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B ocHoBy yueOHuKa nosoxeHa Pycckas Teopus apupHoit
Gu3MKM, COTTacHO  KOTOpol  3dup  sABIsIeTcS  TeM
IIPOTOBEIIECTBOM, U3 KOTOPOTO MOCTPOEH BECh BUIUMBINH HaAMU
MUD.

YuyeOHMK HalelneH Ha OO0BsSICHEHHE BcCeX (PHU3MYECKUX
MPOLIECCOB U SIBJICHUH C Y4ETOM DIEMEHTapHOTO CTPOEHUs
BEIIECTBA.

B Tperbem yueOHMKE MpPOU3BEICHBI PACYETHI YHMCICHHBIX
3HAUCHUHN (PU3NICCKUX BEITUYHH.
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Hamomuuanue

1. B npeabiaymem ydyeOHuKe

Ddup sABIAETCS  CBETOHECymed  (CBETOMPOBOIAIICH)
cpenoil. OH 3amoJiHsAeT BCE TO MPOCTPAHCTBO — BOKPYT HAc U
BIUIOTb JI0 JAJIEKOT0 KOCMOCA, - KOTOPOE Mbl HaOII0AaeM.

OnemeHTapHas dYacTHIa O3(pHUpa — HUYTOKHO MAaJIbIi
UJCAIBHBIN [apHUK.

D¢upHas cpeqa 0ueHb CUIBHO C/IaBJICHA.

Bcé Buaumoe HaMu MPOCTPAHCTBO HPEACTaBISET cOOOit
eauHoe ckorvieHue d¢upa. HaspiBaeTcs 3T0 CKOIUIEHHE
MeraranakTiukoi; OHa — Hamla, poJHas, I[O03TOMY OyaeM
nucaTh €€ ¢ 00JIbIION OYKBEIL.

3a e€ npenenaMu — IMycToTa.

B Toit mycroTe OMyXkmamT Apyrue CKOIIICHUs 3dupa,
JpYTHe METarajJakTUKH.

Bce BMmecTe onu o0pa3zyiot Beenennyto.

MHorna MeTaranakTUKM CTaJIKUBAKOTCS MEXIY C00010.
DpOHTHI CTOJIKHOBEHU I 00pazyroT BCEBO3MOKHBIE
KOCMHMYECKHE 3aBUXPEHUs 3(hupa, Ha3bIBaeMble rajJakKTHKaMH.

Hama pognas lamaktuka (Oyaem e€ Takke mHcaTh C
6onbmoi OykBel) — Mueunslid ITyte. Ha okpanne Mieunoro
[Tytu pacnonaraerca CosiHeyHasi cucTema; B €€ COCTaBe —
HaIa 3emJs.

[Tpu CTOJIKHOBEHUU MeTarajgakTHK BO3HUKAIOT
XUMDJIEMEHTHI (XUMHUECKUE aTOMBI).

OHU mpencTaBiIsAOT COO0M MUKPOCKOMHMYECKHE TOpPOBBIE
BUXpH B 3QUpHON cpene. B ceueHnn TOpoBOro BUXps — TpU
s¢upHbIX mapuka. Kaxaple Takue Tpu S(QUPHBIX MIapuKa
00pa3yIoT 3JIEKTPOHHYIO CEKLIUIO BUXPSI.

HarnsgHolt MO/EnbI0 TOPOBOTO BHUXPS SIBISETCS KOJIBLO
00JIBIIOrO AMAaMETpa U3 TOHKOW YIPYToil MPOBOJIOKH.
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OdupHas cpena CMUHAET TOPOBBIE BUXPH M CBEPTHIBAET UX
B pa3nuyHble GUrypsl. Yem Oosbile JuaMeTp TOPOBOTO BHXPS,
TeM clloxkHee Gurypa.

VY CBEPHYTOr0 TOPOBOTO BHUXPS O0pa3yrOTCAd METIA U
xE€nobbsl. My mernet u y xEmoOOB o0AHA CTOpOHA —
IPUCACHIBAIOIIAS.

XUMAJIEMEHThl COSAMHSIOTCS MEXIy CcO0O0W MeTasIMu U
xEmobdamu.

[Tpu ynape nmo XMMdJI€MEHTY OH HAaYMHAET 3BEHETh. 3BEHST
OTJIeIbHBIC YUYACTKHA TOPOBUXPEBOIO LIHYpa XUMIJIEMEHTa; 3TU
YYaCTKU KOJIEOIIOTCS KaK CTPYHBI.

CtpyHHBIe KOJIeOaHUS ABISIOTCS TEIUIOBBIMH KOJIEOaHUSIMU
XUMDJIEMEHTOB. 3BOH JTHX KOJ€OaHMH MBI HE MOXXEM
yCIbIaTh (MX YacToTa KojeOaHWW O4YeHb U O4YEeHb OoJiblas),
HO YYBCTBYEM WX HAONIYIIlb — OHU BOCHPUHHUMAIOTCS Kak
TEIIO.

CtpyHHBIC KOJEOAaHUS BO3MYINAIOT MPHICTARIIHNA dPuUp;
9TH BO3MYIICHUS UMEIOT BUJ BOJH. Takue BOJHBI HE YXOJSAT B
IPOCTPAHCTBO, & OCTAIOTCS BO3JI€ CBOMX HCTOYHUKOB. DTO —
TEIUIOBBIE BOJHBI XMMA3JIeMEHTOB. OHH SBIAIOTCS Kak Obl
TETUIOBBIMH O0OJOYKAMH XUMDJIEMEHTOB, MPEISATCTBYIOIIMMHU
UX COMMKEHUIO B Ta3000pa3HOM COCTOSIHHH.

Kak Tonbko pa3max CTpyHHBIX KojieOaHUIl JOCTUTaeT
OTpeNIeIEHHOr0 Topora, TEIUIOBas BOJIHA CPBIBAETCS CO
CTPYHBI U YXOJHT B IPOCTPAHCTBO.

Pacnpoctpansiomuecss B 3dupe TEIIOBbIE  BOJHBI
SIBIISTIOTCSI CBETOM.

TopoBble BUXpU XUMDIEMEHTOB MOTYT OBITh Pa30pBaHbl U
paccesiHbl.

PazopBaHHBIE XUMAIIEMEHTHI OYEHb OMACHBI AJSL 3J0POBbS
JIIOJIEH.

Mupuanbt XUMDIIEMEHTOB, BO3HUKAIOIIHUX npu
CTOJIKHOBEHHUSIX ~METAarajakTWK, CJIHIAIOTCS W 00pa3yroT
TUTAHETHI.



Pacnag ~ XUMPIEMEHTOB  pa3orpeBaeT  IUIAHETBI U
IIPEBPAILACT UX B 3BE3IBL.

CounHie KOI'Ja-TO OBLIO rpoOMaaHOI IUIAHETOMH,
PacKOJIOBIICHMCS ~ MO3AHEE  HAa  KYCKH. OroJmmBiieecst

packanénnoe sapo CoJHIIa CTalo CBETUTHCS KaK 3Be3/a.

3emIs — OZIUH U3 KYCKOB, OTKoOJ0BIIKXCcs 0T ConHIa.

DJNEeKTpOH — DJJIEMEHTapHBIH OOPBIBOK TOPOBHXPEBOTO
HIHYpa XUM3JIEMEHTA. DJIEKTPOHbI MOT'YT BOCIPUHUMATHCS KaK
IBUTH XUMDJIEMEHTOB.

DNEeKTPOH  SBISIETCSL  DJIEMEHTApHBIM ~ MarHUTHKOM.
CoOpaHHbIe COOCHO JIEKTPOHBI 00pa3yl0T MarHUTHBIN IIHYD, a
coOpaHHBIE B ITy4OK MarHUTHBIE ITHYPbI 00Pa3yIOT MarHUTHBIN

CHOII.
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Breruncnenns

1. TOYHOCTH BBEIUUCIIEHUN

Bce BblumcieHus B yueOHMKe — mpuOIm3uTenbHble. Llens
yueOHUKa — HE TMOJYyYUTh MAKCUMAIbHO TOYHOE YHCICHHOE
3Ha4YeHUE (U3NYECKON BEIMYHMHBI, a ONPEACTUTh €€ TaKOM,
Kakas TI03BOJIIET HApHCOBaTh OOIIYI0 KapTHHY (PHU3UUIECKOTrO
MHpa.

ITpumepsr.

Huametp 3¢QupHOrO mapuka paBeH 2,44%10™ m. Ero
YHMCJIEHHOE 3HAYEHUE FOBOPUT O TOM, YTO OH IOpa3Ji0 MEHbIIIE
CaMbIX MaJIbIX YaCTULl XMMUYECKUX BEILECTB.

VYaensHOE NaBiueHue 3QUPHONA CPEeIbl COCTABIISICT 1,70%¥10%
y0. DTO JAaBlieHUE TMPEBOCXOAUT BCE H3BECTHBHIC YAENbHBIC
JABJICHHUS MaTEPUAIIOB M CpPEJ Ha HECKOJIBKO JIECATUYHBIX
HOPSIJIKOB.

Jlna nmpodeccuoHaNbHBIX 11Tl BCe BBIUMCICHHS TaHHOTO
y4eOHHKA JOJHKHBI OBITh YTOUHEHBI.

2. DdupHbli mIApUK Kak (QyHIaMEHTaIbHas
€AMHNIA U3MEPECHUH

VYuurbiBas TO, 4TO BCE B 3TOM MHpPE IOCTPOCHO W3
3(UPHBIX MIAPUKOB, K HUM JIOJKHO OBITh 0CO00€ OTHOIIECHUE.

B wyactHOCTHM, KaKk = HMCKJIIOYMTEIbHBIE  JOJDKHBI
BOCIIPHHUMATHCS (pr3nyecKre BETMYMHBI 3TUX HIAPUKOB.

OcHOBaHMEM JJISl 3TOTO CIYKUT TO, YTO 3PUPHbIE IAPUKU
HUKOT/Ia U HU NP KaKUX 00CTOATENbCTBAX HE U3MEHSIOTCS HU
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B pa3Mepax U HU B KaueCTBE; OHU BEUHbl U HEM3MEHHBI; U BCE
LIapUKU — a0COJIFOTHO OJJUHAKOBBIE.

[TosToMy ux ¢usnyeckue BEIMYMHBI MOTYT CUUTAThCA

byHaaMeHTaNTbHBIMU (PU3UYECKUMHU KOHCTAHTAMH.

TakuMu KOHCTaHTaMU SIBJISFOTCS:

e uaMeTp 3(UPHOTO HIAPHKA;

e pHepuus 3pUPHOro MmapUKa.

Hcxons w3  3TOro, OSQUPHBIA  MApUK  MOXKET
UCIIOJIb30BaThCs KaK (yHAaMEHTaIbHas €JUHHULIA U3MEPEHUI:

e (QyHIamMeHTanbHAs €IWHUIA W3MEPEHUH JIMHEHHOTO
pasmepa — iuaMeTp I(PUPHOro WapuKa; 0003HAYCHHE
€OUHULILI — OUL,;

e (yHIAMEHTAIbHAs CIUHHUIIA W3MEPEHUH WHEepIUH —
HHepuuA 3QUPHOro MWAapUKa; 0003HAYCHUE €IUHUIIBI
— UHW.

Ha npaxTtuke B kauecTBe €AMHUIl U3MEPEHUS JITUHEUHBIX
pasMepoB W MHEpPUMH MCIIOJB3YIOTCSA  MEXIYHapOJHbIE
ATAJIOHBIL:

e MeTpP-3TAJOH I H3MEPEHUs JIMHEHHBIX pa3MepoB;
0003HaYeHHE METP-3TAJIOHa — .Mp, COOTHOLICHHE C
supubM mapukom: 1 mp = 4,10%10% owu;

e HMH-3TAJOH JJIs U3MEPEHUS UHEPIHii; 0003HaUeHUE HH-
3TaJlOHA — WM, COOTHOILEHHE C HMHepuued 3(UpHOro
mapuka: 1 un = 5,49*1030 UHW.

3. Nueprus rupHOro mapuka

N3 sxcneprMeHTaIbHON (PU3UKN U3BECTHO, YTO MHEPLUS
anekTpoHa |5 = 9,1*10°* un.

DJEeKTPOH TPEACTaBIsAeT COOOW BOMYOK U3 TPEX
3(UPHBIX IIAPUKOB C IBYMs OCEBBIMM IIapukaMu. Bcero B
AIIEKTPOHE — 5 3(UPHBIX HIAPUKOB.



PaznenuMm wuHepuuio HNEKTpoHa Ha S5 W MOJIYyYUM
UHEPIHIo 3(QUPHOTO MapuKa:

* -31
%3 = % =1,82*10"* un.

Wueprust  »¢upHOro Imapuka HE BO3HUKAeT, HE
U3MEHSEeTCs M HEe HCYe3aeT; OHa — HEOoTheMJIEMOE U
HEU3MEHHOE CBOWCTBO 3(hUPHOrO IMIapuKa.

4. Muepuus 3JIEKTPOHHOM CEKLIHUH BHXPEBOTO
LIHYpa XUMDJIEMEHTA

B 37eKTpOHHON CEKIIMM HACUMUTHIBACTCA TPH SPUPHBIX
mIapuka.
E€ nnepuums cocraBiser:

I, =3i=3*%1,82*10"" =5,46*10">" un.

5. Hepuuu TUTYJIbHBIX XUMIJIEMEHTOB

Bomopon H:

TUTynbHOE KOJIMUYECTBO JIEKTPOHHBIX cekuuii = 3100.
Nuepuus:

Iy = 5,46%10°**3100 = 1,69*10°" un.

Jetitepuii D:

TUTynbHOE KOJIMUYECTBO ANEKTPOHHBIX cekiuil = 6100.
WNuepuus:

|p = 5,46%10°**6100 = 3,33*10°" un.
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Tpuruii T:
TUTynbHOE KOJIMYECTBO ANEKTPOHHBIX cekiuil = 9200.
Nuepius:

It = 5,46%10°%1%9200 = 5,02*10°" un.

Iesqmii He:

TuTynpHOE KOJMYECTBO JIEKTPOHHBIX cekuuii = 12200.
Nuepuus:

lhe = 5,46%10°°1*12200 = 6,66*10" un.

JIurwii Li:
TuTynpHOE KOJIMYECTBO 3JIEKTPOHHBIX cexuuii =21100.
Nuepuus:

ILi = 5,46%10" *21100 = 1,15*10% un.

Bepunnii Be:

TuTynbHOE KOJIMYECTBO 3IEKTPOHHBIX cekiuil = 27400.
Nuepuus:

lge = 5,46%107*1*27400 = 1,50%10°%° un.

bop B:

TUTynbHOE KOIMYECTBO IIMEKTPOHHBIX cekuuil = 32900.
WNuepuus:

lg = 5,46*10"°*32900 = 1,80*10 un.

Yraepoa C:

TuTynbHOE KOJIMYECTBO 3IEKTPOHHBIX cekiuii = 36500.
WNueprus:

lc = 5,46*10"*36500 = 1,99%10°%° un.

A3zor N:

TUTynbHOE KOIMUYECTBO IEKTPOHHBIX cekiuil = 42600.
WNuepnus:

In = 5,46*10"%*42600 = 2,33*10°%° un.
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Kucsaopon O:

TUTynbHOE KOJIMYECTBO 3IEKTPOHHBIX cekiuil = 48600.
Nuepius:

lo = 5,46*10°%'*48600 = 2,65*10™° un.

®rop F:

TuTynpHOE KOJMYECTBO JIEKTPOHHBIX cekuuii = 57700.
Nuepuus:

|r = 5,46*10°*'*57700 = 3,15*10° un.

Heon Ne:
TuTynpHOE KOJIMYECTBO 3JIEKTPOHHBIX cekuuii = 61300.
Nuepuus:

Ine = 5,46*10*%61300 = 3,35%*10%° un.

Harpuii Na:

TuTynbHOE KOJIMYECTBO 3IEKTPOHHBIX cekuil = 69900.
Nuepuus:

Ina = 5,46%10°°*69900 = 3,82*10°° un.

6. /[lnmHa BHXpEBOro MIHypa XUMAJIEMEHTa
BOJIOpOJia B €IMHUIIAX O

[To pnmuHe mIHYpa OTHAENbHAs JJIEKTPOHHAS CEKIIHS
3aHMMAeT MECTO OJHOro 3upHOro mapuka. CiaenoBaTeNbHO,
JJIMHA HIHypa B €AUHHUILIAX OW YUCJIICHHO paBHa KOJ'II/I‘-ICCTBy
AJIEKTPOHHBIX CEKIIUH TAHHOTO XUMDJIEMEHTA.

Y THTyNIBHOTO XMMIJIeMeHTa Bojopoma — 3100
AJIEKTPOHHBIX CEKIIMH; 3HAYUT, JUIMHA €0 BUXPEBOIO IIHYpa
COCTABJISIET:

l,, = 3100 Ju.
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7. Jlmamerp XHUMDAJIEMEHTA BOJOPOJA B
€IUHULIAX Ol

XHUMAJIEMEHT BOIOPOJA MPEICTABIACT COOOW KOJBIIO.
JlnuHa OKPY)KHOCTH 3TOrO KOJbIa paBHA JJIHHE BHXPEBOTO
mraypa ly

Beoipazum jirHy OKpyKHOCTH |y uepes auamerp dy:

||-| :7rd|-|.

Otkyna ONPEIEIUTCS JIMaMeTp TUTYJIBHOTO
XUMDBJIEMEHTa BOAOPOA:

! _ 310 987 owt.

d, =1
"o 314

8. JInmmHa BUXpEBOro MIHypa XUMAJIEMEHTA JIUTHUS
B €UHUIIAX Ol

TutyneHOE KOJINYECTBO 3JIEKTPOHHBIX CEKIIUI

XUMDAJIeMeHTa JuTus pasHo 21100.
CrnenoBartenbHO, JUIMHA €T0 BUXPEBOrO HIHYpa

Iy =21100 ow

9. MuameTp XMMDJEMEHTA JIMTUA B EIUHHUIIAX

ot

XUM3JIeMeHT JUTHS 1o popme — moutu Kpyrisiid. Ero
BHUXPEBOH MIHYpP CBEPHYT B 4 OMHAKOBBIE 110 pa3MepaM NETIIN.
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JnuHa mHypa ogHo#M metim cocrtaBisier (21100 / 4) = 5275
ou.

Eciun Obl mermm umenu ¢GopMy OKPYKHOCTH, TO HX
nuaMeTp Obu1 06l paBeH (5275 / 3,14) = 1680 ow.

Ha camom niesie KOHIIBI NIETENb U30THYTHI, U UX AUAMETP
npuOJIMKaeTCsl K TUaMeTpy XUMAJIEMEHTa BOJOPOJIA, TOECTh K
987 ow.

VYcepenHuM 3HaueHHUs U NOJdy4YuM auaMerp nerens = 1300
out.

JluameTp XUMAJIEMEHTA JIMTHS PaBeH AWAMETpy IMeTIIH;
CJIEZIOBATEINIBLHO,

dii = 1300 ow.

10. O0BEM XHMDJIEMEHTA JUTHUS B €IUHHUIAX

our’

3Hass JguaMeTp  KPYIJIOTO  XHMAJIEMEHTa  JIUTHSA,
oTpeieNuM ero 00bEM 1o Gpopmyne

3 * 3
v -7 d; _ 3,14 *1300 _115%10° ou.
Li 6 6

B o0meil macce XUMHYECKOro BeIIEeCTBA KpPYIJIbINA
XHMDJIEMEHT JINTHS 3aHUMAcT HECKOJBKO OOJBIIUH O0BEM,
YeM I0JIy4yeHHbIH, HO MeHblIe 00bEéMa Kyba co ctoponoit 1300
owt:

1,15%10° < Vi < 2,197*10° ou’,

[Tpumem ero paBHbIM

Vi = 1,5%10° oud’.
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11. O0OBéM XUMDJIEMEHTA JIUTUSI B €OUHUIAX
KOM

[110THOCTh WHEPIHUHU XUMHYECKOTO BEIIECTBA JIUTHUS
coctaBisieTr 530 nun. DTO O3HAYAET, YTO KaXKIbIH KyOOMeETp
nuTus uMmeet uaepuuto 530 un.

3Hasi MHEPLUHI0O OJHOro XumdjaemeHta jutus ( i =
1,15”‘10'26 uH), OTPENICTUM KOJMYECTBO XUMIIIEMEHTOB JIUTUS
B OJIHOM KyOomeTpe:

530

N=———r=4 61*10% .
1,15*10

PaS,I[eJ'II/IB KY6OM€Tp Ha 3TO KOJMUYCCTBO, IOJIYIYUM 00BEM
XHUMIJIEMCHTA JIUTUA B CIMHUIIaX KoM

Vv, = ;28 =217*107" x6m.
4,61*10

12. Jlnametp 3¢pupHOro mapuka

HpI/IpaBHHeM 00BEMBI XMMAJICMEHTA JIUTHS B CAMHUIIax

3y kb

ot
1,5%10° ow® = 2,17*10° x6m, -

U OTIPENIeTIUM AUaMETP d(PUPHOTO MIAPUKA!

*1N-29
out =3 & =2,44*107"5 Mp
1,5*10°
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13. O6BEM 3¢pupHOTO MIApHKa

3Has nuamerp 3(QUPHOTO IMIApHKa Oui, ONMPEACIHM €ro
00béM V; 1o popmyiie

\Y

i

- %auﬁ = % 2 44° %107 =7.60*10™ x6m

14. TInotHOCTH MHEPLIMK d(DUPHOTO IIApUKA

PasngenuB uHEpIHO 3(QUPHOro IIapuka i =1,82*10" un
Ha ero oomém Vi = 7,60*10'39 KOM, TIOJIyYUM TIUIOTHOCTH
UHEpIH (PUPHOTO MIAPHKA:

~1,82*10°%

pLU = W = 2,39*107 NnUuH

15. IInotHOCTH MHEPLIMH (PHpa

OueBuHO, YTO MCKOMasl TUIOTHOCTh MHEpIUHU ddupa p
OyZeT HECKOJIbKO MEHbIlE IIJIOTHOCTH HWHepIuH 3(pupHOro
HmIapuKa pyy , TaK Kak MEXAY Jake IUIOTHO YIIOKEHHBIMHU
3(UPHBIMU MIAPUKAMHU OCTAIOTCS MYCTOTHI.

Ecin Obl mapuku OBUIM YJIOXKEHBI Kak KyOMKH, TO
cooTHoleHne oobéMa mapuka (0,5236 dmg) U KyOuKa (de)
PaBHSUIOCH OBI

0,5236 ou’

3

=0,5236.
ow
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Ho »>¢dupHbie mapuku ynoxeHsl 00jee MI0THO; TOITOMY
3T0 cooTHouleHue ysennuum jo 0,8. Takyro ke yactb oOT
IUIOTHOCTH HMHEPUUU ASPUPHOTO INApUKA py;  COCTABISIET
TUIOTHOCTh WHEPIUU dPUpa:

p =08 py=0,8%2,39*10" = 1,9*10" nun.

CpaBHenue. [1n10THOCTh MHEPLMM BOJbI COCTABISET 10°
nun. Cie10BaTeNbHO, INIOTHOCTh HHEPLUH 3(upa B

(1,9%107 / 10°%) = 1,9*10" = 19000 pas3
6OJII)HI€ IINIOTHOCTHU I/IHCpIII/II/I BOIEBI.

[InotHOCTh MHEpUMK 3PUpa — BETUUHMHA HEMOCTOSTHHAS;
OHa 3aBUCUT OT YIEIbHOrO JAaBieHus 3pupa: 4dem OoJblie
JIaBJICHHE, TeM OOJIBIIIC IIJIOTHOCTD.

Onnako B mpezenax Onrpkaiimero kK HaM KocMoca o00e
STH BEJIMYHMHEI U3MEHSIOTCS OUYCHb HE3HAYNTEIILHO.

16. AHaIUTUYECKHE 3aBUCUMOCTU CBETOBBIX
BOJIH

CaeroBasi BoJHa IIpeCTaBiIsieT co0oi Oeryuiuii ynpyruit
nornepeyHsld nporud 3pUpHON cpebl.

PaccMoTpuM noBesieHue OTIENBbHOTO 3(UPHOTrO IIapHKa,
HaXOJISIIErocs B 30HE CBETOBOM BOJIHBI.

Ha pucynke mporu6 cpensl (nBoifHas ammiautyna A)
NoKa3aH INpeyBenudeHHbIM. Ha camoMm gene oH cocraBiser
4acTh IMameTpa 3(UpPHOro LIapuKa.
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dz
ax? )

F=PxS

F=Px S —

Takxe npeyBelMYECHHBIM MOKa3aH caM 3(PUPHBIN IapUK
M0 OTHOIIEHWI0O K JjiauHe BoaHbl. Camas KOpoOTKas,
ynpTpaduoneToBas BojHa oxBaThiBaeT 12000 mapukoB, a
camas JJIMHHAs, MHPpaKpacHas — OXBaThIBaeT 8,2 MUJUIAAP/A
[IAPUKOB.

O003HAYEHNUA:
OCb X — HalpaBJICHUE PACIPOCTPAHCHHS CBETOBOM
BOJIHBI;

0Chb Y — MONepeyHOe EPEeMEICHIE BOTHBL;

d — equHMYHAs [UTHHA — THAMETP (QUPHOTO MAPUKa;

S — eguHnyHas wiomane; S = d*;

A — aMIUTHTY/1a CBETOBOU BOJTHBIL;

p — yaenbHOE JaBieHue 3QUPHON CPebl;

F = p*S — ycunue naBnenus cpenbl Ha YOUPHBINA MAPUK
B TIOJIOCE MTPOTHOA;

| — uHEepIUS YPUPHOTO IMAPUKA;
2

dt?

- yCKOpeHue 3UPHOTO MIapHKa;

18




dy
dx - TepBas MpPOU3BOJAHAsA MPOrmda — TaHTEHC YrIiia

HaKJIOHA Mporuda B KOOPAUHATE X;

d2
ﬂ—d—gd - TaHI'e€HC YyIjla HAaxkJIOHa HporH6a B
dx dx

koopauHate (X + d).
CocTtaBuM ypaBHEHUE NPOEKUUNH Ha OCbh Y  YCWIHH,

JEHCTBYIOIUX Ha d(PUPHBIN ITAPHK:

dy fdy d’y | .d%
s Ygl+ilY
P ax P [dx ix: JHdtz

[Tocne nmpeobpazoBaHUll MOTYYUM

dx2 pSd dt?
B aroit hopmyre:

Sd=V . €IMHUYHBIA 00BEM;
i

v ~ P - nnotHoCTh MHepIMH Ydupa.

OxoHuaTenbHBIN BUI (POPMYIIBIL:

dy _pdly
dx?  pdt®
D9T0 -~  OJHOPOJHOE  BOJHOBOE  YpaBHEHHE,

MOATBEPKJAIONIee, YTO MpOorud >GUPHON cpeapl HOCHT
BOJIHOBOM Xapaxrep.

19



B sTOM ypaBHEHUH

p_ 1

p
rae C — CKOPOCTb paclpOCTpaHCHUA BOJIHBI BIOJIb OCH X; B
HameM CJ1ydac — CKOpOCTb CBCTA.

B PE3YIBTATC BBIACHACTCA, YTO CKOPOCTh CB€TA ¢ HMEECT
CIIEIYIOIIYIO 3aBHCHUMOCTh OT YJENBHOTO IaBJICHUS S(HUPHON

Cpelbl P U IIIOTHOCTU MHEPLIUU dPupa p :
c= [P

17. CkopocTh W MyTh PABHOYCKOPEHHOIO
JIBUYKEHUS

IIpu paBHOYCKOPEHHOM JIBMKEHUHU CKOPOCTH IIpeaMera V
B KQKJIYIO0 CEKYH/ly YBEIIMYHMBAECTCS HA IOCTOSHHYIO BEIUYHHY;
9Ta BEJIMYMHA — YCKOpPEHHE a. 3aBUCHUMOCTb CKOpPOCTH V OT
YCKOPEHHS & U MPOJOJIKUTEIIBHOCTH ABYKEHUA t cienyromas:

v=a*t.

Ecnu mepexn HadalioM YCKOpPEHHs NPEAMET YK€ HMeEN
HGKOTOPYI-O CKOpOCTL Vo , TO HOCJ‘IC,Z[YIOH_[aH CKOpOCTL \'}
OIIpEIEIIUTCS KaK

v=yvp+at.

Cpenssisi CKOpOCTh IpeaMeTa Vep TPH Hayase IBHKEHUS
C HyJis1 OyZIeT B /IBa pa3a MEHbIIIE:

Vep

N <

20



IlyTn S, PO ICHHBIN [IpEeAMETOM 3a
IIPOJOJDKUTEIBHOCT IBMKCHHMS 1t , paBeH IPOU3BEICHUIO
CpelHeN CKOPOCTH Vep Ha 3TY IPOAOILKATENBHOCTD:

S=V,t.

B cnydae Hayasa ABUKEHUS C HYJISA IYTh S ONPEACIIATCA
KaK

Ecim mepen HadamoM YCKOpeHHsI OBUI YK€ MPOMICH
HEKOTOPBIN MYyTh Sp , TO 3aBUCUMOCTD IIPUMET BH/T

HaubGonee xapakrepHblii cioy4yail paBHOYCKOPEHHOTO
JIBIDKCHUSI — TAJCHHE TOKENBIX TPEIMETOB C HEKOTOPOi
BBICOTBI. TspKENbIe MpelIMEeThl, TaKue Kak, HalnpuMmep, KaMHH,
MpU TaJCHUU C OOJBIION BBICOTHI HE MCHBITHIBAIOT OOJIBIIOTO
CONPOTHUBIICHUS BO3yXa, U MIOATOMY B pacdy€rax MX JIBHKCHHU
YCKOPEHHE MOKHO CUMTATh MOCTOSHHBIM.

[Tpumep. C oTBecHOM cKanbl MajaeT KaMeHb. Tpedyercs
OTPENIeIUTh CKOPOCTh MaJieHUs M MyTh MaJCHUS 4Yepe3 OIHY
cekyHay u uepe3 10 cekyH.

VYckopeHre cBOOOAHOTO MajieHus ONpeAesIeTcsl 3eMHbIM
TSTOTEHHEM U PaBHO 9,8 yCKOpOB.

Yepes 1 cekynay:

vi=at=9,8*1=928ck;
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2 *12
s~ 98T 49 .

2 2
UYepes 10 cexyHn:

V2=at=98%10=98 cx,
_at®_ 9,8*10°

S, =490 wmn.
2 2

18. DHeprus ABUKEHUS NpeIMeTa

DOHeprus [BIDKEHHUS IpeAMeTa IO  OMNpeIesICHUI0
BBIPAXKACTCA B TOM KOJINYECTBEC HBH)KGHHﬁ, KOTOpPOC
BKJIQ/IBIBACTCS B MEPEMEIICHUE NPEMETa Ha PACCTOSHUE S C
MOCTOSIHHBIM ycuineM F. 3OTo oroOpaxkaercs cieayrole
3aBHCUMOCTBIO:

E = F*s.

[Tpunoxum ycunume F  k mpeamery ¢ uHepruen |;
npeIMeT IMOJIyYuT YycKkopeHue a. CBs3b MEXIy O3THUMHU
BEJIMYMHAMU — CJIEAYIOIIast:

F = I*a.
CkopocTb npemeTa 0yeT U3MEHIThCS 10 3aKOHY

vV =a*,
rae t — IpoIOIKATENBHOCTh YCKOPEHHS.
N3Bneuém u3 3Toit GopMyIIbl YCKOpEHHE a:
v
a=—.
t
[ToncraBuM 3TO yCKOpEHHE B BhIpaskeHue 1S ycumus F:

22



F=Ia=l%.

CpeI[HHH CKOPOCTb ABMIKCHHUA INPEAMETA OIIPCACIIACTCA

KaK
_V
VCP_ E.
BeIpazum depe3 3Ty CPEIHIO CKOPOCTb ITPOWIECHHBIN
yTh:
_ _V
S=Vepl= ) .

HOIICTaBI/IM IMMOJIYYCHHBIC 3aBUCUMOCTH YCUIIHA Fu IMyTHu
S B BBIpAXXCHUEC I SHECPIrun I[BI/I)KGHI/Iﬁ E u NOJIYUYnM

E=Fs=1

N|<

2
1% v
=1L
21713

3Hepr U J1r000ro ABUIXKXYHICIrOCA  MNpeIMETa paBHa
MMPOU3BCACHUIO €TI0 HWHCPLUKU HaA IIOJIOBHHY KBaJApaTa Cro
CKOpPOCTH.

[Tpumep. BoluncianM sHEPruro, Kakyl COOOIIUT 3emie
KaMeHb, majaronmidi Ha Heé ¢ BbicOTHI N = 100 MmeTpoB;
uHepuus kamas | = 10 un.

CHavana omnpefenuM KOHEYHYI) CKOPOCTh KaMHs. Mbl
3HaeM, YTO CKOPOCTh TPHU CBOOOJHOM MaJ€HUU U3MEHSETCs 1O
CIIEYIOIEMY 3aKOHY:

V=at=98t.

HpOIIOJDKI/ITCJ'IBHOCTL ImagcHUus OHpeI[eJII/IM Hn3 q)OpMYJ'ILI
IyTH
at®> 9,8*t?

h=—=—"—:

2 2
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t= 2—h= 2100=4,5 c.
9,8 9,8

YucneHHoe 3HaYeHHEe KOHEYHOM CKOPOCTH NaleHUs:
V=98t=98%*45=443 cx.
[Tony4yuB cKOPOCTb, ONPEIEIUM SHEPTUIO KAMHS:

2443

= 9800 0o .

TaKYIO OHCPIuro COO6H_[I/IT KaMCHb 3€MIJIC.

19. Dueprus gpotona

W3 01HOPOJHOTrO BOJHOBOI'O YPaBHEHHUS

d’y _pd’y
p dt?

clenyeT CHHYCOMAAIbHBIM HE3aTyXaloluil XapakTep CBETOBOM

BOJIHEL.

IIpumem 3a Havalmo OTCUYETa BPEMEHM TAaKOM MOMEHT,
KOrjJla  TIOTIEpEYHOE  OTKIOHEHHWE  A(UPHBIX  IIAPUKOB
cBeTOHecymel A(UPHON Cpeabl OMHCHIBACTCS CIEAYIOIIUM
BBIPOKECHHUEM:

y = A cos wt,
rae A — aMIUIMTyJ]a CBETOBOM BOJIHBI, » — KPYroBas 4acToTa
BOJIHBI B pad/c; t — TeKylee BpeMsl.
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®DOTOH TpeACTaBIsIeT COOOW OJUH TIEPHOJ CBETOBOM
BOJIHBI.

ITo mmpune GoToH oxBaThIBaeT N 3PUPHBIX IIAPUKOB.

B ocHOBy ompenenenuss sHeprud (POTOHA TIOJIOKUM

3aBUCUMOCTDb
2

v
E=1—.
2

Tak xak Ha Bcell AnmuMHE (HOTOHA CKOPOCTH MONEPEYHOIO
OTKJIOHEHUS €r0 IAapUKOB pa3HbIe, TO 00mIas 3Heprust poToHa
OyZeT CKJIaJbIBaThCs U3 SHEPTUMl OTJIENIBHBIX €ro HIAPHKOB.

Yupoctum npencraBieHne GoToHa u OyeM CUUTATh €To
CILIOLIIHOM JIEHTOM.

[Tonepeunass CKOpPOCTb JIFOOOW TOYKM ITOM JICHTHI
ONpENCIUTCS KakK IiepBas IPOU3BOJHAA OT OTKJIOHEHUS
(HaxoMM U3 CIPABOYHMKA 10 MATEMATUKE):

v=ﬂ=AwSinwt.
dt

Brinenum u3 Bcero nepuojia KojieOaHU CBETOBOI BOJIHBI
MaJiblii y4aCTOK BPEMEHU MPOJOJKUTEILHOCTHIO At.
[1710THOCTH PHEPTUY HA 3TOM Y4YacCTKE ONPEIEITUTCS KaK

E _ Al (AzSinat)®
At At 2 '

[Tozummst BpemeHu t COOTBETCTBYET CepelrHE ydacTKa.
[Ipu Manbix 3HaUeHUSIX At CKOPOCTH MONEPEYHOTO OTKIOHEHUS

[IAPUKOB CYUTAEM MOCTOSTHHOM.
Ar
BelpaxkeHue 4; XapakTepu3yeT INIOTHOCTb MHEPLUH 110

BPEMCHH HAa JaHHOM YYaCTKE.
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UtoOBl ompenenuTh JHEPrui0 Bcero (OToHa, HYKHO
AE
IIPOUHTCIPUPOBATE IIJIOTHOCTb OHEPIrun Ay 1O BPCMCHU B

npeaenax GoToHA.
B muddepennmansuoit popme sueprust Gorona Oymer
UMETh BUJI

E_ J-dl (AZD'SII']ZD’t) dt.

WuTerpupoBanue — B npenenax oxHoro nepuojaa: tp = 0;
tz =T=2n/m.

Tak kKak Ha MNPOTSHKEHUHM 1LIeJIoro Inepuoaa 3(pupHbIe
IIAPUKU OTKJIOHSIIOTCSI CHayajua, B MEPBOIl MOJOBUHE IEpUOa
— B OJHY CTOpPOHY, a IIOTOM, BO BTOpPOH IIOJIOBHHE — B
IPOTHBOIOJIOXKHYIO, TO JSHEPrHH IOJYIIEPHOAOB  OyIayT
BBIUNTATHLCS APYT U3 APYyTa U B pe3yibTare JaayT HOJb.

[Toaromy HE0O0XOAMMO IIPOBECTH HHTErPUPOBAHUE
TOJILKO B IIpeJiesiax MOJIyNepuo/ia, a HOJHY0 SHepruio (GoToHa
ONpeAeNsiATh Kak yJIBOCHHYIO DJHEpPrHI0  IOJYIEpUO/a.
[Ipenenamu MHTErpUpoOBaHUS B TakoM ciydyae Oynyt: t; = O;
L=T 12=7n/w:

"7 dl (A Sinat)? it
dt 2 '

E=2
dl
— 2 2
[TocrossHHble BemuuuHBl g ° A® W ° BbIHECEM 3a

mpeaciibl MHTErpaia:

dl 7Z'/ZU
E= j Sin’ ot dt .
d

dl
[In0THOCTH MHEPIMM IO BPEMEHU j; Ha BCEH JIMHE

doToHa M Ha BCel [JIMHE CBETOBOW BOJIHBI COXpaHSETCS
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MOCTOSIHHOM; €€ ompenenser Lenoyka S(UPHBIX IIAPUKOB

NIMPUHON B N mapukoB. B o0miemM Buae MIOTHOCTh WHEPIHUU
dr
[0 BPEMEHU (; OTPAXaeT ydyacTUE HHEPUUU B EIUHULLY

BPEMEHM, TOECTb B CEKYHIYy. 3a CEKyHIy CBETOBas BOJIHA
npoberaer MmyTh, YUCIEHHO pPaBHBIA ckopocTH cBeTa C . Ha
ATOHM JUIMHE YKIAAbIBaeTCs M 3(QHUPHBIX IIAPUKOB JTUAMETPOM
d; UX IUIOTHOCTP BO BPEMEHHU IPH MIMPHHE B N HIAPUKOB
COCTaBUT

dm _ ¢
dt d’

dl
B pe3yiibTaTe IUIOTHOCTH HWHCPUOUU BO BPEMCHHU ¢

MOJHO OIIpCACIINTb KaK IIPOHU3BCACHHUC INNIOTHOCTH HIAPHUKOB

dm
dt Haux u"epuuu | :

dar _ i dam _ in<
dt dt d’
W13 cripaBoYHKKA [0 MAaTEMATHKE HAXOIUM:

. 5 _1 o1
Ismaxdx—zx 4astax.

HpI/IMeHI/ITCHBHO K HallIeMy CJIy4aro:

jSin2 atdt = %t - 4i8in 2t .
a

HwxHauit npenen naterpupoBanus t; = 0:
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jSinzwtdt=10—iSinsz=o
5 2 ViV

Bepxuuii npenen naterpupoBanusi b, = 7/ :

mlo
[ sin? otdt="— L Sinzz="".
20 4o 2o

PasnocTh cocTaBuT:

zlao

j Sin2 wtdt — jSinzmtdt S
0

20

[locne mOICTaHOBKM BCEX IMOJMYYEHHBIX BEJIMYUH B
dbopmyny 11 sHEprUU HOTOHA TOTYUUM

: 2
. C 7T rmwincA o
E=in—Alpg’—==—"——
d 20 2 d
Panpnannyro dactoty KoneOaHMM @ MOXXHO 3aMEHUTH
yactoroii f B komebanax mo cooTHomeHuto w = 2z f u
MOJTYIUM:

2 . 2
_n'incA"f
E= ————

d

Emé pa3 packpoeM 0003HaYCHHUS:
| — wmHepuusi >puUpHOro Imapuka; N — mupuHa (HOTOHA B
mapukax; C — CKOpocTh cBeTa; A — amrmutyaa ¢otona; f —
qyacToTa KojeOaHuii B koneOaHax; d — amamerp 3¢upHOTro
HIapuKa.
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20. Pa3MepHOCTH TOJIKHBI CXOUTHCS

B Tteopernyeckux (GU3MYECKUX 3aKOHAX MPSIMOTO
JIEUCTBUS Pa3MEPHOCTH JIOJDKHBI CXOJUTBCS; 3TO — 3aKOH
3aKOHOB. Eciu pa3MepHOCTH HE CXOIATCS M BBOJUTCSA
coriacyoumii  Ko3QpQGUIUEHT, TO MAHHBIH TEOPETHUYCCKUN
3aKOH JIN00 HepopaboTaH, 11O0 BOOOIIE OMUO0YCH.

[IpoBepuM Ha CXOIMMOCTb Pa3MEPHOCTEH MOJIyYCHHBIE
BBIPKEHHUSL.
1. CkopocTh cBeTa:

c= 2.

P

Hpe,I[CTaBI/IM e€ rmocjaeqoBaTeIbHO B PasSMCPHOCTAX:

0 0. 0.
c;<=\/y ClL KOM _ |UH YCK KOM

nun \| kém un K6M UH
VCK KOM 2
= |/ =\Jycxk m =~ck® =ck
K6M

Pa3MepHOCTI/I CXOOATCH.

2. DHeprus IBMKEHUH QoTOoHA:

E:7r2incA2f.
d

B atoit hopmyrie (i N) oTpakaeT CyMMapHYIO HHEPLUIO, a
nuametp 3dupHoOro mapuka B Beipaxenuu (C/d) mpeacraBieH
KaK MyTb, IPOXOAUMBIN CO CKOPOCTHIO CBETA C.

Pa3mepHocTH SHEpruM IBUXEHUI QOoTOHA:
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un cx mn’
0o = ———————— = UH YCK MN = 0XC .
Mn ¢

PaSMepHOCTI/I CXOOATCA.

21. AMIMTy1a CBETOBOM BOJIHBI

[TpencraBum 3HEPrHUIO POTOHA KAK

E=hw,
rae
minc A
2d
Otcrona onpenenuM BbIpaskeHUeE Al aMIUTATY b A

h=

a- [EE0
rinc

N3 »skcnepuMeHTanbHOM (U3UKA M3BECTHO, 4YTO IS
¢GoToHa ¢ Hanboiee pacnpoCTpaHEHHON MIMPUHOM BenunHa h
=1,055*10 x *c.

Hlupuna ¢poTtoHa MoxkeT ObITh pazHoil: oT 3 g0 1000 u
Oonee »¢dupHBIX mIapuKOB. bynem cumrtarth, 4TO Hauboyee
pacrpocTpaHéHHON IMMPHUHON (OTOHA BUIMMOIO JHara3oHa
sBrstercst N = 500.

[Tpoune unciIeHHbIE 3HAYE€HUS BEIUYUH:

i =1,82*103 un;
d = 2,44*10" ap;
c =3*10%ck.
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[ToncTtaBuM 4yMcIeHHBbIE 3HAYEHUS BEIUYUH B (HOopMyIy
JUTSL aMIUTUTYbI A U TOJTy9rM

* *1N-34 * *1Nn-13
A \/ 2*L055*10 ¥ 2410 olhs

314*182*1073t*500 *3*10°

AMITIUTYZa CBETOBOM BOJIHBI BHJIMMOTO JUana3zoHa
okasbiBaeTcs B 10 pa3 MeHbIIe quameTpa d3PUPHOTO IMapHKa.

22. YckopeHnue 3(GUPHBIX IIAPUKOB IIPH CPHIBE
CBETOBOU BOJIHBI

W3 0HOpPOIHOTO BOJIHOBOIO ypaBHEHUS CJIENYET, 4TO B
CUHYCHOI (opMe yckopeHue >GUPHBIX IIAPUKOB B (HOTOHE
OIpEEIAETCS BRIpAXKEHUEM

2
9Y_ a?sinat.
dt

bynem cunrtarh, 4TO CpBIB CBETOBOW BOJIHBI IIPOUCXOIUT
[IPY MAaKCUMAaJIbHOM YCKOPEHUHU:

a=Aaw

CpenHsis yacToTa KojieOaHuii B BUIUMOM Jauanasone f =
14 .. .
6,0*10°" 6. IlepeBeném e€ B KpYrOBYIO 4acTOTY:

w = 27 f = 3,8%10" pan/c.

Awmrutyna A = 0,25%10°%* Mp.
[ToncTaBuM naHHBIE BETUYUHBI B (POPMYITy YCKOPEHUS H
HOJYYUM
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a=0,25%10" *(3,8*10")% = 3,6*10"" ycxk.

ToJIBKO IIPU AOCTHKEHUU TAKOTO 3HAYEHHsI YCKOPECHMS
3(GUPHBIX MAPUKOB MPOUCXOAUT CPBHIB CBETOBOI BOJHBL. IJTO
3HAYUT, YTO ICHTpPaJbHAs YacTh KOJEOIIOMENHCs CTPYHBI
XUMDJIEMEHTa OTKJIOHAETCS C TakuM e ycKopeHueM. llpum
MEHBIIUX 3HAUYCHUSX YCKOPEHUH CTpyHBI €€ KoJebaHus
IOPO’KJAIOT JIMIIB TEIUIOBBIE BOJIHBI. JTU BOJIHBI «IIPUBSI3aHbI»
K ICTOYHUKY U B IIPOCTPAHCTBO HE YXOJIAT.

23. Y nenbHoe naBiieHue 3¢pupa

W3 popmynbl At CKOPOCTH CBETA

U3BJIeUEM yzIeTbHOE JIaBieHue 3dupa p:
_ 2
p=pcC.

Ckopocts cBeta € = 3*10° cx. IlmoTHOCTH MHEpIMH
sdupa onpenenena paree: p = 1,9*10" nun.

[oacraBnsast B GopMyny AT ONpenesieHHs yAeIbHOrO
naBieHus dupa p, moIyduM:

p = 1,9*10"*(3*10%)? = 1,70*10%* yx.

OTa BeIMYMHA HACTOJIBKO BEJIMKA, YTO €€ He C YeM
CpPaBHUBATb.

VYaenbHoe naBieHue dpuUpa — BETUYMHA HETOCTOSTHHASL.
[To mepe mpubnmxeHUs: K TUIaHETaM H 3BE37aM (B 30HAX X
TATOTEHUS), YAENbHOE JaBjieHHe d(pupa YMEHBIIAETCS, HO
OYCHb  HE3HAUWTEIBHO. YMEHBIIAeTCI OHO ©  TIpH
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NpUOIMKEHUH K BUXPEBBIM LIHYpaM XUMAJIEMEHTOB; TaM 3TO
YMEHBIIEHUE — OYEHB CYIIECTBEHHOE.

24. YucneHHoe 3HaYeHUE YHEpruu GOTOHA

AHanuTHyeckas 3aBHCUMOCTb SHEpruu (oToHa HMeEeT
CIEAYOLIUNA BU!

2 . 2
_n’inc A" f
E——d .

YucneHuple 3HAYSHUS BXOAIUX B BBIPAKCHUEC BCIIMIUH:

i =1,82%107% un;
n = 500;
c=3*10° VCK,

A =0,25%10" ap;
f = 6*10™ xo;

d = 2,44*10" wp.

[Ipy »>TuX 3HAUEHUSAX BENUYMH OHeprus (OTOHA
OKa3bIBAECTCSI PABHOU

E_ 3147 *1,82*107°' *500 *3*10° * (0,25*10°)* *6*10"* _
2,44*107"

=414*107° 0.

25. O6BEM mycToThl (hOoTOHA

JIBiwkeHust >(QUPHBIX MIApPUKOB (OTOHA TOPOKIAIOT
nyctoTy. IIpu 3TomM Kojebmrouuecs: MapuKu MPeooIeBaloT
naByieHue 3(UPHOI cpesibl.

33



3aBUCUMOCTh 00BEMA IMYCTOTHI § OT DPHEPTUU JIBUKCHUHN
dorona E wu ynmempHOro namineHus 3¢QupHON cpenbl P
CIIeyIOIas:

g=£
e

YaeneHOe naBieHwe 3GuUpa HAMHU ONpPEIEICHO: P =
1,70%10% yo.

DHepruro (oTOHA MPUHUMAEM TaKOH, Kakas MoJydeHa B
npebIAyIIeM pacyére IpH BHIOpaHHBIX mapameTpax N, A, f:
E = 4,14*10™" oorc.

HOI[CT dBUM YHCJICHHBIC 3HAUYCHUSA mapamMeTpoOB B

dbopMyiy § ¥ HOIYUUM:

* -19
g =400 5 44%10 kim
1,70*10

[TycTora ¢oToOHa Ba’kHa B TOM CMBICIIE, YTO IIOMOTaeT
OOBSCHUTH TAKUE CBETOBBIE ABJICHUS, KAaK [IPEJIOMIIEHUE JIyUEH,
pacceMBaHME COJHEYHOIO CBeTa, OrubaHue KpOMOK U
Ka)XYIEeCs] yMEHbIIEHHUE CKOPOCTH CBETa B ONTHYECKHUX
cpenax.

Bo Bcex 3THX ABIEHMAX CpabaThIBAET 3aKOH BBITECHEHMS
nyctoTbl. COrjlacHO 3TOMY 3aKOHY ITyCTOTa BBITECHSIETCSI B
CTOPOHY MEHBILIETO yIEIbHOTO JaBICHUS CPENIBI.

N xors mycrota (QoTOHAa HHUYTOXKHO Majia, B 30HaX
TATOTEHUS C KPYThIM YKJIIOHOM YJI€JIHOTO 3()UPHOTO JIaBICHUS
OHa BbI3bIBACT UCKpUBJICHHUE TpPaeKTOPUH ero
pacrpoCTpaHEHHUs!.

[Ipoxons, Hampumep, BOMM3M 3BE3A, Jy4 CBeTa
UCKPUBIISIETCA, ¥ 3TO 3a()MKCHPOBAHO AaCTPOHOMAMHU.

HecpaBHuMO  Gojblliee  HCKpUBIEHHE  TPAEKTOPUU
¢oToOHa  BBI3BIBACT YKJIOH TPUIIHYPOBOTO  YAEIHHOTO
3(UpPHOTO JaBICHUS.
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26. YKJIOH yJenbHOro 3(pUPHOTO JaBJICHHUS B
MPUITHYPOBOW 30HE XUMAJIEMEHTA

[Ipoxons BOMM3M BHUXPEBBIX IIHYPOB XHMDIJIEMEHTOB,
(GOTOH CBOpauMBaeT B MX CTOPOHY JOBOJIBHO 3HAUUTENNHHO, U
KK U3 HAC (PUKCUPOBAI 3TO.

Tak mpu Bxoje moa yrioM B Boay (oToH orubaer
NepBbIC MOMABIIMECS HA €r0 MyTH XUMAJIEMEHThl U YXOIUT B
He€ 0osiee KpyTo; BOZHUKACT BUIMMOE MPETOMIICHHE JTyYeH.

[Ipu BBIXOZE W3 BOABI HAONIONAETCS TO K€ camoe
SIBJICHHE — JIy4d OTKJIOHSAETCS B CTOPOHY BOJIBI.

B camoii Boae, kak U B J1IF0O0OM MPO3pavyHOM MaTepHale,
doton orubaer Bce BCTpEYArOUIMECs HA €ro IMyTH
XUMDJIEMEHThl U B PaBHOW CTENEHH OTKJIOHSETCS B pa3HbIC
CTOpOHBI. B pesynbrare olliee HalpaBiI€HHE €ro JBHKEHUS
COXpaHsieTCs, HO TPAEKTOpUS €ro JBIKEHUS CTaHOBUTCSA
BOJIHOOOpa3HOW. JIBHrasich 1O TaKOH TpaeKTOpUH, (GOTOH
BBIHYXJIEH Mpo0erarth JHIIHEe paccTosHue. BosHukaer
BIIEYATJIEHUE, YTO €ro CKOpocTb B BOAE Kak OyaTo
YMEHBIIAETCH.

OrubaHme CBETOM XHUMAJIEMEHTOB TMPOUCXOJUT U B
obnakax. OHO TNPUBOAMT K TOMYy, UYTO TapajuieIbHbIC
COJIHEYHBIE JIyYU OTKJIOHSIOTCS B pa3HbIE CTOPOHBI U CO3JIAIOT
paccesiHHbIN CBET.

PaccmoTpuM yKIIOH ynelnbHOro 3(UPHOTO JABJICHHS B
MPUIIHYPOBOM 30HE XUMDJIEMEHTA.

BayTpu BHXpeBOTrO mHIHypa YACIBbHOE JaBJIEHHWE PaBHO
Hymo. [lo Mepe ypaieHuss oT mIHypa OHO pacT€T U Ha
OTHOCUTENIbHO  OOJIbLIOM  YJAJ€HUHU JOCTUTAaeT  CBOETo
MaKCHMyMa — yJeIbHOTO JaBJICHUS CPEIIBL.

YMEHbBIIICHHE YAETbHOTO JaBJICHUS B TMPUIIHYPOBON
30HE BBI3BIBAIOT KOJIEOAHUS WIAPUKOB B OTOM 30HE. OTH
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KOJIOAHUs — CIIEAICTBUE COYapEeHUs IPUMBIKAIOIINX IIaPUKOB
cpenpl ¢ mapukamu Buxps. OHuU (kosie0aHMs) MPOUCXOIAT B
IUIOCKOCTSIX 3JIEKTPOHHBIX CEKLHMM M HaIllpaBJIEHbI KacaTeabHO
K 000JI09Ke IIHYpA.

[Ipome Bcero AONMYCTUTb, 4YTO YyHEIbHOE 3(QUPHOE
JIaBJICHHUE B IIPUILIHYPOBOM 30HE U3MEHSETCS 110 IKCIIOHEHTE:

P= 1P, 1_e"i

24
rie po = 1,7%10°" yo — ynenbHOe >(QupHOE ABICHHE
OKpYKaroliel cpenbl; X — yJal€HHOCTh OT OCH BHUXPEBOTO
nIHypa; X — KaTeT Ha4aJIbHOTO YKJIOHA.

vl e

Ps

by

X

Jnsg  toro, droObl TMOJYYHUTh  BBIp@XKEHHE  JUIA
ONpPENIENICHUs]  YKJIOHA YJIENbHOTO AS(GUPHOrO  JaBICHHS,
HeoOxonumo mpoauddepenmpoBaTh SKkcroHeHTy. [IpuBeném
CHayaja e€ K BULy

P= Dy~ Pp€

X
X
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Bocrnonb3oBaBmIMCh  COPABOYHUKOM II0 MAaTE€MATHKE,
HAaXOJUM BBIPAXKEHUE U1 YKIIOHA MPUIIHYPOBOTO YAEIBHOTO
JIaBJICHUSA:

dp _X 1 P _X
U=—=—p,e *|——|=—2¢e *.
ax Do ( xj X

HauanbHblil yKiI0H opMHUpyeTcss Ha BUXPEBOH 00010UKe
¥ Ha NPWIETAIOMNX K HEH 3(UPHBIX MIAPHKAX, TaK YTO KaTeT
HAYaJIbHOT'O YKJIOHA MOKHO NPUHSTH paBHbIM X =(3... 5) ow .

C y4€TOM 3TOr0 BBIpAXECHHUE IS YKIOHA IPUMET BUJL

U= 4%107%e

B sroM BBIpakeHWW yHaNEHHOCTh X 3aJaHa TaKKE B
eqUHULAX Oul.

277. DHeprus pacrajia XuMd3JIEMEHTOB

Pacniag XxuMa1eMEeHTOB ObIBA€T HETIOIHBIM U MOJHBIM.

Henonnelil pacniag 3T0 — OTPBIBBI OT BUXPEBOIO IIHYypa
XUMDJIEMEHTa KYCKOB, OOpBIBKOB, TaKHUX KaK HEWTPOHBI,
anb(a-yacTUIIbl U APYTHX.

I[Ipy nmonHOM  pacmaze  OTOpPBaHHBIE  OOpBIBKU
pacnanarTcs 40 MMEKTPOHOB. DTO 03HAYAET, YTO DJIEKTPOHHBIE
CEKLMU OOPHIBKOB DPAa3/aBIMBAIOTCA M UX 3(UpHBIE IIAPUKU
pacceuBaroTCs, TepsAs CBOM BHUXpeBble ABMkeHMs. [llapuku
BO3BpaIlaTcs B 3QUPHYIO cpeay.

B o0oux Bugax pacmaga ymeHbLIaeTcss  00BEM
BHYTPUBUXPEBON IYCTOTBHL, TOJBKO B CJIy4dae HEMOIHOIO
pacriaga 00bEM 3TOT — HEOOJBILOM, @ IPU MOJIHOM pacraje —
MaKCUMaJIbHO BO3MOKHBIN.
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CoxpaHnsieTcst ycTOTa TOJBKO y 3JIEKTPOHOB, HO €€ 10JIs
B 0011EM 00bEME — HUUYTOXKHAS.

[Tyctora mnpu pacnage 3axJonbiBaeTcss  3(QUPHBIM
JaBleHUEM. [IBMKEHMS 3axJIONbIBaHMsI IPEBpaIlalOTCs B
TEIUIOBBIE IBUKEHUS OCTABLIMXCS XUMAJIeMeHTOB. [lomyuaercs
TaK, 4YTO XMM3JIEMEHT CBOMM pacla/ioM COIpeBaeT coceeil.

VMcue3HyBIas mycToTa YMEHBILIAET BEC PACHAAAI0LIEr0Cs
XMMHYECKOIO BEILECTBA. TArOTEHHME K 3€MJIE OIpelersieTcs
IIyCTOTOM: OHA BBITECHSETCS 3(PUPHBIM JaBICHUEM MO YKIIOH,
TOECTh B CTOPOHY 3eMJIM. HeTy myCTOTBI — HET U TArOTEHUSI.

Wtak, pacnaa XUMDJIEMEHTOB MOPOXKIAET TEIUIOTY U
YMEHBIIIAET BeC.

3Hasi 3TO, MOYKHO SKCIIEPUMEHTAJIbHO ONPEAENIUTh HX
COOTHOILICHHE.

B ¢usuke 00BIYHO ONEPHUPYIOT HE BECOM, a MHEPIUEH;
OHM SKBHUBAJEHTHBL. Tak 4YTO ONPEAEsIOCh COOTHOLICHHE
BbI/IEJICHHON TEIUIOTHI M YMEHBIIEHUS UHEPLIH.

[Ipeanonaranock, yTo B Nepecyére Ha OAUH UH WHEPLUU
IIOJIHOCTBIO PACIaBILErocs XUMHUYECKOTO BELIECTBA JOJIKHO
OBLIO BBIAEIATHCS 9% 10 JIBU)KEH TEIIJIOBOM SHEPIHUH.

OpHako JKCHEPUMEHThl IOKa3alM, YTO BBIIEISIIOCH
NpUOJIM3UTENBHO B JIBa pa3a MEHbIIE TETJIOTHI.

TakuM 00pa3oM, TEMJIOTBOpHAs CHOCOOHOCTH pacrmaja
OILICHUBAETCA B 4,5"‘1016 04Cc/Un.

Jns cpaBHeHHMs, ynenbHasl TEIUIOTa CropaHusi OeH3MHa
cocraBmsier Bcero 4,5%107 Oowc/un, TOECTh B MHIIHApA pa3
MEHBIIIE.

OKCHEpUMEHTBl MOKa3ajdu TaKKe, 4YTO COOTHOIIECHHE
BBIZICJICHHOM DSHEPrMM U TOTEPSAHHOM HHEpPLUUMH Y BCeX
pacnajarlmrXxcs XUMUYECKUX BEIIECTB OJMHAKOBOE.

O06o3HauuM yKa3aHHOE COOTHolleHue OykBOH ( u
IIPUMEM €r0 PaBHBIM

q = 4,5*10" oorc/un.
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28. BHyTpeHHss1 SHEprus npeameTa

BHemnss oSHeprusi mpeaMmera  BBIPAXAaeTcs B €r0
BUJMMBIX JABHKEHUSIX; HAIIPUMEp — JABHKYIIMNACA aBTOMOOMIIB.

BHyTpeHHSs SHEprus npeaMeTa OnpeaessieTcs SHepruei
BUXPEBBIX JIBUKEHUH BCEX €r0 XMM3JIEMEHTOB.

3Hasg, YTO TPU TIOJHOM pachaze XHUMAIJIEMEHTOB
BbIJIEJIAETCS (] ABMIKEH 3HEPruM Ha KaXAblil MOTEPSIHHbIN uH
MHEPIH, TPUXOJAUM K BBIBOJY, YTO JI0 pacmaaa ObLIo Takoe
K€ COOTHOUIEHHE M TAaKOE )K€ COOTHOLICHHME — Yy BCEX IPOUUX
XUMHYECKHX BEIIECTB. JTO CIEAyeT M3 3aKOHA COXpPAaHECHHUS
JIBMOKEHUH.

Buytpennsis ~ sHeprus  moboro  mpeamera  E
OIpENIeNIUTCS, TAKUM 00pa3oM, Kak

E = g*l = 4,5%10™* I, oo,
rae | — u"epuus npeamera.

BHyTpeHHsis 2Heprusi €cTb HE TOJNbKO Yy TBEPIBIX
MPEAMETOB, HO M y JKMJIKOCTEM M Ta30B; OHA €CTh Yy BCeEX
XUMHUYECKHX BEIIECTB.

BayTpenHOI0 SHEpruto WHOTIA B (PU3HUKE HA3BIBAIOT
DHEpruen MnoKos.

29. IlycroTa SKBUBAJICHTHA YHEPTUH

ITycToTa SKBMBaJIE€HTHA YHEPTUH — ATO 3aKOH IIpupoasr.

OTOT 3aKOH paclpoCTpaHseTcss U Ha 3(QUPHYIO cpeny.
Besikne nBukeHuUs B HEM MOPOKIAAIOT yCTOTY, U IIyCTOTa TaM
— abcoutoTHaS.

[IHyp XuMd3JIEMeHTa MpeACTaBIsieT Co00N  BUXPb.
Buytpun »storo Buxps — myctora. OOBEM 53TOH MyCTOTHI
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SKBHUBAJICHTEH SHEPTUH BUXPS. DHEPTHs BUXPS YXOIUT HA TO,
YTOOBI pa3fABUHYTHh d(UPHYIO Cpeldy, a OHa - OYEHb CHIBHO
C/aBJICHA: YJIEJIbHOE JaBlieHHEe OJ(upa COCTaBIsIET P =
1,70%10% yo.

B obmem cimydae o00BEM mycTtoTBl § B 3dupe
MPOTOPIIMOHANICH YHEPTHH IBHKEHUM E: uem Oonbie sHeprus,
TeM OoJibilie 00BEM,- B OOPATHO MPOIOPITHOHATICH YICTLHOMY
naBieHuo d¢dupa p: yem OoJbllie JaBIICHUE, TEM MEHBIIE
00BEM.

3aBHCUMOCTB 3Ta HMEET CJICIYFOIIUI BHI:

g=£
IR

HOIICTaBI/IM B OTYy 3aBUCHMOCTb YHCJICHHOC 3HAYCHHUEC P U
MOJIy4YuM
E

W = 5,88 *10_25 * E, KOM.

g:

TakoBO COOTHOLIEHME S3HEPIUU JBUKEHUH U 00BEMaA
IyCTOTHI B AHpe.

30. DOkxBUBaJE€HT UWHEPUMH W BHYTPEHHEH
MyCTOTHI MPEIMETA

Jns Toro, 4ToOBl oOMpeAenuTh OO0BEM BHYTPEHHEH
MyCTOTHI IpeIMeTa, HEOOXOAMMO B 3aBUCUMOCTH

g =5,88*10%*E

MOJICTaBUTh 3HAUEHUE BHYTpPEHHEH »Hepruu npeamera E =
4,5%10%*]
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ITocne IMOACTAHOBKH ITOJIYYHM:
g = 5,88*10%*4,5*10'°* | = 2,65%10°* I , k6m/un.

Kak Bugum, 00BEM BHYTpEHHEW WYCTOTHI MpeaMeTa
OTpECIACTCS €ro WHEpPIUeH: B KaXKIOM WHE WHEPINH
comepxutcs 2,65% 10°® KyOomeTpa abCcoMOTHOM mycTOThI. Ecim
nepeBecT KyOOMeTphl B KyOMYeCKHe CAaHTHMETpPbhI, TO B
kaxxaom une — 0,0265 e’ MYCTOTHI.

To4HO Takoe k€ COOTHOIICHHE U B JKUIKOCTSX U B ra3ax.

B kybomerpe Boast — 1000 wuw; cnemoBaTenbHO, B
kyoomerpe Bombl (0,0265*%1000) = 26,5 KyOM4ecKux
CaHTUMETPOB ITyCTOTHI.

OTHolIeHUE BHYTPEHHEH MYCTOThI § MpeaMeTa K ero
uHepiyu | :

e= % =2,65*10"% xom/ un,—

U3MEHSETCS B 3aBUCUMOCTH OT Y/AEIBHOIO JAaBiIeHUs 3¢upa, HO
9TO WM3MEHEHHE B pEaJbHOCTH CTOJb HE3HAYUTEIBHOE, YTO
TaKO€ OTHOLIEHUE MOXKHO CYUTATh DKBUBAJIIEHTOM HMHEPLUU U
BHYTPEHHEHN IIyCTOTHI PEIMETOB.

31. O6bEM BHYTpEHHEH MTyCTOTHI XUMDAJIEMEHTOB

XVWMHYECKHE BELIECTBA COCTOAT U3 XHMMDJIEMEHTOB;
MO3TOMY Ha XHUMDJEMEHTBl PpacHpOCTPaHAETCs TO IKe
COOTHOILIEHUE ITYCTOThI U UHEPLIUU.

Onpenenym 00BEMBI BHYTPEHHEH ITYCTOThI HEKOTOPBIX
XUMDJIEMEHTOB.
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Bonopon H

Wuepuwst: 1y = 1,69*10'27 UH.

OO0BEM IyCTOTHI:

gy = 2,65*10°*1,69%10% = 4,48*10™ k6.

Jlurnii Li

WNueprus: 11 = 1,15*10'26 UH.

OO0BEM ITyCTOTHI:

gui = 2,65%108*1,15%10% = 3,05%10* k6w

Yraepoa C

WNuepnus: Ic = 1,99*10'26 UH.

OO0BEM ITyCTOTHI:

gc = 2,65%108*1,99%10% = 527103 xom.

BHYTpeHHsIs MyCTOTa XUMAJIEMEHTOB TOBOPUT HE TOJIBKO
O BHYTPEHHEHN SHEPruU, HO U O TOM, YTO B 30HE TATOTEHUS C
YKJIIOHOM yJEJIbHOTO 3(UPHOTO JaBjcHUs OHa (IyCcTOTa)
BBITECHSICTCS B CTOPOHY MEHBIIETO JaBICHUS dPUPHON CPEIIbI.
bnaronapst 3TOMy XMMAJIEMEHTBI CIMITAIOTCS MEXAYy COO0H U
00pa3yroT TBEPBIC MATEPHAIIBI;, OJIaro1apsi ITOMY XHMHYCCKHE
BEIIIECTBA TATOTEIOT K 3eMJIe.

32. O0BEM BHYTpEHHEW IMYCTOTHI JIEKTPOHHOU
CEKIIMH XUMDJIEMEHTA

BuxpeBple  HmIHYpHl ~ XMUMDJIEMEHTOB  COCTOSAT U3
JIEKTPOHHBIX CEKLHMH, U MOJTOMY COOTHOIIEHHE IYyCTOTHI U
UHEpPLUUU B PaBHOM CTENEHM pacHpoCTpaHseTcs U Ha
JJIEKTPOHHBIE CEKIIUU.
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OJNEeKTpOHHAs CEKLIMA COCTOMT U3 TPEX SPUPHBIX
apuKoB; wHHepuus oSdupHOro mapmka = 1,82*%10°% uw;
WHEPIUS CaMOM CEKIIMH = 1,82*10'31*3 = 5,46*10‘31 UH.

OO0bEM BHYTpEHHEHN MYCTOTHI 3JIEKTPOHHOM CEKIUU:

goc = 2,65%10°*5,46%10% = 1,45%10 k6w

[IpencraBum 00BEM BHYTpPEHHEH MYCTOTHI JIEKTPOHHOM
CeKIMHU B 00bEMax F(UPHBIX IIAPUKOB.

CHavana omnpenenauM OOBEM OTIAEIBHOTO 3(PUPHOTO
HIapHKa:

V,, =—d3, = 314 2.44%10%) 27,6010 ko

6 6

Paznenum 00bEM BHYTpEHHEH IyCTOTHI CEKLHMU B
KyOomerpax Ha 00bEM d(QUpPHOrO mIApUKa B TeX JKe
KyOOMeTpax U MoyiyduM 00BEM MYCTOTHI 3JIEKTPOHHOM CEKLMU
B 3(QUpPHBIX mIapukax (sus):

 1,45%10°

_IPTO T g .
977 60%107 o

33. O0OBEM 1IapUKOBOK OOOJIOYKU SJIEKTPOHHOM
CeKLIUU

OO6onouka 3NEKTPOHHOW CEKIUM COCTOMT U3 TpEX
3(UPHBIX HIAPUKOB.

OO0o0YKa CEeKIMM 3aHUMaeT TakKoh OO0BEM, Kakoi
3aHUMaJIM Obl TpU 3(PUPHBIX HIapUKa MPHU BpalllEHUU C Majon
CKOPOCTBIO, KOT'JIa BHYTPEHHSS IyCTOTa CEKIIMU paBHsIACH Obl
MpPaKTUYECKH HYJI0. B cedyeHnu Takasi cexuus BBITIsiiena Obl
KaK TPU COMKHYBIIUXCS d(UPHBIX [IApUKA.
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O0BEM  000JIOYKH  DJICKTPOHHOM  CEKIIMH  MOKHO
MPEJICTAaBUTh KaK MPOM3BEICHHE IUIOMAIN Kpyra JUaMeTpOM
D, Ha IMHY CeKIHH.

[

Huametp D1 onpenenriM reoMeTpruuecKu:

2
D:d 1+ — :2,15d
' [ ﬁj

[Tnomans kpyra quamerpom Dj :

S = % D2 = 3’% (215*2,44%107%)2 = 2,16 *10%° xem.

JlnuHa 371eKTPOHHOM CEeKIMK paBHA JuaMeTpy 3(UPHOTro

mapmca:
|=d=244*10"" .
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OO0BEM 000JOYKM HIIEKTPOHHOM CEKIUH OMPEICTUTCS
KaK

V=S 1=2,16%107°*2,44*10" = 5,27*10"® «6m.
[IpenacraBum 3TOT 00bEM B 00BEMAX dPUPHBIX IIAPHUKOB

_527*10°%

=25~ -6,94ou.
7,60*10

34. OtHoueHne 00bEMa BHYTPEHHEHN IMyCTOTHI K
00BEMY 000JIOUKH ANEKTPOHHON CEKIIUH

ITO OTHOILIEHUE OIIPECACIINTCA KaK

g 145*107%°

35. O06BEM 2NEKTPOHHON CEKITUU

OO0BEM DIEKTPOHHON CEKIIMU CKIIAAbIBaeTCs M3 00BEMaA
e€ 000710ukH 1 00bEMA BHYTPEHHEW MYCTOTBHI:

V =5.27*108 + 1.45*10°% = 6,72*10°® xom.

Tot ke 00bE€M — B 3(PUPHBIX IIapUKaX:

V=6,94+ 1,91 = 8,85 suw.
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OtHomeHne oOBEMA BHYTpPEHHEH IYCTOTHI K OOBEMY
BCEU CEKIINU:

g _145*107

= Ao %x1n-38 = 0,215
V. 6,72*10

36. HapyxHblii auamMeTp BHXPEBOTO IIHypa
XUMDJIEMEHTA

[IpencrtaBuM  00BEM  DJIIEKTPOHHOM  CEKIMM  Kak
NPOU3BENCHHUE IUIOMIAAN €€ CeYeHHUs Ha €€ JJIMHY, PaBHYIO
quameTpy 3(UPHOTO MIapuKa:

V=Sd.

Orcroga muomaib  CEYEHHS  BUXPEBOrO  IIHYypa
OIpEENIUTCS KaK

* -38
S = v = L].O% =2,75*10"% kem.
d 244*10

[Inomane ceyeHusi, B CBOIO OYEPE/lb, MOXKHO BBIPA3UTh
4yepe3 AUaMeTp BUXPEBOTO MIHYpa:
2
§= 7 D
-

Wckomplii quamMeTp BUXpEBOTo MIHYpa Oy/IeT paBeH:

* *10 25
o[4S _ \/ﬂ 59210 u

T 314

OH Gonbiie AuaMerpa 3GUPHOTO MIapUKa B
(5,92*10™ / 2,44*10™"%) = 2,43 paza.
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CeueHne BHUXpEBOrO IIHYypa HE SBISETCS HJCaTbHBIM
KpyroM. O@upHbIE MIAPUKM LIHypa HE MIPOCTO OerarT IO
OKPYKHOCTH — OHH IIPBITAIOT 110 TAKUM K€, KaK OHH, IIapUKaM
3¢upHOii cpeabl. [103TOMy BBIUMCIIEHHBIN TUaMETP BUXPEBOTO
LIHypa CJIeAyeT BOCIPUHUMATh KAK YCPEIHEHHBIN THAMETP.

37. BHyTpeHHUW IMaMeTp BHUXPEBOr0O IIHypa
XUMDBJIEMEHTA

BHyTpeHHuii auamerp BUXpPEBOrO HIHYpa MEHbINE €ro
HapYXKHETO JUaMeTpa Ha JIBa JuameTpa d3PUPHOTO IIapuKa:

d =5,02%10"% - 2*2 44*10°% = 1,04*10°5 .

Onpenenum — Kakyro 4acTb JuaMeTpa 3(pUpHOro mapuka
COCTaBJIIET BHYTPEHHUI TMaMeTp BUXPEBOro LIHYpa:

1,04*10%/ 2,44*10° = 0,43.

38. OceBble ycuiusi BUXPEBBIX OOPHIBKOB

Topiel BUXpPEBBIX OOpPBIBKOB 3aTKHYTHI 3(UPHBIMU
mapukamMu. OQUpHOE JaBJICHUE TPUIKUMAET TOPIIOBBIC
HIApUKKW K KpalHUM 3JEKTPOHHBIM CEKUUSIM BHXPEBBIX
OOpPBIBKOB C yCUIIUEM

F=pd

rae p = 1,70*10% Y0 — ynenbHOe 3dupHOe naBieHue; d =
2,44%10™ y — JuaMeTp 2pUPHOTO MapuKa.
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B 1aHHOM BbIpaxeHHH BMecto kpyra (7 d° / 4) mpumst
2
kBajgpat 0°, Tak KaK yaelbHOC JaBJICHHE PACCUMTHIBACTCS 03
y4éTa IyCTOT MEXIy SOUPHBIMHU IAPUKAMH.

B uyucmax:

F =pd®=1,70*10%*2,44**10% = 0,10 cx.

Fac- oceboe
[— ycunuve

|

Fo- paduansHoe
ycuave

OceBoe ycunue F BozneiicTByeT Ha 3 3(UpPHBIX IIapHKa
KpalHEeH 3JIEKTPOHHOU ceKIuu. Ha kaxaplii U3 dTUX IIApUKOB
B OTJIEIbHOCTH MPUXOUTCS yeunue Foc !

Foc=F/3=0,10/3=0,0337 cx.

39. VYcunue paavanbHOrO  pa3fgaBiIMBaHUs
BUXPEBOT0 OOPHIBKA

ToproBbIil  mIApUK  CO3MAa€T  pagualbHOE  YCHIIME
pa3naBnuBaHus Fp Ha KaXIblil MIApUK KpailHEW 31eKTPOHHOU
CEKIIMH.
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Jns ompeneneHus 3TOr0  yCWIHMSL  BOCIHOJIb3yeMcCs
F€OMETPUUECKUM COOTHOIIEHHEM

e _ 4D
Orcrona:
_ AD
Fp=Focpp .
Onpenenum pasmepsl karetoB AD u BD:
AD = Do + d
2 )
rae Dgy = 1,04*10'13 Mp — BHYTPEHHHU MaMETp BUXPEBOTO
muypa; d = 2,44*10"° — nuamerp s¢upHOro Imapuka; B
YHClax:
* -13 * -13
AD = 1,04*10 ;2,44 10 _174%10° 4
Karer BD  ompemenum w3 OPSMOYTOJIBHOTO
tpeyroyibHuka ABD:
BD? = AB’ - AD%;

BD =/AB* - AD? .

I'unoteny3a AB=d = 2,44%10™ 5.
Kater
* -13 * -13
AD = 9 + Dy = 2,44*10 + 10410 =1,74*10" m.
2 2 2 2

Yucnennoe 35aucaue BD:

BD = \/2,44*10’26 -1,74*107%° =1,71*107"® .
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B pesynbrare ycunue pagualbHOTO —pa3laBIMBAHMS
BUXpPEBOrO0 OOpBIBKA, TNPUXOASAIIEecs Ha OJUH IIapUK
3JIEKTPOHHOU CEKLUH, ONPEIEIUTCS KaK

AD 1,74*107"

FP = Foc E =0,0337 W =0,0343 c.

Kax BugHO, pagnanbHoe ycunue pazaaiuBanus (0,0343
Cl1) COU3MEPUMO C YCHUJIHMEM, CO3/1aBAEMbIM yJIEIbHBIM
3(UpHBIM JaBJICHUEM, JACUCTBYIOIMM Ha TOT ke mapuk (0,10
cn). A ¢ y4yéToM TOro, 4TO ILIAPUK 3JIEKTPOHHOM CEKLUU
UCIBITBIBACT JIOMOJHUTENBHOE pPaJualbHOE HHEPIHOHHOE
COINPOTUBIICHUE OT BpAalllEHUs, KpaiHss 3JEKTPOHHAs CEKLUs
BUXPEBOTO OOpBIBKA HAXOAUTCS B XPYINKOM pPaBHOBECHH, U
a000W ymap 1O TOPLOBOMY IIAPHKY CIHOCOOCH BBI3BATH
pa3aBIMBAHKUE CEKIIUHU.

40. MHuepuus 1mOBOpOTa — aHAIMTHYECKAS
3aBUCUMOCTD

ITocTynarenbHO ABMKYIIHUNUCS IIPEIMET XapaKTEPU3yeTCs
uHepuueit |. Unepuus onpenensier mocrynaTelbHOE YCKOpEHNE
a B 3aBUCHMOCTH OT ycuiaus F, mpuiokeHHOro K JaHHOMY
IIpPEAMETY:

F

a=7.

Bpamaromuiicss npeamer XapakTepusyercs HWHepuuen
noBopoTa lo. OHa onpezaenseT Takke yCKOPEeHHE MOBOPOTA € B
3aBUCHUMOCTH OT yCUJIHS moBopoTa M:
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A demy paBHa cama MHepLUs MOBOpoTa npeamera lo ?
[TpousBeném cnenyromme npeodpa3oBaHus. Bsipasum
yeunue F uepe3 nnepuuto | u yckopenue a :

F=1a.

VYMHOXUM M pa3eluM IpaByl0 4YacTb BBIPAXKCHUSA Ha
paguyc I

a
F=1r—=.
r
OtHorrenne (@ / r) sBIsETCS YIJIOBBIM YCKOPEHHEM

IIOBOPOTA €.
YMHOXHM 00€ 9aCTH BBIpa)KCHUSI CHOBA HA PAINYC I

[Tonyunm:
F r = M — ycunue noBopora;
IrP=lo— WHEpLHUs ITI0BOPOTA.

Wuepuust noBopoTa npeaMera OINpeAesnseTcs Kak cymma
MHEPLXN TOBOPOTA €TI0 YacTeN.

41. HMuepuusi moBOpOTAa 3JIEKTPOHHOM CEKIUU
XHAMDIJIEMEHTA

ChHavana mnpou3BenéM YNPOLIECHHBIM pacu€r. bynem
CUMTaTh, YTO BCA WHEPIUS dS(PUPHBIX I[MAPUKOB CEKIUU
COCpEIOTOYEHA B LIEHTpaxX 3TUX IIApUKOB. PaccrosHue oT ocu
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BpallleHusi [0 IIEHTPOB IIAPUKOB COCTaBJISET IOJOBUHY
BHYTPEHHETO JUaMeTpa CEeKUUU IUTI0C IOJOBUHA JAHaMETpa
3(UpHOro HIapuKa:

dyy  d _104*107 244*107
2 2 2 2

r= =174*107" m.

WMHepuust 1OBOpPOTa  3JEKTPOHHOM  CEKLUMH  IIPH
YIPOLIEHHOM PACUETE ONPENEINUTCA KaK YTPOCHHAs MHEPLMS
IIOBOPOTA OTJEJIBHOTO LIApHKa:

lo = 3*I*r? = 3*1,82*107%*(1,74*10%%)? = 1,65%10™° unn.

Jiis TouHOTO pacyéra mpeiaraeTcsi BIpaKeHne 0e3 ero
BBIBOJIA!

V1 V1 3
I =(§d§H*d3+Zd3H*d4 +Ed5)pm )

TJI€ py7 — IIOTHOCTh HHEPIUH 3(PUPHOTO MIapHKa.
-1
[Tocse mopcTanoBku B Beipaxkenue dgy = 1,04*10 3 u .d
= 2,44*10'13 , pur = 2,39*107 MOJIyYMM YHMCIIEHHOE 3HAaueHHE
WHEPIIUN TTOBOPOTA AJIEKTPOHHOHN CEKITUH:

lo = 1,81*10°° umun.

HOI’”peHIHOCTI) PaHEC BBIIIOJIHCHHOTO  YIPOIICHHOIO
pacqéTa COCTaBJIACT

1,81-1,65

100 =8,8 %.
181
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42. BHyTpeHHsIS >HEpPrusi AJEKTPOHHON CEKIMU
XUMDJIEMEHTA

OHa omnpenenseTcs Kak MPOU3BEACHUE YAECIbHOIO
a¢UPHOTO AaBJICHUS P Ha 00BEM BHYTPEHHEH MyCTOTHI {

E=pg=17*10*"*1,45%10" = 2,47*10™ oorc.

43. DHeprus BpalleHUs MpeaIMeTa

3Hepr1/m BpalliCHuA IpeaMeETa 110 OIpCaCICHHIO!

E=M o,
rae M — ycuine moBopoTa; ¢ — yroii rmoBopoTa.

Beipazum ycunue nosopora M uepes uHepuuio noBopora
npeamera lo 1 ero yckopeHue noBopoTa &:

leos.

IIpy NOCTOAHHOM  yCWIMM IIOBOpPOTa YCKOPEHHE
NoBOpoTa OyAeT TakXKe [OCTOSHHBIM; TaKOoe BpalleHHe
Ha3bIBACTCSl PABHOYCKOPEHHBIM.

CkopocTh BpalleHHs @ W Yrojl MOBOPOTa ¢ B TaKOM
CJIy4ae UMEIOT CJIEIYIOIINE 3aBUCUMOCTH:

w=¢t, (pzwcpt=%t,

rae t — IpoI0KUTENbHOCTh PABHOYCKOPEHHOTO BpPAIICHUSI.
N3 w =¢t onpeaenum &:

@
£=—.
t
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[ToacTaBuM 3TH BBIpa)KEHUSI B OCHOBHBIE (POPMYIIBI:

M=lye=1,2;
t
2
o 0 o
E=Mgp=1,22t=1,2.
2 °% o 075

DHeprusi BpalCHUs MpPeAMETa pPaBHA IPOU3BEIACHUIO
WHEPIMU TOBOPOTA MpeJAMETa Ha TOJIOBHHY KBaapara ero
CKOPOCTH BpAIlICHHSI.

CKOpOCTh BpalleHus: ® 3a1a€Tcs B pajidaHax B CEKYHIY
— paol/c.

ITpumep. Onpenenum SHEPTHIO BpalIeHUs
BEJIOCHIICJTHOTO KOJjieca TMpH JBMKCHHH BEIIOCHIIEAA CO
cKopocThio V = 15 xm/uac. nepuus koneca | = 2 un; nuametp
koneca d = 0,6 1.

CHavana  ompemenuM  WHEpHHMIO  moBopota o
BeJIOCHIIETHOTO  Koyeca. CymraeMm, 4YTO BCS  HMHEPLHUSA
cocpenoToueHa B 000/1€ U B muHe Koneca. Pannyc xoneca I =
0,6 / 2 = 0,3 m. Hepiuio MOBOPOTA BEIYUCIISAEM 1O (hopMyITe

lo = 1* r* = 2%0,3% = 0,18 un*’.
JlnHa OKPY>KHOCTH KoJieca:
=nxd=314*0,6 = 1,88 m.
CKopocThb BeJocuIe1a epecynuTaeM B m/c:
V =15 km/uac = 15000 m/uac = 250 m/mun = 4,17 m/c.

YacroTa BpaIllCHUS KOJICCA:

54



_ v _ 417
S= I 1,88
CKOpOCTh BpallleHHs B €IMHUIIAX pa()/c:

=22206/c.

o =2xf=2*3,14*2,22 = 13,94 pao/c.
OHeprus BpallleH!s BEJOCUIIEHOro KoJeca:

2 2
E= IO%:O,1813’94

=17,5 ooc.

44. CxopoCTh BpallleHUs] BUXPA XUMIJIEMEHTA

CKOpOCTB BpaliCHHA BUXPA ABJIACTCA B TO XKE BPEMA
CKOPOCTBIO BpAIIICHUSI OTICIILHOW 3JICKTPOHHOM CEKIUU; € U
OyzieM OonpenensTh.

W3 3aBucuMmocTu
2

E:low7

OIIPEIACIIUM CKOPOCTH BpallICHUS M.

raie E — BHyTpeHHsIS1 3Heprusi 3JIEKTpOHHOM cekuuu; lo —
MHEPLIXS TOBOPOTA INEKTPOHHON CEKLINU.

B cBOI0 0uepenb BHYTPEHHIOO JHEPTHUIO CEKIUU MOKHO
BBIPA3UTh uepe3 00bEM e€ BHYTPEHHEW MyCTOThl § U JIaBJICHHE

adupa p:

E=pg.
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[ToncraBnsisi 3TO BBIpaXXeHHE B (POPMYILY CKOPOCTH
BPALIEHUS, TIOTY4YHM:

2pg

IO

o =

Kak BHIHO, CKOpPOCTh BpAIICHHSI BUXPS XUMAIIEMEHTA
3aBHCHT OT JaBJICHUs 3(upa: 4yeM OOJjbIlIe IaBJICHUE, TEM
BBIIIIE CKOPOCTH BpamieHus. JlaBinenue 3¢dupa B HOPMAIbHBIX
YCIOBHSAX U3MEHSCTCS HE3HAUYUTENILHO, TAK)KE HE3HAUUTEIHHO
U3MEHSETCS CKOPOCTh BPAIICHUS.

OrnpeneuM 4YUCICHHOE 3HAYCHUE CKOPOCTH BpalllCHHS
BUXPSI XHMD3JIEMEHTA; I 3TOrO B €€ BBIPAXKCHHUE IMOJICTAaBUM
cleaymolue Benu4YuHbl: E = 2,47*10'14 0oic — BHYTpPEHHSS
SHEPTHUs AMEKTPOHHOM cekiuu; lo = 1,81%10° unn — MHEpIUs
IIOBOPOTA CEKIIUU.

B pe3ynbrare nonyunm

* *10-14
@ = % =1,65*10*" paodl c.

[lepeBenéM paauaHHyl0 CKOPOCTh BpalleHHS © B
4acToTy BpameHus f:

%1021
fo@ _L65FI0T 5 aui02 67
27 2%314

C TakoW e CKOPOCThIO BPAILIAETCS JIEKTPOH.
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45. IIpogoibKUTENbHOCTh  OJHOTO  000OpoTa
BUXPEBOT0 IIHYpa XUMAJIEMEHTa

[TpoaoIHKUTENBHOCTD OJJHOTO 000POTa BUXPEBOIO LIHYpa
to oOparHa yactore BpameHus f :

t=t=_ T _380*10%c.
f  2,63*10

Tak kak 310 coObiTHe (0MH 000POT BUXPEBOTO IIIHYPA)
JIGKUT B OCHOBE BCEX MPOYHUX COOBITHHA, MPOUCXOMUSAIIMX B
[Ipupoge, TO ero MOXHO TPHHUMATh Kak 3JEMEHTapHOE
coObITHE.

OT0 371€MEHTapHOE COOBITHE ONPENENSIET X0 BPEMEHHU.

Tak kak yacToTa BpaICHUs TOPOBBIX BUXPEH 3aBUCUT OT
3(HUPHOTO AABICHHS, TO 3aBUCHUT OT HETO M XOJ BPEMEHHU: B
YHCTOM KOCMOCE BpeMs UAET ObICTpee; Ha MOBEPXHOCTU 3eMIIU
— MeJUIeHHEee, a B IEHTpe 3eMiIn — emIé MeIJICHHEe.

46. O0BEM BHYTPEHHEH MyCTOTHI AJIEKTPOHA

TopuoBble MIAPUKKU D3JIEKTPOHA YMEHBIIAIOT O0BEM
BHYTPEHHEN ITIyCTOTHI JJEKTPOHHOW CEKIUU POBHO HAa OJIMH
mapuk. W ecau y 3JIeKTpOHHOM CEKIMHU OO0BEM ITyCTOTHI
cocraiusieT 1,91 agpupHbIX mapuka, TO y 3J1€KTpOHA OH PaBEeH

(1,91-1) =0,91 suu.

O0BEM omHOTO D(PUPHOTO IIApUKAa B EIWHUIIAX KOM

-39 i

cocraBisger  7,60*%10 KOM;  ClelIOBaTeIbHO, O00BEM
BHYTPEHHEH IMyCTOTHI 3JICKTPOHA PaBEeH

(7,60%107%%0,91) = 6,90*10°%° ko
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47. TaroTeHue EKTPOHA

Bce Mbl HaOmronanu, kak MojgHMM OblOT B 3emumo. Ha
OCHOBaHUU 3TOr0 MOKHO IOJyMaTh, YTO 3JIEKTPOHBI TATOTEIOT
K 3eMJIe TaKXe, KaKk OObIYHbIE XUMUYECKUE BELECTBA.

Ha camom nene 371€KTpOHBI TATOTEIOT  3HAYUTEIIBHO
crnalee.

Emé pa3 HamoMHMM, 4TO YCWJIME TATOTEHMS IpeaMeTa
ornpeensercss 00bEMOM €ro BHYTPEHHEH yCTOTHI.

CpaBHUM TATOTEHHUE JIEKTPOHHOM CEKIIMU U 3JIEKTPOHA C
Y4ETOM UX UHEPLUH.

WNueprus 100010 mpenMera onpenessieTcss CyMMapHOi
UHepIyel 3(pUPHBIX APUKOB, COCTABIISIFOIUX ITOT MPEIMET.

VY a5eKTpoHHOH ceKuuu 00BEM IMycTOThl cocTaBiuseT 1,91
9ui, a caMa CEeKLUsl COCTOUT U3 TpEX suw. OTHOIIEHHE 00BEMa
MYCTOTHI K YHCITY 2(UPHBIX MAPUKOB Y CEKIIUU

(1,91/3) =0,637.

VY snextpoHa 00BEM MyCTOTH HAa OAMH dw MeHbIe: (1,91
—1) = 0,91 5w, a COCTOUT 3EKTPOH U3 MATH . OTHOIICHHE
00BEMA MYCTOTHI K UNCITY I(PUPHBIX IAPUKOB Y HETO

(0,91/5) =0,182.
HOJ'IyLIaeTCSI TaK, 4YTO JJICKTPOH TATOTECT B
(0,637 /0,182) = 3,5 pasa

cnabee, 4eM DJIEKTPOHHAS CEKIMsA, TOeCTh B 3,5 pas3a ciabee
XUMDIIEMEHTOB.
W xorna Mpl BUIUM MOJIHHIO, YIAPSIOIIYIO B 3€MITIO, MBI
JOJKHBI IOHUMATh, YTO 3JIEKTPOHBI MOJIHUU TOHUT K 3eMJie He
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CTOJIBKO 3€MHO€ TIATOTEHUE, CKOJIBKO Mepenaj yIeabHbIX
ANEKTPOHHBIX JABJICHH.

48.  VHepuMOHHOE  COMNPOTUBICHUE  MPHU
JBIKEHUU TIPEIMETA 10 KPUBOUM TPaeKTOPUU

Jlst Toro, 4ToObI 3aCTABUTH IPEIMET CBEPHYTh, HYKHO
NPUIIOKHUTH K HeMy OOKOBOE YCHITHE.

Wuepuuss npeamera OyaeT oOkasbplBaTh IIPH  TOM
CONPOTHUBIICHHE.

WHepIHOHHOE COMPOTUBIICHUE CKA3bIBACTCS MPH JIFOOOM
UCKpUBJICHHH TpackTopuu. Hambosiee xapakTepHBIM CliydaeM
SBJISICTCS JIBWOKEHHE [0 OKPYXXHOCTH, TOECTh OOBIYHOE
BpaIlICHUE.

BBISICHUM aHaIUTHYECKYI 3aBUCHMOCTb HHEPIMOHHOTO
COIPOTHUBIICHUS.

JIro0ast KpHBasi TPACKTOPHSI XapaKTEPH3YETCsl PaJnyCcoM
KPHWBU3HBI r.

Byzaem cuuTath, 4TO CKOPOCTH MPEAMETA MO TPACKTOPUH
V IMIOCTOSIHHASI.

B osrom ciyyae mnoBopaumBaromee ycuwiue F o Oyner
HAIpPaBJICHO 10 PAANYCy K LEHTPY MoBopoTa. M mo sTomy xe
pagmycy, HO HapyxXy, OyIer IelCTBOBaTh HHEPIHOHHOE
conpotusiieHue R. VI TOnbKO B 3TOM cllydae OHM paBHBI MEXKIY
co0oi:

R=F.

PaccmoTpuM manblil npomekyTok BpemeHu At .

3a 3TO BpeMmsl MpeIMeT IepeMECTUTCS U3 MOJI0XKeHus A B
nonoxenne B. Jnuna agyrm AB  ompenmenuTcs  Kak
IIPOU3BEIEHNE CKOPOCTH V Ha MPOJOJIKUTENBHOCTD At:

AB = v* At.
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3a 3T0 e BpeMs HpeaMeT HpUOOPEeTET MOoNepeyHyIo
CKOpOCTh AV.

Hanee paccMOTpuM 10J00ME TPEYroJbHUKOB, CUHTAs,
yro nyra AB pasna xopae AB. Ilpu manbix cmelieHusx
HOrPEIIHOCTh OyleT HEe3HAuMTEeNbHOM, a HpH Hepexoae K
muddepeHranbHON hopMe OHA MCUe3aeT COBCEM — OCTagTcs
TOJIBKO Ka4€CTBO U3MEHEHUH.

Paguyc r otHOCHTCS K X0pAe AB Takxke, Kak CKOPOCTh 1O

TPAEKTOPHUH V OTHOCUTCS K IIOTIEPEUHOM CKOpocTH AV:
r v

AB ™~ Av’

IToxcrasuM crona 3HaueHue AB :

N3Bneuém U3 3TOro paBeHCTBA OTHOIICHHE MOMEPEYHOM
CKOpPOCTHU AV K IPOJIOHKUTENBHOCTH At :
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2

dv_ v
r

At

[Tpu nepexoze k quddepeHnaIbHON GopMe OTHOIICHHE
Ay
At TPpEBpAILAETCs B YCKOPEHHE A :

dv_dv_ v
At dt r

D10 ycKOopeHHe cO31aTcsi MOBOPAYUBAMOIINM YCHIHEM

rae | — uaepums npeamMera.

Orcrona:
2

F=Ta=12Y.
v

Tak kak noBopauuBawollee ycwiue F omnpenensercs
MHEPLMOHHBIM CONPOTHUBIIEHHEM R U paBHO eMy (HaIlpaBieHUs
UX JCUCTBUI HE YUUTHIBAEM), TO B Pe3yJIbTaTe MOIYUUM:

R=F=1%X
r .

B cinydae BpamieHHMs OKPYXHYKO CKOPOCTb V MOXHO
3aMEHUTD YIII0BOM CKOPOCTHIO (® U3 COOTHOLIEHUSA V =@ I :

I/IHepHI/IOHHOG COMMPOTUBJICHUC IIPpU BpallCHUHN HWHOTrOA
Ha3bIBAIOT ((I_ICHTp06C)KHBIM)) YCUIIHUECM.

[Tpumep. YTOOBI MMETh UYMCIIEHHOE NpEACTaBICHHE 00
WHEPLMOHHOM COIPOTUBICHUM MpPHU ABW)KEHHUU IO KPHUBOU
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TPAGKTOPUHU, PACCMOTPUM KpPYTOH BUpPaX aBTOMOOWIIS.
JlommyctiM, aBTOMOOWIIb BXOAUT B KPYTOW MOBOPOT PaIHyCOM
r = 30 m ¢ HemomycTHMO OOJBIIOW IS TAKOTO Ciydas
ckopocThio 60 km/uac. Paznenum ckopocts Ha 3600 cexyHa u
MOJIYYMM CEKYHIAHYIO CKOpocTh V = 17 m/c.

Wueprus apromoomis | = 1000 un.

Hanee cunraem o popmyie:

2 2
R=71Y=10001" = 9630 cx .
v 30

Takoe CONPOTUBJICHHE IOBOPOTY OYAET HCIHBITHIBATH
aBTOMOOWIIb; B MEPEBO/IC Ha KMJIOTPAMMBbI 3TO COMPOTHBIICHUE
paBHO TOHHE. BOKOBOro TpeHWsl MUH MO acaibTy eaBa JHu
XBaTUT JUIsl TOTO, YTOOBI yAepKaTh aBTOMOOWIIb Ha JJOPOTeE.

WNHepiimoHHOE COMPOTHUBIICHUE HCTBITHIBAIOT HE TOJIHKO
aBTOMOOWJIN Ha MOBOPOTE, HO U BCE BpAIIAIOIIMECS PEIMETHI
U BCE MPEAMETHI, JIBHKYIIHECS IO KPUBBIM TPACKTOPHUSIM.
HcnpITBIBAIOT MHEPIMOHHOE CONPOTUBJICHHE U CIYTHUKU
3emun 1 cama 3emMiIst TpH IBM>KeHUH BOKpyr CouHIla.

49. Tarorenue iaHeT

Bneuatnenne — Oyaro 3emiiss MPUTATHBAET U MO3TOMY
BCE€ MpeAMETHl MajaloT BHU3 — JoxHoe. B Ilpupone
IPUTSDKEHUS HET.

B neficTBUTENBHOCTH BCE NMPEAMETHI K 3€MJIE CTSATUBAET
3¢up, 1 JaKe He CTATUBAET, a BHITAIKUBACT UX.

Tarorenne 3emiin omnpeaensieTcsi 3aKOHOM BBITECHEHUS
IyCTOTBl. 3aKOH IJIACUT: IIyCTOTa BBITECHSAETCS B CTOPOHY
MEHBIIETO YAEIbHOTO JaBJICHUS CPEbI.
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UYewm BbIIe Haja 3eMiEH, TEM yaelbHOE naBieHue ddupa
OoJibllie; YKJIOH HaImpaBjeH B CTOPOHY 3emiid. M Bce npeameTsl
«CKaTBIBAIOTCS» MO 3TOT YKJIOH.

VY 3akoHa BBITECHEHMsT — [BE€ cocTaBisommue: 1)
MIPOCTPAHCTBO C TIEPEMEHHBIM YIEIbHBIM JIaBIICHUEM CPebl (B
JaHHOM ciiydae — d3¢dwupa) U 2) TpenMeThl, HAMOJTHCHHBIC
MyCTOTOM.

[lycTora 3akiioueHa B XUMIJIEMEHTaX, U3 KOTOPBIX
COCTOSAT MPEAMETHI.

O0BEM MyCTOTHI MpeAMETa YKBUBAJICHTEH €r0 MHEPIIMH:
yeM OOJIbIlle MHEPIUs, TeM OoJbIne MmycToThl. COOTHOIICHUE
Takoe: KaX/bli MH WHEPUUU MPEIMETa COJCPKUT 2,65”‘10‘8
KyOOMeTpa IyCTOTEHI.

Tenepr mnomplTaeMcss pazodOpaTbCcsi C MPOCTPAHCTBOM
TATOTEHUSI BOKPYr 3emuin. Brpouem, OHO 1O XapakTepy Takoe
e, KaK ¥ BOKPYT JF00O0M TIAHETHI U BOKPYT J1t000i1 3BE3/IbI.

BuxpeBbie ABMXKEHUS XUMIJIEMEHTOB  YICPKUBAIOT
MyCTOTY, W TMOATOMY IUIAHEThl M 3BE3MII HACHILIEHBI €IO.
BuxpeBble ABUKEHUS — CTAIlAOHAPHEBIE.

Ho ectp emé HecTalMOHApHBIE NBMXKCHHS, HAIpUMEp
CBETOBBIC BOJIHBI. YXOJs1 IPOYb OT IUIAHETHI WJIH 3BE3/Ibl, OHU
OCTaBIISIIOT TIOcTe ce0sl paspexeHne 3QUpPHO Cpeasl, KOTOpoe
HAYEM HE YIEpPKHMBAETCS U KOTOPOE KOMIIEHCHUPYETCS
MPUTOKOM U3 KocMmoca 3¢upa. MoKHO cka3aTh J1axe Tak:

OTKY/1a YXOISAT ABHKEHHs, TyAa ycTpemisiercs d¢up.

VIMEHHO 3TOT MOTOK CO3MAa€T TO MEPEMEHHOE YIEIbHOE
JaBjieHue 3¢upa, KOTOpPOE ONPENEIIeT TATOTEHUE.

OcHOBHOM WM, TOXallyll, €IMHCTBEHHOM NPUYUHOU
NOSIBJICHUS ~ HECTAllMOHAPHBIX JBMKEHUH B 3dupe W,
CJIEIOBATENIbHO, INPOCTPAHCTB TATOTEHUM SIBISAETCS paclaj
XUMDJIEMEHTOB.

O6BéM BbICBOOOXAaeMOW TpU pacmajge MmyctoTsl V
CBSI3aH C dHepruew pacnaaa E ciemyromieit 3aBUCUMOCTBIO:
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v=L£
»

r7e P —ynenbHoe AaBiieHue 3pupa.

HamoMHuM, 4YTO Ha NOBEPXHOCTH 3eMJIHM yJeIbHOE
nasnenwe s¢upa p = 1,70%10% yo.

B pesynaprate pacmaga  XHMDIEMEHTOB  BO3HHUKAET
HEHTPOCTPEMUTENbHBINA MOTOK dhupa Q; OH XapakTepusyercs
CIIeIYIOIIeH 3aBUCHMOCTBIO:

rae t — IpoaoKUTEIbHOCTb.

B sTOoM moToke mo Xony ero yaenpHOe NaBieHue 3dupa
najaaer.

UeMm panbpliie OT IUIAHETHI, TE€M YJIEIbHOE JaBJICHUE
a¢upa Oompiie; yeM OIMKe — TeM MeHbIe. BO3HHKaeT yKIOH
yIeIbHOT0 3()UPHOTO NaBieHUs U.

Bce npenmersi M Bce  XMMHMUYECKHE  BEIECTBA
BBITECHSAIOTCS TIOJ] ATOT YKJIOH. Takoe SIBI€HHE Mbl Ha3bIBaeM
TSTOTEHUEM IUIAHET U 3BE3I.

50. DbupoBOPOTHI

JIto00¥ LEHTPOCTPEMUTENbHBIA MOTOK TEKydel cpeibl
CPBIBAETCS B IUIOCKMM BHUXPb, B KOTOPOM YacTHUIIBI JBUXKYTCS
10 CIIUPAIIN, CXOALIEHCS K HEHTPY; 3TO — 3aKOH IIpupossl.

Hauanom BO3HMKHOBEHUS IJIOCKOTO BUXPS MOXKET OBITh

1000€ cnyqaﬁHoe OTKJIOHCHUC qacTui
OEHTPOCTPEMUTCIIBHOI'O IIOTOKA OT CTPOTro paarajlbHOro
HalTpaBJICHUA. [losBaseTcs OKpY’KHaA CKOpPOCTD.

JIBuraromuecss Mo OrudarOMIUM HEHTP TPACKTOPUSM YaCTHUIIBI
UCIBITHIBAIOT HHEPLIMOHHOE COIIPOTUBIIEHUE CBOEMY ITOBOPOTY
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U CTpeMATCS yWTH OT ILIEHTpa, HO YCWIMs, CO3JaBacMble
nepenajoM yIeIbHbIX JaBJICHUM, TOHAT HUX K LEHTPY.
[TosiBisieTcs cniupalibHasi TPAGKTOPHSI IBUYKEHUS YaCTHII.

Tak BO3HUKAIOT, B YaCTHOCTHU, BOJOBOPOTHI.

Taxoke BO3HUKAIOT U 3(UPOBOPOTEHI.

Han nmomtocamu mutaneT (uiiy 3Be3zibl) 3¢up ciyckaercs
[0 BHMHTOBOW JIMHMM BOKPYI OCH BpaiieHus. HampasieHue
BpaILlEHUs — C 3a11aja Ha BOCTOK.

IIo mepe ynmameHuss OT NOJKOCAa B CTOPOHY CPEIHMX
LIMPOT BUHTOBAS JIMHUSA PACXOJUTCS B BUHTOBYIO CIIMPAJIb.

[Ipy npubnMKEeHWHM K SKBATOpPY BHMHTOBAs CHUpAIb
(pHUPHOTO TOTOKA CXKUMAETCS B OCEBOM HAIIPABICHHH H B
9KBAaTOPUAJIBHOM IUIOCKOCTM IIPEBpAllaeTCcsi B  IJIOCKYIO
CIIMpaJIb, CXOSILYIOCA K IUIAHETE.

Ha »kBaTope ceBepHas M I0XKHas IJIOCKHE CIUpald
3(HUPHBIX TOTOKOB CMBIKAIOTCS MEXy COOOH.

Cnenyer uMerb B BHJY, 4YTO HauOOJBLIMHI YKJIOH
3¢UpHOro naBjieHUs B 3(pUPOBOPOTE HANPABICH PaJAUAIbHO K
1eHTpy 3upoBopora.

Ecnmu B3rIsiHYyTH Ha 3(GHUPOBOPOT CO CTOPOHBI, TO OH
npeJcTaBiIsieT coOOM BpallaloUUiics AUCK C YTOJIIIEHHEM B
HEHTpE.

JuaMeTp nAMCKa 3aBUCUT OT ILIEHTPOCTPEMUTEIBHOIO
MOTOKa, KOTOPBI, B CBOIO  OdYepenb, 3aBHCHT  OT
MHTEHCUBHOCTH PAclaia XUMAJIEMEHTOB BHYTPH IJIAHEThI WU
3Be3/1bl. B pe3ynbraTe ueM WHTEHCHBHEE pacraj], TeM OOJbIie
IraMeTp 3(pUpoBOPOTA.

YV Comnnna, Hanmpumep, 3GUPOBOPOT PaCHpPOCTPaAHSIETCS
Ha PAcCTOSHUME OT HEro He MEHee 4YeM Ha 6 MWUIHap/OoB
krmomeTpos (6%10% x). Camast manbHsis mranera CoNHEYHOM
cucremsl — Ilnyron ynanena or Connua Ha 5,91 mummapna
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KUJIOMETPOB M YCTOMYMBO YJEp>KUBAETCS B 30HE BIHUSHUS
Conneunoro 3¢upoBopora.

OdupoBoporel Bcex TuiaHeT CONHEYHOH CHCTEMBI
pacnionaratorcs BHyTpyu CoHEYHOTro 3(pUpOBOPOTA M MTOITOMY
UMEIOT 4Y€TKue rpaHulbl. DpupoBopoT JIyHbl pacmosaraercs
BHYTpH 3(UPOBOPOTA 3€MIIM U MOITOMY TAKXKE MMEET UETKUE
TPaHULIBI.

UErkocTh TpaHUIl OOBSCHSAETCS TEM, YTO 3aXBAuCHHBIH
s¢upoBopoTaMu 3PUP MOXKET JABHUraThCS MO TPACKTOPHUSIM
KaKoro-to ojaHoro mnotoka. Jd¢up Jlynnoro sdupoBopora
JBIDKETCSI TI0O CBOMM TpPAeKTOpHsM, a 3pup 3eMHOro — Mo
CBOHM.

HaubGonpmast TonmuHa JUCKOB 3(QUPOBOPOTOB — B
neHTpax. Uem ganpliiie oT HEHTPOB, TEM TOJIIINHA — MEHbIIIE.

JIroOo¥i mpeaMeT UCHBITHIBAET TATOTEHHE IUIAHETHI WU
3BE3/Ibl TOJIBKO B Mpeenax ux 3(pUpOBOPOTOB. 3a MpeaeiaMu
3(HUPOBOPOTOB TATOTECHHUE IIAHET U 3BE3]] HE CKa3bIBACTCS.

51. Ycunue tarorenus B 3pupoBopoTax

VYceunus TAroTeHus npeaAMeToB B 3(UPOBOPOTAX CO3/IAIOT
HE CaMM IIEHTPOCTPEMHTEIbHbIE MOTOKM 3(Hpa B HHX, a
YKJIOHBI YAENbHBIX 3(UPHBIX JaBICHHUH, CO31aBaeMble UMH.

OTH ycunus OJUUHSIOTCS 3aKOHY BBITECHEHUS IIyCTOTHI,
KOTOPBIA B PaBHOM CTENEHHW pACIPOCTPAHSETCS W HaA
3¢upoBopoThl. COriaacHo 3TOMY 3aKOHY YCHJIME BBITECHEHUS
IIpeMETa ONPEAEIIAETCS BBIPAKEHUEM

F=ug,
rae u — YKIIOH YACIBbHOTO B(I)I/IpHOFO JaBJICHUA B TOYKC
pacrnojyiokeHusi npeameTra; § — oObEM BHYTpEHHEH IYCTOTBI
npeameTa.
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OO0BEM BHYTpEHHEHW IYCTOTHI § CBSI3aH C WHEPIUEH
npeameTa | SJKBUBaJICHTOM € :

=&
e T
Orcrona:
g=e*1.

[loncraBuM 3Ty 3aBUCUMOCTh B (OPMYILYy yCHIUSA
TATOTEHUS U TIOJTy4YUM

F=u*g=e*u*l.

YuciaeHHOE 3HAYEHHWE DKBUBAJIEHTA: € = 2,65*10'8
MpzMn/uH. C yu€ToM 3TOro ycwiue TATOTCHHUS NpeaMeTra C
uHepiyei | B Touke 3pupoBOpoTa ¢ YKIOHOM U OMPEACTUTCS
Kak

F=265%10%* u*I.

52.  DOkcnepuMeHTalbHas  3aKOHOMEPHOCTH
TATOTEHUS IPEIMETOB B A3(PUPOBOPOTAX

OKCIIEPUMEHTAIbHO ~ YCTAHOBJIEHO,  4YTO  yCHJIHE
TATOTeHUs mnpeamera F B 3pupoBOpOTE MPONOPIHOHAIBEHO
uHepuuu npeamera | u 0OpaTHO MPONOPLUOHAIBHO KBaApaTy
paccTosiHUsA ero OT LeHTpa 3(hupoBopoTa I !

L
1”2.

F=A
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Benmnuuna A sBisercs corjacyrommM Ko3(duimeHTom
TATOTCHUSI. 10T KodhuUImeHT onpeensieTcs
WHTCHCUBHOCTBIO pacrajia XUMDJIEMEHTOB BHYTPH IUIaHET U
3BE3 L.

Y  KakIOoro KOCMHUYECKOro OOBbeKTa (IUIAHEThl WIIH
3Be3/1bl) — CBOM KOA(PPUIIMEHT TATOTCHHS.

Bennuuna koadurmenta y ka0 1IaHEeThI (3BE3/1bI) —
Oonee-MeHee cTabuibHA; MO KpalHEH Mepe, OTKIOHEHHS OT
CPEIHEr0 3HAYEHUs CTOJIb HE3HAYUTEIIbHBIC, YTO Ha MPAKTHKE
OHHU He 0OHAPYKUBAIOTCSI.

Borsicaum pasmepHocTh ko3¢ ¢uinmenrta taroreHus. Ero
3aBHCUMOCTH TaKas:

F
I/r?

2

Pa3zmepHocts ycunus F : [
c

UH Ml’li|

UH
2

Pasmepuocts (1/ %)

B pesynbraTte, pasmepHocTh Kod(hduIMEeHTa TATOTSHUS
A:
cn um ycK  um mn mp° 2
> = 5 = > = ycK Mp°.
un l mp®  unl mp c” um

53. VkJOH yaenbHOro 3(QUPHOro JaBJICHUS B
3(HUpOBOPOTE

HpI/IpaBHHeM YCUIIMA TATOTCHUA TCOPCTHYCCKOC U
OKCIICPUMCHTAJIBHOC!
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- I
2,65*%10° *u*1 = A—,
r

Y HalJIEM U3 3TOTO YPaBHEHUS YKIIOH U !

A*I
u= 8 2
265*10° *| *r

=377%10" 1|
r

CrnenoBarenbHO, YKJIOH YAENBHOTO AaBiieHHs 3¢pupa B
mo0oit  Touke AduUpoOBOpOTa OOpPaTHO  MPOMOLHMOHATICH
KBaJpaTy yIal€HHOCTH OT LEHTpa.

54. Kosdpdumment  TaroreHuss  3€MHOIO
aupoBOpoTa

Ycunue tarorenus F pasronsier npeamet ¢ uHepuueit | x

3C€MJIC B YCIIOBHX OTCYTCTBHS TOPMOKCHUS C YCKOPCHHUEM a .

a= L
T

[ToncraBuM B 3Ty ¢GopMyny BBIpaKEHUE IS YCHUITHUS
Tarorenus F:

1
F=A—,
r2 "
nu HOJ'[yLH/IM
I 1 A
a= AL =24
=
Orcroga
A=ar?

B kauecTBe OMOpHOI MO3UIIMK BBIOEPEM MOBEPXHOCTH
3emin.
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B sTom ciydae ynaneHue ot meHTpa 3emiu I = 6,37*106
Mp; yckopenue cBoboanoro najgenus a = 9,81 yck.

[ToncraBuM 53TH 3HaueHUs B GOPMYITY H TOJIYYHM
YHUCIIEHHOE 3HaueHue K03 PuIreHTa TaroreHus 3pupoBopoTa
3emiu:

— *g 272%1 12 — *10l4 s 2

A3 =9,81%6,37°*10° = 3,98*10™" ycx™ mp”.

Takum  oOpa3oMm, ycuiue TATOTCHUS  IpeIMETa,
HaXOJALIerocs B 30HE TATOTEHUS 3E€MHOro 3(HUpoBOpPOTA,
OIIPEIEIAETCSA KaK

F =398+10" .
r

[Tpumep. Beraucnum ycuiine TSroTeHHsI UCKYCCTBEHHOTO
cnytHuka 3emun ¢ uHepuued | = 10 mown = 10* UH,
neraromero Ha Beicote h = 1000 kv = 10° a.

Ynanenue ot neHTtpa 3emiau (OT HeHTpa 3pupoBOpoTa)
COCTaBHUT

r=r;+h=637*10° + 10° = 7,37*10° mp.

Ycunue TIroTeHus OIIpCACIIUTCA KaK

10*

W = 7,33*104 CJl

F =3,98*10" r|—2 =3,98*10"

55. VYknoH ynenpbHOro 3(QUPHOTO JaBJICHUS B
aupoBopoTe 3emiu

[ToncTraBuM B BeIpakeHHUE
u=2377*10’ AZ
r

YHCJICHHOE 3Ha4YeHue Kod((UIMeHTa TAroTeHus 3hUpoBOpoTa
14 2
3emmu Az = 3,98*%10™" yex*mp® m monydaum Gopmyny s
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pacuéta YKJIOHa YACIBHOTO ASGHUPHOTO  JABJICHHS B
a¢dupoBOpoTE 3EMITH:
u=2377*10" *3,98 10" iz =1,50*10% iz

r r

Hanmomuum, 4To I' — yAanéHHOCTb OT LIEHTpa 3EMIIN.

56. YkJOH yaenbHOro 3(pUpHOTO AaBICHUS Ha
MOBEPXHOCTU 3eMJIU

Pannyc 3emiu I3 = 6,37*106 M.
[ToxcTaBuM 3TO YHCICHHOE 3HAYCHHE B (opMyITy

U=150*10% 1
p

¥ TIOJTYYMM YHCJICHHOE 3HAYCHHE YKJIOHA YAEIBHOTO A(PUPHOTO
JABJICHUS Ha TOBEPXHOCTU 3eMJIH:

_ 150*10%

_ 8
UO = W = 3,70 *10 YVKIL

57. Yckopenue cBOOOHOTO MaIeHUs MpeaMeTa

[Tanenue mpeameTa MOXKET OBITH CBOOOIHBIM TOJIBKO MIPH
OTCYTCTBMM BHEIIHMX IMOMEX, B YACTHOCTH INPU OTCYTCTBUH
COTIPOTHUBIICHHUS BO3/1yXa.

[Tanenue TAXKENBIX TPEIMETOB, TAKUX KaK KaMHH, KOTJa
UX CKOPOCTb OTHOCHUTEIBHO Majia (B Hayajie MajeHMs ), TaKKe
MOJKET paccMaTpUBaThcs Kak CBOOOIHOE.

B BepxHUX pa3pekKeHHBIX CIOsSX arMochepbl W B
CBOOOIHOM KOCMHYECKOM TMPOCTPAHCTBE, IJI€ HET BO3AyXa,
BBITECHEHHE TMPEAMETOB K LEHTpaM 3(HpPOBOPOTOB SIBISIETCS
CBOOOIHBIM IAJCHHUEM.
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VYceunue tsarorenus F npeaMera ¢ 00b€MOM BHYTpEeHHEH
MyCTOTHI B 30HE TATOTEHUS C YKIIOHOM YACIBHOTO 3(hUPHOTO
JaBJIEHUS U, COTJIaCHO 3aKOHY BBITECHCHHUS ITyCTOTHI,
OTIpeIeNAeTCs KaK

F=ug.
W3 coOTHOLIEHHUS ITyCTOTHI U HHEPLUU
e=g/1=2,65%10" k6m/un

u3BIIeYEM 00BEM IyCTOTHI Q:
g=e*1=265*10% -

U 1n1oaACTaBuUM €10 B (bOpMYJIy YCUIINA TATOTCHUS:
F=u*g=265*10%*u* 1 .

Ycunue TAroTeHUsl pa3roHseT BCe CBOOOJHO Masaroliye
IIPEAMETHI C YCKOPEHHUEM a:

a:IE: 2,65%10° *u.

Kak BUIHO M3 TONYy4EHHOTO BBIPAKEHHUS, YCKOPEHUE
CBOOOHOTO MAJCHUS TPEAMETOB HE 3aBUCHT OT UX MHEPIIHH, a
OTpeeNseTcss TONbKO YKIOHOM  YAENBHOTO  3(UPHOTO
nmasiennst. CBoOomHo mamaTh Ha  3€MIIO  JOJDKHBI €
OJIMHAKOBBIM YCKOPEHHEM U KaMeHb U MyIIUHKA.

OnHako B NEHCTBUTENIHHOCTH MBI HAONIOIaEM COBCEM
MHOE€ — KaMeHb TMajaeT 3HAUYUTENbHO OBICTpEe MYIIUHKH.
OOBSICHSIETCS 9TO COMPOTHUBIICHUEM BO3/IyXa.

Ha mnoBepxHocTn 3emim  yCpenHEHHOE 3HAYCHHUE
YCKOpEHUsl CBOOOHOTO majieHusi coctapisieT 9,80665 yck u B
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HETOYHBIX pacuy€rax MOXKET MPUHUMATBhCA paBHBIM 9,81 yck
i gaxe 9,8 yck.

58. Ycunue 3eMHOro TATOTEHUS TIpeaMeTa

VYcunme TIroTeHus BEIUMCIIIETCS 10 q)opMyne

F=ug,
rzie U — YKJIOH yJeIbHOTO AaBJICHHs CPEJbl, B JAHHOM CIIydae —
aupHON cpenpl; § — 00BEM TATOTEHONICH (BHYTpPEHHEH)

IMyCTOTHI ITPEAMCTA.
VYKIIOH yensHOr0 3()UPHOTO JaBJICHHUS HA MOBEPXHOCTH
3emmn U =3,70*10° yx.

O0béM TirOTEIOIIEH (BHYTPEHHEN) ITYCTOTHI IpeIMeTa
MOYKHO IIEpEBECTH B MHEPIIMIO | C TOMOIIBIO SKBUBAJIECHTA

e=g/1=2,65*10%;
g=e*1=2,65%10%*|.

Ycunue TAroTeEHUS
F =3,70%10%*2,65%108 *| = 9,8* | .

HOJ'IyLII/IJ'IaCB Ta )K€ CaMas 3aBUCUMOCTD, KaKas OTpaKCHa
B BbIPpA’KCHHUU

F=al,

IrJie 8 — yCKOpeHHe CBOOOJHOTO TaeHHS.

73



59. Auomainu 3eMHOr0 TATOTEHUS

Baytpu 3emMiau uAET MOCTOSIHHBIA pAacCEsTHHBIA pacmaj
HEIMpPOYHbIX XUMAIeMeHToB. OH pacnpenenéH Oonee-meHee
paBHOMEpPHO MO BceW IUIaHETe, HO TIe-TO BCE ke pacman -
0oJjiee aKTUBHBIM, a I7Ie-TO - MEHEE aKTHUBHBIN.

DTUM OOBSACHAIOTCS aHOMAJIUHM 3E€MHOTO TATOTCHHS. B
OJIHUX MECTaX TUIAHEThI YCKOPEHHE CBOOOHOTO MAIeHUS YyTh
6ombie 9,81 yckopa, B ApYTUX — MEHBIIIE.

AHOMamnusi 03Ha4aeT OTKJIOHEHUE OT HOPMBI.

Ciy4aroTcsi MECTHBIC, JIOKAJIbHBIE BCIIECKH 3EMHOTO
TaroTeHus. OHM  BBI3BIBAIOTCS  B3PBIBHBIM  XapaKTEpOM
pacmnaja.

B xuakoil BHyTpeHHEH 4yacTu 3eMiIM HIET MEIJICHHOE
paccioeHre  XMMHUYECKHMX  BEIIeCTB:  Oosiee  TsHKENbBIE
OIYCKalOTCA K LEHTPY IUIaHEThl, JETrKUe BCIUIBIBAIOT K
noBepxHoctu. Cpenu 3TUX  CcI0EB  MOTYT  coOMparhes
XHMUYECKHE BEIIECTBA C HEMPOYHBIMH XUMDJICMCHTAMH.
Korma ux mMmiIoTHOCTH MpEBBIIIAET KPUTHYECKOE 3HAYCHUE,
IPOMCXOIUT aTOMHBIM (pacia HbIii) B3pPhIB.

Ha wmecre B3pbhIBa pe3ko mamaer ynuenbHOe 3(PUpHOE
JABJIEHWE, W 3TO MPUBOAUT K YBEJIMUYEHUIO YKJIOHA 3TOTO
JABJICHUS;, TITOTEHHE B OTOM MECTE€ KPATKOBPEMEHHO
YCUJIMBAETCH.

VYcuneHne TATOTEHHS OBIBAET HACTOJILKO OOJBIIHMM, YTO
BBI3BIBAET 3€MIIETPSICEHUSI C POBAJIaMU 3€MJIU.

Pacniannpie B3pBIBBI 10T OKEAHAMH U MOPSIMHU BBI3BIBAIOT

LlyHaMM — TIIOTOKM BOJbI, KOTOpbIE B MOMEHT B3pbIBa
YCTPEMIIIOTCS K SMUILIEHTPY B3PbIBA, a MOTOM pa3z0eraroTcs 1o
CTOpOHaM.

Ycunenne MeCTHOro 3€MHOrO TATOTCHHS BBI3BIBAIOT
AaXC B3PBIBBI TaK HA3bIBACMBIX ATOMHBIX O0oMO. HpI/I
MOA3EMHBIX B3pPBIBAX TaKHX 0oMO 3eMiid B SIMUIOCHTpax HE
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BCITYYMBAETCS, KaK IMPH OOBIYHBIX XHMHUYECKUX B3phIBaX, a
npoceaeTt, 1 00pa3yroTcs NPOBAIbHBIE BOPOHKH.

60. KocMuueckue CKopocTu

HckyccTBeHHbIE CIIYTHUKHM 3€MJIM YICpKUBAIOTCA Ha
KPYrOBBIX OpOHMTaX TMPH YCIOBUU, YTO HMMEIOT OKPYXKHBIC
CKOPOCTH, COOTBETCTBYIOILIIUE pajinycaM TpaekTopuil. KakoBsl
3TH CKOpocTU?

Ha cnytHuk neiictByeT ycuiaue 3eMHOTO TroteHus F
HMMEIOIIIEE CIEAYIONIYI0 3aBUCUMOCTh OT MHEPIUU CIyTHUKA |
U OT paJinyca ero TpaeKTopuu I

F =398*10" I—Z .
r

NMeHHO 93TO ycwiHMe 3aBOpauMBacT CIYTHUK U
3aCTaBJISET €r0 JBUTAaThCsl BOKPYT 3€MIIN.

OTOMYy YCWIMIO IPOTUBOACUCTBYET HWHEPLHUOHHOE,
«UEHTPOOEKHOE» CONPOTHUBIIEHHE R CIIyTHHKA; OHO 3aBUCHUT OT
MHEPLUHU CIyTHUKA | , OT OKpYKHOH CKOpPOCTHU V U OT pajauyca
TPAeKTOpHH I

2
Iv

R=——.
r

JIBuKeHHe CIyTHHKa [0 KpPyroBol opOWTE BO3MOXKHO

TOJIBKO IIPH YCIIOBUH, KOTAa
F=R.

[TpupaBHseM BbIpaKEHUSI STUX BEIUYUH MEXY COOOI0 U
OTIPENIETTUM CKOPOCTh CITyTHUKA V.

ges*10n ) 17V
r r
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V2 =3,98*104 1,
.

v =199 *107\ﬁ .
r

IIpumepsl.

OmnpenenuM CKOPOCTh CITyTHHKA TPH JABHKEHUH €rO IO
KpyroBoii opoure Ha BricoTe h = 200 kv Hax 3eMIéil.

Pannyc 3emmu 3 = 6370 k.

Pagunyc kpyroBoii opOUTHI

r=r;+h=6370+ 200 = 6570 xm = 6,57*10° .

IloacTaBuM 4MCIIEHHBIC 3HAUCHUS B Q)OpMyHy CKOpPOCTHU
" MIOJIYYHM:

v=199~*10" /Wime =7,76*10° ck = 7,76 xm/ c

Ha BricoTe 300 xm ckopocTh OyaeT paBHa:

v =199~*10’ /ﬁ =7,70*%10° cxk = 7,70 xm/ c.

Ha Beicore 500 xm:

v=199*10’ /687—%*106 =7,59*10° cx = 7,59 xu/ c.

Ecin  CKOpPOCTM  CIyTHMKa  OKaXyTCsl ~ MEHbIIE
MOJIyYEHHBIX YHCIIEHHBIX 3HAY€HUIl, TO OH OyAeT CXOJIUTh C
9THX OPOUT B CTOPOHY MTOHMKEHHS.
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Kocmuueckne — kopabmu,  mpeaHa3HayeHHbIE — JJIs
MyTEWECTBUS B JAIEKHMH KOCMOC, CHayajga BBIXOIAT Ha
KpyroBble OpOUTHI BOKPYr 3eMJIH, a IOTOM YK€ C HUX,
Pa3TOHSACH, YXOIAT JAJIbIIIE.

XapakTtep TpaeKTOpUW KOCMHUYECKMX Kopabied B
npezenax OJHOro 3(UPOBOPOTa C MOBBIIIEHHEM CKOPOCTH
JBUKEHUSI M3MEHSETCS: TPACKTOpUs CHAdalla NEPEXOAUT OT
KpYroBOW B 3JUIMITUYECKYIO, Jlajlee — B NapabOJIMYECKYIO M,
HAKOHEI, - B TUIIEPOOIHYECKYIO.

JIBurasicb co CKOpOCTSIMH 1apaboIMuecKux U, TeM Ooree,
TUMEepPOOINYECKUX  TPACKTOPHUH, KOCMHYECKHHA  KOpaOJb
MIPEOJIOJIEBAET TATOTEHUE IUIAHETHI UM YXOOUT B OTKPBITHINA
KOCMOC.

61. VYnaenpHoe  »¢upHOE  daBICHUE B
a(UpoBOpOTE

Bocmonb3yemcsi BbIpaXCHHEM ISl YKIIOHA YIEIBHOTO
3(UpHOTO AaBICHUS B 3OUPOBOPOTE 3eMITH:

u=150*10% 1
r

B nmuddepennmanbHoil popme yKIOH BBITISAUT Kak

ye
dr
TOECTh KaK M3MEHEHHE YJIEIbHOIO JaBJICHHS M0 YAAIEHHOCTH
OT 1IeHTpa 3(HPUPOBOPOTA.
YroObl MONTYYNUTH BBIpAKEHUE IS YACIBHOTO JaBICHHS
P, IOCTaTOYHO MPOUHTETPUPOBATH MPUBEACHHYIO 3aBUCUMOCTb
o dr:
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1
D= ju*dr:l,so*lozzj'r—zdr.
IIpuBenémM uHTErpal K BUAY
p =150*10% Ir‘z *dr

Y HalJEM 110 CIIPAaBOYHUKY COOTBETCTBYIOIIECE PELICHUE:!

n+l

+C.

ny X
-[X dX_n+1

[Tonyunm:
-1

p=150*10% [ ? *dr =150 *10% —— +C.
-2+1

[TocrosinHas uHTerpupoBanus C B HalleM ciydyae paBHA
MaKCHUMaJIbHOMY YACITFHOMY JaBJICHHIO Pg, KAKOE MOXKET OBITH
Ha HAauOOJIBIIIEM YyJAJICHUH OT IEHTpa 3(UPOBOPOTA; MBI €TI0
OTIPE/ICITHIIN PaBHBIM Po = 1,7%10% y0.

Torna BeIpakeHHE IJIs YAEIBHOTO 3(PHUPHOTO JABICHUS
3eMHOro >(UpPOBOPOTA MPUMET CICAYIOIIUNA BHUI:

p=170*10% —1,50*10* % .

13 BbIpakeHus clieAyeT, YTo Ipu NpUOIMKEHUH K 3emiie
yIeIbHOE  JIaBJIE€HUE JOJDKHO  yMeHbmatecs. M oHO
YMEHBIIAETCS,, HO CTOJIb HE3HAUUTEIbHO, YTO B HAIIUX
NpUOIU3UTENBHBIX pacuéTax He MOXKET ObITh OOHAPYKEHO.

78



[Ipumep. Ha Tom ymaneHun oT 3eMiid, Ha KakoM
naxomures Jlyma (r = 3,84*10° a), ymemsnoe sdupHOe
JaBJICHUE PaBHO
1,50 *10%

p=170%10% -2 — -
384*10

1,70*10** - 3,90 *10" yo.

W Takoe ke MPaKTUYECKH YACIbHOE [aBJICHUE — Ha
MOBEpPXHOCTH 3emuH (I = 6,37*10° M):

1,50 %10

=1,70*10% —
P 6,37 *10°

=1,70*10*" - 2,40 *10" yo.

62. 3aKOH COXpaHEHUs JBHKCHUIN

3aKoH COXpaHCHHA ,Z[BI/I)I(CHI/Iﬁ I'IaCUT. MCECXaHHUYCCKHC
JABMKCHHWSA HE BO3HHKAKOT MW HE HCYC3al0T, OHHU JIMIIb
nepexoasaT M3 OJHHX q)OpM B Apyruc: U3 BUIUMBIX — B
HCBHUIUMBIC U, HaO60pOT, N3 HCBUAUMBIX — B BUJIUMBIC.
I/IHOFI[a TaKUC MEPEXOIAbl TPYAHO YJIIOBUMBI.

Paccmotpum Takoit mpumep. Ilpenmer magaer co crona
Ha T0J1. Y HETO TMOSBIISIETCS 3pUMOE JIBI)KCHUE — MaJICHHE.

CHauana — mTpOCTOW BONPOC: B KaKue JBIKECHUS
MMpEBPaATUTCA JIBHUKCHHUEC maaCHUuA npu CTOJIKHOBCHHUU
npeaMeTa ¢ moyuom?

OtBer — 7n€rkuil: [BWXKEHUE TAaJEHUs IpeaMeTa
MPEBPATUTCS B TEIUIOBHIE JBUKEHUSI MIpeIMEeTa U T0Ja, TOeCTh
B Teio. B 1maHHOM ciy4ae TMOBBIMICHHUE TEMIIEPaTyphl
npeaMeTa ¥ 1mojia OyJeT CTOIh He3HAYUTEIbHBIM, YTO HAOIIYITh
ero oOHapyxuTh He yaacTcs. Ho mamaromas ¢ OOJbIION
BBICOTHI BOJIa, HANpUMep C BOAOCIHMBA THUIPOCTAHIINH,
HarpeBaeTcsl HACTOJIBKO, YTO HE 3amMep3aeT Aake B JIIOTHIC
MOPO3BI.
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A Temnepb — TPYAHBIM BOMPOC: a KaKUue MNPEAbIIyIINe
JBIDKEHUS TpeIMeTa TPaHCPOPMHUPOBAIKNCH B JIBUKCHHE
nanenus? [Ipenmer CiokolHO J1exall Ha Kpako CTOJIa, U y HETo,
Bpozie Obl, He OBLJIO HUKAKHUX ABIKCHHH, MPEIIIECTBYIOLINX
HaJICHUIO.

UroObl OTBETHTH Ha 3TOT BOIPOC, BHUKHEM B JBa
AQHAJTMTUYECKUX BBIPAKCHUS:

p =170*10* —1,50 *10%* 1 ;
r

2pg

o= [——.
IO

[lepBoe  BBIpaKEHHE  XapaKTEpU3yeT  H3MEHEHHE
yIENbHOTO 3(HUPHOTO MJaBICHHS C BBICOTOH, a BTOpOE —
U3MEHEHUE CKOPOCTH  BpAILEHUS  BHUXPEBBIX  IIHYPOB
XUMDJIEMEHTOB B 3aBUCUMOCTH OT TOTO Y/IE€IbHOTO JaBJICHMUS.

B cnyuae majenus mpeamera BbICOTAa YMEHbIIAETCS U,
KaK CJIe/ICTBHE, YMEHBIIAETCs yAEIbHOE AaBieHue 3gupa. A ¢
YMEHBLIEHUEM YJEIbHOTO JaBJICHUS YMEHBILIAETCA U CKOPOCTh
BpallleHUsl BUXPEBBIX LIHYPOB TEX XHMMAJIEMEHTOB, U3 KaKHX
COCTOMT IPEAMET.

OTBeT Ha NOCTaBJIEHHBIN BOMPOC TENEpPh HAIIPAILINBAETCS
caM coOOH: Tmpu TMaJeHUU TMpeaMeTa YacTh BHUXPEBBIX
JBUKEHUM €ro XUMAJIEMEHTOB IPEBpAIlaeTcs B JIBUYKEHUE
NaJcHUs.

A Korja Mbl IOJHUMaeM IpPEIMET, HAIllU YCHIIUS YXOIAT
Ha TO, YTOOBI  pacKpydyuMBaThb BHUXPEBBIE  JIBUKEHUS
XUMDAJIEMEHTOB 3TOT0 MpEAMETA.

He wumeer cmbicia nOpuBOAUTH B TMOATBEPXKIECHUE
CKa3aHHOI'O Kakue-Tu00 pacuéThl, TaK Kak W HW3MEHEHHE
yIeabHOr0 A(QUPHOrO JaBJIEHUS M H3MEHEHHE CKOPOCTH
BpallleHUsT  BHUXPEBBIX  IIHYPOB  XUMD3JEMEHTOB  CTOJIb
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HE3HAaYUTeNbHbIe, YTO OOHAPYKUTh HMX HAIIUMHU pacuyéTaMu
HEBO3MOJKHO.

63. BnusHue TemrepaTypbl NpeIMeTa Ha €ro
TATOTCHUE

[Ipu noBBILIEHNH TEMIIEPATYPHI IPEAMETA €r0 TATOTEHUE
YCHJIMBAETCSI.

OaHako 3TO YyCWJIEHHE HACTOJIBKO HHMYTOXHOE, 4YTO HE
(uKCUpyeTcss COBPEMEHHBIMHU CPEICTBAMH U3MEPEHUN.

ITokaxxeM 3TO Ha IpuUMeEpe.
Ycunue Tarorenus ToHHbI (kKyoomerpa) Boasl (I =1000
UH) COCTABIISIET

F=9,8%1=9,8*10%=9800 cx.

Harpeem Bony Ha 10 rpaaycoB u onpenenum yBeIudeHUe
yCcuiust €€ TATOTEHUS.
Tenno€MkocTs BOIBI

q=419*10° — 9%
un*epao

DTO 03HayaeT, 4To JUIsl HarpeBa OJHOTO HMHA BOJbI Ha
OJIVH Tpaayc TpedyeTcs 4,19%10% nBuxeii SHEPIuM.

Ornpenenum MOJIHYIO SHEPTUIO0 HArpeBa:

AE=q*I*T= 4,19*10°*1000%10 = 4,19*10 oorc.

Oueprus HarpeBa AE (cormacHo 3akony Ilpupons -

JIBUKEHHSI CO3/1al0T IMYCTOTY) YBEJIUYUT OOBEM BHYTpPEHHEU
IIyCTOTHI BOJIbI HA BETUYMHY A(:
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AE
Ag = —,
& p
e p = 1,70%10* yo — yaenbHoe 3dpupHOE 1aBICHHE.
* 7
g=29"10" 5 46%10%" xom
1,70*10
CornacHo gpyroro 3akoHa [lpupoipl — 3akoHa
BBITCCHEHHSI TYCTOThI - YCHJIUE TATOTCHHUS BBIYHMCIISIETCS IIO

dbopmyie

F=u*g,
rone U — YKIOH YAEIbHOTO MOaBIEHUSA Cpenbl; § — 00BEM
IyCTOTBHI.

B Hamewm ciywae ycuine TATOTEHHMsI KyOoMeTpa BOAbI
npu Harpese e€ Ha 10 rpagycoB yBenuuutcs Ha AF:

AF =u*4g,

roe u = 3,70*108 VK] — YKJIOH yJIeTbHOTO 3(UPHOTO AaBIICHUSI.
AF = 3,70%10%%2,46*10" = 9,12*10° cx.
Ha cTonpko cril yBeTUYHTCS TATOTEHUE BOJIBI.

ITocuuTaem CTElEeHb YBEIWYEHUS YCWIMS TIATOTEHHS 3a
CU€T Harpesa:

AF _912*10°

F 98*10° =107

OHa HUYTOXXHO MaJa.

82



64. [ImoTHOCTH MHEPIMU U YACIbHOE JaBJICHUE
BO3/IyXa

Bo3ayx armocdepsl co3maér cBOE naBiIeHHE, U OHO
XapaKTEepU3yeTCsl CBOMM YJEIbHBIM JaBICHUEM U CBOUM
YKJIOHOM YZEJIBHOT'O J1aBJICHHUS.

B ominume oT BOABL, BO3AYX IIO0 BBICOTE HMMEET
HEOJMHAKOBYI0 IUIOTHOCTb HWHEPLHH; C BBICOTOM OHa
ymenbiiaercs. Ha Beicore B 10 kunomeTrpoB, Hampumep, oHa
MEHBIIIE B TPU pa3a, 4YeM Ha 3eMIIE.

VIMEHHO 1OATOMY CaMOJETHI JajIbHEH aBHALMM JIETAIOT
Ha OTOM BBICOTE M BBbIIIE: TaM CONPOTHBIECHUE BO3JyXa
MEHBIIIE.

C u3MeHEHHEM IUIOTHOCTH MHEPLUHU BO3JyXa CBSA3aHO U
HEJIMHEHHOE M3MEHEHHE YJEIbHOIO JABJICHMUS BO3JyXa IIO
BBICOTE: Ha MaJIOM BBICOTE OHO U3MEHsETCs Oojiee KpyTo.

Jnsa  cBegeHuss npuBENEM  yCPEOHEHHBIE 3HAYCHUS
IJIOTHOCTU MHEPLUHU BO3AYyXa U €ro YACIBHOIO JaBICHUSA B
3aBUCHMOCTH OT BBICOTBI.

Brr | IInotHOCTE | Y IenbpHOE Brer | IImotHOCTE | Y nenbpHOE
coTa I/IHepI_II/II/I JaBJICHUEC coTta I/IHepI_II/II/I JAaBJICHUC
KM | nuH yo KM | NUH y0

0 1,225 101325 12 ]0,312 19399
0,05 | 1,219 100726 15 0,195 12112
01 |1,213 100129 20 |0,089 5529

1 1,112 89876 30 |0,018 1197

2 1,007 79501 50 |1,027*10° | 79,8

5 0,736 54048 100 |5,55*10" |3,19*10°
8 0,526 35652 120 |2,44*10° |2,67*10°
10 |0,414 26500

W minoTHOCT WHEPIMU W yJEIbHOE JaBJICHHE BO3/yXa,
HA TEPBBIA B3TJSA, MOTYT TMOKA3aThCs HEBEPOSITHBIMU. MBI




NPUBBIKJINA CUUTATh, YTO BO3AYX — HEBECOM, YTO y HEro HET
HUKAKOW MHEpUUHU. A OKa3bIBaETCs, KyOOMETp BO31yXa UMEET
uHepuuio B 1,225 MHA M TAroTE€ET K 3€MJIE C YCHIIUEM
(1,225%9,8) = 12 cun. B xomuare ¢ pa3mepamu 5x5x3 m
coliepkUTCs 75 kOM BO31lyXa; €ro MHEPLUs COCTABISIET IOUYTH
100 un, ToecTs OoJbINE, YeM WHEPLIUS CPETHETO YEIOBEKA.
Emé Oonplie nopaxkaer Hac arMoc(epHOe aBJIECHUE.

Bo3pMEéM ITHEBMATHYECKHH IMIHHIP JTUAMETPOM BCETrO
mums d = 100 mm = 0,1 m, mepekpoeM €ro MmoJoCTh H
nonpoOyeM BBITSHYTh IITOK, CO3/1aBas B 3alepTOd IOJOCTH
BakyyM. [IpensrcTBoBaTh HaM OyneT ynenbHOE arMochepHoe
nasienue: p = 101325 yu.

[Tnomaab MOPIIHS MTHEBMOLMINHIPA:

_nd_
S = 1 = 0,00785 xem .

Ycunue BHITATMBaHUA F 1pu MOMHOM Bakyyme B
3anepToM MOJIOCTH:

F =p* S =101325*0,00785 = 795 cx.

DTO yCWJIHME TaKoe K€, Kakoe TpeOyeTcs sl Mmoabéma
B3pPOCIIOTO YeIOBEKa.

Oco0eHHO yIUBISIET TO, KaKO€ JJaBJICHHE OKa3bIBaCT
BO3/yX Ha Tejo uenoBeka. CymMmmapHas MiIomaab MOBEPXHOCTU
YeJIOBEYECKOr0 Tela COCTABJISIeT Topsaka 3 kBamerpa. [lpwm
TaKOH TUIOIIAN 00IIee yCUIue Ha YellOBEeKa PaBHO:

F = p*S =101325*3 = 303975 cx.

B nepecuére Ha pbIHOYHBIC KUJIOTPAMMBI 3TO COCTABIISET
31000 e, Toects Oosee 30 TOHH.
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VnenpHoe naBieHue co3AaéTcs TeM CTONIOOM BO3yXa,
KOTOPBIA yXOJHUT BBEPX J0 MPEIEIOB aTMOC(hEpHI.

65. YKJIOH yIeIbHOTO aTMOC(HEPHOTO 1aBJICHHUS

Cpa3y oOpatuM BHMMaHUE HA TO, YTO YKJIOH YJEJIbHOTO
aTMOC(EepHOTO JIaBJICHUS HANIPaBJICH HE BHU3, KaK y 3(pHUpHOTrO
naByieHus, a BBepX. M eciu 3¢up BbIIaBIMBAET MTyCTOTY BHU3,
TO BO3IYyX, HAoOOpoT,- BBepX. W mycrora y HHX — He
OJIMHaKoBasA: B 3¢upe mycrora — abCOJMIOTHAs; B HEE HUYETrO
HET, a B BO3JIyX€ ITyCTOTa — BaKyyM, 3allOJHEHHBIH Y(HpOM; B
HEM HET TOJIBKO XMMDJIEMEHTOB.

VYKIIOH XapaKTepu3yeT U3MEHEHHUE YIEIbHOIO JaBJICHUS
B IIPOCTPAHCTBE: TJe-TO JaBjieHUE OOJIbIle, IJe-TO — MEHBIIIE;
U PA3HOCTb OTHUX YICIbHBIX JAaBICHUM, IIOACIEHHAs Ha
paccTosiHuE MEKIY YKa3aHHBIMU TOYKaMH, U €CTh YKJIOH.

OCHOBHO# YKJIOH Yy BO3ayxa — 1o BepTukaiu. Ho moxer
BO3HUKAaThb Y TOPU3OHTAJIbHBIA YKJIOH; TaKUM OH OBbIBaeT Ha
rpaHuie arMoc(epHBIX AHTHUIUKIOHOB (C TOBBIIICHHBIM
yIeNbHbIM JaBJI€HUEM) U LMKIOHOB (C IOHMXEHHBIM
JaBjieHueM). [ opu30oHTalIbHbBIE YKIOHBI IOPOXKAAIOT BETEP.

PaccMOTpUM  TOINBKO  BEpTUKAIBbHBIA  yKIOH. U3
MIPUBEIEHHBIX JAHHBIX M0 IUIOTHOCTH U yJE€IBHOMY JaBJICHUIO
BO3AyXa U3BIEUEM YyAEIbHBbIE JIABJICHUS JIIOOBIX JIBYX
COCEIHUX TOYEK, OMNPEICIIMM DPA3HOCTh W pa3fenuM e€ Ha
pPacCTOSIHUE MEXKIY OTHUMM TOYKaMU; IOJYYUM YCPEAHEHHOE
3HAYEHHUE YKIIOHA Ha BBIIEICHHOM y4YacCTKe.

IIpocunTaeM HECKOJIBKO TOYEK.

1. UnTepBan mexnay HyneBoil Beicotor (hy = 0); p1 =
101325 yo,- u BeIcoTO# hy =50 M, P, = 100726 yo.
Pa3HocTh naBneHuit

Ap = p1—p2 =599 yo.
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Wutepsasn Ah =h; —hy =50 .
VKIIOH yIEeIbHOro aTrMOC(EpPHOro IaBICHHS Ha DTOM
WUHTEPBaJIe COCTABUT:
_Ap 599

= =12,00 yx.
Ah 50

1

2. UnrepBan mMexay Beicotamu hy = 50 m u hy = 100 u;
ps= 100129 yo. Ykiion:

_ Py~ D5 _ 100726 — 100129 _
Y= W=k, 100- 50 = 11,90 yrr .

3. UnurepBan mexay Beicotamu hy = 100 » u hy = 1000
M; Ps = 89876 yo. YkioH:

L = P37 Pa_ 100129 - 89876
37 h,- hy 1000 - 100

= 11,40 yxa.

VKIJIOH MOJy4nsIcs CTYNEHYAThIM, U BCE M3-3a TOTO, YTO
IOPUHSTH LIMPOKHWE HUHTEpBaJIbl BHICOT. B aeiicTBUTENBHOCTH
YKJIOH U3MEHSETCS IIaBHO.

Ha nyneBoii BeicoTe OH paBeH npuOiamu3uTenbHo 12,10
VK M TIO Mepe NobEMa ClajiaeT Mo yObIBatOLIeH.

66. [lonbpEéM TEMIIOrO BO3AYyXA

Kaxmomy w3 Hac TpUXOIUIOCh HAOMIOAATh SIBICHHUE
noabEéMa TEMIOro BO3AyXa BBEPX. DTO — M MOJABIMAIOLIUKCA
JIBIM HaJ KOCTPOM, U OTKJIOHSIOIIAsICA BBEPX IJIaMs CIIUYKH, U
TEIUIOBOM MOTOK HaJ Ta30BOM FOPEJIKOM.
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[TonpéM TEmIOro BO3AyXa BBEPX — OYEHb BaXHOE
npupoaHoe sBieHue. lloaTBepauM CKa3aHHOE HECKOJIbKUMU
MIpUMEpPaAMH.

Hupkyasimusa Bo3AyXa BHYTPH mnoMemieHusi. TEmbIi
BO3JyX OT OTONUTEIBHBIX Oarapeil TOJHUMAETCS BBEpPX,
CMeIlaeTcss K XOJOIHBIM CTEHaM, OXJaXJaeTcs Yy Hux,
CITyCKaeTCsl BHU3 U BO3BPAIIIAETCSI CHOBA K OaTapesiM.

I'openne. I'opsune NpPOLYKTBI T'OPEHHs IOIHHUMAIOTCS
BBEPX, 4 CHU3Y K IUIAMEHH YyCTpemJysieTcs OOOraméHHbIN
KHCJIOPOOM CBeXHi Bo3ayX. Eciu Obl IpoayKThl TOpEeHUs HE
YXOAUIM OT IUIAMEHH, OHM IMEpPEeKpbIBaIM Obl JOCTYN K
IUTaMEHH KHCII0POJia, HE0OX0AMMOTO JJIsi TOPEHHUSL.

Jbixanue. BoiapixaeMblil TEMIBIA BO3AYX YXOJIHUT BBEPX
u o0ecrieuynBaeT MPUTOK CBEXero Bo3ayxa. He Oynp storo, u
MBI 33]IbIXaJTUCh OBbI OT HEJIOCTAaTKa KUCIOPO/Ia.

JletTHuid poxab. B kapkuil JeTHHM JI€Hb HarpeThid
BO3/lyX, O0OOTamEHHbII MapoM, YCTPEMIISIETCS BBEPX; TaM OH
OXJIAKJIAETCS; Map NPEBPALIAETCS B TYMaH, TOECTb B Ty4dy; U3
TY4Y4 HAYWHAIOT BBINA/IATh KAIUIA JTOMKIS.

Kpyrosopor Boabl Ha miaHere. TEMbI BIaXHBIN
BO3AYyX DJKBAaTOPUAIBHBIX MOPEH M OKEAaHOB IOAHUMAETCS
BBEPX, PA3HOCUTCS BETPOM IO BCEH IUIAHETE, OXJIAXKIAETCS, U
W3 HETO BBINANAeT N0XAb. JJokKaeBas Boa pyubsiMU U PEKAMU
BO3BPAILAETCA CHOBA B MOPS M OKEAHBI.

IHonér Bo3xymHbIx mapos. [InmamMs ropenku corpeBaer
BO3JYyX BHYTPH L1apa, U 3TOT HArpeThli BO3yX YBJIEKAeT LIap
BBEPX.

B ocHoBe sBiIeHHS — OABEMA TEIUIOrO BO3AyXa BBEPX —
JeXaT Te JK€ OCHOBHBIC 3akoHBI I[lpmpoxasl: aBuxeHus (B
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JAHHOM cllydyae TeIUJIOBbIE) CO3JAal0T MYCTOTY M IyCcTOTa
BBITECHSACTCS IO YKJIOH YACIBHOTO JABJICHHS  CpEIbl
(atmocdepsnr). JIBkeHHS W YKIOH — TJaBHbIE (aKTOPBI
SIBJICHUSL.

Ha xocMmuueckoil CTaHLIMKM HET €CTECTBEHHOrO YKJIOHA
YIIIBHOTO JIaBJICHUS BO3AYXa, M IIOATOMY TaM HET caMO COOOMU
BO3HUKAIOILIETO nepeMeluBaHus BO3/yXa. Uto0m!
nepeMenInBaTh BO3AyX, Ha CTAHIIUSAX PabOTAIOT BEHTUJISITOPHI.
HMHaue KOCMOHABTBI 3abIXalUCh OBl B COOCTBEHHOM
BBI/IBIXa€MOM BO3/1yX€.

Paccmotpum ycunne noabséma F, co3zgaBaeMoe TEMIBIM
BO3yxoM. OHO MMEET CIEIYIOIIYI0 3aBHCHUMOCTh OT YKJIOHA
yAEIbHOrO aTtMochepHOro JdaBieHUss U ©U OT 00bEma
JOTIOTHUTEIBHOTO BakyymMa A(, CO3/1aBaeMOT0 TEIUIOBBIMU
JIBUKCHUSIMHU:

F =u*Ag.

B cBoio ouepenp 00bEM co3gaBaemMoro Bakyyma Ag
OIIpeEIIAeTCS Kak

Ag:E,
p

rne E — oHeprus HarpeBa; p — ynenbHoe aTMmocdepHoe
JTaBJICHUE.

B ciyuae ¢ TenioBeIMH BO3IYIIHBIMU IIApaMU TETUIOTA
E oOpasyercs oT cropaHus TomiuBa (raza) M OIpeaesseTcs
KaK

E=qg*I,
rae ( — ynenpHas TeIuioTa cropanusi rasa; | — wHeprus
CTOPEBILIETO Iasa.

IIpousBeném pacyér TEIUIOBOrO BO3AYLIHOTO MIapa.
Zamagum yemue ero nmoabéma F = 1000 ¢z (mogpém rpysa
BecoM 100 kunorpamm).
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Vnensnoe armocheproe gasierue p = 100700 yo.
VYkioH 3Toro nasieHus U = 12 yx.
O0BEM TOMOTHUTEIHLHOTO BakyyMa (yBelndeHue 00bEmMa
mapa):
F 1000

Ag =— 83 xom.
u 12

Tpebyemas sHeprus Harpena:
E = p*Ag = 100700*83 = 8,39*10° dxc.

VienpHash TEIUIOTa CropaHusi ra3a MNPUPOAHOTO ( =
4,5%10" dorc/un.

Pacxop TommBa:

* 6
| =E:M=O,186 UH.
g 45*10

[Ipou3Ben€HHbIN pacuér — AJid UIEaTbHBIX YCIOBU. B
JICUCTBUTEIIBHOCTH TEIJIOBOM BO3JYIIHBIM IIAp IOCTOSHHO
OXJIAXKJAeTCsl, U JUIs TOJAepKaHus TpeOyeMoil TemrepaTypsl
raza BHYTPH HETro NPHUXOIAUTCS TIOCTOSHHO TI0JIOTPEBATh
BO3/1yX; TOPEJIKY HE BBIKJIIOYAIOT.

O0béM 1mapa He UMEET NPUHLUITNAIBHOTO 3HaueHus. OH
BaXEH TOJILKO B TOM CMBICIIE, YTO TpPH OOJBIIOM O0BEME
yAepKaTh TEIJI0 BHYTpHU Inapa jerue. Eciu ke 00bEéM 1miapa
BOOOIIE Majl, TO CO3AaThb BHYTPU HErO OMOJTHHUTEIbHBIN
BaKyyM 00bEMOM 83 kOM MPOCTO HEBO3MOXKHO.

[Tyctes quamerp Bo3aymHoro mapa d = 10 a.

Ero ooném

V = 0,5236*d° = 0,5236*1000 = 524 x6m.

Omnpenenum Temmneparypy BO3/IyXa B HEM TIpU TIoJ1aue Ha
Hero TeruioBoi sHepruu E = 8,39*10” oorc.
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CHayvasna onpezieluM UHEPLUIO BO3/lyXa BHYTPH IlIapa:

| = p*V =1,22*524 = 639 um,
rae p = 1,22 nun — NIOTHOCTh UHEPILIUHU BO3/1yXaA.
Y4uThIBas TEIIOEMKOCTh BO3TyXa

k=100 9%
un*epao’

oIpeieIuM NOBbILIEHHE TeMueparypbl AT Harperoro Bosayxa
B mape 1o gpopmyiie
E 8,39*10°

= = 3 = 13 epad

k*1 10°*639

Ecnn okpyxaromas temmeparypa Bo3ayxa paBHa 20
rpagycaM, TO TeMIEparypa BO3[lyXa B BO3JYLIHOM IIape
nuamerpoM 10 METpoB OJKHA COCTABIIATh

20 + 13 = 33 rpanyca.

67. Y nennHOE TaBJIICHUE BOJEI

Ha oTkpbITyI0 BOAY JaBUT BO3IYX, U MOITOMY YJIEIBHOE
JIaBJIEHUE Ha TIOBEPXHOCTH BOJIBI OMPEEIISETCS aTMOCEPHBIM
nasienuem p = 101325 yo.

OnHako Ha MPaKTHKE OOBIYHO aTMOC(EpHOE JaBICHHUE
INPUHUMAETCsl 3a HyJEeBOe, W Bce NPUOOPHI I HU3MEpEHUs
yIIENbHBIX JaBJIEHUH (MaHOMETpPHI) HACTPaWBAIOTCS Ha JTOT
HYJTIb.

CoxpaHUM TaKOW MOIXOJT ¥ MBI.

Jlist nanpbHENIX pacCy>KICHUH BBIIEIUM B TOJIIE BOIBI
(pevHOM, MOPCKOM, OKEaHCKO) cToI0 BOABI ceueHueM S. [Ipu
riyoune h 00béM cTonba cocTaBuT
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V = S*h.
WHueprus sToro crosida BOabI

| = p*V = p*S*h,
raec p — IIJIOTHOCTbH I/IHepL[I/II/I BOJHbI.

VYcunue 3eMHOTO TATOTEHUSI BBIICICHHOTO CTOJI0A
F =9,8*1 = 9,8* p*S*h.

W, HakoHen, ynenbHOE [aBi€HHE P TIO OMNPEIEICHUIO
BBIYHCIIACTCS TyTEM JENeHUsl ycuiusa TiaroteHuss F Ha
Iomanap S:
* * *
pzizwzgyg*p*h_
S S
[Inotnocte uHepuuu Boael p = 1000 nuwm; c yuérom

3TOrO:
p = 9,8*1000*h = 9800 *h.

M3 momy4eHHOro BBIPAXKEHMS CIEAYET, YTO YJIEIbHOE
JTaBJIEHUE BOJIbI P UMEET JIMHEHHYIO 3aBUCUMOCTh OT INTyOUHBI
h: Bo ckoslbko pa3 U3MeHseTCs TIIyOuHa BOJBI, BO CTOJBKO JKe
pa3 U3MEHSETCS yIEIbHOE 1aBIICHUE.

Ha rnyoune hy =1mx  p;=9800 yo.

Ha rnyoune h, =2m  p, = 19600 yo.

Ha ryoune hs =3m  ps = 29400 yo,
¥ TaK Jajee.

Onpenenum ryouny h (BeicoTy ctonba BoOmbI), Ha
KOTOPOM y/IeTbHOE JaBJICHHUE BOABI PABHO aTMOC(HEPHOMY:

101325 =9800 h;
91



_ 101325

h= 9800

= 10,34 m

OTO 03HayaeT, 4To aTMOC(EpHBI BO3IyX J[AaBUT Ha
KQKJbI KBaJApaTHBIA METP ILIOIIAAU C TEM XK€ YCUIIHUEM, C
KaKWUM JaBUT BOJSHOM cT010 BeIcOTOM 10,34 MeTpa.

Ha rimy6unax 10 HeCKOJIbKHUX JECATKOB METPOB yIEIbHOE
JABJICHHE BOJIbI COM3MEPUMO C YACJIbHBIM aTMOC(EpPHBIM
JaBJICHWEM, HO Ha IIyOMHAaX B HECKOJbKO COTEH METPOB
JaBJICHHE BOJbI HAMHOI'O MIPEBBIIIAET aTMOC(epHOeE.

Ha rnyoune h = 500 MeTpoB yjeinbHOE JaBJICHUE BOJIBI
COCTaBIISIET

p = 9800*500 = 4,9*10° yo,

a Ha nryoune h = 1000 MeTpoB ynenbHOE JaBicHUE — B JBa
paza GoJbIIe:

P = 9800*1000 = 9,8*10° 0.

Oto — oueHp Oonbimoe naBineHue. [IpencraBum cebe
repMeTu4HbIi Oak ¢ pasmepamu lv X 1w x 1w Ha rayoune h =
1000 m. IInomanme Kaxmou u3 ero cropoH S = 1*1 = 1 kem.
VYcunue 1aBieHust Ha CTOPOHY COCTaBUT

F = p*S = 9,8*10%*1 = 9,8*10° cx.

B emuHMmAax  pBIHOYHBIX  KHJIOTPAMMOB  3TO
COOTBECTCTBYCT MUJUVIMOHY KUJIOTPAMMOB HJIM ThICAYC TOHH.

Bot noyemy okeaHckue riiyOMHBI CTOJb )K€ HEJJOCTYITHBI
JIOAAM, KaK ¥ KOCMOC.

B pacuérax mIOTHOCT, BOABI BE3JE NPUHUMANIACH
MOCTOSIHHOM, Kak OyATo BoJa — HeckKuMmaemas. IDTO — He
COBCEM BEpHO: BOJA, KaKk M JOObIe JApyrue XHMHUYECKHE
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B€IICCTBa, - CXHUMacMa, TOJIBKO CTCIICHb e€ cxarus npu
YBCIMUYCHUH JABJICHUSA — OUCHb MaJias.

68. YKIIOH y/IeIbHOTO JaBJIECHUS BOJIbI

Emé pa3 npuBenéM 3aBUCHMOCTb YAEIBHOTO JABJICHUS
BOJIBI P OT MIyOUHBI N U OT MJIOTHOCTH HHEPLIUH P:

p=9,8%p* h.

[110THOCTh MHEPIMHM BOJBI M3MEHSCTCS B 3aBUCHMOCTH
OT YICTBLHOTO JIABJICHHUSI 110 CIICAYIOIIEMY 3aKOHY:
_ P
P=T1-8p
rae po = 1000 nun — MIOTHOCTh MHEPIMH BOBI B HOPMAIBHBIX
yenoBusix; f = 4,54*10° 1/y0 — cxmMaeMocTb BOJIEL.

OueHuM U3MEHEHUE IUIOTHOCTU HWHEPUMHM BOJbl B
npefenax peaibHblx ryouH (mo 100 metpoB). YiaenbHoe
naBieHue  Ha  riyomHe 100 mMeTpoB  cocTaBisieT
IpUOJIN3UTENIBHO

p = 9800*100 = 9,8*10 yo.

[InoTHOCTH HHCPpLOUHU IIPpU TAKOM YIACJIbHOM JaBJICHUU
HU3MECHACTCA HC3HAYUTCIIBHO!:

1000
1-4,54*107"°*9,8*10°

p= =1000,5 numw.

[TosTomMy OyzmeM cuMTaTh, YTO B Mpejaeiax peajbHbIX
FHY6I/IH BOJa HE CXKHMACTCA U €€ MJIOTHOCTh HE U3MCHSACTCA,
toecTh p = 1000 nun Ha Bcex riyOMHax.
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Torma ynenpHOE HOaBJIEHUE OTPA3UTCA CIEAYIONICH
3aBUCUMOCTBIO:

p = 9,8 *p*h = 9,8%1000*h = 9800*h.

DTO BBIPAKEHUE MBI YK€ MOTYy4alIH.
U3 Hero u3Bie4éM yKIIOH YCIBHOTO JaBJICHHS BOJbI KaK
otHourenue p / h:

u:%: 9800 yrr

W3 BeIpaKeHUs BHJHO, YTO YKJIOH ITOCTOSIHEH Ha BCEX
ryOuHax.

69. ITogséM TEION BOJEI

Ténnas Boja, Kak M TEIUIBIA BO3AYX, IIOJHUMAETCS
BBEPX.

Takoe sBieHHE OTYETIMBO HAOMIOMAETCA TPU HarpeBe
BOJBI Ha OObIYHON Ta3oBoW ropenke. Kwunsimas Bona
OykBaJIbHO OypiuT: €€ CTpyH, HACBIIIEHHbIE Iy3bIpbKaMu
napa, YCTPeMISIOTCS BBEpPX M CIOCOOCTBYIOT aKTHBHOMY
MepEMENTMBAHUIO BOJIBI.

Ecnu xe HarpeBaTh BOy HE CHU3Y, a CBEPXY, TO HUYETO
MoJ00HOTO HE HAOJIOAACTCS: HAarpeThble BEPXHHUE CIIOM TaK U
OCTAalOTCS HaBepXy, M MEpEeMElIMBaHUs OT HarpeBa He
MIPOUCXOUT.

ITo 3TO¥ mMpuuyMHE BOJA B CTOAYMUX BOAOEMAX B KapKHUE
JIETHUE JHU PACCIAMBAETCA MO CTENEHH HarpeBa: CBEPXY —
Térutas, a Ha TIIyOMHE — XOJIOTHAS.

Yceunue mnoabéma TEmmo Boabpl F ummeer Ty Ke
3aBUCUMOCTh OT YKJIOHA YJIEJIBHOTO JaBJIEHHUS BOJABI U M OT
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00b€éMa  JOTIOJHUTETHLHOTO Bakyyma /g, C€03/1aBaeMoro
HarpeBOM:

F=u*4g.

Co3naBaeMblii  HarpeBOM BaKyyM pacCcOCpPElIOTOYCH
MEXJy 4YaCTUIAMH BOJbI, W TOJBKO NPU BCKHUIIAHUH OH
0o0pa3yeT Iy3bIpbKH.

OO0BEM TEIUIOBOrO paciIMpeHust AQ UMEET CIETYIOUIYIO

3aBUCUMOCTb OT TEMIIEPATYPBI:

AQ=V*5*T,
rae V — ucxoaHslii 00bEM BOIBI; T — TeMIleparypa Harpena; o
— k03¢ punmeHT 00BEMHOTO pacIINpPEHHSL.

TemmnepaTypa HarpeBa ornpeaenseTcs Kak

E
S k*1

rne E — remnoBas sueprus; | — unepims HarpeBaeMoil Bojbl; K
— TETIOEMKOCTh BOJIBI.

Nuepuuto Bomsl | Bepazum uepes e€ 00béM V
TUIOTHOCTB p:

I1=p*V.
O0benuuss nocneaHue Tpu GopMyIIbl, HOTYUUM:
Ag=V*5* E __ ¢

Kk * p*V k * )

Kommekcupiii ko3 duruent (K*p/d) xapaxrtepusyer
IUIOTHOCTh DJHEPTHMH, BBI3BIBAIONICH TEIUIOBOE pACIIUPEHUE
BOJIBI; 0003HAYMM €ro Kak d.

kK*p odoxc
o = et
o M
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B pesynbprate 00bEM TEIIIOBOTO paciIupeHus: Bojabl AJ

OyJIeT UMETh CJIEAYIONIYI0 3aBUCUMOCTb OT PHEPrUu Harpena
E:

Y BOABI INIOTHOCTH TEIJIOBOM AHEPrUM, UAYIIEH Ha €€
00BEMHOE paclIupeHue, paBHa

a =1,39*10 oorc/ .

CpaBHMM yCUJIUS BBITAJIKUBAHMS HArpeTblX Cpex:
BO3/yXa U BOJBI.

CornacHo mnpeablAyIIMM pacuyéraM, IpH IMoJaye Ha
BO3JYX TEIuIoBoi suepruu E = 8,39%10° dorc BosymmsIil map
Ha HYJIeBOM BbIcOTe co3aaBan ycuine nogbéma F = 1000 cx.

VYV Harpetoi TOHN K€ TEIUIOBOM 3HEPruer BOIbI YCHIHE
o bEMa OIPEETUTCS KaK

* 6

F =u*Ag=u*— =9800* 20 10

o 1,39*10

=59cxn.
Oto ycunue okassiBaetrcst B 1000/5,9 = 170 pa3 meHsle,
YeM y BO3yXa.

70. BblTalkuBaHWE MNPEAMETOB U3 BOILI U
BO3yXa

Kaxaplii n3 Hac 3aMedal, 4To TSHKENBIE MPEIMETHI B BOAE
craHoBiaTca jgerde. QOOBIACHAETCI JOTO TEM, 4YTO Boja
BBITAJIKUBAET MPEIMETHI BBEPX.

[TpenMeTsl BBITATKUBAIOTCS U3 JTI000H cpenbl. B 3eMHBIX
YCJIOBUAX YKJIOH YAENIbHBIX JABICHUA BOIBI M BO3JyXa €CTh
BCErJla, HO HA KOCMUYECKOM CTaHIMU, B  YCIOBHAX
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HEBECOMOCTH BOJa, HAIIPUMEP, €r0 HE MMEET, U MOITOMY OHa
HE BBITAJIKUBAET MPEAMETHI HUKY/IA.

VYcunue BBITAIKMBAHUS MOXHO IOCYUTATh JBOSIKMM
Croco60oM: 0OBIYHO — Yepe3 YKJIOH U B YaCTHOM CJIydae — 4epe3
00BEM mpeamerTa.

Hauyném co BToporo cmoco6a. Ero gactHbeiii xapakrep
COCTOUT B TOM, YTO OH IPUMEHUM TOJIBKO B CIy4ae OTKPBITOU
crosiue BoAbl. JlIg *KUAKOCTEH, IBHKYIIMXCA C YCKOPEHUEM
WM HaXOJSLIMXCS BO BPALLEHNUH, OH HEPUTO/ICH.

Bo3bMéM HEOOIBITYI0O EMKOCTD, 3alIOJHEHHYIO BOJOM, U
OyneMm omyckarb B He€ mpenmer. HerpyaHo 3amMeTuTh, 4TO
YPOBEHb BOJbI B €MKOCTH IIPH 3TOM IMOBbIaeTcs. Eciu xe
MpEeAMET U3BJIEKATh U3 BOJBI, €€ YPOBEHb OYyJI€T MOHUKATHCS.

Co3pnaérest BreuyariaeHue, YTO MPEAMET U BBITECHsEeMasi
UM BOJIa KaKk Obl HAXOJATCA HAa Pa3HBIX dYallaxX PhIYa’KHBIX
PaBHOIUIEYMX BECOB: OIYCKAaeTCAd NpeIMET — MOAHUMAETCs
BO/JIa; MIOJTHUMAETCA MPEIMET — OITYCKAETCS BOJIA.

OObsicHsieTcs BCE TATOTEHUEM 3eMIIH: MPEeIMET TATOTEeT
K 3emiie ¢ ycunueM Fjp; BbITeCHsSieMas MM BOJa TATOTEET C
ycunueM Fg B 00bEMe npeamera.

JonycTtuM, 4YTO mnOpeaMeT — JErKWil; €ro IUIOTHOCTh
UHEPUUH p,, MEHBILIE IJIOTHOCTH WHEPUUM BOIBI pp. Taxkou
npeaMeT OyAeT BCIUIBIBATh, U YCUJIME BCIUIBITUS OMPEACIIUTCS
KaK

AF = FB — FHP .

VYcunue TAroTeHHs BHITECHSIEMOM BOoAbI Fp onpenensiercs
no ¢opmyie

Frp=98*13=9,8* PB *Vip,

rae |z — uHepius BeITeCHAEMON BOJBI, V p — 00BEM MpeamerTa.

C y4éroM »ATOro ONpENeIUM YCWIHE BCIUIBITHS
npeaMera:
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AF =9,8* pg* Vip — Frp.

3allOMHUM 3TO BBIP@KCHHE M IOBTOPUM PpACYET 110
3aKOHY BBITECHEHMS IIyCTOTHI.

VY norpyk€HHOro B BOLY IpeIMETa IO CPaBHEHUIO C
BOJIOM UMeEETCs JOTIONHUTEIbHBIN 00BEM BakyyMa AJ ; UMEHHO
[I03TOMY IUIOTHOCTb MHEPLUHU IPEAMETAa MEHBIIE IJIOTHOCTH
WHEPLUHU BOJBL.

VYcwine BCIUIBITUS 110 3aKOHY BBITECHEHHUS ITyCTOTBI
OIpeCIIAETCS KaKk

AF = ug* 49,
rie Up — YKIOH YICIBHOTO JaBIICHUS BOJBI;, OH HAMH paHEe
onpenenéH u paseH Ug = 9,8 pp.

Ecnmm 661 00béM mpenmera Vip Obu1 MeHbIIE Ha Ag, a
uHepuusi lpp ocraBanmace Obl MpeXHEW, TO €ro IUIOTHOCTH
WHEPIUHU PaBHSIACH OBl IUIOTHOCTH MHEPIIMH BOJIBI:

i: p
Vip— Ag B

W3Brieuém 13 TaHHOTO BBIpaskeHUs Ag:

lizp = pp* Von — ps* 49; pp* 49 = pg *Vp — lup;
_ _ I pp
Ag=Vp~ ——
P

[ToncraBuM 3HaueHuss Ug U AQ B Qopmyny ycuinus
BCIUIBITHA npeameTra AF:

AF =u, Ag=9,8p, |V, M ;

B

AF =9,8* pp* Vizp — 9,8 Ipp;
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AF =9,8% pg* Vip — Frp.

[Tonmyumnu TO ke camoe BbIpaKE€HHE, Kakoe ObLIO MpHU
nepBoM pacuéte. Tonbko Tenepb BhITAIKMBAHUE MPEAMETA YiKe
— HE BBEPX, a MMOJ] YKJIOH yJIeIbHOTO JaBJICHUS BOJIBI.

Ecnu morpykaemplii B BOJy NpEAMET — TSDKEBIN (€ro
MJIOTHOCTh MHEPLHUH OOJIbIIIE TNIOTHOCTH MHEPIUU BOJIbI), TO B
MOJIyYEHHOM BBIPAKEHUU TOMEHSIOTCS 3HAKU:

AF = an — 9,8* PB *Vnp.

Tenepp yxe AF — He ycunue BCIUIBITUS, a YCHIINE
HOTPY>KEHHUS.

B of0mem cimydae, mpUMEHHTEIBHO K JIFOOOH TeKyden
cpezie 9TO BhIpakK€HHE MOKHO 3aIncaTh Tak:

AF =F-9,8*p*V,
rae F — ycunme TAroTeHHs peaMeTa; p — MIOTHOCTh WHEPIUH
cpensl; V — 00bEM BBITAIKHBAEMOTO IIPEIMETA.
3neck (9,8* p* V) — ycuiine BbITaIKUBaHUS TPEAMETA.

ITpumep.

OnpenenyM ycwiHMe IOTPYKEHUS B BOJY CTaJbHOIO
npenMera ¢ uHepuueit 10 un; MIOTHOCTh UHEPLUU CTANIU per =
7,8*103 nuH; TIIOTHOCTB BOABL p = 10 nun.

O0BEM npenmeTa:

vt o 10 08%10% kou.
per  1.8%10

VYcunue TAroTeHus npeamera:
F=9,8*1=09,8*10=98 cx.
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VYeunue norpyKeHust peaMeTa B BOAY:
AF =F —9,8* p* V = 98 — 9,8*10°*1,28*10° = 85,5 e

yCI/IJII/Ie TATOTCHUA CTAJIBHOI'O Hpe):[MeTa YMCHBIHI/IHOCB
Ha

(98 — 85,5) = 12,5 cx,
TOCCTb HA

(12,5 /98)*100 % = 12,8 %.

71. Bec

B ObiTy ycunme TATOTEHUS TIPEIMETOB HAa3bIBACTCS
BecoM. Enununeit Beca siBisiercst kunnorpamm: lxe = 9,8 cx.

Kpome cOOCTBEHHO yCWIHS TATOTEHHs TpEIMETa, BEC
YUUTBIBAET TaKXKE€ BBITAIKMBAHUE IpeAMETa BO3AYXOM U
MHEPLIMOHHOE CONPOTUBIIEHUE OT BpamieHus 3emiau. OueHuM
BJIMSIHAE TOT'O U JPYTroro.

Bospbmém 10 um KapTOLIKM; IUIOTHOCTh HWHEPLUU
KApTOLIKH pg = 1,1*103 NUH.

VYcunue TAroreHus: KapTOILIKY BHU3

F=9,8*]=09,8*10=1980 cx.

O0bEM KapTOLIKH
V= L in =9,09*107° x6m.
P 11*10

[TnoTHOCTH MHEpIUK BO3AyXa p = 1,29 nun.
Ycunme BRITATKABaHUS KAPTOIIKH BO3yXOM BBEPX
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Fz=9,8% p* V = 9,8%1,29%9,09%10° = 0,115 cx.

HMHepuroHHOE CONpPOTHBICHHE OT BpalleHUs 3eMiu
OoJbIlIE BCETrO CKa3bIBACTCS Ha DJKBATOpe, TIJIe OKpY)KHas
CKOpoCTh 3eMiH coctaBiser V = 463 cx. Pagmyc 3emum r =
6,37*10° .

HHepunoHHOE COMPOTHBIIEHWE IOBOPOTY HAIPaBICHO
BBEPX M PaCCUMTHIBAETCS MO (hopmyIie:
| *v?  10* 463

6,37 *10°

B pesynbrare ycuiine 3eMHOr0O TATOTEHHS KapTOLIKU F =

980 ¢z yMeHBIIUTCSI HA CyMMAapHYIO BEIMYUHY

=0,337 ca.

FHC =

Fs + Fuc = 0,115 + 0,337 = 0,452 ¢z,
4TO B MPOLIEHTAX COCTABIISIET
(0,452 / 980)*100 % = 0,046 %

[TompaBka (0,046 %) cTomp Mana, 4TO MOXXHO BEC B
KUJIOTpaMMax YHMCJIEHHO NMPUPABHUBATh K MHEPLUU B UHaX. B
HamieM cinydae 10 un kapromku Becar 10 kumorpamm.

72. TedeHue *KuaKOCTEN 1O TPyOOITPOBOIAM

MoxHO yNOMSIHYTH BOJOMPOBO, HE(PTETPOBOI; OYCHB
LIMPOKO PaACIpPOCTPAHEHbl TMAPABINYECKUE CUCTEMBI MAIIUWH,
T KUJKOCTH HCIOJB3YIOTCS B Ka4€CTBE YHEPrOHOCHUTENS U
T/Ie OHH MEePEAA0TCs OT y37a K Y31y 10 TpyOOIpoBOAaM.

Harmerarorcss xuakoctw Hacocamu. OHH  cOo31ai0T
noanop naeineHuil. OT mnoamopa MO BCEM MAarucTpalsiM
BO3HUKAIOT YKJIOHBI JaBieHUH. JKUIKOCTH CMEIIArTCs MO
9TU YKIIOHBI.
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PaznuuaroT nBa Buma TeYeHUS: TIaKoe (JITaMHHApHOE) U

BUXpEBOE (TypOYIEHTHOE).
v
[Ipy T7IagKOM TEYCHUH CIBUIOBask CKOPOCTh gr -

IOCTOSIHHAS,, HAa4YMHAsg OT CTEHOK TpyOOmpoBOoAa W KOHYAs
OCbIO TPYOBI, M IMO3TOMY YacCTHULbl XHJIKOCTH JABHXKYTCS IO
IPSIMOJIMHENHBIM TPAEKTOPUAM (IIapajuIeIbHO CTEHKaM).
VKIIOH yZIenapHOro JaBieHMs U INIaAKOro TEYCHHUS] UMEET
JMHEHHYIO 3aBUCUMOCTh OT CpeIHEei CKOPOCTH 10 Tpyoe V:

_ dp _
u= dl—év.

3nmece ¢ (rpeueckas  m3dTa) —  Kod(duumeHTt
THJIPABIMYECKOTO  CONPOTUBJIECHUS  IJIAJKOTO  TEUeHHs,
3aBHCAIIMIA OT IUAMETpa TPYOONpOBOJA, OT XapaKTEPHCTHUK
TEKYLIEH *UIAKOCTH U OT TEMIIEPaTypHBIX YCIOBHH TEueHHs.
Pa3zmepHOCTB

UH

c mp® mn

CaBuroBasi CKOpOCTb Yy CTEHOK TpPyOOIpOBOAAa HMEET
CBOM BEpXHHUH Ipenel, Mocjiae KOTOPOro NPUCTEHHBIA CIOH
KUJKOCTH HAaYMHAET OTCTAaBaTh W BBIHYXKJAET IMOCIEIYIOIINe
CJIOM 3aBOpauMBaTh K CTEHKAM; MPSIMOJIMHEWHOCTb IOTOKa
Hapyllaercs, M TEYeHUEe U3 TIJIAJKOTO IpeBpallaercs B
BuxpeBoe. Ilepexos OoT rimaakoro (JJaMHHApHOTO) TEYEHHUS K
BUXPEBOMY (TypOyJE€HTHOMY) — CTYIEHYATBIN C THCTEPE3UCOM.
['mcrepesuc o3Ha4aer, YTO MEPEXO] OT IVIAAKOTO TEYEHHUs K
BUXPEBOMY IPOUCXOJUT Ha OOJbIIEH CKOPOCTH, YeM Ipu
00paTHOM Iepexo/ie — OT BUXPEBOTO K INIAJAKOMY.

VKIOH yAenpHOro JaBieHUs U BHUXPEBOIO TEYEHHUS
MMEET KBAJPaTHUUHYIO 3aBUCUMOCTb OT CPEIHEHW CKOPOCTH IO
TpyOe V:

:EZB: 2
u i Ev
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rae ¢ (rpedeckass Kcu) — KOI(DPHUIMEHT THUIPABIMIECKOTO
COIIPOTUBJICHUS, HO YK€ — BUXPCBOI'O TCUCHMUA.

PasmepHoCTb ko3 PunmenTa TUIPaBIMYECKOTO
CONPOTHBIICHUSL:

UH

2 2
Mp© MR
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