kaxkoe husnyeckoe siBiieHHE Ha3bIBaOT Audpakiueid? Kakum BOIHOBBIM MpoIieccaM OHO

CBOMCTBEHHO?

3anuuuTe yCiuoBUe A m-To IU(PpakiiMOHHOTO MaKCUMyMa Ha LIeJId U TOSCHUTE €ro.

9. Kakyro BenmMYHMHY HAa3BIBAIOT pa3pemiaroniell CrocOOHOCThIO AU(PAKIIMOHHON perieTKn?
Uro oHa XapaKTepHu3yeT U OT KaKUX MapaMeTpOB PEIICTKH 3aBUCUT?

10. ITonrotoBsTe pedepar.

*®

2.7.2. Ilpu noAroToBKe K BOIIPOcaM HEOOXOJUMO aKIIEHTUPOBATh BHUMAHUE Ha CIEAYIOLIEM:
JUisi OTBETOB Ha BOIIPOCHI M BBINOJHEHUS 3a/JaHUM CTYAEHTY HEOOXOAMMO 3HAaTh
(GOpMYIHpPOBKH BCEX ONpEACICHUH, 3aKOHOB © (opMyn 1O JaHHOHW TeMe,
BOCII0JIb30BaThCsl KOHCIEKTOM JICKIMHA 110 JaHHON TUCLIMIUIMHE.

2.8. Tema 4.2. @Quzuxa amomrnozo aopa. Paouoaxmuenocmes. (2 u.)

2.8.1. Borpocs Kk 3aHATHIO
1. IlpuBenure OCHOBHBIE XapaKTEPUCTHUKU NPOTOHa M HeWrpoHa. Oxapakrepusyiite
IIPOTOHHO-HEUTPOHHYIO MOJIEINb SJIpa.
2. Kakyro sHepruro Ha3bIBalOT YyAEIbHON sHepruei cBsizu? OOBsICHUTE 3aBUCHUMOCTb
yI€IbHONU SHEPTUU CBSI3U OT MAaCCOBOI'0 YHUCIIA.
3. Kakoe ¢Qusuueckoe siBIeHHWE Ha3bIBAIOT PaJHOaKTUBHOCTHIO? Kakue pa3nuuaroT BHBI
paaroakTUBHOCTH? YUTO sBiIsIETCS NPUYMHON paJloaKTUBHOIO pacnazia?
4. Kakoll paaumoakTHUBHBIA pacraj Ha3blBaloT anbga-pacnagoMm? OTHOCHUTENbHAS OIS
KaKWX HYKJIOHOB B fJI[p€ YMEHbIIIA€TCS B pe3yJibTare aib(pa-pacnaaa?
5. Kakoil paguoakTuBHBINA pacnaj Ha3bIBalOT Oera-pacnazomM? OTHOCUTEIbHAS 10JI1 KaKuX
HYKJIOHOB B sIJIp€ YMEHBIIIaeTcs B pe3ypTaTe OeTa-pacnaaa?
6. Jlaiite onpenenenue nepuosaa nonypacnaga. I[louemy nepuon momypacnazna HE 3aBUCUT
OT Ha4aJIbHOT'O YKCiIa YacTHIl?
7. BeiBenuTe 3aKOH pajguoakTUBHOrO pacnajaa. IlocTpoiite rpaduk 3aBUCUMOCTH 4YHCIA
HEpaclaBIIUXCS aTOMOB OT BpPEMEHU IMpH JBYX pa3IMYHbIX 3HAYEHUSIX IEepuoja
noJIypacrnaja.
8. Kakas Qusnueckas BeMMYMHA XapaKTEPU3YET CKOPOCTh PaJMOAKTHUBHOTO pacmana? B
KaKUX €JMHMIIAX OHA U3MEpSETCs?
9. IlpoBenute noMalHUN ONBIT MO TeMe «Paal0aKTUBHOCTH.

2.8.2. Ilpu moAroToBKE K BOMpOcaM HEOOXOAMMO aKIIEHTUPOBATh BHUMAHHE Ha CIICTYIOMIEM:
Jlis OTBETOB Ha BOMPOCHI W BBIOJHEHUS 33JaHUN CTYACHTY HEOOXOIUMO 3HATh
(GhOpMYITMpPOBKH BCEX OINpeAeNieHWHd, 3akOoHOB u GOpMyn 10 JaHHOM TeMe,
BOCHOJIb30BATHCSA KOHCIEKTOM JIEKITUM 110 JaHHOM AUCIMIIINHE.

2.9. Tema 4.3. Hoepnas suepeemuxa. (6 u.)
2.9.1. Bonpock! K 3aHATHIO
1. Kakoil BenmMunHON XapaKTepU3ylOT CKOPOCTh LEMHON peakiuu? 3anuimre HeoOX0IuMoe
YCIIOBUE JIJIsl pa3BUTHUS LIETTHONW pEeaKIUH.
2. Kakyro peakuuto AeneHus Ha3bIBaIOT camonoaaepxuBatouieiics? Korna ona Bo3Hukaer?
3. Kaxkoe ycTpoiicTBO Ha3bIBAIOT SIIEPHBIM PEAKTOPOM?
4. Kak nmporcxoauT npeodpa3oBaHue sICPHOI SHEPTHHU B NeKTpruueckyto Ha ADC?



5. lloyeMmy peakiuu CIUSHMS JIETKUX SAE€p Ha3bIBAalOT TepMosepHbMu? Kakyro saepHyro
PEaKIIMIO Ha3bIBAIOT TEPMOSAEPHBIM CHHTE30M?

6. B dyem mnpeumyiecTBa yHpaBIsSEMOro TEPMOSIIEPHOIO CHHTE3a IO CPaBHEHHUIO C
YIIPaBIIIEMbIM JIEJICHUEM SIIEP, OCYILIECTBIISIEMBIM B SJIEPHOM peakTope?

7. Kakas BenmuumHa XapaKTepH3yeT MOIHOCThH saepHOro B3pbBa? Kakoil MomrHOCTH OBLI
B3PBIB IIEPBOI B UCTOPUH aTOMHON O0MOBI?

8. Uem omimmuaercss BojoponHas 6om0Oa orT aromuHoi? Kakoll MOIIHOCTH JOCTHIaeT B3pbIB
BOJIOPOAHON O0MOBI?

9. Kak onpenensitoT 103y NOTIONIEHHOTO U3iIydeHus1? B Kakux equHuIax ona umepsiercs?
10. JlaiiTe onpeneneHre SKBUBAJICHTHOM J103bI MOTJIOIIEHHOTO M3Iy4eHus. B Kakux eauHunax
OHa u3MepsieTcs?

11. IToagroroBhTE MpPE3CHTALIMIO.

2.9.2. Tlpu moAroToBKe K BOMpocaM HEOOXOAMMO aKIIEHTUPOBATh BHUMaHHUE Ha CIICIYIOIIECM:
Jlist OTBETOB Ha BOMNPOCHI M BBIMOJIHEHHS 3aJaHUN CTYIEHTY HEOOXOAMMO 3HaTh
GOpMyITUPOBKH BCEX OMNpENENIeHUH, 3akOHOB U (opMyn 1o JaHHOH TeMme,
BOCIIOJIL30BATHCS KOHCIICKTOM JICKIIUH 10 JaHHO! JUCIUILINHE.

2.10. Tema 5.2. Ammocghepa u kiumam. (4 u.)

2.10.1. Borpocsl K 3aHATHIO

ATMmocdepa 1 KIuMar.

XUMHUYECKUHN COCTaB BO3yXa.

XUMUYECKUE peaklliy, IPOUCXOISIINE B aTMOc(epe.
3arpsizHeHue aTMOCGEpPHI U €r0 UCTOUHUKH.
O30HOBBIE JIBIPHI.

Kucnotnsie ocaaxu.

[TapHUKOBBIN YPPEKT.

CriocoOsI 3a1uThl aTMOC(EphI OT 3arpsI3HEHUH.
[ToaroroBeTe pedepar.
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2.10.2. TIpu noaroToBKe K BOIpocaM HEOOXOAUMO aKIEHTHPOBATh BHUMAHHUE Ha CIIEIYIOIIEM:
Jlisi OTBETOB Ha BOIPOCHl M BBINOJHEHUS 33/JaHUM CTYAEHTY HEOOXOJMMO 3HATh
(hOpMYITMPOBKH BCEX OMNpPENETCHUI W TOHATHN 10 JAaHHOW TeMe, BOCIOJIb30BAaThCS
KOHCIIEKTOM JIEKIIUH 10 JAaHHOHN TUCLUILINHE.

2.11. Tema 5.3. Xumus u opeanuzm yenosexa. (4 u.)

2.11.1. Bompocs! K 3aHATHIO

XuMHUecKasi OpraHu3alus KIeTKH.

BermecTBa, BXOIAIIIHE B COCTAaB KIIETKH.

Crpoenue U QyHKIIUN OEIKOBBIX MOJIEKYIL.

VYTIeBobI — TTIaBHBINA HCTOYHUK YHEPTUU OpPTraHU3Ma.

Poib kMpOB B opranusme.

MuHepasbHbIC BEIIECTBA B TPOAYKTaX MUTAHUS, MMIIEBHIE TOOABKH.
Cb6anaHcupoBaHHOE TUTAHUE.

CocTaBbTe cXeMBbI [0 COCTaBY KIETKU (30KapUOThI, TPOKAPUOTHI).

S Al

2.11.2. [Ipu moAroTOBKE K BONMpPOCaM HEOOXOIUMO aKIICHTHPOBATh BHUMAHUE Ha CIICTYIOIIEM:
Jlis OTBETOB Ha BOMPOCHI W BBIOJHEHUS 33JaHUN CTYACHTY HEOOXOIUMO 3HATh
(hOpPMYITMPOBKH BCEX OMpENeNeHUH W TOHATHNA IO JAaHHOW TeMe, BOCIIOJIh30BATHCS
KOHCIIEKTOM JIEKIIMHI 1O TaHHOW JUCLIUIUIMHE.

2.12. Tema 6.4. Opeanusm uenogexa u 0CHOBHbIE NPOSAGIIEHUSL €20 dHcusHedesmenbHocmu. (6 u.)



2.12.1. Bompocs! K 3aHATHIO

TkaHu, Opranbl U CUCTEMBI OPTaHOB YEJIOBEKa.

[TumeBapenue.

Jpixanue.

Koctu, MbIIIIbI, CyX0KHIIHS — KOMIIOHEHTHI OTIOPHO-/IBUTATEIHHON CUCTEMBI.

BuyTpeHHss cpenia opranu3mMa: KpoBb, TKAHEBAs KUAKOCTb, TUMDa.

[TosioBas 1 BeIAEINUTEIbHAS CUCTEMBI.

Bnusinue HapkoTuueckux BemiecTB (Ta0aka, ajaKOroJis, HAPKOTMKOB) Ha pa3BUTHE U

3/10pOBbE YEJIOBEKA.

HacnencTBennsie u BpoXkKACHHbIE 3a00I€BaHMUS.

9. Hanmmmute scce Ha Temy «BrausHue (QakTOpOB OKpyXaromied cpenbl M BPEAHBIX
MIPUBBIYEK HA SIMOPHOHATBHOE PAa3BUTHEY.

10. IloaroroBsTe npe3eHTaLUMIO 110 TeMe: «BlMsHNEe HAPKOTUUECKUX BEIIECTB HAa Pa3BUTUE U
310poBbe uenoBeka. HacnencTBeHHbIE U BPOKICHHBIE 3a00JIEBaHUSY.
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2.12.2. TIpu noAroToBKE K BOMPOCaM HEOOXOAUMO aKIIEHTHPOBATh BHUMAHHUE Ha CIICIYIOIIEM:
Jlist OTBETOB Ha BOMNPOCHI M BBIMOJIHEHHS 3aJaHUN CTYJIEHTY HEOOXOAUMO 3HaTh
(OPMYITUPOBKH BCEX OMPEACICHUI M TIOHATHH 1O JaHHOW TeMe, BOCIIOJIb30BaTHCS
KOHCIIEKTOM JIEKLIMI 1O JAaHHOM TUCUHUILIMHE.

2.13. Tema 6.5. I'enemuxa u cenexyus. (2 u.)

2.13.1. Bompocsl K 3aHATHIO

OCHOBHBIC TIOHSITHSI TCHETHKHU.
3aKOHOMEPHOCTH HaCIIIOBAaHHSI TPH3HAKOB.
3aKOHOMEPHOCTH U3MEHUYHUBOCTH.
OCHOBHBIE TIOHSATHS CEJICKIIHH.

MeToibl CeNeKIMU PACTCHHI U )KUBOTHBIX.
PemmTe reHeTHUeCKHe 3a1a4H 1O CEICKIINU.

AR

2.13.2. Tlpu noaroToBKe K BOIpocaM HEOOXOAUMO aKIEHTUPOBAaTh BHUMAHHUE Ha CIIEIYIOIIEM:
Jlisi OTBETOB Ha BOIPOCHI M BBINOJHEHUS 33/laHUM CTYAEHTY HEOOXOAMMO 3HAaTh
(hOpMYITMPOBKH BCEX OMNpENENCHUH W TOHATHN IO JAHHOM TeMe, BOCIIOJIb30BAThHCS
KOHCIIEKTOM JIEKIIMH IO JaHHOHN ITUCLUILINHE.

2.14. Tema 7.1. Ocnognvle nonsimusi 3xonocuu. (4 4.)
2.14.1. Bonipocs! K 3aHATHIO
1. IloHsATHE «OKOJIOTHSI.
2. Tlomynsauus.
3. KpyroBopoTsl BEIIECTB B MIPUPO/IE.
4. TlpoBeauTe MOMAILTHUH OMBIT MO BBIABIECHUIO ()aKTOPOB BO3JCHCTBHS HA OPTaHU3M.

2.14.2. TIpu moArOTOBKE K BOIPOCAaM HEOOXOAUMO aKIIEHTHPOBATH BHUMAHHUE Ha CIICTYIOMIEM:
Jlnst OTBETOB Ha BOMPOCHI M BBIMOJHEHHS 3aJaHUN CTYJIEHTY HEOOXOAMMO 3HaTh
(GOpMYITUPOBKH BCEX OMpEACNeHU M TOHATUH MO JaHHOW TeMe, BOCIOJIb30BaTHCS
KOHCIIEKTOM JICKITUH 110 TaHHOW AUCIIUILINHE.

2.15. Tema 7.2. bBuocgepa. (6 u.)
2.15.1. Bompocs! K 3aHATHIO
1. CocraB Guocdepsl.
2. Dxocucrema.
3. Tunsl B3aMMOOTHOILIEHUS] OPTaHU3MOB.
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4. IloaroroBbTe MPE3EHTALUIO MO TEME «DKOCUCTEMBI».

2.15.2. Ilpu moAroToBKE K BONPOcaM HEOOXOAMMO aKIIEHTUPOBATh BHUMAHHUE Ha CIIEIYIOIEM:
Jlisi OTBETOB Ha BOIIPOCHI M BBINOJHEHUS 3alaHUM CTYAEHTY HEOOXOAMMO 3HAaTh
(GOpMYITUPOBKH BCEX OMPEACICHUI M TIOHATUN MO JaHHOW TeMe, BOCIIOJIb30BaTHCS
KOHCIIEKTOM JIEKLIMH 110 JAHHOHN IUCLUILINHE.

3. Meroanyeckue yKa3aHHus M0 U3Y4eHHIO OT/IeJIbHBIX BOIIPOCOB

3.1. PaccMaTpuBaemble BOIIPOCHI

Tema 1.1. Beeoenue. Ocrosvi kunemamuxu. (2 4.)
1. TlpoBeneHune nomamniHero ombiTa Mo TeMe «OmpenencHue CpeaHed CKOPOCTH HaJCHHS
razeThiy.

Tema 1.3. 3akonwl coxpanenus 6 mexanuke. (2 u.)
1. [IpoBeaenue nomanrHero omneiTa mo TeMe «O1eHKa coOCTBEHHONH MOIIHOCTH.

Tema 1.4. Mexanuueckue xonebanus u 0Hbl. (4 u.)
1. CocraBiienre KpoccBopaa o TeMe «MexaHudecKue KoJaeOaHus U BOIHBD.

Tema 2.2. Ochogbl mepmoounamuru. (4 4.)

1. IToaroroBka pedeparoB. [IpumepHas Tematuka pedeparoB: XKumkue kpucramibsl. Poib
METAJUIOB B KICTOPUM Pa3BUTHS uesioBeuecTBa. Mcropus Tepmomerpa. 3HaueHue BIaXKHOCTH BO3/1yXa
JUI KUBBIX opranm3moB. [lnmaszma. J[.Ml.MenneneeB. Beunbie apuratenu. Vcropus aBTOMOOHIISL.
Ucropus maposo3sa. [lapoBeie mamunbl. JIBurarens Yarra. M. .ITon3yHoB. 3amuTa okpysKaromiei
Cpedbl OT JBUraTeiel BHYTPEHHEro cropanus. TeruioBble ABUTaTeIM M OXpaHa OKPYKaroleH
cpensl. Camu Kapuo. Tomac Casepu. Tomac HerokomeH.

Tema 3.1. Dnekmpuuecxoe none. (2 u.)
1. IIpoBeaeHuEe JOMAIIHETO OMBITA IO TeME «DIEKTPHU3ALUS TEI.

Tema 3.3. Macnumnoe none. dnekmpomacHemusm. (2 4.)
1. IIpoBeaeHne JOMAIIHETO ONbITA IO TEME «DJIEKTPOMATrHETU3M).

Tema 3.5. Ceemosvie gonHbl. (4 u.)

1. IMoaroroBka pedeparon. [IpumepHas TemaTtuka pedgepaToB: OcoOE6HHOCTH BOCHIPUSTHS CBETA
rima3zom uenoBeka. Ceer B mpupoze. Orioct @penens. Wcropust pagmo. Vcropus TeneBHICHUSL.
Hcnonb3oBaHue 31€KTPOMArHUTHBIX BOJIH Pa3IMYHOTO AUANa30Ha B TEXHUUECKHUX CPENICTBAX CBS3H,
MEJIUIMHE, TIPH U3yYCHUU CBOMCTB BEHIECTBA. DJIEKTPOMATHHUTHBIC SBJIICHHS B KHMBOM OPraHU3Me
(opraHu3Me YenoBeKa): JMEKTPUYECKHE PUTMBI Cepaila M MO3ra, JIIEKTPOXUMHUYECKash MpUpoja
HEPBHBIX  UMITYJILCOB.  OTKpBITHE  JJIEKTPOMArHUTHOH  WHAYKIMHA. | €HepaTopbl  TOKa.
Onexkrpudukarms Poccuu. DNEeKTpOMarHUTHBIE TMOJNS COTOBBIX Tele(OHOB, OBITOBOM TEXHUKU M
KOMITBIOTEPOB.

Tema 4.2. Qusuxka amomnozo sopa. Paouoakmusnocmo. (2 u.)
1. IIpoBeaeHue JOMAIIHETO OMBITA IO TeMe «PaTnoaKTUBHOCTHY.

Tema 4.3. Aoepuas suepeemuxa. (6 u.)
1. TMoaroroBka mMpe3eHTAIlMM MO TPEUIOKECHHBIM TemaMm paszaena «SlaepHas Qu3ukay.
[IpumepHasi TeMaTUKa MPE3CHTAIMKA: YUCHbIC-SIIEPIIMKA. AHAIM3 MPUYAH M TOCIICACTBHA
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KpyHNHEHIMX siaepHbIx Karactpod. Cunte3 114-ro smementa — TpuyM@ poccuiickux (pu3MKOB-
anepiumkoB. HanotexHonormm — texHojoruu 21 Beka. SnepHoe opyxkue. fnepHblii peakTop.
AToMHBIII peakTop. BosznelicTBME AaTOMHBIX CTaHIMM Ha OKpyxawoolylo cpeny. Ilyru
NPOHUKHOBEHMS PAJIMallid B OpPraHM3M dYeJloBeKa. BozieicTBHe paJMOaKTHBHBIX BBIOPOCOB Ha
OpraHu3M 4esnoBeka. BriOpockl M cOpochkl BpeaHbIX BemiecTB mpu skcrutyaramuu AC. IlepeHoc
PaIMOAKTUBHOCTH B OKPY’KAIOLIyI0 cpey. MaTtepualisl Ui XpaHEeHUS PaOaKTHBHBIX OTXO/IOB.

Tema 5.2. Ammocghepa u kiumam. (4 u.)

1. TlonrotoBka pedeparoB mo Teme: «Atrmocdepa W kiauMmar». llpuMepHas TemaTUKa
pedepatoB: Paspymienne o30HOBOrO cios. KucnorHeie noxnau. [lapHUKOBBIH 3(deKrT.
KnumarooOpa3zyroniie mpomneccsl.

Tema 5.3. Xumus u opeanuszm uenogexa.(4 u.)
1. CocTaBiieHHE CXEM I10 COCTaBY KJICTKH (30KapUOTHI, IPOKAPHOTHI).

Tema 6.4. Opzanuzm uenogeka u 0CHOGHbIE NPOAGIEHUS €20 JHcuznedesmenviocmu. (6 4.)

1. [loaroroBka mnpe3eHTanuii mo Teme: «BiMsHHE HAPKOTUYECKUX BEIIECTB HA pPa3BUTHE U
3/10poBbe 4enoBeka. HacnencTBeHHble M BpOKICHHBbIE 3a0oneBaHus». llpumepHas TemaTHKa
pedeparoB: 3aboyieBaHHS MHIIEBAPUTEIHLHOW CHCTEMBI. 3a00JICBAaHUS JIBIXaTEIIHBHONH CUCTEMBI.
3aboseBaHus MOJIOBON cUCTEMbI. 3a00J1€BaHUs BBIACIUTEIbHON cucTeMbl. THQApKT U MHCYIIBT.
['unoguuamusi.

Tema 6.5. I'enemuka u cenexyus. (2 u.)
1. PemieHre TeHETHYECKUX 3314 IO CEJICKIINH.

Tema 7.1. Ocnognvie nonsmus skono2uu. (4 4.)
1. IIpoBeneHne JOMAIIIHETO OIBITA MO BBISBICHUIO (PaKTOPOB BO3CHCTBUS Ha OPTaHU3M.

Tema 7.2. Buocgepa. (6 u.)
1. IloaroroBka mpe3eHTalMU MO TeMe «IDKOocHcTeMbl». IIpuMepHas TeMaTHKa MPE3EeHTALUU:
[Tycteins. Crens. Taiira.

3.2. IIpu noaroToBke K BOmpocaMm HEOOXO0IMMO aKIIEHTUPOBAaTh BHUMAHHUE Ha CIIEAYIOLIEM:

1. Ins mpoBeseHUs OMbITa HEOOXOIMMO HAIWYHE TPeOYeMbIX MaTepUalioB, MHCHMEHHOE

oopMiIeHHE OTUYETa C aHAJIM30M U BBIBOJIOM 10 MPO/JIENIaHHOM padore.
Tpebosanus k oghopmaenuto onvima.

Otuer BbINosIHACTCS Ha JucTax Gopmara A4 (MOXKHO B3SITh Pa3BEPHYTHIN JIUCT OOBIYHOM
TEeTpaaud B KIETKY). TUTYIbHBIA JUCT OQOpPMIIETCS COIVIACHO TPeOOBAaHUSAM K OQPOPMIIEHUIO
MUCbMEHHBIX PaboT cTy1eHTOB. OTUET JJOJKEH CO/IepKaTh: Ha3BaHME OIbITA WK HKCIIEPUMEHTA;
1eNb; TPHUOOPHl M MaTephaibl; TOATANMHBIA aHAIM3 XO/Aa Pa0dOThl C WUIFOCTPAIMSIMHU WU
¢dororpadusMu; BEIBOA IO MpOAETaHHOI padoTe.

2. Jlnsg cocTaBieHMs] KpPOCCBOpJa MO TMPEIJIOKEHHOM TeMe MOMKHO BOCIOIb30BAThHCS
KOHCIEKTOM JIEKIIUH WJIM HUCIO0JIb30BAaTh HHTEPHET-PECYPCHI.

3. Jlng nmoArotoBku pedepaToB MOXKHO MCIIOJIb30BAaTh MHTEpHET-pecypchl. TpeboBaHus K
oopmienuto pedepata ykazaHsl B TpeOOBaHUAX K OPOPMIICHHUIO MUCbMEHHBIX PA0OT CTY/IEHTOB.
Heabio pedeparuBHOi pabOTHI SABISETCS MPUOOPETEHUE HABBIKOB pabOThl C JIUTEpaTypoH,
0000I1IeHUsT TUTEPATYPHBIX MCTOUYHUKOB M MPAKTUYECKOIO Marepuana Mo Teme, CIOCOOHOCTH
IPaMOTHO U3JIaraTh BOMPOCHI TEMBI, 1€JaTh BHIBOBI.
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4. JIns moArOTOBKH MPE3eHTAIM MOKHO MCIIONB30BaTh HHTEPHET-PECypChl. Tpebosanus K
npe3eHmayuu.

Heab0 MyTbTUMEIUIHON Mpe3eHTallH SBISIETCS NPUOOPETEeHHE HABBIKOB pabOTHI ¢
TUTepaTypoil,  00OOLIEHUS  JTUTEPAaTypHBIX  HCTOYHHMKOB,  I[OJIyYeHHE  HABHIKOB B
CaMOCTOSITETIbHOM M3JI0KEHUH MaTepuaia u OpaTOpCKOM peyH.

MynsTuMeAnHbIE TPE3EHTALIMH UCTIOIB3YIOTCS JUIsl TOTO, YTOOBI BBICTYHAIOUINI CMOT Ha
OO0JIBIIIOM SKpaHe MM MOHUTOPE HATJISTHO MPOJEMOHCTPUPOBATH JONOIHUTEIbHBIE MaTEPHUAIIbI
K CBOEMY COOOILIEHHI0. DTU MaTepHallbl MOTYT TaK)Ke ObITh MOJKPEIUIEHbI COOTBETCTBYIOIIMMHU
3BYKO3AIMUCAMHU.

Pexomenganum no co3ganuio npesentanuu. Ooime TpedOBaHUs K IPE3EHTAINH:

1) TIlpesenranus He AoKHA ObITH MeHbIIe 10 crnaiiios.

2) Ha tutynpHOM cnaiine ykaswiBatroTcs naHHble aBTopa (PHMO u HaszBanue OVY), Ha3zBaHHE
MaTepuaia, 1ara pa3paboTKu.

3) Crenyromum claiiJloM JOJDKHO OBITh COJEp)KaHUe, T/Ie MPEeACTaBICHbl OCHOBHBIE STaIlbl
(MOMEHTBI) IPE3EHTALINH.

4) JIuzailH-3proHOMHUYECKUE TPEeOOBAHUS: COYETAEMOCTh LIBETOB, OTPAHMYEHHOE KOJIUYECTBO
0O0BEKTOB Ha CIIal/ie, IIBET TEKCTA.

5) IlocnepHum ciaiIoM Mpe3eHTAIUH JT0JKEH OBITh CIIUCOK JIUTEPATYPHI.

TpedoBanus k odopmjieHUI0 mpe3eHTanuil. B opopmienun npeseHTanuii BBIACIAIOT
nBa Onoka: odopmileHHe claioB U MpeicTaBieHre HHPopManuu Ha Hux. s co3gaHus
Ka4yeCTBEHHOW MPEe3eHTAlMd HEOOXOIUMO COONIONATh psijg TpeOOBaHUH, MPEIBSBIAEMBIX K
0(OPMIICHHIO TAHHBIX OJIOKOB.

Odopmiienue ciaaiioB:

-CoOmroaiiTe eUHBIN CTHIIL OpopMIIeHUs
-M30eraiite cTUiIeH, KOTOpHIE OYAYT OTBJIEKATh OT CAMOM MPE3CHTAIUH.

Ctuib
‘BeomorarenbHas  uHGOpManus  (YIpaBiSIOIIME  KHONKH) HE  JIOJKHBI
npeo0IIaaTh HaJl OCHOBHOM MH(OpManuel (TEKCTOM, WILTIOCTPALMSIMH).
dou Jlnst poHa MPeAMOUTUTEIbHBI XOJIOIHBIC TOHA.

Hcnoan3oBan | 1is1 poHA, OAMH AJIS 3aT0JIOBKA, OJUH JJIS TEKCTA.
ue nBera -JIn1s1 poHa 1 TeKCTa UCTIONb3yHTE KOHTPACTHBIE 1[BETA.
‘OOparuTe BHUMaHKE Ha LIBET THIEPCCHIIOK (J10 M OCJE UCTIOIb30BAHUS).

‘Ha onHOM cnaiijie pekoMeHAyeTCsl NCIOIb30BaTh HE O0Jiee TpeX LBETOB: OJAMH

AHMMANMOHH | nH(OpMALIUY Ha claie.

‘Mcnonp3yiiTe BO3MOXKHOCTH KOMITBIOTEPHOM AaHWUMALMH I TMPEJICTABICHUS

pie 3pdexThr | ‘He cTout 3710ynoTpednsaTh pa3iuuHbIMM aHUMALIMOHHBIMU 3P QeKTamMu, OHU He

JAOJIDKHBI OTBJICKATh BHUMAHUC OT COACPKAHU I/IHq)OpMaI_II/II/I Ha cjlaize.
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