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HAMPABJIEHWA AEATESIBHOCTM
Pa3paboTka 1 Npon3BOACTBO yUYebHbIX MPaKTUKYMOB, nabopaTtopHbIX paboT, yuebHoro obopyanoBaHus, Habopos
ANA peLleHna SKCneprIMeHTasbHbIX 3afay ANA YYpexaeHunin Bbicluero 06pa3oBaHna, KOeaKen, MMLEEB 1 LWKON

Pa3pa60TKa l/IH(I)OpMaLWIOHHOI'O n yl-le6HO-MeTO,E|VILIeCKOFO obecrneyeHusn anA na6opaToprlx pa60T, MPaKTUKY-

MOB, AEMOHCTPALNOHHbIX SKCNEPUMEHTOB
PaspaboTka, nsrotosneHmne npnbopos, 060pyaoBaHnsA, TabopaTopHbIX YCTAHOBOK C MapameTpaMun 3aKka3umka

anA yqe6Horo, HAay4YHOro 1 npomMbILJIEHHOIO NMPUMEHEHNA

MAIN DIRECTIONS OF ACTIVITY

Development and manufacture of training workshops, laboratory experiments, training equipment,

sets for solving the experimental problems for higher schools, colleges, lyceums and secondary schools
Development of informational and educational-methodical materials
for workshops, laboratory and demonstration experiments

Development and manufacture of the instruments, equipment, laboratory installations according
to the individual customer requirements for educational, scientific and industrial applications
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EXHOMNAD

PYT «YHIL, «TexHonab» obpa3osaHo B anpene 2012 rofa C Uesblo KOMMIEKCHOro peleHus npo-
61embl MO OCHAaLLEHWIO BLICLLMX YUYebHbIX 3aBefeHNnn U WKon Pecnybnviku benapycb N1abopaTopHbIM U
[AEeMOHCTPALMOHHBIM OO0PYAOBaAHMEM.

B ueHTpe pa3pabaTbiBaloTCA N1abopaTtopHbIe MPaKTUKYMbl, IEMOHCTPALMOHHbIE DKCMEPUMEHTHI
no GU3KKe, XMMUK, BUONOTUK, SKONOTUU, GUINYECKON KyNbType /s WKOS, KOMNen,ew, CpefaHux cre-
LManbHbIX yUYeOHbIX 3aBeAEHNN 1 YUpexaAeHUn BbiCLero obpa3oBaHua B COOTBETCTBMMU C yUeOHbIMK
nporpaMmamu, yTeepxaeHHbIMi MnHMCcTepcTBOM 06pa3oBaHusa Pecnybnumkn benapyce.

CotpyaHukn PYT «YHIL «TexHonab» ocylecTBnalT yuyebHO-MeTOAMYECKYIO, HAYUYHYIO U MPOu3-
BOACTBEHHYIO OEATENBHOCTb.

Scientific and Educational Production Centre «Technolab» (SEPC «Technolab») was established
in April 2012 as an enterprise for complex providing of high and secondary schools in Belarus with
laboratory and demonstrational equipment.

Nowadays SEPC «Technolab» is developing the laboratory workshops, demonstration experiments
in physics, chemistry, biology, ecology, physical culture for the schools, colleges, secondary specialized
educational institutions and universities in accordance with the curricula approved by the Ministry : . _eanimie
of Education of the Republic of Belarus. _-

In addition, the SEPC «Technolab» employers are conducting the educational, methodological,
scientific and industrial activities.
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KOHLENLNA

Mpepnaraembiit MeToAMYeCKIil NOAXOA K 06yye- g/t
HUI0 OCHOBAH Ha KOMMAEKCHOM UCNONb30BaHUM i 4
COBPEMEHHbIX MHPOPMALMOHHBIX TEXHONOT WA ,.1‘(" A

(MHTepaKTUBHBIX KOMMbIOTEPHbIX NPOrpamMm, BUP-
TyalbHbIX MOAENeli 1 T.4.) U peanbHoro Gpusnyecko-
ro KCNepuMeHTa.

B pamkax npepnoxeHHoro metoanyeckoro nop-
X0/a 1Cnosb30BaHNe COBPEMEHHbIX UHGOPMALIMOH-
HbIX TEXHONOT Ui HanpPaBeHo Ha pacLunpeHue BO3-
MOMHOCTeil yuebHOro FKcnepumeHTa.

Wcnonb3oBaHue nccnenoBaTenbckoro Skcnepu-
MeHTa, B CBOI 0Yepe/ib, HanpaBeHo Ha peanusa-
L0 fieATeNbHOCTHOTO NOAX0AA B 06yyeHuy.

CONCEPTION

The proposed methodological approach to the
training is based on the complex use of modern in-
formation technologies (interactive computer pro-
grams, virtual models, etc.) and a real-time physical
experiment.

Within the framework of the proposed metho-
dical approach, the use of modern information
technologies is aimed to expand the possibilities
of the educational experiment.

Respectively, the use of the training experiment
is aimed at the realization of the active approach
in education.

— ~ dih .
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Co3paHue ycnoBuid 4fia pa3BuTHA TBOPYECKOTO 1 UHTENIEKTYANIbHOTO NMOTEHLMANa MONIOAEXN ABMAETCA BaXKHON, rocyaap-
CTBEHHO 3HaYMMOM 3afayeil. DTo 0OCTOATENbCTBO ANKTYET HEOOXOANMOCTb Pa3pPaboTKM HOBbIX GOPM U CPeACTB OpraHn3aunm
yuebHOW feATENbHOCTU, KOTOPbIE MO3BONWN Obl yUEHMKAM C JIIOObIM YPOBHEM 3HAHWI U YMEHWIA, B 3aBUCMOCTM OT CKITOHHOCTEN
K TOMY WAV MIHOMY BUZY AEATENbHOCTUA U UHAVBUAYabHbIX 0COGEHHOCTEN MOIHOLEHHO peann3oBaTh ceobs.

B TO e Bpems MpaKTuKa NOKa3bIBaET, UTo B NpoLiecce 0byUyeHUs COXPaHSIOTCA NPOTMBOpeUUns Mexay «popmManbHbIMU» MeTo-
Jamu 0byuyeHUs U UHAMBKAYaNbHbIMY CNOCcob6amm yuyeBHO-No3HaBaTeNIbHON AeATENIbHOCTY 00yyYaeMblx; MeXXay ofHoobpa3mem co-
LEePKaHUA 1 KCNOMNb3yeMbIMY NeAarornuyeckumm TEXHONOTUAMM; MeXAY OO bACHNTENbHO-UMIOCTPATMBHBIMI METOAaMMN 00yUeHus
1 [eATeNbHOCTHBIM MOAXOLOM K 00yUeHMio.

Ounpaktnyeckne ¢yHKLUM GONbLIMHCTBA 3aHATUA HaLeNeHbl Ha peanv3aumio TEOPETUKO-NMOHATUIHOTO KOMMOHEHTa 00yueHus
1 HE OPUEHTUPOBAHbI Ha LieNeHanpaBneHHY0 OpraHM3aLmio SKCNepuMeHTanbHOM AeATeNbHOCTY yJYallUXCcs, Ha NpoLecc NHAVBY-
JyaJibHOW camopeany3aumm nx TBOPUECKOro NoTeHurana.

OfHUM 13 peLeHniA MOCTAaBIEHHOMN NPOO6EMbI MOXET BbICTYNUTb METOANYECKIMI NOAXOA K 0OYUEHNI0 B CpefHEN LLIKOJe, OCHO-
BaHHbI/ Ha KOMIMJIEKCHOM MCMOSb30BaHNM COBPEMEHHbBIX MHGOPMALIMOHHBIX TEXHONOTUIN U GpU3NUYECKOTrO SKCNeprMeHTa. [JaHHbI
noAxof HanpaBJieH HA YCUIEHVE CAMOCTOATENIbHOW MNO3HABATeNIbHOW AeATeNIbHOCTU 00yUYaeMbiX, Pa3BUTUE UX TBOPYECKUX CMO-
COBHOCTEN.

B HacTosLLlee BpeMs B CBA3U C HEAOCTAaTKOM LUKOJIbHOrO 060pyaoBaHusA (MprbOpPOB, MaTepuranos), HEOOXOAMMOro MeToauYe-
CKOro obecrneueHms, a Tak>Ke B CBA3M C OTMEHON BCTYMUTENbHbIX 3K3aMEHOB B YUPEXKAEHMSA BblCLIEro 06pa3oBaHsA 1 3aMeHO 1X
Ha LieHTpaNM30BaHHOe TeCTUPOBAHME B NpoLecce 0byyeHnsa Gprsnke cTan npeobnagatb TEOPETUUECKMNI CNOCO6 NO3HaHKA HOBO-
ro yuebHoro matepuana.

The creation of the conditions for the development of the creative and an intellectual potential of youth is significant and
state-important task. This circumstance dictates the need to develop new forms and ways of organizing educational activities that
would allow to the students with different level of knowledge and skills, depending on the propensities and individual capabili-
ties to realize themselves in education.

At the same time, practice shows that in the educational process there are contradictions between the «formal» and individual
methods of educational and cognitive activity of students; between monotony of content and used teaching technologies;
between explanatory-illustrative methods of teaching and the activity approach to the education.

The didactic functions of most classes are aimed at implementing the theoretical and conceptual component of education
but are not focused on the purposeful organization of the students' experimental activity, the process of individual self-realization
of their creative potential.

The methodical approach to teaching in secondary schools, based on the integrated use of modern information technology
and physical experiment can be one of the possible solutions of mentioned problem. This approach is aimed at strengthening
the independent cognitive activity of trainees, developing their creative abilities.

Currently, due to (I) the lack of school equipment (esp. instruments, materials), the necessary methodological support, (Il)
and also in connection with the cancellation of high school entrance examinations and the replacement with centralized testing
the theoretical way of new material learning began to dominate in the process of physics teaching.

ObWAA UHOOPMALNA / GENERAL INFORMATION

Mpepnaraemoe obopyrnoBaHue
XapaKTepPU3yeTCs BbICOKOV CTEMEHbIO
HOBW3Hbl (COOTBETCTBYET MUPOBOMY
YPOBHI0) 11 MO3BOJIAET NCMOJIb30BATh
MHHOBALIVIOHHbIE HAaYYHO-
METOAUYECKME NOAXOAbl, HAaMPaBJIEHHbIE
Ha NnpoBeaeHne PU3nNYeckoro
3KCMepUMEHTa, B YeTbipex dopmax:
+ IEMOHCTPALNOHHbIV SKCMEPUMEHT;
+ NaboPaTOPHbIN SKCMEPUMEHT;
+ GPOHTaNbHbIN 1 TAaBOPATOPHDIN
NpPaKkTUKyM;
* peleHne 3KCnepuMeHTanbHbIX
3afau.

The offered equipment is characterized
by a high degree of novelty
(corresponds to the world level)
and allows to realize the innovative
scientific and methodological
approaches aimed at conducting a
physical experiment in four forms:

« demonstration experiment;

« laboratory experiment;

- frontal and laboratory

practical training;
- solution of experimental tasks.
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B npepctaBneHHoil cucteme obopysoBaHus
peanu3yeTca NpUHLMN BapuaTMBHOCTH. OH BbIpa-
KaeTcA B TOM, YUTO BO3MOXHbI N0 KpaliHeil mepe
Tpu cnoco6a KomneKTaLum cuctem 06opynoBaHus,
Kaxblii U3 KOTOPbIX N03BONAET OCYLLECTBUTD IKC-
nepuMeHTaNbHylo NOAAEPKKY y4eGHbIX Mporpamm:

+ Ha OCHOBE KOMMbIOTEPHbIX U3MepPUTENbHbIX

wcTem;

« Ha 6a3e uudpoBbIx cnocoboB 06paboTKu U

npeAcTaBneHus pe3ynbTaToB JKCNepUMeHTa;

+ Ha 0CHOBE KNnaccuyeckoro 060pyaoBaHua.

Bce Tpu cnoco6a gononHaAioT Apyr Apyra 1 moryT
NCNosb30BaTbCA COBMECTHO.

MpermMyuiecTBa NpeasiaraeMblx pa3paboTok:
« MHOTOQYHKLMOHANbHOCTb;
+ MPOCTOTa B 3KCMyaTauuu;
+ [OCTYMHasA LeHa;
+ MeToanYeckoe 1 MHGOpPMaLNOHHOE
obecneyeHune;
« 0byueHwme.

The principle of equipment variability is realized
in the presented system. It means that at least three
ways of equipment systems assembling are possible,
each of them is providing the experimental support
of training programs:

« based on computer data acquisition systems;

- based on digital methods of data processing

and presentation of experimental results;

« based on classic laboratory equipment.

All three methods are complement and can be
used together.

Main advantages of our products:
- multifunctionality;
- easy to use;
- good price;
« methodical and information support;
- training.

-
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CHWXeHVE POy y4ebHOro 3KCNeprMeHTa MPYBESIO K TOMY, UTO yUalLMecsa TePstoT MOTUBaLMIO K U3yUYeHUIo NpeaMeTa: M HeUH-
TepecHo cnyLwaTb OObACHEHNSA yUUTENA 1 pellaTtb NpakTMyeckme 3agaun. ns 60nblUNHCTBA WKOMbHVKOB NPeACTaBaAAeT MHTepec
NPUKNAgHOE NPUMEHEHME 3aKOHOB NMPUPOJbI, @ UMEHHO UCMOJIb30BaHME 3HAHWI B TEXHUKE, ObITY, OKpY»KatoLem Mupe. Yualymxcs
npuBeKaeT camocTosATeNbHasA paboTa ¢ npubopamu, 060py[oOBaAHMEM, MPOBELEHE OMbITOB, NCCIeOBaHNN, KOHCTPYNPOBaHUE
NPOCTENLLNX TEXHUYECKMX YCTPONCTB. OTCYTCTBME HA YPOKAxX NepeUmncsieHHbIX Cocob0oB opraHM3aLum SKCNepruMeHTaNbHON fe-
ATENIbHOCTU YUaLMXCA NOLABNSET UX MHULMATVBY, AeNAeT PaBHOAYLWHbIMY, 6€3y4YacTHbIMU 1 6e3pasnnyHbIMU K yuebHOI Nno3Ha-
BaTeNibHOW AeATenbHOCTY. [Insa npeoponeHnsa nHandPepeHTHOro oTHoLeHKA obyyaembix K y4ebHOMY npoLeccy Heobxoanmo no-
rPy3uTb X B TaKy0 NCUXONIOrO-Nefarornyeckyto cpeny, B KOTopoi oHu ByayT nofyyaTb pafoCTb U HacnaXKaeHve oT 00yyeHus, pa-
60TaTb 3aVHTEPECOBAHHO 1 YBNEYEHHO, Ha BbICOKOM 3MOLIMOHaIbBHOM YPOBHE.

AHanus negarornyeckol AesTenbHOCTY yunTenen NokasblBaeT, YTo CMOb30BaHUe CPefCTB COBPEMEHHbIX UHGOPMALIMOHHbBIX
TEXHOJOrMIA B NpoLiecce 0byueHmns CBOAUTCA K paboTe ¢ MAMCTPaTVBHLIM MaTEPUANIOM SMEKTPOHHbIX YUeOHUKOB, B OTAENbHbIX
cnyyanx — K paboTte ¢ KOMNbIOTEPHBIMU MOZENAMY, MPOMEXYTOUHOMY 1 UTOrOBOMY KOHTPOJSIIO 3HAHUI yyawumxca. Bce vale pas-
paboTunky yuebHOro NnporpaMmmHoOro obecneyeHnsa As opraHM3aLnm SKCNepUMeHTaNIbHON AeATeNbHOCTU YUeHKOB npegnara-
I0T MCMONb30BaThb BMPTYasibHble ¢dusmueckme nabopatopun. OgHako MCNoNb3oBaHMe KoMMboTepa B GU3nYecKrx nabopatopuax
ANA BM3yanv3aumm Grsmyecknx npoLeccoB, CPeACcTB MOAENMPOBAHNA U CTaTUCTUYECKON 06paboTKN pe3ysibTaToB M3MepPeHWin Be-
[IeT K BbITECHEHUIO SKCMEePUMEHTANbHbIX YCTaHOBOK U, KaK CNIeACTBIE, K MOTePe HAaBbIKOB PaboThbl ¢ Nprbopamu. B HacTosee Bpe-
M5l B y4eOHOM MnpoLiecce Heslb3sA 0TKa3aTbCs HY OT MPUOOPHOTO, HY OT KOMMbITEPHOTO (MOLAENBbHOIO) SKCMEPUMEHTA, MOCKOJIbKY
3TV MeToAbl B3aVIMHO AOMOJHAIOT 1 oborawatoT Apyr Apyra. lMonck Hanbonee onTMMasbHbIX MOAXOL0B U YCNIOBUIA ANA peanunsa-
LM KOMIMIEKCHOTO MCMOMb30BaHNA 0603HaYeHHbIX METOAO0B NO3BONUT 0becneunTb 3GpGEKTUBHOCTb UX COBMECTHOIO UCMOJb30-
BaHUA Npwv n3ydeHun Grsnku.

The decrease in the role of the training experiment has led to the fact that students lose their motivation to study the subject:
they are not interested in listening to the teacher's explanations and solving practical problems. Most schoolchildren are interes-
ted in the application of the laws of nature, namely the use of their knowledge in engineering, everyday life, and the surrounding
world. Students are attracted to the independent work with instruments, equipment, experiments, research, and the construc-
tion of simple technical devices. The absence of the above methods of organizing the experimental activity of students suppresses
their initiative, makes them indifferent to the educational cognitive activity. To overcome the this indifference, it is necessary to im-
merse them in a psychological and pedagogical environment in which they will receive joy and pleasure from learning, work with
interest and enthusiasm, at a high emotional level.

The analysis of teachers' pedagogical activity shows that very often the use of modern information technology in the learning
process is simply reduced to the work with illustrative material of electronic textbooks, in some cases — to work with computer
models, intermediate and final tests of students' knowledge. Nowadays, the developers of educational software suggest using
virtual physical laboratories for motivation of the experimental activities of the students. However, using a computer in physical
laboratories for visualizing physical processes, modeling, and digital processing of measurement results leads to the replacement
of experimental setups and, as a consequence, to the loss of skills in working with experimental instruments. At present, the trai-
ning process can not be abandoned either from the instrumental or from the computer (virtual) experiment, since these methods
are complement and enrich each other. The search for the most optimal approaches and conditions for the implementation of the
complex use of the mentioned methods shall ensure the effectiveness of their joint use in the study of physics.

ObWAA UHOOPMALNA / GENERAL INFORMATION

[ina noBblweHna 3¢ HeKTUBHOCTU yyeGHOro
npouecca B PYI «YHIL «TexHona6» pa3paboTaHa
KOHL,enLua akTUBHOTO eMOHCTPALIMOHHOTO JKCne-
puUMeHTa Ha 0cHOBe yuebHoii uudpoBoil naboparo-
pun «TexHol1a6», UHTErpupoOBaHHON C MUHdOPMALIK-
OHHO-M3MepUTeNbHbIMU CUCTEMAMU.

Mop akTUBHOII feMOHCTpaLIMel NOHNMAeTCa fie-
MOHCTpaLysa, B NpoLiecce NPpoBeieHNA KOTOPOIi MOX-
Ho HabnopaTh, uccnenoBatb Guanyeckue NpoLecchb 1
ABNEHA, NPOBOAUTL U3MEepeHNs, PacCunTbIBaTh He-
13BeCTHble NapameTpbl GU3NUeCKIX BeUUUH.

Na6opaTopua npeactaBnsaet coboii cucremy
aBTOMaTU3UPOBaHHOTO c6opa AaHHbIX Ha OCHOBE
NPoBOAHbIX 1 6eCNPOBOAHBIX LUGPOBbIX AATYNKOB U
CnewuanbHoro NPorpamMmmHoro obecneyeHus.

Wcnonb3ya pasnuuHbie undpoBbie faTunKy,
MOXHO NPOBOAUTD LUMPOKMIA CNEKTP UCCNEA0BAHMIA,
AEMOHCTPaLMOHHBIX 1 NabopaTopHbIX paboT no pu-
31Ke, Xumnu, 6uonorum, a TakKe oCywWwecTBAATD Ha-
YUHO-UCCNe0BaTeNbCKME NPOEKTbI.

To increase the efficiency of the educational pro-
cess, the concept of an active demonstration experi-
ment on the basis of the digital training laboratory
integrated with information and measuring systems
was developed at SEPC «Technolab».

An active demonstration means a demonstra-
tion, during which you can observe, explore the
physical processes and phenomena, make measure-
ments, and calculate unknown parameters of phy-
sical quantities.

The laboratory is a system of automated data ac-
quisition based on wired and wireless digital sensors
and special software.

Using a variety of digital sensors, it is possible to
conduct a wide range of studies, demonstration and
laboratory work on physics, chemistry, biology, as
well as carry out research projects.




FUMN WHEBHO HANYHO NPOMIB00CTEEHHEA LUEHTR

EXHOMNAD

ObLWAA NHOOPMALUA / GENERAL INFORMATION

PYMN «YHIL «TexHonab» pacnonaraet
COOCTBEHHbIM MPOV3BOACTBOM,
OCHaLLLEeHHbIM COBPEMEHHbIM
060pyfoBaHNEM, C MOMOLLbIO KOTOPOTO
KBaNMGULIMPOBAHHbIE CNeLManmncTbl
OCYLLECTBIIAOT Pa3paboTKy 1 TEXHUYECKoe
06CNyKrBaHMe NpeasiaraemMblx K NocTaBKe
TOBAPOB, X PEMOHT, FraPaHTUNHOE 1
nocnerapaHTMinHoe o6CnyKnBaHue.

i

HALLW NAPTHEPbI:

« BoeHHas akapemua Pecny6nuku benapyco;

« «A3epbaiigkan Xasa Honnapbi» 3A0 Haumo-
HanbHas akafiemusa aBnauun Asep6aiifxana;

+ YuuBepcutet B benocroke (Monbiwua);

« MonutexHuyeckunii ynusepcuter r. benocrok
(Monbua);

« SIA «Lucky» (JlatBus).

SEPC «Technolab» has own modern
equipped manufacture and high-skill
personal for development and technical
support of our products, their repair,
warranty and post-warranty service.

OUR PARTNERS
« Military Academy of Belarus;
» «Azarbaycan Hava Yollari» — National Academy
of Aviation of Azerbaijan;
« Bialystok University (Poland);
« Technical University of Bialystok (Poland);
+ SIA «Lucky» (Latvia).
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Mpeanaraembiit METOANYECKNI NOAXOL K OOYyUEHMI0 OCHOBAH Ha KOMMIEKCHOM MCMONb30BaHNY COBPEMEHHbIX nHbopmauu-
OHHbIX TEXHOMOIMI (MHTEPAKTUBHbIX KOMMbIOTEPHbIX MPOrPaMm, BUPTYasibHbIX Mofdenen v T.4.) U GU3nyeckoro skcneprmeHTa. B
pamKax npeasioKeHHOro METOANYECKOro NMOAX0Aa NCMOMb30BaHNE COBPEMEHHbIX MHPOPMALIMOHHbIX TEXHONIOTIA HaMNpPaBIEHO Ha
pacwyipeHie BO3MOXHOCTEN yuebHOro aKcrneprMeHTa. Micnonb3oBaHne NCCefoBaTe/IbCKOro SKCNEPUMEHTa, B CBOIO oUepeab,
HanpaBfeHo HA peanun3aLunio AesTeNbHOCTHOMO MOAX0AA B 0OyUeHnn.

Yuawmumcs npegnaraeTcsa NpPoBecTy NCCefoBaTeNbCKNN SKCNePUMEHT ABYMSA CMOCo6amu: C MOMOLLbIO BUPTYaJIbHOWN cpeapbl,
NCMosib3ysi NPV 3TOM COOTBETCTBYIOLLEE MPOrpamMmmMHOe obecneyeHrie N KOMMboTep; C UCMOJIb30BaHNEM peanbHOro obopynoBa-
HYA 1 dr3nUeckrx NprbopoB.. PaboTasn B BUPTYanbHOW cpefe, yualymecs CMOTyT BbINOMHUTb BUPTYasbHbIN Gpr3nYecKnii SKcnepu-
MEHT ¥ NONYYNTb NAeanbHble pe3ynbTaTbl MCCNeAOoBaTENbCKON feATeibHOCTU. OpraHr3auma n NpoBeAeHNe peanbHoro epusnye-
CKOro 3KCMepMMeHTa NMO3BOJIUT NOSYUNTb peasibHble Pe3ysibTaTbl MCCe0BaTENbCKON AeATENbHOCTM. 3aTeM yyalmmca Heobxoau-
MO CPaBHUTb 1 MPOaHaNU3MpoBaTb Pe3ysibTaTbl 060MX SKCMEPUMEHTOB.

PacxoxpeHvie pe3ynbTaToB, MOSTYYEHHbIX B XO4€ NPOBEAEHNA peaslbHOro 1 nean3npoBaHHOIro Gr3NYECKOro sKCnepumeH-
TOB, MO3BONIUT NOCTaBUTb NEPEA yUaLLMMIKCS NPO6eMy, Bbi3BaTb Y HUX HEOOXOAMMOCTb pa3peLlnTb ee. [leaTeNlbHOCTb, CBA3aHHas
C paspeLleHreM NPOTUBOPEUNIA, BO3HMKAIOLWMX B XOfE aHa/IM3a MeXay 3HaHeM 1 He3HaHVeM, MPUBEAET K NOMCKY HOBbIX AeNCT-
BUWI 1 CNOCOOOB peLleHViA MOCTaBIeHHbIX 3a4au.

JaHHbI MeTOAMYECKU NoAX0L HanpaBieH Ha GopMUpOoBaHMe Y yyalmxca GyHAAMEHTANbHbIX 3HaHWIA, aAeKBaTHOro Npej-
CTaBNEeHNA O peaslbHOM U BUPTYalibHOM MUPE, Ha N3yUYeHre 0COOEHHOCTEN BUPTYaSIbHOWM 1 peanibHOW AeNCTBUTENIbHOCTU, MOHN-
MaHVe HeO6XOAMMOCTU YUUTbIBATb 3TU OCOOEHHOCTY NPW PELLEHUN NCCNIeA0BaTENIbCKMX MPO6GIEM 1 3afay Ha TEOPETUYECKOM U
SKCMEePVIMEHTAIBHOM YPOBHE.

The proposed methodical approach to the teaching is based on the complex use of modern computer technologies (interac-
tive programs, virtual models, etc.) and physical experiment. Within the framework of the proposed methodical approach, the use
of modern information technologies is aimed at expanding the possibilities of the educational experiment. Respectively, the use
of the laboratory experiment is aimed at the realization of the activity approach in teaching.

Students are proposed to conduct a laboratory experiment in two ways: (I) by using a virtual instruments with the appropri-
ate software and computer; (Il) using real equipment and physical devices. Working in a virtual instruments, students will be able
to perform a virtual physical experiment and obtain ideal research data. The organization and conduct of the real physical expe-
riment will make it possible to obtain real results of research activities. Finally, students should analyze and compare the results of
both experiments.

The discrepancy between the results obtained in real and virtual physical experiments will make it possible to put the problem
for the students to solve. The activity connected with the resolution of the contradictions arising during the analysis should lead to
the appearance of new actions and ways of solving of considered tasks.

This methodical approach is aimed at the formation of fundamental knowledge among students, an adequate understanding
of the real and virtual world, the study of the features of virtual and real reality, the development of understanding to take into ac-
count these features when solving research problems and problems at the theoretical and experimental level.

ObWAA UHOOPMALNA / GENERAL INFORMATION

KomnnekcHoe ncnonb3oBanne B yue6Hom npo-
Liecce no ¢pu3nKe peanbHoro 1 BUPTYanbHOro JKcne-
PVIMEHTOB Hepa3pbIBHO (BA3aHO ¢ Npo6nemoii yue6-
HOTO BpEMEHMU.

OnbIT MCNoNb30BaHUA LMGPoBoIi nabopatopun
«TexHoJla6» B yue6HOM npoLiecce nokasan, uto yya-
wumca nabopatopHbie paboTbl CTaHOBATCA 6onee
MHTepecHbl. Mpu 3TOM MOXHO 0CyWecTBUTL AND-
depeHuMpoBaHHbIii NOAX0A K 06yyaowmmea u pas-
BUTb Y HUX MHTEpeC K CamoCTOATENbHON MCCneoBa-
TeNbCKOI feATENbHOCTU.

Mpu ncnonb3oBaHUN B AeMOHCTPALUOHHOM
3KCnepumMeHTe OnbiTbl CTAHOBATCA HACTONbKO d¢-
(eKTHBI 1 HarNARHBI, UTO yyaLLneca He ToNbKO Obl-
CTPO NOHUMAIOT U 3aNOMUHAIOT TeMY, HO U HaXoAAT
MHOXEeCTBO ObITOBBIX NPUMEPOB, NOATBEPXKAAI0-
LLMX NONYYEHHbIE BbIBOADI.

Complex use in the educational process for the
physics of real and virtual experiments is tightly con-
nected with the problem of teaching time.

The experience of using the digital laboratory
«TechnolLab» in the educational process has shown
that the students are becoming more interested
in laboratory work. At the same time, it is possible
to implement a differentiated approach to the stu-
dents and develop their individual interests in inde-
pendent research activities.

When used in a demonstration experiment,
the experiments become so spectacular and obvious
that the students not only quickly understand and
remember the studied material, but also find a lot of
everyday examples that confirm their conclusions.
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AEMOHCTPALVMOHHOE ObOPYAOBAHWUE / DEMONSTRATION EQUIPMENT

JJ Uudposaa nabopatopus «TexHol1a6»

Digital laboratory «TehnolLab»
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EXHOMAD

AEMOHCTPALUUOHHOE ObOPYJOBAHWE / DEMONSTRATION EQUIPMENT

LUundpoBas nabopatopua «TexHoJla6»

J'Ia6opaTop|/|ﬂ npeancrtaBnAaeTt coboi CnCcTeMy aBTOMaTU3NPOBAHHOIO c6opa AaHHbIX Ha OCHOBE
NpPoOBOAHbIX GECI'IpOBOﬂHbIX Ll,l/ld)pOBbIX [aT4YMKOB U CcrneynasibHOro nporpaMmmHOro obecrneyeHus.
MCI’IOJ’Ib3yﬂ Pa3nnyHble LI,I/I(I)pOBbIe AaTUYNKN, MOXKHO NPOBOANTb UJI/IpOKI/II;I CNekKTp

nccnenoBaHum, AEMOHCTPALNOHHbIX N na6opaToprlx pa60T no ¢VI3I/IKe, XnmMumn,

6I/IOJ'IOI'VIVI, a TaKXe OCyLWeCcTB/IATb HAay4YHO-NccieoBaTe/IbCKME NPOEKTbI.

YHuBepcanbHbIl HTEpdelic:

2 aHanorosbix Bxoga 10 My, 1B

8 umdpoBbIX BX0A0B/BbIxoAoB TTL
4 nopta UndpPOBbIX JATUMKOB

2 GYHKLMOHaNbHbIX reHepaTopa
NcTouHmK nutaHma +12B 2A

Perncrpatop gaHHbIX (6ecnpoBogHoOIA):

4 nopta UuMPpPOBbLIX A4ATUMKOB

4 6ecnpoBOAHbIX AaTUMKA
LiBeTHOM ancnnen

SD kapTa namaTtu

Wi-Fi

USB 2.0

AkkymynaTopHas 6atapes (24 u)
MO Windows

BecnpoBogHble AaTunKM:
Hatumk Temnepatypbl -20 +110 °C
Hatunk gasneHuna 0-100 klMa
[aTtumk yckopeHusa £8 g

Hatunk YCC

Hatunk Kl

T’

LUndposbie USB paTumku:

JaTtumk Temnepatypbl -25 + 110 °C
Hatumk Temnepatypbl 0 + 1100 °C
[Oatunk marHmuTHOro nona 0 £ 10 mTn
[datumk marHutHoro nonAa 0 = 100 mTn
Mwunnnamnepmetp £ 1000 mA
Jatumk HanpaxeHnA = 5B

Hatumk HanpsxeHua + 250 B
Hatunk nasneHna 0-100 klla
Hatumk pacctoaHna 0,1-5m

Hdatumk cunbl + 2H

Hdatunk cunol = 20H

JaTtumk yrna nosopora * 360°
[NaTtumk BopoTa ¢ poTo31EMEHTOM
Hatumk BnaxxHoctn 10...100 %
HaTtunk ocseweHHocTr 0-600 nK
[aTunk ypoBHsA Wwyma (3ByKa)
Hatumk anektponposognumocTi 5000 MkCm/cm
[aTunk cogepxaHna Kncnopoga
Hatumk pH 0-14 ea. pH

KomnnekT kabenei

MporpammHoe obecneyeHve
PykoBOACTBO No 3KcnyaTaymm

Digital laboratory «TehnoLab»

The laboratory is a system of automated data collection based

on wireline and wireless digital sensors and special software.

Using a variety of digital sensors, it is possible to conduct a wide range
of studies, demonstration and laboratory work on physics, chemistry,
biology, as well as carry out research projects.

Universal interface:

2 analog inputs 10 MHz, 1V
8 digital inputs / outputs TTL
4 ports of digital sensors

2 functional generators

The power supply is £ 12V 2A
Data logger (wireless):

4 ports of digital sensors

4 wireless sensors

Color display

SD memory card

Wi-Fi

USB 2.0

Rechargeable battery (24 h)
Windows software

Wireless sensors:
Temperature sensor-20 +110 °C
Pressure sensor 0-100 kPa
Acceleration sensor = 8 g
Heart Rate Sensor

ECG Sensor

Digital USB Sensors:

Temperature sensor -25 +110 °C

Temperature sensor 0 + 1100 °C

Magnetic Field Sensor 0 = 10 mT

Magnetic Field Sensor 0 + 100 mT

Milliammeter + 1000 mA

Voltage sensor £ 5V

Voltage sensor + 250V

Pressure sensor 0-100 kPa

The gauge of distance 0,1-5m

Power sensor + 2H

Power sensor + 20H

Angle sensor + 360 degrees

Sensor gate with photocell

Humidity sensor 10...100%

Light sensor 0-600 kL

Noise level (sound) sensor

Electrical conductivity sensor
5000 uS/cm

Oxygen sensor

The pH sensor is 0-14 units PH

Set of cables

Software

Manual
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FUM WHEBHO HAYYHD NP OMIS00CTEEHHLA LEHTR

MEXAHWKA / MECHANICS

YcTraHOBKa nabopaTopHas ANA N3y4eHnsa 3aKOHOB MeXaHUKUN Installation to study the laws of mechanics
C NIeKTPOHHbIM CEKYHAOMEPOM 1 KOMNNIEKTOM npuHagnexHocten | with electronic stopwatch and accessory bag

MpoBepunTb BTOPOI 3aKOH HbIOTOHA, 3aKOHbI COXPaHEeHUs UMMYJIbCa Y MeXaHNYECKON Second Newton’s law verification, conservation of momentum and mechanical
SHepruu, 3aKoHbl KonebaHMin MaTeMaTMUYeCKOro 1 NPYXMHHOMO MasTHUKOB U Ap. energy law, laws of mathematical and spring pendulum oscillations, etc.

Lindpposoir cekyHmomep. Digital stopwatch.

OnTtunyeckme BopoTa. OcHoBaHKe ¢ HanpasasowmmK. NnaHka BepTKanbHas. Optical gate. The base with guides. Vertical planck.
Teno ¢ pasnnMyHbIMU NOBEPXHOCTAMMU TPeHUA. LLlapnKun cTanbHble. Body with different friction surfaces. Steel balls. Steel
LapwnKkn cTanbHble Ha noasece. MarHuTHble fepkatenn. bpycok nnacTUnmMHOBbIN. balls on suspension. Magnetic holders. Plasticine bar.
MpyxuHa. NMoagec ana wainb. CrepKHM (OAMH 13 HUX C GRakkom). Spring. Suspension for washers. The bars (one of them
NHCTpyKUmA no sKkcnnyaTaumm n MeToauYecKre ykasaHusa with a flag). Operating instruction and guidelines

YcTaHoBKa na6bopartopHas Laboratory installation

«MawmwvHa ATByaa» «Atwood Machine»
C 3/1IeKTPOHHbIM 6/10KOM with electronic control unit

srstisiny
Sittsses
Soretses

M3yunTb 3aKOoHbI paBHOYCKopeHHOro ABuKeHnUA  The study of the laws of accelerated motion

JlabopaTopHbIin cTeH «MalunHa ATByga». Laboratory installation «Atwood Machine».
DNeKTPOHHbIN cekyHpomep. icTouHnk nutanua.  Electronic stopwatch, power supply.
Habop rpy3os Set of weights



ﬁ MEXAHWKA / MECHANICS
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YcTtaHoBKa nabopatopHas Laboratory installation

«MaaTHuk MakcBenna» «Maxwell pendulum»
C 3/IeKTPOHHbIM 6/10KOM with the electronic control unit

M3yunTb 3aKOHbI AMHAMIKKIM BpaLLaTeNbHOro Study of rotational motion dynamics laws.
ABWKEHWA. DKCNepuUMeHTaNIbHO Experimental determination of inertia disk
onpenennTb MOMEHT UHepLMK ANCKa moment with a help of Maxwell’s pendulum

C NomolLLbio MaaTHUKa Makceenna

YctaHoBKa «MaAaTHUK MakcBennay, Installation «<Maxwell pendulum», electronic
3NMIEKTPOHHBIN CeKyHAOMep, iBa ONToAaTumMKa stopwatch, two optical electronic sensors

YcTtaHOBKa nabopatopHas Laboratory installation

«CoypapeHue WwapoB» «Balls collision»
C 3/IeKTPOHHbIM 6/10KOM with electronic control unit

The study of momentum and mechanical energy

M3yunTb 3aKOHbI COXpaHeHun
conservation laws at a central balls collision

mmMmnynbca n MeXaHN4ecKom 2Heprun
npwv UeHTpalbHOM coyfapeHnn WapoB

YcTaHOBKa A/1A M3yyeHuWs coyfapeHus Installation to study the collision
LLIAPOB, NEKTPOHHbIV CEKyHAOMEpP of balls, electronic stopwatch




FUM WHEBHO HAYYHD NP OMIS00CTEEHHLA LEHTR

FEXIHOMNAB MEXAHWKA / MECHANICS

T

OnpepeneHve ycKopeHUA Determination ,
cBO60oAHOro nageHunn of the gravitational acceleration B |

N3yuntb cBOGOAHOE NafeHe Ten, The study of free bodies'falling, \
onpeaennTb ycKkopeHme cBO60AHOro nageHus the determination of the gravitational
N BbIUMCAINTb CKOPOCTb MNafeHnA Ten acceleration and calculation

of falling bodies velocity

N3mepuTenbHo-ynpasnaoLwmnn Measuring and control device «TehnoLab»,
Komnnekc «TexHo 1ab», cuctema KaTyLiek system of coils attached to a pipe,
UHIOYKTUBHOCTU, 3aKPEM/IeHHbIX Ha Tpy6e, a computer, a permanent magnet

KOMMbIOTEP, NOCTOAHHbIN MarHUT

N3yueHne 3aTyxatowmx n Study of damped and forced

BbIHY>KAE€HHbIX Me€XaHN4YeCKNX mechanical vibrations

Kone6aHumn
M3yunTb 3aKOHOMEPHOCTU BbIHYXAEHHOTO Study of forced oscillatory motion laws;
KosiebaTeNnbHOro ABUXKEHNSA; onpeaennTb determination of the amplitude and phase
3aBMCUMOCTb aMNIUTY bl 1 cBura pa3 shift on oscillator frequency of a forced force

ocyMnNATOPa OT YaCTOoTbl BbIHy)K,D,aI-OLLI,EVI Ccnnbl

JlabopaTopHbIii cTeHA, Laboratory stand, electronic stopwatch
3/1EeKTPOHHbIN CEKYHAOMEP




MEXAHWKA / MECHANICS

FUM WHEBHO HAYYHD NP OMIS00CTEEHHLA LEHTR

£ EXHOMAB

the Doppler effect of acoustic waves

Installation to study the Doppler effect, the measuring
and control unit «TehnoLab», personal computer

Onpefenutb CKOPOCTb 3ByKa B BO3ZYXE U U3YUNTb
AneHve JJonnepa Ha 3ByKOBbIX BOJTHAX

YcTaHoBKa gna nsydyeHus apdekrta [lonnepa, nmameputenbHo-

ynpaBnsoLee ycTponcTBo «TexHoJ1ab», nepCcoHanbHbI KOMMbIOTEP

N3yueHne asneHnsa flonnepa The study of the Doppler phenomenon
To determine the sound velocity in air, and examine
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EXIHOMAD MEXAHWKA / MECHANICS
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N3yuyeHune npeLecCMOHHOro The study of the gyroscope
ABUKEHUA rmpocKona precession motion

M3yuntb anemeHTapHyo Teopuio To study the elementary theory of gyroscope
rMpOCKoMa 1 NccnefoBaTh NpeLeccuoHHoe and explore the gyroscope precession motion
[OBUXKEHVe rMpocKona ¢ TpemMs CTeneHAMM with three degrees of freedom under the action

cBoboAbl NPV AeNCTBUKN Ha HEro of various moments of the external forces
Pa3nMUHbIX MOMEHTOB BHELLHUX CU

lMpockon ¢ TpemMa cTeneHaMN cBo60ObI, The gyroscope with three degrees
WCTOYHMK nuTanHua (27 B, 400 ), of freedom, power supply (27V, 400 Hz),
MepCcoHanbHbI KOMMNbioTEP, HAbop rpy308 a personal computer, a kit with weights

OnpepeneHune moayns OHra Determination of Young’s modulus

Onpepenntb Mogynb KOHra NPyXMHbI Young's modulus determination
C MOMOLLbIO MPYXXMHHOIO MaATHMKa of spring with spring pendulum

LTaTnB, npy>uHa, rpysbl Maccori 85T, 50T, 251;  Tripod, spring, loads of 85 g, 50 g, 25 g;
3MeKTPOHHbIN CEKYHAOMEP the electronic watch

Dy e
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EXHOMNAD

YcTaHOBKa AnAa onpepeneHns Installation to determine the coefficient
Ko3dpPpunumneHTa TennonposoagHocTn Bo3ayxa | of thermal air conductivity

M3yunTb TENNONPOBOAHOCTL BO3AYyXa KaK
O[IHOTO U3 IBJIEHUNIA MepeHoCa B ra3ax 1
Kak OfHOrO 13 BAOB TennoobmeHa

The study of thermal air conductivity as one
of the transport phenomena in gases
and as a form of heat exchange

Bnok pabouero anemeHTa (yCTaHOBKa AJ1A onpeaeneHus
KoadduLmeHTa TENNONPOBOAHOCTY),

undpoBoi TepMOMETP, 650K NMUTAHNUA HUTK

Hakasa, 650K MUTaHWA BEHTUATOPA

Block work item (the installation to determine the
thermal conductivity coefficient), digital thermometer,
glower power supply, fan power supply

YcTaHOBKa
ANA onpepeneHnn
OTHOLUEHVA

the ratio of thermal
capacities at constant
pressure and constant

Installation to determine -
e

TennoemkocTel Bo3ayxa
npu NOCTOAHHOM AaBneHun | volume
1 NOCTOAHHOM 06beme

M3yuntb npouecc
pacnpocTpaHeHNa 3ByKOBOM
BOJIHbI, U3MEPUTb CKOPOCTU
3BYKa B BO3AyXe Npu pasfinyHbIX
TemnepaTypax 1 onpeaennTb
OTHOLLEHUEe TennoemMKocTen

YcTaHOBKa AJ1s onpepeneHus
OTHOLLEHUS TENNIOEMKOCTEN
BO3ZyXa NPV MOCTOSHHOM
[aBNEHVM 11 MOCTOSHHOM
o6beme, 3NIEKTPOHHbIN
TepMoMeTp, 650K NUTaHKS,
n3MepuTeNbHO-yNpaBswoLlee
YCTPOWCTBO, KOMMbiOTEP

A study of sound wave
propagation, measurement
sound velocity in air at various
temperatures and the ratio of
thermal capacities determination

Installation to determine

the ratio of thermal capacities
of air at constant pressure

and constant volume,
electronic thermometer, power
supply, control measuring
unit, personal computer
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EXHOMNAD

YcTaHOBKa Ana onpepaeneHns Installation to determine
YHUBepcanbHOWM ra3oBoi noctoAaHHom | the universal gas constant

Onpenenutb yH1BeEpPCasnbHY ra3oByio Determination of the universal gas
NOCTOAHHYO METOAOM 3aKauKu constant by injection method

LUap 414 B3BELWMBaHNA BO34yXa,
SJIEKTPOHHbIE BECDI (MHCprKuMH
npvmaraeTcsl), MaHOMETP C HaCOCOM

Bowl for air weighing, electronic balances
(instructions included), pump pressure gauge

OnpepeneHuve yaenbHom Determination of specific
TennoTbl NNnaBJeHNA onoBa heat of tin melting

OnpepenuTb yaenbHyto Tennoty

To determine the specific heat of tin melting
nnaBfeHns OnoBa

JlTabopaTtopHbIli CTeHA ANa onpepfeneHuns Laboratory stand for determination

yAenbHOW TeNNOTbl NNaBAeHWA ON0Ba, faTunK of specific heat of tin melting, a temperature
TemnepaTypbl, NePCOHANbHbIN KOMMbOTEP sensor, personal computer
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N3yuyeHne 3aBucMmocTu The study of viscosity coefficient

Ko3dpPpunumeHTa BAZKOCTU dependence on fluid temperature
XXNAKOCTMN OT TeMnepaTypbl

M3yunTb ABNEHME BHYTPEHHEro TpeHuA The study of internal friction phenomena
B XMIKOCTSAX; SKCMepuMeHTaNnbHo nccnegosatb  in liquids; experimental study of spherical
[ABWKEHVe Wapoo0pasHbIX TeN B JTaMUHAPHOM bodies motion in a laminar flow

MOTOKe BA3KOW XMAKOCTU; onblTHO onpepenutb  of viscous fluid; coefficient of viscosity
BENNYMHY KO3PPULIMEHTA BAZKOCTM XKUAKOCTU experimental determination
J1TabopaTopHbIN CTeHA ANA onpeaeneHns Laboratory stand for the viscosity
BA3KOCTU XNAKOCTU, UCTOYHUK NUTAHKA, of liquids determination, power
3NEeKTPOHHbIN CEKYHAOMEP supply, electronic stopwatch

OnpepeneHve Ko3$pPpuumeHTa Determination of thermal
TenJIonpoBOAHOCTN MaTepuanoB conductivity materials
CpaBHUTENIbHbIM METOAO0M the comparative method
OnpepennTb KO3bdMLMEHT To determine the coefficient
TenJonpoBOAHOCTM MaTeprasos of thermal conductivity materials
JlabopaTopHbIl CTeHH, TEPMOMETPbI, Laboratory stand, thermometers,

WCTOYHUKU NUTaHUA power supplies

Ml | s
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OnpepneneHue yaenbHom Determination of water specific
TennoeMKoCT/ BoAbl METOA0M heat by the constant flow
NMOCTOAHHOIO NOTOKa
Onpenenutb yaenbHY0 TEMIOEMKOCTb To determine the water specific

J BO/bl METOOM MOCTOAHHOIO NMOTOKA heat by the constant flow
JTabopaTopHbIli CTEHA, NCTOYHMK Laboratory stand, power supply, thermometers

|
G/v\(f nnTaHUA, TePMOMETPDbI
o\ |

OnpepeneHune Ko3pPuymeHTa Determination of volumetric
o6bemHoro pacuwmnpeHus xugkocten | liquid expansion coefficient
&ﬁ'}f Onpegenutb K03pdrLMEHT O6BEMHOTO To determine the volumetric
_ _ pacWpeHns KnagKocTemn expansion coefficient of liquids

JlTabopaTtopHbIli CTeHA ANa onpefeneHuns Laboratory stand for determination
KoapduumeHTa 06bEMHOrO paclIMpeHNA of volumetric liquid expansion coefficient
MKNOKOCTEN, 3NIEKTPOHHbIE BECHI of liquids, electronic balance
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OnpepeneHvie yHUBepcanbHOM Definition of the universal

rasoBoli NOCTOAHHO METOAO0M gas constant by polytropic
NOANTPONMNYECKOro pacliupeHuns expansion method

|
H
I

Il

|

;

OnpenennTb yHUBEPCANbHYIO To determine the universal gas constant
ra3oByl MNOCTOAHHYIO

IR

TepmocTaT, Konba, MaHOMETP, TEPMOMETP, Thermostat, bulb, pressure gauge, thermometer,
NCTOYHWK NUTAHWA, HarpeBaTesbHbIN power supply, heater, electromagnetic stirrer

SJIEMEHT, 2JIEKTPOMarHTHaA Mellalika

i

A e e

OnpepeneHune KoapPpuymneHta Determination of internal friction f
BHYTPEHHEro TpeHnA coefficient and the free path o -
" cpeaHen ANviHbl cBo60aHOrO mean of air molecules ol |
npo6era Mmonekyn Bo3ayxa ;

I
OnpepennTb KO3GOULIMEHT BHYTPEHHETO To determine the internal friction coefficient M
TPEeHUsA 1 cpeaHelt ANnHbI CBOBOAHOTo and free path mean of air molecules
npobera MoneKyn Bo3ayxa
CekyHZOMep, yCTaHOBKa Stopwatch, installation for experimental
[ANA 3KCNeprMeHTanbHOro onpepeneHuns determination of internal friction
Ko3ddurLmeHTa BHyTPEeHHEro coefficient with Poiseuille’s method S

TPeHNA MeTO4OM I'Iaya3enﬂ

D ' ' e



' OnpepeneHve oTHoWeHNA yaenbHbiX | Determination of specific
- Tennoemkocren Bosgyxa air heats
To determine the ratio of specific air heats
Laboratory installation for the determination

OnpepennTb OTHOLLEHNVE yaenbHbIX
TenjoeMKoCTeln Bo3gyxa
of the ratio of specific air heats

J'Ia6opaTopHaﬂ YCTaHOBKa AnA onpeneneHna
OTHOLWEeHUA yaeJibHbIX TENI0emMKoCTen BO34yXa

N3yueHne ckopoctn The study of crystal growth rate

pocTa KpuctannioB

OnpepennTb CKOPOCTb POCTa KPUCTANOB To determine the rate of crystal growth
Microscope, personal computer

MuKpocKkon, nepcoHasbHbI KOMMbOTEP

o
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OnpepneneHune yncna Asoragpo The determination
of Avogadro’s constant

To determine the Avogadro’s constant

Onpegenutb uncno ABoragpo
Microscope

Mukpockon

OI'IPEAEJ'IEHI/IE CKOpPOCTU 3BYKa
B BO3JlyXe MEeTO4OM CTOAYUNX BOJIH in air by standing waves
To determine the sound velocity in air
using acoustic resonance method
The tube with a piston, the measuring

Onpenenutb CKOPOCTb 3ByKa B BO3ZYXe,
NCMONb3ya MEeTOJ aKyCTMUECKOTO pPe30HaHca
and control unit «TehnoLaby, ruler, a computer

Determining the velocity of sound

Tpy6a c nopLuHeMm, N3MepUTenbHO-
ynpasnsoLee ycTponcTeo «TexHo a6,

NNHeNKa, KOMMbOTEP
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EEXIHOCADB QNEKTPUYHECTBO U MATHETU3M / ELECTRICITY AND MAGNETISM

YcTraHoBKa nabopaTtopHas Laboratory installation
«MA3yyeHmne npoueccoB 3apsaga «The study of charge and

1 pa3psaja KOHAeHcaTopa» discharge capacitor processes»
O3HaKOMUTbCA C NPOLIeCCOM 3apsfa 1 To determine the charging and discharging
pa3psaga KoHAeHcaTopa U SKCMepUMEHTaNIbHO process of a capacitor and experimentally

onpenennTb 3HaYeHe eMKOCTM KOHZeHcaTopa define the value of a capacitor

YHuBepcanbHaa MakeTHas nnara, Universal breadboard, universal-measuring
YHMBepPCaNbHO-N3MepUTENbHOE YCTPOCTBO device «Tehnolab», personal computer
«TexHoJ1ab», NepCcoHaNbHbIN KOMMblOTep

YcTtaHoBKa nabopaTtopHas Laboratory installation

«U3yueHune anekTpuueckux npoueccos | «The study of electrical processes

B MPOCTbIX /INHENHDbIX Lienax» in simple linear circuits»

WNccnepoBaTb kK03 drLMEHT Nnepeaaum u The study of transfer coefficient and phase
casura gpa3 mexxay cunoli Toka u HanpskeHnem  shift between current and voltage in circuits
B LIensix, COCTOALMX U3 NociiegoBaTesibHO consisting of connected elements:
COeJVIHEHHbIX: a) two resistors,

a) ABYX pe3nCTopoB, b) a resistor and a capacitor,

6) pe3ncTopa 1 KOHAEHCATOPA, c) re-resistor and an inductor

B) Pe3nNCTopa N KaTyWwKn MHOYKTUBHOCTN

YHUuBepcanbHaa MakeTHas nnara, Universal breadboard, universal-measuring
YHUBepPCanbHO-U3MepuTeibHoe YCTPONCTBO device «TehnoLab», personal computer
«TexHoJ1ab», NepCoHanbHbIN KOMMbIOTEP




FUMN WHEBHO HANYHO NPOMIB00CTEEHHEA LUEHTR

EXHOMNAD

INEKTPUYECTBO U MATHETU3M / ELECTRICITY AND MAGNETISM

YcTtaHOoBKa nabopaTtopHas Installation laboratory
«3yuyeHune 3aTyxarowumx kone6anmin» | «Study of damped oscillations»

M3yunTb 3aTyxatowme KonebaHus

B KosiebaTenbHOM KOHTYpe Npu pasinyHbiX
BENMUYNHAX AKTUBHOIO COMPOTUBNEHUA
KOHTYpa, paccumTaTb noraprdmmnyeckmii
OEKPEMEHT 3aTyXaHWA U NapameTpbl
KonebaTenbHOro KOHTypa

MakeTHadA nnata gna n3yyeHus
3aTyXalowWmx KonebaHnin B 3NeKTPUYECKOM
KonebaTenbHOM KOHTYpE, N3MepUTeSIbHO-
ynpasnatLlee ycTponcTBo «TexHo a6,
NepCOHanbHbIN KOMMbIOTEP

YcTaHoBKa nabopartopHas

«A3yuyeHune BbIHYXKAEHHbIX
KonebaHum»

WccnepoBaTb BbIHYXAeHHbIe KonebaHus

B nocnenosatenbHoMm R, L, C konebaTtenbHoOM
KOHTYpe, onpenennTb JO6POTHOCTb
KOHTYpa 1 pe30HaHCHYI0 4acToTy

MakeTHasa nnata AnAa n3yyeHna BbIHYKAEHHbIX
KonebaHUN 1 ABNEHNA pe30HaHCa HanpaKeHNN
B 3/1eKTPUYECKOM KoslebaTeNbHOM KOHTYpe,
n3MepuTenbHO-ynpasnAioLLee yCTPONCTBO
«TexHoJ1ab», NepcoHanbHbI KOMMbOTEP

The study damped oscillations

in the resonant circuit for different values

of the active resistance of the circuit,

the calculation of the logarithmic decrement
and the parameters of the oscillation circuit

Prototyping board to study damped oscillations
in the electrical resonant circuit, measuring
and control unit «<TehnoLab» personal computer

Laboratory installation
«The study of forced oscillations»

To investigate the forced vibrations

in a sequential R, L, C resonant circuit,
determine the Q of a circuit, and
resonant frequency of a circuit

Prototyping board to study the forced
oscillations and resonance phenomena
of voltage in an electrical resonant
circuit, measuring and control device
«TehnolLab», personal computer




FUMN WHEBHO HANYHO NPOMIB00CTEEHHEA LUEHTR

EEXIHONAB QNEKTPUYHECTBO U MATHETU3M / ELECTRICITY AND MAGNETISM

Laboratory installation
«The study of relaxation oscillations»

YcTraHoBKa nabopaTtopHas
«A3yyeHmne penakcaLMOHHbIX KonebaHnmn»

M3yunTb BONbT-aMNepHYy0 XapaKkTepuctTuky The study of the current-voltage characteristics
ra3oHanofIHEHHON Namnbl 1 paboTy reHepaTopa of a gas-filled lamp and the generator
penakcauoHHbIX KofiebaHui Ha HEOHOBOW flamne, of relaxation oscillations on neon lamp,
N3MepuUTb 1 paccunTaTb NEPUOA pPenakcalMoHHbIX measuring and calculation of period of relaxation
Kone6aHu Npu pasfiMYHbIX 3HaYEHNAX COMPOTUBNEHMA oscillations at different values of resistance
YcTaHOBKa AJ1A M3yUYeHWs peflakcaloOHHbIX KosiebaHui The installation to study the relaxation

Ha HEOHOBOW Namre, yHBepCcanbHO-M3MepUTeNbHOe oscillations on neon lamp, universal measuring
YCTPONCTBO «TexHOoJ1ab», NepCcoHanbHbIN KOMMbOTEP device «TehnolLab», personal computer

YcTaHOBKa ANA N3y4eHUs HesaTyxalowmx n Installation to study the continuous
3aTyXalLwWuX eKTPOMarHUTHbIX KonebaHuii: and damped electromagnetic oscillations:
a) pe3oHaHC B KonebaTeNnbHOM KOHTYpe, a) the resonance in the resonant circuit,
6) 3akoH Oma Ans Luenun nepemMeHHOro ToKa, b) ohm’s law for AC circuits,
B) CBOICTBA aKTUBHOIo N c) properties of resistance and reactance,
peakTUBHOIo CONPOTUBIEHUN, d) resonance of currents and
r) pe30OHaHC TOKOB N HanpsKeHUn voltages in the AC circuit,
B Lilenu nepeMeHHOro TokKa, e) L, R, C Dependence of power
A) 3aBMCMMOCTb MOLLHOCTU B Lienu in AC circuit
nepemeHHoro Tokaot L, R, C

N3yumnTb 3aTyxatowwme KonebaHusa B konebatenbHoM kKoHType  The study of damped oscillations in resonant circuit

NPV pasnYHbIX BENNYMHAX aKTMBHOIO COMPOTUBNEHNA for different values of active resistance in circuit,
KOHTYpa, paccumtatb norapnudmMmyeckmin geKpemeHT the calculation of the logarithmic decrement and
3aTyxaHWs 1 MapaMeTpbl KonebaTeslbHOro KOHTYpa oscillation parameters in resonant circuit
YHUuBepcanbHaa MakeTHasa nnara, yHMBepcanabHo- Universal prototyping board,

U3MepUTENIbHOE YCTPONCTBO «TexHOoJ1ab, universal-measurement device

NnepCcoHanbHbIN KOMMbOTEP «TehnoLab», personal computer
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Installation laboratory «Study of the mutual induction phenomenon»

YcTraHOBKa na6opatopHas «/3yueHne ABNeHUA B3aMOVHAYKLUN»

MN3yunTtb ABNEHNA B3aMMHOW NHAYKLUMN ABYX KOAKCUANIbHO PACMONIOXKEHHbIX KaTyLLeK Study of the phenomena of mutual induction of two coaxial coils

KonebaTenbHbl KOHTYP C UHOYKTUBHOW CBA3bIO, YyHUBEPCANIbHO- Oscillating circuit with inductive coupling, universal-
measuring device «TehnolLab» personal computer

n3MepuTenbHoe yCTPoNcTBO «TexHo 1ab», NnepcoHasnbHbI KOMMbOTEP
YcTtaHoBKa nabopaTtopHas Laboratory installation
«A3yyeHmne cBA3aHHbIX KOHTYPOB» «The study of coupled circuits»

To investigate the oscillations in coupled
circuits, to observe the energy
exchange in identical oscillating circuits
connected with weak capacitive link

M3yunTb KonebaHMs B CBA3AHHbIX
KOHTYpax, Habnogatb 06MeH sHepruel

B OVIHAKOBbIX KonebaTesibHbIX KOHTYpaX,
COefIMHEHHbIX C/1ab0 eMKOCTHOW CBA3bIO

An oscillating circuit with capacitive link,
a set of capacitors, universal-measuring
device «TehnolLab», personal computer

KonebaTenbHbIl KOHTYP C eMKOCTHOW CBA3bIO,
Habop KOHAEHCATOPOB, yHVBEPCaNbHO-
nN3MepuTesibHOE YCTPOMCTBO «TexHo 1aby,
NepPCOHaNbHbIN KOMMbIOTEP
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YcTraHoBKa nabopaTtopHas Laboratory installation
«/I3mepeHune yacTtoTbl METOAOM «Frequency measurement
ABOWHOWN KPYroBOW pa3sBepTKN» by dual circular sweep»

M3yunTb cnoxeHne aBYX rapMOHUYECKNX The study of two oscilloscope electronic
Kone6GaHUM 3NeKTPOHHOIO MyYKa beam harmonic oscillations superposition
ocuyunnorpada B 3aBUCMMOCTU OT aMMANTY[ depending on amplitude and phase

1 caBura das cknagbiBaemblx konebaHui, angle, occurring with the same frequency
NPOUCXOAALLMX C OAMHAKOBOW YaCcTOTOM W w along one direction Y; and in mutually
BAOJSIb OAHOMO HanpaBfieHus ¥; BO B3aIMHO perpendicular directions X and Y

nepneHanKyNApPHbIX HanpasneHusax X n Y

JlabopaTopHbI CTEHA ANA U3yYeHuA Laboratory stand for the study of harmonic
rapMOHMYECKKX KonebaHUii, NepCcoHanbHbIi oscillations, a personal computer, measuring
KOMMbOTEP, U3MEPUTENBHO-YNPaBAAoLLEee and control device «TehnoLab»

YCTPONCTBO «TexHOoJ1ab»

CnoXxeHune rapmMmoHn4yecKkunx

Harmonic oscillations superposition

Kone6aHui

MN3yuntb cnoxkeHune gByx rapMOHNYECKNX The study of two oscilloscope electronic beam
Kone6aHUM 3N1eKTPOHHOrO NyyKa harmonic oscillations superposition depending
ocuyunnorpada B 3aBUCMMOCTU OT aMMANTYS on amplitude and phase angle, occurring with
n caBrra ¢as cknagblBaeMbIx KonebaHui, the same frequency w along one direction Y

NPONCXOAALLMX C OAVHAKOBOW YaCTOTON W
BOOJIb OHOTO HanpasieHus Y

JlabopaTopHbI CTEHA ANs U3yYeHus The laboratory stand for the study
rapMOHMNYECKKX KonebaHNii, MepCcoHanbHbIi of harmonic oscillations, a personal computer,
KOMMbOTEP, U3MEPUTENBHO-YNPaBAsAoLLee measuring and control device «TehnoLab»

YCTPONCTBO «TexHo lab»
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YcTtaHOoBKa nabopaTtopHas Laboratory installation
«ToK B Bakyyme» «Current in a vacuum»

Onpepnenutb paboTy BbIXOAa 3NEKTPOHOB
13 MeTanna npuv nccnefoBaHnm
3aBMICUMOCT TOKa HacblleHWsA
LBYX3NEKTPOLHON 31eKTPOHHOW amnbl
OT TemnepaTypbl HarpeBa KaToAa

JlabopaTopHbIit CTEHA ASIA U3yUYeHUs
paboTbl BbIxOAa SNEKTPOHOB U3 MeTanna,
NMepCoHasbHbIN KOMMbIOTEP, U3MEPUTENIBHO-
ynpasnatLlee ycTponcTeo «TexHoJ1ab»

YcTaHOBKa ANnAa AeMOoHCTpauum

BOJ1bT-aMNEePHbIX XapPaKTepncTuK
nonynpoBoAgHNKOB

M3yunTb 3aBUCMMOCTb TOKa OT HaMpsXXeHNA
Ha p-n nepexofe nNpu NPAMOM

BKJTIOYEHUU ANOJA B LieNb NCTOUYHMKA

TOKa 1 onpefaerieHne Ha OCHOBaHUM 3TUX
M3MepeHN NOCToAHHON bonbumaHa

JlabopaTopHbIt CTEHA AN1A U3ydYeHnn

p-n nepexofa, yH1BepcanbHo-
MN3MepuTeNibHOE YCTPOMCTBO «TexHoJ1ab»,
nepCcoHanbHbI KOMMNbIOTEP

Determination of the electron work function
in metal while investigating the dependence
of current saturation on cathode heating
temperature of two-electrode vacuum tube

Laboratory stand to study the electron work
function in metal, a personal computer,
measuring and control device «TehnolLab»

Installation to demonstrate
current-voltage characteristics
of semiconductors

Study of current — voltage dependence
of p-njunction for direct inclusion of
diode in circuit with electric source and
to determine the Boltzmann constant
on basis of these measurements

Laboratory stand for studying the p-n
junction, universal measurement device
«TehnolLab» personal computer

YO
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EEXIHONAB QNEKTPUYHECTBO U MATHETU3M / ELECTRICITY AND MAGNETISM

YcTraHoBKa nabopaTtopHas Laboratory installation

«MccnepgoBaHne xapaKTepucTuk «Characteristics investigation
NoNynpoBOAHNKOBOrO la3epa» of a semiconductor laser»

M3yuntb npriHUMnbI paboTsl The study of the operation principles

NosnynpoBOAHNKOBOIO Jla3epa U of semiconductor laser and

N3MepPUTb €ro OCHOBHbIE MapameTpbl measurement of its key parameters

JNlabopaTtopHan ycTaHOBKa Ans onpefeneHus Laboratory unit for determining the parameters

napameTpoB MonyrnpoOBOLHUKOBOIO Jla3epa, of the semiconductor laser,

N3MepPUTENTIbHO-YMNPABIAIOLLEE YCTPOWNCTBO the measuring .

«TexHoJ1ab», NepCcoHasNbHbIN KOMMbOTEP and control unit
«Tehnolaby, 3

personal computer

YcTtaHoBKa nabopaTtopHas Laboratory installation

«UA3yyeHmne 3neKTpoCcTaTnyecKoro «Electrostatic field study»
nona»

WccnepoBaTb aneKkTpocTaTnyeckoe none, Investigation of electrostatic field
CO34aBaeMoe 3MeKTPoAaMM Pa3fINYHOMN created by electrodes of different shapes,
$OopMbl, ONKrcaTb €ro ¢ NOMOLLbIO its description using the equipotential
SKBMNOTEHUMASIbHbBIX MOBEPXHOCTEN U INHUIA surfaces and electrostatic field lines

HanpPAXeHHOCTW 3JIEKTPOCTAaTUYECKOro nonsa

YcTaHOBKa A1a n3yyeHus anekTpoctatmyeckoro  Installation to study the electrostatic
nons, usmepuTenbHo-ynpasnawoLee yctpoictso  field, measuring and control unit
«TexHoJ1ab», NepCcoHanbHbIN KOMMbOTEP «TehnoLab», personal computer
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YcTtaHOoBKa nabopaTtopHas Laboratory installation
«A3yyeHne marHuTHOro «Magnetic field study of solenoid

nons cosieHonaa C NOMOLLbIO with the help of Hall sensor»
AaTuvka Xonna»

N3yunTb dursmyeckyto cywHocTb 3dpdekTa The study of the physical nature

Xonna, nccnepoathb 3aBucmocTtb DAC Xonna of the Hall effect, the study of the dependence
OT BEJINUNHBI TOKA, MPOTEKAIOLLEro Yepes of Hall voltage on the amount of current
obpaseLl, onpeaennTb NOCTOsIHHY0 Xonna flowing through the sample, determination

of Hall constant

JlabopaTopHas ycTaHOBKa A9 U3yyeHus Laboratory installation for the study
3¢ deKTa Xonna, nepcoHanbHblli of Hall effect, a personal computer, measuring
KOMMbloTep, M3MepUTeNbHO-yNpaBaatoLLee and control device «TehnoLab», power supply

yCcTponcTBO «TexHoJ1ab», NCTOUHUK TOKa

YcTraHOBKa nabopaTopHas Laboratory installation «Hysteresis

«U3yueHmne rucrepesnca study of ferromagnetic materials»
deppomMmarHuTHbIX MaTepuanoB»

M3yunTb 3aBNCMMOCTb BEIUYNHBI MAarHUTHON To study the dependence of magnetic induction
VHAYKUMM B OT Hanps»KeHHOCTN MarHNTHOro B of magnetic field H; to determine the

nonsa H; onpeaenntb 3aBUCYMOCTb MarHUTHOM dependence of the magnetic permeability u
NPOoHMLAaeMoCT GeppomMarHeTrka of ferromagnetic on magnetic field strength H

OT HAaNPAXEHHOCTN MarHNUTHOIo NonA H

JlabopaTopHas ycTaHOBKa Laboratory installation for determination
AnA onpeaeneHnsa OTHOCUTENbHON of relative magnetic permeability
MarHUTHOM NpoHuLaemocTy GeppuTtos, of ferrite, measuring and control device
n3MepuTebHO-yNpasndAtoLLee yCTPoONCcTBo «TehnoLab», personal computer

«TexHoJ1ab», NnepCcoHanbHbIN KOMMblOTEP

Y 2
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EEXIHOCADB QNEKTPUYHECTBO U MATHETU3M / ELECTRICITY AND MAGNETISM

YcTraHoBKa nabopaTtopHas The study of ferrites’

«M3yyeHne marHMToCTpuKLUn magnetostriction

B pepputax» |

M3yunTb ABNEHNE MarHUTOCTPUKLMN Study the phenomenon of ferrites’ =
B beppuTax magnetostriction - 5
MarHUTOCTPUKLMOHHbIN U3NlyYaTensb, Laboratory installation for the study

reHepaTop CUrHaNoB cneuranbHom Gopmbl of Magnetostrictive transducer,

a special waveform generator

YcTraHoBKa nabopatopHan «M3yueHne | Laboratory installation «Study
CBOWCTB CErHeTO3/1IeKTPUKOB» the properties of ferroelectrics»

O3HaKOMUTbCA C OCHOBHbIMU Familiarization with the basic
NOJIOXKEHUSIMMN TEOPUY DNTEKTPUYECKOTO statements of electric field in a dielectric.
nons B gnanektpuke. Monyumntb Ha sKpaHe Get on the oscilloscope screen hysteresis
ocumnnorpada netTnm rucrepesnca loop for a ferroelectric. Determine

[ANA cerHeToanekTpuka. Onpenenntb the residual induction, coercive force and
OCTaTOUHYH MHAYKLMIO, KOSPLUTUBHYIO tangent of dielectric loss. To determine
CUNY Y TAHTEHC yrna AN3NeKTPUYeCcKux the dielectric constant of the ferroelectric

notepb. OnpenennTb AN3NEKTPUYECKYIO
NPOHNLIAEMOCTb CErHETO3/EKTPUKA

JlabopaTopHbIN CTEHA ANA N3yYeHns The laboratory stand for the study of electrical
SNEKTPUYECKNX CBONCTB CEFHETONEKTPUKOB, properties of ferroelectrics, a personal computer,
MepCOHANbHbIN KOMMbIOTEP, 3MEPUTENBHO- measuring and control device «TehnoLab»

ynpasnstoLLee yCTPONCTBO «TexHo 1ab»
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FUM WHEBHO HAYYHD NP OMIS00CTEEHHLA LEHTR

EEXHOrADG OMNTUKA / OPTICS

YcTtaHoBKa nabopaTtopHas Laboratory installation
«A3yyeHmne 3aKkoHOB poTOomeTpumn» «Study of photometry laws»

O3HAaKOMUTLCA C OCHOBHbIMY Familiarization with the basic

NOHATUAMU GOTOMETPUM concepts of photometry

NcTouHUK cBeTa, GOTONPUEMHUIK, A light source, a photodetector, -
MynbTUMETp, Habop Anadparm a multimeter, a set of diaphragms S J >

PAPARRRPADAISRARIEEHE LS

R L R PR

YcTaHoBKa nabopaTtopHas Laboratory installation

«A3yueHmne nHTeppepeHU cBeTa «Investigation of interference

c nomolybio 6unpusmol PpeHens» of light with Fresnel’s biprism»
O3HaKOMUTbLCA C ABNEHMEM UHTEPPEepeHLUN With a phenomenon interference of light,
CBeTa, N3y4nTb METOA AeSleHNA BOJTHOBOrO study method of wave front division when
dpoHTa Npun peanusauum AByxy4eBom implementing a two-beam interference scheme

nHTepdEPEHLNOHHOM CXEMbI

OnTuyeckas ckambsl, UCTOYHUK CBETa, An optical bench, a light source, a Fresnel
6unpusma QpeHens, y3Kas Lenb, Kamepa biprism, a narrow slit, a camera
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£ EXHOMAB

OMTUKA / OPTICS

Komnnekc ansa neKuNoHHbIX AeMOHCTPaLuia The complex for the lecture demonstrations
1 na6bopaTtopHbiX paboT no pusnyeckom onTuke and laboratory works on a «Physical optics» course

OpraHn3oBaTb EMOHCTPALMOHHbIE SKCNEPUMEHTDI
1 NaboPaATOPHBIV MPAKTUKYM Mo Gr3nYeCcKon onTuke

1. iHTepdepeHLNOHHbIe CUCTEMbI C BO3MOXHOCTbIO IEMOHCTPALMIA
B peasibHOM BpeMeHU Ha 60/IbLLIOM 3KpaHe
1.1. Bubpoyctonumsblii nHtepdepometp MaiikenbcoHa-Tannopa.
1.2. BubpoycToinumBblii MHTEPdEPEHLMOHHBIE MUKPOCKON.
1.3. AudpakumoHHbIN nHTepdepoMeTp CO CABUTOM BOJTHOBbIX GPOHTOB,
NMOCTPOEHHDIN MO cxeme POHKMN.
1.4. NntepdepomeTtp CaHbsAKa C 06paTHO-KPYroBbIM XOA0M CBETOBbIX MyYKOB.
1.5. OceBoW UHTEpPHEPOMETP, MOCTPOEHHDIN HA OCHOBE 30HHOM
nnacTnHkm OpeHens.

2. IndpakumoHHble cucTembl Ans n3yyeHusa gudpakumm Operens n OpayHrodepa:
+ Ha perynvpyemori wenw;
+  Ha NPAMONVHENHOM Kpae;
+ Ha oTBEPCTUU;
+ Ha 30HHOW MNACTUHKE;
+ Ha nponycKatoLlei 1 oTpaxatowwen AndpakUVOHHON pelueTKe.

3. CrcTembl 41 3yYeHUs AUCNepCcnm CBeTa
3.1. MpocToi cnekTporpad Ha 6ase nponycKatLen AMppPaKkLNOHHON PeLIeTKu.
3.2. CnekTporpadbl Ha 6a3e oTpaxkatowen ANPPAKLNOHHON PELIETKMU.

4. [Monapwusauma ceeTa, 3aKoH Mantoca.
5.TeomeTpurueckas ontuka

5.1. 306parkeHue 1 yBesimueHvie npeaMeToB OgUHOYHOMN JIMH3O0M.
5.2. 306bpakeHue 1 yBenimueHvie NpeaMeToB CUCTEMON U3 ABYX JINH3.

5.3. 306parkeHne NpeameToB C MCMO/b30BaHEM 30HHOW MIacTUHKN OpeHens.

Organization of demonstration experiments and laboratory
practical work on physical optics

1. Interference systems with the possibility of demonstrations
in real time on the demonstration screen
1.1.The vibration-resistant Michelson interferometer
based on the Michelson-Taylor scheme.
1.2. The vibration-resistant interference microscope with optical
magnification of ~ 50 and further electronic magnification.
1.3.The diffraction interferometer using shearing
interferometry based on the Ronchi scheme.
1.4. Sagnac Interferometer with the back circular optical path of light beams.
1.5. The axial interferometer based on a Fresnel zone plate.

2. Diffraction systems for the study of Fresnel and Fraunhofer diffraction:
+ by the adjustable slit;
+ by astraight edge;
« by acircular aperture;
« by azone plate;
- by atransmission and reflection diffraction grating.

3. Systems for study of light dispersion:
3.1. Simple spectrograph based on a transmission diffraction grating.
3.2. Spectrographs based on a reflection diffraction grating.

4. Polarization of light, Malus'’s law.

5. Geometrical optics:
5.1.The objects’'imaging and magnification by a single lens.
5.2.The objects’' imaging and magnification by a system consisting of two lenses.
5.3.The objects’imaging by a Fresnel zone plate.

Dy ' '
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EEXHOMNAB OMTUKA / OPTICS

T

YcTtaHOBKa nabopatopHas Laboratory installation
«MHTepdepeHuMA B TOHKNX «Interference in thin films:
nneHkKax. Konbua HblotoHa» Newton’s rings»

MpoBecTn HabnogeHe Konew HbloToHa Watch Newton’s rings in reflected light.
B OTPa)KeHHOM CBeTe. V3mepuTtb pagunycoi Learn to measure and measure the radii
koney HbtoToHa. Onpegenutb paguyc of Newton'’s rings. Determine the radius
KPUBM3HbI UCMONIb3YEMOW INH3bI of curvature of the lens used

Bnok ceeToanoaoB, NMMH3bl, MUKPOCKOMN Block of LEDs, lenses, microscope

YcTtaHoBKa nabopaTtopHas Laboratory installation

«3yyeHune 3aKoHOB «Study of the laws of external

BHewHero ¢potoapdpeKkra» photoeffect»
WccnepoBaTb BOMbT-amMnepHble Investigation of the current-voltage

XapaKTEPUCTUKN BaKYYMHOIO characteristics of a vacuum photocell,
boTo3anemeHTa, 3aBUCUMOCTb GOTOTOKA the dependence of the photocurrent
HaCbILWEHWNSA OT SHEPreTMYECKo ocBeLeHHOCT  saturation from the energy illumination
doTokaTofa; onpenennTb PaboTy BbIXOAa, of the photocathode; definition of the
KpacHyto rpaHuLy doTtosddekTa work function, the red border of the

o 1 NOCTOAHHY!O [naHKa photoelectric effect and the Planck constant
. % BakyyMHblIii doTOINEMEHT, Habop Vacuum photocell, set of LEDs,

CBETOAVOAOB, MUKPOaMMEPMETP, microammeter, voltmeter, power source

BOJIbTMETP, UCTOYHUK NUTaHNA




FUM WHEBHO HAYYHD NP OMIS00CTEEHHLA LEHTR

EEXHOMNAB OMNTUKA / OPTICS

T

YcTraHoBKa nabopaTtopHas Laboratory installation

«OCHOBHbIE 3aKOHOMEPHOCTHN «Basic regularities of internal
BHYTpeHHero ¢otoadppekTa» photoeffect»

M3yunTb OCHOBbI TEOPUK MPOBOAMMOCTH To study the foundations of the theory
NonynpoBOAHUKOB. /I3yunTb ABNEHNA of semiconductor conductivity. To study
BHyTpeHHero poToaddekTa. the phenomenon of internal photoeffect.
WccnepgoBaTb 3aBUCMMOCTb To investigate the dependence
$OTOCONPOTUBIIEHNA OT OCBELLEHHOCTH of the photoresistance on the illumination
BakyyMmHbI poToanemeHT, Habop Vacuum photocell, set of LEDs,
CBETOAMO[0B, MUKpPOaMMepmeTp, microammeter, voltmeter, power source

BONBbTMETP, NCTOYHUK NMUTAHNA

YcTtaHoBKa nabopaTtopHas Laboratory installation

«NccnepgoBaHme onTnyecknx «Investigation of optical CD»
KOMMNaKT-AUCKOB»

O3HaKoOMUTbCA € ABNEHNEM AndpakLumm cBeTa Introduction to the phenomenon of light
Ha OTpakaTesnbHOW AN PAKLNOHHON pelleTke diffraction on a reflective diffraction
YCTPOWCTBOM M MPUHLMMAMWN XPaHEeHUA grating, familiarization with principals

nHdopMaL KM Ha oNTMYecknx nasepHoix gnuckax  of information storage on optical laser discs

JlabopaTopHas ycTaHOBKa AN1A UCCnefoBaHus Laboratory installation for investigation
ONTUNYECKNX KOMMAKT-ANCKOB. of optical CD, measuring and control unit
N3mepurTenbHo-ynpaBnatLLee yCTPONCTBO «TehnolLab». Personal computer. The holder
«TexHoJ1ab». [NepcoHanbHbIV KOMMbIOTEP. device with only write optical CD

,D,epmaTenb C OOHOKPATHO 3anncbiBaeMbIiM
onTnYeCKNM KOMNaKT-ANCKom

D -’ e



FUM WHEBHO HAYYHD NP OMIS00CTEEHHLA LEHTR

TEXHONAB MEOVLUWHCKAA OU3UKA / MEDICAL PHYSICS

Buodumsnyeckme ocHOBbI Biophysical bases
AeNCTBUA YNbTpasByKa of ultrasound action
Ha 6uonornyeckne TKaHn on biological tissues

Onpegenutb Determination of the effect
BO3[eNCTBME yNbTpa3ByKa of ultrasound on biological tissues
Ha 6UoNornYecKme TKaHu

JlabopaTopHas ycTaHOBKa, The laboratory installation,
WCTOYHUK YNbTPa3BYKa, the source of ultrasound,
nccnepyemblin 06beKT the object under study
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£ EXHOMAB

YcTaHoBKa nabopatopHas
«NccnepoBaHme pacnpocTpaHeHnA
ynbTpa3ByKa B pas/IM4HbIX cpegax
(BO3AYX, XKNAKOCTb, TBEpAOE TENOo)»

MEOULUUNHCKAA OU3UKA / MEDICAL PHYSICS

Propagation of ultrasound
in different environments
(air, liquid, solid state)

Wccneposatb pacnpoctpaHeHme
YNbTPa3ByKa B Pa3fINUHbIX cpedax

J1TabopaTopHbIN CTeHA ANA UCCneqoBaHuA
pacnpocTpaHeHna ynbTpa3ByKa

B Pa3/INYHbIX cpefax, O5oK yrnpasneHus,
NIacTUKOBbIE CTEPXKHN

YcTaHoBKa nabopatopHas
«AccnepoBaHnA TeyeHNA
XKunpkKocrtein B TOHKMUX cocyaax»

WNccnepgoBaTb 3aBUCMOCTb XapaKkTepa
TEUEHVIA KNOKOCTEN B TOHKUX COCYAaxX

JNlabopaTopHas ycTaHOBKA, reHepaTop CUrHanoB
cneuvianbHom GopMbl, UICTOYHUK NATAHUSA

The propagation of ultrasound
in different environments

Laboratory stand to study the propagation
of ultrasound in different environments,
a control unit, plastic rods

Study of fluids’ flow
in thin vessels

The dependence of nature
of liquids flow in thin vessels

The laboratory installation, signal generator
of special waveform, power supply
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MEOVLUWHCKAA OU3UKA / MEDICAL PHYSICS

YcTtaHOoBKa nabopaTtopHas
«MopenupoBaHue nacCMBHbIX
3NEeKTPUYeCKNX CBONCTB
TKaHen opraHnsma»

|/|3y‘-II/ITb 3aBUCMMOCTb MoAyniAa nMmnenaHca
SKBUBANIEHTHbIX CXEM W XKNBOW TKaHU
OT 4YaCTOTbl

SneKTpuYecKne cxembl 4s nosnydeHns
3aBUCMOCTY MMMedaHca OT YacToTbl,
reHepaTop CYHycouganbHbIX KonebaHui,
3NEKTPOHHBIN ocuunnorpad

MBMGPEHVIE KOHLUEeHTpauun

oKcuremorno6uHa B KpoBUu 4yeJyioBeKa
C MoMoulblo OKCMreMmomeTpa

OnpepenuTb N3MepPEHNe KOHLEHTPaLUn
OKCUremornobuHa B KpOBU YenoBeKa
C MOMOLLbI0 OKCUTreMOMEeTpa

JlabopaTtopHas yCTaHOBKa,
OKCMreMomeTp, 06pasLibl KPOBY

Laboratory installation
«Modeling of passive electrical
properties of body tissues»

To study the dependence of the impedance
module of equivalent circuits
and living tissue on frequency

Electrical circuits for obtaining

the dependence of the impedance

on frequency, a generator of sinusoidal
oscillations, an electronic oscillograph

Measurement of the concentration
of oxyhemoglobin in human
blood with an oximeter

Determination of measurement
of the concentration of oxyhemoglobin
in human blood with the help of an oximeter

Laboratory installation, oximeter, blood samples
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OBLIAA UHOOPMALINA

JEMOHCTPALMOHHOE OBOPYAOBAHUE
Lindposasa nabopatopus «TexHo Tab»

MEXAHUKA

MN3yueHune asnenmna [lonnepa

OnpepeneHvie moayns tOHra

[aBfieHNN N NOCTOAHHOM obbeme

mMmeToaom

pacwmpeHus

npo6era MOJIEKYT BO3yXa

M3yueHne ckopocTu pocTa KpUCTanios
OnpepeneHne yncna ABoragpo

SJNIEKTPUYECTBO U MATHETU3M

8
8

10
YcTaHOBKa nabopaTopHas Ans n3yyeHns 3aKOHOB MEXaHUKM C SNEKTPOHHbIM
CeKyHLOMEePOM V1 KOMMIEKTOM NPUHAASIEXHOCTEN 11
YcTaHoBKa nabopatopHas «MalurHa ATBYfa» C SMEKTPOHHDBIM OIOKOM ......ceeveumeeremsseeeesssncenes 11
YcTaHoBKa nabopatopHasa «MaAaTHUK MaKcBenna» C SNEKTPOHHDBIM BTOKOM .....c.ceurceevesnecenes 12
YcTaHOBKa nabopatopHas «CoyapeHye WapOoB» C INEKTPOHHDBIM BIIOKOM ......vverreesereennns 12
OnpepgeneHne ycKopeHust CcBO60AHOro nageHms 13
M3yyeHre 3aTyxatoLmx 1 BbIHYXKAEHHBIX MEXAHNUYECKUX KOMIEOAHUM .....cvuneeeererenrecemseseaeeees 13

14
M3yyeHre npeLiecCMOHHOTO ABMXKEHUA TMPOCKONa 15

15

16
YcTaHOBKa Ana onpegeneHnsa KoddoduumeHTa TennonpoBOAHOCTN BO3LAYXA «w.uurevserersecesnns 17
YcTaHOBKa ANnA onpefeneHnsa OTHOLLEHUA TEMI0EMKOCTeN BO3ayXa Npw NOCTOAHHOM

17
YcTaHOBKa na onpefeneHna yH1BepcanbHOM ra3oBo NOCTOAHHOM 18
OnpepgeneHve yaenbHo TeNOTbI NaBeHNA ONoBa 18
M3yyeHre 3aBUCMMOCTY KO3PPULMEHTA BAZKOCTU KULKOCTU OT TEMNEPATYPDI .ecvveveneveernnces 19
Onpepgenerne KoadoduLmeHTa TeNnnonpPoBOAHOCTN MaTePUANTIOB CPaBHUTENIbHBIM

19
OnpepeneHne yaenbHO TEMNNOEMKOCTN BOAbl METOLOM MOCTOAHHOTO MOTOKA .cevunrevsnererenee 20
OnpepeneHrie Ko3donLMeHTa 06bEMHOIO PaCLLNPEHUA XUAKOCTEN 20
OnpepeneHre yHBepcanbHO ra3o0Bo MOCTOAHHON METOAOM MOJINTPONMYECKOrO

21
OnpepgeneHne Ko3dduLmeHTa BHyTPEHHEro TPeHNA 1 cpeHel AfIvHblI CBOOOAHOMO

21
OnpepgeneHre OTHOLEHUA YAENbHbIX TENOEMKOCTEN BO3ayXa 22

22

23
OnpepgeneHre CKOPOCTU 3ByKa B BO3yXe METOAOM CTOSUMX BOSH 23

24
YcTaHoBKa nabopaTtopHas «/3yueHne npoueccos 3apaga 1 pa3psaaa KoHAeHcaTopay .....25
YcTaHoBKa nabopatopHas «/3yueHne sneKTpuyeckmx NpoLeccoB B MPOCTbIX

25

JNINHENHbIX Lensax»

COOEPMMAHUE / CONTENTS

GENERAL INFORMATION

DEMONSTRATION EQUIPMENT

Digital laboratory «TehnoLab»

MECHANICS

Installation to study the laws of mechanics with electronic stopwatch
and accessory bag

Laboratory installation «Atwood Machine» with electronic control Unit ........cccoeeceeseceunnne
Laboratory installation «Maxwell pendulum» with the electronic control unit ..................

Laboratory installation «Balls collision» with electronic control unit

Determination of the gravitational acceleration
Study of damped and forced mechanical vibrations

The study of the Doppler phenomenon

The study of the gyroscope precession motion
Determination of Young's modulus

Installation to determine the coefficient of thermal air conductivity

Installation to determine the ratio of thermal capacities at constant pressure
and constant volume

Installation to determine the universal gas constant
Determination of specific heat of tin melting

The study of viscosity coefficient dependence on fluid temperature

Determination of thermal conductivity materials the comparative method ..........cccoeeuuuuee

Determination of water specific heat by the constant flow

10

1
11
12
12
13
13
14
15
15

16
17

Determination of volumetric liquid expansion coefficient

Definition of the universal gas constant by polytropic expansion method .......ccccccoevvvenne

Determination of internal friction coefficient and the free path mean of air molecules
Determination of specific air heats

The study of crystal growth rate

The determination of Avogadro's constant

Determining the velocity of sound in air by standing waves

ELECTRICITY AND MAGNETISM

Laboratory installation «The study of charge and discharge capacitor processes» ............
Laboratory installation «The study of electrical processes in simple linear circuits» ..........

Installation laboratory «Study of damped oscillations»

Laboratory installation «The study of forced oscillations»

Laboratory installation «The study of relaxation oscillations»

Installation to study the continuous and damped electromagnetic oscillations ..............

Y e
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YctaHoBKa nabopaTtopHas «/3yueHue 3aTyxatowmx konebaHuin» 26 Installation laboratory «Study of the mutual induction phenomenony .........ocvecennecernneces
YctaHoBKa nabopaTtopHas «/3yuyeHune BbIHYXAEHHbIX KonebaHui» 26 Laboratory installation «The study of coupled circuits»

YctaHoBKa nabopaTtopHas «/3yueHune penakcaumoHHbIX KonebaHuiny 27 Laboratory installation «Frequency measurement by dual circular sweep» ........coccceeeeeuenncce
YcTaHOBKa ANnA n3yyeHna He3aTyxalowmx 1 3aTyXalowWwmnx NeKTPOMarHMTHbIX Harmonic oscillations superposition

KonebaHui 27 Laboratory installation «Current in a vacuum»

YcTaHoBKa nabopaTtopHas «/3yueHve aBneHnsa B3aMOVHAYKLUN» 28 Installation to demonstrate current-voltage characteristics of semiconductors

YctaHoBKa nabopaTtopHas «/13yueHune cBA3aHHbIX KOHTYPOB» 28 Laboratory installation «Characteristics investigation of a semiconductor laser» ..
YctaHoBKa nabopaTtopHas «/I3mepeHune 4acToTbl METOJOM JBONHON KPYroBo Laboratory installation «Electrostatic field study»

pa3BepTKU» 29 Laboratory installation «Magnetic field study of solenoid with the help

CnoeHvie rapMOHUYECKUX KonebaHui 29 of Hall sensor» 32
YcTaHoBKa nabopatopHasa «TOK B BaKyyme» 30 Laboratory installation «Hysteresis study of ferromagnetic materials» 32
YcTaHOBKa 151 AeMOHCTPaLUM BOJbT-aMMEPHbIX XapakTepPUCTVK NONYNPOBOAHNKOB ......30 The study of ferrites’ magnetostriction 33
YctaHoBKa nabopaTtopHas «/ccnefoBaHue xapakTeprcTrK NOynpOBOAHNKOBOMO Laboratory installation «Study the properties of ferroelectrics» 33
nasepa» 31

YctaHoBKa nabopaTtopHas «/13yuyeHune anekTpoCcTaTMyeckoro nons» 31 OPTICS 34
YcTaHoBKa nabopaTtopHas «/13yuyeHrie MarHUTHOro noJisi ConeHouza ¢ NOMOLLbIO Laboratory installation «Study of photometry laws» 35

haTtumka Xonna»
YctaHoBKa nabopaTtopHas «/3yueHue ructepesmnca peppomMarHUTHbIX MaTepranos»

Laboratory installation «Investigation of interference of light with Fresnel's biprism» .......35
The complex for the lecture demonstrations and laboratory works

YctaHoBKa nabopaTtopHas «/13yuyeHne MarHUTOCTPUKLNN B DEPPUTAXD ..ceeerneeersneeessseresssecesnns on a «Physical optics» course 36

YctaHoBKa nabopaTtopHas «/13yuyeHne CBONCTB CErHETO3NIEKTPUKOBY Laboratory installation «Interference in thin films: Newton's rings» 38
Laboratory installation «Study of the laws of external photoeffect» 38

ONTUKA 34 Laboratory installation «Basic regularities of internal photoeffect» 39

YcTaHoBKa nabopaTtopHas «/13yyeHrie 3aKOHOB GpOTOMETPUMN» 35 Laboratory installation «Investigation of optical CD» 39

YcTaHoBKa nabopaTtopHas «/3yueHune nHtepdepeHLun cBeTa ¢ NOMOLLbI0 GUNpPr3MbI

OpeHensa» 35 MEDICAL PHYSICS 40

KomnneKc ana nekunoHHbIX AeMOHCTPaLNiA 1 1abopaTopHbIX PaboT No ¢pusnyeckon Biophysical bases of ultrasound action on biological tissues 40

onTuke 36 Propagation of ultrasound in different environments (air, liquid, solid state) ... 41

YcTaHoBKa nabopaTtopHas «/IHTepdepeHLMs B TOHKIMX MyieHKax. Konbua HbloToHay .......... 38 Study of fluids' flow in thin vessels 41

YcTaHoBKa nabopaTtopHas «/13yyeHre 3aKOHOB BHellHero ¢potoaddeKkTar» .38 Laboratory installation «<Modeling of passive electrical properties of body tissues» ........... 42

YctaHoBKa nabopaTtopHas «OCHOBHble 3aKOHOMEPHOCTY BHYTPEHHEro ¢0T03¢¢eKTa» .39 Measurement of the concentration of oxyhemoglobin in human blood

YcTaHoBKa labopaTtopHas «MiccnegoBaHme ONTUYECKNX KOMMAAKT-ANCKOBY ....vveervsessesnsrennes 39 with an oximeter 42

MEOULUUHCKAA ®OU3UKA 40

Briodursnyeckne oCHOBbI AeCTBYA YNbTPa3BYKa Ha OMONOTNUECKNE TKAHM .cvvvuneereevessecereenns 40

YcTaHoBKa nabopatopHas «/lccnefjoBaHue pacnpoCcTpaHeHUs yNbTpa3ByKa

B Pa3nINYHbIX cpefax (BO3ayX, *KNAKOCTb, TBepAoe Teno)» 41

YctaHoBKa nabopaTtopHas «/ccnefoBaHUA TEUEHNA XKULKOCTEN B TOHKNX COCYAAXY ...vnnn.s 41

YcTaHoBKa nabopaTtopHas «MogenvpoBaHme NacCBHbIX NEKTPUYECKX CBONCTB

TKaHel opraHu3ma» 42

M3mepeHmne KOHLeHTpaLum oKcUremornioburHa B KPOBUM YenoBeKa C MOMOLLbIO

oKcuremomeTpa 42

44




PYM YYEBHO-HAYUYHO-MPOM3BOACTBEHHLIM UEHTP

= EXHOMNAD

OCHOBHbIE JOCTONHCTBA MNMPEOJTATAEMbIX CPEACTB OBYYEHUA N YHYEBHOIO OBOPYAOBAHWA

LLIMpOKMI aCCOPTUMEHT SIabOPATOPHbIX PABGOT 1 AEMOHCTPALMOHHBIX SKCNIEPUMEHTOB Mo GU3nKe, XMuu, bronorum

KomnnekTaLus opuriHanbHbIM y4ebHO-METOANYECKM OOeCcreyeHrem, PeanmusyoLumM Noaxo  COBMECTHOTO
MCMOJIb30BaHNA UHPOPMALMIOHHBIX TEXHOJIOTUI 1 PEeasIbHOTO SKCMEPUMEHTA

MeTogavKa BbinosiHeHMA paboT HanpaBs/ieHa Ha Co3aHne NPO6IEMHbIX CUTYaLIWIA, BbIABIEHME 1 pa3peLleHne BO3HUKALWMX NPOTUBOPEUNIA NPy CPaBHEHUN
pe3ynbTaToB peanbHOro, BUPTYalbHOro SKCNEPUMEHTOB 1 TEOPETUYECKX MOZENEN, peann3aLmio NpobrieMHO-4eATeNbHOCTHOrO NOAX0Aa K 06yyeHuto

OI'ITVIMI/I3I/IpOBaHHO€ nporpaMmmHoe obecneyeHve No3BossET pa6OTaTb 6e3 crieymanbHbIX 3HAHUN

Bo3MOXXHOCTb peanusaunmn Ha o4HOM paboyem MeCTe HECKOJbKUX JTabopaTopHbIX PaboT NO3BONSET
CYLLECTBEHHO YMEHbLUNTb 3aTPaTbl HAa OPraHX3aLVio NaboPATOPHbIX MPAKTVKYMOB

BO3MO>KHOCTb MCNONb30BaHMWA KOMMNbIOTEPHbIX KNlaCCOB

Bbl60p opraHmnsauyunn na6opaToprlx pa60T N AEMOHCTPALUMOHHbIX SKCNEPUMEHTOB — aBTOMATU3NPOBaHHAA YyCTaHOBKa
Ha OCHOBE KOMMblOTEPa Nnn na6opaTopr||7| yHVIBepcaJ'IbeIVI n3mMeputenb; KNacCcruyecKkmm SKCNEePUMEHT

OnTManbHOE COOTHOLLEHWE «LieHa/BO3MOXHOCTU»

THE MAIN ADVANTAGES OF THE PROPOSED TRAINING FACILITIES AND TRAINING EQUIPMENT

Wide range of laboratory works and demonstration experiments in physics, chemistry, and biology

Original educational and methodological support is providing the approach of sharing information technologies
and real experiment is implementing

Methodology of the work is aimed at creating problematic task, identifying and resolving emerging contradictions when comparing
the results of real and virtual experiments with theoretical models, implementing the problem-activity approach to learning

Optimized software is easy to use and allows you to work without special knowledge
Possibility of implementing several laboratory works at one workplace can significantly reduce the costs of organizing laboratory workshops
Possibility of using computer classes

Easy choice of organization of laboratory works and demonstration experiments —
automated installation based on a computer or laboratory universal meter; classical experiment

Optimal price/performance ratio

PoAHEHCKMIN FOCyAAPCTBEHHDIN YHUBEPCUTET MMeHM AHKK Kynanbl

www.grsu.by

[n3aiiH n BepcTka — LieHTp no cBA3AM C 061LeCcTBEHHOCTbIO

OtnevataHo B M3pgatenbckom ueHTpe. Ce-8o o FPUPTIA N2 1/261 ot 02.04.2014 .
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Pecny6nmkaHckoe yHUTapHoe npegnpusaTtume
«Y4e6HO-Hay4HO-NPON3BOACTBEHHbI LIeHTp «TexHona6»

230015, Pecnybnuka benapycs, r. [poaHo, BJ1K, 5, k. 314
Ten./dakc: +375 152 450-689

Mo6.: +375 29 666-57-08

E-mail: vasil@grsu.by

Scientific and Educational Production Centre «Technolab»

230015, Belarus, Grodno, BLK, 5, of. 314
Phone/Fax: +375 152 450-689

Mob phone: +375 29 666-57-08
E-mail: vasil@grsu.by



