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Ubn znewwwunnud pbewgnn pninn bplnyettpg dwuntphwh 2wnd-
Swl npulnpnudtbp 60: Unwohl hwpugphg pwnuwhi pywgnn win Bplnye-
Gaph dhel gnymueints NeOEl Wwundweulywi Yuugsn L juhun npnawyh onh-
OwswhnigmOben Un ophGwsuchmpribobph L Yuwbph pwgwhwpn-
wlG ¢ yngdwé pOwywt U hwuwnwlwlwt ghunmenlibbph wdpnng hw-
dwywnqp

dghipwt hbwpwn powlput ghurmipmn o ¢ U0 muunidGwuhpmed ¢
Swunbphwh wewyt| ptnhwanip hwainynipinbOtpp, Swuntphwih Jwpdiwh
wnwyby wwpq L pbnhwOnip ophOwwhmein bltnp:

Ighlpul ihnndwnwmwiput ghvngepi 6 ¢ BbL dudwiwywhg dhgh-
Guwiwl wnbunientGubpb niGbt pudww Gwsuw pwpn L Yopwguiput dw-
potwnhywywi Ywemgywép, uwlw)t bpwig hhidbwywt opstpGbnp dhap-
dwpwnwywt gwuwntnh punhwinuwgdwl wpanibp B0. Lnybhuy w)b hwp-
0. pb h03 dwebtwuinhuwiwl wwwpwwn whing t oquwannét) dhqhywh
wiu Ywd wih pwdtnud. phjwnprid t dhnpdp Onphlwy, twnwénpwl L dw-
twlwyh woptnhwwinnieut hwuunp unhwmd ¢t oqudty nhdtintighuy
hwzyhg. vwnwémppul tYythnbupul (hGbie Jayunnpuwiiwt hwayhg Lwyl:

Shqhywih wu Ywd wil opbOph hhdpnid piLwd hnndlwwl uwpu-
16opp pUnipwgpynud b gwhnuwdGiph S2gpunniepul L RGLwpYYm dtone-
pnlbph thadnudwt wnhpnyeh vwhdwGwywynippude: Wowtu np. jne-
PwpwlGymn dhahlwiwl opbGp mGh Uhnwebihnpwl npnwih wwhdwl-
Gbn: 0wpwd npwl, Phqhiuynud hwenny by t vwnwiw| wlghuh opkGplbin,
npnGg hwidwwwpydwy panyp MmOt wuhtph qnpdndd &L dbq huwpunGh pn-
1nn dhahwwo spbnypbnnd swhdwl witbwlnmppe spuninipul wwy-
dwboGpnud: Spwighg B0, ophlwy, tubpghwin. hdwnuuh. hdwnuh dndbo-
wh wwhwwGdwb opblpltinp:
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pUEPD hwwu whywimy 60 Mdtwnwn onblpltn. Mwhwwidwl ontlg-
Gtphg pugh hhdGwpwn optibpbtnh 2wnphl Ywptlh b nwuby. ophlwy, Y-
tnGh. ShbqbpwlwG dgnnnippul onlGplting: Ujniu ynndhg dh awnp dhah-
LGwlwl onblplbn Nl Yppwebihnipaul uhuwn vwhdwlwihwl tnnhpnue-
Gbn: Onphbwl, pwg L gnp 2wl onblpibnp, <mun opblpp hpwlywlbwinud
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fuhuwn uwhdwbuuly whpoyeltpruy:

Shahlyww hewnwgqnunniemObent pongpynid 66 dwunbiphwh wno-
dwl pOnwpdwy ninpun dwdwbwywyng dhanywl dwuntphwih nwnpptp
gnudlbn L wpdmdtbn nwnmdbwuhpnn pwdhGLbph wdpnnempmib t:
Unw wowiaht pwdhGinp wiuon luhunn quinquguwd hGpunipnut ghunnte-
JmGbp BG: dhghywinud Jwywd htunwgnuwywi dtennltpg L wnwg-
Jwo hhdGwpwp optlpatpg hwennniprudp oquwgnpéymid BG phwlwl
dinw ghuinnuemiobbpnd: U Swlwwwphny dhahywih L plwiwl wy gh-
unieInbbsph uwhdwGibpmd wewewgt| L hwenmnppudp quipqwimy bl
Gnp ghunuamotn” phdhwlwl dhghlwl, Yebuwdhqhwl, Bpypwdhgh-
Yw, wunnwdhahywl L wy

dhghywih pwdhlibphg wowyt) Jum qunqugby t dbuwlhipub:

UbpawlhlpwG ghenmppl ¢ dwndhGlbnh qwpddwl L husfuwawnuly
ppawl dwupl: Jwuwbnhwih qwndnudp jwyb hdwuwny Onw dndhnfunig-
jm0G ¢ pUnhwinwwty: Ubshuwihywb muntdOwuhpnid t dwunbiphwh wind-
Swl wwnquanyt 8L dwiwlwlh pGpwgemd JwpdGh nhpeh Bhntunt-
RINOp wy Swpdhbibnn Gywunidwde. Ubluwlhyuwih hhibwlwl opsGpobnp.
npnGp dlwltruwid B0 UmiwnGh (1643-1727pp.) Ynndhg 2nine biptig nwip
wrwe, hwermnmpuwip pwgwunt] 56 thnpdlwlwl gwunbint punhnuy XX
nwnp, Gne wwnq nwndwy. np rannaul deuwihipwt Jopwptnmd ¢ Jur-
nnugnughly dupdhbltnh nwanun JundmdJobpho.
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pMLG Mlh wpwgnipult PLwYwi pONEWGPWYWD suih. nw /i wowgn-
Aot Juynimdnud ¢ = 3.10°0:Y, npp dwuintphwiwl opynibnh vwhdw-
Owiht wpwgnenGl b *Ywlinwn™ wut|iny hwuywind B0 wyG Jwndnud-
Gbpp. npnlg wnwqnpNLitnt winwdbdwnn gnpp 50 Ywiymmdnd (nyuh
wpwgnienihg' v«c. Lnyuhl Unun wnwgniambltpny wpontdGbpp Yn;-
ynud 50 ayuuntdruanwiaut L Elpwnudmi 66 otyunyhununlpust Sfuw-
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Oy ons0ROENKD: <winy t U2t nn grpdlwlwl Yuplnpriginilt GepLw-
ruglnn 2uun fulnhplbnnud 860 qnpd nltLp nwlnwn Jwndnudbnh hown:
Uwubwnnwwtu, Upbquliwht rwdwywpgh Gpylwhls JwpdhblGbnh
wpan utEpp bupwnlymd B0 Gmunnbwi JEuwihywr ontiplbphG: NE-
(winhyhunwwl aundndtbph hwinhwnd Gop hhdGwywomd wnwaw-
gnighslbpmud L wnhsqbpwiwl  npny  Belnyeotph - muntdbwuhpnuprul
jinhplbpnud:

XX nwph ulqeht dhnpdhwluwbnpbt hwwnwnydeg. np dhqhyw il
optaunbbnp odwnywd BG 4 =A/mv BPYwNMRSE wyhph huwwnlrueru oty
(np Fpoky. 1924 ), npnbn m-p L w0 opflnh quibgyuwidt m wpwanien Gl
GO h=6.62 10AU 0 Nwhp huranunnfp UwywiG opayunh wihpwhl
hwwnynieirt bobna nwoelntd B twlwo, B fubnnh punewqnwywl qéwihl
¢ swdhp 2w gh nanpbindmud Opw np Panhth wihph « Bplwpniemthg
Wwb dhqhywlwl oplynttnp Yngdmd 6L dipacinuyply (Shunndwuthy.
dhynnopeun), npnGg Ywnpp Ghwpwanynud t pywluruhl Jopauihipuh
onbGplbpny: Uhynndwuthyltph onhOwyibn B0 wunndGbng, dagni Gapn.
Ghenlybng. nwig pwnlugnighs Swubinp L wys: Uhypndwulhlyteph hbun
Guiwydwé bplnupbbnp Ynsymd bG dhgrmdmuply bplrpelbr

Opt dhahlwiwl opiywnh wnddwl wnhnnyeh pOnpwaPWlWG (
sunhup wihwibiww 066 ¢ Opwl hwdwwwinwutuwGng wihph Bpwnn-
pIMOhg ¢ > 4, Yuwd mv 5 A, wyw opfaung Unsymd b dudpnuynuy L npw
wihpwihs hwwniynieymGibng Ywnbih t wiwnbut: Uwypnuynwhy dwpdho-
GErh hown ywwywd Bpunuyebbing yngynid 6O dwypnulnuhy Enplnyelbn.
uwlp Bopwpyynid U nwuwywl dsluwbhyuwsh' onblplbphl MipbdG.

ve<e, mWdh hH

NowushyhUSULUL L3NhSNL3UL AULSU3INY
=
v-e mW»h Lv«c, mwW»h||ve md-h

AGLUSP P USUSIL | !
AUULSU3NL .

v~c mW~h

" U wnty ny husulautm 50 OyrvunGpul L ntjwuhyMuarwiawt deuwihiautng
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Pwluught Sshuwlhywih ontlgltnphg: Tt fuwluunywd BL pE' dby, pE
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(0y. . NEjwwhyhunwywl b pYwbnwht delwihiputtpp wewyb; pn-
hwlnup nbunieinlbGbp 6O, npnGe Jwubwynn nbwpbnmy, bpp ¢ o L 4 —
0. vwihu 60 MunnOpb JeluwGhyw)h wnnymLitpa: Uw, hhwnyt, 3h baw-
Owynd gt OjnuunOpul SshuwGhywl ynpgnt| t hp wndbep: “hpwebihnip-
Jwib (1) 2rewlwlyibnmy, npnp pGnapynid B0 guhwqutg (wjb ninpuwh tip-
Lnuyplbn, OmuunnGpuulb dERuwGhywo twithu b 8gphun wpyniglbp: Puy
wjbuhuh ulGnhnplbn, hogwhuhp B0, onhlwly, wwnndnud teYLPNLGERHh ywn-
gh nuunwibwuhpmienilp, thgebnh 2wndnidp wpwquwgnighstbpnud, wtiunp t
(Lot pYwiuuhG L pbjwuinhyhunwlwi deuwihugh 2newlwlbnnud;

Lbtp heunlyw) Ywpbnp hwiqudwlgn: nld wbuveaG sh wpm
061 hn ihpwinbihrepult wuwhdw0tnn: “w Ywnnn 66 Gwuwwnty Unn, wow-
yb{ punhwlnin inbunuencGtnp, nnntp uwhdwGwhb nbwpntd hubgnud BG
hhU wnbunipiwl wnnmGplbpht Jwuiwynpuwbu, GninnGpul Sbuwlh-
Luwih Yhpwoebihnipw (1) wwdwobbnn b B0 hwdwwwunwuhuwGwpwn
quwiuuhl L pbjwuwnhyhunwywl veunigm bobno.

§2. SUrUTNuesL, AUUULUY: 2UCHUMYh 2UUUY UG-
UURbUUuShyUSH 15T dreryusmuU

Ulpuwslplpudpuss pwndmdp SwpdGh ahpgh dinhnfunignill b ununw-
onippul b9 dwiwlwyh plpwgpnid. YwndGh nhppe hwpwptpwywl t U
ywpnn t nPnayb; ohwjb wy dwpdhtGbph OQwwndwide. Wi Swpdhlp. nph
GLwuwndwdp npnnud 6 dwpdhGubph nhnpeo. Ungdnud t Awpwny dwndht
Npwjbu uynwhuht Ywnnn b dwewby hwiquuinh quigywd nilbgnn gulilw-
gwé Swndhl: Swpwénieprut dbg dwnthblbnh nhnpp npnt N huwdwn hwp-
Juniyh dwpdth honn Ywwnd 60 nplt ynnpnhbwwnwiht hwdwywng. w-
usGp, ninnublynil ynnnnpowntbnh hwdwlungo (L4 2): LnwbMmy x.y.z Yn-
npnhOwuntbnh wédwi mnnnienutbbpp tnynud BU hwdwwwwnwuuwbw-
pwn L& dhurinp Yblpnnnlblinny coppapny): YEWNh YnnpnhGwuinlbng, npnl-
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gnyd npnunid t JwuGhyh nhppp Lwpwonipuul dbe. hwiwndbg BG hw)-
Junyh O uliqpowlbunp nhuvwnyynn M YaunhG shwglnn
r=ix+ jy+hz 3)

JounphG (Oy. 2): Uj0 ynsymd ¢ Yo-

uh woundpn- yYblunn: Ybuh nhnpo z

nwpwéenipput  dbp  Shwpdbpnptl .

wndmud ¢t Opw 2wnwiypn- Yeywnpny, | i

wd. nn 0nyGo t° YnnpahGwuwnGtnny: e, Mo
Ahnph npnzmdp hwbagbgymd ¢t npn- R

augh Bplwpmeinlttnh suhdwlp ¢

Spwnnieulb swdhnidp Yuuwnydmd 7 LY
t honbjw| Yepw. plungmd ¢t oaplt / ________ e
o - tvuynh, nph BpwnnueinlGp %

hwdwpdnd t spgwnmepus dhuydnn:
unply nplit Gplpupnipn’ Opwlbus
brud t npny. pb puilh udguad t tuugnlp wbuanndrd npowwnpiniom dh-
swiwyprid: Unwgdwo phyp htbg juahunn BnpwnnipndG ¢ pbunndws
dhwynnny: Uw bpywpnippwlb widhpurdpsl surprud ¢ npp shan st. nn
howpwynp t hpwywiwgt; Un atwpnud ywuwpmd 56 GpLgwpnpul
whmnnuigh gurprud: Wwl surhdwl bnwlwly b Bowsl bwsunpuwliplt Jb-
Anp: UGdhowwl swwwdp npngmd BG puwqu™ Ungdmn AB hbowynnm.-
pnulp L a f wilynbGbpp (LY. 3). nphg hbun C yswh heewydnpnuginilp npn-
B0 Bpypw swihwpul dbpnntbnny: twlwl t wwnqb| wu dbennh wnb-
wuywb hhdpp: Bopwnnymd t, np brwlyt ynndbpo ninbn qétn &L L
ghawn B HyYlghabuh Bnypwswhnieault apnuyelbnp: brwlywt AC L BC
yrndbinp (niuwihlt Swowquelbp B0, L hawnlwpwn tGewnpydnud t, np -
wuhl Swouguiyellinn Juwlymmdmd tlynbupunl

mnotin 56 Ubq ;pwwwuinnn nwnwdntpiwl ty- C
WhnbuywG (hobint hwngp wwngbine hudwp wnmag-

gty t wyn bpynwswhneiwl wunueGtnh hewnlwGp

muGnhuwgnn wit pbnpbdp, bwdwdwit nph bpw-

Yuwl Obnphl wlymnbbph gnudwpp 180° L Ww-

nwnywe Gnpwanl swihmdltnp gnug bl wydby, np

ng Shwil Uptquylwht hwiwlwpgh vwhdwbit- O ]
pnud, wiyle Quiiwuinhywnud (dep wemuiht hodw- - A B
Gupgnud) nwpwdnuenlop  tYlthnbuput t: Uuon w3



RN Jpul hwdhunfty m EYlhatunul bplnwsunfinipr ohg Owl UVbuus
Quyudpnpipuymd (Sheqlinph dbq MupnGh dwup. nph suwbnp qlwhwu-
Untd 65U 10™0), plsupu Dwl dhypnwprunhnd ponhrigy 10 J inpynge-
unp.

Wwpwgpyuwd dbpnnp wunnwaghunniprulb dbe dnunwlw wunntph
swhdwl bhabwyw dhengo t. Wn nbwpnid npugbiv pwqu dwnwjmd t Upt-
quyh 2mpg Spynh mntoph winwdwahop Uil hrwynpripnilp, nphg Bn-
ynh nunonh tpwidwghép bplmd t By wolynbwiht Juniyrul (1) woyruG
Wy, Yngymid b wwnuty (Twgy = 3.08.10"0) Yw dh bsawynprginl t. npp
(Mmp0 wlOglmud £ 3.26 uupmd (wib Yngyrid b ynevwonwritn

Cwndnud Oywpwgntine hwdwp, pwgh hwdwnyh dwpdht L npnh-
OwunwihU hwdwuwnpg pGupbintg. wihpwdtian t nlbbw) bwl dwdwbusly
swihbim dGenn. Rwlwluwywl hdwuunny dwiwbwyp hbg-np dwdwgnigh
grigdnip t: Puy dwdwgngn hwdwilpung ¢ npmd popuimd ¢ wuwnetnus
{awG uppngu: POgwbu Bphwpniprul swihdw b nbwpmd, wuwnbn Onybwbu
wlhpwdbaun t plunpty dwdwgnyg- tvuynG. Ewnbitpp wbwnp t 1hOtG
htun Yepwpuwnptgh. wilywiu wwanpwundwb wwhhg L vbnhg Upwbp
wbuwp t whuntt dhwunbuwy, W wwphweltphl wietph pwywpwpnid
60 Ywpgrughl, ontynyuwiht L wurndwywt dwdwgngGtnpp. npntgnd 4n-
Swlwyh nbp 60 Yuwuwwwpmid Wwpgh pctnwiht gwigh twuwulbndbepp,
dnibynybopnid wunindbbph twwnwbnudotng, fuhun npnawyh wpuwpht
wuwdwbitnnid ghdhwwb viwppsph wundbbnh wrwpwd ShusgnuyG (nuup
tlehupwlwt twunwbmdtepp. {wunywwtbu 056 Yuwnimpirb moso w-
wndwlwl dwdwgnugltnp, npntigny L uwhdwbymd t dwiwlwyh Shwynp
Yuplpsp. Wil 8bghmu-133 wunndh hhdGwlwi Yhawyh npnawih bpynt
qbnGnipe dwlwpnwiyttpry wwwbwynpywéd SwrwquRedwh wwpptpni-
NGO t pwqdwwwniwd 9192 631 770-ny Ldwlb duny uwhdwlGynd ¢
dbunnp. wn UnhwunnG-86 wwnndh 2p., —Sde wbgdwdp wrwpwd wihgh
GpuipmuenGt ¢ pwqdwwwnlwd 16507631,73-ny

Cwnddwl nuundbwupnnppwt hwdwp pwywpuwp st 0GLY dwdwgngn:
UGhpwdtun t nibtluy pwqiwehy dwiwgnygbbp L pwiut] npwip w-
PN VWNWONEWG dEe: Um nbwpmd guilwgwd wwuwhwp Ywnoih t
pOnLpWQPL] LwPwoOwwh Ynnpnhwwnibnny L wn aunndd nbnuinnywé
dwdwgnygh gnigdniipny: Ldwl dlny npnnid Bl wiwuwwhwph wnbnuiaul
dukwiulp, wruhlplh dwiwlwlyp vwpwéniprul NLpWRWhyNP Youwnd:
CGn nprud, Liwnpptp bewntpnid nenwnywé dwdwgnugitph gnugdm Lplti-
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nh dhgl Gww shwunwunbim nbuypmd wihown Yhoh nwGgned uunwgynn
nrutGph dhdjwbg hown hwibdwwnbip: U wwwndweny wbhpwdtuwn t
UMW OURRGOly hwdwlrungred puppufwd prnn wiyund owdwong
G dwilwgmgltnh thwdwdwbwybgndp Phqhywind Gnuppp hwpg t
Wi ypGownltlp §15-md Unwidd Ublpwnpblp, np dwdwgnygltng dhw-
dwiwbwibgyuwd BU

<wpywnly dwndhlp Gpw hbow wupfwd ynnpnhbwurnughl hwdar
ungp’ Gpwiarnd pupinfurd dhwowdwlwlbgywd cwidwgngbbnny, vuw-
oy b0 huwpwinigh hwdw!lpung (<) widwlwdp:

Unwig hwywnyh hwiwywngh pbunpnipiwt hdwuwn snlh funuty G-
hwihywywt wpddwl dwuht: <wpqwnih hwdwlwpgbpo dhqhlwnud
G0 ywplnp Gwlwynienit. dhqhywymd sh wnp Gwpunn ubqpniGpltn
Yuwywé 56 hwywnyh uvwppbn hwdwlwnpgbnh hwanynieinioGtiph hown.

Uuptimnplpgh pkpp $pqhlumed: Uwpbdwnhlul  $hahlunud
hwnnd t pwgwehly Gwplnp nbn: Unwlg Gnw ndywn b wunlbnwglh
dwidwlwlwyhg dhqhwl: Vwywilt wihnwdtiun t &hun gdprib) dwpbdw-
whiwih hpwlwi nbnpg dhqhbuwinud: Vwetdwunhywl gnnd mGh npnzwih
wunueltnh hwiwywnpgh S0pwplynn optiyunlbnh L hwulpugnipnoGtrh
hbouwn: Uhwy wwhwigp. nn wewpwnnynud ¢ dwetdwwnhywipwl hundpw-
gnienLlibnht L wuniplbtnhl, OnwGg Obpphl hwywunigymGobphg qbnd
(bbb t: “Uwpnip™ dwpbdwuwnhipunud painn wpnntbplbnG uuwgynud B0
wunyelbnhg, oguybiny dLwywl npwdwpwinprult GwonGobphg: Lnw-
Onud wnwgynn wprynaplanh prdwinwyniemp Ny sh quihu dwpnn
dwpbdwuwnhywlpub opynlbph L hwuywgnientbleph dhel tnpuwdwpw-
Owywl Yuwbnh pewlwlyltphg: UWu hdwunny dwprup dwpbduwunhiaut
nnudwipw Guilpul gy ghunngar G ¢ Uy inbupny wib Yunpdwo t hpwlw-
Gnupgnithg U gh Ywpnn oqurwgnpdyby phwlywb ghuvngnLbbpnud Npwbu-
qh dwpbdwwhiywl nwelw plmpput tplnyeltph Chwpwgpiplt L
munuGwuhprippul hqnp qble (hGswhuhG nn t). wihpwdtun t ywyy hwu-
nwwnb| Yopwguwl dwebwwhywlwl opsyuntbph m hwulpugmpni G-
GEph L pUnipaul hpwwb opalyunbtph nu GpunuyeGtph dhel Nipbd, dwet-
dwuhywywl hwulwgnignbltnl nu opbyunltnp wownp b huwlnbu qul ny
R nnwbu dwpenip npwdwpwlwlwb Yuwunsgnphwlbn, wy npwbu hGs-np
POwlwl oplynliph L hpwlwl wpnguGbnh anwgwnpynudtan: Ujuwtu,
onhlwy, “Youn™ hwulwgnigniip pwywlwlwswd tngn swdwbnny dhqh-
Ywlwl JwndGh yenpwgwnyaud t. “rinhn ghdp™ tpwn, pwpwy dnnh Ywd

15



hwiwuba dhewywnnud (muysh swoewaquirh Yenwguwnnd b wyt: Vwebdw-
nhlpugh 820wpunnppul hwpgp hwGgnud t Onw wunuelLtph 420wnuvwgh -
PruGQ: H{bnehlu Ywnnn ¢ hwuwmwunyty Gwd diuundby shwjl L dhwyG dinpdh
dhgngm. npp Ywuwrwndmd t hpwiwl dwpdhbGeph heu. dhaun npnawh
sunnipuuudp: Uty nn dwpbtwanhuwywl uunnipilp wbunp t hwu-
YGuwluy dwebiwwnhyuwlwi bqpuwhwignuittph vpwtwpwbwyuwl fuwnn-
WO hdwnny L ng pb Onw wunueGtiph hhdbwynnywén ppudp:

Ul dupbunnplpiipsle: ARANMRBINGD  PUR[URpLIG §t - DQpuul.
hUswbu L gullwgws wy powlws ghuntepaulp, nnp gnd nGh hpwluwl
opywnitph L pOwywl wpngbubtinh i Swilwgwd wneuwwl hbuw-
qnunmeyntl. bt Unythuy w)t ywunwnpywd t dwebdwwnhwiwl dwinwhbn
huunnuppudp, nbobu gh Yupnq hwdwnyty fuhun Shahlwh ntuwGiynohg:
hulurytu, Gwhu Gdwh hunwqnumemi G0t hhdbywd 6O npnwyh dhah-
Luywl ontiplbph Ypw. npnlp thnpdbwlwl drwuntiph plnhwinwgiwl
wpynop 56 L thnpdh Sunnippuul vwhdwbltphg nipu Ywipnn BG (0t
uuw: Gpupann. guiywgud hpwywl hahliwlwl optilpinh huanndy t
hwunynipmultbph puwqiwquilnieniOp. Ynwlg (phy hwywnmdt wihbw-
pho t ng dhwil wit wwwnswoeny, np Gnwbg npng dwup dbq wihwpn t, wybl
GpwOny, nn w gNPOLWLWONPEDS WGhpwannobih t. hul hwéwiu Gwl wih-
dwuwnn: POWYWO t. nbunipnit wenigbthu dhahynup hpwlwt optun-
Gbne dhnpuwphlnud ¢t Gpwig hnbugwutwgywd dnagty Gipmy, npnbp Ypmd
60 optywh. wnngbuh wewyb] twywl hwunynipmbbbpp: bt dhahljw-
GuG dnntip th wpnwhwpinnd opiunh. tplnueh weunt) twlwl hwwn-
YnupmiGlGnQ. www dwptdwunhywwt ng dh iunngeymb gh wpnn ghplt)
GowO Snnbith hhdw0 Ypw Yuengwé ubunignt Op:

Uthumbplymb pp wnph phoud ¢ Eplme bpotwlab prbmpp.

- pwgwhwpnby 2wndmdtbph wrwowgiwb wwwndwelbpp b wawluy
NG onblpltin m hurdwuwnndGnp <Cwqwuwnnudotn. npnlg oh-
gngny Ywntith |hoh jnipwpwlgnip ynbynbun nbwpnid wuwwbu uuwlw
wndiwl wywneh; LLwpwahnp.

- huynbupepty prynn wdwfudpbphl huwnmy ponhwonn hunnige-
AmGotn, npntp wolwiu |hubt wrwGsht Swnidhtltph wnpdnudbtphg L
Opwig hnhuwqnbgnppul pinuphg.

Unwihl fubnph (ménidp LineunnGho L bjlaunthl hwigbgnty B0 Op-
wnlwb L nbjwunhyhunwiwl ahbwdhywih opblplbpht, huy Gpunnpnh
imonudp wwhwwwt onslupltnh pwgwhwndwGp
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Wowdpugh opblpllng tibpghugh hdwruh plwympup JIndbluyh
upIGIWG opblpibnd M Uhunht lruqdned 86 SStuwOhipup pusupn:

Yipugmpynu/bép: UbhuwGhyuwymd oqurwgnndynid G0 tnlyne hhdGw-
Ll ybpwgwywl hwuwgnipinibtn’ ovveulpwt b (Ywd dwulhy) U
puwuINAWY uhlbn Juindhl

Umnipuwlpwl ytunp wwnqugmipl Jbraulhlpulyuwl hwdulpwng ¢ Upn-
wbu t yngdmd gwlywguwd dwypnuynwhy dwpdht, mph nwpwéwwl
sunhubing Ywnbih t wiunbuby, hwdwpbiny pwimd e Ginuep YWwbuinpnbw-
guwo bpunwswdwywi Yownud: Swnbih t wpyng dwndGh awndmudp -
nwphlt BvEwywh Whunh jwnddwdp, pl Ny Guiudwe t ng wilpwl uwry
Jwndthg, nnpwl Upw wnddwl pinyehg. bnph wWwpiwlobphg L ww-
hwynn wwuwwutuwOh 8unnieGhg:

Nwnqugnul ophbwyny |nuwpwiblp UMmewws Youn hwulwgnie-
Wi yhpwnebhneput wwpdwbotng. Npnatlp wit » dwdwbwlyp, nph plpwg-
pnd v wpwgnipjwdp wpdym ¢ pywpnieit nlbbgnn wydunndtipblw
Lwlglh L bpywpmpaut Gwidneny (wWwunwutuwbp uunwbw) r 8unprudp).
Lanmibind wyunndtipblwl npuitu Gipwlwt Yo wwhwigynn dw-
dwlwyh hwiwp Yunwlwlp. & = Lv: Udunndbgblbwh suwhubph huquw-
erdp Lwihu t' 7 = (L= Unwgwdhg wwpgnnng hbuwnlinid t, np wiyunn-
dugtlwph 2wndnudp Ywntih b dntuwnphlt) Onipwlwl Yewnh awndiualp
(wuhGgl 1 -0 hrfuwiphGy 1, ), bpb ¢ « L, wh(pl' Bpb wywindbpblwh
sunhubpn wohwdbdwwn thnpn GG Ywdmpeh tplwnnipiniohg:

Sdhqhywynud hwéwiu B0 ogunynd “wlhwdbiwwn deé™ Ywd “wlhhwidb-
twuwn hnpn” wpunwhwpnnienltephg: PUgpwl dnpn wbwng t thah wy-
nndtipalwgh € Bpywpniegniop Ywdnipeh L bpwpnipiihg, np hwdwnpbtp
¢ « L:Un hwngh wwuwutuwGp vwihu b uinepnt wih sushp nny uuw
hwlpymd ¢ pulnpnp (ot dhowpydnn onhlwynid wyunindeptlwh tn-
ywpnipmiOp Yuwpbih t hwdwpby wGhwsbdwn ginpn Gwdnneh bpluupnie-
JmOhg. bRk 1 - 1, < 1, npnbnhg &L < ve, Nipbdl, Ywiudwd onph upuwpwo-
Gbnhg L, huwwnlpuwtu, S2unnieiwl « jurhhg, Bh nbwpnid, wublp, bpp ¢/L =
0.2, Lwpth t wywnndbpblwh Gplwpnienip hwdwnt] wihwdbdwwn
dnen Ywdnipgh bplwpnipjniihg (REL ¢ -p dhwil 3 wigqud t tnpn L-hg) L
00nnu O] npubu Unipwlwb Yewn, huy wy. wuklGp' ¢L = 10° nbwprud how-
pwynn ghh wn Yuwuwnby:
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Prwipul dwndoh awpomdp unbih ¢ ynfuwnhty Orpwlaul oy
auwpdiunlp bpl JundGh puApul suavent wohudbdurn ynpn 6o
vy plnpned G pundredp ponaugnnn heourdnpr g Gobphg:

Puwguinduwly uphon dundhlp lynupwywl Ybinbph hwidwfundde t. nnh
wpdiwl plpwgpmd dwulhybbph dhele henwynpmpmiltltpp Jomd 6O
wlhrdntu, wiuhbpl' hwdwhusnudpp nbdnndwghwih sh Bopwnyymy: Pynp
hpwipwl JwpdhUltpp wpnwpht mdh wqnbgmprul vwy nbdnpdwgyned
60 Uwluwit Bt nbdnpdwghwih juhp dwpdlh ubdwywl juwgwtnh
GYwwndwip wihwdtidwun dhnpp ¢, www 0w Swpdhip Ywpbih t hwiw-
nG pwgwndwl whim L wpdiwl nhuwpyiwl dwiwlwy wphwdwnht)
Upw nbdnpdwghwltpp:



QLNbhivl

WBNhRUYUYL YESh YhLEUUSPYU

Wit durnpipw pwdlnid Jpuwipfmd 60 dundhGotnh punoiut Gpupuws
gl Bnwbudiobnn wnwlg nauhbint awpdnuitbnh wowewigdwl
wwwnswnlbpn:

Uhibowwnhywpud tbpdnedyned 60 vnwpwowdwiwbwywihl hwpw-
papnipbittin phmpuwgnpnn hitdwunpiputpul JEom e bobn, npnig dhen-
gnyd hGwpwynp (hOh wyweh; GLwnwgpt) YwndhGGbph awpdmdtbng. wy
uhGpl’ OPwogny dwebdwunnhlnnbl wpuwhwint; JwndhGGeph nhpgp
VwnWONPRUD Bt dwiwbwyh guifwgwd wwhps LWL dwebdwunnhlpu-
b wnuwhwpnmenuaibnp Yngydnid 60 pwndunt onbilipbbn:

Cwndrd munidGwuhpbihu Ywpbih t ogunyby hwaduwniyh guitiipugud
hwiwywnghg: UhLOnuyG dwpdth pwpdmdp vwnpbn hwaywniyh hww-
Lupgbpnud Yupnn b 1hob twwbu tnwnebp: Uwwil aunddw( 4ihibdunnh-
Ywiwl nhnwnuwo hwnpgmd nplt uiqentOpwiht LwnebnMes s, pb
hiis huiuwnyh hwdwiwng t pbupywe:

<wpduniyh prynn hwdurdpungbnd Ghobowuhnnbls hwdwpdtp 6O;
<wwpiyh hundwywnpgbph dhel wowewlnd 60 funpp  uyqprilpushl
nwppbpnuENLLotN. BRp hwng t AnYntd puwguinpbine 2wndnudGonh nhun-
ym pwquiwquiniginbp

Swlwgwd dwndht Ywnt(h t dumh vipnht] Jhipuog heun ginfuwg -
nnn thnpn dwipnuynuwhy dwutnh. 3mpwpwbymp wnwhuh dwu untih t
nhunt; Nawbu Dnewywo youn: Uugtiu nn. fwdwpuliwo hwdwlwngh 2wn-
dnudp hwigbgymd t dhnjuwqnm Gnipwiuwt Ybwnbph budwtudeh wnd-
dwlp: POWYWO t nwuwlwi Jeuwbhywh munddGwuhprepim Gl uyuby G-
kgl Yo vy

QAnmpml OG0 Mpwlul Yowh wpddwl Ghwmugnnipaul bpbp
Jelannpuwlpuss yrnpahlunnughl b powlipusl Gnukwlpbln
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§3. LBUSNruYyuL LNULUY

Wu bnwlwynd hwpdunyh dwpdGh hbun Yuwynn gnamhbwunuyho
hwidwlpurgp i nbynpbunugyned ClnhwGnwwbiu, Yl inbupny
qnijuwe welsmenib0Eno st ununn w-

.“ v - B owldLwhwwnymiginb. wllusty 66 ynnnnH-

A ‘ﬂ /?\ v unnuh  hadwlpungh  plunprigreOhg:
’ 4ar N & dolenpwiwl Bnwlwymd Jwuthyp nhp-
s T~ po nwnWAnEWG vBg wipynd t r qwnw-
| ‘ yhn-ytyunnpngd, npg hwywnyh hwdwywn-
r r gh O ulplwibN “Yuwynid” t dwubhYhG
(oy.1.1y Cwpdiwl plpwgpnd wowyhn-
Jeyunnpo ynpnad t woplnhwan rhntunip-
y nlitn
~ r=nrn @a3.1)
w1 U weGgnippnip wwihu ¢ dwulhyh
nhppn nwnwonipprul Bbe dwiwiwyh guwiywguwé wwhhl U gngdnid ¢
Jwulhlh pwnofust onbip:

Cuwndiwl plpwgend wnwym-yblwnnph  dwinwibng  qénud ¢
nnn2wlih Wwnwouwiyw Una, nnp Yngyntd t awpdiwl AsviwghHd: Cun ho-
wwgdh tnwnpbpdmd 8G ughHd L ynpwghHo pwndniudibn: Cwpddwl nan-
nwahd pud Ynpwghd (hbip hwpwpbpwlw( t: Uh hwadwnlh hwdwywp-
gnud duwubhyh ninnuahd awndnudp Guinmn ¢ wy hwywnih hwdwywnpgnd
IhGby Unmwigho: <Buwwqdh Gplumnenlp yngdmd ¢ wogue awiwupunh:
Gpt dwiwlwh 1 wwhhi dwuthyp gyt t htunwqoh A Yeunndd, huy -1
wwhh B Yoummd, www 4r dwdwlGwynid Upw wogwd swiwwywnhp Whop
AB untnh bpywprpmiGp (04 1.1) UQwd Swlwuwwpho uwiwn dhqh-
Yuiwl seonEimb t L gunhynud t Bpywpnieput dhwynpbtpny Powlwny
£ WwbhU dwulGhyh nhnpp nwwpwonel dbe L .4 dwdwlwynid wigwd AB
Swlwwwphp, hGwpwynp st dhwpotigontld npnaty Opw Ybnelwll nhp-
20, bRt hwjnbh st wpddwl htnwghdp: UWn hdwuwnnny hwpdwn daéni-
PNLU t vtuapyurippul Yblnnng Swulhyh uyqrbwywl U Yopebwyuw
nhngbnp dhwglnn miannpnYwé huwuwép: Bpt 1 wwhhl dwuGhyh nhnpp
pompwandbl t A0, huly r+dr wwhhl Ar-dn) wowydhn-ytyunnplbnny
(Oy.1.1), www 4¢ dwiwlwymnd Jwulhyh nhpgh hdnfurienilp 4eln-
pwanyh wewyhn-ytywnnph wany.

Ar=R1+40 - A1), 3.2)
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nnG t| Jr dwidwlwlmd Swulhyh vitiuaptumn@anol ¢ Uwuthgh uyqplw-
Wl r(e nhppny L (3.2) vbnuahntunigiwide Ynpnayh dwulhyh nbnpp 1~ 41

wwhh(:
UwuGhyh nbpph thdhntudwG dhehl puwihp porvvpwanynid t
Ar
N >z 3’ (33)

ol wipwgrupp Yngdna Jeynnpnd, npG mGh g7 -h ennnupni0p L hw-
Jwuwn t dhwynp dwidwbwymd dwulhyh bwunwpwd thehb tnbnuahntunt-
prulp Uwlwil dheh wpwamnienilp Yhpwetih b heunwash wib nbnwdw-
up hwdwn. npmd wil hwyduwe t: Un nbnwidwuhg nrupu uwd Opuws Gop-
phe wybih dhapn dwutpnud dhohl wnwampintGp, pinhwinWWwby Wwuws,
WhGh wrwnpen: Un upuuinsweny Gendmdnd 66 ulbeuneuht wnugap-
Al Ywd wwnquuwtu wowguens Jeyunong. npp Shehl wpwgrpaul
wuhdwl t, bpp hwiwwwuiwushawh 41 dwdwGwln dqunld t qpngh

v=limA—'=£5r': 34)
At A dr
Upwgrpynn G pwnunifn-Elnnnh
wowehlr (pupgh wowbgruyl ¢ pan duwr

dwiwigh:
Unwanpnlp hbuwagsh guiliyus- //R
gwd Yaunnmd nnnqwo t npuapmnd:

Aw hownld t (3.4) vwhdwlndhg. bpb

hwzuh webblp, Np Ynphl Lwpywd huw- W12

nnnh (L nbwpnud Jra0) Bplwnne-

pnip qpnih dqunbigltihu wib Yepwéynud b uwswy Yeunnmad ynpho vwpdwo
nuwhnnhb (Ly.1.2)

Conhwipwybu dri # d.r, wwbu np wpwgnepub dnnmyp npnagmud t
v = V{vv) pulwolny;

Ui 00 wipbnhunn Srublyghw ¢ duuwbuighg: Unw dwduwiw-
GuihG thruhnfunipintGp PO t wwqugnidng: Upugugredn bl
v ¢ wil nh wpwamnew0 Ynwe hmpnfumpprul nanmuagp L dhwynn
dwiwiwynmyd wnwgqnipiul wah hdwwn
qunumdo WUl wnwphl lpungh wowiguyl ¢ pun dundur
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v+ Ar)-v(t) dv
=lim —"—t = = (3.9
=M At dt ’
<wyyh welbiny wpwgniewlh (3.4) uwhdwiomdp, yunwiwGp. nn w-
puwqugndp wounifn-JEyunnph Enypnnn wpgh wowbguyl t pmn dw
DAVIINT )

@=—=——-=VF: (36)

Nwpqymud t° awewyhn-ytyuinph wowehl L bpynnpn wpgh wéwl-
Qui0bnt pun dwdwlwyh pwywlwi BO aupdiwt wywehy G4wnwagnni-
Pl hwdwn: Un wwindweny wewybn-yoyunnph wybih pwnén Ywpgh
wowigAGBNE 60 abinwpldnd (Qunddwl Yapwptinpug Gnp wBnGynt-
R0 360 wwpniGwynd)

P nwnpbpneinl wpwagneault, npp gwiywgwod yewnd ninnywé t

hELWQoht  trwunywo  2nwihn-
” nny, wpwagwgnidp Ywnnn t nub-
v oo Gw; pninpndhl wy ey
4&‘ : (0Y.1.3) Lrwlg Ququwd walyn-
,>\‘\. . Opnpnadnud b Jbyunnnltph uluw-

) (wn wpuwnmwih pwbwdlng

’ cosa=av/aqv, (3.7
W.1.3 LA nputn  wpwqwgdwl  dnnnyp
npnaynid | a = v(ea) pwlwdlny:

4. UNAMPLUSUY UL LUy

UthuwOhywywl wpddw fulnbnpltph iméndp dhan st, np hlw-
nwynp ¢ hpwywlwglll ayuninpuiiws bnwlwih 2pewtwiytbnnu, wewbg
inynBurwgltine YnnpnhGwunwiht hwdwiwpgp: Up dwwnny wrwyb)
Uhnwowwo t Gnnpahlwunwihi Bwlbwyp:

UnnnnhOwwnwiwt hwdwywngh pbunpnieniGp pbjwnmymd t dwuGh-
Uh awndiwl ponyeny’ biobiny. wewehl honehl, uaugel Ghwunw-
ordlbphg: UqpmUpnpbl dwubhih gwilwgwé awndrud Ywpbih t Gyw-
nwqnby. ophGwy, mnnwblnb gnnpohOwunwihG hwdwlpwpgnid: UwluiG

" w plumd b Lyuunh bpnnen onbiliphg
2



ynnpnhlwunwiywi hwiwlwngh hwenn plwnnmeiwde Ywnbth t unuwdt
wytirnn dwetdwunhywiwl ndywpnipyibophg L unwlw) Ybnelbuiwl
wpnelpp wwng, wibwen pwiwdlbpny: Onhwl, quuth dwybplnypny
dwuthyh wnpdmidp hwndwn t GGwpwagnt) gubwhi Ynnpnhluunwlaul
hwdwywpgmy: Ynnpahbwnioph wy hwdwywngbprd dwuthyh G4wo
awndnudp bwpnn b wpnwhwinyt) pwpn. nddwn dalwpwobih dwebdw-
nhywwl pwlbwalbpny;

U uwd wit YnnpnhGwunwitput hwdwywngnid Opepwpul Younh Yh-
hduwnhlwi Ywaemgbini hwdwp wihpwdtun t wpdiw Ghibduwnhiyw-
Lwl dBONRMUOERD Nt wROyEMOGERG wpuwhwrnt] udwupuurwo-
uwG ynnpahOwnitnny L Upwtg dwdwiwipuwihl wowbguuibpny:

UnnpnhGwinwihl tnwOwyh tripubp (RLawpwbop manulipml L
puiowhG ynnpnhbwwnwlwl hwiwiwpabph plGwnynudny:

1. Migqubipn b nopppbunowlmb hanfwhang

Cwowyhn-dbyuinph L ynnpnhGwinbph Yuiyl wipuuntn vy ned t

raix+Jy~k: 4.1)
wnbupny: Upn nbwpmid (3 1) wunddwil opbGan hwiwipdbp t
x=xit), y=yl) ==2(1) 42)

wehin e O0Bph0, nPnhp diwdwduidnuny Gunipupugind b duthigh pun-
MWl hourusghdn’ upunuidbunnuiput nbupny: Upunwpubing (4.2) hunjw-
uwpndbbphg ¢ wwpwdbunpp, uonwlwlp hbuwgdh £ = z/xy) hwdw-
wwnpnuip pwguwhuwin wntupny: OphGwy

x=Asinut, y=Bcosut, 2=0 43)
opbpny wndynn dwulihih hbuwahép tihwyut’ 4 L B Yhuwowlgpibpny.
CiA Yy B =1

Unnpnhlwunuhlt bnwlwyndd (3 2) inbnuahnfunipnuGs wpunwhwpn-
yrud ¢ pbwnywd wewlbgeltnh Ynw dwulhyh nhngh thrnfunipenGp pon-
pwannn nnpnhlwunltnh wény

dr=18x- ]I+ r&E 4.4)

Npuntn

A= x(r+~ A1) = x(1). Ay = v+ A1) - (1),
Ar = 2(1+ M1)-2(2): (4.5)



Upwagnippul punuwnphsGont unwbuyne hwidwn oquuibtip (3.4M-hg L
(4.1)hg.

v=r=Ik+ jv+hz, (4.6)
nnunbnhg
v,=x% v, =y v, =3 “.7
UnwGp pompwanntd B0 dwulhyh nhpeh ynthnudwi purhp Unnnnh-
Owunwih0 XY ,Z wewOgeutnh bptwipny:
Qwiwidwi duny wpunwhwpunynud 60 wwqugdhut pumwnfybnp’
a=v, a, = i‘) . a =y, (4.8)

MbEOwiny v L e Ybyunplbbnh pwnwnphsbng, Lwpbth t hwaydty
Gpwlg dnnniyGbnn

v=Jvi+vievl a=Jdl+al+a}, 4.9)
wpwaneul L wpwqwgiwi Yeyunnntnh dhol wolynp.

v av,+av, +ayv,

_a
cosa= Tl sl
av Va' +a; +a, \lv' +Vvi vy,

IO wiogusd Buiunipuiyr 1-hg 1; dwdwlwled.
s=f.'vd:=f':,fvf+vf+vfdl: (4.10)

2 Rlilounht anpphbwunwlimb havnhupg:
Unwlhg hwpdwp t oguyty, tet
P Jwlhyp wpdynud t dby hwnerppl
Y dbe' phwnywéd WGuinpnGh nunep: PLL-
X owih hwdwlwnpgmd duuthyh nhnpp
. y - npnzynud t qwnwynwih L wolynGwihu
’ o (r. @ Ynnpnhlwinbbpny, npnGp minn-
< | woynil YnnpnhGwwnbph hbw Yuiy-
P ﬂ f Jws &0 htunbpw Y.

- ¢ ! X =rcosp, y =rsump. (CARD}
v X Cwnpddwl optlpp wtpynid t ~ =
w4 n), ¢ = (1) nbupny. npntnhg wnunw-
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pubiny 7 -0, Yuunwlwlp wndiwh howwgoh r = Ae) hwywaupmip: PLb-
pwhG Ynnpahbwuwnlbph hwdwywpgmid dwubhyh hew Guwnid 6G ginju-
nnqwhwiwg e, e, 2wndwywi shwynp Jeyunnltng (Pwqhuwihi onplin).
npnlip gnuyg B0 uvnwuhu nhuwipyynn younodd r.g Ynnpnphbwanbph wsdwl
anwluwl mnnmegnGlGbnp (G4.1.4): Swppwuwt dt dwiwiowynd e, e, of-
pAN0 Yuyununybil dhtlnyl dee witlyuwdp L Yypbt hounlyuy wasbnp

de, =e dy. de =-edy. 4.12)
annlip pwadwlbiny ar -h. Yuunwlwbp
€. =¢ey. € =-€5: (4.13)

<wyblp dwulhyh wnaiwl wrwgnieint Gl M wpwguwgnudp:
Cwowyhn-ybyuninnl wpunbn Gopyujuwgynid t wpogbu’

r=re,. (4.14)

Oquwtind wnwgnipiwl vwhdwGndpg L (4.13) welinppullbnhg,
uunuwiwp.
v=F=re, +ré,=eF+ero,
nnubnhg
V=P V. =rQ: (4.15)

4 ]
Upwip wpwgniepul awowynuihl L wilynGwiht pwnwnphsbbnl G,
npnOghg wowehlp pGnipwgnnud t dwubhiyh O Whinhg Mmibguid hbnwyn-
Pl hmhnjudwG pushp, huy Bpynnnnp™ O Yownh 2nupg wunuyuing:
Qwdwiiwb duny Yuurnwwip wpwqugiwb pwnwnnhisng.
a=v=(F-rg)e, +(25p+rp)e,, (4.16)

nnunbnhg'
a,=F-rg’, a,=2r‘¢+r¢=li(r'¢) @1
rdi

§ S. ALUYUL DLULUY

Un bnwGwyhg Ywnbih t oqunyty, bpt dwfuunyby hupnth t durdhig
updwl hounwghdp: ABwl nbwpnd Ynnpahtwunwlwi wewlbgep hwp-
dwn t plunnty howwghép:

Ahgnip 2wndnudp wbnh t NG L ynph bplupny (GY. 1.5): CGw-
ns0e Ynph Ypw huwzdwpih O vuqpludiinn L wewlGgph anwiwl anmg-
b UwuGhyh nhppp dhwpdbpnnto unpdh O Wownp dwulhyht Lwwmn

5



wnbnh € bpiwpnuewop, nnp Yngdm t Youinh unsnughl gnnpnpluwn (afy-
pwey): pbdl., wnpawi optlpn pwlipul Bnw bl dunmwmd t
=& 5.1
Uwhuiwomppuip: hpph thnpnfurienilp & dwiwGwynd pinpwgmynd
t wnBawhG YnnpnhGwunh wany, Nl win ppwgpentd dwulhyh wigws Sw-
UwwwphG t.
. @l = {i-diy-Lwy:
Unumreppul JeormmnOp pOwpul auw
Owrd  unbnul  ynnpnpunnh  wawphl
ungh wowlgua b ¢ puwn duwdwlburgh
(-3 / df
B i
fn L4 Uwulhyh hbun Lwwblp r dhanfnn gl
/ A un N hsnwash upwpewbynn Younmd m-
o

(52)

00w 2nawdwnh ninnmipinilp: « -0 Yuafudwd t
Unph ypw duslplhh gpwywd nhpphg. ¢ =
L was r6) <wayh wrlbyny (5.1)-p, Wbulblbp, nn r-U
pwnn dnbhghw t dwiwbwihg.
T = n({0)): (5.3
r Johuinph Gbpdniddwde wnrwgnierul Yaunng LOGRLWALGULOP waaybu
v=yr 59
Oqumjbid wnwaqugdwt (3 7) vwhdwbmohg L wpwgrppul (S 4)
Pwliwalhg, ymGbowGp.
a=twv+vdr dr: (5.5)
<wyh welbiny. np r -0 pwpn Pmblghw t dwidwwyhg, SluuhniubGp
ybpeht wonwdp.
vi=wdr/dr=vdr./d( (5.6)

Upurwhwpntlp dr ‘df 0bompymip htuwuqsh bpynwsuahwiywt phm-
pwanpbpry: Glpwnnpblp 1 wwhhG dwulhp qulynud ¢t hbunwqdh A -
vind, nphl hwidwwywuniwufuwOnd t o(L) dhwynp ysyunpp: Swppwywl &
dwidwlwynd wogbiiny 40 Swbwwwph, Swubhlp Ygrwh r(t+4) Shw-
4np Jauinpmy pinuewagnynn B nhppp (0Y. 1.6w):

Glpwnnblp nhwvwinlym hbuwghdp rune §nnt. wphplh qunGymd t
dby hwnenuprul dbe. Swltip A L B Wuwnbpmd ynph nnduy bt (Ynph
hwnpnppul 0be  2nuinhnnlophl wnywe  nunwhwpugbbnp). npnGg
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hwudw ounp GawlbwybGp O

R . oY
~ R v
"‘ \) - R T I ’,-’/
// N < \ ’ _— P
- . L7 : T u et
o P ~ -
\\’_';, R \ I
0,5 -
,: AN T, \"\'
uy 1.8w Ly 1.6p

Thdantighun bpunwiwdhmeut dee gnug t tipdmd. np hudwpulwl
wlplnhunn Ynnh wnmuwlpul dwup Yunbyh ¢ Geplupuglly nputu npnpw-
W awouyny nowlugdh wnbtn: Uiiuybu np houwgdh ahunwnln
nwnnwiwb AB dwup O, YWlunpniny L O,A = OB = R awaunlhnny pew-
(wqdh wnbn t (LY.1.6w): O,-p Yngynid t hbuwugdh v dwuh ryvaeaut
Wolunnd, huy R0 inpruppruts woundfn: uwunnnbl gwllwgws ynp Yuw-
pah t Gbpluwpruglll npwtu twinplin ynpneprub YalunnGlbn L ynprpul
auowymnlbn nobgnn  2newlwadtph Lwnpwlywl wnbnloph  hwonp-
nwiguGnpyn0:

Lwaqdbimy ar dwiwlwynud nunhnn YeluninnGbph dr wap Gopluwpug-
Grn AMN BowGlynibp (OY.1.6p), htaun t OQuwunty, np wyl Gdwb t BewGnl
0,AB -hl: Ypw hhdwG Ynw yuunwbwlp dodt -h dsompmip.

drdf) = I/R: 5.7

Swppwywl g cundwlwynd dr wép manwhwjwg t A Yewnnd 2nw-
¢ r dhwynn Yolunnnhl (0Y.1.6p). wuhGplh mvnyuwe t wm Wournd ynph
Unnduwiny nbugh Ynprepprul Yolunpnt: Usndniotiny Gnpdush ninnnuppudp
# Shwynn yeyunnng, Ynbbiwip.

dvdl = nyR: (5.8)

Uunwgywé wprnbph L (5.6)-h hwqledwdp wpwauwgdwl (5.5) wp-
uwhwinnpinso Yplnmh heunlyw| nbupp

a=rtdv/dt+nv'/R: (5.9)

Upayhuny, bbunwaqéh Guwiugwlwi Yawnmd wpnwqugrdp Gbnplupwg-
4bg bpynt nlununwhwiug ehunnpGanh gmdwnh tbupny: Upwaugdwl
ysywnnph GhwG GbpLuwjwgnudt nsh 3B wowybinipm: Upwaquwgmdp
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wpwanipl dwiwbwywht ghwhnfudwl punhp pOnmpwagnnn Sbérueml t.
Upwqgrupm0p Ywpan ¢t gnfugly hogwbu deoniprude. wibwbu t| nnmp-
Audp: Upwqugdwl (5 9) pwiwdlh we Swuh wowehl winwdp hauwwugoh
g Younnud nBh 2nzunhmnh el L pongeugmed ¢ wnwemem
UbOrupaul hrpnfudwls punfio. UG Ungmd b unigbighug (onpunprry
wnuwguwgri S L hwywuwn t wpwgniepprulb S6ompiul puw dundwiwyh woew-
ohl Yuwngh wowlgrUhG
a =dv @t (3.10)

u, v Snypnpn gnuiwpbiht nequibw-
T gt wpwgnipulbn. maqyuwo ¢ nbuy

a N ynnmueaut WunmnG L pomeugnd ¢
T —d

WGl el pan owdw
g prpnfudwts puryp’
w17 a~::\'z R. (5.1

Ul yngynid t onndwy wwguagned, npp hwidbdwnwywo t Swuthyh
wmuguppul puwnuigniumt L hwunwnd hwibdwuwpwl uwfuy Youmd
htunwgdh Unpntpprul wewyhnh: Lpy wpwquigdwl dedmemip Whah

a=J(dv/dif +(v' /RF (5.12)

Wl uung, np wnwamppuip hwimnndwé wpwqugmuip (Lwigho-
ghw| wnwaqwgnidig) unpnn t unfuby dhwib wpwgnueprul dboneMGQ, huy
wpwgnppubt nnnwhwiwg wpwqugnudp (Onndw| wnwqugnip) wpw-
QUERUl ninneinilp. widheuwnytu hbunlnud t wnwqugdwi (3.6) uwihtw-
Umdhg. npunbnhg

vit+dt)=v(t)+adt: (5.13)

V1 .8-md Gbpluwpugwd nbupbpp (muwpwimyd 50 unwbqbighuy
(1.8 wp) L Grndwy (1.89) wnwquwgndbbnny awpddwi nbwpnid hllny
ulqpOwlput w(t) wnwgreput hadhinfungEenbibnp ¢ dwdwlwymd, npubn
ybpelwiuit w(t+dt) wpwqepimblbpp npnwd GG (5.13)-h hwdwdw)l:
LyunntGlp. np bpb tiwiqbibghwy wpwquwgnudp Gunpnn t ohuw)l dbewgot
Yuwd hnpnwgity wpwanippub Yayunnph Epluwnaenip, wuw Onpdw w-
Mwquwonudp dhuwyb wowe b ppnud wpwgpwt Yeywinph wungn: Ut
omppudp hwuwnwinmb wpwgnippudp wpdndp ynsdmd b Ausfuwuwus
surp qunomnd. <unjuwmupuisurfr aunduwl unulgboghuy  wpusqugn &
qmt’ v = const, a,= 0. huy mnhn qéhs hwiwuwpuwunwuauwonad t Ynprupgul
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auewydhnh wluwhdwl J6é wndtp. R = oo - RWOHh np wpwgneinip uwh-
Swlwhwy dbdne)nl t, www maquwehd qwnddwl Gnpdwy wnuwquandn
gmnt

wh 7 o o .
- ' vits -
4 4 ’ e
vty . e 3
4 ~ !d’ ad
Vb AN IO ISTEX I .’
2) 8¢ 0. .I:O o) ay 0. ...0 PY) .‘80‘ 8= 0
w18

Cuun wiwqugiwl Onpdwy L twigbighw punwnphilbnh wndbplb-
nh Gnupwlywl Yawnh awnpdnidbbnp wptih t nwuwlwngby hounbpu Yonw.

1. @y = a. = 0 -nnught hunjuaumusunh 2unond;

2. a#0. a, = 0 -munuhd wimruuwuwumpwsun) pundned: Uwulwyn-
nwwtu, a, = const nbwpnud YmOLiwip ninqwahdé hwduwuwn-wwqugnn
awndnid;

3. a, =0 a,# 0 -Un hbwrwgony hufuraunusunh aundmd: Uwu-
bwynpwugbiy, a. = conss nbuypnd MUl Awyunaupwsurh Jundmd xnpuw
Gwgdny: bpnp, a, = 0 wwpdwlp wwhu t v = const, huy a, = const 0" R =
const, npp hwiwwwunwutuwbnd ¢ pewbwadhlb: Uu nbwpnid a, - g Ypmd
t Ysouryniudhg wpuwqugnid wbyuwinudp (§ 6):

4. a,#0. a,#0.uvw onpwlwi Younh wibhwplnhwlng wpdnid t:
Bet R =const, www YniGblwlp wihwywuwpwgurh 2wndnd newlw-
qomy:
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§ 6. WBNHRUYUL YESH CUNGNHUT TrauLuaoNy

Londndqwe  yhtbdwwnhywywt Jedmpinbleng pumpwgnmd GO
dwuthyh pninp wpdmdbtng. 20wpud o, newliwgdwihl wnpddwl
mumn Sbwuhpnippuut dwiwlwy hwéwiu hwpdwn t woglt). wuwbu yn;-
qwo. whlygnmbughlt Yhobdwunplplpul Jomepm GGinh: " hawpwynn t
Luuwnwnty 206nphhy wib pwlh. np 2new-
Owgdwihi wndndp punpwgpynid t
ynprpal  wowydhnh  hwuanwniml
wndtpny Shgnip Bwulhyn Lwuwpniy
t rpwlwgébwihl wpdmid” whwnd
00, wewbgph 2ripep (0Y. 1.9) Uwulh-

‘ Uh nhppp 2rewlwgdh Upw plunpw-

i I anblp # wowyhn-ysuwinnny, npp G-

upugltlp wunundwl wowlgehh qni-

3/ qwhbn A L niwhwpug 7, pwnwnnh;-

V Dbnh gnudwph nnbupny.

0 r=n+tr, 6.1)

W19 Uwulhih  2nowlauqoushti aund-

Gwo plpwgpntd A —p Jumud t wihmgntu, huly 7. - wuwnid t (7, = rsina -

rewlrugdh 2wnwyhnb b)) Swnpwyw & dwdwbwymd dwuthyp YWuunds-

nh dr tnbnuhnfunane i, nph 20nnhiy 7. dbunnng Luwumnyh de wiigniing.

@ =r.dy = rdo sina: (629

Lwntih t do wolpwbp Ytpwant wibwhuh nnnmapnl, np v, dr L dp
ybyunpltnh dnqnyGtiph dhel (6.2 Luwp hewpwynp |hh GEpluwpuglty
Yelnnpuwiwl wntupny Puwwbiu, Yepagntiny de -ho upmmiuwl wouig
by munnyuwe wylughuh mnnnigrele nnp dugnhg nfwbihu Juwuop upmn-
yh dwdurquipht hulpuoury launth ¢ gty

dr = der). Ywd dr = [der] = [der, ]: (62)

Spynnnn PwOWALL uwlwihu wrwehlnd wntnwnnyty t (6.1) wp-
nwhwunmainilp L bwyh t wnbyby dry = 0 wwjdwOp:

Uwhiwwo de Ytluninnp Yngdmd t wlipnmbwhl utnuapnfumews b
L h uxwnptpnueint Bhogl wydd dbg dwing Ybyunnpbbiph npnlp yngynud
60 plbiouh Jeyuinnnlbn, wrwlgpuwht Yeiuwnn ¢ UnwGgpwiht Jtlunnn-
Ubnp GOpwlymid 66 pLBrwihl YEunnpbbph gnidwniwl, hubdwi L pwg-
Swwwnydwl YwonGtpht Lmwbg dhel Lwl nany twlwl vwnppbpnip-
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m0bn. npnbg vwlwl Bblp 160p wrbiybine dehuwihywh nwuplewgh
rewlwyltprud: UGhnwdtiaun ¢ hhabl. nn YEiunpulaut wnibupny wnih ¢
WnipupgOty Uyl b dhunl winftng ywnpn wunnnttinp. LEpounnp wl-
audp wnnuang sh wpan EnGuwprugyty Ytlunnpwywi nbupny. W hbunt-
nd t pGUnqL Opwlhg. nn yopewynp e wllywdp wwnnunh nbupnd
(62" h ynbuwntl vunwgynid ¢

Ar = 2rsina sin ézl (6.3)

noh bhdwl Ypw witlu hGwnwynp st gnti (6.2) Ywwp: Uhwil wil nbuypnd,
b de —0, (6.3)-0 Ytpwoynid t (6.1)-h0 L hawnbwpwin, ghaun t (6.2) 0
Nunnyunh wiuwt hndnfudws pushl punn dwdwiwuyh pOmpwgnymd
b wililyprm Guyhl winugrppe & Jlpnnpny.
2 =deg di, 6.4)
0 wWunundwl wnwogpny ninnywé’ wewigpuhl (Jbipnnn ¢
UOnt iwh wpwgneeiw0 YsYunnph wowiguy b puun dwdwlwih yng-
dnd t wllgrmbuhl wpuqugrd, npp pompuwgpmyd b wilgnuiuhl wow-
onpul hrhnfudwl puhg.
€= dkvdr. (6.5)
UGwnd wowbgph 2nine wunniguh nbupnid ¢ —p nnnyuwd t wunndws
wewlgpny: Con npnud, Beb wunuyunl wpwqugnn t, wil nih 2 -h ninnne-
nlp, Bpt nwinwnn t* 2 -hl hupwewy nannieinl: Uin wunswony wi-
aund wnwigph 2rp wunnuunp hwndwp t Gwpwopby wuwndw( wnwbg-
ehdpw de. 2, ¢ YbLunnnlbnh wnnbyghwtnny
e=0=y3 A=y (6.6)

ot € -0 L N -0 hwbnwibw wiywG Seomant 6ibn Bo:

Crowbwqouwhl pwncul onblpp uinyrid te = oft) wWolsmpuuny

Ywyp géwphl b wblymbunhb (pbbiunplmipnt Jhémpmibbiph
ol Cwdwlibinyg (62) welinppul bpynt Yrndtnp dr -h, hwadh welbymy
dwjhl L wlgm owiht upwgnenGibnh LwhdwonLGENE, Y iiwap.

v=[Qr]=[R¢.] 6.7

Upanbin huigyh winbytg (6 1)-p. L wyl, np [@n] = 0: Unwgywd (6.7) pwlu-
L0 GbpLwwgGnd t QAW L wilyr Guyhl wuwgpm 0B (ruwyp J6Y-
Mopwlwt wnbupny. LPwbg dnnmyGtph Shel Ywwg wipdmd t nuwnngwiluwl
onwgnhg hwpnth pwbwaduny.
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Q v={lrsina=§r . 6.8)

. Uswogbiny (6.7-0 pun dwdwbwiyh,
0, fee ) YouunwlwGp rpwliwqdwihi Jwndmd Yw-
' wnwpnn dwulhih wnwqwgMuit wpunwhwy
! wd woynilwho seémpmottpny.
a =[Sk |+ [V |=[er | +[OAN]), 69

npunbn hwyh weGyoght wiynbwiht w

<, nwqugdwl (6.5) vwhdwlndp L (6.7) pw-
L Owdlp:
O Oy Ynlbwbh  Yblunpuwlwt
Lu.1.10 wrawnppuh

[a[bc] )= b(ac) - c(ab) (6.10)
Pwiwdlhg (*pwg-gup” Ywlnb)

[Q0r ] =) -0, (6.11)
L hwyh welbind (Qr ) =0 wuplwlp, wpwquwgiwl hwdwn Wunwiwbg'
a=[er]-Vr: (6.12)

Ug dwuh wewehG grudwpbtht manduwd t 2newlwadh 2nawhmnny
(Uy. 1.10): Wl Yownh vrwigboghuy wnuqugmdo ¢
a =|er].a = ¢R: (6.13)

Bpynnnn grudwinbiPo nipnywd t nbwh wunudwl wewbgeo L Gbnplw-
Auglnud t btiuinh Gnndwy (undauy nbuprd Go0unniwdhg) wuwquigndp
a, =-0r ,a, =R (6.14)

Upantn R = 7, -0 2neuwilwgoh wpwypnGt:

Swigbighw L Onpiw| wpwqugnidGbph hwdwn (6.13) L (6.14) pwiw-
Albn0 uwnwgynid b0 Gwl Gwiunpn Wwnwgnwdh (5.10) L (5.11) bhdbwywl
pwblwdlbnhg, teb hwadh welybl wpwagniemibnh dhel (6.7) Yuawyp U
2npwiwgdwihl Jwpddwl R = const wuwpdwp:
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MUPNCLES LMWOUUL Of vy

1.1 Uuntplyp suncymd ¢ r - Avi-Br) opblpm{ nywntin A b husanurnmb
opn ¢ B G npuwdpuse huanuannl Nipnpty Sunihigh wpwugrsenu bl i wpus-
QUITNUD FuhwGuAY 1wl p Uy ¢ dunustudy wlg duxihlp (pftpumuwoiw b -
sl Yn h Uy s Subwunund quilgih um pleusgpred

Lowdnnl: Cwnddwlh opblphg Gnlnud t. nn dwulbpyp BOWs » - 0 Yumd

quilyned t bl woquad 1=0 L r=¢= 8 F upuhbphl
Oqundtany (3.4) L (3 6)-hg” wpwgmpnut b wpuqugdw husdwn Yabbiwop
v=dridi= Al 3B%). a=dvidi=-6ABr.
npunbnbg htnlinid ¢, np SwuGhyp 2wndrdl ulpred t 4 uygpiwlwil wnwg pualp,
nphg hbunn quinuntiny 1, = 1 V38 wwhhl Yuig t welnid uibinhg
r=r(1)= A1 (1-Br)=24/3(38)"
nboun|npnpiul Ynw. Gunwqu wndnudp fuanunymad t hwilyuewly nuinnnuppudp,
Sosnipprudp wénn wnwgugdwdp. fwnq t. np 1 dwdwruynd Susushiyn YuiGgGh
s=2r, =44 3(38) K Swluwayuwnh.

12. Uundipyp pupoiired t XY hunprpprus 69 v = IA + JBx wpusyugaualp
nountin A L B - 0 huanusnmblin 66 G wil ang Ynnymhluanitindr dpgpiudnnt
¢ Mpnply JunGhigh 2updbus haruwgdh yix) husjusaupnidn hosupsy uds hrucdh
Wppirs Ui e dp s ynnmpiuanyg

Lménud Upusgmupiuil wpniyghustting Ynapnhluanuwlpul wowbgpibnh Jmw
upayhuhp GO.

v, =dx/dt = 4, v, =dv/drl = Bx,

nuntinhg Bplnd t. nn v, - Gutuywd t dhusgG x -hg: Qunlaupuin, (1) -0 Yotpta-
auguh npugtu pwinn Srlyghuw 1 -Hg. 1vxr): Ubugsu nn Yuipnn bUp gty
dy/dt = (dy/ dx)(dx di)=v,(dy dx)= Ady'dx=Bx:

Panbgntiny wnwgdwd husjununmip. y(x=0) = 0 uyqpluwlul upupdwih
huwweduade, uunwiusp htivugoh husfwuwnnudp wunuenth unbupny.
dy/dc=Bx/4, v=Bxi24:
Uwsshigh unwauugdwi hudwn uwnwlbnd Bop
a,=dv, /d1=0, a =dv /dt = Bdx/dr= BA,

UphGpl™ uyG huwanuanniG t bmanuo t Y wousligom]. a = a, = 4B
Gunuwadh Gunduputuwl Yeannid inpneprut woewdhnp Ynpngyh wautiu
R=v'ia =viiasna=v'av, =(A: + B’x:)"” i A’B.

npwntin hwiyh wnwbp. np sina = v, via 0 v b o eunnGbnh Yuqdwd wiipm bl ¢y,
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1.3, Uundlgp yundimd t R jwnunifn nbbgrn xnpusknugon wbutu np gut
piguns uputG Onw ugblghuy L Gnpduy wrwquagn Jotny dborsyundo huy
hunfuraup 50 UQPpouipul upuhhs Juasplyh wpugmgmp ve & Nnnply up dun
Gy upugrupei Op N uwdwouigh’ vit). b wiguwo Swlunyuntyr vis). Sy
ahwe p 0D’ (P winuQuagdut hudugn

{norad QuowdW)i inph wwitwh dv dr = —v! ./ R, npwnbn ShGnuu G ustp
omP t Lughu Jwndiwl nuwlnwnm pinyep Ulguanbiny hnjuwljwlitng L
hiunbgpbiny, ubgpiuwiwlt wupwih hwaywodundp, Yunwlbwip whwgupmip
NPty 1 —h PmiLghw. v:—q—l A 'R:

RNPE
PGunbgntiny tnwgwol pun dudwlwyh, Junwlwlp woguwd Swinuuunhp
s= j; wdt = Rin(1 + vt/ R):

Upunugutyny uunugywd puwlwdlbnhg 1 -0, yuumwluwlp

v=ve' o
2uthnp lg | =|a, |, ww inhy wpwgugdwi husdwn wnulms bup.
a=2a, =2/ R=V2(v} /R)e™



QLNhhv I

wBNhrRUYUYL YESh 1thLuUmryU

Ahiwshywh mundGwuhpneuwt wewplwi onipwywt JwpdhGObph
mul dnnt| 0bp0 GG, hUy YhObwanhwmnid. Gmpwywi W, Gmpwlput Yb-
atiph hwdwhunudp, pwgwndwy whin dwndht Uwluw)t Gpuwbg luGnhpbbnl
wwbu vwnpbp 60 Whobdwunhywt nunedwuhpnud t dJwpdhbph Jwnd-
wl Bpypwguhniggmip. LpwGnud uinydnad 60 dwnpdhbtph wpdiwl Yh-
slwnpuwlput GYwpwgpripjwl dbpnnbbipp, wewlg pOLWNLbINL wp-
muditph puwquiwqwinpwi wwndwebbng:

Ahiwdhywl nuntdwuhpmd t dwndGh awpdnudtbnp’ Auguupnt
' huxku Oowlg punyp wy Jwndhlbbiph hbuwn Judth nobgue -
w006y hbn: Un huwgtnp Yngdnmid 60 apdundhy onblpltn:

<G wluwnhh thiyhundwtng dqunt 86 pwgwunnt) dwndhGbnh wu
il wii wpwgnerudp wndybip: Uphuinnubip qunnud tp. np Spynh 4w
awndhGobnl NGl «pOwlwln nhpgbn. Swlpltpp Ghpplmd, ptplOtng Yb-
. ewh hwdwwwunwuluwl nhpgepp SwpdhbGsph awupdmudbnp hw-
dwpnud tp pGwuw, «hiptht hwuywlwih», huy gwilpuguwd wy 2wpdmd
hunywnpwywo, npp Bipwlw t pwgwinpmippul: OphGwly, hnphgniulwl
nnmpjwdp dwulhyh manwahd hwywuwpuwiwd wndnudp hwdwnyby t
hupfunmwywi pwndnid L bpw Wwunswel widwiyby t /vd npp hwnnpn-
Jrud t Swuthight 2pewwwunnn JwndhUGbph (onh) nndhg: Cuun wn wwun-
Wnwgmdtbph. nnpwl 066 t mudp. wjlpws dto Yhih wpwgmignibp: <&-
ouwquind Quihiep gnig wytg. nn pwgwunpnippul Ywnhp mGh ng pb
dupdth ninnwghé hwywuwnwiuwh awndnudp, wy wi wpddwl Yhawyh
druhinfunepyni 0. wyuhlpl wnwgwigmdp.

Uwndhtltph pwinun swpdmdtnh hudwn nhbunshlyup opblpttnp
duripipupty ¢ Umunngp, npnGg Upnud 60 Opw winiGp: Pogugbu Shahlwih
Adp Gwqdnn prinp ulqpnibpOtnp. upwp Lu hwinhuwGmy b hnndlw-
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Ywl gwuwnbph pUnhwlpwgnd, npnlp Linunnlp dluuibnuwty t hbunlu
bonw.

Lowohl onbile Swilwgud dwndhl wuhupuslred ¢ nwnunh d hu
Yuraupuwigunh b manugho aupdwl yhaungpn pwlh nbe bpw ypw s06 i
ey nuoon:

onlpnnn onbile: Cupddwl pwlwyh phrfurplp hwdbdunnu
w0 t Yppwmfusd mant L nnduwid ¢ nidh wqndwi qon Biupipny.

Gnpnpn onble: Uqnbgmppulp huwdunywunuiautnd ¢ hunfuawn
hwipuoury manywe huiugnbgrin G wy fopwy Jhdpulg ymu Bl Juwp
UhoGnh wowpwgnuwe wqnbgreemlibnp huyunaun EG hpwin b mangur
80 hwipuowly Yrndtn.

U opblgltph haun UjnuinnGp gty b Gwl nip wwhdwOnadGbn, npnk
ghg wjuwntin Ywnlnp 86 hewnbpw Bpbp.

- Cwnowl puwlulyp quigyuont L wnuwgmppulp huwdbduwuwlul
Ubdru@rul t.

- Uwwnbnfwgh puwOwlynipniOp (quigyudpy hn ouughl b funnipru
Gp hwdbduwnw!lpul J6ompnil ¢

- Wynwnywo ndp wenbgrueinl & npn gndwnmieyny dundlh Ypw
npyuned ¢ Opw nwnwnh ud hufuaupuwsurh b nnughd awpdbul
Jhourgp.

Uuwntn quigywdp nhungnid b npwbu dwinbphwh pwlwynipt
uwhdwlynd fuwneut dhengny, npp UinunnGh ynndhg nplt Yopwy 3h
swhiwlyb(: dwiwbwlwyhg dhahywl quibguweh ybpwpbppu nlh uy
wwunybpuwgndbn: Upuntn Gasop dhw)jb. np dwdwlwlwighg dhahlquynud
funnigintbl t uwhidwlynid quibgywdny L ng pb huunwlyp:

Ununnll hp optlpltPD dluwybnuwt) t pwowndwy wiwnd hwadwn
Uh hwdwywpgmd «pwgwnpdwl twpweénewl dten. Swpdptbbph wnd-
Swl hwdwp: Wuop hwpnlh t, np nwnwpg, hGywtu L wndnidp hwpwpb-
Pl B0, L shijwig Gywundwdp awndynn pwqiwehy hwqwnpyh hwdw-
Guipgbnh nhunwnyndp bowpwynpnieinit b viwihu dlwibnut) uyqpmby
GG, NPNGR twwbu hwpuwnwglnd BU pE' LimunnGh optitpltph prywnw:
Unepniip L RS Phqhywi plnhwinwwbu. REnYwéd wntupny LUminnnth o-
naOpltnh (hwunwwtu wnwehl optlph) dluulybpuynidp wntinhp t vwwiv
htiunlyw hwipguinndwGp, wiywu B0, wpnng, bpwip hrwnhg. pb wowehl
ontlpp pynnnn opblph heunlwlp t- Un wwwnsweny LnuunnGh opblplt-
np L widpnng dbfuwlhywl Yawpwnnbip punn dwiwlwywyhg wwuniybnw-
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nuittnh, waiuwwnbing htwpwynphl jwih qriqwhtn ObpQwpuglt) Jnupw-
awlbgynip pGGwnyynn Bplnyeh, deoNiRALG M hwywowpdwl Gnunnbpul L
ruurthyhunwiwl wpnwhwpnniendGtnp Yw yhtunwgbh bplyme unb-
wlpunlbnh L wpnynGpltph hwdbdwuwnnadp.

§7. 2UC4UrYb rLErshuL 2UUURUNq b
LBNKSALL UWHQPL OrBULRC

Cwqwnyh prynp hwdwlwpgting Yhtbdwanhynpbt hwywwwnwqnp
30 Up t yhswyp nhbwdhiyw pwdinud, nuntn pwgwihwpnymd B0 wpdnad-
Aph wowewgiwl Wwwnswnlbnt nt uwnmwgynud wpdhwl opblpltnG mi
rjuwaunntJobng: Uu fubnph (médwt hwdwn dhuonyGp st p6 hGg hwp-
jwnuh hwdwywng t pbunpywé. Shtwdhyw)h wewelwhbng jubnhnp hwz-
jwplp wjbwhuh hwdwlwpgh pGunprgnbl t, npnid awpdnidbent nult-
awd wylwent pwgwunpnipntolbp L wpurwhwunybt wwpq dwpbdwunh-
wwl optlgGtinny Nt hwywuwnmudbbpny:

Unipw/lput Jwndhabnhg wibng hbowguxd Jwndhol wijuwbbap w
Juan dundiply “wiwpuut hwwnpyh hwiwywpgh GYwndwdp wquien
b 2wpdnudp, plnhwinwuwtuy wuwd. Whih wpwqugnn: MGnynud t,
i 4w gnlb dby hwquinyh hwdwywng, nph Glwndwdp wqwun dwulhyp
wndynud t wewig wnwguwgdwl, wiuhtplt mnnwghd L hwywuwpwiunh,
il qunlbynud t nwnwph Jhéwunid: Uquan dusbhiyh nnnughd b hurnfur
aupuwgush uipdrudp rsymd ¢ qundmd hbpghumy: Qadwnlh wp hur
uipungn nph Glunndwde uquan Jubhipn xunpdimd t hatnghuwny, 4ng-
{rud ¢ hupwinigh hotpghwy hwdwlpung (<h4Q:

Unuinnljw, hoswbu bwl rbjwwnhyhunwwl dsluwGhiuh hhdpmd
Nlwo t Quyhibh pltnghu opblpn, nnp twunnpblt M< -h gnnuppul
yannud b Wt Uinunbp giipgntg t npwybu nhtwdhwh wnwehl onblp:
wiwlwywiyhg dlwybpwiwde Lninnh wowehl opblpl wuuyhuht t.
il o hupdunigh hwdudpung o Gundunde wquan duwoahiyp
wncjnid E hotinghuyny und quilymd ¢ nwnwnh Yh&uwlamd:

Swiywgwe wy << npniud uwpuinygnid t hGbpghwih opblpn, Yngymud t
wpdwnigh ng hobpghuy huduipung (<NK).

Onndtwlwinnbl wwwgmgywé t. nn UnbquiyblunnG hwadwnuh
wiwlwnap Aotrgwy ¢ U << -md hwadwnyh dwpdhGo Unbguiyl t. npp
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tnbp «holLwlbwnwihts wuwrntphl dhwglnn (Muuh Swowquwiettne Swow-
Jd B0 npwbu Ynnpnhlwwnwuwl wnwGgpitn:
Upbguwitownpnt hwywpyh hwiwywngh Owundwdp ninnwahé L hw-
1, a Juuwnwiuwh wndynn  hwiw-
‘ . buwngp Onylbwtu Yhuh hubpghwy.
r vy -~ u: "y, wpwqugndng wpdyrp ng h-
- Gbpghwr Ujuunntnhg hbunbmud  t
2 bpynh b twwws << - g
) r: hatnghw (hGt. pwGh np Gnlgh-
o w21 ne wuungmd t hpwbu ubdw-
Lwo wowlgeh wibwbu tp Ups-
quyh nipep: POsLt, win wunnuyunbbpnyd  wwydwbwynpdwd  wpugus-
gnuitbpp 4o 350, L 2w uinhpbpmd wownbudnd 50 U dnunwdnpoue-
awdp Gpypwigbunnnlb <0 huwdwymd b hGtipghw
Swnwénietii nu dwiwlwyp <M<-Epnud odundwéd B0 hwdwgwhne:
pMLLEPNY. wrwpuwdnipinGp hwduntin t L hgnunipnuy dwdwOwln huder
ubn. Swworipaul hwdwubnmgnn 0w prynn Gbuntinh husjusxaunpuqn
Arupnll ¢ ShLOnyl hnndp twnwéntprul Liwnpbn Youwnbpmd vwhu t
Um0 wprynlpn: Swwdrnippaul hqrunnnupemin Onw uxunebn manng-
MOGEnN hujusauwqnnep 6 ¢ hnndh wnymlpp Yuiuwe gt Onw-
Ghg, PO LWPWONERUG NN iNMER wndynn <M< -mud t wil howyw-
Gwgynd: dwwilwlh huwduntempnmln ouduwbulgh wnwnetn upushbnh
huwyjunaupwgnpneeee 66 ¢ dhuGnt hnpdp dwiwbwyh rwnpbn wwhb-
pht, ShLOny0 wwpswGoEpmd. vuthu t Gl wprymGpp:

§8. QULAYUD, Nud: LBMSNLD brurnrMm
oreuet

1. Whgrip OL-nud hnbind BOp wquiwn Swuhyh hGbpghwmy 2w
Awlp L 0pwl Bnunbglnud o hag-nn Swpdh: Ljwunble, np Swulhyl wy
(L wqun st. dwndhGbphg wibng htirwgywd |hibim wwpdwp fwhuur
Ywé t: Uwndlh wetpuinippudp dwuGhyp dtep t popntd wipwagwignid: Ldwl
nbwprd wund bl nn dwndhlo uqnnd ¢ dundhiyh Jpw i dwulhip bo-
pwnyymd t dundoh wqntgmppulp. Mwnqynud t. np A<-md wiytperup-
Ghg hnwp doawnbgnn 1 L 2 dwulhylbpp dnun hnwynnnteGbph Ynw
Obop 50 pbprud wpwgwgnuittn: Beb | dwulhyp, wqnbiny 2 dwulbhyh
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pw, hwnnpnntd t e; wpwagwenud, www wil hp happht bupwpyyrd t 2
wulhyh wqnbgnippulp L dtnp papnud @, wipwqwgnd (GY. 2.1). Ugtu np
qbgripr 606np Ynmed 66 Ypofuunwnd ponye, L 8EGp annd nuGblp Jwn-
putph nfuwgntgrprul e

Onfuwqnbgrp ip <M mid Jwndoh wnuguigiwl wpunsumnt ¢:

opynt dwndhblbph ynfuwqnbgmewt Yopwptpruy <MhCapmd G-
nwnywd hnndtnp pbint| 60 hownlyw) Ywplnp wpnynlophl.

UpwaugniJotnh humuplnnipim G wolwtu hnfuuqnbgmepul 6uhg
w0 Jbompn G ¢ iy Bl Jupdhoonh hwdwyt

u,’'a, = const: (8.1)

C0n nanud wpwgqugmitbnt nipnyweé b0 dwubhyGbpp shwglnn qbh
inywyopny L OG0 hwlwewly manmueyn bGbn (GY. 2.1):

Oryuunbgnppul hunluwlpny Jwndoh wuqusgred dbop pontym
e Gp yngdrid ¢ pobpwnmigieo: butpunnginilp hwuinnly t prynn
Jwpdpb0bnhG, uwywl Lwpebp jwdhny: Onluwqnbgnipput dwidwlwy
utih thnpn wpwquwgmd dtrp pbpwd JwnpdGh dwuhl wud B0, Np wit
wybth hubren t:

dhqhliwl 8290 ghunianil t. Bpb hwanlwptnywé ¢ dhahywiwl
hwanyrugpnil, npp Lwpptin t niwppbp dwpdhGGeph hwdwp, www Obp-
dmdynud t win hurnynipiniin pwlwywugbu plnipwgnnn odmpnil:

hobpunmppul puwlbulyulpwl pompughng quigyuwot t: U tbndnid-
yrud b wybiygbu, np wybh hGepun Swndhls odudwé thGh wybih dbé quit-
Qwony: Lwlh np wybth hibpu dwpdhtp hnfuwqnbgnipaut plpwgpend
dbop t pinnud wybh dhnpp wpwagwgntd, wuw wwpwbwydnrpdnmd B0 quit-
qywép Obndnuety wpwqugiwip hwlwnwnd hwibtdwunwiult optGpny.

a,’a,=m ‘my: (82)
Lwyh welbiny Gwbl wpwgwgnuitnh ninampendlp, Ywpnn B gnty
ma, =-ma,’ (8.3)
Ununnlpuwt tuwthywind quiqyuon dundlh jwndvwl Jphawihg
whiunu apuwilpul wopunpy Joompru ¢
m=const., m= Z m >0 (84)

dsnehlu GawhGwymd t, nn hwdwhudph quiqyuwén hwywuwn t hp puwnlu-
gnugh dwubph quitqywdtinh grudwphl:



Lbndnuotiny dhqhlwiywl dbénippnibp, wihpwdtun b vy Gpw juh-
Swl (Yuwd hwddw) bnulwyp: Qwiqyuwoh swihtwl( hwdwn wwpowiw-
ynpynid 8O nplt dwpdGh hubpun hwanlyriggmbibpp hodwnby ¢uvynughi,
hul Gpw qubqudp quigywon dpuydnp. Npwtu quiqywoh dhuynp po-
nOYwd t wiwwnhGh L hphnhnush hwdwdnyywdphg  wwunpwunywo
Yowpwnp, nph quibquweép Yngymid t Yyngnwd (4g): Yhngmuwdp dnuw-
ynnwwtu 1nd* dwpnip oph quibgywdt t 4°C pndwuunhdwbnd: Yhyngw-
dh hwqunenpnnn dwup Yngdmd t gnuwd(q): Onfuwqnbgrupul dbe ntny 2
dwpdhbp 1 tuugnbh (m; = 14g) hew L gurhbiny Gpwlg wpwguignisttph
rnumpbmlp;mbe.lzuumwuw(lp

m. =a, u, UQ

2p0 2 Swnolh quibqyuidl t. wpunwhwrNWwe Ya-bkpny: -

2 Onproqnignipmbbiph patulwimb pinparghnh audt ﬁwn
ysyunn t. nnpl neGh hp wewewgnwéd wnwquwgiwt ninnnipulp: GH<-md
mdp Yuwhudwd t dnhuwqnmn dwndhGsnh hnfuwnwnd nhpghg. bptdl t
hwpwpbpwywl wpwgripinibhg FAry): 3mpwpwlsgmp Ynbypbu hnhuwg-
nbgMeaul hwiwn nudh pwgwhwpn wsugh npnantdp Phqhuywt dafuus-
Ghywjh bhdGwywb ubnhpbtphg dELYo t: BEL Mdt wpwqwgiwl wwunswe
t., wil grynepint o nulh woywiu Swnpdhtbnh wnwquigmdlbnphg:

upurigh hobipghwy hwdwigungmd molG mGh dunnbnfewluds our
g Beb Jwndhlp Bipwnlyt| t mdh wanbguprul, wupu mdh wapmNQ
wowp t hounpg] Opwl Jpewwwunnng BuipdhuGtpmy: AAL-Bpnud dwpdh-
Ubph hnhuwqntgnipiut L ipwigny wwpdwiwynnywsd wpwqugnuibbnh
wwwnsweowywio ywwh hnpdlwiywt ntumdbwuhpoueuGtpp LinennGhl
hwlgbgnt| &G hp &rgnnpn onlilpha

Vwndbh quibgyuwoh b wpwqugdwt wvmunmpugp hurfunaun t Opw
Ypw Yhpwedwo noni

ma = F(r,v). (8.9)
2wlh np GnunnGpul deluwihlpumd m = consr, www (8.5)-p hwdwn-
dopt

dv _ dmv dp

m—

di dt dr
woGipnu b, npuntin p = my -0 Yngdmad ¢ Swulhyh Hduggu e unlpl
douwihiynad  hdwnqup dwulhh wpwgrpnihg  luiuwé  qdwihl
drulyghu t:
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2 Mdiph wbywh weplgniprub ubgrenibpp: GlLpwnNELp Jwulhyh
Jnw Shwowdwlwy wqnnud 66 dh pwih dwpdhGGbn: et wewldhl wq-
noipu dwndhGGEpp dwulbhyh drw wqnmd &0 F L5, F, mdbpny, www
shwowdwiwy wanbihu dwubhyp bupwnlyynd t

F=F-F+ =YF ®7)
‘-l

mdh wqnbgnieruln, npg Yngdnmid t Awdwqnn e e hwdwqnp nudp qpn
b, wwyw wuntd 80, np dwuGhyh Ynpw wqnnn mdbinn hwdwlpegwe 66 (8.7)
wpqyni0pp hnndGwywl thwuwntnh pnhwinwgnud ¢, nph hhdpnud pGLwe t
hewnlpuy winnudp. Gl Jwndhobnh nfuugnbgmppul mabplb wolpuy
60 wil pwihg nfuugnne ' 66 Lpwlp bppnmn dundth e g ns: Uw
hwpnGh t Pnwbu eatnh wolpufurepul vgermip: Ybpehthu hwwe-
dudp LinunnGh Bpynnnn opGep Gopluwpugynid b htunlgw Yonw.
ma=YF: (88)
3. Mdp panpandp Midh swihdwl hhdpaud plLwo t sunhdnn madtinh
hwitdwwnnudp hwpnGh ophlwswdhnepude hnginfudnn mdh hbwn: Cln
nnnid hwibdwuwnudp Gwuwnpymd ¢ nudtph hwdwyndwl dhengny (sund
Wl wnwuhy bnwlwl): 7id gunh wungn rsymd ¢ mdwsuap: "wnpqu-
gl nidwiwhmd suwnn nidp hwdbdwinymd ¢ quuuwtwyh wowdqu-
Quinppuul nudh haun (04, 2.2): Unwdquiuwinippulb mdp Ynnpnhlwinhg
(nbnpdwghwih swihhg) Ywiugwo t qéwhl oplpny Fy = ~kx, npmud Oh-
Gnw Gwilip gnug t nwhu ndh L nbdnpdwghwih nnnnupgnuinh huwlpuw-
nwy (hubgnd thwunp, hul £-0 niuy quuywiwyh hwdwp bwuurwnnl t L

Ungdmud t quuywliwyh gmpuvine e b

Midwgunhny unbth t swhty ng dhuyl moh dbompnilp, wrl npngty
Upws ey Gp (GY. 2.2). —

F=-F, (89) "\;‘_‘1 ‘

Uh pulh mdwsuhtph dhengny = %1
Yunbith gnug wwy, N xdting Ehpwnly |~ '
yrud B0 Yblpnnplbnh @rukwndwo qre- v ¥,
Quhbowqdh lpulndnl: Ppng, dwpdhtp ‘_'.;_'. ’ ha F:
4qm bpbp ndwzwhtph gnigdnuGplt- ~>~ /{sﬁ%
P Lo wlil unheudnd (04 23) - ) QDT T
nbih t hwdnqyby, np hwywuwnwlene- 4 ) 4 A
PRl dhéwinud w22 w23
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F=F +F +2FFcosa:

Mo suahwl nhGwdhly Gnwwlgh hhigmd pllywd t
F.oF=a,/q, (8.10)

wnbyrpimbp. npp bpynt wvwppen nidbph me Gpwlg wqnbgnippudp dhi-
GG JwindGh unwguid wwgwgnuitbnh ury t: ShunbLwiny hupnlh F.
ndh wqnbgnippudp dwulhiyh wnwgwd o wpwaqwgnudp L swihbing wo-
hwjun £, nudh hwnnpnwd a, wpwqugnidp, Yuunwbwlp F; :

4. Jupidwh Jhurjopbiph hudulupgbp: Upuwinplnh dhouquipl
huwkulipungrud (UU ) quibqyuwdp. Bnluupmipymibp L dwdwbwyp swhymd
&0 hwdwwwunwuluwbwewn yngnwd Joun L Juynipwo Shwynpbbpny.

(ml=4g [rl=d [1]-¢ (8.11)

Unwlp VU< h hdowlpurl dpundnpltinG &6 dbluwihuind, npnGgny
wpunwhwpynid B0 dpruu pngnp deluwGhlpulput d6ompnGOEph dhwynn-
GinQ (wowigrwy dhuwnnpltie:

Nudh shwynpp UUL-md Greumnizs t (L), npp g qubguéeny dwnd-
GhG hunnpnnud t /ey wpwaquignid

(F1 = mlla) = 4guf = U

Uhurfnnlbph CG S hwiduwslpungred hrJlulpul dhurinp(bn 60

(ml=qg=10'lg [rl=w=10°d |1] =y (8.12)
Mudh Shwynpp wju hwiwwpgnud Yngmd t anG
Inpa=1guwiyf = 100U (8.13)

UttuwGhipwntd shwynpibph wiu ipyne hwdwwngbpp hwdwndtp bo:

§9. LBNKSNLD LAMNM OFELAC ONMULANKRSUL
atqere

1. Unuanbp kppnpn opbbpp: {wpwpyh htenpghuy hwiwywpgrd bp-
Yy dwpihGlbnh thnfuwqnbgnuerul thnpdbpnid wnwgywd (8.3) welyme-
;nBhg B UGNy, Lyniunnlp Sluuaput) b hn bavyv onblpp.

Vwndpbltnh guiipugun wanbgrprul wduwwunnuafuuind ¢ o
Onppudp wfuraun L hwlpuouwsly ninnyuwd huipuqnbgreprb:

fwih np dwndhGlbph hnfuwqnbgmeip pwiwyuwuti plMpw-
andnud £ mdny. oquwtiny Lnunnlh Bppnnn opbiiphg. Ugntlp.

F:=ma, F,=ma,, 9.1
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nownbn Fi; U F, mdbpp pOntpwgpmud FJ

b0 OwubhYGbnh  hnfuwqnbonENLLD ™ m,
(wowehl hinbpup gnug t uwuthu. pE NN ry/ P F
Jusiihyh ypw t ghpweywd mdp. huy -7 as
brynnAng RG o dunln Umdhg twl o7

wqnned. 04.2.4): dbpehGltph hwydwn-

dunip (8.3) ynpdbwiywl wnGinppilp W24

LplnnGh htiunbpw) ubupp.
F.=-Fy (9.2)

Vw Umunlh tinnnpn opbGph pulwsdLmdG t. &yrn duwndhobbn ynyu-
wqnmd b0 Jsomepude huywuwn Jwndhbotng dhuwgbnn qoh bplautpny
Pudpuaury mennywo mdbpny

Liwnblp. np UincnnGh Bpbnnpn L Bpnnpn ontlplbing Umw wowehl
onpblpny vpynn hE-nud wuwwnqwd dhlingl hndbwiwl nwunbph
pUnhwOnwgdwl wpnmlp 60 Um wuwnswany ynnduwiaut; wnnqldud
wnrn 66 Eapwnlydly ns pE Unvuinth opblplnt wawGdhl wousdhl. uy
onGlplbnh hwdwiur dpl wdempn prulp:

LUntnnlh Bppnpn opblph mdtpp «wqnm» L «hwlpuqnn» mdoph
pwdwltip wWwpiwowywh t: Vuwy ¢ Gwl 0pwGg dhel wuunswnwiui
Ly NPnlLGp L «wwqnnny» mdp wwwndwe huy «hwluwqnnnps hbunlawbp huw-
dwptip: Oyt Nudend winwewbnd L Yepwimd B0 dhwounkwoudy Ugnmn
L hwwqnnn nudbpl MOkl UPLOMG dhqhlutpul panyep Gpb Swndhia
wqnnud b wewdquuwimput Lwd gruwydhunwghnt mdny, wupw wii Bo-
pwnyynud t GnuG pGnyph hwipuqnbgreiub nudh:

2 Poprmgnlgaiprut dbkpp UwpdhGUBRD Ywnen B0 thofuugnty wo-
dhewlwnnbo (Unbuwyunh. hudwl dhengny) Gwid hbewynnnepul Ynus:
wiwdwl dwiwlwlwyhg wurnibpwgmitanh, hemuynprppul Ypw
dwndhOlbRh prynn hnfuusgnbgrpm GOGENG hpwlpulugydmd 60 dunntnfu
Wi nwpuntpny. Jwpdh0l hp rowwwunnn wnwdmpput die unbndnid
t npnawh nudwihG nuwwn. nnt ¢ wqnned ¢ hpeinud wsnwynpywéd JwpdGh
ynw: Ml opyunhy nbwmpinlb t. npnd thnuwanbgmemGitpp hw-
Annnyntd B Jwynindmd (pyup Lwpwddwi ¢ = 3-10° 3y wpwqruppudp:
g, Onybhuwy. Ywpnn t gnpnueynl mottw) hopGnipnyt wolwiu hpbt
apgenn BwndhUGbphg UnwhuhG t. ophGwly. tbyunpwiwqbuiulws nwp-
inp: <wnnpnnn uputh wipwunnidhg hiun awaunp gh YbpwGnud, wy uvwe-
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pwéybiny. punmihstEpnd gngemid ¢t hwidwuwgruuwuuwt hnhnfuwlput
hnuwGplbn:

2w pwgwnpdwy nwuwnwny vwpwdnipint: Swpwonebp 1gws t
nwawnbnny

Lrxpp L quwaunp Doplupugbmd bl durntnpuigh gnpuoling:

UwndhGltnh ynGunnwyunwinl ihntuwgnbgniprudpe wwdwowydnndwe
2w, wewdquiywinip)wlb, 860wl L wy mdtpp Ywn dwiwlbuwyltnhg
Jwpnne hwdwn bnby 60 ungnpwwo L hwdwnyt) 60 wwpq m hwulwOwh
tioyunpwuwl, swglhuuywl, gpwypunwghnt ndepp, npnGg gnymuenilp
dwpnyniginibp uyuty ¢ ghuwlgti wybih i dwdwbwlyitpmd, phlwiyt
60 npwitiu funphpawynp L wihwuwGwih: Wn ¢t wwwnswnep, np dqunby b
nwuwihG thnfuwqntgnipnlbang hwbgbglty dwndhGlGah Ynburwlnur-
G hnluwqnbgnipiniGlbnht: Ppwlwind npnggnGp hwlwoewyl t. Udbh
wwnq b hhdOwywl B pwpuwuhl iinfuuqnbgngym Giong. hay Ynbunwy-
nwihG hnhuwqnbgnuambbanp awwn wybih pwnn BG: Yonehbbbnu, hizwbu
{wl phshwyw, dnibynt(wihG, JuwlwihG L wy nudbpp, npnGg hwlnhwnud
t dwpnl weonu Yubpnd, hwigbgynid 6O hounbaug hhdbwywi dhntuwg-
NEENRMLLLUBNNG. grudfumughnk G blunpuspruy L ndtn.

QpwyhuiwghnG nfuwqnigniemitng gnpdnud &0 prinp Swpdhllb-
ph dhel wowlg pwguwempuil. huy tEYnpw-prixp thgpwynnywd L (bu-
b Yngdnn pbpL duuthybtnh dhel: Un Bpyne thnfuwgnbgnupn bna ni-
a0 gnponnMLpaUl nEuuywinpel wiuwhdwb 66 wawyhn L GYuwqnid
b0 hbpwynpripjwl pwewynunil hwwawpd hwdbdwunwlwi ontlpny
(Lnwinhy nwanbng) Un wwwnéweny pninp dwynnubmyhy Bplnyelbng
wwpwbwynpyws 50 w)n dnfurugqnbgniemGepny:

Nugtn ynfuwqnbgnienibibnt wihwdtdwun hqnp 60, pwg qnpénud
50 dhypnwluwphaud L ponipwgnynid 66 grndmmput ~10™ ud Ywpgh
wowydhnny: Un wwwndwnend dwypnuynwhy btplgpbtipnudd nplt  Gep-
aprd gnubb0 L nwuplpwgh henwquw wpwnnwipnid Unwlp pOUNRMIG
$60 wnlyh

3. BtL Gwd prynp thnfuwgnbgnieINLibpp twnwoynid bO YEpew-
ynn wpwgnipjwdp. vwyw)t Grunnlwt douwGhyush hhipnd pOywd t
wibpwnpuihl ynfuunbgrupmGibph qunuafxunp: " hbwlnd t pb-
Gruql wit duuunhg, np dinfuwqnbgnpmuGitnh puwiwywlwl pGnigwghnpp
nudp, Ywhuywé t i wwhhG dwndhitph dhnfuwnwnd nhpphg L hwpw-
papwlwi wpwgnientihg. "w Gawlwynd t. np dh SwpdGh nhpgh Yud
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wowgmprul thinfuregniGp dnu dwndhGp qanud t wlipwnennbl' hp
Jrw wannn nudh thndhinfudwo dhengnd Prwlubnud thajuwaqnbgmuemOit-
nh nwpwodwi Yapgwynp wpwamewt wwwndwneny nhngh 624w thagn-
furupp Jwpdhp wnna t agua niwgnudny. nnp bwnnn t ponty Lenuwn-
i by onblph fuwfuundwip. hgnip Babne dwulhyltp hnfuwqnmd &G
nownhg Pwydwywlwswd htowgywd 1 L 2 nhppipmd LincnGh Gppnpn
onbGphl pwwpwnnn nidtpny (0Y.2.5) Bpt | nhnphg Jwulhyt wpwg unt-
qwdniutiop 1 nhnpp. www nnnp dwidwlbwy dwulhyltnp 1" U 2 Younbpmd
whnhwgntit Gwhunpn nhpehl hwdwwwuwupuwbnn matpny, npnbp nian-
Jwd ¢60 Gnn nhnppnud JwulhyGtpp dhwgtnn gdh bnLuwiieny. Cunhwimw-
wou. BRG UnLunwlunwihl hntuwqnbgripttpnad Lpnwnnh bpnnpn o-
nslpo $ntlh pwgwrnuRLl, nwunwhl thnfuwgnbgnpm GObRNUS wihmw-
dtan t hwuh welb) htunlyw(p BEL wiwnd dwulhltbph gauwyhuwghnl
L iqnGaut tnhuwanbgniemlibph hw- -,
dwn &hin t Uyunnlh Gppnpn ontilipp. R AL
uwlwio wohdwuwn t wilt Ghpwet| nwwn- )
dwuhy nfuwanbgnipprul onwymad: ' .
UninnGh Bppnpn opblpp whuun- !

gnad t Owl Bpyne 2wndynn (hgpwynp- : BN
yuwd dwuhyltnh thnfuwqnbgmpmul hu- Fi: Fa
dwn, hpnp, dEnpehGUbnpu dinfuwqnntd B0 . :
tisywpwwd L dwqbhuwlwl

Fi:=qE +qnB), Fi=qE+qn8): 93)

mdbpny. npunbn £y, By -0 4 -pn (k=1.2) dwulhih unbnéwd tiblanpudpul
nwauh (WdwdnipmniGo t L dwqthuwlws nwaunh honndyghwo, huy ¢, w -0
Gnw thgpl t L wpwanipnilp: Beb tbhuinpuwywi nwawnbpny dwuthylbph
tnhuqnbgniprul hwdwp dhain t UininnGh Bpnnnn onblpp, www dwa-
Gl thnluwqnbgnpput hwiwn wit sh hpwywbwbmd, pwoh np 0
nGOgrUG NLAtNl ninnywd 3§56 dwulhylbnp Shwglnn nuinnh plruipny:
Uniunnlh Bppnpn opbGpp uwhunymd t 0wl Swnwqupdwi nwaunng
dnuwqnnn hwdwlwngtpmd Leptnlp hinpdbwlwinpel grug t vy, np
Swowquipdwl nw b odunywd t tutpghwmy. hdwnyuny L 862nd t gnp-
ownnnud BwnuhGtph pw Spt dh wwh dnpwlwlp nwunh dwuhl, www
Yanwgyh. np Swewquipdwl nwaunh wnpmn-dwndhip wqanid t dwnpdhG-
Gnh ypw, wrwlg Bopwnyybint YEnehtltnhu hwywqnbonuppulp (Gipw-
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npdmd t, np dwpdhlbpp (hnyhl Wwomnd B0 hpbbg Ynw plywd Swow-
qujemdp):

§10. AELUSAPUSUY UYL TUNGUUL 2UUUUrNhUC

UhGsl wydd plOwnyywéd qinpdbnp Ybopwpbponud ths  dwindhtlbph
nwlnwn 2wndndtbphl: Upwg awndnudGtph ¢hnpdbnnd gnuwbgyned bl
Gwhunpn wwnwgpwdibnprid wpwnpywé ophlwswhnemtibnhg twywd
2tnnudbtp: Ophlwy, F 2 hwpwptpmpeplp, npp Omunnut deluwihyw-
Jmd hwuwnwnneG Seontey G t. Jbé wnwagnipyntblbpny dwulhyh qwnpddwl
thnpdbpnud gniguwpbpnadd § vwpophbwy Juipp: Wt dhnpdlwywlnptt ni-
unudGwuhnys) t (hgpwynrndwd dwulhylsph wpwqwgnighsbepmd, npnt-
grud tibunnwiwt L swqGhuwiwl nwauntpny (hgehlt hwnepnnd 66 dbe
wpuwqniptLobn: Onwywol wpwqwgnighsGepnud thgeh twiqblghwy L
Onpdw) wnpwquwgnuitbnh L hwiwwwwnwuluws nunqntenlGopny wqnm
biblnpwywt U Jwqlhuwywls ndtph  Guiijwésnippulb  hoandbwuwt
nuunLdGwubhnpnuenLbitPp wyb; GG htunbyw| wprynlbpp.

F m F m . (10”

P PR

a, (l-v:/c’)) Tem a, =——(|.y’/c2)l 7=-m,

Wuwnbn v -0 Jwulbhyh wpwgnienbG t, huy m -p Onunnlput quidbqyu-
6n: Onpp wpwgnenlbltnh atwenud (10.1) wrGimpmbiEpg wwihu G0
OruunnOput undnpwlwl F/a = m = const wnpnymlpn:

W.2.6-nud wwungindwd Ynptpp Gepluwjwgbnmd 50 (10.1) Yushuygw-
onigniblenp: Spwip gnyg L wvwihu, nn J&d wuwgrupm bobnh nbuypmd
duiGhlgh aunddwl nnnmprude hobpun huanympbbbnp vwinpbnynd
b0 punchulp nnnwhwpug manmgude hobpun hunlprupblbnhg: ur

dwywuwutuwb hGomn hwnynepintbit-
ﬂ"“v) ’ no RUnewanynud B0 dwuthUh Spirustuw-

J G m, L jwylwlpul m, Quibgyuottnny.

! <wyh weltin wnwigbOghwi U
Gnpdw| wpwgquwgnuitbph (5.10) L (S.11)
‘ pwlwdlbng, dwulhyh dpw wqnan mdp
m Y Y Ywnmn b0 bbpywpuglti wuwbu.
F~tma, ~nma,

o C + huloaunbing (10.1>-hg. Lunan b gnby




F- ™ dv nm Ve . (102)

= (l i \‘} :-(,:-)\ N 7{‘* (] _ ": /(’: )1 2 -R_
ot R0 BWulhyP Jwnddwl hsunwgdh Ynpnipaulb Jwewyhnb b wpwguw-
gnghimud” Oqunybyny bl §5 -h

v dz
VT, A—=—,
R dit
puwlwdlEnhg. (10.2)-0 YotnLwrugltOp htunlyuwy Ytipw.
d my
— =F: (10.3)
d’( l - ‘-2 P C: )

Unwglwop  abyunnhunuipl aundduwli hunjunaunmd &, npo
UmunGh Bpypnpn opbGph punhwlnwgndt t Bt wnwanpmblbnny
andnudleph hwidwn. POjwbu L Ynuunlh Bpupnpn opbGpp. (10.3)n
weng t apunt| npwjbu hnpdwnpwpwiwl hwunbnh pOnhwinwgdwl wp-
nnlp: Onpn wnwagmpmbtph nbujpnud (10.3)-p hwbgntd t OUNGrUG
nupn(h opblphl: Lywbwybiny

m
m(v) = = . p=m(v)y, (10.4)
Jl -vi/e?

b wijwitiny wyn dbonebUbpp duuiy>

W rquinhhunwwl quigyue L

umyu npwuhyhunwub Jwnddwl (10.3) F -
huwuwpnudp YUBPLWALGUEGR unynpu- e ve(v)
Lt (8.6) nnbupny: hhwnyb., wuwnbn p -0 -

duwulhyh ejwwhybunwywl hdwniuo t: /

Newwnhyhuunuwuwl wndiwl huuuwp- m(v)a

duip uinpunwebuwGp §31-md; Upnbn wy.27

Uwunblp dhwil, np h twnpEpnuemo Oyne-

wnlipl doluwlhywih, 2Guahunuipul JrawiNpund wnuquign o
Donhwlrun nbwprud sl dwulhiyh Jpw wannn nidh manmerlp (04,
20 W wwpwiwynnqwd ¢ dwuihyh tplwiwywl L (wbwluwls qui-
Qwsltnh vwppbpnpude Upwqugdwl b mdh mnampiGlbph uiwp-
£tn |hObID hbtninud t (10.3) hwywuwnduwl hbunbjuy banywrugnushg.

F-= g(m(\')v) =mvw+m(via: (10.5)
" .
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Gpyne dwulbwynn nbwpbpnud wpwgwgntdt nGh nudh manmenlp.
bpp mAlt ninqubwiwg t dwulbhlh wpwgmippulp (qubwlaut md). L tnp
qruquwhtn t Opwl (Snyuybwlpwl mdy L ws nbwpbnnud mdh L wwaquug-
Gwl Yuwp wpymd t (10.1) pwlwdlbeny: Ltp. np F L v dbdniembibph
JhllnyG wpdbplbnh ntwpnid Spiwjwiwi mdp dwulhyhl hwnnnnnadd t
wybih J66 wpwqugnd, pwb |wibwywlp:

N wunhyhunwiwi dseuwshyumd quigyuwoeht pinpny Awuwput
(8.4) hwunynieinutbnp fuwhuunynid B0: Unwagnipinihg quiqywsh Yuwiu-
Ywanippul gnuwdhyhg (04.2.6) heuinlnd t. np wpwagnieimbbnh puwywyw-
Owgwih (wjt whpnyenud ma;y -0 grPébwywinpto sh twppbinynud dwulh-
Uh GpunnGpuulb m = me0) quibqyuwéhg: {Ybpghlu rblwwhyhurwlwl sbhuw-
Ghlywymud yngynud b Awlbguinh Ywd nwnwinh quiogyuo:

§11. UtNULMYUSE NhM by 2UN U
MARMLENC
Umiinnbh Bpynpnpn opblpl wpunwhwprnnn (8.5) L awndiwl ebjwunh-
Jhunww( (10.3) hwydwuwnndbpp yhubdwunhyuiwt wnGinteynGbiph
htwn nwihu bBG.

dv dr
—_—= F . M =, (lll
" dr (r.v): v dt )
dl ' dr
my
- =F; =— (1L
dll.vl"\r’J"C:J Y dt

Upu wrGsmpmbtnp (ndnud B0 OmunnGput b et wuanyhunwipot db-
fuwGhlugnd duwulhlotnh awnddwl ftnhpGbinp. nnnbp Lupbth t pwdw-
Oty bpynt hhdowywl nuuh.

-Uwo r = () auncthwl opblpny npnty Juwlhlh Ymw wannn nict
o (mam fulnhn),
m;'mw matpny npnxby Jwulh oundvud opblgn (hwipunwnd
NGahn):

Minhn uGnph (ménudp nalt dwetdwuinhlwlwt ndywnmpinl sh Gbp-
Yupugbnud, pwlOh np wil, PwdwdwiG (11 1) L (11.1) websnpinibGbph, huw-
gbgymd t ry wOplnhwwn dnliyghwih Bpynnpn Ywpgh wéwlgruh nong-
dwGp:
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QAnpdiwlwl wewyb] Ywpbnp bpwlwynipinul nih hwywnwnd ubnh-
no. rrh Yéndwl hwdwn wbwnp t (méty nhdbnbighw) hwdwuwpmd: {w-
Gunwnd fulnhpbpmd (11.1) ontOplbng Grupwlwl You aundduili np-
Owdhywh Wbuwlpals hunfwaunm Jobn 66.

<wpnGh t, np Bppnpn ywingh nhdtntighwy hwywuwniws punhw-
Gmp (momip wwipnbwynd t Bpyne wihwju hwunwunnoobn: Gunbuw-
pwp hwlwnwnd juinph (nodwl shwpdtpripinlbt wwwhnybine hwdwn
wlhpwdtiann b nw| wndiwl Jbpwebinruy (ugnghs uvenbymgrmoitn:
Npweu winwhuhp undnpwpwn nipdnid 60 Jwulhyh nbnpd Nt wpwgm-
pmbp dwdwbwyh r = 0 wwhhl

n0)=re. v0)= v, (12

npnGp Ungdmd B0 punohul uprouinul uuphutibn

Swpplp fbnhnlbn (Mmétihu, bitiny hwnpdwpmeaut Ghwuewenidob-
phg. oguynud 60 wnpddwl Gywpwapmiput Ywd Jolunpuywl, ywd
ynnpnhliwwnwyuwt Ywd powlwl bnwlwyhg: Un nbwpntd Uimpwiaul Y-
nh wndiwl hhdbwlwl hwywuwpndGepp hwpy b GepYw)wglt) pun hw-
dwywunwuuwib snwlbwgh: (11.1), (11.1) 0 hwawunnnbl wn huwyusau-
nmdlEnG BO Yolnnmulpws nuibwilpnd

Wnnmhournuyht bnwlupd

Nnnwoyn b ynnpnhbwurnwiywt hwdwlwpgd.

mi=F.my=F nm=F, (13)

d d
—(mv)x)=F,. —(m(v)y)=F,,
dl( ) dl( ) (1131

d . 1_ 2,3,
—(m(v)2)=F.. LR Gl S S R U
5 (mE)=F, LY,
RLbrwD YnnpnhGwunwwl hwdwywpgnd.
Loy Mmd oy
m(7 - r¢’)=F,. 72(’. ®)=F,. (11.4)
Vo= ’-,:”,:c-,:"
m(v)(F - re’)«rm(v)=F, (11.4)
m(v)(270 « r@)+rom(v)=F, !
Powitpwo tnuwowymd



oF. mi=F. e-t: (119)
my=F. mo=F

’"_‘__- :F.;__'"ﬁ."_‘;;;; (11.5)
(1-vi/c) (v oef)

Anyuwd hwywuwpnudGtph we dwubpnud uigliwd bl hwdwwwuwu-
hwl wowlgpibnny dwulbhih Ypw wannn ndh pwnwnphiLGNE, nnnip

hwwnwnd uinpnud hwdwnynud B0 vy wo:
Uwonpl pbndmn onphGwyoting (muwpwlnd B0 hwywnwnd uinph

(édwi punhwtnp dspnnhuwG:

Quipdnudp Swipniprub nudmgunanut ONPALWLHWH Swlwupwnhu]
Quwihbp gnyg t uybi. Np dwipnERuG nudh nwannntd paynp Jwndhlobnt
pULOMLS BG ShLGMG g = 9.8 U'Y’ wpwawgndng: <Gunlaupwn (11.1)-p Yb-
mwdynid t yhbbdwunhlyuiywl

gx-—gn‘()ml; v=i'- (11.6)
dr dt
wrbgnpnt Gltnh0: hownbgpbiny (11.6) huwuwnmdGbnp (11.2) ulgpiw-
Yl wwpdwitnh hwqwndwdp. Yuunwinubp

v(r)=v,+gt: r(!)=ro+v°l+%gl’: (aLn

Lwiuws hwuurwnnih r, v, deuinpph Ynbypbun pGunpnepiniihg,
dwuGhyh (11.7) 2wpdnudBnp Ywnnn 66 (Mt uvwpebn. dwuGhyp Gwnm t
PwnAnWlu Ybn Ywd helt gwo mnhn qony Ywd awpdyty upwnwpnwlput
wnwinpbn hsuwqdtnny:

UnnpahOuwnuwhl tnwbwymd plGwpldnn uGnph (nddwl hwdwnp
pownnpblp NGyt Ynnpnhbwunuwipub hwdwipupgh X wewbgpg honh-
QnUWYwO. Py Y-p' unnuwdhg dop ey ibpny wibwgbu, np teundw(
Young hwidwwwwnwutuwGh Y wnwlgph . wpdtphl (G4.2.8): Cunpddwl
wyqpiwipul ww)dwootnp Yplnnlbt haunlpuy nnbupp

M0)=0, w0)=h,

v,(0)= v, =v,cosa, (11.8)

v,(0) = v, =y,sina,

huy 2wnddwl hwywuwnnudtbpp
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dv, dx av, d)' .
— =0; =—; —=-g, (11.9)
dr ode  dr & Tdr’
Uyqpiwywl wuwdwGlbph hwywedwde Yepehllbphu hbwnbgprdp unw-
thut.
vn (,)=v00 =const, v_l (.’)=vﬁb -81'
2
x()=v,, 1. y(t)=y, +v., ot -g%ﬁ (11.10)

U |ménudbtpp, npnGp Ywpbih tp 0wl vunwbuy ayunnputault (11.7)
(mémuilbpp wnnisluntiny pbundwé X L Y wowlbgelbnh Ypw, vwahu bG
dwubhyh wnpddwl uwwehs GYwpwghpp: Upnwgubing 2wpddwl (11.10)
opblphg dwiwlwyp, Yunwlwlp hbuvuwgdh huwyunaupmdp wwnwpnih
wntiupny (LY. 2.8).

v
)’(X)=_v°"&1’ xzx’: (L
v°l 2v0:

Shqhywipul hwywwwnndbbphg unwgynn dwpbdwunhpuywl (-
onuiibng, nnwbu wono, $hqhywywi hdwuwn 66 nbEamy wwpwdtunpt-
nh vwhiwOwhwy wndpltnh whpnyenid: OphGwy. nhuwpiym wnd-
Swl hwdwp (L)1) webimpniGObpp Yhpwebih B0 dhwio dwidus-
LWlh O.tme Uhpuwwipnid, npntin fae -0 BNUNh dwlGplnyehl dwubhiyh
wiliwi wwhb t: 2Bunwqw wnpdnudp gh Ouwnwagnynud (11.10) jrudnudOb-
nay, pwh np dwitinnuyph htwn pwiudwl wwhht dwulhyp Bopwniyrd t
Y, (nwgnighs matph. npnlp huayh
60 weldwéd wpddwlb (11.8)

. :-‘ | hwwuwnnudobpn:
/AN N Bofupp  woun/yugn
. i Puspdpuep Gwnbh t nanty,

Vo 8- ophtwy, (11.11) dmlyghwih ho-

|
i , uuuqmndwdp
| Yo,
) N mh «,28 (11.12)
w.2.8
Bohsph huwrnmailp G-

NN ¢ NNzt MXea) = 0 wwpwlhg. Jtngbtynd (11.11) huywuwndwl
anwlwl wpdwuanp
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oy | )
xm=m—'—tl+‘/ Yoms ) (11.13)

) 4 .ym - }'o
LuwdwipulpuG younnid Asunwgdh impvuppul xuwnunifmp yhth
Y1) PR (11.14)
£ gsina

nauntn a -U v L g JeUnnnGtinh Lwquiwd wiiyntb t hbuwwgdh ahumunydm

ybunud.
cosa=2"= -V, (I)/;\"'J. (1) + 5, (1) : (11.15)
gv '

dbpohl bpum weGyniegi0Enhg uunwlmd Blp
v /
R(’)=[Vr;. o(ve, - gt) Vv, (11.16)

Y

Lpgop han/mukn lnpalpub guranut

hgnip m quigyud L ¢ Ihgp nlbgnn dwulhiyp wbnwynpywd t X w-
owigpny ninnywé hwuwnwunni0 b Ehunnuwiuwo nwunnud: Yuwwebwp |hgeh
awndiwl opblpp ebjwunhdhunwiwl dehuwGhiwind hounlyuy uhqpiw-
L wwptwGGsph nbwpmd

qm=0. v,(0)=0. arm

8wlh nn tiEyupwywl awawnh Ynndhg dwuGhyh Ypw wqnnn ndp
mnnywé t X wewbgeny, huy ¥ L Z wewbgplbpny awndnidn pugwiwyn
t, www etjwunhyhurnwiwt ahbwihyuwsh hhibwiwl huywuwpmdp Yoo-
nnulh hbunbjuwy nbupp.

g—“mv,/,ﬂ—vf c:)=q£,=F,: (11.18)

Pwg prnltiny x hintpup L huwbgptyny wiu husjwuwnndt puun dw-
dwOwyh, hwayh welting o, - 0 uqpiwlwl wwpwon, unwwip
v F
T
\“ - \'1 C: m
nputnhg Ynpntilp wnwgqrupsnlp.
frm (11.19)

- ,/l +(Ftime)’
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Cuwndiwl uyqpltwlpwl 2newlnid, bipp
1 « mc F. hwpnwnwnp Gupbh t ginfuw-
phibp deyny: Wn nbwpuud YuunwGwGp
Gnunnlpwt ahbwdhluuh  wpryniGpp.
v=Frm- dwidwGwyh 1 » mc’F ywhbphl

- | 1(meY
v(e)zc;l-zfﬁj J (1120

N o L=
mc-F nNo gnug t wwihu, RE hig onblpny t dwu-
uy.29 Ghyh wnwamenibp dnntond (niuh ¢ w-

pwanipuip.  LY2.9%-md  wwunybnpywo
qnwdhlp OenYwruglnY t wpwgnipiwlt dwiwlwyhg Ywhudwsnipndbp,
nauntnhg wwpqnnn? bnlnud £, np (Aguh wpwgnupulp dnunbbwihu dwuGh-
4h wpwonipl wép fuhun winwnmd t. pbal dwulhih Ynw wqnmd t
G hwuwnwnns nedp: Yw wwydwOwynpywé t dwuGhyh hGpunnpaul
wsny: Puwnbgptiny (11.20) -0 pun dwdwbwyh L hwayh webny x(0y=0
ulqpiwlw O wiwpdwGp, Yuunwbwlp dwubhyh awndiwb optilipn

v

x(l)=ﬂ£! V[I‘Lﬁ): -I]:

F | me J
Lywinbilg, np 1 > me F wwhtphl unwGnul bip x = oo
{hgpp budwaln yagbhuwlul gupamd

Thgnip m quibawd L ¢ (hge Unnn dwulhyp vo wwanippudp a winy
b nwy dunGnd ¢t 8 hanniyghwyny hwidwubo
dwqlhuwlywl nwaung: NNl dwulhih awnd-
owl opblpn: NUwGnio ynnpnplwuwnwihl hw-
Jwywngh Z wewiGgpp mnnblp B8-nY  B8(0.0.8),
wibwbu, v, wpwgmenol pbywd |hoh XZ
hwnpoeul dbe (G4.2.10); Cwndiwl uyqpiwywl
WwipdwGobpl wyn nbwypnd Whibo
,=vesing, v, =0, v, =vycosa: (11.21)
Y Lwiu nhuwnyttp 2wpdrmdp Grunnbprul
dapuwihywih pewlwyitprid: Cwpddwl hww-
uwnnudp

o




m%=q[w8]. (1.22)

pOunnywd YnnpnhGwuinwht hwiwupgred mGh hbunLpw) ntupn.
dv, _gB & LU (11.23)
dt — m ' dr m dr

Upunnwpubiny wewehl Gpynt hwywuwpnudbphg v, -0, uunwOwGp
¥, +@jv, =0, npubn wy = g8 m L yngmid t |hgph aignuymbughl hudsur
funeprnG: <wpgh winbbiny (11.21) uhqpiowlut wwpdwbbng, (11.23) hwyw-
vwpmuitbph (oM ip Yuuwlwbp hsunbyw) untiupny

V, =V, COSI v ==V, SIN@L v, =V ! (11.24)

Pawnbgntny wnwgmeimUGERL punn dwdwbwyh, YuuwOwGp Jusuih-

Yh 2wnddwb ontlpp

x(t)=Rsinw,t; y(1)=R(coswg-1); z=v,1. (1125)
npuntin R - Unsdnud b ghlgnunntuh awounifn
R:vo' =£v°' : (1126)
w, 4B

UwuGhyp dwalhuwuuwi nwinhl ninnwhwpug hwppnuepul db9 Yw-
nwpnud bt w, hwswiuneuwdp pewGwgéwihi awndmd: Crowlwadh w-
nwyhnp nipdnad t (11.26) pwbwdlny: Vwqlhuwywl nwaunh bplpulpny
thgep 2wndnud t hwywuwnpwguwid - Upnyniiwpwn 2wndmop Guunwndmd t
wwprpwagony (0y. 2.10):

Lwuintibp, nn dwqlhuwwl nwiunp Ynpwglbing hnblh manuhwwg
mannEjudp Gwulhyh wndnidp. wothmpbnju t eANGNY OPwWw wWwgMPRD
dGOmpmip: W Luntih ¢t gnuyg nwy, (1122) hwduwuwpnudp sy Wauqw-
nApGO pwiqiwuwnytiny.

my = =
dt 2 i
Npunbnhg unwlnud Bl v = const: Uw 8hawn t Lwl pbjwuinyhunnwuwt b
Gwdhlaumid. pwGh nnp uwwnnnbt pwadwwwunigsiny dpldr = g{vB) huyw-
uwpnudp p -ny. Gnphg YUUNWGWGp
mv(vB)

”
Pa ™2 ar Bl T e



Nipbd0. JwqOhuwywl nuunind awpdymn (hgeh huswp pbiwunhyhu-
nwlwl wndiwl hwywuwndwl 3B wpdwuing Ywpbth t nnuipu popty nh-
$onbtgiwl Gawbh vwyhg.

SEL .

e et dr

bpt dwulhyp wpdymd t dwqlhuwlwl nwaunhl manwhwaug hwp-

pappul 059, www Ytnghl hwywuwndwl hhdwl Ynw hboan t gnuyg v,
np wjl Onphg Yuwnwipmud t 2newlwqdwihl awndnid

_‘L”_J‘_’J._\.z,cr (11.27)

m(v) m
hwswiunipiwdp, nnp nwuwiwl hwdwbdwb JEémpmbhg tupptpynud t
Swuthyh ebjwnhpunwuwi quigqwony: (11.27) Yutudwdnipmibp hwu-
wwumfti b onwlpwdl wpwawgnghstbnnd (hgebph wnwaqugiwl hnp-
atpmd: Nbjwwnhyhunwiput swubhyh ghiy nuinpnGwihG awewypnp Yupyh
R=L .. P (11.28)
w, ¢BJl-vi. ¢ 4B
pwiwdbny: Up pwlwdlp prp ¢t vwihu dwuGhyh ghlprunpnbuhl aw-
cumh sunhiwi dhengnd hmuwibnpbl npngty Upw etunhyunwiawl
huyra|up:

Cupdnp Jménighly upparJmmnk

Uwérughy hbnniynud zwndynn dwuhh pw wqnmd t pwg ahdws
ndp: U ennywé t wnpddwlp hwiwnwy L wwnqwagnyl nbwpmd qunw-
G dwpith hwdwp wpunwhwpenymd ¢ Urnpuh

F=-kv, k =6mnR (11.29)

pwiwdlny. npnd R 0 qinhyh 2wowdhnG t. n -0 henmugh Swomnighlrupprul
anmndwyhgp:
Gnnuynud ninwdha plytnn qlnhlh awndiwl hwywuwpns Whoh'

w =

m?zmg&yt (11.30)
t
Blpwnpbiny 10) = 0 L huwnbantiny Yonehlu, Yuunuwbwlp
4 ¢
. _mg lee = |t (L3
v(r) . l e J

' Unphdbapwl wnuwdnnn mdt winbuwd t
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Mg, gnhyh wpwgnian0l wand t tpuwnGbGuwuht opblpny L wnwq
Snunblntd uwhdw Gwiht wpdepht’
ve=mg ik ¢ (11.32)
Shuw(uwinnbl vwhdwlwhl (11.32) wpwanippulde hwywuwpww
2wndnudp hwunwnygnid b wpdmdl uubimig wiytpe 066 dwdwowl hb-
wnn: Vwlpupl gnpoGwywnud

r:—-:—:zp-— (11.33)
9 n

dwidwlwy wig qunhyh wmwgnembn A

Lwnbih t hwiwpb) Ywnbwgws: 2one- v

pwanuiwl cwdwlwyh (1133) pw- .

Gwdlnd p-G Omph el b Qp- VT T T T T ——" T
gophOnud (n = 14 Qud) R = 0w |

punnny WnnuwuL gunh hwdwn (o = !

squy) unwomd tLp t = 0,13y Ur a
uhlpl’  gqnpotiwluwlmyd  wnwanipjwl T
Yuymbwgnidg wbnh t nlBond pwyw- w.2.11
wiwgunh wpwg W 2.11-md gpw-

dhyp wpuwhwpnmd b wpwgnipaul (11.31) Ywhuwdngmip, npunbnhg
wwnannng Bplmd t wpwanieaul Yuim iwgdwl piewgpo:
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QLNbN LI

2Urufreruyuunihesuy UUQRNh LR

UbuwOhiuwlwG bpunyetbph nuntdGwubprpiniip wowydd Yuiuwu-
by 50p bw2qwnyh Oyt hutnghwy hwdwwpgmud: Uwiul ShuGma bpl-
nupo Lwnbih t nusnudbwuhpt) Shiputg OYwundwidpe manwghd L wyuaa-
pwiwh wndymn pwqdwphy <P<Enhg ninwpwGyniph Blwndudp:
Plwywlwpwn hwpg t dwamd dhunntuw Y 60 wnnmp phewird pore-
AU Bplypltinn uwnpbn <hE-Epmd U s uny qraeael nelh dhllnegt
tnlnyeh Jbpwpsnry viwnptn <KPS-Gpm U wwgfwo optilpbbnh b huafur
wpditnh dppl: U hungtinh wwunwupuwOp vahu t Awnwptnu-
lpulrepputs pgemGpp. nph 20nphy <h<-tipp hghuynid dbop b pbinty
pwgwehy Ywplnp Gawbwympnile

Twpqbilp hwpwpbnwywinewl vyqentoph prywinuwnemop:

§12. 2UMUREMUYULN R RIUL CURZINUA R 2UUYUSNRRSNINLEG:
QtquUefivNbhRBUL AU UQLY LN

UbluwGhwynd hwpwpbpwipbnippuwi uyqpeniGpe dluibnuty t Qu-
G L Ypned ¢ Opuw wOnbp: Wo wbnnud t.

U Oplpur s bl jplting dpuunbuwly 66 poewlmd unwpptn h<-
apnud:

Uw Gawlwlynid t. np oy < (urwmdnn JbpauGhipuipul popdh
wrnplbnh hWwuil ymw hwupwynn st wpnqly ™ undtfrud ¢ uyl, pt
Qnid ¢ nwnwph Yrawlmd Upbquilsuinnnt hupduwnlgh hwdudpungh
(ad wy <) Gundundp: U dwunnp awpwnnydweé t Quitytih ynndhg
hBunlyw| Yoy,

«Unwdbwgbip nplt Juinkippdh hbuwr J66 bundh urwfumnwlpndwoh vy
LOnundwly ubOpuymd L Gtipu prntp wiintn Swisln, pietottn L Gowl
ug dun posmn dhounnlitin: By wiwtn (hGh gpmy Jbd wlne, nprd (n-
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nd B0 Q4Ghyotn: Unwuwnunhg nmy uivbp wiulbu, np onno Gpuing
ey we Ywely pur/rdh hunwyhl npdud wineh Gtn ulgeny Gopu:
Ruoh nbe ol wipupd Wwlglwd ¢, npwnpn Mnlbip, pb Msubu vwin
pOIN UAIDEND dhunntiuuly Yansbl LGl uunpen manmpotny.:
aPobng, pisubu unbulbp. winwnebn Ymwl prynn manmie G-
P Proynn Gueyobnp Loyttt Gepplmd apdwd wonph Gan wigphg
atpu: Wouintymy 0bn dubpdhi nlt pin, 8bqUhg ubih aPq th wwhwipdh
wi Gntyre Jh manmgaude, pwl wy mnnmppude, GeE fnp tbunimd ¢
Onupl hoowdnpmppul ypw: <pdbny Bplrn mnpny, nme Yunnwptp dpl-
GG hoourdnpmppul guanyy” wolpupu hpdwl manmiamipg: Uwinuwqht
nownbbp wp prynphl, pEL ns np sh undpuond, np pwlh nbin undl wi-
aund ¢, uypn wdbop ubinp t phewiw htog wpmutiu: Uunwytip wyokd udho
2wnly undwpsywl wpwgmgpudp. BpE pwndmdp hwyunupwgunh t,
weudg BndniJobinh, wuw Gpgwo prynn bpln@obnmd nrup sbp unour
P OrugGhuy s0spG hpnfurgyrul b Opwighg rg Joyh dpengny sbp -
N wwnqly Jwndynid ¢ Gudp, G wlqlusd t hp wnbinmds

Quihb)h Gywpwgpwsd wiu ophbwle wwnqnpn (Nuwpewbnd t bw-
pwpbnwywinpaul uygeniiph hhibwywl trignibp: Beb Liwppbn AN
tnmd Guwl hnpdwubGpuytn. nnnbghg jnunwpwiynnp Yuhwynpyweé t
tbluwihywlwl Bpunye grantim L nundGwuhpbint vwppbpny, www
Opwignud hawvnwqnunnlbpp Ywnnn B0 winwlbwy hpbibg MLKGnho hus-
duagpunuwituwnn dshuwbhyuwih optlplont nu hwuywuwnnudobng: Upnynp
hwdpOyon ™y &6 wyn opblpGEnlt nu hwywuwpmdlepp, pE PLPWRWiYMN
Q< mbh ppbl hwuny, §nwultphg vwpptnygnn dspuwGhyw: Quabp
hwnwpbpwywinpwl vypgermOpe winmd t, np AMEbph dhiutg Gl
dwdp ninnwghd hwywuwpwjwd awndmdng nplt Yopw sh Ywpan wqnty
Onwog hendwublruyttpmd plpwgnn JEwOhiwUwl BpLelbph ol
pwgeh Unw L. htunlawpuwn. dh <hEh apuly’s prpduntumd Guworng
Ywo Jbtuwhiput shon ¢ Jowgus prynn h<Enph hwdwn: Uw Gop hww
LuOmd, Bpp wund BOp™ prynn JEPuwilpunaul Bpbrgelbing dhunntuuy
b0 plpwind uxunpbn <P<S-bnmd:

2. U wwnquipwibip dby wy Ywplnp hwng: Ihgnip uiunwonpuul
hOg-np dwund gpaeyws t nnut dbluwOhywuwt Gpumue (ophGwly, dwulhy

' «Qw» prndwUBlALY WUBiNY WwEWP ¢t hwuwlw) hnpdwublauy. Ppmd nium dauupn
YU G Shul GBrunid gngoaywo Hhqhlwlail SpLnEGong «Pwge 3w ut it -
nB(h ¢ Munidliwupnt; Upwihg nninu inhpnyebtnad gnaoywé Shahlwwl Bpln elbng
(-]



t Gouwd). O muunidbwuhpaud B0 vupptn Ah<-bph «puugn hinnduwubl-
alienhg: Upnynp hwdplGlyons 60 Gpwbg muundwuhnnipiwl wplp-
Uepp: BY BRb Ny, www h’0 Luny Yw Bwlg dhel: A<-bph hwywuwpuw-
qrnnpruGp hwéwifu inpynud & nEunlgw) vuwy deLUowpwlneimop. henl
Sbhuwhywywl Bnunupp Gl wnbuplh mGh vnupptn A<-tiphg nhunnn GG-
ph hwdwn: w dphpun st quwgph htwn Yuwwe <N<-mud ninnwiéahg poyinn
dwpdhtp wwnwpenwywb hounwgdny t wndymd Ywewdwunggh hbun
Ywulwo G<-h OQundwdp. pwih np wquwn wiynd Ywumwnnn dwndGh
aundiws opblpp Ywiugwd t wndiwl uyqpiwlwl upupdwbotnhg (Lh'u
§11): Qhwgph GYwuwndwip wowig uyqplwywl wpwamppulG pGYoMN dwn-
dhlp gwewidwunniygh OQwundwdp nbh qhwgpeh wnwgqipwip hwywuwn
wyqpbwwl wpwgneynt: NipEdlt twpptp AN-Gph Llwundwdp dwuGhyh
nuy wndnidp plnipwanynad b uwpptn uigpiwlwl wwwlbepny L,
nenGwpwn. Opwbg Ghwwndwdp Jhllnyl wbupp” hbuwughdt MmObLuy gh
Lwnm.

Swnpbn <h<-bpmd Jwulplh pwnddwl r = ey opblplEPs hwnhg
vnpenynud 60 qPOwut uppiuGiGnny. oy wyqriusipul uppuwGos-
nhg whlpufy opbilipbbinn. onhlury” awndusl nhdbpbioghuy hunjuraunr s
onp ubunp t mlbGwl dhbinl dwpbduunplpulpu uintpn.

Apgnip dwulhyh wnddwip htunlndd Blp K L K ¢h4-bphg, npnbghg
K-U awlpwnd t». huy K-p qunpdymd t » wpwaonepudp: Uoswhg panhwl-
peeplp Puwhunbint, Ywpbih t K U K-h wowlgpobnG plunpby ShopuGg
qnuaquhbio wiugau, np X L X' wowigpitnG motows hupwpbnwipul pund-
Gwl g bp (OY. 3.1)

UwuGhyh wpdnudp K hwiwlwpgh Guwundwde Yolumuwgmh v
Mwdwdwdwiwyuyhl

e, (121) 'K ‘y
' : M
huy K'-nud e
e (122) s - ,T': -7 I
e - }
UnpahGwwnGbpny. npunbin L S |—T: e '
t0 KUK’ hwdwlwnabnh dw- R SR 3
::mnwnh gngdnuligllint  § /,/ a‘/)/ A\
- MunudCwuhnbiny dwubh- 0o o 0 \

W vy wpdnudp, K L K '



a<-bph heunwgnuinnGenp guunwlwl wpddwl optlpltnt M hwywuw-
AMLdGENE: wie npnzwyh Ywwtn 60 wdwwwwnwuhuwb <4 uwnw-
Owdwiwiwywht yrnanhbwwnlbph U Gpwig dwiwiwywiht wowbg-
Gtiph dhel
K-md  f(r.r.r1)=0, (123
K-md f'(rF.F0)=0: (124)
P°03 Yuwy Yuw wiu $nibughnbus wrbsmpruGGbnh dhet:
PLwlwl t K L K <h< -tph (12.1) L (12.2) YnnpohGwwinGbph dhel
wownp t gnmupynul nLbGwlb npnwyh Ywwbn

x=x(x ), r=z(xer)]

» K> K', (12.5)
y=y(xnz),  r=(xyl ),
1
“=x'(x.y.2.0). =2 (wyza) L,
X' =x'(x.y.2.0) z(t)z)?.A K (126
y =y (xy.21). =1 (x,y.2.0)

Upwlp ynsymid 60 wnwpuwowatudwiuipuh gnnpnhbunnlbnh ol
Yryuriemn 668N, npnlg pwowhuwpn wnbiupp Gwpbih t uunwlGuy dhwl vw-
Pwonpl L dwiwlwyh Jonwpbnuy npnzwih wwinlanwgrudbbnh hh-
twl Ynw: Wn wwuinytnwgndGbng duwynpymd bG Gnphg npdhg uuvwug-
ynn i Gsph hdwo Ypw L dhqhlpuprid moka uplnp Owbwynipino:

<wpwpebpwiwompuub wapnilpep winmd t. nn dauwihipu hunjw
wupndOtinG e optlpGERn ubunp t gnywnhwiun (Hoba (12.5), (12.6) dbw
yrfungyn 60Enh Oluwndudp. wishlpl wnbnuinpbiny K-h (12.3) onblpnud
ALwihniunueaul (12.5) pwlwdltnp. wbup t uwnwlwlp K'-h (12.4) 2wnd-
owl onblpp Ywd hwywuwpnudp L pOnhwlwnwlg (12.6) dlurhnfur ey (-
Ubno (12.4) hwdwuwpdwlp wewnp t pantl (12.3) tnbuphl: Un wwwnsweny
(12.5-p Yngdnid t K — K'. huy (12.6>-p K — K wigiwl dluwhnpuntppul
pwoOwalbn:

Lywuwnblp, np tpb (12.3) L (124)p wpdiwl optbglbn 60, www
Opwlp hpwnhg Yuwppopybt pwndiwl uyqpiwywl wwidwiibpny: Cpt
2wnddwl uyqplwywl wwdwtobphg wiluiu ontGplbn bil, hGguhuhp bl
2wndiwl hwywuwpmdisnp. www onwip YuwppbndbG Shwiil GpuwGng.
nn 06U Ywpunwhwpndh aunphiudws. huy dmwp saonhiudwd ynnpnh-
GwunGbnny:

(9]



Rt Yrnpnhlunnlnh SLurpnfuripymlbnn wixhrpnty 60 prnimd
hwfunaunmJdobnp. www wumd 66 np hwduraunm Joonpi hoywniwown b6
wm dLunpnfur g 606NN Gywndundwp:

Nunbdo. hwpwpebpwywonpws uyqenlpp wwhwbemd t, np JoAwwih
g onblpLbnG M hufwuwwpmidobng ndwpfuwlu (hGEG Ynnpapburs
b (12.5), (12.6) dbunpnfurn gy GEnh Glyunendwdp:

§13. QULPLBSP At UONARRENNLLENT

1. Supménprnb b dufwbuih pagupdubnipmeba: Uwinnuynwhy
twndhbnh nwinwn wndmdtbpht Ybpwetpnn thnpdbpg dlauynpty b
PO ppLG b udwiwlyh pugupdwlnprul wwanbmugrdp: Swnw-
onpaul pwgwpdwyniginilp blpwnpnud t nplt bpyne Wbuwnbiph dhel. hbmw-
JnpupiuiG (Uwd np GnyGlo ¢ JwpdGh qQdwihG gudrtph), huy dwdwliwyh
pwowndwympinily wnngtulbnh wilnnmipaul ShLOnyGp (hOGIe LwpeGn
hwywnyh hwdwywpqtnnud: )

Ihgnp hwdunyh K' hwdw-  § g K \ 1ay=a
Gupap wndynid t K- Lywun-
dwdp v wpwgnipwie. Nplt dnnh
apywpLENlp Opw Owjnwiytnbph
wowyhn—Jtlpnntoph  vwnpt-
pruppnlG ¢ (OY. 3.2): SSunlwewn,

LWPWOTHRRUG pusguindurlyrupinip -
dwpbdunnpynpbt upuwhupdh o waz2
wpabu -

rer=r-r: 13.1)

beb gnanybl t wpngtu, nph uyhqps Mu wywpung K-myd hwidwuww-
nwufuwlt bo dwdwbwyh t L ; wwhbphl, huy K'-md 1, L t; wauhbphG,
WWw cwdwOwih pusgundwympm 0p Coutuwymd ¢
bt =1t (132)
Swpwonppuut L dwiwlwyh pwgwpdwiynipulb Ybpwebppu, wiu
wwulybpwgnudlbpg bt 60 wilpwt undnpwywo, nn hwdwpyty B0 «hip-
0O hwuluibwgh» L GngGhuy hwnmy 3G pwGwebyty: Uwywyt npwip pt-
o b0 Rwuwyws Sohuwhywih JnPwpwGgnn pwOwdlh bhipnud: Oph-
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Owy. oqunytiny 043.2-md wwwniinwd Yayunnpuiwt bewolyniGitphg,
Quwpnn GOp qnby
(AT AN A N AR O (13.3)

npuntn 7, -0 K L K hwdwlwpgbinh uyqpwituntnh hwnwpbpwiws nhppg
panpwgpnn wnwiydhn-ytyunnt t: Unwgdwd wnbynipmaObnb hpwnphg
hwOtiiny, Yuurwbwlp nwpwonel pwgwndwlmpulb (13.1) wwpdwip:

Swmuruppul b dwdwhwlyh puwguipdwiynippul wp aumpwnmpwlbpnd
blp s60p upuulpty hupdwny K L K™ hudwlpungbnh habnghugy g Gp.
Wo appun t hwpdwnyh qublywgund hudwiwungbiph hurdwn npnGp prwn
Dpunndundp 2undymd GG (ngung punn Yhnpn wnugr e Gobpny:

2 Qaypylyh dbwipnpnipmbbbpp: Ut oqumibiny iwnwénprul i
dwiwiruiyh pwgwndwiympimihg, wrwhuwlp dhurpmpunpaul (12.5), (12.6)
PurRdLlnh puguiupn nbupn Ununlput Jbtuwthigured: Mwdula-

ynndtbp tpyme  hwdwlwpgqtpaud

'K I S dwidwlwiyh uyhqe hwiwnpby wio
wwho, &pp K U K- b hwpwpbpw-
YwO wndiwl pbpwgpnid bpwhg O
U O uyqrbwlbubng hwdpllybnd
GO.x =x'= 0,6pp ¢ = 1’ =0, dwdwlbur
Uh pwgwndwympput (13.2) wwyw-
: \, \" Uhg wp nbwpmd Ypiuh, np houws-

w33 Qw priAN wwhbinhG K L K' hwiw-
fwnabiph  dwdwgnugling  LnGb-

6] ro

Gwl Shllmgyb gmgdndbpp.
t=1 (13.4)
qunwiuwh plewgpn dhunnbuwry t hupduntgh prynn huduwlpupgbpned:
Updd npnatilip K' —ud wlawind A pwlnGh BnwinneimOp Gudwwwi
¢ = ¢ Wwhho: K' -md wit wwpquiwbu 7' t, oy K -nud” 7 - 2, (04, 3.3): Oqu-
bl tnwipwdnipwo pwguindwyrenilhg.

r-r=r Qi r=r+r': (13.5)

&wlh np 7 -0 K’ -h inbnuapniunipinilo t ¢ dwdwGwiyed, wuyw ry = wr:
Hbpehihu L (13 .4) -h hwawedwdp (13.5) -p YplnmGh hounlyuy nbupg
r=ut'+r’. (13.6)
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113.6) L 113.4) Lpuugnn unwnuowdwdwOudpughl Ynnpnpunnotnh ouapn-
AL PURUBLONG B0 Gy uinnGpul J6fuwOaupd L ngdnid B0 Quyfygh
dbunpinfurigmGatn

Mnnwilmb  ynnpohlwwnwywl  hwdwlwpgnid  (043.3) Qwihth
dlwhntunigGObnt Moo hsunlyuy inbupp

x=x+u' y=y,z=2t=t;, K-K', (13.7
puly hwwnwnd dlushnfuniaMGiEnp
x'=x-ut' y=v. 2 =20r'=1t;, K'=-K: (13.7)

Lwiuntag, np dtwhnunipub t Bupwpyynid dhuyl K L K' hwdwlywp-
qtph hwpwpbpwywl wpddwl ninnnipjwdpe dwuthyh YnapnhGwunp (Bp-
Luwjlwywt ynnpahbwwn): Cwpddwll ninnubwiwg YnpnhwunGbng (-
(wlwl ynnpahlwuinltn) sLuahnfuntepul $60 Shpwnlyyma:

Udwgtymy (13.6)-0 puwn dwdwlwyh, huwiyh welGtynyg (13.4)-0, Yunw-
(i

v=v' +u, (13.8)
Ll
VSV U, Y =V Y =V, (139)
nnuntn
g , dr
v=— Vv =— (13.10)
dr dr’

dwuthyh wpwanienlbbnpt B0 hwiwwwunwuhiwiwpwn K U K hudw-
Yungbnnud: Uunwigywé (13.9) pwlwdlls wpunwhwpnnd b wnwgasye -
M Bipnnpupuwl g dwndwt uinGp npp Ganbwipugnd t wpwamemmo-
Gaph Sdwsahnfunipnibp Omunnpul deluwOhYumd: UswGgbing (13.6)-0
o dwdwibwyh Bpypnpn wogqud, gniGbbwbp

aza-2. (3.1
dr
2ulh nn K L K' hwdwlwpgtnp hibpghwi B0, www ¢= const, nph 20nphiy|
a=a’, (13.12)

pauntn
dv
a=—. a
dt dr'

Al



dwuihiyh wnwqwgmitbnt bo udwwwuwuuwliwpwn K L K hwdwup-
qbpud: NGOG, wrgugn i hiydwntwwbwn ¢ Quyfybph S nfun sy Gib-
mh Glpunndwdp:

Sru)g wwilip. np Myunfusnn t Gwl e Jusniyibnh hwpwpbnus
G wyumrgri Gp (Sh Swulhih wnwagrpinep dinuh Ghunnduwdp):

Ahgnip K L K hwpywpyh hwiwywpgbnnd 1L 2 dwubhyGbnt it
v.ovs Lovvs wpwgnipnGbnp <wiwdwit wpwanipnibtph grudwp-
Swo Ysyunnpwywo (13.9) ywnGh’

V=V +tu, v,=v,+u:
2 JwuGhyh Glhwundwdp 1| dwubhyh wpwgugnip Q@hoh
Av=v -y, =y -v = A
Mupbdl
Av =40y, (13.13)

wphGpl' hwpwipbpwwt wpwgnpnOp BhLOmGO ¢t prynn <<~ bpnud:

3. Uwpwgnigelp, np Yymwndh Enlnnyw onbipl wnvsuhugpnnn hurju

wundp houwinfrwlun t Quuihybph Sburprfunpr Gobh Gpundundp.
Qpblp Lynunnlh 2-pn opblpp K L K ghL-Bpmd

m® - F(ar.av); (13 14)
di
mL - F(ar.av), (13.15)

dr

&ulh np Jwulhyh GNunnlpwt quitqyuwép woywiu t 2wnddwl Yhsw-
Uhg. huy wpwqugnidp. hizwbu nbuwGp, hoywnphwiw SEoneInl ¢, wuw
Ununnth 2 -nn opblph dwlu dwup Quihitih duwhntumpmGitnh Gluwn-
dwdp hOjwphwluwn t: Gunblp, np mdp uiudwe b dniuwqnmn dwpshlob-
ph thnuwnwnd ahnphg L hwwpbpwlwl wpwgnpintihg. nnnGp Gnlwbu
poqunhwOwn deérmpmiGlbn bG: POJuwphwinn JhdmpGobphg Yuwhuywd
dmUughw Unybwbu hijwphwlwn t- NinGst, Lreuwnih Bplgnnn onblpl
wrwwhupnn hujunaunndp Quatyty-Poyunpuiut hunjuraupmed ¢:

Mwpqugnul onphtwlny grugunnbilp Junchul opblplbnh u
nhwiwnnprubn: “hgnep Jwulbhyp K'-nid Yuantupnud t wewbg uyqpiwui

! Quuhytyh Sluapnfunipry LUND LULWUNLLOR MoYuNtwOL hujuANnLd
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wnwanipjwil wqwun waynd Mwng t. K -nud dwulhyh 2wpddwl opbilpp

e __

X=x ) 2y g1 2 (13.16)
apunbn xo' b’ dBONURNLLOENE dwulhyh ulqpGwlwl ahpph Ynnpnhbwwn-
ubnh bl K'-nud: UwuGhyh nhppp =0=0 wwhpG K -md 4eGmipwgnyh Onyl x
sx). v =y Ynnprhlbwwnbepny. pwih np hwdwdw)l dbp pbwnpnippwl K L
K’ -h uyqribwytuntpp wyn wwhht hwdpbyoumd 66 Uww)io 20nphihy] K' -h
aupdiwl. dwulhyp K -h Oqwundwde ymlbow v ~ » uyqplwlwl wpw-
gl anluwpuin, wnddwb opklpp K-nud Yhoh'

x=x,+ut, y=y,-gt’/2: (1317)

AdJwn st wnigby, np Quuihibih (13.7) dlauhnfuniagmGGbpg xo = x.' y,
=y wwpwblbph hwqwrdwde (13.17) wnpddwl onblpp phipmud bG
(13.16) tnbuphl: UnyG duny (13.7) SLwihnfuntpyntGbing (13.16) hwywuww-
nmdbbnp popnud BG (13.17) wnbuph hGsugbu wwhwbenud t hwpwptinuipw-
Urupan uyqpnilpq:

§14. LACHLSk QG{UONMNRRBNRLLLIT:
LNRSUD UruanresuL AUSUMUUNKASNMLL

|. Supwénipnnd U duovwmbulh pogupdwinipnub gunlipuglmb
pojmpoiemn bbipp: Cwiwowl Quihbh hwnwpbnwywinewl uipqpms-
gh wjuwy &l Ywunwpdmn nnlt deluwGhywywo hnndny hawpwynp
£t hupnGuwptinb| wy <h<-Bnh Olwundwdp bnw awndnudp: <wng t wowew-
Gnud. AGwpwynp 3t* wpnyne win awndmdp hwnlwptint owwnhluih, toy-
nnwahbwdhywh, phahwih, YeluwpwGnppul Ywd wy plwquyweh gnp-
dbpny, pb plniprut prinn BpLNLeibNG BU dhwwnbuwy piRWGMU Lwwppbn
g pnud: dbppht hwpgunniwl nnwywt wwunwutuwGp uwby b tount-
10 (1905R.), L hwpnGh t Ry EXputyih huwmwpbpuipusln prul uqpmdp:
Qwpwpbpwywiniprut uypqemiph twmpwéondp purpaut pinp bp-
LnysGtinh Yrw hbnuihnululwt newnwnd tn dhahlrunid Uwiwil wil
Luwywo tn npnawyh ubqemGpwiht adywnnipmGtonph hown, nantg huwn-
Pwhwnpiwl hwidwp wwhwloytg twwby Jepwlwty vwpwonppul b
duwiwhwih Yapwpbinw dBn wwulbnwgnidbng: hang, beb hwnpwpbw-
WwOnprul uyqpalpp Shaun t b ELunnwiwgGhuwywl BpLNuRGbnh huwn,
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wwuw tbyunpwnhbwdhywh hhdp Ywqdnn Uwpudbih hwywuwnpmdbbpg’
wbinp t hudwphwiw (hGe0 ynnpnhbwunbbph dLwithntunerub pwbwdlbph
OQwuniwdp: Vwlwijt wiv wwhwbep sh pwywnwnynid. tet ogunymd bip
Quihbih (13.7) dwuhntumipntbbtphg. Vwpwdbih hwywuwunndbbpn hi-
Jwnphwiwn 360 Quihtih dlwdhniumnipmGbtph Glauurdwdp: Bulwpwn
J60p wwpunwynp bup hpwdwnyb twmwdntpput L dwdwiwyh pwgup-
dwymppul wunnybnwgndlibphg. npnlGg wpnrwpl B0 Quihbgh dluwuhn-
lunipnbobnp:

buy hgn” wiwwpwl hwdwnd bl Quihth dlwthnfuntemu Gitnhg.

XX nwnpnd dhqhlwih wilwhuplpwg qupqugiwl Swbwuwywphhl
hwswiu 60 pwiudb; Gnp plwquywnh hnpdOwlwi hwunbng nuwuwlud
wwunyemwgnudttnh hown: <hzbp, ophlwy. NEqpdnpah hnpdtiph wpn-
ulp hwonhuwgnn wunndh dninpwijusghl dnatih L nwuwiwb tbyunpwnp-
Owdhlwih dhel wpwewgwd hwlpuunipmbp. LWl hwywuni ey Gibng
inoynud 60 hho wwunyspwgnidobph epwbwpdwb, Gpwbg 2pewlwyGhnh
(wjbwgdwl dhengny: Gy nw |hnyhl hwuwlwih t. hhl wwinyBnpwgmdt-
ne dlwynpdwéd B0 bt Onp phwquiywep 3p0ngpynn thopdnh hhiwl
Jnw, L phwywlwpwn. Sownd wwuntpwgndbeph Gl zpewlwyltpmy
hGwmwynp st pwguunnt) Gnp PnpdGuywb grantnp:

Lwl bpwyhdwy unbinoygt tn wuntin. dhahywih hwdwn 820uwp-
nmprul Shwy suhwGhyp thnpdl t Vwpuybih bwywuupmilbng tb-
wnpwnhbwshipuwmy Guwurwrdws pwqdiwshy thnpdGwyuwh thuaanbph pin-
hwOpwgtwi wpynlbp B0, npnkghg uunwgynn hbunlmpsneGibpp  Gnphg
hnpdnid nnigywid A0wpunniemibibp 60: Wiwbu np Uwpwdtth hwyw-
vwnrdtbph 0wnunwghnuenip Yop t wulpwohg: Puy Quihybjh dlurhn-
uneNLBibng Lwpwoniepul L dwiwlwyh pwgwndwineaulb hbunlwop
b0, nnnGp, hlywbu wnnkG G2t BOR. dluwynpyti GO dwypnulwhy dwnoht-
Gbph nwlnwn wpdmdttpht Ytpwebpan thnndbph hiwwi Yow: Wby
m Ybpwlwpbwl blpwyw bl vwpwénpwl L dwiwlbwlh Ybpwptinmu
Jop wwunipwgnudotpo:

hul b0y Gnp wwunbnwgnuiGtpny ghinfuwnhbt nnwGp:

LnptOgp hwnpb| L gt b inwnwdwdwwbwluht YnnpnhGuwunbbph

¥ Apustip bEUAPWALGURULIALG BPLAYRGERN BMUPDANY WAWGYWS tNd0WlWG duv-
nanh pUnhwimugdwt wpyrilp Go. npnlp GePLGWRLGGMJ BO LNy NG onblpQ. dupwnth
tiGnnwiwqluwlpul hunmughuwin onblpe dwglhuwlwl Awanh dnpYWhl ponep L
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ayhuh dunhnfunipnibben. npnlg Ghwundwdp Uwpudbih hwywuw-
.006pa J0md 60 hewphwinn Pwih np Uwpudtith hwywuwnnudtbng
upmlwyned BG ¢ = 3-10" ud Y hwuwrwanniGp. npp (nyuh (Ywd np Gryso t
yonwiwgihuwywl wihpttph) wpwqmemit t Juymmudmd, www
1 Slahntunt i UENRD wwpntGwynd B0 ¢ hwurnwanmbp.

X -ul s leuv o , , .
0= — e ) S VIE K' > K, (14.1)
\fl-u‘ ¢ yl-u ¢
eat' o e’ ,

x= = ,y=y.z=2 K=K (142)
Jowi & Jlwd &

Un pwlGwdubng Ungdmu GO Lnnktgh dlurpinfuri sgm G0BN:

LnpbOgh Aluhnfunieulltnh hhipnud plYwd t /e wrwgneusl
undwinpput qunuwung. UphUpl (e hwyuinigh prynn husk
ngbnd wwnwoymd ¢ Onl wpwgnuepudp. Puluugtiu, pt' K — K' L pt’
twowy woguwl dluuhnfunippul pwlwdlbnp wwpmbwymnd bo Yw-
momd (mpuh vwpwédwl shLOnyl ¢ - 3.10"“udy wnwaqmppnbg ¢ = ¢

U grsang. np (nyup twipwdynd b depeuynn wpwgnpuadp, Yuwu-
9 stn hwpmgnud Grghaly dhigl Gpw hapdlwywil Swlwuwpunhny hus-
unudl me guhnudp. Moy Quihbn hinpd t wumupby suahty |nuuh w-
Qprlp: Pwyg wib, np nplt dwunbphwiwl optlunh wugerlp
1 ¢ UpLOnpp 110ty guiGlaugusd hupywnlgh hudwlpungnd, wihunw-
nth t wndnmdGEph nwuwywt pdpnbdwt hbwn: Pulpuwbu, wWoongu
ndtnp dbq ptnb| 5O wib funpp hwinqdwl. nn Bpt K —h Oluandwide u w-
qmppudp qwndynn K hwiwlwpgnid nitlp v wpwqrippuldp 2wndym
pohG, www K- Ghwuindwdp Opw wpowgniplp wbung t |Poh u+v:
WO O pynid t, pE K—nid [nuuh inwipwadwi wpwgmeOp wbwnp t (h-
¢+u, apuntn ¢ - p K' -ned (nyuh vnwnuwddwo wpwagnuen 6o t:

2 Loyuh apugnippub pogupd almgsmb wewehl (nne thendiwiuwl
fugnugn wnyb| B Uwypbyuntl m Unaipl (1887 ): Unwbp 0bd Sxunmp-
lp gnyg 1ybight (nuyuh wPwaniErG WoLWRINEMOD Wik wowpnn wh-
1nh wndiwl wnwgmemohg: Onndp uuwnyty b 0Y.3.4-md mpwghd
anenywd uwwnpny. npl wpdd yrsmd ¢ Uwyplrunth ounbpdbmuwsurh;
MO L unpninhg pOyGtiny Yhuwpuwihwlg M phpbinh Jpw, sbnpdmd t

" duwqUpuutawl Awyn Ly B0 WowQuight) hauwlGgsENs m dnpniugnn tiby-
Uil nuup
67



bpyn nfuninnuwhwpg |
L 2 Swnwquplbnh: Unw.
ohl Swowquiel wihghmy
t phRtnny, wlnpwnuwe
onid S, hwgimg, Ybnu-
nwnrGmy t Gnphg phebtn L
pOytmd D nhunwiyh Ypw
Bnupnpn AwnwquRl ux-
nnwnwelwiny S; hwiting L wigltind M phpnnd, quihu t D nhuvwy gt
pwndbiny wewpht SwrwqwReh htun L wewewglnud haunandunptig (585)
Uwnpwynndwl dbg htnwynpnipiniblent pbunpquwé bo wibwbu, np Gpgnp
Wwwndwdp wn Bpynt Swowgquwipbtng nhunwly huwulbt dhwdwdwluwy
Dpb (nuuh wpwgianlp Bopwpydnid t wpwamembotnh grudwniwd
unynpwipwl (13.9) YwinOho, www Upboquih Guundwdp wowehl Sur
ewaqwep nbwh S, hwisiht Lawnpayh c-u, huy hwiwewy nnnnuegudp ey
wnwgnLpsn6ubnpny - ounbuwpwn
l / 2cl

= - = 2

¢-u CH*+u - C -u:
Wdwl duny bpypnnn Swmuquiph wnpwgmemip Uptiquiyh GYwundwdp

Whth (Y3 4.p)c =(c’ - u)'* wybiybu nn
2¢f

-l

I+ =
I
Lhunnud BUp. np 1, L 1, dwidwlwllbpp vwnptip b0: dwdwiuwybtn

w nwinptinnppul heunluutpny Yepwnndmn wihetbph thagtnh dheb Gu
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Ruinih Gphwpnipiwl npndwl hwdwp wihpudban t uunwnt bp-
Yru surhned (wunnwhwn): K <ME-nud win wwunwhwinbbph ynnnnhiwunbb-
ng Oawlwislp x;, r, (RWUNGH dh dwipwitunh x, Ynnpnhlwwnh swihmd 4,
Wuwhhl) L x, 1; (Gmu dwipwltnnh x, YnnpphGwinh guapud £; wwhh):
Unyb wwinwhwpiteng K' Ah<-nud ynlObOw x’,.7°, L x’y1'; YnnpnhGwnlbng,
nonlp K-nid hwdwwwunwutuwG ypnpnhGwunGbph hbun Quayyuwd 66 Ln-
nboOgh (15.4) dlwhnfunie)nt GGtpny

X, -ut

-0’ ¢ -1 ¢!
.2

iﬂ. P e L (162)
\;I v ol l-u® ¢*

Cun wwhdwdwh, pwinGh bpywpnigmip K GA<S-md Opw Swinw-
Wowh x,. x, ynnprhGwuinGbph twnpbnnenlGl ¢, beb nrwlp  swiwws Bo
dhwdwidwlwy.

t=x,-x.0p0 I, ={: (16.3)
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Oquwtiiny (16.1) - (16.3+-hg. Yuunwlwip K L K' hE-bpnud pwlniy
Bnywpnt e GOERh el Yuwp

-x -ult, - 4
(c=-‘.:“|'=" x -u(t, -1)

v v = b *
l-u® ¢ JIl-ui el

npuntnhg

f=t Jl-u'fci <f,: (164i

2wih np wpdwunwunwy wpunwhwpnngegnlop dbbhg yhnpn Stémpmil
t, www K ¢ Lend pwGnbh Bpywnnipaut hwiwn unwgyh G-hg Ynge
wndtp: Uw Yngdnid t wowplpuh qouml surheph (npbogrul ynsuunnd
LnpbOgul Ynswunidp witpwl wybih dbd t. nppwl wybih wnwg t 2wne
ymd wewpluwb:

Lnnblgrul Ynsurndwl G0 blewPlydmd wownipugh gl Gripusiu
WUl jurplbinp. (WUl surflbnp Ynsunnwl J60 Blpunipgimd: "W wwn
qnpn? bpltd ¢ LnpkGgh dLwhnfumpniblbphg v'=y, 2'=2)

Unwnipugh qowht sunbinl wpls << -md npp Olpunndwidp wawnipk
wlpund & yngydrud t wowpiph vepuwlpul Gpigupngeiesd. Ophiwy, o
wwnyuwéd ophluynud puwinGh ubuhwwt bplwpmpln G -0 t:

Uil Bpigusnns gy O wiowplpuh weundbuwqnuh Bpipupn el t

Eduyunh hwidwymiwGh plhwnydws uywunwyny vuwwbp (16.4)-¢

oguwgnnébyny (15.15) dlwhnfunippaul pwbuwdlbing.

XX ru(ty-) Lo+u(ty-n)

Jl-u’ c’ Jl-u"c’

Lwih np junhnudp dhwdwidwbwy t K -h Ghwumdwip, www wil ohw
dwiwGwy sh |hth K'-h bhwwndwdp: Uy wwuindweny (16.5}-nd ¢; -1 =0
Apwlnud Ywnbih t hwdnqyt), ogudtiny (16.2)-hg

-1, —u(x -x:)/c" B ufl/c?

Ji-u NS

Upantn oqunytighlp K -nud Bnlwpnipwt sushiwb (16.3) wpwpdwihg
Stnwnpting (16.6)-p (16 5}-md. LunwOwlp (NPBOgUL YnSwuSW (16.4)
pwlwdLp:

1. Junfwbwh pubpundwb LPb§unp: U pllinpuul wolblp duwhw
oulgh hwpwpbpuwipulmprut hwngp. hgnip K' hwdwwngntd wiwne
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(ruuh wnenuee Shwgytg o L wlownyty bt wwhbphl: W wwunwhwp-
eph UnnpnhlwunnGtnp K L K <hE-Enmud Gowlbwigelp hwiwwwunwuiuus-
twpwn (x.6). (xp.r:) W (ae) (x303) RwOh np K- (nguh wnpjnepg
qunlyt) b nwnwnh yhdwymd, wuw
X' =xi,or, =0 (16.7)

nput 1o -0 (NUUh winwpdwl LN e t K hwdwywpgnud:

gl Ly 60wyl hwpywplh hwdwirupgred nph Gl
dundp wnngu @nqrmp quiiymed ¢ nwnuinh Yhawlymd gnsdmd ¢ wnngbuh
umupul kgt ud ubwlpul duwduwbury Nanbda, -0 (rupsh
unpmph Swowgqwiedwl ubthwiwl dwdwlwlo t: W npnbGp wnpmuph
Swowquipdwl wnunemip K <h-nd Ogqunybiny LnpbGgh  dlusnhn-
N lObRhg

11 v u(x -x,’)/t:

‘ﬂ-u’ [

L hwadh weltiny wpuuntin (16 7). uunnwGwbp

r= Ly, (16.8)
l-u® ¢

Mupbldl. wrngbiuh wdbludpund Gyl Vil rudwiull
¢ wpuwnih guiywgwd wy hwiwlwpgnid wjb mbh wabih bplwn wun-
npl: Yw dwdwlwlph nuionundwi ¢ pbland ¢ npg dwdwlwyh hwnw-
popwywinpaul hhdbwywl wpnwhwpnneinuil t objunhy hunuwipul
dohuwlhlwynd: UjG gnug t uwihu, np 2wndynn dwiwgnyglbng shan bun
B0 pGLYend wiwnd dwdwgmgltnh gregdmiGph hbown hwobdwunbihu, beb
wqriwlpul upuhhl GpwGp Mbgb| BG Gyl gmguindpp (0Y.3.10):

dwiwbwyh nwinwndwd (16 8) pwlwdly hwunwunty t rwpPwiwi
dunGhybph $hqhwih pwquwehy thnpdapny: Vwulbun{npuwtu huwen-
Nnprie pwgunnyti b Spuph deOnNALh YENhG 1020 Wi pundpnuprul
Zopntnnaud 60yYnn u JbqnlGtph wnwehl hwpugphg «uwpophiwl» pYw-
oM Junpo: W dwuthylbrh wnbuwywl muntdGwuhpruprnGp gnuyg t uwby.
M Upwlp wwndb B0 L §0Ybimg dnunwynpwubu 210y hbun tipnhynud
B0, wewewglbiny tiBLWPNG U Gbaphln: Bt ELpwnNtGg, NN dRlNEINPLNh
Joph( zbrunmid dUYwé dtqnlGtnp 2wndynid GG 1NuhG dnu v - ¢ wpwgnt-
PMUObPNY. www hntog «Yrubph» unnMeul plpwgem 6000 htnwyn-

T=t,-1 =

s



pneIntohg wyb $60 Ywpnn wbglty Uwlwjl wiu dwulhylbng gpuwGgynd
b0 bpyph dwitpungeht tnbnwup|wé vuwnplinny:

VY DD NN

'\, YN T (A t\u' v\
u
S YT
Wy 3.10w LUy 3.10p

Ww pwgwuwnynud t Gpwlny, np Gqwéd dwiwlwyp dbqnih «lywlphs
ubthwwl wnbnnnenllG ¢ r.-U: Snupwihl dwdwgnugh grigdniapny dugn-
Gh «wbph» nlnnneenip npnaymud ¢ (16.8) puwGwdluny, npp 20nphhy wyn
Swulhyh JB6 wnwgnipulb, wihwdtdwwn 060 t t—hg: Ujn t wwunswong,
Gpwlp gnwlgynid B0 Gpynh dwitpunuyeht npynwd vwngenny:

Gpywn dwdwbudy tnhpnud tp wiG e Yunohpp. b wownluwibiph gdughe
gwhutph (NNBOGIWO Yndusnnidg thandmd Yuipnn ¢ aaux/ly. Gopwnnymd tn. onh
Gwly, nn (nyuhG dmun wpwgnewdp wpdynn gnilng wtiing t tnbw wndduwl o
amepdp ubndywd tihupnhah witupnd Uhuwl 1959s. Buppbyp gnug uwtg. nn
PEOQuUAG Ynsunrdunt wOUPpuAnul gruigridp (GYwnwhwimadp nhinndp) uigoné
bl Wohluph ¢ duddubuiih hupuwpbnuipuomepet uuandwony: Pwil ugl ¢
N wnddm weunuh twnptip Yuntnhg dhwdwdwiwy wndudpjwd (muugt
wihgbtnp Shwoudwiwynpgiwl hunuwetpwywinpult wuwunswony wiph gui-
gueuwnwiph (INuwqqwmil phebnh tet wewnwl |nuwyunynid t) Ypw ol
Omd B0 ng dhwdwdwludy: Uypp dhwdudwiuwy gnuOgnd t ush ughplbing. npnlp
wownlpuhg Anpu B0 But Lwnebn wwhinht: Unnndiprid awindym wouniush
wuanianl wnwgynd t wnsunyus: Yu hbpudu gagg B0 umdby huizyumylong.
thndhl saqngusglnud t (NpBGUQIWO Ynswnmap:

3. LnplGgrul ypswindwl L dwiwlwyh nwlnunuwl bplnupibpg hw-
Swiu 1tinh B0 Lwihu wiuwhuh wewnynenoeph, pa’ v’ Jiwg hwpw-
PEPWYWOnRRUG uygpmbpp. prinp MS-bnh hwjwuwpwignnnuenulp. bet
wownluwh surhubpp dh <hSmd ywnd BU, pwl dimunid, wpngbiubbing ot-
{ud wybth nwinwn B0 pURWOMNY, Wl djwuny, www npwlp wpnn'p
pwywlwl 60 <<Lapg hpwphg vwnpGpiine, deh awpdnudp gnie
Oyuandwidp hupnGwpbnbine hwdwn:

Wwi wowpynemisltnp wihhdo 56 heunlyw| wwpq wwunsweny:

Gpt K hwdwywnpgnd nhunmp, hwdbdwntind hp  dwdwgnugh
gngdmOpp K' -mud qwpyuwd dwdwgniglbnph gnigdnulpGbph hbiun, hwjunlw-
pbpnid t hn dwdwgnugh Gun pbLyot i, www K - ghunn Gt bp dwdwgnigh
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gnguntpe hwitdwuntiny K -nud awnywé dwdwgnugltnh gnigdm Gplt-
ph hou. Yhwpnbwptinh hn dwdwgnugh b poyGt;p: Lngop YaPwigbu K L
K+ nhinnGbpp dhipubg pwlnGltinh Epywpniembitpp swibtiihu UG-
wou np wyl, POz Uwpnn t wub K -h nhunnp K -mud plpwgm bplingaGtph
swuhl, Gnybp Ywuh K -h nhunnp K -mid plewgnn bpunuypltnh Swuh:
opyniul b hpwywgh B0, pwih np winwhuhp G0 wnpdym hwiwlwpgb-
nd Bpumyeltnh Lwpwéwdwldwlwywihlt optlnhy hwnwptnrp G-
ong. nPnGp. h nbw. hwnpwpetpwiwinieul vygpmbph L (NYuh wnwagm-
PG pwgwndwynipjwl wldhgwywl haunlwLpltnG BG:

2 tplpfopralblpp wuwpwnnpup: (wonniy hwpwpebnuwywimerul ne-
umpul unbnontdhg hbwn vwrptp hbinhbwyotph Ynndhg ptinyty 6O wp-
wbu Yngwd «wpwimwnnpulby. npnbp wiu ywi wib Yyepw «wluwnd 60
wonnp puwlwluwlnipuulpy  Uwlw)b pnnn win «wwnwnnpultings wpn-
mip 60w Ywd wil hwpgh pininpderGdwl: Pptlp npwighg wnwyty
hnOpl «Oplynprutbbnh wwpwnnpop Spydnpwy tnpwinttinhg Yo
wnwaplpwg whtqbpwlwyny ninuandnid t o (niuwwnwph hnwynprup-
il Bpllughl Swndhl L tun yepwnwnbnd: Bed wnhbqtpwiyh wpwqnip-
mlp ut, www Bpyrh dwdwgnugny win ninLnpnuenbp Yubh

2 2y
T=—=—2%
u u

Puy inhbqtipwlwyh dwiwgnugny, wybith ywns’

to=rfl-uf/ct:

Un pwlwdlLbnh dbg duinlbna 1, L u dbonpmlbbph phunpnppude Yuw-
pbth t wnwGw), ophOwy, np ninunpnawb Yepend whbqbpwiwyh dwiw-
onyony wigty t. ophlwy, 15=20 iwph. huy GpypuwihG dwidwgnugny hwp-
o Gwd wybih twiphlbp: Uit wwnwnnpuwihG t hwdwpynud wil, np
Rwhungmd b hwaqwnlh «nhtiqbipwlwy» L «OpYhpy hwdwywngbph huw-
Ywuwrwgnpnipiniop: Splnh Ypw SLwgweé Enpwinp. bpb wwnbn, wuww
Uhln wublp. 140 LWPGYWG . huy WhEqLNWQUWY bnPwiNE YEnwnwnat) t
Bl 40 nwnswl hwuwynd POl ¢ pwlp: Uw wwipquipwObym hu-
dwn hhablp, nn hwpwpbpwiwinierul uyqenitpp wwhwlend ¢ A0bNgHuwy
hupfunlh huwwlpungbnp hunfuumugnpnggndp: buy pendwé ophlw-
brud wnhbgbnwlugh hiwn Yuuwdwo huiduinyh hwdwlwnag 77 fobngruy
¢ puwlh np ulgpenid BpYph GLwndwdp wib quibyt; b awnwnh hswlyned
(5ne ShLlnyG wndbiph 56 pEnUE; Unwlg cwdwgnuglbnp), htuin awndyby t
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wpwqwgdwip U dtnp t ponbp u wpwgnientt <wubtiny GRYOwIRG Swn
OhG. ynpwgnb| wndiwl bovnwahdép Gun Jopwnwnelwini hwdwn, npg
Gnuylwbu wwgugiwdp Jwndnud t L, Ybnewwbu, hwulbiny Snhn, Gnphg
Quig t wet) (Bpp hwdtidwwnk) B0 Gpwbg dwdwgnygbtnp Gpupnpn we-
quid): Lguuntlp. np vwnptn <h4-apmd qunlynn dhLlngyG bpynt dwdus
enuglbph gnugdnipltnp hpwn heun Ywpnn B0 hwdtdwunyb] dhwyG del
wiqwd: Wo dhwuwng, np twppsp <h4-Eph 0hLonyt dwdwgnuygutinh gnig:
dniplbng hwidbdwunyt 6O spynt wigqwd. wpnbl Gawlwynud t hwpu
pEpwywinewl uyqentph fuwfuunnud:

huy h°0; Yunbih ¢ wub] wpwaqwgiwdr wpdynn dwdwgnugh gmg
O Uph SwuhG. Mwnqymd t, np owdwlwlh nuwlbnunduwl (16 8) pwlwily
& ¢ Gwl hwadunyh hwldwlungh wrwqugdwdp awundwlt hunlay
aplyrt lpuplnn nbwpbpred

w) bpd hwqwnyh hwiwlwngpg 4 4Gh BGwndwdp ywunwpnd t b
Jwuwpwwh qwndmd Ynp hsunwgény OphGwy. dwabhuwlwl nwaunnd
wnwq wndym (hgph hwdwn (16.8)-0 Yhpwatih t.

p) bt <P<-h Glwundwidp hwdwpyh hwdwywpgp 2wndynid t ninnu-
gh¢ hwywuwpwiuh, pwgwenippulp Ywnsd dwiwlwyuwhwanywdbtph
(rpnGg bnqnipiINLip wihwdtdwwn Ywns bt nhvwpyynn (phy 2wpdiud
wlnnmpenihg). ninGg plpwgend 2wndridp Ywnmy ¢t Upbi whwquwgm
pUNUR: NOjwhuhG. ophlwy. «Bnlynnulltnh wwpwnnpunide hbqbmw-
Oowyh wnpdnud t:

Munbdl. wpwquguwile pundynn cwdwgnygn << cudwgnyghy
dhawn bun ¢ poyGmd: Y uyqpn gwihG hGwpwynpnipnd b nwihu «suidw
upuphnnnbym nbuh wupwqui.

§17. PLSGAYUL LU Puqurruusnhesnnut

PoJwnphwbw obénpnlotne dhahluynid Gl dbé ntin: ibwiuwl
pbnhpo., op AGmd ¢ hwpwpbpwywinepult nbungembp, bbGbg hOyus
nphwlGw 3eonig)NLLLLh, hwywuwnnudttph, optlplbnph urntwptpmudl b
Wi h hoywphwOun dbénpwl Yowlnpwlwlp wiu wwpwgnpwdnd:

Ahgnip Ywwgty 56 Bpyne wwwnwhwnobn, npnbp K L K' -nud plnipw
Al BG (7 .1y, (rr) U (). (r2.1)) UnnpRhGunGbpny: Syuy Ghé-nid
Bpynt wwunwhwnlbph sheb Aauntnyuy (Merwuinwnp) wubiny hwuiuwond
&G dh SEénLeNLL. nph pwrwiyniuhG wimnud t wiuybu
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3= L‘;,‘z -1," :

Upanbn 1=t -wwuiwhwnibpp pwdwGng  dwdwlwlyl t, huy
I oaig-nl 0 Opwig wnwdwywi henwynpmenup: Wn wwunwbwpotph

Shebs hUunbnyuip K -nud YihGh

sy =il
Oqunbiny LnpGGgh dbuwihnfunipntbLERhg. Lupbih t gnug wiw, NN £'y; = 51
sl

L P BT -0 W A (172)

Nipbdl. bet wunud BOp «wwwnwhwnGtnh Jhel hownbpyuwip s,; tr, w-
ww wib 820wphun t pryan <P<-tph hwdwp: Rawntpywih hodwphwGwnmpe-
nlp hwpwpbpwywOmippul wnbunipwl Bte mGh hhdGwmwnp nbip L LwnN-
pbn hwpgbnh wwpqwpwidwi L ulnhnltph 1médwh Luwnplnp Sheng t:

Swnrwonpwl L dwiwlbwiyh hwpwpbpwiwlmpmiy  wwnqnrnn?
plunid t honbpywih hiywphwOwnmeinhg:

Lwhuwéd wit pwihg. pb hOnbnunmd nn punwnphit t gbpwyzomd
duwidwiwywhlp rcr,y . b wpwowlwlp .y, nwppbpymd U dukuius
LAl (ct,,> €0 b upuwdwodwo (et < ¢,y hunbpwy bn:

dulmbmmbiul pbubpfurbipb Apwhmb bb: Gpb bpunt wWwuw-
hwnibp pwdwiywsd b0 cwlwbwywidwl prnbpywiny, wupy gnrepeul
nbh wiuhuh 6h K' hwawnyh hwiwywnq, nph Ghwwndunip wn bnln
wuwuwhwnltnp wbnh YnGtowa dhunyl Wownnud (¢, = 0).

cr-li=cny: (173)

Un nbwpnid (17 3)}-mud 70 K' -mud wjl dwiwOwyl t, npny pudwG-
Jwd B0 pw dhuLnylG Yeunud Gwunwnynn bpynt hwonnnuwilaul wauuw-
hunlipg (ubthwipwl dwiwGwy) Npbul. dhLonyl SwpdGh hbw Ywuwp-
Um gulywauwd tpymt wwuwhwpibn pwdwbywes bl duniwiwiwiw
hinbplwiny: cwdwiwipuidws howntpyduybbpny 56 pudwiyusd  upnn
SwounlauGpuht unyny puupjuwd upuanwupbbng: Puguiwby, uw-
nuénpl dh Yownid cwwwnswer wwwnwhwpp 0by wy Yoimd «hb-
Wlwlpr Wwinwhwn wrwwgltin hwiwn wihpwdtawn t dwunbphwiuwt
onuwih gnnpnibp. BY pwbh nn wyn Shewllpw) onwlp hGPnpdwghwl
Wunndwohg houluwlp sh Lwpny tnbnuiniubl wybth wpwg, pwl |nyuh
wnwanan G b quyninidmd. www dhawn er,, 21, -



Supwdwbiwb hbunbpfuybipp Ylnd Lb: Opb bpyM wwunwhwnity
pwdwiyws 50 nwpwdwbiwt htvnspywiny. www gnymeml nih wjiup
uh Uh K' hwdwywpa. nph Ghwunndwidp win wwuwwhwnbbpp vbnh 4o
0wl hwdwdwowy 7 ;= o)

R AR (174

LOwywO t. np Lwpwdwidwt hownbpywny pwdwiywéd wuwunuwhwp
Gbph dhel nplt wwunswnwiwb Yww (hby gh Ywpnn:

Nwunwhwnitph nwpwowliwb Ywd dwiwbwywbdwl hGbip pu-
gwndwy t. K-nui dwiwbwywliws hbnbpduiny pwdwGywé bpynt wu-
wnwhwnibp 60 wprn K nud pwdwbwéd |hat tnwpwowldws hUwntp
Juiny: Vwubwynpwwby, K -md tnwnwonieaul 0ngo yaunnud Guwanwpyws
wwwnwhwnGbnp $60 Ywpnn K -nud uisnh nuBblw) dshwdwdwlwly:

Lnyuh bt Guuwngdnn panp wwuswhwplopp Shdpubghg pwdul-
qwd b0 @mpulwl hownbpdugny Uin wwwndweny s, ;=0 hOunbnywbtng
(c1,=¢,) Yngdnd 60 muwlbdwl: “winwowhbwnlwlpwiht Ywugnny
Quagywd wwunwhwnitpp Ywpnn 60 pwowbyws (hoG) Owbl (nuwGdw
hownbpdwiny: Twpq t, np wn nbwpentd wwwndwehg hbunluwbp hopnpdu-
ghw( hwugGnnp (NyuG t Lwd dby wy nwawn:

Uhpwlmb dunfwbaryh pbyuphwbinaipmibp: Monbpduih  hldw
phwlnmparnihg htunlmd b uwiwl dwdwwigh hijwrpwunmpmlp
Un gnuyg wnwynt hwdwn nhvnwnytip K hwdwywngmd wowna (af'=.
dwulhyh At Yuwunwnpdwe tpyme widong dnun wwuwwhwnbbn: Wadud
wwwnwhwpbbph dhel hunbpdwih nwiwp K LK' -mud ynGbowbp.

ds=~cldit-dt ds =N Cdrt-di = edy,, (1756

npunbn @' e dry bl dwdwlwyl t: <wiwdwit hunsmjuah hodu

AMUOLNNRRUG" cdr, = v ' -diF . huly hwadh wnlbiny. nn dl/dr=u

Y GhlwGp.
dty = vl - v e dr = inv (176



§18. NPELUSPYNUSUY UYL UruqnuesnuuLbih
SMUUWUUL yuunwt
Umunluit dbfuwlhlpumd Quithith dluwdhnfuniemGGtph  hhdwl
Jnw wnwgynn wnugnentstnh gnidwndwl Yayuinpuwywo

v vu (18.1)

lunGny Guinbih t unwiuwy (nyuhg 068 wnwanEIMGibn: PUWYWG t, np
wnwaneNboEPh anuwndwl Gdwl wonGp th bwpna pwywpwnb) hw-
muptpwiisnieul hwwnly nbunipwt wwhwieltphG, hwawdwis nph
(ruh wpwgnipilp dwuinbphwih vwhdwlwht wpwgelo t L dhi-
Umgo0 t prynn hwidwniyh hwdwiupgbpnid: U wwpdw06apht pwywmw-
prn wpwament00Gnh dLwdhnfudwt winbp wtunp t rnwlw), ogqytiny
LnntGgh dluwuhnfunienibltnhg
Nhowpltbp K LK M -bp: LUpwignud wwuanwhwph ynnpnhGwan-
Uanp Yuwyuwd BG LnptGgh dlwhntunipininny: Uwubhiyh Gudwpulpul
Wnddwl ontilp K' L K gh<-tpmud wpunwhwinymud £ haunbyw; wieGsnip-
JmGGbnny’
=N,y =y 2 =207 K-m, (183)
x=x(1).y=w1)z=2(), K - (18.4)

UwuGhiyh  wiipwnpuhld wpwgmgnip K' U K-md npnaymd ¢
hounlyuy Yoy,

v'=(‘.:‘v:‘v:)=(£.d‘_-l_'£]’ V= \,:1+v-2’v;2'
: dr' dv'a ’ (18.5)
v=(v V.V)=(£££] v=gvieviev?:

MO ORI E oy o

hPuptlgtiny Lnptilgh (15.14) dlaughntuneiniLieng, hwayh webbyny
Umcomst, c=const wuwdwiGOtp'

dx’ +uds’ dr’' vudx’' /¢

= Jdv=dy. de=d’, di = . (18.6)
;;l-u’ <’ » Jl -ule

(18.5) nu (18.6)-h oqUnipjuudp Yunwlwlp K -hg K* wigdwl wwgmne
MUl dlunpeyurnppul puitudlibng YEnpburpul uibupmy.



dx view , dy \'iJl-uz ¢’

. =T e YR EFTT 3
dt leuv, . c di lsuv, .c Ko K" (187

<wdwGiwb duny uunwgynid B hwywnwnd dluhnuneniGianp

b
.

o v,-u . v, l-u* ¢
3 2y T T
-uv /c° -uv / .
l-uv, /¢ l-uv, fc : K> K- (88
vt _V!JI.“‘ c- . ‘
o leuv, /¢t ]

ROgwtu LnptGgh  dbwihnpunieiniblbpp. rtwunhyhunwwt  wmw
qupGlEph qgrudwpdwi (18.7), (18.8) welimpiniblbpp nwinwn wndmd
Obph hwdwp hwbgnd 56 (13.9) Gnunnwl pwlGwdlbphl: NwPNRIML
nwndptp wis wuuwnhl. nn (18 7) L (18.8) pwlwdlbiph ynunpwyGbnh hwy
nwnpwnGbpnud Yuwoglws t Jwulhyh wnwanipwl dhwl v, pwnwnnhy,
wpuhlpl' ¢h<&-bph hwpwpbpww wpdtwl mnnnewdp Jwulhyh whw
qnippul wnpnpyghw(: Lywintp Gwl, np Beb dwuthyh wpdnudp K'-nud
$nOh wpwanierul |wjlwyw pwnwnnhsbon (v;, = v, ), www wit sh motiu
wnwhuhp Gwl K-nud (v, = v, = 0): Ldwl nbuwpnid pwg pan0tiny wipwagn-
pniObnh hwdwp x hunbpup, YuunwGwip.

View oL vem (189

v= — V= ——
|7 l-wv'ic*

G t hwidngyti. np wu pwlwdbbnp wpgbind 86 (nuyuhg dbo wnw
qupulp 2wndnuilbnp: Get K —h Lywwndwdp v =0 9c wpwgneudp 2wnd-
ym K’ hwiwlwnpgnid swuGhyl moh v'= 0.8c wpwqmpnil, Wy wmwgn:
pl0bnh grudwipdwC nuuwiwb Yuwbnlp K-nud umwghu t (npuhg b6 wrew
qupintl v=1.7¢ ('): UjRGg, hwdwdwl (18.9) LwGnh, dwubhyt nh (mpuhg
hnpn wpwgeintl v=1.7¢172 < ¢ Brt K' hwdwlwpgmyd vwunwseymp
(Mt v=c, www (18.9)-hg unwlnd 50p v=c. nnp hwiwwwunwuhuwulndt
(nyuh wpwanpjwl pugwpdwynipuutp:

Layup wptpuwghw: Glpwnnblp dwulhyp wpdynid t K' h XY hup
ppAUl Obg L Opw wpwgniplb yehuinpn X' wewbgph hbwn Guaqumd t #
wilynl
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v, =v'cos 3 v =v'sind, v, =0: (18.10)

Un nabwpnid dwulbhuh wndndp K-mid Ypbpwlw XY hwpemppul

9. uwlwiG Opw wnwanpjwl + Yyunnnp X wewGgeh how Yywquh wy 6
wliyn 0.

v,=vcosd. v, =vsing, v =0 (18.11)

Oty (18.7) pwlwalbnhg U hwayh woeltyry (18.10), (18.11)
welimentitnp, unwiwip

v cos $ +u 9 vsind' -1’

veos = — . vsind=
l+viucos & /¢ l+v'ucos 9’ /¢’
Upunbnhg ym bGLwlp
’gg:s"“g \]‘“. ¢ ) (1812)
cos3 ~u/v'
- e -2 qr 2 2 2
v,=v,;l+.uc053 vieutsint 9 et v ut /vt (18.13)

(1-uv'cos 9'/¢? )z

Uunntilg, np X wewlgeh hbun dwulhigh wpwanppuub wqiwd wi-
Wl K L K hwdwywngbpnud wnwinetn 60: Con nnmd win tuppannupn-
(0 ¢h Yopwlimd hwiwwwwnwutuwi nwuwyw( nbwemd, bpp (18.12) pw-
Owolnus wbnwnpnud B ¢ = eo: M huulubwh ¢, ophGwdly, bpynh Glwn-
dwip mAnwahg pOLLNN wlénLh Ywehylbpp pbp b0 pYmd wpdym
nnwiuynnunhg nhuinnnhG: <ouwenghn t. rp wilymGatinh uwupeBNNuE-
0p K L K' hwdwywpgbnnid denud b Owl wil nbwpmd, Bne nhuwupyn bop
Onwlgred (ruuh Obn hGgh wwpwénip v = ¢ Wn nbupmd (18.13)-hg
unwind BGp v = ¢, hOgubu L wbunp tn uwwuty. huy (18.12)>-hg

R9=————: (18.14)
cos S +u ¢

Wu bplmpg, Nl uinwigly t /g webpusghw wiquindp, hwpunGw-
Pt t Bpdypt 17270 phuntiny L nuunuSGwuhpbiny wuwnbph nhpgh
unbywG haghntunieinuGabnp BpLGwywdwpnud, Ppbnthl hupnlwpbpby
t. nn, ophluiy, qbhencd quliynn dhawwh v wuunp ahubine hwiwp nh-
Wl wownp b unnb( Ny pb nunqwahg Ybn (wpuhlpl, nbwh qblhp). wy
RERty ninwahghg a=20" 5 woigniGny. U bpunugpp Bnbnghl puwguunnt t
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Unbqwyh zmpeg Gnyph nintopwihl wpddwip b win wilwl hwiy
wnwgt| hawnlyw| pwlwdlp
ga = vg . (18}

nnp 2gnhun twihu t nhudnn wiignelp. bre hwayh welbGp Spyph mut
Snwhl wndiwl ve =304d Y wpwgnipnlp:

Pnbnihh (18.15) pwlwdll wnwgynid t (18.14) walsnipnihg, bet nr.
wbu K’ hwiwywng ponptlp wpbquiytbunpnb AL-p. huy K-0 Ywugl
Bnynh hbwn: Ups abupnud u = v, 8 = 90", pwGh np wuunp qulyma t Gpl
nh NiNBePWHING wpwaqMeiwls Mnwhwjwg MAnnueIG Ynw, huy a = 90°-4
(a -0 (nyuh Swnwqwiph Ywquwd wiyniGl t mnnwdahgh htwn): UpnyniGpai.
unwlined Gop

u
ga=—s -
cyl- ul ¢t
nnp We Stompiwi gdwihl dnunwynprierudp hudpbyGnd t (18.15)-h htwn

Qwpmplpmimb wpuwenippibp pbywnplponaiob Sipabhlups
hgnip hwqwnyh K hutnghw hwidwywngntd nlbthp v, L v wpwgnipul-
Gopny 2wpdynn SwulGhylbn (BY. 3.11) Galm dusplyltn unuwpbnuips
wnuwqpnln” Sl wwgmem 00 ¢ Jniuh houn lpunydund hyuiniyh e
duwApungmd: Mpbdb, dwulGhytbnh hwpwpbmulywl wpwgnteinlip npnzsir
hwidwp whwnp t qunit] woweht Swubhyh wpwgnipmlp tpupnpnh s
Yurugwé hwgwnlh hudwlwnpgmd:

Unwlg pOnhwOpntpinlp fuwhuntin nnnblp K Ghéh X wnwlgpo
manmewdp, huy Bpynapn dwuGhiyh hbunn Guwwblp K' hwdwywngp (G
3.01): Mwpqneaul hwidwp Blpwnnttp. np K-l v, -0 pbgwd t XY hun
el Obg. w(vi v, 0): Quuunnnalt hownnynn hwpwebpwywl wn
Qupnulp V(v v1,.0) YEunnh t. nph pwnwnphiGenp GunwGwGp, ogut
1 wnwantenbitph dlwthnhudw( (18.8) Ywbnlhg, pbnmGtinyg u = v,

, v, -V, . ovyyl=viet 18I
Vi, T v, = ) 2 ,V”=0~ (18"
l-v vic I-v, v./c"

wpwpbpwlwl wiu wpwgnipwlt dnamih  pwowynunt  huwdun
ndyqwn st unwluwg

s 2 2

o =(v|-v‘.)‘ -[v.vzl e

(1818

T Rab
-(vwy)re ;



uy3n

npuibn oquryti BOR Ninnuilynib UnnpRhGwuwnwiht hwdwywngaud uywrup
L Jolrnpuiwlt wnunwnnubeph  pwlwdubnhg, huyh welbind, nn
v; vy, va=0, vp=0:

Qzblp, np GGt SshuwGhywmd hwpwpbapwliws wpwaneme-
0p npnayrud t

v=v-v, sQy (18.19)

pwlwadlny, npb wnwgynid t Gw (18.18) g, tiph GpWiMU wbnwnnpblp
C—e00;
Lwpwpbpwiwl wpwagnipiwt (18.18) pwlwdlhg dwulu]npuwtu
nowlnd t, np dhdjwibg hwlnby dbonepude v wnwagmppulp wpdynn
duwulhiybnp hnwn B0 dnunbGnud ng pb 2v, higwbu unwgy|md t (18.19) puw-
(waLh hhdwl Ypw, wy” 2v(/ +v' ) wpwgmppudp:



marMmubr

1. Snyg tnytp. Pn quiigywoh umpunhymerip Qualtih hwpwebpwluing
Al uyqpraigh RaunLwlpt

Srugrud: Oqubp Mumyuh wuwbupuGdwl optlgh Sugbhiywnhwinng
mlhg:

2. Unnnughunuiyul nhunidlong hubqbgnty 60 wiuwbu Ynyywd <uprp onte
2t \nhbgbnpnid Yuwjwiws bpyne quyuianhiyuwttn hpunphg hbmulne bo ¢ A
uwnwopulp. MNP hwdtdwinwipuwl ¢ Grwig dhels Ar harunlnpRPAUGD’ AveHa:
npwnbn H=(5 <1000 " tnwph - p Yngdrid b <wgyp Puranunnml:

Uunwgtip <wpth ontilpp oqundGiny umwnudmippul hgmunpnunmpnihg L
Quahitgh Suuapnjuripem blbnhg

3. LnnbiOgh Luspniurugint bGtph oglmippundp urywgMigbp Mowbmjugh higu
nhwOnmpyp :

4. Unwgbp. Jwuliigh wnwquwgiwl pununnh; Goph duuahnjurepul pubu
Slbnp oty uanhyhunwlywl dEuwsPyuymd.

S Uunwgtp Lnptlgh dLurhniumemibobnp. tnp <N<-bph  humwpbnuiug
2undiwl wpwgmpnt 00 mOh Gudwuwypwlh il

Nuanurgpisl

t+urlct

=r'+ +—(—,—=—-l)]l- :
“{Jl wiel vi-u'/c? Jl-u’/c’

6. Uunwgbp (nptlgrul undwundws puibwdlp. oquwiny Gusunnn uGnamd
unwgywd Lnnblgh dLushntuntpim GGaphg

7. Oqutyny $ hOnpmd wwgyusd dlushnfuripre GObNhg. LMWELR whw
qrupnG0tnh SLuahnfunippul pwlwdltpp:



QLNhN IV

2UUUNURP PPLUUPYL: PUMMLUP BY ELEMrpUsh
MUTULUUL OrBLRLENT

§19. WBNURUYUL YESErP 2UUTUNMMUR: UQUSNLRBUL
UUSKKULLE: TZaULUL orvuautr

Sbowlwl L gnpoltwlwl Ywpunpreinit Gepyuipuglnn 2usn fuplnhp-
bnnud gnnd BOp NLGEONA Bpyni L wbth dwpdhGUbphg pwnwguwd dbfuw-
Uhiwlw hwiwpudph 2wpddwl haun: Liwl hwidwudph ophlwyltp 60 w-
wndp, driblngp. npnGp (hgpwynmywé Swuthlyttnh hwdwhudetp 6G. Upt-
quubwhl hwiwywngnueynilp, dbp wuwnnwht hwdwiwpgp Qugwyuh-
Gwl. npnud Y 066 pyny woewbdhl wunnwihi fudptp wuwrnwynuyunbn,
Unybwih wuwnbn b wylb.

Uuwihlpuwqwl hwdwfumdpp duwndholbnh guwllpusguwo fumde ¢ nph
undnidp bbpwipw ¢ mumJowuhnmeput.

wiwhudenid dwubhybtnp Wwpnn 86 shiuGg hbun dnfuwanty Yuwd
fhnuwenti hnfuwgnnn dwulhytbnh hwiwtudph ophwy t hnbwjwiaw
quag. <widwhudpmd dwulhylbnh ghnfuwqnbgrpnitng wnnn B0 Ynby
Nl Guwd widhowwh pwpudwl plmg.

I. Ugunnnippub wunpdwbbép: {wdwtudph qwndnidlt nuumdGwuhpt-
1M hwdwn bwiu wlhpwdbun b v Gpw nhppp wnwon el ke

U wlwty Yynnpnplunntbnn. nanlp dhwndpnntl npnymd b6 hus
Jwhideh nhnpn uxupwonprul Jp  Unsymd 66 wquinmprul uanpswi
oep

Unipwywd Uit nibh Gnbp wquwnnipiwl wunhdwlh nwbp dwulh-
W o ynnpanlwanlent B0 Get dwubhyh nang wbnwhnuniegmGlbn wp-
QLiqw bL. wugw wuntd B3, Ap Unw 2wpddwl Ypw npywd BU fuwtn Oph-
Ul a6 dwulhyp | BpywnnLRWG anny Yuiywe b O LBuhG, wyw Gpw
hiwnwynn wndnuitbng YpGpwiwl ( Jwewybnny qUAwhl dwitnlng-
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pny. nah hwywuwnmdp (' - 37 - 7 = £) dwulbhlh Ynrpnhbwunbbphg g
Gwpwwhuwywnh dne Bpinwuny. Nipbdb, delY Ywwyng dwulGhyl nuh tpgn
wqunnRl wunhdwb Spyws unpny 2wndym dwubhyh nhnpp Ynpny.
yh uby Ynnpahbwunnny tumbnuht YnnpnhGwwp' pOwywl bnwlwyndad,,
wjuhlipl odunyweé Whih dtY wqwuniewl wunh8wlny

Uuywop wnwig ndjwpniguwl Ywptih t ponhwGpwglty Ywdwpuyul
n pdny dwulhyltnhg pwnlwgwd dbfuwihywywt hwdwhudph huwdwn
Gt wjn dwulihlbtph LEnwwndtnp NPt Yonw wngbiywo 360, www hw-
dwiuniopl odurywed Whih 3n wquuinieiulb wunhswany 3mxwpwlyy
wwy Ypnpmwglntd ¢ hwdwpudeh wquinmpulb wanhs8wootph pjp ¢
Wy GRE hwiwhudeh Ypw npdwé 56 s pyny Lwwtn, www Opw wqu-
NG wuwnh8wlitnh phyp Yythh /=3ns Onhlwy, tpbp dwulhyltnhy
pwnywgows hwdwpumdpt Mo 3x3=9 wquuwntpwl wuwnh8wl Cpt ¢ br
wpnipjwl dmmny hwglblp win dwulhybtphg nplt Bpynuup, www dus.
Ohyubph ynnpahGunbtnh dhel YhwuwnwunBop (pwgnighy Ywiuy (LG4 1p)

(Gox ) ey ) (e ) =0 (19

np whnpmugih wquunipwl wunhdwbtnh phyp dbuny: Ot /; tinlw
nmpjwl nmnny Lwwyslp Gwl Bplnnpn L Bppnna dwubhyltpp (OY 4 19)

2 2 2 2
° » .
«“ 7 C / L ¢ /,/ (
| LI DA T B T A |
° ° ¢ ° / ° — @
(8
wa
(x:-x‘):*(y:.y":*(::-z‘):zlé, (192

wquunipiwl wunhdwlitnh phyy Yuwiwuh L deyny. “opgwwtu, W
wbiny ¢, < ¢, ~ ¢, Gpwpneiwi dnnny Gwl wowehl L Bppnnn dwulbhybtig
(y4.in)
(oY oy p) ofz-z) =00 (e
hwiwhudph wquwunieppul wunh8wbetnh ghyp Ynwpdbtlp 6:
Pwgwndwy whin dwpdhOp uwhdwltghbp Npwtu UMewyws WEus
nh hwidwhunudp, nph awpdtwl pbpwgenud dwulhyGtph dhel htnwynnnig
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jmuCtnp 0unud BO wlhnhniu. 8nyg Lwlp. N pwguwindwly whln Jdwndhol
ooty ¢ 6 wquunnippul wunhdwiny bnng, whin dwndth nhppp ww-
puonippul &9 Shwndbpnntl nnnaqwé YihGh, Rt winytt Jey minnh Ypw
anbym Gpw nplt Bnbp UGWGRh YnnpnhGwuinlbpp Uin nbwenud dwndGh
guluwguwo wy Ysunh Ynnpahluwnbbng Ywntih t wpunwhwunty win Yeunk-
ot yrnpahbwwnbbnny Rwlh np win ewntnp wwwywrid B0 whin dwpd-
TG, www Orwlg dhel htewynnnienitlbnp 360 dhindntuydndd. Nipbdh, pw-
qundwy whin dwpdlh wquunnipwl wunhAwlbenh pwlwlyp 3 Gwwny 3
Juwuthytephg pwniwgwé hwdwhudph wquwnnewl wuwhdwGibnph phyl
twphlpl 333 3 -6

Sudunudph wquinniprul wunh8ubbbnh phyp dpwourdwouly gnyg ¢
i Opw wolwpy 2wndmdbbnh pwbwln. Puwwtu, aunddwl ontlpo
nwdwhudph wquunnipiwl wunh8wl - YnrpahtwunGbph dwidwlwyuwht
Guiowdren0Lent wnpuwhwnnn webyneinlblent BG: Puy npwlghg
mumupwlynnp Gywpwgpnud t dty wiwhu qwpdnid

Nipbul, dShuwbhywlwt hwdwfudph wpdndt numdGwuhpin hw-
dwn wlhnwdtin t qpe| Opw wquunniepul wunh8wllbnh pYht hwyw-
uwn wnddwi nhdbnblghw hwywuwnnudtbn L (ot npwlp. hwdwugw-
nwuiwl vyqprowlwl wwpdwbGbph hwywedwidp: Cwpdiwb uyqpbus-
bwl wwpwbosnl wqwuniewl wunh8woitnh L guun dwdwbwyh Gpwig
wrwghl Ywnan wowbgwiteph. wuhtpl’ Ynnpahbwulbeph U wpwgne-
mb0OtRh, wndbpltnG Bl (=0 wwhhl' Geb hwpnih 60 dwdwiwyh Ywiwjw-
Ywl wwhhG hwdwpdeh Yanpahbwunlbpt me wnwgnigcbitpp. www w-
unid &G, np hwprnGh t hwdwiudph dbpuwihluwwt yhswin, pwlh np npwb-
gnd Lwntih t npnaby hwidwiudeh nhnpp dwiwlwyh hwonnn upwhhG: UG-
whu NN, Jwnddusl wqpiuipwl uwphwoobnn vwypu 60 hudwiudph Jbfuw-
Uhlunpuls Yhsuwlyn dudwlbwiyh uqrowlwi wwhhlr Unwlg Shuwbhlw-
bl Jwnpcdwl hwdwhudph dbRwGhywlwl Ynswyp thnhntudb; sh Ywnnn:

1 Ywhywin/ng JEdmpmbblip: Cwrddwl hwywuwpmndbbph dhen-
Y hwiwtudep SEhuwlhwlwb dhswyh hmpntunipiwt nuunudbwuhnnig-
700 Pwnn dwetdwnhlwywl fubnhp t. nng dhaw gt rp hGwpwynp t Gur
bl wbwihhy depnnltnny: Puy wib ntwptnnud. bnp wihwn B hw-
dwhudenid grnénn nudbnh plnuep. Gpwlg thnuhniudwl ontlpp. LOWG -
unidlwuhnuamGGting nwebnud B0 uygpmibpnnblt wohbwn Pwgh win.
PN hwdwlwnabnnud (ophGuwl. quqnud) wewlGoht dwubhyGbph wnd-
Ol dwlPwqGhG nuuniitwuhnrpnLop wWwnqwwbu wihdwun t. gnpdlw-
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Ywinpblt wlnbwn.

<wng t dwgnid, gl ynilt™t nhwdhy optlpltph hbuluwg;
hwinhuwgnn phnhwOmp wyqenibplbn, nnnlp hUwpwynpnieiit i
nowilighiy Gpqwd ndywnniembltnp L wy Ybnw dnunblwy hwdwudpetn:
wndBwl nuunubwuhpmputp Mwipqymid &t Qwl. npwlp wwhrupwiiu:
onbLpitnG 66:

POswtu wnntt G2eghlp, hwiwludeh JBhuwihywywl swndnudp ge
dnunid b Gpw dERuwihwywl yhswyp cwdwlwih nbpwgenid: Uwlwi
anprupL b NS0 dbhuwGhiwwl Jhswihg (UNANNhGLILLGANY L wMugne
jmGlbnhg) whudwd dhqhiwlywl JGonipribitn (wjuwbu Ynsdwo, ¢hrswy
dnuGipghwiy, npnlip hwiwiudeh deluwGhywywb dhdwyh dhnnfudw,
pURwgemd dunwwbu Jumd 60 wihnhniu, wjuhplt  wwhwwiynd b
Apwighg dhahlwnid wewyby Ywnunp BU ¢aOnghwi Munyup L puyne
uh Jndblunp: dhqhywih hbunwqw nuwunlewglbnnd Yowinpwlwp w)
wwhwwiynn deonenblbnh: Vwywo npwlp smlGG wib hhoGwnwn e
np. N fuwinnud 56 dhahywinud tospghwl. hdwnipup b hdwnuuh dndt.rr
dtipehGltnhu Ywplnpniginp pwgwwnndnid t Gpwbng, np 0nwlg Uhme
et(hnipG 2newlwylbnp plngnynud B6 dhghywih L phwghunnperul e
pOwqwyweltpp: Mnwlp pONERUG hwdwwwnwy ontupttin b, nani
nwuynid b0 dwiwlwywyhg dhqhiwih hhipp Ywaqdnn thnpnuwehy hh
Gwpwp onblpGbph Jwnphl:

tusnghwih. hdwniuh. pdwnmuh dndebnh wwhwwbdwG onbLpltr
Yuwyws 6U ¢ L-Bpnud tnwnwomppul U dwiwbwyh Mudwswdnpn it
ph htun: OphGwy, wwnqynid t. nn ¢anguwh upwhwywodwo opblagn e
Ywo ¢ owdwhwyh hwduwutinmpaut hdunyuh wwhupwbwl onblpn”
nuwompaul hwdwubonprul. iy hunyuh dndeonf uppuldwi onbl
20 sl hqmunnnwneaw hbun: Uun]woép wtung b hwulywlbuy we
hdwuwnny, rp wjn wwhwwodws optipltpp Ywnt(h t uwnwlw) Ununnle
2-pny optlphg, hwyh welbiny viwpwonieul b dwiwbuwyh UYws hudu
swihnueintbUGNQ. Wiu hwingp winwyti unpp yniunidbwuhptp nbuwyuwd it
uwbhiywh nwupbpwgnd.

J. Mumvbwuppnippub ymbywin/wh onbbpbipp Jipnga:

Nwhwwbdwl optlptEnp $hqhywit hwdwywngbph L Bnunueit
niuntdGwuhpnippruG hqnp dheng 50: Tnwig oglnpwdp Ywpbih t h My
pont| dhahwywl muwdwywnabnh b Bpunuyelsnh woun/ly pontwin!
hwniyr@in GGG i ophlwsundv g G0ERp: MwhwwLdwl ontlglbinh &
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ponh Lununnnieinlp wwjdwbwynnywo t Upw hbunlyw| wawytnpnit-
upn

’ tlw;ﬁ wiywtu t hwidwhudpnd Swulbhyttph Jwnpddwl hswnwaohg L
gnonn matnh Ynbyntun nsuphg. pUNURPG Ujn wwwnsweny wib yppwnt-
("t eninr hwdwhudptph hwdwn: Get nnut tplnuye hwlwund t wywhww-
Sl ontbplbnhl. wwyw wihdwuwn t Gdwl Gplnyeh hpwywlwgiwl gnnd
pwowprs dhahuwih qupgugdwl wviwppsn 2newltinmd dwpnympmbp
wnptn nhwh hwybpdwywl wndhitn Gwenigbin wuwnpnm b hnpdtn
¢ quuwnt(. nnnOp hwlwumid &6 totpahwih wwhwwGdwl ontphl;

- hwdwhudpnid gnndnn nudtnh pinyrhg wWwhwwtdwb optbplbph wo-
ywiunielip ey b wwihu nnwGp Uhnweby Gwl wil hwdwhudpbph nwuntd-
SwuhpruewG GnhplEpnud. npnGgnud plnhwlnwwbu wihwinn G gnpdnn
wdtnp Lowl nbwptnpnid wwhwwidwl onptlpltph depnnp nuunidlwuh-
pneppuil Shwy 0pengl t. <hdlwlwGmyd winuwhuhG t Yhéwlp dhenywiht L
nwapwywo dwubhyGtnh dhqhlwynud:

- inylhuly wit nBwptpnud. Bnpe hwdwludpmd gnndnn mdtnp 8200
nwupnth B0, wwhwwOdwl optlplbpp Ywpnn 60 twwbu wwnqbglty
lanh (nenudp. hwswiu howpwdnpnueintt vwny 2pewgl) pwpn dwet-
duunhbuwliwl Jwn gnpénnneInLLbbn: Wn twwuwwyny nptt Gnn fubnhn
méthu. Grp wpnbt gnywé t wpddwl hwywuwnmdbbnh hwdwlwpgp
(wil unynpwpwp NGO ¢ pwywlwbwswd pwnn Jwpbdwwnhyuwlawl
Ywenigwoép). hwndwp t Owhy hpweb| wwhwwidwh optlpltng Upu
duny Yunbih t unwlbw (pwgnighy wrbsmpmbGbn. npnbg hwwnemdp
lwnm b twwbu wwnqtglt| hwywuwpnidtbph hwdwlwpgp

L2blp houwnlyw Ywplinp hwunp. Jwndwl hwywuwpmdobpg (it
Y wnwlmd EGp num Jowuhmynn Eplinyeh vwywely wuwnlibing. Uuanbn
Wwhwwidwl opblpltng nplt Gnp pwl wybiwglby B4 Gwnnn, pwih nn
wnddwl hwywownndbenh (nddwdp Opwbp (hmdhG hwadh G0 weGymd
Crynpnyhl wy t Yhswlp. Epe Ninhpp (MéYwd t wwhuwldwl optGpbtinh
depnnny’ Liwl (ridnudp wpunwhwpnnd triumdbwuhnynn Gplingeh wew-
& plntuGnip onhOwswihniembbnp Puy Bnlnyeh dwuhG Swinwdwu-
(N banlwpugtnn Sh 2wnp hwngbp dGntd G winpny” Apwilg wwinwuiuw-
Op Lwngih b unwlw dhuyl wnddwl hwywuwpnaiGbpg 1Moty Wnw-
Unud Uhwingytbp Bynt dwpdnGobph pwiudwl wwnpbp dLBPD Wwhuaul-
3wl onbLRLENh dsRNNNY AW (Wtiu gnuu VL),



§20. 2UUUNURP PUMMLUCG, LU @N@NMUUL Orb 0

. 2wimpniph pdynyup hwiwhudph SGhuwihiuwywls Yhwyp pin-
pwannn wnunpwaniyl dbonpmLitnhg t. anp wwhupulynn drel ¢
Unipwwl yeunh hdwnijup uwhdwlt) Bop npwtu 0w quiguweh |
wMugnigul wpunwnnry.
p=mv (20.1;
Utd wnwagnienitsnny wndynn dwubhyh Mudwn wihpudtan ¢
hwzdh wnlt) wpwgnuenithg qubgywoh Lutulwonigmitp
p- mtv - 202
l-v" ¢°
Wnwnplytlpe n dwubhiybbphg puniuwgwd Gineunnlpub huwdwihmdg.
oph m..m, .m, quiqyuwoébbpny Jwulhyltnt pbuinpdwd A E-md nltd
V.V, wnugnienllln, wpuhlpG' odunywd Gl
p=myv.pr=mv, . ..p,=m,v,
hdwnyubtinny
Upniwnnpulo hadwfudph (nfnd hdwnyup - hwdwfuna dep uqdnn dus
Uhigllsph hduyon ultnh JElunpulpul grudwnl ¢
P=Ymv - Yp (202
Onfuwqnmn dwulhlltphg punUugwod rhjwunhyhunwywl -
fudeh (phy hdwnyul hp dtig Uepwendd t ny dhwyl dwubhyGbiph ebjwwhyh
nwywl hdwntjutnh gnudwpg, wb dwulhybtph dntuwq nbgnueynt Getnk
hrwlwbwglnn nwawnbnh P hdwnyug.

P Z —=’ + P
¢
et hwidwhudpnd dwuum[mm gbb hnjuwqnnud. Ywd omubg g
uwantgne LNt pnwlwiwgynd B0 pwiundttph dhengny. wuyw P ¢
0. L hwdwhsdph rBjwwnhyhunwywl hdwnyup Yihth

my
P-= el — (B
Z ;)I-vf,‘c:
Pdwniuh Gndnddwip Liiunlh 2-nn onblpp GepYwpugynid t -
wnlyuy Yanw.
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2 2wdupriph pfynyup pahapni/wb bujwuwpnp:

AShuinwnpytlp dbluwthiwywt hwdwdpmnd nplt -pn dwulbhyh po-
wriuh thndhnfuniggnibp <widwdw)b (20 4) optlph

P, (20.5)
dr
muntn F, -0 win dwulhyp ynw wgnnn nudtiph hwdwqnn t

Cwdwudpmyd dwulihyh Ypw wqnnn nidtnp wntith t pwowlb) Bpymt
nwuh GENpN0 L wrwnwphl (GY.4 2). Uenpht 66 Ynsynid wyG mabpn npnlp
wwwounnmfuwe 66 hwdwfunidpn urqdm duwulhybbnh dhdputg hbiun
miuwnbgpaudp Upuwphl moting  pompugpmid 80 hwdufudphl
fasnlywong - Jwndhllbnh  wanbgne-
nlutnp hwdwfudeh Juwubhiytbinh nw.

Swlwpumedon nnh Ynw s66 wqnmd
wpuRuphl matn ynsdmd ¢ sy,

Gpt hwdwhunudpep hwy gt www
Aw Gwiwwqwt -pn dwuthyph Ynw
40 Mdp EnQuipugGnid t OBnphG F.7 5
Lwpnwphl F° nudtinh hwdwagnpp

Ly 42

F=F"+F": (20.6)

LOwlwl t i-pa dwulhlh Ypw wqnnn F™ nidp hwiwludeh prynn Gwu-
MUtnh Ynndhg wqnnn Gsnght nidtnh grudwnl t

F"=F -F,~ +F,=Y F. (kzi) 207
det .

"t hwnly bpqwé t « # k wwydwbp, pwbh np Swulhyp hapt hn b sh
fouwgnnid: <wadh welbiny (20.6). (20.7) -Q. i-pR dwubhiyh hdwmuh dn-

JrunEjwl dwdwlwywiht pudhh hwdwn (20.5-hg YmbbLwGp
%;;r‘-r'. k= 1) (208)
{wonpnwpwn vnwiny « =12, n wndbplbn, Yunwlwlp hwiwpudph

JulhyGenh hwdwn hwdwuwpuwunwuluwb hwywuwpnsbeng

ﬂ:plfr_ﬁ.w F,+F,
dt )



d: _F +F, +.+F. ~F
dt
(209,

%:F' 4'F.;"“+Fn-"*F".:
Jt

Miptdt hwdwiudph inpwpwbGymp dwubhiyh hdwmiup dhindhntuymd {
higwtu Ubpphl, wibuibu t| wpurwphl mdtph wqnbgneprudp:

h s ontlpry t impfuydied hurdwudeh (0 pdumiup.

Wn wwpatin hwdwnp npntbp hwdugudph 1 (20.3) hdwynyw
wowbiguw| b puwn dwdwbwyh.

AP d dp, dp,
= — = e — 4 ‘20]“
dir <" i dr z‘ dr’
nnQ. hUswtu wibubnid BOp. hwdwlumdpp Yuquinn dwu&hhbbnh hdwynyutt-
nh dwdwbwyuht wowbgru GEph gnidwnl b UnwGah0 dwubhlltph tur
dwp unwgby BOp (20 8) Ywd 120 9) welympmUGspp. NPnbg hw Y wndwd;

20.10) hg uunwGalp

dP Z__,_zip“ir,% (2014

1w ! e
=(F:*F:.)‘(F.,’Fn)' F'eFl - +F.

Wuwntn woewehl vninnh we dwuh Ynpyowyh gnidwpp yngynd t hwdu
fudeh Gtpphl matiph qfuundnp bunnn. nnp hwdwiumdpp Ywqung dwe
Ohybph Yrw wanng paynn 0enghl nudtnh Joyunpwwl gridwnl b Pug
Jwsé nbupny wjb Geplupugywd t Epypnpn tinnnud. nputn drwlwgotnry
wnwbdbwgywsd B0 dwulhyitph qnuyg wn qnuyg hnfuwqnbgnuepulb notip
adwntpp <wdwdw)l Uinuunnlh 3-nn opblph. dwulhyobph guilivugus
qQnug ynjuwqnbgmpaul hwdwn F, - F, = 0 <Gulwpwn. Gopehl natet

quuwynn Yayunnnp Onyjbwpwn gpn t.
%_.\;Ffo. (2013

obnphi matinh wqnbgmembbtng hwlwtudeh Yrw hwdwiprdwd 66 M
Yuwitu, wqnnn L hwlwqnnn qrug mdtng dhpwedwd b6 Gyl hwdwhude
Ypw. hwywuwn b0 deomppudr b nywd hwiwewy' dhubns ninh &

Lwjlpny
<wyh wnlbbiny 120.12) -0 (20.1 1) -0 pbnntOned ¢ hbukguwy nbupp
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dP <~ .. _ .. ?
dl-};r, =F (20.13)

uwnwgywd hwydwuwnpnudp Yunnih 2-pn optlph ponhwbnugndo ¢
Rrwlplpwlpwl hwdwfudeh hwdwnp: 4o gnyg t iwihu, np hwdwpudph
iy pdwinuup Ywpnn b dndinfugt dhwjt wpnwehlt mdtnh wqntgme-
wiz Lepghl mudtinp pbL Ywpnn G0 rehnfub hwdwtudeh wowléhl dw-
Lo hdwymubtpg. uwlw)G (nhy hdwnup dwehntub 350 ywnnn Uw Gep-
i audtnh giluwynp ysnaph qpn (hGbnt widhewwl henlwGps t

3 Moh pdyaye Lguntiip. nn n-hg ¢ p0Gwo dwidwlbwynmd wpuw-
N ndtnh hwiwqnph wqnbgmepaudp hwdwlunudpep 8bng ¢ pbnnad |nhy
nwriuh wé.

P(1)-P = [F(dr:

Ju wnOgnipput we dwuh hounbgpuip Yngdmud t 1o-hg ¢ plpwgpnid
~wiwudph Ynw wanmn adh Adynyu: thuwndnn dwdwlwynud hwdw-
aadeh (nhy hdwntuh wap hwywuwn t wpunwphG wqnnn mdh hdwnyuht:
el mah wqnbgrem Op npnpdmd ¢ ng dbuyl Opw JEOmprude uyl
wandwl il nepunp.

Pwlwywlwguwh pry ndh Bpywnwunt wanbgmeymOp Lwnnn t hw-
Jwradph hdwynuup hmdinfubl wyth 066 swhny, pwl dté nudh Ywnswunb
«anbgnipniLp:

Vunduynpuwtu, unwiny Qunbih t pwguannty Oy 4.3-m0 wuntiindwd
wsrquanyG Landp. Enp GEnplh PR 1w dqbihu Lk d t bug Py, hly uiG-
wn dabihu’ YanLh poyp: Upuunan dbq hounwpnennn hudus- -
e, npb hdwniyuh dndhnfunipimUp weingrt pliwnltp.

VdundhGl ¢t dwjwuupweniput Jhwymd  ptitph
Siwl natnh unptipneip hwiwlymjud t Ynwpuwnh
el nigdnd T - T, = mg. npunbnhg hannbmid ¢ T, >

o ubwitlp 1. dquwl wil wouslbiwgnyl mdp. npp \ T
Naanuglnud t ptyp A€ -ny ntinbu syunndtnd LEppub poh

i 8qtwl nidp nwibnuwn 86Owgltihu Lnw npMwlh 1y < 1, A

aegh nbwpid T - p gpwquibgmid t T, -0 L deplh plap I
gl b Lt Gp. np wu pGpwgentd T; mdp bpyun ' T
Nhubury wanbyny. Yzewguuphl hunpnama ¢ hduwngu. nph '
Yoy Yowguinp win owdwluwymo Luanwnnd t Al-hg me

L rtqunhofunipmi. el



UyGhurn t. np Gtnglh AoE Yundtiine iudwn wihnwdban t T: > T, ugn,
wiwhuh Yunswunl agmd. nph pipwgpntd Yzmupuwnh unwguwd hdwmup shuugs
UpwO inBnuahniuby A, suahny Yw dhun hwnuann t-

Wwl thnpdtiph Ywnbih t hwinbut Yplbiauht Jurn huwdwnGtpnd. s
upnll wownwitph ypw apdud wonip 8mnenp ynupydnid B0 wyipunpugy
hwnywohg

§21. BubrShrUBh YELSANIL, LU CUNGU UL PBNIBUT:
2ucduryr C 2UuvUvunrG

UniinnOuwl hwdwiudph wdpmowuit awnddwl nunudGwuhpmp.
Up Lwntih t hwiabglt) Unpwlwl YEwnh winddwh nuunidbwuhnnuepul
Aw ywownynud b hwidwhudph hubpghwgh, Ywd quigywéh Leiunnnt b
Ywgnippul Gendmedwp:

1. helpghunp funl qubgywdp §btnapale hgrip m.m,....m, quic
Jwaolbpny dwulbhylbnp qpunbglnud B0 7.2;.. .7, 2wnwyhn-ybyunplt
nny pGnupwaynn nhnpang (UY.4.4) <wusudph hobpghugh un quiigyw
dh Yblunpnlp wwhdwiydmd t Ml weurfhn-Jblnnpng

=" QL

Uswgbiny wiju wpunwhwyunnieiusb we b dwiu dwubnl pun dwiwin:
Y. hwayh welbing wpwquprul vwhdu
Gnudp L wil dhwing. np aunnOpuG depou

\\
PR Ol quibaywon wndduwl Yhswu
/m‘ wilpwpu dE6npmi t, ymObhwp.
N : o

A @

p Cdr Z m m

T Uw potpghup ebupnlf wowerp

o "y MGG ¢ g hwdwiudeh (phy. hdwnyuh ne

pupopruglG & 0w (phy qubguuidnt

LwunbGp. np hubpghwih Wolwnnnih o

dmédwdp Awdwudph iphy MWuwmgun Obplpupugdnid ¢ Gruputawl (oot
Py uh puiluwdlng
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P=va,=mv.. (21.3)

(uewlws L. nnG odunywd t hwidwiudeh (nhy quiqywadny L nbh Gpw
nitnghwih LEGuPNOh wnwampmGp: Senwnntiny (21.13) wpunwhwjunne-
b rwiwhudeh (phy hdwnyun dhnhinfudwlG (2013 opbbpmid, Yuunw-
bulp
— = r ‘ 9

md' ZF =F. 21.4)
ana Onipwlwl Yeuinh qwnddwl hwywuwpmdl b Minbdl, Aotrghuwyh (HEo-
wnlp Bepdmddwdp hwdwudeh wdempwlwl pwnddwl pulnpnp b
agymd t Opw pobpghuh YEGuwnpnlnid wnnuwydnmwo. hwdwpudeh (nfn
quibgywol mbbgnn Jwulhh pwnddwl mumdewupnmpruln Cln npnud.
nwiwhudph Lwnpbp Gewnbpnud wqnnn matpp wjq nbwpnid Bupwnnynid
&0 Ghrwayqwé hbtnghwih YeiwnpnGnud: U wpnynbpn Ywqdmd t hwiw-
rdeh Aitnghuh Yeluinnah punddwt pbnpbdh prdwinwynigymilp:

rwlwl t. np htepghwih Yatuwpnih awnddwl Ynw Gepght nidbpp sbl
wwnnn wgnb| Gpt hnphgnih GYwwnidwdp wiywl vwl tEnywd wpyp
Wwrwpniwlwb Mtuwgdh hig-np Gewnd Gepphl matph wqnbgnipjwdp
wwmh. www Gpw pEynpbbpp Yenbt viwippbp ninnruen Gitnny. wwlywil
Urwg huspghwih ysiunpnlp GrwpniGwyh wndyb) ngl wwpwemwywl
hbunwaony.

Swihustbn dwlnmprul ndh nuwpumd hadwiudph quigyuioh b
mlp hudpllyord ¢ Gnw dwlnnepruG YolunpnGh hewn: Dwlpmprut Ysln-
i hwdwpunudpp Yuwqunn dwulhyltnh qmiqwhtn dwlipmprul ndtph
nwdwqnph hpwndwt 4enb t:

Get hwdwhuridpp uwl b www = const

2 PMblpghuyh Gbtunpnbh Awmuplp C bw/mbupgp <wiwhudph
NEpghwih YELwPNGh houwn Quwywd hwqwnih hwiwywngp Yngymd t
hibpghugh (unpnih lund € huwdwiwng Seb bwdwiunudpep dwy t. www
Upw € wdwlywpap Whah htbpghw(: € hwiwywnahg hwpdwp ¢ oguyt)
Wl nbwpnw. Bpp nunudGwuhpynud b hwdwudend dwubhyttnh dhd-
aubg blwindwdp Jwpdnudbtng:

Mwpwiwdrpyttp € hwiwywpgntd hwdwwwunwuuws dEdmpmb-
U6r0 U2ty »ihinw (-) Gwbng Ujn nbwpd thinpdwutbrulh hewn Guwdws
O nad (g Ywlywbbp (wenpurann, G A rudwlwng) dbdmpnLG-
Nt € hudwywngmd hwdwwwunwupuwl 06enianlbibnh hw Guayywd
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WhUGL hewnlyw Yapw
r=r+F;, v =v +y: (215,
B Oquytiind  wp  wnbgnuyn iltinhg
") htwn ¢ gnug wwiy, Nn
o mr = r =0
X ) Zm' ’ (216
r, Ly mv :ZMC'-O:
Unwlp huwpdwniph C  hwdwgwnge
MWGunpul hunnirppu GU6nG EG npnlighy

o o wnwohlp wpdwlwapmd t wib gy
r on OpwOnd hwdwnyh uyqplwignp ¢
Jd &G t. huly Bpypnnnp wit. np Gpw Ghwa
w45 dwdp hwdwhudph (phy hdwnyup qnnt.
Npntip hwdwudph hubpghwih Wl

winnGh nhpep wwnptin AN -Bnph O L O uyqplwltunbph Glwindwdp (G4
4.5y 5t wwnptp <M< -Bpnid hwdwhudeh hotnghwih Yeounnntp Gnw dht-

Gnyl Yeuno t, www
, , Z mr'
r=r«r. rs= '
om
Ul htunnippudp unwgynud t O Gsunh Olwundwdp hwdwiudph hitr
ghwih YEOwnpnGh (21.1) pwlbwdlnud tnsnuinpb(ny 7 =r, » 7 Guwp (0445

Nbunnhipunulpwl JEluwlhpupd hobnghwh YEhunpnlh hudps
g hdwwnugplpdmd ¢ Gwpbth t, hhwpls, (21 1) -hi hwdwblud
auny Gbpdmuot) wewdhn-dsyunnp, L Gpwbng npnzydnn Ybuint wilywis,
nhoopghwih yblwpnt Uwlwit ehjwwnhybunwlwi nbuwpnd win Yo
nhppp whudwsé t hwdwiudentd dwulGhyGbph wpwgmigintbtph pwtun.
dhg L Lwnptp t vwpptp hLEpnud UpohGpl wil (nptog hoywnpule
huwljwgniapn st:

Onfuwqnnn  Jwulhylbphg pwnywgws ntjwnhyhunwiywt bl
fudph hwdwp punhwomp nbwpmd ufuwg &6 poepghwh Yebunpnoh (o
Gqwd hwuinynieniblionp: YenehlGbnu shw B0 dhw)t yghnfuwqnnn Gt
ynburwunwht thntuwqnnn dwuGhyGtnh nbwunhyhunwut hwdwiude
hwdwp (nbu inhnp) 26wjwe npw, rtjwwnhypunwwh dbluwshuwm!
(wjlnnptl oqunymud &6 hwqwnih ¢ hwidwywnrghg. npnud hwdwiudeh |
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rg;wuhyhunwlwl hdwnyup hwwuwn t qpnjh
Z i) + P, =0,
auntn P -0 dwulhiGeph dhnfuwantgnipiwb nwawntinh (nhy hdwnuub t:
Wl hwdwpyh hwiwlywng dhaun Yupbith b qunlt; Con npnid wiu ww)-
dwbhg npn2dmud b ng pE C hudwlwngh Ahppp w)l Upw v, wnwameynip:
urtinwyuwiht hnfuwgnnn rwunhydhunwywl hwdwhudph hwdwp
g 50 wuwlwC 21.2), (21 3 pwlwdlenp
Uwwgngblp wiu  winmdp Bpum Jwubhybbphg Ywqijwéd hwduws-
uirh hwdwp UbwGgtip (211 0 puwnn dwdwbwyh. pbnniltiny n = 2.
_mv )y -mv )y, . m (v (v, )-m (v, )m(v)
m(v,)+m(v,) [m(y)m (v, )
vnwglwd wpnwhwiunnipwt we Jwuh tpypnpn gnidwpbitht nh-
rupadm ntwpnd Onylwpwp qpn £ Ppnp, pwiunidlbnh dhol plywo
twdwlwymd v = const L hEwnbwpwn, m (v ) = 0. PwlundGbph dwdwbwy

mivi2 0. pug r,o-r = 0, pwlh np mpwlws bbwnbnp pwhudwl wwhhi
arwund 86 wwpwénpwlb Shllbnylt nhppp: NipEJL, wu nbwpnd haunn
WA WL P = v ) m(v) pwbwelp:

[Q

(#-r):

— \
§22 PUNMLUP TUITULUUL OFBULRC
I Ymanbpub JEpnobhiumd hudwiudeh hdwmuh wwhwwOdwl

wplwbitnp wwnqnpn? hownlnid B0 Upw dwdwbwlpwhi thrnfurigu bl
wrowhwjiunnn

dP dt = F* (V2 R}
rudwuwnnuihg: URbhwin t. Ged wdwpudph Ynw waqnnn wywwphll ot
W hunfugnng qpn ¢ unyw wilputu Gpuwlmd gnnomn Gonphl madbph pbmy
g hudwudeh (i hwnyul wikpnpinty pow owdwluwlh poswgemd
WPl g

Bt F = ZF' =0, wyw P = Z my =z p, = const . (222)

Mwni|uh wwhwwbows hwdwn unwgywe (22.2) wwidwop Ywnpnn t
"uwlwlw; bpyn nbwpmid, Bpp wnpuwehl ndtp 160 wqnmd, wjuhbpl
we hudwtumdep dwy t, L Bpp hwdwiudph pw wqnnud G0 hwiwyegws
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wpuw phlt mdtp

0wpwo thwy hwdwiudph (phy hdwnyupe wwhuwwbymd b, el
Upw wowbehl dwulhyobph hdwniuGtipp Geppht nudtph wqnbgnipud:
ywnnn B0 4pbp wiplnhwwn teghnfunigmbbtn: Jw Bpunud t wowldy,
dwulhyh hdwniuh thindhntudw (20 8) hwywuwpnudhg Uwyw)b. hhwnlt
wiu hinthnfunieinbibnpp ywurnwnydnud B0 wiliytu, np hwdwpudph (phy he
wniug donud t wGdhnthnhu Nipbdl, Lenphl mating hwudwfudpmd qunpm &
Yy wowpwgllby hdunyuh Jopwpwfurid Gt hwly hwiwludeh hig-re
Juunid pdwynuup wiét; t, www nw Yuwunwnyti t hwdwudeh dniu dwutn
hdwnyuh cduwqdwlb hwpdhG: Un hdwuwnny (22.1) Audwuwupmdp uging ;
nhunty npwtiu Munyuh wwhwwodwl opblph wnwdly plnhwbomn Al
Wopwmid npmd Obplpupusgwd ¢ Gwl hwdwiudph hdwnyuh Bhrpnfudu
wpunswnp

Bpt hwy hwdwudeh nhy hdwinyup wwhwwiynd t guwiywguws w
nwlgph bpluwilipny, www 7 Yy hwdusudph hdumyup wpmn ¢ uun
uplily npng ninnruinGaEpnY L ihexairyuld & wy mnnmpymb0Gny Mo
wby, iphy hdwniuh tndhnfunienublG wpuwbwpnnn (22.1) Jeyunnpuwiyul
hwywuwpndp hwdwpdtp t Bptp ulwiwp hwywuwpndGbph.

p=my =F.p=3mv =F.p=3muv =F: (227

Upwnbnhg hauinlimd t, np nplt wnwGgpeh spwbeny wpunwphl nadt
nh hwiwledwl Ywd pwguiwiMput nbwpmy  hwlwwwunweuwl
wrwlgpny hwdwtudeh (phy hdwmiup Yuwhwwodh Ophlwy. Gy
Swlpnippul mdh nuinnid (nhy dwniuh hnphqnOwlwl pwnwnphsGbne
Guwhwwiytt, huy manwaéhg pwawnnhsp $h wwhwwyh:

Gan b gnuyg . np ERE hdwniup wwhwwigmd t K AE-md, waw
wijl yuwhwwiyh Gwl guilyweuwd wy K' < -nud. Wnw hwidwip uunwiwbp
ndynuh K=K’ wigdwl pwlwdly: Qpblp K-nud L K'-ntd (phy hiwnys
wpunwhwpnnuenbGepn.

P=me P'=Zm_,v': (2.4
Oquytiny Swihith
v=u+v (PRl
Slurhnfunipinlitphg, Yuunwiwp (22.4) hdwmnuibph yuwwp'
P=a)m-P @6
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2uith np <P4-bpp dhdjubg Ghwundwdp Jwndynid B & = const wnw-
g Ny, www P+ const wwipdwlhg Yptuh' P - const:

Prowmup wwhwwliwl opblpl unwgwlp Linunnbh opbtplbph og-
(e Upqn’p shaunn t hdwnyuh wwhuwwbdwl optlge wit hwdw-
ndpsnh hwdwn, npnGp 360 bopwnyYmd LmunnGuwl deluwihywh ontGp-
45nn0, hUswhuhp B0 ophGwly, ebjwunhypuvrwlwl. Ywd Swewqwpdwl
nwr wwnnibwynn hwdwhudesne: U hwpgh wwuwuhaslbp wwihu t
Jnndp. rnp gnug t uinwihu hdwintuh wwhwwOdwb opttph hwdplnhwGnp
aunyep Phwpyt. wn nbwpnid. pwgh Jwulhlosph hdwintubtnhg. wohmw-
eoun ¢ Ry welty bwl Grwlg tinfuwqntgmprul nuuntinh hdwnyup:

Lwiwhudph hownuh wwhwuwadwl optGpo hnpdtwuwl Ywuunbnh
pinhwirwgdwl wpnyni0p hwinhuwgnn pGNLEUG hhdGwpwn ontlp t. npp
ntel ighwnh nput pwgwemeinl: U yruunp, nn hdwynijuh wwhwwbdwb
ontupn Ubhuwlhywsnd wwwwgdmd t Lsniunnbh opblpelbnhg. pOwlawt t,
pwlh nn dwunbphwh uwnddwl gwiywgws hwlwwwndwy optiiunhy
ontlp wwnpmbwlyymd t wnddw inipwpwGyntn Ynbypbun dLh hhdtwywG
nwywuwnpndoepnud: o .

Npwuapfpuaw, wruh (104) Yusu-
Yudmprul onbGRUEND Yuintih ¢ uinwbuy uys wundwlhg, nn Mwmuh wwhuwuwo-
dui on&Gpo hpwyuwlbwiw guwiywgwd Ar L.

Uw grupg uiugm hwdwn plbwplblp Bpynm IhLUNYGL i quibqyuwdbbnny duss-
Uhyltnh pwgundwy ng wewdquwl pwlundp, nhh heunbwipny wewewlnd t
U dwulhly Shpwnptilp K <P<-ud wpn Sunlhiylnp 2wpdymd B0 hpwn hwinbuy
SAnpaudp hwywuwn v wpwgnenuioenny, npnlp X wewigph htun Wwqdmnd 60 a
wllgrnl (. 4.6); ULhuipn t, nn wiu hwdwuwingmud hMuiguh wuwhwuwGowh onbGpo
hrudpudilind b, pwiGh np pwiurdhg wewe gnudwn-hdwniiup qpn ¢, huy puwtunidhg
wowgwgwd dwulihyp quabyrud b nwnwnh Yhéwymd:

Udd wuinqtlp wu Gnyb Bplnuph wusnlytnp 0ty wy ¢Md-nid. COnpelLp K| L
K: nanp, nonlig K-h Ouandundp Jwndynid B0 puwfunidhg wows dwubhyenh v,
« o wnwgrigim 0GRy Mwpg t. np | SwuGhyp K. -nid. puy 2 dunthyp K-md
2ordind B6 dhwill Y wrwitgpny deoniprurdp hudwaun wnwgniplotpnd. np
U('M:mﬂbhp y

BU6wnyttp Bwulhybtnh pwiumdp K -nud, npuntn | Swubhyb NG v wnwg-
Pl iy 46). NpzBLp 2 dwulhyh wpwgnepul Y pumwnphye. NOP Yoawiwlbup
¥ W dwulihy. hojwbu wuwghlp. Jundynud t v wrwgnippudp K; - Y wowbgeny
UK - hewn dhwhl 1 wnwgnipiwop nbnuihofuynid t K, - Glwndwidp G-
weun Bngn duwsGhybtph huwnwebpuguitl unddwlt wNWQNips Y pununphh
fudug (18 17) pusbusdlh hudwdusG (hwyh weGtng, np v., - 0) uwlbulg
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vi=wl-uiicd: (P

Y K 2 Y| K u

(5]

. VA v
PR ]
A X X
AL

v t
l 'A LyY.4.6 1y

V.

it K. Ghd-med SusnshyGtnh Mwniuitnh Y punuwnnhyGapp ywaunpbnynd
b0 SGOnprAlp. Bab VWUNLObNh QUGG WOLENRE Mulwntip wiufu UpWlg Jwd-
Swl yhdugghg. mv < mv Qunbauspwn putunidhg wow K, - dwulhybbinh (nhy
Puniup Y wewbgeny wwnetn Whih qrnghg, wit nbuipmd. tpp puwiunidhg Ram
wn ennupdp hdunyup Wheh qn (wowewguwd Gnp Jualhiyp  Yundyh X
wnwigpny): Yuunbinhg htmnbud L. np K, -h Y wewbgpeny Munyuh wushwpuddul
hudun wihmpwdtan t duahyh quibqywdp hwdwnby Yutudwsd o wnugrmpgniiy
unliwgiu, nn

my’ = myv. 1228
npunbinhg. (22.7)-h hwywoedwdp mobiwlp
m, ,
m o= - : 1229,
B} PRTL

Opb ahunwnipginn onhwynd Guununblp euhdwbwhG wigmd. a—N v 0,
wuw m, -0 K, -mo GibpyuugGh nwnweh Yhéuwymd quninmn Jwulhih quie-
Jwép, nnp huadpOyomd t Opw Omunlput qubgywsdh hbun U yngdmid t gunupy
) huiogunh quogyud m, = m: U nbwprd (22.9) pwlwdbnid m, = my 4
YplnniOh htunbpuy utbupp

M) = e @16
N N
npuntin m¢w -0 2 Swulhiyh quibgywot t, npp nunwnh Yhsudmd moh m quibgyuwd
Suwinqunfr QuAQYUAD hjuntruinn JbompenG ¢ wphlgh ShLlnyll t pnion
L&-apmid Ugin wwndwoeny  Juihyh pumipughn ¢ hwlnhuwlmd htbg Onw
hwigqunh’ UmunnGpul quibqyuwdn:
Quwlbgywdh plnhwinwgdwip unwgdng dwudhlbbinh infy

mv. (2211

02wl

v

PO[WMAWpl hynyun nbuauiprwhl hnfuugnbgrusys oopnd
106



upuhugurnnn UEONLRIMG ¢
W 47 -mo wwanytpyuwd t opunniput L ntjwwhyhunnwyw h-
wmuttph wnwgnipinihg Uwugwsnigm bp: LwntiGp. np Gpwbg shel
wppEnnEILGP twwl b nuuhl dnun wpwgngeynlttiph whpnypnud:
Pou ptjwwhypunwywl quiaywd L hdwnu SEémpNLGERD uwh-
dwlbghp wibwbtu. np nhuwpyynn YnGypbun ophbwiynedd hdwymiup wwh-
wwbgh. prgnp dhnndlwlwl twunbpp gnyg
P b8l vwhu, np wn Wnw vwhdwboywod hd-
wnyup wwhwwlynn uGOmMemi t dwuthy-
Geph Ywiwpulwl ynbunwyunwiht ghnfuwq-
nbgnurrub nbuipd. Cun npnud thwly hwdw-

s/ fudeh iphy  RGwnhyhunwywl  hdwnyup.

< / npp Gepwenid t Gwl dwulhyobph hnfuwg-

T ™ nbgnipaul  nwwnbph  hdwympup,  huwidwiud-

5 ; - pntd pOpwgnn qullwguwd wnngtund wjwh-
wa7 wwGynud t:

§23. UthbULMUUYUL UCNUSULR, 22N MR8

I Upprunnwlpx UwndhGitiph Jpw mdh wqnbgmpniGtinp pwqiw-
quwl B0 UhLOmyb nidp Gwpnn t wowpwglt) Jwpdth wumpun, unbinuidn-
b, nEdnndwghw L wy . Jwpdhtbbph Ynw mdh vwunetip wqntigr-
pmllbpp pwlwlpwwtu puipwgpbim hwdwn Gepdndnid &G tnp dhgh-
Luiwl dESntp)nlLlbn. Onhlwy, mdh wunwnnn wqnbgnipmlp pinuew-
gnt v hwdwn oepdnudynid t vedh dndbown Jeyunnnp (nbu §34), dwnpdhbGt-
M dwlbnpnuypltph Ypw nmudh wqnbgnipimbp plnipwanymd t 40pmd dh-
Qhbwwl dednupjwdp L wy:

Mch wqnbgnipwdp JwpdhOlEpp Gwpnn GO Yuuwnwnt nibnugn-
el Uwndpbbbph wnbnuapnfungpulb ymw ndh wqnbgpmop pon-
pugnynid ¢ JEuwOhyuwlpul wptuunwlp uvyuywn dhghlpulpnt SEdmp-
e hgnup Jwulibyp F hwdwgnp nudh wantgnippudp wnenwithnfuynud t
12 nbunwgeny (Oy. 4.8) Cunhwlnin nbwpnd F nidp heuwqdh vwppbn
Yunbpnud Ywnnn t (bt wiwppbp hugwbu deénpwdp. wilwbu t| niqnmp-
MR Thunwnlbtp Gwuhyh vwppwywt nsnudinfunieml. nph plewg-
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prud wannn nidp hbwnpwynn |hGh hwidwnt hwunwwnmb F rdh dbtuudp
il wptrurulgp dr urupyWApLl nbnuapnfunsppul Ypw vwhdulyn,
¢ by wim 6T GOENRD Lipuywn wnuwwunm’

8A=Fdr = Fcosads=F.dl. (231

nputin a-0 F L dr  4byuinptph yuwqiwd wilynbl t. & = dr —Swulhy
wigws nwnpwywl swiunywnhp. £, -0 Midh wpnelghwl b nbnuin
et mnnnipjwdpe (hewnwagdht vwnywéd nwihnnmy): Nudh vwippe.
Ywl wwunnwipp. ywhuywd a wilpwl wndtiphg. Ywnon t (Gt hOgus.
npwywi L pwgwuwywl, wibwbu ¢ gpn:

Wonlwjwgltiny hwdwqnp nudp hn pwnwnphilbph dhengny L nbnu:
nnbiny (23.1) wiuwumulph pwiwdlnd, Yuurwubwlp.

é.’l=(f‘, ‘f.) - ot F_‘]df = Fldl‘-rl"..df+
ot Fdr=0A +6A, ~.. .+ A,

npwan 84. -Bpp pwnwnnhs ndtnh Lwppuywt wiwanwipbbnt 6O du
Ghyh dr inbinuihnfuniepul pw. MnBde. Awdwqnn mdh wpunwlen he
Yunun t punnphs mosph wnunuwlipbbnh huwtnwhwpwlpul gnde
i Rlwipwl t. vvwppbn pwnwanhy midbp dbllnyG Gepnpnudp gl
dwubhyh unydrut nbnwihnfunterul Ynw. Wi ndp. nph waluwunwlpp nw
Yl t (a < m2), bwgwuwnnnid t Gwubhyp i inbnwghnunigwip b yngyn.
_.-e taundhy mid Gt nudh wfuwuuGpp pu

- 2 gwuwlwl t (a > 172), www w)l uwfu) S

(232

Ir.—
(/)/ nwniunipiulb Yypw moh wpgbiwymn u
- nEgMRIM U L Ynydmd t apdwnpmerut e
) JH Moh wpdhy Ywd ahdwnprepl -
UE(0 wwdwlwywl t L Ywiudws t pliw
Ly48 ynq hOnphg UhLGnyG mdp oh fubspn.

Lunnn t 1hbe| 2wpdhy. huy wy NGnpnud” nphdwnnpmpprul nd: Ophbwy, pur
dpwgnn dwndbh hwdwn dwiprippwl nudp GepGwrutnd ¢ npwbu e
nnnieiulb Mg, huy helnmnh hwdwp™ wndhy nid Jwlwil gnnieynil nuks
ndtip. npnlg wizluwunwbpp dhnn pwgwuwlwi t. L wibwhurp. nenle
pUnhwlpwwbu wtiwwnwbp $50 Yunwnmy ( hnyulpuho mdtn, §28)
Qnudwnbiny htwrnwagdh nwppbn nbnwdwubpnid Ndh (23 11 ywpfe
Yl wuwwnwbpltpp, Yunwbwlp nhvwnlynn 1-2 GRWMNun:
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ynw mdh mM wzruwmwﬁm

A= j Fdr = jr dl @y T

Cunhwipwwtu  (23.3) hUnbgnuwiny +
npnadnn wahiwunwopp Ywhuwd t hGywtu ,
Swulhyh uyapbwlwt b yenebwiwt app- O dt \ 7

ponhg. wibwbu ¢ dwubhyh tnbnwhntudwo
hounwadh dlhg. Luu4 g

Ubuwihiwiwl wluwwnwlph (23.1) L (23.3) pwlwdlbnG nOto
wwng bpynwswhwlwt deyowpwlnenl. Gpa hwpnbh ¢ wntnwiht yn-
nnhlwuihg (nhppwedhg) nudh F¢) Guwiuwéempnilp (04 4.8), www
owprprwlwl dC Swbwwwphh ypw £, nudh wuwunwbpp hwywuwn Yhh
ownrwiwl manwbywo F, & dwitptupl. huy |phy (23.3) wluwunwGpp
Fi6) «ynph vl aGLWo» wwuinyeph dwiybntuhl (LY. 4.87):

PENELP wuwwnwbph hwydwl ophlwyltn:

Urwdgqumbniyprmb ardh wpprmnmbpn: Whgmp intdnndwgiwes Yh-
Awynud L bpywpnuentl nlGbgnn quuywGwyh vh dwint winwgywd t O w-
wnd Yaunhl, huy djmu dwinhg wipwgyws dwulhyp untnwihniumd t Yw-
Swiwiwl 1-2 hbunugony (04.4.9): Guwaodh gw&hmgwo ytwmd Gwulihyh
dpw waqnnd t wewdquipulnippul

F,=-k%r
ndp. apuntn § = r - L U quuyubwyh
nadnndwghwih sunht t: Uwubpyh nk-
nuniunpwl Ypw wiu mdh uwp-
Pwlwl wluwuwrwbpp YhGh

6A = -kirdr = -k{(dr)'..

nouwntn (ar), 0 wbnwihntunipulG wpn-

Blghwl t Jwewyhn-dblwnph manni-
pE L hwywuwn t Ow Jbdnepwl
wahl(Uy 4.9)

(dr), =|drlcoso = djr|= (23.49)

wayh woltyny, nn & = d§, wwwpmWlUWG wztuwmwﬁm LotnYwaLg-
0B0p Wby,
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cA, - -k&dS

tphy nbnuahniumerut pw wewdquiawimeuut nidh wluwunwben
Whoh

k|

A, =k f £de = -A (235)

Ynynbpub b gnwifhunaghnb odiph mapranwbpp: Uy notpp unnynid
&0 by pwlwdlng

F - 2t oa- 4' m.m;.
i_ r kqq.:
ir <wydh wnbbiny (23 40, dwulhiyh
wbnudhniunipul Ynw wp ndh wwp-
' ‘ pwiwl wuwwnwlgh hwiwp Ywpm
tlp ant|.
rir dr

! 54“‘20"—)'-‘-(1—,.
r re

Wy.4.10 NG houwntgnbiny. GuuwOwlp (phy wp-
fowwnwGpp

Y a a ‘a’
— == —=A| -
[Zes- el
Owbpmppud mdh uwpprnwnmbpp: UnnpahlwunwinhG Z wewGgel nn-
nGlp mnnwahgny L hwytlp nudh twinpwwl wluwunwbp (LY 4.10).
64, = mgdr = -mgd-.

N
.
(]

A=a (23.6)

‘r r. r -

nph hUnbgpnudp vwihu t
A =-Almg): (37

Lywuwntlp, np pblbwnlyws niabnh wluwunwbplbnp Juwhudws L dh-
wid dwulhyh uyqpowywl m YEpwlwl ahnperh ynnpnhlwunltnhg U
wllputy 60 )wpddwl htuvugohg. “w hwnndy t ny prynn mdtpht Oph-
Gwly, Awi nudbph wliwunwpp Yuwiuwd t ny dhwyl dwubhyh uyqpiw-
L L Ytpeluulywl nhnpbnh ynnpnhGuunltiphg. wil heuwash duhg

2 2gapmpmi ik Nich wuwnwip luuawntim puhp ponigwannid &0
Mnprueyrn & uwwn dhqhywlws deémprude” Ul nioh Shwynp dwiwluw-
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gd neoh Gwunwnweé wluwinwlph hdwuun.
‘\,:d_ﬁ=rd_f_'_.v: (23.8)
dr dr
NunBdl, mah quinquignuio hgnpnuamiOp cwdwlunlyh ublyugud ups
WG hunfuraun ¢ duuOhigh wrugmpprul L wqnnn madh ugugwn wpuswn-
MMSwnpbn Jbpblwlbn, vwpbp Wnfuwphnd &G Jwpnm b, Ywawptiny
SohuwlthUuiwl waluwinwlp. Panp wyn vwpptnp pUMBWENYNLY B hqn-
nppudp. G wpurwhwunned t Gpwignid gnpdnn nudtph wluwwnwlp
uuwntint puhp GRE hwunGh t wupph hanpmpuwt Ywiunwp dwdwbw-
g www Onw Yunwnwd wluwunwbpp Ynpnadh hbunbjw| pwbwdlny.

A= [N(1)dt: 239)

Jwpwb punfnpblp: Wuwnwlpn UUL-md gunhynid t gnnytinny
Q) Uty gnnyp JblYy Gpruunnl moh wmuuwlpl ¢ bne Gnw hpwodw
Yol mdh wqndwl mnnmprudp wnuapnfuydrud ¢ JGy Jenpny 1 2=10d:
Uhwynplbph wju hwdwywpgmd hqnprigimibp swbymd ¢ Juwwmntinny
MY Yunp Wil wunph hunanuwnntl hgnpmgaeGo ¢ npp | Jugnlpur
O d punwinpmd ¢ 1 R wipfuuwnnuwlp:

Vhwynplbph CGS hwdwywnpgnd wivwunwiph jwihdwl Shwynpp
tng-Gt.

ing=nhowi =102

§24. ANSELAPULUSHL MUUTSEN

Nownwyunp uxumudmppul npnnge ¢ npmd dwubhyh Jow wqnmd ¢
mnpulh onhowsurppprude hoynfwinn mid Gpt mdwnwaunh jnipw-
pwlynip Gounnid Jwubhyh Ypw wqann mdp dwdwlwyh pbpwgpmd dbnd
t whhnyhntu, wiugw nudwnwunp Ynsynid & wnwghnbwn

nbubpfuwnpy mdtp gyanlbghugayhb mownwra Opt nidwnwy-
unid Jwulhyp nbnwdinfuynud t 1 Gouhg 2 Leunp, www wjn yenwhn-
Rinel Jrw nwaunh mdtiph waluwwnwipn Ywiudwe hth, pnhwbpw-
Wou wwwd. hogwbu dwulhyh uqpbwiwt L Ybpebwlwt ynnpnhbwwnlt-
nhg. wilwtu £ wnbnwhnhudwl htuinwgdh duhg dhahywnud wowyt| Jeod
RouwpnpnmanG 50 GbpLwjwgbnd wih wnwghrbwn nudwnwaunbnp.
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nnnlg wprunnwlpl wolputu ¢ Juwlplh inbnuaprfudwl houwgoh dihg
WOwh nidwnwuntinp Ynidmd B0 wnuntbghuyughlc huy bpwbgnid gnndng
matnp nbubnyunntyy Aantuepdwuinhy ndtph ophGwybtn 66 wewaquw-
QuOMpLG, Ynynbpul. grwyhunughnl. Swinmuepul natpp

Snuyg wnwlp, NN wBOGhuyuPl ncunwpuvnd unupanlpul sy
hbuwuqony Jwuligh wtmuapnfuduwl Jmw nuwpuh otph jwuowwpun wy
fwnwigp qrn ¢ Thgnip | inhg dwubhyp wbnurhniuymud t 2 Yeung a2
L 1b2 wnwpptn hbuwgotpny (04.4.11): Rwbh np nwunp wnnbGghwwhl
t. www

A=A, (24.1)

Uwulbhyh 2bi nbnwghniumppul ynw nwuh nudtnh wfuunnwGpp
hwywiaun t 1b2 tnbnwdhniudw( wiuwunwipht hulwewy Gawbny

Ay =- 4., (242

Gpt hw2yblp Yrwly hnwgony dwuGhih rnbnuahniudwi Ypw nwaunh
mdbph wuwuuopp, www (24.1)-h L (24.2)-h oqihnigpude lpamuOwip. np
wibqpnt.

A+ Ay =4,.-4,,=0: 243

Snug tnwip hwywowyp. tet nidwnwuind widwpulub Jwuy he-

nwgdny Jwulhyh nbnuahniudwi ypw nwunh ndtph wjuwanwlgp qnn

b www nidwnwunp waunboghwiwshG t

Gwidwpulywi ghwly hsuwgdny dwubhyh nt-

nuuniuniginGp Gwnnn BUp wnnhby bipyn

a hwenpnwlpwl wequihnfunigntbbenh /a2 L
' 261 (0y. $.11): Cun wywipdwGh

4, +4,.,=0 24

‘MY

b Oautyny nuwaunh unwghnluwprppl
R 1 wupwlhg Gnphg ywpnn Glp gty (24.2)
W4 wnGsmpitp. nph hwpywedwidp (24 g
Guinwlwip (241 nwwh  wnunbOghw-
INRjWl wwjdwlp Nunbll, (wdwpuslput ¢y Mouwgdmny duwubhiyh wninu
nfudwl Ypw nwpnfr mabph wfuuwwliph gpn (hobip mownuwpunh ur
wnGOghwy nippul WohPwati pun L purjuwpun uuphuwbl ¢
Ybbupnbrurlpwl nidupwra Poinp vdwnwanknp wpnbp B0 npn-

T~ L A

112



th dwnohbltph ginfuwgnbgniput: Ywainnd dwulihyh ypw wqnm
mdp holg wn JwpdhGbbnh wqnbgnmepul wpnynlpl t: Yo nedtipp npnGe
(auuwo bG pnfuunnn Jwubhyltinh gt heowynpmgmibGbnhg L mnn-
ywo b0 Opuwlg dwgbnn manny. ynsymd 60 g huinpniuwlpwl “E6unpnluw-
Lwb nidtph ophGwlbn BG YnynGwl, gpuydhuinwghnt. wewéquwlwine-
jw matpp: | dwubhyh Ypw wannn LEGunnnGwlwl mdt pbnhwinp nbiu-
gy ywnb(h t bapYwpuglt hbunbyw Yepw (GY. 4.12)

F.=r(r.)i.. (24.5)

nnbn . =7 —r, Gwulhyleph hnfuwnwrd nhnpp pUNLRWANNN JWRW-
ym-4blunnnl t.

A Fl.’ ] [ 4
/\ ;
/ -
r r , 4

’ .
1 : -
o. . . .. -
r —"4;. -
o h
w 4.12 w 413

Ut mawnwpwnp. nph vwwnpbin Yuwnbpned Judbhlyh Jpw uqnmn mat
P wandwl gotnG wiglnd 60 dhllny O Younny, iy Jboruen bbb
e BG O g Jwulhlgh mbtigud r henwinprgahg imsynad ¢
Whuinnnlaulpuwt mdwnwpun (64.4.13) O Younp Yngynud b rvacwnwaunp mousr
DG lnnnt. Unndnid Ywd Upbawlbwih hwidwywngnud dhenih L Unb-
quih untindwd nwiunbpp YaunpnGwywh nwwnh cphbwylbp B0: WEbun-
plwywl nedwnwizuined Swulhyh Ypw wanmd t @eaunniwlavt md
F=f(r)F. (24.5)
nunbn -~ -p dwulGhyh henwynpnipinil t O nldwiht Ysbunpnlhg
8nug nwlp, np Ylunpnbw!lput redwnwaunp wnuntoghuywhi ¢:
NnnBGp (24.5°) YeOwpniw et nidh tnwppwluwt wluwnwbpn.
49,4=F(r)dr:_f(r)(dr)' =7(rar: (24.6)

Lwidwpulwh 1-2 nbnwhniureiwl 4pw wiu nwaunh ndbnh inhy wp-
hwwrwlpn Ghth
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1= [1 ) =0(r)- () (24

nputn @0 moh Gwubwlwi Pmihghwi t L Ywluygwd t dhw)l - -hg:
Muptu0. utnwghniwp Yaownpnibwhwdwswh ndwnwunp wninbaghwywht
t. pwih np (24. p wilwiu b SwuGhiyh nbnwdhnfudwb hivnwgdh duhg:

§28. ANSHLALUL LLbMRbU, YUNC Mah 26S

Wt dwunp, nn wnunbGghugwihG mdwnwantpnd ghndnn mdaph
wuwunwipp Ywhudwo t shwl dwulhiyh ulqpiwywi L ybpgbwywb nhp-
ptnh unnpnhUwuwnitphg. hwpwynprginil t rwithu win nwantpp gbn
pwant| wnuitbgiwy (otpgw uywiwn dhahYwlwl JEdniprude Thgnip
wnunbOghwiwhh ncdwnwuh Yuwiwwlwi D ewnhg dwuGhyp nbnwyhn-
tumy G Gwhuwwtu puipgwé O Geunp Rwlh np wiu vbnuahnuni G
ynpw nuwunp ndtph whuwunwipt wiywu t dwuGhyh nenwghnfudwl ht.
vwgoh dlhg. www wib Yuwpm t Yufuuwd (hGb) dhwit L dhwit O Yewnh
Clwuwop D YEwnh nhppp pOnawannn » wewyhn-Ytyunnnhg.

.4.,_,—der:-l"'(r); (28N

UwuGhih nbnphg (dhpuwé O Lhnh Ghwindwip) Yuwluwod U ujuw-

(wn dlyghwl Ynyymd t pwpnnh D Yinmd dwuOhlyh upmntoghuy tutp
@Nw. “wiwpuuwb bpym yeuntph dhel dwulhyh nbnuihniudwo 4pw nuwy-
wh ndtnb wuwpwd wswunnwipp Yupbih t wponwhwint; U dnly
ghwjh Gduquwdp: Ppnp. pwlh np pwaun

3 D nudtph wuwnwipt wilwiu b wnbqu-
hniudwG hbuwgdh duhg. www dwubhh
1-2 nbnwhntunipinOp Yuwivnwnblp wit-

'l e wbu. nn Upw hbuwghdl wlglh plup-
. . Juwd O ybwninyg Gy 414y Ujbwbu np Yu-
J f . nmtGpang
-~ 1 . A=A, vAd,,= A, -4, .25
0 nnQ (25 1) -h hwqwedwdp Younmih bt
nlyw inbupp
Ly 414
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A =U(r)-U(r)=-AU(r): (253)

Mpbdl. dwubhyh Judwjwywl 1-2 nenwdhniuneut Ypw nwawnh ni-
donh wiwunwlpn hwywuwn b dwubhyh wnuintghwy tubpghwibh Lywq-
Jwlp Puy vy Yowmd dwulngh ynintOghuy tabpgpwl domd ¢ win-
pny Uwlw)b. Bt wvndh dwulhyh wnuntlghuy tutinghwih wndtipp nwwnh
anLt Lownid. wwyw win Yeuinhg dwulbhyp wsnuahntutiny nwaunh viwppep
gentip L opwdhsiny nwwh nudtph wfuwwnwbpp. 242y hwywuwnnidhg
ShwndtpAntl Ynpmpbitp wnunblghwy tobpghwh wndtpp nwpwnh pnjnp
gnbrmd S unynpwpwn uwnwnynid t wavibighuy LeEpgugh qpnpw-
wl swlpupnwh paurnnmepude Upoh(pl. bwhwwby wwphwGwdnpygned
&6 nwwh hug—nn O ybunnud wnuntGghwy totnahw G hwdwpt; qpn:

Al wnuntttighwy tubnghwih qpapuywl Swlwpnwyh pbunpnie-
g Ynydmud & wnuntlghuy Labpeugh Onpdwsdnpnid. Udd wipntl wjwng t
nwalnd. np (25 1) weGinipude dwuthyh wnuntbghw| tGepghwih Ubp-
dnddwl dwidwbwy JELp (pneppudp plnnlbt; tLp O Yeunp nnwtu nwwh
wounbGghwy tbnghwih qrapulwl Swywnnwl. St wnunbbghw totp-
ghwl Gnpdwynpywd t. www nuuh gwllpugwd Younnd wil plwubu
pwywuwn Yhih wit wwwnwGeht npp wwwnnd 60 nwuh nudepp
dwulhup nhuwnyym Weunhg Qi dwiwnnwy nbnuahnfubihu:

Quidbdwintiny (25 2) webinipmilp $23-nid wnwéquwineulb. Y-
(nopul,  gnuyhuinwghnG, dwlnpmippult mdbph  wtuwunwbplph hwdwn
wnwgqwd (23.5)423.7) wpunwhwprnnenueph bbun,  uunwGwtp wm
nudwnwntpnud dwulhyh wnuetghwy tLtpghwGbng.

kg
('.,l"'f _:_ -C. (25.4)

Con=2 L U e mgz e (25.5)
i
Unpdwynpdwl hbunlywy wwdwbGbnh pownpnippudp.
U0y -0 Uz =0 Ut 0, (25.6)
(25.4) L (25.9) -nid wlnpnp hwunwunG gridwntihGenp ynwelbwlb qpn:
dwny t Gat). np $hqhywlwl pninp pwlwdlbnp. npnlp Ywpng GO hw-
dodwuinygly thnpdh wpnnueplph b, wwpnbwynid B0 Shugl wnunt-
ghwy tbnghwih dhndhnfunipprutp. NG wilwiu b onpdwy rndwl ww)dwihg.
Ubwtu np wnunbghuwy tubpghwih Gnpdwynpmdp dhahbwirid snibh dtd
Yuwplnpnugyni b
Byu dh nhiinqnipit: MnuntGghwy tobnghwl dwuthh pGniewghpp
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it UG pompusgnmud ¢ ynbutinduntnd pnfuwgnon dwndpoltnh wntndus
mdwnuipnh Jbfuwbhlypulpwl wituwanwlp unnwndm ponm Gudyngm i
Vwulbhyp vnuy nbupnid nwaunh teepgbunhly hwanynepinGaenh nunig
Dwubniwl wwuhy ogjbuyun t

NipEYG wnubLghw|whl nidwnwunh wqnbgnipimlp dwuGhyh Ypw
pUnipwgnrynud t bpynt Bawlbwyny. Upw Ypw wqnmn F ndnd L wynuntit-
ghwy Utbbpghwind  Ndwnwunh wju Gpynt pantpwgpinp Awdwndtp b
L Opwg dhgl annuegndb nLitgnn Gwwytpny Jsuh dhengny Lwpbih ¢t wnw-
Gw| gniup

Midh b wowbbghuy tbbpghuyp fuyp: Wngnip Swulhyp wninbighuw.
(Wbl Audwnuwaunntd Yuwuwwng) t de nwppulwt nsqudniunigld Jw).
wh ndtnn wluwunwbpp dwuGhyh nhuwwpyynn wnbnwuhnfumpwi Ypw
wpp

dd4=Fdr=Fdl (257

Uniu ynqdhg win wibwunwlpp hwywuwn t dwubhyh wnuntighu,

tGtpghwh Odwquiwip.
Sd=-dl, 2ss;

NP (25.2) wpunwhwnnigniGo § dwuGhygh vwwppwywl wnbnwdniuneiut
hwdwp: Amwd (25.7) L (25.8) wrbznipnibhbphg hawlnd £, nn et hwpntn
t ndwnwunmd gnpdnn nudh wnbupn Frr, www wnuntlghw tutinghwl
ullugws r Yewnnud ynnnayh

L(r)=- ]F(r)dr (259,

hGuinbgmwiny. npuntr # -4 -0 puipywé b npwbu nwuh wruntbghuwy tubn-
ghwih qpmwiywb dwywnnuwly

Gpt hwnbh t wruwblghw) toopghwih riblghwl. www (257) o
(25.8) wnlsnignbbbrhg Yuunnwlwlp.

el

[ ‘.:, v
D wnunblghwy tutpghwih grunpbint ¢ hwywnwy Gawonyg Niptdl
nwwnh Ymndhg dwubhyh Jnpw wqnnn £ nidh wpnjtyghwl nbnwdniunis-
Jwl namuppudp hwywuwn ¢ wn inniprude dwulhyh wnneoghw Lot
ghwih gpwnhtiunht” hwlwnrwy bawlng

Swpnwiwl & nsawhnunplp L £ nudp ninnwGymb YnnpanGuw-

125.10)
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wwiht hwdwyuwngnd SEpbwpugynud t wpuwbu
dr - idv + joh + ket (2511

F-= lf ;I- kl- Q2512

Nhunwnytny wewldht wewbgplbnh bpywiopny dwiuGhiyh nbnwyn-
unpaul Jpw nwuh nudh hwidwwwuwutuwl pwnwnphh wzibwnwbpp
L hwjwuwnbglting win wewbgeny Jwulhh Uiy o) wynuntbghuwy thbp-
ghwh (wquwbp. Yunwbwbp

Al A
l'l:---- l --éi F =- l
o N o

nuwlg hwywrdwdp dwulhyh Ypw wqnnn (25.12) mdp ypunmGh ht-

JSjwy nbupp

(25.13)

=-gradl’ (2519)

Qwiwagdnd pbpywd mnmwhwjmmmmbo uquywn U plyghwih
gnwaht ol t nennuibiymo unnmh(:wmmmu hwdwywpgmd: Ywunwnbinyg
V-,—+j—4k—— (25.15)

X cx X
brwlwymdp. npp Ungmid t wpyw owbipunnnn (25 14) yuwyp Yobplw-
wglblp wpraybu.
F=-VU: (25.16)
Unnwgdwd (259) L (25 16) wnlinpnlibnp vnwihu B0 wmntGghuy
tibpghwih L nudh dhwindtp Yuwp:

§26. UNLUEMLUSHY idblh UChUSULRC
2UUUNURMU

. Upwnuwphd §nbubpdunpy mdiph wrpuwnwbpp: SLpwnnblp n
Jwulhytbphg pwniugwéd thuwihiwywl hwdwhundpp qulynmd t wp-
Mwphl wnnbighwiwiht nwunnid: NpnRblp wyt wluwwnwipo. nup Yw-
wmupad B0 hwdwhudph nbnwihnfuntewt Yrw wruwphl Yniubndwunhy
noting wwppwiyw o dwiwbwynd

Lwhunpn wwpwgnuwidnid nbuwbp. np gwilwgwd dwubhy wnunnb-
ghwiwhl nuidwnwuninid odunywd t wmnbiGghwy toepghwiny. Lywlw-
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Ul hwiwtnuipp Ywqdnn dwulhyltph wrunbOghw)  tGBpghwlbtng
C(r): Ur)i U (r). nER £, 1.7, -0 Gwulhyltnh ahppenp G-
puwgnnn wrwyhn-ysyunpbent BG.

Ununwiphtl nedwnuwpunmd hwdwpudph wynboghuy t0Enghwl hudu
Nunudpp Lusqunng Julhybbph wnunboghwy tEpghwitnp gmiduns t

L'(r,.r:.....r,,)=i(7,(r)r (26.11

hgnip winpwiywl dr dwdwlwymd hwidwunodpp Ywqunn Swulhy-
tepp Lwuwnwint) GG drgr. nbnuihniumebibn. <wdwdw)t Gwhunpr,
wwnpwapwdnud uinwgywo wprynbph. jJnipwguwaynip dwubhih wbnuipn
fneulb Ypw nwiaunh nudbph wuwnwipe hwudwuwn b hwdwwwunw:
Wl dwulbhyh wnunbughw tobpghwgh bywqdwbp

64 = ’dU.(’.):O'A: =-dL':(r,);..‘.:

Qnidwpb|ny wu wuwuwnwlpttinn Yuunwlwbp wnunwphl ynbutn-
Y-y nudbnh (nhy wluwurnw(pn dr dwdwbwlnd.

A -}:M = ):dl, =-dZL (r)- (26

<wygh waltinyg (26.1)-0. unwlnud GO, NP wurwpht Ynbubnyurny
matah wafuwanwlipn hwwawn t mownwpunnd hwdufudph wnunboghug
tobpghuw fuquwlp

64 =-dU(r.m....r, ): (263)

2 Ubnpht ymbutnyunapy midtnp wapraambpe: WownlbGp Ul
usnuwunhy hnfuwqnnn N Jwuthyltphg pwnwgwé dwy hwdwiundge.
Swppwiwl & dwdwlbwymd mpuwpwlynn dwulhy Yuwuwwph vt
awwnunteinl, nph hewnlwbpny hwdwiunudpp Whntuh hp YnGdhanipw-
ghwr

Wnldhgripwghuph (hmpnfudwt Ypw Genphl nGubnydunnfy matnf:
wptvwnwlpn wwinpwilpuw dr dwdwouwynd GEnpipupugyrud ¢ hwdwfudemd
dunsihiylionh puwppsnidhg huwpunfuwo uuywn dmllghugh fwqlwdpe

A, =-dU tr,ryn, (26.4)

nnuntn U -0 Yngdnud t hwiwpudph ubmudlpul upunkioghug tebpafu
Uwywgnigblp wiu wlnnudp Gwiu bpyni dwulhybphg pwnyugws hu-
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dwiudeh hwdwn (o 4.1¢)
uptlp & dwiwlwynd thntuwqntgniprul metinh wliwurwbpp
SwulhyUtph dr ey, inBnuhniunienbotnh Ynw
o4 . =F .dr+F,dr .

ogquwtinyd Lgnunnlh 3-pn optlphg U bbpdmotiny dwulhlltph hw-
rwpbnwywo nhnpp paniewgnnn .= r; r: Jwowyhn-Jeyunpp. win wuw-

vwlpp YobpYwpLgLtlp hbulyuy Ltnw
SA = Ko, = f(r,)dn, =-dU, y(r;). (26.5)

nunbn oqudt) BOp LELnPNGwiuwl nudtph (24 $) GepLwrugnihg L Upwbg
ynbutndwunnhy (h0bi M hwbquidwiphg.

Udd nhunnwpyttp tpbp dwulhylbphg jwqiywd hwdwlumde Ly,
§16) Uwulhyleph dr.,dr.. deo inbnuihnfunigimibleph ypw Gepphl Yno-
wspwunhy MAtah wluwnuwGeo Yinoh.

oA, =(F, + F,)dr +\F, t F.)\dr, ~(F, +~F)dr,=

=F.dr. + Fdr, - F.dr,=-dU . -dU - dU.,:
Nipbul’
b =64, b4, - 04 =-dU, U, U, (26.6)

Lpphl YnGubnyurnty mdtph |phy wiiuwunwGpn OGnLrupug|nud t hwdw-
ndpe Gwqinn dwulhobnh Qi wie qnig ntuuwnbgmpuul wmunts-
gy tinghuwlbnhrgrudwph

Uleprr)=Us(ry) < Un(r) = Us(r). (26.7)

bywqdwl nupny  Bwlh np Bpyne dwulhylbnh hnjuwqntgniprul wn-
ntOghw) tobnahwl Ywhuwe t dhwil UpwbGg dhel htowynnnieimiihg.
www hwdwiudeh ubhwiwl wnunbGghwy totpghwl Ywiuwd Yhh Opw-
nud dwubhyltnph pwtunidhg. wpuhlpl YnGdhgnpwghwihg

Bepywd nwunnnmipyublbpp yopwpetpynd B0 Gwl Ywidwpuywh pyny
dwubhlGtinhg puwnywgwd hwiwtudpht Wibwbu np ywntih t winty WG
dbpunnfyd matinry yinuwqnm guibwgue hwdwfurde pornpugmdmd t
M inbppar puwghunhg Wi wo vt uwgwl wrunboghuy tebpau Uauwn
Suligtuyny. nnp Gyuquwl huipghl Gpphl Ynibpuwanfy mabnp s
vl 60 wptuwnudip

ﬁ.-!"ﬂ-—- -dl (26.8)
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st T F. T . R

! - ! 2 , Cdr N F e dr.

) > ! .

'r . \ tas !t

.’ - " dr' O‘ - - - - - - ‘I'
o g, ¢

uy 415 Ly 416
Jbnowynp dwiwbwyntd win wivwunwipp hwywuwn t
A=U -U.=-4AU,, (265,

(74
nputn U, L U; p ushwywl wynunbGghw ttpahwh wndbplbnh B0 hw.
Jwiudph uyqpowywi L yepebwipub yhawyltpnuy:
<Swlwfudph vapulpwl wnunboghwy Lobnghwl wnpuinpy st. wishGpl
hwywuwn 3t hwdwnudpep Guqinn dwubnh ubhwywl wynunbOghuwy titn
ghwlbnh gnudwpht UGhpwdtaw t Owl bwyh wnbb hudwudeh vwp
pbp dwubnh dhel hnfuwqnbgnpjwl wnuntlbghwy tUEnghw(.
ro=yu,-u,. (26 1.
npuntin U, -0 1 -pn dwuh bl wynunbGghuw tepghwl t Ubthuwiljul
wnuntighwy tubpghwl Yuhugwe t dwubhytbph dhel htnunnnngem GGt
nhg. npnlp Poywphwiwn 60 Quihibh dbwdinunignlbnph Gl

Gwnlwpwn, vl wynunboghuy tobnghuls Quutytr haywnwiown &
o ¢

§27. YPLESHY ELLMGPU: YUbLEShY Butrahush
etnreuc
Ahgnip plunnwéd <Ménd m quibqywany dwulhlp 2wpdynmd b e
dwqnp F noh wqnbgriejwdp: Npntlp dwulhyh dr tntinuahnhunuppwb Ynu
F nidh inwnnuywt wiuwuinwipp <wayh webtiny, np

F=m£11. dr=vds.
dt

Guunwbwlp
A4 = Fdr=mvdv = mv(dv), .

Rwlp nn v YEunnph wnpntlghwl v ninnniepude Muguwiuwp t wpw
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amawb Jouwnph dnanyh wahi, www
SA=mydv=d(m’ 2):

Jwdwgnp mdh nwrppwywlh wuwunwipp hwdwuwp t dwulhyp
wnwanipnUhg Ywhuywo
K = "’2‘ 27.1)
Jeonppulb wahl, npp Yngymd t dwulhuh ghrlsunpy tabpgw Mpbdt dwu-
Ghyh Lwpnwywb wbnwdhniunewl Ypw hwdwaqnp ndh wliwunwGpp
Jerwaynid ¢ Unw YhGtunhy toenghwih wahlG

dK =64 (27.2)
Uwulhyh opgwynn inbnwihntumpiuwt nbupnid ynbbbwbp
A=K, -K. (27.3)

wuhlpl, dwulbhuh Upw wannn Awdwqnn moh watmnwipn wilpupy
ndh conuphg hujwawin ¢ dwulhiyh Yyhtunhy Lebnghwh wahl (uhubuinhy
tubpahwih pENNEY) Get wluwwnwlep npwlwl b, www dwuthyh yhot-
why titnghwl SEowlnd t: Wwanmerul nidtinp Jnprwglmd 66 Jurr
Ul Uttty ObPGhwG:

Ahuinwnpitlp dhuwGhywipwt hwdwiuntdp. nph dwubhyGtnt plup-
qué hémd mlBL KKy, ... Yhltuinhy toapghwotp: <wiwdw)t (27.2) wp-
nmlph. 1 -pn dwulplh Yhotuwhy tobpghwih wap hwywuwn t pw Ypw
wqnnq hwdwqnp nidh wiuwnwiphl dk, = 64, <wdwhudph ponp Jwu-
hyitnh Jnw wanmn mdtnh |phy waiuwwnwipp WhGh

64=3 64 =3 dK =d¥ K, wdK. (27.4)
- .

K- ZK my (27.5)

dempnip hwowpunidpp qudnn owunnuocnh yhLewhy tuEpghwitph
onudwnl t L yngdmud b Awdwpudeh Yhobunly totpgpw.: Napbdl, Yhabunny
Lol wnpund SO el ¢

Unwgywé (27 4) wpnymlbpp  Awdwfudpmd gnpdm prynn motnp s
P iphy wprmwnwGpn huduwawn t Onw (nty] Upobunpy teEnghwh
wahl hupnGh t npwtu hwdwtudeh Yrotunny toEnghuwyh pEnpbd
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Rwlih np Yhtbuwnhy tbEpghwt wpwgnipinuhg Wwluywod pwrwyniue
i Imblyghw t. www Opw wndtpp Yuiudwo t pbunnywd hwgwnyh hy.
dwlnghg Uwwlulp Ghlluhy tobpghugh dburpryudw opblppn oh hw.
Jwn-yh hwiwluwnpghg Jby wiht wiglbibu w hwdwn apblp Mwiuw
fudph Yhbbunhy tutpghwb K L K hE-bpnud

K- Z -A-ZT—

Opt K- K-h Glwwndwdp qwndymd t « wpwgmepudp, wuw hwiw-
Swyl Quuhibh duunhnfunieniLbtph v, = v, - & wibybu np

K= Z—(s +ul =K’ +—— -uP . 276

Uuntn m =Y m -hwdwpudeh (phy QWUQtleD thay P Y my
=mv' -0 (PP hdwnuup K -md <wadh weltinyg trghlu. (27.6) Yok
Yuwgltlp wiuwtu

K=K +mu/2+«muv: 27

Opti K' pC hwlwywng t. v= v, wnnbwpnd v =0, L 2727 N

Luurw bwlp
K=K+ "‘% r @

Up wipryribpp @nihgh plinpbidt ¢, npawd we dwuh wnwehl winwip
hwdwpuiph Yhttwhy tiepghwt t € hwdwywpgmid Nkl (27 .8) -p bee
Gwpugimi t K -hg C holy (27 7r0 K-pg Yubwpuw K -hG wigiwlb yhls-
why toepghwih dlunhnudwl pwlwdlbpp

§28. TPUPMIUSPY MAEC, LIULS UTNUSULRC

<wilwjudpnid gnndnn mdtinp  pwdwlbghlp UnphU L wpuwghl
madtph Pwgh npwihg. ndtnp pwdwlt) Bup ynbubpwunhyh L ng ynGuspy
Jwuwhyh. Ynbutpquunhy motph waiuwnwlbpp dhan wptih t ot
nuglty ynnpahlwunnhg Gwiuws wwwn dnlbyghwih Gqwqdwdp ($260 Y
ynGubpdwunhy matph nwup pongpynd ¢ qwunwihl L Ynbunwyuwpi
pOnyeh pwqiwquwl dhnfuwqnbgnigMLitn  Upplwiht  tibLunnwlwd L
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walhuwywl nwunbnp. pwg L snn ahdwl nudtnp. phdbwlywl Nt dywluw-
Wb mdapp g UnLubndwuwnhy dhnfuwqnbgnienbitnh ophlwy 60 Ujuwntn
tUp uRLLWNUELR Ny UnLuGndwwnhy mdtnh Gpyni yuwplnp nwu Inwle
yywluyhl L nhutwyunnpd motinG Bo.

ywlpuphl ynsymd &0 wyls matnp npnlg wtuwuwlpn dunipiyh s
kgl nbnupnfuripprul Ynw hudwawn ¢ gpoyr U nwuh Yupunnw-
U ObpLwiwgmghsp wndynn (hgeh nw 8 hanmughwiny dwaqbhuw-
wi nwawh Unndhg wqnnn LantUgh Nt ¢

Frq[vB]. (28.1)

np dhaun minqwhwpwg t (hgeh v wpwamewip W hbnbwewn, waluw-
nwlp sh Lwwnwinned
8A=q(vBldr = q|vBlvdr = 0.

Lwdwhudeh tutpghuwgh hwygtlenid wiu nudtpp Gepnnnud snOta:

\. Yahpganapy nrdipp splwb b phdugpnipub audtp bb: hubupw-
my ndtnh dhqhlwlwl panyeh pwgwhwyunnmdp nnipu t Sehuwbhyw)h
nowlwylbnhg. Lttp dhwit. nn nawlp pwpn tisGunnwiwqlhuwywl
nuyph fuwqnbgnipnlbtn B0: Upunbn Yuwhdwbwhwiytp thinpdlw-
wbnntl wwgywo ahdwl ontlLplbnh wnwnpwlpny

R rwpptpnenut wewdqwyuimeput. whbqbpwiwt égrmuywinie-
wh, Yy nlpulG nedtinh, nnnip Yuiuywd 86 dhwjl twpdhGusph thnfuwnwnd
hnehg. ahdwl ndtng Yuiugwo B0 Gwl nhuhwwinhy infuwqnnn dwp-
altnh hwpwptinwywl wpwqnpiniGhg: Yuwny hnfuuqnbgnip-
wi qullpusgusd nud Yunbyh ¢ Dptpupugily

F=-k(v)v, k(v)>0 (28.2)
Deupny. npuntin v -0 hintuwqnnn Jwpdhtbsph hwpwedtpuwywt wpwgnte-
nUl ¢ huy koo-0 npawyuis dmlyghw t. uhwwantnyd edp dhpun huitpur
awly ¢ manywd Jwndhbbbn hwpwpbnpwlpwl pwnddwin

POjwEu gulywgwd nid. shuywnhy matipp pwdwiymd 60 bbnph
& L wpiwphon

2 Upuwphb phupyyunnpy ordiph wrhimuwbpn ufuduwe hupgwniyh
hudwlpupah plunpngidhg (unng ¢ hoby hisubu puguaulwt wibupbu
& anudpG hang, nhgntp Whwpujw 3npuntG uenwbny huwyjwuwpuwswd wnb-
rwdatuymd t v wpwgnigwdp (O44.17w) Mwnq b ubnwih hbun Ywwywd
K nid F, nidh wluwunwbpn pwgwuwlwl t Spt wiu thntuwqnb-
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gnipintip nhunwnltbp gnpunth wpddwb manMuepude U - v WPWgNRWEs
wpdy,m K, <MLncd, npmd gnpunid yubnuahniuyh hwwewy mnnmeg-
jwdp v = uv wpwugmpwile. www ahdwl mdh wuwunwlGpp Yhoh new-
Wb (LY. 4.179). Vwubiwynpuwubiu, snpunch houn unyywd K, <hEang f,
ndt whuwnwGp sh Ywunwph (GY. 4 17p):

Ly 417

3. Unpht phupyunpy awdiph wakiunawbpp dhpuin puguinulpust t
whlywu hwpdwplgh hwowlwngh pbunnmggdhig: Up winnip Yuwwwgn.
gblp. UEnphG nhuhwwuwnhy mdtnp Gepwpuglbiny dwnrdhGLERh qrug we
qua nhubwwunhy hnfuwqntigmigmniLitnh wbupnd. Thuhwwunhy] nidte
(28.2 punhwGnip pwOwdlp hwdwtudph -pn L A-pR SwpdhGbEph nhuhww-
nhy hinfuwgqnbgnigpul hwdwn nllih hewnbjw; wnbupp

F,=-k(v,)v,. (283)

npuntn v, =v - v, -0 dwpdhllbph hwpwpbnwiwl wrwanemilo t oy
417). dr dwiwbwyn hwiwhudeh L & SwpdhGltnh dr = v.di.dr, = v,d
ntnwghnfunientGitph Ypw win nudtnh wuwunwbep YWhoh
64, =Fyvdi« Fy,d,
npp Uiminnlh 3 -pn epbGph hwgwndwdp yuw
04, =F,(v,-v, Mt =F,v,dt
Oqubiny nhuhwwwnhy nudh (28 .3) pwbwdlbhg. Yunnwbwbp
SA = -k(v v di<0. (28 4
iv, JFa nne. 20nnhhy kv O wwpdwOh. dhun pugur
uwlwl deonipl & <wlwpudprid Otnghl
Ahuhwwuwhy vdtinh (phy wziuwunwbpp nwr

Fa k nuywl dr dwidwlwymd pinp qnug nhuww
o’ whd hnfuwqntgnipul  nidtph  Guaunwnus
wy 417 wuwnwipbtph gridwnl t



5'4.:=—\:_Zkfv,)vjdt<0: (28.5)

Uunwgyuwd wpuniwhwpnmgynito wwywgmgmd t den winnudp:

WL dwuuunp, nn GEnphl nhuhwwuinhy nidbph wpuwunwipp pwgwuw-
b ¢ bwdwpuywt hwywnyh hwdwywpgmd, heunbnid t Opwihg, nn win
wuwnwlpp Ywhudws t dhwil dwnpdhGubph Awrwpbmulpul wmwgr-
pril0tnhg nnnGp hoqwphwiwn 66 Quathibjh dkwdhnfunput Ghwndwidp

Urwgqwo wpnmbpp (ntuwpwibip wwpqugnyl ophbwyny Whgnp
wqwoht npqwe nwhunwyp wenwantudmd t wibweu, np Opw Ynw
andwo gnpuntl wwhtiny tun b 0onud wlunwihg (044 18): Rwlh np dbq
nonwpngpnd t unwlunwy - gnpunt hwdwiudeh wndnudp, wwjw Gepphl
huhwwunhy MAtnG wiuuntn nwhunwyh yrndhg snpunth Ypw wqnm Fi.
L gppunp Yndhg wwiinwih Ypw wqnen Fy 2hdwl bt GG
Cwiwdw)t Umnnbh 3-pn ontlph

F,=-F, (28.6)

Npnpblp wp Mdtnh wluwwnwbpp t, -hg 1y dwidwlwymyd venwoh L
nuunwyh heun Jwwyws K LK hwqwnyh hwdwywpabpnud:

W4 18w -0 wwwnlbpald b dwpdpbltph nhpptnp vbnwlh htiun Yuw-
Jwo <&md. dwidwlbwlh t Lt wwhbpht Showpyyng dwdwlwynd ub-
Awlh bywindwide Lwhunwlp Gwunwnt| b s, huy gnpundl’ s, nbqudhnfum.-
anbibn <wytbp win plewgpntd uiwl motnh wuwunwbpp

€4, =F,s « F.5,= -F.is, £)<0 (28.7)

2npunih Ypw wqnan ahdwl nidp Yuenwnt t npwiwl wiuwainwip,
My wunwyh Ypw wqnan ahdwl nich waliwunwipp pwgwuwywo t:
£wlh nn, vwunwiyhg b Jowine wwwnsweny. snpum b utnwih GLwu-
dwdp Ywuwrwnt, ¢t wytih gnpn nbnuhniunieinil (s: > s,), www UEpphl
ahdwl mdtinh Inhy wluwinwlpp puwgwuwywo t

'y S, ‘a $
I Fr o F,
§
W £ qQ
Ly 418

Usgd nhunwnlbGp Gnips Eplnypp vwfuunwyh hbun uwuwywd hwguwn-
W hwiwywpgnd, Wy 4.18p-nd wwuanyenpdwo B0 gnpunith uqplwywi L
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ybnelwlwl nhppbpp nwuunwiyh houn Yuwywd <<-nd Mwipg ¢ wu
nd wwunwys wownpd t <entwpwp. bpw ynw wqnnn ahdwG mdt
whiwunwilp sh Ywwnwph Ninbdt Gepphl nhuhugwinhy nudtiph (phy wy-
Nwwnwipl wpu {<<-mu Y hoh.
Y _F,:.»" <0 1288)
VYwuwntlp. np vwppbp <<-tpnud GEpphl nhuhwywunby mdtnh wiZuw-
nwlplbne Unytl 60, ¢ = ¢ Tpwlmd Yhwdnqytip (28 8) -nud hupyh
wnbb My Qwihbihs” = s, sy Sluwdhinfunteint bUEPP:

LULwpltOp nhuhwwwnhy hnfuwqnbgnierulb Lwnptp dutin

4. 2np 2wl oudtip. Uppwgbu 56 Ungdnid hpwp huyuwé wihtn dwndht-
GEph hwpwpbpwlwi 2wnddwlp ungplnnunng. Gpwbg hwowlb Jwubpmd
wrwowgnn ndtnp: Con npnd Glpwnnymud ¢ np hwynn duwybplngeibnn
dhel pwgwwinid &0 honmiy Ywd ququihb Jheunpdlbnp. Ywhuu
hunn whGn dwpdhGtph hwpwpEnwywl wpddwl dlhg. wwnpbnymd
tU wuhph L qunpdwl apdwl motp:

Mwpqynud t. snp ahdwl motnt wewowbmd 66 ny Shwjo dh whin
Gwpdhlp 06U wy| whin dwpdGh dwytpLngeny wndytihu. wy Owb Gdwh
bwpwpbpwywb zwnddwl hand uwunwpsihu dbepghl nbwpnid wnugw-
gnn ahdwb nidbpp Ungdnid B0 gumwnh Yuid Ygnnndwl ypWwlmotp -
nwph 2ndp snp dWwl nudtph Ywnptnp wnwidbwhwunlnueindl ¢ Uk-
wbu nn. wewyty ponhwinip wbupny. snn xpdwl niotnp ywptih ¢ uwhiw-
U5 npwbu 28wl matp. npnbp s&66 YEpwlmd ainn dwpdhGobnh hwpur
PUPWUA winwgmpmOp qngh dquibgltipu <wywrwl nbupnid gnnd Uni-
Ubtwlp. wuwtu Yngwo, @wg iwd dwémghly prduwle matph hbun

np ahdwl ndtnh Jwnpp Ywnbih t mumdGwuhpl) wwnquagn
¢ghnnpdtpny. hgnip hnpdwubnwiht nwé dhwpunpu snpum G dgnud Blg
hnppqnlwywl minqippude (GY.4.19w). Ninwdhg ninnMpRude snpuih
dnw wqnnn owinmeal ndp hwdwlzedws t ubnwih nEdnmiwghwmy

AN F.?
A F ARSI
_—-’ )
Ymg 0 Fer T
LU 4 19w uy 420
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wuwpwowynpywd nbwughwh madnyd. A =mg. Uhmwet|ny wpuwphlG F nid.
gntultlp. nn BhlgL npnwih £, wpdtipl wit dGowgltihu snpuntl sh thn-
nmd hp awnwnh yhswyg. U Gpunygh pwguunpnigimibp dhwlo t. usnw-
uh L gnpunith hwdnn Swiybpeltph  wihwpempiniblph (04, 4.19p)
wunnswony wowgwgt t snpunth duytpnyeh dnw ghpwedwo 2wl
nd Fr 0P SGONRRWOPE hwywuwwp t wnpuwphl nidht L hwoywnwy t man-
Jué Gpwl

F, =-F puwbhnbn F<F; 289

Up hasuunp G, 4.20-m0 gpuidhynpbt Geplwpugyws t OA hwanyw-
any. npunbn wuwinytnduws b snpunmth pw wiqnnn £, mdh dtanmppul Yupu-
jwénpimlp wpunwphb wqnm mdhg Upunwphl midh £, wndtipp. npbg
dqudnud t gnpunth uwhpp uenwlh dwytpLnueny. Ynyymud t awnwnn wew
Yqugmil ppdwl ma UGbiwugling jnpunth Ypw hwiwbdwG sk, bpym,
trtp grpunt 0Bn. Yunbultlp. np pumwnh wowbuwgni o xpdwl mdp uanw-
Um0 ¢ 2F,. 3F. 4F, wndtiplbpp Ljwunblp uwlwib. np Onulpwt wioqwy
J6owlnd t bwl ebwlyghwh N nudp  2mg, 3mg, 4mg:

Muptsh, nwnwnh wounlbugpl ahdul mdh b duwlpbnypltng Jhel
andm nbwlghuwih mdh hwnwpbnmgm Gp hwowrnwanm b JEdmppn G ¢

F/N =y = const (28.10)

Uit ynydnud b pwnwnt woewbagnys pwl gnndwihg L Yuwiuwe t
Aym dwitpunyplbph Oiniph nbuwyhg L 6pwig Myywodnipuul wunh-
swihg. (28.10) wnlympbp pnpdGwlwinptlt vunughy ¢t UdnGunOp
11699g.) L Ypnud t Gpw wOnOp (UdnbumiGh opblp . Wyuwuanblp, uwluyl, np
nwawph ahdw Mdh wluwanwip sh Yuuwipmd

Ud Eipwinnblp snpuntl uwhnid b ubnwOh dwitplnyeny v wpwagnt-
pudp Beb wndmdp hwywuwnuwgwih t. www dwwb idp Gnphg hwow-
worud t wpuwphl nudhl Fe = £ Bpb wndm it wpwquugnn t. www F
Fo B by, et gmu nbwpnd £ mcdh wpdtpp. pbnhwinwwty wuwsd,
Qutudwe t snpunih v wnwampihg

LY. 421-nud pbpywd ¢t wpwgnipnibhg ahdwb nudh d6onipul pni-
puapwlwt Ywiuwonipinibp: v =0 nbwprd gpwdhlyp GepYwpuglmd t £,
Pwnpdpmprude nipnwéhg hwuywd. Wb gnyg t uwihu. np Awnwnh yhéw-
W awl ndp Yupnn t pnmlby 0 -hg . Showluyph gwllwguwd wip-
05D Gwhuywo wpuinwehl 7 -« F, moh sednpniihg (OY. 4.21w.p) WninGh
YmMuhg Ywinwnywod thapdbng gnug GG ity np nwnwph woewytiwan G
AWl nugh hwdwnp UdnGunGh (28.10) optGpp Ybpwetih t Gwl uwhph
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200wl hwdwn, dhwib et wiu nbwprid i -0, plnhwbnuwtu wuwd, drli.
ghw t snpunth wpwaminihg Unwgnippul dooéwgoiwip qrigplpug
20wl mop Gwip bwanid t: Connult ny Gwaquwagnib wnpdtp. wjl uyur:
t wab) (044.21wy Plglt. @nynGp bnpdLwlwinpEt wwngly t. Pp wew.
anemOng p-h Luunudp pwywiywlwiwdh poyg L, L anpstwlwl Juy
hlnhplon (ndtihu Ywntih b p-0 hwowpt| wpwgniermihg wilwiu hua
vwwinnilb gnpdwyhg: LU.4.21p-nid L 4.20-md gpwdbhytnph hnnhqnlwiul
hwundwdlbnt wnpuwhwjunnud B0 hilg wn hwuing U dnunwynpnueulp
snppunth dpw wqnnn ndwb nudp. npp yngdnid t wwhph shdwl mo pu .
U wuhph apdwl gnpowihg wiywiu t wpwgnipmibhg L npnaynid t
F.=uN (281

pwbwadlny ¢ Yy nG- Udnlunnih optlp

F F,
FOh\/ F‘
v 0 v

Lyd2lw wydlip

dbpwnwebwing GY.4.20-md wwnytnydwd gpudhihlt’ Owunnud Gip

nn F > uN nbwpnid gnpunch Yawpdyh wpwqugdwdp.
g Fouy
m

Mwng t Gwl, np F=u\ nbwpmd gnpunds Ywnpnn t qunbyt| hugugtu he-
Juwuwnwiwdh wnddwl, wibwtu b nwnwnh ypawymad:

Uanibph xinfwb gapbulgh jwpmdp: Qninipmil mUto uwhph ahdwl
gnpdwlgh jwhdwl quiwquwl bnwlbw
Gen: Wwighg wwnquanyp L hwndwre
u -h npnanudl b eEp hwppnipiwl Ypwpmy
dwndhlp hwywuwnwswh uwhbghtny

W422-nd wwanibndud  wupg
LEpYwwglned t nuunudbwuhpynn jmahg
wuwnnwunwe  pEp  hwppnipil,  nph
Lwquiweé wilymip hnphqnih hbun Luwnkih

LU 4.22
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t wwhnml hnpntub: COnpbiny a wOyniOG wibwbu. nn pbp hwneNRRUUP
jreun uwhh hwuwnwunnt 0 wpwgniepude. Ywnnn Gip qnty.

N,=mgcosa,. F =uN =mgsina, (28.12)

Unwip awndiwl hwywwundws wpnughwitnG to ptip hwippnupu-
(o qqwhtn b ninqwhwipug ninnnupinLbltpny, npnGghg bunmid t.

yu=ea, (28 13)

2unhbiny o, walpnmbp. Ynpntlp uwhph hdwl gnpdwygh wndtpp

8. Pug ppdwl mdtp: Upuwibu BU Yynyynid henniy Ywd ququiht dhews-
Jupnd wpdynn whon SwpdGh Ypw wqnnn ahdwb mdtnp. Fwgh henni-
yh dwonghynippul natinhg (§95), npnlp wanmud B awndynn whin dwn-
36h pw. whn Swpdth dwybplinyepe Bopwpyymd t Gwl Gnpdwy 800wl
adtph wqnbgnerulp. npnlg hwdwaqnpl MOh whtn Swpdlh wnddwip
nuywowy manywo pwawnphs. Wo Yngdrd ¢ dhpwyuwpnh ahdwnnmerul
nd npp ONulwbu wpgbiwynid t dwpdbh ywnpdnidp UGS wpwgneuidp
aundynn dwnith Ypw dhpwywiph nhdwnprippul ndp Ywpnn t pduiwtu
wihwitdww gbpwqwigt] Jwanghynippul ntdhls Onpdtwywt swbw-
wwphny ndywn t viwppbntg wyn matnp L. unynpwpwn. npwip shwynpt-
ind nhund B0 0BY md: U gmuiwnwhG nudp. anb ninngwd ¢t whon dwn-
0h wpiwlp hwlywewy, wwpiiwlwuwonpst Ywilywiblp pwyg xHdwh
ndl YorwOwyslp F. (\nt'u giniju XIIT):

OnpdtLWlwtnpbl hwunwunywd t. nn dwpihg Ynpn wwagn g Ght-
Y awnddwl nbuprud pwg aHdwl nidtnp hwdbdwunwlpul 80 wwgnip-
A wowohl wunhswOho

F. =-kv: (28 14) IF,l

W4 23-nud wwwnybpws qpw-
hynid (28.14) opblps hpwlwiwond
t wpwgniemOOtph OA thewlwpnid:
Unpwydwinmd dwjlhg 066 wmugnt-
gnbltpny whon dwpdlh Jwpdiwh
nbwprd pwg ahdwl mdtpp mbto

wpwanieluhg pwewlipmuuhl (e -
YN G o v v
1]
[ (28.15) Lya23
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W 4.23-md wil hwiwwwuwwupwOmd t wmwegnieinuGGeph BC i
pruphl UhewGlywy wpwgniginuGubph AB inhpnypnid ahdwl ndh wipus
qnipnLLhg Ywhudwdnipnibp puwywiaulnb pwnn t-

Tawl k. L k; gnpoéwlyhglbnp L wpwgriembitph OA. AB. BC i
poypltnp (04 4.23) Lwhwé B0 whin Jwndbh duhg. swuhtnhg. duwit.
nunuyeh yhéwiyhg L hinmuyh $hqhlwwlh huwnymggymbotEphg:

§29. UthULPUUYUL ELEMMUSH MU2NULUUL
oreuLe
hunwnlblp dhnluwqnnn dwubhltubnhg Ywqiywe dbluwbhywlwt
hwdwtunudpe, npp Bhpwniyynid t wpuwpht UnGuSpdwwnhy L ng Ynbubpyw
wnhy ndaph wanegmpwip. <wiwdwilt yhtewnny tubpghwh pinptih
hwidwudpnid gnpona prgnp nuotph uwuwnwnwé [nhy wiiuwunwlbpp hw-
Jwuwp t yhtunhy toepghwih wahl
dK =64 (29 1)
Pwdwlbip hwiwpudpmd gnpdnn nudtipp GepphGh L wpuwphlh. huy
ybpehGltnu t unGuspywunhyh L ng unbutnywunhyh: Ujn nbugnid Opwiy
w2luwunwlpp Yotpywpugyh wuwbu.
BA=bA, ~ AL+ b4 +8A" (292
ptlp. nn Genghl Ynbubpywunhy nudtph wiuwnwGpp hunjwuwn
hwidwhudph yntdhgninwghwihg Ywiudwd uvbhwlwl wnunbOghuy tobs
ahwh bywqdwlp
(’A; = -d(.," . {29:“
huy wpuwpht ynGubpquwnhy nudtph wjuwwnwlipp wpunwphl mdu-
nwunud hwdwiudeh wnuntighw) tutpghwh Oydwqiwp.
64 =-dU . (2941
Qwydh wnbbiny (29.3), 29.4) -0 (29.2) -nud. tnbnwnnbiny Ybpehbu Y+
OBuhy tutpghwih pbnpbdl wpwwbhwpnnn (29.1) webimpwi Jbe L bW
hnhutiny wnunbibghwy tobnghwiny winwdltpp hwywuwpdwl( dwiu duw-
ug. bunwbwog.
dK+U~L )=0¢4, « A" . 294
Owlwqgdnmd apyuwd wpnwhwpnnipinibp hwdwumdep Gwgqonn dul
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@heitph Ynnpahbwinbtnhg L wpwgnipnlbbtphg (wjunbpl’ hwdwhudph
sauwihpuywi Yhawyhg) Yutuywd deonipinl t
E=K-U +". (29.6)

ano Yngnud ¢ Awdwitudeh (nhy Jpow iyt tobpgw Bwlh np dbtuw-
uhywiwo totpghwih anudwptiihGEphg JELp ubthwywl wnuntighuy tobp-
ghwl, wnhunhy st. www wnrniwy st bwl hwdwtudph (nhd JopauGhpumiput
tpgput; Ul hwdwuwn t hwdwiudeh punugmghy dwobph dGluwoh-
qwlwl tbenghwlbph anidwnhl. wybjwgnwd win dwutph Shiputg hown
vnjuwgnbgripwl toenghwG.

E=) kL. (29.7)
Npinbny £, 6+ —n dwuh ey dBhuwGhywywl tibpghwl t Nwelwyny
(29.9 wolgmppulp. 129.6) h hwywodwde Ymbsbwlp

dE =04 v+ 04" : (29.8)

wiwiudph dEwiohywiws yhswyh Jepewynp hnhniunipmbitnh

nswpnid, Bpp hwdwifumopp | Yhswiyhg wigbnud t 2 Yhawyh, (29.8) wol-
gy hg YunwlbwGp.

E,-E =A4,+A4". (299)

iy Jepauliipuluil tobpghugh rinfurigrelp hudwown ¢ hudws
Mdpred @nnodm ng ynlbpfurnfnd niodbph wmuunw(ipht: Upnbnhg ho-
wbnid b oy wy Yuwplnp wpnnlbp dofwihlpudpns totpgugh upohuuwo-
dwb oplipgn ns Ynusbpfwnhy pnfuugnbgm e Labphg qtnd huduudph
Wit Labpghwl wuwhupurbdnid ¢
E=K+U, +U =const. (29.10)
Ljwuwnt b, np wwhwywbynd t hwdwiudeh nhy StluwGhlwyuwb toen-
ghwt. huy hbuwhly L wnunsighuy tubpghwlhnp Ywpnn G0 Lnfudt). gn-
uwpyytiny deYyQ Bneuhl
AK = AL -l
(29.9) welbinpynlhg hbwnnd t. np oy dpuwihywlpul taEpghwo
upm ¢ wwihupulyly uwls ny nbutbpduwanpy motnh wolpumprut nbuy-
Amd Uhwib pt npw hwdwp wihpwdtun t. np
AL+ 4™ =0, (29.11
wuhlgh, GEPphG nhuhwwuhy Mdtph pwgwuWRWl wuwnwipny hw-
Gutudeh |phy ubwGhWGWG tespghwih Oywqnidp wopbnhwen Inwgyh
wpwwphl ny Ynbubpywunhy ndtph npwwt wuwuwnwipny: UnwhuhG t.
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ophbwly. qlwgph (nhy dthuwlhywiwb totpghwl. Bpp wib dBOnERUY
hwunnwunnll wpwgmepwdp wndynud t Swlwuwwnhh haphanlwlwh ng.
nwdwuny Un pbpwgemd Gnwlmd gnpénn Lenpht nhuhwwwnhy nudtnn
hGaubu Gwl onh ynndhg wqnnn pwg dwi NLdtph pwgwuwlwl woliw.
nwlpny wwjdwbwynndwo (phy tuonghwih Gywanudg woplnhwunn pug
ymud t qwindhsh nowluwl waiuwnwipny

et UGluwihywlwl hwdwundep wy t, wiuhpl Opwintd pugw-
Juynd 60 wpunwpht mudtipp, www winwgywéd painp pulwdlEpnid wi

hpwdtaan t nbnunpt L = 0.4 = 0: Wn nbupmd YnLEGwhp
E:K#l". (:°|:

wliwbu nn
E, E=4<0: (29.3

Nipbdl. hwly hwdwiudph JEfuwbhywipwt tobpghwl wwhuwbymd ¢ et
nwintd puwguilpunid b6 Genphl npupupunnpyd motnp. <wywewy nbu
pnid, hUgwbu bplirnd t (29 13) wabsnipyniohg. wil wipbnhwwn Yoduwgh

<wpg t wnuwpwoind, np t «ynpgmds Genphl nhubwwunhy nudtnr
wiuwwnwigny wwpdwiwynpdwod (phy dEluwihywlws tuepghwph Oyu
quwo dwup: Uu hwnpgh dwinwqUht ghnpdbwlwi miundbwuhnnie)m LGt
dhqhlwih dniu pwahlltpndd. pOywbu Gwh hwpwyhg pGwlwl ghune
JuGotpnud, hwigtignty BG tObpghwh wwhwwidwl bwdpunhwbnn optl-
ph hwunwuindwlp. ¢6Enghwl sp 00yYmd L sh nsGswiond wy dp dupg o
hawniyydmd ¢ wy O hwdwndbp pwiwymniprude 4n wwuwndwnny bl
bnwy pUnuilty tOspghwih hwulwgnigimbp, Gepwebind  dwuntpbwy
2wnddwl wy dLLPRD hwwnny tubpghwbbnp (phdhwywl. eepdwihi. titi
nnpwdwgbhowyuw, shortywiht L wyl). Con npnud GEnphG npupupusy
motinh wpuuwnwlpny Guquwd JtuwiMpulpwo tebnghwi Ybpuwoynid
hudwipotip puwlwymprudp sbnduhl tLobnahugh:

Upwyhuny. toEpghwih wwhwwldwl hwdptnhwGnip onslpp Yo
popdnud ¢ prgnp dhqhywywl Bnlnypltpht. Owl Gpwbg. npnbp sE0 Ol
pwanynd UpuunnGh opblpGtipny. L hwinhuwOnid t inpdbwifwb g
wtinh plnhwpwgnud Gepywpuglnn plnuewb Adlwnwn onbiGe:

Get Nl Jhw)l dEY dwulbhy. www (29.6) L (29.9) pwlwdlbnny ul-
hnrwdbaun t vibnwnnbl U, =0, 42 = 0.

E.-E=4~. (29.4
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E(r.v)= K(v)+Ul(r). (29.15)
nnwbn r. v -0 pOunpyuwe <M —md dwulhyh wewhn-ysynnnt t L wpw-
grigniCo:

§30. DPULNS B4 PLIPLBS TUNGMmuULE:
2UUUUCUYCANU@8MYL M Yu3nuunuesmu

Numdwuhpblp wnunwpht wnintughwwiht ndwnwunnd dwulh-
i Jwnddwl npng pOnhwbnun ophGwswhnien Lot

Shuwlp. nn ng Ynbutpdwuinhy nudbinh pwgww)nigprudp dwuthyh de-
nwlhywlwo tonghwl wwhwwbymJd t

E=K(v)+L(r)= const (30.1)
Ruwih np Yhbunhy tutpghwl ny pwgwuwywi drmbLughw b, wuwgwr
K=E-U(r)>0, Ywd E>U1{r): (302)

Uunnwgywd wnbgmpinbp npnpmd ¢ vwmwdmprulb wi inhpnyebtinn,
nnlgntd unm ¢ quildby vy E Labnpghuyny Junpln: Swnpwdnippul
wy whpnyetbprd dwutihth yhtswnhy tubnghwb Yhih pwgwuwlywl: w
pwgwantd t wn tnhpnyReOtRnLY Jwubhyh qunbyt|p:

Uuwép [ntuwpwibip npdwe wnunwphl Ux) nidwnwunnid dwulh-
I shwpwdh qwpdiwb nhuwnydwdp (0Y.4.24). Set dwubhyht hwnnnnywo
t E |phy tObpghw, wwjw wib Ywpnn t gyt X wnwlgph Shwil npnwih
whpnupltpned. npnb npnagmad B0 U(x) < E wurypdwbng VY. 4 24-nid wun-
wmwd wnunbGghw nidwnwunnd win wwpdwlp vughu t X wewbgph
bl vhwnpbin whpnyrGtn

X, SXSX,uX21x

psdl, wpwo E thopghugnd JwuGhyn nhuwnpydnn  nidwnwunind
Ywpm t gyl X wewbgeh [ L IV inhpnyeGEpnud Con npmd wit gh Yw-
pnn Sh paywuinpbih Lihpnyehg wiglty djniu pryjwiinntih vhpnuee: pwl
Rwi-qupnid ¢t wm whpnypribng pwdwinn BC “wnunboghuyuht wpqly-
A1 AB -nud JuwnuGhyh wpdnudp vwhiwbwdhwiywd b uwpwénippub ybp-
wynn (x.xy) hpnyenud Uwubhyh Gdw pwndnudp yngdmud ¢ dhofen:

Mownym whpmuemd duiplyp wpm ¢ oyl vawomdotn s
vwnly - Bruunpbih whpnyeh Ywiwulws D Ysunnd dwulhyh wnunbt-
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ghwi L 4hltinhy tobpghwltinh wndtobnp npnzymd G0 Uix) wnunblghy,
Pnulyghwl wwunytpnn Ynphg gud L dtp pllwéd hwwnqwdltiph Bpywpn.
pInbitpny: OnhGwy. D Yeund dwubhyp odumjwé t U, wnuinblghw L X,

Ly 4.24

yhGbunhy tobpghwObnpny L Gpw Ypw wqnmui t F,. = -dUdx), md, nni nuy.
Jwo t X wowigpny Cwpaybiny wy. dwubhyh wnuntlghwy tubnghwl
GJwgnid t, huy 4htswhyp wémd: Tnunttghw| hnph hwwnwynd (M Geap
dwuGhyh Ypw wqnm ndp nuwnebnud t qpn (Fu,=0) L hinjunid Gawbp ponn-
Gbiny X wrwOgehl hwywrwy ninnnueinil: Wiwtu np Mg B dwulihlp
wndymd t nwlnwnbiny (YhGtunhy tuanghwl Gwqmid t. huly wnubl-
ghw tUbpahwl wanyd), L B YWounud wil Ywlg b weGnd Rwbh np wn W
nnd Opw Jpw wqnnud t nbwh M et ninqquwo md, www dwulbly
ulunud ¢ 2wpdybl bun: A, B, C ybuntnp Ungdntd Bl pppdwit Ynbn Cogdus:
Wownbnp E = Uix) hwyuraundwo jn 0ndobnt 66

Gpt dwubhyp qunbynid t 1V whpnuenud L awpdynid t nbwh dwi.
www hwubting C 2pedwl Yeunht, ybpwnwetnd t L qinud «wbybpgnis
ntl»: Uwubhih 0w wpdnudp Yngdmd t Agppahn:

Unuwnwphlt wnunblghwiwihG nidwnwaumd dwulhyh wnddwl Yuwr-
20 Lwiuwd t hGgpytiu wninboghwy Uix pruliyghwing. wibwgbu t) dwulh-
Uho rwnnpnywd (phy dbluwlhywywh totpghwibh jwibhg Ophlwly. at
wwplynn nidwnwnnad £, tiepghwiny dwulhyh wndnidl hadhihun ¢
<wubibimy 2nguwl R Ybunhl, dwulbhyp Ygbw wiybngnipnih (OY. 4.24):

PG; Yywwnwnyh, tet wnuniwpht nidwnwunnid dwubhyh Ynw wqnt
Owl aruyunnprd mdtin: Conphhy nhubwwuhy nudtiph pwguiswiwi wr
wunwGph, dwubhyh phy dotuwGhywywl tubpghwl wpinhun e
@ Un Gqwqnuip Yawpnbwidh wjbpwi. pwlh nbn dwulhyp wndiwl
4t t: Upntin wihpwdtun t twnpbnt| tnund nbwg. tnp dwulibuyp 2wnd-
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Yl t pwg b ¢nn ahdwl mdtinh wqnbgmejwdp.

£wih np pwg 2Ahdwi nbwpentd pwgwluwynd t nwnwph ahnuip. www
1 nppnyenid wnpdynn Bwulhyh twunwOndtbnh (wiGnypp Gdwqtiny b
Jbrgn ynwnlGw qpn: Uwulhyp Ywlqg Yuelk wninbbghw| hnph dhuhdnidhG
hwdwwwurwuhiwbng x,, Yound L wn nhppnid ydbw nppwl wubu bplwn
dwdwlwy. Ndwnwunh wib Yeunbnp. nainbgrid Jwulhuh Ypw mad 3h wq-
and. Yngdmd B0 hwyussunwlypemierut nhnpbp Mwng t. npwlp mdwnwy-
wud Swubhyh wnunbOghwy tobpghwih tpunptdnush Ybunbn bO, puwlh np
brauGgnud

F=-VU=0 (30.3)

Sunjunmupwliponpmiap (hamd ¢ lupr b wllpuyn b L wluwnpon

il ¢ hufuraumulippmipuul ugl nhpgn nnhg Jwulhlh woybng
yngn Jtnuwl nbwpmd wowpwbnd ¢ nbuh hwdurkunwlppmgrul nhnpl
anywo mad U wwidwlht pwywpwpnd 86 nidwnwunid wnunsOghw)
tuspghwh Shahdntdht hwilwuwpwunwupuwbnn GEwnenpp (M yeup Oy, 4.24-
nd): U nhnphg 2tntihu dwnohlp Yywunwph nwnwbndotp

UlluymnG t Yynsyrud hufusnupwlioonppul wyb nhren. nphg 2enbifv
wewpwlnd 80 JwulhyG win nfnphg hbowgnn nigtn Ulwimb hwyw-
wunwynnierul nhnpbpp winublghw tapghwih dwpuhinudh Yewnbnt b
Ny Oy, 4.24 -mud):

Ubuwuppbp ¢ ynsdmid hurjuwawpwyempprut wb nhnpp nnhg hwdwr
MG thopn 26ndwl nbiypntd Junihlyh hurfunrupudyrnnigim Gp sh faufu-
vynid U wwpwOhi pwydwpwpnid t K nhppo 04, 4.24-nud:

np ahdwl edtiph nwpend dhdwyp vwnptin t VwuGhyp Ywpnn t
Lwig wolb| Yuynil hwywuwpwyrmpiw nhppht dnun Gsunnd L wwhyby
UpwOmd nunwnh ahdwl mdny: YW yngymud ¢ wbqunh Enbnye

§31. NELUSMPUSUULNL BELBMahU - bUMMLUD, Bueraebush,
Mudbh AeUONMIRSMLLLT

I. WhlEnhy tobpghwih ptnpbdp dhawn ¢t Gwl eEjwwhyhunwywl dt-

hwlhipuimd: UGhnwdtian ¢ dhuwyG dhwhnfubi dwubhyh Yhltuinhy tlbp-
ghwph

K=m",2 (L1
PWOWALD L unwluy YhGtunhy totpahwih ebjwwnhybunwywl wrunuwhw)-
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wnnEnlp Ujn bugwunwyny oqunytip nbjunnhyhunwwi quibgyuséh
V2 A
m(v)=m J1-v' ¢ 312
PwlwALhg: Sbnwnptyny wiuwnbn v = p/m(v) L pwndpwglbing puowin.
uh, yuunwOwbp
p-mct=m(v)c’ Gy
hIopbigoiM] wu wnunwhwrnmenlp, hwayh welbing, np -
hwiquunh quiqywép hwurwnni b dEonueynLG £, Y bELGwGp.
pdp = m(v)c dm(v).
nph dwpu dwunid p = m(viv welgmpul hwwenudg Yuw
vdp = c*dm(v): 314
Ujmu ynndhg, mzluwmwbph pu:bu:dl.hg mnbup
A= IFdr = I vdt = I\'dp. 3o

nnunbn oqunybghlp oblwmnurmwuwu nhGwohywih hhGwywo
dp .
= — 316
dt
hwywuwnndhg L dr = vdr, wip = v(dp) = vdp welynipintGlbphg:
Uuwuwnwbph hwiwn uvinwgywd (31.5) pwlwdlp Shaun t hbgwtu nu:
vwlwl, wjbwbu ti nbwunhyhunwywl dspuwbhyunnud: Uit hwgbim hw
dwp wihpwdbn b nulbiw; wnpwgnipuwt U hdwnuh Yuwp: Nejwunhyh
nwlwl dehwbhyuwpid (31 °5) hGunegpuwimd (31.4) pwbwdlh hwjwinmdp
Guw.

d=c I dm(v) = c’am(v) (arm
LK

Upanbn m(v,) L mr(v;)>-p dwuﬁhuh qulguuwoh wndtiplbnG B0 vuapiu
Lwo L gbnglwlwl Yhdwylbpnd Nuntbdl, stywupdpunulput Jbfuulr
larnd moh yunnwinws wppmwurwlpn npnpymd ¢ dul b Shupl Jwuing
pewuhhunwlpws quigyuwoh wdany Spt Swulhyp wndndl ulpty t
nwnwnh Jhdwyhg, www m0y=m. www Gawlwytin yopelwiywl whw

qruppnelp v, (31.7) whuwunwGph hudwn YmosowGp.
A=m(v)c* -mc' = K(v)- K(0). (318
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g iy toopghupn pbnnbdl t nbjuniunwlpl JEPawGpmd
ewlh np nwnwnh yhdwymi yhbtunhy tutpghwlb gpn t. A10) = 0, wwyw
K(\'):[M\')‘ ’"k’ ="t:[—l=‘—|]1 (3'9)

1-vlief

Uw hiunny Lobnghugh pwluwsdll ¢ ebiwnpydpunwiwl Jbfuwlhiyusr
nd onpn wnwagnnoGtph nbwendd wnph Jepwdbinyg (31 9) nid hwy-
ownwnl puwn vie thnpp dbonipiwl wunhswlbnh

(t-v. c:)- o %(\':gc':)ﬁ»....

wtnwnneing (31.9-md L wphwdwphtind v’ g pwndp Ywnpgh wo-
awdlbng, Yuunwlwlbp yhttunhy tutnghwih pwiwdlh Girunnlpl (31.1)
whuwhuwjnnupnGp:

Lwuwnwinbop bwbwynid.

E=m(\')c’. (31.10)

L wijwibtp wib Jwulhyh sbywunhpunwiput totpghw: Uy nbupnid
(31.9) pwludlpg UniGblwlp
E=K(v)+mc' = K(v)+E. (31.11)
AnUNGN
E, =mc’ (31.12)

démgmip nwnwnh hdwymd quiiynn dwulhiyh rowunhyhunwywl
tubpahw t. npp Yngdmd b wlguuyy tobngiw:

Wy.4.25-nud pEpquwé Ynpbnp wpunw-
hwpnmd 5O Jwuthiyh Ojmunnlpuut L ebiw- . Kmaeuc-me
ShipunulwG YhOtnhl  tobnahuGbph 5* !
lwhwormpnbl wpwgnipnithg: POs- /|
whu nwuwiwt L ebwuehyhunwywi I
dmu SbOmpmUGERR,  LwunpbRe Ol / I
i ¢ (pahl dnen wpwGnusn oGy A K=l
wWingentd: LUwunblp, np pgnn nbjw- // .
wthnwywl  dedmppullbnp  Gaywé , A
ahnapmd dBe BU GennGul dGome- O c v
nGitpng: Ly 4.2%

Rwih np dwulhyh PtwnPuw-
Wi L htburply tobpghuwlinG Prwnpg wwnpendmd 86 Awwnwwnml
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dbomgpudpe (nwnwnh tGepghwiny), www 4hbwnhy tibnpghwsh pbnnty
6haun t Gwb pbwwnhypunnwwG tobpahwih hwdwn.
A=AK = AF; (311:
2 Mumyup b tebpghunp dbwpapmipmibbipp: Cet (31.3) wnlyms
G 069 hwzyh wnelblp hwiquunh L pbjwwhyhunwywl tabpghwttns
(31.12) L (31.10) wpunwhwrnnpynt OEPQ, Yuunwlbwbp

E'=E ~pi, (1.1
npp Swulbhyh ¢anghuyp b plugng uh unyG ¢ LUgwantlp, np
E'-p'c’=E] (3118

bonLINLOQ. Naywniwiw ¢ LnntGgh dlurhnfunuenlbbanh Gywundwdp. it
rbjwurhdhunwywl hdwniiut ne totnghwl pmhntuymd B0 K <hEhg K-
PG woglbihu. Juwdbniunipult win pwlwalbpp Gwpdih t wnwluy ogy-
ybiny wpwgnenitobph dlusnhnfudwt pwiwdlbphg: Ophlwy.
my, m(l+u": C:) , \v: + 3

\ll-v: e \,/(l-u’ Cz)(\.‘rl-_\-"‘—c_:)‘.\" vwec? J

p. =

_ om{ewiet) ekt
-7 s oo — - -
\/(I—u‘ c')(\jl—v" c') vl-u ¢
Qwdwidwh dlny Yunwbwbp dmu dlushnfunipn LoGNp.
p.+uE' ¢! , . . Esup
P, == ’ .'p.;-p“p:zp:.tz “‘, (3116
;}I—u‘ ¢ ;l—u‘ c

v
Wunntlp. np

p.p.p.E’ GLT
deonipinllEng dbwyviuyred 66 wwwnwhwph xy.zt YnnpahGwunbbph
dlunpnyurnpput pwwoltinnyd: Dwawhwunplbph dhele pounbpquih (§17
hoJwphwOwnnighg heunndd ¢ (3117 - Yuqddwd  hudwur
wnwufuwb dEdmpnbltnh hoJwnhwiwnnugnibp.

p-Elc=p -E? ¢! =imv, aus
e ¢ hwunwwnlt wpnwnphgh Saunnippudp hwdplyamd t (31 15+
hown: b nbw, (31.15) wpnynupp ndywn st tmigly. ogundbiny tupghwp
hdwmiuh (31.16) Slwdhntunieneitnhg:
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PEntp Lu Bpyn oquwywn wirbgnugnibitin.
N wunhyhuwnwyw toepghwih L hdwniuh pwwdlbnhg hbunlmd t.

p=Evc, (31.18)
huy (31.11)-h hwaqwndwdg. (31.151-hg unwlnid blp.
= JK(K «2mc’| (31.19)

dunehlu Yoty tobnghwgh L pdwynyuh unyl ¢ nbjwunhyhunw-
LwG Gwihyuwpnd: Jwulbhyh nubnwn awndnudGbnh nbwpnd. bpp K«
mc’ (31,190 viwihu t Yhtbwnhy tospghwh L hdwnuh nuuwlwb Guw.

=\2mK . (31.20)
hwlwowl uwhdwbnd' K > mc’, (nyumuntiuanfiunwlpult pupdmd).
p=K'c (3121)

3. Mo dbwpnpmpmibp: Uninn(jwl dorawGhlugnd, 26nphhy unw-
nwdnipaul L dwiwlwyh pwgwndwiympwt. ndp QuwihibyhUdwphwGwn
ot ¢t Swpwéngpuut L dwlwlwyh hwpwpetpwwbnembp hwo-
abalnud t GpwiG. nn mdp dbunpwyuydrud ¢ dh <P hg JEG ughl wogbliipu

Nidh dlwdhniunipiwlt pwbwélbnp Yuunwlwlp ogumitiny pbjwwnh-
Jhurnwiwt nhGwdhywh

dp’dt=F (31.22)
pwywuwnndhg L pbjwwnhyhurwywl tuEpghugh dindnfudwl puht wn-
nwhwpnnn

dEidt = Fv (3123)
hujwuwnnidhg. npo Geplwjwgnud t Yhabunny tobnahugh penpbdp:

&uwbh np (31.22) L(31.23) hwywuwnnidGling hun B0 guipwgwid H<-
nd. www mdh uwhnfudwl ontGpp Ywnbh t unwlw) win hwywuw-
midltph dwiu dwubnph dluahnfunenittnhg: Un Dwwunwyny ptinwd
hwywuwnpnuiGbpmud & dwdwlwyhg wlglblp ubthwiwl dr dwidw-
Lwypt

dr=+1-v* (3129)

Q. huywitiu ghuntlp, huywphwiwn dbdmpjmu L (§17) F-h bnluwntl Gap-
dmotiny. wpybu Ynswe. Uplynyuym ndp
F,=F.\N1- v, (31.25)
(31.22) L (31.23) hwywuwpndtenp Yotnplwjwgltlp wuwytu
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dp'dr="F,. dE-dr=F_v: (31 26

Rwih np ubthwywl dwiwbwlyl PeYwnhwlu t. uwwgywd hwywuw-

pudGenh dwiu Jwubpp dluahntuynid B0 hUgwbu wwuwhwnph ynnpah-
GwuinObpp NipEdG. Gnyb Yapw Yauwghniuybl Gwl we Swutpp.

Fu.,F,,',Fl,:,Fl,;'/c" (312"

Stneyniprulb hwdwn ObpYwpugltitp K —K' wibgdwl midh duwhinpum-

Pl pwilwdlp JEyunnpwywl wnbupny.
Fe Vl-u ¢ ¢u{(uF)(l—§’_l;a_f" P BT A c’_l__c_:. (3128,
lewv' ¢
npuntin £ - K' <h<emud v wpwgm@giwdpe qwndynn dwuthyh Ynw wqnm
mdl t. huy ¢-0 K -h wpwgnigimbi t K -h Lhwandwdp:

Gt K' -md dwubhyh wrwgmpnip dnpn t (vi<< ¢), www Gpwind
dwulhyh Yynw wqnnn niop wung t hwdpbloh GmuunnGpulb F° nidh hen
Sonwnnbiny (31.28)-nwd v' = 0 (wyn nbwpmd JwulGhyp K hwidwywngnd
Yawnduh ¢ wnwangpudpe). unnwlbwip K' L K hwdwlwngbnmd Juuiiig
Ypw wannn munnlpul b objwurnpuipunwipus motnh el unyp

F=F1-v /¢ +uuF\1-1-F 1@ ) (3129,

Jdbpwobind wiu mdbpp dwulhyh » wpwgnippubp qriquhbn L

mnnwhwipug pwnwnnhsbtph. (31.29)-h thnluwntl Yunnwlwlp.
[y
F=F. F=F\l1-u'c: 313

Munbdo, mubbltunny Jwulhih Ynpw wgnnn Gnunnipub nedp. Yuntih @
(3129) und (31.30) pwlwdlbpny npnt; Gpw Ynw wannn nbiwuinhyhunu-
Yl nudp Yudwipuywo hubpghw hwdwywpgnud:

Oquytiny (31.23)-hg. ebjwunhypunwiywl nhbwdhywh hhdluwywl
(3122) hwywuwnpnidp yuntih t benywugb) hwpdwp tnbupny.

d dav v dE
F=— Wy = — = —= Na + v(vF)/! 17
‘#m(\)v ’"(V)d! +c‘ 7 mvia+v(vF)!c

Stnwnpbind YopghGu (31.22) hwywuwndwl dbe. Yuunwlwlp aGuw
npunwlyuw pundfwl hunfunaupnm dp hnbpy ntupny.

m(v)dvidt=F -vwF)!c" - RIEIS

PUswbu wpnbl bgb| Glp (§10), pE(wwhypuriwwl JERuwGhYwine

dwulbhyh wpwawgnidp punhwinn nBwpmd snh Opw Ypw wqnnn Mot
nnnMuemlp, wn wwwndwneny wiunbn dwubhyh 2wpdnudp wun wytf
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pwnn t, Wl Gnnnpwt deuwhyw)nd Yw wythwunnnel Bl t owl
(31.31) ruduuwnniihg:

4 Nqoappuawfmb bavwpniph ghbanpyu: D nwpptpniggnil G-
ol SehuwGhywih, etywnpdunuwtluwl Jefuwihlyupnd Jduuhlyh nh
wdhpug hwdwfudeh nhowdhipuha wigmndp wihwdtdwun pwnn ubnhn
b Ubnwdtlwihy, tnwip nbjwunhdhunwywl hwiwhudetph nhGwdhywih
nnny onhGwgwihmenbibn

opt dbq htunwpnepnud t hwdwiudph wnpdmdp newtu wdpanenie-
nl www Jspwiwiny Gpwlnud pbpwgnn 2wndnidtnhg, hwiwmnwpp
ywnmn BGp nhunt| npwbu |phy £ tospghw. P hdwniju L m Pwlgquunh quig-
Jwd nibgmn JwpuhG L wlnby. np dwuthyh hwidwn unwgywé prnn wnb-
imanLbltnp 8hywn B0 hwiwhudeh wdpmnewlwl Jwnddwl hwdwp Ubnd
t wwnqbl, pE A0s wowp ¢ huwpulbwy’ hwldwhudph nbjwanhypunwlpul
tobnghut pdwnyu U hwogunh quiogywé wubyny Cunhwlinip nbwpndd,
tnp hwdwtunidpp punyugwod b dnuwqnnn ntiwnhyhunwwt  dwu-
Uhltinhg. Onw tObpghwd, hdwnyup. hwiquuinh quitqywép Yotnbujwgybt
Wb

=

w— (31.32)
vioe '

Vi-

(3133

(31.34)

RULwnlblp Owlu thepghwh wpunwhwnnipbp Upuitn movx?-b i-pn
dwuthih ebjwwnhyhunwiwl toepghwl t (wit sh wwpnGwynd Shwpl
dniu dwulhyGtnh hbun dnfuwgnbgnipawl tuepghwt), huy £, -p Genlw-
Juglnd ¢ wdwudph dwuGhyotph thnluwqnbgnipaul tubpghwl:
LUnunnQjwG dbpuwbhyunid £, 0 ubhwwl wnuneGghuwy tubpahw t
(nbu § 26), N Guitudwé t uww wwhhG hwdwhudph UnGdhanipwghuwihg
(Cwulhybinh pwplurishg). <G b GLwwnt|, N utihwlwl wnuntighwg
tibpghw hwuljwgniepul hhdpnd pOLwd t Lwpwonel L dwiwbwyh
Pugundwynienilp, wiuhlpl' wylpwnpwihl thnhuwantgnipul quinw-
g Pt (g (hotyny st duhlibnh Ynnpofs
lunltpng Upwlghg nplt dayh nhpeh hnthnfunipwl nbwpmd Awdw
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Nudph Wbuwlpuwil wrninboghuy Lebpgwl widhgunybu plnmlnd ¢ Gnp §ni,
DM wughugh hwdunyunnwatuwom wndtipn: Uahty hwulwGwih t.
hnfuwgnbgnipul tnwnwéddwt YEpgwynp wmugnipjwl wwuindweny ny.
dwhudph dintu dwubhyGpp nhuwplidnn nbnwwndp «Lqawls nwgn
dny Ul wwwnsweny ebrwuhunwwlb Junihyobnhg pumyyuwgud h.
dupudptiph hwdwn - vl wmnboghwy toEpghw» huwlywgniem
Yhpwnbyfr gt bl h'by hwulwlw) sunpunwlwl dwulpiybtry
nfuuqnbgnipaul LoEnghw wubiny.

Cwdwudptpnd hnfuwqntgripmbitnt hpwlwbwgymd 60 dwns
phwlwl nwawntpny. £. -p bbb win nwauntnh tenghwl t Wi wybih .
Gwnn buwnbh t wwuwiybpwglty, tenyuwpuuglting hwiwwwunuwuluwb nu;
wanp hwuwniy dwulhyobnh hnugh nibugny. OphGwy. tbyunpwiwgthu
Ywo nwaunp Guptih t wwwnyent npwtiu tvwipptip tbapghwobn nlbgr
pdwlwnlbph hwdwiunwdpe: Ui nbwpnud £, -p Geplpupegind ¢ nwpunn
dm pywownatnh gidun tebpgpwl. Liwl duny nbjwwnhyhuuuuwl i
wnyuh (31.33) wpnnwhwinniepul dG9 2. winwdp Jwubhibtph b
nbgneyn il hpwlwbwglnn awpuwdnh inhy hduyniyul ¢ PGg Jepwptnnd:
hwiquunh tobpghwih £/ ¢ winwdh, www wib win wpunbph iphy quil
Ywot ¢ hwdwiudeh habnghwh @aunpnoh hwdwlpunpgmd:

Cunhwinip nbwpnd £ L P, wlnwdltnh hwdwp nplt wpuwhw-
wnnie)ril gpbll whGwp & UWn wwwnéweny pbjwuhyhunwywl dwulks
otph hwdwudph nhbwdhywt howpuelnp ¢t (hOmd Ywoenigby dhwjl hwd-
Jwunwpwp wwnq nbwgapmd: Wpwbghg GG gdinfuwqnnn dwulhyltnh e
Jwhundipp L wil wwnq hwidwhudptipp, npnbgnud dwubhiGenh dinfuwgnt-
gmpmiOOEnp Ypnud B0 ynbnwlunwihs pwtuntdbnh ponye: Lowl Ml
hdptph nwnuwGwuhpnippudp Yqpwnybp nwuplpwgh hEnwqu wwn:
qnwdlbpnud: Yuintn Ghwuntle dhwjG, np thnluwgnbgnipjul pwgul
upawl 20nphhy sthnhuwgnm dwuGhylanhg Ywqdywé hwidwhudpnd

E=YE=K+m' . P=) P, 313

K=ZK,; m=2m. (312

Qwly hwduudph (nhy tobnghwl L hdwniup wwhagwbydmd 66 &

dwpudeh tubpghwih wwhwwinudp hwiwnpdtp t Upw ebjwwnhyhunwls.
quiqyudh wwhwwbdwp:

nautn
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§32. QULAYUDT by tuerqbust oNUIUN2
onuytrMmmuULEr
Ahinwpltle ahnhuwgnan dwulhylbphg punlwgwos bwy hwdw-
umndp. L)wlwyblp P.E L P.E Gpw |phy hdwmiub m tobpqhwl hwdwiww-
swdvwiwpwn K L K ALapnd. Upwlg dhel yuwup vnymd t dluuhn-
rmppul (31.16) pwlwdlbpny, npuntn
E=YE, P=)P: (32.1)
Wu hwiwpdph hwdwn (31.15) @ Onybwbu hogwnphwOw t L dhaw pw-
quuwlwl" BRE n = 1, wyn hudwphwlung -»'c t: 8w nn (31.15) 0 Shaun t
Anweuwgmp dwulbhiyh hwdwn, www n > | nBwpnd (31.15) p LnyGwbu
Whbh pwowuwywo.
PP-E it =P -E i ==y mi (322
Gunlawpwn, Shaun Ywnbih t pbunt) K hwiwywpgl wibubu, np Gpw-
Omd P = 0-Mwng ¢t nw hwdwudeh hbepghwih YaGuwnnGh hwdwwpql &,
ah hwidwn (32.1)-hg YmUGLwOp (pwWGh Ap P, = P. = O, www x hinbpun
pwg UpnnltGp).

P= v E , E= 3 . (323)
c‘:;l-v“/c: \]l —vf/c:
nutn £ = z E= Z(kl +mc’) hwdwhudph phy toEpghwl t € hwdw-
yupgud: Ogunybyny (32.3%hg YuunwGwip K- Ohwwndwdp € hwdwywn-
gh wpwanenubp.
v =c'P/E: (324
Bulh np (32.2) huywnhwbnng pwguiwwi t. www £ > cP. Miptdt, pobn
@ WinnnGh wpnsgn g Gp dhan hnpn ¢ i wnupinGng v, < c:
Npnblp hwiwudph abjwwnhyhunwyw b quiqywdp nnwtu (phy hd-
wnuh L wpwgniepul hwpwptpmpmil.
P E E M
.&I‘V )T — = ——amam——— = — = ?_—_—‘ =, (325)
v, C:V‘I -viigt yl-vic
nnuen oquyeghlp (32.3) weiimpmbGtnhg: Uunwgywd wpunwhwpnnip-
il 069 hwdugudeh hwbguunh qu/bqyudf ntn Ywunwnnd ¢
¢W=E/C:=ZM,*K/C: (32.6)

Sdnupgniln. npunbn m. -6np Swuthylbph hwlguunh quitgywétbnt 5o, huy
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A -0 hwdwhudph hbtwnpy toepghwl t € -md:

<wdwhudph quiqywéh (32.6) wpunwhwpunnipjwl hwgwnrdwdp Un,
(nhy hdwniup L toEpghwih (32.3) pwlwdlbpp 82gnhun hwdpbyondd =
Orpwlwl Yewh hwiwlowt pwlwdltnh hewn (32.6) -hg hwnlnd ¢, «
hwdwpdph nwnwnh quiqyweép Jwubhyltph nwnwph quiqyuwédlty
gnuiwnhg O t & c” dbonippudp: Cunlwpwn, hwiwtudph 06PRhG ynie
wnhy tuepghwo dEdwginud t Gpw hibpu quibqywedp & ¢ suwhng.

(32.6)-h Gepdnuddwdp (32.3) -p budplylnud t Onuewlwt Yewh hwiu.
00wl pwlwdlh hbwnn: Mpbdl € L K hwiwywnpgbpnud (nhy hdwnyun
teenghwh Ywuh pwlwdlbng (32.6)-h hwqwmiwdp Yuwl’

Zrn +Krct Zm*Kc ot 3

J-v ¢ e yl-1 ¢

2wih np hwdwhundpp thwy t, U pwowluynid B6 dwubhylbnh dhe.
dhnfuwqntgnien blbnp, www (32.7)-ny windnn SGOnRINGLLAD Guuwh
wwiybl:

Ahnfuwqnnn dwuthytinhg pwnywgwd hwdwtudeh GEnphG UGG
ttenghwih U quiayweoh Guwwh hwiwp unwgywd (32.6) wplnp wm
Jnbpp buwpbih t vwpwéb; tLepghwih pninn tibuwlGtph Ynpw:

Glpwnpblp thnuwqnmn n Swulhylbpp ywqdmd 66 dwy mudw
funidp: Bhpwnptlp twl np € hwdwlwnpgmy Jwubhybph wpwgniegilt-
LBnp 2wuwn thnpp BG (nyuh wpwgnignohg: Un abwpnid hwdwtudph Jwe
p0 C-md Lwpm BOp OLwpwant] Omnnbul dERwihlwh 2Pgwluly
GEpnud: Bet dwuthyubnp thntuwqnmd GG ynbubpquunhy ndtpmy, www €
-l hwdwtudph (phy dEfuwthywywb tobpghwb YuywhuwwGyh’

H=K+U, =const, (328,
RGU 1My Upltinhy tBpghwl Wentuyh dwidwbwyh phpwgentd: Gpt C hu-
Jwiwpgp K —h Ouwundwdp jwpdynmd b inguhl dnun wpwgnipjuudp. wuw
dwuthytonh |phy hdwniup K-nid yunyh Onyt (32.7) pwlwdnyg
Zm‘ «K
P = v, P=P=0, (32

l-viie
nnQ. wlwil, dwiwbwyh pbewgend Ywnmn t thadnfudby £ - gl
dwl wwwnsweny' Uw sh hwywunid hwdwhudph (phy howmuh wwhuud
dwh onblphl. pwlh np dwubhyGbph gnidwnuwihG (32.9) hdwniup nbnw
hwiwpudpeh (phy hdwnepup st K -mid: Ujuuinbin wbanp t hwadh welby wib, o
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hdwhudeh U, wnunblghwy tobpahwiht hwiwwwinwupuwbng t L, ¢ nw-
awrh quliaywe: Un wwwndweny K <h<-mid hwdwpudeh 1phy hdwnijup
yuinn BOR UBPUWIRUGUL| wiuwy.
wbic m R e, pop-o (32.10)
1,2 T2 ¢ ¢ .
\'I-V‘ S0 \u"\" c
nnp. b wpeBpneiniG (32.9)-h. Lwwhwwiyh dwiwlwyh plpwgemd
Mmptd0, nhinwpyyen hwdwtudph (nhy hdwnyup YihGh.
P:'ﬁﬂ‘: .. M=Zn; ~HIC (32.11)
vI-vic
Uu pwlwdélbpp dE6 Yhpweniginth mlbs dheniywhl Shqhuwiniy,
gl np Shemybpp plnipwgnynud BG U, -h pwywywlwunh 366 wndte-
wnnd (U, <O
Uhgniyh pwnlwgnighy dwubiph (GarnnnGLENh, wpauinGltinh) gnuiwn
mlguinh quibgqwoh L dhoniyh hwlquunh quiligwéh uwnepnianlp.
Am=)m-M=Hi/c", (32.13)

ingmud t quibqyuwdh nbPGn L pimpwannud t Uy wugh Lol
(dhgnigp pwjpuwitiint hwdwn wihmudt un bywquanyl wziuwanwipp).

AE=Am ¢ =-H: (3214)

Uhgmiyh Ywwih tGEpghwsh L quibgywéh nbdtyunh dhel wiu wnlbzmp-
mbp. npp quitgyuwdh L thtpghwih (31.10) plnhwlmp Yuug dwubwynp
wnnwhw)jnneinul t, hwunwowby t dhenyuwiht epuahnfunidbnh ni-
vwdbwuhpnippwt pwqiwphy thnpdbpnd:

tUbnghwih L qubgywéh hwdwndtprigmbp Gbnlwwglnn E=mnv)c’
rwlwdlp rEpwwnhyhunwlwit dEluwthywh wibbwlwiwynp wpnmbp-
ophg ¢ UG gnug ¢ vwihu. nn ¢0Engrwl wirwawbtyh ¢ quibqyuwohg L
hlawowlyp Swilpwgws AE surpny tebnghugh hunnpnmdp whlpufu hur

Mdwl bnwlwbhg Jodwglind ¢ hwlwiudeph habpun quigywdp
Am = Ak ¢

P‘:P’#

(32.1%
saapny Uwulbwydnnwwbu, quuywiwyp nednndwgywé Yhdwymd punipw-
nud b wybih 866 hubpwy quogqweéeny. pwl sntdnndwgyws yhswynd
2Un npud wyn wwppEpRLRIM Op hwywuwp t U, npuntbn U -0 nbdnpdwg-
qwé quuwlwyh wrwdquywinppul tbnqhuwl t:
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§33. dINSAL: INMLED EHBLUSC ONSPYUBMU

1. Tumuiph qubgymshg queph varubpybbn: Nojwnhyhunuwius &
huwlhlwl pwgwunnnud t qwnwnh quigyuwong qripy dSwulhyotph qnmme.
I Gp: Nopwwnhyhunwiywt hdwnuh L Loenghwih pwlwdlbphg hbunlmg:
np m=0 Jwulhup Gwpan t mGEGwW, qnnihg Lwpptn pE|wwhyhuunwiul
hdwng(u. toEpghw L htwnlwpwn, quiqywo Jhwil wib nbupnid. tRb wy
awnamd ¢ jnuyuh ¢ winwgnppade

m(}')_—.—#" p:—,&L‘ E—#f (333
Vl-\'.~c' \'I‘V. ¢’ V‘] -\t
Wn nbwpnd (33 1) pwlwadlbpp quigywoh, ttspghwih L hdwnyu
hwiwn wwihu GG 00 xnibwh wonnnnueMGoER. npnlip L wwywhnynud &
wyn dwulihybbnh Phqhywiwl SESnipMLbENh onewnp wndtplinn. Uy
duwuGhyGtph taenghw)h L hdwnyuh Gwwp wonymd t
E = pc (332

pwlOwdLny. NpG unwgyntd t (31.14) -md m = 0 inbnwinnbyny:
MpBoG, Awbguut quibgyuwonhg qmply Jundiplbnn lwnnn b6 qnnip
G ubbOwy dhwips Judpwmdmd | nyuh winugmigrude punddwl hawin!
Unwig ywigwinp hwdwndbp ¢ Grwlg whytymb Jepwlums.
dwiwlbwywyhg dhahlpul gopd mGh wynwhuh Byt dwulhyltn
htwn: Wpwlp 66 pnuvnbp L Gbpnnhond. v hwlwhunigjwdp plntpwgym
InunGl mlp

E=hv (333
tobnghw, hwdwdwil (33 2) pwlwdlp’
p= h—' (33¢

C
hownuu, buy £ = mc? pwlwadlh oglnipjwip Ynnnblpe dnuninGh quiligywen

m=lv. (33

(-

Wwiybiny wuwnndh Ynndhg, $nunnbp Grwl hunnpanud t hp hdwnyu
m tubnghwl L plnhwywrwlyp wowpbin $runG, wuinndp ynpglnd
(33.4) hdwnyu $mnnh wnwpdwlb ninnmeywdp, (33.3) tubpghw, L b
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new uwywd (33.5) quibagywo

2 Smanbahl quqgp Sbpndp dwpytlp Yreah ( GpLwnmipuse npwbwn-
awht wpinmd tibyunpulwglhuulwl Swrugquedwl nuwwnh 86mdp. tpt dhw-
ynn dunugnid Swowquipdwl titpghwl huuwuwp t U Swrwquiedwl nwaunp
J0BnLuyglitp Nhwbu pwnuwihl 2wndynn dEd eYny PrunLiltnhg puniuguws
Qqug- (Prunluwhl quq) 3nipwpwlymnp Pnnl odindwd t £ tubpghuwny. huy
nnpwlwnnh Ghunhg winpwnwnbuybu (Yuiydnmd t L tnphg Swruwguasdmd hw-
Gueowy ninAnrudp) bpwl hunnpamd t Jp; - 2£¢ hdwnyu NNt Ghunh Ynw n-
wnlughl quqh 862ndp Shurjnp dwdwluwlynd Ghuanh Shua{np dwlbnbuht hunnp-
ndwd pdwnyul t Cwnddwl puwnuubmpyul wusndweny guilipwgud wuwhhi nt-
uh inpupwlynn bhun Lwndybt huwuwn pwiwyny Prnnlbbn, uyuhlplh’ V.6
mun $nunl, npnlp dhudnp dwdwiwyrmd iy wusnh htun Gpugudbl A'6) c &
wiqu) MpEls Shudnp dwwbwiynd pwpwiymn Ohunht hwnnpnywd hupu-
(40, wuhG PG drunGuyhl quqh Yndhg wqnnn nidp. Whh'

F=(N/6Xc!)Ap = NE/3¢,

Ny 86udp
P<F rF=NE 3 =nE-3=L"3, J36)

npunln GRUNOYwo ¢ Prunbiushts quagh e lp n =N € U hupgh ¢ wolnjust
mn L=nE Nipdl, Imnnbwpht quqh 86n0p hujuinun t Swawugquyedwl nuanh
tienghwih fuunnt gyl 3BY Gpnnpnho:

Upbquiyp 0By Juntypwonid Spynh dutitnbngeh dhuainn dwinbuhl hunnp-
and t yupg 17 Engud f Swowquipurhl totipghw (UNbquyGushl husanuanmb):
Wubybiny. win Swnuguendt wowQwgGnd t 17 ¢ gpoud - 3 10° ppGud 60
wnpwnwnlugbu 862 0p Whih Bngne wogqual 068): Uw ynpn 802md t. nnp Spynh
antdnwihl Jwnddwl Ynw gnpotwluwinid gh wqnmd. Uwiult ghuwwmnh juahu-
quig nun wngh Ynus nph Shuajnp quiitqyuidhl hurdwuurnuaguuslng (usudpul
handwdgh duibnbup 2w 386 t. Upbquigh Sunwquuwihl 0mdp twiywb t L
unbquiuyht guadm (Untquiyhg wewpdm SuwuthlGtnh hnup) bt dhuhl
nnmd t ghuwunnh 8qyuid inbupp

3. Myupmobrmupfpuawlub Juabhhbip:

Vwulhyp tosnghwih L hdwnijuh

E'=pc «E (33.1

sy £, hwlguunh tibnghwt widhndnfu t. huy 7/c” winwip wiuwhiw-
bl wand ¢ dwubhyh wpwagnigimbp (Mjuh wpwgniepslp dnunbbwihu:
Gonlwpwn, dhaun gunbh t gnyg v wpwanenbtph wiwhuh nh-
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nnye. npnud pe » £, L (33 7)-h we dwunud hwigqunh tOEpghwl Yunth :
wluntiut]” UpwgnipintGGenh 0dwl wpdbpbbpp Yngdmid 6O Ay wwotyy.
uPhurwipwl, npnigny 2wndynn dwubhyh toepghwih U hdwntuh Guyr
MwdwGdwl t dnunrGh hwdwn gnponn (323.2) Lwwhl: Vwiwit uw jh G
Cwynmy, pt nyunwebjwuinhypunwywl dwulhybbpp gnigupbnmd bU $n
wnihG hwwnndy Jung: Ophbwl, dhaun Guntih t pownkl u < ¢ wpwgne
Jwdp wndynn N npmud nyunpwetiwuthyhunwlw dwubhbo bguniy:
nwnwph Yyhswynid: Pung nw wihGwn t ywunwnbl nunnbh hwdwn, pudr
nn << ywnbh t Ywwt| dhwjt hwiguunh quiqywé nitkgnn SwndGh hey
nnp sh wnnn pwndyt| |myuh wpwgnipgude:

4. Taylph EPLiunp ogyupbuwmid: UL, np pninn <<-Gpnid drunnie
2wndynmd t shllmi ¢ wpwagnmeuudp, hhwnyt. sh Gawlbwynud, pt pnjen &
tpmyd Pnunb0 nGh dhlingt qubgyweén, tibnghwl L hdwnijup “tpeht:
UGNG WOl B6 Srunih Jwncthwl wmugnipmihg L yhinfudmd 56 dh iy

uwipyh hwdwipwnrghg dmunl wigls
' K WK (hu” drwnlh hwsuwfunipusl hopops
" dwl 20npht 1 Inuybph Dbl
l - - gnip X' hwiwywpgnid wlwnd w
Vi Inds wowpnd t ve huwiumept
' ' pnunl (Oy. 426), nph E’ b EYunnuwilau
a2 nuwunnh  Lnwnwomdobnt nito ne-
unlywy inbupp.
E'=E;sin2rv,(r'+x" '¢c) (338)
{wiwdwil hwpwetpwywinieut vgpnibph, K <M<-nud dnnnlh tean
Pwiwl nwunh nwwnwimdbpg Ywpunwhwpundbt Ongl puwbwdlny.
E=E, sin2ar+x.0), (338
npuntn v -0 K-ntd gnuitgdwé dnunnih hwswpunigim o t: Ubntubiny nw-
pwodwl plewgpnid $nuinGh thepghwsh Ynpniunnbbnp, wewpdwl L plk
AnGdwl wwhtpht bynnwywt nwaunh nwnwbdwl (wilngeGbph hu.
dwp Ywnnn BGLp anty. £, = £,°

dwywuwnbgltiny Gwl (33.8), (33.9) wihpttph hnytipp L oquaybin
LnptGgh dluuhniuniet LGERhg, YuunwGwlp v L v, MudwunipndGltnh dhel
Yuwuwp.

X , X X u 3
Wie =)= v ('« =)= w1+ =XI-=)/NI-w'ict,
C ¢ < c
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nnunbnhg Yuurwlwbp
..
. '.I -u-c
“N-u'c
ot hwywownmpiwt Spypnpn dwund 2wpph bpwetingd wpdwunp
aun ue JGonipywo wuunhswottph. vwhiwlbuwdwyytightp qowiht Snumww-
Jnpnipudp Uunwigywé (33.10) pwOwdll wpnwhwpnnud ¢ Mnugbnp an
wbwlwl ¢ Pbynp owunhywind, nphg wwnq Bplnud t. np horwgnn |nyuh
unpinhg (u~0) plnnGnud B0p UPw wnwpwahg wytih dnpn hwswiunie-
i (U (v < v - uindpn 2tnmd). Uninbignn (nyuh wneiniphg uanwgynn
\nuup (u<0) mOh wybih J66 hwswhuneimU, pwi wib wewedty t wnpnph
UmBhg (v > vy - dwlbmpunpugnyo pbnnd).
Gpt (nuuh wnpjnipp wpdymd b unbuwqshl
nanqwhwpwg (GY. 4.27) www nhnydmd b 2ugybnh Unpmn
Wt ¢dolnp npp dwidwlwyh nuwlnundwl

v

=v,(l-u'c), (33.10)

objwwnhdhunnwiywl tdeynh wpuwhwpnnieindbl t ) -
muwhl wihgh wwnetpnieuub hwudwn: hpng, hw- u
Jwowijs wyn I
r:rc;'lvl‘ll: C:« ?

b t Lt -0 pOnMOguwo L wowgdwd [nyuh ‘
wihpbtnh Wwppbnmebitnh B0: Uhph v = 1A ‘3""':%'!
PubwhinuarwG hwdwn Ynibblwlg W4

vavJl-u'icd: (33.11)

pGa0, nugbnh (wibwlpul ¢Pblunned pinmbyuwod wihah hwsw
rruprnp dppun yhnpn ¢ wowpuwd uyhph hwswfunigmbhg:

dnunnGh hwswiunigpwl (33.10) L (33.11) dnhnfunipaude t) hblg ujwy
Swiwynpqwé t Gpw toepghwih L hdwniuh dluuhnfuneymp
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QLAPNY

PUMMLUP UNULLSP MTUZTULUUL OrBUuRC:

§34. UNUTBLSLECh 2UUUUCrMWUE: bUMNLLUP UNUELSE
TUAULUUL OrtuRe

1. Mduynyup b audh dndlnablbp: (wowtudph dEuwlhuwywl Yrswy
pUnMpwgnnn L wy wplnn dedmppil b Adwmpuh dndblunn bl npp
Ywulpyh hdwnguh dndbounp ¢ Yewh Shwudwde uwhdwbynod b wpuwtu

L [rp]=mire]. 1341
nmuntn ¢ 0 dwulpyn nhnpp elmnpwgnnn wnwyhn-yeunnnb t O utuwt
Lywwndwdp. p 0 hdwnyup (04 S 1) Uwhdwidwd £ deyunpt ninnw
huwpug t 7. p JBLunnnlephl L Unwlg ntwn juqimd ¢ we brwil U
UGdnierGp huwgwuown t

L= prsma = pi,
nputn 7 -0 hdwnyuh minnnigywl ypw €
Uaunhg hebgnwid ninfwhwjwgh Gpluwnnig
M OG L. L Ungymd t pdwympu pugniy

Uewlgblp hdwnyuh dndtlnl pun
dwdwliwyh

'LL. - fj_r - ,"ip |- (3420
dr o _dr o dil

U dwumd weuighl gnudwntihl. m-
wbu qriquhtn  yeyuwrnteph  yayunnue-
Gwl wprwnnw. bngiwpwn qpn 't ! =
miw] =0 Gpb O Yl hbpghw| hwyus-
yh hwidwlwngrd wlwpd § www U
Gywwndwip Jwubhyh pdwpyuh  wowle
Juilb pun dwdwlbwlh huyguwiawn t Gy
Uhyh Ynw wannn hwaqnp midht Ujiwb.
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dL di = [rF). (34.3)

n
(PF|=M (34.4)
rapp Yngdnid t o dndbawn O Leunh Gywundwdp Upws dEnipyntGp
suwn t moh b Oytnhg Lpw Ypw hetgywd ninnwhwpugh (4 - r sinf-
pwqrgm wpunwnnwiht Gy S H
M =Franf=Fd 134.5)
o Jbyunpp F L e JEunplEph heunn Gwqind t wp Srrwy Nipbdl.
upd O gbunh OQwurdwdp swubhyn pdwnyuh dndtOunp wqnnn nudh
Lunp e Lwwgwo t
dL
r
mpwdp: W0 Unsymd b dndbouwnbtnh hudwuwnnid nnp sppun ¢ gt
WpUG L pE i wunhyhuwnwwb JEfuwihywyru J
Noh L hdwniuh ondtouwh Yey-
J6n0 360 hntuln. GrE Jwubhyh p
wuh, ywd wgnnn £ moh yby-
a6 wbnuwuntuytt hntlbg wen-
qotry bplpuylpny (npwulihg ¢ L d
nyLsn 350 thntudh)
1 Undtbnbbpp buwyjwuwpnidp
whnlph  bwdwp:  2unhwlpwg-
(34 6) nwywuwpnidp » Onpw- ()
wbutphg pwnugwd hwiw-
U hwidwn hgnip dwubhylbnt
ip-P.... hdwnultp L GUpwpdnid BG F .F,... wpuwphl nudenh wq-
tRwlp 0y S 2) 3nupuipwbynip -pa dwubhyh hwdwp shun t andblun-
134 3) hwdwuwnmdp
P FI=IrF - [ ) 347
Yuwnen o-pa dwulbhUh ynw wanm bwdwqnp nuop GepbwrugnhGp
hi L wpunwphl Motph gnidwnh nbupny. npuntn

Y (34.6)

Ly 52
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F =) F, (k=i (34

<widh wnltiny (34 8). wewGdhD Jwubhlltph hwdwn (34 7) huy.
uwpnudp 4pGnnioh hewnupug inbugn

dL,dl:ir,_l",:i-rl;r,ﬁ‘.;*...+irf.'v:
dL.;dt="r.F, ~[r.F., ~. .+ rF.
: rF, - rF, r.F. s

..........................................................

dL 'di='rF f*fr,,FJ*..-*[",.F.'.f

SQwdwiudph iy Mwynyuh dndbiup wwndwlOynid ¢ ppwbu nwde.
tunudpp Yuwqinn dwulhyttnh O Lbuh Ghwundwdp dwyryupr dndbounibee
Yblunnpwlywl gridwn

L=i:|rp|=ZL: (4%

Utp Gwwunwyi t vnnwiw) hudwiudeh (phy hdwniiuh dndbwnh du-
dwlwyuwiht ¢hndnfuniginuGp Ohwpwgpnn hwywuwpadp Ypw hwdr
punn dwdwlbwyn wowbgtle (34 10) |phy hdwniiuh dndabuh Jeywnpg L
hwadh wrlbbp (34 9) hwywuwpnidotnn.

db_d~, o dl db o dl, gdL
it dr dt di di di
PSP IIMED DL

=i\rF, ~rF, )+ "{:’;".u...l‘l’,."‘.n'.\"
+irF.o+rF 1~ - nF, ~rF, ~ .. (34,01,
T AR ARy f

Junwguwé wpunwhwjnnapulb Bapnpn L jnnpnpn inmtpnad woew
Gwgyws 60 dwulhllenk qrg we qnug hnluwqnbgnipjuwl nidth Je
SE0unttnp <wadh welbiny LinunnGp 3-nn ontlpn

F --F,. (3412
L BOpwnPEINY. N Swulhybenpn dpnfuwgnnd 66 YELunnNbwpwl nudtpnd.
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F, = f(r)F,. (34 13)

sonbn ¢, =r-r, -G -pn L A-pa Swubhyobnn bwnwpbnwyws nhpep pOmew-
g qwoewydphn-deyunnG t. (34 11H-md Gppnna Lgnppnpn tnmepmud thw-
wgdtph wnuwhwinnieIMGotnp. npnGp Lepyuwwelnud BG Gspehl nidtph
yudwp SndELunp (GEnphl matiph dndblwnf g puwynn Elnnp, Ynwelwl
Inpluapwsn @nn Puwwgty. Inipwipwgnoy Phuwiywgho Genuijwgbnid t wyu-
whu wpuwhwynnpgndG

[rF.)-[rnF ]=(r-r)<F, - 1(r)[r.r]=0

arubn ogutghUp (34 12) L (34.13) -hg

MpedL  GEnphlG mdtnp s66 wnnn hmvoply hwdwfudeh inhy ho-
wryuh Undtounp Ujiwbu np O LUEnh Lywuindwdp Awdusudph (npd hdujry-
W IS0 wowlbgpuy O puln dwdwbwlh huduaun t Gnifl Yourh Ohwunr
Ledp wpuwphG motinh grudwn dndbbnpl

‘-”'—=.Y‘:rF"EM‘ (34.14)
da <!

Uw dndOwnbbinh hwywuwunmidt ¢ Jopuunlpyuwlywl hudwiudeh hus
dun muwdwéw)t npp hwdwpudph (phy hdwnyuh dndbbung Gwipnn t yn-
o dhwyt U ohw)l wpuwphG nudtph dndtGunh wqnbgnippudp. COn
. 1 dwdwlwymd hwdwiudph hdwnyup dndGiwnh wép Mugwuwp b

AL-= f M di- (34.15)

3 2wdwpniph plynyup dodtbhnh ywhgyuinimb opbbpp: Undtiunlt-
W (34 14) hwduuwnpnidg vwihu b hwdwhudph hdwnuh dndebnh wwh-
wuiwl wwpdwGotpp.

Cpl wnuinwphl matipt Ind6wnp O Ybunh blpuenndwdp gnn t. uwwyw wiyn
Lo Ogwuindwdp mudwpudeh (apyd Py uh Indbbunp lpuywhupuGyh

- 4
L=3 [rP]=cons tpt M -0 (34.16)
HbrghGu Ywpnn t hpwywwbw) heunbyw| Ywnbnp nbwgbpnid
-np Jbfuwihyurpul hwdwturdep wiy t. F.0=0. M =0. U nbuypnid

Wumuh dndbbwnp wwhwwiydnd t P<-h Gwdwwywb wiywpd yenh
’wndwdp;



-&np hwdwitunidpp guiyned ¢ 4t
whwdwgunh niownwpnnd Un nbwpn
mdw)ht O WELwnnGh Ghwundwdp qpn t .
Pwpwlginin dwubhyh ynw wannn wnu.
phi nidh dndtlunp (LY.S.3). Af = 0. pwlhnr
Ustwpniwhwdwswdh  nidwnwnh  my
dwnF = f(r)r. Unwbuhl t dninpwlwp:
hwdwlwngh yhéwyp Untquuh g7 nipp.
Awunnd

Wwwnblp. np Wbwnpnbwhwiduw
mwnwpunnid hwdwudeh (nhy pdwnyuh dndbbunp upwehupwGdmd ¢ ..
awaunh O Ybinmih Glpundwdp “Ywdwjwlwb wy Yeunh Gluindwde w.
$h wwhwywGydh.

BtL O ybwnh Lhwwndwide qpn b jnipwpwbymp dwulhyh Ypw wgne
wpunwpht nuoh dndbbue wwyw)t wewbeht dwulhybtph pdwnue &
JELWINOENE 350 wwhwwGymd, pwih nn inwighg inupwpwbynanh §pw we
nnn LenphG Mudtiph dndGLunp vwnpbp t qrnihg. Jwulwynp nbupnid, b
Swulpybbph dhel hntuwqnsgnueinllltng pwgwiwinid GG hwdwude
W pwiyntp dwulbhyh pdwnyuh dndtlung YuwhwwGdh mdwnwaonh 0
yetwpnGh Lywndwdp Ophluuly. wewbdht dngnpwikh wndndl nune
Gwuhptihu EPpEUG Ywpbih t wiwnbut; wy dninnwiybenh Yondhg Unw
wqnnn nudenl ne Uptqwlh bhwwdwdp nw hdwmiuh dndblunp hwdwnt
wihndhntu. Uin nbwypnid punwpwGgnun dninnwlh pwnddwl hwdwr hy
t wuwbu Ynygwe” dwibptulbbph onblpn.

4. Vwlbpbublpp opblpp: hgnip Unptqwlh GYwuindwdp dnynnuls
nhnpp wvindnd ¢ ¢ Jwnwyhn-ysyurnpnyg (04U $ 4) Swapwywl dr dwiwl
ynud dnpnpuwiyp Yywunwnp Jr inbnwdnfunigindb, nph plepwgpnid Jwoewdr

v Jeyunpg Lgoh twnpwiywl usyunp bawlb.
e MG Grwlywl dwlbnbup Ywnbh t 060
jwglt; haunlyw) Yslyunnnny

dl =l[rv]d1. (331
2

Lys3

G mnndwd t utyunph Swybplnyphl re
nwhwpug. huy dEdnLEAUTR Mwywuwn t B2
Wuwl dwlbptuht Jhwynn dwdwbwymid -

uysa
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awum-Jbyinnph gowo dwibpunueh dwlitinbup Ungymud t ublunnuhl
wpwQ e U

t:i[n-]:?f". (34.18)

Wuwtn hwyh wewbp. np Uptbguwyh Ghwwndwdp dngnpuyh hdwynguph
JrdBlwnp innymd t L = mlev] pwlwdling. npuntin m -0 dngnpwiyh quuigyuél
t NipodG. dnpapuilh Mdwnun dndttunp hwdbdwunwywb ¢ ipw utlyunn-
il wnrwgnerulp

L =2mX = const (34.19)
et mownuwpunmd dwuohyh hdwniyup dndbovyn wwhwywodmid ¢
wupw Jwlhl Yrwnonh hwunwanm b ubunnpuhb wwqrippule

Uuuntnhg yuntih t Gwwwnty spyme il ysaunnnbwmwdus
wih mownwpunmd dwahyp:

- awndymd ¢ hwng ynpny (heunwahdb plLws t nduwyht Ysiunpniny L
Swubhyn ulqpowlwl wpwgmepudp wighnn hwnenippulb Ubg).

- Upw qweunipn-Ybipnnpp hundunaun dwdwbwlbbpmd gomid ¢ hw
Jwuwwn Jwhbptulbtn

U hnlbplbnG bty helg Uridmd U dwlbpbultmh onblp. npp ho-
wmuh JndEiuvh wwhywOdwt optlph wpnwhwpnm et t Whinpniw-
nwdwywdh nidwnwwnnud dhawn t Dwl hwlwewly winmdp. Bet wntnh
mlh3419) p. www dwubhyp wndynd t LEOnpnbwhwdwiwd nudw-
WDLY

A Mupyup dndbbnp qubywbiub optlph bun/pbphwbngy pinypp:

Pdynyuh dndtlunp wwhwwldwl optlpt wwnwlwihu ogqybghlp
Umunlh ontibplbnhg U Gorwnpbghlpe. nn hwdwtudpnid gnpdmd &6 YtL-
wnlwywl mdbp Upnynp shaun t hdwnyuh dndtiunh wwhwwbdwb opbl-
20 Wil hwdwtudpbpnudd. npnGp 360 BUpwpyYnud Giniunnbiul dEuwbhlwh
ontlpltphl ©nndp gnuyg t wwthu, np pinn hwy hwdwhudptph hwdwp
Fewnijun dndElunh wwhuwwGdwh onptlpn gnndnid t, dhub wbwnp t hwayh
wild] Gwl dhypndwulhybbnh ubdwwlwl hdwnuh dndtiwnibnp (wpuwbu
Y wyhlp). hbguwbu Lwl mownwauntph hiwnyup dnUELUNLER Uy
oL dlwlsnwywe Ay uh dndbiunh wwhwywodwl ontGpp ugsunp ¢ o
N nugbu PO UG hhdGwnwn opbtp npp hwinpuwmd ¢ hnndwluwi
dwninh plnhwlpwgdw b wpnpmbp
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§38. UbouyuL bUMNLLUP UNUELS

I Pdwnun dndbGun Jeuwnnnp Guitudwd t wit Wsunh paunnniemilg
nph GQwundwde wil hwadydmd ¢ Conpywé Oytunh Gywwndwdp niGtop

L=Y[rw] (3501
un Wwhg r. -nd hbnwgdwéd whaupd O Ubwnh Lhwundwip hwiw
udph (nhy hdwnuh dndeluwng Whah
L=Y[rp] (38
Ruthnpily 55
r=r.+r'. (283

www L L L Ysipunnpitph Ywwh hwiwn yunwlwlp
SR B T,
L=3]rp|=3r'p - t3p|=L -irPl
Wu pwlwduhg ruwnlnd t. nn yany Mdwynyuh dndbouwnp ufudwe

uwiqrawluh nhnphg bpt piuwe <h<md hudwfudeh (phy Pduniig
qmt
L=1L.5EP:=) p=0 1384

Ujn hwuiynigjudp odundwe t hwdwnyh C hwdwywngp

Nipbdl, hwywnyh C Awdudps
gntd hwdwpudph pdwnyun dndblux
whguwu ¢ vQeiwytnh purnnngm:
Ohg L Lbnipupuglni d ¢ hwdwpndph to
wry uh Ind6aunp pGneusqmulpul w
gtpn U0 yngynud t hwdwiudeh o
Yulpul hduyny uh dndbun

Unnwlwlp hwaguwnyh A L C hu-
dwlwpgtprd hwdwpudph  pdwnie
dndtluwnteph Yuwp Cuwn uwhdwl

L=Ymlev] L =Y m[iv] (388

Buwbhnp r=r «+F.v =v ~v, www

L-Ym (E-7) v -8 -

Jwil
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=Zm [if',] - zmi AV r o~ Zmﬁ . Zm [r_v_]:

Juwgdwd wpunwbwpunniewl Bpynpnpn L Bppnpn. gmudwntihGbpp.
juenhbd hwduinyh C© hwdwywpgh (216) hwanyniprblienh. GryGwpwn
3 BU. <BunLwpwn. jwenmunnnn hwdwlwpgmd hdunyuh IndGounp uwy
Jwe ¢ hwdwudeh vyl hdwynmyuh dndbiunh hown heunlpwy werlsne
nde

L=L -[rP] (35 6)

mutn P e, -hwdwiudph (phy hdwynyub t A wdwlwngned:

lwenpuwwnnn hwpywnyh hudwywpemd hudupudeh (nfy hdwyrigun
dndstnp hundunaun ¢ wpuwlpul hdymipup Jndbunpl. unfbywgnusd hudus
dph wdpmpwilpw o puwnddw (e, P) hdwnyuh dndbaunp

2 Muah dndblunp Unylwbu uiuyws t uyqplwitnn plnpnginibhg
Onhbwy. O L O Yswneph Lywundwdp midh dndebunbtpg bwwywd GG he-

Nlwy Yonuy (0Y.5.5).
1E=2r',lﬂ' ,~rchE.

M=3]cF]- 317 -

Ywd
MM +r<YF

Unwglwohg widhowwbu htulmd t, np nugh dndblwnG wlywiu yih-
b ugplwytinh puwnpnienhg. beb hwdwiuiph Ypw wqnnn ndtpp (hoko
hudwlnywo.

M=M ) F=0: 357

Jwulbwynpwwbu, nw wnbnh nlh, bpp hwdwiudph ynpw wqnmd t
nduqnug (Y $6) <Gaun t hwidnqyty. nn nidwqnugh dndstunp Gbwpmd
krdwd O O. O- yewntbphg jnupwpwbyne-
rh Gywundwdp nlh 0hubnyl Gywph hwp-
PUEWLL ninnwhwjwg. nbwh dbq ninnywd
MMl e M=Fd deonuep. nountin
-0 n:gtph wqndwl qdbnph dhel henwyn-
MRl ¢ ecwqnugh puqruly -

Grb hwdwhudph nw wqnnn wnuw-
PG nudtinh hwdwagnpp qpen . www hw-
Jutudeh hUbpghwh WeGLNAGE Jwndynid t
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mnqwahd L hwywuwnpwiwd Un ntbwpmyd Opw hUtpghwih LeGunpenal,
houn Guwdwé hwqwnyh C hwdwlwngr Whoh heopghwy L Gpwbnig &
dEGunLEph hwwuwpnudp YponmGh

i

dt
unbupp. nunbn L U hwdwitudph ubthwywl hdwniuh dndBOn0 t. huy o, ;
hitnghwih UsLwpnGh OYwurdwde wmnwehl ndtph gudwp Indboue
Guanwguimd. ng hubpghw) hwdwnuh hwdwlwngbnnud  wndnudte
nuntdbwuhpiippult dwiwbwl Lunbulbtbp, np (35.8) dndbbunGEPh huwyy-
vwpndp haun t Lwb wil nBwpmd, 6pp wpunwphl nudtinp dhdjuilig b6 e
duirnud, wyuhlpl. Gpp wwnyh C hwdwlwnap ny habpghuy t (§55)

=M 135y

§36. Ndb b PUTMILUP URYRELSLENT UNULSRD LYUSUUUR
UNnuUtLusSuErr 2uuuurm 4N UYQMLUULSk
LvYUSuUu

1. Unwhgph byunandp mdh b pfupyup dmdtbubipp UGhpwdtar:
nwpptinty Yswnh Oywundwdp npnadwd ndh L hdwnyuh dndbawnbtnp
npwigph Lywundwdp nudh L Rdwniub dndblwnbtphg Wbunh Ghwundwip &
JdeGuwnp Jeyunp t. huy wewbGgph Owundwdp dndEGnE Yeunh bjwandws:
ndtOuwnh wpntughw t win Yeunny wiglnn wewigph ypw

UndbonGtnh (34.14) hwywuawnndp wnnubing O Yosung wgle
nuinnwiym b ynnpnhbwuwwiht wewbgptbnh Jpw. Yuurrwbwbp tpbp u-
{wn hwywuwnnudbbn.

L, =M (k=xy2) (36 1)

Uunbn L, M dboniaubGtnp Yngymd BG Aduynup b midh dndblunike

k wowlgph Owundwde Jwulbwynpuwwbu,
d, _
dr

hwywuwnpndp yngdnud ¢ wilwnd 2 wewGgph Gwunwdp Ind6hundr!
hugwowned Upunbnhg bbnunud L. np 8e6 nnlt wwlgph Olunmndes
wnuwphlb motinh grudwn dndbounp hufwawn ¢ gt wiujw hudwps
wwuuudts wowlbgph blunduwdpe hunguh dndbbunp uguhupwOyd t V.
hdwniuh dndtOwh wWwhwwidwlb onGlph ¢ wliwpd wnwlgph Gyw.:
Jwdp.

M. 362
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L, = const, b M, = 0: {36.3) z!
Jnwbgph Gywuwndwdp nidh dndtOuwnh ,
nwpwdwywl hdwunp wwnqtint bw-
a GEnLwwgltlp r L F Jbyuwnpltep 2
wlgphl qniqwhtne L ninqwhwpug pw-
nnh;UGnh gnudwph wbupny (0Y.5.7)
r-n-r, F=F. ~-F -F,_

Lwydh welbiny wu Gepywpugmitb-

O ytwnh Gwunduwdp noh dndtlunp
mnlh hEwnbpu] inbupn.

M=|r.F|=~[r.F|~|rF.|* nF]+|r.F.+rF.]

Jo Ymnudh snppnpn L hhGgEpnan wlnwdGtnp. nnwbu qriquhte Yay-
nlsnh Yeyunnpuwywl wpunwnnu Gen” Gnybwewp qpn GG, huy Bpypnan,
npn L Yenehl gnidwnbhbEnt manwhwpwg 66 2 wowbgpht. Meunbw-
rann 60 win wewlgph Ynw Spwig wnnibghwotnp: Niptdt. 2 wowGg-
ynw mah dndELuinh wpnjyghwt ynprayh

Mi=(r F ] (36.4)
Lwéuny: LnyC duny Z wewlgph Oywundwdp hdwnuh dndtownp YhGh
L=[rp.] (36 5)

% Capdynng ulgrbwilup bjundudp ndtbnblpp bunfurawpodp:
Sutu hwny b (hGmd nhwpys hwdwiudph hdwnyuh dndblbuinp wpd-
1 Oulgplwltunh. Ywd Upwbng wigbnn wnwlgeh GYwwndwdp: Yhgrp
ndwé ML-mid OyBINp pwndynid t v, huly hwdwhudph dwubhyltnp v
wanencbbepny (LGS 8). SYw| wwhht O v bljundwde hwiwudph
1 pthynyuh dndsGuwnp Whh

L=) m[ry]. (36.6)
Nnn250g puwn dwdwlwlh Gpw wowlga|n. ?
L=Ym(rv]-Y m(rv): (36.7) '

Pwyg wpunbn ¢ -p O Utunh Lhwuindwdp rpn

Jihgh v, wnwgqnieinlp st wy 2Unphhy O ¢
nh Jwnddwl, wil hwywuwn ¢t o :

F=v -v (36.8) wse
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<wyh wnlbiny Uwl Unwnnbh 2 -pn ontbpp mv =F. L oqunytijny
hutpghwih Yabuwpnlh wpwgmpiwl pwlwduhg. Yunwbwbp dndkuultnp
hunLpw| fMwywuwpnaddp.

L=M-mvv]| (369

Uunwgyidp Jdndbounbtint hujurnunnd ¢ pwndiinn O uigpiwlun
punndwidp Gpt O Yyeunp udplyonud t haEpghuwsh Ysupnih heun, www
ve=v, L (36.9)-p hwdplulned t (35.8) hhbun.

Luwunt L. np unynnwlywl wnbupny dndtLwnGEph (34 14) hwywwwpn-
4p yhpwetih t owb wib nbwpnid. &ne O Wwnp pwnpdymd ¢ . WG qriquints
v WL RRUUP.

§37. WCUd UNuULSRh CNUM 2UUTUNURP 1SMBSC

FUMpjwL be LwnwoLws wndnuittphg t wbwpe wowlgph rung
hwdwtudph wunnyup. Uuunnughunwlwl nhomdbbnp gngg 54 wvwihu, o
hptlg httpghwh ystuninnlng wbglnn wewbgplEph 2mne wuwnunp hw-
ity t ng dhwjl dngnpuwlotphl. wewldhl wunntpht, YpLtwyh L pwqow.
Uh wwnnbphl, wyt wuernwinupunitphl, qujwiunhyuwbtnhl, Grwbg fudpt-
nht. COnhwlpwwbu, Gpt hwdwtudprtd dwubhylEPp Guwwnwpmd 56
Uhwn wnondltn. www npwibp hhdbwGwimd wuwngultn 66 hLapgnwh
ysGuwnniny wigbnn wewbgpltiph 2nne Muuwywl wndnudp 366 v
pwénd nbh bwb dbq newwwuinn witkbwwnwppbe GplnyeGtnnty Ldwl
wndiwl hbwn JbGp hwlnhwnid B0p pE' JpGninpuinud i onwdpwntpny
L gt wnptp tEYupwywl L dsEuwGhuwlpwb wwppbpmd

Uunwlwbp dndbluntbph hwdwuwnmdp waurn hwdwiudph -
dwn

. Mlynyup dodbbnp b whiynibuyhl upwgopput juyp Lwlu 40
nwnrllp m quigywony dwulhl. G wiwnd wewbgph 2ninep (117 )

wpwgniewop wuwnybinig pwgh, ywwnwpnid ¢ bwl wewlGgphl qniquher
vi L qwnwynuinG v (wnwogehg htzwglm, Ywd dnunbiglinn) wpwgnipind-
Gbpny wndnudtbng (GG $.9).

v=[r |-v + ¥ (37
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Unwogph Olwundwidp dwulhyh hdwynyuh dndtLuinp. hGswbu gnuyg
nnydeg bwhunpn wwpwgpwdmd, wwidwbwynndwo t dhwit wununwywl
wpdiwl (€2 ] wpwgnipwdp.

Li-mir [Qr ]]-mr’QQ=siQ. (372)
gwlh np wowbgphl qriquhtn L wewynwihl pwndndbbnh hdwniuh dn-
stounltpp € Youh Lywwndwdp ninnwbwpug 56 Z wrwbgphl: Unwgywd
i37.2) wpuwhwnmerul 0b9 / = mr* §88MEIMG" Jwulhih quGayweh L
ahowpydnn wewGgehg Gpw nilbgué hopwynprispul pwnwyniunt wn-
nwamwin. Yngymd t Swulhih potngtwh dndbiwn Z wouwGgph Glpuan-
dwde . ¢

Wdd nhumwinpUtop n dwubhyltnhg '
ol Lwigwé hwidwhunidp. npp wumngmad t
mn hiepghwih € YE0wnpnOny wiglnn wi-
wnd Z wowbgph 2nipep. pOn npmd jre-
pwpwlgnin ¢ -pn dwulihyh v. wnwgnip-
nlG wpewhwpendnud t (371D pwlwdle
ny Get rwnebn dwulhybn wununygmd
&0 vrwppbe 2. woymOwhs wpwanip-
nlbpny. www wumd 800 hwdwpudph
wunang nhdbpblghuy t. huy tet prynn
Swubpybpp wwwndnud 66 dhllnys Q2
wilynibwiht wpwgmppudp  upnpnn
hwtwube b <wdwuon wuniunh dwulwynp nbwp t whondwndwhi
wwnnp, npnud pwguwiiugnd 5O wpwgnieiul v, L v pwnwnnhgbbnp:

hdenGughwy wunudm hwdwiudpnd Gapghl ahuhwwunhy dinfuwq-
nEgnRynLLbNp dgunnud B0 hwywuwnbglt) twnptp dwulbhltph wuwn-
dwl woymlbwhl wpwgmnpmotpp (Wbu wu giluh Yepenud fubnhpp).
nw Gnphhy npny dwdwlwl heun nhdEpEighwl wunmunp Yanwdynid t
hwiwuteh Ujiwtu np, Ynhunwpytlp hwdwutin wunigunh nbwypp.

<wiwubn wununynn hwdwudph nplt 1 -pn dwuGhyh hdwniuh dndbo-

v, hwdwtudph hGepghwih Yabwnpning wigbnn Z wewbgph thwwndwdp.
Urnnayh (37.2-h0 hwdwdwl pwlwauny

L= m,r,.:Q =/Q. (37.3)

My hwidwiudeh ubdhwlwl pdwnun ndbbup Z wewlgeh Lywandwdp
Whth

Lus9
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L.:sz,_-‘ =/Q. G4
npunbn
I-:il ;imr; (374

Storupin U Awduyudeh habnghuwh dndbunt ¢ 2 wewlgph Olunndwdp.

rotinghugh dndbaint wapuy JEoniepprnl ¢ wii hwdwuwaun t hwiw-
fumudep Wwqunn dwulhyltph hbpghwih dndsbwnGtph gnudwphG. Poke-
ghwih dndtlunp nhunwnlynn wrwbgph 2nung hwdwhudeh qulgywsh pw;-
Nowl pbnipwaghn t.

U BGpwltunnid unwgywé hhdbwywl wnnnlpl wpuwhwjunyme
(37.4) pwlbwduny. wlpwnd wowlgph rrungp wungdnn hwdwfudeh Hoes
maoum win wowlgpp Ulpunndunde hugwian ¢ OmgG wowlga
Oyunnduwidp hurupudph hobnghwph dndbunp b upnnduwl wolymbwpi
wPwQepw wiranwnypb

2 Nuvnwlul pupdiwb phbwdhyuyh Apybwipub dwwumpoup: St-
nwnpsiny (37.4) pwbwdlp dndebunltph (36 2) hwywuwpdwl obg. Y-
Gwlp hwiwutn wununyr hwdwhudph hwdwp wGwpd wowlgph mirg
upmnwliput pwpdvwi ppawdhlipuh Mdbwlwo huuaupm dp

di(m) =My (376
1

Ul wnd wnwlgph 2ning wwnwnynn whion dwpdah hudwn | -0 hwe
wwiuntl JE6npyn: 0 t. heunbuwpwn wil Ywpbih t (37 6) nud nnupu pbint| ah
dupblgiwl Gwlh wwyhg

P T an
dt

dEpghGu whin dwpdh wunwlul pwnddwl nhbwdhlpuh hhJiwiui
hwywupni o ¢

Unwbgph bhwundwdpe hdwynyuh dndtlung hwéutu wiwbmd bl whiiy
M OUPG UnUBGU (ANGLLAR MOMENTT )

Nununwlwl wpdiwl nhbwihbwih (37.6) hwywuwnnudhg swulbu™

Puwanbu heunLinud § wlym Guwpl Umitbinp wwhuwbdwi onblpn
Get M. =0 www L; = (LX) = const: (378

Wuhlpl, &Rt wuwwl wewlgph Ghwwndwde wawphl matpp &t
Jbownp qpon ¢ wiww huwdwipudoh wilyn ughl dodbiunp wwhupwlyndt
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Qwdwutn wununydnn hwdwhudeh hGepghwih (37 § ) dndtlup. 20nphhy
duulbyitph wpwagnewl Jwawynwiht pwnwnphsh. Ywnon t wopinhwwn
wnpnfudty <wdwdw)t wilymbwiht dndblunh wWwhwwbdwl (37.8) ontb-
ph. hwdwuwwwnwupuwG gihnfumg)nuuen wbunp t 4ph wyuundwb wiy-
iMGuwihG wpwgnuenop:

3. Mumawlwb pupdfnb fhblinpl thlpghwb: UGwnd wewbgph 2ning
wwnynn hwdwhudeh (phy bhomnhu t0Epahwl hwywuwn t

-*"l\

A=

=K, ~K +K. (379)

apnud hwadh b wetywed wanmpjwu (37.1) beplQuwpugndp:
<wiwhudph wunwywl wpddwl yhitbwhy thbpghw wubiny hwu-
Wwimd B (27 9)y-nuwd dhuyl wmm/mm/ ww;dubwdfw/wo tabpguwl

K, = mer I = ZI

. a

npuntn hwyh 60 welyws v = Q7] LG "3)wnbzmpmmﬁbbno Nupbdl’

K, = ri2="0 ;21 (37.10)

Murnwywlb wpdnd hunnpntiie hwdwn hwdwudeh pw wgqnmn
notnp wewnp b Guiunnwinpts wliwwnwbp Con npnid hwnnpnywé uhotwnhy
teepghwih L Gwuwnwnyuwd wluwwnwbph Yuwp tnpdmud b yhbuinhy toep-
ghwh ptnpbdny. Geb pwdwltip Mudwiudprid gnpdnn nudbnp Lbpghth L
wnuwphOh, 4nubtowbp

AKX, = 5.4,, + (')‘.4‘, ;

Lpt0p hbwnlyw) bwnlnp hwiqudwlpp LEpht mdbpp Ywpnn B0 thn-
dnfut) hwdwiudph eE’ (Phy. Y wunwuwt wpddwl Ghtuhy tuEpghw-
U5pp Vwilawl wiunnwiywb puinddwb yhGtunhy tuepghwih dhndhnfuniggnubp
G ppwignpdnLd GG (37 10)-nud hwdwudph hGepghwh vndtlwng thn-
dnfutiirt dhgngny: Lbpeht motinp 360 Gwpnn hdwnyuh dndtbunh thndin-
umpnLG wowpwgity <tunlaupwin Gpght NidbnG hby wiwunwbp t| Yw-
winkl. wilwnen G0 suyununynn hrwdwhudphG wungun hwnnpnty.

4. 2wdwpn/rhb upanyn hunappnn mdtph wohrunambpp: Iuunundnn
Mundiiprdphl uprnnwilpail pwndmd nnn 56 humnnnty dhuyl wpuwphl
ndbnn U dwunn wunnebwlgnad t nwduudphl wuunwiwb pwndndd
hwnrnatim hwdwn wihpwdtun wiuwuiulph hwddwl pwlwdlmd.
wlwlp wyn pwlwdlp
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Lwdwhudph « -pn JwulhyhG 2. = [der) wnpwywl wnbnuwdgnfune)ns
huwnnpabine hwdwp Gpw Jrw wqnnn mdp Guwwrwnnd ¢

6A = Fdr -F[da:r,]rzw[rf‘_]:Mdo

wliwuwnwlp: Rwiup np Jwulhyh de wiyndwihb wbnwhntuniginiG nunn-
wd t wyunindwb Z wewlgpeny, wuw unwgywd wpumwhwpunneegmlp ypd-
nnLGh hbuinbjw) wnbupg
6.4. = -",Id' = (Mﬂ‘ + .~"-.'")d’f
Iphy wluwunwbph hwdwpe. hwiyh weltiny 0Enphlt nidtph gnudwn
dndtOwnh qne (it p. ynibGowp
A4 = M\'de (3711
uEpowynn wilynony Awdwiuntdep wunbim hwdwn wohpwotn
wpuRUphi moeph wippunnwagn Yhoh.
A= [Mde (3712

§38. Luysmuushy UnubLsk M12nuUvuuy
ormuuwtr

I, <wdwpudph wilgniOwht dndGtunh wwhwwbdwl optlph (Nuuw-
pwldwl nuwbkih ynpdbp ywntih t gnigwnnty dmgnyduyn: wene Yngdm
vwnpny “w dh uwywewy t. nno wquwn Ywpnn t wununybl ninnuahq w-
nwlgph 2ningp (UL, $ 10 Muninywh plpwgpnid uywydwewy - hnndwpwn
hwdwudph wunundwl wewbgph ywndwdp wmnwphlt ndh dndbiwn yu-
nrn B0 wewewglt| onh W nn Lwplnp t. ninnuwdhq wewlgpht ulwywouw
Uh winwgiwt dwumd wew9wgnn ahdwl ndbpp: Wtpehbu twwbu pre-
jwgdnid t wewigpwlwih oqurwgnpdidwidp. Ujlwbu np. ny bplwp dwiw
wyttpnud wuninynn hwdwiudeh dpw 04wd ndbph wuwnnn dndtinh
wqnbgnientp Lwntith t wphwdwnhty. hwiwnsiny vywldwowy - dnr-
dwnwp hwidwudph wiynibwht dndtuunh wwhwwbdwi onbtph wwidwl-
Utpo pwywpupywo:

hgntp hnpdwnwng nwnwdyuwéd dteptnny priti t dwpquglnbnpu
wwywnwyh hewn wunngmid t O wolgnbuwhh wpwgnippudp (045 10w).

Pwlh np UEnphl mdtng 360G Lwnnn dhngajul ubwywowy - dnndw
pwn hwdwhudph (phy wolgnOwhl dndbung: NipbdG, Geb hnndwawne
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Jwpquwalnbpp Ununbglh wunundwlt wnwlgpht. www wy plewgpnid
wewnp bt nhudh hwidwhidph wowndwl wolynGuhl wpwgnmipput dséw-
gdiby $10p) M hwulwlwih t. pwGh np dwnqugtnbnp ntwh wrwlgp
penbihu hnpdwpwng dinpnwgbnid t wunundwt wnwigph LYwundwdp hw-
dwpdeh hbspghwih dnubl- .1,

ap mR suhny: Ujlwtu tir

A wolgnbwiht dndtGuwnh i ‘
wumywidwl hwdwp wo- T :
hwdbawn ¢ wndwt we- N 7
Wy bwiht wpwameut dt- 2
wgnid, NGt nhugmud t . I
nnndnid

opt Jtnplbwywb yh- L e
swynd uwywewly - hnp-
Swpwp nwiwfudep habn-

ghwh  dndbLuwnp  Grwlw-

Japdnud woyntowht dndtiwnh wwhwwidwo hwiwp Gwpnn bap gnby
(7.- 2mR*)Q =10, (8.1)
antinhg
TR
a,-1--" a.q (382)

!

Mipbls0, nnpwl wogud npnwimd ¢ hwdwiudph habngiwyh dndbl
v Omuplpwl woquid JEowlmd ¢ Opw upnndwl wllyndbughl wpugne-
mlp U tplngpp (wil yhpwenigimb nilh pwibinmd, gbnwuwwhpoed, wy
dwnqudlbpnd i

Uwnnygh Ypw sdni40snpny wuunygnn dwpghyh hwdwp wilgnbughl
dndEinh wWwhwwGdwl onbleh wwdwlitpp pnyht pwywpwnywd bo.
AW np uwenugh L gdm yERh Bhel hdwl nudp gPéLwywinpbl pwgw-
W b «dnp» Ungynn uindnieimOp Ywwnwptiin hwdwn dwpghyp Gwiu
e SwndlhG wwihu t ninqwahgh Ghwuindwde hbwpwdnn wewytjwgmt
hitnghwih UndbOwnh hwlwwwrnwuuwGmn 3L (Lwpwémy t dteptn.
hrwln pipm i wnwg). L win Yhswymd dh nunprd hnytiny dtnp t popmad L.
0 wllye:bwyht Indblunn Onppwgltiny hpwlh nGbpghwih dndtbunp
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nnnweéha wrwligph Ohwundwdp, dwnpqnriyl wnwquglnud t hn wungun
Lwiqwneh hwdwn dwpqhlp wewnp t Ywuwwnh Ungt gnnénmnieiniLbtng
hwiwnewly hwenpnwywinerudp

Nwpwnybunnid pwibunh wwpnthhitnp wolyn Gwhl dndtownh wwh
wwidwl optlphg Yunnnwlnd 50 oqunydt| nuinGwpwehl hwunnty upw
dwyn nunlwdwl hwqglbiny. pwih np nrwbnyg fuhuwn 4pdwunydnid t huuws
Uh Unndhg nunph Ypw wannn chdwl midh pwqmilp Mnnuunp nwinwintg
GG hwdwn wwpnithhl tnwpwdnd ¢ denptpp. nupp L undnpwpwn wi
wywpunid unGwphnudny. Yopghbu GryGwtu dséwgtnud t hpwlGh hebp
ghwh dndblunt wewlgph Ghwundwdp L Gwwuwnnud wwpnthn ubqunht

UGynOwiht dndtlunp wWwhwwbdwt ontlpp gnpdnud t Gwu hp ut.
hrwywl wewbgeh rne Gauph wwnnyunh hwdwn: Sninwqbnmd qubqyw-
oh gulwgweéd wnbnwihnfuniginul (SRUNAPUWING wEnmdttn. pOnknphg
Uk quogquwodltnh hpwppuwhb dwienid L wyb) hnthntumtd ¢ Gpuph oty
ghwih dndtLunp L npw htwn Onw wunundw G wttym Gwiht wpwgnemdp
A wowewglnud ¢ opdw nbnnnipiwl ng etgripwn thadinfunieintGiby.
npnip dnunwiynpuwwytu 0.001 4-h Yuwngh &G

2 hubpghwih dndbwnh hinpnwgdwlp qnigplpwyg uwywnuy + thnp-
dwnwn hwdwhudph wurnwlpwl wpaddwl hobunhy tebnghwl wbmd ¢
Aw hewnlnud t (37.10) pwlwdlhg, tpb hwaydh wnlblp L=const wwjdwlp
Uwluwl yhbuwhy tbopghwh hmbatunipnip huwnpwynp t dhwl npo-
2wyh nudtnh wuiwwnwih 2unphhy; wlp hwiwhudenud gnndnn Gnghl
nadtnG 60 gniynyuynt weneh htwn wunynn thnpdwnwnp dwpquglnte:
wuwnndwl wnwlgphl dnuinbgltint hwdwip wtiug ¢ qupquglth npnawle
SQwiOwiht ma- Ujin nudp nyw nbwgnid uwnmd b Wsownpnbwdhg nion nts
L pwwbu hwywuwn t F = mOr. nintn 7 -0 wwndwl wewbgphg dwprqu:
qunh htinwynpruintl t Jwpquglnang wunndwb wnwigphl dnuntglt-
(hu wyu nedp Ywuwwpnud b npwywlb wtuwawlp. nph 20nphhy ¢ hwdw
hudeh yUhGbunhy tuepghwl wénud t

Uugwép hwunwuntiop Ynaynbun hwqupyng: Swppwlwl dr nbnuw
hntunpwl Ypw F = - m&r (3h0nw Gwlp gnug ¢ wiwghu, np nudG mnnyuwd
t nbwh wunundwl wewlgp) nidh wzluwwnwGpp Yhih

64 = Fdr=-mQrdr = -mQ rdr (383
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Gpynt dwpquglntinh tnbnuahniudwb Ynpw uwanwpynn wiuwanwbpp
hth Bpunt wigwd wyty inhy wnbBnwhnfunerul Ypw dhwbuhl nidtiph
whswunwGRp Yihsh

‘o ¢ IQ;) I
A= -2m [t = -2m [ rdb = -2m [ rk (38.4)

L4 L4 I. »n I‘

Rwih np wndVwl plpwgpnl { = const.huly 1 - 1. « 2mr . www

,4:-:}'1[7].-—"*—\:1‘—."—1--——-.). (385)

WL <) 201 1 -2mR

Lwd

4= L____L;_ AN (38.6)

~

20, 2(1 +2mR?)

Wuhlpl' hwdwludeh pabunhy tibpghumh wap wupwlbuninyfwo t
HwlughG meoh wipfuwenwlbpmy U JEemprude hunduwwn ¢ Gl

Gpb ponwd hwdwnylbnt me awunmnieubienp 1hadhl pwgun-
prud BU nhunynn Bplnyph ¢aangbunly ¢rmdp vww)l 360 wwurwupuwimy
wib hwnghU. 6 NP Mdtipb B0 whymbwiht wpwagmprul hngntuneMl
wowgwgbnnp: B dwnqualnbph L et ndwnw-ujwywewy hwiw-
nieh wolmGwiht dndbOwnlting wowbdhG Ybpgnwd thhnuyt) GG, pin
nonud Jwipquigintph wiynOwht dndtiung (hnyhl hwnnpnyb t dhnndw-
mwup ~uqwywewly hwdwpudpht. Mwpq t Gowi gnpénnaet SLwGwihl-
Wiunpnbwdhg nudp Gwwnwnty sh jwpnn, pwih np wuundwl wnwbgph
Gwuwndwde Opw dndblunp qpn t: UGynbwiht dndthwnh Ybnwpwfunidp
ywwnwpmd B0 Jwpquiqlnbnh tanwwndh henlwbpny wewewgnn. wiu-
wou Ungywd. ynmuwihlr 860wl matnp. npnbp Swnquglnbnh L hnndwnwn
- vwdwnwly hwdwhudeh ypw wqnnud BU hwywewy mnnywéd nch dn-
delnltpny. Onpdwpuwnp dwpqualntnp wnbnwhntutihu qgntd ¢ wn §n
nuhG 8Gpdwl matinh weuimaniop Wnwlp ninnuhwiwg 60 hogwbu
wnniwb wowGgeht, wibwbu t; dwpquqlntnph wnbnuibhnfudwlp. win
wwnsweny dbuwihywiywit wuwnwip $80 Yywinwnnid ueph ynndhg
dwnpqualntph Ynw waqnnn win motnp thnfund 66 dwpquiglntiph woyni-
bunG dndbLunp. huy dwnquigbnbph Ynnuipg dbnpbnh (huy Gnwbg dhengny
b dondwpwph hpwlh L usywywrwyh) Ypw wqnmn mdnp’ ghnndwpwp -
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uywywrwy hwdwhudph hdyniut drdsbunp Uu nudtph bt Yéwbnpw-
Owlp VI giundd (Ynnpinyhup nedny

3 Bpt dniynduynt wpnrht wiund Ywigqlwé thnpdwnwpp wwnaqws
dtrpny prGnud | wrewbgphg r. hsrwenpripiws Ypw p hdwnyuny hnphqn-
Gwywl prgnn qunwyp, www Gw wpmhp htwn dhwuhl uyumd § wuany:
Ujuwnbn dntynduynt wpeneh w-
nwlgph GLwuwwdp glnwlh
rip hdwniuh dndtlunp hwnnp-
rdbl ¢ dhnpdwnwn + uywyw-
nuiy hwiwhudphG (GY.S 11):

Lywlwybiny hwdwiudph
htbnghwih dndtluwnp wwnuindwl

Ly.5.11 wnwlgph  GYwwndwdp  (Ginp:

dwpwph irpp wwnquwd Y-

Awynd) 7, wpnn Gbp anpb| (qnwyh quigweél wphwdwnphnud Bop huw-
dwtudph quitguwéh tywundwip) #p = 102, npunbnhg Ynpnauh 2-G:

4 dynduiyrt wpneny wntih ¢ gnigwnply whlymbuhl dndblnp
wwhuwwadwo onblph Yblunnnwlpwl ponyep Un, Gwwunwyny bnlwn an-
nh 4pw wewbgpwlwny widnwgywé wpwg wwunnygnn dwin wihyp hwie-
UbGp dntynquynt wenrhlt wiwnd Ywigqlweé thnpdwnwnhG (O4.5 12): Wy
yhdwyntd hwiwpudph wbynbwiht dndtuunb ninnywd t ninnwaéhg wrewl-
gpny L ystuinpnbwgywéd wuwningnn wahymd. L = /.., npuntn 7, -0 wihyh
hutinghwsh dndGUwnG t. huly Q0 wunundwl wiynbwiht wpwgnipnap:

2uwlh np wpuwpht nudbnh dn-
GtOwnp Z wewlgph GYwundwdp qnn
b, www Gpw GQwundwop wihy -
thnpdwnwp+ulwywewly huwdw-
fudpp woynbwiht dndbbunp Yuywh
wwldh Onpéwnwpp  wlhyh w
nwlgpp ninnwdhahg nplt a wol-
jand  peptlhu (0.5 12).  hw
dwhunuipp 8tnp ¢ papaud wlhyn
wunwndwb  ninnniejwdp  (pugnght
wunnuw: Sw (hnyhl hwdwujwunuwe:
huwlnd t Z wewgph Guwwndwir
hiwniuh  Gndblwnh - wwhuywldwo

L-c 3

Lu 512
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optlphl hpnp, wnwGgpp phptihu. wohyh hdwniuh dndbbuwnp Z wewlgph
Gywundwop thnppwibuwng hwywuwnpymd b L,° = fQcosa: Ujlwbu np. Z w-
pwlgph Ghwuniwde wolynibwiht dndtGwnp YwwhwwOyh'

AL, =19, (1-cosa)=10Q

hdwntuh dndbGunny hwiwhudph wiprnewlwl wwnnuywnh 20nphhd, npuntin
Q. Gwn wyuwnyunh wolyntbwiht wpwgnipintb b, /. -0 hwdwhudph habp-
ghwih Gndbbunp Z wnwigph Ghwundwip wihyh wewGgpp a wiyniony
ptipywo Yhswynid: UGhdh wewbgpl ninnwahg nhpeh ptintihu hwdwtudph
wipnnowywl wwnnywnp Jepwbnud t. pL punhwipwwbu wuwé. hwdw-
unudpl wipnnentpiwdp yepgnwé sh ybpwnwnrtmyd uyqplwywb Jhswyho:
OnhGwly Gprt uygemd thnpdwnwpp Yuiglwd t bnb nbdpny ntwh dkq,
ytpebwlwl yhswynid wib upnn t Yulqlwé (hot) deepny nbwh dbq:
hoswbu Gwpunpn ophGwynud. wjuntbn Unybwbu wolyntbwht dndtownh
Jepwpwtundp hwdwhudpnud uunwpned B0 Ynnuight' 800wl Geppht
matipp.
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MR

5.1, Uupugruglip nn DEnpho nfgupanyyd rioanp dquined 66 JLpuwgily huak,
Andeh upnnipnh nh Dbt oghug e On

Imord . INBEPLUGhuN uanmipunh wundwliEnmy duly hudusuridep sh Yw
pra quniyty wnwghnlwn Yhswymd Ppnp. nhtpbighuy wunnipnh nbwipmid b
Pwl Swuthifbonh hwpwebnulwl unddwl unnhiy hwdugudpmyd gnpenn Gt
2hG nhuhuuanhy mdtnp pprd B0 Bpiyms hhGulpul bplnyeGinh Lusu. Gpwig
pwguudiwl wauwnwipp wiplnhwn ywqbglnd t husiududph YhGbunhy tikn
qhwl. thnfuwnbimg wit pandnppul Gpynnpn. shwwd Lnphl nhubwtuinby ndt.
np winhmpintu GG prnGmyd wdutudeh [phy witpndiuyhG SndGLINE. Ll L,
B0 hhnjuty wwlGdhG JuahyGlinh wilgm Gughl IndGLANGERD  wwpwgltyr,
Wiy bughl dndtLunh Yepwpuumd Snyg vwbp. nn JenghlUhu 6nnhhy Otnght
nhuburuinby adtpp 6awnnid G0 hudwiudph Nhdnbighuy unann Y
whinduwnNdUwhl upnmpnh

"hgrw p nhdbntibghug wununynn humduwtudph + L JwubhyBbNE Yuanwnmay b
Q>0 whlymught wpwgnipniLtipny upnunwwi Jwndmditn 7 wowGgph
o0 Umbunutunuihl bnuuwgnbgmpput plpwgpnid dwuhyttnh (npwlp nhum)
60 nnwtiu 7 wnwlgphg R hipwynpmerul Yrw quniynn Gpnepwywt Yot

ve=v-r, = RQ -QsRQ, >0
hwnupebpwwl whwan el 20nphhy owanid Bo nhuuuanhy
F:; = "("; )"-c
mdbn. npnip tntindnid B0 7 wowGgph Ghuandundp SuwuGhyGhph Ypw wqnnn b
Yumusy bwlh nidh dndbGuinlbp
di Q) dr= -Rke, )Q, < 0.
Al Q0 dr= Rk, K2, >0

Undtuunbbnh gnywod hujuaaupmittnhg hsulmd t. nn nhupuuaniy| mdee

wuwnnn Indtiuntanp tnppuwglnid BU wnwg wuwnynn i-pn Suubhiyh wilgmbwp

0ndbOwnp L dbdwglhmyd nwinwn upnuynhlp CUn Apnud. wgu Bplnupp Yo
Ouddh ugbpwl, pwlh ntie gh Yemwgty dwulhlotnh shel Mwnwpbinwlijwi Jundn:

Op. wiuhlpl. 2, # 0 Uunlihiybnh unwagnipynt b6aph huununbgdusdp (v, =0

Gusjwrudh wllpmbught dmiGGunh YEpwpwiudwl OYwpwanywo bplaeg L
huwyuwngh wannpunp inweluw hudwste
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QLNhN VI

fUNNRULEN

Uiu qilumd Unhunnwnbp SwuthlGbph pwipudwl L unpnhdwb yiwpetn
tnLnueltin, oqudbiny pwgwowwby wwhuuwlbdud ontlpbtinh Jbpnnhg:
U pUpwgentd bhwidnqytiGe, np wi doennp hGwnwynpmipml t uwihu,
wlywiu dwubhlyttnh dhol gnndnn nudtnh pONuyehg L Ltiuphg. unwuy
pObwnlynn BnLnyeGtinh wewyti Ywpunp ophlwjwhnpnbibng: Copwg-
Pl gmguinnblp hwqwpyh ¢ hwdwlwngh hpwenipaul depnnhywl,
(pwGmd BpunuyeGEph wewyb) wwnq wwnlGniwo hbwpwydnpnuepniGo m
ninhnotnh dwebdwwnhuwywo |Modwt wrwdSinuenbbtnp.

Bl Ytunublp dwuGhylbtph pwhudwl dwuh, vwluw)l bwnpy t Gk, nn
wp qiluntd uunwgybhp wnnynipltng Yhpuwntih 60 dwnuihlbnh udwrs
i pryuwgntgnepaut hwdwn: Uhwil pb win nbwpmd dwubhybtnh w-
nwanteintl wubiny wtwp b hwuwiw) dwpshGobph hebpghwh Yelunn-
i wpwanipinlp, huy dwulhyh Yhlbwihy tetnghwl  dwpdth wdpnnow-
Wl Jwndiwl Yhubunhy tubnghwG:

Up glumid YtGpwnptp. nn

-yt nhg (uquusd hwdwumdep iy ¢

-hwipjuplyh jwennuinnn L C hunwlpunqbnn hbbnghwy GG

-puguniohg (Lt dhg woawg L hsun duwuihiobnh hdumyu L Lobn
Qe wty n hwdpuOwlp Gnuilg wndbpbbnn Juwubhiyitnh dhel wiouuh
b0 heaundnpnepr 0L Yrw. Bne puguipud B0 Gpuwlg dhol ynfuus-
ngrv e GGbnp

Yplbwnyblp Gwl nbjwwnhyhunwiwl wpwgnentlbnny wpdymn
dwulhyGbnh pwiutwG L vinnhdwl BplnyeLERQ. hiswbu Lwl PGjwwhyhu-
Wwiwb dEuwbhywih hhdbwynpdwlp Yepwetnon thnpdtn:

Swnpbpymd GO dwuthyitinh puwfudwl bpbg SLEn puwgunduwly ny
wowdquipul pusUNOWL wowdquilpl L ns wawdquilpul pusum JGtn.
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§39. FUSUrQUY N2 UNUUYUL AUNMNMWU

U pwhudwl wpynibpmd dwuGhyotpp shwlwiny wnweowglmy b
Onp dwubhy

I. Awpob blwpugpniemibp bmunnbpeb JEpwbpuynid: hgep
hwdwnyh A hwdwwnpgnd m. L m, quiqywony dwulhybtnp awpdytiny
v, L v, wnwagmenGGtnny. pwtudmd i L dhwlwing wowewglnd &6 Gnp
OwuGhy (04 6.1w) Rwlh np SEwOhLwywl bwidwhundpp thwy t. www
apw (phy hdwmup uwhywogh (pwiunudhg bunn desnueinubOtnp YGz60p
annhiulbpny)

my +my, =(rm +m v (391
] v A buwupgd C huuripungmd
m, RS m;-m: m, ; "
4
0, Y61

Lywuntlp. np wewpwgwd Gnp dwulhyp A -nud Jwpdynd t dwulhly
Utph huGpghwh YGwnnNth wrwgpude.
omy. +m,yv, <0
v =-li Sy (392
m, - m:

Qhuntilip. nn Yy hwdwiudeh (phy dauwGhywiyws totpghws Yunm

t dhnntuyt Ltpghl nhupuwwunhy nudtph wluwunwlpny.
E'-E=A":

Rwih np pwiunudhg wowe L htunn dwulhyGenh dhel tnfuwgqntonie-
m0p pwguwiwynud b www win Yhawyspnid hwiwtudeh (phy dbhuwlhta-
Lui thbpahwibng Gpwig UhGtiinhy tobpghwltinG B0 Uymu ynndhg. puts
dwl plpwgpmd gnpdnud BG Leppht nhuhwwunhy nudbp, nanbp Guuhwnpa
60 pwgwuwuwlb wiwnwbp (§28)

K-K=4.<0. (391

dhnuwnitiny hwowhudph Yhobunhy tatnghwh db dwup gbpdntpywi.
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-3 (39.4)

Niptd0. pwgwnpdwy ny wnwdquiwt pwiudwl dwiwlbwy whpuan
Yo ptipdnaynOp hwdbdwanuiuil ¢ dunOpyobnh mupwpbnuipul wpus
iRl punwlyrunm G:

Wdd pblbwnltlbp Onyl dwubhlGbph pwiunidp hwwnh C hwdw-
ywpand Lwhu unwlwlp pwiunudhg wewg dwubhyGeph hdwnyultpp L
hobunhy tepghwitpp Muywpyh € hwdwywpgmd (GY. 6.1p):

Pwiuniihg woewe Ywulhyltph wpwgripinlltph hwdwp niGLp

L O LA (39.9)
nuly hdwyniutnh hwdwp
p.=my =mv—v)=ulv -v,). (30.6)
p:=my, =m (v, -v )= pu(v,-v):

Upunbn hwyh wowGp (39.2) pwbwdlp L ywuwnbghlp GawGwlymd.

- My (39.7)

m, + m,

e Yngdnud ¢ Awdwpudoh pinyuo quilgywd Ul dhuy wewpwlndd t
hwqunyh C hwidwlwnghb wogtithu: Pojwbu wowng tp twwuy, C hw-
dwywpgmd dwuthybnt NGl deonippude hwywuwn b hwlgunwly mmn-
Jwé hdwnyulitn.

ﬁ: = ‘p:'
nonbg dtonpnlp pEnwd quiguwdh L hwpwpbnwywl wnwameprul
wnwnnputOt.

pepmsp (39.8)

Ut u - v - vy, -dwulhyltiph hwpwpbnwywl wpwgnigwb dn-
M0t Mpbdl. hwadwinlh € Awdwlpungmd duwubhlylbnh pugundwly ns
wowdquipul puifuredG mbh upunqugnl nbup pufunidhg wowy duu
YOG prwwn InnbOmd 56 JE0miprudp husjunaun (39.6) pugmubbnny
s pusturndhg hlivn mG6Gp nwnwnh Yhsudpnd qunlynn Gnp Jwulhy:

Pwiunudhg wewe Jwubhyltph |phy Yhebuhy tobpghwt huywuwn t.
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A;:k,*k:z‘l—*—)ﬁ'z—:‘uu—‘. (.‘99}

npunbn hwyh wrwbp (39 8). (39.71 wnlympinbitng Rwih N wewewgue
Gnp dwubhyp ¢ wdwiunpgma quiymd t nwnwph ghwyn), www pu-
JuniShg wewse Bwulhylenph (phy (39 9) Uhtbinhy tetnghuw tdhinfuwniynid @
oUW

mm. v -v.|

O=K- S (3910,

Niywnprugil nwndnptp vnwgywd Juinunp wpamutpht. BEL huw)-
Junyh A b C hwidwywpgtinmd hwdwtudeh yhttunhy teenghwt pwhunidhg
wnwg L htunn mGh uwupptn wndtpltn. uwlwil Wotuny tobnghwh yn
nfumpp G0 wilpufu ¢ hwpdwnpiph hwdwitpungh pounpmpepe ohg nnG b wi-
pwuwwd otpdmpaul pwlwlyi t.

2. NGjmnpdpunaub Juubphbiph pugupduwy ny wmodquwd ra-
Mnudp: <hatlp, Pn §22 -nid Bpynt dhwunbiuwy dwulGhyotph pwgwndwl ng
wnwoquiwi pwiudwh 8h dwutwynp ophlwynid wwhwlebny hdwnyuh
wwhwwbowl optGph bpwlwsgmy, unwguiti nbwinhdhuunnwyuilb quiiy-
woh L pownyuh pwlwdlbpp. Uu qilunid ubuGtip. np wyn Yapwy wwh
Owiywé hdwniiup wuwhwjwbynn 866N t:

Lwiu nhuwnytip shwntiuwy hwiaunh quiitqywotbnny dwulbhylt-
nh pwowndwy ny wewdquwlpul pwiundp C hwdwlwngnid: Uuuntn pw-
funwihg wnwg Swulhulsnt Ml hwywuwp L hwywowy mandwd -
wnyulbp. wuhlpl qprnjwywh (phy hdwmiu

P=p+p. =0 (3911

m +m. 2

E=2mc* - K (39.12

(nhy tOtpghw. npuntin K -0 dwulhylbph Ghtuhy tenghwl t C huduw
Gungnud pwiumdhg wowg dwulhytph (phy Yhttuwhy tubpghwl g
huwnyrd t ebndmeput
K=Q (39131
Qupjwngh A hwdwlpopngnid, nph Ghwundwdp dwulhyobph hGtnghw
i Lelwnpnlp ywpaynud t v wpwgniepdp, pwiunuihg wrwe dwubhyltm
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inhy hdwnuuh L £GBpghwh hwdwn ynobowop’
P Ev ¢ 2m+K ¢
P= [ = = T C. v, (39.]4)

J0 \”'V.: K
E ami R
Jl-v‘" ¢ \/I-v.: ¢

Pwiunuihg hbun 0np wowowgwd dwulhip A hwdwiwngnid Ynubt-
(w v wpwgnpnis L odundwé YihGh

E-= (39.15)

my

P - (39.16)

Jl-v ¢
Mwniuny. npbn m° -p wrwewgwd dwulhih nwnwnph quibqywet t
Ogqutiny hwidwhudph hownguh wwhwwGdwl optighg L uwwuwnbg-
bbny pwhunudhg wewg L hsun dwubhylbph iphy (39.14) L (39 16) hdwnuu-
bbnp. Yuwwlbwlp
m=2m+ K/ =2m+Q/c" (39.17)

P vwpptnntel GownnGprub nbwgh, npmd quigqwot wnhuhy t.
nswwnhyhunwwb nbiwpnd m° 2 2m - Puwpurndhg houn wowpwguo urs
iy hwigunp quigyuwdp hunjuwun t pufumdhg weup Swudhlblinh
hulquunh QulQYWOLLPh gl unfbiwgnud pbpduhl LUGngfushl
hudwndtip obijuwunpwhunulaut e quibgyuop:

Puunidhg htunn A -nud dwulhigh tuapghwh hwown Yrubbiwap

£ m'c’ 2mc’ + K

i JI-\(‘ c ) JI—\’A’ o
nna (hnyhl hwdwwwwnwutuwGnd ¢ tospghwh wwhwwbdwl optuphl:
dwybiny pwiunidhg wnwe L heunn A hwidwywpgnd dwubhybbph (phy
Uhltwhy tutpghwih hodhnfunieiniip L hwigdh webtiny (39 17} -p. Yunw-
bwip

(39.18)

F ( n
K’K’:—M'l ': _'"t':l’l —;—l)=‘—l.;Qf (39'9)
Jr-vie \r-v'c )

Mptdl. hGswbu Gnuunlpwl. wibiytu ty phjwwnhyhunwipwt dsluwbh-
W hwdwludph YhGbwhy totnghw(l ptl lunpatuynd b uiwpptn <HE-
Growd, uwwnO Upw U e 60 plnfwpwwlun J6Omepnl ¢,

3. Nipluuhw tipnbard: Uhgnalpuhl Jopuahnsnpm bGannid uswshu hwnl t
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, mom m (hnd gond MmiGlug dumihybbnh pur

! ® .‘ ) gupduly M woewdquiwl  pusudul

o huwiuwnwnd wongtuh b w dudn

Lu.62 Sherh plptudpnd inpnivud t bl

dhemybbph Thgmp A hundusqungmd

nwnwnh yhawlnd guniynn m quiquusdny dusshlp tnohty t e L m; hwiunh

quibgyuwdltinny ptUnnltph (LY 6 2) Rwih np dhosL tnprhytyp Mdwmiup tints t qpn

wurw wowewigwd pblurnblng Ymtbiwl dEOM pwdp husjwuun b hwyuwoudy g
Ywd hdwniubtn

P PP =P=p 139 26,
Quarnnnbl. umyjug NEwpny (wenpuannn hudwiongp C wdudgupg t totp
ahwih wwhwuwBdwl ontipp ughu t
me'=E +E, (3921
E'=mlc'+ plc’,El =mic*+ pic 9.0,
<wyh umbtiny (39.20) - (39 22) pg unuwlwlp
E -mc' =E -mc'=pct 13925,
Uunwgywd (39 211 L (39 23) webgrepii GUERhg Unpntlp pAmpLtnph totpghwltinp
£ =m’.m,’-m."c,vt mem -m_’(.: (3924
' 2m T 2m

My (39 23-hg hduwymubibnp

Awlh np (39221-hg E > mic’ E; = m”. wupw (39 21)-hg hbnlmd t. np dhpn-
Uh hapluspun) inpnhredp hiwupuninn t. Bet bnpw huwbgunh quitqyuwop J&o t ptinm
wnp hwigunh qulbgyuottnh guduphg m > m, + my Ogugtyny E = mc’ « K
pwlwdlhg. Jwulbhybnh hwigunh quibqwdltnh 6hel uunwliwlGp (39.17)
hudwbiwd ww m = m. + m, +K/c’. npuntn K -0 pblnnlanh (nhy Ghbtunhy ok
qhus t

$#40. FUSUM2UY UNU2UYUL PUNMU

Upwtu BU 4ngdmad pyne dwulhyGbnh dhel pwiundbbnp, npnig o
puwgpnd LEnpHl nphupupunyn) mdtn sbt wowpwlnid: Nipbol, wp pur
jumdtph dwdwowy wwhuwin/md ¢ ny Shwjl Swulhylbph jphy hown-
up. wy L ynhy hGtinply tobpahuwl

Swppbpymd b0 Jwulhybbph pwowndwy wnwdquiywl swiwurgs
L ng swlhpwrnwht pwiundbbn  RGGwNELE dwulhlGbph pwhundp Gwh
Onuunnlywt dehaubhyuwnud

I. Awguipdwl wnwdquiwb dnhunughb poapmed: Uw Bpyne dwubin
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tonh wil pwhundG t, Bpp pwiumdhg wnwsg L hewnn SwulhyGepp pwndynud
K6 Grufr mnnp inyuibpny

Ahunwnpslp A <PEnd m, Lome quibgwdbbpny dwuthyGtp. npnbp
pwiuntdhg wnwg wndymad G0 v. L v, wpwgmenttpny: Npntlup Swipw-
ywiht pwhunidhg haun Opwlg wpwanipmlltpp:

nonph (nuomdp twwbu wwpqegynd t. Bpp oguidnid BOp € hwudw-
unghg. npmud duwwilhylbnp pw- 4.

ndhg wowp U hann mlkl Jb- .-—’ '_.
sruppde hunfuraun L halpunwy . om. . .
Y0 Mgyt (6Y 6 3) — o o— .
p.=-p..p =-p; Ly 6.3
(40.1)

U hdwynijulibph JEomugmG0tph hels Ywwp unwbwint hwdwnp og-
nystp UhGbuinhy teenghwh upruhwwGdwl wwptwihg'

P /S S /S (40.2)
2m. 2m, 2m  2m,
AR (30 1) hwduindwidp Yunw
k-2 P (40.3)
2u 2u
Ujunbnhg uunwlind bGp
h=ho=p=p=pi=i (40.4)

UphGpl, € hwidwwpgmd dwulhybph hdwmubtph JoénipruGobpp
160 dhnfuymd, dhuwyO dnpuyned B0 OpwGg mannupindGltinp (G4 6.3).
P.=-b: p:=-b; (40.5)
Pw)yg pwlh np
p=mv. p'=mv. (i=12). (40.6)

www C hwdwywpgmd (40 §) welbympmbiutnp hywn BU Gwbl wpwgemi G-
Utph hwdwn

V==V v, = -y, (40.7)

W Yuptih & woglty hwaywnyh A hwdwlwnght L nhnzb| pwiuntdhg
rEun dwuGhylbph wpwgnipmGutnp.
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’ -/

V=V ¥V =V -y =V —(I’,—V‘)=2Vl—l’,.
- ’

V;-:v.‘*v;:v‘—"}-——l"’(v!“v‘)zzv‘—vz,

npuiti ogunaghlp A-hg C. L hwwnwy wigdwl wmwgmeniGobph dluw-
bhinfudwl Yuibnihg L (40 7) weGimaym GLephg: Mpbdl’

my +m (2v, -v)

v=2v -v = (408)

m < m.

Vi ay oy o b2 o v) (409,
. ' ’ m -m,
npnlp L vwihu BO NOnph (Mémdp: Unwgwéshg  dwubwynpuiwty
hbwlnid t, nn BRE m,=m; www vy’ = v, L v, = v,, wuhlpl” Awyunnun quig
Ywo- Gty dundhlylilang) Sudpunnuls pusudul dwdwlbuwly hrpuuuynd
80 ppblg wwgnpyre Gltng: SRS, ophGwy, pwiumiihg wawg dwulhyp bk
t nwnwnh dhwynd. wwyw pwiunuihg htunn hwnydwédnn dwuthlyp Gudg
Yunbh. huy dnuup Lawndyh hwpywénn dwulhih wpwampuwdp
Ubpenud BQwunblp htunbywy hu hhaynn wnbynieymLp

v+ = ey =2, (40 10,

N0 unwgymud t (40.8) L (40 N 1méndlbphg

2. Pugupdwl wmudquifyub ny dulfuauphb papndd: Unw(Q vwhie-
funhwiGim futnph ponhwipmueGp. nhuwnalbe wil nbwpp. tne pu
jumdpg wnwp m; qubgyuony Swulhyl wiwnpd b Yw Shaun Guntih t Gu
tnwinty. nhvwipybiny pwiudwh wpngbup pwiunidhg wowg m; quiqyuon
dwuthyh wpwgnipwidp awndynn hwzdwniyh hwiwlwngnid:

I p P
. —
") o< P,

P.

Uy 6 4w L;;.G. "
Whgnip A hwdwywngmd m, qubgyuony dunihln v; wneqrpudk
by t WONd m; quIDGYuony Jubhiyhl (L4.6.4w) Mpnyble wm uw

ahltnh hGwpurdnp hduymy vbting pwfundhg huvn
NMumdsGwuhprimOl vluttp € Mudwlwpghg, npnud Bpyne dwulhl
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GG pwhunidhg wnwg L hbuinn nubbt JEoénepudp hwywuwn L hwijwewy
ninnyuwo hdwynultn (6Y 6.4p) Pwgh win. hwiwdwl Uplubunhy tuepghwh
wwhwwodwl, ¢ hwdwlwpgnud hdwnyubeph dedmipmbbtpp UM 6O
wlhnhnfu
PP (40.11)
Uyqplbwywl wnddwl mnnniginitbenhg dwulhlutph tndwb 6, L 6,
wllynGotpp (04.6 4w) Yuhudwd B0 dwulhllbph bhnfuwqnbgniprul Ynly-
pbn wwpwbbphg thwunwwbu, LwlwewihG & hoowynpnieiniihg).
Npnphg pwiunidhg htwnn dwulhyltph hdwmubtipp A hwidwywpgnud:
nphg oqunybiny C—A wigdwl wpwgniembitph duunhnfunierul Guwon-
Uhg. Yuunwlwlp

p=mv=mv +¥)=mv +p. (40.12)
p-=mv.=m(v ~vV)=mv + p. (40.13)
nnunbn, pwGhnnv, =0
L\ (40 14)
oom o+ m

Qnudwntiny (40 12), (40 13 -p dwiu L wg dwutpp U hwdh weltiny ¢

nwiwywngnid [phy hdwnyuh qpn (hUbine wwpdwp, yuuwwbp

PP =(m +mw =mv, =p. (40.15)
npp (hnyht hwdwwwinwupuwond b pdwymuh wwhupwindws opblghl:
Ogqunytiiny unwgywd welympnLtnhg. Lwpbih t Ywemngh) wyuybu yny-
ywo. hdugrmyultinh YGlunnpuwipwl nhwgpudp (WY, 6.5):

Pwdwitlp p. yyunnnp m.v. my Swubph hwiwdwil (40.15) welyu-
sl COupEOp Yurdwpwlul § wolynil L uvwbbind OWtnhg p! = - p; -
wnuotpp, hwdwdwl (40 12). (40.13) pwlwdlbph Ywonigblp p1' U py JbY-
wnpspp AO L OB mnnnpndwéd hwu-
Juittinh weupny: COn npnud Blpwuntlp,
M wlwin §-h wpdtpghg OD = OB.
Pulwwta, Mudwdwl (40.111 L (39 6)3-h.

OD=p =p=ypv -v, = . (40.16)
uwbh np nhuvwnliyen nbwpad v = 0.
My

D

W .65



OB=my =m, LA MY, (40 17
m + l"2

Mnbul, O Yowp Gwpnn t dhwib qunbyty O yEtwnning L OD = v, Jw-
nwyhnny newlwadh Jrw Orvanpulyny D Yeuwh npnpp Jpowbuwqdh yYmu
i bwlp pusfurndpg hbunn duniplibbnh hduyneultinh hownwynn Jbon.
RIMGOENG M e 00bnp - <EunLwpwn. pugwndwy wnwdqwywl ny
Swiuwunwiht pwtudwO hwdwn. tpp dJwulhyltnhg deup pwiunudhg woew
wlwnd t. hdwnyultnh Ythunnwtwt nhwgpwdp Ywenogbin hwdwp wi.
hnwdtun t

-ty pusumidhg wewp Jwuthih p. hwnyup wuntipnn AB hun
ywon

-Qoty (40 171 pweuripnny Wwauprpwlughd. nph O YelunnGp 4B
hwrwon pwowlh puudnn Junihlobph quibuiolphl hwdbduwunw
G bwiubnh. AO:OB = m:m,.

Uunwgywé yhuwpewbughsp hdwnutbph ABD bewlypul D quaqus
ph hawnwynp nhppanh GpyPwiunhwywl nbnG t AD L BD nndtnp Ltn-
Yuiywginmd G0 (wenpwunnp hwdwywngrd pwiunudhg hsunn SwuGhyGtnp
hiwpwynp hdwnubtpp

Gwiuwd qutqywoltph m m. hwpwebpnpeimOGbnhg. A Ybup Yw-
npnn ¢ qubyb| 2pewiluadh Gepumd. Gpw Ypw Ywd npunid CGn apnid prynn
nbwpbnntd 9 wllymlp Lwnmn t pGnnOG| heunlyw| wndbplting.

0<9-n (4018

Lwpnpwwnnp hwdwywpgh 3 woymbp jmbh nplt hdwuwn: Upanbn
Gwplnn t pwtunuihg wowe dwubhiyh hdwnguh nnaniwh hngnfudw 6
wiynbp rgnuwl wirgmb L pwiunidhg hsunn dwulhylbph hdwnuobph
Guwqiwsd 9= & + S wllynlp LY.6.6-md wwuwnibpyuwd bpbp Yeyunpur
Ywi nhwqnrwilttpp hwiwwwurwuliwind B0 pwludng  dwubhytnh
quiqyuwadtbnh hwpwptinmprul uwppbn nbwpbnhG

W 6 6w nhwanwdhg hbunlmd L. np dwin dwubhyh b pwiuytipu
RLRL Ywulhyl hp 2wnddwl minanueincbp Yuinnn t thnfuby prgen hGwpwynn
walyn O0EPnY. pln npaud pwiunudhg hounn dwln M gtgl Jwulhybtnh M-
wnyubbnh dhel uqiwd & wiiyntbp Jhu gbnwquiGgnid t 90°-p.

m<m, 0<8&<r 9I>r 2 (40.19)
<wywuwn quiqyuwdtbnny dwubhytbph ny Swiwuwwiht pwiundhg
hawnn pdwnyulbting dhput ugdmd 66 90 wOlymG wuhpl' ninqwhwgug
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&0 hnwn. huy prgnn dwubhyh hdwnuuh himbntudwl wGlnbp sh Ywpnn
gbnuwquwlgt) 90— (OY. 6.6p).
m=m;0<8 <r2.8=-n2 (40.20)

W66

Owln Swulhyp wlwnd e&el dwuthyhl hunywétimg hbuin Yupnn
t gty Wl wewps UpshUpl gnmpimi mih gndwl wowybwqgns
mee WO, Ny uhdwiwihwiywo t pwiudwl heunbwbpny dwlp
dwubhyh gndwh yuudhp.
m>m., 0<9,<9 ... I<r'2: (40.21)
Upuntn wybiwgnhlp Owl 0Y.6.6q —-hg hbunlon wjb duuwng. np pu-
nnuihg hunn dwuhyGsph hdwniubbpg Yuqund GG untp wolgnl:
8wl wounfuamp wilymbp Lwiuwd t dhwil  SwulhiyGbnh
quigyuettinh hupwetnnemihg Ppng. OD'A bowlitymbmg (U 6.6Q)
sind, =(—)11=L='—"1, (40.2)
o4 mv m
nnuntn oguy b BOp Guili (40.16), (40 14) wnlynem GLbnhg:
Ihwanpwdlbnh ogunpwip Gwpbih t vnwlwy Gwl 3 L 9, wilgrs-

%ph Ywwp: huluwtiu, (UY 6 6g) Ywnnn 5Gp gpby
ND psin sind
g9 = -- = T - .
40 +ON  myv ~pcosd m m, +cos$
e Ehaun b m./my Rwnwptnnpwl guiywagwd wndtph nbwpemdy:

Unwbp 50, Ppraunnvnbl. wil wnbnBlnipincbbtnp. np ywpbih tn ww-
bwy puwtudwt Yenwpbnwy, oquitiny wwhwwliwl optlpltphg: Wnwip
Nhun wndbpwynp Gl. pwigh wpurwhwiunmd 60 pulwpyynn Gplnuyeh
Wb pinhwlnip ophbwsuhnemlibpe L wilywhu 66 Jwulbhyttnh
el gnpéann nuatinh Ynluptwn wbuphg. punuyehg:

Wwpwd (40.19+430 23y plnhwGnin ophbwuhnieynGLbph Ywplnpnt-

(40.23)
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pulD. BEUp sELP Ywnnn Onwlg oglnuepudp wwnabi LWwé Bpyna (o
Gwy. m -m, nbwpnid) dwubhyltph pwhudwb ynbypbun bipp. MwhwwGius,
opblpltipp winnud BG. np dbq havnwpnppnn pwiudwl b pp dEYG t 140 21,
nd unymn B peph pwqunipinlihg Puy pt n'nQ. - wwhwwudwG opklpltnr
vpNnD wwnwuluwlt] 3h Yuinpen Snw wwnwupwop upbih t unwie
ohwis wpddul hwywuwnmdGiph (ddwl dhengny. Gpb hwnth B
dwulhyltph dpgl gnndnn nidtpp. L wpybu Ynsyweo, pwiudwl 0wl
rwihl A henwynnmpubp, nnp pwiunidhg wowe 2wnpdynn dwuGhiyh he
wnuh pwqniyl t wiwnd dwulhyh GQwundwdp:

Awnpneinit nupdpbp Wit hwiqwdwlphl. Pn m,>m. nbwpni
gndw( 8. wolgwl ShLGnyl wndtphl (Pwgh d,, wilywdp gndwh nbuphg:
hwiwwwunwuluwind B0 pwtundhg hsun SwulhylGeph Bpbm wwwnptp
qnug hdwniulbn W wwingnpn Bplnid b 04.6.63-nhg. pwlh np BhLOMmG 8
-ht hwiwwwwnwupuwimy B hdwymoltph Jeiunnpwyut Gewlbywt b
ququweh tpynt Lwnpeep nhnptn VOMhP wWpddWl Muydwuwpmotsm
oqumpudp (Mot hu hwuunwunymd b wrn drwunp:

§41. N2 WNUQKUYUL FUNMU

Ng wrwdquwt pwhudwh dwdwbwly dotuydnid B0 pwhuydnn Swulhle
Ltph (Ywd Opwbighg vEYh) GEpphl tutpghwltpp. hewnleupwn Gwl bpwiy
(nhy Yhtbuinhy totpghwG Lawbwytop pwiudwl hbnblwbpny dwubhylbn
Uhtunhy totpghwih wap Q.

K" K=¢: (41

Ny wowdquywl pwhunidbtpp (hunud GO tpgntbbngbunhly (=0 Lud
tonntbtnqbunpty (Q- 0y Unwghl atupnid hwdwtudph Yhituinhy tubpghut
pwiunidhg hbwnn wémd t (h hwyhy dwubhylbnph tenpht tobpghwtn
OJwqdw0). huy Bpupnn ABwentd Guwqmd:

Utn Gwwunwyl t apnt) pwiunishg hswnn dwiulhyltph hawnwyen
hiwmuGtna: FhunwnibGp inhnp Gwiu hwwniyh C hwdwywpgmy

Pwlh nn UnGGLHY totpghwih bhntinfunipmibt wiiwhu b hwwnld
hwdwywpgh pOunpnemihg. wuw

K'-K=(p"-pri2u=0. @
npuntbnhg
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Pr=N2k )= 41.3)

NiptEvt. ng wewdquilwlt pwhudwl dw-
Jwiwy € hwdwyuwpgnud dwubhyh hdwnyuh
gonpmOp nfudmid t Cln npnud pwitunt-
dng hbunn dwulhh  pdynyul wamd ¢
HgntltpgEnhly nbupmid L byuqmid tonn A m v, mav, B
g1y nbupmd wy.8.7

Uidd cwtunidp nhunwntp hwadwnlh
wennwunnn - bwdwywngnid. nuntn pwiumidhg wnwe m: quitqywony
Jwulhyp bBnbi t whwpd. Lnphg hwndwn t nhubl Jeyuinnwiaul nhwg-
mwdlbnh dEennhl. npp hwiwGdwl ¢ bwiunpn wwpwgpwdnud nhunwpyu-
hG. Lnnhg wihpwdtun t pwiunidhg wowe dwubhlh p, = 48 hdwnyug O
wwnd pwowbby dwulhybbph quigyweottnht hwitdwunwywl dwubph,
pwlh nn wu nbwpmd Gnnhg shaun BG (40 12) - (40 15) webimpmGGbnpp:
Switind O Yawnh g (40 16) wnwydhnnyd Yhuwnowlbwaghd (LY 6 7),
winwliwlp wit Youtph tplrwpuwdhwiwt wenp. npnbgnd Gwipnn t
ity hdwnubbph Yeyunnpuwiywl Sewblymim D ququwpep: Rwih np ng
wowdqulwl pwiudwl nbwpemy p’ = p. www p'=m,v . wiutu nn B
Wb wpntl gh qunlbyh 2pewlwaesh Ypw Cln npmd @ < 0 nbwprud B
wunp Yoy h newlbwaqdh Gapund. huy @ > 7 nbwpmd npunid

unlnwuuwiht ny wnwadquwiwl pwiumndbpo (hwpyuwd) plmnbywé
tpbmpwanty Ybruwipwballws gnpdwihg yngdnn dtémpprudp: Gpt dwndh-
D wpdbiny ¢, wpwgmpwdp pwhudnid t v, wpwanpude wndynn
dwrdUho, www

() _ .c'
k=H. O<ks<l (41.4)
v, - V.,

BonpIMUp Ungymid ¢ Ybpwiwigluwl gnpowlyhg. npunbn a -0 pwiudnn
Jpdploeph hydwl plnhwGnip dwibpumeh npdwiG t- Spt Bplynnpn
Wwndhll Wl wnd wwn t, www

k = :vi'u /vin :

Twnq t. np k=1 abwpmd Mmiblp pwownpdwy wowdquwG, huy
t= 0 nwpnid - pwgwpdwl Ny wrwdquywt pwhundbbn.



§42. PELUSPYPUSUY UYL UEhULPYUSH ONMAUNMUMUY UL
2runuudnrmuc

1. &byunpnb Ylhunpnb popmidp: Whgnip m hwiquinh quliqyuwén,
tieyuwnGp v wpwameuide wnpdytind pwiuynd b nwnwph yhéwynig
quiynn hwiwbdwh dwulhyhl. Cwiumdhg hewnn hdwnyubbnn Gwly-
Walp p." Lp:. huy OPWig Yuwqiwd wilynGGtnp pwitumdhg wowe dwulhy
wndiwl manneprul hin &8 (LG 6.8) NE(wuhyhunwiput SEuwih
Yuph wwhwwOdwb opblgltph oalinprudpe Yunbih t npnaty &+ 8% wiign.
0p. nnp Lwnm t wnniadt hnpdmud:

COunpblp nblwppul X, Y wewbgplbnp 04 6.8-md ipydwé dung
Uwulhiltnh € hwdwywnpgnd pwtuntdhg wewg L hbun hdwnyubtph b
dwn Ywpm tGp anty

P=p+p =0 P=-p+p=0: (42
Lwpnpwunnn hwiwlywpgmd pwiuntdhg wewg hwdwiudph (phy p-
wrupup. pwih np tpynnan dwubhlyp wiawnd t. YhGh
P=p-p.=p. (422
huy pwiuntdhg heunn’
P:-p.p (423

Cwiwdw)t hdwnyuh wwhwwodwl opblph P’ = P Oquybiny ¢
—A wigiwl hdyniuh dlwihnfurippul pwlbwdlhg
- P -vE/c
. P - —F—
r ] JI-vioe
b hwayh welting A, = 0 wwydwlp, husr

Ny ghuwyh UELINNGh v wpwgnerul hwdwn
¢ * TTTTY 0 Lunwlwlp  henbpl  wpinwhwpnig
RS nop.
~\ v :C:R::E. (“25'

npuntn £ -0 pwiunudhg wowg hwidwiudet
(P tubpahwl b <wayh welbiny (42.5)-n0 hdwmiuh L taapghwih

my, . mc* (428

—=, E=mc + ——
JI Ve h - ".' s

(42.4)

wes .

P' =p =
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pwlwdlLnp, hGEnghwih YEOWPNGh wnwagnepul hwiwn Yuunwhwip.

v = v (427

. Y, .\ *
1+ \II NS

Twng t. C hwiwywpgnid shwwntuwly dwulhlubpp wiung t miLws
dEonprulp hwywuwn U hwywewly mnnywd wpwgrignitibn Rwih np
pwiunidhg wewe Bpypnnn dwulhyp (wpapwwnnp hwidwiwpgnid quniyby t
nwnwph yhawyned, wuyw C hwdwywpgmd wii Yawndyh v, wpwgniuepudp:
MhnGdl

-

V.=V, =y, 42.8)

£ = £, el

=L, =

=E!2. (429)

' 202
Il =2 ¢
Vl “ ‘

npunon £ -0 C hwiwywpgmud dwulhyGbph (phy tobpghw( t:

Oquytyny € hwdwywnpgmd topghwh L hdwnyuh wwhuuwGow
onbLpUtnhg. Yuunwlwip dwubhyttph hdwmubtph L totpahwibnh wp-
aplting pwiunuihg hun.

mv

i)l' = ﬁ; = E‘,J /'CI —mcz =—Fh" (42'0)
\’I‘\"Z/C‘
- - ’"C" -
E =E =)_—_—==£'./2: (42.11)
1 . VI—V: /co'

Mintdl, pwhiudwl hewnlwGpny dwulhyGbpp ¢ hudwlpunpgred Yn-
Nl GG Shusgl hpblg wnwgnueint 6GEph 6w, huly woewGohls dwubhylbph
hdwniubbph dE6nEINLLENRG M tUBpghwlbnp 0nuybl 5O, hog pwiumdhg
wowg U hdwunny wjuntin hpwiyhdwyp hwidwOdwo t onunnipulhi:

(42.10) L (42.11) wnbnpIulGltphg howlvd t (42.5)-h0 hwiw il
Gy

vEI!C=p": (42.12)
Wy, 6 8-hg unwinud BOp
9 =p 'pl.. 1g8.=~p I ps. (42.13)

Ogquytiny puwtuntdhg hewuin hdwnijuh X L Y pwnwnphstbnh dluhn-
R (31.16) pwlwdlbnhg L hwyyh wolting (42.10)+42.13) webimp-
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O=-vHps

[ (q.l ;9. = ~ n ="
g g B b'-.. 'i’_""":E
npunbnhg. hwyh webbjnyg (42.12)-0. Y bbowOp
12918, =1-v>'c% (4214

Stnwnpbiny wuntn v, h hwdwip (42.7) wpuwhwpnmep, engw
wbu Yunwlbwbp
129129, =2/(1+y)< |, (4218

nputn
;/:(I-v,“‘c‘\)::ZI: (42.16)

Uunwgybg Yuplnp wpnntbp. nhviwpyyng wolygnmGotinh vnwGgbult.
nh wprwnwip wolwlu t dwulbhlyenh hwiguunh qutqiwdhg (thuwnt-
uwy dwulbpyltpn hwdwn) L Gwiudwd t shugl pwiumdhg wewe aundyng
dwuthyh wnwanepihg.

Lywuwblp. np qwuwywl dblwGhywh vwhdwlbnd (y « 1) (42.15)
(42 16) pwlwdlbnhg uwnwgyrid t §40-h wpnubpp.

188.4g8. = 1. 1g(8, +9,)=x,

nnunGnhg

9=8.+9,=n/2, (4217
wpuhGpl™ pwiumidhg htiunn dhwunbuwy Bwuthyotpb mGso hywp manwhw-
pug hwynuuitn: Mwowlwo Juwihyuwynd huunih wu wpnnilpp Shaw
Ywntiih t nhuty phyhwpnbh gnhybenh Ny Swywwnuhb pwiumdtenmyd: UL
hwutnwub) t hapdbwluwinnbt Yhunth lughymd bsthmdh dhemyGbnh
hown a Swulhyltph pwiudwd hapdspnud. Conphhy a dwubhyltph wnw-
Quprul hnppnuppul, wiu pwiumdGtng (hrydho Bopwniynd B0 Uymunlpul
UbrwGhyuwihl: Brt pwiumdhg wewg Jwulhyp wndymd t (nyuhl dman v
~ ¢ wMWgMRWOR, www »>1 L (42 15)-hg Luunwbwlp 1g9.ig8< 1. wuhlpl
pwiunishg htivnn dwulhybph hdwnubtnh Ywqdwd wliymbp unn t.

9=8,+9, <7 bpty>1 (42.18:

Llwuintlp np Gmunnlpuwb SoluwOhiywynd 00wl ppwydhwigh hwin
wnd Bop. 6pp dwln dwulhyp pwhuynid t Owhiwwbu wiwnd dwuthih
htun (nbu (40 21 wpryntipp) P nbw. Bk Ynndhg ahuwpywe puutuwl
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abwenid. BRE 820wphuw b wpwampmiihg ebjwunhyhunwywi quilgywoh
uiwd (hOBMe thwuunp, hwdwnyh (wenpwwnnn hwdwlwpgmd Jeup
gnpd mOLLR hblg wyn nEweh hbun Uunuwgywd (42 18) wnnymbpp uunnigl t
wvide 2eduhrnip dhunGh ughymd wlwnd tityunnpnGObph Ynw B dusu-
ihyttnh gndwl hnpdbpnud: Geb (pwgnghy hwpnGh (hGh B dwuhybnph
wpwagmeym oo (htunbwpwn, bwb y-0). www Yuptih b pwbwyuwwbu wnn-
aty ebjwuhyhunnwiwl (42 15) pwlwelp Lowl jwhndbbpny 2G3whnlp
{hypG hwuwwnt) t Gywo pwlwaélp. nuwlng huy hhobwynptiimy ojw-
whyhunwwl wwhwwbdwt onblpltng pwiunuditph hwiwp U wpw-
aupmihg quigyuwoh mibgwd Ywiuywont-
snulip.

2 Youyunabh Epbipap: huwpltlp wo-
and wquun tityupnih Ypw v, hwéwhune-
Wi emevy wihph Gplwnnipul) pdwbnh
gnmip (OY. 69) Lywbwiting uyqprlwlwh
annreinbhg gywlbunh gndwl wlymbp 6. ho-
wni(uh L totnghuh wiwhupwbdwl optlpltng
LgnEGp hewlyw Uspw.

(42.19)

mct 4 hv, = hv~ —Ag
vi-ulict
Uuwnbn ., L a dhwynp yblunnibpp gnyg 66 vvwihu gnaudhg wmue b
raunn pwOwnh Lupwdswi MnMegnGotRE. (42.19) - hg wnwbnid tap.

-Lu— - L(v‘ < - 2v. vcos ),
l—w’ o :
_me . W (E e 220 ) s mict 4 2hmci (v, - V),
l—u*ic
nonlghg wpunwpubiny v -G, Yntblwbp
Cof o4 et (42.20)
Voo, me 2
D L prdwiGnwynid b ndupnnih ¢ eiunn: Un
4, = LA LTIV (4221)
m¢



Ungdmud t & Glnpnih gnduginnlpul uyhoh bplpupngeyn o Nipbit
AAd=24,5n"8/2: (42.)

Lwunttp. nn wquwn tieuunpnih ypw gnytihu v -pdwinh wihph bp
Lwpmpmilp dbOwiMd ¢ Nw hwuwGwih t. pwlh np gndwl dwidwiwy
pJwiwnp HiEYunnGhs hwnnpanad ¢ npnzwlh tobpghw L hdwnyu: by
pqwiunh tutpghwh L pdwnyuh owqnip hwiwwwunwutuwbnd t Opw
hwéwhunipwlt Gdwqiwip (Ywd wihph Gplwpmppt waho) Spdwe -
pqwiwnh wihph Sphwprput hindntuntpwl woshowlwl swthmdbtng
{1920@ ) hwuurwunt BU (42 22) pwlbwalp

3. dwdwbwywyhg dhenlpuht dhqhliwub hnpdiwlywisnptt hhdlur
by t Swulhyh nwnwph teenghwph £. = mc® pwlweélp w Yuuwmwnyb t
wwppwlws Jwulbhylsph wiGhhhwehwih BpLnyph Munibwuhpnueude
Uu bpunyep thnndGuwluwinpbl niunidGwuhpynmd b uyuwd 1932 pyhg. bpe
hupnGwptinytg tituunnih hwywdwuGhyp wnqhunnp' tiblunnnGh quit-
qywony npwlwl |hgewynnywé dwulhlp tieyunnnGh L wnghupnih
wlthhhwghwih htwlwipny wlgwudnd ¢ 2mc toepahw’ b4
UwaGhuwywl Swrwquedwl wntupny: U tobpghwih jwihndtbpny t
hwunwnygty t £, = md pwlwdlo. Ppwlwiwgyty t Gwl hwywnwnd
wnngbup. bpp tGUunpwidwgihuwlwl nwunh pwbunp 60nud ¢ tGLGW0pnG-
wnghunnG amg Vwlw)b npw hwiwp puibng wewnp t odunguwo (hon
2m. -mg 0to thtpghwiny:

$43. PNONYNN QULIHUDNY UUrULh TUMEMUT:

U wwpwanwdnd oquwgnpoynn «hndinfudnn quiiquwidy hwula-
grenlp swbnp t ahneb] wnwanpnihg qwigqywéh nbjwunhyhuuw:
i Ywhwonigpul hounn Onuhnfuwlwi quitgywdny dwndlh pwndn
wubiny hwulwbnud 6G awpdnudGbn, npnGg plRwgpenid wndynn dwpdln.
wnonh t nbbGny Greph wiplnhuwwn wpuwbnug Ywd Gephnup: Ophiwl
thnnnglnp epnn wyunndtpblwih awmdnidp. gbphwabigwsd epwhl o>
(nn2nid wiidnlh Yuwehih wlynidp, nnh pOpwgpnid Yuwehip hwnunwind !
enrh Onpwlnp dnibynyOtpny. oyyhwonumd huyznn uweguptunnh Ju
dnudp. plpwgpnid porbwpuahynn Ywd perlwynpynn Yugnlh awndnid
nbwywhy hGptwpehnlbnh L hpehnGtiph 2wnpdnidp L wyl BEL hagnium
quiqywdny JupdhGltiph wnddwi niundGwuhpriemobpl MOt g
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spunt hwpmp wndw wwodnienih, uwywit npwip gnpdowlwl 6o
qununpneintt uunwgwt XX nwnph Yeutnhg, 20nphhy hnehowihG pwpddwl
eninl QuNGuugul:

I. @Poypnpninn qubqywdny Jupulip supdiwl bwywuwnpsidp: Yhgmp
hwywnyh jwenpwuinnn hwdwlwnpgnd dwdwlbwyh ¢ wwhhG mLELp tpynt
dwulbhyltn may L dm qubgywoltnny. npnlp wndyntd BU hwdwwwunw-
duwbwpwn v L v, wnwgmpembitnny wjbwbu, np ¢+ dr wwhht pwhuybiny
shwonud 50, wnwewiglbinyg m-dm quiqyuony v+dv wnwanippulp wnd-
gm dwubhy POswEu Ghwunnd B, wwnnwyw Jr dwdwbwynd pbpwgnn
wpu Gpunyep dwulbhyitph cwawndudy ny wowdquiyurts puurnd ¢ (bpt
) lund dwiihyh hopowlpwd innnhmd (Gpb dm< (). dhqhlpuulywl wnb-
wwlymlhg vw’ ¢ Ymhnfuudpul quiogywony dwndbh aundmdt udeo dph
Nl dr cwdwwlyn J:

Nnnztlp dr dwdwwynid hwdwhudeh hdwniuh wép: Lwih nn

plty=mlt)v+vdm p(t+dt)=(m+dm)(v+dv).
www
dp=plt+at)-plt) =mdv+(v-v)dm, (43.1)

noutn winbiudtig dmav Gpynnnn Gwngh wlyting dhnpnp
Cwidwdwii (20 13) hwywuwwndwl. hdwnyuh (43 1) wsp hwywwon t dr
Swiwlwynd hwdwhudeh Ypw wanmn hwdwqnn mon hduyurl
mdv +(v-v,Ydm = Fdr ,
muntnhg
mdv/di«(v-v,)dm/di=F: 432)
Upantn
Mwv -y (433)
Jounng dwulbhyht dhwgmn Ywd opwihg wipwunn quibqyudh wpw-
up GG ¢t Swulhyh bt Yuwywd hwguwnyh hwdwluwpgnid L 4ngydmo t

buwlgymn quigyuh hwpwpebpuwlwt wouwgmpb. {wadh wolbiny
43.3) Lpwlwlnudp, 143.2) hwywuwpmip YobpLwprugltlp hountypuy untu-
ey

mdvidt = F + udm/dt (43.4)

Uw wnhntuydnn quitiqweny dwndth awndiwl hhdbwiaul nhdtnts-
ghwi hwywuwpmi b, npl uumwgdby t UB2s0nulm yrnohg 1897p. L 4pmd ¢
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Gpw winbp (wwnrqynid b, hwdwbdwl hwywuwpmd uuwgwd b bnty st
qhnbwlwl Ariymwi nbnlw 18129.). U hwywuwpmdp LjnuunnGh 2-pn
aptlel wpunwhwunnn hwywwupnudhg twppbnynd t Gpwiny. np wyu-
wnbn Swpuilh quitgiwoép dwdwbwyh pbpwgend thngntuynn dEONLRNLG ¢
Un todnfunipiuide wwpdwlbwynnyws

F_=udm;dt 435

(Pwgnighy winwdp Ungynid t ebudanid Ywsd Anehouyht mo: Unipulwl
youwh nhwohugh
mdv/dt = F (436

hwywowpnudhg Ubsbpuint hwdwuwndwl Gagwd vvwnptnniginlip wp-
nwhwpnnud t nuwbth Ywplnp dh thwun. Bet uunwgywsd t Phqhlpwwl
hwywuwpnid Gpwind duninn hGg-np wwpwdtunph hwununnl wpdtph
nbwpend. wyw plnhwbnp abwpnid sh Lunbith oguibi wiu huuwaunm-
Uhg. bRt win wwnpwtitnnp Yol t hachnfunieni00GN. pwlh np Yepehu
Lupmn t pept; hwywuwwndwl dse bnp winuwdbtnh wewpwgiwl

Gpbt dhwuygdm quiqyuiép (wenpwwnnn hwadwpyh hwdwywnpgnl
wlwnd t v,=0 (ophlwly, Gppe Lwehib pbUONW t gpuihl gninnhOtnny hw-
qtgwd dhewyuwnnyd), www wpddwl hwywuwnmdp Ypunnbh hounlyw;
unbupQ.

2 (mie)v) = F @)

Puy tpb qpn ¢ dhwiygywo quiiqywoh hwnwpbnwiwl u wpwamEp:-
0p (hGgp. onphbwy. wtinh Mlh ouhwlnunid hwisnn uwnguiptynph 2wind-
Jwl nbupnid). www Ypwguwlwih Gwl dwnobh Ypw rtwyunhy ndh wqnd-
gnipymOp, L Yunnwbwbp

m(r)‘2 =F: (438)
]

1 MNuwbupy ndh wrmpwgnu/d mlh wwnq dhqhluwywi pwgur
wnnEeintl Mwnquipwitip wit hpphowihl wndiws ophlwyny <neheh
windwl fugnd Juntihph wipnudhg wnupwgwd quqbnp tto P 800wl
nwy dwpnid B0 nmupu’ hpytiny PE 800wl nidny, npuntn £ -0 Bipwihl
wgph dwibnptul t (GY. 6.10) <wdwdwit Lintinnbh 3-pn optUph. hpehah
wwunpull hp htneht Wetpwnrlyh Unjl dedniprudp. pw)g hwlwnwy mnn:
Jwo mdh wqnbgnrippulp. nnG | htGg nbwyuwhy nidl t: Ydywn st qlu-
hwuwnby win mdh dBOMpMGp. Npe Wwuwihi dhwynp dwiwlbwymd hu-
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anpadwéd hdwniul t: Mwunuwih Ghwundwdp nwnwph hdwlmd guniynn
Jwntlwinep winytinig htunn dhwynp dwdwGwynd uuwbnid t
u=Ng- v (43.9)

windwb pumg

6y 6 10

wpwgnupMl. heunbwpwn ypnud t wug hdwimiuh indhnfurieincl. npunbn v
0 quah wpwgnpmll ¢t jwpnpunnp {&md, huy g = dmgdf -Ghwynp dw-
dwiwynd dwpwd qugh quibaqwdp Cun quiguwdh wwhwywbiowl
onGLgh dm,=-dm, npuntin dm -p df dwdwlwymd hppheh quigywdh dhndn-
GG ¢ Uiwbu np, hpehop Webewnpyh wdm df ntwigunhy nudh wqnk-
gnuplp

{pphnwihl Jwpddwl dbe dhwygynn quiqywsh (43.9) wnwagnieinLl
widwlnud BU Quaquihl sheh wugrpinb.

3. Shoplpyjulm pubmdlbbp: {pehawhl 2wndmdp (NuUPWOGINL hu-
dwn (nebilp Utsbpulnt huwuwpnudp wwpquanuy ntiupntd, tpe wo-
mueaul L onh nhdwnpaiejwl ndtiph wqnbgnipniisnn hneheh Ypw wl-
anbuynud 6O

Thgip dellwplh ¢ = 0 wwhhl hpeheh M quigywony wwunpuGmy
wwnmbwlymd t m, quiqyuwdny wetjwime: <wdwpbiny ququisht 2h-
eh wnwgneinle wothngniu, nngbitp wpwanenlp. nn donp Lptph ww-
Mwip webiwineh (phy wipnudhg hounn:

TnntELUGGR (43.4) hwywuwnpnudp hpehnh awnddwl nipnMeRULE

mdv = —udm .
unnhg
d_m = !’.Jv: Inm = M
m U u
¢ 0 hontgndwl hwunnwunnbl ¢ nph hwdwn, ogudting  wnddw(l
wapbwwl wwphwhg
vir=0)=0. mu=0=M-+m =m_,
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Yunwlwlp ¢, = Inm, - Mipbdl

v=u lnm_ . m, (43.10,
L
m=mge " ": (4310
H{Enehl wipunwhwiunnimGOLNRD Shry yrfuip puwlbwdlbnt 66 “puilp
unwgywd b nwinwn wndnudbtph hwdwn, bpp pb° v L pE v wpw-
gniginttbpp wihwdbdwwn thnpp GO (Ayuh wpwgmieniGhg: (43 10) pwlus
sunid inbnwinpling m = A, Ynnntibp wib wpwqnmpnibp. np dtnp Ypbnt
hopheh wwunwp Ywnbihph (nhy winnudhg hunn.
v=uln(l+m M) 431

Lwuwnndd Bop. nn wuunputh winwgniemGp hwdtdwunuwiuw b ququ-
i 2hph wnweMEItD L INqunhedwlwl Ywiudws dte t Ywnbiwlneh L
wwunpGh quiaywéltnh hwpwptnmprthg:

dwlwiwiwyhg phihwywt Juebjwijneny wuwuwnnn hnphnitpn
ququihl 2heh wprwanemMip sh gBnwquibgnd 4.54d-d-p: Yw dinpn wnw-
QMpmU t whtqbinwipuwl pehgpGtinh hwdwn. Wwimd Lwntih t hwingyt
wwpquamyt hwquwpynd UdtGunhnpn wpwgrigmibp. np wihpwdtw ¢
hwnnpntii wwuwohG, Gpynh dgnnipul WG wis htinwglt(nt hu-
dwn. hwywuwp t 1124074, ey Upequigbwih hudwywpghg honwlbugn
hwdwn’ 16.74dny (§66, Bpypnpa L GNP Lhtiqbnwyw wnwagmpen Lot
Acwp st hwpyt). np dhwh win wpwagmpbbnt unwGwin hwdwn wi-
hpwdtaun t wynt| hppheh wwunpwh quigywohg hwdwwwuwutuwi-
pwp 16 L 63 whqwd dbd quiguoeny phihwlw Ywnb|wOmp. beb pl
AnGt0p u = 4y Uwywil hhatiGp, np wiyu hwwpyltpmd hwgh s60 we
Oqwe onh nhdwnprupul Mdtph ntd Ywwwnydnn wluwnwip, g
Ywwhwbeh pwgnighs uebiwinieh wynnd:

4. Njouppunwlob bpphobip: Unwlp wuop Gbpluwipughnid tl
qQmun inbuwlwt hsnwpnppreml. pwGh np NYUhl dnun wnwqMejwdr
wndynn  hpphelbn  wwunpwuntbine wbuGhywywl  ndywpnipynbbeh
hwnpwhwnnudp wwwawih gnpo t. AGWYWG t. bpb hnphrp 2WNdyYh (NN
dnun wpwgnepulp, www wil sh OYywpwanyh (43.11)43.12) puwlwélbpny

hgnip hwadwnbh A hwiwlwngmy ¥6o v wnwgmppude wpdym
dwulhyp hbpbwiwd upnhynid t hp Jwpddwl ninnmprudp v +dv. L uipr
nwy niNnnEwlp v, wpwaruembotpny awndynn m L dm quiiguottny
duutph Spnhrudhg hsunn npwlp Ym OEOWG
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, m(v + dv) , . —v.dm
- ) T
Jr-viicel

yl- (v -avy ¢ (43.13)

E' = mc* . F' = cidm
Vlrli_("‘d"’:'(:' \l"‘V: C:
nduyre(ubtn L tLsnghwotn
Zwquwnyh € hudwywpgnid, npp 2wpdynmid t v, = v wpwgnigjwdp,
wnhywd dwutpp Ynbelwl

p-vk ¢ mdv

p-vll-vy.c;-l_l,z,ci'
i’: - ["I' ‘l'ﬁ; : L': . f\'i—\r'l)d"' (‘3|4)
Viev et = eI =)

ndwnyulbn. npunbn hwdh wrbybghl (43.13) pwlwadlbnp L whunbuytghl
snynnnn unah wiybpe tinpnbnp:

Oquytiny wpwgnipjntbGbnh dluudhniudwt abjwwnhyhunwiywl Yuw-
imbhg. npn2tip dhwiygynn quiqywéh hwpwpebnwwb wnwampnip.

we—"Y opubang o= - YTH 43.15)

l+vy ¢ l+wmvict
<wiwdwit C hwiwiuwngh hhiGwywl hwnynpult 5+ p/ =0:

Quph wolbing ytpehlrmd (43.14) L (43.16) pwlwdlbpg, v Storupaul
gowhi dnunwynpnipaudpe, Yuunnwlbwp.

Cunmbbiny v=corsr L hunbgnbinyg (43.17) hwywuwnnudp, ogutiny
143 10) uyqpowwi wwplwGobphg, Yuunwlwbp Shrylnydynt (43.11) pwbur
S otqunpypunuipul plnfuwlnwgm dp
f—vie) ™
| </ C]
JhLlnijU quibqywony Jwebiwiimeh wipdwl nbwpnud (43.16) pwlw-
g unwbGnd Bl bnpheh wwuwnpulbh wu/typ hnpn wpwanignitl, pwl

vdrud ¢ Shngynyuyn pwlwdlng "w puwgwunpdnid ¢t rbjwwnhyhuuw-
Wl hnphrh hGBpuMepul wany:

m(v)=m (43.16)

7
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wlnwn wndndlbph nbwpnud (43.16) pwlwdlhg unwgynid t Shn,
Unduynt wpnynibpp: Ppng. win nbupmd

I—vie v
T+ -+,
18

l+vic

wybwbu np
" ;’.—" L‘ L )

mzm0{1+2 " —me

q
nnunbn oquibghlp hbunlyw) hwnGh wwhdwlhg lim(l +x) * = ¢
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LNk VI

MUY UUruh thvuvhuu

Uhpwowlwl Gawlwynipint nbbgnn 2w fulnhpbbprd hwipy t -
gnd @pd u0B0wy whin dwpdhbbbph hwywuwpwyenepulb yusd wnd-
dwl e COn npndd, wnwyby hsunwpppnipimb b GEnQwpugind whin
dundlh wndnudGlnp, npnbp nuintiygymid 6O hGg-np wowbGgpltnh nune
wwnnupntennyd P by, wlswd hnwppphn wu wndnudGbph nuunudlw-
uhrniRncip pPwywlwlhG pwnn dwebdwwhiwywl fuGnhp &, nnl wlwh-
why depnnlbpny (nudynid t dhuyl hwibdwuinwpwn wwng nbwpbnnud
Yuwlghg wwpquagnlbbno Ynhunwnltbp wiu qilund, npubn dwnuhGp
yrwdwpblp pwgwndwy whon:

AhGn dwndth wnddwl nundbwuhpnienilp wupbnp £ owl dGy wy
wenidny  Mhtn dwpdGh hbun Yuwymd 60 hwdwnyh hwdwpung: Wouwtu
nr, whin dwnuth wnddwl nuunudbwunpreinp twthu b hwqwplh
rwdwlwngh hbwnwynn awndmdlEnp. npp hahluwih hwdwn Ghpluwwg-
onud t dB6 Ywplnpniemil.

§44. TNV UUCULD TUNGULL QEYBML M
2uuuuruycmesmut

I. Thby JaupdBh pupdiwh dbipp: Thin dwpdhGl odunywd t Jtg
wqwinneiwl wunh8wing (§19). Ldwl hwdwywpgh wpdiwb Lwnw-
npiwil hwdwn wihpwdtn 66 4bg vhwiwn Ywd pyne yeyunnnwwb
wjwuwnnustep Ypwbp hwidwudph hotnghwih Leuunnnth wnddwl

dv .
— =) F=F", (44
m—s=3_
L dndGlunttinh
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L oSE-m e
dt

hwywuwnnttnt 66 COn npmd dndEGuinltph Mwdwuwpnidp Yunth ¢
Uhpwety hGawbu Yuwiwpwyws wiawne O ybuwh, Ywd Jwpdbh hGbpghwt:
WsGuwnnih, wybwbu t| gwilwgwe wy ubwnh GYwndwdp, nph wpwarp
Jmip owdwlwyh guwiywgwd wwhhG qriquhbe t whin Ywpdth hoty
ghwih YEtunpnGh wpwgmprulp (nk'u §36): SpE whin dwndGh undiw
Ypw npywe B0 Guwtn. www Gpuwip, byuqbigitiny wquuwnnipul wuwe-
8wlubnh phyp. dhnppwglnid B wpdnudp GQwpwgnnn hwywuwnndee
pwlwlp:

Cuwn yuwwtph punuyeh tnwppbpynud 60 whon dwndth pwnddwd he
by dLbno:

2anipbpag rapdmy Up Jwpdiwi plewgpntd whin dwndth jusdu:
AUApLG Bpyne (ntnn diwsghm hunywdp Jomd ¢ hp upqpiwlpul nhpgr
qmiqumtn:

<wiplbpwg 2wndynn whon dwndGh ppnn Yewnbnp Gwwnwpnud b0 S
Onyo wndntdp. hbunLwpwn, dwilwlwlh w| wwhhl mOts dhbonyl -
pwanieInlblLbnt m wnwgqwgmdttnp Miptidl. hwdplbpiug 2wpddwl nun:
Gwuhpremlp hwigbgynud t Opw nplt Younh, ophlwy, hobpghwph Wl
unpnith, wndiwl nunudbwuhpnueimibp: Gwunnpbl, hwdplewg pwnort
oovjwd ¢ bpbp wqunnppul unnhswony b thnghb blaunwgmind ¢
(44 1) hunfunauprdny:

Upuhuy rapdmd: Uw Gy wlpwnd Gountbpny wdmugyws whls
vwndip pupadmd ¢ LWwl wuwidwGotpmy whin dwpdth dhwy hbwnu
ynp wndmidp wuinyunl t wiawnd Yeunepny wiglnn wewGgph 2t
Ui yngymid t wunundwl wewlgp Nupbdh, wpubwy pundmdl wlpwne o«
nwlgph 2rung whn dwpdh upnmpns ¢

ORt Ompwlywl Yowh newlwqdunhl awpdnidp Ywnbih t OYwrw
apty 7.v.a 0EonLeINLGGbPNY. wowig bt @.N.e dEonpIN LLGEARG. www
whin dwpdih wuanwut wndiwi Ghwpwgpnigntlp hwndwp t hpwiw
Uwglb| YtpehGlbnhu ogmippude. Ppnp. Uil wwhhl wpuhwy awnor]
Yuwnwnnn whin dwndlh vnwpebn Geuintpp pOntpwagnynid 60 r.v.a dtonur
jmbltnh wwppen wpdbpitnny. wis nbuenud. Bpp wn payAp Yeunepl n
OBG O L € JEONENLGERD dhulnuyG wndtplbnp PGy Yepwpbprud t rve
«qOwhi» JEOMeiN L0BNHO, wupw Onwip Yuwuwywsd b whigm Guwht Jtome
noUEnh hbun (6.7) - (6.14) webinieblepny L ponipwaprid BG dwpols
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whwlehG Wouwnbph JwpdmdGbng
Upuhuwy awnomdG miGh dbly wquiunnilb wunpswi. S wumniwl
wOyn b t. nph Ywhugwénigmip dwdwbwyhg wpunwhwjunnd b wpuiuy
aundiul onblpn
@ = p(t). (44.3)
Uil unwlGwm hwiwn wihpwdtiaun b ot wlwnpd wowbgeh re
whin Jwpsth wuunwiwl wnddwl nphbwdhywih hhdtwywl hwywuw-
nnudp (U § 37).
le=M", (49

nwntin
£=01=¢.

1 M dbdnenltbng wunundwl wewGgph slaundwdp whin dwpabh heanp-

ghuwgh UndEhuinG e wpunwpht nudtph dndbGunlsph gnidwnG ¢, ¢ m 2 o6-

dupnblENe wllynibwiht wpwqwgiwl b wpwgnipwl wpntyghwtnl

54 0yl wewbgph Ynuw.

NGELwny whGn dwndGh ypw wqnnn wpunwpht mdtph dndblung.

wnddwl uyqplwlwb wwpdwllbnp

#(0) = @, £Y0) = Q, (44,5)
L ndbiny (44.4) hwywuwpnidp (44.5) - bwwndwie, YunwGwlp (44.3)
aupdiwl opstpn:

Quipp pwpdnud: Gpd whin Jwndbh wndiwl plpwgpmd hGwpwynp
{hGh pOupG wlawnd P hwppriggul, npny whon SwpdhGp hwunbinig w-
wQugwd @ wruuping diw P hwppmnpaul JEg wuyw winuhuh wnpdniudp
Jwijwithp whon dundih hwne pundmd (04.7.1): Uu aunddwl ophlwly
L hwppnippul Ypw quuibh ginpnudp: Ppnp. quuith wnwlgehl ninnwhwpwg
nunnelEPp quuith gqirpdwb phpwgenid Junud &G hwuwnnn hwpentprul
e

&uh np @ wwunytinh ahpeo
wnpnipil U6 dhwpdtpnptl ran-
Nt whln dwpdGh nhppp Wwnw-
gl JBQ. nwuunh hwpp wnddwd

nunbwunpnieinlp hwbgbgynad t P

P hunenippul Jee @ wwwnytnh wn- 4
Awl nuunuibwuhpnpewg. W 2wn- U
omdp LRUGwNYBOp § 47-mud: w
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Shguyhd pupdmd: Uw U6y wipwna Yburny undmugyusd whln dups
ah pwpdrudi ¢, npp Ubnyuipugbned b wtwpd O Ybunny wibiglinn Bpbp thnp:
nunnuhwpwg wewlgpbnh 2nine whin dwpdlh Bptip wilwiu wunm anbn
Qinuihl pundrudl odumwo t bpbp wquuipul uanhswony b -
pwagmynud t O yeuwh Lywundwde dndbouwnGtph (44.2) hudwowpmdng

Ywiwppyml pupdow: Uw whin dwpdth wdstwpbnhbwbnin we.
dmdl t. npl odunnywé t Ybg wquunipaul wunhswiny L Ghwpugnymd
(44.1). (44.2) hwwuwnnuittpny:

Mhin dwndOn )wndduls Mdlwlput dLbng hundplewg b wpupuy pun
omJotnG 56:Uymu prynn undnudbpp hwighgynid B0 win 2wndnidbtphs
Wu wlnnudp Yuwwjwgnmgblp qUnupnl L hwpp awndndGbph dwlnuwgGh
nunuiGwuhpnueruse

POswbu guiliywguwsd wy dEuwGhywywt rudwhudph. wibwbu t| wr,
dwndth awndiwl Y uwpnn 66 wqnti Shwib wpuniwph0 matnp b Gmwly
UndblbuwnGbpp COn npnud. whin dwpdth hwdpbpwg ywndiwh nuunidbuwe-
peaul dwiwlwy. hwdwdwio hGepghwih Weuunpnih awnddwlb ptnptith
SwndGh twpebn Yewbnpnud ihpweywé wnunwpht mdbnp Yuptih t qm-
quwhbe wnbnwhniub L Yhpwet Gpw hibpghwph GEGnnnimud: LAwt vt
nuahniunigiml sh Lwnbih Yunwnbl whin dwpdGh wuunwwG 2wpdnug
nhuwnlsihu YEpehl nbwpmd ndh Uhpwedwl Yownp Ywptih t wbnu
dnfub dhwit vdh wgndwl qoh Gpwibpny. pwlh nn npwGhg thndv.
funippwil 360 GopwPyYmd 'y wpunwphG mdtph hwiwgnnp. n'g by Opwlg
dndtunutnp:

2. Thty Jupdbp baumumpwlrnniprub wup/mbbipd unwgynd b
(44.1) L (44.2) pUnhwlmp hwywuwpndbphg. MEnd wWoWNd whin
dwndh hudwn

F=0.M=0 (He

Upwlp whun dwnpdbh hwywuwpwyrmippul wihnwdtipn puwg @
pwwinun Wwpwblsnt 86 Hpng, wu wwidwbbbnmd whin dwndhlp i
pnn ¢t hwdplpwg wndyty hwuuwunntG v, wnwgmpude b wuudt M
htepghwih Yeowpniny wiglnn wnwbgph mne Q wilynibwhs wrw
anpjwip <wywuunwienipiul pugwnuwn wwiowt wyb t, np pbungdus
., dwiwbwyh hOg-np wwhhO, (44.6) wuwpPdwoetnmd  Swmnus
Qulywd |hth nwnwph Jhawynid:

LLwunblp. np brb ndtph hwywuwnwynvepuwt wudwih wwwhny:
Juwé t, www dniblunibph hwywuwpwyenierul wwdalp yuwpbh t 4
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nwob| guiyuwgwd Wouh Yuwd wewbgph Ghunndwdp (§35y

Unurapynplb mbmpns prbphpbép: Uhun st. np ppwiywo dwpdhn Yu-
nth t hwdwnb| pwgwpdwy whbn. OngGhuy. et ntdnpdwghwibnp 303hG
60 Upaybu ophOwl. ahuwupibp Bpymt heOwpwbitph ypw m quibqyu-
ony hwdwutn dnnh (htowGh) hwywuwnwynmppul ulnhpp (GY. 7 2)
Nkl heGwpwGbtph Ynndhg dmnh dpw wqnm v, L A nbwyghwih ndt-
0. <wiwowil (44.6) wwydwblbph

N+ N =mg, mgli2=NJ, (44.7)

anunbn ¢ 0 hslwpwltnh dhel hbrwidnpnieim bt t. huly mdbph dndblun-
OGnp hwayywd &G | ht-

\ \ RN \
REERE || P
(44 7) wwowblbphg h- N T
o Lo T
N=N.=mg:/2: W.7.2 W73

Uu ubnpnid dmnh L htbwpwGitnh nbdnpiwghwiltph winbumdp
nput ndjwpnipinl jwowewgnbg.

Nhunwpltlp widd hbdwth hwywuwpwyentenlp bpbp hbwnw-
snh Ypw (Y. 7.3): (44.6) wwrwobtnp Gnphg Lwihu 66 Bpyne Wil hw-
Juuwpndbtn.

N+N,+N =mg. Nx+NJl=mgll2

nnbn x -p 1 L 3 hoGwpwGlbph dhet hbnwynrpriendbo b (SndGlunlbph
wuwidwip Onphg Yhpweywé t | bstwnwih GYwindwdp) Mwpq & wp bp-
i hwywuwnpnuitbpny rbwlhghwih bpbp nudbpp dshwpdbpnpblG npnyt;
6 Ywpnn: Uilwtiu nn. Bptip hbwpwoGtnph Yrw pwgwndwy whin dmh
Uaoh pwtudwl fubnhpg gnibh Shawndtp jnomd: Ldwl ulnhpGbnp ynggmda
W waunynpb wanpny.

Onbp Nelwwtobsnh Ypw hpwiw dnnh Yaoh puwiudwl ulnhnl nh
fhun npnwgh (ndnud: Uanpnymepnill woew-
pwind t hbowlp “pwgwndwy whon” hudw- ~ N
fihu. hng, 3 MBUWPWLG WYY hngn Wib- i AT 1
nwwndtbp guwd <Bodwlp “pwgwndwy whon” ‘{A -
tewnpbihu ¥ hlwpwip widhpwwbu G- T
wnyh dnnhg LN, p pnhypwdl Ynwnlw qpn.
P 8nh yzhap Ypwiuyh 1 b 2 MEGWWEGEN W74
W Ppwlutmd 3 hEGwpwis hebghbihu wowewbnd ¢ dmh ALY
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(04.7.4), nph pOewgemd v, ntwlyghwih Mdt wunhSwlwpwn t Yonwlng
Get w)dy 3 hbLwnwlp Yopwnwndbtlp hp vyqprlwywi nhnghl. www », .
0 wunhSwlwpwn wabiny ypunnith hun npnawyh wndbe: Uu huGnpe
a2qnhun (Mddwlp Ywinpunwnlwbp wewdquipwl ntdnndwghwibpnl
Gyhmywo qypumd (§75):

§ 45. TPLY UUCULE QUTUSPL CUNGLUT: Pubraruah
UnuUtLSh LELQNUYUL ALBRC

1. &tpp plapty: UbL wiwnd Yeunny whin dwpdhlg Gwpon t yw
wwpb| win youny woglnn tnbp thnunnubwug wrwigelbph amrg
wiywh wuinyunibn <wdwdwil teph pbnpodh whin Jwpdlh glpwn
wndmdp dwdwiwih guilpugud uwhhl unbih t Goplpupugity npwtc
wihpwnd iuny wbglnm wibewneuwhl woawlgph sng wunmpn.

w7s w.76

Uwwgnigblp wiju wbnnusp:

Ahgnip O Yewnnid winwgywed whon dwpdhGp dhwowdwlwy dus
Guiygrd t Bpyne wunuinGeph O, woynbwihs wpwamerude wwunyndt
OA wowlgph nnep. huy ytnpghlu N wpwameudp wwudnd t 08
wnwlgph 2nipgp (04.7.5) Swppwlwl @& dwiwbwynd dwndth Ywdwp:
Yuwl D yswp OA L OB wewlgeltnh 2nne wunnyunlbnh hbunbwbpny Yl
wnwnh

dr, = |der]= [Q,r.'dt. dr, = [do,r] - [Q,r]dx
qtwihl tbnunhniunueLLibnp. npuntn » p D Younh wrwyhn-yeyunnbt
huy de, -0 Nt de; -0° Mwwwwnwuuwb wewlgeibnh 2nung whtn dwrds
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wiign buht nbnuhnfunieMmbltipp Upynipnid D Ytunp wbwpd O ye-
wnh Ghwuindwidpe ywwwph

(b—[bn*(b’:"[(d’:‘d’zy] 45,
gdwiht wsnuihnfunieil Uunnwigquwosng heunibnud & np nhunwpyymn
wuwrnunGtn hwdwndtp 66 OM wilpwpewiht wrwbgeh nung (LY.7.6)

‘b'd’| "‘*: (45.2)
wnnunh. fwdwibny wiu websmprulb Bplne dwubpp @-h. YnbbGwop
Q:Q N (45 3)

Uunnwgywdp Lwntih t plnwinwglty bwdwpulwb pdnyd wuniunbnh
mudwin. Geb ughln dwndhin dhwowdwiury dunibudpgned ¢ dh Yeun wig
G uwunptn wowlOgpltnh smpp Q8. . S, Wiyl wmwgipin G
by wunnipnObph. wiypus w; aundmidp dwdwiwlyh gutirugud wuwhhi
wudwnatip t O lunny wlglnn wowlgph ynipp

Q=0 (4544
Wiy bughG wwgmigpude wnngn U JoyunnnG by helg unwsihu t wigd-
mupeuml wwOgph nhnen uxumuon prul Jeg

ULytpwppwiht wunundwl wrwigpp dwdwbwlgh vt wwhh( whin
dwpilh wyb yswnbpp Gpypwswdueiwt nen t, npp O Usuinh bu Shwuhl
qulynud t nwnwnh yhawynd: Uin wwhhG whbn JwpdGnd yeubnh wpw-
Qe LLGRh pwiumudp Yuinyh v - [Sr) pwlwélny UYGtpwnpwihl wowl-
geh nhppp dwdwlwyh plepwgend Ywnm t thindnfudti hbgwbu whin
dwndn, w)jbwtu b nwpwoMpRLG V59

Mhin dwpdth Yyuwdwpuywl Qinwiht wndndp Gwpwgnymid b wd-
mugywe O Gbunh Gywundwdp dndtlnGbnh hwywuwpminy.

L=M: (45.5)

2. Qbquyhl pwpdnid junowpng Japdbh pdynyup dndbbap b wb-
fmbuppb wpwgopymb jagp: Uipwgwo O Wnh Lhwuindwde whin
dwnith hdwnyuh Ondtonh

L=%mrv] (45.6)
pwlwdlntd hwadh webtiny gdwht L wilynbwht wpwgnieinltbbnh
v =[Qr] (457)

wwp L oguytiny ynllwyh Ysyunnpuwiwl wniwnpiugh «pug-guie» Yw-
(nlhg, YurwlwGp
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L=3m r[Qr|i=Sm Q-1 (rQ) =
h - (458
=3im, {Qr -r(x0,+yQ +20, "I :

Qwlh np wilynbwiht wpwgne)nbp wu nbwenid Ywnnn t nbblw,
qrhg wnpbn Q,.0,.0, pwnwnnh;tn, www whin JwndGh qunwihG
awndiwl hdwnuh IndbOuwh L wiynibwiht wpwgnipwlb uwp wan
wytih pwnn t wiwnpd wewGgpeh 2nne hwilwwwunwuuwb dGENLEM G
UGph (37.8) Ywwhg. Mnnyuntiny (45.8) Yeyunnnp X.Y.Z wowlgph ynw.
uunwlwbp.

L=QIm(r-)-QImyx -QImzx,

L =Qmyx~QIm(r-y)-QImzy, (459

L =-QEm:zc-QEmyz+QLm (r,’ -2

Uunwgywop GEpyuwgltlp htiunlyw wnbupny

LI §

L = Z 18, (a.f=x.).2) (45 101
F

npuntin /., -G Ungdnud b wughln dwpdih hobpghuyh dndblunp pbbgnn, noh

L=Yme -y 1 =Y mer ') 1 =) me-2) (4511
winwittpp Gbpyuywglind 60 X.Y.Z wewbgpitnh GYwundwide Swndl
htbpghwih dndbLunGEpp L yngynud B0 plbnghuwgh dndbownh wrwbgpuipi
punuwnnfstn. huy

1. =1, = ~Zm.r} I.=1 = -me:. /1, = -Zmy: 4510
wlnwdlbpp” Eaunpniwpunp pununphsobn:

Nwnqynud t, gualpuguwd uhln dwndGh hudwn g G moea hibp
ghwgh C yelunpnlny wlghm Epbp papumnnubuwpg wowlgpttn npnly
Olpunndwdp hotinghugh Indblunh g Yobunnnbwfunipy punworly
Obnp qpn &6 U wnwbgpibnp Ynggnid G0 whln dwpdlh guuuynp o
pudgpltin, npnbg GYwundwde whon dwndth wowbgpwihl (45 12) pu-
nunphsUtnp Ungynmiud BU Adtnghuyh qfuwynn dndebunitn L Gawlbwyynid

It ] =11 2l: (4813
<wiwgwdh dwndhtGbnh guwynp wewlgpltnp Unwlg hwdwpw:
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Pprpul wowbgplbnG B0 WY 7 7-nid wwunybnywo B0 ninquibgnt qne-
quhbrwihuwnh. quwih L abnh quuwynn wowbgpeLtnp

Wwhiwd dwpdGh hubpghwh giluwynn dndbGuinLtph wndtplbtphg.
4h0n SwnohbOBng pwdwbynid BU hEunbywy Rumubph

vy 77

w) ganugh heybin™ 1, = I = Iy: U wwpdwGh0 pwywpwpned B0 gunwihG
nwiwiuwdr JwnohGutnpp, npnGg hotpghwih Webupniny  wigbnn  guil-
gwd ninhn hwGnhuwGmnd ¢ qruwynn wowlbgp:

) hwdwsunh hrybp 1, = 1 2 1 Unughuhp 60 hwidwsuwadhnpprul Bty
wowOgp mutgnn dwpdhGOsnp (wuundwb dwpdhLltpp):

Q) wohwiwsurh hrybn |, 2 I,  1; Npwbu wihwdwurp hngh onhlwy-
6n 0260p Bnwnwlgp tihwunhng, nnnwiyns qriquhtnwGhuung:

)L b @ tipnpbinh ouggnyembbing: Ugunn moubgoblp: Jopu-
nwnliwOp ginwiht 2wndnid Ywuwupnn whin dwpdsh hiwnyuh dndbGunh
L whlpwpewiht WO Owhs wpwgnippwlb dhol (45.9), (45.10) welsmp-
nlibnh pOGwpYiwlp: Lwwntp, np
punhwlmup Abwprtd hdwnuh Indto-
h L wiylpwnpwiht woymbwht w-
nwanipuul JaygunnpGtno NGt uwup-
pen eI Ll (OY 7 8Y

et whin Jwndhll widpwgywo
t hGEpghwgh C Weunpnimd, wwyw £ -
"L - h Yuwl plnnomd ¢ hudtdw-
wewn wwpq ihbup. Bet Q -0 minn-
Jwo gt dwpsth nplt qiuwynp w-
ulgeny. wwjw
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L=1Q.L =18 . L =1Q.. (45 14)
wpnhlpl L L 2 ninnnieriGbnp sbl huwdpbylnud: Puy bpt dwndhlp wunp-
wnb| B0 Gpw giluwynn wewbgpltnhg nnlbt deyh 2mpe. www L L 2 by
NPl ninnywé HLED hblg win wewlgpny: Rwlh np gunwihi hnth
Gonghwih UEUwpnOng woghnn gulywgweo minpn quiuwynn wrwlgp t.
www Opw L 1 L2 -h dhpl yuwwp dhaun nih degunnnuiwt nbup: Ppng.
hwyh wntbing /, = 5, =/, = /wwydwop, (45 14) -hg yuunwlwlp

L=il ~jl. -kl =Nl -2 ~kQ)=IQ: ELNEY
uquun whin dwndhip Ywnnn t wuindty dhw)t npnawyh wewlgp
GEph 20 Wnwlp Ynsymd bl wouan wowlbgpttn. npnlp hudpOyGnud to
Gwndbh qiiuwynp wewGgplbnph hbw. Mwpgqymd t. wewyb) Yuwmb t wl
quuwynn wnwlgph nipg wunuunp. npb Ghwuwndwde dwpdGh hGtpghwih
ondtluwnp wewybiuwgnybG t
4. Qhpunhb spmpdiub Yhblnpy thlpghwl: Unwlwlp glnupht pup
onud wnwinnn ughln dwpdin htunply tobpghuyh pulbuwdlp
K=13mv =1y mv[Qr)=4Q) mlrv|=41Q: (45 161

Uuwntin oqunybghlp v = (7] pwlwdlbg L Jbyunnnltnph uwep wnuiw-
nnjwh haunlyw| hwanymipihg.
A[BC] = B[CA] = [C[AB) (4817
Muptdl

K=%<L,n, 1O LA (45 18:

Bt whin dwpdhGp wunrynid b wdpwgywd htapghwih Yelunnning
wiglnn wowlgph 2npep, www Yhttwnhy tutpghwh pwlwdalls pGnnbmd
t wybih wwpq nbup. Uin nbugpnud b wnbbiny (45.14)-p (45. 18)-nd
Luunwbwlbg’

K= %(I,Qf < 16X+ 1£X): (459
Unwyb| wwpq pwlwelny t wpunwhwrnynud nplt quluwynp wowsg:
oh g wuinynn Jwindlh Y4htbunhy tobpghw(.

K =L, LR
2

npunbn 7 -0 wm wowlgeh Ghwundwdp hubpghwih qiluwynn UndbiwnGt
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§46. CSEBLLM M RENCEUT buErshuabh UNUELSh
2UCHUUL Oormuuyutr

UwpdGh hGspghwh dndBtunp Ywiuywd t wil wnwbgph pbunpnipynt-
ahg nph Ghwndwdp wjb nprynud . U plnhwlnin nbwpmd tnwnptn t
awnebp wewogpeltnh Ghwundwdp Anppml nih GNNGY. npE howpw-
ynpni@ntl t vwihu uwhdwbwdnwydby shwl heepghwih Yebunnnbng wog-
tnq wowGgplbph Ghwitndwidp dwpdGh htEpghwih dndbGwnltph npndwdp.
pwbh np npwigny wpunwhwpndmd bl puidwpolwl wy wewbgpltnh
Gwundwdp hepghwih dndtuunbtpp.

I. Coyhbph ptnpbd. Ludur be
s 2 wowlgph Upunduwdp e L3
dupdp pobpghwh dndsurnp huw-
uraun ¢t G HEbPGPUI Y60 <‘
] wiglnn qriquitio 7 wruwig- | f
& Gjunndusdp hatpghup dnde-
P gudwwe umy wauwlgpdbnh /-~~~ — —
ol ¢ hbourinprprul puwnwiyn - )
i L dupdlh m quaguwen wp- Y 79
vunpran

/=I.*MI}3 (46'”

Unpwsgryg Qpblp dwndbh hobpghusgh dnkbunGtng Z L 2 qruquihbe
wawlgplbnh GYwudwdp (LY 7.9).

! =§:m_l.tf +¥) L= Zm,( v+ (46.2)
Oquybiny m, quibqyuwény dwulhyh YnnpnhGwinbbph Lwughg
x=x. v=y~l (46.3)

Luntnwnpbiny wyl (46.2) nud, Z wewigph tywundwdp dwpdth hUtpghwih
dndlunh hudwp Y BE0wGp

1=Y"m[& +i5,+17 =1 +m +2AY "m3.
Upuntin, hwzyh welting C hwiwywngh (21.6) Y my = 0, hunymip-
MO . Guinwbwlp (46 1) pwliwdlp

BEnrtdl wwwgnigywd b
Gpt dwpdhlp hnd t, wpblp Onwlnd Gpp pw2iuwo b wlpbnhwan,
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www hwpdwp t potipghwh dndaGuh hwydwl pwlwduud gnidwnhg
wiglt] hGwnbgniwl Wn Lwuwpbint hw-
dwp dwndhtg dwndh tpnbnud 60 wwp-
pwywl dm quibgyuwébbpny dwutph, npnG-
ghg nunwpwlyninh hbpghwih dndbGung
unpnzyh
dl = rfdm (46 4)

pwlwdlny. npuntin r, 0 dm qulaywény
wwnph howydnpripgulo ¢t nhuwipyym
wnwlgphg (047 10y Jwndbh (phy hGtp-
ghwih dndbGup vnwlwint hwiwn  wi-
hnwdtan t gnudwnt|, viwy nbiwpenud hownegnty, winnhywoé pngnp wwn-
nbnh (46.2) httpghwih dndGOLLLNQE.

I= jrjdm: (46.5)

Ly 710

Ubwypuhy bnwlwyny JwndhGutph hbnghwh dndblunlbpp Yuwpbh
t hwayb| dhwyt wwnpqugnuyl nbwetnnd w unynpwpwn hUwpwynn t
Yuwunwnt) hwdwsuwh dwpdhGobnh hwiwn: UGuint dwnpdhbitiph hGbp-
ghunh dndblunlbbpp Gwnbih t hwpyti Ywd pwhl hunbgpdwl dhengny,
Yud npnti thnpdny
PoGnghwih dndBOwh hwydwlb (46.5) pwlwdlnd bwpdwp ¢ wigly
puwn dwndGh # éwyuwih hGunbgndwb, oquiytiiny quibquweéh p dwyugwpt
Awnnuppul b dm —h Guuwhg
dm = pdV . (46 6.

npubin g0 dm quiiguwoh qeuntigmud dwywi b, Yuurwiwlp
I= I;‘rfdl’ :
)

Cunhwuny nbwpmd dwpdonid quibgywoh pwfuntdp Yuipnn t (RGk
wObwdwute: Wuhlpl' uwnmpgymlp Gwpnn t wiudwo |hat; ynnnnhGw-
wnhg. Gwdwubn JwndhlGbng, npnGp nhunwplbim bup, pungewanymd Bl
G hwwnwunnui wndbpltpny:

Geb Jdwndlh quigyweép pwatudweé t hGs-np dwitnunueny (RHRGN:
utn, pwnwORlLN), www hwpdwn t UERONOt| Quigywdh dwltniumpurt
g op
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dm = ad¥,
L oguyt| hubpghwh BndGOwnh huwydwl
1= [or dy, 46 9)

pwlwadlhg. nnuntn di-0 dwitpunyeh wnph dwitnbub b Yeppwwbu,
Gowl s Gandmodunip

dm = tdl (46.10)
nitpghwih Undblunh (46.5) pwlbwdlp YoknmGh hewnljw| Lbup.
= '[rrfdl, (46.11)

npubn d(-p gdwhl vwnph Bplwpnieimbt ¢ U pwOwdlhg hwpdwn t
oquyty wijl dwpdhGltnh httnghwih dndBlunlEng hwaybihu. npnlgnud
mpp pwludwe t hbg-nn gotinh Gnlwilpeny (8nnbn, (wnbn):

UunwlwGp hobpghwih dndblunh hwydwl hwidwn Ywplnp dh wel-
el Ypw hwdwn gnudwptGp hGbnghwh dmitlnh pblqnph woynt-
(wqdwihb punwnnhsGbnp.

1,+1, +1, =22 mr?, (46.12)

npubn
0= mr’ (46.13)

Sonumnilp yngdnud ¢ yeuh Hpundundp dwndih hobnghwgh Indbow
UGniuwugtned t dwpdhGp uqdnn Swubhybph quigqyuwéttiph L O Yauhg
UpwOg herwdnpruenilbtph pwewyniuhGbnh wpunwnnp Goph gnudwpn:
U pbl sh dunlnud wyununwywt wpddwG nhlwdhiwh nnlt hwywuwwndwl
0%, Lwlwi0 twwybu hbuwglnd t npnp nbwpbnmad dwpdhGlbph pobp-
ghwh JndtlLunbbph hwadndp: (46.12) walimpimbp shaun b whln dwndOh
pwiugwd O Ybwny wiglhnn wrwlgplbnh OYwwndwdp hwyuwd hibn-
ghwh Jnisanibph hwdwp, Jwubwynpwwtu, htepghwh qiluwynp dn-
Suunltph huwsdwn:
Wadd Yhpwntip (46.12) pwlwdlp Mwe hebnp hwdwn, nnl aGLwd t
XY hwppnigpulb dbg Mwng t™ wmn nbwpnid 2 = 0L @ = 1, Lwdh wnltiny
W, (46 12)-hg Yuunwlwbp
I +1.=1: (46.19)

Cunhwlmp nbwemd YupBih t gnyg ww. nn/ -1, > 1,
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2. hbbghwph dndtbunbbph buxfiwh oppbwlbip:
ZQwdwuln dngh pblpghugh dmitbuap \aulu nnntlp dnnh hibnghwh
dndtbuwnp Upw A Swypnd  wlglm

7! 'z moqwhwiwg Z wowlgph OYwn
dwdp (GY 7.11) Muntblp X wowbgge

. dm dmh Bpywiipny. Z wewlgehg x he-

. A ——— + nuynpnipil pw dm qulqyudny

4 x € & 1 X  wwpph hibpghwh ondbbup Yhoh
RET di=x'dm {wadh walbing, np dm -

fm:ydx. npubn m -p dnnh quibqywol:
t. / -p° GpywpnieiniGp, Z wewlgph Ghwuwndwdp dmnp hGpghwh WndGlunn
bwdwp QuunwOwGp
c o ml
,‘:TL-‘d‘-T. (46.1%
hubpghwih Wbunpning wiginn 7 wewlgph Ghwundwdp dnnh hibr-
ghuih dndtGunp UnnngbGp, ogutiny Cunbjitinh ptinntidhg.
I,=1,+m(/2),
Npwnbnhg’
L =ml’12: (46.16)

Maqubygmb badwukn phpinp hbipghuyh qpiunjap davbbubinn
Bhebnh hUtpghwih Yblwpning woglhnn Y qiiuwynp wewGgph Llwundwds
hGepghwih dndtlunp hwaybint hwdwn wnipnhtilp phetnl wn wrwulgphl
qmuquuhtn dr (wjunpul dm quibqywo nuitignn 26nuntnh: Rwlh np U
25pwnh papnp wipppg dhulbnyG x heewynpripault yrw 60 Y wowlgehg
(04.7.12). www Gpw htbpghwih dndbluh hudwn Yupnn BGp gnty

dl, = x'dm = obx’dx: (46.17)
Upunbn bwadh welybg dm = obdx puwl
8Lp, b & = m/ ab -6 phabinh quilauusr
duiybpunipwihl funnipuGl £ PGunbgpbing
(46170 -a’ 2,02 uwhdwlbltnpnd, Yuuou-
Gwbp

l.=ma’ 12: (46 181

Ldw duny’




1, = mb :12: (46.19)

Wwwnblp. np phetnh X L Y wowlgplbnph Gywwndwdp habpghwih
quwynp dndtOwniEnp wpuwhwy-

wynd 60 hwdwuee amnh hitp- 1

ghwih g(luwynp dndtGuwnh (46.16) "Y

pwlwdling  BhetnhG ninnwhw- ‘\ :
wg. Gpw hiapghwih Yebupntng \X - X
L]

wbglrm  qiluwynn 2 wnwlgph ’ /
Gwwnowdp  hispghwh YndtGup 3 X lj
wlwlp  (46.14)  pwlwolh \] 2
oqlnEALUP. Ly713

I/, = mia’ ~b*)y12; (46.20)

2udwubn quubh hbbpghunh qluadap doubbublpp L nnntlp
quwih htbpghwih dndtbunp A hhipny wigbnn X wewlgph GYwundwdp
(47 13). Uunindh winnhtlp quuibp & hwunnienil b dm = pxR'ds (p =
m R 1-p QuigqUwéh dwywiwiht nnmpmiGs t) quibgweé nltgnn pwnwy
wwywewyotph: {wiwdw)i Cunbjbtph pGnntsh
di,=dl +zdm= (R 4+ )dm:
Powbgnbiny unwgywd wprwhwinnipiniop 0/ uwhwGGbpnud,
wnwbwlp
I,=mR*i4+ml3: (4621)
Lnphg oguidtiny Cunk)itnh gtinpldhg, YmOtowlp quth hbbnghwih
quwynn dndtLunbbnp
L=1,=mR*/4+ml’ 12,
I, =mR’'2:

Qunfmukn gigoyht pugubeh b qhnh pbkpghunh ghrauynp Unutbnbl-
ap: 36 gunwihl pwnwlph U pE’ qunh hitpghwih gluwynn YndkOwnltnh
Pwiwn niblp

(46.22)

=1.=1=1:
Un nbuypnd (46.12) woalgnippnlp tnwihu b
l = Q‘G. (46.23)

anunbn ©-0 hbpghwh Wobwnpnih Ghwurdwdp hutpghwih dndtOwn t:
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QUnwhG pwnwbph hwdwp w)jl hwywuwn t mR’ .
= -f-mR : . (46.24)
npuntin m-p pwnuibeh quiigywét t. R -p° 2wnwyhqp.
QUnh hGtpghwih dndblunp hwgbyne hwdwn wib wvpnhblp & hwe
nnpjwb pwnwipltnh, npnlg quilaywotbnp YnpnyYtl
dm = pdV = pdnridr

pwlwdlny, nputin p=3m 4xR'- qinh qulqywéh dwyuwiwihl fuwnng-
JulG t. r 0 vipnhywo quAwhi pwnwbeh bpphl wewdhnp: Nupbul

CE ‘[‘”r’dm =imR*: (46.25)

Stnwnpbyny ytenehlu (46 23) pwlwdlnd, YuurnwOwip hwidwube nné
qOnh httpghwih qrluwynp dndtOnh wpunwhwpunngenlp
1=ImR. (46.26)

§47. 1PV UUCULP 2Ure TUNdmut

1. 2app updvab fhbbvwanpiwl NMundGwubptlp 2 hwnpniguwl
Jdte @ wwwnybiph wpdnidp’ £ hwppnipjwlb hewn huwwywd wiwnd K 4X
-nd @ wwwnlytnh nhnpp dwiwlGwih guwlilwgwd wwhht Jhwndtpnntl
Yptnmpwandh Gpw Ywiwpwlwt O yeuwh r. qwrwyhn-ybyuinpny L wn -
wny vwndwo nplt OA hwunywoéh X wowlgph hew Yuwqdwé o wiyn-
Ony (04, 7.19) SBunbwpwn Awne pwnomdl odnywé ¢ Enbip wquinneaul
wurhswiny L bpw pundduwl ontlpp unngh

r.=r(). o=ol) 477
weGynpnLtopny:

Cpb & dwiwlwynd OA hwunywop wwuwndh de wilgniiny. www
0Nyt wolywip uuuyh wwnltnh dow nwnwe gwllwgws ghd Ul
wtu np @ wwuwnlsnh wunndwl dp wiignibp. heubwpwn Q wignbwpl
wnwgninip, wiywh BU O L A Wewntnh puuinpripmilhg

NPNGip @ wunnitph -pn Yhnh v, wpwgnipmlp K' hwdwywnamd
Umn Gwwunwyny uwtlp @ wwuwniginh O 4euwh hawn ynnpnhbwuintph XY
wewlgpltin (K -hwdwlwng) wibwbu. np wwwnlsnh 2wnddwl phpwgpns
Gpwbp dhun Jowl X'Y' wrwlgpltphG qraquhtn (G 7.14): UuhGpl XY U~
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npnhOwwwihl hwdwywpgp Ywwwnnad t
0 Wnh wpwgnipuudp hwdplpwg wp- .| 4
ond- Un ntwpnud Ybounh & inbnwihe- ¥
papenitp P hwppripiwG  Ghwwndwdp
YobPywjwgyh wiuwbu

dr'=dr,+~ dr. (472) fr
nputtin ar. -0 K hwiwywngh hwdplpwg
pandiwl inbnuhnfumemOG t. huldr O
wuh woqwdhnjuniginiip K -h Ljwun-
jwip: Uybhwn t. np K-h Ghwuindwdp )
ynh howpwynp 2wndnuop wungunlb t O
Jownny wiglnn P hwpenippwlo ninnwbhw- O T 14 v
wg wowlbgph dnunep. '

dr =[de r]. (47.3)

Pwdwlbiny (47.2)-0 & -h L bwdh wnbbind ybpeht wpunwhwjunne-
anulp, Yunwlbwlp

v=v, +[Qr]): (474)

Nipbidl, whon dwndOh wpe 2wpdnidp dhaun Ywnbih b bnlupuglty
anwtu Balm 2wndnudGbph gnudwn. Ubyp hwdplpwg wndnud JwpdGh
Jwlwpulwl O Yewh wpwanippwdp, Yinup wunyn O Yewnny wlglng
wnwbgpeh 2nne:

Uybpappanhb wmubgge UdbinG. gryg nnwlp. np whbn dwndh hwne
unonuip cwlwlwyh guilwgwd wwbhl Ywntih t Gaplwpuglt) nnwbu
N ol pundmd wprybu Yngduwo wylpwnpwiht wowigph
2ning P wwpptprienl whin dwndbh wpubw) awnddwl, nph plewgpmid
woundwl wewbgpep dhawn Yuwwywé t Swpdbh dhlonyl Swubhyltph b
b mbh wihnthnhu nhn, hwne L qunwihl awndnudbtnh nbwpentd wylpwn-
wihl wewigeo Ywnnn b wipbnhwwn thagdnfuti hn nhpep hijwbu wMw-
Onuppul B9, wibiwytu t| whin dwpdomd: ULGLRwNRWND wiuwniwh wowlg-
20, UmjGhul. Ywnnn t qunlyt whin dwnihg nmm

Uytpwnpwiht wewlgph gnnipput yvwuwnp hnbnud t (47.4) pwlw-
g, nnp vwithu t 2 hwpprewl Gywundwde wnwanembobph wylpwn-
MWNG pwturidp whin dwpdGnid: RWGh np dwiwlwyh i wWwhhl
hwiplpwg wnddwl v, wpwgnenlp ShubngLl t pynn Gewnenh hwdwp,
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huy [Sr,] wpwgnembp dhndinfuydnid t Geung Yo pG' dEénIpWUR L pt
ninnnipjwdp. www @ wwunitph Ypw Lwd Opwihg nnupu gnpueynilt mih M
ybwn. nnp unyiw; wWwhpO gunbymd b nwinwph yhswynid.

v, =v. (e, ]=0. 475

nputn r, 0 win Yewh wowypn-deinnpt ¢t O Yewnh Ghwwwdp (04
7.15). P hwpprppullt manwhwjwg. M Ubswning wiglng ninhnp wunundwy
wllpwnpwihl wnwlgpl t Rwlhnp £, L Q. r, L v, . www Gunwlwbp

rg -[Qv,] Q) r, -v, £ (476

UYGpwnpwihb wewlgph 2npg wwnnunp bwuwnymd b oG wilyn:

Ouwht wpuwgripawde hig wpwgnipude wit wunanygmd t O Younny wigim

wowlgeh 2nipgp Cln npnid tnw| wwhhl Jwpiimd wpwgnienilitph
Pw2tunidp P hwnpmupul Lwundwdp winynud t

v, = [QAR,] ERR

optLpny, nputn R, = . - ry -p nhunwplynmn Yeuh awrwyhn-yalunnpit v
ybunh GYwundwdpe (04.7.16; 7.17p). UwpdOnid wpwqugmdbbph pwtunudg
unwbwint hwowp wihpwdtun t pun dwiwlwyh wowbgly (47.4)¢

a=v,-Qr: (478

LY. 715 wy 716
Unwbg uwbph qapdwb yup/mbp: Uuogyuwd wpnnibplbbnp |
PWLEDLR hnphqniwQwi hwpenpjwde R wnwynny qiuwih wowlg uwhe
(nt ginpdwl npuwpymudng (0Y.7.17) <wdwdwya (47.4) -h, hwnentpul
GYwundwip quuih Yudwjwipul i -pn uh v wpwgniginilp. hwywuwn t
Qwih hwiplewg wnddwh v, L hn wewigeh 2mne Quih wWunumiwl wnw
qrupntGbbnh gmidwphl (GY.7.17p).

v =v +[Qr] @79
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nnwan 7 -U e -pn Yewh 2wnwydhn delunnl t ¢ yeuh Owandwde : Unw-
{whp wrwlg uwh&int girpynn qubh v, L Q dEéneynLGERh Ywwp Swn-
nwlwl ar dwidwlwynd guubh hbbpghwjh YELwnpntp Yuntnwwndyh AB :
var suhny: RwOh np hwpenippul hbun gwGh hwynn 66hsh L hwppnipaul
dhel huwpwipbnwlpuit Jwndmdp pwgwywimd t. www AB = A'B=Rdp- w-
sedwuwnbiny ybpehlu Owtunpn wnbimnippul htun, Yunwlbwbp Awdwsuny
dundhGltnh wrwbg wuhph qnpdwl wuwpwip

v. = QR (47 10)

Uu desnipnitotbph dhet hwywuwpnipul gwliywgwd fuwtuunnd

wowe ¢ penntd uwhp nBnwwunngwn, Bk v, < QR. L uwhnud BRE v, > OR
B by pt Uniu nbuypmid uwhgh wnwgripwul JoommgyriOp npnpdmid ¢ hb
iy pwbwdlny

v, = "v - QR (47 11)

L7717 w 4 q

Qwdh wnlbiny (47.10) o L npntiny quubh hwunnuyeh vwippbin Yo-
JEnh wpwanenlbitnp (47.10) pwlwdling, Yuumwbwbp Gy, 7.17g-md Oep-
Wwwgwd wwinbnp. nnp hwnpnippl Gwundwde wnwagnipGibph
wybpwPRWNG pwluntdl t quuibnud. Mwpq Bplntd £, nn WYLRWNEWIND w-
wlgep hwpeneiwl hbw quuiih hwymn 60hsh £, nph 2ring Gwih Wawnbing
LYW wwhhO mibl [2R) wpwgnignuLltp: Tw pwgunpmd t, gt higm
aih gnpynn wihyh yspht swnbpp gbnbh Ghwundwdp dhaw wybih w-
g B0 wndynid. pwl uwnnphuttpp: LY.7.1 70 -nud wwanenywo 60 wih-
M vwpplip Wunbph wpwaniembobpp hwiptpwg wnddwb L wewig
awhph quandwl nbwptnnud:

2 Z2upp supdimb phbunpluwb
Rulh np hwpp wnondt odunywd t
Untp wqwinnigiulb wunhawibing, wwjw :
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wjb YeYwnwagnyh bpbe Lywiwn hwywuwnndbtpny.
ma = F. le=M, @
nnnbghg wiawphlp Wywpwgpmd ¢ huplewg pwnrdmdn. iy Brypnnnp p
abrghugh Wolunnning woglnn wawgph smng . Upwig infu
el ungh t apty bplnnpn husfurawpmdp wieunewhl wouigeh b
wundp e = My
<wnw pwnomd unwnnn dwnpdh (Y hibwnply tobpguwi Gus.
Owlp. et Uhttwnhy tubpghwih pwlwdlnud bwyh welblp wnwgniew.:
(47.4) wpunwhwpngnulp
K=4Y moi «[Qr) «2v[Qr))=
=4m; +4 1.0 +mv [Qr):
Wuwtn £, -0 dwpdh huEpghwh dndsbuwn t O Yhunny wibglnn wnwlg-
ph Ghwuwdwde. huy r. -0 Swpdbh hGBpghwih Gbownpnlh wnwydhn-bl
wnnl ¢t O Wewnh Lwundwdp: Gpd O Yeunp hwdpbyunud b Gwpdth ot
ghwjh C ytbuwnnih hbu, www 7, = 0 L (47.13) pwlwadlnd YEpeht winw
nwnlnmd t qpn.

(47.15

K=4mvi+s/(Y: (714
Uunwgywé wpnynibpp |hnyhl hwidwuwwnwutuwGnud ¢t 8inhgh por-
nbuhlG: Ubwbu nn, hwie aundiwl hibunply tebnpghwi hunfunaun ¢ hu
20pwg L wuwnwlpwl pwndmidoenh yhabunply tobnghwlbnh gridwnhs b
Wi Wil nbwprid et udplpwg Jwnothwl wwgninGp Jwndoh hasp
ahwu Yalwnnnoh wpugrugm Gl ¢ <wywnwl nbupmid (47.13) pwlwdlx.
wihnwdtu t hwpyh well bwl yepehl winwdp
Lwayh wnlb(ny (47.6) -p Yhlbwhy tobnghwih (47.14) pwlwdlng
Yuunwlwbp.

K=dmriQ +41Q° =41,60, (715
npuen 7, =/ +mr - SwpdGh hUbnghwmh dndtGunG ¢ wibpewpewG
owlgpeh Ghwurndwip: Unwgqwép hwunwunnud b wil, np hwne wndni
dwiwlwlh gwiywgwd wwhht wylpwpewhl wowbgeh 2ning dwmilh
qnun wunnwilwl qwndnud t

3. Thly Jupdth ludwpulwb rapdnidp: QunwihG L hwpe Jwndnd
Utnh nwnbwuhpnippul wnymGplenp ey 60 wtwihu winti, N whie
Jwndlh Yuwiwwiwo awpdmdp Gpw npit O Yawnh v, wnwagnipudp Mwt-
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ewg L wjn Yowing wighnn wilpwnpwint wewlgeh 2mpe wununwwl
Awndnidibnh qrudwnG t (Ly6nf pannGd).

v=v. +|Qr]: (47.16)

CGn nprud. Gt hwiplpwg wpddwl v wpwgnipnlp Ywhugws b
Jwpdlh ynw O yewnh pbupnigymihg, wwyw wunundwl 2 wiymwihG w-
nwgnipmbp. hOywtu L hwpp wpddwl nbwpnd, wlywiu t O Yewh pown-
nnintihg Nunbdl. hpng. whin dwndGh wnpddwl AYowywo duknp hwy-
alewg L wpuhw| 2wndmdbbnt 6O

§48. COUUL Mud bt GLNrUuUL dUUuULuUY

Mhun dwndGh girndwl dwdwlwy wwnppepymd BG Bpbp vihwh -
Jwl matn: Wpwlp Ygnnndwl wwhph b gnpdwl apdwlb mabpl 66:

1. Ygnppuwb U uwhph ppuwb mdbpp: et nplt hwdwswth Jwndhl
.gmuln, qub, ujwywnwy, onwy L wyd) nbsbp hnphgnLh Kb a wilynl
auqdnn pER hwpRALRLG Ynw. wuyw wib Yuyuh ainnyt; (OY. 7.18): Spb pag
wngnienllp dwpdbh Ypw wqnbn dhwyl etwlyghwih N mdny, www wi
owapnipaul mg nudh htun shwuhl SwpdGhG hwiglpwg wndmidny Yuw-
reglbn GEppl” wewbg wunnuywn hwnnpnbine. Puywiwbu, SwndGh hGepghw-
f C yELunnbh Ghwuindwdp NV U mg nudbph dndbbunltnp qpn BG. heuinlw-
awn C ytnh ohwuwndwde JwndohG ugnnun hwnrnnby 360 Gwpnn: Niptdo
swnenieiwl Ynndhg glnh Ypw wqnnud t Lu dh nud, nph dndbbunp € Yeunh
Shwwndwdp wwpptn t qpnibg. Y gnndwl F, phdwl mdt ¢ npp L w-
auwhnynd t dwnpdh wewbg uwhph ginpnudp pER hwnpremLiny (UY.7.18).
Un nop nwnwnph apdwl moh wpunwhwnnmos ¢ gnpdwl nbupmd,
p hGgwbu ghunblp (nbu §28). Ywnnn t plnnilby wpdtplbp' 0. uN dhow-
upnid: C0n npmd  pnupupuiGymn
LAhynpbn newemd pinmmd ¢t wjb-
whuh wndtip. nn pwgwlwjh wwhpp N-
hunit, nw wjt nbwpnd. brt wnww-
b ginpan nudp sh qEpwquignud nw-
rwrh wrwytlwgnyl pdhdwo uh ndp
Quywowy ntwpnd Jwpdsth gunpAwip
nintygdh uwhpny., nph plpwgpntd |
dwndih  dpw  hwpeniprul  ynndhg wy 718
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Lwqnh vwhph ahwl midp: POty hwdplpwg wpddwl nbwpmd. w);
npynud t Snini-Usnbunnh opblpny.

F, = uN: (48 1.

Ggnmdwl 2wl mdp duwdwbwigh @ualpugusd upuhhG Yhpwmjusd |
duwndbh wibpwneuhl wuwdwlh wowlbgphl b Msutiv nuwnuwph apdus
mop wpfuunuwlp sh purnwnmd: Uty np. wyb totpghwh puwGuony
npLt nbn fuwnuy b Yupmn:

Ugnpndwl ahdwl mdls wnwowbmd t. Epp dquinid BGp it
qinpyrn dwindh wpwameniop UWiwbtu np, hapnhgqnbwlwl hwppnejudp
hbbpghwind qinndnn dwnpdhbp gnpndwl Moh wqabtignpwbp h Ghewnl
gh W 718 md pendws ophOwytepmd ygnpndwl ahiwl mdt wowpw
Omud ¢t N mg hwdwqnph 26nphhy Npntlp win nidp' Oqunytlp dwpdte
hbtnghwih WEowpnUh Jwnddwh U hGepghwih Yeounnning woghnn wewbg
ph Ghwundwdp dIndtuunibnh

ma_=mgsina-F, l¢=RF. (482,

hwyuwuwnmiGtnhg L wewig uwhph qinpdwl v, = QR wundwbhg. nph pus
dwiwhwih wdwlbgup tughu t
a =€eR: (482
Lbnywpugywo hwywuwnpnidltnh (48.2), (48.3) hwiwlwpgp nwihu t
nhuwpydmn wpddwl uwwehy bhwpwghpp. Wnpwbg oqUMARLUR L
Owlp dwndlh pGbpghwih YeGunpnth wpwqugiwh L Ygnpnowl ahdwd
nudh hwdwp (nidnstbnp.
mgsina F - mgsina
-1 mR l+mR- "1
Uunnwgyusd wnrynibpp haun t uwhph puwguiwmppul nbupnd. b
F < uN .npp (48 4) - hwjwndwdp vwihu t

1ga s u(l=-mR* 11y (48§

Wt tbd ptpntpjwip hwnenigniihg ginpytiihu uwhpl wlunuuat-
1h £ Lywunblp. np (48.5)-0 hwdwwwunwupuw( hwdplewg 2wpddwb wwr
dwlhg vwuppbpymd b thwipugdh wpunwhwpnnegwdp, npp Ueo t dtyhg

PEL Ugnnndwl amiwl mdbpp 60 pbpnld hwidwfudph dbfuwbhiw:
Qul taapghwin bndnipG hnfuwnliwlp, Lwlwit wewlg win Mot
wOhGwn t pplwwnd hwdwyuwngbph (dwpnywig, YeGnwihtbph. dtpt-

a = (484

216



Gwlbnh U wy0) 2wndndt m wpddwt nelwywnndp: Uunndbpbiwb nu-
qwnh yhdwihg «uwhnln wnyymd t (wnwbg wihyetph wnbnwwunngunh.
uwhph) 20nphhy wiywnmqbph L Swbwwwpbh dwdynyph dhel gnpdnn
YgnrtwG AhiwG ndtnh: Wn plpwgpntd bluwGhywwt wiwnwipp
Lwwnwprd B0 2wndhsh Ynndhg quipqugywd nidbipp. npnlp 2wnddwl ke
50 nimd dEpblwh wipmg dbhuwlhqip L wuwunnud woywnnnbpp: Mwp-
quuwbu Ygnpndwl ahdwl mdbph oqUmerude whdwnnntiph wuwnwywl
wpdnudp hnfuwpldmd t dbpbiwih hwiplpwg awpddwip U Omjl nbnp
qupm 60 Ywuwntg Gwl vwhph 2hdwb ndbpg wohyGbph wnbnuiwunmy
nh abwpnud. AQ. Lwlwi, mnblgym t dbhuwlhulwl totnahuh nhup-
wwghuyny:

2. 2nppqobmipmb hoppoppunlp dapdbp vwblmy qoponp: Awps
mwiplpwg L wununwywl awndnudbtinh pbpwgpntd wqnmn uwhph 2wl
ndspp wnunwhwipnydmd B0 Onto (48.1) pwlwdbng. uvwywil bpwbg wqnt-
e lotng 2wnddwl GYwod nbwptnmid Lwpon GO twwbu Lwpptnpyt;
Uwhph 2hdwl mdp dhawn wpgbjwynud t gnpunth hwidplpwg 2wndnudp,
Petuwntiny Gpw (phy Yhotwhy tuEnghwb pbpdnerul (wlh np gnpumh
uwhpp YGpwlnd b pw Ywbquneny). Gnnynng dwndohl uwwhph apdwi -
ap wpm ¢ hlswbu wnqbuwty. wiytu ) wiwquglly Opw huwdpleusy
aupddwl punwnpfsp, Bpyne nbwpnid b dnfuwnitiny dbluwGhywpul
tpghwph dh dwup gtndnippul Upuunnbn uwhph nidh wqnbgnipmiip yb-
mwind t hwppnieul hbw dwpdth

v, = v, - QR (48.6)
wuhph wpwgmpul Ytpwgdwdp (v, -0 hobpghwih YaunpnGh wpwame-
b0 t). nphg baun dwpdhOp wpmbwynd t v, = QR wpwagnupudp wrwig
wwhph g nnnudp, wewg dEhuwGhuwlws tsepghwh thndhnjuntppul

Epb hwiwuw dwpdhGp wwnuntlp hn wrwigph 2npep Qo wilym bw-
G wpwgnippudp L wewlg htepghwih WlunpnGhl uiqpiwluwt wpuwgnt-
ppu0 hunnpntinl n0GGp haphqniwwl hwppnipAUG Unw, www wil Yuluh
qinpyty (0y 719y Uygentd dwndhGp Ylautmwph inbnwupnmun, BGpwnyyb-
(M} wuhph 2wl nidh wqnbgmpeuutp (GY7.19w): JdEnpehbu woplmhwun
Wbéwglh hutpghwih WbGupnGh wnwaniemlp L Yodwabglh upnundwl
Wiy Gwphls wpwarintGp. pwih nbo v, < PR

Qudwbdwl Gplnye tnbnh YnibbGw. Bpb swununynn JwndGhl hnphgn-
Ul wnpnipALG Yrw hunnpnbp v ubqplwlwl wpwqneml: U
Aypnid ahdw( F, nudp LpOnnih v, -h0 hulwewy minnruent0(0Y.7.190) L
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uy 19

wipGnhwwn YoYwqbglh wil. 0béwglting -0, Unphg pwlh ntin (484,
wwhp 3h Ytpwgti . Lenbwaugywd bnynt 2wndmdbtnp bhwpwqnynud 6
mﬂrﬂ-‘,. ) Qﬂ:.RF, 48"
t Codt
hwywuupnudttpny. npnognd we Jwubph Ytpht GpwGibnp hwdwyw-
wnwufuwind B0 woweht nbwphG. huly vuinpht GwbGepp” EpYPNAnhU
Andwé hwywuwnmdbbphg haunlmd £, np hwdplpwg L wunwyw,
2wndiwl wpwqnipimbitpp dwdwbwyh plrwgpnid thchntudmud B0 qdw-
jhG optlpny (Unwgt'p npwlp) Upwnwpubing (48 7) hwywuwnpmdbbnhg
wwuhph ahdwl nudp. Yuunwlwbp
myv R~ [ Q= const (4814

wuwpdwlp, npp hnphqnlwywl hwppnigpude ginnynn dwndhbGbsph hwdwn
&hawn t RS’ Lwhph wnuyntpjwl. L pE' pwgwilwntpjwi wwpdwitnnud

Uwhnil Swbwwjwphh pw nnpuibuwnpunp uapniy wipgbiwibgni yue
wpwagnipnuh hunnpatine hnpd Yuwuwnwnbihu wewowlnd b muuahs
ynsdnn bplnyep: Uwhph wwipdwGobpnid Swlbwwwnphh whhwpemipnil-
GEno. wywnnnmntiph ng dhwunbuwy Swqwdnignilp. dwhu L we wnqbjwy
G6ph wluwunnwlbph L wiohyitph Ynw pbotwynndwl wihwdwywhnpyn:
0p Lnnwbuwynnpuinhl ninnwadhg wewbgph e hunmnpnnud GO wwnngan, npt
wnrynipntd wil nuwrtnid t wonbywywntih:

3. Mpapdwghwbiph hurnjunnidp {apdwb pihmdp:

Uh,L widd gynpynq dwpdhGp L hwpenueinbp hwdwnyty b pugun
dwl whin L wpnwidwnhyty Upwlg nb$npdwghwibng: Uin wwdwibtpnd
hnphqnOwywl hwpeniwdp ginpydnn Jwndth hwdwn unwgywd (488
pOnhwGngn welbsniginiuhg htunbndd t. np SwpdhGp Bpptp sh nwinwpbglh
bn qinpudp. et hhwpyt. hGpGtnu jwpabiwiblp wil: Uwlws dhnpig
dhunnnid b wpu wpngibpp. hnphgnbwlwl hwpemiepudp qinpynn dwndhle
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muny Luilg b weGnid. Up hwiwuntpiGp griug b uwihu, np SwpdhGleph
powlwl gnpnudp nhunwplybihu wihpwdtun t hwdh welGty GpuwlGg L
nwnenieaul nEdnpdwghwbtnp:

Awpqnpjwl hwidwn hwdn welblp dhwit hwpenippul nEdnpdw-
ghw(, qinynn dwndhlp hwikupbing pwgwndwl whin:

Wy npuwunplplilp hwuneneput wowdqur
i pbpnnwghuiitng: Snyg nwlp, nn (48.8)
wanpni0p hnphqniwlwl hwpemippudp YwndGh
whtyny Ggnpdwl plpwgenud wiplnhwun Gdw-
qmd £ (0Y.7 20)

ALdnndwgyuwd dwiytplngeh hbun dwndhlp
dwiwlwlh gulywgurd wwhhlt nfuwgnnd t
mydwl npnawiyh Jwybipbuny. dwppmpjwl ynn-
g dwndlh Ypw wqnnid 60 ahdwl znawdhnn L w720
swhghwh Gnpdwy mdtipp, nonGp pwfuqwé B0 wipne hwdwl dwyb-
ey Unwoquiywl ntdnpdwghwGbnh abwpnid nbwlghwih mdtnh
pwaunidp ¢ Younny woglnn vinnwdhg wawlgph Ghwudwdp Whih hw-
Jwun. wibwtiu np, GpwGg hwdwqnpp Yubguh dwndGh hatpghwih C Yko-
apnny L ghwiwyzeh swlpmppul ndhl. Gwqdtlp nuhnn ahdwl
ndtph F hwdwqgnnp (Y. 7.20) L gptlp dwndGh gnprudp Dhwpwaqpnn hw-
Juuwnnidotipn

mi =F. 1Q=-M (48.9)

Wuwnbn M -0 dwlybpunueny pwluwd thidwl ndtph gmdwp dn-
3600 t, npp dbé ¢t iiwl hwdwgnn F nudh L R wewyhnh wpunwnppulhg.

M. > FR (48.10)

Pwqdwwwnlginy (48 9) -h bpypnpn hwywuwpmdp F/M, -nd. GBpl-
oeap R -nd L gnudwintind hpwp, yuunwbwbp

4 mr-108 20
da M
apawd, hwpuh wrbbyny (48.10) wwdwln. UnibbOwLp
i(va+l_Q)<0. (48 11)
dt '
e L wwwgngmid b den winmudp Nepbdt, bwppmpuwt wnwdqulwl nb-
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sondwghwh hwywendp pbpnid £ hnphqnbwywi hwpemppwl Ypw we
htyry qoyndnn Swpdbh myR + 1.0 S6ONIRIIG dwidwlwlh plpwgpnd Gywe-
dwlp: Vwywl nw h pwgwuinpnid ginpynn dwndbh Ywbqguep, pwih mn
uwhph Ybpwgdwi howy wihtunwimd 66 Gwl uwhph ahdwl nidbnp Uy,
wwhhg uyuwd (48 8) dEONERUL wndtpo YUbw wihnhnh

Uiwibu nn 0Glp wpranbn gnnd niltup dh Gplmiyeh hbun., Ml wew.
ewglntd t qinpynn dwndth totpghwh nhupwwghw Gmyohuy vwhph pus
guilwnippult wwipdwlbbpmd Yw gandw shmdo ¢ npl wnwewbngy
dwndlh b hwppniprul wywwny nbSnrwghwibnh wunsdweny

YwrwnlptiGp JwndGh gnnndp wyunanily nEdnndwgynn hwneneaut
Yy (04.7.21); U nbwpnd SOwgnpnuwiht nsdnpdwghwibph hbunluwi:
pry dwiwlwyh guilpugws wwhhl qinpynn Bwndhlp MupenerUG Ym:
dhg Yslpwnlyh hp hbbpghwih Yetupnbny wiglnn CO wnwlgph Llwe
dwdp wihwiwsuwah pwtuwéd mdtph wqnbgnipaulp COn npmd win n-
dbph pwlumdp wilighun t. np Gpwbg O hwdwqnpl mGh Oy 721 g
wwwnytnywd nbupp (P00 ninqwidhgh bt th wpnn hwinybp C Yeong
guwd qulidmn Yaunnud, pwlh np nw Yhwigbglh nnpdwl wpwqwgdwln:
Up winmiop Yuuwnwpydmd t hnndiwyuwt thwuntpp pwgwuanpbine bups-
nwyny L hwunwunywd st wwuunhy nbdnpdwghwbbph jwpnudbtph aplt
wnbuwuwb hwqwpyny: P nbw. @ hwdwgnph nbuwlpul hwdwnyp G
Quintdu wyqpmOpnptl wihGwp t uuwpt), pwih np nbnLy pwdwmup r-
untdbwuhpnppul 360 S0pwniwo L 160 pwgwhwpnywd dwdwbwlyg pl-
pwgprd hnhnfuynn ny wowdquiywi nbdnpdwgynn dwndbnid jwpnd:
Ph pw2iudws opblpitng. <wdwgnp @ mdh hnphgnbwlywl pwnwnbyg
dhoun nunywe ¢t dwpdth wpddwbn hwywewly GSopwnpymid ¢, np wi

' nmlh nhuhwwuwhy pompe. Um mor

nelg qnndwl apduls mdh ¢ Onrd
Owiluwl v GEph hhiwl Ypw B
pwywgynd t. np OC minnwdahg ¢
ndh Ghpwndwl Younh s bndwl sur
o bwhudwd gt R awowyhnhg L wi-
hwitdwun ngn GpwGhg Pwgh wy.
OC minnudgh hown  Yeyuinph hwu
dwl Yswh onmidp € Leunhg Jor
spht b Ufiwgeu np
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mg = Qcosa = (),
F.,=¢sna«ua= Q—';E.

nnunbnhg
s
F. =—mg: (48 12)

Onnpdp gnug t vwihu. N gnndwl puhdwl gnpowihg ynsydn s Jtomp-
ulip qupufwo ¢ dhuyl dwpdth b wpeniepul Opeh inbuuihy: Wwuntp,
nn h twpptpniints uwhph ahdwlt gnpdwligh. gdwl apul gnpdw-
gl ruGh Eplpunr prul sushmuipubm e G

Qnpdwl apdwl nidh wihwibdwun ghinpp t uwhph hdwl mdhg L
uwhph wwdwootnnud wib dhaun Yupbih t wpbwidwnphb:

§49. 2NLUY: 2NLUYP UQUS &N&LC

ywlp (ghpnuynuy wipwg upnundmn dwndhl L nph upmndwl w
owlgen lupm ¢ wquan Grndlnpnpyby uwwpudmpuit dbg: <mwiygh wwn-
quanu ophbwy ¢ wpwg wuwnydnn hnyp: <npwin, hwunlwwbu bpp wio 6e-
puplynud t wuwphl nudtiph wqnbgnipulp. Ywnnn t Gwunwpby wowehl
hwpugphg wluywubih L tnumophlwy pywgnn awndmdbtin: <nwigh un-
dwl hewn wwyws painp win EpLmpobnt wnwgt| B0 Aywluho k-
et punhwinmp woywimuig

{nwiywih Bplnyplbnp 366 twpwémd Mot Gwl wnndwywl huw-
dwywpabnnud, pwih np Gpwbp GmyGugbu odunywod B0 AinbdPwihl wnd-
GO Y utwilpuG (yhluhl) Pdwnguh dndsGntepny: haun t. npwlp
whwnp t nhuvwnlyt) pYwinught defuwlhauwh optlpitpny, Lwluw)t gn-
et nGp 0E6 GdwOmnipml nwuwlwt L pYwluwhl hngwlpuht Gpl-
nupltnh dhele

Qnpotwywl L inbuwlwl 066 Lawbwlynipiul MGh Awdwsurh hryus
& nnh bpyPwswhwlaut wowbgpp Ungdnd b Aywigh wowlge: Unynpw-
mup hnjwyh wewGgph dh Yewnp (homd t wGwnd. nnp Ungdrud ¢ Aaywigh
Wothul Youn Cunhwlbnp nbiugpnid hnjwiyh wpdnidp GephwpugGnud t Bp-
W wndnudbbph gnudwn heGdwG Ybwh pwpdnid L wn Yewnny wbglnn
wilpwnewiht wrwlgph nipe hnjwih wwnywn, UnwhuhG t. ophGwy.
unuih hnjh awndmdp
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Npwtugh hnwyh wewlgpp Lw-
nwonpwl 3t Gwnnqwlbw pinnt
Gwdwpulywl mannieginth, hnpwyn k-
nwynpnud bU unnulbughl wufungniy
W, 7.22-nud hrqwys wnwbgpuwung
wonpwgywd t AA° wnwGgphl. nng
Yupnn t wqwuwn wununyt BB hnphgn
Owlwl wowbgph 2nupep. huly Usnehiy
t1 DU ninnwahg wowbgph ninep Rn.
Inp &nbp wrwligpltpp hwuwynud &6 0
wumd, npp yngynd ¢ unpuiuwps
(rufungh  WbunpnG: LWl hnjwyh
wndntdl oduindwd t tpbp wquiunie
Wi wuwrhswing L UbpYwpugunid t O wlwpd Yewnny whin dwpdlp
qUNwhi wpdnid. U plnhwinip nbyypnid 2 wym bwiht wpwgnigjuwie
wuwnyn t O Wy wigbmm wibewppwihl wowGgph ning” Qhunk(p
(§45). np wn nbwprud 2 L L eunnpbtpl nubbs vrwpptn nnnrueraLitn
(0.7 .23): dspwoblp wn Ytyunnlbpp hjwih AA" wewigphl qmguhta L
mnnwhwjwg pwnwnphsbbph.

L= L4+ 1.0, (49.1)
nunbn /. 1, @ Odwd wowGgpibnh Gyuwundwdp hnjwyh habpghugh dndbt-
wnitnG 6O

<mpwilyitph wnbunieput hhdpnid pbywd t Gpw hbGdwt O Yowh GLwe-

dwdp dndbOnitnh hwywuwpndp
L=M: (49.2)

2yurph mqun dodpp: GRG hnjwyh Yrw wannn wpunwphl mdbph gm-
dwn dndtlunp qpn t. www hnjwyp Yniydmd t wgwen: Uquiun hnpwh b
wntjubh dndbOwnpe wwhwuwGynd t.

L= L+ 1.0, =consr (495

Get hnjwih Ywpnwiwiht Gwiungh nwpptp shwgndbbipnud tlep-
ghuh nhuhutughwi witntuttp, www Yuwhywodh bwl Opw phy Yoot
nhy tobnpghwl (§49).

K=(h0y+ 10,02 (494
Pdwyni|uh 8ndbunh wwhwwbdwl (49.3) onptlghg wwbnd bog
U= 120+ 1,4 = const: (49.5
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dJdbppht Bpyme winligmpmLOtphg

nsnlmd £, np wquun hnwgh wpddw 142
pbpwgentd £, 0., huly Gpwlg haun Lwl
i, 1,0, deénemLGEPp doned B0 hww-
owuinnul Bunbawpwip wndiwi plpu-
gend winhnhniu GG Gwb £ L 2 Jbyunn-
nttipny Yuwqudwd a wiigmbp L hajwyh
AA wnwlgph htwn L h yuwquiws B wo-
ulp (0y.7.25). Pwg pwlbh nn L GL-
snph ninnnuejnLip twipwoéntEpul JGe
wingniu b www wqwnn nwyp wiklwplnhwOmp nbuwpd Yu-
quwpmid t heuinbgwy qwnpdmidp dwdwhwih pewgpd O Younny wigom L
4L Q Ybyunptinn hreywlnd pefwyurid 66 nunnmpere60ENG wybugsu nn L
yelunnp uwunwiomeaul J6p Jamd t Jeorppudp U annmperude wihn
dnfu Py 82 Jblunnnp (wllpuineunht uuundwl wowbdgpy U hywlyh A4
wowlgop wunpuwmd 66 L J&lunnnh pmnen qotiny hwduwupunnuniuwous
rwn 2a L 28 quqush wilynbbbnny inwlpwG dutonlnyeotn (0. 7 23).
Wwnwandwé wndmudp Ynsdmid b Aywlh wquan dndp (wpbgbuhw): L
Jeyunnh 2nine hnjwiyh wewigpp L wiipwpewiht wnwGgpn wununydmd 6O
Suinul o woynwht wpwgnippudp (L, 2 Ytiunnpttng L hnwih AA' w-
owOgep Ohawn qunlymid B0 dby hwppnipjwh dte), npp Yngdmd ¢t Sndph wi-
gl wpuwgruepn & Uju npnztiint hwdwp wihpwdtin t 2 -0 Yepuwoby
punwnnhiGbph hnjwyh wewbgeny L L nannprude L -h aannepunde Q-
wntlghwl helg hryw(h snagh « wnwgmglbl ¢ WY 7.23-hg hanlnud ¢t
wan = Ny L pwlh np N, = (L/4)sinB. muwnh

w

Q

) 10

Ly 7.23

w = L1 = VisL - a0y

§ 50. 2NLUYUSPL EILYUS: 21LUYUBPL Matl

1 2opulpuhb EPElpa Ununwphl nidh dndbiunh welwiniprudp hnjw-
¢ aundmadp Ypnud t Y wybih hsunnwpnphn plnge. GLewnnbbp 4. 7.24-md
wwunigEpywd hnwyhlt hwnnpnywed b wpwg wwnngun hnphqnGwlut AAY
wnrwlgph 2npg. huly ALA° Yeubpnud hnphqnOwlwl hwpenippulb Ot Yh-
rwoywd nidwqnygny guiywind hp AA wewlgpp wuwnby nnwdhg
D" wnwlgph ripep. Un nbwpmd nhugmd t wowehb hwpugphg vwn-
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ophlwy pwgnn awndnid hn(wiyh AA* wewbgep dgunnud t wununyt) nnpp
qnlwlwl BB wnwlgph nipep Lkwnwanywd tnlmypl uinwgty t Aoy
whl ¢ PEYn whywindp. npp GEPYwugbnd & wundnn L wuungn
dwndhbotph wewbgpitnph wnddwl twiwl nwppepmripMip
<ywlpuphls EPGng pugunpydmd ¢ dndblunlbnh hwyunrupdus og
Orvpaudp Pwil wit t. np wnwg wuwnynn hnpwlo odundwd t hp wnwig
pny mnnyqwd hdwnguh dmituunny: <njwyh wowbgeh Ynndlnpnnuip vy
pwonpWl dbg nhnfubim hwiwn wihnpwdtaunn t hintuty Opwiny nag
Jwd hdwniiuh dndbownh L euninph nennnueinuip Puy 4epphbu Yuptih
hnfut] wpunwpht rudh M dndtiwn Ghpwetiny: SwpnwipuG dr dwdwiu
ynud pdwgniiuh dndbOwh wisp Ynpnyh dndbOwnibph hwywuwpnudhg d
=Md1, npl nLGh nudh SndbOwnh ninmiptlp: <G ¢ Gwunty, N nhuwwng
ym nbwpnd A. A' ewnbnnud wqnnn avadwqngh dndbounn mnnyuwd ¢ DL
mnnwdhq worwbgpny Ujiwtu nn & dwdwlwymd L dsyunnpo hnpwlh w
nwbgph hbwn dhwuht Yuyuwwnyh BB hnnhqniwlywb wowbgph 2mpe (G
724). npl t| hbOg nhwnynud t thnpdnud:
D

w.7.24

Wwuwntlp. np hnpwgh wnwlgph Ghwnuwgnywéd wunnuup Gauwpnlw:
Yyh wiipwt dwdwlwy. pwlh nte wib gh pbnmbt; wpurwpht ndh i
UEGuwh ninnnpinilp: NipEBG, hnpwywihl tdBYLh 20nphhy Arywih wowly
oo upw L Jsyunnnp) dguined ¢ ponrubty wpuwwphl mdh dnd&iunfh minn:
Arulp. Uw plGws t Al yrndOwgryglibn watuwunwGph hhdgmd

Bpynwaniinp hn dwitpunuyeht qunynn pninp dwpdhGltpht w
wnid t dwulbwiyghy opwiwt wwouynhlt: Ypwinyg Opwp bupwpyymd
nbwih hnuuhu nupnywo ndh dndtiGunh wqnbignippul, nnG t hagwyh( we
wnud t 4endonpnayt) nbiwh hnwohu: <npwuighl YnndOwgnygbbpp 066 U
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nuoneinta mt0 Gwytprid. pwlh np Gpunwqlnh dwqlhuwyws nw My
swybph downwnw hpwih dwqhuwgdwl wwwnswnny Gpwbgmd dwg-
Ghuwluib wwphg oquyt|p nuintmd t wohbwn

2. 2yymbaghl mdip: Wl tdEynh Auvlwip ¢ wpwtiu y4ny-
ywd. hywlpupl mdtnp wowpwgudp Geb wpwg wuwidmn hnjwih w-
nubgpp BpYnt dtiepny v. -v wnwagneiNLLotrny 2pettp Mphqniwiywb hwp-
enippwl 069, wiyw hmywiuihls tPEYh htnlwlpny uyl dguh wuunyty
BB wowlgeh 2nipg: YEnehbu Ywubglbini hwiwp wihpwdtun t dtnpt-
pd wewGgph Upw waqnby nuinwdhg minnnippudp £, -F nudtpny (04.7.25),
npnip L Ynsydmd B0 bmuwyuwihl midbn: Lwuinblp, np Arywipuht idbng
npnwhupwg 60 wawbgph wntnwpwndh wuwgneymin L wafmanwlp 360
rnwped: Upantinhg t wowewg) wiuwunwip sYwuwnnn mdtph pon-
huwlnip wiywGnudp (§28):

-
7 - “

w725

ulpuht mdtipp hwyh G0 welymd Gwywzhunppwt L hUplwphowah-
Gupul b, npnGgnid gnpdmn tibluinpwawndhaGEnG M LimpphlObnp
thuwnnpbl hnjwylbp bG, npnbg wowlgeibpp Gwytiph L huplwphrGtiph
awnpbn Jwpdnuibph dwdwGwy ghngdnfundd 60 hptbg YnndGnpnmdp
nwnwonppul dte:

Llwl nbwpnud wewewgnn d&6 hnjwluwyhl mdbnp Ywpnn 50 2wpphg
ity LuppehGobnh L telunwawndh;Gtph wrwlgplbng wwhnn wowlg-
pwlu0bpp beb wn nudtng hwyh 360 weldwsd <njuiquih mdbnp Yw-
nm 60 pwiwuwuwbu qhwhwuny by hbunlyuy ophiwyny.

2oywlayhb nudh spnpulp Blpwnnblp r wowhn L m quigqywo m-
lbgnn Swln wihy 6 wewlgpuwiuyny winwgywo t pbpL haphqnbwlwh (R
Dlwnpmpurndp) dnnhG, npp Lwpnn t wuunyty ninnwang wewGgpeh 2ngnep
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Oy 7.26) {nphqnlwlpwl hwppneaul nw gipdwl dwdwiwy wihyg
dhwowdwiwy wuwwmd t bp L ninnwadhg wawlbgpubph 2mpe 24 L A,
wiynibwihG wugnie)mulbpny,
npnGg hwidunywunwuuwind Go ¢, -
1, L, = 1,2, pdwnijuh ondtlunitn:
Unwlg uwheh ginpdwl nbwpad 0,
L ), Obompulblbnp Yuwuwywd &g
htunlyw) welynuepudp
Qw =Q.R: (50.1)
Thuwnlymn wndiwl phpwg
prud hdwmyup dndbOwh L, punw-
nphp dGnud t wlhedhntu, buy L 9
LY 726 wuwngmd t Q, wilynbwihl wpw
gnippudp ninnwahg wnwGgph mpep <widwdwilt hnwluwiht ¢t dLynh.
wlhyh wnutgph LBwh wndmdp wiuing t mablgdh wohyp hanhqnbwlwl
hwnpnippuGp  vtndmn  pwgrighy £ bnwwiht moh - wewewgdwde
Quablp wyn nudp Swppwiuwt dt dwdwbwymd (nhy hdwynyuh dndbGup
uunnwOw

dL = dL,= L), dr = L{W2(r'R)dr = FRdr (502)
wé, nputn hwyh wewlp (50.1) websnieinuip L oguiytghlp dndblwnbtnh
hwywuwpnidhg (FR 0 hnjwiwiht mdh dndbownG t) Upnnilpnid £ hnyas
LuuhG nedh hwdwn unwOnd BOp

F=o@=20o. (503
raREY=

tet wihyp hwdwptle uywywnwly: Mpbde, wihdp hwpenpaul Ynpw we-
nnud & hp Y2rhg (50.3)-ny wybih dbs mdny:

§51. 2NLUYP 2UMYUMUH UL ENELC: LMSUSPULLE

<mwquihu tPolinp wnwewginud ¢t hnpwih wewyb) hbuwpnply
wndnud dh Quplnp dwubwdnp nbugpnd, bpp wpnwpht ndh dndelue
dhaun innuwhwpug t hnjwyh wewbgphl:

I. Zuplumpuwlwb dadge Wnwnlip RERL M0 WRWOGRW LW K-
pny wipwgyws bpynt puwGhy Gphg pwnlpugwé hwiwiudph awndnid
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abdwl 0 Yewh nipep (G4.7 27y
Ahgnip swuuymn puhwbhybtnng
wp hwiwunudpp AEGYWE O YWhuwh
undwdp quniynid ¢t hwywuw-
mulzenipjwl dbg: Gpb dnnh nplt N
wunhg bwlublp m qulqywény ptin,
www hwiwpudeh  hwdwuwpwyyz-
it Op Uuwhuunyh. puwdhwihyut-
phg ULLD L2bnyh gwsd. huy dmup’
dtn GnyG Bpunuyep ynhudh. GRE
dmh e purhwlhY e wunblp hwywewl manmemGitpny wib-
wiu, np iphy hdwgniuh 0ndGiunp hwwuwn (hoh qpnt Gel hnjwyh wmwG-
geh Ojwundwip hwdwhudeh (phy hdwniuh dndsbup Kwnpbn t qpnjhg.
wuyw N Yeinhg ptiep Ywiubihu ahudnud t Aundunwlaut sndp ungdnn ho-
w| wndnuip. Arywih wowlgpp Jouwiny hnphaniuipul hunem gl
&, uprimd ¢ hbGdwh O by whghng manudhq wawlgph rningp.
Snéph @ wilynibwiht wpwgmeaul stonenip thndhnfuynd t O heodwo
yunhg ptrh YuiudwG N Yewnh ¢ hbewynprueiniGp thntubihu' Con npnud 7
dedwgniudp hwigbglmud t &nsph wilynbwhl wpwaniprul wah

dnjwiyh hwnyunpuywt sndpp pugwuinpynid t 3ndbiunitnh wyw-
wniwG oqUnippude. Panp. N Yeunhg Ywiujwé ptnp O Gunh Ghwundunip
anndnid b hnjwyh wrwigeh ypw wqnnn A = ¢F nudh dndbGun: WG pOyuwsd
t haphqnGwuwl hwppnpjwi dt9 L ninpwhwiug ¢ hmwyh wewGgeh (.
127 dwiowdwil dIndELunribnh hwywuwndwl, & dwiwbwyntd hnguigh L
yniuh dndsownp yunwlw wpn nidh dndslunng mnndwé dL =Mdr wé
Tw hwiwwwunwuhawGned t haudwb O ysunny wibghng mnnwadhg wewlg-
B 2 hnjwyh wnwigph & wlyaudp wunyunhi.

(Im=#:-‘4-dt (51.1)

wy 727

Upnbnhg hwpywnpuywl sndph wiym bwih0 wnwgnippull hwdwn
wnwbnd 50 hbunbywy pwliwdly.
-9 M _IF (51.2)
dt L .
2uih np wnuwphl ndh BnBhuwnp dhyan ninqwhwireg t L-ho, wuyw
o0 3h unnn thidhinfut YtinghGhu dannup: Ujwtu nn bagwih hdwniyuh
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dndblwnh byunnpp piwpmepudp 00winy hwuwnwuindd, Yuwuwwnpmd t
woyynwht wpwgnippude Wuownwlwh wpdmd mnnwdhg  wnwbgg
2P0 @ wiynlwiht wpwgnepudp wununynn dednmprude hwutrwne
K ybyunnph wowbguu G punn dwiwbwih hwdwuwn t

K =[oK]: (51
npp. ruuuninpbl, wuywgnigby bup (6.7) pwlwdlng:

Swpywnnwwo nsp bwuwnnn Swndth L Ysyunnph hwdwn yepgl

Ghu hwywnnidp dndbUnltph hwywuwpdwi deg tnwihu t

[ol])= M, (51.

nnp (51.2) pwlwdlh Yehunnuwiywt nbupl t Rwlh np (S1.4)-mud proynp |
pbp Yeyunnplbnpl hpwup nuinqubwpwg GG, wyw unwGnd GO (51.2)-0
2mp dodpp: Unnwgywo (51.4) wnOynpimihg wowehl hwnugehg Gu
nnn ¢ pYwi, pb Snsph wiynOwhi wpwgnpinop Ywiudwé t £ L w el
wnnGonph Yuquiwd wilymihg: Uwluwjb nw winwbu 3t Ipwinid yhwdne
Ytip hwpywnpwywl snéph witbwurnwnwéeywes ophGwyh fuwnwihp fr
I 2wpddwl nhuvwpquuwdp (UY.7.28). Yhgnup hp wewlggh Jring B66 Q ud
Wrbwhl wpwgnippuldp wuwwng i mnnwadhghg pbpywd t a witn
Ony: Umn nbwpnd hngh dwlpnigiws map hbldwl Yaunh Owundwdpe unt

néh L -ho mnnwbwipug nudh dndbiun
M =mglsina: (51!
TShunwnisim wnpuywi & dwdwiwymd hngh wewbgph wndniy
Luuwlbwlp

Lsina Lsna L
npuntnhg

" mgl_m_gll

= = : (5161
L IQ

Upuntn m -p hngh quibgyuadt t. ¢
0" htdwl Yownhg hitinghwih Yol
Uh nenudnpmigmlp, huy £, -0 My
hotnghwh ndbOnG ¢t bp wnwlge
Ghwundwdpe: Lywuwnblp, np hngh har
Lunpwlwl snsph woymiGwiho wnu
wy 728 anent 60 wilwhs t manwahah Glwe
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swip Upw wnwbgph pbipdwl a wiymbhg (wuhipl L L w YEYunpltph
wqdwo wilymhg):

P wnpbpnpmt Oy, 7 27-nd wwunyepywd hnpwyh, nph 8ndgh wbly-
AOwhs wpwgnenibp. hwdwdwil (51 .20, hwlwnwnd hwitdwinwywo
» anqwyh quibqywohl (/-0 hwdbdwwwywh t brjwyh quigqquwéhl), Anp
ndph wWolyntGuhlc wpuwmippi 00 woluufy ¢ quibqyuwdhyg L hwlwnwnd
switdwunwul t giluwynn wrwbgph 2ning hnjwyh wunndwi Q wilgnt-
fwihl wpwgmplpy

3. Lhwuntlbp, np pbipdwd pninn qwunnnnigintbbpnud dndtLunltnh
wywuwndwl dbe wiunbuby blp Sndpny wwdwiwynpdwed hrywyh hd-
Jryuh UndsGuwnp: bpnp. 8ndp Ywunwpnn hnwiyh (nhy hdwmuh dndkOunp
wny t UBNYw)wgL( npwtiu

L=lm+iN (s

nnbn /-0 hmjwyh httpghwih dndGhunb t ansph wowlgeh Llwwndwdp:
Jwunnntl awpwnndwop hnjwyh hwpywnmuywl sndeh dnuvwynn nb-
g b0 L. npp Uhpwnbih t Shwil wpwq Arywlbbph hwdwn: Upwq t yng-
{md wit hnjwip, nph ubthwywl wunyunh Q waynibwht wpwgniamGl
Mhwdbdwun Uk & 8ndph w wiyniGuyht wpwgmpnibhg. Q » w. Un nbw-
pud (S1.7)-h we dwuntd weweht winwdp Ywntih t wouwnbut bpypnpah
Juwandwdp. npp L wurnwnyuweé b tbpyw wwnwgnwdmd:

2 lmuughmbip (wnubgrudndp): {wnywnpwywl 8ndp Ywunwnnn
mwlh Ohwnwanywd Jwnpp wewphl hupugphg hwlwumd ¢ Lobnguyh
WOl optiphl. hpnp, wnwgphg dwlnngp Yuitubihu hrpwyo pu-
awlmd ¢ andpny wwpwbwynnyweé (nwgnighy Yhtwnhy thbpghw: Np-
Mah'g wm YhGtwnhy totnghwl. Shwy ndp. npG wqnmd t bejwyh Ynw,
e wOpnipaul Mdl t. nnl manwhwjwg t &ndpwihl wnddwip L w)-
winwlp sh Yuwnwnpnd: U hwpgh wwinnwuluwop vnwihu t hnghyh qwno-
dwl Sanhun wbumipGp. npp antpu & OGN nwuplpwgh 2pewlwyitphg
Uanbn Yuwiuwinbip npuwiwiwt ptnuyeh nwunnnmeGibpnyd wwunwue-
Wit npywéd hwpghO:

Uu wwnwgnwdmd Ghwpugpywep, wjuwbu Yngdwd, hnwih Ywin
lunnp andpa ¢, nnh pGpwgpnud hiwniuh dndeGwh Yeluwnph dwjnwlbung
¥rud b rpwliwghd: ©nndp gnug t tuqhu, nn hnjwuh wowigphg dwnpng
Juputihu, wowewgwd hwnpywnnwywi sndpp snith GwinGwynp plunip.
Oyuigh wewbgeh haphqniwlul Muppnieul dte wunuanG nnbugdnid t
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ninnwahg minnntepwdp Upw thnpn wwnwbmdepny, npntp ynggnid
nvvunwghwotn: Bndpuht Jwnddwl Ypw GninwghwGtph Yspwnpn
hwlgbglmd t Grwb, np hnpwyh L Jeyunnph Swipwtnp nwnwénip
dbe gonud t uhlniunhnh Lwl ghiynhnh wnbup mltignn Ynptp (O 7 29)
Ynptinh YnLyntwn dlp Yutudwé t ulqpiwlwl wwhhG hnpwiyh wnwlg
hwnnpnywd wnwgnienthg

Onhlwly, tet dwlnngp hptlp hnphqnbwywl hwpenipjwl dte 4n
mnnniewdp, www L oywnnph swinwibunp 4gsh LG729-nid wwang
Jwé wowehl Unpp, hwywnwly minnnuepudp hpbihu' Bpupnpnp. huly woey
uyqrlwlwl hpdwl dwinpngp Ywiutihu Bapnnnp. Lonuwwgwbtinh wm
epmulp Ybpwglnid ¢ totnghwh wwhuwwldwl opblph htw sndpu
unddwi pywgnn hwlpwuniguln Dwbnngp Yuwubihu, ubgenud hny
wowlgpp hnpnhl; 2enynid t gwd Bwbpngh wnuntghwy tGspghwin G
QUwWO hwayhl hrpwyp dtep t ptinnud Endpwihl Jwndwl (nwgnighy Lh
wnhy tobnpghwo.

Abwh yen dwini
wnpddwlh  dwidwl
wbnh t nGtlmad ¢o
ghwih hwlwnwy L

- pawlgspuynadp: Nunt

w72 ﬁnunu.lohﬂ.ubbm m

qugimd &G hn

wnunblghw| L 8ndpwihl awnddwl yhlbunhy tibnghwltph thnfuwnu

pntuwlopunudtbph, b nplt hwywunipinul tobpgpuwih wwhwwbdw op
£h hbwn wpntbn syw:

2 Znyymbuphb dodwbwly bpwnwelwp hnjwyh Yuinbuwynp 4
phl L pUOwNUEOD Ayudpul snswiusy Yngdm vwnph waluwanuwlen. !
Wyt Yppweneini noh Gwybpnud L hoplwehalbnmd wphbutnwywl
nhqnl (Mnwadhq) wupubnybint hwdwn: <ywiuwhl Sndwudig wmpug
Wl t. nph potpghuwgh YBGunnlp guid ¢ sldwl (bunhg: Ldwlb hojwih ¢
Juwahd wuniytng GnLwpugywo t 04.7.30-ud: UG ptithg Lwhugwd bn
t. nph wewlgpo pbh hbu Ywqunid t a > =2 wliymb: Suwlp. np Gdwl
iwih &ndph witgnOwiho wnuwgnipmll wilywiu ¢ wllynihg wnynu
(51.6) pwlwdbny: <nywlwiht snswlwyh wwnpbpnuemb wubiny hwul
Omd &0 Gpw Enspughl 2wpdiwl dbY iphy wunyunh el
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T=20w = 2] L2 mgl (51.8)
Zwibiwunb|ny wiu wwpptnnieinulp dwebdwunhuwlwt nswbyh
T=2n1 g (519)
JWPPBPRMERLG hewn, wnwGmd tlp
| = Lo_’ (51.10)
Comlg
anp Yngdnid ¢ Arywlpul snswinulgh pon-
Jwo dplwnmgrnG: dYw wyl dwebdwwnh-
whwl sndwlwyh SpywpnembG t. npl
adnwé bt nwywihG Snswbwyh «
qunpnmppudp. <nwlwihl 8nswGwyh /
tndwo tipwprepmip  guaynd ¢ uwe- /
Jwy dewnppny L odunywd t wwnpt-
a0 PwYwluwoh deé wpotplbnny -
Onwqlwgmplt L Owlwqlwgnig- L
wl 0B nbuubbihnal PwoWw)IRWG
v ouwwpbliwl wWwpdwGbbpmd vwpw- Y. 7.30
mppwl St YnndGnpnaybint hwdwp wi-
nwdtun b NLiGGw| wphbutnwiwG hephqnl Lwd ninnwéha: Bpyph Ywdw-
wiwl Ybunid nipnwdhgh nianienuip npnaydmud b munnuigwph dhengny,
anp wwlwyl Yhpwntith st yonp Gwd nbwptpnud, nnnbgnd wnwawgnid-
wnt witumuwhbh B0; Liwl nbwpbpmyd oguiynud 60 puwywlub dbd
pendwo EpQupnient mitgnn hnwlwihi snswlwlyhg: UnpwqugnidGbph
awguiwnipwl wwpdwlospmd ndwbwyh wewlgpl ninamd B8O mnnw-
%hany (hnphqniny): Geb hiplwehep Lwd bwyp wpdynd t wpwqw-
iny. www wowowbnd t ndwluwyh ndp, npp 2bnmd ¢t Upw wowbgpl
nnwdpghg (hnphqnbwywl hwperipnuihg): Uwlbwib, tpt answlbwyh
6néph (51.8) wwnppbpmpmilp 2w 0B6 ¢ wpwqugmdny wndiwl dwiw-
wwlhg. www win phpwgpmd Snswlwyh wrwbgpp sh huuginud Gywuwnbih
&yt unnwahahg (hnphqnlwlut hwnpneynihg):
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marmubr

hatnghugh dndGainbond hupdrud
1 Npnblp CoulyrnG pwtiny hotinghuh Indbbunp tony wiginn woud
Hpunndudp
L0Gwnytlp mnawllgml te

Wwl abwpp CUnbLp a b tet
wigGnn X.Y wewlbgpitnp Npn;
m quibgyuony bowblguwl hbtngt
ondtlung Y wnuigph Gyuandualp

Qovnuwd  Unnpnhluwanwl
5 hwiwipungnd Gopeiuwdhgd Yun
a huwpmgh y = &1 - x/a) hwjuaay
dny: Spnhtlp brwGignibg Y wau
Phi griquhbio dx (w)limppudp donubph, NpROghg ;N wpWiyph hitnghwih
080w yhh.

M \xide = 2™ - Fyetax
abi2 ab a
POwnbgntyny Yopehlu 0,8 dhewluigmy. YunuluGp [ = ma’  6:
2. Mty a bplpupvumenl U b (uyGneeu s mGbgrn hualuastio mnquadignd
Rt hobnghugh SmiBINGERD (w0 woukgpllinh Glunrdune

P F7
b e e
{»vr;a:

imb’ imla’ +b*)

dl = x*dm =

3 Npnpty pwowleunt inGup milbgre huduatio phwtnh hodnghush dn
b Gpyun wowigpibnh tuanduse

tma’ dma’ +ma’ ama’
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4 Npny Geudiguss intiup rGbgr hurluniso phedin hotnghugh dndbunotipn
(urd wourbgplbinh Gpunrduxip

gwia b <o)

s ima’
Ga-b
S Uupugigly, nn mnnuiignil bovsiyul wnbupry setn dulpnbruphl
nmwhupug Gow unyp 6 wiliypul quiqueny (nhdwgh ten * a) ulglbnn umuigeh
tanduslp Mabnghugh dnds i huadun yunap t oty

I=3ma'(l+3cot'8) = {md'3+1a0°0) = mc*3- 29w 6)

= 4ml2b} +¢2) =4mi3c -a*) = ymla’ + 3°)



QLNhh VI

CUrdnNbuUt 2UtHUryp N2 butrabul,
zuuuyuretcrnru

§ §2. 2UuTHUrYb N2 PubrshuL 2uvuvwuraer

UnGsb wdd wndmdbtng nhuwnlty 80p hwaywnyh hGbnghuy
dwywpgbph GQwundwdp, npnbgnud dwulhyh wndiwl Nnhiwdhywo
mugnyntd t UimnGh Bpypnpn ontipl winunwhwirnnn hwyuawunn
Uwyuwit gnpdlwlws Ywpbnaprugmt O5pLupwglng 2w inhpltn |
thu hwpdwn t |hGnd oqunyby hwaqwnyh ng hobnghw) hwdwywng
(<NK), npnlp <M< Olundwdpe awndymd 60w Ywd wil wpwag
dny: {N<+H ophbwllbn B0 wnwqugnidny wpdym  wnnwbuwn
wuinydnn Lwnnutih, Gninwalnh hbun lwwyws <<-Epp:

<N<-nud JwulGhih Jwnddwb onblplEnt m hwywuwwpndbtnp Yu
t urnwlbw) M-l hwunwnywéd hwiwwwunwuluwb ontlplephg n
Jwuwnmuibbphg, 6pt hwynGh B0 Gpwbgmd dunlnn dBOnumn bGEnh
—{N<¢ wigiwl dbwhrnuniepuut pwlwdlbnn: Jwulwynpwwbu, W
augwt <NE-nid Jwubhyh wnddwl hwywuwpndp unwbuym hu
qulgywsh L ynnpahbwuwnbbph dLunhniuvipniihg quun huwnly t il
owbl ¢ E—-4NE wbgdwl nich dlawthnjudwi opblpp: Lintiinbywb
OhYywynid m = const L wiu fulnhpp (neddnid t g Ghotswuinhynpel, |
yting vnwnwonipwi L dwdwibwyh cwgwnéwynpmOhg Uuhlpl, &
nnyntd t. np rwpwwyws Bplwnnipimlibnb nt wpngbultph viln
nGoENG hodwnphwOw 66 <N-hg <N wbgLshu

Qhuinblp. np wiu wwnlbnwgnudbtnp Ahaun BU shwil Awbnwn
onuiltph nbwpnd: Qnpobwlwi Ywpunpripmil UepYwjwglnn puln)
np. NPnGg (Nudnudltng hwpdwp t unwbw| NE-nid. Ybnwptpnd B0
Dwywimd SwpdhGlUbph nwbnwn wnpdnuiGEpht. npnGg nhuwnydw
Yuwhiwbunhwiyytlp w qumid:
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Ahnwnlblp dwubpyh wndnudp K <AhEh L 0w Gwindwdp wpw-
qugnidny 2wndynn whin dwp- ,
§0h hewn Ynaun Guwwe S <N<- Z K $
2 ywwndwdp (0Y.8.1) Mwjdw-
twynpytlp K <A< - hwidwnk
wiwnd. huy Gpw Gywundwdp
swubhyh  2wpondlt wiywoby
pugwndwy  S-h wnpdmdp X-p
Wwwndwip Ywiywitlp wvitnw-
nfupwl, pwlh np S-md wi-
aund dwulhyp K-h Uwundwip 0. }
wquipntugh  S-h - wpwgmip- -y uy 81
wip b wpwqugdwdp Ybpew-
whiu, <N Lwndwdp swubhih 2wndnidp Yuiywibip Mwprwetnuipul.

Phwpyt, wu widwimdbbng wwdwlwyws 66 L wownp st nuwip
hulwnnt] wil hwpnGh S2dwpuniepulp, hudwdwl nph pynp wpdmd-
ang hwpwpbpwigul bo:

Vwubhyh hwpwptpwiwt  aunddwl hwywuwpndp  Gunwbwbp
MLl dwulhyh Jwpdiwi

ma, = F (52.1)

muywuwpnidhg (« a » hOnGpup gnug t vwihy, N funupp pwguPdwy 2wnd-
Sl Swuhb t), MbtOwnd wpwauwgmdtteph L ndtph dLwynfuntgymGobnp
K~S wigdwl hwdwn
Rwbb np Gnunnbywb Fnudp Quipudwé t dnfuwgqnnn swpdhGotnh -
awptpwlwi nhpphg L hwpwptpuwwl wpwanpmGhg, npnbp Lwnwon-
Ml L dwdwlwlh pwgwpdwyniput wwdwbitpnd hoduphwlun 6o,
wyw hoywphwown Yhoh Gwl Gnunnbwl mdp: Ujwbu np jubnph (mém-
d hwbgnud t dwulbhyh wpwqugdwl K—S wigdwl duunhniunippul pus-
awdlh unwgiwln
Lwlwiyblp K—nmd S -h O ulqelwiybunnh wrwyhn-ysyunnpp r,, dwu-
duh «pwgwindwly» nhnpp 7., huy hwnwebpwywl nhngp
r=ix+ j) + k=, (522)
b (4 O S hwidwywpgh onpbinG BG (GY 8.1). dwiwlwyh guiyugwd
JWPhG uju Jwnwyhn-ytyunnpitnp Yuwwyud o
r=r+r (52.3)
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woelsnpudp: UdwGgtiny wi tpym wigqud puun dwiwlwlh, yunwlbwip
Vo=V, +F (524,
a,=a.~r (52.5
Uunwgywd wnGimpnibGonh dwiy dwuwbnmd dwulhiph puguinduwl u
ugmO0s ni wpuugredt 60 Uwlwib we dwubpnd 7 L 7 dbyunnp
bbpp, pOnhwlnip nbwpemd, Jwubhyh hwpwebpwlwl wpwanieIOt n
wpwqwgnudp 360
<wngh Ihqhywiwl Ynndp wwnquipwbtii hwdwn Owhu nhuwnible
wwnquwgrlt nbweg. Bne S-p K-h OLwuindwdp jwnpdynad t hwdplpwg:

§53. 2UUTCLRUS TUNIYNN N2 PLBMPUL 2UUTUYUNLS:
MLbrshush matr

hgnip S-p Yuwwywd t qLwgph htwn, npl wnwqugndny hwiplewg
2awndynd t K- Ghwundwdp (0y. 8.2) Thuwnybbp Ywanbh wewuwnwnhg
Guiuweé Snswlbwyh, Ywd BC dnh ynw quuywlwyhi wdpwgywé qunhih
wndntdp qLwgph hbwn Guuywd S {NE-nd K-md wyn 2wndmuditng
Gywnwagnpyrud 66 (52.1) hwywuwpnudng, nph w9 dwumd F -p GepYw)uwg
Grmud ¢t qunhyGtph Yrw wqnnn Gnunnput nudtph hwdwqnnp.

F=mg+T. F=mg+N+F_+F_ (531

Upwntin 7-G pbth dquwl mat t, N. £, 0 dnah Unndhg qlnhyh dne
wqnmn rbwbghwih L 2wl mdtnl B, £, - Quuwiwih wewdqwlwbmg
alb mdi t

Uunwlbwlp S-mud qlnhlltph qwnpddwl hwywuwpndp: Un Owwunw-
yny Ybpwnwebwlp (52.4) L ($2.5) webjnemllbphtG <wiplpwg Jwnddwl
nbwpmd S-p O uyqplwytunh wnoniip Ywanth wdpnnowlaul 2wpdmnil
t Wlytu np v, -0 L g -0 OBplwjwgtned 56 dwubhyh (phy tnbnuhnfue-
Quwl wrwgnipnilt nt wnwguwgndp: S-h hwdpbrwg wnNddwl wwpuwl-
Gbpmud Opw heun Quwywe 4/.& onebnp $66 hnfunud hntlg Ynadunpngnidp
wwpwénipaul Bbe L htwnlwpwn /= )=k =0 Uliwtu nn, dwulhyh A
npwpbnwlpnl wnugnipmols n wowqugmidp GuspYwpugytl  houbpl
Worw.
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F=ix+fyvekzmy . (53.9)

Fr=i&x+j+ki=a, (53.5)

Cwyh wetbiny (529 - (53.5) wolsnEnLibRp. dwubhyh Pwgwndwy
whwaNRWL b wpwawgdwl hwdwn (52.4) L (52.5)-hg Yunwlwlp

LU TR U (53.6)
a,=a -a,: 537)

Unwilp <h<hg hudplpug swndng <N< whgdul wwgn g Gobnh
L wpuwqugtJobiph dlunpinfurn g GGBNG &0

Stnwnntip (53.7)0 (52.1-nid, L wpnynbgp GEnLwrugltlp htunlpw|
wnw

ma,=F-ma,: (53.8)

Uw dwulhbb Awrwpbpuwlpul pundwl hwyuwaunmdG ¢ hunlpbeuwg
upaym <NEmd

Unwgwé wpnynilpn deylwpwlbin hwdwn Gwuwwptbp Ywlnn
pup. pOnhulnugltip maoh hwuluwgngmin hwdwpbym np mop wpu
QuUIWG upndwo t ng il <H<-md wpls pdupanlpwl <<-md:

Un nbwpnud ($3.8)-h wg dwup wbwnp ¢ nhut: npwbu hwdplpwg
andynn {N<-nud JwuGhiyh Ynw wqnnn md: Mid. npp <NK-mud dwuGhyhl
unrnnnd b e, wpwqugnd: Lywanblp, np wu Yenw punhwinwgywé
ndp wwpuwnhn gt np hwinhuwbw Yynbyptun dwpdhGOtnh thnfuwqnt-
iUl wprynibg:

(wiplpwg wpdynn <N<-md duniihth Yypw wqnmn nudp F - me,,
punlwgwd t Eplnt bwwbu vwppbin pwnwnnh;ltnhg Anwighg wewehbp
dwulhyn Jrw wy dwndhbltnh Ynndhg wanm Gmuinlpul mdo ¢ npb wq-
Amd ¢ dwuthyb dpw bwl -l b plywppustn ¢ << -pg <N< witght-
ihu Rrynpnydhl wy pGrye mbh

F.=-ma, (53.9)

auwnnhe. NPE wuydwlwynpydwé st dwulhyn Ypw nnut dwndGh wqnk-
Diprudp UG wpnyndp t hwaqwnyh hudwiyuwngh & wnwqwgdwl b yng-
sl ¢ pabpghugh hwdpGewg md Uil hdwnhwlbu dsdnipymb st dh {N<-
ng dbYy wyihl wigltihu Lwnon t yrhnhugby hbgwtu dednipude, wibuwtiu t)
el Vwubwygnpuwutu, <MEmd wio Jepwimnd ¢

hatpghugh mdtnh hwdwn Whnwnbih st Uprnunbh bapnpn ontilpp.
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Gpe dwulhyh Ypw wqnnud t hibpghwh g, wwyw gnnupnt gnih dw
dht, npo Bopwnuyh hwiwwwunwutuwl hwiwqnnn ndh wanbgnipiuil
Up hdwuwnny hatipghwih ndp hwdwbdwl t wpunwpht nidwnwunh e
dhg wqnnn nighl:

nunbul, pdtnghwph ndbnp hundwfudpmd dhpn anpomd 60 npwy
wuwphH motn:

<wswiu gnuwlwbmpiwl 8B Yuwptiih ¢ hwbnhwb| heunbyw wpunwhy
wnnRplp. e Mobpghuwh nidtinn Ltno B4 Spb «ybnd nid» wubiiny hwuly
Uwbp gninueinth gnLgnn, hiwpnyh nud, wiwgw, hhwnyl, habpghwih nudt
Wnd 460 Puy Bpt wyn wub|ny mniqnud Bp U6 htbpghwih nudtph ng Gnun
Opul pOnuep.... Swawih hwngt ..

Pninn dhnhuwgnbgnipinbitnG hpwywlugynud B0 nidwihl nwwnty
ahengny: Fabnghwih matinp Omilutu uptyh t nfnby npwtu pasnp
]l muoughle nwpuinbinh wqnbgreppul wpyGp: Bhaun t, win ndwnw
nbPp NPNWUhnpEl dlwhniudnid B0 dh <<-hg Bty niphhl wogltinu
Jbpwlnud 66 <hL-mud: Pw
npwind tnwponhlwy ngh
shw: fEyunPWYWo L dwak
vwlwl  mdopp  Ongbuwt
Suurpnfuymd b0 oh <4
dby wyht woglbtihu, pwg!
np npw hwdwnp tGEGuwnn
Jwqlhuwulywl mdtinh pu
Ywt gnmpepulp sh Ywuln
dnd L npwlp Yené sh h

W 8.2 dwpnd. .

Ublputy wiph puwlhg R hlswbu Wbliweuwin/bl b Yulbyduinfbo hik
ahwh motna hwpduwpyh ng habinghuy hwdwlpungbpmd Gpwlp gnndn
60. Unwilg wyn nudtph wihbwn t pwgwunpt dwpdhtlbph Junppa <N
Ophlwy, GY.8.2-nud wwunitpywd <N<-Juwagninud htunwqnunnp Giyury
np Sndwlwyp hwywuwpwipenigjwl Yyhswynd gnwynud t ng pb mae
ahg nhnp. wy 26ndwd t ninnwdhahg npnawih e wynbny (Bbpwnnyn.
a; = const), QUUWOWLHL wdpwgywad qunhip whnfub) b hp hwywuwnule
Pl nhppp. nEdndwgywo Yhswlnid wwnbiny quuywlwly-mdwsw
U pninpp bw pwgwuinnmd t (53.8) hwywuwndw oginippwdp. hwyh
obIny. np hwywuwrwyrniprul Jhwymy a,=0. Un nbwpntd Anbwlbvl

238




ph 8quiwl nugh hwidwn Yuunwgyh
T=ma -mg:

Uw gnug t wwihu. nn hGbpghwih hwdpbpwg nidh welwinuewdp &n-

Gwih RELD glh minwdhah ninnnueinl, wy bnywd t Lnwihg
a=arcrg(a. ' g) (53.10)

Ynbnyg (0Y8.3) <wdwGdwi duny pwgwwnnynud t Lwl quuwiwyh nt-
ndwgywé Yhdwyp tnynnpn qunhyh hwywuwnwyzempiwb nhnpnd:

Get wdd tintlp &ndwlwyp Ywd qlnhyp Gdwé nhpptnhg. wiww
ulp Yywunwnel rwwnwbnd0en g win nhppbph 2nipg. LR npned
unwOnuittpp Yowpwapytl (53.8) -ny, namd wpnbl a, # 0

Né-mid hibnghwih hwdplewg ndh wqnbgnippubp thpwnlynud BU
np dwndhobnp, woywlu 6nwig gpwdwé nhnphg L awnddwl Jhsw-
3 COn npnud pUtnghwih hwdpbewg ndp pninp dwndhGosph ypw mbh
Ju ninnnupimbp L bwdbdwwnwlwt ¢ Gpwbg hGspun qubgquwébbnhi:;
bpghugh hwiplpwg moh wqnbtgrpuop
awnlynid 66 nunLnnbbpp wpwbuwnpunuyd,
mehlihu «nbinhg wnydwln L wpgbwydwi
dwiwy: Con npetd wnwehl nbwprud h-
pghwih nudp nunLnrhU hpnud & Bun, huy bply-
g’ wowe.

Ladwsé pninn Bplnuplbng <h<-hg nhunn-
Puwguwpnud t panpnybl wy Yenw. pow-
i0t, wewlg hubpghwih nud Gapdnudtine O-
Owy. mnLnph twn pOYGELD Wbnhg wnlynn
wleuinpunyd pwguwnpynud ¢ hoepghwh
Slpny. <P<-nud nnLnnh hpwp dqunmd t wwbwwlby pp nwawph Uh-
Jyp. huy hwwnwyh hon nwawnh adwl mdtpny dhntuwaqnnn ninlnph
npenp «wnwpymidy G0 unpwluwnpuh b, Upriynlbpnid nuiunph hpuwGp
rt dund nunptphg: <wiwbdwl dLny. wpgbiwyynn tpwluwnpunnd nie-
anh nunptnp hdwl wwwnswneny B 66 3Gmd hpwbhg: Geb S-hg nhun-
y&ndwlwyh ywppp pwgwunpmd t hn Ghwwndwdp dndwbwyh hudwuw-
seniEwde, www K-hg nhunnnh GQwundwdp ndwbwyp wndynd t e,
muqugdwde: Wn wwwsweny Ow &ndwlwlh yupep OGwnwgnpnud t
aunnGh meo = mg + T hwiwuwnnudny: Wuhopb™ tpyme <<-Epnud £ gnpynud
Syl rwywuwpndp. Uhwit pb 4ALnid npwilng pwguanpymd t ndw-
Lyh wpwagqwgndny wndnidp, huy <N<-nud hwywwunwyempgntbp:
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NEmd fuwpuunmd ¢ hwmwpbpwlpuln gl Aqemndlpp: "W wwn-
qnpn? tpunud t nhunwnyyweé ophbwybtphg. Puywwbu, mnnwdhahg Snbw-
Gwyh pbh 26ndwb (53.10) wiipmbp suahtiny Gwntih t npngt) gbwgph w-
nwqwgmdp, hbunlwpwn, hwnbwpebpt; quwgph 2wndnudp: <hablp, np
QA &-nud nplt hnndny hawpwynp st nw Ywawpty’

§84. CUMUUL 2UUUUM L UT 22U Uy b YUUUBUY UL
N2 pubrshruL zuvuyurasrmuy
Glpwnnblp S-p K Gjwundwde juunwpnad b Gudwjwyuwo awpdnd,
NN, wnnnl, whin dwndh Ywdwpulwb awnpdmdo t: Lwpunpn gilumd
onug vipyGg, Np whin Jwpdth ywdwjwywl wpdnidp 0EpYwprugGmd
Gpw nput O Ubunh v wnwgnueude hwipbpwg L wn Yaunmg wignn wiyl.
pPwnpwihG wowigph 2mne wWunwlput wndnudbph qridwn. U wwr
dwlbepmd S-h houn Guydwd YnnpnhbwuwihG wowGgplbnh i).4 ongbing

wuwnunynud 60 wylpwnpwht wewlgeh nipe 8 wlilygnibwhl wpwgnie-
audp. Oqunybiny dnanyny hwuwnwiinnul, wunuydnn yesyunph puun dwdw-
Owlh wowbgwih (51.3) puwlwdlhg, Ywpnn BGp gty
i=(QU), j=[0)), k =(0k]: (84.1
1. 2122112 whgn/mb wpwgmipmbbinh U wpwgugmuliph dbugo
Ampmibbipp Ui unulwlp K-hg S wigdwlh wpwgmpmbotph dluw
thnumpeul pwlwdlp: Un Gwwunnwyny nwytle
v, =V, +F (842
pwlwdLnd 7 deénenilp’
b=li~fi ~hkivix+ jy+kz= (441
=v, + [Qix+ fy + k)] = v, +[0r], '
npunGn hwayh welybght (52 2), (34.1) welimpmbltpp, L Gandnidytig
v, =X+ v~k (M-
deonipnilg, nnp dwulhyh wpwgnembl & hwduwnlh w)o hwdwywnpan:
nph Ghwwndwdp if.& oppbnt whnthntu 60 ((54.3) -nud win wlnwdnd L4
G hwdwnby G0p Muuwnwunnib): UYGhwian t, np nw wpwgnienill t <K
Oywundwdp, wiuhbpl' (54.4)-0 SwuGhUh Awruptpuipul wpuwgn gmbl
Sonwnniny (54.3) -p (54.2) -mu. uunwlbwap.
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v.=v. +v +(Qr]=v,+v , (54.5)

npuntn
v =v +[fr]. (546)

dwulhyh wtuapnpuuipgul wnugnigm G ¢.

Aunbdl, dwulhh puwgwindudy wnwgupilp Onw wnbnuahnfuuipul L
hupwpbpwywl wwgmnagmlbbbph gmidwnl ¢ U ophiwywihnignilp
puwhingmd t wpwqugmdtenh hwdwn, bpt N4-p wyuundm t:

UnwlwGp wnuqugduwb dluspnfurmgrul puwlwdlp.

UbwlbghGp (54.5) pwlwdlh dwiu L we dwubnp punn dwidwlwyh.

v, =a, =V, +v:

Upuuntn
v, =V, +[S]+[W) = a, +[er] + [y, ] +[QAr]). (54.7)
nuy
o, =f+ ki ik~ ki =a, +[0v,]. (54.7)
runbn hwiyh wnGybghl (54.1), (54.4), (54.6) pwlwadlbinp, huy

a, =&+ jy+ki (54.8)
dwulhyh Awrupbnuwlpwt wpuwqugnida t:

Stnwnpbiny (54.7)-0 M (54. 70 wnwqwgnudttph dluahnfunieaul pu-
wwdlinid, Yuunnwbwbp.

a,=a_+[er]-(Yr ~a, +2AMW,]. (54.9)
o LObpLwwglklp htunlyuy Y.
a,=a ~a, +~a,, (54.10)
T™nbn
a, =2My,]. (54.11)
a =a +[er]-Qr, (54.12)

UpwawgnidObnh dLwhniunieiwb (54.10) opblpnid a, -0 dwulbhyh vt
WrRAUwaul wruwqugmndo ¢ puiGh np {N<-nd wibuind dwuthyp Hhéh
Swundwdp ymbbhw habg (54.12) wpwawgnidp Uiniup ax gnudwiptthl
wynud ¢ v vl wpwqugnid b wwanhy dnwluhwgh ghnGwiywl
Quywn Snppryhuh (1792-1843), npl wnwghll t Obndndt] wu SBOnNRN-
(0 dthuwhywyd: Wit wwpdwowydnpywd t hbgubu SwueGhyh nwpwptnw-
il awpdnidng, wilwbu t| <N<-h wunnupnny: (54.10) wpnnipg hupnGh t
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Wty Lanpryhup pbnpbd puguinduly wpwquigndp hujuraun ¢ nitnuw-
Dnfuuspul ynphoypupnl b hupwpbpuwluwt wruqugm dotnh gmdwnhl

Stnuhnhuwlwl wpwawgndp Fumyugws t bpp gnudwpbihGlinhg,
huwdplpug ao. Ytlunpnlwdhg™ -, L {NK-h wlhwywuwpwpwh wunie
wny wwpdwlbwynpywd viwiqgbioghuy (er] wnwqugniobnhg:

2. Ywlwpplmb 2012-0ud Jaubpgh hupupépwlpub supdifwb bunju
vwpardpe U0 wnwlOwine hudwp nbnwnptip ($4.9-p Ununnbh hwdu-
uvwpdwo dbg L dwiu dwumd prnUELp Shwil ma, winwdp

ma, =F - ma - ma, (54 14

Pwgwnnipywdp we dwuh wrwohl winwdh. nup Ujnuunnlpwl mat t.
Jowgwd pninn wbnwdtbpp GEpYwwgbnid 60 Gwiwjwwl <N<-md dwe
GhUh Jnw wannn pltnghuyh motn: Lwtunnn wwpwanw$nd hobpghwh
ndbph hwdwp uunwnywsd nhunnnmemilitng Yepwetpaud B0 Gwl wy
ndtphl:

Up wpnn apinmpogput Lu: <N ).k opptnp dwiwGwyh plewe-
pnud dhnghnfuynud B0 Shwyt A< Ohwndwdp: S -nud win oppting hwiwnw-
wnnlh JeyuinplGtn 60 UWlwtu np (54.14) hwywuwndwl dsQ LJ).4 oppbng
wbwng t hwdwpb| hwuwnwwnnl: Pwg ePnlbiny (54.14)-nd e hintgug,
hwnwebnuwlwl pwnpddwl hunfumunmdp wdwpnlaunl <NEmMJ Wbnl-
JugltGp heunlpuy 4Gy

m% — F —ma_ - mire]+m¥r +2mvAl], (8419
v=drid: (54.16)

(54.15) hwywuwniwb we dwuh weweht tpynt winwdbtnp RUGWP-
Wt b0 Lwhunpn wwnuwamwdnd: Opnnym whnunp wpnyilp t <N<h ut
hunfursupwsurh wwnipny Ul QutgwsGp plbnghuh vwlqtoghuy mae
2nppnpn gnudwnbihl

F,= mQ’r_ (54.17

Unsdmd t pdbngtuh Wsaunpniwfunp md. npp dqunnud t honwgltiy dwulh
4o wuundwl wnwlgphg: Un moh wqnbgnieuulp opwnlpnd t malnng
wnwluwnnug newnwnd ywuwnbihu, wpnuutinud wunygnn dwpng.
pwndnwagnyl whnunwdh quindneynubobn wwnwnnn hepbwehrh onwint
Lwyp G

P viwnpebpnigi hibpghwih hwipbewg nudh, YeounpnGuwiungu mdh
Oeonmamul m ntnnipgniip Qutugwéd 6O upnundwl woewlgeh Guwundwde
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Jwubhyh apwydwsé nhnphg: WO, manywd |hitiny wwundwl woewbgphg
U, WM t win wowGgphg dwulhyh mbbguwod hEnwynnnipiwip hwit-
dwunwywl onslpny: Tuwdwl woewlgph Ymu quibninn dusiobng (oG-
vylwfunip nidh wqnbgripauip sE0 Bopwniximnd:

Wgnip m qubgywény hwpnpu snpuntl npywé t 2= conse wlignulw-
o wpwanipywde wuundnn uywywewlht' wunundwt wawbgphg r hbnw-
Unprupiwl Ynw (GY. 8.4): Inpumh Ynw wqnnn GinuunnGrul madtpp Swlpne-
pwl mg U uwywnwih ntwyghwih .V mdtnt 60 (npwip hwdwyemid 6o
pwp b Gwpmd g0 wwuinytingwd), hiswbu Gwl nbwh wunndwb wewbgp
manywé nwnwph awi ndp Ugwywnwyh hbun Yuwwyyws <NE-nud gnp-
unth ypw wannid ¢ Gwl heopghwih YalunpnGwhungu mdp, npp hwdwyy-
ol | 2wl mdhl. wwwbnybiny snpunih nwnwpp ugwywrwyh Glrun-
dwip. e —

F,+mQr=0 (54.18) -7 Q0 ™~
s ¥ i N
nwpq t, np <P<-nd hbepghwih m- FM ’ I £ F. "\
gtpp pwgwywinud B0, huy snpunl Yuw- S 0o -
nwnmd t pewlwgdwihl wndnud: UG-
wbu NN wyuntn pnpunth Jpw waqnnn dh-
wy shwidwynywé £, ndp wwywhnymd t
punth GblunnnUwadhg wpwqugndp Ly 8.4
F,= mvir = m¥r: (54.19)

Lnphg Gywuwnblp, np bipyn <<-nud t) gpynud 5G 0nyo hwyuwawprudit-
no. Lwwib daynid pwgwinpynid t gnpunch nwnwnp, huly Bpynapanud Opw
rewlbwqéwihi Jwndnudp:

3. Ubdwglibind uqwywnwyh wunundwl woygnibwhi wpwgnueynlp.
uuwé Q -h npny wpdtphg. snpum b Guhuh uwhb @ Yw pbwywo t: <N<-md
grunth Awnwinp hbwpwynn t. pulh nbe Lslunpnbwturgu nedp ¢h gl
quignid nwnwnrh wewybjwgnyt xmg ndp: Gunlapwp, Q° 2 pg/r nbwy-
prd pnpuni G Yuwhh uwywoewyh Jpwinyg: Un wwhhg ubuwd NSl gnp-
unl YbUpwniyh Gwl Ynnpngfuh

F, = 2m[»Q] (54.20)
mdh wqnbgnippulpn. nnunbn v -0 ufwywnewyh Ghwwndwdp gnpunith wpw-
URINLLG ¢t Mupbdl. <h<E-nud gnpunit Jwpdymd ¢t hp wpwgnejwip hulw-
owy mnnywé uwhph aWwi nudh wqnbgnippude, wjl nbuypmd bpp <NK-
nd wib (pwgmghy Bopwnyymd t Gwl hutpghwih YsbupnGwiunuyu U yn-
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phnihuwl nudtph wqnbgniprulp (Swipnepult L rEwhghwih nudtnp Enun-
urud ¢ hwdwloqwé B0). Midtrh wiu nwnppnieinuip <N4-nid L <MEny
npunth htunwgdtnh twnpbpnprul wwanswnG t (GY. 8.4):

Lnnpryupls midp heywipugnd ¢ mnnwhwpug (hBINY wipwanppuly,
Wil wluwnwbp gh Yuwwnwpnd, wy dhwyl Ynpwghmd t dwulGhyp heunwgh
4p: pwlmy Ywpbih t hwinqyt) wwnpquwgnyb thnpdny: Cuyndtlp pwlu
eh 0t dELnwnw qinhyp L wunwnynn uywywewyh wewGgehg hnkiGp v wr
Pwgeudp: A0nhyp uywywnwyh Jnw Yealh Ynn htunp (GY8.5) O
md qunhyh hibnghwih LBLWPRGE 2wpdynud t MAnwahd L hwydwuwmw
swdh, pwGh nn Gpw Ypw wqnnn Swipmput L rtwyghwih nidtpp hwdus
Y2nqwd b0, dhignte uwywnwih hbu Yuwyws <N<-nid wil blpwnyynd
¢t Gwl Ystunpnbwiunuyu U “nphnihb
ndtnh wqnbgrmipjwp: COn npit
Unphn(hupul Nl wannud t ulwye
nwyh hwpenipjwl dbe qlnhyh wnuw-
anipywll mnnwhwjwg. husl b wWw
Jwrwyh Ghwwndwdp qlnhyh hbunu
qdh Ynpwgdwl wwwnswneb t (GY 8.4

Uty wiqwd Ly hwunndy Gptdp
nppypupwG midte wgnamd ¢t wnunynn NEGmd wpaiynn Jwulhlh Y
wlwnd dwulhyp Unphnihupul nigh wanbgnipwlp th BURwNUYnd Onk
Gwy, 2rewnwnd Ywuwwnnn tninwbuwnpumd wlawnpd ninlnph yYpw we:
nnd ¢ dhwil YsGwpniwpunipu nudp, huy qwpdynn ninunnp bupwnyymd
Gwl hp wndbwll nnwhwiwg Ynphnihupl ndh wanbgripwln: Uy,
wwwnswnny pewnwnd Ywuwwpnn npwluwnpunind pugbihu ndydwn
wwhuwOt] hwywuwpwlznmpmbp:

Jdbpwnwebwing § 38-aud dnlynyulyne wpnoh Ypw dwpquigbnbpay
hnpdwnwph GOwnUdweé dnndhl, Gwunntlp. np Jwnquiqlntinh wbnw:
dnfudwl dwiwbwy hnpdwpwnh dtngenh Ypw wanmn Yaquihl 800X
matpn helg Ynnmypuywl motpt 66, npnlp L wowgwglnd B hwde
fudend wiyniOwiht dndtiuwnh yepwpew dundp:
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§ 8. MUZNULUUNL OCBULALEC 2USY Uy N2 FuBMshul
uvuyuretru

hatpghugh ndtph Ytpwpbnw) ywuwpgwd Yuwplnp bqpuhwGgnidt
wio SwuhO. np hwiwhudpnud 6pwie hwinbu &0 quihu NnWbu wvxpho
notn, hGwpwdnprigimb b wvwihu plinhwbnwglt; AM<E-Bpnud vnwgywé
mhilwywb opkbplbnt ni hwywuwnmidttnp Yuwdwiwyws <N<-h hwiwn:
w Yywwnwpblp GinunnGpulb dEhuwbhywih pewbwybpnud:

Lwdwpuwlwt <N<-ntd nhlwdhywh bhilwlw hrudwuwpnudp’

mdv d=F-F. (55 1)

Aéndd hwdwwwunwuuwl hwwuwnnudhg twpptindmd t hobpghuwh
mdtph hwdwqnph F jpwgnighy wlnwdny. ddywp st unnwluwy Yudwpa-
i AN&nud Swulhyibph hwdwiudeh |phy hdwniuh. deluwihyuwipul
totnghwgh. |nhy hdwniup dndtownh gindhnfunieulltnp GYwwgnnn hw-
Juuwnpmdlbpp.

dP/dt=F +F, (552)
AE =A% ~A, (55.3)
dL!dr=M* + M, (55.4)
At
Fr=iF, A=IA, M=X[rr], (55.5)

EongntGltnp Ubpluupuginud 50 hwdwpudph nw wqnnn haangiwp -
b hwdwqnnp Gpwig |y whmusnwlpn b gnedun dndbounp.: Up -
fwawpnudbbph ogUnupaudpe Guwnbth t wwnaby Auwduydeh pdwnyuh -
unyuh dndblunh L dbfuwbhipulavt tabpghwh upuhwywldwl hirupurdn
Mgl hungp lpwdwpunlpul <NEmd:

hGywbu bplnud t (85.2) hg. hwiwhudph hwpwptpwyuwi qwnddw phy
Nuniup YwwhwwGyh. Seb hwdwdpmd gnponn wnunwpht GinunnGpul
Fuhtenghwih niotph F gnidwnp muywuwn (hh qpnsh.

P=const,tpt F+¥ =0: (55.6)

Ups wywjdwGp hpwwOwbngd t hwdwpudph htbpghwih YeounpnGh hewn
wuws hwadwpyh hwdwywpgmd, nplb wpunwghl OrennbpulG nudbph
wauinipnudp YhGh ng hianghw| L ¢ <-h GYwundwdp Yawndyh

a=F'm (55.7)
wowqwgmniny: <bunltwpwn, S-nud dwulhylenp Yeopwplytt bwu hitn-
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ghwih hwipbpwg ¥ = -ma, mdh wanbgmpulp: <wadh welbing wp, §
hudwlwnpgnud dwulhyibph Ynw wqnrn ndh hwdwp Yuunwbwbp
F+P=-F-ma =0, (55§

nnp. (55.7-h hwuwnrdwdp, hwywuwn t qpnih Wu wprynibpp 3G t nger
U@ Gwl wijb nbwprid, Gpp wdwiuntdpa yuwunwnmnd § Gwidwpuywl  yi-
Yntbwhs wpwgnigywdp wunnyn' C -y wigbnn wewbgph 2ngnep: Pulu-
Wby, wunnyuny wwpdwowynnwdéd pninp hibpghwih nidtiph hwdwqnnp o
hwiwywpqnud hwywuwp t gpajh.

F, =0’y mi =0, F, =2) m[vQ]=0

Uuntin oqundtighGp hLtnghwih YGGuwnnGh (21.6) hunynipim Gotnhyg
C hwiwywpgnid hwdwpudeh (phy hdwniup (puun vwhdwbdwl) qpn t wl
Yuwiu wit pwihg hutipghw t ¢ wdwywpgg, pE ny:

8nyg wnwilp, np hotpghwh ndtph dndbbunp C Geunh Olwundwi;
GnylGugbu qpn t. Get C hwdwlwnqgp 2wpdynid t hwoplpwg

M =) [FR]=) [F(-ma)]=-a x) mi =0, (559

npunbn Gnphg ogquidtighlp (21.6) hwwnyniginihg. Munnuunny wyuwpdwli.
ynnywid hibnghugh nidtph hwdwp wiu wtnmaop ghaun st

Unynnpwpwn C hwdwilpung wutiimg huwpwintd 80 C Yauh hbu uy
ywo huwdplewg rwndynn huwpwnyh hwdwlipung: inbdl, Awdwiudeh &
Pwipu hdwynyuh Indbaun wowl@uylb pun dwdwowligh hwywun ¢ (
uy) Ouwendwdpe wpunwphl GinunnGuul motinh gmdwn JIndbounpls wh
Qi wipl pusthg hingtug ¢ C wduipungd RG ry.

dL d1=Y[FF]=M : (ss.1e

Upnbnhg hbwnbinud t. np C hwdwwpgnud hwdwiudph ubthwyuwl he
wniuh Ondblwnpe wwhwwbynd t, teb wpunwphl UnuunnOrub nudtph dr
050w C ytunh Ohwndwdp hwywuwn t qpnh: Gunlwpwn, C Awduiur
qrud hdwymyup Indbowny wwhwwbdwl wuwpbwlp wolpufy ¢ wit pwis
hotpghuy ¢ wyl p& g

ubgltop <N<-md dEuwbhwywl tuepghwih Jwnph pGlwpldwiy

<N<-nid hwdwhudph dbluwbhywywo tubpghwih wwhwwOdwb M
dwp (55.3) optlphg hbwinLnud t, np wlhpwdtiun t

A +A=0, (s

246



husp Gudwpuywl <NE-nud sh Ywpnn hpwwlwGw): Phwpls, jnipwpws-
gup YnGynbun nbwpnid <N<-h Bquyh pbunprpude hOwpwynp t hwulby
wib pwlhG, nn (55.11) wwpdwbp nbnh niotow: Uwlw)b tbepghwih Gdwh
wwhwimdp nplt heinwpnpnnienl 3h tbpyuwwginud, pwbh Ap sh Yw-
nnn dbnp ptipbl grnodtwlwh Uhnwenieml:

§56. CUrdMUC eryruyuLsray 2ucHuryd
uvuyurenuu

LwpnCh t, np Uptguybbunnnl hwqwnlh hwdwlwnap hotnghuy t
Swhywgwd hwyuwnpyr hwdwywpg. npb Unsquiyblbupnlh Gywwndwdp
alh wnwguwgnd, ng hitpghwi t Upbquh 2ning minbénwihl Jwnpddwi,
hOjwtu Gwl opwlwl wuwnnynh hbnbwbpny Bpuph hbun Yuwywéd hup-
Jwnyh hwdwlwngp ng hutipghuwy t (LY 8.6)

Uunwiwbp Spypwltbnpnid {£-md dwubhyh hwpwptpwywb pwnd-
dwl hwdwuwpnudp: W Gwwwnwyny Opjuwpgbbtp dwulhyh Ypw waq-
Am GnennGul nudp hbuinlywy wbupny '

F.+F ~F,

npunen wowehlp Uptquiyh L wy spllwihG dwpdhtltph dgannppwl nudl
t. tpupnnng” Gpuph dgnmippulb mudp. huy F -p dwulbhyh Jpw wannn ng
rwydhunwghnl puniph (Uhdwl, wewdquywinpaul, bbyunpwidwgihuw-
Yw L wy) ndtnh hwdwaqnpp:
LtnQuwugltlp Baypwibunnnt <N4-mid dwulGhyh hwpwptpwyuwl
wunddwl hwywuwnmip heunlywi Yepy.
ma=(F —ma )~(F ~nt¥r)~2mv8l]+F, (56.1)

nuntn pwguwwgnd b wibhwywawpwswd wunngunny wuydwiwynnywo
nibpghwih wnwlghGghuwy nudp. pwlh nn Ng - const:

Bnug wnwlip, np Gpynh dwibnlnyphg ng dbo pwndpnpmlltph Ypw
awndynn JwuGhyh hwown (56.1) hwdwuwndwi we Jwuh weweh( gwlpw-
qhdp gan ¢ Puywwbu, Unbquiyh L wy Bnyluiht dwpdhGlenh wqnbgnip-
ulp EGpwnlyyntd b ny dhwijl ahuwniynn dwuthip, wiil Bpbhpo, nph hw-
Jplpwg Jwpdiwl ae wnwqwgndp wwdwGwynpywd t htlg win nidny:
dwiwdwit Quihigih senptdh gnwyhunwghnl nwawnh ny dé wnhpmplt-

'e L © Gaulibnp OnlgwuqUnh L Untquidh wuumwghumulaul O xubuwlyndient 6o
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nud pninn dwndhGobpg, wi-
Ywhu hntilg quiqyuwolbnhg
otnp tl popnud OhLOMG wpw-
qugnidp (§61). Awlh nn Upt-
Qwil nu dwu bpyOwht Jdwp
dhbbbnp qunlymd BG Opynhg
pwwlwlwyunh st hbpwyn
M@ GOGNh Ypw, wwjw Bpyp:
dwibnunyehg ng U6 hbnwyn
prEWl Jnw Upwbp dwubhynt
wes yhwnnpnbl Nyl ag wpwgu-
gndp. Fe = mag: Ujiwtu nn (56 1)-ud wnwghl thwywghdp dbd Sunn
prudp qnn b Napbdl, Spynwiblnpnl <Emd duwuohlyh hwpwptnuiud
2wndm b muni dowuhpbipu lpuplyp ¢ winnbuly Upbquilgh L dineu Eplylugi
dwpdpblbph qrymeniln. puilgh Gnwlbg wnbgmprulp hwdwioeyud !
habnghuh hudplpuwsg mony
{wdh wnlbiny (56 1) huywuwndwlb we dwuh Spynnpn hwljwgsnd
Fe = m ge wnUgnipnilp, npnud ge—U Gpyph dannnuppude wwydwbwyn
Ywo waqwwn wiylwl wpwqugmat t, yurwbwip Fg-md'r, = mg, npuntn
g=g ~0r: (562
dbnehth hwywndwdp Spypwybbupnt hwqwnyh hwdwlupgnd
dwuthyh hwpwpbpwywlt wpdiwl hwywuwpndp Uponnah heunlw,
wnbupn.

m?—: F ~mg +2m[vQ1] (561
t

Uunwgyweéhg hawnlnud t, np F = 0 nbwpnud g -G ubpYuwjwglh dwulh
Uh wqwuwn wolpwt wpwgwgnidp dhw)l wit wwhbho, bpp dwulhyh hwnw
popwlwl wndnudp pwguiumd t (v=0). <wlwewy ntiwpmd dwuthlg
obnp Yptph hwpwpbpwut wpwanppult Ninqwhwpug 2m(va) wmuqu:
gmd. nnp Wynnwglh pGYGAN dwulGhyh htwnwghdp (inbu § 58):

ROUwnlolp Ynphnihuh mdh wqnbgruemlp Bpyph dwitinlin:gny
awndym JwndhGitnh Ypw: Gnunph griquhtinwiwOny nbiwh wnlbp aup
dynn dwpdhoGbphl wyl dqunmud ¢ 2bnty nbwh hwwwpwlwd. huy ntwr
wpldnunp wndynnlbphG’ nbwh hwiwwwwnwutswl pubnGbpp {wws
nwywdny nbwh wplb|p ;wnpdynn dwpdhbOsph Ypw wil wqnmy & mnnu-
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ahg nbwh dtin, thnppwgltbind dwndhtGbph Yahep. huy nbwh wpldmunp
awndynnltph Jnw wit mlh hwlywewy wanbgmpmlp (04.8.6w). Uhe-
optwlwiny nbwh hiniihu 2wpdynn SwndhLlEphG YnphnihupuG mMdp 26-
anid t nbwh wplble hnuhuwihG YhuwgGnmd. L nbuh wpldnang hwpw-
JujhG Yhuwglnnud: Ewh hwdwupuunwufuwl plbnbbnp awpdymn dwn-
IhGGPN Ypuw wqnnud B0 nbuih wnlbip 2non YnnhnihupulG motin: Inwing
¢ wwpwlwynplwd {nupuwiht vwnmgul ouhwinup pwynnn dtéd
geutph wplbywi whbnh nanywéenemilp:

Uhgonbwlwlng nbwh  hwuwpw-
yws wnpdym dwndhbGbph Ypw ynphn-
(Pupul mdl nunywéd t nbwh wpldnang:
rwing wuwdwlwynpwd wnlaunwp-
dwuiht gnuinhlenhg nbwh hwuwpwlwd
nawhnfudnn  onwihG quibgdweéltnp
Anynd B0 nbwp wpldninp (wunaun
pudhlbin)

Jwuwpwlwowht gnunnid  abwh
hmuhu L hwpwy wndynn dwpdhblsnh
Jow ynphnihuywl nud oh wanmud, pwlh
nn wjn nhnpbnnud wpwgnueinlip qriqu-
hn t Bpynh 2-hG

§ 87. UULUPLLENP UTHAC: ULYTNRELRMIWRSML

Ulhpwdtun § tnwnpbinb| L saunet) dwinmpruld mad L {phe hwuyw-
pnLlGPe. DwlpnipulG nudp Gpuph Ynndhg dwndbh Ynw wannn qow-
Jrwghnl nidt Fa = m ge. NP0 wlwitu ¢ bwqwnyh hwdwywngh plun-
ampnibhg L Ywiudwd t Epypwglnmid quigywoh pwtunudhg. dwnpdGh
qubgywshg mu Bpynh Glpundwde dwulGhyh apwyweé nhnphg (hhdbwyw-
Inut YEOunpnthg Bwulhyh mtgwé heowynprupiniihg):

Whot aird . nnp pywuby hwyusaun ¢ b hwlpunudy ¢ inngdud ur
ngh gbih dquwl mahl nphg lwpuwd ¢ dupdhlp luwd hebwpwh nbwl
S ndhl. npp Ypw wil nejusd ¢ P = - F(0Y.8.7): COn npnud, g8 yuifungn
L gt Wbwpwl plinpyusd <<&-md qunlmd 60 nwnwiph Yhdutyrnd: Ungn-
nwown dwndbh Yaeh dwuhl funubihu Bopwapynid t, np wio Yaedwd t Gp-
Ynh Bhwindwidp woywpe Gatinpny.
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Glpwnntiny. np htbwpwip L Gwiungp nwnwnh yhdwynid BG. (563,
hg halwpwGh nbwyghwh. Ywd pbih dqiwl mah hwdwn (0Y.8.7) Yuuw
bwlp. F = -mg Puy hwiwdwl Yznh uwhdwidwl

P=mg +m0r (57!
I
‘F
‘P
wWer w8s

Mupbdl. Yopep Swlpmpprul mahg ununpbndmd ¢ Epynh wamann,
upupdwbwnnwo Ysunmnbwfunp mony.:

Uwhungh pb|n (Nipqwiwnp). nnp hwbnhuwbnid t Gnyph tjwy Swun
nipnwahqp. nbh g -h nanniEncip: Con npaud, 20nphhy Yeowpnbwiun.
nuh wantignipjwl. g -0 2BnYws t nbwh Gpynh YeGunpnl twbnn nnp
jlhg: Gpt Gpubnp hwiwnblp qUnuwiht hwdwiwd dwpdhl, www e
Sqgmnigjwidp wuwdwiwynpywed g wpwquwgndp dwybpunyph prnn -
wnbpned YniGabw shuingl wpdtipp L nipnydwé Yhh nEwh Bpyph Welwnnnt
(LY8.8): Bpuph wwnuuh hewlwlend Ninqwiwphg Ywhuwe dwnihie
dtnp t pbpnd Gwl °r, YaGwnpnbwhunuu wpwgwgnud Yopehlu Ywiuywd!
nhunwnyynn Gbunh wiiwnhwapwlwl 6 jwjinipnibhg (G4.8.8) Un wuw
swnny, GnyOhuy BpYynh qunwiht hwdwgwhnipuwl Ghpwnnmppulb Nt
pud, g -0 Ywhudwé YhGh 6 -hg L 4aLuwnpnh tnwbnn ninnnpjwl hbu Yyus
dh

assinag=(Q'r /g)sind = (Q'R/g)cosBsind (2

thnpp wlym b Mpapunbing Q°r, L g Yeunpbting nbwh Spuph weowm
nwbnn niqnntepul Ypw, ogunygbiny (56.2) L (57.2) -hg. Yunwlbiwlbp

g=g.cosa-r cosfm g, - 'R, cos’8: (573

Tpebth &ndwluh (§78) twunwbmdbtph hnpdng g -6 gudm{nud t ok

Saunnipuudp LAWD sundnudibnp twihu 60 plbenud g = 983.2 ud |, hww

pwlwonud’ ~ 978.0 ud'y: dwyh wrbbiny wiu wpnnlglbpp (57.3) pul
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aund, Gpuph dwipmerut nidh wnpwqwgdwl hwiwn Gurnwbwop. plb-
ol ge=g=983.2ud'Y’, hwuwnpwlwond go=g+ R = 981.4udy’ bRL bNYh-
np thibp QUnwht hwdwsunh, wupw putend L hwuwnpwiywend gg -0
olnnUtp OmyG wndtpp. UG, np huuwnwluwdnud wit wytih thnpn t. puwl
plbenud, gnug t Lwihu, nn hwuwnwywdp wibth heenc t Gpyph Yebunlpn-
hg. pwl plbnGEnp Wuhlpl Spyhnl mbh prg ubndywo udbnnhnh nbup:

Upptoinfwénipm b: Gpo Jwndhtp Yetle Gpynh Lhwndwde wpw-
qugnuiny 2wndynn Jentiwynid Ywd inhbqbnwbwynd, www gunwbwbp
enynpndhl urwnptip wpnynuoplen:

Nhgnip m quibqyueny dwndhlp ywiudwd t a wpwqugndny 2wnd-
ynn deptwlh wowuunwnhg Yeptiwyh hbun wwyws {N<-nd dwlpngh
nwnwpbpwiwl hwujwuwpwyenigwt wwpdwbhg dwndbh Yeh bhwdwnp
unwlwlp P = mg - @) Mnnglyuntiny unwgdwé websnipnibp mnnwahg
wmuGgeh Ypw. Gunwlwp

P=m(g+a). (57.4)

anunbn et 0wbitipp hwdwwwwrnwuluwonud B0 Yepbjwiyh wpwqug-
Yipptoinfményspmi bbkp, pobg kipupininu ¢ Juspnp

Matnnp” hiphusphenid <Ls
Mwnwznunhuant’ wpwgriprwl hbunbuy undbpGtnh nbuenid

00y 18
oW 33
00y s2
Lunuanyunnn onwgral <16

Ywnduant glipptinidwdnipritn. npht nhdwing t Jwpdywd dwpnp
by mannuemLtotpny

dpphg ntiwh Yrpdpo L hwywnuwlyp <30
Qlhg nbwh nnplipp <20
npanhg nbuwh qurutup <8
Uplunuant qbnptinGywdnpniGp dwpnne nhowgln truppul uwhdwhl 8

Shbqbrwaqlwgp «dnuunnly -h SEYiwnymd 8-10
Shuqunwaluign” «Unjnigy- h dblGwnlnid 3-4
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dwlp nbwh Jbn Ywd Ywn mnaniepniGlenhl: Lwuntip, np g-hU hwlwowy
mnNywoé wnwguwgniny wndynn {N<-nud dwlpngh Yahrt wému t, hy.
Gwoewy nbwpmd Gywqnud. Uswehl nbwpnid Pmg = | -~ ag dBOnmnll
wiywbmud bU génpbnifudnpinl

Unyniuwymd  Gbpguywgywd 66 gbppanGywémpprul  wnatplbnp
npnGg Bhpwpyynid ¢ dwpnp vwunpap hpwyhswyobpnid.

Ublyppotyhoipm i Cpb JtpGjwln Wwvnwpnud t wquunn wiynd, wuw
Gpwind wowewinud bt wileb hnieut Yhawy: (57.4) pwlwolhg hbunt-
nd t. np wyn nwpnud Eh dquwl nidp (dwpdGh Y2hep) nwelnud t qpn

UGUzetihnipiwl dhéwy t Bnyph 2ning awpdynn ihbqbpwlwynie
nph wndhilb wipwunywd t Ppng, tnhiqbnwlbwyp Spunh OQwundwdp r-
Uh - r, YEOLPNOWAHG wpwgwgnid, npunbn Q -0 Bpbph 2npe hbgbnw
Gwyh wunundwl woynbwiht wpwagnenil t. Gulwpwn, nhbqbpwl-
dh hown Guwdwé <N&-nid pinp BwpohGlenp YWeUpwnUytl »€'r, nGtn
ghwih YsbupnUwtunyu nich wqnbgnigpuip WG hwdwyaemd t Gpyen
dgmnuppulb nwinmd dwndhbGeph Ypw wqnnn dwipnipwlt mahG m;
-mc¥r_ Upymibprud inhbqbnwlwynid swpdhGlbnp 360 Gopwnlymd Y-
tungh RGN Ywd haGwnwih stwlghwih mdtnh wqnbgnippulp:

§8. UQUS CLYLNN UULULD CHAUMUC MANUAPGRS

Bnynh dwytnnuyeny 2wpddnn dwndbh Ynw Ynphnthupwb nich want-
grupyulltnp pLLwnybghlp §56-n1d: Widd nhuwnyblp unjjw| waluwnhug:
pwlwl jwiineuwit Ypw manwdhany wpdynn, ophlwy. wqwuw wiimd
Ywuwwpnn, dwndbh ypw ynphathuwt noh wqnbgrupnibp: Spynh hbye
Yuwywé <N{—nid dwpdh wquien wbynidp GQuwpwgmnd t

av "
I__x.z[,.n]‘ (581
hwywuwpmdnd. nnl unwgymd t (56.3)-md F = 0 nnbnwnpbiny:

Unuwibwlp ng vtio h pwndnnigin Ghg wiawlbg Upgpoulpul wpugnig
M0 wquin polGnn Jwndoh pwupdvwl opblgn. Uil unwlbwm hwown wi-
hpwdtun t hiuntapt| (58.1) hwywuwnndp: Lpw we dwuntd hhdluwiuwl
winwdp g -0 t: Ynphnihuwt wpwqwgnudp Gpyph opwlwl wunnupnh £
whynm bwiht wpwanipjwl thnppniepwl wwunsweny sushG Jodnmpnibt.

Wwi nbwpmd (58.1) hwywuwnmdp Ywpbih ¢ (Mot Awpnnquwiadt
Unununfnpnuen G0Enh nwbwng, npp YupwlGned t howbpugmyd: Cun ¢4
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qrnwliwl dnunwynnmpiwl (58.1)-md wlwnbundd 66 Ynphnihuwl wnwqu-
gnuip.

muEnhg’
v. =gl (58.2)

hounbgptihu hwadh t welywéd
w0y = 1 aiqpowwl wwydwlg

Q -h woewphl Jdouvwdnprigaude
dwubhyh  wpwgnigmit  vinwbwint
nwdwn (5810 Ueplwprugymyd t hb-
nlyw yeny

dv
EI’ =g+ v Q]
nowntin hwyh weGtinyg (58 2)-0. vif0) = 0 wwjdwGp L hintgnbiny, Yuuws-

lwbp

V(1) = gr + [gQ)’: (583)
Gpupnpn dninwynprieiwde YmobLwip.
dv, :
ek v Q]
nmnbnhg’
v.(r) = g1 +(gQ)° +3([gQ)2): (584)

{wiwliws duny Ywpbih t wwnwbw| Jwubhyh wqwun wildwl wpw-
npwl dwiwlwihg Ywhujwoénigmip wybih pwpdp dnuuynpremil-
bpny” Uwiwit dwndGh wquinn wildwb hhilwlwt ophbwwihrpm G-
¢ (hndh0 pGngnyywd 5O (58.4) pwlwadlLnd, npb hbubgpbiny puwn dw-
dwbwyn, Younwlwlp dwpdlh wquan wilphwt opblpn Y dnuwunnge-
e

r(t)=r,+ g +4(gQ) +4((gQIQY": (58.5)

Unwgywé wpnmipl nunuibwuhpbine hwiwn pbunpetp nblpupu-
WG ynnpnhbwuntbnh hwdwlwpgp' 04.8.9-md GEpYwugdwé duny: Lnw-

I3

nud
r, = (0,0,-h), g = (0,0,g). Q = (0,-Qcos8.-Qsin ),

mnGg hwywnnudp (58.5)-md wvwhu b pwndtwl optapn nnpnhlunnuhl
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tnwiwlmd
X(1) = ' Qgcosh. 1) =21'Wgsin20, ==-h-igr. (58.61

npuntn # -0 nhuwpyynn Ueinh wopuwphwgmuiywl (uomeym oo ¢

Ninnwahg Z wrwigpny Jwulhyh wnddwl (58.5) onptilph we dwup
Bppnpn L gnppnnn wonwdlept wihwdtdwun hngn 50 wewehlU nlnuhg,
L Yuprn B0 wlunbudt: W dnvnwdnprepude = = 0 wwpwihg Ynpnbip
dwniGh woydwl dwdwiwyp.

1= J2hig (587

Stnwnptind wu wpdtpp (58.6) h ginuu tipyne opbLplUBNMY, Yuwnw-
Owlp Spyph dwybpunyeh Ynw dwubhyh wilydwb ynnprhbwunitnp Lw-
wntlp Owfiu, np wunnyuh pwgwywnipiwlb nsuypnd (58.6) hwywuwpnuit-
no nwihu B0 x<)~0. UpuhlpG' dwulhyl pGyomd t niqnwadhgny: Munyui
wrwwglnid t ninnwdhghg dwndGh bnnud nbwh wplbip (x > 0) L huww-
nwlwd (¢ - U3 COn npmud hhdbwywbp nbwh wplbp 2nmdl t. guwlh na
wib 2 -hg Ywudwo t qdwtnntit Ophbwly. plnnibEiny h = 2004, 8 = 40
(Gnlawbh wtvwphwgpwwi (wjnenllp) L hwadh welbind, np Q=2x7,
naLntn 7' = 240w, Yuunwlwlp r=6.4Y x = 4.7ud v = 7 107w

§59. dMUNBk KNEULUYC

Uroppu gnpénilbnigpulb pbpwgpnd nnlt Yhpy 3EGp qamud Gpyph
wunnyunp: Npwtiugh gnyg vy h, nn ghztn-ginby htppwquinuesnibp Bpyne
wuninh htwnlwGp t U ng pE Opw 2ning Uptigwyh wiunniunh, wohpwdtyn
t nbt dhahwywl thnnd, nnh oglmipude howpwynp (hGh hwyunbwpbnb
Spynwyttunpnl <8 LmunnGh ontlpltnhg 2bnnudlbnp: Un 2anmd
Gnny £ halg hGwpwynn Yhth npnzty Gpuph vbhwyw( wpwawgndteng
A Duwndwdp L hwunwntg bBpw ng hopghw| |hobyn:

Lnuunnh opLpltphg htwlnud t. np nihbqbpwwG sgnnnipwl ndt-
nny wwhynn henniy uwd ququinl dwpdhlip wewng t nithw qinh Al Gee
th wwnanynud, L utndqwé udtpnhnh nbup. bet wunwndmud b Gnypwpw
Owlw suwhndbbpp gnyg B0 uiyty. np Bpunh hwuwpwlwowho Jwewyr
np 21 384 Lu-ny dbo t pLtinh weuwndhnbg: U wpnpnulpp hGwpwynnrupjnb
t vt ghwhwuwnt; Gpyph wunundwl wiyni bwiht wpwgm et wndGpp:

UnunnGht hwennyt t jwby OnuyGhuy 456 pwndpnipniihg wqut
00YGN dwndGh ninnwahahg nbwh wnlbi e 2Bnniip:
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Laquwd thnpdbnp. pbl grigwnnti B0 Gpupwlslunpnl <<-h ny hbbp-
ghwi (hUG(0. uwlwil Gngnp wunmipnh wihbnpbh wupwgrigg t huwnuu
amd drulyryh Lhnndp (18508,

dnunl niundbwuhpty t Bplwp phihg (648) Lwiudwé dEé qubgyw-
ony (284a) qunh thnpn W iNWOLRE (dnLynh Endwbwy) <PL-md wyu
gnéwlwyh wunwbnidtepp Yywunwnyts wihndgniu hwnpempwt dte,
gwGh np qonp Ynw wannn dwipniprul L pbih 8qdwl ndtpp dhawn plyws
b6 poiny U mnnwahgny Yuqiywd wihmhniu hwnppnipjwis dbe bpb Gn-
ynwgnt Onp wunuydned t, www Oimunnipul ws mdtphg pwgh §nswiwlg
gtpwnudh pwgrigh; hiepghwih mdtph, npnip MGbG LwunwlnuGenh
hwneM ARG ninqwhwpug pwnwnphabtn: Miptdl, bet Splhpp wunuymd
¢ www wiwp b wunungdh Gwl dayngh snswbwyh tnwunwinusGtph hwn-
prugmlp Wu bnlnuyel bt hGg gpwlgymd t hnpdnud:

wy. 8 10 9

Lwlu blpwnnblp, yinpdp Ywuwpymd b opynh puberd (GY.8.10w):
htnghw| <<-h Gqwundwidp nfwlwlyp nwuwbyndd b widhndhniu hwp-
ARl U9, huy Bpuhpp wumnydnud t Q2 wiiynbwhl wpwgnprude: Mwpq
t. np Bpgph heun wununynn NE-nid andwiwyh tnunwonudGEph hwppm-
#np Ywuudh hwywewy mnnmigpude’ daéngpudpe Onyl wlymbwho
wpwanieg)udp: Uu wunnuyanl wpnymbg t ynphny huwb mdh wqnbgmepuG:

U wtuwphwgpuwlwl (witnipnibibpnid Sndwbwyh nwunwbnidlt-
nh hwppnippwl wunnunp unnwngnud towy wiyniowiht wnwanipyni 60t-
myd hgnig dniynh Sndwlwyp nbnwnpywd t 6 wziuwnhwgnuwywi (wy
Unippul Y dbpwétiny 2 Jbywinpp ninqwaha L haphqnlwywl punw-
nhibinh” =0, -k P henehG O, pwnwnphyn YEpwoble il wwhhl
nwnwindieph hwpepmipGt ninqwhwjwg A, L hwppnuewt Jte phwo
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N pwnwnphsltph (LL.8.10p.q): Bndwiwlh Jwndiwlt hwdwuwnnmil we,
nbwpnd YplnniGh hounbpup inbupp.
ma=mg+T ~2mvQQ |+2m{vQd |+ 2m{vQ2 |:

Unphnthuh nidh 2m(vl. | punwnphd mangweé t pGih BpLweny L
pOwlwiwewn, sh Uwpmn  wewowgll| wwnwLNWLEPh  hwnpu
W 2m(vila | mudp dhaun ninnwhwjwg t nwinwinudbtnh hwpenewin
U hhdOwywOnd wil t donpghGhu wunnywoh wwinswep: @bl 2m(vil) nidp
Unyiwbu ninnwbwpug t Lwunwlndbbnh hwppmeauG, uwlw)l wib Y-
nbih ¢ wpbwdwpht), pwin nn hwodbtwuwnwywi t Lwanwidws wwuinsw-
ony mnnwdéhghg rbth tndwl a bhnpn wouwlp: Gulwpwn nswlwyp
VWU ONIBBNh hwpepmewl wunnyunp Yoywpwanyh

ma=mg~T +2m[vQ, |:

hwywuwpndng, npp pLbrGopnd ndwlwyh tnwunwidws hwywwpni.
dhg tnwpptpynud t Gpwlng, np 2 - hnfuwpbl gpywd t Q. = Qsind: U
wbu np 6 wauunhbwanwiwl |wiompput ypw dnynh Snswbwiyh v
wbndubph hwpengnbp uununydh Qeind woynlGwiht wpuwanppuds
Ll m = 2x A2 = Tsind wwnpbpruejwdp, npuntin 7 = 24dwd
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MU LED

8.1. /5 ulqplwiywl GpYwpnL@NU - k YN2MENLL nLEgnn qQuuwlwyhg
yuwhidwd m qulgyuwdny gunhyp uyunid b wunnyty LELunpnLwiunyu JEpbuw-
1y € Wl bwhb wrwanipjwde (LY 8 Tw) PUp a wluyn:U Whwqdp qQuuw-
Lwip ntnrwshgh htun Runnwdnnh how quahyh Jhnudp wlintut;

funn 0=0 bRt (3 ke CWIWWEY g = g m Q< Jk'm)
o (gl ~km ke,

o, Muandnn nwdwywrgnid guRhlh Nwywuwnwlnmewb wwy-
Ywbltpl 5U Tcosa = mg . Taina = mQ’r npunbnr = (sina. T » k(¢ - £,)-
quuwbwyh wnwiqwhwbnipiwb mdu t Upwwputind ¢ -p. tpt a = 0.
uumwbwp mg(l - mﬂ’/k) - mQ’(Qcosa . nf‘mbﬂhg g/, = Q:, k/me ﬂg
LawbwuntdUbnhg nEwn ynlblwp cosa = Q- Q7 Q)0°  nnb pdwue
MU BRE 0.0, AT -0 < A <O, GRE 0 « 0y 0 - 0i . WWwa =0
Mol = 2 nbwpentd ¢ = x, wjuhlpl quwwlwyp qyrmd t

8.2. Nyl hwdwuwpwupny tawlyjwl ntu-
pryd qrndwo anntph hwdwywpgp Q wuynbwihu wpw-
snewdp wuwnydnud t AB tgh anipgp (LY. 8 2w) Anbdnp-
Jugywo Ypbwiynid ¢ Epwnnimnil - k ynauinnil nuut-
oM quwwlwlh Jh dwipp wdpwgws t A YEwnrd. huy
¢ dwype' m quligqwony Jwndlhb, npp wnwbg adhdwl
Jwnnn ¢ uwht| AC UEppLwahgny Py Q wuynbwhl w-
rwanimwl abwpemd t huwpwynp (nEdnplwgywd yhbw- Wy 8y
Wy Quwwblwyh hwywuwpwynnipinilp Ywind™u t wpn-
1ng Ywndlh nhngp hwywuwpwinmmwb win yréwlmd

Twn O° = ‘/—2 g/f. NwmlL b GRS k¢ > mgcosa = mg;’q’i

Lo/ Topntyntind wueandnn hwdwnyh hwdw-
wngnd JwpdUh Jpw waqnnn nudtpg AC LbppUwahgn
ru. Yunwlwp

mr = -mgcosa - k(r-/)-mQ’rsin’a.

wwd ‘- k-mf):smza,/r k(-mgcosa
m N \ - mQ:stu,

apatn r -0 Jwpduh heawynpnipgnil £ A 4ewhg 1 =0
wwiwlhg  Guowlbwp Jwpluh  hwywuwnwynnripwl

Ly 82y
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nhpphU hwdwwwwnwuhiwling re -b
o= (k(~mgcoso)/(k - mQ’sinzo); (k a mﬂzsin’a) (&)
Mwhwlgtny r, = €, 4apnatp hwnpynn wbynlwhl wpwgniprlp

y_geusa g3
0 s - - -
f sinta "
Wwintnipywl hwpgp wwpqtine hwdwn nhnwpytp (2) hwywuwpw.
Gnniejwl nhrghg dhnpn § bnmud r =, -~ & Stnwnptiny wil (1) -ny
bunwbwp & = (k‘m - @%sin‘a)t.nnb k > m7sina AbwNY LBPLW WL

tLEpqwlwy wwnwbnd fe N aMmpg w = vk, m - N an’a hwowhinRwip
8.3. 3wdb| wnwlg uugpbwiwl wpwgni@wl wquwwn pLbilnn Jwpduy
nbwh wplElp - hwuwpwywd tnmdutpp unhpp (ndL] UntguwitLnpny
hwdwnlh hwdwlwngnd Ogquryg baynt Enwlwyutpng’
w) wudhpwiwbnptl Yhnwnt| L;nunnlih ontLpltna.
8) Yrnwnt| hdwniuh yndtunh wwhwwldwl optupp
ooy w) rutnghwy hwyuwnyh hwdwhwpgna Gpyph Lywndwdp
wnwlg ulqplwywl wpwagnipjwl pullnn Jwpduh 2bnnudc AB mnnwéhgiy
pwgwnpynid t Epynt gnpanllitpny Lwhu Bpyph opwlwl wuvmunn henuwl-
gy A, B ULtwtnp mUEL wvwpetn® vy = Qg R,

Va 4‘—"1 A va=0e(Rg+ h) uyqplwlwl wpwgnipgniliutn
Pwgh wjn, owupnipywl nwdp puyunn  Jwpdup
wnwgnewll ninnwhwjwg t Jhwjb uyqplbwlwl A
ytnnw: snwgqw nhpptpnwd g -b unp wbigmel ¢
ywqunu wowgniewl htwn, nph ntwnlwupny wjl ny
JhwiL wuwnnd £ va wpwgnu@ywl mnnneynbp. wjb
gndinpunid b Upw JESmimnllp LY 83y N
henunud £ np X wawlgpnd plyunn Jwaduh whw-
qugnup htwnbjw|L t
X =-gsinas -gx/R =
‘B(Rs" h)ne'/Ra ~ -gll,t
ALLEGPE[NY wju hwywuwnnp, hwadh walting a_ = v, = (R; + h)A,
uliqpliwluwl wwjdwlp, Yunwlwp
dx/dt=(Rg+ h)2e- gle!’/2
Gyu Uty wugwy huwntgntiny, Yuunnwlbwlp’
x=(Ra+hlgt - gRNet’/6




Uwlwl wldwl ¢ = [2h/g dwdwbwlind B Utnp wntnwawndyws
YNUN x5 = Rflgl twihny 3Ibnbwpwr, hwuwnwywdh (¢ = 0) (wjunipwl
Jrw SwnJduh 2tAnudp nGwh wnlte Lhuh'’

S=x-vp= %hvmﬂa

p) Bwlh np JwnpdUp ypw wqnng dwlpnipwl nudp LEuinpnbwlywl t.
www hdwnauh dndtunp Gpupp GELwpabp LGwandwlp wwhwwiynwd t
Awswnwwoh (wibnieywl Ynw pbyunn dwnduh hwdwp wil hewnbjwiu t

m(Rg+ h)'Ng = m(Rg - y) (g~ </(R +y)).
antR y -0 EnUnh Jwytnlnyphg widw| wwhhl JwndLh pwpdpripgnibl t,
10 wpwgmejwl hnphqalwywl pwnwnphip N UBd pwpdnmpinibutph
nodwp win hwywuwpndhg urwgdnd bt & = 20g(h-y)  RuwUh np

Moy - g2 www x = 204817 ABnLwpwn 2tndwl hwdwn YmutLwp

PRI 9
S = jd,. - jm - §hv‘zh;g Qe

o



QLNbIX

ShEQEMUYuUL 2N Uyuunhe3NbL

§60. YONLED OB ShEQBMUYUL 22N UIR8UL
Oreuet

wihwgh wuwnnwabun SHtun Lnwhtgh (1546-1601) unwgwd nhunn.
nuwiwl grwunbph Sawlydwdp Wugbnp (1571-1660) hwpunlbwpbnbg Unt-
quih 2ning dnjnpwllbph Jwnddwl onblpbbng.

I Unpnpulpiing awndyimd 60 ¢puuwdl mnboptipny, npnbg Yhquit
g Jtlimid qunlydmed ¢ Upbquiyn

2. Lol nbonbnny daynpuwlybling pwunot/md 60 hwanwun G ut-
wnnuphl wpugmigmbbbpng.

3. Minbonh Jb0 Ywaunwnwilgph funpwbuinh hwpwpbnnemop mnb
Onuwhl pwnddwl upurptnmepul pwmuwlymun’ dhlmil hwunwuwi o &b
Snupin i ¢ Upbguiyh pnung upunudmn prynp dwndhlobnh hwdwn:

Wu ontlplting LinuunnnGhl hwiqtgnhl uwibqbmwipwt dgmuilputnig
AUl ontGph hwpnbwptndwl:

Puywwbu, biobiny wewehl &
ynu optlpltiphg. gnug Lwbp. nn dn-
(hrwyh Yrw Unbquiyh ynndhg us:
nnn Mdl ninnywé t nbiwgh Unbquip
L hwiwnwnd hwdbdwuwnwywo t U
PEQuyhg dninpwiyh htowynpm el
pwnwynunit Uninpwyh  rntérh
hwpeMpG J6 pLLINEGR FLEMWING
ynnpnhGwwnwhG 7, hwdwywng
Upbawh hbw hwipGylng vlqpiwltunng (GY. 9.1): & uyuh husjwuunmd
w hwdwywngnud wpunwhwpnynud t hsunlyw) pwbwdélny.
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P (60.1)

l+-ecos@
apntin s -0 tihwuh jwduting pGnupwannn SeoruginG L. e -0 ¢pugitinh
uhwnbw Ungdmn 056menil t. npp tihwub hwdwp pnnibnud £ 0< e < 1 wp-
depian Lgnug t unwihu Gpw ubndywonipwb suhp:
Uninpwyh wpwgnipaul punwnnhsent wpunwhwpnynud B0 hounbyw
pwlwdlbnny (§4).

v o= -~ =—¢, v'=r¢: (602’

upantn bwayh t weldwd. np 7 -p pwpn Imllyghw t dwdwlwyhg = rioy)
Ogunydt ny Owl §34+nud ubuinpwiht wpwgnewlt hwdwn unwgywsd
(34.16) pwlwadlhg, Yawgbnh pynnpn onblpp Yo nLwwgltlp wuwbu.
T=1in, =1r'¢p=const: (60.3)
Jdupohthu ogUnipjwdp plbrwihG Ynnpnhbwurnwywi hwidwywpgnid
dn{npwigh wpwawgm dutnh hwdwn Y tEowbp.
47 1 4T 4%’

a=F-rg’=-—-(-+—-1=-—;,

rror o ode'r ser’ (60.4)
a, =rp+22r9° = li(r’(i)):O:
(4 b4 ’dr

Unwawgdwl a, pwnwnnphgh qpn |hitip burlnd t Wouytph Bpynnnn
onplphg, npp Upbquilyh GYwwndwdp dnynpwygh pdwynub dndbGunh wwh-

Wwlidwl wpunwhwnouenubo t:
UnunnBh apynnnn opbibgh L (60.4)x-h oqlnippudp Yyuunwbwlp dnin-
rwih nw Unbquyh Ynndhg wqnnn ndp
Foma=-Em, (60.5w)
se r’

b m-p dn(npwyh quibqUwet t, huy 457 / se hwunwinniy sEénipnLlp
dptquyh 8grqnipiwl nwawnh panewghnG t: RwGh np nfuwaqnbgnipjwl
dlewgpnid Upbquiyl nu dngnpuwiyp. hwiwdw LinuinnGh tppnpn onptGph,
Wentaupubnid B0 npwbu hwywuwnwqnn dwpdhGben, www powywh t 56-
swnnt|, np dgnnnuepul (60.Sw) mdp wawnp ¢ hwdtdwunwlwb (hoh bwl U-
nsquih quibqyuwshl: Uiwtu np Upbiquyh ynndhg dninpwiih Ynw waqnnn
Nap bwntith t GEplwywglt| haunlyw wneupny.
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F =~ y——."“.’e’. (60.5
r

npunbn dhinw Gawbp gnyg b vwihu, N wyn Nt nuinnywd t nbwh Upbqu-
Yg. huy G -0 gaundhuwghnd hwurnunnrno Yngdnn hwdbdwunwyuwn gl
gnpéwlhg t. npp UUL-nud nubh htuinbyw jurhnnwiywUnienilp.
F [Gl=L ' uya' (60 6)
m ?._~—’ . Unwgqwo (60.5) wprynilbpp  LyntunGe
r nwnwét| b quyninudnud ginfuwqnnn gubyus
gwd tpynt Umpwywt yswnbph ypw: Ui b
r WnGh t npWbu vyEqoPwipul und grunihuw
“r anG dgmppul onblp
F.=GO2T%p (60.7)
r.

w2 N
0 u By nipuitauil Yeuntin Udpulg dan

50 hntlg quiqyuotpht mnfn hudbdwaw
it L Grwlg dhob henunnmppul puwowyniuml hwipunwnd huwdbdw
wuApul midtipny (0. 92): Wu midbpp Yngdnid 6O ipbgbpwipwsG dgmn
RALG (pud gpuunwghnG matn, nnnbgny hnfuwgnnud 6U, wewlg puwgw:
nLeG, pninp Jwpdhblbpp

Ny Younwihl dwpdhGltph dnfuwqnbgnippul nuatng Ywpbth ¢ hay
dt” oqunybinyd mabnfr whipupu uqnbgrippul wqemiphy: Un Gujuwau
yny wihpwdtun t dunnyh vinnhs) dwndhlGbnp dnpn dwubph. npnlp vy

Jw| Wwwsbpnud hiwpuwdnp (hih hu

* Jwnty Ybuwwghl, hwdby pninp qnug e

o hwqnbgnpjwl ntdtng L yblyunnwwby

gnudwnty: W dLny Ywnbih t hwdnqyti,

NN GUnuhl Jwndhblbbpp dhdaulg dan

S, &G gl (60.7; madtpny. undtu Omuly

v T mp Gruep Yelunnbugyws ¢ Gpulgtr
o ¥ wgunhwlywl YEbunnnbltpmd

. R Spufprnwghnb bwunnunanibh hops

A Te ‘ A bwhwb opnpardp: G -h npnadwl wour

B ohG hnpdp Ywuwwpt t Gwbinns

(1798 ) ninpwlteph Jdhengny (v
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93 Uil Obpywpwgindd t wewdquwiywt jwphg wiuwé ptel (dwy, nph
auntnht wopwgywo tu m quigywény dhwidwl qinbn QUnanphl dnun,
awiu AA' nhppnud, w)jinhbunl BB nhppnud unbnwnpynud B0 866 M quitg-
Jwony Gpyne wy qbntn: Conphhy m L M quibqwolbnh grwyhuiwghnl
agmnipiwl. [dwlp wununymd t hwywowpwlizemprul nhnphg a, (AA°
ntwemd) L a; (BB' nbwpnd) wliynGGepny. npnbp swdwdnud B0 hwtimb
alllnn (niuwihl Swewaquieh 2ondwdp (6Y.9.3). GrE hwnluwl dnpn L ko
abntnh LELLPNOGEND Bhel htrwynpmenlp Gwlwytip r, huy |dwlh G-
wunmenilp ¢, wyw 00" wnwlgeh Lywwindwdp (dwih Ypw wqnnn gpw-
Jhnwghnl mdtnh GMme/# ndtiuing hwydwuwpwlenpaul Yhéwymd
rwywuwndh wph nnpdwl wewdgwlwl ndh fa dndbGuhG (f -p (wph
arndwl dnnny G t (§75)
fa =GMml:-r’. fo,=-GMml r’:

Anpdwl £ dnanup Yawnbth t npngtp ninpuwijw6 vniwwnwmdGsnh wwp-

sopnueiwl jwihdwl dhgngny

e Ve L — ‘
T=2r /4 _21r~l-§,-,

nwntin / = 2m(// 2)° - qunhyGtnph htbpghwih SnitGWNG t jwpny wbglnn w-

owlgph Ghwwndwidp UpqniGgnid gpwiyd hunwghnG hwuunwanniGh npnadw(
mwdwn Yunwbwlp hbwnbyw) pwbwdlp

ar

G=——(a,—-.) (60.8)
MrI* :
Qpuyhurughnt wunw- _
unh npn2dwG wy nind Yuiuw- -

ol t oryhl (1878R.) Onpdh wwn-
pwynpdws nipughd wwunlnp
Wentwpugqws t OY. 9.4-mud: LOw-
lwynp Ynph dh (dwyhg Ywiu-
jwd BU Gpynu Gdwnlbp, nanGg
dhwglnn |wnp wiglnid ¢ Bké M
qulgqwony wnsst qunh wpw-
bwgony pwgywo wigpny Ggb ®
WbnhG Ldwphl nUGGp m qulag-

Jwony gqnibn. www wyn Gdwnh o ™
ynw Uwqnh hawnbjw; mdp.

uy 9.4
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F =mg+GMm:r .
Grt qUnhyp Ytnhi Gdwphg ntinuihniubip unnphG Gdwn, YnGblwlp
F, =mg-GMm/r:
Wuunbn 7 -p qnhyh L 3846 qlnh YobuinpnGltnh dhel Menwynnnpiniil
t. nnp GOl & BpUNL nBwpnud uahbiny £ F: matnp L inenwnnptiny
F-F .
~r (60 91
2Mm
pwlwoLnty, Yunwbwlp gpuwyhunwghnt hwwnwunnlh wpdtpp.
G=6.6732-10" L.EWQ" (60 10)
Shbabpwywi dgnnnuprul nudh pwlwadlhg htuud t, np G -6 pyw
whu hwywuun t hnwphg 1 Merwynprippuul Ypw quibym Jblpulust i
quigywe mabgra Gplim Gmpunlpwl Ysuntnh dgmmmguul mohl:

§o1. AU hSUsPNL HULS: TUTSH AFLNRRUICTEMC

Cwiwdw)l dwdwlbwywyhg wuwwniytpwgridlbnh™ JwndhGsph gpur
yhurwghni ¢nuwqnbgnipnibient ppwiywbgynd GO dwunbphwiwl n
dwht nuiznbpny  3mpwpwlynip Jwndht pn newwwwnmd unbndmd ¢
apwyhunwghnl nwiun, nnl £ haGg wqnnud t hpbGnud gunliynn dwndhllt-
nh Ypw: U GEpupugdwidp dwndhGobph gnwyhunwghnG tntuwgnbgne
A ubnhpp hwigbgynid t Bpyne hwdbdwunwpwn wwnq fubnhnobah.

Nty ywdwpuqwl Jundah untnowd gpurihuughn nwpung.
-nnnty nuipuwid Ywdwpwlwl Jwnpdah Yrw wqm nidp:

P03 dEonpINLLLENNY pOMpwgnt; gnwyhunwghnl nwunp:

Onpdp gniyg t viwhu, np gpwyhunwghnl nwauth Liw| Wownnud Jua-
Ghyh Ypw wqnrn nudp hwibdwunwqwl t Gpw quitguwohl UuhGpl™ tet
nwwh ] Yeunnd hwgnpnwpwn nenwynpbip m, m, . m, quibquu-
UGpny dwulhylbp L swhblbp bpwbg Yrw wqnnn F,. F. F. mdapp, www

F F,

—_=—t = = —=consl
m, m, m,

hwnpwpepntantiont wiywiu nwaun dngdwd Swubhih hwunynipnulit-
Phg. nhwrwplynn Gewnnid Gnyll U (Bapwnpynid . np nwaLnp unwght
Own t) <GLG wju hwpwpbpmiemUG t; pbunygty t npwbu nwaunh ndwl
pUNLRWahN
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LA, (61.1)
m

L wbywbdty grudwnwghnt nuipnp jwnywomgm s Cunhwlmn nbupnid
wnyuwaénipul deyunnnp Yuwnnn t Waunhg Weun hindhnfuygty hiswbu deénge-
wdp, wilwbu b ninamipwde: Wnwhuh nwaunbnp Yngdmd 60 wimwdw-
wo. Jadnigiwdp L ninqnigiwdp hwunwunnil jwpdwomprude pbnipwaqn-
Jmn nwup Ungynmd ¢ Awdwute: Swlwgwd wihwidwute gpuwyhunwghni
awauntd dhaunn wpbih t pbunnl) pwywlwbwswdy ynpp whpnupltn, n-
pnlgnid nwunp hbwnwynn |hoh hwdwnb hwiwutn Uju wlnmaip houn t
gulywgweé nwaunh hwdwn:

Qpunjhunwghnl qupun hwdwpdmd ¢ yapydwd, beb hupnth ¢t Onw
el JElunnnh upududsmpndGn gnnpnhbwuniobnhyg:

Uunwlwbp O ysunnmid nbnwynpywéd m quigqyweny ytaunwhG dwpd-
5h gpwyhunwghnt nwunh (wndwone)niip nwnwéniprul nplt Youwnnd
Stnwynnbbp r Ytunnud m° quitiquony Jwulhy <wiwdw)l whtqbnwipwl
Sannnipjwl ontlph. Unw Ynw Ywqnh

.mm'.

F=-62; 612)
=

ndp. npunbnhg (61.1)  hwaweiwdp uwhl quigyuon wntnéux
@uNIULGHnG nwpunh jwnwoniprul hwdwn unwowlp.
Gm ..
g=-—+* 613)

r

Uwubhybbph uwiwpwlwi hwiwludeh untnéwé  gnwyhumughnG
nwang Ywnpbth t npngty (61.3)-h dhengny, caunbiiny awpunbnr (bpwnpn-
dwl kpgpmiphg: Uw nwauntnh ununpwani hwanynigimbtbinhg t. npo
nobnh wiwy wenbgmeaul wgpmaph wolhewlpul hewnbwlp ¢ nw-
rwdnEUG npLt Lewnnud hwdwhudph grwyh-
nwghnt nwwnh (wpqwénpmin huywuwp
t hwiwpundep Guwqdnmn dwndhlGtnh wew-
hG-wrwbaht unbndweé grwyhuwghnl nuw-
anbph g (wpwoniginuubtnh Ybyurnpwlwl
amdwphG.

£=18:

GunLwpwn, Yaunwhl dwpdhtltph hw-

duhidph grwyhuwghnl nwaunh (wnywénte- W 96




mubg Ynnnagh

pwlwadlny, npunbn hwdwnih uqubuxubmu pUnnywd t wil Yswnp nprug
npnaynid t nwuth (wnyworpim bp (LY. 9.6):

Cpt hwdwhuipmd quigyuwon pwludwd t whplnhwan, www (6.15)p+
thnfuwpbl Y Gbowbp

g:

Bpypnpn hﬁmcqnwlmd am mwnnwtwﬁ qmbquu wnuwhwpyuwd
t pdb inbupny. L hbuinkgnywéd t punn dwndGh dwywih: Qbpght pwlwéls-
np wwihu B0 wewehG fulnnh (nunLdp:

Lwdwjwywt » yennd ntnunpdwéd m quigquony dwulhyh Ypw
anwyhunwighnl awunp bwaqnh

F(r)=mg(r) ()

mdny Uu pwlwdlp hwunnptl |mdnd t tpypepn fubnhpp, pwlh nn
Awunp twuGhybtnh Yuidwpuywl hwdwfudeh Ynw Gwanh hbunbyw| ndny
(nhuyptun L wopGnbwwn pwilurmdGbnh nGwpnd).

F = Zm‘g,(r,)z Lg(r)dm. (618)

Uhw)t gpwyhuinwghnt nidbph wqntgnipiwdp dwulhyh wpdnmudp yn-
i b wquwn wioyned: {wdedwintiny (undwonippul Yayunph (61.1) uw-
hiwGnudp Upnunnbh Gpunnpn optlph htw, Gywunnid GO, np gpwyhuiw-
ghnG nwaunh jwpywdnipuut ysywnpp undup yennd dwubhyh wqua
whlbwl wpuqugmda ¢ Upnbnhg unwimd Gip swdhwquilg ywptne
wnyrlp. gruyhnwghnt nwauh iy Jund JwndhOGbnl, usdp
Upwig quigywottnhg, wquun wlymd 66 wwrwnmd dhllnyl wmwgusy
dwdp: U wnprynipp wpnGh & npwibu. Quyy e ponwlmuwgyuwo pbnpbd:

Qnwyhuwghnl nuwauinp unbih t pumpwant Gwl totpghuwbu. §24
—nud gnuyg GO by, np gpwyhurwghnl mdeng YnGutpuunhy B0 Gutr
WpWn Gruauwgnt nuanp wrnboghuyumhl ¢ Oqunybiny Fdr=-du
wnGgniMlhg. hwalh wnelbiny (61.7)p L pwdwlbiny vunnwgywép duw
Ghyh quigywon dpw. Yunwlbwig

gdr = -dU 'm=-dg. 619

Odm '_l del 616;

npuntin
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oir)=Ur)m (61.10)
dbonRINt L0 wWllwiu b nwwn dungywé durulhyh m qubqywaéhg L yngynd
¢ grwyhunwghnl nwuinh wnnboghuy Uit Gepwjwginud ¢ nwunh # Y-
and inbnwnnywo dhwynp quitgyuwony dwubhyh wnuntlghw tubpgh-
wl Con npnud nwiaunh g GG odundwid t orry wnuntlghwiny L grr)
wndwonipuulp, wilwhu wis pwlhg, wnbnwynndwé t winwbn Jwulhy,
g

Mwuh Ywiwpulwt 1L 2 Gbuepnad wynunkoghw btph vwinpptipnie-
LD (wPwonpjwl hbun Yuwqws t

f’s(')d'=cn -@, = -Ap (61.11)

AnGgnippwidp. npp (61.9%h wldhpwywl hbwlwbplh t POywbu dwulhyh
wnntiGghw tGbpghwl, wibwbu t nwuh of7) wnutbghuwyp npnaynid t
alnpn gnudwipbihh Spuiniejwdp: Uu wonpnaneiniop Ybpwgynud t um
nblghuyh Gnpdurinpundp (nG'u §25).

Oqunytiny (25.4) pwlwadlpg. Yunbih b unwbw| m quiquény G-
il Y grundhuwghnl nwpunh wmntighuyp

e(r) = -G—m7 (61.12)
r

Awaurbnh Yenwnndwb uygpmbpp e ¢t vwihu npngb Ywiwpuul
pwunid nltgnn dwulthyttph hwdwiudph unbnowd gpuyhumughnl nus-

o wnnkGghup.
Gm
_ . _§um (61.13)
0= 9 --y_ .
Ahuyntun pwludwl nbwpnid. huy wopbnhwwn pwludwl nbupnd’
@:.fc"‘“" : (61.14)

r

wunh toepgtuhy L nidwiht pimpwgptph dhel Yuiwyp heunmud ¢
125 16) pubwalhg.

g=-Vo=-gradp (61.15)

Bl ¢ L g dESNRINLLGEPD nwwnh hwiwndtp plnipwagntnl GG, ww-

bl wowyt hwpdwp t grnd nlBGw wnukGghwih htwn, pwlh np wib
Jwywn deénemil t:

267



§62. AU ArudhSUSHPNL TUTSC bY Arudbsusriy
Eubrahuv: @rUudhsusrny TUNUYLM

Qumup ptapb; Apuypunwighnl nwaunh |wpywonipil (61.5), (616,
hUswbu Gwl wmnelbghuih (61 14), (61.15) pwlwdlbnp ulqeribpnnbl iy
&0 wnwihu npn2t| Gwiwiwwb hwdwhudeh uunbndwd gpuwyhuwghnl nu,-
u: Uwlywil npng nbwptinnud hwndwn t ogudby (61.5) L6 1.6 hwidwp-
dtp Qwniuh panatidhg. Nl wjuwintn YponnbsGp wnwbg wwwgnygh.

Lwduypurlpusl Yy dwlplunyeny grundpunuwghnt auwunh (ungdwon.
Rl JEunnnh hnupp hwunaun ¢ wm Jult-
nlnyeny wuwmalpul Quibgyuwop b —4xG -
Sruppus O wpunwmpp
§ #dZ = -42Gm. 621)

W 97 Uwubnunuph vwnpwipwl dE dwigtintuny g

Glunnph hnup wlbymy hwutlpwlmd 60 gl vip
(win wpuvwnpgp (04.9.7): Gy dwisnlnypny Ysyunph hnupp hwiywuwn
t pninp Lwpppny Yeywnnph hnupbnh hwlnw
hwqwlwi grduiphl.

Oquwtind Qwmuh ptnptdhg. npntlp M
quiqwd L R wnwydhn mbbgnn hwiwubn
qlnh gnuwyhunwghnl awunh (wpdwonigynip.

Luwfu ninbbp nwawnp alnhg nmpu ui
paypnud Un Swwuwyny dnnyh wewGdlwg
GbGp qUnhl hwdwlbluwpnb r>R wnwymny
thwly dwytpunug (04.9.8) L hwyblp OpWlnY
qunh gpwydhwwghnG nwawnh (wpywonepl

w98 doyuninph hnupp <wiwpuhmpiwl  Ojwinw
nnudGEphg Bi06inY " Ywpbih ¢ wlnby, np g -0 wdtlnpep ninnywé t nbwh
QUnh GEOwnpnG L Yuiudws t dhuwib ginh YEGnPnGhg nhunwnlynn yownh
hanwynpnipinilpg.

g =-—rg(ry: (62.2)
Mwpq t 0wl np qUnuwiht Jwitplnpeh guiywgwd nwnpph hwdw?
dE = rdY : onluupwin
gdL = —g(r)dX: (623
<wayh welbiny. np (62 1) -nud hGunbgpmdp Gwunwnynad t r = con
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Jwibpunygny. nph ynw grr, - const, Yunnwliwbp
§. 84z = —g(r)idﬁ =—anrig(r): (62.4)

2wih nn huwnlynn dwitinlngeh epunud wwnghwlywe t qlnh nne
quiaquép. www (62.4) L (62.1) pwlwdlbnhg YnlbOwlp. dxr g(r) =
42GM npunbnhg

A
e =Y sy (62.5)
=

NinGuG, hwdwutin gunh gpwyhuiwghnt nwanp qlnhg nnupu whpny-
pntd hwdpGybnud thp YaGuwnpnimd nenwynpywd Unyl quibqywsny Lym-
swlwl Ybwh nwaunh hwn: Wn inhpnuyemd qunliynn m quigywdny dwulh-
40 qlnh Ynndhg Yégquh tnhbqbinwywl égmnnippul optGpny uwnn

F=mg=GMnm/r (62.6)

ndny: Ubwtu np, hnng, (62.6) ontlpp &hun t hugwbu Yeuwnwh, wibubu t|
glmwjhG BwpdhGobph hwdwn: <wiwbGdwl duny qlnhg nnpu whpnyenLd
anwyhunwghnl nwauinh wnuntighwip Ywpunwhwindh Gnyl quigwény
Wwnwhl dwpdlh untndwo nwaunh wnuntighwih pwiwdlny.

o(r) = -f:g(r)dr =.GM'r. (r>R): 62.7)

Npnablp grwihunwghnl nwaunh (wpywdnieinibp qlunh Gepunwd: Wn
lwwuwyny pGunptlp ginhl hwdwiGtunnt » < R wewyhnny qunwihl
Jwibntnue (04.9.8) L oqunybtp Quwniuh pEnptdhg: Lnphg g Ybyunph hnu-
ph hwdwp Yuunwbwp (62.4) wprynibpp: Qwbgyweh pwludwl hudwut-
enienbhg wwipq t, 7 < R wowyhnny qunwht dwibplrupeh Genund
Wuwrdhwiyuwo t

m(r)= Mr' R (62.8)
quigywe: dtpehthu hwwndwdp Quniuh pbnptihg Yuunnwlwip
g(P)=GMriR =Gm(r)ir’, (r<R) (62.9)

Uunwigdbg Ywplnp wnpynibp. @anh r < R uimd qunbynn Juwulhiyh
nw wenmd t dhuyl r pusounipnny QUnuyhl duripLniemd upungwulpfwo
quigyuwdp Un dwibplnuyphg nnupu gunliynn quitgyuwép dwulhyh Ypw gh
wannud: Wuinbnhg dwubwynpwytu hbwnlnad t, np qunhl hwiwlsbunpnG
r< Rwewyhnny unengnud gnwyhunwghnb nuiaunp pwguiund t:
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g(r{ {wiwutn qnh qpwyhuiwghng

) DR nuWh (wnqwonieuwl (62.9) L 62 )
. Yuiumdttnp Gbplupugqwe & Oy
99.my

Qinp  grwipuwghnb  thép

ghwlk {wiwhidebnp, npnlp Yug:

w99 dwynnybi b wwhynid 60 wihbqbnw

Ywo dgmnippuul nugtpny, Yngyma

t0 gpwyhunwgynn: Unwhuh hwiwhudptn 60 Splypwanilng. Unbquyp. dn

Inpwilitbnp. wpbquyluwiht wdwiyywpgp. quiwyunhiywitnp U wplb §26-myd

dwubhyttph hwdwtudph Genphl ynbutpdwuwnhy mdtinh - w2luunwipe

pONPWaPEghlp ubhwywl wnunbighwy tatnghwiny. nnp Ywiuygwo t he-

dwiudph YnGdhanipwghwihg: Sruwyhuugning hwdufudeh vhwlput un

nboghwy Lotnghwi ynsmid ¢ grunihuusghnt tobpguw

dA = -dU . (62.10)

M Lar Qpwyhunwghnl tbepghwl wil wahw-
nwbpl t, npp Yywunwnbl Obpphl gpuh-
wnwghnt mdtpp hwiwlunidpp  pwijpuibiu
wpuhlpl’ hwidwpuntdpp Ywqinn dwulhyGbpp
dhdjwlghg wiybne hbrwglt|hu: Qpwyhuw-
ghnl tutpghwl pwowuwlwl deompnil ¢,
puwlh np hwdwlundpp pwjpwitint hwdwp

Uy 9.10 wnunwphl nedtnp wbwp t quunwptls npw-

Ywi whwurwlp:

NpntiGe hwdundbn ganh grunuwughng Lobnguwo.

Ahgnip wbybpenipnilhg quitiqyweé pbpbind Yuwqdwynprud blp M
qulgywd L R wrwyhn nibbgrn gnibn: U plpwgpntd wpntl Yuqdw-
ynpqwéd mrr) quiligwény qlnh nwaunnid @m quigyweny pwnwie wl-
JbpgnipimBhg ptntine L glnh 2nung pwiubine hwdwp (GY.9.10) gnuyhunw:
ghnl ntdbpp Yywuwntl

dA = -o(r)dm = Cimdm _ -aU, A

r
wuwunwlp: Ununwhwpntiny (62.7)-hg r -0 mfr; -ny, tibnuinpbiny (62.111
-md L hOwnbgneiny punn quigqywsh. Yuunwlbwlp gogh gnupuwghnl
tobpghuh pwwdlin
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U= - OM [ g, = 3O
' R Vs 5 R
Niptdl, hwiwubte qunh gpudhunwghnt taEnahwi hwiywnwpd hwdb-
dwunwuwo t Opw wawyhnht' @nprugbbiny i V quitqyweény qlnh
wowdhnn, wiuhlpl' JBowgLLINY quigywéh luwniginbp. Lwntith t qlnh
arwypunwghnl tabpahwl nwpdlt; hn nblwuwhyhunwywb Ve tLbpghwh
qunah: QUnh wrwynh win wpdbpp Ungdnud b grwyhumughnk pwnundfn

R ~GM ¢, (6213

anp Gwhugwd t shwib qinh quibqyuéhg. Unbquih hwiwp (Mo = 2.10"%4g)
wjl Yhindewnph Gwpgh t, huly Spypwqlnh hwdwp deuph (Mg = 6.107'L4g):
Get hwyh wnelblp, np Unbquuh qwewdhnp’ Re = 700 hwqwn Yd t, huy
onynhGp Ra = 6400 U4, wwjw wuwng ynwelw, np wjn dwndhGeph gpuwyh-
nwghnb tobnghwbbnp Opwlg REwhyhunwywl tubpghwltph sUhG
Swub B0 Ywqdmd: Uwyw)G gtiptubunn (SheniquishG fuinnuagmil nubgnn.
wpowbu ynggwd Ghyuinpnlwht wuntph hwdwn, npnGp nibbt Upbiquuyh
quigywén Ywpgh quigywoltp. pwg R <10 Wi wewdhn, gpuyhuww-
annG tiepahwl Ywaqdnd t hwiguunh tobpghwjh 106 - 30%. Ldwb gEplupun
dwpdhbGbnh 2nipg gnwdhurwghnG nwianbnl wplu 366 Gywpwgpynud
Upnnlpwlb 161.3) L (61.12) pwlwdlbpny tilunb)lp (191%@.) Ywnmgl t
qephgnn L wnwg gindhnfuynn gpuadhunwghnl nwuntnph wnbuniginiGp, npp
g t grwpuiwghugh rbiunnthunwlpul wtbunppml pwd hunwps-
nwlpulbngrul panhwanp wnbumgmo: Un wbunipiul bhdn0plenhl Low-
InpwOwp nwuplpwgh §68-nud: Upanon G250 dhwG, np gbpiuhu qUnwihl
dwndGh Yonshg dwuthyh Ynw wannn anwihinwighn nidp, npng dnuwyn-
rpaudp, Lyl t ng pE (60.5), Wy

(62.12)

GMm
F = e . (r>R,) (6219
rPy\-R,r ( ’
fwlwdlny. npuntin .
R, =2GM: (62.15)

%nh gpwyhunwghnb 2wnwynh 82gphuin wndtigl t: R, wewymnny qlnw-
H6 dwytnLnagpp Yngynud t Cywngynh npnpun:

Lywuwntlp, np OnunnOpuib L bbbl dgnnniepul midtpp vwn-
Tpdnud GG (62.14)-h hwpnwnuwph wpdwwnng: GeE qlnh wawdpnp, Yuwd
Twnyynn Weuh henwynpniginilp qinh 4sGupnihg wihwdtdwun dto t
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qlnh gpwyhuviwghni wnwynhg. www Onunnbpuwb U tylpuntipul pwl-
SLEnp tnwithu GO Nyl wpynipOtnp Vwwio gbntupun wuwnnh dwiybinle:,
phG dnun inhpnyelEPrd tGunbjljwl égNnripwl Nidp wlhwdbdwan gt
rwquigmd t Onunbpulb dgnnnippwlt midh wndopp  Vwulbwynpuiwby
Cqwngzhinh npunhG dnuntlusghu gnuwiunwghwih blzuntiwl mdp aae:
wnd ¢ widspenieul: Mwpqymid t. R, awewydpnny SwnohGp Onugbhuy g
Luipm quniyty hwywuwnwlyenejwl hdwymd L wbung t wiywubihnnt
ubndyh bjlauntyih ntunipjwl hbuinuwlp Mwlnhuwgnn win BpLGwho dwp-
BhuOENG uunwgt) B0 «ul unensGlm wiwlnudp.

Uhw)lwl ub funrnghg nnlt jniuwih wihp th ywnm anwogyt. pwlr
np Gpwlhg wewpdwé Imuwhl pwiune sh ywnnn hwnewhwnt| ul e
ongh hqnp gpwyhunwghwl: Uwywit. beb ul lunnngp qunbynid t yplybwgh
wumh Jwqdmy, www 0wl hwdwywngbpnud plrwgnn npnawlh $hoh
Lot BplnupGtin Lwpnn B0 gnuwibgyty Sninh ynw:

Wb, np 1nuyup égymud t BpLGwiht SwpdhGGbph Yynndpg. ghunwlgh; ¢
nbelas Uinuunlp: 18-pn nwiph Ybnehl {uayywnp GryGhuy Ywlluwgnzwls
t. nn BpyPwalnh fuwnnesnG L 250 Bpypwihl Jwewyhn nubbgnn wuumhg
howpwynp st unwlwy (A, puwbh nn G0wl wuwnnh 20ing wwpwpnwwd
2undiwl wpwgneintlp (§66) hwywuwnyntd t (nuyuh wnwgnueuwip:

§63. YLILECP MPIT

Upgtiu t yngdnid 066 M quiquény Gnipwywl Yaunh gpuwyhus
ghnl nwunnid pbpl (M« M) dwulhiyh Jwnddwb NcunudGwuppn el fulnh-
nD, NPp UGS Aunmippudp dnntjwynpnud t UpBgwyh 20une duwndhllbph (dn-
(npwGbnh, ghuwuuntnh), hiswbu bwl dninnwyoERh 2ning wppwluwit
nh 2wpdnudp: UYGbPL t. ap Gwiudws popl Jwubhyht hwnnpayweé tite
ghwsh suahhg. Onw wnpdnidp Ywpm b (hGG| BHGHLr (Qnewliwighd, thuu.
Ywd pappipn (wwnwpny, hhugneny): Wowbu nn ubnhnp hwogbgynudt
owin ybuwnwiht quigyweéh gpwyhunwghnt nwunnd pbel dwuGhlh
Ghu wd hudhGhw wndiwl wwpwbltph pwgwhwpniwip: Lwpdwn
fUnhpp (Mt plErwihG YnnpnhGwanGbph hwdwywpgnid, nph ulqeiw:
Lunp Yuwywd t swbin dwubhyh hbuw

Shuhwwinhy ndtph pwguwlwinerudr dwulhlyh inhy Jotwlia:
lpul toEpghwl upupilymd ¢.
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m’ GMm m® m7 Gitm .
E— e =L e T = Comyl. (63.1)
2 r 2 2 r
e v ve -0 BWUGhyh wpwgnipiul wewynuiht b wqhdnunwht pw-
qwnnhs0tnG B0, r -p” hanwynpmeinip nidwihi LeGupnihg:
Qwdh wnlbiny Gwl pduynyuh dndbinh wwhwwtdwo opbtpn

L=mrv, =const. (63.2)
163.1} -p Yanmbh htiwnbyw) wnbupp.
E=m?2-GMm:r~L" 2mr’ =m’ 2 U, (r): (633)

thbpghwih hawdwn utnwgyuwé (63.3) wpunwhwjunnigmGhg hbunlind t,
an dwethyh awewynwiho wndnwdp Yuwuwnymad ¢

U,=-GMmir+ L’ 1 2mr’ (63.4)
tdyvhy wnntGghwy thenghwiny pOnipwanymn nidwnwannd: Ugdry
dnghuwih Ywiuywsnipnilp m- e

dwhl YWbwpnthg dwulbhyh » ha-
awyrnnuRlng GEnYwpugyws t
By9.11-ml: Rwlh np Yhttinhy t-
Bpghwl ng pwguiwywl vbon,-
i b www dwubhyp Yupm t
anlydt] »r p wil nhpnyebpnud,
annignud (§30) TWEE e

l.", <E. (63.5)
ol npmed hwywuwpnieul bw- L s GAfm
il hwlwwwunwutawGnn r h
wpdbplbpp dwulhyh wewynw- Ly 91

10 Jundiwl hudwn pnedwié Y-
N tl, npnGgnud v, -p qunbnud t gqpn L infumid Gawbp: Qpwdhyhg hbunl-
né t.np £<.0 nbuwpnd Yub Bplnt 2nedwl Yewntn (A L B). npnGg hwdwwjw-
Nwuswbntd BU nidwiiht Yebunpnihg dwubhbh d&nduiibuupl r ... L hoour
Bl r.o, Wouwinprepn Gobng (LY 9.12);
E <0 abwpnd Yuuwnymd t Hihw pwpdmd” ¢ rupundl mnténny:
Inwlwl 1phy tospghwnyg YwuGhyht hwdwwwunwufuwomd t dby
»dwl v Un nbwpndd 7. -0 Oqwquigniyl honwyrpneill t, npny
wnm t dnunbbwy mouwhG WbwnpnlhG wwy £ toepahwiny dwulhiyp
Wupwpryurpul (E =0) W Wubperywiawl (E>0) mntontnny awundybihu:
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Uwubhyh qwndnidlb wu nbwpnid
hu$hGhuw t. 8wlh np U, — 0 tipp
r= 0o, Wwjw

E=imv: (63 6)

Nupbdl. Awubpenyudput swp-
ovwl nbwpid Junll winjtn-
prupmlhg mouphl  Yelunnihi
dmunbGnud ¢ qprghg Lrwinetin vige-
bwlwl wpwgruppdp v puy
wwnweywlyuwl nbupmd wmuwlby
wpgplwlpul wwgmpput v = o

Uunwlwlp hwiwudph dhahywiwt wwpwidbnptph uwwp dwulbhih
wndiwl ninbionh Gpynwsundwlwl pnipwantph htwn: U Gwwunwyng
Ubnywpugtlp 2redwl Ybwbnhl hwiwwwuwuuwbon £ = Ukgr) huyw-
uwnnudp pwgwhwjun vbupny.

r’<(GMm/E)r-1U';2mE = 0. (63.7)
nnwnbn oquybiiny Yhtunh ponnndhg’
Fow *Tows =-GMmIE. 1, xr =-1'12mE, (638
L hwyh weltiny Gwb (ntu (60.1) L UY.9.13)
T =i. r,,,,~rm=20=—2—“—]-. se=i—,. (63.9)
ma | *e l-e GMm®
Yuunw Owlp hawnblpw pwbwdlbng.
e =1+2E 'G’M’m' . E = -%m(G.\lm/L): (1-¢°): (63.10)

dEnohl wnbgnipinllGpg (hayhl hwuwrnwunnd GG dwubhyh hbunwash
dbnpwpbppul UGn wonnudbnp: Wqwuntlp. np (63.5) tIEUUIhY wnunboghus
(nY nudwnwuinnid dwubhyh tobpghwl uwhdwlurhwyywe t Gtbpplhg: Mw
mowlwgdwhl aunddwi (e=0) tGtpghw( t, npp hwiwwwwnwufuwind t
0y.9.12-ntd gpwdhyh C YEwhl: ddqwn st unwlwy snpwluwqouhl mnt
Inh (nywy tobpghwyny. Ywd hdwyniuh dndEOwnNY) Jwowinl i Opwlny
duuihyp pwunow b wpuwgnepOn.

=L GMm'. v, = Limr, = GMm: L =(GM )" 63.11)

Ogqunytyny (63.8) L (63.10)-h wowohl welsnpnibbanhg, Gwl Gpwlhg
nn wwprwpn(wiwi pwnddwl hwdwp e =1, Junwbwlp 7., Yoy Swulbh
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U wwpwpnwyw pwndiwb wpwgnuenilp.
vo=(2GM ) (63 12)

Unwgywd welympanlibph ogUnipjwip wwwamgblp Ybuybnh tp
nnnn optlpp. “bwitnh Bpynnpn onbilphg NuGtlp

£=1/2m=const. (63.13)
nn0 b huuwdl nintenny dwulhyh deYy (phy wunngunh hwdwp nwhu t
gL 2mE_ lrubm (63.14)
2m L L

mnnbn L = xab 4 a b Yhuwnwligpltipny ¢ hwuh dwybpunyeh Jwiybpbul
t, Y 7 U dninpuyh mnbopwihl awnddwl wwpptpnipnbp. <wpyh we-
Ueyny. nn (63 9)-hg

a- L' GMm'(1-¢°),
nenwanbiny £ o (63.14) hg L oquytiny (GY. 9.13) &' =d’(1-¢') web-
smemiihg. Yunwlwbp

aT'=GM!ax, (63.15)
nnp L wwywgnignd b Yoy sph Bpnnpn, opblpn:

Uu wwpwgnpudnd  unwg-

ywd wpnynlbplbpp Shoun BG wb-

wnd nidwihl Yeownnnih npe pE- T Tem | F.
el Jwulhyh wpddwl hwdwn b- E. -
nulwl onhpttpmd  hwdwpudph \L b

nitnghwih  Yeunpnlp  2bnywd ¢ atl-er’ arl~e)
owlp dwpdbh qubgywéh yebunn- - -~

Uhg. Un wwuwnswany ytnehGu sh w813
dmd wlwnd, w) poRL Jwnilth wqnbgnipaul nwy Ywuwnpnid t thnpp
wwnwbnudGbp (npp Gnylwbu thwuwdl ninbépny 2wndmd t) hwdw-
fudph hGtipghwih UsGupnGh arenep Uuywép &hawn t hlgugtu Unbquy -
dmnpwy. Bpghn - Lneuhl, wilibu b ypllbwih wuuntinh wpddwl hw-
dwp. LWL hwowhudptnh wndnudtpp nuntdbwuhpynid B Gplne Jwmd-
bh ulinnh 2peuibwlybepmy:
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§64. brunh UUrULb NUIRE: GER UUIULD
URUULUOUY MU

Qpwyhunwghnl Yuwd ynynlwt nigtpny dinfuwqnng Gplyne yaunwnl
Gwd gunuwihl Swpdhllbph 2wpdiwl fuunhnp hwpnlh t npwbu Eplm dwp
Jop piGnpn: twnqymud t. np wiu uGnhpp dhawn hwtgegynud t wbwnd nig.
wiht YsawnpnGh g dby dwndbh wpddwb Yeweph fubnphl. hpng -
gnip m, L m, quibgywdtbpny thnuwqnnn dwndh(Gbpp dwdwbwyh ¢ wu-
hhG gpuwynud &G 7, L 7; qwewyhn-dtyunnpGpnyd pGmpwagnynn nhnpbnp
Lnwlg pwndnudttnp Yuywnwgnyto

. .mm. .
mr, =-(l—l.—"’.:. (64 1)
T
" .mm, .
mpi. =G——r,, (642

r

hwywuwnndoanny, npuntn 7,; = #,-r, GWNBhUGENH hwpwptnwlw nhppe
pGNwagnnn wnwypn-ysyuinpl t 0y 9.2): Pwdwlting (64.1) -p m, -n
(64.2) 0" m; -h L hwlbny dEyhg Jjnup, Luunwlwp.

_ _(_ _)Gmm i o3
m 12
Lbndnistiny hwdu.urudpn plinyjwd quigywaop
PP (6441
m < m,
ytinghG hwywuwnmdp Yiubpiwpwgltlp bawnbpw nnbugny.
wi, = -G (64

p3
ra

Uunwgyuwép ¢ qulgweény dwulhyh wnddwl hwywuwnmdl @
(64.5)%h we dwuntd gpywé nudh wqnbgnipgwdp: MonNWit wuwgmigyweé t

Lwfunpn wwpwgpwdnd (64.5) hwydwuwnnids nuunidGwupnt Bop
opynt dwpdGh fuGnpned (nentdbepp GepYwwglmd B #(; JeL4unnph dwiw:
Owiuwht hmhnfudwG Jwppp, wiuhGpt m, quigqweony dwulhyh awe
dnidg m: -ny SwuGhyh Oywundwdpe. Ywpdtu yonehbhu whwnd (hGh ¢
nd: Uww)t wu nbuyprd dwuGhyh quiqqwdp ng pt m, t, wy x4 Unwg
Jwé |ntdnidhg wrwbdht dwulhybtnh jwunpdiwt nbupl uwnwbw Nt hwduwr
wihpwdtun t wlglt) dwubhyttnh C hwdwlwnpghl, npnud
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mr, ~myr, =0:
8wlh nn

- m m .
r, o fF,= —F = - —7,
H M

www hlbpghwph LEOWLNNGh Oywwndwdp Swulhylsph Jwewyhn-Jbyunp-
Gonh hwdwp Yuunwlwbe
P=Ey. i=Xs, (64.6)
m,

120
n.

Ujbwtu np mbELwiny #,; -h hrhinfudw optligp. npg h nbw, wipymud ¢
Lnwyw hwunnueh (60.1) hwywuwnmdng, npnud

: 2.2
se = L . E= m (64.7)
uGm.m, 2L

(64.60-h ogUniepudp Yunwlwlp C younh Ghwundwdp dwndhGleph 2wpd-
Jwl onpblROENQ:

LUnwlghg jnupwpwlgimpp hubpghwih C YaluinpnGh znune Yuuwnwnmd t
164 Ty vnnpynn 0nyG e Epugblunphuhunbuny bihwuwdl mnboépbpny wn-
ondUtn: COn npnud mnbonh qowihl sunhutnp Ywiuwé 66 hudwwwuw-
wwl Jwulbhyh quigywaéhg. nnpwl e ¢t swulhyh quibqyweép, wilpwl
tnpn t nintoph gdwiht swihutng. Vwubwynpwwbu, m, « m; (u=my nbw-
il Yuunwlwbp wbwnd m; quiqyudny dwnith nwaunnid pbpl Jwulh-
¢ 2wpdiwl hwdwp Gwiunpn wwpwgpwdnid unwgwd wnnmben:

Gnynt Jwpdh jubnhpp 866 Yhpwenipynih mGh wuwrnnwdhqhyw)nud:
Uu inph |Modwi Jpw t hhoGdwé upylwih wuwnbph quigywétbnh
rondwl wdbGwbhniuwih dEpnnn:

tnlp vuputh vwhdwbuhwl pbphp: NNNEGR A, L my quOQUWOLL-
My ynpylwyh wuwrnh gpwyhunwghnG quiunid pipl dwulhiyh hwywuw-
nwyenipiwl nhpgbnp, Brt wuwntph dhel hanwynpmpmibp (L

Upylwyh wuwnh htinghwih ysOunpnGh htwn Quwywé {<-nd, npp
wndnud t

Q=G(m -m.).1 (64.8)

waynibwiht wpwgnipsgwdp, dhwynp quigwéeny dwubhiyh hwyuwuwnw-
enuanilp Ynpnayh hbunlywy hwywuwnnidny.
F ~F =Qr, (64.9)
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(0Y.9.14) nph mdnLBLENPD Yngynud GG honwghush Ywd {wanwidh Wentn
Unnpnhlwunwiht wewbgpltnh dpw wiu hwywuwndws wpntyghwbtag
060 heunbLjw| nnbupp.

sz.l Gf";(";‘i)nz (J"’ll;"?‘:. (64 101

(rn -x) 1 -0 -7

Q'y - G':!:y - Gl:n‘)' - (64.10")
[(r.=x) =)’ (r =)+ 57

X wowigph nw (=M (64.10°) - hwywuwpnidp pwdupwnygmed t Gnuyle-
pwn, hul (64.10) -p (64.8) h ogqlnippude pnynid t hbunbyw) intught
m. m, m-m,
r - T X
(r-x) (nh,-x) ¢
Uunwgywé hwywuwpnidl nibh Bptp hpwlwb (nidmdubp. npwlp we
untinp dhwglnn ninnh Ly, Lo, Ly GouintbinG BG (0. 9.13): Ujn wnwbgphg nmn
(64.9) L (64.10) hwiwuwnnudtenp wwihu B0 Lu Bpyne (nLenuibtn

(m - m)!

X, =X, =

4

L. T 2Am o m)

~
. v3
. y‘,=i"—l.

L nnnGg  hwiwwwunwupuwi,
X ﬂ-‘% * yewnbnp  hwywuwpwhtno &
Y. wuunbphg L Opwlgny g
dwd hwdwuwpwynnd boul-
LY. 9.14 WniLltph qugueltnl 56

cevocdecasccccccnaP--

'y

§6S. UNLNCUYLESP MrUYUL CUrGNhUC UrtduyLush
zuuvuyurentu

Uninpwyltnh wnbuwbth qwpdndbenh dwinpwqGht mundbwuhpneg
GOEpp gnyg B tnwihu twunpy Wwpwapwditpnid tlwpwgnywd ur
dmuGbphg ng 066, nwlnwn pLewgnn Jtnndtbn: Nw hwulywlwh t, gt
nn Wby tph uinph 2rewlbwyGEpmd dnpnpuwlyh 2wnddwl Ynw hwdh £
wnlynmd wy dnnpwlltnh gpwyhunwghnt wqnbgriginllp, hogubu luk
Unbquynid quigyuwoh pwrudwl qunwiht hwdwswhnipinlhg ey &
amditpp:
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Un(npwyh 2wndiwl ypw dimu dngnpwlybph waqnbgnieynibp ywptih t
hwdh welty unwnnpmdobng apgentdbbph) wnGunipwdp, nph tmeyMlp
Guwwbnud t htunbywnud: 2pnpuywi dnunwynpnipiwop wiwnbumd t dngn-
muih wpddwl Ynw wy Snenpwllbph wanbgnignip L npnaynud sgngn-
Jwéd wndnuidp WlnhGwnl hwgnid 66 win wnddwl hnthnuniemip.
wwpwOwynpyws djniu dninpwybtph gpwyhunwghnlt wqnbgnipiude. Rw-
th np dsnehbu wun pryy b, www Opw wewewgrwd thruhnfunmpnibitnp
swpywwgynd BU npwbu hhdbwiywl  wpddwl dhnpp funtnnpnudttn:
WWwb hwqwpyltnp 866 Sunipjudp hwdplylnid 56 nhunldGephg unw-
gdm nwibEph htwn: fununnpnudGlph wsunieymlp Mewpwynpnuepnts ¢
wnwihu ng Shwyl npngb| widpwy dninnwyh Ynndhg wy dnpnpwiyh awpddwG
pachnfununulp, wilb (nusty Awleunwnd fonpnp. vy dpnpuwilyh grgn-
Ywo qwnpoduwdpe npnly funuinpned wowpwglnn Jwndth quibgyuwdt ni mi-
atahng. U Ubpwy Lbylnpbl (1846p ) Mimul drynpwtyh gpeaywd pwpodwde
wwlbpuwgnipwity t Weugpnm dopnpwlih grymige p. by Jepehhu gpgn-
Jwo wndswip [yl (1914p.) Yulbuwgniawltg T wnndh gnmipnibp'

0wpud Gnunnlpult nbunig)wl GYwé hwennnipNiLLEPhG, wil wo-
qnn qunlydtg pwguinptint dninpwlittinh 2wndiwl dh Gwplnn ophlww-
Ot Y Opwitlg (hwinwwbu Jtpuninhh) nin&dnnh dendwitiuih
annyur nhunygnn sunhl t.

Ubthwwl wwnnyuinh 20nphhy Upbawyh pngp ubnudwonppub, Ynu
dnippwllEph wqnbgnipaul hanLwbpny dngnpwytbph nintontph dbo Yh-
uwewlgplbpp nwinwn wuwnymd 50 minsopwihlh awpddwl ninnmuprudp
(Dl 9.15): Mnundwl wyn wilymbp dE6 st L vwppbp b vrwpptp dnnpwyt-
nh hwdwin: Lpntunnlpwl nGunierudp npnywd daipdwytnh wunyunh woly-
mlp wwppbpynud ¢ nhuinudttnhg unwgynn wndtphg: Udblwdtd uwun-
pnmuymp gpwlgynud t Untquyht wdtwdnun Ubpymph dngnpuwyh hw-
dwn, npp OEY hwppnupwdugmd Yuqunud t 43.703, wib nbwpmd, Bpp Gnyph
mudwn win vwnpbpnieintlp th abnwqubgnid 4.76 wnpdtpo'

UnunnBub wbunieulb wpnniGpbbnhg wiu 2Bnmdenp, npnlp swiy-
dwl uhuwiGbn 3606 (ophbwy, Usnyniphh dEpdwytunh wwnuondwl wolymbp
wdhywo t O 41 Sunnippudp) wwhwiemd BU pwgwunprupmb.

Nwpqymd t, np BpE Uptquyh dannmiepwl hwiwn ogunid top nt-
lwnhyhuunwiywi tnbumppudp tipyna (62 14) pwlwdlhg, www dnpnpwyh

“Uenwmdu YmunGp hwbywed t dnnpwltenh grigwihg
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mntonh dendwytuh wunnuun wewewlbmd t GnyGhuy dimu dngnpuwly by
apgrmdbtph pwgwywinewl nbwpnud: Con npned dninpwyh ninGomwg
Uy wunyunh plpwgpnd Onw depdwytiinh nhngp wununynud t
OxGAM.,
a, - ———
ab’'(1-¢')

woniny: Wo twwbu ywiudws t mnbéph &
Ypwswhwywl wwpwdbnpbphg (068 L yhing
Lhuwnrwigpltphg. tpugblUunnpuhituhg) L u
0E0wudbeL t Uapyninh dninnwyh hwdwn. 43 "1
0."5 -46Y hwnnpwdpuynd: Uju wnnymbpp |
yhi pwgwuwnpnid t nhumdbbphg GnunnGp
dqrnippwl ntuniewl Gdwéd 2tnmudp L g
Yhurwghwih  pbpwanpfhunwlwtl  inbumgr
mdbunnpmdoEnhg JEGG ¢

§66. trrurh Ur2bUsU4UL Urergwsuyuert Turgnbhuc:
YNUUMHUYUL Uruenkesnbhuuer

1. 5pynrh 2 wphbuwnwywl wppwlpusyGbnh Jundndlenp 36 G
pwnyynud Wuybnh onblpltnht: " wupdwlwynpdwé t Bpyny hhdly
Gwi wwnswneltpny. Bplhnpp alnwhb witup snGh L Opwinud quiigyux
pwlunidp qUnwht hwdwuah st. OPUPWEMONE ppwwwinyuwsé t el
Inpuny, npnud 2wndynn dwpdhGlbpp opwpyynd B0 (pugmighs ahdwd
nhdwnnpnipiul mdtph wqnbgnpuutp: Uppwljwyotnh mabdpwihl 2w
swi bnmabtpp WEwibnh onblpGtnhg pAL 50 by unNwlw] wpdtp.
ynp vibntynipNbtn Bpyph hpwlwl alh, Opwind quibqywdh pwt
w0, hOgwbu bwl SpUn NP Ywaenigywoph dwuhl.

Bpupwitbnnpnt hwqwnyh hwdwywpamd wppwluwyh wndnu
GYwpwgrgnud t

mi=m(g ~r )+ 2mvQ]+F. (66
hwywuwpnidng, npunbn ¢ p wppwbGwyp hwpwpsnwyws nhppp pGn
qnnn wnwydhn-yshunnanb t. m o quigywaép. F -p delninpunh nhdwnpr
pAUl L wnhbgbpwlwyh hpphrughl (5pb awndhsl wuwwnned t) mot
hwdwqnpp: Get F = 0. huy ge-U hwiwubn qunh (63.1) (wnywdénipntll
www wppwlpuiyh nintéph hwppripnilp Ywunndh Bpyph Ghwundwd
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2onphhy Unphnihuwl nugh wqntgnuewi, hoswtiu dniynih ndwlwyh nbw-
prd: Uwiul wyu nbwpnid (66.1) hwywuwndwb (nénudp luhun nwngtn-
ymud b nhuinudtepny gpwligynn wndmudGtphg: Swhptnnpmubitnp wwy
dwiwynpdwod &G £ -h whwnbunddng L hwidwubn ginh nwunh (wnyw-
anpnilhg ge-n 2bndwdp. Upwlg dwlpwqlhl mumdbwuhprginibltpp
gnug b0 indb| aLnwdunieyn tihg Enlinh hbuinlyw 2BnnudGbnp.

- hwwunwlpudwh dhoht innwdughdp plbowhOhg J6o ¢ 42,77 (.

- @rwupit s mh whhwdwsurhrupyml hymupaunho b hwnpunfuphl Y
wuglnbph dhol hinuuhuwihl pltinp 40 dEuinpng wybih t henwgywd hwuw-
rwlywowihl hwpenigynihg. pwl hwnwywhip.

- Onlnh hwuwpwipudn dnuxwynpurybu tpup ¢ nph 86 YhuwnwGg-
g0 Unun 140 dbinpny ghpwquibignid t npn Yhuwewigpeh Bnlwnnpautn:

Uu bnnudbbphg wnwohtlt wewowgimd t Upbquiytunpnt {{-nud
wppwlOpulh mntdnh hwpenipwt L JEPdwlbnp wuwnnuyuntbn: Spypnpnh
nonLwGpny, wppwbwyh depdwytuinh hspwynpnie)nibp Ywiudwé t |hund
Grwlhg dEPAwyENG wiglmd t hniuhuwphl, RS Mwpwywiht Yhuwalnny:
Snpnpnp hwbgliglnud t hwuwpwwowhi hwppnipil dbe ywndymn wp-
pwljwyh nintoph wewibnh dh pwlh hwpnp deunp (wjbnyeny onwlwl
nwnwlnuibph:

UppwOuyh wnddwl pw dedrynunh wqnbgmerebp npngdnud t
166.1) hwywuwniwl F winwdny, nnp uiudwé t hbgwbu wppwlpuyh Ol
hg. swihutinhg, wiiwbu t| viyuy dwund deimnpeh Shahywlwl hutn-
Unigiblbnhg. Wu nudh wanbgmpinip hhdbwwbmd gpulnpymd b wp-
Pwljwyh YnlGunhy tuepghwih nhuhwwghwiny: wih np pwg ahowl mdp
Yuhiwe t wnpwGwyh wpwgnipintuhg, npG wnwybiwagnylt b dendwys-
wnd, L pwgh win SpUnNpuh funnienl nu dwomghrupmlp wwag
Wwqnud B0 pwpdpnippuulb b, www wppwlpuyh tobnghwl hhdbwyw-
Und nhuhwwgynad t htunwgoh dapdwitnh pewywiprid: Yw pbpmud ¢
denéwybunwiht hbrwynprigpul Gwquwlp: Inw hbunluuGpny t wybh
db¢ swihny Oywqnud £ harwybunwiht pwndnnuenilp L haunlwpwn, mnt-
onh dqywonipnilp tpugtlunphuhuntiing: QLwny wrwaqugnn wiu wpngt-
£ popnud b wppwlwyh woydwip Gpynp 4pw: Mwpgqyned L, np Gt wn-
pwljwyh ninEohnG pGLWeo t Gpynh dwytplngehg h > 160 Y& wthpnyenud,
www nhuhwhwhy Bpunypitnp twyw se0: {wywnwy nbwypmd, hwdbdw-
nwpwn uns dwdwbwynid wppwljwyp 4poyth Spynh g

L muplwymb wpwgaiembbip: Shtqbpwywl dwpdlh unbndéwod
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gpwyhunughnt nwuwnp punpwqgpynid t Bpynt hhdbwywl wpwgni e Lo
Py nwlp wndGh 2ning 2puwluwqdwhl b uwpwienywlyws nintontiny
dwulbhyh 2wnadwl wywqruer Gobnl b
Crpwlbunqouyhs wpuwgruppmilp dwpdGh Jwytnuneht dnun wnhpn..
pNLY 2npewlwgdwiht ninbonny Bwubhyh wpddwl wnwgnigymi Gl t
v.=vGM R. (662,

npuntn A -p dwndGh quogquwot t. R p wewyhnp Snypwglnh hwdwn
wil Yngdmd t weweht Ynudhlpuwlpw s wpugnigpn G
v. - (& R =79UdY (663,

Twpwpryupst t yngdmd wib wpwgniginubp, npp wbwp t hwnnpnb
gnwyhunwgynn dwnilh dwiytnlehlt guiynn dwulhyht. wwpwenju-
i hsunwgony dwnilhg horwgltint hwdwn: Rwih nn wwpwenwlud
houwadny awndynn dwulhyh iphy tutpghwl qpn t

g-Tr G, (664
2 R
wup
v, = V2GM 'R =2y, (66.5)

Gpynwglnh hwdwn wwpwenwiywl wpwgniembp ynsymd ¢ &n
P ynudhlpunlpu G wipurgrippn o
v, = v2v, = 11240y (666!

U wpwgnipmibtpp pimupwgnnud GO GpLGwih0 dwpdGh gpuyhouw
ghnl nwaung, bwydh 60 welnd tpw ubihwlwl wunngnt e delninnuv:
gnnemilp: Pulpuuwbu, Gpynh dwytpunyeh Ypw wiwnd Jwpdbhs 112
LW wpwgmeintl hunnpntiihu wii ;b Jwpdyh wwpwpenwlwl htuiwaes-
nJ, pwih np Ghobunhy topghwih sh dwup Yowtuuyh drGninpunh nhuhwuw
why nudtpp hungwhwnpiyne dpw: Uns Ynqdhg Snyph wunmyunh hbuntaw-
2y hwuwnwlweh Ypw aunlbynn dwulhyp wpnbt Spuph LWEOLPNGh Gl
wndwdp nbh = 465 3y wpwgnipmb: Ujbwtu np Gwhiuweé ugh pwihg. pt
hGg ntnnrepudpe b dwubhyp bnynud” wunnyunh miqnnuerude, pt Onwl hw
Ywowy, nntahn antpu pbptin hwiwn Yuwhwbeytt vwunpbp wpwanig
mlobn:

QnpuwluwOnpul dbg Ywnbih t hwlnhwb| wl &rnang gnudhywlut
wpwgney s Mwuywgmepauly Yw wit iYwquagnit wpwgntembo t, nnb
wlhpwdbun t hwnnpnt) Gpynh dwybspumeh Ypw uyqribwwgbu wiywne
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dwulhyht Upbquylwihl hwiwlwnghg horwglt|n hwdwn. UG 16,7 4dy
qungh dtonip)nib t. bt hwnnpaynd t Snlph mabdpwihG Jwnddwh mn-
nupwdp. <wlwrwly nqnnipwip Geuntihu dwuGhuhl whpwdtan t
opynh GQwundwip hwnnpnty wpnbt 72,7 Ud 4 wnwantpnl:

§67. PLLIS b ArUYhSUSRNL QUUAYUDLES:

ESY{tThonrac
Uh(sl widd nplt tnwpptinnienit st npty LiniunnGh
F=ma, (67.1)
L uheqtinpwlywb dgrnuywinupwt’
£ R
F=¢2T%, (672)

r
onGlpltpntd hwlnbu Bynn quigywottnh dhel:

PpwlwGmd LnunnGh Bpypnnn onGlpnid L (67.2)-nd quibqywbdtbnp
Gapyuwiwgtnd B0 dwpdGh prynpnyhl wrnwnpen Shahlwlywh hunymnpimo-
UGn: Gt wrwehtnid qubgywdp pOmewannud t dwndGh A& hunnim-
Rul06nn, wpunlpl’ nidh wqnbgnprude wpwawgmyd uuwwlbw(p, www
gpynnpnnud wit plmpwagpnd t wy dwpdhGlObp hpbG 6gbimt. wjupGpl’
qnuwyhunwghnt nwawn untndtin hwunnugmbp L yngdmd b grunpuons-
ghnl quibgyuwe: NnLt Gufuwwwidwl gl dwpdGh win Bpgne vwnptn h-
ghjwlwl hwwnynipiniblting pOmpwgpnn ' L o quibgqywdltipp hwdwnt|
prwn hwwuwn: POgwbu “nGh optupmd, wibwbu b (67 2) -md hwdt-
Swurwywinpuub wihwn X L G gnpdwihglbph juhnnwywbmepymbitp
e dbonpnlbbpp Ywiuywé bl Gpwlhg. pb his dpwynnitn ypbupbbp
thgpn. Guwd quibqywép swhtint hwdwn. Umuwnnih whbabpuwlput dqrvim -
Bl opblph lpuplnpwgnipl wlnmdGbphg JBYl wi ¢ nn dwndhllbbnh dh-
24 gnpdrn dqmppul mdp hundbdunulpul ¢ Gpwig hotnu quibgyud-
Wt Uuunbnhg heunlnud t, np dwndGh hetpun L gnwyhuiwghnG qubg-
Jwotbnp hwdbdwwnwyws dbdmpyniblbn B0 Uw wpntl dhghiauipi o-
nblp ¢, npp hnpdlwipwlbnpbl wnnigywd t pwdwwlwswy d6o 4unip-
Jwdp:

Vwndth htbnun L gpuybuwghni quiogqquwisGtph hwdwin suahdwl
Shllim jU Shwynph (huy G -h hwiwp (60.10) wpdtph) plunnnipwdpe hwyw-
wunbgynud bG bwb Upwig pYwihl wndbglbnp.
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m*=m: (673
hobun U gnuaipunwghnti quiogyuwollinh hufjuupmprulb wps ulniud
hupnih t npwtu hwdwndtpmppul vqpne:

RtntOp hwiwndbpnipjwl ulgpmtpp hwuwnwwnnn dh pwlh thnpdbp

Lwiu GywunbGp, np Quiihibh ponpbdp. hwdwdw)t nph gpwyhunw-
ghnl nwunh wnyywy dwundd papnp Swndhbbnt wqwwn woynd 50 Yunw.
prd dhLlngl wpwawgdwdp, hwdwndbpnipiwl uyqeniluph wrwehl Yhnnd-
bwiywb hhdGwnpnudl £ Pulwwbu, »7F quibqyuweny dwnpdhlp Bpuph ym-
dhg dqymid t F = g nuidny, npp hwidwdwil LUimunnGh Gpypnnn optlph
SwnUGho hwnnpanud t

4

a= i = m_ g = const 67.4)
m m

wpwgwgnd: Wo thwunng, np pninp dwpdhGleph hwdwn a = ¢, hwanw:
wnd £ (67.3) wonnudp:
Lwidwndbprippulb uyqenitph wwwgnyg t twl Jwebdwunhywlwt
Sndwbwyh nwnwbndttph wwppbpouew b
—
iLm
TL
quiqyuwohg wllwiu (hibym Yrwung. Up thapénud (67.3) hwywuwpmig-
Jp hwunwunid t

T=2n (675

(m -m*)im =1.7-10*
Sunnmpjwdp (LjawnnG, Atut)):
Unwiyby Ubd S3unmppunip (67.3)-p gnuyg t uby funybpn (1887p.). Onpdh
truenLlp haunlyun G t: §$7-nud inbuwlp, np dwndGh Yahep'

P=m'g +m'Qr , (676)
owinMpPRUG L Ysownpniwiunuyu natph gnudwnl t. npnOghg winughGp -
dbdwunwiwi b dwndh gpuwyhuawghnG, huy Bpypopnp hGapu quilbgyw-
6hU: Bpb utuwi t hwdwndtpnieuwl uyqpnlpp. www Y ¢ wluwnhw-
gnwiwt (wyoniejwl Yrw nanwiwnh mannigmlp ywiuyws YyhGh qunhin
Gniph wnbuwyhg: tudboh thnpdp Owwunwly mbbn hwpunGwpbplp wr
Yuiudwoénemilp:

tubzh hnopdh mpqwahd wwuwnytinp GepLwpugwed t GY. 9.16-md
Uzuwnhwapwiwl 8 jwitmpt dnw tpbwp wowdquiwl pbihg Ywiuyud
( Gpywpnieiis nLlibgnn hnphqrbwlwb dnnh dwinbphl widpwgyweé Bl
284



awpptp Untetnhg wwunnpwunywé qbntp
anmp Unndbnpnanad B0 dheopbwywl hwp-
pRGl ninnwhwpug (LY. 9.16) QLnhu-
wephg Jntpwpwlgnipp Bupwnyynid t (67 6)
ndtph wantgmigaulp: YEpwotiny wm mi-
dtpp ge—h. L Upwl manwhwpug mnnme-
motbnnd  (GL9 16-nd wwunybpwd &
qintphg dtUh Ypw wannn nudtpp). hnph-
qrowywl npppnid dnnh hwywuwpuynnt-

paul hwidwp ywpnn 60p qpt|.
m(ag.-Q'r cosd) - m(a,g_-Q’'r cosd). 617)
npunbn
a=m' m. a,=ml m, (67.8)

Gpb ai = a;. wiuhOpl m' =my. www qintph Ynw waqnmn LeGupnbuw-
unyu mdbph hnphqnbwywl pwnwnphsbpp (04, 9 16) Onulwtu Yhoto
wnwnptn. L wiungh ptih bjwundwidp Yuowewglhl wuwnnn dndtiu’

M=(m -m; )-‘,;Q’r_ sin 6, 679)

nnp Un(nph (winp o, = M wlynOny (~p jweh npppdwG SnnmyG t. §75):

Onndp Unylmyd b0 wwppp hnphqniwywl hwnpmpepul Jbe 180°-y
wunntiny. Un nbwpntd (wpp Yninpyh hwwmwy manmppudp’ @, -9, wi-
Ymlnyd: UprymOpmd Yuuwwgyh bophqnliwlwl hwnerepul dbe dmh
s

o= %{-=(m‘ ~m;)-{f~0’r. sind (67.10)

woynibny: Lppwgnyt bwnpwynpmuiGtnh ogqlnupude tuwtp Gwnm tp
gnwiighy 10* wllymOwiht Juyplywl® Lwpgh wwnpnabn: Uwywil hapdp
nbg pwgwuwywl wpymlp. b wuiinynp pwguiyuntd tn: Upyleiny
$nndp hop vwnptp GMptphg wwunnwunywd glntph hwdwp, tudtp
wwwgnigtg hitpu L gpwyhunwghnt quitgywottiph hwywuwnmerbp
510 8aunnnippudp:

tunbh hnndh Ywuwnwnbjwgnnddwip G460 «1964p.) hbnu L gnw-
Jhunwghnl quibgyuwotbnh hwywuwpniginibp gnug nideg =310 Lunnie-

' wWOLRWO vl Yapuw tmulh yrw 1w juhen nuosgnn wownlauh Snynhg nhutu.
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jwip: huyth bwwwwy tp apt hwrnlwpetint] wewéqwywt (wnhg Ywhs
qwe dnnh Ypw Untawih ynndhg wqnm gnwyhunwghnb nidtnh L Sagynd
mAGOPWIhG wndiwdp wwdwlbwynpywéd httipghwih hwipbpwg mdtph
wnwnpapnipynilp (§56).

@nndh htunwgw yunwpbiwanndnidp Cnwghlulurna b Twinypl pny
g hwiwndbignipiwl uyqpenlipp hwunwunty =107 aunnipgude:

§ 68. 2UrUREMUYULARRBUL CL2ULNKL
StunkrEesuL 2runhuLert

UninnnBywl deluwbhwl nplt Gawbwyme)nl sh iyt hatpun L gpus
Jhuwghnl quiqywettnh hwywuwpmpjubp. hwdwntiny w)l ywunwhuw-
Yl hwdpGynud. <wdwpdtpnigjwl uyqenilgh funpp dhahywlywt pywi-
nwynpnilp pwguihwpnt t EjGunbGo: Ynw tnueymubp Yuwpwlnud ¢ Gt
;s gfrs pwpdwdnippudpe gnuyhuniwghnG nwauinh i dwunid payer
JwnihOtpp Bhpwpyymd 6L hpttg gpwyhuwghnl qubqywéltphl hux
JEdwinwiul

F* =m"g(r) (68.1)
mdh wqnbgnppulp L atrp U pipnd Jhlunl g wpwqugmdp: Wiuwd
hunnimiprude odufwé B0 Owl hobngiwh wntnuxpnfuulpul matnp
Lnwlp a(r) wpwawgnudng wpdynn <NE-nud wqnnd B0 pagnp dwindht-
Uenh Ynw' hntibg hGamun quiiqywéttinht hwdbdwinwyws

F =-ma(r) (68.2)
mdny L wiwiu dwpdhGObph quibqyuwetbphg hwnnpnndd GG Upwbg -6
wpwquwgny:

PGP L gpwyhuinwghn quitqyuwdttiph hwiwpdtprginilhg L (68.1).
(68.2) wrGsniejNLLLGNhg htwnlnd t. np gpuwyhunwghnl fuuaunnid awpdym
N thuwndwdp nwpwonpul wit dwubprud, NpnGgred e(r) = g(r).
wlwnd dwuGhyh Ynw md gh wanh.

F~F" =0: (68.3

Npbdl. NEH hudwupunrnwdfuwl pbuinpmgprude howpunn ¢ v
Pwomipl nany dwubpmd Ybpwghty gnuspuiwghn nwpnp stqnpuglt
1Ny Wil hotpghusgh Ab'm/ uytiht, gpwyhunwghnlb nwawn swwnnlwym
nwpwdnieuel Lnhprurlbpnud awpdynn TI<Emd npld dShahryuw!iput hnn
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oy hawrwudnn gt wupqby” unryy Wounmd wbpwnd dudlhlh Ypw ugnmp
aunwghnl nwani ¢ pb habnghwh wibnuapnfuluwt mdp Uw t wil
dhahywlwi prdwlnuwynieymibp, np wwpnlbwynd b hobpun L gpuighumu-
ghnl quilqywoltph hwywuwpnigimlbp Yw Adenghup L gnuwyhuwghnt
xdtnh hwdwndbprpprul ulpgrmbpl ¢ npl tlpnbiap nply ¢ hwpwpbnw-
lnmipprula pOniuomn nbunigprul hhdpm J:

Lniuwpwlblp hwdwndtpripws uuqeniipp wwnq ophlwyny.

LY. 9.17w-nud wwunybndwd t Gnunh Swinpniprult mdwnwaunnd wi-
rund Ywd ninnwahd L hwywuwpwsuh wpdynn opbiwy, nnh wewu-
wvunhg Juwhdwd 56 m quibqquwony qunhyltn’ pbihg L quuwlbwyhg.
Qulwuwnwyenippul Jhswynid qunhylbnp Blpwplynid 50 g = T = F
ndnh wanbgnipwip  <wdwuwpwyenipiul nhpphg tntihu Upwlp
LanwunwGytl (Gpyph bewn Yuuwwed << U hwdwpnid BLg hObnghwy)

T = 2x\/’17§. T. = 2avm ik (68.4)

wwneennuemBtnny: Bt Yynpdwpwnp A pwpdpnieimlbhg pwg pAnGh
qunhyp. wwyw w)yt wqwun wiynud yuwuwwnph g wpwqwgdwde L hwunwyhl

yhwuGh
1=J2hig (68.5)
dwilwlwyms

Wdd thpwnnpblp' Jbnbiwyp gpwyhuiwghnlt nwaunhg nmunu t. L w-
owunwinhg Yuwwd Snwwlng wnbnuwgwniudnd t ¢ = g wpwqugnuiny
{0y 9.17p) Up nbwpemd ybpsjwyp <N< t. npnud pngnn SwpdhGotnp 6o-
pwniynud 66 hibpghwih hwiplpwg F =-ma = mg mdh wqnbgniplp:
Rwlh np m' = m®, wiyw Ybeptiuwymd bjwnuwanyweé pninp bplmyplting Ypo-
PWOWO Onyl 8Lny, hUg w nbwemd: Mpbsl. SAgrlulipul bplrywelbnp Jh-
wwnbwwly 66 phawbmd Swinmpaul nidh nupunmd wipwnd b uyn nuwipunhg
nmpua = -g wowguwgniiny pundi/nm JEpbrwlm J:

LlwuntGp, np nhuwpyywé tplne nbwptnp Oniunnbjuwl dbhuwbhiw-
md twwbu vwpptp B0 Unwehlnud miBGp hwiwutn dwbprewo mdh
qwannd wlwnd <hL huy Bpypnpand <N npnud dwlpnuepul nudh
hnhuwpbG wqnanud t hibpghwh hwipbpwg nuop:

Yunnblp widd w L p nbwpbpnud Yepsiwyp dgnn Snwwbibnp:

UnweohU nbwpnid YBntiwyl wqwun wiynd Yywuwph g wpwqwg-
dwip L YhwinhuwlGw <N< npnud prpnp SwndhGlbnh Ypw (mugmighs Ywq-
nh hGbpghwih hwiptpwg ndp F - -m'g: & t Ghunty. np et dwnnp. L
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PG pGING Lwiuywé Vwndhllbnp ULyl wlyznthnipul Jh&wyn,
pwlh np hotpghwsh hwdplewg nidp Yibqnpwglh Jbnblwynid dwlpie
jwl nidwnwun:

[t

fi

gnwyhuinwghnl
nwuwhg nnipu

Ly 917p

Bnynnpn nbwpentd &nwwbp Yunntinu Jentiwyp Yawndyh ninnuwaght u
hwywuwpwiwd. wjuhtpt Yhwinhuwlw 4L npnd gpwguiywgh hGtp-
ghwjh ndp dwn 3t Ghwwnk|. np Bplph Swipnueywl Ndh nwnnd w-
quuwn guylnn <N<-ybptwynd ybpp Lhwpwapqwé bplnuebbpp GnyGng-
Jwip Ypipwlwl Gwh wiu nbwpnid, sbwjwd Bpypnpn nbwenud Yepbjwlp
L4 a4 §

Cunhwinwglt|ny wpwnnywo ghnndbwywl wpnynpltipp, hwignid
GOp hbwnlyw| Ywnlnp banwiywgnieiwlp. gnuhuiwghni nwpwnmd wquan
wolynd uunwnnn hupdwplh hwdwlwngp hobpghuy ¢ Ldwl huwwnpyh
hwdwywpgnud dwulbhyp wpdiwl hwyqwuwpndp wnpydnud © Ujnannth
&nynnnn ontpny.

ma = F, (68.6)
nph we dwunid F -p dwulhyh ynw wqnnn erynn Guunnipul motnp
duqnnl ¢, pwgh wpuwphl gpudhuxwghnt matphg

<wny t G2b|, np hwdwndbpnippulb ulgenibpp sh winmd, pt guiyw-
gwd gnwyhuughnt nuwun Jupbih t wdpnne viwpwdnipput deg thnfuw-
nhit| hobpghwih nudbpny Ywd hwywewyp. AoEnghwyh U gruwdpumughnl
motiph hwlwnotprgmap wvtnh mbh dhuyl vwnwonigrulb Jngn v
puelbnrud npnbgmd wyn niotinp hwlwube 66 Uhwit win abwpemid t
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nownwydnn Gpwlg hnfuwnwnd saqnpwgmdp. hwdwyzrmdp: bulwwbu,

%6 04.9.17-mud Jbpbjwylbpp niblwl pwywywlwswd §66 junputin, w-

aw 0pwignud dwlnnueiwb Moh nuunp Yyhth wihwiwuee, L pw uwwp-

sen henwynn yownbpnid dwbprepub nidtpp Yuwpebnyto hUywtu dsant-

sdp. wibwbu b ninnnueywdp (0Y.9.18). wyl

stwpnd. tpp hGbpghwh hwiplpwg nuotnp ‘ 1
] 1

dpan qriquihn 60 hpwin: U gruunp G2GN
nwdwp wumd BG, np poEnghwh L grwyp
mwghnl matnh hwdwndtprugindp nibh -
gl (nluwy pONy@, wuhGpl' Bhaunn t Shwil
nwnWONRILG hingp thpnuplEnALY Ly 918

LUnuunnGuwit gpwyhunwghnb L hibpghwh nudbph (nfuy hwdwpdtpni-
pwl JwuhU funubiihu swbup t dnePwGwy Opwlg dhel hbounbyuy twlpul
swpptpmpnulp: Uninnljwt gpwyhunwghnl matpg wbywiu 50 dwulh-
¢ wpwgnipinihg L Ywiuywsd BG Swulhyh quiqywaéhg m Opw gpuywd
ahnphg. Lnyl hwunynippudp oduinduwé 60 Gwl habpghwih nbnwihntuw-
ywl mdtpp. Uwluw)t <N<-md jwndynn dwulhyp upwniynd t Gwl hGbn-
ghwh Ynphnthupul Moh wqnbgnipuwop, nng Ywhudwé t dwulhyh wpw-
gneinuing: Un wwwnswnny wwpwgpwdh uyqenid hwanrey Gk Bae. np
hobpghuyh L gpuwdpunughinG mdlnp sh aunbih vwnpbnly, 6eb Inwlp ux-
ad 80 <N<-med wiGpwnd Juwuthyh Ypw HogLt, b ibiny hwidwndbpnippul
wapnmilphg, tAxp dhuninnty ¢ hoGnghugh L grwhuughugh noting
W dhunbwlpwl nwpwnh dbp. dwdwdwiwg huydh weblnn nfuugnt
Puepnblitnh wwmwedwl  Jorgusinn wpwgmipmGn.  gnnwiywl-hobn-
ghnl dhwynppug wiu nwaunp Gnphg Ynsyniud b gpuwidhuwghnl nwaun, huy
Un nwunh wnbuniginllp  Awnwpbpwlpubniguul ponhwimn nburgm b
awd gnuwdhuwghwgh ptyunhypunwlpuls inbumpm .

b tnwnpbnnemb GnonnGwb gpwyhunwghnl nwunh, abiwwnhyhu-
Wil nwunp pGntpugnrynud t ng pE JBY, wy wwup wnnblbghwitepny L
Swpwapyntd t bGaunbiGh ng gdwiht hwywuwpmdtbnny Cunphhy huwyw-
wwnmdeph ny qdw)nippul’ &L bWl gruwihuwghng nwpunh hwdwn
upungdred ¢ JEpwnpdw wyqeriGpn

Mwpqupwbtlp wu hwrgp.

titpghwih gwilywgwe duh hwiwwwwnwuluwbmyd t npnawyh quig-
Jwé (§32). npp gnnondd & nnwtu gnwydhuiwghnl nwawnh wnegun: Mintda.
tet tpynt JwpdhGltn unnbnénd b gpwyhuwghnt nwwn, www pwgh
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dwndhlotnh quiligywéhg. gpwyhtnwghnt nwauth wnpynin t hwinhu
Ond Owb OnWlg unbnowd nwwnh tibpghwl. Uin nGwpmd, pOwywG t. en
0wl nwaunnud Swulhyh Ypw wqnnn mdp hwywuwn gh (hih wowGdp,
dwndhtlbnp Ynnuhg wqnmn nudbph gridwphl

Qnwyhuwghwih nbjwunhyhunwywi nbunipiwl dBe gnuyg t vipynu.
NN wnwawgniiny 2wndynn quiltqywot wewenud t gnwypunwghnk uspp
obn, wibwtu, higwbu wpwguwgnn (hgpp tGUwnPwiwabhuwywl wihplte
Uwywil npwbg dhel gnmigmb mito twywl vwpptpnugnibGbn: tiby
npwiwqihuwlwi wihplpp $al hnluwgqamd hpwn hewn L hwlnhugtih
wuwpquwtu yepwnndnud 60 Spwyhuvwghnb wihpbtnp ghnfuwqnynud B
bnwp hewn, pwlqh odwndwo (hutiny tuenghwiny L. hbwnLwpwn, qubgyu:
ony, hwinhuwGnud 50 gpwyhuniwghwih wnp)nunotn:

Qpurjhinwghwih ebjwunhyhunwywt wneunipiuilt bpbp Ywluwune:
unudobn wuop Yuiptih t hwdwpb dhinpdbwbuwlinphb hwurwanywé:

wlp bU

- Unynpwlpnh mnbdptph JBpdwluinh yumpng.

- GrurifnwginG ywndhn pnmdp.

- (rupdh Swouguipllin bnrudp Upbquilyh gruniuwghnb nuxnmyd

Unweohl0 wpnbl phOwnyt) Gop § 65-md: Shuwnyblp g bpyr
GplmpLEnp:

§69. AruyhsushnNu YUruenr cennNhyu
NEpwwhyhunwywl detuwthywh Gawbwynp £ = md wprymGpp hur
dwpdtpmpiul uyqemGph nbuwGynshg uiwibu t. np Lwnwonp)wl gul-
Lrugwd thnpn dwywinud tubopghwih AE pwlwiyhl hwdwwwunwatuwbnid t
Am=AE/c?
quigywd: {wiwdwt wu wwunisnwgndutph dnunnbp. 20nphhy
m=hv o (69.2
qulqywonh, apwyhuinwghnG g nwaunmd YUsbpwnplyh

[
nidh wqntgnpulp L ynbbtw wynunblghuy tobpghw’
L'=m¢="_:'¢. (6941

C
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nnuntn @ -0 gnwyhunwghnG nuwwh wnunbighw) G t
tjuaunt)uh inbunippul (69.3) L 169.4) wprymbplbbpp phpmud B0 Yuplnn
nbunLwGplEPh, nnnlp Ywnnn G unngytl thnpdny
hgnp Y quilgywo L R pwawdhn nlltignn wuwnh dwiybplnyeht 8pG-
Jwd ve hwéwhunipprul $nunnlp hwuty ¢ Snuhp (GY. 9 19). B'Ug hwswhune-
Ao ynilblw grwtgywo dnunnlp. Nlnhpp Unidtop, bileiny tLbpghwih
wwhwwdwh onblphg, winbutin wuunhg Snuhn nenurhnpudwl pl-
pwgentd dInunGh thpghwih hwpwidrn Ynpniunbtnp, hbgwtbu Owl wp-
hwdwphbnd Spyph hbun dnunnbh hnfuwgnbgnipinlp
Uuwnh dwytplnuyeh Ynw ninnGh inhy totipghwl yihoh'
E=hv, - 2ary = - 2Y,, (695)
¢ c'R
npunbn o(R) = -GM R -apwdhunwghnG nwuh wnunbbghw) b t wunnh dw-
wnLnyeh Yypw: Lpwbwytiny gnuwlgynn dnunnbh hwswiumpmiip v. ymit-
wbp
E =hv (69.6)
tGtnahwih wwhwywGdwb opslpp Yubpywpugyh £, = £; vsupny. npubnhg
GM
v=v(l-—=—):
82qnhun nbunpnLip wwadnud wihu t 1-2GM R <wyh wo-
any gnwymnwghnl wewyhnh hwdwn (62.15)
pwlwadlg, Yuunnwinubp
v=v(l-R, ' R), (69.7)
runbnhg dnunth hwswiumpjwt hwpwptnuwywo
dhnhnfunippul hwdwp YniGeowip.
veve _ R (69.8)
v, R
Uptquwlh hwdwp wnwgywd wnpunwhwjnnie-
asG wo dwup 10 Ywpgh dbonenil t. huy Gepnpn-
Owhl wuwrnbph hwdwp' 0.1 -0.3:
Liwuwntlp, np gpwigywd dnnnGh hwswiunie- c

D
mOp dhown npn t wuunhg wnwpquwéd dnunnGh hw- DY
Swiumpibhg: Stuwlblh (Myuh uwbyunpmd wik- ¢
(wihnpn hwswhunienilp hwdwwwunwuuwind t vy 9.19
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LGwndhp (myuht: Wu hdwuwnny hwswhlunigput hnppuwgnidp wigwbmd s
laupdhp stmmid: (69.8)-nd npydnn nnudp Ynsdmd t gnwyhunwghngG (un
dhn smid Bpp dnunlp gpwyhunwghnlG nwpwnh JG6 wnutlghuwn
ybsunhg inbnwithnfuynad & thnpp wnunsGghwiny Yewn, www wrwgwlbng :
Yuwpdhp 2onmd <wywnwy wbgdwl nbuprd buunwgyh Jwom pwlwgns
2nmid” hwswhiuniewl waé:

1960 p. MwmlnG m NEPYwl |wpnnwwnnn wwpdwBibpnd grwbgt) &
y -Swnwaqwelbnh hwawhunipwt hnthntungn Op, 5Pp finnwdhg ninnmp-
jwdp Gpwlp wnbnudwniuyty 56 pbnwdbop 220: BEL wn nbnwbhniunipul
drw Gnpyph gpwyhunwghnl nwunh wnunblghwip Upntd t 3Ggh thagnfun:
ANl L Opwing wwdwlwyrpdws wihph tplwnnigywl hwpwpebnwlwl
druhnfumeirip Guqunid t A4=4 92-10°", wymwibOw)Ghy wib gpwlgyt) t
Onndnid uunwgy by t

Al A, ~(S13-08N 10",

npp gnuwiyhunwghnl Yuwpdhp 2bndwb Bnlnueh hwyinil wugwgnuyg t

§70. LNR8UD TN HRUT UMERUY ALUYPSUSHIL
UCSNhU

Ouunhiywiybu hwidwute Shewydwipmy (nyup twpwoymd b mnnw
ghd: Up winnidp S0wphin t AhEnud: {N<-nud, pinhwinwwbu wuue.
wiG 8hawn gt Mwpqynud §, hbnghwih ndtnp (wunnyunnd wuwpswbwdee-
qwo) onnud B0 |nuyup ninnwghd vwnwonudhg. <wdwndtpniprul ule:
pribphg B(ObINY wbwnp t uwwub). np gpwyhunwghnb nidbpp NGt
Yynpwgltt (Muwjht Swnwgwen

Mg <NEmd (nuught Swowquieh ynpugidp thnndbudpuln
b0 hwwnwunly ¢ Vwipyp (1913 g Uwypbiunih wuundnn hGunbpdtinu
suwhh ogUnipudp

Snu)g Lwlp. np /Mwunl Swawqueh mpwgnd wibnh moh ul gpur
Yhuwghnt nupnnmd, wublp Unpbqwiyh nwaunimd: Yw wewnp t hwiqbglt
Opwl. np BRYGwywdwnh Yrw Unptquyh manniewde wuunbnp. Upbguwyt
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u gnpowyhgltpny

8nug Lwbp. np Awdwwte Gruph Tniusnfh gnpowihgn 3 wvv, gt
puwquigty 1-2-p. Imh Ghpund wpwbdtwgltlp wnwlGgpehl qniquhte
wwuppwlwt £, Ynnh Gpwpnigmit nubbgnn funpwilwpnhy: ntdnndwg
Ywo Yhawynd wil ymGblw ¢’ dwyw( 2mnh £ hwpwpebpwiwt plwpwg
dwl henlwpny tunpwlwpnh dwywip nwnbw

¢ =epl x)’ =t (1~e)fl-uer’ =8 (1+e-2ue~ 0(%))
2guwl nbwpntd lunpwbwnnh dwyuyp sh upnn hnpnwliwy. nupdl’
etl-2uy20

Lwh nn dquwl hwdwn e > 0, www g </ 2

Gunwquw wwpwgnwdpiepnd uwhdwiwhwiytip dhwil dnpn nt-
$npdwghwlbph ahnwnldwdp, npnbg hwdwn shaun t <niyh optitpp CR
npnud Yolpwnptlp, np ntdnpdwghwitph pbpwgpentd dwpdGh gepdwuunh-
&wlp sh bhnhnfuygnud, wuhGel nEdnpdwghwih wnngtup hqnebnd ¢ Nw
hownpwynpnieinil t vwthu dwndth wewéquiywlneuwb gnndwyhglting
hwdwpb) hwurnwunnl YWwbnwn plepwgnn nEdnpdwghwitph hwiwp wp
wwjdwlp undnpwpwn dhawn nenh rbh:
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§ 73. UNUQUYUL 163N MUTUSPUSH ELEMIhUL

UwndhGp nbdnndwgltine hwdwn wewp t wliwunwlp Yuwunwns:
rn hanehl nEdnndwgywé dwndhlp Ywnnn t waliwwnwip yuunwnt 26nn-
n hp wnunbGghw toepghwh. dBnehtu ynydmid t wowdquipwlbmppul
wepghw, NPl wewaquwiwl nbdnpdwghwin wuwdwlwynnpywéd ubyww-
b wnunbbghwy tobpghwo b L puwwtu hwywuwp t ntdnpdwglnn mdh
wit wikOunhnpn wiuwuwnwGphl, nnlG wihnwdbun b gy wewdquywl
sdnpdwghwl wewewgbbim hwdwn Uuuntn hwwnndy Ganud Gop witbw-
dopn wliwwnwlen. pwih np wjn nudp wnnn t. nadnndwglbing quin,
JundGht hwnnpnb; Gwb (pwgnighs Yhtunhy tutpghw. wliwnwbp Yus-
nwnbl wyl ponyeh (n wowdgqulwl) mdtph nbd (ophGwly, ahdwb nudtph,
set dwpdhbp Btpwniynud t Owl wpurwpht nhuhwwunhy mdbph wqnt-
gmpauln): Nednniwghwih dwdwlwy dwndht Yhbuwhy thbnahw shuw-
arpabin. hwdwn abdnndwghwl wiwnp t hrwlwiwglty pulwwlwswh
nwinwn, wunhSwlwpwn dEowgltiny wpuwupht mdp wjbwby, np dw-
dwiwyh gwiwgwd wwhhl dwndth jpwpwlynn dwup gnpdlwiywin-
ntl qunyh hwywuwpwyenipjwt dhdwynd: Uy Yepy waws, nadnndw-
gwih plpwgemy wpuwpehlt nudbpg dhaun wiuwng t hwdwlewéd (hGbl
dwndnud wewowgnn Lapeht (wpadttpny: Wu wwjdwlh pwywnuwinpdwi
nbuwpnud wunid 80, nn nEYnpdwghuyh wpngbup pwqhunwanhy t: “how-
260 nnh Ypw wpunwphl nud L nuitnwn d6owgltLp. wib uyqpowywl f=
Qwndtphg /= F Ybnglwywl wndtipp U nbwpnid 8mh nbdnpdwghuw
whnthnfuyh x = 0 -hg x = 4¢ Ybpglwywl wpdtep. Cuunn {niyh opbligh” £ =
k¢, npuntn k-0 8nnh wowdquwimepul gnpdwyhgl t. nnp pwgh Ojmph
NEuwhg, Gwiidwe t Gwl dwpdth alhg L surhubnhg.

k=FX't: 73.1)
Yuwnbn 7 -p dmp Bplwnnigmult t, £ -0 (witwlwb hwudwdph dwytintup,
£-0 3nilgh dnnmyp:

Ajwahuwnwinhy REdnndwghwih nbwgmd wpnwehlh mdp thnadhniu-
dmd t /= kv optlpny. nph Ywuwnwpwd wluwunwbpn htlg wrwdquiu-
vppuG LobPaIw o ¢

kY .
U= [ fdx= k@)’ = 4F Al (132)
[
nnunbn F -p nsdnndwgnn nudh Yonelwlywt wndtpl t
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Lywintlp, np Geb snbdnpiwgywé dnnhl wldhewlwlnntl wantlg
hwunwnnil £ ndny, www wio dnh AL nEdnpdwghwih nbupnd Yuus
nwinh A4 -Fa¢0 waliwunwip. nnh JhwiG Yysub t dwhuund dnnh wowdqu-
Yulnpywl tubpghwih wéh Ypw. Wiwnnwlph ginwu Yeup yepwoynid
nednpdwghugh ng  pdwghunwunhynipwip  wwidwlwynpdwd  wnwé
quiwl vwwnwimdbtnh L wihpttinh Yhtbwnhy tUEpghwihl: &ywqhuing.
wnhy nEdnpdwghwlbph nbwpnid Gowl tplnyeEN s50 wnwewbnd: Ny
Ony b wwydwbwynpdwo t (73.2) -md 12 gnpdwyhgn

AEdrpiwgywd dwpdbh wewdqulwlbngywi tLepghwl pwtuyws t
Gpw wipnng Swywinid Bpt nEdnniwghwl hwiwute t. wuhlpl dwndth
Swdwih ninwpwbynn dingn vwpnh hwpwebpwlwl ¢ nBdnndwghud
mOh dhLOnyl wndtpp, www wnwdqulwinpul tutpghwh pwtundy
Unylwbu YWhih hwdwubn Y6dnndwgyuwd dwndlh guiywgws wnwpnh w-
owdqwiywinipulb 4L/t GEnghwl hwitdwunwywl t viwnnh ¢ dwywhl

dl’ = wdl’ . (13.3)
w -0 Yngymd ¢ wrwdquilpuwimprul tGnghuyh dwyuyuyhl fuwnnigpl L
nBh dhwynp dwywih wnwdquiyuwlbnppuub tuspghwih hdwuwn: Ubhwdw-
utn nbdnpiwghwh nbwpmd tispghwh unnuginlip Juwiudwd t dwndGnd
pOwnpdwo vwppwywl swywih nhnphg: <wdwute nEdnpdwghwih nbur
pd w = conse: LU upbih t hwpyt) (73.2) wpunwhwprnmipimlp dnnbh 1=
owywihb pwdwltiny.

U
W= — =
L/
npubn oquybghlp (72.1), (72.4) bwhdwbndlbphg. Oguybiny <nuyh (2.9
ontlphg (73.4) pwlwalp Ygntbp hbunbjwy Yoy

w=4Eel =g 12E: (138

Nuipbdl. nEdnptwgwd dnnh jnipwpwlynp Shwynp dwywib odw
qwd t hp hwnwptnwywi Gplunwgiwl pwrwynunt hwdtdwumuiul
wnwaquwimpuul thtpghwiny: BtL (73.2) pwliwdlp wwgwip hwiw
utn nEdnpdwgywé dnnh hwdwn. vwlwil wib shaun t bwl wihwdwt
nbdnpdwghwltnh nbwpnid: Wn nbwpntd, hhwnyb, € -p niblyghw t Lonp
nhbwuwnhg:

t1| ™

Al

o[ —



§74. U2 1EINCUUSHU

Udpwgltlp mnnwbynilt qriquhtinwGhunh 8L nillbgnn hwidwutne
dwpdhlp unnphG hhdpny htlwpwOhG U 4apht Ghuwnh Yrw waqnbGp 2nw-
dhon F g (04.10.4w). JwndhGp Yplnnbh Bnwbiymb qriquhtnuwGhunh
ntup, Nph hhdphl qriquhtn pinp hwnpnipINGLbAD 26nYwé BO dhapulg
Sywundwdp y wliygniny (OY 10 4p).

Ly 10 4w Ly 10.4p

Lawlwltp winwgywé hhiphg b pwndnnippul Upw qubynn hwn-
PRl gntidnpdwgywéd nhnehg 28nnudp da (GY. 10 4p). @npn RBNNUW-
ghwobnh nbupntd

ySigy=Aab « | (74.1)
Jebnipinlbp Ungdmud ¢ Awrwpbnuilpnl wwhp Ywl wwhph wolymG: Con-
hwlnin nbwpenud uwhph wolnbp Ywem t vwpptn 1hoty wwnptn wp-
ppnulbbph hwdwn y = xb): "W wlhwdwutin uwhgh nbdnndwghwih
nbwel t: <wdwubn uwhgp, Nnp BG0p nwnwpymd B, wndlh guiluwgwd
nwnpwlul iyt qruqubtnwthun Yopwdnd ¢ Onyl wwhph wo-
guidp pinewgpynn 2onwblgnib gqniqwhbowGhuunth Uuhlpl' hwidwubn
uwhph nbwpntd y -0 mUh Gnylb wpdbpp dwpdGh dwdwih paynp dwutpnud:
Ww qniquihbrwGhuwnh AB Ghuunh 2ondwl waym bl t:

Liwlbwiytlp wipwgdwé Ghunnh dwybpunyeh dwlentiup £ Yodnp-

duiglinn F nidp Yunwgwglh

t=FF (74.2)
mwnn (wnnd: Uwhph npn nEdnpdwghwlbbnh hudwn dhpun ¢ <
ont:ipn.

=0 (74.3)

Lwibdwuinwlwinieiwt G gnpdwlhge ynsymid ¢ wwhiph dnapmy- Ul
Uneh wnwdqwywl hwunyniembitnh Ywnunp puniewahn t:
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Lupunuwnply nbdnndusgbng nidh wpfuunnwipp. G pun uwh
dwidwl wewdquilpubmprul tobpgwit, Whih

U=41FBB =4{tZyh=10V, (744,
pwGh np 88" = vh.npunbn & 0 qmquhbrwbhunh pwpdpmenll t, huy |+ -
AT -G dwdwip: Ogqutiny <nyh (74.3) opblphg L t bEpghwih funnippul uwh
dwOnudhg. yuunnwbwbp

w=ry2=r0120: (748

Dnpn nEdnndwghwObnh MIOWywl nbuwwlpblinl 66 6qmdl m un-
dmdp: Poinp Jlwgwd nEdnpdwghwltne Ywnnn B0 wpunwhwngt| wp
Bnyniuh dhengny. <bunbwpwn wwhph dnnniyp wnm t Gepywpugyt ubnd-
dwl U dquwl nbdnpiwghwit
ne pOnEwannn £ Ly hwouwr
wnmblbpny. U wonmop Y
wwgnighlp wwnqwagnyl oph-
Gwyh nhurnwnydwdp:

Ah'h =0,/ E:

Gpt wanbin dhwit o (u-r
pdp, www Y wnwGgeh mon-
nnipjwdp funpwlwpng YuunnwGwn hupwptsnw Ywo (wybwywl ws.

Ahih=-uo /E:

Jwiwdwit epwnndwl uyqenlph X wowigpny lunpwGwpnh hwpw-

pbpwywl BYwrwgiwl hwdwp Ynlbbwap
6_:.5.’!*.5:’1__0, g, l+ u

LY. 105

T TEMETTE
Lnyl duny Yuunnwbwbp Y wewbgpny hwpwpetnwiwo Bniwnwgmdp.
LI/ oy (716)
£ = 3 " E E o,. :
npbdl
] - ayn
€, = -E, =—Eﬁac§e,: (7475

U nbdrndwghwl X' Y wowlgplbnh ninnnipiwdp GenuwpugGnid t
dwpnin vwhp: Puywwby, 04. 10.5 w—nd nphfudwd wphqiwih hwywuw-
pwiznnipiwl wwidwihg (nd'u 04. 10.5p) hbuunud t. nn Gpw BC Ghuwnt
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ynw wqnnd b nawihng (wnpnid. npp Ywowpuwgbh ABCD funpwlupnh
wwhp: Lwhph wilymbp hwdwdw)t Lmyh (7431 optlph. hwywuwn t
r_o (74.8)
G G

Twnq ¢, np (74.7)-p GEpYuiywgbnud t 0y, 10.Sw-nmd ABCD funpwlwpnh
winbwgdtph hwpwpbpwywl bpywpwgnudp. ABCD pwowymum nb-
$nndwghwih Bpypwswdhwywl nhuwnymudhg (64.10.6), hwayh weltiny,
M y«< 1 wupdwlh 20nphhy CO=C'O=gh, CCO ninqublymb Grwliygninig

7 -

uunwlbwbg B B c c
—= T £ hV’E. QJ‘
V2 )

Npwenhg v = 2e; <wyh welbing (74 7).
(74.8) welbsnipmiGltnp, YnlbbGwhp v 3
. £ A D
U= . (74.9)
20+ 40 Ly 106

anl | wewdqulwbnipiwt hwuwnwunnGobph dheb Yuwwl t:

§ 7S, NLAMMU be S4mu

1. Mopaué Gpt hwdwutn quulh wnnphlU hhigl winughblp uunn-
qwlnwlhG, puy 4BphG hhidpeh Ynw yhmwneblp wrwbgpeh Uhwundundp M -
¢h dndkOunny mdwqnyg, www qubnd wewewgwd nbdnndwghwl Yul-
Jultlp npndd (0Y.10 7). Ninpdwt dwdwbwy quuth wjl hhdpp, nnh Ypw
wqnnd £ nudwqnyg. wuwnydnud b npnawyh @ wiymbng, npp ynndwo nb-
Sdwghugh pulwipuipul ponipuwghnt ¢ Uunnblp, np Mnpdwl wilyr-
bp Yuwhuywé t quuGh hndphg nhunwnyynn Yawh Apwndnpnipnilhg. ¢ = e(h)
-Uuhlpl' aynpvudp wohwdwbe nEdnpdwghw ¢ Ninpdwl thnpn nbdnn-
Jwghwbtnh hwidwn <y onGGpl wnuwhwiunynid ¢ hbunlyuy pwiwalng.

M=o, (75.1)
naan £ -p Ungdnud ¢ ayandwo donny P awnpeprgynul £, u G gnpowihg-
Uenn. rynndwl dnanyp pusgh Gireh nbuwlihg lpufuydws ¢ twl dundth bn-
wsurpuryurts duhg m sunbnhg.
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Ly 10 Tw uy 10.7p

Snyg wnwlp. nn ynpdwl nbdnndwghwl Obplpupuglned ¢ wiiwdu
wr wwhp Un Lwwunwyny quuip duindh vipnhtlp hwiwnwigp qu-
LwyhG funnnwybbph (LY 10.8w). Unwbdlwgltlp intdrpiwgyud | fur-
nnwyhg nwpnwiwlt ABCD ninnwbynilt qrigwhenwGhuwn (04 10 8p
Quuih nrpdwlb nEdnpdwghwih henlwlpny nhuwpydnn miqnwbigmd
qniquhtrwGhuup YpGnmh AB'C'D nbupp LinyU ninpdwl hbunlwbpny 2
qulwhG umndwyh (nph 2wrwyhnp wytih dhnpp t) hwdwwwuwuuwl
vwnpwywl dwup Yetpwnldh wytih dnpn (7 < 7)) wllypwdp uwhpr
(LY 10.8q). Yuwbu nn. huYwwbu, mnpndo wohwdwubne wwhp ¢ unl tg-
pwywgnipjwlp Ywpbih t hwbgby giwlp hhdphG gniquhtin nwprwywl
uyuywewlltph wipnhtny

Ly. 10 8w Ly 10 8p LY. 10 8q

Quuith nippdwl dnnnyp npnGint hwdwn Lwiu nhniwnpyslp A pwpdpmg
JmG, 7 wowydpn L vwuppwywl & hwunnigG nlbtgnn qwlwihG funan:
Jwyh pdwghuunwinhy ninanudp Yenhl hhdph Ynpw 1 2nwdhnn (wpdwl we:
nbgnipjwdp: Jbphl hhdph & = 224 dwiytpbuh Ynw wqnm nidh dndbl-
wp Yhth M - o8 2 Quuilp o wilywip pqwghuwnwunhy npnpbihu oM (-
& @) nidh dndblunp Gwunwph &4 = M o2 wauwunwip. Pwdwibyny 4br
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ghlu fumnnywyh 8V = 2mhé Swyuyhb. Yunwlbwlp ninpdwl ntdnpdw-
ghwih tubpghwh dwywiwihb funmpindlp
w=OM@dmh& =M 2868V - ' C oS (75.2)
Nnnqwé fumnywyh wnwdqulwbniepul tuspghugh tunmanGp Yus-
muth ¢ unwlwy, ninprwdp ahuibiny nnwbu wwhp Wu nbiwpmd tGbpahuwgh
nnenbp wnydnid ¢ (744 pwlwadlny. <widbdwunbing YBpghtu (75.2)
pwlwAaLh hown (RGLPghwh wndtpp wlywiu t inw hwdwh tnwlwyhg),
fumnquh ninpdwl dnanyh hwdwp YunwGwbp
of  2rGrlorh (75.3)
Get funnnywyl niGh Jepgwynp r; - » hwunnmiainil. wuw Gpus gnp-
Swh dnamuh wndbpp Yuuwlwbp (75 3) -h we dwup huwnbgpbiny r,. r; uwh-
dwlitpmd

1 =aGr, -n') 20 (75.4)
<no6 quilih ninpdwG dnny h hwdwp YuunwGwbp
1 =xGR" ' 2h, (75.5)
nnuntn R0 quwih pwewyhnl t:

2. &lpudp oybyby whhwdwulbn ghpapdughw & Minnuliynh dmp
S4dwl nEdnpdwghwitnh ophbwyttn BL 6L 10.9-nd wwunybnywéd nbwy-
gonp: Unynnwpwp 48wl nEynpiwghwl pwlwwwtbu pmpaugpmd b 4
Sydwl qup ynynn Sténipwde: dwl yuwpp onnh wlbbwdbe ntpnnvw-
g blpwnipywo Junh 2enduwl surhl ¢ snbdnpdwgyuwo Yhswiyhg (O4.
10.9p.q): 84wl wwpht nnqwhwjwg dmh hwidwgwhniprul hwuppemp
(0Y.10.9%-mu OEpYwwgywd t Ubunwaqotnny) Yngdmd t onpduy huyenis-
i BQdwl dwiwbwy Onpdw| hwpentembhg Ybn pbywd dwutpp Ghgwn-
ynud 60 ubnddwl (aquwb) nbdnpdwghwih, huy hwlwowly dwubpp
dquwl (ubnudwh) nEdnndwghwih (LY. 10.9p.9): Lnndwy hwpeneul qow-
JhG swihubnp 84SWG pipwgenid Jond B0 withnhntu: Mipbda, ddp dwn-
UGh Up dwumd Gbplpupunglnd ¢ 0quwl hiy dmurd vendowl nbpnpdus
ghwr Uw b wwywgnigmud t 8Gdwb nEdnpdwghwh wihwdwubn |hotp:

<y onpbilipn Sl Ynpn nb dnndwghwitnh nbu/pred LEPYwpug-
ymu ¢t wpaybu

F=k (75.6)

npubn F -p nEdnpdwghw wewewglin nidl t. huy 4 Sywl ywpn yusy
Ywo ¢ dmp Eplnwsunwilpl duhg sunpbinhg hoswbu bwl 3mGgh dnnmi-
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7 A'» 1hg: dEnghlu (hadhl hwulwlwih t. pu-

. = PR Uh np Symudp ubnddwl L dqiwl nEdnp-
dwghwlbph  hwdwygnipmb t. <wp
Juplubnp gnug 60 wwihu, np GY. 109
nd - wwwindwé  ninnuwilymt  dngr
hwdwn

A=1'Pi4Eab’, (75.7)

npuntin P -0 8nnh YahnG t. £ -p hebwnwt
Gtnph dhgl htnwynpniginbp, huly G4
10.99 nEwpndd

A =3P 2Eab, (758

nputkn ¢ -p dmh BpywpnieInlbl & Uy
pwlwdlbprd Bbpwnpymd t, np &mn
suyndp wwpdwbwynpyws t ushwiywl
U2eny:

UL 108uwpq Cpt dmh wquwwn Swpmd Y-
pwoqweé t F 8ynn md. www Upw wnwowgpwd SY4dwh uwep Ynpnyk
hounlyw) pwlwdling.

= 30 F/Eab" (759
Qwdwdwil dnpn pbdnnwghwlbnh Jbpwnplwl Lqeriph, bec
amh 4pw wqnnid bU dh pwGh synn nudtip, npnip wRWGAhG-wwGeht w-
nwowglnd bG A.A; - Ydwl wwplbn www wyvyri bwnwn SyYwo qupn
hunjurrun hoh wouwldpli 8wl Ywpbbnh hwipwhwajudpwl grdu
ma
A=XA, (75.100
pln npnd, hwwnwy SymdGepl mbbl twnptn Gawbh s4dwh wwplbn:
3. Udd gnug wnwlp, np pwgwndwl whin dwndth dnunwynpmepude
hwdwlwnabph hwywuwpwlzeniepul Gnhnbtph wwxwnplinntl wonpn
e lp Ybpwind ¢ wowdquipwb nbdnpdwghugh hwawedwde Uiwl
wlnpnanppul hbun wnlst) blp § 44-nud bpbp NBLwNWGGEPh Y dmh
hwywuwnwlzemenip nhuwnyt b
RLLwryLLe Unyl bnhnp wowdqulwl nednpdwghwibnh hwayqwn-
Swdp: Npnblp nuinnuilynG dnmnh O Lrh pwfunidp bntp A.B.C heluw-
PwlObnh pw (Y. 10.10), npuntn B hbGbwnwlp npdwd t dnnh dbewnbnnud
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ddwl heunbpnud wgnnn ntwlghwih mdtpp Lpwlwyblp M. V. N,
udwswhmenohg Glo6iny  Lwpnn Gbp wlnby. np v, = V- Uunindh wdpw-
guEGp dmnp B uEGunnning. uGnhpp hwlgtgynd t Gy 10 9g-md wwinytip-
Jwd nbwphU N nugh wanbgnirpudp 8nnh BC dwuh C dwynp Yzbnyh ytp
A

Eabi12]
(78.11) sundny. huy ubthwywlb Q2
wrh waqnbgnirpudp Gnyl C yeunp
onyh gweo

A (781

3
B AN A 8 12) Ly 10 10
dEak 12

ywhny: Unpynpnud BC dwuh §ydwl ujwpp WhGh (nbwh & 2bnnudp).

A=A (75.13)
<wyh wnltiny bwl hwywuwnweneuul
2.\'2 + ;\I', =0 (75.14)
wwpwlp, (75.11)<75.13) weGinuem LGtph ogUnipaude nwGwip.
- . g

=¥, -20- 251‘_‘” LN, = _Q “E"” (75.15)

Get pninn habwnwllenp qunlyrvwd b6 dhhbnuu hnphqnOwywl dw-
wpnwih Jpw. www 2 = 0. L (?5.15)-hg huinwbwlp’

3 s
N=N==—0 N ==-0: (75.16)
: |6Q Ny 8Q

Uunwgywé (75.15) wnnynbphg hewnlndd ¢, np dmnh Yrh pwtunudp
b MEbwpwbbEph Ypw huhuan npnwiyh t. Cn npned hawnuwGotph 4w
800wl nudtiph wpdbplbpp Ywiuywd &0 dmh (ubunn wuwd, Gwl htbw-
nwllbph, npnbp Liw) nbupnid hwdwnybght pwgwndwly whin) wowd-
il hwunynignuGiphg’
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QLNhuXI

susuunruLer

NunudGwuhptiiny wpunwphl wnunbighwiwiht nidwnwaunnd dww
Ohyh wndmdp, §30-nud wbuwlp. np wWnunbbghw(whi hapnd wils moh
nunwonudGaph pGmnuye: Uuhtpl' dwubhiyp wwppbnwpwn ypyonud t pp
2wndnudp 2pedwl ouintipny wwhdwbwdhwiyywo nhpnuypnud: Lngt wwpw-
qrwdnid gnyg nydbghtpe. np dwulhiyh Lwurwbmmuut awpdnudp howpw
dnn t dhwijb uynib hwywuwpwizemprul nhpph 2nuipep. pwih np wn nhp-
phg dwulhyh 26ndwi abwpend t wowewlbnd nbuwh hwywuwwpwlnmpgwl
nbnpl ninnywé nid CanhwGnn nbwpentd Yspwnwndinn nudh Yuitudwdni-
pPNOp hwywuwnwyzeniprul ahnehg dwulhiyh 26ndwl junhhg wnuw-
hwpnynid t pwpn dnblghwibpny Uwlunl gnpdlbwywlb YwpLnpmgmil
UGepYwugOnn Bh wnp Lwpunp jubnhpGbpnud SEGp gnNPé bl NLUBOMY hw-
Ywuwnwyzenprul nhnphg dwuGhyh tnpn 2tnnudttph hawn:

UGlwiu Gpwhg, pb hOpwhuhG t YBpwawndinn £ moh Ywhudwém-
PG hwywuwnwlzenierul nhnphg dwuhih 2Bndwl « suhhg, wil dhaw
LGwnbih t tenpywjwglt; puw x-h wumhdwbﬁbnh Btynnh pwnpny

F = F(0)+ xF" 10)+-—f~(o;+—r~(0), (76.1)

npunbn 2unhjulbpp Gawbwlynud bb puwn x -h wowbgubbn:

fwlh np hwywuwnwlzenipuulb =0 nhpprd dwulhiyh pw ma ¢
wqnnud, www £r0)=0- Ubybpg dnpn Gnnudbbph nbwpnd (76.1) wnph
hh3Owywt wonwdp <F10; -0 b Inipwpwlymn hwennn wlnwy hp deerig
wdp wohwdbdwun hnpn t bwiunpahg: Geb wwnqyh. np F70, =0, wugw wl-
hpwdtun t Yengltk; 2wneh djnu winwdp:
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§76. LBMUCLUY SUSULMULGT

Gwinl hwywuwnwlyzempput nhpphg wiytng hnpn bndwl nbw-
pmd F0) = -k < 0. pwlh nn Yepwnwndlng nudl minnywd t 2bndwlp hu-
uowy.

F(x) = -kx. (76.2)

Wuwnbn & gnnéwlhgp hwidwywngh dhqhywlwl wwnwitunntnhg
Lufuyweé hwurnwnnb b U plniewgpnud b hwywuwpwyzenerul Jhwlyp:
Unwgywé (76.2) nidl wpunwplwwbu bwdpbytnd t wnwdquwbnippust
awgh wpunwhwpnippwl hein L h hwrn t quihu dhqhywih pwqdwquil
nGnpnpibnnud: Wo yngynud b pyughuwowdquipo me

ywqhwowdquywl nidh wqnbgnippudp m qubqywaény Gnupwywl
gewh wndnudp Glwnwagpymid t

mi = - kx (76.3)
hwywuwnndny, npp yngdnud b Spnwplwly vwuwlndobnh hunjuna
ud Ldwl Ppagn tnwnwbnadGbn Ywunwnpnn hwdwywngp yngymd t gdur
o ovgtywunn, nph onhlwyttn 60 dwetdwunhywywi L dhqhwlwl an-
S&wlwytbno, quuywiwyhg Ywiugwd dwnpdhip L wy b

Unwbwlp (76.3)-h punhwbnip inuénedp, Bopwnnting nn ¢ = 0 upwhhl

x(0)=x,: v(0)=v,: (76.4)
LUwunwnbbp Gwlwymd.
LY (76.5)
m
L oqultiny
d’x 1d(&

dr’ . 2dx\dt/
uwhntunipinihg. (76.3)-p Ubnbiwpugbble wiuuwby’

1didey
2dx\er S
nnl hawnbgntiny puun x-h. unnwlbwlp
f!d-“: 14
\EJ =(l)(_(,4 -Xl).
nnuntnhg’
dx X
w+w,,:=‘[?—_=msm—-
VA -x° A
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Uunwgywo wpnnibphg hbununed t dwuGhyh pwnddwb ontlpp
x(1) = Asin(wy - @), (766

nputn 4 -0 L ¢ -0 winpn; haunbgpdwl hwunwuninbGtn BG: Oguytin,
uliqplwlwl (76.4) wWwjdwlibphg. hwayh welting dwubhyh wnwgneuwl
thmhntudwl opblep.

v(t) = % = Aw, cos(w.1 + @). (76"
uurnwlwbp

X, = Asin@, v, = Aw,cos g,

npwntinhg hounbgndwl hwounwunnubbbph hwdwp Ynibbowbp

A=yxl+vilol, 1go=v,/wx, (768

(76.6) opblpny wnnpynn 2windnudp Ungymd b Gopawpbwly uwunwin:
nnQ enWIdhynptl wwanlgpdwd t Y. 111 -md: 4 dedniginilip yngygnid
Wil Jurtnge (wi

wnf wihnnn), wo-b Jnpwlw
AT : MuUSUIRRIUG, ot~ -G
Lo ; wumwdwla oy, nph wr-
i r o dteo =0 wwhhl - wigelu-

ame LT Wl sy (p); RBWGh np ot
- - Gnup wwppbpluwl  dnult
ghw t. www npnwyh 7 du
Jwiwy wig wndmdp Wr
b o el L4Oyh, wyuhlpl.
x(r)=x(t+T):

(76.6)-h hwjwniwdp ybnehlu uvwuihu t

o, T=2r. T=2n/o,= 2;r\jm : (763
T -0 dby (phy wunwGiwl dwdwbwyb t L Yyngdnud t wnwbdwl wwne:
el Lepnuwpbudy wvunnwdwl upupptipigyn 06 wblpwts ¢ vk

Jwl juwonyehg (inwnwnuiutnh Hgnenntmepwt hunlynupinil).
Ubhwynp dwiwbwynid vuwnwbnudbnh phyp Whah

v=1/T. (7616

nnp Ungdnud ¢t gowhs hwswfuripyrnl L rowlwhl hwswiumppuul hts
Gunyyweo t
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o, - 21v (76.11)

welynupjwdp: dapghlihg hewlnud t. Nn e, -0 21 uypywGnud vnunwlnid-
Gbnh ehYG t:

Lapnw 20wy nwinwindebp ywuwnwnnn dwpdoh (phy dohuwbhywywt
tspghwl dwdwbwyh Ywidwjwwl wwhh hwywuwp t gquqhwowégqu-
gl nuoh wahiwunwipny wwptwowdnpywd b’ 2 wnunblghuw) L Swulhyh
itinhl tospghwlbiph gnudwph.

mx mo’'x | v
= ;—ma):.-l‘ = conslt, (76.12)

npnbn oqubghlp (76.5). (76.6) L (76.7) wrlbineimlltnhg: Uuwwugywép
tusnghwih wwhuwywbiwl ontlpl ¢t oughywwnnph hwdwn, pwGh np Gap-
aulwy wwunwbnudtbnp unwgynid B0 ahuhywnhy notph pwgww-
el nbwpnd:

Unwybjwanb 2bndwl dhswymd ocughjwwnnph ghbbuinhy tObpghwG
qnn t, huy 1phy dBhuwGhlwyw( tiepghwl hwywuwp t wymnsGghuy tabp-
ghwihl: <wywuwnwlripiwl nhneny wlgtihu oughjuannng pUMNEWGN-
Jrad ¢ (phy taspghwihG hwywuwn YhGbunhy tutpghw)ny:

<wdwywngh Ywjns hwywuwnwyeniput nhpphg uyqpowlywo tn-
Jwip wnwewgwd nwwnwindobpp Ynsymd 60 uvbywdpwl vwwruwn &
p. Ushwywl wnwunwbnudGtiph o, hwswfunipinitp wiudwé b hwiw-
bungh Ywnt hwywuwpwienierwl Yhswyp ponpwgnnn dhahluwlwl
3&OnpINLLGENhg:

Lopnwlwy vnwunwlbndbbpp hwpdwn ¢t OGplwpoglty  enduybpu
nbupny. oquytiiny Lybnh pwluwdlihg

€° =cosa+isina, (i’ =-1) (76.13)

Niptidl (76.6) GEpnwwy vwnwinudp Ywnbih t Gbpbwpuglby np-
ufGu (76 13) Yndwbpu dEémpul hnwywi dwu.

x(t) = Re' de "'} (76 14)

b ¢, ubqpowlwl gwnp (76.6) (Modwl ulqplwlywl ¢ inyhg wnwp-
ponymd ¢ 2-ny. Ungdnpwpwn hwydwnyltn wwnwpbihu hwpdwp t(me-
onudp ObnLwwglty

x(1) = 4" (76.15)
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Ynduybpu inbupny L dhuyl Ybelwlwl wpnwhwpunnigiuwl dbg wnwle
OwgUb| |Mddwl hpwwb dwup

Lbpnw0wy vwunwGnustbpp (76.15) wbupny GEpQuiwglbip b
dwp t Gpwig Yepwnpdwl, nwunwbnwywl awnddwlp ybpwpbnnn v
ptn hwywuwpmdotn (notihu

Uwwgnmguwd t. np dbq hwinhwnn eninp pwpn twuwGnudGbng
bwntih t Gsnyuywglly vwpebn hwwluniembibn, uyqeiwywb thnybn |
(wiinupltn nbbgnn OGpnwbwly nwunwbndtbph Yepwandwl nbupn,
(dauph pEnpEd). Uu dhwuunnp gny t wwihu uwhdwlwdwydty tbpnwy
Lwy nwunwbndtenh nunudbwuhpreguide

§77. N2 QUUBM susuLMmuULer

<wiwyuwpgh ubhwlwl nwunwbndbtpnp ywnnn &0 (hit hlguwt
LEpnwliwy, wibwitu ty ng Gpnwpluly BRE hudwuwnwlentpiub nhnphe
dwulbhyh 2bnnudp dhnpn L. pwig Yonewynn, www (76.1) awnprid wihnw-
doun t hwyh welby Gwl x°* Ywpgh winwdp: Um nbwend dwulbhyh 2wnd-
dwl hwywuwpndp Yobpwruglblp wpugbu’
mxi = -dl/dx, (77.1)

npuen ‘
C=2(-e). 2

¢=F"(0), 3k (11.3)

dwywuwnwlenippul nhpphg 201

wy. 11.2 dwt pwrwyniuwihG L wybth pwndy

Jupgh winwdtbn wwpnbwynn hww-

uwprdlepny Ohwpwagnynn niwawonudotpp yngdnid B0 ng gdwihl: M

QWi Lnwuinwbndobp Ywuwpnn hwdwlwngp Yngdnid t ng gowiho Yud

ny Gepnwiwy oughjwnnp Lywunmud BUp. np ng qéwihl oughjwunnt

wndiwl nunudGwubpmpinilp hwogbgymd t (77 2) wnuinbbghwiny wn
nwphl nwunid dwulbhyh wnddwlb lnpho.

Lwudwd (77 2) -nid e wwnwitinph wndtphg. L dntllghuwih 2bnm:
0p wwpwenihg Whih wwnptin: Conhwinin nbwend wn dnuGughuwt
wnbupp ObPYwrugws t Oy 11.2-md UG qpn t nwebnud ¢%= 1 Yanmd L
mOh dwpuhdrmd

316



U =2k/27¢. (T7.4)

=24 3 yeonud:

Oquytiny wpunwphl wnuntlghw wihl ntdwnwuninud duwulbhgh 2wp-
gdwl opwpbpuwi §30-nud unwgywo wpn apltpng. Ywpnn B0p winb),
nn £ tGepghwyny dwuGhlp Yywwwph Phihun wndmud, wpuhlpl  ww-
wwlbnudbbn, Bpt 0 < £ < U,,,: COn npnud GQwuntlp, np ponhwingn nbw-
pud ng gowphl wwuwlbnudbbn Ywwnwnnn dwulhyh hwywuwnwnng-
aurh nhnphg Lwnptn Ymobn v L X (ophGwy, £ = Upy, nbwpmid) 2inmd-
0epg Lwnebn B0, Uin vwpptpmpiniip ywiudwo t Uy wnuinbGghw(h nbu-
phg L SwulGhyh (phy tLGpghwih wndtghg:

s QOwhG ouglywwnnph pwncdwi xit; oplidpp ¢ -h Yuwiwjwywl wp-
dbplbnh nbwpmd wpunwhwpnymd t pwpn hwunny dnibiyghwGEph shen-
ond: Uwlwio e-h thnpp wndtpltinh nbwpndd, bpp ¥ -0 pwywlwlwsuh
066 L, ixi<< xo tnhpnypnid (Bhnpn LLBpghwlbnh’ £< < Ung hwdwin) dwulhyh
wpdiwl hwdwuwndwb d69 ng qéwihl winwdp Ywpbih t hwdwnty fun-
anpnud L oqund by ununnpnudGtiph wnbunieniGhg:

Oquybiny (76.5). (772x-hg. Lbapyuwpwgltlp (77.1) hwydwuwnnudp, ht-
wljw ntiupny.

ivolx=sx’: (1.5)
Oughjwwnnh awndnidp € = 0 nbwpid tnpymd ¢ Gbpnwiwynuewb
x,(1)= A, sina (1.6)

onblpny, npp Gtplupugbnd t sununnpywid wpdmdp: Bpb &0, www
(77.5)-md we dwup Ynhunbop npwibu (77.6) wnddwh ununprid L dwulhiyh
andiwl opblpp YUBNLRUALGLELE
x(1) = A sinwt+x (1) (1.7

wnbupny, nputbin ., <Ay, L GBnYwruglnud ¢ wnddwl 2enmudp Gepnwiw-
Unpjwil opblphg:

Stnwnapting (77.7)-p (77.5)-mu0, x; -h hwiwn Yuunwbwbp heunlwy hw-
Juawpnudp’

i +olx = ewl(Alsin’ w1+ 24x sinwt+x]),

nnh we dwuh ruliwgdnid BpehG Bpynmt winwdlbpp. 0nphhy . <4,
Wwdwih, Ywntith t wiwnbub) wewehGh Gywwndwidp LepYwruglbtp win
hwywuwnnuit wuwbu
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3 l
X +o,x = —2—50)5.43 (1-cos2w,), (78

huy YEnghlhu (nidnudp
x,(t)=a, + b cose,y (779,

wnbupny, nountin a..b, JEONEINLGENRD hwuwrnwunnGlbp B0, Senwnnbyng
™9 (77 8-l L hwywuwnpbglbiny unwglwd webinepul dte we L
dwiu dwubnnd cos2awy -h gnpéwyhglinn L wqwiun winwistbnp, Yuow-
bwlp

b =£4/6: a, = €Al /2: (1710,

APBIG ng Wil WwunwlnuiGtah hwdwn wnwgynid ¢t bl
wpddwl onklpn.
./ \
x(":"loSi“wo"*%C/lg.l\l*%cos}m,,lj: (77 10

Uuntn &4’ 2 hwurnwannb gnidwptihG X wowbgeh npwywl U pur
gwuwilt ninampynbobpny  dwulhyh wewybjwgnyt bndwt  wihu-
vw guwhniewl wwndwel b Ny géunhlt uuunwGdw (77.11) opblph wow-
s Ywplnp wewbdbwhwwnynipulbp Yupubnud b 2w, hwswhunippuls
2wndiwl wybjwgmdp: Un wndnudp GepQuipugynid t cas2 wy wwpmbur
4nn wlnwdp, npp Ungdmd t Enlnnnn hwpdnihy.

Mwpqymd ¢t np (77.59d 1’ x' Gwpgh winwdGsph hwywaende
popnd t (77.11)-md 3w, 4w hwswlungewl hwndnGhlybnh wewwgiwin
Wlwtu np ng gowlnigmbp hwogbgbmd ¢ vuwnwamdGbpmd pund up
@h hwpdnOhyotph wowpwgdwlp: “w, gbnplw, Ny qowimeul wowyl
twywo pGnipwahpl t

318



§78. PrAPYUYUL Y UUREUUSPUUYUL
LnEuLuyLer

. unhb wuawbadbip: hutnghwih Yebunpniny ywlglnn hnphqn-
Lwiwl wewigehg Ywhiuwé whin dwpdhbp yngdnmd t dhaplwwl nsw-
Yy (LY. 11.3); <phqnbwywl wewGgph hown andwlwyh hitnghwh Yei-
wnpniny wibglnn ninnwdhgh hwwndwl yewnp ynsdnd ¢ sndwbwlh Lwuju-
dwl Yewn (4): sndwliwyh nhppp dwiwbwyh gwlwguwd wwhhl wuptih t
pnpwant; hwlwuwnwizrnipiut nhnphg ndwlwyh AC wawlGgph 2bn-
Jwl @ whlymonyg (Y. 11.3) 4 YSwnmd wlgbnn, Lywph hwppnejwls Mnnw-
huywg hnphqniwlwl wnwigeh Ghwwndwde dndblunitnh hwywuwnniop
Shahywiwl sndwlwyh hwiwn nish hewnlyw| nsupp

1, ‘;To = -mybsin g, (78.1)
npuntn £, -0 BnswGwyh hutpghwh dnotuwnb t 4 Younny wighnn woewbgph
Oywundwap. b -0 hatpghwih C YWownpnih he-
awynpmgirll b Ywhiudwl Yownhg: URGmu
Lawlp gnuyg ¢t viwihu, np dwlpneaul nidh
OndBLuwnG wnwowginuy ¢ 2bndwl @ wlypul
wsh ninnnLerulp hwlwnwy wunyun:

Jdbpwotiny sing  pmlighwt Btgnph
wnph L swhdwlwdwydtsing qdwhi wo-
ndny, (78.1)-p HObpLwwgltp (76.3) wibu-
pny.

p+w}@=0. (78.2)

nnuen

o, =mgh!l, (78.3)

Nupedt, BrgMauipul snswlwh sfur
UNNYwe Jwndmidp BbplwrugOmnd ¢ Gtipnwpwly wunnuimd

w13

T,= 2tr\fl Jmgb (78.4)
wwppENNLRAUYE:
Oqunytiiny Cunbilibph pennbdhg
= /‘ - mbz.

WQPlyuitpul Snswiwlyh nuwnwomdobph uunpbpnprueld budwp yunw-
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OwGp
rr b

T =29 — -2 (78.%
‘ \mgb g
Lwuinwnpdwé painn nwunnnnieinlbobpp Shaun B0 bwl wilil nbwypnu,
Gnp 4 Yawhg ¢ Bpywpnippude RGING Lwiudwé t m quiqyuwony duulhy
W Jwebdwupwlpwl snswiuwiyl ¢ nph hwdwn 7, = me, L Opw wwr
ponnuewG hwdwn (78.4) pwlwadlhg Lwnwbnd BGp

I.=2xJig (786.

dhqhywlwl L dwpebdwnhwywl SnswiwyGbnh wwnpanmpwl pu-
Gwalbph hwibdwwnnpmlp gnyg t twihu, nn bwebdwuinhywiwt Snsu-
Gwyp. nph bpywpnuenllp hwdwuwp t dhqhwywt snswlwyh b Bplur
pnuepuOn, nLih wybh thinpn wwpptnpnipinul: Vwebdwunplpuiput snswbur
W wio bplpuprugine G nph nbupid Gpw upuneanne@nGp hudwown t -
Qhrlpulpsl Srswlwlph wwnpbpppruln nsymd ¢ dhoplpuiput Snswbwiy
PEYwo bplpwpruer b Lwwuwnbglbiny (78.5) L (78.6) wwnpbpnugyniLit-
nO. uunwbwlp

t=b+1/mb: (781

Bnswlwlh wowigph ypw A’ Ybwnp, npp htinwgywd t quudwl W
wnhg snswlwlh popywé Bplwpniepw suhny, Yngynmud t uxwenwom Jeep
Wlunpnt: Opt ndwlwyh quibqywop YyslunpnlwglEbp bpw viwnwbnd:
Gtph yshwnpnindd, www vwwnwbndoeph wwpetnnipmilup sh dhntuyh
Andwlwyh Yuwudwt ysunp L vnwunwbnudeph yslupnlp Awduymd &
wnbp 56: Yw Gwlbwynud t, np bpk Andwlwyp Yuiutlp A" nwwnwimdGea
ysbwnpniny wiglnn hnphqniwipul wewlgphg. www npwihg Gpw wur
pEnLRINLOP sh dhntudh. pln nprud win abwpntd 4 Geung Lhwinhuwliw v
nwbndbbph 4alunpni: Uwwgnigblp win Lawlbwitip Unp nhppatd Yuwhe-
dwl 4’ younhg C Ytuinh hanwynpnieinlg ¢ - Lpw pipywéd bpwpngul
hwdwn Ygnblp

E=h+] imb (788

Pwyg »' =/ -b. nnp hwiwdw)h (18.7¢-h b =/ mb: Stnunnbing wf

(78.8)-nud, yunwlwlp
F=b+l /mb,
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wpehll (' = £ Mipkdb, Gnp nhppentd SnSwlwyG Mh byl pepYwd bp-
ywpnipmlp L hewnlwpwn. Onylu wwnetpripnlop U hdwuwnny wumd
50, np dhqhwywl nswlwlp Jnptrh b (<Gmabluh pbnntd). dhahYuiywl
sndwlwyh wp hunynienitop hbwnwynpnigmit t vwihu hnpdlwywin-
nalb dbo Sunniepudp npngt| wquwun wiydwl wpwqugnuip.

2. 1y gduyhb vnmnwlmyBp: et Phahlpuliwt L dwebdwuinhiwwl
Snswlwyltph hwywuwnwynnipiul nhnphg 26nNiGENRY 2w dhapn kb,
www wihpwdtun t hwyh webt] (78.2) hwywuwpdwb d6e sing dnilYy-
ghwjh 2wpph Yinu winwdttnp. SYuwy nbwpend hwpdwn t bnph (nidnudp
uyuty 2qphun

@=-w'sing (78.9)
muywuwnndl houtgnpbing oquiybiny (76.57) dLuwhntumpymhg.
¢ = 2wllcosp—cos@ ), (78.10)
nputin hwzyh B0 wrGywd htunbywi uyqpowlwl wuwdwbbtpp’
x0)=g,. ¢0)=0: (78.11)

huwnbgntiny (78.10)-p YuunwGwlp
deg
V2wt =
¢ f\/cosa) cos @, w/-f\/sm (@/2)—sin’ (cr‘,/2)

nnunbin ogubghlp cos@ = | - sin’ (@ 2) pwlrudlhg: UbgLLInY Gnp thrhn-
hwlwlh.

sinf =sin(@/2)sin(e,/2). (@< @,). (78.12)
4anehl hGunbignup 4pGnniOh heunlywy mbum-

oot —f ’l—sm (¢, ’)sin’B.

Uwnnwgywop yngynud t t[ﬁwuwawa houbgnuy, npp hwyuwe t
Anowi guwiywgwd o wiywl nbwpmd. Vwwil 2tndwl ng 2w Jbd wily-
nlbtph nbwpnd Bpp sin' (e, 2) «I. Gunpbth t (78 13)-mud wndwwnp wn-
£h Ybpwéty L swhiwluwihwiyty weweht bpunt winwdttnny.

o= [(+4sin’(,/2)3m 6~ 18 =

=a+4sin*(@,/2Xa —4sin2a)+ -, (78.13)

kv)



npuntn sina -0 vnynud t (78.12)-ny: Wnuinbinhg hbunbnid £, np Bpp o-0 Y.
dnfudmd t 0 -pg oo wiuhlbpl wiglnd t rnwunwbdws T wwppbpmeaul 1.4
dwup, a woynmbp thehnfuynid t 0-hg =2 Wn nbwpnid (78 14)- hg vnw-
Omd GGp

I

t2 |

T |

P —_ L t" 7
w, a (1+ 4sm 5 )y (78 14
npunbnhg’

T=T,1+4isin’(p,/2)+..): (78.i%:

Uuwnbn 7. -0 Jngp nwunw bmudGbnh wwnpbpmeinl t 7,=2rw,
8ndwlbwyh ng duiht Lwwnwbmitenph wwppbpnipul hwdwn unwgyws
pwlwdlhg hbunlmd £, np wu nbwpmd fwhunymd ¢ nwnwbnsbspy
hqnennlwpenibp (T -0 Ywiuywd t Andwlwiyh 2600wl jwibnipwiht ¢, wil-
Imhg):

Ogquntiiny (78.15) pwlwadlhg Ywnbih t wwnqb). pE hiy utuw) BGp Gu-
wnwnpnd Andwlwyh tnwunwbndGeph wwpptprgnbp (78 4) pwlwdlny
npn2tihu: Onhbwy, ¢, = 60° nbwpmd rnwbnd GLp

T-TyT,=116= 00625 (78 16)

Wuh0gl' GruGhuy Gdwl dbé wolynbtEpny bndwl nbwpmd Gbpnw;-
Gwy vwunwbnuitEph (78.4) wwnptnniginuihg ogunybihu hwnwptpwyul
upuwip Ywqdnd t dnunn 6%: NMipedt Shqhiwywl L dwetdwuwnhywywh sn-
Awlwybtnh Obpnwiwly wwrnwbnudGeph pwlwdlbpp Pwywywlwsuay
&hun wpnnuopbn B0 vuhu ng ShwjG dnpn, wy Lwb sunhwynp woynt-
Obpny 26nmMUlbnh nbwpnd:

§79. UUrNN susULMULE

Ubhwlwl vnwnwbnudGaph nuumdGwuhpnippul dwiwlwly ipwnn-
Jnud t. np wpunwphG showywinp pwgwlwind . <bEpehlhu welugnigymbp
popnd ¢t nhuhwwunhy much wewowgdiwlp. NG wuwnh8wlwpwn bhnpnwg
onud ¢ hwidwywpaht uyqpiwwbu hunnpnyws tobinghwl Yw wpuw-
hwjnymd ¢ e GnudGtph ubywuywit w, huswnieaul ghnppwgdiwde.
hGawbu Gwl jwinyph wunhdwiwiwi Gywqiwdp:

hgnie, twunwbynn dwpdGh ypw wqnmd t pwg ahdwl - & nudp
VwulGhyh 2wpdiwl hwywuwpnidp YplnmGh htunbpu wnbupn.
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¥+ 27+ x =0, (M9.1)
npuntn
y=k/2m @} =k m:
QUuntOp (79 1 hwywuwndw ;nudmip bl tnbupmy.

x(f) = A€ (19.2)
Stnwnptiny YenehUhu (79.1)-nud. Yunnwlwbp
(@ - 2im@-a’)4e” =0. (79.3)

Rwih np wnwigywop shywn t dwiwlwyh guiwgwd wwhhi, www
qn | ywlwash wpnwhwpnnignibp: Yepehlu @ wohwpn dbémppul
rwdwn vwihu t.

az=iyto, (79.9)
npunan
w=yw, -y (19.5)
Qwdh wnlbiny (79.4) 0. (79.2) jruémdp YplnnGh hungpw| nbupp
x(e)= e (A€ + 4e™): (79.6)

Uunwgywéd qwnddwl opblpn Gonpywpuglnd t dwym uunnwimnd npuntn
A, L Az -0 ulqplwyuwlb wwphwGGbphg nnnynn hwuunwunnGlbn ba:
Lwiudwd y gnpdwgh L ubhwijwl w, hwlwhunipui hwpwpbpwy-
gnepgnLlhg, Swinnudp (hGnud b wnptinulpus wwd ng wwnedpuipus
Nuppbpafuwb dwupmd-Uw nbnh nbh ng 366 dwnmilbph nbwentd
Yy <o, (M
Enp (79.5) ObonmipMilp hpwlwl t U nbwpmd (79.6) (nudnudp Gwipunw-
huwjunyh (hrwlwt nbupny)
x(r) = Age™" cos(wrt - 0) (79 8)
Pwlwdlng Apwdhynpblt wu wuumdp bpluwpugywd t Y. 1.4-nud,
N0 hwuwnwinn b o hwawiunippudp. puw)g dwiwbwyh ptpwgpnid tgwaqnn
(wibnyeny wwunwind ¢ W hdwunny wil ng dhwil Gepnuwalwy s, wy
OnyOhuy wwppbpwywl nwunwbmd ty gt pwih np twunwinudGtinp Gny-
Umpjwidp 360 4pyGymid: Winuwdbowithy, wiu nwunwidwh wwnpspnt-
AN t hwdwpynd
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T=2mo=2r Jw, -y (799

dwiwlbwyp:
Jwpnn vnwanwbdwh (wibnys
wub|ny hwuguwbnd 6U
A(r)=Ae" (79.10)
dednieynilip. npp
r=|v» (79.11)

dwiwlwymyd tdwgmd t e wiqu
JEnehGu yngymd t dwndwl duwus
owly halgel dwpdwt nbynbdbiun

Uwniwl wewybl ponnibywe
pUntpwaghn t dwpdwl (nqunedwipwt nblntdtiunp nnp wwunwimditnh
(79.9) wwnpbnmpul hwpwptpnuem G t dwpdw (79.11) dwdwbwlho.

= L = rf : (79.121
T

G t LQwnty. np dwpdwh ynguinwedwlpul nbyntding Gplpnt
pnpnwilpul LunwbmdJGbph jubnuyebbnh hwpwebnmprul powlpuG (nqur
medi ¢y 11.4).

A e’ y
9=ln-/‘—=ln%=lne' =yT. (79.13
s 0
Npnatilp  nwwnwlnuitenph
e phyD. NPh plRwgeMd dwpnn uvw-
™ wnwinuiteph (wibmyep Gwqmd t
| 2,7 wiqud
A

| npuntnhg hbulmd t.
— NO=1- (79. 14)
°  w1s ' OnPAbWLWENNEG Jwndwb |

qunhpdwywl nbyptdtLung npny-
dnud t. hwpybiny hwdwwuwinwuluwo ¥ nwunwbnudotnh pghyp:

Ny qupplpalmb dapo: Uté dwpmdtnh nbupmd
Y >, (79.1%
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(19.5) GEonRINOD nwarGNLd t Yond: Ujn nbwpmd hwpdwn t (79.4)-p Lbnyw-
gLt Wty
a=irsiJy’ -wi =is,.. (79.16)

nunGn
§.=y2 Jr’-_a),f :
Ahuwplydnn nbwgnud (79.2) inudnudp YpbnmGh
x(t)=Ae ™ +Ae®

wbupn. NP th Ghwpwanpmd wunwimd, wy tbplwjwgintd t hwywuw-
nwlzriieiwlb nhnphg 26ndw tpuwynbELLnwihG Gywaqmd (GY.11.5): Answ-
bwh ng wwnppetpwwl dwnmop Ywnbih t ahuti. pGndbiny wit shun
dwonghly henmyh dte (qhgtiphl, dbnny:

Ny wwnptpwywl dwpdwl hwnnly nbwp by = w,-0: Uy nbwpnd

(19.1) hwyjwuwndwl |ndnudp wvnynid £ htunlyw) tnbupny.
x(1)=(A + Ag)e™

§80. 2UrYU Uy UL SUstumuubl

Upunwphl hwpluunpnn nioh wqnbgmpudp dwulbgh twunwimd-
Uspp Yngymd 6O Awplpunpudpul vuvrwomdobn: Upwydbi uplinp gnpd-
wlywt L unbuwywl Gawlbwynigib MOLE wpunwphl GEpnwGwy ndny
wewwgnn hwplwnpwywi nwunwindittin:

Ubnywpugltup hwnlpuunnnn nudp

F(1)= F,cosax (80.1)
weupny, nputen £, -G hwplwnpnn ndh (winyp t. @ -0 Muswumnipmop:
Cwunpddwl hwywuwpnidp (79.1)-h hnfuwnpbl wpu nswpnd  yplnnbh
heunbyw nnbupp.

x+2sx~wx= ie"' . (80.2)
m

anuntn hwplwnpnn nudp Okipjuwpwgyuwd t yndwytgu nbupny: Uw qduhd
wihwdwube nh pepboghuy hwywuwnnd ¢, nph punhwOnp (nténudp Lep-
Wwpwugtmd t Upw dwutwyh b adwwwonwulwt hwdwube hwywuwn-
Wl plnhwnn (79.8) (nudnudltiph gmudwpp.
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Lbnlw)jwgltip (80 2) hwywuwndwl dwulwyh |mémdp
x(f)= de” (803
nbupny, npuntn A hwutnwuniGp wnnn t (hob yndyy tpu dEénieinll;
Sbnwnpbiny (80.3) (80 2) hwywuwndwl dbg, unwlwlp

(a)j +2a - a‘)Ae"" -5 e (804
m
duwiwlwih guwlpwgws wwhhl wiu hwywuwpmeymbp pwywpunt
1M hwdwp wihpwotun t nenwnapl| « = @ Ujn nbwpnid
L S R . o (80 ¢
mao,-o -dimn m (] u) YIS

npp OB PLwrugGty ny Yndutipu vibupny. Yuunwbwip
A= A’ (80¢

npuntn

LR AL 2o ]
4‘=F,J,/m (m -a)) 4y, (80"
o=arctgw/w - w' l

Quplh welbiny (80.6), (80.3), (79.8) L (79.3) mnmwhwjmmmmb&brv
hupnlpunpulpul tuwun Jobin puanwnng dwutplyh awpddwl onbls
YOGy rUQLLLR Wiybu.

x(1) = Aycos(an + @)+ Ae™” coswm; -7t *w,): (804

Wy 11.6-nud wwinybndwd t (80.8) Ywiuwonenill wpuwwhwpnn
anwdhyp: Ul hwntih b pwdwit
Gpynt twwbu vwippbp dwutn
Unwehlp Guwnwgpnid § hwnplu
nrwiwl vnwnwlndGtph
Owguwl hnyp L ymydnud b wi
gmudughl ptahd (T uabpnuep Ul
1L.6-nd) U plpwgprid (808
md dwrnn nwwnwindbep Gyu
w116 pwannn Gpypnnn wlnwdsh nbr

’ twiwG t L Swubhiyh wpdiu
pOnURD Ywluywd t hwplwnpan midh Yhpwedwl wwhhG awpdiu
wyqplwywl wwpdwlobphg. Uwlw)t dwiwlwiyh plpwgpnid dwulhl
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wnddwl Ypw uhqplwywl wywpwlenh wqnbgnueyniip Ybpwlned t (dw-
prn W Onudph winwdp wpwg Gywqbiny nwetnud t qpn) L wndne-
dp YuyntwGwny G4wpwanynud t

x, (1) = 4 cos(en - 0) (809)

ontpny: Ubgndwjhl nbahdh tnbinqrueinilp dwpdwb dwdwlbwyh © = 1y,
Gunah dEdmenl t: Unynpuwpwin Awnlpunpudlpul viunwomdotn ustym
Gwwh mOEL htGg (80.9) LGPnwbwy vwwnwinuittpp, npnlp Ywuwwn-
Jnud 6U Awinlpunpny moh hwuifungpude:

Ngobmbue  Nwunidlwuh-
nolp hwnywnpwlwl viwusw- |
Gadbph (wylnueh u ulqplu- g §ooooo oo
bl dhoyh Quugwsnipgimbp .
nupywnnnn Mudh o hwswiunt-
snihg Tnwlghg  wawehlp
wwwnybpywa t Oy, 11 7-nud:

{wlwhunpl l

SR O T T
W, =\, =<y

wndtph nbwpnd, Nl unwgynd t d4, 'dw = 0 Wwpwihg. tnwunwGmi-
abph (wjbnuyeb gonnlinud t hp wowybjwanyl wnpdbpp. Snpdlwlwl Lw-
nunprupynul Gbnlwjugng hwdwlwngbiph hwdwnp nhuhwwghwl dinpn t.
w>y: Un nbupmid

w_ =04 =F/2rmo,: (80.10)

Qwpywnnpuywt vwuwbnudGeph jwomiph unnmly wep w, husus
grul nbuprid Ynsymid ¢ pbgniwbu {Qwtwwwnwupuw( (80.10) dbdm-
anLllbnp Yngymd B0 obiqniwbuwhi:

Nbqnlwluh dwdwlwy Jwulhyh wnwguwgndp wudwbwynndwd t
(Unpn nhupwwghwih nbwpntd) wrwdquiywlnpul mdny. ©+./x =0: Un
nbwpniy (80 2)}-hg unwgymd t nbqnlwGuwiht (wjbnyeh (80.10) wndtpp:
Ony Jwpiwl (ap>Y) L inpp hwswiunipwip (wdar) hwpywnpwiwi
nwnwimdteph hwdwp vwnwGnd BGp

4~ F/mo}, (80.11)
WO np wyu nbwpntd (80.2) hwywuwniwi dEg hhibwywi winwdbeno Go
wnwdqwlwinmppul L hwplpunpnn nudbng: (80.11)-0 Yrwannpbt hwuunw-
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@ il nudh wgnbgnipude Lwwwnwbnudtph (w-

Oy Grupb t:

Uto hwswunipudp (w>»wg) hwplwnpr
nudh nbwprid Lwunwbnudueph (wjtnyep uhur
Odwgnid t w hwulwliwh t POERPNIRL
20nphhy dwulhlp «gh hwugGnd heuntbpy wp
nwehlt moh wpwq hndwniunpjulp: U nbuy
prvd wnwinitEph (wjtnypp
-r } : S £ F mo 80.2)

Ly 118 o o ) T
Ojwqnud t hwplwnnnn ndh hwswhuniepulb pu-
nwyniuntt hwlwnwnd hwdbtdwunwywl optupny

<wpywnpwluwl nwunwtnudbbp wunwpnn hwdwupgh wplnp dh
qhluwywl pGnipwahn t pwpnpwlymemG Yngdnn deénipniln: Ul nton
Owluwht (wjbnueh hwpwptnnEIntLl t hwunwunnt ndh wqnbgnipuds
vwinwbnadotph (wjnuyphl.

0= %X (80.13

nnuntn 8 -0 dwndwl (nqunphpdwywl ntynbdbbwnd t:

R0Gwnuble hwpywnnwywlt wunwimdtonh ¢ wyqplwywlb gnyn
Ywiunuwip o hwswiuniembhg: Rwih np wpuwphlt Ndh LwnwGndtpe
Swuthyh hwpywnpwywi (80 9) tnwunwtntdltphg Lwppbnynud BG ¢ < 6
Y. www Jwubhlh nwunwbnudGlipp hawn 56 plYwe hwplwnnnn nudh vw:
nwinitbphg. LY. 11.8-md Ueplwjwgywd t erw) Gwudwdnpsnbp (nb'u
80.7 pwlwdly) Pwywywliwswd dgnpn w-nyd nwnwlntdGoph nbwpnid o
<G hnpp ¢ WuhOpl, dwulhiyh twunwGndGapp 2w phy B0 htiun pGyomd
hwpyuwnnnn nudh tnwunwbnudGephg:

NEqnlwluh nbwpnud. 0 = -2 RwOh np Jwubhyh wpwareeb L 2n:
Jwl twunwOnustbnp Unybwbu tnwnptndmd 86 72 ghmnd. www ot
qnlwluh cwdwbwly hwplwnnnn ndp L dwuihiyh wpwgniemibp nwwnwt-
dnud G0 dpLOnyG hngnid. <Bunlwpwp wprnwpht mdh wluwanwbge
ptiqnbwluh dwdwlwy wnwybiwanyGl t: Wn ¢ wwwndwep, np hwiw
wngp rtqniwluh cwiwlwy wpunwphlt wnpimiphg Gwnnn ¢ plnmlt)
tubpghwih guilwgwd puwlwly Utd hwswhunienilltnh (w>wg) nbwpnic
Swubhyh tuuurmwonudGbpp wnpuweht hwplwnprn nudh wuwwneeitphg
bw B0 pOYONL @ = -z dnyny, wunnptt Lwurwsynd 60 hwwthng md
Ujn wwundweny tnwuwbnudbbnp yepwomd BG:
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§ 81. YUMYUD 2UUUYUNIBrh SUSUuLuLere:
uryer

l. Onpunupqubwnug waawbnw/dlipp goulwpnidp Yhunwnytlp
0y 11.9-md wwuyspdwe quuywbwybtpry wiprwgdws quahih wnwuw-
imd0bnp hnphqrbwywl XY hwnenippwt sy Ul wpnn t Yuwuwnty bp-
i wiywiu 2BnnudGep x Ly wewbgpltpny, hanlwpwn odunywé t bpyne
wqunnEiwl wunhswiny: Cennuitbnp Yhwiwnptlp wipwl dhnpn, np
alinhih nplt wrwbgpny Endwl nEwpnid wiwntublp Ninnwhw)jwg wewl-
zeny wipwgywo quuwlwyh ntdnndwghwl Ybpwnwndbnn ndh wpuw-
WG Bbg. UuhOplh' Brt gunhyp 2tnywd t X wewbgpny x swhny,
www ybpwnwndlnn ndp Ypinnulbip hwywuwwp F,= -2kx: LIws duny.
F= -2ka- Uu nbwpnid tnnwunwlGndbnt mnnwbwpug manmieniGbbnny
yho60 hpwnhg woywh’

x(1) = x.siMot+@), W)= ysiMw.t~@.), (81.1)
npuntn nwunw inudtbph vthwwt hwiwlunieniGibnp huywuwn bO.
w =2k /m. w,= 2k m, 81.2)

nu (wnueltnG N ulqpOwlwl ghnybpg Unnnybl uyqebwwl wuwpdwo-
iEnphg'

Uthwywt  hwiwpumpnibbbnh  quiwpuluwt  hwpwpbpwygnepul
sBwpnud qinhih vwwnwGnudtpp Ywpnn B0 nlbOw; pwpn L fusdgusd
neup. WO upbh t nuumdGwuhnt, hwdh
welt(ny, N qonhuh wpnynbwnwp awndnudp
Epyne hnhununwhwpwg nwanwsndbsph ye-
munprdl b Showplslp Gwiu wwpquanjl
1bwpp. Bpp quuwiwyteph Ynaumippni Gubpl
Mwn hwywuwn BG, hbwnlwpwn, GnyGp Yh-
50 Owb ubhwywl hwswumpGoenp.

W, =W =

Upunnwputiny (81.1) -hg dwidwlwyp.
LnwlwiGp qunhyh wpddwl heunwadh hw-
Jwuwnnudp: U Owwawyny (81.1) - GBp- w9
Jwjwglblp hbunlyw) nbupny.

o+ =arcsin(x’ ), @<, =arcsin(y ),):
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<wlbiny hpwpng. Yuurwbwip.
arcsin(y v,)-arcsin(x'x )=0, -,

Oqunytiny huyun(h bnwblym bwswbwwb webimpntihg.

arcsin y - arcsin x = arccos(xy + V1 - x° vi- _v" ).

YuunwliwGp glnhyh hburwagdh hwywuwpnudp heunbyw nnbupmy

Soe ’ \ .
oyl v Ry R
T, Ty - @) = sinf(o, -@,). (813
’ Ve ) X, ¥,

[\

[ x
l‘ X,

W0 punhwbmp nabwpmd tihwu t. nph Ynqdunpnanuip ynnpnhlwanlt-
nh X,Y hwidwlwngrad L ganhyh wnddwt mannipnlbp hewnwagdny Gwiu-
Jwo t ubaplwlwG thnutinh Ap= @ -a LwpptnnpiNhg:

[N Y

X

£

By md RPN
(24 (2]
4 i
!
: %"\ mnelael
i
.= e<\w e U.J 11 11
’z

,\
A )

Seatlr Ydeeayaln
LY. 11.10-ntd yywinlbpywo &0 qlnhyh hbuwgotpp d¢ vnwippbp wpr
dtpltiph nbwpemd: Pninn htunwgotint pungnudwd B0 2xa2y. Ynndbpny
mnnwoOynGatnpnd: de=0 L x nbwpbnmd gunhiyp 2wpdynd t inpn gony;
d¢ = 272 L 3 2x wpdtplbph nbwpnid tihwuh qiluwynn wrwbgeltpg X,Y -4
60 ®nibph LwppbpiEwl 0<de<x dhowlwipnd qlnhyp 2wndynud ¢
dwduwph ninNLRWAR. huy r<dp ~ 2z -’ dwdujwphl hwywowy:
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Ot w,rw. pwyg Upwlg hwrwptpnieinlG wipnng pYEPh hwpwet-
PRIl b mew, - nw;, www htunwghop thwly Yynpen BG. npnbp yngmud &G
ihawdmft wunnlinlbn (GL.11.11). <wswhnieiniGGbph hwpwebnruanuGo
wn newpnid nwpu t wprrwgdyws ninnwilywt ynndtph hewn hbuwwgdh
muhidwl pwlwylbnh hwrwpbnmeuwip

2. ugywd hunlwlwpglph nunnwbmublpp Cpyne L wytih wqw-
wniRjwl wunh8wb nLbbgnn hwdwlunidep. npnud weyw 66 SwpdhbGbph
Shel totnghwih dinfuwbwymd wwwhnynn Juwbp, nggnid ¢ euwyfuo
hwdwipong LY 1112 L TE - Genuywgywé B0 ywwywd hwdwlywn-
abnh wwnquwanti ophbwyotn, LGt 12-md hwdwhundpl odunywd t bp-
i wquunnipjul wunnh8wbng., huy Oy 11 13-nud wwanyspgwép gnnu w-
quunipjwl wuwnhswiny, pwih np qunhylbphg munwpwlynipp wpnn t
rwunwiysby htgwtiu Gwnh hwppmerulb 069, wjbwbu by Lpwb ninnwhwpug
annnerudp

k. vio ko ek )
e aaeae S | |

AW f A
. - A I k
. %‘W - _' o
P 0 1._. H : [ YRRy
- 1 m n
Ly 11.12 Ly.1113

Clnhwbmp nbwpnud Yuwywd hwiwyuwpgbnh zunpdmda nulh puyw-
lwo pwpn wnbup: Ophlwy, 2tnbiny GY.11.13-nud glnhlGphg nplt dblp
Yudwpulwlh ninnmppudp, Ywnwewgltlp Gwb Jimu qlnhlh 2tnmdn: Unn-
mLipnd Yuunwlwp wpddwl pwnn wwinlsn, nph plewgpntd nbnh ynt-
G60w tGEpghwih hnup dh qUnhihg Yaup L hwywnwyp 0wjwé Yuwywd
Sn8wlbwyltnh pwndiwl GenLuywgywd pwnnmeup, wit dhaw Guwptih ¢
Uepwiwglt] hwdwudph wqwunnipwl wunh8wlubph YN0 hwywuwn
(. abwpmd snnu) Gpnwbwy wwarwlnuibeph Yspwnndw dhen-
oy Upn Gbpnw 0wy tnwumwOnudtbpp ynadmd 80 hwdwlywngh Gnnpdwy
unnwimdobn: npduy wuwunwom Jobnh piip huduwuun ¢ hwduwlpungh
wquunpl wunhswitnh pyhl.

LU T 13-md quwywd sndwlwylbph Gnpdw) vwuwnwbnudttpp be-
nlyun b 50

w) Lhwph hwpenerl dbg SnswlwyiEnp 2Endwd 6O 0nyla MR-
AR Onyl wblymbny;
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P) tnyOp’ Chwph hwppAtrGl Ninnwhwiwg hwpeniEjwl dte

Bnyn nawpnld b ndwlwylbpp Yrwunnwiyet vadhwwt hwswiun.
piMGOENNY. pwlh np quuwiwl wiu wndndtennud nplt nbp gnubh:

Ujniu bpyn 0npdw) wnwGnudbent wowwlnid 66 Bpp

Q) qunhyltpp GUwph hwppenipjwl dbg onmid blUp hwydwuwpw-
L2enipub nhnptphg hwlwnwy ninnnipmilttpnyd hwywuwp wolyntGot-

n) UnyGp GYwph hwppnewll NInAWhwwg hwppniRiwl JEo

Vwwyjurd Sn8uwbwlbbnh Gudwpipwl pwnpomd wyu Onpduy s
onudotiph YEpwnpred ¢ pwlnud yhwdnqybp unnnb pLGwnYYnn ophlue-
uny

3. bplm wqunoiprub wunpswbny juywd badwhudpp rupdnup
VA 11 12wened wywenyGpywd b hwidwiuniddpep (=0 wwhhl, huy Gyt 1. 12p-
nd’ Yudwjwyw t wwhhG:

Lwuwntbp Gwlwymdbbp.

N=8 X0 V) =X = X 814

npnlp qunhyltnh 2EnnuiGtnt BG hpbGg hwywuwnwlzenierut ahnptnhg
QUnhyltnh pwnaiwl hwywuwpmadltenhg jnupwpwbympp’

mi, = ~ky, ~ k(v - ). 815
my; = -ky, —k, (v, - ). (81.6)

20nphhy qlnhllenp Ywwnn quuwwiwyh (k,; Ynaunmpudp) wobwypjwl,
wwpniowymd ¢t bpyne gonhyttph UnnpnhGwunbting: Qmuwntiny L hw-
Gy ppwiphg wiu huy wuwpmdubpp, Yunwbwop

d* k

270y ) =) 81.7)
d’ ko k. , .
";’T(J"z -»)=- (';' . 2-’-'""]()', -y): (81.8)

<wluwnwlznmprut nhpgtinhg ginhyltinh 2nnudlph gnidwph L
wnwpptpmepput hwdwp unwgybg Lepnwtwy wnwindosph hwyuw-
uwpnud, hwdwwwunwuuwbwpwnp

o =Jkm o, = [ke2k )/m (81.9)
hwawhungnubltnny.
y+y = Asin(or+0). y,-v =B;sin(anr+0,): (81.10)
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nmntinhg

4, . 8, i
Y= sin(or ~@.) - -_-"»‘ sun(m_.ua):);i
2 2 x (81.11)

y. = %sm(ml*m,)'ism(w 1+@. )

Llwuwnblp, np (81.9) p Gnpdw| viwunwlmaGeph hw&wmmp;nm&cno
EL, puy (81.11) wnrymbpp wuywgnignid b dGp winnudp wil Swuhl, np Yuw-
Jwd hwiwywnah gwllwgwd nwunwind GbpLwiwginmd t Gpw (81.10)
tnpdw| Lnwwnwinudsanh 4spwnpnid.

4. Qupllp: RLOLWNYLLE (81.11) pwlwdLbph bhdwl Ynw dh Ywplnp
dwulbwynp abwp. bpp A. = B. Lqlnhytnh dhel Ywuyp prug b (k) << k).

. -w|€o (8112)

Un nbwpnd, oguytiny uhlinuGtiph gnidwndwl L hwidws Gowd-

nubwguhwywl weGgmpmbltphg. (81. ll)—thumwbwﬁp

(. -w, ‘o, + o

¥y, =-A;sin ———1 icos -1,
V ‘Slk 2 }Ok 2

J
((U\’ \|. (m +a)| \
¥, =-A cos| 22 ¢ jsin| = :J (81.13)
\ - \
npunbn gpnupuG Yuindniprul hwdwp wintutighlp ulqpiwpuwt oy bng:
Uunwgywd wnddwb ontlplbnp GEpLuwjwglbnd bl
0.+ w,

_.l._—gw

36 hwawhunigjwip (wnwg mnmanrm nwnwindotn, npnig (wiinuyeo
nwlnun

Am ! oo
P —l—“iz \
|

hwswiunigudp hndhnfuynud B0 Gopnwy-
Lwyniepulb optlpny. Up hdwuwnny (81.
13) -md (81.14) hwawunppudp Yymphnju-
ynmn $nmlblughwltnpp bwpbih t hwdwpb| w-
pwa agntudm (Yenght wpuwnphsbb-
Py wwdwowynnqweé) vnwunwinuiteph
- e . (wjlnuyeltp (OY. 11 14); LOwl Jwnp gnigu-
pbpnn wunwbmdbtpg Ungdmd &0 qun-
Won (pwpwhundbtn): Lgwuntblp, np quin-
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uong Onytmgjwde YnyGynid GG (wibnyeh dndnfudwl wunetnmpul
uhl hufuraun cwdwOwlyobn hbun

r=Z= 2n : (8119

2 w-o
Qunltp wewewlnud B0 Bhawn, Bpp yepwnpydnid 60 hpwn dnun hwéw-
unpgwdp vwinwbnudttp: Cn npmid win Lwwwlrdbbnp ywpm 56 >
Uty hOgwbu hpwn qriquihte, wjliwbu b Mnqwhwjwg:




QLUNhN X1

ULRLEC WU UY UL UPQUYUSrNhY

§ 82. ULMRUSHL CUrdUUL YhLbUUSPUU

Uthuwihywlwi nwunwbnudtEph munidtwuhpnipuut cwdwwy dh-
gwdwinh wewnpnlp hwadh wowbp vwuwnwidan dwndGh Jpw nhuh-
wwuwhy mad wybjwglbiny. 4snpghlu hwigtgntg vwuunnwinudttph dwpdw-
L vwunwiynn dwndbh dEuwbhywywo tubpghwh thnjuwnpydwip etn-
dnippul Uwywit nwnwlGynn dwpdGh L dhewywiph tnfuwqnbgnueiwl
20wl JEYOwpwOneINlp dhw)l dwuwdp t wpunwgmmyd dhewyuwnnud
plpwgnn wnngbulbpp: Ppwlwintd twwnwGynn dwndGh ynndhg dhew-
qwinhl hwnnpqydwo tobnghwl deowglbiny dhewywing uqunn swulhiy-
Ubnh pwnuwiht wnddwl yhbwhy toepahwl, dhwdwdwbwy Gpwbg s
arpnrd ¢ mnnnpnywe pwndmd Swulhyleno uunud 60 Gwuwpt) hwn-
bwnnwwl nwnwindGen Uhpwywiph uiiuw dwup wwnptpwpwn ne-
dnndwgymid b wowe pbptiny wrwdquiwl (wnndbbn, npnGp wqnnd GU
hgwbu nwuinwlynn Jwpdbh, wjbybu t| hwpwyhg dwywitbnph Ypw, wnh-
weiny  wwnpbpwpwn nBdnndwgytl  dbnehllbnhu - Ujuwhund, wowd
qulpwl dhgwywnmd uwumwlntdobpn s66 Jomid wnbnuiugyuwd, wy hur
mnnnymd 66 bl denh unpmiphg unfbih m wyth J6o htouydn
MR Ypw Qunlynn dwuylbphl Lbnwotyny npwlp uxuamuinnuitpul
updiwl Jbg.

SwunwinWtbnh twnWeswl wpngbup Yngdmd t wyppughl swpdmd:
Swpwoynn unnwomdp Ynsdmd ¢ wihp.

Uhewpl jundduwl popuwgpmd puguiiupd t Griph nbnuapnfuni-
Anelp: Uhgwdwinnud, npnud vnwnwdymd b wihp, dwuGhylbpp Yuwwnwnnid
&0 ppblg hwywuwpwlyznnipaub nhppbph 2nune hwnywnpwywl nwanw-
Gnudlbn wnptn uuqpPGwywo ynytinny

Lwlwlslp wowdquywl dhpwywpnid tnwpwoynn wihpnid dhow-
ywynh dwulhyGtph hwywuwnwyenippul nhnptnhg 2Gndwl suhp & UG
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MwneEn t ohewyw)ph twnebp Yauntnnod Lghngniuyned t dwdwlwlyh i
pwgpnLy.
$=glra): (82
Swnwowdwiwlwlwht  ynnpnhlwnlbphg wiu Lwhuwsnipymi
ynsdmid b wyhpuh pwnddwl ontiGp “whudwé Shewywinph hwunyntemil.
Lephg L wihph gnandwl duhg wib Ywnnn t Lyt Lwppbn dwetdwuy-
Yuwwb pwlwdubnny

o) M
w

Ly 121

hunwnyttp wwpquanyl dhuwsuny wyhph nbwpp. Bpp wihpp v
pwoynd t X wnwigpny: UVhwswd wnwdquiwt wihp Ywowowlw Y
uwlybpg pwpwly (wpnd, BrE Gpw dwypmd wrwewgltlp nwurwinittn
Oy 12,1y LYwhudwé wihpnid dhewywpp dwulhyltnh nwnwGdwb -
nnipnGhg. wihpltnp (hGmd bl Spluwbwlunds L jwpupul

Enlpuyowlpul ughpred Jwubhybbing wnwwnwlymd 56 uyhph umwnus
dwl bphwlpnyd (0. 12 Tw) dwiwlwih guiywguwé wwbhi Gnlw)bwlywl
wihep LepLwpuglnud b dhewyw)ph funnwgnudbbph U onupwgnudttph hw
enpnwiwinem 0 SpJwitwywt wewdqwywl wihph ophbwly t dwjlp

Ay jwnhl humnpnywe minquhwpg  vwnwintdobnt wnwowg
Omd &0 wihph vnwpwénd (wph Bpywylpny (0412 1p) Ldwlb wihpltng
yngdnid U yuybwlpwt: Lwjbwywl wnwéquywl wihprd funnwgnidibn .
Onupwgnuibbn slwl, wuhlpt' pwgwlwmyd B0 dquwd L ubnddwh nbEdan-
dwghwltnp. Uuwntin gnpé mUbUp wwhph nadnndwghuh hbun

Qnnueinil nbiblt unhpuiht 2wnpdnudibp, npnbp wwnnibwyndd &G B
owyw)nh dwuthylbph pE " (witwywl L et ErYwibwywl wunwbdw pu-
nwnnhsLbn. wjuhbpl n'y qmiun oplw)bwlws B0, n's (wibwywt Onhlwt
gnh Jwibpunuphl wpwowgnn. wjuwbu Ynsdwe, gnwyhutwghnl wihpls
nnid JwuGhyGenp ninnwdhg hwpenipaulb Jb9 Ywunwnnid B0 puwn tunpnig
b Gywqnn wewyhnny npwliwgéwihb ywndmdtbn
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POty tnwunwbnudbtiph nbwpnud. gwiywgwoé pwpn wihp Gwntah t
Gonywpuglty Smvpw 0wl (uhGmiuh Yuwd YnuhGniuh ontpny thhntuynn)
uwhplibnh Jpwnndwl dhengny: Upn wwwnsweny yuwhdwluwwwuyybop
wuwnquagntl GEpnw 0wy wihgltph nuuntdbwuhpnipjwdp:

Ahgntp O Younnud dmho hwnnpnywd B

£(0.¢) = Asin(wr + 0) (822")
wwnwOnuitbn, npnbp twpwédynid 50 dnnh BpLw)ipny v wnwgMpkudp:
Angenudltph twpwédwl v wpwaneinip. nnp Ungdnid t wyhroh wnusge-
arul, sh Gwntih adhnet; wihpmnd dwubhyh nwuwbnquywb wpddwl
v= A5 ér wpwampiwl hbun.

Apnawyh 1, = x/u dwiwbwy wog O Yawnnd gngedwd nwnwGnd-
Gepp Yhwulth dnnh Af LEuwp (0Y.12.1): Get pwgwlywynd 5O Lwpwodwl
pbpwgpnid tuEnghwih YnpmunGbnp, www M Yewnnd tnwnwimdotnp
M OBOWG UMyl @ hwswhunignibl ni 4 (wjbnypn. pw)g O Gbunid vwnw-

umdbbphg «Guwn plywédy Yot 1 dwdwlwyny.
. bl

,‘(x,l)=Asin[a)(l-l,)¢o]=.4sin[an-?+o;: (822)
J
“nehlu Gplwjwglnud ¢ ahuwpldnn wipul sunddwa opbip
Whpwphl sundmdl odndwo t Mgty dwdwlulpuhl wibubu t
wwbwlpwl upwinpbpwiwinigrude: Giheh T wwnpbpnuprlp shewywy-
nh yuwiwuiywo x ounmd dwubhyh vusnwdwt wwppapneintbl t.
S(xr=T)=&(xr).
nnuntnhg
T=2nw=1/v: (82.3)
Uhpnud dwuGhyh nwunwidws 2rewiwiht o L qdwihl v hwswiun-
e blEPp Yngynmd 60 wihgh hwdwwwuinwufuwb hwswlumgnbobn:
cwiwlwyh nwy wwhhl dhlm hoymd unavuaydm bpyme hus-
Pl Younbnh dppl heowynpmigmOp Yngyrud ¢ wghph bpleunmani, nnG
b Obpluipwglmy t wihph nwpwowywi wwnpbpmpjul guahp.
Hx+ A1) = Exr),
npuntnhg'
A=u/v=uT QWi Aoyu=2r: (82.4)
Nupbdt, wihgh BpywnnenLil wit hsewynprienilGl t, npp wihgs wi-
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gGnid t hp wwppbnMEUGE Mwywuwn dwdwbwyn:d
<wgh wnlbind unwgyweé wnbimpmblenp. whpwphl )wpdih;
(822) opliGpp Yitnyw)wglblp

P
£(x.1) = Asin| 27| —- = ov}. (825
{ \7°3)
Ywd
E(x.1) = Asin(wt -kx + @), (82 %
wbupny, npuntin
k=2x'2 (826

SEONRINUp Yngdmd b wyppwp phy (2r ud-mud inbnuidnnydnn wihpbtnt
pwlGwyl t) Whpwhl awnddw (82.5p) opbitpnid

O(xt)~wi-kx+ @ (827
deoneynibp Yngdnid t wypiph . buy @ie=0, U nul x YEunmd iwunee
Undltnh viPowlpul iyl ¢ MinGdt wihph . L x, Wnbpmd vwuoe-
Grmdobpp Lwppbnynud 66 shwyl ulqplwlywl dhnybpny. npnGg Lwnet-
prupnbp hwywuwn t

A =k(x.-x,):

GOpt wjl hwywuwwn t 2x7 1= =/, 22, wpuhbpl’ wn Yeunbnl ppwnhg
htrwgywé 60 wipnng phy wiquwd A hpwynpniprudpe, www Yuwunwl-
&0 Lyl g mud:

Ubwnbnh Eplnwsunmutpul wnbnp npnbgmd Jwuthlobng dwdwbuilp
Ny ywhho ununwaymd 56 dhlonyl hnymd §nsygmed ¢ wihpughl Jus
Yeplnye uwd wyhiph swipwwn. Cun Swlwuh wihgltnp |hond GG hwpe.
quuibwihl, ginwiho L w0 Ophliwly, dhwswh (BbY nwpwowywh Ynnpah
bwunhg Ywiudwo) Gnnwalwy wihpp Auwre wphe t. pwlh nn @-const wwr
Gwlp vy t wwhhO Gepywproglnd ¢ wihph Swywuh hugwuwnndp ht-
nlpuy inbupny’

art+p-®
x=—"¥ 7
k
npp x Yownny wigGnn YZ hwpenippubn qrugwhbn hwppnupgniG t:

Qonwiht wghp Ywnbih t unwlw; wiuwhdwi shewywinh nput G-
wnud UEpnwiwy nwunwomdbtp gpgetiny Qunwiht wihph hwywuw-
Gt

= const,
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Er.) - ﬁsin(ml-lzr +0). r>0.
r

nauntin 7 -0 ahuwinyymn Younh harwy npnigimi t wihph wnpimphg. Ligw-
nbtp. nn QinwihG wihph (wilnuep. GnyGhw Yuwidwt pwgwlwnipaul
nswpntd, Ggwqned t: Aw htunlmd ¢ tOEpghwih wwhwwbdwh onblghg:

htnblgbind wihph (827 hnyp. hwdwnbind wil hwutnwuinni,
Wwuwlwbp wihph Swywunh nwnuwédwt wpwgmanbp.

o, (828)
dt ok

Nnbdl. v -0 wghph Swuwnh wnwpwodwl wpuwgnigrnbl t. nnp yng
ymd ¢ ugheh ihnyuphl wrwquigpu

§ 83. ULRRUSPL 2UUUULr MU

200wyt Gwiunpn wwnwgnw dnd nhunwnyyuwéd dnnnud wnhplibph
nhGwdhywl: Yhgnip, Upwing vwpwoynd t GnLuiowywi wihp: Uunngh
wowlabwglblp dmh dwiu wjphg KA S-ZeAi-Ax
x hbnwynpnippul Ynw Ax bpluwnnt- St re
puldp qulwhG uvwupp (04122
Oeb r wwbht quubh x Ynnpnhiw-
vy hhdph bnmudp  GwbwlybGp ‘
Ex.) wiyw x~Ax hhdgh 2bAndp - YoV w22
Oh &x~dx.r): Gwhuwd ndwh wu suahbnh nwppbpnenilihg, nhuuwny-
ym quulwihl nwpnpp YeGpwniydh utnddwl Ywd équwl nbdnpdwghuwg:
Npnabilp quulughl wwnph hwpwebpwiywl bpjwpwgnudp, hwdwpbing
Ax-0 2w Lhnpp'

-t S(x+ Ax,r)- g(t.l) é5(x, l) 83.1)
Ax Ax aox
{riyh opblph hwdwdwl, dnnnud Ywrwowlw
o=Ee=E i (832)
cx

inpdwy (wpmd, npuntn £ -0 nnh 3mGgh dnnnyG ¢
Undnpwpwn ¢ «/, wibwbu nn (83 1)-hg |a¢| «lAx| L Lwpbih t vwp-
Mwiwl quth wpwgwgnmdp Yenglty hwywuwn & &6, huy quibqywop
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Am = pZAx, nwntn p -0 dmnh quitiqywéh funmipmill t. £ -0 (wjluwlwt
hwnywoph dwiGpbup Yhuwnyynn vwnpwywt quuih hwdwp Lnuon.
uh Epynnpn ontlpp Uhpwetint hwdwp | wwhht npnblp Unw Yy
wqnnn Gnpdw) mdtph hwdwqnpp.

AF = E[a(x#n)-a(,r)-, = (’_an },E Ax (833
- 4 I
npubn Yeneht wnunwhwnneimi 00 uunwbwihu oqmqt:ghﬁp <myh (832
onblphg.
LUmnunnlh Spypnpn optbpp tnwihu t
SE A
PEAT =T = YEAX 2,
l' cx’
npunbnhg’

8'¢(x1) p FE(x)
éx’ E &
Uunwgywé nhdbptlghwy hwywuwpmip Yngymd ¢t wsprowpl hujuw
wwnmd ' Lpw plnhwOnup (Mondt nth

=0: (834

E(x.t) = fi(x-ut)~ fi(x+mu) (835
\bupp, APBN £ L £, 0 widuuuteul Hniblghuibbn 5. huly
wu=JEip (83.6)

bplpupinulpul winurdQuipul ushph wnwgren i ¢:

Whpwiht muywuwndwl ponhwinp (nodwl wewehl  winwdp
Oywnmwagpmd t X wowbgeh Apwiwl mannerudp. huy Bpypnpnp hustpw
nwy ninnmipude twnwéynn wihe: Swing vbqerowlws U sqpwhi wuwr
Swiltpp, U660 YUnLYyPbuwgGbip (83.5) |NLodwl nbupp: YhuwGybng dmh
ophlwymd (82.2) ulqpiwywi wwpdwihg unnwbnid BOp /> = 0, huy

Six-vt) = Asin(wl -kx + @)

Wo. nn wnwdgquywt dhewdwipbnnid Epyw)wywl wihpbtnh wpw:
anpnip Ywhudws t 3nulgh dnnmuyhg, thndhl hwubwGwih £, pwoh np &
Ywjbwywi wihgbbph wwpwodndl Nintugynid t dhewdwinh ubnddw L
4quiwi nEdnpdwghwltpny: <wdwbdwb dlw] Ywntih t gnug wwy, np ju
Owlpusl wourdquilpurs uyfph wnwqm e 6o i mad t
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w=JCip (83.7)
pwlwadling. nnuntn G -0 Shewywinh uwhph dnnngl t. pwbh np (w)bwluwl
wowdquiwl wihplbnph Lwpwéndp ywuwdwd t wwhph nbdnpdwghwih
newn <onneobnG e qugbpp qripy &0 vwhph Glwndwdp wWowdquwyuwl
hwwnympyntlbtnhg: Wn wwwnswnny A lobpmd L quaqbnmd jupudaut
wwdQuiwl uyhplbn s60 lwnm uvwpwoyty

§ 84. ULMPP ELEMQPUL, @N8RMLAL EUSNIT

Wheltph wapinipp nEdnpdwglbind hpbl hwpwihg dwywibbpp
ipwlg whplnhwn taEpghw ¢ hunnpnnud, npt wihpo veuapnfumd ¢ oh-
pwywypny: Npn2tlp wewdqwiywl dnnh 44 dwywih ttepahush thmhnfunt-
prulp. nnp wwidwlbwynpywé t Upwbnd

E(x.1) = Asin{wr - kx ~ @) (84.1)

tpyw)bwywi hwpp wihgh twpwéddwdp:

Npwbu dF dwywy Ypluptlp Gusfunpn wwpwgPwdIny wowGdlaug-
Jué inwnnwiwl quatp: Uihpuhl nwaunnd Gnw Sbap powd UGty
tubnghw0 Whoh hwywuwnp

1 3 2.1
v _ .f_ _ Ao
dK-p?dV- S dm=p >
MnuntiGghuy tobnghwih dU thndhnfuntpiniin hwywuwn t nhuwnldm
nwnpwiulb quih ¢ hwpwpbtpwwi nbdnpiwghwmny wwpwbwynmjusd
wowdquwinuppuul tobpghwhl (§73).

dU = l E& Tdx: (84.3)

Ludxcos’ (wt - hox + P): (842)

Upntu ynndhg, ogunyting (83.1), (8. L v = A&/&r pwlhwdlhg. Yuuw-
lwGp

e"=A’k:cos’(wt-k\'«w)=£=-‘izpi. (84.4)
o' v T E
nnwntn Ubpeht Bplnt wpuwhwpunnienibGent unwbwihu oquydtghlp
(82.8) L (83.6) pwlwaLbnhg: Stnwnnt|ny (84.4)-0 (84.3-my" ynbtwlp
dU =dTl = ;l,-pv:dl” : (84.5)
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Uw hwuwney t pnpnn shwiswih uignn wihplabnhl: Shuwpyynn vwp
Pwywl dwywih iphy dERuwGhywywl toepghwih hindinfuniegnulp yihth
dE =dT +dU = p’ = p4*0’dV cos’ (wi - kx + @) :
Upuntbnhg hwpe uhtniunhrwiht wihph tiepghwih fuunniprulG hwiwp
Luunwbwbp

w -t = pdie’ cos’ (- ke~ @) (846.

dv
Ninbdl, wrwdquywl dhewduwind wihpwiht wpddwl Yhibunhy .
wnublghw taspghwbnp dhLml dnymid nwunwiydnn x.r -hg Gubujws
wwppbpwwl nibyghwltp BU pA*w’ 2 (wilnuyptspny. Uju ophbwguwshn.
pINLLLLND hawn bl guillwowd wewdqwlwl wihph hwdwp, wllwh w)ph
ph swywwnhg L nbynpdwghwih duhg, pwih np wit Wwjswlwynpywd t
wrwdquwlwl wihph nwpwddwl dEuwihqdnd Cwwn Yuplnp &, np wip-
pwjhb wnddwl (phy toEpghwt guwiwgwd 44 dwiwynd dwdwGwyh pb-
pwgpnd wwnpopwpwn hindhnfuydnud b Uu b nnwuwrnwywl U wihpuwht
2wndnudbnh hhdtwywl vwpppmprtn tubpghwih tnbuwGymong: -
2bUp. np GEpnwbwy LwnwGiwb (phy toenghwl hwuwnwwnndG t (Yhos-
by L wnuntoghw toEpghwbtph thindwtuniemUGENp Yuwuwnynd 66 hu-
Ywowy grytprud. inb'u §76):

Uihpp utnuipapumd ¢ tbépghm: Uhprid tGbnghwih wwpwdtwl
wnwgnipintp hwywuwn t wjb dwytplnuyeh wnwgnpprubp. nph Ynw tots-
ghwh funnieinuul wewybiwagnult ¢ (84.6) pwOwdlLhg hbwnlrud &, npow =
Waa JWtnLNURHG hwdwwwwnwuluwind t gingh er-ixc-g =0 wpdtpo, Nt
nwnwotwl wpwgniembp hwdplybnd t wihgh w = wk Ppoywhi wow
gl htw: Uwywilt wyu hwdplynudp wnbnh nuih hwpp shGnuunhnwht
wihph hwdwpn' CunhwGnmp atwpnd unhprd toenghwih wnbnughniudwl
wpwgneintp. nnp Yngdmd t wyhet

e Pdowyhl wwgmeml sh hunlpli

" l \ Orud Opws poyuphG wpwgrieaul ke

\ P o nnp Ywnnn t, GnyGhuy, dBé (hOby (i
\ 5 \ 4 ou uh wpwampmihg

NoE N Uhgwwjpmd  wihph  tUbnghw

'\ <, \ wbqwihntubine  wpngoup  pUMAW

NI SR aqnnud GG ¢atpghwih hnuph fnni

w123 Yuwd. wpwbu Ynydwo. Onehigh o



iy,
_ dEa .
didZcosa
npuen dE-0 & dwdwlwymd £ dwytntuny wigwd tutpghwt b Uw dhw-
ynp cwdwbwlmd wihph twpwodw il nnnwhwiwg Jhwdnn dwisnptuny
ntnwdhnhunn t0BpghwG t: Mwpq . np wjG 04.12.3 -nud GYwd Swyuwimd
wwnrwlywe tobnghwb t.
dE = wydidZcosa- (84 8)
<wyh welting Ybnghltu @nghlgh ytyunph (84 7) twhiwGdwl dbe.
wunwliwbp

87 (84.8)

IM=wu: (84.9)
Mt @ngenigh Elpnnnp wihph tabngfuyh el b Onw s
oUWl wnwgmiprul wpuwrwnpy o ¢

§ 85. ULh@&Ltlb Y Erunrmu

“hunwpltlp hwdwube L hqrupny dhewdwipnud dhlonyG wiheh Bp-
Gwpnipym bl mbbgnn Bplym Gepnwabwy wihbglbnh Ybpwnpmdp: Glpw-
k0 wyn wiheGbpp gnanymu BG shwdwiwiwy shewywnh bplne unn-
pbp O, L O, Yawnbpnd Yenwhi wnpymnib- M
nh Ynndhg (LY. 12.4): Unewdwinh Yuwidwpu-
Lwi M bl ynibblnuGp

£ = ﬁl—sin(a),:-k,x‘ P)m= Asino,

i n

& = Ain(r-kxra) e £ sin®,
r. r.

Swiwdwil vwnwibnudGtph Yepwap-
Jwl uygqeniiph, M Geumd yuwnwbwbp dh
Unp Gbpnwbwy wukubnd.

’,‘=g’.*_f:=A$iﬂ®. (85.1) Ly124
npwn
e [ A 4 VA 4
g = 2sin®,+ “isind, ;| = cos® - T cos®, |- (85.2)
W r i r.



A:ztilolﬁ]¢
")

A cos(® -0, (883,
W) rr

Whettph Jopwnndwl wpnmibpp ywhudwd t wnnnibwpwn (851
wihph (wiinyeh pwrwyniury (85.3) wnuwhuwunivepaul 369 Yepght winw.
oh pun dwiwlbwyh Sheht wpdbphg: Un winwdp Yngynid t pouwendéntt-
a" winwd. nph wndtpp Jwiudwo t YEnwanynn wingGtnh dnytinh vy
pbpme)nLlhg.

D -0 =(0w.-w)-k(r.-r)+(g.-0) (854,

Ujunbinhg htunlndd t. nn thnybph vwnetpnippwl pwouwhwin dwiw-
GwywhG Ywuywoniembp Ypwgwywih, tet Yspwnpynn wihpltnt nt-
Owb Gnyo hwswpuneNlp. w,=e,; dwlwlwyhg wolwi dynibph nwp
pEpnueinl nubbgnn wihplbnp Yngynid BU ¢nhtintiGun: Unhnblun wihpltinh
dspwnnnudhg wrwewlnud ¢ hUunbndtntGgh bplmp twnwonRG Jtg
wihpltph tObpghwih wwppbpwywl pwtunid: Puluwtu, Ynhtntiu
uyhpltph hwdwn (8* 3) »0 nih hbuinlyw neupn.

A:_(A)‘ +<.4J .74 [—(r, r)-(e - (q)] (854

npunbinhg haunlind t M Lpbmmd wnrumﬁwpwn mwmwndwo (wjineh dwp-
uhdnudh wwpdwGp.

2 (ror)(0,-0.) = 2om; n=0,21,22,... (856)
A

@ = o nbwpnid rery dbOMpALl hwdwn, npg Yngdmd t Yomunnynn wihe
Utph pOewgpbtinh inwnetpmeyi 0, unwlGnid BOp'
rer=nk: (857
Muntdl. e plhewgpllinh vwnpbnmpymap huuwawn ¢t wdpmg pdny
wiheh bpuipniprul, wupw wyhpbbnl hpwn motnugbmd 66 mobomJ blp
dwpuhdnd hownbuhydmpmm G Gt
r-r=(2n+1)4/2. (85.)
wuww YniGbbwbp dhropdned hounboupydmpm o
N3y ynhbptOun wihpbtnh Yopwapdwt dwdwlbwly hOuntndtnblgh
Py sh wnwewbnud, pwlh np pngnn Gaunbpnud wpnyniGwpw (wjbnigeh
pwowyniunt shehlp hwywuwn t spwnndnn ughplBnh (wjimnpebtnh pu
nwyniuhGbph Shehtlbph gnudwpht
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§ 86. yULamyu uthduer
UhpGtiph hunbpdtinklgh hbunlwile t Gwlgml wipph wnwewgnudp
fwpquanyl dhwiwdh uignl wihp Guptih t unwlGw; Jopewynn ¢ tp-
wwpnunl nibgnn 8nnh (84ml ywphy 8h Gwipmud Ghpqwbwy Bwunw-
onudln wowewgltiny. 2nmnud Yuewpwlw L Yurwnwéyh yuqng wihp.
nnQ Uwnnn t 1hit) hGgwbu Bpw)Gwyuit. wibubu b (wjbwyws
S(xa)= A4, sn(or-k). (86.1)
UGnpwnwnlwiny 8nnh (wnh) dnu dwinhg. dhLunyl M Lewnnd wih-
20 Ywowougln
)= A sinfor - k(x-2)- ) (86.2)
optGpny LwunwGndLE (wihph wbnudb wowbudwd t), npunbn o-0 wih-
eh ¢ty h hbwpwynp dhngwnfunigniGi v
b wuydwOwydnpywd  Gpw wbnpw- )

nwnddwdp (0y.12.5) {wiwdwih wihg- ¥
tenh ytpwnpiwl uyqembph A UG- 0 wy 128 4
untd wprynwnwin vwunwomdp yhoh
&(x.1)=24,cos _k(I-x)+@/2 sin(wr-ki -p/2): (863)
Uunnwgywodp dhwywih Gubgn U wihph hwywuwnndb . npunbn
A(x)=24.cos k|!-x)+@i2 (86.4)

ynnpnhGwunhg Ywiuwd wwppepwywt dnilblghw t L ObpLwpuglmid ¢
g b wyhph (uwybryep. LWEGR. NN
k(l-x)+@/2=am n=0,21,22,... (86.5)
wuntpmd tnwuwubmdttph jwjinep wrwybiwgnyit t L hwywuwn t 24,
Un Yownbing Yngynid B ludigni b ughph Hagywoplbn Puy
k(l-x)+@/2=(2n+1)x2; n=0.21.%2,... (86.6)
wwpdwlny npnynn yeunbnp pimipwgpynud B0 jwilnyph qpnpuwt wndt-

Py L yngmud G0 Lwsligmn b ughoh huilhgniglop.
opynt shewywptph pwdwlidwl wuhiwihg wewéquywl wihplbph

winpwnwnddwl dwiwbwy oplwiiwipul wihph g @ timnfureinbp
Gwiudwo t dhewywiptph wphpuyrl npdwnpmppul wndtipltinhg: Unwe-
awlwi dhowwyph wyhroupht nhdwnpvggnl wubing hwulwond B pu
wpuwnpp. npuntin g -0 dhewyuwynh qubgywéh unnuppniGl t. huy v -b
wihph wnwédwl thnyuwiht wpwgnenilp. SRt wihen o, wihpwhl nh-
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Uhgutnh- | dwnpnigude dhewduinhg pli

Uhgunjwin dunpripie Gnud t p:w wihguwihG ahdwnpme
Ya: 04y ~jwdp dhewywinh uwhdwOhG Gnn
| On 1 10g0. 0° C) 429 _{ dwih rnnnueuwdpe, wwyw

Bpwoht (10pl. 0°C) 0.t
Qrn 2P0 14 10 — @=0.5R8 < g,
Ly 15100
Mm:h . T j o= bRt au, >pu.
Tnuuwin 6100 Spunt hwiplawl  dhUgyustp

oarh (hwlgmugltiph) dhgb hGowydnprigimlp Yngynud ¢t YwogmG wyhg
Eplpuprppi

LA

k2

npbal, wagmlo wihph bplpupnmeprGn hufun ¢ hadwaunnus
Juud Juwgnn ughph Bpigupnerul uhl (LY. 12.6).

Vywuwnblp 4wognt wihph Gwplnn dh wewGdbwhwunynipinlt Ywl-
anl wihph hwognygGbnh dhel plywé whnpnyph (pgheh) pniNn Yhunkng
nwunwiynd &G Shubnyl gns
(nd, pwg vwpptp (wjinyet-
) . o poy (04 12:6): Puwwtu, Yut-

uy 126 o amG wihph (86.3) hwywuwndwd

dte dwdwlwyhg Ywiuywd dni-

(WG winwdl wowiu t Ynnpnhbwwnhg: “wbgnis wihph dh pehehg hu-

plwG pehe wigltihu wihph (86.4) (wjlmpwhl winwdp hnfunud ¢ Gwlp

Lawbwynid t Awnbwl pohelibpmd wiwuwbnJobpn qwuwwnymd 66 hw
lpuoury hnigpd:

P vwnpbpnentt wann wihph, ywigmt wihprid pusguilymd !
tabnghuh wrbnuapnfunemGp.: “wbgm 0 wihph JnipwpwGgnun peenud |y
thbnghwl dwiwlwih plpwgemd th dntuymd, wy wwppbpwpwn be-
fawpyynud t yhGbunhyhg wnnblGghwih L hwlwewlyp: Uw htunbwbp t wi
pwlh, np Ywognis wihpp OGpLQwrugbmd ¢ hwwowy nunnnugeynbltnny
hwyurwn toopghwlan nbquwhntum Juaqnn wihpltnh dopwnaand: Ut
wwindweq, np nhunwnpyynn wihplbpp wwwgb| B0 yuwbgn wiwbndp

Uh éwinhg winwgywéd wnwdquwiwl (wph wqwwn tnuwanwbndGonh
dwiwiwy (wnonud hwutnwuindnud 60 ywigrG wihplbin. pGn npmyd wdpwg:
qwéd Yownnid nlbbp hwlgnug. huly pwg dwinnid  thleqwép (Ly.12.5
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Gulbwpwn winwhuh (wpnud weinp t nbnwynnyh Wbl gyny Yeu wihph
tpywpnip;mi
I=(2m-1)2 72, m=1:2:... (86.8)
Cpt wipwgyweé bO (wph bpynt dwynbnp (ophGwy, (wpwjht Bpwd;-
rwlwl gnpohpltnntd), www ywph Bpyne dwipennud t| YnOELwlp hw-
gnyg. W Gwlwynd t. np jwpmtd wewp & vnwynnyh wdpnng pyny w-
trehEnywpriel /= mi Pwig 4 =4 2 =4 2v Ulwtunp

Vs %m. m=12. (86.9)
nnp LEphujwglbnud ¢ junp vwnwbdwl uapuwlpnl hudwfurnpm0o5ph
wyblynnnp: Ydwp st gnuyg vwl. nn qwnh usthwywl hwawhunenbp
whugws t Gpw 8qiwl o (wrnidhg Ul wpunwhwindnid t dqqwd (wph
tnlwyGeny (w)bwiywl wihplbnh twnwoédwbh wpwgnppul

u=\aorp (86.10)

Lwhuywompude: Unwiny t wwpdwiwydnnyws (wpwihG gnndhpltnh «uw-
pnudp»” Opwbgned (wntiph 8gdwl nidh dbdwgiwl Ywy hnppwgdwh dhen-
Y.

§ 87. UUMUSPYU

Wynunhipul nudneGp ¢ duyth dunhl Jwnnlwig L YEinwihGtph
Lrnuhg dwibh plywitwl wwuwnswep Gnwlg junmwiwb opquwllbph Ynw
wnwdquwiywl dwiiwihG wihplbnh wqntgnientbl t: Lnpdw) [umnipaudp
dwpnp npwbu dwjl pGLwind t wit wewdquywl wihpltpp, nnnGg hwéw-
funtpmlGbnG pOLwé BG 16 £g -hg 20 Y<g whpnuenid: 16 {g-hg gwdn hw-
Swivnippul dwiiwhi wihpltpp Unsdmd 60 podnwdwsG, iy 20 Uéghg
pwndnbnp My unwiwsl Jwpnwiht wiwbel wewyb; qquupmb t 1,5-3 Ulg
hwswunpiwb dwjlwiht wihpltnh Lywwndwde:

Swlhwgwé dwiliwhG Eplnye pGUwnlbihu hwny t hwayh wnlt|. nn
dwilp dh ynihg PhahlwliwG wnngbu t dhewdwinmy wewdqwiwl w-
(hplbeph vwpwénd, ginw Ynndhg, hngtpwlwdhghnnghwywl wnpngtiu
QwjGwhG wihph pGYwmd unnwyws opqup Ynndhg: UnwehG nwuh hwp-
gtng hwlnhuwlmd G0 drgprlpuipwl wimunhyuh nuntdbwuhnnippul
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wrwnywl. huy Bpynnpng” Ay nghulpuil wlpmuunppuyh:

1. 2uybp $pghlwiwb phnipuogplpp

Uyniounhywynid dwijop ponepwgnynud b dwypbwph hwdwpurmguudr (huy
SwhunipinlLlbph uwtyunny, Beb dw)lp pwnn t). dwybh 86 dwde L hownbl,
unruppudp

2Wlh pan&outnmppulo qud map duwyth tabpgbunply porpughn ¢
Wo pywugtiu hunjwown t dupups wyhph tabpghumh hnugh funnepus
 Orgehogh Yblywnnnpy dheht wndtphl

I=w-u 87

nuntn 1 -0 dwylwh0 wihph fudpwiht wnwgnientGl t, npp uhtntunhnwihi
wihgh hwidwp hwdpGylnud t wihgh thnwiht wpwagnipul houn, huy

w=4p4W", (872)

A -0 wihgh (wjinuel t, p-0" dhowywinh fuwnnieynulp:
NLpUl, urGmunhnuuhl Swyluhl wyhph Mok udmgyn o opndmd
t hbunlypw pwlwdlny.

= *}A’u;zpu : (87.31

UU< -nud heuntluhyniginiOp swdwnud £ Y 8° dhwynpny:

Qwiwiht wihgh wpwddwi plewgemd Showdwinph 02ntdp unw-
pwOynLp Younnid ypmud ¢ wlplnhwun tnwunwndtbn: 8020wl wyu 4p uw-
wnwinudotnG £y heGg wnwowglmd B duyih 80ymdp {YEnghlu dwiwliwyh
pUpwgend dnnfudnud b L hwywuwn t dhewdwinh wihpwihl A nhdu-
@l L whprud dwulhyonh v wpwamprul wpnwnnuho.

Ap=puv:
Npwbu dwiliwihl 8620wl pumipwaghp pGnnbymd t wpu Joonepul d

ohl punwynuwihl wndtipp, nnp Ywwywd t dwjh hiunbOuhynipiul hbwn
hewnlyw; welsnipprudp.

p.=\(ApF = Jpul: (8741

P 0 Unsunud t duylh dhohl pwowlmuughl 86
Onnud, Gnpdwy 8020w L 20°C gendwrnhAwih (o = 418 Y 0°Y) W)
Jwllbpnud, vwuppap duwyibpht hwdwugruwnwufuwGnn honthuhyneul L
Ghehl puwrwiniuwhl 860wl wndbpbbpg GapYuwiwgywd b0 wnmiuwynd
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Gous|nnmipnip | ang p LS |

ll b ! wnepunhg (0 L )
‘ wmmw i . NP VE I
i ’ R

2. 2uybp wbou/d o whnpunupdnidp: NNippbpughar Jujih Ww-
Untdp dwylwihG tGGpghwih ng nwpdth hinfuwybnumudt t tobpghwh wy
wnbuwybbph, dwubwynpwwtu, eendnippul: Wi pGnipwanymd t @ Ywo
dwl gnpowlgny wit hanwynpmippuut hwywnwnd JEonipude. nni wig-
UG1hu dwjbwhl wihph (wibnyep Oqwgnud t e = 2.7 wWhgw: Qwilh Ywbdwl
wy pUNEWghD t Ynnmwnlbbnh gnpowhgp € =avn, (A- wihgh Gpywpvpe-
OG t) Ywo pwpnpwlynipiln - ) = e, npunbn ad -0 dwndwl (nqunhe-
dwywG nbypbdEownG t:

2uiybp whgpummpdau: ©aun Shewywjntnh uwhdwGhi (on - wuan,
on - enwhl dwlbnLnye L wyb) pbYtaIhu hwpp Sw)bwihl wihep Ywpnn t
Swuwdp winpunweGw) b dwuwde polytiny, puwywigt; Bpynnnn Shew-
Jun: Uonpwnwndnn wihph hGunbbuhynienilp pimewanymd t wanmus
nunddwt grdwlgny. R = 11, npuntn /-0 wonpwnwndwé wihgh ho-

nblupynippi b t, 7/, -0 puyonn wiheh hGuntGuhympgnibp: Uinpwnwnd-
dwl gnpdwlhg npnbihu hwny t hwadh well| heunlpw) bapwil wwy
dwilbpp. dhpwyuwnbnh wwhJwiht wtnp t huduwuun (ho6a 86pmdJotnp
L Jppunfuyntphr dunlhlylbnh wpwgmpmblenh tnpdwy punwnphibbne
Wn nbwpmid nwgymd t.

R= (P P /cOSO- \/(u /U, J-sn ai (87.5)

(p,”p. }coszH-\//u S u, SF-sina
mnbn a -0 woldwl woymil t. p¥e~p dhewywiptinh funnuemGitnh,
My uyiu, 0 wihpobph wpwetwl wpwgnienLLERh hwnwpbpreNGp:
u. < u, nbupnd, bpp wiydwo wilymbp gbpwquignd t
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a’ = arcsin(u, 'u,)

Unhunhyuwywi wnadtpp. wowewlnid t unhph iy wonmwunwndmd

Gpym dhewywinbph vwhowGhG Unpdwy woldwt nbwpnd. wonpu-
nwpdwo dwjiwhi wihph @ hinyp thnfuydntd t hwdwdwiu (86.7) opklph
huy ujinuep Lwwywd t pbulng wihph (witnuyeh Mtu hbunlw; Pwow.
duny.

1--"
';A.: 876

A, =
. [l -

Gpe 7 =/ winpwnwnénn wihpp pugwiywnid t. huly ¥ —soo nbupnu
Pwgwlwnd t woglnn (PuYnn) wihpep: Ytnghl ww)dwlp wkinh MLh -
Amyh ne whon dwndhGbbph dwytplmyeltnhg onnud Ltwpwoyn dwith
winpwnwnpddwis nbugprud:

Nnut wpgbiphg winpwnwndwos dwjbwhi wihph pblwndp Ynsymd
t wndwqulp UL pGywibih t. Bet wowpywéd L pinmbywd dwjbushl hd.
wnuitnp pwdwlyws b dwdwbwyh r > $0- 6040y htunbnyunny: Undw-
quilpn nwebnd t pwqiwyh, tipt winpwnwndlbnn dwisnunypltpp dh pw-
Ohul B0: Qwy Lwnweplttnmd pwqiwyh winpwnwndwd dwlwhh wihp-
Genpp dhwhuwelybiny wewowgbnd &6 hnd tuny hignb. npb wnw t pb-
Pl etidbnpemweghus

neyenpopwghwt  hatly Jh0mpmbobpd  duylh  wunhSwhwlpt
dwndwl plnyel ¢ unpmunh wopwunmdhg hbunn: Thuneut onwiht dw-
Jwip ObpupugGnud t B66 pYny ubdwlpul hwswunipmGobn L vwpptn
Jwpdwl gnpdwihgbbn mobgnn nwwnwinnwiwt hwdwywng: Un ww
Swnony wnwppbp hwlwiuniprul dwibpp dwpnud BG ny dhwowdwbwy;
Qwith wneinpl wlwunbintg hbtwn wib dwdwbwyp. Spp dwjlh hGwntluh-
ynpjnibp Gywamd t dhihnl wlqwd, ynynid & sbybnplnwghuh dwiw
Owly dopghlu Gwplnp gnpént t 260paph wyniunhy hwunyntpmbotng
Owhwagotihu, npny qpwnygnid t Swpurwnwubnwiwt wynunhyw Ung
ynn powquywnp:

3. 2auytph EPEfup Jwin pGlwidmn v bwswhunipyntbp hwdplybnd
t wnpnuph wpdwlwd dwilh va hwwhumewt hew dhwjt wyl nbuprd.
&R wneinnl ne pinmbhgp wlzwnd 60 hpwp Ghwundwdp: Utwgws prinp
nbwpbpmd v 2 v, - Ophlwy. bpp wnpynipp dnunbGnid ¢ wlwnpd pGnnulh-
$hG. wwyw palwiygnud t wybiih pwpdp hwswpunipub dw)b. huly henwbwihu.
pUnhwywoewyp' pblwiynn dwjsl MOBGMY t wytih dhnpn hwlwunpnl
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ww Inugbnh EPENG ¢ wlmianiayind TwpqupwOblp wiu plnuyeh Sh-
Qywi: Urwdquiwl dhewywinmd dwith vwnwonds wowewglhmd t dh-
pwywinh jmpwpwiygnip Geunmd 860wl vwunwinuitbp: Syl wwhhl
Jrpwywiph 800wl (hewnLwpwp, bwl unnEwl) wowybiwgnyl wnot-
phl hwiwwwwnwuuwinn Yewnbnl wiywomd BU dwilwihG uyhrph funw-
orndobn. hul GJwquigniithtp’ Unupwgmottn: Baynt hwplwb feuwugnud-
tenh dhole htnwdnnneiniip dwiwhb wihph A bpywpnieLl ¢ Uhews-
Juipmd unwgnidbbnl me inupwgnudtenp twmwéymd 86 wihph thm-
(Wi v wpwgrpudp: Swunwbdwb 7, = /v, wwppbpmpepul plpwgpd
SwjOh wiwpd wnpMPs wndwymd t As = kT, BpYwpmeul wihp: Bpb dwy
Gh wnpeinupp dnunblnud £ dhewywmmd wiwnd gonmGhshl v wpwgme-
jwdp, www T, dwidwlwynd wjo pbnniibhshG Ydnunblw v, 7, sunhny. wn
wwwnswneny apwigynn dwilnud hwplwb fuunwgudOtnh dhel. hinwyn-
e, wiuhlpl™ pGLwnn dwylh wihph Bpywpaieynlp Whh'
A =ul, -vT, =(u-v,)/vo,

huly hwawhunipynilp’
u u

=11/ —

l/\ = /\‘ S Y “,‘ X
Gt pUnnilhgp dhewdwiph GYwwndwidp wndyh v, wpwonpwle wn-
gnupht pOnwewe, www deYy yni-md ghwogynn fuunwgndbtinh pulwyp.,
wshbpG, punmihgh anwigwo dwjiuwhl wiheh v hwéwunENop Whoh
hwywuwn
v=v 4+ Nir=v v::-=l/,(l+!1’}.
u

‘

Nnunbn Av-0 plnnilpgh wpddwl hbnlawlpny wowpwgwd (nwgnighy
unwgndGanh pwlwyl t, npG pUlwimd t pbnnBhgp t dpy-nud:

Uuwhuny, Ytnght ntiuprd gpulgynn dwjth huswiuniginibp Yhih

= Ak 877
u-v,

Uw ht0g winuunhyuymd Inuybnp ¢ dtiant wpunwhwpnnn pwlwdll
tonpuntn v Lovs wpwgnuemiGobnp hwdwnynud B0 npwywl, tet wnpninl
m pGnnGhsp dnuntGnud B0 hpwn: ULGGhwpn t. np win nbwend poluymd t
wybih pwpdn hwawunprul dw)t: bpa dwith wnpenipt m plnnlhgp ho-
owlnud B0 hpwphg, wuw LanWwigYh hwiwewl tdEUnp:
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4. dpqhnipghwrfmb wimuahur Upnbn dwibwihl pLGuwinuig pon.
pwanynid t dupih pundpmpaude, wiadpnny b moglmngpude:

LPundnnueyn G duipbh hwswfurugpude npngnn b duinne (unniguudp
Qouwhwundm npwly t <wswpuneub hnppwgdwdp tdwqmd t pllwiym
dwilih pwnépmipnilp:

P wnwpptnnuet dwjGh hantGuhympwl L Upehl pwrwyniuwni
6020wh. npnbp dwilh opliywhy plnipwaptn &G duylh pwndpmpmilp
Swwughts pllpay Suls uripfipnyy Qwhunnuwlywt ¢ UG Ywhowo t ng dn
wjl dw)Gh dhohl pwnwyniuwihG 862nudhg, wiil wywbeh qquilnipintihg,
npp dhllnyGp st twppbp honbluhyniepul L hwswiunieprul duwilbpn
Gyuwndwdp: Upaybu ophbwy, et dwjbwihG 80mdp ynpn t jummieaut
26U Ungdnn 0EonpnIGhg, www winwhuh wihpp wywiemy sh wowowg
Gnud dwjbh pOLwynud: Lunnnippulb uwhdwGp  Ywiudwdé t dw)lwhl wihph
hwiwnpniohg. plnmbbiny duquanylt wndbp 1.5-34<g hwéwunip-
IMGUEnh thpnuentd: Ujniu ynndhg. jwn 366 hiunbGuhynipuib wihpbtnd
t| wiwbep sh pbYuwymd npwbu dw)t. npwip wrpwewglmd 6L guwyh qau-
grud (inb'u 04.12.7): Quiylh dhehl pwaewyniuuhl 860wl Gwqugniyl wp
dte0. nphg uludnud t wn qquugnudp, Ungdnid b gunfuynt p6d Uit wowdt-
(wanyGb ¢ hwiwunpinubitph 0.5-144g whpnyend L Yuqunud b dnunwyn-
by 20U LY. 12.7-nid wwwlspyusd t ubih dwih whpnupp (v,
hwne/eul Ynw: Wi vwhidwbwdhwiyywd t Bpyne 280w Ynpbnny:

Uyniunhyuynud  ubimunhnwihl wihpbbnht  hwdwwwwnwufswbn,
dwjbtpp yngynud B0 wwnq Yuwd dwpn wnGbn Uwlyw)t hpwiwl un-
puplent wpdwynid 50 wewdqwywl wihpltn, nnnbp hwbnhuwbnu &l
nwppbn hwswunieput L jwiinuyeh uhtniunhnw)l wihpttph fuwnbngn.
Wwuwé wihpnd hwiwlumgnGutph vwtyunhg L Gpwbg  hwdwwur
nwutuwlnn  honbOudnpnbOtph  pwluntdhg. dwjltpp pwdwlnd b6
tpynt pudph.

w) unbwhl Yl bnwdpuwlpuwt dwpbbn, npnbp Ghwpwgnpynid 66
Qowihlt uwtunpny, hGjwhuhp B0 viwppen Bpwdaunwlwl gbndhpltinh
wpdwywd dwyttnp:

P) wndnlytin, npnip Gwnwanynud 60 wipGnhwun uwblyupny, onp-
bwy wbplLbbnh uzimbp, hnnngh wndmyp b wy b:

Qowht uytyunpny dwjih (uNqwywt poyw|dwl dwiwbwy wewgw-
Ured ¢ phy b 2w NPNWUN dwilughl LnGh qquignid. npp Yngdmud t At
Owlpil nl b plmpugymd ¢ Qoushl wyblpnnf Ofuqugnyl v, hwdur
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Pgude: Uwtynph 3 hwéwtumpnuobnpht hwiwwwinwuluwbnn
winbbpp Ynsymd B0 opbpunGitr Mwnpbpwlwl dwjGh nbiwpnd optp-
wnOlEPh hwswhunpmOibnp v. -h wwunhylbnl 50, huy optunbbtnp
nsymd 66 hwrdnOhlybbr

PAL)
|
guywihG
R T by
/- - ~\\
02 | ‘%
{ Lurmmpjuwib .
\\mnm.n /
not |
unnnuerul ’ “ //
S E— . /
280 e : ‘\'/ ¢ : -
10 100 10 19 00 Vi

w127

5. Nyupwduyl Nyunpwiwilp wewdquywl wihp t, nph Rwswhunt-
PNGU pOYwe t 2:10%10° <g Shewluwypnid: 10°-10" <g whpnuend wowd-
Quywl wihplbpp Yngymd 66 Mutindwps

Myunpwdwiih vunwgdwh, gnuwigdwi L NLuntdGwuhpdwl hwdwn bhd-
Uwywind ogunwgnnénid B0 wpbgntbipnnwipwt L Jugbhwannnhigghng
wnwphsbn L udhgGbp (hnfuwnpyhsbn):

Ngntitynpwlwt wowphilbph wluwwnwbpp hhdbdwo ¢ Mulw-
nwnd ugbqntbynpwwl tdbyunh Ypw: Ipwip Ghpwaynd BL $0-10°4g
hwawunippul niunpwdwitwint wihpttnh vunwgdwl L Ntunidbwuhbniwl
hwdwp:

VwqLhuwuunhyghnt wewghsanp Yhnweynmd B0 gwénhwswiuwhi
munpwdwyh (8hagl 2.10° €g) unwgdwl hwdwn: LNwig wwwnwiph
hhdpnid plLwd t dwglhuwunphighwih bpunue dwqlhuwywl nuzuind
dorwiwqlhu Gmpbinh QOWING swihutinh thathntumpynLGp:

Nuunwowh wihpbtnpt odunywé 6U Bh wpp wewbdGwhwunyn-
PLGGEPnY: Luwsu, (muh wibu, Gpwlp Ywpon B0 wewpdt| Gen ninnnpnydwd
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hugtnh wbupny. npnlp unwgt) b0 Ny winwowlwhl swmuguieldbn wi-
Ywinuip: W hGwpwynn t nyunpwdwth wihph ywns spiwpnueniltph
2Unphhy: Gpyn dhpwywyntph bwhdwGhG NyunPWowbuwhlt swowqug
Otnh wonpwnwndndb i pEynudp Yuwunwpynd t hwdwdwil Bpynuw swgw-
Lwi owyunhywih onbGpLtnph: Muwnh niypnpwdw)bwiht swrpwquwrlENh -
Pwodwl ninnaut thnthnfudw b, $nlyntuwgdwt hwdwn oquiwagnpdnd &G
owunbywlwbht hwdwldwls vwnptn dLh nywpwdwiwiht hwpt hbtn,
nuwUpulytn, wnhquwbtn b wy uvwppbn

Muyunpwdwith mnwghd ynwpweodwt ontlph Jpw hhdlqwd &6 Opw
unbhuGhywlyw b wjbwhuh Yuplnp yhpwempindGGsn, hoswhuhp B nyunus
Quwbuphl nlpughwl b pEJEnnuynupwl Ny dw)iwphG |nGwghwl
Yuwjwlnud ¢t hewnbjwinud: Nywnpwdwih wnpinipp wndwymd b Gwnéwuny
wqnuwlwb, npp. hwinhwtiind nplt wngtiph. winpwnwetnd t L gbne.
nwetwiny gpwigynid: Jubiny nyunpwdwih wnwpdwt b wpdwqulp
wqnwlwih gnwigiwl wwhbnph dhel At dwdwliwlp. wnth t npnG| wp
qbiph ¢ hbowynpnipilp. ¢ = w2, npubn « -0 NyuPWdWIOh wpwgn-
pNMUG t dhowyuwypnud Qwihtiny bwb wpdwquwbp wqnwlwlh hwswhn.
piulp. Wnwbnh onblph oqUuNipudpe Ywnbih t nan2t| wngbiph tbuwagdw-
U wpwanenLp (wpgtilph wnwgnepult wpntyghwl wqnwlwih vw-
nwddwl ninnegwdp): Nyunwdw)bwht hhnpnnwwnnpobpp (w)o ghnw-
nnienil NGB0 ongbnpnud unpmeniLltpn suhtint, untquibwybn hwjuinluw-
pbntire, ayotnh tunnn YuwnGbnp gpwlgbint hwdwn L wyl:

Onnmud nunpwdwwht (nwghwi gnnélwywinpst wihGwn ¢ Gpw-
Omd nyupwdwjOwho wihplbph mdtn dwpdwlh wwwnsweny: Nyunm-
Awpip Yhpwnynid t whin dwnpdhGOspmud wnuwnbbph (lunenglbn, bnphbn.
Lwemgywdph wihwiwubomnpyni 606N) hwprnlwptpdwo hudwn: Un Tuww-
vwiny oguwmd BG vwnptn thwh nupwdw)bwiht nkdEYnwuynw:
LEnhg: Undtnwihl nbdayuwuynunud nuyunpwdwbwht swnwquwipltinh
unppuipt ni pOnnihgp wenwnpynd 56 nbd nhdwg, nuuntdbwuhpdm
Gwpdth hwywnwy ondapmnd: Jwndandd Gbppht wpwanlnp gnoymd ny:
unpwdwiip, wowewglbnd BO «niupwdwiiwiht uuntiny: Bwnwquwipb|ny
dwndhlp uvwnpbn nanaemLitnay, Gwnbih t npnati wpwuwnGbnh 8Lg.
swwbing, Gpwig pwiunidp: Uwuwil dnpn wpwuinbbnpp unydbn sbl wow-
qwglmd L b0 gpuwlGgynud:

Urwyby Yhpwowluwl t hdyniuwhl nbdeLnwulnwp. nph gnponnnig-
b uyqpentlpe Gnuyl0 t, hOy yunpwdWw)iw hi |PYuwannnhlp:
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4qnp nyunpwdwiond wowewgnn dwjlwiht 8t 80nudp hennuyit-
il wewowighnud b ywyhuwgiw, wiplnbwn untndynid L yenwinud B0
topehl Ywnswunl fugnudlbp, npnbgned 86mudp wiadnid t dhGgL hwppnipw-
Jnn JRG wndtpltnp: Wonghlhu 20nahhy Ny wNWdWLU odunywé t thapnn.
dwinwglng hwunynigpuude. npp (Wil Yhpwemenih nih inBuGhywnug,
pdynippul. ublnh wpnwnpmpwl g L wRG:
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QLM X1
26"NhYLEre B4 QUQLrt UthvUuhyu

§88. 2t"UmyLerh by @UQLMh 2USUMPs8MmuLLErC

<enniybtnp L quqting hptlg wewdquiwl hwnynignbbepny tw-
wbu vpptipdnud B0 whGn dwnihlGtnhg: GpE whin dwndh nEdnpdwg-
Jweé yhswyp punipwanymd t Lepghl 2npwdhnn L Gnpdwy (wipmdbbpny
(§71) www hwywuwpwyenpwl dhdwynid gunbynn hannuyh Gwd quigh
Upw wqnnn nudtnp bwipnn BG Gnwignid woewewglb dhwit onnduy ju-
pudotn: Lappht nawhnn (wpnudGbph pwgwyw)nipulb hewlwbpny ht-
nMyitnl ne quigbnl odundwo U Anunibreaude. Un wwwndwnny Gpwlbp
qninpy t0 dlh wnwaqulwlnembhg L pinntmd 5O hptlg wwpnbwynn
wlnph aLp:

<nnuyttinh L quqbph hwdwn shawn b Twwluyh onblpn. hunfuwawumus
Yormppul Yhsuymd Gnpdwy (wpndp (8Gpmdpy hennlgh guibipugud -
wnd dhunbuuwdy ¢ prynn mnnmiginebGEpnyd Naqwin st bwdnqytit. np Mwe
Lw(h opblgp Gbnphh 2n2wihnn (wpnidbEnh prgwwinueiwl haunluwlp t.

&nnyubnnid L quiqbpnud GEnphG jwinmdospl niblt 86pdwl pons
Gpwlp A02nd8 BG gnpéwnprid hpbhg wwnnibwlynn wingh wwwnbph Ynw
Npnz pwgwehy nbwgsnnud. onphbwy  hbamiyny (@wd funnywih Epymi
pwg dwntnhg htnntyp thnen wnuiwehl 860wdp funnnywihg nnupu FE-
pbnt thnpd Ywuwnpbihu, honniymd wpnn t wowowli dquiwl (wnmd
(Pwowuwywl &0nud): Uwll 20nphhy hennlybpnud (nudywé quiqtinh
wnlwnippul, henniyh unllp huynyl vinahynud £ dwutiph, wjuhlplh fuwlu-
wnynud t shewywnh wiplnhwuwnmigmbp (§71):

Quqgbpnid équwl (wpnitbnh pwgwywinipjwl hownlwbp t Gpwig
wohuwhdwi ponwnpduwlpdbim huwnynigingp. quqp dhun gpuwygmd t winph
iPhy dwywip. nPpwl t| wyl 456 |hih: P tnwppbpnueyn b quugqbph, hannyot-
N0 rONIpwanYnd B0 wbynwilpul durfwiny. npp phy b dhndhnfuynud wpuw:
£hu nuoh wanbgnuenithg
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Conphhy dnibynyibph hnuwqnbgnippul, hanmiyt wewowglbnd t
wquin dwitplnyg. Ywehytn, npntp wwhynd B0, wjuwbu Yngwd, dusr
@nlnpuhl (wnyworepul matipny ( quphiugh hnmiy. Uw hennytenh
L quqbnh hwuwynipnbotnp witbwtwywl vwpptpnugemli t

Wunthbwnl «chbnniy» wubiny’ Uhwulwlwbp nOgwtu hbnmuy. wibwtu
t qwq. Ubhuwlhlwih wjb pwdnhlp, nnp qruwnynid t henmybbph hwywuw-
pwlzrnip)wi L Qwnddwb hupgtpny, Ynsynd t Ampnptwdhlyws

Onpn nbdnndwghwibnh GYwwndwdp hsnmih wewdquywl hwunynt-
anlEpp pOmpwanymd 6O pgnetnd ubndbiprigrul gnpdwihg Unsnn
wowdquiwi hwunwuwnnlng.

Lrary 1¢p)
“viep) T plap)
npunbn p-U hennuyp uunnemGl t, huly 7-0 gbpdwunh8wg:

Uwphiwiht bonniyttnp puniewgnynid GO ubndbihnigywl gnpowlgh
wun hnpn wpdbplbnny Uphipl  pwywywlwswih 856 86nudlbnp wwn
phy 60 thnfunud Gpw ubthw{wb dwywip Ywd unnieinulp: Cwn fubnhplt-
nnud wehiwiht hennuyh ubndbihnieynibp wlwnbuydnud £, L hbnmyp hwdwp-
ymd woutndtyh nph Yppwetihniemuwl wwidwbp yupdh §101-mu:

{wywuwnwyenieput yhdwynd henmiyh dGnudp dnlblyghw t Gpw
fuunnipinLihg L gbndwunhswihg.

P=PpT): (882)

W6 Yngynid t ghauly hufunawpred nph oglniepudpe Yuntih t npnaty
henntyh hqneand ubndtihm eaul gnnowlhgn:

Cwndynn htnnynd ywnnn B0 (pwgnighy wewowiliuy GBnphd snyur
Y qwpridotbn Ywyw)t npwlp wwpdwbwynnywé L ny pt wwhph nb-
dnpdwghwiny. nph GQwuniwde bnnllt pbnhwipwwtu th gmowetnmd
wowdquywl hwwnynignibitn, wy hbenmy Swulhyitph Awmwpetnwliuw
2undvwdp: Trauhnn win (wpnudbtin moss Genphl adwl pange L Ung-
Jrud 60 Jworighly jwpm Jotn (§28).

<hnpnnhtwdhywynid oguiydnid 6L fmbuywiwi hmmy Jepwgunyni-
dhg Y wyb henmUt t nph Ywdwpwywb jwpdnudp dwdmghly jwnndobn
S wowpwgind wuhtpl Upwbnd tspghwih nhubwwghwl pwgwywnid
t. <wywowy nbwpnid hennuyp uldwltlp dwiomgnhy Lywwnltip. nn
hnbwjwlwi L dwoénighy honnybbnlt hpwnhg wwppbpymd GG dhwylt
awndiwl Jhswynud: <ujwuwnwiynnprut Yhswymd Opwip plmpw-
apymd B0 dhwijl Gipphl Gnpdwy (wpnudtpny:

Y. = (88.1)
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$89. 2NUULRP ALNLRUIMBNT: WBNLRY UL
uouLasuL

Gnnmuh wndndp (hnuwGpp) dwetdwunhynpbl Gywpwagpynd t
OnwOnud 8024wl (P), unmpRUl (p) L wmugnRIWG wpuy udwidwlwlw.
o Ywiuwonprudp.

P=P(r.t);p=p(r,t).v=v(r.1): (89.1)

dwidwlwyh t wwhhl (89 1) dniblghwlbng viwiu 6L hannmy 80;-
Jw, unnippul b wpwgnepul nwauntpp. <Gnngh g 2 Yeunnd (9 1) -
U wpnwhwpnmd ¢ hnuwbph plnpwaptnh dwdwiwlwihl hnwdhnfung
il RWlh np nwnppbn wwhbphl nijuy Yewnny wogumud 6O wrwnetn ke
nmly dunihyobn, ungw Shpuwé Ytunnad (89.1)-0 sh Genwpuglnud ynoy-
pbwn hbnnuy dwulhyh 8020w, unnipiwl L wpwgnieul punn dwidwbwiyh
thnthnjunienlGp” Upn wwwnsweny ap/dt. dp/dt aviat wodwbgiuibbnp wniw
Wewnnud 350 dopwpebnnud nplt ynGynbun honmuy dwulGhyh, wy wpunwhwy
wnnud B0 wyn younmd hbnnuyh hwdwwwumwuuwb pmewgnbph A tbhn-
thnfumpnlitbngp:

Qnnuyh 8020w, lunnierul L wpwgnpprul prn dwdwbwyh phy Y-
tintunieintLltna npnzbint hwdwn wihpwdtun t hwyh welt hbnny dw-
utihyh r = n(0) pwpduwl opbtpn Un ntwpnid, ophbwy, ¢r dwidwlwynud
dwuGhyh wpwanueaul Ypwe hradhnfumpiwlp Yhth

3 .
dv:d:—vdxé ALY
ox dy Nz

Pwadwlbiny umwngo wmmuhwjmmpjwb bpynt dwubng & -h L hwy-
dh welbiny. nn v, = x, v, =y, v, = 2. benny dwubhlh wpwqugdwl huw-
dwp Yuunwtiwbp

a—ﬂ—& ( —e-+t 24\' i\v.:fz-»(vV)v 189.2)
d & ox 'y Yoz
Wwb duny htnniyh funnippul, 8620wl L pOnhwbpwwtiu, guilyw-

gwd Phqhywiwl punipwgph dwiwlbwlwiht wéwiguih hwdwn Yrult-
bwlp

—=—+vVp: (89 3)
Uunwgyws (89.2) L (89.3) wnGgnipyniGbprud
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d ¢
el A Y v/ (894)
dr & (+¥)
gnénnnipmlp Unsunud t Yenpuh owbpunnn Yl Gppusdpul wowbguy
dhqhywilpul dedmppult Gipwiwl wowlguip Lwquidweé t bpyn
dwuhg. pun dwdwlwyh iy, L pun ynnpnhGwwh, wowtu Ynygwd,
nbfblyuniny prvprfurpni GGEnhg: Ninnutyns ynnpahbwunwiht hwdw-
wupand Upnpuh owtpuwunnnl mGh hsunl g intupp.
d ¢ 0 ¢ ¢
—_— ey —— s — b —
d &t "Cx Gy Tz
<nmiyh qwnpp pUmewgndmid b hhtg dsénupinubGEpny” p.av: <6-
wawpwn, hbnnygh wndnudp GYwnwantin hwdwnp wihpwdbun ¢t mbo-
Uwy hhig hujwuwnnid: YwGghg dayp Yhswyh (882) hwywuwpmdl t:
BWlh np pnbwpuApul hnmymd pwguuymd t LoEpghugh nhuhupugiul,
www Gnwand wnngbubbpl wnpwpwwn 66 Un ntiwpmd yhdwyh hwyw-
wwpnudp wwpqbgymad t.
P = P(p). 189.5)
Uniu hwywuwpnidlent wpunwhwpnnid B0 quibgyudh wunupul-
il onblpp hnuwlph wiptnhwunmapulb hujwaunmda §90) L henndgh
Pl tpbnp hurfunaupnedp (§91), npp UiniinnGh Bpypnpn optlph wn-
nwhwjunnieintGl ¢ hnbuwiywb henntyh hwdwn:

§90. 2NUULAN ULARLLPNURSUNL 2UMUUUrMUC

<enniyh hnuwGpnud dutnyh wewbdlwgltip tnwnpwonipul Ywdwjw-
wG ¥ owywy dwiwbwyh guwiywgwd thnpp hwwndwdnd nhunwnpyynn
owywi Gaphnunid t hig-np pwlwynejwdp henmy L wunwhnumd, punhw-
Gpwwbu wuwd. w) pwiwlnippude hbnndy Ww 20nphiy nhuwwnlyan
Swywimd wwpdhwywd hbonmyh

ms= Ipd\’
|
qulgqwép dwiwlyh plewgenid pndnfudnid b Swdw(p wwmpwynn
dwipiptnymeh dX uwpnng hbnmgh hougn heuinbyw uuwiwn wanwnnuwio t
dQ = wdX. (90.1')
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npp shwynp dwiwlwynid dE -ny hnunn henngh pwlbwyo t oy, 13 1) Th
o vnwnyynn owyuwip wwmhwiynn dwiytnpunugny b
nyh (phy hnupl uinwOwm hwdwp gnudwntGp
dwlbnunuyeh painp twppinny bennyh hnupbnp
Q= Cf pvdl: (90.1)
W 131 Gpt © > 0, www nhuvwnyynn dwywihg ue-
nh mUh hennyh wpuvwhnyg hwuwowy nswprd Genphnup:
Wuwnbn hownbanwih Gwlh onwlyp gnug t uiwihu, np housannudp Yu-
rwpynud b hwly dwibpunyeny:
Wnwnpyym owywind wwmhwyyws hbnniyh quitiqyuwsh bwqnidy

dhwynn dwiwGwynid hwywuwp t
ém ¢
——=-— | (90.2
&t ct j o

Quibigwoh wwhwwldwla onblpp wwhwlpmd ¢ np dwiinn dwiu-
Guwiyrned npunwplpdm durjuwymd quiogywon 90.2) furqridp hwiyfwiun i
Oh wim plpuwgend Swdwn wwihwynn dwlpungeny hmmh 196.1) b
26 npunbnhg

—Ipdi +c§pvd£ 0: (903

Qnywd wnlignieynibp hnmu&p/v wotqb gl (wopanhwunnmepwi
hwdwuwupmido ¢ powntgnuwy wbuprny Unwlbwbp win hwywuwpnudp a2
diptoghuy wnaupry: Ypw hwidwn oquytlp htunlyw) webnweinithg.

dAds = j VA4V, (904)
: r

nnp Ywy t hwuwnmwunnd npld dwywiny, L wyn dwywip wwndwuynn Swig-
pLnupny hounbgnwiGtnh dhl: Ujt Ungdnud b Quintw Ownpugnuinuint pur
Owdl npp 8hyuin b RE' uywiwn, RE' YBLYUwnpwiwl L pt’ pahqnnwiwl dnil-
Lghwltph hwdwp:

Oqunytiny (90.4)-hg, wiplnhwunipprul (90.3) hwywuwpnudp Ywpm
b0p UEnLYwglt) hsunlyw) Yepw.

4{54’(»'1 dv = 0:



2wlh np wpu hGwnbgrw(p qnn t Gudwpuwl dwywiny hGunbgntihu,
sww qnngh wbtnp t hwywuwn (hth SGRwhluntgpuw| wnuwhwpnnenip.

an+V(pv)=0: (90.5)
ct

Uw woptmhunnmepul hunfuaupmd ¢ nhpbptoghuy wnupny Ups-
ntn pv SGONRINLLE Anuwlph pnnnueyr 06 ¢, npp hnuwOphl ninnwhwipgug
Jwynn dwiyapbuny dhwynp cwdwlwynid hnunn hbnmyh pwlwyo t.

§91. BALEP 2UNUUUrMUC

Swnpbnynud GG henniynud gnpdnn dw/uwywht L dwlnlnipuhl -
atn: Swyuyumha mobng wuphwburndnpywsé 66 wpnwghte edwnwpunbnh
wqnbgmppude L Whnwadwo 60 dhpurjwnh prynn Jwulpllbnh Ymu onh-
iy, Swopnpl bt EYgunPwiwglhuwywl mdbpp: Set Sheww)nh dhw-
dnn dwywih Ypw waqnnn Swyunuwihb ndp Gawbwlblp £ www I éwyunh
M wannn durjuyuyhl mdp Ynoh

F = [fav. o1

Bwinpnippwlb nudh nwiunnud p» funniepudp hbnnugh dhwynn dwywih
Jnw wqnnn dwywiwhi ndy uwnunwhwunydh hbunbyjw) pwbwdlng.

Uwlbplrpuyhl mating Ghnwnyuwd b0 npunwingydm duugh wponuws
e dwiiplnyen uqung Jwulhylbnh Ymw hunpbul dunjuybbnh qud
wwwnbinh yrndhg: OphGwy, wingnud (gqwé htnmih wquwn dwlbplngeh
Jnw wqnnid £ dplninpuughl 8G20w0 nudp. huy wwutph Ynndhg hbonniyp
SUpwinyynid t rbwlghwih dwibpunipwihl mdtph wqnbgnepulp:

Uwnnyh wnwbdbwglblp hnbwiwywb hbnnymd ¥ 6wyuy U nnnbtp
Inw Ypw hwplawb dwywibnh Ynndpg wqnnn dwytpumpewiht ndp (UL,
13.2): Vwlspunuygh dE vnwnph ynpw wqnmd t -AAE
800wl mdp, npunbn Bhonw Lawlp gnug t twihu.
an nudp hwywnwy t ninnyuwé dwytnunueh wpuww-
phU N UnpdwihG (hhthp, Nn dE = ndS) (YN Jwliinls
mpuwht mdp hwywuwp t vwnppwywt 860wi ne-
d6ph Ybyuinnnwwl gridwphl.




F,=-4pPix: 91

Quwl Jwytpunypny wqnnq dwibplnipwihG nudbpp hunnpaygnud b
owduwih pnynp honndy dwulhyltphl, wewewglbiny dwywyuht moe Uy,
ptdwunhynptG nw wnunwhwpnymd t Qwmu-Ounpwgnuinuynt (90.4) pu-
Gwalny.

:j Pds = [VPdV : o4
L l

Zwibdwwnbinyg unwgyuwd wnnjnibpp (91 1) wpnnwhwjnniprul hbw
wbulnud BGp, np hwl Jwibpunyeh Ypw wqann 84znudp henndyh dhwyne
owywih Ynw woewouwglinid t

VP = grad P (915
owywiwihG rud, nnp Yngynd t 400w grunhbGunugh it ounluupun
henmyh dhwynp dwywip Ghpwpyynid /- VP hwdwqnn nidh wqnbgng-
. npp hwdwdwit UpwinnGh pynpnnn opkilgh, henmuh p qulqyudh:
hwnnpnmd t wpwqugnd.

dv

pd’ =f VP: 916

Uw hnbuyudpwl henmyh pwpddwl Lgbph huduwawnmdi ¢ nph dwl
Jwund ddr -0 Grupwywl (89 4) wowlguib t: Vwulbwynn nbuypnid Spynp
Swinpmerul Nnudh nuunnid wndyng hennuyh hwdwp YmLbuwhp

dv -
pd’-pg vr. 917
nnuntn hwyh b webyws (91 2) pwlwdlp:

tatnh hwywuwnnip wpwgueiwi oywndwdp weweht Ywngh dun
Gwyh woéwogruibtinny ng qéwihl nhdbntibghw| hwywuwnnud t. nph pin-
hwinp (MonLSp GenpQuwipugtmy t dnibuhghwltph pbunwlhp: 3nupw puwly-
o ynbypbun hnuwlp punupwanymd b wgebwipwl L Eqruhl upuphullbt-
iy Upaplulpul upuphulp wpuwgmpp6Ginh nwpunl ¢ ulqpowlpws uu-
0

v(rt)  =v(r): o1 8

Qnnpdtwlwlbmd hbnniyh 2wndmdlbnpt pbewimd B0 npnwyh dwr-
dhotbpny uwhdwlwdhwiydws whpnyptbpmd (unnndwitbopnud.  gnud-
pwnibnnud. enwbgeOtnmud L wiyb). Prbuywlawl henmbh jwndvwi tqpw
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1o upupuslp  wipruwhwpnmd ¢ wunntinh wheurwigliprigulp, wy
uhlpl’ wlwind wwuwnh (hnniyht uwhdwbwignn whon dwpdhGGenh) Yynw
hannuyh wpwgnprulb Onpdwy (wwwnh dwytnLunyphl manwhwiwg) pwnw-
AnhgD wtnp t hwywuwn (hGh qpn.
v(r.1), =0: (91.9w)
Gpt wwunp (whon dwndhGp) wpdynid t hOg-np v wpwgniepudp, w-
ww banwihG (91.9w) wwdwbp 4panniGh hbuinbjw| wnbupo

v(r,t)L =u, (91.9p)

.
UGN U0 Wuinh wpwaneiwl pwnwnnhgl b dwybnLnyeh Gondwih mn-
nmpprudp:

txtnh (91.8) hwywuwwnndp Gywnwgpmd t henmlyh wpdnudp hwp-
qwnyh hotpghw| hwidwywngmd: dwadwnlh fwdwpsipul ng hobpghuy
hwdwpwnqrud hanmgh )wnodwl hujwawnn da urmwGwine hwdwp (91.6)
-h wo Jwunid wihpwdtun t wybjwglt henniyh dhwynn dwywih Ypw
wqnnn hUtpghuyh nudtipp (§54).

p%:/—VP-p{rQ]*pQ:r. -2p|va), (91 10)
npubn 7 -0 hbinnuy dwulhiyh awewyhn-4E4annnG t.

Gnniygh hwnwpbpwiwt wpdnudp Ghwnwannn (91.10) hunjwuwn-
Jwl Mdnudlbnp Unybwtu whuing t pwywpwntl (91.8) L (91.9) uyqplwywl
n Eqpuwjhl wwpdwGGbpht:

Enynt guwnbynn hbnniylbph 2wpddwl nbwpend Gnwig pwdwGiwl
wwhdwih Jpw wewng t wipbnhwun |hat0 higwbu wpwgnipaulb Gnpdus
pwnwnnhs, wjbwtu b 862ndp.

%

(CINAD]

m: =Py
dEnehlp Ljnuinnbh Bppnpn optlph widhewlwl htunluwbpl t:

o=
In|e ‘2.1\'
b L
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§92. 2MICNUSUShYUSBH 2hUNvLALLC
I 2knmbp bwyjwuwpwlpnmpmal amplinbbbpp <Prpnurusnhipul
munedwuppmd ¢ Manndibbnh plswbu Gwl Grwlgnid gunlyng Jwpdht-
o huwaunwlpemprul wupdwobtnn: <hapnunwunhywh hhalbw g
hwywuwnmdotpts uwnwiwii hwdwn wihpwdbn t (89.5), (90.5) L (91.6;
hwywuwnnidttpnid tnnbnwnpty v =0
Lo, g=Llvp p=r(p). 2.1
ot P
npubn £ = f p -0 henniyh dhwynp quigquish Ypw wqnnn ndl t
Ubpinhwumpmt  hwyuwownnudhg wwgywd  wnwehl  wwpwlp
gnug t wwihu, np Awwaunwprmppul Yhdwlymd henmiyp ppomgmlp
unmn ¢ uiuwo (K08 Upuyl Ynnpapbunntg p = plr) Gpypnpnp henne-
Untd gnpdnn nudtph hwdwedwl wwpdwlt b Ywdwpuywt <N -nid A&
anigh hwpuwipbpulpwl hufuwaupulippmpymp Gwpwgmrydmd ¢ hbunjw;
hwywuwpnidny.

f'_lvp_ao_[m—.n:r. =0: 922
po)

<wwnyh hitpghw) hwdwywpgnid nudtph hwdwledwl wwdw-
Ghg plunud t Gwplnp htuinlnieim b Canphhy hnbwiwywl hennyh P-Ap)
weGsmprul (14p)VP winwdp bwnbih t Gepbwruglty Unnpnhlwunhg Ywi-
Jwé ubwiwp Inbyghwih gnwnhbbunh nbupny. (10)9P=%w, npunbn w -G
Ungdnud t toeuyuypuws. Gunlwspwn, midtph hwdwlrdwl ww)jdwih wuw-
hnydwl hwdwp wihpwdtw t, np henmibh Yypw wqnnn dwdwiwhG ndp
Onyybwtu |hGh Ynnpnplwwhg Ywiugwd uywiwn $nlbghwh gpwnhtiun:
"W hbwpwynp t, BeE htnnuyp qunbynd t wpunwphl wnuntughwiwhb ni-
dwnwund: Nipbdo, Anmih hwyuraumwlpongimip howmugdnn ¢ et
WU nidwinuwpuy wnunboghuwuht ¢ Qpuidhuughnl nwaunmd ht-
nnyh hwywuwmwyenpnbp Gluwpwgnymad t

VP(x.v.2): P = P(p) (92.3)

'v v Yy =
Q(x Y z) P x.y.:)

hwywuwpndtEpny, npuntn o(x,3.2.)- 0 wauh wnuntlghw b t:

Gnniyh hwywuwpwynnigpulb yndwyg Oywpwanynud b npnawiyn
Jwytnunuptapny: Ywlp hwuwnwwnnib funnipjuwt, hwunwunnl 8620wl

L gpwyhunwghnt nwunh hwdwwnintoghuwy dwytplnyebbnt bl: <nn-
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ynud hwuunwiuning 8020w0 Swysplnyplbpp hwéwiu wigwimd b0 dwigun
nwluih Jwlbpunyebln ywd wwnquwbu Jwlpupnwiiibn. CunhwGnin
nbwpntd henmynid p - const. £ = const Swtpunypltpp 360 hwdpbyond
hrudwwnunbbghw dwitplingeGbph hown:

2 2widwulbn binmbp bwyfwumpuipompmba gpnanipaupawd: Syjw)
nowpntld p = const, w)bwbu nn hwdwuwnwyenienibp Gywpwagnynid t

P =ppp (92.4)

hwywuwnnudny:

Clunblp gnwdpwnh wquwiun dwytnlnypp npwtu mnnwblymt ynnp-
nhbwwnwiht hwdwywnagh XY hwpen i, huy Z wowbgpl nunblp g mn-
nmejwdp g0.0.g. Un nbwpnid (92.4) hwyjwuwnnidp yosplwjiwgyh hbunb-

Jwi Yepw. \
0 T -

ép . a é b
—=0.—=0,—=pg: 9 oo
& S SN Ly AT

Unwehl tpyniuhg unwbnd | I |-Jl
tlp. np hwdwute Swlipnepulb M- - L - - - — 4 LI pymgy:
gwnwunntd hwunwinmb 660w X

Jwitpbryplonp  haphanlwywl
hwppnntitbp 6G: Dwipnueul
nidwnwunmd honnugh ubyhwwo z
wend wwjdwlwynpwo EGnidp
yndnus t Ampnunwanply 8Gpmed; Ujiwgbu np, bhapnuinwuinhy 862mdp
wwhgwo t Shwjt ninnwéhg z ynnpahGwinhg: POntigntny bppnpn hwyw-
uwnnudp, wnwbnd BoOp

P(z)=pgz-C,

apwntn C -0 hGunbgpdwl hwurnwunnibl & Ui npnadud & hennyh nplt Y-
wnuld 800wl wpdbpny. pwipwph wqww dwyspunuep gunbymd t dein-
iPnwhG 2. 800wl vy, P(0) = £, = C . htunlaupwn

P(z)= pgz+ P, (92.6)
nnunbn hennuh wbywlyw ey upupwlundnnyuws §4nudp npnynud t
P(z)= pgz (92.7)

pwlwdlny (hmpnununpy Gamd) Niptdl, wiywiu epwdpwph (wineh)
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Alhg. swihutinhg. hbnmh bhnpnuunwahy 802ndp wtugdwd b nhuwnlym
youwh funpneIntohg L hnnuyh funnniginiohg: Snwiong t wuwpdwiwynmpwe
hwpnGh Ampnunwnnty wwpwnnpup, bpe hwywuwn idph £ dwybpbu L
htnnuyh ujwl Gnyl A pwpdpnieniOl Nubgnn wineGERh hwuwwilhG henn-
Up 80nud t OhLinyG pghZ mdny, npp G413 4 -h woewehl whnemy htnnyh
y2hnG t (pwguunptp)

vy 134

3. Munaynn Ao ph bwpwpbpuolwb bujwewpwonnmi bp: Shgnip
Qwlwht wunpnd htnnyp hwunwnm G 2 wolynbwiht wpwagnewlp
wuiindnid b Z wrewlgph nipep (04.13.5) enmiygh hwpwpbnwywl hwyw-
uwnwyzenteinuup Gpuyph dwipnuepul nidh nwunmid bjwpwgnymud t

pg-VP+Xr =0 (92.8)
hwywuwpniiny, npp X.Y.2 wnwlgpibnny Yuw.
cp - KYx, QE = 2y, 67’2 =-pg (929
&x Oy o= )
Puntqptny wu hwywuwpnidobnp, ymbeiwop
Pix,y.2)= 4 pr’ - pgz+C . (92.10)

nnnbn C -0 hownbandwh hwunwnnlb b huy e = ¢ - % Nipbdt, wae-
ym henniynid P = consr dwlwpnwywht swibplnyplbep wunundwl wuw-
Pwpninhnltn BL
LI ©21h
2g

8wlh np henmyh wqww dwybpunypp Lnyd-
wbu dwywpnwywihi dwibplnye t. www wpnper
m henmyh wqun dwltiplnyep ubng t plnmGh
wnndwl wwmweninpoh wbup pw hbunlawl-
end hhapnuunwuwhy 8020wl pwtunidp wongh




muwyhl nwetnud t wihwdwuee: Wo witbwdhnpnG ¢ winph hwuwuyh
wounnnbwywl dwumd L wsnd b wyuniwl wrwigphg hbnwbwihu: Uw-
il ndqwn st manwyh hwqwpyny hwinqyty. np wingh hwuwilupt
nenLyh gnpowinmMus 8020w (phy ntdp hwdwuwn t henmyp Y2rht:

§93. AULAUTSFUYUL pULUQBYED

Nwmdbwuhnbbp delrynpunh dbfuwlhlyuwlyuwl hwdwaupwprm i op
Enynh dwlnmppul mdh nwpunmd: Spyph dwytnlnypght drun inhpnuplt-
powd onh hwywuwpwynnippult nhunwnyiwt dwiwlbwy Ywntip b wint-
ub| bwopnippul Nudh wpwqwgiwlb Gwiunudp Yynnpnhbwunhg: Uwlyw)t onh
jpnmppult  Ywiudwonpnitp YnnpahGwuinhg sh Jupth wownbus;. M-
ey ninqwint ynnpahbwunwht hwiwywngh 2 wnwbgpp manwahg
dbn. huy XY hwppnipinuip’ Gplnh dwignunyeny, Uantlp.

eP ép opP
a‘_a} 0;6:- R 93.1)

NipGUo. hwywuwwupwyempewi yhdwynid hnphqnbwywl mnnnuerudp
delninpunh 8Gndp gh dhndnbudnudd: Minnwdhg ninnmppude 800wl L
runnpiwb thndhnfudw opb0plbnh vwwlwnt hwidwn wihpwdtwn t gpt;
lwl yrdwih hudunaupnmdp: CunhwGnip nbwpmd JRGnnpuwiho onh yh-
swih hwywowpndp Gopyuipugomy t 800w, funmppulb, sepdwuunh-
Swlh. onh rwnptn pwnwnphzbbph Shahtwlywl ponpwanbnh, dwulw-
Unpwwbu unbwymippulb dhel pwpn $nibyghnlw| Guwhugwédnemb: Uw-
YwiG Ynwhun dnunwynpnipiwdpe Ywptih b dpininnuinh ng dbé whpnueGtnh
ptndwnhOwdhywlwb Ywnpe Gywnwant| hnbwiwlywo qugh Yhswh

P=pRT : u (93.2)

nwywuwnpnudnyg, npuntn p-0 dnwht quibgywol b, R -0 quiquihlb hwuunw-

g

R=8.31\.dn {93.3)
Uplninpunh 7 gbndwuwnhdwlp pun pwndpmippwil Ynmd b pwnn
dhnhnfungegnibttn. Gwiu Gqugqnd t, wibndhunt wémd, Onphg Gquqrd.
Gnahg wém s - " Gawlbwymd t, np SeOnnnup gh qunlynd eanduwihl hw-
Juuwpwlenpprub yhdwinud. hwywoewy nbwpnid wit weunp t punipw-

anybp T = casr wpdbpny
wunwunnll gepdwunh8wlh Bhpwnpripwdp delninpunh dnnbio
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ungdnud t Agretind dedrynpun: Uw dnuinwynpnignil t, npp delninmuwh ny
hwun 2Bnunbnh hwdwnp viwihu t bhnpdbph hbown hwdpbylnn wpnynGpGtn
, {wywuwnwlzenpulb (93.1) L Yhswyh

P| (93.2) hwywuwnmuiltnhg hbunbnd t. np
P=Prz) nbwpmd funmigmlp  UnyGut
Gwhudwo t dhwib z -hg: Ladweé hwyu-

vwpndbbnhg unwGnud Gop.
' — iP
! ar _ _HE
O ws z P T

nph honbgpnmudp hqnpbind deininpunh hwdwp vwihu t pwpdnnugynilhg
8020wl hbunlyw Yuituredp.
_eE .
P(z)=Pe * - (924)
Upnbn hlunbgntihu bopwnpyty t. np Spynh dwytpnLmphl’ P0:=p,
Oguytiny (92.2)-hg. fuunnippul puwiztudwl hwdwip YurnwGwbp
iy
p(2)=pe . (93 81
nnutn

A '—p(0)=£;£%. (93.61

Gy ¢ hwunwwnnd Gpynh dwytnunyeh dpw 8620wl L fuunipjut dhel
Nupbaa, hqnpepd deaninpuinud 802nd0 it funnueibp pwpdpniprut hbwn
Gwgmd GO tpuwnGBOunwihG opblpny (GY.13.6). (93.4) L (93.5) optLplEne
Yyngynud GO puwnndticnpudpwt puwbwdlin:

Lywuntlp, nn

h= RT.'//‘K (93 7

PwnAPNLRIWG Ypw onh 8020150 nu funmpynibp Gwiqnid Bb e wigwy (93 6)
L (93 7) wnGgnigyntlbbnphg uunwigynud t Py, =pagh. NPD o hwutnwinni b -
prudp htnnih hhnpnuuwuhy 80nis0 t A lunpnieiwl Yypw Nipbisl Spyph
Swyspuneh Ypw debninnunh 80zmdp Onyll t, hby A pwnpdpnipmil, »
tuwnnipniG nibbgnn hwidwube onh upul Gmdp: Wn wunnswnny (93.7)0
Ungnid t rwdwutn delrynpunt pwndpmgmb: Connlbbiny Shehbmd u=
0,0294g dny. huy 7 = 273\, Luunwluwlg A = 8.4yd:

Uplninpunnid 8020wl L uinnmpul pwiunidp yunbih b wrwbg nayw-
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nnuRjwil nn bl Gwib wyb nbwenid. Brb hwpunGh t 7 = 7o) Ywudwénginilp.
Uwwjl onh gepdwunhswlh ny poinp pwifumditnl &, np bwpnn B0 hw-
Juuwnwyzeywo (hty dpininpuinud, pwih np wihwdwobe nwpwgyw-
onpwl hownlwlgny onmid wlplnhwwn plpwGnd GO gEndnieb WbBw-
gnfudwl wpngbultn: QEpdwunhswlh ng 4G gPunhbLwnitph nbwpnyd
onnud ptpdrippwl wenurhniundp ywwwnpynad ¢t dnalynywiht dEpwbhg-
ony ptindhunnppwiwinggwede npp $h wiunntd deaninpunh defuwlhiuw-
Wwi hwywuwpwynneinip: pdwunhiwth VBd hnghnfuniginbltnh
newpnmd ebpdwhwnnpnnudp Yprud ¢ §ndybiguph plnuge, wowowiglbiny
onwhl qulqywdttnh Jwipnuynwhy wpomudbtn Ujiwbu np SQRLMnpuh
dbhuwthywywt hwywuwnwyenigmbp ywinh t ebpdwuunhswbh wibugh-
uh gnunhtuwnbtnh nbwpnd. npnbp 360 wrwewgLnid Ynbytlyghw. Mwng-
Jnud L. np apw hwdwn pwndpnippul bewn gtindwunhswth tguwqdwl w-
nwgneinLip weuwng t wytih dhnpn |hh gc; dednipinlbg. npunbn ¢, -G onh
dhwynp quiquwéh gendnbwynieml t hwunwunnil 860wl nbEwprd:
U wonmudp 8hauin t, Gpp dpninpunh ebndnnhbwdhywlwl hswyp GYw-
raugnynid t hnbiwjwlywt quqh yhswyh hwywwupnidny:

§94. UUrumrLLErh 2UUU U UYTRMesmuc
2eumumu

{wywuwnuwyrmpput yhdwynd qunitynn honniymd dvningh wnwGe-
Iwgltlp Yudwpwiywt gl Swytpnge (64.13.7): Lpwbny wwndhuyywo
nannyp Onywbu gunlynud ¢ hwywuwpwyenput de: anluupwn, nh-
wwnyynn dwywind henniyh dwinnprul nidp hwdwindweé t win dw-
qwie wwmhwynn dwyeplnyph ynw henni-
uh ymnishg wqnmn 8020wl motph hwdw-
qnpny  F= -Q: Yhunwnlynn dwywynd he-
nniyh hwywuwpwzenipnilp wwhwopmd
t. np qpn hUh Gwbl wyn nudtph gnudwn-dn-
dsuwnp Ujuuinenhg heuinlnad t. np Acwduwgnn
map Yhnwneywo ¢ hnmh plunywo dudh
Mbnghwgh C elwnpnond {wdwutn hb-
iy hitpghwih Ysowanip hwdpbylnd t
dnw Baypwswhwywl A Lelinpnbh hen




10y 13.7): Bpb wydd wewbdbwgywd dwywiny henniyn dnhuwunhlblp Gnyl
BpUnWwdhwwl dLh whin dwpdlng, www neuwwnnn hbnnlp whin
dwpdlh Jwutnlnuph Ynw Ywnwowglh 860wh mdtph Omyt pwtunide
ouinbwpwin, wdwte hbnmymd palnddud dwpdah Ypw wenmd ¢ min
nwapg {bn mnnyuwe, dwpdh Gpynwsunhwlpwl Yinpnamd Yhweyud
mo. nnp Sedmpaudp hwywwun ¢ dwndoh wpuwdnwo henmh LpohG Up
phdtinh onbiGe - Un nmpu dnnq nudp Yngdmd t Upphdbnaul mo:

Gpb dwmitnd quigqywél wihwidwutbe t pwludws, wuw Gnw hitn.
ghwjh C galuwnpnbp sh bwdpbyth hp Gpgpwswdwulwb A YsLunpnOh hewn
&anniynid Gdwt dwpdlh hwywuwnweniput hwdwp (Y Yuwd Jdw-
uwdp pLynoywo yhswynud) wlhnwdtu t. nn.

- dwindoh Yzpan JEOm el hujwuwn (hah Opw polndywo duh dus
yunny hbnmih Grrhl

~dwpdon hobpghugh C Yelunnip L pUlndwo dwuh Eplmwsunpus
Ll A Yaluinnnip qunlnfGl 0nyl rennuidheh Ypw

Uwlwia. npwbugh (nqwgnn dwpdGh hwywuwpwyemenibp Guyri
(hOh. wihpwdtun t | pwgnghy wuwpdwUh hpwwlwgmyd:

Lwlu ghuinwnyttp nenmiynid (phy plyndywd dwndth hwywuwnw-
Ynmippw ywmbmpemibp WY 13.8-nid wwunyenpdwé dwndhbp hennilnid
gwilywgwsé nhnpny plundbihu. h engn pbnmtnud t a nhpep. Bpp Aoty
ghuwh C ytlunpnap qunbymid ¢ Eplnuwsunulps 4 YE0wnpnihg GEnpl. U
nhpphg Guwdwpuywl tnmd wewe t poprid mdwaniyg (& shpe). nph dn-
0bGup unhynud ¢t dwpdGht plnndbty o nhpRe. NGSG Jpyhe polndyud
dwpdlh hwywaupwipongmlp Gl ¢, Ge6 Gpw hobpghugh Wbounnpnit
004wid t bplinwsurfrulyuw G Ybaunnpnohg guid:

¢ ®

a &o

=1

bu.138 Ly 13.9
Gnniynd duwdpe punodws Yyhdwynud (nqugnn Swpilh hwywuwwnuw-
L2rnipintlp npn nbwypbnnud Yuinil t. Bpp € ybunp 4 4eunhg Jbp t nuuw-
ynpywd: N unynpwpwn weyw t Gwytpmd: LY. 13.9-nud wwanybpdwo
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60 p = 05w’ funninLh MbBNA Ywuw snpunih hwywuwpwlyrem il
Gpynt twpptin nhpetn: UyGhwin &, np Bpyne nhppnid t| hubipghwih Ysouwn-
pnGp pOundywo dwuh Bplpwgunhwywl A YeLuipnbhg ybn t wbiquynp-
Jwd: Uwlwil thnndp gnuyg ¢ vwihu. np hwywuwnwiyeriginuop Yuynit t
b a nbwgpnid (GY.13.9):

§95 USUSPMILUL 2NUULRALEN: RENLMLPE
2uquuurmuc

1. 2nuwbph ghd: ORE henniyh futnnippul L 020wl uluwp nwwnepp
dwiwlwyh gwiywguwd wwhhi plnipwanynud B0 hwonwunm G uunmppul
L 8020wl dwytptinyeltnny, www wpwgniynbttph nwaunp puniewgpnLd
6U hrnwwlph Qotnny: Inwlp wb @otpl 64 npnltg uilpuguwd Wwumd
urupuwd anpuwinp niGh wm hbnntd henmly Jwuihih winwgnipprul nn-
nugrGp (0Y.13.10). Brti htnnuynud wpwgmeintGeph nuup wiolwiu t
dwdwbwyhg. wjuhGpl Gnwlnud hnuwbph qotpp 36U inthnfuynid dwidw-
Gwih pGpwgpntd, www htnnuyh wndnudp Yngdnud b wwghniwn: Unw-
ghnOwp hnuwGph gwilwgws Yswnid hnnyh dhahlwlywt pompwanptpp
wlywiu 60 dwiwbwyhg. wihlpb Opwlg (NYw| woéwlguilbpp guun
dwdwbwyh gpn 66 Nipbd, uwnwghnbwn hruwOeltpnud hbnmy dwuGhyh
dhahyuwwt pGnipwantnp Ywhuyws 66 henmynid Gnw qpuwdwé nhnphg:

Uuwghnlbwn aunpafnn hbnmyned hnuwlph gotng hbnny JwubhlyGt-
W heunwgotnl 66 Yw hawnlnud t hsbg hnuwlph goh LwhdwOnuihg: Upuw-
gnipnLLltnh nwzuinh dhwndbpnipniGhg hbulinud t, np Anwwlph gdtinp s66
pmn dhdpulg heun hwanyby:

2 Flotnyph hauuwpnidp: Gnndgh 2wnddwl bgbph hwywuwpnudp
uwnwghnlwn hnuwOputnh nbwgnud htiaun hGwntgpynud t. BRE hwinlh t hn-
uwGgh ghép: Un nbwentd ywpnn Bup oqunyt| GintpwlywG Yeuwnh qwpddwl
Lywpwqpnteiwl plwywl bnwlwyhg (§5): Lonpdniatiny hnuwbph gohl 2n-
awhon 7 shwynn Jeyuinpp, wpntunbp treph hwywuwnnudp Gnw gmw,
WhGpl uywwnnpbl pwqiwwwunybtp wib v-ny (LY 13.10).

pr:‘;—:’:—rVP’rgp? 95.1)

<nuwlph qény wndynn htnruly Jwubhyh wnwanenbp Yuwhudwd t
dwiwlwyhg dhwil wnbnwiho ynnpnhlwunh dhengny. v = m(11): Wlwtu

n



mn ogqunybiny (5.9) wpunnwhwinniegmbhg b hwadh welbind, nn rr=/,
=0, junwbwlp'
v

[
— (982
\2) ’

dv av v
rT—=—-nr—
dr & R

o4
dr - dr
Oquytiny Gwl
V=P g - ‘
T Vp-d[, rg=gosa= gdl 98.3)
’ wnlGgmpen bltnbg. nuntin —a&-p honnuy dwu-
N Ghih unbnuahniunipiwl wpnpyghwl t nin-
| \ ' nwdahg 7 wnwigph ypw (GY.13.10), L thpw-
: N nnbiny o = const. (95.1) hwywuwpnidp Yoop-
Yuijwglblp hbunlyw Yopw.
_ - = - ’ R
) _ _ )\ w qa] oY o
| -P i\ [P =00
AN Unwgywé hwywuwpmdhg heuwlnud t,
413,10 v. % . nn hnuwGph qéh Bnplwbpny thwlwash wp-
nwhwpnnenGp Jonud t wihnthniu.
P+pgz+pvi/2=8,, (95.5)
nnubn 8, hwwnwuninlbp nwnptip t bawwbph vwupptp qotnph hwown
(95.5) 0 hwdwubn hannyh uwnwghnGwp wpddwl LErinyph huwyfwuus
Aedi ¢ NunEdG, B p.2 v dEOMpMLOGND hnuwbph qéh SplwGpny Yuwpnn
66 thnntuyty, pwg (95.5) dtéri@nulp BGnd ¢ hwuunwunm b

Ptolnhh hwywuwpdwl dte prinp gnudwpbhbsnt st 8020wl
surhnwiwCniniG: CoOn npaud P -0 Yngynid t wwwnply 8Gpmd pv' 2-p
nhlurdhly 8G2md hiypgz- 0 rruyhl yuwd hhnpnununnhly 80pmd:

PtnGnhh hwywuwpnuilt wprwhwpnmd t hnuwGpnd ¢atngHup
wurpbdwl opbGpn: Wi ywntih t unwlw) hnuwGph fumaduiyny he-
nniyh wbnwdhniudwi Ymw 860wl nudtph wiuwunwbpp hwywuwntglt-
1"y henntyh Uhubunhy L wnuntlghwi taEpghwitph wéht:

3 nuwbph fnpoyw: Uinwighnbwn nbwpmid wewyb wwng wnbup
pOnMOm hnuwbph wiuqihnprult hudusaunnedp: Ui unwOwine hw-
dwp Gepdnudtlp «nuwwlph fummuwlp hwuywgnipnilp: Upwbdbwgltlp
hanntynid udwprulwo C grwly ynbunnp L wnwb g vniw) wwbh Gpwiny
wighnn hnwubgh gotinp (GY.13.11): Upnmibprd YuunnwGwbp hnuwGph fun-
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nnwy. RwGh np hnuwGph
gotiph dhdjwlg htuin hwunnudp
pwgwnymd t. www hnuwbph
runnnywynid qunbynn henny
duwuhylbnp 60 Ywpnn anipu
qw| Onwlhg: Unylt duny hn-
vwlph juennwiyhg nminu
qunliynn Jwubhybtpg 360 Yw-
non purhwlGgt| funqnywly Canmobiny hnuwlph lunqnywyp Pwywiuwbw-
gwh pwpwy, Gwnbh t hwiwpt, on Opw (wibwywt bwunuyph prnn
yowntpnud henney dwulhytbpt mobt dhuinyl wpwgnigmlt mu quitg-
Jwoh fuinmigbp: Wn nbwpntd 04.13.11-md wwuinybpwéd hnuwbpnid
umnywih wewidwgywed thwy Jwytnunueny hannuyh (nhy hnupp Yihth
hwywuwn

0=z = [, + [ X, - [owiE -

(95.6)
=pvL cosa, ~pv,L,cosa, = -pvL +pvL, =A(pE):

Wuwnbn hwyh t weldwd, nn a, =, a; = 0 L np hnuwOh funnnywiyh yand-
UwihG g, dwltpunypny hsnniyh bnupg pwgwlwynud t (GY.13.11)
<wlwdwyl wirugbihnipwi (90.3) hwydwuwndwl, wwghnOwn hn-
uwlbpnd Q = 0, nunbinhg
oI = const, ywd pv L, =pvE,: (958.7

UGubndtih hennigh hwdwnp p = consr L unwgwé wnprynlbpl plnni-
Unud ¢ hbuinbyw| wnbupe’

v-Z =const. (95.8)
wlutmutyh hlinruyh wnwghnlun hnuwlph wpugmgmep hulpunwnd hu
Jbdwrunlpul ¢ hnowwGph furnnduidgh (wibwlpwd hannyeh Jwibnpbuhl

utubnitih hbnnigh  unwghnOwn  wnpadwl  ahlwdhywl |hryhl
Uywpmugpynud ¢t RERGNhh (94 $) L wihugbihnieywl (94.8) hwwuwpnd-
Ubpny:

Nhunwnyblp hindhnfuwywl |w)lwywl hwnydwoph dwytntu nlbtgnn
nnquiyny wlubndtih hbnndyh wnwghnGwn hnuwbpe Geb unqnywyl
nGh haphqnOwlwl nhpp, www S, L S; hwunwoépltph hwdwp (95.8) L
(95.5) hwwuwnpmdbng yuwb (0Y.13.12).
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v =S, e L=l 2 959)

TL\, — RS' .

S:

Ly 13.12
npunbnhg htununid t, np fumnywih jwyl dwubnnid 8Gpredp Jbo ¢ puy bt
dutinmd hnpn Upwlnid Yuntih t hwdnqyt wwpgquanyl dhnpdtpny
OphGwl, manwdhg Juwiudwd bpynt qruquhten pnptnh dhel on Wwkihu
pnpGNg Ununtlnud BG bpwp, Ywd et pnph Ynw ninnwéhg nnywd Lnép
wigphg thstiiny pwndpwglblp ytn. w)t hp htw pwndpwglnud t Gwl poeo-
pQ:

Ly.13 13

4. Snppylipp puwbwdbp: Niunidbwuhptilp wiuwtu yngdwsd Snpfistipr
houwwlpp (0413 13), oqunytijny uunwghnGwn hnuwGpbtnh (95.5) pwlwdlt-
nhg:

fBtL pOnhwbnip nbwpnid Rtintnyhh hwywuwniwt wg dwup wwn-
pbn t Lwpptp hnuwbph qdtiph hwdwp, uwywt npny hnuwbpbbnnud wib
mOh dhLOnyb wndbpp hnuwlph pninp gébnh hwiwnp Unwhuh hnuwiph
onhbwy t uyqplwwtu wiwnd hbnniyh wndnudp: Ppnp. btnnuyh wquinn
AA Jwltplngeh Yypw hnuwbph pninp qétnp qunbymid 60 dhlomyb wwy-
Jwbitpnud, heunblwpwn win dwumd
w2+ P «pgh=8 (95 10)
dténipinOp 0Nyl £ poynn hnuwGph qotph L funndwilitph hwdwp. np-
wntn P, -0 wpunwphl JeGninpuwyhG 86Nl ¢ A -p C wlgphg hbnmyh wi-
quuw dwybnLnuyeh pwndpnipinitp lunnnywlyp C Gjpnid Rerbnghh hbunt-
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gnwi b mOh hunbpw nbupp.
M~ /2« P - B, (95.11)

npuntn v -G henmyb wpwgnueintllb t C unqnywlyh bypnud:
Oqunytiny (95.10) L (95.1 1 wabynipniGlEphg. YnibELwlp

vzl +2gh: (95.12)
<nuwbph wihuqbihniewl wwjdwihg uwwnwbnd BOp
v, =X, (95.13)

unnywih (wjbwywl hwnnygh & dwlitpbup whwdbdwwn thnpp t L, hg.

wjbuwbu np veax v L (95.12) pwlwdlnd Ywpbih ¢ wbwbut) v.” wlnwdp:

MipbdG, hanntlh hnuwlgh wpwgnigmbp Gbn unnnywiynid hwywown t
v=\2gh: (95.14)

dbpehlu Yngdnid & Snnfutyph pwbwdl AuinbGp. np unwgywép hwd-
pOyanud t ~pwpdpnpm hg wqun pGyonn dwpdGh wpwan ppwb heun

Get nhumwnyymn tunep Apywé t uwpwlh Ynw, www wit Yawnpdyh
henniyh 2ph hwwewy ninnnierude Yw, rwuninnbl, ghrgntuwlpaul quit-
qwony dwniGh pwnddwl ophGwy t, npned ebwynhy mdp hwywuwn t

F,=u dm =y prdr
di dr

OnpAbwywl Swlwwwnphny wuywyn nidwswhny utinwihl wdpwg-
LNy (OY.13.13), Ywntth t uinnigl) etwyunhy nudh hwdwn unwgdwd w
wnunwhwunnmpnlbp:

=pv'L=2pgh%:

§96. UUDMAPY 2EUMY: LUYBL-URNAUN
uquuurnut

1. Ppwlwl hbenniyh wpdnudg vwippbpydnud t habwwywl hennyh
(89.5), (90.5) L (91.6) hwywuwpndGbpny GYwpwgnynn wpdnudtenhg.
npnbp pwywpwpnud 56 (91.9) bqnuwiyhl wwpdwbhG. Mhin Jwndth dwut-
pLnyeh (Wwunh) znunhnn MinANRULE hnGwiwywl hennuyh wugnipyni-
Gp ywidwpuywl t: dwuwnnpbl. unnnywig, npny hnund ¢ hnbiwwlwb hi-
AnyE, fuwnnud t hnuwlph funanywiyh nbp L naLt 2nuihnn qwpnidny ¢h
wngbiwynud henniyh hnuwlpht: dpwthg henlnd £, np hnphqnlwywl
junnywih dwnbpnud 80nidbbph gwilwgwo thnpn Lwnpbpnel Yuw-
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nwewglh honnyh wpwqugnn (ny unwghnbwn) hnuwp: Ppwlwing
ynndine vuhu 66 wy wpyymbp hophgnlwlpwl fumngdwlynd unwghn:
Guwn hnwwlgp Mawpwidnn ¢ dhuiyl funndwih Eppulgnyd hennulg 800wt
woydwl nbwypmd- Ywlnd Yuntth t hwdngyby O4.13.14-md wwunlr

A BWC

W 13 14
Ywo wwnqugmil thnpdng, npnid A.B.C dwindtunpuiywl funnnywylbpnid
honnuyh upulb pwpdpneinbobpp Ghpluwglnid 66 hnphqnlwywb funnn-
Jwiyh hwidwwwuinwigpuwt dwutpnid honnugh 60wl wpdbplbng:

Uu Bpunyep Quintith t pwgwunpby wwuwnbphg hbnnuyh « ywnsdwis,
hGswbu bwl nenryned Gbppht hdwlb nhuhwwunpy Ynfuwqnbgnipywt
wrwinippult blpwnnnipjwdp: Mwwntbphg htannuyh «Yurgdwls BUwnnne-
InlGp Gawbwiyrid t. op wwuh (whin SwpdGh swybplnuyeh) ynw A o
wwunh hwnuwebnwlput pwnomdp puwgwluymd ¢ Opt wwuinl wiliwna t.
www

v = 0: (96 1

WuhGpl' qpn b wwuinhl hwpnn honmy 28nunh wnwgnipml ng dhwb Gne-
dwi(. wyl 2nwihnn pwnwnnhgo (iInhy wpwgniemip) <enmynud nhuhww-
wnhy hnuwqnbgnprul woluwjnieinibp Gawbwynd . np Bpyne hwnlwG
26nunbiph dhel gnpénud 66 Upwlg hwpwebpwywlh wnwgniembhg Ywiu-
Juwé pwg 2hdwl ndtn (§28): Npwlip GEnphlh apdwl Yws dworghlymprul
motnt 64 npnbp dqunnud B Ybpwglty hbnmiynid hwpwptnwigwl awn-
dmdltpp: Ujo. np qwpwnpywédp bwiwwwwnwutuwbngd b hpwywbnppuubp.
Lwntih t hwdngyt] Gwl Oy, 13.14p -nid wwuinltipduws thnpdny: Munndwl
gt9 nbiny B uywdwewyp. phy wig Gnyt nipnmipiwde Yuluh wunnyty
Gwl 8ynil pEihg Yuwhuwd A ufwywewlyp PNndl wyu wnnnibpp viwihu t
pOswtu hbnnuyttpmud, wiiwbu t] quqbpnud:

Rwlh np tytph hwywuwpnidp wewehl ywngh nhdentbghuy huyw-
vwpnud ¢, www Opw (neendlbpp 360 Gwpnn pwywnwnty (96.1) «wns
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Swhy Wwpwoh Npw hwdwn wihpwdtun t, np hennugh wndiwl huw-
Juuwnpmdp wpwamnpwl Gywuandwdp (hUh qnbt Gpypnpa Ywnpgh nhdt-
nEOghw| hwywuwpmd Uuhipt' dwémghly hennuyp 2wnddwlt hwywuow-
prudp bbph hwywuwpnudpg whng b uvwppbpdh puin ynnnnhlGunGbnh
wnwanipjwl Bpynnpn Ywnah wowbgyuw tbp wwnniGwiynn winwdbbpny.

2. lwnwptnwywl wpwgnipniihg dwomghynippul nidtph Quituyw-
Onipinibp hnpdny pwgwhwipnt( t nbolu Lyvwnip: hgnip wiybpg tp-
Lun Bpynt gniquihbin hwppueiNtlsph dhel (gqwd t htnnuy: Onpdp gnug t
wnwihu. np hwnenipinLoenp hpwp qriquhtin hwunwenil u.<u; wpwgni-
pnbltnny wnbnwihniubim hwodwp wihpwdtun ¢ inwGg Ypw Uhnwnt)
nwuwnwunnlG F,-F notp (by. 13 15); COn npnud dwybplnyph dhwynp dwyt-
ptiuh Ypw waqnnn 2nwdhnn £ nidp minhn hwitdwunwlyw t phplinbbph bw-
pwptpwiwl wpwagneputp U hwiwnwnd hwdbdwunwut 0nwig dhel 2:
- 2y = Mhtnwynpnipaulp.

-u

h
Uuwntn 7 -6 pnipwapnid £ hinnuyh dwénighy hwanynipinbbepp L ynggmed
t hennuyh aAowdiy duornghympput gnpdwghg: U <-nud wiG nbh bgd.y
swhnqwywomeinl: <wiwhu ogunnymid B0 (b ghabdunnply dwomghlnge-
A gnpowlighg

(96.2)

v=n/p (96.3)
nnb nGh &' gwihrnwywGneyn G
Sypyy pbpdunhswond nhbwdhly duwdmghymprulp wilufu t ht
nrulgh 8Gprdhg Py uhltdunhly JussmghlynpGp hwlwnwind huwdbdu
wnwlpwl ¢ 8Gp0wap:
LUnpiw wwjdwiennud onh dwémghympwl hwidwp dhnndbnp nw-
(hu & heunlyw) wndbpOtNE n=1,8-107UGdy, v=1,5-107 0 J. huy gih-
gophlh hwiwp' p=1,5-10" U8y, v=1,2-10" &4:
Cwpnbwiblp GY.13.15 -nud wwunybnpywé thnndh pllwnlynudp:
2uwlh np phptnbonh Ynw hwunwuwnnb nidbn Uhnwetihu Gpwbp 2wn-
dymd 60U Awfwuwnwiuh www hennyp phpbnGtnh ypw wqnmd t win
ndtinpg hwdwyenn - F. F nidtpnd <wdwdw)t Lnunnbh tppnpn optGph
PhRENULNG hptlg hepphl hennypr dwltplrpwihl 2Epwh Ypw wqnnud BG
F.~F nidtipny. wwwhnytyny hbnniyh «Quingtwis wwidwp
vi(z)=uiv(2)=u,. (96.4)
nPutn X L Z wewGgpltnG puunywd BG 0y, 13.15-nmd wwuanybpywé duny:
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Uwnndh wnpnhtind honruyp phebnltnhl qriqwhbe widtpe pwpwy
26pubph L nhunwinltiinyg Gpwighg jnunwuwbgniph unwghnwn awndrudp.
Gwpnn B0p wanti. nn Qullwgwd ¢ hwunnierul 2BPunh shwynn duwlt-
nbup hwnluwl 26puntnh ynndhg toewnydnd t deonupudp hwywuwp n
hwywnrwy manydwsé

r.-ndv /dz (96.5)
2nwhnn (wpnudGsph: CGn npnud phptinh dwibpLnuyeh Shwynp dwytntup
ypw hbnmyh ynndhg wqnnn 2wl mdp hbog (96.5) nawthnn (wnmdi t

phRENh drw’ Ytngqwo hwiwnwl bawlny. - 7. ;.

Paswtiu dwiybplnipwiht onpdwy (wnnidp, 2nwdhnn (wpnudp Onglugty
hwidwpdbp t dwywwiht ndh: Uhwit pt wiu nbwpentd dwydwiwihb mdt
nbh nhuhwwuwnhy pUnuye Uwonighy wlubndbih htnndyh Gudwjwywl
wnpdiwl nbwprd Opw shwynp dwywp toRwplYmd t dwonghlyn piwi
dwywiwihb (n = const nbwpmy)

J.=ndv (96 6)
ndh wqnbgniepulp, npunbn A -0 Yngdmud t lwuguwuh outinunnnn npp
Guwwwd t ¥ owspwunnph htnn A = V-V 4enwy: U NinnuGlaub Ynnpah-
Gwuruh0 hwiwywngnid nuGh heunlyw; nbupp

> 2 a2

= a’_ + a_ -~ C_ B (96.7)
uytiwgltiny (96.6) wpuwhwprnnieiniip tpeph hwywuwpdwb we
dwunid, Yunwwlp dwonghly wintndbnh hnmlgh jwpohwl s Upn-
Puh hurjunnupnidp
p—.a! +p(vV)v=-VP-nAv+ f. (96.8)
ct
npp Spyph owinnpwG nuch nuiunnud mbh heunlywy nbup.
2&(vV)v=g—lVva.iw: (96.9
ot ye)

U hwywuwpdwb (nudnudbbnb wipnth Ywpnn 60 pwywpwpb) «Ywnay-
dwln (96. 1) Bqpwhl wwdwbha:

3. dnuwliph wofuqtiprmpaul hufwowpndo wiywtu t hbnniyh hnbw-
(wlwb yuwd Jwénighy |honig L nulh GnuyG (90.5) wnbupq

Uworighy henmgh hnuwlplb wnpwpunn (hot; sh wpng: ALBLWINY



nhuhwwunhy pnue, Jwénighymppuul GenphG mdtnt hpblg pwgwuwywi
wliwwnwGpny honmih Jeluwlnulwi totpaghwt wipbnhwan yinfuwp-
ynud G0 pEpdnepwl. "W Yunnn t hawlqbglt) henniyh wohwidwubn -
pwgdwlp. huly ybnehGu t| ebnpdwhwnnnndwl jnwgnighsy bplmyeh wow-
pwgdwlp: Lwd tpbnyplbpp hwayh 66 webymd hennuynud tGbpghugh
hwdty2eh hwywuwnnudny. npp thnfuwnhbned t Opw Yhswih hwywuwn-
dwip: Up hwjwowndwl unwgndp nnipu ¢ dBp dpwanphg: Mwpquignil
nbwprid woubndtih hennyh hwdwp wil nth htunlyw( nbupp.

T (W) -aT - & (96 10)
cl

npuntn r -0 yngdnmd t henniyh géndwaanpswluwunnpnuwpuomprut gnp
dwing. huy e -p dwémghlnippwip wwpdwlwynpywsd totinguyh npupuyur
ghwa ¢ honniyh shwynn dwyugnid dhwynn dwidwbwymd gapdnipwb n-
pwnyywo tobpghwl: UGwnd hbnmiynud (96.10)-0 vwwihu t g6ndhwnnn
nwipulniepul hwywuunmdp

eT

i AT, %6.11)
PR, uwlw)G, hennyutpnud nibh uwhdwbuapwly yhpwenipnul, pwGh np
hnnuyibnnud eendneaul Enuahntunipinlup hhdGwywlbnd ninbygymd t
UnOytghwiny: (96.11)-p Oywpwannud b pouunnpnuwiputngnilp whin
dwndpobpmd (dmnh hwywuwnpnud):

§97. UMESDP b4 MM UQbsLh 2nUULALEN

Uwdmighly hbnnihh ywnep Ghwpwagnpnn (96.5), (96.9). (96.10) hwywuw-
prudbnh hwdwywngp wowhuhy dtpnnGepny (noti6 pinhwinp nbwy-
prd wlhGwn t: Uhwjl npnp wwnpquagni hnuwbpltph nbwpndd t, np wn
hwywuwnntdbbpt motintd B0 wlwihwnhy (mondbn Shpwewbwo Gw-
Lwynipprul uGnpnitpp bhdbwywGnud |nidynud tG dnuwynp pywiht dtpn-
ntbpny: U hwywuwpnudGbph wowhunhy (médwl hhibwywo dwetdw-
whiwywl ndJwpmpniip wwidwbwynpywo t (vWv ny gOwpht winwdny:
Ui wuwpwgnwdpmd ynhunwnltlp dwdnighy henniyh uwwginiwn hnuwwl-
pOtn npnlig hwdwp (Wiv wlnwdp Onybwpwp qpn t: wlp v L
TnwqbgH hnowbpbbnG BG:

Uwdnighy htnniyh hnuwGp Yunbih t wewewgll tpynt vwipptr b-
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nwiwyotpny.

- wpunwpht (dwdwiwiht bwd 800wl mdtpny fophbwy hnphgn.
Owyw fumndwih swintnmd 802n30Bph LwnptpreiMtl wewewigltiing.
Yy unqndwyp hnphqnlwlwb Rhpphg 2bntiny).

- hbnnuyp wwpthwlynn wwnbing ntnwwndtiny:

BUJwl wolpdwi dhengny wowpwgnn hnnulyh urnwghnOwn s
20 insyymd ¢ Tmuuligh hnuwlbp wunntinh Jwndiwdr wowpuwgnn huawuG
a0 Unituh howwlp: ULwunpn wwpwgpwdnd Gywpwanywéd thnpdbn
wjn hnuwGplbnh ophbwyltp &L.

. ubwnp bupp-qmquiblbo hnuwbpp: Nwuntdbwuhpblp wpwaME)riG-
Obph L 8020w0 pufunudp By 13 158-md wwuwntSndws hnuwpmd Udpwg
ooy Ynnpnhbwwnnbbph XY hwpgnebp unnphG phebnhG (bY.13.15)
[uGnnh bqruwihl (96.4) wwdwbitnp Yonm 0BG wuwhuh wbup.

v(2=0)=(0): v(z=h)=u: Cas¥

UGubndtih henniyh unwghnGwp hauwGph hwdwn wolugbihnipjui
husjwuwnndt pbnntined t hbunlyuy nnbupp.

Vyz-.aL-.cL.'._aL.:O. (972'
ox oy oz
huy Lunjs-Upnpuh hwywuwpmdp'
(vV)v = -l—VP+g+ VAV : (96.3)
P
Gluhiny hnuwlph hwiwsunhmg-
1 g, Lwnbih t wnk|. nn qpajhg wwp-
. 9 Pbn t htnmyh wpwgnipul dhwyl v,

| pwnwnphyp. wv.0,0): Twpq t Gwl, np w-
pwanipintip (hOgwybu Gwbl 8Gmdp) &
Lwnnn Ywhudwé 1ty y YnnpnhGwunhg

b 'u v = wx2) - Un nbypnd wiptnhwunng-
-— aulb (97.2) hwywuwpnushg hbunbmd t
IL — = ovx = 0 whlph v -0 Guiuduwe gt bl
LY. 13.15 v YnnpnhlGwuwnhg: Niptdt v = Mz): U
wwwilbnnud wythwpn t, np
(vV)v=(); A;-:Id—?‘ (97 4)
dz”

Tpnyunting (97.3) hwdwuwpnudp X L Z wewbgplbnh pw. hwyh
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wnlb(nY g = -kg, L np “nitinh hnuwGpntd pwgwywinid £ hnuwGph talwjl-
pny 8020wl whlyridp, wyuhlplh P = P(r), Yuunwlbwlp

dv _o. 4P 97

d:: =0; A = -pg (97.5)

Spunpnpn hwywuwpdwl hbntgnmdp vwathu ¢ henniynud 8000 pw-

Aunudp. P=P,-pg(z-h). npp hnuwOgh nhGwdhywih pw gmGh nplt wqnbigne-
pel, huy wnwehthg unwGnd BUp wWz)= A-Bz opblpp: A L B hOunbapdwl
hwuwrnwinnbbpp npnaynid 66 (971 wwpdwlibphg. A = 0, B = wh: {Gunle-
wpwn, Umtuh hwpp-grequuhtn hnuwbpnid wpwgnipnb MOh hsunlgy
pwgtunidp

P4
"Ne)=u—, 97.6)
v(2) uh

nnp Ubpyuwpugywe t G4 13.15-nu rwpwgmepul qowpht unndfy): <enn-
Lnud phdwil (wpndp wdtampip shllngyblb t L dEoneRULR hwywuwn

dv u .

T, = "I = 17-’-'. 7.7

o0n namud uinnphlG wGwnd phrtinh Ynw wyt nh hnuwbph NnnMendp.

huly Jtinhl phetinh Ynw' hwlwnwy mannenl: Uin wwndweny unnph(

phebnl wiwnd wwhbin hwdwn wihpwdtu t Gnw Ypw grpdwnpby F =
m&’h md, npuntbn I U phebnh Jwignlnyph dwibpbul b

2. tmuwqlgh hmpp-qorquibbo Anuwbpp: Un nbuypmd phebnbtnl wo-

wnd b0, vwlwio X wewlgeny gnpdnud t 80ns0tnh hwunwannll vwp-

papnuRyNIG.

P(x=0)=PR. P(x=t)=PF,: (97.8)
Cwilwguwpmgul  OywunwendGtphg o
L wipbnhwunnppulb huwywuwpnidhg ogun- \ p
dtiny' Gnphg Yuunwbwlbp' v = Aqc) Wluwbu —_— - /

nn &han BG Gwl (97.4) welynpmbltnn: _—
Mnnbyuntiny Lwyt-Upnguh huwdwuwpmni- — -
dp X L Z wnwbgpibpny, YunnwGwlp T -

a_P.—.-pg' a_P.= Q (97.9) o LY.13.16 N
oz x a
Upwehl hwywuwnpnushg uuwgynid t P(x.z) = P(x) - pglz - h): Sb-

nwnptyny wio bpypnpanid, Luunwbwbe
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) dvla)
dx dr

nnh dwhu Jwup Ywiudwod t dhwil «, pul we Jwup z Ynnpnhlwuwnhg W

howpwynp t, et hwywuwpdwl dwiu L we dwubpp hwywuwp BU dhe

Omyl A hwunwunm b ayhl: Ogunytiny (97.8) wwydwlhg. yniGbLwGp

s 97 10

,,:’3;’}:_5‘?’3‘ @711
npunbn dP=P~P,>0: Cun z-h (97.10) hwwuwndwh huunbgpnidp Www
v(:)=—£z:+8:+(" (96 12,
2t

Pawnbgndwl B L C hwunwunnbitpp 4npnptGp. oqunytinyg bqnuwiht «Lwn:
10whn wuydwlhg.
v(2=0)=v(z=h)=0: 9715
Npn2tyny B.C hwuwnwunnnbitpp b wnenwnnbiny (97.12)-nid, Gbplw-
pugltlp Ybnehlu htunlpw Yonw

6P h, K ,
v(2)= -5;7?[(: - 5)' - —4—]: (97.14,

Nipbdt, Mnuwqbyh hwpe-qriquihbn hnuwGpp plnvpwgpynud t wpur
qnupinLiGbph nwiinh wwinwenwlpwlt wpndfyny (GY.13.16): Mwwnbnph Ypw
2dhdwl (wpnudp ninndwé t X wrwGgeny L hwywuwn t hdP2!:

3. Morwqlpp houwbpp finp qubanhb pAmpnhwlnd: @uGh np hnuwd-
po hwidwswih t guwlh wow-
Ogph Ghwundwdp, www hw-
pdwp t dbpehlhu BpluwC-
pny minnb| X woewigpp. hul
hhdph btinn Ywwby r.o) ple
Gnwiht  Ynnpnhbwunwywl

‘ hwnpntemlp (Gy.1317) &n-
p vwlpp unbnéymd L wwh-
L1317 ' wwOyrmd ¢ 86znudbbah hu
wwinnLl nwppbpnuewide.
P(x=0)=P; P(x=1)=P: (97194

nwnq t. quind hnuwopl mGh Shwil v, pwnwinphg: Cunphin| hnww(-
eh wowlgpwht hwiwswihnipjwl, v, P 8énpntLGEN0 whipwha 66 ¢ Ynnp-
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apiwwnhg (Gwinmpwlb Mah wgnbgnentbl wiwnbumd BLp). ULpUnhw-
onpgwl hwywuwpnidhg hawntnud ¢, npy, -p wiuywd sh Lwbox -hg.
v, = v(r)’ (97.16)
Uju nbwpmd
(Wv=0; aw=it LT A
rdr. dr/
dbpghblbphu bwywedwidp Lwyt-Upnpuh hwyjwuwpdwl punw-
nnhybEnQ ~ L x wnwlgelbnny Yhits
orP 16P 1d v
_— :0' —_——_— = - (r -
cr néx rdr ar
Urweoht hwywuwpnudpg hbwnbmd ¢t P = Prx). puly Bpypnpn hwyw-

vwndwl we L dwhu dwubnp Ywhuwé (hitiny rwnptn woywi hndntuw-
JwlGbphg, wawnp t hwywuwn |hoto ShLomt bwuwnwunith A SE8nLRjwP.
nng npnaudnud £ (97.15) wwydwlhg.

A=-8P/'npl. 6P=P,-F <0:
Stnwnntiiny YenghGu (96.17)-md L hiwnbgnt|ny puwn r -h, Yunwbwip
v(r)=-8Pri/dnl« Binr+C:
Qwih wrwigph Ynw wpwgneulb Yspguynn |hotine wwydwihg he-
wlnad £ B =0, huy C -6 npngynud b wnwamipt v(r = R) = 0 bqpujhl ww-
Jwihg.

)= A: (9717

C=06PR 4N, (97.18)
nunbin R -g quilh awewydhnl t: Nipbdl
v(r)=-6P(R -r*)/an. (97.19)

wpwamprst wpndhip Gnphg wwpwpny t. pin npnud. wnwaniemlt hp
wowbjwanil wnpdbb plnniGnd ¢t quubh woawbgph Ynw.
v..=v(0)=-6PR /40l
Uhwynnp dwiwbwynid unnnqwih jw)bwywt hwunywépny hnunn ht-
Amuh quitiaywop Yhh

y nsP
= (r)2mrdr = -—R", (97.20)
0 !P‘() rE ]

nnG ninhn hwdbdwunwywo t unqnywyh 2wewynh snppnpn wunhSwih m
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Shwynp bpgwpnueaul Ynw 020wl wiytdwt wpunwnpuuho L hwlwnwn?
hwidbtdwwnwwO henmiyh ghtdwunhy Swenghlynigjusp:
Nwuwnh Ypw henmyh ahdwl jwpnidt unnywé t hnuwGph Bnlusjpny
Lhwywuwnt’
ldv| ROP
T, =n— =2
2 Tide 201
Uu wwnwgnwdnd nhnwnywéd hnuwbpltpp hnbwjwlwowgnidts:
60. pwGh np hennyp wwipdwuynn whin JwpdhGosnp Stewnnymd GG we.
uwhdwl swdhtinh 0wjwé npw, wju wpyrGpltpp gnpdbwwbnd unw.
gb| 60 (Wit Yppwenigindl, bet, ophbwy, phetnbtinh tplwnnuenlltent n
(wjtneyInLblbpp wihwdbdunn b6 bl tpwbg dhel hbnwynpnigginlhg.
Qquih bpywpnueimbg wohwdbdwn dbd ¢t Gpw wnpwiwasdhg: P by, Glwl
ginpdbnp wewehl wiquwd <waqblhG (1839) L Mnuwqbghl (1840p) hwlgtg
nby B0 (97.20) wpynlbphb. nnp heunwgunud nbuwbwbnpbG uarwgt ¢
Ugnpup (1845g): bwywG t. nn <wqbilip winb; t Gwl, np (97 20) wpnyndlpe
dnpéntd ppwuiwbmd t hnawbph Ny 2w 3E0 wpwgnuenlbph L du-
onighynigjul ng 2w thnpn wndtpltnh nbwpnud:

§98. NLALALTUT PHY: LUUPLUCL tY SAURNLLELS
2nuuueeer

Onpnnhlwdhywh  hwywuwpmseph  Owlunpn wwpwgpwdnid
unwgywéd S2gphuin (nudnuilbpp Yepwetipnud 50 wwpquignyl hnuwGpGt-
phG: Ut h pwpn nbwpbinpmd npuwbg 82anhun |mdb(p nwnlnud t wihGwn

<nuwbph nhbwdhywih Yapwpbnuw) Ywplnnp wnbnbymegnoobn ywnt
b wnwiwy hwywuwndwb oke dinbn nwppbn winwdbbnh JtdniewL
Lwnap Quwhwntiny L dhijwGg htiun hwdbdwunbimy:

Luwitu nhunwpybop wiubndth dwomghy hannilh unwghnluwp 2wnd-
ndp, bpp pwgwuwmyd 50 wpunwpht dwywwiht nudting: Un nbugprid

(vV]v:-lVP*u\v: (98
p

{nuwlph wnpwgnipwl pUnipwapwiut Jwuvnwep Gwlwlytbp ©
(ophGuwly, hnuwlph wpwgnieuul dhehl Yuwd wnwybjwgnyl wpdbp, Ywd
wwuwnh 2wnddwl wpwgneimt L wy0). huy Gpiwpniejult ponEwqpuywt
dwuainwep € (umnuwyh wewdhn, wnnwdwghd, 2pghnuynn dwndlr
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qowihl gunh, dh unupny. htirwynpripinil, nah Ynw hnuwlgh wpwgnie-
mbp Ynmd b v ywngh thmdhnfuniginiG). Un newpntd ny gowhi (vo)v winw-
dp, nnp Gywpwgnpmd t hnuwGpnud hGepghwih nudenh abnp. ynblw ot-
dnuprul hEnlyw) Ywngp

[ALETE

puly dwdnighynipywl winwdh Ywpap Yhth

WAV = v/% :
Up dBOmpnibltph hwpwetpnignihp hnuwGgh Gwnpunp pbnuipwaghn t.
nnb wlwh dbonipym b t L yngymd t &Ly nuh ey

i:v—?:ﬂzRe: (982).
[ S

NEjuninub pPY0 wpunwhwjundd t hnuwGph nhlwdhlwimd hubpghwh
L ahdwh mdtnh hwpwpbnwywb nbnp: NGjnRuh rUh dhnpp wndtipltnny
nuwlpltnnud gbpwyzendd t JwédmghUmpput nbnp. npp hwnerbglnud t hn-
uwlpntd wnwewgnn thnpnp wihwdwubenipblbpp  Wwl Mmuwlpitng
pompurgnynid 60 wnugngrul 86pdwi b funnigul b mrpwim
mnpahOwdhlpuluits nwanbpmy L gngdmd 60 qwopbwn Nannuh sbé
pUny hnuwbplbpnud qEnwlyzend bG hatipghwh ndtpp. Nanlp qupquwg-
Onud B0 hnuwlpnud wewowgnn wwwnwhwwls wihwdwubempnbitpg:
Un nbwprid hnuwwlpn pampuwgmdnid ¢ 860w funnpuul pbpduranpsur-
U b wpugmpprul nwanbnh pnpmly fupun wlluOn rprfunt o Got-
A "wu henniyh wnineny Eawn jupdnudl b UhGsl wyjdd nhunwnpwd hn-
uwGpltinp henmyttnh (wdhGwp wnddiwl ophbwyitn B0, npnlp pOnLEAUD
dbe hwqywnbw b0 hwtnhuynd:

PUMippul B9, nbuGhywind hennyGbph L quiqbph hpwlwb Jwip-
enudlbph 802nn dESwdwubMEINGE LIMpnEOL t: Unwhuhe BG dplmnn-
nnud onh pwqiwnbiuwy Jwpdnudtbng, uuwd dwibplniewiht pry pui-
dhitiphg L Yenewgnuwé delnippuwh plnhwlnin ghnunyweghwih (ghy(nGitn.
wlinhghyntGtn) wndnudttpny: SmppniEown B0 9ph hnuwbplbnp qbuk-
nnud, dmybpnud, oyyhwlnulGbpnid. hGswbu Owl gnpabwlwl Lawbwympe-
NG mobgnn wwn hnuwbplbn' funnnywylbnmid, hnphewiht wndhsGb-
nud, appbnuy nn SwndGh heunlnud

Snippmytan hnuwGpGbnnud hhnpnnhGwdhywywl nuwuntph wilw-
00 pwpwtunudtbpp hwigbginid BG Al ih hiwnbtuy fuwebdwn, npl
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hp heppnlL wnwaquwglnd t ebpdwhumnandwl. nhdnghwih Gplnyplbng
Un wwuwndweny Ywplnp t hdwiw) wjt wwdwlGepp. npnGg nbwpnid he-
nniyh (wohOwp hnuwbpp wGgbnid t vinippnybGunh Uiu hwpgp nbrlu 3
unwgt| hn wywnehg wwuinwutuwbp:

SnunpryGonnp)wt Yoepwesnuuy wnweht thinndbwywl wpnynbpltbnp
wwnywind BU <ugbioni (1839p.), npl withhntu 8020wl wildwl wuwy
Jwblbpnud thnppwglbing qumd hbnniih dwonghUnipibp. grug ¢
wnydti. np henniyh (97.20) hnupp bwhu wénd t dhGL npnpwyh wewybjw-
gnU wndtp. nphg htwnn yupnuy Gdwqnudr

Snippn Onnieprul woewewgdwl pOnhwinun hwitnwthp sy t NG-
Oninup (1885 ) UL wbnmd t. np hnuwlpp JOnud ¢ (wdhGwn. pwlh nta
nEjun(nuh (98.2) phdp sh gbnwquignu npnawlh Ynhuhlwywl R., wp-
dtpp: Uwyw)t htvnwawinid wwnqybg. nn dhuyl NEGrynuh pyh wpdtipny
wohbwn ¢ dfwundpnnbl Glrunwgnty winipeny 6ot grul wowgwgndn.

Onpdtipp gnug G0 Liwihu, Np R, wnpdtpp fuhuwn Ywiuywd t lumnyuw-
Lh wpuwnbnh ywonieguwi sgunhhg (wuwbu Yngdwd bnuwdph «uyqpeliw-
ywl gnpgeywonipuul» wuwnhswthg) Gpt wihwne wwwnbpny funqnyw-
ynud tnmuppng BGun ebdhdh wGgnuip Yuwwrnwnynd ¢, wublp, R, = 2800 wn-
dtph nbwpnd, www, Ybpwgltiiny wihwppnipinibGtpp, hnuwbph jwdh
bwp tiondp yuinth t dgdqly higl 20000 L wyth wpdtglbnp: Con npnd
hwpnGh gt, (wihbwn rtdhdh wp 4qdamip NGOMNuh pYh BhgL n'p
wndtpl t hwpwynn: <bwpwyn’n t. wpaynp. JwihGwn etidhdp dqagl; dhi-
$u R, —wo wndbplbnp. wjuhtpl’ pUnhwlpwwtu swlglby tinuppnybiun ok
anih. pE gnynupinil niBh R.™ wndtip, nphg htunn hnuwlph punyeE hww-
nwin inneppnt B £ Wiu bwpgo nbn 3h unwghy hp uwwehy wwuwufuw-
U Vwluyl gnynuggnel nlbih R.™ =2300 wipdtp, nnhg yngn Nginnah pyny
Anulpatnn wllpufu « Apraw!lpul gnanuwdnpaui. wuwnhdwahg dhyu
Jwidplwn 66:

SnippnyGLunneuult wpwowgdwl tpunypp Ywntih t gnigwnnt G4
13.18-nd wywunytpwé thnndny Neininuh dhnpn pyny  hnwwbpbtinnid
(0Y.13.18a) B junnnywlhg biinn Gepyydwd henmys moOp wipGnhwuwn 2heh
wnbup, nnp gnug t vwuihu hnuwGph jwishOwn pUnypp: R.. wipdtphl hwdw-
wwiwnwuhuwGnn hnuwlpnid B tunnnywiyh Giphg ng hbineru phpp (wjlwGnd t,
Opw Ypw wewgwbnid 80 wihgltp, uyhqp nGtind dEé Jwuunnwpeh dey-br-
4ne dpphyGaph. npnGp vinnhyBiny pwqdwehy dinpn dpphybtph. unnnyw-
Yh ytpenud plngnynud 66 Gpw 1phy (wjbwlwl hwanwépep (6Y.13.18b) R >
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R.. houwlpbtnnd B funnnywyhg G6iLnn nennuyn 2peG wnntl nln wmip-
any 6w plnue L A fumnyuwyn widpnng dwywip gymd t tbpyyYwd htnn-
4ny. Unwowguwid dnnhyGlnp dbdwglnid tU hnuwlph shdwannienup. nnh
unphhy chnppwlndd t funnnwyny dhwynp dwdwbwymd hnunn hennuyh
pwlwyp.

A Ly 1318

L. 13 19-md wwiinybpywé B6 unqnuiyntd wpwanieiwl wynpndhGt-
np (wohlwn b wwnipenyOwn hruwbeLEnh nEwpenud AG20wl wiydwl LnuyG
wndtph hwdwn: PUswbu inbulmd E0p. tinippn 0w hnuwbpnud wnwgnt-
g Gp GnyLl t funqnywyh hwdwppu wdpnng |w)bwlwl hwunygwépny, pw-
gurnipjwie funnnywyh wwwnbnhl hwrnn pwpwly Enunh

24 )
b = h
‘s —— —_—
——— = —
: —e \ |wdhOwn . v uinnppny o
- ‘ ——
—_— ——— > —_—
- . - -
0 \ 0 A
Ly 1319

§99. UUZUULUBPL TS
NGnnuh 06 pYny hnuwGpltpnid Lwyjt-Upnguh hwwuwndwl
dbe ny qdwihl (Wv winwudl wihwibdwwn dbd t dwonghlnipiwl (vWr
winwdhg. Unwehb hujwgphg Lwnnn t pYw|. pt Gdwl nbwpepmid dwent-
ghynipjwl nbpp hnuwGph AhGwdhyuwjnd ponhwlnwwbu Gwntih b wiunt-
ubp Prwlwinud nw winwbu gt Uwonighympwlt winwdh wlunbunadng
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Gwiu hetglunid BLp nhdENtLghw| hwywuwndwb Ywpgp L unwlnid pnbw-
(wiwb henmyh wnddwt hwywuwnnudp. nph (MdnudGepp $EU uipnn puw.
Jwnwpt] vwhdwlwhG «yunidwls wwjdwiht Uinw yrndhg hwuunwan
Jwo t. np dnuylpuly sOsh0 Jusmghlyripprul nbuprud hanndgh « unsndps
wwnbphl wibnh niGh. Ujbwtu np NGjuninuh k¢ pUtiph ntwpentd hnuwbpp
Guntih t nhunt nputiu habwjwlwl htnniyh 2wndnud Shuyl whbn dwpdih
dwytpLnuyehg Jbd hbnwdnnmemiGhtnh Jpw: huy wwwntph dnun wnweow-
Ond t 26 npnud hnuwGph wpwgnipniOp wwwnh Ypw gpnihg Yupnil
wabiny 26nunh YtphG Eqphl pGnndnid t hnuwlbph wpwgnippul wit w-
dbpn, npp hwiwwwunwuuwind t nuwy dwuntd pnbwwywi hennyh
wpdiwlp: Conphiw wpwanippwl yupmy indinfunieiwl, win 26puk
wwhiwlobpmd v winwip nwinbnud t (Vv -h Ywpgh Uwnpwaqpyue
nnp Yngdmd t wwhdwauht sy npnud dwonighynipaul nudtinh nbnl
whuwnbiut] sh Ywpbih.

Munbdl, NGnauh pyp Jb6 wnotiphbnny Gluwpugmdnn hwwlplt
Pl dwomghiymiginip twlpwt ¢ whon duwndhlp Jnpwupunnnn Gbn uwn
dwlupls pipenmd Upwilihg nnuu vhpnyeabipnud henmyh wpdnudp Oyw-
pwanynud b hnbw|wwl hbnntyh hwywuwnnudGtpny:

Quwhwintlp uwhdwlwhl Epnh hwunniemMlbp wwnquagnyl hn-
wwlph hwdwn: Fhgnp { bplwpnippuwidp wiuwhdwl pwpwly 8nnp 2nghnu
ynud t hptl qmiquinte
hnuwGpny: Mwpq t. nr

- - - »  hnGwjwywl henmip
. 2 & Fls o, agw amh gnnipin
= = ( Uwywil dwémghy ht-
- nnynd 8mh wewn-
e U tph wpwgn-

w13 20 pNlp Uptinh wpwg

PrUl nwwh thnihntuni-
Rl (20nphhy dnnhU hbnniyh «Ywnsdwl») L uwhdwlwihl tpuh wnw-
ewgiwb (OY. 13.20): Uwhdwbuih 2epunnid (Wv wlnwdp sav -h unght
Quwhwuwntlp wyn deénueyNLLLENQ:

<nuwlph nunneudp wnwagnipulb L bpwpnipput plnipwgnuywl
dwuuuplbnt 600 waybpenigmibnud henniyh v wpwgrupntt ne dmh |
spLwpnentip: Wlwbu nn ny gwht wlnwdp u'/¢ Ywpgh dbdnipnil ¢
Lawlwytlp wwhdwlught punp huwnngmbp 6. nph Jpw hnuwGphG
ninnwbhwjwg ninnntpaudp honniyh wpwgniemlp qpnhg widmed b dhigl
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wublp, 099 ¥ (v wndtp pONNLMW t, fuhuwn wuwd, Swndlhg woytng Vb
nEnwYnnERU0 Ypw): Ujn 26nuninid dwonighlnieiwl wlnwip w - 8° Yup-
gh 85NNl t: Nptdl. uwhdwlwihG Epunned
URER AL SVVRR L
nnunbinhg
- \'r\'[—lJ:' \."R_C. Re = u’ v (99 1)
Yuwhuny, wwhdwlwha pnunh hwawanm gy Gp Ywtudwé ¢t NEoninuh
dhg: Nnpwl B6 & NELNnuh phyp. wjlpwh wytih dhnpnt ¢ -0
Znnh tplwiteny uwhdwlwihG 26pnh hwunnet ghndinfunieNulp
npn2Gint hwdwip (99 1)-nud ( p wowp b dhnfuwnhlt) x -ny (X wrwlGgph
uyqplwltunl pbunpqwe t amnh weglh dwinnud).
Sx) = \vx u, (99 2)
wuhlpl” LwhdwlGwih Epwh hwunmeNip hnuwbiph BPYwitpny wand t
\x ontipny (OYy.13.20):
<nuwbph Jad wpwaneintblbph nBugentd tinuppniOwn plnue t ypnud
Gwbl vwhdwOwihb 28pwInLd henmyph wndnudp: Upwagnippul wpndpi wiu
nbwprud Owhu qowihl t (dwdmghly Ghew b, witniheinl wand t (nqus-
nhpdwywl onpblpny (Auedwiwl wwhdwlbughl 26pu).
UwhdwlwhG 26nunh dwuht hdwuwn nbh funubg Shwib w) niuwpmd,
Bpp Opw 6 hwuwnnienuip wihwdtdwwn thnpn t hnuwGph pLnpwanwywi
¢ swihhg: Wn wwuwdweny «uwhdwlbwihl epum hwulwgnipnip Yuw-
qwd t NEuninuh db6 pyYny punipwagnynn hnuwlplbnh htw:
<nuwlplbph Wwipunp dh nwuh twywi huwnynenGGbp Yuwuwywd B
wwhdwiwihl 26punh wewgwgdwdp L Opw nhGwdhiwny: Sw hbamynd L
quqmd whon swpdGh pehnudwip wewgwgnn hnuwbpobnl BG:

§100. ThLY UULULP SrRNUMUC 20Uy
1. 2p/wnpmipub b Jipandrupd ndip: Sonmybtpmud L quqbpnud
whin Swndhblbph 2wnddwl niuniSGwuhpmeinp pwnn dwpbdwwnhipw-
Lwl tupOnpp t U hwdwndtip t wiawnd whin dwndth 2pehnudwt ln-
nh’ honniyh hnuwGpnud: Wuunbn phGwnyynid B0 hnfuyuwwiygywd tpynt
hhiLwywl fulGnhnObn.
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- howwGph ndhg whon dwpdoh ypw wqnnn mdtinp npnmd
- whin dwndoh nehnudwde wewpwgnn hanmh hhapnnhbwdhipus
pul nwpunbnh npnprud
<nuwlph Ynndhg whin dwpdGh Ynw wannn nudp Gwhuywo t hiywbu
dundbh duhg. gwihutphg. wilwtu i henmyh hqhlwiywl pbnipwantinhg.
hwuinywwbu Jwonmghynipinithg Upn nidp undnpwpwp ytpwdynd t hn
uwlphU qriquibtn Fy U ennuihwwg F . pwnwnphglbph (GY.13.21), npnighg
wnwehlp Yngymd t prdumpnipart nid (unsbnmunnid ¢ dwndlh awpddw-
Gp). huy bpypnpnp” Ybpwdpwnd mid
ShownpnipuulG midp htunlawbp t tnyne gnpdnGLeph whon dwndlh
hbuwnth L wnelh dwubnmd 80ymdGtnk twppbpniewl L hinnyh Jwén:.
ghynipuul: Uanmmmbhg nhdwnpnipwlt ndh Gwudwonienibp  ppl-
F.oaF Gwnyywé t §28 -md: NGl
o a nuh thnpn RYERNG hwilwww-
g § o~ nwutuwGng  hnuwGplbnnw
. nhdwnnnejwl ndp ww;jdw-
\ bwynnyws t hhoGwlwlnid
N dwénighynippudp. huly Nor

Gninuh JE6 pytnmy hnuwlp-

Obpmy” 80mouGRh Lwnpbpnueudp:

Jpwdewnd, hUywtu Gwl nhdwnpmippaul Midtiph wweowgnop utn-
nnntio Yuwgyws t 2pehnuynn dwndGh 2nng hbnmyh (quwah) wpwaniei G-
Gtph pwiudwl hbuy

2. Qmp vwnwghnbup spphnunulp whulnutyh ppbuywlpub bénodmy
WY, 13.22-nd wywingopywd 50 hnuwbph qotipp 2nehnuynn ginh 2npwlwy
pnid: Ljwuwntbp, np qinh Yebuwpning wiglnn, hnuwbpht nnnuihwpug
0,0; hwppngywl Ohwwndwdp henmyh wpwgnigGtbph pwlunidp hw

RA—/_/\@\\
NS N\

w1322 W 13.28w
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dwiwh t: Uhwunbuwl t Gwl glinh weglh L hbunbh dwutpnud 800wl puw)-
punidp, pwih np hwiwdw)ib LEnGnhp hwdwwwndwb,. Yepehlu npnaynud t
wpwagnenblbph pwalunidny: Pabwiwlwl hanniynid  pwguluynid t
Lwbl dwoénmghympjwde wwdwbwynpqwo ahuhwwunhy mdp Unnwgynud
t. np hnbwwlwb hennuynid wpdynn gnibnp swbup t Bbpwnyyh nhdw-
npniewl nudh wqnbgnipwl. U sqpuwywgnieynilp Unydnid t Jwywidptny
wwpwnnpu. Qephnutih hanniynid gunh nwlnwn wpddws hnpdbpp huwu-
nwwnt] 60 wu phwunp. Uwywyt whin dwpdhlienh hpwywl pwndnud-
Ubpp wbnh 650 MGONW henmybtpmd L quqepnid, npnlip odunywé 60 wyu
Lwd wib swhh dwdnighympejwdp LopghGu pbpnud t dwpdGh dwltpunuph
ynw uwhdwlbwiht 6punh wewewgdwl, L np widkbwywnurnl ¢ SwnpdGh
dwytplnuyehg Anwulph wniydwb 144.13.23). Ophlwy. 10 ud wpwdwgeny
anilng onnud 300 4 wpwgnpuudp 2wndysihu wnwgwgunud t Re = 2 10°
NGjuninuh pYny plnipwgnynn onh hnuwlp Bunlwpwn. ginh dwybplnty
ph Ypw uwhdwlbwjht 2Epunh hwuwnnieinilup Yhuh = 0.204:

3. Qigh dulhbpboymhg bonwbph wngnidp pwgwupdnmd b sunbyw|
yopwy: W 13.23w-md wwunigpywd t hennyh wpwgniepulb nwawng 2ne-
hnudnn qgunh 2mipep: Q0nh Switnplnuyeh weelh KA dwund gnnémn 80;-
dwl woymig wpwawgbnud t vwhdwbwihG apunh honnly dwulhybtnhl.
Qlnh htunbh dwunid 8020wl wunhswbwtuws wap wpabiwynud t henney
dwubhyltph 2wpdnudp, huy npnawyh A’ Yysuhg uuwd GnyGhuy nnp-
nnwd b Opwig hnuwlphl hwywewy wpwqgrigmb: UnnymGpmd wnwew-
Unid § qunh dwybpLnuyehg Anuwlph wnlmd UuhGpl' npnwih dwitinl-
nyeh Ynw wowewind t wpwgnippuwl npwihnn pwnwnphsh fuqud (VG-
qblghwy fuquiwl dwitipunuye) Qlnh Jwipinunyeh A'K' dwuntd wnwewbnid
t Jdoé dnphy. nnp. wniybiny dwibnpunuyehg. twpynid t hruwbeny L wpnh-
ymd pwquiwpehy dnpn dpphybtnp (G4, 13.23w); UpymGpnud qinh hewnlnud
wewgwind § wnnppeny 5w heup, nnnud ppwonud t totnghwih hownke-
uny nhuhwwghw: Ujubu np dwpdhlitpp, npnlg nghnudwl dwiwlwy
wewowlntd t uwhdwlw)hb 6nnh wnynud, hennuyh hnwuGphl gnigupt-
pd 60 JEd ahdwnnnueinll. Con npnud nhdwnpniembp wjbpwl wytih
thnpn t, nppwl wybih Gen t wnup-
wndtpltph nbwprud, npnignuy wwh- m m
Gwlwinl 26punp (wdhbwphg hnfuws-

pablun htwngn: NBinub pyh wit
pyydmid t tneppenyBOwnh, ahunyrud t Ly 13 23p
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13 26
ytnwnpniudp hwiabgonud t hnuwlph wpwaenipiwlb waht Uw hwpunGwpt-
pb L munudGwuhnt| ¢ Uwalnuup (Vugomuh ¢p6gum Ypwlng b wwdw-

bwynnywé ubnuwohg ainnytiny poYtnn pbeL quuilh 2bnMap wwpwpnw-
Lwl heumwgdhg (LY. 13.26)

§101. QUBSLUBHL ULNLEP
huwwnytilp ubndtih peanynud hingn angnudGEph twpwonudp
Oqundtilip hnbwjwlwb hennyh Jwnddwt hwywuwpadtenhg.

a-ﬁ*V(/.W)=0;ﬁﬂ(VV)V=-lVP;Pzp(p)j (101.1)
ot o p

8Snuyg viwlip, np gnpn apgrrudlbph nbwemd Eabph hwywuwpdwo
dwju Jwuh ng qéwiht wlnwip wihwitdwun dnpn t & & -hg: Puwuwtu,
wihgmd nwunwintdttph wwpptpnpeiut 1 dwdwlwynd henny dwubhyp
hwuglnud ¢t Ywuwnwpt] nwunwbdwb ¢ (witnyeh Ywpgh wbnwgnfunignil.
Lawlbwynid t wihpnud hbnnily Swulbhlyh wpwgnipbp WhGh v~¢/t ywngh,
nnp Ohwwntih tinthnfunienil t upnud wihph Bpwnpniewi A Ywngh htinw-
dnpnippwl ynw. iVv| - v/ 2 Mipkdl
Gv/or = v, |(wW)v v A
Ng qdwihl wonwdh thnppriggrilhg hewbmd ¢ 2 -~ vi = € npp L
qnpgentdGoph dnppmajwl wuydwbl & Nupbdl, thngn B0 wil gpgrrdGtpp.
npnig jwibnyen wihwdbduwn hnpn ¢ Gpwlg wyhoh bpluwnmgmang
Uowowglblp dhowywinmd dwnpp gpannudtbn, npnbg htunlawlpny
dhowywinh puunmpynG0o me 800000 Ynnid bO Yhnpn ungntunt ey Gobp.
P=F+P. p=p+p. (101.4)
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npunbin |P'iec P, | o' ec p, . Snwnptiny wiu dBgnpinibbopp (101 1) hwyw-
uwpnuitennud L wlwbubiny Bpupnnn L wyblh pwprdp Yuwpgh wiytne
dnpntpp. Yuunwlwbp'
( ( &P \
—+V-0——VP 0, P = s
& AYY c!*p: l.fpc/.
Jhswyh hwdwuwpnudhg uwnwgynn Yopehl welinipywl 0k Glpw-
npdmud ¢, np wpngbul wnprwpewn ¢ Uwlbwytbp
¢ =(éP,'¢p,)., (1016
NG nLOh wpwgnewl pwewyniune guhnqwywanieint L Menngh wnhw-
pwn ubndbihmpput hdwuwn: Mwpqrippulb hwdwn Bopwnpklp. np pinp
qpanywd dEoripnbltpp Ywhuywe B0 dhw)l t cwdwiwypg L x ynnpnhOw-
wnhg.
Uswigbyiny (101.5) -h wewehl hwywuwnndt puwn dwdwGwyh b wp-
wnwpubiny v L p’ dbemenb0tng Yinus Bpyniuh oqGniepudp. Yunnwbwbp.
&P & , 0P
o ' oxt
LnyGwhuh hwdwuwpmd vnwgynud b uunnieiut L wnwgnepulb gna-
onudGeph hwown. Lwiunpn gilumd wnbuty G0, np (101.7)-p wihpwhl bw-
Juuwpnd t, npp Ghwnwapmud £ e, wpwgnuepudp twpwdynn hwpp wihg
Nupbdl. henmyltpnud L quqbpmd (bwbl whin dwpdhbbbnmud) 8020w,
wnngjwb ingn gnrgendbpp tnwpwéoyd 6O ¢, wpwgnipwdp, npo dwyih
wowgmpmGe ¢ Uit Qunbih t wpnwhwinbl Gnueh hqnetind ubndtihn.-
prudp bl pwlbwdlny.

_S(R) _ (en) o)
= Lapu 7kcp°) (ot

npunbn 7 = ¢ye <0 Yngdmd t u:rmmpwmh gnighy:
NnnztiGp duylh wnwgmpimbp prbuywiput qunid Ogqudtiny w-
whNNGUEUNGGLN P = RpT/u pwlwdlhg. (101.8) -hg unwlnud Glp.
c,=J7RT/u" (101.9)
Lywuwnblp. np quanud dwjGh wnwgnipnibp JrybinyObnh pbndwht
2Wnowl wpwgnipiwl Ywngh t RwOh np -6 pny ¢ Ywhudwd gbnd-
wunhswihg. www qugmd dwiih wpwanipimip hwibdwunwywG t vT

P (101.5)

—=0: (101.7)
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2kpnipp whulpiljpoippnb gup/ubp vunghnbup bomubpblpnd:
Stuwlp. nn wnhbwpwwn wpngbunud 460wl hrhnfunigpudpe wwdwbw-
dnnywo unnprul tindhnfuniegni b hwywuwn t p'- P ¢’ Puy hwdwdw)l
ABrGNYRh hwywuwniwl hennyh 8020w hrthnfumueinp P~ ov' uipgh
dbonpmb b Wlwbu np p'p « v ¢, npuinbinhg hbulinud t. np 8620wW0 Y-
hnfunpiudp wwjlwlwynpdwd funnigpwb hndhnfumpimbGbpp ywpbih t
wliwnbub (wpuhtpG™ henniyp hwdwnt] wiubndBh. p' « py). brt hnuwGph
wnwgnipinup pwywywlwsurh ¢wpn ¢ bannymd dwjth  twpuddwl
wnwgmpnihg v <« ¢*
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bryrr
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Lwuwnwwowihl wawyhnp 6.378- 10* W
UhehG funniugymip $.517 gud’

Untiquiyhg dhehl htrwynpnipinibp
(hoewyrnnipiwl wunnwghunwuwl

dhwynn) hwd = 1.496- 10" ud
Mwpwenwlwl wrwgneniip 12ydy

ureauy
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