AMALIY BOSQICH

Ishgalanish kuchini o‘rganish
1-gism. Silindrik sterjendagi ishqgalanish
Nazariy maslahat:

Ip silindrning yon sirti boylab sirpanip o‘tganda ishgalanish
kuchi hisobiga ipning taranglik kuchi y marta kamayadi.
Taranglik kuchining bu kamayishi Eyler formulasi orgali
quyidagicha ifodalanadi:

T =y, =T, eXp(_W ) (1)
bu yerda g - ipni silindrning yon sirtiga ishgalanish
koeffisiyenti, « - ip tomonidan silindr sirtini goplash burchagi.

Ishni bu gismining magsadi Eyler formulasini bajarilishini tekshirish, taranglik kuchini kamayish
koeffisiyenti y ni va ishgalanish koeffisiyenti 4 ni aniglash.

Eksperiment natijalarini olish uchun rasmda
va sxemada ko‘rsatilgan qurilmadan
foydalanildi.
Yengil cho‘zilmas ip (1-2) gorizontal
gotirilgan sterjen (3) ustidan o‘tkazilgan.
Ipning bir uchi (1) prujina (4) oga
bog‘langan, prujinaning ikkinchi uchi esa
mahkam qotirilgan. Ipning ikkinchi uchi (2)
ga turli massali yuklar osiladi. Prujinani
qgotirilish nugtasining vaziyatini o‘zgartirib
ipning birinchi (1) qismi bilan gorizont
orasidagi burchak ¢ ni o‘zgartirish mumkin.
Barcha eksperimentlarda bitta prujina
go‘llaniladi. Prujina cho‘zilishi jarayonida
hosil bo‘ladigan elastiklik kuchi Guk gonuni

F =kAx 2
ga bo‘ysinadi deb hisoblash mumkin. Bu
yerda k - prujinaning bikrligi, Ax -
prujinaning uzayishi. Muvozanat holatida bu prujina gisila olmaydi. Prujinaning massasi ipga
osiladigan yuklarning massasidan ancha kichik.

O°‘Ichash ishlarini olib borish metodikasi.

Eksperimentda osilib tinch holatda turgan har xil mmassali yuklar uchun prujinaning
uzunligi x o‘lchanadi.

Ishgalanish mavjudligi tufayli yuklar va prujina muvozanat vaziyatlarining ma’lum bir
oraligida joylashishlari mumkin (turg‘unlik sohasi). Bu muvozanat sohasining chegaralarini
aniglash uchun o‘Ichashlar quyidagicha olib boriladi:

- yuk muvozanat vaziyatidan pastga tushiriladi, bunda prujina choziladi, shundan so‘ng
yuklarga juda sekin ko‘tarilib borishga imkon beriladi (buning uchun ipning harakati go‘l
yordamida sekinlatib turiladi) va yuk to‘xtaguncha harakatlanadi, shundan so‘ng
deformatsiyalangan prujinaning uzunligi X, o‘lchanadi;
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- yuk muvozanat vaziyatidan yuqoriga ko‘tariladi, shundan so‘ng yuk sekin (go‘Ini ipga
ta’siri yordamida) to‘xtaguncha pastga tushadi, shundan so‘ng deformatsiyalangan prujinaning
uzunligi x, o‘lchanadi.

Prujina uzunligi metal lineyka yordamida o‘Ichanadi. Jihozning o‘lchash xatoligi
X =0,5mm.

Osilgan yuklar massasini o‘zgartirish uchun ipga massasi aniq bo‘lgan m, :(100,0i0,5)g
etalon yuklarning bir nechtasi osiladi.

Erkin tushish tezlanishini g = 9,81?2 ga teng deb hisoblaymiz.

1.1-eksperiment

Bu eksperimentda birinchi (1) ip vertikal joylashgan (¢ =90°).
Muvozanat vaziyatining chegaraviy holatlariga mos keluvchi x; va x, larning har xil n sondagi
etalon yuklar osilganda o‘Ichangan giymatlari 1.1 jadvalda keltirilgan.

1.1 jadval
n X, cm X5, cm
1 12,2 10,8
2 16,1 12,4
3 20,2 14,1
4 24,1 16,6
5 27,5 19,2
6 30,7 21,3
7 34,2 23,6

Topshiriglar

1.1. Deformatsiyalangan prujina uzunliklari x,(m), x,(m) ni osilgan yuk massasi m ga bog-likligini
ifodalovchi nazariy formulalarni keltirib chigaring. Natijalarni qurilmaning quyidagi parametrlari:
prujinaning bikrligi k , uni deformatsiyalanmagan holatdagi uzunligi |, sterjenda taranglik kuchini

kamayish koeffisiyenti  orqali ifodalang.

1.2. Javoblar varagasining bitta blankida prujina uzunliklari x, va X, larni osilgan yuklar soni nga
eksperimental bog‘likligining grafigini chizing.

1.3. Olingan eksperimental bog‘likliklar chizigli deb hisoblab va ular quyidagi funksiyalar
X =an+b
: ©)
X, =a,n+h,
bilan ifodalanadi deb bu bog‘lanishlardagi (&, b;, a,, b,) parametrlarning son giymatlarini aniglang.
Topilgan giymatlarning xatoliklarini hisoblang.

1.4. Olingan ma’lumotlardan foydalanib quyidagilarni hisoblang:
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- prujinani deformatsiyalanmagan holatdagi uzunligi I, ni;

- prujina bikrligi k ni;

- taranglik kuchini kamayish koeffisiyenti y ni;

- ipni sterjenga ishqgalanish koeffisiyenti x ni.

Topilgan giymatlarning xatoliklarini baholang. Hisoblashlarni amalga oshirishda foydalanilgan
formulalarni keltiring.
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1.2- va 1.3- eksperimentlar.

Bu eksperimentlarda (1) ip:

- gorizontal joylashganida ¢ =0° (1.2-eksperiment);

- gorizont bilan ¢ =45° burchak hosil gilganida (1.3-eksperiment);
o‘lchash ishlari oldingi eksperimentga o‘xshash bo‘ladi.

1.2 va 1.3 jadvallarda 1.2- va 1.3-eksperimentlarning natijalari Keltirilgan (x, va X, prujina

uzunliklarining osilgan etalon yuklar soni nga bog‘likligi).

Ishingizni osonlashtirish maqsadida, jadvaldagi ma’lumotlar asosida prujina uzunliklarining n ga
bogligligi grafikda chizilgan, hamda mos keluvchi funksiyalar ham yozilgan. Siz bu
bog‘lanishlarda keltirilgan koeffisiyentlarning giymatlaridan foydalanishingiz mumkin.

1.2-jadval. (1) ip gorizontal ¢ =0°.

n Xi ’1(;3m Xiicesm Mpacmk 1.2
1 1 L]
2 15,2 13,6 3 | |
D
3 18,5 15,9 30 y = 3,264x + 8,586 ——
215 18,8
4 25 //‘
5 24,9 21,2 iy 4/
6 28,0 24,0 Eh ,/// y = 2,520 + 8,686
x __—
7 31,6 26,5 15 —

1.3-jadval. (1) ip ¢ =45° burchak ostida.

n X, em | %, em Mpachuk 1,3
1 11,7 11,0
? 151 131 % | | '
3 18,7 15,6 30 y = 3,414x + 8,371 //'
A 24 | 177 N e
5 254 | 204 /../
6 28,5 22,7 H ! ¥~ L | y=2,346x+8529
7 32,4 249 X 15 —

10 !

5

0

0 1 2 3 4 5 6 7 8
n
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Topshiriglar

1.5. 1.2 va 1.3 eksperimentlarda keltirilgan ma'lumotlardan foydalanib goplash burchaklari uchun y

koeffisiyent giymatlarini hisoblang. 1.2 va 1.3 eksperimentlar natijalaridan foydalanib ishgalanish
koeffisiyenti u ning giymatlarini hisoblang.

Ushbu bandda o‘lchash xatoliklarini hisoblash talab gilinmaydi.

1.6. Berilgan ma'lumotlarning natijalarini ifodalash uchun Eyler formulasi (1) ni qo‘llash mumkin
yoki mumkin emasligini aniglang. Javobingizni grafik yoki go‘shimcha hisob-kitoblar asosida
asoslang.

1.7. Barcha eksperimentlar ma'lumotlaridan foydalanib, ip va sterjen orasidagi ishgalanish
koeffisiyentining son giymatiga aniqlik kiriting. Aniglangan giymatning xatoligini baholang.
Barcha eksperimentlarda ishgalanish koeffisiyentlarini hisoblashdagi xatoliklar bir xil va ular
1.1 eksperimentda hisoblangan xatolik bilan mos kelishini hisobga oling.
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2-gism. Gorizontal sirtdagi sirpanish ishgalanishi.

Masalaning bu gismida xatoliklarni baholash talab gilinmaydi!

Masalaning bu gismida plastmassa quti bilan stolning gorizontal sirti orasidagi ishgalanish
kuchi tekshiriladi.
O‘Ichash ishlarini bajarish uchun quyidagi qurilma go‘llanilgan.

Mustahkam, yengil, cho‘zilmaydigan (1-2) ip (3) blok orgali o‘tkazilgan. Ipning osilib
turgan (2) uchiga (4) yuklar osilgan. Ipning (1) ikkinchi gorizontal gismiga (5) plastmassa quti
bog‘langan va unga go‘shimcha (6) yuklar solingan. Qutiga gorizontal joylashgan (7) prujina
biriktirilgan. Prujinaning ikkinchi uchi maxkamlab go‘yilgan. Stol sirtida (8) o‘lchov lentasi
go‘yilgan bo‘lib, uning yordamida quti chetining koordinatalari o‘lchanadi. Koordinataning
o‘lchash anigligini oshirish uchun, qutiga (9) ingichka strelka biriktirilgan.

Osilgan yuklarning massalarini m, =nm, orqali belgilaymiz, bunda n, - osilgan etalon

yuklarning soni. Qutining massasini go‘shimcha yuklari bilan birgalikda m, =n,m, +m, orqali
belgilaymiz, bunda n, - qutiga solingan go‘shimcha etalon yuklarning soni, m, - quti massasi.

Prujinaning bikrligini k orgali belgilaymiz. Xuddi shu oldingi prijina ushbu eksperimentda
ham go‘llanilganiga garamasdan, uning bikrligini gaytadan eksperiment natijalari asosida aniglash
lozim bo‘ladi.
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Blok o‘gidagi ishgalanish kuchini ham hisobga olish lozim. Blok o‘gida ishgalanish kuchi
mavjudligi sababli ipdagi taranglik kuchining kamayish koeffitsiyentini y orgali belgilaymiz. Bu
koeffisiyent ushbu ishning 1-gismida aniglangan xuddi shunday koeffitsiyentdan keskin farg giladi.

Quti koordinatasi x stolning chetidan hisoblanadi va u ushbu qurilmaga “bog‘lanmagan”.
Prujina deformatsiyalanmaganida qutining koordinatasini x, orgali belgilaymiz (bu Kattalikni siz
aniglashingiz lozim).

Ishgalanish mavjudligi sababli (stolda ham, blok o‘gida ham) “turib qolish” soxasi mavjud
bo‘lib, bu oraligda quti tinch holatda bo‘ladi.

Bu soxa chegaralarini o‘lchashda 1-gismni bajarishda foydalanilgan metodika ishlatilgan.
Dastlab quti o‘ng tomonga suriladi, bunda prujinani shunday cho‘zish lozimki, quti “turib golish”
soxasidan o‘ngga chigsin; undan so‘ng quti qo‘yib yuboriladi va u chapga to‘xtagunga gadar sekin
go‘zg‘ala boshlaydi (buning uchun ip go‘l bilan ushlab ohista qo‘yib boriladi). Bu xolda qutining
to‘xtash joyining koordinatasini x, orgali belgilaymiz. So‘ngra eksperiment teskari yo‘nalishda
takrorlanadi: quti chapga siljitiladi va turib qolish holatidan chigariladi; so‘ngra quti qo‘yib
quboriladi va u sekin o‘ngga garab to‘xtagunga gadar harakatlanadi (bunda ham ip qo‘l bilan ohista
ushlab turiladi). Bu holda quti to‘xtash joyining koordinatasini x, orgali belgilaymiz.

Qutidagi yuklar n, sonining turli giymatlarida x, va x, to‘xtash koordinatalarining n;
osilgan yuklar soniga bog‘likligining eksperimental o‘lchash natijalari quyida keltirilgan jadvallar
va grafiklarda berilgan.

Olingan quyidagi chizigli bog*lanishlarni

=an +
X _a1 , +D, | @
X, =a,n +b,
tavsiflovchi to‘g‘ri chiziglar tenglamalari grafiklarda ko‘rsatilgan. Tenglamalar chizigli soxalar
uchun ko‘rsatilgan. Bu munosabatlar parametrlarini hisoblashlarda go‘llashingiz mumkin.

2.1-jadval n, =2

No=2
nl X2 ) cm Xl’ cm 70
1 440 | 4715 ]
2 45,1 50,6 65 y=3,032x + 44,4712
3 47,8 | 536 ) /+/
4 51,0 | 565 € 3
5 53,5 59,6 = 5 /‘
6 56,1 | 626 = // ./T/
7 5910 65,8 > 50 - >, SO i
o« =" | y=2769x + 39,625
45
L 4
40
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2.2-jadval n, =3

~
o

No=3

[=2]
a

| |
y =3,007x +

|
45,743

=2
o

x1, x2 (cm)

(3]
o

»
(4]

/ y =2,723x + 38,764
/

B
o

~
=]

[=2]
o

=2
o

n, X,, CM | X, cm
1 440 48.8
2 44 5 51,8
3 46,7 54.6
4 495 57,9
5 52,5 60,5
6 54.8 64,1
7 58,1 66,7

2.3-jadval n, =4
n, X,, CM | X, cm
1 440 497
2 44.0 52,5
3 46,0 55,5
4 48,3 58,8
5 51,6 61,9
6 54,1 65,0
7 57,0 67,7

x1, x2 (cm)

o
(=]

S
o

B
o

No=4

y =3,050x + 46,529

1

4'/‘ /y =2,780x + 37,500

(3.}
[=2]
~
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2.4-jadval n, =5

No=5
n X,,Cm | X, cm
1 44,0 51,0 ™ |
2 440 | 530 0 _
3 451 56.4 y = 3,082x +I 47’40,2/.
4 473 | 598 "
5 505 | 63,0 3w
eifur] |5 —
, , < —
X
50 / /)T/‘
45 Py Py y= 2,820x + 36,380
w | |
0 1 2 3 4 5 6 7 8
N1
2.5-jadval n, =6
No=6
n, X,,Cm | X, cm
1 44,0 51,7 " | | |
2 44,0 54,4 L y=3,061x+48,339 " >
3 43,6 57,3 |
4 46,3 60,4 _ 6 /
5 489 | 633 S
6 | 521 | 667 N o
7 544 | 70,1 <% T
X /
50 (
45 //
+ + y y = 2,740x + 35,370
40 -I -I
0 1 2 3 4 5 6 7 8
N1
Topshiriglar

2.1. Prujina deformatsiyalanmagandagi qutining x, koordinatasini aniglang.

X, ning topilgan giymatini bu gismda qo‘llash tavsiya gilinmaydi, chunki uni aniglash xatoligi
yugori.

2.2. Turib golish sohasining chegaraviy nugtalari x;, va x, koordinatalarining osilgan yuk massasi
m, ga bog‘likligini tavsiflovchi nazariy formulalarni toping. Natijani prujinaning bikrlik
koeffisiyenti k, blokdagi taranglik kuchining kamayish koeffisiyenti »va sirpanish ishgalanish
kuchi moduli F orgali ifodalang.
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2.3. Qutida solingan n, yuklar sonining har bir giymati uchun, prujinaning bikrligi k va y
koeffisiyentni hisoblang. Hisoblash bajarilgan formulani ham yozing. Hisoblashlar natijasini
javoblar varagasidagi jadvalga yozing.

2.4. Masalaning ushbu gismidagi barcha o‘Ichash natijalarini go‘llagan holda prujinaning k
bikrligini va 7 koeffisiyentni minimal xatolik bilan hisoblang. Hisoblash bajarilgan formulalarni

yozing.

2.5. Qutidagi yuklar soni n,ning har bir giymati uchun sirpanish ishgalanish F kuchining modulini
hisoblang. Olingan natijalar asosida grafikni chizing.

2.6. 2.5-banddagi natijalardan foydalanib, quti va sirt orasidagi ishgalanish koeffisiyenti 4 hamda
quti massasi m, ni aniglang.

10




NAZARIY MASALALAR

1- topshiriqg. Mashq (10 ball)
Topshirig bir-biriga bog‘lig bo‘Imagan 3 ta masaladan iborat.
1.1-masala. Cho‘kayotgan sterjen (4 ball)

Uzunligi | = 1,0 m bo‘lgan bir jinsli sterjen zichligi p,
bo‘lgan moddadan tayyorlangan. Sterjenning ko‘ndalang
kesimining radiusi uning uzunligidan ko‘p marta kichik.

Sterjenning bir uchi ingichka vaznsiz uzun ip orqali
dinamometrga osilgan. Sterjen havoda erkin osilib
turganda dinamometning ko‘rsatishi F,ga teng. Shundan

so‘ng sterjen zichligi p bo‘lgan suyiglik quyilgan keng vannaga sekin
tushirila boshlanadi. Vannadagi suyiqglik sathining balanligi h =I§ ga teng.

Sterjenning vanna tubidagi gorizontal sirt bilan ishgalanishi hisobga olmas

darajada kichik. Sterjenning yugori uchini pastga tushish masofasini x deb

belgilab olamiz ( x = 0 bo‘lganda sterjenning pastgi asosi suyiglik sirtiga tegib

turadi). Sterjenning yugori uchi x masofaga tushganda dinamometr ko‘rsatishini F(x) deb
belgilaymiz.

F(x)
0
bog‘liklik grafigini chizing. Masalani ikki hol uchun yeching: a) suyiqglik va sterjen zichliklarining

nisbati 77 = P _3 ; b) zichliklarining nisbati 7 = L :% ga teng bo‘lganda.

Po Po

Javoblar varagasining blanklarida f(x) = nisbatni sterjenni pastga tushish masofasi x ga

Sterjenni suyuglikka botishining  turli bosqgichlarida f(x) munosabat turli ko ‘rinishdagi
formulalar orgali ifodalanishi mumkin. x ning o ‘zgarishini turli oraliglariga mos keluvchi
bosgichlar uchun formulalarni keltiring. Har bir bosgichdagi sterjenning holatini chizing. Har bir
holat uchun bosgichlar sonini aniglang.

1.2- masala. Qo‘ng‘iz rezina shnur ustida (3 ball)

Uzunligi 1, =1,0m bo‘lgan rezina shnurning bir uchi devorga

mahkamlangan, ikkinchi uchi o‘zgarmas V :1,0m tezlik bilan tortilmoqgda.
S

Shnurning  cho‘zilishi
boshlagan paytning
o‘zida qgo‘ng‘iz ham
devordan o‘zgarmas v=1,0ﬂ tezlik bilan
S
(shnurga nisbatan) harakatlana boshladi.

Nazariy tur. Masalalar sharti. 1
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1.2.1. Qancha yil davomida go‘ng‘iz shnurning yarmiga yetib keladi?

1.2.2. Qancha yil davomida qo‘ng‘iz shnurning oxiriga yetib keladi?

1.3-masala. Takomillashtirilgan Yung tajribasi (3 ball)

hosil bo‘lgan yorug‘lik intensivligini x

T.Yung interferension tajribasida yassi monoxromatik
to‘lqin tekis shaffof bo‘lmagan plastinkaga normal tushadi.
Plastinkada bir-biriga juda yaqin bo‘lgan masofada ikkita
bir xil tor parallel tirgishlar ochilgan. Tirgishlar orasidagi
masofaga nisbatan ancha katta bo‘lgan masofada
plastinkaga parallel ravishda tekis ekran joylashgan bo‘lib,
unda plastinka tirgishlariga parallel bo‘lgan yorug‘likning
interferensiyon polosalari manzarasi hosil bo‘ladi. Ekranda
koordinataga bog‘likligi quyidagi grafikda ko‘rsatilgan (x

o‘gi ekran tekisligida yotadi va kuzatilayotgan interferensiya manzarasining polosalariga
perpendikulyar). Bu grafik javoblar varagasida ham keltririlgan.

Intensivlikni koordinataga bog'likligi

A0
o

I

fat
o

{==]

1=

o

Intensivlik (nish.birlik.)

EEEE<EScssocEE

i 3

i REESSSScEsEESSccons

FEESEELSEEPAREnSS

A% A wane cun i VA uy AERERL)

/ A/ NL N A/ \

-1 0 1 2 3 4 5
koordinata x (mm)

1.3.1. Ekranda yorug‘lik intensivligining tagsimlanishi 1, (x) ni ifodalovchi formulani keltirib
chigaring. Grafikda berilgan giymatlardan foydalanib, olingan formuladagi parametrlarning son

giymatlarini aniglang.

Plastinkada kengligi tirgishlar kengligiga teng bo‘lgan va ularning aniq o‘rtasida joylashgan

uchunchi tirgish ochildi.

Nazariy tur. Masalalar sharti.
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1.3.2. Bu hol uchun yorug‘lik intensivligini ekranda tagsimlanishini ifodalovchi I,(x) uchun
formulani keltririb chigaring. Olingan formuladagi parametrlarning son giymatlarini ko‘rsating.

1.3.3. Plastinkadagi uchinchi tirgish ochilgandan keyn ekranda hosil bo‘lgan yorug‘lik intensivligini
x koordinataga bog‘likligi grafigini javoblar varag‘idagi blankaga chizing.

2-topshirig. Popkorn (bodroq) fizikasi (8 ball)

To‘yimli kraxmalga ega bo‘lgan makkajo‘xori donining

to‘gqimalari tashqgi gattiq gobiqg bilan o‘ralgan bo‘lib, ichki

gismi yumshoq tarkibga ega. To‘gimalar ichida ma’lum

miqdordagi suv mavjud. Donlar gizdirilganda undagi suv

gisman suyuq holatdan bug‘ holatiga o‘tadi. Muayyan

temperaturada donning qgattig qgobig‘i suv bug‘ining
bosimiga bardosh bera olmaydi. U yorilib ketadi, issiglik hamda bosim ta’sirida yumshoq holatga
kelgan kraxmal kengayadi va tezda ko‘piksimon tuzilishga ega bo‘ladi, keyin soviydi va
gattiglashadi. Bu makkajoxori donlarini popkorn parchalariga aylantiradi. Baholash uchun, don
to‘gimalarining tuzilishini sovun ko‘pigiga o‘xshash deb taxmin gilish mumkin. Bunda pufakchalar
devorlarining hajmi kovaklarning hajmiga nisbatan e'tiborga olmas darajada kichik.

Qattiq gobiq bilan o‘ralgan makkajo‘xori donining hajmini qobiq yorilishiga qgadar
o‘zgarishsiz qoladi deb hisoblash mumkin. Baholash uchun makkajo‘xori donlari va hosil bo‘lgan
popkorn parchalari sharsimon shaklga ega deb hisoblash mumkin. Qobiq yorilib ketish paytida don
ichida wvujudga keladigan gaz bosimini (tashgi bosim normal atmosfera bosimiga

P,=10atm=10-10°Pa teng bo‘lgan sharoitda) kritik bosim P, deb ataymiz. Qobigning
yorilishidan so‘ng makkajo‘xori donining yumshoq to‘gimalarida joylashgan gazning kengayishini
adiabatik jarayon deb hisoblash mumkin. Ushbu jarayonning tenglamasi quyidagi ko‘rinishga ega
bo‘ladi:
PV’ =const, )
bunda y - adiabata ko‘rsatkichi bo‘lib, ushbu holda uni y :% ga teng deb olish mumkin.
1-qgism. Yorilishning kritik bosimi (3,5 ball)

Topshirigning ushbu gismida sizdan makkajo*xori donlari gobig‘ining yorilish bosimi P, ni
uch xil usulda baholash taklif gilinadi. Masalaning ushbu gismi uchun tashqi bosimni normal
atmosfera bosimiga teng deb hisoblang.

1.1. Makkajo‘xori donalarining o‘rtacha radiusi r,=31mm ga va hosil bo‘lgan popkorn
parchalarining o‘rtacha radiusi r,=65mm ga teng. Ushbu ma'lumotlardan foydalanib,
makkajoxori donlari ichidagi bosim P, ganday bo‘lganda uning qobig*i yorilishini aniglang.

1.2. Makkajo*xori donalarining zichligi o, =1,3-10°kg/m?® ga, popkorn parchalarining zichligi esa

0, =016-10°kg/m® ga teng. Ushbu ma'lumotlardan foydalanib, makkajo‘xori donlari ichidagi
bosim P, ganday bo‘lganda uning gobig‘i yorilishini aniglang.

Nazariy tur. Masalalar sharti. 3
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Makkajo‘xori donalari galinligi h=0,16 mm ga teng bo‘lgan yupga va mustahkam qobiq
bilan goplangan. Qobig materiali bardosh bera oladigan maksimal mexanik kuchlanish taxminan
o, ~10-10° Pa ga teng.

1.3. Bunday gobiq ganday ichki maksimal bosimga bardosh bera olishini aniglang.

1.4. Keyingi hisob-kitoblarda siz yorilish bosimining ganday giymatidan foydalanishingizni
ko‘rsating.

2-gism. Yorilish temperaturasi (3,5 ball)

Masalaning ushbu gismida siz makkajo‘xori donasini yorilib popkorn parchalarini hosil
gilishi uchun uni ganday t. temperaturagacha (selsiy shqalasida) gizdirish kerakligini

baholashingiz kerak bo‘ladi. Makkajo‘xori donachalari boshlang‘ich temperaturasi xona
temperaturasi t =20°C ga teng deb hisoblang.

2.1. Faraz qgilaylik makkajo‘xori donalarining yumshoq to‘qimalarida fagat quruq havo bor va
gizdirilganda suv bug‘lari hosil bo‘lmaydi. Ushbu taxminga ko‘ra, makkajo“xori donachalari yorilib
ketishi uchun ganday kritik t, temperaturagacha gizdirilishi kerakligini hisoblang.

2.2. Amalda yumshog to‘gimalarda suv mavjud bo‘lib, u qizdirilganda bug‘lanadi. Nam
makkajoxori donachalari yorilib ketishi uchun gizdirilishi kerak bo‘lgan kritik temperatura t ni

hisoblang.

Eslatma. To‘yingan suv bug‘i bosimini temperaturaga bog‘likligi taxminan Klapeyron-Klauzius
tenglamasi yordamida quyidagicha ifodalanadi:

ML(1 1
P,=Rexpl —| =——= ||, 2
o] (1] .
bunda M =18~10‘3r:—gI - suvning molyar massasi; L=2,3-106ki - suvning solishtirma
g

bug‘lanish issigligi, R=8,3 - universal gaz doimiysi. Normal atmosfera bosimida suv

mo
t, =100°C (T, =373K) temperaturada gaynashini eslatib o‘tamiz.

2.3. Makkajoxori donachalari ichidagi bosim kritik P, qiymatga yetishi uchun uning ichida
ganday massadagi suv bug‘lanishi kerakligini hisoblang.

3-gism. Superpopkorn (1 ball)

Hosil bo‘lgan popkorn parchalari hajmini oshirish uchun makkajo‘xori donachalari pasaytirilgan
tashgi P, bosim ostida isitiladi.

Nazariy tur. Masalalar sharti. 4
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3.1. Hosil bo‘luvchi popkorn donachalarining hajmi tashqgi bosim normal atmosfera bosimiga teng
bo‘lganidagidan 2 marta katta bo‘lishi uchun donachalar gizdirilishi paytida tashqi bosim P, ganday

bo‘lishi kerakligini aniglang.

Eslatma.

Ushbu masala bo‘yicha barcha ragamli ma'lumotlar quyidagi magoladan olingan:
Popcorn: critical temperature, jJump and sound

Emmanuel Virot, Alexandre Ponomarenko

Published:06 March 2015, «Journal of the Royal Society Interface».
https://doi.org/10.1098/rsif.2014.1247

3-topshirig. Sfera ichida (12 ball)

Radiusi R bolgan dielektrik
sfera ichidagi pastki nugtada
nuqtaviy zaryad Q mahkamlangan.
Radiusi sferaning radiusidan ancha
kichik bo‘lgan, massasi m va zaryadi
g bulgan sharcha sferaning ichki
sirtida og‘irlik va kulon kuchi
tasirida ishqgalanissiz harakatlana
oladi. Zaryadlar ishorasi bir xil.
Sharchaning sfera ichki sirtidagi

holati vertikalga nisbatan o‘lchanuvchi @ burchak bilan aniglanadi. Sirtdagi qutblanish va
ishgalanish bilan bog‘lik ta’sirlar inobatga olinmaydi.

Algebraik ifodalar va formulalarni yozilishini gisgartirish uchun, ma’nosi sharcha sferaning
yuqgori nugtasida bo‘lganda unga ta’sir giluvchi elektrostatik kuchni og‘irlik kuchiga nisbatiga teng
bo‘lgan o‘lchamsiz parametr kiritamiz:

Qqp 1
167gR* mg 1)

1- gism. Umumiy xarakteristikalar.

1.1. Sharchani yuqori nugtadan siljishi davomidagi uning to‘liq poitensial energiyasi U(@) uchun

ifodani @ burchakning funksiyasi ko‘rinishida yozing. Bunda sharchaning eng yugori nuqtadagi
potensial energiyasi nolga teng deb gabul gilamiz. Javobni m,g,R, f parametrlar orgali ifodalang.

1.2. Ogtirlik kuchi va kulon kuchlarining sferaning markaziga nisbatan M (¢)vaM,(6)

momentlarining modullarini @ burchakning funksiyasi sifatida ifodalovchi formulalarni yozing.
Javoblarni m, g,R, f parametrlar orqali ifodalang.

Nazariy tur. Masalalar sharti. 5
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1.3. Javoblar varagasining bitta blankida sharchaga ta’sir giluvchi kuchlar M, (6) va M,(6)
momentlarini burchak 6 ga bog‘likligining sxematik grafiklarini f =10, f =2,0, f =3,0 hollar
uchun chizing.

1.4. Javoblar varagasining bitta blankida sharchaning potensial energiyasi U(@) ni burchak 6 ga
bog‘likligining sxematik grafiklarini f =10, f =2,0, f =3,0 hollar uchun chizing.

Eslatma. Sxematik grafiklarni chizganda aniq son giymatlarini hisoblash shart emas: o ‘sish va
kamayish oraliglarini va ekstremumlar borligini ko ‘rsating.

1.5. Parametr f ning ganday giymatlarida sharcha harakati davomida sferaning ichki sirtidan
ajralmasligini hisoblab ko‘rsating.

1.6. Parametr f ning ganday giymatlarida sharcha sferaning yuqori nugtasida turg‘un muvozanat
holatida tura olishini hisoblab toping.

2-gism. f =1 bo‘lganda sharchaning harakati.

Harakatlanuvchan sharchaga berilgan zaryad natijasida o‘lchamsiz parametr f =1 giymatni gabul

gildi. Boshlang‘ich vaziyatda sharcha sferaning yugori nugtasida tinch holatda bo‘lib, so‘ngra uning
ichki sirti bo‘ylab sirpana boshlaydi.

2.1. Sharcha harakati davomida ganday maksimal 6, ., burchakga og‘adi.
2.2. Sharcha ganday € burchakda turg‘un muvozanat holatida bo‘la oladi.

2.3. Qanday @ burchaklarda sharcha sferaning ichki sirtidagi gorizotal aylana bo‘ylab aylana oladi?

3-gism. f =2 bo‘lganda sharchaning harakati

Harakatlanuvchan sharchaga shunday zaryad berilganki bunda o‘lchamsiz parameter f =2ga teng
bo‘ldi. Vaqtning dastlabki paytida sharcha sfera sirtining ichida uning yugori nugtasidan kichik 6,

burchakka og‘gan holda tinch turibdi. Sharcha boshlang‘ich tezliksiz qo‘yib yuboriladi va u vertikal
tekislikda tebrana boshlaydi.

3.1 Sharchaning tebranish davrining boshlang‘ich og‘ish burchagi g, ga bog‘likligini toping.

Eslatma. Siz olgan formulada noma’lum o‘lchamsiz proporsionallik koeffisiyenti gatnashishi
mumkin.
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4- gism. f =3 be‘lganda sharchaning harakati
Harakatlanuvchan sharchaga shunday zaryad berilganki, bunda o‘lchamsiz parameter f =3ga teng

bo‘ldi.Vagtning dastlabki paytida sharcha sferaning yuqori gismida tinch holatda bo‘lgan, keyin
unga sfera sirti bo‘ylab yo‘nalgan kichik v, tezlik berildi.

4.1. Bu holdagi sharchaning kichik tebranishlar davrini aniglang.

Sharcha harakatining quyi nugtasida uning tezligi nolga teng bo‘lgan paytda unga sfera sirti bo‘ylab
gorizontal yo‘nalishda v, tezlik berildi.

4.2. v, tezlikning ganday giymatida sharcha gorizontal aylana bo‘ylab harakatlana boshlaydi?

Nazariy tur. Masalalar sharti. 7




THEORY PROBLEMS

Problem 1. Warm-up Questions (10 points)
This problem consists of 3 independent questions
Problem 1.1. The sinking rod (4 points)

A uniform rod of length 1 =1,0mis made of material of
density p,. The radius of the cross section of the rod is

much smaller than its length. The rod is suspended by one
of its ends with a long, thin, weightless string from a
dynamometer. When the rod is hanging freely in the air,

the reading on the dynamometer is F,. After that, the rod is slowly immersed
in a wide tank of liquid of density p. The height of the liquid level in the

tank is h = IE Friction of the rod against the horizontal bottom of the tank is

negligible. Let us denote the height to which the rod sank as x ( x = 0when the
lower end of the rod touches the surface of the liquid). The dynamometer
readings when lowering the upper end of the rod to a distance x will be denoted by F(x).

F(X)

0
the amount of the rod x being lowered. Solve the problem for two cases: a) the ratio of the

and

Plot on the forms in the answer sheets the graphs of the relationship between f (x) =

densities of the liquid and the rod is 1 = P _2; b) the density ratio is 7 = P _ %
Lo Lo

At different stages of the immersion, dependencies f (x) can be described by different formulas.

Give these formulas for each of the stages, the range of changes of xin these stages. Draw the
position of the rod at each step. Determine the number of stages in each case by your own.

Problem 1.2. A bug on a cord (3 points)

A rubber cord of length |, =1,0m is attached to the wall at one end,

the other end of the cord is pulled at a constant speed Vzl,Om.
S

Simultaneously with the
beginning of the cord
stretching, a bug begins
to crawl along the cord at

cm .
a constant speed v=10— (relative to the
S

cord) starting from the wall.
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1.2.1 How many years does it take for the bug to reach the middle of the cord?

1.2.2 How many years does it take for the bug to reach the end of the cord?

Problem 1.3. Modernized Young's scheme (3 points)

In T. Young's interference scheme, a plane
monochromatic wave is incident normally on a plane
opaque plate. The plate has two identical narrow
parallel slits at a short distance from each other. At a
distance much greater than the distance between the
slits, a flat screen is located parallel to the plate, on
which an interference pattern is observed, consisting of
stripes parallel to the slits in the plate. The dependence

between the light intensity on the screen and the coordinate (the axis lies in the plane of the
screen and is perpendicular to the observed stripes) is shown in the graph. This graph is also
shown on the answer sheet.

Dependece of Intensity on coordinate

AT AN A T Ay
NI N D

Coordinate X (mm)

1.3.1. Derive a formula which describes the distribution of light intensity on the screen 1,(X) .
Using the given graph, determine the numerical values of the parameters of this formula.

A third slit is cut in the plate, parallel to the already existing slits and having the same width and
located exactly in the middle between the original slits.

Theoretical Competition Problems
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1.3.2. Derive a formula which describes the distribution of light intensity I,(x) on the screen in
this case. Specify the numerical values for the parameters of this formula.

1.3.3. Plot on the form in the answer sheet a graph of the dependence between the light intensity
on the screen and the coordinate x after the third slit has been cut in the plate.

Problem 2. Physics of popcorn (8 points)

The nutrient starch-containing tissue of a corn kernel has
a hard shell(hull) on the outside and a soft content on the
inside. It contains water. When the corn is heated, the
water partially evaporates. At a certain temperature, the
shell of the corn cannot withstand the pressure of the
water vapor. It bursts, and the starch, softened by heat
and pressure, expands, quickly turning into foamy
structure, then cools and hardens, then cools and solidifies. Consequently, the corn kernels turn
into popcorn flakes. To make an estimation, we can assume that the structure of the tissue is
similar to a soap foam (spongy structure), in which the volume of bubble walls is negligibly
small compared to the volume of pores.

It can be considered that the volume of the shell of the corn kernel remains unchanged up
to the burst. For estimations, the corn kernels and the resulting popcorn flakes can be assumed to
be spherical. The gas pressure inside the corn at which the shell bursts (at normal external

atmospheric pressure P, =1,0atm=1,0-10°Pa), is called critical pressure P, .

After the burst of the shell, the process of expansion of gases contained in the soft
tissues of a corn kernel can be considered as an adiabatic process. The equation for this process

is: PV’ = const @

where y - is the adiabatic exponent which in this case is equal to y = % :

Part 1. Critical burst pressure (3.5 points)

In this part of the problem, you are asked to estimate in three different ways the critical
pressure P, at which the shell (hull) of a corn kernel bursts. In addition to that, assume that the

external pressure is equal to the normal atmospheric pressure.

1.1. The average radius of the corn kernels is r, =31 mm and the average radius of the resulting
popcorn flakes is r, =6,5 mm. Using this data, determine at what pressure P, inside the corn
kernels the shell bursts.

Theoretical Competition Problems
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1.2. The density of the corn kernels is p, =1,3-10° kg and the density of the popcorn flakes
m

3 L
formed is p, :0,16-103k—g3. Using this data, determine at what pressure P, inside the corn
m

kernels the shell bursts.

The corn kernel is covered with a thin and strong shell, the thickness of which is h=0,16 mm.
The maximum mechanical stress that the shell material can withstand is approximately equal to
o, ~10-10°Pa.

1.3. Determine what maximum internal pressure such a shell can withstand.

1.4. Specify what critical pressure value you will use in further calculations.

Part 2. Breaking temperature (3.5 points)

In this part of the problem you need to estimate the temperature t_ to which the corn

kernels should be heated (in degrees Celsius) so that they start to pop and form popcorn flakes.
Consider that the initial temperature of the corn kernels is equal to room temperature t = 20°C..

2.1. Suppose that the pores of the soft tissues of corn kernels contain only dry air and no water
vapor is formed when heated. Under this assumption, calculate the temperature t, to what the

corn kernels should be heated so that they begin to burst.

2.2. In reality, soft tissues contain water, which evaporates when heated. Calculate the
temperature t, to which corn kernels should be heated so that they begin to burst.

Hint. The dependence of saturated water vapor pressure P on temperature T is approximately
described by the Clapeyron-Clausius equation

ML(1 1
P, =Pexp —| =—-= 2
SLYE) 0
where M =18-107° k_gl is molar mass of water, L =2,3-10° ki is latent heat of vaporization of
mo g
water, R =8,3 povs is universal gas constant.

Remainder: At normal atmospheric pressure P, =1,0atm =1,0-10°Pa water boils at t, =100°C
(T, =373K) temperature.
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2.3. Estimate how much of water must evaporate so that the pressure inside of the corn kernel
reaches a critical value P,

Part 3. Gigantic popcorn (1 point)

To increase the volume of popcorn flakes, the corn kernels are heated at a reduced external
pressure P,.

3.1. Estimate at what external pressure P, during the heating of the corn kernels, the average

volume of popcorn flakes will be about 2 times greater than that of flakes formed at normal
atmospheric pressure.

Note.

All numerical values of this problem were given from the following article:
Popcorn: critical temperature, jump and sound

Emmanuel Virot, Alexandre Ponomarenko

Published:06 March 2015, «Journal of the Royal Society Interface».
https://doi.org/10.1098/rsif.2014.1247

Problem 3. Inside the sphere

A point charge Qis fixed inside a non-conducting hollow sphere of
radius R at its lowest point. A small ball (whose radius is much less
than the radius of the sphere) of mass m and a charge q, which is also
acted upon by gravity, can move along the inner surface of the sphere
without friction. The signs of the
charges are the same. The position
of the ball on the inner surface of
the sphere is determined by the
angle 6 measured from the
vertical.

Polarization effects and friction can be neglected.

To reduce algebraic calculations and simplify formulas, we
introduce a dimensionless parameter:

. @ 1
1675,R* mg

1)

which is the ratio of electrostatic force between charges (when the ball is at the top point) to the
weight of the ball.

Theoretical Competition Problems



https://www.uzedu.uz/e
https://royalsocietypublishing.org/doi/10.1098/rsif.2014.1247
https://royalsocietypublishing.org/doi/10.1098/rsif.2014.1247
https://royalsocietypublishing.org/doi/10.1098/rsif.2014.1247
https://doi.org/10.1098/rsif.2014.1247

THEORY PROBLEMS

Part 1. General characteristics

1.1. Write down the expression for the total potential energy U(¢9) of the ball as it moves from
the top point as a function of the angle #. Let us assume that the total potential energy of the ball

at the top point is zero. Express your answer in terms of m,g,R, f .
1.2. Write down the expression for the absolute values of toques due to gravity Mg(e) and

electrostatic force M, (6) with respect to the center of the sphere as a function of the angle 6.
Express your answer in terms of m,g,R, f .

1.3. In the answer sheet plot the schematic graphs of absolute values of torques Mg(e) and
M, (@)that act on the ball verses the deviation angle @ for f =10, f =2,0, f =3,0.

1.4. In the answer sheet plot the schematic graphs of total potential energy U(@) of the ball
verses the deviation angle 6 for f =1,0, f =2,0, f =3,0.

Note. While constructing schematic graphs, there is no need to carry out numerical calculations:
indicate the ranges of increase and decrease, the presence of extrema.

1.5. Calculate at what values of the parameter f the ball will not take off from the inner surface
of the sphere during the motion.

1.6. Calculate at what values of the parameter f the ball can be in a stable equilibrium position
at the top point of the sphere.

Part 2. The motion of the ball at f =1

The moving ball was given such an electric charge that the dimensionless parameter became
f = 2. Initially, the ball rests at the top point of the sphere and then begins to slide along its

inner surface.

2.1. Determine the maximum deviation angle @, of the ball during the motion.

2.2. Determine at what angle 6 the ball can be in a stable equilibrium position.

2.3. At what angles @ can the ball move along the horizontal circle inside the sphere?

Part 3. The motion of the ball at f =2

The moving ball was given such an electric charge that the dimensionless parameter became
f =2. Initially, the ball rest at a certain point inside the sphere deviated by a small angle 6,.

The ball is released without initial velocity and it starts to oscillate in the vertical plane.
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3.1 Find how the period of oscillation of the ball depends on the angle of initial deviation 6.

Note. You should get a formula that may contain an unknown dimensionless coefficient of
proportionality.

Part 4. The motion of the ball at f =3

The moving ball was given such an electric charge that the dimensionless parameter became
f =3. Initially, the ball rests at the top point of the sphere and then was given a small initial

velocity v, directed along the sphere’s surface.

4.1. Determine the period of small oscillations of the ball.

When the ball was at its lowest point, where the speed of the ball was zero, it was imparted a
certain horizontal velocity v, along the inner surface of the sphere by an instant push.

4.2. At what value of v, the ball will move along the horizontal circle?
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TEOPUS - 3SAAAYU

3ananmue 1. Pazmunka (10 6a/1/10B)
3aaHue COCTOUT U3 3 HE CBSI3aHHBIX MEXIY COOOM 3a1ay.

3anaua 1.1. Tonymmii crep:kens (4 6asia)

OpHopoHblid cTtepkeHb JuMHBI | =1,0 v M3roTOBICH W3
MaTepHaia INOTHOCTU p, . Paguyc monepeuHoro ceueHus
CTCp)KHfI 3HAYUTCIIBHO MCHBIIC €TI0 IJINHBI. CTCp)KCHI)

MOABCIIMBAIOT 32 OAWH M3 €ro KOHIIOB C ITIOMOLIBIO
JUIMHHOW TOHKOM HEBECOMOW HHUTH K auHamomeTpy. Korma crepkeHb

CBOOOJTHO BHCHMT B BO3[yX€ IOKa3aHus auHamomerpa - F,. Ilocie storo
CTEP’KEHb HAYMHAIOT MEIJICHHO IOTPYXKaTh B HIMPOKYIO BAaHHY C KUJKOCTBIO

I
IUIOTHOCTH p . BbicoTa ypOBHS JKHAKOCTH B BaHHE paBHa h = r Tpenuem

CTEp>KH O T'OPM30HTAJIBHOE JHO BaHHBI NpeHeOpexuMo mano. O003HaunM
BBICOTY, Ha KOTOPYIO ONYCTWJCSA cTepkeHb X (mpu X =0 HIKHUI KOHel
CTEpKHS KacaeTcsi MOBEPXHOCTH >KUAKOCTH). [loka3zaHus nuHamomerpa mpu
OIYCKaHUH BEPXHET0 KOHIIA CTEP)KHS Ha paccTostHue X o0o3Haunmm F(X).

F(x

FX o,
0

BCJINYHNHBI OITYCKaHUA CTep}KH}I X. 3aﬂaqy peuIuTe I ABYX cnyqaeB: a) OTHOILICHUC HJ'IOTHOCTGFI

. 1
XKHUJIKOCTU U CTEPXKHS 7] = P -2 ; 0) OTHOILIEHHUE IJIOTHOCTEH PaBHO 7] = L _=-

Po Py 2

[MocTpoiiTe Ha OMaHKax B JIMCTaX OTBETOB IpaUKH 3aBUCHUMOCTH OTHomeHus f(X)=

Ha pasnuunvix smanax noepysicenus sasucumocmu  T(X) mocym onucvieamvcs pasnvimu

Gopmynamu. Ilpueedume smu opmynvt 01 KAHCO020 U3 IMAN08, OUANAZOHbL UBMEHEeHUs X 8
amux smanax. Hapucyiime nonosicenue cmeparcusi na kaxcoom smane. Hucino smanos 8 kaxcoom
cyuae onpeoenume camoCmosImenbHo.

3amaua 1.2. ’)Kyk Ha mnype (3 6a/u1a)

PesunoBbrii mmuyp umHBl |, =10M OXHMM KOHIIOM NpHKPEIUICH K

o o M
CTCHC, APYT'OU KOHCI IIHYpPaA TAHYT C IOCTOAHHOU CKOPOCTBHIO V = 1,0— .
C

OnHOBpEMEHHO € HA4aJoOM
pacTsKEHHs IIHYypa XKYK
HAaYyMHAeT  IOJI3TH 110
LIHYpYy, CTapTys OT CTEHKH, C IIOCTOSHHOMU

cm
ckopocThio V =1,0— (OoTHOCHTENHHO HIHYPA).
C

1.2.1 3a CKOJIBKO JIET KYYOK JIOMON3ET A0 CEpeaUHbI IIHYypa?

1.2.2 3a cKOJIBKO JIET OH JIOTOJI3ET /10 KOHIIA IITHYypa?

Teoperuueckuit Typ. Y cioBUs 3a1a4. 1
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3agaya 1.3. Moaepuusuposannasi cxema IOunra (3 6aaua)

B untepdepenumonnoii cxeme T. FOnra mmockast

MOHOXpOMaTHuYeCKasi BOJHA TaJaeT HOpPMajibHO Ha

IUIOCKYI0 ~ HENPO3payHyw IUlacTUHy. B miactuHe

MIPOJICJIaHbl ABE OJMHAKOBBIC y3KHE MapasuleNbHbIC IIETH

Ha HEOOJBIIOM pACCTOSHUM Jpyr OT jpyra. Ha

PacCCTOSIHUM 3HAUUTENBHO OOJIBIIEM PACCTOSIHHUS MEXIY

MIETISIMH  TTApPAJUICTIbHO TUIACTHHE PACTION0KEH IUIOCKHMA

9KpaH, Ha KOTOpoM HabmogaeTcss HHTepPEpeHIMOHHAas KapTHHA, COCTOSIas W3 I0J0C,

HapajuIeNbHBIX IIEISIM B TUIACTHHE. 3aBUCUMOCTh HHTEHCHBHOCTH CBETA HA DKPAaHE OT KOOPAMHATHI

X (0Ch X JEXHT B IUIOCKOCTH dKpaHa M TMEPICHIUKYIsIpHA HaOII01aeMbIM TI0JI0CaM) TTOKa3aHa Ha
rpaduke. DTOT rpaduK TakKe MPUBECH Ha JTHCTE OTBETOB.

3aBHCHMOCTE HHTEHCHEHOCTH OT KOoOpOWHaTbI

-
(==

I

wm

{==]

-

1=

o

{55

HMHT eHCMBHOCT L (OTH. 24.)

3%

e e
/ \/ N/ AN/ \|/ \

] -4 -3 -2 -1 0 1 2 3 4 5

koopguHaTa. X (nm)

1.3.1. BeiBegute (hopMyiy, OIUCHIBAIONIYIO PACIIPEEIICHUEe HHTCHCUBHOCTH CBETA HAa SKPaHe
I,(x). HUcnonb3ys npuBeneHHBII rpaduK, ONpeIeIuTe YHCICHHbIC 3HAUCHHS TaPAMETPOB TOM

($hopMyIBI.

B mractune MMpopPe3ar0T TPCThIO HICJIb IMAPAJUICIIBbHYIO YK€ UMCIOIIUMCS HICIAM U UMCIOIITYIO
TAaKYIO XK€ HIMPHUHY U PACIIOJIOKCHHYIO TOYHO IO CCPECANHE MCIKIY UCXOJHBIMHA HICIISIMU.

1.3.2. BeiBenute (GopMyily, ONUCHIBAIOIIYIO PACIpeeieHHe MHTEHCUBHOCTU CBETa Ha JKpaHE B
stoM ciydae |,(X). Ykaxure dncieHHbIE 3HAUCHUS TAPAMETPOB ITOH (POPMYIIBL.

1.3.3. TloctpoiiTe Ha OnaHKe B JUCTE OTBETOB IpaMK 3aBUCUMOCTH MHTEHCHUBHOCTH CBETa Ha
9KpaHe OT KOOPJIMHATHI X IMOCIE TOT0, KaK B IUIACTHHE MPOPE3aIH TPETHIO IIEIb.
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3ananue 2. dusuka NonKopHa (8 6a/1J10B)

IIuTarenbHas KpaxManocoaepskalas TKaHb 3€pHa KYKypy3bl

UMEET CHapyXH TBEPAYID OO0OJIOYKY, BHYTPH — MSITKOE

cojepxkumoe. B HEM HaxoauTcs cBsizaHHas Boja. Korma

3€pHO HarpeBaroT BOJA YACTUYHO MEPEXOJNUT U3 KUJKOTO B

razoo0paszHoe cocrtosHue. [Ipm HEKOTOpO# Temmeparype

IJIOTHas 000J0YKa 3€pHAa HE MOXKET TMPOTUBOCTOSITH

JIaBJIICHUIO MapoB BoAbl. OHA JjomaeTcs, W Kpaxmaj, pa3MITdéHHBIM IMOJ JSHCTBHEM HarpeBa H

JABJICHUS, PACIIUPSAETCS, OBICTPO MPEBpAIasCh B NEHUCTYIO CTPYKTYPY, 3aT€M OXJIAKIACTCS H

3acThiBaeT. IIpu ATOM 3epHA KyKypy3bl NPEBPAIIAIOTCS B XJOMbS TOMKOpHA. [l mpoBeaeHus

OIICHOK MO>XHO CUHTaTh, YTO CTPYKTYpa TKaHU 3€pHA MOA0O0HA MBUIBHOW MEHE, B KOTOPOH 00BeM
CTEHOK ITy3bIpei IpeHEeOPEIKUMO MaJT II0 CPAaBHEHUIO C 00EMOM TIOP.

MOKHO CUMTaTh, YTO BIUIOTH JIO pa3pbiBa 00BEM TBEPAOH OOOJOYKH 3€pHA KYKYpPYy3bl

OCTaeTcsl HEM3MEHHBIM. [[JI1 OIEHOK MOXXHO CYMTATh, YTO 3€pHA KYKYypy3bl W 0Opa30BaBIIMECS

XJIOIbS TIONIKOPHA UMEKT chepudeckyro ¢opMmy. JlaBiaeHue ra3oB BHYTPH 3€pHa, IPU KOTOPOM

MPOUCXOAUT pa3pblB  000J0YKH (TP HOPMAJILHOM HApY)KHOM aTMOC(EpHOM JTaBICHUH
P, =10amm =1,0-10°1a ), na3oem kputuueckum P, .
Iocne pa3pbiBa 000JOYKM MPOLECC PACHIMPEHHS T'a30B, COACPXKAIMXCS B MITKUX TKaHIX 3€pHA

KYKYPY3bl, MOXXHO CUUTATDH a,Z[I/Ia6aTI/I‘leCKI/IM. ypaBHeHI/Ie 9TOTO IIponecca UMECT BU/I.
PV” = const, 1)

5 4
rac }/ - [IO0Ka3aTcJIb aZ[I/Ia6aTLI KOTOpBII/I B JaHHOM cnyqae MOXHO CHHUTATH paBHLIM }/ = —.
’ 3

Yacrtp 1. Kputnueckoe naBjenue pa3pbiba (3,5 0aia)

B HaHHOf/'I JaCTH 3aJa4u BaM HpCJiaractcsa TpemMs pa3jimiHbIMUA criocodoamMu OLCHUTH JaBJICHUC,

IpY KOTOPOM IIPOHUCXOJMT Pa3phIB 000J0UKHK 3epHA KyKypy3sl P, . B 3Toli yacTu 3a1aun cunTaire

YTO Hapy>KHOE JIaBJIEHHWE PABHO HOPMAJIbHOMY aTMOC(EepHOMY JaBIICHUIO.

1.1.Cpennuil paguyc 3epeH Kykypysbl paBeH Iy =31.mu, a cpenHuil paauyc oOpa30BaBILUXCS
XJIONBEB MOMKOpHA paBeH I, = 6,5 ymm . Mcronb3ys 3TH 1aHHBIE, ONIPEAeTNTe, TPU KAaKOM J1aBICHUH

P, BHYTpHU 3epeH KyKypy3bl IPOHU30ILEIN Pa3pblB HX 000JOYKH.

K2
3
M

3
1.2.II10THOCTE 3epeH KYK 3bl paBHaA —1,310 a IUIOTHOCTH 00pa30BaBIIMXCS XJIOIBEB
0

3 K2
nonkopua p; =0,16-10° — . Hcnons3ys 3TH HaHHBIE, ONPENECIUTE, IPU KaKOM HaBiaeHuu P,
M

BHYTPH 3€pEH KyKYpY3bl IPOU3O0IIET Pa3phiB KX OOOIOUKH.

3epHO KYKYpYy3bl TIOKPBITO TOHKOW M MPOYHOM 000J0YKOM, ToJIIHHA KoTopoi paBHa h= 0,16 am.
MakcuManbHOE MEXaHWYECKOE HampshHKeHHe, KOTOPO€ BbIAEPKUBAET MaTepual 000J0UYKU
npuMepHo paBHo o, ~10-10°17a .

1.3. Onpexnenure, Kakoe MAKCUMAIIBHOE JIABJICHUE U3HYTPHU MOXKET BBIIEPKATh Takast 000I09Ka.

1.4. VkaxuTe, Kakoe 3Hau€HUE JaBJieHUs pa3pbiBa Bbl OyneTe HCHoib30BaTh B JAaNbHEHIINX
pacuerax.
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Yacts 2. Temnepartypa pa3psisa (3,5 0am1a)

B nmanHO# wacTu 3a7adu BaM HEOOXOAMMO OIEHUTH TEMIIEPATypy, 0 KOTOPOM ClieayeT
HarpeTb 3epHa KykKypy3el 1. (B rpamycax llenbcus), 4ToObl OHM Hayalu B3pBIBATBCA U

00pa30BBIBaTh XJIOMNbS MONKOpHA. CUnTaiiTe, YTO HAYaIbHAsl TEMIIEpaTypa 3epeH paBHa KOMHATHOI
temmneparype t =20°C.

2.1 IlpennonoxuM, 4TO B MOPax MATKUX TKaHEH 3epeH KyKypy3bl COJEPXKUTCS TOJBKO CYXOH
BO3JyX M IpPU HarpeBaHUM BOJSHBIX MapoB HE oOpaszyeTcs. B pamkax 3Toro mpeanoioskeHus
paccunrTaiite, 10 Kakoi TemnepaTypsl t, cieayeT HarpeTh 3epHa, YTOObI OHU Hayalld Pa3phIBaThCs.

2.2 B peanpHOCTH B MATKHUX TKaHSIX COJIEPKUTCA BOJAA, KOTOpas MpPH HarpeBaHUU HCHApSETCH.
PaccuuTaiite, 10 Kakoii Temmeparypsl {, clelyeT HarpeTh BIaKHBIE 3€pHA, YTOOBI OHU HayalH

pa3phIBaThCA.

Ilosnckaska. 3aBUCHMOCTh [JaBJIECHUS HACHIIIEHHBIX HApoB Boabl Py oT Temmeparypel T
npUOIMKEHHO oNMCchIBaeTcsl ypaBHeHueM Kitaneiipona — Knaysuyca

ML{1 1
P. =P expl —| ———||. 2
=R [TO Tj @
rie M =18.10° -2 . MOJISIpHast Macca Bojsl, L = 2,3-106’&—% - ylIenbHAs TEeMIoTa NCTAPEHHs
MOJIb Ke
Boael, R :8’31]—%[{ - yHUBEpcallbHas Tra3oBas IIOCTOSHHas. HamoMuHaeM, dYTO TIpH
MOJb -

HOpManbHOM aTMocdepHoM japienun P, =10amm =10-10°/la Boaa KUNUT HpH TeMIEpaType
t, =100°C (T, =373K).

2.3. OuenuTe, Kakasi Macca BOJBI JOJDKHA UCIIAPUTCS, YTOOBI MaBICHHWE BHYTPH 3€pPHA JIOCTHTIIO
KPUTUYECKOro 3HaYeHus P .

Yacts 3. Cynepnonkops (1 6am1)

Jna yBenuyeHuss obdbeMa OOpa3yIOUIMXCsS XJIONMbEB IONKOPHA, HAarpeBaHHE 3€peH KYKYpY3bl
MIPOBOJIAT MPH MOHWKEHHOM BHEITHEM JaBiieHHH P, .

3.1. Ouenwnre, Ipy KakoM HApPYXHOM JaBlieHHH P, BO Bpemst HarpeBaHUs 3€peH, CpeIHUN 00beM

00pa3yroIuXxcs XJIONBEB MONMKOpHA OyneT MpuUMEpHO B 2 pa3za Oolblle, YeM MPH HOPMAIBHOM
aTMOC(EpHOM JIaBJICHUH.

[Ipumeyanue.
Bce unciieHusie qaHHbBIE YTOU 3a1a4i B3SITHI M3 CTATHU:

Popcorn: critical temperature, jJump and sound

Emmanuel Virot, Alexandre Ponomarenko

Published:06 March 2015, «Journal of the Royal Society Interface».
https://doi.org/10.1098/rsif.2014.1247
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3ananue 3. Buytpu cdepsl (12 6a/510B)

BuyTtpu HenpoBoasuiei cdepsl panuyca R B ee HmxHEH
TOUKE 3aKkpervieH TodeuHbld 3apsa Q. I[lo BHyrpeHHeil
MOBEPXHOCTU CEpbl MOKET JIBUTATHCS 0€3 TpeHUs: HeOOIBIIOH
mapuk  (paguyc KOTOPOrO 3HAYMTEIbHO MEHbIE pajanyca
cdepbl) Macchl M W HECYIIMH 3aps] (, Ha KOTOPBIA Takxke
JNEUCTBYET CHJAa TDKECTH. 3HAKM  3apsoB  COBIAJAOT.
[lonoxenne mIapuka Ha BHYTPEHHEH MOBEPXHOCTU CQepsl
OIpeAeIsieTcsl yriioM 6, OTCUUTHIBAEMBIM OT BEPTUKAJIH.

[TonsipuzanmonHeiMu 3¢ ¢dekTaMd U TpEeHUEM Ha
TTOBEPXHOCTHU Cc(ephI clieyeT npeHeodpeyb.

Jis  cokpamieHus anreOpavdyeckMX BBIKJIQJA0OK W yKOpoueHus ¢Gopmyn, BBeleM
Oe3pa3MepHbIi mapaMeTp:

- @
167¢,R” mg
UMEIUIUH CMBICT OTHOILEHUS CHJIBl AJIEKTPOCTATUYECKOTO B3aMMOJICHCTBHS 3apsiioB (Korma
HIapUK HAXOJIUTCA B BEPXHEU TOUKE) K CUIIE TSXKECTH, JCHCTBYIONICH Ha IIApUK.

Yacrs 1. O01mme xapakTepuCTHKH.

1.1. 3anumure BbIpaKCHUE JIs TOJHOW MOTCHIMAIBHOM SHEPruM IIapuKa U(@) Ipu  €ro

CMEIIEHUH OT BEpXHEH TOUKH, Kak (pyHkuuio yriaa 6. Ilpumem, yTo moTeHUMalbHas SHEPrus
[IapvKa B BEpXHEH TOUKe paBHa Hy/r0. OTBET BhIpa3uTe yepe3 mapamerpsl M, g, R, .

1.2. 3anumuTe BBIpKEHUSI T MOyJIeH MOMEHTOB CHJIBI TshkecTH M g(ﬁ) Y KYJIOHOBCKOM CHIIBI

Me(¢9) OTHOCHUTEJIBHO LIeHTpa cepbl, Kak pyHkuuu yrina 6. OTBeT BbIpa3uTe yepe3 MapameTpbl
m,g,R, f.

1.3. TlocTpoiiTe Ha omHOM OJaHKE B JINCTE OTBETOB CXEMAaTHYCCKHE TpapuKd 3aBUCUMOCTEH
MOJIyJIell MOMEHTOB CHJI, IEUCTBYIOIMUX Ha mapuk M (9) u Me(é?), OT yIJla OTKJIOHEHUs 6 T1pH
f =10, f =20, f=30.

1.4. TloctpoiiTe Ha OJHOM OJIaHKE B JIUCTE OTBETOB CXEMAaTHYECKHE TpaduKH 3aBHCHUMOCTEH
MIOTEHLIMAJIbHON PHEPIUM LIapHUKa U(H) ot yrna otkinonenus 6 mpu f =10, f =20, f =30.

Ipumeyanue. Ilpu nocmpoeHuu cxemamuyeckux 2epapuxkos Hem HeoOXO00UMOCmU NPoO8OOUMb
YUCNIeHHbIE PACYembl. YKANXCUMe Y4acmKu 603pacmanus u yovl8anus, Haauyue SKCmpemymos.
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1.5. Paccuwmraiite, mpu Kakux 3HAa4YCHHAX mapameTpa f mmapuk He OyaeT OTpHIBaThCS OT

BHYTPEHHEH MOBEPXHOCTH C(EPBI B IPOLIECCE ABHIKCHHUS.
1.6. PaccuwnraiiTe, mpu Kakux 3HAUCHHSAX MapaMeTpa [ IIapuKk MOXET HaXOMUTHCS B BEpXHEH

TOUKE c(hephl B MOJIO)KEHUN YCTOMUNBOIO PaBHOBECHS.

Yacrp 2. [IBuxkenne mapuka npu f =1

[MonBW>XHOMY MIAPUKY COOOIIMIM TaKOW AIIEKTPUYECKUI 3apsiji, uTo Oe3pa3sMepHBId MmapameTp
okazayicsi paBipiM f =1. B HavanbHBIE MOMEHT BPEMEHH IIAPUK IMOKOUTCS B BEPXHEH TOYKE

cdepsl, a 3aTeM HaUWHAET CKOJIB3UTh 110 €€ BHYTPEHHEH MOBEPXHOCTH.

2.1. Onpenenure, Ha KaKOM MaKCUMaJbHBIN yron 6, OTKIOHUTCSA IIAPHK B IIPOLECCE ABUKCHUSL.

2.2. Ompenenurte, Mpu KakoM yriie ¢ MIapUK MOXKET HAaXOIWTHCS B TMOJOKEHHH YCTOWYHBOTO
paBHOBECHS.

2.3. Ilpm kakux yriax ¢ IIapuK MOXXET JBUTATbCA IO TOPU3OHTAIBHOM OKPYKHOCTH TIO
BHYTPEHHEH MOBEPXHOCTH ChepbI?

Yacts 3. /[Bm:kenne mapuka npu f =2

[ToxBuXHOMY MIAPUKY COOOIMMIIM TAaKOW JJIEKTPUUECKUW 3apsij, 4To Oe3pa3MEepHBIN MapamMeTrp
okasasucs paBHbiM f =2. B HadanbHBIH MOMEHT BPEMEHH IAPUK IMOKOUTCS B HEKOTOPOW TOYKE Ha

BHYTPEHHEH IIOBEPXHOCTH C(Qepbl, OTKIOHEHHOM OT BepIIMHBI Ha Maniblii yron 6. Illapux
OTITyCKatOT 0€3 Ha4aJIbHOW CKOPOCTH, ¥ OH HAUMHAET KOJIEOATHCS B BEPTHUKAJIBHON TNIOCKOCTH.

3.1 Haiinure, KaKk 3aBUCHT IIEPHO]I KOJI€OaHMH MIapyuKa OT YIjla Ha4aJbHOIO OTKJIIOHEHHA 6 .

Ipumeuanue. Bam credyem nonyuumes (opmyny, KOmMopas MONCENM COOepiHCamb HeU38eCmHbllL
be3pazmepHblil KO Puyuenm nponopyuoHaIbHOCMU.

Yacrsp 4. /[Buxkenue mapuka npu f =3

[ToaBuXHOMY MIApUKY COOOIIMIM TaKOW JJIEKTPHUUECKUU 3apsii, 4TOo Oe3pa3sMepHBIN mapameTp
okaszancs paBHbiM f =3. B HadanbHBIE MOMEHT BPEMEHH IIAPUK TOKOUTCS B BEPXHEH TOUKE

cepsl, a 3aTeM eMy COOOIIAIOT MAJIyI0 CKOPOCTh V,, HAPABJIEHHYIO B0Jb IOBEPXHOCTH CEPHI.

4.1.0npenenute nepuoj MaabIxX KoJIeOaHHI IIapUKa B TOM CIIydae.

Korna mapuk Haxoqwics B HIKHEM TOUKe, KOIJa CKOPOCTh IapHKa cTaja paBHOM HYINIO, eMy
TOJIYKOM COOOILAIOT HEKOTOPYIO CKOPOCTh V; HAINPaBJIEHHYK) FOPU30HTAIBHO BJOJb TOBEPXHOCTH

cdepsl.

4.2. Ilpu xakoM 3HAYEHUM CKOPOCTH V, ILIApUK OyAET Jajee ABUIaTbCsi IO TOPU3OHTAIBHOU
OKPY>KHOCTHU?

Teoperuueckuit Typ. Y cioBUs 3a1a4. 6
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N3yuyenue cuiibl TpeHUs

Yactp 1. Tpenne Ha NWJIMHAPUYECKOM CTEPKHE
TeopeaneCKaﬂ nmoackKka3dka:

HpI/I CKOJIBXKCHUU HUTH 110 OOKOBOI1 MOBEPXHOCTHU UIUHIPA,
BCJICACTBUC TPCHUA CUJIa HATAKCHUSA HUTHU YMCHBIIACTCA B Y

pa3. DT0 yMEHbIIIEHUE CUIIbI HATSYKEHUS OTHUCHIBACTCS
dhopmymoit Ditnepa:

T=1T, =T, eXp(_ Ho ) (1)
rae 4 - KodhPUIMEHT TpeHHsI HUTH 0 OOKOBYIO TTIOBEPXHOCTh
ouiInHApa, ¢ - Yyrojl 0XBaTa HUTBIO HUJIMHAPA.

Lenbto naHHOI yacTH pabOTHI ABIISAETCS MPOBEPKA BHIMOIHUMOCTH GopMyIbl Diliepa, onpeieneHme
K03 (HULIMEHTOB YMEHBIICHUS CUJIBl HATSDKEHUS. ¥ U KOO DUIIUEHTA TPEHUS U .

JUia  BBINOJIHEHMS]  SKCIEPUMEHTAIBHBIX
U3MEpPEeHUH  HCIOJb30BaHA  YCTAHOBKA,
nokasaHHast Ha pororpaduu u cxeme.

[IpoyHas yerkas HepacTshDKUMasi HUTH (1-2)
nepedpoleHa yepes TOPU30HTAIILHO
3aKperuieHHbIi cTepxkenb (3). OauH KoHen
Hutd (1) mpukpemsieH K npyxuHe (4),
BTOpPOM KOHELl NpYyKUHbI 3akperuieH. Ko
BTOpPOMY KOHIy HUTH (2) HOJBELIMBAOTCS
Ipy3bl, Maccy KOTOPBIX MOXHO H3MEHSITb.
Touky KpemieHus  HOpPYXKHUHBI  MOXKHO
MEHATh, HW3MEHSISI MpH JSTOM Yrol @,

KOTOpBIi oOpa3yer uacte Hutu (1) ¢
TOPU30HTOM.

Bo Bcex »JKcnepuMEHTax HCIOJb3YeTCs
olHa u Ta xe mnpyxuHa. OO003HAYNM
’KECTKOCTh TPYXUHBI K, MOXHO CUHTATB,
YTO CWJIa YIIPYTrOCTH JaHHOU NPYKUHBI MPU €€ pacTIKEHUH NTOAUNHAETCS 3aKoHy I 'yka

F =kAx (2)
rae  AX - yuinHeHue npyxuHbl. CKMMaTbhCsl JlaHHas NpYKMHAa He MoOKeT. Macca Ipy>KuHbI
3HAUUTEJIBHO MEHBILIE MACCHI [10/IBEILIMBAEMBIX TPY30B.

MeToauka npoBeIeHus H3MEepEeHH.

B Xome OSKCHEpUMEHTOB H3MEpAETCS MJMHA MNPYKUHBI X TPU Pa3jIMYHBIX Maccax
IIOABEUICHHBIX TPY30B M B COCTOSHUHU ITOKOSI.

N3-3a Hanuuust TpeHUs I'Py3bl U NPYKMHA MOTYT HaXOAWTHCS B PAaBHOBECHUH B HEKOTOPOM
JMana3oHe WX TOJIOKEeHUH (30Ha 3actos). st ompeneneHuss TIpaHUI 3TOM 0O0JIACTH MOKOsS
U3MEPEHHUs IPOBOJATCS CIIETYIOUIMM 00pa3oM:

- TPy3 OIIYCKAaIOT BHHU3 HUKE IIOJIOKEHUs PABHOBECHS, IIPU ITOM IIPY)KHUHA PACTATUBACTCS, IIOCIIE
3TOrO0 Tpy3aM I[O3BOJSIOT OYEHb MEJUIEHHO (Ui 3TOr0 HUTh B IIpoLEecce €€ JBUKECHUS
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NPUACPKUBAIOT PYKOH) MOJHUMAIOTCS IO OCTAHOBKH, IOCJAE€ OTOT0 H3MEPSAIOT JUTHHY
ne(GopMUpPOBAHHOM NMPYKUHBI X, ;

- Ipy3 MOJHUMAIOT BBIIIC IMOJIOKEHHUS PABHOBECHUS, MOCJIE 3TOr0 I'Py3bl MEIJICHHO (HHUTH OMSThH
Cllerka TMPHICPKUBAIOT PYKOH) OIMYCKAIOTCS JIO OCTAHOBKH, IIOCIE 3TOTO H3MEPSIOT JUTHHY

nehopMUPOBAHHON MPYKUHBL X, .

W3MepeHus IIMH TPYXHUH MPOBOIATCS C MOMOIIBI0 MeTaTHuecKoi auHeiku. [TpubopHas
MOTPEIIHOCTh u3MepeHus X = 0,5mum .
JI7iss U3MEHEHHUsT MacChl MOJIBEIICHHBIX TPY30B, K HUTH IOJIBEIIMBAIN Pa3HOE YHCIIO CTaHIAPTHBIX
3TAJIOHHBIX T'PY30B, Macca KaX/J0ro U3 HUX paBHa M, = (100,0 + 0,5)3 .

M
VcKopenue CBOOOIHOro MajieHus CYMTaTh papHbiM ¢ =9,81—-.
c

Ikcnepumenr 1.1

B atom skcniepumMenTe HUTH (1) pacnonoxena BepTukaibHo (¢ =90°).
Pe3ynpraThl M3MeEpeHWH TpaHWI] IOJOXKEHUS paBHOBECHS X, W X, TPU pPa3IMYHOM YHUCIE
MOJIBEIICHHBIX JTAJOHHBIX TPY30B N mpuBeeHbl B Tabmure 1.1

Taoanna 1.1
n X, CM X5, CM
1 12,2 10,8
2 16,1 12,4
3 20,2 14,1
4 24,1 16,6
5 275 19,2
6 30,7 21,3
7 34,2 23,6

3aganuda.

1.1. Tlonyuure Teoperuyeckue (GoOpMysbl IS 3aBUCUMOCTEH UIMH J1e(OPMHUPOBAHHBIX MPYKUH
Xl(m), Xz(m) OT Macchbl NMOJBELIEHHBIX T'Py30B M. Pe3ynpTaTsl BBIpa3UTE 4Yepe3 CIEAYIOLIUE

nmapaMeTpbl YCTAHOBKU: KCCTKOCTH IIPYKUHbBI k , €€ IJIMHY B HeI[C(I)OpMI/IPOBaHHOM COCTOSAHNU |0,

KOB(bq)HHHGHT YMCHBIICHUA CUJIbI HATSOKCHUA HUTU HAa CTCPIKHE )/ .

1.2. Ha ognom GOnanke B Jlucte 0TBETOB MmocTpoiiTe rpaduKy SKCIIEPUMEHTABHBIX 3aBUCHMOCTEH
JUIMH IIPYKUHBL X; U X, OT YMCJIa MOABEIIEHHBIX TPY30B N.

1.3. Cuurtas, 4TO TOJYYEHHBIE OSKCIIEPHMEHTAIbHBIC 3aBUCHMOCTH SBISIOTCS JHUHEWHBIMH H
OTUCHIBAIOTCS (PYHKLIUSAMU
X =an+b @)
X, =a,n+b,’
Paccunrtaiite umnciieHHbIC 3Ha4YeHUWs mapameTpoB (a;, b, a,,b,) atux 3aBucumocteit. OreHuTe
MOrPELTHOCTH HAWJICHHBIX 3HAYCHU M.
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1.4. Vicionp3ys MOTydeHHBIC TaHHBIE, PACCUUTANTE:

- JUIMHY NPYKUHBI B HeZIeQOPMUPOBAHHOM COCTOSIHUH | ;
- ’KECTKOCTh NPYKUHBI K ;

- K03 GUIIUEHT YMEHBIICHUS CUITBI HATSDKCHUS J |

- K03 (HULIUEHT TPEHUSI HUTH O CTEPKEHb LU ;

OneHuTe NMOrpenHoCTH HaiieHHbIX 3HaueHui. [IpuBeaute dopmynsl, o KOTOpsIM Bbl mpoBenu
pacyeTsl.
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OkcnepumenTtsbl 1.2, 1.3.

B 5THX sKcnepMMeHTax IMpOBeIEHBl aHAJOTMYHBIE M3MEpPEHHS B TeX Ciydasx, korxa HUTh (1)
pacIooxeHa:
- TOpU3OHTAIBHO @ =0 (3KCIEpUMEHT 2);

- o0pasyet yros ¢ =45° ¢ ropuzoHTOM (3KCHEPUMEHT 3).

B Tabmmnax 1.2, 1.3 mpuBeneHsl pe3yabTaThl SKCIEPUMEHTOB 2, 3 (3aBUCUMOCTH JUTHH TP YKUHBI
X, 1 X, OT YKCJIa MOJIBEIICHHBIX 3TAIOHHBIX IPY30B N ).

st ynporenust Bameit paboThl, mpuBeieHbl rpaduK MOJYICHHBIX 3aBUCHUMOCTEH, Ha KOTOPBIX
TaKXKe YKa3aHbl JIMHEHHbIe (YHKIWHU, ONUCHIBAIOLINE IOJyYE€HHBIE 3aBHCHUMOCTH. BbI MoxeTte
HCIIOJIb30BaTh MPUBE/IEHHbIE 3HAYEHUS KO3(DPHUIIMEHTOB ATHUX 3aBUCUMOCTEH.

Ta6auna 1.2. Hute (1) ropuzonranbia ¢ =0°.

n X, oM Xz, OM Mpacmk 1.2
1 11,8 11,6
5 15,2 13,6 % | |
)
3 18,5 15,9 30 y =3,264x + 8,586 //'
4 21,5 18,8 ”s l/ SRS
/
5 24,9 21,2 iy ’//I/
6 28,0 24,0 B 2 ,/// y = 2,529% + 8,686 —
X ~
7 31,6 26,5 15 —
10 )
5
0
0 1 2 3 4 5 6 7 8
n

Ta6auua 1.3. Huts (1) mox yriaom ¢ =45°.

X;, CM X5, CM Fpacpmk 1,3
11,7 11,0
151 131 % | |

1 H /.
18,7 15,6 30 y = 3,414x + 8,371

/
22,4 17,7 »s sEe8 l/‘
254 | 204
2 /

28,5 22,7 ¥~ L | y=2346x+8529
32,4 249

o

~N ool |wIN|F- D

X (cm)

\
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3aganus.

1.5. Hcnonp3ys mpuBelEHHBIE JaHHBIE, paccuUTaiiTe 3HaueHUs KOAXPPUIMEHTOB ) IS YIJIOB
oxBata B 3kcmepuMmeHTax 1.2 m 1.3. PaccumTtaiite 3HaueHUs KOXDOHUIMEHTOB TPEHUS L TIO

pe3ynbpTaTaM 3KcrepuMeHnToB 1.2 n 1.3.
Pacuer norpemHocTeil B 3TOM YHKTE HE TpeOyeTCs..

1.6. Ompenenure, npumenuma au ¢opmyia Diinepa (1) anst onucanust pe3yabTaToOB MPUBEICHHBIX
naHHbIXx. CBOM OTBET apryMeHTHpYWTe rpauueckd, WIA Ha OCHOBAaHUU JOIMOJHUTEIbHBIX
pacueToB.

1.7. Ucnonb3ys AaHHBIE BCEX SKCIEPUMEHTOB, YTOUHUTE 3HAU€HUE KOA(PPHUIIMEHTA TPEHUsI HUTH O
cTepkeHb. OLEHUTE MOTPEeIIHOCTh HANWJEHHOIO0 YTOYHEHHOro 3HaueHus. Cuutaiite, 4TO
MOTPELIHOCTH pacyera Kod(pUIMEHTOB TPEHHUs BO BCEX SKCIEPUMEHTaX OJAMHAKOBBI M COBIAJAIOT
C MIOrPEIIHOCTBIO, PACCUNTAHHOM B 3KcnepuMeHTe 1.1
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Yactp 2. TpeHne ckoJibKeHNSI HA TOPU30HTAJIBHON MOBEPXHOCTH.

Ouenka nozpewinocmeii 6 0GHHOU Yacmu 3a0avu He mpeodyemcs!

B »sroit wactu 3amauu HCCIICAYCTCA CHUJIa TPCHUSA MCEKAY IUIACTUKOBOM KOpO6KOI71 n
FOpHSOHTaHLHOﬁ IMOBCPXHOCTBIO CTOJIA.
I[J'IH MMPOBCACHUA H3MepeHI/II>'I HCIIOJIB3YETC CIICAYIOIIAasa YCTaHOBKA.

[Ipounas nerkast HepacTsbkuMasi HUTH (1-2) mepebpormiena uepes 610k (3). K cBucaromemy
KOHILy HUTH (2) mnpukpemisiorT rpy3sl (4). K apyromy ropusontasbHoMy ydactky HuUTH (1)
MpUBsI3aHa IJIACTHUKOBasi KOpoOKka (5), B KOTOPYIO YKIJIAJbIBAIOT AOIMOJHUTENbHbIE Tpy3bl (6). K
KOpoOke mpuKkperuieHa npyxuHa (7), pacloyiokeHHas TakKe TOpPU30HTaNIbHO. BTOpoi KoHel
MPYKUHBI 3aKpervieH. Ha moBepXHOCTH CTOJa 3aKperieHa MepHas JieHTa (§), ¢ MOMOIIBI0 KOTOPOH
u3MepsieTcss KoopauHata Kpass KOpoOKH. [lJis MOBBIMIEHUS TOYHOCTH U3MEPEHU KOOpAMHATHI, K
KOpOOKe MpHUKpEIUIeHa TOHKas cTperka (9).

Macchl NOABEIIEHHBIX TPy30B 0003HauuM M =NM,, Tae N, - YUCIO IOJBELIEHHBIX

3TAJIOHHBIX I'Py30B. Maccy KOpOOKM C JONOJIHUTENBHBIMU IPy3aMH 0003HauMM My =nNm, +m,,
rae N, - 4UCIO JIONOJHUTENBHBIX JTAaJOHHBIX IPY30B, NOMELIEHHBIX B KOpPOOKy, M, - Macca

KOPOOKH.

XKectkocte mpyxuHbl 0003HaunM K. HecMoTps Ha TO, 4TO B 3TOM SKCIEPHUMEHTE
HCIIONB3YETCS Ta K€ MPYXKHHA, €€ JKECTKOCTh OyIeT HEOOXOIUMO ONMpPEACiIHTh Ha OCHOBAHUH
JaHHBIX SKCIICPUMCHTOB 9TOM YacCTH.
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B ocu 010ka neHCTBYIOT CUJIbI TpeHHUs, MpeHeOperaTth KOTOpbIMU Henb3s. Koadduument
ocnaOyieHusl CWJIbl HATSDKCHHUS HUTU BCIEJICTBUE TPEHUS B OCH Oloka 0003HAUUM J . ITOT
K03 (QULKMEHT CYIIECTBEHHO OTJIMYAETCsl OT aHaJOTUYHOro Koddduirenta, HaiinenHoro B Yactu 1
JAaHHOM paOOoTHI.

KoopnuHata KOpOOKM X OTCUMTHIBAET OT Kpas CTOJIa W «HE TPUBSA3aHA» K JaHHOU
ycTaHoBKe. KoopauHaTy kopoOku mpu Hene(OPMHUPOBAHHOW MpyXKHMHE 0003Ha4uM X, (9Ty
BEJIMUMHY BaM HEOOXOIUMO OIPEIETUTD).

N3-3a Hamuums TpeHus (Kak Ha CTOJIE, TaK U B OCH 0JIOKA) CYIIECTBYET 00JIACTh «3aCTOs», B
mpenenax KOTopoil KOpoOKa MOKET HaXOAUTHCS B COCTOSTHUU TTOKOSI.

JIJ'I?I HU3MCPCHUS TI'paHUI] 3TOH 00J1acTH HCIIOJIB3YCTCA MCTOAWKA, aHAJIOTMYHasA METOAUKE,
ucnonb3oBaHHOM B Yactu 1. CHauana KopoOKy CMENIAIOT BIPABO, PACTATUBAsI MPYKUHY TaK, YTOOBI
KOpoOKa BBIIIIA W3 30HBI 3aCTOS BIIPAaBO; TIOCJIE ATOrO KOPOOKY OTIYCKAlOT M JAar0T el
BO3MOXXHOCTh MEIJICHHO IBUTAThCSA BJIEBO (MPU 3TOM HHUTH CJeTKa MPUACPKUBAIOT PYKOU) N0
octaHoBKH. KoopamHaTy MecTra OCTaHOBKH B 9TOM ciiydae 00O3HAYMM X,. 3aT€M AKCIIEPHMEHT
MOBTOPSIOT B OOpaTHOM HAIpaBJICHUH: KOPOOKY CMEINAIOT BJICBO, BBIBOJSI €€ M3 30HBI 3aCTOS;
MOTOM KOPOOKY OTIyCKalOT, M OHAa MEJUICHHO JBIDKETCS BIOpaBo (IIPU STOM HHUTh TaKKe
MPUICPKUBAIOT PYKOI) 10 OCTaHOBKU. KoopamHaTy MecTa OCTaHOBKH B 3TOM cliydae 00O3HAYHM
X, .

Humxe B Tabnuuax u Ha rpadukax HpeJCcTaBlICHbl Pe3yabTaThl U3MEPEHUI 3aBUCUMOCTEN

KOOpJMHAT OCTAHOBKM X; M X, OT YMCJa IMOJBEIIEHHELIX IPY30B NN, P Pa3IMYHOM YHCJIE TPY30B
N, , TOMCIICHHBIX B KopoOKky. Ha rpadukax npuBeneHbl ypaBHEHUS MPSIMBIX
X =ah + bl
_ b !
X, =a,n +0,

(4)

OIMUCBIBAOIIUX IMOJTYYCHHBIC JIMHEMHBIC 3aBHUCHMOCTH. ypaBHeHI/ISI MNPpUBCACHBI [JIA JIMHEMHBIX
Y4aCTKOB. BE1 MOkeTe UCIoIb30BaTh napamMeTpbl 3TUX 3aBHCHUMOCTEH B CBOMX pacueTax.

Tabiuma 2.1 n, =2

No=2

n, X, , CM X, , CM 70 | | |

A5 1 206 65 y =3,032x + 44,471 2

478| 536 . /

4

55 — /T///

59,0 65,8 50 "/ 2= 2,769x + 39,625
/ / y ) ’

45

(3]
w
3]
al
L
o
x1, x2 (cm)

~Njoja|h|w|iN|e
Ul
=
o
Ul
o
ol

40

N1
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Tabumma 2.2 n, =3 Nom3
n, Xy, CM | X, CM 0 | | | /l
1 440 48,8 o y =3,007x + 45,743
2| 445| 518 /
3] 467| 546 _ &
4| 495| 579 3 p
5/ 525| 605 N
6| 548 641 %, //
7] S81] 667 &8 / y =2,723x + 38,764
4 ¢ T/
40 T
0 1 2 3 4 5 6 7
N1
Tabnuna 2.3 n, =4
No=4
n, X,,CM | X, CM
1 44,0 49,7 i ' . .
2 44 .0 525 y = 3,050x + 46,529
) ] 6
3| 460| 555 ’
4] 483| 588 w
5| 51,6] 619 : / ,
6| 541 650 o 5 7
7| 570|617 z / St
X o & //‘
1 y=2,780x + 37,500
% * L 4 1
40
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Tabsmma 2.4 n,=5

No=5
n, X,,CM | X, CM
1 44,0 51,0 ’5 |
2 44,0 53,0 70 3.082x + 47 40’(1/‘
3 45,1 56,4 y =3,082x )
) 1 |
4 47,3 59,8 _ &
5 50,5 63,0 3w
2 ees| | o =
7 56, , - —
X
R e e
GeE2
4 Py Py y =2,820x + 36,380
40 | |
0 1 2 3 4 5 6 7 8
N1
Ta6uuua 2.5 n, =6
No=6
n, X,,CM | X, CM
1 44,0 51,7 ™ | | |
2 44,0 4.4 70 y=3,061x +48,3397
3 43,6 57,3 |
4] 463] 604 = /
5/ 489] 633 3w
6] 521| 667 N /
7 54,4 70,1 ] 5

, — 1 A
/0/(

45
P Py P y =2,740x + 35,370
| |
40

0 1 2 3 4 5 6 7 8
N1

3aganus.

2.1. Ompenenure KOOPAUHATY KOPOOKHU X, , IpH Hee(hOPMUPOBAHHOM NPy KHUHE.

Hcnonb30BaTh HaWJECHHOE 3HAYEHUE X, B JAHHOM 4YacTH 3aJa4yd HE PEKOMEHIYETCs, Tak
MOTPEIIHOCTD €T0 OIPECIICHUS BEIUKA.

2.2. Iomyuute TeopeTndeckue (HopMyJbl, OMUCHIBAIONINE 3aBUCUMOCTH KOOPIUHAT KpPAaHHUX TOYEK
30HBI 3aCTOSl X, M X, OT MacChl IOJBCIICHHOro rpy3a M, . Pe3ympTaThl BbIpasute uepes

KO GUIUCHT KECTKOCTU MPYXUHBI K, KOI(PPUIMEHT yMCHBIICHUS CHJIbI HATSKCHHS HUTH Ha
OJI0Ke ¥, M1 MOJYJIb CHIIBI TPEHUSI CKOJIbKeHUs F .
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2.3. Jlnsa Kakaoro 3HaueHMs 4uciia Tpy30B Iy, NOMELIEHHBIX B KOPOOKY, paccuuTaiite 3HaYeHUs

KECTKOCTH TPYXHHbI K W koddpdummenta y . IlpuBeaute (opmysbl, O KOTOPHIM IPOBEACH
pacdet. Pe3ynbTaThl BallluX pacueToB 3aHECUTE B TaOyHMIly B JIMcTe OTBETOB.

2.4. Vcnonp3ys Bce pe3yiabTaThl M3MEPEHHI STOW YacTH 3aJaud, pacCUMTaiiTe ¢ MUHUMAIBHOM
MOTPEITHOCTHIO 3HAYCHUS JKECTKOCTH MPYXUHBI K ¥ koapduumenrta y . [Ipuseaure Gpopmysl, mo
KOTOPBIM IIPOBEJIEH pacuer.

2.5. PaccuuraiiTe 3HAYCHHUS MOAYJIA CUJIbI TPCHUSA CKOJIBKCHUSA F I KaXXI0I0 3HA4YCHUA no -

4yucia rpy3oB B KopoOke. [TocTpoiiTe rpaduk mosy4eHHOM 3aBUCUMOCTH.

2.6 Hcrmonp3yst pe3ynbTarhl 1. 2.5, paccuuTaiTe 3Ha4YeHHE KOIP(UIIMEHTa TPEeHUsT KOPOOKH O
HOBEPXHOCTb 4 M Maccy KOpoOKu M, .
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EXPERIMENTAL PROBLEMS

Investigation of the friction force
Part 1. Friction on the cylindrical rod

Theoretical hint:

As the thread slides along the side surface of the cylinder, due
to the friction, the tension of a rope decreases by a factor of » .

This decrease in tension is described by Euler’s formula:
T =0T, =T, exp(— ,ua) 1)
where u is a coefficient of friction between the rope and the

side surface of the cylinder, « is the angle in which the rope
touches the cylinder (subtended angle by the rope).

The goal of this part of the experiment is to check the validity of the Euler’s formula, and to
determine the coefficient of reduction of tensiony and coefficient of friction x .

To perform the experimental measurements,
the set which is used is shown in the photo
and the schematic picture (on the right side).
The light and inextensible rope (1-2) is
passed over horizontally fixed rod (3). One
end of the rope (1) is attached to the spring
(4) and the other end of the spring is fixed
(4). Loads (5) of different masses are
attached to other end of the rope (2). The
point at which the spring is attached can be
changed, so that one can change the angle ¢
between the part (1) of the rope with the
horizontal.

In all experiments the same spring is used.
We denote the spring constant by k, and we
can assume that the elastic force of this
spring obeys Hook’s law

F =kAXx , 2
where AXx - is the extension of the spring. The spring cannot be compressed. Neglect the mass of
the spring.

The measurements technique.

During the experiments the length of the spring xis measured for different masses of the
attached loads in the state of rest.

Due to the presence of friction, the weights and spring may be in equilibrium within a
certain range of their positions (rest range). To determine the boundaries of this rest range,
measurements are carried out as follows:

Experimental Competition Problems 1
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- the load is lowered down below the equilibrium position, while the spring is stretched,
after which the load is allowed to rise very slowly (for this purpose, the rope is held by a hand
during its motion) until it stops; thereafter, the length x, of the deformed spring is measured;

- the load is lifted above the position of equilibrium, then the loads slowly (the rope is again
slightly held by hand) lowered until they stop; after that the length x,of the deformed spring is

measured .

Measurements of the lengths of the spring are performed by using a metallic ruler. The
instrumental error of the measurement is dx = 0,5 mm,
To change the mass of the suspended loads, a different number of standard loads were suspended
from the rope, each with a mass equal to m, =(100,0+05)g .

The acceleration due to gravity is assumed to be g = 9,81m2.
S

Experiment 1.1

In this experiment rope (1) is located vertically (¢ =90°).
Results of the measurements of the boundaries of equilibrium positions x, and x, with different
numbers n of suspended standard loads are shown in Table 1.1.

Table 1.1
n X;,em | X,,cm
1 12,2 10,8
2 16,1 12,4
3 20,2 14,1
4 24,1 16,6
5 27,5 19,2
6 30,7 21,3
7 34,2 23,6

Tasks.

1.1 Obtain theoretical formulas for the dependencies of the lengths of deformed spring xl(m),
xz(m) on the mass m of suspended loads. Express the results in terms of the following set up
parameters: the spring constant k , its length in an undeformed state |,, the coefficient of the
reduction y of the rope’s tension against the rod.

1.2 On one form in the Answer sheet, construct the graphs of the experimental dependencies of the
lengths of the spring X, and x, on the number of suspended loads n.

Experimental Competition Problems 2
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1.3 Assuming that the obtained experimental dependencies are linear and described by the
following functions
X, =an+hb
1 _ai 1 1 (3)
X, =a,n+Db,
Calculate the numerical values of the parameters (a,, b, a,, b, ) of these dependencies. Estimate the
errors of the mentioned parameters.

1.4 Using the obtained data, calculate:

- the length |, of the spring in an undeformed state;

- the spring constant k of the spring;

- coefficient of reduction » of the tension;

- coefficient of friction x between the rope and the rod;

Estimate the errors of the found values. Give the formulas by which you made your calculations.

Experiments 1.2, 1.3.

In these experiments, the similar measurements have been done for the following positions of the
rope (1):

- horizontally ¢ =0 (experiment 2);

- makes an angle of ¢ =45° with horizontal (experiment 3).

On the Tables 1.2, 1.3 the results of the experiments 2, 3 (dependencies of the lengths of the spring
x, and X, on the number of the suspended standard loads n) are shown.

To simplify your work, the graphs of the obtained dependencies and linear functions which describe
these dependencies are given. You can use the values of the coefficients of these functions.

Table 1.2. The rope (1) is horizontally located ¢ =0.

Graph 1.2
n X11 cm X2 ) cm
1 11,8 11,6 35 ‘ ‘ ‘ /l
2 15,2 13,6 30 y =3,264x + 8,586
3 185 | 159 N 4
4 215 | 188 _—
4
5 249 21,2 —E—ZU // y=2,529x+ 8,686
6 280 | 240 2 /
7 31,6 26,5 ¢
10
5
0
0 1 2 3 4 5 6 7 8
n
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Table 1.3. The rope (1) makes an angle of ¢ = 45°.

n X;, tm X,, cm Graph 1.3
1 11,7 11,0 35 ‘ ‘ |
2 15.1 131 30 y = 3,414x + 8,371 )
3 18,7 15,6 l/c/
4 22,4 17,7 % /
5 25,4 20,4 20 E——
28,5 22,7 5 y = 2,346x+ 8,529
6 ! ! =< 15
7 32,4 24,9
10
5
0
0 1 2 3 4 5 6 7 8
n
Tasks.

1.5 Using the data provided, calculate values of the coefficients y for the coverage angles

(subtended angles by the rope) in experiments 1.2 and 1.3. Calculate the values of the coefficients
of friction x using the results of experiments 1.2 and 1.3.

Error estimation in this part is not required.

1.6 Determine if Euler's formula (1) is applicable to describe the results of the given data. Give the
argument to your answer graphically, or based on additional calculations.

1.7 Using the data of all experiments, specify the value of the coefficient of friction between the
rope and the rod. Estimate the error of the specified value of the coefficient of friction. Consider
that the errors in calculating the coefficients of friction in all experiments are the same and coincide
with the error calculated in the experiment 1.1

Experimental Competition Problems 4
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Part 2. The kinetic friction on the horizontal surface.

An estimation of errors in this part of the problem is not required!

In this part of the problem, the friction force between the plastic box and the horizontal
surface of the table is investigated.
The following setup is used for measurements.

A strong rope (1-2) is passed over the block (3). Loads (4) are attached to the hanging end of
the rope (2). A plastic box (6) is tied to another horizontal section of the rope (1), into which
additional weights (6) are placed. A spring (7) is attached to the box, which is also horizontal. The
other end of the spring is fixed. A measuring tape (8) is fixed on the surface of the table, with the
help of which the coordinate of the edge of the box is measured. To increase the accuracy of
coordinate measurements, a thin arrow is attached to the box (9).

We denote the masses of the suspended loads by m =nm,, where n, is the number of
suspended reference loads. We denote the mass of the box with additional weights by
m, =n,m,, +m,, where n, is the number of additional reference loads placed in the box, m, is the
mass of the box.

The spring constant is denoted by k. Although the same spring is used in this experiment,
its spring constant will need to be determined based on the experimental data in this part.

Experimental Competition Problems 5
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Friction forces act in the axis of the block, which cannot be neglected. The coefficient of
weakening of the rope tension due to friction in the axis of the block is denoted by y. This
coefficient is significantly different from the similar coefficient found in Part 1 of this work.

The coordinate of the box is measured from the edge of the table and is not "tied" to this
setting. We denote the coordinate of the box by x when the spring is not deformed (you need to
determine this value).

Due to the presence of friction (both on the table and in the axis of the block) there is an area
of "rest range" within which the box can be at rest.

To measure the boundaries of this region, a technique similar to that used in Part 1 is used.
First, the box is displaced to the right, stretching the spring so that the box is out of the rest range
zone to the right; after that, the box is released and allowed to slowly move to the left (while
holding the thread slightly with the hand) until it stops. In this case, we denote the coordinate of the
stopping place by x,. Then the experiment is repeated in the opposite direction: the box is shifted to
the right, taking it out of the rest range zone; then the box is released, and it slowly moves to the
right (while the thread is also held by the hand) until it stops. In this case, we denote the coordinate
of the stopping place by x, .

The tables and graphs below show the results of measurements of the dependences of the
coordinates of the stop x, and x, on the number of suspended loads n,, with a different number of

loads n, placed in the box. The graphs show the equations of the straight lines
Xlia1n1+bl , (4)
X, =a,n, +b,
describing the obtained linear dependences. Equations are given for linear sections. You can use the
parameters of these dependencies in your calculations.

Table 2.1 n,=2
No=2
n, X,, Cm X;, €M 70
1] 440 475 |
> 45,1 50,6 65 y= 3 032x+44471___ T
3 47,8 53,6
4 51,0 56,5 =% g
] ' E
5| 535| 596| | & /'/
6 56,1 62,6 =
7] 590| 658 ) / / y= 2769x+39,625
45
s 2
40
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70

65

60

No=3

y = 3,007x + 45,743 /l

2

Table 2.2 n, =3
n, X,, Cm | X;, cm
1 44,0 48,8
2 44,5 51,8
3 46,7 54,6
4 49,5 57,9
5 52,5 60,5
6 54,8 64,1
7 58,1 66,7
Table2.3 n,=4
n, X, cm | X, cm
1] 440 497
2 44,0 52,5
3 46,0 55,5
4 48,3 58,8
5 51,6 61,9
6 54,1 65,0
7 57,0 67,7

x1, x2 (cm)

70

65

60

55

50

45

40

E S
L
N 55
x
X 50 .”’ "””‘
y = 2,723x + 38,764
45 "”A
L 4
40
1 2 3 4 5 6 7
N1
No=4

[ [ [
y = 3,050x + 46,529 >

//}
/'/ Pt
T /
) / y = 2,780x + 37,500
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~
o

~
o

[=2]
o

No=5

y =3,082x + 47,4(1)‘/

Table 2.4 n, =5
n, X,, Cm | X;, cm
1 44,0 51,0
2 44,0 53,0
3 45,1 56,4
4 47,3 59,8
5 50,5 63,0
6 53,3 66,0
7 56,2 68,9
Table 2.5 n, =6
n, X,,cm | X;, cm
1] 440 517
2| 440| 544
3 43,6 57,3
4 46,3 60,4
5 48,9 63,3
6 52,1 66,7
7 54,4 70,1

50

45

40

5 60
B 55 P ad
% ‘/’/”"" —
X ‘T””’A
50 /
45 ry ry y= 2‘,820)( + 36,380
40 '
1 2 3 4 5 6 7 8
N1
No=6
75
S
70 y=3,061x +48339 — _#
65
5 . /
N "’,/d””’
X 55
* o/””'r A

y = 2,740x + 35,370

1 2 3 4 5 6 7
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Tasks.

2.1 Determine the coordinate of the box x,, when the spring is not deformed.

It is not recommended to use the found value of X, in this part of the problem, since the error in its
determination is large.

2.2 Obtain theoretical formulas describing the dependence of the coordinates x, and x, of the
extreme points of the rest range zone on the mass of the suspended load m,. Express the results in
terms of the spring constant k , the coefficient of reduction of the rope tension on the block y, and
the magnitude of the sliding friction force F .

2.3 For each value of the number of loads n, placed in the box, calculate the values of the spring
constant k and coefficient » . Give the formulas for the calculation.

2.4 Using all the results of measurements of this part of the problem, calculate with a minimum
error the values of the spring constant k and coefficient 7. Give the formulas by which the
calculation was carried out.

2.5 Calculate the values of the magnitude of sliding friction force F for each value of the number
of loads n, in the box. Plot the graph of obtained dependence.

2.6 Using the results of part 2.5, calculate the value of the coefficient of friction of the box on the
surface # and the mass of the box m, .
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