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

Po3ain 1. OcHoBM opraHi3auii Ta npoeKkTyBaHHA 6a3 gaHuX

§ 1. 36eperkeHHA iHpopmaLii y EOM. Tunun i CTPYKTYpU JaHUX: NOHATTA AaHWUX Ta iX pPi3HOBUAM;
BMMOIM 0 NPeAcTaB/ieHHA AaHUX Ta IX HOCITB 3 noriaay pisHMX 3aCTocyBaHb 0OYMUCAIOBA/IBHOT TEXHIKY;
36eperkeHHs gaHnx y EOM; ocHOBHi TMNK AaaHux, wWwo 36epiratotbca y EOM; y3aranbHeHi moaeni Ta
CTPYKTYpY AaHnx. Pannosi cuctemm: NOHATTA Gainy 3 TOUKM 30py NPUKNALHOT MPOrpamMu: CTPYKTYpU
daiinis; imeHyBaHHA pannis; 3axmcT dpannis; pexxkmm baraToKopuUCTyBaLlbKOro AocTyny; obaacTi
3actocyBaHHA dainis

§ 2. OcHoBwM KoHuenuii B. Bumoru iHbopmaLinHux cuctem Ta KoHuenuisa b: sBumoru
iHbopMaLitHNX cucTem A0 36epexkeHHA AaHMX; OLiHKA Ta HeaoNiKK GalnoBUX cucTem Ana peanisauii
iHbopmaLitHUX cuctem; NoHATTA | KoHuenuia b Ta CYBM,; cuctemm Ta cepegosule b

§ 3. OyHKLii Ta TMNOBa opraHizauia CYB. OcHoBHI ¢yHKLi: besnocepegHE ynpaBaiHHA 4aHUMK Y
30BHILWHIN Nam'aTi; ynpaBniHHA 6ydepamn onepaTUBHOI Nam'aTi; ynpaBaiHHA TpaH3aKLUigsMK; NigTpUMKa
moB 6a3 gaHux. TunoBa opraHisauia (apxitektypa) cyyacHoi CYB/. Knacudikauis CYB/

§ 4. IndonoriuHe mogentoBaHHA b, . ETann npoekTyBaHHA Ta MoAentoBaHHA B, Ta OCHOBHI
3aBAAHHA, WO PO3B'A3YIOTLCA HA HUX. MpoeKTyBaHHA B[ Ta MmoaentoBaHHA. Mogeni 6a3 fgaHux, Wo
3aCTOCOBYIOTbCA HA Pi3HMX eTamnax NPOEKTYBaHHA: KOPUCTYBaLbKa, KOHLeNTabHa (iHdonoriyHa); moaenb
peanisauii. IHbonoriuHa mogenb “cyTHiCTb-3B'A30K”: NPU3HAYEHHS, 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 3actocoBytoTbca Nif Yac nobyaosun ER-giarpam (YeHa, MapTiHa, BapKkepa, IDEFIX)

Po3ain 2. Nigxoau po opraHisauii b/,

§ 1. MogentoBaHHsA gaHux B npoueci ctBopeHHA 6a3 aaHux. [lopenauiiiHi nigxoam Ao opraHisauii
Ta gopensauinHi mogeni bl. lepapxiyHi mogeni B: CTPYKTYpW, MaHinyntoBaHHA AAaHUMU, LiNiCHICTb..
Mepekesi moaeni bJl: CTPYKTypu, MaHiNyAtoBaHHA AaHUMM, LifiCHICTb. PenauilitHa moaenb AaHuX.
MocTpensuiliHa Ta 6baratoBumipHa mogeni. O6’eKTHO-OpieHTOBaHa Ta 06’eKTHO-pensLiiHa moaeni

§ 2. OcHoBM penauiHoro nigxoay A0 opraHisauii bl. OcHoBM pensuinHoi mogeni AaHnX. OCHOBHI
nepesarv Ta HeONIKM penauiiHoro niaxony. bazosi NOHATTA penALiiHOrO MOAENOBaHHA AAHUX: TUN
OaHWNX; AOMEH; BiJHOLLEHHS; KOPTEXKi; CXema BigHoLWeHHsA, cxema b, OcHOBHI (dyHAaMeHTaNbHi)
B/1TACTUBOCTI BiAHOLWEHb Yy penAuinHux b. TpaH3UTMBHE 3aMMKaHHA BigHOLWeHb. PenauiliHa moaens
(opraHisauina 6a3n) gaHMX: 3aranbHa XapaKTePUCTUKA; LiNIICHICTb CyTHOCTEN Ta NOCMNaHb

§ 3. basucHi 3acobu maHinynoBaHHA penauinHumm gaHumu. Kateropii Ta iHTepdeicn mos
MaHinyntoBaHHA penauinHnmmn aaHnmm. OCHOBM penAliiMHoT anrebpu: 0CHOBHA KOHLUENL,A: 3aranbHa
iHTepnpeTauia penauitH1UX onepauin. onepawii Hag KopTeXamu i BiAHOLWEHHAMM; 3aMKHEHICTb pensauinHol
anrebpu Ta onepadii nepelimeHyBaHHA. OCHOBHI onepauii penauitHoi anrebpu 3 06pobKM BiAHOLLEHD.
Ocob611BOCTi TEOPETUKO-MHOXUHHUX onepaLii penauinHoi anrebpu. CnewianbHi penauinHi onepauii:
onepaLiia B3ATTA NpoekL,ii, onepauii 06'egHaHHA Ta gineHHA BigHoweHb. OCHOBM PenALiMHOro YACNEHHS:
KOPTEKHi 3MiHHI Ta NpaBuabHO NO6yAoBaHi GOPMYM; LiNbOBI CMUCKU T BUPA3U PENALLINHOIO YUCNEHHS;
pensauiinHe o6YnMCNEHHs 4OMEHIB

Po3gin 3. OCHOBM NPOEKTyBaHHA penauiiiHux b
§ 1. NpoeKTyBaHHA penauiiHnx b. Muttesnit umkn bL. YHiBepcanbHe BigHOWEHHA AK OCHOBA
pensuinHoro npeactaB/ieHHA gaHux. [poeKkTyBaHHA penauiiHux b/ 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 piaHOBUAN HOPMa/IbHUX GOPM.
®yHKUioHaNbHI 3anexHocTi. NepLwa, Apyra, TpeTa HoOpmaabHi GopmK Ta NpUBEAEHHA A0 HUX moaenen B/,
BCNF-HopmanbHa ¢opma boiica-Koaaa. baraTosHauHi 3anexHoCTi Ta YeTBepTa HopMasibHa dpopma.
Teopema deliaKunHa. 3anexKHOoCTi 3i 3'egHaHHA (cnonyyeHHs, acouialii) Ta n'aTa HopMmanbHa popma.
MNigTpymKa yinicHocti y pensuiiHnx BA. Anroputm Hopmanisau,ii Ta KOPEKTHICTb NpoLeaypyu Hopmanisau,ii
§ 3. OcobnusocTi penauiiHoi mogeni meanyHux b. Mogenb gaHnx EAV
Po3gin 4. Mosa pensauivHnx b, SQL



§ 1. QBE ta SQL. EBoatouia SQL Tunun gaHux SQL

§ 2. 3acobu BU3HaYeHHA pensauiiHoi cxemu. MoBa BU3HauYeHHs gaHux (DDL): onepaTopwm
cTBopeHHA B Ta iHAeKCiB; ynpaBaiHHA npaBamu A40CTyny

§ 3. 3acobu maHinyntoBaHHA gaHUMKU. MoBa MaHinyntoBaHHA gaHumu (DML): onepatop BMbipKK
AaHuX; NpocTa BUbipKa; BUbipKa 3 ymoBamu;BMbGipKa 3 KibKOX TabanLb; 3anNnTU 3 06YMCAEHHAM;
obuncneHHna y mexKax Select; rpynyBaHHs gaHux. TpuBianbHi Ta HeTpuBianbHi 3anuTK. CnewianbHi
onepartopu SQL

§ 4. 3acobu maHinyntoBaHHA gaHUMK. 3anuTi SQL Ha moandikaLito AaHMX. 3abe3neyeHHsn
LinicHOCTi Npy BUKOHaHHI onepauit moandikauii gaHnx. CTBOPeHHsA Tabmupb 3 0bMeXKeHHAMK. 3MiHa
CTPYKTYpY Tabnmub

Po3gin 5. YnpasniHHsa B[,

§ 1. YnpasniHHA TpaH3aKLUiamKn. TpaH3aKLii Ta il BNacTMBOCTI. [NopyLWweHHA LinicHOCTI nig vac
BMKOHAHHA TpaH3aKLin. ObmexeHHs LinicHOCTI Ta ix KnacudiKkauin (3a peanisalieto, 3a Yacom, 3a
obnacTio). Peanisauis geknapatnsHmux obmexxkeHb 61 3acobamm SQL. MoxamnsocTi SQL Woa0 3aaaHHA
OEeKNapaTMBHUX obmerkeHb. CUHTAKcUC obmexkeHb onepaTtopis SQL. TpaH3akKLii Ta napanenmsm.
Mpobnemun 6aratokopucTyBaLbKkoro goctyny. OcHoBHi Npobsiemu napanenmnsmy. Pobota TpaH3aKLUin y
cymiwi. KoHPAIKTU MixK TpaH3aKLismK. Cnocobu po3B'a3aHHA KOHDNIKTIB MiXK TpaH3aKuiamu

§ 2. Cepianiszauin TpaH3akuii. Po3B'A3aHHA Npobaem TpaH3aKLili 3a AoNomMoroto 6/10KyBaHHA.
CUHXpPOHI3aLiliHM 3axBaTU: rpaHy/IbOBaHi 3axBaTu (HAaBMUCHI 6/10KyBaHHA); NpeAnKaTUBHI 3aXBaTu.
Mpobnemun cymicHocTi 6/10KyBaHb. TYNUKMK, iX po3nisHaBaHHA Ta pyiHYBaHHA. MeToa 4acoBMX MITOK.
[OBodasHe 6/10KyBaHHA. Teopema EcBapaHa npo cepianizoBaHicTb. Po3B'A3aHHA Npobaem TpaH3aKLil 3a
[A0NOMOroH i30/1bOBAHOCTI KOpUCTyBadiB. 3acobu SQL ynpaBniHHA TpaH3aKuiamn. MexaHiam BUAiNEHHA
Bepcin aaHux. XKypHanisauia Ta bydepusauis

§ 3. TpaH3aKuiji i BigHOBNEHHA AaHUX. Buamn BigHOBNEHHA TpaH3aKLUil: iHAMBIAYaNbHUI 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: iHAMBIAYaNbHUI BiAKaT;
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 6a3amun AaHuX Yepes meperKy IHTepHeT. IHTepHeT-aocTyn Ao 6a3 gaHux. WEB-
iHTepdeicn

Po3ain 7. MeauuHi 6a3un gaHunx
§ 1. MoHaTTA Ta KNacuodiKauia meanyHMx 6a3 gaHux. MNepBUHHI | BTOPUHHI 6a3n gaHnx. KniHiyHi
6a3u JaHux
§ 2. basun gaHMX MmeanYHUX KapT. ENeKTPOHHI meanyHi 3anucn. MeguuHi iHpopmauinHi
CTaHAapPTH. YKpaiHCbKi cnctemun EMK

§ 3. CneuianizoBaHi megunyHi 6asn aaHux. Npuknagu

§ 4. ba3n paHnx pe3ynbTaTiB KNiHIYHMX gocniaxeHb. basa gaHMX KNiHIYHMX gocniaxeHb
ClinicalTrials. Ba3za gaHux KniHiYHWX AocAiAKeHb BcecBiTHLOT OpraHisalii oxopoHu 300p0B’a. [epyKaBHUI
PEeECTpP KNiHIYHUX AochiarKeHb B YKpaiHi. TnobanbHa 6a3a AaHuX KAiHIYHMX gocnigxeHb. KopnopaTUBHi
6a3n AaHUX KNiHiYHMX BUNpobyBaHb. basu AaHuX KNiHiYHUX gocniaxkeHb PhysioBank

§ 5. ba3u gaHuX A0Ka30Boi MeauumHu (6ibniorpadiuHi BA). IHbopmaLiiHi pecypcu AoKa3oBoTl
MeauuuHKU. basm gaHuUx cuctemaTmMsoBaHUX ornaais. MeToanKku nowyky AoKasis. CyyacHi cTpaTerii nowyKy
[OO0Ka30BMX JaHMX

§ 6. B[, pisionoriyHnx curHanis i meguuHUx 306paxkeHb. basun gaHux disionoriyHnx curHanis
PhysioBank. ba3u gaHux meanyHux 306parkeHb. Mnatpopmu 06MiHY MeguYHUMKN 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. Po6 I1. Cuctembl 0a3 TaHHBIX: POSKTUPOBaHUE, peann3anus U ynpasieHue / I1. Poo, K. Koponen. —
5-e u3g. — CII6. : BXB-IletepOypr, 2004. — 1040 c.
3. Ininenxo JI.K. HMK «OcHOBH MOZETIOBaHHS 010TEXHIYHMX cucTeM» [EnexTponuuii pecypc]. — Pesxxum



moctymy: http://vns.Ipnu.ua/course/view.php?id=5464

4. Basvi maHHBIX: IPOEKTHPOBAHKE, peaTu3alys U conpoBokaenue. Teopus u npaktuka / T. Korronmu,

K. Berr, A. Ctpauan. — M.: Uzn. nom “Bunbsamc”, 2000. — 1120 c.

5. Collen M.F. Computer Medical Databases. — London Dordrecht Heidelberg New York: Springer, 2012. —
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N.Y.: Addison-Wesley, Pearson, 2010. — 1200 p.
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JLK. T'ninenxo. — JIsBiB: Bug-so JIbBiB. momitexuiku, 2013. — 500 c.

8. O npoexmuposaruy METUIIMHCKUX 0a3 TaHHBIX U UHPOPMAIIMOHHBIX CUCTEM TSl OpTraHU3aIH U
yIpaBiIeHHs Jede0H0-THarHOCTHIeCKnX mporeccos / A.A. A6xymanonos, P.O.Anmes, M.K.Kapa0baes,
B.I'. Xommmos // T-Comm, 2016. —T. 10. — Ne 1. — C. 45-53.

Owvcumnnina: biogisuka
Po3gin 1. bBiomexaHika
§ 1. Bctyn. MogentoBaHHs bionoriyHnx o6’ exTis
§ 2. biomexaHi4Hi mogeni TKAaHWH OpraHi3my NOAMHN
§ 3. biodi3nKa cKkopo4yBasIbHUX NPOLECIB
§ 4. biomexaHika 0NOpPHO-pyXxasbHOI cMCTEMU
§ 5. biomexaHika AnxaHHA
Po3ain 2. MexaHika KpoBoobiry ntoguHum
§ 1. PeonoriyHi Ta remognMHaMivHi XapaKTepPUCTUKUN KPOBI
§ 2. Mogeni kpoBoobiry. MNynbcoBa xBuUAA
§ 3. MNepeHeceHHA PeyoOBMHM B KaniNApHiil Ta BEHO3HI Mepexi
§ 4. EHepreTMyHi xapaKTepUCTUKK poboTn cepud. PisnyHi OCHOBM BUMIpPHOBAHHA TUCKY KPOBI
Po3ain 3. TepmoauHamika 6ionoriuHux npouecis
§ 1. OCHOBHI NOHATTA TEPMOANHAMIKK
§ 2. OpraHi3m Ak BigKpuTa cuctema. TennoobmiH opraHiamy i cepefoBuLLa
Po3gin 4. EnektpoguHamika 6ionoriyHnx npouecis
§ 1. ®i3nyHi npouecn B bionoriuHmx membpaHax
§ 2. bio¢isnKa HepBOBOro iMNyAbCy
Po3ain 5. Bsaemogpia 6ionoriuHoro 06’ekTa i3 30BHilUHIMMU YNHHUKaMK

§ 2. Mopaeni enekTpUYHMX BNIAaCTUBOCTEN TKAHWH Ta Aif @NeKTPUUYHOTo CTpyMy Ha 6io06’ ekt

§ 3. Bsaemogais 6ionoriyHoro 06’ekta 3 eN1eKTPOMarHiTHMM NoJIEM Ta KOPMYCKYAAPHUM
BUMPOMiHIOBaHHAM

Nitepatypa

1. I'pueop’esa JI.I. OcHoBu 6iodizuku i 6iomexaniku: HaBd. moci6. / JL.I. purop’esa, KO.A. TominiH. —
Muxonais: Bug-so MI'1Y im. [letpa Morunu, 2011. — 297 c.
2. Aumomniox B.C. biodizuka i 6iomexanika: migpyud. / B.C. Antontok, M.O. bonnapenko, B.A. Bamenko ta
in. — K.: TTomitexuika, 2012. — 344 c.
3. Cmopuyn €.B. biodiznuHi Ta MaTeMaTUYHI OCHOBH IHCTPYMEHTAIbHUX METO/IB MEUYHOT 1IarHOCTHKHU:
HaBy. 11oci0. / €.B. CropuyH, S1.M. Marsiituyk. — JIeBiB: Pactp-7, 20009.
4. Bioghizuuni ocHOBH iHCTpyMeHTaNbHOI dizioTeparnii / €.B.Cropuyn, F0.M. Pomanumms, JLI1. IBaHoB. —
JIeBiB: Pactp-7, 2014. — 318 c.
5. Tumantox B.A. buodpusuka: yuaebd. mus crya. By3os / B.A. Tumaniok, E.H. XXusorosa. — X.: 31-Bo
H®AY; 3onotsie ctpanuts, 2003. — 704 c.
6. bepezosckuii B.A. buopusnueckue xapakTepuCcTUKH TKaHel yenoBeka / B.A. bepezoBckuii,
H.H. Konoruios. — K.: Hayk. nymka. — 1990.
Indopmaniiini pecypen
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Oucuunnina: OcHoBU mogentoBaHHA 6ioTEXHIYHUX cucTem

Po3ain 1. OcHoBu meToaonorii mogentoBaHHA 6ioTexHiuHuX cuctem (BTC)

§ 1. BTC sik 06'eKT mogentoBaHHA. MoHATTA cuctemu, TexHidHoi (TC) Ta bioTexHiuHoi (BTC)
cuctemu. MoHATTA Ta XapaKkTepucTukM cuctem. CKnagHi cuctemu Ta ix BractmeocTi. BTC Ta ix ocobamBocTi.
dyHKUioHanbHi xapakTepucTukM BTC. OcobanBOCTI XKMBOro opraHiamy sk naHku BTC. Knacuoikauia 6TC

§ 2. OCHOBHI NOHATTA Ta Niaxoam Ao mogentoBaHHA BTC. Mogeni i opuriHann. Mogenb Ak
cnpoleHe npeactaBneHHA cnctemm. CyTHICTb Ta 3araibHi NPUHUMNM MOAENIOBAaHHA cucTem. Bumora
aAeKBaTHOCTI Ta iHTePNPETOBAHOCTI moaenei

§ 3. OcHoBu Teopii nobygosn moaenein. OCHOBHI eTanu NpoLecy MoAeNtoBaHHA: AEKOMMNO3MLS
iHbopmaLii npo opuriHan; BUAINEHHA CyTTEBMX GpParmeHTiB i 3B'A3KiB; KOQyBaHHA CYTTEBUX PpparmeHTiB
(onopHoi iHpopmaLii) Ta 38'A3KiB. Cnocobu peanisaLii o0CHOBHWX eTaniB NobynoBM moaenei. Bumora
iHTepNpPeToOBaHOCTI MoAeni i KBaHTUdIKALLIA NOHATb B Npoueci moaentoBaHHA BTC 3a gonomoroto ¢isnyHmx
BE/INYMH

§ 4. NpepacTtasnieHHs Ta cnocobu aocnigxKeHHa mogeneit. CeMaHTMKaA | CUHTaKcUc moaenen.
MeToau pocnigxeHHs TC nig vyac nobygosun moaenen (Ha emnipuyHOMy, TeOpeTUYHOMY piBHAX). MeToau
igeanisauii i opmanisauii Ta ix BUKOPUCTaHHA B NpoLECi MOAEOBAHHSA. AKCIOMaTUYHUIN MeTos,

§ 5. Knacuoikauis mogene (3a cuHTakcncom i cnocobom gocnigxeHHn). MatepianbHi Ta igeanbHi
mozeni i ix pisHoBnaun. HatypHe, ¢pisnyHe i maTtemaTnyHe matepiasiibHe modentoBaHHA. Cneundika
aHaI0roBoro i GyHKLIOHa/IbHOrO MOAE/IIOBaHHA. Buau igeanbHMX moaenen: HaouHi, CAMBOJIbHI i
MaTeMaTUYHI

§ 6. MeTopa noetanHoro moaentoBaHHa BTC

Po3gin 2. MatemaTuyHe moaentoBaHHA

§ 1. OcHoBM NOBYA0BN MaTeMATUYHNX Modenen. Cnocobu npeacTaBNeHHA MaTEMATUYHUX
mogaenein. BusHauyeHHA maTemMaTUYHOT MoAeni | npouecy maTeMaTUYHOIO MOAENOBAHHA. CTPYKTYpHE i
dyHKUioHaNbHe maTemaTyHe mogentosaHHA BTC. Cnocobu npeacTaBneHHs BnactmeocTeit TCy
dYHKUIOHANBbHMX MaTeMATUYHUX MOAENSAX: aHaAN0roBi, aIrOPUTMIYHI Ta iMmiTalilHi moaeni. Ocob6anBOCTi
MaTeMaTMYHOro MOAENIOBAHHA AeTePMiHOBaHMX cucTem. Obcar BifobparkeHHA NapameTpiB opuriHana y
MaTeMaTUYHUX MOAENAX: MOBHE, HEMOBHE | HABAMXKeHe MOLENtOBAHHSA

§ 2. Cnocobu npeactaBneHHs 06'eKTIB y MaTeMATUYHMX mogenax. Popmu 3anncy maTemMaTUYHUX
mogaenen. JliHiiHa i HeniHiMHa popmm 3anucy Ta ix pisHoBuau. MNepesaru i HegoNiKK pPisHUX popm 3anucy,
iX 3aCTOCYBaHHA

§ 3. Knacuoikauia ta KnacmdikauinHi 03HaKKM maTemaTUYHUX moaenei. MatematnyHi mogeni TC
Ha pi3HUX iepapxiuHUX piBHAX. JTiHilHI Ta HeNiHilHI, cTauioHapHi Ta AMHamMiYHi mogeni. OcobamBoCTi
MaTEeMATMYHOrO anapaTy mogentoBaHHA TC Ha pi3HUX iepapXiYHUX piBHAX. POPMANBHO-NOTIYHI CUCTEMM AK
pi3HOBMA MaTemaTUUYHNX moaenein TC

§ 4. OCHOBHI BUMOIM 40 MaTeMATUUYHNX MOAENEN: TOYHICTb, aAeKBATHICTb, iIHTEPNPETOBAHICTb,
€KOHOMIYHICTb. YHiBEPCa/IbHICTb, EKOHOMIYHICTb, KOPEKTHICTb, NOAIOHICTb A0 opuriHany. OCHOBHI
XapaKTePUCTUKN MoAe ieit: TOUYHICTb, EKOHOMIYHICTb, ageKBaTHICTb, 061acTb ageKkBaTHOCTI. JonycTuma
061acTb aAeKBaTHOCTI MoAe/i i cnocobu ii BU3HaYeHHA

§ 5. MpeactaBneHHs MaTeMaTUYHUX moaenen y Burnagi rpadis. OCHOBHI NoHATTA Teopii rpadis.
BnactusocrTi Ta pisHoBuam rpadis. epeso rpada. Nobynosa ¢pyHAaMeEHTaNbHOrO | HOPMabHOIO AepeBa
rpada. MpeactaBneHHs 3agaHoi rpadom iHbopmauii y uncenbHin dopmi. Matpuui iHUMAEHLI,
CYMiXKHOCTEN, KOHTYpIB Ta nepeTuHis (M-maTtpuusa) i npasuna ix nobygosu. MoaentoBaHHA 3agay y
BurAAai rpagis. Nobyaosa aepesa 3 MiHIMaNbHOK CYMapHOIO Baroko rifiok. Anroputm Kpyckans.
Komn'toTepHa nigTprmKa nobyaosu rpadiyHnx moaenen Ta ix po3s'asaHHsA

§ 6. Po3paxyHKoBi (MaTemaTunuHi) mogeni PE3 Ta ix Knacudikauia. CTPYKTYpHI, GyHKLiOHaNbHI,
mopdadonoriyHi, TononoriyHi mogeni PE3. BukopucTaHHA rpadis ans nobyaosmM maTemaTUYHUX MOAeNel
PE3. MNepwa i apyra yHipikoBaHi GopMK CTPYKTYPHUX MoAeNel, iX NOPiBHANbHA XapaKTepPUCTMKA

§ 7. EKBiBaNIeHTHi cxemu pisHOMaHITHUX ¢i3ndHuX nigcmctem BTC Ak pisHoBKuA rpadis. OCHOBHI
No3Ha4YyeHHs, NPMU3HaYeHHsA i anropuTm NobyaosuM Ana pisHUX nigcmctem. FipaTopHi i TpaHchopmaTopHi
3B'A3KM i iX BigOOpPaXKEeHHA y eKBiBa/IEHTHUX CXeMax

§ 8. Ocobnumocti mogentoBaHHA bTC. laeHTndiKauis naHok BTC. Buaum ineHtudikauii. Metoan
OLiHKM napameTpiB mogenelt naHok BTC. MeToa npocTopy CTaHiB



§ 9. OcobnumBoCTi MmogentoBaHHA npoueciB GyHKLiOHYBaHHSA 6ionoriyHnx enemeHTis BTC. Tunosi
Mmoaeni: MoAeni, Lo XapaKTepusyoTb PeXXMM Tedii matepianbHoro notoky. Mogeni ¢isnyHumx ta
6iodi3nyHMX NpoLeciB Ha OCHOBI TUMOBUX iAeanizoBaHMX moaenemn

Po3gin 3. MogentoBaHHA PisMUHUX NigcucTtem TeXHiYHUX cKnagoBux BTC Ha MaKpoOpiBHi

§ 1. MaTtemaTu4Ha Moae/ib A4eTEPMiHOBAHOI CUCTEMM Ha MaKpopiBHi. MoaentoBaHHA Pi3nyHNX
nigcucrem TeXHIYHUX cknagosux BTC Ha MaKpopiBHi Ha OCHOBI aHaNOriN 3 Npouecamu y eNeKTPUYHMX
Konax. MoctaHoBKa 3agadi. MaTtemaTnyHa moae b AeTEPMIHOBAHOT CUCTEMM IK KOMBiHaL,in CTPYKTYPHOT i
dYHKLUiOHaNbHOT moaenein. KOMNOHEHTHI | TONONOriYHI PiIBHAHHS SIK OCHOBA A5 NO6YA0BM MaTEMATUUYHNX
Mmogenen AetTepmMiHoBaHMX CUCTEM Ha MaKpopiBHi. OCHOBHI ¢i3nYHI NigcucTemm i iXx KOMMNOHEHTHI Ta
TOMONOriYHI PiBHAHHA. AHanorii mix ¢azoBMMM 3MIHHMMK JNA Pi3HKX Gi3NYHMX nigcncTem

§ 2. MeToam OTpMMaHHSA | GOPMM TONONOTIYHMX PiBHAHL. OTPUMaAHHA TONONOTNYHUX PiBHAHL Ha
OoCHOBI M-maTpuui. Anroputm nobyaosm M-matpuui nigcmctemm TC i BUSHAYEHHA KOHKPETHOT popmm
TOMONOTYHUX PiBHAHb

§ 3. MeToau nobyaoBM MaTeMaTUUYHUX MOE/IEN HA MaKPOPiBHI. Y3aranbHeHU meTos,
dopmyBaHHA maTemaTMUYHMX moaenen TC Ha maKpopisHi. [loBHa maTemaTMyHa MoAeb CUCTEMU Ha
MaKpopiBHi. basuc metoay moaentoBaHHA (BeKTOp 6a30BMX KOOPAMHAT K BEKTOP CyTTEBUX Ga30BUX
3MiHHMX). Basuc y3aranbHeHoro metoay. 3miHHi cTaHy. Habip piBHAHb AN OTPMMAHHA NOBHOI
MmaTemMaTuyHoi mogeni cuctemu. Mobyaosa maTpuui AKobi nig yac dopmyBaHHA NOBHOT MAaTEMATUYHOT
MoZAeNi CUCTEMM 33 y3araJbHEHUM METOLO0M

§ 4. Moandikauii ysaranbHeHoro metoay. MeTtoam anrebpaisauii piBHsAHb. [MobyaoBa
MaTemMaTM4HOI Mmoaeni cuctemu 3a TabanMyHUMUM MeTogamu. basnc TabanMyHUX MeToAiB i 3aCTOCOBYBaHI
cnocobu iHTerpyBaHHA. MeToz By310BMX NOTEHLiaNiB Ta MoandikoBaHuMI By3noBuii meToa. MeTog
3MiHHMX cTaHy. Komn'toTepHa niaTpumKa moaentoBaHHA CUCTEM HAa MaKpopiBHi nporpamamu Microsoft
Excel Ta MathCad

§ 5. Mobyaosa maTematTuUyHux mogenei TC Ha MikpopiBHi. MaTtemaTnyHa mogenb TC Ha
MiKpopiBHi. MpeacTaBneHHA mogenein Ha MikpopisHi. Kpainosi 3agadyi nig, vac npoektyBaHHA TC Ha
MiKpOpiBHi. FpaHNYHI i NnoYyaTKoBi ymoBW. PisHOBUAM rpaHUUYHMX ymoB. HabankeHi moaeni TC Ha
MIKPOPpIBHI

§ 6. OCHOBHI MeTOoAM NOBYAOBM MaTeEMATUYHNX moaenei TC Ha MikpopiBHi. MeTog, iHTerpanbHUX
aHanoris i metToau citok. OcHOBHi eTanun nobyaosun matemaTudHoi mogeni TC 3a meTogom ciTok. MeTtoz
KiHLEBMX eNlemMeHTiB. ANropuTm metoay i 0cobMBOCTI MOro BUKOPUCTAHHA. Po3B'A3aHHA meTog0M
KiHLLeBMX e/1IeEMEHTIB 33434 MOAENOBAHHA TEMI0BOTO MNPOLECY 3 FPaHUYHUMKW YMOBaMMK TPETLOTO poay

§ 7. MeToam umcenbHOro iHTErpyBaHHA AK OCHOBA MeToAy KiHLeBUX pisHuLb. MeToza EiMnepa gns
33434 3 NOYaTKOBMMM ymoBaMn. MeToz, KiHLeBux pisHuULb. MMpaBa Ta niBa pisHUUeBi noxigHi. LabnoHu
ON5 BU3HAYEHHA Pi3HMLEBUX NOXiAHWUX Y BUNAAKY ABOMIpPHMX npouecis. LLabaoH Tuny "kBagpat" i Tuny
"xpect". Anroputm metoay i 0co6MBOCTI MO0 BUKOPUCTAHHA

§ 8. Komn'toTepHa NiATPMMKa MoAeNtoBaHHA CUCTEM Ha MiKpopiBHI nakeTom MathCad. Bumoru
[0 KPaoBMX YMOB B rPaHUYHMX 3a4a4ax

Po3gin 4. CratuctuuHe mopgentoBaHHA BTC

§ 1. lneHTndiKauia 06'ekTiB Mogeni 3a 4ONOMOroto KopensaLiliHoro aHanisy. PeanbHuin npouec K
CTOXaCTUYHa cucTeMa. KopenauilHi i npuYnHHO-HacNiAKOBI 3aneXHOCTi napameTpis. OcHoBMU
KOpenauiMHoro aHanisy. JlocnigxeHHa ekcnepuMeHTabHUX 3a1eKHOCTEN AK NepesyMoBa NPOBeAEHHSA
KopenAauiMHoro aHanisi
iHTepnpeTaL,ia Ta CTaTUCTUYHA nepeBipka. OgHomipHa Ta baraTomipHa Kopenauisa. Komn'toTepHa
niaTPMMKa KopenauiinHoro aHanisy naketom Excel

§ 3. Mobypo.a perpeciinHmMx mogenei. OCHoBM perpeciinHoro aHanisy. Nobyaosa noniHoMianbHOT
perpeciinHoi mogeni. IHCTpyMeHTU perpeciiHoro aHanisy B naketax Excel Ta MathCAD Ta ix iHTepnpeTauis.
OTpMMaHHA aHaNITUYHUX BUPA3iB, B TOMY YNCAT HEMOAIHOMIANbHUX, ANA ONUCY EKCNepPUMEHTaIbHUX
3anexKHocTel 3a gonomoroto onuii Excel "piBHAHHA NiHii TpeHay". PerpeciiHnin aHanis. MepesipKa
aucnepcit Ha ogHopigHicTb. MepeBipka 3HauyLWocTi KoediuieHTiB perpecii. Mepesipka perpeciiiHoi moaeni
Ha aAeKBaTHICTb Ta 3a0Bi/IbHY TOYHICTb anpoKcumau,ii. MNepeBipKa if4eHTUUYHOCTI ABOX perpecinHmx
mopaenemn

§ 4. Nobyaosa perpecitHnx moaeneit. OcCHoBM perpeciiHoro aHanisy. Nobyaosa noaiHomianbHoOI
perpecinHoi mogeni. I[HCTpymeHTH perpecinHoro aHanisy B naketax Excel Ta MathCAD Ta ix iHTepnpeTauis.
OTpMMaHHA aHaNITUYHMX BMPA3iB, B TOMY YMCAi HEMNONIHOMIANbHUX, AN1A ONUCY eKCNEPUMEHTA/IbHNX



3an1eXXHocTen 3a gonomoroto onuii Excel "piBHAHHA ninii TpeHay". PerpecinHuii 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. OcHoBW NnaHyBaHHA ekcnepumeHTy. MoaentosaHHA BTC 3a pe3yabTaTamn aKTUBHOIO
6araTopaKkToOpHOro eKCNepUMEHTY

Po3pgin 5. MogentoBaHHa BTC 3a gonomoroto Teopii nogibHocTi

§ 1. YmoBa noaibHocTi Mmogeni Ta opuriHana Ta cnocobu ii 4oTpMMaHHsA nig yac moaentoBaHHaA TC.
OcHoBwu Teopii nogibHocTi. MoHATTA noaibHocTi. MpocTa reomeTpuryHa i adiHHa noAibHicTb. MoaibHicTb
disnyHnx npouecis. Buan noaibHocti. AbcontoTHa i NpakTUYHa, maTemaTunyHa i gpisnyHa noaibHocTi.
Mpasuno ®dyp'e. Kputepii noaibHoCT i ix BUKOPUCTAHHSA B NpoLeci mogentoBaHHA TC. BU3HayYeHHA
KpuTepiiB NoAibHOCTI 3a NPaBUIOM iHTErpasibHUX aHaAoriB

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

§ 3. BusHayeHHs KpuTepiis nogibHoOCTi 3a BigoMmumn matemaTnuyHumm onmcamm TC (3a
[A0NOMOroto nepoi Teopemn noAibHocTi). AnropuTm BU3HAUYEHHA KpuTepiis noaibHocTi ana npouecis i TC,
LLLO OMMUCYIOTbCA PIBHAHHAMM 3 OAHOPIAHUMM | HEOAHOPIAHUMU PYHKLIAMU. IHAMKATOPM NOAiBHOCTI.
MepeTBOpPEHHA KpUTepiiB NoAibHOCTI | KpuTepianbHMN onnc NoAibHMX npoLecis

§ 4. MNobyaoBa maTeEMATUYHUX MOZENEN Ha OCHOBI Teopii po3mipHocTi. OcHoBM Teopil
po3mipHocTi. OgnMHuMLi | cuctemun BumiptoBaHHA. OCHOBHI | MOXiAHI, 3an€XKHi | He3aneXHi napameTpu B
Teopii po3mipHoCTi. AHani3 po3mipHocTi i npasuno dyp'e. NobyaoBa maTeMmaTUUHUX MOAENEN METOAOM
aHani3y po3mipHocTen

§ 5. OcHoBHa Teopema Teopii po3mipHocTi (ni-Teopema BykiHrema) i Hacnigku 3 Hei. MaTpuui
po3mipHoCTi Ta ix nobyaosa. Anroputm nobyaoBM MaTemaTMYHOI MOAENi Ha OCHOBI 1-ro i 2-ro HacniaxKis
Teopemu bykiHrema

§ 6. BuKopucTaHHA Ni-TeopemMu 414 BU3HAYEHHSA KpUTEPIiB NOAIGHOCTI Ana TUX BUNAAKiB, Koau
MaTeEMATUYHWUI ONUC CUCTEMM HEBILOMMIA. BUKOPUCTAHHA TpeTboi Teopemu nogibHocTi nig Yac
mopaentoBaHHa TC. ABTomogenbHicTb. YMoBu asTomogenbHocTi TC. MogibHicTb CKNagHUX CUCTEM.
Komn'toTepHa NigTpMMKa 3HaXo4KEeHHA KpUTepiaNbHOro onmMcy matematuyHux mogeneit TC

Po3ain 6. MogentosaHHA 6ionoriuHux cknagosux 6TC

§ 1. CuctemHMit Niaxia Ao BUBYEHHS BiosoriyHnx 06'eKTiB Ta cuctem. Po3rnsg opraHismy 3
nosuuin cuctemHoro aHanisy. Ocob6amMBoCTi MoaeNtoBaHHSA 6ioNoriYHNX cucTem

§ 2. YnpaBniHHA B bionoriyHMx cuctemax. CUCTEMHI acnekTn ynpasiHHA. TUNU perynboBaHuX
npouecis. FomeocTas, romeoKiHes i camoperynauis. NMpuHUMNKM opraHisauii ynpasniHHA B 6ionoriyHnx
cucTemax. 3BOPOTHI 3B'13KM B Bi0NOriYHUX cUcTEMax

§ 3. YnpaBaiHHA B opraHiami ntognHu. Knacudikauis Kepytoumx cuctem opraHismy AoguMHuU.
Knacuoikauia kepytounx nigcuctem opraHismy aoguHu. OpraHisauia i B1aCTMBOCTI enemMeHTapHUX
Kepytoumnx oanHuub. OpraHisauia Ta BlacTMBoCTi QYHKLiIOHANbHUX aHCambiB. Bsaemogia mix
dyHKUioHaNbHUMM aHCambaamn. CamoperyntoBaHHA disionoriyHnx GyHKLin

§ 4. Niaxoamn [o mogentoBaHHA 6ionoriyHMX 06’ekTiB AK aHOK BTC. MoaentoBaHHA opraHiamy 3
no3uuin Teopii PyHKUiOHaNbHMX cucTem. CTPYKTypa i NpMHUMNKM opraHisauii pyHKLioHanbHUX cnuctem (PC).
YnpasniHHA i B3aemogia C

§ 5. KomnapTmeHTHe MogentoBaHHsA b6ionoriyHnx nigcuctem BTC. MOHATTA KOMNAPTMEHTY i
KOMMNapTMEHTHOI moZeni. PisHOBMAM KOMNAapPTMEHTHUX Moaenei. KomnapTMeHTHe MOAeN0BaHHA Ha
OCHOBI ONKUCY B NPOCTOPI CTaHIB

Po3gin 7. MogentoBaHHA i3ionoriuHMX cuctem opraHiamy Al04UHU

§ 1. CucteMHuMI niaxig, Ao BUBYEHHA $i3ioNoriyHUX cUcTem opraHiamy AtognHu. PisionorivyHa
CUCTEMA OPraHi3my NIOANHK AK 06'EKT MoaentoBaHHA. MOHATTA romeocTasy i romeokiHesy. Yacosi Ta
NPOCTOPOBI PaMKM AianbHOCTI opraHiamy. MogentoBaHHA opraHiamy sk eaMHoro uinoro. IHbopmalis, wo
BPaX0OBYETbCA Nig Yac moaentoBaHHA disioNoriyHnx cuctem. IHCTPYMeHTM moaentoBaHHA disionoriyHnx
cuctem. Komn'totepHe mogentoBaHHA $i3ioNoriyHMX cuctem

§ 2. MogaentoBaHHs i301b0BaHUX $i3ioNoriyHNX cucTem opraHiamy AoguHU. MpuHUUNK
MOAEeNtoBaHHA i30/1b0BaHMX ¢isionoriyHmx cucrem. MpUHUMNM aBTOMATU30BaAHOIO YNpPaBAiHHA 3i
3BOPOTHUM 3B’A3KOM. Mo AibHICTb NPMHUMNIB aBTOMATUYHOIO YNPaBAiHHA B BI0N0MIYHUX | TEXHIYHMX
cuctemax. MogentoBaHHsA i30/1b0BaHUX i3ioN0riYHUX cUCTEM SIK cucTem cTabinisau,ii

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



§ 4. MogaentoBaHHA ¢i3i0IONYHMX CUCTEM Ta NPOLLECIB Y BUFIALI CTPYKTYPHUX CXEM CUCTEM
aBTOMATMYHOrO yNpaBAniHHA. KibepHeTMYHMI Niaxig 4o moaentoBaHHA ¢isionoriyHmx cuctem. Mepenaya
curHanie y ¢isionoriyHmnx cucremax. CTpykTypHi cxemm disionoriuHmnx cuctem. KoeodilieHT nepeaadi naHkK,
6.210Ka YN CUCTEMM B CTAZIOMY PEXMMI

§ 5. AlkicHe pocnigyKeHHA npocTux mogenen bionoriyHMx npouecis. AKicHe gocnigxxeHHsa 3P
nepLIoro NnopaaKy. EnemeHTn AKicHOI Teopii AMHAMIYHUX CUCTEM A PYrOro NopAaKY

Po3ain 8. MogentoBaHHA oKpemMmux $i3ioNnorivHMxX cucrtem opraHiamy l0gUHU

§ 1. MaTtemaTuUuyHe MOAEeNOBAHHA OKPEMMX i30/1bOBaHMNX Pi3i0NOMIYHMX CUCTEM OpraHiamy
noguHn. MogentoBaHHA KpoBoobiry. Mogeni remoanHamikm cyamHHoro pycnaa. Mogeni npamoi aHanorii.
FemoanHamiyHa moaenb PpaHka. Mogeni y Buraagi nocnigosHo 3’eaHaHuX pesepsyapis. Mogeni, wo
BPaxoBYIOTb iHEPLiNHICTb KpoBi. Moaeni y Burnaai LRC KoHTypiB. lgpoamMHamiyuHa moaesnb pyxy Kposi no
KPOBOHOCHOMY pyc/y

§ 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-
CYANHHOI cucTtemm

§ 3. MogentoBaHHA CUCTEMU ANXAHHA. ANbBEOIAPHA BEHTUAALIA. MaTeMaTuyHe Moae itoBaHHA
CMCTEMM 30BHILIHbOTO AMxaHHA. Mogenb [poaiH3a. MogentoBaHHA peryiaTopa ANXaHHA

§ 4. MogentoBaHHA MOBHOTO anaparty. AKYCTUYHE MOAE/OBAHHA MOBHOrO anaparty. EkBiBaneHTHa
€N1eKTPUYHA CXemMa MOBHOrO anaparty

§ 5. MogentoBaHHa cnyxoBoro anapaTy. Mogeni 30BHiWHbOrO | cepeaHboro Byxa. Mogeni
3aBUTKM

§ 6. CTpyKTypHe Komn'loTepHe moaentoBaHHaA disionoriyHnx cuctem. Cucrema NI Multisim.
MogaentoBaHHSA NpoLecy YTBOPEHHSA Ta perynsuii 6iamMx KNiTMH KPoBi B opraHismi ntoanHu. MoaentoBaHHsA
cepueBo-CyaANHHOI cuctemu ntognHn. MoaentoBaHHa cuctemm perynauii Bmicty CO2 y Kposi n1t0auHM.
MoZaentoBaHHA cMCTEMM ra3006MiHY B OpraHi3mi t0aNHU

Po3ain 9. MoaenioBaHHA 38’A3aHUX PisioNnoriyHMx cuctem
§ 1. Cneumndika Ta nigxoam 4o MOAENOBAHHA 3B’ A3aHUX disionoriyHnx cuctem. MogentoBaHHs
3B'A3aHMX di3i0N0riYHMX cUCTEM AK cUCTEeM 3 HaB'A3aHOLO piBHOBarot. MoaentoBaHHA 3B'A3aHUX
disioNoriyHnx cnctem siK EANHOTO Lioro, TOBTO AK CMCTEeMM 3 BiJIbHOO PIBHOBAroto
§ 2. Mpuknagn moaeneit 38’a3aHuMx disionoriyHmMx cuctem. Mogenb ®. MpoaiHza i Ix. Axkelimca.
Mogenb X.P. YopHepa. Mogenb Todama-YopHepa. Mogenb Y. [. NikepiHra, M.H. Hukidopyka i A.E.
MeppimaHa. Mogenb romeoctatmyHoro komnnaekcy J1.A. aptay i b.B. [eTpoBCcbKOro

Nitepartypa
1. Yemioorcanun B.A. MoaenupoBanne OMOTEXHHUECKUX cHCTeM: y4uel. mocob. / B.A. YcTroxkaHuH,
N.B. Sxosnera. — Crapsiit Ockon: THT, 2014. — 215 c.
2. 'ninenko JI.K. OCHOBY MOJIETIFOBAHHS TEXHIYHUX CUCTEM: HaBY. IOCI0. JJIS CTYACHTIB BY3iB TEXH.
creriianbrocteit / JILK. Tninenko, O.I. CyxonocoB. — JIbBiB: Hika-TTJIFOC, 1999. — 204 c.
3. I'ninenxo JL.K. HMK «OcHoBH MOietOBaHHs 010TeXHIYHUX crcTem» [Enexktponnuii pecypc]. — Pexxum
moctymy: http://vns.Ipnu.ua/course/view.php?id=5464
4. 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.
5. 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.
6. 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.
7. Enderle J. Physiological Modeling / J. Enderle. In Enderle J. Introduction to Biomedical Engineering /
J. Enderle, J. Bronzino. — Elsevier Inc., 2012. — P. 693-798.
8. @unamosa H.H. MonennpoBanue ONOTEXHUYECKUX crcTeM: yaeObHoe nocooue / H.H. ®unatosa. —
Teeps: TI'TY, 2008. — 144 c.
9. Mamemamuueckoe MOIENUPOBAHKE )KUBBIX CHCTEM : y4ueO. mocob. / O.D. ConoBbea, B.C. MapxacuH,
JI.b. Kammaenbcon u ap.; mox obmt. pex. O.5. ConoBbeBoit. — EkatepunOypr : M3a-Bo Ypai. yH-Ta, 2013. —
328 c.
10. 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.
11. Jeaxonos B.II. MATLAB u Simulink ms pagunounmkerepos / B.I1. Jleskonos. — M.: IMK Tlpecc,



2011. - 976 c.
12. Ilasauw B.A. OcHoBH iHPOPMALIMHAX TEXHOJIOTIH 1 cucTeM: HaB4. mmoci6. / B.A. Ilapnui,
JI.LK. I'minenxko. — JIsBiB: Bua-Bo JIsBiB. momitexuiku, 2013. — 500 c.

Oucuunnina: OcHOBU NPOeKTyBaHHA biomeaunuHoi anapaTtypu
Po3ain 1. 3aranbHi BigoMOCTi Npo cMcTemMn aBTOMaTM30BaHOrO NPOEKTYBaHHA 6iomeanyHOI
anapatypu
§ 1. Onuc pagioenekTpoHHUX biomeanyHmx anapartis. CyTb i eTanu NpoeKkTyBaHHA BMA
§ 2. 3acTocyBaHHs MK ans aBTomatmsauii npoektyBaHHs. Cknag i npuHumnu nobyaosu CAMP
§ 3. TexHiyHe 3abe3neyeHHsa CAIMP
§ 4. NinrsicTnuHe i nporpamHe 3abesneyeHHn CAIMP
Po3ain 2. MatemaTtuuHe MmoaentoBaHHA KOHCTPYKLi 6iomeanuHoi anapaTtypum
§ 1. 3aranbHa XapaKTepUCTUKa 3a4a4i aBTOMATM3aLLii KOHCTPYKTOPCbKOro NpoekTyBaHHA BMA
§ 2. MateMaTuyHi moaeni MOHTa*KHO-KOMYTaLiIMHOro NPoCTopY
§ 3. MatemaTuuHi moaeni KOHCTpyKLii BMA
§ 4. ArOpUTMM KOMMNOHYBAHHSA KOHCTPYKLIMHMX Moy i
Po3ain 3. Tunosi 3aaa4i KOHCTPYKTOPCbKOro NPOeKTyBaHHA 6iomeAanYHOI anapaTtypu Ta
aNropuTMm iXHbOro Po3B’A3Ky
§ 1. AIropuTMM po3milLeHHA KOHCTPYKLiMHUX MoAayiB
§ 2. AlropuTMM TpacyBaHHA NPOBIAHUX 3’ €QHAHb
§ 3. AropuTMM TpacyBaHHA APYKOBAHOIO MOHTAXY

Po3ain 4. MNakeTn nporpam aBTOMaTU30BaHOro NPOEKTyBaHHA 6iomeanuHOI anapaTtypum
§ 1. NakeTn nporpam aBTOMATM30BAHOIO NPOEKTYBaHHA BMA

Nitepatypa
1. Koncmpyrosannsi eneKTpOHHO-00UYHCIIOBAILHOT aapaTypy Ha OCHOBI MOBEPXHEBOTO MOHTAXY: HABY.
noci6. / A.O. I'payos, FO.T'. Jlera, A.A. Menbruk, JLI. ITanos. — K.: Konmop, 2005. — 384 c.
2. Koncmpyiosanms eIEKTPOHHUX 3ac00iB. MexaHiuHi CTpYKTypH : A0BigHUK / A.A. €(diMeHKo,
B.B. Cimonos. — O. : I[Tonitexnepionuka, 2009. — 548 c.
3. Cyxooonvckuii B.FO. Altium Designer: npoekTupoBaHuepyHKIHOHATBHBIX y3710B POC Ha nmeyaTHbIX
wiatax: yue6. moco0. / B.}O. Cyxononsckuii. — CI16.: BXB-ITetepoOypr, 2010. — 480 c.
4. I[Tempoes K.C. PagnoMaTepHaisl, paInOKOMIIOHEHTHI U JJIeKTpoHuKa: yued. mocob. / K.C. ITetpos. —
CII6.: ITurep, 2003. — 506 c.
5. Aemomamu3zayus TPOSKTUPOBAHHS PATHOIIEKTPOHHBIX CPEACTB: yued. mocob. st By30B / O.B.
Anekcees, A.A. I'onoskos, U.1O. ITusoBapos u ap.; mox pen. O.B. Anekceea. — M.: Beicmr. mik., 2000. —
479 c.
6. Paspabomxka v opopMiIeHHE KOHCTPYKTOPCKOH IOKYMEHTAIIMU PaHO3ICKTPOHHOMN anmapaTyphl:
crpaBou. 1moco0. / mox. pexa. D.I'. PomansraeBoii. — M.: Pamuno u cBsi3b, 1989. — 448 c.

Oucumnnina: CxemoTexHiKa 6iomeguuHoi anapartypum

Po3gin 1. CurHanu Bl Ta aHanorosa cxemoTexHiKa

§ 1. BcTyn B cxeMoTexHiky biomeanyuHoi iHxeHepii (EMI). Bumoru Ta TeHAeHLii pO3BUTKY
cxemoTexHikn BMI. Tunu curHanie: aHanorosi, ANCKPeTHI, Kogosi, undposi. OCHOBHI po3ginu
CXEMOTEXHIKW: aHaoroBi Ta undpoBi cxemun, aHanoro-undposi Ta LMppPo-aHaNoOrosi NnepeTBoptoBadi,
iHTepdencn, cuctemm Ha Kpuctani. SPICE mogeni curHanbHUX NepeTBoploBaYiB

§ 2. EneMeHTapHi TpaH3MCTOPHI cxemu: 3i cnifibHO 6a3010 (CNiNIbHMM 3aTBOPOM), 3i CNiIbHUM
eMiTEPOM (CMiIBHUM BUTOKOM), CMiI/IBHUM KONEKTOPOM (CMiIbHUM CTOKOM)

§ 3. Ctpymosi «g3epkana». CTpymose «a3epKano» YinctoHa. AndepeHuianbHuii Kackag,. Kackagm
3CyBY MOTEHLU,aNy CUTHaNY, KACKaAW ABOTAKTHOIO NiACUAEHHA Ha KOMMJEMEHTapPHUX Ta OAHOTUMHUX
TpaH3UcTOopax

§ 4. OnepaduiiiHi niacunosadi (OM). Tunum ONM: 3aranbHOro NpuUsHaveHHs, rail-to-rail, npeunsinini,
LWBMAKOAiHOYI, MIKPOMOTYXHi, NOTY»XHi Ta BUCOKOBOAbLTHI Ol1. ba3osi Tunu nigcmMatoBayis

§ 5. AndepeHLuiltHi niacnntoBadi. Migcnntosadi 3 UMPPOBUM Ta aHANIOTOBUM KEePYBAHHAM.
MiacuntoBadi 3 KOMMNeHcauiew Hanpyrn amiweHHA. CUrHaAbHI NepeTBOPIOBaAYi iMNeaaHCHOro TMny



§ 6. PopmyBayi onopHoi Hanpyru Ta cTabinizatopu xKmBneHHA. CxeMoTexHiKa cTabinisauii Hanpyr
Ta CTPYMIB Ha NpuUHUMNI 3abopoHeHoT 30HK (band gap reference). Cxemu 3ax1CTy Big, NepeHaBaHTAMKEHb.
IHTerpasbHi cxemu Axkepes onopHoi Hanpyru Ta ctabinisatopis

Po3gin 2. Cuctemun yncneHHa Ta uMdpposa CXEMOTEXHIKA

§ 1. Cuctemun uncneHHsn. BigobparkeHHs iHbopmauii y undposiit TexHiui. OcHoBu 6ynboBOT
anrebpu. Tunosi Kogn uMdpPoBOi TEXHIKW. [epeTBopeHHA YMcnoBOi iHpopmau,i

§ 2. Bu3HayeHHA Ta Ha3BM NOTMYHUX PYHKLIN. PopmMmu 306parkeHHs NOTYHUX PYHKLIN.
KOH'tOHKTUBHMI Ta An3’IOHKTUBHWUI TepMmu. Liarpamu BeHHa. Kaptu (Tabaumui) KapHo. MiHimizauin
noriyHnx dyHKUin. MeTopg 6e3nocepeaHix nepetTsopeHb. Metog Tabamupb KapHo

§ 3. ba3oBi NoriyHi ennemeHTH. XapaKTepPUCTUKM Ta pisHOBUAM UMPOBUX MiKpocxem. CXxeMHN
CUHTE3 NorivHoT GyHKLT. leHepaTopy iIMNYAbCHUX CUFHaNIB

§ 4. KombiHauinHi npuctpoi. Wndpatopu. Jewmndpatopu. MepeTsoptoBadi Kogis.
MynbTunnekcopu. lemynbtunnekcopu. CurHanbHi KomyTtaTopu. ApudmeTndHi npuctpoi. KombiHauinHi
cymatopu. HakonuuyBsanbHi cymaTopu. BusHaueHHA Ta Knacudikauia apudmeTMUyHO-N10rivYHUX NPUCTPOIB
(ANN). Crpyktypa AN

§ 5. Tpurep — ABOCTAHOBUI 3anam’aToByBady iHpopmau,ii. 3arasibHa CTPYKTypa Ta CUrHaU
TpurepHux cxem. Knacuodikauia tpurepis. RS tpurepu. D Tpurepu. MS ta JK tpurepu. T Tpurepu. Tpurepu
ABOTAKTHOI aii. Perictpu. JTiunnbHUKN. JTIMUABHUKK 3 NOCNIAOBHUM NEePEeHOCOM Ta NapanesibHum
nepeHocom. PeBepcumBHiI Ta KinbueBi NYNAbHUKMK

Po3ain 3. Nam'aTp, iHTepdeincu Ta cneyianisoBaHi CMrHaNbHi NnepeTBoOplOBaYi

§ 1. IHTerpanbHi npuctpoi nam’aTi. Knacuodikauia Ta napametpu. CtaTnyHi 3anam’atoByBsadi BIC
O30MN. AuHamiyHi 3anam’aToByBadi BIC O3M1. CTpyKTypHO-cxeMHi piweHHs BIC O30M. MocTinHi
3anam’sToByBanbHi Npuctpoi. Knacuoikauin. CTpyKTypa Ta npuHumn nobyaosu MN3M. NMporpamoBaHi NoriyHi
maTpuui. Flash nam’stb. Undposi iHTepdeicn. IHTepdencn 3 ranbBaHiYHUM PO3iNeHHAM

§ 2. B3aemHi nepeTBopeHHA LUNMGPOBOro Ta aHaNoroBoro curHanis. MpuHumn LLA-nepeTBopeHHs.
MapameTpu UAM. MpmnHumnu All-nepetBopeHHs. MapameTpu ALM. LLAMN Ha 4BiiKOBO-3BaXKeHMX
pesnctopax. LLAMN Ha ocHoBi maTpuui pesnctopis R-2R. NepemHorKysanbHuia LAT. ALM nocnigosHoro
HabanKeHHA. ALM napanenbHoro kogysaHHs. ALLM noagiitHoro iHTerpyBaHHA. Curma-genbta ALM.
KoHBeepHi ALLM. MepeTBoptoBaYi TUNY KEMHiCTb-UMbpa». MikpoKoHBepTEPU

§ 3. KoHuenuia cuctem Ha Kpuctani (CHK). MeToau po3pobaeHHs Ta xapakTepuctuka CHK.
OcHoBHi niaxoau npoektyBaHHA CHK. MporpamoBaHi noriyHi iHTerpanbHi cxemu (MIC). NAIC KomnaHin
Xilinx, Actel, Altera. MporpamoBsaHi CHK KomnaHii Cypress

§ 4. CneujanizoBaHi cMrHanbHi nepeTeoptoBadi. JlorapudmiyHi nepetsoptoBadi. AHaNOroBi
nepemHoXysaui. leTektopu Ta BUMipIOBaibHi BUNPAMAAYi. AHanorosi KomyTtatopu. Cxemu Ha
nepemmKanbHUX KOHAeHcaTopax. YacToTHi nepeTBoptoBadvi. AndepeHuitoBanbHi Ta iHTErpyBanbHi
nepetsoptoBadi. PinbTpu. AKTUBHI GinbTpy

Nitepartypa

1. Mixpocxemomexnixa: ninpyud. / 1. Tenwxuncekuii, P.JI. Tonsika, 3.10. T'otpa, T.A. MapyceHkoBa; 3a
pen. 3.10 .I'otpu. — JIeBiB: Jlira-Ilpec, 2015. — 492 c.
2. CxemomexHixa eNEeKTPOHHUX CUCTEM: MiAPYY. AJIS CTYZ. TEXH. CIEll. BUIL. HABY. 3aK. : [ y 3 KH.].
K. 2.: Hudposa cxemorexnika / B.1. Boiiko, A.M. I'ypxiii, B.S. XKyiikoB.— 2-re BUII., IOTIOB. 1 epepooI.
— K.: Buma uik., 2004. — 423 c.
3. Kononmaescokuii FO.I1. Enextponika i MikpocxemorexHika: miapyd. / FO.I1. KononraeBcbkuid,
A.I'. Cockog; 3a pea. A.I'. CockoBa. — K.: Kapagena, 2009. — 416 c.
4. Bicbmax M. 3aBaoCTiiiKi CHTHAJIbHI IEPETBOPIOBAY ONTHYHUX CEHCOPHUX NpHucTpois / M. BickTak,
P. lonsika, 3. Mukutiok. — JIsBiB: Jlira-IIpec, 2015. — 152 c.
5. Cmpyxkmypu Ta napaMeTpy MiKpOCJICKTPOHHHX T'aIbBAaHOMArHITHUX CEHCOPIB MarHiTHOTO moJs /
I.A. Bonpmaxkora, .M. I'oauntok, P.JL.Iomsika Ta iH.; 3a pea. 3.10. 'otpu. — JIseiB: Jlira-Ilpec, 2013. —
414 c.
6. Mixpoenexmponni CUTHaJIbHI NIEPETBOPIOBaYi TeIIoBUX ceHcopis nmotoky / 3.}0. ['otpa, C.B. IlaBnos,
P.JI. T'onska Ta i, — Bigauig: BHTY, 2012. — 240 c.
7. Babuu M.I1. KoMm'toTepHa CXeMOTEXHIKa: HaB4. MOCI0. /I CTy/. BUIl. HaBY. 3aki. / M.I1. baouy,
I.LA. XKyxkos. — K.: MK-IIpec, 2004. — 412 c.

Oucumnnina: Pi3snKo-TeopeTUyHi OCHOBM KOHCTPYIOBAaHHA Ta HAAINHICTb
6iomeanuyHKX anapariB



Po3pgin 1. KoHCTpyKUiA pagioenekTPoOHHUX 3ac06iB i MeTo[010riA KOHCTPYHOBAHHA

§ 1. BuBYEHHA TepMiHY KKOHCTPYKLiA» Ta il 0cOB/IMBOCTi CTOCOBHO e/1eKTPOHHUX 3acobis (E3).
lepapxivuHa cTpyKTypa E3 3 TOUKM 30py PYHKLiIOHANbHOI, TEXHONOTIYHOI Ta KOHCTPYKTUBHOI CKNaAHOCTI.
OcHOBHi NpoTKpiyya NobyaoBU | PO3BUTKY KOHCTPYKLLiA eIEKTPOHHMX 3acobiB

§ 2. ®isnyHi npouecw, AKi NpoTiKatoTb Nif Yac PyHKLUiOHYyBaHHS E3 11 ix B3aemogii 3
HaBKO/INMLWHbBOO iHGPACTPYKTYPOIO — 06’ EKTaMM PO3MILLEHHA | HABKOAULLHIM cepeaoBuLLEM. YMOBU
eKCnayaTauii KOHCTPYKLiN: KNimaTUYHi, MexaHiuHi. Bnane 06’eKTiB po3milleHHA E3 Ha KOHCTpyKL,ito

§ 3. KOHCTpyKLiA AK cKnagHa cuctema. BusHaueHHs i BNaCTUBOCTI CKNagHOI cuctemn. EnemeHTn
Teopii CKNnagHUx cuctem

Po3gin 2. MopgenioBaHHA nNpoueciB NnepeHeceHHA Tena B KOHCTPyKuUiax E3

§ 1. BHYTpiWHI AxXepena Tenna B KOHCTPYKLIAX | 30BHiLIHI TemnepaTypHi Bnaneu. MoOHATTA Npo
Tennosui pexxum E3. MexaHiamun nepeHeceHHs TENI0BOI eHePTii B KOHCTPYKLLAX

§ 2. TennonposigHicTb. TemnepaTypHe none. [pagieHT TemnepaTypu. 3aKoH Pyp’e.
OndepeHuianbHi piBHAHHA TENAONPOBIAHOCTI, yMOBM 04HO3HAYHOCTI. MeToamM po3B’A3Ky PiBHAHb
TenaonpoBiAHOCTI

§ 3. OgHoMmipHiI 3agavi TennonposigHocTi. MepegaBaHHA Tenna Yepes NAOCKI, UMAIHAPUYHI Ta
chepuyHi CTIHKK, CTePXKHI NOCTIMHOro NonepeYyHoro nepepisy

§ 4. 1Bo- i TpMMIpHI 3aga4i TENNONPOBIAHOCTI ANA Tin pi3HOI KOHIrypauii 3a ogHOpPIAHMX
rpaHUYHMX YyMOB. HecTauioHapHi 3a4a4i TennonposigHOCTI

§ 5. KOHBEKTMBHI NpoLecn nepeHeceHHA Tenna. 3akoH HbtoToHa-PixmaHa. KoediuieHTn
TennoBsigaadi Ans HeobMeXKeHoro cepeoBULLLA Y Pasi BiIbHOI Ta BUMYLLEHOT KOHBeKLUii. KoedilieHTn
TENNoBiAAaYi B 0OMeKEHUX cepeoBULLAX

§ 6. NepenaBaHHA Tena BUNPOMiHIOBAaHHAM. OCHOBHi 3aKOHW TENN0BOI0 BUNPOMIHIOBAHHA.
Bn3HauyeHHA KoediuieHTiB Tennosigaadi. CymicHMI npouec nepenaBaHHA TENAA KOHBEKLIEHO i
BUNPOMIHIOBAHHAM. EnekTpoTensioBa aHanoris

Po3ain 3. MoaentoBaHHA TEN0OBOr0 PeXXUMyY €N1eKTPOHHOrO anaparta

Po3ain 4. MogentoBaHHA NpouUeciB BOAOroro nepeHeceHHs B KOHCTPyKLiax E3
§ 1. ArmocdepHa BoAoricTb M 1i BNAMB Ha KOHCTPYKLiT E3. ABcontoTHa i BigHOCHA BONOTICTb.
MornnHaHHA BosIorM maTepianamun. MexaHiam copbuii. TepmoBoa0ronpoBigHiCTb
§ 2. MacoobmiH y ABOKOMMNOHEHTHMX cepeaoBuax. AndysiliHnin macoobmiH, 3akoH Pika.
OundepeHuinHi piBHAHHA TeNno- i MacoobMiH nig, yac KoHAeHcauii napy 3 NaporasoBoi cymiwi. Tenno- i
MacoobmiH nig Yac BMNapoByBaHHA PiAVHU B Naporasose cepenoBuLLe
Po3ain 5. MoaenioBaHHA MeXaHiYHUX XapaKTepPUCTUK KOHCTPYKLiii E3
§ 1. Buam mexaHiuyHMX BN/IMBIB Ha eN1eKTPOHHI 3acobu. MogaentoBaHHA | aHani3 nepiognyHMX
Bibpauin, BibpaLii i3 3MiHHUMKM NapameTpamu, BUNaAKOBUX BibpaLiii. MoaentoBaHHS i aHanis yaapHux
HaBaHTA)KEHb
§ 2. KoHcTpyKuia E3 Ak cknagHa KonnsHa cuctema. KoameHa cuctema 3 04HUM CTyneHem
cB060AM, BNACHA YaCcTOTa KOIMBAHb, KOediLLiEHT AMHAMIYHOCTI Nijg Yac BUMyLLEHMX KoMBaHb. KonneHa
CUCTEMA 3 LWICTbOMA CTyNeHAMM cBOBOAM. 3anekHi Ta He3anexHi BUAM KOAMBaHb CUCTEMU
§ 3. MopaentoBaHHs i aHani3 CTiIMKOCTI KOHCTPYKLUil E3 Ao aji Bibpauiii Ta yaapHUX HaBaHTaXKeHb.
Po3paxyHOK BN1aCHOT 4aCcTOTU KOAMBaHb KOHCTPYKTUBHUX €N1EMEHTIB

Po3ain 6. BU3HaueHHA NOKa3HUKIB HaailHOCTi BiomegnuuHux anapartis

Nitepatypa
1. Kodanos FO.H. TeopeTniyeckre 0CHOBBI KOHCTPYHUPOBAHUS, TEXHOJIOTMH M HA/IGKHOCTH
PaarodJIEKTPOHHBIX CPENCTB: yueO. st Boicil. yuel. 3aBenenuii / FO.H. Kodanos. — M.: Paguno u cBs3b,
1991.
2. l'enw [1.11. KoHCTpyHpOBaHHE M MUKPOMUHHATIOpU3ALHA PAIHOICKTPOHHON anmnapaTypsl: yueo. s
Boicil. yueO. 3aBenenuii / ILI1. I'enp, H.K. IBanoB-Ecunosuu. — JI.: Dueproaromusaat, 1984.
3. Jynvnes I'.H. Teruio- 1 MaccOOOMEH B paJIMO3JIEKTPOHHON armaparype: y4e0. Juisl BBICHIL. y4e0.
saBenenuii / I'.H. ynbues. — M.: Beicir. mk., 1984,
4. Mexanuyeckue BO3ICHCTBHA U 3aIUTa PagHodIeKTpoHHOH ammapaTtypsl / M.®. Tokapes, E.H. Tanuukui,
B.H.®pomnos; mox pea. B.H. ®ponora. — M.: Paagno u cBs3b, 1984.
Indopmaniiini pecypcu
http://kost.in.ua/files/000439.pdf
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