3apaua 1.9.1. Jleonoasa atakyet (10 6amnoB).Kot Jleononba, HaXoAsCh HAa KpPBIIIE 10Ma, J1BA
pa3a BBICTpeJII/IJI B HpOTI/IBOHOJIO)KHBIX HaHpaBJICHI/ISIX C OJNHAKOBBIMHA
CKOPOCTSIMUKaMyIIIKaMHHU3 poraTku. [lepen mageHWeM Ha 3€MIIIO CKOPOCTH KaMYIIKOBOBLIH
HaIpaBJICHbI MEPHCHIUKYISIPHO IpyT apyry. Omnpenenute BbicoTy h 10Ma, €Clid M3BECTHO, YTO

cymMMapHOe Bpemsi mojéra kamymkoBt, =3C, a BpeMeHa WX JBIKCHUS OTJIMYAIOTCS B JIBa
pa3a.C Kakoil CKOpOCTBIO U KaMyIIKH OBUIM BBIMYIIEHBI U3 POraTKu? YCKOpEeHHE CBOOOHOTO

nagenns ¢ =10 m/c?.

Bo3zmoxHoe pemenne (¢ouabkiaop). CkopocTH KaMyIIKOB MpU MaJ€HUUM HAa 3EMIIO
OJIMHAKOBBI(3TO CIlIeIyeT, HAaPUMEp, U3 3aKOHA COXpPAHEHUs dHepruu) u paBHbl U. CyMmapHast

TPAaEKTOPHUsSI KaMYIIKOB MpPEICTaBIsieT coO0W mapaboily W3 CHMMETPHUH KOTOPOH CIIEAYeT, YTO

OHM yIaJIi Ha 3€MJIIO NIOJ YIJIOM 45 K FOpU30HTY.

CYMMapHOC BpCM:I nonéra KaMYIIKOB

2usin 45’
o F—- 1)
g
Bpemsi monéra kamymika, ABUraBmIerocsi MeHbiiee Bpems U =1,/3,a ero BepTHKambHOE
nepeMeleHue
2
h=utlsin45°—%. (2)
[Toncrasiss U u3 (1), noayuum
2
h=5 _10u.
9

W3 KnHEMAaTHKU PAaBHOYCKOPEHHOTO JBUKEHUS CIIELYET

u’=v’+2gh,

Otkyna cnenyer v = gt,, /% ~15,8 m/c.

3agauya 1.9.1. Kpurepun onenuBanus (10 6a10B) Bbanbl

O60cHOBaHO, YTO KaMYILIKH yIajly Ha 3€MIIIO O] YIJIoM 45" K TOPU30HTY 2

®dopmyna 11 CyMMapHOTO BPEMEHH T0JIETAa KaMYIITKOB

dopmyna s BBICOTHI JoMa

Jlan gnciioBoii otBeTIIs h

®dopmyna A HauaabHOW CKOPOCTH

CDU'I-POOI\JI—‘z

RN RN

Jla" 4ucaoBOM OTBETMIIS D




3agaua 1.9.2. Tskenaniii crakan (10 6ajioB). Buemnuii
paIuyCIMIIMHIPUYECKOTO CTaKaHa, HAXOISAIIETOCs B BHICOKOM
aKkBapuyMe C IIepOXOBaTbiIM JHOM, paBeH R,BbicoTa L,
TOJIIIMHA CTEHOKH nrad(cm. puc.).Cepxy CTaKaH
TEePMETUYHO 3aKphIT TOHKUM JIETKUMJIHUCKOM pajauycaR.
[IOTHOCTH XKHUJIKOCTH B aKBapUyMe p, TNIOTHOCTh MaTepHaia

crakaHa 20p.

1. IMonyuute 3aBUCUMOCTH CHJIBbI peakiuiN, ¢ KOTOPOHM CTakaH JISHCTBYET Ha JHO aKBapuyma, OT
ypoBHsih HamuToil B akBapuyMm sxuakoctu. [loctpoiite rpaduk 3aBucumoctu N(h). Ykaxurena
rpadukexapakTepHbIe TOYKH, BEIPA3HB MX Yepe3 BEIMUMHBI,3a/IaHHbIC B YCIIOBUH.

2. Tlpu xakoM cooTHomeHur Mexay du Letakan MoxeT BCuibiTh? Cuunrtaiite, 4ToR (UKCHPOBAHO

u BeinonHsercsa ycnosue 0<d <0,040R.

2R




Bo3mo:knoe pemenue (C.Kapmasun).Ha crakanmaccel M BHU3 JEHCTBYET CHIIa TSHKECTH,
aBBepx — cwia ApxumenaF, = pgmhR?u cuna peakumu onopsl, paBHas cuieN, ¢ KOTOpoii

CTakaH JJaBUT Ha JIHO akBapuyma. CnenoBarensHo, N =mg —F,.

1. YuuThIBas, 4TO TOJIIMHA CTEHKHM Maja 10 CPaBHEHMIO C PAJMyCOM CTaKaHa, BBIYHCINM e€e
00BbEeM YHIPOIIEHHO — KaKk 00bEM JIMCTa, U3 KOTOPOro CBEPHYT HMIMHIpBBICOTON L. O0BEM mHA
TaKXKe 3alMIIeM YIPOIIEHHO — KaK IPOW3BEJCHHE BHEIIHEH IUIOIAJ M JHA CTaKaHa Ha ero
TOIMHY. [Ipr 3TOM MBI JBaXK/IbI yYTEM TOHKOE KOJBIIO KBajpaTHOro cedenus d-d u pamuyca R,
KOTOpPOE€ HAaXOAMTCS HA CThIKE JHA U CTeHKH. O/HAKO, OIEHKAa IOKAa3bIBAeT, YTO MpPHU CaMoOi
TOJICTON M3 JOIYCTUMBIX 110 YCIOBHUIO CTEHOK CTakaHa 0ObEM 3TOr0 KOJIbIA HE MPEBLICUT 8% OT
o0bema JIHa, PACCYUTAHHOTO TOYHO C MCIOJIb30BAHHEM IUIONIAIM BHYTPEHHETO CEUCHUsI CTAaKaHa.
C yueToM cyMMapHOro oobeéMa CTEHOK M JHAa CTaKaHa BHOCHMAs YKa3aHHBIMHU YIPOILEHUSIMHU
HOTPEIIHOCTh OyAeT 3aMeTHO MeHblIe §8%.

Urak, N = 20mpgdR(2L + R ) — (mpgR?)h. (1)
2. I'paduk 3aBucumoctu N(h) mpuBenén Ha pucyHke. N, AN
[Tpoananusupyem paBenctso (1) u rpaduxk.

VYrioBoi ko3ddurmeHT i—: = mpgR*npsamoii Ha rpadukeHe
3aBUCHT HHU OT O, HU OT L.

O6o3HaueHus Ha rpaduke: N,
No= 20mpgdR(2L+R )

__ 20d(2L+R)

ho=—1— (2)
Ni= mgRp(40dL + 20dR —RL).

Ecnu ypoBeHb BO/IbI B aKBapUyMe JIOCTUTAaeT Bepxa CTaKaHa, a CTaKaH K 3TOMY MOMEHTY ellie
HE BCIUIBUI, TO 3aBUCUMOCTb M300pakaeTcs Ha rpaduke JuHuel 1. YcioBue peanus3anuu Takoro
cuenapus L < h, . Ka3zanoce Obl, 4To 17151 BCIUTBITHS cTakaHa (mpsiMasi 2 Ha rpaduke) J0CTATOYHO
yBenmunBath L. Ho mpu stom Oymyr Bospactate u Nomhy, T. kK. Kak yrioBoit ko3hGHIHCHT
IPSIMOM OCTAETCsI MOCTOSTHHBIM. BO3MOKHOCTD BCIUTBITHSI CTaKaHa OyJeT OMpeAessThCS TEM, KaKast

BenmunHa, Lumm N, , npu yBenmuenun L Oyner GvicTpee cmerarthest BrpaBo 1mo ocu h. Crakau

BCIIJIBIBET, €CJIN LHpeBBICI/IT hO . 21.]'151 9TOI'0 AOJIKHO BBITIOJIHATHECS YCIIOBUE

20d(2L+R
L>h, wiul > %
OKoHYaTeNbHO, TI0CiIe MPeoOpa3oBaHuii, YCIOBHE TUIABaHHsI CTAKAaHa IPUMET B
20dR
Lz : ©3)
R-40d

N3 (3) crmemyer, 4TO eciaM BTOpPOE cjaraeMoe B 3HAMeEHaTele paBHO wiu Ooinbine R, To He
CyIeCTBYeT Takoro L, mpu KOTOpoM cTakaH Mor Obl BCIUIBITH. [Ipu yBenwdenun LBCruibiTHE
BO3MOXHO JIMIIIb B TOM CJIy4ae, €Clid

d<= wmd<0025R (4)

JlanHO€ HEpaBEHCTBO MOATBEPKIAAET JOMYCTUMOCTD CAEaHHBIX B Hauaje pelieHus YIpoIeHUH.
OTBETHI IO MYHKTAM:

1. N= 20mpgdR(2L+R )— (mpgR*)h



XapakTepHbIE TOUKU:
o No= 20mpgdR(2L+R )

« hy= 20d(2L+R)1
R
e N;= mgRp(40dL + 20dR —RL).
I'paduk 1 peanmsyercs B cimywae, ecnu L<hy, mwm L < RZ_Offd T.. JJ1 HE OYEHb BBICOKHX
CTaKaHOB.
20dR

3. BcembiTHe cTakaHa MOMET HPOM3OWTH, eciu L = HO O3TO BO3MOXHO JIMIIb IIPH

R—40d’
IOCTAaTOYHO TOHKHUX cTeHKax ctakana d < 0,025R.

Ne | 3agaua 1.9.2. Kpurepun onenuBanus (10 6a10B) Banxnsl
[Mosnyuena 3aBucumoctsh N(h) 2
[Ipencrasnen rpaduk (mo 1 6anny 3a KKyl BETBb U3 IBYX BO3MOXHBIX) 2
Yka3aHbl 3HAYCHUS XaPAKTEPHBIX TOYCK 3

(o 1 6amny 3a kaxayro u3 3 Touek (No, N1, ho), paBercrsa (2))

4 | ChopmynupoBaHO yCIOBHUE TUTaBaHus cTakaHa (3)

5 | Yka3aHo, 4TO Mj1aBaHuE CTaKaHa BO3MOXKHO JIMILb IIPU BBIIOJHEHUH yClIoBuUs (4)




3agauya 1.9.3. llarp npyxunok (10 6amioB). II4Th NPY>KUHOK COEAMHEHBI

TaK, KaK IIOKa3aHO Ha PUCYHKE, U B UCXOJHOM COCTOSHUHM HHM OJHA M3 HUX HE

nedopmupoBana. KodppuumeHTs )KeCTKOCTH TpeX MPYXKUH paBHBIK, a ABYX
ocTaBIIAXCS —Ko.

1) Yemy paBeH 3bbekTUBHBIA KOIPOHUIMEHT KECTKOCTH CHCTEMBI
NPY>XUH?

2) Cucremy pacTATMBAIOT, NPHUKIAABIBAas K €€ KOHIAM OJMHAKOBBIC

cwibl.IIpu kakom cooTHOMeHNH K; HKoIpyknHa 20Ka)KeTCICKATON?

ky

w
rmm

VUVVVNVIVNY
=
S

Bo3mozkHoe pemenne.llycts yuiuHeHne npyxut 1 u 3 paBHO X (M3 CHMMETPHHU CIIEIYET, YTO

YAJIIMHCHU A OI[I/IHaKOBBI), a IIPY>KXHUHbI 2, COOTBCTCTBCHHO, Y . Torna MMPYXUHbI 4nus PaCTAHYTBI

HaX+Yy .PaCCMOTpI/IM CHUJIbL, IIPUJIOKCHHBIX K TOUKE COCANHCHUS IIPYKHUH 1, 2u5:

F=F+F; wm kx=ky+k, Xx+y .

Otcroga
_ kl_kz
k, +K,

y X.

(1)

)

Ecnmu npu NonoXuTenbHBIX X yAnuHEHHe Yy <0, TO 3TO O3HAYAIOT, YTO MpyKHUHA 2

okara.dto Bo3mokHo mpu K, >K. Ecmuk, <k, To mpyxuna 2 pacrsuyra. Ilpuk, =k;

npyXuHaHe Je(OopMHUPOBaHa.

k,+k
OG1iee yBeNIMYEHUE JUTMHBI CHCTEMBI TIPYKHH Al = 2X + Y = 2;<1—k2 X
1 + 2
[TputoKeHHas K KOHI[AM CHCTEMBI CHJIA
F=F+F, =kx+k, x+y :klx+k2—2k1 x =k k+3k, X.

k+k, Tk tk,
O} PexTuBHbIN KO3DPUINEHT )KECTKOCTH
F K k, + 3K,

K=— =k 222
Al 13K +k,

¢ | 3agaya 1.9.3. Kpurepuu ouenusanus (10 6a710B)

Banabl

OtMeueHo, YTO YUIMHEHHUE NPYXUH | 1 3 0IMHAKOBO

1

VYcnoBust paBHOBECUSI TOUEK COCITMHEHHUSI TPEX MPYKUH

CBs13b yJUIMHEHUI KpallHUX U MPYXKUHBI 2 — ypaBHEHHE (2)

CnenaH BbIBOJ 0 cOOTHOIIEHHH K; ¥ Ky Tpy KOTOpPOM MpykuHa 2 c)kaTa

o'l.boomn—\z

Omnpenenex Kod(PUITUEHT KECTKOCTH BCEH CUCTEMBI

WD NDN

3anucano yenosue F=F +F, (1 6amn)

VureHa kuHemaruueckas cBsizb Al =2x+Yy (1 6amwr)

3ammcan otBer (1 6amm)




3agaua 1.9.4. «Cepbrii ALK 220t 1
0as10B).B «cepom» SIIUKE coOpana | :l
JJIEKTpUYECKas LeMb cXeMa KOTOpPOHW MpHBeIeHa : R, R,
Ha pucyHke. K knemmam AB siniyka NOAKIOYAIOT | |I
UlCaNbHbI BONBTMETP, a K kiemmamMCD — E R, | U,
pasJIMYHbIE PE3UCTOPHI, CONPOTHBIIEHUS KOTOPHIX .
B N pa3 Oombme, yem Yy pesucropa Rjp. |
3aBUCHMOCTb IOKa3aHmii BombTMerpa U or n ;,_{L _____ é ______ (_j ______ I_) _Q;
npe/CTaBIcHa B TaOIHIIE.
UB |22 3,9 5,0 5,4 6,2 6,5 6,9
n 1 2 3 4 5 7 8
3aganue:

1. BeiBenute Gpopmyiy Teoperuueckoit 3apucumoctul(n).
2. Tlocrpoiite rpaduk 3aBucumoctr U(N) 1Mo 1aHHBIM TaOJIUIIBL.

3. Omnpenenute Hanpsbkenne Ugncrounnka u otHomenue K = R, / R, . [l atoromoxere muoo:

e OCYIIECTBHUTH JMHeapu3anuio 3aucumoctu U(N), T.e.Haiitu Takyro ¢yHkimio z(n), aus

KOTOpOU 3aBUCUMOCTb U(Z) sIBJISETCS JIMHEWHOW M MOCTPOUTH €€ rpaduK, MO0 KOTOPOMY

ompenenuth Uy uK. (3a Takoil BapuaHT pELICHUS 3TOrO IyHKTa BBl MOJy4uTe 110 12

0aJoB).

® HCHOJIb30BAaTh JBC IIapbl 3HAYECHUN M3 Ta6J'II/II_IBI U YPaBHCHUC, ITOJIYUYCHHOC B ITYHKTC 1

3ajanus. Beibop 3nauenuit U u N mimsa pacuera HEOOXOIUMO OOOCHOBATH C MOMOIIBIO

rpaduka, MOCTPOEHHOIO B IMMyHKTE 2 3ajaHus. (3a TaKOH BapuaHT pEIICHUs TOro IMyHKTa

BBI ITOJTYYHTE 70 8 0aIoB).

[Tpumeuanue: 6ayIbl 3a pa3HbIe CIIOCOOBI PEIICHUsS MyHKTa 3 HE CYMMHUPYIOTCs!



Bo3moxknoe pemenne (C. Kapmasun).

Cuia TOKa yepe3 pesucropsl R, u R; paBHa

I,=U,/ R,+R, . Hanpsokenune Ha pe3ucrope R,

(Hanpspkenune Mexy Toukamu 0 1 1) paBHO
UR, kU,
R,+R, 1+k’

AHaNornyHo, HampsbkeHHe Ha pesucrope NR, (Mexmy

1) Uy =LR =

toukamu 0 u 2) paBHO

(2) U, = i :nUO-
R +nR, 1+n

[Tokazanue UBonpTMeTp (HanpsbkeHHe Mexy Toukamu 1 u 2), paBHo pasHoctuU, uU, . 3Hak

Puc. 1

3TOH pPa3sSHOCTH HC HMMCECT 3HAYCHUA (BCCFI{& MOXHO IIOMCHATH IOJIAPHOCTb ITOAKIIFOUCHUA

BOJITMETDA). U.B
3) _nU, kU, 8
1+n 14k’ -
1. I'padux 3aBucumoctu U(N) mpeacraBieH |
Ha puc.2. 6]
5
A
3
2
1]
4 n
0 1 2 3 4 5 6 7 8 9

Puc.2
2. BusyanbpHblii aHanu3 rpaduka Ha puc.2 MO3BOJIET MPEANOJIOKUTh, YTO TOYKU MPpU N = 4 U
N=7 JexaT HECKOJIbKO HWXe oOmero TpeHaa 3aBucumoctd U(N). BerumcauMm MCKOMbIe
BEJIMYHMHBI, UCTIOJIB3Ysl, HAapUMep, 3HaueHus U mmsn=2wun =5,
C nomortneio (3) 1 Tab:1.1 mosyyaem 2 TUHEWHBIX YPaBHEHUS C IBYMSI HEU3BECTHBIMHU:

(4) 3,858 =2u, — Yo
3 1+k
(5) 6,20B=2u, Yo
6 1+k

Pemas coBmectHO ypaBHenus (4) u (5) naxomum: U, ~14 B ;k~ 0,7.
3. IIpoBomuTh CIOXHBIE MaTeMaTHUECKHE MPeoOpa3oBaHUs UIS JIMHEAPU3AIlUH 3aBUCUMOCTH

U(n) et neooxoaumoctu. U3 (3) Buano, uro Gpyukims z(nN)umeer Bugz =n/ 1+n .

Jns noctpoenus 3aBucumMoctTiU Z  1onojaHUM TabJauily B YCIOBHM 3HadeHUssMU N/ 1+n



U B |220 3,85 5,00 5,40 6,20 6,50 6,90
n 1 2 3 4 5 7 8
n 0,5 0,67 0,75 0,8 0,83 0,88 0,89
1+n
4.
n
TpouM rpaduxU (—j
1+n
A U, B
8
7 7
/
i
6 7
/
5
/
/
4 7
/
/
3 //
/
/
/
2 //
/
/
| /
/ n
// n+l1
I 7 I ) } ‘I
0 0,2 0,4 0,6 0,8 1,0
Puc. 3
5. BosbMeMm nBe «XOopomme» TOYKH Ha rpaduke, B KOTOPBIX MpsiMasi JTMHUS TMPOXOIUT Uepes3
nepekpectuss JMHUH  rpaduueckod  Oymarw. HalrIpI/IMep,L =0,38,U=068B I/IL
1+n 1+n
=0,88,U=6,6B. TormaU,= % =12B.
i)
1+n
n n
I'padux  3aBucumocTnU (—) [IEpECEKAaeT TOPU3OHTAIBHYIO OCb B  TOYKE ——
1+n 1+n

= 0,33.B 3toii Touke U = 0, CHGI[OBaTeJIBHOﬁ =0,33uk=0,5.
+



Ne | 3agaua 1.9.4. Kputepun onennBanus (20 6a/10B) Baniabl
1 | BeBox ypaBHeHwus (3) 5
2 | Iloctpoen rpaduk 3aucumoctu U(n) 3
VYKkazaHbl €IMHUIIBI U3MEPEHUS IO OCSIM (0,5 6aa)
Bri6pan pa3ymHbIil MacmTad (0,5 6anna)
OmudpoBaHbl OcH (0,5 6amna)
HaneceHbl SKCIIEpUMEHTAIBHBIC TOYKH (0,5 6amnna)
Uepes sxcriepuMeHTaIbHbIE TOYKU MTPOBEACHA JIMHUU (1 6amm)
3a | OcymiecTBiieHa inHeapu3anus 3apucumoctu U(N) 5
[Tony4yena pynkuus z=n/ 1+n (2 Gana)
VYkazanue Ha TO, yTo U (%) — nuHeWHas QyHKIUs (2 6anna)
Tabnuma nononHena 3HaueHussMu Z =n/ 1+n (1 6amr)
4a ( n ) 3
[Toctpoen rpadpuxlU | ——
1+n
YKa3aHbl €IMHUIIBI U3MEPEHUS 10 OCSIM (0,5 6amna)
BriOpan pa3ymHbIii MaciTad (0,5 6ana)
OmudpoBaHbl ocu (0,5 6amnna)
HaneceHbl SKCTIEpUMEHTAIBHBIC TOYKH (0,5 6anna)
Yepes skcriepuMEHTAIIbHBIC TOUKH MTPOBEICHA psimast muHust (1 Oam)
36 | OGocHOBaHME BbIOOpa TOYEK JUISl pacueTa (MCHOIb30BaHUE JJIs pacyéra TOYeK, 4
Jexanmx Ha KpuBoit) (2 6amna)
Pemenne cucteMsl ypaBHeHHid U nmonyuenue 3HaueHunin Uy u k(2 Oana)
5 | Yucnennsie 3Hauenus Ug u K 4
Pesymprar U, = 12+1 B (y3kue BopoTa) (2 Gamna)
Pesynbrar U, = 12+2 B (mmpokue BopoTa) (1 6amn)
Pesynbrar K= 0,50%0,05 (y3kue Bopota) (2 6amna)
Pesymsrar kK= 0,5+0,1 (mmpokue Bopora) (106amm)

[Tpumeuanue: 6ayel 3a MyHKT 30 HE CyMMUPYIOTCS ¢ Oamutamu myHKTOB 3a u 30 (1 Ha0060poT)




3agauya 1.10.1. Pa3ron maposo3a (15 6aauoB). Ha Tpex ¢orocHumKax

OOHOTO Yy4YaCTKa MCCTHOCTH, CHACIAaHHBIX C PaBHbBIMHW HWHTCpPBaJIaMU

BpPEMEHH 7, 3alleuaTiIeH WUTPYUICUYHBIH MapoBo3 U (parMeHThl muienda {

IeIMa OT Hero. HanmoskeHHbIe Ipyr Ha apyra ¢ororpaduu NpUBEIACHBI HA
pPHUCYHKE.

3Has, 4yTO, TPOHYBIIMCh C MECTa, IapoOBO3 IIOE€Xal Ha CEBep C
MOCTOSIHHBIM ycKopeHueM a = 0,4 M/c%, 1 4TO B 9TOT JiCHB IyJ1 3anaHbIid
BETEP CO CKOPOCTHIO U = 4 M/c, HalTe UHTEPBAJI BPEMEHH T U Ha KAaKOM
pacctosiHuu oT Touku O HaXOAWJIach TpyOa HEMOIBHUKHOTO MapoBO3a.

I{eHb! neneHni KAl CETKH 110 BEPTUKAIN U TOPU30HTAIN PABHBI.
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Bo3mo:knoe pemenune(M. 3amsitHuH). [lycTh 1ieHa JEJCHUS INKalIbl PAacCTOSHUM paBHA S.
Jlanee BO3MOKHBI pa3HbIE BAPUAHTHI PACCYKICHUMN.
Bapuant Nel.

O0603HaYuM CKOpPOCTh B KOHIIE MEPBOr0 y4yacTka (OT Hauajga JABMXKEHHUS 10 MEPBOrO CHUMKA)

3a U;, B KOHIIE BTOPOTO (OT IEPBOI0 CHUMKA JI0 BTOPOI'0) - U, U B KOHIIE TPEThETro - U;. Tak kak

CHUMKH JICJTAIUCH Yepe3 PaBHBIC IPOMEKYTKH BPEMCHU 7 ,TO U, = U, +ar; U, =y, +2ar.

Haiiném cpennue ckopocTu Ha BTOPOM M TpeThbeM ydyacTkax. C OZHOH CTOpPOHBI, UX MOXHO
BBIPa3UTh KaK cpeHee apu(MeTHuecKkoe CKOPOCTe B Hayaje M B KOHLE y4acTKa, ¢ APYrou —

KaK OTHOIICHHUEC HpOfI,Z[eHHOFO IIYyTH KO BPEMCHU.

v+, 1 6s

Ugep =y +—-ar=—;,
2 2 T

v, + U, 3 10s

Ugep =y +—ar=—
2 2 T

4s 4s
Orcroma ar =—; v, =—;=> vy, =ar. OTO 03HAYaeT, YTO NAPOBO3 HAYajl JBHKCHHUE 3a T
T T

CCKYyHI OO0 TOro, Kak OBLIT CAcIaH HCpBBIﬁ cauuMok. Torma nyTh, HpOI‘/'II[eHHLII‘/'I HM Ha IICPBOM

0O+uv,  2s
T=—171
2 T

pacnoyiokeHHOM Ha 3$ BhIme TOUKuO.

Y4acCTKe, paBCH UleT= =2S. 3HauuT mapoBO3 Haydal JIBUKXCHHUC M3 TOUYKH,

. 5 10s
PaccMoTpuM TpeTuii ydacTOK JBHKEHHUS MMapoOBO3a. Uy, =0+ E ar =—ar=— =>ar’ =4s.

2 T
W3 pucyHka BHJIHO, YTO TIOKA MAPOBO3 MPOE3IKAT TPETHIH OTPE30K JBIM, BBITYIICHHBII B CAMOM
KOHIIE BTOPOTO OTpe3Ka, CIABUHYJICS Ha BOCTOK Ha paccrosaune8S=Ur. Torma

u
ur=2ar’;=>r=—-=>5c.
2a

ar?

[lena nemeHWs WIKadbl PACCTOSHUMN S:T:Z,SM, CJIEZIOBATENIbHO HM3HAYAJILHO IapOBO3

HaxoauJICda Ha 7,5 MCTPOB CCBCPHEC TOUKU 0.

Bapuant Ne2

HYCTL tO — BpCMsA IBUKCHUA MMApOBO3a OT CTAPTa 1O MOMCHTA BBIIIOJIHCHUA MEPBOI0O CHUMKaA, a
SO — €TI0 HA4YaJIbHOC paCCTOAHUEC OT TOYKHU 0.

Torma MokeM 3ammcaTh:

2
55:so+%;
2
2
113:30+M;
2
2
215 =5, + 2ot 20)

BriuTeM U3 TpeThero ypaBHEHHE BTOPOE, a U3 BTOPOTO MEPBOE.



_at,+27)* alt,+7)°,
S22
Cat,+7)°  at]
T

10s

6s

Ilonenum BepxHee ypaBHEHUE Ha HUKHEE

5 _ (t,+20)° —(t, +7)* 3’ +2t7

3 (t, +7)° -t 2+ 2t
3 ar’
[Mony4yaemt, = 7, Torna6s = E ar’: = % =2s.

2
[ToxcTaBuM B ypaBHEHHE DS =S, +7° =S, +2S; =S, =3S. 3HaYMUT NapOBO3 HaYall JABMKCHUE

U3 TOUKH, PAcIIONOKEHHON Ha 3S Bblie Touku O.

PaccmoTtpuM TpeTHil OTpe30K IBHKEHHUS IAPOBO3a.

2 2
_ 8l +27) _a(tog-r) =§arz; =ar’ =4s.

W3 pucyHKa BHUAHO, YTO IIOKAa IIAPOBO3 IPOE3kKal TPETUM OTPE30K JbIM, BBITYLICHHBIM B

10s

caMOM KOHIIE BTOPOTrO OTpe3Ka, CABHHYJCS Ha BOCTOK Ha pacctosHue8S=ur. Torma
2. u
ur=2ar’;, >r=—-=>5c.
2a

2
- ar
Haiiném S:T:2,5M, CJICAOBATCIIbHO H3HAYAJIbHO IIApOBO3 HAXOAHWJICA Ha 7,5 MCTPOB

ceBepHee Touku O.

Bo03M0:KHBI M Ipyrue BApUAHTHI pPelleHuil.



Ne | 3apaua 1.10.1. Kpurepun onenuBanus (15 6aios) bannbl

1 | 3anucanbl BepHbIE ypaBHEHHS, CBS3BIBAIOIIME IEpeMEIeHUs IMapoBo3a win | 1+1
CpeIHHE CKOPOCTH i 2 ¥ 3 y4acTKOB, JINOO aHAJIOTUYHBIE.

2 | [loka3zaHo, 4TO BpeMsi OT Hayajga JBMXKEHHUS 10 MEepBOro cHuMmka pasHo T (B | 1
SIBHOM BHJIC MOXKET HE MPHUCYTCTBOBATh, HO €CIIA CIIEYeT M3 MPOMEKYTOUHBIX
BBIKJIAJIOK, TO 0aJII CTABUTCS )

3 | Haiinena Touka crapra (3S) 3

4 | BepHo 3amucaHa CBS3b MEXIY MEPEMEIICHUEM IapoB03a U COOTBETCTBYIOIIUM | 3
emy mnepemenieHueM ApiMa. (Ecnm  umcmonp3oBanmch  HEymoOHBIE  TOYKH,
KOOPJAMHATHl KOTOPHIX HEBO3MOKHO TOYHO OIPEENUTh, TO 33 MYHKT CTABHUTCS
TOJIBKO TIOJIOBUHA 0aJJIOB)

5 | Ionyueno BepHOe 3HaueHue 7 =5 ¢ (popmyina + 4ucio) 2+1

6 | [lomyueHo BepHOE 3HAYEHUE pacCTOSHUSA /,5M OT TOYKH crapra jo Touku O | 2+1

(bopmyna + umcio). B kadectBe dopmynbl MOKeT OBITh 3acyMTaHa BepHas

dbopMyIa it pazmepa SOTHOU KIETOYKH




3agauya 1.10.2. IMapuup u kojaeuxko (15 0amioB).
B BepTHKanbHON IIJIOCKOCTH HAXOIATCA JIBA HEBECOMBIX
CTEpXHS, COEIMHEHHBIX MapHupoM Maccel M. Ha
CBOOOJTHOM KOHIIE BEPXHErO CTEPXKHS 3aKpeIuIEH TIpy3
Maccbl M, a Ha CBOOOJHOM KOHIIE HW)KHEIO CTEpPIXKHS

3aKpPCILICHO JErKoe KOJICYKO, KOTOPOE€ MOXKET CKOJIB3UTH

M0 TIJaJKOW TOPU3OHTAIBHON 3aKpEIUIEHHOW CIIHUIIE. v,
JlnuHa BepxHeTo cTepskHd [, nmuHa HUKHEro crepkHs L > | . M3HayanpHO CTEpKHU COCTABIISIOT
YIJIbI @ C TOPU30HTOM U YJIEPKUBAIOTCS HEMOJABMXKHO. 3aTEM MX OTITYCKAIOT.
Haiinure:
1) VckopeHus mapHUpa 8y U TPY3UKa 9 Cpasy Mocje Havaa JBHKCHHS.
2) VYckopeHHe KOJIeUKa 8, B MOMEHT BPEMEHH, KOT/Ia IApHHP, IPY3 U KOJICUKO OKaKyTCS Ha
OJHOU MPSIMOH.
Cuuraiite, 4TO CTEP)KHU U CMHIA TOHKHE U BCE TeJIa MOTYT MPOJETaTh MUMO JIPYT JIpyra He

coynapssicb. Y CKOpeHHEe CBOOOIHOTO MMaJIcHuUs .

Bo3mo:kHoe pemenne (A. YiimuH). PaccMoTpuM HIDKHHE cTepKeHb. Tak Kak OH HEBECOMBIIA,
TO BEKTOpHas CyMMa CHJI, JIeMCTBYIOIMX Ha HEro, J0JUKHA ObITh paBHa Hymto. Ha crepikeHb
JIEHCTBYET CHJIa PEAKIUU OIOPBI CO CTOPOHBI CIIUIIbI, HAIIPABJICHHAs BEPTUKAIBHO BBEPX, U
HEKOTOpasi cujia co CTOpOHbI mapHupa M. 3HauuT cuia, NedcTBYyrOIIas ¢ CTOPOHBI IIAPHUDA,
JIOJDKHA OBITh HampaBiieHa BEPTUKAILHO BHU3. Eciin cTepeHb JErKuii, To HyINIO TaKKe JODKHA
PaBHATBCSA U CyMMa MOMEHTOB JIEUCTBYIOIIMX HAa HEro CWi. BMmecTe ¢ MpeapliyliuM yCI0BUEM
9TO O3HAYaeT, YTO CHJIA PEAKIMM OINOPBI CO CTOPOHBI CHMIBI, KaK M CHJA, JEUCTBYIOIIAs Ha
CTEP’KEHb CO CTOPOHBI MIAPHUPA PaBHBI HYJIIO.

PaccmoTpuM Tenepp BEpXHHUM CTEPKEHb BMECTE € IAPHUPOM U rpy3oM. Ha Hero neucrByror
JIBE€ CHUIIBI TSDKECTH M CHJIa CO CTOPOHBI HIDKHEro crepxkHs. llocienHsas mo Ttperbemy 3aKOHY
HproTOHa NMpOTUBOIOIOKHA CUIIE, C KOTOPOU LIAPHUDP ACUCTBYET HA HWKHHUM CTEPXKEHb, a OHA
paBHa Hy10. Torna Ha BEpXHUHN CTEPIKEHb, LIAPHUP U IPYy3 AEUCTBYIOT TOJIBKO CHUJIBI TSXKECTH,
3HAYAT OHU JIBUTAIOTCS BEPTUKAIBHO BHU3 C IOCTOSHHBIM YCKOPEHHEM dyo0=an =0 , a
CTEP’)KEHb COXPAHSIET OPUEHTALIUIO B IPOCTPAHCTBE.

[[Tapaup KOJBLO U TPy3 OKAKYTCS HA OJHOM MPSAMOI, KOT/Ia BEPXHHUM CTEPKEHb OMYCTUTCS
HIDKE CIMILBI U HIKHUM CTepKEeHb OIATh OyIeT COCTABIATh YOl & C TOPHU30HTOM.

3anuiieM 3aKOH COXPAaHEHHsI SHEPIMU M BBIPA3UM CKOPOCTh KOPOTKOTO CTEPKHS B 3TOT
MOMEHT BpeMeHH. K 3ToMy BpeMEHM OH MEepeMECTHJICS 10 BEPTUKAIM Ha PACCTOSIHUE
Ah=2Lsina, moatromy

(M +m)o?
2

[TycTh u — CKOPOCTH KOJIEUKa B MHTEPECYIOINNA HAC MOMEHT BPEMEHHU.

=(M +m)g2Lsina; = v’ =4gLsina.

Ilepeiiném B cuctemy OTCYETA, CBA3AHHYIO ¢ KojedkoM. B »toit CO mapHup ABHXKETCS 1O

OKPY>KHOCTH paauyca L.



— - —

Ero ckopocTbUomx =U—U ¥ HampapiieHa NEePHIEHINKYISIPHO

CTEPXKHIO, TI09TOMY U, =U/COScr.

MH
HanpaBuM och xTak, Kak Moka3aHo Ha pucyHke. Haitaém
HOPMAJIbHYIO COCTABJISIIOIIYI0 YCKOPEHHUSl IIapHHUpa B AITOU
CO.

) V2
a =g¢,-a =-gsina+a cosa =2
L

n

Torna
2 .
a, = Y gtga :MJF gtga=g(5+4tg° a)tga.
Lcosa Lcos’a
Ne | 3apmaua 1.10.2. Kpurepuu onennBanusi(15 6a110B) Bbanabl
1 Cwibl, IeMCTBYIONINE HA OOJIBIIION CTEP>KEHb, PaBHBI HYJIIO. 2
Maunblii cTep>KeHb JBUKETCS PAaBHOYCKOPEHHO M HE MEHSIET OPHEHTALIUIO B 2
MIPOCTPAHCTBE.
3 Haiinensl HauanbHBIE YCKOPEHHUS TPy3a U IIapHUPA.
4 Haiineno pacrnonoxxeHue cTepHeil B MOMEHT BPEMEHHU, COOTBETCTBYIOLIU I
BTOPOMY BOMPOCY.
5 Haiinena ckopocThb CTEpKHS 2
6 3anucaH JOCTaTOYHbIH HAOOp BEPHBIX YPaBHEHUI JUIsl ONpeETeHUs] YCKOPEHUS 3
KOJIeUKa
7 HaiineHo yckopeHue Kojieuka 3




3agauya 1.10.3. Bo3aymnslii map (10 6amnoB). O60109Ka BO3AYIIHOTO IIapa U3TOTOBIICHA W3
HEpaCTsHKUMOM TUIOTHOM TKaHW C MacCOBOM TOBEPXHOCTHOM IUIOTHOCThIO o (Macca 1 M
MOBEPXHOCTH OOOJIOUKH YHCIEHHO paBHA ). Eciu 0007109Ky MOJHOCTHIO 3aMOJHUThH Ta30M, TO
oHa npuodOperaer dopmy chepsl paauycoMm I. B mycTyro 0000UYKy 3aKauMBalOT HEKOTOPOE
KOJIMYECTBO T'€JIHSL.

1) IIpu xakux 3HAYCHUSAX MACCHI M reyus map OyaeT MOJHUMAThCS?

2) KakoMy COOTHOIIIEHUIO JOKHBI YJOBIETBOPSITH IMapaMeTPhl MIapa, YTOOBI €ro MoabEM ObLI
BO3MOXKCH?

Mosnsipras macca renust M, , Bo3nyxa — Mg, aTMocdepHoe naBieHue p,, Temmneparypa — 1.

O6wem mapaV = 47r° /3, miomans chepsr S = 471>,

Bo3moskHoe pemieHue (A. AMOJOHCKHIT).B 3aBUCUMOCTH OT KOJIHMYECTBAa 3aKa4aHHOTO TEIIUS

o6bem mapa V takos, uro V <4zr° /3.

[Toka 000104Ka HE Pa3ayIach 10 MaKCUMAILHOIO 00bEMA, JIaBJIEHUE TeNisl BHYTPH PABHO
arMocepHOMy. MakcuMallbHOE 3HAYEHHE 00BEMA JOCTUTAETCS IPH MACCE 3aKAYaHHOTO TeIUs
:472 3 PoM e m RT

. ITpu macce renus m < m, o0beM HIapa V=—--—.
3 RT My Pg

3nech R — yHHUBepcalibHAas ra30Basi MOCTOSIHHAS.

m,

Jlns Toro, yTOOBI IPH 3TOM Macce Teus 1ap Haval MOJAHUMAThCS, HEOOXOAUMO, YTOObI cuila

ApXI/IMeI[a 6I>IJ'Ia 60.]'[]:]_]_[6 CHUJIBI TSXKECTHU:
PVg >mg +4xr’cg. (1)

3aech pg = PMy / ( RT )— IUIOTHOCTD Bo3ayxa. [loacraBinss BepaxkeHus 4 Vu pg B

2
ycnosue (1), momydaem m Me ~1|>4zr’c um m> w.
He M B M He
)
Ecnn macca renust M > M, To yciioBue (1) BBINIAIUT Tak:
3
4Lrp0—MB>m+47ZTZO'I/IJ'H/Im<47Zr2 (M—o—j. 3)
3 RT 3RT

C yuérom (2) u (3) ycioBue Al MacChl TeJHsl, IPU KOTOPOHl 11ap MOAHUMET caM ce0st

2
arr’oMy, <m<d4rr’ (—pOMBr —0).

M;-M,, 3RT
Ecnu neBast yacTh 3TOr0 HepaBeHCTBa OOJIbINE IPABOM, TO IIAp HE MOJHUMETCS HU MPU KaKHX
- oM, PoMgr 3RTo
Maccax. JTO MPOU30UIET, eclu > —o, mm I < .
M;-M,, 3RT pO(MB—MHe)
OkoHYaTeNbHBIA OTBET HA BOMPOC 3aJa4H:
3RTo . 4xr’oM M.r
Ipur > YCIIOBHE HA TTONET, ————& < m < 47r? LML |
pO(MB_MHe) MB_MHe 3RT



3RTo
pO(MB_MHe)

IIpur < 11ap He B3JIETHT.



Ne | 3apaua 1.10.3. Kputepuu ouennBanus (10 6a1108B). babl
1 | OrMedeHo, YTO NP MaJbIX 3HAYEHUAX MACChI M€K, 3aKa4YaHHOTO B 000JIOUKY, 1
m RT
ero napneHue Oymer armochepHbiM, a 00beM V = ———.
M He pO
2 Az 3 pOM He 7 1
Ormpenenena macca remus My =—1r RT IPEBBIILIEHUE KOTOPOH HE
IIPUBEAET K N3MEHEHHIO 00beMa 11apa
3 PM; 1
[Tommy4yeno BeIpakeHHE IS IVIOTHOCTH BO3AYXA Py = RT
3anucaHo yclnoBre IUaBanus mapa p\Vg > mg +4zr’cg. 1
. 4nr’oM,, 2
Haiinena HuKHsIs rpaHUIIa Macchl rejins —————
M B M He
6 M.r 2
Haiinena BepxHss TpaHHIa MaCcChl TETUS 4rr? PoMal _ o |
3RT
7 3RTo 2

VYkazaHo, 4To map B3JIETUT, eciu I >
Po ( M B M He)




3apaua 1.10.4. IlceBmo3kcnepument «Bsizkoe Tpenme» (10 GamnoB). M3BecTHo, uTONpHU

nmaacHuu 6 AXKHOT'O KOHYCa Ha HETro I[eﬁCTB er cuia F BA3KOI'o TPE€HUA O BO3YX, 3aBHUCAILIAsA
comp

OT cKopocTH JBmKeHusi Konyca: F =kv". Usyuure nagenue GymMakHOro KOHyca IpU €ro

comp

Pa3HbBIX Maccax U onpezenute 3HaueHus kodpduuuentan. [lorpemHocTs OlleHUBATh HE HYKHO.

HpuMeanue: 6 mamemamurKke 4acmo ucnoib3yemcs @yHKuuﬂ Jzoeapuqua, Komopa:t A6IAencs

obpammoil k pynkyuu 6o3eedenus 6 cmenens. Ilo ceéoticmeam dannoti gynxyuu ecmu ' =ko",

comp
mo In ( Fconp) =In(k)+nIn(v). 3uauenue nocapupma om nexomopozo uucna MoX*CHO

BbIUUCTUMb HA KATLKYISMOpeE.
O6opynoBanme. [[Ba cOopubIX (oTomaTumka, OJIOK THUTAHHS, JJIEKTpOHHBIE Bechbl, USB-
ocumuiorpad, HOyTOyK, OTBecC, JMHEHKA, HOXKHHUIIBI, KJICH, BRIKPOHKA Il KOHYCa, TUIACTUIINH,
caneTka, MUUTUMETPOBKA Il TOCTPOCHUS TPAPHKOB.

Onucanue yCTAaHOBKH.

VYcTaHoBKa 1MO3BOJIAET ¢ OOJIBIION TOYHOCTBIO ONPEAETSATh BpeMsi CBOOOJIHOTO MaJleHHS
OyMa)XHOTO KOHyca Ha Yyd4yacTKe, TJe JABI)KEHHE KOHyca SBISIETCS paBHOMEpHBIM. Jlis
U3MEPEHUsT  BPEMEHW  JIBIDKCHUS  KOHyca
UCTONB3yeTCsl cucTeMa M3  JBYX  COOpPHBIX
dboTogaTunKoB (BEpXHEro 4 U HUKHETO 5), CUTHAT
¢ koTopbIx uepe3 USB-ocimmnorpad 6 mocrymnaer
B HOYTOYK 7.

BepxHuuii cOopHBINi  (OTOTATYMK COCTOUT U3
naszepa 13 u dorosnementa 12. [lpu nepeceuenun

KOHYCOM  Jlydya Ja3epa  HampsbKeHHEe  Ha
dboTOdIEMEHTE U3MECHSIETCS.



Huxnuit cOOpHBIi ¢doronaTunk
npeCTaBisieT COOOW KBaapaTHBIN SIINK
K JBYM IPOTHBOIIOJIO)KHBIM CTEHKaM
KOTOpOTO U3HYTpU IIPUKJIEECHBI
IJIOCKHE3epKaiama. Ha OGokoBoit
CTEHKE sLIMKa 3aKkperieH gazep 10, myq
KOTOpPOr0, MHOTOKPAaTHO OTPa3UBILIUCH
OT 3epKaJ, MomagaeT Ha (HOTORIEMEHT
11, nBurasce Bce BpemMs B OJIHOM
TOPU3OHTAIIBHOM  IIockocTu.  llpwm
NaJeHUU KOHYCa BHYTpb SIIMKa Jyd

Jazepa rapaHTHPOBAHHO
NEPEeKPHIBACTCS U HANPSDKEHUE Ha (POTODTIEMEHTE U3MEHSETCS.
PaccrositHne ot syda BepXHEro jiazepa, 10 IUIOCKOCTH, 00pa3yeMoi JlydaMH HIDKHEro Jiasepa,

paBHO (23, 0=+0, 5) CM.

®dotosnemenTsl 11 1 12 coeqMHEHBI B AIEKTPUUECKYIO LIETh MOCIEI0BATEIHHO APYT C APYTOM U
nonkimoueHsl Kk USB-ocumiutorpady, KOTOpelid mpeoOpa3yer 3HAYCHHE CyMMAapHOTO
HanpspKeHus: Ha ¢orodJaeMeHTax B HU(POBOM BuA W mepemaer B HOyTOyk 7. Ha HOyrOyke
YCTAaHOBJIEHAa TPOTpaMMa, OTOOpakaromias rpaduk 3aBUCHMOCTH HANpsHKEHUS OT BPEMEHH C
toyHOCTBIO 70 0,5 Mc. C TOMOIIBIO MONYYEHHOTO Tpaduka MOXKHO ONpPEICTUTh BpEMS
JIBIDKEHUS] KOHYCa MEXIY JABYMS TIEPECEUCHHUSIMU JIydeH J1a3epoB.

Jnist oripeniesieHust MacChl KOHYca 9 UCTIONB3YIOTCS SJIEKTPOHHBIE BeCHI 1. J[ist n3MEeHeHMs] MacChl
KOHYCa BHYTPbh HETO MOMENIAIOT HEOOIIbIIHE KYCOUKH IIaCTHUIINHA.

Ilopsanok npoBeAeHNsI U3MEPEHUM.

1. BHyTph KOHYyCa MOMEMAETCS HEKOTOPOE KOIMYECTBO TUTACTHIIMHA M Ha SJICKTPOHHBIX Becax
orpenensercs 00Ias Macca KOHyca C IIaCTUITHHOM.
2. Konyc pazmemaror ocTpreM BHH3 Ha pacCTOSHUH puMepHo 60-70 cm
HaJ BEpPXHHUM Ja3epoM U oTmnyckatoT. Paccrosnue B 60-70 cm
rapaHTHpPYyeT, YTO TpW TMOJUIeTe KOHyca K BEPXHEMY JIa3epy €ero
JBIDKEHNE OyIeT MPaKTHYECKH PaBHOMEPHBIM.
3. B oxHe mporpaMmsl 0 3aBUCIMOCTH CYMMAapHOTO HAIPSKEHUS OT BPEMEHH OIPEIENIOTCS
¥ 3aHOCATCSI B TAOJIUITY 7 TTapaMeTpOB:
- T1, T2 — BpeMeHa Havaj a ¥ OKOHYAHUS TIEPBOTO IIPOBaJa,
- T3, T4 - BpeMeHa Havaja ¥ OKOHYAHUS BTOPOTO MPOBAJIA;
- Up — HOCTOSTHHBIH ypOBEHD HANPSIKEHHUS;



- U1, U2 — ypoBHU HANpsKEHHH, COOTBETCTBYIOIINE TEPBOMY H BTOPOMY ITPOBAJIAM.

4. OneITBI IIOBTOPAIOTCA C I[perﬁ Macco# IUIacTHIIMHA BHYTPU KOHYCA.

HOJIy‘IeHHHe JaHHBIC

5,789 ,

6,048

Macca KoHyca ¢
IUIACTHIMHOMMI | Ty, Mc | To,Mc | Ta,Mc | Ta,Mmc | Ug, B | U, B | Uy, B
533 161 181 372 386 | 0,450 | 0,123 | 0,406
600 128 143 331 341 | 0,450 | 0,136 | 0,407
700 192 198 372 381 | 0,450 | 0,127 | 0,402
790 546 552 715 723 | 0,450 | 0,123 | 0,410
894 133 149 289 301 | 0,450 | 0,126 | 0,402
990 120 131 257 277 | 0,450 | 0,122 | 0,392
1125 570 576 694 709 | 0,450 | 0,122 | 0,403




Bo3moxknoe pemienne (M. Kapmanos)./[ns Havana pazbepemcs Kakue JaHHBIC HAM HYXHBI U
Kak uX oOpabarbiBaTh. B ycioBMm cka3aHO, YTO IIOCIIE 3allycka KOHYCa €ro JBIDKEHHE Ha
Y4acTKe MEXKIY JaTYMKaMHM MOKHO CUMTATh PAaBHOMEPHBIM. B 3TOM cilydae NeHCTBYrOLas Ha
KOHYC CHJIa TSAKCECTU YPaBHOBCIINMBACTCSA CUIIOHN COIIPOTHUBJICHUA, 3HAYUT MOXCM 3alluCaThb

Feomp =M@, T€M — Macca KOHyCa C TUIACTHIMHOM.

co
Tak kak JBIDKCHHE PAaBHOMEpPHOE TO CKOPOCTh MOXKHO BBIUMCIHMTH Kak v =L/t, roe L —
pacCTtodaHue MCKAYy HAaTUYMKaMH, a [ BpeMs 1I0JICTAa MCKAY JdaTUUMKaMU. "3 yCJ10BuUA
L=(23,0£0,5)cm.
Ocranoces pa3oOparscsi co BpeMeHeM. B Tabnune npuBeneHbl 4 BpeMEHHBIE OTMETKH U

HYXXHO IMOHATH KaKUC U3 HUX HaM HYIKHBI.

PaccMoTpuM KOHYC U TO, KaKk OH IepecekaeT Jiyd Jiazepa. Ha

PUCYHKE TpEICTaBiIeH KOHYC (BUI COOKY) U JIB€ BO3MOXKHBIC
TPaeKTOPHUH Jy4a Jia3epa OTHOCUTENbHO KoHyca. Kak BuaHO u3

PUCYHKAa HCBO3MOXHO OIPCACIUTL Ha KaKoOH BEICOTE HaxXoauJcsa

KOHYC, KOI'la OH IICPCKPLLI JIYY JIa3€pa, 4 BOT OIIPEACIINTL, KOI'/la 1 2

JIyd Jia3€pa IMCpeCTacT INCPCKPLIBATHCA KOHYCOM, IIOJIOKCHUC KOHYCa 3aAaHO OIAHO3HAYHO.

3HauMT HaM HYXHBI BpemeHaTuT4. Torma v =L/ (T4 _Tz)-

mmr | To,mc | Ta,Mc | Feonp, 10°H | v, M/ In(Feonp) | LN(0)
533 181 386 522 | 1,122 -5,25| 0,115
600 143 341 588 | 1,162 -5,14 | 0,150
700 198 381 6,86 | 1,257 -498 | 0,229
790 552 723 7,74 | 1,345 -4,86 | 0,296
894 149 301 8,76 1,513 -4,74 0,414
990 131 277 9,70 1,575 -4,64 0,454
1125 576 709 11,03 | 1,729 -451| 0,548
U3 ycnoBus usBectHo, uto F, - =ku", Tormaln ( Fconp) =In(k)+nin(v).
s onpeneneHus
In Fconp
0,1 0,2 0,3 0,4 0,5 0,6
- 475 \d i
e InV
-4,7 .
4
-49 LE
o "
-5.1 —
e
-53 e

napamMeTpannocTpouM rpaduk B J0rapupMHUUECKUX KOOPAUHATAX.



N3 rpaduka Haiimem yrioBoi kodh¢uimeHT (M KOOpAMHATY TOYKM IEPECCYCHHUS C
BEPTHKAIILHOM 0ocbto). [Tomywyaemn = 1,64.



Ne | 3apaua 1.10.4. Kpurepuu ouenuBanus (10 0a/uioB). Bbanabl

1 Jlyist onipeiesieHHsi CKOPOCTH BBIOpaHbI BpeMeHa [ ou T4 1
Bei6op B 1. 1 060ocHOBaH 1
W3 ycnoBusi yCTaHOBUBLIETOCS MABIDKEHHS CIENaH BBIBOJ O PAaBEHCTBE CHII 1
COIIPOTHUBIICHUS CUJIEC TSKECTH

4 | BeruucneHa cuiia COMPOTUBIICHUS JIJIsl BCEX ONBITOB 1

3) Berunciena ckopocTh Il BCEX OIBITOB 1

6 | BeimosnHeHa auHeapu3anus 3aBUCUMOCTH 1

7 [Toctpoen rpaduk ams onpeneeH s mapaMeTpoB IKCIEPUMEHTA 2

8 | Haiineno 3nauenue n=165+0,10 2

ne(1,45+1,55)U(175+1,85) (1 Gan)




3agaua 1.11.1. IlepenpaBa (12 6aJuioB).JIofka nepenbiBaeT peKy MO MPSMOM, NepHEHANKY-
JsipHOM Geperam. E€ ckopocTh OTHOCHUTENBHO BOJIBI paBHAU, . Jlo cepeuHbl peKU CKOPOCTh Te-

YCHHS M3MCHSCTCA 10 3aKOHY U = X OT HYIS 110 Uy /12 — CKOPOCTH BOABI HAa CCPCAMHEC PCKHU, I'/IC

o — u3BeCTHBIA Kod(ddunmeHT,X — paccrosiuue ot Oepera. [locne cepeauHbl peku CKOPOCTbY-
MEHBIIAETCS J0 HYJIS y IpYroro Oepera 1o TOMy K€ 3aKOHY.

Ornpenenurte 3aBUCUMOCTb OT BPEMEHUYTIIA MEXAYBEKTOPOM CKOPOCTHIIOIKA OTHOCUTEIBHO
BOJIbI M HAIpaBJICHUEM JIBUYKEHUSI OTHOCUTENBHO Oepera.Uepes3 Kakoe Bpems JIOAKA OKaKeTCs Ha

npyrom 6epery?

Bo3mozkHoe pemenue (A. YilMuH). ax
(cmoco6 1)
B TpeyronbHHKE CKOpPOCTEN CKOPOCTh TEUEHHUs U b,

U=aX, CKOPOCTh JIOOKH OTHOCHUTCIIBHO 6epera

v=0dx/dt, a e€ ckopoCTbU, OTHOCHTEIBHO BOJBI ®

HalpaBlieHA TOJ VYIJIOM @ C HOpMallblo K Oepery.

Tormav =v,C0S¢ .
3a manoe Bpewms dt toka nepemMenaeTcs B HaIIPaBICHUU IPOTHBOIIOIOKHOIO Oepera Ha
paccrosiaue OX, a HampaBJIeHHE BEKTOPa CKOPOCTH JoaKuu3MeHsieTcst Ha yron d¢ . [lpu aTom
adx = qudt = av, cos edt. 1)
Boipazum otpe3ok adX uepes aiuHy ayru ¢ yriaom g OKpyKHOCTH paanycav,
adx = v,dgcos . (2)
U3 (1) u (2)nmony4uaem, uro dp = adt unun @ = at . BEKTOPOTHOCHTENIBHON CKOPOCTH TIOBOPAYH-
BaETCA C MOCTOSIHHOM YTJIOBOW CKOPOCTHIO!
Ha cepenune pexkul =v, /2, u tornap= /6, aBpemst =7/ (6ax).

Ot sToi CEpCANHBI 1O APYyroro 6epera BCEKTOD OTHOCHUTEJIbHOMN CKOpPOCTH IMOBOPAYUBACTCS C TOI
XKC YFHOBOP’I CKOPOCTBbIO, HO B IMPOTHBOIIOJIOXKHYIO CTOPOHY. 3 CUMMCTPUU IIOJIHOC BPEMA

T=2t=7/(3x).

Ne | 3apaua 1.11.1. Kpurepuii (12 6an10B) banabl
1 | TpeyroibHUK CKOPOCTEH C YIJIOM MOBOPOTA 1

2 | Ilpupamuenue ckopoctu TeueHus 3a dt (ypaBHenwue 1) 1

3 | lpupamienue ckopoctu TeucHust uepe3 d¢ (ypaBHenue 2) 3

4 | Haxoxnenue yriuoBoi ckopoctu (do/dt=aumn ¢ =at) 2,5

5 | Haxoxnenue @ = /6 Ha cepenune peku 1

6 | HaxoxmeHue BpeMeHH TUTaBaHUS JI0 CEPEIUHBI PEKU 2,5

7 | «Cummetpusi» Bropoit mosoBussl u otBet T =7/ (3c). 1

24 aneapsa na nopmane http://abitu.net/vseroséyoem npoeedén onnain-pazbop pewenuii 3a0a4 nepeozo
mypa. Hauano pazoopa (no Mocko8ckomy epemenis):

7 knacc — 11.00; 8 knacc — 10.00; 9 knacc — 12.00; 10 knacc — 13.30; 11 knacc — 15.00.

26 aneaps cocmoumcs OHAAUH-pa3top pewteHuil 3adanuit emopozo mypa. Hauano pazoopa:

7 knacc — 11.00; 8 knacc — 10.00; 9 knacc — 12.00; 10 knacc — 13.30; 11 xnacc — 15.00.



Pemenune(cnocod 2).

[TocTpouM TpeyrojabHUK CKOPOCTEH [ist JTOAKH (CM. pUCYHOK BbIiie). M3 Teopemsl [Tudaropa
02 +(ax)’ = vt

[Tocne muddepeHnpoBanus MO BPEMEHU MOTyUUM: 2a v, +2a’xv, =0.

a, =—a’X —ypaBHEHHE rapMOHUYECKHX KOJIEOaHHIA.

U3 HavanpHbIX yenoBuid (X =0; v, =U,) HaAXOAUM pEIICHHE
v, =v,cos(at).

Takke U3 TpeyroJbHUKA CKOPOCTEH BUIUM, YTO U, = U, COS¢ ,0TKyna ¢ = at.

B MOMEHT HOCTM>XKEHMs CEpPEUHBI PEKU U, :uox/g 12,t=7/(6cx). OGmiee BpeMs JBHUKEHUSA

T =2t =7/ (3a).

Ne | 3apaua 1.11.1. Kpurepun ounenuBanus (12 6ayioB) banabl
1 | TpeyroJibHUK CKOPOCTEH ¢ yrIIOM IMOBOPOTA 1

2 | JlokazaHo, 4TO JIBH)KEHUE TapMOHUYECKOE 2,5

3 | Vi3 Ha4abHBIX YCIOBHH ONpPEIEIEHa 3aBUCUMOCTD U, (t) 2,5

4 | Haiinena 3aBUCUMOCTh @ =t 2,5

5 | Haxoxnenue BpeMEeHH TUIaBaHUS 0 CEPEANHBI PEKU 2,5

6 | «Cummerpusi» Bropoii mosnoBussl u otBeT T =7/ (3c). 1

24 aneapsa na nopmane http://abitu.net/vseroséyoem npoeedén onnain-pazbop pewenuii 3a0a4 nepeozo
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7 knacc — 11.00; 8 knacc — 10.00; 9 knacc — 12.00; 10 knacc — 13.30; 11 knacc — 15.00.

26 aneaps cocmoumcs OHAAUH-pa3top pewteHuil 3adanuit emopozo mypa. Hauano pazoopa:

7 knacc — 11.00; 8 knacc — 10.00; 9 knacc — 12.00; 10 knacc — 13.30; 11 xnacc — 15.00.




Pemenne (cmocod 3).
N3 teopemsr [Tudaropa ciemyer

02 +(ax)’ =v2.
Otcrona cKopocTh JOJKU

UX:%: Ug—(ax)z, a BpeMs dt=%=L2.
dt Y oy —(ax)

Bpewmst, koTopoe He0OX0 MO /7S TPEOI0ICHUSI HEKOTOPOTO PACCTOSHUA X,

t = f—dx = iarcsin (%j

0 Ug'—(OtX)2 o )

B uactHOCTH, Tipu X =0, / (2) (cepenuna peku), Bpemsi t =7/ (6ar). OOiuee BpeMsi IBIKCHUSI
T=7/@a).

I[J'ISI OIIPEACIICHUA UCKOMOTI'O yIJla 3aMETHUM, YTO U3 TPCYI'OJIbHUKA CKOpOCTeﬁ sin Q= aX/UO, OoT-

Kyga @=oat.

Ne | 3agaua 1.11.1. Kputepuu ouennBanus (12 6as10B) Baiabl
1 | TpeyroibHUK CKOPOCTEN C YIJIOM IOBOPOTA 1

2 | HaiizeHa cBsi3b MeX1y BpeMeHeM 1 KoopauHatoiit, = (1/ a)arcsin(ax, /v, ) S

3 | Haiinena 3aBucumocts ¢ =t 2,5

4 | HaxoxaeHue BpeMEeHUIUIaBaHUS IO CEPEIMHBI pEKU 2,5

5 | «Cummerpusi» BTopoii mostoBurs! 1 otBeT T =77/ (3c). 1

3apaua 1.11.2. [JocTtaBka Boabl nmHeBMonouToi (12 6aasuos). ['ne-to B Kocmoce, Bnamu ot
3B€3/1, JBIKETCS M0 MHepIuH padpuka-3Be370i1eT. B TeXHOIOrH4ecKkux npoueccax UCIoib3yeT-
Csl BOJIa, KOTOPAst JOCTABJISACTCS K HY’)KHOMY MECTY TOPIUSMHU ¢ Maccoid M = 288r no riagkum
Tpy6GaM, IUIOMIANb MONEPEIHOr0 CEUeHHs KOTOPHIX MOCTOSHHA M paBHa S =50cm’. Kaxas
TIOPIIHSI COJIEPIKUTCS MEXKTY ABYMST OJJMHAKOBBIMH TTOPIIHSMH, Macca KaXKJI0T0O U3 KOTOPBIX TOXE
paBHa M. Temmeparypa mopuud | TIpU JBUKCHUU B YCTAHOBHBIIEMCS peXuUMe (KOIeOaHHS

MOPUIHEN OTHOCUTEIIBLHO APYT ApYyra OTCYTCTBYIOT) OCTaeTCs - =

HEM3MEHHOM. /[BrkeHue MmopiIHei U MopIuK Bos! O TpyoOe
o0ecrieynBaeTcsl JAaBICHUEM C)KaTOro rasza: «03aan» HUX

P P2

JlaBJieHWe raza P; Bceraa B 1,5 pasa Oosblie, a «epea» HU-

mu ( P,) — B JIBa pa3a MEHbIIIE, YeM JaBJICHHE HACBHIIICHHOTO

BOJISTHOTO Tapa MpH Temieparype T .
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Kaxkas gacTe Macchl BOJAbI B IIOpUHH IIPHU IBUKCHHUHU B YCTAHOBHUBIIEMCS PECKUME HAXOJUTCA
B X KMJKOM coctostHUK? KakoBo B 3TOM PEXKUME paCCTOAHNUE MEXIY HOpH_IHHMI/I?

[110THOCTh HACBHIIIEHHOTO BOSHOIO IMapa MpH Temreparype | cocraBisier &€ =6% or

. . 3
IUIOTHOCTH KMJIKOM BO/bI, KOTOpasl IPU 3TOH Temneparype paBHa p ~ 0,721/cMm”.

B BrrumcieHusax AJId IIPOCTOTBI MOKHO CHHUTAThb BOAY COBCPIICHHO HGC)KPIM&GMOIZ, a BOJsA-

HOM map — 1nno4YTu UACaJIbHbIM Ira30M. OTBeTr AJI PaCCTOSAHUA MEXAY IMOPIIHAMHA BBIPA3UTE B CM
C TOYHOCTBIO 4O IICJIO0TO 3HAYCHU .
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7 knacc — 11.00; 8 knacc — 10.00; 9 knacc — 12.00; 10 knacc — 13.30; 11 xnacc — 15.00.




Bo3mo:xnoe pemenue (K. [IapgénoB). B ycranoBuBILIEMCS peKUME NOPIIHU U BOJA JBUXKYTCS

(P.—P2)S _ (15py —05py)S _ puS
3m 3m 3m !
rae Py — AaBJIEHHE HACHILICHHOTO BOASHOrO mapa mnpu temneparype T . M3 ypaBHeHus nBHxke-

PaBHOYCKOPEHHO, NPUYEM BEIMYMHA YCKOPEHHUs a =

HUg mopmHsa 1 («mo3aau» TOpHMH  BOABI) CIAEAYeT, 4YTO JIaBJICHHE BOJBI Ha HETO

ma 7
p' = Ppr——= 6 Py . M3 3T0r0 SCHO, Y4TO Yy MOBEPXHOCTH JTOIO IMOPIIHSA BOJA HAXOIUTCSA B

S
KNIKOM COCTOsSHHH. AHajlornyHo u3 YpaBHCHH ABUXCHHA IOPIIHA 2 HaxoJuM, 4TO Ha y €ro

ma
HOBEPXHOCTHU JaBjieHue Boabl P" = P, + —

S

rpaHuIe paszjena (a3 JaBlIeHHE PaBHO Py , ¥, TOCKOIBKY BOJAa HECKHMAEMa, TO U3 YPaBHEHUS

5
= 5 Py, TO €CThb 31IeCh BOJa sBIIsieTcs mapoM. Ha

JBHXXCHUA JJIA CJI104 )KHEKOﬁ BOJbI HaxoauM TOJIIIUHY 9TOTI'O CJI0A:

m m
pSh-a=(p'-py)S=nh =55 [Toatomy Macca xuAKOW Bogsl M, = pSh =5 TO €CTh B
0

KHUJIKOM COCTOSIHUM HAXOJUTCS IIOJOBUHA (50%) MAacChI BOJFEI.
Teneps B 001acTH, 3aHATONH BOASHBIM MapoM, BBIJICIMM CJIOW mapa TOJIMHOW AX W 3amu-
IIEM YPABHCHHC IBHIKCHHUSA OJISI HETO (HOII JIEUCTBUEM CHII IlaBJIeHI/Iﬂ)I Pn SAX-a= —ApS , TIe

. Y
IJIOTHOCTBH IIapa, B COOTBETCTBUU C YPABHCHUCM MeHneneeBa-KnaHerOHa, paBHa pn:g—_l_.

Takum 00pa3oM, TOJNIIMHA CJIOs, HA KOTOPOM JaBlieHHe yObiBaeT Ha BennuuHy AP <0, paBHa

3mRT Ap 3m Ap HPy
— —=— — . 31ech y4TeHO, YTO
HPuS P &pS P RT

AX = = py = &p. Ha Bcem yuacTke mapa

5]
JIaBIICHUE MaJaeT He 0YeHb 3HAYMTEIBHO — OT Py I0 P = 5 Py - IToaTomy TonmmuHa cnos napa

1
MOJKET OBITh IPUOIMIKEHHO BBIYKCIIEHA 10 3TOH hopmyiie ¢ —Ap = 5 Py ¥ cpenHel BEITUYMHON

6m
1lepS

1 11
NaBIICHUS P ~ E( Py +§ Py j =13 Py . Takum obpasom, H = ~ 3cMm. 3HaAuuT, pac-

m 12
CTOsIHHE MeXay mopiHsmMu L=H +h = —[1+ —} ~ 77 cM. [lomycTUMO Takke HCIIOJIb30-

2pS 1le
. 1 1{1 L6 J 1
BaTh CpeJHEe 3HaueHHe OOpPaTHOrO JABJIEHUS — ~ — = . B aTOoM ciyuae
p 2\py 5py ) 10py
11m
Hrx—~=73cmu L~ l{l E} ~ 77 cM. SIcHO, UTO ATH BBIPAKEHUS JAIOT JJIS UCKO-
20¢ pS 2pS 10e
MOW BEJIMYMHBI OLEHKH «CBEPXY» M «CHHU3Y», IMOITOMY pa3yMHO B3SThb WX CpelHee:
241m m 241 .
Hx—~73cmu L= 1 ~ 77 cm. TTockoJIbKYy B pamMKkax TpeOyeMol TOYHO-
440¢ pS 2pS 220¢

CTH BCE 3THU IMOAXOAbI Jal0T OJUHAKOBBIM OTBCT, BCC OHU SABJIAIOTCA JOIMYCTHUMBIMU.
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OTBET: 50% (mosioBuHA), L ~

m [1 241}_127]m~77CM

+ = =
2pS 220¢ | 132pS
IIpumeyanue 1.Y4acTHUKH, 3HAKOMBIE C MHTEIPHPOBAHKUEM, MOTYT BeIYMCIUT H u L OGomee
3m "tdp _ 3m
EpPS B 0S

6
aKKypaTHO: TOJIIIMHA cios mapa H = In(— , U PacCTOSIHUE MEXIy MOpII-

2pS &£

HOCTBIO MpaBWiIbHBIE. HETPYIHO 3aMeTHTh, 4TO 1O TOYHOM (76,93 cMm) u npubmmxennoi (77,03

m 6, (6
giMu L=H +h= —{1+ — In(—ﬂ ~ 77cm. Takue OTBETHI TAKXKE 3aCUUTHIBAIOTCS KaK IIOJI-

cM) popmyrnam pazHocTs otBeToB Menee 0,14% (mpumepno 0,1 cm).

I[Ipumeuanue 2. OTMETUM TaKKe, YTO MpeHEOpeKEeHNEM 00BEMOM >KHUJIKON BOJIbI 1a€T OIIUOKY

6onee 5% (TonmmmHa cos KUAKON BOAbI paBHA 4 cM). Mcronb30BaHue MPU BBIYUCICHUU TOJI-
IMHBI CJIOS [1apa «KpalHUX» 3Ha4YeHui naiaeHus ( Py wimbpP,, /6) BMECTO cpeqHero BHOCHUT

omoky 6omee 8%. [loaToMy 3TH OmMOKHM CyIIEeCTBEHHBI Ha 33JaHHOM YPOBHE TOYHOCTH, U B

9TOM ClIy4dac OaJnIkl 3a pPEICHUC HCCKOJIBKO CHHUKAKOTCA.

IIpumeuanue 3. ykazaHHBIC IDIOTHOCTH BOJIBI M BOJSTHOTO TIapa UMEIOT MECTO MPHU TeMIIepaType
okoJ1o +295°C.

Ne | 3agaua 1.11.2. Kputepuu onenuBanus (12 6a1oB) Bbanabl
1 | Yka3aHo, 4TO MOPILIHM U BOJA JBHXKYTCS PABHOYCKOPEHO 0,5

2 | OmnpeneneHa BeTMYMHA YCKOPEHUS 0,5

3 | Yka3aHo (MCIIONIB3yeTcsl B PEUICHNN ), YTO y MOPIIHS | BOJa HAXOAUTCS B )KHUIKOM 1

coctosituu (0,5 6asa), a y nopuras 2 — B razooopazaom (0,5 6auia)

4 | VxazaHo (WCTONb3yeTCs B PEIIEHWH), YTO HA TpaHUIlEe pasjaena Qa3 JaBICHUE 1
paBHO Py

5 | HaiizeHo, 4TO B )KUAKOM COCTOSIHUU HAXOAHUTCS MOJIOBUHA MAacChl BOJIBI 2

6 | Haiizena TommuHa cos )UAKOW BOBI ((opMysia MITH YHCIIO) 1
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7 3amnurcaHo YpaBHCHHUE, CBA3BIBAIOIICC PAa3HOCTH ,I[aBJ'IeHI/Iﬁ AJIs1 CJI0sA I1apa € TOJI- 3

HIUHOM 3TOTO0 ciost ( AX = —(3m / (6‘ PS ))(Ap / p) WJIM SKBUBAJICHTHOC)

(Ecnu B k03¢ pHieHTE OCTAINCH HEU3BECTHBIE BEIMYMHBI — TOJIBKO 1 asw!)

8 | Haiinena TommuHa caos BOASHOTO napa (hopMylia Wik YUCIIO) 2

(ITpu ncnonp30BaHUU «KPAWHUX) 3HAUEHUH JABJIEHUS BMECTO CPEAHETO — TOJIBKO
1 6ana!)

9 | IlomyueH nmpaBUIIbHBINA YUCICHHBIA OTBET JIJIsl PACCTOSHHS MEX/Ty TOPIIHAMHU 1

(3a otBet 6e3 ydera cios xuakoi Boabl (73 cm) — Tonpko 0,5 6asna! Taxxke 3a
OTBETHI C UCIOJIb30BAaHUEM «KpalHMX» 3HaueHui naieHus (71 cMm win 84 cm) —
0,5 6anna! Eciu nonymieHsl 00€ MOTPEeIIHOCTH — Oajlibl 32 3TOT MYHKT HE CTa-

BATCA.)
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3agaua 1.11.3. Ioaeresn(12 6am10B).B Bakyyme B HEBeco-
MOCTH MEXIYy KpYIJIBIMH TIOJIOCAMH JJICKTPOMAarHuTa Ha
paCCTOSIHI/II/IX OT OCH Mar"Hurta IIOKOMUTCS YacThUIlla MacChIMu
3apsinad. CHavalla MarHUTHOE ITI0JIE PaBHO HYJIO. 3aTeM, 3a
MaJjblii NPOMEXKYTOK BPEMEHH, MHIYKLHUS MarHUTHOIO IIOJIA

YBCIUYMUBACTCA 10 3Ha‘-I€HI/ISIB(_)I/I noAACPIKUBACTCA ITOCTOSIH-

Hoii B Teuenne Bpemenn 7 < 7M/ (B, ), mocxe wero oueHs GbI-

CTPO YMCHBIIACTCA 10 HYJIA.

1)
2)
3)
4)
5)

HO‘ICMy JacTuua IMpuxoauT B I[BI/I)KGHI/IG? OnummmTe Ka4eCTBEHHO TPACKTOPHUIO YaCTUIBI.

C kakoit CKOPOCTBHIO ABMIKCTCA YaCTHULA ITOCJIC BKIFOUCHUA MAarHUTHOI'O mojs?

C kakoit CKOPOCTBIO ABUIKCTCA YaCTHLIA ITOCJIC BBIKIIFOYCHUA MAarHuTHOT' O oJjs?

Ha xakoM MEHEMAaJILHOM PaCCTOAHNU OT OCU MAarHuTa NpoxXoJuT TPACKTOPUs qaCTHHLI?
‘—Iepe3 KakoC BpE€MA OT MOMCHTA BKIIIOYCHHA IIOJIA YaCTUIa OKaXCTCSA Ha MUHHMAJIBHOM
pacCTOAHNUN OT OCH Maraura?

MarauTHoOe noJje B npeaciax ImoJIroCOB MOKHO CYUTATh OJHOPOJHBIM. HepeMemeHHeM qac-

THIBI 3a BPEMA BKIITOUCHHA W BBIKJIFOYCHUS I10JIA MOKHO npeHe6pe%.
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Bo3moxknoe pemienue (A. Anosonckuii). [Ipy BKIIIOYEHUH HM3MEHSIONIEECS] BO BPEMEHU Mar-
HUTHOE T0JIE TOPOKIAET BUXPEBOE FIEKTPUUECKOE, KOTOPOE JIEHCTBYET Ha YaCTUILY U COOOLIaeT
el HEeKOTOpYIO0 cKopocTh. M3 co0OpakeHHii CHMMETPHH SICHO, YTO CHJIOBBIC IMHUU 3TOTO BUXPe-

BOI'o 1oJid — KOHLUCHTPHUYCCKUC OKPYKHOCTU C HCHTPOM Ha OCHM MArHuTa. CornacHo 3aKOHY

SJICKTPOMAarHUTHOM MHAyKUMH, BekTop E, -

HarpaBjeH (IpU yKa3aHHOM Ha PUCYHKE Harpas-
JICHUW MarHUTHOTO TOJIsl) MO0 YaCOBOM CTPEJIKE MPH BKIIOUEHUHU TOJISI U MIPOTUB HEE — MPHU BbI-

KJIIOUCHUU. OHpeI[GJ'II/IM BCIIMYMHY HAIPSAKECHHOCTH BUXPEBOI'0 JJICKTPUUYCCKOI'O I10JIA EBHXPB

MecTe pacnojiokeHus: yactuupl. Bennunna OJ[C unaykuuu £ B KOHTYpe paanyca X Onpeness-

CTCA CKOPOCTHIO UBMCHCHUA MAIrHUTHOI'O ITIOTOKA

do dB
E=—z=1x"—.
dt dt
C npyroii croponsl & =2zXE,, .Otcrona
_xdB
T2 dt
dov .
[Tockosbky mE =(QE,,, » 33 MaJIbIii TPOMEXKYTOK BpeMeHHU At u3MEHEHUE CKOPOCTU YACTHIIBI
JE,.,dt gxdB
dv= P
m 2m
3a Bce BpeMs yCTaHOBJICHUS ITOCTOSIHHOTO 3HA4YCHUsI By M3MEeHeHNEe CKOPOCTH COCTABUT
gxB,
2m

OTta CKOPOCTBh COHAIIpaBJICHA C E T. €. HaIIpaBJICHA «IIO 4acoBOM CTPCJIKEC» NCPIICHAUKYIISIPHO

BUXp
paanycCy, MNpOBCACHHOMY OT OCH IIOJIOCOB JJICKTpOMArHUTa. HOSTOMy Jajaec, B TCUCHHC

BPEMCHUT YaCTUIla ABUKCTCA (HO,[[ JIENICTBUEM CHUJIBI HopeHua)no OKPY’KHOCTHU paanyca

C IepuoioM 00paleHUs

_27R_ 27m B

T = .
v aB,

OTMmeTuM, 4TO OKPYKHOCTb NPOXOAUT 4Yepe3 0cbOIONI0COB JIIEK-

R

azm T
TPOMAarHuTa, a 1Mo yCIOBHIO 7 < ? =—, TO eCTh IO MOMEHTA BBIKJIIO-
b,

YCHUA MAarHUTHOI'O ITIOJIA YacTUla YCII€BACT MPOJIECTCTh MCHEC ITOJIOBU-

rle

HBI 3TO okpyxHocTH. Ha puc. 1 B —touka, B KOoTOpoil Haxoausach

=

YacTHUIla B HAYAJIbHBIA MOMEHT BpemeHHu, C — Touka, B KOTOpPOU Oyner

qacTula 4€pe3 BpEMAT B MOMCHT BBIKJIFOUCHUA I10JIA, D- HCHTP OK- (9]
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PY>KHOCTH, IO KOTOPOM JIBH>KETCSI YaCTHIIA. Puc.1

HOJIO)I(GHI/IC YJaCTHULIbI Ha OKPY)KHOCTI/I B MOMCHT BpeMeHI/IT 3a4acTCA er'IOM
T 708
a=2r—= h,
T m

a paccrosune |OC| o ocu O marnuTa npu 5T0M paBHO X, = 2Rcos(a /2) = xcos(a/2).
[Ipy BHIKIIOYEHHH MArHUTHOTO MOJIS U3-3a JICHCTBUS BUXPEBOTO 3IEKTPHIECKOTO T10JIs CKO-
9% B
2m

nepreHauKyIsapHo otpe3ky OC, B TO BpeMsi, Kak BeKTop U mneprenaukyssiper DC (cm. puc. 1).

POCTh 4aCTHUIIBI U3BMCHUTCS Ha BCIINIUHY U; =

=0 COS(a / 2), IpUYEM BEKTOp U, HaIpaBIICH

[Tocre BBIKITIOUEHHS TTOJISE PE3YIIbTUPYIOIIAst CKOPOCTh YacTHIBI U = U + U,.

HeprI[HO 3aMCTUTDB, YTO COCTABJIAIOIIAA BGKTOpaD y HCPHCHAUKYIIAPHAA CO, paBHaA I10 BC-

mauHe v, =vcos(a/2), To ecth O, + U, =0. 3HaunT,BekTOp U HampasieH Bionb orpeska CO,

HPOXOJSIIIETO Yepe3 OCh 3JIEKTPOMarHuTa. BIomb 3TOro oTpe3ka M ABIKETCS YacTHIA ITOCTe
BBIKJIFOUSHHSI MAaTHUTHOTO 1T0JIsL. CKOPOCTh Uee ABMKEHUS TIPU STOM
u :usin(alz):&Bosin(aIZ).
2m
Takum o6pazom, Tpaektopust BCO nBmkeHHs 4acTUIBI TIPEICTABISET CO00M IYTy OKpPYXK-
HOCTH, TIEPEXOJISIIYIO B JIyY, NMPOXOSAIINI Yepe3 oCh MarHuTa. MUHIUMAaIbHOE PACCTOSHHE OT
OCH MarHuTa MpH JIOOBIX 3HAUEHHSIX T UX PaBHO HYIIO.

Bperl OT MOMCHTA BKIIFOYCHHS ITOJII 1O MOMCHTA ITPOJICTA YEPE3 ICHTP MarHura

xcos(a/2)

X, 2m
At=r+2L =7+ =r+——ctg(a/2),
u q;(rio sin(a/2) 98,
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Ne | 3apaua 1.11.3. Kputepuu ouenuBanus (12 6a1/108B) Banabl

1 | Yka3zaHo, 4TO YacTHIla MPUXOANUT B IBMXKCHHE MO ACHCTBUEM CHUJIBI CO CTOPOHBI 0,5

BHUXPCBOTI'O DJICKTPHUYCCKOI'O ITOJIA

2 _ ,dB 0,5
3anucano BeipakeHue 111 DJIC MHAYKIIUU B KOHTYpe panuycaX: £ = rX e
3 | [Homy4eHo BeIpaKeHUE I HAMPSHKEHHOCTH BUXPEBOTO JICKTPHUECKOTO TOJIS B 2
x dB
3aBUCHMOCTH OT PaCCTOSAHMSIX OT ocumarHura: B, = _——.
2 dt
4 | [Tony4yeHo BbIpaK€HHE AJISi CKOPOCTH YACTHIIBI MOCIE BKIIIOUEHUS MarHUTHOTO 2
nossiv = gxB, / (2m).
5 | YkazaHo, 4TO B MHTEpBaJIE BPEMEHU MEX/Yy BKIIOUYCHUEM U BBIKIIOYECHUEM Mar- 0,5

HUTHOTI'O ITOJIA YacTUla JICTHUT 110 AYI'C OKPYKHOCTHU, a ITOCJIC BBIKJIFOUCHUS IBU-

JKETCS IO NMPSIMOU

HpI/IBe,I[CHLI BCPHBIC BBIPpAKCHUA OJIA

6 | pamuyca okpyx)HOCTUR 0,5

7 | mepuona obpamenust T 0,5

8 | paccrostaust 10 ocu (B MOMEHT BBIKIIFOUECHHS T10JIS) 0,5

9 | I[lony4deHo BhIpakeHUE ISl MOJTYJISl K3MEHEHUSI CKOPOCTH 1
IPY BBIKITFOUCHUH TTOJIS U;

10 | C yuerom nampasnenuii CKOPOCTH U M W3MEHEHUs CKOPOCTH U JI0Ka3aHO, YTO 2

ITOCJIC BBIKJIFOUCHUSA T10JIA YaCTHULA JICTUT Y€PE3 HECHTP CUCTCMBI

11 OnpeneneHa CKOpPOCThU YaCTHULBI ITOCJIC BBIKIIFOYCHUS ITOJIS

12 | Bepno omnpenenero Bpemsi At 10 mposieTa yepe3 IEHTP MarHuTa 1
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3agaua 1.11.4. Dpdext Xosuta(146a/10B). DIEKTPOHBI ABISIOTCA HOCHTEISIMUA TOKA B METaJ-

Jax U MOIXynpoBoAHMKaxX N-tuma. Eciau o6Gpaser ¢ TokoM (B A\B

JJAHHOM Clly4ae INPAMOYIOJbHBIM KyCOYEK IIJIEHKH II0NIY-

IIPOBOJHMKA N-THUIIA) MOMEIIEH B MarHUTHOE I10JIE U YEPE3

HCro npoTeKacT 3JICKTpI/I‘ICCKI/II71 TOK, TO Ha JIBHUKYHIUCCA

3JIEKTPOHBI eicTByeT cuia Jlopenna F =evB, nepnenau-

KyJIsIpHasi CKOPOCTH O 3JIEKTPOHA M BEKTOPY B MarHMTHO#M
uHayKuu(puc. 1). Puc. 1

3meck U — cpedHssl CKOPOCTh Jipeiida AIEKTPOHOB, CBSI3aHHAS C MPOXOASIIAM TOKOMIm

IpAMO MpOonopUrOHAIbHAaA HAIIPAKEHHOCTH SJICKTPUUCCKOI'O I10JIA E B HaIpaBJICHUU 3TOI'O TO-

Ka: b= ‘IJE , TAC KOB(b(l)I/II_[I/IeHT IMPONOPIHUOHAJIBHOCTH # HA3bIBACTCA ITOABHIKHOCTBLIO 3JICKTPO-

HOB.

H3-3a HeﬁCTBHﬂ Ha 3JICKTPOHBI CUJIbL HopeHua (Ha PUCYHKC OHA HaIlpaBJICHA B CTOPOHY JIC-
BOIi TPaHM), IPOUCXOUT Pa3/ICIICHIE 3aPsIIOB U TMOSBIISETCS MOMEPEUHOE IEKTPHUESCKOE MOJIE C
HaANpPsDKEHHOCTHIOE,. BO3HUKHOBEHMM 3TOro0 IM0JIs IpH MPOTEKAHWU TOKa B o0Opasle, OMEIIEH-
HOM B MarHUTHOE T0JIe, Ha3kIBaOT dpdexrom Xoia. [lepemernienne 3JIeKTPOHOB B HaIpaBlIc-
HUM JIEBOM TI'PaHU NpPEKpalaeTcs, Korga cuiry JIopeHa ypaBHOBEIIMBAET AJIEKTpUYECKas cuia
ek, : evB =eE,.

X

B YCTAaHOBUBLIEMCS PCIKHUME HaHpH)I(éHHOCTB IMOIICPCUHOI'0 SJICKTPUICCKOT'O ITOJIA Ex =vB.

Humxe omucan 9KCIICPUMCHT, B KOTOPOM 3(1)(I)eKT Xomna Hc-

MOJIB3YCTCAJIIA UCCIICIOBAaHUA CBOMCTB MOJIYITPOBOJHUKA.

Tok cosmaér ucrounuk ¢ DJICE = 10 B u ManbiM BHYTPEHHAM
compoTuBieHneM. Bennumna wmarHuTHOW wuHAykumu B =1,0 T

JIns1 n3MEeHEeHUsT TOKAIPUMEHSIOT ITEPEMEHHBIN PE3UCTOP, & BOJIBT-

METpPOM HU3MepSIOT HampsokeHne UyMmexay OOKOBBIMH TPaHSIMHU B

HallpaBJICHUH, NCPHCHAUKYIISIDHOM MArouTHOMY IIOJIFO U HAIIpaB-

JICHUIO MTPOTEKAOIEro TOKa. Puc. 2
Pasmepsl MOJIympoOBOAHUKOBOTO oOpasma: TtommuHa d=1,0 mkm, mmpunab =5,0 MM,
mmHal = 1,0 em. 3apsin anekTpoHa e = 1,610 K.
B Tabnwuie npeacrasieHa 3aBUCUMOCTh Uy OT CONPOTHUBIICHHS I IEPEMEHHOTO PE3UCTOPA.

r,kOm |25 2,0 15 1,0 0,5 0,0
Uy, B 1,2 1,4 1,6 1,8 2,1 2,5
3aganue

1. Beipasute Uyuepes cuity Toka | B 00pasie, KOHLEHTpAIHIO N 3JEKTPOHOB NMPOBOJAUMOCTUHI

(usMYecKue BeNMUMHEL, IPUBEICHHEIE B onucanuu skcnepumenta (€, B, d, b, L, €).
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2. Beipaszute conporuBienue R U yaenbHOe cONpoTUBIIEHUE p 00pas3la uyepes3 ero pasmepsl,
HOJBMKHOCTb U U KOHLEHTPALUIO N 3JIEKTPOHOB MPOBOJUMOCTH.
3. MHcnonw3ys ypaBHEHHs, MOJy4eHHbIE B I.I. 1, 2, Beipazute Uyuepe3 KOHLEHTpALHMIO N H
HOJBMYKHOCTD 4 3JIEKTPOHOB IPOBOJUMOCTH, COIPOTHBIICHUE I' U (PU3UYECKUE BEITUYUHBI, IPHU-
BEJICHHBIC B ONMCAHUU YKCIIEPUMEHTA.
4. Hcnonb3ys BBIpaKEHHE, MTOJYYSHHOE B 1. 3, TIPU MOMOIIHU IpadUuecKoro aHaiu3a 3KCIepu-
MEHTaJIbHbBIX JAHHBIX ONPEIEIUTE Ui UCCIELYEMOro MOJIYIIPOBOAHUKA:

a) KOHIIEHTPALUIO N 3JIEKTPOHOB NIPOBOJAUMOCTH;

0) UX TOJABUXHOCTD (U,

B)yZI€JIbHOE COMPOTHUBIICHUE p.

Onwumute BEIOpaHHBIN AJ1s1 3TOTO crtoco0 00pabOTKU JaHHBIX.

Buumanue!l13-3a OrpaHU4YCHHOI0 BPCMCHHU BBINIOJHCHHUA 3aJaHHA IMOTPCHIHOCTL OIIPCACICHHUA
N, 4 1 p OUCHUBATh HEC Tpe6yeTc51, OQHAKO TOYHOCTH INOJYUCHHBIX BAMU IIPOMEIKYTOUHBIX U KO-
HCYHBLIX PE3YJIbTATOB 6y,[[eT YUYUTBIBATHCS ITPU BBICTABJICHHUU 0asIoB.
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Bo3moxknoe pemenne (C. Kapmasun).

1. Bripazum Uyuepes cuity Toka | B o6pasiie. 3amMeTum, 4To MpU CKOPOCTH Apeiida v3a equHUILY
BpPEMEHHU dYepe3 cedeHue obOpasiabd mpoxoaut 3apsia 37eKTPOHOB MPOBOIUMOCTH U3 00bEMa
vbd , 9TO MpH KOHIIEHTPAIUHU N 3JIEKTPOHOB MPOBOJAUMOCTH co31aéT cuity Toka | =envbd . [{ns

pasHocTH noteHnuanos U, =buB , mostomy

IB
U=—. 1)
end
2. Beipazum conportuiieHne R oOpasiia Mexy TpaHsSMH, OTCTOSIIUMHU JIPYT OT JIpyra Ha pac-
CTOSSHHUN L, qepe3 IIOABHUXKHOCTDH u nu KOHI_[eHTpaI_[I/IIO n BHCKTpOHOB HpOBOI[I/IMOCTI/I. TaK KakK

v=uE, tne E=U/LraeU — nanpspkeHue MEXIy cedyeHHsMU OpycKa, TO CKOpOCTh Iperida

| =envbd :w

anektponoB v =4J / L. TTockonbKy cuia TOka , TO U3 paBeHCTBa R = n

nMEEM
L
R= . )
enubd
COOTBGTCTBCHHO, AJId yACJIBbHOI'0 COIMPOTHUBJICHUA MMOJYUYUM
1
p=—" ©)
enu

3. Banumiem 3akoHa Oma i 3amkHyTOM 1enu & = | (I’+ R), rae RcomporuBienune oOpasna.

X

[ToxacraBnsisi B 3TO ypaBHEHUE BhIpakeHHe | = , cneaytoiee u3 (1), 1 BeipaxkeHue (2) s

B

R, monyuum r+R =
i U end

HIIN

B L

—=end-r+—. 4)

U, ub
Mp1 nonyunnu, yTo oOpaTHOE HanpsKeHHe XoJjla JUHEeHHO 3aBUCUT OT CONPOTHUBIICHUS Iepe-
MEHHOTO pe3ucTopa . ITo MO3BOJISET IPUMEHUTD Tpadudeckyto 00padboTky (4).

[To yrnoBomy ko3¢ durpenty denMokHO HAWTH KOHIIEHTPAIMIO N, a 0 CBOOOIHOMY UJICHY

_b — MNOABUXKHOCTDb U.

Y7
Tabnuiyus ycrnoBusinpeoopazyeM K BUIY:
r, kOm 0,0 0,5 1,0 1,5 2,0 2,5
EB/U,, Tn | 4.0 4,8 5,6 6,3 7,1 8,3
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éB
Hanocum Ha Fpa(i)I/IK C OCHMI/IU— M I'TOYKH, OTBCYAIOIINEC U3MEPECHUSIM, U IPOBOAUM Hauoo-

X

jee OIU3KYI0 K HUM IPSMYIO.

AC(Z[)),Tn
10 H—+F+HHHHHH
8_ Emm——
L | | //(/ _______
6 F jj,,/"jji.jjj‘_jjjj__
_—
[ | —e]
1 5 A
2t e
r, KOm
1 1 1 I-__

0 0,5 1,0 LS 20 25 30

L
s Hamen npsMon nmosrydaem 5 =4,1Tn, otkyna
Yz,

2 2 2
e 10 178 M 249108 &L,
50-10°-4,1\ ¢c-B c-B

8,2—-4,0( Tn Tn
VrinoBoit kodbdumment end = ——— — |~1,7-10°| — |, oTkyza
deprn 2.5-10° (OM} (OM) A

-3
n= 11 7_1910 6 M_S = 1, 06- 1022M_3, P= i :1| 2 10730MM
1,6-10°,0-10 enu
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Ne | 3agaua 1.11.4. Kputepuu ouenuBanus (14 6asioB) Bbanabl

1 | Ionuslii BEIBOA BhIpakeHus ais Hanpsokerust Xoita: Uy = Bub= Bl/(end). 2

IIpu HEnosHOM BBIBOJE

a) | Belpaxxena ckopocTb apeiida uepes cuiny Toka: v = I/(bden) (1 6amn)

0) | Beipaxxenue s nanpsoxenus Xosuia:Uy = Bub= Bl/(den) (1 6amn)

2 | Beipaxenue s conpotusienus F + R = E/l (0,5 Gamna) 1
ur+ R = EB/(Usden) (0,5 6amna)

3 | BelpaxkeHre COMPOTHBICHUS U YICIBHOTO COMPOTHBIICHHS Yepe3 MOBIKHOCTD U 3
KOHIICHTPAIIUIO

a) | 3amucano cootHomenue v = uE = uU/L (1 6amn)

0) | 3amucano coornomenue | = envbd = enuEbd = enuUbd/L (1 6amn)

B) | [Tomy4enue Boipaskenus aius R = L/enubd (0,5 6ayura)

r) | [Tony4yenue BeIpaskeHHE IS yaeabHOTO conpotuBienus p = l/eny (0,5 Gata)

4 | Cnenan BbIBOJ O JInHEWHOM 3aBucumoctu fu 1/Uy u3 moctosiHcTBa R Kak OCHOBBI 0,5

MCTOAa HAXOKACHUA XaPAKTCPUCTHUK IMOJIYIIPOBOIHUKA

5 | Ionyyenne cootHomenus (niu mo6oii ananor) EB/Uy = denr + L/(ub) 0,5

6 | [IpeoOpazoBanue Tabmuiel | B Tabuuiy 2 ¢ BEIMYUHOW, MPOMOPIIMOHATLHOM 1

1/Uy, xax QpyHKIHH I.

7 | YkazaHo, 4To 1no k03 UIHUEHTY MPU MEPEMEHHOW U CBOOOJHOMY UJIEHY B JIH- 1

HEHHOW 3aBUCUMOCTH MOXHO HalTH N U 4 (anreOpanyecky WM 1o rpaduky)

8 | YcraHoBieHre TapaMeTPOB JIMHEHHON 3aBUCUMOCTH (CBOOOHOTO uieHa L/ub)

9 | YcraHOBIIEHHE TapaMeTPOB JIMHEHHOM 3aBrcuMocTH (koaddunmenta den)

10 | MomswxHOCTH 1 Monana B uutepsaine (0,47 +0,5 1)M2/c-B;

B naTepBane (0,45 +0,53) M%/c (0,5 Gamra)

11 | Konmenrparms n B uatepsaie (0,8 +1,2) 107 1/m° 1
B nnrepsane (0,6 +1,4) 102 1/ (0,5 6amna)

12 | p B nrrepsane (1,1+1,4)-10° Om-m 1
B unrepsaie (0,9 +1,6)-1O'3 OM-M (0,5 6anna)
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