JlabopaTopHbIil TPaKTUKYyM Ha, apaJIebHOM KJacTepe
JIaboparopHast pabora Nel
PACIIAPAJIJIEJINBAHUE KBAJIPATYPHOU ®OPMYJIHI.
OIIPEAEJIEHUE YNCJIA 7T

Cocmas npakmukyma
1. O630p c1ocoGOB BBEIYUCIEHNUST IUCAA 7. AJTOPUTMBI JIJIsT KBAIPATYPHBIX (hOPMYJI
2. Crioco0BI pacnapaJsiie IMBaHus KBAIPATypPHBIX (hopMy.T
3. Ilesb paboThr
4. Onucanue peaan3anin
5. Onucanue yabopaTopHoit paboThl
II. PacnapasieuBanue KBaIpaTypHoOi (hOpMY/Ibl CPeIHUX ITPSIMOYTOJIbHIKOB
I11. PacnapaJteruBanue KBaapaTypHoit (bopMyabl Tparmemuit
IV. PacnapaennBanue kBaaparypHoit ¢popmyabl CuMIICOHA
V. N3smenenne koudurypamun (MaciTabipoBaHie) napaaiebHOR CHCTeMb
VI. [loctpoenue rpahuKoB HOJYyIEHHBIX 3aBUCUMOCTEI:
1) 3aBHCHMOCTH YCKOpEHHs OT MapaMerpa KBaJaparTypHoil hopMyIib,
2) 3aBHCHMOCTH YCKOPEHUsSI OT YHCJIA TPOIECCOB,
3) 3aBHCHMOCTH TOYHOCTH BBIYHUCJICHUIT 1 BPDEMEHH CYeTa OT IapaMerpa.

1. O630p c10oCcOOOB BLIYUCJIEHUI YNCJIa 7. AJITOPUTMBI JIJId KBa/JI-
paTypHBIX (opmya

Yucao 7 npejcrapisier coboit oTHOIIEHUE JIIUHBI OKPYKHOCTU K JIMAMETPY, OJIHAKO,
BBIYHCJCHUE €T0 € HUCIOJb30BAHUEM 3TOTO OUpeJleeHnd ¢ HaJJIerKalleil TOYHOCTBIO 3a-
TPYIAHUTEJBHO.

DTO YUCIO0 BCTpeYaeTcss BO MHOIUX €CTECTBEHHBIX HayKax, MO0 OHO OTparkaeT CyIIle-
CTBEHHBIE 3AKOHOMEPHOCTH IIPUPOBI. B HEKOTOPHIX (bopMyJIax HeeBKIUI0BOI reOMeTpun
TaKKe y4dacTByeT YHCJIO T, HO y2Ke He KaK OTHOIIEHHE JJIMHbl OKPYXKHOCTU K JUAMETPY
(TaM 5TO OHOIIEHHE He ABJSETCS MOCTOSHHBIM).

Yucmo m uppainoHaabHO U BhIpaXkaeTcss 6eCKOHEeYHOW HemepuoanyiecKoil 1ecaTuIHOM
JpoObIO

m = 3.141592653589793 . .. (0)

K sTomy umcay, B 4aCTHOCTH, MPUBOJUT OTHICKAHHUE TPEIETI0B HEKOTOPHIX apudMeTnie-
CKHX I0CJIeI0BATEIbHOCTEl, COCTaB/ISIeMbIX 10 MPOCTHIM 3akoHaM. Psj JleiiOuuma cxo-
quTest (BechbMa MeJIEHHO) K quciay m/4:

1 1

T 1 1 n 1 n
4 3 5 79
Bo3MOXKHOCTD 4MCTO aHAJUTUYECKOI'O OIIPEIeJCHUS ITOIO YUC/1a UMEET IPUHIUIIAA b=
HOE 3HAYCHHE.
CymectByer MHOTO €oco00B BhIaucaeHust ducaa 7. Oaua u3 3(pdHeKTUBHBIX CIIOCO-

00B €ro BLIYHCICHHA — HCIOJb30BAHIE OIlpeJeJIEHHOTI0 HHTeIr'paJa JJd IIpedcTaB/JICeHU A



apKTaHTeHCa C apryMeHTOM, PaBHbIM enuHuIe (Kak m3pectHo, arctg 1 = m/4). Urak,
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®opwmyaa (1) mo3Bossier MpHOJINKEHHOE BBIUUCIEHHe Yucaa /4 3aMeHuTh Tpubn-
1 4z .
KEHHBIM BBIYHCIICHHEM HHTerpasa [, 7o TlockombKy jist moboft nenpeprisHo audde-

pernupyemoii dbyukmun f(x) uaTerpas ff f(z)dz MoxkuO BBIUHCINTH TPUOIHKEHHO O
KBaApaTypHOI (hopMysIe CpeaHUX MPAMOYTOJIHLHUKOB
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Kpowme npusemennoit (popMyIbl CpeIHEX NPAMOYTOJHLHUKOB MOXKHO OBLIO OBl HCIIOb-
30BaTh JApyrue KBaaparypHbie opmyist: popmyny Tpamenuii, hopmysay Cumiicona u 1.1.
Bce xBagparypubie GOpMYIbl IPEACTABASIOT COOOM JIMHEHHYI0 KOMOWHAIMIO 3HAYEHM
dbyHKIMK (4 WHOPIA — W HEKOTOPHIX €€ MPOU3BOJHBIX ), BRIYUCIEHHBIX B TOYKAX, HA3bI-
BaeMBbIX YV3JIaMH KBaJIpaTypHoii dopmyibl. KoaddunmentaMmu Takux JUHERHBIX KOMOH-
HAIUi SBJISIOTCS HEKOTOPBIE AIIPUOPH 3aJaHHble (DUKCHPOBAHHBIE YUCIA, HA3BIBAEMbBIE
ko3 duimenTaMu KBaJparypHoit GopmyJibl.

Hamomuum kBagparypsbie dbopmyabl Tpameruii 1 Cummcona (B CIeIYIONHX HUKE
dbopmynax h Beraucasiercst o dopmyiie (3)).

QopMmyaa Tpamenuii:

/abf(x)dx ~ h[w + ni fla+ ih)]. (5)

®opmysa Cumiicona:

n—1

b a n
/f(x)dgswg[erQZf(aJr(i—1/2)h)+Zf(a+ih)} (6)



3/1ech OTPAHUMYNMCS PACIaPa/LIeTHBANEM BBITUCTEHUI [1/1sT (DOPMYJIbI CPEIHUX MPsi-
MOYTOJIbHUKOB, XOTS BBHJIY TOJHKO YTO CKA3aHHOIO aHAJIOTUYHBIM 00pa30M pacrapaJiie-
JUBAIOTCA W JIpYTHe KBaIpaTypHble POPMYJIHI.

2. Crioco6b1 pacnapaJjiemBaHuda KBaAPATYPHBIX (popMyJI

B npe/osiozkeHnaxX KOHIEITNH HeOTPAHIHYEHHOTO Tapasien3Ma (T.e. B yCJIOBUSX, KO-
18 KOJMYIECTBO BHIYHCANTENBHBIX MOIYJICH NapaiaeJbHON CHCTEMBI M PA3MEPHI €€ TaMATH
CTOJIb BEJMKH, YTO He sIBJISIIOTCS OTPDAHMYEHHeM B Halllell 3a/aue) eCTeCTBEHHO OBLIO Obl
Ha NEPBBIX YETHIPEX TAKTaX IapaJlie/bHON CHCTeMBbl BHIYMCIUTH BCE UHCIA m,
i=1,2,...,n, a 3aTeM, UCHOJIb3Ysd CXeMy CIBaMBaHUs, BLIYUCIATL UX CYyMMY. B pe3yib-
Tate morpeboBasock Ob [logyn| + 4 TakTOB MapasesbHON cucTeMbl (YUTEH ele TakT,
TpebyroImuiica 11 BeIYUCIeHns Beauanabl h o dopmyre (3)).

OnHako, Jyisl JIOCTATOYHO TOYHOIO BhIYHMC/IeHUs uHTerpata (1) Tpefyercs UCmosb3o-
BaTh BecbMa Gosibinue 3Hadenus n B dbopmyaax (2) — (3), # MOITOMY PACCIUTHIBATEH HA
TO, YTO KOJUYECTBO BHIUUCIATENLHBIX Moayaeil BC okazkeTcs He MeHee 4nca 7, He MpH-
xoautcsa. Kpome Toro, nupuMeHnsisi aBrOMaTU3MPOBAHHbBIE CPEJACTBA PaclapaleMBaHus,
KaKOBBIM sIBJIsieTCs OMOImoTeKa, orpedaromnias craggapry MPI, mbl ctpemumcs mnepeaath
paboTy IO paCIIPEIEJIeHUIO IIPOIECCOB 110 BBIYUCIUTENbHBIM MOJLY/ISAM CAMOH BBIYHC/IH-
TEeJBHON cUcTeMe; 3TO He TOJBKO 0CBODOXKIaeT HAC OT PYTUHHON paboThl, HO OJarogaps
crangapry MPI mosBosiger obecnednTh IepeHOCHMOCTh MPOrpPaMMbl Ha JAPYIYIO HapaJi-
senpayio BC.

3. Ileab paboTHI

Hess nanuoit paboThl COCTOUT B CJIELYIOIIEM:

1) marp npejacTaBjienne o cpejgcTBax pacrnapasuienuBanus MPI,

2) HAy4YHUTDb dJEMEHTAPHBIM criocobam ucnosb3oBanus cpejcrs MPI npu nporpammu-
poBaHUH,

4) OlEHNUTH YCKOPeHHe paboThl MapaJieJbHOl BepCHH aJrOpHTMa B CDABHEHHH C T10-
CJIeIOBATEIbHON MPH UCIOJIb30BAHUHA MHOT'OSIEPHBIX apXUTEKTYP,

5) Ha OCHOBe J1aBOPATOPHON PabOTHI CJEJATH BBIBOJABI O 3aBUCHMOCTH YCKOPEHUS OT
HAYAJIbHBIX MapaMeTpPOB.

ITocranoBka 3aa4u: Tpebyercst BBIYACIUTD TPUOJINZKEHIS K YUCIY 77, UCIIOJb3Yd Pas3-
JIMYHBIe METO/bI BhiuncaeHus uHTerpaaa (1) (kBagparypbie GOPMYIbI CPEAHUX TPSIMO-
YIOJIbHUOB, Tpamnernuii, CHMICOHA U PA3/IMIHbIe 3HAYEHUs HapaMeTpa n), JaTh COOTBET-
CTBYIOIIUE BaAPUAHTHI IPOIPAMMBI, YHCJICHHO UCCAEIOBATL €€ YCTONYUBOCTDH B 3aBUCUMO-
CTH OT YIOMSIHYTOIO IapaMerpa n, HCKYCCTBEHHO BBOJ IMOT'PEITHOCTD € B IPOMEKYTOU-
HbI€ BBIYUC/ICHUS, TEOPETUIECKN ODOCHOBATH TOJIYUYEHHBIE PE3YJIbTATHI.

4. Onucanue peajn3anun

Ha napamienpubix cucremax craniaapt MPI obbraHo peannsoBaH JJIsl aJrOPUTMUYIE-
ckux s361K0B C, C++ u Fortran. Cienyrorias nporpamMma Ha si3biKe C 1aeT HILTIOCTPAIHIO
TAKOI'O UCIOJIB30BaHUs JIJIsl BBIYUCACHHs ducaa 7 10 dhopmyse (4).
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#include <stdio.h>
#include <mpi.h>

double f(double x)
{
return 1/(1+x*x);

}

int main(int argc, char *argv[])
{
double pi, sum = 0, term, h;
int myrank, nprocs, n, 1ij;
MPI_Init(&argc, &argv);
MPI_Comm_rank (MPI_COMM_WORLD, &myrank);

MPI_Comm_size (MPI_COMM_WORLD, &nprocs);
if (myrank == 0)
{
printf ("Number of iterations=");
scanf ("%d", &n);
}
MPI_Bcast(&n,1,MPI_INT,0,MPI_COMM_WORLD) ;
h =1.0/n;

for(i = myrank+1l; i <= n; i += nprocs)
sum += f(h*(i-0.5));
term = 4*h*sum;
MPI_Reduce(&term, &pi, 1, MPI_DOUBLE, MPI_SUM,0,MPI_COMM_WORLD) ;
if (myrank == 0)
printf ("Computed value of pi=¥lg\n",pi);
MPI_Finalize();
return O;

}

Bamernm mpekje Bcero, uro cornacho koutenmuu SIMD (Single Instruction Multiple
Data) npu ucnons3oBanuu crasgapra MPI nporpamma Komupyercs: BO Bce paccMaTpHBa-
eMble MapaJiieIbHbIe MPOIECChl; IPU 3TOM, KOHEYHO, KaXK/IbIil MPOIECC — B 3aBUCUMOCTH
OT CBOEr0 HOMEpa — BBIMOJIHAET CHenu(pUuIecKyo /ijid Hero padory.

[TepBasi cTpoka MmporpaMMbl MOJK/IIOYAET CTAHJAAPTHYIO OMOJIMOTEKY BBO/Ia-BHIBOJA
s3bika C; BO BTOpO#l cTpOKe HojK/IovaeTcs dubanoreka mpi.h, peanusyiomas cTaHgapT
MPI gig C, cTpoK: ¢ 4eTBepTOl MO CeIbMYIO COAEepzKaT OIpee/eHne HHTEIPUPYeMoii
dyukimu, a ¢ 9 o 31 — oupejesnenne HyHKIUKU main, KOTOpas U BBIIOJIHAET BCIO HEOD-
xoauMyio pabory. [lanbueitmuit pa3dop nporpamMMbl KacaeTcs (DyHKIHKA main.

B 11-it cTpoke ONMUCHIBAIOTCS BEIECTBEHHBbIE MepeMeHHbie, B 12-it — mesbie. CTpokm
13, 14, 15 mcnmoaw3ytores aag Bbe3oBa nporeayp MPI. PaceMoTpum BhI3bIBaeMble 37€Ch
HIpOIEeIyPhl IoIpobHee.

[Tponemypa MPI _Init(&arge, &argv) naunuanusupyer 6udanoreky MPI (ee npume-
HeHre 00s13aTesIbHO Mepesi TeM, KaK HadaTh HCIIOJb30BaHHe YHOMSAHYTOH OubImorexn);



nepejilaBaeMbie eifi mapaMeTpbl CAYZKaT Jjid BBIOOPKHM M3 apryMEHTOB KOMAaHIHON CTPOKH
TexX, KOTopbie oTHOCATCST K Oubanoreke MPI.

ITponemypa MPI_Comm_rank(MPI _COMM WORLD, &myrank) onpeessier Ho-
Mep mporecca (OH NPUCBAMBAETCs MepeMeHHON myrank) B rpyimme ¢ KOMMYHUKATOPOM
MPI _COMM _ WORLD. 10T KOMMYyHUKATOP OIPEIE/IsieT IPYIIy BCEX IIPOIECCOB, 3a-
HNYTIEHHBIX [/ pellenns Januoi 3aaa4u. [Iporeccol B 11000 rpyne HyMepyiTCs Me/Ibl-
mu gucaamu ot 0 o (duceao nporeccon)—1.

ITponemypa MPI  Comm_size(MPI _COMM WORLD, &nprocs) mo3Bossier omnpe/ie-
JMTh YUCJIO0 MPOTECccoB B Tpymme ¢ Kommyrukaropom MPI COMM _ WORLD (370 gncio
IIPUCBANBAETCS BBIXOJHOMY mHapamerpy nprocs). OHO onpesessiercss Upu 3ailycke 1po-
I'paMMBbl Ha BbBIIIOJIHECHHE IIPDKW IMIOMOIIKW OIIIMK —NP W HE AO0JI2KHO IIPEBLINIATh UMEIOIIETrocd
B CHCTeMe JHCJIa TTPOIeccopoB (B cayvae Kiaacrepa 2444 — 9 KOMIIBIOTEPOB O 2 TPOIEC-
copa, T. e. Bcero He Gostee 18 mporieccos).

B crpokax 16—20 mHAIMUPYETCsT BBOJ YUCIA N CJIaraeMbIX B cyMMe (4) U3 mporecca ¢
HoMepoM 0 (Hamomunm, uro B MPI IpuBHIErHpOBAHHOTO TPOIECCA HE CYIIECTBYET: POJIb
KOPHEBOT'O IIPOIECCa MOYKET BBHIMOJHATE JII00OM MPOIECC 10 YKeJTAHUIO TOJb30BATE ).

B crpoke 21 paboraer nporeaypa

MPI_Bcast(&n,1,MPI_INT,0,MPI_COMM_WORLD),

KOTOpAasl IPOU3BOJIUT PACCHLIKY uHbOpManuu (B JAHHOM CJIydae, 9UCIa 1) U3 KOPHEBOTO
nporecca (T.e. mporecca ¢ HoMepoMm () IO BCeM MPOIECcaM IPYIIBL ¢ KOMMYHUKATOPOM
MPI _COMM _ WORLD; 31ech

HepBHIil MapaMeTp — yKa3aTesb Ha pPacChliaeMble 3HaUYeHHsT (B JTAHHOM CJIydae
PACCHLIAETCsT TUCIIO0 1)),

BTOPOii mapamMeTp — KOJUYECTBO PACCHLIAEMbIX 3HAYeHWH (B JAHHOM CJIydae WX
KOJTMYECTBO PABHO 1, nBO PACCHLIAETCS OJHO YHUCJIO 1),

TPeTHii HapaMeTp 03HAYAeT TUIl PACCHIIAEMOrO 3HAYCHHs (3/6Ch JOIKEH HCII0JIb-
30BaTbCsd THI, omnpejeneHubiii B crangapre MPIL: B mamem ciaydae sro MPI INT; tun
JIOJIZKEH OBIThH yKa3aH, MOCKOJIbKY, BO-IIEPBBIX, OH ONPEJIeSIseT pa3Mep COOTBETCTRYIOIETO
9JeMeHTa JIAHHBIX, H, BO-BTOPHIX, O3BOJIIET MPABUJIBHO MEPEChLIATH JaHHBIE YKA3aHHOTO
THITA MeXKIy KOMIBIOTePAMU, UCTOJIB3YIONMAME Pa3Hble TTPeICTaBICHU JIJIs dIeMeHTap-
HbBIX THUIOB JAHHBIX ),

4eTBEPTHIH IapaMerp — HOMED DaCCHLIANIIEro Iporecca (B HAIeM CIydae ero
HoMep pase 0),

[ATHIH HapaMeTp — MMsi KOMMYHHKATOPA IPYIIbL (MOCKOJIBKY B paccMaTphBae-
MOM CJIy4ae HCHOJIb3YeTcs JIUIIb UCXOAHAs IPYNNa MapauleJbHBIX TPOIECCOB, TO 37eCh
JTIOJIPKHO CTOSITH MMSI UCXOIHOTO KOMMyHHKaTopa, a umenno MPI  COMM  WORLD,

B 22-ii crpoke HaxomuTcs unciio h mo dhopmyie (3). Bamernm, 9T0 OCKOJBKY MPOTPaM-
Ma KOTIUPYETCsI BO BCE TapaJlIeTbHbIE TTPOIECCH, TO KazK/ias mepeMeHHast MpPUCY TCTBYET BO
MHOTHX 3K3eMILTAPaX MOJI OJHUM UMeHeM: KarKJbIil MpOoIece UMeeT 3Ty MepeMeHHYI0 KaK
CBOIO COOCTBEHHOCTH. TakuMm 0O6pa3oM, 3HAUYeHUE h BHIYHCJISIETCS HE3aBUCHMO B KaXKJIOM
poriecce.

Hanbie (cMm. crpoku 23, 24) KazK/plil IPOIECC BHIYUCIASET YacTh KBaAPATyPHOR CyM-
MBI, BEIOMpas U3 CyMMbl, (bUTYPUPYIOIIEll B KBaApaTypHOil hopmyIie, ciaaraemMmbie, HOMEpa
KOTOPBIX CPABHUMBI 10 MOJLYJIIO NPIOCS € ero HOMEpOM (HAIIOMHEM, YTO NProcs — obIinee



GHCJIO TIPOIECCOB). Byaromapst TakoMy pacrpe/eJeHn0, KOJINIecTBa CIaraeMbiX, MOpy-
qaeMbIX TOMY WM WHOMY TPOIIECCY XOPOIIO cOaTaHCHPOBAHbI (OHU OTINYAIOTCS IPYT OT
Japyra He 6ojiee, 4eM Ha OJHO cjaraemoe). TakuM 06pa3soM KazKJIblil TPOIECe 3amoTHsIeT
CBOIO KOIHUIO EPEMEHHOM sum olpeieIeHHONR YacThI0 BCei CyMMBI, KOTOPYIO HEOOXOIIMO
ObLJIO BHIYUCJIUTD.

B 25-it cTpoke mojiyuenHas mpoIeccoM cyMma ymHoxkaercd Ha 4h; takoe ymHOXKeHue
MO3BOJISIET CBOEBPEMEHHO ""HOpMaTM30BaTh' PE3Yy/ILTAT BRIYUCIEHNN B JIAHHOM MPOIECCE C
TeM, 9TOOBI MMO-BO3MOXKHOCTU OH HaXOJWJICS B Cepe/lHe JTUAla30Ha MPeJICTABUMOCTH M-
cesl ¢ mIaBamomeil ToUKoil (Iocse CI0KeHHsT BeeX MOJTYIeHHBIX CYMM HapYIIeHHe 3TOr0
[PABU/IA BO3MOYKHO IIPUBEJIO Obl K YXY/IIEHUIO TOYHOCTU BBIYUC/ICHUN 33 CUET CJBUIA K
KPAI0 YIOMSIHYTOTO JHMala30Ha). B KaxKI0M mporecce pe3yJbTar MoJIyvdaeTcs: B IPUHAJI-
JezKaleil eMy nepeMeHHON term.

Crpoka 26 mpejHasHadeHa [ CJIOXKeHHs ([OJIYUIeHHBIX MPOIEcCaMH 3HAYEHUil Ie-
PEMEHHBIX ¢ UMEHeM term) Jacrell WHTepecyIoueil HAC CYMMBI ¢ HOMOIIBIO TPOIETY PhI
MPT_Reduce(&term, &pi, 1, MPT_DOUBLE, MPI_SUM, 0, MPI_COMM _ WORLD),
e

HepBhIil mapameTp mpejcTaiser coboii aapec obpabaThBaeMbIX TepeMeHHbIX (B
HaIleM CJIydae ajpec term),

BTOPOU TapaMeTp dBJAdeTCd aApecOM NEepeMEeHHOW, KOTOPOU NMPUCBAUBAETCAd pe-
3yJabTaT 06paboTKU (B JAHHOM CJIydae, aJipecoM TIePeMeHHOH pi)

onepanust 06pabOTKN HPeJCTaBIsier cODOM CII0KeHNe, a Pl UMEHeM HepeMeHHOil ),

TPeTHii TapamMeTp — YHCJI0 MepelaBaeMbIX JAHHBIX U3 KazKI0ro nporecca (B pac-
CMATPHBAEMOM CJIydae TepeaeTcs Mo OJHOMY JAHHOMY — MO cJlaraeMoMy term),

YeTBePTHIH HapaMeTp Ompe/eseT TUIl JAHHBIX, MojBeprarommxcs obpaborke (B
nauaoM ciydae MPT DOUBLE),

LSATHIH apamMerTp OlpeJe/ser olepanuio o0paboTKi JaHHBIX (B HAIIEM CJydae
9TO — olleparysi clokKenus, uaeaTudunupyemas koncranroii MPT  SUM),

MIeCTOl TapamMeTp YKa3bIBaeT HOMED MPOIECca, B KOTOPOM COXPAHSIETCS PE3YIBTAT
06paboTKu (B JJAaHHOM CJIydae yKa3aH mporecc ¢ Homepoum 0),

ceJIbMOi mapaMeTp yKa3blBaeT uMsi KoMMyHuKaTopa (y Hac 3ro — MPI_ COMM _ WORLD),

Crpoku 27-28 cojepzKaT BBIBOJ, MOJYy4YeHHOro 3HadeHus 7. CTpoka 29 cojepzKuT Bbl-
30 dbyukmun MPI_Finalize(), yem Bcerga 3apepiraercss pabora ¢ 6ubauorekoir MPI, u
crpoku 30, 31 cojepzkar craHJapTHOE 3aBepiienne PYHKIUU main.

5. Onmcanue jaboparopHoii paboThI

B n1aboparophoii pabore TpebyeTcsi BHITIOJHUTD CJIeIYIONNE Pa3/Ie/ibl:

I. Bamyck nmporpaMMsr.

II. PacnapannenuBanue KBaJpaTypHOi (POPMYJIbI CPETHUX ITPAMOYTOJbHUKOB.
I1I. PacnapaJjuiesiuBanue KBaapaTypHO (DOPMYJIBI TpaIenii.

IV. Pacnapannenupanue KBaapaTypHoit hopmyabl CUMIICOHA.

V. Usmenenne koudurypanun (MacirabipoBaHie) TapaieTbHOR CHCTEMBI.
VI. Tlocrpoenne rpadukoB moydeHHBIX 3aBUCUMOCTE]].

I. Bamyck nmporpammb




1. B 1r060M pegaxTope (cM. BBeeHHe) HAOPATH IPOrPaMMY, HPEJACTABICHHYIO B ITyHK-
Te 4, ¥ cOXpaHuTh ee B (haite ¢ umernem comp _ pi.c,

2. CKOMIHJIMPOBATH ¥ 3alYCTUTh TOJYYEHHYIO TTIPOrpaMMy (CM. BBEIEHHUE).

3. BBecTn mapaMeTp n u mpounTaTh PE3yabTAT.

[I. PacnapannenuBanue KBaJIpaTypHOl (pOPMYJIbI CPEJTHUX IIPAMOYTOJILHUKOB

3/1ech TpeIIaraeTcsd MCCAeJI0BATh TOYHOCTD BBIYHUCJICHHNR W BpeMs CUeTa B 3aBUCH-
MOCTH OT mapamerpa n. J[7asg m3MepeHust BpeMeHH HCIIOIb3YeTCsi CIoco0, OMUCAHHBIN BO
BBEICHUH.

IHpedynpesrcdernue! Tlpu ucciemoBanmu MOTYT TOJTYIUTHCS BECHMa HEOKHIAHHBIE De-
3yJbTaThI. HOCJIG BBIIIOJIHEHU A 3aaHNA nonbITaTECHh UX O6’bHCHI/ITb.

Ilopsanok peiicTBuit

1. ameruTe mporpaMMy Tak, 9TOOBI MeYATATIOCH YKIOHEHHE PEe3YIbTAaTa BHIYUCTICHUI
OT 3HA4YeHUs YUCIa T, yKazanHoro B opmyJe (0).

2. Jlng zunagenuit n = 10, 50, 100, 500, 1000 3anmycrure mporpaMMmy H OIPEJIE/JIATE
BpeMs M TOYHOCTH BBIYMCJICHUIT; 3aM0THUTE TaOJIHILY

KBanparypnasa dopmyna cpegjHUX ONpaMOYyTOJbHUKOB

3uavenue n | Bpemsa poraucsenuii (B cex.) ‘TounocTb BHIYUC/ICHUI

10

20

100

500

1000




IT1. Pacnapa/utesimBanue KBaapaTypHoit (hopMyJibl Tpamnenuii

[Topsinok npeiicTBuii

1. smenuTte mporpaMMmy Tak, 9TOObI BMECTO KBaJpaTypHOl hOPMYIbI CPeIHUX Mps-
MOYTOJIbHHKOB pacrapajuiesuBajIach KaaparypHast ¢opmy/ia tpaneruit (cm. dopmyry
(5).

2. AHaJTOrMIHO IEPBOMY 33JaHUTO 3aIIyCTUTE IOy YeHHYTO IPOrpaMMYy JIId 3HAYEHHIT N
= 10, 50, 100, 500, 1000, onpeaenuTe BpeMst ¥ TOYHOCTH BRIYUCACHUN; 3aI0JTHUTE TaOJIHILY

PacnapannennBanme KBaJipaTypHOil (pOpMyJTbI Tparermii

Buavenne n | Bpems oraucsenuii (B cex.) TouHOCTb BBHIYUC/IEHUIT

10

20

100

500

1000

IV. PacnapannenuBanue kpaaparypaoit popmyasl CHMIICOHA

[Topsiyiok jieiicTBuii

1. AHaJIOrHYHO TpEeIbIAYIIEeMY 3aJaHUI0 H3MEHHTEe MIPOrpPaMMYy TakK, 9TOOBI BMECTO
KBaJIpaTypHOit (hopMyJIBI Tpallelnii pacinapasiie T nBAHIIO MIOABEPTIACH KBaApaTypHas pop-
myJia Cumicona (em. dopmyiy (6)).

2. AHAJIOrHIHO TIEPBOMY 33, IaHUIO 3AILYCTHTE TOJIYYEHHYIO IPOrPpaMMY /I SHAUEHU N
=10, 50, 100, 500, 1000, onpeaenTe BpeMsa ¥ TOYHOCTH BHIYUCAEHNI; 3aII0JTHUTE TaOJIHILY



PacnapannenunBanue KBagaparypHoii dpopmysrbl CumiicoHa

Bnadenue n | Bpems Bbrancienuit (B cex.) ‘TounoCTh BBHIYHUCICHUI

10

20

100

500

1000

V. Usmenenne koudurypanun (MacitabupoBanie) Hapaie/bHOR CHCTEMb

N3mennTh KOHDUIYPALMIO HAPAJIIEJIBHOR CHCTEMbI MOYKHO U3MEHEHHEM [IePEevHs Bbl-
GUCAUTEIbHBIX MoayJteil B daitie machines; perakruposanue 3Toro daiina oCyInecTBIa-
eTcst JTIOOBIM PEIAKTOPOM (CM. BBEJICHIEE).

Ilopsanok peiicTBuit

1. ITposectn cieyromue BApHAHTHI peakTHpoBanus daiiza machines:

1) coxpaHUTD 2 MapasIeJbHBIX BHIMHCIHTEIBHBIX MOILYIIS,

2) COXpaHUTh 4 MapaIeJbHBIX BBIYHCIAUTENbHBIX MOJIYJIs,
3) COXpaHUTh 8 MapasIeJbHBIX BBIYUCIUTENbHBIX MOJYIEil.
2. B kaxKJioM U3 pacCMOTPEHHBIX BapHAHTOB KOH(MUI'YPAIMH TapaJlIe/bHOR CHCTEMbI
MPOBECTH BBIUHC/IEHNd, YKa3anHble B myHKTax I, II, 111, IV.
3. Ilo momydeHHBIM pe3yabTaTaM M KazKI0i 3aJa91 HAWTH OTHOCUTEBHOE YCKOpeHne
BBIYUC/IEHUI KaK OTHOIIeHne BpeMeHu 1), ucTpadeHHOro pu 3alycKe Ha KOHMUTYpaIuu
1, ko Bpemenn T;, uCTpavueHHOTO TIPK 3alycKe Ha i-if KOHMUTYpPAINH:

U= = i=2,3.

4. Pesyabrarsl obopMuTh B Bujie Tab/IulL Bujia (IPUBOJUTCS JIHIIb OJMH IpUMep Tab-
JTIBI ):



PacnmapannennBanme KBaJIpaTypHOil (pOPMYJIHI ..........

3Havyenue n Bpewmsa TounoCTH OtHocuTeIbHOE
BBIYHC/ICHHUH (B CeK.) | BHIYUCTCHUIT yckopenne U;

10

20

100

500

1000

VI. Iloctpoenne rpadukoB MOJTYIEHHBIX 3aBUCUMOCTEI

st vccieIOBAaHHBIX CJIYYaeB MOCTPOUTH MOJUTOHAJIbHBIE IPAMDUKH CIeIYIONUX 3aBU-
CHIMOCTEI:
1) 3aBHCUMOCTH YCKOPEHHS OT MmapaMeTrpa KBajapaTypHO (hOPMYJIbI,
2) 3aBUCAMOCTH YCKOPEHUA OT YUCJI TTPOIECCOB,
3) 3aBUCHMOCTH TOYHOCTH BBIUHCJIEHUN M BpeMeHHU CUYeTa OT IapaMerpa.
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