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MoBa BUKJIaJaHHSA
Indopmanis npo
KepiBHHKA Kypcy /
BHKJIaIaviB
Po3mimenns kypey Marepiaau kypcy po3mimeni B Enexrponnomy Kamnyci Ta Ha
miardopmi Cikopebkuii {ucranc

IIporpama HaBYAJIbHOI IV CHUILTIHA

1. Onuc HaBYANBHOI JUCHUILIIHY, Il MeTa, PeMeT BUBYAHHSA TA Pe3yJbTATH HABYAHHS

Onuc (MCUMILTiHM.
CydacHa eKOJOTiYHa CHTYyallis, sKa CIpPUYMHEHA MepeayCiM MOCHICHHSM aHTPOIOT€HHOTO Mpecy Ha
6iocdepy, morpedye po3poOKH UiTKOi, 00 €KTUBHOI Ta HAYKOBO-OOIPYHTOBAHOI CHCTEMH €KOJIOTTYHOTO
MOHITOpPHHTY. [lJIsi MpoBeNeHHS EKOJOTIYHOTO JOCHIKEHHS HEOOXiTHO IIBUIKO BU3HAYATH XIMIUHY
MPUPOY Ta CKJIaJ PEUYOBHH-3a0pYIAHIOBAdUiB, IO MOXXHA 3a0€3MEYUTH 3a 3aCTOCYBaHHS CEHCOPIB
(maT4mkiB), sIKi € CENEKTUBHUMHU i1 TEBHOTO BHUAY 3a0pyaHroBauiB. [Iporemypa TeCTyBaHHS MOXe
PO3TISIIATHCS K TEXHOJIOTisSI KOHTPOJIIO 3a0py/THEHb HABKOJIMIIHBOTO CEPEIOBHINA a00 aHTPOTIOTCHHUX
BIUJIMBIB Ha JOBKUIIS, IO 3A1MCHIOETHCS 32 YYACTIO SIK XIMIYHUX, TaK 1 010JIOTTYHUX CEHCOPHUX cUcCTeM. I,
MepuI 3a yce, B PI3HUX HampsMKax O10TE€XHOJOTii, MEIUYHOI MPaKTUKH, OXOPOHH HAaBKOJUITHHOTO
CEpeIOBHINA TOIIO HAJA3BUYANHO BAXKIIMBA POJIb TAKMX XIMIYHUX, O10JOTIYHHX 1 IMyHOJIOTIYHUX aHAMTI3iB.
i ananmizu nmoBUHHI OyTH NPOCTHMHM, JOCTYNHUMHU 1 Hejmoporumu. Jlyig iX mHpoBeleHHS HEOOXiH1
IHCTpYMEHTaJIbHI €JeKTPOHHI MPHUCTPOi, 10 BOJOMIIOTH BIJMOBIIHUMH XapaKTEPUCTUKAMU. TakuMH
OpUCTPOSIMH 1 € OIl0CeHCOpH, NPUHLUI poOOTH SKUX TMOJsrae B HacTynmHomy. Jlns awnamizy
BUKOPUCTOBYIOTbCS 010JI0T14HI MaTepiaiu: (EepMEHTH, aHTHTLJa, PeLeNTOpH KIITUH a0o KIITHHH, SKi
PO3MIIIYIOThCS Ha chemianbHii (i3uyHiit moBepxHi. [lpu B3aemonii OGiomarepiany 3 aHAIITHYHUM
PO3UMHOM BHHMKA€E O10XIMIYHUN CUTHAJ, SIKUW TIEPETBOPIOETHCS B €IEKTPUYHHM 1 PIKCY€ETHCS HA MOHITOPI
KoMITToTepa. Bech ckiagHuii mporiec 3aiiMae KijbKa XBUJTHH.

Jucuumutina Bukinagaerses B 1 cemectpi. Kypc npusHaueHuii 03HalfOMHUTH CTYACHTIB 3 XIMIYHUMHU
Ta O10JIOTIYHUMH CEHCOPHUMH CUCTEMAaMHU, SIK1 € JaTYMKAMHU Ha TIEBHI PEYOBHHH 1 BAKOPUCTOBYIOTHCS JIJISI
BUSIBJICHHS Ta aHANi3y PEUYOBHH B JIarHOCTUYHMX IUIAX Ta MPU 3A1HCHEHHI MOHITOPUHTY 3a0pyIHEHOCTI
TOBKLILIA.



Meta HaBYAJIBHOI IMCHHUIIIHK. MeTor HaBYadbHOI JUCIHMIUTIHU € (GOpMYyBaHHS y CTY/ICHTIB
3MaTHOCTEH /10 TPOBEIAEHHS JJOCTIIHPKeHh Ha BIAMOBIAHOMY piBHI (aHam3 PI3HUX CEPEAOBHIN 3a
BUKOPUCTAHHS CEHCOPHUX TEXHOJIOT1i). MeTOI0 € HE TIIbKHU TPaAULIifHE 3aCBOEHHS OKPEMHX TEOPETUIHUX
MOJIOKEHb 1 MPAKTUYHUX yMiHb Ta HABUYOK, @ W PO3BHTOK Yy CTYJEHTIB 3HI0HOCTEH 10 aHamizy,
y3arajibHEHb, MOTTUOJICHOTO Ta e()eKTUBHOTO BUKOPUCTAHHS Y PAKTUYHIN AIsITPHOCTI OTPUMaHUX 3HAaHb
3 010CEHCOPHUKH.

3riiHO 3 BUMOTaMH OCBITHBO-TIPO(ECIHOT Mporpamu 3700yBayi BUIIOi OCBITH MOBHHHI 3aCBOITH
KOMIIETEHTHOCTI, IKUMH ITOBUHEH OBOJIOAITH 37100yBay:

Iporpamui komnerenTHocti OIIIL.
3K 01 - 3gaTHicTh MPOBEACHHS AOCIIPKEHb HA BIJIIOBITHOMY PiBHI.
3K 08 - 3natHicTh /10 30€peKEHHS] HABKOJIUIITHBOTO CEpeIOBHUIIA
@K 6. 3parHiCTh IUIAHYBAaTH 1 BUKOHYBaTH EKCIIEPUMEHTaJbHI poOOTH B Tamy3i OioTexHousorii 3
BUKOPUCTAHHSIM Cy4acHHX 00JIaHAaHHS Ta METOIB, IHTEPIPETyBaTH OTPUMaHI JaHi Ha OCHOBI CYKYITHOCTI
CY4YacHUX 3HaHb Ta ySBIEHb PO 00’ €KT 1 MPEAMET JOCIIIKEHHS, pOOUTH OOTPYHTOBaHI BUCHOBKH.

O®OK 10. 3parHicTh 3aCTOCOBYBaTH MpPOOJIEMHO-OPIEHTOBAHI METOAM aHaii3y Ta ONTUMizamii
010TEeXHOJIOTIYHUX MPOIIECIB, YIIPABIIHHSI BUPOOHUIITBOM, MAaTH HABUYKH MPAKTHYHOTO BIIPOBA/KEHHS
HayKOBHUX PO3pPOOOK.

@K 13. 3naTHICTh MPOEKTYBATH Ta OPraHi30BYBaTH 010TEXHOJIOTIYHI MPOIECH PUPOTOOXOPOHHOTO
[Ipu3zHaueHHs.

IIporpamni pe3yastatn Hapuanus OINII.

[IPH 07 - Maru HaBUuYKM BHAUICHHS, iAeHTU(ikallil, 30epiraHHs, KyJIbTUBYBaHHS, iMMoOLTi3alii
010JIOT1YHUX areHTiB, 3/IMCHIOBATH ONTHUMI3aLiI0 MOKUBHUX CEPEOBHUII, OOMPATH ONTUMAIbHI METOIH
aHai3y, BUJIJICHHS Ta OYMILIEHHS IIJIHOBOTO IMPOIYKTY, BUKOPHUCTOBYIOYM Cy4acHi O10TEXHOJIOTiuHI
METO/M Ta MPUHOMH, TPUTAMaHHI IEBHOMY HampsiMy 010TeXHOJIOT1]

ITPH 9. BMmiT po3po0:siti, 0OIpyHTOBYBAaTH Ta 3aCTOCOBYBAaTH METOJMU Ta 3acO0M 3aXMCTy JIOAMHU Ta
HABKOJIMILIHBOTO CEpeOBHUIIA BiJ HEOE3MeUHUX (PaKTOPIB TEXHOTEHHOTO Ta 010JI0TYHOI0 OXOKEHHS.
ITPH 10. YnpoBamkyBaTH HalOuIbII e(pEeKTHUBHI O10TEXHOJIOTIUHI METOAM Ta NMPUHOMH Yy NMPaKTHUHY
BUPOOHUYY AiSUIbHICTH HA OCHOBI OLIHKH €(DEKTUBHOCTI NEPEIOBUX O10TEXHOJIOTIH Ta BpaXyBaHHs
3arajlbHUX TeHJICHIIIH PO3BUTKY HOBITHIX 010T€XHOJIOT1H y MPOBITHUX KpaiHaX.

[IPH 17. OuiHioBaTH, aHami3yBaTW Ta oOOWpaTH BapiaHTH pIIEHb 3 YIPaBIIHHS CKIAQAHUMHU
610TEeXHOJIOTTYHUMHU TNIPOLIECAMH 3 YpaXyBaHHSAM I[iJIel, 0OMeXeHb, MPOTHO31B Ta PU3HKIB.

2. IlpepexkBi3uTH Ta NOCTPEKBI3UTH JUCHHUILIIHU (MicLe B CTPYKTYPHO-JIOTI4Hii cxeMmi
HABYAHHS 32 BiANOBIIHOIO OCBITHHOIO POIPaMOI0)
IIpepexBizuTn: matu 6a30Bi 3HaHHA 3 O10TEXHOJOTI, 6ioxiMii Ta XiMmii, OCHOB iHXeHepii, piBEHb
BOJIOJIIHHSI aHTJIICHKOIO MOBOIO HE HIKUE A2.
IMocTpekBi3uTH: OTpUMaHI pe3yJbTaTH HABUAHHS € MIAIPYHTSAM MAJs TMOJANBIIOTO MPOXOIKEHHS
HAyKOBO-JOCIIHOT IPAKTUKHU Ta BUKOHAHHS MaricTepchKoi Iuceprarii.

3. 3MicT HABYAJIBHOI AUCHHUILIIHH
Po3nin 1. BCTYII
Temal.l. XapakTeprucTuka CEHCOPUKHU K MDKIUCIMILIIHAPHOT 001acTi
Po3zaia 2. XIMIYHI CEHCOPHI CUCTEMUA
Tema 2.1. XapakTepucTrka XiMiYHUX CEHCOPHUX CUCTEM
Po3nin 3. BIOJIOI'TYHI CEHCOPHI CUCTEMHM
Tewma 3.1. 3aranpHa XapakTepucTUKa O10CEHCOPHUX CUCTEM
Tema 3.2. depMeHTHI CEHCOPHI CHCTEMH
Tema 3.3. Marepianu 1 TEXHOJIOT1T BUTOTOBJIEHHSI aMIIEPOMETPUYHHUX NIEPETBOPIOBAYIB
Tema 3.4. Knitunni 6ioceHcopu. MyIbTHCEHCOPHI CUCTEMH
Tewma 3.5. biocenekTuBHI eeMeHTH 010CEHCOPIB HAa OCHOB1 010MIMETHKIB.
Tema 3.6. KomepiiiiiHi BapiaHTH clcTeM Ha OCHOBI 010CE€HCOPiB
Po3zain 4. Hanocencopu.



4. HapuanbHi MaTepiauau i pecypcn
basoBa jireparypa:
l. Ky3bmincekuii €.B., Hlypcbka K.O., T'ony6 H.b. Bionoriusni Ta ximMiuHi ceHCOpH1 cucTeMH. 1.

EnexTpoxiMiyHe MiATPYHTSI CEHCOPHUX TeXHOJOT1i: HaByanbHM MOCIOHUK ISl CTYICHTIB HAIPAMY
nigroroBku 6051401 «biorexHomorisy», rpud «PekomennoBano Meroanunor pagoro HTYY «KIID» Bix
17.11.2011, mp. Ne 3, cBig-Bo HMVY Ne E 11/12 — 065», Kuis, « HTYY «KIll», 2011, 202 ctop.,
Enexrponni TekctoBi aani (1 daiin: 5,75 Moaiit). Ha3Ba 3 ekpana
http://library.kpi.ua:8080/handle/123456789/1644.

2. KyseMmincekuit €.B., lllypceka K.O. bionoriuni Ta Ximiuai ceHcopHi cucteMu. 11, [TonsaTTs,
BU3HAYEHHS Ta OCHOBH CeHCOpUKH: HaB4yanbHMIA MOCIOHUK JUTS CTYCHTIB HAanpsAMYy miaroroBku 6051401
«bioTexnomoris», rpud «Pekomengosano Meroauunoro pagoro HTYY «KIII» Big 15.11.2012, mp. Ne 3,
cBig-Bo HMY Ne E 12/13 — 049», Kuis, « HTYY «KIll», 2012, 241 crop. Enektponni rekctosi qani (1
daiin: 11.14 M6aiit). Ha3Ba 3 expana https://ela.kpi.ua/handle/123456789/2487.

3. Usipyk B.IL., ITomsxoB C.I'., I'epacumenko FO.C. EnekTpoximMiuHUil MOHITOPUHT TEXHOTEHHHIX
cepenoBuil. K.: Akagemnepionuka. -2007.- 321c.

4. I3sipeBuy C.B., Conparkin O.11, HaykoBi Ta TeXHOJIOTIYHI 3acail CTBOPEHHS MiHIATIOPHUX
enekTpoxiMiuHux OioceHcopis. / Kuis: HaykoBa mymka, 2006.- 256 c.

5. Kyspmincekuit €.B., lllypcrka K.O. bioenekrpoxiMidHi ocHOBU OioeHepreTrKU: HaBuamsHUH
MOCIOHUK JUTs CTYIeHTIB Hanpsmy miarotoBku 051401 «bioTexHomoris», rpud «PexomeH10BaHO
Metomuunoto pagoro HTYY «KIII» Bix 17.01.2013, mp. Ne 5, cBig-Bo HMY Ne E 12/13 — 072», Kuis, «
HTVYYVY «KIll», 2013, 480 crop. Enekrponni tekctoBi aani (1 daiin: 9.72 Mbaiit). Ha3Ba 3 ekpana
https://ela.kpi.ua/handle/123456789/3548

Jonomixna Jiteparypa:

6. KyseMmincekuit €.B., lllypceka K.O. IIpo6iaemH1 muTanHs eK0O10TEXHOJIOTIT Ta 010€HEPreTUKU
[Minpyunuk mis crynentis BH3 cnenianbhocti 162 «bioTexHomorii Ta 6i0iHxeHepis» (rpu¢ HagaHO
Buenoto panoro KIII im. Irops Cikopebkoro; mporokos Ne 5 Big 14.05.2018p.), Kuis: KIII im. Irops
Cikopcrkoro, 2018. - 75 c.

7. Boiitosuu 1. /1., Kopcyncebkuit B.M., Intenexryanbni cencopu / Kuis: [HCTUTYT KiGepHETUKH 1M.
B.M.I'mymikosa, 2007. — 514 c.
8. JACTY 2603-94 AnanizaTopu rasiB Juisi KOHTPOJIIO BUKHUIIB TPOMHUCIOBUX MIANPUEMCTB. 3arajibHi

TEXHIYHI BUMOTH Ta METOAM BUIPOOyBaHb. Jlep:kcTanaapT YKpaiHu.

9. Encyclopedia of Sensors, Ed. C.A.Grimes, E.C.Dickey, M.V.Pishko, American Scientific
Publisher, California, USA, 2006, V. 7, P.331-339.

10.  Sergeyeva T., Piletska O., Piletsky S., Rationally designed molecularly imprinted polymer
membranes as antibody and enzyme mimics in analytical biotechnology. BBA Advances, V. 3, 2023, ISSN
2667-1603, https://doi.org/10.1016/j.bbadva.2022.100070.

11.  Huang X., Zhu Y., Kianfar E., Nano Biosensors: Properties, applications and electrochemical
techniques, Journal of Materials Research and Technology, V. 12, 2021, P. 1649-1672, ISSN 2238-7854,
https://doi.org/10.1016/j.jmrt.2021.03.048.

12. He L., Eastburn M., Smirk J., Zhao H. Smart Chemical Sensor and Biosensor Networks for
Healthcare  4.0.  Sensors.  2023;  23(12):5754.  https://doi.org/10.3390/s23125754.  URL:
https://www.mdpi.com/1424-8220/23/12/5754.

13.  CepreeBa T. A., €nncbka I'. B. biocencopu. 3’eqHanHs xuBoro 3 HexHuBUM. Science and Science
of Science, 2016, Ne 3. C. 60 — 70. http://dspace.nbuv.gov.ua/bitstream/handle/123456789/132282/05-
Sergeyeva.pdf?sequence=1

14.  [zspesuu C. B. Amnepomerpuyusi pepmentHi 6iocerncopu / C. B. [[3sneBud // Biotechnologia Acta.
-2008. - T. I, Ne 1. - C. 46-60. - Pexxum noctymy: http:/nbuv.gov.ua/UJRN/biot 2008 1 1 7
http://koldog.univ.kiev.ua/sites/default/files/Biotechnology 08 1 P46-60 1.pdf
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5. Meroanka onaHyBaHHSI HABYAJIbHOI IUCHUILTIHU (OCBITHHOT0 KOMIIOHEHTA)
5.1 Jlexkuiiii 3aHATTH

i\f‘; Ha3zBa Temu Jieknii Ta nepesik 0CHOBHHX NUTAHb

1 Po3aia 1. Beryn
Tema 1.1. XapakTepucTinka CeHCOPHKH K MIKIMCHHUILIIHAPHOI 00J1acTIi
IcTopis nutanns. [HBecTHUIii B po3BUTOK OioceHcopiB. HanoTexHouorii. bioenekTpoximiune
miaArpyHTsi ceHcopuku. Ilpeamer Ta 3mict enekTpoximii. XiMIUHUM Ta eIEKTPOXiMIUHUI
MOTEeHITIaM. Buau enekTpoxiMivHUX CHUCTEM Ta iX CKIIaaoBi. bioenekTpoximis.

Jlireparypa: 1 +2

2 Po3ain 2. XiMiuHi ceHCOpPHI cucTeMu
Tema 2.1. XapakTepucTnka XiMiYHHUX CEHCOPHUX CHCTEM
Busnauenns mnonHsaTh. Knacudikamis Ta mnpuHOMN Aii XIMIYHMX CEHCOpPIB: ONTHYHI,
MacOYyTJIMBI, TEIJIOYYTJIMBI, €IEKTPOXiMiYHI Ta CEHCOPH Ha NOJIBOBUX TPAH3UCTOPAX.
Enextpoau, 110 3aCTOCOBYIOTBbCS B €IEKTPOXIMIUHUX CEHCOPHUX CHUCTEMax: IMEpILIOro Ta
JPYToro poiay, Ta3oBi, iHepTHI MeTaneBl. KOHCTPYKIIT ONTUYHUX CEHCOPIB Ta MPHHIIMIT iX
pob6otu. loHcenexkTuBHiI enekTpoau. KomepiiiliHi BapiaHTH CHCTEM Ha OCHOBI XIMIYHUX
CEHCOPIB.

Jliteparypa: 1.

3 Po3nin 3. Biosoriuni ceHcopHi cucTeMun
Tema 3.1. 3arajibHa XapakTepUCTHKA 0I0CEHCOPHHUX CHCTEM
Busnauyenns nousats. ®@izuuHi Tpancaocepu. biocenekTHBHUN po3Mi3HABAILHUI €IIEMEHT.
CydacHi MeTOIM 1 OCHOBHI MPUHIUIM iMMOOLTI3amii ¢epMeHTiB Ta KITHH. Pi3Hi
npuHIUIH podoTtH GioceHcopiB. Kimacudikarist 6ioceHCOpiB.

Jliteparypa: 2.

4 Tema 3.2. ®@epMeHTHI ceHCOPHI cucTeMH
EnextpoximiuHi 6ioceHcopu. be3meniaropni amnepomerpuuHi 6ioceHcopu. MeaiaTopHi
aMIepoMeTpUyH1 010CEHCOPH.

Jliteparypa: 2, 14.

5 Tema 3.3. Marepiaam 1 TeXHOJIOrii BHIOTOBJECHHS aMIIEPOMETPHYHMX
nepeTBOpPIOBaviB
AMnepoMeTpuyHi CEHCOpPH, OCHOBaHI Ha MpPSIMOMY IepeHECEeHH!1 eNeKTpoHiB. AdiHHI
OioceHcopu. Tumu enexkTpoliB 1 BapiaHTU MiAKIIOYEHb, 110 BUKOPUCTOBYIOTHCS B
amnepomMeTpii. CydacHi Marepiaqd 1 TEXHOJOril BUTOTOBJIEHHS aMIEPOMETPUYHHX
nepeTBoproBaviB.  Po3poOka  j1abopaTOpHOTO  MPOTOTUITY  aMIEPOMETPUUHOTO
depmenTHOrO OioceHcopa Ul BU3HaueHHs riinepuny. IlepeBaru Giocencopis. Chepu
3aCTOCYBaHHS 010CEHCOPIB.

Jliteparypa:l, 2.

6 Tema 3.4. Knitunni 0iocencopu. My IbTHCEHCOPHi cCTeMU.
bioceHcopu Ha OCHOBI POCIMHHUX 1 TBapUHHUX TKaHUH. bioceHcopu Ha OCHOBI
MiKpooprasi3miB. ['eHepariisi eleKTpUYHOro CTpyMy MikpoopraHizmMamu. [lepcniekTuBu
PO3BUTKY CEHCOpPIB Ha OCHOBI KITHH OakTepiii. MyJbTUCEHCOPHI CHUCTEMHU.
MynpTudyHKIIOHATIEHE BUKOpUCTaHHS (pepMeHTIB B OloceHcopax. [IpobiemMu cTBOpeHHS
MyJabTHCEeHCOpiB. [lopTaTuBHI cucTeMu (puiaan) st poOOTH 3 MyJIbTHOI0CEHCOPaMHU.
Jliteparypa: 2, 4.

7 Tema 3.5. BiocesiekTUBHI ejieMeHTH 0ioceHCOpPiB HA 0CHOBI OioMiMeTHKIB. [IpuHIIMT
MOJICKYJISIPHOTO IMITPUHTUHTY. KOBasleHTHUI Ta HEKOBAJICHTHUN MOJIEKYJISIPHUI
IMIIpUHTUHT.CTBOPEHHS CEHCOPIB HA OCHOBI 010MIMETHKIB, IPUKJIAIHN IIPUCTPOIB.
Jlireparypa: 10, 13.

8 Tema 3.6. Komepuiiini BapianTi cucreM Ha 0CHOBI OioceHcopiB

Cdepu 3actocyBanHs 6i0ceHCOPIB. AHAMI3aTOPH IS KIITHIYHOT J1arHOCTUKH.
[TopTaTuBHI aHai3aTOPH Il BUKOPUCTAHHS B IOMalIHiX yMoBax. CHcTeMH JUIs in Vivo
MOHITOPHHTY B KJIIHIYHUX YMOBaX. AHAII3aTOPH JIJIsl XapuOBOi MPOMHUCIIOBOCTI,




010TeXHOJIOT1YHOTO0 BUPOOHUIITBA 1 €KOJIOTTYHOT'O MOHITOPHHTY. AHAJI3aTOPH IS
KOHTPOJTIO TIPOIECY BUPOOHUIITBA Ta IKOCTI MPOAYKTIB. AHATI3aTOPH JIs1 €KOJOTIYHOTO
MOHITOpUHTY. OCHOBHI TeHJICHIIIi PO3BUTKY CEHCOPHUX TE€XHOJIOTIH.

Jliteparypa: 1, 12.

9 Po3ain 4. Hanocencopu. XimiuHi ceHCOpU Ha OCHOBI HaHOMarepiaiiB. CeHcopu Ha OCHOBI
HAaHOYaCTUHOK MetaniB. CeHCOpH Ha OCHOBI KBAaHTOBUX TO4OK. CeHCOpHM Ha OCHOBI
HAHOJPOTIB. BrockoHanmeHHs O6i0CEHCOPIB 3a JOMOMOIOI0 pi3HUX HAaHOMAaTepiajiB.
Byrnenesi HanomaTepiaim i1t CTBOPEHHS 010CEHCOPIB.

Jlireparypa: 2, 11.

5.2 IIpakTn4Hi 3aHATTA
MeTor NpakTUYHHUX 3aHATh JAHOTO Kypcy € IMOTJIMOJEHHS 1 3aKpIIUIEHHS 3HaHb CTYJAEHTIB 13
010JI0T1YHHUX Ta XIMIYHUX CEHCOPHUX CHUCTEM, HAaOYTHX ITiJT 4ac JIeKIIii Ta y mpoIeci BUBYCHHS HaBYAIbHOT
iH(opMartii, 1o BUHOCUTHCS HA CAMOCTIMHE OIpaI[fOBaHHSI.

No Kinbkic
s/ Ha3Ba npakTH4YHOr0 3aHATTS Th ayn.

TOAMH
l. KonaykTomMeTpu4Hi ceHCOpH: pO3paxXyHOK eJ1eKTPONPOBIIHOCTI PO3YHHIB. 2

Ontuyni ximiyHi ceHcopu: 3akoH byrepa-JlamOepra-bepa, po3paxyHok
Koeginienta norauuanus. [lorenniomerpuyHi cencopu: piBusinas HepHcra,
PO3PAaXYHOK €JIeKTPOJAHUX MOTEHIiaTiB eJIEKTPOIiB.

Jlimepamypa: 1, 2.

2. Metoau iMmMo0inizanisi 0ios10riYHOr0 MaTepiajry Ha MOBepPXHIO OioceHcopiB 2
Buxopucranns imyHogepMeHTHOro aHaJjidy y 6ioceHcopuui
Jlimepamypa: 1, 2

3. ®epMeHTHI CeHCOpHM: PpO3pPaxXyHOK MIBHAKOCTI OioximiuHOi peakuii Ha 2
€JIeKTPOi, BIUIMB iHri0iTOpiB Ha WBHAKIiCTL peaknil. PiBHanua Mixaemica-
MenreH.

Enexkrpoximiuni 0OioceHcopu Ha OCHOBi ()epMeHTIB IIIOKO300KCHIA3H,
XoJIiHecTepa3u, ypeasu, THPO3UHA3HU, AJTKOT0JIbOKCHIA3H.

Jlimepamypa: 1, 3.

4. Oco0mBoCTi OioceHCOPIB HA OCHOBI POCIUMHHUX TKAHWH. 2
Enexkrpoximiuni 0ioceHCOPH HAa OCHOBiI KJIITHH 3€JICHHX MiKpOBOIOpOCTel
Chlorella Vulgaris.

Jlimepamypa: 1, 2

5. Hanocencopu. XimiuHi ceHcopu Ha ocHOBI HaHoMaTepiajiB. HanoOiocencopu. 2
Jlimepamypa: 1, 2.
6. BiocesiekTuBHiI e1emMenTH 0ioceHcopiB Ha 0CHOBI OiomimMeTuKiB. [TpuHIKT 2

MOJIEKYJISIPHOTO IMIPUHTUHTY. KOBaJIeHTHUI Ta HEKOBaJIEHTHUN MOJIEKYJISIPHUN
iMOpUHTHHT. CTBOPEHHS CEHCOPIB Ha OCHOB1 010MIMETHKIB, IPUKJIAN
MPUCTPOIB, poOOUl XapaKTEPUCTUKH, IPUHIIUIH POOOTH.

Jlimepamypa: 10, 13.

7. Buxopucranus 6ioceHcopiB y MeIMUIMHI. 2
Jlimepamypa:1, 2.

8. 3acTocyBaHHsI CEHCOPHHX TeXHOJIOIi Yy Xap4oBid NPOMHCJIOBOCTI. 2
Buxopucranns 6ioceHCOpPIB /I KOHTPOJIIO 3a0py/IHEHHSI HABKOJIHIIHLOIO
cepeJoBHIIA.

Jlimepamypa: 1, 2.
9. MKP 2




JlabopaTopHi 3aHATTS

JUis  MpakTHUYHOTO MIAKPIMUICHHS PO3MISHYTOTO TEOPETHYHOro Marepialy mependaueHi
naboparopHi pobotu. JlaGopaTopHi poOOTH CHPHSMIOTE HAOYTTIO HABUYOK POOOTH 3 OOJIaTHAHHSIM,

OCBOEHHIO METOIHK, SIKi BAKOPHCTOBYIOTHCS Y 010CEHCOPHIII.
[Tepen mabopaTopHOIO pOOOTOIO POBOIUTHCS OOTOBOPEHHS X0y pOOOTH Ta TEOPETUYHHUX OCHOB 3

BUKJIaJady€eM Ta CKJIaJac€TbCa IIJIaH I[OCJ'IiI[}KCHHH.

Pesynapratu BHKOHAHHA pOOOTH CTYAEHTHU

MIPEACTABIISIIOTH Y BUTJISAI IpadikiB, TaOIHIIb, pPUCYHKIB TOIIO. Ha OCHOBI OTpUMaHUX Pe3yIbTaTiB pOOJIATH
BUCHOBKH. OI11iHKa 3a 1abopaTopHy poOOTY BKIIOYAE SKICTh BUKOHAHHS POOOTH, 0()OPMIICHHS TIPOTOKOITY
JIOCITIJIKEHB Ta 3aXUCTY pOOOTH, SIKMH BKIIIOYA€E TCOPETHUYHI Ta MPAKTUYHI MUTAHHS.

No KinbkicTb
HazBa Temu 1a00paTOpHOro 3aHATTS
3/m TOJIUH (ayauT)
1 | [HcTpykTak 3 TexHiku Oe3meku mpu poOoTi B JabopaTopii, o3HailomieHHs 3 | 1
npaBujIaMu POOOTH B JIabOpaTopii Ta 1abopaTOpHUM OOJIaTHAHHIM
2 | JJaboparopna po6oTa 1. IMMoOiTi3alis KITITHH MIKpOBOJOpOCTel. Brune TokcnyHux | 7
PEYOBHH Ha KUTTE3NATHICT MikpoBogopocteit Chlorella vulgaris
3 | JlabopartopHa pobota 2. ®izuuna ancopOiist 610MOJICKYII. 3
JlaGopatopHna po6ota 3. BukopucranHs imyHopepMeHTHOTO aHaNi3y y 6ioceHcopuiti | 7

6. Camocriiina po0oTa cTyaeHTa

Jiia camocTiitHOT po60TH cTyneHTa nependadeno 96 roa. /st ounoi (nenHo1)/ nuctaniiitnoi popmu
MIPOIMOHYETHCS TAKUX PO3MOLUI FOJUH 33 TEMAMHU 1 BUJAMH pOOIT:

1) Ha migroroBky no icnuty 30 roa.

2) Ha migrorosky 1o MKP 4 roz.

3) Ha Buxonanus PI'P 12 ron.

4) Ha niarotoBky A0 NpaKTUYHUX 3aHATH 14 ron.
5) Ha miarotoBky 10 NeKUIHHUX 3aHATH 18 ro.

6) Ha miarotoBky a0 1a0OpaTOpHUX 3aHAThb, PO3PaXyHKHU Ta O(POPMIIEHHS MPOTOKOJIIB HAa OCHOBI

JAHUX OTPUMAaHMX B X0JIi BAKOHAaHHS J1JabopaTopHUX poOiT — 18 roauH.
IMogiTnka Ta KOHTPOJIb

7. IHoaiTnka HABYAJIbHOI IMCHUILTIHU (OCBITHHOT0 KOMIIOHEHTA)
CucremMa BUMOT, SIKi CTABJIATBHCS MeEpPe] CTYIeHTOM:

Ha JIeKIIi BUKJIa/a4 KOPUCTYEThCS BIACHUM MpE3EHTALIHHUM MaTepialoM; BUKOPUCTOBYE Kilac Ha
wiatdopmi G suite for education ans BUKJIaZaHHS MaTepialy MOTOYHOI JIEKLIi, J0JaTKOBOI iH(opmaii,
METOAMYHHUX BKa31BOK J0 BUKOHAHHS 3aB/IaHb Ta 1HIIIE;
HAIMCaHHs MOJTyJIbHOT KOHTPOJIBHOT pOOOTH B110yBa€ThCs Ha MPAKTUYHOMY 3aHSTTI 0€3 3aCTOCYBaHHS
JOTIOMIHUX 3ac001B (MOOLUTBHI Tene(OHH, MIAHIIETH Ta iH.);

odpopmiena PI'P 3naeTbes He mi3HIIIE HIXK 3a 2 THXKHS A0 KIHIIS CEMECTpY.

HenpuiiHATHUMH Yy HABYAJIBHIH TisIILHOCTI 1JIsl CTY/ICHTIB €:

1) [Inariat — HaBMHCHE YU YCBIIOMJIEHE OIpPHIIIOJHEHHS (OMyOJIiIKyBaHHS), MOBHICTIO a00 YacTKOBO,
qy»O0ro TBOpY (TeKCTy abo imei) mix iMeHeM 0coOM, sika HE € aBTOPOM I[LOTO TBOPY, 0€3 HaJe)KHOTO
o OopMIICHHS MTOCUJIaHb.
2) [laxpaiicTBO, a came:
- danscudikaris adbo ¢adbpukariis iHPOpMaIlii, HAYKOBUX PE3yJIbTATiB Ta HACTYITHE BUKOPUCTaHHS iX B
aKaJeMivHii poOoTi;
- miapoOKa MiANKCIB B TOKYMEHTax (3aJIKOBUX KHUXKKaX, IPOTOKOJIAaX T1abopaTopHUX, pedeparax);

- BUKOPUCTAHHSA TiJI 4aC KOHTPOJIbHUX 3aXOiB 3a00pOHEHUX JONOMDKHHUX MaTepianiB ad0 TEXHIUHUX
3ac001B (LIMaprajiky, MiKpOHaBYIITHUKH, Tele(OHH, MIAHILIETH TOMIO);




- IOCWJIAHHS Ha JITepaTypHi JuKepena, siki He 0yJI0 BUKOPUCTAHO B POOOTI;

- CIIMCYBaHHSI MPU CKJIa/laHH1 Oy/b-5IKOTO BUAY KOHTPOJIIO;

- IPOXOJKCHHSI MPOIIETyP KOHTPOJIIO 3HAHB ITiICTABHUMHU 0COOaMHU.

3) HecankitionoBaHa criBIparis, a came:

- HaJIlaHHS JOTOMOTH Ui 3MIMCHEHHS aKTy aKaJIeMIYHOi HEYECHOCTI — HaBMHCHA YM YCBIJOMIICHA
noromora abo crpo0a JOMOMOTH 1HIIIOMY BYMHUTH aKT aKaJIeMIYHOI HEYECHOCTI;

- mpuA0aHHA B IHIIKMX OCI0 4K OpraHi3alii 3 HaCTYIHHUM IOJaHHAM SIK BIIACHUX PE3YJIbTaTiB HaBYAIbHOI
Ta HAyKOBOI JISUTLHOCTI (3BITiB, pedepaTiB, KOHTPOJIbHHX ).

4) IlporioHyBaHHS YM OTPUMaHHS HEMPABOMIPHOT BUHATOPOIH TIPH OIIHIOBAHHI PE3yJIbTATIB yCHIIIHOCTI,
BUKOHAHHS HABYAJbHUX UM JIOCIITHUIIBKUX 3aBIaHb.

5) BukopuctanHas poAMHHUX a00 CTy>K00BUX 3B’S3KIB JJII OTPUMAHHS TTO3UTUBHOT 200 BUIIOT OIIHKH MPH
CKJIaJlaHHi OyIb-sIKOTO BUAY IT1ICYMKOBOTO KOHTPOJIO 200 mepesar y poOoTi.

VY Bumanky BHSBJICHHS akaaeMiuHoi HepoOpouecHocTi (turariaty B IC3, cimcyBaHHS MpU BUKOHAHHI
MKP abo 3aiikoBOi poOOTH TOIIO): CTYIEHT MOXE MepepoOUTH AaHU BHI pPOOOTH, ajie OTPUMAE TPHU
[[OMY HE BUIIIC 33JIOBLIBHOI OIIIHKH.

[Tpu Bukonanni PI'P Ta iHmmMX 3aBnaHb HEOOXiHO HABOJUTH CIIMCOK TOCHJIAHh Ha BUKOPHCTAaHI
JoKepena. Aje He MO)KHAa BUKOPUCTOBYBATH 1 TOCUIIATHCS HAa POCIMCHKI JpKeperia Ta JKepea pociiichbKoro
MOBOIO.

8. Buau KOHTPOJIIO Ta peiiTHHIOBA CHCTeMa OLiHIOBAHHSA pe3yabTaTiB HaBuyaHHsA (PCO)
IHoTounuii KOHTPOJb: HantucaHnHs MKP, BucTym Ha mpakTHYHOMY 3aHATTI, BUKOHaHHS PI'P.
KanennapHuii KOHTPOJIb: TPOBOAMTHCS IBIYl HA CEMECTp SIK MOHITOPHUHI IMOTOYHOTO CTaHy

BUKOHAHHS BUMOT cuialycy.
CemecTpoBHii KOHTPOJIb: ICITHUT.

YMOBH 10IIyCKY JJO CEMECTPOBOTO KOHTPOJI0: BUKOHaHHA PI'P Ta nanucanns MKP.
PeliTHHT cTyaeHTa CKJIAAA€ThCs 3 0aliB, 110 BIH OTPUMYE 3a:

1) nanucanus MKP;

2) poOOTy Ha MPAKTUYHOMY 3aHSATTI;

3) Bukonanus PI'P.
KpuTepii HapaxyBanns 0aJiB:

Ne KinbkicTh .
Buj xonTposio ban Cyma 0aniB
n/n 3aHATH
*/lonoBiab HA NPAKTHYHOMY 3AHATTI 1 10
1. - BaroBuii Oai r¢ 20
- AKICTh BUKOHAHHSA 0-20
**MoayJ/JbHA KOHTPOJIbHA podoTa 1 10
2. -BaroBuii Oai rg 20
- IKICTh BUKOHAHHSA 0-20
***4pTP 1 15
- BaroBuii 0aJ rg 10
3 -
- IKICTh BUKOHAHHSA 0-10
****BykoHaHHA Ta 3aXUCT
4 ) 0-5 3 15
1a00paTOpPHUX POOIT

*$KicTh BUKOHAHHS IOMOBIII:
JieTajgbHa JOMOBI/Ib 3 TOBHUM PO3KPUTTSAM TEMH, IIPE3CHTALIIE0, TOBHI PO3KPUTI BIAMOBIAI Ha BCi

MOCTaBJICHH] 3alIUTaHHsI, AKTUBHA y9aCTh HA MPAKTHYHUX 3aHSITTSIX -9 -10 Gamnis;
HETMOBHE PO3KPHUTTS TEMH, HETIOBHI BiJIMOBi1 HA JACSIKi 3alTUTAHHS -5 — 8 Gamnis;

CYTTEBI IOMIJIKH B POOOTIi, HETIOBHI BiINOBIII HAa BC1 3aMUTaHHs a00 BiJICYTHICTH BiJIMOBIIEH

Ha ekl 3 HAX 2- - 4 6anu;

poboTa He 3apaxoBaHa 0-1 6an

**MKP MicTHTB 5 3aIIUTaHb, KOXKHE 3 SKHUX OLIIHIOETHCS B 2 Oayu:



MIOBHA PO3KPHUTA BIMOBIb 2 Ganwy;

HEIIOBHA BIAIIOBIAbL 1,5 6anu;
IIOMUJIKA B 3aBIaHi 1 6ax;
poboTa He 3apaxoBaHa 0 - 0,5 6aina.

*** SIkicth BukoHaHHs PI'P:

PT'P cknamaeThest 3 TphOX 3aBJ/IaHb, JABa 3 SKUX (3a/1a4i) OI[IHIOIOTHCS B 2,5 6anu 1 ogHe (Teopetudne) B 10
OauiB.

MTOBHA PO3KPHUTA BIMOBIIL HA BCI 3aBIaHHS 14 -15 OamiB ;

MOMHJIKA B OJTHOMY 3aBJ/IaHHI, a00 HEMOBHA BiMOBIAb B IBOX 3aB/JIaHHSX,

HEJI0JIIKU B 0pOopMIIEHI POOOTH 12-13 GautiB ;

ITIOMHMJIKA B JIBOX 3aBJaHb a00 HEIOBHA BIAMOBIAL B 3 3aBIaHHIX - 9-11 Oauis;

poboTa He 3apaxoBaHa - 0 — 8 Gauris.

****BukoHaHHS Ta 3aXUCT J1a00OpPaTOPHUX POOIT

JlabopatopHi poOOTH OIIHIOIOTHCS 32 Pe3yJIbTaTaMH KOHTPOJIIO MiATOTOBKHU CTYACHTA O BUKOHAHHS
nabopaTopHOi pOOOTH (BX1THUM KOHTPOJIB), 0OpMIIEHHS pOOOTH, 3aCBOEHHS BIAMOBIAHOTO
TEOPETUIHOTO (JISKIIIHOT0) MaTepially — 3aXUCT JaOOPaTOpHOi POOOTH.

MakcumanbHa KUTbKICTh OalliB 32 BUKOHAHHS Ta 3aXHCT 1 maboparopHoi pobotu — 5 6aniB. Pobora
3apaxOBYEThCS y TOMY BHITAJKy, KOJIM CTYICHT HaOpaB He MeHIe 3 OaiiB 3 5.

Kpwutepii omintoBaHHS:

BX1/IHUI KOHTPOJIB!

NpaBUJIbHI BIJIOBI/II HA BCi 3alIUTaHHS BXiJTHOTO KOHTPOJIIO 2

HETOYH1 a00 HEMpPaBWIbHI BIMOBII HA OKpPEeMi 3allUTaHHs BXiTHOTO KOHTpoto 0,5-1 6an

HEeNpaBWJIbHI BINIOBI/II HA BC1 3alIUTaHHS, CTYACHT HE PO3yMI€ CyTh Ta MOPSAJOK BUKOHAHHS poOOTH — HE

JIOIYIIIEHO /10 BUKOHAHHS JabopaTopHoi podotn 0 OamiB

odopmIIeHHS pOOOTH:

paBUIbHO 0(opMIiIeHa poOOTa 3 TOBHUM BHCHOBKOM 3 6anu;

NOMMJIKUA B 0pOpMIIEHHI poOOTH 200 po3paxyHKax, a00 HEMpaBUIbHO CHOPMYJILOBAaHUIN BUCHOBOK
0,5-2,5 Oana;

3aXHCT Ja0OPaTOPHOI pOOOTH

[IOBHA BiAIOBIAL HA 3aIIUTAHHS 5 OauiB;

HEIOBHA BIANOBIAL 1-4 Oanu;

He3a0B1IbHA BIIMOBIAL 0 OaiiB

3aoxouysanvhi banu

117;)1 Bua podotn ban KiabkicTs Cyma baniB
1 Buctyn Ha koH(pepeHIii 3a TeMaTHKOIO 5 1 5
] JIACIUIUTIHA
UImpagni 6anu
Ne ban
/11
1. HecBoeuacHa 3qaua PI'P -1/THxneHn

Cyma BaroBux 0aJliB KOHTPOJIBHUX 3aX0JliB MIPOTITOM CEMECTPY CKIIAJAE:

Rc=10+10+ 15+ 15 =50 Gaui..

Ex3amenariiina cknamoBa mkanu gopisaioe 50% Big R, a came

Re =R 0,5/0,5 = 50 Gamis.

Peilitunrosa mkana 3 qucruiuiiau ckinagae R= R + Re=100 Ganis.

Heo0ximHoI0 YMOBOIO /I TOMYCKY /10 €K3aMeHy € 3apaxyBaHHs PI'P ta MomybHOT KOHTPOIBHOT
poboTH.

binet mictuth 5 3anutans o 10 0aniB KoKHE.



SkicTh CKIIaIaHHS ICTIUTY:

MOBHA PO3KPHUTA BiJIIOBIIb - 10 6auis;
HEIIOBHA BIAMNOBIIb - 8 — 9 Oaus;
[IOMMJIKA B 3aBJaHl - 6 — 7 OamiB;
poboTa He 3apaxoBaHa - 0 -5 Gauis.
3acanvhuii peitmune:

PeliTunr Tpaauuiiina oriHka

95<R<100 BIZIMIHHO

85<R<94 JIy’Ke 100pe

75 <R<84 n00pe

65< R<74 3a0BLJILHO

60<R <64 INOCTaTHRO

R<60 HE3a10BLIBHO

Po6ouy nporpamy HaBuaiabHoi Aucuuimiing (Cuiaadyc):
CxuageHo goueHtoMm kadenpu OioeHepreTHKH, OioiH(POpMATHKU Ta €KOOiOTexXHoJorii, K.0..H.,
c.H.c. 'puntok Ipunoro IBaniBHO!O.

YxBaseHo kadeaporo OioeHepreTHKH, 610iHGOPMATUKH Ta eK00i0TeXHOIOTT (TIpoToKOoI Ne 14 Bix
27.05.2024.)

IMoromxeHno MeToIMIHOO KoMiciero (akynbTeTy (mpoTokon Ne 19 Bim 28.06.2024 p.).

Iepeaik nurans 10 MKP.

1. JlaiiTe BU3HAYEHHS 1 OXapakTepusyilTe Taki MOHATTSA SK XIMIYHMM CEHCOp, XIMIYHO
CEJICKTMUBHUI pO3Mi3HABAJILHUIN €JIEMEHT, TPaHCIbIoCcep

2. Sxi pyHaaMeHTanbHI SIBUIIA JIEKATh B OCHOBI /i1 ONTUYHUX XIMIYHUX CEHCOpPIB?

3. JaiiTe BU3HAYEHHS 1 OXapakTepu3yWTe aOcopOIlito, BIJOUTTS 1 JIIOMIHECUEHINIO SK
(dbyHIaMeHTaJIbHI SBUIIA, [0 JIEKATh B OCHOBI i1 ONTHYHUX XIMIYHUX CEHCOPIB.

4. JlaliTe BW3HAUEHHS 1 OXapaKTEpH3yHTE JIOMIHECIEHIIIO 1 (OTOTIOMIHECIICHITIIO K
(dbyHIaMeHTaJIbHI SBHIIA, [0 JIEKATh B OCHOBI i1 ONTHYHUX XIMIYHHUX CEHCOPIB.

5. Hagenits 1 oxapakTepusyiite piBHsIHHS 00'enHaHoro 3akoHy byrepa-Jlambepra-bepa, B TiMm

YUCl 1 B IHTErpayibHi (GOopMi, 32 IKMM OOYHCIIOETHCS MOTYXKHICTH CBITJIOBOTO BHIIPOMIHIOBaHHS Ha
BUXO/Il CCHCOPHOI KOMIPKHU B IPUCYTHOCTI 1 IPU BIJICYTHOCTI OCI1)KYyBaHO1 pEYOBHHHU.

6. Bynosa i nmpuHIMI poOOTH ONTHYHUX XIMIYHUX CEHCOPIB.

7. [TosicHuTh MpUHIUO POOOTH IHTErPANbHO-ONTUYHUX XIMIYHMX JaT4MKIB abcopOLiiHOTO
THUITY.

8. HageziTh Hali011b11I BaXKJIMBI MIEpeBark ONTUYHUX XIMIYHUX CEHCOPIB.

9. 1o Take i10HOCENEKTUBHUHN MOIBOBUI TpaH3UCTOP?

10. BukonaiiTe TepMOIuHAMIYHUN aHAJi3 10HOCEIIEKTUBHOTO MTOJIbOBOTO TPAH3UCTOPA.

11. HaBenite 1 oxapakTepusyiiTe THUIIM 10HOCEIEKTHBHHUX MeMOpaH, SKi 3aCTOCOBYIOTh B
10HOCEJICKTUBHUX MOJIbOBUX TPAH3UCTOPAX.

12. Oxapaktepu3yiTe TBEpAOTUIbHI 10HCENIEKTUBHI MEMOpaHH.

13. OxapakTepu3yiTe TeTepOTeHHI Ta MOJIMEpHI 10HCEIEKTUBHI MEMOpaHH.

14. Bukonaiite nopiBHsuIbHUE aHami3 pH enekTpoliB Ha OCHOBI 10HOCEIEKTHBHUX MOJIbOBUX

TPAH3HUCTOPIB Ta CKIISTHUX €JIEKTPO/IIB.



15. OxapakTepu3yiTe eIeKTpHYHI HAmiBIOPOBIAHUKOBI XimiuHi ceHcopu (XC) Ha OCHOBI
OKCHJIIB MeTaJIiB Ta I'e30enekTpruyHi XC.

16. [TosicHUTH BUKOpPHCTAHHS MPUHLUIY T'€30e(eKTy st OPMyBaHHS CUTHAIY CEHCOpa.

17. JlaliTe BU3HAUYCHHS 1 XapaKTEpUCTUKY 010CEHCOpaM OPraHiB 4y TTSI.

18. JlaiiTe BU3HAUCHHS PELETITOPaM 1 OXapaKTEepPU3yHTE CEHCOPHI CUCTEMH KUBUX OPTaHi3MiB.

19. Po3kpuiite 3MICT CEHCOPHOTO MEPETBOPEHHS 30BHIIIHHOIO CUTHATY B )KHBUX OpraHi3Max --
CEHCOPHOI TPaHCIYKIIii.

20. HaBenith 1 MOSICHITH CXEMy OCHOBHHUX NUISIXIB CEHCOPHOI TPaHCAYKIi 3a YYacTiO
BHYTPIITHBOKIITHHHUX ITOCEPEIHUKIB.

21. JlaiiTe BU3HAYCHHS O10JIOTIYHOMY CEHCOPY SIK TEXHIYHOMY aHAIITHYHOMY IPUCTPOIO.

22. HaBeniTh 1 MOSACHITH CXeMy yCTpOIO OioceHcopa.

23. Hagenite 1 oxapakTepusydTe THUIH OIOKOMITOHCHTIB Oi0CEIEKTHBHHX pPO3IMi3HABAIBHUX
eJeMeHTIB 1 (PI3UYHUX MEepeTBOPIOBaUiB (TPaHCALIOCEPIB) 010CEHCOPIB.

24, JlaiiTe BU3HAYCHHS 1 XapaKTEPUCTUKY O10CEICKTUBHOMY PO3Ii3HABAIHLHOMY C€JICMCHTY.

25. [TosicHiTh, 110 co00I0 TpeacTaBiste Hi3UIHUNA IEPETBOPIOBAY — TPAHCABIOCED.

26. Oxapakrepu3yite pizHi (yHKIIOHAIBHI TiIX0AH OpraHi3ailii 0i0ceHCOopiB.

27. HaBenith 1 oxapakTepusyiiTe OCHOBHI crocobu iMmoOimizamii (GepMeHTIB Ta KIITHUH 5K
O10JIOTIYHHUX PO3IMi3HABAIBHHUX CIICMEHTIB.

28. HaBeniTh 1 MOSICHITH NPUHIIMIIOBY CXeMYy Jii OioceHcopa.

29. Bukonaiite anani3 kinacudikamnii 6ioceHcopiB 3a (yHKIIIOHATEHUM IPHHIIATIOM.

30. HageniTh HasBHI kiacudikaiii 6ioceHcopiB 3a po3MipamMu, 32 YMOBaMHU BUKOPUCTAHHS Ta 32
MOUIMPEHICTIO MOILTY 010CEHCOPIB Ha KIIACH 1 BXKHBAHICTIO.

31. Ski BM 3Ha€Te TUMHU EJIEKTPOMAIB 1 BapiaHTH MiJKIIOYEHb, 10 BUKOPHUCTOBYIOTHCS B
aMIIepOMETPUIHUX OioceHcopax?

32. 300pa3iTh OCHOBHI CXEMHU MiAKIIIOUEHHS aMIIepOMETPUIHOrO OioceHcopa.

33. SAxi Bu Moxere Ha3BaTM HaWOLIbII MOMIMPEHI €JIEKTPOAM TOPIBHSAHHA, WIO
BUKOPHUCTOBYIOTHCS JIJISl €IEKTPOXIMIYHIX BUMIPIOBaHb Y BOJAHHX CEPEOBHILAX.

34. B oMy CyTh €1eKTpOXIMIYHOTO HIATPYHTS aMIEPOMETPUYHOTO METO/1y BUMIPIOBAaHb?

35. JlaiiTe BU3HAYCHHS TAaKUM MOHATTSM SIK €IEKTPOJHUN MPOLIEC, EIeKTPOAKTUBHI PEUOBUHH,
dapaneeBchki Ta He(hapaIeeBChbKI MPOIIECH, KOHIIEHTPAIllifHA Ta €JIEKTPOXIMIUHA MOISPHU3aLlis

36. HaBenith 1 pmaiiTe aHami3 OCHOBHOTO PIBHSHHS EJIEKTPOXIMIYHOI KIHETHKH SK

CHIBBIIHOIIIEHHS MIX MUTOMOIO CHUJIOIO CTPYMY Ta MPHUKJIAJACHOIO A0 MEXI1 MOAULY €IeKTPO]I/E€IeKTPOIIIT
PI3HUIICIO TOTEHIiaIB.

37. Koporko  oxapakTepu3yiiTe  €JIEKTPOXIMIYHI ~ METOAHM, 1[0 HAWOUIBII  HIMPOKO
BUKOPUCTOBYIOTHCS B O10CEHCOPUII: IIMKIIIYHY BOJIBTAMIEPOMETPII0, MOTEHIIOMETPil0, aMIIEPOMETPIIO,
nosisiporpadisi.

38. [TepepaxyiiTe NpUYMHU, SIKI MEPEMIKOPKAIM IIMPOKOMY 3aCTOCYBAaHHIO (DEpPMEHTIB B
6ioceHcopHuIll.

39. Jaiite Bu3HauUeHHs epMeHTaM K e(eKTUBHUM O10JIOTTYHUM KaTalli3aTopaMm.

40. B womy monsirana ines Kimapka i mo co6oro mpenacrasisie pepmentauii enektpoa Kimapka?

41. [TepepaxyiiTe i oxapakrepusyiiTe cnocoOu iMmMo0iizalii pepMeHTIB B GioceHCOpax.

42. Hagenith kmacugikamito 1 oxapakTepusyiiTe TEXHOJOrIl, 110 BUKOPUCTOBYIOTHCA MpPH
BUTOTOBJICHHI aMIIEPOMETPUYHHX NT€PETBOPIOBAYIB.

43. [lepepaxyiiTe Marepianu, sKI HaW4YacTille BUKOPUCTOBYIOTHCS TIPU BUTOTOBJIEHHI
IHIUKATOPHOTO (POoOOUOro) enekTpoaa bioceHcopa.

44, BukonaiiTe aHami3 HayKOBO — JOCIITHOTO €Tanmy po3pobiieHHs (hepMEeHTHUX O10CEHCOPIB.

45. JlaiiTe BU3HAUEHHS 1 OXapaKkTepu3yiiTe 6e3me1iaTOpHI aMIepoOMeTpHYHi 010CEHCOPH.

46. Hagenite 1 mosicHITh (pepMEHTATHBHI peakilii 3a y4acTI0 OKCHJIa3, sIKi MAalOTh MiCIle B
0e3MeIiaTOPHUX aMIIEPOMETPUYHHUX O10CEHCOpax.

47. [TosicHITh 3aranbHUN MeXaHi3M poOOTH 0e3MeTIaTOPHOTO aMIIEPOMETPUIHOTO Oi0CceHCopa,
110 TPYHTY€ETHCS] Ha BU3HAUCHHI KHCHIO Ta MEPOKCUIY BOJIHIO.

48. HaBenith 1 mosiICHITE pepMEHTATHBHI PEaKIIii 32 Y4acTIO JIETiApOoreHas, siki MaroTh MICIIe B
0e3MeIiaTOPHUX aMIIEPOMETPUYHHIX Oi0CeHCOpax.

49. Sxi Bu 3Haere MynbTHU(QEpPMEHTHI CHUCTEMH, IO 3aCTOCOBYIOTHCS B 0O€3MemaiaTOPHUX

amIepMeTpHuHuX O6ioceHcopax?



Ta

50. HageniTh 1 MOSICHITH CXeMy TUIIOKO3HOTO 0e3MeliaTOPHOr0 aMIepMETPUYHOro OioceHcopa
MIPUHITUTT HOTO POOOTH.
51. B dYomy mnomsraroth mnepeBard, OOMEXKEHHS Ta MOXIMBI I[UISXH BIOCKOHAJICHHS

06e3MeIaTOPHOro aMIepMeTPUUHOro 010CeHCOpa, 3aCHOBAHOT0 Ha KHCHEBOMY enekTpoai Kiapka?

O 0 1IN DN K W —
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52. Hapmaiite mMOpIBHAJIBHY XapaKTEPUCTUKY aMIEPMETPUYHOTO O€3MeIiaTOPHOTO METOAY IO
BIIHOIICHHIO JI0 IHIIUX ICHYIOUHMX CIHOCOOIB BH3HAYCHHS KOHIIEHTpAIl TJIIOKO3H, JIAKTO3W Ta
caxaposu.

53. V yomy nossirae NpUHIUI MOJICKYJSIPHOTO IMIIPUHTHHTY ?

54. OxapakTepu3yiTe MOHATTS KOBAJIEHTHOTO Ta HEKOBAJIEHTHOTI'O MOJIEKYJISIPHOTO IMIPUHTHHTY .

55. CTBOpeHHSI CEHCOpIB Ha OCHOBI 0IOMIMETHKIB, MPUKJIAANW MPUCTPOIB, poOOUl XapaKTEPUCTUKH,
MPUHIIUIINA POOOTH.

IlepeJiik MUTaHb AJIA TONOBiIel HA MPAKTUYHOMY 3aHSTTI.

. IcTopist po3BUTKY Ta CTAaHOBIICHHS XIMIYHUX CEHCOPIB K CaMOCTIHHOTO PO3/ITYy aHATITHKH.
. BukopucTanHsI CEHCOPHUX TEXHOJIOTiH B METUIIMHI.

. bioceHcopu: cTaH Ta NEpCHEKTHBH HAYKOBUX JOCIHIIKCHb.

. CTaH pO3BUTKY CEHCOPUKH B YKpaiHi.

. [oHCeneKTUBHI eNeKTPoIn B aHai31 MPUPOJHUX 1 IPOMHCIOBUX 00’ €KTIB

. EnextpoximiuHi CEeHCOpH Ha OCHOB1 10HO(OPIB.

. [oHCeneKTUBHI eNneKTpoIu: icTopis po3poOKH, Kiacudikalis, chepr 3acTOCyBaHHS.

. EnexTpoHHMI S3UK — CHCTEMH XiMIYHHX CEHCOPIB JJIs aHaJIi3y BOJHHUX CEPEIOBHILL.

. XIMiYHI CEHCOPH ISl aHAJIi3y Ta30BUX CEPEAOBHIII.

. XiIMiYH1 CEeHCOpPH Ha OCHOBI HAHOTPYOOK.
. EnextpoximiuHi 6i0ceHCOpH Ha OCHOBI KIIITHH 3€JICHUX MiKPOBOJOPOCTEH

Chlorella Vulgaris.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

BioceHcopu Ha OCHOBI TKaHMH POCIIUH: po3po0OKa, 0COOIMBOCTI, Chepu 3aCTOCYBAHHS.
bioceHcopu Ha OCHOBI TKaHUH TBApPHUH: pO3pOOKa, 0COOIMBOCTI, chpepu 3aCTOCYBAHHS.
Biocencopu 17151 BU3HAUSHHS C€UOBOI KUCIIOTH.

dakTopu, 10 BILUTMBAIOTH HA XapaKTEPUCTUKU CEHCOPIB.

bioceHcopu 3 amiak-uyyTIMBUMH €JIEKTPOAAMU: PO3pOOKa, 0COOIUBOCTI, chepH 3acTOCYBaHHS.
Cencopu U BU3HAYCHHS TIIFOKO3H, €TAHOIY Y KPOBI JIFOTUHH.

3acTocyBaHHS CEHCOPHUX TEXHOJIOTIH y XapyoBiii IPOMHUCIOBOCTI.

XiMiuH1 Ta 010JIOT14HI CEHCOPH ISl BA3HAYEHHSI IECTULIUIB.

Crnioco6u iMmo0inizanii (hepMeHTIB Ta KIIITHH B 610CEHCOpax.

bioceHcopu Ha OCHOBI Tiipoias.

EnextpoxiMiyHi 610cEHCOpPH HAa OCHOBI MEPOKCHJIA31 XPOHY.

biocencopu niist BU3HAYSHHST KOHIIEHTPAIli CTEPOiTHUX TIIKOATKAIOIIIB.

Biocencopu amst netexii cynbdoapoMaTHUHUX 1 (PEHOIBHUX CIIOYK.

EnextpoximiuHi 610CE€HCOpY Ha OCHOBI XOJIIHECTEPa3H AJIsl 11arHOCTUKU 3a0pyTHEHHS HABKOJIUIITHHOTO

cCpcaoBHIIIA.

26
27
28
29
30
31

. BukopucTtanHs JIOMiHECIYIOUHX MIKPOOPraHi3MiB J1J1sl 610TE€CTYBaHHS MIHEPAJIbHUX BO/I.

. Amnepometpuuni JIHK- ceHcopu 1711 BU3HAUEHHS BaKKUX METaJliB Ta (papMIpenaparis.

. bioenexTpokaraniTuuHe BU3HAYEHHSI TOX1THUX (PEHOITY 1 MEPOKCUAHUX CIOYK.

. biocencopu 11t BU3HaYeHHS KOHIIEHTpALlli CeY0BOT KUCIIOTH.

. TpudepmenTH1 6i0ceHCOPH 1711 BU3HAYEHHSI KOHLIEHTpAllli caxapo3u.

. bipepmenTHi OioceHcopu UIsi BU3HAUEHHS KOHIICHTpAIll TJIIOKO3W HAa OCHOBI TMEPOKCHIA3H Ta

TJIFIOKO300KCHAAa3H.

32
33
34
35

. Meroau immo06ini3anii (hepMeHTIB Ha eJIEKTPO CEHCOPIB.

. BCK 6iocencopu.

. biocenexTuBHi exeMeHTH 010CEHCOPIB HA OCHOBI 010MIMETHKIB.
. HaroGiocencopm.



Ipuxkaagu TunoBux 3aaay ajas PI'P.

3HaiiAiTh KOHCTAaHTY Mixaemica 1 MaKCUMaJIbHy IIBHJIKICTh KaTaJiTUYHOTO PO3KIIAJIaHHS TiAPONEPEKUCY
TETPAJIiHY 32 TAKUMH KIHCTHYHUM JTAHHSIM:
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BusHauuTy KOHLIEHTpALiIO 10HIB MIJl Y PO3YMHI, SKIIO PIBHOBAXKHUI MOTEHLIAJI MIJHOTO €JleKTpoJa B
po3uuHi CuSO4 npu temneparypi 25°C nopishioe 0,281 B (EOCu = 0,34 B).

Jnis meBHOT pepMeHTAaTHBHOI peakiii KoHcTanTa Mixaenica nopisHioe 0,035 mons / 1. IlIBuakicTs peaxiii
npu KoHIeHTparlii cyocrpaty 0.110 moub / 1 qopiBHIo€ 1,15-10-3 monb / (qM3-c). 3HANAITE MAKCUMAIBHY
MIBUKICTB Ii€1 peaxiiii.

Po3paxyBaTu moTeHIiaj MiTHOTO €IeKTPOAY B po34MHi, KU MicTUTh 3,2 T CuSO4 B 500 M1 po3unHy npu
25°C. Cryminp nucorriaiii comi y po3unHi ckiaagae 60%.

[TouaTkoBa HIBUAKICTE OKMCHEHHS CYKIMHATy HaTpito B (ymapar Harpito MmiJg Ji€ro (hepMeHTy
CYKIIMHOKCHJIa3u OyJia BUMIpsiHA JUIS Psily 3HaUeHb KOHIIEHTpaliil cyocTpary:

[S], mons/ nM3 0,01 0,002 0,001 0,00050,00033

W-106, moas/(am3-¢c) 1,17 0,99 0,79 0,62 0,50

Busznaute koHcTanTy Mixaenica gaHoi peakiiii.

Busznauutu npu t=250C piBHOBaO)XXHHI OKMCHO-BIJTHOBHUH MOTEHITIA INIATHHOBOTO €JIEKTPO/Ia Y PO3UHHI,
M0 MICTUTh HUTOXpoM f3+ 1 nutoxpom f2+. KoHueHntpaiis muroxpomy f3+B 5 pasiB Ouiblue, HiX
nurToxpomy f2+. OKHCHO-BITHOBHA PiBHOBAra Ha IJIATHHOBOMY €JIE€KTPO/II:

nuroxpom f3+(Fe3+)+e€ — muroxpom f2+ (Fe2+). E0=0,365 B



[TouaTtkoBa mBHAKICTH BUALIeHHS O2 mpu 1ii GpepMeHTy Ha cyOcTpar Oyia BUMIpsSHA Ui pALy 3HAUYEHb
KOHIICHTpaIlii cyocTpary:

[S], monb/ 1M3 0,050 0,017 0,010 0,005 0,002

w,mm3 /xB8 16,6 12,4 10,1 6,6 3,3

Busnaute koncranty Mixaernica 1aHoi peakiii.

Busnauntu BenMuuHY PiBHOBR)XXHOTO MOTEHLIaMy cpioHoro enextpona B 0,5 M pozunni AgNO3 (E0Ag =
0,8 B).

BusHaunT KOHIEHTpaMLilo 10HIB MiJi y pO34YMHi, SIKIIO PIBHOBXHUN MOTEHIA MIJHOTO €JIEKTPOAA B
po3unHi CuSO4 mipu remneparypi 20°C nopisaroe 0,2 B (EOCu = 0,34 B).

st meBHOT hepMeHTAaTUBHOI peakilii konctanta Mixaemica nopiBatoe 0,025 moms / 1. IIBUAKICTE peakiii
npu KoHIeHTparii cydcrpary 0,10 moins / 1 gopiBaIoe 1,01-10-3 mMonb / (am3-c). 3HAHAITF MAaKCUMATBHY
IIBUIKICTh €T peaKIrii.

BusnaunTn npu t=298 K piBHOBa)KHHI OKMCHO-BITHOBHHIA TIOTEHI{iaJl IUTATHHOBOT'O €JIEKTPO/Ia Y PO3UHHI,
0 MicTUTh mUTOXpoM f3+ i mutoxpom f2+. Konuentparmis muroxpomy f3+B 10 pasiB Ouibmie, Hix
uTOXpoMy f2+. OKMCHO-BITHOBHA piBHOBAra Ha IJIATUHOBOMY €JIEKTPOIL:

nuroxpom f3+(Fe3+)+& — muroxpom f2+ (Fe2+). E0=0,365 B

[TouaTkoBa HIBMAKICTH OKHUCHEHHS CYKIIMHATy HaTpito B (QymapaT HaTpiro mix Ji€ro ¢epMeHTy
CYKUMHOKCH/1a3¥ OyJ1a BUMIpsiHA JJIs psily 3HA4eHb KOHIIEHTpalild cyocTpary:

[S], monb/ M3 0,01 0,002 0,001 0,00050,00033
W-106, monw/(mm3-c) 1,17 0,99 0,79 0,62 0,50
Busnaure koHcTaHTy Mixaemica qaHoi peaxiiii.

Po3paxyBaTu moTeHIiaj MiTHOTO €IeKTPOAY B pO34MHi, KU MicTUTh 3,2 T CuSO4 B 600 M1 po3unHy npu
25°C. Cryminb nucorianii comi y po3uuHi ckiaagae 55%.

[ToyarkoBa mBUAKICTh BuAUIeHHs O2 npu aii GpepmeHTy Ha cyOcTpaT Oyna BUMIipsiHA Ui pALy 3HAUCHb
KOHIICHTpaIlii cyocTpary:

[S], Moaw/ mM3 0,050 0,017 0,010 0,005 0,002
w,MM3 /xB 16,6 124 10,1 6,6 33
Busnaute koHcTaHTy Mixaenica JaHoi peakIlii.

BusHaunTy BenmuuuHy piBHOBa)XXHOTO MOTEHIiay cpibHoro enekrpoaa B 0,1 M pozunai AgNO3 (EOAg =
0,8 B).

3Haii1iTh KOHCTaHTYy Mixaenica 1 MaKCUMallbHY IIBUKICTh KaTATITUYHOTO OKUCIICHHS ITUKIJIOTEKCEH TPET-
Oy THJIIIEPOKCHIOM 32 HACTYITHUMH KIHETUIHUMH JTaHHUMH
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BusnHaunTy KOHILIEHTpALiIO 10HIB MiJi Y PO3YUHI, SKIO PIBHOBAXXHUI MOTEHIIa]d MiJHOTO €JEeKTPOJa B
po3unHi CuSO4 npu Temnepatypi 20°C nopisstoe 0,1 B (EOCu = 0,34 B).

st meBHOT pepMeHTATHBHOT peakiiii koHcTtanta Mixaemica gopiBatoe 0,03 mons / m. [IBuakicTs peakirii
npu KoHeHTpauii cyoerpary 0,15 mons / 1 nopiBaroe 1,01-10-3 momb / (aM3-c). 3HalAITh MaKCUMAJIbHY
IIBUIKICTH ITIE€T peaKIrii.

Busnauntu npu t=298 K piBHOBa)XHMI1 OKUCHO-B1THOBHUI OTEHII1aJl INIATHHOBOIO €JIEKTPOJIa Y PO3UHHI,
110 MICTUTh LUTOXpoM f3+ 1 nuroxpom f2+. Konnenrpauis uuroxpomy f3+8 100 pasiB Ouiblue, HIXK
uToXpoMy f2+. OKMCHO-BIJTHOBHA piBHOBAra Ha MJIATUHOBOMY €JIEKTPO/Ii:

nurtoxpom f3+(Fe3+)+& — muroxpom f2+ (Fe2+). E0=0,365 B

[louaTtkoBa MIBUIKICTh OKHWCHEHHS CYKUMHATy HaTpil0o B (QyMapaT HaTpilo Mmia i€ (QepMeHTy
CYKIIMHOKCHJIa3u OyJia BUMIpsiHA JUIS Psily 3HaUeHb KOHIIEHTpalil cyocTpary:

[S], monb/ M3 0,01 0,001 0,0005
W-106, mons/(am3-c) 1,17 0,79 0,62
Busnaute koHctanTy Mixaenica 1aHoi peakiii.

Po3paxyBaTu moTeHIiajl MiTHOTO €IeKTPOAY B po3uMHi, kUi MicTUTh 3,2 r CuSO4 B 600 M1 po3unHy npu
25°C. Cryminp nucortiaiii comi y po3duHi ckiaagae 55%.

[TouaTkoBa mBUAKICTh BuAuleHHd O2 npu aii pepmeHTy Ha cyOcTpat Oyna BUMipsiHA Ui psiy 3HaY€Hb
KOHIIEHTpaIliif cyOcTpaTy:

[S], monb/ 1M3 0,050 0,017 0,010 0,005 0,002
w,mMm3 /xB 16,6 12,4 10,1 6,6 3,3
Busnaute koHcTanTy Mixaenica 1aHoi peakiii.

BusnaunTu BeMYMHY piBHOBA)KHOTO MOTEHIiany cpioHoro enektpona B 0,1 M pozunni AgNO3 (E0Ag =
0,8 B).



3anuraHHda 10 icnuTy

1. OxapaxTepu3syiiTe MKIUCIUIUTIHAPHUNA CTaTyC CEHCOPUKH.

2. HaBenith T0OJ0BHI e€Tany PO3BUTKY Ta CTAHOBJIICHHS XIMIYHUX CEHCOPIB SIK CAMOCTIHHOTO PO3ALTY
AHATITHKH.

3. HaBenite 1 oxapakTepusyiTe sBUIA, ¢PEKTH 1 BUAM IEPETBOPEHHS €HEPrii, sIKI MOXYTh OyTH
BUKOPHUCTAHI JUIsl TOOYIOBH CEHCOPIB.

4. Haenith pi3HI NpUHIMIH KJIacuDiKaIlii XIMIYHUX CEHCOPIB 1 OXapaKTEPU3YHTE HAWO1IBII MOIUPEHY
Y BUIJISAJII CXEMH.

5. Kopotko oxapakTepu3syiite OyJ0BY i IPUHIIUIT POOOTH XIMIYHHX CEHCOPIB.

6. JaiiTe BU3HAYCHHS 1 OXapaKTepU3yHTe TaKi MOHATTA SIK XIMIYHUI CEHCOp, XIMIYHO CEJICKTHBHHUU
PO3Mi3HABATILHUN €JIEMEHT, TPAHCIBIOCED.

7. HaseniTh i oxapakTepu3yiTe 3arajbHy cxemy (yHKIIOHYBaHHS XIMIYHOTO CEHCOPA.

8. SIki OCHOBHI BUMOTH IIOJO SIKOCTi, HAJIHHOCTI Ta TEXHOJIOTTYHOCTI MPEA'SBISIOTHCS 10 CYyYaCHHX
XIMIYHHX CECHCOPIB.

9. Illo Take MOTEHLIOMETPUYHI EJEKTPOXIMIUHI CEHCOpPU 1 Ha SIKOMY BHJI €JIEKTPOJIB BOHH
IPYHTYIOTbCS?

10. [laiiTe BU3HAUYEHHS 10HCEIIEKTUBHOIO €JIEKTPOJa Ta OXapaKTepU3yHTe 10HCEIEKTUBHI €JIEKTPOIH 3
TBEPIUMH MEMOpaHAMHU.

11. SIxi Tunm MmeMOpaH BUKOPUCTOBYIOTHCS B IIOTEHIIIOMETPHUUHUX CEHCOpax?

12. Ha sKuX TpUHOMIAX 3aCHOBAaHA [l aMIIEPOMETPUYHUX  EJIEKTPOXIMIYHUX CEHCOpiB?
OxapakTepu3yiTe METO/l BOJIbTAMIIEPOMETPII.

13. OxapakTepu3syiiTe KyJJOHOMETPHUHI Ta KOHAYKTOMETPUYHI €JIEeKTPOXIMIYHI CEHCOPH.

14. SIxi nBa BUJIM ONTHUYHHUX CEHCOPIB BU 3HA€TE?

10. Ha sikux mpUHIMMIAx 3aCHOBaHa JIisl ONTMYHUX CEHCOPIB B 3aJIEKHOCTI BiJl X THUILY?

11. HaBeniTb 1 0xapakTepu3yiTe 3araibHy cXeMy (QyHKIIOHyBaHHS 0OOPOTHOTO BOJIOKOHHO-OIITUYHOTO
CeHcopa.

12. TlosicHITH 3aJIEKHICTh ONITUYHOTO Jiana3oHy 1 BIMOBIIHO aHATITHYHUX MOXKJIMBOCTEH ONTPOJIa BiJl
MaTepiajry CBITIOBO/A.

13. Ski pyHaameHTanbpHI SIBUIIA JI€KaTh B OCHOBI A1l ONTUYHUX XIMIYHUX CEHCOPIB?

14. [laiiTe BU3HAUEHHS 1 OXapakTepu3ynTe abcopOIito, BIIOUTTS 1 JIIOMIHECIIEHLIIIO K (DyHIaMEeHTalbHI
SIBUIIA, [0 JIeXKaTh B OCHOBI /i1 ONITUYHUX XIMIYHUX CEHCOPIB.

15. [laiiTe BU3HAUEHHS 1 OXapaKTepU3yiTe TIOMIHECIEHLIO0 1 (POTOMIOMIHECHEHITIO K (PyHIaMEeHTalIbHI
SIBUIIA, 1[0 JIEXKATh B OCHOBI /i1 ONITUYHUX XIMIYHHX CEHCOPIB.

16. HaBeniTb i oxapakTepu3syiite piBHAHHS 00'eqHaHOrO0 3aKony byrepa-JlamGepra-bepa, B Tim uuci i B
1HTerpasibHIi (opMi, 3a SIKUM OOYHCIIOETHCS MOTYKHICTh CBITJIOBOTO BHUIIPOMIHIOBAHHS Ha BHXOJI
CEHCOPHOI KOMIPKH B MIPUCYTHOCTI 1 P BiICYTHOCTI AOCIIPKYBaHOI PEYOBUHHU.

17. Bbynosa 1 npuHIUI pOOOTH ONTUYHUX XIMIYHUX CEHCOPIB.

18. TlosicHUTH MPUHIMIT POOOTH IHTETPATIBHO-ONTHYHUX XIMIYHUX JAATYUKIB aOCOPOIIIITHOTO THITY.

19. HaBenith HaOUTBIN BaXKJIMBI TTEPEBArk ONTUYHUX XIMIYHHX CEHCOPIB.

20. Tlosicuutey -- y SKHH croci®0 NOJBOBUH TPAH3UCTOP 3 MICNCKTPUYHUM 3aTBOPOM MOXKHA
TpaHCQOpPMYBATH B €JIEKTPUYHUI CEHCOP HA MOJLOBOMY TPaH3UCTOPi?

21. HaBeniTb MNPHUHLUMIOBY CXEMY €JIEKTPUYHOTO CEHCOpa Ha IOJbOBOMY TPAH3UCTOpPI 1
oXapakTepu3yuTe i CKIa0BI.

22. HaBeniTh 1 OXapakTepu3yWTe 3arajibHi DPIBHSHHS IS EJNEKTPUYHOIO CEHCOpa Ha IOJIHOBOMY
tpausuctopi (ECIIT) B po3unHi, siKi OMUCYIOTh BONbT-ammepHi xapakrepuctuku ECIIT.

23. o Take i0HOCEIEKTUBHUI TOTBOBUI TPAH3UCTOP?

24. BukonHaiiTe TepMOIMHAMIYHUNA aHAJ13 10HOCEIEKTUBHOTO IMOJHLOBOTO TPAH3UCTOPA.

25. HaBemitb 1 oXxapakTepu3yilTe THUIHM 10HOCENEKTUBHMX MeMOpaH, SKi 3aCTOCOBYIOTh B
10HOCETIEKTUBHUX MOJILOBUX TPAH3UCTOPAX.

26. OxapakTepusyiiTe TBEpJOTIIbHI 10HCEIEKTUBHI MEMOpaHH.

27. OxapakTepu3yiTe TeTepOTreHHI Ta MoJiMepHi 10HCEIIEKTUBHI MeMOpaHH.



28. BuxoHnaiiTe mNOpiBHUIBHUN aHami3 pH enekTpoiiB Ha OCHOBI 10HOCENEKTHBHHMX ITOJHOBUX
TPAH3UCTOPIB Ta CKIISTHUX €JICKTPO/IIB.

29. OxapakTepusyiTe eJIeKTpUYHI HamiBHOpPOBIAHUKOBI XiMiuHi ceHcopu (XC) Ha OCHOBI OKCHJIB
MeTaiiB Ta m'e3oenekTpudi XC.

30. TosicHUTH BUKOPUCTAHHS MPUHLIUIY T'€30e(heKTy i (OpMYyBaHHS CUTHAILy CEHCOpa.

31. JlaiiTe BU3HAYCHHS 1 XapaKTEPUCTUKY OI0CEHCOpaM OpraHiB UyTTs.

32. [aiiTe BU3HAUCHHS PELETITOPAM 1 OXapaKTEePU3yHTE CEHCOPHI CUCTEMH JKUBUX OPTraHi3MiB.

33. Po3kpwuiiTe 3MICT CEHCOPHOIO IE€PETBOPEHHS 30BHILIIHBOIO CHUTHATy B JKUBUX OpraHi3max --
CEHCOPHOI TPaHCHYKIIii.

34. HaBenith 1 TOSICHITH CXE€My OCHOBHUX IUIAXiB CEHCOPHOI TpaHCAYKIii 3a YydYacTio
BHYTPIITHBOKJIITUHHUX ITOCEPETHUKIB.

35. MHaiite BU3HaUEHHs 010JIOTIYHOMY CEHCOPY SIK TEXHIYHOMY aHAJITHYHOMY MPHUCTPOIO.

36. HaBeniTh 1 MOSICHITH CXEMY YCTPOIO Ol0CEHCOopa.

37. HaBenith i oxapakTepu3yiTe THIH 010KOMIIOHEHTIB 010CETICKTUBHUX PO3ITI3HABAILHUX CJIEMEHTIB 1
(hI3UYHUX MTEPETBOPIOBAYiB (TpaHCAbIOCEPiB) O10CEHCOPIB.

38. MaiiTe BU3HAUCHHS 1 XapaKTEPUCTUKY O10CETCKTHBHOMY PO3ITi3HABATHLHOMY €JIEMEHTY.

39. IlosicHiTh, 110 co0O00 MpeacTaBisie (Hi3MUHUMN TepeTBOPIOBAY — TPAHCIbIOCED.

40. OxapakrepusyiiTe pi3Hi QpyHKIIIOHATIBHI MAXO0IM OpraHi3aiii 6ioceHCopiB.

41. HaeniTh 1 0XapakTepu3yiTe OCHOBHI criocobu iMMoO1Ii3allii (hepMEeHTIB Ta KJIITUH K 010J0TTYHUX
pO3Mi3HABATLHUX EIICMCHTIB.

42. HaBeniTb 1 MOSICHITH MPUHIIUIIOBY CXeMy Jii OioceHcopa.

43. BuxonaiiTe aHaii3 kinacudikarii 6ioceHCOpiB 3a PyHKIIOHATBHUM IPUHIUIIOM.

44. Hapenith HasBHI kiacudikamii OlOCEHCOPIB 3a po3MipaMu, 3a YMOBaMH BHKOPUCTaHHS Ta 3a
MOIIMPEHICTIO MOy 010CEHCOPIB Ha KJIACH 1 BXKMBAHICTIO.

45. Slki BM 3Ha€Te TUNM EIEKTPOMAIB 1 BaplaHTH MiJKIIOYEHb, 110 BUKOPHUCTOBYIOTHCS B
aMIepoOMETPpUYHHX OioceHcopax?

46. 300pa3iTh OCHOBHI CXeMH HiAKJIIOYEHHS aMIIEpOMETPUYHOT0 OioceHcopa.

47. Sxi Bu MoxeTe Ha3BaTH HaOUIBII MOUIMPEH] €IEKTPOAN MOPIBHIHHS, 1110 BUKOPUCTOBYIOTbCS IS
eJIEKTPOXIMIYHUX BUMIPIOBaHb Y BOJHHUX CEpelOBHILAX.

48. B 4oMy cyTh €IeKTPOXIMIYHOIO MIAIPYHTS aMIIEPOMETPUYHOTO METOAY BUMIPIOBAHb?

49. JlaiiTe BHU3HAYEHHS TaKUM TOHATTSAM $K €JNEKTPOAHUN NpOIEC, eNEeKTPOAKTUBHI pPEYOBUHH,
(dapaneeBchKi Ta HeapaieeBChKI MPOIECH, KOHIICHTPAIlliHA Ta eEKTPOXIMIYHA MOJSPU3ALIist

50. HaBenith i gaiiTe aHalli3 OCHOBHOT'O PIBHSHHS €JIEKTPOXIMIYHOI KIHETUKHU SIK CIIBBIJHOLIEHHS MIX
MIMTOMOIO CUJIOIO CTPYMY Ta MPUKIIAJCHOIO 10 MEXI1 Oy €JIEKTPO/I/€JIEKTPOIIT PI3HUIICIO TOTEHIIIATIB.
51. KopoTko oxapakTepu3ylTe eneKTpOXiMiYHI METOH, 110 HaHOIIbII MHUPOKO BUKOPUCTOBYIOTHCS B
010CeHCOpUIII: IIUKIIIYHY BOJBTAMIIEPOMETPII0, MOTEHILIOMETPII0, aMIEPOMETPIIO, MOJIIporpadis.

52. TlepepaxyiiTe NpUUMHH, K1 MEPELIKOHKAIHN IIMPOKOMY 3aCTOCYBaHHIO (DEPMEHTIB B 010CEHCOPHII.
53. JlaiiTe Bu3Ha4eHHs (pepMeHTaM K €eKTUBHUM O10JIOTIYHUM KaTalli3aTopaM.

54. B yomy nonsrana igest Kinapka i mo co6oro npezacrasisie pepmeHTHHN enektpo Knapka?

55. TlepepaxyiiTe 1 oxapakTepu3yiTe cnocoon iMMooiTi3alii pepMeHTiB B G10CeHCOpax.

56. Hamenith knacuikailiro i oxapakTepu3yiTe TeXHOJOT], 1[0 BUKOPUCTOBYIOTHCS MIPU BUTOTOBJICHHI
aMIIEpPOMETPUIHUX TTEPETBOPIOBAYIB.

57. TlepepaxyiiTe MaTepianu, siKi HaifyacTille BUKOPUCTOBYIOTHCS NMPH BUIOTOBJIEHHI 1HAMKATOPHOTO
(pobouoro) enexkTpoaa 6ioceHcopa.

58. BukonaiiTe aHasi3 HayKOBO — JOCIIHOTO eTaly po3poOiaeHHs (epMEeHTHUX O10CEHCOPIB.

59. JlaiiTe BU3HAYEHHS 1 OXapakTepu3ynTe 6e3mMe11aTOpHI aMIIepOMETpUUH1 G10CEHCOPH.

60. HaBenith 1 MoOsICHITH (epMEHTATHBHI peakiii 3a yd4acT0O OKCUAa3, sKi MaloTh Micle B
0e3MeIIaTOPHUX aMIIEPOMETPUIHUX O10CEHCOpax.

61. TloscHiTh 3aranbHUl MeXaHi3M poOOTH 0E3MEeNiaTOPHOTO aMIIEPOMETPHUYHOTO OioceHcopa, Mo
IPYHTYETbCS Ha BU3HAYEHH] KUCHIO Ta IEPOKCUAY BOIHIO.

62. HaBeniTh 1 MOsACHITH (pepMEHTATHBHI peakilii 3a ydyacTIO JETigporeHa3, fAKi MaloTh Micle B
0e3MeIlaTOPHUX aMIIEPOMETPUYHUX O10CEHCOpax.

63. Illo Bam BimomMo mpo MymnbTU(PEPMEHTHI CHCTEMH, IO 3aCTOCOBYIOTHCS B Oe3MeniaTOpHUX
aMIIepMETPUIHHUX OloceHcopax?



64. HaBeniTh 1 MOSCHITH CXeMy TIJIIOKO3HOTO Oe3MeIiaTOPHOrO aMIlepMeTpUYHOro OioceHcopa Ta
MIPUHITUT HOTO POOOTH.

65. B yoMy monsraroTh nepeBard, OOMEXEHHS Ta MOXKIIUBI NUISIXA BJIOCKOHAJICHHS 0€3MeIiaTOPHOTO
amMIepMeTpUYHOIro 610CEHCOpa, 3aCHOBAHOI'O Ha KUCHEBOMY enekTpoai Knapka?

66. HanmaiiTe mMOpIBHAIBHY XapakTEPUCTUKY aMIIEPMETPHUYHOrO Oe3MeNiaTOPHOIO METOAy IO
BiJIHOILIEHHIO JI0 1IHIIMX ICHYIOUHX CTIOCO0IB BU3HAUEHHS KOHIIEHTpAIIii TJIFOKO3H, JAKTO3H Ta CaXapo3u.
67. OnuiiTe KOHCTPYKLIIO BYTIJELEBOr0 Oe3MeaiaTOpHOro aMIEPMETPUYHOTO HAHOCEHCOpa 3
(dhepMeHTHOIO TITiBKOIO Ta iHTerpoBaHUM Ag/AgCl mapom.

68. JlaiiTe BUBHAUCHHS 1 OXapaKTEPHU3yHTEe MEeI1aTOPHI aMIIEpOMETPUYHI O10CEHCOPH.

69. Illo Take mexiatop?

70. IlosicHITH, y 4YOMY CYThb MEAIaTOPHOIO MEXaHI3My TPAHCIOPTY €JIEKTpOHa Ui 3a0e3ledeHHs
eJIEKTPOXIMIYHUX (PEPMEHTATUBHUX PEAKLIiN?

71. SIKi OCHOBHI BUMOTH MPE ABISIOTHCS IO MEIIaTOPiB, 0 3a0e3ne4yoTh poOoTy 6ioceHCcopiB?

72. HaBenith 1 MOSICHITh CXeMY T'€HEepallil CHTHAITY B MEIiaTOPHOMY aMIIEpOMETPHIHOMY Oi0CEHCOPI.
73. HaBeniTh NpuKIaau MeIIaTOPHUX aMIIEPOMETPUUHUX O10CEHCOPIB.

74. B 4yoMy monsAraroTh MEpeBaru, OOMEKEHHS Ta MOXIIMBI HUISIXH BIOCKOHAJICHHS MEAiaTOPHOTO
aMIIepMeTpUIHOT0 OioceHcopa?

75. HaiiTe BU3HAuUEHHS 1 OXapaKTEpU3YHTE aMIEpOMETPUYHI OIOCEHCOpH 3 TPSMHUM IEPEHECEHHSIM
€JIEKTPOHIB MK aKTUBHUM LIEHTPOM (DEPMEHTY 1 €IEKTPOIOM.

76. HanmaiiTe mOpiBHSUIBHUN aHalli3 MOXIJIMBUX MEXaHI3MIB IEPEHECEHHs €NIEKTPOHA MK aKTHBHHM
LHEHTPOM (PEPMEHTY 1 EJICKTPOIOM.

77. HaBeniTh MpHUKJIaIu KOHCTPYIOBaHHSI 010CEHCOPIB 32 BUKOPUCTaHHS (PEHOMEHY €JIEKTPOBIIHOBICHHS
MEPEKUCY BOAHIO 32 JIOMOMOT0I0 IMMOO171I30BaHOT TEPOKCUAA3H.

78. 1o Bam BimoMo mpo XxeMiTIOMiHECIIeHTHI OioceHcopu?

79. OxapakTepu3yiTe MIKpPOEIEKTPOHHI MYJbTHIIApaMETPUUHI 010CEHCOPH.

80. Ilepepaxyiite cydacHi MaTepiaiu 1 TEXHOJIOT1T BUTOTOBJIEHHS aMIIEPOMETPHUYHHUX MIEPETBOPIOBAYIB.
81. 3a K010 (GOpPMYIIO0I0 BU3HAYAETHCS Uy TIUBICTh pO3pOOIEHUX O10CEHCOPIB.

82. HaBeniTh MOCHIIOBHICTH OIEpaliil TEXHOJIOT1i BUIOTOBJIEHHS TOHKOLIAPOBOTO IHTErpajibHOIO
6i1oceHcopa JiIsl BU3HAYCHHS BMICTY TJIIOKO3H, CaXapo3U Ta JIAKTO3H.

83. [aiiTe BU3HaUE€HHS MIKPOOHOMY 010CEHCOPY SIK TEXHIYHOMY aHAJITUYHOMY NPUCTPOIO.

84. IlosAcHITh, HACKIIBKY NPUHIMIIOBUM MTUTAHHSAM IPH CTBOPEHHI MIKPOOHUX (KIITUHHUX) 610CEHCOPIB
€ MeToJ IMMOO1i3aIii KiIiTHH?

85. HageniTh 1 oxapakTepu3yiTe XiMidHI METOAM IMMOO1TI3allii MIKpOOPTaHi3MiB.

86. HageniTh 1 oxapaktepusyiiTe pi3ndHi METOAM IMMOOLTI3allii MIKPOOpPTraHi3MiB.

87. SIki MaTepianu NPUPOAHOTO 1 INTYYHOI'O MOXOAKEHHSI BUKOPUCTOBYIOTH JUI iIMMOO1TI3alii KJIITHH 13
30epeKeHHSIM 1X aKTUBHOCTI, 30KpeMa 0XapakTepHu3ynTe MeTo KpioiMMOOUTI3allil KIITHH.

88. Hagenits npukianu cdep 3acTocyBaHHs MIKpOOHMX 610CEHCOPIB.

89. B yomy mossirae cyTh aMIepOMETPUIHOTO MIKPOOHOTO G10CEHCOPa;

90. HaBeaiTh NPUKIIAAN TAKMX O10CEHCOPIB.

91. OxapakTepusyiiTe amMIepoMeTpHuHi MIKpOOHI 010C€HCOPH, L0 IIUPOKO BHKOPUCTOBYIOTHCS IS
Bu3HavyeHHs1 bCK, -- BuMiproBaHHs 010p0O3KJIaAaHHs OPraHiYHUX 3a0pyAHIOBAaYiB Y BOJHHUX 3pa3Kax.

92. JlailiTe BH3HA4YeHHs 1 OXapakTepuU3yWTe NOTEHIIOMETPUYHHUIA MIKpoOHUN OioceHcop. Hasenite
MIPUKIIAIH.

93. IIlo Take KOHAYKTOMETPUYHI MIKpOOHi O6i0ceHCcopH?

94. 1o Bu 3HaeTe mpo KIITUHHI 010CEHCOPH HAa OCHOBI MIKpOOHMX O10MAaJMBHUX €JIEMEHTIB?

95. TlosicHITS, 1110 COO0I0 MpeACTaBisie ONTUYHUNA MiIKpoOHMI 6iocencop? HaBeniTs ioro nepesaru.

96. IIlo Take GioMOMIHECIIEHTHI MiKpoOHi OioceHcopu?

97. HaBeniThb 1 0XapakTepHu3yiTe Ha MpUKIanax GIyopecieHTHI MIKpoOHi 610CeHCOpH.

98. TosicHiTh MpUHIHMII Aii MIKPOOHOTO CEHCOpa Ha OCHOBI OapoKciMeTpa /Ui BU3HAUCHHS 3MiHH THCKY.
99. OxapakTepu3yiTe MIKpOOHI CEHCOPH Ha OCHOBI 1H(PaUYEpPBOHOTO aHaizaropa A BusBieHHs CO2
SK MPOJYKTY MIKpOOHOTO AMXaHHS, 30KpeMa 00JIacTh iX 3aCTOCYBaHHS.

100.BukonaiiTe aHami3 IEPCIIEKTUB PO3BUTKY MIKPOOHHMX 010CEHCOPIB.

101.HapmaiiTe 3araqpHy XapaKTEpPUCTUKY MYJIbTU(YHKI[IOHATHHOMY BHUKOPHUCTaHHIO (EPMEHTIB B
OloceHcopax.

102.TTosicHITh CYTh TPOOJIEM CTBOPEHHS €PEKTHBHUX MYJIbTUCEHCOPIB.



103.OxkpeciTh NepCIeKTUBU CTBOPEHHS MYJIbTUCEHCOPIB HA OCHOBI 3€JICHUX MIKPOBOZOPOCTEH.
104.5lkuMu BUMOTaMHU TPAKTHKKA HAa CHOTOJIHI BU3HAYAETHCS KOHKYPEHTOCHPOMOXKHICTh Ha PHHKY
6ioceHcopiB.

105.ITepepaxyiiTe OCHOBHI rajgy3i MPaKTUYHOTO 3aCTOCYBaHHS 010CEHCOPIB.

106.0OxapakTepu3yiiTe NpUKIaaN €IEKTPOXiMIYHOTO 00IaJHAHHS, TK€ BUKOPUCTOBYETHCS TPH pO3poOIi
1 aTecTarlii 610CEHCOPIB.

107.Y yomy nosiAirae MpUHLIXT MOJIEKYJISIPHOTO IMIPUHTUHTY ? OXapaKkTepu3yHTe MOHATTS KOBaJCHTHOTO
Ta HEKOBAJEHTHOTO MOJCKYJSIPHOTO IMIPUHTUHTY.CTBOPEHHSI CEHCOPIB Ha OCHOBI O1OMIMETHKIB,
MIPUKJIAU IPUCTPOIB, POOOY1 XapaKTEPUCTUKU, IPUHLIUIIN POOOTH.

108.I1osICHITh CYTh aTecTaliiHUX MPOIeyp KOMEPUIHHUX 010J0T1YHUX CEHCOPIB.

109.HanaliTe 3aranbHy XapakTEPUCTHKY aHajizaTropaMm JUisl KJIIIHIYHOI JIarHOCTMKKA Ha OCHOBI
6ioceHcopiB.

110.5Ixi BUMOTH HEOOX1JIHO BPaxOBYBAaTH MPU CTBOPEHHI aHAJI3aTOPIB M1 JIarHOCTUKH 3a JOMAIIHIX
yMoOB. OxapakTepu3yiTe MPUKIAIA TAKUX TPUITAIiB.

111.Hapnaiite 3aranbHy XapaKTepUCTHKy aHamizaTopaMm s XapuoBOi IPOMHUCIOBOCTI  Ta
010TEeXHOJIOTIYHOTO BUPOOHHIITBA.

112.0OxapakTepusyiiTe aHai3aTOPH ISl €KOJOTIYHOT'O MOHITOPHHTY.

113.ChopmynroiiTe mepeik i oxapakTepu3ynTe mpodieMu po3poOKku 010CEHCOPIB.

114.0xpecniTh nepcreKTUBU 610CEHCOPUKH.



