Typuup HOnbBIX PU3KMKOB

A. 1. Cnobongniok, JI. I. MapkoBuu,

A. B. I'ie6oB (koMImisiius)

2006



OrjiaBJjieHue

Bseaeune iii
I Tloaroroska 1
1 O pabore pyKOBOIUTEJISI 2
2 TIloaroroBKa KOMAaHbI 5
2.1 Bsemenme . . . . . . ... ... ... 5)
2.2 Pabora ¢ IUTEPATYPOM . . . . . . . .. 6
2.3  @opMyaupPOBKA OCHOBHBIX HIEH . . . . . . . . . . . . . . ... 7
2.4 IlocTaHOBKA SKCIIEPUMEHTOB . . . . « . . o « o o v o oo oo 8
2.5 Pazpaborka MaTeMaTUIeCKON MOTETH . . . . . . . . . . . . . . 10
3 IloaroroBka gokJjiamga 12
II BeicTynsieane 16
4 BpeIcTyIJIeHHE C JIOKJIAA0M 18
4.1 BeicTynsenune ¢ H0KJIaI0M KOMOMHAPOBAHHOTO TUMA . . . . . 18
4.2 BeicTynsenune ¢ AOKJIAIOM SKCIIEPUMEHTAJILHOTO TUA . . . . . 22
4.3 BeicTynsenune ¢ AOKJIaI0M pedepaTuBHOTO THIA . . . . . . . . 23
5 Jlmckyccusi MexXK/ly ONIMOHEHTOM M JIOKJIAJIYUKOM 26
6 BricTyniieHue ommoHeHTa 29

7 BricTynjieHue peleH3eHTa 32



OrviaBiienne

III Wcropus

8 Vcropus TypHUPHOTO ABUXKEHUS
81 1992-1999 rompr . . . . . . ...
8.2 2000-2005 TOIBI . . . . . ...

9 3Bamaum MexxayHapOHbIX TYPHUPOB Pa3HbIX JIET
9.1 Problems 1994, Groningen, Netherlands . . . . . . .. .. ..
9.2 Problems 1995, Spata, Poland . . . . . .. .. ... ... ...
9.3 Problems 1996, Kutaissi, Georgia . . . . . . . ... ... ...
9.4 Problems 1997, Cheb, Czech Republic . . .. ... ... ...
9.5 Problems 1998, Donaueschingen, Germany . . . . . . . . . ..
9.6 Problems 1999, Vienna, Austria . . . . .. .. ... ... ...
9.7 Problems 2000, Budapest, Hungary . . . . . . ... .. .. ..
9.8 Problems 2001, Espoo, Finland . . . . .. .. ... ... ...
9.9 Problems 2002, Odessa, Ukraine . . . . . . .. ... .. .. ..
9.10 Problems 2003, Uppsala, Sweden . . . . . .. ... ... ...
9.11 Problems 2004, Brisbane, Australia . . . . . . ... ... ...
9.12 Problems 2005, Winterthur, Switzerland . . . . . . ... . ..
9.13 Problems 2006, Bratislava, Slovakia . . . . . . ... .. .. ..
9.14 Problems 2007, Seoul, Korea . . . . . . .. .. ... .. ....

10 Bagaun PecnybamkaHCKUX TYPHUPOB Pa3HbBIX JIET
10.1 Bamaum 1993 . . . . . . . L
10.2 Bamaum 1997 . . . . . ..
10.3 Bamaum 2005 . . . . ...
10.4 Bagaum 2006 1. . . ... L
10.5 Bamaum 2007 . . . ...

i



BBenenune

Pecrniybimkarckue TypHUPBI IOHBIX (DU3UKOB UMEIOT MHOTOJIETHIOIO UCTOPHIO,
HaamHag ¢ 1993 roma. OHU MPOBOASTCS IO, STUI0N MHUHHCTEPCTBA 0Opa30-
Banus. Bcio oprann3aropckyio paboTy M0 Pa3BUTHUIO TYPHUPHOTO JIBUKEHUS
IIPOBOJIUT OTJEJ ODIIETO CPEJIHEr0 0OPA30BaHUsI MUHUCTEPCTBA B TECHOM B3a-
umMoieiicTBun ¢ Kadeapoil MEeTOINKH IIPENoaBaHus PU3NKu U nHpOpMaTH-
Kku pusnueckoro dakyiabrera Benrocyrnusepcurera u Jlumes BIY.

FEakeronno na ocHoBaHWM mpuKaza MUHHCTPa oOpa3oBaHus (OPMHUPYET-
csl OPTKOMUTET, Ha KOTOPBIN BO3JIArAETCS MOAIOTOBKA TYPHUPHBIX 3aJIaHMUIA,
dopMuUpoOBaHIE COCTaBa YKIOPH, pa3pabOTKa perjiaMeHTa BeldeHust (husdost.

Oprkomurer nHGOPMUPYET MEJATOTUIECKYIO ODIIECTBEHHOCTh O CPOKAX
TypHUpA, Mojadn 3asiBOK u ux ¢opme B "Hacrayninkait raserne B Hadaje
HOSAOPSI TEKYIIEro roja. PyKOBOAUTE/N MIKOJLHBIX KOMAH IOJAI0T 3asiBKU
U yYacTBYIOT B TYpPHHUpE, COOJIIO/ast IpaBuWia, pa3paboTaHHbIE OPI'KOMUTE-
ToMm. K mHacrosimemy BpemeHH crajia O9eBUIHON HEOOXOMMMOCTDL CO3IIAHUS
HOPMATHUBHOI 0a3bl TYPHUPHOI'O JBUXKEHUSI. Y YUTHIBast FOCY/IAPCTBEHHYIO U
CONUAJILHYIO BAXKHOCTH PAOOTHI C OJIAPEHHBIMU JETHMU, Ie1eCO00Pa3HO II0-
moub THO®aMm crarh J1€JI0M HE TOJBKO SHTY3UACTOB-OJUHOUYEK, HO MHOI'UX
yauTeaeil U MKOJIbHUKOB, IOTEHIIHAJIBLHO CIIOCOOHBIX IPUHUMATDH yIaCTHE B
JIeSITEJIHOCTH, Pa3BUBAIOIIEH MHTE/UIEKTYAJIbHbIE M TBOPYECKUE BO3MOXKHO-
ctu jguanoctu. TiodoBraM Tak ke, KAK U YIaCTHUKAM PECITyOIUKAHCKIX
[IPEJIMETHBIX OJIMMITHAI, HYKHO cBoe [lojioxkeHne o pecrybJIMKaHCKOM Typ-
HUPE IOHBIX (DU3UKOB.

OnbIT y9acTusi B POCCHACKHX W MEXKJIyHAPOIHBIX TYPHHUpPAX, & TaK¥Ke
opraum3aruu Ghuszboes B juree BI'Y u B macmrabax pecryO/MKu M0O3BO-
JIIET aBTOPaM IPEJIOKUTH UUTATE/IO OIMMCAHUE TeX MPABUJI, BLIIIOJTHEHUE
KOTODBIX SIBJISIETCsI 00s13aTeIbHBIM JIJIsi yIACTHUKOB (bu3boeB BO BpeMsl pec-
MyOJIMKAHCKUX TypHUPOB. lIpym opranuzamuu IMIKOJIBHBIX, TOPOIACKUX U JIP.
TYPHUPOB BO3MOXKHBI OTCTYILICHUS OT IIPUBEJIEHHBIX npaBumi. Hamnpumep, B
Jmnee BefrocyauBepcuTeTa TypHUP ITPOXOIUT 110 MPABUIY "OHA KOMAHIA, -
onHa 3aJa4a.

il
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I'maBa 1

O pabore pykKoBoOAUTEJIsI

PyKOBO,/II/ITe.Hb KOMaH/IbI - Opranmn3aTop, BJAOXHOBHUTEJIb, IIOMOIIHUK W KOH-
Tposiep. OT HEro 3aBUCHUT HE TOJIBKO COAEPXKaHUe JIesTeJIbHOCTH, HO U aTMO-
cdepa B KOMAHTIE.

IIpex e Bcero, oH JIOJXKEH MO3a00TUTHCA O PAIMOHAJILHON OpraHu3allim
BBIITIOJTHEHU ST TypHI/IpHOFO 3aJJaHnsd. Ka)KILbeI 9JIEH KOMaH/bl 3aHNIMaTbCA pe-
[IIeHNEM BCeX 3aJad He B COCTOSHHH, IIO3TOMY HEOOXOIMMO Pa3Ie/INTh 3a1a-
HHS MEXKJy YIeHAMU KOMAaHJIbI TaK, 9TOObI HaJ KaykKJoi 3ajadeil paborasin
JBa~-TPHU YeJI0BEeKa, Y KayK/I0ro yJacTHUKa ObLIO TPU-UYeThIpe 3aadu. B xomue
paboThl IIPOUCXOAUT ONpeeeHHas AuddepeHnnals ¥ B UTOTe Y KazKI0i
3a/a491 OKa3bIBAETCs IEPCOHAIbHBIA ""XO35IMH KOTOPBIA U JJOBOIUT €€ BBIIOJI-
HEHME JI0 JIOTUYECKOI'O 3aBepIleHMs-Hanucanus JoKaama. OH Ke dBJIsieTcst
JOKJIATINKOM, OIIIOHEHTOM, PEIIEH3EHTOM II0 JaHHOM 3amade. [lepBoHadasinb-
HOe pasjeseHre 10 3aJadaM Ieaecoo0pa3HO IPOBOAUTL Ha J00POBOJILHOMI
OCHOBE.

Hecmorpst Ha Takoe pasiesieHre TPya, PYKOBOIUTE/b IIPOBOJUT PEry-
JIIPHBbIE CeMUHAPBI JJIsl Beeli KOMaH bl (IpUO/IN3UTENHLHO OJMH Pa3 B HeJle-
JII0), HA KOTOPBIX 3aC/IYIIMBAIOTCS U COBMECTHO OOCYKJIAIOTCS PE3YJIbTaThl
paborbl. Takoe obcyKeHne mpeceilyeT HeCKOJIBKO IIeJIeli:

® OCYIIECTBJICHHE MOCTOSTHHOI'O HEHABSIZUUBOI'O KOHTPOJIS 33 XOJIOM pa-
0OTHI;

o bopMHUPOBAHNE Y YIAINXCH TyBCTBA €IMHON KOMAHIbI, KaXKJI0T0 K 00-
meMy AeJIy;

[ ] OTpa6OTKa JOKJIQTIUKOM CBOET'O BBICTYILJIEHUA, YMEHUA I'OBOPUTDH, OT-
BedaTb Ha BOIIPOCHI, JTUCKYTUDPOBATDb;
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e anpobarus n3bpaHHON BEPCUU PEIEeHUst 3a/Ia4H, ITPOBEPKA IIPABUIHLHO-
CTH UCXOJIHBIX ITOCBLJIOK, IPABIOIOI00HOCTH 10Ty 9€HHBIX PE3Y/ILTATOB;

® TeHepUPOBAHWE HOBBIX Wi, HOBBIX HEOXKWUJIAHHBIX IIPEJJIOXKEHUN B
rportecce 006Cy K IeHHs.

PykoBomuTeib KOMaHIbI BEJIET JAaHHBIE CEMUHAPHI, TOIIEP:KUBAET JEJI0-
BOil XapakTep OOCYKJI€HUsI, 38 HUM OCTaeTcs "mocjeHee cJIoBO"B BBIOOpE
HaIpaB/IeHu JaJIbHEHIeill paboThI.

B nmpomerkyTke MexK 1y ceMuHapaMu 4jIeHbl KOMaHbl pabOTAIOT CaMOCTO-
SIT€JIBHO MJIM MAJIBIMU IPYIIIaMU, 00paIlasich Ipu HeOOXOIUMOCTH K PYKOBO-
JIATEJIIO 32 KOHCY/IbTAllUell, HOMOIIBIO (HAIpUMED, B IIOKCKE 000PY/I0BAHMS ).

Hermocpencreerto mepes TYpHUPOM, B Te€UeHHE HECKOJIBKUX JIHEH IIPOBO-
nsrcst "reHepasbHble perleTunun’’ - 3aUTeHne BCeX JIOKJIAJIOB, C MCIIOJIb30Ba-
HUEM HAIJISIIHBIX MaTepPUaJIOB, JeMOHCTpAIil u T.11.

B cBsisu ¢ Tem, uTO 3amaHus TypHUpPa (PAKTUIECKU SIBJISIFOTCSI TEMaMU
HCCTe0OBaHUN, 3a9acTyIo 10 pasjenaM (PU3NKH, KOTOPbIE HEe U3YYalTCs B
IIIKOJIBHOM Kypce (PU3UKU, aKTyaJbHBIM SIBJISIETCSI BOIIPOC O HAYJIHOM PYKO-
BojMTEIE KOMAaHIbl. Bo MHOTUX cilydasix caMOMYy PYKOBOJUTENI0 KOMAaHJIbI
Tpebyercst KBAJIU(MUIMPOBAHHAST KOHCYJIBTAIUSI TOTO WJIA WHOIO CIIEIAJIN-
cTa.

K HacrosiiieMy BpeMeHH He CYIIEeCTBYET OJHO3HATHOI'O MHEHHsI O (PYHK-
[UsIX HAYYHOTO PyKoBojuTe isi. Ha HaIm B3I/, K HUM OTHOCSITCS:

1. Tlomomrs yuennkam B nog00pe jureparypbl u ee uzydennu. (Ouenpb ya-
CTO TPUXOUTCST OOBIICHATD IITKOJLHUKAM HaydHBIA MaTepua Ha 6oJiee
JIOCTYIIHOM $I3BIKE).

2. BeiaBmrkeHne HEKOTOPBIX MCXOIHBIX HUeH, oObsicHeHHE (HU3NIECKOM
CYIITHOCTH PACCMATPUBAEMOIO sIBJIEHUS.

3. CocrapjeHue U KOpPEKTUPOBKA, ILJIaHa PabOThl Hall IIPOOJIeMOI.

4. O60cHOBAHHOE OTKJIOHEHIE 3aBEJOMO JIOKHBIX UJIEH, TYITHKOBBIX Ty Teit
peleHus 3a1a4u.

5. HOMOH_H) B pa3penieHnn MaTeMaTUIeCKHUX pr,H,HOCTeI'?'I TEOPETUIECKOI'O
OITMCaHusd.

6. ITomormb B opraHuzamuu 3KCIepuMeHTa, 00pabOTKe PE3YIbTATOB.

7. HOMOH_H) B KOMIIBIOTEPDHOM MOJEJINPOBAHUU fBJICHU.
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8. OkazaHme MOMOIIM B IOJATOTOBKE JOKJIAJIA: IOIABJSIONIee OOJILIITITH-
CTBO MIKOJBHUKOB HE YMEIOT TOJI'OTOBUTH CBOE BBICTYIIJIEHUE - TIOCTPO-
HTD JIOTHIHYIO CXEeMY BBICTYILIEHHS, BLIIEINTD €ro Hanbojiee 3SHaYNMbIe
MOMEHTBI, CJeJIaTh BbIBOJIbI.

9. TlomroroBka ydamuxcs K OINIIOHUPOBAHUIO U PEIEH3UPOBAHUIO.



I'1aBa 2

IloaroroBka KoMaH/IbI

2.1 Bsenenue

Besikuit, KTo BIEpBble 3HAKOMUTCS C 33/ JaHUSMU TYPHUDPA FOHBIX (PU3UKOB
U YCJIOBUSIMH €rO IIPOBEIEHUsI, KaK IIPABUJIO, CTAJKUBAETCS C IIEJIBIM Psi-
JIOM TPYJHOPA3PENIUMBIX BOIIPOCOB: C Yero HadyarTh paboTy, KaK JIydIle Op-
TaHM30BaTh KOJIIEKTUBHBIN ITOMCK BO3MOXKHBIX PEIEHUll, KaK IMOAIOTOBUTH
JOKJIAJI-BLICTYIIJIEHUE, UTO TaKOe ONIIOHUPOBAHUE, YeM OHO OTJIMYAETCHA OT
PEIleH3UPOBAHUS U TAK JAJIee.

EcrecTBenno, Hu oJIuH BUJT TBOPYECKON JI€SATETLHOCTH, &, Ha HAII B3IVILA,
IIOJINOTOBKA M yYaCTHe B TyPHUPAX OTHOCSTCS MMEHHO K 9Tofl! Kareropuw,
He JIOIyCKaeT cTporoii (popmasinzanuu, (GoOpMYIUPOBKA OJJHOZHAYHBIX U YHU-
BePCAJIbHBIX IIPUHIIAIIOB 1 MeTO0B paboTol. TeM He MeHee, MbI IPEIIOKIM
PsL, BOSMO2KHBIX BapUAHTOB PAOOTHI HAJ TYPHUPHBIME 33 a9aMU, KOTOPBIE,
KaK MbI HRJIEEMCsI, IOMOI'YT HAYUHAIOIIUM ObICTPEe OCBOUTHCS ¢ (hOopMaJib-
HBIMH CTOPOHAMHU 3TOrO Jiejia U, KaK CJIEJICTBUE, DOJIBIIYIO YaCTh BPEMEHU
[IOCBATUTH COJEPXKATEJILHOI CTOPOHE IIPODJIEMBI, TO €CTh (PUBNIECKON CyIII-
HOCTHU WCCJIEIYEMbIX SIBJICHHI.

K mpenjyiaraembiM BapumanTaMm cJielyeT OTHOCHUTBCS TBOPYECKH, HE BOC-
NPUHUMATD UX KaK HEKYIO JIOIMY, KaK HEKOTOPBIE YKECTKHE U 00s13aTe/IbHbIE
pamku. Bosee Toro, ciemyeT IOMHUTL, UTO OHU UJI€ATbHBI B TOM 2K€ CMBIC-
Jie, Kak ujeasieH mukj KapHo /i TerIOBbIX MAaIlliH: OHU YKA3bIBAIOT HEKU
HEOOXOJUMBIN yPOBEHb, K KOTOPOMY CJIEJAYeT CTPEMHUTbCs, HO KOTODBIH He
BCeraa JOCTHXKUM. Ecn Npogo/RKuTh 9Ty aHAJIOTHIO, TO MOYKHO BCIIOMHUTD,
9TO TeIJIoBast MalllnHa, padoTarolias 1o 1ukiay KapHo, mMeer MakCHMaJjIb-
woiit KITJI, HO coBepiaer KpaiitHe mMajiyio paboTy.

IToaroroBka KOMaHALI K YIaCTUIO B TyPHUPE BKJOYaET PabOTy HaJ 3a-
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JIAHUEM U TMOJI'OTOBKY K BBICTYILIEHUSIM B KQUECTBE JOKJIIUIUKA, OIIIOHEHTA
u penenzenTta. Paccmorpum 06ojiee 0OCTOSITEILHO COMEPYKAHUE U XaPAKTED
JIeSITEJIBHOCTH YJIEHOB KOMAH/IbI B IIPOIIECCE TTOJINOTOBUTEIBHON PabOTHI.

K OCHOBHBLIM 3TallaM BBIIIOJTHEHUA 3aJJaHNuA OTHOCATCH:

® U3y4YeHHne JJUTEePaTypPhbl IO TeMeE 3a aHUA;

e (hopMyIMpPOBKa OCHOBHBIX (DU3MUECKUX HJei, pa3paboTka HalpaBJie-
HUI UCCIIe0BaAHUSI;

® IIPpOBE/IeHNE TECOPETUICCKUX OICHOK, ITIOCTPOEHUE MaTEeMaTUIECKON MO-
AeJIn ABJICHM A,

® IIOCTAaHOBKa W IIPOBEJIEHNE SKCIIEPUMEHTA;
e 00paboTKa pe3y/IbTaTOB SKCIEPUMEHTA;
® IIO/I'OTOBKA U O(POPMJICHHE JTOKJIAIA.

OueBUHO, YTO BpeMeHHAsI TIOCIEIOBATEILHOCTh HETIOCPEICTBEHHOTO BhbI-
TTOJTHEHUS ITATIOB MOXKET He COOTBETCTBOBATDH TPUBEIEeHHOM Bhime. Kak mpa-
BWJIO, B X0OJIe pADOTHI MPUXOJINTCS BO3BPAITIATHCS K Y3Ke MTPONIeHHBIM 3TaraMm,
zaberath Brepen. Tak, Hampumep, pe3yabTaThl SKCIIEPUMEHTA MOTYT OMPO-
BepraTh MU HEe COOTBETCTBOBATH TEOPETUIECKUM OIEHKAM, UTO TPUBOJUAT
K HEOOXOINMOCTH TI€PEeCMATPUBATEL TMOCIEIHNE; OYeHb 9acTO B Xozie pabo-
TBHI U JaKe 10 ee 3aBEPIIeHNN BO3HUKAIOT HOBBIE TPUHIUNUAILHBIE WJIEH.
Cry4aercs, 9T0O 33/ IyMaHHBIH 9KCIIEPUMEHT HEOCYIIECTBUM N3-32 OTCYTCTBUST
HEKOTOPBIX MPUOOPOB, HETOCTATOTHON TOTHOCTH M3MEPEHWI, HEBOZMOKHO-
cTu ycTpaHuTh 1mobounble (akTopbl. CjenoBaTesbHO, B NpUBEIeHHON "Ju-
HeiiHoii" mociieoBaTeIbHOCTH (9TAll 3a STAIOM) O00s3aTeIbHO BO3HUKHYT
"oBpaTHBIE CBSI3U MOMSITHBIE JIBUYKEHUsI. BOSITHCSI 3TOTO HE CJIEJTYET.

2.2 Pabora c jurepaTtypoii

Hu oxmo 3amanue TypHUpa IOHBIX (PU3NKOB HE ABJISIETCS aOCOTIOTHO HEM3Y-
YEHHBIM, abCOJIFOTHO OPUTHHAJIBHBIM. [l03TOMY 10JIE3HO TTO3HAKOMHUTBHCS €
y2Ke MMEIOIUMICS MaTeprajaMu o 3Toi Teme. He BO3MOXKHO mepeduncinTh
BCIO UMEIOIIYIOCs HAYYHYIO M HAayJIHO-TOIYJISIPHYIO JIMTEPATYPY MOMOOHOM
TemaTuku. lIpuBemeM CIHMCOK KHUT, B KOTOPBIX, BO-IIEPBBLIX, PACCMOTPEHO
3HAYUTEJIBHOE KOJUIECTBO PA3IUIHBIX (PU3NIECKUX MIPODJIEM U, BO-BTOPBIX,
UMEIOTCsI CCBIJIKU HA JIPYTUEe JINTEPATYPHbIE UCTOUHUKMN:
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1. JIxk. Yokep. @uznueckuit deiteppepk. M.: Mup, 1989.

2. Ku. 9. Cyopu,. HeobbikHoBeHHast (bu3nKa 0OBIKHOBEHHBIX siBIeHMiT. B
2. M.: Hayka, 1986.

3. DHIMKJONEeINIECKHil caoBaph oHoro dpusuka. M,:Ilegaroruka,1991.

4. ®usznueckuii sunmKIONEIUecKuii ciaoBapb/Ilox pea. A, M.IIpoxoposa,
M.: Bombimast poccuiickas sHnKIoneanss, 1995.

Becbma 6orarer n 103TOMY OU€HD IMOJIE3HBI CTATBU U 0030PbI, OIyOJIMKO-
BaHHBbIE B XKypHaJsiax Hayka u »xusnap’, 'nanne-cuia’, 'Ksant’, 'Pokyc’ u
Jp., OJIHAKO TOWCK II0 »KypPHAJaM BeCbMa, 3aTPYJHUTE/EH U TpeOyeT 3HAYUM-
TEJILHBIX 3aTPAT BPEMEHH.

IIpu pabore Ham 3amaHusIMI MOTYT TOTPEOOBATHCS U3AAHUS JIPYTOTO PO-
na - yaebuuku (B Tom uncie BY3oBckue) u ciupaBounuku. Kpome Toro, re-
Jiecoobpa3HO 0OpAIATHCS K CIeInaaIncTaM B JaHHO# obmactu. Ecan 3To meii-
CTBUTEJILHO CIIEIUAJIUCT, TO B IIOMOIIU OH HE OTKAaXKeT

Ho campbrit mocrymabiii u 6oraTeiit pecypc - 3to Internet. Moxmo ¢ yse-
PEHHOCTBIO CKA3aTh, 9TO TAM €CTb OTBEThI IIPAKTUIECKU Ha JIFOOBIE BOIIPOCHI,
HEOOXOUMO JIUIITh HAYIUThCsT HCKaTh. OTPOMHOE KOJTMIECTBO CEPhE3HBIX pe-
CYyPCOB U CTPAHUYKH SHTY3UACTOB MOMOTYT BaMm cocTaBUTD OJHYIO KAPTHHY
n3yvIaeMoro sipjieHusi. Kpome Toro, rnpu ycjioBuu 3HaHUS aHIVIMHCKOTO, MOXK-
HO IIOJIYYUTH KOHCYJIBTAIIUU 110 MCCJIeIyeMOoil mpobJiieme.

2.3 ®opMyaupoBKa OCHOBHBIX Hjeit

[Tocyie Toro Kax ysicHeHa CyTb 3aJ[@HUsI, TO €CTb, IIOHSTA CyIIHOCTb (pU3nIe-
CKOTO $IBJIEHUSI, KOTOPOE TIPEICTOUT HUCCIETIOBATD, HEOOXOMMMO "Da3IoKUTD
3aJ1aqy 1O MOJI0YKaM": BBISCHUTH K KAaKOMY KJIACCY JIAHHOE SIBJICHHE OTHO-
curcst (rpy6o TOBOpsi: MEXaHUKa, 3JIEKTPUIECTBO, OUTHKA...), KAKHe JeMeH-
TapHble (HU3NIECKUE SBJICHUS UIPAIOT POJIb, KAKUM (PUBHICCKUM 3aKOHAM
OHU TOAIUHSIOTCS, KaKhe (DAKTOPBI SIBJISTFOTCSI OCHOBHBIMHU, KAKUMH MOK-
HO npeHebpedb, Kakue (HU3MIECKUe BEJTUIUHBI U3BECTHBI, KAKHUE [M0JJIEYKAT
U3MepeHuIo U T.J. VHbIMU cjioBaMu, HEOOXOJMMO, IO BO3MOMKHOCTH, YETKO
chopMyIUpPOBATH THIIOTE3Y, ITIOCTPOUTH KAUECTBEHHYIO MOJIE/b sIBJICHUS.
Eciin Hukakux pasyMmHBIX Turores, "Bepcuit" Her, TO, IPU HAJUIUU BO3-
MO2KHOCTH, CJIeJIyeT HAYaTh C HAOJIIOIEHNS 3asiBJICHIEM, [TOIIbITATHCS €I'0 BOC-
ITPOM3BECTHU C MAKCHUMAJbHO BO3MOYKHBIM BapbUPOBAHUEM IapaMerpoB. Eciu
U B 9TOM CJIydae CUIOTE3bl HEe IMOSBJISIOTCS, TO CJIELyeT Ha STOM BPEMEHHO
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[IPEKPATUTL PaboTy, TaK Kak OeCIIAHOBBLIN IOMCK, MEXaHHYECKHUil mepebop
yC.HOBHﬁ B UCKJIIOYUTEJIbHO PEIAKNX Cﬂy‘{aHX IIPpUBOAUT K yCHexy.

JlaHHBIA 9Tan paboThl MOXKHO CYMTATH 3aBEPIINEHHBIM, KOT/a COCTABJIEH
HO,/:LpO6HbII>JI IJIaH HCCJAeO0BaHMA: HaMe4YCeHbl OCHOBHbBLIE HdeTaJil TeOpeTHuYe-
CKOIl MaTeMaTH4ecKoil Mojiejin (OrOBOPEHbI OCHOBHBIE YDABHEHUsI M 3aKOHbBI
uxX 0OOCHOBBIBAIOIIHE), PAa3pabOTAHBI I U BOSMOXKHOCTH SKCIIEPUMEHTATb-
HOIl IPOBEPKU IIPEJIIIO/IAraeMOro PeIeHusl.

2.4 IlocTaHOBKA 3KCIIEPUMEHTOB

Ob6pailtieHne K 9KCIIEPUMEHTY HMeeT MECTO Y2Ke Ha dTale (DOPMYJIUPOBKH OC-
HOBHBIX wjieii. Ho Tam peub mier o kauecTBeHHOM 3Kcrepumente (6e3 usme-
pernmuit), Iejb KOTOPOro HAOMIIONATH SIBJICHUE, HOIBITATHCS IIOHSTH €ro CyIIl-
HOCTBb. B janHOM Ke ciiydae HeOOXOUMO BBIIOJHUTE KOJTUIECTBEHHBIN 9KC-
[IEPUMEHT, [IPEIOJIATAIOIINI U3MEpPEHHe KOHKPETHBIX (PU3MIECKUX BEJTUINH
[Ipocreiitue sKCIIEPUMEHTBI TAKOTO TUIIA - U3MEPEHNE KAKUX-TU00 apameT-
POB, TpeOyeMbIX Jjist periernst 3a1a4n (1o 3aka3y "TeopeTukos"): u3MepuThb
MacCy, IIOTHOCTD, JEKTPOIMPOBOIHOCTD U T. . B 3TOM cliydae JOCTATOTHO
HCIIOJIB30BaTh CTaHIAPTHBIE IPUOOPHI U METOMKH

Hawnbostee citoyKHBIN BUJT, 9KCIIEPUMEHTA - BOCIIPOM3BEICHIE B JTa60PaTOp-
HBIX YCJIOBUSIX HMCCJIEJyEMOT'O SIBJICHUS U €ro KOJUYECTBEHHOe u3ydueHue. B
KadecTBe Hambosee 00X PEKOMEH AN MOYKHO HA3BATD CJIEMYIOIIHE:

1. Besknit 9KCIEpUMEHT JOJI2KEH MPOBOIUTHLCS IO ILIAHY;

2. HeobxommMo MaKCUMAJIBHO YIIPOCTUTH CXEMY SKCIIEPUMEHTA: deM 00JIb-
IIe TTapaMeTpoB MPUXOIUTCS U3MEHSATh U KOHTPOJIMPOBATH, €M 0O0JIb-
1me OGO0YHBIX (PAKTOPOB yYUTHLIBATE, TEM BBIIIE BEPOSITHOCTH ONTUOKH,
TeM BBIIIE IMOI'PENTHOCTD, TEM Yallle MOABJISIOTC "raTuB-3¢pderTh";

3. Ciemyer NpoBOANTH M3yUeHHE 3aBUCUMOCTEH, a He m3MepeHus: "B OT-
JIEJIBHON TOYKe OO OTCYTCTBYET TapaHTUsi TOrO, YTO 3Ta TOYKA HE
siBjisiercst "ocobennoit". BaxkHO ucciie10BATh 3aBUCUMOCTD, BapbUPYS
TOJIBKO OJIFH U3 ITapaMeTpPOB, OCTAJIbHBIE, 10 BO3MOXKHOCTH, COXPaHSIThH
HEM3MEHHBIMU;

4. KenareabHO CTPEMUTHCT NPUMEHATH MAKCUMAIBHO BO3MOYKHOE KOJIH-
9eCTBO PA3JIMIHBIX METOJIO0B. Ec/im OnWH U TOT 2Ke pe3y/ibTraT IMOJIyIeH
OPUHIMIMAIBHO PA3JIMYHBIMU METOJAME, TO HAJEXKHOCTb (U J0Bepue
K HEMY) MHOTOKDATHO HOBBIIIAETCS;
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5. Ilporokos m3mepeHunit 0Osi3aTesIeH JaKe, €CJId PE3yJIbTaThbl KaXKyTCsl
abcypaabiMu. OUKCHPYIOTCS BCE MAPAMETPhI YCTAHOBKH W YCIOBUST 9KC-
IIEpUMEHTa, JlayKe Te, KOTOpble II0Ka He HYKHBI: B JAJbHEHIEeM 3TO
MOXKET OKa3aThCsl BeECbMa CYIeCTBEHHBIM;

6. He crouTr orOpachiBaTh Te pe3y/IbTaThl, KOTOPbIE KayKyTCs OIMMUOOIHbBI-

MU;

7. Ocobo BaxkHO Pesysbrar 1106010 H3MEepeHUst TOJIXKEH UMETh IIPaBI0I0-
JIOOHYIO OIEHKY TOTDEITHOCTU: Oe3 OIEHKM IMOrpertHocTeil jaoboit dhu-
3UYIECKUI 9KCIIEPUMEHT NMeeT HYJIEBYIO IIEHHOCTh. K uHnIHbIe n3Mepe-
HUsl He JIOIYCTUMBI: BCSIKUI 9KCIIEPUMEHT J0JI?KeH 00J1a/1aTh CBOHCTBOM
BOCIIPOU3BOJIMMOCTH.

B cBsizu ¢ TeM, 9TO B paCIOpsi>KEHUH YIaCTHUKOB TYPHUPOB HE BCETA
nMerTcst (pusmdeckue JrabopaTopur, 00OpPYIOBAHHBIE I10 IOCIEIHEMY CJIO-
By HAYKM M TEXHUKH, [PU [IOJTNOTOBKE SKCIEPUMEHTA, IIPHU €0 MPOBEICHUH
HEeOOXOMMMO MTPOABUTE IMODOJIBIE BBIILYMKHI, PA3HOOOpa3usi, He OTIANBATHCSI,
€CJIM He YJAeTCsl MOJIyIUTh HYXKHBIH pe3ysibrar. Ckopee ObIBaeT HA0O0OPOT,
eciu 3KcrepuMenT "¢ xomy " poIiest yCrenHo, To 9T0-TO B HEM HE Tak.

[Tonydyennbie sKCIIEpUMEHTAJIBHBIE TAHHBIE, CJIE/yeT CPABHUTH C TEOPETHU-
JeCKUMU OIleHKaMu. TPyIHO 0XKUIATH, UTO MOJIYIUTCSI CTOIPOIEHTHOE COOT-
BercrBue. [Tosromy Heobxomuma coBMecTHast pabora ¢ "reoperukom" (maxke
ecam "reoperuk" u "sKcrepumeHTaTop" B OJHOM JIMIE) HO COJIMKEHUIO O~
suruit. Eciim Teoperndeckue u 9KCIIEpUMEHTAJIBHBIE PE3YIBTATHI IPUHIIAIIN-
AJIBHO PA3JIMYIHBI, TO 3TO CBUJIETEIbCTBYET O HEIIPABUIBHOCTH IIPEJII0XKEHHOI
mozenu. B aToMm ciydae, K COKaJIEHUIO, PAOOTY HYKHO HAYMHATHL CHAYAJIA.
[Ipudem, npu npoUnx PaABHBIX YCJIOBUSIX, IPEJIOYTEHNE B IIPABE HA MCTHHY
CJIeyeT OT/ATh SKCIEPUMEHTAIbHBIM JTAHHBIM.

Eciin Teopus u sKCriepuMeHT Ka9eCTBEHHO COTJIACOBBIBAIOTCS, TO CJIE/LyEeT
IPOAHAJIM3UPOBATE ITPUINHBI BO3MOXKHBIX pasjndnii. B KadecTBe TaKOBBIX
MO2KHO BBLIEJUTD CJIEJTYIOIIHE:

e B Teoperndeckoil MOjie/I HE YUTEHBI HEKOTOPBIE TT000UHBIE (DaKTOPHI,
KOTOpBIE CYIIECTBEHHBbI B JAHHOM SKCIIepUMeHTe (HalpuMmep, IIpeHe-
Operyiu COPOTUBJIEHUEM BO3/yXa, TEIJIOEMKOCTBIO COCY/Ia, JIEKTPUIe-
CKHUM COIIPOTHBJIEHMEM aMIlepMeTpa U T.JI.). BBIXoj 04YeBHjeH - yTOY-
HHATb TEOPETUIECKYIO MOJEb. /I BO3HUKAIONINE IIPH STOM CJIOXKHO-
CTH HEMPEOIOJIMMBI, TO JOCTATOYHO OIEHUTDL BJIUSHUE ITUX (DAKTOPOB
U [I0Ka3aTh, YTO UMEHHO OHU OTBETCTBEHHBI 3a HaOJIIOJA€Mble Pa3jIu-
qHs.
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e B Teopermueckoil MOJEM HCIOJBL30BAHLI HE T€ YHCJIEHHbLIE 3HAYEHUS
ImapaMeTpoB, KOTOPbIE peasibHO MPUCYTCTBYIOT B 3KkciepumenTe. K co-
JKAJIEHUIO, He BCerjia ObICTPO YIAETCsI HANTH TaKoe Pa3JIndue, [O3TOMY
cJIe/lyeT pocTo nepedparh BCe YUC/IeHHbIE 3HAYEHNUSI, NCIIOIb30BaAHHDIE
B pacueTax.

e TOYHOCTb IKCIEPUMEHTAJBHBIX JIAHHBIX HE IO3BOJISIET BBISBUTH OCO-
OeHHOCTeH, MpeacKa3bIBaeMbIX Teopueit. Ecim HeT BOSMOXKHOCTH IIO-
BBICUTH 3KCIIEPUMEHTAJBbHYIO TOYHOCTb, TO CJEJIYeT IPU3HATH IKCIIe-
PUMEHT HEeyIavdHBIM.

e B xo/1e 9KCIIepUMeHTa He BCe IapaMeTpbl CTPOro KOHTPOJIMPOBAJIKCE,
OJIVH WJIM HEKOTOPbIE U3 HUX MOIJIM W3MEHSTHCH, UTO U IMPUBEIO K
HaOJIIOAEMbBIM PA3IAIASIM.

B robom ciayuae pasimuane MeX)Iy TEOPETUIECKUMEI U 9KCIEPUMEHTAJb-
HBIMHU Pe3yIbTaTaMU JOJKHO HAUTH PasyMHOE OObsICHEHUE.

2.5 Pazpaborka mMareMaTH4ecKOil MoAen

[TocTrpoenne maTeMaTHIeCKOl MOJIEIN CBOJUTCA K IIEPEBO/LY CJIOBECHBIX PAC-
cyKJieHuit 0 U3NIECKON CyNHOCTU siBjIeHHsI (KAK OHO IPOUCXOJNT, KaKu-
MU OPUYAHAMUA OOYCJIOBJIEHO, K KAKHM CJIEICTBUSIM HPUBOIUT WU MOXKET
OPUBECTH) Ha sI3bIK MaTeMaTuku. VIHbIMEU CJI0BaMM, HAYMHATH CJIEJyeT He C
ypaBHEHHit, a ¢ uX PUITIECKOI'O CMBIC/IA.

[TepBBIM 3TAIOM TOCTPOEHUST MATEMATUYIECKON MOJIEN SIBJISIETCS BBIOOD
Tex (PU3UIECKUX BEJIMIUH, KOTOPbIE aJeKBATHO OIHUCHIBAIOT ABJICHUE U IOJI-
Jieykar ornpejeseHnio. B ¢usnke Takue BEJMYUHBI OMUCHIBAIOTCSH, KAK IIPa-
BUJIO, B (popMe MaTeMaTwIecKuX (PYHKIWI OT mapaMeTpoB 3aatu.

Bropoit mar nocrpoennst Mojiesin: BbIOOP ypaBHEHUN, KOTOPBIM O IUHSI-
IOTCS MCKOMBIE BeJIMIuHbI. B dusuke 3tu ypaBuenus: GOPMYIUPYIOTCH, KaK
[IPaBUJIO, Ha OCHOBAHUU W3BECTHLIX (DU3UIECKUX 3AKOHOB. B marTemarude-
CKOIl MOJIe/in 00sI3aTEJIBHO CJIe/lyeT OTOBOPUTDH YCJIOBHUS U PAMKH ITPUMEHU-
MOCTH 3AIMCAHHBIX YPABHEHHUH, TaK KaK OOJIBITUHCTBO (PU3NIECKUX 3AKOHOB
UMEIOT CTPOrO OIPEJIEJIEHHYIO 0DJIACTD TPUMEHUMOCTH.

Crenyromuii mar moCcTPOEeHUsT MOJIEJIN - BBIOOD MMapaMeTpoOB W OCHOB UX
OIpeJieJieHns], TaK KaK Bce (pU3MUIECKHe YPABHEHUsI COMEPXKAT Pa3JIUIHBIE
rapaMeTpbl, KOTOPbIe JITO0 U3BECTHBI, JIMOO I0/IJIEXKAT OIIPEJIeJIEHNUIO.

SaKJII0UNTE/IbHBI Tall - (GOPMYIUPOBKA Dsifia JIOTOJHUTEBHBIX yCJIO-
Buii (HaYa/IbHBIX, TPAHUYHBIX, O'PAHUYEHHs] HA I1apaMeTPhl), HeOOXOIUMbIX
IS OTHO3HAYHOT'O PEIeHus ypaBHEeHU.
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B mekoTopoMm cMmbiciie, 3aKOHYEHHAsT MaTeMaThdecKas MOJEb MMOog00Ha
TPaJUIMOHHON usndecKoil 3amade (MokeT ObITH THIA "osmMIma HON"):
"JlaHo:..., UCIIOJIb3ysl ypaBHeHus ..., HaiiTu...". He ciemayer cpazy 6parbes 3a
pellleHre TOJIyYeHHBIX ypaBHeHu. [IpeamodaTure/nbHO IpeIBapuTebHO UX
[IPOAHAJIM3UPOBATD 110 CJIEYIOIIUM KPUTEPHUSIM:

® CyIIeCTBYeT Jiu pelieHne (HalpuMep, COBIAJIAET JIM YUCJI0 yPABHEHUI ¢
YHCJIOM HEU3BECTHBIX); BCE JIM ydTEeHHbIE (DAKTOPBI OJMHAKOBO 3HAUU-
MBI, WJIX YeM-TO CJieJlyeT IpeHebpedb (mim HaoGOpOoT, BCE JIH YUITEHO);

® U3BECTHDLI JIX YUCJIEHHbIC SHaAYCHUA BCEX ITapaMETPOB, BXOAANINX B YpaB

HEHUS;

® JIOCTATOYHO JII MaTEeMaTHUYeCKUX 3HAHUN JJId aHAJATHUYECKOI'O pellle-
HUS YPABHEHUII;

® eCTb JI BO3MOXKHOCTD IIPOBECTH TPYObIe OIEHKHU (IO HOPSIIKY BEJINIH-
HbBI) BOBMOXKHBIX 3(h(HeKToB.

ECJTI/I Ha BCE 3TU BOIIPOCHI NMEIOTCA yBepeHHbIe IIOJIO2KHUTEJIbHBIE OTBETHI,
1esib gocTurayTa. OCTasoch HOJYIUTh aHAJIUTUIECKOE pPEIleHre YpaBHEHUI
1 OCMBICJIATD pe3yabraThl. 1locienHee, 9To HeOOXOMUMO CIEIaTh B 9TOM CJIy-
gae, JaTh PEKOMEHJAUN 3KCIIePUMEHTAaTOpaM, IPEJJIOKATHL UM CXEMY IKC-
[IEPUMEHTA, IIPEICKA3aTh €ro Pe3yJIbTaT.

K coxkajeHuto, oueHb HEMHOTHE 3aJ@9d TYPHUPA JIOIYCKAIOT CTPOTrOe
aHAJINTUIECKOE PelleHne, TeM 60J1ee Ha MIKOJILHOM MaTeMaTHIeCKOM YPOBHE.
B sTom cityuae riesiecoobpasno paccMoTpeTh 60Jiee IPOCThIe YacTHRIE CTyIan,
[TOJIyYUTh ODOCHOBAHHBIE YMCJIEHHBIE OINEHKH MCKOMBIX BEJIUYNH, IIPOBECTH
pacdeThbl Ha KOMIIBIOTEPE U IIOCTPOUTDH KOIVIHBIOTepHyIO MOJIEJIb ABJICHMA.
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Iloaroroska mokJiaga

TypHUpHBIE 38 IaHUS BECbMAa CHJIBHO PA3/INIAIOTCS MEXK Ly cO00ii: HEKOTOPBIE
JIOTIYCKAIOT JOCTATOYHO CTPOTOE TEOPETHYECKOE OTMMCAHWE W BO3ZMOYKHOCTH
9KCIIEPUMEHTAJIbHON IPOBEPKH, JAPYTHE HOCIT HMCKJIIOUATETHHO TEOpeTHYe-
CKUil XapaKTep, TPEThU - SIBHO SKCIIEPUMEHTAJIBHBIE, Y€TBEPThIE - 0030PHbBIE,
[TOCTPOEHHBbIE Ha WU3yJeHUU U O0OOOIEHUH JIMTEPATYPHBIX HaHHbIX. CooTBET-
CTBEHHO, PO3HSATCS U JTOKJIAIBI.

Enuapivu TpeboBaHUSAME K 9TUM Pa3IHIHBIM JOKJIAIAM SBJISTFOTCS: JIO-
IUYHOCTH TIOCTPOEHUsI, OCHOBHOE BHUMAHUE IIOJIyUYEHHBIM PE3yJIbTaTaM, J0-
CTYIHOCTH U $ICHOCTH U3JI0XKEHUSI.

JItoboMy aBTOpPY OUeHb XOYEeTCs PacCcKa3aTb 000 BCEX TOHKOCTSIX, IIpe-
OJIOJIEHHBIX CJIOZKHOCTSIX, HEYJAUHBIX IOIBITKAX, CIYACTIUBBIX O3apPEHUSX, C
KOTOPBIMHU OH TIOBCTPEYAJICs 10 XO/y cBoeil paborhl. OHAKO, BpeMsl JTOKJIa-
Jia, OIPAHUYEHO, CJIeJI0BATEIbHO, HEOOX0uMo "HacTyrnuTh cebe Ha ropJo'u
BBISIBUTH CAMO€ BayKHOE, CaMOe CYIIEeCTBEHHOE B PeIlleHNH IIOCTABJIEHHON 3a-
JIAYM U TOJIBKO 9TO BKJIIOYUTH B JIOKJIAJI.

Eciin neiictBuTeIbHO HHTEpECHBIE PE3YJIBTATHI He BOMIYT B JTOKJIAI, TO UX
MO2KHO OYJIET UCIIOJIb30BATH B JIPYIOM KadecTBe: Ha HAYIHON KOH(MEpeHIH,
B CTaTbe, B BBICTYIJICHUHU Ha yPOKe mwin (akyJIbTaTuBe, B IPUATHON Oece/re,
HaKOHeII,

3a BpeMsi BBICTYILIEHUsI C JIOKJIAJOM TPEOyeTCsi HAIJISIIHO U JOCTYIIHO
JUIST KOMAH/I-COITEPHUKOB, JIJIST YKIOPH, JIJIsT 3pUTejIeil N3JI0KUTh I10JIy YeHHbIE
pesyibrarbl. OIHUM CJIOBECHBIM METOJIOM 3TOrO JOCTUYb HEBO3MOXKHO, IIO-
9TOMY CJIeJLyeT IOJAIOTOBATE HATJISITHBIE MaTepruaJjbl. TaKOBBIMUA MOI'YT OBITH
IJIAKATHI, [JIEHKU JIJIsi KOJOCKOIA, KOMIIBIOTEDHBIE IPE3EHTAINH, & TaKKe
oTO-CIaliIBI, BUIE03aIINCH, OBIBAIOT IOJIE3HBIMU JIEMOHCTPAIMOHHBIE IKC-
MEPUMEHTHI.

12
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Ha cnaiisax (nam mieHkax) MOKeT ObITh IpPeJCTaBIeHa CJIe/IyoInas HH-
dopmarmst:

1. Hazanue moxnama. Kparkas dopMmynmpoBKa 3a/1aHUsI.

2. CHmcok OCHOBHOH HCIIOJIB30BAHHON JIUTEPATYPHI.

3. YpaBHeHUSI, COCTABJISIONINE MATEMATUIECKYIO MOJIE/Ib SIBJIEHUS.

4. YwucyieHHbIE 3HAYEHUSI UCIIOJIb3YEMbIX [IAPAMETPOB.

5. Teopernueckue pe3yJbTaTh.

6. Cxema 9KCIIEpUMEHTAJIBLHON YCTAHOBKHU.

7. DKCIIEPUMEHTAJIBHBIE PE3YJIbTATHI U UX CPABHEHUE C TEOPETUIECKUMU.

IIpu odopmieHNN HATJISIIHOTO MaTepUasa KeJaTeIbHO MPEICTABUTL Ce-
0s1 Ha MecTe ciryrnaresis. Vexozst u3 3Toro, cieyer MOJAbICKATb pa3Mep OYKB
u rpadukroB. Heobxoqumo moanmcars Bce PUCYHKH, Ha, CXeMe YCTAHOBKHU 000-
3HAYUTH OCHOBHBIE COCTABHBIE YaCTH, JIATH [TUCHMEHHO MOSICHEHUST BCEX CUM-
BOJIOB (KpOMe OOIIENPUHSATHIX ), BXOJSIIUX B YPABHEHUSI.

Ecnmu B x0me BoICTyILIEHUST OYIyT MCIIOIB30BATHCA BUICO3AINCH, TO UX
cJIelyeT THIATEILHO MOATOTOBUTD U MPOAYMATh XapaKTep U IOCJIeI0BaTE b
HocTh geMoHcTpanuu. He menecoobpa3Ho AeMOHCTPUPOBATH HA BUIEOMAT-
HUTO(OHE CTaHIAPTHBIE TPUOOPHI U CTAHIAPTHBIE OOIIEN3BECTHBIE METObI
skcriepumMenTa. ClieflyeT moka3aTh TOJIBKO TO, UTO OPUTHHAJBHO, HEOOBITHO,
KPAaCHBO.

Mozker ObITH ITOATOTOBJIEH HEKUI Pa3iaTOvHbIl Marepuasi. B sToMm ciry-
Jae ero roToBSAT He TOJIbKO JIJIst UIEHOB YKIOPH, HO U 00138 TeIbHO JIJIst KOMAH I~
COIIEPHUKOB. BO BpeMs BBICTYILJICHUsT HET HEOOXOAUMOCTH B CChLIKAX HA ITU
MaTepHUAJILL.

JIr0boit nokJ1a ] MOXKeT OBITH YKPAIIeH JeMOHCTPAIMOHHBIM SKCIIEPUMEH-
ToMm. Ho memomcTpanust ompaBiana, €Cjau OHA HarJIgIHA, HEOXKHUIAHHA IIJIsi
[IPUCY TCTBYIOIINX, JTOCTATOYHO IIPOCTA U HAJIEXKHA, OBICTPOTEYHA.

Hokmnan tuna Teopusi + DKcIiepuMeHT. 3aJlaHie TAKOI'O POJA SABJIs-
€TCsl BeChbMa, OJIArONPUSTHON CHUTyaIlMel Jisi KOMAHAbl U JOKaa auka. Jljis
TOro, YTOOBI IIPOie/IaHHasi PAbOTa U MOJIyUE€HHbIE PE3YJIBTATHI IIPUHECIN 3a-
CJIY2KEHHBIN yCIIeX, He0OXOINMO UX YKPACUTD IPEKPACHBIM JOKJIAIOM, OOIIIit
IIJIaH KOTOPOT'O TP IUIMOHEH:

1. ITocranoBka 3amaun.
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O0630p JUTEPATYPHBIX TAHHBIX.

[TocTpoenune mMojienu SIBJICHUS.

Teoperuueckoe omucanue.

BosMmozkHOCTH 3KCIIEpUMEHTAIBHON IIPOBEPKH.

Ornrcanne 5KCIIEPUMEHTAIBHON YCTAHOBKH.

Pesybrarsr 9KCIIEpUMEHTOB.

CpaBHeHUE TEOPETUIECKUX U IKCIIEPUMEHTAJIbHBIX JAHHBIX.

BriBospbl.

dokinaa skcnepuMeHTaJIbHOIO XapakTepa. B ToM ciydae, Korja HeT
BO3MOXKHOCTHU IIOCTPOUTD IIPABIOIIOI00HYI0 TEOPETUIECKYIO MOJE/Db 10 IIPH-
YUHE CJIOKHOCTH yPABHEHUM, OOJIBIIIONO YUC/Ia HEM3BECTHBIX U ITAPAMETPOB

3a1a491, MOXKHO IIO/I'OTOBUTDH HperaCHbeI JOKJIa I, OCHOBbIBaIOIHHﬁCH Ha Ka-

YECTBEHHOIN MOJIENHN, SKCIIEPUMEHTAIBHBIX JAHHBIX, TPYOBIX (MM He OYeHD

rpyOBIX) TEOpETHYECKUX OIEHKaX. B 9ToM cilydae cxema JIOKJIaja MOXKeT
OBITD CJIEIYIOIIEH:

1.

2.

ITocTanoBka 3a1adm.

O630p JUTEPATYPHBIX TAHHBIX.

Ornucanne Ka4eCTBEHHBIX IKCIEPUMEHTOB.

[TocTpoenne kKavecTBEHHON MOJIEIIH.

BosMmozkHOCTH TIPOBEJIEHUST KOJTMIECTBEHHBIX 9KCIIEPUMEHTOB.
Ornurcanue 5KCIIEPUMEHTAIBHON YCTAHOBKH.

Pesyaprarsr 9xcriepuMenTa.

BriBopl.



I'maBa 3. IloaroroBka JoKJjiaza 15

Hoknan pedeparuBHOro xapakrepa. B nepedne TYpHUPHBIX 3ajaHUit
BCTPEYAIOTCA W TAKWUE, JIJIT KOTOPBIX NMPAKTHIECKU HEBO3MOXKHO ITOCTPOUTH
MaTEMATHIECKYIO MOJE/Ib, U aDCOJIOTHO HEBO3MOXKHO IIPOBECTH KaKue-jIudo
9KCIIEPUMEHTAJIbHBIE HCCJIEIOBAHUsI. DTO, MPEXKIe BCEro, KacaeTcs 3aiad,
CBSI3AHHBIX C MPOIECCAMHU B OOJIBINUX IPOCTPAHCTBEHHBIX MaciiTabax (Ha-
npuMep, Bo BceesienHoit), Ha GOJIBIINX BPEMEHHBIX MHTEpPBaJax (HAIpUMeD,
CBSI3AHHBIX C MCTOpHEl 3emiin), ¢ MpoIeccaMu B KUBBIX OpraHu3Max (Jist
UX UCCJIe/I0BaHUs TPEOYIOTCsSI TOHKHE (DU3MIECKUE METOIHI).

EmuncrBenubIit myTh OMCKa peIleHns TAKUX IPo0/IeM - H3ydeHne J0CTa-
TOYHO OOJIBIIIOTO YUC/IA JINTEPATYPHBIX HCTOYHUKOB KaK HEIIOCPEICTBEHHO 110
TeMe JIOKJIa/a, TaK U U3 CMEXKHBIX 00J1acTeil 3HaHus (ACTPOHOMNUY, GUOJIOTHH,
reoJjioruu u T.71.). IIpu mocrpoeHnu Takoro J0KJa1a MOIyT BO3HUKHYTh MHO-
FOYHUCJIEHHBIE BAPUAHTHI BO3MOXKHOCTH BBHIOOpA MaTepuaJia, MOIX0I0B, CTUIs
U3JIOYKEHUSI, OJJHAKO, IIPU ITOM CJIeJIyeT ITOMHUTb, UTO IePEeCKa3bIBaHUE O/I-
HOI'O0 MCTOYHUKA - 9TO ILJIATHAT, ABYX -KOMIIUJIATAA, TPEX - y2Ke IPYIUIIUS.

OueHb Ba)KHO U BBICOKO IEHUMO KIOPDU YMEHHE HAUTH U OCYIIEeCTBUTH,
IIyCTHh MAaJIEHbKOE, MOXKET OBITH 10 YACTHOMY BOIIPOCY, HO COOCTBEHHOE OpU-
IHHAJIBHOE MCCJIEI0OBAHUE TI0 33/ ]aHHOI TeMe. B mokmase sror daxr cieyer
00s13aTeIbHO BBIJICIUTL U HEOTHOKPATHO MTOTIEPKHYTh.

ILnan pedepaTnBHO-0030PHOIO JTOKIAIA JTOIYCKAET MHOTOIUCIEHHBIE Ba-
pUAIIH, MbI K€ [IPEJIJIATaeM OJINH U3 BO3MOXKHBIX BAPUAHTOB.

1. TlocTanoBka 3amadmn.

2. ObcyxmeHne BO3MOXKHBIX TUTIOTES.

3. Ananus ciie/cTBUl, JONYCKAIOIMUX [IPOBEPKY.
4. Bpibop KpuTEpHs IPABUJILHOCTH TUIOTES.

5. AHaJii3 rUnoTe3, TEOPETUYECKUE OIEHKH, IIEPCIEKTUBLI AaJIbHEHAINX
UCCJIETJOBAHUMN.

6. BoiBompl.



Yacte 11

Boictynienne
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Bo Bpema TypHUEpa mpeaycMOTPEHO TPU OCHOBHBLIX BHA BBICTYILJIEHUIA
€ro Y4aCTHHUKOB: BBICTYILIEHUE JIOKJIATINKA, BBICTYIIJIEHAE ONMIIOHEHTa U BbI-
CTYILIeHHE pelien3enTa. KpoMe Toro, B paMkax JUCKYCCUU KaXKIbIH yIaCTHIK
MOXKET 3aJ1aBaTh BOIIPOCHI U BBICKA3BIBATH CBOE MHEHHE. DTO TOXKE BBICTYII-
JICHUE U He MeHee CJIOKHOe, YeM BBIIIIeHA3BaHHBIE.

JLj1st GOBITMHCTBA YIACTHHKOB TYPHUPA BBICTYILIEHNE OKA3BIBACTCS, Iy Th
JIX HE CaMbIM TPYJAHBIM BHUJIOM JI€ATEJILHOCTH, II09TOMY K HEMY CJIEyeT I'o-
TOBUTBCA CIENUAIbHO. KOHEUHO, KAaXKILI BUJ BBICTYILJICHUS HUMEET CBOIO
crrenuuKy, HO BMECTE C TEM CYIIECTBYIOT IIPABUJIA, O KOTOPBIX YKeJIaTeIbHO
IIOMHUTDH KazKJIOMY BBICTYIIQIOIIEMY.

1. H606XO,HI/IMO COCTaBUTD IIJIaH BBICTYIIJICHHS.

2. CBoe BBICTYILIEHHUE JIyUIlle HAITUCATh. DTO HE 3HAYUUT, 9TO CJIE/LyeT FOBO-
pUTh, HE OTpbiBas a3 oT "Oymaxkku". CaMOCTOsSITEIbHOE HAINCAHNE
TEKCTa MPeJIIoJaraeT IIOBTOPHOE MMPOLYMBIBAHUE BBICTYILJIEHUSI.

3. B cBsI3u ¢ oTCyTCTBHEM OIBITA JIEKTOPA IIOJIE3HO OTPEIIETUPOBATDL CBOE
BBICTYILJIEHHE. MOXKHO yCTaHOBUTH BPEMEHHBIE PaMKU PACCYKJICHU
110 KaXKJI0M CMBICJIOBOYM TIO3UIUM BBICTYIIEHUSI U CTPOTO WX IPHUJIED-
JKUBaTbhCsi. BaXXHO IMOMHUTD, UTO JIYUIITUH SKCITPOMT 3TO TOT, KOTOPBIi
3apaHee IIOJATOTOBJIEH.



I'1aBa 4

BricTynienue ¢ JokJiaaom

[Toaroroeka MoK/ TINKA K BBICTYIIEHUIO HAMUHACTCS y2Ke Ha ITAIe IOCTPO-
eHUs JIOKJIaJIa.

"TlogauMasicb Ha TPUOYHY HEIIOXO, IIOMUMO TEKCTa BBICTYILIEHUS WJIH
€ro Te3UCOB, IIAKATOB, IJIEHOK, UMETh TaKyKe JIOIOJIHUTE/bHbIE MaTepha-
Jibl: 60Jiee TTOAPOOHOE U3JIOKEHNE TEeOPETUIEeCKUX BBIKJIAIOK, PE3Y/IbTATOB
9KCIIEPUMEHTOB, IapaMeTpPOB YCTAHOBKU H T.n. MoxKeT ObITh, OHU U HE IIO-
Hago0daTCsI, a MOXKET, OYeHb IIOMOI'YT B XOJe MIMCKYCCHM IPU OTBeTax Ha
MHOT'OYHUCJIEHHBIE BOIIPOCHI. KpoMe Toro, OHU IPHUIAIOT YBEPEHHOCTb. DTH
MaTepHUaJibl JOJIXKHBI OBbITH MPUBEIEHBI B HAJJICXKAIINN OPSII0K: B CIIEIIKE,
BO B3BOJIHOBAHHOM COCTOAHUU HaANTH Hy)KHyIO L[I/chpy CJIO?KHO M B HJIeaJIb-
HO IIOJI'OTOBJIEHHOI IIaIlKe, & He TO, YTO CPeId Pa3pPO3HEHHBIX KJIOYKOB U
0OpBIBKOB OyMaru.

IToaroroBka K BBICTYILIEHHUIO U XapaKTep €ro O3By YHMBaHUsI B 3HATUTE b
HOI Mepe 3aBUCAT OT TOr'0, KAKOI'0 THUIIA, JIOKJIA/L IPEJACTOUT ClejIaTh KOMaH-
ge. [TamsaTyst 0 TOM, 9TO KaxKIbIil JTOKJIAL - IPOIYKT TBOPUYECTBA KOHKPETHBIX
JIIOJIel, MbI, TEM He MeHee, PUCKYeM IPEJJIOKUTh BO3MOXKHbIE BAPUAHTHI I10-
CTPOEHHUsI BBICTYIJIEHUI B 3aBUCHMOCTH OT THIIA JIOKJIAJAA. DTO OPUEHTHPHI
JJIsI Te€X, KTO TOJBKO BCTYIIAET Ha IIyTh TYPHUPHOIO JIBHKEHHSI.

4.1 BeIcTyileHHne C JOKJIaJA0M KOMOMHHPOBAHHOIO
TUIA

[TonpuBeTCTBOBAB IIPUCYTCTBYIOMIUX (JKIOPH, KOMAH IbI-COLIEPHUIIBI, GOJIe/b-

H_[I/IKOB), HE CJIeyeT B ,IL&JH)Hei/JIHIel\I 3&6I)IBaTI) O HHUX, a IIOCTOAHHO IIOMHUTDb,

9TO OHM HE y9IaCTBOBAJIU B Ballleil paboTre, CIbIIAT O Heil Bruepsbie. [losTomy
OJIHO U3 OCHOBHBIX TPEOOBAHUII K BBICTYILJICHUIO - JOCTYIHOCTD U3JIOXKEHUST

18
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JJ1sl IPUCYTCTBYIOIINX.

1. Tocranoska 3amaqau (0,5 MuH).

HazBarp 3amady u, He HOBTOpPsIsSI JOCJOBHO O(MUIUAILHOIO YCIOBHUSI
(31O JIO/IKEH CiesiaTh Bejynmil), ¢cOpMyIupoBaTh COOCTBEHHOE I0-
HUMaHME IIPOOJIEMbI U IIPEAMET HCCJIEIOBAHUSI.

2. O630p JsmreparypHbIX JaHHbIX (1-2 MuH).

IToapobHO He ocTaHABINBAsACH Ha BCEX MCTOYHUKAX, KOTOPBIE BbI HC-
HOJIb30BaJIN (OCHOBHBIE MOYKHO IIPHBECTU Ha IUIEHKE, Cpa3y 3a Ha3Ba-
HUEM JIOKJIaJ1a), HA30BUTE TOIO aBTOPa, MO3UIUs KOTOPOTO MOC/IY 2KUJIa,
OTIPABHOI TOYKOM BAIIIEr0 UCCIIEJIO0BAHNS U T€ UCTOUYHUKH (yIeOHUKH,
yuebHbIe 110co0ust), KOTOPbIe IOMOIVIA BaM IIPH TEOPETUIECKOM OIIH-
CAHWHM M IPU PaspabOTKe METOIUKN SKCIEPUMEHTa; CIPABOYHUKU, U3
KOTOPBIX B34ATHI HEOOXOIUMbIE YUCJEHHBIE 3HAYEHUS; T€ TPYAbI, C KO-
TOPBIMU Bbl MOXKETE€ CPABHUTH CBOU PE3yJIbTATHI.

DTOT paszjiest JOKIaJa MO3BOJISAeT OJIECHYTh SPY/MIMEN, TOIePKHYTh
CJIO’KHOCTD, CTOSIBINEH Iepesl BaMu IPOOJIEMbI, €€ 3HAIMMOCTDb, yKa-
3aTh, YTO JJOCTUTHYTO JIMYHO BaMHU.

3. Ilocrpoenne mojenu siBienust (1-2 muH).

[Ipexkne yem mepexoIUTh K U3JI0KEHUIO MATEMATUIECKON MOJETN WU
9KCIEPUMEHTAJILHBIX PE3y/IbTATOB, CIEIyeT U3JI0KUTH (PU3MIECKYIO CYIII-
HOCTb siBJIeHUsI, (KaKOe sIBJIEHHE [TPOMCXO/UT, B YeM €r0 IPUIMHBI, Ka-
KOBBI CJIEJICTBHsI, KAKOBBI YCJIOBHsI IIpOTeKaHus ). Jlajee MOXKHO Oro-
BOpUTH Te BHelTHuEe (HaKTOPhI, KOTOPble HamboJiee CYIIECTBEHHBI MIPH
HCC/IEJIOBAHUN TOTO SABJIEHUS, 8 TAKKE Te, KOTOPhIE IIPENITCTBYIOT €TI0
Habsonennio. Ha oCHOBaHME M3JI02KEHHOT'O MOYKHO MOIBITATHCS TPEJI-
CKa3aThb BO3MOYKHBIE IMOCJIEICTBUS NU3MEHEHNS TeX WJIM WHBIX ITapaMeT-
poB.

Eciin Bo3MO2KHBI HEKOTOPbBIE AJIBTEPHATUBHBIE BAPUAHTHI 00'bsICHEHUIA,
TO CJIeJlyeT yKa3aTh BO3MOXKHbIE KDUTEPUH BBIOOPA OJJHOIO U3 HUX (Kak
TEOPETUIECKUEe, TaK U KCIIEPUMEHTAJIbHBIE).

4. Teopermueckoe onucanue (2-3 Mum).

B sToM pazmene mokiama HEOOXOOIMMO KPATKO M3JIOXKUTH OCHOBHBIE
YepThl MaTeMaTHIeCKOi Mojieau ((busnuecKre BeJNIUHbBI, OMUChIBAIO-
mue dBJICHUA; NCXOAHbIE ypaBHeHI/IH n ux O6OCHOB&HI/I€; OorpaHUveHusd 1
JIONOJTHUTEJIbHBIE YCIOBHs). Y DaBHEHUsI CJIe/lyeT [OKa3aTh Ha dKPaHe.
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[Ipu sTOM HET HEOOXOAMMOCTU WX 3aYUTHIBATHL U JIaBaThb MOJPOOHBIE
IIOACHEHUA KazKJIOMYy CUMBOJIY, IOCTATOIHO OI'PaHUYINTDHCA YKa3aHUAMN
CaMbIX CyNIECTBEHHBIX BEJIMYMH M UX 0003HAUEHUI (OCTAIbHbIE JOJIZK-
HbI OBITH IPUBEJIEHBI Ha 9KpaHe). Jlasee cie/yer ykasarTh, Kakue napa-
MeTPBbI U3BECTHBI, KAKHe MOJIeXKAT SKCIEPUMEHTATILHOMY U3MEHEHUIO,
KaKHne NCYE3HYT B XO/1€ PEeIICeHU . O6${38.T€JIBHO cjeayeT npuBecTu 9umc-
JIEHHbIE 3HAYEHUS UCIOJIL3YEeMBIX MapaMeTPOB.

B kadectrBe 0b60cHOBaHMIT ypaBHEHUN MOYKHO IIPOCTO MIPUBECTH CCHLIKY
na dusnvecknit 3akon ("Ha ocHoBammm 3akoHa BCEMHDHOIO TArOTe-
nust.."), smbo Ha smureparypubiii ucrounuk ("Takum-to mcciaemobare-
JIeM TOJIyYeHO ypaBHeHHe, oluchiBaomiee...").

Jasee ciemyer copMyupoBaTh U OOOCHOBATH CIE/JTaHHBIE JOITYyIIE-
Hust v ipubsmzkenust ("Ilpu 3ammcu 5T0ro ypaBHeHUst, Mbl IPEHEOPETIH
BpamnienreM 3emin"). DT0 B JasibHeIIeM IOMOXKeT 000CHOBATH BO3-
MOXKHBIE PACXOXKJIEHUS C 9KCIIEPUMEHTAJbHBIMU PE3yJIbTATAMU.

Chenyromuii mar - meron, pemieHus. He ciiejryer mogpobHO ocTaHaB-
JIMBATBCsI HA KaxkJIOM Imare pemienusi ("Bo3BeieM B KBajpatr "Bbpa-
suM "nozicraBumM" u T.11.). Eciu BbI 3amucany ypaBHenue (CUCTEMY ypaB-
HEHUiT), METOJNKA PEIeHNs] KOTOPBIX M3BECTHA, MEPEXOAUTE Cpa3y K
pesynbrary ("Pemus s10 ypashenue, mosydnm...").

Ecnu ke MeTOm TOYHOTO perleHusi He U3BECTEH, HEOOXOMMMO pacCKa-
3aTh O TOM, KaK MOXKHO IOJIYUNTh NMPHUOJIUKEHHBIE PEIIeHUs], OIeHKN
("Ecau npenebpedb T€M-TO U TEM-TO..., TO nojtyduM..,"), B ciayuae, Ko-
IJla pelleHne MOy IeHO ¢ IIOMOIIBI0 KOMITBIOTEPHBIX PACUeTOB, HEOOXO0-
JIMMO OCTAHOBUTHCST HA HUX MTOJIPOOHEE, YKa3aTh TOT YUCJIEHHBI METOI;
KOTOPBIN OB MCITOJIB30BaH, WHTEPBAJ Pa3OUeHUsT U JIPyTHe TapaMeT-
PBI, CYIIECTBEHHBIE JjIsI KOMIIBIOTEPHOI'O MOJIEIMPOBAHMS.€3YIBTAThHI
pPACYeTOB HATJIsIIHEE MIPEICTABIATE B BUJie IpadpuKoB, auarpamMm. ['pa-
buku (KaK pe3ysibTaThbl PeIleHnsi) HeOOXOJAUMO KAYeCTBEHHO O0bsiC-
HUTb, IPEXK/IE BCErO T€, KOTOPbIE UMEIOT KaKue-11ub0 0cobeHHOCTH (IKC-
TPEMYMBbI, Pa3PbIBbL U T.11.).

3aBepIlieHrneM 9TOM YacTH JIOKJIaJla MOXKeT OBITh BBIBOJ, IIOCTPOEHA U
pellieHa Ji MOJIeJIb, HACKOJIBbKO OHA COOTBETCTBYET peasibHOCTH. V3 3T0-
I'0 JIOJIZKHO JIOTUYECKHU CJIETOBATH CO/IEPYKAHNE BBICTYIIJIEHUS 110 CJIETY-
IOIEMY IIYHKTY ILIaHA.

5. BosmoxkHOCTDb 9KCriepuMeHTabHoi poBepku (0,5 MuH).

Ha ocnosanun IIOJIyY€HHBIX pe]lIeHI/IfI I X aHaJIn3a YKa3aTb, KaKUM
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obpazom (I/IBMGpHH KaKy10 BaBI/ICI/IMOCTb) MOKHO IOJITBEP/UTH Teope-
TUYIECKOe OMUCAHNe, JTU00 CIesIaTh BHIOOP M3 HECKOJBKNX BO3MOXKHBIX
BapuaHTOB, MOXKHO Tak»Ke OrOBOPUTH TPeOYEeMYI0 TOYHOCTL H3Mepe-
HUIA.

Dra YacThb JOK/Ia/a 3aHUMAET HE3HAYUTE/IbHOE BPEMsI, OJHAKO BECbMa
Ba)KHa: OHa CBUJETEJILCTBYET O IIEJEHAIIPABICHHOCTH MPEIITPUHITHIX
JIeCTBUI, IOKA3BIBAET, UTO IKCIEPUMEHT IIPOBOIIIICS He "Ha aBoch 000C-
HOBBIBAET MPUMEHEHHYIO CXEMY YCTAHOBKH, JIOTMYHO CBSI3BIBAET TEOPE-
TUYECKYIO W SKCIEPUMEHTAJBHYIO YaCTH JAOKJIAJIA.

6. Cxema 9KCIIEPUMEHTAIBHOl yCTaHOBKU MK ycTaHoBOK (0,5 MuH).

PakTrdeckn panee ObLIa CPOPMYIUPOBAHA KOHKPETHAS IE/Ib SKCIEPHU-
MeHTOB ("M3MepuTh Takoii-To napamerp "ucciae0BaTh 3aBUCUMOCTb..." ),
ITO3TOMY CXEMa YCTAHOBKHU JIOJI?KHA BBITEKATH W3 IIOCTAaBJIEHHON 3aJ1a-
qn. [lpuBoast cxeMy yCTAHOBKM Ha SKpaHe WJIU C IIOMOIIBIO BHJIEO-
TEXHUKHU, HEOOXOJIMMO IOKa3aTh OCHOBHBIE €€ YaCTH, HE B/ABasiCh B
TOIPOOHOCTH, HA3BATh THUIIBI MCIIOJIB30BAHHBIX NTPUOOPOB, YKa3aThb ee
HaunboJiee CyIeCTBEHHbBIE TAPAMETPBI: JIJIs JJAHHON 3a/1a1u, CIIoCOObI UX
KOHTPOJIsI, N3MEHEHUsT U U3MEPEHNUSsI.

Ecan nusMepeHunsd MHTEPECYIOMNX BEeJIMYUH IITPOBOIUJINCH KOCBEHHO, TO
H606XO,HI/IMO CKa3aTb KaKuUe€ BEJIMYUHBI USMEPAJINCDH IIPAMO, U 110 KaKUM
pPacCdeTHBIM CbOpMyI[aM TOJIyY€HbI PE3YJIbTaThl KOCBEHHBIX I/ISMepeHHﬁ.

Ecnn B skcriepuMenTe MCIOIB30BAJIM HECKOJIBKO YCTAHOBOK, TO OoJiee
JIOTUYIHO PACCKA3bIBATDL O HUX IOCTIEIOBATENbHO. V3JIOKUB cxeMy Of-
HOT'O KCIEPUMEHTA, Cpa3y JOJOXKHUTH O TOJYYEHHBIX PE3YJIbTaTaX, a
3aTeM yrKe IEePEXOJIUTh K JIPYTUM SKCIIEPUMEHTAM.

7. Pesynbrars! skcrnepumentos (1 mumn).

CieryeT IpUBOAUTD JIUIIb T€ JaHHbIE, KOTOPbIE CYIIECTBEHHbI JIJIsT IO/~
TBEpKIeHUs C(POPMYJTUPOBAHHON TOUKHU 3PEHUS, & HE BCE MOJIy I€HHDBIE
Pe3yJIbTaThl: KaK IPABWJIO, MEHEe OJHOI'O IIPOIEHTAa YUCE]I, IIOJIyYEeH-
HBIX B XOJI€ SKCIIEPUMEHTOB, IIOaJaeT B JOKJIAbl, CTaTbU. JTO HE 3Ha-
YUT, 4TO CJEAyEeT CKPbIBATb T€ PE3YJIbTaThl, KOTOPbIE OIIPOBEPraloT I10-
CTPOEHHYIO MO/IeJIb, BE/Ib UX MOIVIM IIOJyYUTh U KOMaH/Ibl-COIIEPHUIIBI.

Jlyureit popmoii ipeicTaB/IeHIST PE3YIBTATOB SIBJIETCA T'padueckast
(B BUzie mmarpamm, rpacuKOB), XOTsl HE HCKJIIOYAETCS U TabIMYHBIN
crtocob. B jroboMm citydae 1012KHa, OBITH yKa3aHa, MOTPEITHOCTDb PEe3yIb-
TaTOB.
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He ciiemyer npesicraBiisith B Ka4eCTBE SKCIIEPUMEHTAJIBHBIX JAHHBIX T€
¢usnIecKre BeJIMYUHBI, KOTOPbIe HE M3MEPSIIUCh. DTO HE TaK CJIOXK-
HO BBISIBUTH, HO "momasiuch" Ha onHoil "mudepke MOXKHO IOJI0PBATH
JIOBEpHe KO BCEM CBOUM pe3yJibTaTaM, KO BCEH IPOJIe/IaHHON paboTe.

8. CpaBHeHHe TeOPeTUYECKHUX U HKCIEPUMEHTAJBHBIX JAHHBIX (2-3MUH).

OT0 caMblil BayKHbBI pasjes: HOABOAUT UTOrH Balueil pabornl. Coor-
BETCTBHE (JIa7Ke TOJIBKO KAYECTBEHHOE) CBUJIETEJILCTBYET O IPABUIIbHO-
cTH Bammx Hoaxoi0B. JlanHoe BaMu apryMeHTHPOBaHHOE O0DLSICHEHUE
BO3MOXKHBIX PA3JIMYUil CBUAETE/HCTBYET O IJIyDOKOM IOHUMAHWH U310~
JKeHHO# mmpobyieMbl. Eciin »ke BbI IPOBEIN HECKOJIBKO PA3JIMIHBLIX THUIIOB
9KCIIEPUMEHTOB, TO 00s13aTEILHO CJIEyeT CPABHUTH UX MEXKIy CcODOit
IO Te€M K€ KPpUTEPUAM.

9. Boozs! (0,5 mum).

Beskoe BrIcTyIIIEHTE JOT2KHO 3aBEPITIATHCS BLIBOJIAMU, B KOTOPLIX KOH-
CTaTUPYETCs, IIOJyYeH JII OKOHYATEe/JbHBIN pe3ysbTaT, JaeTcCs ero deT-
Kasi OPMYJIMPOBKA, HA3BIBAIOTCS BO3MOYKHBIE IIyTU COBEPIIEHCTBOBA-
HUA U JajbHelelr paboThl 10 TeMe.

4.2 BeicTynjeHue ¢ JOKJIaJ0M 3KCIIEPUMEHTAJIbHO-
ro TAUNA

He mosropsiss Toro, 4ro OBLIO CKa3aHO paHee, OCTAHOBUMCS Ha OTJIMIUSIX
3TOr0 BapMAaHTa BBICTYILIEHUA OT IPEIbLIYIIEro.

3. Onncanue Ka4eCTBEHHBIX KCIIEPUMEHTOB (3-4 MHHM).

Ecnu ozmakomiienme ¢ ycjioBueM 3aJadd W JUTEPATYPHBIH MTOUCK He
MMO3BOJIUJIA TIOHSTH CYIIECTBa SIBJIEHUsI, KOTOPOE MPEJICTOUT U3ydaTb,
TO OCTAETCs €Ile OJUH HEIJIOXOH crocob Hadaa PaboThI - BOCIIPOU3BE-
CTH sIBJIEHHE M JO0OPOCOBECTHO ero HabJogarh. B xome Habsromenmit
HEOOXOIMMO CTPEMUTHCSI, IO BO3MOXKHOCTH, MAaKCHMAJBHO BapPbHPO-
BaTh yCJIOBUs, U3MEHSITh MapaMeTphbl B IMUPOKUX TIpejesiax, oTMedast
BCE U3MEHEHUs B XapaKTepe MPOTEKAIOIINX MPOIECCOB

Heﬂb ITUX Ka9eCTBCHHBIX MaKCHMaJILHO paSHOO6p33HbIX AKCIIEpUMEH-
TOB - IIOCTPOUTH Ka4Y€CTBEHHYIO MOJECJIb ABJICHUA. B xXozae Ha6JHO,Z[e—
HU HGO6XOILI/IMO IIOIIBITATBHCA BBIABUTL 3aKOHOMEPHOCTH, a 3aTeM JaTb



I'nmaBa 4. BreIcTymieHue ¢ Jg0KJIa70M 23

UM OObsICHEHHE, BBISICHITH BO3MOKHBIE IIPUYIUHBI TOIO WM HHOI'O HC-
XOJIa, YAICHUTH 3JIEMEHTapPHbIE (DUBUIECKUE MTPOIECCHI, OIPeIeISIONne
XapakKTep SBJIEHUS

X0 M3/I0KEHHUST ITUX IKCIIEPUMEHTOB B JOKJIA/I€ MOXKET HOCUTH JIUTE-
pPaTypHO-XY/IO2KECTBEHHBIII XapaKTep C ONUCAHUEM pPsJia BO3MOXKHBIX
TUTIOTE3, WX IOATBEPXKICHUI WM OIpoBepxKkenuit. MoKHO Jaxke u3-
O6parh CTUJIb JETEKTUBHOI'O POMAHA.

Bo BpeMsi BBICTYILJIEHHs] yMECTHO IIPOBECTH (II0KA3aTh ), HECKOJILKO Hal-
6oJstee 3DEKTHBIX IEMOHCTPAIHH, JHOO MPEJIOKUTH TOCMOTPETH 3a-
TOTOBJICHHBIN BUAcomMaTepuas. Comep:KaHne TOTO pasfiena JTOTKHO
0becreunTh JIOrnIHOe 0OOCHOBAHUE COJICPXKAHUS CJIEYIONIEH YacTH JI0-
KJTATA.

4. Tlocrpoenue kKadecTBeHHOI Mojen (2-3 Mum).

31ech HeoOX0UMO chOPMYIUPOBATH HEKOTOPYIO I'MIIOTE3Y, BEPCUIO IIPO-
HCXOISIIUX POIECCOB, Y€TKO BBISIBUTH BO3MOYXKHBIC 3aBUCUMOCTH, J10-
[IYCKAIOIIHE SKCIEPUMEHTAIbHYIO MIPOBEPKY, MPEJICKA3aTh UX MOBEIe-
uue ('Bospacraer’, 'yObiBaer’, 'mMeeT MakcumMyM' H T.0.). DTO MOCIY-
JKUT OCHOBO# IIpU 00CYKJIEHUH PE3y/ILTATOB IKCIEpUMEHTa. Bo3MOXK-
HO, Ha 9TOM dTalle Bbl CMOXKETe [POBECTU HEKOTOpbIe (IlycTh rpybbie)
TEOPETUIECKUE OLECHKH.

HanpHefmmit Xom J0KJIa1a He OTJIMYAETCs OT IPUBEISHHOIO paHee 10~
Kiaga A.

4.3 BeicTynjieHue c JOKJaJIOM pedepaTuBHOTO TH-
na

,HaHHbeI TUII JOKJIa/la SHAYUTE/JIbHO OT/JIMYaeTCd OT HIPEeJAblAyInuX, IIOTOMY
PacCMOTPUM ITOCTPOEHUE BBICTYIIJICHUSA B IIOJIHOM obbeme.

1. Tocranoska 3amaqau (0,5 MuH.).

[ToMumo HazBaHUSI JOKJIAA, KPATKOTO U3JI0XKEHUsT YCIOBUS HEOOXO 1~
MO Cpa3dy O4YepPTUTh KPYI PACCMATPUBAEMBIX BOIIPOCOB, CY3UTh IOJIE
nuccaenoBanust, ¢hopMyIupoBaTh U 0OOCHOBATH BO3MOXKHBIE HAIIPAB-
JieHusi moncka. Tak Kak BeCh JIOKJIAJ IIOCTPOEH TVIABHBIM 0Opa3oM Ha
JIAHHBIX, TIOYEPIHYTHIX U3 PA3JUIHBIX UCTOTHUKOB, TO TPAIAIIMOHHBIA
0030p JINTEpATyPHI IO T€ME MOXKET OBITb OIIYIIEH, JUOO CJI/IyeT IPH-
BECTH CIIUCOK IIyOJIUKAIUil, OKA3aBIINX HAWOOJIbIIee BJIUSIHIE Ha XOJ
paboThI.
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2. O6cyzkieHne BOBMOKHBIX HIOTE3 (2-3 MUH).

Ha ocnoBanmum uTepaTypHBIX JaHHBIX CJIELYET PACCMOTPETH BO3MOK-
Hble aJbTEPHATUBHBIE THIIOTE3bI, OODBICHSIIONINE U3yIAEMOEe SBJICHUE.
Kaxxnmag m3 3TuxX rumore3 JIO/KHA COMPOBOXKIATHLCA yKa3zaHUEM Ha
HCTOYHUK, KPATKUM HM3JI0O?KEHUEM €€ CYIIHOCTH, JaHHBIX, KOTOPbIE ee
MIOJITBEPKJIAIOT; (DAKTaMU, KOTOPbIE HE HAXOJAT OObSICHEHUsI B pPaM-
KaX JaHHOH TUIoTe3nl; (POPMYIUPOBKON OCHOBHBIX U€pPT, KOTOPBIE OT-
JITYAIOT 3TY TUIIOTE3y OT APYTruX. Kciam JTOKJIaIIuK MpeajaraeT CBOIO
TEOPUIO, TO el Hy?KHO yJEeJIMTh MaKCAIMaJIbHOEe BHUMAaHUE.

[Tpu uzmoxkeHnn TeMbI TOKI8/1a PACCMATPUBAEMOIO THUIIA CJIEIYET OXa-
paKTepU30BaTh MAKCUMAJIBHBII pa3dpPOC MHEHHUI 110 PACCMATPUBAEMOM
pobJiemMe, OTMeTast IIPU ITOM Te TOIXObI, KOTOPhIE MOKJIATINK CIUTA~
€T sIBHO HeOOOCHOBAHHBIMU MJIA SIBHO ITPOTUBOPEYAIUMHU UMEIOITUMCS
JAHHBIM.

3. Awnasuz ciescTBuii, JI0MycKamux mposepky (1-2 mum).

Sajavua JOKJIaTINKa 3aKJII0IAeTCsl He TOJBKO B MEXAHUIECKOM IIepe-
YHUCJIEHUI MMEIOIUXCsl HabII0JaeMbIX (PaKTOB M TEOPHUil, HO U B UX
KPUTHYECKOM aHaJn3e, BhIOOpe Hambojee IOCTOBEPHBLIX U IIPABIIOIO-
1o6HbIX. C 9T0l 1e1bI0 HEOOXOAUMO IIPOAHAIN3UPOBATL CJIEJICTBUS U3
PacCMOTPEHHBIX TUIIOTE3, 0COOEHHO T€, KOTOPbIE IPUHIIUINAIBLHO OTIIH-
JarOTCS B PA3JIMUHBIX Teopusx. JIHsI MOMCKa TAKUX CJIEICTBHUI MTOJIE3HO
"coBepiuTh BbLIazku" B "cocenane Hayku': MOYKeT OBITH UMEHHO TaM,
HalieTcs KpUTEPUil, MO3BOJIAIONINN CIe/IaTh OTHO3HATHBIN BHIOOD 13
MMEIOIIUXCsT aJIbTEPHATHB.

4. Boibop kpurepust npasuibHocTu runores (0,5 MuH).

DTOT pa3jieJ BHICTYILICHUS B OIPEJIEJICHHON CTEIIeHN aHAJIOTUIEH Pac-
cMOTpeHHOMY paHee "B03MOXKHOCTH 3KCIEPUMEHTAJBHON ITpoBepKH' .
HeobxomumMo ykasarh npusHaku (UM MPU3HAK), 110 KOTOPBIM THIO-
Te3y cieayer OTOpOCHTBh. DTO CIAeJaTh Jierde, UeM HalTH KpUTepHii,
ITO3BOJISIFOIIUI IIPUHSTH THIIOTE3Y OMHO3HAUHO. Kcju rumoressl mpuH-
[MUMTAATBHO PA3JIUYHBI IO [IPEJIITOCHIIKAM, HO IPUBOJAT K OJINHAKOBBIM
CJIE[ICTBUSIM, TO HEBO3MOXKHO OTJATh IPEIIOUTeHNe HU OIHON U3 HUX.
[Ipu 3TOM, ecTecTBEHHO, MpEIIOIaraeTcs, 9T0 006€ IUIOTE3bl OCHOBBI-
BAIOTCs HA YCTAHOBJIEHHBIX (DU3MIECKUX 3aKOHAX.

B kadecrBe KpuTepusi MOXKeT ObITh BBIOPAHO KOJUYIECTBO HabOJIIOIA-
eMbIX (haKTOB, O0bsICHSIEMBIX JaHHOU Teopueil. Besm ke HEKOTOpPBIE
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JIAHHBIE HE HAIIJIU [TOKA CBOEr'0 MCTOJIKOBAHUs, TO BO3MOXKEH KPUTHU-
YecKuii aHaau3 caMux TUX (GAKTOB (JOCTOBEPHBI JIM OHU, MOLYT JiU
HaiiTi 0ObsiCHEHHE B OyLyIIeM).

5. AHaJIU3 TUIOTE3, TEOPETHIECKHE OLEHKH, HEePCIEKTUBLI JAJIbHEHAIINX
ucciaegoBanuii (3-4 Mun).

I[Tocsie BbIGOpa KpuTepus (MM KPUTEPHERB), CJIeyeT BEPHYThCs K aHa-
Jin3y runore3. VIMEHHO Ha 3TOM 3Talle WHOTJA IOSBJISETCH BO3MOXK-
HOCTH OleHKM (Moxker rpyboii) Kakux-To napamerpos. HeoGxommmo
"paccmoTpeTh UX mpapiomnoaodue. Keim ke He yIasoch BHIOPATH O
HYy U3 TUIOTE3 B KAYEeCTBE MPABIONONO00HOM, WK, HA060POT, IIPHUIILIOCH
OTBEPIHYTb BCE, TO KEJIATEJILHO IMPEJIOKATH BO3MOXKHBIE BapPUAHTHI
JIAJIbHERIITUX HAOJIIOEHN, UCCIeIOBAHUN, TTONCKA HEJIOCTAIONINX JTAH-
HBIX.

6. Boisompt (0.5 MuH).

B nanmoit wacTu q0KJIa/1a AEHCTBUST BBICTYIAIONINX AHAJTOTHIHBI J16Hi-
CTBUAM, COBEpPIIAEMbIM B IPEALIAYIINX JOKJIa1aX.



I'maBa 5

JlncKyccust MexK1y ONIIOHEHTOM
N JJOKJIATINKOM

[Tocie 3aBepIieHns JTOKIa1a BBICTYITAIONIEMY 3a/1aF0T BOIIPOCHI, KOTOPBIE JTOJIK-
HBI COOTBETCTBOBATH TEME JIOKJIa/1a, OBITh KPATKUME, YeTKHMHU, BCKPBIBAIO-
IIIMMH OCHOBHBIE IIOJIOYKEHUsI JIOKJIaa, TPeOYIONMMH OJHO3HAYHOIO OTBETA,
KOPPEKTHBIMHU U BeXKJIMBbIME 110 popme. Kak mpaBmiio, comeprkanne BOIPO-
COB OTJINYAETCH OIPEJIEJIEHHON TOBTOPSIEMOCTBIO. B CBs3M € 9TUM UX MOXK-
HO TIPEeJyIIPEUTh BO BPeMsl HOATIOTOBKU JOKJaJla WM apupoBaTh IIOCJIE
BeICTyILIeHUs. [IpemaraeM nepedeHb TUMMMYHBIX BOIPOCOB IO KOHKPETHBIM
pa3iienaM JIOKJIaia.

e Bonpocsl, kacatoniuecss (pu3anIecKOro OCHOBAHUS MOJIEIN

Brisicuenne ocHOBHBIX (haKTOPOB, BIUSMIONINX HA XapPaKTeP HOBEICHUS
paccMaTpUBaeMbIX MPOIeCCOB. BhiscHenmne, yTouHEeHNE OCHOBHBIX JI0-
MYIIEeHN U TPUOJINZKEHUN, CIeJIAHHBIX aBTOPOM, UX OOOCHOBAHHOCTD.

e Bompochr 10 TeopeTuvyeckoit 4acTu IOKJIa1a

O06OCHOBAHHOCTD IIPUMEHEHUSI TEX WM WHBIX YPABHEHUM, €CJI OHU He
OYEBUJIHBI. Y TOYHEHNE YHUCJIEHHBIX IIapaMeTpPOB, CIIOCODOOB MX OIEHKU,
METO/IOB ITOJIyYeHUsI. Y TOYHEHre 0OOCHOBAHHOCTH HIPUOIHKEHUH, CIe-
JIAHHBIX 110 XOJy pellleHus. BBIsiCHEHue METOJO0B peIleHUs, UX €JIUH-
CTBEHHOCTHU. Y TOUYHEHUE MOy YeHHBIX PE3Y/ILTaTOB, KAUECTBEHHOE 00b-
sSICHEHIE PEIIeHUsI.

° ]3OHpOCbI7 CBsASaHHBIE C KOMIIBIOTEPHBIMU pacYeTaMi, KOMIIBIOTEPHbIM
MO/IeJINPpOBaHUEM

26
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Yrounenue ITapaMeTpOB MO/IeJ/IN, JHalla30Ha HNX M3MEHEHH. Brisicae-
HHe IIPUMEHAEMOI'0 YMCJICHHOI'O MeTO/Ja PeIIeHnd, ero CXOAMMOCTH, yCTOﬁ-
YUBOCTHU IIOI'PEHTHOCTHU.

o BOHpOCbI II0 SKCHepI/IMeHTaJIbHOfI JacCTH JOKJIada

VTouHenune perasieil SKCIEPUMEHTAILHON yCTAHOBKH, €€ IIapaMeTPOB.
YTouHEHNE METOJIUK M3MEPEHUsI T€X MJIA UHBIX (PU3NIECKUX BEJIMIUH.
Beisicnenue criocoboB yvera miid ycTpaHeHUsl MOOOYHBIX (DAKTOPOB.
VToUuHEeHNE OIEHOK IOTPENTHOCTEN Pe3y/ILTATOR.

e Bompocsl, cBsI3aHHBIE ¢ OCHOBHBIMU BBIBOJIAMMU

Yrounenue o0bLICHEHUA PE3YJIbTATOB pacdeTOB, IKCIEPpHUMEHTa W HUX
BO3MOXKHBIX paCXO}I()IeHI/IfI. YrouyneHue coraacus IKCIIEpUMEHTaJIbHBIX
JaHHBIX IIOJTYYE€HHbIX Pa3/IMYHBIMU METOJJaMU.

Bo Bpemsi 0TBETOB Ha BOIIPOCHI BLICTYIIAIOIIEMY CJIEIYEeT IIOMHUTH O HEKO-
TOPBIX MIPaBUJIaX MOBEIECHUS.

1. He crecusiiitech MOBTOPUTH BOIIPOC, YTOUHUTD €rO0.

2. HukTo He TpebyeT OT BaC MIHOBEHHOT'O OTBETA, BbI MOYKETE TIO/IyMaTh,
He 3a0bIBast, YTO Pa3yMHast BEPXHsis TPAHUIA BaIINX paccy K aeanii - 30
cexkyu. He 6oiiTech ncioib30BaTh CBOU JAOMOJTHATEILHBIE MATEPUAIDI.

3. OrBeuaiiTe KpaTKO Ha MOCTABJIEHHBIN BOIIPOC.

4. Bynapre nuckpennu, He boiiTech oTBedaTh "He 3HaIO "9TO MBI HE OIIEHUBA~
" ¥ T.70.: Takoil "My2KecTBeHHBII" OTBET BBIIVISJIUT TPUIUIHEE, TeM

JIYKaBbI€ IIOIIbITKHN yfITI/I OT OTBETa.

5. Bamuinaiirech, He 60sIChH HavYaThb OTBET CO CJIOB: "KakK OBLIO CKa3aHO
(oTMeY€eHO, MOJUepKHYTO) B JOKIae..." .

6. Ecsu Bam yka3asu nin Bbl CAMM YBHJIEJIH ONIUOKY Ha CJIaiijie, HA ILJIeH-
ke (He Ta OyKBa, CUMBOJI), UCIPABbTECH, U3BUHATECH 34 OIIUOKY.

[Tocsie BBICTYIIEHMIT, KAK ONIIOHEHTA, TAK U PEIEH3EHTA JIOKJIAIINK OT-
BedaeT Ha CJIeJIAaHHbIE 3aMEeUaHMSI.

st apryMeHTUPOBAHHOI'O OTBETa HEOOXO/IMMO YJIOBUTH CMBICJ CIEJIaH-
HbIX 3aMmedanuii. Cjie0BaTe/IbHO, BBICTYILIEHUsI COITIEPHUKOB JIOJI?KHBI OBITH
BBICJIyIIIAHBI [IPEJIEJIbHO BHUMAaTebHO. Kpome Toro, He ciie/iyer HajaesThCs
Ha CBOIO HAMsTh U IMUCbMEHHO, JJIsi cebsl, PUKCUPOBATH OTMEUEHHBIE HE0-
crarku. OrBeTHOE "C/IOBO" MOXKHO HOCTPOUTDH CJIEYIONIUM O0OPa30M:
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1. H06J1arogap1/n“b 3a CAeJlaHHbIe 3aMeE€YdYaHMnsd.

2. Bormenurs nambosiee cyliecTBEHHBIE 3aMeYaHUsl U JaTh MM apryMeH-
TUPOBAHHBLIA U OOOCHOBAHHBIN OTBET, YACTUIHO COIVIACATBLCS C 3aMe-
JaHUsIMHM, KOTOPbIE CIpaBeJIMBbI. B KadecTBe Mepbl 3alllUThl KpaT-
KO IOSICHUTH, UTO ITOMEINaJj0 He JOIMYCTUTh TaKuX orpexop" B pabore
(HesrocTaTOK 0BOPY/IOBAHMUSI, CJUIIKOM CEPhE3HOEe YCJIOKHEHNEe MOJIeIN
u 1.1.). Cieayer OTKPBITO MPU3HATH CBOIO HEPABOTY U JIOIYIIEHHYIO
OIMOKY, MMOCTAPABIIICH ITOKA3aTh, ITO OHA He CJIUIIKOM IOBJIUS/IA Ha
OCTAJIbHOE COJIepKaHue JOKJIaIa.

3. He mepeunciisis MEJIKUX W HECYIIECTBEHHBIX (IPUIAUPUUBBIX) 3aMeda-
HU, IIPOCTO C HUMHU COIJIACUTHCS, OTOBOPUB, YTO CUUTACTE NX HE CJIUIII-
KOM CEPbE3HBIMU.



I'taBa 6

BbICTYH.HeHI/Ie OIIIIOHEHTa

OcHoBHas 3ajada ONITOHEHTA JATh ODOCHOBAHHYIO M TIOAKPEILIEHHYIO (hak-
TaMU OIEHKY paboOThl KOMAHJIBI JOKJ/IAINKA: BBISIBUTH CUJIbHBIE U CJIabble
CTOPOHBI JOKJIAA, YKA3aTh Ha 3aMEUCHHBIC HEJOCTATKNA U IPOMAXHU B Pabo-
Te, MOKA3aTh BO3MOXKHBIE IIYTH UX YCTPAHEHUS.

OnmnoHenT JOMKEH CTPEMUTHCS HE K TOMY, ITOOBI "3aBannTh" KOMaHTY
JIOKJIQTIMKA, BBISIBUTH TODOJIBINE MEJIKUX HEJOCTATKOB U HEJIONEJIOK, & JaTh
KBaJIN(PUIIMPOBAHHYIO U MOTUBUPOBAHHYIO OIEHKY paboTe JMOKJIaIINKA.

Komnewmo, 09eHDb CI0KHO TOATOTOBUATH MSITUMUHYTHOE BBICTYILICHHE, BbI-
CJIYIaB JeCATUMUHYTHBIA JIOKJIaJ] U 3aJ1aB HECKOJIBKO BOIPOCOB. U3 3Toro
OYEBU/THOTO TOJIOYKEHUSI CJIEYET: K OMTOHNPOBAHUIO HEOOXOJAUMO TOTOBUTH-
cs 3apaHee, TeM 0oJiee, UTO IOKJIAJ 3aKa3biBaeT ommoHeHT. llogroroBka
OTIMTOHUPOBAHUIO TIPETIONIATAET, BO-TIEPBBIX, BHIOOP MPOOIEMBI, KOTOPAsT 3a-
CJIY2KMBAET CAMOI'O IPUCTAJIBHOIO BHUMAHUS: C HEll OIIIOHEHT CTOJIKHYJICS B
XOJIe BBITIOJTHEHUS 9TOTO 3aaanusi. Ecam ona perrena - OyIeT BO3MOYKHOCTD
OTMETHUTD YCIEeX KOMAH/IbI-IO0KJIAJIUNKA, €CJIU HET, TO MOYKHO OTMETUTH ITO
KaK HeJI0CTaTOK. VIHBIME CJIOBAMU, HY?KHO BbIODATh HanboJIee CyIeCTBEHHbIE
MOMEHTBI peIeHus 331a9i U UMEHHO Ha HUX CKOHIIEHTPUPOBATH BHUMAaHUE
B XOJI¢ JINCKYCCUU IIOCJI€ BBICTYIIJIeHUsI. BO-BTOPBIX, CJIeJyeT ONpEeJIeUTh U
3aroTOBHUTH JI0Ma hopMy (DUKCAIME CBOMX 3aMevaHuil (B BUJE BOIPOCHUKA,
pasrpadJieHHOro OGJlaHKa Wil B JIIOOOM JIPYroM YI00HOM BHJIE) U IO XOJIY
JIOKJIa A, & TAKXKE B TPOIECCE TUCKYCCUHU HAMTOJHUTD €€ KOHKPETHBIM COTep-
JKAQHUEM.

OueBnHas OMACHOCTD TAKON MOATOTOBKUA MOXKET MTPOSIBUTHLCSI B TOM CJTY-
gae, ecJd MPEJIOKEHHBIN JIOKJIa] IPUHIIAITAAIBLHO OTJIMIAETCS OT BI3IVISIA
OIIIOHEHTa Ha 1pobsemy. B Takoil curyanuu eMHCTBEHHBIH Pa3yMHBIH Bbl-
XOJI, - UMIIPOBU3AITHUS.

29
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HpegmaraeM CBOI1 BapuaHT BBICTYIIJIEHU KOMaH/IbI-OIIIIOHEHTA:

1. H06J1aroaap1/n“b KOMaH/1y 3a JOKJIa/ U 3a OTBETHI Ha BOIIPOCHI.

2. OneHka MOJEIU U TEOPEeTHUYECKUX HUcciedoBanuii, B 3To#l 4acTu Bbl-
CTYILIEHHSI HEOOXOIUMO OXapaKTepU30BaTh:

0060CHOBAHHOCTD CJIEJIAHHBIX IIPEIIIOIOKEHNN 1 fomyeHuit. Ecim
KaKOe-TO U3 HUX BBI3BIBAET BO3PAKEHUsI, YKa3aThb U 0DOCHOBATD
cBoe yTBepxKaeHue. Eciim Bo3paKeHUil HeT, CaeJlyeT OTKPBITO CO-
IJIACUTHCS € TIPEMJIOYKEHHON MOJIETBIO;

000CHOBAHHOCTH YPaBHEHUI W JOIOJHUTENbHBIX ycjoBuit. Ecim
ecTb COMHEHHsI B IIPUMEHMMOCTH KOHKPETHBIX BbIpazKeHuii (ypas-
HEHUA IIEJIMKOM, WU KAaKOT'O-TO €ro CjaaraeMoro u T.J:L.), YKa3aTb
Ha 3TO KOHKPETHO U 0OOCHOBaHHO;

JIOCTOBEPHOCTD YUCJEHHBIX [APAMETPOB MOYXKET ObITH OIIEHEHA Ha
OCHOBaHMM COOCTBEHHBIX PE3YJILTATOB, JIMOO HA OCHOBE 3/IPABOIO
pU3UIECKOTrO CMBICIIA;

PABUJIBHOCTb BBIOPAHHOIO METO/A PEIIEHUs: CIPABEIJIUBbLI JIH
C/IeJIAHHBIE B XOJI€ PEIeHUs] YIPOIIEHUS U MPUOJIMXKEHUs, TOCTa-
TOYHO iU 3(PPHEKTUBEH METOJ, PEIeHHsT;

HOJIHOTY IPEJICTABJICHHBIX PE3YJILTATOB: BCE JIM 3aBHCHMOCTH, KO-
TOPBIE MOYKHO IOJIYYIHUTh W3 JIAHHOW MOJEJIH, IPEICTABJICHBI U
[POAHAJIN3UPOBAHBI (€C/IM, KOHEYHO, OHH MOHAJI00SATCS B JIaJib-
HeHIem).

3. OHGHK& QKCIIEpUMEHTa IIPOBOJAUTCA I10 CJIEAYIOIMNM IIPU3HAKaM:

OPHUIHUHAJIBHOCTD [IPEJITIOZKEHHON CXeMbI S9KCIIEPUMEHTa, (MOYKHO JIH
ee YCOBEPIIEHCTBOBATD, YIPOCTUTD, YCTAHOBKY );

COOTBETCTBHUE YKCIIEPUMEHTA [IPE/JIOXKEHHON Teopur (JIOTUIHO JII
IIOCTPOEHNE IKCIIEPUMEHTAJbHOI CXeMbl, KaK OH& COOTHOCHUTCH C
U3JIOXKEHHBIM TEOPETHYECKUM MaTEPUAJIOM );

yder IIOCTOPOHHUX, COILy TCTBYOMNX (haKTOPOB (BCE JIM TaKue 3Ha-
quMble PAKTOPbI YUYTEHDbI, HEJIb3sd JIU UX YCTPAHUTH, JINOO Ipe-
YMEHBIIUTh UX BJIUSTHUE);

apryMeHTHPOBAHHOCTD OIEHKH IIOTPEITHOCTH Pe3yJIbTaToB (dTo
BHOCUT HauOOJIBIIHI BKJIAJ B IIOIPEITHOCTD, HEJIb3s JIU [IOBBICUTD
TOYHOCTb U3MepeHuii);
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® JIOCTOBEPHOCTH IOJIYUYEHHBIX PE3yJIbTaToB. Kcjm ecTh COMHEHUsI
B O6OCHOBaHHOCTI/I MOJIYyY€HHbIX JaHHDBIX, HeO6XOI[‘I/IMO BBICKa3aThb
ux. Ecymm Her, x)eJjraTeIbHO 1TOpaIoBaTh JoKJIa auka dpazoii: " lo-
CTOBEPHOCTH PE3yJIbTATOB COMHEHHUI He BhbI3biBaeT!";

® COOTBETCTBHE YKCIIEPUMEHTAIBHBIX U TEOPETHIECKUX JTAHHBIX (B~
JIeTCs JIA TaKOe COOTBETCTBUE yA0OBJIETBOPUTEIBHBIM, VIOBJIETBO-
psier Jin 0O'bsICHEHHEe UMEIOIIUXCsT PA3IIIHIA).

4. BoiBozpl: BbIOJIHEHA PabOTa WM HET (MOJHOCTHIO WJIM YACTHYHO),
MHEHUE 110 TIOBOJLY BO3MOYKHBIX YJIyUIIeHUil pabOThI.

B xone omnmonmposanust Heobxoaumo usberars obmux dpas ("¢ reopueit
MBI COIVIACHBI "9KCIIEPUMEHT HaM HOHpaBuics" u T.11.). Beicryieaune nosmk-
HO OBITH IPEIEIbHO KOHKPETHBIM, HE CJIeAyeT 3a0bIBATH, 9TO OIEHUBACTCS
[IpeJICTaB/IEHHBIN JIOKJIa, & He CIOCOOHOCTH OIIIOHEHTA JOKJIAIbIBATEL, COO-
CTBEHHOE DEIIeHUeE.

IIpeyraraemblit BapuaHT BBICTYILIEHUsT OIMIOHEHTA COOTBETCTBYET CXeMe
TOrO JIOKJIaJia, KOTOPLI 00603HaYeH HaMM, Kak mgokJal A. O3HaKOMHUBIINCH
C 3TOH CxeMoil, MOXKHO CaMOCTOSITEJILHO MTOATOTOBUTH IOJOOHBIE CXEMBI OII-
TMOHUPOBAHUS JJI JIPYTUX TUIOB JIOKJIAIO0B.
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BricTyIiieHne peneH3eHTa

Sasada pereH3enTa BO MHOTOM CBsi3aHa ¢ 3ajadeil ommonenTa. OH Takke
JIOJIPKEH BHUKHYTB B CyTb U3JI0KEHHOT'O pellieHust, 0D0CHOBAHHO OIEHUTh €T0,
HO B €r0 POJIM €CTh J[Ba CYIIECTBEHHBIX OTJINIMS. BO-II€pBBIX, y HETO MEHBIIE
BpeMeHu (TPaB/ia, OH BBICTYIIAET II0CJIe OIIIOHEHTA U MOXKET B CBOEM BBICTYII-
JIEHUU COCJIAThCS Ha Te JacTh "peun" ONIOHEeHTa, ¢ KOTOPBIMHU OH [TOJTHOCTBIO
COIVIACEH), BO-BTOPBIX, OH 00si3aH OIEHUTH He TOJIbKO PabOTy JIOKJIa/IIuKa,
HO U pabory ormmonenTa. Vlcxomss w3 3TuX 1ie/1eil, MOYKHO IPEJJIOKUTD CJIELY-
FOIIYIO CXeMY BBICTYILIEHUs] KOMAH/Ibl-PEIleH3eHTa, KOTOPOe TOTOBUTCS 3apa-
Hee.

1. Kparkas orerka paboThl JOKJIaIUKa. B mpesebHO cxkaToit dpopme
OIEHUTHL (DU3UIECKOE COMEpKAHKE JTOKIa/a. B KadecTBe OMOPHBIX TO-
Y€K OIEHKU MOXKHO UCIIOJIb30BATh M30PAHHBIE PA3JIEIbI IIJIAHA BBICTYII-
JIEHWs OIIMOHEHTa. B 1esax SKOHOMUM BpEeMEHU He CJIeIyeT ITOBTOPATH
TO, 9TO y?Ke OBLIO CKA3aHO, JOCTATOYHO BBIJIEJUTH TJVIABHBIE JIOCTUXKE-
HUsi 1 0OOCHOBAHHO OTMETHUTDH 3aMEUEHHbIE, HO HE OTMEUEHHBIE [IPE/IbI-
JYTIUM BBICTYTAIONIAM, HEJIOCTATKY.

2. OrneHKa BBICTYILIEHUS JOKJIAIINKa. XapaKTepu3yercst JOCTYITHOCTb U
YEeTKOCTbh U3JIOKEHUs MaTepuaJa, JIJorndecKas I10CJIeJJ0BaTeJIbHOCTD Bbl-
CTYILJIEHUSI, YMEHUE BBIJIEJINTh TJIaBHbIE ujen Jokjaana. OIeHnBaeTCs
Ka4eCTBO WJLTIOCTPATUBHOIO MaTepHUaJia, ero HeOOXOAMMOCTh U JOCTa-
TOYHOCTh. BBICKA3BIBAIOTCS CYXKJICHUSI O IIPOBEIEHHOM JIEMOHCTPAIIN-
OHHOM KCIIEPUMEHTE, €CJIU OH OBLI IPOJIEMOHCTPUPOBAH.

3. OneHka OTBETOB Ha BONPOCHL. CBUIETEIBCTBYIOT JIK OTBETHI O CBODOJI-
HOM BJIQJIEHUU MAaTePHaJOM, TOKA3BIBAIOT JI JOOPOCOBECTHOCTH B BbI-
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IIOJITHEHU pa6OTbI, ABJIAJICH JIX OHU Y€TKHMMU, KPpaTKUMH U 11O CYIIIe-
CTBY 3a/aBa€MOT'O0 BOIIPpOCA.

4. OreHKa KOMaH/IbI-OIIIOHEHTA. BhICKa3bIBAETCS MHEHHE 110 KA9eCTBY 3a-
JAHHBIX BOITPOCOB: 3aTPArvBaJjId JIU OHU OCHOBHbBIE IYHKTBI JOKJIAJA
Wi OBLIN MEJKUME s HECYIeCTBEHHBIMU; OTMETHUJI JIU OIIIOHEHT OC-
HOBHBIE JIOCTOMHCTBA U HEJOCTATKH PAbOThI, KAKUE CYIIeCTBEHHDBIE TIPO-
CYeThl ¥ MIPOMAaXU He OBbLIM OTMEYEHBI MM; pa300paJsiCsl WX HET OIIIO-
HEHT B COAEpyKaHuU paboThl JOKJaIunKa. BoiBognl. CupasBuiics wuig
HET JIOKJIQJIYUK C ITOCTABJIEHHOW 3aJiaveil, CIPaBUJICS WJIM HET OIIIOo-
HEHT CO CBOMMU OOSI3aHHOCTSIMU.



Yacte 111

Hcropusda
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I'taBa 8

Vcropust TypHUPHOI'O
ABU2KEHUS

8.1 1992-1999 roapl

Pecniybimka Berapych nadasia nmpuHIMATDL CUCTEMATHYIECKOE YIACTUE B TYP-
aupHOoM JiBuzkeHuu ¢ 1991 roga. Ilocne cozmanust B 1990 roay Jlumes BI'Y
MMEHHO €ro KOMaHIbl Ha IIePBOM 3Talle €XKErOJHO IPUHUMAJM yIacTHhe B
poccuiickux u MexxayHaponubix THO®ax. Tax Becnoit 1992 roma komaHma
Benapycu zaBoeasia mumiom III crenenm ma Poccmitckom OTKpBITOM I1€p-
BEHCTBE.

B cocras koman1bl 11071 pykoBogcTBoM JI. I. Maprosuya Bxomumu M. 3at-
ues (kanuman), C. Kaues, A. Beprnwmetn, M. Xycud, /[. Quepun, A. Kau-
moeun, P. Jlosnuxos.

JleToMm TOro ke roja HalpsizKeHHas paboTa JAHHOW KOMAH/Ibl YBEHYIAIACH
mobenoit Ha V Mexaynapogaom THO®.

B c¢Bs13u ¢ pocTOM MOKJIOHHUKOB HOBOII OPUTHHAJIBLHON (POPMBI BHEKJIACC-
HOIT pabOThI OSIBIIACH HEOOXOINMOCTD B CO3AaHUM CHCTEMBI pabOThI 110 IIPO-
Begennto THO®op B macmrabax pecrybsmkn. Ha 6aze Jluness BI'Y u ropos-
ckoro /loma yuuressi Ipu HOIJEpKKe MUHHCTEpCTBA obpasoBanusa Peciy6-
sk Benapycs 27 deppasa 1993 roma B MuHCKe TOP2KECTBEHHO OTKPBLICs 1
pecityOJIMKAHCKU TYPHHUP IOHBIX (PU3UKOB, COOPABIIMI IISITH KOMAH,
(6onee 30 mkosnbHuKOB) 3 Bpecra, Muncka, Morusesa. [To6emuressivu 1
Pecnybukanckoro THO®a cran komanga 10-x wiraccos Jlutes BIY, B co-
cras koropoii Bxomuwin H. Cunuywvin (kanuman), JI. E¢pemosa, A. Dycaxos,
A. Kywmnep, B. Kpymenes, A. Kopomxuii, C. Hcaxos. PykoBogurenb Ko-
manaael JI. I Mapxosum.

35
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II Pecny6aukaHcKuii TypHUP IOHBbIX (PU3UKOB IIPOIIE]T B MapTe
1994 r. B Muncke. B mem npunsiim ydacrue (B TOM YHCIE U B Ka4eCTBE Ha-
6urosiaresteii) Bocemb Koman i u3 Bapanosuueii, Bepesuno, Bopucosa, I'pos-
no, Mwuncka, MorueBa. [lobenuresnsimu B ynopuoit 60pbbe craja KOMaHIa
11-x kmaccos Jluness BI'Y B cocrase: H. Cunuuvin (kanuman), JI. Edpe-
mosa, A. ycaxos, A. Kywnep, A. Cepoenasos, M. Jepreza, B. Kpymeanes,
A. Kopomxudi. Pykosomurens komauast JI. . Mapxosuu.

Dta Ke KoMaH1a o1 pykoBoacTeoM A.M.Crnobonsintoka u JI.I Mapkopuda
npenacrapisiia Peciyonuky Bemapycs ma VII mexpynapogaom THO®e B Tosr-
nauguu (r. [ponunnren) B utone 1994 r. [To6eauressivu GbLIM IPU3HAHBI KO-
manabl Yexwn u Poccun. Komanna Bemapycu zaBoesasia auriom 111 crenenn.

11T Pecnybnukanckuii TEHO® upomen B dhespase 1995 roga 8 Mun-
cke u cobpaJ BoceMb Koman (6osiee 40 mkoabHuKoB) u3 [omess, I'posHo,
Mumncka. B jeknuonnbix 3amax Jomy yumress (ceffuac B 9TOM 3/aHUU Ha-
xopurcst Jluneit BI'Y)pasropesuch kapkue 6aTajuy 110 HWHTEPECHBIM 3a/1a-
qaM. [Tobegureem 111 THO®a Benapycu craia komanga 11-x kiraccos Jlunest
BI'Y. Brepsble B ncTopun HAIIMOHAJIHLHOIO IIEPBEHCTBA TOOEINTIa KOMAHIA,
KOTOpasi roToBUIach 6e3 pykosoauress. B cocraBe: M. Bapakca (kanuman),
1I. I'pueeaesun, H. Kpanusun, IO0. Mamwviauurut, A. Maxcumenxo, A. Bu-
MYUKO.

Typrupnoe aBuxkenue 66110 HOIEPKaH0 COpoCcOBCKOit mporpammoii ISSEP
na Benapycu, 1T0 103BOINIIO OIHATH YPOBEHD €0 IIPOBEIEHNS, 00ECIIeINTh
nobeuTesieil U Mpu3epoB Pa3HOOOPA3HBIMU [TPUBAMH.

CortacHo IpaBmjIaM TypHUpPa 3Ta KOMaH1a 1o pykosojacTteoM A. 1. Ciio-
boxsaroka u JI. I. MapkoBuua mpejcrasisiia Peciiybsiuky Benapycs na VIII
IYPT, xoropstiii npoxoaui B [oabie (r. Cnasa). ITobeauresem VIII IYPT
cTaJia KoMaH1a l'epMaHuu, KOTopas Ipourpaia B OTOOPOUHBIX DOSX TOJBKO
omHaXKIbI, coopHoit komauae benapycu. Komanma Benapycu, sanumast ger-
BEPTYIO CTPOUKY TYPHUPHOI Tabsuilsl, 3aBoeBasa jguiioM 11 cremnenn.

IV TEO® Benapycu npoxoaun B 1. ['omese 3-6 mapra 1996 roma ma 6a-
3e cpejnelt mkosbl Neb6. B Hem npuHsin yuacrue BoceMb KoMaHj (6osiee
60 IKOJILHUKOB) M3 Pa3IMYHBIX FOPOJIOB Beslapycu, npudeM Tpu KOMaHJIbl-
HoBuuky - CIHI Nel6 (Munck), CIIT Ne165 (Munck), lomenbckuii JIuneit Nel.
Buepsbie B ucropun pecnybiukanckux THO®DoB mobepuresisiMu mpu3HAHBI
Ccpa3y JBe KOMAHJbI, IMOKA3aBIINE BLICOKHE U OJIN3KUE Pe3yJIbTaTbl B (bu-
HasbHOM 60r0: KoMmaHzia ['omesbekoro Jsnest Nel (B. Ilaxomos - kanuman,
B. Maxapenxo, B. /lynaes, A. 3atiues, A. 3esonn, U. [llemurur; pyKOBO-
nurenn Xasdanw U. B., Eemenos B. B., Poonanckut B. B.) u komanjga 11-x
kiaccoB Jlunes BI'Y (B. XKozosey - wanuman, H. Typosckas, P. Bepesa,
M. Bopsdos, B. Byzapos; pykosomureins Mapkosuy JI. I).
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VMmeHHO U3 YJIEHOB 9THX JIBYX KOMaHJ| ObLIa COCTaBJIEHA HAIMOHAJIbHAS
cbopuasi Benapycu (pykosoguresn JI. I Mapkosuu u 1. B. Xaznan) na IX
IYPT, koropsiii npoxomui B utose 1996 roga B I'pysuu (1. Lxanry6o). B
9TOM TYPHHUPE TyPHUPE yIACTBOBAIU TPUHAIIATH KOMAH U3 JE€CATHA CTPAH,
a robeauresieM craja KoMmaHia Uexun. Besopychl MOMydusin MOXBAJIBHBIHA
OT3bIB B KOMAHIHOM 3adeTe, a Jydmuil m3 uux - llaxomo Bacunuit - u
B jmaHOM. CTOJIb CKPOMHOE BBICTYILIEHHE KPEIKOil CcOOPHON 00bsiCHSIETCS
HEJIOCTATOYHBIM yPOBHEM BJIQJICHUS €€ YIACTHUKOB AHTJIMACKUM SI3BIKOM.

V Pecny6umkauckuit TEO® (3-7 mapra 1997 1.) cobpas B Bopuose 12
komau u3 bapanosuueit, I'pogno, Tomessi, Muncka, Ciaynka. U3 gersipex
YIaCTHUKOB HAIPSKEHHOTO U 3PEJUNIHOrO (buHaIa MO0 UTe/IeM CTaJIa KO-
mana 11-x kinaccos Jlunest BI'Y (A. Jluzoaan - kanuman, C. 2Kykoscrui,
A. Cmaposotimos, A. T'edpanosun, I1. Ilronak; pyKOBOIAUTETH KOMAHJBI -
Bapaxca U. H.).

ITocste HapIISIKEHHBIX MTOATOTOBUTEILHBIX COOPOB 3Ta KOMAH A IO/ PYKO-
sozicrBom V. H. Bapakcer u JI. I'. Mapkosuua ornpasuiack 8 exuto (1. Xeb)
Ha X IYPT, rue 3aBoeBasa cepebpsiabie Megasu (aumuiom 11 crenenn), yery-
nuB B punaje komangaMm Yexun u Benrpun. KOOueitHbIil MexK 1y HAPOTHBII
TYPHUP cOOpaJ/I IATHAIIATL KOMAH U3 OJWHHAIIATH CTPAH, IPUIEM BIIEp-
BbIe Ha TypHEPe nosgBuiach komanga [serun.

VI PTHO® upoxomui B Bapanosuaax 15-19 despans 1998 r. Ha Typ-
HUD CheXaJich YeTbipHaaTh Koman (70 mkosbHukoB) n3 Bapanosud, Bo-
pucosa, [omensi, I'ponno, Muncka. [lobegurenem crana komanga 10 kiac-
coB Jlunes BI'Y (M. Tumowenxo - xanuman, /JI. HTupoxui, /. Toacmux,
FO. Bupuenxo, A. Jhomuwy; pykoBoguresb koman el JI. I. Maprosu).

BriepBoie Ha TypHEpE HOSBUIACH U JTOCTATOYHO YBEPEHHO BBHICTYIIHIA KO-
manga aesodek "Jlemau npencrasiennas Jlumeem BITY.

Pemtennem oprrkomuTera Ha yuedHble cOOpHI 1m0 mogroroske k XI [YPT
ObLIM TIPULJIAIIEHBI JIBE KOMAaHIbI, W3 KOTOPBIX ObLIa cHOpMHUPOBAHA KO-
manga Pecriybiuku Benapycs (/. Muponos, A. Kouemkos, H. Tumowerko,
. Hlupoxuti, 0. Bupuenkxo. PykoBomurenn komaumgel A. U. Caobodaniox,
JI. I. Mapkosuw).

XIIYPT upoxomun B I'epmanun (urons 1998 r., 1. Jynamunren). Cpeu
TPaJUIIMOHHBIX yYacTHUKOB u3 llenrpanbHoit Esponbt m Asum na TypHUH-
pe BIEPBBIE MMOSBUINCH KOMaH bl ABcTpun, ABcTpaiinu 1 MeKCuKH, BBICOKO
OIIEHUBIIIHE 9TO UHTE/JIEKTYAJbHOE JBUXKEeHUe. B uecTHO# 1 6eCKOMITPOMECC-
Hoit 6opnbe Komanga Bemapycu 3aBoeBajia 4eTBepTOE MECTO B TYPHUPHOI
rabmune (pumtom 11T crenenn), npomnycrus Buepes, c6opubie Yexun, Ben-
rpun u [losbmu. [lobenurenem TypHupa craia KoMauga dexun.

VII PTEO® upoxomui B r. I'pogro B despasie 1999 r.. Ilo npuznanuio
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YYIACTHUKOB 3TOr0 TYPHHUPA 3TO ObLI CAMBIil JIydIInii TYyPHUDP 3a BCE BPEMs
nposenenus ¢Gpuzboés B Bemapycu. U meiictBurebHo KOMaH bl co Beeil Pec-
nybJimKn cobpasuck Heronaaeky or r. ['posHo, B nmonepsiarepe Kymamuaka,
pacnosiokennom Ha Oepery Hemana. [lobequresimu TypHUpa CTaaIn JIBe KO-
mauabel 11-x kiaccoB Jluness BI'Y. Ilo pesysibratam dbunama s yaactus
B MeXKJyHapOJHOM TypHupe 6buia cchopmuposana coopuas (/. Iluporud,
H. Tumowenxo, /. Bupuenrxo, H. Medsedv, A. Jlromun. PykoBogurenn Ko-
manipl A. M. Caobodsnox, JI. I. Maprosuw).

XII IYPT uposomuiicst 8 Acrpun (mait 1999, r. Bena). Hama komana
TPAJUIUOHHO 3aHsJIa YeTBEPTYIO CTPOUKY TYPHUPHOMN TAO/IMIIBI U 3aBOEBAJIA
JIMILJIOM TPEThell CTeleH:, IIPOITyCTUB BIiepe s KoMaH bl ABcrpun, ['epmanumn,
[Tonprm.

Taxum 06pa3oM, pe3ysIbTaThl Ty PHUPHOTO aBukeHus B 90-X roax MOXKHO
[IPEJICTABUTL B BHe Tabauibl 8.1.

Tabsumna 8.1: Pesyabraror Typuupnoro asuzkenus B 1992-1999 rr.

Ton | Ilo6eauresnis PTHO®D le:/[f;,lf‘(’)T Harpaas:
1992 Jlumeit BI'Y 11ku1. 1 Hurutom I cr.
1993 JIuneit BI'Y 10k1. 10 -

1994 Jluneit BI'Y 11xk1. 4 Hurrom 111 cr.
1995 Jluneit BI'Y 11xk1. 4 Hurrom 111 cr.

Jluteit BI'Y 11k,

1996 CIII Ne56 (omeis) 1 )

1997 Jlumneit BI'Y 11kur. 3 Hurutom IT cr.
1998 Jluneit BI'Y 10xku1. 4 Hurutom 111 cr.
1999 Jluneit BI'Y 11xk1. 4 Hurrom 111 cr.

8.2 2000-2005 roapl

K magamy 2000 roma TypHEpHOe IBukKeHHEe B Bemapycu mpeBpaTmiioch B
MHTEJIIEKTYAJIbHOE COPEBHOBAHUE C YCTOSIBIIMMUCS HMPABUJIAMUA W ITHPOKIM
oxBaToM yuaruxcs 1o Beeit Pecriybsimke. VIII PTHO® mpoxoaui B r. Coty1i-
ke B despase 2000 roma. B dbunamre mobemurensMu ObLIM MIPU3HAHBI JIBE
komanael: JIumeit BI'Y-11 u CIII 51-11. Ilpuyem KoMaHabl HabpaId OSMHA-
KOBO€ KOJITIECTBO HaJIJIOB C TOYHOCTHIO 10 cOThIX. [lo pesysnbpraram dpunaia
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ObLIM OTOOpPAHBI KAH/IWAATHI Ha ydacTue B cOOpHON KomaHje Pecrybsmku
Benapyce. (Ot smnest BI'Y B cocras c6opuoit Boru A. Inaxos, M. Hyono-
6a)

Ha nmammom stame npakTuka dhopmMupoBanus COOPHBIX KOMAH] JOKA3AIA
cBOIO HEOOX0IMMOCTDb. C KaKJIbIM T'OJ0OM [PABUJIA MEXK/IyHAPOIHOTO TYPHU-
pa Bce DoJiee KECTKO PEeryIaMEHTHPOBAJIM HEIOIMYCTUMOCTD HCIIOIb30BAHUS
pycckoro sizbika. VY ecim paHbIe CyIeCTBOBaJa BO3MOXKHOCTb BOCIIOJIB30-
BaThbCcdA ycayraMu mepeBomauka, To ¢ 2000 roga 3To €Tajgo HEBO3MOXKHBIM.
Ncexonsa ux 3Toro Hazpesa HeoOXOIUMOCTD IIPOBOAUTDL OTOOD yIACTHUKOB KO-
MaH] rmobemuTeseil mo 3HaHUIO aHrmiickoro #asbika. XIII TYPT npoxomun
B utosie 2000 1. B Bynanemre (Benrpus). Komanna pecry6imuku BbicTyHAIR
JIOCTOMHO, OJHAKO IOJIBEJIA ITPODJIEMbI ¢ AHIVIMICKUM U, ITO OBLIO BIIEPBHIE,
HEHOPMAJIbHBIN ITCUXOJIOTHIECKI KJIMMAT B KOMAaHIe. DTO OBLIO CJIEICTBHUE
TOrO, 94TO pedsTa JI0 3TOr0 yIaCTBOBABIINE B COIIEPHUYAIONTNX KOMAHIAX TaK
¥ HE HAYYIWJINCh 33 BpeMs cOOPOB paboTaTh BMeECTE.

IX u X PecnybamnkaHcKue TYPHHUPBI IPOILIN 10]] 3HAKOM OYEeBU/I-
Horo npeumyitnecrBa Komaua w3 CIHI Ne51. [Ipuuem na X PTHO® xomanma
11-x kmaccos Jlunes BI'Y norepriena mnopakenune B puHajge Ha CBOel 2Ke
Teppuropun B 3anun Jlunest BI'Y. Ckazajiach yCcTaJloCcTh >KIOPA U KOMAH/I-
y4aactaui Typaupa ot reremonnu Jlunes BI'Y na nporskennn moaru gecatu
ster. Curyanusi TpeboBaJjia MOSBJICHUS HOBOT'O JIUJEPA, U UM CTaJIa KOMAaHA
CIII Ne51 mox, pykoBogcroMm Centoka M. A., KoTopast IOCTOSIHO BBICTYIIHJIA
wa XIV u XV IYPT, 3aBoeBaB GponzoBbie u cepebpstabie memaiun B 2001 u
2002 rogax coOOTBETCTBEHHO.

XI PTRHO® mupomen B Jlumee N2 r.Muncka B despase 2003 roga. Ilo-
OeauTesieM TypHHPA CTaja KOMAaHIAA JAecaThiX KjaaccoB Jlumes BI'Y mom py-
KoBozcTBoM Bapakcor .H. Brepsbie or60p y4acTHHKOB B COOPHYIO J€CH-
TeIX KJtaccoB Jlumes BI'Y ocyrecTBisicsa 1mo pesyabraTaM YCTHBIX TECTOB
aHrmiickoro sizbika. (B. Pymwman - kanuman, A. Jlobxo, A. Koocemsrun,
H. Huxonaes, /. Maxamyn)

Ha XVI IYPT, npoxomusiem ¢ 1 mo 10 uroa 2003 roma B r. Yicasia
(IIsenust), komanna Pecrybinku He vMesta pobJeM ¢ aHTTTHACKIM sI3bIKOM
U CMOIVIA JIOCTOMHO BBICTYIHTH, Hosy4uus juisiom III crenenn. Boszmoxkno,
BBICTYILIEHAE MOTJIO ObI OBITH 0OJIee YCIIEIHBIM, OJIHAKO JIAHHBIN PE3y/IbTaT
MOKHO CIIMCATh HA JOCTATOYHO IOHBIH BO3PACT yIaCTHUKOB.

XIT PTHO®, kK coxaJleHUo, CTaJ MEPBBIM TYPHUPOM, IPOBEICHHBIM
6e3 puHAHCOBON MOMIEPXKKH MUHICTEPCTBa 0Opa3oBanus Peciybuku Besa-
pychk. Bero TsixkecTs ripoBejicHust TypHUpPa B3siia Ha cebst CIII Neb1 r.Muncka,
BBIJEINB ITOMEIIEHNUs It IpOBeeHns 60eB W pabOThl OPraHU3aIlmOHHOTO
kommuTeTa. HecMoTpsi Ha (DUHAHCOBBIE CJIOKHOCTH K HaYaJy TYPHUPaA cobpa-
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JIOCh JIBA/IIATH ISTh KOMAHJ, MHOTHE U3 KOTOPBIX, KAK HAIIPUMED KOMAHa
r. Bapanosuyn, r. Jloroiicka u ap., mpuexanan unsmajneka. B dunans typaupa
ronastu komauael Jlumes BI'Y 11 k., CHI Neb1 11k, JIuneit BI'Y 10 k1. B
HalpsizkeHHoi 60pnbe 1mobenmia komanga CIII Ne51. Komanga JIunesa BI'Y
11kJ1. 3aHsJIa BTOPOE MECTO.

ITocste mpoBenenus: puHAA OCHOBHAS WHTPUTA 3aKII0YAIACH B TOM, KTO
ke noeger Ha XVII IYPT B r. Bpucben (Ascrpanusi). B cBsizu ¢ orcyr-
cTBUEM (PUHAHCUPOBAHUS CO CTOPOHBI MUHUCTEPCTBA 00pa30BaHus OBLIO pe-
IITEHO OOPATUTHCSI 38, CIIOHCOPCKOM TTOMOIIBIO. Y YaCTHUKAM KOMaHIbI JIntest
BI'Y ymanocs mosnyunth punancupoBanne. HeoreHumyto puHaAHCOBYIO TIO-
morrb okazasuio 3AO "Benrexskcnopr koropoe BoLaeanio 9000USD koman-
e Jlunes BI'Y mis omnarol nepenera 0o ABcTpaud U OOPATHO, & TAKXKE
Ha odopmiienne aBcrpanuiickux Bu3. Jas dopMmupoBanus cOOpHOI KOMaH-
Jbt Pectiybsiuku Besapych 66110 periieHo cocTaBuTb COOPHYIO U3 yYACTHUKOB
komanipl Jlunest BI'Y u CIII Ne51. (A. Inebos — xanuman, O. Cropommuk,
E. Yeux, C. Ilsapxros, T. 3mywko)

Bricryrienne nareii komaH bl OBLIO OMHUM U3 CAMBIX IIPOBAJLHBIX 34
Bcro ucropuro yuactus B [YPT. Komanma Pecnybnuku Benapycs 3ansiia
BOCEMHA/IIIATOE MECTO W3 JABAIATU ITeCTH BO3MOXKHBIX, XYK€ BBICTYIIAJIN
TosibkO B 1996 romy, xorma komanga Pecnybsimku Beapych 3amsiia oguHHA-
JIIIATOEe MECTO U3 TPUHAIATH.

Ceson 2004-2005 10/10B OBLI OJHUM U3 CAMBIX JIYUIIUX 3a BCIO UCTOPHUIO
TypHupHOTO JBUXKeHus B Peciybiuke Beapycs. [lo pesysnbraram XIIT Pec-
NyOJIMKAHCKOTI0 TYPHUPA IOHBIX (DU3UKOB M00eIUTEIeM CTAJIa KOMAH-
na 11-x kiaccos Jlumesa BI'Y. MexmyHnapo/iHble COPeBHOBAHUS IPOILIN B
r. Bunrepryp (IlBeiinapust), rjae komanna Bemnapycen (A. Iaebos — xanu-
man, E. Cokxonos, U. Anuwenko, B. Epmosvuur, A. Ilempog) cmorpesnach
OYEHbD JIOCTONHO U 3aHs1/Ia BTOPOE MECTO, YCTYIIUB BCETO OJIHY JIECATYIO DaJLia
komaHjie ['epmanum.

TakoMy yIadHOMY BBICTYILIEHHIO €CTh HECKOJIBLKO IIPUIHH: CaMast, TOXKa-
JIyii, BayKHast, 9TO IPUOOPETEHHBIN B IIPOIILIOM CE30HE OIIBIT, TAK KAK KAITUTA~
HOM KOMAaHJIbl BTOPOii o nojpsi ocrajics Aprem [ye6oB (13 BocemuaaTu
BBICTYILUIEHNN KOMaHbl B [lIBeiiiiapun Ha cuery ApTema JIecsiTh, BKJIFOTAs
Gutectsuii buHAJIBHBII JOKJIA]), BTOpasi He MeHee BayKHasl IIPUYNHA 3aKJIIO-
9aeTCs B TOM, 9TO BCE YIACTHUKHU KOMAHIbI obecrednsin cebe MoCTyIIeHne B
BY3 1o pesysibratam osmmnuaael aburypuent BI'Y, wro nozBosmio cocpe-
JOTOYUTHCS HA IMOATOTOBKE K TYPHUPY.

Takum 06pazoM, ecju MOJIBECTH UTOTH, TO PE3YyJIbTAThl TYPHUPHOIO JBU-
xenust B Pecnybuinke Benapych B XXI Beke MOXKHO IIDEJICTABUTH B BHUJIE
TabIUIEL 8.2.



I'maBa 8. Ucropusi TYpHUDHOIO JBUKEHUS

Tabaumna 8.2: Pesyabraror Typuupnoro asuxkenus B 2000-2005 rr.

Ton | Ilobemurenpr PTHOD HI;/IIGSC{;(’)T Harpaas:
JIuneit BI'Y 11k,

2000 CIIT Ne51 (Muticx) 6 Hurutom 111 ct.
2001 | CIII Ne51 (Munck) 10 k. 8 Jurrom IIT cr.
2002 | CII Ne51 (Munuck) 11 k. 2 Hurtom 1T cr.
2003 Jlumeit BI'Y 10xu1. 8 Hurutom 111 ct.
2004 | CILI Ne51 (Munuck) 11 kot 18 -

2005 Jlumeit BI'Y 11ku1. 2 Hurutom 1T cr.
2006 | CHI Ne51 (Munck) 10 k. 8 Humom 11T cr.
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I'maBa 9

3ajaun MexKa1yHapoIHbIX
TYPHUPOB Pa3HBLIX JIET

9.1 Problems 1994, Groningen, Netherlands

4,5, 6.

Think up a problem yourself (problems 1, 2, 3). Invent yourself and
solve a problem on the given theme.

. Optics

Think up and solve a problem connected with employing a thin lens of
a large focal length.

Compass

“In sledge trips we use liquid compasses, the most exact of the small
ones. But you understand of course that due to proximity to the
magnetic pole the arrow usually points downwards. To make it horizontal,
its opposite end is balanced with a weight”. (From the letter of Cherry-
Garrad, member of the last expedition of R. Scott.) Use the context of
this quotation to formulate a problem.

Magnetization

A cylindrical permanent magnet falling inside a copper tube is found
to move at an almost constant velocity, the slower the thicker and the
walls of the tube. Use this fact to formulate a problem (see also 14).
Gravitation machine.

A horizontal plate (a vibrator) oscillates harmonically up and down. A
steel ball put on the surface of the plate starts jumping higher or lower.

42
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10.

For the experimental device one may successfully use a ferrite core in a
coil connected to an alternating current generator (a sound generator).
The butt-end of the ferrite core will play the part of the vibrating
horizontal plane. Steel balls of diameter 1 or 2 mm are suitable for the
experiment. The glass tube approximately 1m long can also be very
helpful.

Upper boundary

Measure experimentally the maximum height to which the ball rises to
and explain the result.

Distribution function

Determine experimentally what part of a sufficiency large time interval
the ball is in the range of heights H, H4+ dH and explain the result.
Acceleration

The mechanical energy of the ball changes after every impact. The
mean mechanical energy (averaged overall successive impacts) increases
at the beginning of the process and then tends to a constant value. Try
to obtain experimentally the time dependence of the mean mechanical
energy of the ball.

Aspen leaf

Even in windless weather aspen leaves tremble slightly. Why does an
aspen leaf tremble?

Superball

A highly elastic ball (a superball) falls on a horizontal surface from
a small height (4 cm or less) and recoils several times. What is the
number of impacts of the superball against a table?

Meteorite

A meteorite of mass 1000 tons files directly to the Sun. Can modern
instruments register the fact of its fall on the Sun?

Water dome

A vertical water jet falls on the butt-end of a cylindrical bar and creates
a bell-like water dome. Explain this phenomenon and evaluate the
parameters of the dome.
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11.

12.

13.

14.

Siphon

A rubber tube is used as a siphon to flow water from one vessel into
another. The vessels are separated by a high partition and the levels of
water in them are different. If one withdraws the tube from one vessel,
lets the pole of air enter it and then puts the tube into the water
again, the action of the siphon may be resumed or not. Investigate this
phenomenon.

Boiling
Put a metallic ball heated to the temperature 1500°C — 200°C into hot

water at the temperature close to 1000°C' and observe the process of
intensive evaporation of the water. Explain the observed phenomenon.

Spirits
A closed vessel (a bottle) contains spirits — pure or substantially diluted

by water. Suggest a method of estimation of the concentration of spirits
without opening the vessel.

Magnetic friction

To investigate the phenomenon described in the problem 3 we suggest
to create the device containing the following elements:

a) copper plate (or a set of plates) 0.3 to 15 mm thick. The length
and the width of the plate may be chosen according to one’s
convenience, but they should be large enough to avoid the effect
of the boundaries;

b) a cylindrical electromagnet with a flat butt-end;

c¢) a device providing free motion of the flat butt-end of the electric
magnet over the horizontal surface of the copper plate. It is very
important that the gap between the magnet and the plate is small
as possible and constant everywhere;

d) the push providing the uniform motion of the magnet at a given
velocity over the plate surface.

Introduce the following notation: T'— the push (and the force of magnetic
friction), v — the velocity of the magnet, h — the thickness of the plate.
Investigate and determine experimentally the dependence of T on h at
v = constant for several values of v.
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15.

16.

17.

9.2

Transmission of energy

Transmit without wires to a distance of 3 meters the largest possible
part of the energy stored in a capacitor having capacity of C = 10uF’
charged to voltage U = 100 V. Measure this energy. Your device should
not contain energy sources. Naturally the capacitor itself must not be
transported.

The Moon and the Sun

“If you are asked what is more important, The Sun or the Moon, you
should answer the Moon. For the Sun shines in daytime when there is
enough light without it”, says a joke. When is it possible to see the Sun
and the Moon at the same time? Calculate the schedule of the events
for the European countries during 1994.

Straw

The Russian proverb says “Had I known the place where I fell, I
would have laid some straw there”. How much straw should be laid
to guarantee a safe fall?

Problems 1995, Spala, Poland

. Think up a problem yourself (paradox)

Try to puzzle your rivals by a paradoxical physical experiment.

Boiling water

Some people say it is important to put a lid on the pot when you
want to boil water for tea to save energy and time. Investigate this
phenomenon and determine the energy and time saving.

Drop

A drop of salted water drying on a smooth surface creates a system of
rings. Investigate and explain this phenomenon.

Gravitational spacecraft

A spacecraft (having a shape of a dumb-bell of variable length) can
shift from the Earth orbit (300 km above the Earth surface) to the
Moon orbit without the use of jets. Calculate the time taken by such
a manoeuver.
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10.

11.

Sound

Transfer the electric energy stored in a capacitor of 0.1 mF charged
to the voltage of 30 V into the energy of the sound, with the highest
efficiency possible. No external energy sources are allowed. Determine
the fraction of energy converted into sound in the discharge.

Curtain

A light curtain (light scatters on dust particles) is used in some theatres.
Suggest the design of a light curtain, which allows its effective action
with the minimum power supplied for one meter of stage width?

Three discs
Investigate collisions of three homogeneous, rigid discs which can move
in a plane. At first two discs are at rest. The third disc:

a) collides at exactly the same time with two other discs,

b) collides at first with one of the discs.

Carpet

When a carpet is rolled into a cylinder it sometimes unrolls by itself
or with the help of a gentle push. Determine the factors on which the
speed of the rolling carpet depends.

Ice cream

Obtain super-cooled water in an experimental setup. By how many
degrees below 0 C did you manage to super-cool it? What can be the
record in this experiment? Determine the freezing point of water.

Cathode—ray tube

While a well-known physicist A. First watched a football match by TV,
another well-known physicist B.Second made a hole of diameter 0.001
mm in the cathode-ray tube. Did A. First manage to see the football
match up to the end?

Moon light

It is possible to set paper on fire using a lens and solar radiation.
Could it be possible using lunar instead of solar light? If yes — invent
an optimal optical system for such a purpose. If not — what should the
Moon be like, for being this possible?
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12.

13.

14.

15.

16.

17.

9.3

Tinder box

When someone strikes two pieces of flint rock, sparks are created.
Investigate and explain this phenomenon.

Air lens

Lenses are usually made of solids and sometimes made of liquids.
Construct an optical lens made of air in such a way that light can travel
through the lens without crossing any material but air. Determine on
which factors the focal length of an air lens depends.

Frozen lake

The water surface of a lake is in winter exposed to cold air at a fixed
temperature below zero. There is no wind. Determine the thickness of
the ice layer as a function of time.

Bottle

A plastic bottle of a capacity between 1 and 2 litres completely filled
with water is "accidentally"dropped on the floor from the height H =
1 m. What maximum height can the spray reach and why? Determine
the minimal height from which the bottle should be dropped to burst?

Oscillation of plates

Water has been poured on a horizontal glass plate and a second glass
plate placed on it. If the lower plate is oscillating in a horizontal
plane, at certain amplitudes and frequencies, the upper plate begins to
oscillate in vertical direction. Investigate and describe this phenomenon.
Is there any difference when you use another liquid 7

Epic Hero

An epic Russian hero Ilya Muromets had once thrown his mace weighing
forty poods (1 pood = 16 kg) and in forty days this mace fell at the
same place. Estimate the parameters of the throw of the hero.

Problems 1996, Kutaissi, Georgia

. Invent yourself

Invent and solve yourself a problem concerning the ozone holes.
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2. Paper cloth

Crumple arbitrarily a sheet of paper A4 in your hand. This clot can be
approximated by a sphere. Making many of this clots and measuring
their average diameters a histogram of distribution of diameters can be
plotted. Try to explain the result obtained. Make more comprehensive
investigation of the dependence of the average diameter of a clot on
the parameters which you consider important.

3. Cycle racing

According to the forecast of specialists two very strong and "absolutely
identical" sportsmen had to show equal time in a highway race for 100
km. But, alas, one sportsman lagged behind. Later it was found out
that some malefactor adjusted a nut of mass 5 g to the rim of the rear
wheel of his bicycle. For what time is the victim?

4. Self-formation of a pile

A horizontal rigid plate vibrates vertically at a frequency of the order
of 100 Hz. A cone-shaped pile of fine dispersed powder (e.g. Licopodium
or talc) which is heaped up on the plate remains stable at small amplitudes
of the vibration. If the amplitude is increased the cone decays. Further
increase of the amplitude yields a distribution confined by a sharp
border and at still higher amplitudes a pile appears again. Investigate
and explain this phenomenon.

5. Auto oscillations
Produce and investigate auto oscillating system containing thermistor
as a single non-linear element.

6. Water generator

If some volume of water is frozen from one side, a potential difference
appears across the ice-water frontier. Measure this potential difference
and explain the phenomenon.

7. Sun

In the centre of the Sun suddenly an extra quantity of energy is produced
which is equal to the energy emitted by the Sun per year. How will the
parameters of the Sun observed on the Earth change during one year?
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8. Surface information

Develop a method for transferring information by the waves on the
surface of water. Investigate the angular characteristics of the emitter
and the receiver (the antennas) which you constructed.

9. Floor-polisher

A device stands on two identical disks lying flat on a horizontal surface.
The disks can rotate in opposite directions at a given velocity. Investigate
how the value of a force providing a uniform motion this device along a
horizontal plane depends on the velocity of this motion and the velocity
of rotation of these disks.

10. Soap bubbles

Dip the ring of a children’s toy for blowing out soap bubbles into a soap
solution and blow on the film formed in the ring. At what velocity of
the air flux blown into the ring will the bubbles form ? How must the
velocity of the air flux be adjusted to produce the bubble of maximum
size 7

11. Candle
Some candles twinkle before dying out. Investigate and explain this
phenomenon.

12. Motor car
A car driven at constant power moves onto a wet section of a straight
road. How will its speed change when the thickness of the water layer
increases slightly and linearly with the distance?

13. Grey light

Construct a source of light which would seem to be grey.

14. Coherer

It is known that a glass tube with two electrodes and metallic filings
between them (coherer) has different resistance in d.c. and a.c. circuits.
Investigate the frequency dependence of the coherer’s resistance.

15. Salt water oscillator

A cup with a small hole in its bottom containing salt water is partially
immersed in a big vessel with fresh water and fixed. Explain the mechanism
of the observed periodical process and investigate the dependence of
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its period on different parameters. To visualize the process, the water
in the cup should be coloured.

16. Hail
Explain the mechanism of hail formation and propose your own method
to prevent the hailing.

17. Gloves

Some people refuse to wear gloves in winter because they suppose to
feel colder than without gloves. Others prefer to wear mittens instead.
What is your opinion?

9.4 Problems 1997, Cheb, Czech Republic

1. Invent yourself
Construct and demonstrate a device which moves in a definite direction
under chaotic influence.

2. Coin
From what height must a coin with heads up be dropped, so that the
probability of landing with heads or tails up is equal?

3. Paper
How does the tensile strength of paper depend on its humidity?

4. Electron Beam

An electron beam is cast upon a planparallell plate of known homogenous
material. Some of the electrons get through it, some do not. Try to
simulate processes taking place, e.g. using Monte Carlo method and
compare your results with the ones described in literature.

5. Blue Blood
Human blood is known to be red, but the veins seem to be blue. Explain
this phenomenon and illustrate it by a model.

6. Magic Tube

A compressor blows air into Ranque-Hilsch T-shaped tube at a pressure
of 0,5 Mpa or higher so that the air begins to circulate. In such a case
hot air is coming out from one end of the tube and cold air from the
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opposite one. Find out which end of the tube is the "hot" one and
explain the difference of the temperatures obtained. Investigate the
parameters this difference depends on.

7. Water Jet

A water jet streaming vertically downwards from a tube is divided into
drops at some distance from the tube. Choose the conditions under
which the length of the unseparated jet is largest. What maximum
length did you obtain?

8. Floatation

A piece of chocolate, which is dropped into a glass of soda water,
periodically sinks and goes back to the surface. Investigate the dependence
of the period of these oscillations on various parameters.

9. Jet-spread

A water jet falling onto a horizontal plane spreads out radially. At
some distance from the center the thickness of the layer increases
dramatically. Explain the phenomenon.

10. Cooling the Earth
How would the temperature of the Earth change with time, if the Sun
suddenly stopped radiating?

11. Candle Generator
Construct a device for charging an electric capacitor (1000 pF'/100 V')
using the energy of a candle burning for a period of one minute.

12. Static Friction

A force of motion friction is known to independent on the rubbing
surface area of a body. How does the static friction depend on the
rubbing surface area?

13. Tea Cup

If one fills a cup with hot tea (60°— 80°C'), a thin layer of steam emerges
above the surface. One can see that some parts of the steam layer
disappear suddenly and reappear after a few seconds. Investigate and
explain this phenomenon
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14.

15.

16.

17.

9.5

Rain

On a long-time exposure photograph of night rain taken in the light
of a projector, the tracks of drops appear interrupted. Explain this
phenomenon.

Cell and Accumulator

How does the voltage-current characteristics of a cell and of an accumulator
change during discharging?

Roghe Spiral

The Roghe Spiral is a device where a source of current is connected to

a vertically suspended spring, the lower end of which dipped mercury.
Mercury is a highly dangerous chemical substance and thus the experiments
with it are not permitted. Substitute the mercury with a less dangerous
substance and investigate the functioning of this device.

Leap

To make a leap it is necessary to squat. How does the height of a leap
depend on the depth of the squat.

Problems 1998, Donaueschingen, Germany

. Invent yourself

Construct an aeroplane from a sheet of paper (A4, 80 g/m?). Make it
fly as far and/or as long as possible. Explain why it was impossible to
reach a greater distance or a longer time.

. Popping body

A body is submerged in water. After release it will pop out of the
water. How does the height of the pop above the water surface depend
on the initial conditions (depth and other parameters)?

Spinning disc

Investigate and explain the phenomenon of spinning annular disc as
they progress down a straight, cylindrical rod. If the rod is moved
upwards at a defined velocity, the disc spins at constant height. Inve-
stigate the mechanism.
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10.

11.

. Water streams

A can with three holes in the side-wall at the same height slightly above
the bottom is filled with water. The water will escape in three separate
streams. By gently touching the streams with a finger they may unite.
Investigate the conditions for this to happen.

Water jet

If a vertical water jet falls down onto a horizontal plate, standing waves
will develop on the surface of the jet. Investigate the dependence of this
phenomenon on different parameters.

Mount Everest

Can you see Mount Everest from Darjeeling?

Air bubble

An air bubble rises in a water-filled, vertical tube with inner diameter
3 to 5 mm. How does the velocity of the rising bubble depend on its
shape and size?

Trick

It is known that a glass filled with water and covered with a sheet of
paper may be turned upside down without any loss of water. Find the
minimum amount of water to perform the trick successfully.

Woven textiles

Look at a point-like light source through different woven textiles. De-
scribe what you see. What is the explanation of the phenomenon?

Repeated freezing

While a vessel filled with an aqueous solution of a volatile fluid, e.g.,
ammonia, ethanol or acetone, is being cooled, repeated freezing and
melting may be observed near the surface. Describe and explain the
phenomenon.

Current system

In a Petri dish (shallow bowl), small metal balls, e.g., 2 mm in diameter,
are immersed in a layer of castor oil. The inner rim of the dish contains
an earthed metal ring. Above the centre of the dish there is a metal
needle which does not touch the oil surface. Investigate what happens
when the voltage between needle and earth is about 20 kV.
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12.

13.

14.

15.

16.

17.

9.6

Warning: The high voltage should be obtained by means of a safe
generator, e.g., an electrostatic generator!

Powder conductivity

Measure and explain the conductivity of a mixture of metallic and
dielectric powders with various proportions of the two components.
Rope

How is it possible that a very long and strong rope can be produced
from short fibers? Prepare a rope from fibers and investigate its tensile
strength.

Water rise

Immerse the end of a textile strip in water. How fast does the water
rise in the strip and what height does it reach? In which way do these
results depend on the properties of the textile?

Luminescent sugar

Investigate and explain the light produced when sugar crystals are
pulverized. Are there other substances with the same property?
Strange motion

Make a mixture of ammonium nitrate and water, proportion 5 to 1.
When the mixture is heated to about 100 °C it melts. When it cools, it
crystallizes and you may observe a strange motion below the surface.
Investigate and explain the phenomenon.

Safety rules: Do not heat the ammonium nitrate without water, prefe-
rably use a water bath! Use protection glasses during the experiment!

Icicles

Investigate and explain the formation of icicles.

Problems 1999, Vienna, Austria

. Rotation

A long rod, partially and vertically immersed in a liquid, rotates about
its axis. For some liquids this causes an upward motion of the liquid on
the rod and for others, a downward motion. Explain this phenomenon
and determine the essential parameters on which it depends. Sketch of
experimental setup (fig. 9.1)
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Puc. 9.1: Rotation

2. Tonic motor

An electrolyte (an aqueous solution of CuSOy, NaCl, ...) in a shallow
tray is made to rotate in the field of a permanent magnet (a small
"pill"placed under the tray). An electric field is applied from a 1.5 V
battery in such a way that one electrode is in the form of a conducting
ring immersed in the electrolyte - the other is a tip of a wire placed
vertically in the centre of the ring. Study the phenomenon and find
possible relationships between the variables. Sketch of experimental
setup (fig. 9.2)
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Puc. 9.2: Ionic motor

3. Magic motor

Construct a DC motor without a commutator, using a battery, a per-
manent magnet and a coil. Explain how it functions. Sketch of experimental
setup (fig. 9.3 and 9.4)

4. Soap film

Explain the appearance and development of colours in a soap film,
arranged in different geometrical ways.
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B

A - few tumns of ingulated wire

B - ends free of insulation (bare)

Rlo C - bare wire

D - magnetic pill

Puc. 9.3: Magic motor (Sketch)

Puc. 9.4: Magic motor (Photo)

5. Dropped paper

If a rectangular piece of paper is dropped from a height of a couple
of meters, it will rotate around its long axis whilst sliding down at a
certain angle. What parameters does the angle depend on?

6. Singing glass
When rubbing the rim of a glass containing a liquid a note can be

heard. The same happens if the glass is immersed in a liquid. How
does the pitch of the note vary depending on different parameters?

7. Heated needle

A needle is hanging on a thin wire. When approached by a magnet,
the needle will be attracted. When heated, the needle will return to its
original position. After a while the needle is attracted again. Investigate
this phenomenon, describe the characteristics and determine the rele-
vant parameters.
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8.

10.

11.

12.

13.

14.

15.

Energy converter

A body of mass 1 kg falls from a height of 1 m. Convert as much as
possible of the released potential energy into electrical energy and use
that to charge a capacitor of 100 uF'.

Air dryer

During a time span of 4 minutes collect as much water as possible from
the air in the room. The mass of the equipment must not exceed 1 kg.
Its initial temperature should be equal to ambient (room) temperature.
The water should be collected in a glass test tube, provided by the jury.

Charged balloon

An air-filled balloon rubbed with wool or dry paper may stick to the
ceiling and stay there. Investigate this phenomenon and measure the
charge distribution on the surface of the balloon.

Billiard

Before a pool-billiard game starts, 15 balls form an equilateral triangle
on the table. Under what conditions will the impact of the white ball
(16th ball) produce the largest disorder of the balls?

Flour craters

If you drop a small object in flour, the impact will produce a surface
structure which looks like a moon crater. What information about the
object can be deduced from the crater?

Gas flow

Measure the speed distribution of the gas flow in and around the flame
of a candle. What conclusions can be drawn from the measurements?
Wheat waves

The wind blowing through a wheat field creates waves. Describe the
mechanism of the wave formation and discuss the parameters which
determine the wavelength.

Bright spots

Bright spots can be seen on dew drops if you look at them from different
angles. Discuss this phenomenon in terms of the number of spots, their
location and angle of observation.
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16.

17.

9.7

Liquid diode

Make an electrochemical diode and investigate its properties, in parti-
cular the frequency dependence.

Sound from water

When you heat water in a kettle you hear a sound from the kettle before
the water starts to boil. Investigate and explain this phenomenon.

Problems 2000, Budapest, Hungary

. Invent for yourself

Suggest a contact-free method for the measurement of the surface
tension coefficient of water. Make an estimate of the accuracy of the
method.

Tuning fork

A tuning fork with resonant frequency of about 100 Hz is struck and
held horizontally, so that its prongs oscillate up and down. A drop of
water is placed on the surface of the upper prong. During the oscillation
of the tuning fork standing waves appear on the surface of the drop
and change with time. Explain the observed phenomena.

Plasma

Investigate the electrical conductivity of the flame of a candle. Examine
the influence of relevant parameters, in particular, the shape and po-
larity of the electrodes. The experiments should be carried out with a
voltage not exceeding 150V.

Splash of water

Measure the height reached by splashes of water when a spherical body
is dropped into water. Find a relationship between the height of the
splashes, the height from which the body is dropped, and other relevant
parameters.

Sparkling water

Bubbles in a glass of sparkling water adhere to the walls of the glass
at different heights. Find a relationship between the average size of the
bubbles and their height on the side of the glass.
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6.

10.

11.

12.

13.

Transmission of signals

Using a bulb, construct the optimum transmitter of signals without
any modulation of the light beam between transmitter and receiver.
Investigate the parameters of your device. The quality of the device
is defined by the product of the information rate (bits/sec) and the
distance between transmitter and receiver.

Merry-go-round

A small, light, ball is kept at the bottom of a glass filled with an aqueous
solution and then set free. Select the properties of the solution, so that
a moving up time of several seconds is achieved. How will this time
change if you put your glass on the surface of a rotating disk?

Freezing drop

Drops of melted lead or tin fall from some height into a deep vessel
filled with water. Describe and explain the shape of the frozen drops
as a function of height of fall.

Radioactivity

Use efficient methods to collect as much radioactive material as you
can in a room. Measure the half-life of the material you have collected.
Liquid fingers

When a layer of hot salt solution lies above a layer of cold water,
the interface between the two layers becomes unstable and a structure
resembling fingers develops in the fluid. Investigate and explain this
phenomenon.

Throwing stone

A student wants to throw a stone so that it reaches the greatest distance
possible. Find the optimum mass of the stone that should be used.
Tearing paper

Tear a sheet of paper and investigate the path along which the paper
tears.

Rolling can

A can partially filled with water rolls down an inclined plane. Investigate
its motion.
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14.

15.

16.

17.

9.8

Illumination

Two bulbs, 100 and 40 watts, respectively, illuminate a table tennis
ball placed between them. Find the position of the ball, when both
sides of the ball appear to be equally lit. Explain the result.

Cooling water

Two identical open glasses, filled with hot and warm water, respectively,
begin to cool under normal room conditions. Is it possible that the glass
filled with hot water will ever reach a lower temperature than the glass
filled with warm water? Make an experiment to investigate this and
explain the result.

Coloured sand

Allow a mixture of differently coloured, granular materials to trickle
into a transparent, narrow container. The materials build up in distinct
bands. Investigate and explain this phenomenon.

A strange sound

Pour hot water into a cup containing some cappuccino or chocolate
powder. Stir slightly. If you then knock the bottom of the cup with
a teaspoon you will hear a sound of low pitch. Study how the pitch
changes when you continue knocking. Explain the phenomenon.

Problems 2001, Espoo, Finland

. Electrostatic motor

Is it possible to create a motor which works by means of an electrostatic
field? If yes, suggest how it may be constructed and estimate its para-
meters.

Singing saw

Some people can play music on a handsaw. How do they get different
pitches? Give a quantitative description of the phenomenon.

Tuning dropper

Make the music resonator shown in fig. 3. Investigate the conditions
that affect the pitch. Can you observe amplification of external sounds?
If yes, how can you explain this?
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10.

glass tube
Puc. 9.5: Tuning dropper

Dancing sand clock

Investigate the trickling of sand when a sand clock (egg-timer) is placed
on a vibrating base.

Rubber heat machine

Investigate the conversion of energy in the process of deformation of
rubber. Construct a heat machine, which uses rubber as the working
element and demonstrate how it works.

Fractal diffraction

Produce, demonstrate and analyse diffraction pictures of fractal struc-
tures of different orders.

Cracks

When drying a starch solution, you will see cracks forming. Investigate
and explain this phenomenon.

Speedometer

Two electrodes of different metal are immersed in an electrolyte solution.
Investigate the dependence of the measured potential difference on the
relative motion of electrodes and their shapes.

Pouring out

Investigate how to empty a bottle filled with a liquid as fast as possible,
without external technical devices.

Water stream pump

Construct and demonstrate a water stream vacuum pump. What is
your record value for the minimum pressure?



I'maa 9. 3ajgaum MexxayHapOJIHBIX TYPHUPOB Pa3HBIX JIET 62

11.

12.

13.

14.

15.

16.

17.

Rolling balls

Place two equal balls in a horizontal, V-shaped channel, with the walls
at 90 degrees to each other, and let the balls roll towards each other.
Investigate and explain the motion of the balls after the collision. Make
experiments with several different kinds of ball pairs and explain the
results.

Reaction

Make an aqueous solution of gelatine (10g gelatine in 90ml of water),
heat it to 80 degrees C in a water bath and mix it with a solution of
potassium iodide. Pour the solution in a test tube and cool it. Pour a
solution of copper sulphate on the surface of the gel. Find a physical
explanation to the observed phenomena.

Membrane electrolyser

In an electrolyser, containing a membrane which completely divides
the space between two inert electrodes, the pH-value of the diluted
salt solution will change substantially after electrolysis. Investigate how
this difference depends on the pore size of the membrane.

Thread dropper

One end of a thread is immersed in a vessel filled with water. The
other end hangs down outside without contact with the outer wall of
the vessel. Under certain conditions, one can observe drops on that end
of the thread. What are those conditions? Determine how the time of
appearance of the first drop depends on relevant parameters.

Bubbles in magnetic field

Observe the influence of an alternating magnetic field (50 or 60 Hz) on
the kinetics of gas bubbles in a vessel filled with water. The bubbles
can be generated by blowing air into the water.

Adhesive tape

Investigate and explain the light produced, when adhesive tape is
ripped from a smooth surface.

Seiches

Seiching is a phenomenon shown by long and narrow deep lakes. Due to
changes in atmospheric pressure, the water of the lake can start moving
in such a way that its level at both ends of the lake makes periodic
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9.9

motions, which are identical, but out of phase. Make a model that
predicts the period of seiching (depending on appropriate parameters)
and test its validity.

Problems 2002, Odessa, Ukraine

. Head engine

A tall glass cylinder is half-filled with hot water and topped up with
cold water. A small ampoule, containing a few drops of ether or alcohol
(and closed off by a rubber pipette cap), is then put in. Describe
the phenomena occurring in the system. How does the motion of the
ampoule change with time?

Spider’s web

A spider’s thread looks like a string of pearls. What is the reason for
this? Make experiments to investigate the relevant parameters.
Flying colours

Why do flags flutter in the wind? Investigate experimentally the airflow
pattern around a flag. Describe this behavior.

Hazy

The colour of a distant forest appears not green, but hazy blue. What
is the minimum distance at which this phenomenon is observed? How
do weather conditions affect this? Is it possible that a forest can appear

grey?
Pond skater

It is known that unwettable small bodies can float on water due to the
surface tension force. Construct a floating raft based on this principle
and determine its static and dynamic parameters.

Stop and start

Sometimes a flow of traffic can experience sudden stops and starts for
no apparent reason. Build a physical model to explain why this occurs.
Ohm’s Law for a liquid

It is said that electric current "flows". Is this the only analogy between
electric current and the flow of a liquid? Investigate theoretically and
experimentally other analogies between these two.
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8.

10.

11.

12.

13.

14.

15.

Charged sand

Fine, well-dried quartz sand is poured out of a short thin tube into
a conical metallic vessel connected to an electrometer. Investigate the
behavior of the sand stream as the vessel fills up. What changes if the
stream is lit by a UV-lamp?

Chromatography

Put a drop of coloured liquid on a piece of absorbent paper. Describe
quantitatively the observed phenomena.

Sound cart

Construct and demonstrate a device that can be propelled solely by
sound. Investigate its properties.

Equilibrium

Fill a glass with water up to the point where a convex meniscus is
formed. Place a table tennis ball on the surface of the water. Investigate
and explain the stability of its equilibrium. Repeat your experiment
with other liquids.

Electroconductivity

How can you measure the electroconductivity of salt solutions without
using direct contact electrodes? Analyze the problem and demonstrate
your device.

Spinning ball
A steel ball of diameter 2-3 cm is put on a horizontal plate. Invent and
construct a device, which allows you to spin the ball at high angular

velocity around a vertical axis. The device should have no mechanical
contact with the ball.

Torn sail

Determine the dependence of the efficiency of a sail on its degree of
perforation. What would be the effect of using a fishing net as a sail?

Pulsating air bubble

Trap an air bubble of radius 1-2 c¢m under an inverted watch glass
beneath a water surface. Introduce alcohol into the bubble through a
thin tube, controlling and adjusting the rate of flow until the bubble
pulsates rhythmically. Study the phenomenon and explain your obser-
vation.
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16.

17.

Elastic pendulum

Study and describe the behavior of a pendulum where the bob is
connected to a spring or an elastic cord rather than to a stiff rod.
Bottle battle

Take two opened glass bottles of cola and knock one against the other.
After a short while, the cola spurts out of one of the bottles. Investigate
and explain the phenomenon.

9.10 Problems 2003, Uppsala, Sweden

1.

Motion of a kite

On windy days one can see kites flying in the wind. Often, one-string
kites move on a stable track, which looks like a number 8. Why does a
kite move in such a way? Are there other stable tracks?

Water drops

Investigate and explain the movement of raindrops on a window pane.

Transparent film

If you cover printed text with a piece of transparent polyethylene
film you can still easily read it. As you gradually lift up the film,
the text becomes increasingly blurred and may even disappear. Study
the properties of the film. On what parameters of the film is the
phenomenon based?

Bright spots

Blow a soap bubble and allow it to rest on a liquid surface or a glas
plate. When illuminated by sunlight, bright spots can be observed on
the bubble. Investigate and explain the phenomenon.

Bubbles at an interface

Certain liquids can be layered one above the other with a sharp interface
between them. If the surface tensions of the liquids are different, then
an interesting phenomenon can be observed. Blow bubbles of different
sizes into the lower liquid and observe their behaviour near the interface.
Investigate and explain the phenomenon.
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10.

11.

12.

Freezing soft drinks

On opening a container of cold soft (carbonated) drink the liquid
inside sometimes freezes. Study the relevant parameters and explain
the phenomenon.

Oscillating box

Take a box and divide it into a number of small cells with low walls.
Distribute some small steel balls between the cells. When the box
is made to oscillate vertically, the balls occasionally jump from one
cell to another. Depending on the frequency and the amplitude of the
oscillation, the distribution of the balls can become stable or unstable.
Study this effect and use a model to explain it.

Heat engine

Construct a heat engine from a U-tube partially filled with water
(or another liquid), where one arm of the tube is connected to a
heated gas reservoir by a length of tubing, and the other arm is left
open. Subsequently bringing the liquid out of equilibrium may cause
it to oscillate. On what does the frequency of the oscillation depend?
Determine the pV diagram of the working gas.

Falling chimney
When a tall chimney falls it sometimes breaks into two parts before it
hits the ground. Investigate and explain this.

Tungsten lamp

The resistance of the tungsten filament in a light bulb shows a strong
temperature dependence. Build and demonstrate a device based on this
characteristic.

Light scattering

Construct an optical device for measuring the concentration of non-
soluble material in the ’viscous’ properties of hens’ eggs that have been
boiled to different extents.

Boiled egg

Construct a torsion viscometer. Use it to investigate and explain the
difference in the 'viscous’ properties of "hens’ eggs that have been boiled
to different extends.
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13.

14.

15.

16.

17.

Electro-osmosis

Develop a device that will drain wet sand, whit the aid of an electrical
voltage but without significant heating.

Rotating disk

Find the optimum way of throwing a ’frisbee’ as far as possible. Explain
your findings.

Vortices

Make a box that has a hole in its front wall and a membrane as its
back wall. Hitting the membrane creates a vortex that propagates out
from the hole. Investigate the phenomenon and explain what happens
when two vortices interact.

Pot and ice

It is sometimes argued that to cool a pot effectively one should put ice
above it. Estimate to what extend this is more effective than if the ice
is put under the pot.

Prometheus problem

Describe and demonstrate the physical mechanism, based on friction,
which allowed our ancestors to make fire. Estimate the time needed to
make fire in this way.

9.11 Problems 2004, Brisbane, Australia

1.

Misty

Invent and construct a device that would allow the size of a droplet of
a mist to be determined using a sound generator.

Stubborn Ice

Put a piece of ice (e.g. an ice cube) into a container filled with vegetable
oil. Observe its motion and make a quantitative description of its
dynamics.

Electric Pendulum

Use a thread to suspend a ball between the plates of a capacitor. When
the plates are charged the ball will start to oscillate. What does the
period of the oscillations depend on?
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10.

11.

. Dusty Blot

Describe and explain the dynamics of the pattern you observe when
some dry dust (e.g. coffee powder of flour) is poured onto a water
surface. Study the dependence of the observed phenomena on the
relevant parameters.

Sea-shell

When you put a sea-shell to your ear you can hear 'the sea’. Study the
nature and the characteristics of the sound.

Seebeck Effect

Two long metal strips are bent into the form of an arc and are joined
at both ends. One end is then heated. What are the conditions under
which a magnetic needle placed between the strips shows maximum
deviation?

Coin

Stand a coin on its edge upon a horizontal surface. Gently spin the
coin and investigate the resulting motion as it settles.

Pebble Skipping

It is possible to throw a flat pebble in such a way that it can bounce
across a water surface. What conditions must be satisfied for this
phenomenon to occur?

Flow

Using a dc source, investigate how the resistance between two metallic
wires dipped into flowing water (or water solution) depends upon the
speed and direction of the flow.

Two Chimneys

Two chimneys stand on a bow with one transparent side. Under each
chimney there is a candle. A short period after the candles are lit one
flame becomes unstable. Examine the case and present your own theory
of what is happening.

String Telephone

How do the intensity of sound transmitted along a string telephone, and
the quality of communication between the transmitter and receiver,
depend upon the distance, tension in the line and other parameters?
Design an optimal system.
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13.

14.

15.

16.

17.

Kundt’s Tube

In a "Kundt’s Tube’ type of experiment the standing waves produced
can be made visible using a fine powder. A closer look at the experiment
reveals that the regions of powder have a sub-structure. Investigate its
nature.

Egg White

White light appears red when it is transmitted through a slice of boiled
egg white. Investigate and explain this phenomenon. Find other similar
examples.

Fountain

Construct a fountain with a 1m ’head of water’. Optimize the other
parameters of the fountain to gain the maximum jet height by varying
the parameters of the tube and by using different water solution.

Brazil Nut Effect

When a granular mixture is shaken the larger particles may end up
above the smaller ones. Investigate and explain this phenomenon. Under
what conditions can the opposite distribution be obtained?

Small Fields

Construct a device based upon a compass needle and use your device
to measure the Earth’s magnetic field.

Didgeridoo

The ’didgeridoo’ is a simple wind instrument traditionally made by
the Australian aborigines from a hollowed-out log. It is, however, a
remarkable instrument because of the wide variety of timbres that it
produces. Investigate the nature of the sounds that can be produced
and how they are formed.

9.12 Problems 2005, Winterthur, Switzerland

1.

Dragonfly

Propose a model of how a dragonfly flies. Investigate the major para-
meters and validate your model.
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2. The two balls problem
Two balls placed in contact on a tilted groove sometimes do not roll
down. Explain the phenomenon and find the conditions, under which
it occurs.

3. Avalanche
Under what conditions may an avalanche occur? Investigate the phe-
nomenon experimentally.

4. Hydraulic jump

When a smooth column of water hits a horizontal plane, it flows
out radially. At some radius, its height suddenly rises. Investigate the
nature of the phenomenon. What happens if a liquid more viscous than
water is used?

5. Mirage
Create a mirage like a road or desert mirage in a laboratory and study
its parameters.

6. Noise
When a droplet of water or other liquid falls on a hot surface, it
produces a sound. On what parameters does the sound depend?

7. The bouncing plug

A bathtub or sink is filled with water. Remove the plug and place a
plastic ball over the plughole. As the water drains the ball starts to
oscillate. Investigate the phenomenon.

8. Windcar

Construct a car which is propelled solely by wind energy. The car
should be able to drive straight into the wind. Determine the efficiency
of your car.

9. Sound in the glass

Fill a glass with water. Put a tea-spoon of salt into the water and stir
it. Explain the change of the sound produced by the clicking of the
glass with the tea-spoon during the dissolving process.
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10.

11.

12.

13.

14.

15.

16.

Flow rate

Combine powdered iron (iron fillings) with a vegetable oil. Connect two
containers with plastic tubing and allow the mixture to drain through
the tube. Develop an external mechanism to control the flow rate of
the mixture.

Water droplets

If a stream of water droplets is directed at a small angle to the surface
of water in a container, droplets may bounce off the surface and roll
across it before merging with the body of water. In some cases the
droplets rest on the surface for a significant length of time. They can
even sink before merging. Investigate the phenomenon.

Ball spin

Spin can be used to alter the flight path of balls in sport. Investigate
the motion of a spinning ball, for example a table-tennis or tennis ball,
in order to determine the effect of the relevant parameters.

Hard starch

A mixture of starch (e.g. cornflour or cornstarch) and a little water has
some interesting properties. Investigate how its viscosity changes when
stirred and account for this effect. Do any other common substances
demonstrate this effect?

Einstein - de Haas Experiment

When you apply a vertical magnetic field to a metallic cylinder sus-
pended by a string it begins to rotate. Study this phenomenon.
Optical tunneling

Take two glass prisms separated by a small gap. Investigate under what
conditions light incident at angles greater than the critical angle is not
totally internally reflected.

Obstacle in a funnel

Granular material is flowing out of a vessel through a funnel. Investigate
if it is possible to increase the outflow by putting an obstacle above
the outlet pipe?
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Glass prism

Puc. 9.6: Optical tunneling

17. Ocean ’Solaris’

A transparent vessel is half-filled with saturated salt solution and then
fresh water is added with caution. A distinct boundary between these
liquids is formed. Investigate its behavior if the lower liquid is heated.

9.13 Problems 2006, Bratislava, Slovakia

1.

Froth

Investigate the nature of the decay in height of the ’froth’ or 'foam’ on
a liquid. Under what conditions does the froth remain for the longest
time?

Shades

If small non-transparent objects are illuminated with light, patterns in
the shadows are observed. What information can be obtained about
these objects using these patterns?

Duck’s cone

If one looks at the wave pattern produced by a duck paddling across a
pond, this reminds one of Mach’s cone. On what parameters does the
pattern depend?

Whispering Gallery

The Whispering Gallery at St Paul’s Cathedral in London, for example,
is famous for the fact that the construction of the circular gallery makes
a whisper against its walls on one side of the gallery audible on the
opposite side of the gallery. Investigate this phenomenon.
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10.

11.

12.

13.

14.

Probability

A coin is held above a horizontal surface. What initial conditions will
ensure equal probability of heads and tails when the coin is dropped
and has come to rest?

Wet cleaning

A wet rag is hard to drag when it is spread out and pulled across the
floor. What does the resistive force depend on?

Airglider

A paper sheet is on a table. If one blows along the table the sheet begins
to glide over it. Determine the flight characteristics of the paper.
Electrostatics

Propose and make a device for measuring the charge density on a
plastic ruler after it has been rubbed with a cloth.

Sound and foam

Investigate the propagation of sound in foam.

Inverted pendulum

It is possible to stabilise an inverted pendulum. It is even possible
to stabilise an inverted multiple pendulum (one pendulum on top
of the other). Demonstrate the stabilisation and determine on which
parameters this depends.

Singing tube

A tube open at both ends is mounted vertically. Use a flame to generate
sound from the tube. Investigate the phenomenon.

Rolling magnets

Investigate the motion of a magnet as it rolls down an inclined plane.

Sound

Measure the speed of sound in liquids using light.

Cellular materials

Investigate the behaviour of a stream of fluid when it strikes the surface
of a sponge-like material.
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15.

16.

17.

Heat and temperature

A tube passes steam from a container of boiling water into a saturated
aqueous salt solution. Can it be heated by the steam to a temperature
greater than 100°C? Investigate the phenomenon.

Hardness

A steel ball falls onto a horizontal surface. If one places a sheet of paper
onto the surface with a sheetn of carbon paper on top of it, a round
trace will be produced after the impact. Propose a hardness scale based
on this method.

Magnetohydrodynamics

A shallow vessel contains a liquid. When an electric and magnetic field
are applied, the liquid can start moving. Investigate this phenomenon
and suggest a practical application.

9.14 Problems 2007, Seoul, Korea

1.

Filament

There is a significant current surge when a filament lamp is first switched
on. Propose a theoretical model and investigate it experimentally.

. Slinky

Suspend a Slinky vertically and let it fall freely. Investigate the cha-
racteristics of the Slinky’s free-fall motion.

Water jets

What can be observed when two water jets collide at different angles?

Spring thread

Pull a thread through the button holes as shown in the picture. The
button can be put into rotating motion by pulling the thread. One can
feel some elasticity of the thread. Explain the elastic properties of such
a system.

Razor Blade

A razor blade is placed gently on a water surface. A charged body
brought near the razor makes it move away. Describe the motion of
the razor if an external electric field is applied.



I'maa 9. 3ajgaum MexxayHapOJIHBIX TYPHUPOB Pa3HBIX JIET 75

10.

11.

Puc. 9.7: Spring thread

Rheology

It has been said that if you are sinking in soft mud, you should not
move vigourously to try to get out. Make a model of the phenomenon
and study its properties.

Crickets

Some insects, such as crickets, produce a rather impressive sound by
rubbing together two parts of their body. Investigate this phenomenon.
Build a device producing a sound in a similar way.

Condensation

Water droplets form on a glass filled with cold water. Explain the
phenomenon and investigate the parameters that determine the size
and number of droplets on the glass.

Ink Droplet

Place a droplet of ball pen ink on a water surface. The droplet begins
to move. Explain the phenomenon.

Steam Boat

A boat can be propelled by means of a candle and metal tubing with
two open ends (an example is shown in the picture). Explain how such
a boat is propelled and optimize your design for maximum velocity.

Water Ski

What is the minimum speed needed to pull an object attached to a rope
over a water surface so that is does not sink. Investigate the relevant
parameters experimentally and theoretically.
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13.

14.

15.

16.

17.

Puc. 9.8: Steam boat

Fluid lens

Develop a fluid lens system with adjustable focus. Investigate the quality
and possible applications of your system.

Balloon

Measure the change of the optical properties of the skin of a balloon
during its inflation.

Earthquake

Suggest a mechanism that makes buildings resistant to earthquakes.
Perform experiments and explain the results.

Blowpipe

Investigate the motion of a projectile inside a blowpipe. Determine the
conditions for maximum exit velocity when blown by mouth.

Water Cascade

Arrange a corrugated drainage pipe, or similar, on an incline. Allow
water to flow through the pipe and then carefully stop the flow. In-
vestigate the behaviour of the system when water is dropped into the

pipe.
Ice Bulge

Fill a plastic tray with water. When frozen, under certain conditions,
a bulge can appear on the surface. Investigate this phenomenon.
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Puc. 9.9: Water Cascade
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I'maBa 10

3asaun PeciiyO/IMKaHCKIX
TYPHUPOB Pa3HbLIX JIET

10.1 3amaunm 1993 r.

1. IIpuaymaii cam

CocraBbTe Takyo 3ajady, e [0 yCJIOBUIO HEKOTOPBI OOBEKT M3HA-
qaJIbHO JIBUKETCS, & 3aTEM B pe3yJIbTaTe KaKOro-TO BO3JIEMCTBUS pe3-
KO MEHSIET COCTOsiHUE JIBM2KeHusi. B pesysibrate Tpebyercs 00bsICHUTD
MHTEPECHOE siBJIEHUE JINOO ITO-JINOO0 BBIYUCIUTH U IKCIEPUMEHTAIHHO
MIOATBEPAUTDL. Perure 9Ty 3a/a4y caMOCTOATEILHO.

2. I'paBuTanus

[IpecraBbre, 9TO rpaBUTAIMOHHASI MOCTOsTHHAsT (G YMEHBINMJIACH HAa
10% 3a nepuon Bpemenu ¢ 1 anpesisi 1o 1 mast 1993 roga. Kakoe Bozeii-
CTBHUE OKaykeT ITOT IMPOIECC B TeUeHNe YKA3aHHOTO IEPHO/Ia, & TaKXKe
J10 oTkpbiTus VI MextyHapoHOro TypHUPa IOHBIX (DU3MKOB Ha BCe-
JIEHHYIO B II€JIOM U, B 9aCTHOCTH, Ha 3eMJII07

3. HdomuHO

Koctsmku 1oMIHO paccTaBieHbl BEPTUKAILHO HA HEOOJIBITOM PACCTO-
SIHUU JIPYT OT Jipyra 1o noBepxHoctu croja. Ecau "ypouuts" mnepByro
KOCTSIIKY Ha BTOPYIO, TO BosiHa "mamennit"
Paccuuraiite n sKCHIEepUMEHTAJIBHO OIPEJIETUTE CKOPOCTH JIBU2KEHUSI

Takoil "BoHbBI maaeHuit".

[IPOOEXKUT 110 BCEMY DsiJLy.
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4. Duepromnepegada

B Bariem pacniopsizkenun kougercarop C' = 1000 pF', 3apsizKeHHbBIH 710
nanpsizkernst 300 B. TlepenaiiTe 663 moMoIIy MIpoOBOIOB HA PACCTOSHIE
5 M KaK MOXKHO OOJIBIIYIO YaCTh SHEPIUU 3aPSKEHHOTO KOHIEHCATOPA
u u3MepbTe ee. Bamm npucrnocobsienust He JOJIXKHBI COIEPKATh UCTOY-
HUKOB SHEPTUN.

5. CBepXBbICOKOYACTOTHAS Me€Yb

[Toyemy He PEKOMEH/IyeTCsl BADUTH B CBEPXBBICOKOYACTOTHOI HEYH Tie-
JIble stifiia, B CKOpJIyTie?

10.2 3amaunm 1997 r.

1. NN306petu cam

CKOHCTPYHUPYHTE U IPOAEMOHCTPUPYITE YCTPORCTBO, KOTOPOE JIBUYKET-
CsI B OIPEJIEJIEHHOM HAIIPABJIEHUN IO JHCTBHEM KAKOTO-JIU00 Xa0TU-
YeCKOI'0 BJIMAHUSL.

2. Monera

Mowera, Jiexkalnasi perkoii, 6e3 ToJraka cOpacblBaeTCs ¢ Kpasi TOPUB0H-
TajbHOI moBepxHOCTH. Ha Kakoii Beicore "open" mim "pemika" umeror
OJINHAKOBYIO BEPOSTHOCTD BBITIAICHIUST?

3. Bymara

Kak apezesr IIpoYHOCTu 6yMaI‘I/I 3aBUCHT OT €€ BJIazKHOCTH?

4. DJIeKTPOHHBIN ITy 10K

DJIEKTPOHHBIN IIyYOK HAJIAeT Ha IIOCKO-TAPA/IIEIbHYIO [JIACTUHY OJI-
HOpojHOro Marepuasia. HekoTopble U3 3JIEKTPOHOB IIPOXOJISIT CKBO3b
neé. IlomplTaifiTech MPOMONEIMPOBATL ITPOUCKOISIIIE MPOIECCHI, UC-
IOJIB3Yyd METO/L MOHTe—Kap.HO " CpaBHUTE IIOJIYY€HHbIC JaHHbIE C JIN-
TEepaTypoil.

5. Tonybast KpoBb

YeoBedeckast KpOBb, KAK M3BECTHO, KPACHAs, OTHAKO BEHBI KaXKyTCs
cuaumu. OObsICHUTE sIBJIEHUE U IIPOUJLIIOCTPUPYiiTe Baiie 00bsCHEHNE
MO/JI€JIBIO.
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6.

10.

11.

12.

Boasinas crpyst

Crpyst BOJbI HaJIaeT u3 TPYOKH BEPTUKAJBHO BHU3 U PA3JIEJISIETCS HA
KAl HAa HEKOTOPOM paccTogHuu oT Hee. JlobeliTech MakCHMAJIbLHOI
JJIMHBI HepasfejeHHoil Jactu crpyu. Kakyro MakCHMAaJIbHYIO JIMHY
BaM YJAJIOCH IOJYYUTh W MPU KAKUX YCJIOBUSIX 3TO IPOU3OILIO?

dDjoTarnus

Kycodek mokosaga, OGpOIIeHHbIil B CTAaKAH ¢ TA3MPOBAHHON BOIOI, I1e-
PHOIMYECKH TOHET M BCILILIBAET Ha IIOBEPXHOCTD. VlcciemyiiTe 3aBucu-
MOCTDB IIEPUOJIA ITUX KOJEOAHUI OT Pa3IudYHbIX IapaMeTpPOB.

Ctpyd u paciupeHue

Crpyst BOIBI ITaJAeT Ha TOPU30OHTAJIBHYIO IJIOCKOCTh U PaCIIPOCTPAHSI-
eTCsl JaJIbllle paJuabHo. Ha HEKOTOpOM pacCTOSHUU OT IEHTPa TOJI-
IUHA PE3KO yBesmanBaercst. OObsICHUTE 3TO sIBJIEHUE.

Cseua-reneparop

CKOHCTpYHUPYHTE yCTPONCTBO JI7IsT 3aPSAKUA SJIEKTPUIECKOTO KOHJICH-
caTopa ¢ MCIIOJIB30BAHUEM YHEPTUN TOJIBKO TOPSIIE cBedn. 3apsiauTe
kongiencarop (100Mx®/100B), ucnonb3ysi cBedy, ropsilyio B TedeHue
OJIHOII MUHYTBI.

CraTtudeckoe TpeHUe

Kak u3BecTHO, TpeHUe CKOJILXKEHUS He 3aBUCAT OT ILIOLIAJIU IIOBEPX-
HOCTHU COIPHUKOCHOBEHHUs IpeaMera U mnosepxnocTu. dro Bol moxkere
CKa3aTh O 3aBHCUMOCTH MaKCHMAJbHOW CHJIBI TPEHUsI IOKOsI OT YKa-
3aHHOI ILJIONIAIN !

Hoxnp

Ha dororpacdun HOYHOro MOXKIsI, CHAEIAHHON METOIOM JIUTEIHLHOMN
9KCIIO3UIUH B JIydaX IPOXKEKTOPA, CJIEIbl KAlleJb KaXKyTCs IIPEPbIBU-
cToiMu. OObACHUTE 3TO dABJICHUE.

Cnupans Poxe

Cuupaisib Poxke 1ipejictaBisier coboit ycTpoiCcTBO, B KOTOPOM UCTOYHUK
TOKa COEJIMHEH C BEPTUKAJILHO IIOJIBEIIEHHON IPYXKUHOM, HUKHUM KO-
HeI[ KOTOPOil KacaeTcsi IOBEPXHOCTH PTYTH. ¥ YATBIBasi, YTO paboTa Co
PTYTBHIO OlIacHA M 3alpellleHa, UCCJe/lyiiTe IMOBeJleHUe 3TOr0 yCTPOii-
CTBA, 3aMEHUB PTYTh YeM-HUOYIb IAPYTUM.
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10.3 3agaum 2005 1.

1. IBa mapa

JlBa mrapa, moMeIeHHbIE B HAKJ/IOHHBINA 2KejI00 W KACaIomuecs JpyT
JpyTra, MHOIa He CKaThiBaloTcst BHE3. OObsCHUTE sSB/IEHNE U HaifiauTe
YCJIOBUSI €r0 OCYIIECTBJIEHUS.

2. JlaBuna

[Ipn kakwmx ycmoBustx MoxkeT coittu Jyasuna?! Vccnenyiite mammoe siB-
JIEHUE KCIEPUMEHTAJIBHO.

3. 'mppaBinydeckuii IPbI2KOK

PoBnast BepTuKayibHasi CTPYsi BOJBI IIPU TONAJAHUU HA FOPU30HTAJIb-
HYIO IOBEPXHOCTb PACTEKAeTCsl 10 Heil paamajibHO. [Ipm HEeKOTOpOM
3HAYEHUU PAJMYCA PACTEKAIOINIENCS CTPYH HADJIIO/IAeTCsi PE3KOoe yBe-
JIMUEHUE BBICOTHI YPOBHSI BOJIBI Ha mHoBepxHOcTH. VccmeayiiTe npupo-
JIy 9TOTO SIBJIEHUs. TO IMpOU30#IeT IPU UCIOJb30BAHUM KUJTKOCTU C
GOJIbIIENl YeM Y BOJIbI BSI3KOCTHIO?

4. Mupax

Cozpaiite B 1abOpaTopun MUPaK MOIOOHBII TOMY, 9TO MOXKHO HaOJIIO-
JlaTh Ha JIOPOre WJIM B ITyCTHIHE U UCCJIELyHTe ero mapaMerphl.

5. 2KuBag npobka

Hamonuure Banny mim pakoBury Bojoil. Jloctanbre mpoOKy U mome-
CTUTE IJIACTUKOBBINA MIAPUK HaJ, CIUBHBIM orTBepcTueM. Co BpeMeHeM
IIpY BBITEKAHWY BOJbLI ITAPUK HadHEeT Kosedarwbea. Mccnmemyiite siBie-
HUE.

6. Berpsinoii aBTOMOOUIIB

CkoHCTpyUpYi#iTE aBTOMOOUIb, JBUYKUMBIN UCKJIIOUATEHHO SHEprueit
BeTpa. Baim aBTOMOOWMJIb JOJIPKEH JBUTATHCSI CTPOIO IPOTHUB BETPA.
Ompenenure KIL Bamero aBromobusist.

7. THT€HCUBHOCTDb IIOTOKAa

[TpuroToBbTE CMECH YKEJIE3HOTO TIOPOIIKA (2KEJIE3HBIX OIUJIOK ) 1 PACTU-
TesibHOrO MacJia. Coe/IMHUTE J[Ba KOHTEWHEPA IJIACTUKOBO# TPYOKOil u
ITO3BOJIBTE CMecu Teub uepe3 Hee. CozjaiiTe BHEIIHeE YCTPONCTBO IJIst
KOHTPOJISI MHTEHCUBHOCTHU ITOTOKA CMECH.
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8.

10.

11.

12.

Bpamienue msiaa

Bparenne MOXKeT NCTIOJIB30BATHCS JIJIsT U3MEHEHUsT TPAEKTOPHUH TI0JIeTa,
Msdeit B ciopre. UccemyiiTe nBukKeHne BPAIMAIONIErOCs MI9a, HAIPH-
Mep, JIJIsi HACTOJIBHOTO Wi OOJIBIIONO TEHHUCA, U ONPEJIETTUTE BIIUSHIE
Ha HEro CyIIeCTBEHHBIX I1apaMeTpPOB.

OneiT DiiHiiTeiina - ge 'aaza

Ecan NIPpUJIOZKUTH BEPTUKAJIBHOEC MAarHUTHOE II0JI€ K METaJIJINYEeCKOMY
IUMJINH/PY, HOABEINIEHHOMY Ha HUTHU, TO OH HAYHET BPpalllaTbCA. I/I3qu/IT6
9TO fABJICHHC.

Glass prism

Puc. 10.1: Onrudeckuii TyHHEIBbHBIN 3D DEKT

Onruyeckuii TyHHEAbHbINA 3P PeKT

BosbmuTe [Be CTEKIISIHHbIE IPU3MBI, Pa3J/eJICHHbIE MAJEHHKHM IIPO-
MeKyTKOM. Vcemenyiite, Ipu KakUX YCJIOBUSIX CBET, IAJIAIOMIUI 110
yIiIoM GOJIble KPHTHYECKOrO, He OyIeT IIOJHOCTBIO OTPaXkeH BHYTPH
npusm (cm. puc 10.1).

IlpensTcrBue B TpyOGE

Coimyumit maTepuan "BoiTekaeT" u3 cocyma HapyXKy depe3 BOPOHKY.
WccnenyiiTe, BO3MOXKHO JI YBEJIUYEHNE BBIXOIHOIO IIOTOKA CBIILYJIero
MaTepuaJia IIOCPEICTBOM IOMeEIeHus "IpensiTeTBus "Ha | BHIXOIHBIM
OTBEPCTUEM.

Okean "Couasapuc"

B mpospaunbiit cocys, HaOJOBUHY 3AII0JHEHHBI HACBIIIEHHBIM COJIE-
BBIM PACTBOPOM, aKKYPATHO JODAB/ISAIOT IPecHyto Boy. [lpu atom 006-
pa3yercs: deTKasl IPAHUIA pas3jesia MexK Iy Kuiakocrsamu. Vceiemyiire
II0BeJIeHe I'PAHUIbl pa3/jieia IPU HarPEeBaHUU HUXKHEH KUIKOCTH.
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10.4 3agyauu 2006 r.

1. Ilena
UccnenyiiTe npupoy MpOIECCOB paclajia W MOHUXKEHUS YPOBHS IIe-
HBI WA Iy3bIPHKOB Ha KUIAKOCTH. 1IpM Kakux ycJIOBHsIX IeHa Oyier
COXPaHSITHCsI HAUOOJIbIIIEE BPEMSI?

2. YTUHBIN KOHYC
Ecnu nocMoTpers Ha BOJIHOBYIO KapTHUHY, MPOU3BOIUMYIO ILIBIBYIIEH
YTKOH B IIPYZY, TO MOYXKHO 3aMeTUTh, UTO OHA HATIOMIHAaET KoHyc Maxa.
OT Kakux IapaMeTpPOB 3aBHUCST MApaMETPhI 3TOI KapTUHBI !

3. IMenuyinue rajgepeun
Memruymue rasepen (nanpumep, Cobop Cesaroro Ilasna B Jlonmone)
MU3BECTHBI TEM, UYTO OJ1arojaps X KpyroBoil KOHCTPYKITUH, IIETOT, IPO-
U3BOJUMBIN HAIIPOTUB CTEHBI C OJHOU CTOPOHBI TAKO! raJjiepeu, OTJINY-
HO CJIBIIIIEH C ee Apyroit croponsl. Mccaenyiite aTo sBienue.

4. Baaxknas ybopka
PasBepHYTYI0 MOKPYIO TPSIIIKY OY€Hb TsI?KEJIO TAIUTh 110 1moJ1y. OT 1ero
3aBUCHUT CHUJIa, COIPOTHUBJIEHUS, JEHCTBYIOIIAs IIPU TOM Ha TPSIKY?

5. Bo3ayniubiii niasep

Jluct 6ymaru jiexkut Ha crosie. Ecu moyTh BJIOJIb CTOJIA, TO JUCT Ha-
YMHAeT [UIAHUPOBATh (CKOJIb3UTDh) Haj HuUM. Olpejenure JeTHbE Xa-
PAKTEPUCTUKU JIUCTA OYMar.

6. 3Byk u meHa

UccnenyiiTe mporiecc pacnpocTpaHeHus 3BYKa B IIEHE.

7. Ioromias Tpyda

Tpyba, orkpbiTast ¢ 060MX KOHIIOB, yCTAHOBJIEHa BePTHUKaJILHO. M-
oJIb3ysl ItaMs, jgobeiirech addekTa reHepanun 3ByKa Tpyboit. Mc-
caelyiiTe IaHHOE SBJICHUE.

8. 3ByK

I/ISMepre CKOPOCTDB 3BYKa B Pa3/JIMIHBIX 2KUJAKOCTAX IIPU ITOMOIIU CBE-
Ta.
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9. Ksaerounsle MaTepuabl

UccnenyiiTe moBeieHNE TOTOKA KUJIKOCTH, ITAJIAIOIIET0 Ha IIOBEPXHOCTH
ryOKHU WJIU TIOJ00HOTO MaTepuaJia.

10. TensioTa m Temoeparypa

[Tap u3 cocyna ¢ kumsieit Bojoil Mo TpyOKe MomajgaeT B COCYZ C Ha-
CBIIIEHHBIM COJISTHBIM pacTBOPOM. MOXKHO Ji TAKUM CIIOCOOOM HAIPETh
COCYJT C PacTBOPOM JI0 TemilepaTyphl OoJibimeit 7 VcceayiiTte maHHOE
sIBJICHUE.

11. TBepaocTnb

Cra/bHOI IIapuK IaJaeT Ha TOPU30HTAIBLHYIO IOBEPXHOCTL. Eciu 1mo-
JIO2KUTHh HA IOBEPXHOCTH JIUCT OyMaru U JINCT KOIUPKH, CJI0KEHHDLIE
BMeCTe, TO Ha Oymare mocje yaapoB IIaphuKa OCTAHETCS CEepHUsi KPyro-
BBIX c1es10B. [IpeioxkuTe IKaIy TBEpIOCTH MATEPUAJIOB, OCHOBAHHYIO
Ha 9TOM METO/IE.

12. MarauroruapoanHaMuKa

B mersyboxwmit cocyn HajmTa KUAKOCTH. KCIU NPUIOKUTEL JIEKTPHU-
YecKoe M MarHUTHOE MOJisd, TO »KUJIKOCTh MOXKET HadaTh JBUTAThCA B
cocygie. UccnenyiiTe nannoe siBjieHNe U MPEJJIOZKUTE €0 IIPAKTUYECKOe
IIPUMEHEHUE.

10.5 3amaun 2007 r.

1. Hure Hakasa

[Ipu mepBOM BKJIFOUYEHUU JIAMIIBI HAKAJIMBAHUS HAOJIIOIAETCS 3HAYUM-
TeJIbHBIN CKAYOK CHUJIBI TOKa B Ienu. IIpemiokure TeOpeTuvIecKyio Mo-
JeJIb JIAHHOTO SIBJIEHUS U HUCCJIeAyliTe ero SKCIIepUMEeHTAJIbHO.

2. CanHkKu

[TonBecbTe BEOPTUKAIBHO MSATKYIO IIPYKUHY, HA3LIBAEMYIO TaKKe ’CJIMH-
ku' (cm. puc. 10.2), u mo3BosbTe €if najars cBobogHo. Vccnemyiite xa-
PAKTEPUCTUKHU CBOOOTHOTO TAJEHNUS CJANHKH.

3. Boasuble cTpyn

OmumuTe KaIeCTBEHHO W KOJUYIECTBEHHO SIBJIEHUS, KOTOPBIE MOXKHO
HAOJIIO/IATH [IPU CTOJIKHOBEHUH JBYX BOJIAHBIX CTPYH 0] PA3IMIHBIMA
yIJIaMH.
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Puc. 10.2: Ciuuku

4. Yupyrasi BepeBKa

IIporstHuTe BEpEeBKY B OTBEPCTHs IIYTOBHIBI TaK, KaK IIOKa3aHO Ha
puc. 10.3. Ilepuoauyecknii HaTATUBas U OTIIyCKas BEPEBKY, I1yTOBHUIIbI
MOXKHO IIPUBECTH BO BpallaresbHoe JBmKenue. [Ipn srom gyBcrByer-
csl HEKOTOPasl JMACTUIHOCTDL BepeBKu. OObsCHUTE yIpyTue CBOHCTBA
TAaKOW CUCTEMBI.

e

Puc. 10.3: Yupyras BepeBka

5. Jle3aBue OpuUTBBI

AKKypaTHO IIOJIO2KHUTE JIE3BUE 6pI/ITBI)I Ha BOJY. Ecim IIOJHECTH K IIJIa-
BalolleMy JIE3BHUIO 3apPA2KEHHOE TeJiO, TO Jie3BUE IIPpUJIAET B JIBHU2KEHHE.
Omnnmmre JABHU2KEHUE JIE3BUA II0CJIC IIPUJIO?KEHN Y BHEIITHET'O dJIEKTPpHuYie-
CKOI'O IIOJIA.

6. KonageHcarus

Kamm Bompl 06pa3yioTcst Ha BHEIIHEH MOBEPXHOCTU CTaKaHa, HAIIOJI-
HEHHOTI'O XOJIOHOM BO1o#. OObICHUTE SIBJIEHHE U UCCJIeIyITe ITapaMer-
PBI, OIIpenesIAIonie pa3Mep 1 KOJIUYECTBO KalleJIb Ha CTaKaHe.
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7. YUepHHJbHas Kalwis

ITomecTuTe Kamio YepHUI I1JId MapUKOBBIX PyYeK Ha ITOBEPXHOCTH BO-
apl. Kamng npuger B apuxkenne. O0bscHUTE HAOIOJAEMbBIE SIBJICHUS
Ka4YeCTBEHHO U KOJIUIECTBEHHO.

8. BoaHble JIbI>K1

[Ipu kaxoif MUHUMAJIBHOI CKOPOCTH OOBEKT MOYKHO TSHYThH HA BEPEB-
Ke TIO TIOBEPXHOCTU BOJBI TAK, 9TOOLI OH He Tonysn?! Mccmenyiite cyrme-
CTBEHHBIE IIapaMETPhI JIAHHOU CUCTEMBI SKCIEPUMEHTAJIBHO U TEOPETH-
YeCKHU.

9. TlapoBas Jiogka

Jlonka, msobpakerHast Ha puc. 10.4, MOKeT IBUTATHCSI IIPHU ITOMOIIN
CBEYM U METAJUINIECKON TPYyOKHU C JIByMst OTKPBITbIMU KOHIaMu. OO0b-
SICHUTE TIPWHITAIT JBUKEHUS JIOJKHA U ONTUMU3UpyiiTe Barmn npoekT ma-
POBO JIOJIKH JIJIsl JIOCTUZKEHUsT MAKCUMAJIbHON CKOPOCTU.

Puc. 10.4: ITaposas oaKa

10. 2Kuakas JuH3a

PaspaboraiiTe cucremy KUAKUX JTHH3 C PETYIUPYEMBIM (DOKYCHBIM PAC-
crostaueM. VlceemyiiTe KauecTBO U BO3MOXKHbBIE BAPUAHTHI IPUMEHEHUsT
paspaboranHoit Bamu cucremsbr.

11. JdyxoBoe pyKbe

Uccnenyitte asukenne Myau BHYTPHU JAYyXOBOTO PyxKbsa. Ompemennte
YCJIOBUSI, TIPU KOTOPBIX JIOCTUTAETCs MaKCUMaJibHasl BBIXOJHAs CKO-
POCTb IIyJId IIPU BBICTPEJIE.
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12. JlensiHasi BBIMYKJIOCTD

Hanosinure m1acTKOBBIN JI0TOK (KOHTeliHep) Bojoil. [pu 3amopazku-
BAHUU BOJIBI TP HEKOTOPBIX YCJIOBUSX HA MOBEPXHOCTH JIbJIA TTOABIIS-
eTcsl BBIMYKJIOCTh. VlccienyiiTe aBiienue.



