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1. IcropuuHa noBiaka
[IpenMer MaTeMaTUYHOTO MPOTPAMyBaHHS.
MareMaTuuHe MOJEIIOBaHHS 3a/1a4 .
Knacudikamis 3agau MII.

A

CranpaptHi popmu 3JII1.

1. B cyro MaTeMaTuuHOMY ILJIaHI1 J€sKi ONTUMI3aLliHI 3a4a4l OyJU BIOMI LIe
B craponasHiil ['penii. OnHak, cyyacHe MaTeMaTU4HE MPOrpaMyBaHHS IEpeay-
CIM pO3TJIsAJIa€ BIACTUBOCTI Ta PO3B'SI3KM MaTEMAaTUYHUX MOJIeJIeil EKOHOMIYHUX
nporieciB. ToMy moyaTkom HOTO PO3BUTKY K CAMOCTIHHOTO HAyKOBOTO HAIPSI-
MKY CJiJ] BB&KAaTH Meplll cipoOu 3aCTOCYBaHHS METO/IB MaTEMAaTUYHOTO MPO-
rpaMyBaHHS B MPUKJIAJTHUX JOCIIDKECHHIX, HacaMIiepe ] B ekoHoMiri. CripaBik-
HIM MOYAaTKOM MAaT€MaTUYHOIr0 MPOrpaMyBaHHs B Cy4aCHOMY pPO3YMIHHI BBaXKa-
I0Th TIpall paasHcbkoro BueHoro JI. B. Kantoposuua. Hanpukini 30-x pokiB y
JleHIHrpaJAChKOMY YHIBEPCUTETI HUM yIriepuie Oysu cpopMyaboBaHi Ta JOCIHI-
JKYBaJIMCh OCHOBHI 33/1a41, KpUTEPil ONTUMAIIBHOCT1, EKOHOMIYHA 1HTEpIIpeTa-
s, METOJM PO3B'A3aHHS Ta F€OMETPUYHA IHTEpIpeTallisd pe3yabTaTiB PO3B's-
3aHHA 3a11a4 JiHiiHoro nporpamyBanss (1939 poky JI. B. KantopoBuu onpuito-
HUB MOHOTrpadito «MaremMaTHuuHi METOIM OpraHi3auii 1 IJIaHyBaHHS BUPOOHUIL-
TBay). CaM TEepMiH «JIiHIHE MporpaMyBaHH» OyB BBEJACHUH JIEIIIO MI3HIIIIE,
1951 poky, y npausgx amepukancbkux BueHux Jk. lanuura ta I'. Kymnanca.
Onnak y coiit MmoHorpadii k. Jlanuur 3a3navae, mo JI. B. KantopoBuya ciif
BU3HATHU MEPILIMM, XTO BUSBUB, IO LIKPOKE KOJO BAXKIMBUX BUPOOHUYUX 33724
MOke OyTH TO/IaHE Y YITKOMY MaTeMaTUHIYHOMY (OPMYITIOBaHHI, SIKE YMOXKJIUB-
JI0€ MIJIX1J A0 TAKUX 3a7a4 3 KiJIbKICHOT'0 OOKY Ta pO3B'A3aHHSA X YUCEIbHUMU

MCTOJaMH.



1947 poxy k. Jlanumurom takox OyB po3poOJICHHI OCHOBHHUI METOT PO3B'S3y-
BaHHS 3aJ1a4 JIIHIHHOTO TIPOTPaMyBaHHSI — CHUMILJICKCHHI METOJI, III0 BBAYKAETHCS
no4YaTKoM (OpPMYBaHHS JIIHIMHOTO MPOTPaMyBaHHS SIK CAaMOCTIMHOTO HampsM-
Ky B MaTeMaTUYHOMY NporpamyBanHi. HacTymaum kpokom ctanu mpari JIx.
Heiimana (1947 p.) uio0 po3BUTKY KOHIICTIIIi TBOICTOCTI, IO YMOJIHUBHUIIO PO3-
HIMPEHHS MPaKTUYHOI chepH 3aCTOCYBAHHS METO/IIB JIHIHHOTO MpOrpamMyBaHHs.

[TepiogomM HaWIHTEHCHUBHINIOTO PO3BUTKY MAaTEMATHYHOTO MPOTPAMyBaHHS €
n'sTAecATI pokU. Y 1ed Jac 3'BISIOTHCS PO3POOKH HOBUX aJITOPUTMIB, TEOpE-
TUYHI JOCHIKEHHS 3 PI3HUX HANPSAMKIB MaTEeMaTHYHOTO mporpamyBaHHs: 1951
poxy — mpaus I'. Kyna 1 A. Takkepa, B sikiii HaBeIeHO HEOOXiJHI Ta JOCTaTHI
YMOBH ONTHUMAJIBHOCTI HEMHIWHUX 3a1a4; 1954 poxy — Yapuec i Jlemke po3ris-
HYJIA HAOJIMKEHUH METOJ PO3B'sI3aHHS 3a7ad 3 cernapabelbHUM OMYyKJINM (YHK-
I[IOHAJIOM Ta JHIKHUMH OOMEXeHHSAMH; 1955 poky — psan pobiT, IpUCBIYCHUX
KBaJIpATHIHOMY IPOTPaMyBaHHIO. Y M'ATACCATHX pOKaxX CPOpMyBaBCS HOBUU
HAIMPSIMOK MaTeMAaTHYHOTO MPOTPaMyBaHHS — JWHAMIYHE TIPOTrpaMyBaHHs, 3HAU-
HUU BKJIAJl y PO3BUTOK SIKOTO BHIC aMepHUKaHChKUI Marematuk P. benman.

Ha cyuacHomy erami MaremMaTWdHe MPOTrpaMyBaHHS BKIIOYAE IIHPOKE KOJIO
3a7a4 3 BIAMOBIIHUMHM METOJIaMHU PO3B'S3aHHs, II0 OXOIUIIOIOTh PI3HOMAaHITHI
npoOsieMHu pO3BUTKY Ta (DYHKIIOHYBaHHS pealbHUX €KOHOMIYHUX cuctem. Po3-
pOOISAIOTHCSE 0AHKM €KOHOMIKO-MaTeMaTUUYHUX MOJENEH, sIKi B MOE€IHAHHI 3 MO-
TYKHOIO, IIBUKOJII0Y0I0 OOYMCIIOBAIBHOIO TEXHIKOIO Ta CY4YaCHHUMH IIporpa-
MHHUMH TPOAYKTAaMH YTBOPIOBATHMYTh CUCTEMHU €(PEKTUBHOI MIATPUMKHU TIPH-
HWHSTTS PIIIEHb Y PI3HUX TATy3X €KOHOMIKH.

2. Ha3Ba pucuumutinu «MaTtemMaTH4He MPOTpaMyBaHHS» aCOLIIOETHCA Tepe-
JyCiM 3 TIpOTrpaMyBaHHSM SIK MpoliecoM ctBoperHs mporpam s [TEOM 3a no-
OMOT 00 crenianbHoi MoBU. [IpoTe HacmpaBni 1€ nuiie He qy’Ke BAajIuil mepe-
KJIaJl aHTJIHCBKOTO TepMiHy mathematical programming, 1O O3Ha4ae po3poo-
JIEHHS. Ha OCHOBI MAaTe€MaTWYHUX PO3pPaxyHKIB NPOTpaMu Aidl g JOCATHEHHS
o0paHoi MeTu. B eKOHOMIYHHMX, BUPOOHUYUX, TEXHOJIOTITYHUX TpoIllecax Pi3HUX
rajay3ei HapoJHOro rocroAapcTBa BUHUKAIOTh 3a/1a4l, NOA10HI 32 IOCTAHOBKOIO,
10 MalOTh PSJ CHIIBHUX O3HAK Ta PO3B'A3yIOThCA MOAIOHMMHU MeTonamMu. Tu-
MOoBa MOCTAHOBKA 3a7adl MAaTeMaTUYHOI'O MPOTpaMyBaHHS Taka: ACSKUU Mpo-
1[eC MO€ PO3BUBATHUCS 33 PI3HUMH BapiaHTaMH, KOXEH 3 AKUX Ma€ CBOi mepe-
Baru Ta HENOJIKH, IPUYOMY, K MPAaBUIO, TAKMX BapiaHTIB MOke OyTu Oe3miy.
HeobxigHo 13 yCcix MOXJIMBUX BapiaHTiB BUOpaTH HaWKpamui. 3 I[1€l0 METOIO
BUKOPHUCTOBYIOTHCSA MaTeMaTUYHI METOIH.



PeanbHi eKOHOMIUHI 33124l € JOCTATHBO CKJIQJHUMHU, B SKHUX, HAPUKIIA/, KUIBKICTh
pecypciB Ta BUIB MPOAYKII MOXKE CAraTd COTEHb HAMMEHYBaHb, 1 TOJI1 MPOCTUI TIepe-
Oip BCi€l MHOXXHMHHU BapiaHTIB aOCOIFOTHO HEMOXKIIMBHM. OTXKe, TTOCTaeE HEOOX1THICTh
PO3pO0JICHHSI CTIEIia/IbHAX MaTeMaTUUYHUX METOJIB PO3B'SI3aHHsI TaKUX 3ajad, TOOTO
MaTeMaTHYHOTrO OOIPYHTYBaHHS Haile(heKTHBHIIMX BUpOOHMUYMX mporpam. Came 3i
CIIOBOM «IIpOTpaMay 1 MOB's3aHa Ha3Ba MpeaMeTa — «MaTeMaTUYHE MPOTrpaMyBaH-
HSD).

[Tomyk peanbHOro ONTHUMAIBHOTO IUIAHY €, SIK MPAaBHIJIO, CKIIAJHUM 3aBIaHHIM i
HAJISKUTH JI0O eKCTPEMATIbHUX 33]1a4, B SIKUX HEOOX1THO BU3HAYMTH MAaKCUMYM YH Mi-
HIMyM (eKcTpemMyM) (YHKIIIi 32 BU3HAYEHUX OOMEKEHb.

Mamemamuune npozpamysants — OJVH 13 HAIIPSMKIB IIPUKJIATHOT MaTeMaTH-
KU, npeomemom SIKOTO € 3a7a4i Ha 3HaXO/KCHHS eKCTPEMyMY JesKoil (QYHKIIIT 3a TIeB-
HUX 33/IaHUX YMOB.

O6'ekmamu MaTEMaTUYHOTO NPOTrPAMyBaHHS € PI3HOMAHITHI rany3i JIFOJChKOI -
SUTTBHOCTI, JIe B TICBHUX CHUTYaIisIX HEOOXiAHO 3IMCHUTH BUOIp HAHKPAIOro 3 MOX-
JUBUX BapiaHTiB Aiil. OCHOBOIO TaKOrO BHOOPY € 3HAXOJKEHHS PO3B'SI3KY €KCT-
peMaibHOI 3a/1a4l METOAaM1 MaTeMaTUYHOTO MPOTPaMyBaHHSI.

Po3B's3aHHS eKCTpeMabHOI eKOHOMIYHOT 3aj1a4l CKJIaJa€ThCs 3 MOOYI0BU €KOHO-
MIKO-MaT€MaTHYHOI MOJIEJI, MATrOTOBKY iH(MOpMaIlii, BiAIIyKaHHS ONTHMaIbHOTO
IJIaHY, EKOHOMIYHOI'O aHali3y OTPUMAaHUX PE3yJIbTaTIB 1 BU3HAUYEHHS MOXKJIMBO-
CTel X MPaKTUYHOTO 3aCTOCYBAHHS.

Mamemamuuna mooenb €KOHOMIYHOTO 00'€KTa (CUCTEMU) — 1€ MOT0 crpollle-
HUM 00pa3, MoJgaHuM y BUTJISAI CYKYITHOCTI MaTeMaTUYHUX CITIBBIHOIIEHB (Pi-
BHSIHB, HEPIBHOCTEH, JIOTIYHUX CIiBBIAHOIIEHB, rpadikiB TOIIO).

3. MaremaTu3ailisi pi3HOMaHITHUX Taly3ed 3HaHb HAa CHOTOJHIIIHI Yac HE € YH-
MOCh HOBHM Ta HECIOAiBaHUM. MaTeMaTH4IHI METOJI MIHPOKO 3aCTOCOBYIOTHCS B
chepi comiabHO — €KOHOMIYHUX, €KOJOTTYHUX, TEXHIYHUX, MI>XHAPOIHUX BIIHO-
cuH. Halipi3HOMaHITHIII OpPHUKIaJHI HAyKW, Takl K MEHEJKMEHT, MPUUHATTA
YOPABIIHCHKUX PIIIEHb, COLIATBHO — €KOHOMIYHE MPOTHO3YBAaHHS BUKOPUCTOBY-
I0Th MAaTEeMaTUYHHI amapaT JUIsl BUPIIICHHS CBOiX MPOOJEeM 1 HaBiTh CTUMYJIIOIOTh
PO3BUTOK MPUKIIATHUX Traly3eil MaTeMaTUKH.

BukopucTanHs cydacHUX METOIiB MOJICITIOBAHHS 3yMOBJICHO:
- 3aTJIbHOI0 TEHACHIIIEID PO3MIUPEHHS Ta MOTIMOJIEHHS TOCTIIKEHHS TTPOolie-
CiB B pealibHOMY (Di3MUHOMY CBITI;
- 3HAYHOIO TPUBATICTIO PSIY MPOLECIB (€KOJIOTTYHUX, XIMIKO - TEXHOJIOTTYHUX );
- IPaKTUYHOI HEMOJKJIMBICTIO OTPUMYBATH HEOOXIIHY 1H(pOpMaIIo, JOCII-
JOKYHOUYU 00’ €KT — opuriHai (00’ €KTH MaKkpo- Ta MIKPOCBITY);



- HETIOBHUMHU JTIOCTOBIPHUMU JTAHHUMHU TIPO (PI3UUHUI 00’ €KT, 10 PEATTbHO ICHYE;

- CKJIQ/IHICTIO IPOTIKAHHS PeaIbHUX MPOILIECIB;

- BIZICYTHICTIO HAJIEKHUX YMOB YW KBamidikarlii mepcoHany AJis MpOBEICHHS
JIOCHIIJDKCHB;

- HEOOX1AHICTIO TIPOBEJICHHS BEJIMKOI KUTBKOCTI €KCIIEPUMEHTIB, KON TPUBA-
JIe TOCJIKEHHS CTa€ eKOHOMIYHO HEJIOIIJIBHUM;

- BIZICYTHICTIO CaMOT0 00’ €KTY, 110 3HAXOIUTHCA Ha CTaJii TPOCKTYBaHHS.

Tepminu “monens”, “MoAeNOBaHHS” MU YaCTO BUKOPUCTOBYEMO B pPEabHO-
My JKHUTTI, BKJIQJAl04YH MOJEKYId B HUX 30BCIM pi3HI MOHATTS. [Ipu posrmsiai mo-
JISTFOBAHHS SIK YHIBEPCAJIILHOT'O METO/Ty HAyKOBOTO IMi3HAHHS JIOIIJIbHO BBECTH Ha-
CTYIHE O3HAYEHHS MOJIEI.

Mooenv — 1e MarepiajibHa ab0 PO3yMOBO — ysIBHA cUCTeMa 4M (PI3UUHUI
00’€KT, SIKa B TPOIIECl JOCITIDKCHHS 3aMIHIOE 00’€KT — OpHUTiHAJ Tak, IO HOTo
Oe3nocepeHeE BUBYEHHS A€ HOB1 3HAHHS PO LIeH 00’ €KT.

[lin moodenosannam po3ymitoTh mporiec dopmamizaiii ¢i3udHOro 00’ €KTa
METOI0 SIKOTO € CTBOPEHHS MEBHOTO HOro aHajora — MOJeNi, IO aJeKBaTHa
00’exTOB1. MOJIeTIOBaHHS — 1€ TPUEIUHUHN TIPOIIeC TOOY0BH, BUBYEHHS Ta 3aCTO-
CYBaHHS MOJICJIEH.

Bci mozeni MmoxxyTh OyTH yMOBHO MOUICH] HA IEK1IbKA BUJIIB.

)] ®izuyHi Moaedi € 00’ekTaMu, MO ICHYIOTh PEATbHO 1 CTBOPIOIOTHCS 3
peanbHUX MatepiaiB. Le aificHe BIATBOPEHHS pealibHO iICHYI04YOoro 00’ ekTy. Croau
BIJIHOCSITh:

A) I'eomempuyuno nodioni Monieni (MakeTu Pi3HUX YCTaHOBOK, MPHIIAJIIB, Oy-
70B). BOHM BUKOPHUCTOBYIOTBCSI y 3MEHIIEHOMY MacluTadl g TOro, mod Martu
IIPOCTOPOBY YSIBY MPO 00’ €KT, KOMIIOHOBKY HOTO €JIE€MEHTIB, B3a€MHE PO3MIIIEHHS
iX B IpOCTOPI.

b) ®i3uuno noodibni moneni (mOCHIIKEHHS NPOLECIB MPOIYyBaHHS MOJE1
KpHJIa JiTaka B aepoAnHaMIuHii TpyOi). BoHM CTBOPIOIOTHCS A1 TOTO, 1100 Kpaiie
3p0o3yMITH (Pi3WUHI TIPOIIECH, IO BUBYAIOTHCS, iX KIHETUKY Ta IMHAMIKY, BUSBIICH-
HSl HAaBAKJIMBIIIUX 3aKOHOMIPHOCTEN Ta (DYHKIIIOHAJIBHUX 3aJIEKHOCTEM.

B) Mamemamuuno nooi6ui moneni (aHaJIoOroBi MOJACHI PyXy PIJIMH Ta rasis,
10 OMUCYIOTHCSI OJTHAKOBUMU TU(DEepEHITIaTbHUMU PIBHIHHSIMU SIK TUTMHHICTD €J1e-
KTpU4YHOro cTpymy). CTBOpEHI JUisi BUBYEHHS CKJIAJHUX MPOIECIB (HAmpUKIal,
TPAHCIIOHYBAHHS PIAMHU YM Ta3y) 3a JOMOMOTOIO iX MPOCTIIIMX AHAJOTIB (EJIeKT-
PUYHOT MOIENI).



II) VYsaBHi Moaeai iCHYIOTh B TOJIOBI JOCITIHMKA, Ha mamepi, MarHiTHUX
HOCISIX y BUIJISIII MEBHUX YSBHUX 00pa3iB: (opmyJi, TaOIUIb, 3HAKIB, CXEM TOLIO.
Bonu noainsroTecs Ha:

A) Obpasni mooeni noOyn0OBaHI 3 YyTTEBO — HATJISAHUX 11€AJIbHUX €JIEMEH-
TiB, 1[0 BUKOPUCTOBYIOTHCS JUIsl HAOJIMKEHOTO OMKCY PEATbHUX SBUII (a0COIIOTHO
YOpHE T1J10, IPYXKHI KyJIbKH, 11€aTbHUHI ra3 i T.1.).

b) 3naxosi modeni Bii3HAYAIOTHCS TOBHOIO BIJCYTHICTIO TTOIIOHOCTI MIXK JTOC-
JKyBaHUM 00’ €KTOM Ta Moro mojesutto. Hampukian, 3amMina micta — TOYKH Biji-
npaBiieHHs noi3aa OykBoro (3amava «3 micta A B micto B iige moiza...»).

B) Obpa3sno — 3naxosi € noegHaHHAM MONEPEIHIX IBOX BUIIB.

OpmHuM 3 TABU/IIB 3HAKOBUX MOJIENIEH € MaTeMaTH4H1 Mojieni. MaTeMaTH4YHA
Mojedb (13MYHOro 00'€KTa — 1€ CYKYIHICTh MaTEMaTUYHUX CIIBBIJHOIIEHb (PiB-
HSIHB, (hopMyI1, TpadikiB), O MOB’SI3YIOTh BUXIIHI XapaKTEPUCTUKU CTaHy 00’ €KTa
3 BXIJJHOIO 1H(OpMaIli€r0, TEOMETPUYHUMH Ta 1HIIMMHU OOMEKEHHSIMU 1HIIOK 1H-
dbopmarriero, Mo HaKIAAAEThCS HA (PYHKIIOHYBaHHS 00’€kTy. MaTemaTuyHa MO-
Jieb 3HAXOJIUTHCS y BIJIMOBIAHOCTI 3 00’ €KTOM 1 37]aTHA 3aMIHUTH HOTO 3 METOIO
OTpUMAaHHSI HOBOI 1H(OpMaIIii Mpo HOTro MOBEIIHKY.

OcoOIUBOCTAMU MaTEeMAaTHYHUX MOJICTICH €:

- HaOJIMKEHHICTH OIHCY;

- BpaxyBaHHS TIIbKA OCHOBHUX YMHHUKIB;

- KOMIPOMIC MI3K TPOCTOTOIO Ta MOBHOTOIO OMHCY;

- 0OMEXEHHICTh 3aCTOCYBaHHS;

- BIAMIHHICTh MaTeMaTHYHUX MoJieNiel BiJ 3aKOHY (HEaOCOJIOTHICTh MaTema-
TUYHOI MOJE);

-  aJEeKBaTHICTS.

MartemMaTiu4He MO/IeJTIOBAHHS — 116 KOMIUICKCHE JTOCITIPKCHHS BIIACTHBOCTEH
G13UgHOTO 00’ €KTY 3 JIOMTOMOI'OK0 CTBOPEHOI HOT0 MaTeMaTHYHOI Mojei (Haivac-
Time 3 BUKopuctanuim EOM).

B pi3aux cdepax 3acrocyBaHHSI €Tanmu MpOLECY MOJIECTIOBAHHS MalOTh CBOi
cnenuQiuai pucH, aje B YCIX BUMAJAKaX MOXHA BUAUINTH ACKUIbKA €TamiB, IIO
NPUCYTHI 3aBXJ1. BU3HauuMo 0/IHY 3 MPOMOHOBAHUX HA CHOTOJHIIIHIN ACHb KJla-
cuikarii:

1. Ilocmanosxka npobaremu ma ii axichui ananiz. TyT BUAUISIOTh HAWBaXKIIN-
BIIIIl PHCH Ta BJIACTUBOCTI MOJIEIHOBAHOTO 00 €KTy Ta abCTparyroTh APYTOPSIHI,
BHUBYAIOTh CTPYKTYPY Ta B3a€EMO3B’ 130K €JIEMEHTIB, (HOPMYIIOIOTH OCHOBHI TiOTE-
31 (x0o4a OU MOMepeIH1).



2. Illobyoosa mamemamuunoi moodeni. lle eran popmanizaii npoOiaemu, BU-
paXxeHHs 11 y BUTJII{l KOHKPETHUXMATEMATUYHUX 3aJIEKHOCTEH Ta BIAHOIICHB. SIK
MPaBUJIO, CIIOYATKY BU3HAYAETHCSI OCHOBHA KOHCTPYKIlA 3amayi (THMI MOJen), a
NOTIM B1JJOYBA€THCSI YTOUHEHHS] OKPEMHUX JETaJICH.

3. Mamemamuunuii ananiz mooeni. BUACHSIIOTBCS 3arajibHi BIIACTHBOCTI MO-
Jienl, JOBOJUTHCS TeOpeMa iICHYBaHHS pO3B’S3Ky 3ajadi (1HaKille HACTYMHI JOCIi-
JOKEHHS HE TTPOBOAATHCS ), BUSCHSIOTh YU €IMHUI POO3B’ 530K, K1 3MiHHI B XOJIH-
TUMYTh B PO3B’S130K Ta B IKOMY CITiBBIJTHOIIICHHI, B IKUX MEXaX Ta 3 KO TEH7C-
HI[I€}0 BOHU 3MIHIOBAaTHHYThHCS.

4. Ilioecomosxa euxionoi ingopmayii. TyT BUKOPUCTOBYIOTH METOJU TEOPIi
WMOBIPHOCTEH Ta MAaTEMAaTUYHO1 CTATUCTHUKHU.

5. YHucenvnuil po3e’azox. Po3poOsiOThCS aqrOpUTMHU JIJIsl PO3B’A3yBaHHS 3a-
nadi, ckinanarTees nporpamu s [1K. 3aBnsku mBuakoaii EOM MoxHa npoBecTH
OaraTo4MciieHl eKCIEPUMEHTH 3 PI3HUMU BUXIJTHUMU YMOBaMU Ta MapaMeTpaMu.

6. Ananiz yucenvHux pezyromamie ma ix zacmocysants. IIoBHICTIO BU-
BUYAETHCS TUTAHHS PO MPABUJIbHICTH Ta MOBHOTY PE3YyJIbTATIB MOJICTIOBAHHS, ajie-
KBaTHICTh MOJIEJII Ta ii MpaKTUYHE 3aCTOCYBaHHSI.

3MiHHI BeTWYMHU OyBarOTh HE3AJIC)KHUMHU UM 3AJICKHUMH, JUCKPETHUMH YU
HEMEePEePBHUMU, JIETEPMIHOBAaHMMHU a00 BUMAAKOBHUMHU. Hampukiiam, 3amnexHOI0
3MIHHOIO € CO0IBapTICTh MPOAYKIIii, HE3aJEKHOIO BijJ MpoIecy PYHKI[IOHYBaH-
HS MIANPUEMCTBA BEJIMYMHOIO € TTOYATKOBHUM PO3MIp CTaTyTHOTO (OHY, TUCKpE-
THOI — KUIbKICTh BUIB MPOJYKIIli, HEIEPEPBHO —yYac, MIOUa MOCiBy TOUIO,
JETEPMIHOBAaHOIO — HOpPMa BHUCIBY HACIHHA KyKYpPYI3U Ha TeKTap, HOpMa BUTPATU
CUPOBHHM Ha OJMHHULIIO NPOIYKIIi, BUMNAJIKOBOK — BEJIMYMHA MPUOYTKY, KlIb-
KICTh TEJIAT, IK1 HAPOASATHCS Y IUIAHOBOMY TIE€Pi0/1i TOIIO.

BxinHi 3MIHHI €KOHOMIYHOI cUCTeMU OyBalOTh JBOX BHJIB: KEpOBaHi x/(j= I,
2, ..., n), 3HAYCHHS SKUX MOKHA 3MIHIOBATH B JIEIKOMY IHTEpBai; 1 HEKEpOBaHi
3MiHHI V, (r =1 2, ...,s), 3HaU€HHS SIKMX HE 3aJie’KaTh B1Jl BOJII JIIOJIE 1 BU3HAYA-
I0ThCSl 30BHIIIHIM cepenoBuineM. Hampukiaza, oOcsar mpuadaHOTro MajibHOTO —
KEepOBaHa, a TeMIepaTypa MOBITps — HEKepoBaHa 3MiHHA. 3aJIEKHO BiJl peajbHOI
cuTyallii KepoBaHi 3MIHHI MOXXYTh MEPEXOJUTH Y TPYIy HEKEPOBAHUX 1 HABIAKHU.
Hampuknan, y pa3i HaCHYEHOTO PUHKY OOCATH MPUAOAHHS AU3EIBHOTO TMaInuBa €
KEpOBAHOI0 3MIHHOIO BEJIMYMHOIO, a 32 YMOB A€(IIUTY I[bOTO PECYpPCYy — HEKE-
POBaHOIO.

KoxHa ekoHOMIYHA cucTeMa Ma€ MEeBHY METy cBOTo (yHKIioHyBaHHs. lle
MOXe OyTH, HalpUKIAad, OTPUMAHHS MAKCUMyMy YHCTOrO NpuOyTKy. CTymiHb



JIOCSATHEHHSI METH, 3/1€01IBIIIOTO, MAa€ KUIBKICHY Mipy, TOOTO MOXKe OyTH omuca-
HUW MAaTEMaTU4YHO.

Hexait z— BubOpana Meta (111J1b). 3a IIUX YMOB BJA€THCS, SIK MIPaBUIIO, BCTAHOBU-
TH 3QJICKHICTh MIXK BEJIMYMHOIO Z, IKOIO BUMIPIOETHCS CTYIIHb JIOCSATHEHHS METH,

BX1JJHUMH 3MIHHUMU Ta TTapaMeTpaMu CUCTEMH:

Z=f(x1,x2) oo -xn;yl,yZ, .. -ys;cl, c2) sy cl)) (1)
ne mapamertpu ¢, (k=1,2,...,]) € KiTbKICHUMU XapaKTePUCTUKAMU CUCTEMHU.

OyHKITIIO z HA3UBAKOTh Yi1b08010 (PYHKYI€E0, a00 (yukyiecio memu. J{nsa exo-
HOMIYHOI cucTeMu 11e € QyHKIA eeKTUBHOCTI 11 (YHKIIOHYBaHHS Ta PO3BUT-
KY, OCKUIBKM 3HAYEHHS Z BIJOOPAXKY€ CTYIIHb JOCATHEHHS IIEBHOT METH.

VY 3aranbHOMY BUIJIA1 337a4ya MAaTEMaTHYHOTO MpOrpaMyBaHHS (HOPMYIIIO-
€THCS TaK:

3natimu maxi 3HaUeHHs KepOBaAHUX 3MIHHUX X;, w00 yinbosa @ynKyia nabyeana
EeKCMPeManbHO20 (MAKCUMATILHO20 YU MIHIMAbHO20 3HAYEHHS).

OT1xe, mOTp1OHO BIAIIYKATH 3HAYCHHS

max(min)z=f(x;,xX2,...,. X0, Y1,V2,--,¥s,C1,C2,...,C1 ). (2)

MosxauBocTi BUOOpY X; , 3aBXKAM OOMEKEHI 30BHIIIHIMHM LIOJ0 CHCTEMHU
yMOBaMH, apamMeTpaMu BUPOOHUIO-EKOHOMIYHOI CHCTEMH TOIIIO.

Hanpuknan, mioma nociBy 03UMOi MIIEHUII OOMEXEeHa HasgBHICTIO Pl Ta
IHIIUX pPECcypciB, CIBO3MIHAMH, MOXJIMBICTIO peaii3aiii 3epHa, HEOOXiTHICTIO
BUKOHAaHHS JIOrOBIpHUX 3000B'A3aHb ToIO. L{i mpouecu MoxHa onucaT CUCTE-
MOIO MAaTEMAaTHYHUX PIBHOCTEN Ta HEPIBHOCTEH BHUIY:

Gi(X 1, X2 X, V1YV, C1,Coy s CPLS,=,2 10, 3)
ne i=1,2,...,m.

Tyt Habip cumBoiB (£,=,>) 03HAYae, M0 JJIsI ACSIKUX 3HAYCHb MOTOYHOTO 1H/Ie-
KCY I BUKOHYIOTHCSI HEPIBHOCTI TUITY 2 , JUISl IHIIMX — PIBHOCTI (=), a U1 PeLTH
— HEPIBHOCTI TUITY < .

Cucrema (3) Ha3UBAETbCS cucmemoro obmedicensb, a0 cucmemoro ymog 3aaadi.
BoHa omnucye BHYTpIllIHI TEXHOJIOTIYHI Ta €KOHOMIYHI Mpolecu (PyHKIIOHYyBaH-
HA ¥ PO3BUTKY BUPOOHHYO-€KOHOMIYHOI CHCTEMH, & TaKOX IPOIIECH 30BHIII-
HbOT'O CEpPEJOBUILA, SIKI BIUTUBAIOTh HA PE3YyJbTAT AISNIbHOCTI cucTeMu. s exo-
HOMIYHHX CHCTEM 3MIHHI, X; MAlOTh OyTH HEB1J'€MHUMHU:

x20 (j=12,..n). (4)



3anexHocTi (2)—(4) yTBOPIOIOTh €KOHOMIKO-MAMEMAMUYHY MOOelb eKOHOMI-
YHOI cucTeMu. Po3po0sitoun Taky MOAEHb, CIiJ TOTPUMYBATUCh TIEBHUX Ipa-
BUII:

1.Mopens Mae afleKBaTHO OMUCYBATH peajbHl TEXHOJIOT1YH1 Ta €KOHOMIYHI
MIPOIIECH.

2.Y Mojeni noTpiOHO BpaxOBYBAaTH BCE ICTOTHE, CYTTEBE B AOCIIKYBAHOMY
SBUII Y TPOIIEC], HEXTYIOUH BCIM JIPYTOPSITHUM, HEICTOTHUM y HhOMY. Marte-
MaTHYHE MOJICTIOBAHHS — 1€ MUCTEIITBO, BYy3bKa CTEXKa MK MIEPECIPONTCHHSIM
Ta nepeyckiagaeHasam. Crpasii, IpoCcTi MoJiell He 3a0e3MeUyI0Th BiAIOBIIHO1
TOYHOCTI, 1 KONTUMAJIbH1» PO3B'SI3KU 32 TAKUMH MOJEJISIMU, SIK ITPABUIIO, HE
BIIMTOBIIAIOTH PEAIBHUM CUTYAIlIsIM, J€30PIEHTYIOTh KOPUCTYyBaya, a MepeycK-
JaJHeH1 MoJeil Baxko peanizyBatu Ha EOM sk 3 orisily Ha HEMOXJIUBICTh 1X
1HpopMaIliifHOTO 3a0e3MeUYeHHs, TaK 1 Yepe3 BiACYTHICTh BIANMOBIAHUX METO/IIB
ONTHUMI3aIlii.

3.Moaens Mae OyTH 3p0O3yMUIOIO JJIsl KOPUCTyBada, 3pyYHOI0 ISl peaizaiii
Ha EOM.

4.Heo0xi1HO, 1100 MHOKHHA 3MIHHHX X; OyJla HE MOPOKHBOIO. 3 L€ Me-

TOI0 B €KOHOMIKO-MaTE€MaTUUYHUX MOJEIAX 32 3MOTHU CJI1JI YHUKATU OOMEKEHb
TUITY «=», @ TAKOX CYIIEPEUINBUX OOMEKEHbD.
Hanpuknan, ctaBuThECS 00OMEXEHHS MO0 BUKOHAHHS KOHTPAKTIB, alie pecyp-
CIB HEJIOCTaTHBO, a0 iX BUKOHATH. Akiio cuctema (3), (4) Mae €qUHUI PO3B'SI30K,
TO HE ICHye HAa0Opy pI3HMX IUIaHIB, & OTXKE, W 3a7adl BUOOPY ONTUMAJIBHOIO 3
HUX.

Bynb-sikuii HaO1p 3MIHHUX X},X;,...X, 110 3a10BOJbHsAE YMOBH (3) 1 (4), Ha3uBa-
I0Tb donycmumum nianom, abo naanom. OYEBUIIHO, MO KOXHHUU JOMYCTUMHUN
IJIaH € BIANOBIJHOK CMpameziclo eKOHOMIYHOI cucmemu, npozpamoro Oil.
KoxHoMy momycTHMOMY IIJIaHY BiJIOBiJa€ MEBHE 3HAYEHHS IIJILOBOT (DYHKIIIT,
sike o0uncItoeThes 3a popmyoro (1).

CyKymHICTb yCIX pO3B'sI3KIB cUCTeMHU 0OMexeHb (3) 1 (4), TOOTO MHOXKHHA BCIX
JTOMYCTUMHUX TIJIAHIB YTBOPIOE 00O.1acmb icHy8anHs naanie ( obracme donycmu-
MUX NIAHIB ).

[Tnan, 3a sikoro nuIboBa (yHKLISI HA0OyBa€ €KCTPEMAIbHOIO 3HAYEHHS, Ha3U-
Ba€ThCS onmumanvium. ONTUMAIBHUN TUIAH € PO36'sI3KOM 3a0ayi MAmemMamuyHo2o
npozpamysannsi (2)—(4).

4. Y matreMaTU4HOMY IpOrpamMyBaHH1 BHIUISIOTH JBa HANPSIMKH — demepmi-
Hoeawi 3a7adl 1 cmoxacmuyuni. JleTepMiHOBaH1 3aja4i HE MICTATh BUIAJKOBUX



3MIHHMX YU TIapaMeTpiB. YcCs ModYaTKoBa iHGOpMallis MOBHICTIO BU3HA4YeHA. Y
CTOXaCTUYHHMX 3a7jayax BUKOPHCTOBYEThCS BXiHA 1HQOpMallid, sfKa MICTHUTh
€JIEMEHTH HEBU3HAYEHOCTI, ab0 JesKi mapamMeTpu HaOyBalOTh 3HAYEHb BIIAMOBI/I-
HO 70 BU3HAYeHUX (PYHKIIH pO3MOMUTY BUITAAKOBHX BeIWYWH. Hampukmnan, sk-
0 B €KOHOMIKO-MaTeMaTUYHIN MojeNl MpuOYTKU, BPOXKAWHOCTI ClIbCHKOTOC-
MOAaPChKUX KYJBTYp TOIIO 3aJaHi CBOIMH MaTEMAaTUYHHUMHM CIIOJIiBAHHSIMH, TO
TakKa 3ajiaya € JCTCPMIHOBAHOI0. SKIIO XK Il BEIWYUHU 3a7aHl QyHKIIIMHU
pO3Moiy, HAMPUKIAJ] HOPMAJIbHOTO 3 MAaTeMaTUYHUM CHOJIBaHHSIM @ 1 JUC-
nepciero D, To Taka 3a7a4ua € CTOXaCTHYHOIO.

Akuio y BIANOBIIHUX €KOHOMIYHMX Tpollecax BUIIAJKOB1 SBHUIA HE BIJIT-
parTh ICTOTHOI POJIi, TO 33/J]a4y MOKHA PO3B'sI3yBaTH SIK JACTEPMiHOBaHy. Y iH-
oMy pa3i aJieKBaTHa €KOHOMIKO-MaTeMaTH4YHa MOJelib Ma€ OyTH CTOXacTUY-
HOIO, TOOTO MICTUTH BUMAAKOBI QYHKIIT Ta BeauunHu. CTpyKTypa Ta po3B'sa3y-
BaHHS TaKWX 3aJlad BUBYAIOTHCS B OKPEMOMY PO3JIii, SKUH HA3UBAETHCS CMO-
XACMUYHUM NPO2PAMYEAHHM.

Koowcen 3 nazeanux Hanpamkie Kkaouae munu 3a0ay Mamemamu4Ho2o npo-
2PaMyBaHHs, AKI 8 C80I0 Uepey NOOLIAIOMbCA HA THULI KILACU.

Sk nerepMmiHOBaHi, Tak 1 CTOXACTUYHI 3aJladyl MOXYTh OyTU Cmamu4yHuUMU
(omHOKpOKOBUMH) 200 Odunamiynumu (6aratokpokoBuMH). OCKUIBKHA E€KOHO-
MIYHI [POLECH PO3BUBAIOTHCA B 4acl, BIANOBIJHI €KOHOMIKO-MaTEMAaTUYHI MO-
Jelll MarTh BigoOpaxatw iX auHamiky. [TOHSTTS nuHaAMIYHOCTI TMOB's3aHE 31
3MiHaMu 00'ekTa (siBUIlla, mpollecy) y yaci. Hampuknaza, skumo iaeTbcs mpo
IJIaH PO3BUTKY €KOHOMIikHM YKpainu 10 2012 poky, To MatoTh OyTH OOTpyHTOBaHI
3HAYEHHS BIJMOBIIHUX MAaKpPOCKOHOMIYHUX MOKAa3HUKIB He jumie Ha 2012 pik, a i
Ha BCl IPOMDKHI POKH, TOOTO CJIiJl TJIAHYBATH MOCTYHOBICTh (IMHAMIKY) PO3BH-
TKY HapOJHOTOCTIOAAPChKUX MpoIieciB. Takuil mIaH Ha3UBAOTh CMPAMeiYHUM.
VY HpoMmy Mae OyTH OOTpyHTOBaHa ONTHMAajbHa (HallKpaila, ajie peajbHa) Tpae-
KTOpisl PO3BUTKY HApOJHOTO TocmomapcTBa. [Ipore mia BIIMBOM HEKEPOBAHUX
YUHHUKIB (PAKTUYHI MOKAa3HUKHU IIOPOKY MOXYTh BIAXHJIATHUCS Bij 3aIljlaHOBA-
HuX. ToMy noctae HEOOX1IHICTh KOPUTYBATH KOKHUM pIUHUM IU1aH. Taki MIaHu
HA3UBAIOTh makmuyHumu. BoHn BU3HAUAIOTHCS B PE3yJIbTAaTi PO3B'sI3aHHA CTa-
TUYHOT €EKOHOMIKO-MaTeMaTUYHOI 3a]1a4i.

BaxxnmuBo 4iTKO YCBIJIOMUTH BIIMIHHICTh MIXK OJTHO- Ta 0OaraTOKPOKOBUMH 3aj1aya-
MHU. baraTokpokoBICTh SIK METOJ pO3B'SI3yBaHHS 3a/ad MATEMaTHYHOTO MPOTPaMy-
BaHHS 3YMOBIIIOETHCS, HacaMIiepe 1, 0araTOBUMIPHICTIO 3ajayul i O3HAYae, 110 MOCIi-
JIOBHO 3aCTOCOBYIOUM 1HAYKIIIIO, KPOK 332 KPOKOM 3HAXOJATh ONTUMAaJIbHI 3HAYCHHS
MHOKMHH 3MIHHUX, IPUUOMY OTPUMaHUI Ha KO)KHOMY KpPOII PO3B'SI30K Ma€ 3a70BO-



JBHSITA YMOBHU ONTUMAJIBHOCTI TOTIEPEIHROTO PO3B'sa3Ky. Taka mporenypa Moxe Oy-
TH OLIBII YW MEHII TICHO MOB's3aHa 3 YacoM. OJIHOKPOKOBI 3aJiayi, HABIAKU, XapakK-
TEPU3YIOTHCS TUM, 10 BC1 KOMIIOHEHTH ONTUMAILHOTO TUIAHY 3a/1a4l BU3SHAYAIOTHCS
BOJIHOYAC Ha OCTaHHIN iTepauii (OCTaHHbOMY Kpolil) asiroputmy. [1oTpibHO po3pi3Hs-
TH ITEPaIliifHICTh AITOPUTMY 1 HOTO 6araTOKpOKOBICTh. Hanmpukiam, cuMIuiekc-MeTo
pO3B'sI3yBaHHA 33Jay JIHIMHOIO MpOrpaMyBaHHA € iTepaliiHuM, TOOTO y NEBHHM
crociO AiCTal0Th JOMyCTUMUH IJIaH 1 B PE3yJIbTaTi IeSKOI KUTBKOCTI iTeparliii BU3Ha-
YaroTh ONTUMAJIBHUM I1aH. TyT BUKOHYIOThCS iTepallii (KpOKH) aJlrOPUTMY CUMILIEK-
CHOTO METOJTy, ajie IIe He MOYKHA 1HTEPIPETYBaTH K 0araTOKPOKOBICTH EKOHOMIYHO-
ro mpotecy (sBuina). [leski 3a1a4i MaTeMaTUYHOTO MPOrPaMyBaHHS MOXKHA PO3TJIsi-
JIATH SIK OJTHO- a00 0araTOKpOKOBI 3aJIeKHO BiJI criocoOy iX po3B's3aHHs. SIKimo 3aja-
4y MO’KHa pO3B'I3yBaTH SIK OJHOKPOKOBY, TO PO3B'A3YyBaTH ii K 0araTOKpOKOBY He-
JIOIITLHO, OO B TaKOMY pa3i JjIs 3HAXOKCHHS ONTHUMAJILHOTO IIaHy HEOOX1THO 3a-
CTOCOBYBATH CKJIaJHiIIl MeToAu. [IpoTe OUIbIIICTh €KOHOMIYHUX MPOLIECIB € TMHAMI-
YHUMH, 1X TTapaMeTpy 3MIHIOIOTHCS B Yacl ¥ 3ajekaTh BiJ pillleHb KEPIBHUIITBA, SKi
JIOBOJUTHCS TIPUHAMATH 3 METOI0 CHPSMYBaHHS PO3BUTKY €KOHOMIYHOI CHCTEMH 32
TPAEKTOPIEIO, SIKa BU3HAYCHA CTPATECTYHUM TIJIAHOM.

3agayl MaTeMaTUYHOTO MPOrpaMyBaHHs MOAUISIOTH TaKOX Ha OUCKpemHi 1
HenepepeHi. JIMCKpETHUMHU HA3WBAIOTh 3ajadyi, B SKUX OJIHA, KUJIbKa abo0 BCI
3MiHHI Ha0yBalOTh JIUILIE JUCKPETHUX 3HAYEHB. 3-IIOMIX HUX OKPEMHUM THUIl CTa-
HOBJIATH 3ajadl, B SKUX OJHA a00 KijgbKa 3MIHHMX HaOYyBamOTh IIIOUYUCIOBUX
3HAY€Hb. 1X HA3MBAIOTh 3aJa4aMU YLIOYUCI08020 NpocpamysanHs. SIKIO Bcl
3MiHHI MOXYTb HaOyBaTH OyJb-IKUX 3HAYEHb Ha JICSKUX 1HTEpPBajax 4YHUCIOBOI
0Cl, TO 3a7la4a € HenepepeHoIo.

OCKUJIbKM B €KOHOMIKO-MaTeMaTUYHUX MOJEISIX 3aJIeKHOCTI MK IMOKa3HU-
KaMHU OIMCaHl 3a JONOMOTo (PYHKIIH, TO BIAMOBIJHO 0 iX BUAY BCI BHILE
3rajJlaHi TUIH 3ajJa4 NOJAUISIOTh Ha JAiHilHI Ta HeaiHiuxi. SIKIIo 1iIboBa QYHKITIS
(2) Ta oomexenHs (3) € MHIKHUMHA, TOOTO MICTATHh 3MiHHI X; TUTBKH Y TEPIIOMY
a00 HYJILOBOMY CTEIICHSX, TO TakKa 3ajada € JIiHIHHOW. B ycix 1HmMMUX BUMagkax
3ajaua OyJie HeJI1HIHHOIO.

HaitnpocTimumu 3 po3rissHyTHX THUIIIB € CTaTUYHI, J€TEPMiIHOBaHI1, HEIIEPEPBHI
Ta JHIMHI 3a/a4l. BaxxJIMBOIO MepeBaror Takux 3aaad € Te, [0 JJIsS iX POo3B's3y-
BaHHS PO3POOJICHO YHIBEpCATbHUIN METOM, SIKM HAa3UBAETHCS CUMNIEKCHUM Me-
mooom. TeopeTHuHO KOXKHY 3a/Jady JIHIMHOrO MPOrpaMyBaHHs MOKHA PO3B's3a-
td. JJIs 1esskuxX TUIIB JIHIHHKUX 3a/1a4, 110 MaloTh 0COOJIMBY CTPYKTYPY, po3po0-
JSI0TH CHeialdbHI METOJIM PO3B'si3aHHs, K1 € eQexTuBHIUMU. Hanpuknan, Tpa-



HCIIOPTHY 3aJladyy MOYKHA PO3B'S3aTU CUMILIEKCHUM METOAO0M, aje €PeKTHUBHIIIN-
MU € CcreliaibHI METOIM, HAMIPUKIIa, METO/] TOTEHI[iaiB.

ExoHOMIYHI Ta TE€XHOJIOT1YHI MPOLIECH, K MPABHIIO, € HEMIHIWHUMHU, CTOXAC-
TUYHUMH, PO3BUBAIOTHCS 3a YMOB HEBU3HA4YeHOCTI. JIiHINHI E€KOHOMIKO-
MaTeMaTUYH1 MOJEJI 4YacTO € HeaJeKBaTHUMH, TOOTO TAKMMHU, II0 HETOYHO OIIH-
CYIOTh MPOLIEC, SIKUH JOCIIIKY€EThCS, TOMY JOBOJUTHCSA OyayBaTH CTOXACTHUYHI,
JTWHAMIYHI, HeiHIMHI Monenmi. Po3B's3yBaTu Taki 3ajadi HabaraTo CKIJIaJHIIIe,
HIK JIIHIMHI, OCKUIBKM HEMA€ YHIBEPCAIbHOTO METOAY iX po3B's3aHHs. [y okpeMux
TUIIB HEMIHIKHUX 33124 PO3POOJICHO CHeIiabHI YMCIOBI METOAU po3B'szanus. [Ipo-
T€ CJIiJ] 3a3HaYUTH, 110 HA MPAKTHII 3aCTOCOBYIOTb, 3/I€0UIBIIOTO, JIHIIHI €KOHOMIKO-
MaTeMaTu4Hi Mojieni. YacTo HeNiHIiHI 3aJIe)KHOCTI allPOKCUMYIOTh (HAOIMKAIOTh) 110
miHiHUX. Takuit miaxia € 10Bo e(heKTUBHUM.

VY HeniHiitHOMY mporpaMyBaHHI (3aJIe)KHO Bif (QYyHKIIIH, SIKi BUKOPHCTOBY-
IOTBCS B €KOHOMIKO-MaTeMaTU4YHIN MOJeJll) BUOKPEMIIIOIOTh OMYKJI€ Ta KBa-
paTudyHe MporpamyBaHHsI. 3adaya Haleicumv 00 ONYKI020 NPOCPAMYBAHHS Y
TOMY pa3i, KOJH MiJboBa PYHKIIIS 62HYma, SAKIIO BOHA MIHIMI3Y€EThCS, T ONYK-
J1a, K10 BOHA MAKCUMI3YEThCS, a BC1 0OMEKEHHS — OJHOTHITHI HEPIBHOCTI THITY
(<) abo piBHSAHHS, B SKHUX JIiBI YaCTUHU € OMYKINMH (YHKIISIMH, a TIPaBl YaCTUHU
— CTaJIMMHU BeIMYUHAMU. Y pa3l 00OMEeXEHb THIY (=) iX JIiBl YACTUHHA MAaIOTh OyTH
BrHYTUMHU (YHKIIsIMHA. To/1 00J1aCTh JOMYCTUMUX TUIAHIB € OMYKJIOI Ta ICHYE
ri00anbHui, €NUHUNA eKcTpeMyM. Keadpamuune npocpamyeanus — SKIIO Li-
Jp0Ba (YHKIIIS KBapaTHiHa, a OOMEKEHHS JITHIHHI.

[lo¥iHO Oyn0 PO3IJISIHYTO JHUIIE OCHOBHI THUIM 3a/a4y MaTEMaTUYHOTO MPO-
rpamyBaHHs. MOXKHA TaKOX 3a PI3HUMHU O3HAKaMU BUOKPEMUTHU ¥ 1HII MIATUIIN.
ITe oco0aMBO CTOCY€ETHCS 3a7ay JIIHIMHOTO, HEIIHIMHOIO 1 CTOXAaCTUYHOTO MPO-
rpamyBaHHs. Hanpukinaz, sik OokpeMuil TUM poO3TsiIaloTh OpoO06o-NiHiline npo-
epamyeanits, Koiau OOMEKEHHs € JIHIMHUMH, a 1uIboBa (yHKLIST — IpoOOBO-
niHiHA. OCOOMMBUM THUII CTAHOBJIATH 3aj7aul meopii ieop, sIKli MUPOKO 3aCTOCO-
BYIOTHCS B PUHKOBIN €KOHOMIII. AJKe TYT A1IOTh AB1 UM Oiibie KOH(IIKTHUX
CTOpIH, SIKI MAaIOTh YaCTKOBO a00 MOBHICTIO MPOTHUJIEKHI Mil. Y CYKYITHOCTI 3a-
Jlad Teopii 1rop, y CBOIO 4epry, TaKOK BUOKPEMIIIOIOTh NeBHI miaTunu. Hanpu-
KJIaJ, iepu 080X 0Cib i3 HYIbOBOIO CYMOIO.

Hasenena Buie kiacugikaiis 3aj1a4 BUKOPUCTAHA JJIsl CTPYKTYpYBaHHS Kyp-
cy «MaTremMaTuyHe nporpaMmyBaHHsD».

Ipuknaou ekOHOMIYHUX 3a0aY MAMEMAMUYHO20 NPOSPAMYEAHHSL

CxJ1aHICTh €KOHOMIYHHUX CHCTEM (SIBUII, MPOIECiB) IK 00'€KTIB JOCIII)KEHb
BUMArae ix peTeJbHOr0 BUBYCHHS 3 METOIO 3'ACyBaHHS HAWBaXKIWBIMIUX (YHK-



I[IOHAJIbHUX 3aJIe)KHOCTEH, BHYTPIMIHIX B3a€EMO3B'S3KIB MK TXHIMH €JI€MEHTa-
Mu. B pe3ynbTari 3M1HCHIOIOTHCS MOXJIMBI CHPOIIEHHSA Ta AOMYILEHHS, IO,
OYEBHU/IHO, TOTIPIIyE aJEeKBATHICTh MOOYTOBAHUX MaTeMaTUYHHX MOJIENIEH 1 €
YyJ0BUM MPUBOJIOM I KpUTUKHA. OTHAK JIMIIE MPUHHATTS MEBHUX JOMYIICHb
YMOXJIUBIIOE hopMalizaiito Oyab-aK0i eKOHOMIYHOI CUTYaIlii.

He icHye 3aranbHUX peKOMEHJallil MO0 MPOIEeCy MOAETIOBAHHSA, TOMY B KOX-
HOMY KOHKPETHOMY pa3i BUMOTH 10 IOOYJIOBHM MaTeMaTHUYHOI MOJIENI 3ajiekaTh
BiJ IIJIEH Ta YMOB JIOCJIII)KYBaHO1 CUCTEMH.

VY mporeci 3acTOCyBaHHS MaTeMaTHYHOTO MOJCIIOBAHHS B €KOHOMIIll YiTKa
MOCTAHOBKA 3ajadyl Ta ii GopMaitizailis € HalCKJIaHIIIUM €TaroM JOCIIiKEHHS,
BuMarae [pyHTOBHUX 3HAaHb MEPENYCIM €KOHOMIYHOI CyTi IPOLECIB, SKi MOIENIO-
10Tbes. ONIHAK, BJAJIO CTBOpPEHA MaTeMaTHYHA MOJENb MOXKe HaJaji 3aCTOCOBY-
BATHUCH IS PO3B'sI3YBaHHS 1HIIUX 3a7a4, SK1 HE MalOTh BIIHOIICHHS J0 CUTYaIIli,
110 MOYaTKoBO MojentoBanaca. [lounnaroun 3 poodit JI. B. KantopoBuua, B Mate-
MaTUYHOMY TporpamyBaHHI c()OPMOBAHO TMEBHHI Hallp KIACMYHHX MOCTAHOBOK
3a/1a4y, €KOHOMIKO-MAaTeMaTU4yHl MOJeJl SKUX IIMPOKO BUKOPUCTOBYIOTHCA B
MPaKTUYHHUX JOCITIDKCHHSIX €KOHOMIYHUX TTPOOIIeM.

Hagenemo kinibka Bxke popMalii3oBaHUX TUIIOBUX MMOCTAHOBOK €KOHOMIYHMX 3a]1a4,
10 PO3B'SBYIOTHCS METOAAMU MAaTEMAaTUYHOTO MporpamyBaHHs (OUTBIIICTE chopmy-
JbOBAaHMX 3a/1a4 OyyTh BUBUATHCS B HACTYITHUX PO3/ALIax).

Bci posrsiHyTi 3a/1a4i 3a71€KHO BiJl HASIBHOCTI Ta TOYHOCTI TIOYAaTKOBOI 1H(pOpMAITii,
METH JIOCJIPKEHHS, CTYIIEHsI BpaxyBaHHSI HEBU3HAYCHOCTI, CHEIM(IKU 3aCTOCYBaHHS
JI0 KOHKPETHOTO TPOIIECY MOXKYTh OyTH c(HOpMyIIbOBaH1 SIK y BUTJISAII CTaTUYHUX,
JETEepMIHOBAHUX, HEMEPEPBHUX JIHIMHUX 3a/1a4, TaK 1 B CKJIAIHIIIINA MOCTAHOBLI, 1€
OJTH, KiJIbKa Y¥ BCl TApaMeTPU BU3HAYAIOTHCS 3 IEBHUM PIBHEM IMOBIPHOCTI Ta BUKO-
PHUCTOBYIOTHCS HEJTIHIMHI 3aJIEKHOCTI.

3adaua 6usHaueHHs ONMUMANTLHO20 NIAHY 8UPOOHUYMEA. IS NesIKOl BUPOOHH-
4oi cucteMu (LiexXy, MiINPUEMCTBA, rary3l) HeOOX1THO BU3HAUYUTH IJIaH BUITYCKY KO-
HOTO BUY MPOAYKIIIi 32 YMOBH HAWKPAIOro CIIOcO0y BUKOPUCTAHHS HAsIBHUX PECyp-
ciB. Y mpotieci BUpOOHHUIITBA 3ad1sTHUI BUBHAYCHUIA HA01p PeCypCiB: CUpOBUHA, TPYAO-
Bl pecypcH, TeXHIYHE 00JajHaHHS TOIIo. Bimomi 3aranbHi 3amacu pecypciB, HOPMU
BUTpAT KOXXHOT'O PECypCy Ta NPUOYTOK 3 OJIMHMIII peali30BaHOI MPOIYKIIii. 3a1at0ThCs
TaKOX 3a MOTpedUu OOMEXEHHS Ha 00CATH BUPOOHUIITBA MPOYKIIIi Y TIEBHUX CITIBBIJI-
HOUICHHSX(33/1aHa aCOPTUMEHTHICTh).Kputepii onTUMalibHOCTI: MaKCUMyM HPUOYTKY,
MaKCHMYyM TOBapHOI POAYKITil, MiIHIMyM BUTPAT PECypCiB.

3aoaua npo «diemy» (ab0 TPO CyMilll): AESKUM PaIlioH CKIANA€ThCA 3 KUIbKOX
BUJIIB TIPOYKTIiB. BilomMi BapTiCTh OJMHMII KOKHOTO KOMIIOHEHTA, KUIbKICTh HEOO-



X1IHAX OpraHi3My TMOKMBHUX PEYOBHH Ta MOTpeda B KOXKHIM pEYOBHHI, BMICT B
OJIMHUII KOXXHOTO MPOJIYKTY KOXHOI MOXKUBHOT peuoBuHU. HeoOxigHO 3HAWTH Om-
TUMAIBHUI PAIliOH — KUIBKICTh KOKHOTO BUY MPOAYKTY, IO BPaXOBYE BUMOTH
3a0e3MeueHHs OpraHizMy HEOOX1JHOIO KUIBKICTIO MOKUBHUX pedoBUH. Kputepiii orm-
TUMaJIbHOCT1 — MiHIMaJIbHA BapTICTh PAIlIOHY.

Tpancnopmua 3a0aua: poO3TISAAETbCA TEBHA KUIBKICTh ITyHKTIB BUPOOHMIITBA Ta
CTOXKMBAHHS JISSIKO1 OJTHOP1AHOT TPOIYKIIlT (KUTBKICTh ITyHKTIB BUPOOHHUIITBA TA CIIOXKH-
BaHHs He 301raeTbesi). BimomMi oOcsru BUTOTOBIIEHOT MPOIYKIIli B KOXKHOMY ITYHKTI BHU-
POOHMILITBA Ta MOTPEOH KOXKHOI'O ITyHKTY CIIOKHMBaHHS. TaKoXK 3a/laHa MaTpULIs, eleMe-
HTH SIKO1 € BapTICTIO TPAHCIIOPTYBAHHS OJIMHMIII TPOJIYKIIIi 3 KOKHOTO MyHKTY BHUPOO-
HUIITBA JI0 KOYKHOTO IMYHKTY CHOXMBaHHS. HeoOXimHO BU3HAUMTH ONTUMAIIbHI 00CSATH
niepeBe3eHb MPOAYKIIi, 3a AKUX Oy O HalKpalle BpaxoBaHi HEOOXITHOCTI BUBE3CHHS
TPOYKITii BiJl BAPOOHMKIB Ta 3a0e3MeueHHs] BUMOT CIoKuBaviB. Kpurepii onTuMaibHO-
CTI: MIHIMaJIbHa CyMapHa BapTIiCTh IEPEBE3€Hb, MIHIMAJIbHI CyMapH1 BUTPATH Yacy.

3adaua onmumanvHo20 po3nodiny GUPOOHUUUX NOMYIHCHOCHEN. PO3TIIAAIOTHCS
KUIbKa MIJIPUEMCTB, 1[0 BUIOTOBJSIFOTH MEBHY KUIBKICTh BHIIIB MPOAYKIii. Bimomi
doHa poOoUOro yacy KOXKHOTO MiANPUEMCTBA; TOTPEOU B MPOMYKIIii KOXXHOTO BUILY;
MaTpULIsl MOTYKHOCTEH BUPOOHUIITBA BCIX BUIIB MPOIYKIIii, 110 BUTOTOBJISIIOTHCS HA
KO>KHOMY TTIPUEMCTBI, @ TaKO cO0IBapTOCTI BUPOOHHUIITBA OAMHHMII MPOIYKIIT KO-
KHOTO miAnpuemMcTBa. HeoOX11HO po3NOAIIMTH BUPOOHUIITBO MPOIYKIIT MK TiAPHU-
€MCTBaMHU Y TaKu# crocio, o0 3aJ0BOJIBHUTH MTOTPEOU Y BUTOTOBJICHHI MPOIYKIIT Ta
MaKCHUMaJIbHO BUKOPUCTATH BUPOOHMYI MOTYXKHOCTI mianpuemcts. Kpurepiit ontuma-
JBHOCTI: MIHIMQJIbHI CyMapHi BUTPATH HAa BUTOTOBJICHHS TIPO/TYKIIIi.

3aoaua npo npusHauenwHs: HeXal HAOIp JSSIKUX BHUIIIB POOIT MOXKE BUKOHYBATH TIc-
BHA YHMCENBHICTh KaH/IMAATIB, IPUUYOMY KOXHOT'O KaHAMJlaTa MOXKHA TIPU3HAYATH JIH-
1€ Ha OJIHy poOOTy 1 KOXKHA poOoTa MOKe OyTH BHKOHAHA TUIBKM OJHUM KaHIW/a-
ToM. Bimoma marpuiis, eeMeHTaMu SKO1 € ePEeKTUBHOCTI (Y BUOpaHUX OJMHUIISAX) KO-
YKHOTO TIPETEH/ICHTAa Ha KOXHIiN po0OoTi. PO3B'ss3Kk0M 3a/1a4i € ONTUMATEHUI PO3IIOLT
KaHAMJATIB Ha nocaau. Kpurepiit onTuMalibHOCTI: MaKCUMAJIbHUIA CyMapHUM edekTt
BiJl BUKOHAHHS POOIT.

3aoaua xomisosidcepa: po3TIsSINAETbeS Kidbka MicT. KomiBosbkepy HEOOX1IHO,
MOYMHAIOYM 3 MICTa, B IKOMY BiH mepeOyBae, 00iiiTu, He OyBarouM Hije ABidi, BCl
MiCTa 1 IOBEpHYTHUCS B MOYaTKoBe. BimoMa marpulis, eneMeHTH sIKoi — BapTOCTI
nepecyBaHHs (4M B1JICTaH1) MK BCIMa IMOMAPHO ITyHKTAMH HOJOPOXKi. 3HAUTH OITH-
MabHUIA MapiipyT. Kputepiii onTUManbHOCTI: MiHIMaJIbHa CyMapHa BapTicTh (BiJC-
TaHb) IEPECYBAHHS 110 MapIIPYTY.



3aoaua onmumanbHo2o po3nodiny kanimanoskiadeHs. [InanyeTbes MisUTBHICTD
rpynu (CUCTeMH) MIAIPUEMCTB MPOTATOM AESKOrO MEPIOAY, SIKUM pO3IUICHO Ha Te-
BHY KUJIBKICTh MiNEPioiB. 3a/laHa CyMa KOIITIB, SIKI MOYKHA BKJIaJIaTH B Oyb-sKe
HIANPUEMCTBO UM PO3MNOAUIATH MK HUMH MPOTATOM BChOI'O MEPIONy IUIAHYBaHHSL.
Binomi BenuunnM 3011bIIEHHS BUPOOHUIITBA TIPOAYKIIIT (32 YMOBH 3[IMCHEHHS J10/1a-
TKOBUX KaITAJIOBKIIAJCHb) Y KOXKHOMY 3 MIANPUEMCTB IPYIHU JJIs BCIX MINEPIOIIB.
HeoO0xiiHO BUBHAYUTH, SK PO3MOAUISTH KOIITHA HA TIOYATKY KOXKHOTO MIAMEPIOAy MK
HANPUEMCTBAMH TaK, 1100 CyMapHUl 10X1] 32 BeCh Mepioj] 0yB MaKCUMaJIbHUM.
B ocHoOBy Mopenel JiHIHHOTO mporpaMmyBaHHS 3aKJIaJIeH] JBa MPOCTI JOIMY-
IICHHS, K1 MalKe 3aBXKIH BUKOHYIOTHCS:

- OPUMYIIEHHS MOAUTHHOCTI, K€ TOJATAaE B TOMY, IO CyMapHa KiJib-
KICTb PECYpCiB, 110 BUKOPUCTOBYIOTHCS 1 BIANOBIAHUI NpUOYTOK CTPOTO MPOIOP-
1{iH1 00CSTY BUITYIICHOT MPOAYKIIIT;

- OPUMYLIEHHS aJAUTUBHOCTI MOJSTa€e y PIBHOCTI 3arajibHOi CyMH BCIX
3aTpayeHuX PEeCypCiB KITBKOCTI PeCypciB, CIIOKHUTHX B TEXHOJOTIYHUX IMpOIlecax
Ta PIBHOCTI 3arajibHOro MpUOYTKY BCiM NpUOyTKaM, OTPUMAHUM B MPOLECAX.

[luTaHHsa MPO MOCTAHOBKY 3ajadi JIIHIMHOTO MPOTPaMyBaHHS PO3IIISTHEMO HA
OPUKIAIL.

3anaua. BuOpaTtu HaiijemeBmuii pexxuM XapuyBaHHs, 110 3a0e3medye HasB-
HICTh BCIX HEOOXIJHUX MOXUBHUX PEUOBHUH.

Po3p’sizyBanHsi. BBaxatnuMemo, 110 € Tpu BUIU NPOAYKTIB: B;, B, B; 1 HE00-

X1IHa KUIBbKICTh NOXMBHUX PEYOBUH MO3Ha4eHa A;, Ay Az Ay IlosHaummo o, —
KUIBKICTh MOXXUBHUX PEYOBHMH BUIJISAY Ai B MPOAYKTI BUIYy Bj, B, — MiHIMaJIbHa

n000Ba moTpeda B peUOBHHI; ¢; — IiHA OOUHUII Tki. J[aHi 3amuimemMo B TaOJIHIIO
3arajibHa KUIBKICTh CIIOKUTHUX PEYOBHH HE MOBUHHA OyTH MEHIIIOK HIXK MiHI-
MajbHa 1000Ba NoTpeda B 111 pEUYOBHUHI.

Buau no- | Buau npoayktiB | MiHimanbsHa moTpeda
KUBHUX B, B, | Bs; | BpeuoBuHi Ha 100y
pPEUYOBHH
Ay ay a, a3 B
A, Qs Uy 225 B,
Aj Ay as, 33 B;
Ay ay qy Ay B
Bapricts | ¢; Cs C3
OMHUII1
MPOIYKTY




BpaxoByroun oOMexKeHHS, OTPUMAEMO CHCTEMY HEPIBHOCTEH:

X +apx, +a,x; 2 B,
Ay Xy + 0y Xy + X3 2 B,
Q3 X) + Ay X, + 033X 2 fs,

Ay Xy + Ay Xy + g3 Xs 2 .

(1)

BapricTb Bci€l ki T0O3HaYUMO Z 1 BOHA MOBMHHA OyTH MIHIMaJIbHOIO, TOOTO
Z=0CX; +C,yX, + Cc3X;(min) (2)

Tak sk Bi1’€MHa KIJIBKICTb 1K1 HE Ma€ JIOTIYHOTO 3MicTy, TO X, = 0.

Jlo Takoro kiacy BIIHOCATHCS BC1 3a7a4i 3 TIO/IIOHUMH CHUCTEMaMH 0OMEKEHb
Ta aHAJIOTTYHUM BUTJIAIOM IIIOBOI (PYHKIIIT, 110 ONTUMI3YETHCS HA MAKCUMYM YU
MIHIMYM.

MarematuyHo Taki 3adadi  (QOPMYNIOIOTBCS TaK: ceped Hegio 'EMHUX

p038’a3Ki6 cucmemu HepisHocmel (1) 3naumu makui, saxuu Haoae QyHxyii (2)
HAUMEHUO020 3HAYEHHS.

4. 3acanvna eKkOHOMIKO-MamMeMamudHa Mooeab 3a0ayi TiHIUH020 NPOSPAMYBAHHS

3aranpHa JIiHIMHA €KOHOMIKO-MaTeMaTHYHa MOJeJb €KOHOMIYHUX ITPOIICCiB
Ta SBUIIl — TaK 3BaHa 3arajibHa 3ajadva JIHIHHOTO MpOTrpaMyBaHHS MOJAETHCS Y
BUTJISLIL:

z=c;x;tcxo+... +ex, (max) (1)
32 YMOB:

a, x, +a,x, +...+a,x, {S,Z,z} b;
a,x, +a,x, +..+a,x, {S,Z,z} b,;

......................................................... 2)

aml‘xl+am2x2+"'+a X {S,Z,:}b .

mn--n

x;20, x,>0,..., x,20. 3)

OT1xe, TOTPIOHO 3HAWTH 3HAYCHHS 3MIHHHX X1{,X), ..., X, K1 32JI0BOJIbHSIIOTh YMOBH

(2) 1 (3), 1 muboBa (ynkiis (1) HabyBae eKCTpeMaaTbHOTO (MaKCUMATBLHOTO UM
MIHIMaJIbHOTO) 3HAUYCHHS.



JIist MOBIBHOT 3a71a41 MAaTeMaTUYHOTO MIpOorpaMyBaHHsl OyJiM BBEJICHI MOHATTS
JOTyCTUMOTO Ta ONTHUMAJILHOTO TIIaHIB.

Jlns 3aranpHOi 3a/1adi JIIHIMHOTO MPOrpaMyBaHHS BUKOPHUCTOBYIOTHCS Taki
MOHSATTS.

Bekrop X= (x;, x5, ..., X,) KOOPAMHATH SKOTO 3aJIOBOJILHSIOTH CUCTEMY OOMe-
YKEHb (2) Ta YMOBH HEBIJ'€MHOCTI 3MIHHUX (3), HA3UBAETHCSI OONYCMUMUM PO38'53-
KOM (n1aHoM) 3a0a4i TIHIUHO20 NPOSPAMYBAHHSL.

Honyctumuii mnan X= (x;, X,, ..., X,) HA3UBAEThCA ONOPHUM NIAHOM 3aJadl Ji-
HIHOTO MpOrpaMyBaHHs, SIKIIO BiH 3aJ0BOJIbHSIE HE MEHIIE, HIXK /M JIHIHHO He-
3aJIeKHUX OOMEXKEHb CUCTeMHM (2) y BUIJISI PIBHOCTEH, a TaKoK oOMexxkeHHs (3)
I0JI0 HEB1'€MHOCT1 3MIHHHUX.

OnopHuit nan X= (x;, X, ..., X,) HA3UBAETHCI HEBUPOONCEHUM, SIKIIIO BIH MiC-
TUTH TOYHO M JOAATHUX 3MIHHUX, 1HAKIIE BIH 8UPOOMCEHUIL.

OnopHui#t mian X* =(x*;,x*,,...,.x*,), 3a sxoro muipoa QyHkiis (1) gocsrae ma-
KCUMAJIBHOTO (YW MIHIMAQJIBHOTO) 3HAYCHHS, HA3UBAETHCS ONMUMAILHUM PO38'513-

KOM (NAAHOM) 3a0ayi NiHIUIHO20 NPOSPAMYBAHHSL.

5. Cmanoapmui ¢popmu 3JI11.

JUist po3B’si3yBaHHs 3a/a4 JIIHIMHOTO IpOorpaMyBaHHs Ta CKJIAJaHHS JUIsl HUX
nporpam Ha EOM HeoOxigHO, mo0 3aiada Oyiia 3amucaHa B MEBHIN CTaHAApTHIN
dbopmi. Po3pizHsaeMo nBa TUIH Takux HOpM:

1) OCHOBHa 3ajJaya JIIHIMHOIO MpOTrpaMyBaHHA 3 OOMEXKEHHAMH —
piBHOocTsiMu (O3JIII 3 OP a6o nepiia crannaptHa ¢popma);

2) OCHOBHa 3ajJaya JIHIMHOTO MpOTrpaMyBaHHA 3 OOMEXKEHHAMH —
HepiBHocTsmu (O3JIIT 3 OH abo apyra crangaptHa Gpopma).

O3JIIT 3 OP nossirae B HACTYITHOMY: CEPEJl YCIX HEBIJI'EMHUX PO3B’SI3KIB CHC-
TE€MU PIBHSHb
a,x,+a,x,+..+a, x =b,

a,x, +a,x,+..+a,x, =b,,

211: n : (1)

a. x +a x, +..+a x =b
3HAUTH Taku#, npu skomy dhopma

z=c,tex +c,x,+...+c x, (extr) (2)
Ha0yBa€e eKCTPUMAIBLHOTO (MaKCUMAJIBHOTO UM MIHIMAQJIBHOTO ) 3HAYEHHS.

CrpaBesTuBe HACTYITHE TBEPKEHHS.
Jema 1. Byow — aky 3aoauy JIII moscna 36ecmu 0o O3JIII 3 OP.



[Tpuiimemo 11 TBep/HKCHHS O€3 JOBEJCHHSA. 3ayBaXUMO JIMINE, 5K IIe
NOTPIOHO 3pOOUTH: CIIOYATKY /10 MEHIIHUX YAaCTUH BCIX OOMEXEHb — HEPIBHOCTEH
NOTPiOHO JTOAATH HOBY HEBIJ €MHY HEBIIOMY, SIKa TEPETBOPUTH ii B PIBHICTS.
O3JIIT 3 OH mnonsirae B ToMy, IO CEpel yCiX HEBIJ €MHHUX PO3B’SI3KIB CUCTEMHU
PIBHSIHB

a,x, +a,x,+..+a,x <b,

In""n

a,x, +a,x, +..+a,x <b,,

211: n : (3)

a x +a x, +.+a x <b

ml mn~"n m

3HAUTH Taku#, npu skomy dhopma
z=c,+cx +cx, +...+cC X, (‘extr) 4)

Ha0yBa€ eKCTPUMAIBHOTO 3HAYCHHSI.

CrnpapeyiiBe HACTYITHE TBEPIPKCHHS.

Jema 2. O3JIII 3 OP 3a6xcou moxnce oymu 36edena 0o O3JIII 3 OH.

I 3BifCcH BUILIMBA€E Taka TeopeMa

Teopema 1. O3JIII 3 OP i O3JIII 3 OH ekgieanenmui mixc cooon.
To6T10, KO)KHOMY PO3B'SIBKY X* =(x;* x,%,...,x,%) HepiBHOCTI a;x; + ax; + ... +
a,x, < b BiINOBIOa€ €QUHUN PO3B'SI30K X, * =(x*;,x%,,...,.x%,x*,; ;) pIBHAHHA a,x,
+ ax; + ... + a,x, + x, +;= b, AKu 0JHOYACHO € PO3B'I3KOM HEPIBHOCTI, 1, HaBMa-
KU, KO)KHOMY PO3B'SI3KY PIBHSHHSA a;X; + ax; + ...+ a,x, + x, +,= b
Xpos ™ =(x*,x%,...,x%,x*,1 ;) 1 HEpIBHOCTI a;x; + axx, + ... + a,x, < b BianoBigae
€IUMHUMN po3B'sI30K X* =(x;*,x,%,...,x,*) HEpPIBHOCTI.

[ITo6 3BecTH 3amauy 10 Apyroi cra”HaapTHOi hopmu, HeoOXiaHO MeToaoM JKo-

pnana-I'aycca BUIIIUTH Oa3MCHI HEBIAOMI Ta BUKOPHUCTABIIN HEBiJ €MHICTh HEBI-
JIOMHX 3BECTH /10 HepiBHOCTEN oOMexenHs 3JII1.

ITpuknan. 3sectu o O3JIII 3 OH 3amauy
z=2-x +3x, (min),
2x, +x, +x, = 3x, =10,
4x, +x, —x, +x, =8,
x,20 (j=1234)
Po3B’s3yBanHda. Bunncyemo mMaTpuito cucteMu oOMeKeHb
2 11 =310
41 -1 18

1 IIIyKaeMO paHT MaTpHIll, 0a3UCHUM OyJ1e MiHOD



1 1
=2
1 -1
Otxe, panr marpuui piBHMH 2, X,,X,— BUIbHI HEBLAOMI, X,,X,— Oa3uCHI.
Po3B’43aBmuM cucTeMy BITHOCHO 0a3MCHUX HEBI1IOMHUX, MA€MO
Xy =14+x,+2x,,

x; >0 (j=1,2,3,4)

Tak sx x, 20,x, 20, TO 3 0CTAHHLOI CUCTEMHU MAEMO:

x,20,x, 20. x;, 20,x, 20.

3anumemo popmy depe3 BiIbHI HEBIAOMI
z=2-x+309-3x, +x,)=29-10x, +3x,.
Takum ynHOoM, O3JIII 3 OH piBHOCHIIBHA A0 TAHOT Ma€ BUTJISI:
z=29-10x, +3x,
3x, +x,<09,
-x, —2x, <1,
x,20,x, 20.
3ayBaxumo, 1o O3JIIT 3 OH piBnocunsHa g0 O3JIIT 3 OP Moxe matu pi3Hi

BUIJISIIA, BCE 3aJIEKUTh BiJl TOTO, SIKI MH HEBIJIOMI OTOJIOCUMO Oa3HMCHMMH, a SIKI
BUILHAMH.



Jlexmist Ne2
I'eomeTpuuHa iHTepHpeTanis 3a1a4 JiHIHHOTO NPOrpaMmyBaHHS

Ilian
1. 'eomeTpuyHa iHTEpIIpETAllisd 3a/1a4 JIHIHHOTO TPOrpaMyBaHHS.
2. T'padiynuii MmeTos po3B’si3yBaHHS 3aJa4 JIHIMHOTO MPOrpaMyBaHHS.

1. Jns xpamoro po3yMiHHS ajire0OpaiyHUX BJIACTUBOCTEM 3ajay JIHIHHOTO
pOrpaMyBaHHsI CKOPUCTAEMOCH iX T€OMETPUYHOIO THTEpIpuUTaliel0. Beeaemo no-
HATTS OMYKJIOi MHOXUHHU.

Osnauenns 1. Muoowcuna movox M nazueaemuvcs OnyK1010, AKWO pasom 3
0y0b — AKUM 080OMA i1 MOYKAMU MHONCUHI HANEHCUMDb | 8IOPI30K, WO iX CROTYYAE.

O3nauennsa 2. Muoowcuna Ha3U8AEMbCA OOMENCEHOI0, AKWO 11 MOJNCHA
nomicmumu 8 Kyno (Kojio) CKiHUeHo20 padiyca 3 YyeHmpom 6 6yO0b — sKil mouyi
MHOMNCUHU, | HEOOMENCEHOI0 8 NPOMUTIEIHCHOMY BUNAOKY.

O3nauennn 3. I panuunoro Ha3UBa€THCS TaKa TOYKA MHOXKMHHU, B JIOBLJIBHO-
MY OKOJI1 SIKOi € 1 TOUKH, 1[0 HaJle)KaTh MHOKHH, 1 TOUKH, 110 1l He HaJIeXKAaTh.

O3nauennsn 4. CykynHicms 2paHuyHUX MOYOK MHOMCUHU HAUBAEMbCA i1
Zpanuyern.

HaifnpocTinmii NpuKIIa OmyKI0i MHOKHHHI — OIYKIIHH MHOTOKYTHHK. Horo
IPaHULS CKJIAIA€ThCA 3 BIAPI3KIB 4K MpAMHUX. TOUYKH, B SIKUX TEPETHHAIOTHCS
BIJPI3KU UM MPSM1 TPAHUII MHOTOKYTHUKA HA3UBAIOTHCS MOTO éepuiunamu.

Osnauenns 5. llepemunom obnacmeii HA3UBAIOMb MHOINCUHY MOUYOK, WO HA-
JIedHCamb KOJNCHIU 3 Yux ooracmell.

Teopema 2. [lepetun Oyab — SIKOT0 YKCIa OMYKIUX 00JIaCTeN 3aBKAH € OIY-
KJIa MHOXKHHA.

Jlnst reomeTpuaHoi iHTepnpuTali oyaemo posrsiaata O3JII 3 OH, ski mic-
TSATh JIMIIE 7Bl HEBIOMI, OCKUIBKH BOHH JIETKO B1IOOPaKAIOTHCS HA MPSAMOKYTHIN
JIEKapTOBIN cUCTeM1 KOOpAMHAT. 3a/1ayl 3 TpbOMa HEBIIOMUMHU Ha MAJIFOHKY PO3T-
JSIAATUMYTHCS B TIPOEKIIi, 0 YTPYAHUTH iX pO3IIIAL, a 3a7aul 3 OLIBIIO0 KiJIbKIC-
TIO HEBIJIOMUX B3araji BaXKO ySIBUTU T€OMETPUYHO.

PosrnsaeMo 3agady JiHIHHOTO MPOTPaMyBaHHS:

a, x, +a,x, <b,
ay, X, +a,x,<b,,

. o 5)
a,x +a,,x,<b

x,20,x, 20,

z=c,+¢X, +Cyx, (extr) (6)



Jema 3. Po36’a3kom nepieHocmi a,x, +a,x, <b. € nigna10wjUHa.
O3nauenns 6. llisniowuny, nobyoosamny 3a HepisHicmio a,x, + a,,x, <b, Hasu-

8al0Mb RIGNAOUWUHOI0 PO36°A3KI6 HEPIGHOCHI, i 2panuylo — ZDAHUYHOI0 RPAMOIO
ayX; +a;x, =b;.

Osnauennsn 7. CyKynHicms mMo4oK, 5IKA 3A0080NbHAE CUCMEMY HepieHOCmell
(5), HazusaromMo MHOZOKYMHUKOM PO036°A3Kie (abo obracmio oonycmumux 3Ha-
uenv—O0/13).

Teopema 3. MHOTOKYTHHK PO3B’SI3KiB 3aBK/IM € OIYKJIOK (iryporo.

Teopema 4. OnTuMaibHe 3HAYeHHSI 3a7advi JIHIAHOrO MpPOrpaMyBaHHS
AOCATAETHCH Y BEPUIMHI MHOTOKYTHHKA PO3B’A3KiB.

Taxum unHOM 3a7a4y JIHIKHOTO MPOTPaMyBaHHS MOKHA IHTEPIPETYBATH TaK:
Yy MHOTOKYTHHUKY PO3B’S3KIB 3HAUTH TaKy BEpIIMHY, /e II1J1b0Ba (PYHKIlIsSI HaOyBae
HAWMEHIIOTO (HaOTBIIIOT0) 3HAYCHHSI.

2. Ha ocHOBI reoMeTpHuHO1 iHTEpIIpeTalii chopMyeMO aIropuT™M rpadiqaHoro
METO/y BIJIITYKaHHS ONITUMaIbHUX 3HAUYCHb (YHKIIII.
1) Byayemo MHOroKyTHMK po3B’si3kiB. BiH ckiagaeTbcs 3 MepeTHHy OK-

peMHUX MiBIUIONIMH pO3B’s3KiB cuctemu (5). B cuity oOMexens x, > 0,x, >0 MHOTO-

KYTHUK PO3B’A3KIB 3aBXKJ1 MICTUTHCA B EPIIOMY KBaJPAHTI.

2) 3HaxoAUMO ONTHMAJBHY TOYKY. BoHa MICTUTBCS B BEpPIIMHI MHOTO-
KyTHUKa po3B’si3KiB. [{ns 1i BiALIYKaHHS BIAKJIAOAIOTh 8eKmMOp HOPMAAi TMPSAMOI
¢, + ¢, +¢,x, =const, N(c,c,). [IoTiM prUcyeMO JiHiI0 NEPIEHAUKYIAPHY 10 BEKTO-
pa HopMaJIi, BOHA Ha3UBAEThCS JiHi€r0 pisrs. [lepecyBarouu JiHIIO PiBHS B HAIPSAMI
BEKTOpa HOpPMaJll 0 OCTaHHBOI BEPIIMHU MHOTOKYTHHKA PO3B’S3KIB, OTPUMYEMO
TOYKY MaKCUMyMy LUJIbOBOi (PYHKIIIi, TIe€peCcyBarOyu IO JIIHIIO B MPOTUIC)KHOMY
70 BEKTOpa HOpMaJli HampsiMi, B OCTaHHINA BEpIIMHI JOTUKY OTPUMYEMO TOUKY
MIHIMYMY ITbOBOT (DYHKITI].

3) O0uuCII0€EMO ONTUMAJBLHI 3HAYEHHS. 3HAXOJAUMO KOOPAMHATH BeEp-
IIMH max 1 min, K PO3B’SI30K CUCTEMU PIBHSHbB, III0 BUBHAYAIOTH CTOPOHU MHOTO-
KyTHHKA, 10 YTBOPIOIOTH IIi BEPIIMHU. 3HAWACHI KOOPAMHATU MIACTaBISEMO B
dopmy (6).

3ayBa)XUMO, 110 SKIIO MHOTOKYTHHUK PO3B’SI3KIB HEOOMEKEHHI, TO MOXKIIUBO,
10 MiHIMQJIBHOTO YM MaKCUMaJIbHOTO (200 1 000X) 3Ha4€Hb HE 1ICHYE, TOOTO — 11€

+00 YU —0O.



[puknaza. 3HaiiTH HaOLIBIIE Ta HAIMEHIIIe 3HaYeHHs QPYHKIIT z = 2x, +3x,, 32

x, +3x, <10,
X, +x, <6,
YMOB OOMEXEHHSI
2x, +x, 25,
x,20,x, 0.
Po3B’szyBannsg. [loOyayemo mpsiMi, 110  BIANOBIAAIOTH  PIBHSAHHSIM,

3pO3YMUTMM 3 CHCTEeMH OOMEXEHb Ta BIAMITUMO Ti IMIBIUIOIIMHM, IO

BIJIMOB1AAI0Th HEPIBHOCTSIM OOMEKEHb.

I :x,+3x, =10, npama npoxoauTs yepe3 Touku (1; 3) 1 (10; 0);

I, : x, +x, =6, IpsiMa poxoAuTh uepe3 Touku (0; 6) 1 (6; 0);

I, :2x, +x, =5, npsiMa poxXoAuTh uepe3 Touku (0; 5) 1 (2; 1).

YMoBa x, >0,x, >0 BKa3ye Ha JOCTATHICTh PO3IJISIAY B NEPIIOMY KBAJIPAHTI.

BciM yMoBaMm Hane)HOCTI /10 BiAMOBIHUX MIBIUIONIMH BIJMIOBI/Ia€ YOTUPHUKY-
THUK ABCD. Bynyemo Bektop HOpMami N(2;3) 10 wuimboBoi (yHKIi i
HepeMILIAEMO NPSIMY MEPIEHIUKYISIPHO 10 IbOro Bekropa. [lepmuit pa3 us npsima
nepeTuHae TPUKyTHUK B BepimHi D(2,5; 0), otxe z,, =2-2,5+3-0=5. OcTranus
BEpIIMHA JOTHKAEThCSA JI0 MPSAMOI B3JOBX ii pyxy — ue touka C(6; 0), 3Biacu
Zia =2:6+3-0=12.

X,
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Jlekmist Ne3.
CuMIIeKCHU MeTo/ Ta 1i0ro 3aCTOCYBaHHS

ILnan

1. TloHATTS PO CUMILIEKCHUN MeTo| Ta KaHOHIYHY (popmy O3JIIT 3 OP.
2. OCHOBHI XapaKTepUCTUKH CUMILIEKCHOTO - METOAY.

3. Pobora 3 cumILIeKC - TaOIUIISIMHU.

1. CuMIieKCHUM METOJ — OJMH 3 OCHOBHHMX METOJIIB PO3B’S3yBaHHS 3aJlay
JiHIIHOTO TporpamyBaHHs. Po3risiHeMo HOro iel0 Ha KOHKPETHOMY MPHKIal
3a/1a4yl PO BUKOPUCTAHHS PECYpCIB 3 JBOMA BHUJIaMU PECypCiB Ta ABOMA BUJAMU
MPOAYKIIIi.

O3nauenna 1. Hegio emnuil O6azucnuti po3e’si3ok (naian) O6yoemo Hasusamu
ONOPHUM.

[pukian 1. 3naiiTu HalOLIbIIE 3HAaYeHHS (PYHKITIT

z=12+x +2x,
MIPU TAKUX OOMEKEHHSIX
2x, +3x, +x; =12,
X, +2x, +x, =16,
x;20 (j=1234)

Po3B’sa3yBannd. O4eBuIHO, O TYT X,,X, — Oa3uCHI HEBLAOMI, a X,,X, —

BUIbHI. Bi3bMEMO IOYaTKOBHM ONOPHUH INaH Tak: X, =X, =0 (BUIbHI HEBIJOMI
HYJbOBI), TOAL X, =12, x, =16.
¥V =(0,012,16) z{xV)=12
, .

Takuii po3B’sI30K BIAMOBIZAE CUTYyaIlli, KOJU MPOAYKI[iS HE BUPOOISETHCA.
bynemo 30imbl1yBaTi Ty 3 BUIBHUX HEBIJIOMHX, SIKa Ma€ JOJATHINH KOEDIIIEHT Y
UTbOBIM QYHKIIT (pUuyoMy, OUTBIINIT), TOMY 1110 3HaYEHHS LIIHOBOI PYHKIIII IpH
npoMy 3poctatume. Lle o3Havae, MmO NpU BUIYCKY NPOAYKLII TPUOYTOK
3011bIIyBaTUMETHCS. TOOTO 30UIBIIYBATUMEMO X, .

Hexaii x, = 0. Cucrema HaOyBa€e BUTIIALY

3x, + x5 =12,
2x, +x, =16,
x;20 (j=234)



{06 x,,x, Oyau NOAATHHMH, TO B IEPUIOMY pPIBHSHHI X, MOXXHa HaJaTH
s 12 : . 16
HaWOIBIIOTO 3HAYCHHS ?:4, a B IpyrOMYy DIBHSHHI 3:8. ScHo, mo x, HE

NOBUHHO OyTHu Ouiblie 4, 60, 1HAKILIE, B JPyroMy PIBHSIHHI X, OyJe Bl €MHOIO. X,
BUOMpPAEMO SIK HAWMEHINy YacTKy BIiJ JUICHHS BUTRHUX YIICHIB Ha BiJIMOBIIHI
KOE(ILIEHTH IIPH X, .
Hexaii tenep x, =4, Toai x, =0, x, =8. Mu xnictaiu apyruil onopHui 1iaH i
BIJIMOBIAHY HOMY LIJIBOBY (DYHKIIIFO
) =(04,08) z(x®)=20
Tenep Ga3sucHUMM HEBIIOMUMH € X,,X,, a X,,X, — BUIbHI. P03B’s3aBIIK

BUXI/IHY CHCTEMY PiBHSHB BIIHOCHO HOBOro 0asucy meroaom XKopnana — ["aycca,

OTPUMAEMO
2 1 2 1
—X; + X, +=x;=4, Xy, =4——x, — =X,
1T TR 2 173
——X, —— X, + X, =8; X, =84+ —x; +—X,.
3TN T 4 3 TR

3anuiemMo HiIboBY (QYHKIIIFO Yepe3 HOBI BUIbHI HEBIAOMI

z=12+x, +2(4—2x1 —lx3]=20—lx1 —zx3
3 3 3 3

BunHo, mo npu 3011bIICHA] BUIBHIX HEBIIOMUX 3HAYCHHSI IUTHOBOT (PYHKITIT
Oyne cnajatu, TOMy 3HalAeHUI po3B’ 130K BBAXKATUMEMO ONTUMATbHUM.

OTxe, iness MeTOAY TOJISATAE B TOMY, IIOO TIEPEXOAUTH BiJl OJJHOTO OMIOPHOTO
IJIaHy JO IHIIOTO TaKUM CIIOCOOOM, MO0 IiIbOBa (PYHKIISI ONMTHMI30BYBajlach
(3pocTania uM criagana B 3aJ€KHOCTI BiJI YMOBH 3ajadi). 3MiHHI SKi TEPEeXOJiITh 3
0a3uCHUX y BUIbHI MOBUHHI 30€piraTd yMOBY HEBIJI €MHOCTI 1 Ha KO)KHOMY KpOIII
MO>KHA MIHSITH MICISIMH JIUIIE OJHY Oa3UCHY HEBIZJOMY 3 OJIHIEIO BIIBHOIO.

Mu Gaywiu, 10 KOKHOMY OIMOPHOMY IUIaHY BIJNOBIJIa€ MEBHUM YMHOM 3a-
nucana O3JII1 3 OP. ®opwma 1i 3anmucy Mae aeski 3aKOHOMIPHOCTI

1. Cuctema piBHSHD 3allMCaHa TakK, 1110 KOXKHA 0a3MCHA HEB1JOMA BXOIUTH JIUIIIE
JI0 OJTHOTO PIBHSHHS CUCTEMH, 3 KOCQIIIEHTOM, IO JOPIBHIOE OAUHUILA. SIKIIO
PIBHSIHHSI PO3MICTUTH TaK, 1100 HyMmepallis 6a3uCHUX HEBIJIOMUX OyJjia CTPOTro 3po-
CTar04o0l0, TO MaTpHILIsl 0a3UCHUX HEB1IOMHUX Oy/1e OJUHUYHOIO.

2. BUIBHI YiIeHu cUCTEMU OOMEXKEHD — HEB1] €MHI



3. Ontumizyroya ¢popma 3aJIeKUTh JUIIE Bl BUIbHUX HEBIJIOMUX.
Oznauennn 2. O3JII1 3 OP, saxa 3a006o0nbHse ymosu (1) — (3) Hazusaromo
KAHOHIUHOW hopmoro.
O3nauennn 3. Cucmemy oomedicernv, wo 3a0080avhse ymosu (1) — (2) nasu-
8a0Mb KAHOHIYHOIW CUCMEMOI0 0OMEIHCEHD.
Skiio cucrteMa oOMEXeHb — KaHOHIYHA, a (hopMa 3aJIekKuUTh 111 Bl Oa3UCHUX

HesigoMux, To 3JIIT Ha3UBaeTHCA MaiKe KaHOHIYHOIO.

2. Tlpu po3B’si3yBaHHI 3a7a4 Ha MPAKTUIl OyJAeMO 3aCTOCOBYBATH METO]I
iTepallii, Koy Ipu BUOOP1 KOKHOTO OMOPHOTrO IJIaHy, MOYMHAIOYYU 3 MEPILIOTO, 32
JIOTIOMOT'OI0 JIESKUX MPABHJI BU3HAYAIOTh, YK 3HANCHO PO3B’ 30K 3a7a4i, uu Tpebda
MIEPEXOIUTH 10 HACTYITHOTO OMOPHOTO TulaHy. Takwil METOJ Ha3BEMO CUMMNIEKC-
HUM Memo0om (U1 CUMNIEKC-MENMOOOM).

Po3risiHeMo OCHOBHI BJIACTUBOCTI METOMY:

1. IoBHoTa. BkazyeMo yu npaBuiia poOOTH € OJIHO3HAYHUMH, YU Hi, SIK MPaK-
TUYHO MOOYAyBaTH MEPUINI OMOPHUM IJ1aH, 4u OyJe OCTaHHIM MOO0yI0BaHMM MIIaH
TOYHHUM PO3B’A3KOM 3aj1ayi.

2. Obaacth 3acTOCOBHOCTI. BKazyemo, g IKUX 3a7a4 MO>KHA 3aCTOCYBATH
TaKU{ METOJI Ta BU3HAYUTH UM MiAnagae KOHKpPETHA 3a7a4a i Iisl MeToay. SKIo
PO3B’S30K ICHYE, aJie OCTaHHIM OTMIOPHUH TUTaH HOTO HE Jae, To Tpeda BKa3aTH SKOi
MOMMWIKHU TIPUITYLIEHO.

3. BuaacruBicTh 30ikHocTi. Bkaszyemo, uu 3aBXIu alropuT™M 3abe3nedye
301KHICTb, UM 3aBXKJIU 301KHICTh MPUBOJIUTH J0 MPABUIBLHOTO PE3YJIbTATy, CKIIbKH
iTepaniii Tpebda 3poOUTH I OTPUMAaHHS PO3B’A3KYy, Y MOKHA BBaXKAaTH IUIAH OII-
TUMaJIbHUM, SIKILIO TIPOBEJICHHS 1Tepalliid 0yJI0 MPUIMHEHO Ha AESIKOMY KPOIIi?

4. Bumorm 0 o004HcJeHb. 3’SCOBYEMO HACKUIbKH CKJIaJHUMHU Ta
T'POMI3JIKMMHU € OOYUCIICHHS METOJy Ta TPH SIKIM TOYHOCTI OOYMCIICHb MM OfEp-
KHUMO 33JI0BUIbHI PE3yJIbTaTH.

3a3HayuMo, 110 BHEpUIE CUMIUIEKCHUN METOJl 3aCTOCYBaB aMEpPUKAHCHKUUN
BueHuit JIx. Jlanuir B 1949 poriii, xoua cam anroputm MeTOy, KpiM IIpaBuil BUOO-
Py KJIIOUOBOTO eJIeMeHTa, OyB BioMuii me y XIX cTomiTTi.

3. 3ayBaxuMo, 110 HEMa€E MOTPEOU MPH KOXKHIN 1Tepallii BUucyBaTu Gopmy-
au nepexony. Llelt mpouec MoxkHa opmaltizyBaT, BUKOPUCTOBYIOUH CHeEIlialibHI
cuMIuiekc-Taomuil. [Ipu poOoTi 3 HUMU HE OyJeMO PO3PI3HATH J¢ 0OMEKEHHS, a
e onTuMizyroua (QYyHKIlS, a TMEePEeTBOPECHHS MpoBeneMo MetoaoMm JKopmana —
["aycca, nemto MoaudiKOBaHUM.



Kpumepiii onmumansnocmi 3a cumniekc — maoauyamu: Sxmo dopma
MaKCHMI3YEThCS 1 B HYJIbOBOMY PAJIKY BIJACYTHI BIJ €MHI 4yucCia (32 BUHSATKOM,
MO>KJIMBO, CTOBIILISI OOPHOTO IIJIaHY), TO ONIOPHUM IUIAH € ONMUMATbHUM.

Koedimientn psaka 0 MokHa IHTEpHOPUTYBATH K MPUPICT QPYHKLIT Z 1pU
30UIBIIIeH] BUIBHOI HEBiIOMOi Ha oauHUIO. Ilpupict Oyae AomaTHUM, SKIIO
KOe(IiIIeHT B1A’ €MHUH, 1 B1JI’ EMHHM - SIKIO KOE(DIIIEHT JOAATHUH.

3anuIlIeMO ai2opumm poodomu 3 CUMNIIEKC - MAOIUUAMU:

1. 3BememMo 3amaudy A0 KaHOHIYHOI (hOPMHU.

2. @opManbHO 3alOBHIOEMO TaOJUII0 Koe(dilieHTaMHu IUIbOBOI (QyHKIIIT
(HyJIbOBUH PSIIOK) Ta KOe(DilllEHTaMH PIBHSHb CUCTEMU OOMEKEHb.

3. TIlepeBipsiemo 3a1auy Ha ONTUMAIBHICTD 32 KPUTEPIEM.

4.  Jlns BUOOPY K10406020 cmoOenysa 3HAXOAUMO HAMOUIbIINI enemMeHT B 0-
PAIKY TIPU JOCHIKEHHS IUIbOBOI (DYHKIIT HA MaKCMMyM, Y HaWMEHIIUU ee-
MEHT IpPH JTOCIIIKEHHI il HA MAKCUMYM.

5. Jlna BHOOPY K1H0OU08020 enemenma CKIAJTa€EMO BIJHOIIEHHS BUIbHHX
YJIeHIB (YMCeJI CTOBMYMKA “OMOPHUMN IUIaH” ) A0 BIAMOBIAHUX JOJATHUX YHCEN
KIJTFOUOBOTO CTOBITYMKA 1 BUOMPAEMO cepell HUX MEHIIIE.

6. Ha mepeTtnni KII0YOBOTO psijika 1 KIFOYOBOTO CTOBIIIS MAEMO KIIOUOGUIL
enemenm.

7.  3amicTb 0a3UCHOI HEBIAOMOi KJIOYOBOIO psiIKa BBOJUMO HOBY Oa3UCHY
HEBI1JIOMY - HEB1JIOMY KJIFOYOBOT'O CTOBITUHKA.

8. Jlns 3amOBHEHHS KJIIOYOBOTO psAKA JIJIMMO BCl BIAMOBIAHI €IEMEHTH HA
KJIFOUOBHUH €JIEMEHT 1 PO3MIIIyEMO Ha CBOIX MICISIX Y HOBiM Tabmwmii. Lle# psmok
JUTSI HOBOI TaOyuIl OyeMO Ha3UBATH €O0yHUM.

9.  Bcl iH1I1 psAAKY 3a10BHIOEMO 3a MeTo1oM JKopaana-I'aycca

a) 3HAXOJIMMO PAMOK, SIKUM OyJeMO 3allOBHIOBATH y TMOMNEpeaHid TalOmumi i
MO03HAYAEMO B HbOMY YHCJIO KOJIMIIIHBOTO KIIFOUOBOT'O CTOBITYMKA;

0) MHOKMMO BCl 4Mclia KJIITHHOK MPOBIAHOTO PsiIKa HAa YUCIO, TPOTHIICKHE
710 TI03HAYEHOTO;

B) JI0JJA€EMO YHUCIIO PAJIKA, IO 3alOBHIOETHCS, MOMEPEIHBOT TAOIUII 10 YHUCEI
BIJIMOBIAHUX CTOBITYMKIB, YTBOPEHUX B 1.0), 1 PO3MIIIYEMO Ha CBOiX MICHAX Y
HOBIW TaOJIHIII.

10. IlepeBipsieMO HOBHUI OMOPHUH IJIaH HA ONTUMAJIbHICTh. SIKIIIO BiH HE OINTH-
MaJIbHUM, TO IOBEPTAEMOCH 0 IYHKTY 4, AKIIO — ONTHUMaJbHUN, TO BHUIKMCYEMO
OTPUMAaHUM PO3B’SA30K.

Po3rnsinemo npaBuia poOOTH 13 CUMILIEKC-TaOIUIIMU Ha IPUKJIIAIL.

[pukian 2. 3amavdy JiHIKHOTO MPOrpaMyBaHHS 3aJaHO Y BUTJIS1 TaOuUII



Buou cuposunu Buou npooyxyii 3anacu CHPOBUHH
S 2 1 224
S, 3 2 428
S 4 1 336
IIpudyTok 24 9

3HaNTH ONTUMATBLHUHN TIJIaH BUPOOHUIITBA.
Po3p’s3yBanns. [lo3HauMMO Xx; — MJ1aH BUITYCKY MEPIIOTO BUAY MPOAYKIIIT, X ;-

napyroi npoxaykiii. CkiageMo MaTreMaTHIHy MOJACIbh OTPUMAaHO1 3a7adl JIHIHHOTO
porpamMyBaHHS.
2x, +x, <224,
3x, +2x, <428,
4x, + x, <336; z =24x, + 9x, (max)
3BeneMo 1 10 cTaHgapTHOI (opMM BBIBIIM JOJATKOBI Oa3MCHI HEBIIOMI

X35 X4 Xs

2x, +x, + x5 =224,
3x, +2x, + x4 =428,
4x, + x, + x5 =336;

CkiazeMo CUMILIEKC — TaOJIUINI0 Ta MPOBEAEMO BC1 HEOOX1IHI MEPETBOPESHHS
3a aITOPUTMOM, OTIMCAaHUM BHIIIE.

Homep | Homep | basucui | Onopawmit
. . . , X X, X5 Xy Xs
1Tepau11 pr,Z[Ka HEB110M1 p03B 30K
0 z 0 24| -9 0 0 0
I 1 X5 224 2 3 3 0 0
2 X, 428 3 | 2 0 1 0
3 X5 336 @ | 1 0 0 1
0 z 2016 0 | -3¢ 0 0 6
I 1 X 56 0 1 1 0 1
o 2 2
2 X, 176 0] 5 0 1| .3
4 4
3 X 84 1 1 0 0 1
4 4
0 z 2352 0 0 6 0 3
11 1 X, 112 0 1 2 0 -1
2 X, 36 0 0 -2,5 1 0,5
3 X 56 1 0 -0,5 0 0,5




3aysaoicenns. ba3ucH1 CTOBIMUMKY 3aITOBHIOIOTHCS (DOPMATBHO 1 TIOKH IO IS
aHai3y 3a7a4l HE BUKOPUCTOBYIOThCS. TOMYy MOXHa 3allOBHIOBATU TabuIll 1 6€3
CTOBIMYMKIB 0a3UCHUX HeB1IOMUX. Taki TabNuIll HA3UBAIOTh Pe0yKOBAHUM.

3 ocTaHHBO1 TabJIULI BUMIMCYEMO ONTUMAJIbHUN TIJIaH
X, =(56,112,0,36,0) z_ . =2352
3 eKOHOMIYHOT TOUKH 30py LI€ O3HAYa€, U0 ONTUMAJIBHOTO TUIAHY MH JOCST-
HEMO MpU BUIYCKY 56 oauHUIb Tepmioi mpoaykiii 1 112 oxuHuIs Opyroi
TIPOTYKITii.



Jlexuist Ne4,
JBoiCcTiCTh B JIIHIHHOMY NPOrpaMmyBaHHI

Il1an
1. TToHATTS Mpo B3aEMHO ABOICTI 3aa4i.
2. 3aranbHi NpaBuia CKJIaJaHHs IBOICTUX 3aja4.
3. 3B’SI30K Mk ONTUMaJILHUMH PO3B’I3KaMH JIBOICTHX 3aj1a4.

1. BuxkopuctoByroun koeilieHTH 3a7ayl JIHIHHOTO IpOorpaMyBaHHS MOKHA
CKJIACTH IIe OJHY 3a/Jady JIHIHHOTO MpOorpaMyBaHHS, SKa HA3WBAETHCS JTBOICTOIO
JI0 3aJaHOI.

O3nauennn 1. /[6i 3a0aui niHitiHO20 NPOCPAMYBAHHS HASUBAIOMbCS 83ACMHO
ogoicmumu, AKU0 GUKOHYIOMbCA MAKL YMOBU:

1)  mampuyi cucmemu obmedcenb 000X 3a0au € MPAHCHOHOBAHUMU, OOHA
8IOHOCHO OpY20i;

2) cucmema obmediceHb CKIAOAEMbCA 3 HepiGHOCMel, 5KI 8 000X 3a0ayax
HanpsmieHi y npomuiedcHi OoKu;

3)  Koegiyichmu onmumizyrouoi opmu 00HI€i 3a0aui € BIIbHUMU UYNeHAMU
cucmemu obmedcensb Opy20i i Ha8naKu;

4)  opmu 6 060x 3a0auax onmMuMizyIOMbCs NPOMULEHCHO (0OHA HA MAKCU-
MYM, Opy2a — Ha MIHIMYM,).

B 3aranpHOMY BUTIQIKy TIpHIIalaMy B3a€EMHO JIBOICTHX 3aj1ad € 3ama4i M Tta m.

3amaua M:

anx; +anx, +...+a;x, <b,

Ay Xy + Ay Xy + ..+ Ay X, by,

A, X, +a,Xx, +...+ay,x, <b,,

x;20,(j=12,..,k). 2)
3amaua m:

z°=by+ by, +b,y, +..+ by, (min) 3)



apy, +a,y, +..+ayy, ¢,

ApYy +apY, Tt any, 2¢,,

auyy tayy, +..tayy,2c,
Y, 20,(j=12,...,9).

4

YMOBU O3HAYEHHS BUKOHYIOTHCS aBTOMATHYHO. Hampukiaa, o4eBUIHO, IO
MaTpPHIIS CUCTEMH OOMEXEHb MepIIOoi 3a7a4l € TPAHCIIOHOBAHOKO 10 MaTPHIIl CHUC-
TeMU 0OMEKEHb JIPYToi 3a7a4i.

[Tepmy 3 mux 3JII1 Ha3uBarOTh BUXITHOIO 3aayero, APYry — ABOICTOIO JIO
BUX1/HOI. 3ayBa)kuMO, 110 JABOICTOIO 33Jaueio J0 ABOICTOi Oy/ie 3HOB BHXIJHA 3a-
naya.

ExoHOMIYHY CyTh JBOICTHX 3aJa4 MOXKHA MOSICHUTH Ha MPUKIAJII 3a4a4l Ipo
pecypcu. BuxinHow Oyne 3amada: opearizysamu 6unyck npooykyii max, woo eu-
KOPUCMOBYIOUU HAAGHI pecypcu OmpumMamu HauoOiibuul (MaKCUMAibHUl) npuoy-
mok. JIBOICTOIO JI0 HEI: AK0I0 Mae Oymu yiHa KOHCHO20 pecypcy, wWob npu 3a0aHux
3anacax ma npudymkax 6i0 0OuHuyi npooyKyii 3azanvHi eumpamu 0Yau HatiMeH-
wumMu (MIHIMATLHUMU).

2. 3po3ymisio, 1m0 JJIs KOKHOI 3a/1a4l JIHIHHOTO MporpaMyBaHHS MOKHA TI0-
oynyBatu nBoicty, 60 3JIII 3aBkau 3BOIUTHCS O APYroi CTaHAApTHOI (hopMmuU
(3JII1 3 OH). Copmynroemo mpaBuJia nody10BU ABOICTOI 3a1a4i:

Ilepesipka ymos:

1) B ycix OOMEXEHHSX BUIbHI YJIEHH MICTIThCSA CIpaBa, EJIEMEHTH 3
HEB1JOMHMH — 3J11Ba;

2) Bci OOMEXEHHS HEpIBHOCTI BHUXITHOI 3ajadl 3amucaHl Tak, IO 3HAKH
CHpsIMOBaH1 B OJUH OIK (SIKILO L€ HE TaK, TO MOTPIOHO NEPEMHOKUTU OOMEKEHHS
Ha -1);

3) 3aranbHUM 3HaK HEPIBHOCTEW MOB’SI3aHUN 3 ONTHUMI3all€l0 (GOPMH HACTYM-
HUM YUHOM:

"<"=> max  "2"=min,

Ilob6yoosa 0soicmoi 3a0aui:

1) Koxnomy 0OMEKEHHIO BHXITHOT 3a/a4i BIJIMTOBIA€ HEBlIOMA Yi y JIBOICTIN
3a/1a4i, MPUYOMY JBOiCTa HEBIJIOMA, IO BIAMOBIAaE OOMEKEHHIO HEPIBHOCTI, Ma€
OyTH HEB1 €MHOIO, @ PIBHOCTI - JJOBUIBHOTO 3HAKY.

- .. X . o : .
2) Koxuiii HeBioMid ~/ 1BOICTOI 3ajmayi BIAMOBIAa€ OOMEXEHHS JIBOICTOI.

. .. a..
BynyroTecst 111 OOMEXEHHS Tak: MEPEMHOXKYIOTbCA Koe(ilieHTH 7, 10 CTOSATh



npu J ma BimgmoBimHi gBoicTi HeBimomi i, Pesynpratn  MHOXEHHS

M1JICYMOBYIOTBCSL 1 PO3MIIIYIOTHCS B JIIBIM YacTUHI OOMEXKEHHs, a B MpaBiil —

KOeQIIieHT € , TIpH Yip ONTUMI3YI0Uil (hOpMi.

3) B ycix oOMexeHHsIX ABOICTOI 3ajadi CTaBUMO OJWH 1 TOM caMHil 3HaK
HEPIBHOCTI, MPOTWICKHUN JI0 3arajiIbHOTO 3HAaKa HEPIBHOCTI CUCTEMH OOMEKEHb
BUXIJIHOI 3a/1au4i.

4) ®opMy [BOICTOI 3a7adi ONTHUMI3YEMO MPOTUIEKHO A0 (OpPMH BUXITHOL
3ajadl.

5) Koedimientu npu ABOICTUX HEBIAOMHUX Y (HOPMIi € BUIBHUMHU WICHAMH CHC-
TeMu 0OMeXKeHb BUXimHOT 3a1adi. BinbHuii wren €0 gpopmu BuXimHOI 3amaui mepe-
HOCUTBCS Y (popMy ABOICTOI 3a/1a4i 0€3 3MiH.

[Tpuknax. [ToGynyBatu aBoicTy 3aaady 1o 3aganoi 3JII1:
V=Y, —2y32-2,
=3ty + 353,
y;20.

z=-10y, +4y, +5y,  (max)

Po3B’s3yBaHHs. 3aMiHUMO 3HaK B MEpIIiil HEPIBHOCTI JAJIs 3BEACHHS 0 CTaH-

JAPTHOTO BUIISLY, TS LIBOTO JOMHOXHUMO #ioro Ha (-1)
=Yty +2y; <2,
=3y +y, +y; <3,
y;20.

OOMeXEeHHsIM CTaBUMO Y BIAMOBIIHICTh JBOICTI HEBiJOMI Yo X

1 Oymyemo
JBOICTY 3aJ1a4y:

- x; —3x, 2-10,

X, +x, 24,

2x, +x, 25,

x;, 20,x, 0.

z=2x, +3x, (min).
3aysarxcenna. fxwo cucmema obmedceHb Mae 0OMed’CeHHs PIBHOCMI, MO
0goicma 3adaya 00 no6y008anoi 080icmoi 8xce He 6y0e MaKow 5K UXIOHA.



3. 3B’A30K BHUXIJHOI 1 IBOICTOT 3a71a4 OOYMOBJICHHI THM, 1110 PO3B’ 30K OJIHOI
3 HHMX MOXHa J00yTHM Oe3mocepelHb0 3 po3B’s3Ky apyroi. s wmporo
BUKOPUCTOBYEMO TaKi BaXKJIUB1 TBEPKEHHS.

Teopema 1. SIKIo y 1BOICTHX 327a4aX OJHA 3 HUX MA€ PO3B’SA30K, TO Oyae
iCHyBaTH poO3B’SI30K I JJI APYroi 3ajavi, a ONTHUMAJIbHI 3HAYEHHS NPH I[bOMY

30iraloThbCcsd, TOOTO Z_ = Z min.

max

Teopema 2. [last Toro, mod6 x i y° OyJad ONTHMAJIBLHUMH PO3B’sI3KAMM

3aga4 M i m BiAnoBiHO, HEOOXITHO I 10CTATHBLO, 00 BUKOHYBAJINCH YMOBH:
k k
yi|2a,x,=b |=05  y|Xax; —b |=0.
j=1 j=1

3 TeopeMu 2 BWIUIMBA€E, MO KOJIM OOMEXKEHHs 3aadl Ha ONTUMAIbLHOMY
PO3B’SI3Ky HE NEPETBOPIOIOTHCS HAa TOYHY PIBHICTH, TO BIAMOBIIHA HEB1JOMAa OIl-
TUMAJIBHOTO PO3B’ 3Ky 000B’A3KOBO JOPIBHIOE HYIIIO.

[li Teopemu nalOTh 3MOTY 3a pO3B’SI3KOM OJHOI 3ajadl 3pa3y 3HaWTU
PO3B’SI30K JIpyroi, ABOICTOI A0 Hei. Po3risiHeMo mpukiaj 3 MonepeaHbOro MuTaH-
Hi. SKIIo B mepimoMy oOMEeXeHl IUIIXOM MHOXKEHHS Ha (-1) MOMIHSATH 3HAKU Ha
OPOTHIIEKHI, TO OTPUMAEMO 3a7ady JIHIHHOTO TpOorpaMmyBaHHs, IO
nociipKyBanack rpadgigauM metonoM B Jlekmii Nel. Tam ke Mu mokaszaiu, 110

Zinin =8 B toutli (4; 0). OTxke, Z max =8 i Buxignoi 3amaui. Ipu mizCTaHOBLI
p

KOOpJIMHAT B pIBHOCTI CHUCTEMU OOMEXEeHb, OauyumMo, IO TUIBKK JIpyre

TepeTBOPIOETHCS B HyJlb, TOMy 1~ V3 = 0 », 3HaXOJUMO 3 PIBHOCTI
8=4y,; ¥y, =2

OTtxe, po3B’s130K BuXiaHOI 3a7a4i (0; 2; 0).



Jlexumist NeS.
MeToa mITy4HOro 0asucy

ILnan
1. IToHATTS PO METOJ ITYYHOTO Oa3uCy.
2. JIBOICTHI CUMILJIEKCHUN METO]I.

1. Bubip mnovarkoBoi KaHOHIYHOI (opMH [ae 3MOry (¢opMali3zyBaTH
BIJIIYKAaHHS ONTHMAaJIbHOTO PO3B’SI3Ky 3a cuMILIeKc-Tabausamu. Kanoniuna gop-
Ma 3aj]1a4l Jerko OyIyeThbCs, KOJU cucTeMa 0OMeXeHb BUTIISIIAE TakK, sIK 1e O0ylo B
3a]1a4i PO BUKOPUCTAHHSI PECYPCIB:

Z;’.zlaijxj <b;,, b,>0, (i=1.2,..,m).

[Ipu Takomy THITI OOMEXEHb BBEJICHI JOAATKOBI HEBIIOMI HaJaBaJIM CHCTEMI
oomexxenb (a 3 Heto 1 O3JII 3 OP) xaHoHiuHOi dopmu. 3 1HIIOrO OOKY, Taka
CTPYKTypa OOMEKEeHb HE OXOILIIOE BCIX MOXIJIMBUX BHITQJIKIB, 110 TPAIUISIOTHCS B
JIHIMHUX onTUMi3aliitHux moaensx. Kpim toro, € Taki 3amaui, siki B3arajii He Ma-
I0Th YKOJIHOTO JOMYCTUMOTO Tany. Hanpukian, 3agada

X, +x, +x;=2,
X, —3x, —x, =3,
X, 20 (j=12,..4),
(max)z =2x, +x,
Mae 0a3UCHI PO3B’SI3KU
W =(0,0,2,-3), x? =(2,0,0,-1), x'¥ = (9/4,-1/4,0,0),
¥ =(0,-1,3,0), ¥ =(3,0,-1,0), x' =(0,2,0,-9),
KOJKEH 3 IKUX He € onopHUM. OUeBUIHO, III0 BOHA HE MAa€ PO3B’sA3KYy. TOMy po3r-
JITHEMO JIeKl METOJHU, SIK1 JIal0Th 3MOTY 3’SICyBaTH, Y4 Ma€ CHUCTeMa OOMEKEHb
JOMYCTHMI IIJIAHU YH Hi, 1 BKa3YIOTh LIJISXH iX MOMIIYKY.
Hexaii O3JII1 3 OP

a; X, +...+a;,x, = b1,

X +..+a,,x, =b

m,

(Xp5eeen X, 20,
(max)z =c¢, +c¢x, +...+¢,x,
3aIlMcaHa Tak, 10 BCl BUIbHI wieHu b, > 0(i =1,2,...,n). Llporo 3aBxam MOXXHa J1OCAT-

TH, IOMHOKHBIIIH, SIKIIO 11€ TpeOa, pIBHSAHHS 3 BiJl' €MHUM BUJILHUM YICHOM Ha —1.



[Ilo6 micTaT OJWHUYHY MATPUIlIO MPU OA3UCHUX HEBiAOMHX, (HOPMAILHO JI0

JiBOi  YaCTUHU  KOXXHOTO  PIBHSHHSA  JOJA€EMO 1O  OAHIA  HEBIJIOMIM

> 0(i = : :
w; 200 =12,....m), g OylneMo Ha3uWBaTH WITY4YHUMHU. B pesyrnbTaTi cuctema o0-

MeXEeHb Ha0yBa€ BUTIIALY

a; x, +...+a,x, +w, =b,

Apy X +...ta,,x, +w, =b

m?

Xyseens X, 2 0,wp,.,w,, 20,

(D
o el nomaemo mry4yny Gopmy

(mln)f =W t..tw,. (2)

3amaya (1), (2) € 3amayero JNIHIAHOrO MPOTpaMyBaHHA, SIKAa 3alKCaHa y Maibxe

KaHOHIYHIA (opmi BIAHOCHO Oa3UCHUX HEBIIOMHUX W,,...,W, . 3QIHUIIAETHCS Y

dopmi  (2) 13 cucremMu oOMmexeHb (1) 3ammcaru w,(i=1,...,m) 4Yepe3 BLIbHI

HeBimomi F1orotn-

O3nauenna 1. Cucmemy obmedicenb 6yoemo Hazusamu CyMicHOI0 8 obacmi
HeGl0 'eEMHUX 3HAUeHb, IKUWO BOHA MAE X04a 6 00UH OONYCMUMULL PO38 S30K.

CrpaBelyTMBUM € TaKU KPUTEPi CYMICHOCTI CUCTEMHU OOMEXKEHb B 00JacTi
HEB1I €MHHUX 3HAYECHB.

Teopema 1. /It Toro mod cucrema ooMekeHb 0yJjia CyMICHOIO B 00J1aCTi
HEBi/I’€MHUX 3HAYE€Hb, HEOOXITHO i JOCTATHBLO, 00 Ha po3B’s3kax (1)

fmin =0 .
3 TeopemMH BUILIMBAE TAaKUW HACTIIOK.
Hacniook 1. Axwo onmumanvruii niau 3aoaui (1)-(2) micmums xoua 6 00Hy

wmyuny nesioomy i

, MO BUXIOHA 3a0aya He MAE PO38 A3KY, OCKIIbKU BOHA He €
CYMICHOI0 8 001aCMi HeBl0 'EMHUX 3HAUEHb.

Teopema 1 gae mpakTuyHO KpiM (haKkTy ICHYBaHHS JAOMYCTUMOTO IUIaHYy 1 Me-
TOJ MOTO BIANIYKaHHA. 3a3BUYaid, 3HAWJICHUN JAOMYCTUMUH TIJIaH € 3aBXKIU OIOp-
HuM. Ha npukiiajai po3riisitHeMO METOJMKY TMOUIYKY OIMOPHOro IUIaHy 3a METOJA0M

HITYYHOrO 0a3ucy.

[Mpuknax 1. 3naiiTi po3B’A30K 3a7a4i JIIHIHHOTO MPOTPaMyBaHHS:
3x, +x, + x5 +x, =16,

Xy peesXg 2 0.



Po3B’s3yBanHs. BBoguMO ITYy4H1 HEBIJIOMI Wi w,

4x, —2x, + x5 +3x, +w, =18,

3x, +x, =x; +x, +w, =16,

X geees Xg, Wy, Wy 20

3)
mTy4Hy Gopmy
f=w +w, =34—-(Tx; —x, +3x; +4x,)
1 3aMTOBHIOEMO MTOYATKOBY TaOJIHIIIO
Howmep Homep | basucHhi OnopHuit X, X, X5 x,
iTepartii psAlKa | HEBIJIOMI PO3B’ 30K
0 A 34 7 -1 3 4
I 1 W, 18 4 -2 3
2 w 16 3 1 2 1
3 z 0 -2 1 -3 1

3po0OuMO JeKiJIbKa 3ayBaXKEHb:

3ayeaxncennss 1. 11]o6 3HaliTH omopHui maH, Tpeba MepeBeCTH MITYYHI

HEB1JIOMi 3 0a3UCHUX Yy BUIbHI. 3 I[I€I0 METOI Y METOJll IITYYHOTO Oa3zucy

BUKOPUCTOBYEMO PEIyKOBaHI TaOJIUIIl, OCKIIBKU TICHS MEePEX0y Y BUIbHI MITYYHI

HEB1JIOMI1 HacC BxKe He Oy/ie IIKaBUTH.

3ayeancenns 2. HynboBuil psiiok (pSI0K OIIHOK) 3aMTOBHIOEMO 32 IITYYHOIO

dbopmoro. Moro moxkna npictatu (HopMaabHUM JOJABaHHSM YHCEN BIAMOBITHUX

CTOBITYMKIB CUCTEMU OOMEKEHD.

3ayeaoscennss 3. Jlns Toro moO y KIHIEBOMY IMiJICYMKY OCHOBHAa ONTHUMI3ylOua

dbopma Takoxk Oyna BUpaKeHA yepe3 BIIbHI HEBIJIOMI, MU 1 BIIBOJAMMO OCTaHHIN

PAIOK y TaOJIMIIl 1 BUKOHYEMO 3 HUM IIi caMi MEPETBOPEHHS, 1O 1 3 1HILIUMHU PSA-

KaMU.
Homep Homep bazuchi OnopHuit X, X, X, x,
iTeparii pAnKa HEBIIOMI IUTaH
0 S 34 7 -1 2 4
I 1 w, 18 (4) -2 1 3
2 w, 16 3 1 2 1
3 v/ 0 -2 1 -3 1




0 f 5/2 0 | 52 | 54 | -54
I 1 X, 9/2 1 | <12 | 14 | 34
2 W, 5/2 0 | (52) | 5/4 | -5/4
3 z 9 0 0 52 | 52
0 / 0 0 0 0 0
1 1 X, 5 1 0 1/2 v
2 X, 1 0 1 12 | -112
3 z 9 0 0 52 | 52

VY HyJIBOBOMY pAJIKY APYTOI iTepallii HeMae BxKe TOAATHUX YHCEN, TOMY TUIaH

X" =(5,1,0,0,0,0) ¢ ontumansauM a1 3aga4i (3), a man X=(5,1,0,0) - onopaum
JUIs BUXigHOT 3amadi. Temep po3B’sa3yemMo BHXINHY 3amady. Bummcyemo 1ie pas
TaOJIMIIIO JpYToi ITepallii, e y HyJIbOBOMY PSAIAKY OyAyTh eleMeHTH ¢popmu z (3-i

psinok Tabnui). PesynpTaT onepariii mogaHi y HOBIH TaOJIHIII.

Homep Howmep bazuchi OnopHuit X, X, X, X,
iTepartii psanKa HEBIIOM1 | IUIaH
0 z 0 0 -5/2 52
I 1 X, 5 1 0 1/2 1/2
2 x, 0 1 (172) | -1/2
0 z 14 0 5 0 0
11 1 X, 4 1 -1 0 1
2 X, 2 0 2 1 -1

[lnan X =(4,0,2,0) € ontumansuum, z,_ =14,

3aysaocicennss 4. MetomoM IITydyHOro ©OasWcy MOxHa okpemo (0e3
ONTHMI3yI0Uuoi (OpMH) AOCHIIKYBATH CHCTEMY OOMEXEHb Ha CYMICHICTh B
o0J1acTi HeBiJl'€MHHUX 3Ha4YeHb. L{e MoIiapHO POOUTH B TUX BUIIAJIKAX, KOJIH € JIESKI
03HAaKH TOTO, [0 CUCTEMa 0OMEKEHb HE MOXKE MAaTH JIOIYCTUMUX ILIaHIB.

2. Po3rissHEMO  METOJN  3HAXOJ[KCHHS IJIaHIB, B

ONIOPHUX AKOMY

BUKOPHUCTOBYETHCS TOHATTSA JBOIiCTOCTI. SKkmio (opmanbHO 3allOBHUTH 3a
KaHOHIYHOIO ()OPMOIO CUMIUIEKC-TA0IMIll, TO BUIHO, IO CTOBITYUKM OJHIE] CTa-
HYTh PSJAKaMH JABOICTOI 1 HaBmaku. ToMy HeMae MOTPeOU OKPEMO PO3B’s3yBaTH
BUXIJHY 3a/1auy, & OKPEMO - JIBOIiCTY, OCKUIBKH PO3B’SI30K 000X MOKHA 3HAWTH 3a
OJHHMH ¥ TUMHM CAaMHUMU TaOJHIIMU, TIaM’ ITAI0YH, 110 HEBIAOMHM OJIHI€T TaOIHII
BIJIMOBI1AAIOTh CTOBITYMKH, & HEBIJJOMUM JPYTOI - PSIIKH.

Crio4yatky po3TJISTHEMO, SIK MOXHA BUKOPUCTATH TOHSATTS JABOICTOCTI JIJIs 3BE-
JICHHS BHIXIJIHOT 3a/a4yl 0 KaHOHIYHOi (OpMH, OCKUIbKH, MAIO4Yd 3arajibHUN

PO3B’A30K, 3aBKIM MOKHA M030yTHCA 0a3UCHUX HEB1IOMUX y (opmi. Tomy Mu He




OyzemMo 3BepTaTu yBaru Ha psAOK ONMTUMI3y04uoi (P OpMH JOTH, JOKU HE JICTAHEMO
OTIOPHOTO TUTaHY.

Omxe, Mu MaeMo 0asWc 3ajadi 1 B HbOMY JCsKI TUTaHW He Bix’eMHi. Tomi Ti
0a3uCHI HEB1JIOMI, 1110 MAaIOTh HE BiJI'€MHI IJIaHU, MalOTh OyTU BUKIIIOUEHI 3 Oa3uUCy.

) ) . <
[Ipumyctumo, 1110 HEBiTOMA Yk Mae Bix eMHUI TUIAH ('B k= O). Posrisguemo k-

i psok. SIKII0 B HbOMY BC1 YHCIia JOJATHI (32 BUHATKOM B k), TO JIBOiCTa 3aj]1aya,
a pa3oM 3 Helo 1 BUXiJIHA, HE MalOTh PO3B’ 3Ky Yepe3 HEOOMEKEHICTh (POpPMH.
VY iHmOMY BUNAAKYy BUAUISAEMO CTOBIYMKH, B SIKUX YHCIA K-TO TOPSAKY

p.

BII’€MHI. Y KOXXHOMY 3 BHUJUICHUX CTOBITYMKIB CKJIAJAa€MO BIHOIICHHS —- 3a
¢

NPUHIUAIIOM: JIOJATHI 1O JOJATHUX, BIJ €MHI JO BIJ €MHUX, 1 3 HaWMEHIIHMX

BIJIHOIIIEHh BHOMpPAEMO KIIFOYOBI eleMeHTH. [lo3HaunMoO HaliMeHII BiTHOIICHHS

ALA, ...,

CTOBIYHKIB Yepe3 a yucja HyJIbOBOTO PSKA BIAMOBITHUX CTOBITYUKIB-

aepes 0105

BBenemo 10 0a3uCHUX BUIbHY HEBIIOMY, JUIS SIKOi (TIpH MakcuMizalii popmHu)

1<i<n
Takuii BUOIp BUIBHOI HEBIJOMOI MOXXHA TOSICHUTH THUM, II0 B KaHOHIYHIHN
3aJa4l B ONTUMI3YIOUll ¢opMi MaeMo uucio —@.. Uum OuibliuM BoHO Oyne, TUM
OutbIMM Oyie 3HaYeHHs POPMHU NPH 3MIHI X, .
3aysaoicenns 5. Ilpu HeBenuKkii po3MipHOCTI 3amadl GopMmyinow (4) MoxHa
HEXTYBATH, 3a KIIFOUOBHIA MOKHA B3ATH OYJIb-SKHI CTOBMYUK 3 BiJl’EMHUM YUCIIOM
y k-my psanky . Uucno itepaiiii mpu 1i-oMy MaiKe He 3MIHIOEThCA.
Hpuknan 2. Po3s’s3atu 3JII1
X, +x, <12,
X, +5x, 25,
X;,%, 20,
(max)z =2x, +X,.

Po3B’a3yBaHHs.

1. TlomHOXHMMO Apyry HEpiBHICTH Ha (-1) 1 3amuimemMo 3amady y TepIrii
CTaHIapTHIN popmi
X, +x, +x; =12,
Xy peesXyq 20,

(max)z =2x, +Xx,.



2.

dopMalIbHO 3aIIOBHIOEMO CHMILICKC-TA0IHUITI0 1 BUILIIEMO PSIAOK 3 Hak-

MEHIIUM (B1J’ €MHUM) TIJIAHOM.

Howmep Howmep basucHi Onopuuit | x X, X, X,
iTepartii psaaKa HEBIIOM1 | IUIaH
0 z 0 2 -4 0 0
I 1 X, 12 1 1 1 0
2 Xy -5 -1 -5 0 1
3. Bubupaemo BiIbHY HEBIIOMY MJI Tepexoay B 0Oa3WCHI HEBIJIOMI.

Maemo aBa Bix’€MHI uncia: -1 y CTOBIYUKY X, 1—5 y CTOBIUHKY X, :

3a mpaBuiIaMu pOOOTH 13 CUMILIEKC-TA0IUIIMU MAaEMO

A, = rnin(g,_—5
1’ —
A, = min(%,_—s

J-5. 02

=1, 6, =-1,
5) 2

min{A,6, } = min{5x 2;1 x (~1)} = —1.

Otxe, 6a3ucHoIO Oyze x, 3aMiCTh X, : —5 — KIIFOUOBUH €JIEMEHT.

Homep Homep bazuchi Onopauit | x, X, X, X,
iTeparii panka HEBIIOMI1 | IUIaH
0 z 1 1 0 0 -1
I 5
4 1
1 Xy 11 5 0 1 5
1 _1
2 X, 1 5 1 0 5

[Tomigaemo, 110 MJIaH € OTMOPHUM, TOMY PO3B’SI3yEMO 3a7a4y 3a 3BUYAHHUM CHM-

IIICKC-METOAO0M.

Homep Howmep basucui | OnopHuii
. . . X 1 X 2 X 3 X 4
iTeparii psnKa HEeBigOMi IJ1aH
11 1y
| 0 z 1 5 0 0 5
4 1
X —_ =
1 SN 11 5 0 1 ( s )
1 _1
2 X, 1 5 1 0 5




0 z 12 1 0 5 0
i 5

1 X, 55 4 0 5 1

2 X, 12 1 1 1 0

OnTuManbHUHN TJIaH BUIUIABAE 3 OCTAHHBOI CI/IMHJICKC-T36J'II/II_Ii:
x =(0,12,0,55),z. =12.

onm max

Bubip x, AK KII0YOBOI0O CTOBIIYMKA 30UIbIIYE MTPOLIEC HA OHY ITEPALIIIO.

Sxbu apyra itepariisi He JaBajia OIMIOPHOIO IUIaHy, TO Iporec Tpeda Oyino 6
MOBTOPIOBATH JIOTH, NOKH HE 3700yZeMO OMOpHOTO IulaHy. [3 amroputmy
BUILJIUBAE, 110 LIeW METOJ AOLULUIBHO 3aCTOCOBYBATH TOJll, KOJIM OOMEKEHHS 3a/1ayl
MICTSITh HEPIBHOCTI pI3HHMX 3HaKiB a00 BHOpaHUil 0a3uc HE 1a€ OTMIOPHOTO IUIaHy.

[Ipy BiamykaHHl ONMOPHUX IUIAHIB Ha 4YHCIA ONTHUMI3ylouoi (HopMU MpHU
BHOOPI1 KIIFOYOBOTO €JIEMEHTa MOKHA He 3Beptatu yBaru. lleit dgakrt mae 3mory 3a
OJIHY ITepallif0 3HANTH ONMOpPHUU IUIaH 3aj1adi, B Oa3uci SKOi BCl IUIaHH €
Bim’eMHUMU. JlOCHTH BHOpaTH KIIOYOBUN €JIEMEHT HE 3 HaWMEHIIOTro, a 3
HaWOLIBIIOTO BIAHOMICHHS 1 BUKOHATH 3BUYalHI CUMIUIEKC IEPETBOPECHHS.

Po3B’s13ku BUXiAHOT Ta ABOICTOI 3aa4 MOYKHA BHITHCATH 32 OJHIEIO 1 TIEIO ca-
MOIO ONTUMAIbHOIO TabnuIel0. Y HaWMNpOCTIIIOMY BHUIAJKY, KOJIM BUXIAHA MO-
JieIb Ma€e IpyTy ctanaaptHy Gopmy (Ax < b), sk 11e Mae MicIie B 3a7a4l PO BUKO-
PUCTaHHS PECypCiB, MBOICTUN ONTUMAJILHUNA PO3B’SI30K BUIIUCYEMO 33 HYJIHOBUM
PSAJIKOM CTOBITYUKIB JJOJAATKOBUX HEBIJOMUX.




Jlekmist Ne6.
MaremaTudHa MojieJib TPAHCIIOPTHOI 3a1a4i

ILnan
1. TTocTaHOBKa TpaHCTIOPTHOI 3aadi.
2. Metoau nmoOy10BH MEPIIOTO OMOPHOTO IJIaHy TPAHCIIOPTHOI 3a7adi.

3. TpancnopTHa 3a7a4a 3 HEPABUILHUM OaJIaHCOM.

1. eski 3amadi JIHIAHOTO MpOrpamMyBaHHsI, JO SKUX 3BOASATHCA MPAKTUYHI
MOJIEJIl YTPaBIiHHA Ta IJIaHYBaHHS MalOTh OCOOJIMBY CTPYKTYPY CBOIX CHCTEM
0oOMEXeHb 1 MOXYTh PO3B’SI3yBaTUCh 0€3 CKJIAaJlaHHS 3arajibHOi CUMIUIEKC —
tabymi. Cnenudika ix Mmoisirac B TOMy, 0 B KOXKHOMY PSIKY TaOJIUIIl JIUIIE He-
BeJIMKa KUTBKICTh €JIEMEHTIB Oy/ie BIIMIHHOO BiJ HYJIS 4M 1HIIUX (IKCOBAaHMX CTa-
X,

OcoOmmBa ¢dopma cucTeMH OOMEXKEHb TiAKa3ye IUISXU CTBOPCHHS
CHeIiaJbHUX METOMAIB PO3B’SI3yBaHHS, Ui SKUX HEMa€ aHAJIOTIB cepel 3aaad
JiHIMHOTO MporpamyBaHHs. [Ipu 11bOMY BENHMKY poib Bifirpae 1 Gi3uyHuii (peaib-
HUM) 3MiCT TakuX 3aaad. [1{omo mporpaMmyBaHHs TakuX 3a7ad, TO BiA3HAYMMO, 1110
BOHU BHMAararOTh MEHIIOI0 00’eMy OmNepaTHUBHOI maM’sATi (MEHIIOK € HeoOXiTHa
KUTBKICTh KOMIPOK) T4 BUKOHYIOTHCS 13 €KOHOMIEIO0 MAIIIMHHOTO Yacy.

Cepen crienianbHUX 3a/1a4 HA MPAKTHUIIl HalYacTille 3aCTOCOBYEThCS TaK 3Ba-
Ha mpancnopmua 3adaua Ta ii pisHOMaHITHI Moaudikamuii. Kimacuuna tpancnopt-
Ha 3aJaya BUMara€ TOIIyKy HaWOUIbII EKOHOMHOIO IUJIaHy IepeBe3eHb
OJTHOPITHOTO MPOAYKTY (UM B3a€MO3aMiHHMX MPOMYKTIB) 3 MYHKTIB BHPOOHUIITBA
gy 30epiranus (padpuku, cTaHIlli, CKJIaJX TOIIO) 10 MYyHKTIB CIIOKMBAaHHS (Mara-
3WHH, KIOCKW TIPU3HAYEHHS 1 T.1.). EQEKTUBHICTh OTO OIIHIOETHCS 32 KPUTEPIEM
HaWMEHIIO1 BapTOCTI MEPEBE3CHHs. 3 EKOHOMIYHOI TOYKH 30y 1€ MOKE OyTH, Ha-
NPUKJIaJ], HaMEHIIA KUIBKICTh BUTPAYEHOr0 OEH3HHY.

Hexaii Ha m myHkTax BianpaBieHHS A;, A, ..., A, 30CEPEHKEHO a;, ..., Ay
OJIMHHIIb JIESIKOTO OJHOPIAHOrO BaHTaxy. Lleil BaHTax HEOOXIJHO MEPEBE3TH B 1
MyHKTIB NpHU3HAaYeHHS B, ..., B,, 3 notpedamu, BIANOBIAHO, b;, ... ,b, OTUHUII.
BapricTe nepeBe3eHb 3 MyHKTY A; B IIyHKT B; BBAKA€THCSA CTAIOKO 1 BIIOMOIO, Ta
TI03HAYAETHCS C;;. 3pO3yMLIO, IO BCl BAPTOCTI NIEPEBE3EHb 3pYYHO OPraHi3yBaTH B
JIBOBUMIPHUN MAaCHB.

O3nauennsn 1. Tpancnopmua 3a0aua 015 sKOI 3a2anbHa cyma 3anacie Ha 6cix

NYHKMAX 8IONPAGIeHHs 0OPIGHIOE 3A2ANbHIll CYMI nompeb HA 8CIX NYHKMAX Npu-



m n
snauenns (Y, a, =y b,) Hazueacmvcsa MpaHCROPMHOIO 3a0auer0 3 NPAGUTLHUM
i=1 =

oanancom (a6o 3aKpumorw mpancnopmHow 3a0auero).
O3nauenns 2. Tpancnopmua 3a0aua 015 sIKOI 3a2anbHa CymMa 3anacie Ha 8cix
NYHKMAX 8i0NpasienHs He O0OPIBHIOE 3a2ANbHIll CyMI nomped HA 8CIX NYHKMAX Npu-
m "
3HauyeHHs1 ( NOPYULYEMBCIL YMOBA Zlal. = Z:‘b-/ ) Ha3Uu8aemMvCsi MPAHCROPMHON 3a-
= J=
oauero 3 HenPAaABUIAbLHUM OANAHCOM (A00 BIOKPUMOI0 MPAHCNOPHIHOIO 3A0aUel0).
Bci mani TpaHCOpPTHOT 3a71a4l 3aHOCATH B CICIiajibHy TaOJUIIO, sIKa Ha3UBa-
€THCSI MAMPUUEIO0 NEPECE3EHD:

[TynkTn [TyHKTH CIO’KMBaHHS 3anacu
BiAIIPaBIICHHSA B, o B; o B,
A] Cii Cyj Cin aj
Al‘ Cil Cjj Cin a;
A, Cmi Cmj Con a,,
[ToTpebu b; b; b,

OnTuManbHUM IJIaH TIEPEBE3€Hb Hamepel HEBIIOMHM, TOMY MO3HAYUMO
KIIBKICTh BAHTaXy, SIKY IIOTPIOHO IEPEBE3TH 3 MYHKTY A; B IIyHKT B; BETMYMHOIO

x;. Lle MoxHa 0()OpMHUTH y BUIIIAL1 1HIIOT TAOJIHLIL:

[TynkTn [IyHKTH CIOKMBaHHS 3anacu
BIANIPABIICHHS B . B; . B,
A] X1 X1j Xin a;
Al‘ Xi] Xij Xin a;
A, X1 Xmj Xpun a,,
[ToTpebu b; b; b,

Hanani, 3 MeTor0 €KOHOMIT 4acy Ta OLIbIIOT HATJISHOCTI, MM 3BOJIUTEMO ITi
TaOJIHII B OJTHY.

CkrnageMo MaTeMaTHYHY MOJCNIb 3 TaKuX MipKyBaHb. KiIbKICTh BaHTaxy,
SAKUI NOTPIOHO MEPEBE3TH IO MYHKTY B; 3 yCiX IyHKTIB BIIIPABIECHHS 3 OJHOIO




m
6oKy piBHa » X, , 3 iHmoro — b;. Tak sk 3arajpHa Cyma 3araciB piBHA 3arajbHiii
y
i=1

CyMi oTpeo, To

Z;xij =b, (=1, 2, ..., n). (1)
AHaJOT14HO, 3 KO)KHOTO MYHKTY BIJMIPaBICHHS BiJBAaHTAXEHO TaKy KUJIbKICTh BaH-
Taxy:

Sx, =a, (=12, ... m). )

Pazom m+n uepiBHOcTel cuctem (1) Ta (2) ckianarTh cUCTEMY OOMEKEHBb
TPAHCHIOPTHOT 3aj1a4i.

BapricTe nepeBe3eHHs BaHTaXy 3 IyHKTY A; B IIyHKT B; nopiBHIOE c;x;. 1100
3HAWTHU 3arajbHy BapTICTh MEPEBE3€Hb NMOTPIOHO MPOCYyMYyBaTH BapTOCTI IEpeBe-
3€Hb BCIX KJIITMHOK. TakuM YMHOM BHUMHILIEMO LUTHOBY (DYHKIIIO TPAHCIOPTHOI

3aja4l:

n

i C, X, (min). (3)

i=l j=1

z

MaTemMaTHYHO0 MOJICIUTIO TPAHCTIOPTHOI 3a/1a4i € HACTYITHE TBEPKEHHS: Ce-
peo ycix Hegio '€EMHUX p038 a3Kie cucmemu pisHsans (1) — (2) 3uavimu maxuil, npu
axomy Qyukyis (3) Habye8ae HAUMEHUO20 3HAUEHHS.

2. OcKUIbKM TpaHCHOPTHA 3ajJja4ya € 3/1a4Yelo JIHIKHOTO MporpaMyBaHHs, TO ii
MOKHA PO3B’SI3yBaTH 1 CUMIUIEKC — MeToaoM. [Ipote, depe3 mpocTy OyaoBY cHC-
TEMU OOMEXEHb 1€ METOJl 3HAYHO crpoluryeTbes. Lle BumHO Bke mnpu moOynoBi
MEPIIOTO OMOPHOTO IJIAHY.

Jiazonanvnuiit memoo mnonsrae y mociaiJJOBHOMY 3allOBHEHH1 KJIITHHOK MaT-
pHIIi TIepeBe3eHb, MOUYNHAIOYH 3 KyTOBOI, MOCIIIOBHO BUYEPITYIOUH 3allacy YH I0-
TpeOu. Yci KIITUHKY 3allOBHIOIOTHCS MIHIMAJIBHUM YHUCIIOM, IO € Ha TIEPETUHI Psi-
JIKa 3amaciB Ta cToBmsg motped. Lleir MeTon HaHOLIBIT MPUCTOCOBAHUM IS MPO-
rpaMyBaHHs HOT0 3 BUKOPHCTAHHAM NEPCOHATBHOrO KOMIT'IoTepa. Moro e Hasu-
BAIOTh MEeMOOOM NIBHIYHO — 3AXIOHO20 Kymd.

Memoo naiimenuwioi eapmocmi Noysirae B TOMy, 110 3alIOBHEHHS TOYMHAEMO
3 KJIITHHKH, SIKa Ma€ HailMEeHIly BapTiCTh NEPEBE3CHHS, B Hill IPOCTABISIEMO MiHi-
MajibHE 3HAYEHHsI 3 MEePEeTHHY 3amaciB Ta morped. Ilicas mporo BUOMpAETHCS Kili-
TUHKA 3 HAWMEHIIIUM 3HAYCHHSIM cepel THX, IO 3aJUIIIINCS 1 TaK TPUBAE 0 TIOB-
HOT'O 3alOBHEHHS. SIKIO 3amacu 4u MOTpeOu SKOTOCh MYHKTY BXKE BUUEPHAIUCH,



TO BapTO 3aHYJUTH T1 KIITUHKH, 10 II€ 3aJUIIMIACH HE3ANIOBHEHWMHU B PSJIKY
(cToBmIIl).

Memoo ocepeonenux Koeghiyiecnmie ronsrae B 00UHUCICHI CEPEIHIX BapTOC-
Tel PsIIKIB Ta CTOBIIIB MATPULIl TEpEBE3EHHS 32 (hOpMyJIaMu:

_Chteytete, :C1j+02j+'“+cmj

Ai > Chi
n m

c

[Ticns pOro OOYMCIIOEMO yCEpEeIHEHI KOSPIUIEHTH I KOXKHOI KIITUHKU 3a (o-
pMyJiaMu:
ky=c;—(c, +ch)

[ToTiM 3amOBHIOEMO MOCIIJIOBHO KJIITUHKH 3 HAaWMEHIIIMMH 3HAYCHHSIMU yCepe-
HeHuX koedimieHTiB. Lleit MeTon € HAWCKIATHIIIMM MpPU 3aCTOCYBaHHI, OJHAUe
OTPUMAaHU{ OITOPHUM IJIaH HAWKpPAIMMI CEPEN EPEPaxOBaHUX.

[puknan 1. [ToOyayBaTi niepiinii OMOPHUH TJIaH JUIsl TPAHCIIOPTHOT 3a/1a4i 3
MAaTpHIEI0 BAPTOCTI NEPEBE3EHD C;j, BEKTOPOM 3aI1acCliB d; Ta BEKTOPOM 1OTpeo by,

4 573
a,=(310 280 250);b,=(250 110 220 260);c,=|8 6 9 13
12 4 5 11

Posp’si3yBanHsa. be3mocepenHboi0 TMepeBIpKO0 TMEPEKOHYEMOCH, IO IIe

TpaHCIOPTHA 3aJlaya 3 MPaBUILHUM OaJlaHCOM.
1) 3amoBHUMO TaOIUITO TIaTOHATBHAUM METOJIOM:

[TynkTHn ITyHKTH CIO>KMBaHHS 3anacu
BiJITPaBIICHHS B, B, B; B4
A 4 5 7 3 310
250 60 0 0
A, 8 6 9 13 280
0 50 220 10
Aj 12 4 5 11 250
0 0 0 250
[ToTpedu 250 110 220 260

ITepepaxyemo 3HaYEHHS OIOPHOTO ILIAHY:
z=4-250+5-60+6-50+9-220+13-10+11-250=6460



2) BuKkopucTOBYHOYHM METO]] HAWMEHIIIO BAPTOCTI, OTPUMAEMO:

[TynkTn [IyHKTH CIO’KMBaHHS 3anacu
BI/IMPaBJICHHS B, B, B; B4
A, 4 5 7 3 310
50 0 0 260
A, 8 6 9 13 280
200 0 80 0
As 12 4 5 11 250
0 110 140 0
[Totpebu 250 110 220 260

[TepepaxyemMo 3HAUEHHSI OTIOPHOTO TUIAHY:

z=4-50+3-260+8-200+9-80+4-110+5-140=4440

3)

OJHH CTOBIICHb Tad PAJOYOK!:

Jns metony ocepeaHEHUX KOe(DIIieHTIB T00yayeMO B TaOJNMIN IIIe

[TynkTH IIyHKTH ClIO’KMBaHHS 3anacu Ca
BI/IMPABJICHHS B, B, B; B4
Ay 4 5 7 3 4,75
-8,75 -4,75 -4,75 -10,75 310
0 50 0 260
A, 8 6 9 13 9
-9 -8 -7 -5 280
250 30 0 0
A; 12 4 5 11 8
-4 -9 -10 -6 250
0 30 220 0
[ToTpedu 250 110 220 260
Cs 8 5 7 9

ITepepaxyemMo 3HaUEHHS OIOPHOTO IJIAHY:
z=5-50+3-260+8-250+6-30+4-30+5-220=4430

[TopiBHIOIOUM OTIOpHI IIJIaHU, 3HAWICH] PI3HUMHU METOJIaMH, 0a4rMMO, 1110 Hak-
KpallluM € OTIOPHHI TUIaH, 3HAHJACHHUI 32 METOJJOM OCEPEAKOBAHUX KOEPIIIEHTIB 1
BiH JA0piBHIOE 4430 YMOBHUX OJAMHMIIb.

JUiss KOHTPOJIIO MPABUIBHOCTI 3alIOBHEHHS MATPHUIll MEPEBE3€Hb 3PYYHO BU-
KOPHUCTOBYBATH TaKi TBEPIKEHHS.

3ayeaoccennss 1. Panr marpuul cUCTeMH OOMEXEHb TPAHCHOPTHOI 3ajayi
BU3HAYAETHCS 32 (HOPMYIIOI0

r=m+n—I,

JI€ M — YUCJIO MYHKTIB BIANPABIEHHS, 77 — YUCJIO yHKTIB CIIO’KWBAHHS.



3ayesascennsa 2. Yucno 6a3ucHUX (3alIOBHEHHX) KIITUHOK 3aBXKAU JOPIBHIOE pa-
HI'y MaTpUIll TPAHCHOPTHOI 3a7aul. Y MPOTUJIEKHOMY BUMAJKY iX MOTPIOHO JOMOB-
HUTH JI0 BIAMOBITHOI KUTBKOCTI 33 paXyHOK BUTbHUX 3 0a3MCHUM 3HAYEHHSIM HYJIb.

3. Ha npakTuiii TpaHCHOPTHI 3a/1a4i, B IKUX 3arajibHa cyMa 3amnaciB CIiBIAJae
3 3araJIbHOI0 CYMOIO OTPeO 3yCTpivaroThes ayxe piako. Habararo yacrime, sikach
3 IUX CyM Oulblia (HAmpuKIam, sBUIIE AePIIUTY YU TIEPENOBHEHHS PUHKY
ToBapiB). Taki 3amadi Ha3WBalOTh 3ajadyaMyd 3 HENpPaBUJIBHUM OallaHCOM 1
PO3B’A3YIOTh iX pO3n0Oinbuum menmooom. ToOTO CrioYaTKy 3BOJATH L0 3a7a4y J10
3a/1a4i 3 MPaBUJILHUM OajlaHCOM, J10Jar0un a00 (PIKTUBHUM MYHKT MPU3HAYEHHS YU
BIJIIPABJICHHS B 3aJIGKHOCTI Bif AediuuTy mnoTtped uu 3amnaciB. Bapmocmi &
GDIKMUBHUX NYHKMAX 88ANXCAIOMb DPIGHUMU HYIIO, WOO He 3MIHI08ANACH 3A2allbHA
8apmicmuv nepese3eHb.

[Tpu moOynoBi MEPIIOro OMOPHOTO IJIaHY Y pOo3paxyHKax MU (DIKTHBHI ITyHK-
TH HE BPaxoByeMO, 0O BCi BapTOCTI B HbOMY HaiiMeHIi (HyJil), ajie Ha 3arajbHy
BapTICTh MEPEeBE3€Hb BOHM HE BIUIMBAIOTh. [[pOBOIMMO 3amOBHEHHS B OCHOBHIMN
TaOJINIIl, a TOTIM OCTa4ul BHOCUMO B (DIKTUBHI KIIITUHKHU.

[lpuknazg 2. [ToOynyBatu nepiivii ONOPHUM MJIaH AJi1 TPAHCIOPTHOI 3a4adl 3
MAaTpHILEI0 BAPTOCTI IEPEBE3EHB C;j, BEKTOPOM 3aIlaciB a; Ta BEKTOPOM MOTPeEO b;
3 46 7

2 5 8 1

Po3B’sa3yBanHd. 3aranbHi cymu 3amaciB /00 1 notped — /10 € pi3HUMU TOMY
noTpiOHO sl 30aJIaHCYBaHHS BBECTH (DIKTUBHMI IMyHKT MOCTAYaHHS 13 3al1acaMu,
110 JTIopiBHIOKOTE /10 — 100 =10 (0a1HUILIB) 1 HYJbOBUMH BapTOCTSIMH.

[ToOynyeMo MaTpulito IepeBe3eHb, 110 MICTUTh 1 PIKTUBHUM MYHKT Ta 3arl0B-
HUMO ii METOJIOM HalMEHIII01 BAPTOCTI.

a,=(60 40); b,=(20 30 45 15);c, =

y

[TynkTHn IIyHKTH CIO’KMBAaHHS 3anacu
BI/IMPAaBJICHHS B, B, B; B4
Ay 3 4 6 60
0 30 30 0
A, 2 5 8 40
20 0 5 15
As 0 0 0 10
0 0 10 0
[ToTpedu 20 30 45 15

[Ipu po3paxyHKy 3HAUEHHs OIMOPHOTO IUIaHY Ha PAIOK (B JAHOMY BHIIAJIKY)

(GIKTUBHUX KIITHHOK MO>KHA B3arajl He 3BepTaTu yBaru. [I[popaxyeMo 3HaU€HHS
OIIOPHOTO IUIaHY:
z=4-30+6-30+2-20+8-5+1-15=395(ox.)



Jlexuis Ne7.
OnTuMaJbHUN IJIAH TPAHCIIOPTHOI 3a/1a4i

Ilian
1. Kpurepiii onTUMaIbHOCTI OMOPHOTO PO3B’ 53Ky T3 METOI0M MOTEHITIATIB.
2. Meton kBaapaTiB TEPEXOAy MK OMOPHHMH IUTAHAMHM TPAaHCIIOPTHOI
3aayi.

W

. Ilepexia Mi>k OMOPHUMH IJIAHAMH 3a LIUKJIOM MEPEPAXYHKY.

1. I3 mpuknaaiB, HaBEJEHUX B MOMEPEIHIN JEKIlii, BUIHO, IO TEPII OMOPHI
wianu T3, moOyaoBaHi JiarOHATBPHUM METOJIOM Ta METOJAOM HAWMEHIIO1 BapTOCTi
He € onTumanbHuMU. {0 cTocyeTbes MeTomy ocepelIKOBaHMX KOEQIIIEHTIB, TO
HISIKOTO BHUCHOBKY MpO II€¢ MU 3pOOMTH HE MOXeMmo. TWM dYacoM NHTaHHA
ONTHMAJIBHOCTI TIJIaHy Ma€ BEITUKE €KOHOMIUHE 3HAYCHHS.

3HaleMo KpUTEPiii ONTUMAIBHOCTI TPAHCIIOPTHOI 3a/1a4i 13 CIiBBIIHOIICHHS
MDK ONTHMAaJIbHUMH PO3B’SI3KaMH JABOICTUX 3ajad. BBiBIIM IBOICTI 3MiHHI Oli, Oy,
oy O T2 B1, o, ..., Pn, CKITAIEMO ABOICTY 3a7auy JI0 TPAHCIIOPTHOI. i cucTeMa 06-
MEXCHb Ma€ BUTIISA

Q; +ﬂj ¢y (izl,...,m;jzl,...n) (1)

HepiBHocTi (1) MOXXHa KOHKPETH3YyBaTH, BPAXOBYIOUH CITIBBITHOIICHHS MIXK
ONTHUMAIBHIMH PO3B’sI3KaMH IBOICTHX 3a]1a4:
A) Ins 6a3ucHUX HEBIIOMUX (KJIITUHOK):

“rhiza, @

b) [l BUTbHUX HEBIAOMHUX (KIITHHOK):
a; + ;< ¢y

3)
Takuii MeTon Ha3UBaIOTh Memooom nomenyianie . Ilpyu Horo BUKOPUCTaHH1

MU CIIOYATKY LIyKAEMO TaKi MOTEHUIaNn &, f3;, AKi 3a[0BOJILHATUMYThL PIBHOCTI

(2) nmns BCIX 3alOBHEHMX KIIITUHOK, a TOTIM MEPEeBIPUMO, UM BUKOHYIOTHCS
HepiBHOCTI (3) 111 BCIX HE3aNOBHEHHUX KIIITHHOK.

[lpuknag 1. BukopucraeMo MeTona MOTEHIIATIB JUIsl AOCTIKEHHS 3a7adi 3
.2 nekiii No7.



PosristHemo onopuwmii miiaH, moOyA0BaHUM 11arOHAIBHIUM METOJIOM:

[TynxTH [TyHKTH CIIOKMBaHHS 3amacu a;
BI/IMPABJICHHS B, B, B; B4
A 4 5 7 3 310 0
250 60 0 0
A, 8 6 9 13 280 1
0 50 220 10
Az 12 4 5 11 250 -1
0 0 0 250
[otpebu 250 110 220 260
B, 4 5 8 12

BukopucroByroun ymoBu (2), OTpUMAEMO HACTYIIHY CHUCTEMY PIBHSHB JJIs
3HAXOKEHHS ITIOTEHIATIB:

a, + B =4,
a, + B, =5,
a, +f, =6,
ai+ﬂj:9, @
a, + B, =13,
a,+ 5, =11.

Cuctema (4) micTuTh 7 piBHSHB 13 8 HeBioMUMU. PaHT cuctemMu OpIBHIOE
4+4-1=7, ToMy OZIHY HEBIJOMY (, OTOJIOIIYEMO BUIBHOKO 1 IPUPIBHIOEMO 10 HYJIS.
Po3B’s13ku cuctemu BiioOpakeH1 B TaOJIHIII.

[TepeBiprmMo BUKOHaHHS YMOB (3) 117151 TOOYI0BAaHOTO OTIOPHOTO TUIAHY:

a, + B, <7 — xubne,

a, + B, <3 — xubne,

a, + fB, <8 —icmune, s
a, + B, <12 —icmune, )
a, + B, <4 —icmune,
a, + B, <5— xubmne.

I3 ym0B (5) BUITUBAE, 110 IJIaH HE € ONITUMAJILHUM.

VYci nmonepeiHi TBEPHKEHHS MOKHA y3aralbHUTH Y BUTJISA1 TEOPEMHU.

Teopema 1. /i1 Toro, mod onopHuii MJIaH TPAHCHOPTHOI 3a1a4i OyB oIm-
TUMAJbHUM He0O0XiTHO i 10CUTD, 100 KoediieHTH

}/l.jzcl.j—(al—i—ﬂj) (6)



ai:ﬂj

o0uMcieHi A5 BUILHUX KJIITHHOK, /i€ - po3B’si3kM cucremu (2), oOyam
HEBil’€MHUMM.

3ayeaxcenns 1. JIjis 0OUUCIEHHS MOTEHIIATIB HE 00OB’I3KOBO CKJIAJaTH CHUC-
TEMy pIBHSAHb, iIX MOKHa 3HAWTH 3a TaKUM MPABWIOM. HEGIOOMUL HOMeHyial

00piHIOE PIZHUYL 86apMOCMI OA3UCHOI KTITMUHKU | 3HAYEHHS 8I00M020 NOMEHYIATY.

2. OnopHuit 11aH, K MpaBUiio, OyBa€ HEONTUMAILHUM, TOMY HEOOX1THO BMi-
TH TIEPEXOJIUTH BiJ] OJTHOTO OMOPHOTO IUIAHY JIO 1HIIOrO TaK, 1100 3Ha4YeHHS (op-
MU (LILTHOBOT (PYHKIIIT) MOCTIHHO 3MEHIIyBajaoch. OUH 3 TAKUX METOIB — Memoo
Keaopamis.

O3nauennn 1. Yomupu xnimunku, wo po3miujeHi 8 Kymax 6uoiieH020 npsimo-
KYMHUKA MAMpPuyi nepese3enHs, 8 AKux xoua 6 Ha oOHill diacouani po3miujeHi oa-
3UCHI KTTMUHKU OY0eMO HA3UBAMU K8AOPAmMOoM.

JIB1 1HII1 KJIITUHKH MOXYTh OyTH Oy — fKI.

O3nauenns 2. Keaopam 6ydemo nasueamu HenpasunbHuM, SKWO Cyma 6a-
pmocmeil OA3UCHUX KIIMUHOK 0la20HANL Oilba 3a CymMy 080X IHUUX 8apmocmel i
NpasuNbHUM, AKWO Y cyma meHua. Keaopam Hazueaemo HeumpanbHum, SKU0
00UO0BI cyMu pieHI Midic c000I0.

CripaBesiuBe HaCTYITHE TBEPKCHHS.

Teopema 2. B onTumasibHili MaTpHULi NepeBe3eHb He iCHY€ HeNPABUJIbHUX
KBa/JIPaTiB.

Meton KBaaparTiB IPYHTYETbCA Ha MOCTYIMOBIM 3aMiHI BCIX HENMpaBUIbHUX
KBaJIpaTiB — MPAaBUILHUMU. 3ayBaXXHUMO, 1[0 HEMPABWIBHHUM KBaJIpaT 3aBXKIU Ma€e
BEPIIMHY B BUIbHIN KIITUHII AJIA AKO1 HE BAKOHY€EThCSI yMOBa (3).

[puknag 2. YV BUIIEpO3TNIAHYTIA TaONUIll € HEMpPaBWIBHUM KBaapatr A(B; -
AB; — A;B; — A,B,.

60 0

50 220
VY HBROMY CcyMa BapToCTel 0a3uCHUX KIITUHOK 5+9=14 Oinbia 3a cymy Bap-

TOCTEH JABOX 1HIIHUX KIITHHOK 7+6=13.

[TepepaxyHOK 3IIMCHIOEMO HACTYITHUM YHHOM:

- BUOMpaeMo Ha 0a3MCHIN JlaroHanl MEHIIEe 3HAa4eHHs KUIBKOCTI IepeBe-
3eHb (y HamoMy Bunaaky ue 60);

- BITHIMAEMO II€ 3HAUYEHHS B1J €JIEMEHTIB 0a3MCHOI JlaroHajl 1 JOJaEMO

IO €JIEMEHTIB 1HIIO] JlaroHaIl:



60-60 0+60
6 9
50+60 220-60
Otpumaemo
5 7
0 60
6 9
110 160

[lepexoHaeMocCh, 110 Taki MEPETBOPEHHS 3MEHIIYIOTh BapTICTh MEPEBE3EHb.
Hiticno momnepenue 3HaueHHss Z=300+300+1980=2580 (y.o.), a mepepaxoBaHe —
7=420+660+1440=2520 (y.o.).

JUIs MOCATHEHHS HAMKpalloro pe3yjbTaTy MNOTPIOHO NepepaxyBaTH BCl He-
npaBwiIbHI KBaapaTu. Konu B marpulli mepeBe3eHb Bxke He Oyje HEempaBHIbHUX
KBa/IpaTiB, TO CJIiJ MEPEBIPUTH 3HANUIEHUN PO3B’A30K 32 METOJIOM MOTEHLIaiB Ha
ONTUMAJIbHICTb.

3ayeaoccenns 2. BiICyTHICTh HENPAaBWIBHUX KBAJApaTIB 1€ HE TapaHTyeE OIl-

THUMAaJIBHOCT1 PO3B’SI3KY.

3. Beenemo B po3riisi 1mie 0OJAMH METOJ] 3HAXO0/KEHHS ONTUMAIBHOTO IIaHY
TPAHCIIOPTHOT 3aaul, IKUA HOCUTh Ha3BY MEmMOOy NEPEPaAxXyHKY 3a YUKIOM.

Osnauenns 3. Huknom ¢ mampuyi 6yo0emo Hasueamu 3aMKHEH) AAMAHY Ji-
HII0, 8ePUIUHU AKOT POIMIUWLEHI 8 KIIMUHKAX MAMPUYi nepeee3ens i 3 KOMCHOI eep-
WUHU 8UX0O0SIMb 08a BIOPI3KU: OOUH NO PAOKY, OpPY2Uli RO CIMOBGNYIO.

MOo>kJTMB1 BUAM IIUKJTIB CXEMAaTHYHO 300pa3uMO Ha MAJTIOHKY.

[lepnenauKyIsipHI JJaMaHi B LUKJII MOXKYTh IEPETUHATUCH 1 TOYKA 1X MEPETH-
HYy HE Oy/Ie BBAXKATUCh BEPIIMHOIO ITHKITY.

O3nauennsn 4. Bepuwiunu 001020 i mo2o camozo iOpi3Ky Yukiy 6yoemo Ha3u-
éamu CyCiOHIMU.

O3nauennn 5. L{ukn, cyciOHiM 8epuiuHam K020 NOCMABIEHI y 8i0N0GIOHICIb

npomunedicHi snaxu (“+7 i “ - ), Hazusaromov 03HAUEHUM.



O3nauennna 6. O3nauenuil Yuki, 0OHA BePUIUHA K020 MICIMUMbBCS ) BINbHIU
KAIMuHYi, a 8ci iHwi y OA3UCHUX, HA3UBAIOMb YUKIOM NEPEPAXYHKY.

V BUIBbHIN KIITHHIN 3aB)KIU CTAaBUTHCA 3HAK ““+.

O3nauenns 7. 3cyeom no yukuy nepepaxyHky Ha uucio O nazusairoms maxy
onepayito, npu AKill 6 000AMHIll 8epuluUHi 000AEMbCsl 00He | me came 4ucio 6, a y
8I0 '€EMHUX GIOHIMAEMbCAL.

CrpaBeyIMBUMHU € HACTYIIHI TBEPHKEHHS.

Teopema 3. 3cyB 3a 03HaAYEeHMM HMKJIOM B MATPHIIi NepeBe3eHb NMEPeTBO-
pPIO€ OAUH PO3B’SI30K CHCTEMH OOMe)KeHb TPAHCHOPTHOI 3ajadvi B iHIIMIA
PO3B’SI30K i€l caMoi 3a1a4i.

Teopema 4. [Ina Oyap — siKOi BijIbHOI KJIITHHKHU iCHY€ JIHMIIE OJUH HHUKJ
NnepepaxyHky.

[puknaz 3. [lepepaxyBaTu OMOpHUH TUIaH TPAHCIIOPTHOI 33/1a41 3 BIJIOMUM
MIEPIITUM OTIOPHUM IIAHOM 3a ITUKIIOM TIEPEPaxyHKY.

[TynkTHn [IyHKTH CIO’KMBAaHHSA 3a a
BIJIIPaBJICHHS nacu
B, B B; B B; 0
2 4
Ay 4 | 3 4 4 60
- + 0 0 0
22 _‘ 3
8
A, \2 3 2 2 3 35 2
0 - 20 | + 0
7 8
As 3 5 2 4 4 40 4
+ 0 0 - 30
0 10
[ToTpebu 22 4 20 1 30
5 8
B, 4 1 0 0 0

Po3B’s3yBanHd. be3nocepenHboo mepeBipKkolo 3a METOAOM MOTEHIANIB TIe-
PEKOHYEMOCH, IO TIJIaH HE € ONTHUMalbHUM. 30KpeMa, BibHA KIiTHHKA A3;B; He
3a10BoOJIbHAE YMOBY (3). ToMy moTpiOHO 3MIMCHUTH MEPeXia A0 1HIIOTO OTOPHOTO
TUTaHy.



MOXJIMBUM ITMKIIOM TIEpPEePaxyHKy € TOH, M0 300pakeHuil B Tabiuii. Bube-
peMo y BeplIMHax HaiimMeHule 6a3ucHe 3HayeHHs (1e 7) 1 3poOUMO 3CyB Ha 110 Be-
JUYUHY. Y T0AaTHUX BEpUIMHAX JI0AaMO 7, a Bl BiJI’€MHHX BigHIMEMO. B pe3yib-
TaTl 0JIEP’KUMO HOBHUI ONTOPHUM IJIaH

ITynkrn ITyHKTH CrIOKMBaHHSA 3ara- Q;
BI/IMPABJICHHS cHu
B B B B B 0
1 2 3 4 5
Ay 4 1 3 4 4 60
1 4 0 0 0
5
A, 2 3 2 2 3 35 2
0 2 1 0
0 0 5
Az 3 5 2 4 4 40 4
0 0 3
7 3 0
[ToTpedu 2 4 2 1 3
2 5 0 8 0
B, 4 1 0 0 0

3ayBakeHHs 3. 3HaueHHs 0a3MCHUX KIITUHOK, Kl HE Opajii y4acThb y LHUKII
nepenucyemMo 0e3 3MiH.



Monyasb 2 — «Exkonomempisy

IIpenmeT ekoHoOMeTpii.
IMoHsATTS MoaeJIi Ta MOIETIOBAHHS

ExoHomeTpiss BHHHMKIA Ha no4yaTkKy 20-X pOKIB MHHYJOIO CTOJITTS SIK
CaMOCTiiiHa raiay3b HAYKOBHX JOCHIIPKEHb. TepMiH “‘€KOHOMETpis~ O3Hayae
“BUMIPIOBAHHS B €EKOHOMILII™.

ExoHomeTpiss — 1€ Hayka, LI0 BHMBYA€ KUIbKICHI 3aKOHOMIPHOCTI Ta
B3a€MO3B’SI3KM E€KOHOMIYHUX OO’€KTIB 1 MpPOLECIB 3 JONOMOIOK MAaTeMaTHKO-
CTaTHCTUYHHUX MeETOAIB Ta wmopenel. Ile camocTiiiHa €KOHOMIKO-MaTeMaTH4YHa
JTUCLUILIIHA, 0 00’ €IHY€E CYKYITHICTh TEOPETUYHUX PE3YJIbTATIB, CIIOCOOIB, METO/IIB
Ta MOJIeJIel, MPU3HAYEeHUX JIJIs TOro, o0 Ha 0a3l eKOHOMIYHOI Teopii, CTATUCTUKHU
MaTEMaTUYHOI eKOHOMIKH Ta MaTEMaTUKO-CTATUCTUYHOTO THCTPYMEHTAPII0 Ha/laBaTh
KOHKPETHE KIJIbKICHE BHUPAXEHHS 3arajJibHUM (SKICHUM) 3aKOHOMIPDHOCTSIM Ta
IPOTHO3YBaTH PE3yJbTAaTH PO3BUTKY CKIAJHUX EKOHOMIYHUX MpoIeciB. Takum
YUHOM, CYTHICTb €KOHOMETpIi MOJSATa€ B CHUHTE31 TPHOX CKIIAJIOBUX: E€KOHOMIKH,
€KOHOMIYHOI CTaTUCTUKH Ta MATEMATHKH.

ToMy 3HaHHS OCHOB MPUKIAAHOI MATEMAaTUKU Ta METOJIB €KOHOMETPHYHOTO
aHali3y JaHUX € HEeBII €MHOIO CKIAJO0BOIO MpodecifHUX HAaBUYOK MaiOyTHIX
CHEIIaICTIB yCIX OCBITHIX PiBHIB, a BIAMOBIIHI MPOrpaMHi MPOIYKTH — poOOUUM
IHCTPYMEHTOM KOXHOTO CHeliaiicTa-aHalITHKA.

[IpeameToM eKOHOMETpIi € €KOHOMIKa B KUIBKICHOMY acmekTi. O0’ekT
BUBYCHHS — 3B’S3KM MDK HApOJHO-TOCHOJAPCHKAM  KOMIUIEKCOM 1  HOTo
HANMPOCTIIMMHU CKJIAJJOBUMH Ta MOBEIIHKOIO LUX CKIanoBuX. O0JIacTb eKOHOMETPii
BU3HAYAETHCSI MOJIETISIMM MAaTEMaTUYHOI €KOHOMIKM. EKOHOMETpis IIyKae YHuCIIOBI
napaMeTpu MojieJell MaTeMaTMyHOi EeKOHOMIKM. BoHa 3aliMaeThCcsi KUIbKICHUM
BUMIPOM €KOHOMIYHHX 00’ €KTIB SIK aHAJIOTTYHUX CKBIBAJICHTIB MaTeMaTHUYHOT MOJICII.

binpir KoHKpeTHE 1 3arajbHEe BHU3HAYCHHA CKOHOMETpIi Ta 1 MpeaMery
JIOCITI/PKEHHSI MICTUThCA B CHIMKIIONEIl KibepHeTuku: “ExoHOMeTpis — HampsMOK B
€KOHOMIIIl, 10 TPYHTYETHCS Ha BUKOPUCTAHHI MAaTEMATUYHUX MOJIENICH ISl aHA3y 1
NPOrHO3YBAHHA EKOHOMIYHMX SIBUI 1 TIOB’S3aHMM 13 BHU3HAYEHHSIM 1 OLIHKOIO
aJIEKBaTHOCTI PeaIbHUX SIBUL] MATEMATUYHUM YSIBJICHHSAM Mpo HUX . Tam xe: ““... BaXKKO
PO3IUIMTH MareMaTHUYHy €KOHOMIKY 1 €KOHOMETPII0, 3 OJHOro OOKY, €KOHOMETPIIO 1
€KOHOMIYHY CTaTHUCTUKYy, 3 IHIIOr0 OOKy. Mo’kHa JMIle MiJKPECIIOBaTh 3B SI30K
MaTeMaTUYHOI eKOHOMIKU 1 ekoHomeTpii . [ToOynoBa MaTeMaTHuHOiI MOJIENI €KOHOMIKH
3aBXKIM TATBEPXKYETHCS OIIIHKAMU aJIEKBAaTHOCTI TaKOi MOJIEN B pealibHIN JIIHCHOCTI.
ExoHOMIYHA CTaTUCTHKA M€ CIIPaBy 3 CTAIMMH 1 BIITHOCHO HECKJIAHUMHU €KOHOMIYHUMHU
oOuuncnenHsMu. [losiBa ekOHOMETPIT MOB’s13aHa 3 TBEPPKEHHSIM PO HEAOCTATHICTh TAKUX
€KOHOMIKO-CTaTUCTUYHUX OOYUCIIEHb JJIsi €KOHOMIYHOTO aHami3y 1 MNpOTrHO3YBaHHS.
Haii011p1110r0 po3BUTKY JOCATIIN B EKOHOMETPIii METOIM MHOKUHHOT KOPEJISIIIi.

ToOTo, eKOHOMETpis — MPHUKIATHA €KOHOMIKO-MaTeMaTHYHa JUCIUILIIHA, SKa
CHUHTE3y€ €KOHOMIKY, MaTEeMaTHKy Ta CTATUCTUKY 1 HE MOXE OOMEXYBAaTHUChH JIUIIIE
BUKOPUCTAHHSAM PErpeCciiiHOrO aHaii3y B €KOHOMILl, a MOBMHHA BUKOPHCTOBYBAaTH



BECh HASBHUI MaTeMaTU4YHUHA I1HCTPYMEHTApId MPUKIAAHOI MAaTEeMATUKH  JUIs
NPOBEJEHHS EKOHOMIYHUX JOCTiIKeHb. KpiM 1IbOro, eKOHOMETpisl BUCTyHae 0a30BOkO
OCHOBOIO JJISi BH3HAUCHHS aJbTEPHATUBHUX BapiaHTIB Yy CHCTEMax MPUHHSITTA
YOPaBIIHCBKUX pillleHb. B yMOBax KOHKYpPEHLIi MPOTHO3HI pIlIEHHS MOBHHHI
NpUIMATHCS HA OCHOBI MOJIEJIbHUX aJIbTEPHATUBHUX BapiaHTIB B TICHOMY IO€IHAHHI 3
HasIBHOIO 1HGOpMaIlIiHOO 0633010 Ta CyYaCHUMH MPOTrPaMHUMHU MPOTyKTaMHU.

Merton “npo6 1 MOMWIOK” y Hamll JHI HENPUIATHUM, Jy)KE€ Majao dacy
3AIMIIAETHCS U1 “TIP00” 1 JAy’ke JOPOrMMH MOXYTh OyTH MOMMIIKH. B pUHKOBUX
yMOBaxX H€ MOBUHHO OyTH MiCIIsl CBaBUILHUM, TaK 3BaHUM ‘‘BOJIbOBUM™ PIIICHHSIM.
CrparteriuHi pilieHHs MOBUHHI MPUAMATUCS HE IHTYITUBHO, a Ha MiJICTaBl BCEOIYHOTO
CTaTUCTUYHOIO aHali3y Ta MaTeMaTUYHUX pO3paxyHKiB. | He BUIajKoBo, came B Halll
4ac, BIA3HAYAETHCS aKTUBHUU PICT BUKOPUCTAHHS MAaTEMaTUYHHX METOMIIB B MaKpo-
Ta MIKPOGKOHOMIUYHUX JOCHIIPKEHHAX. 3amicTh TOro, o0 “mpoOyBaté i
NOMWIATHCS Ha pPEAJTbHUX O00’€KTaX, aHAJIITUKA poOJATH L€ 3 JOINOMOIOKO
€KOHOMIKO-MaTeMaTuyHuX Mojeneid. IloOynoBa Takux Mojenel € OJHIE 3
HaWBaXJIMBIIIKX 3a7a4 MPUKIATHOT MAaTEMATHKU.

MopentoBaHHsl — polec ToOyA0BH MOJIENI, 32 AOIMOMOTO0 SIKOTO BUBYAETHCS
(yHKLIOHYBaHHSI 00’€KTIB pi3HOI mpupoaud. BiH cKIagaeTbcsi 3 TPhOX OCHOBHMX
€JIEMEHTIB: cy0’e€KTa, 00’ €KTa JAOCIIKEHHS Ta MOJIEII, 3a JOIMOMOIOI0 K01 Cy0’ €KT
mi3HA€ 00’ €KT.

Mogenb — 11e Takuii MaTepialibHO a0 PO3YMOBO 300paKyBaHUM 00’ €KT, SIKUN
y TIporeci JIOCHIIKCHHS 3aMiHIOE 00 €KT-OpHTiHaI TaKUM YHHOM, IO HOTO
Oe3rocepeiHe BUBUCHHS JJa€ HOBI1 3HAHHSA IPO 11€H 00’ €KT.

CxeMatnyHe 300pa)k€HHS MPOIIECY MOJCIIIOBAaHHS MpeAcTaBieHe Ha puc 1.1.

MareMaTuyHe MOJIEIIOBAHHS — YHIBEpCadbHUN Ta €(PEKTUBHHUI IHCTPYMEHT
[I3HAHHS BHYTPILIHIX 3aKOHOMIPHOCTEM, BJIACTUBHX SIBHILAM 1 mpouecam. BoHo nae
MO>KJIMBICTb BHUBYHTH KIJIBbKICHI B3a€MO3B’SI3KH 1 B3a€EMO3AJIEKHOCTI CHUCTEMH, IIIO
BUBYAETHCSA, 1 BMOCKOHAIMTH i1 MMOJANBIIAA PO3BUTOK Ta (DYHKITIOHYBAaHHSI.

Eran 1
O0’€exT »| Monenn
_ [ToGymoBa moaeri
[lepeBipka Ta BuBueHHS
Etam [V [BUKOpUCTaHHS MOIeI Eran I
3HaHb
[lepenecenns 3HaHb 3

3HaHH ’ MOJIEJIl Ha OpUTiHAN 3HaHH

mnpo h npo
00’ €KT - Eramn III MOJIEITh

opuriHaJa

Puc. 1.1. OcHOBHI eTanu MOJIeTIOBaHHS
Cepen iICHYIOUMX CUCTEM €KOHOMIUHI € HAUCKIAAHIIIIMMHU, TOMY MpU MO0YI0BI
ix Mogjene cmig BigoOpakaTM TUIBKA HaMBa)JIMBIINIL Ta HalXapakTepHIII



BJIACTUBOCTI MPOLECIB a00 SBHIL, 110 BUBYAKOTHCS. BHaC/IIIOK IBOro BCl MOJEN! €
CHPOLIEHUM B1JIOOPAKEHHAM pEajJbHOI CUCTEMH, ajle SIKIIO L€l IMpouec BHUKOHAHO
KOPEKTHO, TO OTpUMaHe HaOJWKEeHEe BIIOOpaKeHHs pealbHOI CHUTyalii Jae
MO>KJIMBICTh MaTH JIOCTATHBO TOYHI XapaKTEPUCTUKH 00’ €KTA JOCTIIKEHHS.

1. 3arajgpHi npuHUMIM NO0OYA0BH eKOHOMETPUYHUX MojeJieil. Moaeni

NapHoi perpecii
1.1. Perpeciiinuii aHaJi3 Ta HOro 0co0JTUBOCTI

[Tin perpecieto po3yMilOTh OJHOCTOPOHHIO CTOXAaCTUYHY 3aJIC)KHICTh OJIHIET
BUITQIKOBOI 3MIHHOI BiJI APYroi 4u JEKIIbKOX IHIIMX BUITAJKOBUX 3MIHHHX. Takum
YUHOM, pErpecis BCTAHOBIIOE BIAMOBIIHICTD MK BHIQJKOBUMHU 3MIHHUMHU.
Hanpuknan, nmpu BU3HAYCHHI 3aJIe)KHOCTI 0OCATY IMOJATKOBUX HAAXOJKEHb (V) B
CTaBKH MOJATKY (X) MOBa iiJie PO BU3HAYEHHS OJHOCTOPOHHBOTO 3B’ 513Ky, TOOTO PO
perpecito. OOuABI 3MiHHI € BUINAAKOBUMH. KOXHOMY 3HAUEHHIO X BIJAINOBIIAE
MHO’KMHA 3HAYEHb } 1 HABMaKu, KO)KHOMY 3HAUYEHHIO ) BIATOBi/1a€ MHOYKHHA 3HAYEHb
x. TakuM 4MHOM, MM MA€EMO CIpaBy 13 CTATUCTUYHHM PO3MOJLJIOM 3HAYEHb X Ta .
Buxonsuu 3 1iux po3nojiiiB, MU MOBUHHI 3HANTH CTOXAaCTUYHY 3aJICKHICTh MIXK ) Ta
x. OHOCTOPOHHS CTOXaCTHUYHA 3aJICKHICTh BUPAKAETHCSA 3a JAOMOMOTOK (YHKIIT,
dKa Ha BIJMIHY BIJ] CTPOrOi MaTe€MaTUYHOI 3aJ€KHOCTI HA3UBAETHCSH (YHKIIEO
perpecii 41 mpocTo perpeciero.

[IpyHIIMTIOBOIO PIZHUIICIO MIXK CTPOTOI0 (YHKIIIOHATHHOK 3aJICKHICTIO Ta
dyHKLI€O perpecii € Te, MO y MepluIoMy BUIAAKY apryMeHT (He3ajekHa 3MiHHA)
MOBHICTIO BU3HAYa€ 3HaueHHsA (QyHKII, 1 a7 Hel iCHye oOepHeHa (Hampukiaj,

dyHKLiL y = X7, Tom X = ﬁ ). @yHKIIIS perpecii i€l BJIACTUBICTIO HE BOJIOJIE.

OTxe, SKIIIO MK SIBUIIIAMU BIACYTHIM (yHKIIIOHATBHUHN 3B’S30K, @ MAa€ MICIIE TIJTbKH
CTOXaCTUYHUH, TO (yHKIIisS perpecii Oye HE3BOPOTHOIO.

3a 4KrCIIOM 3MIHHUX, BBEJICHUX Y PErpeciiiHe PiBHSHHSA, PO3PI3HIIOTH MPOCTY
(mapHy) Ta MHOXUHHY (OararodaktopHy) perpecii. BinHocHO ¢opmu 3aexHOCTI
MO AUISTHCS Ha JIIHIMHY Ta HENHIAHY perpecii.

IIpu mnoOynoBi perpeciiiHoi  (QyHKLIi cHoYaTKy MOTPIOHO MPOBECTH
imeHTudikaiio 3MiHHUX, TOOTO BHU3HAYMUTH, SIKa 13 HUX € O3HAKOIO (3aJICKHOI YH
NOSIHIOBAHOIO 3MIHHOIO), a SIKI € He3aJeXHUMHU ((pakTopamMu YW MOSICHIOIOYUMHU
3MIHHUMH). SIKIIO B 3arajlbHOMY BHIIQJIKy PIBHSHHS perpecii Ajs ABOX 3MIHHUX
3anucatd y=f(x), TO y — MOsICHIOBAHA 3MIHHa, a X — MosicHIOI0Ya. [1oTiM moTpiOHO
MPOBECTH CrieM(iKaIliio MOJACII, TOOTO BCTAHOBUTH (hOPMY 3B’ 3Ky MK 3MIHHUMHU.

1.2. liarpama po3ciroBaHHs perpeciiiHol (pyHKIII

Hnst toro, mo0 Bu3HAUUTH (OpMYy 3aJEKHOCTI MDK JBOMA 3MIHHUMH
BUKOPHUCTOBYIOTH JllarpaMy pO3CIIOBaHHS, SKa € TpadiqHo0 (OPMOIO TIPEICTABICHHS
iHdopmalii y HpsAMOKYTHIA cuctemi kKoopauHaT. Ha oci abciuc Bi3HA4YaroTh
3HAUCHHS HE3aJeKHOI 3MIHHOI (X), Ha OC1 OpAMHAT — 3HAYCHHS 3aJIeKHOT 3MIHHOI (V).
Pe3ynpTar KOXKHOTO CHOCTEPEKEHHS (x;, y;) AEIKOT0 E€KOHOMIYHOTO IPOLECy
B1JI00paXXaeThCsl TOUKOIO Ha MIOMIMHI. CyKYIHICTh LIUX TOYOK YTBOPIOE XMapKy, Ka
B1J100paXkae 3B’S130K MK IBOMA 3MIHHUMH.

3a WUPUHOIO PO3KUAY TOYOK MOYKHA 3pOOMTH BUCHOBOK MPO TICHOTY 3B’SI3KY
CYKYITHOCTI. SIKIIIO TOYKH PO3MIIIEHI OJU3bKO OJIHA J0 OJHOI (y BUIJISI BY3bKOT



CMY>KKH), TO MO>KHA CTBEPPKYBATH IIPO HASIBHICTh BIJIHOCHO TICHOTO 3B’S3KY. SIKIIO

TOYKM Ha Jiarpami pO3KUAaHI IMHPOKO, TO MAE MiCIle CIIa0KWid 3B’S30K MiX

3MIHHUMH, 200 B3araii He icHye 3B’ 513Ky (puc. 1.2).

0

> x

Puc. 1.2. Jliarpama po3citoBaHHS Y BUITAJIKYy B1ICYTHOCTI 3B’ 13Ky

Ha puc.1.3 npencraBieHi OCHOBHI (pOPMHU 3aJIEKHOCTEM.

JlonatHa perpecis
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Puc. 1.3. OcnoBHi popmu perpeciii



OTxe, pO3pI3HAIOTH NONATHY JiHIAHY (a) Ta HemiHiiHy (0, B) 1 BiI €MHY
AiHIMHY (T) Ta HENHIKAHY (1, €) perpecti.

3a BUIJISAOM CKYMUYEHHS TOYOK MO>KHA BUCYHYTH TiMOTE3Yy IPO JIHIHHICTh 4H
HEJIHIMHICTh B3a€EMO3B’SI3Ky MK 3MIHHUMH. Tak, Ha maiarpami 1.3 (a, r) MaemMo SIBHO
BUpPXXEH1 JIHIWHI TEHACHIT CKym4eHHs To4yok. CrnpoOyemMo ampoKCHMYyBaTH
3QJIEKHOCTI, 300pakeH1 Ha IUX JiarpamMax, JIHIHHOI (YHKIIE perpecii. 3Bu4yaiHo,
Il TeHJICHIII1 ICHYIOTh JIMIIIE B cepeHbOMY. BOHM MOpyIIeH]1 BIIXUICHHIM OKPEMHUX
TOYOK. BigxuneHHs Bif TpsIMOi MOSCHIOETHCS BIUIMBOM IHIIMX HEBPAaXOBaHUX
bakTopiB.

Mopaesb mapHoi JiHiHHOI perpecii

[Ipunyctumo, 110 3a BUMISIIOM JiarpaMH PO3CIFOBAaHHS MM BCTaHOBWIIM, IO
MIXK JBOMa 3MIHHMMH ICHY€ JNiHiIiHUN 3B’s130K. [Ipocta (mapHa) miniiiHa perpecis
BCTAHOBJIIOE JIIHIMHY 3aJI€KHICTh MIXK JIBOMa 3MIHHUMU. [Ipu iboMy 0J1HA 13 3MIHHUX
(y) BBaXKA€ThCS 3aJEHKHOIO 3MIHHOK (E€K30I€HHA, MOSICHIOBAHA, pe3yJibTaTUBHA
3MiHHA, PETrPECaHT, BIATYK) 1 pO3MIAA€ThC K (DYHKIIS B APYroi (x) HE3aJIexKHOI
3MIHHOI (€HJIOT€HHA, MOSICHIOIYA, PErpecop).

B 3aranpHOTO BHIAKy MpocTa JiHiiTHA MOAENH 3aMUIIeThCS TaK:

y=a+ px+u (1.1)

Bennuuna y={y,, y,,.., v,} (n — 4HUCIIO CIIOCTEPEKEHb) CKIATAETHCS 3 JBOX
CKJIa/IOBUX:

1) HeBuUmagkoBOi ckiaaoBoi a+fx, ne x={x;x,.., X,}, a1 [} — napaMmerpu
PIBHSIHHS;

2) BUIAJIKOBOI CKJIQJIOBO1 # (30ypEeHHS, HOMWIKHW) U= {U;,U3,.., U, ).

Ao y Ta x — 1€ KUIbKICHI MOKa3HUKH JEAKUX EKOHOMIYHUX SIBUIL YU
npotieciB, TO piBHSIHHSA (1.1) HA3MBaIOTh EKOHOMETPUUYHOKO MOJICILIIO.

Po3risitHeMo OCHOBHI IPUYMHY ICHYBaHHS 30ypEeHHS:

1. Hegxnouenns 6 mooenv I[HWUX NOACHIOIOYUX 3MiHHUX. BcTaHOBIIEHHS
3B’SI3KY TUIBKM MIX JIBOMa (hakTopamMu ) Ta X € JIy’)KE€ BEJIMKUM CIPOIICHHSIM.
Hacnpapai icHyroTh i1HIN (akTopu, IO CYTTEBO BIUIMBAIOTh HA PE3yJIbTaTUBHUUI
MOKa3HUK, SIKI HE BPaXOBaHI YU HE MOXYTh OyTH BpaxoBaHumu y dopmymi (1.1).
BruuB nux ¢akTopiB IpUBOAUTH 70 TOTO, IO ICTHHHI TOYKH JIEKATh 11032 TPSIMOIO.
O0’emHaBIIM BCl TaKi MOKJIMBI CKJIAJIOBI BIUIMBY Ha PE3yJIbTATUBHUI MOKA3HUK, MU
SKpa3 OTPUMAEMO BEIWYMHY u. Hampukiaj, mpyu BUBYEHHI 3aJIEKHOCTI TOMHUTY Ha
ToBap () BiA IiHM Ha ToBap (x), 30ypeHa 3MiHHA u BKJIO4Yana Ou B cebe BIUIUB HA
[NOMNUT TAKWX YMHHHKIB: BEJIMYHMHA CIMEHHOro OIOJUKETY, AKICTh TOBapy Ta IHILI
BUMAAKOBI (pakTopu. SAKOM MU TOYHO 3HAIM, SIKI 3MIHHI HEOOXIJHO BKJIIOYATH B
MOJIeNb, 1 MaJTd MOKJIMBICTh TOYHO iX BUMIPSTH, TO MOKHA Ha iX OCHOBI OyayBatu
PIBHSIHHSI 1 TUM CaMUM BUKJIFOYATH BIJIMOBIAHUMN €JI€MEHT 30ypeHHs.

2. Henpasunvua ¢yuKyionanvHa cneyugirayis. OyHKIIIOHAJIbHE
CIIIBBIJTHOIIIEHHS MIDX ) Ta X MaTeMAaTH4YHO MOX€ OYTH BU3HAUCHE HEMPABUIILHO.
Hanpuxknazn, dbaktuyHa 3a1eXHICTh HE € JIHIMHOI0, a MOXKe OyTH OUIBII CKJIAHOIO.
[Ipore, BUKOpHUCTaHHS PIBHSHHS perpecii, sike HailKpalle OMHUCY€ 3aJIeKHICTh MIX
3MIHHUMU € IE€SIKUM HAOJIMKEHHSIM.

3. Homunku e6umiptosanusa. SIKIIO y BUMIPIOBAHHSAX OJIHI€ET YW OUIbIIE



B3a€MO3B’I3aHUX 3MIHHUX € TIOMUJIKH, TO 3HAW/ICHI 3HAYCHHs He OyyTh BiAMOBIAATH
TOYHOMY CIHIBBIJHOILICHHIO, a ICHYIOYa PO30DKHICTH Oy/Ie BHOCHUTH CBIM BKJIax Y
CTPYKTYpY 30ypeHOi 3MIHHOI.

4. Jhoocvkuti ¢pakmop, AKUA HEMOMJIIMBO MAaTEMaTUYHO OMHUCATU 1 HIYUM,
KpIM BHUIIQJIKOBOI CKJIa/J0BOiI BiJ0Opa3uTu He MOXHA. Hanpukiazn, npu BCTaHOBIIEHHI
3QJIEKHOCTI TOMHUTY HAa TOBAp BiJ I[IHM HA HBOTO 1€ MOXYTh OyTH BIIOJ0OAHHS
MOKYTIIIS.

OTtxe, 30ypeHHs € CyMapHUM MPOSIBOM TEpesIiueHUX BUIIE (GaKTOPIB.

[IpakTyHO TOOYyBaTH €KOHOMETPHYHY MOJENIb y BHUTJsAAl piBHAHHS (1.1)
HEMOJXKJIMBO 4Yepe3 BHUIMAJKOBY CKJIAJIOBY, TOMY JIIHIMHY 3aJ€XHICTh MIXK JIBOMa
3MIHHUMHU OyAyIOTh y BUIJISIII OI[IHOYHOTO PIBHSHHS EKOHOMETPUYHOI MOJeNi,
BiJIKWHYBIIIA BUITA/IKOBY CKJIAJIOBY:

y=a+bx, (1.2)

7€ a Ta b BIANOBIJIHO, PEJICTABIISIOTH COOOI0 OIIHKHM MapaMeTpiB « Ta [ PIBHSHHA
(1.1). 3Hak “*” Hax y 03HAa4Ya€e OLIHKY 3aJ€XKHOI 3MIHHOI, OTpUMaHy 3 piBHSAHHA (1.2)
IpU JESKUX YCEePEeTHEHUX YMOBaX.

Posrasinemo TEOMETPUYHY IHTEpHpeTaLiio OLIIHOK napameTpiB
€KOHOMETPUYHOI MOJIEI.

A

y

=
oL 4

0

Puc. 1.4. Perpeciiina npsima Ta ii mapameTpu

[TocriiiHa BenWuKMHA @ BU3HAYA€E TOYKY MEPETHUHY MOpsIMOI perpecii 3 BicClO
opauHat (puc. 1.4) 1 € 3HaueHHM ) B TOUL1 Xp=0.

Koedimient b xapaktepusye Haxuia npsMoi a0 oci adbcruc. [TozHaunmo yepes o
KyT, SIKMi TpsiMa yTBOpIoe 3 Biccro adciuc. Tomi b=tga. Bin € Mipow 3anexHOCTI
3MIHHOI ) Bl X a00 MIpOIO BIUIMBY, BHUSIBJICHOIO 3MIHOIO X Ha y. BiamoBimHo 10
piBHsHHS (1.2) b BU3HAYa€ cepe/lHIO BETMUMHY 3MIHHM pe3yJIbTATUBHOIO NMOKa3HUKA NpU
3MiHI OSCHIOBAJILHOI 3MIHHOI X Ha OJIMHUILIIO. 3HAK b BU3HAUAE HANIPSIMOK III€1 3MIHU.

[Ticyist BU3HAUGHHS YMCIIOBUX OIIIHOK MapaMeTpiB MO)KHa 3a piBHSAHHIM (1.2)

oOpaxyBaTu 3HA4€HHS J, IUId KOXKHOIO 3HAYEHHs IOSCHIOYOI 3MIHHOI X;. lle

3HA4YCHHA HA3HMBAIOTb PO3PAXyHKOBHM.



[Tpu niniiHIA QyHKLI] CYKYNHICTh PO3paXyHKOBUX 3HAYEHb YTBOPIOE MPSIMY
perpecii. SIk Bii3Hauanocs paHilie, 4Yepe3 BUMAAKOBHI BIIUB CTOPOHHIX (haKTOPiB
JUISL KOYKHOTO 3HAYEHHS X; MOXKE CIOCTEpIraTucs JeKUIbKa eMITPUYHUX 3HAYEHb );,
TOOTO KOXHOMY 3HAUEHHIO X BIJNOBIAA€ PO3MOAUT 3HAYEHb 3MIHHOI Y. 3HAUYEHHS

(yHKUIT perpecii ), TaKUM YMHOM € OLIHKAaMH CEPEJHIX 3HA4E€Hb 3MIHHOI ) Ul
KO>XHOTO (hIKCOBAaHOTO 3HAYECHHS 3MIHHOI X.
3BIJICH BHIUIMBAaE €KOHOMIYHA IHTEpHpeTalis ),. 3Ha4eHHSd ), IOKa3yIOTh

CepeqHE 3HAYCHHS 3aJIe)KHOi 3MIHHOI y TpU 3aJaHOMY X; IMOSICHIOIOYOI 3MIHHOI Y
NPUIYIIEHH], [0 €IMHOI MPUYMHOI0 3MIHHM ) € 3MIHHA X, a BUIAQJKOBa 30ypeHa
3MIHHA u TPHUIHSIIA 3HAYCHHS, piBHE HYJeBl. Po3kua ¢pakTuuHUX 3HAYEHBb 3MIHHOI )

JIOBKOJIA }/, 3yMOBJICHWH BIUIMBOM MHOXHHHM HEBpPaxoBaHuX (aktopis. Pisauiero

MK EMIIIPUYHUM 3HAYEHHSAM J; 1 PO3PaXyHKOBMM ), HAa3BEMO 3AIMILKOM, AKHUM Jac
YHUCJIOBY OLIIHKY 3HA4eHHSM 30ypeHoi 3MiHHOT u# (puc. 1.4). OTxe, 4nCIIOBE 3HAUYCHHS

A .
e BU3HAYaeThcad K ), — V, = €,,1 = 1, N . 3po3ymino, Mo, YAM MEHIIE 3HaYECHHs

e;, THM BJaJlilIe BUOpaHa npsma.

TakumM YMHOM, MM MIIIANUIKA A0 TpoOJeMH OIIHIOBAaHHS HEB1JIOMUX
napamMeTpiB @ Ta f.

1.4. MeToam 3HAXOAKEHHSI OLIHOK MapaMeTPiB eKOHOMETPHUYHOI MOJeJTi 3

ABOMA 3MIHHMMH

a) Meron naitmenmux kBagpariB (MHK) 3a cucreMoro HOpMaJIbHUX PIBHSHbD.
Ileii Merox € HaWTOYHIIIMM METOJOM 3HAXO/DKEHHS OI[IHOK IapaMeTpiB
€KOHOMETpHYHOT Mozeni. IIpoBiBIIM €KOHOMIYHMI aHalll3 MEBHOTO NpPOLECY 3
BpPaxyBaHHIM XapaKTepy XMapKuh TOYOK Ha Jiarpami po3CIOBaHHS, MEPEXOJUMO 10
BUPIBHIOBAHHA [JOCHIJIHUX JaHUX, SIKe MOJsArae y mnoOyJoBl TINOTETUYHOI JIiHIi.
OCHOBHOIO BUMOTOIO TPHU LILOMY € 3BEACHHS 0 MIHIMYMY HNOMWJIOK crienuikarii
dbopMm 3B’s13Ky MikK 3MIHHUMH. [li TOMUJIKM BU3HAYAIOTHCS Yepe3 BIIXUIICHHS

EMIIIpUYHUX JaHUX ); BiJl 3HAYEHb perpecii )., TOOTO BOHM (OPMYIOTH 3HAYEHHS
30ypeHOi 3MIHHOI e:
Yi—=Vi=6€
3 rpadika (puc. 1.4) 6aunmo, 110 e; — BIAXUICHHSI TOCIITHOT TOUYKH B1Jl OIIHOYHO1
npsiMOi, BUMIpsIHE 110 BepTuKaii. Lle BigxuneHuss Moxke OyTH JOJATHIM YM BiJi'EMHUM B
3aJIEKHOCTI BiJ] TOTO, TI0 SIKY CTOPOHY B1JI JIIHIT pO3MillleHa KOHKPETHA TOYKA.

IIpu BuOOp1 MpsIMOI MOKHAa BHCYHYTH BUMOTY, 100 CyMa BIIXWJIEHb BCIX
TOYOK BiJ1 JIiHIi perpecii OyJia piBHa HYJIEB1, TOOTO

2(y,=P)=2e=0

Ils ymMoBa 03Hauae, 10 cyMa JOJAaTHUX BIIXWJIEHb IOBUHHA OYTH PIBHOIO CyMIl
BiJI’eMHUX. JlOTpUMaHHS 1aHOi YMOBU HE Ja€ MOKJIMBOCTI OJTHO3HAYHO BU3HAUYUTH
PO3MIILIEHHSI BHUPIBHIOIOUYOT MpsMOi Ha IUlomuHI. JlaHy yMOBY 3a/J0BOJIBHSIE
HECKIHY€Ha MHOXHUHA NPSIMHUX, TOOTO Yepe3 3aJaHy TOYKY 3 KOOpJAWHATaMu (X;);)
IPOXOJUTH IMy4YOK MPSIMUX.



JIns 3HaXOMKEHHSI OJHO3HAYHOTO PO3B’SA3KYy BUKOPHUCTOBYEMO OAMH 13
MOKA3HUKIB PO3CIIOBaHHS BUIAJKOBOI BEIUYMHU — JUCIIEPCII0. SKIIO BCl BIAXUIICHHS
MiTHECTH O KBaJpaTy 1 MPOCYMYBaTH, TO pe3ysbTaT Oyje 0e3mocepeHbO 3anexaTh
BiJI PO3KHJY TOYOK JOBKOJIA IIYKAHOI JiHII. [3 MHOXHWHHM MOXIJIMBUX TPSMHUX Mae
Oyt BuOpaHa Taka, Qg SKOI Mipa pO3CIIOBaHHS JIOCHIIHUX TOYOK Oyne
MiHIMaIbHOIO. []e MOXHa MpeICTaBUTH HACTYITHUM YHHOM:

Fa,h)=Ye =3, -$) =Xy, —a—bx,)’ > min,13)
i=1 =1 =1

TOOTO cymMa KBaJparTiB BIAXWJICHb EMITIPUYHUX 3HAYEHb 3MIHHOI ) BiJl 3HAYCHbD,
00YHUCIICHUX 32 PIBHSIHHSAM MPsMO1, MTOBHHHA OyTH MIHIMAJIBLHOIO.

MeTton, B OCHOBY SKOTO IIOKJIaJieHa BHMOra MiHIMi3allii CyMH KBajpaTiB
BIIXWJIEHb, HAa3UBA€ThCS MeToAoM HalMenmux kBagpatie (MHK). 3  iioro
JOTIOMOT'OK0 3HAXOJSTh TaKl OLIHKU [MapaMeTpiB PIBHSIHHS perpecii, siki 3BOIATH 110
MiHIMyMy BUOpaHy Mipy po3citoBaHHA. lIpu 1bOMYy TpPOXOAUTH BHUPIBHIOBAHHS
EeMIIIPUYHUX 3HAaYeHb B OAHY JIHIIO perpecii. Y BUNAAKY JIHIHHOTO 3B 43Ky MIX
3MIHHUMM 1151 JIiHIS € MPSIMOIO.

Takum uyMHOM, mnpoOiieMa BHU3HAYEHHS MPSAMOI perpecii 3BOAUTHCS 10
minimizamii Qyskuii (1.3). HeoOXximHOI yMOBOIO LBOTO € TEPETBOPEHHS B HYJIb
NepIIMX YaCTUHHHUX MOXIAHUX Ii€l PyHKIT Mo KOXKHIM 3MiHHIN a Ta b. BizbMemo 11i
YACTUHHI MMOX1JHI Ta MPUPIBHIEMO 1X J10 HYJIS:

( [ n ( n
a—=2Z(yi—a—bxi)(—l):O _ZZ(yi_a_bxi):O
<§; = = ’:l =
%zzz(yi_a_bxi)(_xi)zo _2Z(yi_a_bxi)xi =0

L i=l1 L i=l1

i(yi—a—bxi)=0 iyi—na—bixi =0

J =l N Ji= i=1

> (7, —a—bx,)x, =0 Sy, —aSx ~b¥at =0
Li=1 Li=1 i=1 i=1

B pe3ynbrari BUKOHaHHSI MEPETBOPEHb OTPUMAEMO HACTYIHY CUCTEMY, sIKa
HA3MBAETHCS CUCTEMOIO HOPMAJIbHUX PIBHSHB:
e

na+b) x, =3y,

) ) i=1 ) i=1 ) (14)
ay x, + bel.z =X, V.,

L =1 i=1 i=1

PO3B’s3aBIIN SIKY, 3HAXOJUMO a Ta b:
Po3B’si3ku cuctemu (1.4) metogom Kpamepa MmoskHa 3HaiTH 3a hopMyiamu:

10



n
2 Vi L X
i=1 i=1
n n ) n n 5 n n
lelyi Zl'xl Zyile _Z'xileyl
a = i= ;— — i=1 i=1 : lzln 1212 (15)
n DX, ny x; — (X x;)
i=1 i=1 i=1
n n
X, X Xx;
i=1 i=1
n
n Zlyi
n ;_

2 X, Y,

i=1

nz X Vi~ Z xiz Vi

X

2

n
i=1
n

2

i=1

i
- 2
Yx 3x

i=1

n 5 n 5 (1.6)
nz X, = (Z xi)

i=1 i=1

3HavyeHHs a Ta b, oOumcieni 3a Qopmynamu (1.5) 1 (1.6), € omiHKamMu
napameTpiB o Ta f§ perpecii, orpumani MHK. Maroun 3HaueHHs a Ta b MOXHa
oOpaxyBaTu 3HaYEHHS perpecii s 3aaaHo01 00J1acTi 3HaYeHb MOSICHIOKYO01 3MIHHOT X.

Ili 3HaueHHS MPEACTABISIIOTH COOOIO

Hadikpanry 3 Touku 30py MHK miniiiny

anPOKCUMAITIIO TSI eMITIPUYHUX 3HAYEHb ), OCKIJIbKM BUOpaHa Mipa po3CitOBaHHS —

CTaHIapTHE BiI[XI/IJ'IeHHH 3BOJAUTHCA IIPU

ILOMY JI0 MIHIMYMY.

6) MHK uepe3 BinxuieHHs BiJ cepenHix. Po3risHeMo METOAMKY OLIIHIOBaHHS
napaMeTpiB 3 JOMOMOIOI0 METOJY BIAXWIJICHDb BiJl cepefHix apudmeTnuHux. OCHOBY
JTAHOTO METOJy CKJIaJar0Th BJIACTUBOCTI OLIIHOK, 3Haiaenux MHK, siki nonsaraioTs B
TOMY, IIO JiHIsA perpecii 000B’A3KOBO MPOXOJIUTh Yepe3 TOUKY CEpeIHIX 3HA4YEHb

(X,7).

[Toxinumo niepie piBHsHHS cuctemH (1.4) Ha n:

na

—+ b i=1

n
VY pe3ynbTari OTpUMaEMo

n
2 X,

y=a+bx. (1.7)

Jlani BigHIMEMO BijJl pO3paxyHKOBOro 3HaueHHsi 3MiHHOI y (1.2) Ti cepenne

11



3Ha4YeHHSs, 3HaleHe 3a popmyJioro (1.7):
y—y=a+bx—(a+bx)=b(x—Xx).
3Biacu )7 =y+ b(x — )?) : (1.8)  Tomi
BIIXWICHHS (PAKTUYHUX 3HAYCHb 3MIHHOI ) BiJ PO3PaXyHKOBHX, 3HAWJIEHUX TIO
dbopmyi (1.8):
e, =y, —J =—y)—b(x, —X).
Y, — )_/ Ta X; — X — 1€ BiAXWIEHHS 3MiHHUX y Ta X BiJ iX CepeiHiX 3HAUEHb.
JU1 IpOCTOTH NO3HAYMMO X Ayl. Ta Axl..

Hanbie posrasgaeMo (GyHKINO, MO0 MPEACTaBis€ COOOK CyMy KBaJpaTiB
BIJIXWJICHb JIIMCHUX 3HAYEHb 3MIHHOI ) B1J pO3paXyHKOBHX 1 JOCIIJIKY€EMO ii Ha min.

n n
f— 2 —_— 2 :
F(b)=Y e’ =X (Ay, —bAx,) — min
i=1 i=1
Ockinbku oTpuMaHa (PYHKIIISI 3aJI€KUTh TUTBKU BiJl b, TO 3HAXOJJUMO YACTUHHY
NOXIJIHY L€l PYHKUIT 110 D 1 IPUPIBHIOEMO 1i JO HYJIS.

oF n 2
=23 (Ax,Ap, )+ 253 (Ax, ).
i=1 i=1
Z—IZZO = _ZZH:(AxiAyi)—I_ZbZn:(Axi )2 =0 =
i=1 i=1

M=

AxiAyi)_bé(Axi )’ =0 = (AxiAyi):bé(Axi )"

1

Il
—

i=1
3B1JICH 3HAXOJIUMO MapameTp b:

) (Ax,Ay,)

b="- . (1.9)
4 2
> (Ax,)
i=1
3HavyeHHs OIIHKHU @ 3Haiemo 3 hopmynu (1.7):
a=y—bx (1.10)
®opmymu (1.9) Ta (1.10) — e popMynu a5t 3HAXOMKEHHSI OLIIHOK MTapaMeTpiB
€KOHOMETPHUYHOI MOJIeJli METOJOM HaWMEHINMX KBaJpaTiB 4epe3 BIIXWICHHS Bif
CepeaHiX.
®opmyny (1.9) MoxkHA MPEACTABUTH B IHIIOMY BUTJIAL. SKIIO PO3AIIUTH

1

YUCEILHHUK 1 3HAMCHHUK Ha — , TO OTPUMAEMO:
n

n

12



n

LS (axay)

1 n
b:ni=1 :I’li=1
| 1 _
Z(Axi)2 Z(xi_x)2
n i=l n i=1

Mu oTpumany B YHMCENBHUKY KOE(QIIIEHT KoBapiaiii MK 3MIHHUMH X Ta ),
SIKUHA 0OYHCITIOETHCS 33 (DOPMYIIOFO:

(xi _)_C)(yi _)7)

Zn:(xi _)_C)(yi _)7)
cov(x,y) == ,
n

a B 3HAMEHHHUKY Ma€eMO JUCIEPCIIO 3MIHHOI X, SIKa 3HAXOIUTHCS 32 GOPMYJIOI0:
n

Z(‘xi _)_C)z

o’ (x) = var(x) ==

n
Toni popmyna (1.9) maTume BUTTISA:
b cov(x,y)
var(x)

Ipuxnag 1.1. ]Ins aecsaTd NiAOPUEMCTB PETIOHY 32 YMOBHUU JIEIKUI mepioj
BIJIOMI YHCJIOBI 3HAYEHHS JBOX E€KOHOMIYHMX IMOKA3HMKIB: BaJiOBa MPOIYKISA
(MJIH. TpH.) 1 BapTICTh OCHOBHUX BUPOOHMUYUX (POHIIB X (MJIH. TpH.), (Tadn.1.1). s
JOCIIDKEHHST XapaKTePUCTUKU BIIMBY BapTOCTI OCHOBHUX BUPOOHMUYMX (POHAIB (X)
Ha BUITYCK BaJIOBOI MPOAYKIII ()) MIANPUEMCTBA 3 JOMOMOTOI0 E€KOHOMETPUYHOL
MOJIEJ1 HEOOX1THO:

1. 3pobutu crienudikaiio MOIEII.

2. 3naiiTu omiHKM mapaMmeTpiB mojeni 3 monmomororo MHK (3a cucremoro

HOPMAaJIbHUX PIBHSHB Ta Yepe3 BIAXUICHHS BiJl CEPEAHIX).

3. [loOymyBaTu OIIHOUHY TPSIMY.

Tabauysa 1.1
Ne Banosuit Bumyck OcHOBHI BUpOOHMYI
IiIpUEMCTBA OPOIYKIIi, MJIH.TPH., (dboHAM, MITH.TPH.,

Yi Xi
1 2,2 1,4
2 4,2 2,2
3 5,7 33
4 6,8 2,6
5 5,9 3,2
6 7,6 4,5
7 9,5 5,1
8 8,4 6,7
9 10,1 7,3
10 12,3 8,9

13



¢ Po3é’azyeanns.

1. IloGyayemo miarpamy poO3CIIOBaHHS 3aIeKHOCTI

14 -

12

10 A

%

BaJOBOTO BHUITYCKY
IPOAYKIIi () BiJl BAPTOCTI OCHOBHUX BUPOOHUYUX (HOHIB MiAIPUEMCTBA (X):

Puc.1.5. Jliarpama po3citoBaHHS

Po3mimennss TO4OoK Ha Jiarpami pO3CIIOBaHHSA Ja€ MOXKJIMBICTH 3pOOHTH
MPUITYIIEHHS PO 1CHYBaHHSI JIIHIMHOT (popmu 3B’ 3Ky y BUTIsAAl GhyHKiT (1.2):
y=a+bx,
7€ ¥ — PO3paxXyHKOBHI OOCSAT BHITYCKY BaJIOBOi MPOAYKIIii, MJIH. TPH.; X — BapTiCTh
OCHOBHUX BHPOOHHWYMX (HOH/IIB, MJIH. TPH.

2. JIns copoiiieHHsT pOo3paxyHKIB MPU 3HAXOJKEHHI OLIHOK @ Ta b mapameTpiB
€KOHOMETPHYHO1 MOJIeJl TOOYIyEMO TaOJIHIIIO:

2

Ne i/ Vi X; X; Xi i AXx; (A xi)2 Ay; Ax; -Ay;
1 2,2 1,4 1,96 3,08 -3,12 9,73 -5,07 15,82
2 4,2 2,2 4,84 9,24 -2,32 5,38 -3,07 7,12
3 5,7 3,3 10,89 18,81 -1,22 1,49 -1,57 1,92
4 6,8 2,6 6,76 17,68 -1,92 3,69 -0,47 0,9
5 5,9 3,2 10,24 18,88 -1,32 1,74 -1,37 1,81
6 7,6 4,5 20,25 34,2 -0,02 0 0,33 -0,01
7 9,5 5,1 26,01 48.45 0,58 0,34 2,23 1,29
8 8,4 6,7 44,89 56,28 2,18 4,75 1,13 2,46
9 10,1 | 7,3 53,29 73,73 2,78 7,73 2,83 7,87
10 12,3 | 8.9 79,21 109,47 4,38 19,18 5,03 22,03
Cyma | 72,7 | 45,2 | 258,34 | 389,82 0 54,04 0 61,22
le. Zyi
x=5 = 45,2 _ 4,52; y="= 127 _ 7.27.
n 10 n 10

14




Ax, =x, —X=14-452=-312;
Ax,=x,-X=22-452=-232;

------------------------------------------------

Ax,, =x,, —X =8,9—4,52 =438.

3anuiieMo CUuCTeMy HOPMaJbHUX PIBHSHB!

na +bl§x,~ = ;yi 10a +452b=72,7

| {

ad x, +bY. x> = x.y. 45,2a +258,34b = 389,82
L =1 i=1 i=1
Po3B’sxemo 1i:

a=-452b+727
—
452(~4,52b +7,27) + 258,34b = 389,82

a=-452b+7,27
—204,3b +328,6 + 258,34b = 389,82

(a =—-4,52b+7,27 {a =-452b+7,27
= =

J
154,046 = 61,22 b=113

(a=-452-113+7.27 a=217
3 =
b=113 b=113

3HaiiieMo 111 K OLIHKY 3a (hopmysiaMu BiaxuieHb Bl cepentix (1.9) ta (1.10):

- ;(AxiAyi) - 61,22 -

g ( Ax, )2 54,04
a=y—-bx=1727-113-452=727-51=2,17.

OTe, HAMH OTPHMAHO OLIHOYHE PiBHAHHSA €KOHOMETPHYHOT MOJIET

$=217+113x.

1,13;

15



3. Mo6ymyemo oninouny mpamy y = 2,17 +1,13x.

14

12 7 y=1,13x + 2,

24 ¢ X
O I I I I |
0 2 4 6 8 10

Puc.1.6. [liarpama po3citoBaHHs Ta OI[IHOYHA IIpsiMa

1.5. 3arajbHa, NOSICHIOIOYA TA HEMOSICHIOIOYA M CIIEePCil.
KoegiuienTn kopesinii Ta gerepminamii
[ToGynoBa piBHSIHHSI perpecii Ja€ HaM MOKJIMBICTh PO3KJIACTH 3HAYEHHS ); B
KOYKHOMY CITOCTEPEKEHHI Ha JIB1 CKJIaJIOBI:

Yy, =y te: (1.11)
Bennunea ). — pospaxoBaHe 3a OI[IHOYHUM PIBHSHHSAM €KOHOMETPHYHOI

MOJZIeNIl 3HAYEHHSI PE3yJIbTATUBHOIO TOKa3HMKA B I-My BHNAJKY. 3alHILOK e; €
PO30ODLKHICTIO MDK (PAKTUYHUM 1 MPOTHO3HUM 3HAYEHHSIM 3MIHHOi ), TOOTO, Ta
YacTHHA ), IKy MM HE MOXEMO MOSCHUTHU 3 IONOMOTOI0 PiBHSHHA perpecii. 3HaiaemMo

var(y)=var(y+e) = var(y)+ var(e)+2cov(y,e). (1.12
Bpaxysasmm, mo COV(},e) =0, 6ynemo matu:

var( y) = var( ) + var( e). (1.13)

JlaHe CHIBBIJHOIIEHHS O3HA4ae€, [0 MU MOXEMO PO3KJIACTH 3arajbHy

nucnepciro var(y) Ha aBi ckmamosi: var()) — dacTuHa, SKa MOSCHIOC PiBHSAHHS

perpecii (MosiCHIOIOYa Jucrepcis) 1 var(e) — HEMOSCHIOKYA 4YacTUHA (Aucmepcis
MOMUJIOK 200 HE MOSICHIOKYA AUCTIEPCis).

VY miBiid gactuHi (1.13) mMaemo Bapiallito 3ajeXHOi 3MIHHOI y HaBKOJIO CBOT'O
BUOIPKOBOTO CEpPEeIHbOTO 3HA4YeHHS )/, a y MpaBid — Bapialii po3paxyHKOBHX

3HAaueHb ) HABKOJO CEPEAHBOrO 3HA4YEeHHS ) Ta (AKTHYHMX 3HAYEHb ). 3a
o3HaueHHsM aucnepcii (1.13) nmpuiiMe HaCTYITHUIN BU/;

S G- T3
i=1 :1:1 +z:1

n n n

b
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| —\2
Giar =— Z (yi —y) — 3arajibHa JHUCIIEPCis; (1.14)
n i=1
2 la o :
O nosen. — Z (y i_y) — MOSICHIOKOYA IUCTIEPCIS; (1.15)
ni=1
2 1 & A N2 .
O nenosen. — Z (yl — yl) — Hcnepcis MOMUJIOK, abo (1.16)
n i=1

HETOSCHIOKYA JTUCTICPCisl.
2 2 2
To0to, 3 (1.14) MaeMO: ..k = O nogen. T O senosicr. -
kim0 3aranbHy JUCHEPCII0 BBXKATH HE3MIHHOIO, TO 4YMM Oulbima Oyje
MOSICHIOIOYA JIMCIIEPCis, THM MEHIIa HEMOSCHIOKYA, a 3HAYUTh MCHIIUNA PO3KH]
TOYOK Ha JiiarpaMi po3CiIOBaHHS BIJIHOCHO OILIIHOYHOI MPSMOI.

Hami noginumo o6unsi yactunu (1.13) Ha var(y) i oTpumaemo:
var(p) var(e)

() vary)

(1.17)

var(7)
var(y)

Sx moxHa mobauntu 3 Bupaszy (1.17) nmepma yactuHa € CKJIQZJOBOIO

var(e)
var(y)

IPOIOPIIEI0 AWCHepCii MOMMUIIOK Yy 3arajibHiil aucnepcii, ToOTo sBisie co0O0ro
YaCTUHY JUCIEpPCli, IKYy HE MOKHA MOSICHUTHU Yepe3 perpeciiiHuil 3B’ A30K.
YactuHa gucnepcii, M0 MOSICHIOETBCS PETPECi€r0, HA3UBAETHCS KOEQIIIEHTOM
N 2
JeTepMIHaIlli 1 To3HaYaeThest d abo 7

JUcTepcii, IKy MOXKHA TOSCHUTH 4yepe3 JiHito perpecii. [[pyra gactuna

d = 7,.2 — Va'r(-);) — O-Ifo}ZCH. —1— O-}fenogc].l.
var(y) o o’

3ae. 3ae.

(1.18)

3 miei dhopmynIm BHJIHO, MO KOedIIEHT AeTepMIHAIIl 3aBXIW JOJATHIN 1
3HAXOAMUTHCS B MEXKax BIJ HYJIA 10 OJMHUIIL. MakcumanbHe 3HaueHHs d=1, 3a yMOBH,
110 JIiHis perpecii TOYHO BiANOBigae BeiM crioctepexentsm (), = Y, 1 BCI 3aJIMILIKHA

piBH1 Hym0). Toxi Var(j/) = Var(y). Skiio K s BUOIPKU BIJACYTHIN 3B S30K MiXK
3MIHHUMHU y Ta X, TO KOeiLUIeHT d Oyne OMU3bKUil 10 HYJIS.

[Ticns moOy10BU perpeciitHoi MoJieni HeoOX1JHO OLIHUTH TICHOTY 3B’SI3KY MIX
pPEe3yJbTaTUBHOIO Ta (PAKTOPHOK 3MIHHUMH. JIJIsi bOTrO HEOOXITHO pO3paxyBaTH
Koe(ilieHT Kopensiii, SKuid came XapakTepu3ye€ CTYMHiHb NIUIBHOCTI JIHIAHOT
3QJIEKHOCTI MIXK BHIIQJIKOBUMHM BEJIMYMHAMU X Ta y. BiH mno3HavaeTrbcs r 1
PO3paxoBYETHCS 3a (HOPMYJIOLO:
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I & _ B
COV(X, y) B COV(x,y) _ n;(xi - x)(yi - J/)

. —
Jvar(x)var(y) o0, i;(x ~x) ;;(y -y

ne cov(X,y) — KkoedirieHT KoBapiallii Mi 3MIHHUMH X Ta y, var(X), var(y) — nucnepcii
3MIHHHX X Ta ), & Oy, Gy — IX CEpPeJHI KBaJpaTHU4YH1 BIIXUJICHHS.

Koeodiuient xopensmii, Ha BiAMiHy BiJ KoedillieHTa KoBapiaiii, € BXe He
abCONIOTHOIO, a BIJHOCHOIO MIpOIO0 3B’A3KYy MDXK JBOMa (hakTopamu 1 MpHiiMae
3Ha4eHHs 3 iHTepBany [-1;1]. JlonaTHe 3HAYEHHS KOPEJALil CBIIYUTh PO HASIBHICTH
OpsIMOrO 3B SI3Ky MDK 3MIHHMMH, a BIJ’€MHE — MpPO 3BOPOTHIM 3B’SA30K. SIKIIO
KoeiieHT Kopesii npsamye 10 =1, To MoBa 1€ PO HAIBHICTh TICHOTO JIHIMHOTO
3B’SI3Ky MK 3MIHHUMHU. Y TOH JXK€ 9ac, KOJIM BiH MPSAMYE A0 HYJsI, TO JIHIMHUN
3B’SI30K MDK 3MIHHMMH CJlaOKuil. Ale, ko Hamu oTpumanHo =0, To He Tpeba
CIIIIMTA 3 BUCHOBKAMHU MPO BIACYTHICTh 3B 3Ky MDK 3MIHHUMH. MOKHa JIHIIIE
poOUTH BHUCHOBOK TMIPO BIJICYTHICTh JIHIMHOTO 3B’S3Ky, aje MDK BUOpaHUMH
3MIHHUMHU MOXE ICHYBaTH TICHUW HeNiHIAHUN 3B’s30K. KoedimieHT kopensiii gae
MO>KJIMBICTh POOUTH BUCHOBOK PO TICHOTY CaMe JIHIHHOTO 3B’SI3KY MK 3MIHHUMH.

[loguBuMOCh, YW ICHY€ 3B’A30K MDK KOe(DIIIEHTOM JAeTepMiHaIii 1
koe(imieHTOM Kopensuli. s nporo 341MCHUMO HACTyHHI MEPETBOPEHHS IS
KoeilieHTa qeTepMiHaii:

1 & —2 | —\\2
. X(Py) Xlarbx—(a=bx))

d _ GnO}lCH.
=T —2 1 & —.2
e 7Z(yi_y) 72()/,'_)/)
ni=1 ni=1
| |

SY(b(x-x)) BoY(y-X)
— n i=l1 — n i=l1 — bz Gx
| — 2

IO S ¥ E 70 B

Bukonaemo  aHanmoriuHi MEPETBOPEHHS JUIA  Koe]illieHTa  KOPEeJAIlii,

cov(x, y)
BpaxyBaBIH, mo b = ————=:
var(x)
. cov(x,y) _ cov(x, y) _ covy,y) o, _ covy,y) o, _p.
Jvar)var(y) o0 ) 0,0, O, o, o, Oy

3 ocTaHHBOI (POPMYJIM BUAHO, 110 3HAK KOE(PIlIEHTAa KOPEJSIli BUSHAYAETHCS
3HAKOM OL[IHKH b.
Mu 6auumo, 1m0 KoediIieHT KOpelsIii € KopeHeM KBaJapaTHUM 3 KoedilieHTa

JeTepMIiHaIlil: r= i\/g ) (1.19)
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Ilpuknao 1.2. Ha ocHoBI Janux npukiany 1.1 notpiGHo:
1. O0uucnuTH 3arajibHy, MOSCHIOIYY Ta HEMOSICHIOIOYY JIUCTIEPCIIO.
2. 3HaiiTH 3HaYeHHS KOe(]IIIEHTIB AETEPMIHALIIT Ta KOPEJISIIi.

¢ Po3é’azyseanns.

1. Iyt 3HaXOHKEHHS TUCTIEPCi BUKOPHUCTAEMO HACTYITHI (hOPMYJIH:
n
A —_ 2 n
N2 ( _ ) A )2
(yi_y) ) Zly’ Y Z(yi_yi)
2 _ =l X — i= . 2 i=1
O pr. = ’ GV!O}ZC"L >~ menoscH. :
n n n
JIs1 ciipoltieHHs miapaxyHKiB OOy 1yeMO TabJIUIIIO, B3SBIIN CEPE/IHI 3HAUYCHHS

3MIHHHX 3 npukiIagy 1.1:

n

y =127, x =4,52.
New/m | y; Xi V=YV |, =¥ Vi | ViV G=D ViV (= 9)

1 2,2 1,4 |-5,07 | 25,7 3,74 | -3,53 | 12,49 | -1,54 2,36

4,2 22 |-3,07| 942 4,64 | -2,63 | 6,91 -0,44 0,2

5,7 33 | -1,57| 2,46 5,80 | -1,38 | 191 -0,19 0,04

6,8 26 [-047 | 0,22 5,09 | -2,18 | 4,73 1,71 2,91

5,9 32 | -1,37 | 1,88 5,77 | -1,50 | 2,24 0,13 0,02

7,6 | 45 | 0,33 0,11 7,25 | -0,02 0 0,35 0,12

9,5 51 | 223 4,97 7,93 | 0,66 0,43 1,57 2,47

84 | 6,7 | 1,13 | 128 | 974|247 | 6,1 | -134 | 1,79

OG0 NN | [N [t

10,1 | 7,3 | 2,83 8,01 1042 3,15 9,92 -0,32 0,1

10 123 | 89 | 5,03 25,3 | 12,23 ] 496 | 24,62 0,07 0

Cyma | 72,7 | 45,2 0 79,36 | 72,7 0 69,35 0 10,01

OT1xe, MaeMo:

2 7936 56 0 _ 6935

3ar MOSACH.

=6,935;0" _1901

HEMOSICH.

=1,00L

2. 3HaiiieMo 3Ha4eHb KOe(ILIE€HTIB IeTepMIHaLli Ta KOPEJSIIIi.
Jlnst oOuuncnenHs koedirieHTa AeTepMiHallli BUKOPUCTOBYEMO (PopMyIy:

2
g = oo 6935 _ o0
o2 7936

a 1e o3Havae, mo 87 % 3araibHOI qUCTIepCii MOSCHIOETHCS OLIHOYHOO MPSIMOIO0, Ha
J0JT10 HeBpaxoBaHUX (haktopis mpumnagae 13 %.
KoedimienT xopemnsiii 3HaiimemMo 3a popmyioro:

r=4Jd =087 =0,93.

3Hak koe(imieHTa KOpeysiii BHU3HAYAETHCS 3HAKOM KyTOBOrO KoedillieHTa
OIIIHOYHOT'O PIBHSHHSA b (B HAIIOMY BHIIQJKy BiH AojaTHuWiM). OTpuMaHe 3HAYCHHS
KoedilieHTa KOpeJsllli BKa3ye Ha CTYIMIHb TICHOTH JIHIMHOTO 3B’S3Ky MK 3MIHHHMHU.
3navyeHHs koedirienta kopessii piae 0,93 (6mu3bke A0 OJUHMIN), a 1I€ 3HAYHTD, 1110
TiHiiHA opMa 3B’ SI3KY MIXK 3MIHHIUMH ) Ta X BUOpaHa BIpHO 1 1€l 3B’ 30K TICHUH.
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1.6. YmoBu I'aycca-MapkoBa 1yisi BUNIAAKOBOI 3MiHHOI

IIpu BuxopuctanHi MHK s 3HaxomKeHHS OI[IHOK IapaMeTpiB MOJEl
BUIIaJIKOBA 3MIHHA (30ypeHHs, BUIIQJKOBUI 4JI€H) MOBUHHA 3aJOBOJIbHSATH YOTUPH
YMOBH, 1110 MarOTh Ha3By yMoBU ['aycca-Mapxkosa.

1. MareMaTuuHe CHOMIBAHHSI BUITQJKOBOI 3MIHHOI JJisi BCIX CIIOCTEPEXKEHb
pIBHE HYJIIO:

M(u)=0,i=1,n,
1€ 1 — KUTBKICTh CIIOCTEPEKEHb.

[HKOMM BUMAAKOBUM YjieH MOJEIl MOXe OyTH J0JaTHIM, a IHKOIM —
Bix’eMHuM. OIHAK BIH HE Ma€ MaTh CHUCTEMAaTUYHOTO 3MILIEHHS B KOJHOMY
MO>KJIMBOMY HAIPSIMKY.

2. Jlucmepcis BUNAIKOBOI 3MIiHHOI IOBMHHA OYTH TIOCTIHHOI IS BCIX
CIIOCTEPEkKEHB (BIACTUBICTh TOMOCKEIACTUYHOCTI):

2 2 .
Mu )=0,, i=1n.
3. BigcyTHICTh CHCTEMAaTUYHOTO 3B’ SI3Ky MK 3HAYE€HHSAMH BUIAAKOBOT 3MIHHOI
B OYyJIb-IKMX CIIOCTEPEIKECHHSIX:

M(u,u,)=0, i#j, i,j=1n.
Ile o3Hayae, 0 BUITAJIKOBI BEJIMUMHU HE3aJICKHI MK CO0010, TOOTO 3HAYCHHS
BUIAIKOBOI 3MIHHOI # B [-MY CIIOCTEPEXKEHHI HE 3aJI€XKUTh BiJ TOTO, SIKE 3HAYCHHS
BOHA MPUIME B j—MY CIIOCTEPEKEHHI.

4. BunmankoBa 3MiHHAa TOBMHHA OYTH pO3MNOJIICHOI HE3AJIEKHO Bij
MOSICHIOIOUHX 3MIHHUX:

M(x,,u;)=0, i,j=Ln.

3HaueHHd OyJp-SKOi HE3aJEeKHOI 3MIHHOI B KOXXHOMY CIIOCTEPEKEHHI
BBQ)KAEThCA €K30I'€HHUM, TMOBHICTIO BH3HAYEHUM 30BHINIHIMU MPUYUHAMH, K1 HE
BpaxoOBaHi B PIBHSHHI perpecii.

KpiM mpuBeneHux BHINE YMOB NPUITYCKAETHCS ITOTPUMAHHS HOPMAIBHOTO
3aKOHY PO3MOJLIY BMIIAJIKOBOTO WIEHA 3 HYJIHOBUM MaT€MaTHUYHUM CIOJIIBAaHHSM 1
nocTiiiHO nucrnepciero. [lpunyiieHHs Mpo HOPMAJIBHO PO3MOAICH] BEIUYMHU
IPYHTYEThCS HA UEHTPAIbHIM TpaHUYHIA TeopeMi, sKa CTBEPKYE, IO, SKIIO
BUIIQJIKOBA BEIMYMHA € 3arajibHUM PEe3yJbTAaTOM B3a€MOJI1 3HAYHOTO YHCJA 1HIIUX
BUIIJIKOBUX BEJIMYWH, TO BOHA OyJie MaTH MPUOJIU3HO HOPMATBHUI PO3MOIiN, HABITH
SKIIO OKPEMI CKJIAJIOBl HE MAaTUMYTh HOTO.

1.7. BaacTuBoCTI OLIIHOK MapaMeTpiB Mo/ieJii MapHoi perpecii

PO3pI13HAIOTH TOYKOBI Ta 1HTEpBAJIbHI OLIHKA MAapaMeTpiB €KOHOMETPUYHOI
MOJIEI.

Toukoeo1o oyinkoo napameTpa EKOHOMETPUYHOT MOJIENI HAa3UBAKOTh 3HANIEHY
OI[IHKY IIbOTO TIapameTpy.

Iumepeanvuoro oyinkor NapaMeTpa EKOHOMETPUYHOI MOJIENl Ha3UWBaIOTh
IHTEpBaJ, B MeXaxX SIKOr0 3 MEBHOI 33/JaHOI0 HNMOBIPHICTIO 3HAXOIAUTHCS ICTUHHE
3HAYEHHS 1IOTO IMapaMeTpy.

O1iHKY MTapaMeTpiB €EKOHOMETPUYHOI MOJIEN1 MalOTh TaKi BIACTUBOCTI:
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1) He3mileHicTs.

BubipkoBa orinka b mapametrpa [ Ha3UBA€TbCS He3MiWeHow, SKII0 BOHA
3a/10BOJIbHSIE YMOBY M(b)= f.

2) OOrpyHTOBaHICTb (CIIPOMOKHICTB).

BubipkoBa orminka b mnapametrpa [ Ha3UBAETbCA  OOIPYHMOBAHOIO
(cnpomodicHoro), IKIO TS SIK 3aBFOJITHO MAJIOTO YHCIIa & CIPaBIKYEThCSI yMOBa
limp(b- g/ <e)=1,

n—>0
TOOTO Tpu 30iIbIIeHHI 00’€My BHUOIpKH 10 OE3MEXHOCTI OIHKA SK 3aBrOJHO
OJIM3BKO HAOIMIKAETHCS IO ICTHHHOTO ITapaMeTpy.

Mu 6aunmo, 110 OLIHKAa € OOIrpYHTOBAHOO, SIKIIO BOHA 3a/I0BOJIbHSE 3aKOH
BeIUKUX uucena. OOIpyHTOBaHICTh NMOMWIKM O3HAauyae, MO0 4YuUM Ouiblil OyAyTh
BUOIpKU, TUM OUlbIlIa HMOBIPHICTH TOTO, 11O NMOMUJIKA OLIIHKKA HE MEPEBUUIYE SK
3aBrOJJHO MAJIOTO YMCJIA &.

3) EbexTuBHICTS.

BubipkoBa oninka b nmapamerpa [ Ha3UBAEThCS eheKmusHo0, SKII0 BOHA Mae
HallMEHIIy TUCIEPCIIO.

Teopema T'ayca-MapkoBa. Skmio s 3aauiikoBoro ujeHa piBHSHHSA (1.1)
BUKOHYIOTbCSI yMOBHM ['ayca-MapkoBa, TO OLIHKKA a 1 b, po3paxoBaHi 32 METOIOM
HaMEHIIIMX KBaJpaTiB, MAaOTh HAaWMEHIIy AHWCHEPCiI0 B KJIaci BCIX JHHIMHUX
HE3MIIIEHHUX OI[IHOK.

Ouiaku a 1 b, 3HaACHI METOAOM HAWMEHIIMX KBAApPATIB € HE3MIIICHUMHU,
e(eKTUBHUMHU Ta CIIPOMOKHUMH.

1.8. IToOynoBa noBipuux iHTepBaJjiB

HaniiiHicTh OLIIHKM BU3HAYAETHCA MHMOBIPHICTIO, 3 SIKOIO CTBEPIKYETHCS IO
noOyJOBaHUHM 3a pe3yJibTaTaMH BUOIPKU JOBIPYMI 1HTEpBald MICTUTH HEBIJOMMIA
apamMeTp reHepatbHOI CYKYIHOCTi. MIMOBIpHICTh iHTEpBANBHOI OLIHKM mapamerpa
HA3MBAIOTh JOBIPUOIO 1 MMO3HAYa0Th p. TOal MOXKHA CIIOAIBATUCS, IO MPU MHOKHHI
CIIOCTEPEKEHD MapaMeTp reHepalibHOI CYKYIHOCT1 Oy/i€ MPaBUIHLHO OIL[IHEHUM (TOOTO
JOBIpYUN 1HTEpBAJ TMOKPHE [IMCHE 3HAYEHHS IIbOI0 IapaMeTpa) HPHUOJIU3HO Y
p-100% Bumagkie 1 gume y  (100-p) %  BumamkiB  omiHKa  Oyne
OMMJIKOBOIO.

Pu3uk TOMMIKM BHW3HAYA€THCSA PIBHEM 3HAYYNIOCTI O, SKUH HA3WBAETHCS
JOBIPYUM PIBHEM JIAaHOTO 1HTEPBAIY.

[To3HaunMo mapaMeTp reHepaibHOi CyKyHmHOCTI 4epe3 A, a HOTro OLIHKY — U.
Toni, 3a 03HaYEHHSIM JOBIPYOro iHTEPBAIY, OyJeMO MaTH HACTYIHY (popMyIy:

- <A< )=1-
P(,u ko,<A<u+ko,)=1-a,
ne k — noBipUnii MHOXKHUK, SIKMH BiJoOpakae 4acTKy CTaHAAPTHOTO BIAXUJICHHS, SKa
NOBMHHA OyTH BpaxoBaHa, 100 13 3aJaHOI0 WMOBIPHICTIO p JOBIPYM 1HTEPBAI
Lu —ko p s M+ ko p J MOKPUB MapaMeTp A TeHEePaIbHOT CYKYITHOCTI.

[Tepeiinemo 10 mTOOYAOBH MOBIpYMX IHTEPBAIIB MJis MapaMeTpiB MapHOI

JTiHIAHOT perpecii. 3HaiiieMO JOBIpUMUA 1HTEpBAN JUIsl OIIHOYHOTO piBHAHHS. Jljis
IIOTO HaM HEOOXITHO MaTH TMOXUOKY OIlHKH, SKy 3HaimeMo 3a (Qopmylioro:
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Ayx =1, Ouenoscn.» A€ Iy — HFMOBIDHICHHH KOC(ILIEHT, 3HAYCHHS SIKOTO IpHU

3a/IaHOMY PIBHI UMOBIPHOCTI p 3HAXOJUMO 3a TaOJMIIMU HOPMAJIBHOTO PO3MOALTY.
3Ha4eHHA f, € KopeHeM piBHAHHA 2D(f,) = p, ne D(#,) — iHTerpaibHa (QyHKIIA

Jlannaca.
Toni noBipuunii IHTEpPBAJ AJI OLIHOYHOTO PIBHSAHHS MaTUME BUTJISI:

VimASY, SV + AL (1.20)

I'padiuno goBipumnii iHTEpBAT MOXKHA 300pa3UTH TAKUM YUHOM:

a+A  +by
X i
a+bx,

yx

v
)

Puc. 1.7. JloBipuuii iHTEpBaJI OI[IHOYHOTO PIBHIHHS

[Ipouenypa mnoOymoBuM [OBIpUMX IHTEpBAIIB MJiA MapaMeTpiB o T1a [
aHajoriyHa mnonepenHii mnpouenypi. CrnoyaTky 3HaXOJUMO TPAHUYHI HOXUOKH
OLIIHOK BIJMOBIJHUX MMapaMeTpiB 3a popMyiamMu:

Aa:Ga.tp; Ab:Ab.tp (121)
2 2 . . .
ne o,» O — BIANOBIAHO aAUCHEPCii OLIHOK a Ta b, 3HAYEHHS AKHX OOUYHMCIIOIOTHCS

3a hopMyJsiamMu:

2 2
5 GHCHOHCH. ) Z .Xi 62
i=1 2 HEMOSICH. ( 1 22)

O.— Op — n )
5 (x7)

Bt -l
n-3 (x—%)

OT1xe, TOBIpYl IHTEPBAJ ISl MTApAMETPIB @ Ta [/ MAaTUMYTb BUTJISI:
a-A,Sasa+A,, (1.23)

b—A,<B<b+A,. (1.24)

22



Ilpuknad 1.3. Ha ocHoBi nanux mpukianiB 1.1 ta 1.2 moOynyBaTu moBipui
IHTEpBaJIM OL[IHOYHOTO PIBHSIHHS 1 TapaMeTpiB & Ta [ €KOHOMETPUYHOI MOJENI IS
nMoBipHocti p=0,9.

¢ Po3é’azyeanns.

O6umcIUMO rpaHUYHy ToXHOKy A = t 0

HETOSICH. * 3HavYeHHS 1, 3HaUJIEMO,

PO3B’S3aBIIN PIBHSIHHS: 2@(1 p) = p, ne O(t,) - iHTerpanpHa ¢QyHkuis Jlamnaca.
Hiis p=0,9 MaeMo: £,=1,65. Taxox 3HaUJEMO
O senonen. =\ Tcaonen, = ~/1,001 =1,0005

Tomi A, =1,65-1,0005=1,651.

JloBipuuii iHTEpBaJI MaTUME BUTJISI:

P —1,651<y <9 +1651,
2,17 +1,13x, 1,651 < y. <217 +1,13x, + 1,651,
1,13x, +0,519 < y, <1,13x, +3,821.

JIsist moOy0BH OIIIHOYHOTO PIBHSHHS, BEPXHBOI Ta HMYKHBOI MEXI JIOBIPYOTO
1HTEpBaIY JOCTATHHO MO /1Bl TOYKU. OOUHUCINMO iX:

Hwxag mexa

y=113x+0,519

OmiHoyHa npsMa

y=L1L13x+2,17

BepxHa mexa

y=113x+3,821

X y X y X y
1 1,65 1 3,30 1 4,95
10 11,82 10 13,47 10 15,12

16 -

Ly 3x + 3,821

12 - 3% + 2,17

1o - 1,13x + 0,519
g
6 -

4 -

)

0 ‘ ‘ ‘ ‘ ‘

0 2 4 6 8 10 12

3HaliieMo noBip4yi iHTepBaIu i o Ta f. [lounemo 13

OOUYHCIICHHS TPAHUYHUX MTOXUOOK OIIHOK ITUX MTapaMeTPiB:

A, =0,t,, A =04,
JIist 1IbOTO CHOYATKy 3HAWIEMO 3HAYCHHS IUCIEPCid 1 cepedHiX KBaJApaTUIHUX

BIJIXWJIEHD OIIIHOK a Ta b 3a popMynamu:
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jji:A;ZCT;;HOﬂCH. .
J=- = RPN 04, o, =048 -0

Cio
Il

o’ _ 1,001

HCIIOACH.
;= =
n _ 54,04
Z (xi _ x)
i=1
Jlamni 3HaligemMo

0,02, o, =+/0,02 =0,14.

A, =0,t,=0,69-165=~114;
A, =0, -1, =0,14-165=0,23.
OTxe, HaMH OTPUMAHO HACTYITHI IHTEPBAJIM JIOBIPH JUISI OIIHKH
ac [a—Aa; a+Aa],
ael217-114; 217+114],
1,03 < <331,
JUISL OIIIHKH /5.
Belb-A,; b+A,]
B el[1,13-0,23; 1,13+0,23]
0,9< 8<1,36.
Binobpaszumo 111 1oBipul iHTepBanu rpadgigHo. OOUUCINMO KOOPJAUHATH ABOX

TOYOK JIJIs1 TOOY0BH HIKHBOI T4 BEPXHBOI MEK JOBIPUOTO IHTEPBATY IS .

Hwxas mexa OninoyHa npsaMa Bepxns mexa
y=113x+1,03 y=L13x+2,17 yv=L13x+3,31
X y X y X Y
1 2,16 1 3,30 1 4,44
10 12,33 10 13,47 10 14,61
Ans f:
16 - y=1,13x+331
4V

=1,13x+2,17

12

104 y=1,13x + 1,03

S N B~ N
I I I I
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Hwxas mexa OmiHoyHa npsiMa BepxHa mexa
1=09x+2,17 y=113x+217 y=136x+2,17
x ¥ X Y X y
0 2,17 0 2,17 0 2,17
10 11,17 10 13,47 10 15,77

1.9. IlepeBipka HYJILOBHX rinore3

20 -
y y=136x+217
15 |
113x+217
10+ y=09x+217
5 |
0. '

1 T T T T T JU

0 2 4 6 8 10 12

OCKITbKM CTATUCTHYHI JIaHl, SKI MH JOCHIIKYEMO, CTBOPEHI pPI3HUMHU
BUMAAKOBUMH  (aKTopaMu, TO  OUIBLIICTP  CTaTHUCTUYHUX  JIOCIIHKECHb
CYIPOBOJIKYETHCS MEPEBIPKOIO JICSIKUX MPUMYIIEHh a00 TIMOTE3 Mpo JpKepelia IUX
TaHHX.

OcHOBHE IPUMYIIIEHHS, SIKE TIEPEBIPAETHCS, HA3UBAETHCS HYJIHOBOIO TIMTOTE3010
1 mo3HavaeTbest H, mepeBaxHO (HOPMYIIIOETHCS SIK BIICYTHICTh PI3HMILb, BIJICYTHICTh
BIUTMBY (pakTOpa, piBHICTH HYJIIO 3HaUYC€Hb BUOIPKOBUX XapaKTEPUCTHK 1 T.]I.

Jlpyre nmpunyiieHHs, sike NepeBIpsSeThCs (HE 3aBXKIU CTPOro MPOTUIIEKHE YU
o0epHEeHe MepIIoMY), HA3UBAETHCS KOHKYPYIOUOI0 a00 albTEePHATUBHOIO TIMOTE3010 1
nmo3Havaerscs H,.

JIJist CTATUCTUYHOTO BUCHOBKY TIPO HAsIBHICTH 200 BIACYTHICTh KOPEJSIIITHOTO
3B’SI3Ky MDK JIOCHIPKYBaHUMH 3MIHHUMH HEOOXIJHO MPOBECTH MEPEBIPKY PIBHS
3HAYyNIOCTI BUOIPKOBOTO KoedilieHTa Kopemsuii. Buxopuctanuit xkputepiit s
PO3B’SI3KYy 3aJay JAHOTO THIy TPYHTYETbCS Ha PO3MOAUI PI3HUX CTATUCTHK 1
HA3WBAETHCS KPUTEPIEM 3HATYIIOCTI.

[Tponenypa nepeBipku 3HAUYMIOCTI MOYMHAETHCS 3 (DOPMYITIOBAHHS HYJIBOBOI
rinore3u H,. Y 3araipHOMY BUMAQJKy BOHA IMOJSITa€ B TOMY, IIO MK MapamMeTpoM
BUOIPKU 1 MapaMeTPOM T€HEpalbHOI CYKYNHOCTI HEMA€ HIIKUX CYTTEBHUX PI3HHUIIb.
AnbpTepHaTHBHA TinoTe3a H; mondrae B TOMy, 110 MK ITUMHU IMapaMeTpaMU € CyTT€BI
pi3HuIll. Hanmpukiasn, npu nepesipiii HASBHOCTI KOPEJISIi B TeHepaIbHIi CyKYITHOCTI
HYJIbOBA TIMIOTE3a MOJIATA€ B TOMY, 110 ICTUHHUN KOS(DIIEHT KOPEALii pIBHUM HYJIO
(Ho: R=0). fxmo B pe3ynabTaTi TMEPEeBIPKU BHSIBUTHCA, IO HYJIbOBA TIMNOTE3a
HENPUIHATHA, TO HYJHOBA TIMOTE3a BIAKUIAETHCS 1 MPUUMAEThCS albTepHATUBHA H.
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[HIIMMU ClIOBaMU, MPUITYIIEHHS BITHOCHO HEKOPEIHOBAHOCTI BUMAJAKOBHUX 3MIHHUX Y
reHepalbHIi CyKymHOCTI Tpeba BHU3HATH HEOOIpyHTOBaHMM. | HaBmaku, SKIIO Ha
OCHOBI KPHUTEPII0 3HAYYIIOCTI HYJIhOBA TIMOTE3a MPUNMAETHCI, TOOTO 7 MICTUThCS B
JOMYCTUMI 30H1 BUMIAJIKOBOTO PO3CISIHHS, TOA1 HEMA€E MiJCTaBU BBAXKATH CYMHIBHUM
OPUIYILIEHHS BIIHOCHO HEKOPEIbOBAHOCTI 3MIHHUX y F'€HEpabHIN CyKYIHOCTI.

[Ipu mepeBipIll 3HAYYIIOCTI BCTAHOBJIIOIOTH 3HAYEHHA 11 PIBHA O, KU Jae
NEBHY BIIEBHECHICTh B TOMY, IO IOMHUJIKOBI BUCHOBKH OyIyTh 3pOOJICHI B JIyXKe
piakux Bunaakax. PiBeHb 3HAUYYHIOCTI BUpa)kae WMOBIPHICTH TOTrO, IO HYJIhOBA
rinore3a H, BIAKAIAETHCS TOJi, KOJU BOHA B JIMCHOCTI BipHA. 3pO3yMiJo, IO Mae
CeHC BHOpaTH JaHy WMOBIPHICTb SIK MOXHA MEHIIIOO.

[lepeBipsitoun 3HauyymIICTh Koe(iliEHTa TapHOi KOPEJslii, BCTAaHOBIIOIOThH
HasIBHICTb 200 BIJICYTHICTh KOPEISLUIAHOTO 3B A3KY MIXK JOCTII)KYBAHUMHU SBUILIAMH.
[Ipu BiaCyTHOCTI 3B’SI3KYy KOE(ILIEHT KOPENSIii TeHepadbHOI CYKYMHOCTI PIBHHIMA
Hymo (R=0). Ilpouemypa mnepeBIpKH TINMOTE3W MOYUMHAETHCS 3 (HOPMYJIIOBAHHS
HYJIbOBOI Ta aJIbTE€PHATUBHOI T10TE3:

H,: pi3nuii Mix BUOIpKOBUM KoedilieHTOM Kopelsiii » Ta R=0 Hemae;

H,: pizauns Mk 7 Ta R=0 3Ha4Ha, 1 K HACIIJOK, MK 3MIHHUMHU y Ta X B
reHepalibHIM CYKYITHOCTI € CYTTEBUM JTIHINHUHN 3B’ SI30K.

JIJIst OIIHKYM 3HAYYHIOCT1 KOE(IIIEHTA KOPEAIl BUKOPUCTOBYEMO f~KPUTEPIid
CrprozieHTa 3 n-m-1 CTyNEeHSIMH BUIBHOCTI.

[ling KITBKICTIO CTYHEHIB BUIBHOCTI PO3YMIIOTh PIZHHUIIO MDK KUIBKICTIO
CIOCTEPEKEHb Ta KUIBKICTIO MapaMeTpiB, SKI BCTAaHOBIEHI y pe3yJibTaTi IHX
CIOCTEPEKEHb, HE3AJIEKHO OJMH BiJl OJTHOTO.

3a pesyinbTaTaMud BHOIPKH OOUYUCIIOEMO f-CTaTUCTUKY, ab00 eMIlIpUuYHe
3HAYCHHS IapamMeTpy t:

rNn—m—1
= (1.25)

t emn \/1_7]/.2 )

AK€ IMOPIBHIOETHCSA 3 KPUTHYHUM 3HAUEHHAM fyp, IO 3HAXOAUTHCSA 33 TAOIMLAMU
posnoainy CThlojICHTa MPU 3aJaHOMY PIBHI 3HAYYMIOCTI O Ta k=n-m-1 CTymneHsax
BUTBHOCTI.

[IpaBuI0 BUKOPUCTAHHS KPUTEPIIO TOJSATAE Y HACTYTHOMY:
- JKIIO ‘t emn

BIJIKM/IA€THCA 1 MPUHUMAETHCS aJbTEPHATHBHA Timore3a H; mpo iCHyBaHHS
JTHIAHOT 3a7I€)KHOCTI MK JAaHUMU 3MIHHUMU B T€HEPAIbHIA CYKYITHOCTI;

> tyy> TO HylbOBa rimote3a H, Ha pIiBHI 3HAYYMIOCTI O

- SKILO ‘f eMn‘ < th, TO HYyJbOBa rimore3a H, Ha piBHI 3HAYYIIOCTI O

IIPUAMAETHCS.
[TepeBipky HYJIBOBHX TINOTE3 CTOCOBHO MapameTpiB & Ta S €KOHOMETPUYHOI
MOJIeJIl TPOBOJIATH aHajoriyHO. CrioyaTKy BUCYBa€EMO HYJIbOBI TIIOTE3H:
Hy: =0, Hy: ~0.
ANbTEpHATUBHUMU OYIyTh T1IIOTE3U:
H;: a#0, H;. p#0.
[ToTimM 06uUMCIIOEMO eMITipUYHI 3HaYEHHS MapameTpa ¢ 3a GopMyIaMu:
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Emnipuyne 3HaueHHS mapaMmeTpy NOPIBHIOIOTh 3 KPUTUYHUM, 3HAWICHUM 32
tabmuisiMu CThIOIGHTA 71 33JIaHOTO PIBHS 3HAUYIIOCTI O Ta k=n-m-1 CTyIeHIB
BUIBHOCTI. SIKmio ¢, > f;,, TO HyIbOBa rimotesa [, 13 piBHEM 3HAUYyIIOCTI O

BIJIKUJIAETHCA 1 PUIMAEThCS allbTepHATHBHA Tinote3a H;. Tozl BiAMOBIIHA OIlIHKA

BBAXKAETHCA CTATHCTHYHO 3Haummoro. SIkmo x £, <1t _  Tto mymsoBa rimoresa H,

Kp ?
JUISL PIBHSL 3HAUYIIOCTI O MPUHAMAETHCSA, a BIJANOBIJHA OL[IHKA HE € CTATHCTUYHO
3HAYUMOIO.

Ilpuknao 1.4. Ha ocHoBi nanux npukiagiB 1.1-1.3 BukoHaTH mepeBipKu
HYJIbOBUX TINMOTE3 CTOCOBHO KoedillieHTa Kopensamii 1 mapameTpiB « Ta [
€KOHOMETPHUYHOT MOJIETI.

¢ Po3é’azyeanns.

BucyBaemo wynboBy rinoresy H,: R.,=0 (poOumo mnpumnymieHHs, 110
KOe(IIIeHT KOpeAIii reHepaabHOI CYKYIHOCTI PIBHUM HYJ0). AJIbTEPHATUBHOIO
rinore3oro oyne H;: R..,#0.

Jami aist 3a7aHoi BUOIpKU 00UHUCIMMO eMIIpUYHE 3HaUYCHHS TapameTpy ¢

. rn—-m—1_093J10-1-1 73
e 1= J1-0,.87 ’

s 3apanoi iMoBipHOCTI p=0,9 (=1-p=1-0,9=0,1) 1 k=10-1-1=8 cTyneHiB
BUIBHOCTI 3HaXOAMMO TaOJIMYHE 3HAYEHHS 7y, =2,306.

| > 11

BIIKUHYTH 1 TPUMHATU albTEPHATUBHY TiMOTE3y H; Mpo iCHYBaHHS 3aJ€KHOCTI MIXK
3MiHHUMU. OT)e, y 90 % BUOIPOK 13 reHepallbHOI CYKYMHOCTI KOe(ILIEHT KOPEesLii
HE JIOPIBHIOE HYIIIO.

Jlani BUKOHAeEMO NEPEBIPKY HYJIbOBOI rinoTe3u BigHOCHO f (H,: f=0) npotu
anprepHatuBHOi H;: p#0. [ng 1poro 3HaXOAMMO €MIIpUYHE 3HAYEHHI  3a
dbopmyIioro:

OCKUIbKHA

euml To 3 HamiiHIicTIO p=0,9 Tinoresy H, HE0OXiIHO

b 1,13
eMn -
o, 014
OCKIIbKM €MIIpUYHE 3HAYECHHS { OUIbIIE KPUTHYHOTO (fyn>lyp), TO HYIBOBA
rinore3a BIAXWISETBCA 1 pOOUTHCS BHUCHOBOK, IO KYTOBHM Koe(ilieHT b

pO3paxoBaHuii 3a JaHOIO BUOIPKOIO € CTATUCTUYHO 3HAYYIIUM 3 HMOBIpHICTIO p=0,9.
[TepeBipumo HynbOBY rinote3y Hy: o=0. O6uncaumo

eMi = M = 2,17 = 3914
o, 0,69

a

= 8,07

t

tewn>tip, 3HAYUTH HYJIBOBA TINOTE€3a CTOCOBHO IApaMeTpy o TeX BIOXWIAETbCA, a
3HAYUTH 0. HE MOKE OyTH PIBHUM HYJIIO B F€HEPAJIbHIN CYKYITHOCTI.
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1.10. AxexBaTHICTH €eKOHOMETPHUYHOI MOA i

BignoBigHicTh moOy10BaHOI €KOHOMETPUYHOI MOJIeNII MOYKHA MEPEeBIPUTH 3
TomoMoror koedirienta aerepMinaiii. JAKuo #oro 3Ha4eHHs: OJIU3bKE 10 OJAMHUIIL,
TO MOXHa BBaXaTH, II0 OTPMMaHa €KOHOMETpUYHA MOJelb ajekBaTHa. B 1pomy
BUIAJIKy 3MiHa 3HAYEHHsI PE3yJIbTAaTHUBHOI 3MIHHOI ) JIIHIHHO 3aJieKUTh CaMe BiJ
3MIHM MOSCHIOIOYOT 3MIHHOI X, @ HE 4epe3 BIUIMB BUIMAIKOBUX (aKTOpPIB. SKIIO X
3Ha4YeHHs KoedillieHTa aeTepMiHaiii OJu3bKe J0 HyJs, TO MOJEIb BBaXaIOTh
HEaJIeKBaTHOI, TOOTO JIHIMHHUKM 3B’SI30K MK ) Ta X BIACYTHINH. SIKIIO K 3HAYCHHS
koedimieHTa merepMiHamii HediTke, TOOTO Onm3pke 0,5, TO I TEpPEBIpKU
aJICKBaTHOCTI €KOHOMETPHYHOI MOJIeNIl BUKOPUCTOBYIOTH Kputepit Dimepa F. Bin
JI03BOJISIE€ OI[IHUTH, YW 3HAYHO HAXWJ b BIIPI3HAETHCS BiA HyJsl, TOOTO MEPEBIPUTH
rinore3y H,: =0, oCKinbKH, IKIIO 3HAYCHHS b Onm3bKe 10 HyJs, TO 3 hopmynu (1.8)
MaEMO:

y=y+bx—x)=y
[HImIMMU crioBamu, sIK Kpalle apoKCUMYBAaTH JIaHi 32 CepeIHIM 3HaYEHHSIM, Y1
PErpeciiiHOI0 MPSMOIO.
AnbpTepHaTHBHA TiNOTE3a MOJIATa€ B TOMY, 10 3HAYEHHS MapaMmeTrpy [ He
JOPIBHIOE HYJItO, 1 Ma€e BUrsia: H;: f#0.
OO6uncmoeMo eMITipudHe 3HAYSHHS TapameTpy F 3a hopmyIoro:

_ r’(n—m-1)

7€ m — YUCJIO He3AJIEXKHUX 3MIHHUX (JJ1s1 TPOCTOi perpecii m=1).

I[Ticas 1poro 3HaXOOMMO 3 TaOIMLI BEIMYMHY [, — KPUTUYHE 3HaueHHs [-
posnoauty @imepa 3 (k;=m=1, k,=n-m-1) cTyneHsAMH BUIBHOCTI 1 pIBHEM
3Hauymiocti o. Hampuknazn, sxmo o=0,05, To Mu mMoxkeMo nmomuiatucs B 5 %
BUIAJIKIB, a B 95 % BuUIaIKIB HaIllll BACHOBKH OYIyTh IIPaBUJIbHUMHU.

SIK1o po3paxoBaHe HaMU 3HAYEHHS [, >F,, TO MU BIIKUAAEMO T1IOTE3Y MIPO
Te, mo S=0 3 pU3HUKOM MOMUJIUTHCA HE OinbIIe HUK y 5 % BUNAAKIB. Y TakoMmy
BUMAJAKY 1M0OYyJ0BaHa HAMU €KOHOMETPUYHA MOJIENb aJIeKBaTHA PeabHil A1MCHOCTI.

B npoTuie)xHoMy BHUIAAKY, TOOTO SIKIIO po3paxoBaHe F,,, < «p» TO TIIIOTE3Y
npo Te, mo =0 mpuiiMaeMo 1 B IbOMY BHIAJIKy T0Oy/I0BaHA HAMH €KOHOMETPUYHA
MOJIeJIb HeaJleKBaTHA peabHIN JIACHOCTI.

Sxmo MM OTpUManM, IO OLIHOYHE pIBHSHHSA €KOHOMETPUYHOI MOJeNi
BIJIMOBIA€ peaibHiil MIMCHOCTI, TO Ha WOr0 OCHOBI MO>KHA 3J1MCHIOBATH MPOTHO3,
TOOTO TiepeAdadyaTv NUISIXM PO3BHUTKY JOCHIIKYBAaHUX SBHUI] 1 IIPOIECIB Ha
HanOmx4e MainOyTHeE. [Iporuo3 Moxke OyTH TOUKOBUM a00 1HTEPBAJILHHM.

ToukoBuit MPOrHO3 Ha HACTymHUH n+1 mepiox OTpUMaeMo, KOJIU B OI[iIHOYHE
PIBHSIHHS €KOHOMETPUYIHOT MOJIEII IMiICTABUMO 3HAYCHHS MOSCHIOIYO1 3MIHHOT X, 4/

yn+1 =d +bxn+l'

[HTEpBaANIbLHMIT TPOTHO3 — 1€ IHTEPBAJI, B AKUH 3 3aJ1aHOI0 NMOBIPHICTIO p=1-

, (1.26)
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nomnaje AiiicCHe 3HaUeHHS pe3yIbTaTUBHOI 3MIHHOI y. B 3aranpHOMYy BHUIaaKy BiH Ma€e
BUTJISA;

R 1 x.. —-x)7 . 1 x . —X)
yn-s—l_ta'o-yx. 1+_+E’H‘l—); yn+l+ta'o-yx' 1+_+(nn+l—) >
Y (x,-X) Xy, —x)
=1 i=1
abo

( n+1 ) (xn+l _)_C)z

1
a+bx,, —t,-o, , a+bx, +t,-0, - [I+—+"—

n+l

I’l Z(xi_x) " i(xi_)_c)z

HwxHio MeXy IbOro iHTEpBaly HA3WBAIOTh MECHMICTUYHHM IPOTHO30M, a
BEPXHIO — ONTUMICTHUHUM.

Ilpuknad 1.5. Ha ocHOBI JgaHMX TMOMEpenHIX MPHUKIaAiB MEPEeBIpUTH HA
aJIeKBATHICTb MO0Y10BaHy EKOHOMETPUUYHY MOJIETb.

¢ Po3é’azyeanns.

JIist  OIIHKM piBHS aJEKBATHOCTI TOOYJ0BaHOI E€KOHOMETPUYHOI MOJei
€KCIIEpUMEHTAJILHUM JJAaHUM BUKOPUCTOBYEMO Kputepiit Dimepa F. O6uncaumo:

2 J— —_
eMn:r (n m2 1) 0,87-(10-1-1) _ 53,54
m(l—r~) 1-(1-0,87)

3HaiinemMo Tabnu4HE 3HAYEHHS JAHOTO KpuTepito (F,) Aisl piBHSA HaOIMHOCTI
p=0,95 Ta uymcma cryneHiB ButbHOCTI k;=m=1, k,=n-m-1=10-1-1=8:
F,,=5,32.
Ockinbku F,,, >Fy,, TO OTpUMaHe HaMH OLIHOYHE PiBHSAHHS €KOHOMETPHYHOI
Mojeni

=217 +1,13x

aJIeKBaTHE peabHIN IMCHOCTI 1 HA HOTO OCHOBI MOYKHA 3/11MICHIOBATU MPOTHO3HU.
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3adaua Topeisenvhe nionpuemcmeo Mae Genuxy Kiibkicme @initi i 1o2o
KepieHUYmMeo eueuac NUManHs npo sanedxcuicmo Y (piunuti moeapoobiz oouici ¢inii,
MIH. 2pH.) 8i0 X (mopeisenvroi nuowi, muc. m’). s decsimu ¢hiniii 3a nesnuii pix
sagixcosani maki snaventns nokaznukie Y i X :

l 1 2 3 4 5 6 7 18 9 |10
Y, | 1,529 3,1 3243|5758 7 72|75

X, 1021031050608 1 |1,1 |12]13]14

Ha o06cae  mosapoobicy enausarome maxi UYUHHUKU. CePeOHbOOEHHA
[HMEHCUBHICMb NOMOKY NOKYnYie, 00°eM OCHOB8HUX (OHOI8, IX cmpyKkmypa,
CePeOHbOCNUCKOBA YUCETbHICMb NPAYIBHUKIB, NA0OWA NIOCOOHUX NPUMILEHb MOWO.
Ilpunyckaemocs, wo 6 Oocnidxcysaniu epyni @initi 3HAYEHHA YUX YUHHUKIG
NPUOAUZHO OOHAKOBI, MOMY 6NIUE GIOMIHHOCMEU IX 3HAYeHb Ha 3MIHYy o00csa2y
moeapooobicy € He3HAYHUM.

Beaoicarouu, wio suxonyromucs nepedymoeu 1-4, nompiono:

1) 3natimu cmamucmu4ti OYiHKU NAPAMEMPIB NIHIHO20 PIBHAHHS pecpecii,

2) mouko8y oyiHKYy ma 008ipuuti inmepsanl oucnepcii 30ypeHsv i3 HAOIUHICIIO

y=0,9;

3) ona pisna snauwywocmi o = 0,05 nepesipumu snauywicme roegiyicnmis

peepecii &y, ma &,

4) snatimu dogipui inmepsanu koediyienmie pezpecii 3 naoiunicmio y =0,95;

5) snaimu eubipxosi roe@iyicnm Oemepminayii, Koegiyienm Kopenayii, a
MakKoic iHwi nokanuku skocmi niniunoi peepecii (MAPE, MPE);

6) 3naumu ma nobyoysamu 008ipuy 30HY GYHKYII peepecii 3 HAOIUHICMIO
y=0,95;

7) 3HQUmMU NPOSHO3He 3HAYeHHs pIYHO20 Mm0o8apoobicy 011 HOBoI il
mopeigenvHa niowa skoi ckiaoae 1,8 muc. MZ, a makooc i3 Haolunicmo Y = 0,95

nobyoysamu 008ip4uli iHmepeal 0Jisl Yb020 NPOSHO3ZHO20 3HAYEHHSL.

O 1) Crarucrnuni oninku a,, 4, TapaMeTpiB &, Ta (; JIHIHHOrO PIBHAHHA
perpecii 3aJ0BUIHHSIOTh CUCTEM1 HOPMAJIbHUX PIBHSHB (2.12):

ay +xa, =y,

}ao + x2a1 = E
JIns 3HaxOmKEHHS KOe(]IIIEHTIB i€l CUCTEMH CKJIaJeMO PO3paxyHKOBY TaOIl.
2.1, ocTaHHI# CTOBIEIb KO MOTPIOHU 1151 OOUHCIICHHS o,
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Tabnuys 2.1

i Xi Vi Xl-z X Vi y,~2
1 0,2 1,5 0,04 0,3 2,25
2 0,3 2,9 0,09 0,87 8,41
3 0,5 3,1 0,25 1,55 9,61
4 0,6 3,2 0,36 1,92 10,24
5 0,8 4,3 0,64 3,44 18,49
6 1 5,7 1 5,7 32,49
7 1,1 5.8 1,21 6,38 33,64
8 1,2 7 1,44 8,4 49
9 1,3 7,2 1,69 9,36 51,84
10 1,4 7,5 1,96 10,5 56,25
P 8,4 48,2 8,68 48,42 272,22

BukopucroByroun HWKHIN psagok Tabdn. 2.1, orpumaemo (oOcsr BUOIpKHU
n=10):

_ 10 _ 10
x=Yx;/n=84/10=0.84; y=2y;/n=482/10=432;
i=1 i=1
— 10 ) 10
X2 =3 x?/n=8,68/10=0868; xy=Yxy,/n=4842/10=4842;
i=l i=1

9,
v =Y y? /n=272,22/10 =27,222;
i=l

a, +0,84a, =482,
{0,84(10 +0,868a, =4,842.
€MHUN pO3B’A30K I1€1 CUCTEMH PIBHSAHB 3T1AHO 13 hopMmyaamu (2.13):
0 = @‘55 _4,842-0,84-482 07932 _
¥ —(xf  0868-(0,84) 0,624
ay=y—a,x=482-0,.84-4884=0717.

OTxe, eMIipyUYHe PIBHSHHSA perpecii Mae Takui BUTIISI;
y=0,717+4,884x. (2.57)

2 b

2) Heswmimeny TOYKOBY OIIHKY S,f HeBlAoMoi aucriepcii 30ypeHb 65
3HaieMo 3a hopmyiioro (2.22):

ste—Sut =y -0 ),

n—2;0 n—2;0

nonepenbo obunciuBmm y; = 0,717 +4,884x; Ta ”12 = (yl- —)71-)2, =110,

(Tabm. 2.2).
Tabnuys 2.2
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I 1 2 3 4 5 6 7 8 9 10 2
y; 15 2,9 3,1 32 43 5,7 5.8 7 7.2 7.5 -
P, 16938 21822 3159 33,6474 46242 5601 60894 65778 70662 7.5546 -

u; -0,1938 07178 -0,059 -0,4474 -0,3242 0,099 -0,2894 0,4222  0,1338 -0,0546 0,0044

ulz 0,0376  0,5152 0,0035 0,2002 0,1051 0,0098 0,0838 0,1783 0,0179 0,003 1,1544

3aysaycenna. 32iono iz (2.21): u=0, ¢ moii uac ax V HAWOMY BUNAOKY

>u,/10=0,00044. Lum snauennam Mmodcna —icHopyeamu  (86ascamu

NPAKMUYHO PIGHUM HYI0). Pasom 3 mum 3’aCyemo npuduny makozo 6i0XuseHHs
6I0 HynA. 3HA4eHHA d; ma d, 3 MOYHICMIO 00 Wecmu 3HAKIE NICAA KOMU

gionosiono cxknaoaiomo 4,884236 ma 0,717242, mobmo obuosa uyi 3HauenHs
(xati i Hecymmego) Oinbwii mux, sAKi 63ami y moodeni (2.57). Haxonuuenws
000amHux NOXUOOK y PIHUYAX y; —Y; i npugeio 00 moz2o, wo Z(yl- - j/l)
He3HAYHO nepesuwye Hyab. Biomimumo makodc, wo 3uauenns a, = 4,88,
a, =0,72 npusodsme oo pienocmi Y u; =0,008.

BuxopucTaBmm miacyMOK OCTaHHBOTO PSJIKA, OTPUMAEMO:

S?= L i1s44-0,1443.
10-2
JliBa 1 mpaBa Mexl1 JOBIPYOro 1HTEpBATLY IS 05 BU3HAYAIOTHCS 3T1AHO
(=257 | (-2)5}
13 1

13 (2.26) ta (2.27) ;(12 Ta ;(22 € KOPEHSAMU PIBHSIHb
Ply*(k)> 7 (pik))=p. p=(1+7)/2=095,

Plz*(k)> 3 (psk)=p. p=(1-7)/2=0,05.
3a Tabn. 4 npomatkiB s k=n-—2=8 3HaiigeMo: ;(12 (O,95;8)= 2,73 1

(2.29) 3a ¢popmynamu BiAMOBIIHO , Ie y BIMOBITHOCTI

73 (0,05;8)215,51. Toxi miBa Mexa HOOBIPUOrO IHTEpPBAILY JOPIBHIOE

8-0,1443 ~0,0744, a mpasa — 8-0,1443
15,51 2,73
HaiiHIcTIO 0,9

=0,4229. ToOTo OCTaTOYHO 3

0,0744 < o < 0,4229.
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3) 3rigHO 3 1.8, SKINO BHUKOHYETBCS HEPIBHICTH (2.33): |7-(>1,

a

m
(m =0,m= 1), TOAI Ha PIBHI 3HAYYHIOCTI  TIPUHAMAETHCA TIMOTE3a
H, :a, #0.3unavenns S, Ta S, 3Haiinemo i3 Bupasis (2.30):

3HaiIeMO JUCTIEPCIIO X:

6= —(x) =0,868—(0,84)" =0,162

G, =4/0, 0,162 =0,403
OTxe,

2.2 )
_ Sux2 _ S, X _ 01443\/7 1443 /O 86 01055
nc., o _\n 0,403
g S _ S, _ 0,1443 ~0,1132

“ \no’ ofn 0,403V10
Toxi ciocTepexeHi 3HaYeHHsI KPUTEPIIO:
ap|_ 0717 6796, | 4884
S 0,1055 S 0,1132

ap a

3B1AKHU

=43,145.

KpurniHa To4ka Ui JBOCTOPOHHBOI KPHUTUYHOI O0MACTI £y, = Lygpem (a,k)
npu 3HaueHHIX o = 0,05, kK =n—2 =8 3HaX0AUTHCS 3a BEPXHHOIO YACTHHOIO
Tali. 3 popatkis: £, =2,3006.

Ockinpkn 6,796 > lep, = 2,306 1 43145> lep. = 2,306, T0o Ha piBHI
3HauymocTi « = 0,05 pobumo BucHosky, mo ¢, #0 i a; #0.

4) 3rigHo 3 (2.39) Tta (2.40) noBipul IHTEpBaIM 3 HAAIMHICTIO ¥ AJId
HEB1IOMHX I1apaMeTPIB perpecii ¢, Ta @, MatOTb TAKUHA BUTIIAL:

a, —t, ()/,k)Sam <a, <a,+t, (j/,k)Sam ,

=tm(}/,k) — KOpiHb pIBHSHHS Pth <t):7, t, Ta t; —

me m=0,1, ¢t

m

BUIAIKOB1 BEJIUYMHU, PO3IO/IIJIEH] 3a 3akoHOM CT’10JIeHTA.
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VY namomy Bunaaky ¥ = 0,95, gucno crynenis BimbHOCTI A =n—2=8.3a
Tabn. 2 pomatkiB  3maxommmo  1£,(0,95:8)=1¢,(0,958)=2,306. Tomi 3
BpaxyBaHHSM 3HAWICHUX 3HAYCHb Sao =0,1055, Sa1 =0,1132 orpumaemo:

0,717-2,306-0,1055 <, < 0,717 +2,306-0,1055,
4,884 -2,306-0,1132 < o, <4,884+2,306-0,1132
a00 OCTaTOYHO
0,4737 <, <0,9603,
4,6236 < a; <5,145.

5) KoediiienT aerepminaiiii R* 3Haiinemo 3a dbopmyioro (2.46%):
- A \2
) 2. (n-3)
_ i=1
R =1- 5

I’le

10 10
I3 Tabu. 2.2 (OCTAHHE YHCIO HIDKHBOTO Psimka) .u> = 3.(y; — ¥, )2 =1,1544.
i=1 i=1

JI7st 3HAXOIKESHHS 0'5 =% — (y)2 BHKOpHCTAaEMO Taou. 2.1:
o, =\ =(yf =1/272,22/10—(48,2/10)* =19974.

R LIS44
10-1,9974

Takum ymHOM, Bapiamis 3anexHoi 3MmiHHOT Y Ha 94,22% NOSICHIOETHCS

Orxe,

0,9422.

BapIAIl€I0 MOSICHIOIOYO1 3MIHHOI.
BubipkoBuii koeiieHT KOpessiii 3rigHo 13 (2.46):

r=+R? =./0,9422 = 0,9707 .

IIpu npOMY OJAaTHUH 3HAK IHOTO YKCiIa 0OpaHO B 3B’ SI3KY 3 TUM, 110 a, > 0.
1

O6uncnuMoO a0CONIIOTHY cepelHI0 BiACOTKOBY mnommiky MAPE 3a
dbopmyoro (2.49):

12

MAPE =—

ni=1

ViV
Vi
J1J1s1 IbOTO BUKOPUCTAEMO APYTHH 1 UeTBEpTU psAaku Tadm. 2.2:

019 -y, 01938 0,7178 0,059 0,4474 0,3242 0,099
+ + + + + +

Z v |15 29 31 0 32 0 43 57

-100%.
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0,2894 10,4222 0,1338 0,0546
+ + + +
5,8 7 7,2 7,5
+0,0754+0,0174 + 0,0499 + 0,0603 + 0,0186 + 0,0073 = 0,7644 .

Otxe, MAPE = % -0,7644-100% = 7,644% <10%, t0OTO BimmoBimae

=0,1292+0,2475+0,019+0,1398 +

BHUCOKIM TOYHOCTI IMTPOTHO3Y 3a MOIEIUTIO.
CepeiHIO B1JICOTKOBY TTOMUJIKY MPE 3HaieMo 3a ¢popmyiioro (2.50):

MPE =13 Y1721 1009,
ni=1 JY;

BUKOPUCTABIIIH PO3paxyHKu npu oouncienHi MAPE:

10 . — .
S Y7V 01292 - 0,2475+ 0,019+ 0,1398 + +0,0754 — 0,0174 +
i=1 Vi

+0,0499 — 0,0603 — 0,0186 + 0,0073 = 0,0768.

OcTaTo4YHO

MPE = % -0,0768-100% = 0,768% < 5%.

Bucnogok: éci 3Hati0eHi noKasHuKU 6KA3y10Mb HA BUCOKY AKICHb MOOEIIL.
6) [loOynoBa noBipuoi 30HM Mt QYHKINT perpecii nependadae noOya0By

TOYOK 3 KOOpAWHATAMH {xl-; V= t()/,n — 2)S 3, }, i=1n, 3 HacTymHUM
1

3’€IHaHHSAM CYCITHIX (MO 1HJAEKCY 1) TOYOK MPSMOJIHIMHUMH BiApi3Kamu, a
MOTIM 3JIMCHEHHS aHAJOTIYHOI MPOIEAypH JUIS TOCTIJOBHOCTI TOYOK

{xi ;P + t(]/, n— 2)Sﬁl- }

Ox

—x) |1
Bemnanny S 5, 3HaizeMo i3 popmyu (2.36) Sy =S, \/ [1 + (xl 2x)2 ]_

BukopucroByrouu 1abi. 2.1 i 3Haligene 3HaueHHs S, =/0,1443 =0,3799,
OTPUMAEMO:

o2 =x>—(xf =0,1624;

X

-
S, =03799 \/{1 (0.2-0384) %20,2255;

+

0,1624

=
S. =03799 || 1+ (03-0.84) l:o,zol;
V2 10




S/93 =0,1572; Sy4 =0,1398; Sﬁ5 =0,1207; Sﬁs =0,1293;

S/97 =0,143; S/98 =0,1611; S/99 =0,1823; Sﬁlo =0,2057.

3a 1a0J1. 2 104aTKiB 3HANIEMO t(0,95;8) =2,306. BukopucToByro4u TaoJI.
2.2 1 3HalJIeH] Sﬁi , OTPUMAEMO OPJIMHATH TOYOK HIXKHBOT MEXK1 JIOBIpUOi 30HU:

y =855 =16938-2,306-0,2255 =1,1738;

Y, —tS; =2,1822-2,306-0,201=1,7187;

Y3 — 1S5 =3,159-2,306-0,1572=2,7965;

Vs —1S;, =3,6474-2306-0,1394 =3,3259;

ys —1S; =4,6242-2306-0,1207 = 4,3459

Ve — 1S5, =5,601-2,306-0,1293 = 5,3028;

Y7 —tS; =6,0894-2,306-0,143=5,7596;

yg —18; =6,5778-2,306-0,1611=16,2003;

Yo =185, =7,0002—-2,306-0,1823 = 6,6458;

Yip =855, =7,5546-2,306-0,2057 = 7,0803.

Toxal opAMHATH TOYOK BEPXHBOI MEXI JOBIPYOi 30HU HAOHUPAIOTh TAKUX
3HAYCHb:

i +18; =1,6938+2,306-0,2255=2,2139;
Yy +1S; =2,1822+2306-0,201 =2,6457;
V3 +18; =3,159+2,306-0,1572 =3,5215;

Vs +1S;, =3,6474+2,306-0,1394 =3,9689;
Vs +1S; =4,6242+2,306-0,1207 = 4,9025
Ve +1S;, =5,001+2,306-0,1293 =5,8992;

V7 +1S; =06,0894+2,306-0,143 = 6,4192;
Vg +1S; =6,5778+2,306-0,1611=6,9493;
Vo +1S5 =7,0662+2,306-0,1823 =7,4866;
Yo +185,, =7,5546 +2,306-0,2057 = 8,1263.
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Hogipua 3o0Ha (3 HagiiHicTio 0,95) nns QyHKiii perpecii 300pakeHa Ha
Mai. 2.2.

A

T T T T T T T T T T T T T1T2%X
01 02 03 04 05 06 07 08 09 1 1,1 1,2 1,3 1,4

Manwonox 2.2.

7) IlporHo3He 3HAYEHHS PIYHOTO TOBAapoOOIry sl HOBOi ¢imii 13
. 2 o . .
TOPTiBEIBHOIO TUIOHIE0 1,8 THC. M™ 3HAKIEMO 13 pIBHSIHHA (2.57):

V1 =0,717+4,884-1,8=9,508.
JloBipuuil 1HTEpBal I HPOTHO3HOIO 3HAYEHHSA V, ., 13 HaAAIWHICTIO

y = 0,95 BusHavaerbes (2.56). 3 monomororo Bupasy (2.55) 3Hakaemo

— a
S, =8, \/ 1+ 1 + (x“—_x) = 0,3799\/ 1+ i + (18 —0.84) = 0,4906.

n no? 10 10-0,1624

X
Toni nrykaHuit 1OBipUMUM 1HTEPBAI Ma€ BUJ

9,508 -2,306-0,4906 < y,.; <9,508 +2,306-0,4906
a00 0CTaTOYHO

8,3767<y,,, <10,6393.
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JTOJATKH

Tabnuys 1
f2
1 X
3nauenns pynkuii Jlanaaca CD(x) = Ie 2 dt
N2y
Cori goumi x
* 0 i 2 3 4 5 6 7 8 9
0,0 0,00000 [ 00399 | 00798 | 01197 | 01595 | 01994 | 02392 | 02790 | 03188 | 03586
0,1 03983 04380 | 04776 05172 05567 05962 06356 06749 07142 07535
0,2 07926 08317 08706 09095 09483 09871 10257 10642 11026 11409
0,3 11791 12172 12552 12930 13307 13683 14058 14431 14803 15173
04 15542 15910 16276 16640 17003 17364 17724 18082 18439 18793
0,5 19146 19497 19847 20194 20540 20884 21226 21566 21904 22240
0,6 22575 22907 23237 23565 23891 24215 24537 24857 25175 25490
0,7 25804 26115 26424 26730 27035 27337 27637 27935 28230 28524
0,8 28814 29103 29389 29673 29955 30234 30511 30785 31057 31327
0,9 31594 31859 32121 32381 32639 32894 33147 33398 33646 33891
1,0 34134 34375 34614 | 34850 35083 35314 35543 35769 35993 36214
1,1 36433 36650 36864 | 37076 37285 37493 37698 37900 38100 | 38298
1,2 38493 38686 38877 39065 39251 39435 39617 39796 39973 40147
1,3 40320 | 40490 | 40658 40824 40988 | 41149 | 41308 | 41466 41621 41774
1,4 41924 | 42073 | 42220 42364 42507 | 42647 42786 | 42922 43056 43189
1,5 43319 | 43448 | 43574 | 43699 43822 | 43943 | 44062 44179 44295 44408
1,6 44520 | 44630 | 44738 44845 44950 | 45053 | 45154 | 45254 | 44352 45449
1,7 45543 | 45637 45728 45818 45007 | 45994 | 46080 | 46164 | 46246 46327
1,8 46407 46485 | 46562 46638 46712 | 46784 | 46856 | 46926 46995 47062
1,9 47128 | 47193 | 47257 47320 47381 | 47441 47500 | 47558 47615 47670
2,0 47725 | 47778 | 47831 47882 47932 | 47982 48030 | 48077 48124 | 48169
2,1 48214 | 48257 48300 48341 48382 | 48422 48461 48500 | 48537 48574
2,2 48610 | 48645 | 48679 48713 48745 | 48778 | 48809 | 48840 | 48870 | 48899
2,3 48928 | 48956 | 48983 49010 49036 | 49061 49086 | 49111 49134 | 49158
24 49180 | 49202 49224 | 49245 49266 | 49286 | 49305 | 49324 | 49343 49361
2,5 49379 | 49396 | 49413 49430 49446 | 49461 49477 49492 49506 49520
2,6 49534 | 49547 49560 49573 49585 | 49598 | 49609 | 49621 49632 49643
2,7 49653 | 49664 | 49674 | 49683 49693 | 49702 49711 49720 | 49728 49736
2,8 49744 | 49752 49760 49767 49774 | 49781 49788 | 49795 49801 49807
2,9 49813 | 49819 | 49825 49831 49835 | 49841 49846 | 49851 49856 49861
30 49865 | 49869 | 49874 | 49878 49882 | 49886 | 49889 | 49893 49897 49900
3.1 49903 | 49906 | 49910 49913 49916 | 49918 | 49921 49924 | 49926 49929
32 49931 | 49934 | 49936 49938 49940 | 49942 49944 | 49946 49948 49950
33 49952 49953 | 49955 49957 49958 | 49960 | 49961 49962 49964 | 49965
34 49966 | 49968 | 49969 | 49970 | 49971 | 49972 | 49973 | 49974 | 49975 | 49976
35 49977 49978 | 49978 49979 49980 | 49981 48881 49982 49983 49983
3,6 49984 | 49985 | 40085 49986 49986 | 49987 49987 49988 49988 49989
37 49989 | 49990 | 49990 49990 49991 | 49991 49992 49992 49992 49992
38 49993 | 49993 | 49993 49994 49994 | 49994 | 49994 | 49995 49995 49995
39 49995 | 49995 | 49996 49996 49996 | 49996 | 49996 | 49996 49997 49997
JlecsTi momi x
* 0 2 4 6 8
4, 0,4999683 4999867 4999946 4999979 4999992
5, 4999997
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Tabnuys 2

3nauenns t = 1(y; k), 2@ A
110 3aJ0BUIBHSIOTH PIBHSHHIO
t
P(|7]<t) =2[ g, (dt =7y,
0
ne g, (t) —rycruna po3moaiay
Cr’oaenra (z-po3noniny), k =n —1 —1(y3k) t(}/;k))
— YHCJIO CTYIEHIB BUIBHOCTI
Y
i 0,9 0,95 0,98 0,99 0,999

1 6,314 12,706 31,821 63,657 636,619
2 2,920 4,303 6,965 9,925 31,599
3 2,353 3,182 4,541 5,841 12,924
4 2,132 2,776 3,747 4,604 8,610
5 2,015 2,571 3,365 4,032 6,869
6 1,943 2,447 3,143 3,707 5,969
7 1,895 2,365 2,998 3,499 5,408
8 1,860 2,306 2,896 3,355 5,041
9 1,833 2,262 2,821 3,250 4,781
10 1,812 2,228 2,764 3,169 4,587
11 1,796 2,201 2,718 3,106 4,437
12 1,782 2,179 2,681 3,055 4,318
13 1,771 2,160 2,650 3,012 4,221
14 1,761 2,145 2,624 2,977 4,140
15 1,753 2,131 2,602 2,947 4,073
16 1,746 2,120 2,583 2,921 4,015
17 1,740 2,110 2,567 2,898 3,965
18 1,734 2,101 2,552 2,878 3,922
19 1,729 2,093 2,539 2,861 3,883
20 1,725 2,086 2,528 2,845 3,850
25 1,708 2,060 2,485 2,785 3,725
30 1,697 2,042 2,457 2,750 3,646
40 1,684 2,021 2,423 2,704 3,551
50 1,676 2,009 2,403 2,678 3,496
60 1,671 2,000 2,390 2,660 3,460
70 1,667 1,994 2,381 2,648 3,435
80 1,664 1,990 2,374 2,639 3,416
90 1,662 1,987 2,368 2,632 3,402
100 1,660 1,984 2,364 2,626 3,390
120 1,658 1,980 2,358 2,617 3,373
0 1,645 1,960 2,326 2,576 3,291
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Tabnuys 3

Kpurnuni Touku po3noaisty Cr’rogenra (-po3noaiiay)
Jlnst 1BOCTOPOHHBOT KPUTHUHOT OONACTI KPUTHIHA TOUKA 1., ., ., (X3 k) =1, € KopeHeMm

ta
PIBHSIHHSA J' g (dt=(1-a) /2; I OJHOCTOPOHHBOI (IIPABOCTOPOHHBOI) KPUTHYHOI
0

obnacTi Touka (—— (a;k)=t,, € KOpeHeM piBHAHH: .[ g, (dt=(1-2a)/2, ne

t2a
g, (t) — rycruna posnozpiny Cr’ronenta, kK =n—1 — uucno crynesis BimbHOCTI. Jls
JIBOCTOPOHHBOT KPUTUYHOI 00JacTi . - _— (a;k)=—t,,.
Yucno cryneHis PiBenb 3Hauymocti a
BUIBHOCTI (IBOCTOPOHHS KPUTHYHA 00JIACTh)
k=n-1 0,10 0,05 0,02 0,01 0,002 0,001
1 6,314 12,71 31,82 63,66 318,3 637,0
2 2,920 4,303 6,965 9,925 22,33 31,60
3 2,353 3,182 4,541 5,841 10,22 12,94
4 2,132 2,776 3,747 4,604 7,173 8,610
5 2,015 2,571 3,365 4,032 5,893 6,859
6 1,943 2,447 3,143 3,707 5,208 5,959
7 1,895 2,365 2,998 3,499 4,785 5,405
8 1,860 2,306 2,896 3,355 4,501 5,041
9 1,833 2,262 2,821 3,250 4,297 4,781
10 1,812 2,228 2,764 3,169 4,144 4,587
11 1,796 2,201 2,718 3,106 4,025 4,437
12 1,782 2,179 2,681 3,055 3,930 4,318
13 1,771 2,160 2,650 3,012 3,852 4,221
14 1,761 2,145 2,624 2,977 3,787 4,140
15 1,753 2,131 2,602 2,947 3,733 4,073
16 1,746 2,120 2,583 2,921 3,686 4,015
17 1,740 2,110 2,567 2,898 3,646 3,965
18 1,734 2,101 2,552 2,878 3,611 3,922
19 1,729 2,093 2,539 2,861 3,579 3,883
20 1,725 2,086 2,528 2,845 3,562 3,850
21 1,721 2,080 2,518 2,831 3,527 3,819
22 1,717 2,074 2,508 2,819 3,505 3,792
23 1,714 2,069 2,500 2,807 3,485 3,767
24 1,711 2,064 2,492 2,797 3,467 3,745
25 1,708 2,060 2,485 2,787 3,450 3,725
26 1,706 2,056 2,479 2,779 3,435 3,707
27 1,703 2,052 2,473 2,771 3421 3,690
28 1,701 2,048 2,467 2,763 3,408 3,674
29 1,699 2,045 2,462 2,756 3,396 3,659
30 1,697 2,042 2,457 2,750 3,385 3,646
40 1,684 2,021 2,423 2,704 3,307 3,551
60 1,671 2,000 2,390 2,660 3,232 3,460
120 1,658 1,981 2,362 2,624 3,172 3,374
© 1,645 1,960 2,326 2,576 3,090 3,291
UYwcro cTymeHiB 0,05 0,025 0,01 0,005 0,001 0,0005
BIJIBHOCTI PiBenp 3HauymocTi «
k=n-1 (0THOCTOPOHHSA KpUTHYHA 00JIACTB)
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3HaYeHHSA

Pl 220> 22 (p:k) = p,

ne k — uucno CTyneHiB BiIbHOCTI

T2 (k)

>

Tabnuys 4

k 0,999 0,99 0,95 0,90 0,10 0,05 0,01 0,001
1 0,157-10% | 0,0002 0,004 0,02 2,71 3,84 6,63 10,83
2 0,002 0,02 0,10 0,21 4,61 5,99 9,21 13,82
3 0,02 0,12 0,35 0,58 6,25 7,82 11,34 16,27
4 0,09 0,30 0,71 1,06 7,78 9,49 13,28 18,47
5 0,21 0,55 1,15 1,61 9,24 11,07 15,08 20,51
6 0,38 0,87 1,64 2,20 10,65 12,59 16,81 22,46
7 0,60 1,24 2,17 2,83 12,02 14,06 18,48 24,32
8 0,86 1,65 2,713 3,49 13,36 15,51 20,09 26,12
9 1,15 2,09 3,33 4,17 14,68 16,92 21,67 217,88
10 1,48 2,56 3,94 4,87 15,99 18,31 23,21 29,59
11 1,83 3,05 4,58 5,58 17,28 19,68 24,72 31,26
12 2,21 3,57 5,23 6,30 18,55 21,03 26,22 32,91
13 2,62 411 5,89 7,04 19,81 22,36 217,69 34,53
14 3,04 4,66 6,57 7,79 21,06 23,69 29,14 36,12
15 3,48 5,23 7,26 8,55 22,31 25,00 30,58 37,70
16 3,94 581 7,96 9,31 23,54 26,30 32,00 39,25
17 4,42 6,41 8,67 10,09 24,77 27,59 33,41 40,79
18 4,90 7,02 9,39 10,86 25,99 28,87 34,81 42,31
19 541 7,63 10,12 11,65 27,20 30,14 36,19 43,82
20 5,92 8,26 10,85 12,44 28,41 3141 37,57 45,31
21 6,45 8,90 11,59 13,24 29,62 32,67 38,93 46,80
22 6,98 9,54 12,34 14,04 30,81 33,92 40,29 48,27
23 7,93 10,20 13,20 14,85 32,01 3517 41,64 49,73
24 8,08 10,86 13,85 15,66 33,19 36,42 43,98 51,18
25 8,65 11,52 14,61 16,47 34,38 37,65 44,31 52,62
26 9,22 12,20 15,37 17,29 35,56 38,89 45,64 54,05
27 9,80 12,88 16,15 18,11 36,74 40,11 46,96 55,48
28 10,39 13,56 16,93 18,94 37,92 41,34 48,28 56,89
29 10,99 14,26 17,71 19,77 39,09 42,56 49,59 58,30
30 11,59 14,95 18,49 20,60 40,26 43,77 50,89 59,70
40 17,92 22,16 26,51 29,05 51,81 95,76 63,69 73,40
50 24,67 29,71 34,76 37,69 63,17 67,51 76,15 86,66
100 61,92 70,07 77,93 82,36 118,50 124,34 135,81 149,45
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Tabnuys 5

Kputuuni Touxu FKp (a; k|, k,) posnoxiny @imepa-Cuenoxopa,

110 3a/I0BIIBHSIOT PiBHSHHIO P[ F>F,(ak,k, )J =qa npu  =0,05

k ky

2 1 2 3 4 5 6 8 12 24 ©

1 | 161,45 | 199,50 | 215,71 | 224,58 | 230,16 | 233,99 | 238,88 | 243,91 | 249,05 | 254,32
2 1851 | 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,37 | 19,41 | 19,45 | 19,50
3 10,13 | 955 | 928 | 912 | 901 | 894 | 884 | 874 | 864 | 853
4 771 | 694 | 659 | 639 | 626 | 616 | 604 | 591 | 577 | 5,63
5 661 | 579 | 541 | 519 | 505 | 495 | 482 | 468 | 453 | 436
6 599 | 514 | 476 | 453 | 439 | 428 | 415 | 400 | 3584 | 367
7 559 | 474 | 435 | 412 | 397 | 387 | 373 | 357 | 341 | 323
8 532 | 446 | 407 | 384 | 369 | 358 | 344 | 328 | 312 | 293
9 512 | 426 | 3586 | 363 | 348 | 337 | 323 | 307 | 290 | 271
10 | 49 | 410 | 370 | 348 | 333 | 322 | 307 | 291 | 274 | 2,54
11 | 484 | 398 | 359 | 336 | 320 | 3090 [ 295 | 279 | 261 | 240
12 | 475 | 388 | 349 | 326 | 311 | 300 | 285 [ 269 | 250 | 2,30
13 | 467 | 380 | 341 | 318 | 302 [ 292 | 2,77 | 260 | 242 | 2,21
14 | 460 | 374 | 334 | 311 | 296 | 285 | 270 | 253 | 235 | 2,13
15 | 454 | 368 | 329 | 306 | 290 | 279 | 264 | 248 | 229 | 2,07
16 | 449 | 363 | 324 | 301 | 285 | 274 | 259 | 242 | 224 | 2,01
17 | 445 | 359 | 320 | 296 | 281 | 270 | 2555 | 238 | 219 | 1,9
18 | 441 | 355 | 316 | 293 | 277 | 266 | 251 | 234 | 215 | 1,92
19 | 438 | 352 | 313 | 290 | 274 | 263 | 248 | 231 | 211 | 1,88
20 | 435 | 349 | 310 | 287 | 271 | 260 | 245 | 228 | 208 | 1,84
25 | 424 | 338 | 299 | 2,76 | 260 | 249 | 234 | 216 | 19 | 1,71
30 | 417 | 332 | 292 | 269 | 253 | 242 | 227 | 209 | 189 | 1,62
40 | 408 | 323 | 284 | 261 | 245 | 234 | 218 | 200 | 179 | 151
60 | 400 | 315 | 276 | 252 | 237 | 225 | 2,00 | 192 | 1,70 | 1,39
120 | 392 | 307 | 268 | 245 | 229 | 217 | 202 | 1,83 | 1,61 | 1,25
0 384 | 299 | 260 | 237 | 221 | 209 | 194 | 1,75 | 1,52 | 1,00
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Monyab 3 — «EKoHOMIUHUIL pUUK | MEMOOU 11020 GUMIDIOBAHH D)

1. IToHATTH PU3HKY.

Pusuk, sk 1cTOpMyHa KaTeropiss BUHUK Ha 30pi UMBUII3AILll — TOAL KOJIU y
JIIOJIMHY 3’ IBUJIOCH YCBIJJOMJICHHS 11010 BUHUKHEHHSI HECTIPUSATIMBUX CUTYaLlIH.

binburicTe icTropukiB cTBEepKyOTh, 10 B XVI-XVII cromiTrax, B enoxy
BEJIMKUX reorpadiuHux BIAKPUTTIB 1 MOPCHKHUX MOJOPOXKEH, NPUOYTKH BiJ
TOPriBeJIbHUX oOmepauiil Oyiu BEIUYE3HUMH 1 MPSMO MPONOPLIHHUMH CTYIIECHIO
PU3UKY.

HayxoBi ysiBJI€HHS I10J10 PU3UKY CKiIaganucs noeranHo. Lle sBuie novyanu
BUBYATH CTaTUCTHKHU, EKOHOMICTH, FOPUCTH, MATEMAaTUKH.

Bnepme HaykoBe, MareMaThyHe BHM3HAYEHHS NOHATTA “‘pu3uK’ Oyio
chopmynsoBane monan 200 pokiB TOMY HIMEIBKAM MaTEMaTHKOM HoranHom
Hikomaycom Terencom (1736-1807) y mpami “Beryn 1o po3paxyHKY >KHTTEBOI
peHTu 1 mpaBo ii oTpuMaHHA”, BuAaHid me y 1786p. B Jleinuury. Llum BiH
3aro4YaTKyBaB OCHOBM HOBOI'O HAIpsIMy — PHU3UKOJOTIi HAyKH MpPO PHUBHK B
€KOHOMIIIi, SIKa 3HANIIUIAa MPAKTUYHE 3aCTOCYBAaHHS B 0aratbox cepax eKOHOMIKH.
[Ti3Hime Teopis mpoOIeMU PU3UKY Touajia po3pOOSISITUCS B paMKaxX KIACHUYHHX
imet Mima 1 Cenbopa. BoHuM BU3HAYaiM B CTPYKTYpl NMPUOYTKY MIAIPUEMILS
B1JICOTOK PHM3HUKY SIK YaCTKY Ha BKJIQJICHHH KarmiTaj, 3apo0iTHY IJIaTy KamiTaiicTa i
aty 3a pPU3WK, SK BIAIIKOJYBAaHHS MOJMBUX 30WUTKIB, TOB’S3aHUX 3
1 IPUEMHHIIBKOIO NTisTbHICTIO. Heokmacuk Anbdpen Mapinan po3kiaB mpuOyToK
noai0HO 70 KJIaCWKIB, Ha 3apOOITHY MIIaTy KEepIBHUKAM, BIJICOTOK Ha KamiTam 1
iary 3a pI/IBI/IK Teopiro pusuky Jlxon Meinapa Keiinc posrisgae, ik 4acTKy
BapTOCTI TMOB’sI3aHYy 3 MOXJIMBUMU BHUTpaTaMH SIKI BHUHUKAIOTh 4epe3
HenependayyBaHi 3MIHM.

HoBe TpakTyBaHHA pHU3HMKY 3alpONOHYBAaB AMEPHUKAHCHKUI E€KOHOMICT
®penk Haiit. Bin po3rignae pu3uk HE MNPOCTO SIK MaTepiajibHU 30UTOK, a SK
HACJIIOK HEBU3HAYEHOCTI NpHOYTKY, IO 1 MOKJIAJI0 OCHOBY CYy4YacHOI Teopii
(1HaHCOBOTO PU3UKY, AKY BUKOPUCTAJIM BIJOMI 3aXiJHI €eKOHOMICTH MapkeBuY 1
[Taprme.

3a OoCTaHHI POKU 3 ’SABUJIOCH PAJl POOIT 3 Teopil PUBUKY BITUU3HSHHX 1
3apyODKHMX  eKOoHOMIcTiB, 3okpema O.Anwrina, [.bamabanoBa, I.bnanka,
B.BiTiiHCcHKOrO 1 1HIIKX.

TeopeTtnyHi HOCHIIKEHHS 1 TPAaKTUKAa TEpeKoHyrOTh. 1[0 pu3uk nocuTh
mupoke MoHATTS. CrienudiyHud IpeIMeT HayKOBOTO JOCIIKEHHS, 110 Ma€ CBIH
craryc. Illo6 nmatu oOrpyHTOBaHE BH3HAYEHHS PHU3HMKY CIOYaTKy HEOOX1THO
3’CyBaTH IO BiH sBIIsiE 0000 y (iHAHCOBO-eKOHOMIYHIN chepi. Bupuaroun ta
BPaxOBYIOUM PU3HK HEOOXITHO MAaTH YITKE YSBJICHHS IPO MOTO 00’€KT, Cy0’ €KT,
oxepena. opMyIor0Yd 1oro BU3HaY€HHs, HEOOX1JHO 3BEPHYTH yBary Ha T€ LIO0
PHU3HK Ma€ N1aJIeKTUYHY 00’ €KTUBHO-CY0’ €KTUBHY CTPYKTYPY.

O0’exkTUBHIiCTH pU3MKY Yy (IHAHCOBO-€KOHOMIUHIN cepi IPyHTyeETbCS Ha
TOMYy. IO BIH ICHy€ u4epe3 OO0’ €KTHBHI, NpUTaMaHHI EKOHOMIIl KaTeropii



KOH(IIKTHOCTI, HEBHU3HAUYEHOCTi, PpO3IUIMBYACTOCTI, BIACYTHOCTI BHYEPIHOI
iH(pOopMallli Ha MOMEHT OLIIHIOBaHHS Ta MPUUHSTTS YHIPABIIHCHKUX PILICHb.

Cy0’€KTUBHICTh PHU3HUKY 3yMOBJIIOETHCS THUM, II0 B EKOHOMIIll [IIOTh
peanbHi JIIOIM 31 CBOIM JIOCBiJIOM, TICUXOJIOTI€I0, IHTEpECAMH, CMaKamu,
CXWIBHICTIO Y1 HE CXUJIBHICTIO JI0 PU3HUKY.

Crig BUAUIMTH OCHOBHI MTOCTYJIATH CTOCOBHO PU3UKY:

® BCEOCSIKHICTH PU3HKY;

PU3HKOM OOTSKEH1 nepe10aueHHs, IPOrHO3H;

PHU3HMK BUHUKAE B MPOIECaX OIIHIOBAHHS;

PHU3UK HEOOX1HO KIJIbKICHO BUMIPIOBATH 1 OI[IHIOBATH;

CTPYKTypa Ta Mipa PU3HUKY AIQJIEKTUYHO 3MIHIOETHCS B Yaci Mij BILTUBOM
3MIH 30BHINIHROTO Ta BHYTPIIIHBOTO CEPENOBHUINA, [ii HU3ZKHU
00’€KTUBHUX 1 Cy0’ €KTUBHUX YNHHHUKIB.

® BHMIPIOBAaHHS pHU3HWKY TIPYHTYETbCS HA 3arajJlbHO-METOJIOJOTIYHUX

MOJIOKEHHSAX TeOopii BUMIPIOBAHHS, sKa CKiIaAae QyHIAMEHT OyIb-sSKHX
BUMIPIOBaHb.

Ha ocHOBI BUKJIaJIeHUX ITOCTYJIATIB 1aMO BU3HAYCHHS PU3HKY.

Pu3uk-11e OisIbHICTD, OB’ sI3aHa 3 MMOJ0JIAHHAM HEBU3HAYEHOCTI B CUTYallii
HEMHHYYOro BHOOpPY, y TIpPOIECl SKOTO € MOJMKJIMUBICTh KUIBKICHO 1 SIKICHO
BU3HAYUTU IMOBIPHICTh JOCSTHEHHS Iiepe0adyBaHOTO pe3yJbTaTy, HeBIadl 1
BIIXWJIEHHS B1J METH.

Pusuk MoxHa pO3yMITH: SK CTaH 1 sIK JiIO.

Ak cran — 1e¢ HecTaOlIbHICTh, HEBH3HAYCHICTh, HEBIICBHCHICTh Y
MaiOyTHbOMY.

Pu3suk sk gist — e moBeziHKa cy0’ekTa B yMOBaX HECTaOUTBHOCTI.

Mu MokeMO mpuiMaTH PINICHHS, M0 3MEHINYIOTh PHU3WK, aje IMOBHICTIO
BUKJIIOUUTH E€KOHOMIYHUN PHU3UK HEMOXJIMBO. OTKe, eKOHOMIYHA [IsUIbHICTH B
yMOBaxX PUHKY 0Oe€3 pU3WKy HeMOiuBa. lIpm 11bOMYy CTOITH OCHOBHE 3aBIaHHS
KEepyBaTH PU3UKOM, 3BEICHHS HOT0 10 MIHIMyMY.

BaxxnuBuM eTanoM JOCIIJKEHHS 1 BUBYEHHS] PU3UKY € pO3pOOKa METOMMK,
po3po0Ka MexaHI3My KOHTPOJIIO Ta KepyBaHHS EKOHOMIYHMM pusukom. Lli
JOCIIKEHHS 0a3yI0ThCA Ha MIPUHIUIIAX CUCTEMHOTO aHAaJI3Yy.

CucreMHMII aHAJdi3 — [I€ METOMOJIOrIA MOCHIIHKEHHS OO0 €KTIB 3 METOIO
BU3HAYCHHS HAMOUTBI €()eKTUBHUX METO/IIB KEPYBAHHSI HUMH.

Enementamu pusuky €: 00’€KT, Cy0’€KT, JKepeo.

006’€KTOM PU3HKY HA3WBAIOTh EKOHOMIYHY CHCTEMY, OI[IHUTH €(DEKTUBHICTD
Ta yMOBU (PYHKIIOHYBaHHS KOTPOI Ha MEPCIEKTUBY y BUYEPIHIN MOBHOTI Ta 3
HEOOX1THOIO TOYHICTIO HEMOKJIUBO.

Cy06’ekToM pu3nky — ocoba abo KOJEKTHB, SIKI 3aiHTEpEeCOBaHI B
pe3yJibTatax yIpaBliHHSA 00 €KTOM PHU3UKY 1 MarOTh BIAMOBIIHY KOMIIETCHIIIIO
I[0JI0 TAKOT'O YIpPaBJiHHS Ta MPUUHSTTS BIAMOBIIHUX PIIIEHb CTOCOBHO 00’€KTa
PHUBHKY.

Jlxepena pu3MKy — 1€ TpoUecH 1 sBUIIA, fAKI CHPUYUHAIOTH
HEBU3HAYCHICTh, KOH(IIKTHICTb.



2.CyTHicTh pU3HKY.

2.1 Cymnicmb pu3uky i o020 Qynkuyii.
CyTHICTh PH3UKY TMOJISATAE B:
o MOKJIMBOCTI  BIAXWJIEHHS BiJ TnependadyyBaHOi MeTH, 3apaad  SKOl
3MIIMCHIOETHCST 0OpaHa allbTePHATHUBRA;
® IMOBIPHICTh JIOCATHEHHS Oa)XaHOTO PE3yJIbTaTy;
® BIJICYTHICTb BIEBHEHOCTI B JOCATHEHHI ITOCTABJICHOI METH;

o MOXXJIUBICTh MaTepiaJIbHUX, MOPAJbHUX Ta IHIIUX BTpaT, IMOB’SA3aHUX 3
00paHOI0 B yMOBaX HEBU3HAYEHOCT1 AJIbTEPHATUBOIO.

DyHKILIT PU3UKY:
®iHHOBAI[IiHA - CTUMYJIIOE MOIIYK HETPaJMLINHUX pPO3B’s3aHb NpPoOIeM, SKi

CTOSITh Mepe] MAIPUEMIIEM;
epEryJsSITUBHA — Ma€ CYNEpeuIMBUN XapakTep 1 BHUCTYIA€ B JBOX (hopmax:
KOHCTPYKTHBHA, HEKOHCTPYKTHBHA.
®3aXMCHA — BUABIIAETHCS B TOMY, IO SIKIIO JUISl MIANPUEMUS PU3UK — NPUPOIHUI
CTaH, TO HOPMAJIbHUM [TOBUHHO OYTH 1 TEPIIMME CTABJICHHS J10 HEBAY;

®  aHANITUYHA — mepeadayae MOXIMUBICTH BHOOPY 3 JEKUIBKOX albTepHATUB
HaNOUIbII peHTa0eNbHI 1 HAMMEHII PU3UKOBAaH1 PIILIEHHS.

2.2 Knacughikauia pu3uxie.

TenneHuiss 70 YCKIAJHEHHS COI1albHO-€KOHOMIYHHUX MPOIECIB MOPOJIKYE
NOSIBY BCE HOBHMX BHJIB 1 THIIB pU3UKY. PO3pI3HAIOTH J1Ba TH PHU3UKY:
JTUHAMIYHUM 1 CTATUCTUYHUH.

Hunamiunuii — 1€ pU3MK, TOB'I3aHUN 3 HemependauyBaHUMHU 3MiHAMU
BapTOCTI OCHOBHOT'O KaIliTajly BHACIIIOK MPUUHATTS YIPABIIHCHKHUX PIlIECHb.

CmamucmuyHuti — 11€ PU3UK, MOB'SI3aHUM 13 CKOPOUEHHSIM peajbHUX AKTUBIB
BHACJIIJIOK BTpPaTH YacCTKH BJIACHOCTI, @ TAaKOXX CKOPOYEHHSM JIOXOAY uepes
HeJ1€3/IaTHICTh OpraHizailii.

VY mporeci CBO€1 MiSUTBHOCTI MIANPUEMII 3IMITOBXYIOTHCS 13 CYKYITHICTIO
PI3HUX BHUIIB PU3HUKIB, K1 BIIPIZHAIOTHCA MK COOOI0 3a MICIIEM BUHUKHEHHS,
CYKYMHICTIO 30BHIIIHIX 1 BHYTPIIIHIX ()aKTOpiB, IO BIMBAIOTH HA iX PIBEHb.
Bci pusuku B3aemosanesxHi. Po3risiHeMo 3arajibHy Kiacuikaliiro pusuKiB.

3a xapakTepoM 00Ky PU3HKH OYBAIOTh:

306niwni — TOB’s3aHI 31 COPUYMHEHHSM 30UTKIB 1 HEOTPUMAaHHSIM
HOIJOPUEMIIEM  OYIKYBAHOTO MNMPUOYTKY  BHACIIIOK TOPYLIEHHS  CBOIX
3000B’s13aHb KOHTPAareHTaMH MiANpHeEMI a00 depe3 iHIN OOCTaBHHHU, SIKI HE
3ajexaTh BiJl HbOTO.

30BHIIIHI PU3UKU TOAUIAIOTH Ha :

e [pUPOaHI ( pU3UK CTUXIMHUX JIUX 1 €KOJIOTTYHI PU3UKH);

o 3arajJbHOCKOHOMIYHI  (PU3WK 3MIHM EKOHOMIYHOI  CHUTYyallii, pHU3UK
HECTPUATINBOI KOH IOHKTYpU PHUHKY, IOJATKOBI PHU3MKH, PU3UK TTOCHJICHHS
KOHKYPEHLII 1 FaJly3eBUI pU3UK);



o NOJIITUYHI  (pU3UK HallOHAmi3auli M eKkchpompiaiii, PU3UK PO3PUBY

KOHTPAKTy, PU3HUK BINCHKOBUX JI1i 1 HUBUIHHUX 3aBOPYIICHB);

e (piHaHCOBI pU3UKH, OB’ I3aHHI 3 KYMIBEJIBHOIO CIIPOMOKHICTIO IPOIIICH;
Buympiwini 3aJIeKaTh  BiJ  3JaTHOCTI  MIANPUEMIIT  OpPraHi30BYBaTH

BUPOOHMIITBO 1 30yT MPOAYKIlii, a00 1€ MISTBHICTh CaMOro MiAMPUEMCTBA 1 HOTO

KOHTPAKTHOT ayIUTOPIi.

Jlo BHYTpINIHIX PU3UKIB HAJEKATh:

o BUPOOHMYI (PU3MKHU 3HUKEHHS MPOIYKTUBHOCTI Mpall, BTpaTh poOOYOro
yacy, nepeBuTpaT ado BIACYTHICTh MaTepiaiB);

o TeXHIYHI (PU3UKH TP BIPOBAHKEHHS HOBUX TEXHOJIOTIH, abo 300iB 1
BUXOJy 3 JIajly yCTaTKyBaHHS);

o KOMEPITiHHI

o 1HBECTHI1/HI.

B 3a51€3kHOCTI BiJl MOXKJIMBOTO PE3YJIbTaTy PU3MKK MOKHA PO3IUIUTH Ha JIB1 BEJIHKI
IPYIU: YUCTI 1 CHEKYISTUBHI.

YucTi pHU3UKM O3HAYalOTh MOXKIIMBICTH OJIEpP)KaHHS HETaTUBHOTO YU
HYJILOBOTO pe3yJibTary. [0 HUX Halexarh: MPUPOJHI (TIOB’S3aHI 3 MPOSIBOM
CTUXIHHMX CWJI  TIPUPOJM), C€KOJOriuyHi (MOB’s3aHl 13 3a0pyIHEHHSIM
HABKOJIMIITHBOTO CEPEIOBHINA), TOJITHYHI (TTOB’s3aH1 3 MOJITUYHOI CUTYAIIE0 1
KpaiHi 1 JIsJIbHICTIO JEpKaBH), TPAHCTIOPTHI (3B’ s3aH1 3 MEPEBE3CHHSIMH BaHTaXIB
TPAHCIIOPTOM) 1 YACTHHA KOMEPIIIHHUX PU3HKIB.

CHexkyJIaTUBHI _PU3MKH TOJIATAIOTh Yy MOMIIMBOCTI  OJIEp’KaHHA  SIK
MO3UTUBHOTO, TaK 1 HEraTUBHOTO pe3yibTaTy. Jlo HHMX HaiexaTh (iHAHCOBI
PHU3HKH, SIKI € HACTHHOIO KOMEPLIMHUX PU3HKIB.

Knacudikaris KOMepIiitHIX pU3HKIB.

Komepyitini pusuxu o03Ha4datoTh HeEOE3NMeKy BTpaT y mporeci (iHAHCOBO —
rocroapchKol AiSUIBHOCTI. 3a CTPYKTYPHOIO O3HAKOIO PO3PI3HAIOTH:

Dinancosi — 1€ PU3MKU, OB’ sI3aH1 31 30MTKAMH BiJ 3yNMHKH BUPOOHMIITBA, a00
B1Jl BOPOBA/P)KCHHSI HOBUX TE€XHOJIOTIH.

Topeosi — 11e pusuku. [1oB’sA3aH1 31 30UTKaMU Yepe3 3aTPUMKY IJIaTEXiB, BIAMOBY
BIJI TUIATEXKY B MIEP10JI TPAHCIIOPTYBAHHS TOBApy, HEAOMOCTABKM TOBAPY TOLIO.
Dinancosi puzuxu OB’ s13aH1 3 IMOBIPHICTIO BTpAT ()iHAHCOBUX PECYPCIB.

PosrisitHeMo pu3uKy MOB’si3aHi1 3 KyIIBEJIbHOIO CIIPOMOKHICTIO TPOIIEH.
[Hbasmiiaud  — mnpu 3pocTaHHl 1HGIANIT OAEp)KyBaHI TPOIIOBI  JOXOIU
3HEIIHIOIOTHCS 3 TOUKH 30PYy peabHOI KYIMIBEJIHHOI CIIPOMOYKHOCTI IIBHUIIE HIXK
3pOCTalOTh.

Hednsamiiinuii =~ - mpu 3poctanHi Aeduanii BinOyBaeTbcs MaiHHSA PIBHS IIiH,
NOTIPUIEHHS! EKOHOMIYHUX YMOB MIAIPUEMHHUIITBA 1 3HUKEHHS JOXO/IB.
BamoTHuii — HeOe3neka BalIOTHUX BTpaT BHACHIAOK 3MIHM KypCy OJIHI€]
1HO3eMHO1 BaJIFOTH BIJHOCHO 1HIIOI MPU MPOBEACHHI 30BHINMIHHOCKOHOMIYHUX
oneparriu.

Pu3uK JiKBIIHOCTI — MOB'SI3aHUN 3 MOXJIMBICTIO BTpaT MpU peanizalii LIHHUX
narepis, TOBapiB, a00 yepe3 3MiHY OIIHKHU 1XHBO1 CITIOKHUBUYOT BaAPTOCTI.




[HBECTUIIIWHUNA —BTpaTH MPU BKJIAJAaHHS rPOLIEH B IPOEKTH. |HBECTUIINHI PU3UKU
NOAUISIOTH Ha!
® pPHU3UK BTPAYeHOI BUTOJAU — II€ PU3UK HACTAaHHS MOOIYHMX (PiHAHCOBHUX
30UTKIB Y pe3yJIbTaTi HE3IMCHEHHS OYIb-sIKOTO 3aX0/1Y;
® pPU3MK 3HIKEHHS NPUOYTKOBOCTI — L€ PU3HK, SIKHH MOXKE BUHUKHYTH B
pe3ysbTaTi 3MEHIUEHHS pO3MIpy BIJCOTKIB 1 JUBIIEHAIB 3 MOPTQEIbHUX
1HBECTHII1H1, 3 BHECKIB 1 KPEUTIB.
Pusuk 3HM>KeHHS NpUOYTKOBOCTI MICTUTh B €001 TaKl Pi3HOBUIU:
Ilpoyenmuuii — BTpaTH NOB’sA3aH1 3 MIABUIIECHHIM YU 3HUKEHHSIM B1JICOTKOBO1
CTaBKH.
Kpeoumnuii — wnebe3neka HeCIIaTH MO3WYAJIBHHUKOM OCHOBHOTO OOpry 1
BIJICOTKIB, SIK1 HAJICKATH KPEIUTOPY.

2.3 Buou pu3suxie.

Bun pu3nKy BU3HAYa€ThCSl BUJOM €KOHOMIYHOI A1SUIBHOCTI.

KpaiHoBi py3MKM BUHUKAIOTh HPU 311MCHEHI MIANPUEMISMHA U 1HBECTOPAMHU
CBOEI IISUIBHOCTI HA TEPUTOPIi 1HO3EMHHUX JECPHKAB.

IomiTMYHMH PHU3UK — MOXJMBICTD BUHUKHEHHS 30UTKIB y 3B’A3KYy 3
MO>KJIMBUMH 3MIHAMHM B KypCl MOJITUKU Ypsiy, 3MIHA 3aKOHO/IaBCTBA.

TexniyHMid PHU3NMK BU3HAYAETHCA CTYNEHEM OpraHizamii BUPOOHHUIITBA,
3ax0/1aMH O€3MeKH, MOXKJIMBICTIO IPOBEICHHSI PEMOHTY YCTaTKyBaHHS.

CrpaxoBuil pu3MK — 1€ PU3UK, KU MOXe OyTH OI[IHEHUW 3 TOYKH 30Dy
IMOBIPHOCTI HACTaHHS CTPAxOBOTO BHUIAJKY 1 KUIBKICHUX PO3MIPIB MOJIUBHUX
30UTKIB.

IlixnpueMHUIBKUI — 116 PU3HK SKUH BUHHKAE TIPU OyIb-IKUX BHIAX
JUSITTBHOCTI, TIOB'SI3aHHI 3 BUPOOHUIITBOM IPOJIYKIIii, TOBAPiB, MOCITYT, KOMEPIII€IO,
(dbiHaHCOBUMHM OMEpaIlisiMU, 3/IIICHEHHSIM PI3HUX MPOEKTIB.

I'ocmopapcbkuid - PpU3MK TOB'S3aHUA 3 TOCMOJAPCHKOIO ISIIBHICTIO,
OpPIEHTOBAHOIO HA OJIEp>KaHHs MPUOYTKY Ha OCHOBI 3aJ0OBOJICHHS MOTPEO 1 3aMUTIB
MOKYIILIB BIAMOBIHO /10 BUMOT PUHKY.

Komepuiiinuii - pu3uk MoB's3aHUM 3 KOMEPLINHOIO TisTbHICTIO.

@iHaHCOBUIl - pU3UK MOB'A3aHUN 3 (IHAHCOBOIO AISUIbHICTIO. BuHMKae npu
3MIIACHEHH] (PIHAHCOBUX YyToj (B POJil TOBAapy BUCTYMA€ KaIliTaj, I[IHHI MarepH,
BaJIIOTA).

KpenuTHuii - HEMIEBHEHICTh KpPEIUTOPa B TOMY, III0 OOPIKHUK 30epeke HaMip
BUKOHATH CBO1 3000B’sI3aHHS Yy BIJAMOBIIHOCTI 3 TEPMIHAMHU i YMOBaMHU KPEIUTHOI
yTOM.

BankiBcbkuii — npu 311iiCHEHHI OAHKIBCHKUX OIEpalliid, M0 MPU3BOJATH 10
BIJIXWJICHHS (JaKTUYHUX PE3yJIbTaTIB Bl OUIKYBaHHUX.

2.4 Acnekmu ynpagnincokoi dianvnocmi/
CyTHICTh OCHOBHUX HaIPsIMIB YIPABIIHCHKOI A1STBHOCTI:
YupapJiHHs 32 pe3yabTATaAMH — NPUXWIBHUKU JAHOTO MPOLECY YIpaBIiHHSA
BUOKPEMJIIOIOTh TPU OCHOBHHX €TaIlu:
® BH3HAYCHHS OKAHWX PE3yJIbTATIB;




® YIpaBJIIHHS 3QJIKHO BiJl CUTYyaIlii;

® KOHTpOJIb 3a pe3yjIbTaTaMu.
YnpapjaiHHs 332 IJAMHM — HAJa€ MOXJHUBICTh OIIHIOBAaTH KEPIBHUKIB Ha
HIATPYHTI MIpU JOCSATHEHHs MuIed. [IpUXUIBbHUKK JAHOTO MPOIECY BUILISIOTH
YOTHUPHU OCHOBHHX €TaIlH:

® BUPOOJICHHA YITKUX, JAKOHIYHUX (OPMYBaHb CyTHOCTI IIiJICH;

® pO3poOKa peaniCTUUHUX IJIaHIB 1X JIOCATHEHHS;

® CHCTEMHUM KOHTPOJIb, BUMIPIOBAHHS Ta OIlIHKA POOOTH 1 pE3yJIbTaTIB;

® KOpPUIYIOUM 3aco0M Uil ~MAaKCHUMaJbHO  MOXJIMBOTO  JOCATHEHHS

3arIaHOBaHUX ITUICH.
YnpapJjiHHS 32 BiIXMJIEHHSIMM — IPYHTYE€ThCSI HAa BHUSABJICHHI 1 JOBEACHHI 10
BiJJOMa KepIBHUKA TUIbKHU Ti€T iHPopMaIlii, 1o 000B’A3K0BO BUMAarae Moro yBaru.

[lepenyMOBH YCHIIIHOTO TMONEPEIKEHHS NpoOJeM B  YyIPaBIIHCHKIM
TISIIBHOCTI:

1. mpaBWIIbHE PO3YMiHHS BaXJIMBOCTI HEIOMYIIIEHHS TTOMUJIOK;

NparHeHHs 10 YCYHEHHS TOMUIIOK;
HABYaHHS METO/aM BUPILLIEHHS MPoOJeM;
aHaJli3 TPUYUHA BUHUKHEHHS po0JieM;
CHCTeMa  MOHITOPMHTY TIpoOjieM Ta  OIlIHIOBaHHS  €()EKTUBHOCTI
MPEBEHTUBHUX 3aXO/IIB.

Jnst  omucy  TPUYMHHO-HACTIAKOBOTO — aHami3y  HEOOXIAHO  MPOBECTH
pO3Mi3HAHHS MPUYHMHM, 1 310paBIIM HEOoOX1aHY 1HGOpPMAIIiI0 3pOOUTH TTOCTATHHIMA
aHai3.

Iepmuii eTan: ¢popmynoBaHHsS TpodIeMu (BUSABISAIOTH 00’ €KT, MAPO3ILT YU
JOJIMHY, K1 CTBOPIOIOTH TPYIHOIII Ta SIKUX HEOOXIAHO YCYHYTH).

Jpyruii eran: onuc npooiemMH.

Tperiii eTan: BUABJICHHS BIAMIHHOCTEH, sIKI CTBOPIOIOTH MpoodsieMy (HE0OX1THO
BUSIBUTH TIPUUYUHY ).

YerBepTHil eram: BUSBIECHHA 3MIH (IOTPIOHO BHOKPEMUTH HaNBaXJIMBIIIL
3MiHH).

[I’siTuit eTan: BUSBICHHS MOXJIMBUX NMPUYUH (SIKUM YMHOM JaHa 3MiHa Morjia
CTBOPHUTH MPOOIIEMY).

IlocTHii eTam: nepeBipka HAHOLIBIIT IMOBIPHUX NMPUYUH (YU HE CYIEpPEUYUTh
JaHa MpuydrHa (haKTam po3risayBaHOl cUTYaIlli).

Cbomuii  eram:  MATBEpKEHHS  HAWOUIBII ~ IMOBIPHOI  NPUYUHU
(BUKOPHUCTOBYIOTh IPUUYMHHO-HACIIIKOBUI aHATI3 ISl BUSBIICHHS MPOOJIEMH IO
BUHUKIIA).

HasiBHiCTP pHM3HKY B TMpOLECi AISUIBHOCTI K OOOB’S3KOBOTO aTpudyTy —
00’€KTHUBHUI E€KOHOMIYHUHM 3aKOH. B ymMoBaX pHHKOBOi €KOHOMIKH HEMOKIIMBO
YOPABJISITH MIAIPUEMCTBOM 0€3 ypaxyBaHHS pHU3HMKY, a Il €(QEeKTUBHOIO
yOpaBIiHHS BaXJIMBO HE JIMIIE 3HATH MPO HOrO HAsABHICTh, a ¥ MPaBUIBHO
1IEHTU(IKYBATH Ta CTPYKTYpYBaTH pU3UKHU. BaxinBOo BpaxoByBaTH, IO iICHYIOTh
aCIeKTH YIPaBIIHCHKOI JISJIBHOCTI, J€ TIOCTIMHO CTBOPIOIOTHCS PU3UKOBaHI
CUTYyaIlii.

Nk W



YnpapiiHHs pU3MKaMM — L€ HEOOXIAHICTb BHUKOPHUCTOBYBaTU B
YOPaBIIHCHKIA  JISJIBHOCTI  PI3HOMAHITHI MIAXOJAM, TWPOLIECH, 3aXOJu, SKi
J03BOJISIIOTH TIEBHOKO MipOIO MPOTHO3YBAaTH MOXKJIMBICTh HAaCTaHHS PH3UKOBAHHX
TOJTIH 1 TOMaraTucsl 3HUKEHHS CTYTICHS PU3UKY 0 JOIMYCTUMHUX MEXK.

Bu3HaumMo OCHOBHI MMPUHITUIIN TIPOLIECY YIPABIIiHHS PU3HKAMHU.

1. IlpuHumn makcumizaiii — nepeadadae MparHeHHs 10 HAWIIUPIIOTO aHaJi3y
MO>KJIMBUX MPUYUH 1 YUHHUKIB BUHUKHEHHS pyU3uKy. Lleit mpuHImn Harosourye Ha
HEOOX1THOCT1 3BEJICHHS PIBHSI HEBU3HAYEHOCTI IO MIHIMYMY.

2. [IpyHIMn MiHIMI3aIi - YNOpPaBIIHII HAMaralroThCs 3BECTH JIO MIHIMyMY
CHEKTP MOXJIHMBUX PHU3UKIB 1 MIHIMI3yBaTH CTYIIHb BIUIMBY PHU3UWKY Ha CBOIO
ISUTBHICTD.

3. IlpuHIMO TOPUAHATTA — YOPABIIHII MOXYTh NPUHAHATA Ha ceOe TUIbKU
OOrpyHTOBAaHUI PU3UK.

JUts mpouecy ynpapillHHS PU3MKOM IpaliBHUKaM anapaTy YIHIpaBiiHHS
HEOOXITHO TepemyCiM HABUUTHUCHh TMPOTHO3YBAaTH BUHHUKHEHHS TUX YW 1HIITUX
npoOJieM 1 BIJMOBITHUX CUTYaLlii.

IIporno3 — MOXJIMBI CYy/P)KEHHs PO MOKJIMBI CLEHapii 00’ €KTa ynpaBIiHHS

B MalilOyTHHOMY, aJIbTE€PHATUBHICTh TPAEKTOPIi 1 TEPMIHU ICHYBaHHSI.

B nporieci ynpaBiiiHHS PU3UKOM MOKHA BUOKPEMHUTH TaKl PIIICHHS:

1. 3a BUOOpOM LIlJICH YIIPaBIIIHHS PU3UKOM;

2. 3a BUOOPIB METO/IIB;

3. HIATPUMKN OalaHCy B TPUKYTHUKY “‘JIOU-PECYpPCH-IIUI"~ B MPOIEC]
JOCSITHEHHSI OOTSHKEHUX PU3UKOM I[1JIeH 32 JOTIOMOT0I0 O0OpPaHOTO THCTPYMEHTAapito
YIPABIIIHHS HAM.

MOXIUBICTh QJIbTEPHATUBHUX PIIICHh BUCYBa€ TIEpPel MEHEIKEPOM

3aBJIAHHS ONTHUMI3alli PO3NOAUTY PECYPCIB MIXK TaKUMHU 3aX0AaMu:

1. momepemkeHHs pU3NUKY YCYHEHHSIM HOTO JDKEPENa;

2. 3HIKEHHS PU3UKY 3a JOMOMOTOI0 3MEHIICHHS IHTEHCUBHOCTI HEOa)KaHUX
(bakToOpiB UM BPA3JIMBOCTI O0’€KTIB, AKI MOXYTb OyTH MiJJaH1 BILIUBY
HECTPUATINBUX YNHHUKIB.

3. BIAIIKOJIYBaHHA 30WUTKIB PHU3UKY. YKIAJalTh JOToBip (HOHIOBOTO
CTpaxyBaHHS.

3HUKEHHS pU3HKY MOXKIIUBE:

1. Ha erani MjaHyBaHHS oOlepalii 4M MPOEKTYyBaHHsS 3pa3KiB — BBEJICHHS
JI0JJaTKOBHUX €JIEMEHTIB HAIMHOCTI Ta 1HIIKUX HEOOX1IHHUX 3aXO0/1B;

2. Ha eTami MPUWHSTTS PINIEHHS — BUKOPUCTAHHS BIATOBIAHUX KPUTEPIiB
OIIHKY €(heKTUBHOCTI PIllICHHS;

3. Ha eTami eKcIuTyaralii BIIMOBIJIHUX CHCTEM — 3a PaXyHOK JOJCp>KaHHS
PEXUMIB EKCIUTyaTalli Ta KOHTPOJIIO.
3a TpOrHO3HOK €(QEKTUBHICTIO B YIPaBIIHHI pPHU3UKAMU MOXHA

BUOKPEMHUTHU: OpPAMHAPHI, CHHEPIe€THUYHI, ACHHEPIe€TUYHI BapiaHTH PILLEHb 1

CHCTEM.

Opounapni éapianmu PU3UKOBUX PIIICHb — 1€ TaKl BapiaHTH PillIeHb, 32

AKUX €(EKTUBHICTh BUTPATU PECYPCIB HAa OJUHUILIIO OJIEPKAHOTO €(EeKTy B



YOpPaBIIHHI PU3UKOM BIANOBIJA€E HOPMaM 1 HOpMAaTHBaM, NPUUHATUM IS
MEBHOI Tally31, BUY AiSUIbHOCTI.

Cunepeemuuni eapiaumu pu3uKo8ux piuieHsb — 11e Takl BapiaHTU PIIICHb.
3a gkuxX €(EeKTUBHICTb BUTPATU PECYpPCIB B YIPABIIHHI PU3UKOM PI3KO
3pOCTalOTh.

Acunepeemuynumy Ha3UBAIOTh BaplaHTH pIllieHb, SKI HE J03BOJISAIOTH
onepkatu OakaHOro e€(eKTy BiJl IHBECTOBAHHMX B YMPABJIIHHA pPU3UKAMHU
KOIITIB.

[lpuitHaTTss  pilIeHHS  IPYHTYETbCS  HAa  BUKOPUCTAHHI  PI3HHUX
dbopmanizoBaHux 1 HeopMaTi30BaHUX METO/IIB.



3.KUIbKiCHI OHIHKHA €KOHOMIYHOI'0 PU3HUKY.

3.1 Pu3uk ¢ abconiommnomy eupasi.

BunpaBnanuii pusuk — arpuOyT crTpaTerii 1 TaKTUKU e(EeKTUBHOI
€KOHOMIYHOI JIsJTbHOCTI.

VY KOXHIM cuTyarlii, 10 TOB’si3aHa 3 PU3UKOM BHHHKAE IMUTAHHS: «IIIO
03HAYya€ BUIPABJAHUNA PU3UK 1 JIe¢ MPOXOIUTh MEXKa sKa BIIAUISIE AOMYCTUMUN
PU3HUK BiJl aBaHTIOpU?» JaTH BIJNOBiAL Ha Il MUTAHHS, 3HAYUTH 3HANTH PIBEHb
CTIPUUHSTOTO PUBUKY», KIUIBKICHY Ta SIKICHY OIIHKH KOHKPETHUX PH3UKOBHX
pIIICHb.

KinbkicHy OIlIHKY pH3UKYy TpPOBOASTH HA IIJACTaBI  IMOBIPHICHUX
po3paxyHkiB. KigbkiCHI 3HAa4eHHS PU3UKY OOYHUCIIOIOTHCS Yy BITHOCHUX 1 B
aOCOJIIOTHUX BEJIMYMHAX, 1110 BUPAKAIOTh MIPY HEBU3HAUYEHOCTI MiJ Yac peai3arii
OPUIHATOrO PIILICHHS.

CryniHp pU3HKYy MOJE OLIHIOBATUCh CIOJIBAaHUMH 30UTKaMH, IO
CIPUYMHEHI LIUM PIIIEHHSM; Ta IMOBIPHICTIO, 3 SIKOIO 111 30MTKH MOKJIMBI.

SK10 MajgoiMOBIPHO, 10 Oy1yTh HECTIPUATIMBI HACHIIKU — PU3HK MaJIUH, 1
MaJjia IMOBIPHICTh MTOMUJIKHM BEJIUKA TO 30MTKUA MaJli.

Y psai BUDAAKIB PU3UK JOPIBHIOE JOOYTKOBI CHOMIBAHMX 30MTKIB Ha
IMOBIPHICTB TOTO, IO 111 30UTKH BiIOYAYThCS.

IMOBIpHICTh HacTaHHsI TIEBHOI MOJIi Moke OyTH BH3HAaUYeHA: 00 €KTUBHUM
METOJIOM, IO IPYHTYEThCS Ha OOUYMCIICHI YacTOTH, 3 SKOI BiJOYBA€ThCS IEBHA
nojisi, 1 cy0’€KTUBHUN METOJ, SIKM CIUPAETHCS HAa BUKOPUCTAHHI Cy0’ €KTUBHHUX
OIIIHOK Ta KPUTEPIiB, 10 ITPYHTYIOTHCS HA IPUIMYIIEHHSX.

Pusuk B abCcomoTHOMY BUpa3l MOXKE€ BU3HAYATHCS CIOJIBAHOIO BEIIMYUHOIO
MOXKJIMBHX 30UTKIB, 1 K MIpy PHU3HKY BHKOPHUCTOBYIOTH CEPEIHHOKBAIPATHYHE
BIIXWJICHHS.

IcHye mpocTta MeToauka BH3HAYCHHS KOE(II[I€EHTA PHU3HKY MO0
KOPOTKOTEPMIHOBOT'O ITPOTHO3Y:

p— IMOBIPHICTb IOCTOBIPHOT'O MPOTHO3Y, TO:

1-p — IMOBIPHICTb, 1110 BIH HE BIJ0Y1€ThCS.

B abGcomtotHOMY BHpa3i CTyIiHb PU3UKY, MOXE BHU3HAYATHUCS, SIK JTOOYTOK
IMOBIPHOCTI HEBJayi (p,) Ha BEJIMUMHY IIUX HeOaKaHUX HACIIKIB (X).

w=p,.Xx (3.1.1.)

Ie:
w- BEJIMYMHA PU3UKY;
p, - IMOBIpHICTh HE0aXKaHUX HACIIJIKIB, 1110 OOYUCITIOETHCS Ha 0asi

CTaTUCTUYHUX JaHUX,
X - BEJIMYMHA [IUX HACIIIKIB.
CnoxiBaHe 3HayeHHsS (MaTeMaTHYHE CIIOJIBAHHS), IO TIOB’SI3aHE 3
HEBHU3HAYECHOIO CUTYAIIIE0, € CEPEAHBO3BAKEHOIO YCIX MOXIJIMBUX PE3YJIbTATIB,
Jie IMOBIPHICTb KOXXHOTO 13 HUX BUKOPUCTOBYETbCS SIK 4acToTa abo muToma



Bara, BIJNOBIAHOrO 3HaueHHs. CHOAIBaHHS 3HAYEHHS BUMIPIOE pE3yJIbTAT
(pY3HK), KOTPUA MU O4IKYEMO B CEPEIHBOMY.

MaremaTu4yHe CroAiBaHHs AUCKPETHOI BUMAJAKOBOI BEJIMUMHU X HA3UBAIOTh
cyMy TO0OYTKIB 1i MOKJIMBUX 3HAYEHb Ta BIJIMOBIIHUX HMOBIPHOCTEH.

m=M(x)=) xp, (3.1.2)
i=1
Me:
X;- 3BHAUCHHS BUIIAKOBOT BEJIUYHHH;
i=1,2...
pi — BIJIIIOB1THI IMOBIPHOCTI.
Jliist oOmexeHoro (n)
m=M(x)=> xp, (3.1.3)
i=1
SIKII0 BUIIAJKOBA BEJIMYMHA X HETIEpEPBHA TO:
M(x) = [ xf (x)dx (3.1.4)
a0o:
b
M (x) = [ xf (x)dx 315

Skio HemepepBHa BUIAAKOBA BEJIMUMHA BU3HAUYECHA Ha 1HTEpBail [a, b], f(x) —
I'YCTHHA PO3MOJILTY.

PosrissHeMo mnpukiaa Ha BU3HAYEHHS PU3HMKY, SK MaTEeMaTHYHE CIIOIBaHHS
BTpAT.

Ilpuxnag: TlinnpueMCTBO OCBOIOE HOBUUM BHJ TOBapy. llpu 1iboMy MOKIIHMBI
30UTKH, SK pe3yJbTaT HE JOCUTh BUBYEHOTO pHUHKY 30yTy Mia yac
MapKETUHIOBUX JOCHKEHb. IMOBIpHI TpW BaplaHTH IIOAO IONUTY Ha
IPOIYKLII0. 30MTKU TP LIbOMY CKJIaJaTUMYTh:

X 500 700 -600

D 0.2 0.4 0.4

Bus
HAYUTH CIIOJ[IBaHy BEJIMYMHY PU3UKY, TOOTO 30MTKIB.

Po3B’s3anns: Po3s’sa3yemo 3a hopmynoro (3.1.2)
W=M(x)=500-0,2+700-0,4+(-600-0,4)=140 rp.ox.

Jlucnepciero BUMAAKOBOI BETUYMHHM X Ky MO3HA4arOTh D(X) Ha3MBAETHCSA
MaTeMaTU4YHE CTOJ[IBaHHS KBaJpaTa BIAXWUJICHHS BUITAJIKOBOI BEIMYMHU X Bij
MaTeMaTUyHOro cnoniBaHHs M(x). Jlucnepcis XapakTepu3ye pO3CIFOBaHHS
BHUIIAJIKOBO1 BEJIMYMHHU BITHOCHO M(X).

D(x)=M(x’)-(M(x))’ 3.1.6

JI7 IMCKPETHOT BUITAIKOBO1 BEJIMYUHU X



D*(x) =[x f(x)dx—(M(x)) 317

Kpamum Oyne Toii BapiaHT, jae aucrepcis MmeHma. Jlucmepcis gae OiibId
CTaOUIbHUM pe3yJbTarT.

PosrnstHemo npukiian BUSHAYCHHS PU3HKY, SIK AUCTIEPCii.

Ilpuxnag: Hexaii mpailiBHUK Ma€ MPOIO3HINI0 BHOOPY IBOX MICIh POOOTH.
[ToTpiGHO BUOpaTH O/1HE 3 HUX HA OCHOBI TaKoi iHpopMaIrii.

Micue I BapianT IT BapianT

pobotu IMOBIPHICTB | JIOXiJ IMOBIPHICTE | JOXiJ
A 0,5 100 0,5 200

b 0,4 90 0,6 190

Po3B’sa3anns:
D(x)=M(x’)-(M(x))’
Busnaunmo M(x)- cioiiBaHOTO JOXOY AJISI KOKHOTO MICIIsl pOOOTH:
M(x,)=100-0,5+200-0,5=150 rp.ox.
M(x,)=90-0,4+190-0,6=150 rp.ox.
OT1xe, cepeH1 JOXOAU OJIMHAKOBI.
3Haxoaumo D TOXOIIB AJIS KOKHOTO MICIISI pOOOTH:

Mx*)=>x"p,
n=1

M(x,’)=100%0,5+200%-0,5=25000 rp.ox.
D(x,)=25000-150°=25000-22500=2500 rp.ox.

Tenep mykaemo s b:

M(x,)=90%-0,4+190%0,6=24900 rp.opx.

D(x,)=24900-150°=2400

Bucnosok: IlotpiOno BuOupatu micue po6otu b, Tomy mo D ans HbOro
MEHLIA.

CepeaHbOKBaIpaTUYHE B1IXUJICHHS:

o=+D(x) 3.1.8



3.2 Pu3uKx y 6i0HOCHOMY GUDPAICEHHI.

Pusuk y BiZHOCHOMY BHpaXCHHI MOXE BH3HAYaTHCS SK BiJIHOIICHHS
MOXJIMBHX 30WUTKIB JI0 JA€sKOi 0a30BOi BenW4yuHU: (0OCAT MalHa MiIMPUEMCTBA,
3arajbHl BUTPATH PECYPCiB 200 CIOIBaHUI IPUOYTOK).

SIKIo mig PU3MKOM PO3YMITH PU3HMK OAHKPYTCTBA, TO BiH BU3HAYAETHCS HE
JIUIIIE KOJIMBAHHSIM KypCYy IIIHHUX TIarepiB, ajie i BJaCHUM HasSBHUM KaIliTaIOM:
Pu3uK BUMIPIOIOTH 32 AOMIOMOT0I0 KoedirienTa:

W= 3.2.1
K

e:
X — MaKCUMaJIbHO MO>KJIMBHI 00CST 30MTKIB;
W- xoed.pu3uKy;
K — 00csr BIIacHUX (piHAHCOBUX PECYPCIB.

Ilpuxnad: OnuH 3 HamUX emirpadTiB 3aomaaus 10 tuc.$, B3sB B Oopr mie
40 tuc.$, mig 10 % piuaux, 1 BkiaB yci 50 tuc.$ B akmii ojxHiei KoMImaHii
pPO3paxoByOUYM Ha piuHe 3poctanHsa Kypcy B 20 %.Kypc nouas nagatu, 1 KoM BiH
3Hu3uBCcA Ha 40% BiH MpoJaB HEHaJKHI akiii. B pe3ynapTaTi bOro BiH MOBEPHYB
30 tuc.$, noHicmu npu oMy 30uTKH 24 THC.S. Horo 3uaiiomuii aMepUKaHelb
BkiaB 50 tuc.$, i moBepuyB 30 Trc.$. BUsHaUMTH CTYIIHB PU3KKY JJIsI aMEPHUKAHIIS
1 emirpanra.
Po3B’s3aHH4:

30UTKU:
aMepHKaHIIs eMirpadra
x,=20 tuc.$ X, =24 THC.$
K,=50 tuc.$ K,,=10 tuc.$
W=22=0,4 W= 22 =24
50 10

ToOTo, CTyIIHb PU3HKY JUJIS EMITpaHTa B 6 pa3 OUIBIINI B1Jl aMEPUKAHLIS.

Pusuk Moke BH3HAYaTHUCh TaKOX, $K KOE(IUIEHT Bapialii BIAMNOBIIHOIO
€KOHOMIYHOI'O IMOKAa3HUKA.

=20 199 322
M(x)

Bin motpiben, koiu cromiBaHi JOXOJIM OJHOTO MPOEKTY BIAPIZHAIOTHCS Bij
CHOMIBAaHUX JIOXOJIB IHIIOTO MPOEKTy. B Takomy BHMaAKy BaXKO MOPIBHATH
aOCcoJIIOTHI ToKa3HUKM aucrnepcii. HeoOxigHo BuszHauutu (200 BUMIPSTH)
PU3HUKOBAHICTh IPOEKTY BIJHOCHO CIOAIBaHHUX JOXOAIB 1 MIPOK LBOIO €
koe(imieHT Bapiarii ab0 CIiBBIAHOMIEHHS PU3UKY 1 TOXOY.

[lpukinan: € nBa Buau akiid. EGEKTUBHICTh iX € BHUMAJAKOBOIO BEIUYMHOIO 1
3aJIEKUTh BiJI CTaHy €KOHOMIYHOro cepefoBuia. CroaiBaHa €(eKTUBHICTh LHUX
aKuii ogHaKoBa. BBaXkaroTh, 1110 HA pUHKY MOXYTh BUHUKHYTH Bl CUTYaIlil.

Q] - 3]71:0,2



QZ — 3p2:0,8.

Pi3H1 akuii pearyroTe Ha 1l cuTyauii no-pizHomy. Kypc akuiii nepmoro Buay y
cutyartii Q; 3poctae Ha 5%, y curyamii O, Ha 1,25%. Kypc akiiit npyroro Buay y
cutyauii Q; nanae Ha 1%, a 'y cutyarii O, 3poctae Ha 2,75%.

[Tpunycrumo. o inBecTop B3sB rpoiui B 6opr mia 1,5% piunux. fAxi akuii
caig npuabdaru?

Po3B’ga3aHHd: 3HANIEMO JOXOIH:
M;=5%0,2+1,25%-0,8=2%
M>=-1,0%0,2+2,75%-"0,8=2%

Hucnepcito

D =(5-2)*02+(1,25-2) *0,8=225

D,=(-1-2)*02+(2,75-2) *08=2,25

Bincorok, ming skuit MoxHa B3t Oopr nmopiBHioe 1,5%, a crmojiBaHa
edeKkTUBHICTH A0piBHIOE 2%. OTXKe, € pe30H OpaTu rpoiii B 60pr.

Skio 1HBECTOp BKJAJE€ Tpolll B akiii MEepHIOTO BUAY 1 peali3yeThCs
cutyauis Q;, To BiH Burpae: 5%-1,5%=3,5%, ko axuii Jpyroro, To 30aHKpyTYE:
-1%-1,5%=-2,5%

Komnu BiaOynersces cutyanisa O, TO:

akiii nepmoro Buay: 1,25%-1,5%=-0,25%

akiii gpyroro Buny: 2,75%-1,5%=1,25%

OCKUIbKHM, CTaHU E€KOHEOMIYHOTo cepefoBuimia (; (), MawTh pi3HY
IMOBIPHICTb, pIIIEHHS 1HBECTOpa HE € PIBHO3HAYHE 3 TOYKH 30pPY PUBHUKY
OaHKpYTCTBa: MpW BKJIAJAHHI TpouIed B akiii Mmepumoro BUAY OaHKPYTCTBO
MOXJIUBE 3 p;=0,8 B ApyroMy BUNaaky— p,=0,2.

TakuM YMHOM MpPH OJHAKOBOCTI CHOIBaHUX €()EKTUBHOCTEH Ta IUCIIEPCii,
a TaKO’K BJIACHOTO MTOYATKOBOTO KaIiTaly, pU3UK OaHKPYTCTBAa MOXKe OyTH Pi3HUM.

VY naHomy BUIAJIKy, Cifi 0OpaTv TOW BUJ aKiliii, IMOBIPHICTh OaHKPYTCTBa
SAKUX y 3B’SI3KY 3 HECIIPUSTIUBUM CTAaHOM CEPEOBHILE OYy MEHIIIOIO:

OTxe 1HBECTOpY CJIiJ MpUAOATH aKIlii APYyroro BUIY.

TyT 1MOBIpPHICTH HECHPHUSITIMBOIO CTaHY €KOHOMIYHOIO CEpEIOBHILA
BUCTYTIAE, SIK MIpa pU3HUKY.

B 3aranpHOMY BHNIanKy:

M >M,, are D, > D,

M <M,, are D, <D,
abo 1€ 3aJeKUTh BiJ CXWJIBHOCTI JO PHU3UKY CYyO’€KTa pU3UKYy — OCOOH, IO
npuiMae pileHHs .

IHpuxiaan
Toprosa ¢ipma onepxkye BUpOOH BiJl TPbOX IMOCTayadbHUKIB. [lepmmit qae

1% Opaxky, apyruii 2%, TpeTiit 3%.

323



[ToTpiOHO BH3HAYMTH YACTKy HPOIYKLII BlJ KOYKHOTO IOCTa4aJIbHHKA 1 3
YMOBH PiBHOCTI PU3UKIB TOPTroBOi (ipMH BIIHOCHO KOXHOTO 3 HHUX, BU3HAUUTHU
3arajbHUN pU3UK TOProBoi (ipMu:

Ockutbkn Bcsi 1H(MOpMalis Mae IMOBIDHOCHUM XapakTep, TO PHU3UK
BU3HAYAEMO TaKOX SIK IMOBIPHICTh JEsKOi mojii (peanizaiis OpakoOBaHOTO
BUPOOY);

Brenemo Taki noii: A- ¢ipMa peanizye OpakoBaHuii BUpiO;

P - IPOJaHU BUPIO B MEPIIOro MOCTaYaIbHUKA,

p2 — IpoAaHuii BUpiO Big APyroro nocravyajbHUKA,
p; - - IpofaHuit BUpiO BiJ TPETHOTO MOCTavYaIbHUKA.

OCKUIBKH € TPH TIMOTE3H, TO BUKOpUcTaemo Gopmyiy baiieca;
P(4)=P(B,)P, (4)+ P(B,)P, (4)+ P(B,)P, (A), 3.2.4
SKIIO MOJIist A Bxke BiOynacs, TOAi:
P(B,)* P, (A)
P(4)
[To3HauuMo vepes x;- 4acTKy BUPOOIB BiJl IEPIIOTO MOCTaYaIbHUKA.
X,- IpyTroro, (1-x;-x3)- Tpetboro. OCKUIBKYA PU3HKHU PIBHI, TO
P, (B )=P,(B,)=P,(B,). Ha ocnosi ¢opmynu baiieca i piBHOCTI pHU3HUKiB

P,(B,)= 3.2.5

0JIEPKUMO TaKy CUCTEMY PIBHSIHb:
P(B,)P, (4)=P(B,)P, (4)
P(B,)P, (4)="P(8,)P,,(4)
0.01x;=0.02x, (*)100
0.0]X]20.03(]- .X'])Cg)
x;=6/11, x,=3/11, x3=2/11.
BucHoBok: 13 koxHux 11 omepskanux BUpoOIB 6 — BiJ MmepIioro BUpoOHUKA, 3 —

BiJl APYroro, 2 — Bil TPETHOTO. 3araJibHUI pU3HK:

P(A)=1—610.01+%0.02+30,o3:£

11 1100
I3 onepxanux 1100 BupoOiB 18 Oyne OpakoBaHUX.



4.PU3HK I KOPUCHICTb.

4.1.ITonsATTs Npo kopucHicThb. [Io0ynoBa pyHKIil KOPUCHOCTI.

KopucHicTb-11€ Mipa 3370BOJIEHHS, SIKE€ OJIEPKY€E CYO €KT BiJ CIIOKUBAHHS
TOBapy a00 BUKOHAHHS AESIKOI Aii.

Ha ocHOBI 11bOTO 0O3Ha4Y€HHSI KOKHOMY TOBapy a00 KOXHINA Jii MOTPiOHO
MOCTABUTH Y BIANOBIAHICTh MEBHE YHUCIO. 3 JOMOMOTOI KOPHUCHOCTI MOKHA
MOPIBHATH CHIOKUBYUHN e(DEKT TOBapIB.

[Ipaktnuny 1OOYAOBY (YHKIIT KOPUCHOCTI PO3TJISHEMO EKCIIEPTHUM
METOJIOM.

[TobynoBa QyHKIT KOPUCHOCTI MOXKE OyTH 3/IMCHEHA TPYIOI0 €KCIIEPTiB
3a CIPOIICHOI (OPMYJIIOLO.

I eran. BusHayatoTh y BIZCOTKAax HaMKpalle Ta HaWTipIIe 3 MOXKIMBUX
JOMYCTUMUX 3HA4YEHb MOKA3HHWKA MPHUCBOIOIOTH iM 3HAYECHHS KOPUCHOCTI. J[mst
IIHOTO BU3HAYAIOTh HUKHIO 1 BEPXHIO MEXKY I[LOTO MOKA3HUKA 1 MPUCBOIOEMO 1M
BiMOBIAH1 KopucHocTi. Hexait X,,;,=80%, X,..=100%

Kopucuicte: U(X,,)=0, U(Xpo) =1

IT eran. Po3rnspatoTs 1ie Jekiibka NPOMDKHHMX 3Ha4€Hb, Ta BU3HAYAIOTh
3Ha4YCeHHS (PYHKIIIT KOPUCHOCTI.

Il eram. Ilicist Toro, SIK KOXKEH 13 YJICHIB €KCHEPTHOI Ipymnu 3poOuB
CaMOCTIMHY OIlIHKY KOPHCHOCTI TPOMDKHHUX 3HA4€Hb, OOYHCIIOIOTH CEepeaHi
PIBHI IIMX OI[IHOK

IV eran. Ilpu Benwkid PO3KHIAHOCTI OINIHOK EKCIEPTIB BIJ CEPEIHIX
BEJIMYMH ITOBEPTAOTHCSA 110 eramy 1.



5. Ausepcudikanisi, Ak crnocid 3HUKeHHA pU3uKy. Teopis moprdes.
S5.1..IHousaTTs mpo auBepcudikaniro, HOpMy NpUOYTKY I PU3UK HIHHUX
namnepis.

s poGoTu OyAb-sIKOTO MIANPUEMCTBA BAXKIWBHN aCOPTUMEHT TOBApiB,
nociyr. UuMm BiH MIMPIIUH, TUM YITKIIIMA € PUTM BHPOOHHIITBA, BHUIA HOTO
penTabenbHiCcTh. [IpoTe 1€ BIIMBae Ha MOOUIBHICTH BITHOCHO 3MiH 30BHIIIHHOTO
CepeIOBHILIA.

Ha punKy miHHUX namnepiB B KpaiHaX 3 PO3BHHYTOI PUHKOBOIO €KOHOMIKOIO
OCHOBHHI MPUHIIAI PaIliOHATHFHOTO TIOBOKEHHS BiIMOBIIa€ TOOYTOBIN MyApPOCTI:
“Hikonu He Kiagu BCl AU 10 OAHOTO Komuka ~. CTOCOBHO PHU3HMKY I[IHHHX
narepiB 1€ O3Hayae€ 0 1HBECTOp HE MOBMHEH BKJIaJaTH TPOIl y I[IHHI Manepu
auiie oaHoro Bunay. HeoOXxinHe meBHe po3maiTTs, AuBepcu(ikallis BKIIAJIECHb.
Orxe:

JuBepcudikamiss — 1e po3MOAUT I1HBECTHIINA MIX pI3HUMH 00’ €KTaMu
BKJIQJICHHSI, SIK1 O€3MocepeTHbO He 3B’ s13aH1  MiXK CO00¥0.

3 nmomomororo nuBepcu(ikaiii B OUIBIIOCTI BUIAJKIB BAAETHCA 3HUZUTH
pusuk. OTxe nuBepcudikaliis — e OJIMH 13 COCO01B 3HIKEHHS PU3HKY.

Haifuacrimie iHBeCTHIIIT 311MCHIOIOTHCS 3a JOTIOMOTOIO IIIHHUX TaIepiB.
EdexTrBHICTD IIHHUX MANEepiB 3a1EKUTh:
1) mina KymiBmi (11 BiZloMa BETUINHA)
2) IpOMDKHUX BUILJIAT
3) uiHa mponaxy

ExoHoMiuHMI (hiHaHCOBUN PU3HK MOB’SI3aHUN 3 HEBU3HAUEHICTIO BIJHOCHO
MPOTHO3Y HAa MalOyTHE CTOCOBHO IiH (MpOJaxy, a s 3BUYAMHMX aKIId 1
MaiOyTHIX JUBIICH/IB).

BrnacHe ToMy 10CBiTueHUI IHBECTOp € BIIACHUKOM HE OJHOTO BUAY LIHHUX
nariepiB, a JIeKiIbKoX. CyKymHICTh HIIHHUX ManepiB cKiIagae mopTdenb.

Ilin cTPpyKTYpoOI WHiHHMX HamepiB PO3yMiIOTh CIIBBIJIHOIIEHHSI 4acTOK
1HBECTHUIIIN y I[IHHI Marepy pi3HUX BUIIB Ta MIAMPUEMCTB Y PI3HOTO 1HBECTOPA.

BusnadueHHst CTpyKTypH € Jyke BaxJIuBUM. [IpuilmMaeThcs rimoresa, II0
OyIb-sKI KOHKPETHI BEIUYMHH €(PEKTUBHOCTI (HOpMH MpPUOYTKY) omeparii 3
KyHIBII-MPOJIaXy IIHHKUX MaIepiB € peanizamisiMi BUMAAKOBOI BeTMUUHU. ToMy
OCHOBHUM arapaToM JJis BUBYEHHS BIACTUBOCTEW MopTdens € mpaBuiia Teopii
IMOBIPHOCTI Ta MaTeMaTUYHO1 CTATUCTUKH.

Bynp-sikuil BuA PpU3MKOBUX IIHHUX NaNepiB XapaKTEpHU3yIOThCA IBOMA
NOKa3HUKAaMHU: CHOJIBAaHOIO €(PEKTUBHICTIO (HOPMOK NPHUOYTKY) 1 CTYNEHEM
pusuKy (Bapiauiero (aucnepciero)). Ll )k MOKa3HUKKM MOKHA OOYMCIHUTH IS
noptdens IIHHUX TanepiB, SKOIO BIAOMI KOE(PIUIEHTH KOpEsAUli MK
€(pEKTUBHOCTSIMU KOKHOI 3 Map X Manepis.



3po3yMisio, IO KOKHUU 1HBECTOP 3aBXKIU 3IIITOBXYETHCA 3 JUIEMOIO:
OakaHHSIM MaTH SKOMOra Oulblly e(eKTHBHICTH mopTdens Ta OaxaHHIM
3a0€3MeUnTH BKJIaI1 MIHIMAIbHUM CTYIIEHEM PU3HKY.

[Ipobiiemoro 0O6panHs cTpyKTypH nopTdens 3aiimanucs I'. Mapkosin Ta /l.
ToOi1H, 3a mo Oynu BiazHaueHi HoOenBCbKUMHU MPEMISIMH 3 €KOHOMIKH.

IopTdennr miHHUX mamepiB — 1€ PO3MOAUT 3aCO0IB MIXK IIJIUM PSIAOM
PI3HUX aKTHUBIB Y HAWOUIbII BUT1IHIN Ta O€3MEUHIN MPOIOPILi.

IIpaBuio aus iHBecTopa: - HEOOXiTHO IPArHYTH PO3MOAUIATH BKJIATaHHS
MDK PI3HUMHU BUJaMHU aKTHBIB, TAKUMH 1110 TTOKAa3aJId MUHYJI1 POKHU:

1) pi3Hy HIUIBHICTH 3B’ SA3KY (KOPEJSAIi0) 3 3araIbHOPUHKOBUMH 11HAMH;

2) mpotwiexHy ¢a3zy KOJIMBaHb HOPMHU MPUOYTKY MDK €000 (IIiH)
BCcepeInHI mopTdens.

[Ipu upomy 30uTKH OyIyTh MIHIMATBHUMHU. AJleé THUTAHHS OJCPIKAHHS
MaKCHMaJbHOTO MPHOYTKY 3aluIIaeTbcs BIAKpUTUM. [l 1poro HeoOXinHe
3aCTOCYBaHHSA TEOP1i KOPUCHOCTI.

Yupapainas noprdeseM HiHHUX NanepiB — 1€ MUIAHYBaHHA, aHaNI3 1
pEeryioBaHHs CTPYKTYpU MOpTQens, MISUIbHICTh MO HWOro (OpMyBaHHIO Ta
MOIATPUMIIT 3 METO JIOCSATHEHHSI TIOCTaBJIEHUX MUJIeM Tpu 30epeKeHHi
HEOOX1THOTO PiBHS MOT0 pU3UKY Ta MiHIMI3allli 3aTpaT, 110 MOB’I3aHi 3 HUM.

OCHOBHI 111711 1HBECTYBaHHS :
1) onep>xkaHHs PUOYTKY;
2) 30epexeHHs KarmiTany;

3) 3abe3nedyeHHs MpUPOCTyY KamiTary (Ha 6a31 3pocTaHHS KypCOBOi BapTOCTI
I[IHHUX TanepiB).

JIiKBIAHICTH MIHHUX TMANEpiB PO3MIISIIAIOTH 3 BOX MO3UIIIH:

[} 3AaTHICTh IIBUJKOTO MEPETBOPEHHS BCHOTO MOPTQEs IIHHUX ManepiB y
TPOIIOBI 3ac00W (3 MEBHUMHU HEBEITUKUMH 3aTPaTaMy Ha peai3allio).

] 31aTHICTb CBO€YACHO MOTacUTH 3000B’S3aHHS IEpe] KpeAUuTOpamH,
NOBEPHEHHSI MO3WYEHUX Y HUX TPOIIEH ,3a paxyHOK SIKMX OyB C(OpPMOBAHMIA
noptdenb HIHHUX Tanepis.

Pu3uk noprdesisi — 11e Mipa MOKJIUBOCTI TOTO , 1110 HACTAaHYTh OOCTaBUHH,
3a SKUX 1HBECTOp MOXXE TIOHECTH 30UTKH, CIPUYMHEHI I1HBECTULISIMH B
noptdensb MIHHUX MamnepiB ,a TaKoXK OIepalisiMU MO0 3aJyYeHHIO PECypCiB 0
dbopmyBaHHs opTdEs.

KinmeBoro  MeTO0  HAWTUIOBIIIOTO  YOPaBIIHHSA  MOpTdeneM €
npuUOyTKOBICTh, TOOTO TIEPEBUIIICHHS TOXOJIB BiJ 1HBECTHIIN B I[IHHI HanepH
HaJ 3aTpaTaMd Ha 3ally4€HHsS TPOILIOBUX PECYpCiB, HEOOXIMHUX HJs IUX
BKJIaJICHb , 32 YMOB 3a0€3MeuUeHHs MEBHOTO CTYIEHs JIKBIIHOCTI Ta PUBHKY
nopTdens.



OCHOBHOIO XapaKTEPHUCTUKOIO KOXKHOTO I[IHHOTO Tamnepy € HopMa
npuOyTKy. I BU3HA4aroTh, SIK BIJHOLIECHHS NPUOYTKY KOTpUA TPUHOCUTH JTaHUMN
IIHHUI Tarnip, A0 3aTparT, MOB’sI3aHUX 3 KYIIBJICIO 1IbOTO I[IHHOTO IMarnepy.

Hopma npuOyTKy € OJHHMM 3 OCHOBHHMX KpPHUTEpIiB , SIKUMHU KEPYIOTbCS
1HBECTOPH, ITi] YaC MPUUHATTS PIIICHHS MO0 KYMiBJIl I[IHHUX ManepiB.

3p0o3yMijio, IO 3HAYCHHS HOPMHU MPUOYTKY TOB’si3aHE 3 HEBH3HAYCHICTIO,
TOOTO € BUIAJKOBOIO 3MiHHOMW. Ile 03Hauae , M0 BOHA MOXKe MPUHUMATH Pi3HI
3HAQYCHHS 3 PI3HUMH IMOBIPHOCTSIMH.

BBeneMo 7- KimbKiCTh MOMKJIMBUX [UISI CIIOCTEPEKECHHS BEIUYUH HOPMHU
npUOyTKY.

R; — i-Te MOXJIHBE 3HAYEHHSI HOpMHU NPUOYTKY (i=1, n).
P;— IMOBIpHICTb i-1 BeTMUUHU HOPMHU TIpUOYTKY (=1, n).

Toni cnogiBana HOpMa NPUOYTKY OOUHUCITIOETHCS:

m=) xR 51
i=1

[IpuitmatoTh, 30KpeMa, MO0 MOBOKEHHS B MallOyTHHOMY IIIHHOTO Tamnepy
3aJIEKUTH BIJl TOTO , AK (POPMYBAIUCSA HOTO HOPMHU NMPUOYTKY B MUHYJIOMY.

BBenemo : 7'— KUTbKICTh NEPIOJIB , IO MUHYJIH ;
R, — HOpMa puOYTKY BiJl HIHHOTO Marepy, U0 Maja MICLE B  — My NEpIOi.

Y Bumagky 3BHYaHOI akiii HopMa mnpuOyTKy B ¢ — My mepioi
BU3HAYAETHCA

_(C,~C,, +D,)x100
. C

t—1

R 5.1.2

C.- nina mamnepy B  — My TIepioi.

D, _ nuBinenmn, HapaxoBaHI B { — My TIep1O/i.

CnoniBana Hopma npuoyTky LIIT:

m=(ZRt)/T 5123

Jlpyroro BaxxnuBOIO xapakTepucTukoio € pusuk L[II — Bapiamis HOpmMuU

npuOyTKy
o = +/Dx ) 5.1.4

D=Zpi(R,»—m)2 5.1.5



VY BuUmangky, KOMM HAsBHI CTAaTUCTUYHI JaHl MIOAO MUHYJIOTO, Bapialliro
BU3HAYAIOTH :

D :i(Rt ~m)AT-1) 516

Hpuxaan: Ha 3Haxomkenns pusuky LI

CTaH €KOHOMIYHOTO IMOBIpHICTH Hopma

cepeloBuUIla UGy TKY
M THECEHHS 0,5 40%
3acTii 0,4 5%
3aHena 0,3 -10%

Po3B’s13aHHS:

3Haxoaumo crofiBany HopMy npuOyTky LIIT.
m=40%0.3+5%0.4+(-10) *0.3=11%

BU3HAYMMO JUCIIEPCII0 HOPMHU MPUOYTKY

D=40*%0,3+5*%0,4+10**0,3-11°=399
0=v399=19,97% - pu3ux LII.

Ipukaan . 3HaliTé pU3KK axilii A, BITHOCHO SIKOT MM MAa€EMO CTaTUCTUYHI
JlaH1 32 OCTaHH1 5 POKIB.

Ilepion C, d; C. R
qacy 1
0 140 - - -
1 150 5 10 10,71
2 165 4 15 12,07
3 155 3 -10 -4,85
4 160 2 5 5,16
5 157 1 -3 1,25
R 10+5

1

i 100=10.71%

_15+4
© 150

R 100=12.07%



3HaX0JIUMO CEPETHIO HOPMY MPUOYTKY:

_1071+12.07 +(—;L85)+5.16—1.25 449

3HaligeMo :
D, = ((10.71~-4.49)" + (12.07 — 4049)° + (-4.85 - 4.49)” +(5.16 — 4.49)” +

+(~1.25-4.49)*)/ 4 == 56.56

5=1/56.56
5.2.0nTumizanis makery 3 ABOX Pi3HUX BH/IB aKIii.

SIx mpaBWi0, PO3CYUIMBUN IHBECTOP LIYKA€ TaKi MOXKJIMBOCTI PO3MIIICHHS
KamiTany, 3a SKUX 31 30UIbIICHHSM HOPMH MPUOYTKY OJIHOYACHO 3MEHIIYBABCS
CTyHiHb PU3UKYy. Taki MOXJIHMBOCTI Jae WoMmy ¢dopmyBaHHsS TMOpTdens IIHHUX
nanepiB. BoHna xapaktepusye B3aeM03B’ 130K Mk HOpMamu ipuoOyTky LIT.

[Tpunyctumo 110 noptdens YTBOPIOIOTH /Bl pi3Hi akiii A Ta B:
Buaun . CEepEeIHbOKBAAPATUYHE
o Hopwma npubytky | nucnepcis “benl AP
aKIIi BIIXWJICHHS
A m; D 1 (0]
B m; D; oy,

[Tpunyctumo, 10 1HBECTOp MOcCigae g0 skoro BxoAauTh 100 akiiiii meBHOI

nHiponeTpoBchkoi pipmu (A) Ta 200 akiiii neBHOT KUiBChKOi pipmu (B).
Iina omniei akiii A — 500 tuc rpH., B — 200 THC rpH. 3HalaeMO 4acTKy

BapTOCTI KOKHOT'O BUJY aKIliid B MOPTQen :

L 100-500 ~
" 100-500+200-200

200-200

x = =
> 100-500+200-200
OuyeBHUAHO, IO YaCTKA KOKHOI € BeTUInHOoI0 0<x<I .

X+x,=1 5.2.1
YacTku MOKHa TPaKTyBaTH K YAaCTMHU BIJ OJUHUII KamiTany (TpoIiei),

10 BKJIQJICH] Y BIAMOBIHUN BU/J IIIHHUX ManepiB. 3HAIOUM CIIOAIBaHI BEIIMUYUHU
HOpPMH KOXHOI 3 [MX aKUId Ta iX YacTKM B NOpT(esi, JIErKkO BU3HAYUTH

CIO/IiBaHy HOPMY MPpUOYTKY MopTdens 3 ABOX aKIlii 3a GopMyJior:

mp =Xxm +Xx,m, 579

ae
m,, - HOpMa NpUOYTKY NOPTQEIS 3 IBOX PI3HUX aKIIIH.



Hopwma npulyTky moptderns 3 IBOX PI3HUX aKI[iil € 3BayKEHOI0 CEpeIHbOIO
HOPMOIO MPUOYTKY KOKHOTO BHAY aKIlid, MPUUYOMY BaroBUMH Koe(ilieHTaMu
BUCTYNAIOTh YACTKU LIUX aKIii (B rpOIOBOMY 00Cs31) B OpTderi .

Ipukaan.. [HBecTop nocinae noptdenb, MO CKIATAETHCA 3 ABOX aKIid A Ta
B 3 nopmamu npulytky 200% Ta 250% BIAMOBIIHO, MPUYOMY YacTKa akiiid A
ctaHoBUTH 40% mopTdens.
Po3B’s13aHHsA:

m, = 0.4-200% +0.6-250% = 230%
Hopma mnpuOyTtky moptdenss 3 OBOX aKIii 3aBXIW 3HAXOJUTHCS B
1HTepBaJll, TPAHUYHUMHU SIKOTO € HOPMHU MNPUOYTKY aKIiid, M0 BXOASITh O
noprdens .

Busnaunmo pusuk (Bapiaiis 1 gucnepcis) mopTdens IBOX aKIliif:
) 2 2
D =xo, +x,0,+2xx,00,p, 52.3

O, - CepeaHe KBaJIpaTUYHE BIIXUICHHS HOPMU MPUOYTKY aKIiil MepiIoro BUIy;

1
o - cepeqHE KBaJpaTHYHE BIIXWICHHS HOPMHU NMPHUOYTKY akiliil Ipyroro
BU]TY;

P2 - KOe(IIIEHT KOPEIALii MK aKIlisIMH 000X BUIIB 1 BU3HAYAETHCH :

Zpi(Ru - ml )(Rzi o mzi

P 5.2.4
Gl 62

2

Pi — iMOBIpHICTb CTaHy CepeJOBHILA;

Ry — Hopma mpu6YTKy aKIiiif IepIIoro BUAY;

M, — cepeHs HOpMa MPUOYTKY akIii 1-ro BUAY;

Ry — mopma mpuOYTKY aKIiif MepIIoro BUAY B iHIIOMY CTaHi cepeIOBHINA;

m, — cepeHs HOpMa MPUOYTKY aKiliid 2-ro BUIY.
1. Koeinient xopemsmii — 1= P <1,

2. "0 ‘ - BKa3y€ Ha CHJTy B3aEMO3B’ 3Ky HOPM IMPHUOYTKY aKIliid, TOMy YUM BHIIIOIO €
aOCoOJIIOTHA BEJIMYMHA , TAM CHJIBHIIIE MK COOOI0 TOB’s3aHl1 111 akiii (Tooto ~1,

a00 ~-1), K110 XK ‘,0 ‘ —0, To 1 aKIii ci1ado MmoB’sI3aHi.
3. 3Hak KoedimieHTa KOpemsUli BKazye Ha HANpPSAMOK B3a€EMO3B 3Ky HOPMU
npubyTKy akmiif; skmo A >0, To JmoaTHAa KOpENALis, IPH 3POCTAHHI HOPMH
npuoOyTKy (R;) omHiei akiii 3pocrtae, 3poctae R, npyroi akirii.

Sxkmo £ <0, To Bif’eMHA KOpEINSIlis, IPH 3pOCTaHHI HOpMH NpHOYTKy (R))
oJiHi€T akIii 3pocTae, R, apyroi akiii criagae.



Ha mpaxTuii nonatHa Kopemsiis 3ycTpidaeTses yactime. Lle moB’s3ano 3 Tak
3BaHOI0, CHJIOIO TPUCKOPEHHS PUHKY.

Matoun iH(poOpMaIil0 BIJTHOCHO HOPM MPUOYTKY akiliii y MHUHYJIOMY,
Koe(DILEHT KOopemsali ABOX aKI[ii NpuiiMae TaKUil BUTIIAL:

Zpi(th _ml)(RZt —m,

P, (T-1)oo, 5.2.5.

Jc

T — xcm MOTIEPEAHIX TEPIOAIB, I IKUX MaeMO 1H(pOpMaIliio;
1z — Hopma mMpUOYTKY MEPIIOro I[IHHOTO Manepy B t-My Mepiozi;
2t — HOpMa PUOYTKY APYroro MiHHOTO Mamnepy B t-My Mepioji;

m, __ crio/liBaHa HOpMa MPUOYTKY MEPIIOi aKIIii;

M, __ cnoniana HOpMa NpUOYTKY APYTOi aKIii;
G| — pU3HK [-ro IiHHOTO Manepy;
G6,— pusuK II-ro niHHOTO Mamnepy.
SIK BUAHO pU3UK MOPTQEs 3aJIeKUTh HE TIIBKU BiJ] pU3HKY KOXKHOTO BHILY

npudyTKy.



Tema: BukopucranHusi, Teopii rpu Ta CTATUCTUYHHUX PillieHb 10
MO/IEJTIOBAHHS PU3UKY

1. [npopmariiiHi cutyauii CTyneHiB rpajiaiii HeBUBHAYEHOCTI.

[lin Teopiero irop po3ymilOTh TEOPII0 MaTeMaTHYHUX MOJEIEH Ta METOIB
MPUUHATTS palliOHATBHUX PIICHB 32 YMOB KOH(JIIKTY Ta HEBU3HAYCHOCTI.

KondmiktHi cutTyalii XapakTepu3yHThCS HAsSBHICTIO JCKUIBKOX CYyO’€KTIB,
10 MArOTh Pi3HI T, AJie BaXXJIMBO NaM’ SITaTH, IO IMiJ Yac BUOOPY pillleHHS 3a
YMOB HEBU3HAUYEHOCTI HEMOXJIMBO YHUKHYTHU MEBHOTO CY0’€KTHUBI3MY Ta €JIEMEHTA
PU3UKY.

[IpeameToM Teopii pilleHb 3a YMOB PHU3HUKY € JOCHIJDKEHHS 3aKOHIB
NEPETBOPEHHS ampiOpHOi Ta amoctepiopHoi iH(opmamlii mpo craH o00’ekTa Ta
CepeoBHINA B KUTbKICHI XapaKTepUCTUKHU 1H(HOpMaLlli KepyBaHHS.

[Iupoko BIAOMOIO MOJAEIUIIO MPUMHATTA pIICHb 33 YMOB HEBU3HAUEHOCTI €
CTaTUCTUYHA MOJENb. 3T1IHO 3 KOHIEMIE Teopli irop BU3HAYAIOTh OCHOBHI
eJIEMEHTH MPUHHATTS PillleHh HEBU3HAYCHOCTI Ta PU3UKY.

[TpuitHATTS pillIeHb 3A1MCHIOETHCA Ha OCHOBI TaKUX MOKA3HUKIB:

1) MHOXMHA pilleHb Cy0’ekTa KepyBaHHSA X (X|,Xz,...,X,) — II€ O3HAYAE,
10 Cy0’€KT KEpyBaHHS MOKE MPUMHATH OJHE 13 N BapiaHTIB PIllICHb.

2) MHOKMHA CTaHIB €KOHOMIYHOTO cepenoBuma S (S,S82,...,S,) -
BBA)XAIOTh, 1[0 €KOHOMIYHE CEpPEIOBHUIIE MOXE MPUUHATH OAHWH 13
MO>KJIMBHX N CTaHIB.

ExoHoMiuHe cepenoBuile — 1€ BCE€, LI0 3HAXOOUThCS 3a MEXKaMu

E€KOHOMIYHOTO 00’ €KTY.

3) edexTuBHICTh  MIAIBHOCTI  €KOHOMIYHOTO  OO’€KTYy  KIJIBKICHO
XapaKTepU3yeTbCsl MaTpulelo ouiHioBaHHA F {V,;} — skmo cy0’ ekt
KepyBaHHs 00paB pimieHHs Xy, a €KOHOMIUHE CEepeqoBHINE HalyJo
crany S;. ¥ posropnytiii (popmi MaTpund F 3anmcyeTscs Tak:

Vi Vo o 1,
o |V Va e T

v, V., .. V_

. . . + -
EdextuBHicTh AisibHOCTI OyBae mo3utuBHOIO F ', Ta HeratusHotO F'.
JisnbHICTD TO3WTHBHA — 1€ NPUOYTOK, OOCST BHUITYIIEHOI MPOIYKIIi,

pEHTa0eNbHICTb, 1 T. A.
HeratuBHa edexTUBHICTH — 1€ 3aTpaTd, 30UTKH, EHEPrOMICTKICTb,

MaTepilalOMICTKICTb 1 T.]I.

[To3utuBHY e(eKTUBHICTP HEOOXITHO 30UIBIIYBaTH, a  HETaTUBHY
3MEHIIIYBAaTH.

[TpudHSTTS pillIeHb 3M1IMCHIOETHCS B TaKii MOCTIJOBHOCTI:

1. BU3HAYEHHST MOKIIMBUX BaplaHTIB pillieHb Cy0’€KTa KepyBaHHS,

2. 3HAXO/KCHHS BC1X MOKJIMBHX CTaHIB €EKOHOMIYHOTO CEPEIOBHIIA;

3. hopmyBaHHS MaTPHII OLIHIOBAHHS,



4. BU3HaueHHS BUAY 1H(OPMaLIHHOT CUTYaIll;

5. BuOip KpUTEPIto sl IPUHHATTS pIlICHb;

6. IPUIHATTS PilICHb.

[HdopmartiitHi cuTyauii IUIATHCS HA TaKl BUIU:
1) mnepma iHpopmalliiHa CHUTYyallisl XapaKTePU3YEThCS PO3MOALIOM
anpiopHUX HMOBIPHOCTEH Ta €JIEMEHTaX MHOXKHHU Vij;
2) npyra iHdopmMailiiina cuTyallis XapakTepru3y€eThCs 3aJaHUM PO3IOIITIOM
HMOBIpHOCTEM 32 HEBIJOMUMU NTapaMeTPaMH;
3) Tpets iHopMaIlliiiHa CUTyallisd XapaKTEePU3YEThCS 3aaHOK0 CHCTEMOIO
JTHIAHUX CHIBBIIHOIIEHH HA KOMIIOHEHTaX OPIOPHOTO PO3MOUTY CTaHIB
CepeIOBHILIA.
4) derBepra iH(pOpMAaIiiiHA CHUTYyaIllsl XapaKTEPHU3YEThCS HEBIIOMUM
pPO3MOLIOM HMOBIPHOCTEH Ha €JIEMEHTaX MHOXKHHU Vij;
5) m’sTa iHdopMaliiiHa CUTyallisl XapaKTEepPU3Y€EThCS aHTAarOHICTUYHUMU
1HTepecaMu CepeIOBUIIA Y IPOLEC] MPUNUHATTS PIlLICHb;
6) mocrta iHpopMaliifHa CUTyalllsd XapaKTEPU3YEThCS K MPOMIXKHA MIXK
(1) 1 (5) mpu BuOOpI cepeIOBUILIEM CBOIX CTAHIB.

2. Kputepli NpuiHATTSA pillleHb NPU 3aJaHOMY PO3MOAUNT HWMOBIpHOCTEH
CTaHIB CepeAOBHIIIA.

Hexaii maemo mepmy indopmaniiiny cutyariiito, TOOTO BiJJoMi IMOBIPHOCTI
CTaHIB €KOHOMIYHOro cepenoBumia. Lli IMOBIPHOCTI 4/3 pj; IMOBIPHOCTI HMOBHHHI
3aJI0BOJIBHSITH TaKi YMOBH:
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Posrnssuemo kputepiit  baiieca, Skuii BHKOPUCTOBYE MaTeMaTHUHE
crio/liBaHHS €(PEKTUBHOI MisUTBHOCTI E€KOHOMIYHOTO 00’€KTa y BHOOpI
pIIIEHHs, U SIKOTO JOCSATA€ThCs max (min) 3HAUYEHHS MaTeMaTHYHOTO
CIO/IBaHHS MO3UTUBHOTO (HETaTUBHOIO) pe3yJbTary. | Mae Takuil BUTIIS:

max Z PiV;g ,0na F* (npubymox, penmabenvnicmo)
k j=1

1)W=<

n
man pV.,ona F~ (36umku,eumpamu)
L kooj=1

Mpuxnaa. [lignprueMcTBO MOXe BUTOTOBUTH 3 BUAU MPOAYKLIL 1 IPU LIbOMY
MOXJMBI 2 Bapiantu 1ii peamizamii. [loTpiOHO NPUAHATH pIIIEHHS PO
BUTOTOBJIEHHS OJHOTO BUJYy MPOAYKIIT HA OCHOBI KOKHOT'O KPUTEPIIO AJIA TaKoOi
MaTpHUIll IpUOyTKIB.
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a) nns kputepito baiteca BimoMi IMOBIpPHOCTI y BapiaHTi peanizaiii mpoayKiii
p1:O,4, p2:0,6.

0) 3acTocoByemo kputepiit baiteca:

V,=0,4*2+0,6%9=6,2 — max

V,=0,4*5+0,6%6=5.6

V;=0,4*7+0,6*3=4,6 — min

[ToTpiOHO BUTOTOBUTH MPSAMHUN BHJA NPOIYKIT IS F'. Hexaii MaTpULIs
ouiHoBaHe HeratueHe F, cepel onepkaHux pesysbTaTiB 00MpaeMo HaMeHIIe.

YETBEPTA IHOOPMAUINHA CUCTEMA

Po3rnsiHeMo BUIagoK, KOJHM IMOBIPHOCTI CTaHIB CepeAOBHINA HEBIIOMI, Ta
BOHM HE MPOTUAIIOTh MNPUHHATTIO pillleHb. TakoXX CHUTyalis MOXJIUBa IpU
BUPOOHMIITBI HOBUX BHJIIB NPOAYKIIi, MOCAYr 1 T.0. B TaKOMY BHUIAJKY
NpUNUMAETHCS TIMOTE3a, 110 BCl MOXJIMBI CTAHU CEPENIOBUINA MAIOTh OJMHAKOBY
IMOBIPHICTB TIPOSIBY.

S0 KUIBKICTh CTaHIB CEpeoBUINA N, TO HAa OCHOBI yMOBH, IO CyMa
HMOBIpHOCTEM opiBHIOE 1, omepkumo 3(**)

1 . . .
p;,=—, B DPE3yNbTaTi LBOr0 ONEPKHMMO Mepury IH(GOpMamiiHy CHCTEMY.
n

3acTocoByemo cuctemy baiieca (1).
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BCHHqHHy I/n MO)XHaA BHHECTH 3a 3HAK Z ,OCKiJILKI/I BKa3zaHa BCJIMYMHA
HC 3aJICKUTD Bi,Z[ iH,ZICKCﬂ CyYMYBaHHA
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IMpukaax (ymoBa Ta cama) TITbKH HeXall MU MaeMo 4 —Ty iH (op. CUT. 3acT.
Kkputepiit Jlamnaca ,

V,=2+9=11
V2:5+6:1 1

V;=7+3=10
Otxe, HeOOX1THO BUTOTOBIIATH 200 1-mit, a0 2-uit BUI IPOAYKITT ISt F’,
3-nii npu F.

5 —ra indopmaniiina cutyauis
Hexaii maemo 5-Ty iHQopM. curyanito. BoHa xapakTtepusyerbcs TUM IO
€KOHOM. CepeJl. aKTUBHO MPOTHUIIE TPUUHATTIO ONTUMAIBHOTO PIIICHHS B 3B’ SI3KY
3 UM MOTPIOHO MPUIHATH PILLIEHHS, K€ 3BOJUTH PU3UK 10 HYJIS.
5-Ta cuTyalisi 3yCTpIYa€eTbCs B YMOBaX KOH(IIKTHOCTI Ta KOHKYPEHIII.
Pimennss mnpuiiMaioTbCcs 3a TPUHIUIOM TapaHTOBAHOTO pe3yJbTaTy, SKAN
BpPaxOBY€ HaWTIpIIUI BapiaHT AJid Cy0 €KTa KEpyBaHHS.
ko edeKTUBHICTb TO3WTHUBHA, TO JMJIA OJEpKaHHS TrapaHTOBaHOTO
pe3yJbTaty TOTPiOHO BIIHOCHO CTaHIB CEPEJOBHINA BUOMpPATH HANTIPIINAMA
BapiaHT, a BITHOCHO PIIICHHS Cy0’ €KTa-HalKpaIuii.
max-minV,, — F~
min
lle € xputepiii Banpna, sxuii € Ha3UBaIOTh MaKCUMIHHUM a0o0
necuMicCTUYHUM . BiH cmiBmamae 3 kpuTepieM BHOOpY cTpaTerii y Teopii irop ,
SKUN BU3HAYa€ HUKHIO a00 BEPXHIO I[IHU TPH., 1 3aCTOCOBYETHCS y CHUTYallisIX
aHTaroH13My MK 00’€KTOM KepyBaHHS Ta CEpPeIOBUILIEM
Jlns HeraTMBHOI MATpHWIIl OIIIHIOBaHHS B KOXXHOMY 1i PSJIKy BHOHpaeMo

HANOUIbINE YUCIIO 1 Cepell HUX BU3HAUYaeMo Haitmente F .
[1-1 (et camuid, Jiuiie MOTpiOHO OLIHUTH 3a KpuTepiem Banbaa)
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F=l5 ¢ mmg max=s OTxe mOTPiOHO BUTOTOBUTH 2-i BHJI.
7 3

IUTS
2 9 Z

- in---6 Tex apyruit BUI IPOTYKITil.

F — 5 6 max min
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Posrnsmemo kputepiit  CeBimka, SKUW BpPaxoOBYE PHU3UK 3 JOIMIOMOTOIO
noOy/noBM MaTpulll BTpaT. EneMeHTH MaTpulll BTpaT BHU3HAYAIOTHCS SK PI3HULSA



MK HaWKpaliuM BapiaHTOM pIlIEHHS, SKIIO CTaH CepeJOoBUINA BiIOMHUHN Ta
BIJIMTOBITHUMU €JIEMEHTAMHU MATPHIll OIIHIOBAHHSI.

Hexait edextusricts nosutusHA(F *).BizoMo, 1m0 eKOHOMIYHE cepenoBHINE
OpUiHAIO J-i ctaH. Toxal oNTUManbHUK BapiaHT pimeHHs Oyae maxVkj. Skmio
epexktuBHiCT, HeratuBHa (F'), TO Halikpamuii BapiaHT pIIIEHHS BH3HAYAETHCS
dbopmynoro minVkj.

Ha ocHOBI 1pOro eleMEHTH MAaTpulll BTPAaT BU3HAYAIOTHCS TAKUMU
CIIBBIIHOIICHHAMHU:

Ukj:{max ij.—ij Fi

Vkj —min Vkj F

Jlo Matpuii BTpaT 3acTocoByeMo Kputepiii Bambpma. OcCkKuUTbKM MaTpHIlT
BTpaT-11¢ HeraTuBHA €(PEeKTUBHICTD, TO PIILICHHS IPUUMAETHCS 32 HOPMYIIOIO:

W=min max Ukj

k 1

3a wmier0 (GopMysow, MO B KOXHOMY pSAJIKYy MaTpull BTpaT MOTPIOHO
BU3HAYWTU HAUOLIIbIIIE YMCIIO 1 CEPEl HUX BCTAHOBUTHU HAMMEHIITy BEJTUUUHY .

[1-n(Toit camuid, nuie 3a kputepiem CeBimxa)

3 1mi€er0 MeTor (POpMYyEMO MATPHUIIO PU3UKIB, BU3HAYUBIIKA Y KOXKHOMY
cromrii matpuill F " HaWOGIIBIINI eJeMEeHT i BiIHSBIIM BiJ HHOTO MOYEProBo BCl
YHUCJIa BIMOBIAHOTO_CTOBIILIAL.

9Y (7-2 9-9

F 5 6 U|7-5 9-6
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U=|2 3| 3;min—3
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Ho wmarpumi U  3acrocoByeMo  kputepiii  Bampma.B  pesynbrarti
BCTAHOBJIIOEMO,III0 TIAIPUEMCTBO MOBUHHO BUTOTOBIISATU APYTUil BU MPOAYKIII.

6-Ta inpopmaninHa curyamis
Posrasinemo mocty iHdopMaliiiHy cUTyarlito, sKa € IpoOMIXHOI0 MK 1-10 1 2-10.
B upomy Bunaaky kpurepiit ['ypsima:
Bin rpyHTyeThCs Ha TMO€IHAHI ONTUYHOTO Ta MECHMICTUYHOTO BapiaHTIB 3
JOTIOMOTO0 KOE(iIlI€EHTA PU3UKY.
Hexaii MaTpulsi OllIHIOBaHHSI MO3UTUBHA. TO/1 ONTUMICTUYHUN BapiaHT Mae
BUIJIS:

maxmaxV )
K J

a IIECUMICTHYHUM:
maxmin V)
K J

[TecumicTUuHUI BaplaHT BxKe pO3TisiaaBcs B Kputepii Banbaa.



Omxe, kputepii ['ypBila sl MIO3UTUBHOI €(PEKTUBHOCTI 3aITUCY€ETHCS TAK:

max{Amin f," +(1—A)max £,
x,(e))(( 0,¢0 f;cf ( ) ejeg(fkf

Tema:BapricTb.,uac i pu3HK.
1.BapricTs i 4yac, i HOpMa JUCKOHTY Ta PU3MK.

BrnacHuk karmitany Moke BUKOPUCTATH Tenep oro ado iHBECTyBaTU y MEBHY
CIIpaBy 3 METOIO 30€pEKEHHS 1 MPUMHOKEHHS I[bOTO KaIliTamy.

Sxio icHye AeKUJIbKa BapiaHTIB 1HBECTYBAaHHS 3 OJHAKOBUMU MalOyTHIMH
JIOXO/aMH, TO BHUOHMpAETHCA TOW BapiaHT, MPU SKOMY JIOXOAU HAIIAIYTh SK
HaWIIBU/IIIE.

OTxe, BaXJIMBY POJIb BiJIIrpace 3MiHAa BApPTOCTI 3a YaCOM. 3MiHA BapTOCTI Mij
BIUIMBOM 4acy BU3HAUYAETHCS 13 3aCTOCYBAHHSAM HOPMU JIUCKOHTY.

Hopma nuckoHTy — 1€ HOpMa J0XOJly Ha aJbTePHATHMBHI 1HBECTHUIIIHHI
MOJKJIMBOCTI, Kl JOCTYNHI Ha PUHKY 1 MalOTh MPUOIHU3HO OAHAKOBY BEITUUYHHY
PHU3HUKY.

I3 3pocTanHsAM pU3UKY HOpMa TUCKOHTY TaKOK 3pOCTa€ 1 HaBMaKH.

2.Bu3HayeHHd TenepimHboi i Maii0yTHHOI BAPTOCTI.
Hexail BijoMa HOpMa JUCKOHTY T 1 TIOYaTKOBa BapTicTh Kamitainy PV. IloTpidno
BU3HAYUTHU BAPTICTh KaMiTAly 4/3 JAESKUN Yac. SKIIO po3risigaeThCcsi piuHa HOpMa
JUCKOHTY, TO Yepe3 piK BapTICTh KaliTaly CTAaHOBUTUME:
FV, =PV +rPV = PV(1+7)
SAxo BenuuuHa 1 337aHa y % To ii noTpiOHO noaimuTi Ha 100 .
UYepes 2 poku:
FV,=PV(Q+r)+rPV(1+r)=PV(+r)
Ha ocHoBi 1iux 180X (popMyI1 MOKHA 3aMIMCATH BapTICTh KaIiTally yepes t poKiB
FV,=PV(+r)
[Tpuknan Hexaii mouarkoBa BapTicTh Kamitaay PV=1000 rp.ox.
=0.3,a60 30%.BusnaunTu BapTiCTh KamiTaxy 4epe3 2 poKHu.
FV, =1000(1 +0.3)> = 1690 Tp.0x
3anumemo (Qopmyily s BU3HAYEHHA MaillOyTHBOI BapTOCTi, JHUCKOHTY
3MIHIOETHCA 3 4ACOM
FV,=PV(A+n)" +(1+r)" +..+1+r)"
7, - HOpMa JIUCKOHTY, SIKa JisJia Ha MpoTsA3l yacy 7, 1 T.1.
PosrnsHeMo BU3HAYEeHHS TEMEPIMIHBOI BapTOCTI KamiTaly Ha OCHOBI MOTO
MaiOyTHHOI BapTOCTI.
TenepimHs BapTICTh BUBHAYAETHCS

Y,

1+
Axmo MaiOyTHI JOXOAW TMOSBISIOTBCA B PI3HI MOMEHTH 4Yacy,TEHepilTHs iX
CyMapHa BapTiCTh BU3HAYAETHCS TAK:

pr=y LV
= (1+7)




Ipuxknag. € 2 BapianTH ojAep)XaHHA NeBHOro goxony. Ilepmuii BapiaHT:
OJIHOYACHO OJepkKainu B AaHui MoMmeHT BenmuuuHy 2300 rp.og. pyruii BapiaHT:
mopiyHo ozepxkyBatu 1o 1200 rp.ox npotsirom 3 pokis. [Ipu oMy piuHa HOpMa
muckoHTy 10 %.BubpaTtu kpamuii BapiaHT.
BuszHaunMo TenepinHio BapTiCTh JOXOTY B 2 BapiaHTI.
1200 1200 1200
= + +
(1+0.)' (1+0.1)*> (1+0.1)
BucHoBOK: BuOMpaeMo 1-ii BapiaHT, TOMY 110 MWOTO TEMEPIIIH BapTiCTh OUIbIIA.
Mertoarka BUKOHAHHSA 3a71a41 Ne9.
VYmoBa: IlianpueMcTBO CHOAIBAETHCS OAEpPMKATH JOX1J 1MIH. Tp. OZ. IPU HOPMI
TUCKOHTY 5%. BusHauuTu TemepimHI BapTiCTh MalWOYTHBOTO JIOXOAY B
3aJI€KHOCTI B1J] 4acy HOT0 HaIXOJKEHHS.
3anuieMo TENepilHi0 BapTICTh T0X0/Ty, SKIIO BiH HaIliie Yepe3 Pik.
mn

=29951rp.oxg

PV =

1

1+r)

6
V= 110 =952.381ep.o0.
1+0.05

PesynbraTtit 00UMCICHHS 3aMUCYEMO Y BUTIISIII TaOTHIT

Yac HagxOKEHHS TenepinHs BapTiCTh

0 1*10°

952,381

1
2 907,029
3 863,838




B 3aj1e:kHOCTI BiJl BeJIMUMHU BTPAT BU3HAYA€ TAKi 30HU PU3UKY:

1. Ge3pu3mKoBa 30HA — II€ 30HA B SIKii B1ICYTHI BTPaTH.

2. 30HA IOMYCTHUMOTO PU3MKY — II€ 001acTh B SIKii BETUYMHA HE TIEPEBUIILYE
O4iKyBaHOro npuOyTKy. EKOHOMIYHA NisUIBHICTH B LIHA 30HI JOMyCTHMA,
TOMYy [I0 B HaWTipmioMy BHUMAAKY MOXXHA BTPATHTH OYiKyBaHHM
MpUOYTOK.

3. 30Ha KPUTUYHOTO PU3UKY — II¢ 00jlacTh B sKi BTpaTH OUIbII Bij
OYIKyBaHOTO MPHUOYTKY 1 HE MEPEBUINYIOTh BEJIWYWHU BUPYUKH. B 1iit
30HI y HaWTIpIIOMY BHUIAAKYy MOKHA BTPATUTH BECh KamiTall, SKUN
BKJIQJICHUH B JIaHY JisSJIbHICTb.

4. 30Ha KatacTpopiYHOTO PHU3UKY — 1€ 00JacTh B SIKI BEJIMYMHA BTpPAT
NEPEeBUIIyE BUPYYKY 1 MOXKE JOCATHYTHM BapTOCTI BCHOIO MaifHa.
ExoHomivHa MisTTEHICTH B JIaHIM 30HI HEIOMYCTHMA.

CucreMa aHTHPU3UKOBMX 3aX0/iB.

OCHOBHI aHTUPU3UKOBI 3aX0/1 TaKi:

1. nuBepcudikalis PU3MKY TMOJAra€ B PO3MOJALII PU3UKY MK PI3SHUMHU
BUJIAMU JISUTbHOCTI 200 p13HUMHU yYaCHUKAaMU ITPOEKTIB.

2. CTpaxyBaHHS.
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