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BELARUSIAN STATE UNIVERSITY

BEEJIOPYCCKWIA TOCYOAPCTBEHHBI YHUBEPCUTET

A SET OF LABORATORY FACILITIES IN
SECTION «MECHANICS»

The set includes 8 laboratory facilities and a suite of methodical and
computer support. Each facility enables to carry out several series of
laboratory experiments the choice of which may depend on the specificity
of the courses read and the specific character of specialists' training. The
core set of measurements series is intended for 4 academic-hour laboratory
work. Measured parameters relative accuracy makes not less than 5 %.

KOMMNNEKC NTABOPATOPHbBIX YCTAHOBOK
MO PA3AENY «MEXAHUKA»

Komnnekc coctont u3 8 nabopaTtopHbIX YCTAHOBOK W KOMMJIEKTA METO-
[NYeCcKoro 1 KOMMbIOTEPHOrO COMPOBOXAEHUA. Kaxzaad M3 yCcTaHOBOK
MO3BONSET NPOBOAUTL HECKONBKO Cepuii 1abopaTopHbIX 3KCMEPUMEHTOB,
BbIOOP KOTOPbIX MOXET OblTb CAeNMaH C YY4eTOM Cheuudmk YuTaemblx
KypCcOB W Xapaktepa noArotoBku creuuannctoB. bas3osblii Habop cepun
W3MEpEHMIA paccunTaH Ha NpoBefeHne n1abopaTtopHoOn paboTsl B TeYeHUe
4 akapemuyeckux yvacoB. OTHOCWUTE/bHAA MOTPELLUHOCTL U3MepseMbIX
napameTpoB MeHee 5 %.
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A SET OF LABORATORY FACILITIES IN SECTION «MECHANICS»

KOMM/EKC NABOPATOPHBIX YCTAHOBOK 10 PA3AENY «MEXAHUKA»

Physical and mathematical
pendulums

The facility enables to study the properties
of physical and mathematical pendulums.
The period of swing depending on the
given physical pendulum length can be
determined and using Bessel method the
gravity factor can be calculated.

Damped oscillations study

The facilities enable the study of oscillations
of physical pendulum provided that viscous
and unlubricated friction is available The
change if the moment of viscous forces has
been provided. PC displays the results of
the experiment in the form of a diagram.
Q damping time relative measurement error
makes - 5 %.

www.bsuproduct.by

dusnyeckuii 1 matemaTnyeckuii
MasiTHUKM

YcTaHoBka MO3BOSISIET M3y4yaTb CBOIACTBA
(hM3NYECKOr0 M MaTeMaTUYECKOro MasiT-
HUKOB. OnpeaenseTcs nepuop koneGaHmi,
€ro 3aBUCUMOCTb OT NPUBEAEHHON A/ INHI
(h13MYeckoro MasiTHUKA U MeTOfOM
Beccens BblUMCNSETCS YCKOPEHUe CBOGO-
HOro NajieHus.

13yuyeHne 3aTyxaroLmnx
konebaHui

M3yyatoTcs KonebaHns pu3nyeckoro
MasATHUKa NpY Ha/IM4YMK BA3KOTO U CyXOro
TpeHusa. [lpedyCMOTPEHO W3MEHEeHMe
MOMEHTA BA3KWUX CWA. Pe3ynbTaTthbl akcne-
pUMeHTa B BWAE rpaduka BbIBOLATCH
HEnocpefCcTBeHHO Ha MoHuTOp OBM.
OTHOCHTENbHAA NOTPELLHOCTL U3MEPEHMA
BPEMEHY 3aTyXaHus JOOPOTHOCTU W T.4. -
5 %.




A SET OF LABORATORY FACILITIES IN SECTION «MECHANICS»

KOMMMJIEKC NABOPATOPHBIX YCTAHOBOK 1O PASAENY «MEXAHUKA»

/3yyeHne NHePLMOHHbIX
CBOICTB TBepAbIX Ten

MeTOof0M KpyTUMbHbIX KONebaHwii onpeae-
NSeTCA TEH30p WHepuuM TBEpAbIX Ten
NPaBWILHON (HOPMbI.

N3yueHne KonebaHuii CBA3aHHbIX
MasiTHUKOB

Nccnepytotca KonebaHus CBA3aHHbIX
(PU3NYECKNX MASTHUKOB NpU pasinyHoM
koadpcpuupmente cBasu. OnpedenstoTcs
4aCTOTbl HOPM&JIbHbIX KOMeGaHWi 1 ux
3aBMCUMMOCTb OT KO3(h(PMLMEHTa CBA3M.
PesynbTaTbl 3KCNepvMeHTa B BuAe
rpadmka BbIBOAATCA HAa MOHUTOP SBM.

Study of solids inert properties

Using the torsion oscillations method regular
shape solids inertia tensor is determined.

Study of coupled pendulums
swings

The facility enables study of coupled
physical pendulums swings at different
coupling ratio. We determine normal
swings frequencies and their dependence
on the coupling ratio. PC displays the
results of the experiment in the form of
adiagram.

www.bsuproduct.by




A SET OF LABORATORY FACILITIES IN SECTION «MECHANICS»

KOMMJIEKC NABOPATOPHBIX YCTAHOBOK 10 PASAENY «MEXAHUKA»

Study of thin films oscillations

Using resonance method it is possible to
study the form of oscillations of thin films
depending on their length and thickness.
Lengthwise sound waves velocities are
measured in plates' materials Relative error
of velocity measurement makes 5 %.

Determination of acoustic
velocity in air

Using the method of standing
waves in a pipe the acoustic

velocity in air is determined. The
graphical display shows the

pressure oscillation amplitude depending on frequency.
Velocity measurement absolute error makes 2 %.

Study of elastic properties

Checking of Hooke law and determination
of elastic module and shift module is carried
out on two facilities. Modules measurement
absolute error makes 5 %.

www.bsuproduct.by

3yueHne KonebaHuin TOHKMUX

MN1aCTUHOK

Pe30HaHCHbIM METO/IOM U3yyatoTcst hopma
KOneGaHnii TOHKMX NIaCcTUHOK B 3aBUCK-
MOCTI OT WX [/IMHbI 1 TOMWMHBI. 3Meps-
I0TCS CKOPOCTU MPO/O/bHbIX 3BYKOBbIX
BOMH B Matepuane nnactuHok. OTHocK-
TeNlbHas MOrPELHOCTb W3MEPEHUS
ckopocTy 5 %.

OnpepaeneHne CKOPOCTM 3BYKa

B BO3yxe

MeToa0M CTOsUMX BOSH B TPy6E onpefe-
NsieTcs CKOpPOCTb 3BYKA B BO3dyxe. Ha
rpadmueckom paucnnee otobpaxaercs
amnauTyaa koneGaHui aBneHns B 3aBu-
CMMOCTM OT Y4acToTbl. AGCONMOTHAs
MOrPELLHOCTb U3MEPEHNS CKOPOCTH 2%.

N3yyeHune ynpyrmx cBOiCTB

MpoBepka 3akoHa lyka ¥ onpefeneHue
MOAyNs YNpyrocT 1 MoAyns chsura
Npou3BOANTCA Ha [BYX YCTaHOBKaX.
ABCOMIOTHAs MOTPELUHOCTb  M3MEPEHMS
Mopayneii 5 %.




A SET OF LABORATORY FACILITIES IN SECTION «MECHANICS»

KOMMMJIEKC NABOPATOPHBIX YCTAHOBOK 1O PASAENY «MEXAHUKA»

3yyeHne CBOWNCTB Y/bTPa3BYKOBbIX Study of ultrasonic waves properties
BOJIH 1 ahcpekT [lonnnepa and Doppler's principle

3yyaeTcsa pacnpocTpaHeHue ynbTpassy-
KOBbIX BOMH B BO3fyxe. Onpepensercs
koa(bdomumeHT 3atyxaHus. B pabote
NPeAyCMOTPEHO [BWXEHNE NMPUEMHMKA
WCTOYHMKA W3MYYEHUs, 4TO MO3BONSET
NpoBepuUTbL Teoputo athdpekta lonnnepa.

Ultrasonic wave propagation in air is studied. Damp
coefficient is determined. The work provides the
movement of the receiver and the radiation source
which enables to check the theory of Doppler's
principle.

www.bsuproduct.by




BELARUSIAN STATE UNIVERSITY

BEEJIOPYCCKWIA FTOCYAAPCTBEHHbI YHUBEPCUTET
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A SET OF LABORATORY FACILITIES IN
SECTION «MOLECULAR PHYSICS»

A set of laboratory equipment to carry out laboratory physical practicum in
the course of «Molecular physics» includes 8 laboratory facilities and
methodology to them as well as one computer program modeling one of
the most important classical experiments of statistical physics Kapler's
experiment.

KOMMNNEKC JTABOPATOPHbBIX YCTAHOBOK
[0 PASLAENY «MONEKYTAPHAA ®USNKA»

Komnnekt nabopatopHoro 060pyfoBaHus Ans NpoBeAeHNs 1abopaTopHoro
(h131YeCKOro npakTukyma no kypcy «MonekynsapHas usvka» COCTOUT U3
8 nabopaTopHbIX YCTAHOBOK 1 METOAMYECKOrO 06eCneYeHns K HUM, a Takke
O[JHOM KOMMbIOTEPHOW NMpOrpaMmbl, MOAENMPYIOLEN OAUH U3 BXKHEMLLMX
KNacCU4ecKmx OmnbITOB CTATUCTUYECKOM IM3MKK - OnbIT Kaniepa.




A SET OF LABORATORY FACILITIES IN SECTION «MOLECULAR PHYSICS»

KOMIMNEKC NABOPATOPHbIX YCTAHOBOK O PA3AENY «MONEKYTAPHAA GUNKA»

Bodies' heat capacity
measurement

The laboratory facility enables to
study the process of heat excha-
nge with ambient medium, to
measure bodies' heat capacity.
The graphical display shows the

AI3mepeHne Ten10eMKOCTU Tes

NabopaTopHasi yCTaHOBKa NpeAHa3HaueHa
[N M3y4YeHns mpolecca TennoobmeHa ¢
OKpYXaloLLEl cpeaoil, M3MepeHIst Tenso-
emkocTi Ten. Ha rpadmyeckom gucnnee

BbIBOLATCA rpagukyt 3aBUCKMOCTU TeMre- o diagrams of dependence of body
paTtypbl Te/1 OT BPEMEHU HarpeBaHus. temperature on heating time.  Voltage and current
3HaueHNs TOKa U HaNPSXEHUSA BbIBOAATCA Ha CUM- values are shown on a character display. Temperature
BONbHOM Aucnnee. AGCOMKTHAs MNOrpeLHoOCTb measurement absolute error makes 0.25 °C, time
n3mepeHus Temneparypsbl 0,25 °C, BpemeHn 0,2 c. measurement absolute error is 0.2 s.

Determination of metals
thermal characteristics

The laboratory facility enables to
study heat conductivity pheno-
menon in metal at stationary and
periodic heating of one of the
ends of a metallic rod. In the

OnpepgeneHne TeNI0BbIX
XapakTepuCTUK MeTas/1oB

NlabopaTopHas yCTaHOBKA NMpeAHasHaueHa
[N N3y4eHNs IBNEHNS TENIONPOBOAHOCTH
B METas/e NMpy CTaLMOHapHOM U Nepuoau-
YECKOM HarpeBe OfJHOrO M3 KOHLIOB MeTas-
IMYECKOrO CTEPXHS. B nocnefHem cyyae

B CTEpPXHE pacnpocTpaHseTcs Tensosas latter case a thermal wave is
BO/IHA. Ha rpadmueckom aucnnee BbIBOAATCA rpa- propagated. The graphic display introduces diagrams
(OUKN  3aBUCUMOCTM TeMMNepaTypbl CTEPXHA OT of dependence of rod temperature on the time in
BPEMEHN B 7 TOYKax CTepHs. ABCOMIOTHAA Mor- seven points of the rod. Temperature measurement
PELHOCTL M3MepeHus Temnepatypbl 0,1 °C, absolute error is 0.1 °C, time measurement error
BpemMeHmn 1 c. makes 1 s.

www.bsuproduct.by




A SET OF LABORATORY FACILITIES IN SECTION «MOLECULAR PHYSICS»

KOMMJIEKC TABOPATOPHbLIX YCTAHOBOK MO PASAENY «MOJTIEKYNAPHAA GU3UKA»

Study of entropy at heat

exchange

The laboratory facility enables to
study heat exchange process
between a heater and surrounding
bodies as well as between a

heater and a body, This makes possible to calculate
closed system entropy. The graphical display builds
diagrams of dependency of bodies on time in the

process of heating and heat exchange.

Study of first-order

phase transition (fusion)

The laboratory facility enables to
study the phenomenon of fusion
of a solid. s melting The graphic
display introduces graphs of

iccnefoBaHne 3aHTponuu npu

TEN/1I000MeHe

JlabopaTopHas yCTaHOBKa NpeHa3HaveHa
ANS U3ydeHns npouecca TennoobmeHa
MeXZy HarpeBaTefieM U OKpyXatoLmu
Tenamu, a Takke Mexay HarpeBaTenem u

Te/IOM. 3TO MO3BOMSET BbIUUCAUTL U3MEHEHWE
SHTPOMMM 3aMKHYTON CMCTEMbI. Ha rpacgmyeckom
Aancnnee cTposaTcs rpadmkm 3aBUCUMOCTY
TEeMnepatypbl TeN OT BPEMEHU MPU HarpeBaHUM 1
TEennoooMeHe.

dependence of pot temperature and Wood's alloy
temperature on the time by which the specific heat

of fusionis determined.

Study of first-order phase
transition (liquid-gas)

The laboratory facility makes it
possible to obtain the dependency
of pressure of saturated vapors of
water gases on the temperature
from 30 to 100 °C. This enables
to check Clapeyron-Clausius
equation and to calculate the molar
heat of phase transition liquid-vapor.
Phase transition heat measurement
relative error makes 5 %.

www.bsuproduct.by

[TITETTTTT]

N3yueHne hazoBoro nepexoga
l-ro poga (nnaenexHue)
JlabopatopHas ycTaHoBKa npefHasHaveHa

[N U3yYeHWst SBNEHUS NNaBNeHns TBep-
foro Tena. Ha rpaduueckom aucnnee

CTPOATCA 3aBMCUMOCTM Temneparypbl CTakaHa W
Temneparypbl cniasa Byaa 0T BpeMeHu, No KOTOPbIM
onpegenaeTca yaenbHaa TenioTa niasJaeHus.

3yyeHne ha3oBOro nepexoda
l-ro poga (KmaKocTb-ras)

NabopatopHasa ycTaHOBKa MO3BONAET
MoMy4nTb 3aBUCUMOCTb [AB/IEHUA HACbI-
LEHHbIX MapoB BOAbI OT Temneparypbl B
npegenax ot 30 go 100 °C. 3ro pgaer
BO3MOXHOCTb MPOBEPUTbL YypaBHEHUe
KnaneilpoHa-Knaysuyca u BblYUCAUTD
MOJIAIPHYI0 TenaoTy (ha3oBoro nepexoga
XugakocTb-nap. OTHOCUTENIbHAA MOTPEeLLHOCTb
U3MepeHus TennoTsl (ha3oBoro nepexoga 5 %.




A SET OF LABORATORY FACILITIES IN SECTION «MOLECULAR PHYSICS»

KOMIMNEKC NABOPATOPHbIX YCTAHOBOK O PA3AENY «MONEKYTAPHAA GUNKA»

Gases heat conductivity

The laboratory facility enables to
study one-dimensional process
of gases heat conductivity. In the
result of the experiment all mole-
cular characteristics of molecular
heat motion are measured with a
relative error making 5 %.

TenonpoBOAHOCTL ra3oB
NlabopaTopHas ycTaHOBKa NpefHasHayeHa
AN U3y4eHus OfHOMEPHOro npouecca
CTalllOHapHOM Ten0npPOBOAHOCTM Ta30B.
B pe3ynbTare aKcnepuMeHTa 13MepsaroTcs
BCE MOJIEKY/IAPHbIE XapaKTepuCTUKM
TEN/I0BOrO ABWKEHWUS MOJIEKYN C OTHOCH-
Te/bHON NOrPELLHOCTbI0 5 %.

I3mepeHne Temnepatypsbl Temperature measurement

The laboratory facility enables to
study the methods of temperature
measurement using six thermo-

ﬂa6opaTopHaﬂ yCTaHOBKa MpeaHasHa4eHa Sensors.

[N N3y4YeHNs METOZ0B U3MEPEHNS TeMne-
PaTypbl C MOMOLLbIO LIECTV TEPMOJATUMKOB.

Determination of molecular
motion characteristics

OnpefeneHne XxapakTepucTuk
MOJIEKYISIPHOTO [1BUXEHMUS]

Using Poiseuille method it is
possible to determine the follo-
wing characteristics of molecular
motion: average speed, average
length of free run and molecular
effective diameter with the rela-
tive error making 5 %.

NabopatopHas yCTaHOBKa MO3BONSET Ha
ocHoBe MmeToga [yaseins onpegenstb
TaKe xapakTepucTykv TEMIOBOrO ABUXe-
HWA MOJIEKYN, KaK CpPefHsAs CKOPOCTb,
CpefHss [AnMHa CBOGOAHOrO npobera u
3heKTMBHbI uameTp MONeKyn ¢ OTHO-
CUTENbHOIA NOTPELLHOCTbI0 5 %.

www.bsuproduct.by




BELARUSIAN STATE UNIVERSITY

BEEJIOPYCCKWIA FTOCYAAPCTBEHHbI YHUBEPCUTET

A SET OF LABORATORY FACILITIES IN
SECTION «ELECTRICITY AND MAGNETISM>»

A set of laboratory equipment to carry out laboratory physical practicum in
the course of «Electricity and magnetism» includes 8 laboratory facilities
and methodology. The eight laboratory facilities are designed in the same
style and include a microprocessor unit which enables to carry out analog-
digital conversion of currents and voltages output signals in the studied
samples which are shown on graphical and symbol displays. The output of
data can be manual and in case of necessity they may be printed. The
information exchange with a PC is possible when a slight modification is done.

KOMMEKC JTABOPATOPHbIX YCTAHOBOK
MO PA3JEY
«INEKTPUYECTBO N MATHETU3M»

Komnnekt nabopaTopHOro 060pyAOBaHWsS Ans y4eGHOro (husnyeckoro
MpakTKyma no 3MeKTPUYECTBY 1 MarHeTM3My COCTOUT 13 8 nabopaTopHbIX
YCTAHOBOK W METOANYECKOro 06ecreyeHns. YCTAaHOBKM BbINOSHEHbI B
e1HOM CTINE 1 COEPXaT MUKPOMPOLIECCOPHYIO CUCTEMY, NO3BOASIHOLLYH
NPOM3BOAUTb aHANOro-LMpoBOe NpeotpasoBaHiie BbIXOAHbIX CUTHAsIOB
TOKOB 11 HANPsHKEHWIA B CCNeyemMblX 06pasLiax, KOTOpble 0TOGPAXATCS
Ha rpad)yeckoM M CUMBOMBHOM AuCh/esiX. BbiBoA MH(OpMaLuM o
NPOBE/IEHHbIX N3MEPEHMSIX MOXET OCYLLECTBNATLCS B PyYHOM PEXMME, a
npu Heo6X0AMMOCTN - Ha MpuHTEp. Mpn He3HauMTENbHON MoAUdUKaLmN
BO3MOXHa peanu3alins o6MeHa MHAopMaLlneit ¢ KOMMbIOTEPOM C nocneay-
toLLeii 06paBbOTKON SKCNEPUMEHTA/IbHBIX PE3Y/bTATOB.

www.bsuproduct.by
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A SET OF LABORATORY FACILITIES IN SECTION «ELECTRICITY AND MAGNETISM»

KOMMNEKC NABOPATOPHbIX YCTAHOBOK MO PA3LENY «3NEKTPUYECTBO U MATHETIA3M»

3akoH Oma ans ueneil

MNepemMeHHOro Toka

YCTaHOBKa NpeAHasHaueHa ans nposepkm — —
3akoHa Owma B Liensx nepemMeHHoro Toka
C CeMbl0 pas3/MyHbIMM Harpyskamu. Ha
rpagmyeckom gucnnee BbIBOAATCS
rpaukn 3aBUCUMOCTU MIHOBEHHbIX
3HAYEHWA CUMbl TOKA U HanpsKeHns B
npesenax OAHOro nepuoga. AMNINTYAHOe 3HaYeHne
HaNPSKEHNS MOXHO U3MEHSATb AUCKPETHO C LUArom
0,5 B B npegenax ot 0 go 5 B. HenocpefcTBeHHO
N3MepsieMbIMA BEIMYNHAMW SBNAKOTCA AeiCTBYHO-
Lie 1 MrHOBEHHbIE 3HAYEHWS HAMPSKEHWUA U TOK,
a TaKkke (asoBblil CABUT MEXZY TOKOM U Hanpsxe-
HUEM C OTHOCUTE/IbHO NOrPeLIHOCTBIO0 < 1 %.

MoLHOCTb 1 caBUr (ha3 B

Lenax nepeMeHHoro Toka

YCTaHoBKa npefHasHayeHa 19 u3yyeHns
npeobpa3oBaHus ANEKTPUYECKON IHEPrum
B LIENsAX NepeMeHHOro Toka ¢ CeMblo pas-
JINYHBIMU  Harpyskamn. Ha rpaguyeckom
Aucnee BbIBOAATCS rpagonkm 3aBrcuMoc-
T MrHOBEHHbIX 3HAYEHWA CUMbl TOKa W
HanpsXeHns B npejenax 0fHOro neprosa.
AMNANTYAHOE 3HAYEeHWe HaMpPSHKEHWUS MOXHO U3Me-
HATb AuckpeTHo ¢ warom 0,5 B B npegenax ot 0 o
5 B. HenocpefCTBEHHO V3MepseMbIMU BENYMHAMM
ABNANTCSA AEACTBYIOLNE N MIHOBEHHbIE 3HAYEHUS
HaNpPsXXKEHW 1 TOKa, a Takke (HasoBblid CABUT MEXAY
TOKOM 11 HanpshKeHWEeM C OTHOCMTENbHOI norpeLl-
HOCTbI0 < 1 %.

Ohm's law for alternating
current circuits

The facility enables to check
Ohm's law in alternating current
circuits for seven different loads.
The graphical display introduces
the diagrams of dependence of
instantaneous  currents and
voltages within the range of one period. The amplitude
value of voltage can be measured discretely with the
step of 0.5 V within the range from 0 to 5 V. Actual
and instantaneous voltages and currents as well as
a phase shift between current and voltage are directly
measured with the relative error <1 %.

Power and phase shift in
alternating current circuits

« The facility makes it possible to
study conversion of electrical
energy in alternating current
circuits for several different loads.
The graphical display introduces
diagrams of dependence of
instantaneous current and voltage

within the range of one period. The amplitude value

of voltage can be measured discretely with a step
of 0.5 V in the range from 0 to 5 V. Actual and

instantaneous currents and voltages as well as a

phase shift between current and voltage with relative

error making <1 % are directly measured values.

www.bsuproduct.by
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A SET OF LABORATORY FACILITIES IN SECTION «ELECTRICITY AND MAGNETISM»

KOMMNEKC NABOPATOPHbIX YCTAHOBOK MO PA3LENY «3NEKTPUYECTBO U MATHETIA3M»

Dependence of metals
and semiconductors
resistance on temperature

The facility is designed to check
the law of measurement of two
metals (copper, platinum)
resistance and two doped semiconductors (germa-
nium, silicon) resistance from temperature. The
interval of temperature change makes 20-100 °C. The
graphical display simultaneously builds four diagrams
of dependency of resistance from temperature.
Temperature and resistance measurement relative
error is < 1 %.

Study of magnetic hysteresis

study the magnetic properties of
three various materials (soft iron,
iron and ferromagnetic). The
graphical display builds the cor-

The facility makes it possible to ! Fa prsen st (e s 1

3aBUCUMOCTb COMPOTUB/IEHUS
METas1/10B ¥ NOYrnpPOBOAHNKOB
OT TemMnepatypbl

YCTaHOBKa npeAHa3HauveHa 415 NpoBepky
3akOHa W3MEHEHUs CONPOTUBNEHUS ABYX
MeTansoB (Mefpb, NnaTuHa) u AByX neru-
POBaHHbIX MOMYNPOBOAHMKOB (repMaHuii, KPeMHMiA)
OT Temneparypbl. /HTepBan uM3MeHeHus Temnepa-
Typbl 20-100 "C. Ha rpadpuyeckom gucniee ogHoBpe-
MEHHO CTPOATCA YeTblpe rpadmka 3aBUCUMOCTY
CONpPOTUBNEHUS OT Temnepatypbl. OTHOCUTE/bHAsA
MOrPELLHOCTb WM3MEepPeHUs TemnepaTypbl W COmMpo-
TMBNeHns < 1 %.

3yyeHne MarHuTHoro ructepesumca

YcTaHoBKa npedHasHayeHa Ans uccneno-
BaHMS MarHUTHbIX CBOICTB TPEX Pa3nnyHbIX
Marepuanos (MArKoro Xenesa, xenesa u
(heppumarHeTnka). Ha rpadmyeckom
[Cr/Iee CTPOATCS COOTBETCTBYIOLLME NET/IN

responding hysteresis loops, in accordance with
which the dependence of magnetic permeability of
the studied sample from magnetic induction value is

rMCTEPe3nca, No KOTOPbIM YCTaHaBNMBAETCS 3aBu-
CMOCTb MarHUTHOI NMPOHMLLAEMOCTH UCCeyeMbIX
06pasL0oB OT BE/IMUMHbI MArHUTHOI MHAYKLWW.

established.
Study of relaxation processes

The facility makes it possible to
study relaxation oscillations in
oscillation circuit, condenser
charging and discharging and
relaxation generator operation.

www.bsuproduct.by

M3yueHune penakcaLyoHHbIX
MpoLieccoB

YcTaHoBKa MpefHasHaueHa Anst U3yuyeHns
3aTyxalolmx konebaHuii B kone6atebHoM
KOHType, npoLecca 3apsifkv 1 paspsiaki
KOHfieHcaTopa 1 paboTbl penakcaLyioHHOro
reHepartopa.




A SET OF LABORATORY FACILITIES IN SECTION «ELECTRICITY AND MAGNETISM»

KOMMNEKC NABOPATOPHbIX YCTAHOBOK MO PA3ZAENY «3/IEKTPUYECTBO A MATHETI3M»

ONEeKTPUYECKNIA pe30HaHC

YCTaHoBKa NpeAHasHayeHa ans n3yveHus
pe3oHaHca B NOCAeA0BaTe/IbHOM U
napannenbHoM konebaTesibHbIX KOHTYpax
C pas/IMYHbIMKA 3HAYEHNSIMW NapamMeTpoB
R, Lu C (no 5 gns kaxgoro). Ha rpadm-
4eCKOM [JuCnee CTPOATCH Pe30HaHCHbIE

=

Electric resonance

The facility makes it possible to
study resonance in series and
parallel oscillation circuits with
various values of the parameters
R, Land C (by 5 for each). The
graphical display builds reso-

nance curves which can be studied in the manner we
did in previous works. The frequency measurement
range makes 0 - 645 Hz with discreteness 10 Hz.

KpVBble, KOTOpPble MOXHO M3yyaTb Takke kak 1 B
npeAblaylwmx paboTax. [uanasoH U3MEHeHNs yac-
T0TbI 0- 645l ¢ AnckpeTHOCTLI0 10 'L,

OnpefenexHve NHAYKUNN
MarHWTHOro NnoJsiA cosieHonaa

YCTaHOBKa npeaHasHaueHa ans uccnepao-
BaHWs pacnpefeneHns MarHuTHOro nons
COMEHOUAA Ha €ro OCU U U3yueHns ad-
(hekta Xonna. MonyyeHHas aKcnepumeH-
Ta/lbHasi 3aBUCMMOCTb CPaBHUBAETCS C
TEOPETNYECKON, BLIUMCIEHHOI MO TEOMeT-
PUYECKIM pasMepam CoeHouaa.

3yyeHne CBOICTB YETbIPEXNO/THOCHNKOB

YCTaHOBKa NpefHasHaueHa [ns U3yueHus
CBOICTB YeTbIpeXx TWMOB (DUNLTPOB -
(hUNbTPOB HU3KMX M BbICOKMX 4acToT W
N00CONPONYCKAOLLEro W NoM0co3arpax-
fatollero (UnbTPoOB, a Takke Pe30HaHC-
HOTO ycunuTens. Ha rpacguyeckom
[ACNNIee CTPOSTCS aMMNUTY10-4acTOTHbIE
1 (ha30-4acTOTHbIE XapaKTEPUCTUKM.

Determination of induction
of solenoid magnetic field

The facility makes it possible to
study solenoid magnetic field
distribution on its axis and to stay
Hall effect. The derived experi-
mental dependency is compared
to theoretical dependency calcu-
lated by solenoid geometrical
dimensions.

Study of quadripoles properties

The facility makes it possible to
study the properties of four types
of filters: low and high frequencies
filters and band-transmission and
band-stop filters, as well as reso-
nance amplifier. The graphical
display builds amplitude and fre-
quency and phase-and-frequency
characteristics.

www.bsuproduct.by
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BEEJIOPYCCKWIA FTOCYAAPCTBEHHbI YHUBEPCUTET

A SET OF LABORATORY FACILITIES IN
SECTION «OPTICS»

The set enables to carry out 7 laboratory works on the basic sections of a
general course «Optics».

KOMIMNEKC JTABOPATOPHbBIX YCTAHOBOK
[10 PASLENY «OMNTIAKA»

Komnnekc no3sosisieT BbINOHATL 7 N1abopaTopHbIX paboT Mo OCHOBHbLIM
paszenam obLlero kypca «OnTuka.
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A SET OF LABORATORY FACILITIES IN SECTION «OPTICS»

KOMI/TEKC NABOPATOPHbLIX YCTAHOBOK MO PASAENY «OMTUKA»

KonbLa HbloToHa

B KkayecTBe WCTOYHMKA KBA3UMOHOXpOMa-
TUYECKOro M3Ny4YeHus Conb3yeTcs 610K
CBETOAMOLOB, U3/TyHYEHIE KOTOPbIX pacro-
NOXeHO B AnanasoHe 475-630 HM. [laHHas
nabopatopHas paboTa no3BOMSIET Onpe-
[enaTb A7IMHY BOJHbI U3/yYEHUS WUCTOM-
HIUKA CBETA C TOYHOCTBIO + 5,0x10° MM.

A3yyeHne nonapusalmm ceeta

YCTaHoBKa MO3BONSET MPOBECTU 3KCMepy-
MEHTa/IbHYI0 MpOBepKy 3akoHa Masioca,
N3y4nTb (POPMbI 11 OPUEHTALWM 3/NUMCOB
nonspu3auun nocne NPOXOXAEHNs NNHEIRHO
nonAPM30BaHHOTO CBETa Yepe3 Kpuctas-
JIYecKne NNacTUHKI B YETBEPTb W NOIOBUHY
[/MHBI BOMHBI. TOYHOCTH OMpeseneHns opreHTaLmm
ONTUYECKIX OCEVA B KpUCTaI/IE W 3/1/IMNCOB NONAPH-
3auum coctaensiet +5,0°,

lA3yyeHne BpaLleHns N1I0CKOCTH

nonspusalnm ceeta

C nomolsto nonapumetpa CM-3 onpege-
NAETCA NOCTOSHHAA BpaLLEeHUs XNaKoCTeN
W yAenbHas NnocToAHHAA BpalleHus pact-
BOPOB; TOYHOCTb OMPELENeHnNs AaHHbIX
BENNYMH cocTaBniseT 5,0 % 0T M3MepPSeMOii BENNUNHI.
Ncnonb3oBaHne 6510ka CBETOAMOLOB MO3BONSAET
nccnefoBatb 3aBUCUMOCTb MOCTOSIHHOW  BpaLLeHus
KBapLLEBOM NIACTUHKM OT [/INHbI CBETOBOIA BO/HBI.

Newton rings

As a source of a quasi-mono-
chromatic radiation a cluster is
taken. Its radiation is located in
the range of 475-630 nm. The
given laboratory work enables to
detect the light source radiation
wavelength with the accuracy of
+5.0x10° mm.

Study of light polarization

The facility enables to carry out
experimental check of Malus law,
to examine the forms and orien-
tations of polarization ellipses
after passing of linear polarized
light through crystal wafers in a
quarter and half of the wavelength. The polarization
ellipses detection accuracy makes +5.0°.

Study of optical rotation

Using a polarimeter SM-3 a liquids
rotation constant and solutions
specific rotation constant can be
specified. The accuracy of speci-
fication of the given values makes 5.0 % from the mea-
sured value. With the help of the cluster the dependence
of quartz wafer rotation constant from the light wave-
length can be defined.

www.bsuproduct.by
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KOMIM/TEKC NABOPATOPHbLIX YCTAHOBOK MO PASAE/NY «ONTUKA»

Ultrasonic light diffraction

As an ultrasonic source a piezoelectric based on BaTiO, has
been taken with eigenfrequency in the range 1-10 MHz. The
accuracy of output signal frequency maintenance makes +2.0 %,
source voltage amplitude is 5.0 - 30.0 V. The work makes it
possible to examine the diffraction pattern changing at changing
the structure of phase grating and to specify the period of grating.

Multiple-beam interference
phenomenon study

The facility enables to study the
phenomenon of laser beam dif-
fraction on a diffraction grating
and to examine F-P interfero-
meter spectral characteristics.
With the help of diffraction pattern
measurement we can determine
radiation wavelength (error does
not exceed 0.5 %), calculate
grating period (Dd/d=0.005),
measure the interferometer
spectral characteristics. In the interferometer the distance
between the planes makes 5.0 cm, the reverse factor makes
R3 60 %, the diameters of the interference rings are determined
with error not exceeding +5.0x10° mm.

www.bsuproduct.by

Andppakumsa ceeta
Ha y/1IbTPa3BYKOBOW BOJIHE

B KkayecTtBe y/bTpa3ByKOBOTO W3nyyaresns
B paboTe NpUMEHSETCS Nbe303NEKTPUK Ha
ocHoBe BaTiO, C 4acTOTON COBCTBEHHbIX
konebaHuii B AnanasoHe 1 - 10 MI'y,. Tou-
HOCTb MOAAEPXaHUs YacToTbl BbIXOAHOTO
curdana +2,0 %, amnanTygpl HanpskeHus
ucrouHuka 5,0 - 30,0 B. PaboTa no3sonser
uccnesoBarb U3MeHeHUs ANpaKLMOHHOI
KapTUHbI NPWU U3MEHEHWUU CTPYKTYpbI
(ha30BOii  ANCHPaKLMOHHOA peLleTKn
OmNpeLensTb NEPUOL PELLETKM.

A3yyeHne aBneHns

MHOr0/1y4eBON MHTEP(EPEHLNN
YCTaHOBKa NpeAHasHaueHa 1s u3ydeHns
AB/IEHNS OUpakLMK Na3epHoro fiyya Ha
ANPaKLMOHHON peLueTke u Ans uccnego-
BaHMA CNEKTpasibHbIX XapakTepucTuk
nHTeptepomeTtpa ®Pabpu-Mepo. OHa
Nno3BO/IAET C MOMOLWbLI0 M3MEpeHus
ANPaKLUNOHHON KapTUHBI  ONpeaennuTb
L/HY BOJIHbI  WU3Ny4YeHnst (MOTPeLLHOCTb
He npeBblwaet 0,5 %), paccunTatb Nepuos
pewetks (Dd/d=0,005), u3mepuTtb CnekT-
panibHble XapakTepucTuku UHTEpepo-
MeTpa. B ucnonb3yemom nHtepdepomeTpe
paccTosHua Mexzay nnockoctamu 5,0 cm,
koahchuumeHT obpaleHns R360 %, aua-
MeTPbl MHTEP(EPEHLUOHHBIX Konel
OMpefensTCca C MOrPewWwHocTbio, He
NpeBbILLAoLLE +5,0x10° M.




A SET OF LABORATORY FACILITIES IN SECTION «OPTICS»

KOMI/TEKC NABOPATOPHbLIX YCTAHOBOK MO PASAENY «OMTUKA»

3yyeHne NnH3 Lenses and optical systems radiation
N ONTUYECKUX CUCTEM

Pa6oTa npefjHa3HayeHa A1 IKCepUMeH-
Ta/IbHO/i MPOBEPKM OCHOBHBIX 3aKOHOB
reoMeTpUYEecKoii onTuki. OHa No3Bo/ISET
MPOBOAWTL ONPefeneHne (hokyCHbIX pac-
CTOSHUA JMH3, TNaBHbIX U (hOKasIbHbIX
MIOCKOCTEli COBMpAloLLMX U pacceuBato-
LLWMX JIMH3 W OMTUYECKMX CUCTEM (MorpeL-

HOCTb He npeBbiwaer +5,0x10° M), ux o _ o _
CDEpUUECKOli U XpOMATMuecKol abep- The work is aimed at experimental verification of the basic
laws of geometrical optics. It allows to determine lenses

paLyit focus distances, principle and focal planes of converging
and divergent lenses and optical systems (the error does
not exceed +5.0x10° m), their spherical and chromatic
aberrations.

BHeLwHWi1 hoToadhdhekT Extrinsic photoeffect

YCTaHoBKa NMO3BONSET MPOBECTU WU3MEpe-
HWe BOJMIbT-aMNepPHbIX XapakTepucTuk
(hoTO31EMEHTA NpU yCKOpsiolweM K
3a[iepXMBaIOLLEM HaNPsHKEHUsX, onpese-
JTb BE/IMYMHY 3afepXMBatOLLEr0 Hanps-
XEHUS (TOYHOCTb U3mepeHns £0,05 B) npu

The device enables to measure
volt-ampere characteristics of a
photoelement at accelerating
and arresting voltages, to deter-
mine the accelerating voltage

pas/INYHbIX A/IMHAX BOJH CBETa, najaro- value (measurement accuracy
Wwero Ha hoTokatod, ONPeAeNnnTb ASUHY BOJHBI +0.05 V) at different light wavelengths falling on the
KpacHoil rpaHnubl hoToaddpekta (oTHOCUTENbASA photocathode, to calculate photoelectric threshold
MorpeLuHocTb 5 %), NPOBECTU MPOBEPKY YpPaBHEHUS wavelength (relative error makes 5 % ), to check Einstein
JifHWTeltHa W onpefennTb MOCTOSHHYO [MnaHka equation and to determine Plank's constant (the error
(norpeLHOCTb OnpeAeneHns He npesbiwaeT +5,0 %). doesnotexceed +5.0%).

www.bsuproduct.by
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A SET OF LABORATORY FACILITIES IN
SECTION «<ATOMIC PHYSICS»

The set enables to carry out 5 experimental and 5 computer laboratory
works in all basic sections of a general course «Atom and atom phenomena
physics».

KOMIMNNEKC TABOPATOPHbIX YCTAHOBOK
[0 PA3OENY «<ATOMHAA ®U3NKA»

Komnnekc npefHasHaueH [Ans BbINOMHEHUS 5 JKCMEPUMEHTa/IbHBIX U
5 KOMMbIOTEPHbIX 1aBOPaTOPHbIX PaboT Mo BCEM OCHOBHbIM pasfernam
061LLero kypca «du3inka aToMa U aTOMHBbIX IBEHNIA».



A SET OF LABORATORY FACILITIES IN SECTION «ATOMIC PHYSICS»

KOMMNNEKC JIABOPATOPHbIX YCTAHOBOK MO PASAENY «<ATOMHAA ®UINKA»

3 nabopaTopHble paboTbl CNEKTPOCKOMNYECKOro
HanpaB/IeHNs BbINONHATCA Ha 6ase efuHOM
3KCMEPUMEHTASIbHON YCTaHOBKW. B 3TON ycTaHOBKe
BU3yaslbHOE Hab/MIOAeHNe M perucTpauns crekrpa
OCYLLeCTB/AETCA C MOMOLbH  AUKPAKLUOHHOTO
MOHoxpomatopa MYM, B KOTOPOM BbIXOAHAA LieNb
3aMeHeHa OKy/NfpoM, a CKaHMpOBaHWe MpPOW3BO-
[VUTCA BPYYHYH. OKCMEpUMEHTaNIbHAsA YyCTaHOBKa
Mo3BO/ISET PErNCTPUPOBATD JIMHERYATbIE CNEKTPbI B
BUANMOIA 06/1aCTH CO CNEKTPasIbHBIM PaspeLleHrem
0,2 HM; NOrpeLIHOCTb U3MEPEHNS AIMH BOMH 0,2 HM.

3 spectroscopyoriented laboratory works are done
on the basis of the same experimental facility. In this
facility visualization and spectrum registration are
carried out with the help of a grating monochromator
MUM in which the exit slit is replaced by the ocular
and scanning is done manually. The experimental
facility enables to register the spectrum in visible
region with spectral resolution 0.2 nm; wavelengths
measurement error makes 0.2 nm.

CnekTp 13nyyeHns atoma
BOAOpOAa

Pa6oTa npefiHasHayeHa Ansi HabnaeHus
W U3yYeHmns CnekTpa U3nyyYeHns Bogopoaa
N YCBOEHWS1 BOPOBCKOM Teopuu atoma. B
KauecTBe MCTOYHMKA M3MY4YEHWS UCNOMb-
3yetca BogoposHasa namna tuna TBC-15.
MonyyeHHas cnekTpockonuyeckast MHAop-
MaLus UCnosb3yeTcs 415 onpefeNieHns NOCTOSAHHON
Pugabepra, aHepru1 MOHNU3aLMK, YPOBHEN 3HEPrUN
pa3MepoB aToma BoopoAa.

Hydrogen atom emission
spectrum

The work is aimed at visualization
and examination of hydrogen
emission spectrum and imbibing
of Bohr theory of atom. A hydro-
gen-discharge lamp of the type
TBC-15 is used as an emission
source. The obtained spectroscopic information is
used to determine Rydberg constant, hydrogen atom
energy levels and sizes.

www.bsuproduct.by
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KOMMNJEKC JTABOPATOPHbIX YCTAHOBOK MO PASAENY «<ATOMHAA ®UINKA»

Sodium atom emission
spectrum

The work is aimed at studying
the basic principles of complex
atoms optical spectrums clas-
sification. A sodium lamp of the
type DnaC-18 is used as an
emission source. The obtained
energy is used to detect the
energy levels, ionization energy, quantum defects
and effective charges of sodium atom in various
steady states.

lodine molecule
absorption spectrum

In the process of the laboratory
work the students can measure
the iodine vapors electron-
vibration absorption spectrums
which are obtained by heating
the glass cuvette with crystalline
iodine in a special electrical
heater. A lighting unit of the type OI with an incan-
descent lamp is used as an emission source . From
experimentally found regulation of bands arran-
gement in a spectrum the students can determine
the electronic transition energy, dissociation energy,
anharmonicity constant and iodine molecule
oscillation frequency.

www.bsuproduct.by

CrekTp U3nyyeHns aToma HaTpus

Pabota npefHasHayeHa A9 U3Yy4YeHUs
OOLMX MPUHLMNOB CUCTEMATUKNA OMTU-
YeCKWX CMeKTPOB C/IOKHbIX aroMoB. B
KayecTBe MCTOYHMKA W3MYYEHUS UCMOSb-
3yeTcqa Hatpuesas navna tuna [HaC-18.
MMonyyeHHas aKCrepyMeHTabHas NHOop-
Mauus UCnonb3yeTcs LS HaxoxaeHus
YPOBHEN 3HEPruM, 3HEepruu MOHWU3aLuK,
KBAHTOBbIX [Je(eKTOB 1 3(PPEKTUBHBIX
3apAafoB atoMa HaTpua B pasHbIX cTauu-
OHAPHbIX COCTOAHUAX.

CI'IEKTp MoraoLweHna MoNeKkybl
oaa

B pabote n3mepseTcs aneKTpOHHO-kone-
GatesibHbliA CMEeKTp MOr/IOWEeHNs napos
hoja, KoTopble NoyyatoT NyTeM Harpesa-
HWSA CTEK/IIHHOM KIOBETbI C KpUCTa/I/IMYEC-
KAM MOAOM B CheypuansHoOM  3N1eKTpo-
HarpeBaTene. VICTOYHUKOM W3MyyYeHus
CYXWUT OCBETUTe/IbHOe YCTPOWCTBO
Tuna OW ¢ namnoi HakanmBaHus. /13 akcnepumeH-
Ta/IbHO HaWAEHHOM 3aKOHOMEPHOCTI PACMO/OXEHUS
MoN0C B CNEKTPE ONPeaenstoTCs SHeprus 3NeKTPOH-
HOTO Nepexofa, SHepris AUCCoLMaLmm, NoCcTosHHas
aHrapMOHUYHOCTM W YacToTa KonebaHuin Monekybl
noga.




A SET OF LABORATORY FACILITIES IN SECTION «ATOMIC PHYSICS»

KOMMNNEKC JIABOPATOPHbIX YCTAHOBOK MO PASAENY «<ATOMHAA ®UINKA»

Llenblo  uMkna KOMMbIOTEPHbIX paboT sABnsieTcs
N3y4yeHne KBAHTOBLIX 3aKOHOMEPHOCTEN W WX
MPOSIB/IEHNA HA ATOMHO-MOJIEKY/IIPHOM  YPOBHE
MeTOAami KOMMbOTEPHOT0 MOAenMpoBaHus. Bbl-
MOJIHEHWE 3TUX PaboT AaeT BO3MOXHOCTb CTYAEHTY
3(hheKTUBHO M3y4aTb, a NpenojaBaTesio KOHTPO-
/IMPOBaTb YCBOEHWE BOMPOCOB, C/IOXHbLIX ANS
npouecca 06y4eHnsi TpaaULMOHHBIMU MeTOoaMM.
MporpamMmmHoe obecneveHne paboT COLEPXMT
HeNoCpPeACTBEHHO MOZLE/IMPYIOLLY0 Nporpammy,
crpasKy Mo Teopuy 1 ynpaBneHuio NporpaMMon, a
TakKe NpoBepoYHble BOMPOCHI. [OCTyn K Mogenu-
pyloLLeid nporpaMmme MOXHO MOJYYNTb NULLbL Noc/e
NpaBW/bHbIX OTBETOB HA BCE MNPOBEPOYHbIE
BOMpocsl. [porpaMmHoe obecreyeHne paboTtaet B
cpege Windows.

The series of laboratory works is aimed at studying
of quantum laws and their manifestation at atomic-
molecular level using computer modeling methods.
These laboratory works help students imbibe the
material more efficiently. At the same time, the
teacher is able to control the digestion of compli-
cated questions which traditional methods of
teaching fail to do. The software contains a modu-
lating program, a program control manual and
control questions. The access to the modulating
program can be achieved only when all control
questions are answered correctly. The software
works in Windows.

[lndbpakLysi 3N1eKTPOHOB

Ha KPUCTaNINMYECKMX CTPYKTYpax

PaboTa npefHasHauyeHa [A/19 KOMMbOTEPHOIO
MOZE/IMPOBaHNA AndpakLn 3M1EKTPOHOB Ha Nosu-
KPUCTa/I/IMYECKON NnieHKe xenesa. Ha akpaHe MK
MPOUCXOANT (POPMUPOBAHNE KOMbLEBOW Andhpak-
LIMOHHON KapTWHbI, MOCTynaroLWen U3 XaoTUYHOro
pacmnosioXeHNs TOYeK, UMUTUPYIOLLMX nonajaHue
3NEKTPOHOB Ha (POTONNACTUHKY NOC/E UX MPOXOX-
[EHNs Yyepe3 TOHKOM/IEHOYHbIN 06pasel. B xope
BbIMO/IHEHUA PabOoTbl M3y4aeTcs CTaTUCTUYECKUN
Xapaktep AB/IEHUs, NPOBeEPsSeTCH (PyHLAMEHTab-
Has hopmyna fe bpoiins, onpefensTcs Mex-
M0CKOCTHbIE PACCTOAHWUA W COOTBETCTBYHOLME
nHAekcbl Munnepa. TOYHOCTb ONpefieNieHns Mex-
M710CKOCTHBIX PACCTOSAHUIA koo 2 %.

Crystalline structure electron diffraction

The work is aimed at computer modeling of iron
polycrystalline film electron distraction. The PC
screen displays the formation of ring diffraction pat-
tern entering from chaotically arranged points which
simulate hitting the electrons on the photoplate after
their passing through the thin-film sample. In the
process of the laboratory work the students study
the statistic nature of the phenomenon, check de
Brogi fundamental formula, determine the interplanar
spaces and the corresponding Miller indexes. The
accuracy of interplanar spaces detection makes
about 2 %.
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A SET OF LABORATORY FACILITIES IN SECTION «ATOMIC PHYSICS»

KOMMNJEKC JTABOPATOPHbIX YCTAHOBOK MO PASAENY «<ATOMHAA ®UINKA»

Linear harmonic oscillator steady states

The students examine steady states of linear har-
monic oscillator by Schrodinger equation numeric
solution. In the process of doing the laboratory work
the students find energy levels, wave functions and
frequency distribution. The accuracy of energy
levels detection makes 0.01 % and can be increa-
sed at the expense of increase of count time. The
students also study the impact on mass vibration
frequency and oscillator force constant. Then they
compare the results of computer and analytical
solutions.

CTaLMoHapHble COCTOSIHUS IMHEINHOTO
rapMOHMYECKOro OCLIMNNIATOPA

B paboTe npon3BOAMTCS WCCNeAOBaHMe CTaumo-
HapHbIX COCTOSIHWA JIMHEIAHOTO TFapMOHNYECKOro
OCUMNIATOPA MYTEM YMCNIEHHOTO PELLEHNS YpaBHE-
Hua LpeguHrepa. B xode BbINOMHEHUS pabOThI
HaxoAsT YPOBHW 3HEPriN, BOSIHOBbIE (YHKLMM W
pacnpefenieHne Na0THOCTI BEPOSTHOCTU. TOUYHOCTb
Haxox/eHus ypoBHel aHeprum coctaenset 0,01 %
1 MOXET ObITb MOBbILIEHA 32 CYET YBEMYEHNS BPE-
MeHU cueTa. M3yyaeTcs BAMAHNE Ha 4acToTy kone-
GaHWin Maccbl U CMI0BOIA NOCTOSHHON OCLMNNATOPA,
COMOCTaBAATCSA pe3yNbTaTbl KOMMbOTEPHOIO W
aHa/IMTYECKOrO PELLEHNIA.

Electron steady state in one-dimensional
potential wells

The work is intended to carry out computer modeling
of electron behavior in a square potential well of
arbitrary width and depth by Schrodinger equation
numeric solution. In the process of doing the labo-
ratory work the students find energy levels, electron
steady state wave functions and frequency distribu-
tion. The accuracy of energy levels detection makes
0.01 %. They also examine the influence of potential
well width and depth on energy levels and their total
number.

www.bsuproduct.by

CTauyoHapHble COCTOSIHUS 3MEKTPOHA
B OJHOMEPHbIX MOTEHLMAIbHBIX IMax

B pabote npou3BOAMTCA KOMMbIOTEPHOE MOLENu-
POBaHNE MOBELEHUS 3/IEKTPOHA B MPAMOYroNbHOMN
MOTEHLMANbHON fIMe MPOW3BOMBHON  LUMPUHBI 1
rNy6UHbI NYTEM YUC/IEHHOTO PELUEHNs YpaBHEHWS
WpeanHrepa. B xofe BbINOMHEHUs paboTbl HAXo4AT
YPOBHU 3HEPriv, BOJHOBbIE (PYHKLMW CTauMoHap-
HbIX COCTOSIHWA 3/1EKTPOHA, pacnpefenexne nnot-
HOCTW BEPOATHOCTU. TOYHOCTb HaxoXAeHus ypos-
Heil aHeprn He meHee 0,01 %. /3yyaeTcs BnsHue
LUIMPWUHBI U TNYOUHBI NOTEHLMABLHOM AMbI HA YPOBHM
3HEprumM 1 1x obLLee KOIMYecTBo.
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KOMMNNEKC JIABOPATOPHbIX YCTAHOBOK MO PASAENY «<ATOMHAA ®UINKA»

KBaHTOBaHWe SHEPIMW W BOJSIHOBbIE
(hyHKLAW 3M1EKTPOHA B aTOME BOAOPOAA

B paboTte npou3BOAMTCA KOMMbOTEPHOE MOAENu-
POBaHVe NOBELEHUSA 3EKTPOHA B aTOMe BOLOpOoAa
nyTeM YKUCNEHHOTO pelleHus ypasHeHus LLpeauH-
repa. B xofie BbINOHEHUs paboTbl HAXOAAT YPOBHM
3Heprun, BOIHOBblE (DYHKLMWM 1 paguanbHoe pac-
npeaeneHne 3NeKTPOHHO NAOTHOCTM /1S CTaumo-
HapHbIX COCTOSHWIA 3NEKTPOHA B aTOMe BOAOPO/A B
3aBUCKUMOCTU OT 3HAYEHWA [N1ABHOTO W OpbuUTasb-
HOr0 KBAHTOBbIX uucen. HabnwpawT Takxe
OObEMHYK CTPYKTYpY 3/MEKTPOHHOro obnaka npu
pasHbIX 3HAYEHUAX TPex KBAHTOBbLIX u4KUCEen.
ToyHOCTb ONpefeneHns YPOBHEW 3HEpruu
He meHee 0,01 %.

Energy quantization and electron wave
functions in hydrogen atom

The work is intended to carry out computer modeling
of electron behavior in hydrogen atom by Schrodin-
ger equation numeric solution. In the process of
doing the laboratory work the students find energy
levels, wave functions and electron density radial
distribution for electron steady states depending of
the values of principal and orbital quantum numbers.
The students can also observe electron cloud bulk
structure at different values of three quantum
numbers. The accuracy of energy levels detection
makes at least 0.01 %.

KonebartenbHble COCTOAHUS
ABYXaTOMHOW MOJEKY/IbI

B paboTe npoBOAMTCA McCnedoBaHne Konebatenb-
HbIX COCTOSIHWA ABYX M30TOMHbIX MOJIEKYN BOLOPO-
Aa H, 1 D, nyTeM YACMIEHHOTO PeLUeHIs ypaBHEHNS
LpeanHrepa ¢ noTeHUManbHOW (oyHKumeir Mopsa.
B Xofie pelleHns HaxogaT Bce KonebaTenbHble
YPOBHA U BOMHOBbIE (DYHKUWKM, & W3 3aKOHOMeEp-
HOCTM B pacrnofiOKEHUN YPOBHEH pacCuMTbIBAOT
4acToTy KoniebaHmii, NOCTOSHHYI0 aHrapMOHUYHOCTMH,
CUMOBYI0 MOCTOSIHHYH0, & TaKKe SHEpruio Auccouma-
unn obenx monekyn. CpaBHEHUE NOMyYEHHbIX
pesynbTaTtoB N0 [ABYM MoOJiekynaMm no3Bonset
rny6xe MOHATb 3aKOHOMEPHOCTW MOMEKY/IAPHBIX
kone6aHuii. TOUHOCTb OnpeaeneHns KonebatenbHbIX
ypoBHeii He meHee 0,01 %.

Diatomic molecule vibrating states

The work examines vibrating states of two isotopic
molecules of hydrogen H, and D, by Schrodinger
equation numerical solution with Morse potential
function. In the course of solution all vibrational
levels and wave functions are found. And from levels
arrangement laws the vibration frequency is calcu-
lated, as well as anharmonicity constant, force coef-
ficient including both molecules dissociation energy.
Comparing the obtained results by the two mole-
cules the students are able to understand deeper
the laws of molecular vibration. The vibrational level
detection accuracy makes at least 0.01%.
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BELARUSIAN STATE UNIVERSITY

BEEJIOPYCCKWIA FTOCYAAPCTBEHHbI YHUBEPCUTET

UNIVERSAL LABORATORY PRACTICUM
ON NUCLEAR PHYSICS

The laboratory complex includes detector having replaceable blocks for
work with a-, b- ,gradiation and electronic module designed for interfacing a
detectorwitha PC.

YHV/BEPCA/IbHbIV ﬂAEOP@\TOPHbIVI
MPAKTVKYM MO ALEPHOWN ®U3NKE

JlabopaTopHbIi KOMNEKC COCTOUT U3 AETEKTOPA, COAEPXallero CMeHHbIe
6nokn ana pabotbl ¢ a-, b- ,guU3ny4yeHnemM, 1 3NEKTPOHHOrO 6/0Ka,
npefHasHa4yeHHoro Ans ConpsxeHus getektopa ¢ SBM.
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UNIVERSAL LABORATORY PRACTICUM ON NUCLEAR PHYSICS
YHUBEPCAJIbHbIV IABOPATOPHbBIN MPAKTUKYM MO AAEPHOW ®U3KE

Mpegnaraemble nabopaTopHble PaboTbl MOXHO
pa36uUTb Ha TP rPYNMbl, B 3aBUCAMOCTY OT UCMO/b-

3yeMOro CMEHHOr0 AeTEKTUPYHoLLEro Gioka.

Ncnonb3oBaHne AeTeKTM-
pytoLLero 6s10ka C HeopraHu-
YECKUM CLUHTUANATOPOM,
KOMM/IEKTOM CBUHLOBbIX U
MeAHbIX NornoTuTeNen, raMmma-
NCTOYHUKOB M HAOOPOM 0ObEM-
HbIX UCTOYHWKOB MasIoii aKTuB-
HOCTU MO3BONSET BbINOMHUTb
5 nabopatopHbIx paborT (A).

N3yyeHne B3aMMOAENCTBUS raMma-

N31y4eHNA C BELWECTBOM

Llenbio paboTbl AB/ISAETCA U3yYEHUE MEXaHW3MOB
B3aVMOZENCTBIA raMma-U3y4yeHnsa C BELLeCTBOM
Ha npuMepe MOr/OLEeHNS U3/Ty4eHUs B CBUHLIOBbIX
N MeHbIX NOTNI0TUTENSAX.

The given laboratory works can be divided into three
groups depending on the type of the replaceable
detector unit used.

The use of detecting unit
with unlimited scintillator with
a set of lead and copper abso-
rbers and gamma-sources and
a set of low-active volume
sources enables to carry out
five laboratory works (A).

Examination of interaction of gamma-

radiation with a matter

The work is aimed at the study of mechanisms of
interaction of gamma-radiation with matter on the
example of radiation absorption in lead and copper
absorbers.

www.bsuproduct.by




UNIVERSAL LABORATORY PRACTICUM ON NUCLEAR PHYSICS

YHVWBEPCAJIbHbIV NABOPATOPHbI MPAKTWKYM MO AAEPHON ®U3NKE

Statistics of nuclear measurements
The work introduces the most significant statistic
distributions: binomial, Poisson and  normal.
Goodness measure is used which allows acceptance
or rejection the suggested hypothesis.

Scintillation spectrometer with

unlimited scintillator

The work is intended to get to know typical instrument
spectrums appearing when registering gamma-
radiation including the methods of analysis of such
spectrums.

Source specific activity

CTaTucTuKa SIePHbIX W3MEPEHW
B pa6oTe M3yyaloTcs BaXHEMWme CTaTACTAYeckue
pacnpefienienns; GUHOMUHANBHOE, MyacCOHOBCKOE
W HOpMaslbHOE. VCnonb3yeTcs KpuTepuid cornacus,
NO3BONSHOLLIAIA NPUHSITH UM OTBEPTHYT BbIABUHYTYHO
runoTesy.

CLI,VIHTVII'U'IHLI,VIOHHbIVI raMma-CreTpomMeTp

C HeopraHN4eCKNM CLUMHTUANATOPOM
Llenbto faHHoi paboTbl ABNAETCS O3HAKOMIEHME
C TUNMYHLIMK annapaTypPHbIMI CNEKTPaMK, NO/TyYa-
tOLLMMUCA MW perucTpauui ramma-usnyyeHns, a
TaKKe C METO4aMM aHaM3a TakyX CreKTPOB.

N3mepeHue yaenbHOW

dKTUBHOCTWN WCTOYHUKa

change by relative method

The standard source and unknown
activity source are represented as
volume sources Cs-137, enclosed
in Marinelli vessels to increase the
efficiency of registration. The back-
ground measurement is carried out
inthe identical conditions.

Examination of scintillation

detector functioning

The students examine the scintillation method of
radiation registration , scintillation detector operating
principle including the determination of Cs-137
gamma-radiation registration efficiency.

www.bsuproduct.by

OTHOCUTE/IbHBIM METO40M

OTaNIOHHbIA UCTOYHUK W UCTOYHMK
HEM3BECTHOW aKTUBHOCTY NpesCTaB-
NAKT €060/ 06BLEMHbIE UCTOYHWKM
Cs-137, 3aKkn4eHHble B COCYAbl
MapuHennu AN yBennyeHus
3(PMEKTUBHOCTI perncTpayum.
N3vepeHne dpoHa npoBoauTCH B
NOEHTUYHBIX YCTIOBUSAX.

/13yyeHne paboThl

CUMHTUNNALUMOHHOIO AETEKTOPA

3yyaeTcs CUMHTUANALMOHHBI METOZ, pernctpaLum
N3NyYeHUst, MPUHLMN LeACTBUSA CUMHTUANALMOHHOIO
[eTeKTopa, a Takke onpeaensetcs ayhekTUBHOCTb
peructpauu ramma-usnyyenus Cs-137.




UNIVERSAL LABORATORY PRACTICUM ON NUCLEAR PHYSICS

YHVWBEPCAJIbHbIV TABOPATOPHbII MPAKTUKYM MO AAEPHON ®U3VKE

icnonb3oBaHue [eTekTupytowero 6n10ka ¢
OpraHNYeckUM CUUHTUNATOPOM, KOMM/IEKTOM
/IIOMUHUEBBLIX NOTNOTUTENEN N HABopoM 6eTa-
N raMmMa-UCTOYHMKOB NO3BOJSET BbINOMHUTL 4
nabopatopHble paboThbl (B).

CUMHTUNNSLUMOHHbIA CMEKTPOMETP C
OPraHNYecKUM CLUUHTUNNATOPOM

HabntofatoTcs CnekTpbl 0T TPEX pasHbIX UCTOYHUKOB
oeta- 1 ramma-u3nyyenus: Sr-90, Na-22 u Cs-137.
BbinosHeHne nabopaTtopHoii paboTbl NpeaycMarpu-
BaeT MNpOBefeHNe KannbpoBKN 3HEPTeTUYECKOM
LWKanbl crnekTpometpa. Muk B annapaTypHOM Criek-
Tpe 3nekTpoHoB Cs-137 ucnonb3yercs AN OLEeHKN
3HEpreT4ecKoro paspeLLeHis crnekTpoMeTpa.

M3yueHre NOr/OWEHNS 3/1EKTPOHOB
B BELLECTBE

SKCNepUMEHTaNbHO CTPOMTCS KPKUBasi MOT/OLLEHMS
0eTa-3n1ekTPOHOB UCTOYHMKA Sr-90 B a/IlOMUHNN.
OnpepnensoTca KO3 MULUNEHT MOTNOWEHNS,
MakcUManbHas [uHa npo6era 3MEKTPOHOB 1
MakCcMMasbHast SHepris 6eTa-cnexTpa.

3yuyeHne popmbl GeTa-cnekTpa

Llenbto paboTtbl SBNAETCA MOCTPOEHWE U pacyeT
XapakTepucTuk 6eTa-cnekTpoB UCTOYHUKOB Na-22 1
Cs-137, NOCTPOEHME CNEKTPpa HEATPIHO, COMPOBOX-
pawowmux 6era-pacnag, 1 onpegenieHne Koam-
(huLmeHTa BHYTPEHHel KoHsepcum ans Cs-137.

With the help of a limited scintillator detecting
unit with a set of aluminum absorbers and a set
of beta and gamma sources the students can
carry out four laboratory works (B).

Scintillation spectrometer with limited
scintillator

We can see the spectrums from three different
sources of beta and gamma radiation: Sr-90, Na-22
and Cs-137. To do the laboratory work it is necessary
to calibrate the spectrometer energy scale. The peak
in apparatus spectrum of electrons Cs-137 is used to
evaluate spectrometer energy resolution.

Examination of absorption of electrons
in matter

We experimentally build a curve of absorption of
beta-electrons of Sr-90 in aluminum. We define the
absorption coefficient of electrons maximal run length
and maximal energy of beta-spectrum.

Examination of beta-spectrum shape

The aim of the laboratory work is to build and calcu-
late the characteristics of beta-spectrums of the
sources Na-22 and Cs-137 and to build neutrino
spectrum which accompany beta disintegration and
to determine the internal conversion ratio for Cs-137.

www.bsuproduct.by
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UNIVERSAL LABORATORY PRACTICUM ON NUCLEAR PHYSICS

YHVWBEPCAJIbHbIV NABOPATOPHbI MPAKTWKYM MO AAEPHON ®U3NKE

With the help of a scintillator detecting unit
and a set of and alpha sources the students can
dotwo laboratory works (C).

Interaction of alpha-particles with a

matter

The students measure the curve of alpha-particles
absorption in the air, determine the run length and
evaluate alpha-particles energy.

Examination of alpha-spectrums

The experimental part of the work includes obser-
vation and analysis of complex spectrum of Ra-226
which shapes by the sequence of radioactive chain
decays and contains inclusions of alpha-particles
with different energies, electrons and gamma-quanta.
To calibrate alpha-spectrometer energy scale two
sources of alpha-particles with known energies (for
example, U-233 and Pu-239) are used. Comparing
the found energies of alpha-particles with the known
sequence of radioactive chain decay the students can
detect the elements the decay of which shapes the
observed complex alpha-spectrum.

cnonb3oBaHne B [eTEKTUPYIOLLEM 6/I0Ke
CUMHTUNNATOPA 1 Habopa anbga-UCTOUYHNKOB
no3BONsieT BbINONHUTL 2 nabopaTopHble
pabotbl (C).

B3anmopeinctere anba-yactul,

C BewecTBoM

M3mepsieTcs kpuBas NoroLieHnst anbga-yactul B
BO3/yXe, ONpeenserTcs AnmHa npodera 1 OLeHW-
BAETCSA 3HEPrUs aNbda-yacTul,

/3yueHne anba-CreKkTpoB

SKCnepumMeHTanbHas 4acTb paboTbl COCTOUT B
Hab/I0eHNN 1 aHann3e CMI0XHOTO CrekTpa UCToY-
HWKa Ra-226, KoTopbIid (hopMuUpyeTcs nocieAoBa-
TE/IbHOCTbH0 pacnafoB pajvoakTUBHON LIENoYkn n
COAEPXUT BKNagpl anba-yactuy, C pasInyHbIMY
SHeprusMu, 3M1EKTPOHOB W ramma-kBaHToB. [ins
KanMbpoBKM 3HEpPreTUYeckoil Lkanibl anba-
CMeKkTpoMeTpa UCMoNb3YTCA [ABa WUCTOYHMKA
anbha-4acTuL, C U3BECTHLIMU 3HeprusamMn (Hanpu-
Mep, U-233 u Pu-239). CpaBHuBas HangeHHble
3HeprUM anbha-4acTul, ¢ U3BECTHOW MoC/esoBa-
TEMbHOCTbIO pacnaja pafyoakTUBHOM LIENoYKY,
ONpeLenaTCA 3NeMeHTbI, pacnag KoTopbix dop-

MUPYET HabIAAaEMbIii CNIOXHbIN albtha-CrnekTp.

To set and control the spectrometer
parameters, to control the experiment
and to fulfill the initial data processing
special software «Spectrometer» has
been developed.

[lns yCTaHOBKM U KOHTPONA napa-
METPOB CMeKTPOMEeTpa, ynpas/eHns
9KCNEPUMEHTOM 1 BbINOIHEHUS
nepBnyHoii 06paboTKM AaHHbIX
pa3paboTaHa cneumasibHas npor-
pamma «CnekTpomeTp».
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BELARUSIAN STATE UNIVERSITY

BEEJIOPYCCKWIA TOCYOAPCTBEHHBI YHUBEPCUTET

LABORATORY PRACTICUMS IN LASER
PHYSICS AND OPTICS

NABOPATOPHBIE TMPAKTUKYMBbI
[0 NTASEPHOU ®U3UKE W OMNTUKE

www.bsuproduct.by
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LABORATORY PRACTICUM IN LASER PHYSICS

NABOPATOPHbII MPAKTKYM MO TASEPHOW ®U3NKE

Yttrium aluminum
garnet laser

Laboratory tasks include:
« Free generation mode
« Active g-switching mode
« Passive g-switching mode
« Second-harmonic generation

Free generation mode

Yttrium aluminum garnet laser - design and physical
principles of operation in free generation mode.
Laseralignment methods.

Generation power dependence on pumping power,
cavity mirrors reflection coefficient.

Second-harmonic generation

Physical principles of the second-harmonic
generation.

Conditions of phase synchronism for different type
interactions.

Efficiency of the second-harmonic generation as a
function of the wavelength and crystal orientation
and nonlinear susceptibility.

www.bsuproduct.by

Nasep Ha UTTpUiA-
a/ItOMUHWNEBOM rpaHare

[MpakTUKym BKNOYAET
naboparopHble paboThbl:

o Pexum cB060AHOIA reHepaLm

o AKTUBHas MOZy/ISLYA [0OPOTHOCTI

« MaccvBHas Mogynauua 406poTHOCTH

o [eHepaLus BTOPOi FapMOHIKK

Pexum cBOO60AHOI reHepaLmm

PaccmOTpeHbl YCTPONCTBO 1 (hn3YeCcKne NPUHLMMb
paboTbl nasepa Ha UTTPUIA-a/TIIOMUHNEBOM rpaHaTe
B peX1Me CBOOOHOMN reHepaLum.

3noxeHa MeToauka CTUPOBKI 1asepa.
MpoaHa/M31poBaHbl 3aBMCUMOCTI MOLLHOCTY TeHe-
pauuM OT MOLLHOCTM Hakauykm M KodhduumeHta
OTpaXeHs 3epkasl pesoHaTopa.

[eHepaLus BTOPON rapMOHWKY
N3noxeHbl huanyeckne NPUHLMUNLI FeHepaLum
BTOPOW rapMOHVIKN.

PaccMoTpeHbl  ycioBMst (Pa30BOT0  CUHXPOHK3MA
AN5 Pa3NIMYHBIX TUMNOB B3aUMOZECTBMS.
PaccMoTpeHa 3aBMCUMOCTb 3(D(PEKTUBHOCTU reHe-
paLn BTOPOIA rapMOHMKI OT A/IMHbI 1 OPUEHTaLMM
KpucTasina, BESMYMHbI HENWHEHOM BOCMPUMMYN-
BOCTW.




LABORATORY PRACTICUM IN LASER PHYSICS

NABOPATOPHbII MPAKTWKYM MO TABEPHOW ®U3NKE

PeXuM akTMBHON MoZyNaLmMu
A06POTHOCTH

PaccMOTpeHbl  on3MYeckine MPUHLMUNMbI
(hopMMpPOBaHMs NA3epHOro MMMy/bca B
pexmme akTMBHOW MOAynsiLMM [06pOT-
HOCTW.

N3noXeH MeTof 3MeKTPOONTUYECKON
MOANALMIN [0BPOTHOCTI pes3oHaTopa C
MCrosb30BaHNEM siueiiki Mokkesbea.
A3n0xeHbl cnocobbl ynpaBneHus aHepre-
TUYECKMU U BPEMEHHBIMW XapakTepic-
TUKAMU TEHEPALIUMA.

PeXum naccMBHOW MOAYIALMN
[l06pOTHOCTH

PaccMOTpeHbl  pU3nyeckne NpPUHLMMbI
(hopMMPOBaHUS UMMYNbCOB NpK paboTe
nasepa B pexume naccuBHON MOAyNALMM
[06POTHOCTML.

MpoaHan3npoBaHa paboTa 3aTBopa Ha
OCHOBE KpucTasia (PTOpUCTOro SUTHA €
LieHTpamu OKpackMu.

3noxeHa meToAMKa onTUMU3ALUK
3HEpreTUYeckNX U BPEMEHHBIX XapakTe-
PUCTVIK TeHepaLu.

Active g-switching mode

Physical principles of laser pulse
formation in the active
Q-switching mode.

Q-switching mode of the cavity
based on Pockels-effect cell.
Control methods for energy and
temporal characteristics of laser
generation.

Passive g-switching
mode

Physical principles of laser pulse
formation in the passive
Q-switching mode.

Analysis of the gate operation
based on lithium fluoride crystal
with color centers.

Optimization methods for energy
and temporal characteristics of
laser generation.
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LABORATORY PRACTICUM IN FIBEROPTICS AND OPTOELECTRONICS

JIABOPATOPHbII MPAKTIKYM MO BO/IOKOHHOW OMTUKE 1 ONMTO3MEKTPOHUKE

List of laboratory works

* Optoelectronic recording systems

 Semiconductor lasers and light-
emitting diodes

* Radiation coupling in optical fiber

* Single- and multimode optical
fibers

* Radiation loss in optical fiber

* Fiberoptic communication lines

The proposed laboratory works are intended for
students studying modern information technologies
based on optical data transfer and processing.
These works involve practical exercises associated
with optoelectronic and fiberoptic systems and with
the use of the optical signal transmission methods.
Students become familiar with the operation prin-
ciples of fiberoptic communication lines and with
functioning of particular components in their optical
and optoelectronic elements: semiconductor lasers,
light-emitting diodes, optical signal recording sys-
tems, single- and multimode fibers, input/output
systems for optical radiation, optical splitters,
couplers, etc.

www.bsuproduct.by

[pakTMkym BK/HOYAET nabopaTopHble paboTbl:

* ONTO3/1EKTPOHHbIE CUCTEMbI peruc-
TpaLyn ONTUYECKUX CUTHAI0B

* [TonynpoBOLHUKOBbLIE Nasepbl 1
CBETOMU3NYYatoLLMe Anoabl

* BBOA/BbIBOZ ONTUYECKOTO U3NyYe-
HWSA B BO/IOKOHHbIE CBETOBOAD!

e OiHOMOZ0BbIE N MHOTOMO/0BbIE
ONTUYECKME BO/TOKHA

e [loTepn ceeta B ONTUYECKOM
BOJIOKHE

* BO/IOKOHHbIE CUCTEMbI Nepesayn
ONTUYECKNUX CUTHaI0B

NabopaTopHblii NpakTUKyM nNpefHasHayeH AN
06Yy4eHMs CTYLEHTOB COBPEMEHHbIM MH(OPMALOH-
HbIM TEXHO/IOMMAM, OCHOBaHHbIM Ha OMTUYECKON
nepefadye n obpaboTke MHopmauun. MpakTrkym
BK/IIOYAET BbINO/IHEHNE NabopaTopHbIX paboT no
N3YYEHMIO ONTOINEKTPOHHBIX 11 BOJIOKOHHO-ONTHYeEC-
KNx cuctem, MeTOAOB nepefaus ONTUYECKUX
curHanoB. CTyAeHTbI U3y4aloT NPUHLMMBI (OyHKLMO-
HUPOBAHMUS BOJIOKOHHO-OMTUYECKUX JIMHWIA CBA3N W
paboTy OTZAENbHbIX COCTABAOLMX UX ONTUYECKMX 1
ONTO3/1EKTPOHHBIX 3/1EMEHTOB: MOMTYNPOBOAHNKOBbIE
nasepbl, CBETOM3NyyalLe AMOAbI, CUCTEMBI
perucTpaumn OnTUYECKNX CUTHa/I0B, OAHOMOZAOBbIE
N MHOTOMOZO0BbIE BOJIOKHA, CUCTEMbI BBOLA/BbIBOAA
OMTUYECKOTO M3/Ty4EHIs, ONTUYECKIE PA3BETBUTENN,
COeaMHUTEN U Ap.




LABORATORY PRACTICUM IN OPTICAL DATA PROCESSING

NABOPATOPHBbII MPAKTUKYM MO ONMTUYECKOW OBPABOTKE NH®OPMAL|N

MpefHasHayeH AN UCNONb30BaHUs Mpu 00y4eHuu
CTYZJEHTOB BY30B COBPEMEHHBIM NH(OPMALMOHHBIM
TEXHO/IOTSIM, OCHOBAHHbIM Ha METOAAxX ONTUYECKOA
06paboTkN MHGhopMaLWK, a Takke Ans NpoBeAeHNs
Hay4HbIX WCCNeAOBaHWiA N0 paspaboTKe HOBbIX
MPUHLMNOB 06paboTKN MHhOpMALN 1 KOHCTPYMPO-
BaHNK MHOTO(DYHKLMOHA/IbHBIX  ONTO31EKTPOHHBIX
3N1EMEHTOB.

JlabopaTopHble paboThbi:

* OnTnyeckas 6ucTabunbHOCTL

* Camony/ibCauum MHTEHCUBHOCTM W OMTUYECKNI Xaoc
* ONTHYECKNe IOTNYECKIE 3NEMEHTbI

« [IpocTpaHCTBEHHAA (hUIbTpaLMs 306pakeHui

CTteHp, N0o3BONSAET UCC/ef0BaTh:

« 3/IEKTPOONTUYECKNE SXNMEKTHI B KUAKNX KpUCTasIIaX

o PEXMMbI AUG(EPEHLNATBHOMO YCUNEHNS, ONTUYECKON
OMCTabWLHOCTH, ANCKPUMUHATOPA, OrPaHNYUTENS

* aBTOKO/1IE6ATE/bHbIE U CTAXOCTUYECKIE PEXMMBI

* CXeMbI NOCTPOEHWS OMTUYECKIX SIOTUYECKUX 3/1EMEHTOB

o CXeMbl NPOCTPAHCTBEHHON (IbTPALNN U306paXKEHMIA

The proposed laboratory course makes it possible to
introduce modern information technologies based on
the optical data ﬁrocessmg into the academic plan of
higher school. The sugghested equipment enables
research associated with the development of new
information processing techniques and design of
multifunctional optoelectronic elements.

Optical bistability

-Oﬁtical bistability and its realization conditions

« Characteristics of optoelectronic LC system with
feedback

« Control over the hysteresis loop of LC system

» Analysis of the modes of differential amplification,
discriminator, limiter

Intensity self-oscillations and optical chaos

« Theoretical principles of nonlinear oscillations
» Self-oscillations and stochastic operating modes of
coupled optoelectronic LC elements

« Analysis for Fourier-spectra of signals and phase
traces

» Procedures to attain optical chaos

Optical logic elements

« Basics of digital data processing

« Principles of constructing optical logic elements
« Schemes for realization of optical logic operations
based on optoelectronic LC cells

» Characteristics of LC elements and realization of
the main logic operations

Spatial image filtering

* Principal conceﬁts and relations of Fourier-optics

« Study of the schemes for optical data processing
using spatial image filtering _ _

e Spatial Fourier-spectra. Isolation of particular
fragments (letters, symbols) and contrast control
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BELARUSIAN STATE UNIVERSITY

BEEJIOPYCCKWIA FTOCYAAPCTBEHHbI YHUBEPCUTET

REMOTE LABORATORY PRACTICAL
TRAINING ON THE FUNDAMENTALS OF
DOSIMETRY AND RADIATION PROTECTION

The training includes the following laboratory works:

* Nuclear measurements statistics

® Measurement of gamma-radiation with scintillation spectrometer

® Passing of gamma-radiation through the matter and calculation
of radiation protection

e Measurement of radiation source activity using relative method

* Dosimeter based on scintillation detector

ONCTAHLUMOHHBIV NAEOPATOPHbIN
MPAKTVIKYM MO OCHOBAM [JO3UMETPU/
I PAIVALIVOHHOW 3ALLNTHI

B npakTukym BXoAAT cnegyroLme nabopatopHble paboTbl:

e CratucTika SAepHbIX M3MEPEHNI

® A3MepeHune aHepriny g-n3nyveHns CLUHTUNNIALMOHHBIM CNEKTPOMETPOM

® TIpOXOXAEHNE GN3/TyYeHNs Yepes BELLECTBO U pacyeT pafnaLoHHOM
3alluThI

® [lpoxoxaeHne b-u3nyyeHns yepes BELECTBO W pacyeT pafuauyoH-
HOM 3alLLMTbl

® |I3MepeHne akTMBHOCTM UCTOYHMKA U3/Ty4EHNSt OTHOCUTENbHBIM METOA0M

e [l103METP Ha OCHOBE CLMHTUNNALMOHHOIO AeTEKTopa

www.bsuproduct.by
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LABORATORY PRACTICAL TRAINING ON THE FUNDAMENTALS OF DOSIMETRY AND RADIATION PROTECTION

NABOPATOPHB I/ IPAKTUKYM MO OCHOBAM JJO3UMETPUM 11 PABVALIMOHHOW 3ALLNTHI

BbinonHeHne nabopatopHbix paboT obecneynBaeTcs
TpemMs 3KCMepUMEHTa/IbHbIMU YCTaHOBKaMmu (ramma-
CrnekTpoMeTp, 6eTa-CrekTpoMeTp, ramma-pagnomeTp),
00beVHEHHBIMU B JTOKAJIbHYH0 CETb C MOC/ELYHOLLIM
BbIXOZIOM B /IHTEpHET Yepes3 cepBep /I0KaIbHOI CETH.
Kax b1l CNEKTPOMETP COCTOMT 13 CIELIOLLAX YacTeil:

e lETEKTOP G UK b-n3nyyeHus, 6a3oBblil 610k Npeo-
6pa30BaHNs CBETOBOIO CUrHasia B 3NEKTPUYECKNN,
CNEKTPOMETPUYECKIIA YCUNUTENb;

e CHCTEMA KOMMMMALMM U PafVALMOHHON 3aLinTbI,
obecneyuBatouias peannsayu BblbpaHHOM
reoMeTpumn U3MepeHus;

e CICTEMA CMEHHbIX CTOYHUKOB W3/ly4eHus 1 1ccne-
[lyeMblx 06pas3L0B C aBTOMATUYECKM YrpaB/ieHeM
oT 3BM,;

* 3/IEKTPOHHbIA 610K, NpefHasHaYeHHblii Ans conps-
XeHus aetektopa ¢ 3BM, B KOTOPOM OCYyLLECTBNAETCA
npeobpasoBaHie amnnTyabl 3NEKTPUYECKOTO UM-
nynbca B KOL W BblpabaTbiBaeTcs TecT-CcurHan A
3/1EKTPUYECKON KaNMOPOBKI CNEKTPOMETPA.

B anekTpoHHOM 6/10Ke pa3MeLLaeTcs Of4uH Uan ABa
OCHOBHbIX YCUIUTENA C WU3MEHAIOLMMCA KO-
(OMLMEHTOM yCUIEHUS, cXxeMa 0T60pa, HU3KOBO/bT-
HbII 1 BbICOKOBO/bTHbIA UCTOUYHUKM MUTAHUS.

Bce (hyHKLMM ynpaBneHus pexmuMom CrnekTpoMeTpa
OCYLLECTBNAKTCA C MOMOLLbI0 IBM.
AVCTaHLMOHHbI 1abopaTopHbIA NpakTUkym oGecre-
YMBAET MPOBEfEHNEe BCEX W3MEPEHWA B CMEKTPO-
METpUYecKoM pexume. [ yCTaHOBKU 1 KOHTPONA
napameTpoB CMEKTPOMETPOB, YNpaB/ieHUs aKCnepu-
MEHTOM U BbINOSHEHWUA NEPBUYHON 06pabOTKK
[aHHbIX MpefHa3HayeHa creuuanbHas nporpamMma
«CneKkTpoMeTp».

The above fulfillment of the above laboratory works
will be supported by three experimental facilities
(gamma-spectrometer, beta-spectrometer and
gamma-radiometer) united into the local network
with the subsequent output to Internet via a local
network server.

Each spectrometer consists of the following parts:

Detector of @ or b-radiation, the mainframe to
convert light signal into an electrical signal, a spec-
trometric amplifier;

System of collimation and radiation protection to carry
out the selected measurement geometry;
Computer-aided system of replaceable sources of
radiation and the samples under research;

Electronic module to couple detector with a PC in
which the electric pulse amplitude converts into a
code and a test signal for electric calibration of the
spectrometer is shaped. The electronic module
incorporates one or two basic amplifiers with chan-
ging amplification, a scheme of selection and a low
and high-voltage power supply.

All spectrometer modes are controlled with a PC.

The remote laboratory practical training enables to
carry out all the measurements in a spectrometric
mode. To set and control the spectrometers para-
meters, to control the experiment and to process the
data special software “Spectrometer” has been
developed.
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ACADEMIC AND SCIENTIFIC COMPLEX
FOR STUDYING PHYSICAL PROPERTIES
OF SEMI-CONDUCTOR MATERIALS AND
NANOSTRACTURES

The complex is intended for performance at a modern level of a cycle of
laboratory works on studying physical properties of semiconductor
materials and nanostructures (investigation of relaxation processes on
internal and external borders of the grains, magnetotransport properties,
the photo-electric phenomena: a photo and electroluminescence, etc.). It has
flexible architecture and can be supplemented with other measuring devices.

YUEBHO-HAYYHbIN KOMMAEKC AN4
N3YUEHUA OU3NUYECKUX CBOWCTB
[ONYMNPOBOAHNKOBbBIX MATEPWAJIOB
WHAHOCTPYKTYP

Komnnekc npeiHa3HaueH f/15 BbINOHEHUS HA COBPEMEHHOM YPOBHE Link/Ia
NabopaTopHbIX paboT Mo U3YUEHNO PU3NYECKIX CBOMCTB MOYNPOBOAHN-
KOBbIX MaTepUanoB 1 HAHOCTPYKTYP (MCCef0BaHNe penakcaLoHHbIX Npo-
L|eCCOB Ha BHYTPEHHIX M BHELUHWX rpaHnLax pasgena, u3yyeHne npoLeccos
anekTponepeHoca, (hOTOINNEKTPUYECKUX ABMIEHUIA, (DOTO- 1 3EKTPOSTIIOMM-
HecueHum 1 ap.). OH ABNAETCA YHWBEPCASIbHON M3MepUTENbHOI
YCTAHOBKOM LUMPOKOTO NMPUMEHEHNS, UMEET TUOKYI0 apXMTEKTYPY U MOXET
LONOJHATLCA LPYTMIA U3MEPUTENbHBIMU 610KaMu 1 yCTpOACTBaMM.



ACADEMIC AND SCIENTIFIC COMPLEX FOR STUDYING PHYSICAL PROPERTIES

OF SEMI-CONDUCTOR MATERIALS AND NANOSTRACTURES

yl-IEBUHO-HAyl-IHbIVI KOMIMEKC ANA W3YYEHUA OUSUYECKUX
CBOWCTB MoyrnPoOBOAHNKOBBIX MATEPUAJIOB N HAHOCTPYKTYP

Mozy/b HecTauyoHapHoON
LCR-cnekTpockonum

lNpefHasHaueH Ana HecTauuo-
HapHon LCR-cnekTpockonuu
HaHOCTPYKTYPUPOBAHHbIX Marte-
pranoB 1 NonynpoBOLHUKOBbIX
npu6opoB.

MoZaynb pernctpawum
OCHOBHbIX Ta/lbBaHo-

MarHUTHbIX SIBMEHWUNA

MpefHasHayeH A9 U3y4eHus
MarH1TonoseBbIX 3aBHCUMOCTEI
KMHETUYeCKNX KoadpdnLmeHToB
HEMArHUTHbIX U MarHUTHbIX
KOHZIEHCUPOBAHHBIX CPef, HaHo-
CTPYKTYPUPOBAHHBLIX W MHOTOC-
JIOMHBIX CTPYKTYP Ha UX OCHOBE.

Moaynb pernctpauun
CMeKTPpa/ibHbIX
XapaKTepUCTUK
NpegHasHayeH [na uU3yyeHus
CMeKTpaslbHbIX XapakTepucTuk

NONYNPOBOAHMKOBbIX MaTepua-
J10B 1 HAHOCTPYKTYP.

The module of non-stationary
LCR-spectroscopy

The device of non-stationary
LCR-spectroscopy nanostructured
materials and semi-conductor
devices.

The device for galvano-

magnetic phenomena
Investigation

The device for studying magnetic
fields dependences of kinetic
koeffisients of not magnetic and
magnetic condensed nanostruc-
tured solids and multilayered
structures.

Complex of devices for
registration of spectral
characteristics

The device for studying spectral
characteristics of semi-conductor
materials and nanostructures.

www.bsuproduct.by
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MULTILEVEL LABORATORY PRACTICAL
TRAINING IN ENERGY SAVING

The system comprises some modules providing a means for a large series
of demonstrating, measuring and simulating laboratory exercises for
bachelor and master students to study the phenomena, processes,
materials and devices used for the effective production and utilization
of energy.

Each module is intended to perform several laboratory works and may be
extended to include specific tasks at customer's request including scientific
research problems. The modular structure of this system makes it flexible
enough to be modified with adaptation of its tasks, goals and laboratory
exercises according to the type and level of training.

MHOIOYPOBHEBbLI NABOPATOPHbIN
NPAKTVKYM MO 3HEPTOCBEPEXEHUIO

BkntoyaeT HEeCKOoNbkO MOAyNeN, KOTopble ob6ecneynBatoT Cepuio
AEMOHCTPaLMOHHBIX, N3MEPUTENbHBIX 1 MOLENMPYIOLMX NabopaTopHbIX
NpakTUKyMOB A1 6akanaBpoB 1 MarCTPaHTOB MO U3YYEHWH) SBNIEHNN,
MpOLLeccoB, MaTepUasioB 1 YCTPOICTB, NMPUMEHSIEMbIX B LENsX aqhhekTus-
HOTO MPOM3BOACTBA W WCMO/b30BaHUA 3Heprun. Kakaplii Mofynb npep-
HasHayeH Ans BbIMOSHEHWA HECKOMbKMX N1abopaTopHbIX paboT, uYnCco
KOTOPbIX MOXeT ObiTb pacluMpeHo MNof cneuudmyeckme TpeboBaHms
3aKasumka, B TOM u4nC/ie 415 BbIMOMHEHNS Hay4YHO-MCCNEA0BATENbCKIX
3afay. MogynbHas CTpykTypa [aHHO CUCTeMbl AenaeT ee A0CTaTO4HO
rnokoi, aonyckass MoAucMKauMio Lenei, 3afay v Buga 1abopaTopHbIX
paboT B 3aBVCYMOCTY OT BiAA NPAKTHKyMa 11 YPOBHS 06y4aeMbIX.




MULTILEVEL LABORATORY PRACTICAL TRAINING IN ENERGY SAVING

MHOIOYPOBHEBbIV TABOPATOPHbIV MPAKTUKYM MO SHEPFOCBEPEXEHNIO

[leMOoHCTpaLoHHO-U3MepuTeibHas
obyyatoulas cuctema «Jom»

Cuctema npefHasHayeHa [Aid
NpOBEJeHNs 3KCnepumeHTab-
HbIX paboT No 0BYYEHNHO CTy/eH-
TOB 4-5-r0 KypcOB 1 MarucTpaHToB
MPUHLMNAM  3Heprochbepexexms,
nccnefoBaHui npoLeccos
TennoobmMeHa B 3aMKHYTbIX
obbemMax W M3MEpEeHUo Tenso-

MPOBOAHOCTW MaTepUasioB, UCMO/b3YEMbIX B OrpaX-
[AOLLMX KOHCTPYKLMSX (CTEHbI, KpbILLK, OKHA, ABEPU,
nonbl 1 ap.). labopatopHble paboTbl NOCTPOEHBI HA
aHa/In3e 3KCMepUMEHTA/IbHBIX BPEMEHHbIX M3MEHe-
HWIA Temnepatyp W WX pacnpefeneHus BHyTpU
MOZenu LoMa Mpu CTauMOHapHbIX M HecTaumoHap-
HbIX YC/IOBUSAX Harpesa.

N3mepuTenbHbI 06yyatoLwmin Moay b
«CeHcopbI»

[Mo3BondeT rapagyuposatb
TemnepatypHble, MarHuTopesuc-
TUBHbIE 1 XO/IIIOBCKME [aTumKi,
ncnonb3yemble B CUCTEMAXx
KOHTPONA 3HEpPreTnyeckmx
YCTPOIACTB 1 3HEprochepexeHus,
W MPOBOAUTL WU3MEPEHUS (DYHK-
LUMOHa/IbHbIX CBOICTB MaTepua-
/10B [1/191 VX aKTUBHbIX 3/1EMEHTOB.

Training and measuring system “House”

The system is intended for
experimental laboratory works
for training of the 4"-5" year and
master students by the energy
saving principles, examination of
the heat transfer characteristics
— in closed capacities, measure-
- == ments of thermal characteristics
of the materials used in the walling units (walls,
roofs, floors, windows, doors, etc.). Works are based
on the analysis of the experimental time dependen-
cies of temperatures and temperature distributions
inside of the house model in the steady-state and
unsteady-state thermal (heating) conditions.

Training and measuring module “Sensor”

This module allows to make
measurements of functional
properties of temperature, mag-
netoresistive and Hall sensors
and the materials used in their
active elements for the control
systems in power engineering
and energy saving.

www.bsuproduct.by
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MHOTOYPOBHEBbIV TABOPATOPHbIV MPAKTUKYM MO SHEPTOCBEPEXEHIIO

Training and measuring module
“Thermal-physic characteristics

of materials”

Module consists of two devices
and is intended for a set of expe-
rimental laboratory works by
measuring of temperature depen-
dences of the materials thermal
conductivity and temperature
conductivity for different heating
modes, boundary conditions and
different regimes of temperature
field evolution.

Training and measuring module

“Photovoltaics”

This module consists of Sun
simulator and spectrometer. It
allows to make measurements
of |-V characteristics? Spectral
characteristics and parameters
of solar cells and also properties
of solar cell materials (photores-
ponse, photosensitivity, etc.).

www.bsuproduct.by

N3mepuTenbHbIA 06yYaroLmii Moaynb
«Tennouanyeckne XxapakTepuCTUKu

MaTepuanoB»

Mogynb COCTOMT W3 [BYX YCTPOICTB W
NpefHa3HayeH [nsi BbINOMHEHUS LMKNIa
nabopaTopHbIX PaboT Mo onpeseneHuto
TEMNEepaTypHbIX 3aBUCUMOCTEN KOIp-
(MLMEHTOB TENNIONPOBOAHOCTM U TeMne-
pPaTypONPOBOAHOCTM TEMIOU30NALMOHHBIX
MaTepuasnoB npu UCMoNb30BaHMI Pas/iny-
HbIX PEXMMOB Harpesa, rPaHNYHbIX
YCNOBUI, Pa3/iNuHbIX PEXMMOB Pa3BUTHS
TeMMepaTypHoro nosis.

3mepuTenbHbI 06yYatoWwmini Moay b

«Co/IHeYHasa aHepreTnka»

[laHHbliA MOAYNb COCTOMUT M3 UMKUTaTOpa
ConHua u cnektpometpa. OH no3Bonser
MPOBOANTL U3MEPEHNA BOJbT-aMNEPHbIX
XapaKkTepuCTUK, CMEeKTPasibHbIX Xapak-
TEPUCTUK M NapamMeTpoB CONHEYHbIX
3/1eMEHTOB, a Takxe CBOWCTB MaTepuasios
COMTHEYHOI 3HepreTukn (PoTOOTKANK,
(hOTOUYBCTBUTENBHOCTB M Ap.).




BELARUSIAN STATE UNIVERSITY

BEEJIOPYCCKWIA TOCYAAPCTBEHHbI YHUBEPCUTET

MpeAcTaBneHHOe B [JaHHOM katasiore 060pyaoBaHue paspaboTaHo Ha in3nyeckom (akynbTeTe
Benopycckoro rocyfapCcTBEHHOro YyHuepcuteta. OHO npeAcTaBnseT oGO KOMMIEKTH
NabopaTopHbIX YCTaHOBOK A5 NPOBEAEHNS NPaKTUKYMOB N0 BCEM pasfenam Kypca o6ueit tusnkm,
N3y4aembIM Ha (hn3nYeCcKnX pakyibTeTax yHUBEPCUTETOB.

Takxe npeactaBneHbl nabopaTopHble KOMMIEKCHI, MO3BOJMIAKLWMNE NPOBOANTL HAy4Hble

nccnefoBaHuss M NOArOTOBKY ChewLuanucToB B 06/1acTM (OM3NKM  NOMYNPOBOLHMKOB,
HaHO3NEKTPOHWKN, /1a3ePHON  (PU3NKW, BOSIOKOHHOW ONTWKM, MOJIEKYNIAPHON CMNEKTPOCKONNN,
3HeprocteperaroLLyX TEXHOOMMIA, aBTOMATU3ALN HAYYHbIX UCCIe[OBAHMI 1 Ap.

dusnyeckuii thakynbTeT BI'Y cosgaH B 1958 rogy Ha 6ase (hu3nko-MaTeMaTmyeckoro thakynbrera.
Ceifuac Ha (hakynbTeTe paboTaroT 60/1ee ABYXCOT HayUHbIX 1 NeAAarornyeckix CoTpyAHNKOB.

B COCTABE ®AKY/IbTETA:

Kadbegpb!:
* 00LLEl r3nKu
* BbICLLIE/ MaTeMaTHKn 1 MaTeMaTn4eckon nsmki
* aTOMHON ChU3MKI 1 (hK31NYECKOI MHAOPMATMKM
* 610Pn3NKM
* /123ePHOV (YU3MKN 11 CMIEKTPOCKONNM
« METOAVKM NpenogaBaHns U3nKN 1 MHPOPMATHKN
o TEOPETUYECKOI (PU3MKN
o (H13V1KM NO/TYNPOBOAHMKOB M HAHO3NIEKTPOHMKN
* (PU3nKn TBEPAOTO TeNa
* (DU3NYECKOIA ONTUKM
* 3HEProgon3nKm
* A1epHON (OU3NKK

HayuHo-uccneoBatesbckue nabopatopuu:

o OMOCOM3NKM 11 BUOTEXHOOTUM

* BbICOKO3HEPTETUYHOM WOHHOM MMNaHTaLN 1
(DYHKLMOHA/IbHOM MarHOCTUKN

* HayYHOro NPMBOPOCTPOEHNS

* HE/IMHENHOI ONTUKM W CNEKTPOCKONUM

* HE/IMHENHOI CNEKTPOCKONNN

* P06/IEM eCTECTBEHHOHAYYHOr0 06pa3oBaHs

* CMIEKTPOCKOMMM NOYNPOBOAHNKOB

e CMEKTPOCKOMUYECKNX CUCTEM

o (DU3VKN MOHHO-Na3MEHHOW MOANUKALLAN
TBEPLbIX TN

o (DU3NKI 1 TEXHUKI NOMYNPOBOSHMKOB

o (DU3VKN 3NEKTPOHHBIX MaTepuasos

* Benopycckuii MeXBY30BCKMiA LIEHTP CTPYKTYPHbIX UCCIeA0BaHNI

» Obceparopust
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