MartepuajibHO-TEXHUYECKOE O0ecIiedeHne eHTpa
€CTECTBEHHOHAYYHOM M TeXHOJIOTHYeCKON HANIPABJIECHHOCTH

«Touka pocra»

HaumeHoBaHHe

KpaTKne NPUMEPHLIC TEXHUYCCKUE XaPAKTCPUCTUKH

KoanuecTBoO

Hudpopas
nabopatopusi 1o
ouonoruu
(yueHmdeckas)

ObecneunBaeT BBHIMOJIHEHUE J1a00PaTOPHBIX PadOT HA
YpOKax 1o OWOJIOTUU B OCHOBHOM IITKOJIE U TIPOCKTHO-
MCCIIEIOBATEIBCKON AESITETHHOCTH YHATHUXCS.
Kommekramus: becipoBoiHOM MyJIbTHIATYHK 11O
OuoIoTHH ¢ 6-F0 BCTPOCHHBIMY JaTdnkaMu: J[aTauk
BIIQXKHOCTH ¢ AnanazoHoM uamepenus 0...100% JaTank
OCBEIIIEHHOCTH C TUAITa30HOM H3MEPEHHs HE yKe 9eM
ot 0 7o 180000 nk JaTunk pH ¢ nuanazonom
usMepenus He yxe uyeM ot 0 1o 14 pH daTuuk
TEMIIEPATyPHI C AUAMIA30HOM U3MEPEHHUS HE Y)Ke YEM OT
-20 o +140 C aT4uk 31€KTPONPOBOIUMOCTH C
Jnana3oHaMu u3MepeHus He yxke yeM ot 0 1o 200
MKCM; ot 0 10 2000 MmxCwm; ot 0 10 20000 MmxCwm
JlaTuuk TemrepaTypbl OKpyKarollel Cpeibl C
JMara30HOM U3MEPEHUs He yke ueM oT -20 1o
+40Axceccyapsi:Kabens USB coenmuHUTETBHBIN
3apsimHOE yeTpoicTBO ¢ kKabeinem miniUSBUSB
Anantep Bluetooth 4.1 Low Energy Kpartkoe
PYKOBOJICTBO TIO DKCILTyaTaluu IU(POBOIi 1abopaTopun
Hudposas Bugeokamepa ¢ METAITMYECKAM IITATHBOM,
paspemenue He MeHee 0,3 Mnukc [IporpamMmMuoe
obecriedenne MeToanvyeckue peKOMEHIAu He MEHee
30 pabot YnakoBka Hamudme pycCKOS3BIMHOTO caiTa
MOIJIEPXKKH, HATTMYHE BUACOPOIINKOB.

3

Hudposas
nabopaTopus 1o
XUMUH

(yueHuueckasi)

OO0ecrieunBacT BEITIOTHEHUE JIA0OPATOPHBIX PaboT MO
XMMHH Ha YPOKaX B OCHOBHOMH IIIKOJIE U TIPOCKTHO-
WCCIIEIOBATEIHCKON AESITETHLHOCTH YHAITHXCS.
Kommnekranus: becnpoBogHO! MyIbTHIATYUK 110
XUMUU C 4-Ms1 BCTpOCHHBIMU AaTunkamu: Jlatuuk pH c
JMaTna3oHoM u3MepeHus He yxe ueM oT 0 go 14 pH
JlaT4rK BBICOKOM TeMITepaTyphl (TEPMOIIApHBIHA) C
JIUarna3oHoOM U3MepeHus He yxe uem ot -100 g0 +900 C
JlaTuuk 3MeKTpONpOBOANMOCTH C AMAra3oHaMHu
n3Mepenus He yxke ueM ot 0 1o 200 MxCwm; ot 0 10 2000
MKCwMm; ot 0 1o 20000 MxCwm [laTunk TemnepaTypsl
TUTATUHOBBIN C TUATIA30HOM M3MEPEHUS HE yiKE YeM OT -
30 mo +120 C OtnenpHble JaTYUKH: JlaTank
OTITHYECKOU TIIOTHOCTH 525 HM Akceccyapsl: Kabems
USB coenuHuTENBHBINH 3apsaHOe YCTPOHCTBO ¢ Kabenem
miniUSBUSB Ananrep Bluetooth 4.1 Low Energy
Kpartkoe pykoBOICTBO IO IKCILTyaTauy (P poBoit
nmaboparopuu Habop mabopaTopHOl OCHACTKU
[IporpammHuoe obecnieuenue MeToauuecKue
pexkoMenmanmu He MeHee 40 padot Hammaue
PYCCKOSI3BITHOTO caiiTa noaaepkku Hanmuue
BHJICOPOITUKOB.

Hudposas
nabopaTopus o

¢buzuke
(yueHuueckasi)

OO0ecneynBaeT BHITOTHEHHIE SKCTICPUMEHTOB TI0 TEMaM
kypca ¢pusuku. Kommtekrarus: becnipoBogHoi
MYJETUIATYNK TI0 (PU3UKE C 6-F0 BCTPOCHHBIMHU
naTunkamu: [{udpoBoii qaTuynk TemMrepaTypesl ¢

UATIa30HOM M3MepeHus He yoke ueM oT -20 no 120 C




[udpoBoii naTurk aOCOTOTHOTO AABJICHUS C
Jrana3oHoM m3MepeHus He yxe geM ot 0 7o 500 xlla
JlaTyuk MarHMTHOTO TIOJIS C TUATIa30HOM M3MEPEHUS HE
yxe ueM oT -80 mo 80 MmTn JlaTuuk HanmpspKeHUs ¢
Irarna3oHaMU U3MEpPEHUs He yKe 4eM oT -2 10 +2 B; ot
-5 1o +5 B; ot -10 1o +10 B; ot -15 mo +15 B JlaTunk
TOKa He yxke 4eM oT -1 10 +1 A JlaTuuk akcenepomeTp ¢
MoKa3aTelIIMH He MeHee ueM: +/-2 g; +/-4 g; +/-8 g
OtnensHble yeTpoiictBa: USB ocimnorpad He MeHee 2
kanana, +/- 100 B Akceccyapsr: Kadens USB
COCIUHUTEIHHBIN 3apsiIHOE YCTPOUCTBO ¢ KabeieM
miniUSBUSB Ananrep Bluetooth 4.1 Low Energy
KoncTpykTop 17151 TpoBeieHNs dKCIiepuMeHTOB KpaTtkoe
PYKOBOJICTBO TIO DKCILTyaTaluu IU(POBOIi 1abopaTopun
IIporpamMmMHoe obecrnieueHre MeToamaeckue
pexomenaiuu (40 pabor)Hamuune pycCKOS3bIYHOIO
caiita momnepxku Hamnune BUICOPOTHKOB.

Hudposas
nabopaTopus o

(dhuznonoruu
(npounbHBIH
YPOBCHB)

OO0ecrieunBacT MPOBEJCHUE UCCIICAOBAHUS IO
(YHKIIMOHUPOBAHUIO YEJIOBEUECKOT'0 OPraHU3Ma.
Kommekramus: becipoBoiHONM MyJIbTHIATYHK 110

(hM3HUONIOTHY C 5-F0 BCTPOCHHBIMH JaTUYWKaMu: JlaTamk
aprepuansHoro nasnenus (0...250 mum pr. ct.)daTauk
ITyJIbCa ¢ TUANa30HOM M3MEPEHHsS He yke ueM oT 30 1o
200 yn/mun J{aT4rk TeMIepaTyphl Tejla ¢ JUana3oHoM
n3MepeHus He yxe uyeM oT +25 no +40 C Jatuuk
YacTOTHI ABIXaHUS C TUATIA30HOM M3MEPEHUs HE yiKe
gem oT 0 10 100 1ruknoB/MuH JlaTumnk yckopeHus ¢
nokaszatesisiMu +/- 2 g; +/- 4 g; +/- 8 g OTnenvHbIC
ycrpotictBa: Jlatunk DKI' ¢ nramazoHoM U3MepeHus He
yxe geM oT -300 mo +300 MB)/JaTunk pH ¢ quanazonom
u3Mepenus He yxke ueM ot 0 no 14 pH JaTuuk cunomep
¢ Irana3oHOM H3MEpPeHHs He yxke ueM ot -40 mo 40 H
JlaTauk OCBENIEHHOCTH C AUAa30HOM N3MEpPEeHHS He
yxke gem oT 0 o 180000 nx Axceccyapsr: Kabens USB
COCIMHUTEIHHBIN 3apsiIHOE YCTPOUCTBO ¢ KabeeM
miniUSBUSB Ananrep Bluetooth 4.1 Low Energy
KoncTpykTop 17151 TpoBeieHNs dKCIiepuMeHTOB KpaTkoe
PYKOBOJICTBO TIO DKCIUTyaTaluu IU(POBOIi 1abopaTopun
IIporpamMmMHuoe obecrnieueHre MeToamaeckue
pexkoMeHmanmu He MeHee 20 pabot Hammame
PYCCKOSI3BITHOTO caiita noaaepkku Hanmuune
BHJICOPOJIUKOB.

Hudposas
nabopaTopus 1o

9KOJIOTHH

OO0ecnieynBaeT MPOBEACHUE YICOHOTO DKOJIOTHICCKOTO
MOHHUTOPHHTA HHCTPYMEHTAIBHBIMU MeTonaMu. Habop
MIPUMEHSICTCS TIPU U3yUYCHUH YKOJIOTHUHU, OUOJIOTHH,
XUMHH, Teorpaduul ¥ MPUPOJOBENCHUS, a TAKKE IS
VHAWBHUIyAJIbHBIX UCCIIETOBAHUS U TPOEKTHOM
JeATEIBLHOCTH MIKOJIbHUKOB. KoMmekTarus:
BbecnpoBogHONM MYIBTHIATYHUK MO IKOJIOTUYECKOMY
MOHHTOPHUHTY C 8-F0 BCTPOCHHBIMH JaTdnukaMu: JaTank
HUTpaT-uoHOB JlaTunk xsmopua-noHoB latumuk pH c
JIMana3oHoM u3MepeHus He yxe ueM oT 0 go 14 pH
JlaTuuk BIaXKHOCTH C THATIA30HOM M3MEpPEHUs
0...100%/laT4rK OCBEIICHHOCTH C THATIA30HOM
n3Mmepenus He yxe yeM oT 0 1o 180000 nx JdaTuuk
TEMIIEPATyPHI C AUATIA30HOM U3MEPEHHUS HE Y)Ke YEM OT
-20 mo +140 C JlaT4mK 3JIEKTPOTIPOBOANMOCTH C




Jnana3oHaMu U3MepeHus He yxe uyeM ot 0 1o 200
MKCM; ot 0 10 2000 MmxCwm; ot 0 10 20000 MmxCwm
JlaTuuk TemmnepaTypsl OKpYKaroIIe Cpeibl ¢
JIMarna3oHoOM M3MepeHus He yxe yeM oT -20 o +50 C
OTtnenbHBIC TaTYHMKH :JlaTUuK 3ByKa ¢ GyHKIMEH
WHTETPUPOBAHMS C IUANIA30HOM U3MEPEHHUS YacTOT He
MeHee yem ot 50 ' 1o 8 k', J[aTuuk BIaXHOCTH
MOYBHI C AUANA30HOM U3MEPEHUS He yxke ueM oT 0 1o
50%/JaTunk KuciIOpoaa ¢ AMAra3oHoM u3MepeHus ot
1o 100%/laTurk ONTUYSCKOM IIIOTHOCTH 525 HM
Hatunk ontuueckoit miotHocT 470 HM JlaTunk
TYypOUJMMETp C TUANA30HOM U3MEPEHHUS HE YKE YeM OT
0 mo 200 NTU JlaT4MK OKHICH yTJIepOoia ¢ ANAMa30HOM
n3mepenus He yxe uyeM oT 0 1o 1000 pp Akceccyapsl:
Kabens USB coenuauTenbHBIN (2 IT.)3apsaHoe
ycrpotictBo ¢ kaberem miniUSBUSB A mantep
Bluetooth 4.1 Low Energy CrepeHb A7 3aKpeIieHHS
JTATYMKOB B mTaTUBe KpaTkoe pyKoBOJCTBO 1O
JKCIUTyaTaIy mudpoBoii tadboparopun [Iporpammuoe
obecnieueHue Meromuieckne peKOMEH AN HE MEHEee
20 pabot YnakoBka Hamuune pycckosi3bI9HOTO caiita

MOIJIEPKKH, HAJTMYHE BUACOPOIINKOB.
Muxkpockon Tun mukpockona: Ouonorudeckuit Hacaaka
g poBoi MUKPOCKOIa: MOHOKYJIsipHast Haznauenue:
1abopaTopHbI METO ] HCCIIeTIOBaHMS: CBETIIOE ITOJIE

Marepuas ONTUKHU: ONTUYECKOE CTEKJIO Y BEJIMYCHUE
MHUKpoOcKona, kpat: 64 - 12800kynspsl:
WF16xO0bekTuBsl: 4x, 10x, 40xs
(Tonmpy>KUHECHHEIHN ) PeBoIbBEpHAs TOJIOBKA: Ha 3
o0BpexTrBa THIT TOJCBETKHU: 3€PKAJIO HITH CBETOANO/
PacronoxxeHne NOACBETKY: BEPXHSISI U HIKHSAS
Marepuan kopiyca: metam [IpeIMeTHbIN CTOTUK, MM:
90UcTounuk nuranus: 220 B/50 I'n Yucio
Meramnukcenen: 1

B coctaB BxoasaT: Cencop Tun 1 He meHee 1 miT.,
Yuebnast obecreurnBaeT BO3MOXXHOCTD PETUCTPAIIAN CUTHAJIA
nmaboparopusi 1o AIEKTPUIECKON aKTUBHOCTH MBIIIIL]
HEUPOTEXHOJIOTUU (anexTpomuorpammel, OMI'). Peructpanus gomkHa
OCYIIECTBIISIETCA HEMHBA3UBHO, CYXHUMH JJIEKTPOIaMHU.
B03MOXHOCTBIO KpeTIIeHHs K PyKe YeJIOBEKa, U4TO
JIOJKHO J1aBaTh BO3MOXHOCTh PETUCTPHPOBATH
ANEKTPUIECKYIO0 aKTUBHOCTH MBIIIIIBI B 00JIACTH, HAJ
KOTOpOi1 pacniosiaraercsa kperieHue. [pu HanpsxeHun
MBIIIIIBI JOJDKHA OBITH 0OecTieyeHa BO3MOXKHOCTh
HAOJIO/ICHUS ITyYHOCTH CUTHANA (T.€. IPUCYTCTBUE
OMI'), nipu pacciiabIeHuH MBIIIIBI - €€ OTCYTCTBHE.
Cencop Tum 2 "He Menee 1 mT., obecieunBacT
BO3MOXKHOCTH PETUCTPAIIUHN CHTHAJIA
¢dororuternzmorpammsl (DIIIN) ontudeckum mytem, 3a
CYeT U3MEHEHHS OTPAKEHHOTO OT KPOBEHOCHBIX
COCY/IOB CBETa, 00BEM KOTOPBIX U3MEHSICTCS MO/
BO3JICHCTBHEM ITyJLCOBOH BOJHBI. CEHCOP TOIKEH OBITh
o0ecredeH BO3MOYKHOCTBIO KPETUIEHHS K TTOAYIIeUKe
najibia genoBeka. Cencop Tumr 3 He menee 1 mrT.,
oOecrieurBaeT BO3MOKHOCTh: PETUCTPAIK CUTHATIA
anekTpokapauorpamMmel (OKI') He HHBA3HBHBIM
crtocobom ;peructpanmu I, I u 111 oTBenennis;




MOAKIIOYEHUS 3JIEKTPOIOB K CEHCOPY C IOMOIIBIO
COEIMHUTENHHBIX POBOAOB, 00OPYIOBAHHBIX
TouchProof pazsemamu. Cencop Tum 4 He meHee | wT.
oOecrieurBaeT BO3MOKHOCTh: PETUCTPAIH CUTHATIA
KOXKHO-TanbBaHndeckoit peakmmu (KI'P), peructpammst
KOTOPOTO OCYIIECTBIISETCS Ha IIOCTOSHHOM TOKE;
MOJIKITFOUYCHHSI K TETY YeJIOBEKa C TIOMOIIBIO0 CyXUX
AIEKTPOJOB, MOAKIIOYECHUE KOTOPBIX K CEHCOPY
ocyiectsisiercs ¢ nomorsio TouchProof
pazwemoB .Cencop Tum 5 He Menee 1 mT., oOecieunBaeT
BO3MOXKHOCTb: PETUCTPALIMU CHTHAJIA 3JIEKTPHIECKOM
akTuBHOCTH Mo3ra (O3I) ¢ TOMOIIEI0 CYXHX
HEWHBA3WBHBIX JIEKTPOIOB; PETUCTPAIIUU
ANEKTPUIECKON aKTUBHOCTH PA3HBIX JOJICH MO3Ta;
MOIKITIOYEHHSI SIIEKTPOIOB K CEHCOPY C MOMOIIIBIO
COEIMHUTENHHBIX POBOAOB, 000OPYIOBAHHBIX
TouchProof pazremamu; 3aKperieHus AIEKTPOIOB HA
moBepXHOCTH ronoBel. Cencop Tun 6 He menee 1 mrT.,
obecreunBaeT BO3SMOXKHOCTh: PETHUCTPAIIH CUTHATIA
Kosiebanus rpynHoi knetku (CeHcop AbIXaHus);
OTIpEICTICHHS YaCTOTHI JBIXaHUs. Y CTPOHCTBO i1 cOopa
JAHHBIX OT CEHCOPOB U NIepeaadn Ha MepPCOHATbHBIH
KOMITHIOTEP 00CCIICUMBACT BO3MOXKHOCTE cOOpa TaHHBIX
OT TIOJIKITIOYCHHBIX K HEMY CEHCOPOB U OTIIPABKY
nony4deHHbIX gaHHbIX Ha [IK. [TogkmoueHue
neHTpanbHOro Moayis k I1K ¢ momompro USB-kabers.
LenTpanbHbIi MOIYIh UIMEET HE MeHee | ImT.:
ranbBaHuueckyto uzonsiuio ot K. Henrpanbubiit
MOJyJIb 00ecredrnBaeT BO3MOKXHOCTh OJHOBPEMEHHOTO
MOAKJIIOYECHHUS BILIOTH A0 4 cencopoB. Kax bt u3
BX0J10B [[eHTpampHOr0 MOy ISl IMEET TaTbBAHUYCCKYIO
n30sIHIo (0bOecreueHne MeKKaHATbHON
raJbBaHUICCKON M30JsnH). [loaKiToueHne CEHCOPOB K
IlentpansHOMY MOAYIIO OCYIIECTBIISIETCS C IIOMOIIBIO
CIIeMaIM3UPOBaHHBIX pazbeMoB Thna LEMO,
00ecneYnBaomuX MPaBIIEHOCTD TOIKITIOYSHHUS
pazbeMa M CHIKAIOIIUX PUCK CITy4aitHOTO KacaHUs
Pa3beMOB TOKOIIPOBOSAIIUX YaCTEH, a TAKKE
00ecnevYnBaonnX 3alUTy OT HECAHKIIHOHUPOBAHHOTO
MOJIKITIOYEHHSI K IPOU3BOJIBHBIM YCTpoiicTBaM. Moayib
"Kuomnka" He MeHee 1 mIT., 00eCIeYHBAECT BO3MOKHOCTD:
pa3MeTKH PETUCTPUPYEMBIX CUTHAJIOB M OTMEYaTh HE
MeHee 3-X pa3UYHbIX KaTerOpUH COCTOSTHUM.
YcTpolicTBO, BXOASIIEE B COCTAB 1a00paTOPUH, TOIHKHO
o0ecrnevnBaTh BO3MOXKHOCTh PETUCTPAIHH
apTepuaibHOro AaBneHus. [IporpaMmMuoe obecrieuenne
(manee - I10). lomxHOo o0ecriednBaTh BU3YaJIM3aLHIO U
00pabOTKy PerucTpupyeMbIX CUTHAIIOB. [ TaBHOE OKHO
MPOTPaMMBI JOJDKHO COCTOSTH U3 BKJIAIOK, KXKas U3
KOTOPBIX COACPIKUT HAOOp rpa)uKoB, HEOOXOIUMBIX
JUTSE 0TOOpakeHus TpedyeMoit napopmaruu. JlomkHa
MMEThCS BKJIAJIKa I OHOBPEMEHHOTO TIPOCMOTpa
CUTHAJIa CO BCEX CEHCOPOB, OTHOBPEMEHHO
MOJIKIIFOUEHHBIX K LleHTpansHOMYy MOyITH0. DTO
obecrnevnBaeT BO3MOXHOCTh MHOTOKaHAJTHLHOTO
(monmurpadudeckoro) pexkuMa padoThl YCTPOUCTBA.
Taxxe TOKHBI HIMETHCS BKJIQJIKH JUIsl BU3YaTH3aIHN




curHajioB ot ceacopo OMI', ®III, KT, KT'P, 90T,
CeHCOpa JbIXaHHA, KHOTIKH; a TAKXKe MPOU3BOTHBIX
rpauKoB, Ha KOTOPBIX BU3yaTHU3UPYIOTCS
CTIEIM(UYHBIC I TOTO WA WHOTO CUTHAJA BETUIUHBI
[1O momxHO naBaTh BO3MOKHOCTH BU3YaJIH3AINH U
00pabOTKH PErUCTPUPYEMBIX CHTHAJIOB, 2 UMEHHO: -
OMI': Bu3yanu3alus CUrHania, ClieKTp CUrHana,
aMIuTyIHbIA Tpurrep- OII': Buzyanuszanus curnana,
CIIEKTpa CUTHAJIA, TaXOTpaMMBI, rpaduk myibca- IKI':
BU3YaJIN3allMs CUTHAJA, TaXOTPaMMBbI, Tpa(uK MmyJibca-
KI'P: Bu3yanu3zanus curdana- 901" Bu3yaauzamus
CUTHAJIa, CTIEKTP CHT'HaJa, aMIUTUTY/a anbda-puTMma,
amruutya 6era-putma.- CeHCcop JbIXaHHS:
BU3yaJIM3allvs CUTHaNA,- KHomka: BU3yamu3arus
curHana pa3MeTkullO 1omKHO UMETh BOBMOXKHOCTD
KacToMm3aruu 1 HacTpouku 110 ms s dexTuBHOTO
oTtoOpaxeHus rpakoB: HACTPOWKa IBETa, BEIOOD
MapaMeTpoB I aHAIIN3a, BBIOOP OTOOPaKaEMBIX
rpa¢ukoB, MacmTabupoBanue rpadukos. [10 gomkHO
MMETh BO3MOXHOCTh 3aIFICH U BOCITPOU3BEICHHS
PETUCTPUPYEMBIX CUTHAIOB. BO3MOXHOCTH HACTPOUKH
napameTpoB GUILTPAIIH CUTHAJIA C TIOMOIIBIO (QHIIBTPa
HIDKHUX YaCTOT, GUIBTPa BRICOKUX YaCTOT, TOJIOCOBOTO
¢unbTpa, pexxekroproro GpunbTpa.C 1enso ynodcraa
aHa/M3a CUTHAJA, JOJDKHA UMEThCS BOZMOXKHOCTD
3aITUCH PETHCTPUPYEMBIX CHTHAJIOB B (aii, ¢
MOCJIETYIOIIECH BO3MOKHOCTBIO UX MOCIECAYIOLIETO
BocnpousBecHus B JaHHOM [10 (umutupys
PETHCTPALIMIO CUTHAJIA B PEKUME PeaTbHOTO
BpeMeHH).B cocraBe: MeToIMUECKUEe MaTepPHUAaIbI IS
YYUTENS U 00YUaIOIINXCsl, OMUCAHUES TIOIKITFOYCHUS
CEHCOpPOB Jab0paTOPHH, HHCTPYKIIHH IO
ucmnonp3oBanuio I10, onrcanne 1ab0paTOPHBIX U
MPAKTUYECKUX paboT, KOTOPOE B TOM YHCIIE CONCPIKUT
MIPE3CHTAIMOHHBIC MaTEepUaNbl. Y TaKOBKa/KOPOOKa
71a00PaTOPUH JT0JIKHA 00€CIICYMBATh Y I00HOE XpaHECHUE
U COJICpKaTh MOJICKA3KH JIJIS PACTIONIOXKEHUSI CEHCOPOB U
YCTPOUCTB 1ab0paTopuu Uit yI0OHOTO HCIIOIE30BaHUS
MIPETOAaBaATESIMHA U 00YYaIOIITIMHCS.




