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INPAKTUYHE 3AHATTA Ne 1
Io0ynoBa aHATITHYHOI MATEMATHYHOL MOJIeJIi PyXy TOUYKH

Merta po6oTH: HAOyTH NPAKTUYHUX HABUKIB MOOYIOBM aHATITUYHOI MOJEIII.
TeopernyHa yacTuHA

Ananimuuna moodenv — 1e psAn QYHKIIOHATBHUX Ta JIOTIYHUX BIJHOIIEHb, SIKI
TIOBHICTIO OMUCYIOTh (PYHKIIIOHYBaHHS CHCTEMH Ta 1 YaCTHH.

Ipuxaax 1.1 Manenpka craneBa KyJbka Macol m JIS)KUTh Ha TOPU3OHTAIBHIN
TJIaJICHBKIM TIOBEepXH1 (TEepTsAM HexTyemo). BoHa mnpukpimieHa 10 OJHOTO KIHIIA
NPYXUHH 3 KOe(DIliEHTOM KOPCTKOCTI K, TPyTrHil KiHelb K01 3aKPIIICHHH HEPYXOMO.
[Ipy>knHYy CTHUCKalOTh Ha BEIUYHHY Xo 1 BIAMYCKarOTh. BHUBECTH PIBHAHHS PyXy
KYJIBbKH.

Po3B’s130K

1. BBaxxaeMo KyJbKy MaTepiaibHOKO TOYKOIO. 300pa3uMO pPO3paxXyHKOBY CXEMY

IIPOIIECY:
AVAVAVAYSS:

2. Ha kynbky nie (BimmoBimHO 10 3akoHy ['yka) mpyxkwuHa 3 cmioro F =—Kx,
Jie X — BeIM4YrHa aedopmanii npyKuHH.
3a apyrum 3akoHoM HeroToHa
MX =F a6o mx = —kx (1.1)
Mu otpumanu audepeHiiianbHe piBHAHHA pyxy Kyiabku (1.1). Lle 3Buuaiine
Au(epeHLIiHe PIBHAHHS APYrOro MOPSIAKY 3 HOCTIHHAMHU Koe]ilieHTaMHu.

3. Horo po3B’s30k:
x(t)= Asin vk / mt + Bcosvk / mt | (1.2)

ne A 1 B — mocTiliHi BEIWYUHHU.
Busnauaemo ix, migcrasisioun B (1.2) mogarkosi ymoBH (t = 0, x(0) = xo,).
Otpumyemo A = 0; B = Xy, TOMy piBHSHHSA PYXY KYJIbKH

x(t)=xp cosvk / mt | (1.3)

4. AHani3yrouM piBHSIHHS, MOKHA 3pOOUTH TaKl BUCHOBKHU:
a) KyJibKa 311MCHIOE TAPMOHIYHI KOJIMBAHHS 3 aMILTITYAO0 Xo Ta YaCTOTOIO

w=+Kk/m

0) mpu 301IBIIIEHH] )KOPCTKOCTI MPY>KUHHU Ta 3MEHIIIEHHI Macu KYyJIbKA 4acToTa
KOJIMBaHb 30UIbIIYETHCS.

3micT 3BiTY

1. AnamiTuuauil pO3B'SI30K AMGEPEHINIANIBHOTO PIBHSIHHS 332 YMOBaMH CBOTO
BapiaHTy.

2. OUIHATH TUTI OTPUMAHOI MaTEMaTUYHOT (PYHKIITI].

3. SIKImo aHaJNITHYHO HE BIAETHCS PO3B'sI3aTH  Au(eEpeHIiaTbHe PIBHSAHHA,
nepenTH 10 ioro po3s'sa3ky unucenbHUM MeTooM (113 Ne2, mynkru 1 Ta 4).



InguBinyanabHi BapianT ymoB 3aaay4i 1

1.1-1.28. CkiacTu MaTeMaTHYHY MoOJe/b PyXy TOYKH a00 Tida 3 MeTOI0
BU3HAYCHHS PiBHAHHA PYXY (3aJ1€:KHICTH MPOHAECHOI0 LIJIAXY BiJ 4acy).

1.1. Timo Macor0 M majaae 3 MOYATKOBOIO MIBUAKICTIO V,. Cuia omopy pyxoBi
Tijla MPOIOPIiiHA KBaapaTy Horo mBuAKOCTI (KoeditieHT npomnopuiiaocTi K).

1.2. Yactky Macu M KHHYTO BEpTHKalbHO Bropy. IIpm pyci Ha Hel aie cuia
OTopy, SKa TPSAMO TMPOIMOPIIiHHA TMEpPIIOMY CTYNEHIO IIBHUIKOCTI (KOEdIIieHT
nporopuiitHocTi gopiBHIoe kM)

1.3. M'ss'y Macoro M KUHYTO BEPTUKAIHHO BrOpYy 31 MIBUIKICTIO Vo. OTip MOBITPS
NPOMOPLIHHUH KBaApaTy mBUAKOCTI (KoedinieHT mponopiiiHocTi K).

1.4. Kyns macor0 M 3 MOYaTKOBOIO IIBUIKICTIO V, 3aHYPIOETHCS B BOMY, CHJa
OIIOPY SAKOT IMpomnopIliiiHa mMBUAKOCTI (KoedimieHT nponopiriiiHocTi K).

1.5. YoBeH Macoro M pyXaeThes MO 03€py 31 MIBUAKICTIO Vo. MOTOp BUMHUKAIOTH.
Omip BoaM MPOMOPLIHHKN MIBUAKOCTI YoBHA (KoedirieHT mpomopuiiHocTti K).

1.6. BuszHauuTu 3aKOH NPAMOJIHIKHOIO PyXy MaTepiaibHOI TOYKH Macor M,
sKa Tajia€ B CEPENIOBUIIl, OIIp SKOTO MPOMOPIIHHUN APYroMy CTYIEHIO IIBUJIKOCTI
(xoediuient npomopriiirocti xopisHoe k’m).

1.7. Tino namae B moBitpi. Cuja onopy MOBITPs MPOMOpIIiiiHA KBaApaTy HOTo
MIBUAKOCTI V Ta TuIonii A HaWOIIBIIOro mepepidy Tuia (KoedilieHT MpOMOPIiHHOCTI
K).

1.8. [Toizn Baroro P pyxaeTbcs o mpsIMOJTIHIMHOMY TOPU30HTATLHOMY BiJIPi3Ky
nusixy. Cumna TATu TersioBo3a MocTiHa Ta nopiBHIoe F . Cuna omopy pyxy JiHIHHO
3aJIOKUTh BiJl IBUIKOCTI Noi3/a (koedimnieHT mponopiiiaocTi K).

1.9. Aepocanu KOB3arOTh MO TOPU3OHTAIEHOMY IOJIO 31 MIBUAKICTIO V,. Cuma
TAry ABUryHa — F . Cuia TepTs Mk Mo CHIrY npornopiiiiiHa Ba3i P caneil (koediieHTt
npornopuiitHocti Kj). Omip moBiTps NponopuiMHUN MIBUIAKOCTI pyXy (KOeQilieHT
npomnopiiinocti Ky).

1.10. Jlitak Macoro M MOYMHAE PYX MO 3MITHIA cMy3l. Cuiia TAru HOro JBUTYHIB
— F. Cuna omopy mNoBITps MpOMOpPIIiHHA IIBUAKOCTI JdiTaka V (kKoedirieHT
nponopiiitHocti K;). IligiiomHa cuma mpormopiiiiiHa MBUAKOCTI JiTaka (KOegillieHT
npomnopiiiaocTi K5).

1.11. Timo 3aHyprO€ThCS BEpPTUKATBLHO Yy Bomy. IlIBUAKiCTh 3aHypeHHS
OpsIMOTIpOTIopLiiHa THOWHI 3aHyproBaHHA (koedimienT nponopuiHocti K) Ta
3BOPOTHBOIPONOPIIiiTHA TOYATKOBIM MIBUAKOCTI V.

1.12. TlapauryTHCT Macor M Tajae 3 po3KPUTHM TapamyToM. Moro xinernuna
CHEpTis NporopiiliHa BUCOTI N Hal MOBepxHE 3eMil (KOe]ilieHT MPOMOPIIHHOCTI
K).

1.13. JIokOMOTHB Macol M PYXa€eTbCS MO TOPU3OHTAIBHOMY MUIAXY 31
IIBUJIKICTIO Vo,. MaIIMHICT BKJIIOYAaE€ TEPMIHOBE TaibMyBaHHs. Omip pyxy Micis
MOYaTKy raJibMyBaHHs JopiBHIOE 0,2 Baru noizsa.

1.14. V xarepa 3ynuHuBcs ABUryH. Cuja onopy BOJAU IIPOMOPIIiHA KBaaApaTy
fioro mBHaKOCTI (KoedimieHT npomnopitifiHocTi K).
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1.15. Kyns oG'emom V Ta WIUIBHICTIO Pk BEPTUKAIBHO MaJa€ B PIAHHI
IMIIBHICTIO Pp. Omip piiuHM NPONOPLINHMI KBaApaTy HMIBUAKOCTI Kyii (KoediLieHT
npomnopuiiHocti K).

1.16. Meteoput miJ BIJIMBOM 3€MHOTO TSDKIHHS 13 CTaHy CIOKOK MOYHMHAE
NPSIMOJIIHIMHO majaTy Ha 3emitro 3 BUcoTH h. SIkoro Oyia O MBHIKICTH METCOPHUTA Ha
noBepxHi 3emJil, ko O He Oyno 3emHOi armochepu? Paxiyc 3emii nopiBHioe 6377
KM.

1.17. IlapamyTucT ONMyCKaeThCcs Ha TapainyTi, Skuid Mae Qopmy miBchepu
paniyca R=4m. Moro maca pa3oMm 3 Macoro HapamryTa AOpiBHIOE M=82 Kr. 3HaiiTH
MIBUKICTH TMapanryTucTa 4epe3 2 ¢ MICAS TMOoYaTKy OMYyCKaHHS 1 NUIAX, SKUH BIH
npoifinoB 3a 4ac t. BBaxkaty, mo cua omopy moBiTps Fe,=0,00081SV’, ne S—moma
HAHOUIBIIIOTO TIepepi3y, MePIEHANKYISIPHOTO IO HAMIPSMKY PyXY, V— MIBUAKICTh PYXY.

1.18. Birep y mici BTpadae yacTHHY CBO€i MBUAKOCTI. Ha HeCKiHUeHHO MaioMy
IPOMIDKKY HUISXY LISl BTpaTa MpoIopliiiHa MBHUJKOCTI HA MOYATKy MPOMIKKY Ta MOro
noBxUHI (KoedimieHT mponopuidHocTi K). 3HaWTH MIBHIKICTH BITPY, SKAN MPOUIIOB
150 M, K110 HOT'O TTOYATKOBA IIBUJIKICTE Vo =12 M/C.

1.19. ®pukuiitHuii cenapaTop CKIAAAETHCS 3 IUIOLIMHU, SKa pO3TalloBaHa IiJl
KyTOM @ JI0 TOPU30HTY, Ta KOPOOOUKH, MOJIIIEHOI Ha CEKIlii, 10 AKOi MOTParuIsiOTh
JacTku J00puB abo HaciHuHU (puc.l.1). YacTkum mMojarThCs HaA IUIOMIUHY 3i
HIBUJIKICTIO Vo, KA COpsIMOBaHa MEPHEHIUKYJSIPHO N0 JIiHIT HAMOUIBIIOr0 HaXWUIY.
Cxknactu jaudepeHiliaibHe PIBHAHHSA pyXy dYacTkh 3 koedimientom Ttepts f mo
wiomuHi. BusHauntn po3mipm cekmiid | ski 3abe3nedars cemapariifo 4acToK 3a
KOoeQIIieHTOM TepTs B Mexkax BiJl fnin 10 fnax 3 iHTEpBasiOM Af, sikmo b 3amane.

Puc. 1.1 Puc. 1.2 Puc. 1.3 Puc. 1.4

1.20. Yactka macoro M mouyuHae pyx y toumi M mpu kyTi fp Ta KOB3a€ 1O
HEpPYXOMIl LWIIHApUYHIN moBepxHi paaiyca R (puc.l.2). KoediuieHT TepTs Mix
yactkoro Ta mwiiHapom f. Cxmactu audepeHiianbHe pPIBHSIHHSI pPyXy 4YacTKH.
Busnauntu Kyt f, Npu SKOMY 4YacTKa BIAPUBAETHCS BiJ NOBEPXHI, Ta LIBUIKICTh
YaCTKH V, B MOMEHT BIJPUBY.

1.21. YacTka Macor M motparuisie 6€3 mo4aTKOBOI MIBUJIKOCTI B HUKHIO TOUKY

M mwriaapa panmiyca R, skuii obepTaeTbcsi HABKOJIO TOPU3OHTAIBHOI oci Ox 3

KyTOBOKO MBUAKICTIO @ (puc.l.3). KoedimieHT TepTs Mixk 4acTKOO Ta IrtiHapoM f.
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Ckractu pIBHSHHS PyXy YacTKH, NPUIYCTUBIIHM, IO BOHA pyxXaeTbcs 0Oe3
oOepranHs. BuzHauutu KyT f, Ipu SIKOMY YacTKa BIJIpUBA€THCA BiJ IMOBEPXHI, Ta
HIBUAKICTh YACTKH V, B MOMEHT B1JIpUBY. BHU3HauuTH MiHIMalbHY KYTOBY IIBUAKICTbH
Wnin, TIPY KM YaCTKA M1IHIMETHCS BUIIE TOPU3OHTAIBHOT OC1 HITIHAPA.

1.22. Yactka no06puB Macor M moTrparuisie 0e3 MOoYaTKOBOi IIBHAKOCTI Ha

MOBEPXHIO TOPU3OHTAIILHOTO JUCKa pafaiyca R, sxuii o0epTaeTbcs HaABKOJIO
BepTUKaIbHOI ocl Oy 3 KyTOBOK IIBHJKICTIO @, 1 MOYMHAE pyXaTUCh y Toulmi M
B3JIOBXK pajiaJibHOI JIomaTi, s’lka TOYMHAEThCS Ha BinctaHi Rg Bin menrtpa (puc.l.4).
KoeirieHT TepTs Mik YaCTKOO Ta TOBEPXHSIMU JHCKa Ta yomnarti f.

Cximacti pIBHSIHHA PyXYy YacTKU. BHU3HAUMTH MIBUAKICTH V| NpU sKid Oyze
3a0e3MeueHo MajdbHICTh po3kuaanHs no0puB | (auck posramoBano Ha BucoTi H Bix
nOBEPXHi 1oJist). Omip MOBITPS MPOMOPIIHHIKN MIBUIKOCTI YACTKH.

1.23. Knagima JBOXBaJIBHOTO COJIOMOTPSICA 31HCHIOE TII0OCKO-KOJIMBAIBHHUMN PyX

miJ €0 KpUBOIIMMNA pajiyca I, skuili o0epTaEThCS 3 KYTOBOK IMIBUAKICTIO @
(puc.1.5). KnaBima HaxuieHa miJi KyToM ¢ 10 TOpu30HTYy. HacTka comomu A Macor M
nepeOyBae Ha kinaBiui. Cuiia onopy cepenoBHUIla MpH ii pycl MPOoNnopIiiiHa HIBUIKOCTI
(koeimient nponopuiiaocTi K).

BusHauutu kyT @, npu SKOMy yacTka BiAipBeThcs Bia knasimi. [ToOyaysatu

TPAEKTOPIIO TOJBOTY YACTKH BiJi MOMEHTY BIJIpMBY [0 HACTYIHOI ii 3ycTpiul 3
KJIaBIIIEIO.

¥

ERRIERR

Nl
e 3

Puc. 1.5 Puc. 1.6 Puc. 1.7

1.24. Pemero 1 minBimieHe Ha MiJABICKaX 2 Ta HaXWIEHE MiJ KyTOM @ O
ropu3oHTy (puc.1l.6). 3a m10MOMOror KpHUBOIIMIIHO-IIATYHHOTO MEXaHI3My 3 Horo
OPUBOAATH 10 KOJHMBalIbHOrO pyxy. KpuBommn pasaiyca I o0epTaeThCcsi 3 KYTOBOIO
MBUIKICTIO @. CxiacTu nudepeHIiiagbie pIBHAHHS Ta PIBHIHHS PyXy 3¢pHa A Macoro
m 1o pemrery. KoedimieHT TepTs Mixk MOBEPXHEIO 3epHa Ta perera f.

1.25. Yactka 1oOpuB Macor M nepedyBae Ha HUKHIN CTIHIII TOPU3OHTAIBHOTO
MHEBMOTYKOIIPOBOIa JiameTpa 0, Marouu TOPU30HTAIbHY MOYATKOBY IIBUAKICTD Vyg 1
BepTHKalbHy Vyo=0 (puc.l.7). Ha Hei nil0Thb ropu3oHTaNbHA pyLIiliHA CHIA, sKa
IPOIOPIiiiHA PI3HULI MK IIBUAKICTIO HOBITPSIHOIO IOTOKY V, Ta TOPU30HTAIBHOIO



7

CKJIaJIOBOIO Vy a0CONIFOTHOI MIBUAKOCTI 4acTk (kKoedimieHT mpomopuidHocTi Kj),
BEpPTUKaJIbHA MIJHOMHA CHUJIA, sIKa MPOIOPIiiiHA KBaJpaTy FOPU30HTAIbHOI CKJIaI0BO1
HIBUAKOCTI 4YacTku (koediumieHT npomnopuiitHocti K3), BepTHKanibHa MiIHOMHA CHJIA
OMOpy MOBITPSHOIO MOTOKY, SIKa MPONOPLIMHA KBaJgpaTy BEPTUKAIbHOI CKJIaJ0BO1
IIBUKOCTI 9acTKH Vy (koedimieHT mpomopuiiiHocTi K3). Cxmactu audepeHmiansHe
PIBHSIHHSI PyXYy YacCTKU B TOPU3OHTAJIbHIN JAUISHII MHEBMOTYKOIIPOBOJIa Ta BUSHAUUTHU
piBHSIHHS ii TpaekTopii. BuzHauutu 4vac, 3a SKUH 4yacTKa JOCSATA€ BEPXHBOI CTIHKH
MTHEBMOTYKOIIPOBO/Ia, Ta B1ICTaHb, Ky BOHA IMOJOJAE B3JIOBX TOPU30HTAIBHOI OC1 3a
ey yac.

1.26. 3epro A macoro M nepeOyBae Ha CKpeOKy | MOXHIIOTO eneBaTopa, sIKUn
Ma€ BUCOTY @ Ta pyXaeTbes 31 MBUAKICTIO V, (puc.1.8). Tarosuii nanmror 2 exeBaTopa
pO3TaIoBaHuil Mg KyToM @ 110 Topu3oHTy. CkiacTu nudepeHiiaibHe piBHSIHHS Ta
PIBHAHHS pyXy YacTKU MO CKpeOKy. Bu3HAuWTH NOBXKHHY BHUBAaHTa)XyBaJIbHOI'O BIKHA
|, mpu sikiii 3epHO MOMONIAaE NUISAX, MO JOPIBHIOE BHCOTI CkpeOka. KoedimieHT TepTs
3epHa 1o MoBEepXHi ckpedka f.

1.27. Yactka A Macoro M, sKa Mae CKJIaJ0B1 MOYATKOBOI MIBUIKOCTI Vyg Ta Vyyg,
NOTpAaIUIsi€e y BEPXHIO YAaCTHUHY MOXWJIOrO MOBITPSIHOIO KaHaly (KyT HaXuiy 10
ropu3oHTy a) (puc.1.9). llIBuakicTh MoBiTPps y KaHAM1 V.

Cknactu audepeHIiaibHe PIBHAHHS Ta PIBHAHHSI PyXy 4YacTKM Y KaHa.
BusHaunTH MOBXHUHY TOPU30HTAIBHOTO NUIAXY | sKHMil MOjoIae 4acTka 10 MOMEHTY
JOCATHEHHSI HU)KHBOI CTIHKM KaHaiy. Po3paxyHOK mpoBecTH JUisl 4acTOK, SIKI MarOTh
MIBUAKOCTI TapiHHA V, (OCHOBHA KYJIBTYpa) Ta Vy (IOMIIIKH ).

1.28. Yactka no6puB A Macoro M nepeOyBae y HUKHIM TOYIl KOHYCHOI YaCTHUHU
Tapiiku (KyT HaxXWiy 10 TOPU30HTY @) TYKOBHCIBHOTO amaparta pasaiyca Rj, ska
00epTaEThCSI HABKOJIO BEPTUKAIHHOI OC1 3 KyTOBOIO MBUIKICTIO @ (puc.1.10). Ckimactu
nudepeHuiaabHe PIBHSHHS Ta PIBHSAHHSA pyXy 4acTku. KoeQilieHT TepTs MK YaCTKOIO
Ta moBepxHero Tapinku f. BusHauuTy rpaHuuYHY IMBUAKICTH @y, TIPU SKIH YacTKa HE
OyJie CKUHYyTa 3 TapilJIKH, SIKIIO paflyc ii BepXHbOi YacTUHH Rj.

Puc. 1.8 Puc. 1.9 Puc. 1.10

1.29. 3epHo A macoro M nepedyBae Ha pajianbHiii Jomati 1, )KOpCTKO 3’ €AHAHIN
3 BEPTHKAJIbHUM BHUCIBHHM TUCKOM 2, SIKHH OOEpPTA€ThCSA 3 KyTOBOIO IIBUAKICTIO @
HABKOIIO TOpM30HTaNnbHOI oci (puc.1.11). Ilupuna nonati 6. i 30BHiImIHA Touka
po3TanioBaHa Ha BijcTaHi R Big oci o0epTaHHs. 3epHO NMOYMHAE PyXaTHCh IO JIONATI B



MOMEHT, KOJIM KyT MiK JIOMATTIO Ta TOPU3OHTAILIIO CKIIAIa€ @.

BusHauuTtu piBHSHHS pyXy 3epHa no Jjomari. [loOyayBatu TpaekTopilo pyxy
3epHa BIJHOCHO BHMCIBHOTO JAMCKAa. BU3HAUUTU KYT @, TIPHU SIKOMY TPAEKTOPIS PyXy
3epHa MOpPOWAE 4Yepe3 LEHTP MPUCMOKTYBAIBHOIO OTBOPY 3, KWW PO3TAIIOBAHO HAa
BiZicTaHi I' Big oci ooepTanHs. KoedimieHT TepTs 3epHa 1o jonati ta aucky f.

1.30. Yactka ciHa A Macor M TEpeMIIIyeThCS IO CTepHI rpadnuHO0 1
portaiiiiHux rpabenp, sika 00epTaeThCid HABKOJIO BepTHKalbHOI oci Oy 3 KyTOBOIO
mBHAKICTIO @ (puc.1.12) I'pabii pyxarThCs MOCTYMaabHO 31 mBUAKICTIO V. [llupuna
rpabnuHu 6. Pajgiyc TpaexTopii, Ky yTBOpIO€ ii 30BHIIIHA Touka, R. KoedimieHT TepTs
cina mo crepHi f; mo rpabmuni — f, Cxinactu mudepeHiiaabHe PiBHSIHHS Ta PIBHIHHS
pyXy 4YacTKH CiHa 1Mo TpabnuHi. BuzHauuTu yac, 3a AKuil yacTka 3iiiie 3 TpaliauHH.
[TobynyBaTu rpadik TpaekToOpii aOCOTOTHOTO PYXy YaCTKH.



ITPAKTUYHE 3AHATTA Ne 2

YuceJabHUH PO3B’A30K AH(epeHNiaIbHOI0 PiBHAHHSA

Mera poGoTu: HAOyTH TMPAKTUYHUX HABHUKIB YHCEIBHOTO PO3B’SI3KY
3BUYANHOTO MHU(EepeHIiaTbHOTO PIBHSIHHS.

TeopernyHa yacTuHa

OpHiero 3 HAMPO3MOBCIOKEHINIUX MATEMATHYHUX MOJIEJIEH pyXy MaTepialbHUX
TOYOK Ta TBEPAUX TUI € AudepeHIianbHe piBHAHHS. st po3B’si3Ky AudepeHIaTbHuX
PIBHSIHb PO3pPOOJICHO BEIHMKY KUIBKICTh QHAJTITHYHUX METOMIB, aje iX IOIIyK Ta
BUKOPHUCTAaHHS MOTPeOYIOTh IPYHTOBHOI MaTe€MaTHYHOI MIATOTOBKH Ta CYTTEBUX
BUTpAT Yacy. 3pO3yMilo, M0 aHATITHYHUA PO3B’SI30K NUQPEPEHINATIBHOTO PIBHSHHS
Jla€ YHIBEPCAJIbHUM pe3yJbTaT, SKUW PO3KPUBAE MOMKIHMBICTH Kpalle 3pO3yMITH
(13M4HY CYTHICTH AOCIIIPKYBAHOIO MPOLIECY Ta BUKOPUCTATU MOr0 y aHaJOrIyHUX
BUMaAKaX. Aje OyBalOTh CHTYyallli, KOJIM 3HaHb BHIIOI MAaTEeMAaTUKH HE BHUCTadae, abo
NOTpIOHO MIBUAKO OTPUMATH 1HPOpPMALI Mpo Xo4ya O OIMH pO3B’A30K
nudepeHIiaJbHOr0 PIBHAHHA NMPHU 3aJaHUX MMOYAaTKOBUX yMOBax. TyT Ha JOMOMOTY
NPUXOAATH YUCENIbHI METOIU PO3B’SI3KY NU(DepeHIaTbHUX PIBHSAHD, SIKUX PO3POOJIEHO
BKe yumano. Y cucremi Mathcad peanizoBaHO pi3HI alrOpUTMH YHCEIbHUX METOMIB
PO3B’A3KYy 3BHMUalHUX Audepeniianbaux piBHaHb (31P). Hanpukian,

odesolve(x, b, [step]),

Jie X — 3MiHHA IHTErpyBaHHs; D — KiHIIeBa TOYKa IHTEpBally IHTErpyBaHH:; Step
(He 000B'SI3KOBUIT) — KUIBKICTh KPOKIB MPU PO3B'A3KY PIBHSHHI.

[Mpuknax po3s's3ky 3P napyroro mopsiaky 3 BukopuctanusM ¢yHkiii odesolve
3 rpadiYHUM TIPEJICTABICHHAM PE3yJIbTaTy:

Given

53x"(0) + 0x'(H) + 3x() =& " + tan(p)

x(0)=0 x(1)=2
X = Odesolve(t,150)

10 T T T

x (1) /

o
(3%
=S
(o)}
(o]

10
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PiBHSIHHS BUpPILIY€THCA 3 BUKOPUCTAHHSAM TaK 3BAaHOTO "O10Ky po3s'sasky", 10
CKJIQJIA€ThCSA 3 IOCHIIOBHOCTI BHpa3iB, sKi MICTATh y co0i cioBo Given, Habip
MOYAaTKOBUX YMOB 1 BUKJIMK 30BHIIIHBOT (YHKUIT 7151 pO3B'SI3KY PIBHSIHHSI.

CuMBON «'», IO IO3HA4Ya€ NOXIAHY, CTaBIATh 3 BHUKOPUCTAHHAM KJaBill
Ctrl+F7.

[Hmoro QyHkiiero, mo mo3Boisie BupinryBata 3P, € ¢ynkmis rkfixed. s
pO3B's3Ky 3a momomororo miei ¢yHkiii 3/[P, SKIo BOHO MICTUTH MOXIJHI APYroro
NOPAJIKY ¥ BUIIE, TOBUHHE OyTH NpPE3eHTOBaHO y BUIIIAAl cuctemu 3P mepiioro
HOPSAKY.

Cuctemu 3 3/IP mns ixHbOro po3B'sa3ky B cepenosuini Mathcad 3a gomomororo
¢ynkii rkfixed moBunHI OyTH pencTasiieHi y ¢popmi Komri:

B (-\'o) = Yoa-

| ¥2(X0) = ¥yt

__J.n ('\‘0 ) = -1‘0.1: .

n’ y— £ - . . .
\_1,‘,—‘}‘"(.\.31._1: ..... V).

®dyukmis rkfixed (y, x1, x2, npoints, D) moBepTae MaTpuIlio, MEPIIHiA CTOBICIH
AKOI MICTUTh TOYKH, y SKHUX OOYHMCIIOBABCS PO3B'A30K; APYTHil CTOBMEIh MiCTUTh
BIJIMOBIJTHI PO3B'A3KU 1 iX mepiui # — 1 moxigHi.

Aprymentu dynxkiii rkfixed:

y TIOBUHEH OYyTH BEKTOPOM 3 7 TIOYATKOBHUMH 3HAYCHHSMH, JI€ 7 — TIOPSIOK
mudepeHIiadbHOr0 piBHSAHHS a00 4YMCIO PIBHAHBb Yy CHCTEMI (SKIIO BUPIIIYETHCA
cuctemMa piBHSAHB); X1, X2 — mouyaTkoBa i KiHIeBa (TpaHWYH1) TOYKMU IHTEpBalIy, Ha
SKOMY IITYKA€THCS PO3B'S30K (MMOYATKOBI 3HAUCHHS Y BEKTOP1 Y aHi i1l TOUKH X 1);

NPOINtS — YUCII0O TOYOK, HE PaxyldH MOYATKOBOI TOYKH, y SKHUX PO3B'SI30K
NOBUHHHMI alpOKCUMYBATHCS, BiJl 3HAYeHHS NPOINtS 3aJeKUTh KUIBKICTh PSIIKIB
MAaTpHIl, 110 BEPTAETHCS (PYHKIIIELO;

D — n-enemenTHa BekTOpHA (DYHKIIiS, IO MICTHTH TMEPII MOXiAHI HEBIIOMHUX
byHKIIIH.

[Ipuknag po3B'sa3Ky AUQPEPEHLIATBHOIO PIBHAHHS 3 BUKOPUCTAHHIM (PYHKIII
rkfixed:
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CnovaTtky Tpeba nepenosHauntu audepeHuiansHe pIBHAHHA
AK CUCTEMY ABOX PIBHAHL NEPLIOTo NOPsAKY

Hexan x"(t) — x'(t) + x(t) = sinh(t).»
TOAI Xau x0(t) = x(t)  x1(t) = x0'(t) .
Tenep MoOXHa 3anucatm CMCTBMYI

x0'(t) = x1(t)

x1'(t) = x1(t) — x0(t) + sinh(t)

(xO(on_(l \

x1(0) ) \7)
S l 1)
IC = 7 ‘,,

' X1 \
D(t,X) = _
\ X1 — Xp + sin(t) )

S = rkfixed (ic,0,10,1500 ,D)

T S<0> 3HAYEHHA HE3aNEeXHOI 3MIHHOI
(P |
X-=S 3HAYEHHS LLYKAHOI (yHKLT
1000 T
500 |— =
X
0 —
=500 L
5 10
T

Icaye me omua dyHKIisS st po3B's3ky cuctem 3JIP, a came st po3B'si3Ky
noBitbHO MinnmmBux cucteM 3JIP. Lls ¢ynkmis — Rkadapt(y, xl, x2, npoints, D).
BuxopuctoByeThcsi BoHa anajoriuno rkfixed, ame, ma Bimminy Bim rkfixed, sxa
iHTerpye piBHUMHU Kpokamu, Rkadapt anamizye MWIBHIKICTE 3MiHHM pO3B'SI3KY U
BIJIMOBIHO a/IaNTY€E PO3MIP KPOKY.

3agaBmuch (HIKCOBAHMM YHCIOM TOYOK, MOXKHA ampOKCUMYBAaTH (PYHKIIIFO
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OUIBII TOYHO, SIKIIO OOYMCIIOBATH il 3HAYEHHS B TOYKAaX, PO3TAILIOBAHUX Y TAKUHU
croci0: JOCUTh YacTO Ha THUX IHTepBaiax, A€ QYHKIS MIHSETHCS IIBUIKO; 1 HE AyXKe
4acTo TaM, e QyHKIIiSl 3MIHIOETHCS TTOBUIBHIIIIE.

Oyukmis Rkadapt mae Ti x cami aprymenTH, mo i ¢ynkuis rkfixed. Marpuris 3
HAOJMMKCHUM PO3B'SI3KOM, IO BepTaeTbes ¢yHkiiero Rkadapt, imeHTruHa mo Buay
MaTpHulll, wo eepmacmovcs Gyukuieto rkfixed.

Hpukaaa 2.1. Po3B’s13aTu 9ynCENbHUM METOJOM NU(epeHiiaibHe PIBHAHHS mX
= —kx 3 mpukmanay 1.1.

Po3B’s130K

BBoaumo dncenbHi 3HAUCHHS BUXITHUX JaHUX. BUKOPUCTOBY€EMO NJIsT PO3B 3Ky
dyHKII0 odesolve. 3adaemo 3nauenns nowamkosux ymos (t=0, X(0)=x,,) Ta KiHIEBOT
TOYKH 1HTEpBaly IHTErpyBaHHA (6=3).

UnceapHHH PO3B'SI30K 3BHYaHHOIO AH(epeHNiaTbHOTO PiBHSIHHS

Maca KyZIbKH, KT m:=01

KoedimieHT xopeTrocTi npyxunan, Hm k=1

ITouyaTtkoBa AedopMaLIid IPYKUHH, M x0 = 0.01
Given

m-x"(t) + 0-x(t) + k-x(f) =0
IToyaTKOB1 YMOBH:
%(0) = x0 X—i=0

x = Odesolve(t,3)

ITobynora rpadika 3a pesynbraTaMy aHATITHYHOTO PO3B'A3KY PIBHAHHA
(dopyma (1.3))

/ \
| k |
v(t) = x0-cos! ’— t!
\ym )

0.02

0.01

x(t)
y(t)

—-0.01f

-0.02 1
02 10 -5 0 5 10
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Ha orpumanux rpagikax 4iTKO BUAHO, IO PE3yJIbTaTH, OTPUMaHI YHCEIbHUM
MeTo/IoM (CyILJIbHA JIiHIsA) Ta aHAIITUYHO (IMMyHKTHpHA JIiHISN), CHIBIAJAIOTh Ha

iHTepBaii uncensHoro iHTerpyBanns (0; 3).

Buxonanust podoTun

1. Po3p'sizatu nudepeHLiagbHe pIBHSAHHSA 3a YMOBaMH CBOTO  BapiaHTy
YUCEJIbHUM METOJIOM 3 BHUKOpPUCTaHHSAM  (QyHKIIA cucremu Mathcad Ta
iHTEepnperyBatu #oro rpadiyHo. BuxigHi maHi Ta MMOYaTKOBI YMOBH 00Opartu
CaMOCTIiITHO, BpaxoBYyIOUH (PI3UYHUHN 3MICT 3a/1a4i.

2. [loOynyBatu Tpadik 3alexKHOCTI, OTPUMAHOI y pe3yNbTaTi aHATITUYHOTO
pPO3B'SI3Ky Ha MPAKTUYHOMY 3aHATTI Nel, po3milieHuit y OJHIM cUCTeMi KOOpPAUHAT 3
rpadikoM, NoOyA0OBaHUM Y ITyHKTI 1.

3. I[lopiBHATH OTpUMaHi rpadiku Ta 3pOOUTH BUCHOBOK.

4. 3MIHUTH BUXIJHI JaH1 Ta MOYaTKOBI YMOBHU. 3pOOUTH BUCHOBOK MO iX BIUIKB

Ha popMmy rpadika.
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ITPAKTUYHE 3AHATTSA Ne 3
I'padiunuii po3B'si30k 3aa4i JiHiIHHOr0 MPporpaMmyBaHHA

Meta poOoTu: HaOyTH MNPAKTUYHUX HABHUKIB PO3B'SI3KY 3ajadl JIHIHHOTO
porpaMmyBaHHS.

TeoperuyHa yacTuHa

CyTp JIHIAHOrO MpOrpaMyBaHHS MOJIATAa€ Y BU3HAYEHHI €KCTPEMYMY JIIHIMHOI
HITb0BOI  (DYHKIII 13 MHOXHHU 3HAuY€Hb ONTHUMI30BAHUX IMapaMeTpiB, sKi
BU3HAYAIOTHCS JIHIMHUMU OOMEXKEHHSIMU Y BUIJIS1 PIBHSAHD T4 HEPIBHOCTEM.

y+2x+3>0

y=-2X-3

VY 3aranbHOMY BUIJISAI 3374 JIHIKHOTO MTporpamMmyBaHHs (POPMYITIOEThCS TaKk

a11X1HapXot. .. FanXn>by

Ap1X1HaXot... FanX>by

am1X1+am2+X2+---+amanme

Z=C1X1tCyXo+...+C X ,—exXtr

Meronamu JTIHIHHOTO MpOTpaMyBaHHS PO3B'SI3YIOTH 3a/ladl  pallioHATBHOTO
BUKOPUCTAaHHS PECYpCiB, CKJIaJaHHS XapyOBHUX pallOHIB, 3aJayl ONTUMAIBLHOIO
TPAHCIIOPTYBAHHS BAaHTAXIB Ta 1HIII.

SIKIO KIIBKICTh HEBIJOMHUX HE MEPEBUILYE ABOX, BUKOPUCTOBYIOTh IrpadiuyHui
METO]1 PO3B'A3KY, SKIIO OUIbIIE 3, TO CUMIUIEKCHUN METO]T PO3B'A3KY.

SAKio KUTBKICTh HEBIIOMHUX JIOPIBHIOE 3, TO MOXJIMBO PO3B'S3yBaTH 3ajiauy
rpadiuHO (3 BUKOPUCTAHHSAM AKCOHOMETPUYHHUX TMPOEKIi), aje MPaKTHYHO IHOTO
HIKOJIU HE POOJISITH.

Mpuxaanx 3.1_Ilpu BiAroAiBIi KO’KHA TBapuHA MOBHHHA OTPUMATH HE MEHIIIE 9
OJIMHUIIb MOKUBHOT PEYOBUHU S;, HE MEHILE 8 OJMHUIL MMOKUBHOI PEUOBUHU S), HE
MeHIIe 12 oUHUIb TOKUBHOI PEUOBUHU S3.

Jlist ckmaianHst paiioHy BUKOPUCTOBYIOTH 2 KOPMHU.

1 KT KOpMy TIepIIOTO BMiIye 3 OAMHUIN peuoBUHU S; 1 oguHUIIO Sy, 1 oquH. —
Ss.

1 kr kopmy apyroro Bmimye 1 oa. —S;; 2 oa. — Sy; 6 oa. — S; .

1 xr xopmy nepmoro komrye |1 rpuBHIO, 1 kr KOpMy Apyroro — 1,50 rpH.

Cknactu IeHHHI pailioH MOTPiOHOT MOKMBHOCTI Tak, 00 HOTo BapTICTh Oyiia
MIHIMaJIbHOIO.

Po3B's130K
[To3HaunMMoO X; Ta X, — KUIBKICTh KUIOTPaMiB MEPIIOTr0 Ta JIPYyroro KOpMy B
JIEHHOMY pallioHi.
3X1+X229
X1+2X5>8
X1+6X2212
Z=X1+1,5X,— min
Bynyemo nipsimi, siKi BIANOB1AAIOTh HEPIBHOCTSIM.
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Busnauaemo 00acTh

X, PO3B'A3KIB KOYKHOI 13
3%, 43,59 [ HEPIBHOCTEH, IACTaBIIAIOYN
] B HEPIBHICTb KOOPJMHATHU
v JOBIIBHOI TOYKH, fKa HeE

A JICKUTH Ha MPSAMIH.
F(11.5) ITokaszyemo X

10
8
X +2X,>8 ,Q CTPLIOYKaMHU.
X
2[
0

Busnayaemo  criyibHY

x>0} = C D x JUISL BCIX HEpIBHOCTEN
46 ‘SV'/\‘t x,+6x,512  00IacTh JOITy CTUMHX
po3B's3kiB (O/IP).
Z2=x:+1,5%,20 bynyemo rpadik
— 1IJIbOBOI (DYHKIIIT HA MOYATKY
x>0 KOOP/IMHAT.
Xy + 1,5X2=0

X1=3 Ta X,=-2

Bbynyemo BekTop F 3 KoopauMHaTtaMu, siKi TOPiBHIOIOTh KOe(ili€eHTaM LUIbOBOT
GyHKITI.

F(1;1,5)

[lepeminyeMo MiIbOBY (YHKIIIIO TapaielbHO camiii co0l 10 TOpKaHHS 3
nepiroro Toukoro OJIP (1. B).

Znin=2+1,5-3=6,5

BinmosinHa MiHIManbHa BapTICTh AEHHOTO paiioHy (6,5 TpH) Oyne MOCSTHYTA,
SKIIO BUKOPUCTATH 2 KT MEPLIOr0 KOPMY Ta 3 KT JIPyroro.

InauBinyaabHi BapianTu yMoB 3a1a4i 3

3.1-3.28. Po3B'sizaTu 3ama4y JIiHIITHOr0 NMporpaMyBaHHsl, KOPUCTYIOUYHCH
rpagiyHuM METOAOM.

3.1. € tpu Buau cuposunu — A, B, C, K1 BUKOPUCTOBYIOTbCS /I BAPOOHUIITBA
nBox BUiB poaykTiB — [ 1 II. ¥V nasBuocTi € 500 oguuunb cupoBunu A, 750 o1UHUITH
cupoBuan B 1 200 omunune cupoBuHu C. Ilpoxaykt I cknmamaetscs 3 1 oguHuIi
cupoBuHH A 1 2 oaununpb cupoBuHu B. ITlpoxykr II ckmamaerbcs 3 2 OIWHUIB
cupoBuHu A, 1 omunwuii cupoBuHu B 1 1 omunuimi cupoBuru C. IlpuOyTok Bin
BUPOOHMIITBA ONHIET onuHUIN TPOAyKTy | ckimamae 4 TpH, a BiA OJHIET OTUHUIN
npoaykty II — 5 rpH. CKUIBKM OJMHHLB KOKHOTO MPOAYKTY CIHiJI BHPOOJIATH, 1100
OTpUMATH MaKCUMaJIbHUN TpUOYyTOK?

3.2. Ilpu BuroroBieHHi BHpPoOOIB A 1 B BHKOpPHCTOBYIOTH JBa THUIHU
TexHoJoriyHoro oonagHanusa P 1 Q. Ha BupoOHuUTBO oivHML BUpoOy A 00s1aHaHHS
P BukopuctoBytots 2 1on, a Q — 1 rog. Ha BupoOHuMUTBO omuuuil BHpoOy B
obnannands P BukopuctoBytoth 1 roma, a Q — 2 roa. AaMiHICTpallisi HA BUTOTOBJICHHSI
BUPOOiIB MOKe BUAUIMTH oOnagHanHs P Ha 10 rox, a o6magnanus Q — Ha 8 rog.

CrutanyBaTu BUpOOHUIITBO BUPOOiB A 1 B Tak, mo0 3aranbHuii npuOyTOK OYB
HaWOLIBIINMM, SKIIO BiJ peanizaiii oguHuil BupoOy A npuOyTtok aopisHioe 50 rpH, B
— 20 rpH.



16

3.3. Jlia BUTOTOBJEHHS JBOX BUIIB mponykuii Pl, P2 BUKOpUCTOBYIOTH TpHu
Bunu cuposuHu: S1, S2, S3. 3amacu cUpOBUHM, KUIbKICTh OJIMHUIIL CUPOBUHH, SIKi
BUTPAYAIOTHCS HAa BUTOTOBJICHHSI OJMHUII MPOJAYKIIIi, a TaKOX BeJIMYMHA NPUOYTKY
BiJl peaiizailii OAMHUII TPOAYKIIi, HaBeIeHO B Taliuil. HeoOXigHO CKIacTH Takuii
IUTaH BUIYCKY MPOAYKIIii, 1100 Mpu peaizalii OTpUMaTH MAKCUMaJIbHUN TPUOYTOK.

KinpkicTh OTMHHUITE CHPOBUHH, SKI
3amac BUTPAYalOTHCS Ha BUTOTOBIICHHS OJIMHMIT

Bun cupoBunu
CUPOBHHH MIPOTYKITii

P1 P2

S1 20 2 5

S2 40 8 5

S3 30 5 6

[TpuGyTOK Bia OAUHUII
IPOYKITii, TPH 50 40

3.4. 11 BUrOTOBJIEHHS ABOX BHUJIIB BUPOOIB BHKOPHUCTOBYIOTH YOTHUPHU BHUIH
matepiamB: S1, S2, S3 ta S4. 3anacu maTepiasiiB, TEXHOJIOTIYHI HOPMHU BHUTpATU
MaTepiaiiB Ha KOXKHHUM BUPIO Ta 1[iHA OAMHMII BUPOOY MPUBEICHI B TAOIMUII.

CkJyacTu TJ1aH BUITYCKY BHUPOOIB, 110 3a0e3neuye iX MaKCUMaJbHUM BUITYCK I10
BapTOCTI.

Bun marepiany 3anac Hopwma BuTpart Matepiany Ha OJIUH
Marepiaiy, BUPI0, KT
KT Pl P2
S1 150000 4 2
S2 170000 6 2
S3 100000 2 4
S4 200000 8 8
Bapricts ogHOTO 100 150
BUpOOY, 'pH

3.5. [ligmpuemMcTBO BHITycKae aBa BUAM mponaykimii. [lutomi BuTpatu pecypcis

Ha BUITYCK OJWHUII KOXXHOTO 3 BUJIB MPOAYKIIi Ta 00CATHM pecypciB HaBEJCHO B
TaOJIHIII.

Bun pecypcy Bug nponyxkuii | O6csr pecypcis
1 2
[Tnoma ckmamgy, KB. M 0,6 0,5 7000
®oHz poOoYOTOo Yacy, o 0,2 0,1 4000
Enextpoenepris, kBrron 0,3 0,2 3000
[TpubyToK, rpH 50 20

CkJafiTh MjIaH BUITYCKY NMPOJYKIi, SIKHI JT0O3BOJIUTh OTPUMATH MaKCUMaJIbHHMA
npuOyTOK.

3.6. Jlnst BUroTOBIIEHHS] BUPOOIB IBOX BH/IIB CKJIaJ MOYE BIIYCTUTH HE OLIbILE
80 xr MeTany, npuuoMy Ha BUpiO 1-To BUIy BUTpayaeTbes 2 Kr, a Ha BUPIO 2-TO BUIY
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— 1 kr meramy. IloTpiOHO crmanyBaTH BHPOOHMIITBO Tak, 100 OyB 3abe3nedeHuit
HaOUTBIIHI TPUOYTOK, SKIO BUPOOIB 1-ro BUAY NOTPiOHO BUTOTOBUTH He OutbIe 30
1IT., @ BUPOOIB 2-r0 BUy — He Ouibiie 40 wmT., mpuyoMy NpuOYTOK BiJ peanmizanii
oiHOrO BUpOOY 1-ro Buay ckiagae 50 rpH, a 2-ro Buay — 30 rpH.

3.7. HeBenuka ¢ipma BupoOJise 1Ba TUIH MIAMMUIHUKIB A Ta B, KOXHUIM 3 SIKUX
MOBUHEH OyTH 00poOJIeHn Ha TphOX Bepcrarax. Yac, HEOOXITHUM JUIs KOXKHOT cTaii
BUPOOHUYOTO MPOIIECY, HABEJEHO B TAOIHIII.

Tun Yac 00poOku, rouH [TpubdyTOK Bix
MiJIANHAKE | Tokapruii| LLLmi¢ysanbh. | CBepanys. | ITPOLAXKY OTHOrO
BEpCTaT BEpCTar BEpCTaT MiIHAITHAKA,
I'pH
A 0,01 0,02 0,04 80
B 0,02 0,01 0,01 125
[ToBHUi
MOXJIMBUH Yac
pobotH Ha
THKJICHB, TOJ. 160 120 150

AKy KUIBKICTH MIIMIMAIHUKIB KOXXKHOTO THUITY Ma€ BUTOTOBJIATH (ipMma, 1100
OTPUMATHU MaKCUMaTbHUN MpUOyTOK?

3.8. llex BumycKae eneKTPOABUTYHU Ta TpaHchopmaropu. JlaHi mo BuUTpaTax
Matepiany Ha 1 BupiO, 3amacax maTepialiB Ta MPUOYTKY, OTPUMAHOMY BiJ peajizarii
OJTHOTO BUPOOY, HaBEJICH] B TAOJIHIII.

Bupi6 Cranp, | Migs, | TexcromiT, [TpubyToK,
KT KT KT THUC. TPH
EnexTponBuryHn 10 30 2 0,4
Tpancdopmarop 60 50 3 0,7
3amacu
MaTepiajiB 1800 3000 180

Busnaute miaH BMIyCKY MpOAYKIi, SKUW 3a0e3MeduTh MaKCUMalbHUN
puOyTOK.

3.9. Me0bneBuii 11X BUTOTOBIISIE TPIOMO Ta TyMOOUYKH. BuXiaH1 JaHi HaBEJICHO B
Ta0JIHII.

Buan 3anacu Hopwmu BuTpar, ky0. M/11T.
MaTepiaiiB | Marepiajis, TPIOMO TyMOOUKa
Ky0. M
JCII 80 0,030 0,036
danepa 50 0,01 0,018
Jloniku 60 0,02 0,008
[TpubyToxk Bix peamizarrii 41 37
OJIMHHUILII POAYKIIi1, TPH

SKy KUIBKICTb TPIOMO Ta TyMOOYOK Tpeda BHUIOTOBUTH, 1100 OTpUMATH
MaKCUMaJIbHUI PUOYTOK?
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3.10. Komnawnist Burorosisie cronu aBox TumiB (1,2). Jani mpo obear poborwu,
HEOOX1THUH I KO’KHOI onepariii Ta MaKCUMyM 00cCsTy poOIT Ha TUXKIEHb HABEJEHO B
Ta0JIULII.

Oneparrist OO6csr poboTtu, | Makcumym obcsry poboTu,
JIOJT'TO/I. JIO TOI.
1 2
BurotoBneHHs
YaCTUH 2 3 360
Cxrnananns 1 2 240
[TomipyBaHHs Ta
nepeBipKa 1 1 180

PuHOKk 30yTy pO3LIMPIOETHCS, ajne MOXJIMBOCTI 30€piraHHs OOMEXYIOTh
BUpoOHHULTBO 170 cromamu Ha THxIeHb. [IpuOyTOK BiA Mpojaxy cToJiB TUIIB 1 Ta 2
ckiaziae BIAMOBIMHO 15 Ta 22 rpH. CKUIBKUA CTOJIIB KOKHOTO THUITY HAa THUXIEHb CIiJ
BUTOTOBJIATH, 100 OTPUMATH MaKCUMaIbHUI NpUOyTOK?

3.11. Ilex BuIlyCKae CTONM i KHUKKOBI madu. IX MoxHA BUPOONATH B OYIb-
SKUX CIIBBIIHOIIEHHSX, aJleé pecypcH IepeBUHU oOMexeH1. Tpeba 3amiaHyBaTH Takui
HIOMICSIMHMM  BUIYCK MNpOAyKuUii, m00 cyMa mnpuOyTky Oyjia HaHOUIBIIOLO.
Buxopucraru Bci pecypcu iepeBUHU. Y TaOIUIl HABOJSTHCS YUCIIOBI JIaHI.

Buau Hopmu BuTpar Ha OAMHULIIO [TpubyTok Ha
TPOTYKITIT TIPOTYKITIi OJIMHUIIIO TPOAYKIIi,
JIEPEBUHHU, Ky0. M CKJa, KB. M TpH
Crin 0,3 — 20
[Tada 0,6 2,0 50
Pecypcu
Ha MICSIb 24 60

3.12. Kommaniss BuUpOOJsi€ MIacTMacoBl MOJMYKH JABOX po3MmipiB — A Ta B.
ToproBi areHTH BBa)KalOTh, 110 Ha PUHKY MOX€ OyTH peani3oBaHoO 10 550 MONHUOK.
JInst kokHOI moaudky Tuny A notpiOHo 0,4 Kr CUpOBUHH, a Uil MOJWYKU TUly B —
0,6 kr. Kommnauis wmoxe oTtpumaru 10 240 Kr CHpPOBUHU Ha TWXACHb. Jlis
BUTOTOBJICHHS OJIHI€I MOJIMYKU TUNY A TMOTpiOHO 12 XB. MAalIMHHOIO 4acy, a s
BUTOTOBJIEHHA OJiHI€T monnuku tuny B — 30 xB. Bepcrar, sikuil BUTOTOBIISIE TOJIMYKH,
MO>KJIMBO BUKOPUCTOBYBaTH 710 160 ronnH Ha TWXAEHb. SKII0 MPUOYTOK BiJ MPOAAKY
nonuuok TUmy A ckiamgae 30 rpH, a Big mommuok Ty B — 40 rpH, TO CKUIbKA
HOJIMYOK KOXXHOTO TUITY CJ1/1 BUITYCKATH IIOTHKHS?

3.13. ®ipma BupoOsisie nBi Moneni A Ta B KHMKKOBUX MOnulb. [ KOXKHOTO
BupoOy moxeni A motpidno 0,3 xy0.Mm momiok, a juist BupoOy mozaeni B — 0,4. dipma
MOK€ OTpPUMAaTH BiJl CBOiX MOCTaBHUKIB 10 170 ky0.M MOMIOK Ha TWXACHB. s
KOXHOro BUpoOy Mozem A norpiOHO 12 XB. MalIMHHOTO 4acy, a JJis BUpoOy mojenl
B — 30 xB. Ha Tmxxnens MoxsinBo Bukopuctatu 160 roj. MalmHHOTO Yyacy.

Ckinbkd BUpOOIB KOXKHOT MOJENI CiJ BUIyCKaTH (ipMi Ha THXKIEHb, SKIIO
KOXHUHM BUp1O Mozeni A nmpuHocuth 20 rpH npuOyTKy, a KOXKHUN BUpiO moneni B —
40 rpH puOyTKY?
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3.14. IlIBeiina MaiicTepHsI BUTOTOBIISIE JKIHOYI KOCTIOMHM Ta CYKHI JIBOX BHUJIIB.
Ha cykHIO BHUKOPHUCTOBY€THCS TKAHMHH OAHOTO Bumy 1,5, inmoro — 0,5 kB.M; Ha
KocTioM BianoBinHo 1,6 Tta 0,8 kB.M. [IpuOytok MalictepHi Bij peanizauii OJHOTO
KOCTIOMa CKJIaJiae 25 TpH, BiJ peanizaiii ofgHiel cykHl — 15 rpH. BusHauuTu, cKiibKu
CyKOHb Ta KOCTIOMIB HEOOXITHO 3IIUTA B MaMCTEpHI, 100 MOCATTA HAWBHUIIOI
peHTabeNbHOCTI BUPOOHMIITBA, SAKIIO 3aMac TKaHUHU mnepumoro Bugy 141 k.M,
JIPYroro — 63 KB.M.

3.15. V TBapuHHHUIBKOMY TOCIOJApPCTBI Ha BUPOOHUITBO 1II MOJOKa BHU-
TpadyaeThCs 25 TPH, 3 HUX Ha BUTpaATH mpari npumnagae 10 rpH, Ha maTepianbHi — 15
rpH. Bupo6uuno 111 m'sica xomrye 180 rpH, 3 SKUX BapTICTh MpaIeBUTPAT CKIAIA€
100 rpu, matepianbaux — 80 rpH. JlepkaBHi 3aKymiBenbHI IiHU 3a 111 Monoka — 30
rpH, 3a 11y M'sica — 200 rpH. Bu3HaunTH onTUMAIBHUHN TUTAH BUPOOHUIITBA TIPOYKITIT
TBAPMHHULBKOTO TOCHOJApPCTBA, SKIIO MPaBIIHHAM TIOCHOJApCTBAa BHUJLIECHO Ha
TBapUHHULTBO 19 Tuc. rpH. @oH 3apoOITHOI MJIaTH MOBUHEH ckiaaatu 10 Tuc. TpH,
3aJIMIIKY — Ha TEXHIYHE 00JaaHaHHs (pepMu.

3.16. Cknactu 1000BUI KOPMOBHH pallioH JJis XyJA00U 3a JaHUMU, HaBeJACHUMU
B Ta0JIH1Il, TaK, 100 HOro BapTICTh OyJia MIHIMAJIBHOIO.

IToka3uuk Jlo6oBa | BMicT MOKMBHUX PEUYOBHH B KT KOpMa
notpeba Kom0Gikopm I{ykpoBuii Oypsik
IToXuBHICTB, K.O1. 3,6 1,00 0,24
[Ipotein, T 330 105 12
BapticTb, rpH/KT 0,84 0,17

3.17. lennuii pamion Mmonoaasika BPX moBuHeH BMiNTyBaT KOPMOBUX OJTUHUIIH
— He MeHiue 1,6 xr, nporeiny — He MeHie 200r, kapoTuHy — He MeHuie 10mr. [Hum
naHl HaBefeHO B TaOiumi. CkiacTH JEHHUN palliOH, SIKUA 3a/I0BOJIbHSE yMOBaM
MO>KMBHOCTI Ta MAa€ MIHIMAJIbHY BapTICTh.

Ha3sa noxxusHOi" KinbKicTh OTMHUITH TTOKUBHUX PEUYOBHH,
PEYOBHHH Ky BMINIye 1Kr Kopma
STYMIHB oo6mn
KopMoBi ogunuIli, Kr 1,2 1,4
[Iporein, r 80 280
KapoTun, mr 5 d)
I{ina 1xr kopma, rpH 3 4

3.18. [ns Bigroaiiai TBApUH BUKOPUCTOBYIOTH JBA BUIM KOPMIB; BapTICTh 1 KT
kopMy 1-ro Buay — 0,5 rpH, a kopmy 2-ro Buay — 0,2 rpH. Y KOXKXHOMY Kijorpami
KOpMYy 1-TO BUIy MICTUTBCS 5 Ol. IOKUBHOI PEUOBUHU A, 2,5 0/1. TO)KUBHOT pEYOBUHU
b ta 1 on. moxuBHOI peuyoBMHHM B, a B KOXHOMY KUIOrpaMi KOpMYy 2-TO BUIY
BigmosigHo — 3; 3 ta 1,3 ox.

SIKy KUTBKICTP KOPMY KOKHOTO BHJYy HEOOXITHO BUTpayaTH MIOJIEHHO, 1100
BUTPATH Ha KOPM OyJIM MiHIMaJIbHUMHU, SIKIIO JOOOBUH pallioH mepeadadae He MEHIIE
225 on. MOXKUBHOI pedyoBUHU TUIly A, He MeHuIe 150 ox. — tuny b ta He menme 80 ox.
tuny B?
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3.19. JlronuHa MOBUHHA B)KMBAaTH 3a A00Yy JESKY KUIBKICTb YMOBHHMX OJUHHULb
noxxuBHUX peuyoBuH: OinkiB (B1), xupiB (B2), ByrmesomiB (B3), Bomu (B4) Ta
Bitaminie (B5). Ix 3amacu B nBox Bumax ixi (I11 Ta I12) Ta miHiManbHa HOpMa
I000BOI0 CIIOKHUBAHHS HABEACHI B TAOJIMIII.

[ToxuBHI MinimansHa 3anac noXKMBHHUX PEYOBUH, SIKY
pPEYOBUHU HOpMa BMimye 1Kr ixi
I11 I12

B1 10 1 5

B2 12 3 2

B3 16 2 4

B4 10 2 2

B5 1 1 0
BapricTs onuHMIN iK1, TPH 20 30

Sk opraHizyBaTH XapuyyBaHHs, 1100 HOro BapTiCTh Oyja HAWMMEHIIO, aje
OpraHi3M OTpUMYBaB HE MEHIIE MIHIMaJIbHOI 1000OBOI HOPMU MOKUBHUX PEYOBHUH?

3.20. Ilencionep ckinaaae mie€Ty, sKa MOBHHHA BMillyBath He MeHme 20 of.
oukiB, 30 on. ByrieBoaiB, 10 ox. »xwupiB Ta 40 of. BiTamiHiB. Sk HaiijeuieBiIe LOTO
JOCSITHYTH TIPU BKa3aHUX y TaOJIUIll BMICTI MOKMBHUX PEUYOBUH Ta I[IHAX?

[To>xuBHI peUOBUHU X6 Monoko
binku 2 2
Byrnesonu 12 3
Bitaminu 2 2
Kupu 1 4
Iina, rpu 6,5 6

3.21. CknaaiTh N€HHUWA paliOH PO3BAHTAKYBAJBHOTO JHS 3 BUKOPUCTAHHSIM
JIBOX BU/IIB MPOYKTIB:

1 kr Buay I Bmingye 150 kkan ta 14 ox. xupy,

1 kr Buny Il Bmimnye 200 kkain ta 4 oa. Kupy.

JlenHe xapuyBaHHs [IUMH POJYKTaMU MMOBUHHO J1aBaTH He Oublie 14 onuHUIb
xupy Ta He meHie 200 kkan. Lina 1 kr mpoaykry I — 15 rpH, npoaykty Il — 25 rpH.

SIKy KUTBKICTh MPOAYKTIB Tpeba 3'iCTH, 11100 BUTPATUTH IKHAWMEHIIE TPOIIeH?

3.22. TopriBenbHE TiATPUEMCTBO MOKE 3aMOBUTH Ha IIYKPOBOMY 3aBO/II IIYKOP-
micok Ta padinan. us po3MileHHS KOKHOI TOHU IYKpPY-TIICKY TOTpIOHO 8 KB. M
wion ckiany, s padinany — 10 kB. M. Ha mponaxk 1 ToHM IyKpy-TiCKy TIPOJaBelb
BUTpavyae 3 roaunu, padinagy — 5 roguH. TopriBeiabHe MiANPHUEMCTBO MAa€ CKIAIU
wiomero 180 kB. M ta 75 mponasuiB. [IpuOyTok Bin peamizauii 1 TOHH LyKpy-IICKY
ckianae 300 rpH, 1 Tonu padinaay — 320 rpH.

CkuIbKM TOH ILYKpY-TICKY Ta padiHagy Mae€ 3aKyloUTH TOPTiBEJIbHE
H1JIPUEMCTBO, II00 OTPUMATH MaKCUMaIbHUN MPUOYTOK?

3.23. CkuUlbKd TpamiB BHIIEHb 1 CKUIBKH TpamiB aOpwKoc Tpeba BBECTU B



JICHHUI paiioH, mo0 B HboMy Oyio 75 mr Bitaminy C 1 He Ounbin sik 0,25 KT BUILIEHB

IpY HAMMEHIINX BUTpaTax?
Bwict Bitaminy C B 1kr ¢hpykTiB 1 BapTicTh 1Kr HaBeJeH1 B TaOIHII

O®pyktu | Bitamin C, mr | BapTicTs, rpH
Bumai 150 8
AGpuxocu 75 6

3.24. YV mBeitHOoMy 1exy € 164 m catuny. Ha nommus onHoro xanara notpioHo 4
M, a OJiHi€l nmi>kamMu — 3 M caTuHy. CKUIBKH CJIiJI BATOTOBUTH XajaTiB 1 MmiXkam, 1100
oJepKaTH HaWOUIbIIMKA TpUOYTOK BiJA peanizaiii NpOIYyKIi, SKIIO XajaT KOLITYe
70rpH, a mixkama — 60 rpH? Bigomo, 1o xanariB HOTpiOHO BUTOTOBUTH HE MEHIIIE SIK
14 mwryk.

3.25. llex BUITyCKa€ CTONH i KHMKKOBI madu. [X MOKHa BHpOOJSTH B Oyib-
SIKUX CITIBBIIHOIIEHHSX, aJIe€ PeCypcH JepeBUHN oOMexkeHi. Tpeba 3armianyBaTH TaKHid
MIOMICSIYHMM  BUITYCK TPOMYyKIii, 100 cymMa mnpulOyTKky Oyia HaHOUIBIIOLO.
Buxopucraru Bci pecypcu epeBUHU. Y TaOIUIl HABOJSTHCS YUCIIOBI JIaHi.

Bunu Hopmu BuTpaTt Ha OAMHUIIO [IpubyTok Ha
IPOTYKITIT IPOTYKITI OJIMHUIIO
J€peBUHH, Ky0. M CKJIa, KB. M IPOIYKIIi, TPH
Crin 0,3 — 20
[Mada 0,6 2,0 50
Pecypcu Ha 24 60
MICSIIIb

3.26. lns BurotoBneHHs ctoiiB 1 mad € 60 kyb. M mepeBunn. Butparn
nepeBuHU 1 TprOyTOK Ha 1 BUPIO TaKwMii:

Bupi6 | lepeBuna, ky0. m | IlpuGyTok, rpH
Crin 0,15 10
[Tada 0,2 16

CKUIBKH CTOJIB 1 CKUIBKM 1A Mae BUTOTOBUTH MailcTepHs, o0 3a0e3neunTH
HaNOIBIINKA MPUOYTOK 1 BUTOTOBUTH HE MEHII SIK 80 CTOJIB, AKIIO BUKOPHUCTOBYETHCS
BCsl iepeBUHA?

3.27. KopmoBuii paiioH MICTUTh CIHO 1 KOHIIEHTpatH. B Tabmuiii HaBeaeHO
YUCJIOBl JIaHl MPO J00O0BE CIOXUBAHHS OJHIEI0 TBAPUHOK TOXWUBHUX PEYOBHUH 1
co0iBapTiCTh KOPMIB.

. BwMicT moxxuBHUX Co01BapTicTh
Bunu xopmis . .
onvHUIB B 1 KT KOpMIB | | KI KOpMIB
Cino 0,5 15
Konnentpatu 1,0 25
Jlob6oBe ciokuBaHHSA Ha 1 20
TBAPUHY
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[ToTpiOHO 3HAWTH HAWAEIIEBIINA NIOICHHUNA PAIlOH, SKIIO BIH CKJIAJAETHCS HE
MeHUI sIK 3 16 Kr ciHa.

3.28. ®epmep BUALIUB Mif KOpMOBI KyabTypu 100 ra. Bupimwim BUkopucTatu
I}0 3€MJIIO TiJ] TOCIBU KYKYPYJI3H 1 IIyKPOBOTO OypsKy. SIK pO3MOIIIUTH TIJIONY MIX
UMU KYJbTYpaMH, SIKIO Bpoxkaid KyKypya3u — 500 11 3 rekrapy, a 0ypsaky — 200 1/ra,
1100 316patu He MeHI sk 32000 11 Bpoxkaro?

3micT 3BiTY

1. Po3B's130Kk 3amaui JIHIMHOTO MpOTrpaMyBaHHS 3a YMOBaMH CBOT'O BaplaHTy
rpadiYHIM METOIOM.
2. ExonomivyHa iHTepIpeTallis OTpUMaHOTO pe3yibTaTy.
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ITPAKTUYHE 3AHATTA Ne 4
Po3B's130Kk 3a1a4i JgiHiliHOr0 nporpamysanHs y cuctemi Mathcad

Mera po0Goru: HaOyTH NPAKTUYHUX HABHUKIB PO3B'S3KY 3ajayl JIHIAHOTO
mporpaMyBaHHS 3 BUKOpUCTaHHAM cuctemu Mathcad.

TeopeTrnyHa YyacTUHA

VY npaktuuHoMy 3aHATTI Ne 3 Oyjo BKa3zaHO, IO NMPU KUIBKOCTI HEBIIOMHUX
OUIbIlIE TPHOX BUKOPHUCTOBYIOTH CHUMILUIEKCHUM MeTOJ po3B'si3ky. lleil aHamiTuuHwMit
METOJ] MOJIATAE y TMOCTYNOBOMY HAaOJMMXEHHI J0 ONTHUMAJbHOTO PO3B'SI3KY LUIIXOM
[IJIECTIPSIMOBAHOTO TIepeOOpy MPOMDKHUX PIIICHb, KOJM KOXKHE 3 HACTYIMHHUX YCe
OUIBIIIe HAOIMKAETHCS IO ONTHUMaIbHOTO. /{15 peanizaliii CHMIUIEKCHOTO METOIY OyIIH
pO3po0JIeHi crelianbHi HporpaMu Ha yHiBepcalbHMX MOBaX HpOrpaMyBaHHA. Ix
BUKOPHUCTAHHS [IO3BOJIMJIO aBTOMATU3yBaTH pO3B’SI30K MIMPOKOTO KoOJia 3aaady
IUIaHYBaHHS BUPOOHHMIITBA, PO3MOAULY PECYpCIB, TPAHCHOPTYBAaHHSA BAaHTaXIB SK B
MacimTabax OKpeMHUX MiAMPUEMCTB, PETIOHIB, TaK 1 BEIMKUX Taxy3eil BUPOOHHUIITBA.
Taka cmermiamizoBaHa mporpamMa Jijisi po3B'sS3Ky 3ajadi JIHIHHOTO MporpamMyBaHHS Y
cuctemu Mathcad BimcyTHs. Tomy J0BeneTbCs CKOPUCTATUCH YHIBEpCAJTbHUMU
nporpamMaMu JUis MoInyKy MiHiMymy ¢yskitii Minimize ta s momyky MakCUMyMy
¢yukmii Maximize. [Insg TpakTUYHOTO BUKOPHUCTaHHS JOCTaTHBO OJHIET 3 HHX,
OCKUTBKH, sK BimoMo 3 Kypcy Marematuku, Mmin(f(x))=max(—f(x)). ®yuxkuii
BUKOPUCTOBYIOTh y TMOETHAHHI 3 OJOKOM (IVEN Ta CHCTEMOIO OOMEXKEHb, SKa MOXKE
MaTHu BEKTOpHY Gopmy abo ¢hopMy CUCTEMU HEPIBHOCTEH Ta PIBHSIHB.

Minimize(f, varl, var2, ...)

[ToBeprae 3HaueHHs 3MiHHUX Varl, var2, ..., o 3aJ0BOJBHSAIOTE OOMEXEHHSIM y
Omnomi po3B'sA3Ky, sSKi W OCTaBJsIFOTh HaiimeHine 3HavyeHHs Qyukuii f. [ToBeprae
CKaJIsIp, SIKIIO 3a3HaY€HO OJIHY 3MIHHY, 1HAKIIIE TOBEPTAE BEKTOP PO3B'A3KIB.

Ipuxkaan 4.1 PosrnsHemo uwcenbHuM po3B’sizok 3anadi 3 [lpuxnamgy 3.1.
Bukopucraemo copmyaboBaHy MaTeMaTUYHY MOJIEIH

3X1+X229

X1 1t2X,>8
X1 1t6x,>12
z=x,+1,5X,— min
Hepur 3a Bce, BBEAEMO IO3HAYCHHS X1=x, Ta X2=x, IK CICMEHTH BEKTOpA X (y

cucremi Mathcad 3a 3aMoBuUyBaHHSIM mepuiui 1HAEKC AopiBHIOE (), Ta 3aMUIIEMO

niboBYy (QyHKII0. BBememo koe(ili€eHTH TpU HEBIJOMHUX Y JIBHX YaCTHHAX
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HEpiBHOCTEH y hopmi MaTpuili A, sika CKIATAETHCS 3 3 pANKIB (KITbKICTh HEPIBHOCTEH)
Ta 2 CTOBMYUKIB (KUIBKICTh HEBIAOMHX). 3 BUIBHUX WiCHIB (y TpaBUX YaCTHHAX
HepiBHOCTEH) chopMyeMo BekTop-cToBIelh B. OOOB’SI3KOBO 3aJa€EMO ITOYATKOBI
3Ha4YeHHs 3MiHHHX. Jlami OmokoM QIVEN po3mouYuHaeThCs OJOK PO3B’SA3KY, IO SKOTO
BXO/ISITh CHCTEMa OOMEKEHb Y BEKTOPHIM (hopMi Ta 3BepHeHHs 10 pyukmii Minimize.

OTpuMaHi 3Ha4YCHHs HEBIIOMUX X1 Ta X2 MIJICTABISAEMO Y IIJILOBY (DYHKIIIIO.

BUKOHaHHA po60TH

1. ChopmynroBati MaTeMaTHUHy MOJENb 3a]a4l JIHIKHOTO MpOTrpaMyBaHHA 3a
yMOBaMH CBOTO BapiaHTYy.

2. Po3B'sizatu 3amavy JIHIMHOTO TMPOTPaMyBaHHS 3 BUKOPHCTAHHSIM CHCTEMH
Mathcad.

3. Jlati eKOHOMIYHY 1HTEPIPETAIlil0 OTPUMAHOTO PE3yIbTaTy.

Po3s'sasok 3agaui ainidaoro nporpamysanss y cacremi Mathcad
ITo3HaIMMO 3MIHHY X1 K x;, @ SMIHHY X2 - 4K x;

z(x) = l-xo - 1.5~x1

Beememo xoedillieHTH IPH HEBIZOMHUX Y HEPIBHOCTAX OQHOTO THIY (=) ¥
BUIJLAA1 MAaTpHIi A, a KOHCTAHTH 3 IIPaBHUX YacTHH - Y BUIJLAAI BeKTopa B

(3 1) (9
A=(12 B=|8
I | | | |

\16) \12)

3amaemMo IMOYATKOB1 3HAUEHHA 3MIHHUX YIIPABIHHA, Hampuknazn 1
Xy = 1 Xy = 1
IIpoBomumo obOUMCIICHHA, BKA3YIOUH OOMEIKECHHA.
Given
Ax2B
x20

OtpuMyeMO pO3B'A30K 3a7a4l Y BUINIAAL BEKTOPA-CTOBOLIA
x = Minimize(z,x) x=|
Z(x) = 6.5

EnemenTn BeKTOpa-cTOBOLA 5;=2 x=3, TOOTO MiHIMATbHA BapTICTh

ACHHOTO pawioHy (6.5 rpH) Oyae ZOCATHYTA, AKIIO BUKOPHCTATH 2 KT
IIEpIIOro KOPMY Ta 3 KT APYTOTO.
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ITPAKTUYHE 3AHATTA Ne 5§

ITocTaHoBKA Ta aHAJITUYHHUHA PO3B'A30K 327124 ONTUMI3awil

MeTta poGoTu: HaOyTH NPaKTHYHMX HABHKIB CKJIQJIaHHS MaTeMaTHYHHX
MOJICJICH Ta pO3B'SA3KYy ONTHUMI3alIHUX 3a/1a4.

TeopeTnyHa yacTuHa
OnTumizaniel0 Ha3WMBaIOTh IMOMIYK MIHIMAIbHOTO a00 MaKCHUMAaJbHOI'O

Linvoea ¢pynxyis B MaTeMaTU4HIN GOpMi BUpaXKae METy 3a/1adi.

ObmedicenHs MOXYTh MaTH (OPMY PiBHSIHB a00 HEPIBHOCTEH.

[inpoBy (yHKIIIIO 1HOMI HA3WBAIOTh KPHUTEPIEM SKOCTI. BoHa B y3aralbHEHii
dbopmi BimoOpakye TOJIOBHI €KOHOMIYHI ab0 TEXHIYHI XapaKTepPUCTHUKU 00’ €KTa
(coOiBapTICTh 1 T. 1H.).

Onrtumizariiisi 0yBae ymogua (Kol € 0OMexXeHH) 1 Oe3ymosHa (KOau 0OMEKEHb
HEMae).

OnTuMizarlirto MoXHa BUKOHYBATH AHALIMUYHO a00 YUCETbHUMU MEMOOAMU.

AHAJIITUYHI MEeTOIH ONITUMI3AIIII:

1. besnocepeane audepeHiiroBaHHs.

2. MaremaTu4yHe mporpaMyBaHHs.

3. Meron [lonTpsriHa.

4. BapiariiiHe YMCICHHS.

Posrnsmemo mpukiazg BHUKOPWUCTAHHA AQHAMITHYHOTO METOMY ONTHMIi3aIlii
oe3nocepeHiM U EePEHITIFOBAHHSIM.

Hpuxaan 5.1

[ToTpiOHO BHOpaTHM reoOMETpUYHI PO3MIPU LMIIHAPUYHOrOo Oaka ob'emom V 3
YMOBH MIHIMaJIbHOT BUTPaTH MaTepialy Ha HOro BUTOTOBJICHHS.

Po3B’sa30K

s moOymoBH MaTeMaTHYHOI MOJIENi BBEIEMO B PO3IJIA] BEKTOP MPOEKTHHUX
po3B's3kiB X = (r, h), ne 2r, h — miametp i BucoTa 6aI<a (puc. 5 1).

SIkmo TmpumycTHTH, IO 0ak
BUTOTOBJISIETECS ~ 3BAapIOBAaHHSAM 13
TPbOX JETajlei, To BUTpaTa MaTepiaiy
IpU JOBUILHOMY BEKTOP1 PO3B'A3KIB X
OyJle TOPIBHIOE MIIOIII TOBEPXHI Oaka:

S =2nr? + 2nrh — mihn_ (5.1)
3rifTHO 3  yMOBaMHM  3ajadi
BupakeHHs  (5.1) €  IUJIbOBOIO Puc. 5.1
byHKIi€0 (KpUTEpi ONTUMAIBHOCTI
MIPOEKTHUX PO3B'SI3KIB).
YMoBa Toro, 1mo 0ak MOBUHEH MaTH 00'€M 3a/1aHOTO 3HaYEHHA V, MPEACTaBUMO
y BUTJISIL:



26

nr*h=V. (5.2)
Ha xommnoneHnTH BeKTOpa po3B'sa3kiB X HEOOX1THO HAKJIACTH J0/IaTKOBI YMOBU:
r>0, h>0. (5.3)

Bupaszu (5.1)~«(5.3) onmcyroTh HENIIHIMHY OJHOKPUTEPIATbHY MOJACIHb
dhopMyBaHHS ONITUMATBHUX PIIICHB.
3 piBHsIHHSA (5.2) BUpa3uMo

h = Vinr? (5.4)
Ta mijicTaBuMo 10 (5.1)
S=21r*+2mrV/mr*=2mr*+2VIr. (5.5)
TakuM 4MHOM, MU 3BEJIM PIBHSHHS KPUTEPII0 ONTUMAIBHOCTI 10 (DYHKIIIT O/THi€T
3MiHHOI I'. Bi3bMeMo noxigny (5.5) moa0 3MIHHOI I
dS/dr=4mr-2VIr*
Ta IPUPIBHAEMO ii 10 HYJIs
2mr-VIr’=0,
3BIJIKH
r=7(V/(2x)),
a0o, mjacrapistoun 110 (5.4), oTpuMaEMo
h =N4V/x).
ITpu 1ux 3HaveHHsAX I i h Oyae MOCATHYTO MiHIMalbHI BUTpATH MaTrepialy Ha
BUTOTOBJICHHSA 0aKy.

Bukonanust poéoru

1. BuBecTu BEKTOp NPOEKTHHX PO3B'A3KIB 3amadi 4 3a yMOBaMH CBOTO
BapianTy (Tabn. Al y nomatky A)

2. 3ammcaTl KpUTEPiid ONTUMAIBHOCTI MPOEKTHUX PO3B'SI3KiB.

3. BuBecTn piBHSHHS 3B’S3Ky MK IMapaMeTpaMd BEKTOpa MPOEKTHUX
PO3B'SA3KIB.

4. Hakiactu 101aTKOB1 YMOBH Ha MapaMeTpH BEKTOpPA MPOEKTHUX PO3B'SI3KIB.

5. B3sTu noxigHy piBHSHHS KPUTEPIIO0 ONTUMAIBHOCTI MPOEKTHUX PO3B'SI3KIB.

6. IlpupiBHATH OTpUMaHHUU BHUpa3 TMOXiAHOT O HyJIS Ta pO3B’S3aTH SIK
anreOpaiuHe PIBHAHHS BIAHOCHO HEBIJIOMOTO MapaMeTpy.
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InauBinyajbHi BapianT yMOB 3a1a4i 5
5.1-5.26. Po3B'sizaTH 3aga4i ontuMizamii

5.1. Ilynktn A 1 B (puc.5.1) posramoBani no oaud O0ik Bijg Marictpaii CD.
[ToTpiOHO 3'egHATH iX HaWKOPOTIIOK Jopororo AMB, sika BUXOAWTH 10 Marictpaii
(3HalTH BIJCTaHb X, BBAXAIOUH 110 BIJICTaHI a, B, € B1JIOMI).

5.2. O6a6iu Bix 3ami3HUI y TyHKTI A (puc.5.2) nepebyBae ckian jicy. Lleit mic
Tpeba mepeBe3Ty Ha cTaHIliio B. 3 1i€0 METOI BUPIMIKIU Bl MyHKTY A 10 myHKTY C
(Ha 3aJTi3HUIN) TPOKIACTH MPSAMOJIHIMHUN aBTOMOOUIbHHH NUIIX. Ik Tpeba BuOpaTu
nosiokeHHs X myHKTy C Ha 3alli3Hulll, mo0 rmepeBe3tu Jic 3 A 1o B 3a HaiiMmeHmmii
gac, SKIIO MBUIKICTh PyXy IO aBTOMOOUTFHOMY IIIJISAXY Vi, a 3alTi3HALICIO V, (V2 > Vi)?

5.3. lenrpanpHa caguba rocnojgapctBa A (puc.5.3) posramioBaHa Ha BiJICTaHI
50 kM Bix paiiueHTtpy B 1 Ha Bizcrani 30 KM BiA MaricTpanii, OO IPOXOAHUTh YEPE3
paitenTp. Ilig skumM KyTOM 10 MaricTpanii X ciiJf MPOBECTH MiA'i3HUHN HUIsAX 3 A, mo0
BapTICTh JAOCTaBKM BaHTaxy 3 A B B 1 3 B B A Oyna HallHWK4OIO, SIKIIO BapTICTh
NepeBe3eHb M0 KIIOMETPOBOMY BIIPI3KY MaricTpalii Oy/Jie KOITyBaTH rOCIOJapCTBY B
2 pa3u jAemieBlie, Hix Mo 1 KM mia'i3HOTO HUIIXY.

5.4. llenTpanbHa caanba rocnomapctBa A (puc.5.3) po3TaiioBaHa Ha BIJCTaHi
50 kM Bix paiinieHTpy B 1 Ha Biactani 30 kM BiJ Marictpali, 0 3'€IHYE PAMIICHTp 3
eneBatopom C, po3ramoBanuM Ha Bifctani 100 kM Bix paiiieHTpy. Buznauutu, skum
NMOBUHEH OyTH KYT MPUMHMKAHHS X Mi'T3HOTO NIUISAXY A0 Marictpaii, o0 cyMapHUn
piuaMil mpobir aBToMo61TiB 3 A B B 1 C OyB sskOMOra MeHIIe, K0 BiIOMO, IO PyX
Mix A 1 B Oyne B 2 pa3u inTeHCUBHIMUM, HiX Mix A 1 C.

5.5. Ilpoektyerbes kanan. [lomepeunwmii mepepi3 WOTO MOBUHEH MaTH (Hopmy
piBHOOIYHOI Tpamerii 1wiomero S Ta Bucororo h. BusHaumtu po3mipu KaHay, TpU
SKUX BTPATHU Ha TEPTS BOJH IO JHY Ta CTIHKax OyayTh MiHIMaJIbHUMHU.

5.6. 3 TpbOX OJHAKOBUX JOIIOK IUPUHOIO a (puc.5.4) Tpeba 3poOUTH KO0J00,
NoNepeyHuil nepepi3 sikoro MaB 0u Gopmy Tpanemnii. IkuM noBuHeH OyTH KyT P, 1100
OTPUMATH TEePEPiI3 MAKCUMAIBHOI 10111 ?

5.7. Ilix sxkuM KyTOM X (pHcC.5.5) citij 30MTH TpU JOIIKK OJHAKOBOI MIUPHHHU D,
100 oIepKaTH BOJAOHAMYBAIBHUN K000 HAWOLIBIIIOT MICTKOCTI?

A A
] Osepo | B |
| I
© b
| M o D i
Clt !
B C D

x| ]
a

Puc. 5.1 Puc. 5.2 Puc. 5.3 Puc. 5.4 Puc. 5.5

5.8. o6 3MeHmMUTH TEepTs PIAMHU OO CTIHKM Ta JHO KaHally, Tpeda 3poOuTH
oLy, Ky BOHA 3MOYye€, skomora MeHmow. [loTpiOHO 3HaliTH po3mipu a 1 B
IPSIMOKYTHOTO KaHaJly 3aJaHoi IUIoUIl rnepepidy S, Npu sSKUX 3MOYyBaHa Iuionia 0yne
HalMEHIOKO.

5.9. Ilnoma cTiH 1 AHA KaHajdy 3pOLIYBAJIbHOI CHUCTEMH 3 MPAMOKYTHUM
nepepi3oM CTAaHOBUTH S. SIKUMU MarOTh OyTH pO3MipH Tepepi3y a 1 B, o0 00'eM Bou
B KaHaJIi, JOBXHUHA sKoro L, OyB HalOUIbIIIM?
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5.10. Ilepepi3 TyHemto Mae popMy NPSIMOKYTHHKA 3 MIBKOJIOM, SIKE€ IPUMHUKAE JI0
Hporo (puc.5.6). Ilnoma nepepizy mae qopiBHIOBaTH S. SIKuMU MarOTh OyTH pO3MipU
R i H, o6 nepumerp nepepizy OyB HaiMeHIIUM?

5.11. Sxi po3mipu a 1 B MOBUHHA MaTH NPSIMOKYTHA JUISTHKA 3€MIII IJIOLIEIO S,

5.12. 3aroToBieHO MaTepiai s BIATyBaHHS oropoxi qoexkuHoro |. Hum mae
OyTu OOHECeHO MPSMOKYTHUN MalIaHuYuK, SIKUM MPWISTae 10 CTIHU OyJIUHKY. SIKUMU
MOBUHHI OyTH pO3MIpH IBOrO MalJaHuMka a 1 B, MO0 #Horo tioma Oyna
SKHANOUIBIIIO0?

5.13. Cropinka kHuru Mmae miomy S (puc.5.7). 3a TEXHIYHUMH YMOBaMH
IIMPUHA TIOJIIB 3BEpXY Ta 3HU3Y Ma€ OYTH a, 311iBa 1 cpaBa — B. SIKUMU MMOBUHHI OyTH
PO3MipH CTOPIHKH, 100 IJI0IIA CTOPIHKH, SIKY 3aliMa€ TEKCT, OyJia HaHO1IBIIIO0?

5.14. TIpsMOKYTHUWI JOpOXHIA TMOKaX4YMK po3Mipamu W 1 h (puc.5.8)
BUTOTOBJICHO 3 METAJIYHOrO JIMCTa MOCTIMHOI TOBIIMHM. [Inoimia moms, ska BMIlLye
300pakeHHsI, Ma€ CKIagaTd S. 3 HWKHBOTO OOKY MOKaXYMK Ma€ TOJe a, 3 TPhOX
IHIIUX — B. 3HAWTH 3HAa4eHHS W | N, mpu SKUX IS BUTOTOBJICHHS IMOKaKYHMKa
noTpiOHa MiHIMaJIbHA KUIBKICTh JINCTOBOTO MaTepiaiy.

5.15. 3 npsMOKyTHOTO JKMCTa >KepcTi po3Mmipamu a 1 B (puc.5.9) Ttpeda
BUTOTOBUTH BIJKPUTY 3BEpXy KOpoOKy. [Iis mporo mo KyTax JMCTa BHUPI3AIOTh
OJIHAKOB1 KBaJIpaTH Ta 3aruHaioTh Kpai. KBajmpaTu skoro po3mipy X MOTpiOHO
BUpI3aTH, 100 OTPUMATH KOPOOKY MaKCUMAIBLHOT MICTKOCTI?

5.16. 3 xBagpaTHOTO JHCTA KEPCTi 31 CTOpoHOIO a (puc.5.10) B KyTax BHpI3al0Th
OJTHAKOB1 KBaJpaTH 1, 3aruHAlOYM Kpai Jucrta, poOsarh romiBHUIo. [Ipu skomy

pO3Mipi CTOPOHM KBajipaTa X 00'eM TroiBHUIN Oy/e HaHOLTbIIM?
R

> . e .

‘ b b <|.Jo o' B s = J{— | i

O o ] s s
T ! XY_ L ‘

r ta I : T
Puc. 5.6 Puc. 5.7 Puc. 5.8 Puc. 5.9 Puc. 5.10

5.17. I3 TpboX HPAMOKYTHUX IIMATKIB JKEPCTI BHUIOTOBIISIIOTH 3aKPUTY
nuIiHApUYHy O0aHky mictkicTio V (puc.5.11). Axkumu matote OyTH ii po3mipu D 1 H,
100 TUIoI[a BUKOPUCTAHUX IIMATKIB KepcTi Oylia MiHIMAIbHOIO?

5.18. 3 kpyxeuka ¢QinpTpyBasibHOTO Tamnepy pajaiyca R (puc.5.12) tpeba
BUPI3aTH CEKTOP 3 KYTOM X 1 3rOPHYTHU HOT0 B KOHYCOMOA10HUM P1abTp. CEKTOp SKOTro
KyTOBOTO pO3Mipy X Tpeba Bupi3aTH, 1100 13 HROTO OTpUMATH (GIUIBTP HAHOLIBIIOT
MICTKOCTi?

5.19. CnpoekTyBaTu KOHTEWHEp y (HOpMi KpyroBoro KoHyca 0e3 JHa MiCTKICTIO
V (puc.5.13). SAxumu noBuHHI OyTH oro reometpuuHi xapakrepuctuku D 1 H, mo6
1oro 614Ha MoBepxHs OyJia MiHIMAIBHOKO?

5.20. 3 xpyrioro nepeBa, aiamerp sikoro jopiBHroe d (puc. 5.14), moTpiOHO
BUpi3aTH OaiKy NpPsIMOKYTHOTO Tepepidy Tak, o0 r1oma mepepizy Oyma
HaOLIbII00. SIKUMH MOBUHHI OyTH po3MipH a I b 1iboro nepepizy?



29

D
o)
I 0o
2 (A (=
O | B
a
Puc. 5.11 Puc. 5.12 Puc. 5.13 Puc. 5.14

5.21. KpyroBuii maiijaH4uk, pajiyc skoro R, 30uparoTbcs OCBITIIOBATA OJTHUM
CBITHJILHUKOM, SKAW TiABimIeHW Haja Horo mneHTpoM. Ha skiit Bucoti h tpeda
M1JIBICUTH CBITWJIBHUK, 1100 OCBITIEHICTh MEX1 MalJJaHurKa OyJia MAKCUMAJIbHOIO?

5.22. TI'mapau nepeOyBae Ha BiacTaHl a (puc.5.15) Big MIIOIIMHM €KpaHa
KiHoTeaTpy. Bucora expana h. Ha sikiii BHCOTI Bif piBHS O4Yei risiiaya y mMae OyTH
pO3TalIOBaHUIl HMKHIN Kpal ekpaHa, 00 BUIMMICTh Oyia Hailkpamiow (KyT 30py X
OyB Ou HaNOIbILINIA)?

5.23. € noxwia IUIOIIKMHA, JOBXHHA OCHOBH 5KO1 fopiBHIOE b (puc.5.16). Kyt ii
HaxMIy X Ta JoBXUHY | MokHa 3MmiHrOBaTH. [10 1ili TIONIMHI BUTBHO CKOYY€ETHCS KYJIS.
SIkuM OBHHEH OyTH KyT HaxXWly IUIOIIMHU X, 00 Yac CKOUyBaHHs OyB HaliMEHIINM?

5.24. Ha npuyinauit miyr gie cuna sru S (puc. 5.17), npukiaaeHa mijg KyToM
70 TOPU30HTY. BU3HAUUTH KYyT @, MpHU SIKOMY cuia TIru S Oyjae MiHIManbHOIO, aje
JOCTaTHBOIO JIJISL TOTO, MO0 3PYIIUTH TUTYT 3 MICIIS, JOJIAI0UN CHITY TepTs (KOe(iIlieHT
TEpTA cTai 1o rpyHry f).

5.25. KaMi#b Macoro M JexXuTh Ha JEPEB'sHIN TOpU3OHTANbHIN miano3i. [lig
SIKUM KyTOM J0 TOPU30HTY TpeOa MPUKIACTH JO HbOI'O CHITY, 1100 3CYHYTH HOTO 1 1100
JUIst 1IbOTo OyJia MOTpiOHA HaliMeHIla cuia?

5.26. Ilig axum kytoMm X (puc.5.18) mo Oepera moTpiOHO cHpsAMyBaTH YOBEH,
100 i1 yac mepernpaBy 4epe3 piuky WOro SKOMOTa MEHIIE 3HECHIO TeUi€lo, MBUAKICTh
ko1 V1?7 BiacHa MIBHUOKICTE YOBHA Vs.

- /7
i I SN
: N
\\\ */\
o B SN ¥ 3
Yy rmn___-__~=>=3
a b

Puc. 5.15 Puc. 5.16 Puc. 5.17 Puc. 5.18
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IMPAKTHUYHE 3AHSTTS Ne 6
Po3B’s130k 3a1a4 onTUMIi3amii 3 BUKopucTaHHsAM cuctemu Mathcad

Mera po6oTH: HaOyTH NPAKTHYHUX HABUYOK BHUKOpHCcTaHHS cuctemu Mathcad
JUISL PO3B’SA3KY 3a/1a4 ONTHUMI3aIIii.

Teopernyna yacTuHa

Cucrema Mathcad mae kpiM UPOKUX OOYUCITIOBAIILHUX MOKIUBOCTEHN
HNOTYXXHUHU 3aci0 JUIsl aHAJIITUYHOTO PO3B’SI3KY MATEMATHYHUX 3a]a4 — CHUMBOJBHUUN
nporecop. Omepartii, sKi BITHOCATBCA [0 POOOTH CHMBOJBHOTO IPOLECOPA,
BMIIYIOTbCS B MiZIMEHIO MO3uIii Symbolic To1oBHOro MeH0. BOHU BHKOHYIOTHCS Y
KOMaHJTHOMY PEXHMI.

Haifuacrimie BUKOPHUCTOBYIOThCS Taki CHMBOJIbHI OIepallii:

1) nudepenItitoBaHHs BUpa3y 3a BUIIJICHOIO 3MIHHOIO;

2) iHTEeTpyBaHHS BUPa3y 3a BHIIJICHOIO 3MiHHOIO;

3) po3B’sA30K PIBHAHHS BITHOCHO BHJIUICHOT 3MIHHOI;

4) poskinananus GyHkuii B psg Teitnopa;

5) po3kiiaaHHs palioHaaIbHOro APOo0y Ha eIeMeHTapHI APOOH;

6) po3kiiajaHHs BUpa3y Ha MHOXKHUKU;

7) CIIPOIIICHHS BUPA3Yy;

8) mepetBopenns ®yp’e, Jlamnaca (mpsiMe Ta 3BOPOTHE) Ta THIIII.

Bupasu, Ham skuMu MOBHHHI OyTH BWKOHAaHI TMEPETBOPCHHS, MOBHHHI OyTH
BUJIIIEHI. Mailke BCl IEpeTBOPEHHSI MOXKYTh OyTH BUKOHAHI:

a) 0e3mocepeIHbO B KOMAHIHOMY PEKUMi (BUKOPUCTOBYIOUM mo3wmiii Symbolic
TOJIOBHOTO MEHIO);

0) 3a TOMOMOTO0 CUMBOJILHUX OMEpalliii — Ta omepailii, ki mpeacTaBlieH] B
NaJITPi CHMBOJIBHUX OOYHUCIIECHD (ITO3HaYEHA JOKTOPCHKOIO YOTHPHOXYTOJIKOIO).

Bukonanusi poéotu

1. BuBecTn MaTeMaTH4HY 3aJI€KHICTh, SIKA BHpa)ka€ MeTy 3ajadi (IJIbOBY
dbyHKI1I10), 1 3anucaTy ii B 1okymeHT Mathcad. Bukopucratn ymoBu 3amadi 3a CBOiM
BapiaHTOM 3 IPAKTUYHOTO 3aHATTS Ned.

Hanpuxian:

S(x)=2mr*+2VIr
2. B3stu noxiaHy Bij miel ¢pyHKIT 3a 3MiHHOO X (pHc. 6.1, a)

d
2700
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4. Po3B’s13aTH PIBHSHHS MOXIAHOT BIAHOCHO X, MOMEPEAHHO BUAUIMBIIU HOTO

(puc. 6.1, 0)

Solve, x —

1 oTpuMatu BUpaz y (HopMi BEKTOpa-CTOBOIIS, €IEMEHTAMH SKOTO € KOPEHIB
piBHSIHHS MoxiHOI. OOpaTu cepes HUX Ti, sIK1 MAXOATh 3a (I3UYHUM 3MICTOM 3a/1aui.

D L
an float rectangular
= co
dxn simplify
a 0

Puc. 6.1 Ilinmento «Matematukay (a) Ta «CuMBOJIbHBIEY (0).

Po3B'si30k 3axavi onTAMI3anmil 3a JOMOMOIoOH CHMBOJIBHHX ONepamin
DyHKIA, EKCTPEMYM AKOi MOTPIOHO BH3HAYUTH

a Vv

§r) =2mr" + 2=

T

BusHaueHHA MOXinHOI QyHKII

vV
d—S(r) — 471 — 2—
dr 2

T

Po3B'430K pIBHAHHA MOXIAHOI BITHOCHO ¥

(v 3
At ; izt -
— 4y — 2— solve — { 2. ) ﬁ i %
2 + A3
z 2 2

KoMmrutekcHi KOpeHi HacC He BIIAIITOBYIOTh, TOMY €IUHHUN DiHCHMIT
PO3B'A30K PIBHAHHA

Lo)l-—-

G

\Y
\2'7\'

.
I



32

INPAKTUYHE 3AHATTS Ne/
CratucTnyHa 00po0Ka pe3yJbTATiB eKCIEPUMEHTAJIbHUX J0CTi/IKEeHb

Pesynbrat excriepuMeHTaNbHUX JOCHIHDKEHh HEOOXIHO MpoaHali3yBaTH.
[lepmoyeproBo, eKCriepuMEHTANbHI 1aHi GOPMYIOTh Y BUTITISAL (haiiily 3 pO3IIMPEHHSIM
«prn» abo «dat» 3a TOMOMOTOI0 TEKCTOBUX penakTopiB «bimokHoT», «Notepad» ta iH.
Hamnpuknan, 3anumiemMo pe3ysbTaTd BUMIPIOBaHHS pO3MIpIB HACIHUH Y (aiin “as.prn”,
akui ckiagaetscs 3 N enementis. [Iporpama cripuiimae i JaH1 K BEKTOP-CTOBOEIb
V, sikio BBectH ix oneparopom READPRN.

Jis pobotu 3 Bekropamu Ta MacuBamu y cuctemi MathCAD 3pyuno
BUKOPUCTOBYBaTH (DYHKIIIT, 30cepe/KEeHI B Kateropii «Bexmopwt u mampuywsry (Vectors
and Matrix) 3 mento /Jobasumev-@Pynkyus. 30KpeMa:

- ¢yskmii max() Ta Min() 3HaXOAATh MaKCHMMAaJIbHUN 1 MIHIMAJIbHHN €JIEMEHTH
MacCHUBY;

- rows() Ta cols() moBepTarOTh YKCIIO PSJIKIB 1 CTOBIIIIIB;

- last() noBepTae HOMEP OCTAHHBOT'O EJIEMEHTa BEKTOPA;

- length() — gucio enemeHTiB y BeKTOpI;

3micT 3BiTY

1. 3anmyctutu porpamy «MM SGM statobr sem k.xmcdy. 3amiautu y nporpami
iM’s1 (aiiry “as.prn” Ha iM’s BiIIOBiTHE CBOEMY BapiaHTy (Tadu. 7.1).

2. BukoHaTu po3paxyHKH. YBa)XHO TPOYHMTATH KOMEHTapi A0 MpOrpamu.
3ragatu, IO Take CcepeaHE apu(pMETHYHE 3HAYCHHS, CEpeAHE KBaJIpaTUdHE
BIJIXWJICHHSI, TICTOrpamMa, HOpMaJIbHUN 3aKOH PO3MOJLTY, MOJITOH YacTOT, KpUTEpii y-
KBaJIpar.

3. [IpoananizyBaTu OTpUMaHUN PE3yIbTaT.

Jliteparypa
1. BacuibkoBcekuii O.M., Jlemenko C.M., BacunbskoBcbka K.B., Iletpenko
H.1. TlinpyyHuk JoCHigHWUKA : HaB4Y. TOCIOHWK JJIi CTYJEHTIB arpOTEeXHIYHHMX

CIICIIATBHOCTEH. KipoBorpan : 2016. 204 C. URL:
http://dspace.kntu.kr.ua/jspui/bitstream/123456789/2898/3/Pidruchnik%?20doslidnika
2016.pdf

2. BacunmweBa JI.B., T'omuapoB O.A., KonomanoB B.A., ConosiioBa H.A.
UucenpHi MeTOAM PO3B’sA3aHHA 1HXeHepHUX 3aaa4d B naketi MathCAD. Kypc nekii
Ta 1HAMBIAyaJdbHI 3aBIaHHS . HaBY. MOCIOHWUK 3 auciuiuiinu «IHdpopmaruka» s
CTYJZICHTIB BUIIIMX HaBYaIbHUX 3akiaaiB. Kpamatopesk : JIJIMA, 2006. 108 c.
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CTraTUCTU4Ha OGpoGKa pesyneTatie BUMIPHOBaHHA PO3MIpIB HACIHUH

Beomimo maHi 1718 po3paxyHKY 3 MONepenHs0 ¢ hopMOBaHOro Gaiina a.prn v
Bextop V

Y= READPRN("a.pm" )
BusHayaeM0 MH MaTbHII Ta MAKCHMATEHUIM eJIeMeHTH BexTopa V

T min(V) Xmax = mad V) -
Xmin= 96 Emax= 13.3

Bu3HauaeMo cepeHe apHMeTMYHE 3HAYEHHA eJIEMEHTIB BexTopa V
Xpep = mean(V)  xp = 12.078

BuzHa4aeMo Ccepe OHE KBA Ipar MuHe BiX WISHHA elIeMeHTiB BexTopa V

oy = stdev{V)
o, = 0979

Bu3HayaeMo Mexi HTepBaIiE Iy NodvI OBH riCTOrpaMu

Ro=%p —Xpn R=39 N = length(V) N =500
m = if(floor (yN) < 20.floor(,{N),2(m = 20
Ax = ——
e A 0.656
. X . Ax = 0.6
j=1.m+1 j:=xmin_7+ - 1)Ax
k=1.m
_ Ax
Ty

YacToTH, 3 AKMMM 3HA4YEHHT JaHUX BexTopa V NOTPaIvIAioTs V 3afaHi iHTep Bam

ny, = hist(x,\f}

n
h:=——13
N

length(V) = 500 length(h) = 11 uct(V) = 0.38 I

k
hk = l = . =
kz H z h_, H =1

skewd V) = 0.363 Ko ed. acuMeTpii

Mopemoeanns "{IeaTsHOro" HOPMaIBHOT O POMOALTY 3 2aTAHIMH MapaMeTpaMu
(BMKOpH CTAHO MapaMeTpPi . OTp MMaHi IpH 00po 0L e KCTIep MMEHT AB HIX JaHHX )
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= 4, Lo <
s Z B ps= > P
=1
ny, =33/ P, = 0.3

BH3HAYaeMO eXCIepHUMEHTANbHE 3HAYESHHT KPUTe pilo y- KBaJpar

5
7 T\

m :nh‘:‘“P;,
. 1 /

25 X2 =3326

BusHayaemo Ta0IHYHe 3HAUCHHA KPUTEPLIO ¥ -KBAOpat
qchisq(1 — a ,t) = 14.06/

OCKITh X €K CIepHMEeHTATEHE 3HAYCHHET KPUTEPIIO ¥ -KBampaT Nepe BUIIVE
TAOMIYHE, TO SKCIEPHMEHTANEH JaHi PO2NOAFISH 2 3 HOPMAJIEHIIM 23 KOHOM.
Byayemo Ha ogHOMY rpadiy rictorpamMy Ha OCHOBI eKCIIepUMEeHT ANBHIX JaHHX
Ta TC-OpeTH‘!HHﬁ MOJIT OH YacToT

03 7 —

0.1
A
GO 5 10 15 20
xmk,x
Tabanmg 7.1
InauBigyajabHi BapianTH YMOB 3a1a4i
2= B > E > | E - E -
Sl 5 -\a >§ Sl g o\u )E (] § aa )E Sl § c\u JE (] 5 .\u >§
"2 23%E | 25|%%| 25 7% |25|7F 2%
-] -] -] -] -]
1 |lapm| 4 |bpmn| 7 c.prn 10 |g.prn| 13 s.prn
alpmm| 5 |blprn| 8 cl.prn 11 |gl.prn| 14 |sl.prn
3 |[@2pm| 6 [b2prm| 9 |c2.prn 12 |g2.prn| 15 |s2.prn




Ne 3amaua
Bapi-
aﬂl;y 1 3 5
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5
6 6 6 6
7 7 7 7
8 8 8 8
9 9 9 9
10 10 {10 |10
11 11 {11 |11
12 12 {12 |12
13 13 |13 |13
14 14 (14 |14
15 15 [ 15 |15
16 16 [ 16 |16
17 17 (17 |17
18 18 |18 |18
19 19 {19 |19
20 (20 |20 |20
21 21 (21 |21
22 |22 |22 |22
23 (23 |23 |23
24 |24 |24 |24
25 |25 |25 |25
26 [26 |26 |26
27 |27 |27 |1
28 |28 |28 |2
29 1 3
30 |2 3 4

35

JlomaTok A
Taoauna Al
BapianTu 3axa4 1J151 caMoCTIiiiHOT podoTH

Ne 3amaua Ne 3amaua

Bapl- Bapl-

aﬂl;y 1 [3 |5 aﬂiy 1 [3 |5
31 3 4 5 61 5 7 9
32 4 5 6 62 6 8 10
33 5 6 7 63 7 9 11
34 6 7 8 64 8 10 | 12
35 7 8 9 65 9 11 |13
36 8 9 10 66 10 |12 |14
37 9 10 | 11 67 11 |13 |15
38 10 |11 |12 68 12 |14 |16
39 11 |12 |13 69 13 |15 |17
40 12 |13 |14 70 14 |16 |18
41 13 |14 |15 71 15 |17 |19
42 14 |15 |16 72 16 |18 |20
43 15 |16 |17 73 17 |19 |21
44 16 |17 |18 74 18 |20 |22
45 17 |18 |19 75 19 |21 |23
46 18 |19 |20 76 20 (22 | 24
47 19 |20 |21 77 21 (23 |25
48 20 (21 |22 78 22 |24 |26
49 21 (22 |23 79 23 |25 |1
50 22 (23 |24 80 24 |26 |2
51 23 (24 |25 81 25 (27 |3
52 24 |25 |26 82 26 |28 |4
53 25 (26 |1 83 27 |1 5
54 26 (27 |2 84 28 |2 6
55 27 (28 |3 85 4 3 7
56 28 |1 4 86 5 4 8
57 1 3 5 87 6 5 9
58 2 4 6 88 7 6 10
59 3 5 7 89 8 7 11
60 4 6 8 90 9 8 12
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