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HNPEANCJIOBHE

B coBpemMenmoil BeICITEl IMTKoJNE HabaiomaeTcd 3aMETHOE YCHIeHITe
ponu QYHAAMEHTANBHLIX HAYK B HPONECCe MOATOTOBKE CHENNATACTOB
BCeX mpoduneif. Ira TeHAeHIUA OMKHA OHNPATBCA, KOHETHO, KaK
Ha POCT Ka4eCcTBa MIKOMLHOH HOJATOTOBKA YYaIIWMXCA, TAK M HA J0HOJI-
HITEABHYI0, RHEKJIACCHYI0 pabory 6ymymumx crygenToB. lloBumenue
VPOBHA HpemojlaBaHnd B TIKOJNAX, HOBHEe IPOrpaMMH # yIeOHUKH,
cosJaHMe CHemUaNM3WPOBAHHBIX IMIKOX ¥ KJIacCOB, TPaINIUIOHHBEIe
ONMMIOAANE INA IDKOJLBAKOB, JEKOHE IO TENEBHIEHAIO W B JEKTO-
puIgX cmocoOCTBYIOT pemmenmio 5710# sagaum. W tem me mewee riuy-
OMHA ®W NPOYHOCTh 3HAHHE IO (QU3AKe Y BHIOYCKHAKOB CPEIHUX
IKOJ 9aCTO OCTABIAIOT KeNATh JYYMero, 4To oCco0eHHo 3aMeTHO Ha
doHe BHAYATENBHOTO PpOCTA MAaTEMATHIECKOH « MOATOTOBKE HIKOJb-
HITKOB.

IMonesno yrasaTh Ha XapakTepHbIE HEJOCTATKA (H3NYECKOTO obpa-
'30BAHAA MHOrmX abUTYPHEHTOB.

IIpuxonurea crankuBaTheA ¢ HEYETKAMH, a Hepedro ® omubou-
HHIMW NpeIcTaBIeHAAME O CBO0OPA3ZUE NOCTPOEHNA QUMK B IIeIOM
KAaK HAYKHO, 0 ee Jormke. J[o6oe guamueckoe yTBep:RICHNE ABIAETCA
AN OTHUX CHPABEIJIHBLIM MCHKIIOYATEIBHO HA OCHOBE ONBITHHX JIaH-
HEIX, INA JPYTHAX — CJIEICTBHEM TOJbKO MAaTEMATHYECKIX BHIKJIAMIOK.
To, uTo wacTh PusnuecKUX 3aKOHOB ABJAELTCA THAYKTABHBIM 0006me-
HAEM YeJ0BeUeCKol mpakTarm (¥ YTo TN 3aKOHH B IPHHIOEINE He
MOryT OBITh JOKa3aHH TAK, KAK JOKA3WBAETCA, TONYCTHM, TEOpeMa
IIndaropa), Kakme EMEHHO DTO BAKOHLI I THIOTE3H, TO, YTO OCTAJb-~
HEIe 3aKOHB JTOTHYECKH BHITEKAKT M3 NEPBHX, YaCTO HEM3BECTHO. JTHU
sabmy:knenna B 60JbINO Mepe CBA3AHEL ¢ HEIOHAMAHAEM POJIH OOBITA
B Oponecce mo3HaHEA OPUPOJILL.

3aKOIH, onpeesieNuA M IO HATAS HePEJIKO YCBANBAIOTCA POPMATBHO,
0e3 TBeproro moHMMAHUA TOTO, Ife, KOTAA, B KAKAX VCIOBHAX OHHO
copasenawsi. B pesyapraTe — oIII60THOE HCHONb30BAHAE 3AKOHOB |
IpaBuy, HeyMedoe MX NpUMeHeHNEe B KOHKPETHHX (U3WYeCKUX YCJIO-
BHAX: IPR peHIeHAA KOJIHMYECTBEHHHIX 3a/iad, IPW Ka4eCTBEHHOM aHAa-
JI¥3e mponeccoB ¥ sABieHEU (4TO 0cODEHHO MPOABIAETCA B OTBETAX Ha
IDocTHe, HO HeIPHBEIYHEIE BOIPOCH). 3
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B cBa3H ¢ 3THM CleIyeT 3aMeTHTh, 9TO B PANle PYKOBOJCTB ¥ IIOCO-
6nii cTpeMIenne YOPOCTHTHh 3AKOHE B ONpele]eBN A IPABOJIAT K HOAB-
JIeANI0 KaK 3aBeJOMO HeBepHHX (OPMYIHPOBOK (HaUpmMep, ANA Bek-
TOpa, MEHTPA TAKECTH, MEeATPOOIKHOE CHIH), TAK W HEHOJHHX Ompe-
IeJeHTH, YTO ICKII0UAaeT 9eTKOe NX MOHIMAHTe ([J1 pe3yIbTAPYIolel
CHUJIEI, CHJ1 TPeHHs, B3AHMHOME eMKOCTH, MATePHANILHON TOYKHA K T. X.)

IInoxo pasemToe ¢msmdeckoe BooOpaskeHme MeNIAeT HAarJgTHO
NPeACTABATh OIEHAMHKY (H3MIECKOro IpoIecca, TO, KAKHAM 3axoHaM
¥ NPaBWIaM OH MOAYHHAETCA HA PABNAYHLIX dTanaX CBOETO PasBuTHA.
Orcroma, B gacTHOCTH, CiegyeT HeyMeHUe QUsHIeCKH NPOAHAIH3ZHPO-
BATh MOJYYeHHbLA B 3afade OTBET, CONOCTABUTL €ro C AeHCTBHTE B HOM
POJNBIO YYTEHHBIX M HeyITeHHHX ‘(parRTOpPOB, TPOBEPUTH HA TeX mpo-
CTelmuX Cayyaax, e XoJ CoOwTuii odeBupeH 6e3 BHKIANIOK.

BerpedaeTcs HedeTKoOe IpefcTaBiIeHWe O (U3MISCKEX HIeasmsa-
IHAX I MONenAX (TOYeaHoM 3apsajme, HAeaJbHOM Tase, THOKHX U Hepa-
CTARUMHX HHTAX H MHOTOM apyroM). HaxKosa B HUX HagoOHOCTH, HA
. 9eM OCHOBAHO HAallleé MpaBO WX BBOJUTDH, [I€ MOWMKHO, a Tle HennL3d HX
HMCIIONb30BATh — DTH BONPOCH 3a%acTyl0 YXOAAT W3 oA 3pesnd
M KOJbHAKA.

Henoymenue u ynmBJieHHe BH3HBAET YIOPHOS HeyKenaHme INMKOMb-
HAKOB MCIOJL30BATh B (JMBMKE apCeHall CBOMX MATeMaTHYeCKNX 3Ha-
amit. I[1pm sroM MET EMeeM B BUAY OTHIONbL He HONHYIO. GopMaNm3anuio
OTBETa IO (UW3WKe HA DK3aMeHe: OCHAMmMEHWe ero IPOM3BOTHBIME W
WHTerpalaMa, CRaNAPHEMA X BeKTOPHBIME NPOU3BEIeHAAMI BeKTOPOB
7 T. 1. (YeM IpernaT HeKOTOPHe KHATH 1o ¢N3uKe ANA NIKOJIbHAKOB) —
vYero or abWTypueHTa HUKTO I HUKOrAA He Tpedyer. OgHAKO MCHONB30-
BATH MAaTeMaTHuyeCKHMe HABBIKA W HpHEMH B HeoOXOOUMEBIX CIy4afaXx,
B TOM u#iclie, KOHEYHO, ¥ B H3NKE, MKOJLHAK, CTPeMIIMANCA B BYS,
obazan. H cokanendio, 9aCTO OKA3KBAETCA, YTO JJA IMOCTYHMAIOIMEX
¢m3mra — camMa nmo cebe, MaTeMaTHKa — caMmMa mo ceGe: HANpmMep,
HE BCerma NMPOBOMHUTCA MCCIEOBAaHEE pemmeHusa. Tem Oonee HE mpuXo-
JUTCA TOBOPHTH 0 (MBAYECKOM aHANN3E NPHYHH, BHI3BABIHX HOTEPIO
CMEICJIA COOTBETCTBYIOIIMX MATEMAaTHYECKHX BHpaKeHui, UAX 00 HC-
CITeTOBAHNAY Pe3yJbTaTa PEINenus 3a/adyd B 3aBHCHMOCTH OT 3HAYECHWH
HCXOMHBIX IapaMeTPOB.

Hak mepeunmciienHbie, TaK H HEKOTOPHE APyrme, MeHee CePhesHBe
HETOCTATKHA CBsI3aHBI, B YACTHOCTH, C €€ BCTPEYAOMMIMHCA W3JIHIN-
HEMHA YOpPOmeHnaAME (U3NK¥A B IIpolecce NIKONBHOrO €e W3YyJYenusd,
C OTKA30M OT CTPOTHX TOKAa3aTenbCTB W QOPMYJIAPOBOK TaM, CIe OHM
BHOJHE BO3MOMKHH W JONYCTHMEI, ¢ OTCYTCTBHEM PasBepHYTOro aHa-
Jm3a ABJEHMA ® OPOIEeCCOB TaMm, IJe TaKofl aHaIW3 mOydYHTeleH.
HesBaunrenbHoe CPAaBHETENBHO € MATEMATHKOM KONAYECTBO 3aaad-
HEKOB 1 nocobui no ¢marKe, HEBRICOKMY YPOBEHb HEKOTOPHIX M3 HUX
He CHOCOOCTBYIOT HCHPABJEHHIO CO3TABINETOCH IOJOKEHHS.

B nmacroamem 3ajaunrKe aBTOPH TENAIOT TONHTRY XOTA Onl 4a-
CTHYHO BOCHOJHHTD yKasaHHEIe npoGensi. C aroit mensio 68110 0TOG-
paso 160 s3agad noBHMIeHHOH TPYTHOCTH, ONHAKO He TPeOYOMEX
3HAHUN, BHXOAANMX 3a paMKA MKoJabHHX Aporpamm. Ilpm orGope
sajad aBTOPHl CTPEMUIIHACE K TOMY, 4TOGH Kaskaasd W9 HUX IpejcTas-
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AANA [NA TMTATeNa HeGONBIIoe CAMOCTOATeIbHOR HCCASOBAHNE, HATH-
Hag ¢ MOHMMAHNA 3a/laYl A0 aHAIN3a MONYIeHHOTO Pesynbprara U oG-
cy:xaeHna ero gmsmueckoro cmuicna. llpm sTom aBTopamy ctaBmaach
nens y6egnTh YMTATeNA B TOM, CKOJb PasmoOGpasHbIe 3a/aud MOTYT
OHTH peIleHH COBEpPHIEHHO CTPOro HA Ga3e OCHOBHHX (HIWYECKHX
3aKOHOB, paccMarpmBaeMuX B mkoje. Cmenamnsie B gopmynmposke
3aflasy (MJH XOfie pemenud) JONYIMeHAs W IpeHeOpexennsa aHand-
BUPYIOTCA. ¥ KAa3KBAlTCA BO3MOKHBIE NYTH HPOBEPKH OTBETA, TEM
Gonee, ecndm B HeM ComepyKaTcA MareMaTmueckme ocobeHHocTu. Eenu
BHUJT OTBETA 3aBHCHT OT UCXOHLIX MapaMeTPOB, TO OTBeT 00CYy:KmaeTcs.
HJusa papa sagau mpuBOAHUTCA HECKONBKO BapHMANTOB pelleHdil B pac-
YeTe Ha PasiWyHBie MOAXOMBl wutareied (ocobeHHO, ecld JaHHas 3a-
Jada JonyCcKaeT HapAy ¢ MATeMAaTHYeCKUM pelieHme Ha OcHoBe coobpa-
MeHEH CHIMMETPEH, TORICCTBEHHOCTH OGHEKRTOB M T. T.).

Mnorma mamoTCsi THOWYHLBIC OWBGOYHHE PpeIleH’d, pPeryAaApHo
BCTPEYAIOmMUECT HA NPUEeMHBIX DK3aMeHaX, HPOW3BOIUTCA BHIACHeHHe
UCTOKOB OLINOOK.

Hagr ornensueie s3agaud, TAaK ¥ KOMMEHTAPUE B TEKCTe PeINeHHH
CTABAT IENbI0 VTOYHATHL CMBICA HEKOTOPHX (uandecKHX MOJeNeH,
HoHATHE, onpenenenmui. Marepman TAKOTOo POXA BHIEJEH BTAMKKOW
(r. e. mamewatad ¢ Gojee IMHPOKUM JeBbM mHoneMm). Marepmamn, dare-
HYe KOTOPOTO He 00A3aTeNbHO AJA NMOHIMaHHAA JAHHOKW W IOCJeyIo-
KX 3ama¥, HabpaH meTuToM.

COopHAK mpejnaraer 3ajadd, PeNIETh KOTOPHE MOTYT YHTATENH,
B KAaKOH-TO Mepe yMelmue PellaThb 3ajaud cpegHeill TpyaHOCTH, IO-
5TOMY OH PEKOMENIVeTcA TeM, KTO COBEepINeHCTBYET CBOU BHAHHA HO
($u3AKe, TOTOBACH K IPAEMHBIM DK3aMeHaM B TeXHUYECKHE BY3H, B 0CO-
OeHHOCTH Ha CHenymajbHOCTA, HEIOCPeNCTBeHHO CBA3AHHEE ¢ PHUBMKOMN
¥ MaTeMaTHKOH. 3ajadyHiK MOMKeT OBITh MCIONB3OBAH CAyLIATENAMN
NOJCOTOBATEJBHEIX KYPCOB, yYamuMuca (U3UKO-MATEMATHIECKHX
NIKOJ X MpelofaBaTe’sAMH, B TOM 9YHCJE JJd BHEKJACCHOH paboTH.
COopHEK MOKeT OKAa3aThCA HOJNE3HEIM W CTyAeHTaM MJIAJIMIHX KYPCOB
TeXHWYECKNX BY30B 1 HeJarOTHYECKNX MHCTHUTYTOB.

B pacroAameM samauHuKe HE BCe pasfenbl NPorpaMMel HpefCTaB-
JIeHBl AOCTATOYHO IOJHO, HEKOTOpPLIe HaMEepeHHO He HpPeacTaBlIeHbBI
B0oOOme (DIEKTPOMATHHTHHE KOJeOaHuA @ BOJHE, BOJHOBAA ONTHKA,
CTPOEHHE AaToMa, OCHOBH CHeNAAJBHOH TEOPWH OTHOCHATENbHOCTH).
[MponymenasM pasgenaM aBTOPH HPEANONAraloT MOCBATHTL BTOPYIO
9acTh 3aJaYHNKa. EcTecTBeHNNO, HaHHbiil COOPHUK HE MOMKET CAY'KUTH
3aMeHOH TAKMM MHONYJIAPHBIM KHATAM, Kak ,3agav® oo ¢uaure”
A.T. 3y6osa u B. Il. lllansuona, ,,Co0pHAK 347249 IO 3IeMEHTAPHOMU
pnsnre b. b. Byxosmesa, B. [I. Kpusuenrosa, I'. fI. Makumesh,
B. II. IlaxbHoBA.

AstopH npmuocaT ray6oryio Gnaromapuocts A. C. Tpommny,
E. . Byrarkosy 1 E. @. fipyunnoit, 9bu COBETH ¥ 3aMeUYaHHA, HECOM-
HEeHHO, YNIYYLIAIR CofepsKaHHe KHUTH. .

ABTOpPH ¢ 0JaroJapHOCTEI0 OpEMYT JI06pe 3aMedaHUA M HOKeJa-~
HHMA, HaOpaB/JAeHHBEE Ha WIyYINIeHHE 3ajavHUKA.



MEXAHUNKA

JATAYA 1

K Tenelkxke mpmkpensieHa BepeBka, NePeRWHyTad depes mHeOo.-
BIKAEB Gaox B. Komerm BepeBKHM BHITATWBAIOT CO CKOPOCTHIO V.
OupegennTs CKOPOCTh U, JABIMKEHNA TEJEHKH IO TOPH30HTANBHOMY
CTOJNY B TOT MOMEHT, KOIJ{a KOHeil BePeBKH, NPNBA3SAHHELHA K Tele/KKe,
COCTABJIALT YroJ . C TOPH3OHTOM (CM. PHC. a).
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v, K sapaue 1.
PEMMEHUE

IIpmBegem cmawama ommGouHOe pacCY:KeH@e, ¢ KOTODHIM d9acTo
OPHEXOANTCA BCTPEYAThCA: TAK KAK BepeBKA HepacTMKEMa, TO Hesa-
BUCHUMO 0T HAKJIOHA YaCTU BePEBKH, PACIOJIOMKEHHOR clipaBa oT 0J0oKa,
Touka A TeNeKKH JBH/KETCH €O CRopocThio V. [IpoekmuA 5Toilt CKo-
POCTH HA IOPM30OHTAILHOE HANPABJCHNE paBHA BEIHYUHe U COS q,
a TelleXKa JBWKeTcA Io ropusoHTanm. CiaemoBaTelbHO, CBOPOGTB Te-
JeKKA vy, paBHA BeJWYUHE U COS .

B nelicTBATEIBHOCTH BHIBOJ ,,ClIeloBaTeIbHO" He TOIBKO Heob0oCHo-
BaH, HO M HeBepeH. IIpmBeseM HECKONBKO BO3pasKeHHE, KayKIoro ma
KOTOPHIX J[OCTATOYHQ A TOro, 4To0H yOemuthed B ommGogHOCTH
pelleHuA. -
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1. Benpumaa vV He ABIAETCA CKOPOCTHIO JABHYKEHHMSA TOUKm A,
TaK KAk 4 [ABWKeTCA TopH30HTANbHO. DBeKTOp v, HaupapicHHLIR
Bronb AB, mMeer KakKoli-To ApYyroi ¢umamuecKmit CMbICH.

2. 3aMernM, 9TO IpPH 3aJalHONE CKOPOCTH BHTATHBAHAA BePeBKH
CKOPOCTb TENeARKN pacTer ¢ poctom yrna o (0 <Ca < xn/2). Ileiter-
BUTENBHO, NpeacTaBbTe cebe, 9To TeNne)KKa HAXOMATCA HOYTH WHOL
6noxroM. Herpymao moramaTscst, 9T0 NpHW 5TOM 3HAYATENHHBIE IEepeMe-
DIeHAA TeNeKKH BIPABO HJIH BJEBO BH3OBYT JHUINb CPABHATENBHO
HeQoNnbINYe HepeMemeHWsa HATA chOpaBa oT Onoka. CrnegoBaTennHo,
OTBET He MOKEeT OBITh BHIA UV, — U COS O.

3. Ilockonbry A ABIXKETCA TOPA30HTANBHO, BEPTHKANBHAA NPOCK-
MUA CKOPOCTH V He mMeeT (mamuecKoro cmeicna. [lostomy Benmumme
U COS oL TAKKEe Helbsd NPHOACATh YKA3AHHHE B ,pemeHnn” dusnmge-
CKHH CMBICI.

Kaknmm ke o6pazoM moayunWTh BepHOE pelneHme? YRKa)keM JBa
crocoba.

1-it cooco6. Ilpeskae Bcero Heo6XommMo CooOPas3nTh, 9TO Be-
NIAYNHA UV €CTh CKOPOCTH, C KOTOPOH yRopaumBaerca orpesok AL untn
cieBa or Gaora. I{nga BuUmECNIEHNA BeJIHYMHH Uy BOCHOJIb3YEMCA OuYe-
BUAHLIM YyTBep:RmaenmeM: ecam AS; # AS, ecTh mepeMemennsa aBYX
PaBHOMEPHO JBMKYIMINXCH CO CROPOCTAMH Uy B U, TeJ, COBEPUICHHE®
3a OOMH M TOT e NPoMEeKYTOK Bpemenn, To AS;/AS, = v, /v,.

PacemorprmM nonoykeHnsa TeNeKKA U HATH B J(BA MOMEHTA BPeMeHT,
pasaesieHHBIX mHTepBamoM At. Teneskka nepeMecTHNACh B3 TOJIOKEHHA
A B monosxenme A,, T.e. mpomaa paccroanne Al, = AA,. Hpnto
mepemecTHnach ns nonoskenna AB B monoskenme AB, npuuem ee
AnpHa yMmeHbmmunack Ha pesmanny Al = AC (CB = A,B), tak 4919
Al = vAt (cm. pme. 6). Tak KaKk CROPOCTE TeNeRKHN 3aBACHT OT yIJja
o, mHETEpBan Bpemenu Af ciaemyer BHIOPAaTh HACTONBKO MAaJHM, ITOOLL
VIOl o. He YCIeNX 3aMeTHO M3MEeHNTHhCH, M. CKOPOCTh TENERKH MOKHO
OBLI0 CYMTATH IHOCTOAHHOM, T.e. AA, < AB. llpm astom Al, =
= p,At, a LACA,; =~ 90°. Torga nz NACA, naxognm, uro Al/Al, ~
~ 1/cos o, TpmueM mocJenHee NPHOIMREHHOe PaBEHCTBO IIpPeBpa-
maerca B cTporoe npm At — 0. 3magumr, v, = v/C0S 0.

2-k cmoco6. Pacemorpum BcmomoraTenbHYyW 3agagy. B He-
KOTOPOY CHCTeMe OTCYeTa 3ajaHbl MOJIOKEHAA U CROPOCTA MBYX TOYEK
A n B B ofifH 1 TOT Xe MOM@HT BPeMeNn, IPH 3TOM V4 = V,, Vg = 0
C raroif cKopocTblo ToOgka A mpmbiamxaerca K Touke B (cum. puc. 6)?

Pasio:RuM BEKTOD V, HA IB€ B3ANMHO NEpPHEHINRYJIAPHBIE COCTAB-
IAI0mMAe TARKEE, YTO OJHA M3 HEX HampaBaeHa BRoab AB. Torma MoKHO
CUHTATH, 9TO TOUYKA A YydYacTBYeT B ABYX [BWKEHHAX CO CKOPOCTAME
v i v;. Ecau 6H Touka A gBUranach TOMBKO CO CKOPOCTBIO Vi, TO pac-
croaane AB me MeHanoch GH; ClegoBaTelbHO, CKOPOCTh IPHOJIHHE-
BEA A K B eCTh NpoeKnuA CROPOCTH V, HA HampaBuenne AD.

Bepremcsa ® mexogno#l samade. Cropocrs v, HampapJeHHadA BIOMIb
AB, ectTb, o4eBHIHO, CKOpocTh npubammennsa A xk B. CropocTh e
TOYKRE A v, 0 YCI0BHIO HanmpapJesa ropusoaraxbuo. CierosarelbHO,
CKOPOCTb V eCcTh HMPOEKINA CKOPOCTH V, Ha HampasieHme AB, T. 6.
Uy = v/cos a. -



Ilonesno o6paTuTs BEEMaHKE HA TO, YTO JBIKEHHE TOUKE A MOKHO
OpeAcTaBATh KaK CyMMY ABYX ABIKeHH, OJJHO W3 KOTOPHIX HPOHC-
XONMT B HampapJeHNH K Omory. Haroil Bum mmeer Apyroe memxenne?
Temepp scHO, YTO 3T0 — ABWKEHNE €O CKOPOCTBI0 vy = U tg ¢,
vy | AB, 1. e. Bpamenne Borpyr Touku B. Ws puc. 6 xopomo pugHo,
4T0 To4Ka A, NpHGAMmKAACh K ONOKY, OTHOBPEMEHHO BpAaImaeTca BO-
KpYT Hero mpoTHB 9acOBOU CTpeaAKM.

NMpwmewanune [. 3mecy uw B mancHefimeM MU
yacToO MONb3YeMCHA CNeAVIOIMWME BHPKeHAAMHE: ,CYMMA
IBI/KEHWIH", ,CHOeHNe NBIKEHHAHR', ,TOUYKA VIacTBYeT
B ABYX AsmxeHEAX"'. O4eBHUAHO, YTO B 3aJaHHONA CHCTEME
0TCUeTA TOYKA, €CNF OHA [ABYUKETCH, COBEPIIAET BIIOJHE
onpenerenHoe, eduncmeenioe ABWKEHHNE; MOTOMY HeoO-
XOQAMO PasbACHUTH CMBIC] YKa3aHHBIX BHpaskeuwit, [Ipn
pelmeHWH 3aIa¥ vacto OHBaeT ymobmHo mepeilitm K HOBOH
cUcTEMe OTCUeTa, KOTopad ABWKETCS OTHOCHTENBHO MCXOJ-
HOW. XapaKTepHCTHKH ABHKEHHA (CKOPOCTh, YCKOpEeHIHe,
BHJ TPaeKTOPHUA H T. /I.) B HOBOI CHCTEME OTCYETA MOTYT
OTNAYATBCA OT WX 3HAYeHNWH B McxoxHo# cuereme. [lpm
TAKOM Tepexofie NMBMKeHNe B HMCXOJHOH CHCTEMe OTCHeTa
ycaoerno pazbWBaeTCA HA ABA NBIGKCHUA: JBIDKENNE TOYKH
B HOBOIf cucTeMe 0T¢UeTa (T. H. OTHOCHTENbHOE [BIKEHIE)
naoc OBIFEHNEe HOBOM CHCTEMHl OTHOCHTENBHO HCXONHOM
(mepenocHoe mBMKeHme). Torga KpaTKoO TOBOPAT, UTO
ABWREHWE TOYKY OTHOCHTENIBHO NCXOAHON CHCTEMEI OTCUETA
»€CTh CyMMa NBYX aBukeHui”. flcmo, 9To Taroe ,pastme-
Hue" IBW/KEHVS HEOMHO3HAYHO: HANpHMep, Nio0oe IBHKe-
HYE MOKHO IPeJICTAaBATh KaKk CYMMY OBYX, TPeX WNY NATH-
necATH Apmkenmid. OgHaKO WMEHHO 5TA HEOTHO3HATHOCTH
¥ ABJIAETCS JOCTOMHCTBOM METOJIA: MB MMeeM BO3MOKHOCTD
npoussoabito BHOpaTs Hanbomnee yaobHyi0 B TaHHOR 3amage
cacreMy orcueTta. B ciaegyomnx zagagax MH 6yaeM HOJb-
30BATBCS TPHBEJeHOHMN BHpaKeHHAMH YiRe 063 EKa-
BHYEK, _

[Iprvmeganue Il llpn maysenum Kypca ¢usmrn
NPUAXOOHUTCA YacTO BCTPEYATHCH ¢ BENIMIUHAMY, HA3BIBae-
MBIMY CKaJAPDHHMI ¥ BEKTOPHHEIMZ. K cosKameHuio, B pAne
VueOHUKOB TAI0OTCH HEeTOYHEIE — ¥ TEM CaMbIM HEBepPHHE —
OTpeeNeHAA STHX BeJMYNH, YTO BEJeT K MHOTOYNCICHHEM
HenopasymMeHnaM u omubkaM. IlosToMy HIKe maioTed mpa-
BANBHHE ONpefefeHdd H pPacCMATPUBAIOTCA HEKOTOPHE -
caecTBUg W3 Hux.*¥

_* Boobme ropops, onpedesenus He MoTYr OHTH NpaBEJbHHMH HJH Helpa-
BHJBHHMHA, TOYHHME A HOTOYHHMY (3aIpemaeTcs TONbKO BHYTPEHHAA MPOTHBO-
pednBoCTs), ABTOp II000M KHEHTH (JeKIAH, AACCepTALWH) BIpaBe, HanpHMep,
cKasath: ,HasoBeM TpPOYroJbHMKOM MHOTOYTOJBHHK, COEepIKaIlAA JOTHPE CTO-
poEE“ mnu ,JJoropopuMca caATaTh PABHEIMH JHCIZ, Pa3THIalmnecd He Ooablue,
4eM Ha epuEARY", PasyMeeTcs, 1ocje TAKEX ONpee eHAll B pAMKAX TaHHOH KHATH

8 - '



1. Cransproi#t HA3MBAETCHA BENMIWHA, XapaKTepH3Ve-
MasA TONABKO YHCIOHHBIM 3HAYCHWEM, He MEHANUUMCA
HPH TIePeROce Havala KOODAWHAT (Havala OTCIeTa Bpe-
MeHY) U NpH H3MeHeHHN OPHMEeHTAINH KOOP/IHEATHHIX Oceil.

B coorBeTcTBUZ ¢ HTHM oupeAelieHHeM He ABIAIOTCSH
CRANAPHLIMY BeJIHYWHE, HNCIONBAOBAHHLIE B CJGVIOMAX
npeanokeHudax: ,Jlenunrpag pacnonosen Ha 30 rpaxyce
BOCTOSHOR pmonrore’, ,3uamenurbie ,lazana® Hrworon
onybnnrosan B 1687 r.“, ,,Ceiiwac 12 wacor mo Mocros-
cKoMy Bpemenu", ,,Hoopawuarel Touk® A B JaHHOK CHCTe-
Me KOOpEHWHAT Z, Y, Z ¢ HazanoMm B Touke O cyrh 5,0,0.¢
Heiicterure1bHO, BHIOpPaB WHOE HAYano OTCYeTa (IYyNKOB-
CKWil MepHAMAH BMeCTO T'PHHBHYCKOTO, COTBOPEHHWE MUpa
BMecTo Pomxpmectsa XpHCTOBa, CpeTHEeBpONeiicKce BpeMs
BMECTO MOCKOBCKOTO), MHYI0 ROOPAMHATHYI CUCTEMY, MBI
monygunu GBI COBCEM MHHE YHCNA: HOML rpagycos, 7195 r.
(a cam Herorom monywsa 6w 5670 1.) # 1. .

HaoGopor, B mocnegyomux yTBep:KICHMAX MB HMeeM
Meio ¢ THOMYHEIME cKangpamu: ,Jleamarpan ma 30 rpangy-
coB Boctounee Jlompmoma, ,CerofHA HPOTONEATENHHOCTH
nua B Mockee cocraBnser 12 9, ,3mamenurne ,Ha-
vana“ HeioTon omyGinurosan B soapacre 44 ner”, ,Paccroa-
mue mMexxkay rogkamu A u O pasuo 5. Onmpaschk Ha NCXO]-
HOE OmnpejeseHne, YNTATeNb MOMKeT yOeqHTHCA B 9TOM CAaM.

2. BexTopoM HA3HBAIT BeNWYHHY, XapaKTEPHBYEMYIO
YUCJCHHBIM 3HaueHneM, HampasjeHweM B IPOCTPAHCTBE
u craadwsawwyywca ¢ dpyeoti, cebe nodoOHOU eeAUNUNOTE
2e0MeMPUIECK.

IlongepkmpaeM, 9TO HOCJHETHAS 4YAacTh ONpegeNeHnd
ABJIAETCA HE CBOHCTBOM BeKTOpa (9TO HEpeAKo yTBep-
JKIaeTcsa), HO AMEeHHO HeOTheMJieMolt 4acThio OUpe/ie/Ie HNA.
Ilepsrnie Ba TpeGopanna HeOOXONMMEI, HO HETOCTATOWHLI.

HE3HAHMN DBTOTO 3AaJI0/KeH HNCTOYHHUK MHOTOUHMCIeHHBIX
oI MOOK. )

PaceMoTpuM TaKyo (UBHUECKYI0 BEJNUUYUHY, KaK CHIIA
ToKa. ‘Incnemnoe 3Havenme cHWAKW TOKa I maxoguTesa 1o
nsBecTHO opmyne I = AQ/At. MokHO HOTOROPHUTHCA
AN TOHKOTO MIPOBOMHHKA CUYHUTATH HAampaBJeHHEM TOKa
HaOpasJeHne KacaTeJdbHOH K NPOBOTHUKY B COOTBETCTBYIO-
mei Touxe. WaBecTHO, OJHAKO, YTO TOKH, HanpmMmep,
B TOYKe, I'7Te TEOb PAa3BeTBIAETCH, CRIANBIBAIOTCA anres-
panueck#, o He reomerpuuecku. U cmna T1oka, oKasHBao-

npaneTCs TOBOPHTH, UTO YHCIO ¢ PABHO YHCAY 7T B T, A. (CM, AjA npmmepa 3a-
naua 14, 59). - .

CymecTBYIOT, OfHaKo, OOMEUPHHEATHE HOHATHA, CMECI KOTOPHX ONHHAKOR
BO BCeji HaYUHOH JHTeparype (HampmMep, cKalap # sextop). Jiasg mux paspaboTan
COOTBeTCTBYIOMMWM MaTeMaTAYeCKHUl ammapar, UM MOKHO COHOCTaBHTH BIIOJHE
OlpefieICHHHE BeIMYANK B (uamke, Mbl M HA3BAAM ,HETOYHBIMIT®, ,HOBOPHBEIMHA'
TaKHEe ONpejelerAd, KOTOPHE OTIHYAITCA MO COREPKaHHIO OT O0IenpHHATHX,
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IgasAcsa BEKTOPOM IO ,Ype3aHHOMY" onpenedenzio, B feit-
CTBHTEJBHOCTH SIBIASAETCA CHKAISIPOM.

3. Us mpmeegenHoro ompefeneHWA BHTEKAKT, B 9acT-
HOCTH, CJEeRYIOIWe CBOHCTBA BEKTOPHBIX BeJWYHH.

a) JlioGoe BEKTOpHOE paBeHCTBO (TOJNBKO B paMKax
sIeMeHTapHoil (W3VKY) SKBUBAJNCHTHO CHCTEME TpexX cKa-
napesix. Tak, ecnm a — ycKopenme Teda IO JIeWCTBHEM
cmnei F, mcxommoe Bekropmoe cootnomrenme a = (1/m)F
(II saxon HrloToHa) SKBMBANEHTHO TpeM CKAJAPHLIM]

a,=(1/m)F,, a,=0/mF, a,=(1/m)F,,

e 4y, Gy @, Fy, Fy, F, — npoexnuu BexkTopoB a u F
HAa KOOpAWHATHHE OCH Z, Y, 2

6) Hapagy c¢ reoMeTpmueckmMm CHOCODOM CHOKEHHA
BEKTOPOB (IPAaBHMJIO MHOTOYIOJIBHUKA) CYINECTBYeT H aj-
reﬁpanqecrmﬁ cnoco6. Ilyers oTmckmBaerca BerTop F
rako#t, ato F = F; - F, - ..

Tor,r_[a IpOeKINN BEeKTOpA F ma KOODIUHATHBIE OCH
Z, Y, z NOOIBHAIOTCA COOTHOINCHUAM

- Fx=F1x+F2x+"" FU=F1U+F2U+""
F.—F,+F, +....

B mronbHEX 3amawax Hepegko Bce COOBITAA pasBopa-
YABAIOTCA B OJHOM TreoMeTpHuYecKoii IoCKocTH. Torfga
PasyMHBIM BBIOOPOM OPHWEHTAIUA OCEH MOKHO CBECTH HTY
cUcTeMy K JIBYM CKAJIAPHEIM PaBeHCTBAM.

B) BektTopHEBIE BeNWIWHH MOTYT OHITH CBA3AHE JPYT
C IXPYTOM TOJBKO 3HAKOM pasencrsa. Ilostomy u3 BHpa-
wmeanit A =B, A=8B, A>B, A>0 nmMmeer cwmucH
TONBKO mepBoe. ,bonbme", ,Menpme" MOKHO TOBODPHATH
JAOIb 0 MOAYNAX WIH NPOKINMAX BEKTOPOB.

Wrorma, mpasaa, B AUTEparType BCTPEUYAIOTCA BHIP amKe-
aua tana JlogreMuas cmna aspocrata Gonblue ero Beca”,
» ¥ CKOpeHTe cBoGoxHoTo nmafienna Ha Jlyne B 6 pas MeHbIne
VCKOPeHHA CcBOGOZHOrO majeHmsa Ha 3emne m T. . Pasy-
MeeTcs, 3lech pedb MIeT He O CHIAX M yCKOpenndx (M Te #
TPyTHE BEKTOPH), HO 00 WX MOmyndaX, HNU HPOSKIHAX HA
BePTHKAJBHYI0 OCh BO BTOPOM CJaydae. laKag HogMeHa
NOHATAH 0COGEHHO YacTO BCTPeYaeTcs, eClNH paccMaTpuBae-
MBI BEKTOPH HANpPaBieHH IO omgHoM HpAMoil (Kak B mep-
BOM W3 IpUBEJEHHBIX NPUMEPOB).

4., Beepgeunble BHINe YHCTO MareMaTHIeCKHe MOHA-
THA — CHRAaNAP ¥ BEKTOP — CJeMyeT yMeTh MCHONB30BATH
ang onmcanmA (UImUeCKUX gBNeHmii, YKUKEM Ha pdAg
0co0eHHOCTe TAaKOoTo MCIIOJIb30BAHUA.

* Tak, Ho HHCPOHUH, YTBOPKEaeTCA, Kaykercd, sesfe, Ho UPOGKIHA BeKTopa
HA KOOPAMHATHLE OCH, BXOZANNe B YIOMAHYTHE TpH PaBeHCTBA, Be eCTh CKalLApu
(cM. BHIIe ompepgeneHWe CKaJApa),
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IIpesrme Bcero HeoOXOAMMO HOAYEPKHYTH, 9TO B OCHORB®
¢usmem nmemmr sxcnepuMenT. OTHECTH Ty WIH HHYIO ¢u-
3U9ECKYI0 BEINYAHY K CKANAPHLKM WX BEKTOPHBIM MOMKIIO
JHIIb Ha OCHOBAHNH 3YKCHEPHMEHTOB, HONTBEP:KIAIOMMX
CIIpaBe/INIABOCTD 3TOT0. PacnpocTpaneHHbe CYRACHAA THLA
»GHNE  (YCKOpPeHUS, CKOPOCTHE ® T..) CRIaANBAITCH
réeoMeTpHUYeCKH, TAK KAK BTO — BEKTOPHI' NPHHIIANHANBHO
OWN00YHE, NPUINHA H CIEJCTBHE 37eCh IMOMEHAINCHh Me-
CTaMH, TeJjiera mocTasjieHa Bmepexgu nomaan. Cnepyer ro-
BOPHUTH: , ¥ CTAHOBJIEHO ONBITOM, YTO CHIa XapakTepu-
gyeTcsa YHCIeHHHM 3HAYCHWEM, HANpaBJieHHeM N CHJAajbi-
BaeTCA C.JAPYTO# CHIOK N0 NPAaBWIY IapalierorpamMma.
CnemoBatenbHo, CA1a — BEKTOP W, OMUCHIBAA CHIH, MOKHO
HCIIONB30BATh PaspaboTaHHBIE AN BeKTOPOB MaTeMaTH-
JeCKME ammapar.

W3 onpemenennsa, B 9aCTHOCTH TAKOTO, KOT{A HEKOTOPAsI
dHs3wyeCcKasa BeNMYMHA OHpefesAeTcH Yepes APYyryo, BeK-
TOPHYI0O (U3AYECKYI0 BeJIWYNHY ¢ IOMOIMBI0O IHHEHHOTO
cootromenus (manpmmep, E = (1/¢) F, rne E — nvanpsa-
KEHHOCTh MJIeKTpHYeCKoTo mons, F — cmna, pneiictyio-
mMasg Ha TOYEYHGLIA 3apAn ¢), Boobme roeopd, He Clemyer,
yT0 HoBag ¢umsmueckada senmdnna — BexTop *. Ilocnen-
HEe MOKHO YCTAHOBUTH JIWIND SKCHePHMEHTATBHO (CM.
sagaay 106).

QopmansHO MOKHO HAWTH CYMMY NIOGHX OTHOWMEH-
HHIX CKANAPOB W BEKTOPOB, PA3NOMKHUTH 3aTaHNLIl BEKTOP
Ha cOoCTapaAIOHe OGecKoHedHBIM vHcAoM cmocoGoB. On-
HaKO0 IPH W3yYeHWE OpHpOgBl MH 0e30TOBOPOIHO MOMKEM
ACHOIB30BATh HTH ONEePAIr A, TOJABKO €CJAH X pPesynbTarhl
nmeroT ¢usmueckuit cmbica. IlpeneGpesxkenme ptmm Tpebo-
BAHUEM BH3HIBAST TAKHE XapaKTepHBIE OMNOKN, KaK a) Clo-
JCHHEE MAcC Tell, KayKI0e W3 KOTOPHIX JIBIVKETCA CO CBOUM
VCROpeHnmeM, MojJIesKallldM OImpefesienuio; 6) cloykenme
CHJI, NPHUJOKEeHHBX K PAasHEIM TejaM, B 3ajadax, I/ie WH-
Tepec IpeacTaBJAeT OTHOCHTENBHOE ABIKEHME JTHX TeJ
(B TOM umcie omepUpoOBAHWE ¢ He CYMECTBYOMEH B NpPH-
pome mneHTpoOe)kHOW CcHmiIoH); B) MHONBITKA NPHOHCATh
CMBEICII OFHOHM I3 COCTABJIAIIUX BEKTOPHO# (uamuecKoi
BenuqrHH 6e3 ydera (HE3EYECKOTO CMBIC/IA IPYTOH COCTAaB-
agomei (3agasa 4); r) DpEMeHeHWe K OT/IEN(bHBIM
COCTABIAIOIIAM 3aKOHOB, COOPMYIZpPOBAHHBIX ANA BeK-
TOpHHX BenwumH (B "actHOocTH, Il sakoma HreioToma),
u T. 1.

CnocoOHOCTE CBOOOAHO OHEPHPOBATH CO CHalADHBEIMHA
W BEeKTOPHHIME BEJIWIWHAMH, B YACTHOCTH, YMeHme IaTh
duamdecKoe TOJKOBAHWE KaykKAOMY N3 BEKTOpDOB, BCTpe-

* Tax, Hanpumep, HaupsxeaHoctb monsa E = (1/g) F — Bexrop, masieHne .
p = F[S — cranap,
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Jal0muxcA B 3agade, B 0co0eHHOCTH HE0oOXO/IMMo B MeXa-
nuKe. 3aJjayl MO MeXanWKe ¢ BTOH TOUYKE 3PeHHmA ABIA-
loTcA Hamboxee CIOKHBIME W TpebyiorT Gesympeumodt Jo-
rukn. Muorme samadm 3TOTO paspmeda momoGpanwl cre-
OUadbHO AIA BHPaOOTKH COOTBETCTBYIOIIXX HABLIKOB.

BAMAYA 2

Ilo cropomam mpamoro yrina AOB cronbautr crepswens AB (cM.
pucyHoKk). B MoMeHT, KOTHa CTePHeED COCTABNACT YTOJ Q. CO CTOPOHOMR
OB, cropocts Touyku A papHA Va4,
UeMy paBHa B 3TOT MOMBHT CKOPOCTD
TouKkm B?

a

PENEHUE

Haiinem npoexmmio v4 Ha Ha-
npasiesue AB. Oua pasma Benm-
UnHe U4 Sin o H B TO Ke BpeMdA
ABIIAGTCA NpPOEKOmell CKOPoOCTH Vg
Ha Hanpasyenne AB. CremosaTens-
HO, Up = vy g o,

R 3apaue 2. ' H 3apage 3.

3ATAYA3

Ha pme. a cxemarmueckn usoGpaskeH DIapUKONONMIANHAK B pas-
pese. TpeGyerca onmmcaTh [BHW/KeHNe ONHOTO M3 DIaPUKOB, €CAH pa-
RUyCHl BHEINHETO W BHYTPEHHETO Koner paBuul f; 1 R,, a ¥X yraoB:e
"CIROPOCTH — ) B @y COOTBETCTBEHHO. [IpocKanb3HBaie MY KOIb-
I[aMH 7 IMapuKaM# OTCYTCTBYET.

PEINIEHUE

ABsmwrenne 1060ro MapHKa MOKHO HPeACTABHETH KaK CYMMY ABVX
ABIKeHMWI: MIOCTYMaTeAbHOIO €O CKOpOCTBIO ¥ (OpHE 3TOM IeHTP O
| MapAKa JBWHKETCA IO OKpYy:KHOocTH pagmycoM R = (H; + R,)/2)
H pBpamenus BOKPYr cobcreemmoro mesrpa O ¢ yraopo# crxo-
POCTRI0 @,
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Torma MruoBeHHbI6 cKOpoCcTE TOY6K A m B mapura GyayTr paBHH
Vg =V + or, vg = v — or, TA8 I — pagmyc mapmKa, r == (R, —
— R,)/2.

B BhOmcamHEX COOTHOMEHWAX 3HAKH COIJIACOBAHH ¢ Hpejmoa-,
racMbpIMA. HanPaBIGHHAMH CKOpPOCTeH v M , YKa3aHHHMH Ha
pHCYHKe. JTO He OTPAHMYUBAET OOIHOCTH OTBETA: IpPH OPOTHRO-
MOJOKHEX HANpPasJeHWAX BHAYeHHA CKOPOCTEH OKAaJKYTCA OTpHIma-
TeJIbHBIMH.

Tarx Kax HpOORaJIBBLIBaHHFI HeT, CKOPOCTH U4 ¥ Ug NOJLAKHEL 6HTL
paBHBl MTHOBEHHHM CKOPOCTAM TOYeK A H B BHelIHero U BHYTPEHHETO
KOJeH, COOTBETCTBEHHO, CIeNoBaTedbHO: R, = v 4 or, o,R, =
= U -— @r, OTKyja HaxoJuM, 9TO

R

— w1y -0y C = 0 By — o By (1)

2 » WTTRIZR,
BMmecro ¢cKopocTH ¥ mocTymaTeibHOTO MBIKEHMA LIapHKa MOYKHO

HATH YTAOBYIO CKOPOCTh () BpalleHHs Iexrpa Imapuxa O BoKpyT
menTpa mogmmumHERa O;:

030=% _ mll;rl.—o;?sz . (2)
17T £2

Bcerpa modesno mposepurh OTBET B Te€X mnpoCTedUImX crydasx,
KOIa OKOHYATSABHEHE Pe3yahTar OueBuJieH u 0e3 pacueros. | aruMu
CHTyaOUAMH B paccMarpusaemMoil zagade Mmoryr Owrh, Hampumep,
caenylonume.

1. CKopoctHm , W W, TAKOBREI, YTO LIAPUK BpaliaeTcAd HA MecTe.
Ilpm srom, ogesupHO, V4 = —Ug, T. 6. 0, R, = —w,M,. VI3 cooTHoIIe-
HAA (2) raKKe caepyer, 9ro w, = 0

2. llyers ®, = w,. Roabna u ImMapuku HEMOJNBWKHE NPYT OTHO-
cHUTeJIbHO ApyTa, OHHM Kak O ckiIeeHH. ClenoBarenbHO, NOIAKHO OBITDH,
970 @ = ®y = ©; = W,, IT0 H jaior coornomernud (1) u (2).

NapecrHO, 9T0 APAMYIO TUHHUIO MOYKHO CIMTATh AYTOU OKPYHHOCTH
¢ OecKOHeYHO 6OAbIMIMM pamumycoM. Tagodl mopxop JaeT BO3MOIKHOCTH
pacHpoCcTpaHEuTh DOJYICHHEE BHIIE Pe3yAbTArH HA cIydail (BUKREHHUA
IlapuKa, HAaXOMAWIeTOCsA ME3KRNy MABYMs HapaijeJbHBMH peHKaMu
(cMm. pHe. 6). Hasa sroro Hayjo B dopmynax (1) samenurs o, 7, Ha Uy,
w1, HA vy, R, — R, HA 2r (3aMeTBM, 9T0 B 3TOM CcJIy4ae OOPO3HL
B3ATHIC BEIUUUHE ®,, 0y, K, u R, He uMeioT QU3MIeCKOTO CMBICIA, HO
pxopamme B gopmyan (1) ux KomOwmamwu obxamaior HM). Torpa
ooJIy9uM, 910 U = (U 4 0,)/2, o = (v, — vy)/2r.

JATATASL

Ha ropusoHTanpHO#R MOBEPXHOCTH CTONA JIeKUT KaTyIlIKa, KOTOpas
MO3KeT KaTHTBCA M0 CTOayY 0e3 cKoAbKenuA. Ha spyTpernuil muiuanp
KaTyIIKH HaMOTaHa HHUTKA (cM. PACYHOK), KOHeN KOTOPO# TAHYT B To-
PHBOHTAJBHOM HATPABAGHWH CO CKOpOCThIO . HaKoBa CKOpPOCTH OCH
KATYUIKH, 6CJH pajuych BHEIIHETO W BHYTPEHHETO I[IIJIIIH,IIPOB paBHH

Rur? |



PEMEHUE

1-i cnoco06. /Ismwenue xomma HATH C MOKHO NIpeicTaBHTE
cefe CKIAARBAMHUMCH U3 ABYX ABIKEHWIA: NBHIKEHHSA BMECTE ¢ OCHI0
KATYLUIKH €O CKOpPOCTBI Uy (KaK ecam OH HETKa ObUIa 3arkpenjeHa
B TogKe A, a KarylIKa CKOJIb3WIa OH mocTyNaTredIbHO) H JBWHKEHHA
€ HeKOTOPOil CKOPOCTBIO Uy B pe3yibraTe HaMarHBAaHHA (WIH CMarhBa-
HHA) HUTH Ha KaTyLIKy, T. €. U = U, == vy, I 3HAK IOJII0C COOTBET-
CTBYeT CMATHBAHWMIO HUTH.

3acrapUM KarylIKy ciedarb OQWH MONHKA 000pOoT W OMpeeanM
BeJIMYMHY, HA KOTOpPYIO mepeMecrurcsa Komen HmrKE (. OgesmmHoO,
MTO B HAHHOM ¢Jydae KATYyUIKA KAaTHTCH BOPaso. 3a onme o06opor OCh
KATYIIKH HepeMecTHrcsi Ha PaccTosaHHne
2nR, mpmueM Ha KaryluIKy HaMOTaeTCH
Hurh pamHoi 27r. TaxmM obpaszom,

vozv—l—vl:v(i—l—%) ==

=U{1 —|—2—-———-—2nr )E—-" ?—-R .

\ nR-—2nr R—r
2-ii cmoco®. Haqenﬁarymﬂﬂ
H sagade 4. 0e3 CKOJbKeHUA IO MIOCKOCTH B TI000M
MOMEHT MOJKHO paccMarpHBarbh KaK Bpa-
OIeH¥e BOKPYT MTHOBeHHOM ocH B. Jr0 caemgyer m3 Toro, 94vo Touka B
KaTylIK® HemopsmkHA. TaxkmMm oOpasoMm, wussectHo, 9ro vg = 0,
va = v. Caeposarenbuo, U, == vR/(R — r), Tak Kak JWHEHHLIE CKO-
POCTH TOYEK BPAMIAIOMIETOCA Telda NPOHmOPHMUOHATBHE PAaccTOSTHAAM

9THX TOY9eHK 10 OcH BpalieHHA. ‘

Ilpu R = r u v =4 0 orser Tepsier cmuca. Iloscaum sro. Ilyets
CKOpOcTh MEeHTpa KAaTryUIKMW v, 3anaHa. Torga cKopocrb KOHOA HHATKH
onpeneisiercsa coornolnenneM v = [(R —r)/R]l vy, m mpu R —r v—0
Opm d1000M 3HAYEHUH CKOPOCTH V,. llpm R = r KOHell HATKH ,He 3a-
Megaer‘, KaTHTCHA Ju KATYIIKa, Wwiu oHa HemonsmwiKEA. ClleosareapHo,
IpH R = r ¢CKOpocTh KOHNA HUTKHM MOKET ORITh PABHOH TOJBKO HYJIIO.
Us gopmynn v, = vR/(R — r) npH 3roM MH moxydaeM, 910 v, == 0/0,
T. 8, Uy He ONpefelieHa, :

BADAYAS

Onpepenarh CKOPOCTh OCH KATYUIKH B YCAOBHAX MNpeNHAyIiei
' payaum, ecau HHUTh COCTABAAET Yrog o ¢ ropusoHToM. JloxasaTk, wro
OpH HEeKOTOPOM 3HAYSHWH O, YIVIa O KaueHHe 6e3 MPOCKaJb3HRBAHKA
HEBO3MOJKHO, W HAUTH TO 3HAYeHHE,

PEMEHRNE

NipmeE e KaTyIIKA MPOACTABAM KaK -BPAlM@HNS BOKPYT MIHOBEH-
HOK ocm B. Torma, eclilm v4 ecThb CKOPOCTb TOYKH Kacamua A HuTH n
BHYTpeHHer0 NWJHARpA Katymxm, 70 va | AB ® vq = v/sin

44
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(cM. pemenue 3afayu 1). Beraumny yrua f (em. PHCYHOR) JI6rKO OImpe-~
NeNATh 110 TARHAKM 3aAa9n:

Rsina
VRIr2—IrRcosa A
IOCHE 9ero CKOPOCTh KATYIIKH MOKHO paccudTaTh Mo Qopmyae

vR
jr—Rcoso| "’

cos P =

R
UO:UAAB=

IIpe yemosmu, 4ro cos @, = r/R, BHpakeHue HJIA BeIwIHHBI ¥, '
TepsaeT ¢cMHCI. B sToM ciyiae HATH HampapjeHAa BIOJdb KacaTeJbHOMH
K BHYTpeHHeMy NWJIHHADY,
npoBefeHHo# n3 Toakd B. [lpn
TAKOM HampasJeHAN HATH Ka-
gague 0Oe3 TpoCKadb3blBaHUSA
IpH 3aaHHOA BelNYWHE U He-
BOBMOKHO (CM. MpeqbiyIyio
zajjaqy). Eeam a <oy, Ka-
TYOIKA KaTHUTCA BOpPaBo, MPU
o, > 0y, — BIIEBO.

Hajitn penmamny o, MOMHO
W He omNpemeisd BeIHIAHH K sapawe 5.
cropocTH Karywikm. UroOH
34CTABATH HEMONBINKHYI0O KAaTYMKY KATATHCS MO CTONY, HYIKHO BO3-
IeliCTBOBATh Ha Hee CHJIOH TaK, ITO0B MOMEHT 3TOH CHJIH OTHOCH-
TeJIbHO MrHOBEHHOH ocH BpamleHAs 5 O6Ha oridwdeH OT HYJA.
CnemoBaTelbHO, €CIHH JHHHAA JeMCTBHA CHJIH HpPOXONAT dYepesd OCh
BpameHnsa B, dAcToe KadeHHe HeBO3MOMKHO.

3ATAYAG

AsroMoOman A m B pnBRyTCA PaBHOMEpPHO C ONHMHAKOBHIMH CKO-
PocTAMHA MO HMPAMHM, HmepeceKalommMmcsi B Toake O goporam I m 2,
Onpefennrh MEHEMATBHOE PACCTOSHHAE MEKAY ABTOMOGHIAMH, eCIM
W3BeCTHH WX HavaJbHHe modokeHus (A0 = a m BO = @), cKopocTh
U B yrol o MeiKQy ROporaMm (cM. pHc. @).

PEMEHNRE

B sagauax Ha MaKcuMyM H MEHHEMYM BCerja Im0Je3HO ¢ CAMOro Ha-
gajia yoemuThcsa, 6CAN 5TO BOBMOKHO, IT0 HCKOMHEH Pe3yiIbTaT CyIecT-
Byer. OGHYHO 310 HOCKA3KBaeT M OCHOBRYIO Hielo pemerusa. Crexyer,
KOHEYHO, MOMHHATE, IT0 BCAKOE MPemoo;KeHne Hy;Raaercd B J0Ka3a-
teabcTse. Ilpn pemennn 3aag Mpl 6yeM WHOTHA ONMYCKATh HAINHA WH-
TYUTMBHEE CO00paMerns, noJgarasach Ha ¢o00 pasuTeIbROCTh IATATEIA.

1-i cmoco6. Uckomoe Kparuaiimee paccTogHMe MOKHO
ONpPENeJaHNTs pacdeTHHIM TyTeM. PaccTofiEme MeKAy aBTOMOOHIAMH
B MOMEHT BPeM6HH ! ONpedelnM IO TeopeMe KOCHHYCOB

Ryp = (a—vt): -+ (b —vi)2 42 (a—vt) (b —vt) cos & )
" N . 15



Heo6xonaMo HafiTH MEHAMYM BenmdmHH Rip kax ¢yHEKODuHE Bpe-
meHH. [lng aTor0 BOCHONB3YEMCS CIeXVIOMBM OPHEMOM: PacCMOTPHM
coormomerne (1) xak KsajgpaTHoe ypaBHeHHe OTHOCHTENHHO BeJHIH-
HH ¢. KopHm 9TOr0 ypasHeHHs ONpeHesfAloTcs COoOTHONIeHWeM I, =
= (a + b)/2v 4= DV2, B koropom D ectb AHCKpEMAHAHT YpaBHEeHHA,
paBHBIH ) -

(a—0b)? (cos o —1)--2R% o
4v2 (cos 1) !

D —

OuspyecKHA cMBICI KOPHEH clIepyiOmmid: ecau JHCKPAMWHAHT
HeOTpHUIaTe/IeH, pPaccTOAHNE MEMKNY aBTOMOOHIAMU OPMHMMAET OJHO
7 TO ;K¢ 3HAYCHMEe B [BA Pa3JWYHBIX MOMeHTa Bpemenm. Takum obpa-
BOM, HCKOMOe MHHHMAaJbHOe pacctosnue Ry, Ha KOTOPOM aBTOMOOHIN

(13

K sagaue 6,

HAaXO[ATCA TONBKO OFHH pa3 (B MoMeHT BpeMenu !, = (a + b)/2v),
pocturaercsa npu DD = 0. Torpa Rf = (& — b)* (1 — cos a)/2. Ilpen-
craBus sroipaskeHme (1) B Bupe '

Ryp= §+2v2(1—|-cosoc)(t—a;;b>.2,

yGeasnaenmcd, uto Rip = Ri.

2-ii ecmoco0. IlockonbKy aBTOMOOHIH NBWKYTCS ¢ ONWHA-
KOBHIMH CKOPOCTAMH, TO B MOMeHT BpeMmeHu t' = (a -+ b) v aBroMo-
Ounnl , MOMeHAIOTCA" MecTaMu, T. €. apToMoOHAbL 4 oKRaMercA Ha pac-
CTOAHHAM b OT TOYKH TepecedeHus IOpor, a aproMobmiIb B — Ha pac-
ctofHAm a. TaruM o0pasoM, B paMKax IOCTABIEHHOM 3a1a1¥ aBTOMO-
OWIM PABHONPABHE, W MOKHO JOrajarbcd, 9T0 B HCKOMHIM MOMeHT
BpeMeHHM aBTOMOOHWIN MOJKHH OBITH CHMMETPHYHHE OTHOCHTENBHO
To9kd O, T. e. HaXoqATHCA 0T Hee Ha OJWHAKoBHX paccroaHuax. Ilo-
npobyeM MpPoBepHTH 3TO NPedIoJIoMKeHne.

O6paruMcsa K puc. 6 W BHACHUM, CIPaBe[JIiBO JH HEPABEHCTBO
A,By > A,B,, ecam A,0 = B,0 u A;A, = B,B,. lloctpoum napaj-

8 - :



nenorpamm A, B, B,C. Tax rar A CAy A, — pasnobeapensHii, To or-
pesok’ A,C mapaiiener 6HcceRTpnce 4 A;0B;, 1.e. A,C | B,C.
Orpeskn A,B, u (B, = A;B;, ABIAI0TCA, COOTBETCTREHHO, IANOTEHY-
'30# W KaTeTOM MPAMOYTOAbHOTO Tpeyrodbauka CA,B,, aro m noKashi-
BAaeT COPaBeJTHBOCTh MCXOMHOTO HePABEHCTBA, 4 BHAYAT, W HAIIETO
npepnonokenua. Ilocie aroro HeTpynHo HalTH W BReINIHHY KpaTdaii-
IIET0 PacCTOSAHUA MeKIy aBTOMOOHIAMH.

3- cmoco®. J/Isa mpeppinymmx Merona He JHUIICHE HELO-
CTATKOB: MepBhi Tpelyer CPABHUTENBHO TPOMO3IKHNX BHKIATOK, BO
BTOPOM HYJKHO 3apaHee yrajarh peayabrar, 9TO He yIaloch GH, eclH
OB cKopocTu aBroMoOumieil 6mlamm pasawunsl. llpennmaraemMmii manbire
cmoco0 ¢Bo0OeH OT HTHX HENOCTATKOB M MO3BOIAAET Oe3 BHIUHCIIeHHI
HOCTPONTH WMCKOMBIH OTPEe30K WM COOTBETCTBYIOIIHE MONOMKEIHsS aBTO-
mMobned.

Pacemotpum pemwwenme asromobmias B ¢ roukm spennsa mabaooma-
TeJisA, HaxogAmerocs B asromobmne A. CKoOpocTh TAKOTO ABWKEHHSA
paBHA, KAK H3BECTHO, PA3HOCTH VB — V4 H TMOCTOSAHHA IO BeJHIHHE
W HaAOpaBJieHWIO. JTO SHAYHT, 9TO OTHOCUTEJLHO aproMobums A
asromobunb B jppmwwercsa mo mpsamoit amuum 3. Ha puc. ¢ mpsaman 3
u300paskena TYHKTHPOM [asi TOTO, 9T00H MOAYEePKHYTh, YTO OHA
HaPHCOBAHA. B CHCTeMe OTCYera, CcBA3aHHOHM ¢ aBromobmiem A. Cie-
IOBATeJAbHO, ABTOMOOWIH HaxopsATcA OIMKe BCeTo APYT K upyry,
Korga asToMo0mab B mpoxopmr depe3 TOYKy B', ABAAKIMYIOCS OCHO-
BAaHWEM HEPIeHANKYAApa, OOYIMEHHOTO H3 TOYKH A HA OpaAMyIo J.
Orpesox AB' paBen mcKOMOMY KpargaiilileMy PacCTOSHHIO MERY
aBTOMOOHASAMHA.

Iast Troro 9ro0n m300pasmrh Nodoskenue orpeska AB’' B menon-
BW/KHOH cHCTEeMe OTC9eTa, CMeCTHM ero mapajielbHo caMoMy cele
rak, ar00H Komen B’ momax wa pmopory 2. Tarmm oGpasoM, Togdrm A,
n B, sBAAIOTCS MCKOMBIMH MOJOKCHWAMHA asroMobunei.®

JAJAYAT

Brr maxopurech Ha cyaHE, KOTOPOE HIET ¢ MOCTOSAHHOE CKOPOCTHIO
v; = 15 yasaoB ** (1 ysea ecTh egmHBIA CKOPOCTH, PaBHAas ONHOM
MHJe B 4ac) NMpAMONHMHENHHM KypcoMm. Harep, BMuymui mocToAHEBIM
KYpPCOM €O CKOPOCTBIO U, = 26 y310B, HAXOKWTCA B IIECTH MHIIAX
i0;xkmee. llosmHee oOH mpoxopur TOYHO Y BAc 3a KOPMOWH, npHueMm
B 9TOT MOMEHT BPeMeHHM HAXOJWICS K BAM OnusKe BCero — Ha pac-
CTOAHUH TPeX MHUlb, .

Haiigure Kype cynHa. Haxoe BpeMsA TPOIII0 MERNY IBYMSA MO-
MeHTaMH, YKa3aHHHMH B 3anade? HypcoM cyaHa Ha3HBAeTCsl HANPAaB-
JeHue ero NBHKEHHsI, OTCINTBIBaeMoe Mo IacoBOH cTpesiKe OT HATpas-
JeHUA Ha cesep. ‘

L

*.Bac BHe fomKxHO cMyNIaTh, 9TO HA pHUC, 6 W ¢ OTPE3KHA A,B, IMEIOT PA3HYIO
FJIaHy, TaX Kaxk 4epresk 6 mmmc'rpnpye'r penieHEde OTAeJbHO# BCIOMOTATONBHOR
3ajlagm,

** B MOchOH IIPAKTAKe CKOPOCTEH IO TpajHUHH H3MEPAOTCA B yajax,

AT



PEMEHRE

PaccMorpaM gBmieHHWe Karepa B CHCTeMe OTCYeTa, JKECTKO CBA-
BaHHOM ¢ HamuM wopabmeM W, cleNoBaTedbHO, ABEMymelicsd MOCTY-
7 HaTeJbHO €O CKOPOCTBIO V; OTHOCHTEILHO
¢ A /  Semamn. CHOpocThH KaTepa B 3TO# CHCTEMO
OTCYeTa Vg == V, — V; MHOCTOAHHA MO
8, BEJHWYHAE N HAUPABJICHHUIO, TOITOMY TPaeK-
TOpPHA Karepa BO BBENEHHOH cHCTEME
oTcdgeTa fABAAETCA OpPAMOE (CM. PHCYHOK).
Ilo yenopmio mambonbimee ¢OamwHenne
OPOHCXOAAT B TOT MOMEHT, KOI'a KaTep
HaXoAWICcA y HaC 3a KOpPMOH, T.e.
Voy I vy.Ilockonbry AB;, | BB, AB, =

H 8 — AB/2, o £/ ABB, = 30°.
A CnenopatenbHo, Kype Hallero Kopabas
K zapawe 7. paBer 300 mam 60°. Bropomy otBeTy
COOTBETCTBYeT NYHKTHPHHHM dYepre:k Ha
pucynre. QueBUAHO, 9T0 Uy = (V3 — v])/2, mosroMy WMCKOMBIE HpO-

MeKYTOK BpPeMeHH paBeH

At = BB,/v,y = AB/Jvyy cos 30° a= 20 mum,

U1

BATAYAS

N3 nyarra A B oyHKTH B, C B T. JI. MO/KHO IIOOACTh OfHEM H3 ABYX
cmocoboB: 1) sHiTH Cpasy @ HWATH TeNIKoM; 2) BE3BATh MAamnHY o,
IOJIOJKIAB ee olpefesieHHOe BpeMs, exarh Ha Heii. B mio6oM KoHKper-
HOM caydae HCIONL3YeTcA Ccmocod MepensmKeHusi, TpeOyoOImumid Ham-
MeHbIerc BpeMenu. [Ipm 9T0M ORa3BBaeTcs, aTo €CIM KOHEIHBIA MYHKT
orcronT oT A Ha 1 KM (myHKT B), 2 RM (myHukT (), 3 kM (mwyHKT 1), TO
Tpebyercsa Ha popory He meree 10, 15, 17,5 MmH COOTBETCTBEHHO.
Cropocrr memexopna @ MalIWMHE, a TAK:Ke BpeMs OKUNAHHESA MANIHHLL
HeN3MeHHH . \

CroabKo BpeMenu morpebyetcs, 4To0H mobparbcA Ao ropoga E,
orcroamero or A Ha 6 KM?

PEMEHUWE

Hna paccy:xneHnii BocmombayeMcs ¢noco0oM Ipa@uIecKoro mpen-
CTaBIeHHA JBWHEHAA. BosbMeM mNPAMOYTroabHYIO CHCTEMY KOOPIMHAT
n no ocu abemmee GymeM OTKIameBaTh Bpemsi, Koropoe Tpebyercsa ma
IOPOTY, 4 TO OCH OpPAMHAT -~ paccrognme orT ropopa A. JIwbGoe pas-
HOMEPHOE ABw/KeHHme m3o0pajkaercs Ha TaKoil guarpaMme, Kak mus-
BECTHO, OTPE3KOM HPAMOM.

Hamecem mHa mamarpaMMy MaHHHE 3a8a4d; WM COOTBETCTBYIOT Tpm
toukn B, C u /| (cM. pmcyHok). MoXHO npOBePHTD, YTO B3TH TOYKH
He JeskaT Ha ommHoi mpamoit. CnemoBaTeabHO, HCIOJIb30BANHCE 00a

-
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cmocofa MmepeMemeHus, ¥ M0 KpaliHedl Mepe B OIMH W3 yKasaHHEX
HYHKTOB IPHILITOCH NoGHPaTHCA MEmKOM.

IIpocTeie paccyskueHns MOKA3HBAIOT, 9YTO TAKHM HYHKTOM MOKET
6uTH TOABKO ropox B, orcroamuii or A Ha 1 Km. [leiicrsmrennho,
BO-TIEPBHIX, W3 derbipex Touek A, B,
C n /[ HUKaKue TpH He JeyKaT Ha OJHOKI
HPAMOM; BO-BTOPHX, ecay OH jodupa-
auch memwikoM mo C wnmum J[, 10 mo B
MelIKoM MOKHO Onio Om mobparbes
MeHbIie, 9eM 3a 10 MumH, 9T0 IPOTUBO-
PedHT YCJOBHAM 3aj1adn.

Hlo nyakro C n J[, trakum oOpa-
30M, cJaemyer n00MpaThCA HAa aBTOMO-
ouae. Mz depreka BUIHO, 9T0 H B
ropon £ Tar:Ke HYMKHO exarb Ha aBTO-
Mobu.ie.

ITpogomkus ammmio CJl mo mepe-
cedeHusa ¢ JAumamedr S = 6 KM, Haii- ,
NeM HCKOMOE BPeMs MOe3XKH )0 OHYHK- 30

ra I: ¢t = 25 mun. t,MuH
H zamage 8.

Pemenne 3a5a9, 0oCHOBAHHOE HA HCIONb30BAHHH dep-
TeKa, ABJIAETCA COBEPHIEHHO CTPOTHEM, ecaum Japboe u3
YTBOPKIQHHE MoKeT OBITh JOKasaHo aiaredpamIecKH.
B namnoM caygae aTo ycioBme BHODOJHEeHo. AxreGpau-
decKoe ((popMyabHOE) pellleHme 9acTO0 OKAa3hBAaeTcsA TIPo-
MO3TKAM H BHAYATEJIbHO MEHEe HaTIANHHM. ¥ 0efurech
B 9TOM CaMW, pellds 3agady aJredpamdecKu.

JATATAY

YenoBeK HAXOAUTCSA HA PACCTOSHHHE @ OT MPAMOA JOPOTH, NO KO-~
TOPO PABHOMEPHO CO CKOPOCTHIO ¥y ABMKeTCS aBTOMOOHAE. B Hagsanb-
HBII MOMEHT aBToMOOuUAb HAXONHWTICA B OMIMKalillleldk K YeI0BEKY TOIKe
moporn. HacronbKo 61M3K0 YeloBeK MOKeT Mog0eaTh K aBTOMOO IO
7 B KAKOM HAaIlpaBIEHHY OH HOJUKEH 0e:Kath, 6CIU ero CKOPOCTh paBHa
Uy?

PEMEHUE

TloxaskeM, 4To 9edoBeK AoKeH Geskarh NpAmonxmHedHo. Ilycth
YeaoBeK 0e;RAT M0 HeKOTOPoil KpuBoil auamn BC (CM. puc. a) B B TOUIKE
C BaxomuTcA K aBTOMOOHIIO, PACNONOKEHHOMY B BTOT MOMEHT B TO9KeE
A, 6muse Bcero. Ilyers mpm aToM 3arpaueHo Bpems . OpHaKo, €CIH
YenoBeK MOOEKHT BAOIL NPAMOJHHeHHOr9 orpeska BC, oH 3arpaTnT
Ha 9T0 BpeMA t; <! W 3a ocraBmieec BpeMa At = ¢ — I; CMOMKeT
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nopbexath K aBToMoGmII0 eme Gumxe. Bemars B manmpapnemmu BJ]
elle BHTrOmHEe, M T. 1.

PaccMoTpuM gBHIKEHM6 WeloBeKa OTHOCHTOIBHO aBTOMOGHAA, OCY-
LIeCTBAAEMOE CO CKOPOCTEIO V,; (CM. pHC. 6). JLIs mocTpoerns BeKTOpA
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K 3amave 9.

-

Vo, = V, — V; TocTyomM caegyomumM ofpasom. Hawamo Berropa
—V; IOMeCTHM B To4ury B (mcxomHoe mojoiKeBue denosexa). Hawang
BEKTOPA V, IOMECTEM B TOUKY, Iie PACIONOeH KOHEH BEKTOpa —v,,
Ecam Hauado BceX BEKTOPOB Vg BAXOAETCA B TOUKe B, To HX Kommy
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IPHE BCEBOSMOKHEIX HAMPABICHUAX ABWKEHHA Ye&lIOBeKa JdeKaT Ha
OKPY/KHOCTH PafgHycoM U, C HEHTPOM B TOo4YKe O.

ITpamyro, no KoTopoii OexuUT 9eNOBEK BO BREJEHHOW CHCTEMe OT-
c4eTa, ClefyeT MPOBECTH TaK, 4T00 5 OHa MPOXoAnia Kak MOMKHO Gnmske
K Touke A @ mMena ofmue TOIKH ¢ OKPYKHOCTBIO. JTHM YCJIOBI'IHM
YAOBIEeTBOPsET OPOBENeHHAA N3 TOYKH B KacaTeabHas K OKPYKHOCTH. *
CaeposarenbHO, HCKOMOE HANPABIEHHE NBHIKEHHS YeJI0BEKA (YroXx @)
W Kpartdaiililee paccTosiEue A0 aBroMobmas Ry, TaKOBH, 94T0COS @ =
== Up/ty, Rpmm = AC = asin 9, AC | BC pan caysad v, < vy.

Ecan v, > vy, 10 1)/, =< c0s © << 1, Ry = 0 u 9elI0BEK MOKeT
OexaTh B JAIOG0M HANpPABIEHWH B Opegeiax yKABAHHOIO CEKTopa
(cM. pHC. 6): yeaoBHSA 3a7a9M HE 3ampemalor 0erynieMy JOoCTHIb Ka-
KOU-TO TOYKHU HOPOTH paHblle, YeM depes DTy TOUKY OPOUeT aBTOMO-
Ounb, ¥ B 3TOM MeCTe LOJOKIATH aBTOMOGHIb.

Haxoner, opu ycaoBsuH, 910 Uy = U,, 9€J0BeK MOKET CKOIb YT OJHO
Oau3Ko mopxbeskarh K aBTOMOGUIIO, BHIOPAB COOTBETCTBYOMIME MaJIKil
yrox .

YuraTemdo MpeflIaraercs caMOMY NOKA3arh 9TH YTBeDHiTeHWS I
NOCTPOUTH COOTBETCTBYIONINE UePTEHH.

3AJAYA 10

Benocunmenuery HeoOXomuMo KparyadlimM cmoco0oM MOmACTh N3
nyukra A B nyukr B. M3 E B B Beger nopora (cM. puc. @), 0 KOTOPOIl
MOKHO exarth ¢0 CKopocThio v;. Ilynrr A HaxopuicAa Ha aAyry, CKoO-
PoCcTh TepenBH;KeHHA IO KOTOPOMY U,. Paccrogume AD pasHO a,
AB pasno s. Hak Jo/KeH exarb BeJIOCHIENUCT?

PEII[EHI/IE

Herpynro Il;OI‘a,I[aTLCH 9TO0 €CAM U; > U,, T CaMBU KOPOTKUM
nyrh AB ne ofasareabHo Tpefyer HamMeHblIero speMeHu. Bemocume-
IIACTY BEITOJHO MCIOAb30BATh MPEMMYIIECTRO HepeBIsKeHNs ¢ 601b-
mo# CKOpPOCTHIO IO JOpPOTe, COKPATHB, HACKOIBKO BO3MOKHO, Mep-
JEeHHYI0 MOe3JKY IO JYrY.

TTomycTEM, 9TO BeXOCWIENUCT ABHyKercs mo JjoMaHod ACHB. Ha
9TO 3aTPAdUBAETCA BpeMsI

t =AC/v, -+ CBjv, =V a®+ CD?v, +(BD — CD)/v,,
HRIN

t=(,BD +0)/vv,, The G=uv,) a®+CD*—w,CD.

Heob6xonuMo HaliTn MuHEMYM Benmdunbl ¢ kak ¢yexmun CD. Ilpen-
CTaBHM MOCHEHEee BLpAKeHne B BAAE KBAjPaTHOTO YPABHEHHA OTHO-
cuTeabHO Beawumen CD, T. €.

20v 0% —p2a?
2 2 187
CD? 45372 CD + S0 =0,

-

* BaumaresnsHEHHA YpTaTeNbh 3aMETHT, aT0 W3 TOYKH B OpoXofAT IBe Kaca-
TOJLHBIE K OKPYKHOCTH, PACHOJI0KENHEIO Ha O{HHAKOBHX PACCTOARAAX OT TOIKK A4,
Pemenue, ogHaK0, KaoT gulb ogBa H3 HAX, Ilowemy?



Pemenna ypaBsHeBHA HMEIOT CMEICA IDH YCJIOBHH, YTO JECKPAMH-
HAHT HEOTPHIIATEIeH:
2 2 . p2n3
( a0, ) __02—via ~ 0.

5 __ e iz —
vi— vl vi—U}

Orciona pas HaWMeHBINEro, sHaYeHMs ¢ MOIydYaeM BLIpakeHHe
Onin = a (v — vp)V2. llpm srom CD = av,/(vi — vj)V2. Caemosa-
TenbHo, ecid BD = (b — a?)1/2 << av,/(v] — v5)V%, TO HY}KHO exaTh
ms A B B o HIPAMOIl; B IPOTABHOM cjydae caenyer n30parh OyTh BAOIb
aomaHoii ACD. -

a

Tmin

K sagage 10.

OrMerrM, 9T0 eclnm KpaTdaiiinnmM nyteM sABJAfeTca JdoMaHasa ACB,
TO CHPaBeAJIMBO, ITO Sin & = U,/v;.

PaccmMorpuM aHATOTHYHYIO 3anady. DelocumegmeTy HYMEKHO Kpart-
galimuMm cnocodom monacts n3 A B B. IIyuKkT A pacmomoken Ha AYTY,,
OyHEKT B — Ha mecyaHOM ILIsAKe. [IIsUR W ayr paspgesdeHH T'DaHEOeR
MN (cum. puc. 6). CKopocTy HepeBI:KERHS o YTy W IIAKY PaBHLI
COOTBETCTBEHHO BelWYWHAM U; U U,. Bce paccroAnmd W3BeCTHH, T. e.
AP = a, BO = b, OP = ¢. Raroit nyrs goaxed GWTH H30DaH BOJIo-
CHII eTHCTOM? ‘



3paBH CMHICA NMOCKA3EIBAET, 9T0 ® B HTOM CJIyuae pelleHmeM
3aa9H MoO:KeT OKasarbcd HeraA Jomamas ACB, ecau BepHO HaiiTh
rouky C. llpegmonaraercsa, d9ro v, > v,. JomyctuMm, uro tTouka C
KaKuUM-TO 00pazoM HaifeHA, TAK 4Yr0 BCAKHE ApPyroit oyre AxB
rpedyer Goapmero EpeMeHn. Eciim MM mocTpouM rpad#k 3aBECHMOCTH
BPEMeHH IO0e3[(KM OT BEJMYHMHH PZ, TO JOMKHH LOJNYYHLh KPHUBYIO,
MOXO;KYI0 Ha M300pAKeHHYI0 HA PHC. ¢. JTa KPHBAA KAacaeTCHa HPAMoi
t = tmin Upu Px = PC, noaromy BOum3u Toukm @ mpAMasg m KpmBad
O09TH COBOAJAT. JTO 03HAYAET, WTO €CJH BeJoCHIe umcT m3bumpaer
nyte AC\B (puc. &), mepeceraomuii rpasuny MN B toure Cy, Gans-
kot K C, TO BpeMfA moe3Ku TaKoe ;Ke, Kak ¥ Ha nyta ACB: cKopocth
A3MCHeHUA Beauduuel { BOnM3M 3HAYeHWMA [njp MaA0 OTIHYAETCH OT
Hyna (puc. e).

Cpasanm gpyr ¢ gpyrom nyta ACB u AC\B (pnc. ). bynem can-
TaTh, 4T0 Yrae P; m P, Hactoasko Manm, 9ro CE ~ AC — AC, n
DC, ~ BCy, — BC, rpe E m D — ocnopamma nepueEqukyasapop C,E
u CD, onymergnx uva orpeskn AC u BC,. Benocunegucr, usbupas
nyrs ACB Bmecto ACB, cokpamaetr BpeMa €35l 10 IYI'Y HA BEIMYNEY
At; = CE/vy, Ho mo mecKy efer goibine Ha peauwauny At, = DC,/v,.
Tax rak obmee Bpema moe3qku BAoas AC;B npumepEo paBHO fnin,
10 Al; ~ At,. I3 weprexa paxopmm, uro CE = CC, sina,, C,D =
= (CC; sin o, OTKYAA Sin oy /sin oty = v, /v,, IPHIEM DOCIEHEE COOT-
HOImeHNEe BHIIOJHAETCA TeM Jydlie, deMm OjmKe APYL K APYTY TOIKH
C n C,.

MMoanyuendoe cooTHOlIeHEHme coBHAjaeT mo GopMme ¢ 3a-
KOHOM IIpelnoOMJIeHMA CBEera Ha TrpaHulle pasjiena ABYX
cpef, ecJqu HPHHATH, YT0 MOKa3arTelb HPEIOMICHHS 7y
npH Oepexofe cBeta U3 cpeani 1 B cpeay 2 paBeH oTHONIGHUIO
CKOPOCTeH CBETa B 9THX CpefaXx, Ny, = U;/v, (B meficTBH-

# TeJIbHOCTH TAK OHO W €CTh). Ilpu 3TOM MOKHO CKa3aTh, 4TO
CBETOBOH JYyY, HPEJOMIAACH, CJAEIYeT IO KpaTdailmeMmy
nyta. O600merne 3TOr0 YTBEPHACHUA COJEPKUTCA B 3HA-
MeHuTOM mpuHiune OepMa: TPaeKTOPHA PACHPOCTPAHEHUA
cBera U3 OjHOH TOYKH B JAPYIYI TAKOBA, YTO A €e Hpo-
XO0:KIeHUA CBeTY Tpedyerca MUHMMAAbHOE (ToYHEE aKCIpe-
MaJ/ibHO€) BpeMA M0 CPABHEHUIO ¢ BPEMEHEM IPOXOKIeHUA
JIOOBIX JIPYruX BOBMOMKHHIX TPACKTOPUA MEMAY 3STHUMH
TOTRAMH.

JANAYA 11 *

ITaccamup, omospaBIIWii Ha CBOHM moe3n, pellmi CHAYAJIA HOTHATH
ero Ha tTaKcu, OJHAKO Yepes HEKOTOPoe BPeMA OH mepecej Ha aBTofyc,
samiraTuB 3a Omiaer A py0, m upubka Ha ONHY H3 CTAaHIWA OXHOBpE-

* ABTODH CO3HATEJAbHO BRIKWYWIHR B COOPHHK THOUYHO MaTeMaTHYECKYIO
3ajayy THIA 3aJa9 HA COCTABIICHHE YPABHEHHI, TaK KaK B MEXaHWKe HEBO3MOMCHO
IpoBeCTH TPAHHUY MEXAY ,PHINIeCKAME" H ,MaTeMaTHYeCKAMHA® 3ajadaMH, M,
KpPOME TOro, 3TO I03BOAsET IPOJeMORCTPHPOBATL HEKOTOPHE IoNe3HHe, HO MaJo
nomyaspHHe B, IMIKOABHON MaTeMATHKe CIHOCOOH pelleHHs KAHEMATAICCKUX 3a/1av,
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MeHHO ¢ moezgoM. Memay Tem oO0HaApyKuIoce, 9ro ecam OH OH IPoO-
BOJKAN eXaTh Ha TAKCH, TO AOrHAJ OLI HOe3 HAa T ¥ paHbIile, HCTPATHB
opu 31oM Ha B py6 mempme. HakoBa ckopocTs moesga v, eCIH CKO-
pocTe Tarcu vy kM/49, aprobyca v, KM/4, CTOMMOCTH Upoesga 1 KM Ha
TAaKCHM @ pyd W mocce IPOXOAMT HapPaieAnHO jKejae3Hod mopore?

£
PEMMEHUWE

1-ft cmoco®6. VYcroBumes, 910 moesq MOKHHYJA MCXONHYIO
CTaHIMI0O B moMeHT ! == 0, maccaskup omosgan Ha moesq Ha Af 4,
nepecen BA aBTobyc B f; 9 ¥ gorsaJ moess B 7 d.

H MoMeHTy BeTpeYM HAacCaKUp HM Hoes] HPOXOIAT OJUHAKOBOE
paccrosHuE, T. €.

oT = oy (b — At) +0, (T — 1) (1)

B cJyvYae MOoe3[KN Ha TAKCH U B aBTo0yce u
v(T —v)=uv, (T —1t—At) (2)

B cJydae I0e3gKE TOIBKO HAa TAKCH.

Homarta 3a Takcw Bo BTopoM ciaydae coctapiaser (A — B) py0,
a JONOJHUTEeJIbHOE paccTOofHWEe, HOKPHTOE HA TAKCH 3a 3TY CYMMY,
(A — B)/a M. dro naer eme opHO ypaBHeHUE

(A—B)ja=v (T —v—1t,). (3)

Ycenopua 3ajaun MCYEPHBIBAIOTCA cmeTeMoit ypasmemmi (1)—(3)
C YeTHPbMA HeW3BeCTHHMH. HpaTdafiliuii OyTh K HOJYYEHUIO OTBETA
tTakoB: ypaBHenuda (1) u (2) BHUHTAOTCA 0/{HO W3 APYTOro, HoCJie Iero
B IOJYYeHHOE YypaBHeHHE mojfcraBiaderca Bexwduna I — 1 us (3).
Pesyaprar uMeeT BUf

v =1, — (A — B) (vy — v,)/atv,.

Illpumeuaanmwme. Haxk wmsBecrmo, cmcrema u3 m
YPaBHEeHHiA /I 1 HEM3BECTHLIX HEPa3pelinuMa, ecau m < n.
He cnemyer 3abmiBaTh, OgHAKO, 9TO 0O ,,HEpaspelim-
MOCThI® HOHHMAeTCHA HEBO3MOMKHOCTh HAWTH 3HAYEeHHA
BCeX 7 HEHMJBECTHHIX, 4T0, KAK B JaHHOU cHCTEMe, CoBceM
HE HCKIIOYAeT BO3MOKHOCTH HAXOMKACHHA HECKOILBKUX
13 HUX.

2-i cmoco6. [peacrapum ycnoBuA 3a4a9d B IPaduIecKoi
dopMe B HpAMOYroibHOA cHCTEMe KOODAHWHAT, OTKJIAABIBASA IO OCH
afcumce BpeMsa ¢ MoMeHTa BHIe3[a HACCayRHMPa M3 MCXOAHOrO HYHKTa,
II0 oCH OPAUHAT — PACCTOSHZEE HACCAKUPA OT HOoe3Aa (CuM. PHCYHOK),
T. . mepelileM K CHCTEMEe OTCYeTd, 3KeCTKO CBABAHHOM C I0e3noM.
VeloBuMcA ¢IUTAaTH, 9T0 OTCTAKINMEA HACCAKHD HAXOAATCA HA O0TDH-
narexbHEOM paccTogEMm OF moesga; OD — orcraBaHHe Hacca)kmpa
B HagananER# MomeRr Bpemenu. Ha rpagure orpesok DA maoGpamaer
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moesaky B rakcm, AC - Ha aBrobyce, AB — npegmosaraeMoe Opo-
JoJ;KeHde HOesfAKW Ha TaKch. J|BIUKeHWe camoro moesga Ha HamieM
rpaguke mzoOpaskaercA JWHHEH, COBHANAIOINEH ¢ ochi0 abCIUCC, TAK
KaK [moe3[ B Hallleii cucTeMe oTcueTa HemoaBum:keH. OYeBwiaHO, 9TO
BC = v,tga = v, — v, tg p = v, — v. Orpesox OF, paBuHit IPOeK-
nuu orpeska AB Ha 0ch OpAUHAT, €CTh BEJINYMHA OTCTABAHUA Iacca-
JKHPa OT moesNa B MOMEHT IepecafiKu ¢ Takcm Ha arrobyc. MarectHO,
9T0 JOMOIHUTENIBHOE DACCTOAHME, HPOH-

[eHHOe Ha TAKCH €O CKOPOCTHIO U, PABHO f
(A — B)/a M. 3a To3Ke BpeMd OPH ABIKE-
HHUHU CO CKOPOCTBIO U; — U Byer mpoiijeHEo
paccroauume [(4 — B)/al-[(v; — v)/vy] wM.
CaenoBareabHo,

AB =0OE/sin p =
=[(A — B)/a sin B] [(v, — v)/v,].

Mpumensa ¥ AABC TeopeMy cumry-
COB, MOIYYIHUM, ITO

T L et A—B
sin (B—aw)~ vy asina-sinf’ (4)

K zamagze 11.

Bocooxaszorasmucek Gopmyaoit giag cmHyCa pasHOCTU YIJOB, Ope-
o0pasyeM mocjeqHEe YpaBHEHHE K BHUAY

-

T R A—B
tgB —tga vy atga-tgh’

orKRyna v = v, — (A — B).-(v; — v,)/atv,.

[IpeumymecTso u3a0KeEHOr0 MeTO/La IO CPARHEHMUIO ¢ IPEARIYINIM
SaKJIYaeTcA Ope;Kae Bcero B ero 0o0Jblioil HaraggHoCcTH. Bea comep-
JRaU[afica B YCAOBWAX 337a9M WMHOpMAUUA CBA3AHA C JJIEMEHTAMU
/NABC, a ocHOBHAA HjaeA pellleHUd 3aKJI0YeHA B eUHCTBEHHOM ypasB-
Herun (4). JaapHeilmiue BHIRJIAKE JUs IIpeobpasylor 3To ypas-
genue K ymobHomy Buay. Hpome roro, meronq He tTpebyer BBeqeHUSA
BCIIOMOTATEIbHRIX Hem3BeCTHHX Benudul Af, {; u T, KoTopHe B Janb-
HelilieM HeoOX0MMO MCK/IKYATh U3 CHCTEMH YPaBHEHHM.

Boofme, Bo Bcex caydasX, KoOrjaa YCIOBUA 3aJaud ITO3BOINAIOT
'WOCTPOUTh KaKo#-To rpaduK, dTO clefyeT MAeJaTh; HUYEro, Kpome
MOJb3H, DTO HE IPUHECET.

B saramodenme zamermM, 9ro (POPMYJAHPOBKA sagadu u3baBaAeT
HAaC OoT HeoOXOgMMOCTH HMCCJIeT0BATH OTBET B 3ABHCHMOCTH OT YHCJICH-
HEIX 3Ha9E€HHH BXOAAMUX B HET0 BeJIUYUH.

3AMAYA 12

‘TopMoskeHne 3JeKTpomoe3aa MeTpo AO/KHO HAYMHATHCHA HA pac-
crogaEnu S = 200 M go craHIuu.

a) Ha rakoM pacCTOAHMH OT CTAHIMHU OKARKETCH MOE3[, HMAYIIHil
co cKopoctbio v = 30 M/c, 4epes T¢ mocie Hadada TOPMOKeHHA
¢ YCHOpeEHEeM a = —O M/c?? '



6) C KakIME CKODOCTAME U, WM U, AO/KHEL HATH JBA I0€371a, eClIH
IX HY/KHO 3aTOPMO3NTh C yCKopeHmeM a == —95 m/c® za ¢, = 10¢
A't, = 15¢ oT Hawaja TOPMOMEHHA [0 MOJHOH 0CTAHOBKH?

B) Rarkoe ycrkopenme chefyer coofmurk moesqy, HAYIIEMY €O
cKopocthio v = 30 M/c, grobul yepes ¢ = 20c mocae Havaia TOPMOKE-
HAA OH He foluen mo crammmm AS = 350 m?

OTBedaA HAa HMOCTABJEHOLE BONPOCH, IMKOJABHAK BOCHOJIb30BAJCH
YPaBHEHHEM PaBHONEDPEMEHHOIO JBUKOHUSA

S —vt+ary?2 (1)

H TONYIWI CHeAYIONHEe OTBETH:
a) AS =8 — (vt +at¥2); AS=112,5 v
6) v=(28 —at?)/2t; v,=4b m/c, v,=350,8 M/c;
B) a= (25 —2AS — 2vt)/t?; a=—2,20 m/c%
He copepmimn axm oH mpm 5ToM oMEHOOK?

[ 4

PEIMMEHNE

Ypasuenne (1) ceasuiBaer APYT € APYToM TPH 8eEmMOp-
Hble BEIWIHWHBL: nepemeujeHue S Teaa, ero cKOpPoCTh V
yckopenue a. B cayuae mpaMonnHEefHOro ABMMKEHHUA C IO-
CTOAHHHIM YCKODPEHHWEeM CHPABEJINBO M TaKoe COOTHOIIe-
gue: S = vt -+ at?/2, tue S, v U { — OPoERIHH COOTBET-
CTBYIOIMMX BEKTOPOB HA HAIPaBJEHHUE JNBIKEHHA TEJa.
Ho Helbaa ynycKaTs U3 BULY, 4TO HPOEKINA IepeMelle s
S se ects pumHa myTH (HocaenHaa ofozHadaeTcAa ToOH Ke
Oyxpoil §). 9TM BeAWYWHH YHCIEHHO BCEI7a COBHAJAIOT
AJA PABHOYCKOPEHHOr0 NPAMOJHMHENHOro [BUyKeHudA, &
AJ1A PaBHO3AMENJIEHHOT0 HPAMOJUHENHOr0 — JWUIL OPH
t << |v/a .

JTOT0 MKOJBHUK W He yued. [aA yRA3aHHHIX CIYYaeB MMEEM:

a) Uepea 6 ¢ moesn ocraHoBurcA. Uto ¢ HmM Oymer dwepes 7 c,
3 YCJOBUI 3a7a9d He U3BECTHO. B Ta®kmX cAy4asgX YOBOPAT, YTO 3d-
Jada He ompefesieHa, MHEIMH CJOBAMHA HCXOTHEX JaHHHIX HEIOCTa-
TOYHO [JI OTBETA HA HOCTABJACHHEE BOMPOCH.

6) Ypaseerue v = (28 — af?)/(2f) cnpaBegIMBO TOINBKO @NpH
yeaosnu, aro { <= | 28/a |2, KoropoMy JaHHBE 3aga9d HE YIOBJIET-
BopAoT. 3ajada pelneHuil He wMeer. HeTPYIHO BHUKCIUTH, UTO MaK-
cUMaJbHOE BPeMA TOPMOMKEHHA fnax = J28/a [V2 = 9 c.

B) HomoaHureinHoe ycaoBue K ypasaermo S = vt -+ at?/2 uMeer
Bug t < 2 (S-— AS)/v. Ilpn FAaBEHHX YHCIOBHX 3HAYCHUAX BOAWINH
S, AS, v u t 3agada pemiedumid HE WMeEET.

3ATATA 13

Ilaccammp cTOAM y Hadaja BAroHA ¢ HMOPANROBHIM HOMepoM k.
IToesn TpoHyICHA ¢ MecTa, OCJIe Yero OKasajaoch, 9T0 BAroH HoMepa m
OBHrajcsAs MEMo maccaykupa ! ¢. Hakoe BpeMsa saliMer mpoxokineHne
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MEMO STOFO HIACCaXKupa BaroHa HoMepa n? J[BuxeHHe moesga PaBHO-
YCKOPeHHGe, [JHHE BAaroHOB OJMHAKOBH, HacCakKHp HENOABIKEH
OTHOCHTEJLHO MNaTdOPME.

PENEHNRIE

Nuorpa sra sajzada BH3HBaeT HegoyMeHue: ,,Tak Mako naso! Bor
ecau Onl OHIIM eme M3BECTHLI YCKOPEeHWE WJM [JINHA BaroHa...“. Op-
HaKo, MOCKOJALKY M B MAaHHHX 33/Ja9¥ M B MOCTABJIEHHOM BOIPOCE
pedsb HAET TOJABKO 0 BpEMEHH, MOYKHO HaJeATHCA, YTO PABYMHO BBEjEeH-
HBIE [JONOJHHUTEJbHEIE HEM3BECTHHIE YIaCTCA HMCKIAKYHTL B IPOIECCE
pelieHns.

O6o3zHauuM BpeMsAa, 3a KOoTOpoe MuMO HAaOMAIOIATENA HPOULIH BCE
BaroHH ¢ HoMmepa k mo HomMep m — 1 BRIHOYUTETBHO, CHMBOIOM I, ,,
HO HOMEp m — cuMBoJoM I,, mo Homep (n—1) — ¢ ,, mo HoMmep
rn — t,; BpeMA NPOXOKAEGHWA CaMuX BAroHOB ¢ HoMepaMu £, m u
n — At,, At, u Af, coorBercreerno. Torga cmpaBemiuso, 4To

At, =t —ty s Atp=t —t, .. (1)

Ecin anuea BaroHa pasHa /, a ycKopeHme moe3na a4, 10 AJA Ba-
roua k

1=a (At))/2. @)

W3 mocaegrero cootHomernus (21/a)V/? = At,.

da mpema f,, muMo maccarkupa npolrio m — (k — 1) Baromos,
II03TOMY COOTHOIIGHHWE THOA COOTHoINeHuA (2) 3ammiiercas B 5TOM
ciydqae B Bupe (m + 1 — k)1 = at},/2, orryma t, = (2l/a)/2X
X(m +1 — 2= At,(m +1 — k)V2. Ananorugseo t, = 1, (m—
—k)172, C yuerom pasesctsa (1) moayuaem, 9ro

Af. — tm—1tm_i _ l
RV A—k—Vm—k Vmil—k—Vm—Fk

IIpoBons Te ke BHIKIAAKHE JJAA BAroHA ¢ MOPAJKOBHM HOMEDPOM n,
HaWgeM, 9T0 HCKOMOE BPeMA OHOPefiejAeTCHA BHIpaMKeHmeM .

Atn=(Vn+1_zc_vn_k)Ath=]‘//m”ii:z:l‘;;:’; .

Tak ®Kax mo yciaoBuaAM 3amadgu m, n ==k, T0 BCE KODHM HMET
CMBICJ, 3HAMeHaTeab B HOab He obOpamiaercd. -

JATAYA 14

Yerripe wopabua A, 5, B u I' miasisyr B TyMaHe ¢ MOCTOAHHEIMMT
CKOpOCTAMH HpAMoJUBEHMHHIME EKypcamm. Hopabmm A u 5 ©yrth He
CTOJKHYJANCH; Ha30oBeM 310 co0mTHe ,,cToNKHOBeHMeM . HMaBecrHO,
970 NPOR3OUIIN caeAyimue ,,cToakuopenna’: A u b, Au B, A al,
B u B, B ul,opuieM B 0JHOM MeCTe B OJHO M TO »Ke BPeMsA ,,CTOIK-~
HyJoce" He Goabile [Byx Kopalmeii. Jlokasars, 4ro opm 3ToM Kopabam
B u I' raxke ,,CTATKHBAIOTCAY, €CAM MX CKOPOCTH IO BeamdnHe pas-
AUIHE. * :

* I, Iurasyn Maremarnieckas cMeco, M., ,Hayxa“, 1965,
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PEMEHHNE

1-it ¢cnooc o6. Kar npaBmro, Korga maTEepec B 3a7a9e npeacTaB-
NAIOT PACCTOAHHA MEMK/Y IBIMKYIMUMHCA TEJaMH, OLIBAeT HOJIE3I0
BECTH DPACCMOTPEHWE B CHCTEME OTCYETA, B KOTOPOH O/{HO M3 Tell HemoJ-
BH)KHO (CM., HampmMep, 3agaum 6, 7).

PaceMorpum coOwTHA ¢ TouKuM 3pedmsa Hablopareis, HaXojdmie-
roca Ha Kopabae A. B atoit cmcreme orcuera Tpaextopma Kopabuaa B
ABAAETCA NMPAMOU JUHNEH, HpoXonAlmen uepes Touky A (cam Kopadas
A B srofi cuHCTeMe HENOABIGKEH), Pa3 HIPOUCXOMUT ,,CTOJKHOBCHME"
~ A u b. Tpaerropus kopabaa B rax:ke ecth NpsaMad AHHUA, OPOXOIs-
masn gepes Touky A. donycrum, aro sra TPAERTOPHSA MMEeT BU{ MY HK-
THPHOH NPAMOK (CM. PHCYHOK). Ecam sro meficTBATEIBHO TaK, TO

| B TOuKe A HIPOMCXOAMT ,,CTONKHOBEHHE"  Cpasy
B Tpex kopabmaeii: A, b m B, (uHage He ,,CTONIK-
| - 5 Hyrca® xopabam B m B), 9ro mpormeopednT
| yeaoBuaM 3afauu. CJaemosaTenbHo, B HalUeH
A cucreme orcuera rtpaexropuu B m B cosma-
AT, a croikHOBenue Kb m B npoumcXopur He

| B Touke A, a rme-to B apyroM mecre. TouHo

| TaK e MOKHO yOequThcsa, 9To Tpaextopus [

‘ cosmajaer ¢ Tpaexropuamu b u B. Ilockoabkry
cropoctn B u I’ (orHOCHTEABHO 3eMiu) mo yc-

K sapawe 14. JOBWI0 Ppa3Ju9IHb, Pas3AuYHbl @ HX CKOPOCTH

B BHI6 paHHOH cucTeMe orcyera. B 5Tolt cucreme,
rakuM obpasoMm, B um [’ pgBmKyrcAa mo OfHON NPAMOH ¢ Pa3HBIMH
CKOPOCTAME, 8 CJeJ0BaTeIbHO, Hem30eKHO ,CTOMKHEYTCA , eclu elme
He ,,CTOJKHYJINCH .

2t cmoco6. Iloie3Ho NO3HAKOMHTBCA ¢ eMe OJEUM y700-
HHIM clocoboM rpagmuecKoro maobpaskemus gpmueHmit. Jomycrnm,
uTO0 HEKOTOpPOE TeJOo COBepllaeTr [BWHICHHWE, TPAaeKTOPHA KOTOPOTO
JEUT HA HIOCKOCTH. DBBemeM Ha »Tol IMIIOCKOCTH HPAMOYTOJIBbHYIO
cucreMy KoopguHar oxy. [lyets B MoMEHT BpeMeHHU { TEJIO0 HMEeT Koop-
punatel # m y. JoBaBum R Hamel cucreMe KOODAMHAT TPETBIO OCh 02
(02 | ox, 0z ] oy), mo Koropoit 6ymem orkiaguiBaTh BpemA f. Tpm
umena z, ¥ u £ nsobpamanrea B Hamedl cucreMe rouroir M. MHEoskecTBO
9THX TOYEK /UIA MBWKCHHAA UHTEPecylollero HAC Teja oGpaayeT HEKO-
TOPYI JWHHI, KOTOPas HAa3HBAETCA anoaon JAMHWEH Haero tejia.
(IIpuMep MUpOBOH AUONHE KA anMonHHenHoro OBWKEHNA — KpuBasfd,
n306pa/karomas 3aBHCHMOCTh OT BPEMEHM BBIGOTH! Tela, OpoleHHOTO
BBepX. MupoBasa JImHUA 3TOTO TeJa ABIAETCA, TAKUM 06pa30M oTpes-
koM mapaboJni.) MumpoBrle JuMHUE BCEX Ropaﬁneu B Halled 3ajauie
ABAAITCA HPAMBIMH, TaK KaK Kopabuu ABWKYTCA NPAMOIWHENHO
¢ HOCTOAHHEIMM CKOPOCTAMU. ‘

Ecan MEDOBbIE AWHWH JABYX TeNl HEPECERAloTCH, TO BTH-TENA CTA-
KMBapTCH. (3aMEThTe, 9TO €C/M HEePEeCeKaloTCA Mmpackmopul Teld, To
5TO eme He 03HAa9aeT CTOAKHOBEHHA, TAK KaK Yepes TOYKY HepecedeHNs
TPaeKTOPH Teja MOIyT HPOWTH B PasHEIe MOMEHTH BPEMEHH. Iloaromy
anmapaT MHPOBHX Jmmm 049eHb yH00eH HpH COCTAB/IeHHAU CHAOMHHX



paciucaHUd [BIKEHUA TPAHCIOPTA M NMCHONB3YETCA, HANpHMeD,
JKeJe3HOAOPOKHMKaMa. Pacnucanue A0MKHO OHTH COCTABIGHO TAaK,
91006l MHDOBHE JINHON NOE3J0B NEPeCeKANNCh TOABKO BO BPEMA
ocraHoBok.) Ilo ycioBusam sagauu Muposse suauu A, 5 u B HoOnapHO
»JIEPECOKAIOTCA" (MOYTH MEePECeKAITCA), T. €. JEKAT B ONHOW MJOC-
Koctu. MupoBasg aunud I' Jeur B ToH e IWIOCKOCTH, Tak KaK oHA
»Hepeceraer” nuanm A w 5. Tag ®ar ckopoctd B u [’ pasnuunH,
Muposee JuwHum B u I’ He mapanjelbHbl, T. €. ,lepPeCeKANT’ HPYT
Ipyra, 9To m O3HAYaeT ,CToJKHoBeHue Kopabaeid B m I.

BADAYA 15

HeobxonnMo mopasurh HeOOABWIKHYIO Ieldb, PAacHoJo:keHHYI Ha
paccToaENE S OT OPYANA O FOPH3OHTANN, Ha Bhicore H Hax moBepx-
HocThio Jdemiu. KakoBa HamMeHBIIAA CKOPOCTh CHApAZA B MOMEHT
BHICTPEJA Uy, IPU KOTOPOM 3ra 3amada BHIoAHRmMa? ConpornB/ieHUEM
BO3AyXa IpeHeOpeus.

PEMMEHNE

VRajKkeM CHAYaja HA OUYCHH PACOpPOCTPAHEHHYI0 CIMOKY B PacCy:KEeBHAX:
TOBOPAT, 4TO TPAEKTCPHH, BEPIIMHA KOTOPOH COBNAJAET C HOJCHKEeHHeM LeiH,
COOTBETCTBYET HAMMEHbIIee 3HATCHNE HAYAJILHOH CROPOCTH CHapafa, UcHoBaHHbIe
HA OTOM pacdeThl HPHBOAAT K BHEPAKEHHIO

vi =) 2gH (2H?}-S?)/2H.

dTo VTBep:HIeEMe KajKeTCA Ha MepBHH BaIVIAM CHpaBeIIHBLEIM; OIRAKO OHO
He TOJBKO Oe3ToKazaTelIbHO, HO M HEBEPHO,

Hauano cucreMnl 0T¢4eTa DOMeCTHM B TOYRY, T/Ae HAXOKHUTCH OPY-
Jme, ocW CUCTEMbl HANPABUM TOpPU3OHTANbHO M BepTmKalipHo. Eciam
BHICTPE/I NPOW3BEJEH IOJ YToJoM o K TOPM30HTY ¢ HA4YaAhHOH CKO-
POCTBIO Uy, & TPAEKTOPMA CHapAfa HPOXOAHT Yepes TOUKY ¢ KoopAH-
gartamu S n H, 170 copaBesIE80 COOTHOIUEHTE

H =58 tg o — gS2/2v; cos? a. .
Hafinem orcopa uvg:

gs? 1
2 (Stga—H)cos2a®

2
Oy =

3ajada Temeph COCTOMT B mOAOOpe TAKOTO 3HAYEHMA ¢, IPU KOTO-
poM BeiamduHA Vj MUHOMAJAbHA.*

IInag ymoGcrBa samumcu dopmya BeegeM oboazBHadeHmsa: 1g o = 3z,
H/S = k. Torga

S 1422
v§=g2 '?_Eik' z > k.

* CaemyeT HOMHMTE, 9T0 3aJa9d. HA SKCTPEMYM OTAAYAIOTCA NPHHIHIHATBHOK
ocoGerHOCTRIO.. IIPAaBHIBHO PEMIHTE TAKYIO 3a/a9y 3HAYHT He TOJNLKO YKAa3aTh
BepHOe 3HAYGHHE MUCKOMOI BeJNYWHH, HO H CTPOTO [OKasaTb, Ir0 HALIeHHOE
3gaueHue AeHCTBHTEALHO HPEBOCXOZAT AI00He JApyrEe B oTHOIIEHHE TpefyeMoro
esolicTBa, - . - :

T
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IIpeoGpasyem seqmumny (1 -+ 2%)/(z — k), pasgenus gmcnurens mno-
cjIe/lHer0 BHDaKeHHS Ha 3HaMeHarelb. B pesyinrare monydsmM, 970

2 okt VT ( V"”“).
z—k V31 2—Fk

Comocrapisif 5T0 BHPAKEHHE ¢ KIACCHYECKHM HEPABEHCTBOM
(cM. npumeuarume k oroii zamage) x + 1/z =2 mpu z > 0, npmxo-
AUM K BHBOAY, 9TO MHUHUMYM U, HMEET
MECTO OPH BHIOOJHEHWNH YCJIOBHUA

tga,=z=k-+-}V k1=
=(H+VH+82)/S

A ONPeAeNAeTCA BHIPAMEHUEM Uy min =
= [gH 4 g (H? ++ S*)12]¥/2, HerpyngrO
BH/ETH, 9TO Uy min < Vg-

NaTepecEo oTMETHTB, 9T0 TPaeKTO-
puA cHAapAIa, COOTBETCTRYIOIAA HAH-
AEeHHKIM BEJAHIUHAM Q) M Uy min, TMEET
BUJ, YKa3aHHH® HA PHUCYHKE CILIO-
Hoii JuHme#. DBepmmaa rpaexropunm
pacOolokeHa MO TOPU3OHTAANW OJWEKe K OPYAMI0, YeM IeJb, W HaXo0-
purca Boime weaw. CHAPAJ momajaer B Hedb Ha maaere (T. €. KOrja
BEPTHKAIbHAA COCTABJAAIMAH €ro CKOPOCTH HaOpaBJIeHa BHHB)
ITyexTupoM Ha depreke maobparkeHa TpaeI{TopHH BEPIIMHA KOTOPOM
COBIIAZaeT ¢ HOJOKEHWEeM IeJu.

Unrareno peKoMeHAYETCHA CAMOCTOATENBHO [0KAa3aTh, YTO Tpa-
eKTOpUA TIOCTPOEHA TPABUIBHO.

R sagave 15.

Ilpumegamue. MHorme INKoJBHEIE 3ajlaum Ha
MAKCHUMYM WJIH MOHEUMYM HEKOTOPOH BEANYMHEL HCIOJIbL-
3yIOT TOT PaKT, 910 Qysrkuma x + 1/z, roe = > 0, umeer
MHAEMMaJbHoe 3Hademme npum zx = 1. JeiicrBmTeanHo,
z+1lr=2—2 +1/x+ 2 = (a2—1/21/3% + 2; rax
kKak (22 — 1/2V22 =0 opu 2z >0, o =z +1/z =2
MUHHMAaJbHOE e 3HaYeHue Jocturaerca upm V2 = 1/x212
T. e. mpu = = 1.

3AJJAYA 16

SeHuTHOE OPYyAue IPOU3BOIHUT BEICTPE/L BO BCEBO3MOKHEIX HAalPaB-
Aeanmgx. HavaanHasg CKOPOCTb CHApPANOB U,. OHpefeauThs TPaHHIY
00JacTi, KOTOpas NPOCTPEAMBAETCA W3 HTOTO OPYHHUA.

PEMIEHHKE

U3 pewenma mpeguiaymei sagaum claegyeT, 49TO OPH 3afaHHOH
HA49aJbHOM CKOPOCTH CHAPHAAOB U, B TOYKY ¢ KoopauHaramd S m H,

TAKUMH, YTO
v=) eH+g VRS, (1)




MOKHO IOHACTh TOJLKO ¢ IOMOIIBIO onpeneleHHoOr0 BHCTPena,
HaKIOHME CTBOA K TOPH30HTY Tak, urobm tgo = [H | (H? 4-
+ S2)12]/8S.

Ecnm B TOM %6 win JA1060M APYTOM HANDABACHAH H3 OPYIHA npo-
M3BECTH BHICTPE] ¢ HAYAAbHOM CKOPOCTRIO-U < Uy, CHAPHMT B BTY TOUKY
ge monmaper. CixegmoBareibHo, ykasaHHam Todka (S, H) nemur ma
NCKOMOH T'DaAHWYHOM MOBEPXHOCTH.

OgesugHo, 9TO MCKOMAA MOBEPXHOCTh CHIMMETPHYHA OTHOCHTEIHLHO
BEPTHKAIbHOM ocu BRIOPAHHON CUCTEMH otcdera. IlodaToMy nocTaTodHo
HAWTH YpaBHEHHME JIMHUW HEpEecedYeHUmA 3ToM HOBEPXHOCTH ¢ 1000l
BEePTHUKAJIBHON ILIOCKOCTBIO, HPOXO/AINEH Yepes OPYAHAHYK II03H-
U0 . '

HoopauBatH TOYeK, B KAKAYI0 U3 KOTOPHX MOMHO HOOACTh JUIb
eIUHCTBEHHHIM BEICTDPEIOM, VAOBIETBOPAIOT coorHomenuio (1). Pac-
CMOTPHM 3T0 COOTHOLIEHWE
KaK ypasBHEHme, CBA3LIBAIO- &
mee Koop;uHATEL S m H, n
npeocdpasyeM ero K BHAY

H =vj/2g — g5%/2v;. (2)

Takum ob6pasoM, HCKo-
Masi JIHUA ABJIAETCA Hapa- 5
0om0i, KOTOPaH OHUCHIBAET- Hi
¢A ypaBHEHmeM (2), a HCKo-
Masgi TpaHuvIHad HoBEpPX-
HOCTh — HapaboaoumgoM Bpa-
merusaA (cM. puc. a). Rax : -
YRKa3hBajloCh B Ipeasiay- 8
meld sapgade, giobag Tpaek- K sagaue 16.
Topus (KpoMe TpPaeKTOpUH
opu o = %/2) Kacaercd HalifemHo# wuapabosnl He BepIIMHONA, HO
Karoi-ro 60KOBOHM TOYIKOH.

[lonyuuM ogHO HHETEPECHOE C/AEACTBHE U3 pelleHuA 3agaun. [locrpo-
UM OOBEPXHOCTH, HA KOTOPOH PACHOJOMEHE BEDIIMHE TPACKTOpPMIl
BCEX CHAPHAJIOB.

Bepmuaa TtpaeKTOPHH, COOTBETCTBYIOINEH HAYaJbHOH CKOpPOCTH
Uy M YIIYy O, PacmojioikeHa, KaK M3BECTHO, B TOYKE ¢ KOOPAHHATAMI

V5 /g

S=v;sinacosa/g; H=uv}sin?a/2g.

Hckmiouas w3 3TMX yPasHeHUH YroJ &, mOJYIHM, UTO
H>+ S%4 — (v3/2g) H = 0.

JIluHuA, ommcmBaeMas 5TUM YpaBHeHHMEM, CHUMMETPHYHA OTHOCH-
TeAbHO KoopamHatTHOW ocu H, mpoXogmr dYepes HAYAJIO KOOPAMHAT
H nepeceraer och opguHar B TouKe H = v§/2g. Tarkaa nmmusa Hashl-
Baercs dAJHANCOM (cM. puc. 6). :

HUcroMas moBepxHOCTH ABNAETCA DINHANCOMAOM BpalmeHuA.

Jdnnuucomy u Hapaboaou) ‘BpalieHHA [gelAT IPOCTPAHCTBO HA
TpH obnactE. B Toukm, pacmososkeHHLHe BHe Hapabononga BpalieHHs
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10 OTHOIIGHHIO K OPYAMIO, DM NAHHOX HATAaNbLEOH CKOPOCTH IONACTh
Henb3sa. Jlo0yo HemoABMKHYIO meib, HAXOQAMYIOCH BHYTPH DJIHI-
COMa, MOMHO HOPasuTh CHAPAJAMH KaK IPH BOCXOAAMEM, TAK M OPH
HECXOAANMEM UX ABWKeHuH. B meanm, pacmono:KeHHHE Mexay mapa-
00J10MAOM H BIIUICOMAOM, CHAPAAH MDOMAJAIOT TOJILKO HPH HHCXO-
OADEM mojere.

IlpumedgaBue. B ceasu c sToll m pagoM Apyrux
3a/1a4 HeoO0Xo/uMO 3HATEH CJIENYIOIMIEE.
Jlrobomy coorromennio Buia f (z, y) = O (rme f (2, y) —
OpON3BONbHAA HedpepriBHAA YHKINA ABYX IEePEeMEHHHX)
- Ha OIOCKOCTH 0XY MOYRHO COMOCTABUTh HEKOTOPYIO JNHMHMIIO
TAKYH, YTO KOOPAHHATH JO00H TOYKW NHHUH YIOBJIETHO-
PAIT HAHHEOMY COOTHOUIeHHI0, u, HaoGopor, abasg mapa
3HAYEHUN 2, Y, VAOBJIETBOPAKIIUX COOTHONIGHUIO, [aeT
TOIKY, HNPUHASAEKAMYI0 JWHHA. 1oOrga CooTHONIEHHE
f(z, y) = 0 naseBaercA ypaBHeHueM JjamHHE. B miKone
MIUAPOKO M3BECTHH Ipaduku npaAmMoi amaun (y = ax -+ b),
napabonast (y = ax® -}- bx + ¢), runepboan (2y = a).
[TpureseHnrie B CckOOKAX COOTHOIMEHUS €CTH, CHEROBa-
TeJIbHO, YPABHEHUA NPAMOM JHHHHU, Hapaldoias H CHmep-
00JIbl.
B macroamem cOopHHKE HCOOABL3YIOTCA TaKike YpaB-
BeHua osanunca (ar? + bPy? — ¢ = 0) ®m oKpymKHOCTH

(#* + y* — R = 0).

AT ATA 17

ABTOMOOMIB ¢ KolecamMu pagmycoMm R nsmmercd 0e3 HPOCKANIb3H-
BaHIIA [0 TOPHU30HTAIbHON Jopore co cKopocthio v. Ha KaKymo MaKcu-
MaJIBHVIO BHICOTY HAJ HOBEPXHOCTRI0 3eMim 3a0pacriBalTcd Kamln
IrpA3H, OTPHIBAIOINMECA OT Kojec?

PEIMEHMWNE

OueBngHO, 9TO BHICOTA, HA KOTOPYI MHOAJETAET OTOPBABIMIAACH
0T KoJieca Kalllifd, 3aBHCHT, BO-NEPBHX, OT BRICOTH TOYKH OTPHIBA HA[
IOBEPXHOCTHI0 3eMIN I, BO-BTOPHIX, OT BEPTHKAJAbHON COCTABIAKMIEH
CKOPOCTH KAaILJH.

[TockonbRY BEpPTUKAABRHEE COCTABJAAONUE cKopocTu NH000H TOUKR:I
K0JIECa OMMHAKOBH B [BYX CHCTEMaX OTCYETa — B CHCTEME, FKECTKO
CBA3aHHON ¢ 3emyeil, m B cucTeMe, CBA3aHHOU C OCHI0 KOJeCa W [IBH-
WYMelca HOCTYHAaTeIbHO OTHOCUTEABLHO J3eMJH, — JTH CHCTEMH B
paccMaTpUBaeMoil 3ajade COBePIIEHHO paBHONpaBHE. BuiGepem mn3
HUX BTOPYIO.

[Iycrh KamiIA OTPEIBaeTCA OT Kpas KoJleca B Touke A (CM. pHCYHOK).
B BriGparHO#l cHCTeMe oTcuera MOAYJIb €e CKOPOCTH V4 AaA jaoboro
MOJ0KeHuA TOYKH A momdumHEsaAeTcsa PaBeHCTBY U4 — U. Beprukannmas
COCTAaBJAANMAA CKOpocTH modtToMy v, = v sina. Ilocae orpmBa o
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KoJIeca KaljIfg ABUW/KETCH C YCKOPEeHMeM g, TAK 9YTO BHICOTA €e MOIbeMa
HaJ HOBEPXHOCThI0 3eMIM ONPEJeNsieTCs BHPAKeHMeM

h=R(1—cosa)-4v?sin?a/2g. (1)

Ecam paccMarpupaTth HOCIE[HEe COOTHONIEHME KAK yPABHEHUO
OTHOCUTEJBHO BeJINYKHE COS ¢, TO €Tr0 KopHH OyayT paBHH

(cos a)y o =—"5 ) (B 1) % @

p? T ';)_2— ’

npuueM BTH QOPMYJIH HMelOT QH3UYCCKNH CMEICT TOALKO IPY BHIIOIHE-
HU# yCaoBmMid :

ps 20 g

[(cosa)yp | =< 1.

. ] —_ 'Uy
W3 nmocaefmero  HepaBeHCTBA
¢ ygerom (1) caemyer, gro 1) ecam

rid
Rg/t® << 1, T10 xopeHn (cosa), &
uMeeT PusndecKni CMBICH IPH _
2 2
h<< (%21 +1 ) : A
¢ TITTTTTITN 77T T
a KopeHnr (cosa), — npm 2 =2R; UV em—

2) ecam Rg/v* > 1, 10 (cos a); mMeer
cmeicn upm h << 2R, a (cosa),
CMBIC/Ia He HMeer. ' ,
CrnenoBaTesinHO, UCKOMasd BHCOTa HMOLbeMa KalleJh OLHpPeLe deTcd
BBIpa:KeHHEeM .

v* (Rg : R

9R, Re 4.

R zapaze 17.

Rpax =

Hax BugHO, ecin ckopocTh aBroMobmaa mana (V2 << Rg), To BHINIe
BCET0 MOMHMMAIOTCH T€ KAIlllM, KOTOPHE OT KOJeC He OTPHIBAIOTCH.

JAJAYA 18

Rpyr (cum. prc. a) ¢ 9epHAIM CEKTOPOM (YroJ OIpHA BepiuHe KOTOPOro
paBeH 40°) Bpamaercs BOKPYT OCH, DPOXOAsAmEll depes IeHTP Kpyra
NePOeHAUKYIAPHO K €ero IJOCKOCTH, ¢ dWacToToil oboporor 1500
murl, Yrto Oymer BUgHO Ha Kpyre, ecl® B TEMHOH KOMHATe ero OCBe-
maiT cBeroM, muraiommMm 100 pas B cerymny, npuueM minTelInHOCTD
Kamgo# penpmum cera pasHa 0,003 c? ,

Pemuthb 51y 3agauy npm dactorte o6oporos 1440 munr™ n 1560 mmrut.

PEMEHMUE

- Xopomo m3BecTHO, 9T0 HANT I7Ta3 o0aajgaeT HeKRoTOpoil mEepmuei.
IlosroMy Menbramommit cBET NPH AOCTATOYHO BEHICOKOA 9acTOT® HEOT-
_ JIEY|M OT HenpepsBHOTO. B 9acTHOCTH, 5T0 CBOHCTBO ria3a M03BOJISET

2 Aumeynos C. B., Bapnunes B. A, 33



HaM CMOTpeTh KWHO, T. €. BOCHPHHUMATE KAK.HEIPEPHBHOE JIeHCTBHE
HOCIe0BaTeNbHOCTh HEINONBHKHBIX CIeH, CMEHAIOMUX MAPYr apyra
24 pasa B CeKyHAY. ,

B ycnoBuax npeniosieHHoONE 3a7ady CBeT MedbKaeT eme dale, Tak
YTO OT[eJbHHX IOJOMeHHN [AWCKAa OpPA BCOBIIKAX MH pPasIHIATH
HE cyMmeeM.

Ecan wacrora spamenmsa aucka 1500 mmu™, TOo B mpomeskyrthe
BPeMeHH MeRAY [BYMsA TOCJeT0BaTelpbHHMU BCHRIIKaMn (ToYHEe,
Mey HA4aJOM OFHOM BCOMIIKHA W HAYaJoM Clejyioniey) depHLIK
cextop momepHerca poBEO Ha 90°. Tarkum oGpasor, gTepes deTsipe
BCULINIKH CEKTOP BO3BPAI(aeTcs B IPeKHee DOJN0KeHHe, II0BePHYBIHCH
na 360°. B Teuenne KayKoi BCOBIIKA (T71a3 BOCHPHHUMAET H3JyUeHEE

1

a 0 8

40°

K 3agaue 18.

OT [HCKa TOAbKO, KOTJa [HCK OCBEIEeH) CeKTOop INOBOPAYUBAETCA
ma yroa P = 90°.0,3 == 27°. :

Bce nponcxopsimee ¢ TUCKOM B T€YeHNE Y€THPEX BCOLNIEK BOCIPH-
HIMaeTCsA IJ1a30M Kak efquHoBpemeHHOe cobmtue. Herpynmo momATs,
470 IPHU 3TOM MH YBUAHM Ha Kpyre 4epHHIA KpecT (cm. puc. 6). Cpen-
HAAS 9aCTh KajyXIoro JemectKa 5Toro Kpecra (yroa y = 40° — 27° =
= 13°) TeMHan, K KpafAM JemecToK ILIaBHO cBeTieeT (yroa y = 40° -~
+ 27° = 67°).

Ecam guex Bpamaerca ¢ dactoToll v = 1440 mum™, (1. e. 24 ¢),
TO 3a 4eTsipe Murannsa (3a Bpemst Al = 0,04 ¢) cexrTop moBepHeTCH Ha
yron B, = 360°Atv = 345°,6. Cobmrma GynyT BOCHPAHAMATHCS
HaMi HpPH TOM, Kak BpallleAne KpecTa B CTOPORY, HPOTHBONOI0M HYIO
HallpaBJeHMWIO BpalleHHs AHCKA, ¢ 9acCTOTOH

°__R. 1 _
."’2=Sg(e)50°£‘1=‘4—”1—"’=1 ¢t
r7ie V; eCTh YacTOTa BCUHIUEK.

Ilpm uwacrore Bpamenma mucka v = 41560 mmm? kpecr Gymer
BpAIATECA B TOM JKe HaUPABIeRKH, 9T0 O JMCH, C 9aCTOTOM vy = v —
—v/d =1 ¢

M‘ el



PaccMorpeRREE >@dexT HOCHT HasBamme CTPOGOCKOMMUECKOTO.
Or HacTONbKO MIOGONBITEH, 4TO MONE3HO YREIWTh eMy HeKOTOpPOe
BHAMAaHHE.

3aMeTEM Ipekae BCEro, UTo OOLYHHE JAMIH HAKAJIABAHOA,.XOTS OHO o
ORTAIOTCA IIepeMeHEHM TOKOM, He MHATAlOT, TaK KAK 34 BPOMA . MEKIY COCeNHAMH
aMIOARTYAHEHMA 3HAYCHAAMA TOKA, T. e, 1/100 ¢, HATL HaKaJa He yCHeBaeT oCTHTL,
Hdpyroe gexo ,xoldoiuue”, ra3oHANOJHEHHEBE JAMIK, HATPHAMED JIAMIIE JHeBHOIO
CBeTA HJIA TPYOKH, KOTOPHe NCIOJB3VIOT B CBeTOBHX pekidaMax, Omd fgeiictsn-
TeJLHO MATAIOT, HO HACTOJILKO 9aCTO, UTO OOBYHO MEL HE 3aMeUAeM 9TOTO, HO MOYKEM
y0eqATLCA B TOM, eCJiM, He QUKCAPYA B3TJISAA HA JaMiie, OBCTPO HOBEPHEM T'OJ0OBY:
DOKOBHIM 3peHIEM MHB YBIAHM HEJYI0 THPIAHAY CBeTAIAXCH TPYOOK,

C 3THM CBOICTBOM HEOHOBHX PeKJIaM CBA3aH WHTEpeCHHII ciaydail crpobocko-
nugeckoro sPdeKra ¥: BeJoCHIENHCT, MPOe3KABIMINKE Wo YJNNe, BHMONIeHHOI
OpycuaTkoil ¥ OCBeIm[aeMOH peKJaMoil, 3aMeTHJI, YTO TPH HEKOTOPOH CKOpocTd
ABIKeHNsE OpycyaTKa Mo HUM Kamercs HemoasmixHoHd, IlompoOyiite oueEnTh
CKOpPOCTH BeJOCHITETHCTA,

B saraioyeENe — BKpATIe 0 IOJE3HOM HCIOIbL30BAHHE CTPOOOCKOINYECKOTO
adeKTa,

MEOro JeT Hasaj AJA NPOATPHBAHAA I'PAMMILIACTAHOK TOBCEMeCTHO HCIOJb-
gopaianch matTeousl, IlaTedoR ¢ mpy:uEMHEM aBATaregeM TpedyeT ,HAaCTpOHKHA":
4aCcTOTY BPAMmEHAS AHUCKA ¢ MOMONBI0 CIIENRAJHHEOTO TOPMO3a MOKHO B MHPOKHX
Ipe/jesiax MeHATH, a 0HA JOJUKHA OHTH paBHA B TouHocTH 78 o6/MuE, Jlaa Takoit
HACTPOHKE ymorpeliaxm npocTtoii mpubop — cTpolockon. OH mpeacraBiseT
co00l AHCK ¢ oTBepCTAEM, Pas3faejCEHHE HA HeCKOJbKO KOHIEHTPHUYECKNX KoJiell,
Ha rakpoMm K3 KoJjen Ha OejioM (oHe HAPHCOBAaHO ompefielieHHOE YHCI0 (pasHoe
AN pa3HHEX Kojiel) YePHAHX MOI0COK, CHeAYIONRX APYT 3a IPYIOM Yepes o nHaKo-
BHIe YTNH (CM, PAC, 8, HA KOTOpoM cTpofocKon A300pasKeH cXxeMaTHYeCKH: B AeHCT-
BHTEJIbHOCTH WUHCHO [MOJOCOK Ha KOJbIaX He TaKoe). Eciam ¢TpoboCKon mocTaBATH
Ha BpamalomAicsa JaCK nartedoila KAK TPAMMILIACTAHKY M OCBETHTH €0 HeOHOBOI
AAMIOYKOH, TO MOMKHO YBHAETh HEOOHYHYI0O KAPTEHY: ORHO M3 KOJel| OKaKeTCHA
LHETIO/IBEKEBIM”, a O0CTajbHBE KoJbHa OyAyT MejaJeHHO ,BpamlaThca”, mpuiem
B pasHHX HanpaBieAnAX, CTpolocKon IpajynpoBaH, TaK UYTo MO HOMEDY HEMOo/IBIIK-
HOTO KO0JIbIA MOJKHO CPa3y Y3HATBL 4acToTy 000pOTOB JHCKA,

3TOT Ke MeTOA HCIOAb3YeTes @ B TeXHHUKE [1JIA TOYHOrO ONpe/iesie N JacTOTH
oGoporos Bpamaomnxcesa sagos, CooTreTeTBYIOMM Npnop HA3KBAIOT CTPOGOTAX0-
MeTpoM, JIHCK, TaKko#, KaK Ha PHC. ¢, HACAKUBAIOT Ha BPAILAOIIAACA BAJ H OCBe~
AT JaMOoH, 9acTOTy MHUIHWI KOTOPOH MOMKEO H3BECTHHIM 00pasoM MeHSATH,
IlopOmpatoT yacToTy MAraHAR Tak, YToOW [qo0ATHCA Ha AHCKE HENOABHMKHOIO
PHCYHKa (HampuMep, TaKoro, Kak Ha puc. 6), Ilo wacToTe BCHOHINEK OIpefeJdoT
ACKOMYI0 HYacTOTy BpalleBAA BaJja,

Enie opEo 09eHb BayKHOe MPAMEHEHHE CTpPoOoCKommYecKoTo dPdeKTa B Tex-
HOKe — Oo0HApY)KeHHe MeXaHWJeCKNX TMOBpeXAeHNd OHCTPO Bpamammaxcs
metanxeil, JomycTum, HampEMep, BOSHHKJIO IIofo3peHAe B TOM, 4YT0O B pOTOpe
paboTaomei TypONHH IIOABAIACH MOBEPXHOCTHAA TpemnHa, OcTaHaBIABAThL TYp-
OMEY HEBHITOAHO, 4 Ha BPALMRIOMIEMCA ¢ TPOMAHOR CKOPOCTBIO POTOpe TDEIlHHY,
KOHeYHO, He 3aMernIIs, OCBem{a0T POTOP MeJILKAIOMMUM CBETOM, YaCTOTAa MATAHNA
KOTOPOTO KpaTHA YacToTe Bpamernns potopa. [pm aToM potop ,,0CTaHABINBAETCA®,
Wsmensas (asy MAraHmii, MOKHO 3aCTABHTb POTOP ,OCTAHOBATHCA® B J0OoM
LOJIOMEHNN M, CJefloBATeNbHO, IPOCMOTPETH BCE YYACTKA €r0 NOBepPXHOCTH,

JATAYA 19

Kaxroii cmaoit F MoHO ynep:karp Ha MecTe Opycor Maccoit m,
JeHalFd HA TIaJKoH HAKIOHHON HJOCKOCTH C YIJI0OM OHpPH OCHOBa-
HAW o7

*M, Muu=aap7 Cserumnper s upupoge, M,, ®mamarras, 1959,



PENEHUE

Ha Gpycox feficTByioT cleiylIime CHIH: CHIa TKeCTH mg,
pearnusa omoph () m HcKomaa ypep:muBamomasa cuaa F (cm. pue. a).
Ilo ycaoBusam samaanm mg + Q + F = 0.

IIpoexTupys 5TO BEeKTOpPHOE PaBEHCTBO H& OCH 0X W oY, TAe oY
HepOeHAUKYNSPHA, & OCh 0r DapaliielbHA HAKJIOHHOE HIOCKOCTH,
noJiyuaeMm, 9TO '

Q—mgcoso--F,=0,
—mgsina + F,=0.
Vs sT0fl cucTeMm (yuuThIBasi, 4TO ecju OPYCOK JEKHUT Ha IJIOC-

KOCTH, TO JOJKHO BHIOOJHATHCH HepaBeHCTBO (@ = () maxommm, uTO
F,=mgsina, F, < mg cosa.

a ¥

o

K sapaue 19.

Naa HarasgHOCTH BCe CHJIH, YHOBJACTBOPAIOMME HOCAEHHHM COOT-
HOUIGHUAM, MOKRHO H306Da3uTh B KOOPAMHATHHX ocax F , F , opuen-
TapoBanfERX 10 Or u Oy coorBercTenHo. Eciau nagano MCKOMOTO .
BeKkTopa F cosnagaer ¢ Hagamom cucreMsl KoopauHaT (), Te KOHELN,
STOT0 BEKTOpa JIOMKeH Jemarb Ha DoJdybeckoHeuHoM nyue AB
(cM. pme. 6).

VMeCTHO HosCHuTH, 3a4eM HYKHH TaKue , mjiealbHbie"
samagm (CM. TakKe 3amagy 32), DoCKOJBKY OYeBHAHO,
9T0 B pealbHHX YCIOBAAX COCKaJb3bBaHuE OpyCKa
Hern30e/HO COMPOBOKIaeTCA BOBHEKHOBEHHEM CHJI TPEeHHSA,
KOTODLIE B 3ajfaue CYMTAITCH OTCYTCTBYIOMINMHU.

JI1060i peanpHE usnuecKkui TPomece CTONb CIOMKEH,
9T0 NOJHEIA y9eT BCeX HeHCTBYIOIMHX (aKTOpPOB HPWHITH-
OualbHO. HeBO3MOoeH. Hewsbe:xHO TpHXoguTesas HATH Ha
YOPOMmEH#st, OTPAHAINBAACH HCCIAETOBAHNEM NN OCHOB-
HEIX ¥3 9THX (aKTOPOB. 3aMeTHM, 9T0 Hajmo 00JaaTh oupe-
IOeJeHHHM 9yTheM, 94TOOH B HOHKPETHHX CHTYAIHAX 0TO-

-y
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6paTh NMEeHHO OCHOBHOE H OTCEATh BTOPOCTEIEHHOE.
Tar BO3HHKAIT MHOTOYHCIeHHHE QUIHIECKHE MOTETH M
uAeaInsanum (MaTepmannbHas TOYKa, TBEPAOe TeJo, Wie-
aJbHHHA Taz u T. 1.). Mcooassysa mX, ciegyeT HOMHHUTH,
qT0 Ji06as Moelh MMeET OTPAHHICHHYIO O0IaCThL mpuMe-
HUMOCTH.

Yrto kacaeTcsa HacTofSmell sagads, TO CKOJIbKEHHE OodYTm 0e3s
TPEHUA MOKHO OPTaHM30BaTh JIOCTATOYHO JIETKO, HCHOJIL30BaB B Kaye-
cTBe Opycka MACCUBHYIO TeJEKKY Ha JIETKUX, cBOOOXHO Bpamalomuxca
Konecax. lIpm 9ToM moAy49eHHH#A HaMu OTBET OKaMKeTCA AOCTATOYHO
OIW3KNM K RefCTBUTENHLHOCTH.

Vyer Tperus CYMECTBEHHO YCJoKHAET pemeHne (cM. zagauy 20).

3AITATA 20

Ha marnoHHOW TJIOCKOCTH ¢ YrJIOM TpH OCHOBAHHWE 0. HAXOJIHUTCH
Opycor Becom G. Hoaddunuent TpeHus Mesxay 6pyCKOM I II0CKOCTHIO
paBeH f. Kaxywo cuny F caegyer mpmioxure K Opycky, 9To0H OH
6Bl HEIOMBHKCH? ’

PEMEHNE * ,

Beegem cucTeMy KOOpAMHAT oxly, Tak 4TO OCh 0r OapailelbHa
HaKIOHHOW IIJOCKOCTH, OCh OJ HEPHeHAWKYIApPHa K Held, IpuyeM
o0e ocH Je:HaT B BEPTHKaJBHOH IJIOCKOCTH.

Ha 6pycok geficTBYiOT cuiH: cuaa tsayxecrn G, pearnud onops (),
ynepsxnBaiomas cuaa F u cuna rperns F,,. Hanpasienne mociegaei

K zamaue 20.

MOkeT GHTh W IPOTHBOMOJOM(HHM YHa3zaHHOMY Ha puc. a. Tak Kag
Opycor Hemo/[BIKEH, TO

G +Q+F - Frp =0. W
Ilpm sTom obsAsaTenbpHO
| Frp| <10, @)



-

a peakrmua QQ mRampaejeBa BBepX 0T BARIOHROR maockocTd. Ilpoenn-

pys paseHcTBO (1) Ha ock oy, moxydaem, uro Geosa + Q@ + F, = 0,
rhe Q =0 uan ,

F,< Gcosa, - (3)

@G=Gcosa—1F,. (4)

IIpoexnusa ma ock ox mpmBORUT K CooTHOMeHUIO —G sina 4+ F, +
-+ Fyp = 0, u3 Kotoporo ¢ yuerom (2) n (4) caexyer, 9TO

|—Gsina +F_ | <<f(Gcosa—F)).

ITocnenaee HepaBeHCTBO mMeeT fBa petienusi: 1) ecaum —G sin o -+
4+ F,. =0, 10

f(Geosa—F)+Gsina=F, = Gsina; {9)
2y ecntu —Gsina + F_ =<0, 10
Gsina;eFxéf(Fy—Gcosoc)+Gsin o, (6)

Taxkum o6pasoMm, yKas3aHHOMY B 3aJiaue YCJIOBHIO YAOBIETBOPHET
aobast cuita F, cocraBnsgomue KoTopodl HOSIUESTIOTCA COOTHOMICHUAM
(©) 1 3) wm (6) u (3).

HAaa BarasgHOCTH HONYY9eHHHE DPeneHus WINICTPHPYIOTCH rpa-
¢nueckn (puc. 6 coorsercrsyer ciaydaio sina > f cosa, puc. ¢ —
sina < f cosa). Jlioban cmaa, pas Koropoit mMaoOpamalomEil ee
BEKTOpP, HAYMHAACH B HadYajle KOOPAWHAT, OKAaHIMBAaeICA B TOUKe,
IpuHaQiekamell samTpuxoBaHHON ob0nacTn, YyHep:KuBaeT OGpycok
B COCTOAHHE PaBHOBECHA. '

YKazaHHbE HA YepTeRaX IPAMEE ONHUCHBAIOTCH YPaBHEHUAMH

1. F,=Gsina.

2. F.=Gsina+fGcosa —fF,.

3. F,=Gsino. — fG cosa - fF,,.

4. Fy= G cosa.

MuEnmaaseeie a0CONOTHRE 3HAYEHHS MCKOMHX CHJ PaBHH Beln-
quHaM fG (sin @ — f cos o) B mepBOM u HYJI0 — BO BTOPOM CJy4Yafx.

CpaBEATe pesyabpTaT ¢ OTBeTOM Ha NpEAHAymyl 3agagsy. Ilpm
f — 0 yroa mpm BepmmEe 3aIITPNXOBAHHOM 30HH TAaK)Ke CTPeMuUTCH
K HYJIO, a camMd 30HA B IIpefiesie BHIPOMAALTCA B IMOAYOECKOHeTHRI
orpe3ok. Taxkmm oOpasom, HaMH DOJIYYeHO pemenme, Oonee obGmee,
9eM B 3afjade 19, ogHaxo 3a cuer Gosiee CAOKHHX BEKIa0K.

MomHO 11 cunmTaTh TaKO# OTBET IONHOCTHI0 MCYEPIH-
palomuM sABiaeEne? Her, 2To JAnmb clenyomas Mouenb,
Goyee cioxHAA W TOYHAsS CPABHETENBHO ¢ 3ajaueir 19,
HO mO-TIpe:HeMY HjeanansmpoBaHHAA. Bemp memoisaosan-
HOE COOTHONIeHHE [T CYXOTO TPeHUA CKOABKeHus Fy, =
=fQ aBaseTcA HREATH3WPOBAHHLIM COOTHOMIEHHEM, CIPa-
Be[JIMBRIM JHNTh NPHOJM3HATENHHO B OFpaHWYeHHHX Hpe-
ZélaX WU3MeHeHWs BelIHYHHH HOPMANBHOTO [aBJICHERA
Qur pm
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U eme opro sameganme. Ilyets BerTOp, H300pamaromnit
XeHCTBYIOMYIO HA TeJOo BHEIIHIOI caay F, zsakaEuuBaercs
B TOYHOCTH HA TIpaHHIe 3alITPHXOoBaHHO# obaactu. HKak
Oyzmer Bectn ceba Teao? Ocramerca HeHogsmxHHM? ByfeT
nsurateca? Ecim orBedaTh HA TaKOHd BompoC B paMKax
Halmeil - MOJlesI, TO HOPHAETCA CcKaszaTh, 4ro 00a oTBeTa
OHOBPEMEHHO NPaBHAbEH. Telo Haxopurca B HeyCTOH-
YHBOM COCTOSIEMU, KOFJa CKOJIL YTOJHO MaJuie Bo3neii-
cTBusA (HaupuMep, KodeOaHus HAKJIQHHOA IJIOCKOCTH, TOKH
BO37yXa, pa'ke OPOYHOBCKOE MBIDKCHWE MOJICKYJd) 6yRyT
TG CABUTATh €ro ¢ MECTa, TO OCTaHABJAMBAaTH. i pealbHOMY
xony coORTHE NaHHOe YTBEepsKIeHme HE OTHOCHTCH: M3-3a
Hen30e/KHNX [OTPEeNTHOCTeH B BCJIHMYMHE W HAODAaBJICHUN
NPHIOKCHAOH CHAK HaM HHKOrJa He I[I0IACTh KOHI[OM
BeKTopa Ha auHno. {a m caMu auanu B peasibHOM OLLITE
OpeBpaTATCA B IOJOCH ,HeoupemeldeHHocTH , TeM Oojee
V3Kue, 9eM TOdYHEe HAM W3BeCTHH 3HAYCHUA BeauduH
7 ¥ o. 3HaTh iKe OTH BeJWYHHH a0COJIOTHO TOYHO HPHH-
UNOHaJbHO HEBO3MOM{HO.

BATAYA 21

Hy6 ommpaerca ogmmm pebpoM HA TOJ, APYTUM — HA INIafKYIO
BepTAKAJBHEYI0 cTeHKYy. OnpepeanTh, OpHM KaKEX 3HAUYEHUAX YIJa
MEKJY H0J0M i O0KOBoO# IpaHBIO BO3MOMHO paBHOBecHe KybGa. Hoad-
dunuent TpeHEa Kyba 0 mOJ paBeH f.

PEMMEHUWUE

Ha 1y0 mefictByror cmint: cuna Tsuxectu G, cuna tpenus F, pean-
nuu creHEn Q; m mona Q, (cM. PHECYHOK).

W3 ycaosus paBeHCTBA HYJI0 CyMMH CHJA cJaenyeT, 4ro G = (s,
F = ();. PaseHCTBO HYII CYMME
MOMEHTOB BCEeX CHJ (€CaH MOMEHTH yA
BRHIYNCIASTE OTHOCHTENbHO ToYkm O)
IAeT, 49TO

Qasina =G (V2 a/2) cos (n/4 -+ ),

rae a — pebpo ky6a. I{pome ToOTO,
F < {Q,.

Pemasg BHOncanAhie ypaBHEHHS
OTHGCHTEJhHO BEJHYMHEI ¢, HAXO-
maM, dto tg o << 1/(2f + 1).

Hapo rmawkme ydecTb, uro Ipm
o > n/4 ry6 oupormmerca. OKoB-
gaTeJbHB OTBET UMEET BHJ Olp=<= 0 <= :
< n/4, rge o, TAKOBO, 910 18 0y == K sapase 21.
= 1/(2f + 1). :

Jlerko BujieTn, TO 0y Beerga Membie K/4, ecanf > 0. Ecan f = 0,
a = o, = n/4. ‘ )

=



« Ilprmmeuanne. Bsagagax, cocraBiegHLIX IpaMe-
HATeNBHO K INKOJbHOW IporpamMme, MOMEHTH CHJ IOJCYH-
THIBAIOTCS MHOT/Ia OTHOCUTEABHO HEKOTOPOH HPOU3BOILHON
TOYKM. JTO, ONHAKO, YaCTHHHA CJIydYaidl WCIOJb30BaHUA
obmero onpefeleHAs, N0 KOTOPOMY MOMEHTH CHJ JOJFKHE
BHIYHCIATHCA OTHOCUTENBHO HEKOTOpO# ocm. Ecam e Bce
paccMaTpHBaeMEle CUIHI JIeKAT B OJJHOM NJIOCKOCTH (HRMEHHO
TaR U OKa3blBaeTCA B NIKOJBHLX 3ajadax), a och BHOpaHa
HAMM OePOCHAUKYIAPHO 3TOH IIOCKOCTH, TO HaRTEHHEIO
00 00meMy OPaBWJIY MOMEHTH CMJI (OTHOCHTEILHO OCH)
COBIANAIOT ¢ MOMEHTAMHA TeX ;Ke CHI OTHOCHUTEJbHO TOYKH,
Ioe och mepeceKaeT MIOCKOCTD.

JAJAYA 22

Ha Kaxkylo MakCHMaJbHYIO BRCOTY MOKET HOJHATHCS YeJIOBEK IIO
HEBeCOMOH JIeCTHRIlE MINHOKW [, OpucTaBIeHHOH K FIafKol crenke?
Yron mesay jecTHRlledl u OOJOM PaBeH ¢, KO3QPUTIHEHT TpeHAs O IO
f (cm. pucyHOK).

PEIIEHMHWERE

Ha nectHuny meficTByiorT cmam: Bec dejoBeka (, IpUJIoKeHHBIT
Ha PacCTOAHME I OT HUMKHEr0 ee KOHIA, PeaKknud CO CTOPOHH CTCHKHU
Q, (TaKk Kakr cTeHa ryjajxas, TPeHHe MEKAY HE0 W JeCTHHNEeHd OoTCYT-
CTBYET), peaknus moia Q, u cmia TPeHRn:A
y moana F. Tax kKaxk JnecTHuma Hemoj-
BHA{HA, CyMMa JAeHCTBYIOIIMX HA HEe CHJ
- paBHa HYNIO:

G+Q+Q:+F=0, (1)

cuia e rtpenud [ He npeBuiniaer MakK-
CHMAJIBHOTO 3HAYEHUS CHMABI TPENuf I0-
KoA, T. €.

F=<{Q,. (2)

VI3 paBencTBa HYJII0 CYMMHB MOMEHTOB
CHJ, AEeHCTBYIOMUX HA JIECTHUNY, OTHOCH-
TeJbHO Touku O 1woJIydaes, 9To

FHTETHI AT AR

777 T Qlsina = Gz cos a. (3)

K sapaue 22. Torna ms Bupastienmit (1) m (2) ciae-

nyer, aro Q, << fG nim G = Q,/f, a u3

cooTHomeHnA (3) — uro z << fl tg . IIpm sromM mHTepecymon@as Hac

MaKCHMaJ hHAsA BHICOTA OIPEJeNHTCSA H3 BripakeHHWs A = zx sinq =
= fl sin o, tg c.

He caenyer, opHako, 3a0biBaTh, 4TO BeAn4YuHA & He MOMKeT mpe-
BLIDATh AJmHH JecTHuIs J. CaefoBaTesnHO, OKOHYATENBHHHA OTBET
mMeeT BUI: :

1) ecmm ftga <1, 10 h = flsina tga. -

2) ectu ftga =1, o h-= Isina. -

¢
— 4
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3ATAY9A 23

Cro mapor Becom 1, 2,
3, ..., 100 &I * pacmonomxens
OOCJENOBaTeIhbHO Ha NPAMOM
HEBECOMOM CTep;kHe, LPHYeM
PACCTOSIHAS MeKAy LeHTpaMmu
COCeHHX IIapOB OJWHAKOBH
(cM. puc. @) m pasHHR «.

Hafitn meHTp Ts)HECTH Ta-
KON CHCTEeMHl.

PEIIIEHWE

1-t coxoco6. Heemorpa
Ha BHEIIHIOIO CJOMHOCTH 3a-
Aady MOKHO peImuTh B00OmIe
Oe3 BEIYMCICHM.

Paccmorpum ., TPeyrojn-
HYI0" (HTYPY, CIOKEHHYIO U3
OPaBHJABHBX  NICCTHYTOJIbHU-
KOB, B KayKJJ0¥ CTOpPOHE KOTO-
poit copmepwmurca N mrectn-
YroJbEAKOB (cM. puc.6). [lentp
Tskectn P Tako#r  Purypm
00s3aH Je/KaTh Ha TOUYKE mepe-
CeUCHUA Tpex ocelt CuMMeT-
pun 0,0{, 0,0 0s0; T.e.
ero TONOMKeHHEe COBUAjAerT ¢
TMEeHTPOM THAMKECTH [PABUIb-
noro tpeyroabauka ,0,0;,
BEePIIMHEL KOTOPOFO JEHaT B
NeHTPax KpalHuX MecTuyroib-
BUKOB.

Ilycrs Bec KaKOro LIECTH-
yroasunka 1 xI', ¥ = 100, a

HanmpaBJIeHHe CHJIL THHREeCTH .

coBmajacT ¢ HAUPABJICHHACM
BerTOpa g Ha pucyrke. Haiixem
CYMMY MOMEHTOB BCEX CHI
TH}RECTH OTHOCHTEJbHO TOY-
ke P. [lmxa osrToro MOMHO,

o

1 P

2 3§ 4 ¥
—0---

=
‘0 ]
b=

%
S ge——
L]
L~
—*--ﬂ-Wa

N

yy I 0 ”2
—_——— e e | — ¢ — 9 —
\J'_
K samaue 23. — |

* B sanage 104 ykasaHo Ha ABa CMBICTA HOHATHA ,Bec”, B nammoM cOopmuke
3a71a4, KaK IPaBIJI0, HCHOJAL3YeTCA BTOpoe Coep:KaHie 9ToTo TePMHAHA, 33 ACKNIO-
YeHHEeM YCTOABIIHXCA, THHOBHIX CJ0BOCOYETAHAW BHAA ,HpA Becom B 1 kI,

HHEeBecoMas HHTL # T. J.

B cucreme epmunm CU emmenneil canm, clenoBaTendbHo Beca, ABIAAGTCA
Bbl0TOH, [loCKONBKY B OpaKTHKe YKOPEHWJOCh HCHOAL30BaHAE KAAOTPAMMOB
HIH TpaMMOB ANA H3MepeHWA 3THX BeJWYHHE, TO MBI HAMEPeHHO COXpaHAeM Tpa-
punuonHNe epmaunu, HanommmMm, aro 1 kI’ = 9,8 H, :
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B YaCTHOCTH, IHepeHeCTH BCeé CHJH BJOJb HO JHHHAAM HX JeHCTBUA [0
ocu 0,01. B pesynbrare, ecam CropoHa MECTHYTOJbHAKA paBHa 2a/3,
MOAYy9IuM TO Ke caMoe pacupeleleHue Cui, 9To H B Caydae CTep:KHA
¢ mapamu (puc. ). CaegoBaTelbHO, EHTP TAMKECTH QUTYPH TaK e
ynajaeHn or Toukn O, Kak HEHTD TAKECTH CTEPKHA ¢ MApaMH| OT HeHT-
pa mepsoro mapa. Tar wax O,P =2/3 O;A, UCKOMMHA HeHTp TsKe-
CTH COBOAJAET ¢ MeHTpoM 67-ro mapa.
2-t cmocob.

Honesro smpaTh, 4TO HEHTP THKECTH Tela COBIAfaeT
¢ meaTpom Macc. Opmako moHsTHe ,,meHTP Macc” Gosee
o0Imee; B 9aCTHOCTH, MEHTP MacC €cThb y Jdi060ro texa, B TO
BpeMAl KaK IeHTp TSLKEeCTH — JUIIE Yy TeJ, HaXOoJAmMUXCH
B CHOPOMHOM moJie TaRecTH (eM. s3afauy 24).

Onpepenserca neatp mMace tak. Ilycts famo Hexoropoe
teso Maccoit M. PaszoObeM ero MBICACHHO Ha MaJible dlie-
MEHTH ¢ MaccaMd my, My, Mg, ..., m;. IIyeTs KOOpAMEATH
COOTBETCTBYIOI(KX BJEMCHTOB B HEKOTOpOH cmcTeMe OT-
CYeTa PABHH Iy, U, 31 Loy Yoy Zp} +++5 L Y;r 2;- DHITHCIANM
CIAeYIOme BeJINIHHEL:

myxy +mpxp . Fmmy 3 M '
i

X = My A m; M ?
Dimy; Dimiz;
i i
Y = 5 Z = —F
Toura ¢ koopauHatamu X, Y, Z 0 HasrIBaeTcAd HEHTPOM

Macc.
B mxone dacTo mOAB3YIOTCA CJEXYIONMM HpPHeMOM
IiA onpefesieHNS MOJoHeHns MeATpa TsaxecTrn. Mccaenye-
MoOe Tejo pasdmBaeTcAd Ha HECKOJbKO MPOCTHIX mo Qopme
gacreil, moaoeHuns meaTpoB Tamectu (O; m 0, Ha pHC. 2)
ROTOPHIX 3apaHée WM3BECTHH, HAOpHMEp W3 CoodpasKeHmi
cumMerpun. LlenTp TamecTr O Beero Tejna OTHICKUBaeTCA
notoM Ha orpesxke (;0,, Ha PpacCTOAHMAX OT Todek O
7 O,, 06 paTHO IPODOPIHOHAIHHEX BECAM COOTBETCTBYIOIAX
gacreif. Jlerko pokasarth, 9TO Takme HEHCTBUA HeIOCpe)-
CTBeHHO BHITEKAIOT W3 IPHBeJeHHHX BHIIie (GOpMYIl.

Bepremca k mcxXopHoli sagade. Pacmonommm crepiKeHn II0 OCH I
TaK, 4ro0H IEHTp HepBoro mapa HAaXOMMACA OT Hadajaa KOOPAMHAT
H3 PacCTOAHAE £; = a (@ — PACCTOAHHC MEHK]Y NEeHTPAMH COCeIHHX
mapos). Torna meHTp BTOpOro mapa GyneT mMeTs KOOpAMHATY T, =
= 2a n 1. 8. OweBusno, 910 ¥ = Z = (0 (Tak Kak Bce y; = 0, z, = 0),

Zmiﬂ%
X — i =a-12+a-22+...+a-1002
M 13 2F... 100 _°

NspectHo, ur01® -+ 22 + ... + n?® = n(n + 1)(2n -+ 1)/6. Kpowme
moro, 1 +2 + ... +n =n(n + 1)/2. Torga mHaxogmm uro X =
= 67a, 1. €. OEHTP MaCc coBmagaer ¢ nemrpoM 67-ro mapa.
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3ATATA 24

Haiite wonoKeEme NEHTPA TS/KeCTH Teja, NPeACTaBAAIOMIEro
co00lf JBa MACCHBHEIX NMapHKa, COCNMHEHHHX HEBECOMHM CTeDPAIHEM.
HAJmpEa cTep:RHA cpaBHEMA ¢ AmAMeTpPoM JeMam (pmc. a).

H sapage 24.

PEMEHWE

Ilmporo pacmpocTpaHeHo Clefylolee OnpegenacHHe:

»Ll@HTPOM TAKeCTH TeNa Ha3HBaeTcA TOYKA WTPHIO-
JKeHHA pABHOJEHCTBYIOMEH BceX »aeMEeHTaPHEIX CHA
TAMECTH, MeHCTBYOIMUX HA gaHHOoe Teno“. B stom ompe-
HeieHHH eCTh CephesHas OMHOKA: y paBHOMeHCTRYIOIEH
HeT TOUYKHA NPIWIOKeHNA, OHA HMeeT Wb JAXHAAIC H#ei-
CTBHA.

Hark wmaBecTHO, paBHOUEHCTBYMOMeHd CHIQW NI CH-
cremul cnx Fy, F,, ..., IPEAGKERRHX Kk TeAy 7 coofmalommx
eMy YcKopenue a (B ToM gucie a == (), gasupaercs cunxa F,
coobmaromasa »TOMY TeJIy TO Ke caMoe YCKOPeHHe a.
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Haxo:xpeare pasHOASACTBYIOMEN OCROBHIBaeTcA Ha che-
RyIOmeM SKcIePMMeHTaJbHOM ¢akTte (puc. 0),

Ilycts Ha HeKOTOpOE Ted0 B TIOCKOCTH depTerKa Hel-
ctByior cmant F;, m F,. IlocTpomM mx BeKTOpHYIO cymMMy
F = F, + F,.Ilposenem 1wENn neficTBUA HTAX CHJ H Yepe3s
TOUKY nepecedernsa O nposegem auamio 0’0" sgons aanpas-
aeaua F. Torna, Kak moKasoiBaeT onmT, cAna F, geficTBy-
jomaa no guEEA 0’0", sKBuBaNeHTHA o AeicTBUI0 00eNM
cunam F;, F,, rae 6n Bpoap upsamoit O'O”" oma Hu Gnuta
npunokena. Takam ob6pasom, ecann nasa peadbHuX cul F; m
F, HepeJKo MOMHO YKa3aTh TOYKHN WX NpHjIoKeHHs (He
gcergal), naA mocTpoeHHOH HAMHU PacYeTHBIM IyTeM paBHO-
meiicrpyomeir F rtaxoil Touxm HeT: moZoiAyT M TodkKa O,
n toukn O, O" u 1. 1.

Oupegenenne IeHTPA TAKeCTH B CBeTé CKA3aHHOTO
MOYKHO JaTh B CJeHYyIODEeM BHJE.

Hafigem mo upaBuny CHOKeHHA UapalJedbHLIX CHI
JWHUIO elCTBHA PaBHOAEeHCTByIOINed Bcex 3jJeMeHTapPHHX
CHN TAMKECTH, UPHATOMKeHHRX K Teiry. [leHTpoM Tsa:KecTH
Oymer HasmBaThes Touka O, depes KOTOPYID 3Ta JHHEA
ITPOXOJUT IPpu JI000M HOJTOKeHHHU TeJa (Puc. 8), €cJam 3Ta
TOYKA CYIECTBYeET.

Jerxvo chopmyamporarh (TpymHee F0Ka3aThb) yCIoBUE
CYHIeCTBOBAHHMA I[eHTPa TAKECTH — OJHOPOMHOCTL T'PaBU-
TAIM OHHOT 0 TOJA B 00JIACTH IPOCTPAHCTBA, 38HATOU TEIOM.
B semmBIX ycaoBmAX 3710 TpefoBaHHME NETKO PeaamsyercHd
715 TeJI, PasMePHl KOTOPHIX MEOTO MeHbBIIe Pa3dMePOB 3eMau.

B caydae, paccmMarpuBaeMoM B 2Toil 3aj(ade, YKasaHHOE YCIOBHE
He BHHogHAercA. Puc. ¢, rme HalijyeHs Tpm amANE nelictema L,, L,,
L, nna tpex momoykemmit Hamlell ,raErenn’, TOATBEPKIALT, 9T0 oOmel
TOYKH y TpPeX AuHHE feiicrBusa Her. PasHHe HOJOMKEHHAA Teaa LOIY-
YeHH ero IOBOPOTOM OTHOCHTEIhHO OeHTpa Macc O (cM. 3agagy 23).

IIpumegdanmue AKKypaTHHHE u9aTaTelb 3aMeTHT, 9TO Y HA3BaHHKIX
TpexX JNHHME meficrBuA Ly, Ly, Ly ecTh-Takm o0llad ToUKa IlePeceveHHs — MEHTp
3emun. ITO aBTOMaTHIECKOe CAeNCTBHE TOTG, YTO I0Je TATOTeHHA JeMin — [eHT-
padbHOe (T. e,, 970 3emas cfepudecku cumMerpndHa). Ho B uenrpe deman GyayT,
epeceKaThLed JNHHUM JelcTBHd, NPHHAJIERANNe JIOOBM TeaaM JIIOOHX pas-
MePOB, CAeJoBATeNbHO, XapaKTepHCTHKOH TeJ 3Ta TOUYKa He ABJagercda. Caeayer
JOrOBOPHThCH HCKJIKYHThL ee W3 pPacCMOTpPEHHA,

B3ATAYA 2

KocMraecKknit myTelnecTBeHANK coOmpaeTca oTOPaBATHEA Ha JIyHY.
Om= 6eper ¢ coboii npyRAHAHE BeCH, TAPI ¢ Maccoi m; = 1 Kr u OxoK.
OnycTHBIOCH HA MOBEPXHOCTL JIVHE, KOCMOHABT MOAOMPaeT KaMeHb,
rRoTophift BTATHBaeT HAa ero Becax 4 kI'. 3atem om moABemmBaeT rupio
H KaMeHb K HHTH, TePeKRHYToOU uepe3 OJ0K, m oOHAPYMHBAET, 9TO
KaMeHb ONYCKAeTCA ¢ ycKopeHHeM a = 1,2 m/c?. Uemy paBHa macca
KaMHA m,! ,
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PEMNMEHRE

PaccMOTPEM OHDNT KocMOHABTA ¢ ONOKOM (cM. prcyHOK). IlyeTh
' YCKOpeHHe JYHHOTO MPHT/)KeHMA paBHO gj. Torma 1o BTOpPOMY
sakony HpoTomHa

yi7774

m.gn -+ T, =m,a,, mogn -+ T, = m,a,,

rpe T, m T, — Bars)KeBua HutTell, a, n a, — yCKOpe-
HuA rupa m KaMmHEA. Tak Kak T, =T, w — a; = f‘\
= 8, = a, HoaydaeM, 970

gn= a(my--m,)/(my, —m,;), (1)

upmieM m, > m;, WHAYE KaMeHL UopHmMaucA Ob. - f
[TockonbKy moKazapmsa UPYKHHHHX BECOB OJUHA- '

KOBHI 71 THPH Ha 3eMie, Thae YCKopeHue cBoOORHOTO
UafeHHA pPaBHO g3, M KamEA Ha Jlyme, m,gy =
= Mygy, OTEYIA

N

gn = gahy/m,. (2)

N3 coormouiennit (1) m (2) caenyer, ut
OOTHO (1) = (2) caenyer, uro Magn  Magn

4
(Mmoo = ﬂl gB (1 =+ l/i — a_gi)z) K 3agaue 25.

IToncraBnss 9uC/IOBEIe 3HAYCHWSA, HAXORHM, 9T0 (m,),, = 3,08 (1 &=
-+ (.75) kr. MIa TeKcTa 3agagu HaBecTHO, 9YTO My > M, . CllefoBaTEABHO,
m, = 3,58 (1 + 0,75)kr = 6,25 kr.

SATTAYA2

IRax upaBuao, B sagagax ¢ OgoKamMu chemuaJbHO OTOBAPHBAETCS
AU IONPa3yMeBaeTca, 9To a) HATH abcodioTHO TubKu, HepacTAKHIMH
7 HeBecOMH; 0) 6J0KH Bpamaorca 0e3 TpeHHA O HeBeCOMH . ITO 00T~
HHE TpAMep PH3UYECKOil Hiueanmszamun. PeanlnmsoBarh TaKue yCIOBHSA
MOJKHO C BecbMa xopomuM mpmbam:KeHneM. H mpmmepy, KanpoHOBas
puth (kmaka) puaMerpoMm 1 my Bmpepsxumeaer Bec 30 kr, a coberTBen-
HEH Bec TakoH HuTH — oKolo 1 r Ha Merp pamER. Bioru MoKHO
U3TOTOBUTRE M3 JeTKOr0 MaTepHaJa W YCTAHOBUTHL Ha INAPHKOUONIIAI-

HUKaX.
A 9To ma0T HaMm YKasaHHHE HACAJU3aMUH IIPH PeileHUH 3a1a4r

PEMEHRE

Il1a orBeTa HA BOUPOC BOCHOIB3YEMCH KOHKPETHHIM WUPHMEPOM
(cM. PHCYHOK).

a) I'mbkocTh -HATH JaeTr UPaBO CYUTATh, 94TO Teda I mw 2 ABIKYTCA
crporo seprmkaxbHOo. OTCIONa W W3 TOro, 94TO HUTH HEPACTHKAMA,
caefyeT onHO WP HeoOXOZMMEIX HaM ypaBHOHHE a, = —a, (CM. 3aza-
an 25, 30). :
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Hepecomocrs EuTH (a CI€H0BATOABHO, H PABEHCTBO HYJIIO 8¢ MACCHI)
HO03BOJACT OTPAHHYATHCA IBYMsS [HHAMHIECKHMH ypaBHeHHAMH (B
OPOeKNUAX HA BEPTHKAJABHYIO OCb)

myay =mg—T,4, mya,=myg—Tp,

rne T4 n Tp — Hara:KeHue apTy B Touku A u D.

Pacemorpum orpesok mutm AB. Jlasa mero ciaepyer 3almCaTh, 9TO
mapg — I'p + T4 = mapa;, Tne map — Macca oTpesKa. TaK Kak
nocaenHAsA PaBHA HYJXO, ¢ HemsbeskHocThio I'p = T 4. IlpopBmrasace
BLOAb Bcell HUTH, moaydaeMm, 9ro I'4 = T'p. B caygae ke Becomon

HATH UPHOLIOCHL OBl AOUONHATH CHCTEMY CAemyIoImu-
MH ypaBHeHHAMU:

mapaap=mapg-+T4—Tp,
8 ( C mepacp =mcpg +Tp—To,
mpcapc=1T¢— T,
QAB == QCpD =—ABC = 41 = — Qy,

Toe Mmap, Mcp, Mpc — MACCH COOTBETCTBYIOMUX
OTPEe3KOB HHUTH; &ap, dc¢p, (Gpc — HBX YCKOpeHUA.
IIpnm cocrapnedum ypaBHeHHI OBLIO YCHOBHO IIPH-
A I'  HATO, YTO YTJ0BOEe YCKOpeHHe OJOKa HAIPaBJCHO

mo CTpPelKe.

Uncno ypaBHeHHII B cucTeMe CYLMECTBEHHO yBe-

a@gAasoch. H ToMy sKe, ecam rpysn IBHMKYTCA, BCe

H 3apgagwe 26. BeJHUYUHEI, KpOMe mpc, My, My, OKA3EIBAIOTCA 3aBH-

cammMu oT BpemeHH. OUeBHIHO, 9TO PEIIUTH TAKYIO

3aHagy MHOTO clo;KHee. OT 5Toll m3auTIHEH CI0KHOCTH U H30aBIAAIOTCA,

nonarad HUTHL HeBecoMol. PeayanTaT ¢ Xopouleil TOYHOCTHI COBOA-

MaeT ¢ HCTHHHRIM A JerkKoll Hutu. Pasymeerca, MOTYT BCTPETHTHCA
3ajaqm, rje yJer Beca HETH obasarenen (cM. sapagy 42).

0) Eme 66nbmue oclosKHeHMSA BOSHHKAIOT, €ClIH He HIEANU3UPO-
Barh Ouokm. Ilycrn Gaox mpamaerca ¢ TpermeM. Ilpencrasum pis
HaTIAMHOCTH, 9TO TPeHHe BEeNIHKO H 9T0 MH XOTHM UPHBECTH OJOK B
paBHOMepPHOe BpalllcHHe B HaupaBaeHAmn crpeaks. OweBmpmHO, 9TO
B DTOM CIy9ae [OJNKHO OuTh m, > m, u, caegoBateasHo, I'c > Tp
(Tak Kak a, = a, = (). Ilocaenaee cooTHOmeHnE® COXPAHUTCA W TP
HepaBHOMePHOM BpameddAd O0JoKa, TAML Obl HalpaBlIeHHe BPAIMeHHUA
COBHAIAJI0 CO CTPeNKoi (010K B HUTEL cauTaloTcA HeBecoMbimn) . [lepexon
OT HCpaBeHCTBA K YpaBHEHHIO, caAsbiBaiomeMy I'¢c ® Tp, o9eHn cio-
jlieH, TaK KaK Tpe0yeT ygera MHOTHX 00CTOATENBCTB (IIOTHOCTH IOCA (-
KH 0J0Ka Ha oCh, HaIrPy3KH Ha OCh, COOTHOLIEHHA DPAJHYCOB OCH H
610Ka, KoapuIueHTa TPEHHUA), K TOMy e NmoNydYeHHOe YpaBHEHHE
OyzAer BechMa upHGJmmeHHHM.

Ecam 610k BecOM, T. . o6ramaer Maccoll, Bpamenne 6J0Ka € YCKO-
peHEHeM CHOBA NpuBener K ToMy, 9r¢ I'¢ £ TB. IIyers 6a0K Maccupes,
Torga, 4robH packpyTuTh ero (T. e. IPEAATH YCKODeHHEe B Haupapie-
HU® CTPONKH), AOMKHO OHTE, €CTECTBEHHO, My > mM,, OTKYAA CIAERYeT,
aro T'¢ > Tp (TaR KaK a; = —a,). OAeCh UePOXo/l OT HePABOHCTBA
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K YPaBHEHUIO MPOMIe, 9eM B IPOAHAYIIEM caydae, B MOKeT OKTE BHIOJ-
HEeH TOYHO M CTPOro, eCJIH H3BeCTHH opMa OJ0KAa M WJIOTHOCTH MarTe-
pHana, U3 KOTOPOr0 OH BHIOJHEH.

Ha cragum o3HakoMIeHEA ¢ IPHENHNIAME NPAMEHEHAS B KOHRPET-
HEIX CHTYalMAX OCHOBHEIX 3aKOHOB (PHBWKH HeT HHWKaKoil meobxonm-
MOCTH BO BCeX YKa3aHHHX YTOYHEHHAX, TeM 6ojee, 9T0 32 rpoMoaj-
KAMHO PACYeTaMH JeTKO IOTePATH CYTh gena. VI mocKoasky, Kak yrke
TOBOPHJOCH, HAERTU3MPOBAHHEIE YCIOBHS OCYIIECTBIAIOTCA YaCTO,
JIeTKO U ¢ XOpomeH TOYHOCTHIO, HMEHHO 3THM MEl ¥ OTPAHHYNBAEMCH.

BATAYA 27

Bryrpm Komeca, BCIO Maccy KOTOPOro MOYKRHO CHHTATH COCPOLOTO-
qeHHOH B 00ofe, Oeimt OeaKa, IpmdeM OTHOIIEHHEe MACCH KoOJeca
K Macce Oenxkm paBHO 1. Hoxeco 0e3 TpeEMA BpamaeTca BOKPYT
cBOeil ocH, KOTOpasA pacuojo)KeHa FopH30oHTalAbHO. Hosddumuenr
TpeHAA Me:KAY o0omoM Koneca u OeKoi paBeH f. HaKoe MAKerMaNpHOS
NOCTOAHHOE JIHHelHOe YCKOpeHHe g MoyKeT 0eaka coolmuTh Koaecy?

PEMEHNE

Ha pmcyHKe m300paskeHH CHILI, AeiicTBylOmue Ha OeJKy: cHIa
rasecTa G, peaxumsa ouopn Q m cmaa tperma F. Jlas toro 4rebm
ycKopeHHE KojJeca ORI0 MAaKCHEMaabHO, BeanumHa | F | pomkaa OLITh
MaKCHMalnbHOH, T.e. F = f (), a cienoBaTelbHo, AJIA TOCTOAHCTBA
ycKopeHHa HeoGxomuMo, 4tobn F m Q
OMan MOCTOAHHE.

ITogymaeM, KaK RMoKHA BecTH ceds
OelKa, 9TO0H BLIIOTHHTL YKa3aHHEIO
yclIoBmA. B cucreme orcuera, CBA3aH-
Hofl ¢ JeMiueil, OelKa MOKeT HepeMe-
OIAaThCA TOJNBKO Mo OKpy:KHocTH. lIpHm
sToM BTopo#l 3akoH HpioroHa npmBo-
BAT K paseHcTBY Q — mg cos o =
= mv*/R (cM. pHCYHOK), B KOTOPOM
m — macca OeJKH, v — ee CKOPOCTh.
YaosaerBopuaTh yeaormioo @ = const
MOMKHO JBYMA crnocofaMu, KayJblil u3
KOTOPHIX KasKeTcA Ha UepPBHIl B3TIAN
moxXonAmuAM: In6o OeKa HeDONBUIKHA, R sagaze 27.

T.e. J = mg cos o, aubo oHA OEIKAT

0 Kolecy ¢ NOCTaTO9HO OOJBIIOR CKOPOCThIO TAK, YTO BeJMYHAHA U2
MeHseTCA WPAMO MPOUOPHUOHAABHO Beamumee {(—cos ). PaceMoTpuM
Gonee mogpo0HO mocaeqHMA cayqail nm:KeHnd 6enxn. [Ipn sEageHERAX
o = (0 o = 7 BeIWYAHA U® NPHHEMAET HAWMMEHbINGe M HamGoxbInee
3Havenme coorsercTBenHo. CienoBaTenbHo (cM. pemenme sanagd 10},
IpH BTHX 3HAYEHWAX ¢ KacaTeNbHoe (MIHHeHAR0e) yekoperne ek pas-
HO Bym10. [l0€KOIBbKY B 9THX e TOYKAX YCKOPEHHEe MOMKeT BEI3HBAThCA
TONBKO CHJIOW TPeHUA MOKAY Oenkoil m KonecoM (Bec Gekd HanpasJieH
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00 PafEyCy OKPY/RHOCTH), CHJAA TPeHHA B DTHX TOYKAX paBHA HYJIO.
CnegoBaTenbao, PACCMOTPEHHHEA CIyJalli HaM He IOOXONWT, M A
AOCTH;KEHUS IIOCTABJeHHOHN menam OelKa MoaKHA ORITH HEeUONBIKEOH
orHOcuTenbHO Jemam, T.¢. G + F 4+ Q = 0. Ws pucyara Haxo-
puM, 910 Q = G cosa m F = G sin o, a sEagnT, F = fQ = fG/(1 +
+ f2)a.

B coorBercTBuE ¢ TpeThbmM 3aKoHOM HploTOHA TaKafd jKe DO BenH-
YMHe CHJa TPEHHA [elicTBYyeT HA KOIECO, 3ACTABIAA ero JBUTATHCA
¢ JTHHEHHHRIM YCKOpeHHeM

F
a:———:-gﬁ- f

- M n V147
rne M — macca KoJeca.

S3ATAYAZ28

, Pacupocrpanensl ciaenyiomme oupeneaeruda: ,MarepuaabHoll Tow-

KOl Ha3HBAETCA TeJ0, padMepHl KOTOPOro IpeHeOpeUMO MaJjhl CpaB-
HUTeJIHHO C eTo paccTossHAeM o Apyrux tea . Unm gaske: ,Mareprmans-
Hasg TOYKA -— 9TO TeJ0, BCA Macca KOTOPOTO COCPeZoTodeHAa B O HOM
TogKe”.

PasBuBag mocaeqHION MHCIL, JOTHIHO [0DaBHTH: MaTepHaJbHEIX
TOYeK B Ipupoge Her W OBITH He MOJKeT, TAK KaK Ji00oe Telo HMeerT
KOHETHHIE pasMepsl. [loayzaerca, 9ro puamKa TIATENHHO W KPOMOT-
JWBO WCCIENyeT TO, 9T0 He cymecTByer. PazyMeercsi, B H3UKe Hiea-
JH3APOBAHHLE MOJEJH BCTPEYAlTCHA HA KayKioM mary. ViMeHmHO Ho-
9TOMY HAJ0 TBepHO UPEACTaBIATH, 0 KAaKOMY HAUPaBISHHIO HJET
UeaTU3ANAA B KOHKDETHHX NOHATHAX, KaKOBH TPAHMIE IpHMeHH-
MOCTH BBeJeHHBIX MoOJelell.

IMonpobyiite mCupaBOTH UPUBEAeHHLe BHIIe ONpeJeleHAA MaTe-
PHAIRHOE TOYKM, 0G00IMHUB 0c00CHHOCTH [BUAeHHA TeX B CAeqyIOmNX
CAy9Iaax:

a)CEob;KeAne OpycKa II0 HAKJIOHHOH IIOCKOCTH;

0) spamenne 3emam Bokpyr ConHma;

B) KonebaHHA MAJTeHLKOrO MAaCCHUBHOIO IMapHKa HA NJINHHON HeBe-
coMoH HUTH (MAaTeMAaTHIeCKHA MAATHUK).

opckameM, 910 B yKa3aHHLIX CAyd9aAx OPYCcoK, 3eMasa W mapuk
ABIAIOTCS MaTePHAJLHBIMH TOYKaMU. )

PEIEHNE

4

a) Jsmmenme Opycka DocTymarenrbHOe. TpaeKTopum BceX ero
TO9eK, WX CKOPOCTH I YCKOpeHHA B Ji000A MOMEHT BpPeMeHH OJHHAa-
KOBH, CJIe[0BaTe€IhHO, MOCTATOYHO BEIACHATL OCOO€HHOCTH IBI/KOHHAA
110008 Toukm Opycka. Kcam OpyCok cnenad W3 HEOJHOPOAHOIO IO
UJIOTHOCTH MATEPHAJA, TO BTO HE CKAKeTCA Ha ero asm:keHmn. [loBe-
neM HeofHOPOTHOCTDh o Kpanmoctu. Ilyers Bes Mmacca Gpycka cocpefo-
TOYeHa B OMHOH TOYKe: BCe PABHO B ABMKEHIH HMYero He M3MEeHHTCH. -
EcrecTBeHHO, 9TO 5Ta TOYKA TOMKHA ORTH BHOpaHaA TaK, YTO6H 6pycok
HO OLPOKUHYICA.
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Buson: mccaegya moBeNeHE® TeJa, ABHAYMErocs MOCTYMaTeabHO,
MOJKXHO CUMTaTh, ITO BCA €T0 MacCa COCPENOTO4YeHA B OXHOH TOUKe,
K 510l Touke MOKHO TPHKIAJHBATE BCE CHIB, HeHCTBYIOMMIE HA TOIO.
Pasmeph w ¢OpPMH Tela Ha ero ABHiKeHHe He BJIUAIOT.

3aMeTHM, 9TO IepBoe W3 UPOUMTHDPOBAHHEIX OIpeeJeHHI MatTe-
pUanbHOR TOWKH K 6pycKy He IPHMEHMMO: €r0 pa3Mepsl mPoCTO He
C YeM CPaBHHTH.

6) Hdsmrenne 3emam Bokpyr Conmna He ABIAETCA NOCTYUATEND-
HBIM, TaKk KaK 3eMJasA Bpamjaercsa BOKDPYD cBoeil ocm. OpHaro comep-
fIeHHO OYeBHUNHO, 4T0 Ha 2710 Bpamenme CoaHIe HHKAK HE BJjUAET:
noae tAkectHn ConHma chepuaecKnm CHMMETPUYHO W JXOCTATOYHO OHO-
POJHO, B IIpeJieiaX OpOCTPAHCTBA, 3AHATOTO 3eMJell, I CANA HpUTHiKe-
nua Coxamem 3eMin He co3faeT BPAIIaioMero MOMeHTAa OTHOCHTEJIhHO
sieaTpa 3emuan. [[BuiKeHne 1{eHTPa MACC 3eMJH He 3aBHCHT OT ee Bpa-
meHnsA. (HoEeano, 3eMas HeoqHOPOXHA IO IJOTHOCTH, M K TOMY Ke He
apaserca mapoM. lloxe tarorerns ConHIA He3HAUMTENHHO MEHAETCS
B UpegelaX YacTH UPOCTPaHCTEA, 3aHATOr0 Jemiueir. Ilo »tmMm upn-
YHHAM, BO-UEPBLIX, OTJHYEH OT HYJA BPAMATEILHHN MOMEHT COTHEY-
HOTO UPUTAKEHAA, U, BO-BTOPHX, BOBHAKAIOT COJHEYHbIe UPHIUEBH —
nepeMemalomueca ¢ BpameHneM JeMan fedopMamdn ee BepXHHX
caioes. O0a ¢aKTOpa OKA3BLIBAIOT BIHSHUe IHa CYTOYHOE BpameHune
3eMian, ONHAKO OTO BAWAHHE CTOJL HE3HAYHTEJSHHO, 4TO ACTPOHOMH-
yeckne HaOMHOEeHWA 3a TePHOJOM CYTOYHOTO BpameHms 3eMJd [0
CaMoTO0 IOCHeJ[HET0 BpeMeHH SABJIAINCH OCHOBOH CHY/KOH TOYHOTO
(3TaIOHHOTO) BpeMLHH) CaegoBaTenbHo, ecln HaM HY/KHO PAacCIUTATh
TPaeKTOPHI0O KAKOH-TO TOYKHM 3eMJId B IPOCTPAHCTBE, ME MOMKeM Bpe-
MEHHO 3a0BITh O BPAIEeHHH JeMJIH, MOJATAaTh BCI0 MACCY COCPEIOTOYeH-
HOM B ee IeHTPE, PAaCCIUTATH [ABUKeHHe TOYKH C TAKOH MAcCOH, a 3a-
TéM HAJOKATh Ha PACCIATAHHO® JBIKeHWEe CYTOYHO® BpalleHHe
3eMau. )

WNrak, B naHHEOM cIyYae YCKOpPeHHsS BCeX TOYeK 3eMIN IO Jei-
crBueM TOAbKO npursurerna Comama m APYTHX IIAHET (kpoMe camolt
BLMJII/I) ONMHAKOBE M COBIANAIOT C BeJWIYHHOH YCKOPeHHA, BRIYACICH-
HOll B UPeANOJNOKeHHH, 4YTO BCA MACCa JeMIH COCPeoTOdeHa B ee
nearpe. Ckopocrs Bpamenna 3emian, ee GopMa, pacupeneseHre Macchl
uo o0beMy Ha BeJMUHHY 3TOTO YVCKOPEHHA He BIHAIT. ITOT pe3ylb-
T&T — CIeJCTBHE MajJoro DasMepa 3eMJHU CPaBHHTEIHHO C €€ Paccro-
aaneM 1o ConHila.

BrickasaHHbe coofpasKeHHA CTAHYT ellle OUYEBHIHee, €CJU UPHME-
HUTHL UX K Benepe. Bemepa DOKpHTa NIOTHBIM ClloeM 00JaKOB, TaK
4TO JeTAaNd ee HoBepXHOCTH HepasamdmMH. VI amxakwme HaOaioneHmA
3a pBmkeHneM Bemepu poxpyr ConHma He MoOram OTBETATH Ha BOI-
Poc: KaKoBO coOCTBeHHOE BpPAMNEHHE STOH UJAHETH?

B) lllapuk, copepmaomuil Ha IIXTHHEOH HUTH KoaebaHnsA, yIacTByeT
KaK B UOOCTYOATESNHHOM, TAK H BO BPAIATEAbHOM JBHKEHHH (CM.
PHECYHOK), TMOBOPaYHBasAch BOKPYL CBOEero meHATpa MOy KpanHHMH
NOJIOKeHHAMA Ha yrod 2¢ (B NeHCTBETeAbHOCTH YYTh MEHBING).
B oramume or upegmpymero ciy4asa 3To BpamieHMeé HEePaBHOMEDHO
H BH3HBAETCA TOMH e CHJIaMH, KOTOPhIe CO37al0T YCKOPeHHE IOCTY-
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uatenbHOro ABMAenms mapura. HHoaromy Gesoromopoumo mpemebpe-
raTh BpamieHHEeM HeIb3s. ' _

CpaBHEM mapaMeTpPH HNOCTYUATENbHOTO H Bpa]lIaTeJIBHOFO ABH-
skeHmA. Korna B IIOCTYIATENIbHOM ABI/KEHMN MAPAK EPOXORHT Pac-
croagne 00, = lg, | — pInHA HATH, TO 33 CYET BpamjeHNA IepeMe-
meHAe, HAIPHMep, BepXHEH TOYKH N HIAaPHKa COCTABISAET BeINIHHY
rqg, rme r — pagmyc mapura. Cpename cKOpocTH 0OOMX ABHIKEHHI
OPOHOPOMOHANTLHB COOTBETCTBYIONINM llepeMemeHnsiM, TaK KaK 3aBH-
CHMOCTL 0T BPeMeHH B 000HX ¢Ayd3afAX OAUHAKOBA ~— CHHYCOHANIL-
Hasz. IlootoMy vg/vgy = r/l, Tue vy — CKOpPOCTH BPAIaTeABHOTO JBH-
JReHHA TOUYKH NV, v — CKOPOCTH TOCTYNATENHLHOTO NBUKEHAA THAPAKA,
Crenyer ygecthb, 9T0 CKOPOCTH Up Bpa-
I0aTeNbHOTO [BUKeHHS JW060f BHYT-
peHBei To9kE V' mapuka mogInHASETCS
COOTHOTIEHIIO

Vg < Un, (1)

TaK Kak Touka N Oami:ke K ocu Bpa-
ImeHHA, 9eM Toika V.

Jlna EKuHeTH9eCKHX SHEPTrHil 0o-
CTyIaTeJbHOT0 W BPaImaTeJbHOTO IBH-
JKeHHS ILUIapHKa, YIUTHIBAS COOTHOINE-
ane (1), wupmperca HapmcaTh | YiKe
CTPOTOe HEepaBEeHCTBO

To/Ty < (Vs/Vn)? = (r/l)a- (2)

Ho o ycnosuio r/l < 1. Tem 6omee
masao (r/f)?. Dto oDcTOATENRCTBO HaeT
HAM UpaBo upeHeOpedh M CaMUM Bpa-
MATeJpHKM [BIKeHAEM MaPHKa, M
DHEePrUed JdTOTO MBUMReHHS, €CJAH HAC
MHATEPECYIOT XapaKTePHCTHKHE ITOCTYIIA-
TeJILHOTO RBMWKeHEHA, HampmMep mepmox. Hame npemebGpe:kenue Tem
Gomee o0ocHOBa®WO, a pe3yxbraT TeM Ooyee TOYeH, YeM JIyYHIe
BHIIIONHASTCA TOCHeTHee HePaBeHCTBO.

WNrax, upn mayuennn KoleGaHuU#l MaTeMaTH9ECKOI0 MaATHHKA MH
BlipaBe, MONYCKad JWIIL He3HAIUTEeNbHYI0 NOTPeMlHOCTh, He YYHTH-
BATH BPalHeHNe MAaPHKa U CIATATh €r0 JBIKeHHe CTPOT0 HOCTYIATeIh-
HaIM. BClo Maccy mapHKa B 9TOM ClIydae MOYKHO CUHTATh COCPEXOTO-
YeHHOH B ONMHOH TouKe. ‘

JIpa 1ocHegHHEX PpPaCcCMOTPEHHHIX CJIYYasd MONYCKAOT €ledyioliee
0000meHne: ecIN B TedeHNE HEKOTOPOro IIPOMEKYTKA BPeMEHH H3Me-
HeHIEe 9HepI'HH BPAMATeNbHOTO IBIVKEHHA Tejia 3HAYUTENHHO MEHbIIe
H3MeHEHNA 3HEPruW HOCTYHATeJIbHOIO [ABMKEHHA. (IPHE DTOM COOT-
HOIIeHUN MEXNY BOIHMIMHAMH CAMUZ IHepeull MOMKET OBITh KAKHM
YrOaHO), TO IPH PacEeMOTPEHWH HOCTYNATEIbHOFO JBH/KEHHA TENa MH
BIpaBe B TeUEHHE ATOTO DPOMEKYTKA BPeMEHH CYHTATH €0 MAaTepH-
albEOH TOUKOH. :

K sapmaue 28.
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Amanms caxydaeB a), 0), B) uossoasger chaenaTh CAENYOIIMH
BHIBO/I.

Ecnm Ha Teno KOHEYHHX Pa3sMepOB JleficTBYIOT HOCKONBLKO BHOINHHX
CHJI, TO YCKOpeHWe IeHTpa MaccC Texa (cM. 3afgaly 23) MO:KHO BHYHC-
JUTH caexyomuM o0paszoM: BCIO MACCY Tela CYUTATh COCPenoTOYeHHON
B IEeHTPe MAacC, CHIH — IPHJIOKeHHHIMH K STOMY II€HTPY, W 3aTeM
BOCLIOJBL30BATHCA BTOPHM 3aKoHoM HpioToHa (cM. 3amaum 46, 67).
Ecnmm npm sToM BpameHHeM Texa WHOX AeHCTBHEeM TaHHRX CHJI MOKHO
uperebpeub C YHOBIETBOpAOMENl HAC TOYHOCTLIO, TeJ0 ABJIAercH
MaTepuaabAHON TOIKOHU.

WaniMu cioBaMn: eciam B yCHOBUAX AaHHOH 3a[aYM Pa3Mepsl Telia
NOUYCTAMO He YYHTHIBATH, TAKOE TeJ0 MOMHO CIHTATh MATEPHATBHOU
TOIKOI1. )

Pazymeerca, OgHO W To JKe TeJO B pasHHX 3amadax Mo;ieT OHTD,
a MO;KeT W He ObITh MaTepHAJTBHOH TOYKOM.

B3ATAYA 2

Mocka I moromrTcss Ha CTONE, Ha HEH xesxaT Opycok 2 (pme. a).
B mexoTopwit MOMeHT BpeMeHH Ha XOCKY HAYWHAeT JeficTBOBATh ropu-

2 b 4q,a L

F Gy I
K zapaue 29.

30HTa/JbHAA cUaa F, TuHeiHO yBeANIUBAIOMAACA ¢o BpeMeHeM (puc. 6).
C kaxmMm yCKOPeHEHAMH OynyT nBHratbea 00a Tena, ecau MeKny
COUPHKACAKIAMUCA UTOBEPXHOCTAMH HEHCTBYIOT CHIH TPEHW:HA?

L3

PEMEHHWUE

DByneM naa KparKocTH UPoeKIUA YCKOPeHHI a;, a, MOCKH # OpyCKa
COOTBETCTB@HHO HAa HaUpaBieHme cuiaikl F HaswBaTh IIPocTO yCKOpe-
HEAMU # 0D03HAYATD @y, ds.

I'padmr 3aBHCAMOCTH 2THX BeJIHYWH OT BpPeMeHH IpeiCTABIeH HA
puc. 6. llosscamm ero.

. Obozmauum maccy pocku m,, Opycka — m,, KodpPumumenr TpeHUs
JOCKH 0 cToA f;, OpycKa o HOCKY — f,.

Ha yuactke AB a; = a, = 0, 1ar war F << (m; -+ my) gf;, 1. e.
NeHCcTBYIOIIAn HA AOCKY CHJIA MEHBIIe MAKCHMAJBHO BO3MOMKHOTO 3HA-
YeHWs CUJH TPeHHA DOKOA MeMAY CTOMOM H Aockoi. Hak ToxbKO cria

‘ : b



{IPEBHICHT 3T0 3Ha9YeHWe, AOCKA W OpPYCOK OPHAYT B MBHKEHHE C OAM-
HaKOBEIME BO3pacCTAlOmMuMuy ycKopeHmaMH (yvactor BC): g, = ay ==

= [F — fig (my + my)l/(my +my). (3neck m paxbme cnegyer mMeTh
B BHJY, YTO paBeHCTBA [Jif YCKOPEHHH CIpaBejJuBH Kask[0e JANIb
B OFpaHMIeHHON o0nacThH M3MeHeHHAA caianl F; rpamEums »Tux obracred .
OTOBapHUBAIOTCA B TEKCTEe pPelleHns.)

JHaKk ToApKO BeJWYMHA CHAB TPeHUs IIOKOA Memny OpYyCKoM @
NOCKOM JOCTHTaeT 3HAUYGHHA [,Mm,g, yCKOpeHue d, OpPeKpPaTHT yBeJIH-
9UBATHCHA, COXPAHHB BEINYHHY, COOTBETCTRBYIOHMYI To4ke C: @, =
== f,g (yaactox CD). Ycxopenne a,, HallpOTHB, pacrer OBicTPee, YeM
upene (CE): ay = [F — fig (my + my) — fogmyl/m,.

Horga 6pycok cocroxbamer ¢ mocku (Togka D) u yumapmer Ha croi
(roura F), om Oyner HBHTATHCA C 3aMeJJeHAEM = —f38 (fs —
KoapunmeHT TpeHmsa OpycKa o croa) Ao HoXHoN ocramoBKm (7).
Bribpoc B rouke F cBsAzad ¢ TeM, 9TO B MOMEHT yHapa JaBJeHne 6PyCKa
HA CTOJ IpeBHIIaeT Bec OpycKa.

Ocpobopmemuack oT 6PycKa, JOCKa CKAYKOM YBeJIUYHT CBOE YCKO-
peHHe 10 3HaYeHuA @, = (F — figm,)/m;. B panavmeiimem (yiacTok
KL} cropocth pocTa YCKOpPeHHWsI ¢, HE MeHAETCA M PABHA CKOPOCTH
pocta @, Ha ygacrre CE.

3AJTAYTA 30

-

Ha BakmoHNOW MIOCKOCTE C yII0M UPKM OCHOBAHHMHN ¢ HAXOITTCH
OpycoKk Mmaccoll m, coeNuHeHHHH HEeBeCOMOW HeEPaCTAMKHMON HHTHIO,

K sagage 30.

mepeKuEYTOH gepes O0JOK, ¢ TpysoM Maccoit M (cm. pmc. a). Oupepe-
JMATH YCKOPeHusa OpYCKa H TPy3a, eciu KodpOUIOUEHT TPeHHA MeKIy
OpPYCKOM I HAKJOHHOI NIOCKOCTHIO paBeH f.

L

PEIMEHMNWE

Pemenne 3amay nomob0HOTO THOA CYmeCTBeHHO 3aBHCHAT OT TOTO,
CYIMecTBYeT 1A HaYalbHAaA CKOPOCTh OTHOCATENbHOTO NepeMell eHHA TeJ,
MKy KOTOPEIMA JeficTBYIOT CHIE TPeHHS, I KAKOBO ee HApaBlIeHHOe.
BeeneMm cienyionime 0003HAYeHHS: Vy, U Vo, — HauaJbHEE CKOPOCTH
rpysa m OpyCcKa COOTBeTCTBEHHO; a,; H a, — HCKOMHE YCKODPEHHHA;
Vo3 —UPOEKIHNA CKOPOCTH Vg HA 0Cb (O4Zy; Upy — LPOEKIHA CKOPOCTH
Voo Ha 0ch Oy%,; a;, Gy — MPOEKIHHA YCKODEHWH Ha Te e OCH.

Buibop oceit ¢ yueToM HepacTAKHMOCTY HUTW UDABORUT K O09€BH]-
HEIM PaBEHCTBAM: Uy == Vgg = Uy, Gy = Gy = Q.
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1. IIycTe HawanbHAA CKOPOCTH U, HepeMemenud rpysa M oranTHA
or HyJA W [ onpefleleHHOCTH HalPaBJjeHa BHA3 (T. e. v, > 0, puc. a).
CoarsercTBeHHO OPYCOK ABMWRETCA BBEPX OO HAKJIOHHON IUIOCKOCTH
C TOH sKe CKopocThIo. Torpa cuna Tpennsa Fry, geficreyomasn sa 6pycox,
eCTh CHWJa TPEHHA CKOJb/KeHWA W HAIPaBjeHa BHW3 N0 HAKIOHHON
naocKoct (puc. 6).

YunrhBaf, 4ro HaTA/KeHAHme I' HNTH BCHONY OJWHAKOBO, a F,p =
= fQ, rme Q — cuja peakiluum OLOPHI, PaBHAfA BeAWYMHE Mg COS O,
oo BTopoMY 3akoHy HbioTOHA mosygaeM ciefymoinume YPaBHEHHUA [BU-
jieHua Opycka m Tpysa:

I —F—Fip=ma, } >

Mg—T = Ma, (M
e F = mg sin a.

Pemasi cuctemy (1) ormOCHTENbHO @, moJy4aeM ofHO3HAYHO (BHE
3aBUCAMOCTH OT COOTHOUWEHWH MeMJAY WCXOJHLIMU IapaMerpamMn
M, m, f, o) 3HadYeHHEe a:

M—m (sin -+ f cos o)
M-m d

OTKyJla cleayer, 9T0 YCKOPeHHA da,, d, MOTYT OKazaThcAd M coBOAA-
IO{IMH 00 HAIPaBJIEeHUI CO CKOPOCTHIO Uy W HAmpaBJeHHHIMH B OPO-
TUBOLOJIOKHYI0 cTopory. Jlnsg WHOrO Hampamincmusi v, pesyubrat
noJgydgaeM 2HAJOTHIHO,

2. Illycrs mawanbHAs ckopocTh U, paBHA HyAKW. Temeph 3apaHee
Ipo cCWiy TpeHNd maBectHO amuib, 410 | Fpp | << fQ. Jlns pemenns
CHCTEMbl, B KOTOPYIO BXOJIHT TAKOE HEepPABEHCTBO, HeOOXONMM AaHAIHU3
BCEeX BOBMOYKHBIX CHTYaIHH.

a) Ilycts srauenns macc m 1 M u yraa o mopobpaHnl Tak, 4T0 OPHA
OTCYTCTBUM TPeHHA Ipys M Hadan O omycrathes, T. e.

M =msina,. (2)

B stToM caydae cmia Tpenms, OPEOATCTBYA TAKOMY [BHJKEHHIO,
HalpaBJieHa TAK, KAK OOKA3aHO Ha puc. 6, mpmdeM Fop, << f mg cos a.
3HaK pPaBEHCTBA COOTBETCTBYeT CJYYalo JIBHykeHuA OpycKa W rpysa,
T. e. cJydap, Korga a > (0, a 3Ha9AT, KaK TOABKO YTO BLYUCIAJNOCH,

M—m (sin a4fcos a)
a=§g M Lm '
yro peasmsyercd npu M/m = sina 4 f cosa.
6) Ecam ycuosne (2) He BHIONHEHO, TO HA OPYCOK JIGACTBYET CH/IA
rpennss F,, BampasiesHas BBePX OO0 HAKIOHHOM HNOCKOCTHE (CM.
pHC. 8), IpUIeM YpPaBHEHHA [BIKEHHS HMCKT BHUJ

=g

mgsina — Fop— T = ma, }
I'—Mg=Ma.

Ecim Frp = fmgcosa, t.e. a >0, To-
m (sin o —f cos a) — M
M+m !

410 M oKaxkerca opu M/m < sino — f cos a.

a=g



Takum oGpazoM, okoHIATEILHN OTBET B CIyIae, KOTMa HATAIbHAA
CKOPOCTHh PaBHA HYJ0, CYHIeCTBeHHO 3ABHCUT OT COOTHOWEHU MEIKIY
HCXORHEIMA mapaMerpaMz M, m, f, oo B gomken GHTh 3anmucaH TakK:
ecna M/m =sin o -+ f cos «, TO

M —m(sin a+fcos a)
a=g M+m

n rpys M onyckaetca; ecau M/m > sina — f cos &, TO

q— o (sina—fcosay—M
=& M4+m

" rpys M womgummaerca; ecam sino — fcoso << M/m <<sina -
+ fcosa, 1o Tpy3 u 6PYCOK HEMONBMKHDLI.

3ATTAYA 31 -

Ha marnoHHOE NI0CKOCTH ¢ YIAOM OPH OCHOBAHUMN o JdeKUT JOCKA
Maccoi m,, Ha JOCKe JneKHuT O6pycok Maccoi m,. Hoaddunmuent Tperus
JOCKH 0 IJIOCKOCTH f;, 6pycka o mocky — f,. C KaREMHI YCKOPEHHAMNA
IBWKYTCA OPYCOR M AOCKA, MPENOCTaBlIeHHbe caMuM cebe (HagasabHBLC
CKOpOCTH 000HX Ted PaBHBI HYJIO)?

PEIIEHNE

Cuunpl, neficTeyiomue Ha paccMaTpaBaeMEle Tena, yRasaHsl Ha PuC. a.
Cunsl Tpemms, mapaiseibHble HAKIOHHOM MAOCKOCTH, M300paskeHH
OYHKTAPOM, Y4TOOH NOJY4ePKHYTH: 3apaHee NX HanpapJIeHHS HaM HeHW3-
BEETHH.

BriGepem cumcreMy oTcueTa, KaK YKasaHO HAa PHC. ¢, H 3alAIIeM IJis
Ka/KAOr0 M3 TeJl YPaBHEHUS MABWKEHUs, CIeAVIOmue [3 BTOPOTO H
TpeThero sakoHoB HbIoTOHA, cHAaYalla B BekTopHO# (dopme:

mg -+ F1 4+ Q4 (— Fo) + (— Q) = myay, }
mag + Fy + Qy = mya,,
a 3areM B OPOEKOHMAX HA KOOPAMHATHbLIC OCH:
mygsin @« — Fy 4+ Fo=m,a,, (1)
m,g sin @ — Fy = m,a,, ' {2)
Q,—Q,—mygcosa=0,
Qs — myg cosa =0.

(brino mpuEATO BO BHAMaHWE, YTO B HaIpaBJeHNH, NePOEHAAKYIAD-
HOM HAKJIOHHOM TJIOCKOCTH, Tejia He HePeMemtaloTcs, T. €. a4y, a4, = 0,
H9TO0 4y, = @4, Gy, = a5.) VI3 ABYX DoOCHeHAX ypaBHEHUH Cliefyer, 4To

Q1= (my+m,) g cos a, (3)
Q,=m,g cas . (4)

B ypasmenusix (1), (2) comepxarca veTHpe HEW3BECTHHX: 4, dy, -
F,, F,. Ypasnenus (3), (4) e ofxerqaior curyanun. ClegorareasHo,
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peunieHNe CHCTEMH HeBO3MOKHO 0e3 HCHOJL30BAHEHA KaKWX-TO OHMOJ-
HATEILHHX CBe[eHWHl 0 ABWKEHHH pacCMATpHWBaeMeIX Tena. Jumamu-
4YecKrme XapAKTePHCTHKH ABW/KeHHA WCYePOHIBAIOTCA BTODHM 3aKO-
HoM Heo0TOHA, TaK 9T0 AONONHATEIbHAS HHGOPMAIMA MOMeT COomep-
JKATHCS TONBKO B KHHEMaTHYecKHX ypaBHeHWsiX. B samauax, rae
MCXOJIHble ITapaMeTpH 3aJaHbl B o0meM BHje (He 4HWCJIEHHO), a Tela
B OPHUHIHANE MOIYT OCTABATHCA HEOONBWEHLIMA MM IDEPEMEMIATLCH
IPYr OTHOCHTENbHO ApYyTa, pelleHHe MoykeT OBITH HAWIEHO JHUIIB

3

K zagage 31.

B pe3yabTaTe MCCIe[0BAHUA BCEX BO3MOKHEIX BAPMAHTOB [BUYKEHHS
rei. B mameidl sajgave BO3MOYKHLI TaKHe CAyYamWm ABMIKeHUA:

1. a,, a, = 0, 1. e. 06a Tejla HeNOBUKHEL.

2. a; =0, a,=0 (nmocka HemogBmWkHA, OPYCOK CKOJB3UT MO
OoCKe).

a4, = a, = a¢ =0 (Tena CKONB3AT IO HAKJIOHHON WIOCKOCTH,
ocTaBafAch HENOJBHKHHIMH JPYT OTHOCHUTEJALHO JIpyra).

4. ay==a, = 0 (Tena ZEBHRYTCA ¢ pPA3IHYHBIMH YCKODEHHSIMH,
npudeM OPYCOK omepeskaeT JOCKY).

5. a; = a, = 0 (Tena HABIKYTCA ¢ pasJUYHHIMH YCKODCHUAMH,
npudeM OPYyCOK oTcTaer OT JJOCKH).

OrpumaTtenbusie 3HAYCHAA MOPOEKOUH YCKODEHHi, O4YeBHHO, He-
BO3MOKHEL (BIPOYEM, 3TO MOYKHO W HOKA3aTh).

Herpynao y0enurhesa B TOM, 4TO B KaKTOM M3 YKa3aHHHEX CJIyYaeB
nemxenas cmerema (1), (2) momonusiercs aByMA HeoOXOUMBIME [
ee pemleHHA YpaBHeHHAMH (Haop@Mep, B Cilydae 4 HaM W3BECTHEL
sHavenuna obemx cua rpenus). Ilocxe s1or0 MOKHO nNpHCTYyHMTHL K pe-
IIeHAI0 CUCTEeMEI, pacCMaTpPUBAA BAPHAHTH IBUKEHHAA IO OTHEALHOCTH.
Ilpum sToM MBI 00A3aHK He TOJBKO NOJYYHTHh BRIPAKCHUA I8 ACKOMEIX
OpoeKOui yCKOPeHHH ¢, M @, B KayKJOM W3 ciy4aeB, HO H YyKa3aTb,
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UPH' KAKAX 3HAYEHUAX HCXONHHX napaMerpoB sapadm (T. €. My, M,
fi» fo 1 &) ocymecTBiaseTCA TOT WAM HHON THI NBWKeHHUS.

. U3 ypapuennit (1), (2) opu a; = a; = 0 HaxogmM BeAWYUHE
CHJI TpeHHH noros: F,={(m; + m,) gsina, F, = m,g sina. Tax
KaK 3HAYEHWs CHJI TPEHHA LIOKOA YAOBIETBOPSAIOT OUYGBUIHLIM HEpa-
BEHCTBAM

F, << [0y = f; (my -+ m,) g cos a, (5)
Fy =< [,0, = fomyg cos a, : 6)

TO pacCMaTpHUBaeMBI CJaAyYall MMeeT MeCTO, eCJH
h=tga, fi=1gc. 7

2. Cana TpeHns Mesxny OPYCKOM W JOCKOH SIBIAETCS CHJIONR TPEHUSA
CROoJbxenus, Fy = fym,g cos ¢, 910 WO3BOTACT HaliTH BeJNUYUHY dy
U3 ypasHeHusa (2):

a, =g (sina—f;cos ). RN )

Omnpepenus ms (1) Benmumny F, W HCHOJNb30BAB HepaBeHCTBA (D)
H ay==0, Hoay4umM yCJOBHA, IPH KOTOPHX BHIIOJHAGTCHA CJIydai 2:

fi= my ig a‘l'mzfz f,<tg a. (9)

my - mg

3. Cua Tpenusa MesRay NOCKOH M HAKIOHHOM IIOCKOCTHIO SIBJIACTC S
CHJIOH TpeHHsl cRoAbkenus, F, = f; (m; 4+ m,) g cos a, 410 HO3RO-
jseT ompenennTh w3 ypaBHenuil (1), (2) mcromyio mpoekiuo ycko-
penus a:

a= g (sinc — f, cosa). (10)

Tar wak copasepamsel Hepasencrsa (6) m @ == 0, 1o moayuacMm,
4970

h=tga, fi=f. (11)

4. O6e cuapl TpPeHHA ABAAIOTCA CHIAMH TPEHHS CKOJbIKEHN,
Fy = f (my + m,) g cosa, Fy = fym,g cos &, Tak 9T0 HCKOMLIe O]oO-
eKINM YCKOpPeHHHA Moryr OHMTH HaligeHH u3 cuctemm (1), (2) m ompe-
NeASIOTCA BHIPAKEHAAMHA

al_g81na+ (fz f1) g cos e,

(12)
a, =g (sino -—-fz cos o).
I/Icnonbsyﬂ HepaBencrsa a; =0 u a, > a,, HaXOAUM, YTO
myle a f
feTiEeT e f,. (13)

my —+mo

9. O6e cuabl TPpeHHUs TAKMKe SBISIOTCS CWIAMH TPEHHUA CKOJIbke-
HHUf, HO OPOEKIUs CWJILl TPeHHH Mexny O6pyckoM @ mocKoit orpuma-
TenbHa (T. . ee HampasjieHHe HPOTHBOLIONOKHO YKAa3aHHOMY HA
puc. a), Fy = — fm,g cosa. llpm sroM m3 HepaBeHCTBa a3 > ()
caexyer, 40 f, << 0, ur0 PusmIecKn (QecCMHICIEHHO. CJIBJJ,OBaTeJILHO,
TAKOTO IBU/KEHWA B JeHMCTBHTENLHOCTH OBITH He MOKeT.

-t
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OxonvatenbHRA OTBET BHITIAAUT ciaemylommM o06pasoM: ecinm
BHIOJHAKTCA HepaBencTBa (7), To 06a Tella HEMOABWKHKL eciu cupa-
BequuBE HepaBenctsa (9), 10 a; = 0, a, oOpenensiercsa paBeHCTBOM
(8); ecnm cupasenmen Bepasenctsa (11), To yckopemms ten opgmma-
KOBH H oupepensiorcsa paseHctBoM (10); ecau cupasennusia VCIA0OBAA
(13), T0 yCKROpeHHs Ten ONIpeNeNAKTCA paBeHCTBaMu (12).

Ilonesno mpeacrasuTh pesydbTaThl MCCHAENOBAHUA B rpaduuecKoit
dopme. HMsobpasmm obmactm, coorsBercTByOmme HepaBeHcTBam (7),
(9, (11) m (13), B npsAMOyroabHO# cECTEMe KOODAUHAT f,, fo (puc. 6).
(Hepasenctsy (7) coorsercrByer obaacte I u 1. 1) Har Bugmo ms
PHCYHKA, BCe BO3MO;KHLHE SHAYEHHWsA NAD HOJOKHUTENLHHX YHCEIL
f1 u f, 00sA3aTeNbHO TOTANYT B OZHY W TOJBKO B OfHY W3 MOCTPOEHHLIX
obnacreif, 94T0 JOoKa3nBaeT HOIHOTY W OJHO3BAYHOCTHE HOJAYYEHHOTO
pemenns. (Ha nmamax, pasrpammuymBamwmux o6macTd, HNOBejeHUE
OpycKOB HeojHO3HAYHO — cM. 3amagy 20.)

YrKa)keM Ha OJHO OYeHb pacHpOCTpPaHEHHOE 3ab0Iy:x-
nerue. [lIkoAbHEKE gacTo CYMTAIOT, YTO €CJAH B OTBETe
Ha 3ama4y He YYTeH KAKO#-TO M3 BO3MOYKHEIX CIydaes,
TO TAKOM OTBET ABJAETCS ,HEIMOJIHLIM® (T. e. BEPHEIM, HO
He OesynpeunsM). [loquepruBaeM, 9ro 1060 ,,HeIoNHEIR"
OTBET ABJIAETCH HEBEPHBIM. .
IIpencraBbre cebe, uTo Baml OpuATedb oOpaTHACA K BaM
¢ mpoch0oit maTh OTBET Ha 3a7a4y, KOTOPYIO OH caM PelluTh
He Mo3ker. Hampusep oH copalimBaeT y Bac, KOIJa OpuXo-
aut noeay u3 Muucka, m ysnaert, 9ro noesy opuxonut B 10 9.
HeiictBurenrro, Takoil moesn ectb. Ho ecrh elne moesf,
opubnBaouiA B ¥ 9; YMEHHO HA HEM M NPHEXaJdu 3SHA-
KOMBIE BAIiero TWPHSATENd, KOTOPHX OH XOTeJ BCTPETUTh.
Takum 0OpasoM, OpeIoKUAB TIPUATENIO ,,HEIONHKA OTBeT,
BBl BBeJIM ero B 3a0ays;kpenme *,

3ATJAYTA 32

Cdepa, Macca KOTOpo# paBHA HYIMIO, JIERKAT Ha TOPHU3OHTAIbLHOL
IojcraBKe, IPUYEM TpeHUe Me:Ky mOACTABROA W cdepoil 0TCYTCTBYeT.
R mosepxuoctu cepn mpukpennena marepumanbuag todka M. B mc-
XOMHOM HOJOKeHUH cdepa HAXONUTCA B COCTOAHHN HEYCTONIMBOTO
paBHOBEeCHA, T. €. MaTrepHaJbHasg TOYKAa 3aHMMaer CaMOe BHICOKOE
nojoykenme. Hark OymyT psurathed cdepa W TOYRA, €CJIH UX BLIBECTH
N3 COCTOSAHUS PaBHOBECHA?

* CoBpeMeHHHE HAYTHEE H TeXHEYeCKHe TPoOJIeMH, KaK IpaBaio, HACTOJABKO
CJLOKHBL, WTO [AJieKo He BCeryia yAaeTcd NOJYYHTH pellleAde Bo Beell oBmacra
H3MeHEHAA HCXOZHHX mapamerpoB. IIpm 5TOM THOHYHHKN pe3yasTaT BHIALHAT,
HADpHEMep, TAK: r (ACKOMAasd BeJIHIHHA) OIPefelsAeTcs TAKWM-TO ypaBHeHHEM,
ecan a < 1 (@ — mapamerp). Takoil oTBeT, pasyMeeTca, He SBJIAETCA HeBepHBIM!
YrazamHOe orpanmnyesne (a < 1) o0h4E0 GopMyAHPYIOT ¢ camMoro HATAJIA B BBOJAT
B ycaosun 330a9H, ‘
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PEMEHUE

PacemorpuM cucreMy B TOJMO:KeHUH, H3006paKeHAOM Ha PHCYHKE,
W ONpeje MM CHJIB, [eHCTBYOIWEe Ha MaTepuaibuyw TO9RKYy M.
[ToMuMo cuAb OpATEMEeANA K 3eMile Ha TOUYKY MOReT HeHCTBOBATH
cuia ¢o croporn cdeprl. IlpercraBuM mocaeHIOM CHIY B BUIE CYMMEL
AByX coctasigomux Q m-F, ogEa ®m3 KOTOPHX HampaBjeHa BIOJb
OM, a npyraa — HePHEHZAKYIAPHO K BTOMY oTpesky. Ilo TperbeMy
sakoHy HpioTona Ha cepy co croponsl M JefCTBYIOT CHIILI, PABHEIE
(—Q) u (—F). llockonrry Macca cdepsl paBHA HYJI0, TO, KaK Cie-
AyeT W3 BTOPOTO 3aKoHa HpioToma, cymMMa CHII W cyMMa MOMEHTOB
cun, gecTByomux Ha cdepy, paBan Byno. N3 Broporo ycinoBus
cienyer, 9to F = (, TaK Kak B TOY-
Ke (J; Ha cdepy Mosker JeiiCTBOBATH
TONbKO cuna Q,, mepHneHIHRYIAp-
HasI K mopcraBke. Mowments cumi Q
7 ‘Q; orHocuTenbHO TOYKH O pPaBHE
HYII0, a MoMeHT cman (—I) ormo-
CHTeARHO TOYKH () paBeH HYIMW,
TonbKo ecanm F = (. Torga ms mep-
BOI'O yCHOBHS cClegyer, 910 Q; =
=Q = 0.

Taxkum o6pasom, ma M geiict-
ByeT eJWHCTBeHHasl CHJla — CHJIa
tsskectd. ClemoBatelIbHO, BREIANA
W3 COCTOSIHHA pPaBHOBECHs, Mare-
puansHad TOYKA cBOOOMHO Hajaer,
pasyMmeeTcd, BepPTHKaJNbHO BHH3, IpHYeM Ccgepa W}3-Toj Hee BHI-
cKalb3pBaer. Kcam cronknoBenwe M ¢ HoicTaBKoil ymopyroe, To
mocie 3TOr0 CTOJNKHOBEeHHs cdepa BMecte ¢ M craHyT Dpeirath
Ha OOJICTaBKe. ‘

Yacro copammpBaior (I TaKOH BOIPOC COBEPIICHHO 3aKOHEH), He
OeccMBICIICHHA J1 9Ta 3ajada: Beab TeJd ¢ HYJEBOH MacCoil B HpHPOje
He cymecrByer. Her, BoipakeHHme ,cfepa HYIeBOH MacCH' HMeeT
OTpe/ICAeHHR (U3MYIeCKU# CMBICJA, a HMEHHO: dTo ,cdepa, Macca
ROTOPO# mpeHe0peKIMO Majia IO CPABHEHHIO ¢ MACCOM MaTepHadbHOR
todry’. Ilpm 3T0M MO;KHO TOKa3aTh, 9YTO CHJIA B3AMMOMIEACTBHUS TAKOM
chepsl ¥ MaTepHATbHOM TOYKN Tak:ke mpeHeOpe;KWMo Mmajla OO Cpas-
HEHHIO C BECOM MAaTepPHAJLHOH TOYKH, eciim Ha cepy mpyrue CHUIH HE
NeHCTBYIOT,

H sagage 32.

JATAYA 33

B mokosmuiicA Ha TaagKoil mojcraBKe KIMH Maccoit M momapaer
TOPU3OHTAJIBHO JEeTAmAA DyIa Maccor m # nocjae abcomorrO
yOpyrordé CTOJKHOBEHHA ¢ HAKJIOHHOH# HOBePXHOCTHI KINHA OTCKAa-
KHBaeT BEPTHKAILHO BBepX. HAaKOBH CKOPOCTH 0yIH [0 H IOC/e
CTOJKHOBEHHS, ECJIH CKOPOCTh KJAWHA B IepPBLI MOMEHT LOCJIE yZapa
paBHA U (CM. DHCYHOK)?
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PEIMEHHE

OGosHaynM @EROMEIE CKOPOCTH HyNIW [0 H OOCTe YHaps uepes
vy ¥ v,. Ha ocHOBe 3aKoHA COXPAIeHHA HMIIVIIBCA

mvy=Mv 1+ mv,+p, (1)

THe P — HMOYALC, DONYyIeHHHH NofnctaBroil. IIpoeriiua BEpaszenma
(1) ma TOpHROETARILEYW oCT, Faer, 9T0 Wy, — Mw, 1, crenosarernoo

v == UM/, (2)

Taw wax ypap afconloTRO yIpyruil, 3aKOH COXPAHCHER DHEPTUM
TPUBOZUT K BRPAHentio (CM, ITpH-

MeUYAHEe) Us
migf2 = MA24-mri/2.  (3)
(; yuerom cooTHormenus (2) na Up v
Enpaskeuns (3) cnemyer, uTo ' A
n=v(M/m) V' 1—m/M, M

IS IS AL S
Jra GOoPMYIAa UMeeT CMWCE JTuinh

npn  yexopsm, wro miM = 1, K sapawe 33,

T. . Y0 LUYIA JeTde Kaosua.

)3 MpoTHBHOM ChyYAe BHPAYKeHHe® AN ¥, OCGpaIdAercsa It MHAMOD
YACNO, & 70 LOKASBIBALT, TT0 MBI UIIeM TO, Ycro OMTh He MOonieri
THAXENAS TTYJH REPTERATEAD BReDX He OTCKOWUUT.

Ilpamvmeyvayme. Ilpa coymaperuax Tex ¢ MaCCAMN
m u M ranmm, 910 m < Af, MAacCHEHUE TeNO HIMEHAET
CEOH WMITYILCG, H0 He MEHAeT CBOK KUHeTHIeCKYI BJHe[-
THK, B Y8CTHOCTH, NpH K0COMKTHO yOPYIOM YVIape KWHC-
TUNECHAA 3HepTHA Tena m ocraercR Oes mameswenni, Mmu
pe OyneM MORASHEATEH 3TOTO HA IePBLIH BSIVISE IAPANOH-
CRIBHAOTO YTREPHIEHW:. YHKa/KeM TOALEO, IT0 eC: 10
cTONREOBeRNA Tel0 M ORI0 HEemoONBHYKHO, 4 TOCTe CTONN-
HOBEHIA IpHoOPeno ¢KOpOCTh p, T0 €r¢ ENIYILC HPOTop-
IMMHOWATET 7, BUHETAYECHRH 3ileprad OTpome pPIHCHL THhHA
. Taw waw m < M, v mano, ¥ 7eM Gornee Mano, 970 H
WIMOCTPHPYET BRICKASAHHOE BLILE,

! RAJLATA 34 L

AbcoxTHO TEORAA OmWOpOmHAA IeNOYRA MAcCOnm M X AnEEHON [
BICITT HEPTHHHHHIU A IIDHE_[]}ILHCFISTLH} CTeEIA, -HOHHBI]TEH_E[BH a3a
pepxHU Homew. HmMMupit KoWern IeMoYkd HACACTCH CTONA.

Bepxmmii komerr oroycraror. Jlowasare, 910 B Nodoil MOMEHT
BleMeiln 0 Tex mop, HUKS BUA HellU9Ka He yIgjieT B& CT0ON, e¢ [aBiIe-
HUQ. HA DOBEPXHOCTE: CTO/IA PABREC YTPOEHEOMY Becy Monained wa croe
YRCTH LEeNOIKH,
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PEIMEBNE

Hycts k momenry ¢ (¢ <2 (21/g)V2) nnuma nemameii ma cTONE
JacTH NEemoYKH paBHa &, CHJAa AaBJEHHA HA CTOJN 9TOH 9YacTH, T. €.
ee Bec, — G (z). OueBmpgHO, 9TO

G (z) =mguz/l. (1)

Hyers 3a MaJBi DPOMeRKYTOK BpeMenu ot ¢ mo §{ -+ At ma cron
oajaeT JacTh memodkm gamuoil Az. Macca orpesrka Az paBHa Benm-
uune. Am = mAz/l, a cropocth Najenus v = gt = (2gx)¥2, 1aKk Kak
ageMedT AX HaXOMHWIACHA B CBOOONHOM NaJeHHM BPeMA { W NPOIIeIl
Opm 9ToM TyTh z. Beawaunn v, Af m Ax CBA3aHBl COOTHOIISHUEM
At = Azx/v.

Bocnonbsyevesa propeiM sarxonoM HpiotoHa B gopme
Amv=F At, _ T (2)

rne F — cmna, peficTBYOMmAa CO CTOPOHH CToJNa Ha sidementr Az m
DpuBOJsast K ocTaHOBKe nociemmero. llopcrapiasia B BeIpaskenme
(2) smavenua v, Am m Atf, HaxommUM, 9TO

F=2mgux/l. 3

Ha ocmopanmm Tperhero 3aroHa HBIOTOHA MOKHO YTBEDHIATh,
49TO W 3JAeMeHT HelOo4YKu ¢ cmiIoil F meiictByer ma crtoi. Ioxmylo cuxy
[aBIeHHsI HA CTOA MOAYYIWMM, cymMupya Benmdmusl (1) m (3):

F 4G (z) =3mgz/l = 3G (z).

3ATJAYA I3

IeaTpsl Tpex mAapoB pacmoJoKeHH Ha onuo# mpamoit. Ilepromy
M3 HEUX COO0IMAIOT HEKOTOPYIO CKOPOCTH U, NOCHE 96T0 OH alCOJIOTHO
YOPYTO CTAJIKHMBAETCA CO BTOPHIM IapoM. 3aTeM BTOPOH aGCOMIOTHO
yOpyro ynapsercss o tperuil map. O6a cTONKHOBEHHA HEHTPAJbHEE,

Haropa modmma OHTh MacCa BTOPOTO HIapa My (MAacCCHl m; W Mg
3ajlafHbr), YTOOEL CKOPOCTL TPeTHETO Imapa OHJa MaKCHMAaJXbHA IIPH
MAaHHOH CKOPOCTH Uy?

PEMEHNE .

Wccaenyem crolkHOBeHHe HepBoro mapa ¢o BropuM. M3 3akonos
coxpaHenus MMIOYIHCA W 9HEPTHH CIeAyeT, 4TO
MUy = M3y + Myls,
myv,/ 2 = myvi/2 + myvy/2,

I7e U; M U, — CKOPOCTH NEPBOTO W BTOPOTO NIAPOB IOCAe CTONKHOBE-
nua. Ipeobpasyem cmcremy ypaBHeHHA K BULY

My (U — Uy1) = Myby,
my (Vo — Uy) (Vo V1) = male

]



Orcoma maiigem pemenms
: a) vl=vo, vg -—_—--0;
my—m 2mq
) v =_,_1.__2y Dy —= —2 1
IlBa pemeHmsa mOJNYYeHH, HOTOMY YTO WMCIOJIL30BAHHHE B 3a/1a4e
3aKOHH COXPaHEHHA ,He 3HAKT', GEIO0 JH BOOOINE CTONKHOBOHUE.

ITepeuiit oTBeT onmcriBaer coGBITHH 0 CTONKHOBEHUS W JOJKEH OHTH
oTOpOImeH, Kak He pellalomiuil HOCTaBJICHHYIO 3afavy.

3ameTuM, IT0 970 OOHIHHI pesyibraT OpH pacderax,
ONUPAIOIMUXCSH TONHKO HA BAKOHH COXPAaHeHWsA: HaOpap-
JeHue, XON Ipomecca dTH 3aKOHB He YKaseBawoT. Hamo
M0JAb30BAaTHCA [IOMOJHATENbHHMHA cooGpaskennmamn. Ha-
OpEMEp, pa3Be 3aKOH COXDAHOHHMSI JHEPTHH 3alpelaer
BECOMOMY TeNy HEOOABM;KHO BHCETh HAJ 3eMHOH 1o-
BePXHOCThIO 6e3 BcAKMX omop u noasecok? He zampemaer.
JHepTUSA TaKOTO Tejla COXpaHAeTCH.

Ocraerca BTOpOE peruenme.

AHATOrMYIHEIH pacder AJA BTOPOTO CoynapeHHs HPUBOHT K CiHe-
OVIOmMEMY BHPasKeHHIO [JIsI CKOPOCTH TpPeThero mapa:
2mavy dmymavy 4dmyvy
Mgty (myt-nig) (mgt-mg)  my 4 mgtmy+mgmgimy’

B nocixeynneM BHIpajKeHHMU 9HUCJIAMATEAb MOCTOSHEH, CJIel0BaTe]bHO,
MAKCHMYM JpO0H COOTBETCTBYET MHHHMYMY 3HaMeHateldsA. D ¢BOWO
ouepenhb NepBble J(Ba ciaTaeMblX B 3HaMeHATeNe NOCTOAAHHE, WM IOMCK
MaKCHMAaJbHOTO 3HAYeHHMS Uz CBOJUTCA K OTHICKHBAHHI) MHHMMAJb-
HOTO 3HAYEHMs BBIDAKREHUA My, -+ mymg/m,. llociennee mepenmimem
B Bune (m,mg)!/? [my/ (mmg)¥? 4-
+ (m;ms)V2/m,], dro mosBoxser,
BOCIIOJ b30BABITHCH COOTHOLIEHHEM
(x +1/2) =2 opu >0 (cMm.
npumedanne K 3agaqe 15), maiurn,
Y70 HCKOMBIM MHUHUMYM JOCTH-
TAeTCA NPH Mm,=(m,mg)' /2.

v3:

JATAYA 36

Hyaa wmaccoit m, Jdersmas
TOPHBOHTANBHO €O CKOPOCTBIO U, smm—gm
nonafgaer B AMME C NECKOM Mac-
coft M, mecTRO CBA3AHHLIN C He-

BECOMEIM INECTOM [JAMHON [, n K sapaue 36.
sacTpesaeT B Hem. IlecTt MoKer

BPAIaThCA BOKPYr TOPHM3OHTAABHOM ocm O, NepHeHAUKYIADHOM
K HAIPaBJIEHAI0 CKODOCTH NyJIHd (cm. pucymok), OnpepeinTs MaKcH-
MAaJbHH YT0J OTKIOHOHUA INeCTAa OT BePTHKAJM. Pa3M9p0M AMMUKA
mperebpeds,

E 4



PEMEHNE

Ha ocHOBe 3akoma CoXpaHeHHAs wmMuyilkca mv = (m + M) V,
rae V — HavanpHAA CKOPOCTE [IBIJKEHMA AIUKAa C© sacTpsiBmei
oynieil. B KpanHeM DOJOKeHUH AMMAKA ero CKOPOCTh 00PaTHTCA B HY b,
H, CIe0BaTeNbHO, IO 3aKOHY cOoXpaHenudA suepruua (m -+ M) V3/2 =
= (m - M) gH, rpge H — sricora pogpema samuka. M3 depreska
clemyer Takke cooTHomenme [ coso = [ — H, rme o0 — HMCKOMEIA
yroi. Pemas BeinucaHHnie ypaBHEHHMA OTHOCHTEJBHO BEIMYMHEL
COS ¢, MOJyd4aeM, 4UTO

cos o =1—m>?2 (m+ M) gl.

O6br9H0 HA 9TOM pelleHHMe 3aKaHYMBAT, He o6Gpamas BHUMAaHHA
HA TaKyK BO3MOKHOCTH:

mv?2 (m+ M)? gl > 2,

1, clej[0BaTe’wHO, |cos ol > 1.

B mareMaTtuveckoil 3amade n0ocTaTO4YHO TpebOBaThH BEHI- .
OOTHEHWA HepPaBeHCTBA

m2¥2(m+MyPEgl<<2,

ompefieNAd TEM caMeIM 00JacTh MONYCTHMBEIX 3SHAYEHHH
mapamerpoB m, v, M m [.

B ¢usnveckoil ke 3amade HeOGX0amMO pas3o6GpaThes,
MOYeMy BO3ZHMKJIA HEJAENOCTh W KaKme pPealibHie COOLITHA
CTOAT 3a 3THM, KaK IOHHMATH OTCYTCTBHE PeINCHHA.
Anaius [0JKeH NPOBOMMTHCA JMIOb B pPaMKaX TeX COOT-
HOUIeHWH, KOTOpPHEe OBiM HCOONB30BAHK B pPENICHHH,
HUKAKHX TOCTOPOHHHMX, HE PacCMAaTPHBABIIMXCS ABJICHUI
(Tmola ,,i0ecT paspriBaeTcA’, ,AHIHK YVAAPAETCA O HOTOJOK'
A T.]l.) IPUBJEKATh K OOBLACHEHWIO HEJIb3A.

B mamem caytae 4diaea m2r?/2 (m -+ M)? gl pacrer ¢ poctom m
m v. Pacter torma m . Jlerko moramarthes, 9T0 IIpM ONpEIEICHHABIX
YCIOBUAX O, CTaHOT GOJbIMe 7T, W AMUAK HATHET ABHrathcA 0e3 octa-
HOBKH M0 OKPY/KHOCTH B BOPTHKAAbHON MI0CKOCTH. McKoMoTo yraa o
B TAaKOM CcJydYae OPOCTO He cymecTByer. MH HCKajdm TO, 4YeT0 Her.
Otcoga m ocoGennocts B pemenmn, OKOHYaTEIbHHIl OTBeT:

m2u2 m2ue

Sy L R CES I

cosa=1—

Eciu mociaemmee HEPABOHCTBO HE BHIOONHAETCHA, AMAK IPHAET
B KDYTOBO€ JBHKEHHE.

CrenyeT 3aMeTuth, 4YTO €CAHM B (OPMYIAMPOBKe Bafaddl BMECTO
mecta GymeT JaH KaHAT, HAlllé PEMeHHe CTAHET HECHPABeIIHBLIM
yie mpu m2R/(m + M) gl > 2, T.e. Korga BHYHCIAAEMHIH 0
dopMyiae yroa o mpessimaeTr Ji/2 (modueMy?).

Py
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SJATNAYTA 37

Ilpm BRIIOYEHHOM BHTaTele PaKeTa BecoM ( HEMOJBMKHO BHCHT
Hayl 00BepPXHOCTHIO Jemim, Onpenenurs mommocTs N pBEraTens
B 9T0 BpeMs, €CJH Ta3sl BHOGPACHBAKTCA U3 COIMIA B BOPTHKAIbHOM
HAIIpaBJEHHH CO CKOPOCTRIO V.

PEHNIEHHNE

Parera HenogBmxma, ee KuHeTHWYECKAst W HOTeHI[MAaJbHas DJHEP-
THM HEe MEHMAKTCS, CJefoBaTelbHo, Bca pabora ABHTaTeNst 3aTpPadH-
BaeTCA Ha COOGIMeHne KUHeTHIeCKOH 9Hepruu BHIOpachIBaeMBIM Ta3daM.

Hyctr 3a Bpema Af purartesen copepiiena paGora AA um BHOpO-
IHeda Macca rada Am, xotopywo OyaeM cuUuTarh Majoil OO CpaBHEHUIO
¢ maccoir pakers. Ilo ompenenemmio N = AA/A#, a KumeTmdeckasn
oHeprusa razoB AA = Ami?/2. Tak Kak pakera BUCHUT HEIOIBM:KHO,
TO CHJXa, MIeMCTBYIOmMAd cO CTOPOHE IasoB Ha pakery, paBHa ee Becy.
Ha ocnoBe Broporo m tperbero sakomop HpioToHa mist BeIGpackuiBae-
MEIX TazoB GAt = Amv. W3 »rtux ypaBHenmi#l HaxonmMm, 910 N =~
= Gv/2. :

3A0AYTA 38

Ha kom1jax m B cepearHE HEBECOMOTO BEPTHKAJILHOTO CTEPIKHA
MIWHOM [ YHKPeIVIeHH OfWHAKOBEIE INAPHKH Maccoil m HKasKaeii.
Hakywo ckopocts 6yayT mMerh mapHKW B MOMEHT IafieHAA HA TOPH-
30HTAAbHEIH CTOJ, €CJAHW; a) HWKHMU ImMapHK 3aKpeldeH IMapHHUPHO;
0) HIKHHM MAPUK He 3aKPEIVIeH, TPeHHe MOKIY CTOIOM H HUKHEM
LIIaPAKOM OTCYTCTBYET.

PEMNMEHNRE

a) Bca morennuadbHas 9HePIUA NMTAPUKOB IIPEBPATHTCA K MOMEHTY
Dafennsa B HMX KuHeTmdeckyio oueprmio. Caenosareabno, mgl/2 --
+ mgl = mvi/2 4 mv;/2, Tne v, U V3 — CKOPOCTH BTOPOTO U TPETHETO
THapuKOB B MOMEHT ynapa o ctox (pmc. a). Tak Kak mpu 3akpenieH-
HOM HIDKHeM IIapUKe U, == U3/2, OKOHYATENLHO NOJydaeM, 4YTO

14/5 4/3
1)2=—2—]/—5‘8'l, Uaz'/_‘ggl-

6) HesakpemlenHslif HuKHMA mapHK He BAWAEOT Ha KOHEUHHIT
pe3yJIbTar, XOTA HOPOHecC NAAeHHsi BEITAAAUT CYIECTBEHHO HHAYUE
(puc. 6). '

B oTcyTcTBHE CHI TpeHHMA HA CHCTEMY M3 CTEPSKHA M TPEX IIaPUKOB
He¢ AEeMCTBYHT HHKAKWe BHEIIHWEe rOPHM3OHTANBHHe cminl., (Cienona-
TeNbHO, BO-IEPBHIX, IIEHTP MACC CHCTEMH, COBHAJANINMEA CO CPEEEAM
INapPUKOM, IBHSKETCA TOABKO IO Bepruramd (cM. sajgaqum 23, 32, 50),
H, BO-BTODHIX, CHCTeMa He MOjKeT unpuobpecTH EMnyJbC B TOPHM30OH-
TaJbHOM HANpaBJICHNNW, T. . KOHEUHAA TOPH30HTAJbHAA COCTABA SO~

p &3




mas CKOPOCTH CHCTEME JO/KHA OHTh paBHa Hymo. Tar Kak mepsriil
TMapHK HE HMEeT BOPTHKAJBHOM COCTABIAKNMEN CKOPOCTH, €ro moJHaA
CKOPOCTb R MOMEHT mafieHMs paBHA HYJIIO.

a

K sapage 38,

CooTRomenns Me:xAy KupeT@YecKo# m NOTEHOMATBHON DHEPLASIME
U MKy CKODOCTAMH BTOPOTO H TPEThEro MAPUKOB B MOMEHT HaNeHAA
He OTJIHYAITCA OT COOTBETCTBYIOMMX COOTHONIGHHH .AJd ciaydas
a), ciaenoBaTellbHO, OKOHYATENbHHE pe3ydbTaThl B OGOMX Ciydasix
OJIMHAKOBEI,

3AHJAYA 39

Yepes nBa HeDOABMKHEX GJI0oKa, HaXONAMMUXCA HA paccTosHAU 2]
APYT OT Jpyra, MepeKHHYTa MOCTATOYHO JIMHHAA HeBeCOMasd HUTDH,

a ‘ b
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H aagaue 39.
K KOHIIaM KOTOPO’i. HOABEINENH I'PysH ¢ MaccaMd m. K cepegnne HnTh
Me;Ray OJIOKaMm DOZRBelleH rpys maccoir 2m (cM. pume. a).

Haijitn ckopoctrm rpy3oB N0 ncTeueHEd TOCTATOYHO GOJbmoOre
IPOMEKYTKa BpeMeH:;.
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PEIMEHNRE .

DopmynrupoBKa 3a7a9d JPEANOAAraeT, ITO 0 HCTCICHUH IoCTA=
TOYHO GOJLIIOTO HPOMEKYTKA BPEMEOHH CKOPOCTH BCOX FPY30B CTAHYT
MOCTOAHHLIME (YCTAHOBHBINMECH CKOPOCTH). Y6enmMca B orom, mmave
HONBITKA peliath 3agady MOTYT OKa3aThCs GEeCIIONHEIMI.

Horpa cpegumil Tpys omycTHTCA [Aalek0 BHM3 (HATH AOTMYCKaeT
3T0, OHa ,IOCTATOYHO MIAHMHHASL'), HUTH, BeIylIHe K HEMY, COAbIOTCH
B ouy (YroJ MesAy HUTSMU CTaHeT BeCbMa Mald) B 6yAyT NpakTHIecKu
BepTHKAAbHK. (O¥eBHAHO, UTO B TAKOM HOJOMKEHUH BEC CPETHETO .
rpysa VpAaBHOBECHTCS BecaMH KpallHMX TpPy30B, M, CIel0BaTelbHO,
BCE I'pPy3H Gynyr faBurathca 06es ycropeumil. VIx npmxenme 6yer
OpPOMCXONATh N0 HHePHUH ¢ YCTAHOBHBIIEMCS CKOPOCGTHIO U, ONIa-
KOBOH y BceX Tpex TPYS0B.

Crtoap ;Ke ACHO, 9T0 B HaYaJbHOM COCTOAMHH BEC CPeIHero r'pysa
HAYEM He ypaBHOBEINeH, M, CJIeA0BaTeJbHO, CHCTEMAa NPUIET B JIBH-
seame. Ilycrh kK KaKOMY-TO MOMEHTY Kpailmme TPY3H LHONHSIIHCH Ha
BHICOTY h Kaknueli. Torma pjwHa X000 M3 HAKJIOHHBIX HHTEH OT
6ijoka 0 cpegHero rpysa craHer paBuoit I ++ h (puc. 6). Pasmepamn
G6I0KOB MBI IpeHeGperaem. . _

N3 depresxa BHAHO, 9TO CPEeNHHH TPy3 ONYCTUTCS IPH -3TOM HA
paccroanme H, npuuem H = DB = AB cosa = ({ + h) cos .

Ha ocmoBammm 3aK0HA COXpaHEHHS NPHPOCT KHHSTHICCKOM DHEp-
TUW CHCTEMEI PaBeH yORINIM ee DOTeHIMAIbHON dHEPTUU. Y EHbIICHHEe
HOTeHNMANbHON OHEPIUH OHPEefieAeTCA BEPAKOHNEM

AU =2mg (I -+ k) cos o — 2mgh.
B npepene npu oo — 0 cos « — 1, ciaemoBaTe’dbHO,
| lim AU = 2mgl. o

a—0
Kunerudeckast sHeprusi rPy30B IPH YCTAHOBHBOIEMCA JIBM/KEOHHH
TAKOBA, YTO

T = mv2/2 4 mv¥/2 4 2mv?/2. 2)

s coorsomenmit (1), (2) HaxO[UM YCTAHOBHBIIYIOCH CKODPOCTH
v = (gi)/%. “ :
ATAYA AL

- Kakymo MOIMHOCTE JONKEH Pa3BATH UeJOBEK Maccoil m, 4To0H 3a
BpemdA ¢ DOMHATHCSH HA BHCOTY H 10 acKalaTopy, KOTODHI IBUMETCA
CO CKOPOCTBIO v TOJ YINIOM ¢ K IOPH30OHTY?

PEMEHUNE

3a Bpeéma ¢ 4dejoBeK OyjeT HepeHECEH 3CKAJaTOPOM HA BHICOTY
h = vt cos §, rme f — yroax MesRIy BeKTOPOM CKODOCTH JBYMKEHHA
sckajaTopa m ocbio Oy, HaIpaBiemHoil BepTEKAALHO BBepX (M.
pucyeok)., (Eeam sckanarop ppmxercA BBepX, P =a/2 —o, ®

3 Ameyaos C, B, Bapsiutes B, A, — 1043 o .65



Pp=mn/2 4+ o, ecam sckaparop npmserca Bums.) B pesyabrarte
YeJOBEKY CaMOMY NDHJETCs NOAHATHCH Ha BHcoTy H — h = H —
— vt cos p. CoBepmaemas mpum oToM momeéme pabora A = (H —

}. — vtcos B) mg, a meobxommmas MOIHOCTH
y OmpefieIAeTCst BEIparKeHHEeM

N=A/t=mgH/t —mgvcos

opu ycxosum, ato H/t > v cos f. Ilocxen-

J¢ HOe BCerja WMEeT MeCTO, €CIM 3CKAlaTop

o IBHKETCA BHHM3, Tak Kak mpu P = n/2 -«

S 1 0=<a=-n/2 cos p <<0. Ecau sckamzarop

, U ngemwxercs BBepx, To wppm H/t << vsina

K sagaue 40. 4eN0BeKy s mombema 3a Bpems T = ¢

NIOCTATOIHO CTOATHL Ha MecTe, Onpudey N= 0.

Ecnu B Taroll 8ajiade maHel YMCHeHHEE 3HAYenuaA m, H, ¢, v n a,

HalileHHYO MOIHOCTD CHeyeT CPABHATH C PeaJbHBIMI BO3MOKHOCT IMHA

Tenoseka. Jlasa mHero posmxHEO OBITE N << 1 1. C., HHaUe DOJYIeHHHIH
pesyahrTaT MMeeT YHMCTO aKaJeMHIECKHHA HHTepec.

SAJAYA A

JlBe OpHOTHOHEIE pAKETHI, HMEIOWHEe CKOPOCTH OTHOCHTEILHO
3emun 10 u 15 ¥M/c, ONHOBPEMEHHO BRIKYMIM NBATATEIH HA ONHO
¥ TO sKe BpeMA. B peadyabrare CKOpPOCTH 06eMX PaKeT BO3POCAW OlH-
Hakopo, Ha 1 kMm/c Kampgasa. PaccmMoTpum yBelnm4eHHE KMHETUIE KO
JHepTHM Ka)KIo# paxern (A ymoGcTBa B HEOOHYHBIX eMUHUNAX:
m Km?/c?, Tme m — Macca pPaKeTHl):

AT, = (11)2 — (10)%/2 = 21/2,
AT, = (16)2/2 — (15)%/2 = 31/2.

CnegoBarelbHO, V BTOPOIl paKeTH KHHEeTHIECKAs 9HEPTHA YBEIN-
9paach Ha OoJbliee 3HadeHWMe, 9eM y mepBoil. He mporupopeumt am
9TO 3aKOHY coxpaHeHust suepTuu?! Bemb ofe paKkeTH H3PaCcXO00BAIH
HA yBeJWUeHHe CKOPOCTH ONHO M TO jKe KOJMYeCTBO TONJMBA C OJ(HAHA-
KOBOJ TeIJIOTBOPHOM CHOCOGHOCTBIO.

PEHNEHHRE

Her, #e nporuBopeunt. ToInimso sTopoil pakeTsl o6iajaer Goib-
Med KHHeTHYIeCKOW 9HEepTHeil, YeéM TOMIWBO MEePBOM DPAKeTH, M OpH
CTOPAHMU YMEHbLIAeT CBOX KHHETHYECKYI0 JHEPTHI0 Ha O4JIpmym
BONMIMHY, 96éM TOOJIMBO NEPBOM pPaKeTH.

Bpemgem oGozHadenma: Am — KOIWYECTBO TONJHBA, CTOPEBIIETO
B paKkere 3a MaJloe BpeMA; U — CKOPOCTh PAKETH OTHOCHTEABHO
demam; Au — mpupameHne CKOPOCTH PAaKeTHl B Pe3yJAbTaTe CropaHus
HTOTO KOJHWIecTBAa TOILIHBA; ¥ — CKOPOCTH BHOpPOCAa TPOZYKTOB TOpe-
HHA TOINIABA OTHOCHTEIBHO paKeTH; (J — TemIoBaf JHEPTHA, cofep-
sramagca B Am Tomnmea.
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Bynmem cumrarh 1A OPOCTOTH, uYTO BCA TemnoBad omepraa (
TOIINBA HEPEXONUT B KWHETHUSCKYIO SHEPTHIO MPOJIYKTOB FOPeHHA W
paKersl, YdTeM, UTO CKOPOCTh BHOpPOHIEHHWX HpPOXYKTOB TOPEHMSA
OTHOCHTeNBHO Jemian pasHa u — v, Ha ocroBe 3akoma coxpamemns
aHeprun

mu?/24-Q = (m—Am) (u+ Au)¥/2 + Am (u—v)?/2. (1)

Hpnpamenna AT KubAermieCKuX 3Heprmil paKer W IPOTYKTOB
CTOPaHHUA COCTABIAIT COOTBETCTBEHHO

AT |, =(m— Am) (uy,0+ Auy,0)%/2 — (m — Am) uj of/2, 9
AT g = A (tg 0 — V)2 — Armacd of2. (2)

W3 coormomenuit (1) m (2) caemyer, uro AT;, + AT{, = Q.
Taxum 0Gpa3oM, cyMMapPHHEI OPUPOCT KMHETHIECKON JHEPTHH CHCTEME
PaBeH KOJMUECTBY TENJOTH B ToNJamBe, MCIONb3VA 3aKOH COXPaHEeHHUA
mmoyabsca (m — Am) Au = Amv, merpypso HalTh, 4TO

Q =m (Auys)%2 — Am[(Auy o) — v2]/2,

T. €, CYMMapHBIM NPAPOCT KUHCTAYECKOH 9HOPIMH CHUCTEMbl paKeTa —
TOOJAMBO He 3aBHUCHT OT HAYaJAbHOW CKOPOCTH PaKeTH.

HoTomunii 4uTatedb MOKET COPOCHTh, JOTMIHO JHU
0TO —— ONPOBEpPTraTh HApPYIICHHWE 3aKOHA COXDaHeHus, OIu-
pasch Ha caM dTOT 3akoH. He mamommHaeT JIH 2T0 4eXOB-
CKO® ,,9TOTO HEe MOKeT OBITh, MOTOMY UYTO OTOTO HE MOMKET
OniTh HUKOrga“? [la, BHemHEe HANIOMHWHAET, HO BCE jite¢ HAIOH
paccy:EneHnd AoTHYHn. IlepBoHAaYaAbHEIN HEJENHd BHBO
B 3471a9¢ BOSHHK JHIIb HOTOMY, 9TO 3aKOH COXPaHOHMA ORI
HCT0JIHb30BaH HenpaBmibao, CTOMIO e yIecTb BCe Cla-
TaeMble 3HEPIMH CHCTeMHl — W HENOpPa3yMenue BLISCHH-
JOCH. .

Y eme opgno sameuanme. Ecim coOBTHA, M3I0KEHHbIE
B 3amade, paccMaTpuBainuch Ol B Pa3HEIX CHCTEMaX OTCYe-
Ta, Ra/Kmas M3 KOTOPHX JBHTAJNAch BMECTE -C COOTBETCT-
BYKIEA PaKeTol 0 BKAIYCHUA IBHraTelid, IPOTHMBOpE-
quA BOOOMIe He BO3HHKJIO OHI: B COOCTBEHHOH cucreme
KasKlad pakera ysedmuymia Ol ckopocThb or 0 mo 1 Km/o
3a cUeT CTOPaHMA ONHOTO W TOrO ;K€ KOJMIeCTBA TOTIIHEA.
CpaBHHBATE K€ COOHITHA MERAY C0God ORIO 6B HEXB3A!
KIMHeTHYECKAsA 9HEPrud OTHOCHTeAbHA (T. €. ee BeJIWuMHA
3aBHCHT OT CHCTEMHl OTCYeTa), HOITOMY HOPW IPHMEHEHHN
3aKO0HA COXPAaHEHHS DHePruH Bce pacdeTsl cjegyeT IpOBO-
OUTH JJA OMHOM M TOH JKe CHUCTEeMLl OTCYeTa.

JANATA 42

ToHKAA HepacTAMKAMAA MENOYKa ¢ IPeHeOPEKIMO MaJIbiMi KOJIb-
mMaMu HePEeKHHyTa depes Hemoasmkouli O6a0K. CsenimBarommecs ¢
6J0Ka 9acTH IENOYKH JIesKaT HA CTOJEe ¥ HA IOJy, NpPAYEeM YacTh,
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HaXOAmasics Ha CTOJe, MOCTATOUHO [IMHHAA M YJIOKeHa B MAJYIO
6yxty BoKpyr Toukn B (orpesoxk BB, BeptuKaien). Hajitu CKOPOCTE
YCTAHOBHBUICTOCA JBH/KEHHAA BHCAMEH YacTHM HEWOYKHM, €CHHM CTOJI
HaXOMKWTCA Ha BHICOTE h Ham HoloM (CM. PHCYHOK).

PENMEHMUE

Cunavana, pasymeercd, HYKHO YOeIMTHCA B TOM, YUTO [BH)KEHHE

JeICTBUTENHLHO YCTaHABJAMBAETCH.
Ilast ymo6erea BBefileM clepgyiomume 00603madenmA: [ — Macca
CAMHUIB TUIHRE nenodkmn, ! — jpamua dactd ADB penoukm, F, u
Fg — HatMKeHUsa [ENOIKM B TOY-

LA A wax A u B.
b Ilyctb B Moment BpeMen;m i
eNo9YKa JBHKETCS CO CKOPOCTHIO U
By ¢ H yCKOPEHHEeM ¢, KOTOpPHe M OIMie-
fedeHHocTH OyneM cYMTaTh HAIpPaB-
Fa aeanrvu oT A k C.
Ha ocHOBe BTOPOr0 W TPETHETO
& . sakoHOB HbhioToHa nust orpeskos AC
///,%.’////59;7////’ n AB nencuxm MO;KHO 3a0HMCATh
i f ugh—Fa =nah,
N LY e (1)
,; A B — at.
7 4 Ws orux ypaBmeruit Fg = ph (g —
A — a) — pal. PacemoTpuM HuTepLA
K 3agage 42, Bpemenn OT £ mo £ 4+ Af, macronnko

MaJblid, YTO0 CKOpOCTh [NBM:KEHHA
MO:kHO OpITO Obl cYWTATh HOCTOsSIHHOM. 3a Bpemst Af B JBHKeHHe
BOBJIGUYEH OTPe30K uemoIKkm namuou Al = vAf, KoTopHil B MOMeHT ¢
Jexaa Ha ctode. B momeHT [ + Af 9TOT OTPE30K uMeeT KOJIWIECTBO
ABMKeHusA, papHoe peiamuuHe vuAl = pviAf. Ilo Bropomy saxony
HpioTona 910 KOIMYeCTBO JBHIROHHSA PABHO HMOYIALCY MAEHCTBYIOIICH
cunsi, 7. 6. FgAt = puv*Af. CpasruBas mociefgHee Bripakerune ¢ §op-
mynoit (1), BaxommMm, 4TO
v*="h(g—a)—al. (2)

JomycTum Temepn, 4T0 YCKODeHMe IENOYKH C_TeYeHHEeM BPOMEHH
yBeJuInBaercA. "O4eBUIHO, 9TO OPH ATOM JIOMKHA YBEIMYMBATBCH 1
CKOPOCTH IjeNlo9kn (HAODOMUHAEM, 9TO HANPABJICHHS YCKOPEOHHA M TKO-
poCTH IIpI{{HHTBI cosnagaommumu). OqHaKO 970 IPOTHBOPEYHAT COOTHOLIE-
auo (2). ClenoBaTeIbHO, YCKOPOHNE TIEIOYKHA MOKET TOJIhKO YMEHbIIa-
TbCst. [I0CKONBRY CKOPOCTD IPH OTOM IPOTIOLKACT BO3PACTATh, TO IBHse-
HAE YCTAHABIHBACTCA TOJHKO IO Mepe NPuOAMKEeHNA BEIMYHHLI YCKO-
peHna K HYJAO, T. €., KaK clenyeT u3 (2), IPH CKOPOCTH I, TaKOil, UTO

vy =1im v? = gh. (3)
a—0

Ilomo6uEIM sKe 06pa:—;oM MOYKHO MCCJIeIOBATh JPYTHe BAPHAHTH
MBIGKEHAA NENOYKA B HAaTalbHHIM MOMEHT BPeMeHH u YOeIATHCA, UTO
Haiml pesyabrar (3) cOpaBelyiEB BCerga.
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M konpanK TpeARoMNA APYrot mOAXOm K 3TOl samaue., Ilyers nBmKenne
HEMOYKH yie YCTAHOBANOCH B IPOMCXOMUT CO CKOPOCTHIO vy, 3a BpeMA At uacts
nemourke anuaolt Al = v At BOBICUeHA B ABHAeHNE, T. €, mpumobpesa KEmHETHYe-
CKYI0 BHEDPIHIO AT = pv} At/2, a, Kpome TOTo, TOYHO TaKaA e UACTH I|EIOUKIL
LIEPeMIa“ co cTojia Ha 10J, T, €, NOTCHUNAILHASL SHEPTUA UEOYKH YMEHBIIHAACE
Ha BegamunAy AU = prghAfl, Torma mo 3aKoHY coxpameHAS pHeprup AT ==
= AU un v = 2gh, ‘

OTOT Pe3yNBTAT OTAMUAETCH OT MOJNYUeHHOTO BHINE U HECIPABENINB, TAK KAk
3aKOH COXpaHCHHHA MEXAHIMIeCKOH SHEPTHH B TOM BH/E, KakK ‘eT0 HCIOML3OBAI
IIKOALHEAK, B JAaHHOM caydae HeupumenuM, llosicHEM 5TO yTBepiKieHHe,

B6ausn Touku B MpoHCXOIHT ,pRIBOK", T, €, HOKOMBIINACA HIIOMEHT IEIIOYKIT
JlOAAEH MPAKTHYeCKE MTCHOBEHHO MPHOOpecTH KOHEYHYIO CKOPOCTh, YTO IDHBOMMT
K gedopMammm 3Tcro djeMeRTa, Ecmm pgedopMaums miacTudecKas, TO IenGYKa
HarpeBaeTcs1 (YTO H MMEeeT MECTO B PedIbHBIX YCIOBHAX); €CJIH Iellouka abcomoTro
yupyra, o gedopManEs IPHUBCENT K BOSHHKHOBeHHIO B IEMOYKe YIPYTHIX IPO-
JIOIBHHX KojeOaRnH (omepeMeHHOe CRaTHe W pacTsmenue neuodkz). B oloux
ciaydasx fAedopMaldA cBA3aHa C PACXoJOM JHEPTHIL,

JAJAYTA 43

-

Ha kpao npAMOYTOJBHOTO OGPEBa BHCOTOM A JeKUT OHOPORHBL
map paguycoMm R. B mcX0fHOM NOJOKCHUH 1Iap HAXOTUTCH B COCTOA-
HHUH HEYCTOMYIHBOTO PABHOBECHs, T. 6. IEHTP IMapa JE/KHT HaJ Kpaeu

6

K sapaue 43.

o6peiBa (cM. puc. ¢). Ompemesnnth MeCcTo HajeHHsA Wapa Ha 3eMilo,
eclIE ero BHIBECTH W3 COCTOSIHUA paBHOBecHsi. TpeHUe MeKRY IIapoM A
0OpPHIBOM OTCYTCTBYET.

Boipaskenne ,Te0 BHBEIeHO M3 COCTOAHHA PABHO-
BecnA" OGBIYHO 03HAaYaeT, 9TO TEJo CMEMEeHO H3 COCTOAHUSA
PABHOBECHA HA MAaJyk BEIMYMHY W HAUYUHAST BHKEHHE
13 STOr0 MOJOKEHHA ¢ HYJAeBO# HAYAIbHOH CKOPOCTBHIO.

PENEHNRE

. PaccmorpnM JBMKeHMe TIapa B MOMOJKOHAM, YKa3aHHOM Ha pnc. 6.
Ha map feiicTBYIOT TOJBKO B CHWJH: cmia TaxecTH G 1 peakmus
onops Q, mpmaeM cmaa  HampaeneHa K HenTpy mapa. llaesm stmx
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CHJI OTHOCWTENBHO NHEeHTpPa mapa (ROTOpHE MO YCIOBHIO ABJIAETCS
LHEHTPOM MacC) PaBHHK HYJII0, a 3HAYAT, map ABRMKETCA UOCTYTIA-
TeJbHO, T.€. ABIAETCA B YCIOBAAX HANIeH 3afaum MarepHaibHOMH
TOUKO# (CM. 3amady 28).

Iins maraAagHocTk Ha pue. @, 6 m300paskeHO DTO MOCTyIATeNbHOE
aBmrenne. Ha mape maprCOBaHL! MOJOCKHE H3 TOYEK, KaK Ha JETCKOM
Maapke, IIpH pBM;Kemmm IMapa Kaskgas MOJOCKAa TepeMemaercsd,
0CTaBafACh B IJIOCKOCTH, TMapajielbHOM HCXOTHOI.

W3 proporo szaroma HeioToHa caesyer, 94ro BOJOTH O MOMeHTA
OTpHIBA IIapa OT Kpasd oOpriBa cupaBejiidnBo CooTHONeHMe &G COS & —
— @ = mi*/R, Tne m — Macca mapa; v — ero CKopocTh B paccMaTpH-
BAEMOM IOJ0;KeHUA. Beluunny CKOpOoCTH MO;KHO OIPENeHuTh MCXOMA
A3 saxkoma coxpanenmsa oueprum: GR (1 — cosa) = mv*/2, The
Beapapgaa R (1 — cos @) paBHA BBICOTE, HA KOTOPYIO ONYCTHICH
mlap [0 CPaBHEHUIO ¢ HCXOMHBIM nonoskexmeM. CpaBHUBAA BHITTHCAH-
L€ ypaBHeHHS, HAXOAHM, UTO

v=1 2gR (G~ Q)/3G,
' cosa=(2G 1+ Q)/3G.

®

Ilap oTpriBaeTCsi B TOT MOMEHT, KOTHA OH IePecTaeT JaBHTH HA
spait o6priBa. Ilonarag B coornomwermax (1) @ = 0, maxomgum cKo-
pocTh 1Iapa B BTOT MOMEHT: v, = (2gR/3)Y/2, Bricory HmKHeil TOUIKH
niapa Hajg 3emieil: hy = h — R/3 m yronm HakIoHa BeKTOpa CKOPOCTH
K TOPH30HTY ¢y, OpHIeM c0s @, = 2/3. Ilpm proM, pasymeercs, 6 7meM
caartath, 910 k> R/3. Iocme ororo ocraercA pemiuTh DIPOCTYIO
KOHEeMaTAYecKyl 3amady. Ecam z, — mcKoOMoOe paccTOAHAE TOUKH
najieHuss oT Kpad o6pLIBa, TO OTBET HMeeT BHJ

V[ AT )

YTouHmM OJHO RCLIOAB30BaHHOe B pertenuu yciaoBue. [louemy,
cobcTBeHHO, culla ABJIeHAA MePUeHNKYNAAPHA K MOBePXHOCTH mIapa,
a He HampaBJeHa Kak-to mo apyroMy? Jlas orBera Ha BTOT BOIPOC
Lpe;KIe BCero AafguM HeoOXOamMHe Ompe/eseHns,

ITycrs Bormykiine Testa A ®m B HaxogATcA B HEmMoOCpes-
CTBEHHOM MeXaHH9YeCKoM KoHrtaKte (puc. ¢). lIpm srom
Ha teqo A co croponn rteaa B peiictByer cuia F4." U3-3a
nedopManam TeN WX KOHTAKT OCYIIECTBAAETCH HE B TOUKE
racaugma O, a mo MaJoi II0majake, OKpyKRawmeil Toury 0.
B cuny Ma’docTm IJOmMATKy MOKHO CYRTATh IIOCKOIN.

IIpoBesieM HOpMAIb K IJOIMAAKE M PA3I0KUM IOIHYIO
enny Fa Ha cocrasngmomue: F, mo mHampasiennio HopMaan
n F,, aeramywn B miockoctr maomaprn. Ilo onpedese-
nuto F, HaseiBaercd CmI0i HOpMalbHOTO faBiends, F,—
cuioii Tpeus. VHEIME ¢rmoBaMm, CANA TPEHHUA ABIAETCHA
AeRamel B MIOCKOCTAE CONPUKOCHOBEHUA COCTaBJAIOIMEH
CHJIKL B3aMMOIEHCTBHS CONPHKACAOIMAXCA Tel,

4
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IIpm compmrocHoBeHmE mapa W Kpas o6PHBA IJo-
CKOCTb CONPHKOCHOBEHMS Ha TePBEIA B3IJAy He ompepe-
aeHa. Opmaro cilegyeT ydYecTh, UTO HuealbHEIL yroa —
BTO TeOMeTPHICCKAA aOCTPAKIAA; Y PEATBHEX Tel 0cTpas
KPOMKA WIH OCTPHE ABJAACTCSH YaCTBI0 NWIRHAPA MK
chepu ManuX pagmycoB. OTcofa m ciegyer ykasammoe
B peNIeHAR 3afa4l HaOpaBleHAE CHJAH HOPMAJIHHOTO
NaBJCHRAA,

JATTAYTA 44

Kar Gyner mpurarthses cdepa B MaTepHANIbHAS TOYKA B YCIAOBUAX
3afjaum 32, ecam Kod(PPUIUEHT TpeHRA MeKAY cdepoil m mOACTABKOMH
TAaKOB, UTO cfepa HE CKOIL3UT IO IOACTABKe, MOKa JaBUT Ha Hee?

PEIMEHUE

PaccMorpaM cuadada cuabl, aeiicTBylomue Ha cdepy, Korjga Macca
maxomurca B touke M (cM. pmc. a). Tark Kak cyMMa MOMEHTOB HTHX
cHI paBHA HYJI0 OTHOCHTeLHO IeHTpa cdepu, 10 F' = F,,. Tornga
OYCBUJHO, UTO CCJH B KaKOH-TO MOMEHT BpeMeHm cujia fgaBjesma
maccni Ha cdepy obpa-
maercAd B HYIb, TO HCHe- 5 [ F
3al0T W BCC OCTalbHHE
CHJIDI.

PaccvoTpuM  ClIbI,
JMCHCTBYIOIIAE Ha MaTe-
pUaNbLAYIO TOURY {pHC. 6).
IIo TperbeMy  3aKoHy

HroTona F=~—F,
Q = — Q’. Ilora cdepa
HEe CKOJb3UT [0 MOJCTaB- K sapmaue 44.

Ke, MarepmalbHAdg TOUKA

B J060i MOMEHT BpeMeHR ABIKETCA TaK, Kak ecian OH 0Ha Bpamasachs
BOKpYT ToYKH (; — MTHOBGHHOTO IeHTpa Bpamenns. CiaegoBarelbHo,
B COOTBCTCTBHR €O BTOpPEIM 3aKoHoM UploToma mms groro meobxo-
aaMo, 9To6LI cyMMa MeicTBYIOHIAX Ha TOUKY M cma olOeciieumna He-
06X0AMOe TEHTPOCTPCMATEABHOE YyCKOpeHue, T. ¢. ITOGH

M2

¢/ 4/ .
=Mgcos 5 —Qcos5— Fsin, (¥4

Cropocrb MaccH M B 5TOT MOMEHT BpeMeHRA OIIpefeNsaercsa 3aK0HOM
COXpaHGHRA JHEPTHA, T. €.

Mv*2=MgR (1 — cosa). (2)

YunrnBag, 9to r = 2R cos (®/2), m momaraa Q = F =0, ns
pupaxkennii (1) m (2) monyuaem, uro macca M mepecraer maBmTh HA
¢depy OpH BHIOAHEHRR ycaoBus cos (o/2) = (2/3)¥2. CnegoBaTedbuo,
IBWKeHMe HAMMUX Ted TMPOMCXOLAT CAeXYIOmuM 06pasoMm:
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1) B rTeueHHme HEKOTOPOTO BpPEMEHH IOCIE HAYaNbLHOIO MOMEHTA
cdepa raturca Ges DpoCKaTb3HBAHNMA IO TOACTABKE, a MaTepualbHAA
TOYKA JBHIKETCA 10 MAKIOMJE;

2) B MOMeHT, KOT[a pajgmyC, IPOBefeHHHHA N3 menTpa cdepst
B MarTepHaJbHYK TOYKY, COCTABUT C BEPTHRAJIBI0 YTOJd o, TaKOi,
yTo cos (,/2) = (2/3)1/2, marepmaibrag ToYRa B cdepa mepecTaioT
B3aHMOJIEIICTBOBATEL, OJHOBPEMeHHO IpeKpallaeTcs B3aHMOoJIcHCTBRAE
cdepnl ¢ MOACTABKON; MmOCHE HTOr0 MaTepHajbHAs TOUKA JBUKETCA
TONIBRO O] feiicTBmeM CHIB TsReCTH, T. e. o mapaboae, a cdepa,
II0BOPAYHBASCH, CKOJMB3UT [0 IOJCTABKE;

3) Tepes HEROTOpOe BpeMa MaTepHanbHas TOURA HmagaeT Ha MOJK
CTABKY, TpHYEM, €CIH ITO CTONKHOBERHE YOPYro, B JalbHeimes
MarepmanbHas TOYKa Oyjger IpHITaTh IO IOACTABKE, OHOBDPEMEHHO
TepeMenasnch BIojIb Hee.

JATTAYA &

‘
i

C rako¥ cmaoit T maranyr Tpoc AB, ecim Ha cmereMBl IMapHAPHO
CKPeILIeHHHX cTepaiHell nefictByer rpys BecoM G (cM. puc. a, 6)?
Crepikau BF u EA — coiomunie ¢ apaupoM B ieRtpe; AC = CB =
= BD = DA = DF = DF = EIl = FI.

PEIMMEHHKE

g

1<t cmoco6: (maa pme. a). Pasaosxad pec G mo mampasie-
masim DA w DB (pumc. 6): F; = F, = G/2 cos .. Cmam F; u F, mepe-
HECEM BIOJb ITO INHUAM BX felicteusi B Touku A ¥ B u, B cBoI0 oYepefb,

H sapage 45.

pasfokuM Ha BepreKagbube (Fip, F,p) w ropusomrampuue (F ., F,)
cocTaBIAKmRe. ['0pB3OHTANBHHE COCTABIAIOMAEC H OHpe;D;e.JIHIOT Ha-
TAKeHMe Kamara, T. e. .

T'=F,=F,sino =(G/2)tga.

IIpg o > /2 T — oo, T. e. BEKAKOH KaHAT He BHAED'KAT TaKoi
Harpysku. HaoGopor, mpu ¢ — 0 7 — 0. Hocaegaum 060TOHTeJIZB-
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CTBOM 9acTo "TMOJbIYIOTCA AMA CO3NAHHST NONBEMHHX MeXAHA3MOB,
rae magolt cuuoit T MoskHO mogEAMATH Goaburoil rpys G.

2-i cuocob6. Ha meppeil BaraApx Bee NPeAsAyIue BEKIATKE
TOJKHE COXPAHATHCA B CAJIE B B cliy4ae 6, TaK KAk B KOHETHOM HTOTE
Bec G mepepaercsa cucreMoll BepxXHAX crepskueil B toury D. Ogmako
TAKOH TOXX0J] He YUHTHIBAGT BHYTPEHHHX CHJ B CHCTEME CTEPIKHEIi.
Cpmenats 370 He OUeHb CJAOMKHO, HO MBI BOCIOJb3YeMCS HHHM BechMa
HOJC3HLIM METOJIOM pacdera. :

Nz mpocreiimaXx reoMerpHYecKumX coobparkeHHH CJaegyeT, dUTO
eclI mpu yKopaunpanum Kanata AB ma Al rpys G B cucreme, maobpa-
JReHHOU Ha puc. a, nogamMmaerca Ha Ah, To Aad caygas, IpeacTaBIcH-
HOTO Ha puc. 6, BbIicoTa mogseMa cocranut 2AL. B oboux ciyuadax mpn
VKOpadmBaHWHE KaHaTa mpmaercs coBeprmiars pabory uHa nmyru Al
cuJIoi, paBHO¥ HaTsIKeHHMIO KamaTa. Taxk Kay B cayuae 6 peayabrar
paGoTsl, T. €. H3MCHEeHHe HOTeHIHAJLHOW HHeprmm Tpysa G, oKasbl-
BaeTcA BABOC OoabmmM, TO W HaTA;KeHHWe KaHaTa B caydae 0 BJBO®
IpeBHINgeT HaTA/ReHHe KaHara B ciIydae 4.

BATTA YA 46

Ha Tenesiry omupaercs yKpeiLJeHHLIA IMapHUDPHO B Touke A OHMCK
Maccoir m (cm. puc. ). Jnmck mosker Bpamiathesa BOKpPyT A B mio-
cKocTH pHECYHRA. HaKyio TOPE30HTANABHYIO cudy F HaZo NPHUJIOKHTH

K sapage 46.

K TeJeKKe, 94T00H CABUHYTH €¢ C MeCTa, ecad Kodpuiment TpeHmus
MeRTY THCKOM U TelesKKoil paBeH f, yrom mexpy paguycamm OB m
OA paser @ (0 << @ < 2m)?

PEMEHHUE

[Iycrs Mel THITaeMCA CABMHYTH TEXERKY BUpaBo. IHam mpensar-
CTBYeT Cchjia TPeHMA CO CTOPOHHL NCKAa, HApaBJIEHHAs, eCTECTREHHO,
BaAeBo. IIpm 5TOM B COOTBETCTBHMH C TPeTHMM B3aKoEoM HbioToHa Ha
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HUCK CO CTOPOHH TeJie;KRu fmeficrByer cmiaa F, paBHas cmae Tpenud o
HaIpaBJeHHAsA KAaK yKa3aH0o Ha pucyHKe. Hpome Toro, Ha AmCK Aei-
cTBYIOT craa Taxectd G, HopMmaspHAA peaKuA omopu Q m HexoTopas
cura R co croporm maprmpa.

Tak Kak gucK HeTOJBIKEH, CyMMa MOMEHTOB BCeX CHJ, pelct-
BYIOOUX HA HETO, PaBHA HY/JII0. DHUYRCAAA MOMEHTH OTHOCHTEIBHO
To4km A, moayiaem, 4To '

Grsin@ -+ F (r —rcos ¢)—Qrsingp =0, (1)

rie r — pajgnyc THCKA.

Jlerko yGemHTHCSA, 9TO CCIH TEACKKY LOHTATHCS CABUHYTH BIEBO,
ypaBHeHHEe MOMEHTOB IoJyanTcsa w3 ypaBueHuA (1) npocroit saMeHol @
Ha —@ (mam #a 2nt — @). ITooToMy orpeabHo 3TOT caydail paccMmar-
pHBaTh HEe HYMKLO. .

Horga rexnemka mpumier B BuiKeHMe, culla TpeHus F cramer
paBHoil fQ), m, ciemoBartenbuo, Bupaskenume (1) mpumer BmEA

mgsin ¢ — F (1 — cos ¢) — F sin @/f =0,
OTKY/la MckoMadg cuna F, ompenenanTcs BHIparkeHHEM

sin @ ¥(2)

FO’;Fngcos p-+sin cp/_f—i\:

ITomyuennoe BuIpasKeHme cogep:RET HECKOJBKO ocobeHHOCTEL:

1) sEaMeHateab MOiKer o0paTtUThCA B HYIb;

2) apobn Moker crarh meompemedennoii (smma 0/0).

Har yske roBopuioch (cM. 3agady 36), B TAKAX caydIagXx HeodXo-
AUMO YHKasaTh (U3MUYeCKme OPUYNHB HOABJIEHMA ocobennoctm. (re-
JaeM 3TO. '

1. O6pamenue 3HaMeHareJA TPH HEKOTOPOM 3HAYCHAH yTIa ¢,
B HYIb, a cuisl /' — B GeCKoHeYHOCTh 03HAYACT, UTO CABMHYTH TOICHKKY
yKazaHaLiM cmocoboM mHesoamMoikHo. lIpomexommr Tam HasbBaemoe
3aKIHHABaHEE: 4eM OO0Jblucii CAIOA MEI BO3ACHCTBYeT HA TEICHKKY,
teM GoJble CTAHOBATCA IPCHATCTBYWOMAs HAM cuina TpeHmA. Umra-
TelIb MoyKeT yOeIuThCAd B CYMICCTBOBAHAR DTOT0 ABJIEGHAA Ha IpocTeii-
MeM OOHTe, KOTOPHI Mm3o6pasken ma pmc. 6. CxeMma omHTa HmoXOoMKa
Ha yeJaoBus zanaunm. Ilomerraiiteck BHAepEYTH amcr Gymarn 5 ms-mog
Kapansama K, BepXHOH KoHeI; KOTOPOTO 3aKpeillleH, HAIPHEMEp,
nanbueMm I y crenkn C. Yroa ¥ gomwxeH Ovrh Ommzox k 90°.

Herpyaao yGegmrhbesi, 4To Yol (g CYMECTBYET NPH JIOOHX 3HA-
deHAAX [ B JeRAT B mpefenax /2 < @y < .

2. Ecam ¢ = 0, To uncanresh B 3HaMeHAaTedb Apobr obpamanrcd
B HyJb. PacKpHB ¢ IOMOmMbBI0 CHOEIAAJBHEIX METOMOB HEOIpemeJeH-
HOCTH (7. €. OIIPefeJNB MCTHHHOEe 3HAYeHWE Npobm, ecim TaKoe Cymie-
CTBYeT), MH ToayumM peayxasrar: F, (¢ =0) = mgf, 9ro coBnagaer co
BHAYCHOAME MCKOMON CHIIH, ecam ¢ 6Iu3ko K Hyn0 (WId K 27), Korja
Fy momer Owth ompepeneHa ma dopMyan (2).
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3. Eme onma ocobeHHOCTS moMyYeHEOrO pesynbrara. Ecan @y <
<@ <@, 1o F <0. MaremMaTnk 3fiecs He YBHIWT HEYETo mpeyo-
CYARTEIBHOTO, HO (M3mdeckm 310 beccMmbicacHHO. Begp mpm F <0
camy criy TpeHmA F mpmgercda HAmpaBmTh B CTOPOHY, TPOTHBONOIOM-
HYI0 BHIOpamHOW fepBOHAYATBHO. TaKoe JETKO MOMKET CIYIHTHCA CO
CKOPOCTAMA, YCKOPCHAAMA, CRIAMA 1 flaske CO CKAIAPAMH, TMEIOMIMA
sHak (ToK, BpeMs). Ho mampaBieHme CHIH TPEHHUS BHIOPAHO IO
VCIOBUAM 3a7add 3apaHee, OIPUTOM TaK, 4TO TPEHHE IPeNATCTBYeET
BO3HAKHOBEHHIO OTHOCHTENIBLHOTO [IBHKCHHS HIR CaAMOMY TaKOMY
ABIWKeHni0. Ecam mociie pToro m3MeHHTh HANpaBJeHWe CHUIBI TPEHHH,
T0 TockefHAd, Haobopor, Gymer cmocoOcTBOBATHL JBW/KEHHIO, HUTO
IPOTHBOECTECTBEHHO.

N eme ogno samezamme. Har maBectno, gas paBHo-
Becuss refla wHeoOXoaAmMO BHIOOJAHEHHe [ABYX YCJIOBHIi:
cyMMa cumi, JelcTBYIOMEX Ha TEJI0, MOJKHA GHTL paBHA
HYJII0, I CyMMa MOMCHTOB CHJI OTHOCHTEIbLHO IIPOHU3BOJIb~
Holl ocwm TakKe gossKkHA OBITH paBHa Hydo. B sroil 3agade
MLl OTPAHWIMIHCH MCCJe0BaHAEM JHMb BTOPOTO PaBeH-
crBa. IlpaBomeper am rakoit mopxom? [Ha, mpaBomepeH.
ChopMyaupyeM HECKONBKO TPOCTHX TNPaBHN, TMOJIE3HBIX
IpH pelleHUH 3a71aY CTATHKMA TBEPAOTO Tea.

1. Ecan mo ycioBHAM KOEKPeTHOH 3ajady (CM. 3ajadn
19, 20) reno MosKer ABHTATHCA TONBKO HOCTYHIATEILHO,
WHTePeC mpefcraBisder JRNIL pelieHHe YPaBHeHHA, YTBEP-
JRJAI0MET0 PaBeHCTBO HYJIO CYMMBI BCeX CHJI, JeliCTBYIO-
mux "Ha tedo. CyMMApPYA CRJAB, HX MOKHO HEePEHOCHUTH
napajnelbHo caMuM cebe.

Cymma MOMEHTOB CHJI B 9TOM ClIydae Tak/ke paBHA
HYJI0, HO COOTBCTCTBYIOHmee ypaBHeHWMe OOLIYHO OKa3bi-
Baerc ma3bGBITOUHRIM, TAK Kak He HeceT, CKopee BCeTo,
HOKakoi HoBoil madopmamum. OHO D0O3BOIAT JUMIL TPO-
BEpPUTH, UTO TeJO HOJ JelCTBHEM JaHHBIX CHJ HE HAYHET, .
HanpuMep, ONPORUAKBAThCA. EcIm TaKkas BO3MOMKHOCTH
3apaHee HCRIWOYeHA, IPOBEPATH HEUETO.

2. Ecan no yeaosusM sagaum (Kax B JaHHOM cJaydae)
TEJI0 MOMKeT UMb BpamaThcsd BOKPYI HEKOTOPOH Hemoj-
BIKHOH OCH, MCYCPILIBAIOMHUM YTBEep:KHeHMEM, Kak mpa-
BHJIO, SBJISETCA PaBCHCTBO HYJII CYMMEL MOMEHTOB CILI,
AeACTBYIOIAX HA TEIO, OTHOCATENLHO JI0Goil ocm. Ilpm
BEYACICHAR MOMCHTOB CHJBL MO/RHO TEPeHOCHTHh TOJBLKO
o0 JHHAAM HX JTeAcTBHA. -

CyMMma BCex cma B 5TOM cjAydae TakKe paBHa HYJIO,
HO COOTBETCTBYIOIEE ypaBHEHHe IO3BOMAT OIpPeelnTh,
CKOpee BCero, JRIIb PEaKIRi0 OMOPH, T.e. CAIY, AeHcT-
BYKIYI0 Ha TeJI0 CO CTOPOHH OCH HJIH TOYKH, BOKPYT
KOTOPO#l Tedo MoskeT Bpamathcsa. CyMMy MOMEHTOB CHJI
nIpefiouTUTelbHee BREUACIATL AMCHHO OTHOCATEJNLHO 3TOM
OCM, TOT7Za MOMCHT PeaKIiH OcHM B ypaBHEHHe He BOMJET,
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TaK KakK IJIe90 3Tolf CHIN paBHo HYI0. Pazymeercs, eciu
LeJbl0 3amaud ABJIACTCA OIpefeleHAe MMEHHO PEAKIAH
OOOPH, YPaBHEHHWE A CRAJ IPRAETCA COCTABIATEH.

3. Ecau BoaMoskHOE ABIKeHHE TeJda ABISETCA CYMMOI
MOCTYNATEAbHOTO K BPAMATCABHOr0 [IBYKEHHI (HHBIMII
cji0oBaMm, He FABJIACTCT HA YHACTO MOCTYNATeIbHBIM, HH
YHCTO BpamaTeJLHBIM NBH/KCHHEM), AId pellieHHms 3ajavuf
1Heo0X0uMO COCTaBJISHHE YpaBHeHHII WM AJAfA CHI B A
nx momenrtoB. IIpaBmma mepenoca cun Dpu cocTaBlIeHHH
KOKJOr0 M3 ypaBHeHHi, NIpHBEIeHHBIE DLIle, CoOXpa-
HAIOTCA.

4. Tlomesiio uMeTh B BHAY, UTO €CJAH B 3ajiaue cyliecrt-
BeHHa gedopMariua Teja, TO CUIB Boollue Reab3s mepe-
HOCHTD.

e

SATAYTAASL

Ha BepxHIOI0 BeTBh ropm30HTAJIBLHO PACHOJIORERHOTO KaMepToHA
HachHIaH mecok. Hamepron mocpesicTBOM CMEIYKA IPABORAT B Kojeba-
Huag ¢ gactoroir v = 500 ¢l. Harkosa amoauryna koaebaunit A; B ToM
MecTe KaMepToHa, I7e TecUumHKH He mogcKkaxkmpaxor?! Hakopa ammau-
Tyna roneDanmit A, TaM, rAe TeCYAHKH IIOJCKAKHBAIOT HA BLICOTY

= 2 MM 00 OTHOLIIGHHI0 K HX DOJOMKEHUIO IpPH TMOKOAIMEMCH Ka-
mepTOHe?

Kamepron Koaebaercss rapMOHHTECKH, T. €. B JIO60M MecTe KaMe )-
TOHA CMeIIeHHE BEeTBH OT IOJO/KEHHS pPaBHOBeCHA NIPOHCXOAHT OO
3aKO0HY

z(t)=Asinwt, ©=2av, (1>

IIpAYeM B BEPTHKAJIBHOM HampaBJIeHHMH.
Crepocth W yCcKOpeHme To09KH, KomeOmomeiica mo 3akomny (1),
OImpeeNsAnTca, KaK M3BEeCTHO, BHPaKCHUAMH

v(t)=Awcosot, a(t)=—Ao?sinot, (2

PEIMEHHWE

Hax Bumao us coormomenmit (2), YyCKOpeHHe R3MEHAETCA B IPOTHU-
Bodasze co cMmemenueM. B wacTROCTH, ecam KomebI0mascsa TQUKa
cMemaercs BBepX 0T IOJOKeHHS paBHOBeCHHA, ee YCKOPCHHe HAIpas-
JIeHO BHU3 M YBeJInuHBaercd mo abcoM0THON BeJAYHHE BMECTe CO CMe-
nieapeM. Ilecumnaka orpuniBaercAd 0T BeTBH KaMePTOHA B TOT MOMCHT,
KOT/la TOYKa BeTBR CMemaercs BBePX OT HOJOKEHASA paBHOBecH:,
a yckopeame pasHO g. OTPHB OPOMCXOJAT IOTOMY, 9YTO, HAYMHAA
¢ 3TOT0 MOMeHTa, MeCIAHKA ABAMercA BBePX ¢ yCKopeHAEM g, HAIpaB-
JNeHHHIM BHA3, & BeTBb KaMepTOHA,-ABRArasch ¢ GoablimM, UeM g, mo
abcomoTHOll BeJRYAHE YCKOPEHMEM, OTCTAaeT OT MECIMHKA.

CaegoBsarebHo, MOMeHT OTDHBA ICCYEHKHN onpeaenﬂercﬂ paBeH-
CTBOM -

Aw?sin oty = g. (3)
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B sroT MOMeRT HECIMHKA HAXOMAHTCA HA BHICOTO :
hy= A sin @ty (4)

OTHOCATENBHO €€ MOJNOMeHUs NPU HOKOMMEMCsA KaMepPTOHe M mMeer
CKOPOCTD
vy = Aw cos oty. | : (@)

MaxcuMalibHYIO BEICOTY, HA KOTOPYIO TOAHUMETCS 0TOPBABIIASICS
HecuWHKa, HAakjfieM wu3 BupaKenma 7/ = h, -+ vi/2g. llomcraBnas
B IocJefiHee COOTHOINEHNe 3HATeHNS Ly, ky I v, 13 dopmya (3) — (),
noayuuMm, 4910 h = g/20* + (4,0)?/2g, orkyna

A, = (1/0) ) 2gh— (g/w)2 ~ 0,06 Mm.

IMecupHny He HOJACKAKHBAIOT B TEX MECTAX, Ifle YCKOPEeHHE HS Ipe-
BLIMIAET TO0 BEJUTIHHE g, T. €.

A== g/o? ~ 1073 mu.

JATAYAALS

Marematmaeckull MagTHHR AIHHOK [, TMOABEeNMICHHLH Y HaRJIOHHON
CTCHKH, KOTOPAas COCTABJACT C BEPTUKAJIBIO YTOI O, OTBOASAT B CTOPOHY

5 .
D 0\
el No

A lmz [ 8
C ,/
TS
K 3apage 48.

OT CTeHKR Ha yroiX § m ormyckaior. Ompesesurs mepuop KosebaHmid
TAKOTO MAasATHAKA, eCam creHKa abcomoTHO ympyras, a yrias & H
Maael (cM. pHuc. a).

PEMEHNE ‘ N

Eenn f < a, coyp;apeﬁnﬁ CO CTEHKOH HeT m MOKHO RCIOJb30BATh
HN3BECTHYIO q)opMyJIy o = 21 (I/g)¥2. Eecam B > o, mapmk . aGeo-
JI0OTHO YIPYTO coyaapsaerca co creaEKoii. [Ipere6Gperas miraTelbHOCTHIO
COYJapeHns, BOCIONb3YeMCA aHAJOTHEH MOy KoJeOaTeJbHEIM JBU-
JKeHAEeM MATePUAJLHOR TOUKA B ABM/KEHAEM IpOoeKIAN MaTepHaanoﬁ
TOYKM HA AUaMeTP IPR PaBHOMEPHOM BpalleHnd mociIefHed 0 OKPYK-
HoctH (pmc. 6).

Ilpn mommoM abopore TOUKE TO OKPYKHOCTH ee npoennnﬂ Ha
guaMer)p AB cosepmaer ofgHo moaHoe KoneGamme ¢ aMummrynoi R,
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970 ROJMKHO COOTBETCTROBATE amunutryae Pl meemenyemoro MasTHUKA,
1. e. OB = §!I. IIpn gpmxenun npoexnuu ot O kK A Ha paccrosmmn OF,
paBHOM O/, IPOMCXOAHMT CTOJKHOBEHWE, 4TO DKBUBAJNEGHTHO MIHOBCH-
HOMY Iepexojly Bpamalomeitca tourm n3 C B D, mrnaya gyry CAD.
ITommerii mepmop Takux woJebammil, CIefOBATENbHO, PABEH BpPEeMEHH
pPaBHOMEPHOTO ABwKeHHA Touykd u3 D uwepes B's C.

W3 rprromoMerpmYecKknX cooTHolleHm# caenyer, uro LAOC =
= / AOD = arccos (EO/OC) = arccos (a/B).

Tak Kak BcA AYTa OKPYRHOCTH CooTBeTcTBYer mepuozy I, T.e.
Ty ~ 2n, a_ncroMbii uepumon I ~ 2n — LDOC, ms upomopmun
noayyaeM, 4T0

=T, 2rm—2 arccos (o/P) — 9 Vﬁé(i __arccos (@/B) )

20 iy

S3ATATA 49

Camoder, B KabuHe KOTOPOTO YKPOMIOH MaTeMaTAYCCKAI MaATHHK
ATHEOR [, nBMKeTCH ¢ yeKopeHMeM a. Onpegenurs nepuoj KodebaHuit
MasiTHUKA.

PEMEHNE

B paBHOBecHOM COCTOSHHH TPY3 MasfTHHUKA [BHJKETCS C TEM JKe
YCKOpeHHEM a, 4TO ABJAAETCA PeayabraroM JelcTBAA HA I'PY3 CHIH

a _ b

.mg
K sanage 49.

G == mg npara:xenua R Jemae u caan R, marmmenna antn. Ha
oCHOBe 3aKoHa HpwoToHa M pHC. @ DolydaeM, 41O

Ry =m?(a>+ g* — 2ag cos ).~ )

Happapierne mBmr# MafTHAKA HPH 9TOM COBIAJAEeT ¢ HANpaBIie-
HHEM BeKrtopa (a — g).

HYCTB MajTHHE (pHC. 6) BHBENCH M3 MOJIOMEHHA DaBHOBECHs Ha

manuit yronm $. Ilpm sToM Harts/KeAWe HATH W3SMeHATCH W CTAHET

pasEEM R = R; + AR. [dunammueckoe ypapHeHHE CTaHOBUTCA B
9TOM clIydae TaKuM:

m(a-}-Aa) =mg-+ R =mg+4 R,+ AR, (2)
rae Aa — yCKOpeHEe MAaATHHKA OTHOCHTENbHO TOUKH LOABECA. -

.18 B
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Nz coorromennii (1) m (2) cnegyer owepmxnoe paBercTBo mAa =
= AR. OTHOCHTeNbHO TOYKH NOABECA MASTHHK MOMKET JBATATHCH

TOABKO IO OKPYKHOCTE Pajmyca !/, B TIPOTUBHOM CAydYae HHTH PACTH-
HercA wiam nposucHer. IlosToMy B oTHOCHTENBHOM YyCKOpPeHEWEH Ag
MOKHO BHAENNTb ABe COCTABIANMEe: Ag, — ICHTPOCTPEMUTEIHHYIO
B Aa, — KacarebHYI0 K OKPY)KHOCTH. Pa3i0/KRB 10 TeM 3Ke HaIpas-
JeHAaM BerTop AR, moaydaem, drto

AR, =R, sin f. (3

Tak war yrom P mam, sin p =~ f; kpome roro, § = z/I, 116 z —
JuHeliHOe cMelleHme MasgTHAKA. Torpa m3 (3) HaxommM, 4UTO

AR, =R, = (mxz/l) V a® 1- g2 — 2ag cos . (4)

N3 mocaegHero pameHcTBa cjaegyer, UTO CHJIA, BO3BPamaiomasd

IPy3 B MOJ0YEHAE PABHOBECHH, IPOMOPIMOHAJNbLHA BEJIUYNHE OTKJIO-

HeHHOsA & 0T DTOT0 HON0KeHnsA. ['py3 HauHeT coBepInaTh rapMoHHIeCKue
ronebammsa (cMm. Ilpameuwanmme I K 3amade) ¢ mepuojoM

T=2xV I/V a®F g — 2ag cos a.

Tlonyuennuii pesyabrar cojep:kur ocobenHocth: mpm o = 0
H ¢ = £ 3HaMcHaredb oOpamaercs B HYJb, a TEPROJ CTPEMRTCA
1 6eckoHCYHOCTE. McTouHAK 0cOOEHHOCTH TAKOB: IIpH & = g MaATHUK
cBo6GoIHO TafaeT, HaTA:KeHAe HATA oOpanfaercs B HYJb, BO3Bpamalo-
Mell CHAH He BO3HHKaeT. BHBeeHHHNW H3 NOJIO/RCHASA PAaBHOBECHS
rpys ambo ocraerci B HOBOM TONOMKEHWH OTHOCHTEILHO CHCTEMH
0TcYeTa, CBA3AHHON € TOYKOM mojaseca, Jub0 ABUIKETCA PaBHOMEPHO
OTHOCHTEJLHO TOUKH TOfiBeca 1O OKPY:RKHocTH. B oboux caydasx
KoJeOaHRA OTCYTCTBYIOT.

Ilprvmevganme I. Ecam MarepmanbHas ToYKa
Maccoii 7 HAXOMHUTCH B MOJOKEHHA yCTOHINBOTO PaBHO-
BeCHA, A TPR e¢ OTKJIOHEHAHM OT HTOTO IOJO/KeHmA Ha
BeJUIuHY X BO3HHKAaeT Takasd Bo3Bpamanmas CcHia
F, aro F = — kx, rgme ¥ — kosddunmuert npomopiiuo-
HaJbHOCTH, TmpmueM k¥ > 0, To paccMarpuBaeMas MaTe-
prajgbHasg TOUKA, Oyy9In BHBEICHHONR W3 MOJI0KCHAA PaB-
HOBecHs u IpefocraBJeHHON camoit cebe, craHeT coBep-
marb rapMoEAYecKme wHouaeGamms, npmaeMm mepmop T
9THX, TAK Ha3HBaeMHX CBoGOgHHX, KoneOaHmA oKasKeTCsA
paBHEM 271 (m/E)Y2. .

IMprmevanue Il. Iepuon cBoGoARKX KojcOaRmH
ABasercd 00BeKTABHOH XapaKTepHMCTHKOH CHETOM' OIpe-
JteleHAOr0 THTA (HANPUMED, YKa3aHELX B mpuMmesasmu ),
CYmEeCTBYIOMel BHe 3AaBHCHMOCTH OF TOTO, ACHCTBATENBHO
A CHCTéMa HAXORUTCH B cocTosHMEm KeouebareapHoro
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- . ABWKeHMA mau npebuipaer B mokoe. IlopepxHocTHan aHAa-
JOTMA — 3JeKTpocTaTmiecKkmit moreHnuasi. Om ompeje-
asercsa uepes pafory, coBepIIaeMyIio CHJAMK HoJfg n T. [J.,
HO Xapakrepusyer a0y TOUKY 9TOTO noss HE3aBH-
CHMO OT ToTo, OBLIA JIM CoBepmieHA Takag palbora B jgel-
CTBHTEGJBHOCTH HJU TOIBKO MOMer OHTH CoBepPIIeHA
B HOpUHOUIE. -

3ATAYA 50

HBa 6pycra ¢ maccaMu m; M m,, JNeHKamme HA TJIATKOM CTOXIe,
COCUHEHK HEeBeCOMON NPY:RuHoW ¢ KoapduimeHTOM KecTROCTH K.
Bpycku pasBogAT B NPOTHBOIOJOKHBIE CTODOHH!, pacrAruBad 0Opg
DTOM NPY:KUHY HA Bejuauny Al, m ogHOBpeMenHo oruyckawr. Haiitu
OCHOBHEIE XaPAKTEPHUCTHUKH IRIKeHHS OPYCKORB.

PEIMENUE

Nvnyape cacremMbl U3 gBYX OPYCKOB B NPYKUHH B MOMEHT OCBO-
Go:rgerua Opyckos papen myno. Ha ocHoBe 3amoda coXpaHEeHWHA
UMOYIBCa myvy + myv, =0, TAe vy U v, — OPOERI[AU MTHOBEHHHX
cropocrelt OpyckoB 1 m 2 ma ropusomransEyo ochk. CiaegoBarenbHo,
OTHOIIEHAE CKopocTell ODYCKOB BO BpPeMeHH HEH3MEHHO: U/, =
== — my/m; = const. Ho ecam y aByX Tex cropoctdm UPOUOPIHO-
HaJbHHE IPYT APYTY, TO ¢ TeM Ke KoapdumueHToM II POIIo PIEOHAIHHEI
¥ IyTH, OPoieHHbie TeJaMn 34 J000f IPOMEXYTOK BPEeMEHNn: & /X, =
= — my/m; == const, TAe #; W@ Ty — AAUHH OyTeH K IIPOU3BOJIb-
HOMY MOMEHTY BPeMeBM, OTCUMTAHHEIE, HAUPHMED, OT HAYAJBLHOTO
I OJTOKEeHHUS .

Ilocaegnee coorHonmieHne MOMKHO mepenmcarb TaK;

x3my -+ xymy == 0. ‘ (1)

Wz onpepenenms meHTpa Macc (cm. zagauy 23) m pa-

BencTBa (1) caemyer, 970 HECMOTPS HA ABWKCHHE OTHENb-

HHX BJIEMEHTOB, I{EHTP MACC CUCTEMH B IEJIOM 0€TaeTCs
HeNoJBW/KHHM. JloKasaHHOe yTRepH[IEHHE YacTo NPHBO-

: AuTcA B caemyoomed ¢gopmyaumpoBre: ,,BHyrpeHBHE CMin

' He MOTYT W3MEHHTh HoJioKeHme IerTpa Macc’. Mmenmmo
a1y Teopemy 3absin 6Gapor Mionxraysesn, BHTAIAB CaMOTo

ceba m3 Oojiora 3a BoOJIOCH, 7a emie ¢ KOHEM BIPHAAYY.

ITpm mHekoTopOM NOJOKeHWN IPY30B HATseHWe NPYRAHH, Ode-
‘BHAHO, o6pamaercsa B HYyJab. ByjeM mop y; @ Y, DIOHAMATH CMEIIeHUsA
rPY30B OT 3THX NOJOKeHWH; OuA y; M Yy, papeHctBo (1) ocraeres,
O4eBHEAHO, TaK sKe cupaBenamBHM. llpm sroM BeamumHa y; — Y, ecrs
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YAIUHeHHE NPY/KHHEL 0 CPABHEHHIO ¢ HEPACTAHYTHIM COCTOSHHEM,

npuIeM
k(y,—y)=—F, (2)

rie F — HarayeHWe NPY)KHHH B MOMEHT, KOTJa TPYSH B3aHHMAIOT
YKazaHHEE NOJIOeHHA.
C yderom pasencrea (1) MoHO HAHTH, 9TO

k(1 4-yimi/my) =k (1 + ml/m2) yi=—F. (3)

Tarum obpasoyM, Ha TPYs my ,u;eracTByeT cuia, NPoNoPIHOHAIbHAN
ero CMemIeHMI0 OT LoJoKeHus paBHoBecus (korZa y, = 0) m Haupas-
JeHHasg B CTOPOHY, NPOTHBONOJOYHYIO CMemeHHK. AHAJOrgdHHN
pesyaerTar ¢ ApPYrEM RoadQuIHeHTOM NPOIOoPIUOHAJIBHOCTH MOYKCT
OLITH HOJIy9eH U Jius rpysa m,. CiegoBaTeibHo, LOJ0KEUN, KOTOPHE
3aHUMAIOT TPY3Bl B MOMEHT, KOTHA UPYKUHA HEPACTAHYTA, ABIAIOTCH
H0JI0/KeHUAMA PaBHOBECHA DTHUX TPY30B, IPHYEM OTHOCWTENLHO HOJIO0-
AHeHHHA paBHoBecHsi IPY3H COBePIIAIOT TapPMOHHYeCKHe KoiebaHusa
(upumeuanue I ® 3agage 49) ¢ mepmomoM Ijsa my

__ my . mlmz '
I'y=2n ]/-k (A +maimg) — o V-k (mq+mg) ° ()

HAna euuucienus nepuoma I, ronebaHWil rpysa m, MOKHO:

1) Wnwm BHIIONHETE Te ’Ke BHIKJAJKW, HAYMHAS ¢ coorHOomeHus (3)
IPEMEHHTENHHO K TPY3Y My,

2) uMiau momeHsTh B orBere (4) wHaekcH 1 m 2 MECTAMHE;

3) miaum — camoe Jgyuimiee — coo0pasuTh, 4T0 TPY3H MOTYT KoJe-
6arbca TONBKO ¢ OMUHAROBHIMA mepwofamu, T = T,.

Amnmaryael Konebammit A; m A, CUPeENSAIOTCA U3 COOTHOIIEGHHUH
A, + A, = Al, Aymy = Aym,, 1. e. Ay = Almy/(my + my), Ay =
=: Almy/(my + my).

3apaHee He HCRJIIYEHO, UTO MAKCHMAJBHO BO3MOMKHOE CXKATHE
apyxuss Al; < Al. B aToM cayuae mpomsoiifer cToJKHoBeH#e Opyc-
KOB Uepes CXKABIOIYIOCH OpPYXEHY. Kcam crolkHOBenue ympyroe, ToO
xof cobmiTuii Oymer amaJIoTHUYEH PACcCMOTPeHHOMY B 3ajade 43.

3ATAYTA S

Ilokasark, 4To CHJIOBHE JHHUE T'PABUTAI(MOHHOIO HOJA He MOTLYT
nepecekaThCA UM KacaThCsA APYT APYra B T€X TOYKAX, I'le OTCYTCTBYIOT
MACCHBHbLIE TeJa. -

PEONEHNE

Hanps;ReHHOCTh HOJIA TATOTEHMA pPABHA OTHOMICHMIIO
CHJIE, KOTOpPas AefCTBYET CO CTOPOHH IoJA HA TOYCYHYIO
MacCy, MOMEINEHHYI0 B WCCAELYeMYI TOUKY, K BeIMIHHE
9TOH MAacCCH, T. €. PABHA YCKOPCHMIO CHJIHK TAKECTH B DTOH
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rouxe. CHTOBRIME THEAAMN ITOJIA HABHBAIOTCA JAHIM, Kaca-
TeNTBHbIE K KOTOPHIM B Ka:KAOH TOUKE COBIAfaloT ¢ HANPaB-
JeHHeM HaIpSMeHHOCTH IoJd B 5T0H TOYKe, a TYyCTOTA
auHuii B 1000l ofnacTh NPONOPOHOHANLHA BeJRFUWHE HA-
MPUKeHHOCTR Toaf B dtoi obnactu. (I'yerorolt cuiioBEIX
JMHUI HA3LIBAeTCA KOJIMYECTBO JIMHHAH, MPOXORANHIX depes
NepHeHARKYAAPHYIO K JAHHAM NJOMAAKY eIUHUYHOR TJI0-
1A I . )

Yacro, paBasi IoHATHE ,CHJOBOH JUHUK', UPHBOIAT
JUIIL NIEPBYIO 9aCTh OlpefeNcHUA. ITO HeBePHO: QH3HIec-
KWl CMBICJ MMEeT TONBKO cemelicmeo, COBOKYIHOCTE CHJIIO-
BEIX JIMHHIE, HO He orgeanpas jqunus. [{ogarue o ceMeiicTpe
auani Buepseie Beex M. @apapeit.*

JomycTuy, gyTo B T09Ke A (CM. pHC. a) CHIOBHe JWHUKM Hepece-
KaroTcA WIn KacaloTes ApYyr gpyra. Torja mo Mepe npuOau;KeHHSA K TOY-
ke A CujioBH¢ JHHAW HeOTPaHmYeHHO CONMKAIOTCH, T. €. HEOrPAHHU-
YeHHO YBENWYNBAETCA HX I'YCTOTA, & CIEJOBATENbHO, i HAPSKEHHOCTD
rnonasi. U3 3akoHa BCeMHDHOI'O TATOTeHHA H UPHHIHIOA CYNCPIO3WIAN
CJeyer, 9T0 ec/iM Iose CO37aH0 KOHEYHHIM YHCIOM MACCHBHEIX Tel,
MacChl KOTOPHIX OrPaHUYEHH, TO HHUTAE BHE 3THX Tel HANPAKeHHOCTD
noJsi He Mosker OBITh OecKoHeuHoli. [fo mpmENETY cynepuosunum Ha-
OPKeHHOCTh CYMMAPHOTO IOJA eCTh CYMMA HAUDA;KEHHOCTER moJjieil
OTAENBHHX TEI, 4 CyMMa KOHETHOI0 YHWCJIA OTPAHUYCHHHX BEJIATHH
nmMeeT KOHeYHoe 3HAYeHNE. JT0 W T0KA3EBaeT yTBEP:AAeHUe, CofepsKa-
Imeecss B TeKCTe 3a1a9H.

ITpencrasnenue oxs B BUje KAPTUHEL CMJIOBEIX JUHANA
He TOJHKO OYeHh HAIJALHO, HO K MO3BOJAET HPOCTO MOay-~
Yarhk MHOTMEe BajKHEE Pe3yJabraThl. B To Xe BpeMsa B caroM
oupeAeTIeHIM DOHATHSA ,,CAIOBAS NTHHIA" CONePHUTCH HeKnit
N PON3BOJ, TAK KAK He CYIIeCTByeT o0Ie PHHATOR efu HATIL!
A1 U3MepeHuA rycrorsl JuBni. OgHO 1 To Ke Hote (0HO-
ponHoe Hoje HA puc. 6, HATIpAMED) B 3aBHCAMOCTH 0T WHI-
BUAVAJIBHOTO BKYCA MOKHO W300pasHTh KaK 9ACTHIME, TaK
U penruMu AuHAAMA. YTo6B YCTPAHHUTEL 9TY HeolpeleacH-
HOCTH, BBOAST OPYIYI0 XAPAKTEPUCTHRY WOJSA, BeJHYNHA
KOTOPOI HPOHOPIHOHANBAA TYCTOTE JHHWHA: MOTOX HAIIPA-
;REHHOCTH Yepe3 TOBEPXHOCTh. BHAeMMM B ogHOPOIHOM
nojie (CM. PHC, ) IJIOCKYIO HJOIMALKY IIomanbio S, mep-
NEHAUKYJAAP N K KOTOPOHW COCTABISIET ¢ HANPaBJIeHHEM
Hanpsxennocty g yroa a. I{oTokoM HaupsamennocTn vepes
" 9Ty NJIOmMAAKY Hasnpaor BexwunHy O = g§ cos o. ’
Ecnu mMpl mmeeM [eJio ¢ HEOMHOPOJHHIM IIojeM, TO NIPH
onpepenenuu O nuomagry S caefyer BHOGPATH HACTOABKO
MaJioit, 94To0Ll B ee Tpefesax IoJie MOMKHO OWIIO CIUTATH
ONHODOOHHIM, & CaMy ILIOIHANKY — HJIOCKOM.

* I, MaxcBeaa, Peum m crarem, M,-JI,, T'oc, wap, TexH,-Teop, Jut,,
1940,
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OueBmaHO, YTO TOTOK dYepe3s DIOMAAKY MaKCHMAalieH
B T0M Cly4ae, KOTfa IJIOMAJKA NEPIeHIUKYIAPHA K Ha-
IpaBJieHU HAOPAKeHHOCTH. Yem Goublle BejuumHA MAK-
CHMaJBHOTO IIOTOKA, TEM I'VIIE B 3Toil 06JaCTH NOJd CHJIO-
BLIe JIHHNM.

a 1]
>i<
A
/
// \ 1 | gz
8 n 2 —=

«d

S St Sz

K sagmaze 51.

Tlna mydmero DOHEMAHAA CMBICHA BBEleHHOH XapaKre-
PHCTHKY [OJe3HO PaccMoTpeTh CHeRYyNINmiA NpuMep M3
TUIPOAMHAMHKNA.

ITycre B BeroropoM o6BeMe mmeercst ycraHOBHBIIEgeCH
TedeHne JKHEAKOCTE., CrpYyKRTypy oTOr0 (TeUeHHSA MOMKHO
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XapaKTepH30BATh TAK HABHIBAGMBIME JWHHAME TOKA —
JAHHAMH, KacaTeJbHBIEe K KOTOPHM B KaKJI0# ToUKe COBIIaA-
DAIOT ¢ HAIpPaBJeHHEM CKOPOCTH YKMIKOCTH B 3T0H TOUKE
(npencraBbTe cebe, 4TO Ha puUc. 6 M3006pAKEHN H>TH NMHUU
toKa). Benwmanpa Dy = vS cos a, Tie v — cKopoCeTh JKUA-
KOCTH, €CTh 00beM RHUIKOCTH, HIPOTeKAImeld B eSUHUNY
BpeMEeHH dYePe3 NNOMANKY S, PACHOJOKEHHYI0 OTHOCH-
TEJIBbHO JIMBH# TOKA, KAK YKa3aHO HA pPHUCYHKe. ITY
BeNUYuHY OOBYHO M  HA3HBAIT MOTOKOM JSHIKOCTH
yepea S. Uem Gonpme B, TeMm ryme Juomm ToKa (HA
puc. 2 m3obpaskeHO BePTUKAJHHOS CEUeHNe CTPYH, BHITEKA-
fomei W3 BOZONPOBOAHOTO KpaHA, M HAPHCOBAHL JUHAHT
TOKA).

Paccmorpum mone TATOTeHHAS TOUYEYHOH Maccesr m (Ch:.
prec. 0). Orpy:xuM Maccy BoobpaskaeMoil chepoil paguycoMm
R ¢ meATpoM B TOM TOYKe, Ile HAXOIMTCA MACCa, W MOACUM-
tTaeM TOTOK HAUPSKeHHOCTH dYepe3 MOBePXHOCTH DTOM
chepsi. A sroro pazoGbem chepy Ha Madgpie yIacTRU, KO-
TOpPHE MOKHO CYHTATH IIOCKIME, BHYHCIHM IIOTOK uepes
LKL YIacTOK, 4 3aTeM HafieM cyMMY 3THX NOTOKOB.
YenopaMcA CIATaTh, YTO HEePHCHAMKYIAP N K Ka/KIOMY H3
YIacTKOB HAIIPaBJIeH H3HYTPH cdephl (TaKoe HAUPABJIEHHE
NepPHeHARK YIS pa Ha3sIBAIOT BHOUTHed HOPMAILI0 K TOBEPX-
poctu). Taxk Kak HaOpAMeHHOCTb HOAA HA IMOBEPXHOTH
mocTosSHHA, g = Yym/R?, m HampaBaeHa B cTOPOHY, IPOTH-
BOIOOJOKHYI0 BHEIIHel HopMAaJNH, NHOTOK uepes cdepy
O = — 4nR%’g = — 4nym W He 3aBHCHT 0T pagEyca
chepsr.

JoxrasemM, 910 BeTHYHHEA OTOKA HE 3ABHCHT I OT (POPMEI
TIOBEPXHOCTH, BHYTPHM KoTopod Haxoaures m (B Hoxasa-
TeJLCTBE OTPAHHYUMCH CJY4YaeM BHIIYKJIOH DOBEePXHOCTH).
TlocTpouM TPOW3BONBHYIO BHIYKIYIO NOBEPXHOCTH S’
(cM. puc. d); pasobbeM ee Ha CTONB Majbkie YYACTKH, ITOOHI
KOKILIE U3 BHX MOM(HO OBLIO CUHTATH NJIOCKHM, a IIoJe
B ero mpegeiax — ofgHopogmniM. Ilyers AS’ — omup us
YYAaCTKOB, BHCIIHAS HOPMAlh K KOTOPOMY COCTABIMET YTOJI &
¢ HalpaBjaeHUeM HaupmxenHoctd. I{oTox wgpes aTqr yuac-
7ok AD’ = g (r) AS' cosa = vy (m/r*) AS’ cos @, tme r —
paccrosiHne yuactra ot Mmaccel m. HocTpoum Komyc ¢ Bep-
HIHOW B m, OCHOBAHUEM KOTOPOro sBAAeTcs yuactork AS’.
Ha nopepxsOCTH cdeprr pagmyca R 3TOT KOHYC BHIpeaaerT
yugacror mwnomanua AS, npuuem AS = (R/r)2AS’ | cos a |.
CuegoBaresbHO, ’

AD' = — vy (m/r?) (r/R)2AS = — v (m/Rb) AS,

T. . moTok uepes AS’ pasen motory uepes AS.
Kaxmomy ydacrKy nosepXxEocTH S’ MOMHO COHOCTABHTE

VKa3aHHEIM cOoco00M ydacToK Hamle#l 'cdepH, To3TOMY

HoJIHBIe HOTOKHM dYepes ofe MOBEPXHOCTH OTUHAKOBHL.
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IToMecTrM BHYTPH 3aMKHYTOH mNOBepXHocTH JI00o0i
dopMii TPOM3BOINBHO PACHOJIOMEHHHE TOYEUHHE MACCH
my, My, ...,.My. B COOTReTCTBUY ¢ NpPUEDUIIOM cyIepHo3n-
UnH DOJHHEA NOTOK Yepe3 3TY MoBePXHOCTH

k
D =— 4ny Z m;.

i=1

Jro yTBepiKpeHHme MOKHO 0000muTh HAa B3aMKHYTYVIO
HOBEPXHOCTD 000l Qopmel (He obsi3aTenbHO BHIOYRIYIO).
IIpumem s10 Oe3 morasaresbCcTBA.

JloraskeM, 910 ecniu BHYTPH HOBEPXHOCTH OTCYTCTBYIOT
MACCHBHEI® Te€la, TO HOTOK Yepe3 5Ty HOBEPXHOCTH PABEH
Hyn10. Hak u pavelne, JoCTaTo9HO PACCMOTPETh JHUIb I0J1e
TouegHOM MaccH. Ilycrs Macca m pacrmonoskeaa BHe HOBePX-
HocTd S (oM. pme. €). Hlocrpoum 3aMrHEYTYIO OBEPXHOCTD
S8, (puc. x), sactk S, KoTopoti caBuagaer ¢ S 3a HCKIIO-
gyeHmeM _ToHKoH ,,rpybrun" ceuemmem AS, coegmEAIONOIEH
S, ¢ S;; S; oxpyswaer maccy m. [lorox 4epes moBepxHOCTH
S,S, B npepene npu AS — 0 crpemurcss K IHOTOKY Hepes
nosepxHoctk S 6e3 ,,1py0ku", rak Kark HoTOK depes ,, Tpyod-
Ky" crpemurca K myawo. CiaemoBarelbHO, OTOK depes S,
npu AS — 0 ramxxe crpemurcs kK mHynao. Tar Kax S, Opu
3TOM coBIajaer ¢ S, YTBep:KIeHHe JOKABAHO. :

WUrar, nomokr uepes npouseoavbhylo 3amMEHRYMY nogepr-
HOCMb NPONROPYUUCHAAEH C K0P HUYUEHMOoM NP ONOPYLOH AL
Hocmu — 4nYy macce eewecmeéq SHYMPU NOSEPIHOCMU. ITO
yrBepiieHne HaseBaercsa 3arxomoMm I'aycca. ¥ Hax Bungo,
sarkoH I'aycca He sARJsiercd HeKWM He3aBMCEMBIM dusmde-
CKUM BaKOHOM — MH IOJYVYUJIN €ro Kak CJIeACTBHe 3aKOoHA
BCEMHDHOTO TATOTEHUA H TPHHIHUOA CYUePUO3HITNH [JIA
nosaeli taroresns. OpHaro 3akoH I'aycca He paBHOCHJIEH
3AKOHY BCEMUPHOrO THTOTEHHA, TAKR KAK IOCHeAani He
ABISETCS caencTBueM 3axona I'aycca. ’

Ilo amanorum c. rugpoguMHAMuKoM MAaCCHBHEIE Tena,
CO3Jalomie NoJe, HA3RBAIOT MCTOYHHKAME Iojifl. 3aKoH
T'aycca, TakaM o6pasoM, YTBEPATACT, 9T0 TOTOK HANIPSKEeH-
HOCTH depe3 3aMKHYTYI0 DOBEPXHOCTh OTIMIEH Of HYJs
B TOM M TOJBKO B TOM CJydYae, KOrjZa BHYTPDH IOBepX-
HOCTH MMEITCA HCTOYHHKM. ABajoruuHoe yTBep:KAeHHe
IJIT TOTORA JEMAKOCTH OYeBHUIHO.

* dueKTpocTaTHiecKoe BsauMofelicreue, Mojo6HO TpaBH-
TaIOHHOMY, 00paTHO UPOUOPIMOHAJLHO KBajgpary pac-
CTOAHMS MEKIY TOYCUHKMHM 3aPATAMY U MOTIHHAETCS IPUH-

-

* Bo MBOrHX KHHTaX 3TO yTBeD:KEeHHWE HasmBaercd ,Teopemoit ['ayced”,
MHu ponp3yeMcsi HasBaHmeM ,3aKoH [aycca“, TOMKe pacupOCTpaHEHHHBIM, ITOOHI
OTIMYATH STOT PU3MICCKHEA 3aKOH 0T HIAPOKO H3BECTHOH MATEeMATHYECKO# TeOpeMEl
Ocrporpaackore = I'aycea,
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many cynepnosmaum. CiefosarenbHo, 3akoH I'aycca cmpa-
BeJAHUB M AJA IEKTPOCTATHYECKOro IOJis.

Bo muormx sagauax zakos I'aycca npupoguT K pesynib-
tTary OblCTpee ® mpomie, 9eM HeNoCpeACTBeHHOe MCIodbh30-
BaHHE 3AKOHA BCEMHDHOIrO TATOTeHHS manm 3akoHa Hymona
(cm. sagagm 53, 106).

B sanxmiouenwe eme ofHo 3aMedanmwe. EcliM BH BHHMA-
TEJHHO CHAeAUJAM 34 PACCYHAHHAMH, COAEP:KANUMACH
B TEKCTE PellleHHA 3aj1a9M, TO HOJUKHK OBLIIM 3aMEeTHTh, 9T0
Onlio HerjacHo MCUOJh30BAHO TAKOE YTBEPAEHIME: CHIO-
Bhie JUEWW HeUPephlBHH B TeX MeCtaXx, IJ€ OTCYTCTBYIOT
mMaccuBHEre Tteaa. JlokakeMm (mpaBga, He 09eHb CTPOTrO)
COPaBeIHBOCTE BTOTO YIBEP:KIEHMS, MOJL3YACh 3aKOHOM
I'aycca. Iyers cumoBast anansa HauuHaerca (WIU 3aKaHdI-
BaercA) B HeKo# Touxke A, Ijge 0TCyTCTBYeT BeLieCcTBO.
Muicneano oxpyKuM A chepolt ¢ uearpoM B A HaCTOJbKO
Maso¥, 9ro0bl, BO-UEePBHX, BHYTPh 3T0H chepHl He IoLajio
Hi OFHOr0O MACCUBHOIO TeJa, HJIH €ro 9acTH, U, BO-BTOPHX,
91o0K BHYTpHM CcPepH He HAYMHANACL, He KoHYAIACh HHU-
Karas Oapyras cmioBas JdupHA. IIpm aToM yCa0BHUH MOTOK
qepes cpepy OTHHMUEH OT HYJA, UTO TIPOTHBOPEUMUT 3aKOIY
Taycca. Cnegorarennuo, rpebyeroe yTBep:;EaeHNAE TOKA3AHO.

3AJAYA 2

Jloxasarp, 910 1oJe TATOTEHHSA, CO3JaBAEMOe TOHKUM ChePUIeCKHM
CJI0eM, OSHOPOIHKIM IO IJIOTHOCTH, BHYTPH CEpH, OKPYKEHHOU DTHUM
ClloeM, OTCYTCTBYET.

PEINEHNE

ObBr9H0 piA HOKa3aTelIbCTBA B3TOr0 YTBEDKACHHA WCUOJAB3YIOT
clenyoonimit npueMm. PaccMorpuM TIapoBOH CJ0#, TOJMHUHA KOTOPOro
mana. lloMmecruy B IPOM3BBOIBHYIO TOUKY BHYTPH CgePH TOYEUHYIO
upodbuyo maccy M (cm. pucyHor). Bmjeanm Ba lLopepxXHOCTU CiofA
nwiomanky AS,, nocrpouM koHyc ¢ pepmmEOE B M W ocHOBAHHEM

S, u npomoiKmy OOKOBYIO HOBePXHOCTE KOHYCA 10 HOBOTO mepece-
YeHuA CO ClloeM. ITa MOBEPXHOCTD ,,BHPEKeT U3 Cl0f WIomanry AS,.
Bubepem Benumaupy AS; macroiabro Mmayoi, grobs tena AS; m AS,
110 oTHOIIeHHIO K upobHod macce M moykHo OBLIO CIATATH TOUEYHHIMU
MaccaMu. Torga M UpUTATHBAETCA STUMHM MACCAMU ¢ CHIIAMHU

Fy=vM Amy/r}, Fo=vyM Amyr;, )

HalupaBieHHEIMHA B TPOTHBONOJOMXHHE Croponn. B dopmynax (1)
Am, u Am, — maccu rex AS; u AS,; ry mry — paccrossHusa M go atux
Ted. Herpyaso yGegurhes, 9T0 MOCTPOSHHBIE KOHYCH MTOZOOHEL ApyT
APYTY, a 1o sHaamr, 410 AS;/AS; = (r;/ry)?, orryma Ami/Am, =
= AS,;/AS; = (ry/ry)®*. Hopgcrapnsas mocnensEee BhpajKeHHEe B ¢op-

-
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myasl (1), npuxogum k BEBOAY, 9T0 F; = F,, 1. e. paBHOAEcTBYIOMAA
can BzamMopielicteusas M ¢ maccamm Am; m Am, paBHA HYJIO.

Iocrousky Bech MapoBoO cliofl MOYKHEO pazbUTh Ha mapH dieMeH-
T0B, 00JAMAIOIMUX 3TUM CBOMCTBOM, CHJA BaauMmopencTBua M co ciaoem
PaBHA HYNI0O M He 34aBHCHT OT DoJoKeHMA Tourm M BHYTpH CIIOA.
CnepmoBaresibHO, ToJié BHYTPH CJI0A OTCYTCTBYET.

IIpuBenennoe morasarenpCTBO TpoMo3nKo. Hpome Toro, ecam
tTouka M Onwska K BHyTpPeHHeI 1HoBepPXHOCTH CIod, Tpedylorca Jomoa-
HUTENbHKE PACCYKIEHHS, TOKA3BI-

BAKIIE CIIPaBedJHBOCTh Pe3YyIb- ASy
YrririIrey,
TaTa U B TOM c¢iyuae. e

Wcioxnsyem Opyroit ciocod mo-
KasarelbCTRBA, TPeACTABIAA TOJe
B BHJIEe KaPTHHLI CHJIOBLIX JUHWHA.
Od9eBnHO, UYTO CHIIOBHIE JAHUM 105
BHYTPH CJOSI, €CAd OHU CYIIECT-
BYIOT, BOJUKHEL pacmonararbcs cfe-
puueckd cmMmMerpuano. CmMMerpus
MosReT OBTh pasHEX THIoB. Hybux
W ZHCK CUMMETDPHYHBI, HO, KAK WH-
TYUTUBHO SICHO, KaKABIH MO-CBOEGMY.
Cgepudecroit cummerpueii obranaer,
HALpAMep, ONHOIBETHHIM KPYTJIHIT
MAYAK: Kak OBl MHl €ro HH TOBO-
paguBaJgM, OH BCErAa BHIIVIATUT ORH-
HAKOBO. '

Cdepuuecru cUMMETPUYHHMH B COBOKRYIHOCTH SBJISIOTCH TOJBKO
JUHAW, KOTOPHE BHXOXAT U3 HeHTpa O B BUIE JYYEl BO BCEBO3MOMK-
HEIX HaupapJjeHAsX. OpHAKO CHJIOBHE JUHHE HE MOTYT IePeceKarhcs
B TOYKE, B KOTOPOH# OTCYTCTBYeT BemecTBo. ClegoBareilbHO, CHJIOBHIX
AMHEE BHYTPH ¢xos Boobmie HeT, T. €. MoJie THKECTH TAM OTCYTCTBYeT.
J10o MOKA3ATENHRCTBO SBJAETCH CTPOrUM.

Coobpaskednst CAMMETPHH BTPAOT BARKHYIO Podb B dusmre. Ham
eme MPHAETCH BCTPEeTHAThCHA ¢ UX MPHMeHeHHEM.

K samaue 52,

3ATAYA 53

Hocrpours TPadHK 3aBUCHMOCTH BeNHMIMHH YCKOPEHHS CHIHL THA-
JKeCTH g B ToJie TATOTeHUs, co3faBaeMoM OTHOPOMHLIM IIAPOM, OT pac-
CTOSTHES 10 HeHTpa mapa (B ToM 4ucjie ¥ JAd To49eK, JeHanuX BHYTPH
mapa). :

PEMEHHWNE

WNasreerHo, 9T0 0OfHEOPOJHEHEA Miap BHe cebsi co3zlaeT TaKoe IoJjie TATO-
TeHUs1, Kak eciam Onl BeA ero Macca Onijla cocpeforodeHa B IeEHTPE
mapa. *

7

% HaTepeCHO, 9T0- BTY 34484y NOCTABHAX M pemmia eme HpoTOH, MpHYeM
pesynyra'r O4dcHL KOJTo. He YIEABAJZOCD HOOYYATL U HpﬁBIJIOGB IIOIIyTHO ¢O3aThL
OCHOBHL HHTBI‘P&JIBHOI‘O IIQ‘IHQJIGHKH,

87



Takum 00paszoM, BHe IIApPA YCKOPEGHHE MEHAETCA DO 3aKOHY
gx)=yM/2?, x=R,

rge M — macca mapa; ¥ — pacctTosHHE JO0 ero Ienrpa (CM. PHC. a).

ITomectum equuuaHy0 OPoOHYIO MACCY B TOYKY A HA PACCTOAHNN &
ot ero HeHrpa, xr < R. Cmaa BaamMopeiicTBrA 5Tol MaccH co cdepu-
YeCKHAM CJIOoeM, BHYTPeHHHE paguyc KOTOpPOro paBeH x, paBHa HYIIO
(pesyabprar npegmaymieit zagaun). CiregoBare/bHO, CHIA B3AMMOAEHCT-

94_

K szapaue 53.

B PoOHOH Macchl CO BCeM MIAPOM TaKas jKe, Kak ecau Ob dToro cde-
puuecKoro ciuod soobme He Goliio, T. €. YCKopedme B Touke A

g(z)=ym(x)/2?, z<R, (4)

rge m (¢) — Macca Iapa ¢ paguycoM x, T1.e. m (r) = Ma3/R3.
Ilogcrasasss mocreguee B (1), momydmm, uro

g(x)y=yMz/R®=gx/R, <R,

T. €. BHYTPH Cl10d YCKODPEHe MeHAeTCA NPAMO IPONOPIUOHAIBHO Pac-
CTOSTHUIO 0 IeHTPa mapa (puc. 6). Benuunna g, ectb yCKOpeHMe CHIIH
TAYKeCTH HA IOBepXHOCTHM mapa, mpudeMm g, = yM/R2.

Wckomuiii pesynbrar BoO BCell TOJHOTE MOYKHO OLICTPO NOJYYHUTH,
npuMeHaa 3akod laycca (eM. sagagy 52). OueBupHO, 4TO WoJie OTHO-
popHoro mapa obaagaer chepmIecKoilr cuMMerpmeil, IpuYeM Hampsi-
JKEeHHOCTD IOJISI BCerna HAIPABJIEHA BIONL NHHAY, COeArHA0Iel nccie-
AYEMYIO TOURY ¢ HeHTpoM Imapa. QnuilleM W3 lieHTpA mapa chepudec-
Ky HOBepXHOCcTh pajguycom r. Iforox mHampsskenHocTH dYepes Ty
nosepxHocth B (2) = — 4nzrPg (x). Ilo 3akony Taycca

O —4nyM, z=R,
(a:)—{ — 4nyMa3R3, x<<R.
CunegosaTeabo,
vM/z?, z>=R,
g (@) _{ vMz/R3, x<<R.

3ATJAYTA H4

,T_lonycmM 4T0 CKBO3H 3eMJI0 dYepe3 €€ MeHTP HpPoBeIeH NpPAMO-
‘TuHeRHEIA TYHHe b, TAKOM Y3KUHA, 9T0 MOKHO HPeREGPeYb MCKAKCHIOM
noua TAroTeHEA Jemam. lokarure, 470, ecan 3eMisA ABIASTCA OXHO-
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PONHHIM IMapoM, TO Iepyol KoaedaHuil rexa, onymenHoTo 662 Baualib-
HOII CKOPOCTH B TYHHENb, CORBIANAET ¢ HePHOAoM o0palleHus NpHU3eM-
HOTO COYTHHKA 3eMJH. :

PEINIEHNE

Haitgem tepuop obpamennst IpM3eMHOro COYTHAKA, T. €. COYTHAKA,
BhHiCOTA OPOHMTHEI KoTOpOro 3HAYMTEJHHO MeHbIe pagmyca Semanm Rj.
CoyremE EBIKETCS 10X AeHCTBHEM elMHCTBeHHOU CHJILI — Beca, CJe-
AOBaTENbHO, B COOTBETCTBHE CO BTOPHM 3aKoHoM Heiorona miu?/Ry =
= mg,, Te M — Macca COYTHHKA; U — ero CKopocTh; £, — yCKope-
HUe CHJIH THReCTH Y HoBepxHocty 3emiu. [fepuoxn OﬁpaIHBHFH cuyr-
HuKa HaXoguM U3 BHpaskeHHs

T,=2aRs/v=2nV Ras/g,.

PaccroTpuM ABHKeHHe Teja B TyHHene. Kcmnm teno macest M na-
XO/INTCS HA PACCTOAHUM T OT IeATpa Jeruu, 10 Ha HETO HelicTpyer
CANa TATOTEHRA, oupeneasemMas ¢op-
mynofl F{x) = Mgyx/Rg (cu.3amaay 53).
Tar wrar F (x)/x = Mg,/ R3 = const =
= k, TO MBMIREHHmE Tella HABIASeTCH
rapMOHHYECKNM KonebaHmeM BOKDPYT
NMEeHTPA 3eMIH, npHIeM Hepuon KoJe-
DaHwH Mo;KHO HAWTH W3 N3BECTHOrO
coorHomeHHA (cM. 3amauy 49): T, =
= 2n (M/k}/* = 2n (R3/g,)V2. Cuepo-
BaTeJbHO, AeiicTBUrTeabHO, 1, = T,.

Of6parure BHMMaHHWE, YTO B YCJO-
BUSIX 3aJlaUM ‘OTCYTCTBYET BOIPOC O Be-
auanpe nepuopor Iy muum T,. Henwan
JH TOKa3aTh WX PABEHCTBO, HE BHYHC-
Jasaa caMmx nepuomok? Ecmm avo ymacr-
¢Sl cHeJaarh, TO TAKOe JOKA3aTeNbCTBO
¢IeAyeT cUMTaTh Qojiee KPACHBHIM.

OueBMEHO yTBe:KIEHIe: ecld ARA TeJa B HBHOTOPBII/I MOMEHT BDe-
MeHIN HMEI0T OXHHAKOBEE CKOPOCTH M B JaJbHellleM EBHKYTCA ¢ OfH-
HAKOBBIMH YCKOPEHWSAMM, KX cnopocm BO BCE TIOCJIeIYIOMmTe MOMEHTE
BPeMeHH cOBIaJaloT.

Houycrum, 4ro Temo ouymeno B TYHHEenb AB (cM. PHCYHOK)
B TOuKe A B TOT MOMEHT BpeMeHH, KoTJa CIYTHHK IPojJeraer HAJ BXo-
IOM B TYHHEJH. PacCMOTPHM JBH)KeduWe TPOEKIMHM CUYTHMKA HAa Ha-
npasaenue AB. B moboi roaxre op6m51 HAa COYTHHK JeUCTBYeT CHJA
TAMKECTH, HAIPABJEHHAA K NeHTpy Semuu. B HATIPABJICHII, 1 PAJIJIeIIb-
HOM A B, cnyrBUK B HojiojkeHnd (' ABUMKETCH HOJ JAEACTBUEM COCTAB-
afomed cuin Tmkectn Fy = mg, cos a = mg, OC,/R3z, rme C,
npoesqua ¢ Ba AB. Toura C; gpmxercs 110 AB ¢ yCKopeHHEM g1 =
= go OC{/R3, COBIAAIMAM II0 BEJIRYKHE ¢ YCKOPEHUEM TElLA B TYH-
HeJie, KOT/Aa 3To Tello Haxojurca B nojoxenuu C,. Tarum obOpasom,
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CKOPOCTH Tella B TYHHeJIe I HPOGKIMA CKOPOCTH CIYTHUKA HAa HAIDAB-
derne A B Bcerga ofmHAKOBEI, a CI€J0BATEIHHO, ONMHAKOBL! M e PHOJL
9THX [IBH/KEeHUH,

JAXAYTASGS

N3 Jlemmmrpaga cKBO3b 3eMiIl0 TPOBeNeHH NpAMOINHeNHHe
Jkede3HOZOposkHEe TyHHeanm B Mocksy m Brnagmeocrox. Barom maum-
HaeT /IBIKeHHe B TYHHese 0e3 HawanbHoit ckopoctu. J{okaskmTe, TT0
noe3gKa B 11000# ropoj 3aHAMaeT OfHO W TO 3Ke BpeMdA. IIpegmonara-
eTcd, 9T0 3eMIA ABIACTCS OXHODOAHLM DIAPOM; CHUIHL COUPOTHBISHA
ABI/KEHUI0 OTCYTCTBVIOT, MBIDKeHUE
OPOUCXOJHT ToABKO TMof HAeHcTBHEeM,
CHJIH TAMRECTH. '

PEMEHUE

Ilycre orpesork AB wm3obpakaer
TyHHeab (cM. pHcyHOK). Paccmorpmm
CHAy, HAelcTBYIOHIYI0 Ha BaroH B IO-
noskernn C. Cuna TpuTA;KeHHA BaroHa
K 3emje HampaBlieHa K NEHTPY 3eMiH,
npuveM (¢M. 3agagy 93) mg ==
= Mg, OC/R3

IIpoexnma BexwywmHHI Mg HA Ha-

H sapaze 59. npasieHue AB onpegensercAa BHIpa-
skenrem F = mgsina = mg 0,C/0C =

= mg, O,C/R3. Tar rar F/0,C = mg,/R3 = const u He 3aBHCHUT
HU OT IOJOMeHHS BaroHA B TYHHeJe, HA OT PACHONOKEHHS CaMOrQ.
TYHHETS OTHOCHTEeJbHO IeHTpa J3eMJaH, TO B Ji00oM NPAMOJIMHEH-
HOM TYHHeJe BATOH COBepHIaeT rapMoHAYeCKHe KojneGaHHA BOKPYT
cepeIyHE TYHHeJA ¢ OAHUM ¥ TeM ke NepmoloM (cM. 3amadm 49, H4).

AT AYA 56

BraucauTh BeANYHHY BTOPOil KOCMHYECKOY CKOPOCTH.

PEIMEHHNE

BsammopelicTBAA TOYEYHHX Mace (3aKOH BCEMAPHOTO TATOTEHHA)
W ToYedHHIX BJEKTPHYECKUX 3apsanoB (3aroH Hyaoma) ommensaiorca
OMMHAKOBHIMH ¢ TOYKH B3PEHHA MATEMATHKH COOTHONIEHHAMH. OTO
03Ha4YaeT, 910 M CJIeJCTBAA DTHX 3aKOHOB OAMHAKOBH B YKa3aHHOM
cMEICIIe. ‘ :

B sacTHocTH, TpaBMTAlMOHHOE HoJe, HOXO0HO 3ierrpocTaThye-
CKOMY, TIOTEHOUAJBHO, T. €. padoTa moAA UPH NepeMeIieHAN TOYeTHOH
MaccH TIo 3AaMREYTOMY IyT# PasHa Hynw. IloreEmmansHEIE XaparTep
noJid ABNAeTc HENOCPE[CTBEHHHIM CJEICTBHEM 3aKOHA BCEMHUDHOIQ
TATOTEHUA.
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Ilo amamormm ¢ 9JXeKTPOCTATHKOM BBejeM HOHATHe MNOTEHIIWAJA
TPABATALMOHHOT0 HOJs; HOTEHIMAJIOM JaHHOU -TOYKH TONA HA30BEM
TAKYI0 BeIHYAHY, KOTOPAasA paBHA paGore mosa Oo NepeMenleHHI0 eJu-
HUYHOM TOYe9HOU MAcCCH W3 JAHHOW Toukm B GeckoHeUYHOCTH (T/e Io-
TeHNHaN OymeM cumrath paBEEM Hymo). Iloremmman mons Todegnolt
Macchl, NN OJHOPOAHOTO DIapa, onpejpelsercda, CAeKOBATEIbHO, COOT-
HOIIEeHNeM (CP. ¢ MOTeHIUuaJIoM oA TOYeTHOTO 3aPAfa)

U=—9yM/R=—gR, )

rpe R — paccrogHume uccaeyeMoil TOTKHE KO TOUEUHOH MAaCCHI, CO3EaI0-
el noxe (MCTOYHNKA);, £ — YCKOPDEHME CHNH TAMKECTH B 3TON TOUKE.
SHaK MuHyC B Qopmyne (1) cBAszad ¢ HanrmM BEOOPOM Hadana oTCIeTa
nasa noremmmana U, = 0: rak KaKk MacCMBHLIE TeNa NPHUTATUBAIOT
IPYT Ipyra, To cOAWKeRme TeJ OCYH[ECTBJASAETCA 3a cYeT JeHCTRIA
camoro moss. (3amermM, 4To B gopmyne (1) yckopenme g sBagercs
dyrrumueir R, Tak 9vo B fgeilcTBUTenbHOCTH HMoTeHmuana U/ npomopiuo-
HajseH 1/R, a He R, Kak 970 KayKkeTca Ha IEePBHI B3TIAN.)

s BrramceieHnsi BTOPOH KOCMHUECKOHN CKOPOCTH BOCIONE3YyeMCH
3AKOHOM CoXPaHEHHs :—)Heprnn Ey = E, rne E, — sHeprus Ttexa
y moBepXHocTH Semuin; E. — dHepruda rexa B GeckoHedHocTH. Tak Kar

Ey=mv}/2~mg,Rz, F.=0,

I1e v, — HCKOMAas CKopocTh; Rz — pammyc 3emnam; g, — YCKOpeHH:
CAJNH TAKECTH HA €€ TOBEPXHOCTH, TO

v,=V 2g,Rs~ 11,2 rw/c.

3AJJAYAST

Cunmrasn, 9ro 3eMiA ABAAECTCA OTHOPOAHLIM KIEKUM IIaPOM € 11J0T-
HOCTRIO O = D,D r/cM®, oIpefesuTh KaBieHHe B HMeHTPe Jemuam. 1lo-
CTPONTH IPa@UK W3MEHOHUS TaBIeHUS BHYTPHM 3eMJi# B 3aBHCHMOCTU
OT paccTosiHAA o IeHTpa 3emau. BpamenueM 3eMaH npereOGpedn.*

PEMEHWE

PacecmorpuM BHYTpH 3emsm TOHKUN cdepuueckuil ciod, KOHIEHT-
PUYHEIN 3eMHOU MOBePXHOCTH M yJaNeHHBIX o1 meHTpPA 3eMIN Ha pac-
croaane z. Ecam Az — rogmmea cios, To mpumem, drto Ar < gz,
9T00K mOJie TAroTeHNWA B Opefelax clIof MoMKHO OBITO CamTaTh
HocTOARABM 1o Bexmamae, Ha wmanyw unmomapgky AS sroro caod
nelicTByeT CHmIa TATOTeHWA, HAUPABJIEHHAd K mMEHTDY Ben I W PaB-
Hasa (cM. 3amavy o3)

AF == (4/3) pnp?zAzAS.

*Y HKumrtreas, Y, Haidir, M, Pygi'epman, Mexamnka, M.
SHayra“, 1971,
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HaBnenne, ®oTOpOoe OKAa3HBAGT »TOT CIoll Ha HEKeJXerKallue
CJIOH, oupereidercs CooTHOUIGHHEM
Apy,=AF,/AS = (4/3) ynprAx.

~ IlpegcraBum Bero 3eMA0 B BHE COBOKYHHEOCTH TOHKHX KOHI@HTPH-
9eCKHUX ¢J10eB. Torga gasaeHne p (r) Ha pPacCTOAHUM 7 0T MEHTPA MOKHO
IipeiCTAaBUTh KAK CYMMY JAaBJXeHHH BceX CJIOEB, JJAA KOTOPHX X ==r,
7. e.
p(r)=(4/3) ymp® lim 3} z;Az;,
Axi-—i‘o i

r;ie { — HOMep cof, a CYMMHpPoOBaHHe BHIUOJHAETCH AXA BCeX CHOEB,
Yy ROTOPHX 7 =< &; =< Ry (R3 — pagmyc 3Bemiun).

Briumenars opemes ykasannod BeqWYWHEL BRI yMeere. Ecam moct-
PORTH TPa)HK #aBHCHMOCTH PYHKIHH §j = I OT &, TO HA 3TOM rpajure
BeIVIHHA

Iim inAxi

Ax.—0";

1 1

nzobparkaerca NAOMALbI0 TPACIHUYE, OCHOBAHNAME KOTOPOH ABIAIOTCA
OpAWHATH X = r U Z = Ry, a GOKOBEIMH CTOPOHAMHE —— OTPE3KH OPHA-
MEX ¥ = 2z 7y = 0 Mepy sTuMu opiuHaTaMu (CP. cO cOOCOOOM BHI-
YHUCICHAA BEJINYWHE llepeMellleHNA Hpyu paBHOMEPHO YCKOPEeHHAOM JBH-
sxenpnn). CregoBare’dbHO,

lim M Az, =(Ra+r)(Rs—r)/2=(R§ —r?)/2,

Axi—‘o i
p (r)=(2/3) ynp® (R3 — r2).
Nasrerme B memrpe erurm
p (0)=(2/3) ynp?R% =1,7-10" u/m2.

QOyarnua p (r) msobpaskaer mapaGody; moCTPOHTE ee caMOCTOos-
TEJIBHO.

B 3AJTAYTA 58

B ogropogHOM Inape caenaHa cheprueckas HoJI0CTh, HEHTP KOTOPoil

He coBmajaer ¢ neHrpom mapa. [oraskure, 4To Nojse TATOTEHHA, Ko-

Topoe cosgaerca p0paszoBaBIINMCS TeJoM, BHYTPH IONOCTH OJHOPOKHO.
“

PEMEHWE

HanomuuM, 49ro mHoJe Ha3zwBaeTcAd ONHOPONXHHIM B HEKOTOPOI
ofiacTu, ecxu ero HaNPAKEeHAOCTh BO BeeX TOuRaxX 00,1acTH oquHAKOBA
00 BeJWuWHE W HAOPAaBIEHUIO.

‘A monA TAroTEHHA CUPABEAJANB NPUHONO CYOEPIO3HIHH:
eclli Macca m; CO3JAer Ioje ¢ HAHUPMKEeHHOCTHIO $;, a Macca M, —
1ojie ¢ HAUPMKeHHOCTHIO g, TO HAUPSKEHHOCTHh HOJSA, CO3ABAeMOTro .
o0emMu MaccaMd, paBHA BeKTOPHOU cymme g, W g,.

PaccmorpnM npom3BoAbHYI0 TOUYKY M BEYTPH HONOCTH (CM. PHCY-
HOK),; O, — meHTp mapa, 0, — MeHTP HOXOCTH. IicIW HONOCTH DANOJI- -
HUTH BeIIECTBOM TOI jKe HJOTHOCTH, 9TO B Telo, TO YCKODeHHe g,
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B TOuKe M oKarKéTcs PaBHHIM Beaum9IwHE £o O, M/R, The g0y — yCKO-
penre Ha NOBEPXHOCTH IOJYYeHHOTO TaKAM 00pasoM OJHODORHOTO
mapa pagmycom R (cM. samagy 53). 3amoaHsaa IMONOCTH BeIECTBOM,
MHI 00aBIseM K ACKOMOMY YCHODEHUIO g YeKOPerue §,, KOTOPOe CO3/1a-
eTcst BeIleCTBOM B MOJOCTH. ITO YCKOPEHNEe PABHO BeJINIRHe gy, - O, M /r,
THe £y, — YCKOPeHme Ha HoBepXHoCTH Imapa pajguycoM r. Cremosa-
TelbHO, @, + g = g,, OTKYHA

g=g — & (1)

Bexrop g B coormerctBum ¢ paBeHcTBoM (1) coemmuAer KoHen
BEeKTOpa g, C KOHIOM Bextopa g;. MsBectHo (cM. Bamagy o3), uro
goi/8s2 = R/r, n, cnepoBarensHo, g /g, = 0M/0,M. Tax rax Bex-
TOPH g; B g, HanpaBjeHs BAoAb orpeskoB O,M u O,M u uponopnmo-
HaJbHbHl UM [0 BeJHYUHE, TPEYTroib-
HHK, 00pasoBamHHI W3 BEKTODOB g, &
I g, Oonober rpeyronpEury O,0,M.
CrepmoBaTeibHO, BeKTop g LHapaljeseH
orpesry 0,0, m g = g -0,0,/R =
= ¢onst BHe 3aBUCHMOCTH OT LOJOoMe- |
pomsa M BHyTpu monsoctH, 910 M Tpebo- |
BAJIOCh TOKA3arTh.

VBorma B KEUTax MoM(HO BCTPETHTH
cAeRYIOmMUAE cilocod paccyraeHui: map
¢ TOJOCTHI0 MO;KHO IIPEICTAaBHUTh cebe
Kak cpepudeckyio obnacTs IpPoCTpaH-
CTBA, B3aHATYI0 OTHOBPEMEHHO [BYMA
TelaMa — OOXBUIAM CILIOUIHBIM HIAPOM
€ TOJO/KHUTEJbHON MIOTHOCTHIO WM Ma- R sapade 58.

JIBIM TIapoM, PACHOJNOKEeHHNM HA MecTe

MOJIOCTH, € PABHOH N0 BeIWYHBE, HO OTPHIATEABHOH ITOTHOCTHIO.
Ecau upmMeHWTh K TAKHM TeJaM IIPHHIAI CYOEePHO3UINH, MOYKHO
IOAYIHTh COOTHoIIeHWe (1) W WMCKOMEI pPe3yrnbTat. JTOT MeToH Hmo-
Ay4nJa Ha3BaHue ,,MeTola OTPHIATeNbHOW MacChl‘¥*.

Mul xoTmM uTpemocTepedb BAaC OT TAKOro ,cmocoba pemenmsa:
HeCMOTPSA Ha TO, 970 B JAHHOM ciydae oH (OpMasbHO HPHBOJNAT K Bep-
HOMY Pe3yJIbTaTy, (U3MUecKOro CMHCNA OH He mmeeT. [leifcTtBuTeNnbHO,
COBEePUIEHHO HEBOSMO)KHO HPpelcTaBHTh cebe, Kak [Ba Teaa, OJHO W3
KOTOPHIX WMeeT , OTPHIATeIbHYI MacCy', BaHHMAIT OXHO W TO Ke
MecT0 B npoctpaHcTBe. Kpome Toro, HOCKONBKY W camMo NOHATHE
»OTpuIaTeIbHasg Macca” OeccomepiKaTebHO, TeM Ooliee HeJb3d IpHMe-
HATH K 970# ,,Macce” 3aKOH BCEMUPHOTO TATOTeHHMA W UPHHINO CyIep-
D03 HIHA..

Korpga MuI ToBODHM, 9T0 METOX ,,pOPMaibHO COPaBEINB", MH HMeeM
B BHAY, ITO Pe3ynbTAT MOMKeT OLITH" HOJNYIeH ¢ NMOMOMBIO PacCyie-
AU, EMeIOmEX (QuauygecKmii cMEICH (cM. Tamxe samady 60).

.

* _Meron OTpEIATeNHHOR MAaCCH" 0co6eHEO HOmyJAApeR B 3afa4ax HA OTHC-
KAHHE IeHTPa THHeCTH TeJ ,C AHpKaMa‘, :
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JFUNMIKOCTHN, I'A3bI, TBEPILIE TEJIA

SATTAYTA S

Bayrpm nocrarogHo GOXBDIOr0 CoCYHa C KHIKOCTHIO, HJIGTHOCTH
KoTopoll P, VKpefijieHa ropmsodranbHasg ocb AB. DBponn aroit ocm
MoOsKeT ¢cBoOOgHO mepeMermarses maitba M nnorHOCTBIO Py (CM. PHC. a).

Qa B rkaxoMm HampaBlieHHH mepemelraer-
ca (maiifa Wox  MeACTBHEM HoJdA
— — — _—— 1 raroreHus, CcO37ABAEMOT0 KHUIKO-
M ?
A @ = 8 crpio? :

PaccMorpute cnydam p; << p H py == 0.

PEIMEHHUE

b D E Hna mpoctorst OymeM cuuraTh
p>p , ropusoHTaJIbHO® CeYeHWe cocy/a
N\ fr OPAMOYTONBHEIM.

—— o e
Fa / PacemorpuM OJHOPOZHYIO »KHI-
N KOCTh B COCTOSTHAW pPABHOBECHA B
A TN Fr OTCYTCTBHE MaiiGH (cM. puc. 6, rae
;-': \:_‘f/ T 8 wsobpasken BEm cocyma cBepxy).
Bugeanm MuciesHo o0BeM N xumj-
c F woctm; pACHONOKEHHWW B OPOM3-
gy A0 BOJLHOM MecTe Ha YDPOBHe ocm AB.
K sanage 59 PaccMoTpmM CHIH, [elcTByOmue

Ha p7OoT 00BEM B Haupasjienmn AB.
‘OueBHHO, YTO W3-334 ACHMMETPHY-
HOTO pacuosokerus N mo orHomennio K creHkaM CD u EF cuna Fyp
rpaBUTAIOHHOTO B3amMofeicTBus o0pema [N ¢ OCTAIBHON KUJKOCTHIO
HanpaBJieHa B CTOPoHY Golee mameroil or N CTeHKH, B [aHHOM CIydae
EF. Tax rax o6peM N Hemogpm:xeH, CHIa [OJKHA OHTH ypaBHOBe-
IIeHa KaKoll-To APYToi CHI0M, nelicTByomei Ha [V €0 CTOPOHE ocTalb-
HOM ;KuUAKOCTH. Takoil cHiol Moer OHTH TONLKO CHIA JABJICHAA ;K-
roctn Ha N . llpmpopa 9Toif cmisr coBeplieHHO TaKas ke, KaK B y 00LIg-
HOW cmanl ApxuMena, HOITOMY Mi I HA30BEM €€ ,,apXuMeNoBoit cunoi’
Fa. IloggepkHem, g9ro Benmamaa cuakl F4 sasmcAt or dopmmr nm
pasmepa ob0bema [V, HO HHKAaK He CBfsaHa ¢ HDPUPOAOH BemiecTea,
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KOTOPOe HAXOJHATCH B 3TOM 00BbemMe, B JacTHOCTH € HIOTHOCTHIO 3TOT(
BEIecTsa. ,

MzuicnieHHO yAAnUM JKEAKOCTh W3 o0bemMa N U HmoMecTHM Tyia Be-
mectBo (maitdy) ¢ OKOTHOCTBIO p,. IIpm sTOM HM3MeHWTCA BeIHIMHA
cuail Fp (374 cmia B cOOTBETCTBHM ¢ 3aKOHOM BCEMHPHOTO TATOTEHUS
IPOIOPIUOHAIbHA ITOTHOCTH Beectsa B N). Ecam o, > p, 1o Fpr >

Fp, 1. e. maiiba Gyger mepeMemarbesas k Oonee Jajiekoll cTeHKE.
Ilo apanormm ¢ oGHIIHEIME TePMIHAMMA HA3OBEM HAL(PABJIeHHe, COBIA-
Aaiollee C HANPAB/TCHAEM »APXUMENOBOI cHuIbl’, HATPABIEHHEM ,,BCIIIFI-
s, [Ipm sroM Ham pesynbraTl TakiKe Mo;KeT OBITH cq)opwyﬂﬂposaﬂ
B NPUBHIYHOHN ¢opMe: TaKemas Inanba (p, > p) ,TOHET , JerKas
(py, < p) — ,,BcnamBaer”. ,JlHoM" cocyda B HalmeMm ciydae SIBIAETCA
cepegmHa ocu AB, a ,moBepXHOCTHIO® — KOHIEL OCH.

UrTepecHo saMermTsh, YTO HAIIA ,apXMMefOBa CHJIA" OTINYAETCA
or oOBIYHOH TeM, 9T0 0HA CYIIECTBEHHO 3ABHCUT OT ,,LAYOHHBI MOTPY-
JKEHHA, T. 8. OT PACCTOAHHA 10 ,doBepXHocT . B uwacrtHocTH, Jer-
Kas maiifa ,,qa gHE" HaXOJHUTCA B COCTOAHHH HeycToiuMBOTO paBHOBE-
cusg (Fq = 0).

3AT1AY9A 60

Ha ocm AB (cMm. ycropusa Hpelraymmei 3agagn) HaXoJATCH JBe
mMaiibr ¢ NIOTHOCTAMA P, U Pp. HaK OHE TepemMemaTCA?
PaccMoTpeTh caydam 0p, 3 ==P; P1, P2 <505 P1 =P > Pa-

PEMEHUE

- PaccemoTrpuM cHavasa ciydall, Koraa B KUAKOCTA HAXOHUTCA JHUIIb
ogHa maita M nroTHOCTHIO O; M BeA cHCTeMa IPeOHBaeT B COCTOAHNNT
yeroilunBoro papHoBecua. lIpuw sToMm, oweBHIHO, TsKenasd Inaiba

¢ . 5 _
. M LN
(T A o1
A T 8 AR- g g
N p=p p<p Fr |~ Ik
0 o

X sagage 60.

HieknT Ha gae’ (pme. a *), Jerxas [HaxopuTea ¥ ,JIOBerHOGTH
(pmc. 6). ‘B mocmexmem caygae ,jHO', T.e. TOYKA, B KOTOpoi
Fr = F4 = 0, naxogurca ue B cepenviie AB, a CMeMEHO B CTOPOHY
or obbema M.

* Ha pmt, @, 6 nsobpaskeH BHJ cocyia CBepxy, -
9%



Onpenmennm cuini, melicreyomme Ra o6BeM xujarocta N, Haxoga-
mutica Ha AB. OrpaHudnuMcsi meciefoBaHueM TOJbRO OJHOTO CHYYAS
(ocTanpHEE pPaccMaTPABATCH COBEPIIEHHO AHAJOTHYHO), a HMeHHO
P << p, o6bem N HaxomWrcsa MeIy ,fHOM' H ,TMOBepXHOCTRIO" B;
o6vem M — y ,mosepxHoctn” A. Cuan, fgefictByomue Ha NN, uzobpa-
aieHnl Ha puc. 6. OHM pPaBpHH APYr APYTY W OPOTHBOMOJIOKHE MO Ha-
TPaBJIeHNIO, TaK Kak [V HaxoaurcAa B pasHosecHn. [loMemas Ha Mecto [V
MBICHEHIO BEHIECTBO ¢ APYroil MIOTHOCTBIO, M3MeHAeMm cuay Fr, co-
xpaHad seamduny cuisl F,. CregoBatenbHO, B paccMaTpPHBAEMOM
cnydae TaAKeaas Imaiiba ,yroHer’, a Jgerkad ,,BCIIIRIBET K WoBepX-
noctn” B.

OxoH4YaTeJ bHHI 0TBET HA 3aJa9y: TAMKe hle Iaiibn Bcerya ,,TOHYT ",
Jerkue ,,BCHABBAOT K OmmKaimiell IoBepXHOCTH™.

B 3aramderAde emme pa3 HaAlOMHHUM © ,METoIe OTPHIATEIbHOH Macch® (Cm,
sanauy 58). llpnseneM HeankoM ,pellieHle” Haoled 3afawH, cofepRanieeca B o HOM
73 cOOpHHKOB JJIA HIKOJIDL:

»,DBOLS TOHATHE MAaCChl, MBI YKAa3HBA/AH, 4T0 Macca — CYUIECTBEHHO IIOJIO-
JRATeIbHAA BegmanHa, ONHAKO KOTZa TOBOPAT 0 3HAYCHAMW HKaKoH-imGo ¢usmye- -
CHKOH BeJHYUHEI, MOApPa3yMeBawT, 9To ee CPaBHHBAIT C ADPYrofl BeJmumHOM, 3HAa-
YeHHe KOTOpoIl 1acTo NPUHAMAIOT 3a HYJNb, UTO e UTpaer poJsb HyJeBoU Macch?
OueBmpHo, Macca ,OVCTOTH, Macca ToTo ,QoHa“, HOTODHI OKpY;Haer Teaa,
B paccmarpmpaeMoM ciyuae Pogb ,,QpoHA" BHIOJAHACT IPAaBATAPYIOTMAS MKALKOCTD,
Ilpu p; > p macca Hodo)RUTeNbHA, UPH Py < p ME (QOPMAJILHO BCETAA MOKEM
roBopuTh 00 oTpHOATeXLHOI Macce Tena Mo OTHOHIGHWIO K OKpy:Rawomeil cpepe.
Wenonssys moHATHE OTPHOATENHHOH MACCH, JIETKO OMHCATH OTHOCHTEeJNbHOE IBU-
’KeHpe apuKoB: 1) npH p; = Py > p CUIA B3aHMOAEHCTBUA NX NOJOKATEIBHY —
mapuku cOamKanTesa; 2) npa p; < p < Py Macca MepBoro HIAPHKA OTpHALATeIHHA,
TPOH3BeeHNEe MacC TAKEe OTpupaTesbHo, F < (0 0 mMapHKA OTTAJKHBAIOTCA,
3) mpu p, = Py < p MacCH INAPHKOB OTpHOaTexbHH, F >0 MapHKHE NpUTATH-
BAIOTCAY,

B srAx paccy:RIeHMAX COJAePKHTCA TaKoe KoJMYecTBO HeaemocTedl, 4ro He
YOHBATEIBHO, 9TO MNONYYEHHBH pesyabTarT Jake (opMaibHO HeCTIpaBeNJIns
(6o, mar MB BHAEIN, B3aUMHOE NOBejeHHe A 3aBHCHT OT TOTO, ¢ Kakoil CcTo-
POHBl OT ,JHA® OHU HAXOLATCA).

Mul ypenwam ,METOAY OTPHOATECIBHOE MACCH“ TaKoe 3HAYMTEeJbHOE MeCTO -
OTOMY, 9T0 HepelKo B PYKOBOACTBAX JIJIA MHEOJIbHMKOB pACCY/KACHAA, OCHOBAH-
HHEe Ha 3aKoHAX QU3NKH, NOAMEHAKTCA KaKMMI-TO (OopPMaJIbHLIMH HeoOOCHOBAH-
BEIMH  TpHeMaMHA,

3ATAYA 61

Hocrasum MmeicieHHO Takod sKcmepuMeHT. BosbMeMm [gBa opmHa-
KOBLIX COCYHA € KPAHAMH, OTKadaeM ¥X J0 IIOJHOTo BAKYYyMa M repme-
rusupyeM. Ilocae a10T0, IACTHIHO HOTPYSHUB COCYIHl B BAHHY ¢ PTYTHIO,
KaK yKa3aHO HA PHC. @, OTKPOEM KPAaHEl, I03BOJNB PTYTH HPOHAKHYTH
B cocyapl. OueBnHO, 4T0 B 000MX COCYNAX PTYTh HOJHAMETCA X0 OFH-
HakoBHIX ypoBHeii. I[Ipu 970M moreHIUaRbHAA SHePrud PTyTH B COCY-
ne A oxaykercs MeHbIIe, yeM YHeprus pryra B cocyie B. Ha orraury
KayK0T0 cocyda Owura 3arpadeHa opHa u Ta sxe pabora, a HmoayueH-
HHIW oHepreruyeckuil spderrt pasamied. He nporusopewur xm ato 3a-
KOHY COXDAHEHWA DHEprum? )

% -



PEMEHUE .

PacupocrpadeH Taxkoif BapHaHT orBera: MOAHAMAACE B COCYH,
PTYTh PasBEBAeT HEKOTOPYIO CKOPOCTB, & ClefOBAaTelbHO, HPAOOpeTaer
KOHETHYECKY0 DHepruio. [1oaToMy moBepXHOCTH PTYTH B COCYAE HOA-
HUMAETCA BHOIC TONOKEANA pPaBHOBECHA U B HaxbHelllleM copepmaer
KoneGaHMs OTHOCHTENIBLHO 9TOr0 moiaokeH:ma. CKOpPOCTH PTYTH OpH
HPOXOK[eHIHA 0N 0’KeHNA PABHOBECHA PA3INIHA JJiA PA3HHX COCYI0B,
TaX KaK COCY/H B YCIOBHAX s8ajaund He paBEoupanHsl. CGaemoBaTeasHo,
DHEpPrua KoJdelaHMiA JId pasHHX COCYA0B TaK/Ke HeOoqmHaKOBa.
Ilo-BupmMomy, eclim ydecTh DHEPrHi0 KojeGaHMiT, TO OKAKercd, 9To
CyMMapHLle 3amachl PHePruu PFTYTH B O0OMX COCY;1aX OJWHAKOBHL.

Ha oepssiil Baradan rakue paccy:KjpeHHf Ka:KyrcA O4eHb IpaBHo-
nogo6reiMn. OJHAKO HEeTPYHHO yOesUThCA, 9T0 OHA JAJeKH OT UCTUHLL.

@ '] — 8

IR

K 3apaue 61.

JelicTBATeILHO, BO3BMeM NHUINHAPHUECKHE COCY[AH OIMHAKOBOIO
cedeHns, HO Pas3HOU BhIcoTH (pHC. 6) W mOoBTopuM srcuepmMeHnt. Oge-
BHJIHO, 9TO W CPeJHHe YPOBHH PTYTH W AMIIHUTYJH KoxebaHmil ogmHA-
KOBH B 000mx cocygax. B To jke BpeMs BeJqnunHE pabOTH OO OTHAYKY
cocynos pasiamunn. CioemoBarenbHO, NPHBeJeHHMe BEHIOIE paccysie-
HOS He CHMMAIOT OOCTABJIEHHOTO BOUpOCA.

Bepuoe ke o00bsAcHeHHe OKA3LIBAETCA 0Ye€Hb HPOCTHIM.

Mu HacTONBKO HPHBRIKAMA K 3aKOHY COXPAHEHUSA SHEPIHA B IIKOJb-
HHIX 3ajadax, 9TO WMHOI/{A WCHOOJNB3YyeM ero, He sagyMblBadch, aBTO-
Marngecku (cM. 3ajzagy 42). O geM jKe cliefyer HmpesKie Bcero mopy-
mare? O ToM, ABJIfAETCA NH PacCMATPHBAaeMas HaME CHCTeMAa 3aMKHY-
TOII B YHEPrermvecKoM cmuicie. D Hame# 3amage cmcrema Konba —
'HACOC <~ BaHHA C PTYTBIO, PasyMeercsi, He SBIAETCA 3aMKHYTOH.
‘CymecTBeHHO® YYaCTHE B HPOUCXOAAMEM Ipomecce IPAEAMAET 3eMHAA
aTMocpepa. 3aKoH COXPaHEHHA BHEPTEA K HesaMKHYyTOH CHCTEME
1IIpOCTO HEUPHMEHUM, H pesylbTaTtil Hamiero :—mcnepﬂmema TOMY
3aK0HYy He HIPOTHBOPeYar.

Herpynao moxkasaTs, 9TO eciam nonoﬁmn BKCHEPAMERT 'BHIOOJ-~
"HATh TAX, 9T00H BCA YCTAaHOBKA ABHIACH BAMKHYTOH CHCTEeMOH, KAKY-~
‘UleecA OPOTHBOpedNe ¢ 8AKOHOM COXPAaHEeHHS pHepruu mcdesHer. Mso-
AAPYHATEe KOAOY, HACOC W BAHHEY C PTYTHIO OT aTM()c(bepm, HanpeMep, .

-~ 4 Ameynos C, B, Bapumes B, A. B :97



TaK, KaKk yKasaHO Ha pmc. ¢, rae H — macoc, i — xpan. Cumraiire,
YT0 H3BEeCTHLI HCXOXHEIC JAHHEe: PaaMeps KoJi0OL M cOCYyHa, HaBIeHUA
BO3XyXa B HUX, KoamdecTBO PryTH. [lasa Toro urobul mMo:kHo OHIO He
OPHHIMATH BO BHAMAHHE YHEPTHI0 BOSMO'KHEIX KOJeOavHHmil pTyTH,
OTKAYMBAHAe NPON3BOAHUTE Me{ieHHO. 1Ipu 9TOM KUAKOCTH MEANIEHHO
’Ke, T. e. He npmofperas KHHeTndeCKoit YHeprud, 6yaeT 3a00JHATH KOJI-
0y. ITonpoOyiite ¢ noMoD{pi0 pacdera yGeZuThCA B TOM, 9TO yBeJmde-
HUEe NOTeHIHAJBHON JHePrHH TAKOM CHCTEMH CTPOro paBHO pabore
00 OTKAYABAHUIO KOJAOH HE3aBHCHMO OT PasMepoB HoclefHeN.

ITocnemuee sameuanme: ecam Koa0a oTKaympaercsl B arMmocdepy,
T. e. Konba He ABAAETCA 3aMKHYTOH CHCTeMO#, TO NpeJcKa3aTh, KaKue
sHEpreTMIeCKre H3MeHeHHA NPON3OHAYT ¢ Hell B faJbHeimeM, B obmeM
¢jIydae HeBOBMOKHO. JTA CHTYAIHA OYeHb HaloMHHAET OpHoOpereHns®
noTepeliHoro Owmiera: HavYaJbHBIE 3aTPAaThl M KOHEYHHIH pesyabTart
CBA3AHH O0YeHb ¢iabo0, OoJHMHAKOBHE PacXoXhl COBEePHIEHHO He rapaH-
TAPYIOT OJUHAKOBHX BuIATpHDIeit. I[pyroit nmpumep: sHepras, morpa-
qeHHad Ha TO, 4T00H HaKaTh Ha KYPOK DY/Kbf, HE BABUCHT OT TOTO,
sapmKeHo JH OHO HJIM Her. A pe3yIbrar?

3ANAYTA 62

SaKpHTHE cocyl AoBepXYy 3amolHeH BOJoi. Y AHA cocyJa HaXxo-
AATCA NYy3HpeK Bo3gyxa. Kaxk msMeHEWTcA [JaBieHHe y [gHA, Horna ny -
BDIPEK BCOJLIBET?

PEIMEHWUE

B mcxomHOM COCTOAHME AaBJIeHHe BO3AYyXa B NY3HPbKE COBUAAeT
¢ JlaBleHWeM BOXL Y mHa cocyxa. JlaBneHme BOAH y KpHIIKH cOCyda
MeHbIIe, 9eM faBjieHue y AHa, Ha BedwumHy Ap = pgh, raie p — nnor-
HOCTh BONH; A -—- BHICOTA COCYyHA.

IIpm nogpeMe nysuphKa BBEpX 00beM er0 He MEHSETCH, TaK KaK KA~
KOCTh IIPAKTHYECKW HEC)KHMaeMa, a CJejoBaTelbHO, He MeHAeTCH
¥ faBieHHe BO37yXa B nyshpbhKe. TakmM o6pasoM, KOTJa MydHEIper Ha-
XONHUTCS Yy KPHIOIKH, TO XABIEHHWE BOIE Y KPHIOIKA PAaBHO BeJINYHHE
IaBJeHHA Y JHA B ACXO[HOM TIOJIO;KEHNH, T. €. [aBlleHne y AHA yBelH-
amiroch Ha BeamumHy Ap. HeoxmpaHHBIA pesylnbTar, cOTJIaCHTech?

3ATAYA 63

Crnp9ka ycToH4WBO TJjaBaeT B BOJe JIHNIb B TOPH30HTANBHOM,
HO HEe BepTHKAJBHOM HOJOKeHHH, 9T0 TIMPOKO HM3BECTHO M3 HOBCeJ-
meBHoro omera. QO0BACHETE HTO.

PEMEHBUE

i

Y unapamonmero Ha NOBEPXHOCTH KHIKOCTU Tejla, BHIUOJHEHHOTO
U3 OJHOPOJHOTO MO HIOTHOCTH BemeCTBa, NEeHTP TAMECTH BCEIIa JeKuT
‘BHITIE TOURA NPANOKEHAA BHTaNKABalomei cuisl. (Ilogemy?) B pasmo-
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BECHOM MOJIOKEHNN 2TH TOYKH FOJMHL HAXOAWUTHCA HA OJHOH BepTu-
Kaun. Ilycrs comYKa OnymieHa B BOOY B BePTHKAJBHOM NOJIOMKEeHHH W,
npefocTaBieHHasaA caMmoii cee, OTKIOHHEIACH H3 HTOr0 MOJOKEHUA Ha
MaJHit yrox (puc. a). U3 prcyHKa BEAHO, YT0 MOMEHT Haphl CHI (Beca
mg # BuTadkuBawmell cuanl Fu, mg = — F,) cTpeMATcAa moBepHYTE
COMYKY OT WCXOXHOTO YOJIO/KeHHUS paBHOBeCHA; CJEJOBATENLHO, 3TO
H0JI0KeHAe HeyCTOHInBO.

Ha puc. 6 mzobpaskeHa cnuuka, OTKIOHMBIIAACA Ha MaJibld yrod o
OT rOPU3OHTAIBHOr0 NONOMKeHNd. 31ech yiKe CYIIeCTBEHHO N3MCHEHTO
$opME WOrpy/KeHHOU 4HacTH, Yero Mil He YYHTHBAJIHN B cliydae q,
W BBEI3BAHHOE DTHM CMeIeHHe OTHOCHTEJbHO CUHYKH TOUKH NWPUIO;Ke-
HUA BRITANKUBAOMEeN cuiau. MameHeHme ¢opmi DOTPY;KeHHON wact:
BLI3BaHO nOpuGaBieHWeM K HePBOHAYANBHO HOTPYKERHOMY o00Bemy
(1. e. Kk CDEI) o6pema BCO u ppamrannem o6bema OFI. Kak caegyer

a

K zapaue 63.

a3 puc. 6, mapa cux mg u Fu crpeMuTea yBeIHYHTh OTKIOHEHHeE,
a mapa cuix F; n F, — BepHYTh cimuky B mepBoHaYa bHOE TOJIO;KEHHE.
W3 pucynra ke BHEHO:

1. Ilnegu cnx Fa m mg orHOCHTENBHO TOYKE () OPOMOOPIHOHATIBHM
aol, CAMH CHJBI NPOHOPHHMOHANBHN @?l (rge /! — BAMHA COWYKH; 4 —
ee TOJNMUHA U MupuHA). MoMeHT pT0l mapsl, clefoBaTelbHO, OPOMOP-
nuoHaleH a’la.

2. Tnean cun F, m F, pasas npuGamsutedbHO [/3 Kasxmoe, caMm
CHIF TPOUOPIUOHAIBHE INIOMAJAM COOTBETCTBYIOIUX TPEYroXbHU-
KOB, T. €., OpoHopOuOHAAbHEN [/2-loc/2. Caexgyer eme yiects, 9T0 TOJ-
MuHEA CUWIKE @, clerqoBaTelbHo, MoMeHT napu cui F, # F; mpomop-
MUOHAJTBHE al’a. ‘ '

Ecin !> a, To teMm Gonmee I*>>a?, m MOMEHT BTOPOd HapH
CUA HONHOCTBIO OHpepelseT yCTOWYMBOCTH DAaBHOBECHS, BO3Bpaman
COMUKY B MCXOJHOE IOPH30HTaJbHOe moioykenne. PaBHOBecwe yCTou-
9HBO. o

VismeneHne GOopMul MOTPY;KeHHON YacTh HPU A3MEHEHHH MOJIO:Ke-
HES TIaBaoIiero Texa Tpedyer oco6eHHO TIATeNBHOTO yd4era B CyHO-
CTPOGHHNH, TAK KaK ABJIAeTCA OCHOBHHM (pakTopoM, 00eCredmBarOmUM
yCTOHYHMBOCTh CyJAHA Ha BOJE.
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JADAYA 64

Tonxuil, H3TOTOBNEHHHNA W3 HEOZHODOXHOTO NO NJIOTHOCTH MaTe-
puajia CTep:keb IAMHOU [/ ¢ NMONEPEYHHM Ced4eHHmEM S HW MacCod m
IIaBaeT B HAKJIOHHOM IOJIOKEHAA, TAK KAK K OJHOMY ero KOHIy BpH-
BA3aH TSKENHHE rpys, JdeRammil Ha KHEe cocyna. I'me pacmonoixex
NEeHTP TAKECTH CTeP:KHA H KaKasd ero 4acTh TOPYHT HAJL BOJOH, €CIH
"BATH HaTaAnyTa ¢ cmwiosr 7 (cM. pACYHOK)?

PEMEHUWUE

Ilycrs Ham BOHOH TopuymT 1/n 1acTh CTepKHA, a WEHTP THKECTH
PACIOJ0¥eH Ha PACCTOSAHHE X OT BePXHEro KOHILA.

damaga WMeeT CMHCI, eClIM CpPeNHAA IUIOTHOCTh CTepPHHA P,
paBHaa m/lS, MeHbIIe IJOTHOCTH

tr g fa BOTH Py, T. €. p/py << 1.
\ 13 ycioBHii paBHOBECHSA CTEPHHS
caegyer, 9To

mg—+T =F,, } (1)
mg(l—x)=Fsl(n—1)/2n,

rae Fi — BHTaJKHBAIOmAad CHIA-

ApxmMena, upmiIOKeHHas B cepe-

AUHE TOTPY:KEHHOM JacTH CTEP:KHA,

K sagage 64. a MoMmeHth cHn mg um Fa BHImC-

JIeHH OTHOCHTEJIbHO HHU;KHEr0 KOHIA

crep:xaa. Bropoe m3 Bmpakenmit (1) mMeer cMpicl JWmb AJS Ha-
KJI0HHO IIaBapomiero crep:xusa. 1lo 3axkony Apxmmena

Fa=pSl(n—1)/n. {2)
i3 BHpa}ReHHﬁ (1) m (2) CIefyeT, 9To
i T - 2] @

Tak Kak 13 3aJa9H CIEKYET, 970 00e 9TH BEJMIHHB MOJIOHKATEIbHbE,
TO W3 ypaBHenuit (3) HaxogWM, YTO PelleHre MMeeT CMEC/ OPH BHIOJI-
HeHnd YyCIOBHUH

T+mg<~§FAmax, eCJ/in p<Po<29,
T +mg <<Famax V 20/po, €cau py=> 2p,

rae  Famax — SHaYeHMe BHTAJKHBAOMEH CHIN NDPH IOJHOCTHIO
LOTPYKEHHOM CTepiHe, Faimax = mgp,/ p.

JATAY9A 65

Hmwraagpageckdit cocyn 6es [Ha W ¢ MAIAHEXPAYECKEM TIOPIOM
HafeT CBepXy Ha HEMOJBHKHHA MopHieHb cedyenmeM S (CM. PUCYHOK).
IToxmxiit Bec cocyga G, ero Bricora H, cegennme ropia s, BHCOTa ropia k.

.
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Yto npowms0imeT ¢ COCYIOM, eCIIH B HEI0 HAJIATH JKAKKOCTH INIOTHOCTDHI0
0 B Konmuectse V? Dricora mopmug May ONOPOH HOCTATOMLG
BONHKA.

PEIMEHHNE

ITo Mepe DajuBaHKUA KUAKOCTH aBJIEHHAE P B TOHKOM €€ CI0e MesKIy
nOpINHEeM W BePXHHM OCHOBAHMEeM IMHPOKOTO ONUANHApa Oymer pacrm.
Cmira aToro rfamieHHmsA Ha BepPXHEE OCHOBAHHE MOJKET CTATh PABHOM
BeCy COCyJa, M TOT/ia COCYJ HauHeT oguuMaThesa Beepx. IIpm stom ypo-
Belb ;KUAKOCTH B TOpJe OCTaeTCcH MOCTOAHHLIM, a 00heM BHOBb Haju-
BaeMo#d (KHKOCTH OymeT paBeu
VBeJHIeHHIO 00'beMa, OrpaHNdYeH- T_'—
HOTO TNOpPUIHEM ¥ BEPXHHUM OCHO-

BaHHEM COCYyHa. 2

Bericota h, mugrocT B ropie,

NpU KOTOPO# CHia THIPOCTATHYE- *H
CKOro faBleHHWA CTAHET PaBIOH - i
BeCy cocyja, oIpenessieTcA ypaB- I

venneM h, pg (S — s) = G. Oue-
BUJHO, YTO eCJM 9Ta BLICOTA Hpe-
BRHIIAET BHICOTY TOpJa, COCYA
ocTaeTCs HemomBIKHLIM, 10 ke f ]
camoe Oymer OIpOHCXOUTH, €CJH
3afagHOTOo oObema KugKocTHn V
He XBATHT [JIA 3AMOJHCHHA Top- Y Il

da 10 BHCOTH #, Ecim xe K

sagadge 65,
Glpg (S —s)<<h m RS <<V,
TO COCYH HadHeT MOTHAMATBCH.

Bricora mogbema cocyma 3aBucHT OT oObeMa sKEgKocTm, Keam
V=<~4S + HS, 1. e, ;KEAKOCTE XBATHT JHUIIb HA 3aN0JHEHWE TOPJa
IO BHICOTH 7, ¥ 9acTH COCYyHa, TO COCYJ, HOgHuUMeTCA Ha BHcoTy H), =
== (V ~— hyS)/S. Ecain V > kS - HS, To cocyy mogHEMeTc s Hayg 110 pill-
Hem Ha Bpicotry H, = H, a n36mror mugrocta AV = V — ks — HS
BEUIBETCH depes3 medb Me;KY -NOpIIHeM M OPHIOTHABIIAMCH COCYIOM.
B 510 BpeMa BO3MOKHO ONPOKHUALIBAHHE COCYHA.

3ANAMA 66

B naGopatopmoii ycraHOoBKe Tpebyercsi o0ecnedmTh HeIpEpHIB-
HHH TOK KHIKOCTH 4epe3 INIOCKHHA BEPTHKAJbHHH MHOrO3BeH-
ani smMeeBuk ABCDEFG... (cm. puc. a). JlabopaHT npmCoegmBUI
K HaJajdy 3MeeBumka cocynx M, npmueM ypoBeHb KUAKOCTH B CO-
cyme H Opl1 BHOIE YPOBHA h BepXHHX KOJEH 3MEEBHKa, W OTKPBLI
kpan N. Ilotewer nm sumprocth depes 3MeeBmK?! Kanmnaspremd
ABJIeHNAMA W NajenmeM ypoBusa H xkmaxoctm B cocyze M mnpeme-
Opeus. \
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PEMEHWE

Ecin fe mOBHIIATHL JAaBIEHWE B COCYHe MJIH HE OTCACHBATh BO3NYX
A3 OTKPHTOTO KOHI[A 3MEEBHKA, TO KHNKOCTL 4epes 3MEEBHK MOKeT
o He noteub. Uto6m yOenuThCsA B 9TOM, PAaCCMOTPHM IPOLECC HAMOJIHE-
HHA REFKOCTHI0 ydactka ABCDE. .

Hax Tonsko Tpybka A 3amOJHHATCHA, KATKOCTH HAYHET IepeTeKaTh
10 HEKHeH JacTd koxena B m cremkam TpyOrm C B Koaero D (puc. 6).
ITo sanoanenum rodena D painbueiimiee nepereKanme ;KHUTKOCTH U3 A
gepes B Oyper npHBONHTH JHNIbL K NOBHINEHHIO YPOBHA B TpyOke K
(pHEC. 6). Bosnyx B kosene B m Tpybke C oxaszaica B Aosymke. Boa-

a i’

- — — : F r ,
- T 7] " [ )

—_ M —— n

T L — — A ¢ ||E 6
—_— = o3
—___—____"—_ N

i :_"—_:—“—-— ] LLLJ ) v

] s

H sagaue 66.

HAKJA TaK HashiBaeMad ,Bo3nyimrHaa npobra”., [lixa pasmoBecHa »Kith-
KOCTH B TpyOKe £ HeobGxogmmo, ITOOH JaBIeHHAe p B BOSKYIIHOM MpoGKe
I PEBHIIIAN0 aTMOcPePHOE KaBICHHE P, Ha BeINIMHY FHAPOCTATAILCKOTO
ZaBieHns cronba :ugKoctTu B F, T. €. MOJGKHO ORTh Ap = P —py=
= pghy, THe Ap— u36HTOUHOE JaBJIeHNe B BO3IYINIHOHR npo6He'
p — IIOTHOCTh ;KUTKOCTH; /i, — BHCOTA ;KUIKOCTH B TPyOKe E

AHaJIOTAYHO paBHOBECHE ;KHIKOCTH B TPyOKe A BO3MOIKHO, JIEI]Z[I)
ecJId ypOBeHb ;KHAKOCTH B cocyle M mpeBHIIaeT BHCOTY KojieHa A
Ha TY Ke BeJmqddHy k.

PaccMaTprBas HOCJEEKOBATEIBHO BO3MOKHOCTh TONANAHHA KHJ-
KOCTH B CJeXyONAe Y4YacTKH 3MeeBHKa, yOeKgaeMcs, 9T0 CKBO3HOIX
TOK BO3HAKHET, JHIIH eCJIA OIPEeBHIIeHAe yPoBasa B cocyae M Hap ypos-
HEM BEPXHHX KOJIEH PAaBHO CyMMe BHICOT BCeX TPYOOK, B KOTOPHX NpH
BANIOJHEHHHA 3MEEBHKA >KUEKOCTh CTeKaeT BHH3, 00pasysa BO3IYIIHEIE
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npobkm (. e. Tpybok C, G = T. 1.), T. e. ornomenne H/h moiiHO
OpPEeBHOIATh YHACJIO KOJEH B 3MeeBHKE.

ToJpKO Temeph MO}HO NOHATH CMHCI BeChbMAa PACHJIEBYATOrO BEHIPA-~
JHeHHA ,MHOTO3BEHHEIA 3MeeBHK", ynmoTpelJeHHOro B TeKCTe 3aHa4H.
OdeBmyHO, HMEIOCH B BAXY, YTO YHCJO KOJEH NPEBOCXOIAT OTHOMIEHNE
H/h (6oapme 5T0 wmcT0 cpaBEEThL npocto He ¢ dem!), CiaegoBaTennHo,
JKATKOCTh Uepe3s 3MEeeBHK UpoTeKaTh He Oyrer.

JANJAMA 67

Hopabap ma Bosgymuoi mogymke mmeer sec G. Burtecuser am on
a3-mox ce0a BOXY, W €CIH Ja, TO B KaKoM o0beMe?

PEMMEHNKE

PacemMoTpuM g4 npocToThl mIOCKyw miatdopmy BecoM G m mio-
nagpo S, BHCANYI Hajg Bomo#t (cM. pucyHOK). Urobm nmardopma
He Hajajia, CHA3Y OHA J0JKHA MCHEITHIBATh H3OLITOYHOE maBjieHne Ap
tTakoe, 9T0 Ap = G/S. ITo n3buTOTHOE HaBIEHHE IEHCTBYET M HAa BOAY
B mpejelnax MIOMATH AHHIUA KO-
pabiaa. Bogenmm B Bome o6bem r
yKa3anHOH Ha pucyHKe QOpMH H ‘
PaccMOTPHM HOBEIECHHE FKHIKOCTH
B HeM. [lo 3akoHAM rugpocraTHKA A
gaBienua B Toukax C m D, Ha-

XOOAMHUXCA Ha OJHOM VPOBHE, %
ToJuEEB OwTH paBHBl. Ho pp = % L //hs

= p, + Ap + pghps. Caenosa-
romero, ha~ hy 1 A = hy o R sapaze 67,
— hp = Ap/pg.

Ilon xopaGieM MOBEePXHOCTH BOJH OKAa3ajach HHKE HA BeJIAIHHY
Ah. OOmuit o6neM ,BHITECHeHHOM  BOgk TakoB, 4to V = AhS =
= ApS/pg = G/pg, 1. e. paBer o0beMy BOJE, KOTOPYIO BHITECHSIET
naBapmuii kKopaGab BecoM G corilacHO 3aKOHY Apxmmena.

[T §
= Y

1 8

3AMATA 68

Hunnagpugeckuii Cocyx € KUIKOCTBIO INIOTHOCTBIO P BpAIaeTcs
¢ MOCTOAHHON YIJIOBOH CKOPOCTBHIO ® BOKPYT ochu 00, cosnagaromei
¢ BepTHKaJbHOU ofpasywmeil mmiaumappa. BryTpm cocyma ykpemien
TOHKHI FOpPU30HTAJbHHI cTep)kedb AB, pacnojoseHHsil BYoJIb XHA-~
MeTpa, MPOXONAMEero 4epes och BpamennA. 110 CTep:kuI0 MoskeT CKOJIB-
3aTh 0e3 Tpermsa MyQTa B BHAe miapa Maccol m | pagmycom r. Illap
CBA3AH ¢ KOHIOM A CTeP!KHA HPY;KHHOHU KECTKOCTBIO X, ImHa KoTOpoi
B HEPaCTAHYTOM COCTOSAHAHA pPapHa [, (CM. pHC. a).

OnpefenuTs paccroAHme mapa OT OCH BpameHuA,
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PEMEHUE

IlycTs mCKOMOE TOJI0eHAe MEeHTPa My(PTH HaXOQATCH Ha PacCTOA-
$AH Z OT OCH BpaleHWs. ‘

IIpm ycramopmBmeMcs BpaIeHHH COCYAA C KEIKOCTHIO INapOBOM
00bEM MHUIKOCTH pajAycoM 7, PACHOJIO}KEBHHIH Ha PACCTOAHHHA X OT
OCH BPAameHdsd Ha TOH ke raydmue, 4To o MydTa, ACUKTHIBaET AefdcTBIE
aByx cmi: cmiwnl Tsxectn G m ,apxmMenosoii” cmiasl F (cM. sagauy 59).
[Tockoapky cmira F saBucHT JAIIb OT NOJIOKEHAA BRIIEJIEHHOTO 00beMa,
ero OPMH ¥ BeJMIWHH, TO 3Ta CHJIa PaBHA ,,aPXNUMEROBOW" cuie, feiicT-
ByloHieif Ha MyqQTy. -

B coorsercremm Co BTOPBIM 3aKOHOM Hrwotona TOpH30HTAIbHAA ~

npoexnus Fy, ,apxmMenoBoii* cuiu coobmaer 06beMy JKUIKOCTH I[EHT-
a J

A

-UF

KR 3apnave 68,

POCTPEMATEIbEOE YCKOPEHAE ¢ = %z, ITa PopPMyJia HYKIAeTCH B TO-
ACHEHHAX, TAK KaK HEOYEBHHO, UTO B €e MPaBOH YaCTH HCJIKHA CTOATH
BeJAYAHA X, @ He KaKoe-To Apyroe paccrognme ', J[pyramn ciaosamum,
ReACTBATENBHO JH ,apxmMefoBa’” cmia F npmioxena K 1eHTpy Mace
BLITEJEHHOTO 00BheMa KHATKOCTH?

Eciom mapuk MaJu, T. e. r £ I, Az, rge Az — yupyrasa pedopma-
THA OPYKAHE, TO B YCIOBMAX 3aJadd OH ABIAETCH MAaTepHAIbHOIL
rouKoi (cM. s3agagy 28), B BOIPOC CHHMAaeTCH.

IlonyctaM, 4TO PasMepPH MApUKa CPABHAME € MIHHOH TPYHHHEH
¥ BeangnHOR nedopmarmu. PazobbeM BHIeNeHHHE 00beM JRETKOCTH
Ha dlieMenTapHHEE 06beMu Maccoit Am;. Ha kamauit 63 sineMenTapuux
obbeM0oB peficTByeT ,apXxmMmepnoBa“ CcHNa, TOPH30HTAJIbHAHA NPOCKIHA
xotopoit AF,; = Am,;w?r; BanpaBleHa K OCH BpalleHHs, OPHIEM
r;, — paccrospme o0beMa ¢ HOMEpoM i OT ocH Bpdmenna (puc. 0).

Bsegem cucteMmy kooppumiar OXYZ ¢ HagalloM Ha OCH BpamieHdd, Ha-

npasus och OX B HEHTP BHXEJICHHOTO 00bEMa KAAKOCTH, 0Cb OF —
0 OCH- Bpam;eﬂnﬂ. H’poemmﬂ cain AFp; ma ocs OX Oymer pamma

AF, = Amo a:i.
104 *
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TopmaonTaisHas mpoekmusa ,apXmMexoBoi* cmim, fAeficTByromeit
Ha BeCh MAapHK, HaOpaB/JeHa K OCH BpamieHus (3TO CJIERyeT U3 coobpa-
JHeHWA CHMMETpHH) W OmpefeiseTcsi COOTHOMEHVeM

Fr= Y Ame?z; = 02 Amz; = oM,
: i

rje *r — KOODHHMHATA meHTpa Macc mapmra (cM. 3amagy 23); M =
= pV — macca mapa; ¥V — ero oOmem.

Taxmm 00pas3oM, ropu3oHTAJbHAA COCTABIMIOMAA ,,apXAMEIOBOH"
CHIIE IPHJIOKeHAa K IIeATPY Mace Halero o0beMa ;KAZKOCTH (K CIOBY,
IpPHUBEJEHHOE [FOKA3aTelbCTBO CHpPABEAIMBO HE TOJBKO JIA ITapa,
HO W aiaA oObeMa mpousBOJbHOI PopPMED).

Bo usbemanme HeopasyMennil enie pas MOACHAM CMBICI
BHIDQ;KEeHHUA ,CHJIA TPHJIOKeHa K TaKoW-TO TO4Ke Teja“.
JTO 03HAYaeT, UTO IOJ MelicTBHEM paccMaTpuBaeMOi CHIE
TeJO JBHKETCA TaK, Kak ecanm Onl BCA Macca Tela Onlira co-
CpefioToOYeHa B 9T0M TOYKe, a CHJIa NpHIOKEHa K HeH.
B pedcTBUTEHLHOCTH TOYKA PEAJbHOTO NPHJICKEHUA CHIH
MOsKeT OBITH COBCeM NPYrodl miam gaske BooOmie OTCYTCTBO-
BaThb: B YACTHOCTH, B HaIIeHi 3ajmade ,apxmMegoBa” cujia
ABJAICTCA PE3YJIBTATOM JaBJIEHAA JKHIKOCTH HA 6CK0 nNo-

] géeprHocmb MiapHKa.

W3 sroporo sarona Huiorona gas Mydret ciaemyer, ¥TO
Fr4-Fp=mo’z, ' 1

rpe F, = kAxr — nmpoeknuMa cMABl HATS;KEHHA IMPY:KEHB Ha O0OCh
OX, npaaem Ax =z — r — [,. YuurhiBasd HampaBJeHHA NPOeKIuil
cun, w3 (1) maxomum, aro Vopo’r -+ k (x —r — ) = mo®z, o1-
kyga =k (r -+ [)/lk — o® (m — Vp)l.

Pemenme cmpaBemninBo OpH yeJaAoBHE, 410 £ > o (m — V p),
n00 TOJLKO B 9TOM cuaydae Mydra npm
BpAieHAA He KAacaercf CTeHOK COCY[a. )
Bunonsenne 00paTHOro HepaBeHCTBA 03HA- /—
gaer, YT0 Opy:kumHa clabasd m He crmocoOHa \\CD
yEep:KaTh MyQry BHYTpH ;RupKoctu. [Ipu
3TOM My{Ta B 3aBHCHMOCTH OT €€ ILTOT-

HOCTH CMeCTHTCH K OJHOMY W3 KOHIUB -

CTePKHA.
3ANATYA 69 ' —— T
, : O | ™4
Buyrpm nmimsppa, BpAmaloOmerocs ,r" g
¢ TOCTOAHHON YIJIOBOM CKOPOCTHIO, CTOHT _—
ceeda (cM. pHCYHOX). OTHIOHEHO Ju
NJIaMA CBEYW OT BEPTHKAJH H B KaKYIO —~
CTOpOHY? ' K sagae 69.

105



PEMEHHWUE

BryTpm Bpamamomeroca nulInAgpa (BO3AYX B HEM TaK)Ke Bpaliaer-
cA) BO3HHKaeT HOMOJTHATENbHAS ,apxmMenosa” cmaa (cM. samauy 68),
HalpaBleHHad [0 TOPHU3OHTAJHW BIOJH Pajdyca MEJIMHEPA K OCH Bpa-
menns. Taxk Kak milaMA cBeYH jeT4e OKPY;KaIOmere Bo3qyxa, aTa CHJa
cnocof0Ha coo0mMUTh MiIaMeHy GOJbIIEe MEHTPOCTPEMHTEIbHOE YCKO-
peHne, IeM TaKoMy ke o6bemy Bo3xyxa. IlosroMy minamsa oTKIOHAETCHA
K OCH BpameHns IWIHHIPA.

acTo BH3LHBaET 3aTPyAHEHHE BOMPOC: ,,Rau MBI Y3HAJIH, YTO NIaMs
aerge Bosgyxa?® OTBeT OYeBHIEH: IUIAMA IOJHHMAeTCA BEEpX.

i

JANAYTYA 70

Cocyx ¢ pPryThI0 paBHOMEpPHO BpallaeTcsl BOKDPYI BePTHKAJAbLHOMH
OCH C YIJIOBOH CKOPOCTHIO . [loBEpPXHOCTD PTYTH IPHHMMAET HPH 3TOM
BOTHYTYI0O $OpMYy H HCHOJL3YyeTCA Kak 3epKajgo. OmpegendmTh GoKyc-
HOE paCCTOSIHME 3TOT0 3epralia.

Yrasamma: 1. IlapabGomxa ectp reomerpudeckoe MeCTG TOYEK,
PaBHOYZAJeHHLX 0T HeKOTOPoi Toukm (PoKyca) m upamoi Juumn (nu-
pexrpucst), 2. Ilapanrenpnsie nydm, magaromue Ha mapaboamdaeckoe
3€PKaJ0 MapailelJbHO €ro OCH, IOCIE OTPAXXEHUS OT 3epKaja mepece-
KawTcad B ero dQoryce,

PEMMEHUE

PaccmoTpuM He60abIOH 06beM pryTd M, HaxonAmuAicH ¥ HOBEPX-
nocrm (cm. pucyHok, Ha KotopoMm OO0 — och Bpamenns; M — mouo-
JKeHHEe BHIIeJAeHHOTo oOpeMa). JleficTByomMue HA HEro CHIL!, 8 AMEHHO
sec G b ,apxmvenosa” cmina Fu (cM. sagaan 59, 68), TakoBH, 9TO B cyMMe
co3gaoT mentpocrpemMurenbnyio cuny F. Cmna F, npm ycramosms-
meMcA BpaIieHAM HaupaBleHa HepHeHIMKYIAPHO HOBEPXHOCTH jKHU[-
roctu. CJiegoBaTenbHo,

G ctg o = mv¥/R = mo?R, ' (1)

rme m — Macca BmijeJeHHOro obheMa; v — ero ckopocrn; R — pac-
croanne obvema ot ocm Bpamenmsa, A = OM. (O6bem BuOpam Ha-
CTOJABKO MAIBM, YTO er0 MOJKHO CUMTATh MaTePHAIbHOH TOYKOIL.)

Beprukanpnbiil Jy4 CBeTa, Dajalom@id HA NOBePXHOCTh PTYTH
B Touke M, mocie OTpajKeHHWs OT MOBEPXHOCTH moiimer Bmoanr MF,
rie L FMA' = o, m nepeceder och Bpamennsa B touke F. Iloxaenm,
Y10 ToO4Ka F sABiasercs (OKYCcOM HOJIYYalOIMErocsa sepKada.

IToctponm orpesok MD rtakoit, ywro MD ||00" m» MD = MF,
Yepes Touxy D nporenem amumio DC tak, o DC | 00'. Herpynso
BupeTh, 9t0 FC = CD tg o, mnm mo (1) FC = g/w?, T. e. paccros-
une FC me 3aBHCAT OT PAacCTOAHHA R mamero of6nemMa oT ocm Bpa-
MeHus.

ITocTpomM mapaboday, s KoTopoi Touka F smagerca gokycoM,
a nmpdas CD — gupexrpucoit, Bepmuma 3T0it mapabosam pacmodo-
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KeHa B Touxe A rawoit, wro AF = F(C/2. TlapaGona mpoxonur wepes
TOUKY Jlll . IlosepxHOCTH, MONyYenRas BpamenueM mapabossl BOKPYT
ocu 0O’ masuBaerca mapaGodompoM BpamenmA. Jlerko ybegmThes,

al

R sagawe 70.

9710 IA a060r0 00beMa y MOBEPXHOCTH HOCTPOEHHOTO mapabolomza
BpPameHHA BHIOJTHAETCA BTOPo# 3akom Heioroma B dopme (1). Caemo-
BaTeJIbHO, NOCTPOCHHHIN mnapafolomy sABIfAeTCA HCKOMOH IOBEpX-
HOCTLIO PTYTH B COCyJe, a (OKyCHOe pacCTOsHHe HaIlero 3epkaia

f= AF = g/2m2.

BAMAYA T

Tpebyerca moacuanTarh, HACKOJBLKO H3MEHATCH TEMIIEPaTy Pa 3eMJId,
ecid Ha Hee yrnaner JIyHa. (ITycTs KoMy-TO yramzoch saTopMo3uTh JIyRy
Ha ee opOHuTe, Tak 4T0 JIyHa ¢ Hy/IeBO# HaYaJbHOHE CKOPOCTHIO HAYaIa
nagaTh Ha 3eMJII0.)

Macca Jlynm mupmmepso B 80 pa3 Menbme Macchl 3eMIH.
YaelpHy0 TeEmI0CMKOCTh BemiecTBa oeMim # JIyEH TOPHHATH -
pasroit 1 xan/kr-rpafg (8 cmcreme CYI — 4,2-10% Jlx/Kr-rpag).

PEIMEHHKE

Pemum 3ajmady npu ciaexyomux ycIOBHAX.

1. Bypem. cuntats, uro JlyHa maxoguTcsA MOCTATOYHO IAJIeKO OT
3eMiIHM, TaR YTO CKOPOCTh ee NajeHHA HA 3eMI0 OIHBKA KO BTOPOM
KOCMHYECKOH CKOPOCTH.
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2. Cronmkmosenme OymeM camtath abcomormo meympyrmm (7. e.
CKOpPOCTH IIAHET I0OCJe CTONKHOBEHWs IPHMEM PABHHIMH).

3. Ilpenebpe:xeM BO3MOKHOH TeNNIOOTHAYElH B OKPY:KAI0MEee KOCMH-
94eCKOe HPOCTPAHCTBO B (OpMe HW3IyIeHHS.

(3ameTEM, wTo ecim OH TaKoe CTOJKHOBEHHE NPOM3OMLIO B JeHCT-
BATEJIbHOCTH, T, MO-BHAUMOMY, yciopus 1 m 2 cobioxanuck 6H BeCcbMa
T09H0. YTO iKe Kacaercs Tperbero ycJOBHHA, TO OHO HPUHATO TOJBKO
1A TOTo, 9T00H HAmIy 3amaly MOMKHO OHJIO ,pemmuTh’ B paMKax 3je-
MEHTAPHOH (M3MKH; UpH pPeaJbHOM CTOJKHOBeHHH, CKOpee BcCero,
OCHOBHAfl 9aCTh DHEPrHH Iepeniia O B H3JAydennme.)

ITpr 9rEX ycaoBMAX B COOTBETCTBHM € 3aKOHOM COXPAHEHHSA WM~
oyiabca mpUyn = (M3 -+ M) v H 3aKOHOM COXPAHEHHA 3HEPIHH
mavn/2 = (m3 + my) v*/2 + AE, paa sneprun AE, KoTopas momia
n1a marpenanre Jlynol ® 3eMId, OOJYYHM, 9TO
my

?nﬂvjl
AE = - —
2 Mg+ mj;

= (m3 + mﬂ) AT,

Tfie mg M My — Macchl 3eMJu U JIYHbI COOTBETCTBEHHO, Uy — CKOPOCTD
nagenns JlyEel Ha 3eMaio; v — o0mas CKOPOCTh IJIaHET MOCJe
CTOJKHOBEHHS, ¢ — TEIIOEMKOCTh BemmecTBa mianer; AT — maMeHeHHe
TeMIepaTy pH.

Kax BuguM, mouTH BCH KAHETHYECKAaA dHepPruA JIyHm mepexommr
B TemIO (ToJAbKO mpm Hamux ychosuax!). Hckomoe U3MEHCHUE TeM-
nepaTypsl OIpemeJafieTCsl BRIPaKeHHEM

-

Uit mnmg o
AT = e (g F ) ~ 170°C.

JANAYTYA 72

OupeneinTh yBeJiNYeHAE TEMOEPATYPH MEIHOM MENOYKH B YCJIO-
BHAX 3amadm 42, cumTas, 910 Bes pabora, 3arpagemHas Ha [e-
dopManmI0 1eN0YKM, TPHBOLAT K YBEIAYEHHIO e€e¢ BHYTPEHOCH
DHE PTHH.

Temroemrocts Mmegm ¢ = 0,38-10° JImx/Kr-.rpay, BHCOTa cTOJA

= 10 M.

PEMEHUE

PaccmarpuBas HEKOTOPHI HHTEPBAJI BpeMeHHA Al mpum yCTaHOBHB-
IMeMCHA NBUACHHH, OPHMEHHAM K IENOYKe 3aKOH COXPAHEHHA HHEPTUM

0ghvAtS = SprPAt/2 - AU,

rge S — [IOMAajAh MOmePeYHoro ceueHuA nenoukm; AU — mamenenme
BHYTpeHHeI/I 9HePrAHd NeNOTKH 3 BPeMs At, T. e. A3MEHEHNE BHYTPEH-~
e BHepI‘HE YacTH nmenoukd pumE0od Al = vAf, ecim upenebpedn
TENNO00THAYCH HW TemJompoBOZHOCTHIO nenoykm. Orcioga AU =

= ¢ pAIATS. CpaBHHBasi BHNHCAHHHE YPaBHEHHs, HAXOJUM 4IO -
AT = ghi{2¢ = 0,13° C,
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3AI[A‘IA 73

~

Kosddunment o6bemuore pacmupenns pryta f = 1,8.10¢ rpag?
Koappunment cxatua prytm y = 3,9:-107¢ armL. Hacrompko Hy}RHO
YBEJINIATH BHEMIHEE AABIICHHE, 21068 COXPaHATH TOCTOAHHBIM oﬁ%eM
pryte npu ee marpesanma oT ( po 10° C?

PEMEHNE

HanomumM, 910 Ko OHIAEHTOM C/KATHSA HA3HIBAETCA OTHOCHTENb-
HOe HW3MeHenme 00beMa ;KANKOCTH NPH M3MEHEeHHWH NIaBleHHA Ha Ap
A IOCTOAHHOI TeMmepaType, T. €. AV/V = — yAp. Analormdno onpe-
nensercas Koapdmmument oOnemuoro pacmupenmsa: AV/V = BAT.

VeaoBHg 3a7a9d BHIIOJHHOTCA, €CJH H3MeHeHmA o0beMa pTyTH,
BhIsHBaeMue HarpesammeM (AV,) m msMemenmem fapjienms (AV,)
0 OTHENLHOCTH, 10 abCcoMTHOll BEeJdYMHEe OgUHAKOBH, T. e. AV, =
= — AV,. CnenoBareibno, A0JKHO OwiTh, 910 YAp = PAT, oTKyna
Ap = ATﬁ/v = 460 arm. ’

JADAYTYA 74

B xamnopmmerp, copepskamuii 100 r mpga npm 0° C, manmmau 150 r
Bouui mpu 50° C. OmpemesnTh YCTAHOBHBIIVIOCA B KaJODHOMETPE TeM-
nepatypy. IloTepsMum Temia Ba HarpeB KajopuMeTpa mpeneOpeds.

—

PEIMMEHNKE

Beenem o003HaYeHuMA: Mgy — Macca BOJH, Mg — Macca JbIa;
¢y M Cy — VHAGIBLHEE TeNJOEMKOCTH BOJKH W JIbJa; A — YHeJIbHAd Tel-
aora mnasiaendda Jabga; Ty @ T'; — HadalabHHE TeMOEpPaTypn BOMIH
H JbJa; 0 — ycTamoBUBINAACA TeMIeparypa.

O6HYIHO COCTABIAIT VpaBHEHHE TEMIOBOTO GajaHCa B BHJE

camp (0°C — T p) - muh - com 0 =c3m3_(TB-——9), (1)
oTKyRa 8 = (camul g+ cpmpl s — mah)/(Camy |- cpMmy). (2)

Byub HadadpHbie gaHHbe IpefioskeHs B 00HeM Bafie, 9TO pelneHHe
MHOTHAM TOKa3aJ0Ch Obl OPaBWIBHEIM H OKOHYaTedbHEM. OXHAKO
€CJHW TONCTaBHTh YHCJIOBhie 3HAYEHWMA, moAyqmM, dro 6§ = — 2° C.
Kax 3to moummath? ¥V pasuende (1) HanucaHO B IPEANOJIOEHAH, 1TO
Bech Jen pactaer. Onnako s aToro Tpebyerca 8000 kax, a us TenaoR
BoxH nupm ee oxaasknermn no 0° C moxkno moayuwmts ammsb 7500 Kau.
Jlex pacraer me mech., Ypasmenme (1) He oTpaskaer melCTBHTENhHLIR
X001 COOHTHI.

Temepr Ges patdeTa MOKHO Il;aTb HpaB]ZIJIbHHH orser. Tak Kak
qacTh JAbga mHe pacraer, 0 = 0°C

B o6mem ciydae nmpy perieRmn TaKEX 3a71a4 OJKHE OHTh HCCAENO-
BaHE BCE€ BO3MO)KHHE CATYAllHMH, T. €. -
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4. Bech nen pacrami. 9TO OCYMIECTBIHETCH, ecam cymy (0°C —
— T5) + mgh =< Tymycp,. Pemenme Jia 5TOrO Ciiydas HAMH LOTY-
ueno (cM. Beipaykenme (2)).

2. Pacraana wacTs nbpa. Cnyuaii peanmsyercs, ecna ¢;m; (0° C —
— Ty << Tompea << iy (0°C — 7)) 4+ mah.  OrBer  oueBmpen:
6 = 0°C.

3. Yacrs Temnoit Boan samepsina, 6 = 0° C,

4, Bca Boma saMepaia m oXJaamiach fo temueparypu nmxe 0° C.

ITonpo6yitTe 3aKOHTATHL KCCIel0BAHAE B H300PA3HTL €TI0 Pesyilb-
TaTH HA JHarpamme, mono0HO TOMY, KAk 3T O®IIO chedano B 3anaue 31.

3ATAYA 75

TenIou30IMPOBAHHEIN COCVA, C BONOM, HaXOogAmMelcH -npH TeMie-
parype 0° C, coemmuen ¢ oTKaumBawimmm Hacocom. Uro Ipomsoiper
¢ BOHOHM, ecam HACOC HaYHET paboTaTh?

PEMEHKE

Tak Kak TemMuepaTypa KAneHHs majgaeT ¢ YMeHblleHneM AaBJIedus,
paHo WIE HO3AHO Boma sakmnmT, OOpasymimeca HpH 5TOM HAPEHI
BOAbl OYAyT OTKAYABATLCA HACOCOM, a caMa BOJA — IPOHOJKATH KH-
neTh.

Ho nocKoabKy aiia mcuapeHds BOAH HYKHO TeIJ0, a IMOABOJ TeIJia
u3BHE OTCYTCTBYeT, Hpolecc umcrapenma OyHeT CONPOBOKAATLCA
oTnadell Temna HemcmapmBineiicAa Bopmoii. B pesylbrare moclemHas
3aMep3HeT W HPOUECC OCTAHOBHICH.

OfosHauns dWepes m nepBoHAYAIbHOE KOJIUYECTBO BOME, 4depes
m, — BHKHDEBIIYI0 YaCTh BOAH, MOKHO BANKCATh ypaBHeHHe TemJIO-
poro Gamanca B BuAe m;A = (m — m,) r, THe A — yHeabuas TemjoTa
napoo0OpasoBanuda; r — ynelbHaA Teinora miasienna. Orcoma m, =
= mr/(h 4 r), a4, AEAYE TOBO PA, HeuaputcA r/{A 4+ r)-A 4acTh BOIDbI.

3AJAYA 76

Buemnee faBleHAe HA BOAY YBEJHIHBAKT. YUTO HpH BTOM HYIKHO
nejaTh, HATPeBATh MJIAM OXJIAKZaTh BOAY, YTOOH COXPAHHTL ee o0beM
Hern3MeHHBIM?

PEMEHUE

Beaencreue 0co0emHOCTEH TEHIOBOTO pacIIApeHHA BOXAE OTBET
BaBACHT OT ¢ HAYAJILHOM TEMIEPATYPH. Y BelHIeHAe BHOIIHETO AaBle-
HRA OpH HEM3MEHHOH TeMIeparype IPHBORAT K YMEHLIIEHHI0 06DheMa.
TemnepaTypy BOA HYKHO W3MEHATH TAaK, 4TOGH KOMIEHCHPOBATH
aT0 maMeHeHne 00bema, Clle0BATENBLHO, eCIK HAYAILHAS TeMIOepaTypa
Bonw mMeunine 4° C, Bogy caefyer oXlasKaaTh, IpU TeMueparype, 60iab-
meii 4° C, — marpeBaTb.
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SANAYTA 77

3aBHCHT W TeNIOEeMKOCTH BOJK OT BHEIMHEro faBienns? Haxma
o6pasom? :

PEINIEHHNE

Io onpedeaeruto TEHJI0eMKOCTb TeJa PaBHA OTHOIIEHHIO
remna A, DOTIOMEHHOTO TeJOM, K H3MEHEHWI0 TeMIepa-
Typul AT Texa, npm srom C = AQ/AT N AQ u AT saBucar
11¢ TOJBKO OT caMoro TeJa (ero Maccel, COocTaBa, arperar-
110T0 COCTOAHHA W T. f.), HO W OT TOT0, COBEPIIACTCHA JIH
TeJIOM MeXauwdeckas pabora B mpomecce Harpesa. [ns
rasoB, HaIpUMEp, pPAa3IHIAIOT TEHNJIOeMKOCTh ¢y HPH IIO-
croaaHoM o0beme (paboTa rasa 3jmech paBHa HYID),
¢, OpE HoCTOAHHOM fasneHmm (pabora paeHa pAV, rne
AV — uamenenue obvema raza mpu Harpebanmu), To ke
OTHOCHTCA K JKAQKHM ¥ TBePABIM TejaM. TemroBoe pacimm-
peHne THX Teld, OfHAKO, HHITOKHO, HOITOMY MeXaHmIe-
cKo#l paboToli, HPOM3BOJAEMOU HMH, MOKHO HpeHeOpeds.
Jaske B TakoU Kpaiinei#l caryanmm — Harpepaerca OpPYCOK
Xopomel craim, Ha OpyCKe JeHAT CTONb TAKENHH Tpys,
9TO INOJ HedMcTBHeM Beca Tpysa Opycok BOT-BOT paapy-
muTCA — Haske Torma Ha paboTy mo mopapeMy rpysa Oymer
pacxomoBaTbea, npubnusutenbuo 1% moxBommmoro remma.
CrenoBaTennHo, BCE TEIIO0, TOABOAEMOe K TBepaoMy (FKEM-
KOMY) Tely, MOKHO CUATATh VINEHIIAM HA H3MEHCHHE
BHYTPEHHEHW dHeprum NOCHenHerc, a TemIOeMKOCTH TeJa
OPAOACHBATL 3aBHCUMOCTH JHIIL OT TeJla, HO He OT IIpo-
necca. MMeHHO Takoi#l CMBICA HMEIOT YIEJNbHBIE TEIIo-
€MKOCTH KAJKUX ®W TBEepPHBIX BEMECTB, IPHBOANMEE B
pasInIHEX Tabnumax.

Janmaa 3agaga, ogHAKo, caMo# cBoedl (opPMYIHPOB-
Kol Tpebyer yuera MeXaHHUeCKO# paboTel, comeplmaemoi
BOJOH HpHW HATpese.

JonyetuMm, TTo cocyh ¢ HOpHIHEM CIUIONb 3AaII0JHEH BOJOIH,
HaxopAmelica Opm remuepatrype 7° CG. C HOMOIIBIO HOPINHA MOKHO
U3MeHHTL JAaBJeHHe B COCY[e.

Jasa onpefeneHnsa TeMIOEMKOCTH IOABeNeM K COCYAY KOJHAIECTBO
tenna @ Takoe, WroOH YBeAHTIATHL TEMIEPATYPY BOAH HA BeJIHTUHY
AT. Ecam cdmTaTth, UTO TEHJIO0EMKOCTh COCY[Aa OUYeHb Mala, TO 3a-
KOH COXDAHEHHA DHEPrHM HNPHBOAMT K CIEYIOHEMY COOTHOIIEHMIO!
QG (T) =c(T)mAT = AU + A, rne ¢ (T) — reumoeMKocTh BOZL
npa temueparype I; AU — ysenmuenme BRyTpeHueifl sHeprum BOJEI;
m — Macca Bofel; 4 — pabora mpotus pHemumx cumi; A7 Madzo.

Ecnmu B malmeM omubiTe BOAA He M3MEHHMJIA aTperaTHOTO COCTOA-
Husg (ocranach Bopoir), To Beamymua AU upamMo nponopnmoHaibHA
AT, AU = kAT.
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Pa6o1y mpormB BHEIHHUX -cuX A - MOMHO OPEACTABUTH B BHJe

A=p(V_V0)=p(%‘_“§O> (Po p) ~=

~ — pVop/p, (TaR Kak p A po),

rie V — obvem pomet mocne Harpera Ha A7, p — namieHme HOX
nopmHeM; V, m p, — 00b€M ¥ HNJIOTHOCTH BOGE B HCXOMHOM MOJO-
JkeHAn; AP — m3MeHeHHe HJIOTHOCTH Hpu Harpesanmu. IIpm marpe-
BAHEHM BOJK paboTa HPOTHB BHEIIHAX CHJ MOJKeT OKAa3aThCA W OTPH-
NATeJNLHOH, T. €. caMm BHEIIHNME CHJH COBepmanT paboTry.

Haxee, ¢ (T) = k/m — [pV,/(mpy)] (A p/AT)

Ecam wncxommas temmeparypa Menniie 4° C, 1o Ap/AT > 0,
T. €. THJI0EMKOCTh BOAH TeM MeHbINE, deM Gobire BHemHEe napieHue.

Hogoburm ke o6pasoM MOMHO HaiTH, uTO HPH TeMIepPaTypax,
Coasmux 4° C, TellI0eMKOCTh BOAbI VBEJUTLBAETCA C VBeJdundeHHeM
NAaBJICHHA.

JATAYATS

Ilpepnaraerca craenyiommee YcTPOUCTBO THOA BETHOTO ABHIATENH,
cmocofioe copepmarh pabory Ges sarpar sHeprau.

Ilycth mMmeercs HEKOTOPOE KOMUIECTBO BOJH, XOJAONHILHHAK, Ha-
rpesarenh W AOCTATOTHLA 3amac nycthix 6yreuiok. Hamusaem Boay
B HEePBYVIO OVTHUIKY, 3aKPHBAEM €€ W CTAaBUM B XOJIOAmIbHUK. OTHH-
MeM Y BOJAH KoJuuecTBO Temiaa (J Takoe, arobnl Bopga aamepsna. Iipu
pToM OyTmIKaA Jnomaercd. Ionyausmmniics Jjef nmoMemaeM B Harpena-
genb. OT6mpasa or HATpeBaTelsa TO ke caMoe Ttemio , nmpeBpamaeM
el B BOAY, HAJTABAEM DTY BONY BO BTOPYIO OYyTRIKY u 7. 0. (Yrobu
He MemlaTh PACCY:KACHMAM, BCe OYTHLIKM IOCTAaBAM ITPEABAPHTEILHO
B XOJNONUWIbHAK — IPU 9TOM HE HY;KHO YYHTHIBATL MX TEHJOEMKOCTH.)
B pesyabrare n momoOHEIX IMKIOB 3aIAC TEHNJIa HATPEBATENA YMeHb-
MUTCA Ha Beamumuy nQ), HO 3aTO 3alac TeIJIOTH YV XOJOAHJILHHKA
Ha TY JKe BellWdaHy Boadpacrer. B 10 sike BpeMA coBepnieHa oHpefeseH-
Hag pabora (X0TA W He CAWIIKOM IHOJe3HAA) — HAJHEIO 72 PasOBTHX
Gyreinok. (Yurarenb empa nm coMHEBaeTCa B TOM, 4TO TAKOE YCTPOii-
CTBO BIOJIHE PeaibHO.) '

KHak cormacoBaTh 9TH paccysileHEsA C 33aKOHOM COXPaHGHHSA
dHeprum?

PEIMEHNE »

OxnasmaeMas B OYTHIIKE BoXa HAXOOHTCA HOJ IMOBHEIINeHHEIM NaB-
nesmeM. Hak OmJjio HalffleHo B HPEABAYOIEM 3anade, TEMI0EMKOCThb
5TOM BOAEI MEHbIE TEIHI0EeMKOCTH BOAH mpm 0o0Jiee HASKOM [laBIeHOH
(To ’Ke caMoe MOKHO CKasaTh M IPO BeIMIHHY TEIJIOTH IJABJICHHA,
HO 9TOT0 MH He fAoKasuBanum). llosTomy, Aama rToro uro6H HATPETh
YIOJIYICHHAHN B XOA0AMIbHEKE el A0 TeMIEPATYPH BOALI, KOTOPYIO MEL
HanmBan® B OYTELIIKY, HY/KHO 3aTPAaTHTh KOImIecTBO Temuaa @y > Q.
Passocts Q; — Q paBHa paGOTe, KOTOpasf COBeplleHa 3a OfUH HHKJ
(pabora mo yHmuroskenmio omuoil Oyrmukm). Taxmum obpasom, mpea-
‘aaraeMoe ycTpoiicTBo ‘Ha BeUHHEIHA [BHTaTe/]b He IOXO0Ke.
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SATATYAT

Jiia Toro 9TOOH HIpPOJEeMOHCTPHDOBATH Pa3iRIHYI0 TEIIOHPOBOJ-
HOCTh Y Pa3HEIX MATePHAJOB, IOCTABIEH claemylomyil onmrt. U3 aByx
pPasHEIX METANJOB H3TOTOBIEHH OJHHAKOBHE IO PasMePaM CTep}KHH.
Ozmrn A3 KOHIOB KayKA0T0 CTePHKHA HOKPHT napadgmuoM. J[{pyrae KoHIE
HAaTpeBalOTCA B OJUHAKOBHIX YCIOBHAX. ¥ TBeP:RIAeTCA, YTo mapadmu
pacujiaBuTCA OBICTpee Ha KOHIE TOTO CTepPyRHA, KOTOPHIA jydIde mpo-
BOIUT TEHJIO.

IipaBunpHo 2@ sTO yTBepsKpeHuHe?

PEIMEHIE

YrBep;Kaenne HeBepHO: pPe3yibTaT ONHTA CYMECTBEHHO 3aBHCHUT
He TOJBLHKO OT TeHJOHPOEOLHOCTH CTepP)KHel, HO H OT UX YAEJILHBIX
remnoeMirocTeit. Ilpefckasarb, Tjae pambIle pacuiaaBurTcsa napadud,
TpYAHEe, 4eM KayKeTcH HA HePBEIA B3TJAN.

JleficTBHTENIbHO, OT BEIWTMHBI YAENIbHON TEMIOEMKOCTH CTEPIKHSA
3aBUCHT, BO-IEPBEIX, CKOPOCTh YBeIHYEHUSA TEeMOCPATYPH Ha TOM
KOHIEe, I'le HAXOAUTCA Hapa¢uH, W, BO-BTOPHIX, KOJHIECTBO TeIJ4,
KOTOpoe IPH JaHHOU TeMIepaType cTepieHb oTfiaeT mapaduBpy (4em
Ooaplue yxerbHAaA TENJIOEMKOCTb, TeM MelllleHHee HarpeBaeTcA KOHeI]
CTepP:KHA, HO 34TO MHTEHCHBHEE IepefaeTcA Tenao mapaduny).

Pesynbrar omnmita MoKHO OOBACHATH TAK, KAK 9TO CHENAHO B yC-
JIOBHEAX 3ajla4m|, €CJIM YHeJbHBE TeHJIO0eMKOCTH CTep:RHeH ONmHAaKOBHI.

3ATAYA 80

Moskno am, pacmonaraa 1 n1 somm npm 100° C, marpers 1 a
Boanr or 0 mo 60° C? Ilotepamm Temna mpemedpedb.

PEIMEHHUE

OGriao TpeGyemHil PeayabTaT CYUATAIOT HELOCTHRHMEIM, W60 IIo-
cie TemnooOMena mcXopHEe 00BeMHE BOJB GYNyT HMETh PaBHHE TeM-
nepatyps (1o 50° C). OngHako aTOT Pe3yibTAT CHPABEAIAB JAINb, €CJIH
HarpeBaTh CPa3y BCIO XOJOAHYIO BOAY, OCTY:RaA CPa3y BCIO T'opAdVIo.
Ho Beaps mpomece TemnooOMeHA MOKHO OCYIECTBHTH H HmHAYe.

Tlycrb XonoiHas Bojga MeNJIeHHO BHITEKAeT U3 cocyda A mo ToH-
Kol MerajnmdecKoit TpyOKe, cBepHYToil B conmpanib (3MeeBMK) U IO-
MeleHHo# B cocyn B ¢ ropadeil Bofoil (CM. puCyHOR), B CTeKaeT HOCIe
aToro B crakam (. Bce rpu cocyma TemmomsoNmpoBaAHKE 0T OKPY:Kal0-
el cpeawl m APYC OT ApYyra.

KHa:xpnaa mopuma Bogsl, mpomenuias 4Yepes 3MeeBHK, HIpmobperer
TY TeMOepaTypy, KOTOPYI0 K 5TOMY BpPeMeHW HMMeeT TopAYada Boja.
Ilepsrie xamnm, yoasime B cocyn C, 6yAyT HATPeTH OPAaKTAYECKHA JO
100° C, cunepyiomme — uyth Menpme @ 7. A. OKa3pBaercda, 9TO NPH
TaKoM IpoHecce KOHEYHad TeMIlepaTypa BoAsl B cocyme C cocraBOT
npubaunsurensuo 63° C, a reMneparypa nmepBoHadaubHO FopA98d BOJEL
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6ymer pasna 37° C. He npomaswBasg cupapeii@BocTh 3TOT0 Mpefesb-
BOT0 pe3yiabTaTra, HPOCTEHINNM pacdeToM NOATBEPAEM, UYTO MOMKHO
HATPETH XONONHYIO BOmy Ao TeMmeparypw Gousbme 50° C.

SamonunM TensoobOMennux 0,5 &1 XolomHolt BomM W MOMKAEMCH

BHIDABHUBAHAA TeMOeparyp. 3areM OLICTPO BHIYCTHM BORYsH3 3Mee-
BHKA B cocyA ( W HOBTOPHM JTOT JKe LPOIEce

(2272272777777 wropoii pas. P ‘

A 1-it yuwrI: ycraHoBMBIIAACA TeMIEpPATYDA

Iy = (1x-100° C + 0,51-0° C)/(ta+0,51) =

= 67° C;

2-# 1@ARJ: YCTAaHOBMBINAACA TeMIeparypa
T, = (1x-67° C 4+ 0,5x-0° C)/(1n 4 0,5x1) =
= 44° C.

Temmeparypa B cocyme C mocle cuellu-
BaH¥WA HEPBOA W BTOpPOH HOPOUHA MOXOIPETON
BoAnl cxepyomasa: T = (67° C + 44° C)/2 =
= 56° C. IlocnenHee 9@CIO MOKHO HOJYINThL
Taxske w3 coornomenna T = 100° — T’y = 56°C.

Ecnm ocymecTBuTh mpomecc B33 YeTHpe
OUKJIA, AaHaAJoTMIHO HOJNyIEM, dro 1, ==

N

SOOI S NSNS ONONSOSINONNSONSISONSOSNSANANNN

OSSNSO NN OSTININSSS

I = (1-100° C + 0,25-0° C)/(1 +0,25) = 80° C;

6 T, — 80° C/1,25 — 64° C; T, — 64° C/1,25 —

6 ==H1°C; Ty, =51°C/1,25 = 41° C, T = (80 4-

———— U {64+ 51 + )k = 59°C, mmm T —
— == 100° C — 41° C = 59° C.

LLLLLLLLLL B mpenene, mepexomAa K 60JbINOMY WHCILY

K sagae 80. . OAKJIOB, T.e. OCYNeCTBHB MefjieHHOe HeImpe-

PEIBHOE IpoTeKaHme X0JOAHOH BOAH IO 3Mee-
BEKY, MOHO Harperb ee o 63° C. Yrasanmaa temoeparypa Ipe-
B3oiifeHa ObTh He MOKET, €CIW HOJb30BATHCA TOJIBLKO HPAMBIM
TEHJI000MEHOM.
CoBeprmenHo aHaNOrmYHEIA peayiabTaT GyleT MAOCTHTHYT, €CJIH
HOMCHATL cocynhl A m B MectaMmd, T. €. HIPONYCKATH IOPAYYI0 BOLY
CKBO3b XOJONHYIO.

3ATAYTA 81

Chap ¢ ninure 9aliH¥K ¢ saKAOEBOIER Bomo#l, Xosalika mobasuia
B Hero KOBIN XOJOAHOW W ¢ YAMBJIEHHEM IIOYYBCTBOBAJIA, UTO PYUIKA
gaiiHpKa cTana 3HATuTenbHo Ooixee ropsadeir. Har aro o6bacHuTh?

PEMEHNE

Pyura me crana 6Gojiee TopAded B CTPOTOM CMBICIE 9TOr0 CJOBA.
Hao6opor, 3a BpeMa ocymiecTBIeHWs BCeX YKasaHHHX -Ouepammi
oHa MolJa JEmb oXjgagarbesa. ONHaKo cy0beKTUBHOE ONIYINEeHNe CTe-
IeHE HATPETOCTH OPH CONPHKOCHOBEHHM PYKHM C KAKAM-TO TEJOM 3aBH-
CHT He TOJIBKO OT TEeMIePaTypPHl 9TOTO Tela, HO W OT BEIMIAHH YeiIb-
HOTO jamiieHna TejJa HA PYRY. Yem Goabme 1o gaBiaeHue, TeM 00Jb-
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mell RajKeTcH pasHmna reMueparyp pyxd m tena. ([Ipm ysennmgenmm
AaBJIeHAA VYBEJIWIHWBAETCA TeIL1006MeH. JTO IPOHCXONAT MO HECKOJIb-
KRUM NpE9EHAM; B YACTHOCTH, YBEINYHBAETCA ILIOMAADL COIPHKOCHOBE-
HUA pYKA W IOBEPXHOCTH HCcIeAyeMoro Ttera. Urobm y6enuThes
B BTOM, IIOCTAaBbTe NPOCTEHINHAN OUKBIT: IOJOKUTE JAf0HL HAa TOPAYYIO
faTapeio HapoBOTO OTONHJIEHHA, & Uepes HEKOTOPOe BpeMA ¢ CHJIOH
COKMHTE PYKY; BHl 3aMETHTe pPe3Koe , yBeJIUIeHHE TeMOepaTyph
Gatapen). JloanB B TallHAK BOAY, X03AlKa YBeJIHYMJIA BeC YailHmMKa,
a 3Ha4uT, ¥ CHJY €ro AaBJIeHnA HA PYKY, YTO U HPHBEJIO K YKABAHHOMY
B 3a7ade OMMYINEHHIO.

Cienyer TaKsKe HMeTb B BHENY, 9TO IpHm ONPEREJEHHOHM pPasHHIE
TeMIePATyp PYYKH YalHWKa M PYKH JelIOBEK B COCTOAHHH YAEP/KH-
BATh YallHEHK JHUIIL OTpaHAYEHHHH CPOK. 3a BpeMA HOJUBA BOALI XO-
3afika MoTJa Kak pas HORKOUTH K IpeAeNy CBoell BEIHOCIAHABOCTH, UTO
BMecTe ¢ HepBHM 5¢@eKToM m oupenednio ,pasorpes” PydKH.

Bce »tm coOBITHA MOMHO JIeTKo BocupomsBecTd cammM. Ilpm
5TOM IIPHAETCA HECKOJILKO pa3 HOBTOPATH ONEIT, TTOOE SKCHEPHMEH-
TAJLHO OTHCKATH T TeMIEepaTypH B KOJMYeCcTBa BOJH, HPH KOTOPHIX
yKasaHaui sddert HabmiogaercA.

JlioOHTesaell CTPOTAX BHEIKJIATOK HACTOAIAA 3ajJada M e¢ pelIeHNe MOTyT yIH:
BOTH: HeT HAKAaKo#l MareMaTHKu n faske puamxu! Hmdero me mopemaems... OKa-
3HIBaeTCHA, W CIAQMHEIC Ha NEePBHE B3IraAjd BONPOCH NOANANTCA HHOTIA PEIICeENT0
ma ,0nToBoM” ypoBHe, Jlymaerca, 4ro wem 60J1ee XPOCTHIM H HATIALHHM OKaKeTcA

petnerne (pasyMeercd, npd o0A3aTeALHOM YCIOBHM, YTO OHO BepHOe), TeM 60ab-
Y0 IE@HHOCTH OHO NpPEeACTABIAET,

JAJAYTYA 82

‘s oupeneneHms TENIOTH IJIABIeHAA TYTONIABKOTO KPHCTAILIH-
YeCKOro BemecTBa MOKHO IpoBecTm cienylomuii oumit. Hexortopoe
[KOJIUIeCTBO TBEPAOr0 BeIHecTBa HALPeBAIOT OT TEeMIepParyphe, MeHb-
me#l TOTKHW HJIABJCHHAA, JI0 TeMOepaTyphl, OPeBHINalMmel TOUKY HJIaB-
JeHHA, HA TOCTATOYHO MOImHOM HarpeBaTele U CTPOAT IpaduK wame-
HeHUS TeMIepaTypPH BemecTBa C Tede-
ameM BpeMeHu (cM. pucyuor). Onenmre 7%
oo sToMy r'paduKy BeImUAHY YAeABHOR i/~ — — — — ——
TeNJOTH IIJMABJIEHHUA, eCan yielbHas
TeIJIOEMKOCTh ¢ BemecTBa M3BECTHA,
¢ == 130]1»:/xr-rpag, Kak B ;KHIKOM,
Tak W B TBepHoHd (asax.

28 - —

J18 ——

PEMEHNE
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O " g0 5 ] 25
qeBHHO, YTO TOPH30HTAJILHELIT £ Mun
V9aCTOK HAamero rpagumka COOTBETCT- ’
Byer HpoilecCy IJNAaBIEeHAA BemeCTBA, H sapaue 82,
B OPONOIKeHHe KOTOPOTO B COCYRe
HAaXOJUTCA CMeCh JKHAKON W TBepaod ¢as. Hlasa ompenenenmsa yneib-
HOW TemIOTH ILIABJEHUA HeoOXOoNEMO 3HATH KOJNYECTBO TEMJIOTH,

IHoJNY4YeHHOE HArpeéBaeMbBIM TEJIOM B Npomecce NJaBJACHHUA.
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Ecnm 61 cROpOCTh DOJYYeHHS TEMJOBOU HHEPrHEW He MenAllach
C TeYeHMEM BPEeMeHN, HAKJIOHHHE YJacTKHM Ha Trpajure Oniam Ol
napajnielbunl. B peficTBHTEALHOCTH CKOPOCTH YBEAMYeHHWSA TeMuepa-
TYpbl TéM MeHbiie, 9eM 0oJplle TeMIepaTypa Teja (ecim MOIIHOCTD
HarpeBaTeld CHeOUAJILHO He PeryIHpPyercs), TAK KaK € POCTOM
TEMIePATYPH YBEeIWINBASTCH TEMJI00THAYA B OKPYsKalomiee HPOCTpaH-
CTBO W YXYVAlaercA TeIroo0MeH ¢ HarpeBaTeieM.

OmuennM cKopocTh HONYdeHHA SHEPTHH B CPeHeM KaK cpefiHee
apudmernuecKoe CHROPOCTeH, COOTBETCTBYWNIHMX IpolleccaM Harpe-
BaHUA TBEPIOro Tena u ;RuAKocTu. Vs rpadura HaXomuMm, uTo cpenHasn
CKOPOCT: YBelIHUeHHWA TeMmepaTtyph tela v, = AT/At = (9/5 +
-+ 10/5)/2 = 1,9 rpag/mun. W3 ypaBmemmsa Ttenjoporo OallaHCa
AQ = emAT, cnegyer, 9TO CKOPOCTH IOMYYCHAs TEHIa OHPeNeIAeTcs
BEIpasKeHHEM Uy, = AQ/AL = emAT/At = cmuy,. :

Bo BpeMsa mpouecca mniasjeHmd BeIIECTBO JOJKHO HOJNYIATL Ko-
amdecrso renmia @ takoe, Uro Q = Am, rTie A — yaenabHAA TELIOTA
naasnenusa. Tak Kak mpomece niapiesnsa anarea A’ = 10 mum, To
Q = v,At' = cmv,At’. CnegoBarennno, A = (@Q/m = cv,At’ =
= 2470 JLx/xr.

B sakmioueHme cKajkeM HECKOILKO ¢ia0B 00 ommbOKax, Koropuie
MEl MOTJIA JIOHYCTATh HPH BHYHCJICHHA HACKOMOH Beamdmubi. Bo-mep-
BHIX, II0 YKe YKa3aHHOH OpHYMHe HEBO3MOKHO TOYHO OIIPeIeaHuTh
BOIHINHY Uy. Bo-BTOpPHX, 0 rpaguKy HeJb3n TOTHO YKA3ATh NJIHKTEIL-
HOCTH NpOIiecca MIABIEeHAA, TAK KAK BeCh MPOTECC HATPEBAHHA H30-
6paxaeTcs KpHBOW IWHWeN ¢ HIaBHBIMU HepeXofaMu MeEEAY FopH-
BO0HTAJbHEIM H HAKJIOHHHMIMHA YJaCTKAMK, UTO CBA3AHO, B 94CTHOCTH,
¢ TeM, YTO BLIPABHEBAHHE TEMIEPATYDPH B COCYAE C HArpeBaeMEIM Te-
JIOM TPOUCXOJNT HOCTEHeHHO.

3ANAYA E3

WUssecrno, aTto 34 Cuer MOBEPXHOCTHOIO HATAMKeHHs JABJICHHE
¢ PasHHX CTOPOH OT MCKPUWBJEHHOH IOBEPXHOCTH *HHIKOCTH HEOLMHA-
KoBo. OQupengeiurh 9TY PasHOCTh HaBIGHME [aA cPepudecKod u. um-
JTUHIPUIECKOH TOBEPXHOCTH SKEAKOCTH ¢ KO3QPHTMeHTOM IOBepX-
HOCTHOTO HATSKeHWA O.

PEIMEHNE

PaccMoTpaM myseiph Bosgyxa pamgmycoM R B sKuprocrn. s
TOTO YTOOH YBEIMYHTH PAAHRYC HY3HPA HA BEJIUYHAHY &, HYKHO IIDPO-
m3pecTn Ppabory rtem Goabmyio, 4Wem OGoibmie Pa3HOCTL, [aBieHmit
BHe W BHYTpH OyshpA. bynmem cumrarh, 4T0 Z < R, rak uro u pa-
JIyc MysHips, ¥ ACKOMAA PAasHOCTh NABJICHHH IPH YBEIHICHUH IIy-
BHIPS MEHAIOTCA HesHAaumTelIbHO. Lorja - Heodxomumyio pabGory ' A
MOKHO BHIYECINTH Ha Popmyre A =~ ApinR®z, tne Ap — pasmocrs
napjaenmii o o0e CTOPOHBI OT MOBEDPXHOCTH IY3bipA.
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[Ipm sToM HOBEePXHOCTH HYSHPA YBEIMIUTCA Ha BeamTuayAS =
= 4n (R + z)> — 4nR® ~ 8nRx *. Ha ocuoBe 3axona coxpaHeHW:
3HEPTHE B COOTBETCTBHHM C OIpejielleHmeM BenudumHie ¢ A = oAS =
= 8nRxzo. Cnefosarenbio,

Apy = 26/R. o (1)

ABaJlOTHIHI pacdeT [JA OUJIAHAPAIECKON MOBEPXHOCTH ¢ pa-
naycoM R mpuBefer K BHPakeHHIO

Kar cinegyer ma HallmX pacCypeHH#, naBieHne Gouablie ¢ Toii
CTOPOHEL OT HOBEPXHOCTH, ¢ KOTOPOH HOBePXHOCTb KaKeTCA BOIHY-
TOM.

lipuMmevanpme. llpoussonbHasa moBepXHOCTb MO-
sKeT OHTh B pPABHBIX HAHPABICHUAX WCKPUBJIEHA IIO-
pasHOMY. XAapaKTepHHIl npuMep: HOBEPXHOCTh, HMeEIO-
uiaa dopmy cemiaa. Habiogatenb, HAXOOAmMUIACA Y TaKoi
IOBEPXHOCTH, He MOYKeT OTBETHUTH HA BOHPOC: ABJIAETCHA U
OHA BRUIYKJIOHW miam BOTHYTOH (B OmHOM HalpaBJIeHHH HO-
BePXHOCTh KAYKETCA eMy BHIOYKI0#, B IPYTOM — BOTHYTOH)?

Kpususuy m060ii mosepXHocTEm B JaHHO# TouKe M
xapaKkTepuaylor ciaenyromum obpazom. Ilposenem B rouxre
M xacarenbHYW0 K HoBepxHocTm miocKocte P. Jlio6Gas
OJ0CKOCTL (Q, HepHeHAUKYIAPHAA K KacaTeldbHoOH mioc-
KocTu P, mnepecekaercs ¢ HOBePXHOCTHIO IO KPHBOIL,
umeiomedn B Touke M xako#-To pamuyc KpuBH3HH R.
3HaueHuna R pasamuHB [Asi  PasHEIX maocKocreir Q.
HanGonrmee m mamMeHbmiee 3Hadenua R cpegm Bcex
BO3MOKHHX HA3HBAITCA-I'NIABHEIMA PAagUyCcaMil KPWBU3HEL
R, m R, nosepxHocTe B TOUKe M; COOTBETCTBYIOIWE HM
naockocty Q; un Q, HepUeHAMKYIADPHE APYr APYIY.

MosxkHO mOKasaTh, YTO PAa3HOCTh AABJIEHWH HO pas-
Hble CTOPOHBI OT HPOW3BOJBHON HOBEPXHOCTH KHAKOCTH
CBsI3aHA ¢ TTABHBIME PAJNYCAME KPHWBMBHBE COOTHOIIEHHEM

Ap=0 (1/R, +1/Ry). 3)

Hua cdepuveckoll moBepXHOCTH TIJIABHBE PAXAYCH
KPUBH3HH ONmHAKOBE, R, = R, = R; mpm 3rom d¢op-
myaa (3) mupmBogur K BeipaskeHmio (1).

Hutss murvBApPHuecKod IMOBEPXHOCTH ONMH H3 PANHY-
cOB KpuBU3Hb OeckoHeueH, a BTOpof coBuajaer ¢ pa-
AAYCOM TMHJIWHEPA; Ipu aToM m3 (3) caenyer dopmyna (2).

Jdna moBepxHocTH, mnMeome#n ¢opMy cejna, OguH
W3 TJaBHEX pajuycOoB KPHBH3HE HMEeT OTPHLOATEIbHOe
3HaYeHMe.

* Ecam cyMmupyiorcda cjaraeMble, cofiepikalllHe Takme OfHOAMCHHEIe BeJiv-
YA ¢ 0 A, 910 | a | < | A |, wrenamMu, cogep:RamuMu a?, @3 W T. 0., MOKHO
Opere6pedb CPaBHATSIBHO C WICHAMHA, Cofep:ramumu ¢® 4 a', CMm, Talke mpuMe-
YaHane K samaue 109, )
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3ATAYA 84 '

Munpebil nyssph RJIAAYT HA NPOBOJOYHOoE HoanHo A, a 3areM
HOKPHBAKT €T0 CBePXy JAPYraM TaKaM 3Ke Koabilom B (cM. puc. a).
Ecnn orkpure TpyOKy C, TO, IOCKOIBKY laBNeHNe BO3AYXa BHYTDH
ny3epA Gonbile HAPY/KHOT0, 00beM NY3HPS HATHET YMeHLINATLCA.

Haxyio ¢opuMy mpmMer mysslpb, KOT[la 9TOT Iporecc 3aKOHYHATCA?

PEMEHUE

B cocroaHvE paBHOBECHSA, €CIU OHO CYIeCTBYer, NaBlen@e BHY-
TPHE HY3HPA HE NOKHO OTIHIATHCA OT HAPYKHOLO, a CIEA0BATENbHO,
VIaCTKE OY3HPA, ,HAaTAHYTHE  HA KajkAoe H3 KOJeN, HOJKHHE OHTDH
NIOCKHMH.

- . P

K zagaue 84.

Y49acTOR 1yaspa, HaXoAamuiica meEay Konpgama A u B, nnmockaM
OnTh He MOKeT — OH o0aBaTenbHO mCKpuBieH. I[1a roro yToOH AaB-
jJeHme ¢ o0eMX CTOPOH OF HOBEPXHOCTH 3TOr0 yJacTKA ORJIO OfmHA-
KOBO, IOBEPXHOCTD [0JKHA HMETh TAKYI0 YOPMY, IPH KOTOROM B M060i1
TOYKEe TJABHRE PAJHYCH KPUBH3HH OFMHAKOBH IO BeJWYWHE B IPOTH-
BOHOJOMHE 10 3HARY. [loBepxmocrs nprobpeTraer xapakTepHYIO cej-
A0BYIO (BHOYKJIO-BOTHYTYIO) (bopMy (puc. 6).

Cocrofnme paBHOBECHA YCTOMYHEO.

Taxroit sxCHePUMEHT HETPYAHO HOCTABATH B LOMAIUHAX ycﬂomfmx.

. JATAYTA 8

Ha xonnmax TpyOKum yrpemlleHH JBe OAUHAKOBEEe KOHYCO000PA3HEIE
BOpOoHKH. /I3 BOPOHOK BHAYBAIOT HY3HpH PA3NHTYHHX PAagHYCOB (CM
PHCYHOK) n 3aKpHBai0T Kpad 4. ByayT am menATbCcA 06beMH Hy3LIpei,
ecniu Kpamsl B m C octasuth OTKPHTHMu?! HacTynmr nm cocrogmme
paBHOBECHA ¥ KAKy0 QOpMYy IpHE 9TOM HPHMYT OY3LIpm?

PEMENUE

OueBuHO, UTO COCTOSIHWE PABHOBECHS HMeEeT MeCTo, Korja pa-
ARYCH MOBepXHOCTEH nyampen PaBHLI APYT APYTY: OpH 3TOM HaBJeHNE
BO3AyXa BHYTPH HY3Hped OJHHAKOBO.

-
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Ecam B MCXOXHOM COCTOAHUH KasKAui w3 myaslped Obin Goanme
moJaycgepsl, To 6oabImIMil My3sph HaYHET PACTH, 8 MAJIBIH YMEHBINATHCH
B pasMepax, moKa He CTAHET MeHbIIe MoaycdepH, OpuIeM TAaKOH,
4yTO paguychi DOY3Hped OoKa-

ALYTCA OJUHAKOBHMHE. A
Ecim B mcxonHOM HOMOMKE- B c
AWM Hy3HpH OHJIE MeHbINe ——

noaycdeps, To OOABMHEIA 110
00beMy TY3HIPh HAaYHET YMeHb-
maThes.

Herpyguo yOegmrbesa, 410
COCTOAHNE PABHOBECHA YCTOU-
THBO.

3ANAYA 8

WsBsecTHO, 1TO0 MOKpHE

CTEeK/IA ,CAmHalTCA” APYyr © K zapawe 85.

ApYyroM: pasfeluTh HX, fAa U

TO € TPYAOM, MOMKHO TOJBLKO CABHIAaA CTEKJIA JAPYD OTHOCHUTEILHO
Apyra.

HRauma Bopel ¢ maccoit m = 0,1 r BBemeHa MeKOy CTEKJIaMu,
HaxogAmuMacA Ha paccroaHnm d = 10™* cm ngpyr or ppyra. Mokpoe
NATHO WMeeT KPyrayio ¢opmy. Bofa moJHOCTHI0 CMAYMBAET CTEKJIA.

KHarywo cany F HY&HO UDAJTOKHTL K CTEKJIAM HepPHeHIHKYJISPHO
K UX OJI0CKOCTH, ITO0H OTOPBATh MX APYT OT Apyra?

PEMEHUE

Mopma Kamim, HaXOOAMecAd MeKAy CTennamm, m3obpaxena Ha
pucyuke. Herpynao ybepmThea B ToM, uTo paguyc R Kpyriaoro marHa
3HATATENHHO NpeBuINaer TolmuHy d wamum. [eficrBmrenbHo, 6y-
HeM CIMTATh B HEPBOM HpubJIMKeHHHM, UTO KANIA HMeeT LHIHAPUIec-
Kyo dopmy, t.e. V = nRd, rge V — o6bem Kauau. C pgpyroi
CTOPOHEH, eclIum Q — HJIOTHOCTH BOIH, TO 00beM MOMHO HAHTH W3
coornomennsa V = m/ p. Cregona-
TelibHo, R = (m/ pnd)/:=17,8 cm,
T.e. R >d.

Tak Kak CTEKJI0 HOJHOCTLIO
cMaTIMBAeTCA BONOH, TO IoBepx-
HOCTh KAIIIH B CeUeHHAH, IHepIeH-
NHEKYIAPHOM CTIEKJIaM, ABJIAETCA
BOTHYTOU C PajEyCOM KPHBH3HE
R, = d/2. Pangayc KpABH3HL TO-
BepXHocTH Kaniu R, B cedenmm, IDApaJyieIbHOM CTeKNaM, OIH30K
K Beamunue R. CnenopartennHo, B Bupaskennn Ap = o (1/R, + 1/R,)
(cMm. Bajgawy 83) nma pasHocTu AaBJeHHI BHE M BHYTPH KAanlId MOJKHO
npenebpeus Bemmuuuo#t 1/R, mo cpasmenmio ¢ 1/H,.

Taxum o06pasoM, JaBlleHNC BHYTPH Kanjm Melbllle, YeM JaBleHHe
cHapy:km. lnag Toro 4rtobH oTOpPBAaTH CTEKIA APYr OT APYra, HYKHO
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neficTBOBATH HAa KasKMoe W3 HHUX cmioff, Goabmedl, yeMm cmiaa mabrTou-
HOTO JaBJeHHA HaPY/KHOTO BO3AyXa, T. e.

F = ApnR® = 2nR%/d = 2mo/pd2 =1,5- 10* H
pas o= 76-10° H/m.

JATAYTA 87

B cocyn ¢ moaBMAKHHIM HOPITHEM 3aKA0YeH MBLIbHHI Ny3Hph pa-
nuycom 7. MeqieHHBIM BABRTaHAeM HOPHIHA BO3AYX B ¢coCYae CHKHIMAIOT
TaK, YTO pajguyc MTy3HpA YMeHbHIaercAa BABoe. Halltm papieHue
BO3JIyXa BHe WY3HPA B IUJIHHAPE B DTOT MOMEHT, eclH JaBJieHHE
BO3AyXa BHe NY3BIPA B HCXOZHOM COCTOAHHH PABHO p.

PEIMIEHHUE

Bygem cumtath, 9TO c¢sKaTHe BO3gyXa UPOMCXOJHIO TaK Mej-
JIeHHO, YTO UpoHecc MOMKHO CYUTATh UBOTePMUYECKIM.

Tak Kark 06beM Dy3RPA UPH CKATHUM YMEHBIMWICH B BOCEMb paa,
maBjieHue BHYTPH IY3HpPHA B BoceMb pa3 Bospocio. Ilyets p, m p, —
naBieHue BHYTPH UY3HPA B HCXOZHOM W KOHEUHOM COCTOSAHHAX,
a p’ -— MCKOMOE JaBJeHHE. ¥YUTeM, YTO PasHOCTb JaBieHHiI Bo3gyXa
Mo pasible CTOPOHH 0T MOBEPXHOCTH WyBHPHA BBoe Goablue COOTBET-
CTBYIONIEH BeIUYHHHK A chepPUvYecKoil TOBEPXHOCTH SKINKOCTH, TaK
KaK MBIJBHAA MieHKa, 06pasyomas nysspb, HMeeT ABe 0BePXHOCTH,
KajkaA M3 KOTOPHX CO37aeT AONOJIHATENbHOE JaBieHue (CM. 3amaqy
83). Mosromy p = p; — 4ao/r, p’ = p, — 8a/r, orkyna p’ = 8p, —
— 8a/r = 8p + 240/r.

SATAYTA 88

B cocyn ¢ Bopgoil omyCKalOT CTERJIAHHHN KanmmiAp paguycom R
(em. puc. a). TemueparypHHi# Xo0m KoadppHnHeHTa 1OBEPXHOCTHOIO
HATHIKeHNA TOKasaH Ha puc. 6.

B KakoM jmanasoHe TeMmuepaTyp BcA BOJAa BHTeYET H3 cocyna?
J{nd soiwucaenuit upuHsaTh, 910 B = 0,1 MM, b = 14,1 cm, H = 15 em.

o ]
J— :
=]
L ﬂ:}
| |-
| I it |
B l ~
1= |
- 0 0 20 o T°C
) K samage 88,

120 .,



PEIMEHHWUE

WUsnecTRO, 9T0 eclME TOBePXHOCTH IHKHUAKOCTH HCKPEBJIeHa, TO
n3-3a HaAW9IBA CHJ, CBA3AHHLIX C IOBEPXHOCTHHIM HATHMMeHHeM,
BO3HMKAeT PAa3HOCTH JaBJieHMH o ofe CTOPOHH OT HOBEPXHOCTH.

ByneM cumrathb, 9T0 KaumjaaAp.HONHOCTHPIO CMavYuBaeTcd BOTMOM,
TaK 4TO MOBEPXHOCTH BOMB B KaunHAAsApHOH TpyOKe Annserca cdepu-
yecKo# ¢ pagmycom R.

Jas Toro 9robH Boja Hadala BHTeKaTh M3 cocyza, HeoOxogumo
npexme ncero, 9To0b uabEITOUHOE AaBieHHe HaN MEHHCKOM OBUIO cuo-
cOOHO HMONHATHL BOAY B IPaBOM KojeHe KalHAASAPa [0 ero ropu3oH-
TallbHOTO yYacTKa, T. €. 4T06H Ap = 20/R = pgh. Ecnu 510 ycionue
BHIIONHACTCA, TO BOZa NPOHUKAaeT B JeBoe KOJeHO M JOCTHIAeT ero
KoHra. [log geiictBreM CHJIB FMAPOCTATHYECKOTO AaBACHUA Ha JIEBOM
KoHIE ofpasyeTcsa BLIIYKALBIH MeHUCK, KOTOPHII MH TtaKke OGymem
cunTath cepudecKuM ¢ pammycoM R.

Kaunm sogwel 6yayT OTpHBATBCA OT KaumadApa TOJNBKO B TOM CAY-
9ae, ecin H3OHITOUHOe fAaBieHHWe 110N MEHHMCKOM MEHBINE THAPOCTATH-
9eCcKOTO0, T. €. eciu 20/R < pgH.

ITocnenmee HepaBeHCTBO HaumcaHo AAA HaUXYAIIero caydasd,
KOTHa 1MoYTH BCA BOZa H3 COCyMa Y’Ke BHTeKJa M, 3HaYHT, THIPOCTa-
THYECKOe JaBJeHHe HMeeT HAMMEHBIIYI0 BeJIHYAHY.

CnepoBatensno, ecnm PgRh/2 << 0 < pgRH/2, to cocyn omo-
poxHsAETCSH . '

WNa sapamnmoro rpadura HalijeM BaBmCHMOCTH BENUYHUHE G OT
TeMIIEpaTypH:

o (T) = (76 — 0,457 °C) 10~ Hm.

HNcexnowasd us gByx WoCHeNHEX BHparieHHil BeAWIWHY G, OpHXO-
JUM K HepaBeHCTBY IJS TeMiepaTyphi, HPH BHUOJHeHHH KOTOPOTO
YAOBAETBOPAKTCA VCJAOBHS 3ajavd

o (0,076 — pgRH/2) < T °C < o (0,076 — pgRh/2),

rmea = 1,67-10* rpag-H/m.
Taxkum o0pasom, MCKOMBIII AuanazoB TeMilepPaTyp olpepeisercs
HepasenctsoM 16,7° < T =< 46,7°.

3AJAYA S

[Ipennaraerca eme OOWH IPOEKT BEUHOro ABHraTelsA. [LonycTHM,
49T0 IO KOJNOKOJNOM, I'le HaXOQUTCHA COCY/ C JKUAKOCTHIO, OTCYTCTBYeT
BosnyXx. B cocyn onmymeH BepTHKAJAbHBEI KamWAAApP, KOTOPHIL cMa-
YHBaeTcA ;KUAKOCTHIO. sHuAKoCTh MOAHANACE B RalMIAAPE HAa BHCOTY
h Han ee yponHeMm B cocyme. Ham moBepXHOCTBIO KEIKOCTH B Kalmi-
Adpe HAXOAUTCA HACHINEHHRIX Tap, fAaBieHme KOTOPOTrO COBIAgaer
C faBIeHHeM Iapa p, V TOBEPXHOCTH JKIHKOCTH B cocyde. B To iKe
BpeMA janieHue BHE Kallmidspa Ha BeicoTe h MeHbIme, YeM NaBlie-
HOE p,, Ha BEeJWYHHY AaBJeHHA ctolibfa mapa BHICOTOI0 A — DTO clie-
Ayer ms sakoHa [lacradas. DToT Iepenaj; NPHBOJHT K ,,0TCOCY" mapa

121



13 BePXHEro KOHIA Kaumiifapa, sRANKOCTE B KAOMAAAPE MOCTOAHHO

ncmapsAercs W KOHAGHCHPYeTCA Y IOBePXHOCTH JKHUAKOCTH B cocyre.

Ilpr sToM B KammaJAfApe CYHECTBYeT NOCTOAHHBINI TOK SKHIKOCTH,

KOTOPHE MOKHO HCIONb30BATh A COBepIIeHds HojezHod pPaGoTHl.
I'ne omnbKa B 3THX pacCy:HIeHHAX?

PEIHEHMNE

IlorepxHoCTE KUIKOCTA B KaNWLIApe HCKpHBJeHa, a B IpuBeeH-
HEIX BHINE paccy:KZeHUSIX MPeRIoAaraioch, 4YTo gaBAeHHe HACHIIEH- -
HOTOo Iapa He 3aBUCHT OT KDPHBU3HE NOBEPXHOCTH KHIKOCTH, HAJ
KOTOPO#l 3TOT map HaXORHUTCA, YTO HE COOTBETCTBYeT JeiCTBUTENb-
HOCTH .

SATAYA 9

JAaBUCHUT A¥ paBjieHHe HACHHEHHOrO mapa OT KPHMBH3HH cBobox-
HOHl TOBePXHOCTH KHAKOCTH K €CAH 3aBHCUT, TO KaKuM obGpasom?

PEMEHNUE

Iipu pocrmxenru HapaMm COCTOSHHS HACHIIEHHWS MEMKIY FRMAKO-
CThI0O M ITApPOM yCTaHABJAWBAETCS NAMHaAMKYeCKoe paBHOBECHe: KOIMU-
YCCTBO MOJIEKYJ, BRMIETAIONHX M3 KugKocTd 9epes miomanaky AS ee
LHOBePXHOCTH, PaBHO KOJIHMYECTBY MOJEKYHd, BO3BPALIATOMUXCH B JKII-
KOCTh 9epes BTy IONIANKY.

Paccmoq‘pmi majauil 00bem mapa AV, pacmo:1o:KeHHHI Ha Oan-
- BaKOBOH BEICOTe HAJ BOTHYTOH, MJIOCKOH ¥ BHUYKIOH MOBEePXHOCTAMMU

)

: e )

K sapmage 90.

mugroctd {puc. a). Ecim nnomagks Maan!, BHICOTA MaJja, TO MOMKHO -
CHUUTATh, YTO M3 MONEKYI, MOKKAAIONIMX ;KUJKOCTS depes YHKasaHHBIe
IIOBEPXHOCTH, BCE, MMeKIIue CKOPOCTH, HaOdpaBjeHHHeE B Ipedenax
yraa Q, monagyr B o6sem AV. Tax rak Sy < S, < Sg, 0T maockoi
TOBEePXHOCTH TaKHX MOJIeKyJa mpumietnt OoJblle, 9eM OT BBHIOYKIOIA,
HO MeHblle, 9¢M OT BOTHYTOM.

Ecnyu cumrarh, 9TO KOAMYECTBO BHUJIETAOIMMAX N3 JKAAKOCTH Moje-
Kyn ¢iaad0 3aBHCHT OT KPHBHSHE DOBEDXHOCTH M OZHHAKOBO BO Beex

-
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TpeX cAyJadAx, TO IPH OJHOM 7 Tol yKe TeMmepaType HACHIEHHRH TMap
HaJ AJOCKOW IOBEPXHOCTHIO NOMKEH MMETh WIOTHOCTE, OOABMYI0, 4eM
HaJl, BOIHYTOH IIOBEPXHOCTHIO, HO MEeHBIIYIO, YeM Haj BHITYKJIOI.

ITonyuamm sroT ke peaynabrat Gomee crporum cuocoGom. Ilyerb
IOf KOJOKOJAOM, He COTePKAmuM Bo3iyXa, HIMeeTCA COCY/ ¢ MUAKOCTHIO
A OUymeHHOX B Hee KanumaaspHo# TtpyOwo#i. BosMmokbome cay-
van I—4 wmzobpaikeHH Ha puc. 6.

ObosmaduM pasHOCTh ypoBHell KUAKOCTH B cocyde ¥ KAOMAJAADE
CHMBOJOM F; paBieHue y TOBEPXHOCTH JKHAKOCTH B COCYAE — Py
(T. e. napjieAMe HACHIICHHOr0 Napa Haj IJNOCKOH 10BepPXHOCTHIO),
NaBJeHUA BHE W BHYTPH KHJKOCTH yV MOBEPXHOCTH MEHHCKA B KaIHJj-
asgpe — p; ¥ Py COOTBETCTBEHHO; P H Py — IJIOTHOCTH ;KHIKOCTH B
mapa (A 1apa BO3bMeM CPeZHIK HJI0THOCTD).

Paccmorpum cragana eayualt 3. B cocToanuu paBHOBECUA JOJKHBL
BHUOJHATHCH Clelylonmme paseHCTBA B COOTBeTcTBHH ¢ 3akoHOM Ifac-
KanuA:

P1= Po— Puh, } "
P2 = p1+Ap = py— pmgh,

rae Ap — JomomxEuTenbHOe gaBneHue wojp Mesmckom. Ha (1) cnepyer,
uTo
Po— 0ugh = po— (Pxgh+Ap). 2)

IMocKkoabKY 0w > On, ypaBHenue (2) He ygoBlieTsBopsercs, H
caygait 3 me Mosker Habniopatbed B upmpope. IlogobHEIM sxe o6pasom
MOKHO A0Ka3aTh, 9YTO He MOKeT OHTH W KapPTHHH, COOTBETCTBYOLleit
caydao 4.

Pacemorpum cayuait 7. Ha ocnone saxoma Ilackans

P1==Po— Pugh, }
Py = p1— Ap == py— pgh.

flcHo, YT0o TpM YCIOBUH Qi > Op ypasHermA (3) COBMecCTHHI.

U3 mux caegyer, 910 p; = py — Ap Pu/( O — pu)s T. €. JaBienue

HACHIIEHHOr0 Hapa HaJ BOTHYTOM NOBEPXHOCTHIO MEHbINE, YeM [aB-
JeHpe mapa HaM MIOCKOHM MOBePXHOCTBIO, Ha BeJIHYHHY

Apy = Ap pu/ (0 — Pu)-

Jlerko mokasaThb, paccMaTpmBasd CclIydail £, 9TO JaBieHHEe HAaCH-
HeHHEOro 1Iapa Haj BHIYKION HOBEPXHOCTHIO 0 01bIlle, 9eM HaJ| II0CKOI.

[TpusegeHHHE paccyXAeHUA OJHOBPEMEHHO [alOT pelieHUEe Ipe-
AHNyIed sajgadn.

3)

SATJAYA N

B of6naxe mMmeloTcA KaNedbKy BONH paanmyHEIX pasmepos. JLouny-
CTHM, UTO 9Ta CHCTEMa ABAAETCA HMBOAMPOBAHHOH, T. €. He BaamMo-
AeHfcTByer ¢ OKPY:KalOUleH CpemoH; mpmMeM, KpoMe TOrO, YTO I'paBH-
TaEMOHHHE CHJB MEXKAY KaueabKaMy HACTOJBKO MAJbl, 970 KallaK
KPYT OTHOCMTERABHO APYTa He mepememalorcA. MeraoTesa mm npm sTom
pasMepH Kallexb M IoueMy?
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PEIMEHUWE

PasMepr Kameab MOTYT COXPAHATHCA HEM3MeHHHIME JHIL TPH
yCIloBMHM, YTO KajKJas KamiA HAXOFUTCA B JuHAMHYECKOM PaBHOBECHH
¢ OKPY/RaloUEM ee BOAAHHM napoM. Mul yiKe 3HaeM (cM. 3amagzy 90),
470 faBlieHue mapa BONU3U ¢BOOOAHON MTOBEPXHOCTH MHAKOCTH 34 BUCAT
OT KPDHBHM3HK 5TOH IOBeDXHOCTH: HaBiieHHe OKOJOQ MAaJABIX Kallenb
Ooxpmie, gem oroi0 KpyuHuX. M3-3a aToro0 B 0GnaKe mponcxofgutr mpo-
nece npdysur — mepeHoc IMapa OT MajHX Kamedb K GonbnimMm. [lap
BO/IM3H MeJKEX Kallejb IMOAAeP/KUBaeTcsd B HeHACHI|EHHOM COCTOSHMA
(1 T Kamnm wcuapsioTes), a y 60JBHIMX ~— B COCTOSHHEHE 116 PERAaCH-
mennd (tak Y10 GONbIIe KAILIH yBeJUYUBAIOTCA B pasmepax). B xo-
HeYHOM uTore B ofsaKe ocTacTCA efWHCTBEHHAA KallJidA.

3AMAYA 92

Ouens mmporuil murnEApPNYecKull cocva A Hymeer B gHume orsep-
~cTue, cHaG:KeHHoe pepTHKaNbHOI 1pyOKoil B. K rpybre upucoepnuen
maHOMerp C. Hmrunit KoHell TPYOKH BAKPHIT NPOOKOH, ¥ YPOBHR 3KH]L-
KOCTH B COCYyJe M MaHOMeTpe Ojn-
HAKOBH (CM. PHCYHOK).

Hak pacmomoskuress  yposeHB
BOgH B MaHOMeTpe, eCIH, BHHYB
opoOKy, AaTh KHIKOCTH BLITEKATH?
Hak u3MeHHUTCA OTBeT, ecau TPYyo-
— Ka B cykuBaeTcs KHuH3Y?
Tpernem npeneGpeus.

l
| L |

T

.

1

PEIMEHUE

PV I |

OuepnpHo, 9T0 B 06OUX CAyUaAX
naBileHue Ha yPOBHE OTKPHITOLO
KoHma Tpyokm B 06am3ko K arMmo-
chepHOMY.

o sakony Bepuynrm s mepeom
caydae JaBJEHHE Y BXOJHOTO O7T-
BepCTHEA MaHoMeTPa MeHbRIe aTMOC(epHOro HA BEINYMHY JaBlelHus
¢toiifa BONH BHICOTQIC A; BO BTOPOM cCjydae AaBJeHHE Y BXOIHOTO
OTBEpPCTHS MAHOMETPa OTJIMYAETCA OT aTMochepPHOr'0o Ha MEHBLIYIO Be-
JAWYUHY, TAK KaK CKOPOCTH TeUeHus BOAH YBeJIMUHBAETCH 110 Mepe MpH-
OmmsKeHMsA K KoHIY Tpyon B.

CnegoBaTelbHO, B HePBOM CIyYa€ Boja B IpaBoM KoJeHe MaHO=
MeTpa pacloJIo/RuTCSH Ha YpoBHe KoHOa TpyOH B, a Bo BTOpOM Ccay-
gae — Bhilie KoHna Tpy6m B, Ho HuKe BXORHOTO OTBEPCTHA MaHOMETPA.

P

(

KR samade 92.

JATAYTA 9D

M3 KpaHa BHiTeKaeT BHH3 BepTHKaJdbHasA cTpysa Bope. Bam mpe-
JMOCTaBJeHA BO3MOMHOCTD, HaOMIOgaTh OTPE3OK CTPYH OAWHOH 3 ¢M, n
BEL BaMeTUAH, YTO Ha BTOM npommemm auaMerp CTPY:W YMEHbIIHACH

or 3 .m0 2 Mm.
Ja KaKoe BpeMs HALOJIHHTCH Bopon crakan o0vemom V = 200 cm®?

. -
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PEMEHNE

YMeHbIIEHHEe JHAMETPA CTPYH TPOMCXONHUT IIOA- HellcTBUEM €l
NOBEPXHOCTHOTO HaTAsKenuA. Eciam 65 noBepXHOCTHOE HaTAKEHHE OT-
CYTCTBOBAJXO, TO CTPYHA BOAH Bella OH cebs, KaKk HOTOK apobu, BHCH-
paomeiica n3 Tpy6RU: ¥, CcTPpYH" Apodu imareTp He MeHsAeTcsA IO Mepe
yAajeRus OT KOHMA TPYOH, paccToAHmA e N0 BeDTHKAIU MeIy
ApobuHKaMu BO3pacTaT (KelicTBYeT KUHeMaTWKa PaBHOYCKOPEHHOIO
nemKernal).

ITock0iBKY KpHBH3HA HOBEPXHOCTH CTPYU H3MEHAETCHA, NONOJHA-
TeqbHOE AaBlieHme BHYTPH CTPYH, CO3JaBaeMoOe IOBEPXHOCTHRM HATA-
JMeHHneM, pPasjuuyno B pasHiXx ceueHmAX. Oue-
BHANO, YTO KPUBH3HA CTPYH B CeYeHNH, IIPOXO-
AANleM dYepe3 ee 0CeByd JHWEUIO, 3HAYHTEIHHO
MeHBIIe, YeM B CeUYeHHAX, NePIeHgrKyJifAPHHIX
ctpye. CieposaTteabHo, AN "pacueros AONCJHU-
TeJNbHOIO fAaBdeHna Ap B pesyibrare IOBepX-
_HOCTHOTO HaTA;KeHAA MORHO NPUHATH, 4YT0 B
Ji1060M CeUYeHHH IIOBEPXHOCTH CTPYH HMeeT [UJIUH-
npudecKkyo ¢opmy.

[Ipumenum K cedemmsm S, m S, ¢ paguycamm
R, u R, (cM. pucyHoR) 3akoH Depmynnm *:

Apy + pghy + pvi/2 = Ap, + pghy + pv3/2, (1)

rie Ap, = 6/R,, Apy = 0/Ry, hy — hy = h =
=3 cM, 0 1 p — Ko>pPUNMEHET HOBEPXHOCTHOTO
HATSUKEHUA W TJIOTHOCTD BOXH, U; W U, — CKO-
POCTH TeueHHA B cedeHHAX S; U S,.

Tak kaK 8a oguH W TOT }Ke HHTEeDBaJ BpeMeHH depe3 jroboe ce-
YeHEE CTPYM NPOXORHT OAHO M TO Ke KOJIMYECTBO BOOM, To Syv; =
= S,v,, OTKyHa v, = 1,5,/S,. C yveroM 1ociegHEro COOTHOIEHUS
u3 BoipaskeHus (1) Haxogmm, uTo

0= ghlty Ry —0 (Ry— Ry} 233 . ‘ 2)
Ry p(R!— R}
Hckomoe Bpems Halinem us ouesupmoro pasernctsa At = V/S,y,

HojcTaBdAA B KOTOPOE BHPaskeHue (2) u YmciaeHHbe FaHHbEe (HpHYeM
o = 76-10® H/m), monyuaem, aro At =~ 75 c.

H sagage 93.

JATJAYA 94

[lepesepHyTHil nUARHIPUYECKHH cTaKaH BHcoTold H ujasaer Taxg,
9TO €ro ZHO HaXOAUTCHA BPOBEHDb ¢ MOBEPXHOCTHIO BOAHI (CM. PHCYHOK),
opuYeMm Boja sammmaer 1/n vacry crakaHa. Tawxoil ke crakaH, HO
UycToi, MorpysKamoT B BoAy BBepX aHoM. Ha Kakyio roy6mHy HAZO €ro
HOrPY3UTh, YTOOK OH He BCIJIHI?

Oxpyswaonuit Bo3gyx mmeer temueparypy I, soga — Ty, ar-
MocepHoe HaBieHHE PaBHO p.

*Jnevenrapub i yueomuk ¢usuxu, Ilog pex. I'. C. JlapacGepra,
Uspn, 8-e, M., ,Hayxa“, 1973,
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PEIHEHUE ~

Ana maaBaomero y IMOBEPXHOCTA CTAKAHA
B HeM OIpefenadercda BoipaeHmeM

pr=pgH (n—1)/n 4+ p,

rie @ — MJIOTHOCTHL BONH.
Tark rax ronpro cmma aroro AaBICHUA W YAeD/HIBAET CTaKaH
B HENOABIKHOM COCTOAHHM, BeC & CTaKana TaKoB, 370

G = pgHS (n—1)/n, (1)

OaBjieHMe BO3AYXa

I7e S — IJIOmagh TOMePeYHOT0 COYeHHS CTaKaHa (3mech W B manp-
HenIleM /1A COKPAaMeHns BHYACIeHA N TPeI0IATaeTCA, 9T0 IA0THOCTE
CTERJa HACTONHKO IPEBOCXOJUT IAOTHOCTH BOJEL, 9TO BHITATKABATOM el
CUJI0il, MeHCTBYIONleil Ha 06beM, 3aHATHIL
CTEKJIOM, MOKHO WpeHeGpeyb Mo cpaBme-

—- — K wmmoc ecmnon JaBlIeHAs BO3AYXa).

— — = T T CrakaH, norpy:ReHHL Ha ri1youny z,
LT 17 me BCILTLIBAET, €CAM OKAMKETCS, YTO CH.a
__—__—__-—_—_:q____] faBNeHlA BO3AYXa Ha J{HO CTaKaHa CHU3Y

HE NIPEeBOCXOAUT CYMMHI CHIB JaBJeHHs
r‘- — - - | BOAR HA JHO CBEPXY M Beca CTaKama, T. e.
- g (x—~H+V/S)S<pg(x—H)S L @G,
] (2)
rie V — o6beM BoagyXa B cTaKaHe ma
riybuHe z. 3HAK paBeHCTBA B BEIpasKe-
HAM (2) COOTBETCTBYET COCTOAHHIO Heyc-

TOHIWBOTO PABHOBECHS CTAKAHA.
Uermouan ms suipamenmit (1) u (2) Beauuuny (7, HAXOAWM, 4UTO

V<HS (n—1)n. (3)

R samaue 94,

Iia OCHOBE OﬁﬁeﬁHHBHHOFO ra3soBOro 3arKoHa
PHSIT,=[p+pg(xz—H+-VISH}V/T,. (4)

Hexawuan n3 coorsonmennit (3) u (4) o6nem V, mpmxopum x BRIpa-~
YKEH IO

P n T2 H '
=L (2 _.-2 g H
x’”pg(n—i Ty >+ n
Caegyer saMeTuTh, 9To pellieHKe 3afaqu UMeeT CMLICHI, eCAM BEHIION-~
HAEeTCHA HBpaBeHCTBO

Fe Bon)e Lo

B nporuBroM cay4ae ¢crakaH yTOHET H CaM.
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3ANAYTA I

B 3aMKEYTOM BepTHKaJbHOM COCYQN€ IOpPNIEHB, KOTODHIH MOMKeEr
OBHTaTHCA Oe3 TpeHHuA, HeNT PasTPaHNUEHHLEE UM OOHEMH B OTHOIE-
anz n : 1. Hag u mox mopiiHeM HaxonATcd OAMHaKOBEE MACCH OIHOTO
A TOTO j;Ke raza mpm Temmepatype 7.

Hax m3MeHHTCS OTHONEHH® 00beMOB NPH H3MEHEHHMHA TeMIEePaTyphl
po 7',?

PEIMEHWE

Tak Kaxk nopieHb HeNOJBUIKEH, TO CyMMa JeHCTBYIOMMX HA HEro
cHNM paBHa HYJIO, CJAEZOBATEJLHO, JlaBJeHre B HILKHEH WacTH COCyja
DOJKHEO OHITH GoabITe manneHns B BepXHell ero 4acty, YToOH ypaBHO-
BECUTH [aBJAeHHUE raza CBePXy ¥ Bec MOPIIHA.

Ecam n > 1, to n : 1 gaer, cAexoBaTelbHO, OTHONIEHUE BEPXHETO
ofbema kK HmKHeMy., ByneM pemaTh 3aga9y HUMeHHO B TAaKOM HpeRIoJIo-
HeHHun.

Buenem cnemyiomue ob6osHauenua: Vg, Vi, DPryy Pms Viezs Vazs
P2y Prz — OOBEM U paBJieHUe Fasa B BepXHell 1 HIYKHeH gacTAX COCyHa
npn Temueparypax 7, m T,. Tax Kak o06beM cocyga meusmenen, Vy, -+

+ Vi = Ve + Vi,
Vi (14+1/n) =V (1 +1/k), (1)

rge k — HCKoMOe OTHONIeHTe BepXHero 00neMa K HEKHemy., Odesugmo,
ato k> 1.
Bec G nmopmusa nocrosimen. ClexoBaTeabHO,

(P — Pe1) S = G = (P — Pm2) S, (2)

rge S — maomans mopmud. Tak Kak Macchf raza ¢ pa3HBIX CTOPOH
OT DOPNIHA ONWHAKOBE ¥ HEEBMEHHH, TO D, /Py = 1/n, pre/puy = 1/k.
IIpm sToM m3 panemcTBa (2) moxyuaeM, 470

Poi (n — 1) = poy (B —1). (3)

Bocuonbsyemecss oO0bennHeHHEM Tra3oBeIM 3saKomom. W3 Hero,
B 9aCTHOCTH, cilenyeT, uto Vg ps /Ty = Veops/T,. Tlogcrasaga croga
BHpaykeanA nias Vg, B pp, u3 (1) u (3), mpuxoguMm K ypaBHEHHIO [
onpeneneHHA BeJHYHHH k:

B—(TyTy)(n—1/n)k—1=0.

Ero KopHU onpeneRsAIoTcA BRpaKeHueM

= "2’% (”: - %) + ]/ 47;3 (n _'“;'lz“>2+ 1. (%)

Jlerko BymeTh, 4TO FUCKPHMHHAHT BCETJA TIOJOKHATENEH, OJUH H3
KOpHell oTpumaTedeH, MK ero orGpackmBaeMm, Jpyroii Kopeub Goabine
e{HHAIHL. .

IIpoBepka mOAy4YeHHOTO PeMeHAA A cIydad n = 1, 9T0 cOOTBET-
CTBYEeT HEBECOMOMY MOPHIHIO, [aeT OYEBHJAHHH pesyiwtat & = 1.
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SATAYTA 9%

B pryraom 6apomerpe ¢ muamHApPHIeCKO# GapoMerpHIecKoil TpyG-
KOil paccTofiEMe OT YPOBHA PTYTH B TallKe §{0 3amafHHOro KOHIA
Tpy6kn pasno L mm. B TpyOry mpm naBmemnmm H, mm_m Temuepa-
rype T, °C moma ny3sspek. BO3IyXa, H3-3a 9€ro AamuHa PTyTHOTO cTonba
yMeHBIImJIACh 1 CTaja PaBHON A, MM.

Haiitu smpaskenue pusa I'IOIIpaBHI/I p, npubaBasa KOTOPYIO K MOKa-
3aHUIO h GapoMeTpa, MOKHO OLLIO GH TIONB30OBATHCH HOCAECAHEM IIPH
T00KIX TeMIepaTypaXx @ JA00HX BHCOTAX PTYTHOTO cToJ0a.

PEUWIEHHWE

ITorasammsa paccMaTpuBaeMoro 0apomerpa Bcerja MeHDINE HCTHH-
HOTO MaBieHnsa Ha BeJUYUHY JMaBJIEHUA BO3ZyXa B TpyOke, BHPaKEH-
HOTO B MIJITUMETpPax pPTYTHOTO cToiaba.

HNaBnenme Bo3uyxa B TpyOKe Ipm BHemHeM AaBieHunm H, paBio
10 ycaoBulo seimumne p; = (H; — hy) MM pT. cT. IT0 B ecTh 110-
IpanKa K IOKasaHmio 6Gapomerpa mpm Ttemimeparype I, W BHenmmem
naBienun H,.

Hafinem mapienme p Bosayxa B TpyOKe npm temmepatype T °C
n BHemueM napnennu H.

[Iycts ceuenue Tpy6brm pasuo S. [Ipu nasnennun H, n Temuepatype
T, °C o6beM Bo3gyxa B 1pybre V, = S (L — A)).

Ecan npu gasnennn H n temneparype T °C o6nem Boagyxa pa-
BeH V, T0 B COOTBETCTBHM ¢ 00beIHHEHHHIM Ia30BBIM 3aKOHOM

piVuT,=pV/T, - _ (1)

o p=H—huaV =S8 (L—~h). llpn sTom uz Bupaskennsa (1) maxo-
oHAM, 9TO

V T L—h T
p P1 Ifl'ﬁ=(H1—h1)—Ij-*-—}l.l.T: MM PT. CT.

CnenoBaTenbHo, ecin Temneparypa pasaa I' °C, a 6apoMmerp HoKa-
sLIBaeT maBJenue A MM PT. CT., TO HCTUHHOE BHeIIHee AaBieHme H ==

= h - p.
3AMATA 97

I se chpepn ¢ o6vemamu 100 m 200 cm® coeqrBEEHBI KO pOTKOM TpYOKOIf,
B KOTOpOIl MMeeTcs mopHCTasA Meperopogka. G ee IMOMOMBIO MOMKHO
NoOHTHCA paBeHcTBA AABJEHMIT B cOCynax, HO He TeMIepaTypsl. B mc-
XOHOM COCTOAHRH CcHcTeMa HaXORuWTCA Op: Temueparype I = 27 °C
¥ CONIEPHKUT KUCJIOPOJL oy AanieHueM p = 760 mm pr. cT. '

Manas edepa moMemaerca B cocyn co asgom upm I, = 0 °C,
a Goapmaa — B cocyn ¢ napom mpm T = 100 °C. Kaxoe paBnenme
ycranosures B cmcreMe? TemnoBmM pacuiupermeM cdep npeae-
6peqb. - : .

128



PEIMEHMWE

Q6osnaunm obbem Manoii cdepst V,, 6onbmoit — V,. Us ypaBHesna
Knaneiipona — Mengeneesa cienyer, 4To Macca rasa B 00omx cocynax

m=npp (V.4 V,)/RT. (1)

IIycTs B HOBHX YCHOBHWAX MaCCH rasa B cpepaX paBHEI COOTBETCT-
BeHHO M, H m,. Torpa

my=up,Vi/RT;, my=pp,Vy/RT,, (2)
rae p; — WCKoMoe gasienne. Tax Kaxk m; + my, == m, TO U3 BHpajke-
auit (1) u (2) HaxopmM, UTO

VitVe 141,

p1=pV1T2+V2T1- 7 =840 mm prT. cT.

ATAYA 98

Tas menser cBoe cocrofgHme 1o 3akony p =o'V,
Haiiru paGoTy, coBepHmIeHHYIO Ta30M IIPH H3MeHEHHUH €T0 KaBleHUs

CT p; A0 Ds.
PEIMEHRKE

ITpu nocrosunoM gasienun um usMeHeHum obvema or V; mo V, ras
copepmutr pabory A =p (V,— V,). B Hamem caywae paBnenue
mepeMeHnoe. BBopA cpeniee 3paveHue AaBlIeHHA p = (p; -+ py)/2 =
=o (V; + V,)/2, maiigem, ut0 A = p (V, — V) = (&/2) (V; — V3.

OpamaeM BHHEMaHHe Ha aHAJOTHI0 C BRYMCAEHWEM IYyTH HPH
paBHOYCKOPEHHOM JBM;KeHRU (CM. 3amagy 07). Jta aHalloruma OKasza-
JAach BOBMOZKHOI, HOCKONBKY B 060WX ciay4asX ofuH napamerp (nas-
JeAHe WIA CKOPOCTL) JTmHeiHO 3aBUcUT oT Apyroro (o6beMa mmu Bpe-
MeHH).

[Tpumevanmnue, Mayuag B I1mKoNe wHgealALHLIH
ras, OCHOBAOE BHAMAHHE YEISIOT OOBYHO HECKOALKHM
ONIpefeleHRBIM IPOmeccaM: u30TepMuIecKoMy, uzobapu-
4eCKOMY, H30X0pHuYeCcKoMy, agaabaTuuecKoMy, ¥ MHOTHX
y4amuXxcA II09TOMY HEBOJBHO CRIAfgbBaercsa ylespemnne,
YTO HTHM CICOK BO3MOJKHELIX IIPOIECCOB MCUEPHLIBASTCH,
9TO HUYEro MHOTO ¢ I'a30M HPOHUCXOAUTH He Mo;KeT. Pasyme-
eTcs, 570 He TaK. llepeducyaeHnke TpoIeceH — JMIND YaCT-
goie ciaydan. Ha guarpamme ¢ xoopauraramu p, ¥V s1um mpo-
meccaM COOTBETCTBYIOT YeTHIPe CeMeliCTBa JUHIH: BCe H30-
TepMut (rznepbodint pV = const), Bce m306apH B H30X0PH
(BepTUKaJnm H TOPH3oHTalIM p == const, V == const), Bce
apmabath. Ho Ha Toif jKe pumarpaMMe MOKHO HadepTHTDH
ele CKOJABPKO yrojNHO HeNpEepHBHLIX JHHHH, He cOBUagalo-
muX ¢ YKasaHARMH, B KaKaoi ns Hux OygeT COOTBETCTBO-
BaTh CBOit IIponecc (KaK B 9Toit Wiy caemymoniei aagaiax).
Ilepeunciennsie ke BHIIe TPONECCH OTANYAIOTCA OT TOCHE]-

b Aueynos C. B.; Bapuizes B, A. . 129



HOX WCKIIOGNTEeNbHO Imiib ONHOH 0c0GeHHOCTHI0 — IO~
CTGAHCTBOM OJHOI'0 ITapaMeTpa i IMOTOMY JIEeTKGCTLIO OIH-
cannd.

Ananorwannie 3a6ay#IeAHA BOHAKAIT NPA N3YICHHN
pasgelNoB, Ife PacCMaTPHBAKTCA CHAJAPEL B BEKTOPH
(em. mpumevarne 11 samagum 1), nocaenorarenbHELIe H apal-
JelIbHbIe COeUHEHUA DIeKTPUIeCKuX Lenel # T. 1.

SATAYA 99

3aBHCHMOCTE [JaBIEHIS OT TEMIEPATypsl B HEROTOPOM Iporecce,
ROTOPHI TPORCXOTHI ¢ MOCTOSHHBIM 00heMOM TI'aza, IpeacTaBleHA HA
PHCVHKe,

Yrazarh, B KAKUX TOYKAX RUarpaMMbl Macca rasa, 3aKI0UIeHHOTO
B COCY/e, MAaKCHMaJblla B MUHUMAIbHA.

PEHNIEHUNE

N3 ypasaenuma cocrosuma maeanbuoro rasa pV/T = mR/p cae-
nyert, 910 Ipu V ==const m ~ p/T.

Bosbpmem mpoumseosbEyio Touky A Ha gumarpamme. OtueBmaso, 4ro
pa/Ta = tg a, TouHee, TaK Kak ig o — BelmumHa 6Ge3pazMepHasA,
TO pA/TA ~ g o,

K zagaze 99. K 3zagaue 100.

CrnenoBaTenbno, Macca rasa MaKcuMalibHa WIH MUHAMAJIbHA B TeX
COCTOAHKAX, NI KOTOPHX HA AHATpaMMe MaKCHMANbHA WIH MHUHU-
MaJIbHa BeAWYuHa tg o, a 3HAIAT, U caM yroda o. Odesmgno, 4To 3TN
cocroaaus maobpaskawTesa Toakavu B u €, B KOTOPHIX JUHOH, IIPOXO-
NANiNe gepe3 Hawallo KOOPAUHAT, KacawTCA KPWBOH, m3obpaskalomieir
mpomecc.

" 3AJTAYTA 100

Ha pmarpamMme ¢ wooppammartaMu p B V mso0paskenH fiBe mepece-
Rapmueca KpusBeie, OpmHa m3 HEMX — wW30TepMa, Apyraa — agdmabara
(cm. preynok)., Onpenennte, Kakas a3 BuX agmabara.
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PEMEHUE

B mw6om mponecce pacmupsomuiics raz cosepmiaer paboTy.
Ecan nporece agnabarnaeckuii, pafora Moser mpon3BOUTHCA HCKITIO-
IUTENIbHO 38 CUeT BHYTpPEHHeld HHePTHH I'asa (HamoOMHHM, 4TO BHYTpeH-
HAS 9HePTUsA HACAJBHOTO Ta3a PaBHA CYMME KHHETNMYECKHX DHepPTHi
BCEX €ro MOJeKyJ. BelmumHa BHYTpeHHe# 9HeprW¥M IPAMO IIPOIOp-
nuonalsua abconioTHoit Temueparype). Ilpm srom ras, wxomeuso,
OXIIa;REaeTCsA, & YMCHBIICHWE JABIEHUS OUpeNelNfeTcd He TOJbKO
yBennueaneM 00beMa, HO M NaXeHAEM TeMIeparyPH.

Ilpn wmsoTepMmuecKoM ;Ke paCIIIpPeHnH TeMIepaTrypa ocraercs
mocTosAHmoi. I'as Tpm 5TOM [OTJIOMAeT Tello OT BHEIIHEr0 HCTOY-
HUKa m upeoOpasyer sro Temio B Mexammdgeckyio pabory. (Mmrorma
CUPANTNBAIOT: ,A €CJIM HeT BHCIINEr0 MCTOUNMKA Telia? A ecim BHeIn-
HH HCTOYHHK HMEeT MAlyio MomumocTh? u T. n. Hmgero crpamsoro
He cayumrcs. Ilpomecce me Oymer m30TepMHIECKHMM, TOJBKO H BCEro.)

Temepr ovYeBIAHO, 9TO mpu axmabaTwaecKoM PACIIHPCHHH aBJe-
Hue magaer Obicrpee, wem npum m3sorepMmaeckom. ClemoBarelbso,
KpuBaa I — agnmabdara.

JATJATA 101

BepTukalbHbIi COCY]] BAKPHT CBEPXY MOpPHIHeM, CIOCOGHBIM Iepe-
MemaThCcs Ges Tpemus. [lapienue rasza B cocyne oTJIHIAETCS OT aTMO-
cepuoro. Ilpenocrasmennriii camomy cebe, mopuens OYIET ABUTATHCA
€ HeKOoTOpHIM yeKoperuneM. COXpaHHTCs TH BeJIHIAHA 3TOT0 YCKOPeHHU A,
eCJIM Ha [MOPIEeHb MONOKHTh KaKoi-T0 TPya?

PEMEHNKE

Ecnm paslenme rasa mpeBeiImaer atmMocdepHoe, YCKOPEHHE CBO-
60IHOro MOPIIHA
__mg—~ApS_g ApS

a
1 m m ?

rge m — Macca mopiunsa; Ap — pasmocTs gasnenumit; S — miIomank
nopmasna. Ilpm oToM @, Mosker ObITh HampaBlleno Kak BHEH3 (a; > (),
Tak H BBepX (@; << 0). B o6oux ciyuasx yckopeHue @, HaTPy;KeHHOT'O
NODINHSI TaKOBO, 4TO0 q, = g — ApS/(m + M), toe M — Mmacca
rpyasa. OgeBumHO, 9TO @y ~ 4.

Ho ecnim namieHme ras3a meHbIDe aTMocepHOTO, KapTHHA H3Me-
antca. Temepp yexopemme c¢BofGonHOTO mHOpIEA a3 = g -+ ApS/m
W TipeBHIIIaeT ycKoperue crodomaoro nanenunsa. IIpu oToMm rpys orcraer
OT IIOPUTHS M, KOHEYHO, He BIMSICT HA ero YCKopeHHe.

BATATA 102

Tpybra pryrHoro GapoMeTrpa TojBemleHa Ha HHUTH TaK, 4YTo €0
AIDKANN OTKPHITEI KOHeH He KacaeTcd AHA COCYHa ¢ PTYTHIO (puC. a).
Moskro nu mo MOKazaHmAM nuaaMoMerpa F cygarh O BeIHIHHE aTMO-
cpepHOre NaBIACHHA?
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PEMEHNRE

Berpeuaercs Taroe paccysnenne. [lokasanusa InHaMOMeTpPa PaBHK
BeCYy CTEeRIAHHON TPYOKH, TAK KaK TOJNBKO TPyOKAa HemocpelcTBeHHO
npuKkpenitena K uuTH, (IloBepXHOCTHRM HATAMEHHEM H BHTAJKH-
BaOIENA CHIOHM, neHCTBYOIEH HA HOTPYMEeHAYI0 ZacTh CTERIAHHOH
TPyOKHW, MOKHO CMeJI0 Iperebpeuddb IO CPABHEHHIO C BeCOM TPYOKM.)
a , Pryte e, copepmauiascs B

o TpyOKe, ,,onnpaercda’ Ha PTYTh

F b B HalUKe MW TeM CaMbM HeE

BINsieT Ha TOKa3aHms JAUMHAMO-

merpa. CiaemosarTelbHO, aTMo-

cpepHoe [aBJeHue JaHHHM

cri0co60M OTpeneluTh HEBO3-
MOJKHO.

IIpuBenennsie  coobparke-
nust Hesepuu. Yrobn ybeanTh-
3 CA B 3TOM, PacCMOTPHM BepX-
= AUl Topem TpyOKu (puc. 6).

- Ha ocmoBanme S cBepxy BHH3
ok : AeiicTByer cmiaa aTmocdepHOTO
T7777777777777 AaBJEHUA p, ROTOPAasg N3BYTPH
K 3amage 102. HHUYEM HE KOMIEHCHPyeT(d,

TaK KaK HaJd PTyThi0 B TPYyOKe
BakyyM. ([laBlenseM HACHINAMIX NaPOB PTYTH MO;KHO IpeHeOpedb
0 CpaBHEHHIO € pasleHueM armocdepn,) Cuila 3TOTO NaBJICHHA,
HKCTATH, B TOTYHOCTH PaBHA BeCy pryTe B TPpyOKe, eclIH mocaeqnAs
nMeeT NUJIHHIPHIECKYID QopMmy.

Taxum o00pa3oM, NOKA3aHHA OHHAMOMETPa SABIAIOTCA CYMMO
reca TpyOKm m cuini arMmocdepHoro maeiennda. ClaenoBaTelbpo, €ro
UIKAJY MOYKHO I'DafiyupOBaTh HEIOCPERCTBEHHO B eMHUIIAX aTMocdep-
HOTO JIaBJIeHHA.

JATAYTA 103

Bec coBepimeHHO IycTOr0 COCYJa MeHbIIe, 9eM BeC TOTO Ke cOoCyaa
¢ Ta3oM. ITOT OYeBHIHHN (aKT CBABAH ¢ TeM, 9TO I'a3 HMEeT OTHO-
CHTEJbHO MAaJIhil, HO OTJWHHBIIM OT HYJIA BeC.

Haxne omubxku BRpaNuch B CACRYION{NE YTBEP/RACHHAA:

1. Jlasnenne rasa B cocyyne BCIOAY OnuHaKoBO. Kceau qasa mpocToTH
B3ATh COCYA KyGmaecroir QopMbl, TO CHIA [aBIeHHA I'a3a W3HYTPH
Ha ero HIHKHIOK I'PaHb MOJHOCThIO YPABHOBCIIHBACTCS CHIION JaBIeHIA
raza ma BePXHIOIO I'PaHb. T0 jKe COPaBeINBO W 1A APYIUX ¥Xap mpo-
TEBOJERAIMuX rpameit, ClregosarelbHO, CyMMa CHI JaBJIeHHA Tasa
Ha COCYJK paBHa HYJII, X 0 UIPACYTCTBHN Ia3a B COCYAE MOMKHO JoTa-
A8THCA TAINE 10 ZedopManna CTeHOK, HO He II0 N3MeHeHHIO Beca 60Cyila.
Hax xe BecH ,,y3HAI0T 0 TOM, 970 B COCY/le HAXOUUTCA ras?

2. PaceMOTpPHEM 9Ty e CHATYANWI0 ¢ MOJERYJIAPHO-KHHETHYEeCKOMR
TOuKY 3penud. ] aBienne rasa MH 00bACHAOM KaK Pe3yabTat OTPOMHOTO
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qUCcia CTOJNKHOBeHK# OeCTOPANOYHO ABMEYIIEXCA MOJIEKYJ rasa co
crearaMu cocyna. Cpeqnsa cuiia B3auMonefcTBHA MOISKYIL CO CTEH-
KOl IpH COyNapeHny 3aBHCUT OT MACCH H CKOPOCTH MOJEKyIhl H JJIn-
TeIbHOCTH CTOJKHOBeHusA. IlockoIbKy Bece Tpm mapaMerpa ouHAKOBHI
NS Mo6oi 9acTd cOCYRA, TO W CHIH! JaBlennd HA N6V Ipanb 0o ”
BeJHUNHE ONUHAKOBAEL, 9T0 OHATh NPUBOTUT K OPEARIYIIAM BHBOIAM.

PEIIEHHWNE

1. Ecnim B 3aauax Ha ra30BBIe 3aKOHH AaBJIEHNC CIATAETCA ONM-
HAKOBEIM BO BceM ofbeMme cocyna, TO 9TO JUINb XOpolnee MPHOIMKeHTe
K JeACTBHTENBHOCTH JJIA TAKHX 3a7ad4, HO He abCoJI0THO crporuii
JaxT.

PaceMOTpuM HeKkUWit NpOM3BONBHEIM TOPU3OHTAIBHHIU CJl0i rasa
B cocyme (cM. pucyuor) *, Ha cioil melicTeyeT cuila JaBleHUA CBePXY
(F;, = p,S), cana pmasnenus causy (F, = p,S) u Bec croa AG. Tax nax
Cloif HeMOABWIKeH, NOJIKHO OHThH: F, -+ AG = F,, OTKyna p, > p;.
CyMMupya mo BceM TODH3OHTAJIbBHBIM
CI0fIM, TONydaeM OKOHIATEIbHO, HUTO ? Ps

{(Px — ps) § = G, rae S — mIomanpb co- » i
1

cyna; G — Bec rasa B cOocyjie.

Nrage TOROPA, PasHocTh CUJ JaBiIe-
HEW Ha HOKHEe U BepXHee OCHOBAHHSA 1
B TOYHOCTH pPaBHa BeCy rasa B COCVYIe.

Pz?

2. Omubxa paccy:KIeHnmii COCTOUT B
TOM, 49TO MOIEKyJIa, MIBIKYMASACA BBepX
nocjie CTOJIKHOBEHUS € HIGKHEH I'paHblo,
3aMelIsieT ¢BOE MBHIKEHKE O JeHcTBHeM
3eMHOT0 OpuTskenusa. Ee ymap o Bepx- It sapage 103.

HIOK} Tpadb McHee DHepPrudeH, geM yxap
0o HmxHLP0. HoamaecTBenHBle jKe COOTHOIDGHHS JIEI'KO NPOMJII-
CTPUPOBATH CJEAVIOMEAM IIPHMEpPOM.

Ilyers meruil mapuk, nafgaoMuii BepTAKAIDHO BHA3, CTATKHEBACTCA
¢ MACCUBHOU IO PU30HTANBHOM OIUTOH, IpUIeM CTOJKHOBEHNE ABJIACTCSI
abcomorao yopyrum. Torja cxKopocTh ImapHKa mocie yaapa coxpa-
HfeT BEIWIWHY, HO H3MEHAET HANpaBIeHHE HA IPOTHBOMOJIOKIIOE
(cm. mpumezanue K safgaze 33). B manpreiiimem mapuk 6ymeT mOANIpH-
TABaTh HA TAHTe. DHUWCIHM cpefuiol0 CHIY fAaBlIeHuf Fg, ImapHka
Ha nanty. Bocmonbayemcs nas aToro sTophiM 3axoHoM Hyplorora:
A (mv) = FAt, roe A (mv) —'Hn3MeHeHue KOJIWICCTBA [BHKEHUA
mapuka mon neiicrsmem cuist F 3a spemsa Af.

O6er4H0 O /' HOEUMAIOT CPEAHION CHIY YAapa, a mog Al — BpeMs
mponecca coyaapersmsa. Menm sxe momg Af moEmMAaTh IPOMEKYTOK Bpe-

40 é,p“

* JaBlIeHHA Dy, py AT, A, HA pACYHKE 0003HAYEAR CTPSJIKAMHA, XOTHA HTH BeJIH-~
YHaH, KaK M5l 3#aeMm (cM, npmMmedyanme Il K 3ajade 1), ABIANTCHA CKAIApPaMH,
NpuasiTo B HPOCTHX cIydaax (Korga 3To He NPUBOJAAT K OIMAOKaM) AR KPATKOCTH
¥ HATJAARHOCTH ,IYTATE* CHIY ¢ 0€ MPOeKIHeH, CKaIsp ¢ BeKTopoM H T. A, Pasy-
MeeTcsi, IPH 3TOM HY}KHAOQ 3HATH, ITe opMalbaasi CTPOTOCTDL IPUHECEHA B HEPTBY
OYeBHIHOH HpoCTOTe,
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' MeHHW MKy ABYMSA NOCHeNOBAaTeNbHHIMH yHapamd, To F Gymer HMeTsb
CMEICJ CPeIHel CHIE B3aUMONCHCTBAA MaPAKa € MIAUTOA 38 9T0 BpeM.
Ecnau ckopocTh mameHus mapuKka #Ha IANTY pasHa v, TO BpeMA OFHOTO
ckauka At = 2v/g u A (mv) = mv — (— mv) = 2mv. llogcrasasaa
OTH 3HAYeHWA B HCXOMHOE COOTHOIIeHme, ®AXOMUM, 9TO0 Fop = mg.
Cpegafig ciia ynapos paBHA Becy mapukal

Pacmpocrpanus 910 paccy:kIeHHe HA BCe MOIEKYJAH (IIpH 8TOM
IPANCTCA YIECTH, YTO GOIBMMAHCTRO MOJMCKYJI NOCTHIAeT BePXHell TPaHu
C HeKOTOPOH CKOPOCTHIO, I TAM TO€ TPONCXOIAT COyIapenus), OKOH-
9aTeJbHO HAUNCM, ITO CPeNHAA CHIA B3aWMOMCHCTBHA BCEX MOJIEKYNI
¢ COCYIOM paBHA OOmMEMY BeCY STHX MOJIEKYI.

W3 vammx paccy;xmeHdil clenyer, 4TO Bec rasa B cocyme (TaK jKe
KaK A TBEPJOTO Tela M JKUJNKOCTH) PaBeH IIPOV3BENEHHIO MACCH
BCeX MOIEKYJ ra3a HA YCKOPEHHe CHIH TSHKECTH.

3ATIAYA 104

B nayzno-momynapnoit nmTeparype HHOITA BCTPEYAETCS TAKOe
yTBepsKncHnIe: ,,Bec zemMuoil arMocdepH pase 95,15-10'8 xr.“ Kaxasn
rpybaa ommbra BKpaJach B OTO yTBep/KIeHne, W KaK HAJJEKHT ee
HCIIpaBUTD?

PENMEHOMHNE

Ilonarue ,,sec nMeer B fmauKe pasnuunoe cogepr;raHue.
Becom G Tela mpuMeHMTeIBPHO K YCIOBHAM 3eMIH HA3HI-
BAlOT: &) CWIY ero IPUTMHEHHA K SeMlle, PAacCIUTAHHYIO
10 3aKOHY BCEMUPHOI'0 TATOTeHNA; WA §) culy, ¢ KOTOpoH
TeJlI0 IeficCTRYyeT HA TOPM30HTAIBHYIO ONOPY HIHA BePTHKAIb-
HYX HUTH, YIeP/KUBAMILYI0 TeI0 HeNIOABWKHLIM OTHOCH-
TEeJIbHO 3aTaHHOI CHCTeMEl Kooprunar. B mocineqnem ciyzae
TMOJpas3yMeBaercs, 9T0 efUHCTBOHHOHM CHII0il, CTpEeMAME ics
BHIBECTH TeJI0 H3 COCTOAHHA OTHOCHTEIbHOH HEIOJBIIK-
HOCTH, ABIAETCA CHJIa ero IPAaBHTAnWOHHOIO B3aMMOJeii-
CTBHA € 3eMJeii.

Pasnmaue comep:xanuil He cymecTBeHHO A1 Halieil 3axaqdu. 1'1as-
HOE B TOM, 4TO IO J00MY OUpefeleHni0 Bec — 370 cmaa, CHIBL jke
CKIABIBAIOTCA KaK BeKTophl. W eciin, moab3yach, HAIPpAMEp, BTOPHIM
ompefellenueM, NPOCYMMUPOBATh BCe CHJIB Beca ¥, meicTBYOMuE CO
CTOPOHEL aTMOCdepsl HA OTHAEIbHLIC FacTH CPepRIECKH HOUTH CHMMe-
TPUUHOU MMOBEPXHOCTH 3eMJIH, TO CyMMa OKQKeTCA PABHOMN (WIH IOUTH
paBHoOit) Hyno0. 1A DOoAydeHUs jKe YKa3aHHOTO0 B YCJIOBHUAX 3ajavH
pesynbraTa OBLIO NpPOM3BEREHO CJIOMEHWE He CHI, a MOogyled cwmi,
770 QU3AUeCKH GECCMEBICICHTO.

* CllopoceyueTaHAe ,CHIH Beca“ HpH BCeil ero CTANHACTHYECKOH HeyNmadmoCTH
CO3HATEeXHHO HCIGAB3OBAHO ABTOPAME 1A HCKIIOUCHHST H3 CYMMUDOBAHEA CHIL
HeTPABATAI[MOHHOI'0 HNPONCXO:KEeENs: BO3JeHCTBUEe BEeTpa M T. A,
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Wcnpasurs omubrRy Gosee ueM mpocTo: 0ETATOYHO BEC 3aMEHUTDH
IPOIOPIHOHANIBHOK emy Maccoit. Macca — ckansp, u 3mech cioskerne
pmnonusderca aunrebpaumuecku. Wrak, cuemyer rosopmth: ,Macca
atmocdepn 3emam passa 05,1510 8kr.“,

Pacnpocrpanennio a1oif omubKu CHOCOGCTBYIOT B KaKOH-TO Mepe
OWHAKOBHI® HA3BAHWA CANHMI] MAaCCH M Beca (KHJIOTpaMM, rpamm).

UuTaTedb, 03HAKOMHABIINCH € peIrenueM JAaHHON 3afadu, caM pas-
Deperca B 2(peHTHHX, HO MaJIOCO/eP/RAaTEJIBHKIX 3afABIEHNAX THIA
»JhaBleHne armMocdepsl Ha MOBEPXHOCTh IeJIOBEUECKOTO Tejla (BO,IILI Ha
BojoNasa m 7. a.) pasao 50 1 (200 T m T. m.)".

3ATAYA 105

Usrectro, uro papuyce 3emawm pamen 6400 xm. He mormm 651 BH
HaliTl Maccy 3eMHOH aTMocgeps!?

PENEHMWNE

Ha manyo onomanky AS mosepxmocTH 3eMIu om@paercs BepTH-
RaJbHLI cTon6 armocdepni, Bec kKoroporo AG = pAS, rge p — nas-
Tenwe arMocdeps Ha NOBEePXHOCTHM 3eMIH, pPaBHOe, KaK H3BECTHO,
1 arm.

YauTHBafg, 9TO HNONABIAAMANA 9aCTh MAacCCH aTMOCHepH cocpeno-
TOYeHA B TOHKOM (CPABHUTENBLHO ¢ PAiycoOM 3eMJIH) IMPU3EeMHOM CJlIoe,
Mos;kH0 Ge3 cymecTBenHoi omuOKY npene6peddb 3aBHCHMOCTHE) YCKO-
pesima ¢cBOGONHOTO MajieHnAs g OT BHCoTH. OTclofa ciemyer, ato AG =
= gAm, rme Am — macca cronba arMoceprl, OUMHPaMErocd Ha
mpomanky AS.

CymMMupysa 10 BcCeil JOBEPXHOCTH 3eMJH, NOXy9aeM MJIA NCKOMOMR
MacChl 3eMHO# aTMocgeprt

M =3 Am =Y pAS/g = (p/g) XAS =(p/g) 4nRi=5-10"® kr,

rie Rz — pagmyc 3emuim,




IJIIEKTPUYECTBO N MATHETUSM

JATATA 106

Hazeprurs rpadnKu, DoKa3nBaomue, Kak MeHACTCA HaOpSHKEH-
HOCTHL M HOTEHIHAJ JJIeKTPOCTaTHYECKOTO MOJA B 3aBHCAMOCTH OT
PacCTOSHUSL B CAENYIOIUX CHyTaax:

a) mone MBYX 6GeCKOHCYHHIX IIIOCKOCTEH, 3apAMEHOBIX IIPOTHBO-
HOJIOLO ¢ OTUHAKOBOH MOBCPXHOCTHOH HIOTHOCTBIO; o ocu abemmee
OTKIAMBIBATH PACCTOAHHe & OT KaKOW-EMOYyab TOYKH BHE UJOCKOCTEIl,
UTCUHMTHIBAEMOE B HANPaBJACHHYM, IEPHCHINKYIAPHOM NIOCKOCTAM;

6) monme cfepudeckoro KoHgeHcaTopa ¢ pammycamMn obkaanok R
n R, (BHyTpeHuLAA chepa 3apsHeHA TOJOKUTENbHO, 3apALEl cdep o
BCJAHYIHE COBIamalor); U0 ocm abCijuce — pacCcTofgHue & OT IEeHTpa
cypep;

B) IIOJI€ IJIOCKOTO CIIOA NUIICKTPHKA, 3aPAKCHHOIO ¢ MOCTOAUHON
00HeMHOH IIOTHOCTHIO; 0Ch afcijuce HApaBJeHa, KAK B YCIOBHH a);

r) ToJjte IIapa u3 [NSJCeKTPHKA, B3apPAKeHHOr0 ¢ HOCTOAHHOM
00BbeMHOI IIOTHOCTHIO; 0Ch abcuuce HAallpaBieHa, KakK B yenxopuu 6).

llorennmuann Touek, CAY:KAMUX HAYAIOM OTCUETA PaCCTOSHUS,
BO BCeX CJAyHafAX OPUHATDH PABHBLIMHA HYIIO.

PEHNIEHNE

IIpu mocrpoennn rpadurkos HeoGXOAUMO ITIOMRUTD OIIpe-
HeJlenust H&HpHH{eHHOCTH n IMoTerrnKnajia, HaHpHH{BHHGCTB
TOJsT ecTh BeIWYHHA, PABHAS OTHOIMCHHUIO CHIBI JIeHCTBUA
MoJA 1A 3apsAg K Belmunmpe 9Toro 3apana. lloresmman
UONsA B JAHHOH TOYKE ©CTh BEJIUIMHA, PABHAA B3ATOMY
¢ ofpaTHBIM 3HAKOM OTHOIIEHMIO paGoTH LONA IO Iepe-
MEIEHHIO 3aPAAa B MAHHYIO TOYKY N3 TON TOYKH, I'ie TOTeH-
nuajg TPHHAT PABHBIM HYIO, K BeIHYMHE DTOT0 3apana
(cpaBuu ¢ onpeneleHAusaMna u3 3anad 51 u 56).

UYacto oOHNpemedsoT HAOPAKEHHOCTh KAK ,CHIY, YUCAEHHO
paBpy©0“ # T. A, [laM KaskeTcs, 4T0 CIOBO ,,YACHSHHO” BBOOUT B 3201y~
snerne, (Bapanbanit npamep: 100 pyoneit vucaenno paBan 100 Konmei-
KaM, a 3 mMeTpoB — 5 Kmixorpammam.) Horma roeopsar: ,Hanpssxen-
HOCThL Yuc4ennO paBHA“ HeKodl CHIle, BCeIfa XO049eTCs COPOCATH:
»A 9eMy e 0Ha HOPOCTO pasHal“

-
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W3 onmmTa wW3BECTHO, WTO HANPAMEHHOCTh HONA —
BeKTOp (cM. s3agagy 1). JTO NPOABIAETCA B TOM, UTO €CIH
mMeeTcsl cmereMa M3 Joboro dmena 3apsmos, TO HanpA-
JKEHHOCTh B JI000If TOUKE PaBHA T'eOMETPHYECKOH CyMMe
HAUPSIKEHHOCTEH, CO3/ABAEMEX B 9TOH TOYKe MNOPO3HB
KaKIBHM 3apaAnoM. (JTo YTBepIKJeHVe Ha3hBaeTcs UPHH-
nunoM cynepuosuiuu.) Kak ciencrBme — TOTeRmUAN OKa-
3hIBAETCS PaBHLBIM alre6pamdecKoil CyMMe IOTCHIHAIOB
OT OTHCIbHLIX 3apAMOB.

a) UssecTHo, 4T0 moJjie BHe IIOCKOCTEH OTCYTCTBYET, 4 B IPOCTPaH-
CTBe MEKIY HuMH — ofHopoxHo. CiegoBarelbuo, TOTEHIAAX TIOIA BHE
nIocKocTed moctosgnen (pabora mepeMemieHUA 3apAfa paBHa HYJIO),
a8 B OPOCTPAHCTBE MEKIY IIOCKOCTAMH TOTEHI[MAJ H3MEHAETCA IIpo-
IO PIIHOHANBHO PACCTOAHAIO Z (pHC, a).

Caemgyer ofparuTs BHEMaHHe Ha 7O, 94TO eCIH HOTeHnual obiacrtw,
Je;KAIeH CJIeBa OT IJIOCKOCTell, MOJO0KATh PABHBIM HYAIO, MOTEHIUA
obIacTu cmpaBa OTJIH4eH OT HYJAA, XOTA IOJe B 9TOH YACTH IPOCTPAH-
CTBA OTCYTCTBYeT. Ecam Mbl MMeeM Jel0 He ¢ IJIOCKOCTAMHE, a ¢ ILIOC-
KHMH y4aCTKaMd KOHeYHHX pasMepoB (IIacTHHAMH), TO IO Mepe yaa-
JeHMS OT WIACTHH, KaK BIPABO, TAK H BJIEBO, HOTEHIHAIL CTPEMSATCSE
K OMHAKOBOMY 3mageHmio (¢M. Tak:ke 3apazy 121).

6) HamomaumMm, 410 mole 3apsfa, PaBHOMEPHO pacupeeleHHOro
o cdepe, BHYTpH cPephl OTCYTCTBYET, & BHe cfeprl TaKOBO, KAK €CJIH
651 Bech 3apsm GBI cocpenoroueH B meHTpe cdeps {cp. samazy o3).
CnegosaTelbno, BHYTPH MaJIoi cdeprl nmousa Her. BHe cdep nione Takske
OTCYTCTBYeT, Tak Kak 3apsifibl cep OAHHAKOBH 110 aGCOMOTHON BeJi-
YNHS i PASHHX 3HaK0B. B TPOCTPAHCTRE MEKITY cepamm Tone coszya-
eTCA TOJBKO 3aPSI0M Maioil chephl, MOITOMY HANIPAKEHHOCTH 1 IOTEH-
IMA&J 9TOTO OIS H3MCHAWTCA 06PaTHO MPOIOPUUOHAIBHO X° H £ COOT-
BeTCTBEHHO (CM. puc. 6).

B) Bme ciosa mons ofnoponusl, a 3aYKT, TOTCHINAT K3MCHACTC A JIH-
neiino ¢ z (puc. ¢). M3 coobpameHuil cUMMETPHN HEMOCPENCTBEHHO
clemyer, 9TO BHYTPH CAOS HAUPSIKEAHOCTh HAMEHACTCH ¢ PACCTO THHEM
Z U0 THHeAHOMY 3aKOHY U PaBHA HYJIO B cepenune ¢iaosd. lak Kak cula,
neficTBYIOMAS Ha 3aPAM, MEHsIeTCA INHEeHHO,TO BHYTPH CJI0S DOTEHI AT
A3MEHAEeTCH M0 KBAZPATAYHOMY 3aKOHY (CPABHHTE ¢ BHBOAOM QOPMYIIL
IJIf MAWHBI OYTH pPABHOMEPHO VCKOPEHHOTO NBIYKEHHS: CKOPOCTH
JUHeHo 3aBHCHT OT BpeMEHH, [JIWHA TIYTH — KBAIPATHYHO, CM.
Tak;Ke samaam o7 @ 93).

r) Tlone BHe mapa TakoBo, Kak ecam Onl Bech ero sapapm Geix
COCpeoToueH B nenTpe, r.e. £~ 1/2%, AU ~ 1/z, 2 = R, tne AU —
pPasHOCTh TOTCHIMAIOB MEKIY IIOBEPXHOCTBIC INapa W TOYKOH Z.
Buayrpm mapa saupsaeHnocTh JuEeiro yOnBaer, o6pamasach B HYIb
B menTpe mapa (Tak KaKk MaTeMaTHdecKaa $oPMYIHpOBKAa 3aKOHA
KRymoma copmamaer ¢ GopMyIHpOBKOU 3aKOHA TATOTEHHA, PacCyswe-
HESA 3a71a98 53 aBTOMATHYCCKE NePeHOCATCA Ha 06cymmaeMslin eIy gaii).
IloTennuan mons BayTpu mapa Oponoprnuonalen (— x%) (pue. 2). llpm
HOOCTPOeHHY I'paduKa GRIII0 TPHEAATO, UTO INAP 3aPAKEH ITOI0KATENbEO,
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Pemenue sagaam MoskeT OHTD JerKO BHOOJHEHO ¢ TOMOMBIO 3aKOHA
T'aycea (em. sagaay H1). Pazbepem numb cayuaii 6.

U3 coobparkenuii CHMMETPUH CAEIYeT, 4TO H HANPAKEHHOCTH H
DOTeHIHAJ IIOJIA MEHAITCA JHIOb B HANPABICHHH £ M IIOCTOANHEL Ha
a1060if MIOCKOCTH, NapalledbHOil MOBEPXHOCTAM CJOA.

I BHUNCIenUs NOJ A BHE CIOA noeTpouy npamoi muananp A BC/H,
OcHOBaHHA KOoToporo AB u C/] mapanielbdHsl TOBEPXHOCTSM CJIOST
(e, pme. 0). Ecam AS — nnomans 0CHOBaHNA,TO MOTOK HATIPAIKEHHOCTH
7epes NOBEPXHOCTh MATHHAPA paBeH Beawande AS (£, + E,), rne £, u
E, —3naucnnsa nanpakenrocty y ocaosanuint AB u CJ[.3apan, naxonsa-
muitcs BEYTpH nmmiauuapa, pasex pAS (x, — x,), THe p — obbemnas
mrotaocTh sapsana. o saxony Taycca AS (£, + EF,) = 4n pAS (x, —
— z,). Beamuuna, CTOAMAs B OPAaBOM 9ACTH PABEHCTBA, HE 3aBUCHT
oT mmuH nmwinagpa. CiaenoBarelibuo, IM0Je BHE CIOA OTHOPORHO,
E, = E, = E, upuieM ero salpa;KeHHOCTD

E = 2ﬂtp (.’I:z — xl). (i )

Ilna BeaucienHs HOJA BEYTPH CJOA NOCTPORM LHIHHAP, ONHO
I3 OCHOBAHHU KOTOPOTO HAXONUTCA BHYTPH cloa (pHC. e, pasMepnl
ykasannl). Ecnu nnomanu ocmosanunit pasast AS, To o 3akony I'aycca
AS (E + E') = 4n pAS (g — 2, — &), Toe E' — 3uauenme manpsA-
yeunoctn y ocuoBanma AB. Ilomcrasnaa Bmecto E ee 3nauenme us
(1), maiimem, aro E' = 2np (3 — 2y) — 4npa’ = E — 4npx’, roe
0 <<z’ <2, — ;. Kax sugure, MEL OOJYINIH IPE;KHHIT Pe3yJbTaT.

SATJAYA 107

JlorazaTh cOpaBeIAUMBOCTD CIeAVIOMUX YTBeP:KIeHNN:

a) eclm CHJIOBHE IWHUM (CM. 3ajgady ol) HeKOTOpOTO dIEKTpPOCTa-
THYECKOTO TOJIA B KAKON-TO O00JIacTH SABIANTCA NapadellbHHEIMHA
OPAMBIME, TO IYCTOTa HX pACHONOKeHHS IOCTORHHA, T. €. B 9TOM
obJacTH moje OxHOPOHO;

0) ecl CHIOBBI® JHHUM HpPeacTaBJdA0T co6oi Nyr# KOHIEHTpH-
JeCKHX OKPY:KHOCTEH, TO mX Trycrora ofparHo HponopmuoHalbHA
Paguycy OKPY:KHOCTH.

¥Yrasaume. Ilpenmomaraercsa, uro B paccMaTpHBaeMoin 00JacTH
oTeyTeTBYOT 3apansl. [Ipu oroM cmiaoBhte NTuAWE B 9TOH o0JNacTH He-
I PepPEIBHEL, &, CJIeHOBATENbHO, X TYCTOTA B HANIPABJIeHAH BIOIb JHHIA
HE U3MEeHAeTCs, T. €, HANPAKOHHOCTD IMOJNA BEONB ;10001 Takoll nunnm
IIOCTO THHA.

PEIMEHWE

a) Dygem HCXOJUTE H3 TOTO, TO DIOKTDPOCTATHYECHOE TOJEe ITOTEH-
HHAJBHO, T, €. paloTa CHI 2IEKTPOCTATRICCKOLO OJSI IPH mepemene-
HHA 3apAZa HO 3aMKHYTOMY UYTHA paBHa HYIIO.

Hepenecem sapan q no eyte ABC/JA (pme. q). PaGora na aToM
oyta A = (£, — lE,) q, rme ¢ — pamma y4actkoB AB m €D; na

: 139



yuactrax BC m AD pabGota He coBepimaercd, TaKk KaK 3fiech Hepeme-
IleHHe TepIeHAUKVIAAPHO aAedcTBylomeid cmne. Tark rark -4 = 0, To
E, = E,, wto u TpeboBanoch AOKasaTh.

6) BubGepem samruyThii nyrs ABCDA, cocToamuii u3 ABYX AyT
AB w CD wu. orpeskoB paguycoB Me:xmy o»tmMu ayramu BC m AD

a
A

—%

K sapage 107.

(pmc. 6). PaGora mnepemelmenms 3apsfia ¢ BIOJL DTOro uytu A =
= (—oankE, -+ ar,k,) q, rne o — yroa mMexay OA u OB, r; = 0D,
r; = OA. Rak u B npepmigymem crygae, ua yuactkax DA u BC paGoTa
CHJIaMH 11014 He coBepmasiach. Otciona E/E, = ry/r,.

JATAYA 108

Tonnpiii HAEKTPHIECKAE 3aPAT CHCTEMEI, COCTOAIIEH N3 HECKOIb-
KUX OPOBOAHAKOB KOHEUHHIX pasMepoB, mogoskutenen. [[okasars, 4ro
HaWeTcda XoTA OBl O MH UPOBOJHEK, HOBEPXHOCTHASA MAOTHOCTD 3apAaa
Ha KOTOpPOM BCIOJy HEOTpHIATelbHa. PasaMeprl CHCTeMBI OT'paHHYeHEL.

PEIIEHONE

1-i cumoco6, IlpeacrasuM cefe 5HAeKTPOCTAaTHUIECKOE 110
3aPSUKEHHEX HPOBONHMKOB B BHAE HEKOTOPOH KAPTHHH CHAOBHX
auuuii. Tak Kak moje BHYTPH KajmAoT0 LPOBOAHHKA OTCYTCTBYET,
T0 CHIOBHE JAHHHM HAYMHAIOTCHA M KOHYAKTCA HAa HOBEPXHOCTH IIPO-
BOJHHKOB B T6X MECTaX, KOTOPHE 3apsiKeHb:.

BosbMem n1060i 3 MpOBONHMKOB, HampuMep A, N HaliieM Ha ero
NOBEPXHOCTY MEETO, B KOTOpPOM HAXOAHTCH KOHEI KaKo#-HEOyMb
CHJIOBOM JIMHKMK (CM. PHCYHOK) (€CJIH TAaKOI'0 MeCTa MBI He 00HADYIKHM,
TO 3HAYAT IIPOBOANMK Be3/le 3apMA:eH HeOTpHUIaTedbHO, MO0 CHIAOBHE
JAMHAA KOHIAOTCA HA OTPHLATENBHEIX 3apsagax). ITo 1 Oyjer mckomoe,
Bynem nepenocuTh MOJOKHTENBHEIR HpoOHEIA 3apAg M3 DTOTO MeCTa
BI0Ab CHJAOBOM JHHAA NPOTHBONONOMKHO ee Hampasiexmio, Crenys
IO HTOMY OYTH, MH IPHAEM HA IOBEPXHOCTH KaKOr0-TO APYroro mpo-
ponumxa B. TlpolineM mo ero moOBepXHOCTH, HalimeM HA Heil KOHeI[
ApYyrofi CHIOBOM JIMHWA W BHOBL NOWAeM eil HaBcTpedy. DymeM mpo-
ROMIKATh DTOT HEPeHOC, Ciegys depe3 upoBogEuKknE C, D m T, A.
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CupaBeJIuBH CIAeRYIONINE YTBEPIKASHHA,

1. Takoe nBHKeHHe He yBe#eT Hac B OGCKOHEUHOCTh, TaK KaH
HONHEIA 3apAf CHCTeMH MOJIOKHUTENEH M, CAef0BATEeNbHO, CHIOBEIO
JUHAE He OpUXOoAAT H3 OeckomedmocTH. Je#icTBuTenhHO, BO BCEX
JTOCTATOUYHO YIaJNeHHHX TOUYKAX IIOJIie HAIIel CHCTEMBI ¢ ee OF PAHHYSH-
HHMHA JAHHOHHEIME pa3MepaMH SBJIAETCH HPOCTO I10JeM TOYeIHOTO
MON0KATEABHOTO 3apALa, CHJIOBEE JHHHH DTOT0 HOJA B TAKHX TOU-
KaX HaOpaBJIEHH OT CHCTeMHl H yXO-
nAT Ha 6eCKOHETHOCTD.

2. B oaroM ,myTemecrBum” MH
He MO:KeM T06HBaTh CHOBa HH Ha
OJlHOM U3 TNPOBOAHUKOB, KOTOPHIL
yKe OB MPOMAEHH: DTO 03HAYAJIO
OB, YTO KAaKaA-TO dYacTh HAWIETo
NyTH ABAAETCA 3aMKHYTOW JIWHMEI,
H OPOTHBOPEYMIO OH YTBEPIKIEHHIO
0 MOTeHTMHAIbHOM - XapaKTepe BdleK-
TPOCTATHUECKOTO MOJIA.

CraenosaTesibH0, HOCKOALKY YHC-
A0 HPOBOAHUKOB CHCTEMH KOHEYHO,
Halle IepeABM/KeHHE pPaHO WAV IO3JHO BAKOHYHTCA, T. €. MH Halijem
IPOBOHMK, B KOTOpPHH cuioBHe nuumu He BXoxgar. IloBepxnocrs
TAKOr'0 HMPOBOAHMKA MOBCIOAY 3apsyieHa HeOTPHIATeJbHO.

2-# cmocob. PaceMorpuM @oTeHIMANBl MPOBOJHAKOB. MoryT
AMeTh MEeCTO JBa CAydasd: a) IUIPOBOAHEKHM DKBHOOTEHIHAJbHLI;
0) moTeHTMUa K OPOBOMHHKOB DPa3HIHEHL.

B caydae a) Ha OJJMH K3 IPOBOJHHKOB H€ COEAHHACTCH C ADYTHM
cunoBoi nuunei. IL10oTHOCTE 3TeKTpAIECKUX 3apAL0B B Ni0O0M MecTe
Ha ITOBEPXBOCTH JI060T0 MPOBOAHAKA HEOTPUIATEIbHA,

B caydae 6) HalfjeTCa OMH MJH HECKOJABKO NPOBONHEMKOB ¢ HAHN-
OoapmuM noTeHOHaNOM. VIMEHHO TH NPOBOAHUKH H ABAHIOTCA HCKO-
mMpivE. (JlokasaTelbCTBO HPEAOCTABASEM YHTATENIO.)

K aagawe 108.

BATAYA 109

Togueunslit 3apAy ONUpeNENAIOT KaK B3apsiKeHHOE TeNO, pasMepnl
u dopMa KOTOPOTO HE BIMAIT HA €ro DIEKTPOCTATHUSCKOS B3amMO-
AelicTBHe ¢ JPYTHMH 3apfKEHHBIMHU TeJaMu B paMKaX 3ajaHA0d TOY-
noctu. IloacuuMm a1y GOpMyANPOBKY. BHMUCINM CHIY, NEHCTBYOIYIO
Ha HMCCHENYyeMHH 3apAJ CO CTOPOHN OKPYKalOMMX BapANOB [ABYMHA
crocofaMu: a) mojiaras 3apsaf Ha Tele COCPefOTOYeHHEIM B OJHOM
(n1060i1) TouKe dTOro Teta miAm 6) HaXOAA MCTHHHOE pacipejeleHHe
3apsARa WO Tely M yIaTsiBasg 9TO B pacdere. IIyeThb cooTBercTByIONINE
anagennd cui paBusl Fy u F,. Torpa, ectn ornomenne | (Fy; — F,)/F, |
MeHbIIe 3aFaHHOI OTHOCHTEAbHOM HOrPENTHOCTH BHYMCJSHHHA NpH J0-
60M BEIGOPE TOUKM COCPENOTOYeHA 3aPAMA BHYTPH Tela U TO 3Ke cIpa-
BemuBo A yriaa mMemxpy Bexropamu Fy m F,, mame 3apsmxennoe Teno
eCTh TOYEUHHIA 3apAx. :
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B xagecTse WNIOCTPAUH K HAHHOMY ONpefeieHHI0 Tpedyercs
ON@HHTh OTHOCHTENbHYI0 HOTPEIIHOCTh BEMHUCJIEHHA CHILI B3aHMO-
feiicTBHA TBYX B3APAKEHHBIX MAPHKOB ¢ ONMHAKOBRIMH PaJHyCaMH,
BO3ZHHMKAIOMYIO HPH 3aMeHe IMapUKOB TOYCYHLIMH 3apAfaMH,

PEIMIEHHNE

PaccmoTpuM paBa NPOBOAAMUX IHapPWKAa PagHycoM I Kaykgsli,
IEeHTPH KOTOPHIX pPaCHmONOKeHH Ha paccroguuum R papyr ot papyra,
a 3apAAL OMMHAKOBEL 10 BEJHYMHE M IOJOMHTENbHBI (CM. PHCYHOK).
B pesyabpraTe 5AEKTPOCTATHIOCKON HMHAYKIHH HTH 3apAgsl mepeme-
CTATCA K BHEHIHEH CTOPOHE KajKJoro mapHKa.

He 6ynp Takoro mepepacupepeieHusi 3apsjioB, [OBa OJHOPOIHO
3apsKEHHBX IMapUKa B3aumMojelicTBOBAA¥M OB TaK He, KaK ecam OBl
3apAN, KAKIOT0 M3 HBX OB COCPE/0TOYeH B €ro IeHTpe (aTo mméer
MeCTO MU TPABUTAIHOHHOM B3AMMOJOHCTBRM ABYX MIAPOB He3aBHCHMO

OT NX PagHyCcOB H pacecTOA-

D HESA Me:gy Hamum)., Des yuera

*l  HEHIYKOHE CHNa KYJXOHOBCKO-

4/ ro BsamMojeCTBHA IIAPHKOB

oupefeaseTcss  BHIPAKEHHEM

K sagaue 109. F, = ¢*/R* Wcrnanasg cmna

B3aumMofeHeTBHA F oTiIudaeTcs

OT BeJInuunnl F;. O4eBugHO, HIKHIONW TpaHARyY Fy, Aad cuian F MoKHO

Ha#TH, HMOJOKHB, YTO 3aPAAH DIaPHKOB COCPeOTOYeHE! B HaubGosee
yAaJdeHHHX JApYr oT Apyra TO9Kax, T. e. F, = ¢*/(R -+ 2r).

MakcuMaTbHO BO3MOKHYI0 OTHOCHATEILHYIO IOT PEIIHOCTH HAaXOIUM
U3 COOTHOMIGHHS

_;j- r R r
i

Fi—Fy _1/R—1/(R+2r)
Fa 1R+ 2rE

Ilycrs r < R. Torma (cm. upmmedanme) (Fy — Fo)/Fy =~ 4r/R

Urak, ecau Tpebyemas TOIHOCTE pacgera coctasaser 1%, To Togeq-
HHIME MOJKEO CIATATD JAIIb 38 PAILI, COCPEIOTOYCHHEE Ha TeaX, JnHeji-
1HLIe pa3Mephl KOTOPHIX cocTaBiaior 0,5% 0T paceTOAHAA MeKY TeAaML.

3aMeTHM, YTO BeJMIMHEA HOTPEIIHOCTY ONpejielieHa HaMH ¢ 3a11acoM,
TAK KaK 0YeBH{HO, WTO 3aPAAH IIapHKOB He MOFYT GHTBH COCpPenoTo-
YeHB! B CaMbIX YAQJEHHBIX APYI OT Apyra TOUKax.

ITprmeganue. B page sagad pmanmoro cGop-
HUKA HCHONb3OBAHS HEKOTOPLIe npocteiiniae GopPMyIE
npuOIMKeHHLX BHYOCASHHH, H3BOCTHEIS, K COKAJCHHUIO,
He BCeM IMKONbHAKAM., ITH QOPMYIH 0a3EPYIOTCA Ha Cie-
ayiomeM o0mieM yTBepKAEHHH (JOKA3ATEJLCTBO ero Cipa-
Be/[IMBOCTH BHXOJIUT 3a PAaMKH HaIIAX BO3MORKHOCTEH):
anA N100HX BENECTBEHHHX M M TAKHX BEHIECTBEHHHEIX Z,
uro |z | << 1, cupaBegaHEBo paBeHcTBO

(A+am=1+7 +”‘("" )22 ...,
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B caygae, worga |z | < 1, a m nopanka emHAIE
(mambosiee 9acTo BCTpeUAOmMascs B QU3MIECKHX 3afadax
CHTyanuA), B OeCKOHEIHON CYMMe MOKHO OrpasuIATHCA
HepBHIMH JBYMsI CJAaraeMBIMH, T. e. upeHe6peddb YIeHAMH,
copeprammmu 22, 2 m T. g, (Ecam jz | <£ 1, Tem Gonee
22 < 1mr. 1) Torga monysaem npubianmKessoe, HO 09CHb
npoctoe coornomenme (1 -+ 2)” ~ 1 -+ mz, prmoausal-
meecs TeM TOYHEee, IeM CTPOIKE BHIIOJIHAETCS BEPABEHCTBO

e | L 1.

Ilocmenuana ¢opMyna, B dacTHOCTH, HaeT

(1422~ 12z,
1/14+y=14z)rt~1—z,
Vidz=(A1-4z)2~1-+42/2 7 1. 1.

Ecnm B TexcTe 3ajaum unm B HOpomecce peHIeHHSE
BCTPEYAOTCH ABe 0OHOMMEHH e BeIMINHE ¢ ¥ A Takue, 9T0
la | LA (mm [a/A | <L 1), upusegennme QGopMyIsl
MOTYT CYINECTBEHHO YHPOCTHTh BLUHCICHHA. BrOCHMAas
NpA 5TOM B pPE3yJAbTAaT OTHOCHTEJALHAH MHOTPEMIHOCTH
opubausurenbao pasua a?/A>.

Hanpumep:

g e~ L+ aA) 1+ a4) =

= (11 a/A) ~= 1} 2a/A.

Huast garaspaoctu: ecam 4 = 100, a = 1, smavenwue
npobu (A + a) / (A — a), BHYNCIEHHOE WPAOIMKEHHHM
cnocobom, cocraput 4,02, ToYHOE Ke B3HAYEHWE PABHO
1,020202...

Huorpa rosopar: ,Ho ecan [z | £ 1, #e caeayer nm
npeaeGpeds ¥ caMWM X CPABHHUTEIbHO ¢ 1 Uro Ke,
He weKgfogeno H Takoe. Ho mpu stom z Moyker mcuesunyrh
B KOHEYHOM pesyibTare, 9TO, PasyMeercA, HeZONYCTHMO,
eciy TpebyercA HaWTH KaK pas BIUNAHHE BEIUIAHBI X
Ha 3TOT peaynbrar. (R mpmMmepy, mpaBsie TacTH Bcex
TIPEBEICHHEIX BolIme (popMyxa obpatarca B 1, m cramer
HEA3BECTHO, KaK 3HAYEHWE I BIUACT HA BEIWINHY BHIpa-
sxepuit suma 1/(1 -+ z) mom (1 -+ 2)/3).

B pamboil sajage pe3yabraTr OBLI WOJYYeH mocihe cJie-
Aylomux mpeobpasoBaHUi:

1/RR—1/(R+-2r)2 (R+2r 24
ERE+2r®  ~ \" R ) -

=(1 +§)2_1m1+%-1=%,



3ATAYA 10

CTeKIAHHYIO 1TAaJ0YKY HATHPAIOT HIEJKOM W LpPOHOCAT BOIHBH OT
MeIK#aX o0peskoB OyMarm, GOIbBTA W T. ., KOTOPHE OPUTATHBAIOTCA
K NaJouIKe (N3BECTHHA JeMOHCTPAHOEHKMA onsIT). TeM caMbIM JOKA3HI-
Baercd, 9T0 WHOABEPTHYTAsA TPEHHIe O IDEIK CTeKJAHHAA IajoIKa
npuobpesa HOBOE KadecTBO: IO IPHUHATOH TePMUHOIOIHYU HABJIEKTpH-
30Banacs.

Bosunkaer Boupoc, He HNpoTEBOpPEUHT Mm 3TOT onmT 3axkomy Hy-
aoua? Begp o0peskn He 3apssiKeHH — 3TO CjelyeT @3 TOTO, YTO APYT
¢ APYTOM OHY HEe B3aMMOMENCTBYIOT. A eciu 3ap#Aj Tesa PaBeH HYJIo,
To 1m0 3akony Hymoma cmaa BzamMmojielicTBus 3TOro rexa ¢ JOOGHM
APYTHM — B TOM YHCJI€ M C 3apsA:KeHHOH CTeRJAHHOH IaxodKol —

paBHA HYJIO.
)

PEMEHNE

Ilporusopeuns Her. 3axkoH Hymoma cupaBeius MCKIOIATEIHHO
ANA TOUEUHHIX 3apAnos. HefdTpaabHoe e Texo nw0OHX pasMepos,
HAXOMACH B HEOHOPOIHOM DIEKTPOCTATHISCKOM IoJie, TPUHIUIHATEHO
HE ABJAETCA TOYOIHHM 3aPANOM € BEJNYHHON 3apAfa, PaBHOH HYIW.
B cany aBreBusa snexTpocTaTHUECKON HEXYKIUM [0 AeHCTBHEM BHEII-
HETO TOAA OT MCTOYHMKA A, Aas onpeleNeHHOCTH NOJOKATEABHOI0, Ha
HeitrpansHoM Teme B uponsoiiier nepepacupeneienne 3apsaos. Temo
crauer anagorom gnmoxs. IlonoxutenbEHA B orpunaTeNbHbIA 3aPAIH
HAa HeM OfIMHAKOBHI, HO mocienume Gimke K Teny A, cuaa mx upumrs-
sHeHnA K A IpPeBOCXOAHMT CHJIY OTTAJIKUBAHAA MOJOMKHTENbHEIX 32aps-
nos (mose sapsamoB teaa A — Heopmoponmo!). B menom temo B mpum-
TAruBaercsa K Teny A.

ITepepacupenenenne 3apAfoB, WX NOPOCTPAHCTBEHHOE pasob-
fieANe Ha TejJe B cTanum BO3MOKEH HCKIOIBTEIHBHO HMOTOMY, 9TO
teqo B mmeer womegsme pasMepu. CrefoBaTenbHO, B [AHHOM
cnygae pasmepsl Tena B cymiecTBeHHO BIHAIOT HA €ro B3auMofeii-
ctBue ¢ TeaoM A. A roap cropo Tak (cM. samauy 109), Teao B
He eCTb Toueduniit 3apaAn, um 3akoH HynomHa K HeMy Hemocpejct-
BeHHO He IIPUMeHHM.

Haunbld cayd9aid sBasiercs yOequTeabHEIM IHpPuMepOM
HOYAOBJIETEOPHTEALHOCTH CASXYIONEro HImpPOKO Pacupoct-
PaHeHHOro OoupefexeHnda: , To9egHRIM B3apAfOM HA3B-
BAaeTCH 3apHMKERHOE Tel0, PasMepH KOToporo mpexebpe-
JKHAMO MaJH CPaBHHTeJBLEO ¢ PACCTOAHWAMH HO JIPYrux
gapsKeHHBIX Tex . .

B paccMmoTpenHOM caydae pasMmeps Tena B Moryr GuITh
B THICAYY HJIA MHAJMOH DPas MeHbHIe ero pacCToAHAR
no reaa A. Pasmeps tesa B Mo:KHO OBeCTH 10 pasmepa
ofHoit Mojmexkyis. M Bce-Takm TOYe4HKIM 3apAFOM OHO HE
CTaHerT. . -
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SATAYAIN

Ha pacctogammm R or 6eCKOHEYHO OPOTAKEHHOH METAJIMIecKoi
DAOCKOCTH S HaXOQUTCA TOYEIHHIA 3apAN ¢ (M4 onpefleIeHHOCTH
g << 0) (cm. puc. a). Hailtn cuay, feACTBYIOMYIO Ha HEro ¢O CTOPOHL!
IJI0CKOCTH.

PEMEHMWE

IIposegem Bcumomorarenbuoe paccyxmaenme. Ilycty mce mpoctpam-
CTBO CLPaBa OT ILIOCKOCTH BAIIONHEHO NPOBOAAIIHM MATEPHAJOM.
B siexTpocraTHKe OPHHHMAKIT, 9T0 BHYTPH NPOBOAHHUKA TOKHM OTCYT-
cTBYIOT (TaK KAaK TOK €CTh ABH/KEHME 3apAna, a CTaTuKa — ydeHnue
0 HenoaBWH{HOM coctosinmu). Her Toka — HeT ¥ 3IEKTPOCTATHIECHOTO
monA. 3apans! MOTYT OBITh COCPEMOTOUEHHl TOJNBKO HA MOBEPXHOCTH
OPOBOAHUKA. JTO BHAYUT, 9TO M3 CIIOMIHOI0O MIPOBOAAIIEr0 MaTeprana
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K samaue 111.

IPaBoro MONYOPOCTPAHCTBA MOMKHO WUBHIMATHL KYCOK 38 KYCKOM =
OCTABHUTH TOJHKO OTPAHMYMBAIONMIYIO MOJYIPOCTPARCTRO HIOCKOCTL S,
He MeuAf HOJA HH B OHOH H3 TOY8K NpPOCTPaHCTBa. llodydeHHaA
B pe3yibTare cHUTyanmd CoBHOajgaeT Co CGOPMYJIHPOBANHON B Raniei
ncxonHoil 3agave. IlosTomy cmpama oT muockocTm S monsA mHer. Iipm
BTOM FOBOPAT, 9TO POBOAAIMNAA IIOCKOCTH ABIACTCH DAEKTPOCTATHYIL-
CKOM DKpaHOM.

OdgeBujiEO, YTO B Pe3yJbTaTe OeMCTBHA 34PAAa ¢ HA ILIOCKOCTH
NOABATCA MHAYIMPOBAHHLIMA pacupefeeHHER TOMOKHATENLHEIA 3aPA,
npagYeM ero IIOTHOCTH TeM Oouablle, ueM OJHKe COOTBETCTBYIOMMIA
YV9aCTOK IIOCKOCTH K 3apaAAy ¢. OrpumareibBhle 3apAn OIOCKOCTH
Yoy Ha 0eCKOHEYHOCTD.
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Ilome B a0Bo# TOYHEe WPOCTPABCTBA ECTH CYMMa IOJNA 3apAna §
7 OoNA PAcOpeIeqeHH)ro ¥a NIOCKOCTH 3apafa. Copapa oT WICCKOCTH
nore paBHo Hyaw {(pre. ). A 210 sRaYRT, Y10 CYMMADHOE DOIC BCEX
HABEACHIGIX HA ONOCKOCTH O SAPHIOE MOKHG SaMCHUTH JNA OPABOTO
NOIYIPOCTPAHCTRA TIGACM OMHOTO TOYETHOTO 3apAfa —if, IOMENeH-
HOTO B TO KRG MECTC, HMT0 H HMCXOTHLIT SapAp d.

Owenpyiao, 9TC WONE HABPACHLITX BAPANOE CEMMOTDHUHO OTHO-
CHTCIABHG ILIIOCKOCTHA. CJEHUEHTEJIBHU, nopne HaBeIeEIEIX dJapHnon
B JOROM TONVOPOCTPANCTRE SKDHBANCHTIO HONK OFKHOTO TOUCIIIOTO
3apafa —¢, pacChOAC/KCEINOID COpapa oT S H CHMMCTPHIHORG BADALY ¢
oTHOCHTenbHO S (pHC. 6).

Hexopmsili 3apag HAXOEATCH CIEBA OT .S. Tlo GRS ARIIONY, hafid:
CTBOE EA HETO HABENCHHHMX Id NIMOCKGCTH 3dPAJOB PARHO ACHCIRMIO
SKBIBANOHETHOTO TOYCTHOIC BApHAA. CrefoBaTeNL-HO, HALD 3apAK opa-
TATHRAGTCH K TIOCKOCTH © cuiioll F = /(2R = ¢*J4R2.

PaceMOTPCHERIH METofl POIUEHNSA HASLIBAIOT METONOM 2ePHANLHOTO
OTOOPAICHIIA.

BAMATA 112

Merannugecnee mapurn pamguycon B m r (R *> ) sapmuesu
ONHOMMCHALME gapagaMu ¢ m ¢ cooreercrBenno (@ > ¢). Onpmmrs,
H& KAKOM PacCTOAHAH WApPHKE OVAVT [IPETATHBATHECH APYL K OPYry.-

PEIHEHKE

HeofxopaMo mpespe Beero pasodparbedA, MOIEMY B OPRATNRNES
MEH{TY OpLIOEMOHIIO JaDMNCHETMH 1CIAMHA BOOMGNIIO BOAHMIOE TpH-
THIKeHEe (TPABHTAIHOAHOC B3AEMOIGIICTBHE B 370l sajgade MET He
VAHTLIBAEM ).

a) B sapgaze 110 yme 00bAcHEANACL OpHYHHA BBAHMHOTO IpHTHIE-
Hist gapd:iensoro tena A m Resapmmensore Tena . Hyers cmma
8TOre IpATMECUAN papmna F,. Bcerna mMomHO Togobpates Manpil sa-
pAaj ¢, ofHONMeHRHRH ¢ saprmom tena A Tak, 9re cuna &, orraakuma-
ITus § oT aapAfa A IpU paceTOAdHHE MOKEY HEMP, panEoM AL, yoon-
meteopset cootroweEmw | Fy | > | F; |- HoMecrne sapup g 54 Teno B,
MU DOy 9HM J{BA OJEQHMPHEOC BAPAMCHHUX TEIA A u H, cana B3an-
MOpeHCTRAA MORAY KOTOPHME OpuONHAETensHo paHa Fy — F, o
SBIACTCA, CHACAOBATENSHO, CHNOH OpAramenus (yenosne. | Fy | >
> | Fy | HanomeHO ANA TOTO, 4TOOH HONMYYHTHE MAJNOE BHATCHHC ¢
1 TMeTh OPABO IMPeHeGpeds nepepacopegeAcHEeM 2apana {2 Ha teae A
nocne ToMOmEeEss Ea Texo B sapapa g).

6) B ycnonmax uacroamped papmasu (£ 3> r) opurdsmenve ten A
n B momer mMery H APYEVI0O OpMIERY. Loau paccroarme 1 Memmy
HEeETPAMH IHapoB Tarono, gro A °» [ -~ R (oM. pHcyHOR), 70 cHTya-
IHs 09¢HL HOX0KA BA PaccMeTPeEEYID B sanmade 111. Bgammopelict-
BHe 3apaga 4 (Ha mapEre r) ¢ mapom R BilsoEer HoABIeHBS Ea TO-
cIefHeM HAZYOHEpoRaEEHX sapanon. Taxk xag B>l — R e N 71,
70 PacIoNOKeHAYI0 IPOTAB MapHKa r 9ACTE HOBEPXBOCTH 1mapa H
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MOKRO NPHOJMBATENBHO CUATATE IJOCKOM M MCIHOJIL30BATH pPE3YJlb-
raTh sajauz 111. B cuay rex ke HepamencTs 3apapn Q MoEHO cdu-
TaTh COCPEAOTOYEHHKIM B NeHTpe mmapa [ (He caemyer sabmiBath,
9TO Hallel meJhio ABIAETCA OIeH-
Ka, HO He CTpormid pacuer).
Umeem  Qq/? < ¢*/4 (I — R)?.
Penias 370 REPABEHCTBO ¢ YIETOM
cootTromlenpnit Q >¢q; R~1>
> | — R, =HaxomuM, u4ro (CM.
npumedanne K saxage 109)

1 -V q/Q2 <Ril<<1+4V q/Q/2,
a Tak Kak R/1 > 0, To

14+V 902> yR>1—Vq/0/2.

W3 reomerpmueckux coobpa-
HeHnl caefyer, 970 JOJKHO TaK-
sKe BBIIOJHATHCA HEPaBeHCTBO
! < R 4 r. Ilocaennne pBa co-
OTHOIIEHUA COBMECTHMH, JIHIIb
xKorga r/R > (¢/Q)V2/2. B mpo-
THBHOM Clyuae BHIOTHEHHAA HAMH OIeHKAa HeCIpaBexIuBa, 4TO,
O HAKO, HEe MCK/I0YAET BOSMOKHOCTH B3AHMHOTO IPHTAKEHHA IIapoB
R m r ye 3a cuer IpHYMH, PACCMOTPEHHHX B LOYHKTE a).

K samage 112,

SATAYA 113

Ilorenmuan 5aeKTPOCTATHYECKOTO IIOJAA OHpEfeNndercss, Kak H3-
BECTHO, € TOYHOCTHIO OO0 HEKOTOPOH HNPOM3BOIBHON ITOCTOAHHOM.
Urobn yOpaThk 5Ty HeoDpejeieHHOCTh, O0IMenpHHATO HmoTennuan Oec-
KOHEYHO YAAJEHHONA TOYKHM CumTarhb paBHbeM Hyd0. OxHako B pane
3aJau MCHOAB3YeTCA PABEHCTBO HYJIO IOTEHIHAJA JeMIH.

He camimroMm a1 MHOTO yCIOBMA HAKIAZRBAETCA HAa HOTEHIIHAJ?
Benpy B opmynax jansd ero ompepesenss NpOU3BOJIbHAA NOCTOAHHAMA
TOJBKO ONHA.

PENMEHHUE

PasMep u, Caex0BaTEAbHO, 6MKOCTh 3eMJH CTOIb BEJHKH CPaBHM-
TeJBHO ¢ AHAJOTHYHGHIME Na00PATOPHEMEA BEeJWUMHAMN, uTO Iepefada
3eMne KaKoTro-TO DJIeKTPUUEeCKOT0 3apAa B peayabrare J0boro onnita
He MeHAET €e IIOTeHNHaja, KOTOPHIA TAK H OCTAeTCA PABHBIM HYJIIO.

Ecan snerrpocraTmyeckili OOBIT IPOBOAATCA B HEKOTOPOH JeHHH-
rpajpckoil maboparopmu, To nmEaxkme cobmTHA B 3T0H Jaboparopum
He MOTYT IPHBECTH K IOMABJICHMIO 3aMeTHOM (B Hpeneiaax FOCTHIHYTOH
CEeroHA TOYHOCTH HM3MEPEHMI) HANDSKEHHOCTHA M HOTEHIHAJA IIOIA
3apAAOB 3TOTO OHBITA HA GONBIIOM yHaleBWH, HampaMep B DBysmoc-
Aiipece. CnegoBarenbHo, 3TOT TOPOJ, ¢ TOYKH 3PeHHA JEHWHIPAAUA,
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HAXONWTCA HE OeCKOoHedHOM (B JJEKTPOCTATHHECKOM CMEICJE) yHxale-
HAM, A TOTEHIUAJ TAM II0 COTIANIeHNI0 NOJFKeH OHTHh IPHHAT PABHEIM
Hynf0. 3eMis.— UPOBOXHHK, W €CHH IIOTeHIHAJN Kakoi-TO ee TOUKH
paBeR Hymo, moTeAmmuasn jgiobolt npyroit — raxke pasen mnyaio. Ort-
CIO[a W ClefyeTr, 9TOo IOTEeHIUAN 3eMiu B JIeHmHrpange paseH HYIO R
OJlHOBpEeMEHHO PABEH HYII0 HNOoTeHnuad GeCKOHeIHOCTH.

Wrak, cfopmyaupoBanHbie B 3afade OrPaRMYeRNA Ha MOTeHNIHAN
PaBHOCHIBHE JpYr APYIY.

Pasymeerca, npu uepexone OT 1ab0PaTOPHHIX ONBITOB K MCCJaENO-
BAHAAM JUIAHETAPHBIX WJIH KOCMMYECKHX MAcIOTaboB 3Ta pPaBHO-
CHIBHOCTh MOMKET HAPYMHNTHLCHA, B TOrga NPHAETCA IIOAB30BATHCH
TOJBKO ONHHM K3 OrpaHWYeHHMU.

JAIHAYTA 114

&

,Horcasa'rh uTo aneKTpnqecKHﬁ 3apAM He MOKeT HAXORXUTHCA
B YCTONYMBOM PABHOBECHH 10N JIBI{ICTBI/IBM TONBKO 3JIEKTPOCTATHICCKAX
CHI.

PEIHNIEHHE

ITycrs mmeercs meworopoe mone E (x, ¥, 2), B ognodl u3 ToUex
KoToporo, HanpuMep O, NON0KATENbHEI 3apA] HAXONUTCA B COCTOA-
HUY yCTONYMBOTO PABHOBECHA. JTO 3HAYHMT, UTO NPH MAJOM OTKJIOHE-
Huu 3apsifa ot Touku O B JO6YI0 CFOPOHY BO3HHKaeT CHJIa, CTpeMsA-
masgcd BePRYTH ero o6patro. OTcofa caegyer, 970 B Toure O CXOXATCH
BCE CILIOBHIE JUHWHU, HaXoNAImecs B OamKaimed K 5Todl TOIKe OKpe-
craoctu. Ho rakoe BosMoiHO, Jumb eclii B O PACIOIOMKEH OTPHIia-
rexbEHE sapsag (cp. sagavy 51). CnegoBarTensmo, NMOJMOMKHTENLHBIA
3apAd TaM pPasMEeCTHTh HEBO3MOKHO, 4YTO ONpOBepraer MCXOJHOE
NpeioIo;ReHe W JOKa3blBAeT TEOPeMY, COeP/RaNiyIocAd B TeKCTe
sanauu (reopema Mpmmioy).

W3 porazammod TeopeMH cjiefyeT BHIBOX ¢yHEaMEeHTANLHOH Bask-
HocTH. Hak m3BecTHO, J1000H aTOM COMEPHUT NOJOHHTENLHO (1Ipo-
TOHBI) U OTPHIATEALHO (DISKTPOHH) Baps:KeHHbe dacTursl. C Touknm
BPEHNSA DNEKTPOCTATHKH TaKafA CHCcTeMa He MoKeT OBITh ycToiumsal
A Tak xak rpomMagHoe OOJHITMHCTBO ATOMOB YCTOHYHMBO, IPHXOHUTCA
¢ HemsOe;KHOCTHIO CIMTATH aTOM CHUCTeMOH guHaMHYecKod, T. €. mpu-
nucars Aubo IpoToHaM, numbo 3aeKTPOHAM HENPEPHBHOE NBU/KEHHE.

3ATAYA 115

Meskny HesapAsKeHHHMH IgactTuEaMni / w £ HaKOpOTKO BaMKHY-
TOI0 ILIOCKOTO KOHAEHCATOPAa HAXONHUTCA TOHKAA MeTaldiniecKas
IjacTHHa & ¢ BapAmoM ¢. Bce mnacTHHEL B3aHMHO HapanielbHH,
OJHOTO pasMepa M pACIOJOMKeHL APYr IpotuB apyra. llaacruny 3
(cM. pHCYHOK) IepeMemaioT Ha PAcCTOAHNE ¢ HEePHeHAUKYAAPHO IAO-
ckocTAM of0knamok. Kaxolf sapajg WPoOXogWuT NPH 5TOM IO BHEMIHEH.
el KOHAEHCATOPA, eCIIH PACCTOAHAE MESK/Y €10 oﬁﬂna;u;nanm pasHO d?
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T

4 ¥Yrasamme. Cumrarh, uT0 BAEKTpOCTATHYECKOE II0d€ ILIACTHHH
“MaNd0 OTAMYAeTcA OF HoiA OeCKOHeYHO UPOTMAKERHOH DPABHOMEDHO
3aPAKEHHOH 1IMOCKOCTH, HAOPAIKEHHOCTh KOTOPOro OHpefendAercs
pRpasKerneM £ = 2no, e 0 — IOBePXHOCTHasf IMIOTHOCTH 3apAAA.

PEHMEHNE

Tak xKaK KOHHEHCATOP BAMKHYT HAKOPOTKO, TO IPH II060M Moso0-
JKeHHH OAACTUHH J niacTurbl / W & WME0T OfMHAKOBHH IOTeHIHAM.
Ilorenmuan kasKaoH M3 HIACTHH ABAAETCA CYMMOHR TpeX COCTaBIA-
MUX: IOTeHNHasa 3a cdeT coOCTBeHHOTro 3apAfa U MOTeHIHAIOB,
co3faBaeMbX B JaHHOM MecTe felicTBHeM 3apsAHOB [ABYX OCTaAbHBIX
aanactun. CaefoBaTelnsHo, HOCKOAbKY PH OepeMeNleHHH IJIaCTHUHBL 3
CO3AaBaeMLI €10 MOTeHmuan Ha mnacTmHax 7
u 2 MeHAETCA, MOMKAH MeHATHCA 3apAdH HA [ j 3 2
TUX NIaCTHHAX.

Tak kKax mo ycIOBHIO 3afaum HOasA OJAaCTHH
CUUTAIOTCA OJHOPOJHHMH, TO IOTEHMHUAJ IOJA
a000f NIACTHHE W3MeHAETCA NUHEHHO BMEcTe
¢ paccroarmeM [0 »Tod muactuHH. lloatomy
B HamleM cJyJae He HMeeT CMBICJa, KaK 3TO
obvrapo npuaATo (cM. 3apawy 113), moaarars
PABHEM HYJIIO HOTEHNHUAN OeCKOHEYHO yaalleH-

et Teate s e iy, m— Sy Sre— e—— s

HO TOYKW: TIPH 3TOM DOTEHI(HAJILI TOUEK, pac- z
IIOJOMEeHANX HA KOHEYHHIX PacCTOAHUAX OT il
IJACTHH, OK&KYTCA HO abCONIOTHOH BenMUHHE

OeckoneunsiMu (cM. 3amauy 106), m mumkarmx I‘E@i’

pacgeToB HaM LOPOM3BECTH HE YHACTCA. - -

YcaoBuMcs cauTaTh, 970 HYJAH0 pPaBeH IOo-
TeHOHAan uiaactuHe /. BaunmmeM sBrnipaskenns
A TOTeHIUANO0B LIACTHHKN £ B ABYX MOJOKe-
HUAX OaacTUHH & (Ha PHCYHKE OfHO W3 9TUX I0JOMEeHHH H300pameno
CUJOIMAOH auAWed, a Apyroe — nyAxrmpom). O6oznHaunmMm wepes g
A ¢, HCKOMHEE HOTEHMUANH BTOPOfl HNacTHHE TPH IEPBOM U BTOPOM
MOJOKeHUAX MIACTHHHM J, O, U 0; — IJOTHOCTH 3apANOB Ha Hia-
crupax I mw 2 B mepBoM, a 01 H Oy ~— BO BTOPOM TOJOKEHUAX.
Torga

K szamage 115.

=2n[—o0d+od+o(d—zx)—ozx]=0
=2n[—o/d+oid+o{(d—z—a)—ac(x+a)]=0

Hockoasry 0; = —0[ u 0; = —a) (Tax xax cymmapHuil sapap
maacred / u 2 paBen HYI/0), U3 BHPaKEHMH faA DOTERIMANOB HAXO0-
nuM, uto Ao = oy — o] = oa/d, rie AC — HM3IMEHEeHHE KJOTHOCTH
3apAfa HA MepBOl MIACTHHE DY MEePEMEMIeHHM ILTACTHHE 3 W3 mep-
BOro IOJIO/KEHHS BO BTOPOE. :

Tax Kak pasMepH IIacTHH O[AHAKOBH, TO HAXOJANUECA AA HAX
8apAAE NPONOPIHORANHHE BeIMYMHAM muoTHOCTH 3apsAgos. Caefo-
BaTelbHO, MCKOMAsA BeJIMYMHA 3apAMAA, KOTOPHIA Mpolles HO BHEIIHEH
Lemnnm, onpefieiaseTcs BupaKeEneM Aq = ga/d.
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Narepecro oTMETHTH, YTO HOJe BHE KPAMHHX IAacTHH TAKOE Ke,
KaK ecau Obl uX BooOme He Orlo. A ecnu OB KpaiiAWe MIACTHHBL OHLIR
3a3eMJIEHE, TO II0Jie BHE ILIACTHH OTCYTCTBOBagO0 O,

BATATA 116

JiBe ToHKNE npoBONALINE KoROeHTpUIecKne cdepr, Paguycl KoTo-
pux pasrel Ry u R, (R, << R,), uMeloT moTeBIHAAL ¢y H §, COOTBET-
cTBeEHO. HaroBsl O0yAyT HOTEHOUAIE cfep, €CIH COeJHHHTH HUX IPO-
BOJOKOI?

PEIIEHHINE

OnpepennyM cravana 3apsaan ¢, U ¢, KOTOPEHE HAXOAWINCEH Ha ce-
pax 1o Toro, Kak mx coefuHmau. Iad atoro ydreMm caemyiomee:

a) morenmuasa 06GoE TOYKE DpocTpaHcTBA €cTh aarebpau-
YecKada CyMMa HOTEHIHAJIOB, CO3ABAEMHIX B 9TOH TOUKE BCEMH 3a-
pAnaMm;

0) TmoreHIMaa BHE 3aPAKEHHOM cpepsl COBIAAAET ¢ MOTeHIUATIOM
TOYeYHOI'0 3apAfd, PABHOTO Mo BelHUWHE 3apARY CPephl M Pacrojo-
JKeHHOTO B ee meHTpe (cM. sanagy 106);

B} IOTEHIHAT caMoil cdepu coBmAgaer ¢ NOTeRANUATIoM 060
TOYKM BHYTPH Hee U pasen peauuupe ¢/R (ecim BHYTpH cepH HET
3apANOB).

Teneps MORHO 3amMCaTh, 4TO

q e qi
’ﬁi‘.'l‘ﬂ =@y, 1+R2—'(P2’

OTKYAa HAXOOUM, 4YTO ¢y + gy = @ R,.
Hocne coepgmpenus cgepu HMEIOT OFSWHAKOBHI MOTEHIHAT @,
IIO3TOMY _

9 4 9 _
R A A (1)

T7ie g1 ¥ g5 — BapAgH Ha cdepax mocie ux coegurernsa. Pasencrsa (1)
SIBJIAIOTCS COBMECTHEIMU TONBKO IPH YCIOBHH, 4TO ¢ == 0 Craego-
BaTeIbHO,

e gite
V=77, Ry =

SANAYA 117

Ilga MerannmuecKHX Imapa ¢ pagmycamm R, m R, maxomarca Ha
odeHb OONLIIOM PACCTOARMN APYT OT Apyra. OnpeeanTs a) uX B3amM=
BYI0o eMKoerh C; 0) eMrocTs Cy encTeMbl, COCTOANIEH W3 9THX IIAPOB,
COeMHEHHHX TOHKOH IPOBOZOYKOH.
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PEMNEHHWNE

Hna pemenns sroft sagauu reoGX0AEMO YeTKo MpencTaBIATh cele,
‘qT0 TaK0oe €MKOCThH.

a) llo onpepenenmio, ecim peub HAET O B3AUMHOH EMKOCTH ABYX
IpPOBOXHWKOB, HAA0 Ha OWH NPOBONHHK HOMECTHTH B3apAg ¢, Ha
APYIrolfi — BapAx —¢ W BLIYHCIWTh PA3HOCTL LOTeHIMAN0B A
MEKAY OPOBOMHHKAMH, II0CJA€ Wero HAWTH eMKOCTh LIQ CTaHmapTHOI
dopmyne Cy = ¢q/Ag. B namem caywae o, = ¢/R;, ¢, = —q/R,,
Ag =) ¢ — @2 = q (1/Ry +1/Ry)) m C; = q/A¢ = R Ry/(R, +

o) -

0) EMKoCcTh HM30IHPOBAHHOT'O HPOBOAHMKA, COCTOAINETO W3 ABYX
mapoB (eMKOCTHI0O TOHKOH IPOBOJOYKE MOKHO HpeHeOpedn), Gymem
BBEITUCAATH, YUATHBAA, UT0 KayKAMH W3 MapoB sapsAykeH A0 OMHOTO U
TOT0 ’Ke IOTeHI(Haja.

CaepoBatenvno, @y = @ = @, @, = q,/Ry, ¢, = ¢/ Ry, ¢ = @R,
G2 = PR,

Wrag, arobs 3apaxuTh HAXI CAOKHBIE IPOBOMIUK A0 IOTEHINMKAIA
¢, morpebopaicA 3apag g = ¢; + ¢,. Craegosarensno, C, = q/¢ =
= Rl + R2.

SATAYTA 118

Hesapmxenauit monapii OpoBOmAmuUA MAap BHECAH B BIEKTPHYIES-
CKOe HoJe ¢ W3BeCTHRIM moreHOualoM ¢ (T, Y, z). Ompegennts mDoreH-
THaJ mapa.

PEIMEHWNE

IlosepxaocTh Mapa B n1060M BAeKTPOCTATHYESCKOM IIoJe ABIACTCA
DKBUIOTEANMANBHOA HoBEepXHOCTBIO. IlpoMe TOT0, BHYTPHM KOJIOTO
NPOBOAHMUKA HAUPMAKEHHOCTh IOJAA BCerJa PaBHA HYIO (pasyMmeercs,
€CIM BHYTPH IOJOCTH HET 3apPAJOB) H IOTEHI{HAN, CJIEIOBATE/NbBHO,
CoBHajfiaer C TOTEHNMANOM HOBePXHOCTH. llosToMy nnA penieHuns
3afadM ROCTATOYHO OIpefeauTh IOTeHIHAN B ai06oil Touxke Ha cepe
WIW BHYTPU Hee.

VaryuiinA mojpckasnBaer, 94To caMoil ymoOHOH TOUYKOH O 3TOTO
Apasaerca menTp cdepsl. Ilorernuan 3xech ecTh cymMMa IMOTeHIUANA ¢,
C037[aBaeMOT0 BHEIIHUM IIoJeM, B HOTEHIHANIOB 3apPANOB, HHAYLUPO-
BagHHX 3TuM Doiaem ma cdepe. CymMMa HERYIHPOBAHHEIX 3apPAROB
paBHa HYJIIO, TaK Kak map OB He3apAKeH; BCe OHH ONUHAKOBO yia-
depbl oT meArpa cdepr. MIx cymmapHLIE DoreHmuan

g1 =Aq,/R+Aq,/R+...=(1/R) XAq; =0,

I'ie CyMMHPOBaHHe IIPOBOMETCA IO Beell chepe, a B — ee panmyc.
Hrax, noreHnuan cdepsl DaBeH NePBOHAYANBHOMY HOTEHIHANY
 TOH TOURM HOMA, IJe OKABAICA TEHTP Chepsl.
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SATATA 119

Jloxkasare, 9T0 B ToJe ABYX PABHOUMEHHHKX TOYEYHKX BapPATOB
DKBHIOTEHIIMANBHAA MOBEPXHOCTh ¢ HYJEBRM HOTEHNHUAIOM Il PeACTAB-
aser coboit cdepy.

PEIIEHNE

ITomecTM Ha“anmo KOOPAMHAT B TOYKY, Cfie¢ PACHONOKEH ONUH W3
3apAfOB, W HampaBnM och OX B CTOPOHY APYToro sapsana (cM. pucy-
Hok). llorennnan ¢4 B TOUKe 4 Takom, 4TO

QA =G, /Ty -+ Go/Ts. (1)

Ilycts 94 = O (ecnim Toara A He me:xur B OeCKoHedIHOCTN, TO 3TO

BOSMOFKHO JHINEL JJA DPa3HOMMEHHHX 3apsfoB). Ydarem, 9T0 Iy =

= (22 + )2, 1y = [(d — z)® + yFI¥2, |

¥ ﬁ rie d — pPacCTOSHUE Me:Ry 3apslaMu.
Torna uz (1) caepyer, uro

Q/V 24y = —q/V (d—zp 4yt
(2)
ITocnme Bosmenmenwms pasescTra (2)

B KBaJApaT ¥ OpocreiiimX mpeobpaso-
BaHMWI HaXoOWM, 4TO

Gl T d- J2 &

n2d?

(# —=7 ) v =

rme n = q;/q;, n % —1, n < 0.

ITonyaennoe Buipaskenme mpegcrasader co6oil ypasBHeHHe OKPYIK-
rHoctu (cM. 3anady 106), mesTp Koropoil pacmomoen B TOUKE ¢ KOOp-
nvEaramu r = dr®/(n* — 1), y = O. :

pm » == —1, 1. e. g, = —g,, npeobpasoBanue cooraomenusn (2)
naer ypapHeHHe X = d/2, T.e. DKBUNOTCHIHAIbHAS OKPYIKHOCTH
BHPOKJARTCA B OPAMYIO, HapalJenbHy0 OCH OpPIWHAT.

Tak Kak moae CMMMETPHUYHO OTHOCHTENHHO ocu abeuuce, B Mpo-
CTPANCTBE TMOBEPXHOCTh HYJIEBOTO HOTEHLIMATa OKaspiBaercsa cdepoi
(wiim miockocThI0, ecau n = —1).

K sapmaue 119,

BAMAYA 120

JnexTpoH, ofnanaromuil HA OCCKOMEIHOCTH CKOPOCTHIO U, HBH-
PKETCA TOIHO B CTOPOHY APYTLOTO HEMOABHKHOTO U ¢BODONHOTO DIEKT-
pona. Hak 6ynyr Bectm cedsa anerrponn? Ha karoe Haumenbliee
paccrofHue opm conausarcal Manydernem saexTpoMarBEuTHOR dHEPrUH
npeaebpeys.

PEIMEHHNE

JIeKTPOCTATHIECKOA BRAWMONEHCTBHE JIBYX 3AEKTPOHOB TOPMO3UT
O/(MHA W3 HUX W YCKopsier Rpyroi. Pax Kax 9TOT HPONECC UPOUCKXONUT
npu J000M PAcCTOAHRA MEKIY. DIEKTPOHAMU, UX NoBefeHme HamoMa-
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‘HaeT PacTAHYTHHE BO BpeMenm alCconioTHO yupyruié yjAap: mepBoHA-
YaJIBHO JBUTaBINUicH 3IEKTPOH B Ipefele OoCTAHOBUTCA, a OpeKpe
‘HeNOABIWKALE Oymer yoajiATbeA OT HETO ¢O CKOPOCTHBIO V.

B mcxognoM COCTOARUU HOTEHOMANHHAA PHEPTHA B3AMMONEACTBUA
5JEeKTPOHOB pPAaBHA HYyI0. B KomednoMm, T. e. ycraHOBHBIIEMCH, CO-
CTOSTHHH 5T0 TAK/AKE JONKHO HMETh MEeCTO, WHaue MEHAY DJIEKTPOHAMHI
eme AeHcTBYIOT CHIH B3aHMHOTO OTTAJKHBAHUA W 00a opM mpopon-
AT MeHATh CKopocTh. CnenoBarespHo, Korxa CKOPOCTH 3JeKTPOHOB
YCTAHOBATCA, U3 3aKOHA COXPAaHEHHWs DHEPrHU cienyer, uro mv?/2 =
= mvi/2 + mvi/2, the v; © v, — CROpPOCTH »IAEKTPOHOB; M — Macca
KasKgoro ua HuX. Ha ocHOBe BaxkoHa coXpadHeHHA HMIYJIbCa MU =
= mv,; + mv,. PelleAue cucreMs 3THX ypaBHeHHH BHIIOTHEHO B 3a-
paue 36. B mammoMm dacTROM caydae v; = 0, v, = v.

Hanbounpiree cOAMKenme 5IEKTPOHOB INPOUCXONWUT B MOMEHT,
KOTJla CKOPOCTH U; U U, SIEKTPOHOB CPABHAITCA. B COOTBETCTBRH
C BaKOHOM COXDPAHCHWA HMIYIbCA IIPH ITOM vy = U, == v/2.

" Ilpumerss K 9TOMY MOMEHTY 3aKOH COXPaHEHNA DHEDIMH, IMOTY-
gaem, urto me?/2 = 2m(v/2)?/2 + €*/R, rme e— BapsAn 2IeKTPOHA;
R — paccrosnue mambonpiero cOmmuernsa. Orcioga R = 4e*/mv?.

BAMATA 121

B obenx mnactmHax GeCKOHEWHO NMPOTAKEHHOr0 HIOCKOTo 3apsa-
JKeHHOT0 KOHIEHCATOPA HMEIOTCA ABA MAJLIX OTBEPCTHH, PACIIONOHKEH-
deX Apyr nporuB npyra. GBoGofgmetii 9iaeKTPOR IIPOJETAET CKBO3b
BTH OTBEPCTHA, IpPHYIEM H3MEHAETCA CHKOPOCTh, CJICHZOBATENbHO, H

@ 7 It
\ / i :
\ 3 '!
~N ;E // A 1
G- —————— ——— - © O-———— ———-0
A —— o
//i—j . E
/ Q}-z_j_ N
N\
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K samaue 121.

KHHETHYEeCKAA DHePruA saexrTpoHa (pmc. a). C KOHACHCATOpoM ke
HUKAKHX W3MEHeHMH B KOHEYHOM WMTOTe He mpomcXofut. Hak cornaco-
BaTh 9TO ¢ 3aKOHOM coxpaHenua sueprun! [lorepAMu sHeprum HAa
maayuenne (Hem3beKHoe cuefCTBHE YCKOPEHHOTO ABIMKEHHA BIIEKT-
PoHa u mepepaclpefieleBMA 3apsjga HA IUIACTHHAX), PAaBHO KaK H
IOTEePAME Ha JKOYJNEBO Teljo, npeHeOpeus.
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PEIMEHHNE

PacupocrpanenHoe cTpeMieHHEE NPHBJIEUL AnNA oO0BACHEHHA nepe-
pacupe/lenerne 3apAJOB HA ONACTHHAX KOHAeHCATOpa H, CAEKOBA-
TeIbHO, M3MeHEeHWe ero HOTeHHUANbHOH JHEPTHH, HEeCOCTOATEIbHO.
ITepepacupenenenre sapAga AeHCTBATENbLHO MMEET MECTo, HO JHIIb
B TO BpeMfl, KOTHA 3JIEKTPOH HAaXOofUTCA BOIMBM IIACTHH. JTO Iepe-
pacupefieseHUe TIPORCXONUT C KOHETHOH CKOpPOCTHIO (BCaeicTBIE KOHEed-
HOH CKOPOCTH JBMKEHWA HJIEKTpPOHA), W IOTepPU SHEPruM HA H3Tyde-
HHUe ¥ HKOYyJIeBYy Temrory Maiau (cp. ¢ sagasamu 123, 124). dxextpos,
HaXoJAmuiics 5a 0OoNbpIIoM yIadeHHH cjIeBa OT KOHIeHcaropa (MCXof-
HOoe COCTOAHME, CM. PUCYHOK) W HA TAKOM e pAacCTOSHHH COpaBa
(koHeYHOE paccMaTpuBaeMoe COCTOSHHE), Ha paclpejejeHdune 3apafa
Ha KOHIEHCATOPe BIHATL HE MOeT.

YTouHAM YCITOBUA 3aNa4l.

a) IlnacTuHH MOKHO CUNTATE OECKOHCTALIME B PMBUIECKOM CMEICIIE.
JT0 3HAYMT, YTO PasMepsl MAACTAH KOHEYIHH, HO CYHDIeCTBEHHO IIpe-
BHIIAIOT PAacCTOSHHE MeKIYy HuMH. Ecam Ke ILTACTUHH KOHEIHH,
XO0TA W BEJIWKM, TO B NAaHHOH 3anade Heab3sa npeHeGperars oOK4HO He
VUUTEIBaeMbIM KpaeBHM dd¢derrom. Ha puc. a msobpaskeHo cxemaru-
9eCKH I0JIe TAKOr0 KOHIEHCATOpa. JIerKo BUAETh, YTO OHO CYIMECTBYET
¥ BHe ILTACTWH, TIIe OKA3LIBAET Ha 3JEKTPOH JeHCTBHE, IPOTHUBOIO-
JOKHOE NeHCTBHI0 IToJA MEKAY ILACTHHAMH, T. €., IPUMEHUTEIbLHO
K HallleMy PUCYHKY, 3aMeNJfAer JIeKTPOH U HepeX KOHZEHCATOPOM
(p obaactu A), u mocne Hero (B obmactu B}, B TOo BpeMA Kak BHYTDH
KOHJIEHCATOPA YIEKTPOH YCKOPHETCH.

6) Ilycrs mmacTuHb 6eCKOHEIHH B MaTeMATHIECKOM CMEICAE (XOTh
5TO0, KoHeuHo, wucrana abcrpaxnma). B sroM ciaydae maM OPUAETCH
y9ecTh MOTEHNHANLHYI0 dHepruio siexrpona. CpaBAWMM UOTEHMHAATD-
HbIe DHCPrUK B JeKAamuX CJcBa U CIpaBa OT KomRAeHcaTopa Touxkax A
¥ B (puc. 6). Ilycts ¢4 == 0. Toura B paxomgurcA B 6eCKOHEIHOCTH.
B o06nannix sagasax ma aw60d 6eckoHesHol Touku A B A00YI0 APY-
I'yI0 TaKyi0 jKe TOYRy B MomHo Tomacrhb, MMHYA Bce Te 00JacTH
IPOCTPAHCTRA, T/Ae eCTh IoJe, a UPOoOHHH 3apAj HCHOBITHBAaET AelcT-
BHE alekTpHIeckux cua. llosromy B rakux 3amawax ¢s = @p. B Ha-
meM jKe cayudae taxoro nytu Hert. Touku A u B pasgenensr Geckoneu-
ERIMy maactHaaMu. [lomacts w3 A B B MO/KHO AWMU Opoigd CKBO3b
KoEfencarop. Ho BEYTpH KoHAeHcaropa HpoOHLIH 3apAX MCILITHBAET
AelicTBYe mond, AJs HepPeMemeHuA 3apAaga HYKHO COBepIIuTh pabory,
H, CjlenoBaredbHO, Q4 == QB.

Taxum ofpasoMm, B MOCTABJISHAON 3ajade CyMecTBYIOT 66CKOHOUHO
YAiaJdeHHHE TOYKW ¢ Pa3HBIMH IOTEHLHAJaMU.

3aKoH COXPaHEHWS HHEPrHU NMPUMEHMTENBHO K BIEeKTDOHY HMeeT
BH]T

mva/2 + ae=mvy/2-- pze,

I V4 M Vg — CKOPOCTH BJEKTPOHA ClleBa W CIpaBa OT KOHMeHCa-
TOpa, v4 5= ve, @94 = 0, ¢p = ¢, ¢ — Pa3sHOCTH HOTERIHATOB IL1a-
CTHH KoHAeHcaropa (cp. samagy 106, a).
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SATATA 122

Omnpepennuth 3amac 3JIeKTPOCTATHYECKOH 9Heprum, koTopoil ofma-
gaer MeTaJLIWYecKu maprr pagumycoM R ¢ 3apAmoMm ¢ (CM. PHCYHOK).

PEIMIEHMKE

Ecau npegocTaBmTh 3apApaM pasiaerarhCs, TO, yaandsch Oec-
mpeneabHo 0T HIAPWKAa M gPYT OT JpPyra, OHA CHOCOOHBI COBEPIUUTD
oupeneaernyio padory. Ifoncanraem pabory, HeoGX0OgUMYIO JJs TOTO,
97005l 9TH paccesHEbIe 3apsankl BHOBL cobpars Ha mapux. OdeBHgHO,
910 BEJMTINHA 3TOH paboThl W ompeaender zadac 33XeKTPOCTaTHIECKO
SHEPrUH 1apHKa.

B paapmeiimiem Mui 6yieM I0JL30BATBHCS MaTeMaTHIecKOH TepMu-~
Hosorue#, sTo yaobmee. Ecam Mb roBopmM, uto Agpa 3apapna ,,0ecko-

Heuno" YrajieHH APYT oT Apyra, o

TO BTO 03HAYaAET, YTO B3AMMO- O

NeHCTBHE DTUX 3apPANOB Ipak- \ /

THYECKHA OTCyTCcTBYyeT. Iama

Bafada 3aKI049aeTcA B TOM,

aro0b OeckoHeYHo YIaIeHHbIe

APYT OT HAPYra H OT IDapHKa

aneMeHTapHEIE 3APAML cOOPATE (O  —a —~ O
BOGAKHO Ha IapHKe, T. e. '
B TOM MecCTe, TOTeHOUAA KO-

TOPOr0 CTAaHeT KOCJHe 3HTOTOo

paBHEHM Beamumae g/R. 3Toro

MOKHO JOCTUTHYTH PasHbLIMH / \
cuocobamu. Hampumep, MoxHO .

OlHOBDEMeHHO cOam:KaTh Tpe- O

fyeMoe KONHMYECTBO BJEMeH- K sagaue 122.
TaPHHX 3apAROB, KakK m3o0pa-

’KeHo Ha pHcyake. Opnako upm srom Oyger TPYAHO IOACIUTATEH
pabory mepeMelieHHWA BapAgOB, TAK KaK K&KAWHA W3 HAX B3auMo-
NelcTBYeT CO BCEMH OCTAILHLIMH. '

JleKRTpoOCTATHIECKOe Tode moreHmuanpHo. I[losromy BeamumHa
HcKoMo#H paboTbl He B3aBUCHT OT cHocofa HmepeMemieHUA 3apsAKOB
(3mechr W B aHANOTHYHHX 3ajadaX, KoTxa TosopurcA o pafore mepe-
MeMeHns 3apAKa B DAEKTPOCTATHMUECKOM Hojie, TO IOXpa3yMeBaeTcH,
4T0 KMHETHYECKAS DHEPTrUA BapAKeHHOro Ttela NPHA HepeMelieHuH
HewmsMeHHA). ¥ go6Ho (1A pacuera) mepeMemaTh 3apAXLl TOCTENEHHO,
T. €. TAK, 9T00H IpU IepeMelleHMI OFXHOTO M3 HUX OCTAJbHbie ObLIH
HETIOABH K HbE .

[loMecTrB HA WIADUK NEePBHH 3MeKTPOH, paboTH ME He COBEPHIAM.
ITocme aroro moTennMan MapuKa yBeAWIHTCH J0 3HaYeHMA ¢, = e/R.
JAnsa mepemenmieBEHA BTOPOTO SAEKTPOHA UPHAECTCA COoBepmATh pabory
A, = e, = €*/R; pana mepeMemenus k-ro diexTpoHA A, = eQ,, =
= (k — 1) &/R, ' .

o)
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ITyers ¢ = ne. Torpa pabora, HeobXxoguMasn xaA 2apAAKHA mapuka,
onpeennercA BHpasKeRUeM

A=2Ak=2(}c—1) =D, ()

Ectu n > 1, ron(n—1) =n’nm
A=q¥2R=U, (2)

rae U — morennuannHas sHePTHA IMapa.

Hecxoapko 3amevanuii K 3ajmade.

Bo-mepBnix, npu IOepeMemieHUM BJIBHTPOHH. K He3apsiKeHHEOMY
METaJNHIeCKOMY IMapuKy cBoOOJHHE DIEKTPOHHE Ha CaMOM OIapHAKe
rakKe mepememalorcs. U3-3a aToro IIOTHOCTL BapAna Ha NIapHKe
CTAHOBHTCA HePaBHOMepHOIi, W Bo3HEKaeT COOCTBeRHOe Ioje Mapa,
Tak u9T0 paboTa NepememieHUs HAIIEro 3IXEKTPOHA OTJAWYHA OT HYJIA.
Ecnu mepememaTs 31eKTPOH K yrKe 3apsKeHHOMY WIapy, TO mepepac-
mpefeeHHeM 3apAN0B MOKHO npeHeOpeys B TOM clydae, KOr[a B3ai-
MojelicTBze APYT ¢ APYroM 3apsfoB Ha Ilape 3HAYUTENbHO §0abiie UX
B3aUMOJIeHcTBHA ¢ upubIMKaOMUMCA BIIeKTPOHOM, T. 8. KOrJIa 3apsj
mapa s3HAYNTedbHO 00JbINe 3apARA JIEKTPOHA.

Bo-sropeiX, ®ak wmaBecTHo, CBOOOAHBIE DIEKTPOHH M HOHHL KDH-
€TaNIH9ecK0f pelieTKH Lapa COBEPIIAIOT HEIPEePhIBHOE XA0THIECKOe
aBwxenne. PaccToanng MeKIy 3apAKeHREIMYA YACTATAMEA H3MEHAIOTCS,
6maroapa 9eMy ILIOTHOCTh 3apAjAa Ha llape IperepueBaeT Bce BpeMs
cayuaiinbie mameHenus (payrryanuu). CiaefoBaTenbHo, yTBep/KAeHNe
»IOTEHNIa) MTOBePXHOCTH NIapa NOCTOSHEH' CHPABELINBO JIHIUbL
mpubnnsrreasno. llorpemwsocTsI0 3TOr0 YTBEpIKOEHHA MOMKHO ILpe-
HeOpedn, ecan QIYRTYAIMH M0aA MAapuKa 3HAUATEIbHO MeHbIIE BeJH-
YUHB cpejHed HaIpsAKeHHOCTH 3TOT0 IOJA, 9T0 HMeeT MeCTO, KOrja
sapfAn Iapa BHAYUTENBHO IIPEBLIMIACT 3aPHAJA BIAEKTPOHA.

ChopMynnpoBsanHOe OrpaHNYeHWe ABIAETCA OOLIHNM TpebfoBa-
HuEeM TaK Ha3bIBAaeMOUM MaKPOCKOUWYECKOU BIEKTPOAMHAMHUKH, KOTO-
pasi CO3HATEJIHHO HE YIYHUTHIBAET aTOMUCTHUYECKOTO CTPOCHUA BJIeKTPH-
4eCKOTO B3apaAfa: CYNUTAETCA, 9YTO 3aPAJ], MEHACTCA HERPEPHBHO H
CILIOUTHEIM HempepsiBHBIM oOpaszoM pacipefedfdeTca HA 3apAKEHHBIX
yuacTkax Tena. llosromy Bce 3akoHBI 5TOH TeopHM W HX CIASHCTBMA
CUpaBefTUBLL TOABKO A 3apAsKeHHHX Tell, 3H5A9UTENbHO IPeBHIIa-
OMUX JeKTPOH IO pasMepaM M BeJIUIHHe 3apAja. '

Taknm o6pasoM, s3HAYEHWA HECKOJBKHX NEPBEIX YWICHOB CYMMEI
B Buipaskenun (1) apidAiorca ommbodnbiMu; Ooliee JKe JajeKHe WieHH
9TOH CcyMMB BHUYHCIeHH HaMu Bepro. llpm ycmoswm, 4ro n > 1,
YHKa3aHHKMEA oIMNOKaMHE MOKHO CMeno npeRedpeds. Bripamenne e (1)
CaMOCTOATEJIBHOTO CMEICJia He HMeer.

U eme omno. Tar xak emrocTh mrapura paBHa £, Beipakernue (2)
MOJKHO IDepeducarb B BHJE

U = g2/2C = C/2, 3)

3

rie ¢ = ¢/R — moTermman mapuka.
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g’ Jlerko morasaTh, WMCHOAB3YA HBIOKEHHHH ¢Nocob, YTo MOTEH-
¥ malbHAA SHEPIHUA .11106011 CHCTEMEL C E€MKOCTBIO C BRIYHMCJSAETCH MO
 popmyae (3).

31&I[A.qxt 123

Ha xommencarope eMeoctbio C HaxoguTesA .3apAn ¢. OHEPrus,
samaceHHas Ha KoHJeHcarope, pasHa torfa ¢2/2C (em. samauy 122).
H sToMy KoHmeHCaTopy OpoBomaMu 663 cOnPOTUBIGHHA NOIKIIOYMIA
(obraragka K oDKIajgKe) TOYHO TAKOW K6, HO He3apssyKeHHLN KOHjeH-
carop. Ilojcumrars sHOPrui CHCTEME [BYX KOHJ{eHCATODOB.

PEIMEHNE

Haoit aurarens crasxer: ,A 3adeM mopcuursiBark? HpoBoma Ges
COIPOTHUBJCHMs, MOTEPh DHEpPruy Her, PaboTH PN HONKIIOICHAR HE
COBOPHIAIOCH, CJINOBATENbHO, DHEPIUH CHCTEME [OJKHA PABHATHCA
NePBOHAYAJBHON DYHEPTUE OJHOIO KOHJSHCATOPA, T.©. BOJUIMHO
q2/2C .+

He Oynmem, oxmako, toponuthest. Ilpum mojrmoYeRu:m BTOPOro
KOHJGHCATOpPA 3apsAj CHCTeMH He W3MeHuTCA, a oMKocth C’ yBeau-
untesa BABOe. W Torna 9HEPrHSA CHCTEMH OKaskerca pasHolt ¢2/2C7 =
= ¢*/4C, 4To cocTaBiseT IOJOBHHY €€ NePBOHAYAJLHOrO 3HA-
JeHIIA.

Crano OniTh, MHI HMEEM J[el0 ¢ HAPYTIEHHOM 3aKOHA COXPaHOHHA
pHeprum? PasyMeercsa, Her. B paccmarpuBaeMoM cayuae IoqaBagiomas
9aCcTh ,,ACYE3HYBIIeN" 5HEPIUH BRJENseTcs B BULe KOYIeBA TEImIa
HAa coeqUHMTEAbHSBIX TpoBopgmEumKax. VM He uMeer 3madeHHsA, 470 WX
CONIPOTHBJICHWE PAaBHO HYIO: TOTAA B IEePBLIT MOMeHT 0 3aKkoRy OmMa
TOK 4epes npopojrukn Oyner Geckoneuno Oomsmum! Ilas marnsigHO-
CTH LYCTHh 3TO COUPOTHBJEGHIE He HYJEBOE, a OYeHh Majo, COOTBOTCT-
BeHHO TOK OYeHb BelUK. DBrjeasiomeecsa Temao, CJENOBATENLHO,
BHIPA)KAETCA IPOUBBENCHNEM O¥eHb MAJOro YHC/Ia HA OYeHb Goabimoe.
Hennsa zapamee yTBep/Kiarb, IT0 TaK06 IPOH3BEAeHUe pPaBHO HYJII.
Curyamusi MOoKeT OKasarhCd IOXOMKeH HA NABHO M3BECTHO® ,,¢ MUPY
II0 HUTKe — rojoMmy pydamra“.

BroimonauM HeobOXoguMmble pacdeThl.

C 3apAKeHHOI'0 KOHIZEHCATOPA HAa He3APAKeHHLI HepeTeKaa Moo=
BTIHA 3apAja, T.e. ¢/2. 3ToT mporecc HAYAJCA IPH PA3HOCTH IIOTOH-
IHanoB ¢ = ¢/C ¥ 3aKOHUHJICH TIPW PA3HOCTH HOTeHIMAJIOB, PaBHOH
Hy 0. Bocmonp3oBasmuch croco0oM, HPiIMeHEHAHKM B samade 122
B AHANOTUYHOH CHTYAHHdM, BBIIUCIUM COBEPIMIACGMYI0 LPH TAKOM
nepememernuy pabory. Omna OKaReTcs passroit 1/, (42/2C), r. e.
B TOYHOCTH COOTBETCTBYOT ,TOTGPSAHHOK' sHeprum. STa pa6ora BH-
MONHseTCA 34 CYeT MOTeHHHAJbHON DHEPruy, 3alaceHHON B IePBOM
KOHOeHcaTope, m pacxoxyercs (eciam mpeHeOHpedh w03 y4eHHUEM) HA
yBeAWYeHNe KUHOTHISCKOH HHEPrud 3JIEeMeHTAPHLHX IepPeHOCYMKOB
sapsama -—— 9JGKTPOHOB, A TIPM OCTAHOBKE IOCHEAHMX IIpeBpamiaercd
B TEWao. '

N3 zamauw HeoOXommmo chenaTh CAeIYIOUIHE BLIBOMEL:
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a) UpnM 3apAYKEHUNM W TEpe3apAjKe HPOBOAHUKOB HeM30e:KHH I0-
TepH HEPr¥m HA JHROVIEBO TEIIO;

6) HOMB30BATLCA 3aKOHOM COXPAHEHHA 3HOPIHHE B TAKHEX CIydaax
clefyeT OUYeHh OCMOTPHUTEILHO.

JATAYTYA 124

Ha yupyrumii mpoBojamiuii DIapuk Maccoit m, Hecymuil sapsan g,
IajaeTr ¢ BHICOTH h TaKoil Ke mapuk ¢ sapdaiaoM a) ¢, 6) —q. Ha xakyio
BBHICOTY IIOACKOYHUT UIapuK mochie ypapa? HmwxEmME mapur dwepes
H3OMHDPYIOLIYI0 TPOKJANKY JKECTKO cBA3aH ¢ Jemaeit., Papmych r
IIAPHKOB MHOTO MeHbIne h.

PEMEHHUE

B caygae a) moreRnuansHAA 5HEPrus BepXHEro MapuKa, Ompese-
JasAeMaA 3JIEKTPOCTATHISCKHM M TPaBHTANMOHHLIM IIOJAMH, OJHHAKOBA
B MOMEHT Hadaja majeHHs (T.e. HA BHcoTe k) U B BepXHell TOUKe
HOJbeMa TOCae COy/apeHnsd, TAK KaK KMHeTHYecKadA YHEePrusA NiapuKa
B 3THX TOYKAX paBHA HYJIO, a TIEpeTeKaHWe 3apANOB ¢ IDAPHKA HA
IIapuK OPHU COYAaPEeRUH OTCYTCTBYET, TAK KAK OAWHAKOBHIE IIAPUKA
HECYT OJMHAKOBHIe M OJHOUMEHHHe 3apannl. CremoBaTenbHO, IMIAPHUK
OTCKOUMT HA TY Ke BHIcoTy £. Cxepyer nodaBmth, uyro mpu Ooabmux
SHAYEHUAX 3apANOB ¢ coynaperma Boobme He Oymer, a mpu empe
GonpmMuXx BepXHEHA HIApPHK, €caW €r0 HPeHoCTaBUTh caMoMy cele,
Jake HAYHOT MONHUMATHCA BBEpX (3TO SHAYEHHE 3apH/]A JETHO BL-
YUCIUTH).

Cayuait ke 0) B paMraX sjJeMeHTapHON (U3MKH paccMoTperh He-
B03MO:KHO. [leqo B ToM, 9T0 B MOMEGHT CTOAKHOBEHHA 3aPANLI ¢ H —(
B3aUMHO VHOYTOKAKTCI. ITOT TPpomece OyIAeT COmpPoBOKIATLCA
BHIJIGJICHIOM TOILTA W BO3HUKHOBOHHEM 3JeKTPOMATHUTHOrO M3JIyde-
ausa. llogcumrars, KakadA 9YacTh NEPBOHAYANLHOH MOTeHUHMAJHHO
SHEPIWH BepPXHETro IMapuKa Hepeder B TeIIOBYIO 9HEPIHIO M YHEPruUio
H3JYUeHUs, IPOCTHIME cmocobaMu Heab3d (cM. zagauy 123).

3aMeTuM, 94TO B CAYTae a) 4ACTEH AHePTrUHM TAKMKe HEPeXOINUT B TEILI0
M B 3HEPrWIO H3AYYeHUA, HO [iaf NaloparopHHX BeJUINH 3apAIO0B
H CKOPOCTE 5ToH 9acThl0 MO;KHO CMeNo IpeHedpedus.

BATAYA 125

ITo cdepe ¢ pagmycom I?, cocraBieHHo# m3 JBYX moxycdep, pas-
HOMEepHO pachpepeier 3apAn q. OmpepgenuTh RaBieHHe H3HYTPH HA
HOBepXHOCTL CdepH, o00ycaoBIeHHO® B3aHmMOAelicTBHEeM BapsAROB.

KaKkoil cunol HeoOXonuMo [eiicTBoBATh HA KAXKIYyI0 Hoaychepy,
aroOnl oH# He pacxonumiaxcs? Hakoil 3apam Hy)KHO moMecTuth B HEHTPO
ceprr, 9T00K 0OHA HAXOAUNACH B PABHOBOCHH!?

PENIEHHNE

s pelleHuA 3aA39n BOCHONB3YeMCA METOAOM, KOTODHIL MEL yiKe
NpPUMeHANKX B MexaHHKe (CM. 3agady 49) m B MoJekyasApHOE duamxe
(cm. samauy 83): momcumraem padory, KOTOPYH HY/KHO BHIIONHUTD,
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7706H (MBICJIOHHO) YMEHBIIWTh HA MAIYI0 BeamauHYy o0BeM cdepH, @
pesynbrar, OpUMeHAA 3aKOH COXPAaHOHHS YHEDPruH, CPABHUM C HM3Me-
HeHUeM IIOTOHIMAJAbHON 3Heprui cgeps.

Ecau mexoMoe paBneRHMe paBHO p, TO, 9Tobs cxkare cdepy Ha Ma-
auit 06beM AV (co Bcex cTOpOH pPaBHOMOPHO), HYKHO BHIOOJHUTH
paboTty

AA = pAV = 4np[R® — (R — AR)*)3 ~ 4nR2pAR, (1)

rie AR — m3sMeHeHHe pagumyca cepsi.
IIpn sT0M MoOTEHNMUANbHAA SHEPTUA 3apAfa HA -chepe W3MeHHTCA
Ha BejmauHy (cM. samauu 109, 122)

AU__E_.(_Q_M)«,ZRE AR. @

Torma u3 pasenctsa AA = AU maxopmus, 9TO
p=q%8nR*, {3)

Ina orsera Ha BTOPOH Bompoc 3ajady BOCHOJB3yeMCH aHAJOTHTI-
EhM opueMoM. [1yers moaycegepst pasomanch HA ¢TONE MAIOe PACCTOA=

)

B
e

E>
S |

i

K 3samage 125.

Ane Az, uro HE fnaBieHue, HU pacnpesieleBHe 3aPANOB HA HIX He H3Me-
Hunmceb. Ilpu atoM 3a cder B3amMofgelcTBHA 3apA0B NpPOHM3BENeHa
paGora AA; = pAV, = pnR*Ax (cM. pmc. @). Ity ke pabory Mo-
KHO mojacdmrarh no ¢opmyme AA, = FAz, rme F — ncxomasa cuaa
orraarmBanma noxychep. CaegoBarenbHO, ¢ yI0TOM COOTHOMMeEHHUs (3)

F=qRp = ¢*8R?. 4)
TlepefineM k mnocmegmeMy Bompocy. IlomecruM B memrp cdepn
OpOM3BOJNBHHM 3apag ¢, (mma, pe#cTByomiasg CO CTOPOHH 3TOTO

zapAna Ha Maaywo maomaaky AS sapsyxerHOR cdepni, Momer OLITh
Haiinena nmo 3arkomy Hymoma: '

AF = qyASc/R? = q,ASq/4n RS, (5)

rAe ¢ — HHOTHOCTD 3apsfa Ha cdepe. OueBuano, 9ro ecau sra euaa AF
ecTh cmJia ,,IaBIECHAS HA Cepy CHapy;xu" ¥ paBHA TIO BeXWYMHE CHIE

159



maBleHWs 3a cuUeT BaamMoOjeHcTBuA 3apsyuoB Ha cdepe, T. e. AF =
= —ASp, T0 chepa HaxomuTcs B PABHOBECHH.

Taxum obpasom, n3 (3) m (D) cnemyer, 90 MCKOMHIA 3apAf MMeeT
BelyINHY .

go= —q/2. (6)

O6cyruM epie opuH cmoco® pemenua stoil samaunm. Ilomectum B
OenTp cgepsl IpOW3BOABHHIAL 3apAn ¢,, BHAeAUM Ha cepe Madnil
yuacTok AS m mopfepeM seimumumy 3apspa g, TakuM oGpasoM, YToOH
CHUIE B3amMojeiicTBuA 3apaga Aq = 0AS = gAS/4nR® ma BRIjenen-
HOM y4acTKe ¢ 3apamoM g, (AF;) u ¢ sapajom Ha ocraBmIeicsa gacTd
cpepsr (AF,) romMmencwposanm apyr apyra.

YEKazaHHBE CHJAB MOJKHO ONPEREJNTh W3 BHPAYKeHHI

AF; = qAq/R?;, AF,=AqL’, (7)

rne E' — manpaskenHOCTs moid, €O3aBaeMOr0 3apAKemHo#t cdepoi
Ges yuactka AS B TOM MecTe, ri¢ pacmoyo;KeH 9ToT ydactox. Hampsa-
skerHoctd moaa AE; m AE,, cosgaBaeMOro caMmM yvacTKOM BOIx3H
ero IOBEePXHOCTH, PABHH Apyr APYry IO BeauduHe (puc. 6),

IIpencraBsum moae memoit cdepr Kak CymepmosWOmio Iojeil ¢ Ha-
npsxenrocTavu E’, AE, u AE,. Tak kak moJe Bre cepnl paBHO IO
Bemunue q/R?, a BuyTpHu cdepn orcyrersyer, to E' 4+ AE; = q/R?,
E' + AE, = 0, orkypa

‘AE,=AE,=E' =q/2R®. (8)

IlopcraBaas Bwepaskenne (8) B paBemerBo AF, = AF, u yaurs-
pas cooTHomenud (7), mpuxonuMm K fopmyxae (6).

Wziomennmit MeToji TPUBOJMT K BepHomy pesyiabrary. Opuaro
B IpOIecce PelleHHA HCIOAh3yeTcs HeOUCBHILHOe YTBEDHIEHHe, KOTO-
poe Ha TePBHIl BSTIAAN TPYAHO 3aMETHTD.

Ilosscaum 3ro moxpobmee. Copmynupyem TpeGoBaHHA, KOTOPHIO
ObliM  TpexbABAeHbl K paasmepam yduactka AS. Bo-mepsrix, aror
Y4acTOK J0/3KeH OHTh HACTONLKO MaJ, YTOOH 10 OTHOHIEHHIG K OCTaAb-
HO#T 4acTu CepH 6ro MO;KHO OBIJIO CIMTATH TOYCUHEIM 3aPAAOM H
noab3oBaThes BTopoit uma Qopmya (7). Ho, BO-BTOpPHX, yvactok
noJpKeH OHITH MOCTATOYHO BOJAMK, YTOOH IPH ydere ero B3amMomeicr-
BHA C OCTAaBIIeHCcA YacThio cdeps Mo:xuo G0 NpeHeOpeds KPaeBHIMu
adpderramu. To, wro 3TH TpeGoBanuA He TPOTHBOPETUBH, HE OYOBUHO
¥ HY)KNAeTCA B J0KA3aTeNsCTBe (AHAAOTHYHY0 CHTYALWI0 BHUMATE b~
HBI 9UTaTeAb 3aMETHT B sajade d2). '

IlepBhit cnocol pemeRusA B TOM CMEICIE IIPOINE.

3AMATA 126

IMonycdepa pagmyca R paBAOMEPHO B3apAKEHA DJIEKTPHISCTBOM
¢ maoTHOCThIO ©. J[oKaskmTe, uro B Ji0Goil ToUKe BooGpakaemoro
Kpyra, ,crAruBapomiero” moaycgepy, HaNpMHKEHHOCTb OIS NePNeH-
AMKYJAAPHA K IJIOCKOCTE dToro Kpyra. -Haipare HampsmxeHHOCTH
B I[eHTpe Kpyra. : -
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PEMEHWE

Ecan B3aAre aBe Taxkue moaycdeps m cocraBETR Iedyi cdepy,
TO MOJe BHYTPH Hee OyNeT DABAKM HYyJII0. 3HAYUT, OOJe ONHOH W3
nojxyc@ep MOMKHO B INIOCKOCTH KPyra, KOTOPHA HX APYF OT HpYyTra
OTHeNdeT, KOMISACUPOBATL node npyroit. Ilockoasrky moaa moaycdep
CUMMOTPUYHBl OTHOCUTEILHO 3TOT0 KPyra, YTBED/KIeAne, KOTOpoe
HY;KHO OBIIO MOKAa3aTh, CTAHOBUTCA OYGBUIHEIM,
~ JlnAa orBeTa Ha BTOPO# BOIIPOC BOCHOJB3YEMCH TPETbUM 3aKOHOM
Hpelorona: cuaa, peiictByomas ma momycdepy CO CTOPOHH 3apaia
—q/2, momemeHHEOTO B meHTPe cdeps M Hopnep:RuBawmero chepy
B paBHOBeCHH, paBHA IO BEJIMUMHE CHIe, NeHCTBYIOMEH Ia 5TOT 3a-
PAX CO CTOPOHH UoJycepn (CM. TUpesLaymyio sagady), T. e.
F = ¢*/8R* = = qE/2, rne E — ncromasa mnanpsxennocts. Cnepmo-
Barenbmo, £ = q/4R* = no.

3ATAYA 127

B cxeme, npuBenennoit Ha pH-

CYHnKe, HaliTH pa3sHoCThb NOTEeHI A~ —

o U memny Touramm 4 u B.

2e,2r €, '
T I Y O B e
/"

S [ PR A

B
1
er

K samage 127. K sagaze 128,

2e,2r I

PEMEHUE

3aMEHyTag IeOb ¢ HECKOJABKHMH 9. [. ¢, HNOTINHAETCA 3aKOHY
OMa pna monHOo# mennm
I — —2e-+ete+2e . 2e
— R42rt+r+2R4-2r--r  3R4-6r°
3akor OMa nisA ODpaBoro ydactKa TeOHW ¢ yueToM HaXoqAUHUXCH
Ha 9TOM ydYacTHKe 3. 1. ¢. mmeer Buf I = (U - 3e)/(2R - 3r).
CpaBENBas BHIONCAHHEE BEPayKeHH S, HaxonuM, 910 U = — (DR +-

+ 127) /(3R + 67).

JANAYA 128

Onpeneauts Tok 14 4epes ammepMeTp ¢ BEYTPEHHAM CONDOTUBIIE-
HI6M, PABHHM HYII, B cXeMe, IpuBeJeHHON Ha pucyRKe. Beamunaun
COMpPOTHBIeAni TakoBH: R, = Ry = 300M, R, = 3 OM, R, = 15 O,
r =10 Om, a ¢ = 180 B.

6 Awmeynos C. B,, Bapstmep B. A, -‘ 1614



PENMEHUWE

HemocpencrBerrO npumenmrs 3axon OMa [iad ydacTka TNenH
K aMIepMerpy Henb3fd, TAK KAaK ero CONPOTHBJCHWE PABHO HYJIO.
BriaueauM monHoe cOnpoTHBISHHe BHEINHEHN MMend

__ B[Ry - RaRy/(R3Ry)] __
R ~ Ry4- Ry R3Ry/(R3+-R,) =10 Om,

n noarwit Tok I = e/(r + R) = 9A. Iror 10K B Touke A passer-
BIAercA Ha cocTaBigimie /, depe3 comporuBiaenme 11y um I, depes
cAosRuyIo meub R,, Ry, R;. Comporusnenune s10if Denm paseo 15 Om,
noaromy I, = 3A, I, = 6A. B csow ogepens Tok I, B Touke D pe-
anrcanarorn ly = 2A ul, = 4A. Tox I, munyer amnepmerp, Toku I,
11 [3 OpoxopAT 4epesd Hero, T. e, [p =1, + I; =1 — I, = JA,

JAITAYTA 129

Paccuurare ToK uepes mepeMsidky AB B cxeMe, IpHUBEEHHOR
HA pUCYHKe. BeJwaunbl compormBieHuir takossi: B, = 3 OM, R, =
= 6 OM, Ry = R, = 4 Om. Hampsa-
skeaue Ha Kaemmax 12 B. Conpo-
TUBJEHNE MePEeMBYKA PaBHO HYJIIO.

PEMEHNE

Hax m B mpepsiymeir 3anade,
OpH peIneHN: WHOLNA BO3HAKAIOT

& 128 ¢ TPYAHOCTH, TOCKOJbKY IPUMEHUTD
sakon OMa K HepeMbIUKe HeJIL3d.

K zagmauze 129. P
accunuTaeM TOKH dYepes cOmpo-

tusleansa Ry, R,, Ry, R,.
Ilonroe compormBieB#e Bcell Iemnm

R=RRo/(Ry + R,) - B3 Ry/(Rg+ Ry) = 4 Om.

Ipu aroM monmwtit Tok I = U/R = 3 A. IT0T TOK pasBeTBILeTCSH
B rogke C Ha Toku I, = 2 A u I, = 1 A, Uepes comporusienus R,
n R, rexyr ogupaxoBme tokm I, = I, = 1,5 A. Jlerxko Bupers, uro
TOK depes IepeMelary cocrtasiaser 0,5 A.

3ATATA 130

I3BecTHO, 9T0 BOJBTMETD foJskeH 00;1a7aTh OOABIIAM BHYTPEHHUM
couporusiaenreM, OOLYHO 5T0 00OCHOBLIBAIOT TOM, UTO B IPOTHBHOM
ciydae 4acTh TOKa, NPOTeKAaBUIErd paHee 4epe3 YIACTOK Iemu, HAIps-
JKeHHe Ha KOTOPOM M3MepPAeTCsA, OTBETBHTCH B BOJBTMOTD, W PEKHUM
yaaeTka Hamenmrca. ClemcrBueM TAKOTO OOBACHEHHS SBISETCH Tpe-
GoBanue, UTOOL COMpOTHBIEHEE BOJAbTMETPA OLUIO BeluKo cpaBum-
TeABLHO ¢ COIPOTHBJIEHHEM HCCJefyeMOro ydJacTKa.

CorslacEHN JH BH C 9THM?

162 -



PEIMEHMWE

C TpUBEJEHHBIMI pACCY/KIGHUAMH COrJacHThCHd Henb3d. Huka-
KOTO pa3BeTBJIEHHA IePBOHAYAABLHOTO TOKA HE IPOHCXOAWT. B meitct-
BOTOJRHOCTH XOJ COOBITHiI BHITJAANUT TaK: HOAKIIYCHEE BOJALTMETDA
OPUBORAT K YMEHBIIEHNIO COIIPOTHBICHN S YIACTKA ICOH, 9YTO BH3LIBAET
YBEAWUYEHNE® TOKA OT MCTOYHUKA; OPH DTOM YBEJIHWUHMBAaeTCHd IAjeHUe
HAIPAKEHNA Ha BIYTPEHHOM COUPOTUBIEHWH HCTOYHHEA H, CJeopa-
TEJBHO, YMeHbINAETCA HAfEHHe HWampAKeHNd Ha HCCAEIyeMOM yua-
ctke. Yrtobni sroro umzbexarp, Hamo HOAOHPATH BOJBTMETP, COUPO-
TUBJIENHEe KOTOPOTO BEJIMKO IO CPABHEHHI® ¢ BHYTPEHHHM COIPOTHBJIE-
HU6M HCTOYHMKA. lloaTBepauM 8T0 PacUeToM.

JI100y10 CKOAbL YrofHo CIOKHYI0 CXeMy € TOYKH 3pe-
HOA pesiiiMa CONPOTHBAeHUA R MOKHO mpejcTaButh ccbe
chaenyomunM oOpazoM: OTKIOUMM compotuBienue R or
CXEMBI; MKy TeMH TOYKAMH, THe OHO OBIIO HOAKIIOYESHO
pamsie, CyImecTBYIOT Kak0e-TO COIIPOTUBJIEHHUE I' 1 KaKaA-TO
pasHocTs moTeHIHAN0B U; 3Ty pasHoCTh HOTEHIMAJIOB
MO;KHO paccMarpuBaTh Kaw 3. . C., a 7 — KaK BHYTPeH-
HEee COUPOTHBJIGHME HCTOMHHKA 9. . C., MONKIOIEHHOTO
K CONpPOTHUBJICHNIO. JKBUBAJEeHTHAA cXeMa wu3o0paskeHa
1A pHCYHKE.

Hrak, comporuBnenme R TOAKAKWYEHO K MCTOYHHKY € 3. [. C.,
PaBHOM e, M BHYTPEHHHM COOpPOTHBJIeHmeM r. B orcyTCcTBHEe BOABT-
merpa Tok uepes R pasen I = ¢/(r -- R), a majeHHe HAIPAKENHA
Ba BRaemmax AB U = IR = eR/(r 4 R).

Ipu mopgrardennn K kiemmMaM AB BoabTMeTpa ¢ BHYTPEHHHM CO-
nporusiaenueM R, toxk I’ wepes mc- A
TOYHHK ¥ TaJeHNe HAUDAKEHHA Ha
rkiaeMMax AB wusmenmsarca g0 3ua-
qeHuI e,r

I'= ‘ ;
r+-RBR/(R-R,) ’
. e . RR,
T r+RRJ(R+Ry) R+ER®

UI

B

Mmenao Bemmunny U’ u mowa- K sapaue 130.
3LIBAET BOJBTMET].
BrraucInM oTHOCHTENIBHY HOTPeIMHOCTh H3MeDeHUd, T. 6. Bein-
qHy
U-U AU
U T U

. 14r/R
14-r (R+ Ro)/RRy
L
QueHUM BeJWYHHY 5TOR HOTPEITHOCTH A PA3AUYHEIX COOTHOUIO-

Huit meskny r, R n R,.
1. r £ R, = R, rorna

AU 1+r/R 1 _ RN ) T DL AL
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(3nech M fmaNbIie MCUOAL3YIOTCA GOPMYAH NPUGIMAKEHEHHX BEYHCTIC-
NWil, OpuBeJleAnse B mpuMmedanunm K samage 109.)

Taxum o6paBom, ueM GoJibile COMPOTHBIEHAE BOIBTMETPA CPABHH-
TEALHO ¢ BHYTDPOHHUM CONPOTHUBJICHWMEM WCTOUHHWKA, TEM MEHBIIE II0-
I'PeIHOCTb.

2. r< Ry L R, T.e, cOUpPOTHBIAGHHE BOJLTMETPA COBEPIIOHHO
He YyNOBJeTBopAeT TpeGOBAHUSM, W3JO0KOHHHIM B YCIOBUAX 3aJadH.
TeM Be Menee (yumrTmBag, 4ro HepaseHcTBO r & R, < R maer mpaBo
upenebpeus oraomenueM r/R cpaBHNTENABHO ¢ eUHUIE KAaK BeJAMIH-
HOH BTOPOI0 HOPAZKA MAJOCTH) TOJAydaeMm, 4TO

AU g 1 __r(R+R) 1
T 1-fr (R-FRy/RR, = RR,  Rp®

T. ©. OIATH BajKHA JHWINL BeJWYHHA OTHOmWeRua r/Rg.

3ADAYA 131

CoenuueHarl TOMApHO HKayknad ¢ Kamjgoii N To9er OA@HAKOBLIMH
COIIPOTUBIGHUAMA BeJnunHow R Kasjoe. OnpegeanTs COIIPOTHBICHHE
3TOH CXeMBI MeIy OBYMSA JA00LIMU TOUKAMH COeRWHeHHA.

PEMEHNE

Hajnem comporuBaenme Me:xny ysaamu A m B. Ocrasmmecs
y3as (UX uuciao paBaHO N — 2) TOKIECTBeAHAB: AEHCTBHTENLHO, Kajk-
OBl M3 9TUX Y3J0B COBJMHEH CO BCOMH JPYFUMU y3JIaMu (KOTODHX
N —1). :

CaenoBarelnbro, eclim K ToykaM A W B DOgKAIOUNTh HCTOYHUK
9. 1. C., BCO Y3IKLi, 3a MCKA0YenneM A u B, OyqyT SKBUIOTEHINAALHLL

TOKH 9Yepe3 COeNUHAIONNe HX

R CONPOTHBIOHHA Te TeKyT. JK-

- BHBAJGHTHAA CXeMa wu300pa-

ieHa Ha pucyske. (B roure O

COeUHEHBl HAaKOPOTKO (N — 2)

yaJa; Kamgasd H3 To4eK A

u B coepunena ¢ O (N — 2) na-

pallIeIbHEMH COPOTHBIIEHU -

mu R.) Jlerko mopcunrarh me-
HOMO® comporuBieHue Rap:
R 1 2R

ABTTRF(N—=22R ~ N °

K sanaue 131. - HeobGxopmMo noHuMaTh, 4t0

" Halml peayJabTaT COBOPHICHHO

HO B2aBHCHT OT. TOTO, KaK DPaCHOJNOKEHH B IPOCTPAHCTBe YKAa3aH-

uwie N Touex. Jlig sajauu MMeT 3HaUeHHO JUIIb HX 3JIEKTPUYECKHO
COGMHCHUA. '
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AT AYA 132

N3z conporusmennit R;, R,, ..., R, coGpana Hei{éTopaH 5JAGKTPHU-
deckad cxeMa. TOYHO TaKyl ke IO CTPYKType cxemy cobuparwr u3
rorfiercaropos Cy, Cs, ..., C,, TPHIEM BMKOCTH KOHIEHCATOPOB IOM-
6mpator Tak, uro C1R, = R, = ... = C R, =k, a anemenrnt C,

a 5 '
A Ry A Ry
—iHH— - -
0 4
Cm Rm
§ 2
Cp Or Rp Rr
A
I =

K 3amaue 132.

1 R; ¢ 0UHAKOBKMHI HOPAJKOBHMH HOMOPaMH 3aHUMalOT B COOTBET-
CTBYIOIIUX CXeMaX OJUHAKOBHE NoJ0;keHHuA. lVamepeand noxasany,
UTO ©MKOCTH BTODPOH CXOMBl MKy  BXOAHBIMU 3aKHMaMu paBHa C.

OmpenennTs conpoTuBIeHNe S TIOPBOM CXeMbl MEKIY aHAIOTHY-
HEMH TOYHKaMU,

PEIMEHHWHE

1-i1 cmoco6. Ecim Bropylo c¢XeMy HOAKJIOYHATH BXOXHHIMA
sa)KUMaMi K MCTOYHNKY MePEeMeHHOro TOKa, TO Kas/bil n3 KoHgeHCa-
topos C; OKajKeT JTOMY TOKY COLPOTHBIEHHe, MPONOPIHOHAIBROS
Beanduse 1/C; (Ko3dPUINEATOM HPOMOPHHOHAIBHOCTH ABIAEGTCH
Beamuuna 7/2mn, rue T — mepumop cuEycompanbporo toka). Obiree
COIPOTHBIGHIE CXEMH IEPEMEHHOMY TOKY MOJKHO HOACYATATH IPH
5TOM, HCIIOAB3Y S GOPMYIIbI, IPUMEHAEMEIe (IS PacdeTa COIPOTHBICHU i
Pa3BeTBASHHHIX IeNeil MOCTOAHHOMY TOKY, OPHWYEM BEJWYMHA ITOTO
0o0uIero CONPOTHBAGHUA nponopuuoBadabea 1/C, rme C — obmasn
eMKOCTh CX6Mbl (KO3)QUINEATOM TPONOPHUOHAIBHOCTH TakKe $B-
asgercs Beawauna 7'/2xn)., Caeposarensmo, R = k/C.
. 2-it comoco®. Ilyerp Rajkmasm cxeMa BRIKNYSHA B WeOb ©
HCTOYHKKOM NOCTOAHHOTO HAUPS;KeHHMA. BHAEJHM B cXeMax OJiHa-
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koBee 6;10Kw (cM. pue. a, 6). Ha ocroBanmn saxoma coxpamerns 3a-
paga ¢;+q +¢u=20, I; +-1,+ 1, =0, toe q;, q;, qn — 32"
pAxH Ha obOKIagKax Komgemcaropos C,, C,, C,, Ha mIacTmmax, OPH-
Aeraromux K rouke A; I;, I,, I,, — Toru depe3 comporuBienus I;,
R,, R,, (Toku, mpymue B HANPaBJeHHAU y3na A, yCIOBHUMCH CIHTATH
HONOJKUTEeJABHEIMHE). B 06meM ciaydae, eciau B HEKOTOPOM y3lie coemu-
HCHBI HECKOALKO KOHIEHCATOPOB (HMIM COIPOTHBAEHHIA), TO

Eqi———(), ZL,:O’ (1)

rmoe CyMMIprOBﬂHHe IPOBOANITCA OO BCCM oJIeMeHnTaM, COCHHITCHIIBIM
B y3ie.

Pacearorpinyt eme ofpH THII yY9acTKa CXeM — J1000# 3aMROyTHIL
KoHTYp (pme. ¢, 2). BeaeacrBue TOTeHIIMATIBHOCTI 3ISKTPUIECKOTO
nonst U, + U, + U, = 0 pas obonx wonurypos, rae U, U,, U, —
HaJeHnA HanpsRedui Ha dJeMenTax ¢ HoMepaMu p, r 11 ¢. 11 BooGime
IUIsT 2100070 3aMKHYTOTO KOHTYpa pafoTa mepeMmeiieHua 3apaga BIOIb
KONTypa paBia Mylwo, T. €.

2 =0 @

CYMMIIPOBAHNE IIPOHSBOMUTCA IO BCEM 3JIEMEHTAM, H3 KOTOPHIX CO-
CTOTIT 3aMKHYTHH KOHTYP.

Il1a meppoit cxemst manpsaxenne U, u ToK I, depes awboe coupo-
tnpienue R, cBsAsansl sakonoM OMa:

R, =UyI,. (3)

Jna BTopoil cXempi HATIPA;KeHHe W BeJIumdImHa 3apANa CBABAHSI
COOTHOIMEeHNEM

1/C; = U, (4)

Cpasuupaa ypasHerua (1) — (4), merpyaHo saMeTHTB, 9TO OHH
OTAWYAIOTCA JPYT OT JAPYyra TOIbKO HOCTOAHHEIMU Ko3ddummentamu R,
u 1/C; nepen nHeusBecTHHMU BenuauHamu (U, J; — pnsa mepsoit cxeMul,
U, q; — nasa BTOpoii).

IomyeruM, 910 paa BTOPOil cXeMBl HaM YHAJTOCH OIPENeauTh BCO
HEeM3BECTHRIE — 3aPAAB H HAIDAMKEHNA HA KoHpgeHcaTtopax ¢, u Uf'.
Torga ouesmpHo, 4ro B mepsoit cxeme U/l = C,R UL/,

[locaenmee COOTHOINEHN® IPHMEHHMO KO BCOM 3aeMEHTaM 00CHX
cxXeM, B YaACcTHOCTH, €0 MOHHO IIPUMEHHNTh K 3JIeMeHTAaM, HaXOoAmnMC A
v BXOHHBIX 3a:kuMOB cxeM. CrepoBatennso,

R=U/I=CRU™g=C,R,)C =Fk/C.

Ilpn pacuere TOKOB 1 HANPAKOHHN HA 37AE6MOHTAaX IEPBOH CXeMH
MHl HCIOJb3yeM 3aKOH COXPaHeHUA 3apANa, MOTEHMUAIBHOCTh DIEKT-
pocTaTHaecKoro moidd, 3akom OMa, KOTOpDHe 3aINMCHBAIOTCH B BH/E
cueTeMs ypasmenuit (1) — (3).

IMonyuum Ba;kHOe CAeACTBHE M3 3THX ypaBHenuii. Bece ckKasamHoe
B JlaJIbHEHIIEM IPUMEHMMO M KO BTOPOil cXeMe, 6CIH BE3[e BMeCcTo
ClioBa , TOK" TOACTABHTH CJIOBO ,3apAax .
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- IIpmoskaM K BXOJHHM 3askmMaMm Hampamenne UW g ompememmm
Tokn [’ m mampsxenna Uj'' na Bcex pmemenTax cxemul. 3areM omnpe-
AenmM Taxme ke BemmaumaH 1§ u U, eciy K BXOTHBIM 3aiKUMaM
OpuIo;KeHo mHanpsurenne UG,

JlokasieM, 9TO €CJIH K BXOZHBIM 3a;KHMaM IPHIOKATH HALPAIKOHHE
U - U®), 10 TOKH M HANPAKEHHA Ha DIEMEATAX CXEMBI OKAaMKYTCS
pasusiMu coorsercrsenno [V -+ [ m U -+ U,

Nlasa mokasaTesNbeTBa JIOCTATOYHO NPOBEPHTh, 9TO YCJOBHA TEO-
peMsl He UpPOTHROpedaT yKasaHHBIM OCHOBHLIM 3aKOHAM.

M3 oueBmjueIX paBeHCTB

S (14 18) = B ST =0,
S+ UR) = R U SUS =0,
U U RIMV4-R I R
Ry = Ii“_[‘lfi,g*f = L4,

cllegyer, UTO BTHX NPOTHBOPSUMI HET, H TeopeMa JOKasaHa.

Copep;ranne TeopeMBl KPaTKO MOKHO CHOPMyTAPOBATEH
caemyoniaM 06pa3oM: TEKTPHIECKHE CXeMBI T OCTOA -
HOTO TOKA NOAIHEHIIOTCA NPHEHIANY CYNepIIo3uIlnd.

SAHJAYA 133

Mmeercs GecroHegHad IIOCKAs CeTKA € KBAJ[PATHHIMHU AIeiKaMH,
A3roTORJeHHAaA #3 npoBonokn. (onpormBieHHe OTpe3Ka HPOBOJOKH
OAMHON, paBHOH CTOpOHe AYeiik#, paBHO 1. Uemy paBno comporuBie-
HUe MeIy ZByMA OnmKalmuM# y3jgaM# CETRH?

PEIMEHUE

Bocnoasayemca npuannnoM cynepnosunun (CM. NOACHEHHE K mpe-
AByIe 3amade).

Paccmorpam nm060if U3 y3moB ceTku, Hanpumep A (cm. pme. a).
BosnoMeMm merouauK nHTanuag ¢ J000H 5. 4. ¢. H BRIIOIHEM ero MEKAY
TouKroi A m OecKoHeUHO ynaNeHH0N TOYKONI TaK, YTOOL HONOMHTEND-
HH 3a)kuM meTodHmra Obin coeguuexn ¢ A. BcemencrBme cmvmmerpuam
cxeMpl TOK / m3 TO9KH A pasBeTBUTCS Ha YeTHPE OJMHAKOBHX TOKa [,
T.e. I, = I/4.

OTRIOYEM TOCITe 3TOTO HCTOUYHAK IUTAHMAA W BKIIOYHMM €ro Tax,
4TOOK OTPHIATENBbHEIHA 3aKuM OBLL CoefuHAEH € cocelneil TOIKO# B,
a HOJIOKUTENBAIH — ¢ 0eCKOHETHO yaneaHOH TOIKO# (puc. 6). Tox 7,
IOCTYNAIINi B MCTOIHAK depe3 TOUKY B, npuxogur B B no deTsipem
COBepIIeHHO pAaBHONPABHHIM HANpaBIeHAAM, H, CIeJOBATEJHHO, HO
Ra;KIOMy u3 HUX Teder ToK [,, T.e. I, = I/4.

BosbpMeM fBa OnMAAKOBHX HCTOYHHKA NHTAHAA M BKIOIAM HX
TaK, KAk YKa3aHO HA PHC. 8, COEIUHUB OTPHIATSIBHBIA HOJIOC OZHOTO
A NOJOMKUTENbHHHE Apyroro ¢ Oeckomedso ypadenHod Togxou. Ha
puc. z msobpasKeHa SKBHBAJICHTHAA CXxeMa TAKOI'0 BKIIGYeHHS HCTOT-
HaKoB, Touka C — OecKOHEYHO JaleKas TOYKa.

467



Ilna ompepesdeamst TOKa depes mnepemuuky AB nmo npmEnamy
cynepmoamnun {cMm. 3agaay 132) mocTaTod9Ho CNOMKUTH TOKHM, MPOXON -
INue Jepes 9Ty HePeMBIIKY M CO3[aBaeMble HCTOIHHKAMA IO OT[eMb-
mocti: [ap = 21, = I/2.

i '] 8
i ] I t f |
| ] I |
- + = f +
lIg_ —IT -
B A Bl __
A fa 4 I I

K samaue 133.

Taxmm obpasoM, poBHO HOoMOBMHA TOoKa I, mpoXoAAmiero dUepes
KayKIpli WCTOYHHK, Tedyer depes nepemblaky AB. ChemosarennHo,
CONMPOTHUBIEHME BCeHl 0CTANbHOM CeTKH PABHO CONPOTHBIEHHIO Hepe-
MBIKH AB, a moaHoe compoTuBIenme Me)kny TodraMum A m B pasdo

/2,
SATAYA 134

B yriore ¢ repmoperyaaropom 7', BRIOYAOIMMUM HIH BHKJINYAK0-
UM HarpeBaTeNBHBIA piaeMedrT R (B 3aBHCAMOCTH OT TeMOepPaTyphl
vTIOTa), JUIA BH3YAJLHOr0 KOHTPONA 3a ncnpaBHoil pabotoit perynsa-
Topa menogb3yercs mammodka JI, or xapmangoro goHaps, BKIOYCH-

a )

—7 —
2208 rll QM 2208 &1,
& 2

K sagaue 134.

fHas 0o cxeme pHC. a. lllynr r mogGmpaercsa Tar, 9To6H TOK depes
JlaMIly COOTBeTCTBOBAZ ee palodeMy TOKy.

CnpammBaercd, HodeMy He HCRoJb3yercsl Goimee HOPOCTad CXeMa
(eMm. puc. 6) ¢ mamnouxoi JI,, pabourii TOK KOTOPOil PaBeH TOKY depes
HarpeBaTeJbHHI JeMEHT!

s,
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PEMEHHE .

Ilocne BRIXYeHHS B mpomecce HATpeBa CONPOTHBIEHHe HarpeBa-
TeJILHOTO BJIEMEeHTA BO3pacTaer B 7 pa3, COOTBeTCTBEHHO B 7 pas
yMeHpIIaercsa o0muil TOK. Bo CKOIBKO-TO pas BO3PACTAIOT M BEJIMIAHM
CONpOTUBNEeBUN IynTta r # jgamnouer JI, m JI,. Ommako rtennomas
gHepnma yTIoTa ¢ HarpeBaTeJeM MHOTO 0oJpIle TEmIOBOM HMHEpPIAU
JaMuodeK. JTO APHBOJTAT K TOMY, 9TO B cXeme 6 depe3 JaMHOUIKY JI o
B TedeHHUE 3aMETHOTO BPEMEHH MOCJe BHIIOYCHHA HJET TOK, B 7 pa3
ApeBplaIGE]l HOMHHAJLHBIA TOK [, ¥ JaMTOYKa MOJKET HCPeTropers.
Ecam ke nomoOpars mapamerpw mammourm JI, Tag, urobsr Tor nl
Ont1 ee paloumM TOKOM, TO TOCJIe pas3orpeBa yriora npu toxe I cse-
JeHHe JaMHOO9YKH Oymer cammiroM caabuiM.

B cxeme puc. a, ecoam BpeMeHa ycrTaHoBlenusa pabouell reMnepa-
TypH siemeHTa R o mywnra r OTu3KH, TOK ueped JaMnodry JI, me-
HAETCA B NpoIlecce pa3orpeBa HE CTOJb CHABHIC, H HapaMeTpPsl JaM-
DOYKH Jierge noo0pats Tak, 1100k OHA M He neperopaja B CBETHIACD
JOCTATOYHO FPKO.

AN AYA 135

Marga sneKTpHUecKas Iens, B KOTOPOl HAXONHUTCA, NOMAMO APY-
IUX CONPOTHUBIEH#II, Hexoropoe comporusiexHne R, norpebiasmomee
mommocth N. Korjga K KiemMMaM 3TOTO CONMPOTHBIEHHSA TOAKIIOIAIOT
HapaJJIeLHO @MY elfe OJTHO TAKOE 3Ke CONpo-
THUBJCHHE, TO B HUX 000HX pacxojyercs
Ta ke wMomHEocTh N, Jlate mpocTeimyio er
cXeMy M pac%er TAKO#fl Mend. anne ’

—_— R

PEMEHNWE

TTocTpouM 3KBABANEHTHYIO CXeMy NepBO- K sapaue 135.
gagaapHOl menu (cMm. samagy 130).

IToTpeGnaenMans MOMIHOCTH B nepBoM caydae paBHa IR = ¢R/(r +
+ R)%, a Bo Bropom cayuae e2R/2(r + R/2)®. Otcioma

=1—4Wﬁj{_K§ }/Jv L+V2R
Vi—t~ = 2 | '

3AMAYA 136
Barapes ¢ 3. fi. ¢., pABHOH e, H BHYTPEHHHAM CONPOTHBJIEHUEM 7' 3a-
MBIKaeTCs Ha nepeMedHoe BHemaee conportuBaernue K. Iloctponts rpa-
QUK# 3aBECHMOCTH OT I chegywomux Beauduf:
a) Moma0CTH N, paccemBaeMoil BHYTPH HCTOUHHKA;
0) Bceil BujenAmeNca B Ienm MomHOCTH Ng;
B) momuoctn Nz, paccemBaemoi Ha R.
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PEMEHNE
Bocnonnzosasmuck sakogom OMa fig DoXHOM IMen#, NOJYIAM

exr e2 2R
No=tmgme: No=gr Ma=1mpry -
Ilpm o1oM rpaduxm gua yurmait Nz m Ng DOCTPOHTH JAETKO (CM.
pucysor), bomee CcaoKHHI Buj
N umeer Qyaruua Ny llpm R — 0
ama R — oo Ny — 0. Cnenosa-

TEJIbHO, BHYTPH B3TOTO HPOMe-
] AMyTka Ny HMeeM MaKCHUMyM,
a IIpencrarus Ny B BHIE
e2

Ng=—r—+— —

8 (VRir+Vr/RPVr '
7'|| gafizeM, 9T0 MAKCHMyM HMeer
R>~  MecTo MpH ycIoBmu, 1o R = r

K aapgaue 136. (cm. 3amazy 19).

SAJAYA 137 *

B merotopoit mabopaTopHO#l ycTanoBke mnpubop, Haxo ANMIACH
BHYTPH IIMIHAAIpa BHCOKOT0 [apjeHns, Tpebyer IOCTOAHHOTO IO
MoIHOCTH mojorpesa. OpHaxo Bo BpeMm#A 11
OTBITA MEHAETCA JaBJeHHe, 9T0 ¢ Hem3berk- R
HOCTBIO BHI3LIBAET HEKOTOpPOEe M3MeHeHIe CO-
nporuBgeHnsa Ji000# NPOBOMOKH, HCHOIL- [ R, R
3yeMoil B KadecTBe Harpesarens, llpocras
cxeMa, TNpHBeJeHHas HA pHCYHKe, IO3BO-
asger obecmeyuTh NOCTOAHAYI0 MOIGHOCTS,
Ha pucyurxe R o0ozHagaer conpoTuBIeHme #
HaTPeBATEJLHOTO 3JIeMeHTa, MEHAINeecad B
TeueHne onuTa, 1y 1 Ry — pesmcTopH, HaXoAAmaecsa BHE NUIHAADA U
NOTOMY MMeIOIMHe HEeHM3MOHHOe conporusieHne, U — MOCTOAHHOE Ha-
NpsKeHHEe TTHTAHHUA.

Buisicaute, nogemy ygaerca mocTHYs NOCTOAHHOH MOITHOCTH HOJO-
IrpeBa ¥ Kaxoe JUIf STOr0 HeoOXOIHMMO COOTHOMEHHE MEKAY BeJTHdn-
namn R, R; u R,.

PEMEHNKE

K aagaze 137.

WNcemenyem saBucumocts smommoctn N (R), Boigemaiomeiica Ha
comporusiennn R, npm nocroannblx Rj u R, Hpun R =0 N = 0,
TaK KAaK HANpMA;KeHHe PABHO HyJNI0, a BeJHIMHAA TOKA OrPAaHNYeHA
HagmaneM conporuBieauns Rj. llpg R — oo N — 0, Tax Kak Tok
PaBeH HyII0, a BeJdIMHA HAODPMKEHHUA OrpaHHIeHA.

OuesmpHO Tarke, 9To AxsA Bcex R rakmx, uro 0 << R << oo,
pennauaa N (1) mojgosKaTeNbHA,

* O. Ilapcesn. duexrpmdecTso m MarEermam., M.; «Hayxar, 1971,
d70 foty



CnemnoBarensmo, ¢ymxmua N (R) mMmeer mo Kpaiide wmepe opumn
MaKCHMYM B 00JacTd DOJOMATOABHHX (T. e. AMEKIAX (GH3HICCKMiL
cMmelca) sHadenuit R. B oxpecrmoctH Maxcmmyma (cM. sagauy 10)
n3MeneHnsa N BeChbMa Malbl fajie NpH 3aMeTHHX H3MeHeHHmAX R

Haitmem sapmcumocts N or R. Ioammii Tor I or mcrounmka U
onpepenserca sakomom Oma:

] U

TR FRB/(R;+R)

Uepes compormbrenne R npoxoxur tok IR,/(R, + R), n, creno-
BaTeJhHO,

_[ R )2 _ URIR
N \Rz—!—BI R (Ra-- B)? Ry - RpR/(Ry - R)J2 °
IIpencrasum pesyasTar B BHje
. Ve -

ORi/Ry 2R, + RYR - (RUBI 2R [ Ba + ) B *

Makcumysm gpobu coOOTBeTCTBYeT MHUHMMYMY ABYX TOCJEIHHX CJa-
raemMoix suameunarena (U, Ry, R, — const), koropsie 3aBucar ot K.
Taxk kak

2 (ﬂ—i—l\gR:RI(R‘_l—Rz)[ Ry Ry (R1+Bz)1i’]
rTim T % GGt R ER

TO HCKOMBIH MaKCHMyM mMeer Mecto npu R = R,R,/(R, + R,) (cm.
sagagy 15).

JATAYA 138

IIpoBomoanoe Koabmo pagmycoM r HAXORATCA B HOCTOSHHOM ORHO-
POTHOM MarHATHOM WOJe ¢ HANYKIuel B, nepneaHKyIApHOM K ILIO-
CKOCTH KoabIa. lleHTp KoJbIa COeTUHEH ¢ KOJBLIOM ABYMA NpPAMBIMHA
npoBororamu. OpHa W3 HAX HeNOABMKHA, XPYyrad Bpamaercs € IO-

ls

K sapaue 138.

CTOAHHON YTIOBOH CKOPOCTBIO ®, BCIENCTBHE 9Yero M MO NPAMBM
NPOBOJIOKAM M 0O KOJNBIY mayT uAgyKnmoHnse ToKH. ConpormBie-
BHe NPOBOJOKH HA eNHHAMIY INIUHE (TaK HA3HBaeMoe NOTOHHOE CO-

mporusJeHne) paBHO p.
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OnpepenaTs TOK B OPAMOHM HPOBOJOKe B 3aBHCHMOCTH OT YTia .
Canrars Opd 9TOM, YTO MATHUTHHE NOJA HHNYKIHOHAKX TOKOB MaJH
II0 CpaBHEHHK ¢ MATHATHHIM nojgeM B (cMm. puc. a).

PEMEHHWE

N3o6pasnM 3IeKTPpUYECKYI0 SKBHBAJCHTHYK cXeMmy (puc. 6),
T/le uMeeTCsA SKBUBAJEHTHHI MCTOYHMK HHIYKIHOHHOIO TOKa e,
BKJIIOYeHHBIH Ha ydactke OB, R — coupormpreame ydacTka A0,
R, m R, — cOOTBeTCTBEHHO CONPOTUBICHHA ydIacTKOB Koabma AMB
u ANB. Bayrpeunee conpoTHBIIeARe HCTOIHAKA paBHO R (910 conpo-
ruBdenne npopcroxku OB).

Kax u3Bec1HO, BeNHYMHA 3. A. C. HHAYVKIAH HPOTIOPIHOHATIHHA
CKOPOCTH M3MEHEHUA MATHUTHOTO NOTOKA Yepes KOHTYp, T. €

p-:-%?—: B%:Bnrzm. (1)
YrasaAge Ha PHCYHKe CONPOTHBJCHHA TAKOBHI, 9TO
R=rp, Ry=rpp, R,=rp(2n—q). (2)
B coorsercTBmm ¢ saxkomoMm Oma HalimeMm, 4TO
! = R T R T T . )
anu pocae mopcranoBré (1) m (2)
I = Bnarw . 1 ( 4)

0 2 p—gq22n°

B coormomwmenuax (2) — (4) yrom ¢ mssmepserca B pajdaHax.

3AJAYA 139

rd

B npAMoyronpHyl TOpPHA30HTANBHYK KIOBETY C JABYMA NPOTHBO-
JACKAMUME MOTAJTHICCKUMH, & JBYMA APYyTUMH JABTeKTPHUICCKAMHA
CTEHKAMH HAJUT JJIeKTPOJAT, NIOTHOCTHL KOTOPOrO P, a 3IEeKTPOonpo-
BojHOCTE 0. H MeTanTudecKuM creHKaM NpUIoKeHO Hanpa:kende U,
I BCA KIOBera noMelleHa B OJHOPOJHOE BePTHKATbHOE MalHATHOe
moJe ¢ MHAyKnuein B. ’

OnpefleuTh Pa3HOCTh YPOBHEH KUIKOCTH MEXKJY THBJIEKTpHIe-
CKEMH CTeHKAMH KIOBeTH, npeHefperasa MarHUTHLIM TOJNeM TOKa B
sneKtpoiute. Paccrosane Messay METALIMICCKUME CT@HKaMH PaBHO a,
a #ux jauHa b.

PEMNEHNKE

IInotrOCTE TORA MeMAYy MeTamiIudeckumu cteHEKamm J = U o/a.

Benepcrsue B3ammopeicTBHA TOKAa B BIEKTPOJNHTE € BHEIIHAM
MATHATHEIM DOJeM Ha KaKAHN n3 3JeMeHTAPHLIX TOKOB JeHCTByeT
cuna Jlopenna, HanpaBJACHHAA TOPU30HTAILHO M HAPAANETLHO MeTal-
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MAISCKAM CTeHKAM KioBeTH. B peayinrare mo6oit 06eM siekrpoura
HOABEPTaeTcsl NeiCTBUI0 CHTH CO CTOPOHH HOJA B YKA3aHHOy Hampa-
BICHIH. .

Pacemorpum mamuit o6bem smextponmra BOMN3A ero NOBepxgocTH
(cM. pHCYHOK, Ha KOTOpoM m306pazkeH paspe3 KIOBeTH B NilockocT,
napainenpHoir Merammmueckmm cremkam). CHIH, AeHCTBYOmme ma
5TOT 00'beM, TaKOBHE: ero Bec G, cmma
AaBIEeHHUSI CO CTOPOHL KEAROCTH F4
(amamor cman Apxumenia), HanpaBJIeHHASN
e prHeauKy I APHO HOBe PXHOCTH JKUITKOCTH
B COCTOSTHU# paBHOBecus (cM. 3ajmadd DY,
68, 70), u cuma Fu, peiicTeyomas co
cropoasl moias. Ecmm BenpanuHa o0neMa
paraa AV, 1o G = AV pg, Fu = BjAV.
(Ilyers  cedeame Buiemesnoro obbema
pasEO AS, a ero gImHEA B ITOCKOCTH,
nepneAguRyIapHoit pucyury, Al. Cmma I sapagze 139.
TOKA, IPOXOJALLero depe3 o00beM, paBHA
Al = jAS. Torma cumia, pgeiicTBy0Oasa €O CTOPOHH IHOAA, Fpy =
= AIBAl = BjAV.)

Tax Kax o6beM HAXOMHUTCA B PABHOBECHH (BIEKTPOIHUT HEHNOABH-
jiked), TO B COOTBercTBH#M cO BTOpHIM 3akoHoM Hrwiotorma G + Fu -
-+ Fu = 0, orryma caepyer, 9aro Fyu/G = tg o, rme oo — yroa Ha-
KJOHA HOBEPXHOCTH 3JIEKTPONATA K TOPH3OHTY.

Urak, tg oo = BUd/pga, m npa 5TOM uCKOMasA PasHOCTb yPOBHe
ompegensseTcsA BhIpajkeHneM

Ah=btga = (b/a) (BUc/pg).

JATAYA 140 *

IMo ABYyM nAMHEBM DAPAIJTEIBHEM peabcaM, PaCTOJOKeHHHM
B TOPHU30HTAIBHON MUIOCKOCTH HAa PACCTOAHMNH [ IPYT OT Apyra, CKOIb-
suT Ges TPeHHsI MeTANTHIeCKHil CTeP:KeHb Maccoil m. B ogHoM KoHIle
peJscH 4epes conporHBiexse R COeAMHEHL! ¢ HCTOYHHKOM NHTAHAA,
3. . C. KOTOPOTO paBHA e. BHyTpeHHee CONPOTHUBJICHME HCTOYHUKA
nUTAHEA, 4 TaK/Ke COUPOTHBICHMS CTeP:H{HA M PeJhcoB mpenebpe-
AEMO MaJH no cpaBHeamio ¢ R. IlepnesamKkynApHO K TOPH30HTAIDL-
HOJ MIOCKOCTH (CM. PHC. @) NPHUJIOKEHO O/THOPOJHOEe MarHATHOE HOJe;
RJII0Y HAXOJUTCA B NOMOKeHUH I, CTePIKEHD NPH 3TOM CKOJB3HT C HO-
CTOAHHON CKOPOCTHIO v,. B HeKOTOPHI MOMeHT BpeMeH: K101 H nepe-
BOIAT B HoJo:xedne 2,

Y10 DPOMCXOANUT CO CTep:KHEM B AaJbHeHImeMm’

1. TIpexparuarcsa nm Korma-am0yab ero asmmenue?! Ecam ga, To
KOrja HMEHHO?

2. Ha kaxoe paccrosfame OH HePeiBAHETCA?

* 9 Ilapceana, BJIeRTpimecTBo r marger:asm, M,, ,Hayka“, 1971,
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3. Kaxoit sapsam mporeder uepes comporuBienme R 3a Bce BpemsA

JABIKEHHSA CTOP:KHA?T
4, Bunoduserca J# 3aKOH COXPaHEHHs SHEPrUHd B JAHHOM COy-

qae? IlopgrBeppure CBOHM OTBET pacUYeTOM.

PEMEHNE

Paccmorpum cHadgana mporece, TPOACXO AN IPH HNePBOM IIOJO-
sKeHHH Kaoda K. JT0 mOSBOXAT 1AM OUPEIeNUTL BeAUIAAY HHYKIIAL
MarHUTHOTO moas B,

ITpu paBHOMEPHOM ABHKEHHUH CTeP/KHA B 3aMKHYTOM KOHTYpe BO3-
Oy:Kmaercs DOCTOAHHASA 3JCKTPORBMIKYINAA CHJIA HHIYRIOVHA, paBHAA

a 1)
< m 1
R Uy
—T— L
2
K y
-

I samawe 140.

10 BeINYHEe CKOPOCTH HU3MCHeHNA MArHMTHOTO DOTOKAa 9epe3 HOHATYD,
'1‘- e-
Terymuil B KOHTYPe TOK onpejeJsaeTca Ha ocHoBaHMn 3akoma Oma
HpOMe TOr0, M3BECTHO, YTO MOUMHOCTE MCTOYHHKA NHTAHHSA paBHA

MOILHOCTH TEeNJOBHX n0Teph Ha compormbiennmnm R (310 ciaepyer u3
3aKOHA COXpaHeHHUA JHepruu), T. e.

el,= IiR. 2)

Ypasrenua (1) u (2) nossongaior ompexenurs BernuneEy B u ok I,
B KOHType. YpabHesse (2) umeer gBa ropua: [y = 0 m [, = e/R.
HopcraBisa srm suadedama B (1), ybemmaemcsa, 910 Ipu yCJI0BUH
vy 5= 0nr B = 0 HaM noaxoput TonbKo Koperb I, = 0 (BTOpOIL Kopesb
COOTBCTCTRYeT CJIydalo, KOT[ga CTepiKedh HENOgBIKEOH WIHM LoJe
orcyrerayer). Ciemopareanno,

B = ¢/ly,. - (3)

Ilyers w9 nmepesesied B nogoykeHme 2. Ilpm aToM oTKIN9aeTcd
HCTOULUMK Turannd. Torga mo 3akonmy Oma

\ €unp = IR, (4)
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T. €, B HAUAJIbHKU MOMEHT B KOHTYDPe NPAaKTHICCKHE MIHOBeHHO BO3BHIH-
KaeT Tok [ TaKoH, 9T0

I = eyuy/R = IBvy/R = e/R = I ,. (5)

ITpm 3Tom ma crepmeHs HaumHaeT AEHCTBOBATEL €O CTOPOHH Mar-
HATHOTO TOJfA CWIa, HalpaBleHHAA B CTOPOHY, NPOTHBONOJOMKHYIO
IBUKEHNI0 cTep:kHA (yOeRuTech B CUPaBeINBOCTH DTOr0 YTBeP:Kie-
ong opu A6oM HanpaBleEwd MATHHTHOTO noxs B, nmpuMeads mpa-
BUJO JeBo# pyk:)., CKOPOCTH CTEePIKHA @IaZlaeT W PaHO WIH NHO3JHO
TOMKAA 0OpaTHTHCA B HyJb, TaK KaK NPH 3TOM TOK B KOHTYPE HCYE3-
HeT, TO B fallbHeimieM cTep:KeHb OyIeT oCTAaBAThCA HEHOJBIKHBIM,

HpmMenm, ro mepebpoc Kiawda cjenad B MOMeHT Bpemenm £ = 0,
M PaccMOTPHUM IIPOIecc B HeKHil DPOH3BOJILHBINA MOMEHT BpeMeH: fj.
Ilycts B 3TOT MOMEHT CKOpPOCTH cTepsKHs pasHa vU;, yCKOpeAme —
a;, TOK B KoHType — I,. YKasaHHbIe BeJIHYNHH CBA3AHE APYT ¢ IPYTOM,
BC-TIePBEIX, 3aK0oHOM OMma

I,R = 1By, (6)
H, BO-BTODHX, BTOoprM sakodoM HsrorToHa
Fy=ma;=1IBI,. (7

WNa ypapaeunmit (6) m (7) ompemenrmMm CBASH MEKIY CKOPOCTHIO
A YCKOpeHHeM CTep:KHA B MOMEHT BpemeHH f; (m00oii)
v;=mRa;/(IB) 8

+

Orcroga a0, 9TO yCKOPEeANe TeM MeHbIIe, YeM MeHbIe CKOpPOCTb,
T. €. ¢ TEYEeHHEM BpeMeHu CTep:KeHb 3aMelJIserci Bce B MeHbINeH
A MeHbInei cremern. 1109TOMy MOIKHO 0KAAATSH ITO ABMIKOHAS CTEPAKHA
NIPOIOJ;RAGTCA HeMalloe BPeMs.

PaccmorpmM maTepBan Bpemenu Az, BOXu3u MOMeHTa f; (CM. pHC.
6) HACTOTBKO MAJHIH, YTOOH MOKHO OBLIO CINTATh, 9TO a; = |Ap;|/At,,
rae Av; — m3MeHeHme CKODOCTH B TedeHme mHTepBala Af;. Ilpm srom
n3 (8) maxoguM, 49TO

AS?‘. = UiAti =mR l Avi !/(ZB)2, (9)

rae AS; — myTs, mpoiineRHAH cTep:kmeM 3a Bpema Af;,. Ilma onmpe-
ReJeHnsa BCEro pacCTOAHHUA, HAa KOTOPOe NEePEeMeCTHICS CTePIKeHb,
HY;KHO HafiTH CyMmy BceX OTpe3koB AS; OT Havaia JOBMKEHHA [0

MOMEHTA OCTAHOBKHE 1
f==T

S = ZAS'L = Z UiAt.i.
i t=0

Coorromenne (9) mospodsier Ty ke BeJIMINHY DOJNYIATE JZPYTHM
coocoGoM: Haiitu cymmy setuamd mR |Av,|/(IB)? oT Hadaja gBU)KeHAA
(rorpa cROpocTL paBHA V,) IO MOMEHTA OCTAaHOBKH, T. €.

v=0
mRy mBuvs oy Pk
=By 7 D 1A= GBE = A (10)
V=0
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Tarxum 06paszoM, HAM yAAJIOCH BRUNCTUTH NEPEMEMICHHE CTCPIKHA,
He ompefeJsds BpeMeHH €r0 ABHKefHd.

Enmte wuaTepecaee, uro coorHomenme (Y) IO3BOJUT ONpeeddTh
v BpeMsa asmxeana 7. Ilepemmmem (9) B BuAe

| Av,/v; | = (IBY Aty/mR. (1)

CMpICT moclenHero BHIPA;KeHHMA MOKHO NOHAMATH TAK: 34 PaBHbIE
garepBaast BpeMean Af; CKOpOCTh M3MEHAETCA B OHO M TO Ke IHCIO
pas, He3aBUCHMO 0T TOT0, KaKOil NMEHAO MOMEHT BPeMeHH MHl paccMar-
puBaem. IlonGeperm Benmamry Af Tak, 9ToGBl 3a 3T0 BpeMsd CKODPOCTD
A3MeHANAChH, HanmpuMmep, bpasoe (npm dToM Al coBcem He 00A3aHO
Gorrs MameiM). Torma 3a Bpemsa 2Af cKopocTh #3MEHUTCA BUETBEpO,
Ba BpeMs nAt — B 2" pas, ut. K. K a06oMy, CKOIb yroamo 60MBHIOMY,
HO KOHeYHOMY MOMEHTY BpeMeHHM CKOpOCTH OyjeT mmeTh Majoe, HO
romeunoe zHaveHme. CiaemoBarenbHo, B Hameil HAeaTm3HpPOBAHHOMN
3ajade CTeps;KeHb ABHIKETCA HeolpaHWdenHoe Bpems (He salwBaiire
NpH 5TOM, 9TO A/ 09eHb HaJeKHX MOMEHTOB BpeMeHH 0T Iadalla JBH-
JREHHUA CROPOCTH CTePIKHSA CTAHOBUTCA HUITOKHON).

Ilepeiimem K orBery Ha Tpermizx Bompoc 3amauu. M3 coorHOmenus
{6) cmepyer, 9TO TOK B KOHTYpe M CKODOCTL CTeDsKHA IIPOIOPIHO-
HaJIbHBI:

- I,=Fkv,, k=IB/R=const. - (12)

CJIGI[OBEITBJILHO, 1 H3MCHATCA 9TH BEJUTUHBI NPOOOPHHAOHAJILHO

ADYT APYTY, T. €.
AL = kAv;, (13)

rre Al; 1 Ay, — U3MeHEHHA TOKA ¥ CKOPOCTH 32 OJUH H TOT K€ HMATEe]-
Ban Bpemenu. IlopcraBnsaa mocmepmee coorHomernme B Gopmyry (9),
IoJyJaeM, 9T0

' ‘ L;At; =mR | Al |/(IB)%. (14)

JAna HaxO:KAeHMS BeJIWYAHH 3apAZa ¢, Dpolleqmiero 9epes COMPO-
TABAeHHe R, IPHIMEHHM yiKe MCHOJb30BAHHBIM NPHEM CYMMAPOBAHUSA:

f=T—>00

RI 2
q= SW IAt (lB)z Z ’AI”_”;ZB)OZZ :mlr’o. (15)

e
= 09

IlposepuM BHIOJHeHHE 3aK0HA COXpaHeHHUA 3HEpPrmA. B mpomecce
NBIZKCHUA CTEPIKHA YMCHBIIaeTcs (Ji0 HyJdA) ero KHHeTUdeCKas SHep-
T 0 paccemBaeTca Tenyo Ha conporusieann R. HonmaecTso temma Q,
CTEN0BATENLHO, MOJIKHO OBTH paBHO HAYAJTLHON KHACTHICCKOH
sgeprun crep:kus T, = muvj/2. ’

3a MaJBil maTEpBaN BpeMenu Af; BONH3N MOMEHTA {; KAHeTHICCKAA
DHCPTUA CTeDIKHA H3MEHAETCS HA BOIHIUHY

AT ;= mvi/2 — m (v; - Av;)?/2 =~ — mv; Ay, (16)

(Mm1 npegeGperau BequanaOH (Av;)? 10 CpaBHEHUIO ¢ BeXwauHOM v; Av,).
3a TOT Ke HHTEDPBAJ BpeMeHH Ha CONPOTHBICHHHA DPACCEHBAETC:H
TeIUIOBAfd SHePrdd, BeJHIHHA KOTOPOi# ompegenderca saxomoM Jiso-
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yaa—Jleana, AQ; = IiR At,. IlofcTasus B 3T0 BHpakeHne SHATCHUA
pemmaur I, m I,At; m3 dopmyn (12)—(14), mafimem, uro AQ, =
= I, (I;At)R = mv, |Av,|, a sTa BenmumHa COBHAfAaeT ¢ BeNHIMHOMN
JAT;| m3 pasercrBa (16), uro m TpeGoBamoch JOKA3aTh.

JATAYTA 14

AIeKTpou, 00Jafaromuil MaJo#d M0 CPABHEHMIO CO CKOPOCTRIO CBETa
CKOPOCTHIO Vv, TOMajaer B 00acTh IIPOCTPAHCTBA, B KOTOPOM CO3/IaHE
OJHOPOHBIE B3AHMHO NepIeHIAKY IS PHEE DIeKTPIYeCKoe H MATHUTHO®
noas. HanpssKeHHOCTH HAeKTPHYECKOT0 WOJA paBHA E, WHAYKRIHA
margmraHoro — B, npwuem B cucreme CH £ <& ¢B, rue ¢ — cropocrhb
cBeTa. B HauasNbHEII MOMEHT CKOPOCTH V HePIeHANMKYISPHA BEKTOPAM
E n B. '

Kag aBmxercs drekTpoH B pganpHedmem? CymecTByer Jm Taras
CROPOCTh ABMKEHHS V,, OPH KOTOPOH TPaeKTOPHA DJIEKTPOHA IPIMO-
AnmHeiHa?

Ouut mpomcxomur B BakyyMe, Cmio#t TAroTeHHMs mpeHeOpeusb.

PENMEHHUE

Cmna, meficTBYOIMAA Ha SASKTPOH CO CTOPOHEBI 3IEKT POCTATAYECKOTO
UOJsi, He BABHCHUT OT CKOPOCTH dJeKTpoHA, F, = ek, m HampaBieHa
B CTOpPOHY, mpotrmponoao:kaylo E. Cmaa BsammopieicTBus dAeKTpOHA
¢ MarEuTHHIM nojeMm (cmia Jloperna), Fy = Bev, HaupaBlieHa BIOIL
npsaMoit, nepueHaukyasapuoii k B m v. CiemgoBaTenbno, TpaeKTopus
BIEKTPOHA JEeKUT B IJIOCKOCTH, TepPIHeHIUKYJIApHOHE B.

Fcnu mauanbHas CHOPOCTHL HJAEKTPOHA TAKOBA, YTO CHAB F, u Fy
paBuH, T. . £ = Bp,, m HanpaBieHH B IPOTHBOMOJOXHLIE CTOPOHLI
(raras cropocThk npm japELX E m B Bcerpa moser Obirhk Halifena),
TO CyMMa CHJl, [eMCTBYOHIAX HA 3IEKTPOH, paBHA HYIW. JIeKTPOIl
ABIKETCSL TMIPH 9TOM pPABHOMEPHO H IPAMOJRHeHHO.

Ilycth cropoCTh BIEKTpOHA U OTAWYHA 0T Uy,. PaccMorpmM moBefe-
HNe 3JeKTPOHA B CHCTeMe O0TcYera, ABIKymieiics IOCTyHaTeabHO CO
ckopocThio v,. llpencrasum cmay Jlopennma, geficTBYIOmMYIO Ha 3JeKt-
poH, B Bupe cyMmul fByx cma: Fy = Fy + F, tne Fy = Bey,, F =
= Be v — v,|, npudem o6e cunwt Fy n F nepnenagukynsapsn BekTopy B
M BeKTopaM v, I V — V, cooTBeTcTBenHO., OTMETHM, 9TO CKOPOCTD
V — V, €CTh CKOPOCTb ABHKEHHA JAeKTPOHA OTHOCHTEJIbHO BHOpPaHHOK
CHCTeMHl OTCUeTa, a |V — V,| ecTh JJmHA BEKTOopa V — V.

Ilpu sToM cyMMa JeficTBYIOM X Ha 3IeKTpoH cua paBra F. Tak kar
9Ta CmJa MOCTOAHHA 1O BEJMYMHE W HANpaBieHa IepHeHAMKYJIAPHO
BEKTOPY V — V,, TO DIIEKTPOH B BHIOPAHHOM CHCTeMe 0TCUYETa ABMKETCH
0 OKPY/KHOCTH, panmyc KOTOpo#M MosKeT OHITh HaWJeH W3 BTOPOTO
sakoma HploTona

Be|v —vy|=(m/R)|v—1,}3,

Ije m -~ Macca OSJIeKTPOHA. JIBmxemme IO OKPY/KHOCTH paBHO-
MepHoe.
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Taxmm o6pazom, OTHOCHTENBHO HAOMOIaTeNd, CBA3AHHOrO ¢ He-
YO IBIKHOM CHCTEMOH 0TCUeTa, 3JIEKTPOH YIACTBYET B ABYX BIKEHNAX
MOCTYNATeABHOM €O CKOPOCTBIO V, W PABHOMEDHOM ABHIKeHMH IO
okpy:kuocTH R = (m/Be) v — v,| co ckopocthio [v — v,].

Bcenomamm, uto mob6aa Touka, mpuHAMIe;Kamas OUARHADPY, KOTO-
PHI Ge3 MpoCKaJdb3HBAHUA KATUTCH MO IJIOCKOCTH, YIACTBYET B JIBYX
ABMKeHNsAX yKaszaunoro tuna. HaBepHoe, BH 3Haere, UTO TPaeKTOPHSI-
ME BCceX TOUYEK TaKoTo MUJHHApPA ABIAAIOTCA Muariomast. Ecam v, ==
== P == Uy, T. €. U = 2U;, TO TPAEGKTOPH ABIIKEHMSA DIEKTPOHA TaKasn
JRe, KAK M yV TOUKH, Haxopameiica Ha o0pasylomiell muiImeEapa,

Ecan v, << v << 2v,, 9JeKTpOH JABMIKETCA HO TaK Ha3HBAaeMOI
yKOpoueHHOI mmriaoume. Ilo TakmM TpaeKTOPHAM JBMIKYTCH TOUYKH,
yAaJeHHbEe OT OCH IMIJHHIPA Ha PacCTOsHHe, MeHbIee ero pajamyca.

JI10600HTHO OTMETHTh caefylomuil BaskHEIEA garr. lomycrmM, uro
BHl HEHNOABMKHK OTHOCHTEILHO BBefeHHOI cucreMnl orcuera. I[lpum
9TOM, Ha0JI0JaA 3a MOBeJeHHMEM DJIEKTPOHA, BH He 3aMeTHTe CYMmecT-
BOBaHHUSA 9JEKTPOCTAaTHIECKOTO noxsa. PeadbHnM qiist Bac O6yeT TOIBKO
noie B. 9ToT ¢aKT AMMHMEA pa3 NOMUepPKHBAET €WHECTBO W Hepas-
PHBHOCTH 6o0Jiee 00miero MOHATHA — MOHATHA BIEKPOMATEHTHOIO
110JIf B TOBOPHT 00 OTHOCHTEIBHOCTH €T0 PasfeleHHs Ha 3JeKTpHyec-
KOe W MarumTHOe I0JA.




OIITURHA

JATAYA 142

Bo mBormx Bsajmadax reoMerpudecKOli ONTHKHM 1p¥W TOCTPOCHHAH
n300paskeHHsA HCTOYHIKA B TOHKOM Jun3e Mb He YUHTHIBAeM PasMepoB
Jnnse. B TO e BpemMsA HCTOYHHK Mosker OLiTh yjaJdeH 0T I'IaBHOM
OITHYECKOH OcH fajabine, 9eM Kpas Jun3sp. MoMHO Ju 1pu 9TOM HONb-
30BaThCA OOHYHBIMH IpaBEJIaMH IO~
cTpoeHus wusobpaskenns B JHHZE
(cM. puMcynOR): BeAb ay4u £ BooOIe
yepes JIMH3Y He IPOXOIHT?

PEMEHMHUE

Pasymeercsa, maobpaskeHne cos-
JaeTcs TOJbKO Jiy4aMH, IpoXopsd-
muMBA vepes AmH3Y. OpHaxo moJo-
#enne m3obpakenns S’ He 3ABUCHT
OT TOT0, KaKHe HNMeHHO w3 Jydei I{ sapaue 142.

MH BHOMpaeM [GiAA 1OCTPOCHHSA

(1erko pokasaTh — cpe’daiiTe 3TO CaMH —— 4YTO Jy4 & mocae Ipo-
XOoEAenus depes Jamusy nomagaer B Toury S’). Cixenosaternnso,
MOJI0KeHe M300parieHUsT HE 3aBHCHT M OT PasMepoB JHH3E: 00JI0MOK
JWH3H, ecaH ero cfepmiecKume MOBEPXHOCTH COXPAHWINCh, CO3TaeT
m3obpaskeHne TaM ke, Ife co3fana Oul ero mexas numu3a. Pasmep
JAH3L OXpefieNsieT JHNb APKOCTL H300pa)KeHHA.

JAJTA YA 143

B reoMerpuueckoii omTHKe MHE 4acTO IOJb3yeMCsa TeM, YTO H306pa-
JREeHHOM NpAMOJHHEWHOT0 OTpe3ka B ONTHYECKOH cucreMe (ecanm
ns3o0paskeHne CYIMECTBYeT) sIBAAETCA TaK:Ke MPAMOTUHEHHLIK OTPE3OK
(wam aye, mam ABa Jaydva, Jde)kamue HA OJHOM mpAMon). OgHAKO 510
yTBep:iAeHne EeodeBAgHEO. [[OKajuTe €10 CHPABEIANBOCTL HA IPpAMepe
TOHKO JMHIEL
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PEMEHNE

ITycrs LL — amu3a, OO’ — ee rnaBHag onTHYecKas ocb, AB —
NPOTAKEeHHRE HCTOYHMK (cM. puc. a). Pacemorpmm nyd, mampaBien-
outil Bgonb AB. Tlocie mpemoMieHnss B IWH3e JyY WAeT B Hanpasie-
HUEA 11. Wsobpaskerus rogek oTrpeska A B M0JKHE JekaTh Ha ayde 7.
CaemoBaTenbrO, ecin A B He MepleHAUKYAApPeH K INIaBHOH ONTHYECKOH
ocyl JUH3BBI, ero m300paskeHWeM ABJASAErCH MPSMOJHHEHHEN OTpPesoK.

Ilyers AB cocraBisier mpsamoit yroa ¢ OO’ (puc. 6). Iomyctum,
910 ero mdoOpasKkenneM SBIASETCS OTPe30K HeKoil KpmBoii aunmm CD.

a L

Q
8 1
A
] V] N 0
i -1 2 i
_ 8 D

& Lé
L

K zajaue 143.

s mo6oit rouku M Ha D Bcerma mommo mHafitw Tourky N ma CD
TaKyw, 9r0 OPAMoJIHHCHHBH oTpedok MN ne Oyler nepueHINKyAsSpeH
00'. Haunpasum roas MN ayq. Iiocre mperoMieRnsa B IMH3E 3TOT
Ay9 maeT B HaupaBiaenmn JZ2 W MO:KeT Ilepecedb OTPe3oK AB aumb
B oxmoil toure (). Tawkum obpasom, ,m3obpawennavmu’ Q apagIOTCH
nBe roakn M m N. Mul mpumanm K mpormsopednio, TaK KaK JAE3a
cosnaer enmucrBegnoe usobpaskenne. Crmemomarenbmo, CD Mosker
O6LITH TONHKO HOPAMOJAWHEHHBIM, YTO H TpeGoBAJOChH J0Ka3aTh.

Eme pas mopuepkHeM (CM. IpemBIAYILYIO 3apmazy), 4ro ayu MN
MOJKeT IPOMTH M BHe JHMH3H (11 JOKA3aTeIbCTBA ITO HE BayKHO),
CylileCTBeIHO JAMb, 4ToOH Iyd M N mepecekal mao0CKOCTh, B KOTOPOR
pacmoJOKeHa JHH3A.

3AMAYGA 144

Hana numsa LL u nyu AA,A,, npomteqmuii sty auasy. Ilocrponts
xox ayda BB, (cM. pHCYHOK).
PENIEONUE

ITpoBenem uepes mearp O nmusn LL BemoMorarensuuit ayy COC,
tak, urobn 6wo CC, || AA,. ITOT AyY npoiimer yepes JAUH3Y, HE Me-.
HAs HalpaBieHAfN. JIAA3a paccemBawomag (9T0 BHIHO IO MOBeJEHUIO
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ayga AA,A,), mO3TOMY DPOJOJKeHNA BHIIENIMAX U3 JHHIH Jydei
AjA, m OC, monkHHE Tepecedbcf B NeBOoi (QoKalIbHOHM INOCKOCTH.

TaxnuM of6pasom ompenersercs A A,

oojo;xerne ¢Qoryca I AHMHBHL : L ‘
Ilposenem BCROMOrarenb- \/

HHi ayu DD, Tak, 41065 65B110 = TlA,

DD, \ BB,. Hpomommenng L. —— .

opome uuX Junsy aydei B, B, T~ 0 7

1 0D, pgommums uepecedbCca F S sde=——"

B y:ke malimeHHol QoKaTIbHOMH _D_%\—-\-”"“ ~ ~~;

naockocru. Ilpomoma Jammuio ~~ g 2

Yepes TOYKY B, n TOUKYy Hepe- I

cedennsa ayda DD, ¢ doraias- 'é/’ 8,

HOM IIOCKOCTHIO, OUpeedaeM .

xox ayda B,B,. K zamaue 144

BATTAYA 145 I L2
' . L /-
Brnorussa mocrpoenue u3o- & i

Opaskenua cTpeikn S B ONTH-
YeCKOH cmcTeMe U3 JABYX JHH3
Ly m L, (pmc. a), MKOJLHUK K, S 5
BOCIOJb30BAJICS CTAHIAPTHRIM 7 = I
ImpueMoM: MOCTPOHI u300pa- T 1 |
ymeHne S, mpegMera S B mep-
BOII AnH3e L, U, pacCMaTpuBasd
Telepb §; Kak IpeaMer, IO-
cTpoma ero msobpaskeHHe S, Ly )
BO BTOpOil JmH3e, KOTOpOE, Ly
o0 ero MHEHHIO, B SBHIOCH Ly
n300pasKeHUEM MCXOJHOTO 5 v
IpefMeTa B CJHOMHON omTmYe- '

CKOli cHCTeMé H3 JBYX JHMHS3. Ly Sz ;

CormacEn JaH BHL € HTHM \

MKOJIbHAKOM? = ‘ \\\

PEIMEHUE

Hlkonpnux pomycTdl cepb- 2
esaylo ommbry. M3o6paske- |
HEe S, mesRuT 3a AMH30H L,. [ |
Peanvanie ayum 1 n 2, pajga- : by
omPe HAa 9Ty JAH3Y H CO3fa-

'jomme 3a Heil m300paskenme S, i\
¢xofiATCA, B TO BpeMsg Kak z
OyYKH Jy4eil oT a1000# TOUKH K sapaue 145.
A1060T0 AeACTBHTEALHOTO 00D~

eKra ABJIAIOTCH pacXxogsmmMmucs. B gammoMm caydae maoOpaskerue Sy
ABAAerca s JuH3H L, MAUMbIM 00'beKTOM, M JJifl er0 IOoCTPOeHuA
VKasaHHKEE B YCJAOBHAX 3aJadl IpHeME HecHpaBe/HABHL,
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Yrobu mn3bexaTs BONOGHHX omuboxr (Bcerga BO3MOKHEIX NpPH
HOCTPOCBHAX B CI0;KHBX OIITHYEeCKHX CHCTeMaX), HOJEe3HO OTKa3aTheA
OT HMCIOJb30BAHHA UPOMEKYTOUHEX H306paskeBMA W OTPAHHIATHCA
TOCTPOEHMEM X0JA CHAYajda OJHOIO HPOM3BOJABHOIO Jyda OT IpPexMera
IOCHAEOBATeNbHO Yepe3 BCe ONTHYECKNE 3JIeMeHTH, a 3aTeM BHIIOJHAThL
TO jKe g J1000ro gpyroro myda. Touka mx mepecedenumsi IO BHXOJe
M3 CHCTEMH W YKaKeT IIOJOJKeHHe OKOHYATeIbHOro mn300paKenus
‘(puc. 0). BenomorarenbHHE npmeM, HeoOXOguUMHI IPH TaxkoM CHO-
cobe, yRasad B IpednayIneir sagade.

3ATXAYA 146

Tpa ToHKWe INMH3H c¢lelaHB TaK, 9TO CIOKEHEBIE BMECTEe MOTYT
o0pa3oBaTh INIOCKOHApaJNeIbHYI0 IIacTHEKY. I3Bectmo, 910 do-
Kycloe paccroAanne duH3 / u Z, CIOKENgHX BMecTe, paBHO I , << 0,
a auHd <& | 3, CIoKennHXx

a b 8 BMecre, paBHO F, 3 < 0. Onpe-
p 2 FeInTh (OKYCHBIE PACCTOSHHSA
1\“|3 1 J BCeX TpexX JHH3 II0 OTXeIbHOCTH

H YKa3aTb, KaKume N3 HHX IT0Jd0-
AU TeJIbHLIE.

PEIMEHNKE

ITonesno maAa HATIAIHOCTH

BOCCTaHOBHTE OpMY JHH3 (CM. pH-

K sapmaue 146, cyuokr). VIs Tpex BapmaHTOB, npm

‘ KOTOPHX JHAH3K MOTYT o6paso-

BaTh IIOCKOIApAalLledbHYI0 IJIACTHHRY, ycloBHA samaunm (F, , << 0,
Fy, 3 << 0) obssniBajor BHOparb BapHaHT q.

Ilns pemedust 3aIACHBAKTCA YPABHEHUA A ONTHYECKON CHIILE
JHUH3: Dl +D2 :DIZ? Dg +D3=D231 D1+D2 +D3=0, Irhe
D, =1/F,, Dy =1/F, m r. 5. Caokup nepBHe paBa YypaBHEHHA
A BHUTH A3 3T0H CYMMHI Tperbe, moay4aeM, 4t0 Dy, = D, , + D, 3 =

= 1/F, <0 m r. 3.

SATAYTA 147

Cpefu MHOTOTMCIEHHBIX HPOEKTOB IONYyIeHHA ,Jydeit cMmeprTm”
6nilia, B TaCTHOCTH, MpeJi0;KeHa cXeMa, nogob0Hasa m300pasKeHHol Ha
puc. a. 37ech S — MOIMHHIE HCTOYHNK CBEeTOBHIX Ayuedt, L, m L, —
cobupalomas B paccenBaiomasi JHH3L COOTBeTCTBeHHO. Kcam pacro-
JA0KHTH HOCAERHIO Tak, 4ToOH ee gokyc £, coBuald ¢ m300paskennmeM
S’ mcrounmka S, o6pasoBaHHHM JAmH30# L,, TO Ha BmXome L, xyun
MOBAYT HapadielbHEIM IyuyKoM, TeMm O0ollee y3KWM, 4YeM MeHbIIe
gorycroe paccroanme L,, m ¢ TeM DoJbmeii, cie0BaTelbH0, KOHOEH-
Tpanme# bHeprus B oyuke. [logobpaB COOTBeTCTBYIOWEE MCTOYHHK S,
nuaMeTpH W QOKYCHHe paccToaHuMg auuas L, m L,, pasmecTun Bpce
Hajgde:KamuM o6pasoM, MO;KHO, IO MHeHHK H300perareds, cdopmu-
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poBarhb JIyd, c¢nocoOHH mopaykarh n00yl0 @Heab B mpeferax nmpaMoi
BHANMOCTH,

Tar am »s10?

B orBere mpemeOpeus moTepAMH cBeTa B JMH3aX H B aTtMocdepe.
JImusw cumTarh HeaJbHBIMH.

PEMEHRE

IToctpoeHne, BHIIOJHEHHOe HA PHC. @, COPABEJANBO NHINb A
Aydei, BHIXOAAMEX H3 NeHTpalbHOl ToUKHA O merounmka S, jeRamei
Ha riaaBHoli ouTmieckoii ocu. o ogHa Touka He MOMET H3IY4aTh
9HEpruio. B IPOTHUBHOM CJIydae BeCh UPOTKEHHLIA NCTOYHHK JaBal
65 OecxoHeuHO Goabinoe maaydende, 9TO PHUsmIecKH OCCCMBICAEHRAO.

Ly

K samage 147.

Hamnm ,,Toueunnie” mcrouHmMKH — O00HYHAA B (H3AKEe HOealm3aNUd.
OTAmIHYI0 OT HYJA 3HePTHIO MOTYT M34y9alh JHIIL HCTOTHAKA KOIET-
HBEIX PasMeposB.

Ilyers B gelicTBuTeIbHOCTH HCTOYHMK S ABIseTcA AucKoM (pHc. 6).
Hocrponm xop mydeit 9epes auHsH L,, L, or BepxHei Toukm A 9TOTO
OHACKA.

3amernM, 410 TOouKa O ABafgercA (OKYyCOM PpacCMaTpuBaeMOl
ABYX/JIAH30BOM ONTHYECKON CHCTeMH: Jydd n3 O, OpoHgA cECTeMy,
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HIYT NapadidenbHHM uyukoM. CliefoBaTelbHO, W JIyYH H3 TOUKH
A, ne;kameil B fOKanbHOM INIOCKOCTH, OYAVT Ha BHXOJe mMapasieiab-
HBIMH, I0STOMY [AOCTATOYNO IOCTPOMTHL XOJA OJHOIO JAMMEL Jy4a,
manpuMmep AC,. BocnoabnsoBaBmiich cmocoGoM, YKa3aEHEIM B 3afade
144, paiizeM mampaBieHme BHIIEQINEro M3 CHACTeMHl Jyda BD.

WUrak, B pelcTBUTEILHOCTH, XOTH OT ONHOM TOYKH HCTOUHNKA
AyIE HAYT OapajilelbHBIM NY4YKOM, B IIeJOM HOTOK HSHEPrAd Pacxo-
AuTcs o yriom o. Ilpu orom yrox o Tem Goanirne, geM Kopode Goryc-
Hoe paccrosgHpe JUH3H L, U 4eM, CIeJ0oBaTeIbHO, OB yiKe BRIXOJHOM
Oy40K OO0 MBeHHio m300perares.

3ATAYA 148

Ha purcynre ma3o0paseHo HOJIO}KeHHmE OPAMOJHHEHNOTO OTpeskKa
AB n ero nzobpasrerus A B, B Tonkoii nunze. Illocrponrs moxo:xenne
JUHBH, ee I'I8BHOA OOTUYECKOU ocA M (OKYCOB.
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BL” Ly
K 3apade 148. R 3amaue 149.

PEMMEHNE

Tpebyemoe Imocrpoenme maobpaskeno Ha pucyske; LI, — moxo-
skeume auusu, 00° | LL, — moloskeHHAe ee TI'IABHOH ONTHYECKOH
ocu. Ilomoxenus oKycoB mocae 9TOro HOCTPOHTDH JErkKo (cM. 3ajadn
142, 143, 144).

3ANAYA 149

[l1ockas mOBEPXHOCTL NIOCKOBOTHYTOH JMHSH ¢ (OKYCHHM
paccrosanem F mocepebpena. Ha paccroanunm d or JHH3H €O CTOPOHH
BOTHYTOM HOBEPXHOCTH HAXOMUTCSA TOTEUHHIA NCTOYHUK S.

Tne pacmoaaraercs ero maoGpaskenme?

PEMEONL

Ilpofins ckBOo3p AWMH3Y, AYYHM OT MCTOYHAKA S ymagyT Ha 3epRajio
TaK, Kak ecau OH JWH3H He OHJI0, & NCTOYHAK HAXOIMJACA B Touke S’
(cm. pmcymox), Ilo ¢opmyne ammsn OS' = f, 1/d + 1/f = — U/F,

-y
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f=— FdI(F + d). 3mar MumHyC cBEAereabCcTBYer, UTO M306pasKeHNe
MHHMOE.

OrpasmBmmcy OT 3epkaia, Ayd4nm CHOBA NPOMTYT CKBO3b JIHHBY.
Mo:xHO cunTaTh, YTO 3epKala HeT, a Jydd HPH BTOPHYNOM IPOXO0IKIE-
HAN CKBO3b AMH3Y OLIM M3 TOYKH S”, CHMMeTpHIHOM T09Ke S’ ornocn-
TeTbHO 3epKalia. MauMoe m3obpaskenne UCTOYHHKA oKasxkercsa B S'''.
C yuerom 1upaBmra 3suakoB SO0 =|f|=—f 80 =2z =
= |f| FI(F — f) = Fd/(2d + F).

3ATTAYA 150

Iliockas mOBEPXHOCTH MIOCKOBBITYKION TuH3H ¢ QOKYCHHM pac-
crosunem F nocepebpena. Ilocrpoary msobpaikenme cserameiics T09-
Ku S B Taxoii cucreme. JlelictsuTenbHoe 310 H300 parkeHHe WM MHUMOe?

PEMEHRE

Ha pucyHKe BHIIOJNHEHO MOCTPOEHHEe AJA CAy4as, KOIga paccros-
nue d MCTOYHHKA OT JuH3K paBmo F/2. Pasymeercs, OpHEATO, YTO
Anusa obpameHa K HCTOYHUKY ~
BHIOYKJIOE CTOPOHOIL. ~ ~a_ A

Jlya 2, mpoxogsmuii gepes RN Y |
ONTHYEeCKHii IleHTp, Befer cebs |
TaK, KaK ecin On Ha Mecre & ~ I
JJMH3HL HaXOIUAOCL IpPOCTo F -~ ~ 2 ~~
IMJI0CK0E 3epKaJxo. ~ i

I
o\,
l

Jlyu 1, DapanxexbHblii ~
IIaBHOI omTHYecKOoil ocm, ma- N
naeT Ha 3ePKall0 B HanpaBie- ¢
HEpd J (mpoxopasmeM  gepes |
gdapumit ¢orye), orpaskaercs
OT 3epKaJa B HanpaBienun 4 )
(mpoxopsameM depes nepefHmi 4
¢oKyc) m mocie BTOPOIO mpo- K sapave 150.

XOKJIeHHsI Yepe3 JHH3Y Iepe-

cekaeTcst ¢ W0O0THON omTmueckoii ocslo OA B OKaXIBHON MICCKOCTH.
Jlerro mokasaThb, 94TO B paccMarpuBaeMoM ciaydae mszobpaskenme or-
cyTcTByer, Tak Kak aydu I’ w 2’ mapaiaimexbHbL.

Ilpr d > F/2 wnzobpaskenne pgelictBurenbHoe, npu d < F/2 —
MHHAMOE.

F
S~

A

3ATAYA 151

Hocrponts usobpaskenue S’ Coxmma S B Bamaunoil cobupalomeit
JTHH3e.

PEMEHHKUE

Ipn BHOOJHEHNH 3TOi 3a/[a9M YaCTO BCTPEYANOTCH JABe OmMAOKM.
1. Jlyum, magjafomue Ha AuH3Y OT ojHO# Toukm CojHra, pUCYIOT
pacxoqSIiEMHCA (pHC. ¢);

. ' - 485



2. Coxnme MPEHMMAlT 32 TOUEYRH HCTOYHBK (pmc. 6).

B peiicrBurenvrocTu oT raxoi Toukm Coinua ma MWHBY najaer
Oy90K NapajleJbHHX Jy9el, HO BCIEJCTBHEe KOHEYHMX YTIJIOBHX
pasMepoB Haiero csermia (A 0,0°) myuykm aydeir or pas3HHX TOUYEK
MeKITy cOo00H He mapallielbHEH.

aZ ' &
s ) T A
F J—— F
- >Fr‘ 6.:5?\\ S r
| e
Y ]

I samage 151.

IIo ompeperenu OYy90K DapaliedbHHX Jdydei mocie npeloMIenns
B Anuse cobupaercs B ofgHO# u3 Touex (oxadbHOI niaockoctu. Jlyd,
NPOXOJIMEE depe3 TEeHTp JHMH3H, CBOETO HANPABICHHS e Meuser.
Iloapsysch 9TuMA HMPABHIAMH, JeI'Ko BHIOJHHTH Tpebyemoe mocTpoe-
nne (puc. s).

3ATAYA 152

Ceersmasca Todxa S ¢ momombio XuHE3H C, oKkycHOe paccToanue
F xoropoit paBao 10 ¢, u Bpamatomerocsa sepkaita LI, mpoerTupy-
eTca Ha KPyranit sxpan AA; (cM. pucyHOK). OnpemeinTs AHHEHHYIO

R sapage 152.

CKOpOCTh U, ¢ KoTOpOil mepeMemaercs n3obpaskeHue TOUKH 10 SKpaHy,
ecily 3epKajo0 Bpallaercs BOKPYTr ocu (O C YraoBoOit CKOPOCTHIO
o = 1 pag/c. Paccrosnne or meHrpa IuH3H 10 ocu 3epraiaa [ = 300 cm,
paccrTosnme cperalieiica rToukm go nentpa JuEH3H d = 40,2 ca.

PEMEHKE

He 6yabp sepramxa LL,, msobpaykennme Toukm S maxommiroch Ob
B Touke S,, upuaeM CS, = dF/(d — F) = 510 cwm.

‘B mpucyTcTBum 3epKaia m3o0paskeHHe TOUKH S OKa3HBAETCH
B Touke S,, mpmuem OS, = 0S,. Tar rar OC = [ = 300 cm, To
pagayc skpaa R = 08, = 210 cm,
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‘ Ilpm moBopore sepkana Ha yroix o nyd (S, moBopaumBaeTcsa HA
yron 2o; takmm o6pasoM, YriIoBas CKOPOCTh TOYKH S, paBHa 20.
CnemoBarensno, v = 20R = 420 cm/c.

3AMTAYA 153

IHa TouKYI0 ByCTYI0 CHe pEIECKYIO KOJIOY, HOMEIIEHHYIO B KHATKOCTD,
majlaeT y3KWi mapalielbHnit IyYOK CBeTa TaK, 4TO 0Ch HyYKa MPOXo-
AT Yepes menTp Koabrl. Ha mpormBONON0KHOI CTOPOHEe KoJAGH HYYOK
AMeer [uaMeTp, BjBOe OTIUYAIONIANCS 0T AMaMeTpa NyIka, Najaimero
na Koaby. HaxoB mokazaTelb IpeloMAeHHS ;KAJKOCTH, B KOTOPYIO
HOr py:;keHa Kouaba?

PEINNEHWUE

Taxk Kak NOKasaTelh NPETONMJICHUS BOBYXa 1, MeHhIle IOKA3ATE s
OpeloMAeHdss n JI0601 KuARocTH, nuaMerp ) BLIXOOAIKero NYyYKa
MOsKeT OHITH JHWH BjiBoe 60JbINe, HO He BBOe MeHbie, pgumamerpa d
NnaJiaoniero my4Ka.

N3 geprema (CM. PRCYHOK)
maxoxnM, yro d/2 = AB,

D/2 = CD, LEAF =

= / FOB = «, y
ny sin £ EAF _ sin o
‘n ~ sin £ CAO T siny’ (1)

Manoe oTHOCHTENbHO pa-
apyca Koxboet R Bmagenme d
O3B0 SIeT:

a) cyATaTh TOYRY B CoOB-
majgawiner o Toukoit B, a
10yRy ) — ¢ Toukoit D’; mpu srom DB ~ D'B’" = 2R, a Tak Kak
CD = 2AB, 10 B'I = 2R,

0) maMepaATE VIIu o u P caexyiomum obpasoM: o ~ AB/OB =~
~d/I2R, P = CD'/4R =~ d/4R ~ «/2, nu Torj1a yroa y, Kak BHEMHHAN Do
OTHOMEHHIO K Tpeyroabunky OAI, MOMHO HallTH B3 BHpasKeHHA
vy =a -+ p = 3a/2;

B) BaMEHHTH B COOTHOINeHHE (1) CHHYCH YII0B 3HAYeHMAMU CaMBX
YII0B.

Torga momydaem n == n, sin y/sin o ~ ny/a = 3/2.

K samaue 153.

JATAYTA 154

CrerastHHBIA Ky0 JeskurT HA MoHeTe, JIpnm KakmX 3HadenndaX moKa-
3areld MpeJOMIeHHA CTeKJa MOHeTa He BRAHA Yepe3 GOKoBHE Tpanu?

PEMEHNE

JIlya or MoHerH A dUeped BO3AVINHEIA 3a30p MeMIy MOHeToH m|
HIDKHeH rpaHplo Kyba Iajaer Ha HIVKHIOW Ipank. IlycTs yroa magenns
paBeu @,, yrox mpeixomieHms — f; (CM. PHCYHOK).
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ITpoiinsa ckeo3b ky6, Ay4 moa yriom P, magaer Ha GOKOBY IpaHb
H HOJ yIIOM O, BLIXOAAT A3 Ky6a. ToabKo B caydae, ecanm J1yd BHIANET,
a He HCOHITAeT HOJHOTO BHYTPEHHEIO OTpakeHdsdA, MOHETY MOKHO
Oyner yBujeTh.

Jlerko gorapjarecs, 4TO TpaHAYHBIE Cayvadl (BEOHO — He BHEHO)
peal@ayercs uUpH o, = i, = 90°. Ho Torga §; = P, = 45°. Caegona-

TenwHo, n = sin 90°/sin 45° = }/2. Ecam n > V 2, momeTy He BHAHO.

JAJAYA 155

Ha onrtnveckeolt craMbe IOCHEOBATEIRHO PACHONOMKEHE: »KpaH
3, Todeunwlll BCTOUNAK cBeTa S, HOJO;KHTedbilag AmMH3a L M MI0OCKOe
3eprasgo M. Paccrosmas yKasaHel Ha PHCYHKE.

Y

P:

’/\";A 2F

K 3amaue 154. H sagate 155.

lj-———-—q T2

Bo croipko pas m3MeHHTCA OCBEMERHOCThL B IEHATPe 9SKpana,
eclii IJIOCKOe 3epKayo mepegBUHYTH BIPABO HA PaCCTOSHHE a?

PEHNNEHUWE

OcpeimennocTs B meATpe sKpaHa OmpeellsieTCA CYMMOR OCBemieH-
HOCTEeH OT CaMOoT0 HCTOYHHKA M OT ero Hm300pa;KendsA, CO37aBaeMOro
Jy9aMB mocile X OPOXO:KAeHWS depe3d JHH3Y, OTPa)keHHA OT 3epKalla
M BTOPAYHOTO IPOXOJKASHHS Tepe3 JHH3Y. Tax xak HCTOYHAK pacHo-
JIO;KeH B (j}ORyce JMH3L, HA 3epRajo TMagaeT IapaJIeJbHHE IYYOK
Jy4eil, 0CTAIOMHAICA IapalielbHLIM B mocile orpaykennsi. Ilonomenne
30pKaNa Ha ONTHY9eCKONl CKaMbe HE HapymIaeT 5TOH HmapadilebHOCTH,
ClIeloBaTeJbHO, OCBEIfeHHOCThL 3KpaHa He MeHseTCH.

SATAYA 156

Ha prAc. @ u300paskeH meiizak, CHOTOrpadEpOBAHHWIE ¢ JOMKA
Ha CHOKoHHOM o3epe. Hawr ompesennts, rie Ha gororpadum macrosn-
IHEA oCTPOB, & I'lle eTO OTpakeHme B Boje?

ITo aAprocTm m 9eTKOCTH BepXHAA M HIGKHAA NOJOBHHHE CHHEMKA
OANHAKOBEL, . -
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PEMEHWUE

\

Paccmorpmm xon nywedt, gocTmrmmx ¢oToammapara HeEmOCpe/cT-
BeHHO H IOCJe OTpPajkeHHsaA OT mOBepXHoCTu BOA. Ilpm stoM Heobxo-
AEMO ydecTb, ITO (oroammapar O pacmonoskeH BHIIe IOBEPXHOCTH
BOJLl. B navecTBe KOHTPOABHHX TOYeK BribepeM BepIINAY elm u Gam-
JKainmi k He#t kpald o6naxa. Ha puc. 6 oreeTinBo BAAHO, yTO B nps-
MBEIX JygaX 3TH TOYKH pasfieleHs 6OJbMEUM YIVIOBEIM DPAaCCTOSHEAEM,
qeM B oTpaskeHHEX. (CjegoBaTelbno, B OTPAKEHHOM W300parkemiu
obmaxka 66abmme ,mpH/RaTH’ K BepmHHAM JepeBbeR, T. €. PAC. 4 mepe-
BE PHYT.

{
-._.\.,\-A_.)‘-'

K sagaue 156.

CymecrByioT @ ipyrde OPH3HAKH, N0 KOTOPLIM MOKHO OTIHYHUTH
OPUIMHAJ OT ero mao0pa)KeHHSI B BOJIE.

Ha pumc. 6 moctpoeno m3obpakeHHe Ieli3aska B Boje (He HMeeT
3HAYEHHs1, ITO BOABI HET TaM, Ijile HAXOJAUTCA OCTPOB; W300paskeHnue
BCe PABHO CyINeCTByeT, c¢M. 3afavy 142). Bmamo, 4ro msobpaskenne
Gepera 3aKpsiBaerT (PKpPAHAPYET) HOKHHe YacTh n3ob6paskenuit Golee
yAaJIeHHHX oT Oepera mpeaMeToB: Ha (PoTorpadmm Bce OTpPAMKEHUA
»,00pesanp” cHa3y TeM B GOMbmell cTemeHH, HYeM JaJbllle mpeAMeTHl
pacHOIlo}eHB OT Oepera.

3ATAYTA 157

Bnl cTomTe JAHIOM K BePTHRAIBHOMY ILIOCKOMY 3epKAJy W CMOT-
puTe B Hero. BmJHO, 4TO 3epKalo HmepeBOpadmBaeT HpaBOe H JeBoe.
IleticTBuTenbHO, Bame H300paskenne MANIET JeBod PYKOI (eciam Bhl He
JdeBIIa), cepjHe y Hero cmpaBa u T. .

Iodemy seprayo ,OpefilIOYATaeT  WMEHHO 5TO HAIpaBIeHHe:. IIpa-
Boe — Jyeoe? [loweMy He mepeRopaYmBaercsi, HAIpuMep, Bepx n HA3? *

rs

* YacTo IOBOPAT: 3ePKAaN0 HHYero He IEpPeBOpPavIuBaeT — HE OpPaBoe X
AeBoe, HA BepX ¥ HEA3; OHO IUMb OTPajKaeT magaiomye #a Hero ny1d, Ilociaexmee
yTBepaigenne, GesycJI0OBHO, BEpHO, HO He pemaer 3afaun, [loscEum sto, Ecam
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PEMEHUNE

Ipesxge BCer0 MOKHO 3aMeTHTH, 9TO 3epKaJI0 H30TPOTHO MO OTHO-
enn0 K JIOOHM HAODPaBIeHHUSM, - TapajliielbHbBIM ero mHIO0CKOCTH.
JLcHCTBATENBHO, €CIH MOBOPAYABATE 3ePKalo BOKPYT OCH, HepPUOFIH-
KYJspHO# ero NIOCKOCTH, TO ¢ B300pasKeHneM HIYEro He IPOHCXOIAT.
Taknm obpasom, 3eprano ,He 3Haer", rme NpaBoe, JeBoe, BepX HJIHA
nu3 (i1 ,OpemovYecTs’ oAHO 1pyromy He mosker). Ho mpewpacno
agaeM 006 3TOM MBI BCe-Takh
Hallle u3o0pasKeHme CYIReCT-
BeHHO OTJIHYAeTCS OT OpPHIu-
Hana.

ITocMoTpuM, Kak Bepralio
Ipeobpa3yer NPAMOYTOIBLHYIO
KOODIHHATHYIO CHCTEMY ZY3
B 3epRaJTbAyI0 crcreMy Z'y’z
(cMm. pucyHOK). Jlerko BumerTs,
 9TO OIPH 5TOM H3MeHAeT HaIpas-
JeHue B IOPOCTPaHCTBE efipH-
CTBeHHAsI OCh — OChH 0, HOJIO-
jKeHre KOTOPOH B BTHX YCIO-
BRAX MeHCTBHTEJIbHO ABJISETCHA
0COObIM: OHa HampaBJeHa OT
OpUI'mHAJLBHOTO oObeKTa (CH-

K sapmaue 157, CTeMH ZYz) K OITHYeCKOMY
AHCTPYMEHTY — 3epRaly.

CucremMm xyz m x'y’z’ obaamaior ciaenymomell 0COGeHHOCTHIO:
NHKAKEMH LDOBOPOTAMH W KHepeMeleHmsAMH HX HelJb3si COBMECTHTH
HONHOCTbI0., MO:KuO JAEmML AOOATBCA COBOANEHHS IO HAODPABICHHIO
n06HX IBYyX map ONHOHMeHHuX oceit (x m &', ymy', 2 ma', zn 2,
yry', zuz); opu 9T0M HaupaBIeHHA OCTABIIAXCSA OCeH, T. e. 2 U 2,
yuy', zm 2z, COOTReTCTBeHHO IPOTHBOIOIOKHH.

Har M y3maeMm 0 TOM, YTo mame m3obpajkenne B 3epKaje IeM-TO
HeOOKYHO, 4TO OHO HepPeBepHYTO CJeBa HANPABO OTHOCHTENEBHO HAC?
MuyicteHHO MBI OHITagMCsl COBMECTHTECA € M300pakeHHeM H OIeHHBaeM
pes3yiabTaT. JTO0 COBMeMeHHe MOKHO BHIOJHHUTb Pa3N@YHHEIMHA CHO-
cofamy, HAEpuMep, O060UTH 3epKajlo, NOBOPAYUBAACH BOKPYT BepTH-
Kaad Tak, 4To0kn B mMTOre 06PATATHCS NHMOM B TY jKe CTOPOHY, 4TO
n u3zo0paskeHpme. JTO JaeT EpPaBO YTBep:KAaTh, 9TO0 Y u300paskeHns
npaBoe n JieBoe MOMEHANHCH MeCTaMH. [[pyroil cmocod CoBMeimenms:
mepenesTh yepes BePXHHHM Kpail 3eprasa W OMYCTHTHECH 3a 3epPKaIOM

3ePRAJO HeHCTBUTENHHO HE MeHseT MeCTaMU mpaBoe H JeBoe, TO KaK 00BSCHHTE
pesyabLTaT HecnosKHoro onura? IlocTaBeTe Bamiero mpHATeNs mepen ABYMS BepTH-
RaJIbHAIMY, PACTIONOMKEeHBEIMYU o OPSMEIM YIJIOM JPYT ¥ ApYyTY CompHKAacaloniu-
Mucsa seprasamun A u B Tak, 9T06H OH BUJEN B HUX CBOC n300paKeHHEe BTOPOLO
mopsAgKa, T. e, nsofpakeHne B sepKale A cBoero msobpawenns B B, ([dus aroro
HY}KHO CMOTPeTh B HAOPaBJeHuUu pedpa ABYIPAHHOIO YTia MEMRAY 3ePKAIAMH,)
Cromampyiire: ,Ilycrs wsofpakenme HaKNoHWT romaomyl“ TpeOosamme Oyper
BeimoiEero, J{pyras komagaa: ,Ilycts msofpaskemme 3aKpoeT JeBHIA rmaszl®
Ecnu sra KoManna BHOONHAeTCA 0e3 pasmbmjenuil, omulka meMunyema,
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TOJIOBOM BHA3 (T. . MOBOPAIABATHECA BOKPYT TOPH3OHTAJIBHOH ocm).
Brnonnue a1y omepammio, Mel 06Hapy:kuiu 6n, 9TO Yy m3obpaskeHns
IlepeBepHYT BepX W HO3, a4 IPaBasg U JeBAas CTOPOHHBL PACHONOKEHLI
Tax ke, kaK u y Hac. lloCRONBKY mepexusas W 3amHAS CTOPOHH 9eio-
BeYeCKOT0 TeJla COBCEM He HOXO0KHA JIPYT HA NPyTa, TO B 060mx cnocobax
MLI CTapaeMcsa MOBEPHYTHCA TaK, 9T00H CMOTPETH B TOM jKe HampaBie-
HHH, 9TO0 H H300parKeHme.

I'nags B 3epkaso, Mbl BuONpaeM HepBEIM, eCTEeCTBEHHHIT A1 Hac
cmoco6 coBMemenns, IpUYeM, KOHeTHO, meaeM 310 6e3 pacCy:Kaenni,
aBTomMarngeckd. llogemy? Ileso B TOM, 4TO CTpoenme TeIOBEIECKOIO
Tella U Hame DOBefieHre TeCHeHnnnM 06 pa3oM CBA3AHL ¢ BePTHKAIBHEIM
HanpaBJeHreM CIUIH TAKECTH. LaK, BePXHAA 0 HIKHAS 9aCTH Hallero
TeJIa HeCUMMETPHINH M mepaBpmonpaBmel. Ecam or Bac Tpebyercs
HOBePHYTHCSH Kpyrom (1. . 06paTHThCsi AMIOM B HPOTHBOMOJIORHYIO
CTOPOHY), TO Bbl BEIIOJNHASETe ATO NEUCTBHMe, MOBOPAYMBAACH HMEHHO
BOKPYT BepruKall, a He HHade. XOTsA, KaK Mbl BHAJeIR BEIIE, MOKHO
»3aCTABUTE"' 3epKal0 HmepeBOpavYMBATH BepX W HA3, HO HCOOJNHseMAasd
OPH 3TOM OHepanisi COBMemIeHHsI HACTOJBKO IPOTHBOECTECTBEHHA
(a camMO COBMeImeHHe TPY/IHO H HA3BATh COBMeINeHNeM), YT0 MLl HHKOI 12
He CMOKeM ODH3BHATHL ee PAaBHONpPABHOCTE ¢ HpPABHYHoH Omepammeii.
Ilnst Hac, HeCMOTPA HA BCe OGLACHeHUSA, 3eprajo OyAeT HpOJOILKATH
mepeBOPAYMBATE mpaBoe W JeBoe,

MTax, KaxX »T0 HE CTpaHAO HAa HepPBHLIE B3ris, YKasaHHas ,,0C0-
OeHHOCTH 3epkKala’ ¢BA3ama ¢ TeM, UTO CHIA TsKeCTH HANPABJACHA
BepTUKAaJBHO BHH3.

N eme oguO cymecTrennoe samevanne. IIpaBas u JeBasg MOJIOBAHLI
HAllero TeJla NoYmu CHMMETPHUYHLI OTHOCHTEABHO BEPTHKAIBHOU
mIockocTn. OIHAKO ecIn OBl 5Ta CHMMeTpHA GbLIA HgealbHOH, TO HAING
OTpasKeHHe B BepKalle HAYeM He OTJAYan0Cch Gm oT opmrmHAIa (mOC-
MoTpHTe HA W306pasKeHme B 3epKaje, CKaskeM, MOJOYHOI OYyTHIIKH).
Bomee Toro, pasnmdane Meskay n3obpakeHreM m OPHETAAAJIOM CTAHOBUT-
¢ 0COGEHHO 3aMeTHHIM, KOTJa ME KaKAM-iHEO0 CHOCOOOM HapylmaeM
CHEMMETPHIO OpaBoe — JeBoe: HADpHMep, MOAHEMAaeM OJIHY H3 pYK.

B xadecTBe mimocTpamEm pPacCMOTPHM BOOOPasKaeMyIo SK30TH-
geCKYI0 IJIaHeTy, Ha KOTOPOH ;KABYT CYINeCTBa, o CTPOeHHMIO Teja BO
BCeM MOXO:;xkme Ha Hac. OTomiaoTca OHH OT HAC TOJIBKO TeM, YTO BCE
JesKaT Ha OJHOM OOKy, CKasKkeM, Ha IpaBoM (KaK OHO HPH 3TOM mepe-
MelnawTcs, HeBaykno). Cofeceqimkm Ha 97T0# IaaHeTe 3HAIOT, YTO
KOTJia OHH HOBePHYTH! JHALOM APYT K APYry, To HOI'R UX HALPABIEHLI
B pasHpie ¢TOPOHH. Iiia aTux ,Je:xeb0K0B" 3epKaao ,MeHAT MeCTaMH
ronoBy # Hor®'. Ham ne yganocek 6ul ybegdaThk ux B TOM, YTO ,IIepeBo-
pavIHBAIOTCS IpaBoe @ nesoe”. Ognako @ B 9TOM Cllygae 3epKallo
»VIATHEIBAET, 9TO CHJIA THAKECTH HAaOpaBjJeHa orT JeBOoro GoKa K mpa-
BOMY, & HE OT TOJOBH K HOTAaM.
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IMapaxy paguycoM R coobmminm Malui sapaAzn g. Kak mamenntcs
KpacHas TpaHANa v, $orodddexra? '
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PEMEHHNE

w

Jasa HeHTpallbHOTO IMapEKA KpacHaA rpadmma ¢oTosdderTa
oIperielifeTCsA HOTeHOUANBHEIM GapbepoM HA TpaHENE METajlja M IOj-

THHAETCA COOTHOIICHNIO "

hvy= A, (1

rae h — nocrosimnasg Ilmamka; A — pafora BHIXOHA AJIs DJIEKTPOHA,
[locie nosiBmenwsa Ha mWapHKe 3apsAga SJeKTPOH, HDORHIasg MAaPHR,
Y9aCTBYeT B 2JIeKTPHIECKOM B3aUMOJIeHCTBAN € 3aPAIOM ¢. Iueprua W
9TOr0 B3amMOJEHCTBUA TaKkoBa, 410 W = e@ = eq/RR, rje e — 3apan
DIEKTPOHA; () — HOTEeHMHAJ IIapuKa.
Ipm s10M coorHOomenme (1) mpuAmmaeT BHJ

hvy=A+W =A 4-eq/R. (2)

3nech v, — MCKOMana KpacHas rpammuma. Casmr Ay 3T0#l TpaR@EIH
Hafimem w3 coormomenwnii (1) m (2): Av = v, — vy = eq/Rh.

Ogesmano, ecaun Av << 0 m |Av| > v,, smexTpoHH 6yayT camu
OOKUJATh mapuk. VIMenmo mosToMy B yCJOBHSX 3ajadl Ha 3apan ¢
HAJOREeH0 YCJOBUE OBITH MaJIBIM.

3ATAYA 159

Boabppamormwit mapur paguycom 10 cM, gaxogamuiica B BakyyMe,

(&)
o6iygaior ceeroM ¢ pamnoi BorHH A = 2000 A. Onpepennts ycrano-
BUBIMIHIICA 3apAf IMapHKa, ecam pabora BHXOJa JJA BoXb(paMma
A = 4,5 »B.

PEIMEHMWUE

HunerndecKyi SHePruio BHIIETAIONIAX TPH 001ydeHnd 3JIeKTPOHOB
MOYKHO OOpeNelHTh H3 ypaBuenusa OJiAmrenina hv = A -+ mi?/2,
rje v — dacTora obumy¥enusi; m — Macca; v -— CROPOCTH DIEKTPOHA.

3apAn maprKa ABIAETCA YCTAHOBWUBIIMMCH, €CIM BCE JIEKTPOHH,
OOKHAAIMEe IMapHK, BO3BPAIIAITICA HOJ AeiiCTBHEM 3IeKTPOCTATH-
geCKOro mois mapara. Ilpa oTom nacrymaer COCTOsAHEE ARHAMAYECKOTO
paBHOBECHS.

Y ©DoBepxXHOCTH IHapHKa 3JeKTpoH obaamaer sHeprueidt F ==
= mi*/2 — eq/R, a ero »Heprasi B GeCKOHeTHO YAJEHHOH TOUKe
pasua mymo. Cremosatenbro, £ =0 u g = mi?R/2e = (hv — A)R/e.
Honcrapnas aucaoBsie 3navenns, noxydaem, ato ¢ = 0,056 ex. GGSE.




