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PaccMoTpeHBl HETOYHOCTM B 3amMCH YCJIOBHM MaTeMaTHMYECKHX MOJeNed KalleHAapHOro
rutaHupoBanus. [lokasaHa Ha Tpex mpuMepax BOZMOXKHOCTD YIIyHIIEHHUS PEIIeHUI IpH YyTOUHEHUH
HCXOIHBIX YCIIOBUH 3amad, pH 0oJiee YETKOM OTOOpaKCHUHM 3aKOHOMEPHOCTEH CBOMCTB O0TOOpa-
JKaeMBIX OOBEKTOB.

Kurouesvie cnosa: cereBoe mnanupoBanue, PERT, kanennapHoe miaHupoBaHUE, HECKIAIu-
pyeMble pecypchl, LUK YIIpaBIeHHUs MPOEKTOM, 3a1a4ya KOMMHUBOSDKepa, [ aMUIIbTOHOB IMKJL.

BBenenune. B npakTuke NMpUMEHEHUs MAaTEMATHYECKHX MOJEIIEN B KaJ€HJIAPHOM IUIAHHPOBA-
HUU BO3HUKAIOT MOTPEIIHOCTH, CBSI3aHHBIE C HECOOTBETCTBUEM MAaTEMATUYECKUX MOJENIEH UCXO-
HOM MOCTaHOBKeE 3aa4. 3/1eCh PACCMOTPEHBI Ha TPEX MOJIENSIX HETOYHOCTU B MOJIEJIbHOM OIMCAHUU
00BEKTOB B U3BECTHBIX 3aJlayaX MapLIPYTU3aLUU U YNPABICHUs CIOKHBIMH KOMILJIEKCaMHU padoT,
MPUBOJIAIINE K OIIMOKAM B pacMCaHUSIX padOT U yueTe pecypcoB MPU COCTABICHUU IJIAHOB.

B nepBomM npumepe onucanbl cuctemarnueckue ommoku cucreMbl PERT, 3anmxkaromye nuk-
JIbl BBITIOJTHEHUSI KOMIUIEKCOB pabOT OTHOCHUTEIBHO UX peajbHbIX 3HaueHUU. Bo BTOpom mpumepe
paccMOTpEHbI MOTPEIIHOCTH MOJIENIEN KaJIeHAAPHOTO MJIAHUPOBAHUS ITPOEKTOB MPU arperupoBaHUU
pecypcoB M BpeMeHU. B TpeTbeM npumepe MnokazaHa HETOYHOCTb IMOCTAHOBKH 33Jaud KOMMUBOS-
Kepa OTHOCHTEIBHO OOJbIIEH YacTH WMCXOAHBIX NMPOOJIEM, MPUBOASAIIAS K YBEITHUCHHIO JUTMHBI
MapIpyTa.

1. Omm6xku PERT. CereBoe mnanupoBanue oT MmoMeHTa 3apoxaenus B Buae PERT-TIME u
CPM po cnoxubix cucteM PRIMAVERA, MICROSOFT [1,2] mmupoko ucnonszoBasiock B CCCP u
3a pyOex’oM B MPOEKTHO-KOHCTPYKTOPCUX M HAYYHO-UCCIIENOBATENbCKUX OPraHU3AlMsIX, B CTPOU-
TEJNbCTBE, B TEXHUYECKOMN MMOATOTOBKE MPOU3BOICTBA, B €IMHUYHOM IIPOU3BoOJcTBE. Ennnas tepmu-
HoJsiorusi ObuTa 3akperuieHa B ctangaprax [3]. Hanee B coctaB cuctem CIIY (cereBoro miaHupoBa-
HUS ¥ YIPaBJICHUs) ObUTH BKJIFOUEHBI YCIIOBHS yUeTa pECypcoB [4], 0COOEHHOCTH TEXHOIOTHYECKIX
MPOIIECCOB U B3aUMOCBS3U palOT [5], BEpOATHOCTHBIE XapaKTEPUCTUKU MPOIIECCOB [6], BEIOOp Ha-
MpaBJICHU TPOAOJIKEHUs paboT, U T.A4. B HacTosmiee BpeMsi ceTeBoe IIaHUPOBAHUE SIBISIETCS Ya-
CThIO HECKOJIbKMX Hay4YHBIX AMCLUMIUIMH: MOCTAaHOBKM 33Ja4 U NMPAKTUYECKOE NMPUMEHEHHE pac-
CMaTPUBAIOTCS B HAYYHBIX JUCHMILIMHAX "yIpaBieHUe IpoeKTaMu'"; B pa3zelie UCCIeI0BaHUs Ole-
pauuii "KaJeHAapHOE TUTAaHHUPOBAaHME" W3YYalOTCSd MAaTEMaTHUYECKHE AaCMEKThl CETEBBIX METOJIOB.
Benen 3a mexayHapoaHsiMu B ceHTA0pe 2012 roga BBeAeHbI poccuiickue ctanaapTsl [7-9], ompe-
JEJIAIOIIME OCHOBHBIE TOHATHUS YIPABJIEHUS NPOEKTAMM, IO CTENEHU NETAIN3AlUU, SIBHO YCTY-
naromue crangapram 60-70-x rooB Npouuioro Beka. BollonHeHHe MPOEKTOB B CETEBOM IUIAHUPO-
BaHUM oTOOpaXkaeTcs B BUjAE paboT (omepaluii) U X B3auMOCBs3el. B OCHOBHOM BapuaHTe cuCTe-
MBI ceTeBOro mianupoBanus u ynpasiaeHus (CIIY) npunsTo paboTbl 0003Ha4aTh Jyramu, COOBITHS
- BEPILIMHAMH, & BECh IMPOLIECC BHIMOJIHEHUS MPOEKTa 0TOOpakaTh OPUEHTUPOBAHHBIM rpadom (ce-
TEBOM MOJICIIBIO).

71



OcHoBHbIe TpaBmia pacuera napamerpoB B cucteme PERT, pa3paborannbie 6oree moi Beka
HazaJl, He U3MEHWINUCH JI0 CUX TIOP M COJEpKATCs B OOJIbIIEH YaCTH COBPEMEHHON U HAYYHOU JTUTe-
patypsl. [Ipeanonaraercs, 4To IPOAOIKUTEIHHOCTH BCEX padoT, - cilydaiiHble BeIHMUUHBL Bee pa-
00Tl HE3aBUCHUMBI. M3BECTHBI MaTeMaTHYECKHE OKUIAHHs MPOJODKUTENbHOCTEH paboTr. PanHue
CPOKH CBEpIICHHS] COOBITUH PACCUUTHIBAIOTCS MO MAKCUMYMYy W3 MAaT€MaTHYEeCKHX OXHIAHUU 3a-
BEpILIEHUSI BCEX HEMOCPEACTBEHHO MPEAIIECTBYIOMIUX TaHHOMY COOBITHIO paboT. Kpuruueckuit
MyTh (paHHUI CPOK BBITIOJHEHUSI BCETO KOMILIEKCa paboT) pacCUMTHIBAETCS KaK MaTeMaTUYECKOe
0’KMJIaHU€ JJIMHbl KPUTUYECKOrO0 IYTH, T.€. CYMMbl MAaT€MAaTHUYECKUX OKHUJIAHUU MPOIOJIKU-
TeNbHOCTEHN paboT myTU. B COOTBETCTBUM ¢ 3aKOHOM OOJBIINX YKCEN AJTMHA KPUTHIECKOTO MyTH —
CilyyaliHasg HOpMaJIbHO pacupeiesieHHas BEJIMYMHA.

B [6] Obulo mOKa3aHO, YTO pacdyeT OCHOBHBIX MAapaMETPOB paCIUCaHUS padOT MO METOIUKE
PERT coumepxur cucrematuueckyto omnbky. B PERT mpennonaraercsi, 4to Bce paboThl HE3aBH-
CUMBI, YMCTIO paboT B MyTSAX OT HAayaia JO KOHIA MPOEKTa JTOCTATOYHO OOJBIIOE U MOITOMY JUIH-
TENBHOCTh KPUTHUECKOTO (CaMOro JUIMHHOTO) MyTH SBJISETCS MATEMAaTUYECKUM OKUIAHHEM CYMMBI
MPOJIOJKUTENILHOCTEN Ollepaluii 1 UMEET HOPMAJIbHBIN 3aKOH pacnpeneneHus. Pacuer cBogutcs k
MIOCJIEI0BATEILHOMY MPOCMOTPY CETEBOM MOJENIN M ONPEAEICHNUIO PAHHUX CPOKOB CBEPILEHHS CO-
OBITHI. DTH OIIEHKHU MPEATIaraeTcs MCIONIb30BaTh KaK CPeIHUE CPOKH HACTYIUICHHUS COOBITUIN B Ka-
neHnapHoM muanupoBanuu. OmmbounsiM B PERT siBisercs mpeamnonaoxkeHne o ToM, 4TO HauboIb-
IUH 10 CPEAHUM OLIEHKaM MPOAOJIKUTENBHOCTU MyTh SBISAETCS KpuTudeckuM. [Ipu 3ToM He yum-
THIBA€TCS BO3MOXKHOCTD CYIIECTBOBAHUS MyTe, OoJiee AMUHHBIX MyTel, 4eM Kputudeckuil. OakTu-
yecku B PERT-TIME paccuntsiBacTCs MPOAOIKUTEIBHOCT IPOEKTOB MPU YCIOBUU, YTO CaMbIU
JUIMHHBIA MyTh, PACCYUTAHHBIM 11O CPETHUM OLIEHKaM, SIBJISIETCSI CAMbIM JUIMHHBIM B CETEBOM MOJe-
au. OmmOOYHBIM SBISIETCS TAK)KE MPEINOI0KEHHE O HOPMAIBbHOM paclpeAeNeHUH MPOIONIKH-
TEIBHOCTH MPOEKTOB: U3 HE3aBHUCHUMOCTH pabOT HE CIeNyeT HEe3aBHCHUMOCTH PAaHHUX CPOKOB CBEp-
IICHHSI COOBITHI, B TOM YHCJIE U 3aBEPIIAIOIIETO COOBITHS, OMPENEISIONIETO IITUTETFHOCTD MPOEKTa
B LIEJIOM.

Meroauka PERT nonyunna mmpokoe pacnpoCTpaHEHUE B YNPABICHUU CIOKHBIMU KOMILIEK-
camu paboT, BOIIIa B Y4EOHUKH yNPABICHUIO MPOSKTaAMH, HECMOTPSI HA CUCTEMATUYECKYIO OLITHO-
Ky, YMEHBIIAIOIIYIO 3HAUYCHUSI pAHHUX CPOKOB HACTYIJICHHS] COOBITHI OTHOCUTEIHHO MX PEabHBIX
3HayeHui. [Iposepka meroguku PERT-TIME meTonoM CTaTMCTUYECKUX HMCHBITAHUN HA CETEBBIX
MOJEJISIX, B3SThIX U3 MPAKTUKHU YNPABICHUS, [T0Ka3ala 3aHUKEHUE OLICHOK BBIOJIHEHUS! POECKTOB
Ha 25-30 nponeHToB [6].

2. OmmdKM arperupoBaHMs pecypcoB U BpeMeHM. PaccmaTpuBaeTcs 3a/1aya KajJeHAapHOIO
TUTAHUPOBAHMS TPOEKTA, IIENbI0 PEIICHUS KOTOPOH SBIAETCS MOCTPOEHUE pachucaHus pador,
MUHUMU3HUPYIOIIET0 HecOaTaHCHPOBAaHHOCTh HECKIIATUPYEMBIX PECypCOB BO BpeMEHHU. B memsx
JIOBEJICHUSI BPEMEHHU PEIICHUS 3a]a4 10 IPUEMIIEMbIX 3HAUYE€HUN B MPAKTHUYECKOM HMCIOJIb30BAHUHU
YKPYIHSIOTCS PECypCHbIe TPYMIbl U (WJIM) UHTEpBAJIbl IIKAJIbI BPEMEHH IUIAHOBOTO MEPHUOAA.
[TokazaHo, 4TO 3TO BEJET K OLIMOKAM y4YeTa PECypPCOB.

KaxxgoMy kaneHgapHoMy IIaHy (pacHUCaHHIO) COOTBETCTBYET paclpeiielieHue pecypcoB BO
BpeMeHH. [InaHOBBI MepUON COAEPKUT HECKOJIBKO BPEMEHHBIX HMHTEPBAIOB (KBAHTOB) IS
n3MepeHus 3arpaTr pecypcoB. CyMMma AJIUH KBaHTOB paBHa IjiaHoBoMy mnepuoxay. [lotpeGHocTH B
pecypcax KaleHAApHBIX IUIAHOB PACCUMUTHIBAIOTCS HA KBAHT B LIEJIOM. Y MEHBILIEHUE YNCIIa KBAHTOB
u (WIM) peCypCHBIX TPYII (arperupoBaHUE) COKpAIlaeT Pa3MEPHOCTh MOJENIEH, HO MPU ITOM
TepsIeTCS TOYHOCTh pacuyeToB. Kpalinuii ciydait (IIaHOBBIA TIEPHOJT U3 OJTHOTO KBAaHTA) MpeBparia-
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€T KaJICHIapHY10 33/1a4y B 00BbEMHY0. Y BEJIMUEHHE KOJIUYECTBA KBAHTOB MMPUBOAMT K POCTY pa3me-
pa Mojiesiei, UTO yBEeJIMUYMUBAET TPYJOEMKOCTb IUIAHOBBIX PACUETOB.

Bonpoc o crenenu neranuzanuy HHPOPMALMHU CBA3BIBAECTCS ¢ OpraHu3anueil nHpopMaloH-
HOW 0a3bl MPEeINpUATHH M Ha NPAaKTUKE OOBIYHO pELIaeTCs B MOJb3y YKPYIHEHMS JaHHBIX IS
COKpalleHust oobema JokyMeHTooOopoTa. IIpu 3ToM He mpuUHKMMaeTcs BO BHUMaHHME pPOCT OLIMOOK
arperupoBaHus. HecooTBeTcTBHE M1aHa (akTy BBISBIISETCS MMO3HEE B ONEPATUBHOM YIIPABICHUH U
MOJKET ObITh OOBSICHEHO MHOTMMH MPUYUHAMU: BEPOSATHOCTHOW NMPHUPOIOH 00BEKTa, TBOPUECKUM
XapakTepoM paboT, HeAOOPOCOBECTHOCTBIO WUCHOJHHUTENEH M T.A., TOrJa Kak IUIAH MOYKET ObITh
M3HAYaJIbHO HEBBITIOJTHUMBIM.

Huxe nmokaszaHo, 4TO BCJIEJICTHE arperupOBaHysl PEIIEHHUs CETEBBIX 3a1a4 COAEpKaT cUcTeMa-
TUYECKUE OLIMOKM, TOJIBKO YMEHbIIAIOIINE peajbHbII aAnucOasaHc MPOU3BOACTBEHHBIX BO3MOXKHO-
CTEH, B pe3yJibTaTe 4ero KajeHJapHble IUIaHbl BRINSIAT "nydine", ueM B feiictBuTenbHOCTU. [Ipen-
J0KEHa KOJIMYECTBEHHAsl OLIEHKa OIIMOOK arperupoBaHusi. BbIBO/BI MIUTIOCTPUPOBAHBI KOMIIbIO-
TEPHBIMU SKCIIEPUMEHTAMH Ha PEAIbHBIX TaHHBIX.

2.1. Ilpumepvol owubok azpecupo8aHusi.
IIpumep 1. B tabun. 1 npuBeneHo pacnucaHue Tpex onepanui, UCIOIb3YIOMIUX OUH U TOT XKe
pecypc 1o OJTHON eIMHUIIE B KaX/Iblii MOMEHT BPEMEHH.

Taémuua 1 — HavanpHOe pacnuicanue padoT

Howmep onepanun Hauano oneparyn Kownen oneparun [IponomxuTenbHOCTD
orepanuu
1 0 2 2
2 1 3 2
3 1 4 3

MakcumanbHOe MOTpeOIeHHE OTPAHUYECHO B KaXKAbIH MOMEHT BPEMEHH JABYMS €IMHULIAMH
pecypca.

Jns nnuHbl kBaHTa | moTpeOHOCTh B pecypce B uHTepBaie [1, 2] paBHa 3, uTo Gojblie, yeM
nMeeTcsl B Hanuuuu. To K€ caMoe€ pacliCaHue, OLICHEHHOE II0 Pecypcy B KBaHTax IJIMHOW 2
€MHUILIBI BPEMEHU CTaHOBUTCS BBIIIOJHUMBIM. AHAJIOIMYHO MOXKHO MOKa3aTh, YTO arperupoBaHue
pecypcoB (0ObEIUHEHUE PECYpCOB B YKPYHMHEHHBIE T'PYIIBI) HCKaKAeT OLEHKY BBITOJTHUMOCTH
pacnucaHusl.

Ta6auna 2 — YMeHblleHHe AucbanaHca pecypca Ipy CABUTE PaboT MPH arperupoBaHuU

Howmep Nmerormmiicst [ToTpebHOCTH B pecypcax Hucbamamnc
KBaHTa peeype Jlo cnBura Ilocie cosura Jlo cnBura Ilocie coBura
JeranuzupoBaHHas MOJIEb
1 2 0 0 0 0
2 2 2 4 0 2
3 2 2 0 0 0
4 2 4 4 2 2
ArperupoBaHHas MOJIEIb
1 2 4 0 0
2 4 6 4
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IIpumep 2. [Iponecc cocTaBieHs] paclUCaHUN 3aKIIOYaeTcs B CIABUrax ONepaunui 1Mo ocu
BPEMEHH, UX PACTSDKEHUSX U CXKATUAX (M3MEHEHUSX HMHTEHCUBHOCTH), COXPAHSIOIIMX HOPSIO0K
BBINOJIHEHHSI pa0OT CETEBOI MOJEH U YIyUIIAIOIIKX 3HAYCHUE KPUTEPHATIBbHON (QYHKIIUH.

Bo BrOopoMm mpuMepe B KauecTBe KpUTEpHs BbIOpaHa MMHHUMU3AIMs JucOallaHca Pecypcos,
U3MEpPSIeMOT0 KakK MPEeBBILICHNE OTPEOHOCTEN B pecypcax HaJ MX HAJMYUEM 110 BCEM KBaHTaM.

[lycTh B Kax/blii €IMHUYHBIA UHTEPBAJ BPEMEHU UMEeTCs 2 eIMHUIIBI pecypca U HEKOTopas
orepanus, BIOIHSAEMas CO 2-T0 MO 3-ii MOMEHTBI BPEMEHH C MOCTOSIHHOM MHTEHCUBHOCTBIO 2 B
enuHuIly BpeMeHH. HauanbHble mOTpeGHOCTH B pecypcax, MX Haluyue U JucOaiaHc MpUBEIEHBI B
Tabn. 2 B JBYX BapHaHTax: I JIMHBI KBaHTa 1 u 2. Tam e B NOCIETHMX JBYX CTOIOIax
MIPUBEJCHBI NOTPEOHOCTH U AUCOATIAHC PECYPCOB IMOCIIE CIBUTA ONEPAllUK HA OJHY €AMHUILY BJIEBO
no ocu BpeMeHHM. CABHUI omepalMy NpUBEN K IMOJHOW cOalaHCUPOBAaHHOCTH IPU €€ OLEHKE B
KBAaHTaX JUIMHBI 2 C OJHOBPEMEHHBIM YBEIMUYEHHMEM aucOanaHca ¢ 2 10 4 eAMHUI JJs JUIMHBI
KBaHTa 1.

IIpumep 3 (tabiu. 3), nokassiBaroMid 0O0paTHbIM 3(dexT, Korna caBUr paboThl, yiIydllaro-
M cOallaHCUPOBAHHOCTh B JIETAIM3UPOBAHHBIX JIaHHBIX, COMPOBOXAAETCS POCTOM KpPHUTEpHAIIb-
HOW (P)YHKIIMHU NP €€ pacyeTe MO YKPYIHEHHBIM POMEXYTKaM BPEMEHH.

Tak ke Kak M B TpeAbLIyIleM HIpUMEepe HEKOTOopas onepanus ¢ HHTEHCUBHOCTBIO 2,
BKJIIOYEHHasl B pacnucaHue co 2-ro0 mo 3-ii MOMEHTBl BpEMEHH, CABHraercs BieBo Ha 1. B
pe3yibTaTe 1ucbanaHc, OLICHEHHBIH B €IMHUYHBIX KBaHTaX, CHU3WICS ¢ 2 10 1 ¢ 0IHOBpEMEHHBIM
ero yBenudeHueM c 0 10 1 B mepBoM KBaHTE ABOWHON JAJTUHBI.

Tabnuma 3 — YBenuueHnue aucdanaHca pecypcea MpH CABUre paboT IpH arperupoBaHuU

Howmep merormiics [MoTrpebHOCTH B pecypcax Hucbananc
KBaHTa pecypce Ho cnura [Mocne cnpura | Mo capura [ocne cnBura
HeranusupoBaHHas MOJIENb
1 2 3 3 1 1
2 2 0 2 0 0
3 2 3 1 1 0
4 2 1 2 0 0
ArperupoBaHHas MoJIeb
3 5 0 1
2 4 4 3 0 0

2.2. Benuuuna owubox nompedbnocmell 8 pecypcax npu acpecupogéanuu. IlycTb Tpu njmuHe
KBaHTa, paBHOW k-d(k>1) mocTpoeHO arperupoBaHHOe pacnucaHue. OOeCTeUeHHOCTh OIHHM

pecypcoM B onHOM KBaHTe: A,, = max((kv—kR),0), rme kv — moTpeGHOCTH B pecypce B OJHOM
KBaHTe; KR — Hanmuue pecypca B KBaHTe; A, OKa3bIBaeT JeUIUT pecypca B KBaHTE.
Jeduuut 3TOrO *KE pecypca B ITOM Ke MPOMEKYTKE BpeMeHU (kd) pacCUMTHIBAETCS Kak

cymma Ae(UIMTOB MO0 kK KBaHTaM MpH UIMHE KBaHTA d :

k k
Ad = Zmax((vl. —R),0) npu yciaoBusx: ZVI. =kv, v, 20i=1,k;

1
i=1 i=1
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r1e v, — IOTpeOHOCTh B pecypce B KBaHTE i MPH JUTHHE d .
OTHOCHUTENIFHO MCXOIHOTO PACIUCAHUS 3HAUCHUs Vv, HemsBecTHBI. OmMOKa ydera pecypca B
KBAHTE IIPU €0 JUIMHE K -d OTHOCHUTEIBHO JJIHMHBI KBaHTA d COCTAaBIACT: m,, =A, —A, ,.

Hecnoxxao mokas3arTs, 4To:

R(k-1), ecmu v>R
maxm,, =< kv—R, ecmu Vv<R u kv>R

0, eciu v<—

1. TlorpemHoCTh OLIGHKM JepUIMTa pecypca B OJHOM KBaHTE NPH arperupoBaHUM MOXKET
nocrurathb | k(v—R)]|.

2. ArperupoBaHue TOpPOXJA€T CHCTEMAaTHYECKHE OHIMOKM  OHEHKH  PECypCOBBIX
BO3MOKHOCTEH, TOJIBKO YMEHbIIAIOIINE PEATbHbIA qucOanaHc MPOU3BOJICTBEHHBIX BO3MOXKHOCTEH

[0 KaXJOMY pecypcy o KaXXJJOMy KBaHTY (IOCKOJIbKY 1, = 0).
3. st Toro, 9to0bl Oe3neduIMTHOS pacicaHne MpH JJIMHE KBaHTa k-d(k >1) rapaHTtupo-

BaHHO OCTaBAJIOCh OE3Ie(HUIMTHBIM IPU JJTMHE KBaHTAa d , PacXxoJll PeCypcoB B OJHOM KBAaHTE HE
JIOJDKCH TPEBBIIATh 1/k OT MX HaIM4wHsl.

2.3. DkcnepumenmanvHas npogepKa ouUbOK acpecupoBanuusl 8 cemesvix Mooensax. B mpakTuke
CETEBOr0 IJIAaHUPOBaHUS Hauboyiee paclpocTpaHEHbl JBE IOCTAHOBKM: HAa MHHUMYM
HeCOAJTAaHCUPOBAHHOCTH PECYPCOB MPHU 3aJIaHHBIX JaTaX BBIMOJIHEHHUS MPOEKTOB U MUHUMH3ALUS
OTKJIOHEHHMM PacUETHBIX CPOKOB peaIM3allii OT IUPEKTUBHBIX JIaT MPU COOIIOEHUN OTPAHUYCHUM
10 pECypCaM.

B mepBoii 3amaue 0OBIYHO HCIIONB3YyeTCs IesieBast (PyHKIHSI, MUHUMH3UPYIOMAs CyMMapHOe
MPEBBIIIEHHE MOTPEOHOCTH B pecypcax HaJl WX HaJIMYhueM BO BpeMeHH. ONTHManbHOE pelieHHe
9TOMW 3aJjauu NMpPU arperupoOBaHUU COAECPKUT CUCTEMATHUECKYIO OLIMOKY B OLIEHKE pecypcoodecte-
YeHHOCTU. Bo BTOpO# 3amade HEJONMyCTHMMOE IO CPOKaM pacHucaHHe, OLICHEHHOE M0 arperupo-
BaHHBIM JJAHHBIM MOJKET OKa3aThCs JOMyCTHMBIM. Kak pe3ynbTaT arperupoBaHusi pemieHue 00ernx
3a/1a4 BBITJISIUT JIyYIlle, YeM B JIEUCTBUTEIbHOCTU. Hibke paccMOTpEHBI pe3yJibTaThl SKCIEPUMEH-
TOB 110 IIEPBOH 3a/1a4e.

OneHuM omMOKy 1eneBold (YHKIUU TIPU YKPYIMHEHUH IPOMEKYTKOB YYe€Ta PECYpPCOB.
PaccMoTpuM mocienoBaTeNbHOCTh 3a/ad € pa3HbIM uuciaoM kBaHtoB 7. Ilpu 7 =1 mogenb
npeBpamaercss B 00beMHyt0. C poctoM 7 yBEIMYMBAETCS TOYHOCTh PAacyeToOB IpPU POCTE

pasmepHocTu. O603HauNM F) (x) - nucbanaHc pacnucaHus X B k - KBAHTOBOW MOJICIIH.

Hust moboro pacnmcanus x BbiosnHseTcs F, (x) > F,(x) 1npu k> g (¢ yBelnM4YeHHEM ducia
WHTEPBAJIOB BBIABIISIETCS OOJBIINN JUCOAIAHC PECYPCOB).

0O603HauNM x; ONTUMANIbHOE pacHUCaHue JJs ¢ -uHTepBaJbHOW Mogjenu. Torma
F, (x;) 2F, (x:_l), T.€. peUIeHUe I ¢ — | -HHTePBAIIBHON MOJICITH ONPECIIIeT HUKHIOI TPAHHITY
KPUTEPHs ¢ -MHTEPBAIBHON MOJENH, U, HA000POT, NUCOATaHC ¢ -UHTEPBAILHOW MOJETH B TOUYKE

ONTHMyMa SIBIIIETCS BEpXHEW TpaHHULed Uis KpUTepuaiabHbIX (DYHKIMHA C YHCIOM KBAaHTOB

MEHBLIE ¢ .

OmmbKa arperupoBaHusi MOKET OBITh OIICHEHA IO cieaytomen Gopmyiie:
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D, = F,(x)—F,(x) npu k > q.
D,, TOKa3bIBaET "HE3aMEUEHHOE" HA k -MHTEPBAILHON MOJIENM NPEBBIIIEHNE NOTPEOHOCTH B

pecypcax HaJ UX HAUIMYMEM BO BPEMEHH, KOTOPOE "CTAHOBHUTCS BUIAMMBIM'" MPH JTIOBEICHUHU YHCIa
WHTEPBAIOB /10 ¢. AHAJIOTUYHO MOXXET OBITh IOCTPOEHA OICHKA OIIMOKH arperupoBaHUs

ONTHMAJIbHBIX ILIAHOB!
£ * £
Dy, = F,(x;)~ F,(x;) npuk > g
Jisi SKCHepuMEHTOB BbIOpaHbI pealbHbIe JaHHbIE IO IMPOEKTHOW opraHu3auuu. bomee
oJIpoOHOE ONMUCAHKE BXOAHBIX JaHHBIX IpuBeaeHo B [10]. s yeTslpex MpoeKToB, OTOOPaHHBIX B

rOZIOBOM IUIaH, TIPU CEMH OIPAaHMYEHHBIX pecypcax (MCIIOJHUTENSX Pa3HBIX CHEIHAIbHOCTEH) MO
monenu (5-10) mocTpoeHo pacnucaHue B JBYX BapMaHTax: uid MecsuHbIX (k=12) wu
MOJIyMECSIUHBIX (g = 24) uHTepBanoB yuera. Anroput™m omnucad B [11]. ITomydeno ontumansHOe
pemenre. Te ke naHHble B 24-X MHTEPBAJIBHOW MOJEIM HE IMO3BOMWIM H30exaTh Aeduuuta
peCypCoB.

3. 3agauya koMMuBOsKepa. 3agaua GopMynupyercs ciaeayromumM oopa3oM: Tpedyercss HaluTH
HanboJiee KOPOTKUH MapIIpyT MyTelleCTBEHHUKa (OpoIs4ero TOProBIia, TPAaHCIIOPTHOTO CPEACTBA
U T.J.), KOTOPOMY HYHO IIOCETUTb 7 — | TOpoJ 110 OJHOMY pa3y KaKJblii U BEPHYTHCS B UCXOIHBIN
NyHKT. B Teopuu rpadoB 3agada CBOJUTCA K MOUCKY TaMUJIBTOHOBA KOHTYpa MUHUMAJIbHOU JJTH-
Hbl. OHa TakXke MOXET ObITh IOCTaBJIeHAa KaKk KOMOWHATOpHAas MM Kak 3ajaya LEeJIOYUCIEHHOIO
porpaMMHpOBaHus (CM., Hanpumep, [14], 1.2, c. 252-254).

3amaya KOMMHBOSDKEpA LIMPOKO UCIOJB3YETCsl B Pa3IMYHBIX C(epax uelIoBEUECKOU JesTelb-
HOCTH OT KaJICHAAPHOT'O IUIAHUPOBAaHMS 0 MPOEKTUPOBAHUS CIOXKHBIX TEXHHUECKUX cucTeM. Hau-
OoJiee U3BECTHBIE MPAKTHUECKUE MPOOIEMbI, CBOJAIIMECS K 3a7auye KOMMMBOSKEpa, - 3aj1a4a o I1e-
peHaagKax, 3aja4a 0 KOMMYHUKALUAX, 3aja4a COCTaBJICHHs PACIIUCAHUI TPAHCIIOPTHBIX CPEICTB,
- HE TOJIHOCTBIO COOTBETCTBYIOT UX MaTeMaTUYECKON (pOPMYIHPOBKE.

VYcinoBre OJHOKPATHOIO MOCEIEHUs] KaX10ro MmyHKTa (yciaoBue "OJHOKPATHOCTH'") SBISETCS
W3JUIIHAM IO OTHOIICHHUIO K OOJIbIIeH YacTh UCXOAHBIX cuTyauui. Tak, B [15, 1.1, ¢.162] Tpeby-
eTcs ONPEeNIUTh MapUIPyT MUHUMAJIBHOM JJIMHBI HIKOJIBHOIO aBTOOYCa, MOJBO3SIIEI0 HA 3aHIATUS
YYEHUKOB U3 Pa3jM4YHBIX PalioHOB ropoja. OIHAaKO €CIIM BBITOJHEE IOCETUTh OJUH U3 IIyHKTOB
JBaXKZIbl, TO ATOMY HUYETO HE NPENATCTBYET KPOME YCJIOBHUS OJHOKPATHOCTH, KOTOPOMY TPYIHO
HailTu 00BsICHEHUE, UCXO/1S U3 CIIOBECHBIX ONUCAaHUN MPOOIEMbI IOCTAaBKU YUEHUKOB Ha 3aHSTHUS.

Hpumep u3 [14,1.2, c.275]. Umeerca 5 myHKTOB, Ky/1a HY>KHO JIOCTaBUTh YYEHUKOB. PaccTos-
HUS MEXJly ITyHKTaMH 3aJlaHbl MaTpULIEH A.

o 10 25 25 10]
1 o 10 15 2
A=|8 9 o 20 10
14 10 24 o 15
110 8 25 27 o

MUHHMMaNBHOE PACCTOSHUE TPU OJHOKPATHOM IIOCCHICHHU ITyHKTOB paBHO 62 (MapmipyT
1 >5—>2—>3—>4—>1). [Ipu BO3MOKHOCTH TTOBTOPHOT'O TOCEIICHHUS BEPIIUH YYCHUKOB MOYKHO
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JOCTaBUTh  OoJieeé  KOPOTKMM  MapHIpyTOM: 3HaueHue Kputepus — 59  (Mapuipyt
[55-52-53>4-52-1).

Wuoraa ycioBre OAHOKPATHOCTH MPUBOIUT K OUEBUIHBIM IIPOTUBOPEUHUSM 3/IPABOMY CMBICITY.
Tax B [16] paccMoTpeHa 3a1aya MUMHUMU3AIMKA OOTY4YEHHs] PEMOHTHOTO MEepPCOHaa MpH ero mnepe-
JIBUKEHUH 0 aBapuitHbIM yuyacTkaM ADC. Jlydile moceTUTh HEKOTOphIE MyHKTHI MO HECKOJBKY
pa3, eciu 3TO CIIOCOOCTBYET MOHMKEHHUIO 00TyUYeHHs] paOOTHUKOB MPH MX MEPEABIKEHUU T10 3apa-
KEHHBIM y4acTKaM. J[JIs1 4rcieHHOro mpuMepa U3 MpakTUKU, MPUBEACHHOTO B [16], ypoBeHb 001y-
YeHHs] PEMOHTHOTO MepCcoHaia MOXKET ObITh MOHMKeH [17], ecnu pa3penieHo HeOJAHOKPATHOE To-
CEIlleHHE BEPILIUH.

3akiaoueHue.

1. PERT. Omubku B pacuere MaTeMaTHUYECKOrOo OXKHUIAHWUS DPAHHUX CPOKOB CBEPLICHMS
coObITUi W KpuTHueckoro mytu B cucteme PERT, ymeHbiamomue pacueTHble HapaMeTpbl
OTHOCHUTENIHO MX peaJbHBIX 3HAUYCHUMN, BBISBISIOTCS B ONEPATUBHOM YIMPABICHUH IMPOCKTAMH.
[IpakTuka maaHUpoOBaHUS UX “HE 3amMedaeT’ BCJEACTBHUE HEIOJHOTO yueTa (haKTOpOB B METOE
PERT: He yuuThIBaeTCsI OrpaHUYEHHOCTh PECYPCOB, BOZMOKHOCTh U3MEHEHUS MapaMeTpoB padoT
Ba XOJI¢ BBIIOHEHHUS NPOEKTOB, U T.A. HecooTBeTcTBHE (HaKTUUECKHX MapaMETPOB IJIAHOBBIM
BBI3bIBAET HEOOXOJIMMOCTh YAaCTOW KOPPEKTHPOBKU pacmucaHus paboT, TOrJa Kak MOCTPOCHHBIN
IJIaH MOT OBITh U3HAYAJILHO HEBBIITOJIHUMBIM.

2. ArperupoBaHne B 3ajladax KaJeHIApHOTO IUIaHHpoBaHUsA. OOBIYHO YHCIIO WHTEPBAJIOB U
pPECYpPCHBIX TpyMIl (CTENEHb arperupoBaHUsl) B CETEBBIX MOJENSAX YIPaBJICHUS MPOU3BOJCTBOM
BbIOMpaeTcss ucXoAs U3 TpeOoBaHuM mpakTUKU. CTpemiieHHEe K TOJYyYEHHUIO TPUKIAJIHBIX
Pe3yNbTaTOB JUIsl TPYAHO pa3peliMMbIX KaJeHIApHbBIX 3ajad 3acTaBiIsIeT COKpallaTh Pa3MEpHOCTb
Mozeneil. B pesynbrare 0mycTUMbIE pEHIEHUSI MOTYT CTaTh HEBBIMOJTHUMbBIMHU.

OmuOKK arperupoBaHus CUCTEMAaTHUECKHE: OHU BBIPAaBHUBAIOT MOTPEOHOCTH B pecypcax u
3aHIKAIOT BpeMeHHble NapaMeTpbl. Kak pe3ynbTaT, BOSHHKAIOT HNOTPEIIHOCTH B IIAHUPOBAHUH,
kotopele "He 3ameuaror" wMozgenu. IIpobGrmema arperupoBaHusi - OJIHA W3 HEPEIIEHHBIX B
SKOHOMHYECKOM TEOpHM, INPHUBJICKACT BHMMAaHUE MHOIMX HccleqoBaTeneil. B wactHOCTH,
aQHAJIOTUYHBIC PE3YIIbTATHI ISl MAKPOIKOHOMHYECKUX MOJIeei momydensl B [12, 13].

MammHHbIe SKCIIEPUMEHTHI MMOKa3alld, YTO OIIMOKU JOCTATOYHO BEJIHMKH YTOOBI UX WUTHOPH-
poBaTh B MPaKTUYECKHUX pacuerax. boiee Toro, oTMe4eHbl CUTYallUU, KOT/Ia yiIy4llleHne cOalaHCcu-
POBAHHOCTH arperupoBaHHBIX IJIAHOB OJHOBPEMEHHO YXYIIAeT AETaJIU3UPOBAHHBIE paCIUCaHUS,
T.€. ONTUMH3AUS 110 YKPYITHEHHBIM JTaHHBIM MIPUBOJIUT K PE3YyJIbTaTy, IPOTHUBOMOIOKHOMY K 3a]1y-
MaHHOMY.

3. 3amaua kommuBoOspkepa. Kak npaBuiio, Bepudukais BbIBISET HEYUYTEHHbIE (DAKTOPBI IPU
MOJIETbHOM ONHMCAHMU MPAaKTHYECKHUX 3ajad. 3/1eCh, HA000POT, - CIMIIKOM CHJIbHbIE OIpaHUYECHUS
MaTeMaTHYeCKON MOJIEH HE BCEr/ia MO3BOJISIOT MONTYy4YUTh 3P (EKTUBHBIE PEIICHHUS.

Vnanenue ycinoBus "OJHOKPATHOCTH'" B MaTeMaTHUUECKOW MOJEIN 3aJja4ll KOMMHUBOSKEpA HE
MIPOTUBOPEUYUT OOJIbIIIENH YACTH U3BECTHBIX MPAKTUYECKUX MPOOJIEM, HO CIIOCOOCTBYET YIYUIICHHUIO
"onTUMaNbHOrO" pelIeHus B 3a7jauax ¢ HEBBIIOJHEHHBIM YCIOBHEM HEPABEHCTBA TPEYTOJIbHUKA.
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