Dusnyeckre MOACIIN U 3a1a4U - OLICHKU
a3 [IIKOJIbHOM DKCIICPUMCHTC

OOBbEANMHEHHBIN NHCTUTYT SACPHBIX UCCICIOBAaHUN
Y4yeOHO-HAYYHBIH LEHTP

duzndeckui (paKyIbTaTUB s IIKOJIbHUKOB



OpxnHo u3 m1aBHbIX TpeOoBaHuM PI'OC: co3manue
COBPEMEHHON HH(OPMALIMOHHO-00Pa30BaTEIbHOM CPEbI

Kommieke nHpopMalimoOHHO-00pa30oBaTeIbHbIX PECYPCOB
B3aMEH TPAJUIIMOHHBIX MPEAMETHBIX KOMILICKTOB;

[HInpoyaniiive BO3MOXHOCTH UCIIOJIb30BAHMUA
3JIEKTPOHHBIX PECYPCOB B 00pa30BaTEIILHOM IIPOIIECCE;

Co3manue Ha 3TOM OCHOBE OTKPBITOM W MH()OPMAITHOHHO
M30BITOYHON 00Pa30BaTEIILHON CPEIBI;

HoBbI€ BO3MOXXHOCTH OpraHU3alMU IIPAKTUYECKUX U
IIPOCKTHBIX PA0OT C UCIIOJIL30BAHUEM CETEBBIX PECYPCOB
M, BMECTE C TEM, OACHOCTh BHITECHECHUS (DU3UYECKOIO
HKCIIEPUMEHTA 1 €r0 3aMEHa “BHPTyaJabHBIMHA 0Opa3zamu’’
Ha 3JIEKTPOHHBIX HOCUTEIISX.



MecTo M PoJIb SKCIIEPUMEHTAJIbHBIX
3alaHUH IPY U3YYCHUM (PU3UKH:

u

COCTABJISIIOT HEOTHEMIIEMYIO YaCTh U3y4aeMOU
TUCIATUINHBL,

CIIOCOOCTBYIOT 00s1€€ TITYOOKOMY TOHMMAHHUIO U YCBOCHHUIO
(PU3NYECKUX 3aKOHOB;

ITIOMOI'alOT BBIpa6aTBIBaTB N COBCPIICHCTBOBATD
OKCIICPUMCHTAJIBHBIC YMCHHS U HABBIKK YYalllIUXCSI,

CIIOCOOCTBYIOT (DOPMHPOBAHKIO OTBETCTBEHHOCTH U
CaMOCTOSATEIBHOCTH IPH IIPOBEACHUN HEOOXOIUMBIX
U3MEPEHUM.



. 1. TBopueckue 3aganus

[{eap paOOThI: OLICHUTh MOIITHOCTh, PA3BUBAEMYIO

MEIIEX0/IOM IIPH XObOE;

MonrHocTts B Mexanuke N=AA/ At=F-v

F=F , V— CKOpPOCTH IEIIEX0/1a
TpeHI/Iﬂ ITIOKOA

Cuja TpeHHUs MOKos padoTy COBEpIIaTh HE MOXKET!
Kak orteHnBaTh MOMIHOCTE?



u

Wnes perienus: Korma 4€a0BeK AeJIaeT 1ar, €ro eHTp Macc

IOJHUMAETCS Ha HEKOTOPYIO BBICOTY h.

h 8 0

\
Y

L-mmna sorw, 1 - mmnea mara (L=1 M, 1 =0,7 M)

S
..

L h=L-Lcosa, sina=1/2L
h=L(1-V1-T1?/4L%), x=1°/4L°<<1, V1-x =1-x/2
h= 12/8L =5 cm




g Hexoropbie UMCIICHHBIE OLICHKH

Ecmu v =4 kM/4, t =1 MUH, TO IPONICHHBINA IYTh S =66 M.
Yucao maros n =s/1 =100.

Mexannueckas paboTa 3a ykazaHHOE BpeMsi A =mghn.
Mexannueckas momHOCTh N =A/t =mghn/t =mglv/8L

Ecnn macca genmoBeka m =60 KI, TO pa3BUBaeMas UM MOIIHOCTb
N =60 BT.



. IIpakTnyeckas padboTa
«B3anmMonencTsue MarauTa ¢ KeJIe3HOU IJIaCTUHOU

OO0opynoBaHUE:
OJKOBOOOpA3HBIM MarHur;
KeJIe3Has IIACTHUHA;
TUHAMOMETP baKynInHCKOrO;

HUTDH



3aJ1a4y MOXHO PEIIUTh, MPOACIIAB CICAYIOIIAE TPU

N3MEPEHUS
F =k
- F_,=uN=p(mg + F)
F = u(F + mg) (1)

G W — K03 d. TpeHHUs;
m — Macca MarHuTa;

F — ucxomas cuina.



=F

2 Tp2
. . F_,= N =p(F —mg)
\/, —— . F,=uF-mg) )
F2

-
—>

g

, M
+ N
OIIBIT ITOKAa3bIBACT, UTO CCJIN BOBI[CIZCTBOB&TB Ha
MAarduvT € IIOMOIIbIO THMHAMOMCTPA BEPTHUKAJIbHO BHU3, TO OTOPBATDH

MAar"duT OT IIJIACTUHBI HCBO3MOXKHO.



", F_=uN = puF
F,=mg-pF (3)
Cuctema ypaBHeHui (1) — (3)

ITOJIHOCTBIO PCHIACT ITOCTABJICHHYIO

3a7a9y



[IpakTueckas padora
“O1eHKa pagryca MUKPOITY3bIpbKa B BOAE™

—— NN 4SS S S IS IS IS S S

O00pyI0BaHNE: MEH3YPKA C BOIOI; COJIb; TNHENKA;
CEKYHIOMED; CIIPABOYHUK (PU3HUECKUX BEIUYHH

Hekotopeie 0003Ha4CHUS:
I — paauyc NMy3bIPbKa;
P — INIOTHOCTDb BOJBbI,

V — CKOPOCTh JIBUKEHUSA ITY3bIPHKOB;

N — BA3KOCTH BOJBI




u

T. k. v =const, 1J1st Iy3bIpbKa BBITIOJHACTCS yciIoBHe paBHOBecHs: F, =F_

o

F, =pgv =4/3nr pg —cuna Apxumena

F — cuiia ruipoquHaMiu4€eCcKoro COnpOTUBIEHHS BOJIbI
Meron pasmeprocren: F_=mv

Tounas dpopmyna F_= 6nrnv (popmyna Crokca)
4/3nr® pg = 6mrmv

O1eHKa pagnyca MUKPOITY3bIpbKa

£ = Vonvi2 pg



BOJA C My3bIPBKAME ) —103 kt/M°

yucTas Boaa

A Al

n=10>Tlac

V=al/at=0,1-1 mm/c
r = V102v/(4-10°-10) =0,5V107v
CH: [r] =m; [v]=M/c
bonee TouHas oneHKa:
r=2VI0vV M= 6 — 20 MKM




4 [IpakTueckas padora

O11eHKa TOJIIIUHBI CTEHKH MBIUIBHOI'O ITY3bIPS

OO0opynoBaHUE:

MBLIBHBIM MY3BIPh,BBIAYTHINA YEPE3 TPYOOUKY;
PYJIETKA,

CEKYHIOMED;

CIIPABOYHUK (DU3NYECCKHUX BCIIMYMH



N v =const
mg =F +F, - ycnoBue paBHOBeCHs
. F, =4/3 -anOSgR3 —cwia Apxumena,
| F R — pagnyc ny3bips
Paos =1,29 KI/M’ — ITOTHOCTE BO3MyXa,
— 0 ~— m = 47thESR2 — Macca Imy3bIps,
P, =10% kr/mM> — MIOTHOCTE BOJIBI,
O — TOJIIIMHA CTEHKU My3bIPs
Cuna conporusnenus Boayxa F_=?

ﬂ\ﬂ

—>

A

' m
Meron pa3MepHOCT%ﬁ: F = wmR,n =2-10”Ila -C —BA3KOCTb BO3IyXa (F,=6m vnR —rounas

opmyura)
W13 ycinoBust paBHOBECHS MIOJy4aeM OLIEHKY JJs O:

0= +2p_. gR?)/6 p, gR



Bricora najgeHus my3bips h = 2 wm,
BpeMs ImajicHusa t = 3 c;

paauyc my3eipsa R = 3 cwm;
CKopocThb najaeHus v = 0,7 m/c

OI1leHKa TOJINNHBI CTEHKH

0 =(9*@<ﬁ'5 +2:1,3-10:9-10%)/(6:10°-10-0,03) =
=1,3:10° M =13 MM



[TpakTrdeckasd pabora - 1 Liapaiolice cuto .
“n

OO0opynoBaHUE:
METALINYECKOE CUTO;
IUHAMOMETD;
JINHECUKU;

HA0Op IPy30B;

COCYII C BOJIOM.



B Cwibl HOBEPXHOCTHOIO HATSKEHUSA

CuJIbl TOBEPXHOCTHOTO
HaTSKCHUS] BEChbMa MaJlbl:
F=cL, 6- xoappunmeHT
IIOBEPXHOCTHOI'O
HaTskeHus. Hanpumep, s
BoAbI 6=73 MH/M.

JIJIst TpaHULbl JJIUHOU
L=100 m momydaem
3gaueHue F=7.3 H'!




(Cxema OIIbITa: CUTO KaK ‘YCUJIIMTEIb
IIPOSIBIICHUS] CUJT TIOBEPXHOCTHOI'O HATSKCHUS.

Macca cura: M=146 r; o o

[ ] 0
Jlnametrp cura:D=14.5 cm; \ M
Macca rpy3ukoB: m=123 r; -
Macca J1nHeeK: m0=1 8 T;
Pa3mMmep sneMeHTapHOM ] ] /\“1
STYeHKr: s=1MM X 1 MM il

2 A U
N s JICMCHTApPHAsA AYCUKaA
D




B llpoctrie onieHKU:

CuJibl TOBEPXHOCTHOTO

HATsHKEHUS [TOIIEPKUBAIOT : ol [ :
KKIYIO JIEMECHTAPHYIO SYCHKY:

F = 4o 1. [lns Bceit MOBEPXHOCTH )/ [ )/
pemera: F=F ‘N, N=S/so, N -

YHCJIO0 AJIEMEHTApHBIX stueek. [

JIQHHOTO OIIbITa so=1 mm?, S=165

cm?.

N=16500 ! — dpakTOop ycuimeHus
MTOBEPXHOCTHBIX CHIL.



OneHka Ko3(ppuireHTa IoOBEPXHOCTHOTO
HATSKEHUS BOABI M3 YCIIOBUS IJ1aBaHUS CUTA

IIpeneOperas He3HAUMTEIILHBIM BKJIAAOM apXUMEIOBOM
BBITAJIKMBAIONICH CHJIBI, 3aIIMIIIEM YCIOBHE PABHOBECHS CUTA:

46l'N =P, rne P = (M+m+m)g —
BEC BCEX T, £ — YCKOPEHHE CBOOOIHOIO ITaJCHMS.

OTcroza JIErKO MOJYYHUTh OLEHKY KO3 (PUI[MEHTA ITOBEPXHOCTHOTO
HATSKEHUS S =45 mH/m.

TabnmnuHoe 3HaYenue Juid Boabl: 6—=/3 MmH/M.

OCHOBHAsl NPUYMHA OTJINYMS IPUBEICHHON OILCHKH OT TaOJUYHOIO
3HAUYE€HUS 3aKJII0YACTCS B HAJIMYMU YaCTUUYHOTO CMadyuBaHUS BOJIOU
CETKM periera.



[IpakTyeckas padora
“BzanMonencTBue riaakux CTEKJISHHBIX TJIaCTUH

OO0opynoBaHUE:
JBE IMaJIKUE CTCKISHHBIC IIJIACTHUHBI;
JIMHCHKA;
MHUKPOMETDP;
IUIIETKA;

BO/IA.



B pesynbrare cMayuBaHUA IIOBEPXHOCTEU
IIJIACTUH BOJIOM, OOKOBBIC IIOBEPXHOCTH CJIOS
BOJIbI MEX Y IJIACTUHAMU OKA3bIBAKOTCS
BOTHYTBIMH BOBHYTPb. JTO IIPHUBOJMT K
YMEHBIIIECHUIO TABJICHUS BHYTPU KUIKOCTH I10
CPABHEHHIO C BHCIIHUM aTMOC(EpPHBIM
JIABJICHUEM.



B /laBiicHUE 1101 UICKPUBICHHON ITOBEPXHOCTHIO:

B3auMHoOe 1ipuKarue armocdepHoe

MIacTHH o0ycioBaeno | Aeereme | Py

IIPEBBILLIEHUEM

BHEITHETO JIABICHUS HA/ BOJIa _

JNIaBJICHHUEM BHYTPHU HHTACTIEG on a large scale
KHAOKOCTH.

P- naBienve BHyTpPH BOJBI;
P =P -4c/d (nammacoBo naBicHue);

d — ToxIMHA CJ10S BOIBI



B llpoctrie onieHKU:

P =1 0° Ia, P=P — AP, =
AP=40/d; |
d=0.04 — 0.1 mm;

F=AP-S, S=0.13-0.18 m?;

N

dminz0.04 mm O.lim
F = 170 H!

MOHO yaepxarh IyJI0BYO TUPIO!




[Ipoekr “JKH3HB MBLIBHOTO ITY3BIPS :

B 1. 3aBHCHMOCTb BpEMEHH KU3HU MBUILHOMN ILIEHKH
OT BJIAJKHOCTH BO3/yXa

Bormpocsl: a) kakue rinaBHbI€ (DaKTOPHI BIMSIOT Ha
BpEMS JKM3HU MBUIBHOH IIJICHKH? 0) MOXXHO JIM CO3/1aTh
HOJTOKUBYIIIUE MBUIBHBIC ITY3bIpH?
OOopynoBaHHUE:
MIIHHAPAYECKAs TPpyOa U3 IMOJIUATUIICHA;
IICUXPOMETP (TUTPOMETD);
UJIUHAPUYECKUUN COCYII C BOJIOM;
IIPOBOJIOYHOE KOJIBIIO, 3aTIHYTOE€ MBLUILHOU IJICHKOU;

CEKYHIOMED.



u

(Cxema 3KCepruMEHTA

AN

IIpo3paunas TpyoOa

HHUTDb

T $,~70%, t,=] min

—/

L=2wm

— |
$»=80%, t=1.5 min

»=85%, t=2 min

CCKYHIOMED $=9()%, t=2.5 min

- __Boma &( |

'D=0.3-04 m

$=95%, t=3.5 min

MBUTbHOE KOJIBIIO

MICUXPOMETP




3aBUCUMOCTb BPEMEHHU KU3HU MbLIbHOM
IUICHKHU OT BJIQXXHOCTHU BO3yXa

vrermya_ Zzhizni__ puz.exe
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d —rommpHa MBUTEHOM TICHKH Vi Vienr Vions
MCII  KOHJ
’ «n o« (¢=100% —V =V
BIIAKHBIN ny Of’i KOHJ Inapa HCII KOHJ
BO3IYX BO3yX $»=50% — V.=V -V =1/2V )
(I): 50-60% d ucn - KOHJ el
6=100%
d (I)l Vd 1 :VI/ICH . VKOHI[l:(l - (I)I)VI/ICH
(I)Z _>Vd 2:VI/ICH _ VKOHI[Z :(1 - d)z)Vncn

t*1/V,
\Y4 dl/V o=-0 /- d,); VIV, =t/

t=ty(1- §o)/(1- §)



CpaBHEHHE PE3YyIbTATOB PACUYETOB C
ONBITHLIMU JAHHBIMU

[Ipn OTHOCHTENBHOM BIa)KHOCTH BO3yxa BHE TPyOs! 0= 70%, t =1 mMuH.

B paMkax ynpoIiieHHON MOJIEJIM COIIacHO (popmyiie:
t=1t-(1—¢,)/(1—9), ¢ — BraKHOCTL BO3IyXa BIOIb TPYOBI

“DKHH

OKCII

TCO

— WA U000 o S

| | | | | | =¢’%
75 80 85 90 95 100



[Ipeanonoxum, 4To JJjisi MBUIBHOTO F——— npo6Ka
My3bIPs CO3/TaHbI UACATBHBIE YCIOBUS | | ——KPbILIKA
(OTCYTCTBYIOT BO3AYIIIHBIC TOTOKH, IBIJIMHKH) H )}—9=100%
OTHOCHTENbHAs BlIaxXHOCTh G=100% u T.I1.) \—6aHKa
Bompoc: MOXKET JIU My3bIPb KHUTh BEYHO? \\ Hy3bIph
OtBeT oueBHACH: HET, HC MOJKET. — \ “— ﬁgﬁiﬂ
P=P_+ 4o/r, r — paguyc ny3sips P Py npouecc 1updysnu
P’ -armocdepHoe 1aBlieHHE

0
1) nudbdy3nonHoe yBsaanue; 2) oOpa3oBaHKE KaIllJId BHU3Y ITY3bIPs

CorntacHo HaOJIOICHUSM, BpeMsl )KU3HU MBLJIBHOTO ITY3bIPsl B 3aKPBITOM COCY/IE
MOXKET JOCTUTaTh CYTOK U OoJiee.



IIpoekT «Knu3Hp MBUIIBHOI'O ITY3bIPS
2. Bpems cayBaHHWE MBLIBHOTO ITY3BIPS

sduvanie_puzirya.exe
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Part 2: the intensification of
undulatory movement

The objects of investigations are the air and
water streams. There are the opportunities

to intensificate the oscillations of air stream
inside glass tube and to display the structure
of water stream. In addition we can discuss the
influence of sound field on the water stream.



Sounding tube — the thermal
autogenerator of sound

Equipment:
glass tube about 80 — 100 cm;
small heater about P~100 — 200 W;
transformer for AC (voltage about 30 — 40 V);
laboratory support;

oscilloscope (not obligatory);
microphone (not obligatory).



g Set-up of experiment

microphone

=

=
OD .
§ oscilloscope
e
S T glass tube ( L= 80 cm, @=35 mm)
o [ 1
= N7
—
g
heater
~220 V f i
__ J~30-40 V
~127V _J

- transformer



Sounding tube — the resonance system with

positive reverse connection.

There’s air flow through the tube — forming of the standing wave
inside the tube. The heater provides the positive reverse connection.

X
t —Ap=0 (node of pressure)

Ax=0 (displacement of air)

/

= i —Ap__ (antinode)
OD
= |
5 ’ /AX
AX, Ap
e 7 >

stage of pressure

Apmin\

AX —

|

draught V

L

Ap
:9'4 AX

stage of rarefaction



B Some results

The positive reverse connection depends on extremaly of location
the heater. There’s effect (sound) in case only the heater’s located
in lower part of the tube.

Ap In accordance with experiments h=L/4.
/ A=2L — the wave-length of standing wave;
I ¢ — the velocity of sound 1in the air;
_ Ax f,= ¢/ = ¢/2L — the frequency of main
- — harmonic;
l h




2 Some discussion

ressurc . . .
P The directions are opposite: there’s the

A—
/negatlve reverse connection — the

oscillations of air will be suppressed.

=
1))
=
S
\A
The directions are the same: there’s the
W positive reverse connection . the
J pressure oscillations of air wont be suppressed.

D

stage of pressure



g= One remark

There 1sn’t effect of the sounding
tube. This experiment demonstrates
that there’s really the pressure
antinode 1n the centre of the tube.

T small hole The positive reverse connection 1s
Ap=0 — / absent.

v/ |L2




The water streams

Introduction:

There are some questions: a) can we observe the
process of disintegration (dropping) water stream?
b) can we influence on this process? c) can we
extract some physical quantities from these
observations?



F Equipment:

volume about 5 litres (vessel for water);

rubber or plastic hose about 2 m, @=10-15 mm;
medicine dropper (nozzle);

clamp;

loupe;

stroboscope;

sound generator;

loud speaker;

support.



Set-up of experiment:

water
water streams
stroboscope
nozzle
clam

A p / P
Q -

support sound loud speaker

generator
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Some discussion.
It’s necessary to have a stroboscope to observe the
dropping structure of water stream.

There’s the capillary wave on the surface of water stream. The
direction of motion the capillary wave 1s opposite the water stream
one. But the velocity of capillary wave always equals the water
stream one: ¢ = v. Hence we can observe the capillary wave like
the standing wave. The reason of existence the capillary waves 1s

the surface tension. droppings structure of stream

v
7

capillary wave

stroboscope
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Some estimations:

There’s the simple estimation for A: A >9/2-r, r= 0.5 mm —
radius of the nozzle. Hence A > 2.25 mm.

It’s easy to determine the velocity of the stream: v = 2 m/s,
hence ¢ =2 m/s.

According to the observations the resonance frequency of the
dropping process 1s about 300 Hz: £ = 300 Hz. Therefore we
can calculate the wave-length of the capillary wave: A = ¢/t_,

kobs =~ 6.6 mm.


















