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BCTYII

AHoTanin

[Iporpama migrotoBku OakanaBpary crenianbHocTi G3 «EnexTpuyna iHXeHepis», 0CBITHBOI
nporpamu «EJeKTpoTexHika Ta eJIeKTPOTEXHOJIOTI» Iependadae TiCHY B3a€MOJII0 CTYIEHTIB i3
CYy4aCHUMH EJIEKTPOMEXaHIYHUMHU CHUCTEMaMH aBTOMATHKH. TOMy OTpHMaHHS 0a30BaHUX 3HAHb 3
BiOpAIliifHMX TEXHOJIOTIH € BArOMOIO CKJIQJIOBOIO Y MiATOTOBII (paxiBIliB.

Huctumutina «BiOpoTexHooTi» Npu3HaYeHa JjIs HaBYaHHS CTYACHTIB €JICKTPOTEXHIYHHX
crenianbHOoCTe. PO3rIsiHyTO sIBUINA, 110 BUHUKAIOTh MPU 3aCTOCYBaHH1 BiOpallii y MPOMHCIOBOCTI,
KaBiTallliH1 peXUMH, €po3ii Ta TiIpoaOpasUBHOTO 3HOCY, 110 BHHMKAIOTh Mif Ji€r0 BiOpariii,
HampuKiIaj, mia yac OypiHHA HaTOBUX Ta ra3oBuUX cBepAsoBUH. [lonaHO po3paxyHKH, HEOOXIAH1
JUIs 3aXMCTy MallMH 1 MEXaHI3MIB Bl HEraTMBHOIO BIUIMBY KaBITallll, a TaKoX crocoou
3aCTOCYBaHHS KaBITallIMHUX CTPYMEHIB K po0O0OYOro ejneMeHTa MpU 3acTOCyBaHHI BiOparlii.
HaBeneno mnpukinangm BHUKOPUCTAHHS CyNEpKaBITallMHUX CTPYMEHIB Ul OYHINEHHS JeTaneit
BIIEHTPOBUX 3aHYPIOBAJbHUX HACOCIB Ta 3aCTOCYBaHHS IHHOBALIMHUX aHTUKOPO3IMHUX
MOKPUTTIB 3MIHHOI BaTepiiiHii MOpPChKUX HaPTOBHX HpomuciiB. OcoOUCTO MOXKHA BIIMITUTH
BUKOpUCTaHHS  BiOpamii y  OYyIIBHHUUTBI, MOPCHKMX Tpajax Ta s 30epiraHHs
CUTHCHKOTOCTIOTAPCHKOT TTPOTYKITIT.

KurouoBi cioBa: BiOpaiiis, BIOpOKMIIHHS, BIOpOMAIIMHM, JpKepeno BiOpaiii, JTuHaMI4HA
CTPYKTYpa, KaBiTalllifH1 pe)KUMH, MaTeMaTHIHA MOJIEIb, PE30HAHCHI PEKUMH.

Abstract

The bachelor's training program of specialty G3 "Electrical Engineering” of the educational
program "Electrical engineering and electrical technologies™” involves close interaction of students
with modern electromechanical automation systems. Therefore, obtaining the basic knowledge of
vibration technologies is an important component in the training of specialists.

The discipline "Vibrotechnology" is intended for training students of electrical engineering
specialties. The phenomena that occur during the application of vibration in industry, cavitation
regimes, erosion and hydroabrasive wear that occur under the influence of vibration, for example,
drilling of oil and gas wells, are considered. Calculations necessary to protect machines and
mechanisms from the negative effects of the cavitation, as well as methods of using cavitation jets
as a working element when applying vibrations, are provided. Examples of the use of
supercavitation jets for cleaning parts of centrifugal submersible pumps and the use of innovative
anti-corrosion coatings for the variable waterline of marine oil fields are given. One can personally
note the use of vibration in construction, sea trawls, and storage of agricultural products.

Key words: cavitation modes, dynamic structure, mathematical model, resonance modes,
vibration, vibrating machines, vibration source, vibroboiling.



1. Onuc HAaBYAJBHOI JUCHUILTIHA

HalimenyBanus
MOKa3HUKIB

l'any3p 3HaHb,
crerjaibHICTh

XapakTepucTuka
HABYAJILHOT JTUCLIUIUIIHU

(ocBiTHBO-TIpOdECiiiHa
JICHHA
nporpama),

OCBITHII pIBEHb

3100YTTS OCBITH

dopma 3a04Ha Gopma

3100YTTS OCBITH

KinbKicTh KpeauTiB — 5

Mopnynis — 1

l'any3p 3HaHb
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2. Mera BUBYEHHS HABYAJLHOI JUCHHUILTIHA

MeTtoio BHBUeHHS HaBuanbHOI muctumiinu «BIBPOTEXHOJIOI'I» e ¢opmyBanns y
CTYZICHTIB BIAMOBIAHO /10 OCBITHBO-TIPOQECITHOT IporpaMu TaKUX KOMIIETEHTHOCTEH:

e 3K 2. 3xarTHicTh 3aCTOCOBYBATH 3HAHHS y IPAKTUYHUX CUTYAIlisX.

e 3K 5. 3natHicTh 10 MONTYKY, 00poOIeHHS Ta aHami3y iH(opMarlii 3 pisHHX JKepel.

e @K 2. 3naTHICTH BUPINIYBAaTH MPAKTUYHI 3a/adi i3 3aJy4eHHSM METOIIB MaTEMaTHKH,
(bI3UKHK Ta eIEKTPOTEXHIKH.

e @K 4. 3naTHICTH BUPINIYBaTH KOMIUIEKCHI CIICIiaTi30BaHi 33/1a4i 1 MPaKTUYH1 TpoOsiemMH,
MOB’s13aH1 3 MPOOJIEeMaMH METPOJIOTi], eIeKTPHYHUX BUMIPIOBaHb, POOOTOIO MPUCTPOIB
aBTOMATHYHOTO KEPYBaHHS, PEJICHHOTO 3aXMCTY Ta aBTOMATHKH.

e @K 5. 3naTHICTH BUPINTYBAaTH KOMIUJIEKCHI CIIeL1ali30BaH1 3ajjaui 1 pakTHU4H1 TpoOieMH,
MOB’s13aHI 3 pOOOTOI0 E€JIEKTPUYHUX MAIIMH, afapaTiB Ta aBTOMAaTH30BaHOI'O
eNEeKTPOTIPUBO/IA.

PoGoua mporpama HaBYaJIbHOI TUCLUIUIIHK TNependadae HaB4aHHA y (opmi Jekuid Ta
MPaKTUYHUX POOIT.

3. llepenymMoBH 1Jisi BUBYEHHS JUCHMILIIHU

[lepeqymoBamu Uisi BUBYEHHS JAWCIHILUTIHA € paHillle BUBYEHI AUCHUILTIHK «TeopeTwdHi
OCHOBHU €JIEKTPOTEXHIKN», «TeopernyHa MexaHika», «OCHOBHU BIOPOTEXHIKM» Ta TakKi paHilie
3100yT1 pe3ynbTaTd HaBYaHHS, SIK: KOHILENTYyalbH1 3HAHHS y cdepl eIeKTPOTEXHIKU; PO3YMIHHS
enekTpuyHux cxeMm. OkpiM Toro, 3 Kypcy «®Di3uka» BUKOPHCTOBYIOTHCS TOJIOBHI INOHATTS Ta
CHIBBITHOIICHHS PO31iny «ElekTpuka»; 3 BHIOI MaTeMaTUKH — nudepeHIiiifHe Ta IHTerpajbHe
0o0uncIeHHs, onepaliiHe 00UHCIICHHS.

4. OQuikyBaHi pe3yJbTaTH HABYAHHS

BuBueHHs HaBYaJlbHOI NUCHUIUTIHU Tependadae (GopMmyBaHHS Ta PO3BUTOK y CTYIEHTIB
TaKHUX Pe3yJbTaTiB HABUAHHS:

e IIPH 2. 3natu 1 po3yMiTH TEOPETUYHI OCHOBH METPOJIOTIi Ta TEXHIYHHMX BUMIPIOBAHb,
NPUHIMIA pOoOOTH MPUCTPOIB aBTOMATHUYHOTO KEpPYyBaHHS, PEJIEHHOTO 3axXHCTy Ta
aBTOMATUKH, MaTd HaBUYKH 3IIHCHEHHS BIMOBIIHUX BHUMIPIOBaHb 1 BUKOPUCTAHHS
3a3HAUYEHUX MPUCTPOIB AJIs BUPILIEHHS PO eciiHrX 3aBIaHb.

e [IIPH 3. 3natu npuHIunu poOOTH €NEKTPUYHUX MAIMH, arapaTiB Ta aBTOMATHU30BAHUX
€JIEKTPOTIPUBO/IIB Ta YMITH BUKOPUCTOBYBATH iX JIJIsl BUPIIICHHS MPAKTUYHUX TIPOOIIeM y
npodeciitHii TiIbHOCTI.

e IIPH 5. 3uatu  ocHOBH Teopii €NEKTPOMArHITHOTO TOJS, METOOU  PO3PaAXYHKY
EJIEKTPUYHMX KiJl Ta YMITH BUKOPUCTOBYBATH iX JJI BUPIIICHHS MPAKTUYHUX IPOOIEM y
npodeciitHii TiSIbHOCTI.

e [TIPH 7. 3niiicHIoBaTH aHaji3 MpPOLECIB B €IEKTPOCHEPreTUUYHOMY, €JIEKTPOTEXHIYHOMY
Ta eJIEKTPOMEXaHIYHOMY 00JIaJHAHH], BIAMOBITHUX KOMIUIEKCAX 1 CHCTEMAX.

e TIPH 17. Po3B’s3yBaTH CKJaJHI CHeliali30BaHi 3a/jadi 3 NMPOEKTYBAHHSA 1 TEXHIYHOTO
00CIyroByBaHHSl €IEKTPOMEXAHIUHUX CHUCTEM, EJEKTPOYCTATKYBaHHS €NEKTPHUHUX
CTaHIIIH, MJICTaHIII{, CHCTEM Ta MEPEXK.



5. Ilporpama HaBYAJIbHOIL AUCHUILIIHA

Monayas 1. Biopauiiini npouecu Ta MalmmHu
3micToBuii Moay.ab 1. BiOpariiini mpouecu ta BiOpo30yIHUKH.

Tema 1. Pyx mMaTepiasibHOT YaCTHHKH B3I0BX IIOPCTKOI MOBEPXHi, 1m0 BiOpye. Pyx TBepanx
TLT B3JIOBX MOBEPXHi, mo BiOpye. [3]. ¢. 4-35, [2]. c. 17-18.

Tema 2. TToBeninka cumy4nx TUT mif aieto Bioparii. [2]. ¢. 31-33, 49-50, [3]. c. 14-20.

Tema 3. IloBeninka mpyXHOB'SI3KOIJIACTUYHUX 1 0araroa3HUX CHCTEM MiJ Ai€l0 BiOpariii.
[2]. c. 36-38, [3]. c. 3543.

Tema 4. Po3paxyHok 6e3ymgapHux BiOpamiitaux mammwH. [3]. c. 48-57, [8]. ¢. 37-64.

Tema 5. Po3paxyHok ynapHo-BiOpariitaux mammwH. [3]. c. 55-67, [5]. ¢. 14-26.

Tema 6. Metonu 30ymkeHHst BiOpauiif. BinieHTpoBi Ta eneKTpoMarHiTHi1 BiOpo30yIHUKH.
[2]. c. 74-78, [3]. c. 69-80.

Tema 7. EnextpoauHamiuni Ta iHmii Bibpo3oyauuku. [3]. c¢. 78-94, [5]. c. 18-24.

3micToBuii Moayab 2. BibpaiiiiHi MalllMHU Ta IPUCTPOI.

Tema 8. BiOpoTpaHcnopTyro4i MallluHM, KUBWJILHUKH Ta OPIEHTOBHI MpucTpoi. BibparriiHi
MAaIlIMHU JUTsl 3aHYPEHHS Mallb, MIITyHTa Ta reoJsiorignoro Oypinas. [1]. c. 3—18, [2]. ¢. 58-65.

Tema 9. BibOpamiitnHi Hacocu. MammHM a7 BiOpamifHOTO TOIUTY CHIYYHX CYMIIIEH.
Bibpartiiini Tpam6iBkH Ta kKatku. [3]. c. 95-113, [2]. c. 86-88.

Tema 10. BiOparilini MammvHu sl TIMOMHHOTO YIIUIbHEHHS OCTOHHOI CyMIIIl Ta TPYHTY.
dopmyBanpHi MamuHU. Bibpariiini MiauHu ta apodapku. [8]. ¢. 24-50.

Tema 11. Mammnaun a5 BiOpamiiiHoT 00poOku neraneii. BurotoBneHnHs auBapHux GopMm Ta
CTprkHIB. BiOpairiitHe aBToMaTtnyHe ckiagaannas aeranei. [1]. c. 3-18, [3]. c¢. 115-128.

Tema 12. BiOpamiiini amapatu mis iHTeHcHdikamii (I3BMYHMX Ta XIMIYHHUX IIPOIIECIB.
MenuuHi, KOcMeTUYHI Ta MoOyTOBI BiOpariitai npuctpoi. [3]. c. 298-310.

Tema 13. VYpapHo-BiOpauiiiHi pyuyHi MamuHU. BiOpaniiiHi BUNpoOyBadbHI CTEHJU.
[3]. c. 85-94, [5]. c. 2-8.

Tema 14. BiOpaniiini npunaau Ta iHmi Bidpaniini npucrpoi. [2]. c. 88-112.

Tema 15. OcHoBu Teopii BiOpatiiiHoi HagiiiHOCTI. [6]. c. 54—71.



TeMaTHYHHI IIJTAaH HAYAJILHOI TUCIUILTIHA

KinbkicTs roany

) . JeHHa Gopma 3100yTTs OCBITH | 3a04Ha (hopMma 3100YTTSI OCBITH
Ha3Bu 3MIiCTOBHX MOJIYJIIB 1 TEM . -
y TOMY 9HCITi y TOMY YHUCITi
YCBhOTO YCBhOTO
JeK. | mp. | mab. | c.p. JeK. | mp. | mab. | c.p.
1 2 3 4 5 6 7 8 9 110 | 11
Moayas 1. Biopauiiini npouecu Ta MalmmHu
3micToBuii MoayJib 1. Biopauiiini npouecu Ta Bi0po30y HUKH
Tema 1. Pyx MaTeplabHOT YaCTUHKH B3/IOBXK IIOPCTKOI MOBEPXHI, 11O BIOpYE. 11 5 5 B 7 11 05 | 1 95
Pyx TBepamX TiM B3JIOBXK IMOBEPXHI, IO BIOpye
Tewma 2. TloBeninka cUIydux TUI i Ai€r0 BiOpartii 11 2 2 - 7 10 0511 8.5
T'eMa 3'."HOB6211HKa MPY>KHOB'SI3KOTIACTUYHUX 1 6araToa3HuX CUCTEM ITif TI€H0 11 2 5 B 7 11 05 1 95
BiOparrii
Tewma 4. Po3paxyHok 6e3ymapHuX BIOpaIiifHIX MalluH 10 2 2 — 6 11 05| 1 9.5
Tewma 5. Po3paxyHOK ynapHO-BiOpaIiiiHuX MariuH 10 2 2 — 6 11 051 9.5
T'eMa 6. Meromu 30ymKkeHHs BiOparid. BimneHTpoBi Ta eJIEeKTpOMAarHiTHI 11 2 5 3 7 10 05 1 85
B1Op030yTHUKHU
Tema 7. EnekrpoauHamivHi Ta iHII BIOPO30YTHUKH 11 2 2 — 7 11 1 1 9
Paszom 3a 3micmoeum mooynem 1* 75 14 | 14| — | 47 75 4 7 64
3microBuii Mmoay.ab 2. Biopauiiini MamumHu Ta npucTpoi
Tema 8. BiOpoTpaHCHIOPTYIOYl MAIIMHH, XUBUJIBHUKH Ta OPIEHTOBHI MPHUCTPOI.
. . . . 10 2 2 — 6 10 1 |05 8.5
BiOpariiini MalmuHu 1715 3aHypEeHHs MaJlb, IIYHTA Ta T€0JI0rTYHOro OypiHHS
TeMg 9; B1.6pau1.1:1H1. HacocH. Mamunu 15 BiOpauifHOTO MOALTY CHUITYYHX 9 5 5 3 5 9 1 los 75
cymimneil. Bibpariiitni TpaM0OiBKY Ta KaTKU
Tema 10. BibpartiitHi MamuHau JUisi TIMOUHHOTO YIIUTBHEHHS! OETOHHOT CyMillli Ta
. : o 9 2 2 — 5 9 1 105 7.5
rpyHTy. @opmyBanpHi MamuHy. BibpaliiliHi MIMHH Ta qpobapKu
Tema 11. Mamman g BiOpaniiHoi 00poOku aeraneii. BUTOTOBICHHS TUBApHUX
e o\, . 10 2 2 — 6 9 1 105 7.5
¢dopM Ta ctprxkHiB. BiOpairiiiHe aBTOMaTH4HE CKIIalaHHs JeTaneit
Tema 12. BiOpauiiini amaparu a1 iHTeHCHdikanii (I3UYHMX Ta XIMIYHHX
. . . .. N . 9 2 2 — 5 9 1 105 7.5
nporeciB. Menn4Hi, KoOcMeTHYHI Ta TOOYTOBI BiOpaIliiiHi MPUCTPOi
Tema 13. Y gapHo-BiOpauiiini pyuHi MmamuHu. BiGpaitiiini BunpoOyBaibHi CTEHIH 9 2 2 — 5 9 1 |05 7.5




Ha3Bu 3MicTOBHX MOAYIIIB 1 TEM

KinbkicTs roanu

JeHHa opma 3100yTTSl OCBITH

3a04Ha (opma 3100yTTs OCBITH

y TOMY 9uCIi

y TOMY 9HuCIi

yChOTO yChOTO

JeK. | mp. | mab. | c.p. JeK. | mp. | mab. | c.p.

1 2 3 4 5 6 7 8 9 110 | 11

Tema 14. BiOpaniitni npuaam Ta iHnri BiOpaiitHi mpuctpoi 10 2 2 — 6 10 1 1 8

Tema 15. OcHoBH Teopii BiOpaIiiftHOT HATIHHOCTI 9 2 2 — 5 10 1 1 8
Pazom 3a smicmosum mooynem 2 75 16 |16 | 0 | 4 75 8 5 62

THA3 (KP/KII) - - -1 =1- - -] =

Pazom 3a kypcom 150 30 |30 0 | 90 150 12 | 12 126




Temu NMPAKTUYHHUX 3aHATH

KinbkicTs roanu

Jlenna 3aouHa
Ne 3/m HasBa remu dbopma dbopma
3100yTTS | 3100yTTS
OCBITH OCBITH
3micToBuii MmoayJs 1

1 Pyx TBepamx TN B3OBXK MOBEPXHI, IO BIOpYE. 4 2
[3]. c. 4-35,[2]. c. 17-18.

2 [ToBeniHka cUITyduX TLI M Ai€r0 BiOpartii. 3 2
[2]. c. 31-33, 49-50, [3]. c. 14-20.

3 [loBemiHka NPYKHOB'SI3KOIJIACTMUHUX 1 OaraTtogazHux 4 1
cucTeM I jaiero Bioparii. [2]. ¢. 36-38, [3]. c. 35-43.

4 Po3paxyHok BiOpaliiiHuX MamivH. 4 1
[3]. c. 48-67, [5]. c. 14-26, [8]. c. 37-64.

3micToBHiII MOOYJIb 2

BiOpotpancnoptyroui mamuuy. BibpaiiiiHi MamuHuA Ui

5 3aHYpPEHHS Majb, IIMYHTAa Ta F€0JIOTTYHOTO OypiHHS. 4 2
[1]. c. 3-18, [2]. c. 58-65.

6 Bibpariiini Hacocu. MamuHu 1 BiOparidHOro TMOALTY 3 5
cunygux cymimeit. [3]. ¢. 95-113, [2]. c. 86-88.

7 ®opmyBanpHi MamuHU. BiOpaniiiHi MIMHU Ta JpoOapKu. 4 1
[8]. c. 24-50.
Po3paxyHok HamiifHOCT1 BIOpalifHUX MAIlWH, IPUCTPOIB Ta

8 . 4 1
npunagis. [6]. c. 54-71.

Pazom 30 12

Camocriiina pooora

Po3nonin rogun camMocTiifHOT poOOTH VIS CTYACHTIB IeHHOT popMu 3100YTTSI OCBITH:

® IIAr0oTOBKA A0 JEKIINHUX 3aHATh — 0,5 200./1 nexuiro;

® TIArOTOBKA JI0O MPAKTUYHKX 3aHATH — 2 200./1 3anamms;

® IIAroTOBKA 10 3aliKy — 15 200.

3aBaaHHs JJI51 CAMOCTIHHOI podoTH

KinbkicTh roanu

Jlenna 3aouHa
Ne 3/m HazBa remu dopma dopma
3000yTTS | 3100yTTA
OCBITH OCBITH
1 ITigroToBKa [0 JIEKIIHHUX 3aHATH 15 15
2 ITigroToBKa 10 NPaKTUYHUX 3aHSThH 30 30
3 ITigroToBKa 10 KOHTPOJBHOTO 3aX0IY 15 15
4 BukoHaHHs JOMaIIHBO1 KOHTPOJIBHOT pOoOOTH 30 66
Pazom 90 126




InauBinyanbHe HAYKOBO-10C/TiIHE 3aBJaAHHS

He nependaueno.

6. MeToau HaBYaHHS, 32CO0U AiarHOCTUKM pe3y/IbTATiB HABYAHHA Ta METOIH iX
AeMOHCTPYBAaHHS

MeTo i1 HaBYaHHS:
e JIEKIIIS;
® [paKTUYHA POOOTa;
® IHCTPYKTaX;
e polorta 3 JiTepaTyporo;
® METOAM KOHTPOJIIO 1 CAMOKOHTPOJIIO:
® KOHTpPOJIbHI pOOOTH.
3aco0u OLIHIOBAHHA Ta METOU JIEMOHCTPYBAaHHSI PE3yJAbTaTIB HAaBYaHHS 3 AUCLUIUTIHY €:
® 3aJIK;
e YCHI BIAMOBIII;
® KOHTPOJIbHI p0OOTH;
® 3aBJIaHHS Ha JIAOOPATOPHOMY Ta KOMII FOTEPHOMY O00JIaTHAHHI.
VY mporieci 0CBOEHHS TUCITUTLIIHY 3100yBay Mae:
® CKJIACTH TMOTOYHI MOJYJbHI KOHTPOJI 32 KOXXHHUM 3MICTOBHUM MOJYJIEM Yy BUTJISAII
CTaHJIApPTU30BAaHUX TECTIB Ui OLIHKMA PIBHA OTPUMAaHUX TEOPETUYHHUX 3HAHb; Ha
MPOXO/KEHHSI OJHOTO TeCTy HafaeThes 20 XBUJIUH;
® CKJIACTH 3aJIiK y BUTJISI/II YCHOI BiAMIOBi/1 HA OJTHE TEOPETUYHE MTUTAHHS Ta BUPIIICHHS
OJIHI€T TPAKTUYHOT 33/1a41; Ha MIATOTOBKY HAJA€THCS OJIHA TOJIUHA.

7. ®opMHU MOTOYHOIO TA MiJICYMKOBOI0 KOHTPOJIIO

JlocsTHEHHS CTyAeHTa OIiHIOI0THCS 3a 100-0aIbHOI0 CUCTEMOIO YHIBEPCUTETY.

[TincymkoBa oliHKa HABYAJIBHOTO KYpPCYy BKJIIOYAE B ce€OC OIIHKH 3 TTOTOYHOTO KOHTPOJIIO 1
OIIIHKH 3aKJIIOYHOTO 3aJiKy. Y KOKHOTO KOMIIOHEHTa CBOSI YacTKa B 3aralibHiil CHCTEMI OI[IHOK. Y
MPOMDKHUX OLIHKaX CTyJeHT Moxke HaOpatu no 60 OGaniB. [luroma Bara 3akiIlOYHOrO 3aNiKy B
3araibHiid cuctemi ouiHoK - 40 GaniB. [IpaBo 37aBaTH 3aKIIIOYHMIA 3aJiK TA€THCS CTYICHTY, SIKI 3
ypaxyBaHHSM MaKCHMaJbHUX OaniB MPOMDKHUX OI[IHOK HaOupae He meHie 60 6aniB. IlincymkoBa
OIlIHKa HaBYAJIBHOTO KYPCY € CYMOIO MPOMDKHUX OI[IHOK 1 OLIHKH 3aJIiKYy.

[ToTouHmit KOHTPOJH Mepeadavae OIIHIOBAaHHSI TEOPETUYHOI MIATOTOBKHU 3400yBayiB BUIIOL
OCBITH 13 3a3HaueHOi TeMH Ta HaOyTUX NPAKTHUYHUX HABUYOK ] YaC BHUKOHAHHS 3aBlIaHb
MPAKTUYHHUX POOIT.

3apaxyBaHHS KpEAWTIB HABYAIBHOTO KypCy MOXJIMBO TUIBKH TICIS JOCSTHEHHS
pe3ynbrartiB, 3amnaHoBanux PITH/I, mo BupakaeThcst B OJHIN 3 TO3UTUBHUX OLIIHOK, TepedadeHnx
YMHHUM 3aKOHOJABCTBOM.
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®opMHU KOHTPOJIIO Pe3yJIbTaTiB HABYAJIBHOI AiSlJIHOCTI CTY/JAeHTIB Ta iX OL[iHIOBAHHS

Bignosiai Ha

IIPaKTUYHUX Kpurepii oniHroBaHHs
3aHSTTSIX
BinmoBink mpaBWibHA, TOBHA, JIOTIYHA, MICTHTh aHANi3, CHCTEMAaTH3AIlilo,
) y3arajibHEHHS, BUKOPUCTAaHI MDKIPEIMETHI 3B’SI3KM, MICTUTh apryMEHTOBaHI
BHCHOBKH.
4 Binmosige B 1imomy NPABUJIbHA, JIOCTATHRO TOBHA, JIOTIYHA; JTOMYIICHI HECYTTEBI
MTOMWJIKH Ta HETOYHOCTI y BUKIIAJICHHI MaTepiary
3 BinmoBigk 4acTKOBO MpaBUiIbHA, MICTHTh HETOYHOCTI, HEJJOCTATHRO OOTPYHTOBAHA.
2 Binnosigpb Mae cyTTeBi TIOMUIIKH, apryMeHTH Hec(OpPMYIIbOBaHI,
BHKOPHUCTOBYIOTHCSI HEBIPHA TEPMIHOJIOTIsI.
1 BiamoBink MICTUTH 3HAYHY KUTHKICTh CYTTEBUX TTOMUJIOK, HE OOTPYHTOBAHA.
0 CTy/IeHT He J1a€ BIIMOBIIL
Maxcumanvna oyinka cmyoenma 3a OaHuil KoMnoHewm npoepamu 35 6anis
(7 3ansame no 5 6anis).
KpuTepii ouiHIOBaHHA BUKOHAHHA NMPAKTHYHUX POOIT
IIpakTHyHa e .
Kpurepii oniHroBaHHA
podora
PobGoTa BuKOHaHa y BCTaHOBJEHWW TepMiH. BHKOHaHa CaMOCTIMHO, YITKO
chopmMyabOBaHI 11T, 3aBIaHHS Ta TINOTe3a JAOCHIIKEHb. 3aCTOCOBYBAIHCS
5 KOpPEKTHI METOJU OOpOOKM OTPpUMaHUX pe3yJabTaTiB. Y BHCHOBKAaxX IMPOBEICHA
KOpeKTHa 1HTepmpeTaris pe3ynabrariB. HamaHi dacTkoBi yCHI BiAmoBimi Ha
3alMTaHHS CTOCOBHO TEOPETUYHUX OCHOB POOOTH.
Po6ora BukoHaHna y BcTaHOBIeHUI TepMiH. CTyI€HT BUKOHYE MIPAKTHUHY POOOTY
4 3TIHO 3 IHCTPYKII€I; B LIJIOMY MPaBUJIBLHO CKJIAJa€ 3BIT Ta POOUTH BUCHOBKH.
CTyneHT BiIMOBIISIETbCS HAZaBaTH YCH1 3alIUTaHHS.
PoGora BuKOHaHA 3 TOPYIIEHHSIM BCTAHOBJIEHUX TepMiHIB. CTYIEHT BUKOHYE
3 MPaKTUYHY POOOTY 3TiMHO 3 IHCTPYKIIIEIO; CKIAJA€ 3BIT MICTHUTh HETOYHOCTI Yy
BHUCHOBKax Ta MOMWJIKH. HanaHi MOBHI yCHI BIONOBiAI Ha 3alMTaHHS CTOCOBHO
TEOPETUYHUX OCHOB POOOTH.
Po6ora BuKOHaHA 3 TOPYIICHHSIM BCTAHOBJIEHUX TepMiHIB. CTYIEHT BUKOHYE
5 OPaKTHYHY POOOTY 3TiHO 3 IHCTPYKIIIEIO; CKIAICHUN 3BIT MICTUTh HETOYHOCTI y
BHUCHOBKAax Ta MOMMWIKH. HagaHi 4acTKOB1 yCHI BiMOBi/II HAa 3alIUTaHHS CTOCOBHO
TEOPETUYHUX OCHOB POOOTH.
PoGora BHKOHaHA 3 TOPYIIEHHSIM BCTAHOBJIEHHUX TepMiHIB. CTYIEHT BUKOHYE
1 NpakTUYHY pOOOTY MiJl KEpIBHUITBOM BHKJIaJaya; CKJIaJE€HUH 3BIT MICTUTh
HETOYHOCTI Y BHUCHOBKax Ta MOMHIKUA. CTYIEHT BIAMOBISETHCS HaJaBaTH YCHI
3alMUTaHHAL.
0 Po6oTa He BUKOHYBajacs

Maxkcumanvna oyinka cmyoenma 3a Oanuli Komnowenm npoepamu 40 oanie

(8 pobim no 5 6anis).
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Kpurepii oniHIOBaHHS BUKOHAHHSA KOHTPOJbHUX POOIT

KonTpoibHa .
Kpurepii ouinroBanus
pobora

Po6oTa BukoHaHa y BCcTaHOBJICHUH TepMiH. CTyJeHT CaMOCTIHHO BHU3HAYA€E THUII

4 3amavi 1 pamioHaabHO PO3B’s3ye ii. Moxke po3B’s3yBaTh KOMOIHOBaHI 3ajadi.
3BIT BiIMIOBIa€ BCTAHOBJICHUM BHMOTaAM.
Po6oTa BHKOHaHA CAaMOCTIHHO 3 IOPYIIEHHSM BCTAHOBJICHUX TepMiHiB. CTyleHT

3 CaMOCTIMHO BHW3HAYa€ TUN 33Ja4i 1 pamioHampHO po3B’sizye 1. Moxe
pPO3B’s3yBaTH KOMOIHOBAHI 33/1a4i. 3BIT BIAMOBIIA€ BCTAHOBICHUM BUMOTaM.
PoGoTra BUKOHAaHA 3 MOPYHIEHHSIM BCTAHOBJIEHHUX TepMiHIB. CTYJEHT HAaBOAMTH

2 noTpibH1 popmynu. Po3B’sa3ye 3agauy Kkopuctyrounuch anropurmom. CkiaieHui
3BIT MICTUTh HETOYHOCT1 Y BUCHOBKaX Ta MMOMUJIKH.

1 CTyneHT cKlaga€ CKOpPOYEHY YMOBY 3ajadi, poOOUTh OOYHUCICHHS JHUIIE 3a
TOTOBOIO (POPMYJIIOHO.

0 CryeHT He po3B’s3ye 3a1adi.
Maxcumanvna oyinka cmyodenma 3a Oaunuil Komnouwenm npoepamu 20 oOanie
(5 numanw no 4 6anu).

Kpurepii oniHIOBaHHSA MOTOYHOI0 MOAYJIbHOI0 KOHTPOJII0 Y opMi TecTyBaHHSA

Hpasmaernx | 44 | g 8 7 6 5 4 3 2 1
Binnmosineii
Ban 0 | 9 8 7 6 5 4 3 2 1

VY BIIMOBIIHOCTI A0 MporpaMu repeadadeHo 2 MOTOYHUX MOAYIBHUX KOHTPOJIl, TAKUM YHHOM
MaKCUMajbHa OIlIHKAa 3a JNaHWi KOMIOHEHT mporpamu 20 OamiB. KoxHuii tect nependavae 10
TECTOBUX 3aIIUTAHD.

KpuTrepii oninoBanus 3aiiky

3100yBau Ma€ BIAMOBICTH HA OJIHE MUCHMOBE MUTAHHS Ta BUPIIIUTH OJHY IPAKTHYHY 3a7a4y.
Koxna BignmoBinp Ha yCHE NHUTAHHS OIIHIOETHCA MakCUMyM y 15 OaiiB, BUpIIIEHHS KOXKHOI
MPAaKTUYHOI 3a/1a4i — y 25 GaiiB. 3arajioM 3a 3ajJiK MOXHA OTpUMAaTu MakcuMyM 40 Oaiis.

Bignmosias Ha

NHUCbMOBE Kpurepii oniHioBaHHA
NMUTAHHS
BinmoBige HajgaHa T1OBHA, TIPYHTOBHA, 4iTKa, MPU HaJaHHI BIAMNOBIII
15 Mpe/ICTaBJIeHI HEOOXiAHI MaTeMaTU4HI1 BUKJIAIKA Ta CXEMHI pillleHHsS, HaJlaHi

MOSICHEHHST OCOOJIMBOCTEH BUKOPUCTAHHSA OAHOI'O0 TCOPETUYHOI'O 3HAHHSA Ha

HpaKTI/ILIi, HaBCJACHO MPUKIAAU TAKOTO BUKOPUCTAHHA.
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Bignosiae Ha
NnUCHLMOBE
NMUTAHHA

Kpurepii oninioBaHHA

BinmoBink HajgaHa T1OBHA, TIPYHTOBHA, 4iTKa, MPU HAJaHHI BIINOBII
MpE/ICTaBJICHI HEOOXiAHI MaTeMaTUYHI1 BHKJIAIKA Ta CXEMHI pIllleHHsS, HaJlaHi
MOSICHCHHST OCOOJIMBOCTEH BUKOPHICTAHHS JIaHOTO TEOPETUYHOTO 3HAHHS Ha
IPAKTHII, 3 HABEJICHHSAM NPUKIIATy TAKOTO BUKOPUCTAHHS BUHUKIIN TPYTHOIIIL.

BinmoBink HamaHa MOBHA, IPYHTOBHA, alie CIIOCTEPIralOThCS HEBIIEBHEHICTH Ta
TPYAHONIII TMPHU BIANOBIMAX HA YTOYHIOKOUI 3allUTaHHS, X0Ya IPH HAJAHHI
BIJIMOBI/II ITpeicTaBlieHi HEOOX1THI MaTeMaTUYH] BUKJIQJIKA Ta CXEeMHI pillleHHS,
HaJaH1 TIOSICHEHHS 0COOIMBOCTEH BUKOPUCTAHHSI JIAHOTO TEOPETUIHOTO 3HAHHS
Ha TIPAKTHII, HABEJCHO MPHUKJIAIU TAKOTO BUKOPUCTAHHSI.

BiamoBine Hamana MoBHA, TPYHTOBHA, ajie CIOCTEPIrarOThCsS HEBIIEBHEHICTH Ta
TPYAHOLIl TNpHU BIANOBIAAX Ha YTOUHIOIOUl 3allUTAaHHSA, X04a IpPH HaJaHHI
BIJIMTOBI1/I1 MPEICTaBIEHI HEOOXITHI MAaTeMaTUYH1 BUKJIQJIKH Ta CXEMHI1 PIIICHHS,
HaJlaH1 MOSICHEHHST 0COOIMBOCTEN BUKOPUCTAHHS JAHOTO TEOPETUYHOTO 3HAHHS
Ha TpPaKTHIl, 3 HABEACHHSM TMPUKIATy TAKOTO BUKOPUCTAHHS BUHUKIN

TPYIHOIII.

BignoBigs HajgaHa He IOBHA, ajleé BHUCBITIEHO OUIbIIE ITOJIOBUHU ITHTAHHS,
CIIOCTEPIraloThCs HEBIIEBHEHICTh Ta TPYAHOIIl MPH BIANOBIAAX HA YTOUYHIOIOY1
3alUTaHHS, TPEJCTaBICHI OCHOBHI MaTeMaTH4YHI 3aJIeKHOCTI Ta CXEMHI
pillIeHHsI, HaJgaHI TOSCHEHHA  OCOOMMBOCTEH  BUKOPHUCTAHHS  JIAHOTO
TEOPETUYHOTO 3HAHHSA HAa MPAKTHI, HaBEICHO NPHUKIAAM  TAKOTO
BUKOPHUCTAHHS.

BinmoBigs HagaHa He MOBHA, ajieé BHCBITJIIEHO OUIBIIE ITOJIOBUHM HMTAHHA,
CIIOCTEPIraloThCsl HEBIEBHEHICTh Ta TPYAHOIII MPH BIAMOBIIAX HA YTOYHIOIOU1
3alUTaHHS, TMPEJCTaBJICHI OCHOBHI MaTEMaTH4YHI 3aJIeKHOCTI Ta CXEMHI
pIICHHS, HaJaHI TOSICHCHHS  OCOOJIMBOCTEH  BHKOPHUCTAHHS  JIAHOTO
TEOPETUYHOTO 3HAHHS HA TMPAKTUIl, 3 HABEJACHHIM NPUKIAAY TaKOIo
BUKOPHCTAHHS BUHUKIIN TPYIHOIIII.

BignmoBink HajaHa HE TIOBHA, BHCBITIEHO MEHIIE IIOJOBHHHM ITHTAHHS,
CIIOCTEPIraloThCsl HEBIIEBHEHICTh Ta TPYAHOIII MPHU BIAMOBIAAX HA YTOYHIOIOY1
3alUTaHHs, TIPEACTABIICH] Kl MaTeMaTHYHI 3aJIeXKHOCTI Ta CXEMHI PIIICHHS,
HaJIaH1 MOSICHEHHS 0COOJIMBOCTEH BUKOPUCTAHHS JAHOTO TCOPSTHYHOTO 3HAHHS
Ha MPAaKTHUIIl, HABEJCHO MPUKIIAIX TAKOIO BUKOPHUCTAHHS.

BignoBins HajaHa HE TIOBHA, BHCBITIEHO MEHIIE IIOJOBHHM ITWTaHHS,
CIOCTEPIraloThCsl HEBMEBHEHICTh Ta TPYIHOILI NMPH BIANOBIIAX HA YTOUHIOKOY1
3aMMUTaHHsA, TPEJCTaBIIeHI JAesKi MaTeMaTUYHI 3aJIeKHOCTI Ta CXEMHI pillleHHS,
Ha/IaH1 MOSCHEHHS 0COOIMBOCTEN BUKOPUCTAHHS JAHOTO TEOPETUYHOTO 3HAHHS
Ha TPaKTUIl, 3 HaBEACHHSAM TMPHUKIANy TaKOro BUKOPHCTAHHS BUHUKIHU

TPYAHOIII.

BignoBine HajgaHa He TIOBHA, BHCBITJICHO MEHIIE IIOJOBHHM ITUTaHHS,
CIOCTEPIraloThCsl HEBIIEBHEHICTh Ta TPYJHOUII IIPH BIAMOBIIAX HA YTOUYHIOIOUI
3aMMUTaHHs, TPEJCTaBIICHI AesKi MaTeMaTUYHI 3aJIeKHOCTI Ta CXEMHI pillleHHS,
BIICYTHI TOSICHEHHSI OCOOJMBOCTEH BHKOPHUCTAHHS JaHOTO TEOPETUYHOTO
3HAHHS Ha TIPAKTHIIL.
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Bignosiae Ha
NMCbMOBE Kpurepii oninioBaHHA
NUTAHHA
BinmoBins HamaHa He II0OBHA, BHCBITJIEHO MEHIIE I[IOJOBUHH ITHTAHHS,
CIIOCTEPIraloThCsl HEBIIEBHEHICTh Ta TPYJHOUII MPH BIAMOBIIAX HA YTOYHIOIOUI
1 3alMTaHHg, HE B 3MO31 NPEICTABUTH MaTEeMAaTH4YHI 3aJIEKHOCTI Ta CXEMHI
pilIeHHs, a TaKOoX TOSCHEHHS OCOONMBOCTEH BHKOPHCTAHHS JaHOTO
TEOPETUYHOTO 3HAHHS Ha MPaKTHIIL.
0 BinnoBins He HajaHa B3araii abo aOCOJIOTHO HE BIANOBIIa€ MUTAHHIO.
Maxcumanvna oyinka cmydenma 3a 8i0nogiob Ha yche numantHs 15 Oanie
(1 numanns no 15 banis).
Pimenns
NPaKTUYHOI Kpurepii ouiHioBaHH#A
3aaaui
o5 PimenHs npezcrabiieHe MOBHE, KOPEKTHE, 3 YITKUMU MOSCHEHHSMH, BIIMOBIAb
MpaBHIIbHA.
20 Pimenns np'eHCTal'aneHe y BUrIIAa1 GOpMyIl, IPaBUIbLHO BUKOPUCTAHUX, aje 0e3
MOSICHEHb, BIIIIOBIIh MPaBUIIbHA.
15 PimenHs npezacrabiieHe MOBHE, KOPEKTHE, 3 YITKUMU MOSCHEHHSMU, BIANOBIIbL
HEeMpaBWIbHA y 3B'SI3KY 13 TOMWJIKaMH ITPU BUKOHAHHI PO3PaXyHKIB.
Pimennst mpeacraBiene y BUTIISIAL GOPMYIT, TPAaBMIIBHO BUKOPUCTAHUX, ajie 0e3
10 MOSICHEHb, BIAMOBIAb HEMPaBWIbHA Yy 3BSI3KYy 13 MOMUJIKAMH TPH BHKOHAHHI
pPO3paxyHKIB.
5 PimenHst mpeacTaBiieHe HEMOBHE, OUIBII HDK HANOJOBUHY, TpaBUIbHA
BIJIMTOB1/Ib BIICYTHSI.
0 Pimennst He mpecTaBieHe B3arajii abo HEIMOBHE, MEHII HK HAIOJIOBUHY.
Maxcumanvna oyinka cmyoenma 3a 3aoaui 25 oanis (1 3a0aua no 25 6anis).
MaxkcumaibHa KiibKicTh 6aiiB
Dopma Konmpoio Jenna ¢popma 3aouna ¢opma
3100yTTS OCBiTH 3100yTTSl OCBiTH
BuxonanHs mabopatopHUX poOiT 10x4 6amu = 40 GauiB 10x4 6amu = 40 GamiB
[ToTouHnt MOYTFHIX KOHTPOIH 2x10 6amniB = 20 6amiB -
BuxonaHHS 1OMaIHBOi KOHTPOIBHOT POOOTH - 1x20 6amniB = 20 6amniB
Beboro 60 60
8. Kpurepii oniHIOBaHH# pe3yJIbTaTiB HABYAHHS
JlenHa ¢opma 3100yTTS OCBITH 3aouHa popma 3100yTTs OCBITH
KinbkicTs KinpkicTs
Bun pobotu ) Bun pobotu .
OamniB OamniB
3M1 | Tl |[IIpakrtuuna pobota Nel 5 [Tpaktuyna po6ota Nel 5
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T2 | IlpakTruna podota No2 5 [TpakTruna pobota Ne2 3)

T3 | Ilpaktruna po6ota Ne3 5 [Tpaktuuna podoTa Ne3 3)

T4 | [Ipaktuuna podora Ned 5 [TpakTrana podota Ned 5

I[IMK | TectryBanns 3a temamu 3M1 10 TectyBanHs 3a Temamu 3M1 10

T5 | Ilpaktruna podota Ne5 5 [TpakTruna po6ota Ne5 )

T6 | IIpakTruna podota Ne6 5 [TpaxTruna po6ota Neb )

3M2 | T7 | Ilpaktuuna podora Ne7 5) [TpaxTruna po6ota Ne7 5

T8 | [IpaxTiuna poGota Ne® 5) [TpakTruna po6oTta Ne§ 5

[IMK | TectryBanHs 3a Temamu 3M2 10 TectyBanHs 3a TeMamu 3M?2 10
Mizcymxonuit Sarik 40 ik 40

KOHTPOJTh

Cyma 100 100

9. IncTpyMeHTH, 00JIaJHAHHS Ta MPOrpaMHe 3a0e3nevYeHHs], BUKOPUCTAHHS SIKMX Nepeadaydae
HABYAJIbHA JMCUHUILTIHA

1. OnopHMt KOHCIIEKT JICKIIIN 3 TUCIUTUIIHU B €IEKTPOHHOMY BapiaHTI.
2. MeTtoauuHi BKa3iBKM Ta 3aBJaHHs 10 BUKOHAHHS MPAKTHYHUX POOIT 3 TUCIUILIIHU B
€JICKTPOHHOMY BapiaHTI.

3. KoM’ roTepHi Ki1acu jist JOCHIHKEHHS XapaKTePUCTHK BiOpaI[iiHUX MaIIuH Ta MPOIIECiB.
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JdomomixkHa JiiTepaTypa

7. T'ypoB A. I1. MeTtoauuHi BKa3iBKU 10 BUKOHAHHS JIA0OpAaTOpHUX poOiIT 3 Kypcy "OcHOBH
BiOpoTexHiku" [Tekct] / A. I1. I'ypos, [I. FO. Illapeiiko ; Ykpaincbkuii qepk. MOPCHKHI TEXHIYHUN
yH-T iM. MakapoBa. - Mukouais : [0.8.], 2001. - 56 c. - (MeToau4H1 BKa3iBKH)

8. ®omenko A.M., apeiiko [.}FO. KommnektHi enekrponpuoau: Y 3 4. Y. 2: [udposi
KOMIUIEKTHI eslekTpornpuBoau: HaBuansHuit nocionuk. — Muxosmais: HYK, 2014. — 142 c.

9. I'obmuk H.M. MATLAB B imxeHepHHX po3paxyHkax. KoMIT 1oTepHUid MPaKTHKyM: HaBY.
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