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AHHoTanusi: B 1aHHOM cTaThe paccMOTPEHbl MaTeMaTHYECKHE METO[bI
aHaJIM3a OpraHu3aluii MaccoBOro OOCITYKMBaHUs, OKa3bIBAIOIINE PA3IUYHbIE YCIYTH
HACEJICHUIO JJIs1 BbIABICHUS 3(()EKTUBHOCTU NEATEIBHOCTH U HAXOXACHUS IyTel
onTuMM3anuMu. B kayecTBe INpUMEHEHHs MaTeMaTMYEeCKOoro anmapara B
00CIIy’KMBaHUM PACCMOTPEH KpPYIHBIM CyHEpMapKeT CO CTOJIOM 3aKa30B Ul
KOTOPOro M mNpuBeAEH aHaiu3. Takke IMOKa3aHO Ha NpuMepe OOCTyKUBAHUS
paboyux HWHCTPYMEHTAMHM W3 KIAJ0BOM C HEABHbIMU TNOTEPSIMH, a HMEHHO
HEOOXOAUMO JIM COJEpP)KaTh €€ OHOr0 KJIAJOBOIO MM TEKYIIEe IOJIOKEHUE
BBIFOJIHEE, UEM COJIEpP>)KaHNE HOBOI'O KJIaJ0BOTO.

KiroueBbie cioBa: Teopusi MacCOBOIO OOCIIyXMUBaHUS, MaTeMaTHUYEeCKUI

ammapar,CHCTeMbl MACCOBOTO OOCITYKUBAHUS, pacIpeeICHUE BEPOSTHOCTEH.

MATHEMATICAL INTERPRETATION OF QUEUE SERVICE
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senior lecture of SamIES
Abstract: In this article the mathematical methods of the analysis of the
organizations of a queuing rendering various services to the population for
identification of effectiveness of activity and finding of paths of optimization are
considered. As application of a mathematical apparatus in an upkeep the large
supermarket with an advance orders section for which is considered the analysis is
provided. It is also shown on the example of an upkeep of workers by tools from the
storeroom with implicit losses namely whether it is necessary to support one more

stockman or the current situation is more favorable, than contents new stockman.
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Teopuss MaccoBoro 0OCITyXKMBaHUS BIEPBBIC MPUMEHSIACh B TeaehOHHOM

00CITy’KUBaHHUH, a 3aT€M UB APYTUX 00JACTAX XO3IUCTBEHHOMN JEATEILHOCTH.

Hanpumep, opranuzaiusi HOpPMaJbHOTO  Mpolecca  OOCTyKUBaHUS
MOKYyIaTeJIel CBsi3aHa C IPAaBUJIbHBIM ONIPEACIICHUEM CIEAYIOIIUX OKa3aTeNei:
KOJIMYECTBA MPEANPUATUN JAHHOTO TOPTrOBOTro MpoduJisi, YUCICHHOCTH MPOJAABIIOB B
HUX (B TOM YHCIIE€ U «MEXaHMYECKHX)»), HAIMUUSA COOTBETCTBYIOUIMX OCHOBHBIX
GbOHIOB, YACTOTHl 3aBO3a TOBAPOB, YMCIECHHOCTH OOCITY)KMBA€MOI'O HACEJICHUS,
IJIOTHOCTH O0OpaIllaeMOCTH U TOTPEOHOCTH B COOTBETCTBYIOIIMX ToBapax (1o
IPYIIIOBOMY M BHYTPUIPYNIOBOMY acCOPTUMEHTY). Eciau mnpeanonoxutb, 4TO
NpeAnpUsITAE pacrojaraeT HeOoOXOJUMBIMU OCHOBHBIMH  (DOHJAMH, TOPIYyeT
TOBapaMH, UMEIOIIMMHUCS B JOCTATOUHOM KOJIMUECTBE (MPU HOPMAJILHON YacTOTe
3aBo3a), TO W TOrJa B Tpoliecce OOCIyKMBAaHUS OCTAIOTCA TaKUEe MEpPEeMEHHbIE
BEJINYMHBI, KOTOPHIE MOTYT CYIIECTBEHHO MOBJIUSATH Ha KAYECTBO 0OCITYKUBAHUSI.
Hannexut, ciemoBaTenbHO, BBIOpATh TAaKOW ONTHMAalbHBINM BapHaHT OpPraHH3aIUH
TOPrOBOTO OOCIY>KMBAaHUSI HACEJICHUS, MPU KOTOPOM BpeMs OOCITY>KHMBaHHS OyJleT
MUHHMAaJIbHBIM, KQU€CTBO — BBICOKMUM, HE OYyJIET M3IHUIIIHUX HAPOHO-XO035IMCTBEHHBIX
3arpaT. MaTeMaTW4YecKuil amnmapat TEOPUH MacCOBOTO OOCITYyXWBaHHS OOJerdaer
pemienre 3Tod 3amaun. [lpm »TOM pasznuyairoT JBe (HOpMbI 0OCIIYyKUBaHUA: C
HESBHBIMU MOTEPSIMU U C SBHBIMU MOTEPSIMHU.

Cucremy MaccoBOrO OOCHTY>KMBAaHHMS C HEABHBIMH MOTEPSIMU  (IIPABUIIO
ouepesiell) MOXXKHO IOKa3aTh Ha MPUMEpPE OOCITYKUBaHUSA PabOUYUX HEOOXOIUMBIM
WHCTPYMEHTOM (13 000COOJIEHHBIX KJIAIOBBIX TPOMBIIUICHHOTO MPEAPUSITHS).

JlommycTuM, 9TO B HHCTPYMEHTAIBHOM KJ1aJ0BOM paboOTarOT JABa KJIaI0OBIIHKA.

Tpebyetcs onpenenuTh, B KAKOM MEpPEe OHU CBOEBPEMEHHO 00ECIIEUUBAIOT
3asIBKH Ha 00CITy’)KMBaHWE, TIOCTYTAIOIINAE OT padounx; B O4epeu 32 HHCTPYMEHTOM
JIOPOKE, YEM JOTIOJTHUTEIIBHOE COICP KaHUE €I1I€ OJHOTO MJIY JIBYX KJIaJOBIIUKOB?

Taoauua 1
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Pacyer nmonnoro uncna MpUxoa0B pa60q1/1x B KJIaIOBYIO

IlomHOE

Yucio Yucio [TostHOE
npuxo- | Ha6mro- | HabGmro- ;;;;g_ npuxo- | HabGmro- | Habmro- | gmcio
JIOBB | JaeMoe | Jaemas JOBB | maeMas | maemMas | TpHUXO-
CAMHMITY | YHCIIO | 9acToTa %OB SAVHMITY | 9acTOTa | 4acTOTa hi(0):
BPEMCHH | TIPUXO- | TPUXO- paboHH BPEMEHHU | MPUXO- | MPUXO- | pabounx
(3al5mm | moB, % | moB, % X (3al5 noB, % | 1oB, % (rp.1x
) (rp.1x MiH) X Ip.2
X 1p.2) '
1 2 3 4 1 2 3 4
0 0 0 0 15 23 7,67 345
1 0 0 0 16 20 6,67 320
2 1 0,33 2 17 18 6,00 306
3 3 1,00 9 18 16 5,33 288
4 5 1,67 20 19 13 4,33 247
5 8 2,67 40 20 11 3,67 220
6 10 3,33 60 21 10 3,33 210
7 12 4,00 84 22 8 2,67 176
8 13 4,33 104 23 5 1,67 115
9 16 5,33 144 24 3 1,00 72
10 18 6,00 180 25 1 0,33 25
11 20 6,67 220 26 1 0,33 26
12 19 6,33 228
13 21 7,00 273 300 99,99
14 25 8,33 350

JInst perieHrs MaHHOM 3aiaud HEOOXOIUMBI MPEXKIE BCETO XPOHOMETPAKHBIC
3aMephl O TOTOKE TpeOOBaHWM Ha OOCIy)XKHMBaHUE CIUHMILY BpeMeHH. Ecim

XPOHOMETPAXX OCYIIECTBIISICS B TEUEHHE AHEH KaXIbli MHH 3a CMEHy (Kpome

Hayaja M KOHIIa pabodero AHs), TO 32 3TOT OTPE30K BPEMEHH ObLIO MTPOU3BEACHO

300 nabmonenuii (30 HabGmronennii, yMHokeHHoe Ha 10). Bpems nabmoaenuii (7)
coctaBuT 4500mun (15 300). IlpuueM Takux NpOMEXKYTKOB, KOT/la HAa CKJIaJ HUKTO

HE MPUXOAWI WM MPUXOIUI TOJIBKO OAMH pabouuii, He HA0II01aJI0Ch, MPUXOA ABYX

pabouux oTMeyaics OJuH pa3, TPeX - TP pas3a u T.1.

Yacrora npu 300 HaOIt0EHUSAX paBHA

1 3
0,33(——— -100), —1(=——-100
(300 ), Tpex (300 ) WT.J.
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Jlns ompenencHUs CpPEeIHEro 4Yuciaa MPUXOAOB B eIuHHIYYy BpemeHu (X)
UCUHUCIIACTCS TONHOE Yucio mpuxogoB (V) kak cymMma NpOM3BEICHUH YHCIa
MPUXOJIOB (KOJIMYECTBA MPUILEIIIUX B KIAJ0BYI0 pabounx) Ha HaOI01aeMO€E YUCIIO
MIPUXOJIOB.

Takum oOpaszom, cpeiHee Ynuciio TpeOboBaHUM Ha 00CITy)KUBaHUE, T.€. CPEIHEE

YHCII0 TIPUXOI0B B €IUHUILY BpeMeHH (X), cocTaBUT

= % = % =0,903 yen. - MUH.

UToOBl ONpEeAeIUTh paclpeie/iCcHHe BEPOSTHOCTEH I JTUTEIBHOCTH
oOCITy>KUBaHUS npu MPEINOI0KEHNUH, 4TO 3aKOH pacrnpeneneHus
HKCIIOHEHIMATIbHBIM,  BBIYUCIUM  CPEIHIOI0  MPOJOJKUTENBHOCTH  OJHOTO
oocnyxuBanus (7,,.); oHa paBHa 1,6 MuH.

[Tocie 3TOro MOXHO yCTAHOBUTh MHTEHCUBHOCTD 00CITy)KUBaHUS (4):

1 1

= 7 — U :R = 0,625 qcJI. — MUH.

B cmydae, korma X <4  yBeJIMYEHHE O4YEpEeOU HE BO3HUKAET, TaK Kak
YIOBJIETBOPEHUE TPeOOBAHUIN MPOUCXOAUT HE paHee WX MmocTyruieHus. B Hamem n
To4yHO ompeAenuTh BEIUUMHY OUYEPEAN KAK CIYYAWHYIO HEb3si. MOKHO BBIYHCIUTH
BEPOSTHOCTh TOTO, YTO B MOMEHT BpeMeHH () odepeib OyIeT XapaKTepHU30BaThCS

qrcaoM TpedoBanmii L, (7):

P(y=c"(l-0): R(t)=(1-0): Jzi,
)7

rae 1 (7) —BepOosSTHOCTh OTCYTCTBHS TPeOOBaHUIA.

B Tex cmydasx, xorma a>1, BEpOSTHOCTb OTCYTCTBHS odepenu (0,) OoOBIYIHO
Oepercs u3 rpaduKoB (B HamieM cirydae ¢ = 1,445),

JIJ1st mocTpoeHUsT TaKuX TpadUKOB BOCIIONIB3yeMCs TaOIUICH 3HaUeHn £ 1y1st
pPa3TUYHBIX 3HA4eHUH CT W N (Il KOJIWYECTBO KJIAJOBIIUKOB B MHCTPYMEHTAIBHOM
KJIaJIOBOM).

[To manHpIM Tabn. 2, B HameM Cjydae pacCMaTpUBAETCS MHOTOJIMHEIHAas

cUCTeMa, KOoTJia 0 >1 (KOJIM4eCTBO KIIAJOBIIMKOB MPEBBIMIACT SAMHUILY ).
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Ta0auna 2
3uavyenus 7,
o' 2 3 4 5 6 7 8
1 0,333 0,363 0,367 0,367 0,367 0,367 0,368
2 0,111 0,130 0,134 0,135 0,135 0,135
3 0,037 0,046 0,049 0,049 0,050
4 0,013 0,016 0,017 0,018

Onpenenum cpeanee Bpems okumanus (7.), KoTopoe CKiIaabIBacTCs U3

CpEHEro BpEMEHH OXHJIaHUs o0cykuBanus B ouepean (7,,) W cpemHero BpeMeH!

[Ipenmonoxkum, yto y paboyero MOTEPU OT MPOCTOEB COCTABISAIOT 5, a
COoAEpKaHUE KJIAJAOBIIMKA — 4 JIEH. €. B €IUHUIY BPEMEHU. 3a MEPUOJ BpeMeHH [
B CUCTeMY TocTymnaet 4 /° 3asBOK, T.e. 1445 /7 3a9BOK.

[Torepu BcieacTBUE MPOCTOS PabOUYMX MPU PA3TUYHOM UHUCIIE KIIATOBIIUKOB,
pacxonsl Ha 3apabOTHYIO IUIATy KJIAJOBIIUKOB, a Tak)Ke CyMMapHBIC 3aTpaTbl U

MOTepHU MPUBECHBI B Ta0. 3.

Tabmuua 3
KomnuectBo IToTepu ot mpocros 3atparel Ha | CyMMapHbIe
KJIaJOBIIUKOB pabounx COJIEpIKAHUE 3aTpaThl U
KJIQJIOBIIINKOB oTepu
D 3.213-1,445-57 = 23,2147 ST 31.2147
1,799 -1,445 - 57 = 12,9987 24,9987
3 1,635-1,445-57 =11,8137T 12T 27.8137
4 16T

N3 pgamHbix Tabn. 3 cmemyeT, dYTO OKOHOMHYECKH BBITOJHEE B
MHCTPYMEHTAJIbHOW KJIaJIOBOM MMETh TPEX KJIAJOBIIMKOB, MOCKOJbKY CyMMapHbIE

3aTpaThl ¥ MOTepU OyIyT HAUMEHbIIMMHU (Min 24,9987)
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[Topsimok wWCYUCIIEHHS] TIOKa3aTeNsl KadecTBa OOCITY)XMBAaHUS C SBHBIMH
MOTEPSAMH TMOKAXKEM Jlajiee IJIsl yCIOBUIM MPOCTEHIIET0 MOTOKA TPEOOBAHUM.

Cron 3aka3oB TMpu KPYIHOM cynepMmapkere oOOpyJOBaH YEThIPbMS
tenedoHamu. CpeaHee 4YMCIO BBI3OBOB B TEUYCHHE HYaca cOcCTaBisieT 96, cpemnee
BpEMsi, 3aTpaulBaeMO€ Ha MPHUEM OJIHOTO 3aka3a, -2 MuH. Tpebyercst onpenenuTs,
KaK TIOJIHO 3arpyXeHbl MPUEMIIMKHA 3aKa30B, KaKOBa BEpPOSITHOCTh OTKa3a B
00CITyKUBaHHH.

CreneHb 3arpyKE€HHOCTH MIPUEMILIUKOB OTNIpeaeIisieTcs o hopmylie

n n 1 A
L=YKP =>—(Zyp
w-tr -5 o

[To ycnoBusim ecnu n=4(4 tenedona, 4 mpueMiluka 3akazoB), X =96 (4ucio

BBI3OBOB B TCUCHUC qaca); CpCAHCC BPCM:A, 3aTPAYUBACMOC Ha ITPUCM OJHOI'O 3dKa3a,

2 1

1
COCTAaBJIACT 2 MUH, WIIH 60~ 30 CAMHHILY BPEMEHM; 3HAUCHHE MTApaMeTpa 7 = l: 0° 30,

296 .
CJIEI0BATENBHO, ;:5:3’2. Bemuuunsr Bepostaoctert £5,.45. . P, P, npuBeneHsl B

Ta01. 4. 3HaYeHUEe YWICHOB BTOPOTO CTOJIONA HaiieHo 1o popMmyrie

P_1 4 _ 02
P kly k!

Kaxk u3BecTtHO,

F=1
k=1
Orcrona
£ ipk ! P, l 0,0522
= _— = H I/I = ~ N o
p &p p, TPHT T 90s]
. b
YMHOXKas Kak1oe U3 3HayeHuii - Ha [} =0,0522, monyunm BeauuuHy L) .
0

3areM, yMHOXasl 3HAYCHUS WICHOB TPEThETo CTOJOIA HA 3HAUEHHsI IEPBOTO CTOJIONA
(a 0), Broporo (Ha 1) ¥ T. I. U CyMMHUPYS HUX, MTOJYYHUM MATE€MaTUYECKOE OXKHJIaHUE

4HKClia 3aHATBIX ITPUCMIITUKOB:

4
1= KP =2,4693
k=0
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Tab6auna 4

Yucno P,
MPUEMIIIMKOB 3 : e

0 1,0 0,0522 0

1 3,2 0,1670 0,1670

2 5,12 0,2673 0,5346

3 5,462 0,2851 0,8553

4 4,369 0,2281 0,9124
19,151 0,9997 2,4693

CrnemoBatenbHO, KX/ MPUEMIIIUK 3aKa30B Oy/eT 3aHAT B cpeaHeM 0,62

2,4693
4

pabouero aHs ( ).

OTBeTHM Ha BTOPOI BOIIPOC: KAKOBA BEPOSTHOCTh OTKa3a B OOCITYKUBaHUU?
Jlsis 3TOTO HaiifieM BEpOATHOCTh TOTO, YTO BCE MPUEMILUKH OYyAyT 3aHSTHI B

MOMEHT OOpaIIeHHs] OYEPETHOTO KINEHTA:
Al
)
P — y n!
n n 1 l "
> )
m=0 F11 }/
IToxcrasnss 3HaueHus -» =4, Haiigem 3Hadenue £, £, =0.23
[TomyyeHHsblil pe3ynbTar MokasbiBaeT, yTo M3 100 3aka3uukoB B cpeaHem 77
OynyT obciyxeHsbl, a 23 — HeT. CiegoBaTeabHO, 00CTYKUBAIOIIYI0 CUCTEMY HEJb3s
Npu3HaTh  JocTtatoyHod  (23%  OoTka30B); HSKOHOMHS HAa  YHUCICHHOCTH
OOCITY>KMBAIOIIETO amnmapara OTPHUIATeIbHO BIUSET Ha KayecTBO OOCTY>KUBaHUS
HaCeJICHUSI.
Uucno mpueMIIMKOB OTieNia 3aKa30B IEJIeCO00pa3HO YBEIUYHTH 1O IISTH,
TOTJIa MAaTEeMaTHYECKOE OKUJIAHWE YMCIa HEe OOCTY)KEHHBIX 3asBOK COCTABUT JIWIIh
0,13. Uubimu cnoBamu, u3 100 3akazunkoB Oyner obciyxeHo 87, a 13 monywar

OoTKa3bl. Takum o6pa30M, YBCIMYCHUC 4YHCJIa MMPUCMIIHUKOB Ha OJHOTO ITOBBICHUT

KauecTBO oOcykuBanusi ¢ 77 o 87.
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