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Ovcuunnina: basu gaHux B 6iomegunuHnx iHpopmauitHo-Komn’'lOTepPHUX
cuctemax

Po3ain 1. OcHoBM opraHi3auii Ta NpoeKkTyBaHHA 6a3 gaHuX

§ 1. 36eperkeHHs iHbopmaLii y EOM. Tunu i CTPYKTYpM AaHUX: MOHATTA AaHMX Ta iX pisHOBMAM;
BMMOIM 0 NPeAcTaB/ieHHA AaHUX Ta IX HOCITB 3 noriaay pisHMX 3aCTocyBaHb 0OYMUCAIOBA/IBHOT TEXHIKY;
36eperkeHHs gaHux y EOM; ocHOBHI TMNK AaaHux, Wwo 36epiratotbca y EOM; y3aranbHeHi mogeni Ta
CTPYKTYpY AaHux. Pannosi cuctemm: NoHATTA Gainy 3 TOUKM 30py NPUKNALHOT MPOrpPaMu: CTPYKTYpU
daiinis; imeHyBaHHA pannis; 3axmcT dpannis; pexxkmm baraToKopuUCTyBaLlbKOro AocTyny; obaacTi
3actocyBaHHA dainis

§ 2. OcHoBwM KoHuenuii B. Bumoru iHbopmaLinHux cuctem Ta KoHuenuis b: sBumoru
iHbopMaLitHNX cucTem A0 36epexkeHHA AaHMX; OLiHKA Ta HeaoNiKK GalnoBUX cucTem Ana peanisauii
iHbopmaLitHNX cuctem; NoHATTA | KoHuenuia b Ta CYBM,; cucremu Ta cepeaosuule b/l

§ 3. OyHKUii Ta TMNOBa opraHisauia CYB[. OcHoBHi ¢pyHKLi: be3nocepegHe ynpaBaiHHA JaHUMN Y
30BHILWHIN Nam'aTi; ynpaBniHHA 6ydepamn onepaTUBHOI Nam'aTi; ynpaBaiHHA TpaH3aKLUigsMK; NigTpUMKa
MmoB 6a3 gaHux. TunoBa opraHisauia (apxitektypa) cyyacHoi CYBA. Knacudikauis CYBA

§ 4. IndonoriuHe mogentoBaHHA b, . ETann npoekTyBaHHA Ta MogentoBaHHA B, Ta OCHOBHI
3aBAAHHA, WO PO3B'A3YIOTLCA HA HUX. MpoeKTyBaHHA B[ Ta MmoaentoBaHHA. Mogeni 6a3 fgaHux, Wo
3aCTOCOBYIOTbCA HA Pi3HMX eTamnax NPOEKTYBaHHA: KOPUCTYBaLbKa, KOHLeNTanbHa (iHponoriyHa); mogens
peanisauii. IHbonoriuHa mogenb “cyTHiCTb-3B'A30K”: NPU3HAYEHHSA, OCHOBHI e/IeMEHTU, NPeACTaBAEHHS
AaHux. CyTHoCTi, aTpmnbyTu, 3B'A3KM Ta iX XapaKTepucTuKK. MNpasuna atpubyTis. Kntoui. Mobyaosa
iHponoriyHoi moageni. FpadiuHe npeacrasneHHs ER-mogaeni. Aiarpama “cyTHicTb-38'A30K”, abo ER-
Aiarpama. HoTauii, wo 3actocoBytoTbea Nig Yac nobyaosun ER-giarpam (YeHa, MapTiHa, BapKkepa, IDEFIX)

Po3ain 2. Nigxoau po opraHisauii b/,

§ 1. MogentoBaHHsA gaHUx B Npoueci cTBopeHHA 6a3 gaHux. JopenauiiHi nigxoam Ao opraHisay,i
Ta gopensauinHi mogeni bLl. lepapxivyHi mogeni B: cTpyKTypu, MaHinyntoBaHHA AaHUMM, LiNiCHICTb..
Mepekesi moaeni bJl: CTPYKTypu, MaHiNyAtoBaHHA AaHUMM, LifiCHICTb. PenauilitHa moaenb AaHuX.
MocTpensuiliHa Ta 6baratoBMmipHa mogeni. O6’eKTHO-OpieHTOBaHa Ta 06’eKTHO-pensLiiHa moaeni

§ 2. OcHoBM penauiiHoro nigxoay A0 opraHisauii bl. OcHoBM pensuinHoi mogeni AaHnX. OCHOBHI
nepesarv Ta HeONIKM penauiiHoro niaxony. bazosi NOHATTA penALiiHOrO MOAENOBaHHA AAHUX: TUN
OaHWNX; AOMEH; BiIHOLLEHHS; KOPTEKi; CXema BifHoLWeHHs, cxema B, OcHoBHi (dyHAaMeHTanbHi)
B/1TACTUBOCTI BiAHOLWEHb Yy penAuinHux b. TpaH3UTMBHE 3aMMKaHHA BigHOLWeHb. PenauiliHa moaens
(opraHisaujina 6a3u) gaHux: 3aranbHa XapaKTePUCTUKA; LiNICHICTb CyTHOCTEN Ta NOCUIAaHb

§ 3. basucHi 3acobu maHinynoBaHHA penauinHumm gaHumu. Kateropii Ta iHTepdencn mos
MaHinyntoBaHHA penauinHnmmn aaHnmm. OCHOBM penAliiMHoT anrebpu: 0CHOBHA KOHLUENL,A: 3aranbHa
iHTepnpeTauia penauiiH1UxX onepauin. onepauii Hag KopTeXamu i BiAHOLWEHHAMMW; 3aMKHEHICTb penauinHoi
anrebpu Ta onepadii nepelrimeHyBaHHA. OCHOBHI onepauii penauiinHoi anrebpu 3 06po6KM BiHOLLEHD.
Ocob611BOCTi TEOPETUKO-MHOXUHHUX onepaLii penauinHoi anrebpu. CnewianbHi penauinHi onepauii:
onepaLia B3ATTA Npoeku,ii, onepauii 06'egHaHHA Ta gineHHA BigHoWweHb. OCHOBU pensLiiHOro YNC/IEHHA:
KOPTEKHi 3MiHHI Ta NpaBUIbHO NO6YA0BaHI GOPMYAU; LiNbOBI CMUCKKU Ta BUPa3U PENALINHOIO YACAEHHS;
pensauiinHe o6YnMCNEHHs 4OMEHIB

Po3gin 3. OcCHOBM NPOEKTyBaHHA penauiiiHux b
§ 1. NpoeKTyBaHHA penauiiHnx bA. Mutresunit umkn bLl. YHiBepcasibHe BiAHOLWEHHA SIK OCHOBaA
pensuinHoro npeactaB/ieHHA gaHuX. [poekTyBaHHA penauiiHux b/l i3 3acTocyBaHHAM HOpMani3aLii:
BMMOIU [0 FPYMNyBaHHA aTpUOYTiB, 3MEHLWEHHA HAA/MLWKOBOCTI; AaHUX Ta YCYHEHHA aHOManin; anapat
(npouenypa) Hopmanizau,ii
§ 2. Npoueaypw Hopmanisauii y npoektyBaHHi b/l. Teopia Ta pisHOBMAM HOPMaNbHUX GOPM.
®yHKUioHaNbHI 3anexHocTi. NepLwa, Apyra, TpeTa HoOpmaabHi GopmK Ta NpUBEAEHHA A0 HUX moaenen B/,
BCNF-HopmanbHa ¢opma boiica-Kogaa. baraTosHauHi 3aneXHoCTi Ta YeTBepTa HopMasibHa popma.
Teopema deliaKunHa. 3aneKHOCTi 3i 3'egHaHHA (cnonyyeHHA, acoujialii) Ta n'aTa HopmanbHa popma.
MNigTpymKa yinicHocti y pensuiiHnx BA. Anroputm Hopmanisau,ii Ta KOPEKTHICTb NpoLeaypyu Hopmanisau,ii
§ 3. OcobnuBocTi penauintHoi mogeni meanyHmx bA. Mogenb gaHux EAV
Po3gin 4. Mosa pensauivHux b, SQL



§ 1. QBE 1a SQL. EBoatouia SQL Tunu aanumx SQL

§ 2. 3acobu BU3HaYeHHA pensauiiHoi cxemu. MoBa BU3HauYeHHs gaHux (DDL): onepaTopwm
cTBopeHHA B Ta iHAEeKCciB; ynpaBaiHHA npaBamu 4oCTyny

§ 3. 3acobu maHinyntoBaHHA gaHMMKU. MoBa MaHinyntoBaHHA gaHumu (DML): onepaTop BUBGipKM
AaHuX; NpocTa BUbipKa; BUbipKa 3 ymoBamu;BMbGipKa 3 KibKOX TabanLb; 3anNnTU 3 06YMCAEHHAM;
obuncneHHna y mexKax Select; rpynyBaHHs gaHux. TpuBianbHi Ta HeTpMBianbHi 3anuTK. CneuianbHi
onepartopu SQL

§ 4. 3acobu maHinyntoBaHHA gaHumMn. 3anuTn SQL Ha moaudikauito gaHUX. 3abe3neyeHHn
LinicHOCTi Npy BUKOHaHHI onepauit moandikauii gaHnx. CTBOPeHHsA Tabmupb 3 0bMeXKeHHAMK. 3MiHa
CTPYKTYpY Tabnmub

Po3gin 5. YnpaBniHHa B/,

§ 1. YnpaBniHHA TpaH3aKuiamu. TpaH3aKuii Ta ii B1acTuBOCTI. MopyweHHA yinicHOCTI nig vac
BMKOHAHHA TpaH3aKLin. ObmexeHHs LinicHOCTI Ta ix KnacudiKkauin (3a peanisalieto, 3a Yacom, 3a
obnactio). Peanisauis geknapatnsHmux obmexkeHb B[] 3acobamm SQL. MoxnunsocTi SQL w00 3aaaHHA
OEeKNapaTMBHUX obmerKeHb. CUHTAaKcUC obmexkeHb onepaTtopis SQL. TpaH3akLii Ta napanennsm.
Mpobnemun 6aratokopucTyBaLbKkoro goctyny. OcHoBHi Npobsiemu napanenmnsmy. Pobota TpaH3aKLUin y
cymiwi. KoHPAIKTU MixK TpaH3aKLismK. Cnocobu po3B'a3aHHA KOHMIKTIB MiXK TpaH3aKLiasMM

§ 2. Cepianisauin TpaH3aKLUi. Po3B'A3aHHA Npobaem TpaH3aKLili 33 4ONOMOroto 6/10KyBaHHA.
CUHXpPOHI3aLiliHM 3axBaTU: rpaHy/IbOBaHi 3axBaTu (HAaBMUCHI 6/10KyBaHHA); NpeAnKaTUBHI 3aXBaTu.
Mpobnemun cymicHocTi 610KyBaHb. TYNUKMK, iX po3ni3HaBaHHS Ta PyMHYyBaHHS. MeToa, 4acoBUX MITOK.
[OBodasHe 6/10KyBaHHA. Teopema EcBapaHa npo cepianizoBaHicTb. Po3B'A3aHHA Npobaem TpaH3aKLii 3a
[A0NOMOroH i30/1bOBAHOCTI KOpUCTyBadiB. 3acobu SQL ynpaBniHHA TpaH3aKuiamn. MexaHiam BUAiNEHHA
Bepcin aaHux. XKypHanisauina Ta bydepusauis

§ 3. TpaH3aKuii i BigHOBNEHHA AaHUX. Buamn BigHOBNAEHHA TPAH3aKUil: iHAMBIAYAaNbHMI BiAKaT;
NMOHOBJIEHHA MiCNA M'AKOro Ta }KopCTKoro 360t0. ®isnyHa cymicHicTb B,

Po3ain 6. basu gaHunx i WEB. MNepcnektueu po3BuTKy 6a3 gaHux
§ 1. TpaH3aKuii i BigHOBNEHHA AaHUX. Buamn BigHOBNAEHHA TPAH3aKUil: iHAMBIAYaNbHWI BigKaT;
NOHOBJIEHHA MiCNA M'AKOro Ta }KopCcTKoro 360t0. ®isnyHa cymicHicTb B,
§ 2. Web-texHonorii i 6a3n aaHux. basn aaHux Ha ocHoBi XML. Ny6nikyBaHHA 633 AaHWUX B
IHTepHeT. PoboTa 3 6azamun AaHuX yepes meperKy IHTepHeT. IHTepHeT-aocTyn Ao 6a3 gaHux. WEB-
iHTepdeicn

Po3gin 7. MeauuHi 6a3un gaHunx
§ 1. MoHaTTA Ta KNacuodiKauia meanyHMx 6a3 gaHux. MNepBUHHI | BTOPUHHI 6a3n gaHnx. KniHiyHi
6a3u JaHux
§ 2. basun gaHMxX MmeanYHUX KapT. ENeKTPOHHI meanyHi 3anucu. MeguuHi iHpopmau,inHi
CTaHAapPTH. YKpaiHCbKi cnctemun EMK

§ 3. CneuianizoBaHi megunyHi 6asn aaHux. Npuknagu

§ 4. ba3n paHnx pe3ynbTaTiB KNiHIYHMX gocniaxeHb. basa gaHMX KNiHIYHMX gocniaxeHb
ClinicalTrials. Ba3za gaHux KniHiYHUX AocniaKeHb BcecBiTHLOT opraHisalii oxopoHu 340p0oB’s. [epiKaBHUM
PEeECTpP KNiHIYHUX AochiarKeHb B YKpaiHi. TnobanbHa 6a3a AaHuX KAiHIYHMX gocnigxeHb. KopnopaTUBHi
6a3n AaHUX KNiHiYHMX BUNPobyBaHb. ba3u gaHux KNiHiYHWX aocniaxkeHb PhysioBank

§ 5. ba3u gaHux A0Ka30Boi meguumHu (6ibniorpadiuHi BA). IHbopmauiiiHi pecypcu Aoka3oBoi
MeauuuHKU. basm gaHuUx cuctemaTmMsoBaHUX ornaais. MeToanKku nowyky AoKasis. CyyacHi cTpaTerii nowyKy
[OO0Ka30BMX JaHMX

§ 6. B[, pisionoriyHnx curHanis i meguuHnx 306paxkeHb. basun gaHux ¢isionoriyHMx curHanis
PhysioBank. ba3u gaHux meanyHux 306parkeHb. Mnatpopmu 06MiHY megUyHUMN AaHUMU. HaBYanbHi
6a3u gaHux

Nitepatypa
1. Fepxo A.FO. Cuctemu 0a3 nanux ta 3HaHb : K. 1. Opranizanis 6a3 1aHuX Ta 3HaHb : HaBY. MOCi0. /
A IO. Bepko, O.M. Bepec, B.B. Ilaciunuk. — JIbeiB : Maruo:is-2006, 2008. — 456 c.
2. Ininenxo JI.K. HMK «OcHOBH MOJETIOBaHHS Oi0TEXHIYHHUX cucTeM» [EnekTponnmii pecypc]. — Pexum
nocrymy: http://vns.lpnu.ua/course/view.php?id=5464
3. Collen M.F. Computer Medical Databases. — London Dordrecht Heidelberg New York: Springer, 2012. —



309 p.

4. Elmasri R. Fundamentals of database systems / Ramez Elmasri, Shamkant B. Navathe. — 6th ed. p. cm. —
N.Y.: Addison-Wesley, Pearson, 2010. — 1200 p.

5. llasnuw B.A. OcHoBH 1HGOPMAMIMHNX TEXHOJIOTIH 1 cucTeM: HaBd. 1mocio. / B.A. [Tapum,

JI.LK. I'minenxko. — JIsBiB: Bua-Bo JIsBiB. momitexuiku, 2013. — 500 c.

Owvcumnnina: biogisuka
Po3gin 1. BiomexaHika
§ 1. Bctyn. MogentoBaHHs bionoriuHnx o6’ exTis
§ 2. biomexaHi4Hi mogeni TKAaHWH OpraHi3my NOAMHN
§ 3. biodisnKa ckopoUyBanbHWUX NpoLeciB
§ 4. biomexaHika ONOPHO-PyXasbHOI cMCTEMU
§ 5. biomexaHiKa gnxaHHA
Po3ain 2. MexaHika KpoBoobiry ntoguHum
§ 1. PeonoriyHi Ta remogMHamivHi XapaKTEPUCTUKUN KPOBI
§ 2. Mogaeni kpoBoobiry. MNynbcoBa xBUAA
§ 3. MNepeHeceHHA PeyYOBMHM B KaniNApHii Ta BEHO3HI Mepexi
§ 4. EHepreTMyHi xapaKTepUCTUKK poboTn cepud. PisnyHi oOCHOBM BUMIpHOBAHHA TUCKY KPOBI
Po3ain 3. TepmoauHamika 6ionoriuHnx npouecis
§ 1. OCHOBHI NOHATTA TEPMOANHAMIKK
§ 2. OpraHi3m sk BigkpuTa cuctema. TennoobmiH opraHismy i cepeagoBuila
Po3gin 4. EnektpoguHamika 6ionoriyHnx npouecis
§ 1. ®i3nyHi npouecu B BionoriyHMx membpaHax
§ 2. biodisnKa HepBOBOro iMNy/bCy
Po3ain 5. Bsaemogpia 6ionoriuHoro 06’ekTa i3 30BHiLUHIiMM YUHHUKaMMU
§ 1. biodisnKa mexaHi4YHOT Ta aKyCTUYHOI Aji Ha 06’eKT
§ 2. Mopaeni enekTpUYHMX BNIAaCTUBOCTEN TKAHWH Ta Aif @NeKTPUUYHOTo CTpyMy Ha 6io06’ ekt
§ 3. Bsaemogia 6ionoriyuHoro 06’ekTa 3 eNeKTPOMarHiTHUM Nosiem Ta KOPMyCKYASAPHUM
BMMPOMIHIOBAHHAM
Nitepartypa
1. I'pueop’esa JI.I. OcHoBu Oio(i3uky 1 OiomexaHiku: HaBd. noci6. / JL.I. I'purop’esa, FO.A. TomimiH. —
Muxkonais: Bun-so MY im. [Terpa Moruiu, 2011. — 297 c.
2. Aumomniox B.C. biodizuka i 6iomexanika: migpyu. / B.C. Antontok, M.O. bonnapenko, B.A. Bamenko ta
in. — K.: TTomitexuika, 2012. — 344 c.
3. Cmopuyn €.B. biogiznuHi Ta MaTeMaTUYHI OCHOBH IHCTPYMEHTAJIBHUX METOJIB MEUYHOT IIarHOCTHKU:
HaBy. roci0. / €.B. CropuyH, SI.M. Marsiituyk. — JIBiB: Pactp-7, 2009.
4. Biogisuuni ocHoBH iHCTpyMeHTaNbHOI (izioreparii / €.B.Cropuyn, F0.M. Pomanwurmms, JI.IT. IBaHOB. —
JIeBiB: Pactp-7, 2014. — 318 c.
Indopmauniiini pecypcu
https://uk.wikipedia.org/wiki/%D0%91%D1%96%D0%BE%D1%84%D1%96%D0%B7%D0%B8%D0%B
A%D0%B0
http://www.zgia.zp.ua/gazeta/BiofizPosibnik.pdf
http://biology.univ.kiev.ua/images/stories/Upload/Kafedry/Biofizyky/Biblioteka/Biofizyka Kostyuk/kostuk
%20biophisics.Pdf

Oucumnnina: OcHoBU moaentoBaHHA BiOTeXHIYHUX cucTem

Po3gin 1. OcHoBM meTogonorii mogentoBaHHA 6ioTexHiyHUX cuctem (BTC)

§ 1. BTC 5K 06'eKkT mogentoBaHHsA. MoHATTA cuctemu, TexHivHoi (TC) Ta bioTexHiuHoi (BTC)
cuctemu. MNoHATTA Ta XapaKTepucTUKKM cuctem. CKnagHi cuctemu Ta ix BractmsocTi. BTC Ta ix ocob6amnBocTi.
dyHKUioHanbHi xapakTepucTnkm 6TC. OcobmBOCTI KMBOro opraHiamy sk naHkn BTC. Knacnoikauis BTC

§ 2. OCHOBHI NOHATTA Ta niaxoan ao moaentosaHHAa BTC. Moaeni i opuriHann. Mogenb AK
cnpolleHe npeactaBaeHHAa cuctemn. CyTHICTb Ta 3ara/ibHi NPUHLMNN MOAENOBAHHA cuctem. Bumora
aAeKBaTHOCTI Ta iHTePNPETOBAHOCTI moaenei



§ 3. OcHoBM Teopii nobyaosn mogenei. OCHOBHI eTanu NPoLLECY MOAENOBAHHA: AeKOMMNOo3ULiA
iHbpopmaLii npo opuriHan; BUAiNEHHSA CyTTEBMX GparmeHTiB i 3B'A3KiB; KOAyBaHHA CYTTEBUX PpparmeHTiB
(onopHoi iHpopmalii) Ta 38'a3KiB. Cnocobu peanisalii oCHOBHUX eTaniB Nobyaosu moaeneit. Bumora
iHTepPNPeTOBaHOCTI MoAeni i KBaHTUdIKALLIA NOHATb B Npoueci moaentoBaHHA BTC 3a gonomoroto ¢isnyHmx
BE/IMYNH

§ 4. NpepacTaBneHHs Ta cnocobu aocnigxKeHHa mogeneit. CemMaHTUKa | CUHTAaKCUC moaenei.
MeToau pocnigxeHHs TC nig yac nobygosun moaenen (Ha emMnipuyHOMY, TeOPETUYHOMY piBHAX). MeToau
iaeanisauii i opmanisauii Ta ix BUKOPUCTaHHA B NpoLeci MOAetoBaHHSA. AKCioMaTUYHUIN meToz,

§ 5. Knacuoikauia moaeneit (3a cMHTaKcucom i cnocobom aocnigrkeHHa). MatepianbHi Ta igeanbHi
mogeni i ix pisHoBnamn. HatypHe, ¢pisnyHe i MaTemaTnyHe maTtepianbHe mogentoBaHHA. Cneundika
aHanoroBoro i pyHKLIOHaNbHOrO MOAENOBAHHA. BUAM ifeanbHUX Mogeneit: HaouHi, CUMBOJIbHI i
MaTeMaTUYHI

§ 6. Metog noetanHoro mogentoBaHHa bTC

Po3gin 2. MatemaTuuyHe moaentoBaHHA

§ 1. OcHoBM NOBYA0BM MaTeMaTUUYHUX Mogenenn. Cnocobu NnpeacTaBAeHHSA MAaTEMATUYHUX
mogaenein. BusHauyeHHA maTemMaTUYHOT MoAeni | npouecy maTeMaTUYHOIO MOAENOBAHHA. CTPYKTYpHE i
dyHKUioHaNbHe MaTemaTnyHe mogentoBaHHA BTC. Cnocobu npeactaBneHHs Bnactmsocteit TCy
dYHKLIOHANBbHMX MaTeMATUYHUX MOAENSX: aHaAN0roBi, aITOPUTMIYHI Ta iMiTalilHi moaeni. OcobamnBOCTi
MaTeMaTMYHOrO MOAENIOBAHHA AeTePMiIHOBaHMX cucTem. ObcAr BifobparkeHHA NapamMeTpiB opuriHana y
MaTeMaTUYHUX MOAENAX: MOBHE, HEMOBHE | HABAUXKEeHe MOLENtOBAHHA

§ 2. Cnocobu npeactaBneHHs 06'eKTIB y MaTeMATUYHMX Mogenax. Popmu 3anncy matemMaTUYHUX
mogenen. JliHinHa i HeniHiiHa popmum 3anucy Ta ix pisHoBmau. Mepesaru i HegonikK pisHUX Gopm 3anucy,
X 3aCTOCYBaHHA

§ 3. Knacuoikauia Ta KnacudikauiiHi 03HaKM matemaTuyHUX mogeneit. MatematuuHi mogeni TC
Ha pi3HKUX iEpapXiYHUX piBHAX. JTiHiMHI Ta HeNiHIMHI, cTalioHapHi Ta gMHamiYHi mogeni. OcobamBocCTi
MATEeMATMYHOrO anapaTy mogentoBaHHA TC Ha pi3HUX iEpapXiYHUX piBHAX. POPMANBHO-NIOTIYHI CUCTEMU AK
pi3HOBMA MaTeEMATUYHUX mogeneli TC

§ 4. OCHOBHI BUMOIM 40 MaTeMATUUYHNX MOAENEN: TOYHICTb, aAeKBATHICTb, iIHTEPNPETOBAHICTb,
€KOHOMIYHICTb. YHIBEPCA/IbHICTb, EKOHOMIYHICTb, KOPEKTHICTb, NOAIOHICTb A0 opuriHany. OCHOBHI
XapPaKTEPUCTUKN MOAeel: TOUYHICTb, EKOHOMIYHICTb, afeKBaTHICTb, 061acTb ageKkBaTHOCTI. [lonyctuma
061acTb aAeKBaTHOCTI MoAe/i i cnocobu ii BU3HaYeHHsA

§ 5. MNpeactaBneHHA MaTeMaTUYHUX Moaenel y Buraaai rpagis. OCHOBHI NOHATTA Teopil rpadis.
BnactumBocTi Ta pisHoBuam rpadis. Jepeso rpada. Nobygosa dyHAAMEHTANbHOIO | HOPMasbHOTO AepeBa
rpada. NMpeacraBneHHA 3agaHoi rpadom iHpopmauii y umcenbHin popmi. MaTpuui iHUMAEHLIN,
CYMiKHOCTEN, KOHTYPIB Ta nepeTuHis (M-maTtpuusa) i npasuna ix nobygosu. MoaentoBaHHs 3agay y
Burnagi rpadis. Nobyaosa Aepesa 3 MiHIMaNbHO CYMApPHOLO Baroto rifiok. Anroputm Kpyckans.
Komn'toTepHa nigTpvmKa nobynosu rpadiyHmMx moaenen Ta ix pos3s'asaHHsA

§ 6. Po3paxyHKoBi (MaTemaTunuHi) mogeni PE3 Ta ix Knacuoikauia. CTpYKTYpHi, GyHKLiIOHaNbHI,
mopdadonoriyHi, TononoriyHi mogeni PE3. BukopucTaHHsA rpadis gns nobyaosu maTtemMaTUUYHUX MoAenen
PE3. MNepuwa i apyra yHipikoBaHi GopMK CTPYKTYPHUX Moaenel, iX NOPiBHANbHA XapaKTepPUCTMKA

§ 7. EKBiBaNIeHTHi cxemMu pisHOMaHITHUX ¢i3ndHuX nigcuctem BTC aK pisHoBuA rpadis. OCHOBHI
NMO3HAYEeHHSA, MPU3HAYEHHA | anropuTM Nobya0BM ANA pPisHUX nigcuctem. MNpaTopHi | TpaHchopMaTOpHI
3B'A3KM i iX Bif0OpaXKeHHs y eKBiBasIEHTHMX CXemax

§ 8. OcobnuBocTi mogentoBaHHA BTC. |geHTuiKauis naHok BTC. Buaun ineHTndikauii. Metoau
OLiHKM napameTpiB mogenelt naHok BTC. MeToa npocTopy cTaHiB

§ 9. OcobnunBocCTi MogentoBaHHA npoueciB GpyHKUiOHYBaHHA 6ionoriyHux enemeHTis BTC. Tunosi
Mozeni: MoZeni, Lo XapaKTepusyroTb PexMm Tedii maTepianbHoro notoky. Mogeni ¢pisnyHmx Ta
6iodisnyHMX NpoLecis Ha OCHOBI TMNOBUX igeanisoBaHUX moaenei

Po3gin 3. MogentoBaHHA Qi3MYHUX NigcucTEM TEXHIYHUX cKnaaoBux BTC Ha maKpopiBHi
§ 1. MatemaTuyHa MmoAeNib AeTePMiHOBAHOI CUCTEMM HA MaKpopiBHi. MoaentoBaHHA i3nYHUX
nigcmMcTem TeXHIYHUX cknagoBux bTC Ha MaKpopiBHi Ha OCHOBI @aHANOTIM 3 NpoUecaMn Y ENEKTPUUHUX
Kosax. lNocTaHoBKa 3agadi. MaTtemaTuyHa Moaenb AeTePMIHOBAHOT CMCTEMU IK KOMDIHALLiA CTPYKTYPHOI i
dYHKUioHanbHOi moaeneit. KOMMNOHEHTHI | TONO/OriYHI PiBHAHHA AK OCHOBA A/15 NObyA0BM MaTeMaTUUYHUX
moaenen aeTepmiHOBaHUX CUCTEM Ha MaKpopiBHi. OcHOBHI ¢i3nYHI nigcncTemm i ix KOMMNOHEHTHI Ta
TOMNONOTiIYHI PiBHAHHA. AHanorii Mi*K $GazoBUMKN 3MIHHUMU N5 Pi3HUX Gi3UYHKUX NigcucTem



§ 2. MeToan oTpMMaHHA i popMM TONONOTIYHMX PiBHAHL. OTPUMAHHSA TONOJIOTIYHUX PIBHAHb Ha
ocHoBi M-maTtpuui. Anroputm nobyaosu M-matpuui nigcuctemm TC i BU3HAUEHHSI KOHKPETHOT popmm
TOMNONOTIYHUX PiBHAHD

§ 3. MeToau nobyaoBM MaTeMaTUYHUX MOE/IEN HA MaKPOPiBHI. Y3aranbHeHU meTos,
dopmyBaHHA maTemaTUUyHMX moaenen TC Ha maKpopisHi. [loBHa maTemaTU4yHa MoAenb CUCTEMU HA
MaKpopiBHi. basnc metogy mozentoBaHHA (BeKTop 6a30BMX KOOPANHAT K BEKTOP CYTTEBUX HaA30BUX
3MiHHMX). Basuc y3aranbHeHoOro metoay. 3MiHHiI cTaHy. Habip piBHAHb 415 OTPUMAHHS NOBHOI
MmaTemaTuyHoi mogeni cuctemu. Mobyaosa maTpuui Akobi nig yac dopmyBaHHA NOBHOT MaTeMaTUYHOI
Mozeni CUCTeMM 3a y3araJilbHEHUM METOAO0M

§ 4. Moandikauii ysaranbHeHoro metoay. Metoam anrebpaisauii piHAHb. Mobyaosa
MaTeMaTMYHOI Mmogeni cuctemu 3a TabanyHMMM MmeTogamu. basnc TabanMyHUX MeToAiB i 3aCTOCOBYBaHi
cnocobwu iHTerpyBaHHA. MeToa BY3/10BUX NOTeHLianiB Ta moamdikoBaHU By3noBuin metoa. Metog,
3MiHHKMX cTaHy. Komn'toTepHa niaTpumka moaentoBaHHA CUCTEM HAa MaKpopiBHi nporpamamun Microsoft
Excel Ta MathCad

§ 5. MobyaoBa maTematnUuHux mogenein TC Ha mikpopiBHi. MaTemaTnyHa mogenb TC Ha
MiKpopiBHi. MpeacTaBneHHA mogenen Ha MikpopisHi. Kpanosi 3agavi nig vac npoektyBaHHA TC Ha
MiKpOpiBHi. [paHWYHI i no4yaTKoBi ymoBW. PisHOBMAM rpaHUUYHMX ymoB. HabankeHi moaeni TC Ha
MiKpPOpIBHi

§ 6. OcHOBHI MeToaM NOBYAOBM MaTeEMATUUYHUX Moaesnel TC Ha mikpopiBHi. MeTog, iHTerpanbHuX
aHasioris i meToam ciTok. OCHOBHI eTanun Nobyaosn matemaTuyHoi mogeni TC 3a meTogom ciTok. MeTtoz,
KiHLEBMX eNleMeHTiB. ANropuTmM meToay i 0cobaMBOCTI MOro BUKOPUCTAHHA. Po3B'A3aHHA meTog0M
KiHLLeBMX e/1eMEHTIB 33434 MOAEN0BAHHA TEMNJI0BOMO NPOLECY 3 TPAHUYHUMM YMOBAMU TPETLOTO poay

§ 7. MeToam YncenbHOro iHTErpyBaHHSA ik OCHOBa MeToAy KiHueBuX pisHuUb. MeTtoa Eiinepa gns
33434 3 NOYaTKOBMMM ymoBaMn. MeToz, KiHLeBux pisHuMLb. MMpaBa Ta niBa pisHULEeBi noxigHi. LUabaoHun
ON5 BU3HAYEHHA Pi3HMLEBUX NOXIAHWUX Y BUNALKY ABOMIpHUMX npouecis. LLabaoH Tuny "keagpat" i Tuny
"xpect". Anroputm metoay i 0cob6aMBOCTI MOr0 BUKOPUCTAHHA

§ 8. Komn'toTepHa niaTpMMKa MOAEN0BAHHA CUCTEM Ha MiKpopiBHi naketom MathCad. Bumoru
[0 KPaoBMX YMOB B rPaHUYHMX 3a4a4ax

Po3gin 4. CtatuctuuHe mogentosaHHsa BTC

§ 1. laeHTndiKauia 06'ekTiB Mogeni 3a 4ONOMOroto KopensaLiiHoro aHanisy. PeanbHuin npouec K
CTOXacTMYHa cuctema. KopenauinHi i npuumMHHO-HacniaKoBi 3aneXKHoCTi napameTpis. OCHOBU
KopensaLiMHoro aHanisy. JlocnigeHHsa ekcnepmMeHTaIbHUX 3a1eKHOCTEN AK NepeaymoBa NpoBeaeHHs
KopensaLitHoro aHanisi
iHTepnpeTaL,ia Ta CTaTUCTUYHA nepeBipka. OgHomipHa Ta 6aratomipHa Kopensauis. Komn'totepHa
NiATPUMKa KopenaLiinHoro aHanisy naketom Excel

§ 3. Mobypo.a perpeciinHmMx mogenei. OcHoBM perpeciinHoro aHanisy. Nobyaosa noniHoMianAbHOT
perpeciinHoi mogeni. IHCTpyMeHTU perpeciiHoro aHanisy B nakeTax Excel Ta MathCAD Ta ix iHTepnpeTaLis.
OTpMMaHHA aHANITUYHUX BUPA3iB, B TOMY YMCNi HEMONIHOMIANIbHUX, AN ONUCY eKCNEePUMEHTANIbHUX
3anexKHocTel 3a gonomoroto onuii Excel "piBHAHHA NiHii TpeHay". PerpeciiHnin aHanis. MepesipKa
aucnepciit Ha ogHopigHicTb. MepeBipKa 3HaYyLWOCTI KoediuieHTie perpecii. MepeBipKa perpeciiHoi moaeni
Ha aZleKBaTHICTb Ta 3a40Bi/IbHY TOYHICTb anpoKcMMmalii. MepeBipKa iAeHTUYHOCTI ABOX perpecinHmnx
moaenemn

§ 4. Nobyposa perpeciiHmMx moaenei. OCHoBM perpeciiHoro aHanisy. Nobyaosa noniHoMianbHOT
perpecinHoi mogeni. I[HCTpymeHTU perpecinHoro aHanisy B naketax Excel Ta MathCAD Ta ix iHTepnpeTauisn.
OTpMMaHHA aHaNITUYHMX BMPA3iB, B TOMY YMCAiI HEMNONIHOMIANbHUX, A1A ONUCY EKCNEPUMEHTA/IbHUX
3anexHocTel 3a gonomoroto onuii Excel "piBHAHHA NiHil TpeHAay". PerpeciliHnin aHanis. MepesipKa
aucnepciit Ha ogHopigHicTb. MepeBipKa 3Ha4yLWOCTI KoedilieHTiB perpecii. MepesipKa perpeciiiHoi moaeni
Ha aZleKBaTHICTb Ta 3a40Bi/IbHY TOYHICTb anpoKcMMmallii. MepeBipKa iAeHTUYHOCTI ABOX perpecitHux
moaenemn

§ 5. OcHOBM NNaHyBaHHA ekcnepumeHTy. MoaentoBaHHA BTC 3a pe3yabTaTaMn aKTUBHOIO
6arato$akTopHOro eEKCNEePUMEHTY

Po3gin 5. MopgenioBaHHa BTC 3a gonomoroto Teopii nogibHocTi

§ 1. YmoBa noaibHocTi moaeni Ta opuriHana Ta cnocobu ii 4oTpUMaHHA nig Yac moaentoBaHHA TC.
OcHoBwu Teopii noaibHocTi. MoHATTA noAibHocTi. MpocTa reomeTpmyHa i apiHHa noAibHicTb. MoAaibHicTb
disnyHMx npouecis. Buam noaibHocTi. AbcontoTHa i NpakTUYHa, MaTeMaTU4yHa i pisnyHa nogibHocTi.



Mpasuno ®dyp'e. Kputepii noaibHocTi i ix BUKOpUCTAHHA B npoueci moaentoBaHHs TC. BU3HayeHHA
KpuTtepiiB noAibHOCTI 3a NpaBUAOM iHTErpaabHUX aHanoris

§ 2. OcHoBHI Teopemu Teopii noaibHocTi. HeobxigHi i 4ocTaTHi ymoBM nogibHOCTI

§ 3. BusHayeHHs KpuTepiiB nogibHoOCTi 3a BigoMummn matemaTnuuHumm onmcamm TC (3a
A0NOMOro nepLoi Teopemn noAibHocTi). AnropuTm BU3HaUYEeHHA Kputepiis noaibHocTi ana npouecis i TC,
LLLO OMMUCYIOTbCA PIBHAHHAMM 3 O4HOPIAHUMM | HEOAHOPIAHUMM PYHKLIAMU. IHAMKATOPM NoAiBHOCTI.
MepeTBOpPEHHA KpUTepiiB NoAibHOCTI | KpuTepianbHMN onnc NoAibHMX npoLecis

§ 4. NobyaoBa maTeEMATUYHUX MOZENEN Ha OCHOBI Teopii po3mipHocTi. OcHoBM Teopil
po3mipHOCTi. OgnMHUMLi | cuctemun BUMiptoBaHHA. OCHOBHI | MOXiAHI, 3an€XHi | He3aneXHi napameTpu B
Teopii po3mipHOCTI. AHani3 po3mipHOCTi i npasuno dyp'e. NMobyaoBa maTeMaTUYHUX MOAENENA METOLOM
aHani3y po3mipHocTei

§ 5. OcHoBHa Teopema Teopil po3mipHocTi (ni-Teopema bykiHrema) i HacniaKkuM 3 Hel. MaTpuui
po3MipHOCTI Ta ix nobygosa. Anroputm nobya0BM MaTEMATUYHOT MOAeNi Ha OCHOBI 1-ro i 2-ro Hacniakis
Teopemu bykiHrema

§ 6. BUKOPUCTaHHA Mi-Teopemm A5 BU3HAYEHHA KpUTepiiB nodibHoCTi Ana TMX BUNaaKiB, Koan
MaTEMATUYHWUI ONUC CUCTEMM HEBILOMMIA. BUKOPUCTAHHA TpeTboi Teopemu nogibHocTi nig Yac
mogaentoBaHHa TC. ABTomogenbHicTb. YMoBu asTomogenbHocTi TC. MoaibHicTb CKNagHUX CUCTEM.
Komn'toTepHa NigTpMMKa 3HaX04KEHHA KpUTEpiaNbHOrO ONMcy maTemaTudHuXx mogeneit TC

Po3ain 6. MogentosaHHA 6ionoriuHux cknagosux 6TC

§ 1. CucteMHMiM Niaxia Ao BUBYEHHS BiosoriyHMx 06'eKTiB Ta cuctem. Po3rnsg opraHismy 3
nosuuin cuctemHoro aHanisy. Ocob6amMBoCTi MoAeNtoBaHHS 6ioNoriYHNX cucTem

§ 2. YnpasniHHA B 6ionoriyHMx cuctemax. CUCTEMHI acnekT ynpaBaiHHA. TUNU peryaboBaHMX
npouecie. FlomeocTtas, romeoKiHes i camoperynauis. NMpuHLMNKM opraHisauii ynpasniHHA B 6ioa0riYHNX
cuctemax. 3BOPOTHI 3B’A3KM B Bi0/IOMIYHMX cuCTEMAX

§ 3. YnpaBaiHHA B opraHiami ntognHu. Knacudikauis Kepytoumx cuctem opraHismy AoguMHU.
Knacudikauis Kepytoumnx nigcmctem opraHiamy ntognmHu. OpraHisauis i BAaCTMBOCTIi eneMeHTapHUX
Kepytounx ogmHuub. OpraHisauis Ta B1acTMBocTi GyHKLiOHANbHMX aHCambniB. Bsaemogisa mix
dyHKUioHaNbHUMM aHCambaamn. CamoperyntoBaHHA disionoriyHnx GyHKLin

§ 4. Niaxoamn [o moaentoBaHHA 6ionoriyHMX 06’ekTiB AK aHOK BTC. MoaentoBaHHA opraHiamy 3
no3uui Teopii PyHKUiOHaNbHWUX cucTem. CTPYKTYpa i NPUHLMMM opraHisauii dyHKuUioHanbHux cuctem (PC).
YnpasaiHHA i B3aemogia ®C

§ 5. KomnapTmeHTHe MmoaentoBaHHsA b6ionoriyHnx nigcuctem BTC. MOHATTA KOMNAPTMEHTY i
KOMNapTMEHTHOT moZeni. Pis3HOBMAW KOMNapTMeHTHUX moaenei. KomnapTmeHTHe MogentoBaHHA Ha
OCHOBI ONKMCY B NPOCTOPI CTaHIB

Po3gin 7. MogentosaHHA di3ioNnoriyHMX cuctem opraHiamy Al04MHU

§ 1. CucteMHUM Niaxia A0 BUBYEHHA §i3ionoriyHMx cuctem opraHiamy atoguHu. disionorivyHa
CUCTEMA OpraHi3my NtogMHU AK 06'eKT MoaentoBaHHsA. MNMoHATTA romeocTasy i romeokiHesy. Yacosi Ta
NPOCTOPOBI PAMKM AiANbHOCTI opraHiamy. MozentoBaHHA opraHiamy Ak eguHoro uinoro. IHbopmauia, wo
BPaXOBYETbCA Nig Yac moaentoBaHHA $isioNoriyHnx cuctem. IHCTPYMeHTM MmoaentoBaHHA disionoriyHnx
cuctem. Komn'totepHe mogentoBaHHA $i3ioNoriyHMX cuctem

§ 2. MogaentoBaHHs i301b0BaHUX $i3ioN0OriYHUX cMCTEM OpraHi3my AoguHU. MpuHUMNK
MOZEeNtoBaHHA i30/1b0BaHMX ¢isionoriyuHmx cucrem. MpUHUMNM aBTOMATU30BaAHOIO YNPaBAiHHA 3i
3BOPOTHUM 3B’A3KOM. Mo AiOHICTb NPMHUMNIB aBTOMATUYHOIO YNPaBAiHHA B BI0N0MIYHUX | TEXHIYHMX
cuctemax. MogentoBaHHsA i30/1b0BaHUX i3ioN0riYHUX cUCTEM SIK cucTem cTabinisau,i

§ 3. EKOHOMIYHUI niaxig Ao aHanisy cuctem opradiamy. Monut i nponosuuis

§ 4. MogentoBaHHs ¢i3ioNoriyHMxX cucTem Ta NPOLECIB Y BUFIALI CTPYKTYPHUX CXEM CUCTEM
aBTOMATMYHOTO yrnpaBAiHHA. KibepHeTUYHUI nigxig A0 moaentoBaHHaA ¢isionoriyHux cuctem. MNepegaya
curHanie y ¢isionoriyHmx cuctemax. CTpyKTypHi cxemm ¢isionoriuHmx cuctem. KoeodiuieHT nepegadi naHku,
6710Ka UM CUCTEMM B CTANIOMY PEXUMI

§ 5. AlkicHe pocniaxeHHA NpocTMx moaener bionoriyHUx npouecis. AkicHe gocnigkeHHa 34P
nepLioro NnopaaKy. EnemeHTn AKicHOI Teopii AMHAMIYHUX CUCTEM A PYrOro NopALKY

Po3ain 8. MogentoBaHHA oKpemMmux $i3ioNnorivHUX cucrtem opraHiamy Al04UHU

§ 1. MatemaTuyHe MoAeNt0BaHHA OKPEMMX i30/1b0BaHMX i3i0N0ONIYHMX CUCTEM OpraHi3my
noanHn. MopaentoBaHHs KpoBoobiry. Moaeni remoanHamikm cyanmHHoro pycna. Mogaeni npamoi aHanorii.
FemoamHamiyHa moaenb ®paHka. Mogeni y Burnaai nocnigosHo 3’eaHaHnX pesepsyapis. Moaeni, Wwo



BPaxoBYOTb iHepLiiHicTb Kposi. Moaeni y surnaai LRC koHTypiB. liapoanHamiyHa moaenb pyxy Kposi no
KPOBOHOCHOMY pycny

§ 2. MogaentoBaHHA cepus i cepueBo-cyaAnHHOI cuctemu. TpaauuinHi moaeni. Mogeni Ha ocHoBI
3aKoHy CrapaiHra. Mogeni Ha OCHOBI piBHAHHA Xinna. Mogeni enekTprUYHOI akTMBHOCTI cepus. CyvacHi
OAHOMIpPHI remogMHamivHi Moaeni cepueBo-cyanMHHOT cuctemun. Komn’totepHe moaentoBaHHA cepLeBo-
CYAUHHOI cuctemm

§ 3. MoaentoBaHHA CUCTEMU AUXAHHA. AlbBeOAPHA BEHTUAALIA. MaTemaTnyHe MOAeNt0BaHHA
CMCTEMM 30BHIWHBLOIO AnxaHHA. Mogenb pogaiH3a. MoaentoBaHHA perynatopa AUxXaHHA

§ 4. MopentoBaHHA MOBHOTO anapaTy. AKyCTUYHE MOAEe/ItoBaHHA MOBHOrO anapaTty. EkBiBaseHTHa
e/1IeKTpMYHa CXema MOBHOrO anapary

§ 5. MogentoBaHHA cAyxoBOro anapaty. Mogaeni 30BHiWHbOrO i cepeaHboro Byxa. Mogeni
3aBUTKM

§ 6. CTpyKTypHe Komn'toTepHe moaentoBaHHaA disionoriyHnx cuctem. Cucrema NI Multisim.
MogentoBaHHSA NpoLecy YTBOPEHHSA Ta perynsuii 6imMx KNiTMH KPOBi B opraHismi ntoanHu. MogentoBaHHsA
cepueBo-CyaANHHOI cuctemu ntognHn. MogentoBaHHa cuctemm perynauii Bmicty CO2 y Kposi 1t0auHM.
MoZaentoBaHHA cMCTEMM ra3006MiHY B OpraHi3mi t0aNHU

Po3ain 9. MoaenioBaHHA 38’A3aHUX PisioNnoriyHMx cuctem

§ 1. Cneumndika Ta nigxoan 40 MOAENOBAHHA 3B'A3aHUX dizionoriyHnx cuctem. MogentoBaHHsA
3B'A3aHUX di3i0N0rYHMX CUCTEM AK CUCTEM 3 HaB A3aHO0 piBHOBaro. MoaentoBaHHs 3B'A3aHUX
disioNoriyHNX cncTem siK EANHOTO Lioro, TOBTO AK CUCTEMM 3 BiZIbHOO PIBHOBArOHO

§ 2. Mpuknagn moaenei 38’a3aHux disionoriyHmx cuctem. Mogenb ®. MpoaiHza i Ax. Axkelmca.
Mogenb X.P. YopHepa. Moaenb Topama-YopHepa. Moaenb Y.[. Mikepinra, M.H. Hukidopyka i A.E.
MeppimaHa. Mogenb romeoctatndHoro komnaekcy J1.A. laptay i 6.B. MNeTpoBcbKoro

Nitepartypa
1. I'ninenxo JI.K. OCHOBH MOJICITFOBaHHSI TEXHIYHUX CUCTEM: HABY. MOCIO. JIJIS CTYICHTIB BYy3iB TEXH.
crewianbrocteit / JI.LK. T'ninenko, O.I'. CyxonocoB. — JIbBiB: Hika-TIJIFOC, 1999. — 204 c.
2. Ininenxo JI.K. HMK «OcHoBH MosientoBaHHs GioTexHIuHUX cuctem» [EnexTponnuii pecypc]. — Pexum
moctymy: http://vns.Ipnu.ua/course/view.php?id=5464
3. Khoo M.C.K. Mathematical Modeling. In: Khoo M.C.K. Physiological Control Systems. AnaLysis,
Simulation and Estimation. — John Wiley & Son, Inc., 2015. — P. 23-37.
4. Khoo M.C.K. Identification of Physiological ControlSystems. In: Khoo M.C.K. Physiological Control
Systems. AnaLysis, Simulation and Estimation. — John Wiley & Son, Inc., 2015. — P. 159-202.
5. Enderle J. Compartmental Modeling / J. Enderle, J. Bronzino. In Enderle J. Introduction to Biomedical
Engineering / J. Enderle, J. Bronzino. — Elsevier Inc., 2012, — P. 360-445.
6. Enderle J. Physiological Modeling / J. Enderle. In Enderle J. Introduction to Biomedical Engineering /
J. Enderle, J. Bronzino. — Elsevier Inc., 2012. — P. 693-798.
7. Khoo M.C.K. Mathematical Modeling. In: Khoo M.C.K. Physiological Control Systems. Optimization in
Physiological Control. — John Wiley & Son, Inc., 2015. — P. 203-238.
8. llasnuw B.A. OcHOBM 1H()OPMAIIMHUX TEXHOJIOTIH 1 cucTeM: HaB4. 1oci6. / B.A. [Tasnumi,
JLK. T'ninenko. — JIsBiB: Bua-so JIbBiB. momitexuiku, 2013. — 500 c.

Oucuunniva: OcHOBU NpoOeKTyBaHHA biomeguuHoi anapaTtypu
Po3pgin 1. 3aranbHi Big0OMOCTi PO cMCTEMM aBTOMATU30BAHOro NPOEKTyBaHHA 6iomeanUHOI
anapatypu
§ 1. Onuc pagioenekTpoHHUX biomeauuHnx anapartis. CyTb i eTany NpoeKkTyBaHHA BMA
§ 2. 3acTocyBaHHs MK ana aBTomatmsau,ii npoekTyBaHHs. CKknag i npuHumnu nobyaosu CAMP
§ 3. TexHiyHe 3abe3nevyeHHn CAlP
§ 4. NivrsicTnuHe i nporpamHe 3abesneyeHHa CAIMP
Po3gin 2. MatemaTnuHe moaentoBaHHA KOHCTPYKLiA 6iomeauuHoi anapatypu
§ 1. 3aranbHa XapaKTepUCTUKa 3a4a4i aBTOMATM3aLLii KOHCTPYKTOPCbKOro NpoekTyBaHHA BMA
§ 2. MateMaTU4YHi moaeni MOHTa*KHO-KOMYTaLiIMHOro NpocTopy
§ 3. MatemaTtuuHi moaeni KOHCTpyKLii BMA
§ 4. ANropuUTMIN KOMMOHYBaHHS KOHCTPYKLIMHUX MoayNiB
Po3gin 3. Tunosi 3a4a4i KOHCTPYKTOPCbKOro NPOEKTYBaHHA 6iomeanuHoi anapatypm Ta



ANropuUTMM iIXHbOTO PO3B’A3KY
§ 1. AropuUTMM PO3MILLEHHS KOHCTPYKLIMHUX MoAay/iB
§ 2. ArropuTmMmM TpacyBaHHA NPOBIAHUX 3’ €QHAHb
§ 3. AropuTmmM TpacyBaHHA APYKOBAHOIO MOHTAXY

Po3ain 4. MaKkeTu nporpam aBTOMaTU30BaHOro NPOEKTyBaHHA 6iomeaMuHOI anapaTtypum
§ 1. NakeTn nporpam aBTOMATM30BAHOIO NPOEKTYBaHHA BMA

Nitepatypa
1. Koncmpyrogannsi eneKTpOHHO-00UYHCITIOBAILHOT amapaTypy Ha OCHOBI IIOBEPXHEBOTO MOHTAXKY: HaBY.
noci0. / A.O. I'payos, FO.T". Jlera, A.A. Menbnuk, JLI. [Tanos. — K.: Konmop, 2005. — 384 c.
2. Koncmpyiosanns eneKTpoHHHX 3ac00iB. MeXaHi4YHI CTPYKTYpH : AOBiIHUK / A.A. €diMeHko,
B.B. Cimonog. — O. : ITonitexnepioauka, 2009. — 548 c.

Oucuunnina: CxemoTexHiKa 6iomeguuHoi anapatypu

Po3gin 1. CurHanu Bl Ta aHanorosa cxemoTexHiKa

§ 1. BcTyn B cxemoTexHiKy biomeanyHoi iHxKeHepii (EMI). Bumoru Ta TeHAEeHLiT po3BUTKY
cxemoTexHiku BMI. Tunu curHanis: aHanoroBi, AMCKPeETHI, KogoBi, uMdpoBsi. OCHOBHI po3ainu
CXEMOTEXHIKW: aHanorosi Ta unMdpoBi cxemu, aHanoro-umMdppoBsi Ta LMppPOo-aHaNOrosi NepeTBoptoBai,
iHTepdeincn, cuctemm Ha Kpuctani. SPICE moaeni cMrHaibHUX NepeTBOpPIOBaYiB

§ 2. EnemeHTapHi TPaH3UCTOPHI cxeMu: 3i cninbHOO 633010 (CNiIbHUM 3aTBOPOM), 3i CRiIIbHUM
emiTepom (CniNIbHUM BUTOKOM), CMiIBHUM KONEKTOPOM (CMiIbHUM CTOKOM)

§ 3. Ctpymosi «a3epkana». CtpymoBe «a3epkano» YinctoHa. AndepeHuianbHuii Kackag. Kackaam
3CyBY NOTEHLiaNy CUTHANY, KACKaAM ABOTAKTHOMO NiACUNEHHA HA KOMMNJIEMEHTAPHUX Ta OAHOTUMHUX
TpPaH3MCTOpPax

§ 4. OnepaduiiiHi niacuaosadi (OM). Tunum ONM: 3aranbHOro NpU3sHaveHHs, rail-to-rail, npeunsiiiHi,
LWBMAKOAHOYi, MIKPOMOTYKHi, NOTYXHi Ta BUCOKOBOLTHI Oll. ba3osi TMNu nigcmaoBavis

§ 5. AndepeHuinni nigcuntosaui. Migcnniosadi 3 LMGPOBMM Ta aHANOrOBUM KEPYBAHHAM.
MigcmntoBadi 3 KOMMEHCALE Hanpyru 3amiweHHA. CUrHabHI NepeTBOPOBaYi iMNeaaHCHOro Tuny

§ 6. dopmyBaui onopHoOi Hanpyru Ta ctabinisatopu XKuBNeHHA. CxeMoTexHiKa cTabinisauii Hanpyr
Ta CTPYMiB Ha npuHUMNi 3abopoHeHoi 30HK (band gap reference). Cxemu 3axmcTy Big NepeHaBaHTaXKeHb.
IHTerpasbHi cxemu Axkepen onopHoi Hanpyru Ta ctabinisaTopis

Po3ain 2. Cuctemun uncneHHa Ta umdpposa cxemoTexHiKa

§ 1. Cuctemun uncneHHsa. BinobparkeHHs iHbopmaLii y Lnmdposiit TexHiui. OcHoBM 6ynbOBOT
anrebpu. Tunosi Kogyn uMdpPoOBOI TEXHIKW. epeTBopeHHA YMCN0BOI iHPopmau,ii

§ 2. BU3Ha4YeHHA Ta Ha3BM NOMYHUX PYHKLIA. Popmu 306parkeHHs NOTIYHUX PYHKLLINA.
KOH’IOHKTUBHUI Ta an3’IOHKTUBHUI Tepmu. [iarpamu BeHHa. Kaptu (Tabaumui) KapHo. MiHimisauis
noriyHmnx dyHKLin. MeTopg 6e3nocepeaHix nepetTsopeHb. Metog Tabavupb KapHo

§ 3. ba3oBi N0riYHi eneMeHTU. XapaKTepUCTUKK Ta pisHOBUAM LMbPOBUX MiKpocxem. CxemMHUiA
CUHTE3 NoriYHol GyHKLiT. leHepaTopu iMNYIbCHUX CUrHaNiB

§ 4. KombiHauinHi npuctpoi. Wndpatopu. Jewmndpatopu. MepeTsoproBadi Kogis.
MynbTunaekcopu. lemynbtunnekcopu. CUrHanbHi KomyTtaTopu. ApudmeTnyHi npuctpoi. KombiHauilHi
cymatopu. HakonuuyBanbHi cymatopu. BusHaueHHA Ta Knacudikauisa apudmeTUYHO-0rYHMX NPUCTPOIB
(ANN). CrpykTypa AN

§ 5. Tpurep — aBoCcTaHOBMIA 3anam’aToByBay iHbOpMaLlii. 3aranbHa CTPYKTYpa Ta CUrHanm
TpurepHux cxem. Knacudikauia tpurepis. RS Tpurepu. D Tpurepun. MS ta JK Tpurepu. T Tpurepu. Tpurepu
[OBOTAKTHOI Aiji. Perictpu. JTiunnbHMKN. JTIMMABHUKKM 3 NOCNIAOBHMM NEPEHOCOM Ta NapaneNbHUM
nepeHocom. PesepcmBHiI Ta KinbueBi NYNABbHUKMK

Po3ain 3. Nam'aTb, iHTepdpencu Ta cneuianisoBaHi CMrHaNbHI NnepeTBOpIOBaYi
§ 1. IHTerpanbHi npuctpoi nam’aTi. Knacuodikauia Ta napametpu. CtaTnyHi 3anam’atosysadi BIC
0O30MN. AuHamiyHi 3anam’aTosysadi BIC O3M1. CTpyKTypHO-cxeMHi piweHHs BIC O30M. MocTinHi
3anam’sToByBasnbHi NpucTpoi. Knacuoeikauin. CTpyKTypa Ta npuHumn nobyaosum MN3M. NMporpamoBaHi AoriyHi
maTpuui. Flash nam’stb. Undposi iHTepdencu. IHTepdencn 3 ranbBaHiYHUM PO34iNeHHAM
§ 2. B3aemHi nepeTBopeHHA UMdpPOBOro Ta aHanorosoro curHanise. MpuHuun LA-nepeTBopeHHs.
MapameTpu UAM. MpuHuunu All-nepetBopeHHs. MNapameTpu ALM. LLAMN Ha ABiiKOBO-3BaXKeHMX



pe3unctopax. LA Ha ocHoBi maTpuui pe3nctopis R-2R. MNepemHoxkyBanbHuia LLAM. ALLM nocnigosHoro
HabauxkeHHa. ALM napanenbHoro KoagyBaHHA. ALLIM noagiitHoro iHTerpysaHHA. Curma-gensta ALM.
KoHBeepHi ALM. MepeTBoptoBayi TUNY «EMHICTb-UMPpa». MikpoKoHBepTEpPU

§ 3. KoHuenuia cuctem Ha Kpuctani (CHK). MeToau po3pobaeHHs Ta xapakTepuctuka CHK.
OcHoBHi nigxoau npoektyBaHHa CHK. MNporpamoBaHi noriyHi iHTerpanbHi cxemu (MIC). NAIC KomnaHiin
Xilinx, Actel, Altera. MporpamosaHi CHK KomnaHii Cypress

§ 4. CneuianizoBaHi cMrHasbHi nepeTBoptoBadi. JlorapudmiyHi nepetsoptoBadi. AHanorosi
nepemHoXXyBaui. [leTeKTopu Ta BUMIPIHOBaNbHI BUNpPAMAAYi. AHaN0rosi Komytatopu. Cxemu Ha
nepeMmnKanbHUX KOHAEeHcaTopax. YacToTHi NnepeTBoptoBadi. AndepeHuitoBanbHi Ta iHTErpyBanbHi
nepetsoptoBadvi. PinbTpu. AKTUBHI GinbTpU
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Ouvcumnnina: Pi3snKo-TeopeTUyHi OCHOBM KOHCTPYIOBAHHA Ta HAAINHICTb
6iomeguuHKx anaparis

Po3ain 1. KOHCTpYKLiA pagioenekTpoHHUX 3acobiB i MeToA010riA KOHCTPYIOBAHHA

§ 1. BUBYEHHA TEPMiHY «KOHCTPYKLiA» Ta il 0COBANBOCTI CTOCOBHO eNeKTPOHHUX 3acobis (E3).
lepapxiyHa cTpyKTypa E3 3 TOUKM 30py dYHKLiIOHANbHOI, TEXHOIOTMYHOT Ta KOHCTPYKTUBHOT CKAAAHOCTI.
OCHOBHi NpoTUpi4YYA NoByA0BM | PO3BUTKY KOHCTPYKLLI eNeKTPOHHUX 3aco6iB

§ 2. ®i3nyHi npoLiecwu, AKi NPOTiIKatoTb Nig, Yac GyHKLioHyBaHHA E3 I ix B3aemogii 3
HaBKOJ/IMWHbBOO iHGPACTPYKTYPOIO — 06’ EKTaMM PO3MILLLEHHSA | HABKOAULLHIM cepeaoBuLLEM. YMOBM
eKcnyaTauii KOHCTPYKLiN: KNimaTU4YHi, MexaHiuyHi. Bnane 06’eKTiB po3milleHHA E3 Ha KOHCTPYKL,io

§ 3. KOHCTpyKLUia AK CKNagHa cuctema. BU3HAYeHHA | BAaCTMBOCTI CK1agHOI cuctemun. EnemeHTtn
Teopii CKNagHUx cuctem

Po3pin 2. MopgenioBaHHA npouecis nepeHeceHHA Tenna B KOHCTpyKuiax E3

§ 1. BHYTpiWHi Axkepena Tenna B KOHCTPYKLiAX | 30BHiWHI TemnepaTypHi BNnBwW. MOHATTA Npo
Tennosui pexxum E3. MexaHismu nepeHeceHHs Tena0Boi eHeprii B KOHCTPYKLLAX

§ 2. TennonposigHicTb. TemnepaTypHe nose. FpagieHT TemnepaTypu. 3aKoH Pyp’e.
OundepeHuianbHi piBHAHHS TeN10NPoBiAHOCTI, yMOBM O4HO3HAYHOCTI. MeToam po3B’A3Ky PiBHAHb
TenaonpoBiAHOCTI

§ 3. OgHOMiIpHI 3agaui TennonpoBigHoOCTI. MepeaaBaHHA Tenna Yepes NAOCKI, LMAIHAPUYHI TA
chepunyHi CTIHKM, CTePKHI NOCTIMHOro NonepeyHoro nepepisy

§ 4. [iBo- i TpMMipHI 3a4ayi TennonpoBiAHOCTI ANA TiN pi3HOi KoHIrypauii 3a ogHopigHMX
rpaHNYHMX YyMOB. HecTauioHapHi 3a4a4i TennonpoBigHOCTI

§ 5. KOHBEKTMBHI Npouecn nepeHeceHHA Tenna. 3akoH HbtoToHa-PixmaHa. KoediuieHTn
Tennosigaadi Ans HeobMeKeHOoro cepeoBULLIA Y Pasi BiIbHOI Ta BUMYLLIEHOT KOHBeKLii. KoedilieHTn
Tennosigaadi B obmerKeHUx cepeaoBuLLLax

§ 6. MNepenaBaHHA Tenna BUNPOMiHIOBAaHHAM. OCHOBHI 3aKOHM TENNOBOrO BUNPOMIHIOBAHHS.
Bu3HauyeHHA KoediuieHTiB Tennosigaadi. CymicHMIM npouec nepenaBaHHA TeNAa KOHBEKLIEH i
BUNPOMIiHIOBaHHAM. EnekTpoTennosa aHanoria

Po3gpin 3. MogenioBaHHA TENN0BOro peXXUmy eNeKTpoHHOro anapara



Po3pin 4. MopenioBaHHA npoLeciB BONOroro nepeHeceHHA B KOHCTPYKLiax E3
§ 1. ArmocdepHa BoAoricTb M i BNAMB Ha KOHCTPYKLiT E3. ABcontoTHa i BigHOCHA BOAOTICTb.
MornnHaHHA BosIOorM maTepianamn. MexaHiam copbuii. TepmoBo0ronpoBigHicTb
§ 2. MacoobmiH y ABOKOMMNOHEHTHMX cepeaoBuax. AudysiliHnin macoobmiH, 3akoH Pika.
OundepeHuinHi piBHAHHA TENN0- i MacoobMiH Nig, Yac KoHAEeHcauii napu 3 NaporasoBoi cymiwi. Tenno- i
MacoobmiH nig Yac BUNapoByBaHHA PiAUHU B MAporasoBe cepenosuLle
Po3ain 5. MoaentoBaHHA MeXaHiYHUX XapaKTepPUCTUK KOHCTPYKUil E3
§ 1. Buam mexaHiuyHMX BNUBIB HA €NeKTPOHHI 3acobu. MoaentoBaHHA i aHai3 nepiognyHmX
BibpaLil, BibpaLin i3 3MiHHUMKM NapameTpamm, BUNAAKOBUX BibpaLii. MoaentoBaHHA i aHai3 yaapHUx
HaBaHTaXKeHb
§ 2. KoHcTpyKuis E3 AK cknagHa KonmeHa cuctema. KoanBHa cuctema 3 ogHUM CTyneHem
cB06OAM, B/lAaCHA YacTOTa KOJIMBaHb, KoediliEHT AMHAMIYHOCTI Mif Yac BUMYLLEHUX KO/IMBaHb. KoaMBHaA
CUCTEMA 3 LWICTbOMA CTYNEeHAMM cBOBOAM. 3aneXkHi Ta He3aNeXKHi BUAM KOAMBaHb CUCTEMM
§ 3. MogaentoBaHHsA i aHani3 CTIMKOCTI KOHCTPYKLi E3 o aii Bibpauii Ta yaapHUX HaBaHTaXKeHb.
Po3paxyHOK BNaCHOT YaCTOTU KOAMBaHb KOHCTPYKTUBHUX €1€MEHTIB

Po3pgin 6. BusHaueHHA NOKa3HUKIB HagiMHOCTI 6iomeguuHNx anaparis
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