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Y4eOHoe mocobue pazpaborano mupenopaBarensmMu kKadenpel «Dmsuka»y CeBl'Y wu
IpeJHa3sHaueHo JJIs CTYJIEHTOB 1 U 2 KypcOB TEXHUYECKUX U €CTECTBEHHO-HAYUHBIX CIICLHU-
JIbHOCTEH, BBIMTOJTHSIOMINX J1a00paTOpHbIe pabOTHI 10 AUCHUIUIMHAM: «(DH3HKa» U «pu3nde-
CKUIl pakTUKyM». B mocoOum cryneHtam mnpeangaraercs NO3HAKOMUTBCS CO CLIOCOOOM OIH-
CaHUs CIyYalHBIX BEIIMYMH B MOJICKYJSIPHOM M B CTaTHCTUYECKOH (PM3UKE, OCHOBAHHOM Ha
UCIOJb30BaHUU (PYHKIMI pacripenenenus. Kpome Toro, cryeHTaM mnpeajgaraercs U3MepUTh
nBe (GYHKIUU pacrpesiesieHus:: CKOPOCTH MOJIEKYJIBI B PABHOBECHOM HCAJIHHOM Ta3e U Jajlb-
HOCTH I10JIETa MOJIEKYJIbI, BBUIETEBIICH U3 COCyAa C PAaBHOBECHBIM H€alIbHBIM Ira3oM. JIabo-
paTopHasi yCTaHOBKa, Ha KOTOPOU MpeaiaraeTcsi IpoOBECTH 3KCIEPUMEHTBI, BUPTYallbHAs.

[TocoOue conep HUT KpaTKUil TEOPEeTUYECKHH MaTepual, onucaHue j1abopaTopHOM yc-
TaHOBKH, MOPSI0K BBINOJIHEHUS 1a00paTOpHOM pabOThl U METOJIbI OLIEHKH MOTPEIIHOCTH U3-
MepeHuil. MaTepual u3aoxkeH MoApoOHO U B AOCTYNHOM dopme. i CTYJIeHTOB, JKENAIOLINX
MOJIYYUTh O0JIbIIEe HH(OPMAIIUH, B KOHIIE TOCOOUS MPUBOAUTCS CITUCOK JINTEPATYPHI.
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Pa6oTa 23. PacnipeaeneHue MakcBesia

Ilesib pa6oThI

3HAKOMCTBO C (DYHKIMSIMU paclpeiesieHusl CIydailHbIX BeauduH. 3mepenue
ABYX (YHKIMH pacripeneneHus: PyHKIUN pacnpeeieHns] CKOPOCTH MOJIEKYJbI paB-
HOBECHOT'0 MJICJILHOTO Ta3za U (PyHKIUH pacupeeseHusl 1adbHOCTH MOJIETa MOJIEKY-
JIbl, BBUIETEBLUIEN U3 COCYZA C PABHOBECHBIM MJICAIBHBIM I'a30M.

1. KpaTkas Teopus
1.1. Kpartkue cBegeHuA 0 pacnpejeneHud MakcBesia

Monekynabpl UACANIBHOTO Ta3a COBEPIIAIOT XAOTHYECKOE TEIUIOBOE JBHIKCHHE.
JIJist onucaHusl 3TOTO JABUKEHUS YIOOHO MCIIOJIB30BAaTh CTATUCTUYECKYIO MOJIENb, B
KOTOPOU CUYUTAETCS, YTO CKOPOCTh KAXKIAOU MOJIEKYJBl — 3TO Clly4dalHas BEJIMYMHA.
3HaueHUs CIy4YalHbIX BEJIMYUH HEMPEACKA3yeMbl, HO UX KOJIMYECTBEHHOE OMUCAHUE
BCE 7K€ BO3MOKHO. JTHUM 3aHMMAETCAd MaTeMaTH4eCcKas HayKa Ha3BaHueM Teopus Be-
posiTHOcTel. B du3uke sTa Teopus okazagach OUE€Hb MOJE3HOM U IJI0JIOTBOPHOM, OHA
Y pa3BUBAJIACh B 3HAUUTEIBHOM CTENEHU B paMKkax Ppuinku. B nanHoit mabopaTtopHoii
paboTe BaM MpeasiaraeTcs MO3HAKOMUTHCS C TJIaBHOM KOJMYECTBEHHOW XapaKTepu-
CTUKOM Clly4aliHON BETUUYUHBI — hyHKYUel pacnpedeneHusl.

PaccmoTpum 1711 KOHKPETHOCTH TaKyl CIYyYalHYIO BEJIIMYHMHY, KaK MOJIYJIb
CKOpPOCTH MOJIEKYJBl V. DTa BEJIIMYMHA — HENPEPBIBHAS, TO €CTh B KAXIOM, JaXe

OYeHb MaJioM MHTepBane (V1;V,) comepKuTcs OECKOHEYHO MHOTO €& 3HaueHui. B
pe3yabTaTe BEPOSTHOCTh KaKJAOT0 3HAYCHHS ¥ OKa3bIBaeTCs paBHOM HY0. OgHAKO
BEPOSATHOCTh MOMAJaHus 3HAYEHUS ¥ B JIIOOOW MHTEPBAT MOXKET OKa3aThCs OTIUYHOMN

OT Hyns. PaccMoTpuM GeckOHEUHO Malblii MHTEpBan ckopoctr (V; U + dv). Beposr-
HOCTh TOTO, YTO 3HAYEHUE CKOPOCTU MOJEKYJbl MPUHAIICKUT ITOMY HHTEpBAIY,
Toke OeckoHeuHo mana. O6o3Hauum e€¢ dW. Dta BEpOSTHOCTH 3aBHCHUT OT JIBYX Be-
JIMYYH.

— Ot mupuHs! HHTEpBaia dv: yem Goibiie dv, Tem Gombiie dW.
— Ot MecTa pacrojIoKEHUS HHTEPBajia Ha OCH CKOPOCTH V.

JlanHBIN (DaKT MOXKHO 3aMKcaTh B CISTYIONIEM BUJC:
dW(v) = f(v)duv.

3nech f(¥) — HexkoTopas GyHKIHMS, KOTOpas Kak pa3 M Ha3bIBACTCS (yHKYUel pacnpe-
Oenenus. Jlpyroe HazBaHue 3TOU QYHKIIUU — WIOMHOCMb 8eposimHocmu. Tak Kak Be-
POSITHOCTh — 3TO HEOTpHULIATEIbHAS BEIMYMHA, TO PYHKIUS paclpeiesieHus: — 3TO He-
oTpuuarenabHas QyHkius. s Kaxao0i cirydailHOW BeMUYMHBI (YHKLHS pacrpeerne-
HUA cBosi. DyHKIMKM pacnpesiesieHrs CKOPOCTH MOJIEKYJT (MX MPOEKIUN U MOAYJIs) U
KMHETUYECKOW PHEPruu MOJIEKYJ MOJTYYWJ U3BECTHbIM OpuTaHckuil pusuk J[xerimMc
Makcsemn B 1859 rony. OTu pyHKIMHU NOaydnsiv oOlee Ha3BaHUE «pacnpeoeieHue



4

Maxceenna». B dactHOCTH, DYHKIMS pacmpeieieHuss MOAYJS HUMEET CIIEIYIOIINUM
BU/I:

2 mve

£ = 4n(2) e (1)

2mkT
3,Z[€CI) M — Macca MOJICKYJIbI, T — abcoiroTHAs TEMIICpaTypa rasa.

VY 3T0i QYHKIIMHM €CTh HECKOJIBKO XapaKTePHBIX OCOOEHHOCTEH.

) OyHKIMS pacupeaeieHus [ (1) paBHa HYJIIO Ha rpaHUIIaX 00JIACTH ompejesie-
HUS. DTO 3HAYUT:

f(0) =0, fi.(v) = 0 mpu v — oo,

e  dynkumsa pacnpenenenus f, (V) uMeeT MakCMMyM B TOUKe U = U, KOTOpas OIl-
penensercs cieayromei GopMyou:

2kT

v = [T @)

m
BenuunHa v, Ha3bIBaeTCs Haubo.iee 6epOSMHOL CKOPOCMBIO.

e  Kak BugHO U3 Gopmyisl (2), MaKCUMYM (DYHKIHMH pACIpPEEICHUs] CMEIaeTcs
BIIpaBo (B 00y1acTh OOJNBIINX CKOPOCTEN) C POCTOM TEMIEPATypbl. ITO O3HAUYa-
€T, 4YTO C POCTOM TEMIIEpaTyphbl MOJIEKYJIBI B CBOEH Macce ABMXKYTCS BCE OBICT-
pee. JlaHHBIM (akT HATJIAIHO WUIIOCTPUPYIOT rpaduku PyHKUHUU pacmpenene-

nus f, (), noka3aHHbIE HA CIEAYIONIEM PUCYHKE 1.
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Pric. 1. @yHKIQM pacipeeeHId MOy CKOPOCTH MOTEKYT a30Ta

e U3 dopmynsl (2) ciexyet emé oauH (HaKT: ¢ pPOCTOM MACChl MOJIEKYJI MAKCUMYM
(GYHKUMU pacrpesiesieHrs CMEIIaeTcsl BiIeBO (B 00JaCTh MEHBIIHUX CKOPOCTEM).



DTO 03HAYaeT, UYTO TSHKEIBIE MOJEKYJBI IBIKYTCS B CpPEIHEM MeJJICHHEee JIET-
KUX.
) 9 o 1
e  VY00HO meperTu oT abCOMOTHON CKOPOCTH ¥ K OTHOCUTENBHON U = —. Y OT-
UE
HOCUTEJIBHOH CKOPOCTH €CTh JiBa MPEHMYIIeCTBa IMpea aOCooTHOW. Bo-
NepBBIX, OHa Oe3pasMepHas. Bo-BTopeix, €€ (QyHKIMS pacrpenencHus UMeeT
YHHUBEPCAJIbHBIN BUJ U HE 3aBUCUT HU OT KaKUX MTapaMeTpPOB:

-

fow) = Zure™. 3)

/T
1.2. PacmnpepesjeHue Ja/IbHOCTHU MOJIETA

OYHKITHIO pacrpeAesieHus] MOJIEKYJI TI0 aOCOTIOTHON MJIM OTHOCUTEIHHOU CKO-
POCTH MOKHO OTPEIETUTh IKCIEPUMEHTATBHBIM MYTEM C TEM, YTOOBI yOEIUTHCS B

npaBUIbHOCTU (pyHKIMHM pacmpenenenus Makcsemna f, (V) u eé yHuBepcambHOro

BapuanTa fu (1). OCHOBHBIE TPYJIHOCTH JBE: KaK U3MEPATH CKOPOCTH MOJIEKYII U KaK
CYUTATh MOJIEKYJIBI.

CKOpOCThP MOXXHO H3MEPSTh KOCBEHHO: M3MEPSTH JPYTyI0 BEJIMYWHY, CBS3aH-
HYIO CO CKOPOCTBIO, a I10 HEH YK€ OIPEAENATh CKOPOCTh. Ji1d cuéTra MOJIEKYJI MOKHO
HCIIOJIB30BaTh JETEKTOPHI YacTull. Hanpumep, MOKHO peanu3oBaTh Takyro uzacro. Ha
TOPU30HTAIBHOM CTOJIE YCTAHABIIMBAETCS COCYZ € ra3oM. B cocyzae mponenbiBaeTcs
OTBEPCTHUE, U3 KOTOPOTO BBUICTAIOT MOJIEKYJIBI. BbIIETEBIIME MOJEKYIIBI IO JEHCT-
BHEM CHJIbI TSKECTH NMAJAIOT HA CTOJ, MPUYEM NAIBHOCTH IOJNETA MOJEKYJBI S TEM
OosblIe, yeM OO0JIbIIEe CKOPOCTh ¥, ¢ KOTOPOM OHA BbUIETENA, TaK YTO MO JaJTbHOCTU
MOYKHO OIIPEAEIIATh CKOPOCTh. BCsl MOBEPXHOCTH CTOJIA PACIIPEAEICHA Ha OTACIIbHBIE
MaJIble SYEUKH, B KOTOPBIX CMOHTUPOBAHBI JE€TEKTOPHI, COCAUHEHHBIE CO CUETUMKA-
mu. Kaxxnas suelika pacrionioeHa Ha ONpeeI€HHOM pacCTOSIHUM OT cocyna (1ajb-
HOCTH S), BOT U MOJYy4YaeTCsl, YTO IKCIIEPUMEHT MOXKET JaTh 3aBUCUMOCTb BEPOSTHO-
CTH TOMAaJaHUsl MOJEKYJbl B SUEHKY OT JaJbHOCTU SYEHKH, a 3Ty HH(POpPMAIUIO
MO>KHO MCIOJIb30BaTh JJIs MOTy4YeHUs (QYHKIMH pacnpeeieHus] MOJEKyY M0 CKOpo-
CTSIM.

VY 3TOH UAEH eCTh, MpaBla, TPU TEXHUUECKHUE TPYIHOCTH.

IlepBas TpyaHOCTB. JJambHOCTH MONETA MOJIEKYJIBI S 3aBUCUT HE TOJIBKO OT CKO-
POCTH MOJIEKYJBI 7, HO M OT YIJIa BBUIETA MOJIEKYJIBI ¢, 3HAYUT, HAJO KaK-TO H3Me-
PATH 3TOT yros. MOXHO BCTaBUTh B OTBEPCTHUE IO ONPEAEIIEHHBIM YIJIOM K I'OpH-
30HTY Y3KYyI0 TPyOOUKY, TOT/Ia BCE€ MOJIEKYJIbl OyAyT BBUIETETh MO OJHUM U TEM K€
yriaoMm. Masno Toro, Toraa Bce OHU OyAyT BbUIETaTh B OJHOW U TO K€ BEPTUKAIbHOU
IJIOCKOCTH, 3TO MO3BOJIAET YIPOCTUTh SKCIEPUMEHT — STUEUKH U JETEKTOPHI HE HAZIO0
pacrosiaraTth o BCEMY CTOJIY, JOCTATOYHO MX PACIIOJIOKUTH BAOJb OJHOW JUHUU Ha
CTOJIE, KOTOpasi MPOXOJUT B IUIOCKOCTH MOJIETAa YacTUll. [Ipu 3TOM A4YEHKH MOKHO
cIenaTh MOMEHBIIIE U PACTION0KUTh UX Yallle — 3TO YBEJINYUT TOYHOCTh ONPEICIICHUS
(GyHKUIMH pacripeesieHusl.

Bropas TtpynHocTh. IIpr KOMHATHBIX TeMmIleparypax CpeaHUE CKOPOCTU MOJie-
KyJl — 3TO COTHU METPOB B CEKYyHAY, MO3TOMY JAJIBHOCTH IMOJETA MOJIEKYJ — TOXKE



COTHHM METPOB U JaKe KWJIOMETPbl. 3HAUUT, JIMHUS, HO KOTOPOM MOHTUPYIOTCS sTYEHi-
KU C JCTEKTOPaMH, JOJKHA OBbITh OUYE€Hb JIJIMHHOM, U SYeeK MPUAETCS UCIOIb30BAThH
OY€Hb MHOTO, TaK YTO HKCIIEPUMEHT OKaXETCs AOBOJHHO NoporuMm. [IpaBna, MOXHO
PETUCTPUPOBATH TSHKENBIE YACTULIBI — OHU TTOMEIJICHHEE.

Tpetbst TpynHocth. [Toka Mosekya MpoJeTUT MO BO3AYXY U YHAAET B SUCHKY,
OHAa MHOTO Pa3 CTOJIKHETCS C MOJIEKYJIaMH BO3/1yXa, U CTOJIKHOBEHHUS 3T HOCST CIy-
YallHBIN XapakTep, TaK YTO JAJbHOCTh MOJIETa MOJICKYJIBI S HE SIBIAETCS OJHO3HAU-
HOM (YHKITMEH CKOPOCTH ¥, C KOTOPOH MOJIEKyJa BbUIETENa U3 cocyaa. DTy TPYyA-
HOCTb TOKE€ MOXHO IMPEO0JI0NETh, €CIU UCIOIb30BaTh TOCTATOYHO TXKEIBIE MOJIEKY-
JIbI, KOTOPBIE CJIa00 pearupyroT Ha MOJIEKYJIbl BO3/1yXa U Ha MBbUIMHKH, COJAEepKaIIe-
csi B Bo3ayxe. Jlydiie Bcero, eciu Obl B cocyie BOOOIIEe ObUIM HE MOJIEKYJIbI, a Yac-
TUYKHU MAcCOM MopsAJIKa HECKOJIbKUX IPpaMMOB. DTO ObLIO OBl PEIIEHUEM U BTOPOH, U
TpeThel TpynHocTed. OHAKO B PEAIbHOCTH HET TAKUX YACTHUI[ C MACCOM B HECKOJIb-
KO TpaMMOB, KOTOpbIe ObI MOIJIM 00pa30BaTh WACAbHBIN Ta3, Ja e U ¢ MaKCBEJ-
JIOBCKUM pacCIpeIesIEHUEM IO CKOPOCTSAM. B peanbHOCTH — HET, 3aTO €CTh 8 GUpPMY-
anbHOCMU.

[Ipennaraemas Bam yabopaTopHas paboTa — BUpPTyasibHas1, JabopaTopHasi ycTa-
HOBKa MPEICTaBIseT COO0M KOMITBIOTEPHYIO MPOTPaMMy, UMUTHPYIOIIYIO PEaIbHYIO
ycTaHoBKy. [Iporpamma paspaborana B HanuoHanmbHOM uccieqoBaTelbckoM Towm-
CKOM TIOJIMTEXHHUYECKOM YyHHUBepcuTeTe. CxemMa 3KCIEepMMEHTa IOKa3aHa Ha Cle-
JYIOIIIEM PUCYHKE 2.

Puc. 2. Cxema skcnepuMeHTa

Cocyn ¢ yactuniaMu — 3To MUIMHAP paguycoM R = 10 M, OH 3aKpBIT KPBIIIKOH,
dhopma koTopoii — moaycdepa Toro ke paaumyca. B kpblilike ecTh y3Kas TpyOouka,
yepe3 KOTOPYI0 MOTYT BBUICTETh YaCTHUIIBl. YTOJ, MOJ KOTOPHIM PACMOJIOKEHA TPY-
Oouka (yros BbUIETa (), MOKHO MEHSTh B uHTepBajie oT 0 g0 180°. OT 3TOTrO yria 3a-
BHCSIT KOOPAMHATHI TOUYKH BBLICTA:

X, = Rcosq, Vo = R + Rsina = R(1 + sina).



Onpenenum CBsA3b MEXY AATBHOCTBIO MOJIETA YACTULIBI S U CKOPOCTBIO BbLIETA
YaCTHULIBI U3 cOCyla . DTO MO3BOJIUT PELIUTH JIBE 3a/1a4H.
[TepBas 3anaua. Vicxons u3 pyHkuuit pacnpenenenus Makcseiia st aDCooT-

HOM M oTHOCHMTENBHOM ckopoctelt f, (V) u fy (1) (1) u (3), nonyunts GpyHKIUIO pac-
npeneneHust nanbHocTh monéTta f(S), KOTOPYI0 MOXKHO CBEpSATH C IKCIECPUMEHTAIIb-
HOM. Pemrennto 3ToM 3a1aum Kak pas MOCBSAIEH JaHHbIN pasaen 1.2.

Bropas 3amaua. Mcxoas u3 sKCmepuMEHTANIbHON (YHKIUMH pacrpeaeneHus
nanpHOCTH Ton€Ta f(S), ompenenuTs oxaHy M3 (YHKIWH pacHpeiesIeHus CKOPOCTH
yactull (Hampumep, (PyHKIHIO pacmpe/elIeHuss OTHOCUTEIbHONW CKOPOCTH) U 3aTeM
CBEpUTh €€ C COOTBETCTBYMOIIEH (yHKUMEH pacnpeneneHusi MakcBemia. Permenue
ATOH 3a/1aun OyIeT pacCMOTPEHO B pazaene 1.4,

VYpaBHEHMsS] KHHEMAaTUKU YaCTHUIbl, BBIJICTEBIIEH CO CKOPOCTHIO ¥ U3 OTBEPCTHS
B COCYJI€, CIIEIyIOIIHE:

x(t) = Rcosa + vtcosa,

(t) = (R + Rsina) + vtsina — iiz. (4)

Jlns onpeiesieHus: 1aqbHOCTU MOJIETA YACTUIIBI S TIOJICTABUM B CUCTEMY ypaBHE-
HUl (4) KOHEYHBIE YCIIOBHUSL:

x(ty) =s, y(t,) =0,

rjae t; — MOMEHT BpeMEHHU MaJIeHUs YacTUIIbl Ha JabopaTopHbIi cToi. B urore moy-
qaeTcs:
Rcosa + vt cosa = s,

2z

(R + Rsina) + vt_sina — iﬁ = 0. (5)

DTO — cucTeMa ABYX YPaBHEHHU C IByMsI HEM3BECTHBIMU 1, 1 S. /{151 HCKItOUeHHS U3
CHUCTEMBI BpPEMEHHU MOJIETA t; BBIPA3UM €r0 U3 IIEPBOT0 YPAaBHEHUS:

1 5
tn - ; (cosu - R)

[ToncranoBka t; BO BTOpoe ypaBHEHUE CUCTEMBI (5) HacT:

2 (= —R)2=H—|—stgcx.

212 \cosa

OTHOCHTENBHO S OTO — KBaJpaTHOE ypaBHEHHE. PelIMTh €ro HETPYIHO, HO IPOIIE
BBIPA3UTh M3 ITOr0 YPaBHEHHS HE S, a CKOPOCTh BBUIETA ¥, TO €CTh MOJYYUTh 3aBH-
CUMOCTb ¥(S):

1% (s — Rcosa)? = cosa(s - sina + Rcosa),
v



B z
ISP e ©
B 2 cosxls-sina+Rcoso) o 2 cosu(sinu+gccsu),
V= (1 — Ecnsa) £ (7)
o 5 chosu(sina+§cosu)'

HuTepecno Obuto Obl ynpocTuTh Gopmyiy (7). DTo0 MOXKHO caenath s 00Jb-

IIMX 3HAYCHMI JaabHOCTH moji€Ta S >> R. Eciu mpu 5TOM yroJ BbUIETA oL HAXOIUTCS
B uHTepBaie (45°; 90°), To MOXKHO CUMTATh, UTO

s > Rcosa, s sina > Rcosa,

R R .
—cosa << 1, —cosa << sina.
5 g

Torna popmymna (7) ynpoiaercs Tak:

|| as
= [— 8
v sin(2w) ( )

OTKYJZla MOXXHO IOJIY4YUTh BBIPAKCHUEC LA S 0e3 PCHICHUA KBAAPATHOTI'O YPABHCHUA:

sin (2o
_Sn@a) 2
)
YI[O6HO CBA3aTh JAaJIBHOCTH 110JI€Ta HE ¢ a0COJIFOTHOU CKOPOCTBIO YaCTHUIIbI 1’7, a

o ”
C OTHOCHUTEJIBHOM U = —. Tak kak HanOoee BEpOATHAA CKOPOCTH v, ONpeacCIACTCA
Vg

. [2kT N .
dbopmyIon ¥V; = |—, TO CBA3b MEXKY JaJIbHOCTHIO TOJIETA S U OTHOCUTEIIBHOM CKO-
m
POCTBIO U CeayIoNas:

& mgs

u="2— | M 9)

= 2kTsin(2a)’

BBeném o003HaueHUE

2kTsin(Za) sin{2a) o
B — = 1=, 10
T Dy (10)
®opmyna (9) Torna Oyaer UMeTh BUL:

U= \E, s = u”. (11)

Bennuuny 0 Oyaem B TanbHENIIEM Ha3bIBaTh napamempom OaibHOCHU.

Jlns onpenencHus GyHKIUU pacrpeneienus qanbHocty moiéra f(S) Bocmons3y-
€MCSl pABEHCTBOM, KOTOPOE BBITIOJIHAECTCA ISl CIIYYalHBIX BEJIUYUH, MEXKIY KOTOPHI-
MU €CTh 83aUMHO OOHO3HAYHOE COOTBETCTBUE:

f(s)ds = fo(w)du.



N3 storo PaBCHCTBA CIICAYCT, UTO

JHORSAOES

du du 1
HpOH?;BOI[HaSI g, KaK CJICOyCT U3 (1 1), paBHa E = I Torz:a
W E

_ﬂ.’-“llr':l

=
f{:s] — fg{'u:] _ 4 1 2 _uz 2 E'_E _ 2 v{EE_

5
= — E —
2+/58 v 2458 Vms8 a8 /me3/2

(12)

W3 sToit popmyibl, KCTaTH, ciaeayeT (GU3UYECKUN CMBICT MapaMeTpa MadbHOCTH 6.
) 1.
OT0 yABOCHHOE 3HaUYCHHE Hanbosiee BEpOATHOM TadbHOCTH

8
B =12s, S, =~
2
®opMmyiy (12) MOKHO MPOBEPUTH FKCHEPUMEHTAIBHBIM IyTEM. {7151 3TOrO €cTh
nBa crioco0a.

Cnoco6 nepBblil — npsiMoi. Hajio moayyuTs 3KCEpUMEHTANBHO (YHKLIHIO pac-
npenenenus f(S) u 3areM cpaBHUTH €€ C T€M, YTO JAIOT PACUYETHI IO TEOPETUICCKOM
dopmyne (12). 3Hauenue mapamerpa ganbHOCTH 6 B (12) MOXXHO paccUuMTaTh IO
dbopmyre (10), ucxons U3 ycaoBui IKCIIEPUMEHTA.

Crioco0d BTOpO#t — KocBeHHBIH. DyHKIMIO pacnpenenenus f(S) uameputs Hao,
HO pacuétel o Gpopmyie (12) He HyKHBI. BMecTO 3TOro MOXKHO MONPOOOBATH JIUHea-
puzosams 3aBucuMocTs f(S). Hampumep, Tak:

(s) 2 _32 Vs Jme3/fz = Vs g3z 5
f,_=TE‘ ) = ee, En( )=In( )+—.
Vs \/mes/2 Fis) 2 fis) 2 8

Vs
Ecnu teneps BBECTH HOBYIO NIEPEMEHHYIO Z = In( j), TO MOJIy4aeTCs, 4TO 3Ta Ie-

fis
peMCHHAaA JUHEUHO 3aBUCHT OT JaJIbHOCTH moJjera JacTULbI S:

z=ks+Db, (13)

riae 0003HAYEHO:

k=1 bszfm)

Y
Ecnu skcriepuMeHTBl MOATBEPAAT JIMHEWHYH) 3aBUCUMOCTH BCIIOMOTATEIBHOU

NEPEMEHHOM Z OT S, TO MOXKHO HAaWTH MapaMeTphbl 3Toi 3aBUCUMOCTH K 1 b, a 3aTem
JBYMS CTOCOOAMU OTIPEISTIUTh 3HaYEHUE TTapaMeTpa JaIbHOCTH 0:

2/3
2P /

0="1, o=(2) . (14)

v

! HanGornee BepOATHYIO JaTbHOCTD S, MOYKHO HAiTH, IPUPABHAB K HYIIO IPOM3BOIHYIO 0T hyHKIuH f(S).
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CoBnajieHue pe3ynbTaTOB M HUX COOTBETCTBHE PACUETHOMY 3HAUYCHHIO TMapameTpa
JNaNbHOCTU OyAeT SBISATHCS JOIMOJHUTEIbHBIM apryMEHTOM, TOJATBEPKAAI0IINM
¢dbynkuuto pacnpenenenus (12). Pazymeercs, 0xuaaTh MOJ0XKHUTEIBHOTO PE3YJIbTaTa
MOYKHO TIPH YCJIOBHH, YTO 3HaueHus ¢yHkuuu f(S) u3mepeHs! sl 40CTAaTOYHO OOJIb-
MKUX 3HAYCHUH JANbHOCTH TONE€Ta S, YTOOBI  BBIMOJHSJIUCH  YCIOBUSA

s > R, s-sina > Rcosa,

1.3. H3mepeHue QpyHKI MU pacnpejeseHUa JAJbHOCTH MOJIETA

OyHKIMS pacrpeaesieHus TaabHOCTH moiéra gactuilsl f(S) onpenenser BeposT-
Hocth dW TOroO, 94TO 3HAYEHHWE NAITBHOCTH JUIS JAHHOW KOHKPETHOW YaCTHIBI OKa-
KeTcsl B mHTepBae (S; S + ds):

dW(s) = f(s)ds.
Ota (opMyia ocTaéTcs BEPHOM, €CIM pa3Mep MHTEpBala — 5TO HE OECKOHEYHO
MaJlo€ 4YKMCJI0, HO BCE K€ OH JOCTATOYHO Majl IO CPaBHEHHIO C YHCIIOM S, OIpeje-

JISTFOTIETO TMOJI0KEHNe HHTepBana (S; S + AS) Ha uncioBoii ocu: As << s. Byzxem cun-
TaTh, YTO ITO YCJIOBHUE BHINOIHsAETCS. Toraa MOXXHO 3aMucarth:

AW (s) = f(s)As,

OTKyJla CIEAYET, 4TO

£(s) = ﬂW'f,s‘]I

As

C TOUYKM 3peHHUs IKCIEPUMEHTA, 3Ty (HOpMYITy HAJ0 MOHUMATh Tak. AS — 3TO pa3mep
AYEUKH C JETEKTOPOM BIOJIb JUHHUH, [0 KOTOPOUM Ha 1abOpPaTOPHOM CTOJIE PACIOJIO-
’KEHBbI eTeKTopbl, @ AW(S) — 3T0 BEpOSTHOCTh YaCTHUIIC MOMACTh B SYCHKY C KOOPIH-
Hatoi (aapecom) S. Ecim u3BeCTHO, CKOJIBKO YacTUIl N(S) HACUUTAJ CUETUUK, COC/IH-
HEHHBIN ¢ JaHHOW STYEHKOM, TO BeposaTHOCTh AW(S) MOKHO CUMTATh PaBHOM:

n(s)

N )

AW (s) = N = Y5 n(s).

N — 5T0 cymMMapHOe YHCIIO YaCcTHII, KOTOPbIE MONaiu BO Bce pabouune sueiku. B pe-
3yJbTaTe (QopMyia, ompenesstomas crnocod MU3MepeHus (PYHKIUHU pacrpeaesieHus
f(s), umeer BuA

n(s)
NAs'

fs)= (15)

OnHO BaXKHOE 3aMEUaHHe K 3TOMY croco0y. Uncio yacTull, MonaBiiux B sueii-
Ky, N(S) — cayyaitHoe, IOITOMY U KaX/IbIH pe3yjbTaT U3MepeHuss (YyHKIUU pacipe-
nenenus f(S) — aTo caywaitHoe uncio. Pazymeercs, a000e U3MEPEHHE COJCPIKUT B
cebe CilydallHyIO0 TOTPEIIHOCTh, TO €CTh SIBISETCS CHydalHbIM uuciioM. OIEHUTH
CIy4aliHyI0 TOTPELIHOCTh MOKHO, €CJIM MPOJIeNIaTh MHOTOKpaTHbIe u3Mepenus. O -
HaKO B JIAaHHOW CHUTYyaIlud HET HEOOXOJAMMOCTH MPOBOJUTH MHOTOKPATHBIC H3MEpe-
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HUS, TaK KaK U3BECTHO paclpe/esIeHue CaydaiiHON BEMYMHBI N — YKciia 4acTHUll, o-
NaBIIMX B f4eiKy. B Teopun BeposATHOCTEN NOKa3bIBA€TCs, YTO 3TO — TaK Ha3bIBae-
Moe pacnpedenenue Ilyaccona. Bel no3HakomuTech ¢ pacnpeaeneHueM Ilyaccona u ¢
€ro 0coOEHHOCTAMHM, Korjga Oynere u3yyaTb TEOPUIO BEPOATHOCTEH, a 3/1€Ch BaM
BaYKHO y3HATh TOJIBKO JIBE BELIH.

Bo-miepBbIX, MEpoi €CTECTBEHHOTO pa30poca BCAKOW CITydallHOW BEJIMYHUHBI SIB-
JsieTCs cpeonexkgadpamuunoe omxnonernue. OHO 0603HavaeTcs OykBoi 6. B usmepu-
TEIbHON TEXHUKE €T0 HA3bIBAIOT €IlE OJTHUM TEPMHHOM «CTaHJAPTHOE OTKIOHEHUEY,
U €CTh CIoco0 OIIEHKH 3HAYCHHs G MPHU MPOBEACHUH MHOTOKPATHBIX M3MepeHui. B
EXCEL ectp ms atoro ¢pynkius CTAHJIOTKIIOH.

Bo-BTOpBIX, CpEeIHEKBAIPAaTUYHOE OTKIOHEHWE CIy4aliHOW BEJIWYMHBI C pac-
npenenenueM Ilyaccona onpenensercs popmymoin

o(n) = Vn.
Cunrast 6(N) aOCOMOTHON MOTPEITHOCTHIO H3MEPEHUS YHCIIa YaCTHIl B sTUCiiKe, Jera-
€M BBIBO/JI: 3Ta MOIPEUIHOCTh TE€M OO0JIbIle, YeM Ooublle pe3yabTaT u3Mepenus N. Of-
HAKO OTHOCHUTEJIbHAS MTOTPEIHOCTh U3MEPEHUS TIPH 3TOM YMEHbULAETCAL

s(m) =2 Y _ L

n n Vn

910 03HaYaeT, uTo QyHKIUIO pacnpenencHus f(S) MOXXKHO U3MEPUTH TEM TOYHEE, YeM
JOJIBIIE JUINTCA SKCHEPUMEHT — IPU 3TOM YHCIO YACTHUII, 3aPETUCTPUPOBAHHBIX B
KKJ0M stuelike, pacTér. OOmas OTHOCUTENbHAS MOTPEIIHOCTh U3MEpPEHUsT QYHKINUU

pacrpeneneHus, Kak cienyet u3 gopmydsl (15), paBHa

e(f) = e(n) + =(N) + =(As) = ff £(N) + £(As).

[TonmHoe wyucio 3apeructpupoBaHHBIX 4acTuil N, Kak M YMCIO YacCTHUI[ B KaXKIOU

o 1
suelike, momgumHseTcs pacnupenenenuro Ilyaccona, mosromy £(N) = = M Toro
Wi

YTOOBI U3MEPUTH (PYHKIUIO pacHpeeseHus] TOCTaTOYHO MOAPOOHO, AYEEK JOJIKHO

ObITh MHOTO, To3ToMy N > n, u Torga (N) << €(n), Tak uro

1
Vi
HOFpeIHHOCTI) S(f), KOTOPYIO OKCIICPUMEHTATOP MOXKET IMPU3HATH JOCTATOYHO MaJjoHu,

ATO — AUHUIIBI IPOIIEHTOB. YEeMKN MOXKHO HACTPOUTH TaK, UTO UX pa3Mep ObLI BbI-
BEPEH C TOYHOCTHIO J0 AECATHIX JOJIEU MPOLEHTA, @ BOT JJII CHUKEHUS OTHOCUTEIb-

. .1
HOU MOTPENTHOCTH YUCIIa YaCTHIl B siueiike — Hinke ypoBHs 0,1 (To ects Hmke 10%),
Wn

tpedyercs, utoosl 1 > 100, B mpemmaraemoii BaM BHPTyalbHOMN J1TabopaTopHO yc-
TaHOBKE HAYAJIBHOE YMCIIO YacTHIl B cocyne ¢pukcupoBano — Menbie 1000, mostomy

ycaosue M = 100 wam BooOIIIEe HE BBIMOIHACTCSA HU I OJHON SYESHKH, WA BBITIOJI-
HSIETCS TOJIBKO JUTS IBYX-TPEX siueek. WTaK, Bl JOJDKHBI OBITH TOTOBBIMH K TOMY, YTO
MOTPEITHOCTh M3MepeHust pyHKIuu pacnpeneneuus f(s) Oymer 6omnpmie 10%, Tak uTo
BAIlld M3MEPEHUS OYAyT IPyOBIMH, oyernounblmu. BooOle mpy 3KCIIEpUMEHTAIBHBIX
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MCCIIe0BaHMIX (DYHKIUN pactpeaecHus Ui MOJyYeHUsT JOCTATOYHO TOYHBIX pe-
3yJILTaTOB TPeOyeTCsl OOJIBIIOE KOJMUSCTBO M3MepeHuil. Kak roBOpSAT, Hy)KHA «XO-
poriasi ctaTHCTHKa». JlaHHas YCTaHOBKa MaéT HE OYCHb XOPOIIYI CTATHCTHKY.
[IpaBaa, eCTh BO3MOKHOCTh €€ YIIyUIINTh, JUIS YEro KaXKIblid HKCIIEPUMEHT HYKHO
MPOBOUTH MHOTOKPATHO.
1.4. H3mepeHue QpyHKUMM pacnpeeaseHus1 CKOPOCTH

Kak ymomuHanocs B paszeine 1.2, 3Hast CBA3b MEKIY CKOPOCTHIO BbLIETA YaCTH-
bl ¥ JAJBHOCTBIO e€ MOJETa S, MOKHO peluTh aBe 3anaun. OHa U3 HUX (1epBasi)
paccMoTpeHa B paszzene 1.2. 31ech Mbl paCCMOTPUM BTOPYIO 3a7a4y: KakK, HCXOJS U3
MOJTYYEHHON SKCIEPUMEHTAIBHO (YHKIMH pacrpeaeieHus naabHoctu monéra f(S),
OTNpeaeNuTh QYHKITUIO pacpeelICHUs OTHOCUTEIBHON ckopocTH dactull f(u). Oty
(GYHKIIHIO 3aTeM MOYKHO IPSMBIM CITOCOOOM CPaBHHUTh C YHHBEPCAIbHON (yHKIIHEH
pacnpenenenus Makcemna fo(U) — cm. popmyny (3):

uZ

P
folu) = sue
Ces3p MKy U S onpezessiercs hopmyioit (6)

p2 =2 (s—Rcoso)?
2 cosals-sino+Rcosa)

o o v
4 OTHOCHUTCJIbHAA CKOPOCTH CBs3aHaA C a0COJIFOTHOM (1)OpMYJ'IOI/I U=—. HpI/IMeHI/IM
7

CHOBA MPABHWJIO CBSI3M (PYHKIMI pacnpeneseHus CIy4yalHbIX BEJIUYUH, KOTOPbIE B3a-
MMHO OJHO3HAYHO 3aBUCAT JIPYT OT Apyra.

fr(u)du = f(s)ds.
N3 stoit hopmyIbl ciaemyer:

A =fo= =L (17)

ds

du
Brrancinm npousBoaHyro =

du? du du 1 du’ 1 dv®
—=2u— = —=—= - (18)
ds ds ts 2u ds 2uvs ds

Bocnone3yemcs popmyoii (6).

dv* g d ( (s—Rcosa)? )_ g 2(s—Rcosa)(s-sina+Rcoso)—(s—Reosa)?sina

das 2coso ds \ssino+Rcoso 2coso (s-sina+Rcoso)?

. gls—Rcosa) 25-sina+2Rcosa—s-sina + Rcosasing . gl{s—Rcosa) s-sina+Rcosa(2+sina)

Zcoso (z-sinc+Rcoso)? Zcoso (s-zina +Rcoso)®

[ToxcraBuB 10T pe3yabTat B (18) ¢ yuérom dopmyisr (10), momyyaem:
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R
du sino B sina+—cosal2+sina)
(1 — —cosn) — 5 (19)
s {sinct +—cnsct)
5
Htak, o dopmymnam (17) u (19) MOKHO, HUCIOIB3YS MOJYYECHHYIO B MPSIMOM
sKcniepuMeHTe (YHKIMIO pacnpezencHus f(S), MOMYy4UTh SKCIEPUMEHTAIBHYIO
(GYHKIHIO pacnpeesieHus] OTHOCUTEIbHON ckopocTr vactuil f,(U), a 3areM meromom

NPSIMOTO CPaBHEHUS CBEPUTH €€ ¢ YHUBEpcaIbHOU QyHKImeit MakcBemia fo(u).
2. OnucaHue 3KCNIEPpUMEHTA/IbHOI YCTaHOBKH

[Ipu 3amycke KOMMBIOTEPHOW MPOrpaMMbl, KOTOpas UMUTHPYET peaibHyIO ycC-
TaHOBKY, OTKpbIBaeTca OKHO «Pacmpenenenne MakcBemia». B nieHTpanbHOM yacTu
OKHa TMPHUBEJEHBI 11eb PabOThl U KpaTKoe omnucaHue padoTel. BHU3Y okHa — Tpu
YIPABJISIIONTUE KHOIKHU:

e  Xop pabortbl. [Ipy HaxkaTUM 3TOM KHONKHU OTKPBIBAETCA OKHO, B KOTOPOM ITOKa-
3aH MOPSAAOK BBINOJHEHUS PaOOTHI.

e  3KcnepumeHT. [Ipy Ha)kaTUM HaA 3Ty KHOIIKY OTPBIBAETCA OKHO C DKCIIEPUMEH-
TaJbHON YCTaHOBKOW.

e  3aseplieHue paboTbl. JTa KHOIKA BBI3BIBAET BBIXO/ U3 IPOrPAMMBI.

OKHO «DKCNEPUMEHT» MOKAa3aHO HAa pUCYHKE 3. OHO CONEPKUT OKHA BU3yaJIH-
3alliM U TAHEJIM UHCTPYMEHTOB.

(N Pacnpeaenenve Makcsenna: SKCMEPMMEHT — x |

Coaepxanmne HAseix  Cepeuc  Wndopmauma Xoapaboter  Onwcanwe 3asepuenne pabotel

Qy
A

=1 1 2 3 4 5 € 7 g ] 10 11 12 13 14 15

Kl A+
Macca YyacTuubi: 15,0r ,D,aT‘-'IHK Konun4yecTBa "laCTHLl B HHEﬁKB
rE O Colo 0000000000 0000000 000 B Averike Ne 0 HaxoauTcs yacTuy
10,0 25,0 40,0
3cphexTvBHan TemnepaTypa: 1200 =] .1020k Konuvectso sveex: ([ ~| AnwvHa sveitkn: 84 wm
a3 HaxoOWTCA B pe3epByape, HakpbITOM nonyccepow YeKopeHe CBOBOHOMD NafeHnA g: 9,81 MIC?  (swe pesepeyaca)
Paguyc nonyccpepbl: 10,0 M 3xcnepumeHm
OTBEDCTHe:|45 | ° (rpapycos) Havame | MpodomkumensHocms: | 10 3| ¢
LieHTp nonychepsl KaX0AUTCA HA BLICOTE, PABHON ee paguycy
./ XoppaboTbi ‘ e_ OnucaHue ‘ \/f) 3aBepueHune paboTbl |

Puc. 5. OxHO «DKCIEpUMEHT»
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B okHe Bu3yanu3anuu Ha JabOpaTOPHOM CTOJIE PACIIONIONKEH COCY U STYEHKHU C
JETEKTOpaMH JIJIsl PETUCTPAIMKM YacTHUI U Mojacuéra ux KoiaumdecTtBa. Uucio
sYeeK BHIOMPAET IKCIEPUMEHTATOP.

[TaHenu UHCTPYMEHTOB.

las. [laHenb conepKUT TpU HHCTPYMEHTA.

NuctpymMent Macca yactuubl 03BOJISIET BHIOMPATh MAacCy YacTUIIbI B UH-
tepBase oT 10 r 7o 40 r.

NHcTpyMeHT J¢ddeKTuBHaa Temnepartypa IpeaHa3HA4YeH Jis BbIOOpa
TeMIIEpaTyphl Ta3a B UHTEPBAJIC OT 2,5-10% K mo 1,2:10* K. Dro — Hepe-
aJbHO BBICOKME TEMIIEPATYPBI, HO MHAYE HEBO3MOKHO 3aCTAaBUTh YACTHUIIBI
MacCcOl HECKOJIbKUX JECATKOB I'PAMMOB JIBUTAThCS TAK K€, KAK JIBUTAIOTCS
MoJieKynbl B raze. [Ipu Takux TemiiepaTypaX HHMKAaKO€ BEIIECTBO YK€ HE
MOXET CYIIECTBOBATh B BUJE KOHJAECHCUPOBAHHBIX YACTHI], TO €CTh B TBEP-
JIOM WJIM JKUJKOM COCTOSIHMHM. Tak 4TO HE CJIeAYyeT OTHOCHUTBCS K OrpOM-
HBIM TeMIIepaTypaM, KOTOPblE MOKHO Ha3HayaTh B JAHHOU J1JaOOpaTOpHOM
YCTAHOBKE, KaK K peaqbHOCTU. VIMEHHO MOATOMY OHHU U Ha3bIBAIOTCS (-
(PEKTUBHBIMU.

NuctpymMenT OTBepcTMe mpeHa3HAueH JJis BIOOpA yIJia BbUIETA YACTHII
n3 cocyaa o ot 0 mo 180°.

[aTtunk Konuyecrsa yactuy, B A4enKe. B 3Toii naHenu ecTh OJIUH UHCTPY-
MeHT — KoanyecrtBo Aveek. DKCIIEpUMEHTATOP MOXKET BHIOPATh OT 5 110 58
SA4€eK U MPOBOJUTH HM3MEpPEHUs (PYHKIMU pacCIpeleNieHUs C >KellaeMOou
noipoOHocThI0. [loce BbIOOpa KONMMUECTBA SUEEK HAa MAHENH TMOSBIISACTCS
uHpopManus o JUIMHE SYCHKH, a MOJ KaXKI0M sYerKoi MmosBIsIeTcs e€ Ho-
Mep.

[Tociie OKOHYaHUS SKCIEPUMEHTA MOXKHO Y3HATh, CKOJIBKO YacCTHIL MO0
B KQXIyIO siueiiky. JIjist 3TOro BAOJb Ja0OpAaTOPHOTO CTOJA PACIIOIOKEHA
JTuHEeNKa ¢ 0ETYHKOM, M HaJI0 TOJIBKO TOCIIE0BATEIbHO YCTaHABIMBATh Oe-
TYHOK IOJI KaXIO0M U3 siY€eK, B PE3yJIbTaTe 4YEro Ha IaHENM MOSBIISIETCS
uH(pOpMaIUs O KOJUYECTBE YACTHII, 3aPETUCTPUPOBAHHBIX B SYCHKE.
Skcnepumenm. Ha 510l maHenu — oAUH MHCTpyMEHT [Ipodosxcumerns-
HOCMb, OH MO3BOJISIET HA3HAYNUTH BpeMs dkcrnepuMenTa oT 10 ¢ 1o 5 MuH
(300 ¢).

Kuonku ynpaenenus sxkcnepumenmom. ITUX KHOIOK JIBE.

OnHa W3 HUX HAXOAWTCS HA MaHENU JKcrepumeHm. DTO — KHomnka Ha-
yame. llocne Haxatns Ha HEE OHA MpeBpallacTcs B KHONKY [lpepeame, a
MOCJIE Ha)KaTWsl Ha KHOIKY [lpepéame OHA ONSATH CTAHOBUTCS KHOIIKOU
Hayame.

Bropast kHonka HaxonuTcsl Ha naHenu las. 9to — kHonka HavanbHoe co-
croaHne. OHa akTUBUPYETCS TOJBKO IIOCIIE Ha)XaTus Ha KHOMNKY [Ipe-
peams. HaxaTue Ha KHONIKY HayanbHoOe cOCTOAHME BO3BPAILAET BCE Yac-
THUIIBI U3 sTYeeK 00paTHO B cocya. Eciu BeI XOTHTE MPOJIOIKUTH MTPEPBaH-
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HBIl 3KCIIEPUMEHT, a HE HayaThb €ro 3aHOBO, TO KHONKY HavanbHoe co-
CTOAHMEe HAXXHMAaTh HE HAJIO.

3. TMopsAAOK BbINOJTHEHUA PAaGOThI

BriOepute 1o coriiacoBaHuIO € MPENOaBaTeNIeM YCIOBUS IKCIIEPUMEHTA!

e MaccCy 4acTulbl M, 3QdeKTUBHYIO TeMIeparypy I, yroia BbUIeTa YacTHI] d,
® KOJIMYECTBO U pazMep SUeKku AS, MPOAOHKUTEILHOCTh IKCIIEpUMEHTa t.
PesynpraTel 3anummuTe B TabmuIry 1.

3aroJHNUTE OCTAJILHBIE SYECHKHU TaOIUIbI 1.

Tabmuna 1
YcnoBus sKCIIepUMEHTa
Macca yacTuipl m r
Panuyc cocyna R M
OddexTuBHas TemnepaTypa T K
rpa.
Yrou BeIIETa YaCTHUIL o
paa
cosa.
BcmomMorarenbHbIE BETHYUHBI Rcosa M
sina
JlnuHa sueiiku As M

KonuuectBo ssueex

[1po10KUTENBHOCTD HKCIIEPUMEHTA t c
ITocrosiuHas bosbimana Kg Jhx/K
YckopeHnne cBOOOTHOTO MaeHHs g M/c?
Haubonee BeposiTHast CKOPOCTh (pacu€THOE 3HAUE- - we
HHE) ?

[TapameTp nanbHOCTH (pacYETHOE 3HAUCHHE) 0 M
Koaddunuent B pyukuun pacupenencaus f(S) A Mt
IlorpenHOCTh TaJIbHOCTH MOJIETA YACTUILIBI S A(S) M
Yacts 1

UccneaoBanue GyHKIUH pacipeeieHus JaJIbHOCTH MOJIETA YaCTHI]

Haxxmute kHonky HauaTtb 1 HaOnroqaiTe 32 SKCIEPUMEHTOM, ITPU 3TOM CUUTAM-
T€ YaCTHUIIbl, KOTOPBIE YJIETENH 3a MPEIENbl 30Hbl SKCIIEpUMEHTa (00JIacTU BU-
3yanuzauuu). [locne 3aBeplieHHs] SKCIEPUMEHTA 3alUIIUTE KOJIUYECTBO Yac-
THI, KoTopoe Bl HacUUTAIH (Ngyt), B TPEAMTOCIICIHIO CTPOKY TaOIHUIIBI 2.
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Tabnuua 2
@yHKIUA pacupeneseHus JalbHOCTH MTOJIETA YaCTHULIBI S
OKCIEPUMEHT Teopus
Howmep S n f(s) A(f(s)) z A(2) S f(s)
SIYEUKH M IIT. Mt Mt M Mt
1
2

Yucno 4-11 BHE 30HBI:

OO0111e€ YUCIIO YACTHIL,

3.4

3.5.

3.6.

3.7.

. 3anummTe B Ta6J'II/IHy 2 OCHOBHEBIC PE3YIIbTAThI SKCIICPUMCHTA: KOJIMYCCTBO YacC-

THIL N, TONABIINX B KAXAYIO SYEHKY. /[ 3TOro mocnenoBaTenbHO YCTaHABIU-
BaiiTe OETYHOK JIMHEWKU HAa paboveM CTOJIC MO KaKI0N SYEHKOM.

JIisl IOBBINIICHUsT TOYHOCTH M3MepeHus: GyHkun pacnpenenenus f(s), To ectsb
IUISL «YTYYIIEHUS CTATUCTHUKUY MOYKHO TTOBTOPUTH AKCIIEPUMEHT, IIPUIEM HEO/I-
HokpaTHO. CHavyasa Ha)KMUTEe KHONKY HayanbHoe cocTtosiHMe, a 3aTeM KHOIIKY
Hauatb. CHOBa HaOMOgalTe 3a IKCIEPUMEHTOM U CUUTAWUTE YACTUIIbI, YICTEB-
Ye 3a TpeAelbl 30HbI dKcnepuMenTa. [locne 3aBepiieHus: IKCIepUMEeHTa 00-
Oasvbme pe3yNbTaThl U3MEPEHUHN B CTOJIOEI «Ny» TaONIUIIBI 2, a TAKXKe MOMpPaBbTe
3HAa4YeHUE MPOJIOJHKUTEIBHOCTH IKCIIEpUMeHTa B Tabuie 1.

3anoIHATE OCTANBHBIC STYCHKH TaOIHIIBI 2.

3HaYeHKE S — ATO KOOP/INHATA CEPECIIUHBI TUYCHKH.

DKcIepUMEHTANIbHBIC 3HAUYCeHUsT QYHKIUU pacnpeneneHus f(S) ompenensiite mo
n(s)

dopmyie (15) f(s) = i THe N — ofI1ee 4nCiI0 YacTHII, paBHOE CYMME 3Have-
NOS

HUM N 1O BCEM sueiKaM, BKJIFOYAsl YMCJIO YACTHUII, YICTEBIIUX 3a MpeAesbl 00-
nactu dkcnepuMenTa Noy.

3Ha4YeHUs BCIIOMOTATEIBLHOM TIEPEMEHHOW Z ompeaeisiiTte mo Gdopmyie

z=1In (}:{j )

Teopernueckue 3HaueHus: ¢pyHknuu pacnpenenenus f(S) onpenensiire mo dop-

myne (12) f(s) = Ay/se™s, rae xoadpouument A pasen A = =i 3HaueHue
Ve

ATOro KO3 PUIIMEHTa BaM HaJ0 pacCUUTATh 3apaHee U BIMCATh €ro 3HAUCHHE B
Tabnuiy 1. 3HayeHus S, AJsl KOTOPBIX Bbl OyJeTe ONMpeesisiTh TEOPETUYECKUE
3nauenwus f(S), BeIOepuTe Tak, Kak BaM MoHpaBUTCs. JKenarenbHO TOJIbKO, YTOOBI
TEOPETUUECKHI Jrana3oH OblJT HEMHOTO IIUPE SKCIEPUMEHTAIBHOTO.

[TocTpotiTe nBa rpadvka GyHKIHMA pacpeeIeHNs: SKCIIEPUMEHTAILHON U T€O-
peTudecKoil — Ha oorom moJie. Ha TeopernueckoM rpaduke TOYKA CTaBUTH HE
MPUHATO, MO3TOMY i1 HETO PEKOMEHIYETCsl TUIl JuarpaMmbl: «ToudeuHas ¢
[JIAJIKUMU KPUBBIMIWY». THN guarpaMMbl JJIs SKCTIEPUMEHTAIBLHOTO Trpaduka:
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«Toueunas». Ha skcnepumeHTanbHOM rpaduke He 3a0yabTe yKa3aTh IJIAHKH
ITOTPEIIHOCTEM.

3.8. [IpokoMMeHTHpYIITEe TOCTPOCHHBIE BaMU IPapUKy.

3.9. Tloctpoiite rpaduk JMHeapu30BaHHOM 3aBucuMocTH Z(S). He 3a0ynpTe HaHecTH
IJIaHKK morpentHocTeit. [IpokoMmMeHTHpyliTe rpaduk.

3.10. Ecnm SKcnepuMEHTHI MMOATBEPINIIN, YTO 3aBUCUMOCTD Z(S) — JIMHEIHAs, OIpe-
AETUTEe TapaMeTphl 3TOH 3aBUCHMOCTH K 1 b, a mo HUM IBYMs criocobamu orpe-
JeJInTe napaMeTp JanbHOCTH 0 — cM. popmydsl (14). [{ist 3T0r0 BOCoNb3yHTECh
dynkuueit JJUHENH u 3anonnute Tabmuny 3.

3.11. [IpokoMMeHTHUpPYITE pe3yIbTaThl ONPEACICHUS MTapaMeTpa 1albHOCTH 0.
YacTtp 2
Onpepenenue GyHKIUM pacnpee/eHUss CKOPOCTH YaCTHLY

Hukakue HOBbIC M3MEPEHUs BaM MPOBOIMTH HE HAJ0, JTOCTATOYHO TOW UH(OP-
MalliH, KOTOPYIO BbI 3aHECIH B TaOJIHIly 2, TO €CTh SKCIICPUMEHTAJIbHBIC 3HAYCHUS
byukuuu pacnpeneneHus f(S).

3.12. 3anonnauTe TabMIYy 4.
CkopocTb yacTullbl — onpenensite mo gopmyse (7).

[IponsBoHyIO % BbIuKcIsiATe 1o dhopmye (19).

I[J'ISI BBIYHUCIICHUA SKCIICPHUMCHTAJIBLHOI'O 3HAYCHUA (1)YHKI_[I/II/I pacipCaciCHnuAa

OTHOCHTENIbHOM ckopocTH fo(U) ucnomnp3yiite popmyny (17) £ (u) = %Eu—

ds
Teopernueckue 3HaueHus GyHkiuu pacnpenenenus fo(U) onpenensiite mo ¢op-

U

4 -
MYJIC (3) _ﬁ] (u) = EHEE . 3HaUYeHUs U, U1 KOTOPBIX BbI 6yz[eTe OIIpCACIIATh

dyukuuto fo(U), BEIOEpUTE TaK, Kak BaM MOHpaBUTCs. YKeaaTeapbHO TOIBKO, YTO-
OBbI TEOPETHUUCCKUI THANa30H ObLT HEMHOT'O IIUPE SKCIEPUMEHTATBHOTO.

Tabnuma 4
OyHKIHS pacpe/elIeHUsT OTHOCUTEIILHOW CKOPOCTH
DKCTIEpUMEHT Teopus

Homep S Rcosa/s » u du/ds | f(u) A(f2) u fo(u)
STIeKH M M M

1

2

3

3.13. Tloctpoiite nBa rpaduka GyHKIMIA pacnpeaeseHus: dKcrepuMeHTanbHou fo(U)
u teopernueckoit fo(U) — Ha odnom mone. Jlns TeOpeTH4ecKkoro rpaduka Hc-
MOJb3yiiTe THI AuarpaMMbl: «ToueuHast ¢ TIaIKUMH KPHUBBIMIY, I SKCIIEPH-
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MeHTajabHOro rpaduxa — tun «Toueunas». Ha saxkcnepumeHTanbHOM rpaduke He
3a0yAbTe yKa3aTh IJIaHKU MOTPEUTHOCTEH (JOCTATOYHO BEPTUKAIIBHBIX ).

3.14. IIpokoMMeHTUPYHTE rpaduKy.
3.15. ChopmynupyiiTe 001IKe BEIBOABI 110 Ja00OpaTOPHOM padoTe.

4.1.

4.2.

4.3.

4. OueHkKa norpelmHoOCcTe U3MepeHu

[TorpemHOCTH IPAMBIX U3MEPEHUM.

[IpsiMble U3MEPEHHUSI — 3TO YKCIIO YACTHUIl B AYEUKE N ¥ NAIBHOCTH MOJIETA Yac-
TUBI S. YKMCIIO 9acTHI] ompenesieT CYETYNK MPAKTHIECKH 0e3 ommook. Jlamb-
HOCTb IOJIETA ONPEAEISAETCS MOJIOKEHUEM STYEUKHU, B KOTOPYIO TOMaia YacTHIIa,
TO €CTh C TOYHOCTBIO J0 pa3Mmepa sueiiku. OJHAKO CYUTaTh, 9T0 A(S) — 3TO pas-
Mep SUEWKH, HEMPABWIBLHO. 3HAYEHUE S HYXKHO JUJIA TOTO, YTOOBI OMPEIEIHUTh
TOYKY, B KOTOpOW u3MepeHa (GyHKIMs pactpenenenus f(S), u Hanbosee ecrect-
BEHHO CUUTATh 3Ty TOUKY LIEHTPOM SYEUKU. Torna maxcumanbras NOTPEeIIHOCTh
U3MEpPEHUs TalIbHOCTH S — 3TO MoJIoBUHA pa3Mepa sueiiku (50%). Ilpennaraercs

oueHuTh A(S) kak 20% oT paszmepa sueiiku, To ectb A(s) = As/5,
I[TorpemHocTs u3Mepenus GyHKIUK pacipeeneHus qansHocty f(s).

n(s) o
3uauenue f(S) onpenensercs no ¢popmyse (15) f(s) = ie ['maBHBINA UCTOYHHK
LS
OLIMOKH B 3TOH (OpMyJie — TO, YTO YHCIIO YACTHIL N SBJISCTCS CIyYallHOW BEJIH-
yrHOU. OO 3TOM JJOCTaTOYHO MOAPOOHO HAmKCaHO B pasnene 1.3, Ta ke ykasa-
HO, YTO TOTPEIIHOCTD (YHKIIUHU PACIIPECTICHUS MOKHO OIIEHUTH 110 (opMyJiam
1 fis)
£ = —= ﬂ - — .
== (=1

4

[TorpemHoCcTh U3MEPEHKS BCIOMOTaTENbHON IEPEMEHHOM Z.

Vs
ITo onpenenennto, Z = In | —

o ) Torna, B COOTBETCTBUM C OOIIUM MTPABUIIOM,

dz
Alz) = |—| A(s).
@) = |Z|acs)
[Tocne BbIYMCIIEHUS TPOU3BOIHON U YIIPOIICHUS PE3yiibTaTa MoIy4aeTcs:
1 1
A(z) = =+ =¢(s).
VR 2

[Tpu GonpIux 3HAYEHUSX S, JUIsI KOTOPBIX MMEET CMBICI JUHeapu3aius QyHK-
1y pacnpezaencHus f(S) ¥ Mcnoab30BaHWE BCIIOMOIAaTEIBHOW MEPEMEHHOM Z,
OTHOCHTEJIbHAS MOTPEHIHOCTh €(S) 3HAYMTENBHO MEHbBIIE, YeM IepBOE cCliarae-

1
MO€ ——, TaK YTO BIIOJIHE JOCTATOYHO JUIS OLICHKH MorpermHoctH A(Z) monb3o-
Wn

BaThCsl POPMYIION

A(z) = =

W
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5.1.
5.2.
5.3.
5.4.

5.5.
5.6.

5.7.
5.8.

5.9.
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[MTorpemHocTh U3MepeHus: QYHKIUU PaCpeIeIeHUs] OTHOCHTEIBHOW CKOPOCTH
gactuisl fo(U).

Jlns onpenenenus f,(U) ucmons3yercst popmyna (17) fo (u) = idfui OCHOBHBIM

ds
NCTOYHHUKOM OH_II/I6KI/I B DTOH (bOpMy.He SABJACTCA 3HAYCHUC CI)YHKLII/II/I pacapenc-

neHus qanbHOCTH f(S), T03TOMY MOYKHO TIPeHEOpEUb MOTPEITHOCTHIO MPOU3BO/I-

o du
HOU E H OIICHHUBATh IIOI'PCITHOCTH A(fz) TaK:

AR) =22

ds
5. KoHTpoJ/ibHbIE BONIPOCHI

Urto o3HayaeT TepMUH «(YHKLHS pacipeaeaeHus»?

Kakue pusznueckue BeTMUMHBI ONMUCHIBAIOTCS pacnpeenenuemM Makcsesia?
Uto Takoe «Hanbosee BEPOsSITHASE CKOPOCThY U KakoW (opMyJioi OHa onpeens-
erca’?

Kaxk 3aBucut QyHkius pacrpeaenenus MakcBemia st MOJYJIsSi CKOPOCTH MO-
JIEKYJI OT TEMIIEPATYPhI ra3a U OT MACChI KaXKA0W MOJIEKYJIbI?

UT0 Takoe «OTHOCUTEIIbHAS CKOPOCTH» U B YEM LIEHHOCTh €€ UCTOJIb30BaAHUS?
Kak cBsizaHa maibHOCTH MOJIETA MOJIEKYJIbI, BBUIETEBIIEH U3 COCyAa C PaBHO-
BECHBIM HJICATBHBIM Ia30M, CO CKOPOCTBIO BbLIETA?

Urto Takoe «mapaMeTp JaAIbHOCTU»H KAaKOW y HETO (PU3UYECKHUI CMBICT?

Kakyto nuHelHyr0 3aBUCHMOCTH MpeJiaraeTcsi MPOBEPHUTHh B JAHHOM jabopa-
TOpHOM paboTe?

Kak npennaraercss B JaHHOW Ja00paTopHOil paboTe u3MepsaTh (QYHKIUIO pac-
MpeaesieHns JadbHOCTH MONETa YaCTULIBI?

5.10. Kak mpenyaraercs B JaHHOU JTaOOpaTOpHOH padoTe M3MEpATh QYHKIIUIO pac-

MPEJICIICHUSI OTHOCUTEIBHONW CKOPOCTH YACTHIbI?

5.11. Yto Takoe «s4eika» B JaHHOW JTabOpaTopHOU ycTaHOBKe? UTO BXOIWUT B CO-

6.1.
6.2.
6.3.
6.4.

6.5.

CTaB STYEUKH?
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