OJIMMIINAJA HIKOJBbHUKOB «IIOKOPU BOPOBLEBBI I'OPbI» 10 ®U3UKE.
2014/15 yueonnriii ron, 3SAJAHUE 3AOUYHOI'O TYPA. 10 u 11 knacchl.
Yacts |l. [ IPHKJIFOYEHHA DKCIIEPUMEHTATOPA TPYPJIA .
BO3MOKHBIE PEHIEHUSA U OTBETHI.

1. («3aragounas xKuAKoCcTb») OmHaxael Tpypnp Hamen eMKOCTh C HEHW3BECTHOM
MPO3pavyHON KUJAKOCTHIO. OH B3sUI CHHUM CBETOJIMOJ W MOMECTHJI €ro Iepej] TOHKOW JIMH30M
TakKUM 00pa3oM, YTO CBETOJHUOJI CBETUJ CTPOTO IO TJIaBHOM ocH JWH3BI. JlMaMeTp BBIXOIHOTO
oTBepcTus («riaskay) ceeroguona d = 2,4 mm. Oka3aoch, 4YTO YETKOE U300PAKEHHUE «TIIa3Kay
CBETOAMOJa HA MPABHJIBHO pa3MeIIeHHOM dKpaHe mmeer auamerp d, =12wmm. Korma Tpypis
MTOMECTHJI CBETOAUO]] ¥ JIUH3Y B JKUJIKOCTh (HE MEHSISI OTHOCUTEIHHOTO TIOJIOKEHHUST CBETOAMO/1a
U JIUH3BI), TO IOUAMETP YETKOro M300pakeHHs «miazkay crtain d, =4,2MM (Ipy HOBOM
MOJIOXKEHUU dKpaHa). [lokazaTens mpenomMieHus BemecTBa JuH3bl N = 2,5. Haiiaure nokasarens
MIPEJIOMIICHUS KUTKOCTH.
Pemienue:
[Tockonbky M300pakeHHE CO37aBajoCh Ha HKpaHEe, TO OHO ObUIO JEHCTBUTEIBHBIM, U TTO3TOMY

SICHO, YTO JIMH3a ObLIa co6npa10mel71. CooTHo1IeHnE IIOIICPCYHBIX PAa3MCPOB I/I306pa)I(CHI/I$I u
npeamMeTa («nonepeque YBCJ'II/I‘ICHI/IG») CBA3aHO C

S
b paccTOSIHHUEM OT JIMH3bI [0 MpeIMeTa M 10 H300paKeHUs:
d b . .
- - Fl = I' |= —. C apyroii cTopoHsl, 110 GopMysie TOHKOH JTHH3bI
a
—>
| 11 1 d F

t—=——= (otmMeTHM, uTO U300pakeHue
a b F d a-F
nericTBuTeNbHOE Tipu @ > F ). M3 3TOr0 COOTHOIICHNS BhIpakaeM (POKYCHOE PAacCTOSHHUE JIMH3BI

ad
B Bo3ayxeF: F = L. AHajorvuHple paccykIE€HHs MPUBOIAT HAC K BBIPAKEHMIO LIS
d+d,
. ' ad2
(OKyCHOTO paccTOosiHUsI JIUH3BI B kuakoctu F': F'= qrd (OCKOJIbKY BENWYMHA & HE
+
2

1
I/I3MCH$IJ'IaCI>). OnTtuueckass cujia JHH3BI D :E ImpornopuvuoHajibHa  OTJIIMYUIO  OT 1

I(O3(1)(1)I/II_II/ICHT3 MIPEIOMIICHUS JIMH3BI OTHOCUTEIILHO CPEelbl, IO3TOMY.

N1
bD_F_n _ n-n, _d(d+d,)
D F' n-1 n,(n-1) d,(d+d,)
(SI[CCB nO — TIIOKa3aTciib IMPCIOMIICHUS )KI/II[KOCTI/I). 13 MOCJICOHCIO YPAaBHCHUA JICTKO

d,(d+d,) 7

BBIpaXKaercs N,: N, = n=—=14.
d,(d+d,)+(n-1d,(d+d,) 5

OTBET: n, = dy(d+d,) n='_14.

d,(d+d,)+(n-1)d,(d +d,) 5
KPUTEPUU OLNEHUBAHMUS:
OrnpesiesieH TUTT JIUH3BI 1
3anucaHa CBSA3b YBEIMUEHHUS ¢ (POKYCHBIM PACCTOSIHUEM (ONTUYECKOM CHUIION) JIMH3BI 2
U PaCcCTOSIHUEM JI0 UCTOYHUKA




3anucana cBs3b (POKYCHOTO pacCTOSIHUA (ONTHYECKOW CHJIBI) JIMH3BI C TIOKa3aTeeM 2
IIPEJIOMJIEHUS CPEIbl

[Tomyueno npaBuabHOE ypaBHEHME I ONPEACIEHUs N, 5
[TosryueH npaBUIIBHBIN OTBET )
MAKCHMAJIbHBIN BAJLI 15
2. («Bapuoxkonn») Hccienys CBOWCTBA CHHTE3MPOBAHHOTO MM IMAJIEKTPHKA, Tpypib

06Hapy>KI/IJ'I, 4TO €ro JUIJICKTPUUYCCKAsA MNPOHHIACMOCTb 3aBHUCHUT OT HAIIPSXKCHHOCTHU
OJICKTPpUYCCKOro 1Ioji1 B HEM, IPpHUUYEM I3Ta 3aBUCUMOCTH OIIMCBIBACTCA (bOpMy.]'IOfI

g =g 1+—|, rne E, — Hexoropas koHcranTa. Torma oH B35l IBa OJMHAKOBBIX BO3IYLIHBIX
0
IUIOCKUX KOHJCHCATOpa C PACCTOSHUEM MEXIy OOKiIaakamMu O, OJWH W3 HHUX 3apsaui J0
Hanpspkennss U, =E,d, a npyroif HONHOCTBIO 3amONHMI JIUIEKTpuUKoM. 3areM Tpypnb
COCIMHIII TIOMApHO OOKJIAJKU KOHJIEHCATOPOB MPOBOJaMU. BO CKONBKO pa3 yMEHBIIUTCS 3apsil
BO3/IyILITHOTO KOHJIEHCATOPA 32 IOCTATOYHO OO0JIbILIOE BpeMs MOCIIe COSIMHEHUS?
Pemenue:

ITycTh eMKOCTB BO3yIIHOrO KOHJeHcaTopa paBHa C,. Torzna ero nayansHblii 3apsan ¢, = C,U,.

VY KOHJIEHCATOpa, 3allOJTHEHHOTO IMAJIEKTPUKOM, CBSA3b 3apsAfa C HANpPsHKCHHEM HeNMHEeWHas:

£,e(U)S 3 U E Ed U

LU =—C,/1+— U (3mecp yuremo, uyrt0o —=——=—). 3a
d 2 U, E, Ed U,

JOCTAaTOYHO 00JIBIIIOE BpEMA IOCJIC COCAUMHCHHA HAIIPSIKCHUSA Ha KOHACHCATOpAX IMPAKTUYCCKU

q=C(U) =

BBIPOBHAIOTCA. Ecau 3apsa 3aIll0JIHCHHOI'O KOHJCHCATOpa IIPU 3TOM paBE€H (, TO BO3OAYIIHOTO -

q'=C,\U, —q, moaromy

2
' u 3 u u) s5U 2
u=9 oy, )y 3y Y| Y] Y 2
C, C, 2 u,) _\u,) "3u, 3
ﬂCHO, yTOo (I)H3quCKHﬁ CMBICI HWMEET TOJBKO ITOJIOKUTEIbHBINA KOpPCHb IIOJIYYCHHOI'O
u 1 o1 . U
KBagpaTtHoro ypaBHeHmss —=—, u (' ==-CU, (oTpuuarenpHblii KOpeHb — =—2
U, 3 3 }
COOTBETCTBYCT ClIy4daro, KOrjga KOHACHCATOp B IPOLECCE paspsAAKHU HU3MCHACT IMOJISAPHOCTD
q _1
IJIaCTUH, U K TOMY K€ ABHO HC COTJIACYCTCA C 3aKOHOM COXPAHCHUA 3HeprI/II/I). 3Han/IT, — = §
0

OTBET: B Tpu paza.

KPUTEPUU OLNEHUBAHMUS:
3anucana ¢opmyIa, CBA3bIBAIOIIAs 3aps] «BAPHOKOH/Ia» C HANPSDKEHUEM Ha HEM 5
W3 ycnoBusi paBHOBeCHsI KOHAEHCATOPOB MOJY4YEHO YypaBHEHHE JUIsI KOHEYHOTO 5

HanpspkeHus (Jubo 3apsnga J00ro U3 KOHAEHCATOPOB, WM JPYroe SKBHUBAJIEHTHOE
ypaBHEHHE)

ITomy4eH npaBUIbHBIN OTBET 5

MAKCUMAJIbHBIN BAJIJT 15




3. («Ilmanera, KoTopasi ryjasJja cama mno cebe») B omHom u3 myremectBuii Tpypiib
HATKHYJICS Ha TUTAHETY, KOTOpasi, He BPAIllasiCh, JIBUTalach PAaBHOMEPHO (OTHOCHUTEIHHO IICHTpA
[anakTukM) B MEX3BE3AHOM MpOCTpaHCTBE. [lmaHeTa okaszanmach TBEPABIM IIAPOM C POBHOM
MOBEPXHOCTHIO M OYCHb TOHKOH (110 CPaBHEHUIO C PAUyCOM IIaHEThl) aTMochepoii u3 renus u
aproHa ¢ OTHOCHUTEIBHON BIaKHOCTBIO (10 aprony) ¢, =60%. 3a cuer memieHHOro pacmnana

paZMOaKTUBHBIX BEIIECTB B TIIyOMHE IUIAHETHI HA €€ TMOBEPXHOCTH M BO Bcell arMocdepe
MOJIJICp)KUBAIach MOCTOsSIHHAS Temrieparypa, npessimaromas 90 K. V Tpypns Obut ¢ coboit
npuOop, MO3BOJISAIONMINN AUCTAHIIMOHHO PETYIUPOBATH CKOPOCTh PATUOAKTHBHOTO pacmana, u C
MNOMOIIIbKO HCET0 OH CTAaJl IUIAaBHO YMCHBIIATHL TEMIICPATYPY IMMOBCPXHOCTU ILIAHCTHI. Korz[a
Temneparypa nonusuiaack Ha X, =0,8%, Ha moBepXHOCTM Bbimana poca. OmuIIMTE POCT

I‘JIY6I/IHBI apFOHOBOFO OK€aHa Ha HOBerHOCTI/I IIJIAHCTHI HpI/I IIaJIbHeI\/JIH_IeM CHHUXCHUU
temriepaTypbl. Ha ckoJIbKO TpOLIEHTOB (OT HauyajgbHOM) HYKHO €IlE€ CHHU3UTh TEMIEpPaTypy
MIOBEPXHOCTH, YTOOBI IITyOMHA OKeaHa CTajla paBHA MOJIOBUHE OT MaKCHMaJIbHO BO3MOXKHOW? B
paccMaTpuBaeMOM JMAIa30HE TEMIIEPATyp JIaBJIEHUE HACBILICHHBIX MApOB aproHa MOXHO
CUMTATh JIMHEHHOW (YHKIMEH TeMmeparypbl, a TEIUIOBBIM PACHIMPEHUEM >KHUIKOTO aproHa
MO>KHO MPEHEOPEYb.
Pemenue:
JlaBneHue aproHa Ha IMOBEPXHOCTb IUIAHETHI OINPEIEINSIETCS €ro BECOM, U IMO3TOMY SIBISETCS

mg

HOCTOSIHHBIM: [, = ry (3mecp M — Macca aprosa, (— ycKopeHue cBOOOJHOTO MajeHus BOIU3H

IIOBEPXHOCTU IUIAHETHl, S — IUIOIAgb IOBEpPXHOCTH). COIJACHO YCIOBHIO, STO JaBIICHHUE
Po =&, Py (T,), toe p,(T,)— 7HaBlIeHHEe HACBHIIEHHOTO Iapa aproHa MHpH HAYaIbHOM

temrieparype. g renus yka3aHHbIE B YCIOBUM TEMIIEPaTypbl CYIIECTBEHHO BBIIIE
KpUTHYECKOM, U OH He KOHJeHcupyercs. lloaToMy mnapuuvanbHOE HaBiI€HUE Tenus IHPOCTO
N00aBIIsieTCs K [P, HE BIMAS HA HAYaJI0O KOHJEHCAIMM aprOHa IPU OXJIAaXJICHUH MOBEPXHOCTH

70 TeMIepaTypbl 1,, KoTopas ompenensercss u3 yciaosus P, = p, (T,). 3anumem muHelHy0

3aBUCMMOCTH JAaBJICHHUS HACBIIICHHBIX IIAPOB aproHa OT TEMIEPATYpPHI B BUAC: [, (T) =+ ﬂT .

Torna:
az& 1_1_¢o
po_fo(a_'_lg-ro) — ¢O Xl = pH(r): po ¢0+X1_1+(1_¢0)l .
p() _a+ﬂTl ﬂ=&1_¢0 ¢OX1 TO
¢o XlTO

ITocne Hayana KOHAEHCALMU JaBIECHUE aprOHa Ha ITOBEPXHOCTD IIAHETHI OCTAETCS MPEKHUM, HO
TEereph OHO CKJIAJBIBACTCSI U3 JIABJICHUS CJIOS JKHJKOTO aproHa IIyOMHOH h, KoTOpoe paBHO
p,.=pgh (p — MIOTHOCTH XHAKOTO aproHA, PAaCTBOPEHHEM TENHS B JKHIKOM aproHe
npeHedperaeM) U JaBJICHHs HACHIIIEHHBIX aprOHOBBIX MAapOB HAJl OBEPXHOCTHIO IIAHETHI MPU
HOBOH Temnepatype. Takum oOpazom,

;
po=pgh+¢p—; do+ % ~1+(L-¢)) = | = pgh + Do

0™ 0 0™

[X, =@ —¢,)x],



T, —

rJie BBEIEHO O0O3HAYEHUE X = (3TO OTHOCUTEIILHOE yMEHbILIEHUE TeMIeparypsl). 13

Pol-do( X 4
g g X

HOHIKEHUU TEMIIEPATyphl (TO CTh IMPU X > X, ) TIIyOnHa OKeaHa pacTeT 10 JIMHEHHOMY 3aKOHY.

m
3aMeTUM TaKKe, YTO Po _ h

/g pS

OKCaHa, JocTturacmas B TOT MOMCHT, Korga BECb aproH CKOHACHCUPYCTCH, u

3TOT0 ypaBHEHHS HaxoamM, 410 h(X) = Kak BumHO, mpu JajibHEHIEM

max KaK pa3 U €CTb MaKCHMaJIbHa:A FJIy6I/IHa aproHOoBOro

1- X o
h(x) = hmax;¢0 ——1|. TInyOmna okeaHa paBHAa IIOJOBHHE MAaKCUMaJIbHOH HpH

0 Xl
1- X 1 2- .
;ﬁo —=1l|===x= —¢°Xl = X,. COOTBETCTBEHHO ISl JIOCTH)KEHUS ITOU TITyOUHBI
P \ X 2 2(1-¢,)
@

HYKHO €I1l€ IIOHU3UTH TEMIIEPAT HAa AX=X, - X, =——X, =0,6%.
YK parypy 2 1 1

2(1-¢,)

= -

X N
ol =1 ,TIe X= 0—, JUTSL TOCTHOKEHUS TITyOMHBI OKeaHa, paBHOMN
X T
0 1 0

OTBET: h(x)=h,,

MIOJIOBUHE MAaKCUMAaJIbHOM, HY)KHO ITOHM3UTh TEMIIEpATypy elie Ha AX = ﬁ X, =0,6% or
%

MEPBOHAYAIIBHOM.
I[TPUMEYAHUA:

m
1) Vcnonp3oBaHME YCIIOBHS IIOCTOSTHCTBA JABJICHHS, PaBHOTO P, = ?g, OYeHb BAXXHO — B

YCIIOBHHU CKa3aHO, 4YTO JIMHeWHas 3aBHCUMOCTh Uit P, (T) MoxeT OBITh HCIIOIB30BaHA
TOJIBKO «B PacCMaTpUBAEMOM JHANa30HE TEMIEpaTyp», TO ecTb Ha mHTepBane [T,,T,].

[TosToMy €€ NpOMOIKEHHE 10 TEMIEparypel [,, ONPENENAEMON IO IEPECEUEHHIO
o’

B )
HEJIOMYCTUMO. SICHO, YTO TaKoe «IpOAOJIKEHUE» rpapuka «HEePU3UIHO» - JABIICHUE
mapa He MOXXET oOpamaTbCsi B HOJb NpPU HEHYJEBOW TemmepaTrype. Takum oOpazom,

npsMoliMHeHoro  rpaguka ¢ ocbto  Temmeparyp (a+pfT,=0=T, =

m
TEMIICpaTypa T2 AOJIKHA OoNpCACIAThCA HMCHHO M3 Tpe60BaHI/I$I m, = E , 4 HC IIPOCTO

KaK w, HECMOTpS Ha TO, YTO B JJAHHOM CJIy4ae 3TH 3HAUYCHHUS COBMAat0T!

2) Hcnosnp3oBaHue MPEIIOIOKEHHUS O «IIOCTOSIHCTBE 00beMa aTMoc(hepbl» HE UMEET IOJ
CcOOOM IIOYBHI — HHU C TOYKH 3p€HHUA YCIIOBHA 3aJadd, HU C TOYKH 3pPCHHUA 3aKOHOB
¢u3uku. «ToHKas» aTMocdepa HaJl TOBEPXHOCTHIO CTOJb «HJICATHHOW» TUTAHETHI MOYKET
OBITH A0CTAaTOYHO PAaBHOMCEPHO MpOrpera, To0 €CTb MOXKHO CUUTATh, UTO B MMPECACTIaX HEC
HE CITMIIKOM CHJIBHO MEHSIETCSl a0COJIIOTHas TeMriepatypa (Tem Oojiee 4TO Ha 3TO €CTh
SBHOE yKa3zaHue B ycioBuu). Ho mpu sTOoM naBneHue oOs3arenbHO OyneT yObIBaTh C
BBICOTOM, U ONpEAEeNEHHON «BEpXHE» TpaHUIlbl y aTMOc(epbl BOOOIE MOXKET HE OBITh



(HEKOTOpBIE M3 YYACTHHUKOB JIaXKE WCIIOJIH30BAIM TaK HAa3bIBAEMYIO OAPOMEMpPUuecKyio
Gopmyny Mg OMUCaHUS 3aBHCUMOCTH JABIICHUS OT BBICOTHI). Ho miist pemieHus 3To He
HY)XXHO — JOCTATOYHO IIOHATH, YTO B TaKWUX YCJIIOBHAX KOHACHCALIMA BCCTAd 6y,ueT
MMPOUCXOAUTH B HWIKHCM CJIOC aTMOC(bepr, Ha rpaHule ¢ IHNOBCPXHOCTHIO IIAHCTHI (B
Hayajie) Wik okeaHa (3atem). Torga Mbl MOXKEM IIPOCTO UCTOIB30BaTh (KaK 3TO CIAECIAHO
B NPEAJIOKCHHOM BBIIIE PEIICHHH) YCIOBHE, YTO MPU KAXKIOW TeMIepaType JaBIICHHE
aproHa HaJ| IOBEPXHOCTHIO OKEaHa PaBHO JIABJICHUIO HACHIIIIEHHOTO Tapa.

3) Kak u3BecTHO, y aproHa pazHula TEMIIEpaTyp IUIABJICHUS U KUIICHHUS OYCHb Majla — IpH
JIABJICHUSX, HE CIMILIKOM CHUJIBHO OTJIMYAIOIIMXCA OT HOPMAalbHOIO, OHa COCTaBJseT
npumepHo (3 — 4)% ot Temneparypsl kunenus. Ho 3to 3ameTHO Oosblie, 4eM HaiICHHOE
AX, Tak 4TO 3aMep3aHMsl aproHa B omnblTe Tpypiisd HE IPOUCXOAUIIO.

4) HekoTropble y4aCTHHKH, HE 0OpaTUB BHHUMAaHHUE Ha CIOBO «EIE» B YCIOBUH, BMECTO AX
HAXOAWIU X, = 2_—¢° X, =14%. B cnyuyae, ecam 5Ta BenMuyMHAa ObUlIa YETKO

(1-¢)
olpeieNieHa B paboTe, TAKOW OTBET TOXKE CUUTAJICS IIPABUIIBHBIM.
KPUTEPUU OHEHUBAHUSIL:
[IpaBunbHO omucaHbl (U3MYECKHUE IpOLECcChl B arMocdepe, NPOUCXOASIINE IPU 2
OXJIaX/IEHUH IJIaHEThI
VYka3aHa CBs3b JIaBJIECHUS aproHa ¢ €ro BECOM U 000CHOBAHO ITOCTOSIHCTBO JIaBJICHUS 2
Haiinen Buz 3aBUCUMOCTH J1aBJICHUS HACBIILIEHHBIX [1apOB aproHa OT TEMIIEPaTypsl (WU 4

OT X) ¢ y4eTOM 33IaHHBIX B YCIIOBHHU BEIHYUH (@, U X,)

3anucaHo ypaBHEHHE [UIsl JaBIIEHUS Ha T[OBEPXHOCTh IUIAHETHI IIOCIE Hadasa 4
KOHJICHCAIINH, cojepikaiiee h

Haiinena 3aBUCUMOCTb TTTyOMHBI OK€aHA OT OTHOCUTEIBHOTO MOHUKEHHS TEMIIEPATYPhI 4
[Tony4yena ananutruyeckast Gopmysa U HalJCHO YUCICHHOE 3HAUCHUE AX 4
MAKCUMAJIbHBIN BAJIT 20
4. («HecBoboanoe maaeHue») Kak-to Tpypib pa3ao0bii BBICOKOCKOPOCTHYIO BHACOKAMEpPy

N TOYHBIC DJICKTPOHHLIC BECHI. Torma oH B35 MaJIeHbKUIH IIapuK, 1 U3MCPUJI €ro MacCCy. Ona

okazanack paBHa M = (0,36 £ 0,01) r. 3aTem SKCHEPUMEHTATOP CTAJ CHUMATh ITaJICHUE IapuKa C

Pa3HbIX BBICOT h U, UCIIOJIb3Y: CIICHUAJIBHYIO TPpOTpaMMy, OIIPECACIIATE CKOPOCTh HIApUKa IICPE

ynapom o 3emimo V u Bpems najenus t. B pesynabrare y Hero nosyymiack cieayromas tadiamna

(Bce BEMMYMHBI U3MEPEHBI C TOUHOCTHIO 10 €IMHHULIBI IOCIIETHET0 YKa3aHHOTO pa3psiia):

h,m 1,00 2,00 3,00 4,00 5,00 6,00 7,00
V., Ml 4,21 5,83 7,03 8,00 8,84 9,56 10,22
t,c 0,463 0,662 0,818 0,951 1,070 1,178 1,279
8,00 9,00 10,00 11,00 12,00 13,00 14,00 15,00
10,82 11,37 11,88 12,35 12,80 13,22 13,61 13,98
1,374 1,465 1,551 1,633 1,713 1,790 1,865 1,938

KpOMe TOTO, U3 FeO(i)I/I?)I/I'—IeCKI/IX JAaHHBIX OH HAIICI, YTO YCKOPCHHUC CBO60)]HOFO naacHus: B

paiione usmepenuii g = (9,81+0,01) M/, [IpennoxuTte GU3NUECKYI0O MOJIENb, OMUCHIBAIOIIYIO

naJieHue IIapuKa U COrjacyrollyrocs ¢ uaMepeHussMu Tpypuns ¢ ommOkoit He 6onee 5%. Bama




MOZIETIb JOJDKHA ONKCHIBATh JEWCTBYIOIIME HAa HIAPHK CHJIBI C TAKOH K€ TOYHOCTHIO, MPHUEM
YPOBEHb TOYHOCTH JOJDKEH OBITh yKa3aH SIBHO U 00OCHOBAH.
Pemenne:

. 2h
W13 3HaueHHi CKOPOCTH U BPEMEHH Ma/ICHHsI, KOTOPbIE 3aMETHO OTIMYAIOTCSA OT +/2gh u [—,
g

OUYEBHUJIHO, YTO TAaJICHHE NEHCTBUTEILHO HE SIBJISIETCS CBOOOJHBIM — JIOTHYHO IPEINOJIOKHUThH
HAJIMYME CHJIBI CONPOTHBICHHS BO3/AyXa (Tak Kak LIApUK IO YCIOBHIO MalleHbKUH, Oynem
CUMTATh APXHMMEAOBY CHJy MpeHeOpekuMo wmaioii). Jns omnucaHus 3TOM CHUIIBI MOXHO
IpoOoBaTh pa3Hble MOJIENH, HO Hanboee NIMPOKO UCIOIb3YIOTCS MOJIENN, B KOTOPBIX 3Ta CHUjla
JMHENHHa WIN KBaJipaTUYHA 110 CKOPOCTHU TeJla OTHOCUTEIbHO Bo3ayXxa. [l BIOpaHHON Mojenn
HE00XO0IMMO TOJIYYUTh CBS3b MEXKYy U3MEPEHHBIMU BEIMUMHAMU M CPABHUTH €€ MpeJICKa3aHUs
C pe3yibTaTaMu M3MepeHuil. PaccMoTpum nuHelHy0 MOzenb, TO €CTh OyJeM ONMCHIBATh CHUILY

cornporuBiieHus ¢opmyinoii F. =-aV, rme V - ckopocTh Tema (OTMETHM, 4YTO A
Cc

KBaJPaTUYHON MOJIENIM COOTBETCTBUE MEXKAY MOJEIIbIO U U3BMEPEHUSIMU OKa3bIBAETCS XYXKe, /1a U
BBIYHCIICHUS] B HEM 3aMETHO CJIOKHEE, 4YeM B JMHeWHo#). HampaBum ock X BEpTUKAIBHO
BHM3, COBMECTHB HAyaJlo OTCYETa C HAYaJIbHOM TOUKOW MaJCHMS

01---®---y IIapHKa, U 3alUIIEM YPaBHEHHUE JBIKEHHS B IIPOCKIIUH Ha 9Ty OCh:
" dv o a
g m—=* =mg - av, = dv, = gdt——v, dt = gdt — —dx.
h dt m m
Mbl HONYYMIH COOTHOIIEHHME MEXKAY MAIbIMH H3MEHEHUSIMH
Xy CKOPOCTH, BpPEMEHH M KOOpAMHATHL. I[IpOCYMMHpOBAaB 3TH

U3MEHEHHs OT Havaja IMaJeHus IIapuKa J0 yaapa €ro o 3eMIIo,
TIOJTYyYHM: Z:dvX =V-0=V, Zdt =T, de =h-0=h. Takum o006pa3om, CBs3b

U3MEPEHHBIX B JKCIEPUMEHTE BEJIMYMH B paMKax 3TOH MOJENM JOJDKHA BBIMVIALETh TaK:
o

V =gT ——h. TIlpoBepky MoIeny MOXHO TMPOBECTH CIEAYIOIIUM 00pa3oM: eciu OHa
m

gT -V  « .
=— =Const. BpluuciuB 3HaueHHs ITOH KOMOWHAIUH,
m

HoJTy4uM (Harpumep, ¢ HoMoIibio Tabnuibl EXcel cM. mepBbie yeThipe cTonona):

CIIpaBCjiiBa, TO BCJIIMYMHA

h, m V, m/c T,c o/m, 1/c VT,m/lc | AV, M/c | hT, m Ah, M
1 4,21 0,463 0,3320 42092 | 0,0253 | 0,9995 | 0,0060
2 5,83 0,662 0,3321 5,8282 | 0,0350 | 2,0000 | 0,0120
3 7,03 0,818 0,3315 7,0245 | 0,0422 | 3,0033 | 0,0180
4 8 0,951 0,3323 7,9964 | 0,0480 | 4,0027 | 0,0240
5 8,84 1,07 0,3313 8,8303 | 0,0530 | 5,0042 | 0,0301
6 9,56 1,178 0,3327 9,5590 | 0,0574 | 5,9974 | 0,0360
7 10,22 1,279 0,3324 10,2172 | 0,0614 | 6,9963 | 0,0420
8 10,82 1,374 0,3324 10,8164 | 0,0650 | 7,9956 | 0,0480
9 11,37 1,465 0,3335 11,3729 | 0,0683 | 9,0053 | 0,0541
10 11,88 1,551 0,3335 11,8835 | 0,0714 | 10,0054 | 0,0601
11 12,35 1,633 0,3336 12,3569 | 0,0742 | 10,9994 | 0,0661
12 12,8 1,713 0,3337 12,8065 | 0,0769 | 12,0060 | 0,0721
13 13,22 1,79 0,3338 13,2281 0,0794 | 13,0084 | 0,0781
14 13,61 1,865 0,3347 13,6285 | 0,0819 | 14,0156 | 0,0842
15 13,98 1,938 0,3355 14,0087 | 0,0841 | 15,0244 | 0,0902




Kak BuaHO, pa30poc 3HaYeHUI «KOHCTAHTBI» MOJIy4aeTcsl 3aMEeTHO MeHbIe 5% (1 Jake MEHbIIIe
1%) B34B B KAUE€CTBC 3HAUCHUA HOJIA 3TOU BEIIUYUHBI CpeaAHCC U3 NOJYUYCHHBIX, HAXOAUM, YTO

o .
— =(0,3330 £0,0025)c™'. OTMeTHM, YTO 3Ta TOYHOCTH JIMIIb HEMHOTHM XYK€ TOUHOCTH, C
m

o a
KOTOpPOM H3BCCTHBI BXOAAIIHE B (bopMyny 1 — BCJIIMYMUHBI. Taxkum o6pa30M, MOACIb C
m

JUHEHMHON IO CKOPOCTH CHJIOM COIPOTUBJICHHS BO3[yXa OIMUCBIBAECT JKCIEPUMEHTAIbHBIC
JaHHble C TpeOyeMol TOYHOCTBIO. bojee ceppe3Hyl0 NpPOBEPKY [UIl MOAEIH MOYKHO
OCYILIECTBUTD, €CIU BBIYMCIUTL Meopemuyeckue 3HayeHus BBICOTBl U CKOPOCTH IaJEHUS II0
BpeMEHH MajieHus. st 3TOro He0OXOJUMO BBIWTH 32 PaMKH IIKOJIBHON MPOTpaMMbl: MOXHO

dv a
yOeqUThCS, YTO W3 YpPaBHEHUS MJIsi 3aBUCHMOCTH CKOPOCTH OT BpPEMCHH L=g-—V,
m
m o m m
caenyer, uto V,(t) = —g+C -exp(——t). Tak xkak Vv, (0)= M c- 0, o C= _mg , U
o m a a

MO3TOMY B paMKaxX MPHUHATON MOJEIHM CBSI3b CKOPOCTH W BPEMEHHU MAaJICHUs] OMHUCHIBACTCS
. mg o

dopmymnoit V() =—|1—exp| ——t ||. MHTerpupoBaHue 3TOro BBIPAKEHHUS JJacT U CBS3b
o m

2
m

g gt+exp(—gt)—1 . IloncraBisia B 3TH
m m

t
BBICOTBHI C BpemeHeM majeHus: h(t) = vadt =
0

o o _
dopmynsl  Haiimennoe 3Hauenme —— = (0,3330 +0,0025) ¢ ' W 3ajaHHOEe  3HAuYCHHE
m

g =(9,81+£0,01) M/CZ, s kKaxgoro t Haxomum Vo M h, a Takke BO3MOXHBIN pa3zdpoc HMX
3Hauenuit V; £ AV, h, £ Ah (5-8 cronOupr tabmuipr). Kak BHIHO, BCe IKCIIEPUMEHTAIBHBIC

SHAYCHHA HaAXOOATCA BHYTPU HHTCPBAJIOB JIA TCOPECTUUCCKHX 3HaquHﬁ, IMO3TOMY MOJCJIb

NefiCTBUTENLHO OMHUCHIBAET IKCTIEPHMEHTANLHBIE JAHHBIE.

UYroObl  3amUcaTh  BHIDAKEHWE  JUIS  CHJBL, HYKHO  BBIUHCIHTH  KOA(QHUIHMEHT
% B} B}

a=—m~0,333¢"-0,362~1,20-10 " k2/c. [lockonbKy M3MepeHHe Macchl — CaMoe HETOUHOE
m

(omm6Ka okono 3%), TO BEIMUMHY CHIIBI MBI OTTHCHIBAEM C MEHBIIEH TOYHOCTBIO, HO BCE PABHO

nyume 5%: o = (1,20+0,04)-10 e/ c.
OTBET: »skcnepuMeHTaJIbHBIE JIaHHBIE OIMUCHIBAIOTCS C TpeOyeMOH TOUYHOCTBHIO B paMKax

MOJIENH, B KOTOPOM IIapHK JBHMKETCS MOJ JAeHCTBUEM CHIl TshkecTn Fy =mg (M u § 3anansl B

YCIOBHM) ¥ CHJTBI CONPOTHBICHHUS Bo3ayxa F. = —aV, rae o = (1,20 £0,04)-10* ke/c .

I[TPUMEYAHUA:

1) Pa306paHHa;1 B IpcmiraracMoM peuieHUU MOJCJIIb — HC CIAUHCTBCHHAA «IIpaBUJIbHAA».
Bbonee TOro, MOXXHO NOCTPOUTH MOJCIIM, B KOTOPBIX TOYHOCTb ONMCAHHUA CKOpOCTCﬁ n
HCpCMeH_ICHI/Iﬁ 6yI[CT AaKE BBIIIC — HAIPUMCP, MOKHO HCIIOJIB30BATh 0oJlee CI0KHBIC
MOACIBbHBIC (I)OpMyJ'IBI AJi1 CHUJIbI CONPOTHUBJICHUA BO3JyXa. B YaCTHOCTH, MOXHO

HPeUIoKNTh, uT0 F, = —aV — W, mmn F, = —a Vv’V . I1ocKoIbKy B 9THX BBIPAXEHHAX

JIBa «I1010MpaeMbIX» apaMeTpa, TO OHU MOT'YT ONUCATh PeaJbHYI0 3aBUCUMOCTh TOUHEE,
yeM B pazoOpanHOM mpumepe. Hemocrtarok STUX Mojenel B TOM, YTO OHHU 3aMETHO
CIIOKHEe JJIsl aHaju3a, OCOOEHHO B YacTU HCHOJIb3YEMbIX MAaTeMAaTUYECKUX METOJIOB.



2)

3)

4)

Utak, «rpaBUiIbHBIM» CUUTATIOCh HE PELIEHUE, COBIAAIONIEE C MPEAIOKEHHBIM BBIIIE, a
peleHre, B KOTOPOM NPEUIOKECHHAsT MOJIENbh Oblia MPaBUIBHO MPOAHATU3UPOBAHA U
OBLJIO JI0Ka3aHO, YTO YPOBEHb TOYHOCTH YIOBIIETBOPSET TPeOOBAHUSM yCIOBHS.
OtmeTnM, 4YTO H3-3a JOCTATOYHO BBICOKOW OIMOKM B OMNpeAeNieHUH Macchl (a ee
3HAUEHHUE BCETJa HEOOXOAMMO IS BBIYMCICHUS CHJI TIO HAOIIOAAEMBIM YCKOPCHHSIM),
TOYHOCTb OMUCAHUS KHHEMATHYECKUX BEJIMYUH J0JKHA ObITh Jiyulie 5%.

Mopenb noipKHa OBITh UMEHHO (DU3WYECKOW, a HE MaTeMaTHYEeCKOW, TO €CTh B HEH
JOJKHA OBITh yKa3aHa IMpHUpoJia CHII U OOBSICHEHO UX MOBeAeHHEe. Tak Kak Mo YCIOBHUIO
onbIT Tpypisa mo H3y4YeHHIO MaJeHus IIapuKa Mpoucxoauna Ha 3emie (oOpaTute
BHUMaHUE Ha CIIOBAa «U3 TeOPU3NYECKUX MAHHBIX» B YCIOBUHM 3a/lad), TO BEChbMa
HEJIOTHYHO OBLIO YYUTHIBATH B MOJIEIH KAKUE-INOO «IK30THUECKHUE» CUJIbI HE3EMHOTO
MPOUCXOXKICHUS M TPH 3TOM HE YYHTHIBATH Ty K€ CHIY CONPOTHBICHHS BO3IyXa.
Hedwusuuno cumtaTh, 4YTO Takas cwia OyJeT 3aBUCETh OT BBICOTHI HAJl MOBEPXHOCTHIO
3emiiu K3-3a HEOJHOPOJHOCTH BO3AyXa (B AMAama3oHe BHICOT a0 15 merpoB!) u mpu 3Tom
HE YYUTHIBATh €€ 3aBUCUMOCTH OT MTHOBEHHOM CKOPOCTH Te€la OTHOCHTEIbHO CPEIbl —
UMEHHO OT CKOPOCTH B MEpPBYIO O4Yepelb JOJDKHA 3aBUCETh CHIJIA CONMPOTUBICHUS
JIBUKEHHUIO Tela B ra3oodpasHoit cpene. He sBisiercs dusznyeckoil Moaenb, B KOTOPOi
JOTIOTHATEIIFHOW CHJIE — HE3aBHCHMO OT €€ MPEIoJiaraeMOd MPUPOABl — B KaXKIBIN
MOMEHT BPEMEHH IMaJICHHs TIPOCTO MPUIHCHIBACTCS 3HAUCHUE, KOTOPOE MPH €€ ACHCTBHH
COBMECTHO C CHJIOH TSDKECTU OTBEYAeT B TOUHOCTH HaOII01aeMOMY YCKOpeHuto. B Takoi
«MOJICNIN» CHWJIa 3aBUCUT OT BPEMCHHU, INPHUYEM BHJ OIUCHIBAIOIICH €€ IOBEICHHE
(GYHKIIMHM KaX]IbIi pa3 3aBUCUT OT Ha4allbHOM BBICOTHI TeNa.

B ycnoBuu ObuTu ommcaHbl ASHCTBHS 3KCHEPUMEHTATOpa, MOITOMY IpPHU COCTaBICHHUU
MOJIEIM HE CJIEeI0BANIO MPEANnoaraTh, YTO aBTOpP 3aJa4l «CKPBLUT» YacTh 3THX JICHCTBUH.
JononnurensHbie GakTopsl (KpoMe 3aJaHHON B YCJIOBHH CHIIBI TSDKECTH ), YIUTHIBAEMbIC
B MOJENH, JODKHBI ObLTM OBITh €CTECTBEHHOTO, a HE «HCKYCCTBEHHOTO»
POUCXOXIeHUs. Hampumep, MOKHO OBIJIO CUMTATh MIAPUK IMPOBOJSAIINM M yIUTHIBATH
JIEWCTBUE Ha HEro DJJIEKTPUYECKOro ToJig 3emiu (KoTopas ACHCTBUTENHHO OOJamaeT
3apsIOM U CO3JIaeT TaKoe I0JIe), HO HElb3sl OBLIO MPEaIoiararh, YT0 SKCIIEPUMEHTATOP
«CTIeUaIbHO»,  JUIA  «3allyThIBAaHUS»  yYYACTHUKOB  OJIUMITMAIBI,  CO3JaBall
JOTIOTHUTEIFHOE CUJIOBOE TOJIEe Jia eIlleé M3MEHsUI €ro BO BpeMs MaJeHHs IIaphKa I0
KaKoMy-TuOO  JIOBOJILHO  CJOXXHOMY 3akoHy. Hemnb3s ObUlO  cuuTath, 4TO
HKCIIEPUMEHTATOp Opocall MAapUK C HEHYJIEBBIMU CKOPOCTSIMH, HE BIOJb BEPTUKAIU U
T.4. Ecnam gomycTuTh Takue BO3MOXHOCTH, MOKHO 0e3 Tpyaa «00BsSCHUTHY» BOOOIIE BCe,
YTO yrOJIHO.

B pa3zo0paHHOM penieHUr aHAJIM3 MOJENIA ObLT MPOBEJICH Ha OCHOBE MAaTEMATHYECKOTO
BBIBOJIa M3 ypPaBHEHUS JIBFDKCHHUS COOTHONICHWH MEXTy H3MEPCHHBIMU BEIHMYMHAMHU.
3areM C TIOMONIBIO 3THUX COOTHOIICHWH OMPEISISUINCh BXOSAIIAE B MOJCIBHBIC
BBIpQXEHHS ISl CUJ KOHCTaHThL. HO 3TO TOXe HE eIMHCTBEHHO MPaBWJIBHBIN MyTh!
MoxxHO OBUIO TIOCTPOUTH aHANU3 CleayrImuM obpazom. Hampumep, cHauama
MPEIONIOKUTh, YTO Ha MIAPUK JEWCTBOBaja CHJIa COMPOTUBICHUS, 3aBHUCAIIAS OT
CKOPOCTH. 3aTeM W3 YpaBHEHHUS JBIKCHHUS BBIPA3UTh OTy CHIIy Yepe3 MIHOBEHHBIC
3HayeHHs yckopeHus u  ckopoctu: F (v)=m(g-a,). Ilocnre »toro u3
OKCIIEPUMEHTAIbHBIX JaHHBIX HAWTH MaKCUMAJIbHOE KOJMYECTBO TOYEK rpaduka 3TOoi

3aBUCHUMOCTH. I[J'I}I 9TOro CJIICAYCT paCCMOTPETH TaGJ’II/II_Iy JaHHBIX KaK Ta6J'II/II_Iy 3HAUCHUH
CKOpPOCTHU OT BPEMCHU B XOL€ OJHOI0 MaJgCHUsA C BBICOTHI 15 m. Torma CpCaHCC Ha



_ V., —V.
KQKIOM MHTEPBAIE BPEMEHH 3HAYEHUE YCKOPEHUS @, = — ' MOMHO MOCTABUTH B
t,, -t

i+1 i
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F.(V) =m(g —a). Ecau BBecTH €CTECTBEHHOE NPEANONIOKEHHE, YTO HA MOKOSAILEECs 110

COOTBETCTBUE CPEAHEH CKOpOCTH V; = . Tax naxomutcs 14 Touek rpaduka:

OTHOLIECHHIO K BO3IyXy TEJO CHJa COIPOTUBICHUS He aeiictByeT, To ecth F_ (0) =0, To

nosiBisiercs M 15-s1 Touka. Jlanbiie Hy>KHO yepe3 3TH 15 Touek (c ydyeroM «pazOpocar
3HAYCHUH CKOPOCTH W YCKOPEHHUs) NpPOBECTH TpaduK MOJCIBHOW 3aBUCHMOCTHU
HamTy4dImuM oopa3oM. KoHeYHO, B 3TOM METOJIe TOYHOCTh ONpPEACICHHUS KOHCTAHT OyIeT
3aMETHO HIDKE (B OCHOBHOM HM3-3a TOTO, YTO 3aMEHAa MIHOBEHHBIX 3HAYCHUN YCKOPEHUS H
CKOpPOCTH Ha CpPEJIHWE BHOCHUT JIOBOJILHO 3HAYUTEIBHYIO OIIMOKY), HO MPH aKKypaTHOM
UCTIOJTHEHUN MOYXHO OOECTeUUTh TPEeOyeMyI0 TOYHOCTh — HANPHUMEpP, C 3aBUCHMOCTHIO
F.(v) = av, B xotopoii ko3dpdunueHtT « mnoadupaercs Tak, 4T0ObI MUHUMU3UPOBAThH

CYMMY KBaJApaToB OTKJIOHECHHI OKCIICPUMCHTAJIBHBIX TOYCK OT TCOpCTH‘I@CKOﬁ KpHBOfI,

To ecTh S(&) = Z[m( g-a)-—-ayv, ]2 (TaKo¥ METOJT Ha3bIBACTCS «MEMOOOM HAUMEHLULUX
i

K8aopamosy).
OTMmeTuM, 9YTO CpelaM YJYacTHUKOB OBUIM KaK Te, KTO JCHCTBOBAJ METOJIOM, OIUCAHHBIM B
IPUMEPHOM DEIICHHUH, TaK U T€, KTO UCIOJIb30BaJl METOJ U3 NMpuUMedaHus 4, U Jaxe Te, KTO
HCIOJIB30BAl Oosiee cioxHble 3aBucuMoctu F_ (V).

KPUTEPUU OLIEHUBAHMUS:

OTMeueHo, YTO HEOOXOIUM YUET CHJIIbI COITPOTHBIICHUS BO3lyXa 1
[Tpenyosxkena Mozens (MoAenu), B KOTOPOM cHila CONPOTHBIIEHHS 3aBUCHT OT 2
CKOPOCTH ¥ ITPOBEJICH aHAJIH3

[Tpennoxen «pabOTOCIOCOOHBIN» METO/1 TPOBEPKHU MOJETU 4
[IpousBenena mpoBepKa, MOATBEPAUBINAS CIPABEIMBOCTH MOJEIH B paMKax 5
TpeOyeMoi TOYHOCTH

OmnpeneneHsl Bce napaMeTpbl MOJIENN 4
KoppekTHO BhIYMCIIEHa TOYHOCTH ONpeAETIeHNs TapaMeTPOB MOJIENIH 5
MAKCHMAJIBHBIN BAJIIT 21

MakcuMaiibHbII 62/ 3a yacth |1: 71 6asn.



