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BBenenne

Konen XX Beka B MeIUILIMHE BOOOIIE M MEAUILIMHCKON HayKe B YaCTHOCTU OXapaKTEepU30BaJICSI TPeMs
BaxkKHBIMU M3MEHEHUsIMU. Bo-TIepBBIX, B UMCIIO BaXKHel 111X 3a00/1eBaHU I BEpHYJIUCh UHPEKIIMOHHbIE
00J1e3HU, MpUYEM He TOJIbKO B Pa3BUBAIOIINXCS, HO 1 B pa3BUTHIX cTpaHax. OCHOBHOI MPUYMHOI 3TOTO
Bo3BpaTa craja robanbHas snuaemus BUY/CITW . Bo-Bropsix, nosiBuiIach J0Ka3aTeJabHasl MEIM-
LIMHA, HaIlpaBJIeHHAasl Ha MCMHOJb30BaHUE B KJIMHUYECKON MPaKTUKE TOJIBKO IMPOBEPEHHBIX B DKCIIC-
PUMEHTE METOMIOB JIeYeHUS U NpoGUIAKTUKUA U, B-TPETbUX, SdKOHOMUKA 3I0POBbsI 0(pOpMUIACh KaK
caMOCTOSITe/NbHas AUCLUUIIJIMHA, KOTOpasl aHaJIUu3UpoBajia He IMPocTo 3(PPEeKTUBHOCTD, a CTOUMOCTh-
5 HEKTUBHOCTDL BMEILLIATEIbCTB, 0a3UPYSICh HA TTOJOXKEHU M O TOM, YTO BBUY OFPAaHUYECHHOCTHU PECYPCOB
3apaBooXpaHeHU s Hea(HEKTUBHOE PACXOJ0BAHNUE CPEACTB 03HaUYaeT HEBO3MOXHOCTD OKa3aTh IIOMOIIb
OOJILHBIM JIIOASIM.

Hoka3zarenbHas MEAMIIMHA M 9KOHOMUKA 3I0POBbS CTAJM JOIMOJHATH IPYT Apyra, OTBevasi Ha BOIPOC,
KaKKe HOBbIE METO/IbI JICUEHUST U TPOGUIAKTUKHU SIBASIOTCS 3((GEKTUBHBIMU U, €CJIU OHU SIBJISTIOTCS
3 HEKTUBHBIMU, TO SIBASIIOTCS JIU OHU CTOUMOCTHO-3(P(PEeKTUBHBIMU.

OCHOBHBIM UHCTPYMEHTOM OLICHKU 3(p(HEKTUBHOCTU U JaJIbHEHIIIEro aHaan3a CTOUMOCTU-3(h(DEKTUB-
HOCTU SIBJISIIOTCS PaHAOMU3MPOBAHHBIE KOHTPOJUPYEMbIe MCIbITAHUS, SKCIEPUMEHTHI, B KOTOPbIX
rpyIia nalueHTOB ASIUTCS Ha 1BE MOATPYIIIbI, OAHA M3 KOTOPHIX I01y4aeT HOBOE, 3KCIIEPUMEHTAJIbHOE
BMEILIATeJILCTBO, a ApyTasl SIBJISIETCS TPYIIION CpaBHEHU . DTOT AU3ailH UCCASI0OBAaHUN CYUTAETCS Ha-
nbosee ageKBaTHBIM AJIS1 OLeHKU 3(p(EKTUBHOCTU METOMOB JIUCHU S, TOCKOJbKY IO3BOJISIET PEru-
CTpUPOBATh BaXHbIC [JIS ITALIMEHTOB KMCXOAbl M OTPAaHMYMBAET BO3MOXHOCTb CHCTEMaTUYECKUX
OLIMOOK, CBSI3aHHBIX C HEYYTeHHBIMU (paKTOpaMU PUCKA Cpeay MalleHTOB.

Bwmecte ¢ TeM, B obiacTu MH(MEKLMOHHBIX 3a00JIeBAHUI Y TTOJOOHOro Moaxoja K oleHKe 3¢ deKTuB-
HOCTHU JIeYeOHBIX M B IIEPBYIO ouepelb MPOPUIAKTUYSCCKUX MEPONPUSATUI €CTh LEAbI PSAI Hemo-
ctaTkoB. OMHOM U3 TPUYKH SIBJISIETCS 3apa3Hblii XapaKTep 3TUX 3a0oJieBaHui. B cinyyae HeMH(MEKIIMOH-
HBIX 3a00JIeBaHUI BeCh IMOJOXMTEIbHBIA 3(P(PeKT OT BMelIaTeJbCTBA OTPAHMYMBAETCSI TEM, UTO
HabOmogaeTcs B ucciaegoBaHuu. OQHAKO B cllydae 3apa3HbIX 3a001eBaHU I KaxXK bl MPpeaoTBpallleHHbI
cliydaii 3a0oJyieBaHMSI MOXET MPUBECTHM K MPEJOTBpAIleHHIO APYyrUX ciaydaeB, (GopMUpys ILelb
MOJIOXKUTEABHBIX Pe3yJbTaTOB, HE BUAMMBIX B MCCAESOOBAHUM M3-3a OTPAHUYEHHOCTU TIOIMYJISIIAU.
C IpyroiicTopoHBbl,ecan3aboaeBaHNE PACIPOCTPAHEHOI0CTaTOYHO LI POKO UJIM CBSI3aHO CIIOBEIEHUEM
pHUCKa, TO IIPEAOTBpallcHUe ciiydas 3a00JIeBaHUS B paMKaX UCCIEeI0BAHMS HEe 03HAYAeT, YTO YeJIOBEK
He MHGULUUPYETCI HEMEAJICHHO MOCje ero oKoHuaHus. Takum oOpa3om, B ciiyuyae MHGEKLIMOHHBIX
3a00JI€BaHUI CTAaHIAPTHBLIA MOAXOH C MCIIOJIb30BAaHUEM PaHIOMM3MPOBAHHBIX KOHTPOJMPYEMBIX
HUCTIBITAHUI B KAa4eCTBE 30JI0TOr0 CTaHAApTa AJs onpeaeaeHus 3pGeKTUBHOCTU AaeT COOM.

Bo3MoxxHOIT aIbTepHATUBOM SIBJISTIOTCS TIOMYJISIITMOHHBIC PaHIOMU3UPOBAHHBIE KOHTPOJIMPYEMBbIE UC-
MbITaHUS (T.H. KJJaCTepHbIe paHIOMU3MPOBaHHbBIC UCITBITAHNST), B KOTOPBIX €IMHUIICH paHIOMU3AIINT
1 HaOJTIOCHM S SIBJISIETCSI HE KOHKPETHBIN YeJIOBEK, a HaceJICHUE OIpeeICHHOr0 HaceJICHHOTO MyHKTa
i pernoHa. K coxalleHr10, 3TU UCCIeI0BAHUS TOCTATOYHO TOPOTOCTOSIIIINE M TaKXKe He CBOOOTHBI
OT psiia Mpo0JieM, B YaCTHOCTH, «IIepeInBa», KOTaa Mpo(uIakTHIeCcKOe BMEIIaTeJIbCTBO B OJHOM pe-
TMOHE OKa3bIBaeT BO3ICHCTBME HA COCEMHMI (IJISI YMCTOTHI SKCIEPUMEHTa pervoHbl/HaceIeHHBIC
IYHKTBI JOJIKHBI OBITH ITOJIHOCTBIO OTAEJIEHBI APYT OT Apyra, YTO B COBPEMEHHOM MUpPE NMPAKTUYECKU
HEBO3MOXHO).

Hanuane ipo0iiem ¢ orieHKO 3 dpekTa mpoPruaIakTHISCKUX IIPOrpaMM B 00J1aCTH SITUAEMUOJIOT MY N H-
(peKIMOHHBIX 3a00JICBaHM 1 YeJIOBEKA IIPUBEJIO K TOMY, YTO UCCJICAOBATEIM CTaJIX 00pallaTh BHUMaHUE
Ha BO3MOKHOCTh MOCTPOEHMUSI MaTeMaTUYECKMX MOJEJIeil paclpoCTpaHeHMsl 3apa3HbIX 3a00JieBaHUI



1 3aTeM Ha 9THUX MOACJIAX U3ydaThb NOCIACACTBUA TCX MU MHBIX BMCIIATC/ILCTB M CpaBHUBATh UX C PC-
aJabHO HAOMIOAAEMbIMU pe3yjabTaTaMu.

XoTs ITOCTPOEHUE MOZEJIEM HE MOXET CUMTAThCS MOJHOCTHIO aJ€KBAaTHOU 3aMEHOU SKCIIEPUMCECHTY,
TEM HE MCHEEC OHMU INO3BOJJIAIOT AOCTATOYHO aACKBaTHO IIpe€AcKa3aTb CUTyallnlO, €CJIN CIIpaBEAJJINBbI
BCE€ MCITIOJIb30OBAHHBIC B MOACJIN JOITYHICHU . U 3xech KpO€E€TCAa BasKHEU1ICE IIpaBnJIO, KOTOPOE BCETra
JOJI2KHO MCITOJIb30BAaThCA IIpU aHAJINU3€ JII00BIX MoJelieli — a0as MOJAeab JUIIb HACTOJIBKO Xopo1ia,
HaCKOJIbKO XOPOIIH 3aJIO2KEHHBIC B HEC JOITYIICHNM 4.

CTOUT OTMETUTD, YTO B peaJIbHOCTU U YIIOMMHABIIIKECS BbIllIe paHIOMU3UPOBAHHbIE KOHTPOJUPYEeMbIe
ucnbiTanust (PKN) aasiores moaensamu. My HUX ecTh nonyuieHus: (caMoe BaXHOe U3 HUX — TeHe-
pau3yeMOCTh UM 00001IaeMOCTh pe3yJibTaTa). OueHka pe3yiabraToB PKI Tak:ke BKIIIOUAET UCIIOJIb-
30BaHUE MaTeMaTU4YeCKMX MOJe/Ieil B BUJE CTATUCTUUYECKUX MOJIe/Ieil, KOTOphIe TaKxKe 0a3upyloTCcs Ha
LeJoM psae gonyiueHuii. OqHaKO B JAHHOM ITOCOOMU Mbl OyieM TOBOPUTH O MAaTeMaTUYECKUX MOJC-
JISIX, OTVIMYHBIX OT CTATUCTUYECKUX — MOJEJsSIX, KOTOpPbIe OBbLIM CIlelMaIbHO pa3padoTaHbl IJISI U3Y-
YeHUs Ipoliecca paclpocTpaHeHMsI 3apa3HbiX 3a00JieBaHUI UyeloBeKa U B IOCJIeAHEee BpeMsl aKTUBHO
HCIIOJIBb3YIOTCS 11l U3ydeHusI mpoliecca pacnpocTpaHeHu st BUY-nHbek i v olieHK1 3¢ HEeKTUBHOCTU
npodUIaKTUIECKUX MEPOIIPUSITUIA.

Mpzi He OyaeM yIIOMUHATh MOIEIM, KOTOPhIe M3Y4YaloT MPOLECChl BOIIOIMU 3apa3HOTo 3a001eBaHUS
Ha MHAMBUAYaJbHOM YPOBHE (HallpuMep, MaTeMaTUUYeCKUE MOJESIN SBOIIOLMY BUPYCHOM TTOIMYIS LN
B opraHusme uJiu MMMyHHorootBeTa [17]). Takzke He OyayT paccMaTpUBaThCsI BOITPOCHI MOAESIUPOBAHU S
B3aMMOACHCTBUS MEX Iy ONYJs11ei yeJoBeKa M Bo30yautes [9]. 3amada 3Toro mocooms 3HaYUTEIbHO
CKpOMHeEE: MO3HAKOMUTDb YUTATE/ISI C HEKOTOPHIMU MIPOCTEUITNUMU MHCTPYMEHTAMU MaTeMaTU4eCKOTO
MOJEIMPOBAHMS 3apa3HbIX 3a00JieBaHUI YeJI0BeKa, KOTOPbIE MOXHO MCIIOJIb30BaTh B MOBCEIHEBHOM
MpaKTUKe.

[Tepen aBTOpOM CTOsIJIa 3aa49a JaTh HE TOJIbKO TEOPETUUECKOE OITMCaH e UCITOJIb3YEMbIX B OITUCHIBAEMOIA
00J1aCTU METOJOB, HO M IIPUBECTU IIPUMEPBI, KOTOPbIE MOXHO ObIJIO ObI CAMOCTOSITEILHO OIPOOOBATD,
MOCKOJIBKY caMoe JTydlliee 00ydeHHre — 3To o0ydeHue yepes aeiicTBre. OqHAKO B 00J1aCTH COBPEMEHHOTO
MOJEIUPOBAHM S 3TO 03HaYaeT HEOOXOAMMOCTD IT0JIaraThCs Ha ONpeeIcHHbIE KOMITbIOTEPHbIE ITAKETHI,
MOCKOJIBKY BBITIOJTHEHWE MOJCIUPOBAHUS «BPYYHYIO» XOTh M BO3MOXHO, HO MOXET OTOMTbH OXOTY
K 3TOMY 3aHSTHIO JaxXe Y CaMOro TepIieJIMBOro ucciegonareis. B mociaenHue roabl 06111 pa3paboTaHbl
JOCTATOYHO MHTEPECHBIE ¥ MOIIHbIE MAKEThl MAaTEMAaTUUYECKOr0 MOIEJIMPOBAHUS, IIPUCIIOCOOICHHBIE
st anaau3a cutyanuu ¢ BUY/CITU /I, B yacTHOCTH, cucTeMa Spectrum'. DTa cuctemMa JOCTaTOYHO 11~
POKO MCIIO/Ib30BaJiach B MyOJIMKALIM X, HOCBIIIEHHBIX TMHAMKKe pacipocTpaHeHuss BUY-undeknu,
OIHAKO OHAa pa3pabaTbiBajiach KaK MHCTPYMEHT AJIS BBLINTOJHEHUS CIeUMdUUEeCKUX 3aJaHUi U yXKe
COAECPXKUT PSII NOMYIIEHW I, HACTOJIBKO TECHO BIIJIETEHHBIX B Hee, YTO JTI000# MoIb30BaTe b TOJIXKEH NX
MNPUHSTH, €CJIM X0UET MOJIb30BaThCs 3TOM cucTtemMoii. C Apyroif CTOPOHEI, 3Ta CUCTEMAa U €l TI0JOOHEBIe
He 04eHb apUIIMPYIOT UCTIOIb3yeMble B MOIEISX JOMYILIEHMS, YTO CIIOCOOCTBYET JIO(KHOMY YYBCTBY X
OTCYTCTBHS M IPOCTOTHI MOJAEAUPOBaHM . [1Jis Liesieit 3TOro mocooms TaKOM ITOAXO, ObIJT HEITPUEMIIEM,
MOCKOJIBKY LEJIbIO IBISJIOCH KaK pa3 MPOAEeMOHCTPUPOBATh, KaK MOXKHO ABUTAThCSI OT ITPOCTHIX MOJETIEI
K 0oJjiee CJIIOKHBIM, YTO IIPU 3TOM BBIUTPBIBAETCS, a UTO TepsieTcs. [1oaToOMy ObLIO IPUHSTO PELICHUE
OrPaHUYMTHCH MCHOJIb30BAHMEM TOJILKO JBYX MHCTPYMEHTOB IJIST MoJeanupoBaHusl. OOQuH U3 HUX —
cpela s BU3yaJbHOTO MOAEIUPOBAHMS CUCTEM Vensim, KoTopas sIBJsIeTcsl Oojiee yeM aJeKBaTHBLIM
MHCTPYMEHTOM JIJIsl TOTO, KTO XOUeT MO3HAKOMUTLCS ¢ MoJenpoBaHueM cucteM. OnMHAaKoO U y Hee eCTh
OrpaHUYEHM S, U TIO3TOMY MHOI'ME IIPUMEPHI B TOCOOMU NpUBEIEHEI B cucTeMe SAS, KoTopas 6oJblie
M3BECTHA KaK CMCTeMa CTaTUCTUYECKON 00pabOTKM JaHHBIX U KaK TaKoBas IIMPOKO paclpocTpaHeHa
B MEIMIIMHCKOM Mupe. Y SAS ecTb JOCTaTOYHO MOIIHBIM S3BIK WM Habop Ipolenyp, KOTOPBIi
MO3BOJISIET OITMCHIBATh MOJEJIM M aHAJIM3UPOBATh UX. [1pyr 5TOM y aHaIMTHKaA OCTaeTCs IoJIHas CBoOoma

U'http://www.policyproject.com/software.cfm?page=Software&ID=Spectrum



MoAU(UKALIMU TUX MOAETE U U3MEHEHUS JOMYIIEHUI, Ha KOTOPBIX OHU CTPosITCSA. EcTecTBEeHHO,
TSl 1€ TaJAbHOTO OBJAJEHUS 3TUMU MOJEISIMU HEOOXOAMMO 3HATh SI3bIK SAS, 0JHaKO OH HE SIBJISIETCS
OYEHb CJIOXKHBIM, U U3yUYeHUE SI3bIKA AJIST TIPOBEACHUST MOJICTUPOBAHUS SIBIISIETCSI HEM30EXKHBIM 3JI0M,
MOCKOJBKY BH3yaJbHble METOABI MOCTPOSHUSI MOJEJell CTAaHOBSITCS MaJio TIpHEeMJEMBIMHU B ciyyae
MoJeJIei, O CJTOKHOCTU XOTh HEMHOTO HAaITOMUHAIOIIMX PEeaJIbHOCTb.

B paMkax3Toro mpearcioBus XOTEI0Ch ObI BKpaTIie MIO3HAKOMUThH YUTATENIS C UACSIMU MAaTEMAaTUUECKOTO
MOJEIUPOBAHM S 3apa3HbIX 3a00eBaHM, B mepByIo ouepenb BUY/CITM ]I, He Kacasich TOAPOOHOCTEIA,
KOTOpHbIe OYAYT U3JI0XKEHBI B TaIbHEUIIIEM.

NHTepec K MaTeMaTMUYeCKMM MOJESISIM B MH(MEKIIMOHHON 3MUASMUOJIIOTUNA BO3POIMJIICS BO BTOPOI
nonoBruHe XX BeKa, KOraa 3MUIESMHUOJIOTH CTOJNKHYJIUCH C IBYMs MpoOJeMaMH, UMEBIIUMU TIPSIMOE
1 HenocpencTBeHHoe oTHomeHue K snuaeMun BUY/CITN/: (1) kak OLleHUTh KOJIUYSCTBO CIydyacB
3aboneBmmx (BUY-unpnunpoBaHHBIX), €CIU U3BECTHO TOJILKO KOJMUYECTBO JIIOACH B TEpMUHAIBHOMN
(xnuHNYecKn MaHudecTtHON) cTraguu 3ad6oaeBanus (CITU ) u (2) kak mpenckasaTb paclipoCcTpaHEHNE
MHQEKINY B MOIYJISIIMY Ha OCHOBaHUY MH(MOPMALINK O €€ 3apa3HOCTU M YaCTOTE ITOBEACHMST PUCKa.
OTBeT Ha IIepBHIi BOIIPOC MPUBEJ K TTOSIBJICHUIO METOIOB OOPaTHOI'O pacyeTa, KOTOphie 0a3upoBaiiCh
Ha JOCTaTOYHO ITPOCTOI, HO MHTePECHOM NIee — €CJIM HaM M3BECTHO KOJIMYECTBOINIIB TePpMUHAIBHOMN
CTaJVU M MbI 3HaeM (M1 MOXEM caeaTh MPearoaoXeHWe) 0 4acToTe mepexoaa 3a001eBaHus B Tep-
MWHAJBHYIO CTagWi0O, TO MOXHO JOCTaTOYHO ITPOCTO OLICHWUTh, KaKO€ KOJMWYECTBO JIUI HAOIKHO
OBITh B MOIYJSIIMM IJISI TOTO, YTOOBI HAOJIOMAJIOCh 3aJaHHOE KOJHMYECTBO JIMIl B KJIMHUYECKU
MaHu@ecTHOU ctaguu. CTpOro roBopsi, IJIsI 3TOr0 HAJO0 BHaJYaje BBITIOJHUTD pacyeThl B IIPSIMOM Ha-
MpaBJICHUW — €CJIM B TOA X Yy Hac ObLJIO Z MHPUIIMPOBAHHBIX, TO KAKOE KOJIMYECTBO NX HUX MepeiaeT
B KNIMHUYECKNU MaHUMECTHYIO (popMy 3a00jieBaHUS K rony Y. DTy IIpolenypy MOXKHO ITOBTOPUTD IJIS
pa3HBIX IpeanoaaraeMbix 3HaueHn# Z. COOTBETCTBEHHO, 3HASI KOJTMUYECTBO JIMIL C MAHMU(ECTHOI hop-
Mot 3a00JieBaHMSI B TOA Y, MOXXHO HAalTH HEM3BECTHOE KOJIMYECTBO MHPULIMPOBAHHKIX Z, 3aTJISTHYB
B IOCTPOEHHBIC TA0IMIIBI. IMEHHO TaKoi 00paTHBIN ITOMCK 1 AaJI Ha3BaHUE METOMY.

OueBUAHO, YTO OCHOBHOI Mpo0JIeMOl B JaHHOM ClIy4ae SIBJIsIeTCS (hopMa 3aBUCUMOCTU MEXIY KOJI-
YeCTBOM MH(ULIMPOBAHHBIX X KOJIMYECTBOM MaHUMECTHHIX (hopM. DTY MH(POPMALIMIO HEJIb3SI ITOJIYyUYUTh
MHBIM CIIOCOOOM, KpoMe KaK HaOjoJeHueM 3a MHPUUUMPOBAaHHLIMU MHaluMeHTaMu. I[IpoBeneHHEBbIE
B HavaJje snugemMuu BUY-uHdexy uccienoBaHu s HO3BOJMIIY HOJTYYUTh ITIOAOOHBIE JTaHHBIC U IIPEI-
JIOKUTh YpaBHEHMS JJISI OMMCAHUSI 3aBUCUMOCTH, KOTOPhIE, KaK 0Ka3aJ0Ch, OTHOCSITCS K JOCTaTOYHO
XOPOIIO U3BECTHOMY CpeAM CTaTUCTUKOB paclpeneieHuio BeiiOyia. 3HaHue (opMbl paciipeneieHus
MO3BOJIMJIO YIIPOCTUTh pacyeThl, OAHAKO ITOPOAMJIO IIPOOJIEMY MEPEHOCUMOCTH HAHHBIX (C TeX IIOp
MMEHHO pacIpeneneHue BeliOyiia ¢ mapaMeTpamMu, OIpeAeeHHBIMU B XOAe TeX UCCAeA0BaHUM, 1UC-
MOJIb3YeTCsI B OOJIBIIMHCTBE MOACIBHBIX ITporpamm). JIeCTBUTEIbHO, HACKOJIBKO JaHHBIC, MOJIy4YeH-
Hele B CIIA B Hauazne 1980-x, nmpumeHuMbl B Poccuu Bo BTopoM necsatuiieTun XXI Beka? Ha aTot
BOIIPOC MOXHO OTBETUTb, TOJbKO aHAJIU3UPYS IpeAcKa3aHus, IOJydyeHHbIe IPHU HCIOJIb30BaHUU
MOJIeJIM, U CpaBHMBAS UX C peaJlbHbIMU JaHHBIMU.

MHTepec K MeTogaM oOpaTHOIO pacuera CTajl CHUXKATHCS I10CJIe MOSIBACHU S BHICOKOAKTUBHOI aHTU-
PEeTPOBUPYCHOI Tepaliuu, MOCKOJbKY OHA CUJIbHO M3MeHMuIa TeueHrue BUY-uHdekuu, 1 reneppb He-
BO3MOXHO YK€ CTaJI0 UCITOJb30BaTh 3TOT MOAXO AJI51 OLeHKU yncaeHHOoCT BUY-uHDuIIupoBaHHbIX,
MOCKOJILKY hopma uzmeHuaachb. OmHako pa3padoTaHHbIE MOAXOAbl MOXHO MCITOJIb30BaTh Ha TOITYJIs-
LUSIX, B KOTOPBIX pacnpocTpaHeHHOCTh BAAPT OTHOCUTEIbHO HEBHICOKA M MOXHO HCIOJIb30BaTh
B KauyecTBE MapKEpOB HBbIHEIIHEr0 COCTOSIHUS He ToJbKo Hannuue CITM/I, Ho 1 apyrue nokasareiu,
Hamnpumep, ypoBeHb CD4+ T-nuMdountoB. UMeHHO B 3TOI 0071aCTU — OLIEHKW AMHAMUKU SMUAEMU-
YeCcKOro Ipoliecca B MOMYJISLUM HAa OCHOBAaHUM MMMYHOJIOTMYECKMX MapKepoB — U Pa3BUBAIOTCS
ceilyac MeToIbl 0OPaTHOIrO pacyeTa.



MeTonbl 0OpaTHOI'0 pacueTa IO3BOJIUIN BBECTU B OOMXO/ 3MUAEMUOJIOIOB MHCTPYMEHThI MaTeMaTu-
YeCKOro MOMAEJIMPOBAHMSI U MOATOTOBUJIM ITOYBY [IJISI IMPUHSTUS 3TUX MHCTPYMEHTOB B IIONBITKAX
OTBETA Ha BTOPOHN BaXXHEWIUMI BOMPOC — KaK OyIeT pa3BUBATHCS SMUIAEMMUOJOTUYECKUI TTpOLECC
B OynyiueM. Ha mepBoM 3Tame oTBET Ha 3TOT BOIPOC SIBJISIIICS €CTECTBEHHBIM CISACTBUEM UCI0Ib30Ba-
HMSI METOIOB 0OpaTHOI'O pacueTa — ONMCcaB AUMHAMMKY Pa3BUTHUS AMUAEMUYECKOr0 IIpoliecca, MOXKHO
OBLJIO JOCTAaTOYHO JIETKO OLIEHUTb, YTO OyIeT IIPOUCXOAUTH C YACTOTOM MOSIBJACHU I MAHU(ECTHBIX (OPM.
OnHako 3NMIEeMUOJIOTOB MHTEPECOBAIO HEe TOJILKO OMMCaHUe IIpoliecca Ha YPOBHE BCell MOMYJISLUN,
HO M CUTYallus B OTACAbHBIX IPYMHIaX pUCKa, a TAK>Ke OTBETHI Ha BOIIPOCHI TUIIA «a YTO OYAET, €CIU...7».
OTHU OTBETHI HE MOIJIM OBITh JaHBI HA OCHOBE MOJIeJIeil 00paTHOIro pacueTa, i O3TOMY HOSIBUJIMCH HOBBIE
(TouHee, XOpOILLIO 3a0bIThIE CTaphble) MOAEIN, OTHOCUBIIMECS K OOJIbIIOMY CEMEICTBY JMHAMUUECKUX
MOJIEJIEN.

JquHaMUYeCKUE MOJECIU SIBIISIIOTCSI KOHIIENTYaJabHO JOCTAaTOYHO TMpocThiMu. [lomynsauus nmpeacras-
JIsIeTCsl KaK HaOOp T'PYIIT TOMOTeHHBIX 00beKTOB. CI0XHOCTh MOIEIM 3aBUCUT OT KOJIMYECTBA BTUX
rpynmn. [IpocTeiiliine MoAEIN COCTOAT U3 OMHOM IPyIIbl. BHYTpU IpynIibl KOHTAKTHI MEX 1Y 00 beKTaMU
CYMTAIOTCS CIYyYaliHBIMHU (T.€. HE 3aBUCSIIIIMMU OT 3apa3HOro CTaTyca yejoBeKa) U paBHOBEPOSTHHIMU
(aT0 momyiieHue 6oJice CIIpaBeIMBO AJs BO3AYIIHO-KaIeJIbHbIX MHPEKIINHT, HEXeAU A5 MHGeKLIni
C KOHTaKTHBIM MeXaHM3MOM mepeaaun). MHbpIMU cioBaMU, Kak nucaa B pomaHe «Mb» E. 3amMaTuH:
«BcsIkmii U3 HyMepoB MMeeT MpaBO — KaK Ha CEKCyaJIbHBII MPOAYKT — Ha J1000i HyMep». MBI IoKa
OCTaBUM B CTOPOHE HEKOTOPYIO UCKYCCTBEHHOCTh 3TOTO AOMYILIEHMsI, OTMETUB, YTO MOXXHO HAYMHATh
JIEJUTh MOMYISIIMIO HAa BCE MEHBIIIE U MEHBIIIHE TPYIIIIbI 10 TEX IMOP, IOKAa OHO HE CTAHET BBITIOJHSIThCS
(MMeHHO 2TOo U IenaeTcs B cucteMax TuIa Episims [2]). OnHaKo, eciu Terepb B35ITh TAKY10 TOMOT€HHYIO
TpyIIy, TO BEPOSATHOCTD 3apakeHUs B Hell 3aBUCUT OT KOJIMUYECTBA KOHTAKTOB 1 BEPOSITHOCTU 3apa-
JKeHMs TIPU OMHOKpAaTHOM KoHTakTe. Pacmonaras aToil nHGopMalueil, MOKHO OIMcaTh Mpolecc pac-
MPOCTpaHEHM S 3apa3HOro areHTa B 3Tol rpymmne. [1pr 3ToM BO3MOXHBI HECKOJIBKO CLIEHApUEB Pa3BUTU S
COOBITUIT — 3a00J€BaHNE MOXKET IIPUBOIUTH K MOSIBJCHUIO CTOMKOTO UMMYHUTETA, TOTAA KOJUYECTBO
KOHTAKTOB, TIPU KOTOPBLIX MOXET MIPOU30MTH 3apakeHue, OyaeT MPOrpecCUBHO YMEHbIIAThCA (M0 Mepe
pocTa MMMYHHOI Tipocioiiku). Takoe 3abojieBaHME pPacOpOCTPAHUTCSA IO TOMYyASUMU (TPYIIIe),
a 3aTeM MCYEe3HET. DTU MoAeaM HasbiBaloTcd mopensaMu SIR (oT aHrimiickoro ‘susceptible-infected-
resistant’” — ysI3BUMBIH-MHOULIUPOBAHHBIA-PE3UCTEHTHBIN). Bo3MOXHO, 4TO TepebdosieB, 4eOBEK
CHOBAa MOXET 3apa3UThCs — TOIJAa 3a00JeBaHMEe OCTAHETCS B MONYJIsIUMK HaBceraa. [Ipu aToM TeueHure
3a00JIeBaHUSI MOXKET OBITh BOJHOOOpPA3HBIM MJIU CO CTAOMIBHBIM ypoBHeM. Takue Momeaud HOCIT
HasBaHue SIS (ot anrnmiickoro ‘susceptible-infected-susceptible’ — ysI3BUMBIN-MWHOUIIMPOBAHHBIN-
ya3BuMbIii). [locpeauHe Mexay 3TUMU ABYMSI KpaiHUMM TUIIAMU MoJesield HaxonsaTcst moaeaun SID
(ot anmmmiickoro ‘susceptible-infected-dead’ — ys3BUMBIN-MHPUIIMPOBHHBIN-MEPTBBIIT), B KOTOPBIX
MpearojaaraeTcs, 4To Iocjie CTaauy MH(MUUUPOBAHUS YEIOBEK MO KAKON-TO MPUYMHE YAAJIsAeTCs
M3 TPyMIbl (Kak cleayeT M3 Ha3BaHUS 3TONM MOMAENM, MPUYMHOMN ydajdeHUs MOXET ObITb CMEPTh).
B aToM ciyyae YMCIEHHOCTH TPYIIIILI IPOrPECCUBHO CHUKAETCS, U €€ Cyab0a 3aBUCUT OT 3apa3HOCTU
3a00JIeBaHUS U TIPOAOIKUTEIBHOCTU KU3HU MH(MUIIMPOBAHHOIO YeJOBeKa (4eM 3TU JBa MmapameTpa
BBIIIIE, TEM BbIIIE BEPOSITHOCTh UCYE3HOBeHU Beell rpynnbl). Ha camom nene momenau SID He odyeHb
aJieKBaTHbI B JOJTOCPOYHOM MEPCIEeKTUBE HAa OCHOBAHUM DBBOJIOIMOHHBIX aprymeHToB. Ecnu
3a00JieBaHNE TPUBOIAUT K «BBIMUPAHUIO» BCEU IPYIINbI, TO BMECTE C HEli BBIMUpPAeT U BO3OYAUTENb U,
COOTBETCTBEHHO, TaKOE 3apa3Hoe 3a00jieBaHUE PAHO MJIM MO3AHO JOJIXKHO MCYE3HYTh. AHAJIOTMYHBIM
00pa3oM ¢ 3BOJIIOIIMOHHOM TOUK Y 3pEHM S He BITOJIHE afekBaTHBI M SIR-mMonenu. OnHako 3aboyeBaHus,
oTBevatoniue gonyieHusaM SIR-mMoaeneii, oqHO3HAYHO CYIIECTBYIOT, IOYEMY Ke 3TO TaK?

OtBer pocraTouHo mpocT. [loToMy, 4TO paccmarpuBas BbIlle BCE MOJEAU, Mbl MPEATIOIOXUINA, YTO
rpynmna sipiasieTcs 3aMmkHyToi. MHbIMU ciioBamu, He HabJiiogaeTcs ee TMHAMUKM — B HEW He MOSIB-
JISIIOTCSl HOBbIE€ YJICHBI, a CTapble HE YXOIST. DTO HA3bIBACTCS JOMYILIEHUEM 3aKPbITOM MOMYJISILIUM.
B peanbHOCTH, €CTECTBEHHO, HU OHA IO YJISIIIMSI HE SIBSIETCS 3aKPBITOM. B 110001 M3 HUX TTOSIBJISTIOTCS
HOBBIE YJIEHBI, a cTapble ucuye3aloT. B Takux ycnoBusix gaxe miist moaeseit SIR unu SID He HaGmonaercs
WCTOIIEHHUST KOJIMUECTBA YSI3BUMBIX (32 CYET MPUTOKA HOBBIX 4jieHOB). Kak MoXHO mokasaTh (M 3TO
OyzneT mokasaHo no3aHee), SIR- u SID-Moaenu B ycioBUSX OTKPHITOM MOMYASLWU, T.€. MOMYJISILIUH,



B KOTOPOM MOTYT IOSBJISITHCS HOBBIE YJIEHBI Y M3 KOTOPO MOTYT YXOAUTH CTapble, HAYMHAIOT BECTHU
ce0s aHaornyHo mojaensm SIS. UmeHHo moatomy SIS-Moaey urparoT BaXK HEMIIYIO poJib B UBYYEHUU
JIMHAMUKUA MH(GEKIIMOHHBIX 3a00/1eBaAHUIA.

Hust SIS-moxeneit cyliecTBYeT OAMH BaxKHEWIIMI IMOKa3aTelb, KOTOPBIM XapaKTepusyeT pa3BUTUE
3apa3Horo Mmpolecca. ITOT MOKa3aTe/b Ha3bIBAETCS PENPOAYKTUBHBIM UMCIOM U ONpeAeaseTcs Kak
CpelHee KOJIMYECTBO JIMI, KOTOPBIX 3apa3uT ONWH OOJbHOW 3a BpeMs CBoei 0oJie3HU. Paznmuyaror
JIBa TUMA PENPOAYKTUBHBIX YMCE — 0a30BO€ PENPOAYKTHUBHOE YMCIIO, KOTOPOE OLIEHUBAET CPEIHEE
KOJIMYECTBO 3apakKeHHBIX ITPU YCIOBUM MOIAaAaHU s 00JbHOTO B TOJHOCTHIO BOCHPUUMYNBYIO TIOITYJISI-
M0, ¥ IPOCTO PEMPOTYKTUBHOE YHUCII0, KOTOPOE OTPAXKAET TEUEHME SIMUAEMUIECKOr0 ITpoliecca B TaH-
HBIIT MOMEHT BpeMeHU. JIeTKo moKa3aTh, YTO PEIMPONLYKTUBHOE YHUCIO PABHO ITPOU3BENCHUIO 0a30BOTO
PENPONYKTUBHOTO YHKCJIa Ha TMPOUEHT YSI3BUMBIX B IOMYJAlMU. ba3zoBoe pernpomyKTUBHOE YHCIO
OITMCBIBAET CyIb0y 3MUAEMUYECKOro Mpolecca B ciaydyae 3aHoca 3a00JieBaHUS B MONYISIIMIO, TOTAA
KaK perpoayKTUBHOE YMCJIO YKA3bIBAET Ha TEHACHIIMU B JaHHBIA MOMEHT BpeMeHU. Ecian 3To 4yuciio
OKa3bIBAeTCsI BbIIIE €AMHUIIBI, KOJUYECTBO MHGUIIMPOBAHHBIX OyAeT HapacTaTh. Eciau oHO HUXe eau-
HUIIBI — TO KOJIMYECTBO MH(ULIMPOBAHHBIX CHUXXaeTcs. ECiu permponyKTUBHOE YK CJI0 pAaBHO €AMHMUIIE,
KOJIMYECTBO 3apa kalolIMXCs U BBI3AOPABIMBAIONINX YPABHOBEIIMBAIOTCA U MH(PEKIIUS EPCUCTUPYET
B DTOM IpyIIIIE.

Bba3oBoe penpoayKTUBHOE YUCIIO OKA3bIBACTCS PABHBIM ITPOM3BEICHUIO BEPOSITHOCTU 3apakeHU S IIPU
OIHOKPATHOM KOHTAKTE¢ Ha KOJMYECTBO KOHTAKTOB 3a BpeMs OOJIE3HM, YTO, B CBOIO O4epeIb, PABHO
MIPOM3BEICHUIO KOJMYECTBA KOHTAKTOB B €AMHUILY BPEMEHU Ha IIPOJOJIKUTEILHOCTh 3a00JIcBaHUSI.
Takum o6pa3oM, SIMUASMUYCCKUIA ITPOLECC OKA3bIBACTCSI 3aBUCUMBIM OT 0COOCHHOCTE BO30YIUTEIIS
(BEpOSATHOCTD 3apakeHUSI U AJUTEIBHOCTDL 3apa3HOro Mepuonaa) v MOoBeAeHUS X03sIMHa (KOJIUYECTBO
KOHTAKTOB). 3HAHHUE HECJO0XHOr0 YpaBHEHUS, OINMCHIBAIOLIECTO PEIPOAYKTUBHOE YHCIIO, MO3BOJISICT
MJIaHUPOBATh NPOGUIAKTUICCKUE MEPOIIPUSITUS 110 BCEM HaIlpaBICHUSIM:

* KaK OHHM BJIMSIIOT Ha BEPOSITHOCTD 3apaxkeHust (1is npoduiaktuk BUY npumepowm sBiisieTcst
MCIIOJIb30BaHUE MPE3ePBATUBOB);

* KaK OHU BJIMSIOT Ha YaCTOTY KOHTAaKTOB (115 mpodpunaktukyu BUY-nHpeknm 310 03Ha4aeT
n30erath CJIydyailHBIX MOJIOBBIX CBS3¢eii, A 1 B B mogxone ABC?);

* KaK OHU BJIMSIOT Ha JJIMTEJILHOCTD 3a00JIeBaHUSI — BepHee, JIUTEIbHOCTh 3apa3HOTo Meproaa
(nys npodpunaktuku BUY-uHdeKMU 3T0 MOXET ObITh JOMOJHUTEIbHBIM 000CHOBAHUEM He-
00XOAMMOCTU aHTUPETPOBUPYCHOM Teparium).

DTOoypaBHEHHUE TaKKe MOIYe pKMBAeTHEOOXOIMMOCTbBCE0OBEMITIOIIETO NOAX0Aa KITPO(PUIAKTUUSCKUM
U TIPOTUBOSMUAEMUIECKUM MEPOIIPUSATUSIM, UCIIOJb30BAaHM S BCEr0 KOMILJIEKCAa MEPOIIPUSTUI, U IT03-
BOJISIET OLICHMBATh HEOOXOAMMBIE 1IeJIeBble MTOKa3aTeau, eCu 0a30BOe peNpPOAYKTUBHOE YMCJIO U €ro
cocTaBlistionIne u3BecTHbl. C APyroil CTOPOHBI, BaXXHOCTh 0Aa30BOr0 PEHPOAYKTUBHOI'O YMCJIA JIJIsI
oInpeAeaeHUs] AUMHAMMUKU 3MUAEMUUECKOro IIpoliecca MoauepKruBaeT BaXXHOCTh 3HAHUS OJIs1 JaHHOM
TPYIIIIBI UL €r0 KOMIIOHEHTOB (4aCTOTY KOHTAKTOB, BEPOSITHOCTD 3apakKeHU s U T.1.), IOCKOJIbKY OHU
MO3BOJISIIOT OLEHUTH IMMOTEHLIMAJI IJIsI pa3BUTUSI 3a00JieBaHU s B 3Tol rpynmne. UMeHHO IT03ToMY TaHHbIe
napaMeTpbl MOBEJAEHUS 3a4acTylo SIBJISIOTCS OCHOBOW JO30PHOTO 3MMUJHAA30pa B TpyIax puUcKa.
Hcnonb3zoBaHue naxe MpocTeriimx Mojesieil Ha OCHOBE 0a30BOr0 PeNnpoayKTUBHOTO YMCa 3a4acTyo
MOKa3bIBaeT OrPaHUUYCHHOCTb 3HAHUI SIUIEMHOJIOTOB U CIIELNATUCTOB OOIIECTBEHHOTO 300POBbS O
BO3MOXKHOCTSIX M IIYTSIX pacIpocTpaHeHUs MHMEKLIUU, CTUMYJIUPYS K IIPOBEICHUIO UCCACI0BAHUA,
KOTOpBIe OBl YCTpaHWJIM HUMewIIuiicsa neduuut 3HaHUN. Ecium Obl €AMHCTBEHHBIM pe3yJIbTaToM

2 ABC — TpexcryrieHuaTast MOJesb TpOMUIakK THK Y MHGMEK M1, TIepeaoIMXCsl TTOJOBBIM ITYTEM, COCTOSIIIAs M3 IIPEJIOXEHU S KCIIOIb30BaTh
A (abstinence) — Bo3nepkaHue 10 6paka, B (be faithful) — MoHOramMHBbIe MTOJIOBBIE OTHOIIIEHU S B OpaKe viu maptHepcTBe U C (condom) — mc-
M0J1b30BaTh NIPE3€PBATUBHI B CJlyyae CMEHbI MapTHepa UM HaAJIU4us CyYaliHbIX MAaPTHEPOB. B pyccKOM g3bIKe 4acTO UCIMOJb3YETCsl COKpa-
weHue BBIT (Bo3nepxaHue, BEpDHOCTb, IPE3EPBATUB).



HCIIOJIb30BaHUSI MOJeJieil ObLJI0 yKa3aHWe Ha TO, KaKue JaHHbIe ClieayeT MCKaThb AJISl IIPOrHO3UpPO-
BaHUS SMNUIAEMUYECKON CUTyalli1, TO OHU YK€ He ObLIM OBl 3ps1 pa3padOTaHHI.

3HaHMe 0a30BOro PempOAYKTHMBHOTO YMCJIA TO3BOJISIET OLEHUTh M YPOBEHb MEPCUCTUPOBAHUS WH-
dbexuum B momynsuu. Jlerko mokasaTh, 4TO B cirydae SIS-Momeny KOJMYECTBO YSI3BUMBIX B CTAI[AO-
HapHO# (ha3e 3MUACMHUYECKOro IIpoliecca (IOCTUKEHUSI SHAEMHUYECKOTO0 YPOBHS 3a00JIeBacMOCTH)
OyzmeT paBHO BeJMUYMHE, 0OpaTHOW 0a30BOMY PENPOAYKTUBHOMY YHUCIY (T.€. eciu 0a30BOE PEIpo-
OYKTUBHOE 4uciio 1.1, TO KOIWYECTBO YSI3BUMBIX cOCTaBUT 91%, a, COOTBETCTBEHHO, KOJMYECTBO
UHOUIIPOBAHHBIX — 9%). DTO MPOCTOE TMPABUJIO TTO3BOJISIET OLIEHUTb, AOIIE JIN ITPOIIECC B TpyIIax
pUCKa 0 YPOBHSI «HACBILIEHUS», a C IPYroil CTOPOHBI, MO3BOJISIET OLEHUWBATh 0a30BOE PENMpOAYK-
THUBHOE YKCJIO B TPYIAax, TIe, KaK BUIHO MO pe3yJbTaTaM 3MHAEMUOJOTHYECKOTO0 MCCIISIOBaHMSI,
pacmpoCTpaHEHHOCTh BHIIIJIA Ha TIJIaTO. DTO, B CBOIO OYEpelb, IMO3BOJISCT MOJydYaTh MH(GOPMAIINIO
0 TeX KOMIIOHEHTaX ypaBHEHUsI 0a30BOr0 PENMpOAYKTUBHOIO YMCJIa, KOTOPbIE HAMPSIMYIO HE MOTYT
OBITh U3MEPEHBI (MU U3MEPEHUE OCTIOXHSIETCs, KaK, HaIIpuMep, U3MepeHNe KOJIMYeCTBa JINII, C KOTO-
PBIMU MOTPEOUTETb MHBEKIIMOHHBIX HAPKOTUKOB COBMECTHO MCITOJIb3yeT IIIPUIIBI ¥ UTIkI). bazoBoe
PEIPOAYKTUBHOE YHCIO MOXKET TaKXKe HCIOJb30BaThCS IJIsl OLEHKHM IOTPEOHOCTU B TMOKPBITHU
BaKIIMHAIIMAEH, €CJIM BaKIIMHA OT JAaHHOTO 3a00JIeBaHU S CYIIIECTBYeET.

B ToM ciydae, eciu monyasduusi COCTOUT M3 FeTEPOTeHHBIX T'PYII, ObIJIM pa3padoTaHbl METOAUKH,
MO3BOJISIONIME OLEHUTh CyMMapHOE PernpoayKTHBHOE YMCI0 JUOO Ha OCHOBE Aucriepcuu (pazdpoca)
TOKa3aTeJIsI B IO (HaIlpUMep, YMCIIEHHOCTA KOHTAKTOB), IN0O ITyTEM OLIEHKH PEIPOAYKTUBHBIX
4yceJl B MOArpyniax u pacuyera CpeaHEeB3BELIEHHOTIO PeNpOAyKTUBHOTO YKUCIa B 3aBUCUMOCTU OT KO-
JIMYeCTBA KOHTAKTOB, MPUXOASIIUXCS HA 3Ty rpyniy. [ToaydyeHHbIe TaAKMM 00pa30M OLIEHKU PEeNPOAYK-
THUBHOI'O YMCJIa MOTYT MCIOJIb30BaThCs, KAK OMMCAHO BbIlLIE, 1J151 YCTAHOBJIEHUS LIeJIEBbIX MOKa3aTelei
JUISI TPOTUBOAMUAEMUYECKUX MEPONIPUATUMN M MpeacKa3aHU s 3BOJIOLMU SMUAEMUUIECKOro Ipolecca
B OyayllIeM.

B uenom aHanu3 AUHAMUYECKUX MOJAENE, KOTOPhI AOIOJHSIETCSl aHAJIN30M PeIpOdyKTUBHOI'O YMC-
Jla, SIBJISIETCSI JOCTATOYHO ITOJIE3HBIM MHCTPYMEHTOM JISI CIIELMaIMCTOB OOIIECTBEHHOIO 3I0POBbSI,
3aHUMAIOIIMXCS TJIAaHUPOBAaHUEM IMPODUIAKTUYSCKUX M IMPOTUBOIINUIAEMUUYESCKUX MEPOIPUSITUI
B 00JIaCTH IIPOTUBOAEHCTBU S paclpOCTPaHEHUIO 3apa3HbIX 3a00JIeBaHUI YeJI0BeKa.

JInHaMHUYeCcKHUe MOJIEIN, OCOOEHHO €CJIM OHM BKJIIOYAIOT pa3yMHO OOJIBIIOE KOJIWYECTBO OTHOCH-
TEJIbHO TOMOT€HHBIX I'PYIII U OIMCHIBAIOT OTKPBITYIO MOMYJISIIIUIO, ITO3BOJISIOT JOCTATOYHO XOPOIIO
MOJIEJIMPOBATh pacIpoCTpaHeHUE 3apa3HbIX 3a00JIeBaHUI U MpeAcKa3biBaTh UX AMHAMUKY. OHU MO-
I'YT CIIYXUTh OCHOBOM IJIsl OLEHKU 3(D(OEKTUBHOCTU MEPOIPUATUII B paMKaX IOIXOIOB, IIPUHSITHIX
B 9KOHOMMKE 3I0POBbsI, TTOCKOJILKY XOPOILIO OTKAJIMOpOBaHHASI MOJEIb MO3BOJISIET BEIMTU 3a paMKU
Mpo(GUIAKTUYECKOTO UCCICIOBAaHUS U IIPOaHAIM3MPOBATh pa3InUHbIe CLIEHAPUU Pa3BUTUS COOBITUIA,
OLICHUTh UX CTOMMOCTD 1 3(P(PeKT IJIs1 3M0pOBbs HaceJleHUs. TakuM 00pa3oM MOXeT ObITh BBITTOJTHEHA
3aJa4a 0TOopa Hanboiee CTOMMOCTHO-3(PMEKTUBHBIX BMEIIATEICTB. Y HUX €CTh TOJIBKO OIUH CePb-
€3HBII HEIOCTATOK — OHU CITPaBEIINBBI I O4€Hb OOJIBIIMX ITOITYISLINIA.

He aBasieTcs cekpeToM, 4TO OUYC€Hb YaCTO TOYHO MpeacKa3aTh TMHAMUKY SIMUAEeMUUIECKOro mpoiecca
HeBO3MOXHO. B omHOIT rpymnmne 3a0ojieBaHue JaeT BCITBIIIKY, B IPYTOil — aHAJOTMYHOM 10 BCEM Mapa-
MeTpaM — HeT. [logoOHast cuTyanus He MOXKET OBITH OITMCcaHa B paMKaX 00CYXKIaBIINXCS BBIIIE MOJIEC-
JIei1, TOCKOJIbKY OHU T10 CBOEH ITPUPOJIE IBIISTIOTCS AETEPMUHUCTCKUMHU — T.€. HE OCTaBJISIIOT MECTO CITY-
yaifHoCTH. OQHAKO B peaabHON XKU3HU CIYUYaTHOCTh UTPACT OYeHb OOJIBIIYIO POIb, ¥ TIO3TOMY LEJIbII
pa3men MaTeMaTU4YeCKON SMUASMUOJIOTUN MOCBSIIIEH CTOXaCTUYSCKUM MOJEISIM, MOJECIISIM, KOTOPEIE
0a3upyroTCs Ha MPEATOI0XEHUN O TOM, YTO B IPOIIECCEe PaCIpOCTPpaHEHMSI 3apa3HbIX 3a00JieBaHUM
cllydaii urpaeT O4eHb OOJIBIIYIO pOJb. Hamo oTMETUTB, UTO, YeM MEHBIIE MOITYJISIIINSI, IJIsI KOTOpOit
CTPOUTCS MOIENb, TEM BBINIE BaKHOCTh CTOXaCTHMUYECKMX Mojeieil. Yem momynsiuust OObIle, TeM
MEHBbIIIe OyIeT BKJIAJ CIYYalHOCTU B OIpeAcieHHe CyMMapHBIX IToKa3arejeid M TeM OJimxXe OyayT



K UCTUHHBIM MIpE€aCKa3aHUd ACTEPMUHUCTCKUX TUHAMWYCCKUX MOJICJICHA. HOC—)TOMY MO2XHO CKa3aThb,
YTO CTOXaCTUYECKUE MOACINU — OTO MOACIN AJIdd MAaJICHBbKUX I'PYIIIT U HeOOBIINX HOHyJISILlYIﬂ.

K coxalleHn10, cToXacTUYeCKe MOJIENH YK€ He MOTYT MpeIcKa3aTh, KaKk UMEHHO OyIeT pa3BUBaThCS
SIMUIEMUYECKHUIA Tpoliecc B Mommyiassuun. OHU, COOCTBEHHO TOBOPSI, M IMOCTPOEHBI Ha IPEaIOJIoXe-
HUM, 9YTO 3TO HEBO3MOXHO, UYTO MCKJIIOUUTH BIMSHUE CIy4aliHBIX (DaKTOPOB B pacIpOCTpaHEHUU
BO30yauTeNsT Heldb3sd. OTHAKO 3TU MOIEIU TTO3BOJISIIOT OLIEHUTh, KaKKWe CLIeHApUU Pa3BUTHUS COOBI-
TUI SIBISIIOTCST OoJiee BEepOSTHBIMHM, a Kakue — HeT. CTporo roBopsi, 3Toii MH(POpMalLIUK yXKe JoCTa-
TOYHO JJIs TOTO, YTOOBI CIIELIMAMCT OOIIECTBEHHOIO 310POBbsl MOT IPUMHUMATh PELICHUS] B paMKax
M3BECTHOM METOMOJIOTUY YIIPpaBJIeHUS prcKaMu. YeM BhIlIe BEpOSITHOCTb Pa3BUTHUSI JAHHOTO CLIEHAPHU ST
1 OOJIbIlIe €r0 HeraTMBHAs 3HAYUMMOCTh, TeM OOJIbIIe YCUJIMI Halo TPEANPUHSIThL ISl TOrO, YTOOBI
n36eKaTh TAKOTO Pa3BUTH S COOBITHIA.

KpOMe TOro, CTOXaCTUYCCKMUEC MOACTIMN MOI'YT IIO3BOJUTL OLUCHUTDHL BO3MOXHOC pacCIpCIaCICHUC ITPO-
JIOJIXKUTEIBHOCTEN BPCMCHU BCIIBIIIKHM, KOJINMYCCTBA 3apa’kCHHbIX BO BPCMA BCIIBIIIKHW U PAO APYTIUX
Ba’XHbIX IJIA MIPUHATHUA PCIICHU A ITapaMCTPOB.

B HacTos1Mii MOMEHT OOJBIIMHCTBO IIPOrpaMMHBIX MTAKEeTOB JJISI JTMHAMUYECKOrO MOISIMPOBAHUS
He TOAJEpKMBAIOT CTOXAaCTUYECKUX MOJEJeil, U 3TO TaKxKe SIBMJIOCh OOHON M3 IPUYMH, IOYEMY
B JaHHOM IIOCOOMHU B KauecTBe 0a30BOro IIpOorpaMMHOIO ITaKeTa Obljia BeIOpaHa cucteMa SAS, KoTopast
MO3BOJISIET aHAJIM3UPOBATh KaK JETEPMUHUCTCKUE, TaK U CTOXaCTUUECKUE MOICIIN.

Ctporo roBopsi, BCe OPYTrue HCIIOJb3yeMble B MaTeMaTHMYE€CKOM MOJEAMPOBAHUM MHMEKIIMOHHBIX
00JIe3HEl TTOAX0IbI MOTYT OBITh CBEACHBI K OIMMCAHHBIM BBIIIE IBYM OCHOBHBIM KJIacCaM MoIeleil —
JeTePMUHUCTCKUM U CTOXaCTUYECKUM, a BHYTPU HUX OHU MOTYT onMchbIBaThcs moaeassmu SIS, SID
niu SIR. OgHako, B ocobeHHOCTH B ciydyae BUYU-uHdekuu, s NOBBIILIEHUS HAAEXKHOCTU MOJIE-
JIMPOBaHMSI YaCTO HE XBaTaeT OYeHb BaKHOTI'O ITapamMeTpa — pa3MEepPOB TOW MOMYISIIMHU, I KOTOPOM
CTPOMTCS MOAEb 1 B KOTOPOM M3ydaeTcsd IMHaMMKa SIUASMIYECKOro IIpoliecca. A, KaK yKa3bIiBaJIoCh
BBIIIIE, 3TO BaKHO IO TPEM IIPUUYMHAM — BO-TIEPBBIX, MaJIble MOIYJISILMY TPEOYIOT CTOXaCTUYECKOTO
MOJIIEJIMPOBAaHNUSI, BO-BTOPBIX, MOIYJISILIMOHHOE BO3AEHCTBUE paclpocTpaHeHU I MHGEKIIUN B TPYIIIE
3aBUCUT OT OTHOCHUTEJILHBIX pa3MepoB 3TOM IpynIibl (B KOHIIE KOHIOB, MJaHWPOBAaHUE pPacXOloB
CHCTEMBI 3IpaBOOXPAHEHMUS 3aBUCUT OT aOCOJIOTHOrO YWCJa JINIL, HYXIAIOIIMNXCS B ITOMOIIN) W,
HaKoOHell, JaXe JETePMUHUCTCKUE JMHAMUYECKHNE MOJIENI C HECKOJBKUMU TPYNIaMU TPeOYIOT OLleH-
K1 OTHOCHUTEJIBbHOM YNCIEHHOCTH 3TUX IPYIIIT IJIg ONMUCAHM S ITpoliecca Iepexona MHPEKIIMT 13 OgHOM
TPYIIIIBI B IPYTYIO.

[To aTuM mpuyMHaM B JaHHOE TTOcOOMEe ObLIM BKJIIOYEHBI pa3/ielibl, TOCBSIIEHHBIC OMPEAEICHUIO YHNC-
JIGHHOCTU TIOMYJSIIIUU, €CJAU TOJHOCTBIO MEPecUuTarTb OOBEKTHl B ITOW MOMYISIIUU MO KaKUM-TO
MPUYMHAM CJIOKHO. DTU METOJbI, HECMOTPS Ha TO, YTO OHU TOXe 0a3UPYIOTCS Ha MOAESIX, OOBIYHO
He BKJIOYAIOTCS B pas3jeibl M0 MaTeMaTUYeCKOMY MOJAEJMPOBAHMUIO M, B TIPUHIIMIIE, MAJO MCMOJIb-
3yI0TCS B 9NIUAEMUOJIOTU M, HECMOTPS Ha UX IIIUPOKOE pacipocTpaHeHUe B Ouosiorur Booo1e. buosiorn
JaBHO CTAJKMBAJMCh C MMPOOJEeMOIl TTocueTa KOJMUecTBa 0co0eil B MOMYJISIMIX, KOTOPbIe HE TOPST
JKeJJTaHMEM KOHTaKTHUpOBaTh ¢ uccienoBareyseM. [loaTomy oHu pa3paboTanud METOAbI, KOTOpbIE MO-
aHIIMICKM Ha3bIBAIOTCS capture-recapture (moiimath, ellle pa3 MoiMaTh), a MO-PYCCKU MX MPUHSITO
Ha3bIBaTh METOIAMU JBOMHOI'O OXBaTa, XOTsS MHOTAA OXBAT SIBASETCS TPOMHBIM WJIM JaXe OOJIbIINM.
OcHoBHag ujes 3TOro MeTo/ia 3aKJI04aeTcs B TOM, UTO, €CJIM Mbl MOXEM KaKMM-TO 00pa3oM IMOMETUTh
00BEKTHI U3 JOCTATOYHO TOMOTEHHON MOMYJISILIMU, 3aTeM BEPHYTh UX OOpaTHO B MOMYJSIIMIO U CHOBA
HalTH HECKOJIBKO 0OBEKTOB, TO KOJIMYECTBO paHee BCTPEUYEHHBIX 00EKTOB BO BTOPOIi BHIOOPKE OyaeT —
OYEBUJHO — TE€M MEHbIlle, YeM OoJbiie pazmep nonyasauuu. CooTBETCTBEHHO, MOXHO pa3paboTaTh
(bopMybI, KOTOPBIE MO3BOJSIIOT OLIEHUTH YMCAEHHOCTD BCEl MOMYJISIIMM HA OCHOBAHUM YMCIEHHOCTH
«yXe BCTpedyaBIIUXCSI» O0BEKTOB BO BTOPOU BBHIOOPKE (UMCICHHOCTh MOMYJISIIUM paBHA KOJIUYECTBY
JIVI] BO BTOPOI BHIOOPKE, AEICHHOMY Ha MPOLIEHT JUIL BO BTOPOIi BbIOOPKE, KOTOPBIE Y XKE BCTPEeUaarcCh
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B IlepBoOii). OTu (OpMYJbl, KOTOpbIe BIEPBbIE OBLIJIM HMCIIOJb30BaHbI IJISI OLEHKW YMCJIEHHOCTU
HONMYJISILUMU PhIO U 3Bepell, ceiiyac HaxoAsT Bce Oosiblliee MPUMEHEHUE AJISI OLEHKU YMCIEHHOCTU
JINI, 3aHUMAIOIIMXCSI KOMMEPUYECKHUM CEKCOM, MMOTPEOISIOIIMX HAPKOTUKY M OTHOCSIIIUXCS K IPYTUM
rpyIlIaM pUCKa.

Hcnonp3oBaHue 3TUX OPOCTERIINX (OPMYJI COMPSIKEHO ¢ ABYMsI TUNaMu IpodJieM. Bo-1miepBrix, pen-
moJlaraeTcs, 4YTo IepBasi BCTpeya HMKaK He BAMSIET HAa BEPOSITHOCTb BTOPOM BCTpeuu. DTO 3a4acTylo
HE Tak: JIOAM, CTOJKHYBIIMECS TEePBBIM pa3 ¢ MCCAeAoBaTeIeM MOTYT, 3aXOTeTh IPUMATU Ha BTOPYIO
BCTpeuy (ecaM 3a 3TO JaeTcsl Kakas-To Harpana), 1mbo HaoObopoT, u3deraTh 3TOi BCTpeuyu (eciu OHa
COIpsIXXKEeHa ¢ HaKazaHWeM, Hampumep, apectom). [loaToMy 3HaUUTENbHBIE YCUINS ObLIY TTPUI0XKEHbI
JUUTSI BEIpaOOTKY METOIOJIOT MY YUeTa BO3MOXHOCTHU KOPPEISLUU (CBSI3U) MEXK 1Y MOTMaJaHUEM B TIEPBYIO
U BTOpYIO BbIOOpKU. Bce 3T meToabl TpeOylOT OOJbIIEro KoJM4yecTBa BBIOOPOK (MJIM OOJBIIEro
KOJIMYEeCTBA UCTOYHUKOB JAHHBIX, KOTOPBIC TTO3BOJISIOT HAWMTU MpeACTaBUTENC N3ydaeMOil IPYIIIIbI),
MUHUMAaJbHBIM SIBJISIETCSI KOJMYECTBO B TPU BBIOOPKM, IJIs1 KOTOPHIX pa3paboTaHa OTHOCUTEIBHO
MmpocTasi METOAOJIOTHS, Oa3upyrolasics Ha OLEHKe 3TOH KOPpeasSlUU C TMOMOIIbI0 CTaHAAPTHBIX
CTaTUCTUUECKUX METOMOB. boJiee cioxkHble, HO ¥ 00Jiee HAaIeXK HbIE METOABI 0a3MPYIOTCS Ha IOCTPOSHU U
CTaTUCTUUECKUX MOAEICH, TaKUX, KaK JIOIIMHEMHBIE MOAEIU, XOPOIIO U3BECTHHIE B OMOCTAaTUCTUKE.
He ymuBuTENbHO, YTO 3TU pacyeThl OYeHb YIAOOHO MPOBOAUTH B CTATUCTUUYECKUX CHUCTEMaX, TaKHUX
Kak SAS. Bropoit Tumn npo0JjieM cBSI3aH ¢ T€M, YTO MPOCThie METOIbI ABOMHOI0 OoxBaTa 0a3uMpyloTCs
Ha MPEeANoJOXEHNN 3aKPBITOCTH MOMYJISALMNA. DTO MPeanoaokeHne 000CHOBAHO, €CIU ABEe BHIOOPKU
OepyTCs JOCTaTOYHO OJIM3KO APYT K APYTY 1o BpeMmeHU. OJHAKO B PsIe CIyYaeB B3SITh BBIOOPKHU OJIM3KO
10 BPEMEHMU APYT K APYTY HE TIPENICTABJISIETCSI BO3MOXHBIM, a WHOTIA UCCIIEIOBATENS] MHTEPECYET KaK
pa3 AMHaMUKa YUCICHHOCTH MOMYJISIIMU PUCKa.

B sTOM cilydae eMy Ha TTOMOIIb NPUXOAAT MOAEIN IS OTKPBITHIX MOMYISIMMA, EPBbIE U3 KOTOPBIX
OblLTM pa3paboTaHbl B OMOJIOTMM AJSI OPUEHTHUPOBOYHEIX OlleHOK emie B 50-x rogax XX Beka. OTm
METOIMKHU TPEOYIOT HEOOIBIIIOr0 KOJIMYECTBA MOCIeI0BaTEIbHBIX BBIOOPOK (TPH), HO OHU MO3BOJISIIOT
JIMIIb TPUKUHYTh, OCTAETCSI JIM TOMYJSLNS CTAllMOHAPHOW, WM OHA PacTeT WM COKPAIIAETCH.
boiee cioxxHbIe MOIEN, pa3pabOTaHHbBIE B MOCAECAHUE AECATUIICTUS, UCTIONB3YIOT MHANBUAYAJIbHYIO
“H(GOPMAILMIO O YjieHaX T'PYMIIbl puUcKa JJs1 TOro, YTOObl OLIEHUTb YMCJIEHHOCTbh MOMYJSLIUU U €€
JIVMHAMUKY Ha TIPOTSXKEHUHM JTI000r0o nepuojaa BpeMeHU. DTU METO/bI JOCTATOYHO MHTEHCUBHBI C TOY-
K1 3pEHMUS pacyeToB U, XOTS MPOCTEUIINE TTPUMEPHI MOTYT OBITH IMPOAHATU3UPOBAHBI U BPYUYHYIO,
CKOJIbKO-HUOYIb peaJibHbIE 3aJa4l TPEOYIOT IS CBOErO PEIIeHWs MOMOIIU B BUIIE KOMITBIOTEPHBIX
nporpaMm. M aiqropuT™sl 1J1s1 MOTOOHOTO aHAJIM3a pa3ouparloTcsd B JaHHOM ITOCOOUH.

Taxkum o6pa3zom, coBpeMeHHasI SIUIAEMUOJIOT U MOXET B 3HAUUTEIbHOMN CTEIIeHU BEIUTPATh OT UCIOIb-
30BaHMSI METOIOB MaTeMaTUUYECKOro MOIEJIMPOBAHUS B 00JIAaCTU OHpeAe/ICHUSI UCTOPUM SIUIEMU-
YeCcKOro IIpoliecca, Korja HampsMylo ero HaOdamomaTh ObLIO CI0XHO (METOIbl 0OpaTHOro pacyera),
OT OIlpeleseHUsI pa3MepoB I'PyNn pucka (METOAbI IBOMHOI0 OXBaTa) U MCIIOJb30BaHUS TTOJYUYESHHbBIX
JaHHBIX [JIS MOIEJIMPOBAHUS 3MUAEMUYECKOro IIpoliecca MO0 Ha OOJbIIMX MOIYJISUUSIX (OeTep-
MHUHUCTCKOE ITMHAMUUYECKOE MOJSIMpOBaHNUeE), JMOO B MajblX IpyHmnax (CTOXacTUYECKOE MOMAEIU-
poBaHME). B 1ieloM 3TO KCIIOJb30BaHME MaTeMaTUYeCKUX MOAEIe B 3MUIASMUOJIOTMU Ha3bIBalOT
MaTeMaTu4ecKoi anuaeMuoiorueii. BBeaeHuIo B MeTonbl MaTeMaTUUeCKOM SIMUAEMUOJOT MU U TIOCBSI-
1LIEHO 3TO Iocobue.
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1. MaremaTuyeckoe MOJICJIMPOBAHUE B ININJAECMHUOJIOI'NN

OnHo#t M3 OCHOBHBIX 3a1a4 COBPEMEHHOI SMUIEMUOJIOTUM SIBISICTCS HE TOJBKO KOHCTAaTallMs CO-
BPEMEHHOTO COCTOSIHUSI TIpo0IeMbl MH(MEKIIMOHHOK 3a00JIeBaéMOCTH M BBIPAOOTKA MEpOIpUSITHI
1Mo 60oprOe ¢ CYIIECTBYIOIIMMM 3apa3HbIMU OOJIE3HSIMU YeJIOBeKa, HO M ONpeaesieHne TeHIACHIIUM
B Pa3BUTHUHU BTUX IIPOIIECCOB.

[NoBTOpsIOLINIICS XapaKTep SMUIEMUI B YeJ0BEUECKON MOIYJISIIMU YXe JaBHO ITO3BOJSII HPEAro-
JlaraTh, UYTO MOMOOHBINA aHAJIM3 TEHACHIMHN M MpeacKa3zaHue HauboJjiee BEPOSITHOIO MYyTU Pa3BUTUS
CUTyallUM BO3MOXHBI. MaTeMaTuuecKoe MOAeIMpOBaHUE MH(PEKIIMOHHBIX 3a00JeBaHUl UMeeT J0-
CTaTOYHO AJUTEIbHYIO UCTOPHI0. OOBIYHO CYMTACTCS, YTO MEPBOI ITOMBITKOI TaKOIr'o poaa ObLJIO co3/a-
Hue JanusnaeM bepnynau B 1760 rony Momenu 1Jist U3y4eHU ST BOBMOXHOCTEH BAKIIMHONIPO(PUIAKTUKHU
ocnbl. OmHAKO peajbHbBIN MPOrpecc B 3TOM 007acTU ObLI JOCTUTHYT JUIIb B XX BeKe, Koraa XaMep
(1906), Pocc (1911, 1916) nu Kepmak u MakKenapuk (1927) cpopmynupoBaniu Moaenau, 6a3upoBaB-
1IMecs Ha MPUHLUIIEC ASUCTBYIOIIUX MAacC M IIPEAIOJOXEHUM O TOMOTeHHOCTU cKpeluBaHus [13].
Oco0oe BIMsIHUE Ha JajibHelIlee pa3BUTHE SMUAEMUOJOIMY OKa3aJia KOHLEILS PEPOayKTUBHOIO
yucia, npenioxeHHas Poccom B 1910 rogy mpu u3ydeHUM pacipoCcTpaHEeHU ST MaJISIpUN.

OaHako 6bICTpO CTaJO IIOHATHO, YTO IIPOLECC PA3BUTUA MU AEMMUYCCKOI'O ITpoLecca BpAdJINU MOXKET OBbITh
‘H)CSBLI‘I&IZHO IIPOCT, ITOCKOJIbKY OH 3aBUCHUT OT 3HAYMUTCIbHOI'O YMCJia pa3/IMYHbIX (l)aKTOpOB. AHanu3s
MHOI'OIIapaME€TpHU4YCCKUX MOJeJIe 10 MOSBJIEHUS IIEPCOHAJIbHbIX KOMIIBIOTCPOB ObLI 3aTpyaAHEH, 4TO
1 OrpaHMYMBaJIO HIMPOKOE paCIIpoOCTpaHCEHUEC METOJa MOAC/IMPOBAHM .

Kpowme Toro, Bo Bropoii mojoBrHe X X BeKa MH(PEKIIMOHHAasI 3a00JIeBa€MOCTh CTaJla CHUKAThCSI, a OJHO-
BPEMEHHO CTaJjla CHUXXAThCS 3HAUMMOCTD €€ MPOrHO3MPOBaHUSI U HEOOXOAMMOCTh B pa3paboTKe MO-
neyemn.

C nosiBjIcHUEM NEPCOHAJIbHBIX KOMIIBIOTECPOB CUTYyallM A CTaJjia YIIpOILIaThbCA. Tenepb OT aHaJIUTUKa Tpe-
©0BaJI0Ch TOJILKO aJIeKBaTHO OMUCATh MOZIEJIb U CHAOUTh €€ HEOOXOAUMBIMU MTapaMeTpaMU, OCTaTIbHOE
3a Hero jejaja creluajiu3ipoBaHHasl KOMIbIOTepHas nporpamma. Hamo 3aMeTuTh, 4TO, KOHEUHO,
CTelIMaJIu3uPOBaHHbIE KOMITBIOTEPHBIE TTPOTPAMMBI HE CO3al0TCSI TOJIBKO JIJIS 3aa4 MOACJIMPOBAHUS
3apa3Horo mpoiiecca. OHU SIBJISIIOTCS TIPUMEPOM TTPOTPAMMHOTO TIPOAYKTA IJIsI TMHAMUYECKOTO MO-
JeTMPOBAHUS, C TIOMOIIbIO KOTOPOTO MOXHO M3y4aThb pa3jMuHble TPOLEeCChl — OT AeMorpaduu
N0 oraHu3auuu 6uszHeca. UMeHHO OM3HeC-T0Ib30BaTe v U ObLIM MEePBOHAYAIbHO ABUXYILENH CUJION,
KOTOpasi croco0CcTBOBaIa pa3padoTKe COOTBETCTBYIOIIMX TPOrPaMMHBIX ITAKETOB.

OpHako B Havajie 80-X roJOB MUP CTOJKHYJCS C HOBbIM MH(EKIIMOHHBIM 3a00JieBaHUEM — UHMEK-
LIMel, BBI3BAHHOM BUPYCcOM MMMYHoneduiuTta yeaopeka (BUY-uHdexkmeit), Ha ¢poHe noabema 3a00-
JIEeBAa€MOCTH OT CTApbIX IIPOTUBHUKOB (BEeHepUYECKUX 3a00eBaHMii U TyOepKyJie3a). Cucrteme 31paBo-
OXpaHEHM ST HEOOXOIMMO OBIJIO TJIAHUPOBATh BhIJIEJIEHUE CPEACTB Ha OOphOY ¢ 3TUMHU 3a00JIeBAHUSIMU
M, TOCKOJIBKY 3TO HaJlo ObLJIO IejiaTh Ha Oyayliee, IMHAMUYeCKoe MOIEeJIMPOBaHKE 3apa3Horo npoiecca
OBIJIO €ETMHCTBEHHBIM METOJIOM, ITPY TTOMOIIY KOTOPOT'0 MOXKHO OBIJIO OLIEHUTh TEHICHIIN M.

Ha camowm nene olieHMBaTh TEHACHIIMY B Pa3BUTUH 3apa3HOro MPOIecca MOXHO ITyTeM JABYX ITOIXOI0B
— BKCTPAMOJSIIIUY U JUHAMUYECKOTO MOJIETUPOBAHU . DKCTPATIONSIIIMS ONTMpaeTcsl Ha JaHHBIE 110 3a-
0osleBacMOCTH MH(PEKIIMOHHBIM 3a00JIeBaHEeM, COOpaHHBIE Ha MPOTSXKEHUU OTHOCUTEILHO IJTUTEIb-
Horo niepuona BpemeHu. [Ipenmnonaraercs, 4To, Kak MpoIIecc pa3BUBAJICS B IIPOIIJIOM, TaK OH OYIET pa3-
BUBaThCA U B OynyieM. Eciu B monmynsauny Hab1101at0TCsT BOJTHOOOPa3HbIe MMOABEMBI 3a00JIeBaEMOCTH,
TO, OIIPEIETUB TIEPUOJI TTOBTOPSIEMOCTH TTOI’bEMOB, MOKHO ITPeICcKa3aTh, KOrIa HACTYIIUT CJIEAYIOIIHA.
CaMBbIM TIOITYJISIPHBIM SIBIISIETCSI METOM pa3jioxkeHus o Pypbe, KOTOPHIN MTO3BOISIET OMUCATh, CTPOTO
TOBODS, TIPaKTUYECKU JIFO0O0H MepruoanIeCcKUit TIpoliecc.
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OnHaxko AJs uelieil aHaru3a MHOEKIIMOHHOI 3a001eBaeMOCTH, C KOTOPOIl MUP CTOJIKHYJICS B HayaJie
80-x, MeToI 3KCTpamosSLUU B CBOell mpocTeilieil ¢hoopme ObLI HEMpUEMJEM IIPOCTO MOTOMY, UTO
MCTOPUUYECKUX JaHHBIX O 3a00jieBaeMocTu, HanpuMmep, BUY-uHbekneli, He ObLJIO (3TO OBLIO HOBOE
3aboJieBaHueE), a 1JIs1 BEHEpUUECKUX 3a001eBaHUI U TYOepKyJie3a OHU ObLIM KpailHe MaJjio MOJIE3HbIMU,
100 10 3TOro HabJII0AaI0Ch CTAOMJIbHOE CHUKEHME TToKa3aTeleit.

briio O4YCBUIHO, YTO IIPCACKAa3aHMEC ITPU IMIOMOIIIM SKCTPAIIOJALIMU ABIACTCA OH_II/I60‘-IHI>IM, ITIOCKOJIbKY
pocCT 3a00J1eBa€MOCTH CBSI3aH C U3MCHCHUAMU, IIPOUCXOAAIINMHA B YCJIOBCYCCKOM O6H.I€CTBC, a METOJ
SKCTpPAIIoJAI MM IIpeAnoaaract, 4YTo BCC (baKTOpr, KOTOPLBIC BbI3bIBAIOT M3MCHCHM A 386OJICB8.CMOCTI/I,
ABJIAIOTCA IIOCTOAHHBIMMU.

OnHUM U3 ITyTel NpeooIeHH s 3TOM IpobJieMbl Obljla cerperalivs pa3HbIX IPYI HACEJIEHUS C pa3HbIM
MOBeACHUEM U aHAIN3 TEHICHIIUI B OTAEIbHBIX ITOAIPYIIIAX, a 3aTeM OIpeae/IeHNe CyMMapHbIX MOKa-
3aTeseil. HammpuMep, eciyu B TIONMYJISIMA B 1IeJIOM BEHEpUYECKUX 3a00JieBaHUIA OBIJIO MaJlo, a Cpeau
MPOCTUTYTOK MX PACIPOCTPAHEHHOCTh OblJIa MOCTOSIHHO BBICOKOM, TO YBEJIMYEHHME YUCIEHHOCTH 10~
CJICIHUX TOJI’KHO OBLIIO TPUBOIMTH K POCTY OOIIIMX ITOKa3aTeliel 3a00J1eBaeMOCTH.

Eile omHUM BO3MOXHBIM MOAXOAOM SIBJISIETCS U3MEPEHHUE psifa KJIIOUEBBIX MOKa3aTesleil U u3ydeHue
MX BJIMSHMS Ha IOKa3aTelr 3a00JIeBaéMOCTU C BhIPAaOOTKOI PerpecCCUMOHHOrO ypaBHEHUSI, KOTOPOe
MOTJIO ObI COCTaBUTh (PYHKIIMIO, ONMKCHIBAIOLIYIO0 U3MEHEHME MTpoLiecca B 3aBUCUMOCTU OT U3MEHEHUI
HE TOJIbKO BpeMeHM, HO M 3TUX Iokasateseid. [1omoOHBII aHanu3 SIBJISIETCS YacThiO CTaHIAPTHOTO
CTAaTUCTUUYECKOI'0 Mpolecca M3yYeHMsI paclIpOCTPAaHEHHOCTU 3a00JeBaHMU (OOBIYHO IIPU ITOMOIIU
IlyaccoHoBOI1 perpeccuu, mapaMeTpuueCcKMX METOJ0B aHai13a BbIxKMBaeMOCTU U Moaean Kokca).

Marepuas 1Jisi HogoOHOro aHaJK3a JOCTATOYHO CJIOXHO coOOpaTh 1, Ha caMOM JieJie, MeTOIbI aHaJI13a
BBIXKMBAEMOCTH M HEe OYEHb MpeIHa3HauYeHBI IS 3a7a4 IMIPOrHO3MPOBaHMs 3a00JIeBAEMOCTH B TIOCJIE-
OYIOIINIA BpeMeHHO# Tiepron. [IpobiieMa 3akimiodaeTcss B TOM, YTO 3HAUYEHUS IMOKA3aTellsl B KaXKIbIii
MOMEHT BPEMEHHM 3aBUCSIT OT 3HAYCHU A B IPEABIAYIINI MOMEHT BpeMeHH. [0BOPSIT, 4TO TaKKe TaHHbIE
KOPPEJMPYIOT cCaMU ¢ co00ii (aBTOKOppesLus). DTa aBTOKOPPEISILIUS He MO3BOJISET MOJIb30BaThCs
OOBIYHBIM METOIOM aHaJiM3a PErpecCUMOHHBIX Mojeliell (MeTOoI HaMMEHBIIMX KBaJApaToB) M TpeOyeT
WHBIX ITOIXO0I0B, KOTOPhIE MHOIIa 0003HAYaI0TCsI KaK METOAbI aBTOPETPECCUM.

OnHako JaHHBIX HE TO YTO IO PacIpOCTPAaHEHHOCTHU 0OJEe3HEel, HO JAaxKe U YMCIAEHHOCTU MOJOOHBIX
TPYAHOAOCTYITHBIX TPYIH (IIPOCTUTYTKH?, TOMOCEKCYaTUCThI*, HAPKOMAaHBI’), TIPOCTO He OBIJI0, U TO-
ATOMY IPOCTOTA aHajau3a TMOJHOCTbIO TepeuyepKuBajach OTCYTCTBMEM KPUTMYECKMX JJIS1 aHaJiM3a
naHHbIX. KpoMe Toro, Kaxk nmogyepkuBaioch Bbillle, MHPQEKIIMOHHbIE 3a00/eBaHM I Y4aCTO HOCSIT BOJIHO-
0o0pa3HbIll XapakTep, YTO TpeOOBaJIO MCIMOJb30BAHUS HEJMHEHHBIX CTAaTUCTUYECKUX MOAENeH s
anmnpokcumanuu. HeanHeiiHble MOAeaM, BO-TIEPBBIX, 3HAYUTEIHHO CI0XKHEE B OMMMCAHUU U TIOITOHKE,
YyeM JIMHEWHBIe, a BO-BTOPBIX, TPEOYIOT [JISI aHaM3a elle 0oJblle UCTOPUUEeCKUX AaHHBbIX. [Ipuuem
JKeJIaTeJIbHO, YTOOBI OLIEHKHM 3a0016BaeMOCTU ObLJIM MOJYyYeHbl Ha JOCTATOYHO OOJBIION TpyIINe Jto-
Jieli (TOUHOCTh OompeesieHu s IoKa3aTeseil 3a001eBaeMOCTU 00paTHO MPONOpIIMOHaIbHA KBaApaTHOMY
KOPHIO 13 YMCJEHHOCTHU I'PYTMIbI, B KOTOPOI ObLIM 3aperucTpMPOBaHbI Cydyan 3a00JeBaHU ).

3 B mociieiHee BpeMsi Yallle NCMoIb3yTCs MMEIOLMe MEHbILN T MOPaJIbHBIIf OTTEHOK TEPMUHBI «JIN11a, OKa3bIBAIOLINE CEKC-YCIYTH 3a IJIaTy»
WUJIU «<KOMMepueckue cekc-padboTHuLibl» (KCP).

4 Ha CaMOM I€JI€ B OTY I'PYIIITY 4aCTO BKJIKOYAIOT U JIUL[, BCTYIAOIUX B CUTYallMUOHHBIC TOMOCEKCYaJIbHbIE KOHTAaKThl, HO HC UMCIOLINX TOMO-
CeKCyaHbHOﬁ OpUEHTAL MU, ITIOSTOMY JAaHHYIO I'PYIIITY MPaBUJIbHEC HA3bIBATb «MYXKUYHWHBI, UMCIOIIHNE CEKCYAJIbHBIC KOHTAKThbI C My>KUMHaAMW»
(MCM).

3> st uesieit MOIeIMPOBaHUSI HE BaXXHO, UMEETCsI JIM Y 4eJloBeKa 3a00JieBaHUE C HEMPEOAOTMMOIL TSITOi K UCIOIb30BAHUIO HAPKOTUYECKHMX
CpeAcTB (HApKOMAaHMUSI) UM OH MCTOJb3YeT UX MO0 KaKMM-THU00 ApyruM npuunHaM. [loaTomy Gosiee aieKBaTHBIM TEPMUHOM SIBJISIETCS «I10-
TpeOUTEeNb HAPKOTUKOB», a JJISl aHalM3a PaclpOCTPAHEHMsI FeMOKOHTAKTHBIX MHMEKIUI «OTPeOUTEeNb UMHBEKIIMOHHBIX HAPKOTUKOB»
(ITUH).
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Bce atu dakTophl nenalu MOASIMPOBAHKE MPU ITOMOIIM SKCTPANOISLIUU IPaAKTUYSCKU HEIpUeM-
JIEMBIM [IJISl MCIIOJIb30BaHUS, XOTSI, CTOMT 3aMETUTh CIIpaBeIJIMBOCTU padu, OHU BCE PaBHO UC-
noJib30Bajauch. B Havae snuaeMuy aHAJIUM3UPOBAJIUCh TEHACHIIMU PacCIpOCTPaHEHHOCTU CUHApOMaA
npuodpereHHoro uMmyHonedunuta (CIIM/I) B pa3auuyHbIX ITpyIIiax U 3aTeM AeIaJlucCh ITPOrHO3bI
Ha HecKoJibko JieT Breped. Ilocie Toro, Kak pacrnpocTpaHeHHOCTh BUY-uHpexkuuu B psae rpyIin
JOoCTUrala IjiaTo, MeTo epecraBall padoTaTh. Ellle omHUM BapuaHTOM ObLIO U3YyUYeHUE XapaKTePHBIX
SOUIAEMUYSCKUX KPUBBIX B ONHUX PETMOHAX U 3aT€M 3KCTPaIosILus MOJyYSeHHBIX TaHHBIX Ha IPYyTrue
pPEruoHkbI (HarpuMep, eciu BoisicHseTcs, 4TO B CaH-PpaHIMCKO POCT 3a00JIeBAEMOCTHU IIPOIOJIKAICS
8 JIeT, a3aTeM JOCTUT ILIATO HA TaKOM-TO YPOBHE, TO IpeArnonaraercs, uto B Helo-Mopke, rie on Huxe,
OH OyJeT IMpOoAoJIKaTh pacTU A0 TeX IIOp, IOKa He JOCTUIHET TaKOro e YpoBHs). K coxaleHu10, 3TOT
MeToJ 0a3upyeTcsl Ha HealeKBaTHOM IIPEIIIOJOXEHUU O TOM, YTO B pa3HBIX perroHax 3aboJjieBaHUe
pacipocTpaHsIeTCs B OAMHAKOBBIX 110 YMCJIEHHOCTU I'PyMIaX U C OAMHAKOBON CKOPOCTHIO.
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2. MeToabl 00paTHOTO pacuyera

ITockonbky BUY-nHpekus Oblia HOBBIM 3a00JieBaHUEM, KOTOPOE ITPOSIBUIIOCH U CTAJIO PETUCTPH-
poBaThCs MO CBoeMy KianMHuuYeckKomy mposBiaeHuio — CIIW/I, To a8 mporHo3upoBaHus pPa3BUTUS
CUTYyallMU CTaJIM UCTI0JIb30BaTh METOAMKY 0OpaTHOro pacuera. OTa METOAMKA Oa3upyeTcst Ha TOM (pakTe,
YTO KOJIMUecTBO HOBbIX ciyuaeB CITM/l B naHHbBI Mepruoa BpeMEHU 3aBUCUT OT KOJIMUECTBA Cy4yaeB
uHpunupoBanus BUY B npoiioM u pacnpeaeaeHus BpeMeHU OT MOMEHTA 3apakeHU s 10 pa3BUTUS
CIIN/. Ecnu Obl 3a00neBaemMocth BUY-nH(Mexeit n pacnpenejieHrue BpeMeHM OT MOMEHTa 3apa-
xkeHnust go Hactymienuss CITM] Owim0 m3BecTHO, TO onpeneiieHne 3adboneBaemoctu CITM]L mpocTto
CBOJMJIOCH Obl K CYMMUPOBAaHMUIO:

1
A1) :fg(s)F(t — sls) ds,
0

rae A(t) — kymyagaTuBHoe KoandecTBo ciayvyaeB CITU/L 1o BpeMeHu t, g(S) — 3TO CKOPOCTb MH(MULIU-
poBaHUs B KaJleHIApHOE BpeMs S (TO €CTh KOJMUYECTBO HOBBIX Cy4aeB MHOUIIMPOBAHUS B eAUHUILY
BpemeHu s) U F(t|s) — 3To pacmpezesieHue MeprUoOIOB MHKYOALMU 1T WHAMBUIYyMa, WHOULIMPO-
BaHHOTO B KaJleHAapHoe BpeMms s. PacmpeaeneHue MHKYOAIIMOHHBIX MEPUOJOB — 3TO BEPOSATHOCTD
TOr'0, YTO MHKYOALIMOHHBII ITepuo OyIeT Kopodye BpeMeH! t.

OOpaTHBII pacyeT — 3TO MOITLITKA OLCHUTH 3abojieBaemMocTh BUY-nndpexneir 1 BpeMsI OT MOMEHTa
3apaxkenus 10 pa3sutus CIIM] Ha ocHOBaHMM MCTOPUUYECKMX TaHHBIX 10 3aboieBaemoctu CITU/I.
OOBIYHO pacyeThl IPOBOASATCS IO OTACIBLHBIM IpyIIiaM pucka. Mcrmomb3oBaHue 3TOro MeToma Imo3Bo-
JINJIO TIPOJIEMOHCTPHUPOBATh, YTO MCIIOJb30BaHNE aHTUPETPOBUPYCHOM TepaIllii IPUBOAUT K yIJTHE -
HUIO TIeproaa oT 3apaxkeHus g0 pas3sutus CITM ] (Ob111 mpoBeAeHBI pacyeThl, MPpeAroaaraBimie, YTo
pacrpeneneHre BpeMeHH OT 3apaxkeHus a0 pa3putus CIIN]I He MeHsIeTCs, KOTOphIE TTOKa3aau, YTO
peanbHOe KonmdecTBo ciaydaeB CITW /I menbIe pacueTHoro. Mcnonbp3o0BaHue OOMYIICHUS HECTALINO-
HapHOTO BpeMeHHU OT 3apazkeHus 10 pa3putus CIIN /I (yonnHeHre mon BIMSTHAEM Tepaltii) MO3BOJINIIO
YCTPaHUTh 3TOT KaXKYIIUICS TapagokKc).

2.1. Avaiu3 3a00;1€BaeMOCTH MO KoJIMYecTBY MaHuecTHbIX hopm

Pazob6paTbcs ¢ TeXHMKOI MeToda 00paTHOro pacuyeTa B MpUHIIMIIE He ciloxHO. CaenaeM 3TO Ha Mpo-
creimeM npumepe. [lpeanonoxum, 4To B onpeaeaeHHbI rog 3apasuaochk 100 000 yenosek. OgHako,
MOCKOJIBKY CaMO 3apakeHUe He MPUBOAUT K KJIMHUYSCKUM IIPOSIBICHUEM, HA MALUEHT, HU CUCTEMA
3apaBooxpaHeHus 3Tu 100 000 yenoBeK 3aperucTpupoBaTh He MOTYT. OMHAKO MO MPOLIECTBUU OIpee-
JICHHOTO BPEMEHU Y 3apaK€HHOIr'0 YeJIOBEKa IMOSIBJISIETCS KJIMHUYECKU BhIsIBIsgeMast ¢opMa OOJe3HU
(0YeBUIHO, YTO pedyb MOXeT UATU, Haripumep, 0 BUY-uHdbekuun u CITU/, coorBeTrcTBeHHO). Hadro-
JIeHUe 3a IPYINoil HelaBHO MHAULIMPOBABLIMXCS JIIOACH MOKA3bIBAET, UTO KaXIbIil roll TOCTOSIHHBIM
MPOLIEHT JIUI] IEPEXOAUT B KJIMHUYECKH BUANMYIO hopmy®. [TomoOHOE paciipeiesieHie BpeMEHU OT MO-
MEHTa 3apakeHUsI OO0 HACTYIUIEHWS KJIMHMUYECKU BBISBISEMOIl (DOpPMBI 3a00eBaHUS OMUCHIBACTCS
SKCMOHEHLIMAaIbHBIM YPAaBHEHHEM:

_r
yt)=1—e k

® YcraHosieHue (hopMBbl pacrpenesieHusi BpeMEHM OT MOMEHTa 3apakeHHsl 0 HACTYIUICHUS] KIMHUYECKU SIBHOW (HOpMbI 3ab0sieBaHUs,
a TakKe OlIeHKa MapaMeTpPOB 3TOTO PaCIIPeNe/ICHUS SIBISIOTCS OMHUMU U3 HarboJIee CJI0KHBIX Pa3/IeJIOB B OIIEHKe 3a00J1€BAEMOCTH METOTAMU
0o0paTHOro pacyeTa.
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rae y(t) — OpoLEeHT JIMII, Y KOTOPBIX Pa3BUJIOCH KJIMHUYECKH BhIpaKeHHOE 3a00JIeBaH1E KO BpEMEHU t,
a k — mocTosiHHasI BeJIMUMHA, IPSIMO IIPOIOPLMOHATbHAS MEAUAHHON IPOIOJXKUTEIbHOCTU UHKY-
0aLlMOHHOrO Iepuoaa’, U € — OCHOBaHME HATypaJIbHBIX JIOrapruGMOB.

Ecnu mpomoakuTeIbHOCTh MHKYOAIIMOHHOTO TIepruoia t COCTaBsIeT, Hampumep, 8 J1etd, To cucreMa
3ApaBOOXpaHeHU s OyaeT HAaOII0aaTh CAeAYIOIIe KOIUYECTBA ULl C BHOBb BBISIBIISIEMOI KIMHUYECKHU
SIBHOU (popMoOIi B rona, cieayolire 3a 3apaxkeHuem (cM. Taod. 1).

Taoamma 1
KoanuecTBo aui, y KOTOPbIX pa3oBbeTcs 3a00JeBaHue B roja, CJaeayonue 3a 3apakKeHueM
T'oga mocne 3apakeHus [MpouenT 3a6oneBiiux (%) AOCOIIOTHOE KOJTUYECTBO
1 8,30 8 300
2 15,91 15910
3 22,89 22 889
4 29,29 29 289
5 35,16 35158
6 40,54 40 540
7 45,47 45 475
8 50,00 50 000
9 54,15 54150
10 57,96 57 955

OOpaTtuTe BHUMaHMeE, YTO CUCTEMa 3ApaBOOXpaHEHN s HAOJI0JAeT TOJILKO 3HAUYCHU S B MOCEAHEN KO-
JIOHKe Ta0Jj1. 1, MCXOMHOE YMCIIO 3apa3uBIIMXCcd el He M3BecTHO. OnHAKO, 3Has 3aKOH pacrpeIesieHu I
BpeMEHM OT MOMEHTA 3apakeHHs JO pa3BUTHUS KIMHUYECKU MaHU(ECTHON (OPMBI, MOXXHO yTBEp-
KIaTh, YTO KOJMUYECTBO JIMI ¢ KIMHUYECKN MaHU@ecTHOI (opMoil 3a00JieBaHUS B TOf t SIBISICTCS
CYMMOI1 IIPOM3BENEHMST BEPOITHOCTH pa3BUTUSI MaHUMECTHON (popMBI 3a001eBaHK 3a t JIET Ha KO-
JIMYECTBO JINII, 3apa3uBLINXCS t JIET Ha3al, MIPOU3BEACHN S BEPOSITHOCTH pa3BUTH I MaHU(PECTHOI dhop-
MBI 3a001eBaHN 3a t—1 rog Ha KOJIMYECTBO JIMII, 3apa3uBIIMXcd t—1 o Ha3am 1 Tak gajiee. Hammpumep,
B cJIydyae 5KCIIOHEHIIMaJIbHOTO pacrpelesieHnsT BpeMeH! 3apakeHu s ¢ MeAMaHHBIM MHKYOAIIMOHHBIM
TIEPUOJOM 8 JIET, KOJIMYECTBO JIHUI ¢ MaHMbECTHOI (PopMOii 3a00eBaHN Ha 3-11 rof, pa3BUTHSI SITUIE-
MMUeckoro mnpoiecca oyaeT paBHo 0,2289, yMHOXEHHOE Ha KOJMWYECTBO JIML, 3apa3uBIIUXCS 3 roja
Ha3zazn, matoc 0,1591, yMHOXEeHHOe Ha KOJIMYECTBO JIM1I, 3apa3vBIIMXCs ABa roga Hasaz, ritoc 0,083,
YMHOXEHHOE Ha KOJIMYECTBO JIMII, 3apa3svBIIMXCS ToI Ha3al. J1Jis1 onucaHus HaOIogaeMbIX TaHHBIX,
Hampumep, 3a 6 JeT, MOXKHO COCTaBUTh TaOIMILY, aHAJOTMYHYIO Ta0. 2.

Taoauua 2
KoMnoneHTbI HA01101a€MOii 3200J1€BA€MOCTH 32 NepBbIe 6 JIeT HA0II0IeHH s
Ton Yucno 3apa3uBIINXCS Hao0nronaemoe yucio
n, n, n, n, ng n
1 0,083 0 0 0 0 0 8 300
2 0,159 0,083 0 0 0 0 15910
3 0,229 0,159 0,083 0 0 0 22 889
4 0,293 0,229 0,159 0,083 0 0 29 289
5 0,352 0,293 0,229 0,159 0,083 0 35 158
6 0,405 0,352 0,293 0,229 0,159 0,083 40 540

7 BennuunHa k paBHA MeIUAHHOM ITPOIOJIKUTEIbHOCTA MHKYOALIMOHHOTO ITeproa (1), nenreHHoi Ha — In (0,5).
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Hazke Oersiblii B3rjsia Ha TabJl. 2 ITO3BOJISIET IOHSITh, YTO B HEM onMcaHa IIpocTeiiinas 3agadya peleHu s
CHCTEMBbI JIMHEHBIX ypaBHeHUI. B 1TaHHOM cily4yae — cucTeMa U3 LIeCTU YPAaBHEHU C IIECThIO HEU3-
BECTHBIMHU (n, — ny). Tak, NepBbie 1Ba ypaBHEHUSI 9TOM CUCTEMbI OYIYT BBIIJISAAETD TaK:

8300=10,83*n,
15910 = 0,159 * n, + 0,83 * n,

PenieHue momoOHOI cuUCTeMbI ypaBHeHI/Iﬁ JOCTAaTO4YHO IIPOCTO, U MBI IIPOUIJIIOCTPUPYEM, KaK I3TO
MOXHO clieJlaTh B CUCTEME CTaTUCTUYECKOro aHaim3a SAS.

B SAS cucrema nuHeHbIX ypaBHEHU I MOXET ObITh pellieHa LIeJIbIM PSIIOM IPOLEeAYP, ONHAKO B JaHHOM
cliydae BocItojib3yemcs npoueaypoit REG.

[Ipexx e Bcero Hamo BBECTH JaHHBIE B cucTeMy. Caenarh 3TO MOXHO CJIeIyIoIuM 0opa3om’:

1. DATA coeff;

2. ARRAY nn {10} nnl—nn10;

3. k=—8/L0OG(0.5);

4. DO year=1 TO 10;

3. DO j=1 to 10;

6. if (year—j+1)>0 THEN nn [j]=1—exp(—(year—j+1)/k);
7. ELSE nn[j]=0;

8. END; OUTPUT;

9. END;

10.  RUN;

DTOT NporpaMMHBbII KO co3aaeT MaccuB U3 10 31eMeHTOB (110 YMCJTY JIET ¢ HEU3BECTHBIM KOJIMYECTBOM
BHOBb 3apa3uBILIUXCS). 3aTeM JBa BJIOXKEHHBIX LIMKJIA 3aII0OJHSIIOT MACCUB JIU00 3HAYEHUSIMU IPOLICHTA
JIMLI, Y KOTOPBIX K 3TOMY TOAYy pa3oBbeTca MaHudecTHas (popma 3adoJieBaHUS, MO0 HYJIEM, €CIHU CO-
OTBETCTBYIOIIIAs TPYIIIA ellie He 3apa3uiiach (Tak, HalIpuMep, AJ1s TeX, KTO 3apa3ujics Ha TPEThEeM roay
SMUAEMUHU, BKJIa B KOJIMUECTBO MAHUMECTHBIX CJIyUyaeB IEPBOr0 M BTOPOI'O FOAOB SMUACMUU SBJISICTCS
HyJieBbIM). KoadduumeHT k paccyuThIBaeTCsI B MIporpamMmme Tak, YTOObI €ro ObIJIO JIETKO MEHSITh B 3aBU-
CUMOCTH OT Ha0JIIoIaeMoii MeIMaHHOM MPOAOIKUTETbHOCTA MHKYOALIMOHHOTO neproaa'’.

Jlamee B CUCTEeMY ClielyeT BBECTH HaOJiomaeMoe KOJIUYeCTBO ciydaeB MaHU(ECTHBIX (opM 3aboe-
BaHU S, HATIPUMED, CIACIAYIOIINM 00pa3oMm:

1 DATA cases;

2. INPUT year cases;
3. CARDS;

4 1 8300

8 [Ipu aHanM3e BpeMEHHBIH MoKa3aTeseil CpeIHUMHU He MOTb3YI0TCsI, TOCKOJIBKY JOCTATOYHO OHOTO YeIoBeKa, Y KOTOPOTO He Pa3BUIOCH 3a-
GosieBaHME M MHKYOAIIMOHHBII Tepuon OyIeT yBeAUUMBATbCS KaXAblil TOII, TOT/Ia KaK MelMaHa — MPOJOJIXKUTEIbHOCTb BpeMEHHU, 32 KOTOPBI it
pa3BUIIOCH KIIMHUYecKoe 3a0oseBaHue y 50% ob6cie10BaHHBIX — HE MEHSIeTCS.

® Hymepaiusi CTpOK B TPUBOIMMBIX HUKe TporpaMMax SAS naeTcst UCKJTIOUUTETbHO IJIsI YI00CTBa YMTaTeel U B pealbHOM KOJie HE UCTIONb-
3yercs. Kpome Toro, mnonuyepkMBaHMEM U XKUPHBIM HIPU(TM BbIAeIeHbI OCHOBHbBIE KOMaHIbl SAS.

10 O6paTuTe BHUMAHKE, YTO B cucTeMe SAS [UIsI pacueTa HaTypaabHBIX JorapudmoBs In ucronsayercs pyukuns LOG().
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5. 2 15910

6. 3 22889

7. 4 29289

8. 5 35158

9. 6 40540
10. 7 45475
11. 8 50000
12. 9 54150

13. 10 57955
14. ;

15.  RUN;

Tereps MOXXHO O0OBEIMHUTE IBa CO3MaHHBIX (paiijia B OOUH JJIST aHaJI13a IIPOLIeIyPOii perpecCcuu:

PROC SORT DATA=coeff; BY year; RUN;
PROC SORT DATA=cases; BY year; RUN;
DATA dat_back;

MERGE cases coeff;

BY year;
RUN;

AN kW=

O6a caitna OblIM A1 O0ObeAMHEHUMST BHaUYaje OTCOPTHUPOBAHBI MO MEepeMEeHHOM year (roja aHajiu3a),
a 3areM oobenmHeHbl koMaHaoit MERGE. B pesyabrate nojiyyaercs ¢aiia ¢ muH@opmalueii, aHaao-
TMYHOI MpeacTaBJAeHHON B TabI. 2.

AHanu3 3TOro Marepurajia mIpoBOAUTCA OYE€HD ITPOCTO:

1. PROC REG DATA=dat_back;
2. MODEL cases=nnl—nnl10/NOINT;
3. RUN;

[TpuBeneHHbBIN KOA BbI3bIBAET Tpolenypy perpeccuoHHoro aHanuza (PROC REG), Mmogenupyionryio
HabJII01aeMOoe KOJIMYECTBO MaHU(MECTHBIX CIyYaeB Kak GYHKIIMIO HEM3BECTHOTO YHUCIIA 3apa3UBILIMXCS
3a Bpems HabmoaeHus (nnl— nnl0). B kauecTBe K02 GUIIMEHTOB A5 OMpeAeJeHU s TOro, Kakas mpo-
MopLMS 3apa3uBLIMXCsl OyneT UMETh B JaHHBIN roa MaHu@ecTHY1O (hOpMY, BBICTYIAIOT pacCUYUTaH-
HbIe paHee dKcnoHeHInaabHble Koadduinentrel. Onuus NOINT nogasisier BHeCeHME B MOJIeJIb T10-
CTOSIHHOTO 4JieHa (MpUpaBHUBAET €ro K HYJI0), MOCKOJbKY B OMMCAHHBIX BbIIIE YPaBHEHUSX OH HE
npeaycMoTpeH''. B pesynbrare cuctema BbIIAET Claenyollee perieHue:

Il JlJoru4eck¥ MOCTOSTHHBIN UJieH YpaBHEHUsI MHTEPIPETUPYETCs KaK YUCIIO JIMIl ¢ MaHUbecTHOI (popMoil 3a00ieBaHUSI B OTCYTCTBHUE
3apaXeHHBIX — YUCJI0, OYEBUIHO PABHOE HYITIO.
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OueHKHM napamMeTpa

Yucno
crerieHeit  Ouenka  CranmapTHas
IlepemenHas CBOOOABI TapaMmeTpa omunobka t-3HaueHne  Pr > [t]

nnl 1 100 005
nn2 1 —13,65800
nn3 1 7,22000
nn4 1 2,75655

nn5 1 2,09798
nné6 1 1,24428
nn7 1 —3,80453
nn8 1 —4,99968
nn9 1 6,70761

nnl0 1 —6,82900

AHanu3z II0Ka3bIBA€T, 4YTO OOJILLLIMHCTBO 3apa3nJjioChb B HepBbII))I rong (‘{TO M OBIIIO YCJIOBUEM B JaHHOM
HpI/IMCpe). OnpHako He3HAYMTENbHbBIE BEIMUNHBI €CTh 1 Yy Cay4dacB 3apaXCHud B IIOCJICAYIOIIME I'OOdbI
(I/IHOF,Z[a KOS(D(I)I/IHI/ICHTLI ABJIAIOTCA OTpI/IHElTeJ'[beIMI/I). B Haiem cj1ydyac€ 3TO ABJACTCA CICACTBUEM
OKpPYIJICHUA, OJHAKO B p€aJbHbIX YCIOBUAX Moao0OHbIe KoJieOaHU s IIpeacKa3aHHOro yumucia I/IH(I)I/IL[I/I—
POBaHHbLIX MOTYT OHNPCACTATHCA TaKXEC U CJIy‘-IElfIHbIMH (baKTOPaMI/I (KOJIC68.HI/I$I BbIABJIACMOCTH,
Apyrue HeOoblIne KOJICGaHI/IH). Bwmecre c TeM O4YCBHUJIHO, YTO B JaHHOM CJj1y4dyac KoJieGaHM I COCTABISIOT
JOJIM IMPOUCHTAa (MaKCI/IMaJ'[bHOC OTKJIOHCHHEC OT MCTMHHO HYJICBOI'O 3HAYCHUA COCTaBJIACT 0,013%)
ITogo6Has 6HaFOHpI/IHTHaH cUuTyaluda MOXET U HEC CIIOXKUTLCA, €CJIIN KOJIMYECTBO I/IH(I)I/II_[I/IpOBaHHbIX
OTHOCUTEJIbHO HEOOJIbIIOE U CJIy‘-IElfIHbI@ KoJyiebaHUs oOKa3bIBalOT Oosibluee BosaelicTBue. OTcroga
CJICOYCT BbIBOA, YTO MCTOAUKHN O6paTHOFO pacy€Ta OYCHb YYBCTBUTCIbHDBI K KOJIMYCCTBY HaboaeHU
n, 4eM UX 6OJ'IBH_IC, TEM TOYHECC ITOJTYUYCHHDLIC C MX ITIOMOILIbIO PE3YJIbTAaThI.

[TonyyuB nHdopmManmnio 0 KOJTUYECTBE 3apaKEHHBIX B MPEAIIECTBYIONINE TOAbl, MOXHO 3KCTPAINoJu-
poBaTh MoJyYeHHYI0 nH(pOopMaluio Ha Oyayllee, caeaaB MPearnoaoXXeHe O TOM, YTO B MOCAEAYIONI1e
roJbl 3apaxkeHUs He MPOUCXOAUT. DTOT «ONTUMUCTUYHBIN» CLEHAPUI ITO3BOJISIET ONPENEIUTh MU-
HUMaJIbHblE MOTPEOHOCTU CUCTEMbI 3[paBOOXPaHEeHM I, HATIpUMEp, B JeKapcTBax aas tepanuu BUY/
CIIMA. Tak, B ipuBeIeHHOM BbI1lIe TPUMEpe ObIJIO YCTAHOBJIEHO, UYTO BCE ciiydyae MaHU(ECTHOM (hopMbl
3a00JIeBaHUS SIBISIOTCS CICACTBUEM OomHOKpaTHoro 3apaxkeHust 100 000 yeoBeK OecsITh JIET Ha3all.
3Hasg 3TO U UCHOJIbL3Yys ONMCAHHOE paHee ypaBHeHMe, Ha 11-M rogy Oymet 61 445 nui ¢ MaHUDECTHOM
opmoii 3aboneBanust, unu Ha (61 445—57 955) = 3 490 yenoBek OoJibiie, yem Ha 10-M romy.

2.2. O0paTHbIii pacyeT ¢ AaHATUTHYECKOI (hopMOii OnHCaAHHUA MPOTHO3A PA3BUTHS
MaHudecTHbIX hopm

BMmecte ¢ TeM maxke 13 MIpUBEICHHOTO BhIIIE IIPUMEpPa IOHSATHO, YTO MPEATIONIOXEHNE O HE3aBUCUMOCTH
KOJIMYeCTBAa MH(MUIIMPOBAHHBIX B TOJ t OT YMCJIA 3apa3HbIX JIUI] B rol t—1 MpUBOAUT K pe3KOii moTepe
touHocTH. [IpenctaBum cebe, YTO MOKHO OMUCATH IIPOLIECC PA3BUTUS SIUAEMUN'? TIPOCTOM (HOPMYIIOI,
HaIlpyMep — KPUBOI 3KCITOHEHIIMAJIBHOTO pOCTa (YTO BO3MOXHO, HAIIPUMEpP, Ha pAaHHUX CTaAUSIX pa3-
BUTHS IIPOLIECCA):

N@® =N, *en,

rae N(t) — KOJMYeCcTBO U1, MHPUIIMPOBAaHHBIX B ro t (paHee, KOraa KOJIMYeCTBO MHGUIIMPOBAHHBIX
B JJAHHOM T'OJly HE 3aBMCEJIO OT KOJIMYECTBA B TPOLLIOM, Mbl 0003Ha4a/I1 3TO 3HAY€HUE N, CM. Tabl1. 2),

12 B naHHOM cily4yae pevb UAET O 3apaXeHUH, a He O Pa3BUTUM MaHUDeCTHBIX hopM.
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I\I0 — MCXOOHOE KOJIMYECTBO 3apaKE€HHbIX, t — KOJMUYECTBO JIET, IIPOIIEININX C MOMEHTA HavaJjia 31u-

JEeMUHU, a M — MOCTOSIHHBIN KO3(P(PULIMEHT, MOKa3aTeJIb CKOPOCTU POCTa SIUIAESMUU.

Torma KxoauyecTBO U1, MHGUIMPOBAHHBIX B rol t, OyJIeT 3aBUCETh OT ABYX ITapaMeTPOB, BHE 3aBUCH-
MOCTH OT TOTO, 3a CKOJIbKO JIET y HAC €CTh CTaTUCTUYeCcKUe faHHbIe. COOTBETCTBEHHO, MMESI, HATIPUMED,
JaHHble 3a 10 JieT, peub OyaeT uaTu He o 10 ypaBHEHUSIX C AeCSIThIO HEM3BECTHLIMMU, a 0 10 ypaBHEHUSIX
C 3 HEU3BECTHBIMM (MCXOIHOrO KOJMYECTBA MHOUUMPOBAHHBIX N, CKOPOCTU POCTa SMUAEMHUM M
U MPOIOJKUTEIBHOCTU MHKYOAlIMOHHOTO Iepuoa t). B aTom cirydae, aHaim3 MOXeET IPUHSATH BO BHU-
MaHUue clydaliHble KoJieOaHu s, U pe3yJibTaT OKaxeTcsl 00Jiee aJeKBaTHBIM.

B peaibHOCTH OOBIYHO SITUAEMUYECK M I ITPOLIECC PACTET MO 9KCIOHEHIMaIbHOMY 3aKOHY TOJILKO KOPOT-
KU1 IPOMEXYTOK BpeMEHU, IIO3TOMY OOBIYHO KPUBYIO 3a00JIeBAEMOCTH OIMCHIBAIOT JIMOO KBagpaTuy-
HBIM ypaBHEeHHEM (CM., HamipuMep, [22]), 1100 3KCIIOHEHIIMAJIbHLIM ypaBHEHUEM C KBaJApaTUYHBIMU
yneHamu [19]:

N(Z) — ]Vn " eal*z—az*lz’

rae al n 82 — HEMU3BECTHLIC HaAM ITapaMETpPhbl poCTa SIMMMNIEMUN, KOTOPbIEC HAJO OLICHUTD.

OnuceiBaeMblii KBaIpaTUUHBIM (MJIM KBAIPAaTUYHO-3KCIOHEHIIMAIbHBIM) ypaBHEHHUEM IIPOLIECC UMEET
(asy GBICTPOro pocTa, a 3aTeM 3aMeJIeHus (eCii KO3(PGOULMEHT a, MOJoXUTeIeH). B noiarocpounoi
MHepCHeKTHUBe 3a00J1eBa€MOCTh, ONMChIBaeMasi 3TUM YpaBHEHUEM, CXOAUT Ha HOJIb, YTO COOTBETCTBYET
JUHaMUKe MHOTUX 3apa3HbIX 3a00j1eBaHU 1. OmHaKO TpeOOBaHUE CHUXKEHH S 3a00J1€Ba€MOCTHU HE SIBJISI-
eTcs 00s13aTeIbHBIM. Eciin KoopduuueHT a, oka3biBaeTcs 0JM3KUM K HYJIIO, TO 3200J1€BAEMOCTH MOXET
pacTH Ha MPOTIXKEHUY 3HAYMTEIbHOrO Ilepuoaa BpemMeHU. Takum oOpa3oM, Nog00HOE ypaBHEHUE 1103~
BOJISIET OITMCATh OOJIBIIYIO YACTh BO3MOXHBIX TPAeKTOPUI pa3BUTUS SIUIAEMUU.

JL1s1 TOro, 4TOObI BHIACHUTD, YeMY PaBHbI KOS(MGULUMEHTHI a, U a,, HEOOXOAMMO MTPOBECTU MOIETUPO-
BaHue. JlaHHBIEC A1 HETO MOXHO IMOJYYUTh HA OCHOBAHUM HAOMIOAEHNS 3a KOTOPTO JIUII, IEPBOHA-
YaJbHO He MH(PUILIMPOBAHHBIX (M OTMEUaTh HOBBIE cllyyau 3a0ojieBaHUIl), 1100 3a CYET aHaau3a JaH-
HbIX 110 peructpauuu BMY[19]. B mociaenHeM ciayyae mpenrojaraercs, YTo 3aperucTpupoBaHbl HE BCe
NaHHbIE, U TOTOMY MOJTYYEeHHOE ITPU MOAETUPOBAHME 3HAYEHNE UCXOIHON YNCIEHHOCTH 60IbHBIX (N)
B JaJbHEHIIEM He UCIOJIb3YeTCs, a MCMOJIb3yeTCs TOJAbKO MHPopMalus o popMe KpUBOU TPaeKTOPUU
sanuAeMUH (TIpeamnoiaras, YTo JaHHBIE MO PeTUCTPallMy MPaBUJILHO OLIEHUBAIOT TEHASHIIMU B 3200J1e-
BAa€MOCTHU, XOTS U MOT'YT 3aHUXATh YMCI0 MHOUIIMPOBAHHBIX). Kak BBIMOJHSAETCS MOAOOHBIN aHAIN3,
MBI PACCMOTPUM MO3IHEE Ha KOHKPETHOM IIpUMepe, a MoKa MOXHO MPeANoJ0XKUTh, YTO B Pe3yJIbTarTe
aHaju3a ObLIO YCTaHOBJIEHO, 4TO a,=2,5, a a,=0,2. Eciau 6b1 B crpane co 100 nH@UIIMPOBaHHBIMU
MOSIBUJIOCH 3a00JIeBaHUE C TAKMMM MapaMeTpaMM AUHAMUKHU 3a00JIeBAGMOCTU U C MEIMAaHHBIM Me-
PUOIOM 0 pa3BUTHSI MAaHUMECTHOMI (popMBbI 8 JIeT, TO HabII0AaeMoe KOJTMYeCTBO ci1ydyaeB (MaHU(ECTHOM
¢ opMBbI) BBITJISIASTO ObI TaK, KaK MOKa3aHo B TadJI. 3.

JList aHanM3a 3TUX JAHHBIX YK€ Heb3sl OyJeT BOCIIOJb30BaThCsl MPOCTOM JIMHEWHOM perpeccueit, mo-
CKOJIbKY HaM HE€ M3BECTHBI TTapaMeTPhl paclpeAceHUs BpEMEHU OT 3apa’k€eHMWs A0 pa3BUTUS MaHU-
(hecTHOI hOpMBI, 1 OHM OTIPEAESIOTCS HETMHEMHBIM (B pa30rpaeMoM MpUMepe — SKCITOHEHIIMaJIbHbIM)
COOTHOIIEHUEM.
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Taoauuna 3

I'mnoTeTnyeckuii npumMep TMHAMUKHY pa3BuTHs ManugecTHbIX hopm 3a001eBaHNS

T'ox oT Havana aMAEMUU KonnyectBo MaHU(pECTHBIX HOPM

8
569
3564
13762
38 120
80 713
138 098
201 838
264 807
323782

S0 0NAN B W —

Bmecte ¢ Tem IPaKTUYCCKMU BCE CTATUCTUYCCKUE CUCTEMDBI, 1 SAS 3aech He gBiasieTcs HNCKIIIOYEHUEM,
oA ACP2KNBAIOT BOSMOKHOCTb aHa/IM3a AJaHHbBIX METOI0OM HEJIMHEeHOI pPErpecCcuu. ,Z[J'IH MoJg00HOIo aHa-
JI3a CUCTEME HaJl0 COOOIIUTH (bopMy YpaBHCHU A, a OHA YK€ caMa OIIpCAC/IUT 3HAYCHN A HEU3BCCTHLIX
I1apaMe€TpoOB. OpHako 1Jis BBIMOJHEHUS aHalM3a HEOOXOIMMO OImMcaTb, KakK MCHACTCA YUCJICHHOCTD
3apaXCHHbIX I'oA OT roga. HOBTOMY BHa4daJI€ CJICAYET CO30aTb (bafl)'[ C MHOXUTCIIAMMU AJIAd UCXOOHOI'O
qyucia 3apaKC€HHbIX:

DATA coeff;

ARRAY nn{l10} nnl—nn10;

al=2.5; a2=0.2;

DO year=1 TO 10;
DO j=1TO 10;
IF year—j+1>0 THEN nn[j]=exp(al*j—a2*j**2);

ELSE nn[j]=0;

IF j=1 THEN nnl[j]=1;
END;

0. OUTPUT;

1 END;

OTOT NporpaMMHBIN KO co3AaeT TabauLy KO3 PUIIMeHTOB, B KOTOPBIX B IIEPBOM CTOJIOLIE CTOSIT €11~
HU1IbI, 2 BOCTAJIbHBIX CTOJI01IaX CTOSIT MHOXKUTEJIN, COOTBETCTBYIOIIME TOMY, HA CKOJIBKO HAJIO YMHOXMUTh
HUCXOJIHYIO0 YMCJEHHOCTb MH(PUIIMPOBAHHBIX, YTOOBI MOJYUYUTh KOJTUYECTBO MHPUIIMPOBAHHBIX, KOTO-
poe 3apa3ujioch B TOJ, COOTBETCTBYIOUIUI MOPSIKOBOMY HOMEpPY CTojiOlLA (HampuMmep, KOJIMYeCTBO
MHGUIIMPOBAHHBIX BO BTOPOU roj OyaeT HaxXoAUTbCsl BO BTOpoM cTojioue). [Ipu aToM, eciu HoMep
CTPOKM MEHbIlIe HOMepa cToJib11a, TO COOTBETCTBYIOIlee 3HaUeHUe obpalaercsl B HOJb. B Tabnuie niist
aHaJiM3a CTpoKa 0O3HavyaeT rojl C MOMEHTa HavaJia 3MuJAeMU U, a CTOJI0EI — KOJUYECTBO JIULL, Y KOTOPBIX
MOTIJIO pa3BUThCS 3a001eBaHue B 3TOT rojl. [ToHSITHO, 4TO eclii HOMEP CTPOKM MEHbllle HOMepa CToJI011a,
TO 3TO 3HAYMUT, YTO AAHHbIE MallMEHTHI elle He 3apa3uJUCh W, COOTBETCTBEHHO, HE MOTYT BJIUSTH
Ha 4yuco MaHU(pECTHBIX (OPM 3a00JIEBaHU S B 9TOM IOfTY.

ITocne dopMupoBaHus TaOAULbI KOIPPULIMEHTOB CJIeAYET co3AaTh (paiiic Haba0gaeMbIM KOJTUYECTBOM
cJiyyaeB MaHU(PECTHON (POopMbl 3a001eBaHUS U O0OBEAUHUTH ero ¢ (GaiaoM KodO@PUIIUEHTOB:
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1. DATA cases;

2. INPUT year cases;

3. CARDS;

4. 1 8

5. 2 569

6. 3 3564

7. 4 13762

8. 5 38120

9. 6 80713

10. 7 138098

11. 8 201838

12. 9 264807

13. 10 323782

14. ;

15. RUN;

16. PROC SORT DATA=cases; BY year; RUN;
17. PROC SORT DATA=coeff; BY year; RUN;
18. DATA new;

19. MERGE cases coeff;
20. BY year;

21. RUN;

IToaxon aHajmornuyeH HCIIOJIb3OBAHHOMY paHCEC IIpU HpOCTCfIH.IGM aHaJii3e C MOMOILIbI0 METOAUKU 00-
paTHOro pacycTa.

Hanee HacTyIaeT caMblii OTBETCTBEHHBIN 3Tall — IIPOBeIeHUE HEJIMHEHHOro MoaeaupoBaHus. s
3TOro HeoOxomuMmo BbI3BaTh mpoueaypy NLIN u mepemaTh eil omucaHue ypaBHEHHUSI, KOTOPOE MBI
MBITAEMCS OLIECHUTD:

PROC NLIN;

PARMS N=8 k=5;

MODEL cases=N*(nn1*(1—exp(—year/k)) +
nn2*(1—exp(—(year—1)/k))+nn3*(1—exp(—(year—2)/k))+
nn4*(1—exp(—(year—3)/k))+nn5*(1—exp(—(year—4)/k))+
nn6*(1—exp(—(year—5)/k))+nn7*(1—exp(—(year—6)/k))+
nn8*(1—exp(—(year—7)/k))+nn9*(1—exp(—(year—8)/k))+
nnl0*(1—exp(—(year—9)/k)));

RUN; QUIT;

o N S

AHanuzupyeMoe ypaBHeHUe orrcaHo npu nomoiny komanasl MODEL. B HeM KoJin4yecTBO HabJ101a¢e-
MBIX CJlyyaeB MaHUGeCTHOI (hopMbl 3a001eBaHUsI (cases) aHaIU3UPYETCSI B 3aBUCUMOCTH OT IPOU3BE-
JNEeHUsl UCcXomHoro uuciaa ciaydaeB (N) Ha cymMMy MaHUGECTHBIX (POpM, SIBIISIIOIIMXCS CIESACTBUEM
3apaxeHus B Kaxablii ron. KoadpduuneHtsr nnl—nnl0 ObIIM paccuMTaHBl paHee U MPEACTABISIIOT
c000ii MHOXUTEIM, KOTOPbIE MOKA3bIBAIOT, BO CKOJILKO pa3 YUCJICHHOCTh 3apakeHHBIX B JaHHBII o/
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(ot 1 1o 10) Gonblilie UCXOAHOTO Yyuciaa MHPUIMpoBaHHBIX. Beipaxenue (1 — exp (—year/k)) yurtarento
yK€ 3HAKOMO M OIIMCBhIBaeT TO, KAaKOil IIPOLEHT M3 Yucjia MHOUIMPOBAHHBIX MMed MaHU(MECTHYIO
¢dopmy 3abosieBaHUS B JaHHOM rogy. OCOO€HHOCTU CO3IaHUs TaOAMLbl KO3(MDOUINEHTOB IIpUBEIN
K TOMY, UYTO €CJIM I'Ofl IIPeAlIeCTBYeT IOy, KOTAa JOJXKHEI ObLIN 3apa3uThCsl T€ UJIM UHbIE TTAllUCHTHI,
TO COOTBETCTBYOLIME KO3 DUIIMEHTHI NN paBHBL HYJIO (HallpuMep, 1Jis IepBoro roga nnl = 1, a Bce
ocTaJibHble KoadduieHTh nn2—nnl0 paBHbI HYJI10). O0s13aTenbHast KomaHaa PARMS nipenocrabiisieT
CTapTOBBbIE 3HAYCHMS MIJIs1 MHTEPECYIOIIMX HCcliegoBaTeslss mapaMeTpoB. IloCKonbKY HelauHelHast
perpeccusi HCIIOJb3yeT MTEPALlMOHHBLIM METOH, TO OHa CTapaeTcs HallTh HauOoJiee MpaBUJILHOE
pellieHre HeAaleKo OT CTapTOBBIX 3HAUeHU . XOTsI B OOJILIIMHCTBE CIy4yaeB pellieHre OyaeT IoJyUYeHO
BHE 3aBUCMMOCTHU OT CTAapTOBOIO 3HAUE€HUSI, B HEKOTOPBHIX OHO MOXKET OKa3aThCsl HEONTUMaJbHbIM
(T.H. TOKaJbHBI MUHUMYM MU MakKcuMyM). [lo3Tomy Jydie Bcero 3agaBaTh B KaueCTBE MCXOTHBIX
napaMeTpOB 3HAUYCHMSI, KOTOPhIE SIBJISIIOTCS HauOojee BO3MOXHBIMU (HaIlpuMep, UCXOAHOE YMCJIO,
paBHOE KOJIMUYECTBY MaHU(MECTHHIX cIy4yaeB 3a00jieBaHUS B IEPBbIIA IOl ANUAEMUN, a K — mponopuuo-
HaJIbHO MEIMAaHHOM NPOJOIXKUTEILHOCTY MHKYOAIIMOHHOTO TIepuoAa 3a00J1eBaHU Sl U3 TUTEpaTyphl).

PC3YJ'ILTaTbI dHaJin3a C IIOMOIIbIO IPOLCAY PbI HEeJIWHEMHOU perpeccum rnmpeacraBjJaC€Hbl HUKE:

ITpouenypa NLIN
[TpubnuxeHue
CTaHIAPTHOW [Mpubnauxenusie 95%
ITapameTp OrneHka OILIMOKU JIOBEPUTEJIbHBIE TTPEAEIIbI
N 100,0 0,00187 99,9965 100,0
k 11,5417 0,000262 11,5411 11,5423

BumHo, 94TO cucTeMa TOYHO OIlpenennia ucxomHoe uyncio nHpuuupoBaHnHbix (100 yemoBek), a Tak:ke

paccumnTana 3HauyeHUe Kod(dduirmeHTa NponopuuOHAIbHOCTHY I SKCIIOHEHIINAJILHOTO YPaBHEHMSI.

ITockonbKy k = — m(035)’ MeAMaHHBIM MHKYOALIMOHHBINM niepuo paBeH t = —k * In (0,5) = 0,693 * k.
n A

CoOOTBETCTBEHHO, B JaHHOM IIpUMeEPE MeAMAHHBII MHKYOALIMOHHBIH ITepron paseH 11,5417 * 0,693 = §
romam, T.e. OH TaKXe pacCuMTaH TOYHO.

EctecTBeHHO, 4TO mpouecc pa3BUTUSI MaHU(ECTHOU (POpMBI 3a00eBaHN S MOXKET MOAYMHSITHCS MHOMI
(opme pacripeneneHnss BpeMeH MHKYOallMOHHOro neproaa. O4eHb 4acTo €ro OIMChIBaIOT HPU ITOMOIIU
pacnpeneneHus Beitoynna. Pacnpenenenue BeiiOynna onucbiBaeTcs clienyionein popmyoii:

=6 .
5 )
b

yt)=1—-e"

rae 6 HasbIBaeTCs MOPOTOBBIM 3HAYEHUEM, ¢ — HOPMUPYIOIIMM TapaMeTpoM, a ¢ — IapaMeTpoM
(opmbl.

OueBUIHO, YTO B CydYae, €CJIU OPOroBoe 3HaueHe O paBHO HYJIIO, a TapaMeTp (pOPMBI C paBeH eau-
HUIIE, TO pacnpeaesieHre BeiiOyia mpeBpaiiaeTcs B 3KCIIOHEHILIMAIbHOE pacIipeaeeHe C HOPMUPYIO-
LIMM ITapaMeTPOM G,paBHBIM k.

IToporoBoe 3HaUYeHNE MO3BOJILIET YUECTh HEKOTOPYIO «OTCPOYKY» B HACTYIUIEHUU 3 dekTa. YeM BoIle
IMOPOTrOBOE 3HAYEeHHE, TeM IT03Xe HAYHEeTCSI MacCOBOE Pa3BUTHE MaHMMECTHHIX (hOopM 3a00JIeBaHUS.
C npyroii cTopoHbI, TTapaMeTp (GOpMbl OMUCHIBAET CKOPOCTh Pa3BUTUSI MaHUGECTHBIX (GopM moce
TOTO, KaK «IIpollecc moies». YeM oH BHIIIE, TeM ObICTpee 3apakeHHBIC JIMIIA TIepeiayT B COCTOSTHUE
C KJIMHUYECKU BBISIBIISIEMBIMU (hopMaMu 3a00JIeBaHUSI.
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Bo MHOrux npukJjamgHbIX 3aa4ax [IOPOroBoe 3HaUeHME IPUHUMAIOT PAaBHBIM HYJII0, ¥ TOrAa 3HAYCHU S
pacmpeneneHus: BeiiOyina HauMHaAOT 3aBUCETh TOJIBKO OT ABYX IIapaMeTPOB — HOPMUPYIOIIETo
rmapameTpa ¢ 4 rnmapamerpa (opMai c'.

CoOTBeTCTBEHHO, €CJIY TEIePh MOIBITATHCS ITPOBECTH HEJIMHEHHOE MOJETMPOBAHNE C UCITOIb30BAHUEM
BMECTO SKCIIOHEHIIMAJILHOTO pacIipeaeIeHUsI BpeMEH /10 pa3BUTH s MaHU(DECTHOM (popMBbI pactipeneie-
Hus BeliOyiia, To HaIo JUITb HEMHOTO U3MEHUTH (DOPMYITY:

PROC NLIN DATA=new;

PARMS N=8 k=5 ¢=2;

MODEL cases=N*(
nnl*CDF(‘WEIBULL’,year,c,k)+
nn2*CDF(‘WEIBULL’,year—1,c,k)+
nn3*CDF(“WEIBULL" year—2,c,k)+
nn4*CDF(‘WEIBULL’,year—3,c,k)+
nn5*CDF(‘WEIBULL’,year—4,c,k)+
nn6*CDF(“WEIBULL" year—5,c,k)+
nn7*CDF(‘WEIBULL’ year—6,c,k)+
nn8*CDF(‘“WEIBULL’,year—7,c,k)+
nn9*CDF(‘WEIBULL’,year—8,c,k)+
nnl0*CDF(‘“WEIBULL’,year—9,c,k)
);

15.  RUN; QUIT;

S I R

—t e e ek e
i I N T )

B naHHOM mporpaMMHOM KOJi¢ UCITOJIb30BaHa BCTpoeHHas (pyHKIUS SAS 1o pacuety pacnopenciacHus
(xymynatuBHoit ¢pyHkiuu pacnpenenenuss — CDF) nns pacnipenenenus BeiiOynna (kKyitodeBoe CI0BO
Weibull). @yHK1IMS Bo3BpamiaeT 3HaUeHUST KOJIWYECTBA JUI, Y KOTOPBIX B JAHHOM TOIY Pa30BbETCS
MaHudecTHast popMa 3a00IeBaHNS B 3aBUCMMOCTH OT roja (year), mapameTpa (opMHI (C) M HOPMUPYIO-
11IeTo IapaMeTpa, KOTOPbIi MBI 1711 CPABHUMOCTH C TIPEABIAYIIINM KOJOM TaK:ke 0003HaYMIU OyKBOI K.
Ecnu 3anycTuTh mporpaMmy HeJMHEHHOW perpeccuy Ha JaHHBIX MPeAbIAYIIero nmpumepa, To Oyaet
MOJIYUEH CEeAYIOIINIA pe3yabTaT:

ITpudnukeHue
CTaHOapTHOM [Mpubnuxenusie 95%
ITapameTp OueHka OLIMOKU JIOBEPUTEJbHBIE MTPEIEbI
N 99,9957 0,0140 99,9627 100,0
k 11,5408 0,00229 11,5354 11,5462
C 1,0000 0,000027 0,9999 1,0001

BugHo, 4TO pe3yabTaThl aHAJOTUYHBI MOACINPOBAHUIO C UCIIOJb30BAHUEM SKCITOHEHIIMAJILHOI'O pac-
npeaeieHus U CUCTeMa YCTAaHOBMJIA, YTO mapaMeTp (opMbl paBeH 1 (UTO MepeBOAUT paclipenesicHue
Beii0Oynina B sKCOHEHLIMAIbHOE pacIIpeaesIeHIe).

[Tocne Toro, Kak Ha rTUIIOTETUYECKUX TPUMEPaX CTAHOBUTCS IMOHSITHO, KaK padoTaeT cucTeMa 00paTHBIX
pacueToB, CIeAYET IIONBITAThCS TPOaHAIM3UPOBATh peaibHbIe JaHHbIE. 11 IpruMepa BO3bMEM CBEACHU ST
o peructpauuu BUY-undexkunu n cinyvassx CI11J1 va teppuropun Poccuiickoit @enepauu [7].

13 B tutepaType uX MHOTAa 0003HAYaloT B U o, COOTBETCTBEHHO.
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st Hayata ciaeayeT onucaTh TPacKTOPUIO pa3BUTUS anuaeMun B Poccuiickoit @enepannu. [lo maH-
HbIM peructpanuu ciydaeB BUY-undexknu ¢ 1992 no 2003 rr. mocTpouM KBagpaTUYHO-3KCITOHEH-
LMaJIbHOE YpaBHEHMUE.

1. DATA rf_hiv;
2. INPUT cases;
3. year=_n_;

4. CARDS;

3. 726

6. 163

7. 197

8. 1515

9. 4358

10. 4057

11. 19991

12. 59275

13. 88577

14. 52349

15. 39699

16. 37336

17. ;

18.  RUN;

19. PROC NLIN;
20.  PARMS N=600 al=3 a2=0.5;
21. MODEL cases=N*exp(al*year—a2*year**2);
22.  RUN;

HaHHasi mporpaMma CYMThIBAeT JaHHbIE TT0 KOJMUYECTBY 3aperucTpupoBaHHbiX ciydaeB BUY B Poc-
cuiickoii Penepanuu (0OpaTuTe BHMMaHWE Ha TO, YTO Tola TNPHUCBAMBAIOTCSI aBTOMATUUYECKU IIPU
TMOMOIIM BHYTPEHHETO CueTYrMKa N_, KOTOPbIM MPUMHMMAET 3HAaYEHUSI HOMEpa CTPOKM, Ha KOTOPOM
pacrojiokeHa TOJIbKO YTO BBEACHHAs IepeMeHHas)), 3aTeM BbI3bIBAaeTCSl MporpamMMa HeJUWHEeWHOM
perpeccuu, KoTtopasi NbITaeTCsl HAMTU mapamMeTpbl al u a2 misi KBaapaTUYHO-3KCIIOHEHIMAJbHOTO
ypaBHEHMSI.

B pesynbrare aHanmuza ynaeTcs YyCTaHOBUTH, 4ToO mapaMmeTp al = 3,4343, a a2 = 0,1849. Teriepb MOXXHO
HCII0JIb30BaTh OIMMMCAaHHbBIN BBIIIE NPOrpaMMHBIN KO/ sl aHaJIM3a IlapaMeTpoB pacipeneieHus Beri-
OyJu1a, co3maB ¢aiia Ko3(hdOUIMEeHTOB Ha OCHOBAHUU ITapaMeTpPOB KBaApaTUYHO-3KCIIOHEHIIMaIbHOI'O
ypaBHEHUSI, BBISIBJIEHHBIX Ha MpPeIIIeCTBYIOLIEM 3Talle,0TKOPPEKTUPOBAB UX Ha TOT (haKT, YTO KOJIU-
YeCTBO JIML HAOIIOAEHM S YBEJINUYNUIOCH:

1. DATA cases;
2. INPUT cases;
3. year=_n_;

4. CARDS;

5. 30
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44
79
117
167
238
304
344
366
517
720
1230
RUN;
DATA coeff;
ARRAY nn{l12} nnl—nnl2;
al=3.4343; a2=0.1849; a0=-4.7196;
DO year=1 to 12;

DO j=1to 12;

IF year—j+1>0 THEN nn[j]=exp(al*j—a2*j**2+a0);

ELSE nn[j]=0;

IF j=1 THEN nn[j]=1;

END;

OUTPUT;
END;
PROC SORT DATA=cases; BY year; RUN;
PROC SORT DATA=coeff; BY year; RUN;
DATA new;

MERGE cases coefT;

BY year;
RUN;
PROC NLIN DATA=new;
PARMS N=1 k=14.5 ¢=0.93;
MODEL cases=N*(
nnl*CDF(‘WEIBULL,year,c,k)+
nn2*CDF(‘WEIBULL’,year—1,c,k)+
nn3*CDF(‘WEIBULL’,year—2,c,k)+
nn4*CDF(‘WEIBULL’,year—3,c,k)+
nn5*CDF(*WEIBULL’,year—4,c,k)+
nn6*CDF(‘WEIBULL’,year—5,c,k)+
nn7*CDF(‘WEIBULL’,year—6,c,k)+
nn8*CDF(“WEIBULL"year—7,c,k)+
nn9*CDF(‘WEIBULL’,year—8,c,k)+
nnl0*CDF(‘WEIBULL’,year—9,c,k)+
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49. nnl1*CDF(WEIBULLyear—10,c,k)+
50. nnl2*CDF(WEIBULL" year—11,c,k)
51, );

52. RUN; QUIT;

B nanHom Kone cienyeT oOpaTMTh BHMMaHME Ha cTapToBble MokaszaTtenu (koMaHaa PARAMS). Kak
yK€ OTMeYaJioCh Bhlllie, NIPaBUJIbHOE YKa3aHUE CTAPTOBBLIX MAapaMEeTPOB SBISETCS KpaliHe Ba’KHBIM,
0COOEHHO B cJlyyasiX, aHaJOTMYHBIX JaHHOMY, KOrJa UMEETCs JOCTaTOYHO OOJIbIIOE KOJIMUECTBO JIO-
KaJbHBIX MUHUMYMOB M OIIPEIEIUTh IpPaBUIbHBbICE 3HAUYEHUS IMapaMeTpoOB CIOXHO'“. Pe3ynbrarhl
NpUBEACHBI HUXKE:

[TpubnuxeHue craHaapTHOMN [Mpubauxenusie 95%
[Tapametp OueHka OIIMOKU JIOBEPUTENbHBIC MTPEaeIbI
N 0,0152 0,00135 0,0122 0,0181
14,5000
c 0,9300

AHanus rokasareseii pacnpeneneHus Beiioyina (k u ¢) mokas3biBaeT, YTO MeIMaHHBII CPOK 10 HACTYII-
JieHust MaHUudecTHo#t popMmbl 3a0oneBaHust (CITN]L) coctaBisieT uyTh MeHee 10 jeT (9 jet u 9 mecs-
1IeB), YTO HE IPOTUBOPEUUT U3BECTHHIM NTaHHBIM 0 TeueHUuU BMY-undekuun. Kpome Toro, mapaMeTp
¢ OJIM30K K eIMHUIIE, T0ITOMY 0€3 0OJIbIION OIIMOKM MOXHO CUMTATh, UYTO mpolecc nepexoga BMY-
nHpexkuuu B CITNJI MmoxeT ObITh OIMCAaH B POCCUMCKON MOMYISILMU IPOCTHIM 3KCIOHEHIIMaIbHbIM
ypaBHeHUEM (C OMHUM ITapaMeTpoM), a He pacmpeneieHueM BeilOyiia (3TOT BbIBOA OyIeT BaxKeH AJIs
JUHAMHUYECKOI'0 MOAEJIMPOBaHMSI, 0a3UpPYIOIIErocsl Ha 3KCIOHEHIIMAaIbHOM pacIipeaeiaecHun). BMmecre
C TeM, €CJIM TOIILITaThCSl OLIEHUTH, KaKoe Kojnm4uecTBO ciydyaeB BUY-umHbeknuu jgexaT B OCHOBE
HabJrogaemoro KoaudectBa ciaydaeB CIIM]I, To okaxkeTcs, 4TO UX TOJXKHO ObLIO Obl OBITH BCETO JUIIIb
5022, a Hukak He 6oJjee 270 ThIC., KOTOpPbIC ObLIM OULIMAIbHO 3aperucrpupoBadbl B PO Ha 2003 rog.
Ecnu ke B3Th oullMadbHble JaHHBIC 110 PErUCTPallii U MpOoaHAJIU3UPOBaTh UX C UCIIOJIb30BaHUEM
HalJeHHOro ypaBHEHUs pacmpenciacHus BpemeHu no passutus CIIWUJI, To okaxercsd, uto B P®
JIOJIXKHO ObLIO OBITH OTMEUeHO yxe 0osiee 73 Thic. ciydaeB CITM/, a He 1200, Kak yKa3bIBaJIOCh paHee.
PacxoxaeHue sTUX JTaHHBIX MOXET YKa3bIBaTh HAa TPU BO3MOXHBIX 00bsICHeHU ST — 1100 BUY-uHd ek
B P® npoTekaeT 10CcTaTOYHO T0OPOKAYeCTBEHHO (1 Aaxe 10 IeTHU I MHKYOAaIlMOHHBII IIEPUO SIBJISICTCS
3aBBIIIEHHBIM), JIM0O CYILIECTBYeT 3HAaUMUTeIbHasl Henopeructpauus ciydaes CITM, nubo HauboIee
aJleKBaTHBIM omMcaHueM Ipolecca TpaHchopmauuu BUY-undekuuu B CIIN]I saBasieTcsa Kakoe-To
0oJiee CIIOXKHOE pacIipefesieHue, a He pacnpeneieHue BeiiOyiiia nin sKCIoHeHIIaJIbHOE.

Takum oOpa3oMm, MeTOAbl OOpPATHOrO pacyeTa, HECMOTPSI Ha KaXXKYIIyIOCS MPOCTOTY M JIOTUYHOCTb,
001aJa10T PSIJIOM CEePbE3HBIX HEAOCTATKOB, YACTh U3 KOTOPLIX SABJSETCS CIACACTBUEM HEOOXOAMMOCTHU
OIMCaTh IPOILEeCC TEYCHUS SNUACMUU U Mepexona oaHoi (GOpMbI B APYTYI0 OTHOCUTEIBHO MPOCTOM
3aBHCUMOCTbIO0. BTOpasi TexHuuYecKast TpyIHOCTb COMPSIXKEHA C TeM, YTO OLIEHKA HEeJIMHEIHOI perpec-
CHUU He BBI3bIBAET CJAOXHOCTEH TOJBKO B IIpocTeiileM ciiydae. Ha peanbHbIX JaHHBIX Pe3yJbTaT MOXET
0Ka3aThCs HEOMpPeAeJeHHBIM MU TPEOOBAaTh 3HAUMTEAbHBIX YCUJIM A IO MOMCKY MPaBUJIBLHOTO PEIICHU .
Kpowme Toro, MeToabl 00paTHOro pacyeTa CTpaAaloT OT BceX Ae(PEeKTOB IKCTPAIOASILIMOHHBIX METOAMK,
M OHU OBbLIM pa3paboTaHbl TOJbLKO AJig ogHoro 3aboneBaHus (BUY-uHpekuu, XoTs aHaJIOTMUYHBIA
MOJAXO0J MOXKHO ObLJIO ObI MCIIOJIB30BaTh AJIs1 TyOepKYyie3a), IJIsI KOTOPOTo AMarHOCTUKA ObljIa BO3MOXKHA
TOJIBKO Ha MO3JHMX CTaAUSIX.

DT Npo0baeMbl IPUBEIN K POCTY MHTEpeEca K IMHAMUYECKOMY MOJIEIMPOBAHUIO.

4 Ha camoM jieJie B JaHHOM cJydae MCIOJb30Baaach apyras npouenypa — NLMIXED, koTopasi m03BOJIsSIET OLIEHUTD YpaBHEHUE TPU ITOMOIIIU
MEeTO0/Jla MAKCHMMaJIbHOTO MPaBAoNnoao0us. 3aTeM yxXe HaliIeHHbIe CTapTOBbIC TTapaMeTphl ObLIM MCMOJIb30BaHbl B ipoueaype NLIN.
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3. /InHaMuU4YeCcKoe MOAEeTUPOBAHME

JduHaMuueckoe MOoJe/IMpOBaHMe 3aKI04aeTCsl B TOM, UTO aHAJIMTUK IIbITaeTCs ONucaTh MaTeMaTUuecC-
KMMU 3aKOHOMEPHOCTSIMU ITPOLIECC pacIpOCTPpaHEHU I 3apa3HOro IIpoliecca B IO yJIsiuuu. JluHaMudec-
KO€ MOJIeJIMPOBaHUE BBICTYIIAET B ABYX OCHOBHBIX UITOCTACSIX — I€TEPMUHUCTCKOrO X CTOXaCTUYECKOTO.
JleTepMHUHUCTCKOE OIIMPAaeTCsl Ha CBOKMCTBA OOJBIIMX TPyHn U OasupyeTcss Ha UCIOJIb30BaHUU
MaTeMaTU4eCKOro amiiapaTa, OIMCHIBAIOLIEro HElpepbhiBHBIE ITpouecchl. CTOXaCTUYECKOE ITBITACTCS
MOJIEJIMPOBaTh IPOLECC aHAJOTMYHO TOMY, KaK 3TO IIPOMCXOIUT B PeaJlbHOCTU — MOIEIUPYIOTCS
B3auMMOJEHCTBUS MEX Y OTASAbHBIMU O0bEeKTaMU (HaIlpUMED, JIOAbMU) U, €CJIU OOUH U3 3TUX 00bEK-
TOB 3apaxkeH, TO BTOPOM MOXET ¢ OIlpee/IeHHOI BEpOITHOCTBIO 3apa3uThes. B TaKMX MOJeIsiX BOIIPOC
0 TOM, OKaXXeTCSI UJIU HET «3apakeHHBIM» BTOPOI CyOBEKT, OIpPEIeIsieTCsl TEHEPAaTOPOM CIYyYaiiHbIX
yuces. Hamepen HUKTO HE MOXET CKa3aTh, OKOHUMTCS JIM KOHTAKT 3apa3HOIo U YSI3BUMOIO 3apaxe-
HMEM, OJHAKO I'eHepaTop CAydyalHBIX YMCel KOH(PUIYPUPYETCs TaK, YTOOBI AJISl BCEel IOMYJISLUU
B LIEJIOM KOJMYECTBO KOHTAKTOB, B KOTOPBIX ITPOU3OIILIO «3apakeHHe», COOTBETCTBOBAJIO HAOII0Aa-
€MBbIM TaHHBIM.

Hano 3ameTuTh, 9YTO CTOXacTMUYECKOE MOAEIMpPOBaHUE OOJice «peaibHO» OMMCHIBAET PacIpOCTpaHe-
HUe MHOEKIIMOHHOTO 3a00JeBaHUS M MOXET OBbITh JIETKO adallTUPOBAaHO K CHUTyalluu, KOrja Ha-
CeJIeHUE TOCTATOYHO TeTepPOreHHO IO YMCIY KOHTAaKTOB, OJHAKO OHO TpeOyeT MOAeIMpOBaHMS
KaXJ0ro KOHTaKTa W TMO3TOMY He OUYeHb IPOCTO IJIST M3YYEHUs PacIIpoCTpaHEHUS 3apa3HOTO IIPO-
1mecca B OOJIBIINUX MOMYISIUSAX. B OONBIIMX TOMYyISLUUSIX IOIMYIIEHUS, MUCIOJb3yeMble TIpu (op-
MYJIUPOBKE NETEPMUHUCTCKUX MOJEJEei, OKa3bhIBalOT MEHbIIIee BIUSIHUE Ha pe3yJbTaT, U MO3TOMY
IISl LIeJIeid MOIEJMPOBAaHUSI PACIIPOCTPAHEHUSI B OOJIBIINX IOIYJISILIUSIX OCHOBHBIM MHCTPYMEHTOM
IIPOJOJIKACT OCTaBAThCS IETEPMUHUCTCKOE MOIEIMPOBAHUE.

3.1. JleTepMHHHCTCKHE MO EIH

3.1.1. Co3manue rpad)oB THHAMHUKH 3200/1€BAHNS

JeTepMUHUCTCKOE MOAEIMPOBAaHWE HAYMHAETCS C TOrO, YTO cOo3aaeTcsl rpad BO3MOXHOIO Pa3BUTUS
3aboneBaHus. Hampumep, eciim 3aboieBaHue IepeaaeTcs BO3AYITHO-KAIeJIbHBIM ITyTEM B 00JIbIIIOM I'O-
poze (Iomyasiliis OTHOCUTEILHO TOMOT€HHA) Y He OCTAaBJISIET IOCie ce0sI UMMYHUTETA, TO BCS ITOITYJIsI-
s OyIeT pa3aeasiThCs Ha ABE IPYIIIbl — MHOUIMPOBAHHBIX (3apa3HbIX) U YSI3BUMBbIX (IIepe0oIeBIINX
WX HUKOra He OoseBlnx). JIuna, nepedoesiine 3a001eBaHNEM, HE UMEIOT UMMYHUTETA MEPe 0~
CJAeAYIOIIMM 3apaXeHUueM, U ITI03TOMY OHHM BO3BpalllaloTCs B I'PYMITY YSI3BUMBIX. B MomenupoBaHuu
MHQEKIMOHHBIX 3a00JieBaHUI ITogoOHbIe Moaeau HasdbiBaroTcsa SIS (oT aHmi. ‘Susceptible-Infected-
Susceptible’ unu Ya3sumbiit-HGULIMPOBAHHBIA-YI3BUMBIN).

I'padbl, cooTBETCTBYIONIME KAaXI0M MOMEIH, Jy4llle BCEro co3aaBarh B MporpaMMax AIMHAMUUECKOTo
MoOJIIeJIMPOBaHUs, TaKnxX Kak Vensim nnu Stella.

JInsl HAaUMHAIOIUX PEKOMEHIYeTCsl TIO3HAKOMUTBCSI C OMHOM U3 3TUX CUCTEM, HAIIpUMep, ¢ CUCTEMOM
Vensim (Ventana Systems, Inc.), koTopast 1ocTymnHa ajs O€CIJIaTHOrO CKauMBaHUSI U MCIIOJIb30BaHU
B YUeOHBIX LieJIsIX (KOHKYpUpYyIollias cucteMa, Stella, KoTopast HEMHOTO TIpoliie B paboTe, B HACTOSI U
MOMEHT B (popMe OecIIaTHON MeMOHCTPAIlMOHHOW MPOrpaMMbl OTCYTCTBYET, OMHAKO MOXHO TIpH-
obpecTu mporpaMmy ¢ 3a0JIOKMPOBAaHHOI BO3MOXHOCTBIO COXpaHEHM S CO3MaHHBIX Moeeit 3a 50 mo-
JIapoB (paHee 3Ta Bepcus Mmpeajiarajach 0eCIIaTHO)).

B cucteme Vensim nociie ycTaHOBKH U 3aIlycKa MOsIBJSIETCSI TYCTOE OKHO € MaHeJIbo BbIOOpa 2JIEMEHTOB
IJIs1 MofenupoBaHus (puc. 1).
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Puc. 1. ITaHenb MHCTPYMEHTOB CUCTEeMbI Vensim

OCHOBHBIMU 3JIEMEHTaAMU, KOTOPbIE OYyAYT MCMOJIb30BAThCS TTPU MOCTPOSHU U MOJieeit, OyayT MUHCTPY-
MeHTHI 2—5. BHauae ciemyeT BOCIoab30BaThest MTHCTpYMeHTOM 3 (Box Variable), KoTopsIii MHOTIA B CHC-
TeMax TMHaMMYECKOro MOACJIMPOBAHM S HAa3bIBAETCsl KOHTEeMHEPOM (B cucTemMe Vensim ero Ha3bIBalOT
KopoOuaToii mepeMeHHoOl). Takoe Ha3BaHUE BBI3BAHO TEM, YTO €ro MOXHO CPaBHUTh C KOHTEHHEPOM
WU COCYAOM AJISI XKMAKOCTH, OTKYIa COAEpKMMOe OyAeT repeTekarhb B Apyrue cocyabl. KoHTeiiHepbl
00BIYHO Ha Irpahax 0003HAYaIOTCS B BUJE TPSIMOYTOIbHUKOB. COOTBETCTBEHHO, TTOCKOIbKY, HATIpUMED,
VSI3BUMBIE «TI€PETEKal0T» B IPYMNINY «MH(OUIIMPOBAHHBIX», TO JISI 3TUX ABYX I'pyMn Hamgo OymeT BOC-
MoJIb30BaThcs KOoHTelHepaMu. [locie 1ienuyka MbIIIbIO TT0 3TOMY MHCTPYMEHTY CJEAYET IIEJIKHYTh
Ha O0ejioM paboyeM MoJie CUCTeMbl Vensim M B MOSIBUBIIEMCSI OKOIIIKE BBECTH MM AJISI KOHTelHepa.
[To ymonuaHuIO cucTeMa He O4YeHb JIOOUT pycckue OyKBbI, OMHAKO, €CAM 3aMEHUTh B HACTPOMKax
HWPUPT MO YMOJUYAHUIO HA KUpUIIndeckuii (Hanpumep, Arial Cyr), To MOXXHO OyaeT AeaaTh MOATIUCH
U MO-PYCCKU.

Co3naB KOHTEHEpHI IJI COCTOSIHUI, ClIenyeT yKa3aTb, OTKYyJda KyJa YTO MOXET «IIepeTeKaTb». DTO
JejlaeTcs Impu momoinu nHetpyMeHTa 5 (Rate). B cucreMe Vensim 3TOT MHCTPYMEHT HOCUT Ha3BaHUE
«CKOPOCTh», OMHAKO MBI OyJeM ero Ha3BaThb «IMOTOK». [TOTOKM MPUHATO 0003HAYaTh B BUJE JBOWHOI
CTPEJKHU ¢ U300pakeHeM, HalIOMUHAIOIIUM BeHTUIb ITocpeanHe. [leTKHYB Mo 3TOMY UHCTPYMEHTY
Ha IIaHeJId MHCTPYMEHTOB, HaJl0 OJHOKPATHO IIEJIKHYTh Ha TOM KOHTEIHEpPE, U3 KOTOPOTO BBITEKAET
MMOTOK, a 3aTeM OAHOKPATHO IIEJKHYTh Ha TOM KOHTeHepe, B KOTOPBIN MOTOK HarpaBisieTcss. B mos-
BUBILEMCSI OKHE CJIeAyeT BBECTU UM IOTOKA.

3aTreM MOXHO clIeJiaTh MOJIy4YUBIINiica Tpad 0ojiee KpaCUBBIM, IIEPEABUHYB U U3MEHUB pa3Mephbl KOH-
TEHEPOB U MOTOKOB IpU nomoiu nHcrpyMmeHTa 1 (Move/Size Words and Arrows). [1Jis1 3TOro, 1ejik-
HYB I10 UHCTPYMEHTY, CJeAYeT IIEJKHYTh 110 U3MEHSIECMOMY 2JIEMEHTY U 3aT€M MBILIbIO JIN0O MOTSIHYTh
€ro rpaHULbI, TMOO MEPEABUHYTh.

BoT Kak BHITJISIIUT POCTEIIIast OIMMcaHHasl BBIIIE MOIETb MH(PEKIITMOHHOTO 3a00JIeBaHMSI B IIpOrpaMMe
Vensim (puc. 2).

< X

Ya3BuMBIE BeiznoposieHue NudummpoBaHHbBIe
Av4 P
AN

3apaxkeHue

Puc. 2. I'pacd OoJie3HEHHBIX COCTOSTHUI

Hara cucrema cocTOUT U3 IBYX KOHTEWHEPOB (yS3BUMbIe U MH(PUILIMPOBAHHBIE) U JBYX MMOTOKOB (3a-
paXkeHue U BbI3AOPOBJIEHKE). YSI3BUMbIE 3apakaloTcsl U CTAHOBSTCSI MH(MUIIMPOBAHHBIMU, TTOCJIEIHUE
BbI3JI0PABJIMBAIOT U OMSATh CTAHOBSATCS YSI3BUMbBIMU K 3apa’keHU 0.

Tenepb cnemyeT pa3o0parbcs ¢ TeM, KaKue IIPOLECCHl OMPEeAcIsioT CKOPOCTh IOTOKA (3apakKeHUsI
WX BbI3AOpoBIIeHUs). O4YeBUAHO, YTO KOJMYECTBO HOBBLIX 3apaKCHMWId TEM BbIIIE, YeM OOJIblle
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B Ionyassuuu MHGUIUpoBaHHBIX. COOTBETCTBEHHO, KOJMUYECTBO MH(MUIMPOBAHHBIX IOJXKHO OKa-
3bIBaTh BO3JIEIICTBUE HAa CKOPOCTh MOTOKA 3apaxkKeHui. BTopbIM BaxKHEMIINM MoKa3aTeJIeM SIBJISIeTCS
KOJIMUYECTBO KOHTAaKTOB B €IMHMIY BpeMeHU (3TOT IOKa3aTesb IPUHSATO 0003HayaTh OYKBOM C).
HeiicTBUTENIbHO, YeM OOJIbllIe KOHTAKTOB HPOMCXOAMT MEXIY JIOAbMU B IMOMYJISLMMU, TEM BBILIE
BEPOSITHOCTD BCTPEUYHM 3apa3HOro NalMeHTa U YI3BUMOTIO U nepeaadyn nHpekuuu. BMecTte ¢ TeM He Bce
KOHTAaKThI IIPUBOJIST K 3apakeHUI0 — €CTh 00Jjiee 1 MEeHee 3apa3Hble 3a00JIeBaHUSI 1 COOTBETCTBEHHO
JIMIIb YacTh KOHTAKTOB OKaxKeTCs KOHTaKTaMHU, B pe3yjbraTeé KOTOPBbIX MPOM3OILIO 3apaxkKeHUe.
BeposiTHOCTh 3apaxkeHus Mpy OJHOKPATHOM KOHTaKTe obo3HavaeTcs OykBoit . [IoBOJIbHO YyacTo 00-
CY2KIAIOT HEe KOJIMUYECTBO KOHTAKTOB U II0 OTIAEAbHOCTU BEPOSITHOCTh 3apaKeHUsI IPU OJHOKPATHOM
KOHTaKTe, a O0bEeIUHSIIOT UX B KOJIMUYECTBO KOHTAKTOB, IIPU KOTOPHIX MOXET IIPOM30MTHU 3apaKeHue.
DTa BeJIMUMHA paBHA MPOU3BEJAEHUIO ¢ * B = A, U onpeAessieTcs KaK KOJIMUYeCTBO KOHTAKTOB 3apa3HOTo
yeJIoBeKa B €AMHMIY BpEMEHU, B pe3yJibTaTe KOTOPBhIX MPOUCXOAUT 3apaxeHue. Hampumep, eciu 3a-
pa3HbIii YeJIOBEK B IeHb KOHTAKTUPYET ¢ 10 IpyrumMu JIIOAbMU U 3apa3HOCTh 3a00JI€BaH ST COCTABIISIET
50%, TO KOJIMYECTBO KOHTAKTOB, B pe3yJibTaTe KOTOPBIX MPOM3OIILIO 3apaxeHue, OyJeT COCTaBIsATh
A=10%*50% /100% = 5. X0oTsI 1Ipx TAKOM OObEIMHEHHU U KOJIMIESCTBO HEOOXOAMMBIX JIJISI OTCICK MBAHUST
MepeMEHHBIX YMEHbIIIAeTCsI, 00JIbIIOrO BHIMTPHILIA 3TO HE JaeT U MOXKET OKa3aTh HEraTUBHOE BIMSIHUE
MpU IIONBITKAaX MOJIEIMPOBATh pa3HbIe IPYIIIILI C OAMHAKOBOM BEPOSITHOCTBIO 3apaXXeH!sI, HO pa3HbIM
KOJIMUYEeCTBOM KOHTAKTOB. [10aTOMY B najibHei1eM Mbl OYIET I10Jb30BaThCs IMTOKA3aTEASIMU YKcia KOH-
TaKTOB 1 BEPOSITHOCTHIO 3apaKeHU s 1P OAHOKPATHOM KOHTAKTE I10 OTACAbHOCTU.

I/ITaK, CKOpPOCTDb 3apaxXC€Husd B HaIIEM IIPpUMEPE ONpEACadACTCA YMCJIOM KOHTAKTOB, BEPOATHOCTLIO
3apaxeHud MMpMu OJHOKPAaTHOM KOHTAKTEC U KOJMYECCTBOM I/IH(l)I/IHI/IPOBaHHbIX. Ecau 3ayMaTbCda, 3TO
BIIOJIHE OYCBUAHO, ITOCKOJLKY KOJMYECTBO HOBLIX CJIy4YacB I/IH(i)eKHI/II/I 3aBUCUT OT TOIro, CKOJIBKO
YCJIOBCK 3apa3uT KaxXX bl I/IH(I)I/IL[I/IpOBaHHbel, a 9TO, B CBOIO OUYE€PEAb, 3aBUCUT OT YHCJIa €O KOHTAaKTOB
C JIIOAbMHM U BEPOATHOCTHU II€PCIaAYN I/IH(I)CKL[I/II/I IIpU OJHOKPATHOM KOHTAKTC.

31ech eCcTh, OOHAKO, OJHA HEOOJbIIasl CIOXKHOCTh. MH(GUIMPOBaHHBIN YeJIOBEK He MIIET (MBI Hale-
e€MCSI) YSI3BUMBIX JIIOJIEH AJISI CBOMX KOHTAaKTOB, a KOHTAaKTHPYeT CO BCEMM IOIPSA, OOHAKO YacTh
ATUX KOHTAKTOB IIPUXOAMTCS Ha MHOUIMPOBAHHBIX, a YaCTh — Ha YI3BUMBIX. [loaTOMY, yeM OobIie
B MOIYJISIIMU MHPULIMPOBAHHBIX (MEHBIIE YI3BUMBIX), T€M 0OJIbIlIee KOTUYSCTBO KOHTAKTOB IIPOMC-
XOIWT B mapax MHGULUPOBAaHHBIH—MHOUIIMPOBAHHBIN, B KOTOPBIX 3apaxkeHre HeBO3MOXHO. [ToaTomy
CKOPOCTh 3apakeHM S TaKKe 3aBUCUT OT ITPOITOPLUH YSI3BUMBIX CpEIY BCEX KOHTAKTOB.

KonudyecTBO MHOUIIMPOBAHHBIX YBEIMYMBAETCS 3a CYET 3apakeHMsI U YMEHBIIAETCs 32 CUET BBI3IO-
poBieHUs1. CKOPOCTh BhI3IOPOBJICHUSI 3aBUCUT OT TOT0, KaK AOJIIO IIPOA0IKaeTcs 3a00aeBaHue (CKO-
POCTb BBI3IOPOBJICHUSI — BeJIMYKMHA, OOpaTHas NJIUTEJILHOCTU 3a0ojieBaHusI). OUueBUAHO, YTO MOTOK
BBI3IOPOBJICHU I 3aBUCUT OT KOJIMYECTBAa MH(PULIMPOBAHHBIX U CKOPOCTHU BhI3IOPOBJICHMUSI.

Hrak, aast onucaHus MOJEIU CJIeAYyeT BBECTU HECKOJIBKO HOBBIX MapaMeTPOB (KOJIMUECTBO KOHTAKTOB,
BEPOSITHOCTD 3apaskeHU I ITPU OMHOKPATHOM KOHTAKTe, IJUTEIbHOCTh3a00eBaHus1). [lapamMeTphl, KOTO-
pble He MEHSIIOTCS CO BpEMEHEM, B cHUCTeMe Vensim Ha3bIBalOTCS BCIIOMOTaTebHBIMU MEPEMEHHBIMU
uan noctossHHbIMU (Variable — Auxillary/Constant), 1 11 ux U300paXkeHU S MCIOAb3YeTCsI UHCTPY-
MeHT 2. JlJis1 Toro, 4ToObl BBECTU HOBBIM ITapaMeTp, CAEAYET LIEAKHYTh 110 MHCTPYMEHTY 2, a 3aTeM
LIEJIKHYTh TIe-TO Ha padouyeM MoJie ¥ BBECTU UMsI HOBOTO IlapaMeTpa.

[Tocne Toro, Kak Bce mapaMeTphl OBIJIM BHECEHBI Ha Tpad, CllenyeT yKa3aTh, Ha KaKOl IOTOK OHU
BIAMSIOT (M KaKKe ellle TTOKa3aTeJI BIAUSIOT Ha CKOPOCTh ITOTOKA). [lemaeTcst 3To Impy MOMOIIM MHCTPY-
MeHTa 4 «cTpenka» (Arrow). [Iast Toro, 4To0ObBI yKa3aTbh, KaKKe ITOKa3aTean (Coaep:KMMoe KOHTeHepa,
napaMeTphbl) BIMSIOT Ha CKOPOCTh ITOTOKAa, HAAO INEJKHYTH IO MHCTPYMEHTY 4, 3aTeM IO TOMY
TOKa3aTeJio, KOTOPBIN BIMSET, a 3aTeM 10 «BEHTUJIIO» Ha CTpeiKe, 0003HavalomeMy MoToK. Mexmy
STUMM OBYMSI OOBEKTaMM BO3HUKHET rojyOast cTpeika. Moaeiab ¢ YKa3aHHBIMHM CBSI3SIMH MEXKIY
0o0beKTaMU IoKa3aHa Ha puc. 3.
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IJIUTEIBbHOCTD
3a00JIEBaHUA

[

Ya3BuMble

Bri3noposiieHue

AN

e >

MNHbuupoBaHHbIE

/Q\

3apaxeHue

KOJIMYECTBO
KOHTAaKTOB

BEPOSITHOCTD
3apakeHu s

Puc. 3. I'pad mpocTeiiiieis Monenar pacipocTpaHeHUsI 3apa3Horo 3adoneBaHus (SIS-mMomenn)

3.1.2. SIS-moxe

Cosganue SIS-Mozneneit B cucteme Vensim. Ha puc. 3 n300pakeH ITOJIHBIN Tpad NMpocTeiiieil Moaean
pacnpocTpaHeHusl 3apa3Horo 3aboseBaHus. OgHAKO MOJE/b €lle He 3aKOHYeHa, M0O He yKa3aHbI
3HAUEGHMsI IMapaMeTPOB, HauyajbHbIC YCIOBHUS MJsd MOACIMPOBAHMS M IpaBuja s OINpeae/eHUs
CKOPOCTM MOTOKOB. BHauaJjie cieayeT ykasaTh 3HaU€HUS AJis CKOPOCTEil MOTOKOB. /11 TOro, 4ro0sl
MpolIe MOAYYUTh TOCTYI KO BCell HEOOXOAMMOM MH(MOpMaILIUK, CIeAyeT MePEeBECTU MOJAEIb B PEXUM
penakTupoBaHus BbhipaxeHuil (MHCTpyMeHT 10, Equations). Vensim aBToMaTHMYeCKU MOACBEYUBACT TE
00BEKTHI, IJISI KOTOPBIMA OTCYTCTBYeT HeoOxoaumasi uHopmanms. Illeadok aeBoil KHOMKON MBIIIN
o 00bEKTY, MH(POPMALIMIO O KOTOPOM aHAJIMTHUK XOU4eT OTPEAaKTUPOBATh, BBI3bIBAET OKHO PEAAKTU-

poBaHus (GOpPMYII, IOKa3aHHOE Ha pucC. 4.

Editing equation for - 3apame Hue

apakeHue

Type Undolilil 9| +

lAu:-:iIiary 'I {[m}l ilil 6| -

I Mormal ;I

™ Supplementary

Help |

23
[ERE
NETE

Units: | Iuenosem’nemb

[

BEPOATHOCTE 33padeHUA*KoNMYECTED KOHTaKTOE M HOUUMPOEaHHEIE"
= |Yassumble/(MHPUUMPOBaHHBIE+Y ASEUMBIE]

Wariables |Functiuns| More |

Choosze |nitial % ariable..

BEPOATHOCTE 3apateH|a
KONMYECTBO KOHTAKTOB
MHPULHPOBaHHbIE
Yaseumele

l M aximum Y alue I Increment I

Com-
ment:

Minirmurm Y alue
Ermors: |Equation OK

[ oK | Check Syntax I

[

Check Model I Delete Variable I Cancel I

Puc. 4. OxHo pegakTupoBaHust GopMyII (AHATU3UPYETCS TIOTOK «3apakeHUE»)
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B aTOM OKHe aHaJIMTUK JOJIKEH BBECTHU BbIpaxKeHUe, oIlpeaesiollee CKOopocTh nmotoka. Ha puc. 4 te
epeMeHHbIe U MapaMeTphbl, KOTOPhIE BIUSIOT Ha CKOPOCTb IOTOKA (COAEPKMMOE ABYX KOHTEIHEPOB
U Ba MapaMeTpa) IIpUBeIeHbl B OKOLIKe ¢ 3aKjaakoil Variables. PaHee yka3blBajoch, YTO CKOPOCTb
3apaxkeHMs 3aBUCUT OT KOJIMYECTBAa KOHTAKTOB B €IMHUIY BpEMEHU, YMHOXEHHOIO Ha BEPOSITHOCTD
3apaxkeHMsl, YMHOXEHHOI0 Ha YMCJIO 3apa3HbIX JloAell B MOIYJISILUMU U Ha OTHOCUTEIbHOE YMCJIO
ySI3BUMBIX B onyasauuu. @opmyia BBOZUTCS LIETUYKOM 110 UMEHU IEPEMEHHON U 110 KHOIKaM LIudp
U aJiredparuyecKUX OIepaTOpoB Ha MaHeJU PsSIoM C MMEHaMM IlepeMeHHbIX. B oKolllke mociie 3HaKa
paBeHCTBa BBeleHa noiHas (popmyna. OHa BHIIJISIAUT TaK:

3apaxeHnue = BeposiTHOoCTh 3apaxkeHus * KonnyecTBo KOHTaKTOB * MHGULIIMpPOBaHHBIE *
[Vsa3Bumbie / (Ya3Bumble + MHUIIMPOBaHHEIE)|

[TepeMeHHBIE, BXOASIINE B MOJEIb, MOTYT ObITh MOOAM(HUIIMPOBAHBI IIPU IMOMOIIM (YHKIIHIA, Comep-
KalMxcsl Ha 3akiaanake Functions, a Takxe IJist ¢OpMyJI MOTYT OBbITh MCIIOJIb30BaHBI JIOTMYECKUE
IpaBuJIa ¢ 3aKJaaku More.

B namem HpOCTCﬁHJCM IOpuUMeEpe CICAYET OIrpaHUYUTHCA TOJIBKO HCMO)II/I(I)I/IHI/IPOBB.HHBIMI/I 3HAYCHU-
AMU ICPEMCHHBIX.

IMTocne nHaxatusa Ha KHonky OK dopmyra coxpaHsgeTcs 1 MoACBeTKa JaHHOIO 00beKTa CHUMAETCS, TaK
YTO aHAJIMTUK BUIUT, KaKKe ellle 0ObEKTHI CJIEAYEeT OTPEAaKTUPOBATD.

J171s1 CKOPOCTH BBI3IOPOBJICHUS BBoAMMasi (hopMyJia OyaerT:

BoiznopoBneHue = MHbUILIMpOBaHHBIE / ATUTEIBHOCTD 3a00JI€BaHU S

[Mpu ompeneneHuu GHopMya Al KOHTEHHEPOB cucTeMa Vensim OTKPhIBaeT OKHO C aBTOMAaTHUYECKH
COCTaBJICHHBIM ypaBHEHHMEM, KOTOPOE PaBHO Pa3HOCTHU MPUTEKAIOIINX U OTTEKAIOIIMX ITOTOKOB, Ha-
mpuMep, IJist KoHTeliHepa « M HbuImpoBaHHbBIE» OHA paBHA:

MudpunupoBaHHbie = 3apaxeHue — BoI3gopoBiaeHue

CoOTBETCTBEHHO, /151 KOHTeHepa «Ys3BMMble» OHa paBHa:

YazBumblie = —3apaxkeHue + BeizgopoBiaeHne

Cnenyer o6paTUTh BHUMaHKE HA TO, YTO B 3aIIMCU CKOPOCTh 3apakKeHUs CTOUT IIEPBOil C OTPULIATE/Ib-
HBIM 3HakoM. KoHeuHO, MOXHO MCIIOJIb30BaTh M Oojee CTaHIAPTHYIO 3amuch Bei3gopoBicHue —
3apaxkeHue, OJHAKO CJIeAYeT IOMHUTDh, YTO BLI3IOPOBICHUE HE SIBISICTCS 00sI3aTeIbHBIM (3TOT KJIacc
MoJeJielt OyneT pa3oopaH Io3aHee), M Toraa opMyJsia HpruoOpeTeT HECKOIbKO CTpaHHbIN BUI: YSI3BUMBbIE
= —3apaxeHue.

Bce onmmcanHbIe BbIIe (DOPMYJIHI A1 KOHTEHEPOB TPEOYIOT ellle OJHOTO YCI0BUS — HavyajabHOro. [Ipn
COCTaBJICHUU MOJECIIU CIEAYET YKa3aTh, CKOJIbKO eAMHMUII (4eJIOBEK), HAXOAUTCSI B KasKJIOM COCTOSTHUM
(KOHTeiHepe) K Havyay MOAeMpoBaHUsA. ECIM MOMHUTB, 4YTO y KaXKI0T0 KOHTEHEpa €CTh Hayalb-
Hasl «HAITOJTHEHHOCTb», TOTJAa CTAHOBUTCSI TOHSTHBIM, YTO IpaBHJIbHAs TPaKTOBKA (DOPMYIbI IJIsI
KOHTelHepa 03HavaeT: YUCICHHOCTh OObEKTOB B KOHTEITHEPE paBHA YMCICHHOCTH OOBEKTOB B TIPEIbI-
IyIIeM BPEMEHHOM IIepuoIe MUHYC KOJHMYECTBO OOBEKTOB, YIICAIINX C MCXOASIIMMH ITOTOKAMU
U TIPUIICOIINX — ¢ TTPUXOASIINMMU.
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Ha caMom geiie Takoe cyMMUPOBaHKe HEOOJIbIINX U3MEHEHU T MaTeMaTUUeCKU OIIpeIesseTCsl KaK MH-
TErpUPOBAHUE U, COOTBETCTBEHHO, CKOPOCTU MCTEKAIOIIEro M IPUXOASIIETro MOTOKOB OYIyT OIpe-
IeJIsIThCsa AU depeHInalbHBIMU yPaBHEHUSIMU. DTO OTCTYIJIECHME OKaXKeTCsl BaxKHBIM AJISI Iaslb-
HeMHIIero o0Cy X aeH1sI MOIeJIMPOBaHUs B cucTeMe SAS.

Editing equation for - Mudmumposanubie

WHPULMpOBaHHEE

_ |+3apasenue-BoiznoposneHue
INTEG [

—h

Initial
Walue

L Undo| 7 &|
[Level = o 4] 5]

+| Wariables ] Functions | More |

z Choose Initial Y anable...

wlm|w

I =l iJ_gJ “ | |MHeuuposaHtee
™ Supplementary 1’ £| ggggﬂo{gazgeme

AL
Hep | (]3] .| 7]
%’ |'-|enuaerq ;]

Cormn-
ment;

Minimum V alue I M aximum Value I Increment I
Erors: | E quation DK L]
[ ok | Check Syntax I Check Model I Delete Yariable I Cancel |

Puc. 5. OxHo pegakTupoBaHus ¢GopMy (AaHAIU3UPYETCSI KOHTECHMHEP «MH(GUIIMPOBAHHbBIE»)

I/ITaK, I1I0CJIE YKa3aHuA Q)OpMYJILI 1A KOHTCﬁHCpa 00s13aTeJIbHO HaJl0 yKa3aTb HadyaJbHbIC YCJIOBH I,
TakK, KaK 3TO ITIOKa3aHO Ha pucC. 5.

Ecnu cpaBHUTH puc. 4 u puc. 5, TO BUIHO, YTO HA PUC. 5 TTOSIBUIIOCH IOTTOJTHUTEIbHOE OKOIIKO JJIsI Ha-
yayibHOro 3HaueHus (Initial Value), koTopoe paBHO 1, a B camoii cTpoke (popMyJIbl yKa3aHO, UTO «HAIIOJ-
HEHHOCTb» KOHTEIHEepa sIBJISIETCS CIeICTBUEM MHTET PUPOBAHM I IBYX ITOTOKOB — B CJTy4ae, IOKa3aHHOM
Ha pHC. 5 — MOTOKa 3apakeHUI 1 MOTOKA BRI3AOpOBIeHUN. [ KoHTeliHepa «YsI3BUMbIe» YCTAHOBUM
HavyajapHOe 3HadeHue paBHBIM 10 000.

CrenyiomuM 3TaroM OyIeT yCTaHOBJICHWE 3HAaYUeHU ! mapaMeTpoB. B maHHOM ciydae 3TO KOJIMYeCTBO
KOHTAKTOB, BEPOSITHOCTD 3apakeHU S U JIUTEIbHOCTh 3a00JIeBaHUSI.

OKHO perakTupoBaHUs GopMyIl A HapaMeTPOB He OTJAMYAETCsI OT TAKOBOIO [Jisl IOTOKOB, OAHAKO,
€CJIM Ha ITapaMeTp He BIUSIIOT ApYTUE ITapaMeTpPhl, TO OKOILIKO IIEPEMEHHBIX OyIeT MyCThIM U aHAJIUTUKY
HaJo OyJIeT BCTABUTh B OKHO 3HAUEHUS MOCTOSIHHYIO BeIMUYMHY. byaeM cuuTaTh, 4TO CyILLECTBYIOIIME
JaHHBIE IMOKA3BIBAIOT, YTO KOJIUYECTBO KOHTAKTOB COCTABJISIET 5 B IeHb, BEPOSITHOCTD 3apakeHUsl IIpU
onHokpaTHOM KOoHTakTe — 0,1 (10% Bcex KOHTaKTOB), a AIUTEILHOCTh 3a0oeBanus 10 gHeir. Ha puc.
6 TTOKa3aHO 3TO OKHO IS ITapaMeTpa «KOJIMYECTBO KOHTAKTOB», IIe KOJIMUYECTBO KOHTAKTOB PAaBHO 5
B ICHbD.

B peabHBIX MOIEISIX TTapaMeTP MOXKET 3aBUCETh OT APYTHX ITapaMeTPOB WJIK JaKe OT HATIOJTHEHHOCTH
KOHTeiHepoB. KpoMme Toro, B KpyImHBIX ITPOEKTaX PEKOMEHAYeTCs YKa3bIBaTh €AMHUIIBI, B KOTOPHIX
U3MepsIeTCsT TOT UJIW MHOM mapaMeTp (OKOIIIKO Units).
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Editing equation for - Ko/1WueCTEO KOHTAKTOR
KOAMNECTED KOHTaKTOE

q

Type Undo | 7| 8| 9 +| Variables |Funclions] More |

IConslanl jv {0 _4J_5J =] = Choose Initial Yariable..

| [/ [TEEE

I™ Supplementary _M il e
a0 0 1
Llnits:l I'-IE.'.I'IOEEK!’JJ.E:Hb LI

Com-
ment:

Minimum Value I I aximum Value I Increment I
Erraors: l E quation OK. _vJ
| 0K I Check Syntax | Check Model | Delete Variable | Cancel |

Puc. 6. OxHo pegakTupoBaHus Gopmyl (IIpeacTaBIeH apaMeTp «KOJIMYECTBO KOHTAKTOB»)

B HeOOBIIIOM TTpOEKTE 3TO HE OYeHb BaXKHO, OHAKO B OOJIBIIOM MOXET ITOMOYb HATH HeITpaBUIbHBIC
(bopMyBI MM HETOYYTEHHbBIE TTApaMETPBI.

Model Settings - use Sketch to set initial causes

Time Bounds | Info/Pswd | Sketch | Units Equiv | XLS Files | Ref Modes |
Time Bounds for Model

INITIAL TIME = ID
FINAL TIME = |1EIEI
TIME STEF = |1 "]

V¥ Save results every TIME STEP
or uge SAVEPER =

Units far Time |aeHe -

J)

MOTE: To change later use Model: Settings or edit the equations
for the above parameters.

0K Cancel |

Puc. 7. 3aknanka HaCTpOEK BpeMEeHU MOJEIUPOBAHU S




[Ipexne yemM HauMHaATh pabOTaTh C eNMHUIIAMU U3MEPEHU s, CIAeAyeT YCTAaHOBUTh 0a30Bbie €IMHUIIBI
BpPEMEHU, C KOTOPBIMU OyIeT padoTaTh JaHHbIM IIpoeKT. [Ipenrooxkum, 4To B JaHHOM cilydyae 0a30BoIi
eAUHULIeH BpeMeHU OyAeT OOUH AeHb. [1JIs1 Toro, YTo0bl COOOLIMTH CUCTEME O HallleM PellieHU U, CJIeAYeT
B MeHI0 Moaenb (Model) BeiOpaTh myHKT Hactporiku (Settings) 1 B IMOSIBUBIIEMCSI OKOILIKE BbIOpaTh
3akJiaaky Bpemennnie nmpenennl (Time Bounds). Ha 3Toi1 3akiagke, moka3aHHOM Ha puc. 7, aHaIUTUK
yCTaHaBJIMBaeT BpEMEHHBIE IIpeneibl 1 MoaearupoBaHus (Harmpumep, ot 0 mo 100 nHeit mociie 3aHoca
MH}EeKIMN) U YKa3bIBaeT eIMHUILIBI U3MepeHusI BpeMeHu. I1o ymonuaHuio Vensim pacrosaraeT Ipea-
YCTaHOBJICHHBIMU €AUHULIAMU [IJIsI AHSI, Mecsilia, roja, KBapralia, yaca U CeKyHIbl, OMHAKO Ha3BaHU S
eAVHUL BpeMEHU UAYT Mo-aHIIuicKU. [103TOMY, KIIMKHYB MBIIIbIO 10 OKOIIKY ENMHMIIBI BpeMeHU
(Units for Time), MOXXHO MO-PYCCKHU BIIMCATh SAMHUILY U3MEPEHU S «IeHb», KaK II0OKa3aHO Ha puc. 7.

[Tocne aToro Hago mogyMaThb, He OYAET JIM y HAC CpeAu eAMHUI] U3MEPEeHUsT CMHOHUMOB. Hampumep,
KOHTaKT U YeJIOBEK SBJISIIOTCSI CAHOHMMaMU, U 00 3TOM HaI0 COOOLIUTh cucTeme. JleaaeTcs 3To Ha 3a-
Knagke DkBuBanaeHTHoCTh eauHU1 (Units Equiv), Toro xke okHa HacTpoek (cM. puc. 8). CHHOHUMBI Iepe-
YUCSIOTCS Yepe3 3aIATyI0 B HUKHENM CTPOKE BBOJAA 9TOM 3aKjIaaKM, a 3aTeM 100aBISI0OTCS HaxKaTueM
Ha KHornky Jlo6aButhk orpegaktupoBaHHoe (Add Editing).

Model Settings - use Sketch to set initial causes

Time Bounds | Info/Pswd | Sketch  Units Equiv | %L Files | Rief Modes |

K.OMT KT, 4= A0B&E [T Use skrictest
testing

Delete Selected

Modify Selected

Add Editing

Replace theze with the Mew Model default synonyms

Make these spnonyms the New Model default synonyms

oK Cancel |

Puc. 8. 3aKna;[Ka HAaCTPOCK 3KBMBAJICHTHOCTU CAMHUI USMCPCHU A

Ilocne 3Toit onepauuu cieayeT Haxarb KHonkKy OK, M Bce HOBble HACTPOMKM OYAYT COXpPaHEHHI.
Tenepbr MOXHO IEepeXonuTh K OMpeAeeHUI0 eNMHULL IJIs1 KaXa0ro oobekTa. [emaeTcs: 3To, KaK yxke
yKa3bIBaJIOCh, IIPU MOMOIIU BCE TeX K€ OKOIIEK pelaKTHUpoBaHUs (opMyJs, MyTeM BBOJA €IMHUIIL
B cTpoky Ennnunsl (Units). Ecau enHULIBL y2Ke onrcaHbl (ObLIM BBEIEHBI paHee), TO X CITUCOK MOXKHO
MOCMOTpPETb, IIEJAKHYB I10 CTPeI0oYKe B KOHIIe cTpoku Units.

Jusi KoluuecTBa KOHTAKTOB EAMHUILIEH OYyAET «4eJOBEK/IEeHb», MJisd BEPOSITHOCTU 3apakeHUs
«l/koHTaKkT» (3apaxkeHUii Ha 1 KOHTaKT), JAJS BPEMEHU [IJMTEIbHOCTU 3a00JIEBAaHUS — <«IEHb»,
IUISL YSI3BUMBIX U MH(PUUUPOBAHHBIX — «udesioBeK». [loTOKM M3MEpsIIOTCSl B «4eoBeK/meHb». Jlns
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peIakTUpoBaHuUs (popMYJI Hallo LIEJKHYTh IPaBOil KHOIIKOI MBI II0 COOTBETCTBYIOLIEMY OOBEKTY
U BBIOpaTh B ITOSIBUBIIEMCS OKOIIKe KHONKY YpaBHeHue (Equation).

ITocne BBoga Bcex eAMHUILL CJIEAYET IPOBECTU IMTPOBEPKY Pa3MEPHOCTU MOJIEIM KOTOPYIO MOXKHO BbI3BaTh
B MeH10 Moaenb (Model) nynktom ITpoBepka pazmepHocTu (Units Check) niau nmpocTo HaxxatueM KOM-
ouvHanuuy knapuin Ctrl-T.

Eciu Bce hopMyIbl MMEIOT IMTpaBUIIBHY O pa3MEPHOCTh, CUCTEMAa COOOIIIUT 00 3TOM, BIIPOTUBHOM ClIydae
TTOSIBUTCS OKOIIIKO, KOTOpOe OyneT comepkaTh onucaHue (hopMyJIbl, TAe HalieHa oluroKa, U yKa3aHo,
Kakasl pa3MepHOCTb C TIPaBO U C JIEBOI CTOPOHBI ypaBHEHM ST HE COBMAIAOT.

VYKazaHue emuHUI HY>XXHO TOJIbKO ISl IIPOBEPKU Pa3MEpPHOCTHU, M MO3TOMY, KaK yXe YKa3bIBajIoCh
BBILLIE, HE SIBJIsIETCS 00sI3aTeIbHBIM, OMHAKO pabdoTa I10 BBOAY €IMHUIL BO3JaeTCs CTOpULIel mpu aHa-
JIN3€ CJIOKHBIX MOJEJIe U NOKYMEHTUPOBAHUU PE3yIbTaTOB.

ITocne 3aBepiieHUS aHAIK3a PAa3MEPHOCTU MOJE/Ib FOTOBA K MCITOJb30BaHMIO, M MOXHO 3aIlyCKaTh €€
aHau3. s 3Toro Hajo BCero JMUIIb HaXaThb Ha KHOMKY 3amycka aHaau3a (Run a Simulation) niau
HaxaTbh couetaHue kaaBuin Ctrl-R. Cucrema nmomHTepecyeTcsl, MOXHO JIM 3aIlMCaTh HOBBIC JaHHBLIC
MOBEPX CTaphIX (BCEraa UCIOab3yeTcs OAHa 1 Ta Xe padoyast 001acTh) U, €CIM aHAIU3 3aBepIIUTCs 0e3
KaKMUX-TUOO COOOIIEHU, TO 3aBeplleHNE ObIJI0 0JaronoJy4yHbIM, 06e3 KaKux-noo owmuodok. Ternepb
pe3yabTaThl aHaJIM3a MOXHO MMOCMOTPETh B IpapruecKoM UM TaOJMUHOM BUAE. YueOHas Bepcus Ven-
sim MO3BOJISIET PUCOBATh rpaUKU TOJbKO 10 OMHOMY Ha KaXKIblil OOBEKT.

[ToaTomMy nitst cocTaBieHUs TpadurKa cleayeT HIETKHYTh IT0 00beKTY, KOTOPBII MHTEepeCyeT aHaIUTUKa,
u HaxaTb Ha KHonKy ['pacuk (Graph), pacnonoxxeHHY10 Ha JIeBOil CTOpoHe paboueit obaacTu (puc. 9).

7

Puc. 9. KHonku aHanu3a Moaenu (BepxHsisa — rpaduk, HUXKHSIST — Ta0Jau1Ia)

MHpuumpoBaHHbIe
10,000
7,500
5,000
2,500
0
0 10 20 30 40 50 60 70 80 90 100
Time (oeHs)
WHduumporanHele : Current yenoeek

Puc. 10. Pe3ynbsTaThl aHalIM3a THIIOTETUYECKONM MOACM PACIIPOCTPpaHEHU I 3apa3HOro 3a001eBaH ST
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ITocne HaxkaTu sl HA KHOIIKY HOSIBJIsIETCS I'paduK, aHAJIOTMUHBIN rpaduKy, IIpeacTaBieHHOMY Ha puc. 10
IJISI KOJIM4YeCcTBa MH(PULUMPOBAHHBIX. BUIHO, 4YTO KOJMYEeCTBO MH(PULIMPOBAHHBIX OBICTPO BO3pacTaeT
mexay 15 u 30 AHSIMU I IeMUHU, a 3aTeM CTaOUIU3UPYETCs Ha ypoBHEe HeMHoruM 6osee 8000 yeoBex.
AHau3 JaHHBIX O ITIOTOKAaM 3apakeHHBIX 1 BbI3J0OPaBIMBAIOILINX II0KA3bIBAET, YTO I1OCIE KOPOTKOIO
nepuoja oH cTabuan3upyeTcs Ha ypoBHe 800 yesloBeK B I€Hb.

Hanee MO2KHO MU3MCHATDH BXOJAHBLIC MapaMETpPbl MOACIN M aHAJIU3UPOBATHb BJIIMAHUEC 3TUX U3MEHEHU U
Ha TCUCHUC MOICINPYEMOIO 3IINIACMMNYCCKOTO ITpoLeCCa.

Ananu3 nipocterimux SIS-moneneit B SAS. B nmpuHIIMIIe Bech aHAIN3 MOXHO JeiaTh B cUCTeMe Ven-
sim, OTHaKO B O€CITJIaTHOU BEPCUM BO3MOXHOCTU OTPAHUYEHBI, 1 I8 00Jie€ MOTHBIX BO3MOXHOCTEN
10 aHAJIM3Y MOJIEIIHU TIPHUACTCS BOCIIOIb30BaThCs ApyruMu cuctemMamu'®, [1pu 3ToM ecTh BOBMOKHOCTD
BOCIIOJIb30BaThCs MPOMECCUOHATBHBIMU CUCTEMAMU CTaTUCTUYECKON 0OpabOTKM AAHHBIX, TAKUMMU,
Hampumep, Kak SAS.

K coxaneHuto, B SAS HET CTOJIb YI0OHOTro rpadruieckoro nuHTepderica ajsi ONUcaHusI MOAEIU, II0O3TOMY
HayMHaIOIIUM aHaJUTHUKaM CTOUT MOPEKOMEHIOBaTh BHayalle ITIOCTPOUTh MOJE/b, WU MO KpaliHel
Mepe ee rpaduyeckoe MmpeacTaBieHue, B cUCTeMe Vensim, a 3aTeM TpaHCIMPOBaTh ee B cucteMy SAS.
Korma aHaIUTHUK MONPUBBIKHET K UCIIOJb30BaHUIO cUCTeMbl SAS mocie Vensim, oH cMOXeT (popMy-
JIMPOBATh OIMCaHMEe MOACSIM HAIIPSIMYIO Ha si3bIKe SAS, omHaKO Jaxe B 3TOM cJiydyae pa3yMHBIM SIBJISI-
€TCsI UMETh Ilepel I1a3aMu Ipaduieckoe n3o0pakeHre MoJeau, IoA00HOe TOMY, YTO IIPeICcTaBICHO
Ha puc. 3.

B SAS nns mopgenupoBaHUsI 3apa3HOro Ipoliecca Jyulle BCero Mcroab3oBaTh npouenypy MODEL,
KOTOpasl MoAACcpXKMBAeT pelIeHMe pas3JM4YHbIX 3aJad MaTeMaTU4YeCKOrOo MOMAEJIMPOBAHUS, B TOM
yucje pelieHue cucteM auddepeHualbHbIX YPaBHEHUI, KOTOPbIE CTOST 3a BCEeMU ACTEPMUHUCT-
CKUMU Moneasmu. Hnsg ¢GopMyJIupoBKU Moaeau B SAS MOXHO BOCHOJb30BaThCs IpadoM MOJEIH,
NpeAcTaBICHHBIM Ha puc. 3. @opMyJibl 11 HOTOKOB BBOASITCS TaK XKe, KaK 3TO JAeIaJOoCh B CUCTEME
Vensim (0gHAKO MCIIOJb30BAaHME PYCCKMX OYKB B MMEHAaX MEPEMEHHBIX HE MOIMYCKAaeTcs), a BOT
IJISI KOHTEHHEPOB HEOOXOAMMO YKa3biBaTh, YTO COACPXKMMOE KOHTEHiHepa HaKaIlIMBaeTCs IyTeM
CYMMUPOBaHU S MOTOKOB (Tlepe] uMeHeM KoHTeltHepa nobasnsieTcs npuctaBka DERT., o3Havaromas,
YTO s MONYYEHUS 3HAYCHUS COACPXKMMOIo KOHTeliHepa MPUBEACHHOE BbIpaxkeHNe HaJ0 UHTErpU-
poBaTth (‘dert’” — cokpallleHUe OT aHTJIMIicKoro ‘derivative’ — nmpou3BogHasN)).

Ecian 0603HaYUTh YMCI0 KOHTAKTOB OYKBOM «C», BEPOSITHOCTD 3apakeHM sl CJIOBOM «betar, a IJIUTEb-
HOCTBb 3a00sieBaHU s OyKBOI «D», TO BeIpaxkeHu s 1151 TOTOKOB 3apaxkeHus (Infected) v BeI3nopoBeHU I
(Cured) OyayT BBIMASAETH TakK (IpUHMMAs BO BHMMaHUE, 4YTO Mbl 0003HAayaeM YMCAEHHOCTH
VH(OUIIMPOBAHHBIX HA TAHHBI MOMEHT BpeMeHU Kak Inf, a uucio ysa3BuMbix — Sus):

Infected = ¢ * beta * Inf * Sus / (Inf + Sus)

Bblpa)KeHI/Ie JJI5 IMTOTOKA BbI3JOPAaBJIMBaIOIIMX TOT A 6y,H,CT BBITJTIAOCTD TaK:

Cured =1Inf/ D

COOTBCTCTBCHHO, BbIpakK€HUE OJ1s1 YUCIICHHOCTU I/IH(I)I/II_[I/IPOBaHHbIX (HaHOJ'IHCHI/IC KOHTCfIHCpa)
3a4a€TCA BbIpaK€HUEM

DERT.Inf = Infected — Cured

5 Un mproGpecTH MOTHYI0 Bepcuio Vensim.
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Bblpa)KeHl/Ie OJ1 YHUCJIICEHHOCTU YA3BUMbIX 3a4aC€TCA IIPAKTUYCCKU TAKKUM 2KE BbIPAKEHUEM!

DERT.Sus = Cured — Infected

DTH YeThIPE BhIPAKEHUS MOJHOCTHIO OMMCHIBAIOT IIPOCTEUIIYIO MOAEIb PACIPOCTpaHeHU I UHDEKIIUU
B TONyJsILMU B paMKax KoHuenuuu SIS.

OnmHako 1715 aHaJIM3a CIeyeT YCTAaHOBUTD €Ille HeCKOJIbKO IToKa3aresieil. Bo-mepBbIxX, clieayeT ormmcarhb,
Ha MPOTSIXKEHUU KaKoro mepuoaa BpeMeHM HeoOXOIMMO AeiaTh aHaJIM3 M KaKOB MUHUMAaJIbHBIN 1Iar
nepeMeHHOM BpeMeHU. JleaeTcst 9To IMyTeM CO3JaHus CIiellnaibHOro aiija, KOTOphIid, KAK MUHUMYM,
JOJIXKeH CoIepXaTh OMHY TMepeMeHHyIo — time (Bpems). Ilporpamma ais co3maHusi 3Toro aiina
BBITJISIIUT TaK:

1. DATA t;

2. DO time=1 TO 100;
3. OUTPUT;

4. END;

5. RUN;

3aech co3gaercs daiiy ¢ UMeHeM t, B KOTOPOM €CTh OJHA IIepeMeHHas time, MpuHUMAlOIIas 3HAYCHU ST
ot 1 mo 100. ®aiin gerko MoaAu(ULIMPOBATH, HE MEHSS MOICIH, IJIST YIJIUHCHUS WUJIN YKOPOUYCHUS
BpeMeHU aHanu3a. OTMETMM TaKXKe, YTO B 3TOM (paliije MOI'YT XpaHUThCS BpeMs-3aBUCUMBIC Iapa-
METpbl (HaIlpuMep, €CIU CO BpeMEeHeM KOJIMYECTBO KOHTAaKTOB cHuXaeTcs). Korma caiin Bpeme-
HM aHaJIi3a COo3JaH, MOXHO HauyaTh KOH(PUTYpupoBaTth Ipouenypy moaeauposanus (PROC MODEL)
JUUTSI BBITIOJTHEHM S aHAJIN3a.

Kaxk u3BecTHO U3 IpeablAyIIero 00CyKAeH I, OKa ellle OTCYTCTBYIOT 3HAYCHU S Y TTapaMeTPOB (KO-
YECTBO KOHTAKTOB, BEPOSATHOCThb 3apaxKeHusl, AJIUTEIbHOCTHL 3abojieBaHus). OHU BBOASATCS B MO-
nesib 1100 myTeM yKaszaHus 3HadeHMil B komMaHae PARMS (mapameTpsbl), J1uOO MyTeM CO3daHUS
(aitna ¢ onucaHueM mapaMeTpoB (IMOCAEIHUMI Cay4yail OueHb yIOOEH, eClIM MapaMeTphl SIBIISIIOTCS
pacueTHbIMU). B 1TaHHOM cjiy4ae Mbl BOCHOJIb3yeMCsI IPSIMbIM BBOJIOM 3HAYEHU I TTapaMeTpOB, 1 TOrIa
COOTBETCTBYIOIIAS CTPOKA Koja OyJeT BhIMISIASTh TaK:

PARMS ¢ 5 beta 0,1 D 10;

3aech mociie KaX10ro napaMeTpa UaeT ero 3HaueHue (HaJlo 3aMeTUTh, YTO B CIydyae BBOJIA MapaMeTPOB
yepe3 ¢aiin crpoka PARMS Bce paBHO goikHa IIPUCYTCTBOBaTh, HO B Heil OyAyT IMpUBEICHBI JTUIIb
MMEeHA 3TUX MapaMeTpPOB).

Terneppb Haj0 COOOUIUTH MPOLIEAYPE MOACJMPOBAHMS, KaKue MepeMEeHHBbIE OIMMChIBAIOT COCTOSHUS
(KoHTelHepbl) U UX MepBOHAYaIbHbIe 3HaUeHW . TaKuX MepeMeHHbIX B JaHHOM MpUMepe J1Be, 1 OHU
onucbiBaloTcs komaHaoii DEPENDENT (3aBucumbie). Kak u B ciayuyae komanabli PARMS, mnocie
UMEHU NIEPEMEHHON-KOHTEIHEepa UAET €€ HAYaJIbHOE 3HAUYCHUE.

DEPENDENT Inf1 Sus 10 000;

Kaxk u mipu MmogenupoBaHuM B cucTemMe Vensim, Mbl HaUMHaeM MOJEJIb C OAHOI'0 3apaskeHHOT0, OKa3aB-
merocs B nonyasguuu 10 000 ya3BumMbiX. Termepb MOXHO yxXe c(OpMyIMpOBaTh IOJIHOE OMMCAHUE
Monenu B cucteMe SAS:
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PROC MODEL DATA=t;
DEPENDENT Inf 1 Sus 10000;
PARMS ¢ 5beta 0.1 D 10;
Infected=c*beta*Inf*Sus/(Inf+Sus);
Cured=Inf/D;
DERT.Inf=Infected—Cured;
DERT.Sus=—Infected+Cured;
SOLVE Inf Sus/ OUT=determ;
RUN; QUIT;

© PN Uk W

B nmepBoii cTpoke psIOM ¢ HAMMEHOBAaHMEM ITPOLEAYP HaXOMUTCS yKa3aHUe Ha TO, KaK Ha3blBaeTCs
¢aiin c onmrMcaHeM BpeMeHHBIX paMoK aHaiu3a. Jlanee nayt komanasl DEPENDENT, onuckiBatonas
OCHOBHBIC IepeMeHHbIe aHanu3a, 1 PARMS, ciyxxaias 1is onvcaHus mapaMeTpOB MOAECIIH.

Crenyroniye 4eThbipe CTPOKHM ONMUCHIBaIOT coOCcTBeHHO Moaesb. Komanma SOLVE (pemuts) 3amyckaeT
aHanu3 Moaeau. B kauectBe mapamerpoB koMaHae SOLVE nepenaioTcs uMeHa epeMeHHbIX, 3HAYCHU ST
KOTOPBIX MBI XOTUM BBIYMCIUTH (YUCIO0 MHOUIIMPOBAHHBIX M YI3BUMBIX), a 3aT€M YKa3bIBalOTCS
onuuu (mocjae HaKJIOHHOM 4epThl). B maHHOM ciy4ae yKa3bIBaeTcsl, YTO pe3yJbTaThl aHAaIMU3a CAeAyeT
COXpaHUTH B (aitje ¢ uMeHeM determ. DTo HeOOXOAMMO CAeaaTh, MIOCKOJBKY PE3Yy/IbTaThl aHAIM3a Oy Ay T
HCITOJIb30BAThCS AJISI MOCTPOCHU S TparKOB ¥ BOOOIIE aHAIM3a pe3yJIbTaTOB 3aMycKa MOJE/IN.

Jns mocTpoeHus rpadrKa BOCIIOIb3yeMCs CIIeAYIOIIMMHA KOMaHIaMu:

PROC GPLOT DATA=DETERM,;

SYMBOL1 V=none I=j w=3;

AXIS1 LABEL=(‘BpeMs (AHM)’);

AXIS2 LABEL=(A=90 ‘kosin4yecTBO YeJOBEK’);

PLOT (Sus Inf)*time/OVERLAY HAXIS=AXIS1 VAXIS=AXIS2;
RUN;

N U AW =

DTO OOBIUHBIE KOMaHAbl MOCTPOCHMS JMHEHHOro rpaduka, MCIOJb30BaHUE KOTOPHIX MOAPOOHO
onucaHo B KHUTe [4]. B pe3ynbTaTe nmonyuaercs rpaduk, mokazaHHbI Ha puc. 11.

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0

KONMWYECTBO YENOBEK

0 10 20 30 40 50 60 70 80 90 100
Bpemsa (AHW)

Puc. 11. Pesynwrarer ananmsa SIS-monenn B cucteMe SAS
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Puc. 11 ananoruuex puc. 10, ¢ Toi JUIIb pa3HULIEH, YTO HA OAUH PUCYHOK HaHECEHbI OMHOBPEMEHHO
YUCJAEHHOCTU U UH(MULIMPOBAHHBIX, U YSI3BUMBIX. AHAJOIMYHOCTh I'paUKOB yKa3biBaeT Ha IIpaBUJIb-
HOCTb IIOCTPOEHU ST MOJIEJIN.

SIS-mopenu u penpoaykTuBHoe yucio. [Tpu nepBom xe B3rasae Ha puc. 11 u puc. 10 OpocaeTtcs B riia3a
TO, YTO I10 MPOIIECTBUY OIPEIEICHHOTO ITepro1a BpEMEHU KOJMYECTBO MH(GULIMPOBAHHBIX U YSI3BUMBbBIX
cradbunusupytorcs. [loHsATHO, YTO CTAOMILHOCTb MOXET HAOII0IaThCs TOTAA, KOTJAA KOJMUYECTBO BHOBb
MHOULUPOBAHHBIX CTAHOBUTCS paBHBIM KOJIWYECTBY BbI3I0paBAMBaOIIUX (IPUTOK paBeH OTTOKY).

Ecau BCHOMHUTH BbIPpAaXCHU A OJId YrCJia I/IH(I)I/IHI/IPOBaHHI)IX " BbI3AO0PAaBJIMBAIOIINX, TO JICTKO ITOHATD,
4TO yCJIOBUC CTAaOMJILHOCTH BBITIOJTHIETCS TOoraa, Korga.

L_ k k k S_
p=Brer iy

rae | — konnvyecTBO MHPUUMPOBAHHBIX, D — n1auTebHOCTD 3a00JIeBaHMSI, 3 — BEpOSITHOCTb 3apaxe-
HUS, ¢ — KOJUYECTBO KOHTAKTOB 1 S — YUCJIO YSI3BUMBbIX.

CiieBa B 3TOM ypaBHEHUU CTOUT YKCJIO BBI3IOPABIMBAIOIINX, CIIpaBa — YKMCJIO MH(OULIMPOBAHHBIX.
JIOCTaTOYHO JIETKO MPOIEMOHCTPUPOBATh, YTO 3TO ypaBHEHME ITPeodpa3yeTcs K CIASAYIOIIeMy BUIY:

CnpaBa, eCJI BIyMaThCsl, CTOUT YMCJI0, PABHOE TOMY, CKOJIBKO YeJIOBEK MOXKET 3apa3uTh OAUH O0JbHOM
3a BpeMsl CBOeii 00Jie3HM (ITpOM3BEACHNE BEPOSITHOCTU 3apakeHMsI Ha KOJIMUYECTBO KOHTAKTOB — 3TO
KOJIMYECTBO YeJIOBEK, KOTOPHIX OH MOXET 3apa3vuTh 3a ¢IMHUILY BPEMEHU, a IJIMTEJIbHOCTh 3a00Je-
BaHUS — CKOJIBKO TAKMX €IWHUII OH 3apa3uli). DTa BeJIMUYMHA Ha3bIBAeTCS 0a30BBIM PEITPOAYKTUBHBIM
4KCIIOM, 0003HavaeTcsa R, ¥ UrpaeT oueHb BaXXHYIO POJIb B NOHMMaHUU IUHAMMUKHU PaCIPOCTPAHEHUA
UHGEKIUH B TOMYJISIINAN.

B j1eBoi1 yacTH CTOMT BhIpaXkKeHME, OOPATHOE TPOLIEHTY YI3BUMBIX B monyiasaiuuu. COOTBETCTBEHHO,
MOKHO 3aITicars'’, 9To:

Ortcloma JIerko BbIBECTH, YTO PABHOBECHOE KOJIMYECTBO MH(MUIIMPOBAHHBIX B MOIYJ/ISIIMU PABHO:

M3 3TOro0 BeIpaxkeHus ClIeAyeT, 4To B ciydae SIS-moneneit, 3Hast 6a30BOe PeNpOAYKTUBHOE YUCTIO, MbI
MOXEM JIETKO pacCYMTaTh YPOBEHb IMOCTOSIHHOM 3a00J1eBa€MOCTH 3apa3HbIM 3a00JieBaHUEM (YPOBEHb
SHAEMUM), UJIU, C APYTOil CTOPOHBI, 3HASI yPOBEHb 93HIEMUH, MOXEM OLIEHUTH 0a30BOE PEPOIYKTUBHOE
YHUCIIO.

16 Eciu IIPUHATH, YTO SI/I3MCDHCTC9I B 1OJAX OT YUCJICHHOCTHU IMOMYJIALIMU B LICJTIOM.
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bazoBoe penpoayKTHBHOE YMCIO 3aclyKUBaeT 00JbIIOe BHUMaHUE MIOTOMY, UTO, 3Hasl €ro, MOXHO
BBISICHUTB, UYTO OYIeT NPOMCXOAMUTh IOCJIe BHECEHMSI 3apa3HOro Havaja B nonyiasuuw. Eciau 6azoBoe
pPenpoAyKTUBHOE YKUCJIO MEHbIIIE eAMHUIIbI, TO KaXIbIi 3a00JIeBLINI B IIONYJISILIUUA OyIeT B CpelHEM
3apaxaTh MeHee ogHoro yenoBeka. COOTBETCTBEHHO, BTOPOE MOKOJIeHME 3a00JIeBLINX OyAeT MEHbIIe
MEPBOTO, TPEThe — MEHbIIIE BTOPOro U T.I., YTO O3HAYAET, YTO KOJMUYECTBO 3a00JIeBIINX OYIET Helpe-
PBIBHO CHMKAThCSI U AMUAEMUYECKUI ITpOoLiecC ObICTPO MOKMAET Ha cIia.

Ecnu ke 6a30Boe pernmpoayKTUBHOE YUCIIO OOJIbIIIe eAMHUIIBI, TO YUCIIO cly4yaeB OyleT HapacTaTh —
COOTBETCTBEHHO, ITPY BHECEHHW U 3apa3HOT0 Havyalia B IMOMYJIS N0 HauYHeTcs sruaeMus. Eciau 6a3oBoe
PEeIpPOAYKTUBHOE YKCJIO PAaBHO €IMHUIIC, TO KOJMYECTBO 3apa3sWBIIMXCS TOYHO PAaBHO KOJUYECTBY
BBI3JIOPOBEBIIINX U YPOBEHb PACIIPOCTPAHEHHOCTH OCTACTCS MOCTOSITHHBIM (3HAEMUYHBIN YPOBEHD).

OnHako 3agymMaeMcsl Haja TeM, YTO MPOU30MAET, €CJIM B MOMYJISILIMU yXKe eCTh JIIOAM, HEUYBCTBUTEb-
Hble K 3apaxeHuto. Torma, Kak yxe 00CyX1ajJ0Ch BblllIe, psiJi KOHTAKTOB BbIMaaaeT U3 Yucia BO3MOX-
HBIX CJy4aeB 3apakeHusl, U TOJbKO T€ KOHTAKThl, e MH(MUIIMPOBAHHBIN BCTpeUyaeT YSI3BMMOTO, CIIO-
COOCTBYIOT PaCIIpOCTPAHEHU IO 3apa3Horo areHTa. Batom ciydae 6a30Boe penpoayKTUBHOE YUCJIO IJIOXO
OTpakaeT MOBEAEHUE SMUAEMUYECKOro Mpolecca, OAHAKO MOXHO BOCIIOJb30BAThCS APYTUM IOKa3a-
TeJieM, KOTOPbI Ha3bIBAaeTCsl TIPOCTO PENMpPONYKTUBHBIM YKuciIoM (0O6o3HavaeTcs: R). DToT nmokazarenb
TaKXe OTpaxkaeT YUCJIO JIULL, KOTOPOE OYyAET 3apakeHO OAHUM OOJIbHBIM Ha MPOTSKEHU U €ro 00JE3HU,
OIHAaKO HE B pe3yJibTaTe MomnaaaHus MHGEKIMU B TOJHOCTHIO YSI3BUMYIO IMOMYJISILIUIO, a BPE3yJIbTaTe ee
3aHOCa B TIOMYJISIIAIO, COCTOSIIYIO U3 KaK YSI3BUMbBIX, TaK M PE3UCTEHTHBIX MHAUBUAOB. B pamkax SIS-
MoJieJield TaKUMU PE3UCTEHTHBIMU MHAMBUIAMU OyIYT TOJIbKO OOJIbHBIE (B paMKax paccMaTpuBaeMbIX
nosaHee SIR-Mozaeneit peaucteHTHBIMU OyayT NepeOoJieBIlre U BhIpadoTaBIINe UMMYHUTET JIIOAN).

COOTBETCTBEHHO, KOJIMUYECTBO KOHTAKTOB YMEHBIIAETCSI Ha MIPOLIEHT JIIoAe, HaXOASIIUXCS B pPe3UC-
TEHTHOI IpyImne (B 1IaHHOM cjiydyae 00JbHbIX). Torma penpoayKTUBHOE YUC/IO OyAeT He YeM UHBIM, KaK
MNpou3BeIeHUEM 0a30BOr0 PEIPOAYKTUBHOTO YKUCJIa HAa KOJIUYECTBO YSI3BUMBbIX B ITONYJISILIUU:

R=S*R,

Bri1re MBI BUaean, 4To B cirydae SIS-Moaesneil B KOHIe KOHILIOB SITUAEMYSCKU I ITPOLIECC CTa0UIN3UPY-
€TCsI TaK, YTO KOJINYSCTBO MHGUIIUPYEMBIX CTAHOBUTCS PaBHBIM KOJTMYECTBY BBI3JOPABIMBAIOIINX. DTO
03HAYaeT, YTO PEIIPOAYKTUBHOE YMCIIO CTAHOBUTCS PaBHBIM €AMHUIIE. DTO YCIOBME MOXHO 3alHCaTh
TaK:

R=1=S§*R,
Orcrona
_ 1
S_Ro’
a
—1_c—1_1
I=1-S= R

\Y% 881 TIOJTYYMJIN TO K€ CaMOC€ BbIPAaXXCHUC OJIA OIIPCACICHUA YPOBHA SHIACMUU B SIS—MOI[CJ'IHX, KOTOpPOC
ObLJIO BBIBEIEHO PpaHEC, OAHAKO YK€ ITOJb3YACH IPpaBUJIOM IIpUPAaBHUBAHHWA PCIIPOAYKTHUBHOIO 4Mucjia
CAMHUIC.
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HMcnonb3oBaHue penpoayKTUBHBIX YMCE MO3BOJISIET HaM C(PpOpMYJIMpPOBaTh IMpaBujaa 00pbObI C IIU-
nemusiMu. CaMoe IIPOCTOE U3 HUX 3aKJII0YaeTCsl B TOM, YTO, YTOOBI JOOUTHCS YCTPaHEHUSI UH(p KLU
U3 JaHHOM MOMYJISLWU, HAd0 JTOOUThCS CHUXKEHMSI 0a30BOI0 PEIpOAyKTUBHOIO YMC/Ia OO0 3HAUYCHU S
MeHee eAMHMLbI. [IoCKONbKY M3BECTHO, UTO 0a30BO€ PENpPOAYKTHBHOE YMCJIO 3aBUCUT OT YMCa
KOHTAaKTOB B €IMHUIY BPEMEHU, BEPOSITHOCTU 3apakeHWs M IJIUTEJbHOCTU 3apa3HOro Mepuoja,
MEpPOIIPUSATUSL NOJKHBI ObITh HampaBJieHbl Ha OrpaHMYEHUE KOJMYEeCTBAa KOHTAKTOB, CHMXKEHUE
BEPOSITHOCTU 3apaxkeHUsl IMpU KOHTaKTaX (IIyTeM HCIOJb30BaHUS CPEICTB 3allUThl UKW HNpoduiak-
TUKHU) U COKpaIeHUSs JJIMTEIbHOCTH 3apa3HOTro Ieproa BhISIBJICHUEM U JIeUeHeM 3a00JIeBIINX.

C npyroii CTOpOHBI, TP 3aJaHHBIX YCIOBUIX SIUAEM IS, paCIIPOCTPaHIIONIAsICS O 3aKOHaM, COOTBET-
ctBytomiuM SIS-Monensm, OyaeT camoorpaHuduBaiouieiicss. OHa OyaeT JOCTUTaTh YPOBHS DHAEMUMU,
KOTOPHBI paBeH JOMOJHEHUIO 0 €AMHUILILI BEIUYUHbBI, 00paTHOI 0a30BOMY PENPOAYKTUBHOMY YKCITY,
U 3aTeM CTaOMJIM3UPOBATHCSI.

Wasserheit u Aral [21] npeniaratoT 00001IeHHY0 MOJeIb pacipocTpaHeHus nHGeKunii B pamkax SIS-
MojeJieil (K HUM OTHOCSITCSI OOJIBITMHCTBO MH(MEKIIN A, TIepeIaroInXcs MOJOBbIM ImyTeM). OHU cuuTa-
10T, YTO BCKOPE MOCJIe BHECEHM I HOBOTO MH(EKIIMOHHOTO areHTa 3a00JieBaH1e OBICTPO PaCIPOCTPaHSI-
€TCs B TIOMYJISIIMU M JTOCTUTAeT TOTO, YTO OHM HA3bIBAIOT <«TUIEPIHAEMUYECCKUI YPOBEHb». DTOT
YPOBEHb OIpEILIsIeTCs] 0OCOOCHHOCTSIMU TTOBEJACHUS B TIOIMYJISIIMKA, KOTOPbIE CYIIECTBOBAIN IO TO-
sBIIeHUsT B mHbpeknu nonyasanuu. OnHako, Korma MHOEKIUS pacipoCcTpaHsIeTcs, OO BUMST ee
TOCJIEACTBHS M U3MEHSIOT TTOBeAeHNE (CHUKAIOT YMCJIO CEKCyaJlbHBIX MapTHEPOB W/WJIM HAaYMHAIOT
yale TOoJIb30BaThCs Tpe3epBaTuBamMu). B pesynbrare 0a30Boe pPENMpOAyKTUBHOE UYMCIO MEHSETCS
u nHpeknusa uaet Ha cnaa. OaQHAKO OHO BPSII JIM CHUXKAETCS HACTOJBKO, YTOOBI OKa3aThCs HMKE
ENUHUIIBI, U TIO3TOMY PaCIIpOCTPaAaHEHHOCTh MH(MEKIINHK OISITh CTAOMIM3UPYETCsI, HO Ha HOBOM, OoJiee
HU3KOM YpOBHE («3HAeMudeckas (aza»). CxemaTuuecku 3TO MpeacTaBiaeHo Ha puc. 12.

Yucsio 3aboseBmx

Usmenenue Ro
[unepsngemudeckasa dasa
R=1
/
R>1/
// DujemuvecKkas dasa
/
/s
Bpewms

Puc. 12. CxeMa n1MHaAMUKU 3NUIeMUYECKOTO Mpoliecca

YroObI 6oJiee AeTallbHO MOHSTH, KaK OyIeT MEHSThCSA XapaKTep SMUAEMUU, TIPEATIONIOKNM, YTO pedb
UaeT o 3aboJieBaHUM, TepefalolieMcs ¢ BeposITHOCThIO 50% mpu omHOKpaTHOM KoHTakTe'. B mo-
MyJISILUM B TOA MMEETCSI B CPeIHEM 5 KOHTAKTOB (TISITh CEKCyaJbHBIX IMMAPTHEPOB), W IJUTEIBHOCTD
3a00JieBaHUS 0e3 JIeYeHMsI COCTaBISAET MoJToaa (IIMTEebHOCTD 3apa3Hoii ctaaun). B ciydae nedyeHus
3TOT Tlepron cokpamaercs mo 1,8 mecaa (mnm 0,15 roma — oTcpovka CBsI3aHa ¢ HECBOEBPEMEHHBIM
BBISIBJICHUEM W HA4aJIOM JICUCHUST).

17 9T0 MpUMEPHO PaBHO BEPOSITHOCTH 3apaskeHu s TOHOPEeii.
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ITpu nonagaHuy MHOEKIMU B TaKYIO IIONYISLIUIO OHA OyAeT UMETh PeNpOAYKTUBHOE YMCJIO, PAaBHOE
R, = 5%0,5%0,5 = 1,25. 3aboneBaeMoCTh OyIeT BO3pacTaTh U JOCTUTHET YPOBHS TMIIEPIHIEMUM,
paBHoro I = 1 — 1/1,25 = 0,2. B Takoii nomyasiLiuy pacipocTpaHEeHHOCTh MH(peKL K coctaBuT 20%
OT OOLIe YMCIEHHOCTU ITONYJSLUU B KaXIblii MOMEHT BpeMeHU. OIHaKO IIMPOKOE paclpocTpa-
HeHue 3a00JieBaHUsI IPUBEACT K TOMY, UTO JIOAM HAUYHYT MEHSTh CBOE IIOBeAeHNUEe, HallpuMep, paHee
o0pallasch 3a JeUeHUEeM 1/UJIN YMEHbBIAS Y1 CJIO ITapTHEPOB.

[TpeanonoxuM, 4To eAMHCTBEHHOE, YTO MPOMU30IIJIO B 3TOM MOITYJISIIIUM — 3TO YBEJINYEHNE YaCTOTHI
o0palaeMoCTH 3a MEAUIIMHCKOM ITOMOIIBIO, B pe3ybTaTe KoToporo 20% nonyisiuy Terepb oopalia-
FOTCSI BOBpEeMS ' Y HUX CpeAH ST ITPONOJIKUTENBHOCTD 3apa3Horo nepuona coctasisieT 0,15 roga. I[ose-
JIIeHWe OCTaJIbHON TTONMYISIIMNA OCTaJIOCh 0e3 M3MeHeHW . Torma cpenHs s MpoaoIKUTEILHOCTD 3apa3-
Horo nieprona coctaBut D = 0,15 * 0,2 + 0,5 * 0,8 = 0,43. bazoBoe penponyKTUBHOE YMCIIO CHU3UTCS
mo R, = 5%*0,5*0,43 = 1,075. Yucno cayyaeB MHOUIMPOBAHKS HAYMHAET CHUXATHCA U CTaOUJIN-
3UpyeTcsd Ha ypoBHe 7%. M3MeHeHMe MOBeAEHUS IIPUBEJIO K HOBOMY YPOBHIO paclpOCTPaHEHHOCTHU
3a00J1eBaHUsI.

3HaHue 0COOEHHOCTEN pacnpocTpaHeHUsI UH@eKIMU B SIS-MoaenX mo3BosisieT OpueHTUPOBOYHO Olie-
HUBaTh 3 HEKTUBHOCTh MPOGUIAKTUIYSCKUX MEPONPUSTU U yCTaHABAUBATh TPEOOBAHUS K CTETIEHU
oxBaTa MpouJIaKTUIECKUMHU BMEILIATeJIbCTBAMMU.

[Ipexnae yeM OBUTATLCS Jablie, CIEIYST OCTAHOBUTLCS €llle Ha OMHOM 0COOEHHOCTH OLIEHKU PEerpo-
IYKTUBHOro umcia. Kak mM3BecTHO, 6a30BO¢ PEIPOAYKTUBHOE YMCJIO 3aBUCUT OT YMCJIA KOHTAaKTOB
B €AMHUIlY BPEMEHU U BEPOSITHOCTU 3apakKeHU s 3a ONMH KOHTAKT. B cinyyae nHpeKLUii, mepeaaonnx-
CsI TIPU MOJIOBBIX KOHTAKTaX, €CTECTBEHHOM eMMHUIICH U3MEPEHUS SIBJISICTCS OMUH IT0JI0BOM aKT. OIHAKO
MpU IIPOBEACHUY COLIMOJIOTUYSCKUX OIIPOCOB YYaCTHUKOB KpaiiHe pelKO CIIPallMBaIOT O YUCJIE IT0JI0-
BBIX aKTOB 3a OIpeic/ICHHbII IIPOMEXYTOK BpeMeHU. Yalle Bcero CpalimBaioT 0 KOJIMYECTBE CeKCyallb-
HBIX IapTHEPOB (HaIlpuMep, 3a IpoiueAinii roa). OgHako caMa I1o cede 3Ta Hudpa HUUEero He TOBOPUT,
IOCKOJILKY OHA HE YUUTBIBAECT YMCJIa KOHTAKTOB, IIPU KOTOPHIX MOXET IPOU30iTH 3apakeHue. [loaTtomy
AHAJIUTUKY TPeOYeTCs pacCUMTATh BEPOSITHOCTh 3apakeHUS B TOM CJydae, €CJIM OOUH U3 CEKCyaJlbHbIX
MapTHEPOB OKaXeTCsd MHOUIMPOBAHHBIM. DTa BEJIMUMHA 3aBUCUT OT YUCJIA MOJOBBIX aKTOB 32 OJHO
NapTHEPCTBO U BEPOSITHOCTU 3apakeHu s 3a onuH akT. Hanpumep, 1151 BUY-nHdekium BeposiTHOCTD
3apakeHM s ITPU OJHOKPATHOM BarMHaIbHOM II0JI0BOM CHOIlleH Y cocTaBiisieT 1 Ha 1000 moIoBhIX aKTOB.
J1J1s1 pac4eTOB BEPOSITHOCTU 3apakeHU s CJIEAYeT 3HaTh KaK MUHUMYM YaCTOTY IIOJIOBBIX AKTOB U CPEJI-
HIOIO JJIMTEJIbHOCTb NapTHepcTBa. Tak, eclii CpeIHsIsI Y4acTOTa IIOJIOBBIX AaKTOB COCTABJISIET 8 B MECSIII,
TO 3a IO 3TO COCTAaBUT 96 IMOJOBLIX aKTOB. Torma BepOSTHOCTb 3apa3UThCs y YSI3BUMOTO IMapTHepa
B BMY-guckopaaHTHOM mape pacCuuThIBAaeTCsI UCXOI S U3 CAeAYIOIIUX cooopaxkeHui. [Ipennoaoxum,
4yTo ecTh nomnyJjsauus u3 1000 Takux guckopaaHTHBIX nap. Eciu 3a onpenelleHHbIN NEpUOI BpeMeHU
(rom) y HUX OyIeT TOJILKO OIMH MoJoBoM akT, To U3 1000 map 3apa3utcs Toabko ogHa. OcTajabHbie 999
OCTaHYTCSI AUCKOpAAHTHBIMU. OIHAKO ecJiv OyAeT ABa MOJIOBBLIX aKTa, TO BO BpeMsl BTOPOT0 3apa3uTcs
yxe 1/1000 ocraBmuxca 999 map. Ha cienyiomuii aTam MOTyT nepeiTd Toabko 99,9% ocraBLIMXCS
JUCKOpIaHTHBIMU Tap. COOTBETCTBEHHO, Ha KaXAbIi MOCAEAYIOIINI 3Tan OyayT nepexoautsb 99,9%
OCTaBILMXCSI, a 00IIee YMCJIO 3apa3uBLINXCS OyIeT paBHO PAa3HOCTU YKUCJIA TEX, KTO ObLI TUCKOPIAHTHBIM
BHavajie ¥ YMCJia TeX, KTO OCTAHETCS TMCKOPIAaHTHBIM B caMOM KoH1Ie. Torna BeposiTHOCTD 3apaskeHU I
3a N MOJIOBBIX AKTOB COCTABUT

p.=1-(—pr

B onucanHoM BbillIe IIpUMEPE BEPOATHOCTD 3apakXK€HUA 3a OAUH Iroa ¢ JUCKOPAAHTHBIM IMapTHEPOM
COCTaBHUT:

B.=1—(1-0,000)*=0,092  (9,2%).
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J1s1 yOpollleHUsT pacyeToB CeayeT NOMHUTD, YTO B CAy4Yae HU3KOM BEPOSITHOCTU 3apaxkeHus (Koria
pasHoOCTh 1 — B 6iiM3Ka K eIMHUIIE), BBIPAXKEHUE IJIs1 3, MOXKHO YIIPDOCTUTD TaK:

B=1-(—n*b)=n*b,

[TycTh POMOIKUTETBHOCTD 3apa3HOro TMeproaa COCTaBIIsIeT § JIeT, a CpeIHee YMCIIO MapTHEPOB B IO
cocraByiser 3 yenoBeka. Torma 6a30Boe penpoAyKTUBHOE YMcIo coctaBuT Ry = 3 * 8 * 0,092 = 2,2.
OueBUHO, YTO BUPYC OyIET pacIpOCTPAHSITHCS B TAKOM MOMYJISILIMH.

Tenepp nonbiTaeMcs BBISICHUTD, KaK IIMPOKO JOJIXKHO OBITh paCIpOCTPaHEHO UCIIOJIb30BaHUE IIpe3ep-
BaTMBOB, UTOOBI BUPYC B TaKOil IONYJsSILIUUA He paciipocTpaHuics. [Ipe3epBaTruBbl He 00eCIeYMBaIOT
CTOIPOLIEHTHOM 3alIMThI, OMHAKO OHU CHUXKAIOT pUCK 3apaxeHus 10 0,15 oT ucxonHoro. CooTBeTCTBEH-
HO, INPHU WCIOJIb30BAHUU MPE3EPBATUBOB BEPOATHOCTh 3apaxeHus (0003Ha4uMM ee fB) COCTaBUT
0,15/1000. CooTBeTCTBEHHO, TOYHOE 3HAYCHME BEPOSATHOCTHU 3apaxeHus 3a oauH roxa coctaBut 0,014,
[Ipy ucnonb3oBaHUU Mpe3epBaTUBOB IJIS1 KaxXXKIOro IIOJIOBOIO aKTa B OIMCAHHON BHIIIE CUTyallMU
PENPOAYKTUBHOE YKCII0 cocTaBuT R =3 * 8 * 0,014 = 0,343.

O0603HAYMM YHCJIO TTOJIOBBIX aKTOB, IIPY KOTOPHBIX TIpe3epBaTUB UCIIOJIb3yeTCs, Np, a KOraa HeT — nn.
Hcnonb3oBaHMe TIpe3epBaTUBOB HE BIIMSIET HA YKMCJIO TTOJIOBBIX aKTOB, MO3TOMY nn + np = n. Eciu p —
MIPOMOPLIMS UCITOIB3YIOIINX MIPe3epBaTUBLI p = np/n, To Tormanp =p *n,ann= (1 —p) * n.

[Tonb3ysich ynpoIeHHO# (hopMYIIOii, BEpOSITHOCTD 3apakeHU ST 3a OHO MapTHEPCTBO COCTABUT:

B=1-—(0-np*B)+1—(1-nn*p)

Winu, yrpomasi,

B=np*B +nn*f=n*({p*p +(1-p) *p)

HOHCTaBHHH 9TO BbIpaK€HUE B (I)OpMy.Hy 0a30BoOro pPE€IIpPOAYKTHMBHOI'O YMCJa, I10J1y4YyacM:
R0=C*n*(p*B1+(1_p)*B0)*D

Eciu 3anaveii mpoduiakTuueckoil mporpaMMbl SIBJSIETCSl MPeIoTBpallleHue pacnpoCTpaHeHU S dIu-
JEMHNH, TO C TOUYKU 3pE€HUA BIMUAHNA HaA IapaMETpbl SIIMAEMUUN €€ 3a;1aqef/’1 ABIAACTCA YMEHBIICHUE
6a30BOro penpoaykTuBHOro yucia (R)) 1o yposHei, He npeBblIarommux eauHuy. CooTBETCTBEHHO,
JJIgd TporpamMm, HallpaBJIEHHBIX Ha CTUMYJIMPOBAHHUE UCIIOJIb30BaHUA NMPE3€PBATUBOB, OIIMCaHHasA
BbIIIE q)opMyna ITO3BOJIACT OIIPEAC/INTDL, KaKasd 4YacToTa MX MCIIOJIb30BaHUA 6y,£[eT ,[[OCTaTOIIHOI‘/JI pIn) B2t
JMOCTUXKEeHUSI TocTaByieHHON tenu. [TpuHumast R0 = 1 u peuiasi ypaBHeHHe OTHOCUTEJILHO MPOLEHTA
HCIIOJIB3YIOIIUX TIPe3epBaTUBLI P, JIETKO OOHAPYXWUTh, YTO MUHMMAJbHBINI HEOOXOOMMBII yPOBEHb
HCIIOJIb30BaHMSI IIPE3EPBATUBOB OIIpeAeIsieTCs CAeAyIoNe (hOpMYyIoii:

_c*n*fBy*D—1
b= C*n*D*(ﬁo—ﬁl)

Crout O6paTI/ITL BHUMAHHUE Ha TO, YTO BbLIPpAKC€HUHE B YUCJIUTCIIC IIPCACTABISACT coboit I10Ka3aTcib,
JEMOHCTPUPYIOIIMIA, HACKOJBKO MCXOIHOE PENPOAYKTUBHOE YMCIIO ObLJIO OOJIblLIIE €TUHMUIIbI (T.C.
HaCKOJIbKO HpO(I)I/IJIaKTI/I‘{CCKaH IoporpamMma J0OJI2KHa CHUSUTDb PCIIPOAYKTHUBHOC YHCJIO AJIsd OCTAHOBKU
BHI/IJICMI/II/I). B 3HamMeHaTesne cTouT Pa3HOCTDb PCIIPOAYKTUBHDLIX UMCEJ A0 IIPOBEACHNM A BMEIIATC/IbCTBA
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U B TOW IpyIille, KOTOpasl BHIIOJHSIET peKOMEHAAUU (B OINKMCHIBAEMOM MpPUMEpPE 3TO JIMI1Aa, KOTOPhIe
HCIIOJIB3YIOT Mpe3epBaTuBbl. COOTBETCTBEHHO, 3Ty (hOpMYJIy MOXKHO 3alucaTh B clenylolleit, 6ojee
npocToii popMe:

Ry, — 1
P=Ry—Ry

rae R, — penponykTuBHOE Yu1CiIo 6e3 BMEILATENbCTBA, a R, — penpoayKTMBHOE YKMCIIO B TPYIIIIE, 110~
clenoBaBllell pekoMeHaanusaM. ONUCaHHBINM BbIlIe IpuMep 0a3upoBaJics Ha CACAYIOLIMX 3HAUYCHUSIX
penponykruBHbIX ynces: R, =2,2u R, =0,34. CooTBETCTBEHHO, /1151 TOT0, YTOOBI OCTAHOBUTH Pa3BUTHE
SMNUAEMUU, HEOOXOIMMO, YTOOKI Mpe3epBaTUBAMU MPU KaXKAO0M IOJOBOM aKTe IT0JIb30BaIMCh HE MEHEE
64% TIOIYJISILIMKA PUCKA:

22-1

p= St = 0,64

2.2 -0.34

B peanbHO#l cuTyallMy JIOAM, YTBEPXKAAIOIINE, YTO MOJIb3YIOTCS Mpe3epBaTUBaMU, HE BCeraa IOJb-
3YIOTCSI UMHU TIPY KaXXJIOM IIOJIOBOM aKTe M, COOTBETCTBEHHO, BEPOSITHOCTU 3apakeHUsl OYAyT BHILIE.
B mpuHIMIE, MOXHO TOMNBITATLCS MPOAHAIU3UPOBATh BBIpAXKEHUE IS PEIPOAYKTUBHOIO YKCIIa
JUJISI TOTO, YTOOBI OMPEIEIUTh, B KAKOM IIPOLIEHTE MOJIOBBIX aKTOB (B CpeIHEM) HEOOXOAUMO TOOUTHCS
HCIOJIb30BaHUS MIPE3ePBATUBOB IJIsl TOTO, YTOOBI SMMAEMUSI IIepecTalia mporpeccuponarh. He mpuBons
JETaJIbHOTO BBIBOJA, ITOJTyYEHHOE BhIpaskeHUE IJIs IPOLIEHTa MHANBUIYaIbHBIX KOHTAKTOB COCTABUT:

IR - B)
p“'mu—m—ma—wﬁ)

MMOKa3bIBasi, YTO MPOLCHT 3aBUCUT OT OOIIEro KOJINYeCTBAa MHANBUIYaIbHBIN KOHTAKTOB C OAHUM I1apT-
HepoM N, KoJMYecTBa MApTHEPCTB C, BEPOSITHOCTU 3apakeHHWsl TPU OJHOKPATHOM KOHTAaKTe 3 U TOTO,
HACKOJILKO Mpo(UIaKTUIECKOE BMEIIaTeIbCTBO CHUXKACT BEPOSITHOCTH 3apaxkeHus k. [lns ommcaH-
HOTO BBIIIE IIPUMEpa AJsl TOro, YTOObI IIPEAOTBPATUTHL JajbHENIlIee pacIpoCTpaHEHUE SIMUAEMUU
BUY-nHbexu, HeodXxonumMo, 4ToObl He MeHee 59% BceX IIOJIOBBIX aKTOB B JaHHOM MHOMYISLIAU
COBEpIIAJIMCh C UCIIOJIL30BaHMEM IIpe3epBaruBa. Pacronarast naHHo mH(bOpMaLeil, MOXHO IIpO-
BOIUTH OIIPOCHI HACEJICHUSI W OIIPENesiTh, HACKOJbKO YCIICIIHBIM (MJIM HEYCIICIIHBIM) OBIJIO BMe-
maTeabCcTBO. EClin mocie mpoBeneHMsT BMEILIaTeIbCTBAa KOHTPOJBHBIX UMD JOCTUYb HE YIAEeTCs, 3TO
O3HavaeT, YTO OCHOBHAs 3ajJaya BBHITNIOJIHEHA He Oblia. boisee Toro, maxke mo Hayajga BMeIIaTelIbCTBa
MOXXHO OLIEHMUTHb BO3MOXHOCTBH yCIleXa M IIpM HEOOXOOMMOCTH HCIIOJIb30BaTh MHOTOCTOPOHHMHE
MOJAXOIBI B TOM CJIydae, €CJIM aKLIEHT TOJIbKO Ha OJHOM TUIIE BMEIIATEIhCTBA HE OKAXET BBIPAKEHHOI'O
BO3MIEMCTBUS HA TEUCHUE DITUIECMUU.

PCHpO,HYKTI/IBHOC YUCJIO U TETEPOIrCHHLIC NOMMYJIALINHN. OmnucaHHBIe BbIIE TTOIXOAbI npeamnoJarajiu, 4YTo
usyyaemas IMOnyJIsalus IBJISIEeTCI JOCTATOYHO TOMOI€HHOM. Pan TE€TEPOre€HHBIX MOMEJIC MBI pa36epeM
MO34HEE, OAHAKO ceilyac XOTel0oCh Obl OCTAHOBUTHLCS HAa OAHOM M3 IYTEN IIPEOIOJICHU S HpOﬁHCMLI
T€TCPOr€cHHOCTHU IMOIIYyJIALINN.

B o6nacTtn MmonenupoBaHng MHGEKIINNA, TTepeaatolInXcst MOJIOBBIM ITyTeM, BKitouass BUY-uHdpexnmio,
OCHOBHBIM I10 Ba>XKHOCTH (paKTOPOM '€ TEPOr€HHOCTU SIBJISIETCS KOJIMYECTBO IMTapTHEPOB. [les10 B TOM, 4TO
JBa IPyTMX KOMIIOHEHTa 0a30BOro PEeMpoayKTUBHOTO YMC/Ia — BEPOSITHOCTD 3apakeHU S IIPU KOHTAKTe
U IJIUTEIBHOCTD 3apa3HOro Ieproaa — OIpPeneIsiioTCsI B O0JIbIIIEH CTEIIeHN CBOMICTBaMU BO30yauTens s,
B To e BpeMsi KOJIMUeCTBO MapTHEPOB OMpPEAeasIeTCsI CAMUMU JIOJbMU 1, COOTBETCTBEHHO, 11O 3TOMY

8 Cnenyert, paBia, y9YuThIBaTh, UTO YEJOBEK TAKXKE MOXET BJIMSTH HA 3TH TlapaMeTphbl, HAl[pUMep, IMyTeM UCIOJIb30BaHUSI TPe3ePBATUBOB
(BIMsIHUE Ha BEPOSITHOCTD 3apaskeH M sl) UJIM CBOCBPEMEHHBIM OOpallleHreM 3a JJiedeHUeM (BJIMsTHUE Ha JUTUTETbHOCTD 3apa3Horo neproa).
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napaMeTpy JIOAU OTJAMYAIOTCs APYT OT ApyTa BecbMa 3Ha4YUTeabHO. [I0CKOIbKY ITONYIs LU CTAHOBUTCS
reTeporeHHOI, TO UCII0JIb30BaTh OIMMCAaHHbIE B IIPeAbIAYIIEM pa3aeiie (opMYyJbl YKe Helb3sl. OqHaKo
CYILLECTBYET JBa OTHOCUTEIbHO IIPOCTHIX MMOAX0Aa K UX YIYUILIeHUIO (MoapodHee cM. [3]).

[TepBolil mogxoa 6a3upyeTcsl Ha 3aMeHe KOJIMYeCTBa IMMapTHEPOB B OMMCAHHBIX BhIIIE (hOpMYyIax Ha T.H.
«cpenHI0 3G GEKTUBHYI0 CKOPOCTh CMEHBI MMapTHEPOB»’. DTa BeIMUMHA OOJIbIlIe CpeaHel YMCIIeH-
HOCTU MMapTHEPOB Ha BEJIMYKMHY, TPOMOPIIMOHATIBHYIO JUCIIEPCUH (T.€. pa30pocy) YMCICHHOCTH MmapT-
HEPOB B TTOMYJISIIINH.

c.=c+0°/c

dopMyna TOBOPUT O TOM, UTO cpemnHss 3¢ GeKTUBHAsI CKOPOCTh CMEHBI TTApTHEPOB C paBHA CpeIHe-
TPYNMNOBOM YMCAEHHOCTH TapTHEPOB (C), yBEJIMUYEHHOW Ha OTHOIIEHWE AUCIEPCUU UYUCIEHHOCTHU
MapTHEPOB (6?) K YMCICHHOCTH MapTHEPOB. JAucrepcust YUCIIeHHOCTH MOXET OBITh OTpe/ielieHa IyTeM
pacudeTa BBIOOPOYHOM AUCTIEPCU N, TIO U3BECTHBIM U3 CTATUCTUKU (DOPMYJIaM:

(ci—0)2

2=,

n—1

Irac n — 4YMuCJICHHOCTDb BbI60pKI/I, aC, — KOJIMYCCTBO MapTHEPOB Y iyesoBeka B BbI60pKe.

[ToaydyeHHast B pe3yjbTaTe pacuyeToB BeJIMYMHA MUCIONB3YEeTCsS BMECTO CpedHell YMCIEHHOCTH IapT-
HEpOB B (popMyJax pacyeToB 0a30BOr0 PEMPOAYKTHBHOIO YMCJIa M MHBIX MOKa3aTeseil, OMUCaHHBIX
panee. [IpuBeneM B KauecTBe MpUMepa OLEHKY cpeaHeil b GheKTUBHOM CKOPOCTU CMEHBI ITapTHEPOB
B rpymie 129 xkeHIIWH, 00CIeI0BaHHBIX B paMKax MONyIsSIMoHHOro omnpoca B I. Cankr-IletepOypre
(A. IlonoHckast, He OIyOJIMKOBAHO, CM Ta0. 4).

Taoauua 4

YucaeHHOCTDb KEHIIHH C PA3HbIM KOJIUYECTBOM CMCH NMAPTHEPOB B TCUCHHUE I'0J1A

c, Yuco XeH1uH (k) (c:—0¢) *(¢;— )’

0 23 —1,496 51,5

1 69 —0,496 17,0

2 19 0,504 4.8

3 9 1,504 20,4

4 2 2,504 12,5

5 4 3,504 49,1

6 2 4,504 40,6

19 1 17,504 306,4
1,496 2 =502,3

B 3T0if Tabnmie paccuMTaHO CpeaHee KOJIMUYECTBO CMEH IMapTHEPOB B JAHHOM rpymie (OHO paBHO
1,496), a 3aTeM ImpoBeneH pacueT qucrnepcun. [1ockoIbKy cyMMa KBaJIpaToB OTKJIOHEHHW I YUCIIEHHOCTHU
MapTHEPOB OT CpeaHeTo (IToCIenH sl KOJIoHKa Ta01. 4) paBHa 502,3, nucniepcus OyaeT paBHa 3TOM BeTN-
yuHe, nejJeHHoit Ha 128 (129 xenmuH — 1) unu 3,92. CooTBEeTCTBEHHO, cpeAHsIsI 3¢ hEeKTUBHAS CKOPOCTh

1 TouHee, CKOPOCTD MPUOOPETEHUSI HOBBIX MAPTHEPOB.
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CMEHBI TTapTHEPOB OyaeT cocTaBisaTh 1,496 + 3,92/1,496 = 4,12. [IpocToe cpaBHEHUE 3TON BETUUYNHBI
C UCXOOHBIM 3HAUYCHUEM CPEIHEro Yncjia apTHEPOB MOKA3bIBACT, YTO peaibHO PEIIPOAYKTUBHOE YHC-
JIO B TAKOM IOIYJISIIIMK OYIET ITIOYTU B TPU pa3a BhILIE, YeM €CIM Obl KOPPEKILIMs Ha FeTepPOreHHOCTDb He
HCITOJIb30BAJIACh.

CrenyeT 3aMeTHTbh, YTO MCITOIb30BaHHBIC (hOPMYIIBI JOCTATOUHO SICHO IEMOHCTPHUPYIOT, YTO B TOM
ciaydJae, eCly TpyIIla TOMOTeHHas (pa3Iuuuii Mo 4YKMCIy MapTHEpOB HeT), ¢hopMyna 3(p(eKTUBHOM
CpeIHel CKOPOCTU CMEHBI MTAPTHEPOB CBOAUTCS MPOCTO K YMCITY HOBBIX TAPTHEPOB, IIOCKOJIBKY B 3TOM
caydJae JUCIepCHus paBHA HYJIIO.

JIpyT¥M TIOAXOAOM K OIIEHKE BIMSIHUS TeTePOTreHHOCTH TPYIII SIBJISIETCSI pacyeT CpeIHEB3BEIICHHOTO
PeIpPOayKTUBHOTO YMC/Ia. DTOT MOIXO/ MO3BOJISIET TPUHSATH BO BHUMaHUE pa3IMIUs HE TOJIBKO B Cpel-
HEeM KOJIMUeCTBEe MapTHEPOB, HO M IPYTHX MOBEACHUYECKUX (haKTopax prcKa, KOTOPbIe MOTYT OKa3aThb
BO3ICHCTBUE Ha PEMPOAYKTUBHOE YMCIIO IJIs1 JAaHHOW MOATPYNITbl. EXMHCTBEHHBIM COXpaHSIOMIMMCS
JOTYIIIEHUEM SIBJISIETCS TOMOTEHHOCTh CKPEITMBAaHMSI, T.e. BEpOSITHOCTh KOHTAKTOB MEXY T'pyIIIIaMu
SIBJISIETCSI TIPOITOPIMOHAIBHON aKTUBHOCTH 3TO# Tpyrnmbli?’. Eciiu 3To Tak, TO ISt onpefesieHusT cpe-
HETo pernpoayKTHUBHOTO YKCIa HEOOXOMMMO TTOICUMTATh 00IIee KOJIMYECTBO HOBBIX TTAPTHEPOB, TOSI-
BUBILMXCS y TaHHOK rpynibl (B Tabi1. 4 570 OyaeT mpousBeaeHue ¢, Ha k), a 3aTeM OLEHUTb, KaKo
MPOIIEHT 3TUX MAapTHEPOB MPUXOAUTCS HA Ty WJIM MHYIO TPYIITy. 3aTeM CyMMa MpOU3BEIeHUI 3TOTO
MPOLIEHTA Ha TPYIITIOBOE 6a30BOE PENPOLYKTUBHOE YMCIIO U 1ACT CPEAHEB3BEIIEHHOE PEMPONYKTUBHOE
yucio. st mpuMepa OIsITh BOCIOJb3yeMcsl faHHbIMU orpoca B CaHkT-IletepOypre, HO Bo3bMeM
CYMMAapHYIO TPYIINY MYXYMWH 1 keHIInH?' (196 yenoBek, Tadi. 5).

Tao0auna 5

YuclieHHOCTD MY2KYUH U 2KCHITHUH C Pa3HbIM KOJIMYECTBOM CMCH NAPTHEPOB B TCYCHHUE TOAa

c, k c*k p R, p—R,
0 30 0 0 0 0

1 102 102 0,305 0,25 0,076

2 30 60 0,180 0,5 0,090

3 15 45 0,135 0,75 0,101

4 5 20 0,060 1,0 0,060

5 6 30 0,090 1,25 0,112

6 3 18 0,054 1,5 0,081

8 1 8 0,024 2,0 0,048

9 1 9 0,027 2,25 0,061

11 1 11 0,033 2,75 0,091

12 1 12 0,036 3,0 0,108

19 1 19 0,057 4,75 0,270

2 =334 2 = 1,098

M3 310ii Tabaui bl BUAHO, YTO IIPU BBIITOJHECHM UM IMTOCTABJICHHBIX B OCHOBY MOAEC/IU ,Z[OHYHICHHVI Ha JINL
¢ OOJIBIIUM KOJIMYECTBOM IIapTHEPOB IIPUXOIUTCA HEIIPOIIOPLIHNOHAJIBHO 00JIbIIIOE KOJMYECTBO KOH-
TaKTOB. TaK, Hanpumep, Juiia ¢ KOJIMYECTBOM IIapTHEPOB 19 cocTaBisIOT B JaHHOMI I'pynie ToJbKO

20 910 JOMYILICHUE, KakK 6yﬂeT OIMMCAHO HMXKE, BBINTOJHACTCA OAJCKO HEC BCEraa U IMO3TOMY NMPUXOAUTCA MCIIOJIb30BATH 0oJiee CIOXHbIE
MOIECJIH.

2B p€aJabHOCTHU HAOO A€JaTh B3BCIICHHOC PEIIPOAYKTHUBHOC YUCJIO Y KECHIIWH ITO YUCJIICHHOCTHU MAPTHEPOB-MY2KUMH, a Y MY>KYUH — 110 YHUC-
JICHHOCTHU MapTHEPOB-KCHIITMUH. B nanHOM cJiydyae UCITOJIb3YyEM YITPOIICHHBIC paCUCThI.
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MOJITIPOIICHTA, OJHAKO Ha HUX MPUXOIUTCS NOYTH 6% Bcex KOHTaKTOB. C Ipyroil CTOPOHBI, TE JIUIIA,
KOTOpbIe HE MEHSIIM B T€UEHME Iola IapTHEepOB, HE BJMSIOT Ha 0a30BO€ PEIPOAYKTHUBHOE YMCJIO
B MNONIYJISILIUU (IOCKOJbKY OHU HE OTHOCSITCS K MOIYJISIIUU PUCKA).

Kpowme Toro, BHUMaTe1bHOE pacCMOTPEHME TaOJMIIbI YKA3bIBACT €Ille Ha OAUH BaxKHbIN (pakTop. CyM-
MapHoe 0a30BO€ PEeNnpoAyKTHBHOe 4uciio 0oibiie eauHulibl (1,098) v, cOOTBETCTBEHHO, B JaHHOMU
MONyJISIIUK U3ydaeMoe MH(pEKIIMOHHOe 3a00JieBaHME MOXKET paclpocTpaHiaThes. Kak ykas3piBajaoch
paHee, ypOBEHb pacIpOCTPaHEHHOCTH, COOTBETCTBYIOLIMI 3TOMY 0a30BOMY PEIIPOAYKTUBHOMY YKCILY,
coctaBut 8,9%. [Ipennoaoxum Terepb, 9YTO y HAC €CTh IBe cTpaTernu npodriaktuku. OmaHa U3 HUX
(Ha30BeM ee HU3KOPMCKOBasl) mpeajiaraeT CKpUHUT U JICUeHME BCEM XKelaloluM, HO He (OKYCHUpYyeTCs
Ha TpyIe pyucka (Jiiax ¢ 00JbIINM KOJIMYecTBOM IapTHepoB). [1ocKoIbKy 3aTpaThl Ha MOUCK HEBbI-
COKM, MPEAIOJ0XUM, 4TO oHa CTOUT 100 yCIOBHBIX €IMHUI], HO BOCIIOJb3YIOTCS €10 TOJbKO JMIIa
M3 TPYIIBI HU3KOTO pPUCKa (C OOHUM W OBYMSI HOBBIMM ITapTHepaMu B Tom). Takux demoBek 162,
COOTBETCTBEHHO, CTOMMOCTH IIpOrpaMMbl cocTaBUT 16 200 yCIIOBHBIX eqWHUIL. B pe3ynabTaTe paHHEro
BBISIBJICHUS 1 JIEYCHU S yIaeTCsl CHU3UTh MPOAOJKUTEIbHOCTh 3apa3Horo mepuoja B 18a paza — ¢ 0,5
1o 0,25, cOOTBETCTBEHHO, PENPOAYKTHBHOE UMCIO B IPYIMIe C OJHONW CMEHOI MapTHEpa CHU3UTCS
mo 0,125, a B rpynne ¢ aBymsa naptHepamu — g0 0,25. Yto ke nmpousoigeTr ¢ 6a30BbIM pernpoayK-
TUBHBIM YUCJIOM U PacIpoCTpaHeHHOCThIO? JIerko paccuyuTarh, YTO 0a30BOE PEMPOAYKTUBHOE YUCIIO
causutca 1o 1,014, a pacripoctpaHeHHOCTh — 10 1,4%. PacmpocTpaHeHHOCTD 3a00JIeBaHU ST CHU3UJIACD,
OIHAKO OHA He yIaJja J0 HYJIs U s IPeIoTBpalleH1 sl HOBOI'O pacIIpOCTpaHEeHM I HaAd0 OyAeT eXeTroaHO
3aTpayMBaTh YKa3aHHBIC paHee CyMMbI Ha CKPUHUT U JIEYeHHE, U ITPU 3TOM OKOJIO ITOJIyTOpa MPOLIEHTOB
HaceJieHUs OyayT CTpaaaTh OT 3TOTO 3a00JIeBaHUSI.

Tenepb 0OpaTuMCs KO BTOPOIi CTpaTeruu NpouIakTMKM — BBICOKOPUCKOBOI. OHa COCTOUT B BBISIBJIC-
HUU U JICUeHUHU TOJIBKO JIMIL BBICOKOTO pHUCKa, HalpuMep, TeX, y Koro 0oJjpiie 10 mapTHEpoB B rof.
[Mpennoysokum, 4TO AJSI HUX, YUUTHIBASI CJOXHOCTU C BBISIBJICHHUEM 3TUX JHUI, CTOUMOCTb OIHOIO
ciayvasiB 10 pas Bbiiie. [lockobKy Bcero Takx 4eJIOBeK Tpoe, 00111asi CTOMMOCTb ITPOTPaMMBbl COCTABUT
3000 ycnoBHbix eauHull. MuauBuayaibHas 3¢pGeKTUBHOCTh MPOrpaMMbl Takasl XKe, Kak 1 B ciayydae
HU3KOPUCKOBOU MpohUIaKTUKHU, T.€. IEPUOJ 3apa3HOCTU COKpalllaeTcs B ABa pas3a. JIerko paccuuTars,
YTO TOrjaa PEernpoAyKTHBHOE YMCJIO B 3TUX Ipymnmax coctaBut 1,375, 1,5 u 2,375, cOOTBETCTBEHHO.
CyMMapHoOe Xe pernpoayKTuBHoOe yucio ynajger go 0,86. DTo o3HayaeT, 4TO B TaKOW MOMYISLIAN
pacnpoCTpaHEHHOCTb CHU3UTCS A0 HYJIS.

Hrak, HU3KOpUCKOBas cTpaTerust pouaakKTUKU O3BOISIET CHU3UTh PACIIPOCTPAHEHHOCTh Ha ¢ 8,9%
1o 1,4% 3a 16 200 ycJIOBHBIX €IMHULL, a BEICOKOpHCKOBast — ¢ 8,9% 1o 0 3a 3000 enuHMLI. DTO O3HAYAET,
YTO OAMH MPEIOTBPAIEHHBIN Cy4aii B TpyIINe HU3KOPUCKOBOM MPOGUIAKTUKY CTOUT 2160 yCIOBHBIX
eIMHMUII, a B TPYIIIe BBICOKOPUCKOBOM MpouaakKTuKU — 337 yCIOBHBIX e1MHULL. boJiee Toro, ¢ KaxXablM
roaom 3ToT 3¢ ¢heKT OyaeT HapacTaThb.

DTOT NPUMEP XOPOIIIO UILTIOCTPUPYET, TOUEMY BEICOKOPHUCKOBAST CTpaTerust MPOMOUIAKTUKY SIBIISICTCS
0oJiee CTOMMOCTHO-3(P(PeKTUBHOI: IPYIIITBI BLICOKOTO PUCKA SIBJISIIOTCS MEHEe MHOTOUMCIIEHHBIMU, HO
Ha HUX IIPUXOIUTCS OOJIbIIee KOJTMYECTBO OMTACHBIX KOHTAKTOB. [103TOMY C TOUKM 3peHUsT 00eCIIedeHM I
00IIIECTBEHHOT'O 30POBbSI, 3M0POBbsSI BCEI MOMYISIINU, HEOOXOMMMO 00eCIIeYnBaTh 300POBbE TPYII
pucka. Eciu cpenctBa OyayT TpaTMThCS Ha TPYIIIBI pUcKa, TO U MEHee PUCKOBAHHBIC TPYIITbI OyAyT
0oJiee 3MI0POBBIMH.

B 11e;10M ke ImprBeIeHHbBIE BBIIIE JaHHBIE ITOKA3bIBAIOT, YTO B paMKax SIS-momeneil MOKHO TPOBOIUTH
JIOCTAaTOYHO TMOJIHOLIEHHBIN aHaJIn3 paclpoCTpaHEeHUS 3apa3HbIX 3a00JeBaHUM, OAHAKO 3TU MOJEIUN
He BCeraa MOJIHOCTBIO OIMMCHIBAIOT BMUAEMMUYECKUI Mpoliece, YTO TpeOyeT MCMHOJIb30BAHUS APYTUX
MoJeJieit, ormcaHHbBIX HUXe. ClleayeT, OMHaKo, YKa3aTh, YTO B CIyYasX OTKPBITHIX ITOMYIS LU MHOTHE
JIpyTHe MOIEeNu IIpeBpamaTcsa B SIS-Momenu, 1 Mo3TOMY OOCYKIAEHHBIC BBIIIE MOAXOIBLI K OIIEHKE
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0a30BOTr0 PEMPOAYKTHMBHOIO YHUCJIa CTAHOBSATCS BaXKHBIMU JIJIsI TIOJABJISIONIETO Yncia MHPEKIIMOHHBIX
3a00JIeBaHM 11 YeJIOBEKA.

3.1.3. SIR-monen

Bo MHorux ciayyvasix mocjie Toro, Kak mH(ekimoHHoe 3a0ojieBaHWE 3aBEPIIACTCS, YeJIOBEK HE MOXET
OoJIbIlle UM 3apa3uThCsd — B OOJIBIIMHCTBE CIy4YaeB 3TO MOXKET OBITH CBS3aHO C TeM, UTO TMAIlUEHT
npuodpeTaeT UMMYHUTET, HO B psiJie CIyyaeB — M MOCKOJIbKY TMallMeHT ymupaeT. B 100om ciyuae
OoH OoJiee He 3apa3eH, HO M He BO3BpalllaeTcs B IyJ ysa3BUMbIX. OH ynansgercs, no-aHmiuicku Re-
moved, orkyma ciemyeT HaszBaHue Mmogeneii — SIR (Susceptible-Infected-Removed). OpurnnanabpHo
Mogo0OHBIe MOIEIN paciInPOBBIBAINCH KaK ySI3BUMble-MH(GUIIMPOBaHHBIE-pe3ncTeHTHHIE (Resistant),
HO IUJIST TOTO, YTOOBI MOXXHO OBLIIO OITMCHIBATh MOJIEIM CO CMEPTHOCTBIO MAIIMEHTOB, paciu@poBKa
nocienHero R B HazBaHWUM Mojesieil M3MeHUIach Ha yaaJeHHble (MpauHee, HO MpaBujibHee ObLIO Obl
Has3biBaTh 3T Moaeau SID — Susceptible-Infected-Dead — VsazBumblit-UHbumpoBanHbiii-MepT-
BbIi1). BooOmie-to te SIR-Momenu, KOTopble MpenmnoiaraloT BhI3IOPOBICHWE U (GOpMUPOBAHUE WM-
MYHUTETA y TalieHTa, oTimdamTcs oT SID-Mozneneit B ToM, 9TO B TIEPBBIX YMCIACHHOCTD TOMYJISIIIAN
HEe MEHSETCS, U TI03TOMY BEpOSITHOCTh 3apakeHUsI ¢ TeYeHUEM BPeMEHM CHMXKaeTcs (IT0 Mepe TOro,
KaK Bce OOJIbIlIe MAllMEHTOB IEePEeXOnsiT B CTaJAWIO BBI3TOPOBEBIINX ¢ UMMYHHUTEeTOM). B ciydae ke
SID-Momenell CHUXXaeTcsl YMCACHHOCTh IOMYJISIIIMU, TIPU 3TOM BEpPOSTHOCTH 3apa3HOro KOHTaKTa
CHUMKAETCS 3HAYUTEIBHO MeAJIeHHee (MOCKOJIbKY «pa30aBisOIIEero» IeMCTBUS JUL C UMMYHUTETOM
HeT). B SIR-Momesnsix Bo3MoXXHa cuTyalus, Koraa ySI3BUMBIN MMallMeHT, HaXOASIIUIACS B TTOMYJISIIIUH,
He 3apaxaeTcsi, HECMOTPsSI Ha BCIBILIKY BBICOKO3apa3HOTO 3a00JieBaHMSI, TTOCKOJIbKY €ro KOHTAKThl
MpeaCcTaBICHBl B OCHOBHOM Iepe0OIeBITIUMH MJIM UMMYHHBIMU copoanuamu. [TogoOHBIN heHOMEH
Ha3bIBaeTCs CTaAHBIM UMMYHUTETOM (herd immunity) 1 J€XKUT B OCHOBE pacuyeTOB MPOLIEHTa IMOKPHI-
Thsa BakuuHanueir. B SID-Momensix mpocinoiiku MMMYHHBIX HET M, COOTBETCTBEHHO, CTaIHBIN
WUMMYHUTET YI3BUMBIX He 3ammuinaer. He ciyyaitHo mostomy SID-mMomenu B OTKPBITOM MOMYJISIIAN
yacTo Jqyuiie annpokcumupytorcs SIS, a He SIR-monensimu.

B xnaccuueckoii SIR-Mopenu mauyeHT M3HayaJIbHO HAXOAUTCS B YSI3BUMOM COCTOSIHUM (OH 3I0POB,
M y Hero HeT UMMYHUTeTa). OH KOHTAKTUPYET C 3apa3HbIM IallMEHTOM, KOTOPBIil MOXKET eMy IiepeaaTh
UHGEKIIUIO ¢ BeposATHOCTHIO B. Kaxkablii 3apa3Hblil TAlIMEHT COBEpIIaeT ¢ KOHTAKTOB B €IMHUILY Bpe-
MeHU. COOTBETCTBEHHO, ITPOLEHT KOHTAKTOB, BO BpeMsl KOTOPBIX IIPOUCXOIUT 3apakeHue, Mpu KOH-
TaKTe ¢ TMOJHOCTHIO YSI3BUMOM Nonysiireit coctaiisieT ¢ * 3. OqHaKo B MOMYJISIIUY TPUCYTCTBYIOT KaK
ySI3BUMBbIC ITALIMEHTHI, TAK ¥ 3apa3Hble 1 BBI3IOPOBEBIINE (M uMeonue UMMYyHUTET). COOTBETCTBEHHO,
KOJIMUECTBO KOHTAKTOB C YSI3BUMBIMU IallM€HTaMU MPONOPLMOHAIBEHO KOJUUECTBY YSI3BUMBIX B I10-

TYJISIIMY B IEJOM 575+ , TIe R — KOIM4ecTBO MMMYHHBIX B TIOMYJISILIMK).

CrnenyeT oOpaTuTh BHMMaHMe Ha TO, 4TO B SID-Monensx R = 0. Takum 00pa3oM CKOpOCTb UBMEHEHU S
YHUCJICHHOCTU YSI3BUMBIX OIIPEACIsIeTCS ypaBHEHUEM:

__Bx S«
S=—Bresrirr™!

3HaK MMHYCa IOKa3bIBAaeT, YTO KOJMYECTBO YSI3BUMBIX YObIBaeT. AHAJOIMYHBIM 00pa3oM IIPUPOCT
yucjaa MHOUIUPOBAHHBIX OMNpenelisieTcsl To ke (GopMyoil (6e3 oTpuLIaTeILHOTO 3HaKa), OIHAaKo,
B OTJIMYME OT YSI3BUMBIX, HA YMCJIEHHOCTh MHOUIMPOBAHHBIX BIMSET U BTOPOIl mpoluecc — YObLIb
B pesyJbraTe BhI3HopoBiieHU s (Uau cMepTH B SID-Monessix). CooTBeTCTBEHHO, AJ151 KOJMUeCcTBa UH(U-
LU POBaHHBIX (hopMyJia IpUOOPETAET BUIL:

S w1

— *
L=B*csTvR D
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Ho 3Toro mecrta Mojeab IIPaKTUUYECKM aHajJormuyHa oObluHO# SIS-Mozenu. PasHuuia mposiBiasieTcs
Ha cJIeAyIolIeM 3Talle, KOrjga MOSIBJISETCS IpyIIla BbI3AOPOBEBIIMX M MMMYHHBIX (UM YMEpPIINUX
B SID-Mogmensix). O6o3Haunm 31y rpynny R (Removed uam Resistant). O4eBUIHO, YTO YUCIEHHOCTD
3TOM I'PYIIIILI MEHSIETCSI CO CKOPOCThIO, paBHOM CKOPOCTU OKOHYaHUs 3a00jieBaHUS (BbI3IOPOBIESHUS
unu cMepTu). CoOOTBETCTBEHHO, 3Ta CKOPOCTh paBHA

_ L
Rt—D

YcTaHOBUB 5TH B3aMMOOTHOILIEHH S MEXAY MOKa3aTeJIsIMU, MOXXHO TIPEeICTaBUTh MOAEIb B Ipaduyec-
KOM BHJI€ C TIOMOIIBIO cCUCTeMBI Vensim. JIJ1sT 3TOro Bo3bMeM onMcaHHYIo Bbie (puc. 2) SIS-monmens.
B Hell HeoOXOAMMO YCTPAaHUTh OOPATHBINM MOTOK BBI3AOPABIMBAIOIIMX OT MHPUIIMPOBAHHBIX K ySI3-
BUMBIM U «II€pEHAIIPaBUTh» €ro K HOBOMY KOHTEHEPY — BBI3AOpOoBeBIIMM. COOTBETCTBEHHO, YKC-
JICHHOCTb BBLI3IOPABIMBAIOIINX ITPOJOJKAET 3aBUCETh OT YMCJICHHOCTH WH(MUUMPOBAHHBIX U JJIU-
TeJILHOCTH 3aboJieBaHMsI. KpoMme Toro, 04eBUIHO, YTO BEPOSITHOCTH BCTPEUYHM C YI3BUMBIM 3aBUCUT HE
TOJIBKO OT YMCJIEHHOCTH YSI3BUMBIX M MHMUIIMPOBAHHLIX, a OT OOIIEro pa3Mepa MOmyasaiun (CyMMBbI
YSI3BUMBIX, MHOULIUPOBAHHBIX U BBI3AOPOBEBIINX). [103TOMY HEOOXOAMMO TOOABUTh CTPEJIKY OT BbI-
3J0POBEBIIMX K TTOTOKY «3apaxkeHus». ['pad Moaean BBITJISIUT TaK:

OJIUTCIBHOCTH
3a001€BaHU A

MNHubuumupoBaHHbIe

P Briznoposesuive

VazBumble

Br1znopoBieHue
3apakeHue

KOJIMYECTBO BEPOATHOCTDH
KOHTAaKTOB 3apaXEeHu4d

Puc. 13. I'pad SIR-mMonenu

DTy MoAedb MOXHO MpoaHaJM3UpPOBaTh TOYHO TaK e, KaK paHee 3TO Aejanoch ajis SIS-momeneii.
IIpenctaBuM pe3yabTaThl A1 YUCACHHOCTU MH(GULIMPOBAHHBIX ITALIUEHTOB (puc. 14).

BuaHo, 4To snuaeMus UMeeT OrpaHUYEHHYIO IMPOJOIKUTEIbHOCTh, MUK JocTUraercs Ha 30-ii AcHb,
a 3aTeM UYUCJAEHHOCTb MH(UIIMPOBAHHBLIX CHMXKAETCS, TMOKA BCIBIIIKA HE IpeKpallaeTcs K 85-My
JIHIO C MOMEHTa ee Hayaja. Eciu mpu 3ToM paccMOTPETh UBMEHEHU S YMCAEHHOCTU He 0OJIEBIINX, TO
BBISICHUTCS, YTO K 50-My IHIO TAKOBBIX HE OCTAaeTCsl, M O3TOMY BCIBIIIKA UAET HA YObLIb. Kaxkercs,
YTO OHAa IIPOCTO <«BHITOpaeT», OOJbIlIE HE OCTAaeTCs JIIOACH, KOTOpble MOIIM Obl 3a00yeTh. OmHAaKO,
€cliu paccMaTrpuBaTh NTMHAMMKY BHMMATEIbHO, TO CTAHOBUTCS TMOHSITHO, UTO BCHBIIIKA HAaYMHAET
yracarhb elle 10 TOro, Kak Bce JIOAU B MOMYJSLUU TepedoseoT 3Tol nHdeKuuei. JleiicTBUTEAbHO,
K TSATUIECATOMY IHIO, KOTAa B MOMYJISIIUU HE OCTAeTCs YSI3BUMBIX JIU1I, KOJIMUYECTBO MH(MUILIMPOBAH-
HBIX TaK3Ke y3kKe He3HauuTeabHoe. COOTBETCTBEHHO, MOXKHO IMTPEAIIOI0XUTh, 4YTO €CJIv Obl 3a00JIeBaHUe
ObLJIO MeHee 3apa3HbIM (B HalleM ImpuMepe 06a30Boe penpoayKTUBHOE yncao Ry =5 * 0,1 * 10 = 5),
TO MOIJIM Obl OCTaThCs JIMLIA, KOTOPbIE HE 3apa3UJINCh.
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Puc. 14. Pe3synpratsl aHanu3a SIR-mMomeny ¢ mapameTpamu,
aHaJIOTMYHBIMU ONMUCAHHBIMU BhILIE A5 SIS-Monenu (cm. puc. 10)

COOTBETCTBEHHO, MOXHO IONPOOOBAaTh HEMHOIO M3MEHUTH YCJOBUS MOJAEJMPOBAHUS U CHU3UT,
Hampumep, 3apa3HocTh 3abosieBaHUs. Eciu BeposSITHOCTH 3apakeHUsl MPU OJHOKPATHOM KOHTAKTe
CHM3UTCS B TPU pa3a, 0a30BOe PEIIPOAYKTUBHOE YMCIIO BCE ele OyaeT BhIIe eAMHUIBI (COCTaBIISIS
npumepHo 1,7) M, COOTBETCTBEHHO, MOXHO OXWJaTh BOZHUKHOBEHMS BCIBIIIKHU. JeiCTBUTENBHO,
co3faHHasi MoJieJb ITpeacKa3blBaeT BOSBHUKHOBEHME BCITBIIIK Y, TIPaB/aa, pa3BUBaIOIICHCS 3HAUUTEIbHO
MelJieHHee (MUK KoJauvecTBa MHPUIMPOBAHHBIX Tpuxoautcs Ha 125—130 meHb co AHS HavaJia
anuaeMun). BMecte ¢ TeM aHaIM3 YMCIEHHOCTH YSI3BUMBIX TMOKa3bIBaeT, YTO MOUYTH 35% ysI3BUMOI
MOMYJISIIMU TaK U HE 3apa3uTcsi, HECMOTPS Ha TO, UTO OHU TaKKe HAXOUJIKUCh B IPYTINE pUcKa v, coryiac-
HO OMpeeeHUIO MO, HUUYEeM He OTJIMYaIUCh OT TeX, KTo 3apasujicsa. OHU 0Ka3aaucCh 3allUILeH b
«CTaTHBIM» UMMyHUTeTOM??. [IpomeMoHCcTpupyeM 3TOT heHoMeH Tipu oMot SIR-monenu B SAS.

st aTOro Bo3bMeM Mojesb SIS, onucaHHYIO Bblllle, 1 HEMHOTO Moauduuupyem ee (cozgaHue daiiia
¢ nmapamMeTpaMu IJIUTEIbHOCTU MOJEIMPOBAHUSI IPUBOIUTH HE OyAeM, IIOCKOJbKY TaM HUKaKUX W3-
MEHEHUI HeT (KpoMe YAJUHEHUsI BpeMEeHU MOACIMPOBaHMSI), TaK XK€, KaK U He MEHSIOTCSI KOMaHIbl
co3gaHus rpaduka).

PROC MODEL DATA=t;
DEPENDENT Inf 1 Sus 10000 Res 0;
PARMS ¢ 5 beta 0.033 D 10;
Infected=c*beta*Inf*Sus/(Inf+Sus+Res);
Cured=Inf/D;
DERT.Inf=Infected—Cured;
DERT.Sus=—Infected;
DERT.Res=Cured;
SOLVE Inf Sus Res/ OUT=determ;

0. RUN; QUIT;

— 0 0 N N WL AW~

2 TToHsITHO, 4TO B SID-MomesisiX IpyIina yaajeHHbIX He «pa30aBiisieT» MOMYJISINI0, TO3TOMY B TAKOI CUTYallMU BCIBIIIKA YracaeT, TOJIbKO
KOT[Ia B HE€ OKa3bIBAIOTCS BTSTHYTBIMU BCE YS3BUMBIE.
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HM3MeHeHMs B IporpaMMe HaYMHAKTCS C MOSBJICHUS JOIMOJIHUTEIbHON 3aBUCUMON IepeMeHHOI (aHa-
JIOTUYHO TOMY, KaK B MOAe/I1 Vensim IosIBUJICS HOBbII KOHTeliHep). M bl Ha3Bajiu 3Ty iepeMeHHY10 Res
(ot aHrnuiickoro ‘Resistant’ — ycToiiuuBble). B HyJIeBOI MOMEHT BpeMEHU B IMONYISILIMU YCTOMUMBBIX
HeT?. [lossBUJIOCh U HOBOE ypaBHEHHUE, KOTOPOE ITOKA3bIBAET, YTO PE3UCTEHTHBIMU CTAHOBSITCS TE,
K10 BhI3mopoBen (Cured). @akTuUecKH BCs MOMAENL CBOAUTCS JIMIIL K TPEM ITPOCTHIM BBIPAXKCHUSIM,
MOKa3bIBAIOIIMM, YTO KOJINYECTBO MHOUIIMPOBAHHBIX YBEJIMUMBACTCS 32 CUET 3apa3uBILIMXCS U YMEHb-
111aeTCs B pe3yJjibTare BhI3AopoBeHU . Kol1nuecTBO ysI3BUMBIX YMEHbBIIAETCS B pe3yJibTaTe 3apakKeHusl,
a PE3UCTEHTHBIE — 3TO Te, KTO BHI3IOPOBEIL.

[Mony4yeHHBII B pe3ysibTaTe aHaJIM3a 3TOi Moaeu rpaduK IIpUBeacH Ha puc. 15.

10000/

90001

80001

70001

6000

50001

4000

KONWMYECTBO YenoBeK

30001

20001

1000

0 100 200 300
Bpems (gHWN)

Puc. 15. PesynbsraTter ananm3a SIR-mMonenu B SAS

I'paduk, mMOCTPOEHHBII MO pe3yjibTaTaM MOJESIN, OKa3bIiBACTCS 3HAYUTEBHO 00Jiee MH(GOPMATUBHBIM,
YyeM OTIeJbHbIe rpaUKU KOTUYECTBA YSI3BUMbBIX U MHOUIIMPOBAHHBIX, KOTOPbIE TeHEPUPYET yueOHas
Bepcus Vensim. YeTKo BUIHO, 4TO OOJIbIIAS YAaCTh HACEJICHUSI HE BOBJIEKAETCS B SMUIAEMUYCCKUI
nporecc. B 11000ii MOMEHT BpeMeHU pacIIpoCTpaHEeHHOCTh MH(MEKIIMHU (KOJIUYECTBO MH(MUIIMPOBAHHBIX
M0 OTHOIICHUIO K O0IIeil YMCAEHHOCTU IOMYJISIMUA OCTAETCS JOCTATOYHO HM3KMM, HE ITOBBIIIASICH
Boile 10%, xots oOliee yuciio nepebdoseBIInX U cocTaBiaseT 6osee 60% monyasunu. OgHako Haubosee
WHTEPECHBIM SIBJISIETCSI ONMMCAHHbBIA BbIlIe (hDeHOMEH JOCTATOYHO OOJIBIIOTO KOJMUYECTBA YSA3BUMBIX
MaLMEeHTOB, OCTAIOIIUXCS B MOMYISLIMY K MOMEHTY OKOHYAaHU S BCIBILIKH.

[TockoabKy 3TOT (DEHOMEH CYIIECTBYET, UpPE3BhIUaiiHO BaXKHO 3HATh, KAKOW YPOBEHb «CTaJHOT'O» UM-
MYHHUTETa MOXET B IIPUHIIMIIC IOIaBUTh BOSHUKHOBEHME BCITBIIIKY. B TpuHIIMIIE, TOT BOITPOC MOKHO
PEIIUTh, UCTIONB3YS «TPYyOYyI0 CHUJIY» KOMITBIOTEPHOIO MOACIMPOBAHMS, MEHSIS BXOAHBIE ITapaMETPhI
M OTMedasi TOT MOMEHT, KOI1a MOJEJIb ITIepPeCTaHET ITPEACKa3bIBATh BOBMOXHOCTb PA3BUTH I BCITBILIIK 24,
OnHako monpoOyeM peluTh €€ aHaJTUTUYECKHU.

2 I3aMeHeHUE UCXOIHOW YUCIEHHOCTU yCTOP’I‘{HBbIX TIOJIE3HO IMPU U3YUYEHHU U BOIIPOCA O BIMAHUU UMMYHU3alIUX HA TECYCHUE SITUACEMHUYECKOTO
mpouecca.

2 DTOT Moaxo. OyIeT sIBJSThCS Pa3yMHBIM, €CJIM MOJIEJIb JOCTATOYHO CJIOKHASI.
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Brliie yxxe oTMedanoch, YTO KOJIMYECTBO 3apakeHHBIX B €AMHUILY BPEMEHU OIpeAesisieTCss COOTHO-
LIEHUEM:

S
l=p*er s iR

B To xe BpEMA CKOPOCTD BBI3AOPOBJICHUA OIIPEACIIACTCA KakK

P
)

Z[I[H TOrO, yTOOBI BCITBIIIIKA MMONIJIa Ha Y6I>IJ'H:> HCO6XOI[I/IMO, 9TOOBI KOJIMYECTBO BbI3OpPaBJIMBaAIOIINX

IIpeBLIIIAJTIO KOJIMYCCTBO 3apaKarolumxcd, T.C.

L kS k S
p>B e g R

NN

S
* ok
ﬂcDS 7 R<1

[Tpoussenenue B *c* D — 3T0 HEe UTO MHOE, KaK yKe HEOJHOKPATHO YIIOMUHaBIlIeecs Bbillie 0a30BOe
penpoaYKTUBHOE YHUCJI0, COOTBETCTBEHHO, €CIM 0003HAYUTh ITPOLIEHT YSI3BUMBIX B ITONYISILIUU OYKBO
p, TO popMyJia CTAHOBUTCS OYEHb MTPOCTOM:

R, *p<1

Y U3 Hee CJIeAyeT BBIBO, YTO IIPOLEHT YSI3BUMBIX B IIOITYJISILIUY, HEOOXOAMMBIi1 1JI1 TOTO, YTOOBI BCITBIII-
Ka Molia Ha yObLIb (UM HE pa3BUJIACh), JOJIKEH ObITh MEHBIIIE, YeM BeJIMUnHa, oOpaTHasl 0a30BOMY
penponyKTUBHOMY YMCIY IJis HaHHOro 3adosneBaHus. COOTBETCTBEHHO, sl 3a00JIeBaHUS C PEIIPO-
JOYKTUBHBIM YKMCJIOM 5 MOCJIe HaJeHUS YUCIEHHOCTH YI3BUMBIX HUXKe 20% BCIbINIKA TTOMIET Ha YObLJIb,
a JJIs1 3a00JIeBaHUSI C PENPONYKTUBHBIM YHUCIOM 1,7 IJisl 3TOro IMoTpedyeTcsl, YTOObI YMCIEHHOCTD
VSI3BUMBIX CHU3MIIACh HUXe 58%. [IefiCTBUTENILHO, €CJIU, HATIPUMED B OITUCAHHOM BhIIIE MOACIU B SAS
yKa3zaThb, yTo u3 10 000 yenoBek 4200 aBasIt0TCS pe3ucTeHTHBIMU, a 5800 — ysI3BUMBIMU, MOJIE/Ib MEpe-
CTaeT NPeACKa3blBaTh Pa3BUTHUE BCIBIIIKH.

DTO MPOCTOE COOTHOIIEHE TTO3BOJISIET JIETKO OLIEHMBATh MMOTPEOHOCTH B IIOKPBITUY BaKIIMHAIIUEH A5
MpeaoTBpalleHus BCIblieK. [I0CKOJIbKY 10 MOMEHTa 3aHOCa MH(PEKIINY B TIOMYJISIIIAY, T1e BO3MOXHA
BaKIIMHONPO(UIIaAKTHKA, CYIIECTBYIOT TOJBKO YysSI3BUMbIe (HEBaKIIMHUPOBAHHbBIC) U PE3UCTCHTHBIE
(BaKIIMHUPOBAaHHBIE), TO, COOTBETCTBEHHO, KOJIMYECTBO BAaKIIMHUPOBAHHBIX, KOTOPHIC JOJIKHBI TIPU-
CYTCTBOBaTh B MOMYJISILIUU, TOJKHO OBITH OOJIbIIE PAa3HOCTH SIMHUIIBI U BEJIUIUHBI, 00paTHOI 6a30-
BOMY PEePOLYKTUBHOMY YHUCITY.

Vac:l—L

0
I/ICHOHBSYH 9TO COOTHOLICHMUE, BUJHO, YTO OJA I/IH(beKI_[I/Iﬁ ¢ 0a30BbIM PENIPOAYKTHUBHBIM 4YHMCJIOM,

paBHBIM 5, HeoOxonuM 80%-HbIII OXBaT BaKIMHAIMEW, a IS WHGEKIWiA, HarpuMmep, ¢ 0a30BBIM
PeNpPOayKTUBHBIM YUCJIOM 15 BAaKIIMHUPOBAHO JOJIKHO OBITH 93% monyasiiumu.

53



Ha camomMm gesie BakIMHAaLMSI CHUXKAeT KOJIMUYECTBO 3apa3HbIX KOHTAKTOB, OHA HUKAK He BIMSET Ha Be-
POSITHOCTD 3apaxkeHUs JJIS1 YSI3BUMOIO (110 OIpele/ieHUI0) U He BJUSeT Ha CKOPOCTh BhI3IOPOBJICHUS
(onsaTh Xe mo ompeneleHuo). [IoaToMy emMHCTBEHHBIM KOMIIOHEHT B (opMysie 0a30BOro perpo-
JYKTMBHOI'O YKCJIa, KOTOPBI MEHSIETCSI — 3TO KOJIMYECTBO KOHTAKTOB ¢. IMEHHO Ha 3TO YMCJIO, KCTaTH,
Y HaIlpaBJIeHbl MHOT'ME IIPOTUBORMNUIEMUYECKNE MEPONpUsITU. JeficTBUTEIbHO, HAIIpUMEp, OTMEHa
LIKOJbHBIX 3aHSTUI BO BpeMsI SIIMIEMUU I'PUIIIA HE YCTPaHsIeT MOJIHOCTHIO KOHTAKThI MEXIY I€ThbMU,
OIHAKO OHA JOCTAaTOYHO PE3KO CHUXKAET UX, BIUSISI TAKUM 00pa30M Ha perpoayKTUBHOE YHCIIO.

OnucaHHasg BbIIE MOACTb opeamogaarajaa, 4To, pas3 1o1aB B I'pyliy pE3MCTCHTHLIX, JIOAW HaBCEraa
ocTaroTcsd B Heil. XoTs 3TO JOMYIIEHHNE N MOXET OBITh CIIpaBECAJIMNBO IJId pdaa I/IH(l)CKL[HfI, OHO JocCTa-
TOYHO I1JIOXO OIIMCBhIBACT PCAJIbHYIO CUTYyallUIO B ITOITYJIALIMHA. ,Z[CJ'IO B TOM, YTO KOJMYECCTBO YA3BUMBIX
B IIOIIYJALMU ITOCTOAHHO IIOIIOJTHACTCA, U IPOUCXOOUT 3TO 3a CYET MUT'PAllM HACCJICHUA U POXKIAC-
HUMU.

HO3TOMy HpOCTGﬁmH@ SI R-MOI[GJ'[I/I XOpOoLIHX TOJBKO IJId OITMCaHU A OTACIBbHBIX BCITIBIIICK 3a6OH€BaHHﬁ,
IIPOAOIKHUTCIBbHOCTDL KOTOPBIX OTHOCUTCIBbHO IMMPOJOJIZKUTCJIBbHOCTU KMN3HU YCJIOBCKA OTHOCUTCIILHO
HCBBICOKA. OI[HaKO, CCJIM MBI XOTHUM IIPOAHAJIMU3NPOBATh NJJIUTCIbHYIO IMHAMMWKY, TO HC YUUTLIBATb
POXKIACMOCTD (I/I CMCPTHOCTb CpCan pC3I/ICT€HTHI)IX) Heab3d. Takue TIOITYJIAII MM, B KOTOPbLIX HACCIICHUC
MOXET MUTPUPOBATH U U3 KOTOPbLIX OHO MOXKCT BI)I6BIBaTI), Ha3bIBAXOTCA OTKPBITBIMMU.

3.1.4. MoaeJid OTKPbITBIX NOMYJISIMIA

B mpuHLMIIE MOmEaM IJISI OTKPBITHIX MOMYJISIIIUA JOJKHBI BKJIIOYaTh KaK MUHUMYM JBa IapaMeT-
pa — poXAaeMOCTh U CMEePTHOCTh. OTHAKO OYE€Hb YaCTO IJIsl IPOCTOTHI CYUTAIOT, YTO POXKIAEMOCTh
U CMEPTHOCTb PaBHBI IPYT APYry U MCCJIeNOBaTeb UMEET €10 CO CTallMOHAPHON MOIysuei, T.e.
MOITYJISILIUEN, YUCIIEHHOCTh KOTOPO OCTAeTCsl TOCTOSTHHOM BO BpEMEHH.

[Tpoie Bcero crauvoHapHas TOMYJISLMS MOICIUPYETCS MYyTeM MpPUPAaBHUBAHUS POXIAEMOCTHU
CMEPTHOCTHU M, XOTS MOTOOHBIN MOAXO SIBJASETCS SBHBIM YIIPOILIEHUEM, OH MTO3BOJISIET MOJYYUTh PSII
JIOCTaTOYHO MHTEPECHBIX Pe3yabTaToB. st TOro, 4To0bl MOCTpouTh SIR-MOmENb A1 OTKPBITOM CTa-
LIMOHAPHOM MOMYJISIUY, BHaYaae Mmoguduunpyem rpad mpocreiiireit SIR-Moaenu Tak, Kak moka3aHo
Ha puc. 16.

Kaxk BugHO Ha puc. 16, B MoneJib ObLI 700aBJIeH ONMH KOHTeiiHep (YMepIIKe) U JBa COOTBETCTBYIOIINX
€My II0TOKa M3 TPYIIIbl BHI3IOPOBEBIIMX W YSI3BUMBIX (B IPUHLMUIIE MOXHO ObLIO Obl 100aBUTH
ellle ONMH IIOTOK — OT MH(MUIMPOBAHHBIX, OJHAKO B TOM cClydae, €ClM IPOJOJXKUTEIbHOCTh 3a-
0oJieBaHMS OTHOCHUTEJIBbHO HEBEIMKA, CMEPTHOCTbIO WHMUIMPOBAHHBIX MOXHO IpeHeOpeub.
CMepPTHOCTb KaK BBI3JOPOBEBIIMX, TaK U YSI3BUMBIX OIpeaessieTcs] MPOAOJXKUTEIbHOCTBIO KU3HU
B momnyJjasiuuu (KoTopasl OIsIThb-TaKU YIIPOIIEHHO MOAEJIMPYETCS KaK MMeEllasl 3KCIIOHEHIIMAJIbHOe
pacnpeneneHue). COOTBETCTBEHHO, ABa MOTOKa (yMepIIMe YSI3BUMbIe W YMEpLIUE PEe3UCTEHTHHIE)
3aBUCSAT OT MPOHOIKUTEIABHOCTU KU3HM M UYMCIEHHOCTU COOTBETCTBYIOLIMX MCXOOHBIX TI'PYIIL.
KonuuecTBo yMepiiux B eIMHUALY BpEMEHU OMpeaesisieTcsl KaK OTHOLICHUEe KOJMYeCTBa JIUILI B TPyIIIie
K IIPOAOJIKUTEIbHOCTHU KU3HU.

HJ’[H TOrO, YTOOBI cAeJIaTh nonyjadanunIo CTaHHOHapHOﬁ, POXKIAEMOCTD Oblia IIpUupaBHEHA K CMEPTHOCTH,
IIOOTOMY pPOXKIAEMOCTL COCAMHEHA CTPCIOYKaMHU C obonMHM mokaszaTesIIMU CMCPTHOCTHU. Cnez[yeT
O6paTI/ITI> BHUMAaHHUE Ha TO, YTO IIOTOK pO}KI[CHI/Iﬁ NACT «1U3 HUOTKYda». DTO crnelnuaabHbI CHUMBOJI,
MOKa3bIBAIOLIUI, YTO UCXOAHOE 3HAYEHME HAM b0 HEU3BECTHO, J1100 OHO HAC He MHTEPCCYCT. B IIpUH-

= KoHeuHo, peub uaeT o 3a00ieBaHUSAX ¢ HU3KOM JIETAJIbHOCTBIO, €CJIM MOJeupyeMoe 3abojieBaHUe MMEET BbICOKYIO JIETaJbHOCTh, 0€3
JIOTTOJTHUTEJIBHOTO TTOTOKA HE 000U THCH.
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LIAIIE, MOXHO OBIJIO OBl HE IeJIaTh U KOHTEWHepa «yMEPIIUE», a CAEJAaTh IIOTOKM CMEPTHOCTU TaKXKe
UAYIIMMU «B HUKYIa». DTO MOXHO JejaTh, KOIJla OCHOBHOM MHTEPEeC HallpaBJIeH Ha U3y4YeHUe T1MHa-
MUKU YUCIACHHOCTU MH(MULUPOBAHHBIX WU MepedosieBuX Jull. OgHaKo B OOJIbIIOM YKCJIE IIPUJIO-
JKeHUH aHAJIMTUKA UHTEPECYyeT, CKOJIbKO YeJI0BEeK YMUpAET B JaHHOM MONYISLUU, U IJI51 TOro, YTOObI
MNPOUJLIIOCTPUPOBATh, KaK 3TO AejaeTcsl, B JaHHOM rpade ObL1 OCTaBJIeH KOHTEHED.

OJJIUTEIbHOCTD

3a00JIEBaHU A
3apaxkeHue

Vas3Bumble WHdunvpoBaHHbie X > BrizmopoBeBiine
COTIIECTEO BriznopoBieHue
BEPOSITHOCTD
POXIEHUS p CMEpPTh
KOHTaKTOB 3apakeHU s
YmMmepirue
MIPOAOIKUTEIbHOCTh
/ AKUSHHA
N7
FAN
CMEPTh Y

Puc. 16. I'pad SIR-Momenu B OTKPBITOM CTALIMOHAPHOM MOMYJISIIIAN.

OpHako npu mnepeBofe rpada B cucteMy SAS MBI He OyJeM YYUTHIBAaTh KOJUYECTBO YMEPLIUX U, CO-
OTBETCTBEHHO, Yy HAc IO IIPEXXHEMY OCTaHETCs TPU KOHTEHEepa, KOTOPhIE, HAIOMHUM, B cucTeMe SAS
obo3Havatotca npuctaBkoit DERT. [Iag nepeBoga Moaenu Ha s13bIK SAS HaM BHayaje moTpedyercs
oInucarh Bce NMOTOKU. X mATh:

1. 3apaxkeHue

2. BeizmopoBiaeHue

3. Poxnenue

4. CMepTh YSI3BUMBIX

5. CMmepTh nepeboJIeBIINX

[TepBble nBa MOTOKA OBLIM OMUCAHBI elle Mpu co3aaHru SIS-monenu. [ToTok poxaeHu 1o onpenee-
HUIO CTallMOHAPHOW MOMYJSIIMU paBeH KOJIWYECTBY YMEPIIUX, T.e. CYMME YMEPIIUX YSI3BUMBIX U
yMepmiux TmepedosneBminx. OmHAKO KOJIMYECTBO YSI3BUMBIX OINpPENEasieTCsl CYMMOI POIMBIIUXCS,
MHOPUIIMPOBAHHBIX U YMEPIIUX, T.e. IPU pacyeTe KOJMYECTBA YSI3BUMBIX Mbl OTHUMaeM CMEPTHOCTH
B 3TOM rpymnrie (ymMepuiune) u TyT xxe npudaniisiem ee (B Buae poausiiuxcs). [IoHSITHO, 4TO 3TO MOXHO
YIIPOCTUTh U aHAJIM3UPOBATh TOJbKO CMEPTHOCTH IepebdosieBinx. Toraa poxaaeMocTb OyAeT paBHA
CMEPTHOCTH TepeOOoIeBIINX U MOJEIb YITPOIIAETCs 10 TpeX MOTOKOB. C 3TUM yIIpOIIeHEM ITpOorpaM-
Ma, onuckiBatomasi SIR-Monens B OTKpBITON CTallMOHAPHON MOMYSIIMY, OyIeT BBITISICTD TaK:
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1 PROC MODEL DATA=t;

2 DEPENDENT Inf 1 Sus 100000 Res 0;

3 PARMS ¢ 5 beta 0.02 D 50 LE 18250;

4. Infected=c*beta*Inf*Sus/(Inf+Sus+Res);

3. Cured=Inf/D;

6 Dead r=Res/LE;

7 DERT.Sus=—Infected+Dead r;

8 IF Inf>=0 THEN DERT.Inf=Infected—Cured;
9 IF Res>=0 THEN DERT.Res=Cured—Dead r;
10. SOLVE Inf Sus Res/ OUT=determ;

11. RUN; QUIT;

B npuBeneHHOIi BbIlIE MTporpaMMe BHaYaje ONMMCaHbl TpYU MOTOKA (MHOUIIMPOBAHHbBIC, BHI3TOPOBEB-
1IMe M yMmepiiive), a 3aTeM Tpu KoHTeiHepa. CieayeT oOpaTUTh BHUMaHUE Ha TO, YTO Mepea KOHTeH-
HepaMy MH(PUUMPOBAHHBLIX W BBI3JOPOBEBIINX BHECEHA MPOBEpPKa Ha HAJIUYME B ITOW TPYIIIE XOTS
Obl HECKOJIbKMX uejioBeK. CucTeMa He 3HaeT, YTO peub MJAET O JIOASIX, M MOITOMY MOXET HadyaTb
JIaBaTh OTpUIIATEJIbHBIE 3HAYEHUS A8 KOoJM4YecTBa MH(MUUIMPOBAHHBIX M BbI3AOpOBEBIIUX. Jlis
MPEeaOTBPAILIEHUS 3TOTO U UCTob3yeTcd KoHCTpykums [F ... THEN.

st MogenupoBaHUS B 3TOM IIpUMepe BhlOpaHa MPOAOIKUTEIbHOCTh XKU3HU, paBHas 50 rogam, mpo-
JTOJIXKUTEJILHOCTD 3a00J1eBaHU S cocTaBsieT S0 qHel, U penpoayKTUBHOE YuCiIo 5. Pe3ynbTarsl OlleHKU
5TOI MOJEJU NpUBEACHBI Ha puc. 17, mpuueM ajsl yno0CTBa BOCIIPUSITUS JHU MepeBeIeHbl Ha PUCYHKE
B roja.

50000

40000

30000

20000

Konn4yecTeo Yenoeek

10000

0 A o - —

0 10 20 30 40 50 60 70 80 90 100

Bpema (roaa)

Puc. 17. KonnyecTBo MHGUIIMPOBAHHBIX B CTALIMOHAPHON OTKpPBITON rTonynsaunu, SIR-Monenb

Kaxk BugHO Ha puc. 17, BHauajie B MOMyJsiLMM HAOJII0AaeTCsl BCIbIIIKA, MTPUYEM KOJTUYECTBO 3apa3rB-
HIUXCS SIBJsETCS HAaMOOJBIIUM M3 BCEX MOCJEAYIOMIMX BCMblilieK. [lanee M0CTaTOYHO AJUTEbHBIN
MepUuoJ TIPOXOAUT 0e3 IMUAEMUN (XOTS HU3KUI YPOBEHb MEPCUCTEHIINU BO30YAUTEN ST OcTaeTcs). 3a-
TeM, KOraa B Monyasuuu GopMupyeTcst 10CTaTOUHO OOJiblliasi Mpocoiika ySI3BUMbIX (32 CUET POXKIe-
HUS$T), BOSHUKAET HOBas BCMbIIIKA. JI0 9TOM BCIIBIIIIKY OT MEPBOM MPOXOAUT MOUTH 20 JIET, U OHATIO CBOUM
pa3MepaM 3HaYMTEIbHO MEHbIIIe, YeM TiepBas. Jlajee BCIBIIIKK MOBTOPSIOTCS, OMHAKO KaXXKAbli pa3
OHU MEHbIlle, YeM Mpenbiayiiue. Ype3BbluaifHO BaxkHO, YTO 3Ta MOJEJb HE Jefiajia MpearnookeHn i
O CEJIEKTUBHOW CMEPTHOCTMU IepedosIeBIINX, U3MEHEHUW BUPYJIECHTHOCTU BO3OYAMUTENS WU elle
KaKHUX-TO APYTUX UBMEHEHUIX. DTa KapTUHA MOBTOPHbBIX BCIBIIIEK C YMEHbBIIAIOIIUMCS MTPOLEHTOM
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oXBaTa SIBJISIETCSI €CTECTBEHHBIM CJIEICTBUEM UCIOIb30BaHUs SIR-Moae1u B OTKPHITOM CTallMOHAPHOM!
nonyiasuuu. CycTs HEeKOTOPBIN (IOCTaTOYHO AJMTENbHBIN) Iepuoa BpEMEHHU BCIIBIIIKM IIpeKpala-
I0TCSI M MH(GEKLMSI CTA0MIU3UPYETCSl Ha HU3KOM YPOBHE MEPCUCTEHIIMHY B IONYJIsiuuu. Takum oOpa3oM
nocJjie JJIUTeJbHOro neproaa ocuuusiuuii SIR-mMonenb B OTKPHITON CTallMOHAPHON HOIYJISIIUY Hpe-
BpaiaeTcs B SIS-monens.

OnHako MOXHO BO3pa3uTh, UYTO JaHHAS MOJIE/Ib COBCEM HealeKBAaTHO OIMChIBAECT PeaibHY10 CUTYalInIO,
MOCKOJILKY B P€ajIbHOCTH MOIMOJHEHUE TIOMYISIUY UAET 3a CYET AeTeil, a OHU Yallle B3aUMOACHCTBYIOT
¢ npyrumMu aeTbMu. COOTBETCTBEHHO, KJIIOUEBOE MOMYIIEHWE BCEX OMMCAHHBIX BBIIIE MOAEIEH —
CAYy4allHOCTh KOHTAKTOB MEXAY BCEMM YJCHAMM IOMYJISIIMU — HE SBJSETCS IPaBIONOA0OHBIM.
OTKJIOHEHUS OT JOIYIIEHUS CAy4allHOCTU KOHTAaKTOB 0003HAYaloTCs TEPMUHAMU aCCOPTATUBHOCTD
U AU3aCCOPTAaTUBHOCTD. [logaccopTaTUBHBIMU KOHTAKTAMM IIOHUMAIOT TAaKKeE, KOT1a YJIeHbl OAHON T10-
MYJSIIUOHHOM TPYIIbI MM UMEIOIIME ONpeAeICHHbIC XapaKTEPUCTUKH Yallle B3auMOJAEUCTBYIOT IpYT
C IPYTOM, YeM C YJIEHaMU JAPYTUX MOMYISIIMOHHBIX TPyIIl. Eciau, HanpuMmep, paccMaTpuBaTh JeTen
KaK OIpele/eHHYI0 MOMYJSLMOHHYIO TPYIy, TO OYEBUIHO, YTO AJs AeTel IIKOJIBHOTO BO3pacTa
KOHTaKTHI SIBJASIIOTCS B OOJIbIIEH CTETIEHN aCCOPTaTUBHBIMMU, ITOCKOJIBKY OHU BCTPEYAIOTCS €XXKEeAHEBHO
¢ OOJIBIIUM KOJIMYECTBOM JAETel, 4eM B3pocabiX. OMHAKO 3TOT TUIT KOHTAKTOB He OyIeT CIpaBeaJIiBbIM
JUTSI MAJICHBKUX AT, KOTOPbIE Yallle 00IIAaI0TC CO B3POCABIMU, YeM C APYTUMU AeThbMU (OYEBUIHBIM
WUCKJIIOUEHUEM SABIISIIOTCS ACTH, TIOCeIIaloIne ICU U APYTHUe TOIIKOJbHbIC AeTCKUE yupexaeHus). Ecnu
KOJIMYECTBO KOHTAKTOB C YJICHAMU CBOEI MOMYJISILIMOHHON TPYIIIbl MEHBIIIE, YeM ¢ YJIeHAMU IPYTroi,
TO TaKOM TUM KOHTAKTOB Ha3bIBACTCSl AU3ACCOPTATUBHBLIM. [IpeaeabHBIM ClyyaeM acCOPTaTUBHOCTU
SIBJISIETCS TIOJIHASA He3aBUCUMOCTD OHOU IOIMYJISIIIMOHHONM TpyIbl oT Apyroit. CooTBETCTBEHHO, YeM
BBIIIIE aCCOPTATUBHOCTH TPYIIITBI M Y€M BHIIIE KOJIMYECTBO KOHTAKTOB BHYTPU Hee, TeM ObIcTpee OyneT
pacnpocTpaHIThCs 3apa3HOe HayajJo B HEM C OTHOCUTEJIbHO MEHBIIMM BIMSIHUEM Ha IMOMYJSILIUIO
B 1esoM. Ilpy HaGIOAeHUM 3a HOMYJISIIMEN B IIEJIOM OTMEYaeTCsl BeCbMa OBICTPBIN POCT KOJIMYECTBA
cJly4yaeB B IOMYJISILIMU IO MepPe TOr'0, KaK BO30YyIUTENIb paCIPOCTPaHIETCS 110 OJHOM 13 MOM YIS LIMOHHBIX
rpynn. OgHaKo BCKOPE KOJIMYECTBO JIMII, KOTOPbIE MOTYT ObITh 3apakeHbl B 3TOM I'pyMIle, CHUXAETCS
JI0 TOTO YPOBHSI, 4YTO 0OoJiee pacpoOCTpaHEHUE MU AEMUYECKOro Mpoliecca CTAHOBUTCS HEBO3MOXHBIM
(oOb1YyHOE MpoTeKaHue anuaeMun 1o SIR-moaenmn), 1 KoaMdecTBO MUH(GUILMPOBAHHBIX HAUMHAET OBICTPO
CHUXAaThcA. Ecau mpu 3ToM B MONyISIIMU IPUCYTCTBYET JOCTATOUYHOE KOJIMUYECTBO YSI3BUMBbIX, TO, B KOH-
11e KOHIIOB, 32 CUET KOHTAKTOB MEXX 1y TpyIITIaMy SIUAeMUS iepedpacbiBaeTCsl Ha 00ee MHOTOYHCICH-
HYIO TIONYJISIIMOHHYIO TPYNNYy M HAYMHAETCS HOBBI POCT KOJIMYECTBA MH(PUIIMPOBAHHBIX, OMHAKO
Ha cel pa3 peuyb MOXET UATU O 3HAYUTEIbHO OOJIbIICH MOMYISIIMOHHON TPYIIe U, COOTBETCTBEHHO,
3HAUUTEIbHO OOJIbIIEH BCITBILIKE.

BrieneHue rpyIn ¢ BBICOKOM acCOPTaTMBHOCTBIO KOHTAKTOB M 00JIbIIIEei CKIOHHOCTBIO K pacipocTpa-
HEHUI0 MHMEKIIMOHHOTO BO30YAUTEN Sl UrpaeT 0OJbllyIo posib B anuaeMuoioruu BUY-undexknu.
OtaenbHbIC TTOMYJISIIMOHHBIC TPYTIbI, TAKKE, KaK MOTPEeOUTEIN MHBEKIIMOHHBIX HAPKOTUKOB, UMEIOT
00J1bIII0E KOJIMUYECTBO KOHTAKTOB BHYTPH I'PYIIITbl (COBMECTHOE MCMOJIb30BAHME IITTPULIEB, UTJ U IPYTOTO
WHDBEKIITMOHHOTO MHCTPYMEHTApPK 1), TOATOMY BEpOSITHOCTD pacnpocTtpaHeHuss BUY-undekuum B ux
cpene 3HauYMTeNbHO Bbilie. [1ockoabKy BeposiTHOCTh pacnpoctpaHeHuss BUU-nHpekimm B ux cpene
BBIIIE, TO, €CJAU BUPYC MOMAAAeT B MOMYJISILIMIO, OH HAUMHAET B MEPBYIO OYepeab PACIPOCTPAHSTHCS
MMEHHO B 3TOM TpyIine (a TakXe B I'pymIie ¢ OOJbIIUM KOJIMYECTBOM CEKCyaJIbHBIX KOHTAKTOB —
rpyIine Juil, Ipeajiaralolmnx yCJIyru KoMMepueckoro cekca’). [loaToMy aTu Tpymiibl CTaau 00beKTOM
T.H. 1030pHOI0 3nuAHaa30pa (sentinel surveillance). TepMuH «1030pHBIN SMTUAHAA30P» TIPUILEST B IMU-
JEMUOJIOTUIO U3 TOPHOTO JieJia, IIe BKaUYeCTBE «I030PHbBIX» BIIaXTaX UCIIOJIb30BaJIM KaHApeeK, KOTOPhIE,
Oynyuu 0ojiee YyBCTBUTEIbHBIMU K METAHY, MOTMOAJIU, €CJIM B IIaXTe CKAIJIUBAJIOCh €ro 10CTaTOUHOE
KOJIMYECTBO, U JIIOAY TTOHUMAJIHU, YTO U3 IIaXThl HEOOXOIMMO 9BaKyMpPOBAThCS?.

26 Ctout, OHAKO, OOPAaTUTh BHUMaHKE, YTO B TPYIIIE JULI, PEAJaraloilinX KOMMepUYecKuii cexc, nHdekIius He OyaeT pacnpoCcTpaHsThCs
CTOJIb € ObICTPO, UTO U CPEU MOTPeOUTeIeii MHBEKIIMOHHBIX HAPKOTUKOB, MOCKOJbKY [IJIsI MEPBBIX XapaKTepeH AU3acCOPTAaTUBHbBII TUIT
KOHTAKTOB, a s BTOPbIX — UMEHHO aCCOPTAaTUBHBIIA.

27 Hano OTMETUTD, YTO ceituac TEPMUH <<,E[030]JHI)II\/)I MU AHAaA30p» BKJIIOYACT B ce0s He TOJIbKO OTCJIeXKMBaHUE CUTYyallMM B Irpyniiax pucka, HO
M UCCICOOBAHMA ITOBEACHYCCKUX CbaKTOpOB PHUCKa B IIONBITKE IMpEACKa3aTh BO3MOXHbI CLIGHapMP’I pasBUTUA COOBITUIA.
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AHaJIOTMYHBIM 00pa30M JO30pPHBII 3MUIHAA30p I0JIaraeTcs Ha aHajau3 CUTyalluy B IpyIllax pUcKa
IJIS. TOTO, YTOOBI OIIPENeIUTh, HACKOJBLKO BBICOKA BEPOSITHOCTD Iepexona MH(PEKIIMU U3 ITPYII pUCKa
(Tpynmn ¢ BBICOKMM PUCKOM paclpOCTpaHEeHUsI MH(PEKIMU U BEICOKOM acCOPTaTUBHOCTHIO) B OOIIYIO
nonyiasuu. O4eBUIHO, YTO IIPOCTO HAJIMUKE I'PYIIIbl PUCKA HEIOCTAaTOUHO [IJIs HOSIBJIEHUST MH(PEK-
uuu B obueit nonyiasuuu. Hanpumep, niass BUY-uHbekuy ToT yTh Nepenadyr, KOTOPbIA SIBISETCS
OCHOBHBLIM I MOTPEOUTENCH MHBEKLIIMOHHBIX HApPKOTUKOB, IIPOCTO OTCYTCTBYET B MOIYJSILIUMN.
COOTBETCTBEHHO, s OOIIeH MOMyISLIMKU KOJUUECTBO KOHTAKTOB C TaKUMM IIyTeM Ilepeladyyd paBHO
HYJIIO U, COOTBETCTBEHHO, BUPYC PaCIIPOCTPaHIThCS He MoXeT. OmHaKo B OOIUEi IONyasLUUd BU-
pPYC MOXET pacIpOCTPaHSThLCS IIOJOBBIM ITyTE€M, COOTBETCTBEHHO, HEOOXOAMMBI JIOOM, KOTOpPBIE
Obl SIBJISIIMCh OJHOBPEMEHHO WeHaMHU ABYX IMOMYJISILIMOHHBIX ITOATPYII (TPYIIIbI, KOTOpasl Ku-
BET IIOJIOBOH KM3HBIO (OOIUEH IOmyasSLMM), U YIOTpeOasiu Obl HapkoTuKM). ITocKonbKy, Kak
yKa3biBajoch Bbllle, BMY sBiseTcss OTHOCUTEIBLHO MaJjio 3apa3HbIM 3a0ojieBaHUEM, 3TU JIOAU
JIOJIXKHBI OTHOCUTBCSI K MOATPYIIE ¢ BHICOKMM YPOBHEM CEKCyaJIbHOM aKTUBHOCTU. Takue I'pyIbl
Ha3bIBalOT CBSA3yOIIMMU rpynnamu (bridging population, monmyasiiyuyl «MOCTa») U K HUM B IIEPBYIO
ouepedb OTHOCIT B anuaemuojorun BMY-undexuuu paboTHuL Kommepdeckoro cekca (PKC),
SIBJISIIOIIUXCSL TIOTPEOUTENISIMU MHBEKIIMOHHBIX HapKOTUKOB. Ilockonbky PKC sBisoTcs rpynmnoi
C I13aCcCOPTAaTMBHBIMU KOHTAKTaMM, OHU SIBJISIIOTCSI XOPOILIUM ITPpOoBOTHUKOM it BUY-undexuu.

M3 npuBeneHHBIX BBIIIE PACCyXACHUI CIeAyeT, UTO peaJluCTUYHast MOIeNlb pacripocTpaHeHust BUY-
WHQEKIIUY B MONYJISIIIAY JOJKHA BKII0YATh KAK MUHUMYM TPU MOMYJISIIUOHHBIX TPYTIHI (IOTPeOu-
TeJIM MHbEKIIMOHHBIX HAPKOTUKOB, pA0OTHUKY KOMMEPYECKOT0 ceKca 1 o01as nonyasmust). Ha camom
Jiejie U 00IIast MOITYJISILIU S He STBJISICTCS OMHOPOIHOM 10 KOJTMUECTBY CEKCYaIbHBIX KOHTAKTOB, [TO3TOMY
MOJIeJTb JOJIXKHA YYUTHIBATh ellle U 3TU (pakThl. [I0CKOJIBKY TaKast MOIEb OYAeT SIBISITbCS TOCTATOYHO
CJIOKHOM, BepHEMCS Ha3a 1 K IpuMepy AeTCKO MHMEKIINH, TIepeaaloeiicsl BO3AYITHO-KaIeJIbHBIM ITy-
TeM. [1JIsT co3maHust MOIeNIN 3TOT0 3a00JIeBaHUST Mbl MOXXEM BBIJICTUThH JIBE OCHOBHBIE TTOITYJISILIMOHHBIE
TPYIITBI — IeTH U B3pocibie. [Ipy 3ToM BepOSATHOCTb KOHTAKTOB B3POCIIBIX CO B3POCIBIMU BBIIIIE, YeM
C IETBbMMU, a IeTel C IEThMU BHIIIE, YeM CO B3POCIBIMHU (TPYIIITBI MMEIOT aCCOPTATUBHBIC KOHTAKTHI).

COOTBETCTBEHHO, YeM K€ OyJeT ONMpeAesiThCS paclpocTpaHeHMEe MH(PEKIUU B 3TOM MOMYISIIUN?
MoXXHO HadyaTh ¢ MPEANOJI0XEHUS (HEIPaBIOIIOAO0OHOT0), YTO MEXIY MOIYJISIIMOHHBIMY T'pyIIIIaMU
KOHTaKThI BOOOIIEe OTCYTCTBYIOT. Torma Moaenb OyaeT cocTodTh u3 AByX SIR-cyOmoneneit, abcooTHO
aHaJIOTUYHBIX pa300paHHBIM paHee. EcTecTBeHHO, B KaxK 101 Tpymme OyAeT CBOSI YaCcTOTa KOHTAaKTOB
M MOKET OBITh CBOSI ITPOIOJIKMTEIBHOCTD 3a00JIeBAHMSI M BEPOSITHOCTHU 3apakeHMsI IPU OMHOKPATHOM
KOHTaKTe (OJHAKO B AaJbHEUIIIeM OyaeM ITpeAroaaratb, YTo B 3TOM JETH W B3POCJIbIC HE pa3aInvaloTcs,
XOTSI KOJIMYECTBO KOHTAKTOB MEXIY IeTbMM BbIIIE). [ pynmbl CBSI3aHBI APYT C APYTOM TEM, UTO JAETHU
B3POCJICIOT ¥ CTAHOBSITCS YJIEHAMM TPYIIITHI B3pOCIBIX, M HAYMHAIOT BECTHU Ce0sI KaK B3pOCIIbIC (B CMBICITE
KOJIMUEeCTBA KOHTAKTOB M MX paclpenesieHnsT MeXAy rpymmamMu). Tak ke, Kak 3TO Ielajloch paHee,
OyseM cuMTaThb CKOPOCTb B3POCJEHMS paBHOW OOpaTHOUW MPOAOIKMTEJIBLHOCTU MEproAa <«IAeTCTBa».
Kak yxe OblJIO OmMCaHO BbIIIE, B3POCble BBIMUPAIOT CO CKOPOCThIO, OOpPAaTHO MPOIOPLIMOHAIBHOMN
NPOOOKUTEIBHOCTH XKM3HU. JJIsT coXpaHEeHUS AOMYIICHUS O CTAllMOHAPHOCTH YMCIIEHHOCTU IIO-
NyJSIUMU MTPEATIoaraeTcs, YTo POXIaeTCs CTOJIBKO Ke JIIOAEH, CKOJIbKO YMUPAET B3POCIIbIX.

st Havyasta MoaAM(pULIPYEeM HEMHOTO KO, KOTOPHIi co3aaeT ¢aiii, onpeaeasiiolnii IpoaoI X uTeb-
HOCTb Ilepuoaa MOASIUPOBaHUSL:

DATA t;

years=365*10;

DO time=1 TO years;
OUTPUT;

END;

AT S I S e
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6. DROP years;
7. RUN;

Btopast cTpoka aBTOMaTH4eCKH MepecYUThIBAET KOJIMYECTBO JIET B KOJIMUYECTBO AHEM, M TOT ITOKa3a-
TeJIb MCHOJb3yeTCsl sl 3amojiHeHMs caiina. ITockonabKy AJas MomeJIupoBaHUS BCIIOMOraTe/IbHas
IepeMeHHasl years He Hy>KHa, oHa U3 ¢aiiia ygaasercsa (komanga DROP).

Hanee MO2KHO NNEPEXOIUTDb K HAIITMCAHU IO COOCTBEHHO Koja AJis MOACIMPOBaHUA. BoIrigouT oH Tak:

1 PROC MODEL DATA=t;

2 DEPENDENT Inf 0 Sus 90000 Res 0 Inf ¢ 1 Sus_c 10000 Res_c 0;
3 PARMS ¢ 6 beta 0.005 D 20 LE 20075 c¢_ca 1 ¢_c 30 growing 6205;
4. * B3poOcCbie;

5. Infected=Sus*beta*(c*Inf/(Inf+Sus+Res)+

6 c_ca*Inf _c/(Inf_c+Sus _c+Res c¢));

7 Cured=Inf/D;
8 Dead r=Res/LE;
9 Dead s=Sus/LE;

10. * neTu;

11. Infected c=Sus_c*beta*(c_ca*Inf/(Inf+Sus+Res)+

12. c_c*Inf c¢/(Inf_c+Sus_c+Res_c));

13. Cured_c=Inf ¢/D;

14. Adult_s c=Sus_c/growing;

15. Adult_r c=Res_c/growing;

16. * B3pocCJbIe;

17. IF Sus>=0 THEN DERT.Sus=—Infected+Adult s c—Dead_s;
18. IF Inf>=0 THEN DERT.Inf=Infected—Cured;

19. IF Res>=0 THEN DERT.Res=Cured—Dead r+Adult r c;
20. * neTu;

21. IF Sus_¢>=0 THEN

22. DERT.Sus _c=—Infected c—Adult s c+Dead r+Dead_s;
23. IF Inf_¢>=0 THEN DERT.Inf _c=Infected c—Cured_c;
24. IF Res_¢>=0 THEN DERT.Res c=Cured c—Adult _r c;
25. SOLVE Inf Sus Res Inf ¢ Sus_c Res ¢/ OUT=determ;

26. RUN; QUIT;

Monensb Kak 0b1 cocTouT U3 ABYX SIR-monesneit, pazoopanHbix paHee. Komangoit DEPENDENT ycrta-
HaBJIMBAETCS YUCJIEHHOCTb TPy YSI3BUMbBIX, MHPUIIMPOBAHHBIX U PE3UCTEHTHBIX B HadyaJibHBIN
MOMEHT BPEMEHU, KakK JJI51 B3POCIbIX, TaK U JIJIs1 AeTei (17151 neTeid nobaBieH cyOUKC € OT aHTJIMIHCKO-
ro ‘child’ — pebeHok). Komanna PARMS onucsiBaeT repeMeHHbIe, UCMOJIb30BAHHBIE B MOJEIUPOBA-
Huu. BepostHocTh 3apakeHus (beta), MpoaOIKUTENbHOCTh 3a00seBaHus (D), MPOAOIKUTEIBHOCTD
KM3HU B3pocioro yenoBeka (LE, B nHsX), MpoAOJKUTEIbHOCTh MEpUoaa AeTCTBa (growing, B IHSX),
a TaK>Xe KOJMYECTBO KOHTAKTOB MEX/1Yy B3POCABIMHU (C), MEXK1Y AETbMU U B3POCIBIMHU (C_Ca) U MEXKIY
JIeTbMHU (C_C).
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[loTokM BBI3IOpPaBIMBAIOIIMX OMNpPEASISIOTCS TOYHO TaK Xe, KakK 3TO Aejiajoch paHee. Ilotoku
YMEPIIMX B3POCIbIX CHUXKAKT YUCICHHOCTh B3POCIOT0 HaceJaeHus, a MOTOKU B3pocaeHus: (Adult) —
yBeanuyuBaoT. Haubosbline nu3aMeHeHUsT oTMeualoTesl B (popMyiax AJisl IOTOKOB MHMUIIMPOBAHHBIX,
rie BEepOSITHOCTh MH(UIMPOBAHUS 3aBUCUT HE TOJBKO OT YMCJIa KOHTAKTOB C OOJbHBIMM YJIEeHAMU
CBOEM rpymniibl (AeTeil ¢ JeThbMU U B3POCJBIX CO B3pOCIBIMU), HO 1 OT KOJIMYECTBA KOHTAKTOB C IPYTOii
rpymmoii. Ilpu 3ToM o0IIee KOJIMYECTBO KOHTAKTOB HOPMUPYETCS Ha IPOLEHT MHGUIIKMPOBAHHBIX
M3 HUX IIyTEM YMHOXEHUS YMCIa KOHTAKTOB Ha YMCJICHHOCTh MHMUIUIMPOBAHHLIX B IPYroii IpyIIIe
U JeJIeHUEM Ha OO0IIYI0 YMCIEHHOCTh 3TOM APYTroii IPYIIIIb.

HJ’[H yIopoumeHud MOACIN IpeaAnojaaracTcda, 4YTo 3a00eBaHlEe UMEET HYJEBYIO CMEPTHOCTDb M1 HACTOJILKO
KOPOTKO, YTO «B3pOCJICHUEM» 3a 3TOT ICPUOI MOKHO HpeHe6peqb.

B xomange SOLVE 0Ob11u mo6aBiieHBI MMEHA TPeX HOBBIX ITOKa3aTesiell (KOHTEWHEPOB) Mg aeTeit. Pe-
3yJIBTAThl MOIEIMPOBAHUS IJISI KOPOTKOTO Iepruoda BpeMEHM (OOWH T'OHd) B IMOJHOCTBIO YSI3BUMOI
MOMYJISILIMY TTOKa3aHbl Ha puc. 18.

4000/

3000/

2000/

KONN4YeCcTBO YenoBek

1000/

| L SLLINLILE NLIL LU NLALINLL I NULENLUNL N N L

00 01 02 03 04 05 06 07 08 09 1.0

BpemMsA (roaa)

Puc. 18. SIR-monenb ¢ AByMs NONyASLIMOHHBIMU TPy HIaMu
1 BBICOKOM CTETIEHBIO aCCOPTATUBHOCTU KOHTAKTOB

Kak BugHo Ha puc. 18, BcnbllliKa HAUMHAETCS C TPYIIIILI IeTel (epBasi IMHMS) U JIUILb IT03IHee mopa-
KaeT B3pocibix. O0IIee KOJIMYeCTBO 3a00JIEBIINX AETE M B3POCJBIX Ha MUKE SMUIACMUU IIPUMEPHO
PaBHO, XOTSI YUCJIEHHOCTh B3POCJIOro HACceJIeHUs 3HAYUTEJIbHO Oobllas. BBy 00JbIIOro KOJIMYeCT-
Ba KOHTAaKTOB MEXAY ACTbMHU 3a00JIeBAaHUE PaCcIPOCTPAHSACTCS 3HAYUTEIbHO 3D (PeKTUBHEE B AETCKOM
MOMYJSILIMU, HEXeIU BO B3pocjoil. MHTepecHO OTMETUTb, YTO B IPEACTABICHHOI BHILLIEC MOACIU
BCIIBIIIKA HAYMHAETCS C 3aHOCA OJHOro cjiydasi MH(PEKLMU B AeTCKYIo momyasuuio. OmHako eciu
M3MEHUTD MOJIEJIb U YKa3aTh, UTO 3aHOC IIPOM301IE/I BO B3pOCIYIO MOMYJISAIMIO, TEM He MeHee, MHpeK-
L1 OBICTPO MEPEOPOCUTCS HA JIETCKOE HACEJIeHUE U MUK KOJIMYECTBA MH(PULIMPOBAHHBIX CPEAU AeTei
OyzeT JOCTUTHYT BCe paBHO paHee, YeM cpedau B3pocibix. Kpome Toro, ciienyeT oopaTuTh BHUMaHUE,
4YTO CPEAU B3POCJBIX OOJIbIIE BBIPAXKEH «XBOCT» BIUACMMUYECKON KPUBOM — OHA MeAJICHHEE UICT
Ha cmal. DTO CBSI3aHO C TEM, YTO K MOMEHTY JOCTMXXECHMS MUKA KOJUYeCTBAa MH(PULUMPOBAHHBIX
YUCJIEHHOCTb YSI3BUMBIX B3POCJIbIX IIPOJOJIKAET OCTABATHCS 1OCTATOYHO OOJIbIION, U TIO3TOMY U IIPO-
Liecc rnepenadyy npoaoJKaeTcs 10Jbllie, YeM CPpean ASTe.

Ecau YBCIUYUTD IIPOAOJIKUTCIBbHOCTL BPEMCHU MOACIMPOBAHMUA, TO KapTHHA 6yz[eT aHaJOTUYHOU
NoKa3aHHOU Ha puc. 17 ¢ PAIOM ITOCTEIIEHHO «3aTyXaloX» BOJIH, KOTOPbIC MHULITUUPYIOTCA B JIETCKOM
TIIOITYyJIAII MU, a 3aTEM Hepe6paCbIBaIOTCH Ha B3pOCJaYyIO.
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Takum oO6pa3oM, MeHsIsI IIepeMeHHbIe, OIMChIBAIOIIKE 3apa3HOCTb 3a00JIeBaHUSI, MOJAEIUPYS BIUSIHHIE
BMeIIIaTeJIbCTB Ha MPOAOIKUTEIbHOCTh 3apa3HOro repruoga U KOJMYeCTBO KOHTAKTOB, MOXHO IIPOIr-
HO3MPOBaTh TeYEHUE IMUAEMUUYECKOro Ipolecca U ONKUChIBaTh BO3MOXHBIE SNUAEMUYECKIIe KPUBbIS
B OTKPBITOM MOMYJISILIUMU.

3.1.5. Kak yxyymmuTs Mmoaenu?

Boiie ObLJIM OMKMCAaHbl OCHOBHBIC THUIIbI I€TEPMUHUCTCKUX MOJEJIE, UCITOJIb3yeMbIX B MaTeMaTHieC-
koi anuaemuosiorun — SIS-moaenu, SIR-monenu u Monenu aJist OTKPBITHIX Tonyasdiuuii. [Ipeacras-
JIEHbI OBIJIM JIMIIb MPOCTEHIIe MOIEIU, BKJIIOYABIINE OMHY-ABE MOMYISIIMOHHbIE Ipynnbl. Bmecrte
C TeM MOHSTHO, YTO, UCIIOJb3YS BCE T€ XK€ OJJOKM, U3 KOTOPHIX ObLIM MOCTPOEHBI 3TU MOJIEJIU, MOXKHO
co3aaBaTh 0oJiee CJIOXKHbBIE 1 OoJiee peaJMCTUYHbIe MoAeau. Tak, HarpuMep, MOXKHO aHaau3upys SIS-
MOJeb MH(EKIIM U, TepeTaBaeMOii TTOJOBBIM ITYTEM, CIeJIaTh YeThIPe I'PYIIIIbI (10 ABE IPYMIThI MYXKYUH
M KEHIIMH — ¢ OOJIbIIMM M MaJIbiIM KOJMYECTBOM KOHTAKTOB MexXay HUMU). Eciu 3areM OLEHUTH
CTeTeHb aCCOPTAaTUBHOCTU MJIM IM3aCCOPTATUBHOCTU KOHTAKTOB MEXY TpyIIiaMu, TO MOAEIb Oyaer
JOCTATOYHO XOPOIIO OTPaXKaTh PEAJbHOCTb.

AHanorndyHbeIM 00pa3oM SIR-Momeb OTKPBITON MOMYJISIIUMU MOXKHO OBLJIO Obl YIYYIIUTh, MOACIUB
B3POCJIYIO MOMYJISILIMIO HA IIOATPYIIIIHLI B 3aBUCUMOCTHU OT YaCTOTHI KOHTAKTOB C IPYTUMU HOATPYIIIaMMU.
B koHIlIe KOHIIOB, MOJOOHBIII aHAAM3 MOXET IMPUBECTU K JOCTATOYHO AETaJbHOMY MHpeacTaBICHUIO
B3auMMOENCTBUI MEX Y JIOAbMU, KaK 3TO ObLIO clelaHo, HaripuMmep, B Moaeau EpiSIMS [2].

Eme omHoii mpo06iieMoii, KOTOPYI0 MOXHO PEIIUTh ITyTeM OTHOCHTEIbHO HEOOIBIIMX M3MEHEHUI
B IIPUBEACHHBIX IIPOrpaMMax, SIBJISIETCS HEOIPEAeIeHHOCTh UCITOIb3yeMbIX B MOIEJISIX ITapaMeTPOB.
PerreHueM sToii mpo6JieMbl IBJISIETCSI CO3aHME pa3HbBIX MOZIEJICH C pa3HBIMK CTAPTOBBIMU ITapaMeTPaMu,
U 3aTeM M3yYeHHUe YK€ He OIHOM 3MUISMMYECKOM KPUBOI, a UX TPYIIIHI C ONpeleieHrueM HauboJiee
¥ HaMMeHee BepOSITHBIX CLIEHAPUEB Pa3BUTUS CUTYallUHU.

HocTturaercs 3To, HaripuMmep B SAS, TTyTeM ITOMeIIeHN s TpOrpaMMHOT0 KOJa MOACIN B MaKpOITOCJIe-
JIOBaTeJILHOCTD, KOTOpasd KaxXKIbIi pa3 Mepel 3alTlyCKOM MEHSIET IepeMeHHbIe B MOIeNn (Harpumep,
KOJINYECTBO KOHTAKTOB UJIM BEPOSITHOCTH 3apakeHus). [loaydyeHHBIe JaHHBIE 3aTeM aHaJIU3UPYIOTCS
KaK JII00bIe CyMMapHbIe JaHHBIE.

OCco0eHHO MOoJe3HbIM JAaHHBINM MOIXOA MOXET OKa3aThCsl TOraa, Korga HeoOXOoIMMO aHaJIM3MPOBaTh
OIHOBPEMEHHO BJIMsIHMUE 0OJIbIIOr0 KOJMYECTBA MapaMeTPOB, KaxXKAbli U3 KOTOPBLIX UMEET CBOU IIpe-
JIeJIbl HeomnpeaeleHHOCTU. Torma MOXHO cllydaliHbIM 00pa3oM BbIOMpaTh U3 AUAaNa30Ha BO3MOXKHBIX
3HAUCHUI OIHO U (IOBTOPUB MPOLIEAYPY AJIsI BCEX MapaMeTPOB) MCIIOJIb30BaTh CTeHEPUPOBAHHEBIN Ta-
K1M 00pa3oM yYHMKaJIbHBII HaOOp MmapamMeTpoB IIpHU 3amycke Moaeau. KoandyecTBo 3aI1yCKOB MOIEIN
JOJIXKHO OBITh AOCTAaTOYHO OOJIBLIMM, YTOOBI MpPOaHAJIMU3UPOBATh OOJBILIYI0O YacThb BO3MOXKHBIX
coueTaHUii mapaMeTpoB. [loayyeHHBII HAOOp JaHHBIX MOXET 3aTeéM aHaJIM3UPOBATbCSl TaK, YTOOBI
BBISICHUTh, U3MEHEHMSI KaKMUX IapaMETPOB OKa3blBajlM HauOoOJIbllee BIAMSHMUE Ha IIPeACKa3aHHbIA
pa3Mep BCIbIKU. TakuM 00pa3oM MOXHO OTOOpaTh HauboJiee BaxKHbie IIoKa3aTejIl, BMelllaTeIbCTBa
0 U3MEHEHM IO KOTOPBIX OYIYT SIBIASThCSI HanboJjee 3(pheKTUBHBIMU.

B 1enoM geTepMUHUCTCKYE MOIEIN AAIOT JOCTATOYHO BO3MOXHOCTEN IJIsl aHaaM3a U MPOrHO3UPO-
BaHUS Pa3BUTHUS SMHUAEMUYECKOrO Ipollecca, OJHAKO OHM HE MOTYT OTBETUTh Ha OOWH BOIPOC
— MOYEMY B OITHUX IMOMYJISILMIX C OTHUM U TEM Ke MOBEICHWEM OIHO U TO Xe 3a00jieBaHUe 100
reHepUpyeT BCIBIIIKY, JKOO0 HeT. {1 aHanu3a MOJOOHBIX CIy4aeB HEOOXOMMMO CTOXaCTUYECKOE
MoJeaupoBaHue?,

2 OHo, mpaBaa, TOXe He OTBETUT Ha BOMPOC, noueMy TaK MPOMCXOMAUT, HO CMOXET MPOAEMOHCTPUPOBATh, YTO TAKOE Pa3BUTHE COOBITHUIA
BO3MOXHO.
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3.2. CroxacTuuecKue MoaeJu

CroxacTuyeckKue MOACIN ABJIAKOTCA BCPOATHOCTHBLIMU. OHu He 6331/IpYIOTC$I Ha TIPpCAITIOJIOKCHUN
O JIEUCTBUM 3aKOHa OOJIbLINX YUCET U IIOOTOMY 0oJibliie aallTUPOBAHbI OJId aHaJIu3a BO3MOXKHOI'O
TEUEHUS DIIUJIEMUI B HeOOJIbIIMX HOHYJ'IHHI/IHX29.

[Ipexne yemM HauMHATh aHAJIWU3 TEUCHUS SMUIESMUU B paMKaX CTOXaCTUYECKOW MOAEIM, CTOUT pa3o-
OpaTbCsl B HEKOTOPBIX IIPEAIIONIOKEHMSIX, KOTOphIe jexaTr B ux ocHoBe [14]. Ilpenmojoxum, 4To
HalIllel LIeJIbIO SIBJISIETCS BBISICHUTD, KaKO€ KOJIMYECTBO 3J0POBBIX JIIOIE MMEIU KOHTAKT C 3apa3HbIM
MalyeHTOM B TeUeHUe ONpeAesIeHHOro Meprojia BpeMeH! 1 3apas3uiuch. Eciiu u3BecTHO, 4TO B Cpell-
HEM KaxXIbIi 3apa3HbIii ITAlMEeHT UMEET C MMOTEHILIMAJIbHO 3apa3HbIX KOHTAKTOB B IeHb, TO BEPOSITHOCTD
TOTO, UTO OIPEACICHHBII KOHTAKT OyIeT 3apa3HbIM, OIpeAessieTcss OMHOMMATIbHBIM pacIpeiacieHueM
C ITapaMeTpPOM P, PaBHBIM:

_ c
P=T+s-T

rae | — konuyecTBO 3apa3HbIX MAIIMEHTOB, & S — KOJIMYECTBO 30POBBIX.

B ToMm ciyyae, eciiv 001U pa3Mep MOMYJISIIMY JOCTATOYHO OOJIBIION, TO B 3HAMEHAaTeJIe TpUBEACHHOM
BbIIIIE (POPMYJIBI MOKHO ITPOCTO IMOCTABUTh CYMMAapPHYIO YUCIEHHOCTD MOMyasuuu I+S.

B ToMm caydae, eciu BepOSITHOCTM KOHTAaKTa MEXIY 3apa3HbIM M 3J0POBBIM YICHAMU TIOMYJISIIIUK
SIBJISTIOTCSI OMMHAKOBBIMU (ITPEATIOIOKEHNE TOMOT€HHOCTH CKPEIIMBAHMsI) U BEPOSITHOCTD 3apa3uThCs
B CJTyJae KOHTaKTa COCTaBJISIET [3, TO OYEBUIHO, YTO BEPOSITHOCTb KOHTAKTa, IIPX KOTOPOM TTPOU30iIeT
3apaxeHue, coctaBiusier 3 * p. Torma BepossITHOCTbh He 3apa3UThCs, €CJM B TOIMYISIIUUA IIPUCYTCTBYET
OIVH MHGUIIMPOBAHHBIN, cocTaBisieT (1— B *p). Eciim 310 Tak, TO BEpOSITHOCTH HE 3apa3uThCs B TEUCHUE
JAHHOTO Tepuroaa BPeMEHM (IHs) paBHA MPOM3BEACHMIO BEPOSATHOCTE HEe 3apa3sUThCs OT KaKIOTO
u3 | 3apa3HbIX MAIlMEHTOB B MOMYJSINU, T.e. oHa paBHa (1— B * p)l. COOTBETCTBEHHO, BEpPOSITHOCTD
3apa3uThCs B TEUEHNE TaHHOTO TIeproaa BpeMeH!, 7, paBHA

n=1-(1—B*p.

Koaunuectso 3apasuBLINXCA B TCHEHUE JAaHHOTO II€pnoaa ():[HH) HEN3BECTHO, OAHAKO OHO ITOAYUNHACTCS
OMHOMMUAJIBHOMY PaCpeICICHUIO BEPOSTHOCTE:

P() = (3) (1 — 7)™

CoOTBETCTBEHHO Cp€aHEC KOJINYCCTBO 3apa)KeHI/II71 u COCTaBUT:

p=S*mn,

a CTaHJapTHOC OTKJ/IOHCHUEC OJId KOJIMYECTBA Bapa)KCHI/Iﬁ o 6y,Z[CT PaBHO:

o=yS*z*(1 —nx)

MOXHO TIONBITATHCSI aNIIPOKCUMUPOBATh 7, €CJIM PA3JIOKUTH (DOPMYJTY IO TpaBUJIaM Pa3JIOKEHUS
ouHoMa HproTOHA 1 B34Th TOJBKO MEPBbIC ABa YieHa. Torna MOXXHO IMOJYyYUTh:

2 Xors MOTYT UCITOJIB30BaTbCA U IIJId aHAJIW3a U ITPOrHO3a pa3BUTUA CUTYallUU U B OOJBITUX TIOIMYJIALAX.
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n=1- 1—,B*I*p+(£)ﬂ*p—...]

Xk o~k
(1 _ BTk Bk, BT
ax=1—(1—=B*I*p)=B*[*p= 755

COOTBCTCTBGHHO, Cp€aAHEC KOJINYCCTBO 38.p3)KCHHI>i COCTaBUT

_ B¥c*I*S
M= I+ S ’

a CTaHJapTHOC OTKJIOHCHUEC

o‘:\/ﬁ*c*l*s(l—ﬁ*c*l)

I+S I+S

Pasmep cTraHaapTHOTO OTKJIOHEHHUS 10 OTHOIICHUIO K CPEAHEMY YacTO MCITOJIb3YyeTCsl KaK M0Ka3aTeib
TOr0, HACKOJBbKO BEPOSITHBI CUJIbHBIC OTKJOHEHMUS OT cpeAHero. Eciu 3To OoTHOIIEHHE AOCTATOYHO
MaJio, TO OTKJIOHEHU S OT CPEAHET0 OyayT HEOOJBbIIUMU, U MOXXHO JOCTATOYHO CIIOKOMHO UTHOPUPOBATh
CTOXaCTUYECKUI XapakTep smuaeMun (IIOCKOJbKY TOrIa CpedHee KOJMUYECTBO 3apakeHHBIX B IEHb
OyneT mpakTUYeCKHU Bcerna paBHo ). OnHaKo, €Cjiv 3TO OTHOLLIEHUE JOCTATOYHO BEJIMKO, 3TO O3HAYAET,
YTO peaibHOE KOJIMUECTBO 3apakeHHBIX B ICHb OYJIET MEHSITHCS OT OJHOTO AHS K IPYTOMY U UTHOPUPO-
BaTh CTOXAaCTUYECKMIA XapaKTep SNUACMUU ABJSIeTCS HelpaBuabHbIM. COOTBETCTBEHHO, MOXHO ITPO-
aHAJIM3UPOBaTh, OT YEro 3aBMCUT OTHOIIEHUE CTAHAAPTHOIO OTKJOHEHMS K CpelHEMY, Ha3blBaeMOe
KO3 (PULIMEHTOM Bapualiu:

T R

PaCKpBIBaH SHAQ4YCHMUC T,

oo [UFBre—1-5) _ [UHB*c-1)=S5)
_ﬂ_\/ C*ﬁ*I*S _V/ C*ﬁ*I*S

Ecnu 0603HauMTh Mpou3BeAeHUE BEPOSITHOCTU 3apa3UTbCsl B Ciydyae KOHTakTa 3 U KOJMUYECTBA
KOHTaKTOB € KaK A = f3* C , U IPUHSATH MPOLIEHT UHOUIIMPOBAHHBIX B OMYJIsILIMU paBHBIM O (I =60 * N,
S = (1— 0) N), To BeIpaxkeHHe A5 KoaddulieHTa Baprualii CTAHOBUTCS CJIEAYIOLIUM:

o _ JU*A=D=5_ |/ 1-6%A
Cv_ﬂ_\/ AX[*S ‘x/N*A*e(l—e)

W3 3TOr0 BhipaxXeHusi BUAHO, YTO, YeM OOJIbllle 3apakeHHBIX B MOMYJISILIUY U YeM OO0JIbllle 3apa3HOCThb
3a00JIeBaHUSI U KOJIMYECTBO KOHTAKTOB (A), TeM Oosblie OyaeT KoadppuuueHT Bapyallid U MEHbIIIE
MPUYMH AJis UCIOJb30BaHUS ACTEPMUHUCTCKON MOIEAU Pa3BUTUs MH(PEKIIMOHHOIO 3a00JeBaHUSI.
C apyroii cTOpoHbI, YeM 00JIbllie pa3Mep MOMYIsLMU, TeM MEHbIIe OyaeT KoadUIIMeHT Baprualui,
U JeTePMUHUCTCKUE MOAEIU OyayT O6osiee 000CHOBaHHBIMU. JIJ1s1 MIIIOCTpAallMKU MpUBeaeM TaOIuIly
(Tabn. 6), MILTIOCTPUPYIOIIYIO 3HaYeHUS KO3 (dUIIMeHTa Bapuallii B 3aBUCMMOCTH OT 3apa3HOCTH
3a00jieBaHuUS (MIPEATIOJI0XUM, YTO KOJIMYECTBO KOHTAKTOB C SIBJISIETCSI OAMHAKOBBIM U COCTaBseT 4
B €AMHUIlY BPEMEHHU.
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OTa Tabjaulla YeTKO IMOKa3bIBaeT, YTO B OOJIBLIMX MHOMYJISLMSIX MCIOJb30BaHUE AETEPMUHUCTCKUX
MojieJieil He BelleT K 3HaYUTEeIbHBIM OLIMOKaM B Mpeacka3aHuu (B Tabj1. 6 pu pasmepax HONyJIsiluu
B IISATh THICSIU YeJIOBEK OIIMOKa maxe mpu 3apa3HocTu B 10% He mpesbiiaer 7%). Bmecte ¢ Tem ais
MaJio3apa3HbIX 3a00JieBaHM, TaKuX, Kak, Hanpumep, BUY-uHbekus, 1eTepMUHUCTCKIE MOIEIU
CMOTYT OBITh OTHOCHUTEJIBHO CIpaBeIJIUBbIMU TOJBKO IIPU AJUTENbHBIX IIepHOogaX HaOII0AeHUS (KakK
OBLJIO ITOKA3aHO BHIILIE, BEPOSITHOCTD 3apakeHHUsI 3aBUCUT OT KOJIMYECTBA I10JIOBBIX aKTOB C IIAPTHEPOM
B €IMHUIlY BDEMEHU U, COOTBETCTBEHHO, YeM JJMHHEe IIEPUO] BPEMEHU, TeM BEPOSITHOCTD 3apaKeHu
BBbIIII€) MU B KPYIHBIX TOMYJISIIASIX,

Ta6auna 6
3aBucuMOCTh KO3()(HUIHEHTA BAPHAIIMH OT 3apa3HOCTH 3200JIeBAHUS U pa3Mepa MonyIsun

B 0 N 4
0,1 0,1 50 0,73
0,5 0,1 50 0,30
0,7 0,1 50 0,24
0,1 0,1 500 0,23
0,5 0,1 500 0,09
0,7 0,1 500 0,08
0,1 0,1 5000 0,07
0,5 0,1 5000 0,03
0,7 0,1 5000 0,02

ITocKoIbKY KOJMYECTBO 3apaXkeHHBIX B J€Hb B IMPUBEICHHBIX BbIIIE PACCYXICHUSX SIBISLIOCH CITY-
YalfHOM BEJIMYMHOM, TO U KOJIMUYECTBO 3apaXXeHHBIX B MOCIEAYIOIINe THU (AnuaeMudeckast KpruBas)
OyIeT TakKe CIy4aliHOM BEJIMYMHONW. B MPOTUBOMOJIOXHOCTL AETEPMUHUCTCKON MOIEIN MbI YKe
HE MOXEM TOBOPUTh O TEYEHMU SMUAEMUM, a JIUIIL O paclpeaesIeHUN BO3MOXHbBIX SMUIACMUYECKUX
KPUBBIX.

MO3HO MOKa3aTh, YTO AJIS JII000ro HeGOJbILIOr0 MTPOMEXYTKA BPEMEHHU At,
2 (Af) = %*1* At

T.€. BEPOSITHOCTH TOr'0, UYTO JaHHBIN 3J0POBbII UeJIOBEK 3apa3UTCs B pe3yJibTaTe KOHTaKTa C OMHUM U3 |
3apaxkeHHbIX 3a IIepUOoJ BpeMEHM, paBHbIN At, IPOMNOPLMOHAJbHA KOJUYECTBY 3apa3HbIX JUILl B II0-
OyJIsLUU, 3apa3HOCTU 3a00JIeBaHU S U IJIUTEJIbHOCTU Ieproaa HabaoAeHUsI. DTa BEepOSITHOCTD, T, OT-
HOCHUTCSI K KaXXJIOMY M3 3IOPOBBIX JIUIL B MOIYJISUUU (TP TONYLIEHUU TOMOT€HHOCTU KOHTAaKTOB),
COOTBETCTBEHHO BEpPOSITHOCTH 3apa3UThbCsl 3a Ilepuod At paBHaA 7, a BEpOSITHOCTh HE 3apas3svThbCs
paBHa 1 — 7. IIOCKO/JIBKY KOJMYECTBO 3[I0POBBLIX B IIONYJISLIUMA PaBHO S, TO BEPOSITHOCTU 3apaKeHU s
OIIPEeACICHHOTO KOJIMYECTBA ITallMeHTOB (IIPU MaJIbIX IIPOMEXYTKaX BpeMEHU) O peaeIsIIOTCS TaK:

* BeposiTHOCTB OTCYTCTBMS 3apaxeHus:: (1 — % *[*A) =~ 1 — % * Sk [* Ap
* BeposaATHOCTD 3apakeHu st OAHOTO MallMeHTa: (f)% ®IEA*(1 — % *IR AN = % * [* At

* BeposITHOCTB 3apakeHus 00jIee OMHOrO MallieHTa paBHa HYJII0 (OYeHb MaJiasi BEJIMUMHA).

30 B ciiygae BUY-uHdeknu, eciiu nepro HabIiIeHUsT COCTABIISIET MO/ M KOJIMYECTBO KOHTAKTOB B TeueHue roga 104, To omunbka menee 3%
HauMHaeT HabII0AaThCs TOTBKO TpU pa3Mepe rnonyasuuu He MeHee 100 000 yenoBex.
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Jlo HacTosI111ero MOMeHTa 00CY2KAaJICSI TOJIBKO BOIIPOC O 3apakeHuU manueHToB. OqHaKO 0O0JIbIINHCTBO
MHQEKIMOHHBIX 3a00JeBaHUI MMEIOT OrpaHMYEHHBINM 3apa3Hblii Hepuon JuOO BBUAY TOrO, 4TO
MMMYHHasl CUCTeMa IallMeHTa CIpaBJIsIeTCsl C BO30yauTeaeM, MO0 3a cUeT TOro, YTO MallMeHT IIOrU-
Oaet. Ilpu aTOM, €ciiu UMMYHHasl CUCTeMa CIIPaBJIsIETCS C BO30yIUTEIeM, BOBMOXHBI JBa BapyaHTa —
HalMEeHT NoJy4yaeT JJIUTEAbHBIM UMMYHUTET K BO30YIUTEISIM 3TOro 3a00jieBaHus, 1100, BI3IOPOBEB,
OH MOXET CHOBa 3apa3uthcs®. Eciin mocie BhI3IOPOBJICHMS MALMEHT MOXET 3apa3uThCsl CHOBA, TAKUE
3aboJieBaHUS onuchiBaloTCcs SIS-MonenssMu. Eciu maluyeHT BhI3gopaBinBaeT ¢ GOpMUPOBAHUEM IJIH-
TEeJIbHOI0O UMMYHUTETA WJIX XK€ OH IIOTubaeT, T.e. yaaJisieTcsl U3 I1yJla BOCOPUUMYUBBIX K MH(MEKINH,
TO Takue nHdekuuu onuckiBaroTcs SIR-monensmu. HamoMHuM, 4To uctuHHbIe SIR-Moaeau B oTKphI-
THIX HOIYJISIIUSIX, TOe CHUXEHUE KOJIMYECTBA BOCIIPUUMYMBBIX KOMIIEHCUPYETCSI ITPUTOKOM HOBBIX
YJIEHOB B IOMYJISILIMIO (32 CYET MUTPALIMU UJIM POXIESHMS) MOT'YT OBITh CBeleHbI K SIS-Momensim.

[TosTOMY MBI TIPOIOIKUM PACCMOTPEHME CTOXaCTUUECKUX Mojeliell BapuaHToM SIS-mMomenu. B stoit
MOJIEJIM TIOCJIe BBI3JIOPOBJICHUS TAIMEHT CHOBA CTAHOBUTCS YSI3BUMBIM M, COOTBETCTBEHHO, OOIIast
cyMMa MHGUIIMPOBAHHBIX U YSI3BUMBIX ITAIIMEHTOB ITOCTOSSHHA 1 paBHA YUCJIIEHHOCTH MOMYJISIIIAN.

BeposiTHOCTD BBI3IOPOBJIEHUS [JIsI KaXI0I0 KOHKPETHOrO MallMeHTa 3aBUCUT TOJIBKO OT MPOIOJIKM-
TeJIbHOCTU OoJsie3HM. [Ipy 3TOM MOTryT GBITh pa3aUYHble (YHKIIMOHATIbHBIC (DOPMBI, OMMCHIBAIOIINE
BEPOSITHOCTD BBI3IOPOBJICHUST KaK (DYHKIMIO BpEMEHHM ¢ MOMEHTa 3apaxkeHus. st mpoCTOThI MOX-
HO TMPHUHSTH, YTO BEPOSATHOCTb BBI3AOPOBJICHUSI 0OpPATHO MPOIOPIMOHATIbHAS CPEIHEN MPOIOJIKMI-
TEJILHOCTH 0O0JIE3HU. DTa JOCTATOYHO OYEBUIHAST 3aBUCHMOCTD CBUICTEIbCTBYET 00 SKCTIOHEHIINAb-
HOM pacrpelieIeHNU BpeMeH MPOIOIKUTETEHOCTU 00JIe3HU U 9aCTO UCTIONb3YeTCs B MOICIMPOBAHU U
MHQEKIIMOHHBIX (M1 IPyTHX) 3a00IeBaHUT*2,

JlocTaTouHO JIErKO MOKa3aTh, YTO, €CIIU BEPOATHOCTD BbI3NOPOBIIEHUS ONPENENSETC BETUIMHON Ty,
rae D — cpenHsis MpoaoIXKUTEIbHOCTh 3a00JIeBaHU ST, TO B MOMEHT t+ At* pacrpeneieHne KoJaudecTBa
BBI3JIOPOBEBIIMX MOAYMHSIETCS CIEAYIONIMM 3aKOHOMEPHOCTSIM:

« Hukro He BrI3mOpoBeI: 1 — %At

* Brizgoposes poBHO | 4eoBex: %At

* Boiznoposesno 6osee 1 yuenoBeka: 0

Terepb 1J1s1 HOCTPOCHMSI MOAEIN PAaCCMOTPUM paclipeie/ieHre BpeMeH 10 HACTYIIJICHUS U3MCHEHMIA
B nonyiasuuu. [Mog nusmMeHeHUIMU OyaeM MOHUMATh 3apakeHUE UM BhI3AOPOBJICHUE YejioBeKa. Oue-
BUJHO, UTO paclipeleicHue 3TUX BpEeMeH sIBiseTcs caydailHbIM. KaxXaplii pa3, Korma TakKoii MOMEHT
HACTYIAeT, MOXHO 3aJaThbCd BOIIPOCOM — a KaKoe M3MEeHEHUE MPOU30iAeT B nonyiasuuu? BeposT-

HOCTb 3aPaXEHMs, KaK yXKe ONMUCHIBAJIOCh BBILIE, OMPEENALTCA BEPOATHOCTBIO 37 *[*S*At, a BbI-

3/I0POBJICHUE — Ty *At. CooTBETCTBEHHO, TOCKOJIBKY PACCMATPUBAETCS MOMEHT, B KOTOPbIil KAKOE-TO

COOBITHE YK€ ITPOU3OIILI0, BEPOSITHOCTD TOI0, YTO 3TUM COOBITHEM OBbLIO 3apakeHUe, COCTaBUT:

YEIESFA G *I*S
THRIFSHEA + S* A FFI*S+ 4

31 DT0, KOHEYHO, YIIPOILEHUE, UMMYHUTET MOXKET 0cabeBaTh 10 Mepe MPOXOXKACHUSI BPEMEHHU, a MOBTOPHBIE 3apaXeHUsl, HAIPUMep B CIy-
yae N.gonorrhoeae BbI3BaHbI BbIPaXKEHHBIMU aHTUTEHHBIMM PAa3IUUYMSIMU MEXIy Pa3HbIMU IITAMMaMU 9TOrO BO30yOUTEN s, Ha KaXAblil
U3 KOTOPBIX OPMUPYETCS OOBIYHBI UMMYHBII OTBET.

32 B yaCTHOCTHM, MapKOBCKKME MOJIEJIU TPEIojaraloT MMEHHO KCITOHEHIIMaJIbHOE paclipeeeHre BpeMeH MpeObIBaHUS B KaXI0i U3 00-
JIE3HEHHBIX CTAAU M.

3 Ecnu At JOCTaTOIHO MaJIo.
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a TOoro, 4To 3TUM COOBITHEM CTaHEeT BbI3JOPOBJICHUC!

Lx At L
D — D
AHRIFSH*A+ A RIS+

*

Tenepp ciaeayeT OTBETUTh HAa BOIIPOC O TOM, KaK 4acTO IPOUCXOAST 3TU COOBITHUS, MM KAaKOBO pac-
npeaejieHue BpeMeH HaCTYILIEHU ST COOBITU (3apakeH1e UM BhI3JOPOBJICHUE).

Oka3sbIBaeTCsl, 4YTO Jerdye BCEro OMmMucaTh BpPeMsI OO0 HACTYIUICHUS COOBITUS 3KCIOHEHIIMalbHOM
3aBUCUMOCTbI0. UMEHHO 3TO ObLIO MOKa3aHO paHee, B pasfeie, MOCBSIIEHHOM AeTePMUHUCTCKUM
moaeasaM. Takum obpa3om, BpeMs 10 HACTYIJIEHU ST COOLITHS (IMOO0 3apazkeHus1, TMOO BLI3AOPOBJICHMS)
onpeesieTcs] 5KCIOHEHIIMaIbHOM 3aBUCUMOCTBIO C IapaMeTPOM, PaBHBIM BEJIMYMHE, 0OpaTHOI CyMMe
BEPOSITHOCTEH 3apakeHUsI U BBI3IOPOBICHU S

SHI*S+ 5

Ternepb Bce HEOOXOAUMBIEC MAPAMETPhl X B3AMMOOTHOIICHU ST MEXAY HUMU ONPEACICHBI M1 MOXHO ITPU-
CTyTaTh K opMynIupoBke Moneau. Mmes, Kotopas 3ajoxeHa B GOpMYTUPOBKE MOIEIH, 3aKJII0YAETCs
B TOM, YTO MBI UMUTHPYEM B3SITHUEC Cy4YaiHbIX HAOJIIOACHU I U3 TIOMY/IS LMY BO3MOXHBIX BpeMEH 3apa-
JKEHMSI Y BBI3IIOPOBJICHNS M1 HA OCHOBAaHUHU 3TOTO PEKOHCTPYUPYEM TCUCHUE SITUIECMUMN.

Ha nmpakTuke mocTpoeHue MOAEIN CBOAUTCS K TOMY, UYTO BHadaJie ONpeAcisaeTcs MOMEHT BPEMEHH,
KOTODKIN OyaeT paccMaTpUBaThCs (MOMEHT HACTYIUIEHU S coObITHS). KakK ObLJIO yKa3aHO BhIIIE, BpeMs
0 HACTYIUIGHUsSI COOBITUSI pacIpeae/ieHO 3KCIIOHEHIIMAJbHO C IMapaMeTpoOM, OOpaTHBIM CYMMe
rnmokasarejieil BEepOsSITHOCTE MH(MUIIMPOBAHUS W BHI3NOPOBACHUS. [liIg TOro, 4toObl ONMpEaeIUTh
BpeMSI KOHKPETHOTO MOAEIUPYEMOTO COOBITHUSI, Hal0 B3STh CIyYaliHBIM 00pa30oM 3HAYeHUE U3 3TOrO
pacnpeneacHus. 1 3Toro MoxKHO B34Th CJy4ailHYI0 BEIUYUHY, PAaBHYIO:

— In(Rand)
YT

rae Rand — ciyyvaiiHast BenM4mMHa, paBHOMEPHO pacipeneieHHas Ha oTpeske 0;1.

3Hast BpeMsl HACTYIJICHUSI COOBITHSI, MOXHO OIpENEINTh, KAaKOB OBII XapaKTep 3TOr0 COOBITHSI.
Britie yxke OBITM ITOKa3aHBI BEPOSTHOCTHU TOTO, UTO 3TO COOBITHE OYIeT BHI3TOPOBICHUEM WJIN MH(U-
nupoBaHueM. 71T TOro, YToObI CMOAEIMPOBATh CUTYAIINIO ¢ KOHKPETHBIM COOBITHEM, MOXHO B3SITh
CAyYallHYIO0 BEJIMUMHY, paBHOMEPHO pacIIpeleIeHHYIO Ha OTpe3Ke, U CPaBHUTh €€ C BEPOSITHOCTHIO,
HarpuMep, nHGuupoBanus. Eciu monydyeHHas BeIW4YnMHA OyleT MEHBIIIE Hee, TO MOXHO CUUTATh,
YTO HACTYMMWJIO MH(GUIIMPOBAHKE, €CIIN OOJIbIIIE — BBI3IOPOBJICHHE.

[lomoOHBIN TTOAXOH SIBISIETCS BO3MOXHBIM, IIOCKOJBKY ClydyaiiHasl BeJMUYMHA paclipenejieHa paBHO-
MEPHO 1, 3HAYUT, IPU MHOI'OKPATHOM Ir'eHepalliy 3TUX CIyYallHBIX YMCEJI UX KOJIMYECTBO, OKa3aBIlIeeCs
MEHBIIIE ITPOMU3BOJIBHO BEIOpAaHHOM BEIMUMHBI, Haxoaseiics B npeaenax [0;1], OyaeT paBHO 3TOM Bean-
yuHe. B HallleMm ciiydyae 3To 03Ha4yaeT, YTO IIPY MHOTOKPATHOM ITOBTOPEHUHU ITPOLIEAYPHI MBI TIOJIYUUM
MMEHHO TO COOTHOIIIEHNE 3apakeHU I 1 BEI3AOPOBJIEHN, KOTOPOE COOTBETCTBYET IPUBEACHHBIM BbIIIIE
BEPOSITHOCTSIM.

3 T.e. yeM OHa BbILIE, TEM OOJIbIIE COOBITUI MTPOUCXOIUT HA PAaHHUX CPOKaX
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[locne mpoBeaeHM s 1OCTATOUHO OOIBIIOTO KOJIMYECTBA HOAOOHBIX UMUTALIUI CUTYaLlM HACTYILJICHUS
COOBITUI Y aHAJIMTHUKA MMeeTCs MaTepuaj, COOTBETCTBYIOIIMI BO3MOXHON TPaeKTOPUM Pa3BUTUS
snuaeMuu. IloBTopeHue ONMMCaHHOTO ajJropdTMa C Hayaja I03BOJIMT IIpOaHaIM3UPOBaTh IPYIYIO
TpPaeKTOPUIO AMUASMUM, 3aTeM ellle OAHY U T.O. B pesyiabraTe aHaJIMTUK MOXET MOJIYYUTh HabOp
TpaeKTOpUI pa3BUTUS ANMUASMUU A1 TaHHBIX ITapaMeTPOB MOACIM U OIIpeNeInuTh, KaK1e TpaeKTOpUU
0oJiee BepOsITHBI, a Kakue — HeT. CaeayeT, OAHaKO, OTMETUTh, YTO B CTOXaCTUUYECKOM MOASIUPOBAHUU
(XaK, BIpoyeM, U B IETEPMUHUCTCKOM) HET BO3MOXHOCTHU CKa3aTbh, KaKasl TpaeKTOpUsI peainu3yeTcs
B JaHHOM KOHKPETHOM cjy4ae, OJHAaKO ONKCaTh Hanuboiee BEPOSITHYIO — MOXHO.

Termeps MpOMITIOCTPUPYEM 3TH TEOPETUUECKIE TTOJIOXKEH M ST Ha IpUMepPe CO3TaHMs M aHaJIn3a MPOoCTeii-
meit SIS-monenm snunemMun B cucteMe SAS. BOT Kak BBITISIUT KOZ IUISI CTOXaCTUYECKOT'0 MOJIEIIN-
poBaHUS.

1. DATA SIMI1;

2. x=99; y=1; lam=0.5; D=10; time=0;

3. DO WHILE ((y NE 0) AND (time<500));

4. wl = —LOG(RANUNI(12345))/(y/D + lam*x*y/(x+y));
5. time = time + wl;

6. rand = RANUNI(23456);

7. check = ((lam/(x+y))*x*y)/(y/D + (lam/(x+y))*x*y);
8. IF rand LE check THEN DO;

9. x=x—1; y=y+1; END;

10. IF rand GT check THEN DO;

11. y=y—I;x=x+1;;

12. END;

13. siml =y;

14. OUTPUT;

15. END;

16. KEEP siml time;

17. RUN;

[IporpamMmma HauMHAETCS ¢ TOrO, YTO YCTAHABIMBAIOTCS MapaMeTPhbl Al MOACIAUPYEMOI MOMYISILIN.
B nanHOM ciyyae 4yucIeHHOCTDb nmonyasaiuu coctapiaseT 100 yenoBek, U3 KOTOPBIX B HAYaJIbHBIN MO-
MeHT BpeMeHU (time = 0) 99 yenoBeK SIBIASIIOTCS 3M0POBBIMM (MU YSI3BUMBIMU, X = 99), a 3apakeH
MHMEKIMOHHBIM 3a00jieBaHeM OAuH velioBeK (y = 1). KonnuyecTBo 3apa3HbIX KOHTAKTOB B €IMHUILY
BpeMeHU (ITpou3BeAeHUE YKCia KOHTAKTOB Ha BEPOSTHOCTh 3apakeHUsl B KaxKJIOM U3 HUX A = 3 * ¢)
coctasiisieT 0,5 (lam = 0,5), a IPOIOJXKUTEIbHOCTh OOJIE3HU COCTaBJISIET NECSITh 0A30BBIX €IMHUIL
BpeMeHH (HarpuMep, gHeir, D = 10)%. [Toce Toro, kak 6a30Bble TapaMeTPbl yCTAHOBJIEHbI, HAUMHAETCS
cOOCTBEHHO IpoliecCc MOAeINpOBaHus. BHavyane onpenenseTcs, Koraa Ipou3oiaeT clieayoliee coObl-
tue. OrnpenensieTcs 3To Ha OCHOBaHU Y MapaMeTPOB 9KCITOHEHIIMAJIbHOT'O PacIIpeae/IieH s, KaK OIIUCAaHO
BoilIe. ClieayeT 00paTuTh BHUMaHUE, YTO BpeMsl 10 CAeAYIOIIEro coObITUsI (Wl) 3aBUCUT OT OKa3aTeJieit
BEPOSITHOCTHU 3apakCHUS U BBI3AOPOBJICHUSI, HO IPU 3TOM SIBJISICTCS CIIYUYaiiHONM BEJMYMHONI, O 4eM
CBUJIETEJILCTBYET €€ 3aBUCUMMOCTD OT ClIy4allHOI BeJWUYMHBI, reHepupyeMoil pyHkuueir RANUNI().
Hago moMHUTB, 4YTO MPaKTUUYECKU BO BCEX KOMIIBIOTEPHBIX MporpaMMax (yHKLWU FeHepaluu Cy-
YalHBIX YMCEJI I€HePUPYIOT B PEaJbHOCTU IOC/IEI0BATCIAbHOCTU IICEBAOCIYYAHBIX YUCEN, U 3TU
MOCJIeIOBATEAbHOCTY SIBJISIIOTCS. OJNMHAKOBBIMM, €CJIM M3BECTHO CTapTOBOe¢ 3HadeHue. CTapTOBBIM

35 D10 Te Xe mapaMeTphbl, YTO paHee UCIIOIb30BAIUCH TSI OMMMCAHUS SMTUAEMUISCKON KPUBOI MIPU MTOMOIIM IETEPMEHUCTCKUX MOJIeIei (CM.
puc. 10 u puc. 11).
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3HaueHueM sBiseTcs apryMeHT ¢yHkuuu RANUNI. Ecau stotr aprymeHT paBeH (0 (MM MEHBbIIIE),
TO KaxXJIbI pa3 FeHepUpPYIOTCs pa3Hble MOCJIeI0BaTEeJIbHOCTU (A1 MHULMAIM3allMU UCIOJIb3YIOTCS
nokKasaTeJi CYeTUMKa BpeMEeHH), OMHAKO B JaHHOM cJIydyae HMCII0Jb30BaHO MOJ0XUTEIbHOE HEHYJIEBOE
3HaUYEHUeE [JIsI TOr0, YTOOKI IToJIydalollasics nuaeMruyecKas KpruBas Obljia mpeackasyemoit. st moiay-
YEHUSI CepUU dNUIeMUYeCKUX KpUBBIX apryMeHT GyHKLIUMU RANUNI noikeH ObITh HYJIEBBIM.

ITocne ompeneneHusi BpEMEHW HACTYMJIEHUS CIEMYIOIIET0 COOBITUS OHO MEPEBOAUTCS B MOKA3aTeNb
BpEeMEHU OT Hayaja BCIBIIIKHU (time) U 3aTeM OoIpeaeiseTcs, KaKuM OblJI0o 3TO coObITHe. JJIg 3TOro
TeHepupyeTcsl HOBasl clyyaiiHasl BeJIMYMHA, KOTOpas CPaBHMBAETCS C IOrPaHUYHBIM 3HAUYCHUEM,
OIpeIeSIOIIUM BEPOSITHOCTH TOTO, YTO 3TO COOBITHE OBLIO 3apakeHUeM MJIM Bbi3nopoBicHueM. Ec-
JIN pelraeTcs, YTO COObITUEM OBLIO 3apakeHUe, KOJIMYECTBO YSI3BUMBIX YMEHBIIACTCSI HA CAUMHMUILY,
a KOJIMYeCTBO MH(PUIIMPOBAHHBIX YBeIUYMBaeTCs Ha eAuHUIY. Eciy coObITHEM OBII0 BHI3AOPOBJICHNE
— CHUTyallis MEHSIETCS Ha 00paTHYI0 — KOJMYECTBO MH(MPUIIMPOBAHHBIX YMEHbIIAeTCSI HA €AUHUILY,
a KOJIMYECTBO 3I0POBbIX BOCIPUUMYMBBIX MAIIMEHTOB YBEIUYMBACTCS HA Ty XKE €AMHUILLY.

[Tpoliecc MOBTOPSIETCS 10 TEX MOP, ITOKA B MONYJISIIIMKA OCTAETCS XOTsI Obl ONWH MHMULMPOBAHHBINA MU
3Ke AMUIEMU S TPOIOJIKAETCS Ha ITPOTsKeHU U 6oiee 100 BpeMeHHBIX eqMHULL. Ecin 3aTeM rojiydyeHHbIe
JTaHHBIE N300pa3UTh I'padMIeCKU, pe3yabTaT OyIAeT CIASTYIOIINM:
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Puc. 19. KoanyecTBo MH(pULIMPOBAHHBIX, ITpeACcKa3aHHOE MPU IOMOILIY CTOXaCTUYECKON MOACIN
IS TeX Ke mapaMeTpoB, 4To 1 Ha puc. 10 u puc. 11.

Kak BugHO u3 puc. 19, Koin4yecTBo MHGPUIIMPOBAHHBIX OBICTPO BO3pacTaeT OO0 YPOBHSI IIPUMEPHO
80 yemnoBek) u3 100 (t.e. mpumepHo 10 80%), U 3aTeM OOCTATOYHO BBIPAXKEHHO KOJIEOJIETCS BOKPYT
3TOro 3HAuYeHM s, TO MOBBIIIASICh (MHOTAA MToYTH 10 90% momnynsuuu), To cHUXasich (uHorna no 70%
nonyasuuun). CpaBHeHUE C 1eTEPMUHUCTCKUM MoaeaupoBanueM (puc. 10 u puc. 11) noka3bsIBaeT, 4ToO
pacnpocTpaHEHHOCTD 3a00JIeBaHMSI B Cllydyae UCIIOJb30BAHUS CTOXaCTUUECKOM MOJEIN MPaKTUUECKU
Takas e, Kak 1 IIPU MCIIOJb30BaHUU JETEPMUHUCTCKOM, OAHAKO KOoJeOaHUsI paclpOCTPAaHEHHOCTHU
3HAUUTEJbHO BbIIIIE IPY CTOXACTUYCCKON MOACIH.

Tenepb nonpodyeM pa3zodpaTh HEMHOTO 0oJiee CI0XKHBIN, HO OoJiee peaabHbIi mpuMmep. [Ipennonoxum,
YTO €CTh XKeJJaHUE CMOACIMPOBATh paCIPOCTPaHEHE€ TOHOPEU B IOMYJISIIIMU HEOOJIbIIIOT0 TOPO/a IOCIIe

36 an/I OIHOM CJIy4ya€ M OITMChIBAEMbIX HHU2KE CTAPTOBLIX IMapaMETpax SMUAECMU A BCITbIIITKA MOXKET BOOOIIIE HE pPa3BUTHCA.
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BHECEHUS TyJa IBYX 3aBO3HBIX ciiydaeB®®. [{yisi MomeIMpoOBaHUSI HAM MTOHATOO0SITCS TaHHBIE yKe (KakK
MUHUMYM) IS IBYX IPYIIIT — MY>KUYMH U XKEHIIWH.

[Mpenronoxum, 4TO pe3yabTaThl ONPOCa HACEJIEHUSI PEIIpOAyKTUBHOTO BO3pacTa MPOIEMOHCTPUPO-
BaJin, 4TO B Toponae nMeetcst okojio 1000 My>XX41H, KOTOPbIe HE COCTOSIT B MOHOTAMHBIX OTHOIIICHUSIX.
OHU COOONIMIIN, YTO B MECSI] Y HUX ObIBacT B CpeIHEM 2 CEKCYaJIbHBIX ITapTHepa. BeposiTHOCTH 3apa-
JKeHM I TOHOpeeii oT omHoro mapTHepa coctaBisieT 50%*. [IpogoakKuTeIbHOCTD 3apa3HOTo Mepruoa IMpu
0oJlee MJIM MEHee CBOCBPEMEHHOM BBISIBJICHUU M JICYEHUU cOCTaBiseT 1,8 Mecsia, 6e3 aIeKBaTHOTO
BBISIBJICHUSI U JiedeHUsT — Tmoiroma [21]. Ilpenmonarast cMelIaHHYIO CUTyallMi0 B JaHHOM TOpOIIE,
OyIeM CUMTaTh, YTO IPOMOJKMTEIBHOCTh 3apa3HOro Meproia COCTAaBISIET 3 Mecslla IS MYXYUH
u 4 Mmecsaua ais XeHIrH. OTpoc BBIOOPKHU KEHIITWH, KOTOPbIE 3asIBUJIM, YTO HE COCTOSIT B MOHOTaM-
HBIX OTHOIIIEHUSIX, ITOKA3aJl, YTO OHU COOOIIMIIN O 6 TTOJIOBBIX TTAPTHEPAX B MECSII (CPEIM STUX KEHIITUH
MOTJIM OBITh, HATIPUMED, PAOOTHUIIBI KOMMEPUYECKOTo ceKca). YMCIIeHHOCTh 3TOM IPYIIThl yCTAHOBUTH
TPYOHO, OOHAKO, 3HAsl YMCICHHOCTh MYXUYMH M COOTHOIIEHWE KOJMYEeCTBA MapTHEPOB, €T0 MOXHO

C.,

OLEeHUTH 1o popmyJe NV = C, Nu, rie nnaekcsl m v f 0603HAYAIOT MOKA3aTENN AT MYXKUMH U XKEHIIUH
COOTBETCTBEHHO. Pacmoyarass aTUMU JaHHBIMH, IpOrpaMMa CTOXaCTUYECKOI0 MOACIUPOBAHUS IS
JaHHOTO ropoja OyAeT BBITJISICTh TaK:

1. %LET 1_model=36;

2. DATA SIM1;

3. Xm=999; Ym=3; Cm=2; beta=0.5; LAMm=Cm%*beta;

4. Dm=1.8; TIMEm=0; Nm=Xm+Ym;

3. Cf=6; Nf=Cm/Cf*Nm; Yf=0; Xf=Nf-Yf;

6. LAMf=Cf*beta; Df=4; TIMEf=0;

7. DO WHILE ((Yf> 0 OR Ym > 0)

8. AND (TIMEm<&Il_ model)

9. AND (TIMEf<&Il model));

10. rand = RANUNI(12345);

11. * MyX4YUHBI,

12. Sm = —LOG(RANUNI(1356))/(Ym/Dm + LAMf*Yf*Xm/(Nm));
13. TIMEm = TIMEm + Sm;

14. check = (LAMFf*Yf*(Xm/Nm))/(Ym/Dm + LAMf*Y{f*(Xm/Nm));
15. IF rand LE check THEN DO;

16. Xm=Xm-—1; Ym=Ym+l1; ***3apaxenune***; END;
17. IF rand GT check THEN DO;

18. Ym=Ym—1;Xm=Xm+1; ***BeizgopoBiaeHue***;
19. END;

20. If Ym<0 then Ym=0;

21. SIMm = Ym/Nm;

22. * XEHIIIMHBI;

23.  Sf=-LOG(RANUNI(2356))/(Yf/Df + LAMm*Xf*Ym/(Nf));

24. TIMEf = TIMEf + Sf;

25. check = (LAMm*Ym*(Xf/Nf))/(Yf/Df + LAMm*Ym*(Xf/Nf));
26. IF rand LE check THEN DO;

7 Ha camom JECJIE OTO BEPOATHOCTD 3apaXCHU A 3a OTUH MOJIOBOW aKT, COOTBETCTBEHHO, €CJIV IMTAPTHEPCTBO BKJIIOYACT 0oJiee 0OTHOTO TTOJIOBOTO
aKTa, BEPOATHOCTD 3apa’kKC€HU A BBIIIC.
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27. Xf=Xf—1; Yf=Yf+1; ***3apaxenue***; END;

28. IF rand GT check THEN DO;

29. YI=Y{—1; Xf=X{+1; ***BpizpopoBiaeHue™**;
30. END;

31. If Yf<0 then Yf=0;

32. SIMf = Yf/Nf;

33. OUTPUT;

34. END;

35.  KEEP SIMm SIMf TIMEm TIMEf(f;

36. RUN;

Cama Momeab MpaKTUYeCKHW aHAJOTMYHA CTOXaCTHMYECKOM MOIEH, TPeACTaBICHHON paHee, OJHAKO
B HEell OBIIO HEOOXOMMMO y4eCTh Hajaudue ABYX Ipyril. [ToHSITHO, 9TO MYXUYMHBI MOTYT 3apa3vThCs
TOJIBKO OT XEHIIWH 1 Ha000poT. COOTBETCTBEHHO, IJISI MYKYMH HEOOXOAMMO OCHOBBIBATH PacUeThl
Ha KOJIMYECTBE 3apa’keHHBIX XEHIIUH 1 HaoO0opoT. [TosaTomy B hopmynax mjist BepoSTHOCTEH 3apa-
KEHUSI Y MYXYUH CTOUT KOJMYECTBO KOHTAKTOB XEHIIWH, B pe3yabTaTe KOTOPHIX JOJKHA OblJIa ObI
IIPOM30UTH TIepeadya MHMEKIINH, a B HOopMYIax IJIs1 KeHITMH — COOTBETCTBYIOIIIME TTOKAa3aTeJI!, B3SIThIE
U3 MYXCKOU TpyNIThL. [IJ1s1 TOrO, YTOOBI pe3yJbTaThl ObLIO MPOIIe MHTEPIPETUPOBATh, OHU TIPUBOISTCS
B TMPOLIEHTHOM OTHOIIEHUHU K YUCJEHHOCTH I'PYTIIHI B 1IeJIOM. Pe3yibTaThl MOIEIUPOBAHU S HA IEPUO]I,
paBHBII 36 MecslaM, TIpeacTaBiIeHbl Ha puc. 20.
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Puc. 20. CtoxacTuueckoe MoeIMpOBaHUE paclipoCTPaHEH U SI SIUAECMUU
B IBYX B3aUMOACUCTBYIOLIMX FPYIIAX JIOACH.

Kaxk BUIHO U3 3TOTO pUCYHKa, ITOPaKeHHOCTh KEHIIIMH HapacTaeT JOCTAaTOYHO PEe3KO U CTA0UIU3UPY-
€TCS Ha BBICOKOM YPOBHE C OTHOCUTEJIBLHO HEOOJBIIUMU KoJdeObaHUusAMU. a1 My>XXYUH pocT OoJiee
OBICTpPBIiA, XOTS TOCTUTHYTHIII YPOBEHb MOPAXXEHHOCTU HEMHOro Huxe. Hamo oTMeTuTh, 4TO IMOJYy-
YeHHbIC PEe3YJbTaThl HE CUJbHO OTIMYAIOTCSI OT TAKOBBIX B Cliyuyae, eCjid Obl MCIIOIb30BaJlach AeTep-
MUHUCTCKasi MOAEIb (3TO BO MHOI'OM CBSI3aHO C IOCTATOYHO BBLICOKMM PEeNPOAYKTUBHBIM YUCJIOM JIJISI
MHGEKIWK B ITAHHOW TUIIOTeTHYeCKOoM nonyasiuuu: Ry = B *¢*D=0,5*2* 1,8 = 1,8 it MyXunH u R
=0,5*6*4=12 nusi keH1InH). O4EBUIHO, UTO KEHIIMHBI SIBJISIIOTCS B JAHHOM CUTYalLlMU «IBUTATEIEM»
sanuaeMuu. Eciu ucnonb3oBarh 6oJiee peajibHble HUMPHI A5 KoJudyecTBa napTHepoB (1,28 a1s KeH-
wWuH 1 2,47 aas Mmy>xuuH B rof [5] — 0,11 u 0,206 B Mecsill, COOTBETCTBEHHO), TO HUKAKOW 3MUAEMUU
He HaOmopaeTcs. Jlaxe ecau OpaTh 3HaUeHUS AJIST TPYIIIBI JIUIL C BEHEPUYECKUMU 3a00JieBaHUSIMMU [5]
(0,57 B Mecsr mist xkeHIUH 1 0,36 11 My>XK4MH) MOJEJb IIpeACKa3bIBaeT yracaHWe SIMUIASMUU 0CIe
pa3IMYHBIX [IEPUOAOB — OT OMHOIo 10 18 Mecsa1eB*. DTOT BEIBOA MOXKHO OBLIO ObI CAEIaTh U Ha OCHO-

70



BaHMM aHaJIM3a PEIPOAYKTUBHOIO YKCJIa, KOTOPOE B MOCJIEAHEM ciydae cocTaBiseT 1,14 ajisi KeHIIuH
u 0,32 111 My>KUKH.

Bo3Hukaer BOIIPOC, a 3a4€M BCC-TaKM HY2>KHBI CTOXaCTUYC€CKUEC MOJCIN, €CJIN OHU HE MOT'YT JOCTAaTO4YHO
TOYHO IIp€acKa3aTb TCUCHUC SMMMIACMHHU, €CJIM pasMEp nomyjagdiumuy MaJl UJIM BEPOATHOCTDL 3apazxKe-
HUA HEBCIUKA, a €CJIU MOACIUPYETCA paCIIpOCTpaHCHUC 3a00s1eBaHsI B OOJbIION TIOITYyJIAI (I/IJ'II/I
3apa3HOCTb OTHOCUTEJIBbHO BeJ'[I/IKa), TO ACTECPMUHUCTCKHUE MOACIU AAaIOT HUYYTb HE Xy,Z[H_II/Iﬁ IIPpOIrHO3,
TOJIBKO C 3BHAYUTCJIbHO MCHbBIINMUN HpO6JICMaMI/I39?

OTBeT Ha caMOM fejie JOCTaTOUYHO MPOCTOM: MHOTAA MCcCenoBaTesl MHTepecyeT He HauboJliee Bepo-
SITHBI KYPC MUIEMUHU, @ BEPOSITHOCTD OIpeaeeHHOM cuTyalu. Hampumep, n3 o0cykaeHus1 pernpo-
JYKTUBHOTO YKCJia, KOTOPOE ObLIO CAeIaHO BhIIIIE, SICHO, YTO €CJAM OHO HUXKE €IMHUIIbI, BCIBIIIKY ObITh
He 10JIXKHO. boJiee Toro, neTepMrHUCTCKAsh MOJEb MIPEAIoJiaraeT, YTO B TAKOM cllydae dIuaeMudecKast
KpMBas 3aTyXaeT 110 3KCIOHEHTe M KOJMYECTBO CJydyaeB BO BTOPOW M TpeThell BOJIHAX SMUASMUU
JOJKHO OBITh MEHbIIIe, YeM B iepBoii. UHbIMU clioBaMu, eciiv 3a00JieBaHe MaJIO 3apa3Hoe U B IO YJIsI-
LI BCETO OMH OOJIbHOM, BCIBIIKY He OyneT. Touka. /leso 3aKphITo.

Crenyst 9ToM JIOTHKE, HE YAMBUTEILHO, UTO PsSIA MccaenoBareieii, B yacTHoctu D.Gisselquist, mocTa-
BUJIU T10J, COMHEHHE OLIEHKU BEPOSITHOCTU BHYTPUOOJbHUYHOTO 3apaxeHus: BUU-undexuueir [10],
MOCKOJIbKY MMEBIIIHECS B JIUTEpaType pe3yJbTaThl OLIEHKU BEPOSITHOCTU 3apaxkeHUs MpU CIydYailHOM
ykoJje urnoii [20] ykasslBajau Ha KpaiiHe HU3KYI0 3apa3HocTh BUY. BepossTHOCTD 3apakeHUsI COCTaB-
nsna 0,27%. 1 Hukakas AeTepMUHUCTCKAas MOJENb IMpU Oojiece-MeHee pa3yMHOM YMCJIE MHBEKLUM
B OOJIbHUIIE HE MoIJa Obl IIpeacKa3aTh BOSHUKHOBEHME BCIIBIIIKM, HAIIpUMep, TaKoil, KaK HaOmo1a-
nach B 6onbpHKLEe Db Parex B benrasu (JIuBus)*. C apyroit CTOpOHbI, KOJIUYECTBO CTOJIb KPYITHBIX
BHYTPUOOJIbHUYHBIX BCIBIIIEK TOCTATOUHO MaJIo U, COOTBETCTBEHHO, eciiu npaBbl Gisselquist 1 coaBT.
[10], To moyemMy OoJibllle TaKMX BCIIbIIIEK He HaOmomanoch? Heyxenu Bce ocTajibHbIE OOJbHULILI BO
BCEM MUpE SIBJISIIOTCS UIeaIOM COOMIOASHM S IIPOTUBORNUAESMUYSCKUX MEPOIIPUSATUIA? Bpsia nu.

TakuM 006pa3oM, TToTydaeTcsl, UTO BCIbIIIKA B beHras3u Obllia B HEKOTOPOM CMBICIIe abeppaliueii, CIry-
YaiiHOCTBIO0. M1 BOT TYT-TO M BO3HMKAET HAJOOHOCTh B CTOXaCTUYECKUX MOIEJSIX, KOTOphle KaK pa3s
MOT'YT IIpeACKa3aTh BEPOSTHOCTh BOBHUKHOBEHUSI TTONOOHBIX HEOOBIYHBIX BCIIBIIIEK.

[Torpo6yeM OLIEHUTh BEPOSITHOCTh BOSHUKHOBEHUS ITONOOHOM BCITBIIIKYA Ha OCHOBAHUYM MMEIOLIEICS
nHpopmanuu. bynmem ucnonb3oBarb SIS-Moaenb, NOCKOIBKY OOBIYHO OOJBHMIILI CTAPAIOTCS, YTOOI
KOWKM He ITYCTOBAJIM M, COOTBETCTBEHHO, YMCJIEHHOCTD ITOMYISIIMU B OOJIbHUIIE SIBJISIETCS CTallMOHAP-
HO# 1 BBIOBITHE (B pe3yJibTaTe CMEPTU MUJIU MEepeBoJa B APYTYIO OOJBHUILY) TYT K€ KOMIIEHCUPYETCS
HOBOW rocruTanu3aumein. [1pearnonoXxuM, 4To BEpOSITHOCTh 3apakeHUs MPU OJHOKPATHOM YKOJIE
nrioit coctabiasgeT 0,3%, KOIMYECTBO YKOJOB B TeUeHUE MHS COCTABISIO 7, U MALMEHT HAXOMUTCS
B craumoHape 30 gHell (3TM 3HAUEHUS MIPUMEPHO paBHBLI JaHHBIM JJIs AeTeil, 3apasuBiinxcsa BUY-
nH(pEKIMel B pe3yabTaTe BCIbIIKM B Dnucte, KaaMmbikug [6]). Ecau ucnonb3oBaTh IJIST aHaIu3a
NETEPMUHUCTCKUI TOAXOMA TO PENMPONYKTUBHOE YMCIIO OLIEHMBAETCA CIENYIOIIEN BEIUMYMHON: R =
=7%*30%*0,003=0,63, T.e. OHO 3HAYMTEJILHO MEHBIIIE AMHMUIIBI 1 BCIbIIIKA HeBO3MOXHa. [TocMoTpum
K€, YTO CKaXKeT Ha DTO cToxXxacTuueckas Moaeab. CaMma mporpamMma siBJaseTcs IIpoCToi MoguduKalmein
croxactTuyeckoit SIS-momenm, onmmcaHHOM BBITIIE.

3 DT0 03HAYaeT, YTO B MOMYJISILIUU B PEalbHOCTU €CTh HEOObIINE TPYIIIBI C OOTBIIMM KJIMYECTBOM KOHTAKTOB, KOTOPbIE MOACPXKUBAIOT
CyllecTBOBaHUE MOJOOHBIX 3apa3HbIX MUHGMEKLIUIA B TOMYISILUU.

3 CoOCTBEHHO, UMEHHO TTO3TOMY IETEPMUHUCTCKHE MOIEJIM UCTIOJIb3YIOTCSI 3HAYMTEIBHO Yallle B peaTbHbIX MPUIOXKEHUsIX. [Ipr 3TOM CTOUT
TMIOMHUTb, YTO KPOME MOMYJISILMOHHBIX TeTEPMUHUCTCKUX MOIEJE CYIIeCTBYIOT MHINBUIYaIbHbIE MOIETU, aBTOPHI KOTOPHIX MBITAIOTCS
CMOJIEIMPOBATh BCE B3aUMOIEUCTBUS MEXIY JIIONbMU, HauboJiee U3BECTHBIM NpuMepoM sBisieTcss EpiSIMS[2], Mmonenp pacnipocTpaHeHuU s
octbl B [TopTyieH e ociie TeppoprUCTUYECKOI aTakK .

4 Tam BUY-undexuneii 3apasunnch 6onee 400 mgereii [16, 15].
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DATA BASELINE;
beta=0.003;
c=7;
lam=beta*c;
D=30;
x=500; y=1; time=0; Infected=0;
OUTPUT;
RUN;
DATA SIM1;
SET BASELINE;
Kwa=0;
DO WHILE ((y NE 0) AND (KWa<500));
s = —LOG(RANUNI(0))/(y/D + lam*x*y/(x+V));
time = time + s;
KWa+1;
rand = RANUNI(0);
check = ((lam/(x+y))*x*y)/(y/D + (lam/(x+y))*x*y);
IF rand LE check THEN DO;
x=x—1; y=y+I; Infected=Infected+1; END;
IF rand GT check THEN DO;
y=y—1; x=x+1;
END;
END;
siml = Infected;
OUTPUT;
KEEP siml time;
RUN;
DATA siml;
SET siml;
ki=&i;
RUN;
%IF &i=1 %THEN %DO:;
DATA muml;
SET siml;
RUN;
%END:;
%ELSE
%DO;
PROC APPEND BASE=muml DATA=siml FORCE;
RUN;
%END;
%END:;
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43. %MEND:;
44,
45. %stoch;

Mogenb yUuThiBaeT KOJIMYECTBO MH(PUIIMPOBAHHBIX 32 BpeMsI BCIIbIIIKY (mapaMeTp KWa) npu moBTo-
penuu mozaeau 10 000 pas. B pesynbTaTe 3anycka 3TO IMpOrpaMMBbl OB TIOJYyYEHbBI CIeAYyIolIe pe-
3yJbTaThI*:

* B 6onpmmmHCTBE ciydaeB (61,2%) HUKAKOI BCITBIIIIKY HE OyaIeT

B 14,9% 3apa3sutcs 1 yenoBek
* B6,7% ciiydaeB — 2 yejoBeKa
* B4,2% cnyuaeB — 3 yelloBeKa

* B 9,3% cnyuaeB Bo BcmbIliKe 3apa3uTcs 6osiee 10 yemoBek, TpruyeM BO3MOXHBI BCIIBIIIIKHY ¢ 50
1 OoJjiee 3apakeHHBIMU (BepOSTHOCTH BCIBIIIIKY ¢ O0osee yeM 50 3apaxkeHHbIMU 0,3%)

Takum 06p2130M, cToxXaCcTn4deCkasd MOIC/Ib ITOKAa3bIBA€T BO3MOXHOCTL pa3BUTUA AOCTATOYHO 3HAYU-
TCJIbHBIX BCIIBIIICK TaM, A€ ACTCPMMHMHUCTCKaA MOACJb IIpE€Allojaraja OTCyTCTBUE TaKOBbIX. bonee
TOIr'o, €CJM IIOIIbITATbLCA IIPOAaHAJIU3UPOBATL BEPOATHOCTDL 3apaXCHMsA, OIIMpadAChb TOJbKO Ha OAHY
BCIIBIIIKY (C Han0OoJbIINUM KOJMUYECTBOM 3apa)KCHHbIX), BEPOATHOCTD 3apaXK€Hud Ipru OJHOKPAaTHOM
KOHTAaKTC MOXET OKa3aTbCAd 3HAYUTEJIbHO 60HblHeﬁ, 4Y€M OHa €CTb Ha CaMOM JA¢CJIC. HOSTOMY B CjJ1y4yac
PEOAKUX COOBITUI CTOXaCTUYECKUE MOAEIU SIBJISIIOTCSI €AMHCTBEHHO OpUEMJIEMBIM METOIOM M3YUYCHUA
1N IIPpOTrHO3UPOBAHUA CUTYallUU.

E1lte omHUM IIPUIIOKEHUEM CTOXaCTUUECKMX MOJIENIeH SIBJISICTCST OLIEHKA ITPONOJIKMTEIbHOCTH BCITHIIII-
KU B cllyyae, ecjii pernpoayKTHBHOE YMCI0 MEHbBIIE eAMHUIIBI (JIn00 ecnu ucnobdyercsd SIR-mMonenn).
B yacTHOCTH, )11 ONMMCAHHOTO BBIIIE ITpUMepa C MOITYJISIIINEH JINII, CTpaJdaollnX BEeHEpUIeCKUMHU 00-
JIe3HIMU (KOorjma cyMMapHoe PerpoAyKTUBHOE YUCIO MEHbIIE eqMHUIIBLIY), MOIeIMPOBaHME TTOKA3bI-
BaeT, To B 20% ciiyyaeB BCIBILIIKY He OyeT, B45% ciiydaeB BCHBIIIKA TPOIJIMTCS 10 ITOJyroaa, eie B 17%
cJlydaeB 10 roga, Ho mpuMepHo B 0,2% ciydaeB BO3MOXKHO NTPOAOIKEHME BCITBIIIKY OT IIECTU JIET U 00-
nee. bosee Toro, paccMoTpeHme AMUAEMNYECKMX KPUBBIX C ITUTEIbHBIMHU TIEPUOAAMHU CYIIIECTBOBAHM S
WHQEKIINY B TIONYISIUN MOKA3bIBAET HECKOJIBKO MOIBEMOB U MTaJcHUI. DTOT MPpUMEpP AEMOHCTPUPYET
JIOTIOJTHUTEIbHBIE BO3MOXHOCTH CTOXaCTUYSCKOTO MOACINPOBAHMS IIPU OITMCAHUU SITUIEMUUECKOTO
mpolecca 1 To, YTo HabIogaeMble U3MEHEHM S 3a00JIeBa€MOCTH U PaCIPOCTPAHEHHOCTU MOTYT MHOI 1A
SIBJISITBCST CJICACTBMEM He M3MEHEHWI ITOBEACHUS TOMYISINH WM COLUMAaJbHBIX YCIIOBUI, a TIPOCTO
Pe3yIBTaTOM CIIYYailHBIX TTPOIIECCOB®.

Bmecte ¢ TeM, U3 mpUBEAEHHBIX BbILIE PACCYXAEHU N 0YEBUIHO, YTO JJISI aIeKBaTHOI'O MOJACIMPOBAHUSI
MHQEKIMOHHOIO IIpoliecca HeOOXOAUMO 3HAaTh HE TOJBKO BEPOSITHOCTU 3apaKeHUsl, HO U 00JaaaTh
vH@opMalLKeii 0 MOMYJISIIUU pUCKa — €€ pa3Mepax U 0COOCHHOCTSIX B3aMMOICHCTBU I YJICHOB ITOITYJISI-
LUK OPYT C ApyToM. B ciiyyae Bo3aylLIHO-KaIeaAbHbIX MH(MPEKII NI 3TO OTHOCUTEIbHO ITPOCTO, IIOCKOJIBKY
MOXHO CUMTaTh, YTO CKpEIIMBAHUE MPOUCXOOMUT IMPAKTUUECKU CIy4YaiiHO AJis BCEro HacejaeHus*.

4 Ecnu TOBTOPATH 3aITYCKU IpOrpaMMbl, p€3yJabTaTbl MOTYT OBbITb HEMHOT'O OTJIMYHBIMU, HO MTPU OOJIBIIIOM YKMCJIE TOBTOPEHU 1 KapTUHA 6y£[€T
MpakTUYECKU ONUHAKOBOMA.

2 HanmoMHUM, KOJIMYECTBO CMEH MapTHepoB B Mecsir 0,57 B Mecsiir 11st KeHIuH u 0,36 11t My>K4YUH.

# TIpaBoa, Kak OTMEYaJI0Ch HEOAHOKPATHO BbIIIIE, pa3Mep MOMYJISIUK TOJKEH ObITh OTHOCUTEBHO HEOOIbIINM. B 60bI0M TOMyasium
3 deKT cayyaiiHbIX HaKTOPOB JOCTATOYHO OBICTPO HUBEIUPYETCS.

4 D10 Ha caMOM JieJie YIIPOIIeHUE, PsIJI JTIoNei — Bpadu, YIUTENsl, TPOIABIIbI — UMEIOT OOJIbIlle KOHTAKTOB, YeM ApyTrue. PeasbHast MOmeb,
Kak, HanpuMep, EpiSIMS [2], nojkHa yYuTbIBaTh 9TU B3aUMOJEHCTBU S, TaK Xe€ KaK U TOT (haKT, UTO JIOAU, XKUBYIIUE OJMKE APYT K APYTy
B TOpOJie, BCTpeyaroTcs yalle (Mara3uHbl, CTAHIIMU METPO U T.I1.).
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OnHako, eclii peuyb 3aXOOUT O 3a00eBaHUSIX, MepeIalolIuXCs IIPEUMYIIECTBEHHO ITOJOBBIM IIYTEM,
WM TeMOKOHTAaKTHBIX MH(EKILUSIX, TO TaM IPYIIIbl pUCKa Y4acTO BeCbMa CUJIbHO OTIMYAIOTCS IIO
YUCJAEHHOCTU OT YMCJIEHHOCTU HaceieHusi. COOTBETCTBEHHO, AJISl aJeKBaTHOIO MOAEJIMpPOBAHMS
HeoOXOOMMO pacliojlaraTh OLIEHKOM YMCJICHHOCTU 3TUX TPYIIIl pUCKa, HaIllpuMmep, MoTpeduTenei
MHDBEKLMOHHBIX HAPKOTUKOB WJIM PaOOTHUIL KOMMEPUECKOI'0 CEKCa U UX KJIUEHTOB.

AHaHI/I3y YUCJIICHHOCTU TPYIHO HabJII01aeMbIX HOHYJ'IHL[I/Iﬁ IIOCBAIIEHBI METOIUKMU, 00beaUHSsIEMbIE
Ha3BaHMEM METOAUK JIBOMHOTO OXBaTa.
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4. MeToabl IBOMHOIO 0XBATA

4.1. Meton JIunkoasHa-Ilerepcena

MeToabl ITBOMHOTO OXBaTa MOSBUJIMChH B OMOJIOTMH, KOT/Ia BOZHUKJIa HEOOXOAUMOCTh B U3YUEHUU pa3-
MEpOB TIOMYJSIIMU XXUBOTHBIX. BbIJIO OYEBUAHO, UTO 3alllbl WM JUCHI BPsid ik OyayT BbICTPauBaTbCs
B o4epe/ib WM CUAETh B HOpax, OXujaas Mpuxoaa COTpyAHUKA CIYXKObl nepenucu HacenaeHus. OHu,
Hao0OpOT, OYyAYT NPpSATAThCS U N30eraTh KOHTAKTa C UCClIenoBaTessMu. YTOObI pa3pelinTh BOZHUKIITYIO
Mpo0aeMy, ObLI TIPEAJIOXKEH IMTPOCTON BApUAHT — HAJIO TTONMBITAThCSA OTJOBUTH TPYIIITY XKUBOTHBIX U TIO-
METHUTb UX (OKOJIbLIEBATH), @ 3aTEM OTIYCTUTh Ha BOJI10. 3aT€M CHOBA OTJIOBUTh IPYTITY XKMBOTHBIX U MO~
CYMTATh CPEAM HUX KOJMYECTBO OKOJIbLIOBAaHHBIX. [TOHSITHO, 4TO, YeM OOJIblIIe B JIECY )KMBOTHBIX, TEM
MeHbllIe uX OyJIeT BO BTOPOIi BbIOOpKe (OHUM OynyT pa3daBiieHbl He OKOJblIOBaHHBIMU). Eciiu Xke B jiecy
JKMBOTHBIX MaJio, TO KOJMYECTBO OKOJILIIOBAHHBIX BO BTOPOI BbIOOPKE Oynmet GosnbiiuMm. B kpaliHem
cJiydae, KOTJa B TIepBbI pa3 OTJIOBUJIN BCEX XKMBOTHBIX, JKUBYIIIUX B JAaHHOM JIECY, BO BTOPOI BLIOOPKE
BCE KMBOTHBIE OyayT OKOJbLIOBAaHHBIMU. COOTBETCTBEHHO, YMCJICHHOCTb IMOMYJSILIMU B LEJOM
00paTHO MPOIMOPIMOHAIbHA MTPOLCHTY OKOJIBIIOBAHHBIX BO BTOPOM BhIOOPKE. Eciin X, — YncCieHHOCTh
JIVIL B TIEPBOIA BHIOOPKE, TO OHAa MOXKET ObITh pa3/ie/ieHa Ha IBE MOArPYIIIbl — X,,, CYOBEKThI, KOTOPbIE
ObLIM B TIEPBOiA M BTOPOM BBIOOPKAX, U X, — KOTOPBIE ObLIM TOJBKO B IEPBOM BbIOOPKE. YHMCIEHHOCTD
JIMI BO BTOPO#i BBIOOPKE X, TOT/Ia paBHAa CYMME X, M X, — JIUII, KOTOPbIE MMOIaJ1 TOJHKO BO BTOPYIO
BbIOOPKY. COOTBETCTBEHHO, MMPOLIEHT JIMI] BO BTOPOI BHIOOPKE, MOMABIIMX U B MEPBYIO BHIOOPKY

— X2
p X2

OHI/IpaHCB Ha OIMMCAHHOEC€ BbBILIE COOTHOLHCHUEC OJIA 061_1_[6171 YUCJICHHOCTH IIOITYJAIIMN, MOXKHO 3aIlun-
CcaThb:

DTa dhopmyna HazeiBaeTcs popmyJoil JInHkoabHa*-TleTepceHa*® u siBasieTCS caMOil IPOCTOM U3 Me-
TOIOB ABOWHOro oxBara*. MOXHO MPOUJIIIOCTPUPOBATH €€ KMCIOJIb30BaHUE TaK — €CIM B IEPBYIO
BBIOOpPKY Ttonaio 20 cyObeKTOB, U3 KOTOPBLIX BO BTOPOIi BEIOOpKe U3 30 cyObeKToB oKa3aauch 10, To
00111as1 YMCJIIEHHOCTD IOMYJISIIIMUA COCTABIISICT

_20*30 _
N = 10 = 60

KOHC‘IHO, BO3BHHMKACT BOIIPOC O TOYHOCTU ITOJTYYCHHDBIX OLICHOK. O‘IeBI/II[HO, YTOYEM MCHbBIIEC KOJITMYECTBO
JINL B HepBOﬁ n BTOpOfI rpyniiax, TeM HUXKe 6YILCT TOYHOCTb OH€EHKMU, a YEM 0osbllIE BI)IGOPKI/I — TEM OHa
touHee. COOTBETCTBEHHO MOXHO npeamnoyjaratb, 4To 1moxKa3arejib TOYHOCTHU — AUCIICPCHUIO — MOXKHO
OLOCHUTb HAa OCHOBAHHNUM KOJINYECTBA BKJIIOYCHHBIX B BI)I60pKI/I JINII:

X% *( X1 — Xlz)*( X2 — X12)
X132

VarN =

+ @penepuk JIMHKOIBH OB COTPYAHUKOM CIYKObI pbIOHOTO U JiecHoro xo3siictBa CIIA Hauunast ¢ 20-x ronoB XX Beka u pa3paboTta
METOIMKY OLEHKH Pa3MepOB MOMYJISILLMUA ITUL, TPU TOMOIIU UX KOJIbLIEBAHUSI.

4 Kapn T'eopr Moxannec IleTepcen sSBISIICA IUPEKTOPOM NATCKON 6MONOrHUecKoii cTanmy. OH n306pesl MEIHYIO METKY, KOTOPYIO TIpH-
Kperuisil ppldaM Jisi U3ydyeHus: ux Murpauuu. Korga tTpetb Me4eHbIX pbIO romnajach pbidakam, OH cCOOOpasuj, YTO 3TU JaHHBIE MOXHO
MCIIOJIb30BAaTh JUIS OLIEHKH pa3Mepa MomyJisiiiuu pei0. Ero pesysibrarsl 66111 OMy6IMKOBaHbI B 1896 romy.

4Ha camoM JeJie TiepBbie MyOarKauuy Ha 9Ty TeMy 0blin y [1bepa Cumona Jlanaaca B XVII cronerun.
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B ToMm ciyuae, eciu Koau4yecTBO HaOMIOAeHUH B ssuelikax MeHee S0, Jydllle UCIOJIb30BaTh (POPMYJIBI
¢ Koppekuueil. [Iis pasMepa IOMyJIsLnun:;

_ e+ D*(xm+ 1)
N = X+ 1

W nns nyucriepcuu:

(a4 DFC x4+ D x— x10)*( X0 — Xi0)
Van, = X *¥(xn+ 2)

Torna, st MpUBEIEHHOTO BBIIIIE TTPUMEpPa, OTKOPPEKTUPOBAHHBIE 3HAYCHU I YUCTICHHOCTH TIOMYJISIITA T
cocraBisior 59, a nucriepcuu — 108,5. Ha ocHOBaHMM pacCUMTaHHOMN TUCTICPCUM MOXHO OLICHUTH JI0-
BEpUTEIbHBIN MHTEPBAJ IJIs OLIEHKHW YUCICHHOCTH MOMYJISIIAN.

95%CI = N+ 1.96 * v Vary

JL1st NpyUBEACHHOIO BHIIIE IpUMepa IuprHa 95% noBepuTeIbHOIO MHTEpPBaia COCTaBUT 41, a caM UH-
tepBaj OyneT paBeH 39—80 equHuL. MHBIMU c10BaMU, peajibHasI YMCICHHOCTD MOIYJISIIINY COCTaBIsIeT
raoe-to Mmexay 40 u 80 nnnuBngamu. [loryyeHHas BeJIMuMHa ITOKa3bIBAeT, KAKOBA B peaJIbHOCTU MOXKET
ObITh YMCJIEHHOCTb TOMYJSLUU U, COOTBETCTBEHHO, 3aJadyeil UCCaeaoBaTeAe SBISIETCS TOJyYeHUe
0 BO3MOXHOCTH 00Jie€ TOYHBIX OILICHOK.

B snuapemuonorun meron JInHkoiabHa-IletepceHa Oa3upyeTcsl Ha IOJyYeHUU MHOOpMALlUU U3 He-
CKOJIBKMX UCTOUHUKOB. Tak, Hampumep, Ajs onpeae/ieHUs: YUCICHHOCTH ITOTpeOuTe/ieil MHbEKIIMOH-
HBIX HAPKOTHUKOB B KAKOM-TO PeTMOHE MOXHO BOCIOJIb30BaThCsl TAKUMU UCTOUHUKAMMU, KaK JaHHbIC
yyeTa JIMI, CTpaJarolIuX HapKOMaHUel, B HAPKOJOTMYECKOM JUCITaHCEePE U JaHHbIC TOCIUTAIM3al U1
JIULL C TIePeao3rPOBKOI HAPKOTUKOB*,

[IpuBenemM AOCTAaTOYHO peaJbHBIM MPUMEP MCIIOJb30BaHUS METOAA JABOMHOrO OXBaTa C OLIEHKAMU
no JlunkonbHy-IleTepceny. /Jlnsg onpeaeneHus YMcIeHHOCTU TOTpeOUTEIe MHBEKIIMOHHBIX HAPKOTH -
koB (ITMH) B cTtonuue Tannanga baHrkoke uccienoBaTead MOJYYUIN JOCTYIT K IBYM MCTOYHUKaAM
WHpOpMAllMd — CHOMCKAM YIOTPEOJSBIIMX OMUATHI JMII, BKIIOYEHHBIX B IIPOTpaMMBbI JICUCHU S
METaJOHOM, B HapKOJOTMUeCKUX KAMHUKax baHrkoka (crmucok 1), ¥ K COMCKY JIMII, apeCTOBAaHHBIX
0aHTKOKCKOI IMOJUIIME, TpoBepKa KOTOPHIX Ha OMMATHI AaJia IMOJ0XUTEAbHbBIC Pe3yJIbTaThl (CITUCOK 2).
[Ipu cpaBHEHUU 3TUX ABYX CIIUCKOB OBLJIM MOJYYEHBI JaHHbBIC, TPUBEACHHbIC B Ta0. 7.

Ta6muna 7
IIpucyrcteue IINH banrkoka B AByX cnucKax
Cmucok 1
Chucox 2 MPUCYTCTBYET | HET
npucytcTeyet | 171 1369
HET 3893

Oo6uee konmuecTBo ITMH B mepBoM cnincke coctaBuio 4064, a Bo BTopoM — 1540. COOTBETCTBEHHO,
oueHka uynciaeHHocTy [TMH B Banrkoke mo Metony JIunkonbHa-Iletepcena cocrasisier 36 600 yestoBex,
a JOBEPUTEIBHBIN MHTEPBAJI IJIs1 3TOT0 3HaYeHns — oT 31 500 mo 41 700 yenoBek. MHBIMU CTOBaMU, BCe-

48 IlpaBna, B JaHHOM ciydae HaJao0 Obl YAOCTOBEPUTHLCA B TOM, UTO JiMlla, COCTOAILIMNEC HA YUCTEC, ABJIAIOTCA aKTUBHBIMU HApKOMaHaMu, UHa4Ye
BBIOOPKH JIEJIAIOTCS U3 Pa3HbIX TOMYJISIIUIA.
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ro B banrkoke npucytctByeT oT 30 10 40 Teicssu I[IMH. [Tony4eHHEBI pe3yabTaT MOXHO KCIIOJIb30BaTh
B ONMCAHHBIX BBIIIIE MOAEISIX, HAIIPUMED, IJIS IIpeAcKa3aHus nIMHaMuKy snugeMund BUY-uHbexknmnu,
€€ pa3MepoB U ITOTPEOHOCTU B IMIPO(PUIAKTUUESCKUX MEPOIIPUSITUSIX.

Merton JIunkonbHa-IleTepcena 0a3upyercss Ha BaKHBIX JOMYIIEHUSIX — YUCJIEHHOCTb MOMYISILIAU
HE MEHSIETCS MEXAy IBYyMs o0CjeloBaHUSAMM (MOMYJSLMS CTallMOHApHAas), Mpoliecc 0TO0opa B BbI-
OOpKHU SBJISIETCSI MOJHOCTHIO CAy4YaliHBIM (BCE€ CYOBEKThI MMEIOT OJMHAKOBYIO BEPOSTHOCTH ITOIA-
JaHUs B BBIOOPKM) M BEPOSITHOCTH TOINMAaAaHUs B TEPBYIO M BTOPYIO BBIOOpKM oaMHakoBa. B pe-
aJIbHOM XW3HU BBINIOJHUTH 3TU IIpaBMJa He TakK-TO MpocTo. B ToM ciyyae, eciyd MeXAy ABYMsI
00caef0BaHUSIMU MPOXOAUT OoJice-MeHee OONBIION MPOMEXYTOK BPpEMEHU, YUCICHHOCTD MOIMYJISIIIUN
MOXET U3MEHUTHCS — B HEMl MOTYT MOSIBUTHCSI HOBBIE YJICHBI (HAITpUMEpP, KOIUYECTBO JULI, ITOTPEO-
JISIOIIMX UHBEKIIMOHHBIE (POPMBI HAPKOTUKOB, MOXKET YBEJIAMYUTCS 32 CUET HOBBIX YJIEHOB), 3 MOTYT
BBIOBITH CTapble (HampuMmep, Kakoe-To kojaudectBo ITMH MoxeT MOruOHYTb OT Mepeao3upOBKU
WU OBITh apecTOBAHO M OTIIPABJICEHO B MecTa 3akjawdeHus). Eciiu BeposSTHOCTH BHIOBITHSI HE 3a-
BUCUT OT TOrO, Momajnaj Ju MHAWBUA B IEpBYIO BBIOOpKY WM HeT, MeTton Ilerepcena Oymet
OLICHMBATh YMCJICHHOCTDH MOMYJSLMKU B MOMEHT B3sTUs BbIOOpKU. K 4yeMy 5To mpuBeneT, Mpou-
JocTpupyeM Ha mpumepe. [lpeamonoxkum, 4To IOCJe OpraHM3allMy TEPBOM BHIOOPKU M3 MCXO.-
HOI Tronynsauuu BeIObIBatOT 10%. [peArionoxumM, 4To UCXOAHAS YUCICHHOCTh MOMYJISIIIMUA COCTaB-
nsama 100 genoBek, M3 KoTopbiX 20 momanau B MepBYIO BbIOOPKY. COOTBETCTBEHHO, B TOMYJSILIUU
TocJie TpoBeNeHM s TIepBoii BEIOOpKY rmomedeHo 20% nHnuBuaoB. B ycinoBusix 10% cMepTHOCTH KO Bpe-
MEHU IMPOBEACHMUS BTOPOI BHIOOPKU B MOMYJSIUUM ocTaHeTcss 90 MHAMBUIOB, 18 U3 KOTOpPBIX OyaAyT
nomMedeHbl. Ecau Ternepb B3STh BBIOOPKY M3 20 MHAMBUAOB, TO MOMEUYEHHBLIMU OyIyT 4 MHAUBUIA
(MOCKOMBKY TIPOLICHT MOMEUYEHHBIX He M3MEHUJICSI) U pacuyeTHasl YMCICHHOCTh MOMYISLUU COCTAaBUT
20 *20/4 = 100 yenoBek, T.e. OyAeT paBHA YMCJICHHOCTH MOMYJISLIMY B MOMEHT MepBoii BhiOOpKU. Ecnu
K€ B TOM Xe CUTyalluM YMCICHHOCTb MOMYJISIIMY yBeandmiach Ha 20% (mo 120 ye1oBeK), TO TPOIOPIIUST
JIU1I, TPUCYTCTBOBABIINX B IBYX BHIOOpKAX, BO BTOPOIi BEIOOPKE MOHU3UTCA (cTaHeT paBHoii 20/120 =
=(),17). COOTBETCTBEHHO, OLICHOYHA s YMCJIEHHOCTb MONYJISIIUU cTaHeT paBHOM Takke 20/0,17 = 120 unu
OyZeT paBHA YMCJICHHOCTU MOMYJISIIUMYM HA MOMEHT BTOpPOi1 BbIOOpKU. TakuMm 00pa3oM, Ipu BHIOBITUN
meTon [leTepceHa olieHMBaeT pa3Mep MOIMYJISIIMYA Ha MOMEHT B3SITUS MIEPBOM BBIOOPKU, a TIPU POCTE —
Ha MOMEHT B3STUSI BTOPOIi BHIOOPKM.

Bmecte ¢ TeM 3HauMTENbHO OOJIBIIYIO MPOOJEMY MPEACTABASIOT CUTyallMu, KOTAa BEpPOSTHOCTh
nomnagaHus BO BTOPYIO BbIOOPKY 3aBUCHUT OT NMPUCYTCTBUS MHAMWBUAA B TMEPBOi (MM BEPOSTHOCTD
BBIOBITHSI 3aBUCUT OT TOMNagaHus B TIepBYI0 BHIOOPKY). Eciu, Hanmpumep, uccienoBaHue MPOBOAUTCS
Ha OCHOBaHMHU JAHHBIX MO 3ajJepPXKaHUSIM MOTPeOUTEell HAPKOTUKOB, OUEBMIHO, YTO YacThb IOCIE
3ajiepkKaHus OyAyT apecTOBaHbl U OCYXXJEHBI, a, 3HAYUT, TMOKMHYT monyisinio. Ckaxem, B TON Xe
nonynsuuu n3 100 genoBek Ob1M 3anepkaHbl 20, 13 KOoTopbiX 10 3aTeM OBLIM OCYKACHHI (Te, KTO HE
ObL1 3a7epXKaH, OCTaAUCh B MOMYJISILMU, T.€. YMCAEHHOCTb cHU3uaach 10 90 denoek). [Ipu ananuse
BTOpOIi Tpynmbl u3 20 3amepXXaHHBIX TIOBTOPHOE 3a/epKaHue OyaeT Toabko Y 11% (CKOIbKO 0CTaloCh
JIMII C 3ajepXaHusIMU B nonyasiuuu). COOTBETCTBEHHO, OLICHOYHAsI BeJIMUMHA MOMYJISLIUU B MOMEHT
B3siTUs TiepBoii BbiOOopKu cocTtaBuT 20/0,11 = 180 yenoBek — BesimuunHa OyJeT pe3Ko 3aBbillieHa. AHAJIO-
TUYHBIM 00pa3oM, eclii 3aJepKaHHble B MIEPBbIM pa3 yallle 3aJep>KMBaIOTCSI U BO BTOPO (Hampumep,
B JBa pa3a) — 3TO TOXe Oy/JeT UCKaxKaTh OLEHKU YMCAEHHOCTH.

ITono6HbIe poOIeMbl BOZHUKAIOT 1 IPU MCIOJIb30BaHUU pa3IMYHbIX cIMCKOB. Hanpumep, mpu mpo-
BeACHUU HCCea0BaHUsI o onpeaeeHno Koiuuectsa [IMH B omHOM ropoe ObLJIM MCIOIb30BaHbI IBa
MCTOYHMKA MH(GOPMALUU — CIIMCKU JIMILI, 3aJep>XKaHHBIX B COCTOSHUU HAPKOTUYECKOrO OIbSIHEHUS,
W JIMI, HaXOASIIUXCS Ha yuyeTe B HapKoJiormueckoM aucrnaHcepe. [Ipu aHanu3e ObLJIO YCTaHOBJIEHO,
4TO BCETo 3a7epxkaHo Ob110 2700 yesI0BeK, a Ha y4eTe B AUCIaHcepe cocTosio 3506 yenoBeK, Ipyu 3TOM
B oboux crimckax npucyrcrBoBaiau 1900 uenosek. Mcnonb3ys meton JInHkonabHa-IleTtepceHa, MOXXHO
paccuMTaTh, 4YTo YuciaeHHocTh IIMH momkHa coctaBisiTh HeMHoruM MeHee 4900 yenoBek. OmHaKo
NIPOBEJACHHBIE MUCCJIEJOBAaHUSA U MCIIOJIb30BAHUEM APYIMX METOAOB M MCTOYHUKOB MHGPOpPMALUU
nokasajiu, 4To peanbHoe KonudectBo IIMMH B ropome cocraBiasieT oKoso 35 ThICSIU YeJIOBEK, WU
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MHOYTU B ceMb pa3 Oouiblie. [Ipu geralbHOM M3yYeHUM IIPOOJIeMbl BEISICHUIIOCH, YTO HOPMAaTUBHBIMU
JOKYMEHTaMU MpeANChIBaeTCsl HallpaBJIeHUe KaK10ro 3a1epKaHHOI'0 B COCTOSIHUM HAaPKOTUYECKOTO
OIlbsIHEHM S Ha HApKOJIOrMYeCKOoe JiedeHUe B ucnaHcep. JIpyrumMu cioBaMu, Te€, KTO ObLIM 3adepKaHbl,
MMEIOT OYeHb BHICOKYIO BEPOSITHOCTD MOIIACTh B I'PYIILY JIeYeHUs. DTU ABE I'PYIIIbI MOJOXUTEIbHO
KOppEeIUPYIOT U IO3TOMY HeE SIBJSIFOTCSI HE3aBUCUMBIMU.

Hpyroii, MeHee 0YEBUAHBIN, MPUMEDP UITIOCTPUPYET OIIMOKHU MPU MTOIMBITKE OLIEHUTH KOJIUYECTBO JIUII,
OKa3bIBAIOIIMX KOMMEpPUECKUE CEeKC-YCayru. JIisg 5Toil OLIEHKM BOCIIOJb30BaJUCh ABYMS CIIMCKaMU
— 3a/Iep>KaHHBIX 32 MPOCTUTYLMIO U JaHHBIMU KJIMHUKU TI0 JICYEHUIO BeHEpUUYECKUX 3a00JIeBaHUA.
Yucao 3amepxkaHHbIX coctaBuyio 2700 yenosek, mpojiedeHHBIX B KB — 3506 4yenoBek. B oGoux
cnuckax okaszanaoch 139 yenoBek. COOTBETCTBEHHO, OLIEHKA pa3Mepa TpPYIIIIbl JMIl, OKa3bIBalOIIMX
KOMMepYeCKHe CEKC-YCIYTH, COCTaBIsIeT 0ojiee 68 Thicsu yenoBeK. OmHaKo OoJiee AeTalbHBIM aHAINU3
mokasaJ, YTO UX UCTUHHOE YMCJIO B ABa pa3a MeHblle. OmunoKa Oblia cBsA3aHa ¢ HECKOJIbKUMU ITPU-
yuHaMu. BBISICHUIOCH, YTO MPOCTUTYTKHU, Y KOTOPBIX MMEETCsI OOJIbIIOe KOJMYECTBO KJIUEHTOB
U XOPOIIMIA JO0XOM, 3aJACPKMUBAIOTCS C MEHbIIEH BEPOSATHOCTDIO, TMTOCKOJABKY OHU MPOBOAST OOJbIlee
KOJIMYECTBO BPEMEHHU C KJIMEHTAMU U MEHbIIIee KOJMYSCTBO BPEMEHM Ha yJIMIAX, a €CJIM OHU 3aAep-
JKUBAIOTCS, Y HUX €CTh CPEACTBA Ha B3SITKY M BO3MOXHOCTh OTKYMUTHCS A0 TOTO, KaK MX OTHPaBST
B LICHTP IpeaBapUTEIbHOIO 3aKJII0UYeHM S, U OHU Yalle odpamaioTcsa B KBJI, yueM MeHee momyaspHbIe
npocTUTyTKU. COOTBETCTBEHHO, 1BE BEIOOPKHU OTPUIIATEILHO KOPPEAUPYIOT APYT C IPYTrOM, TTO3TOMY
HE SIBJISIIOTCS HE3aBUCUMBIMU, M OLIEHKW YUCJICHHOCTU C UX ITOMOIIBIO SBJISIOTCS OIIMOOYHBIMMU.

4.2. MeTopl C y4€TOM KOppeJasiiii HCTOYHUKOB

Bce atu mpoOiiemMbl IIpUBEIIN K MMOMBITKAM pa3padoTaTh METOIOJOTUIO OLIEHKH, KOTOpast MOTJia ObI KOpP-
PEKTHPOBATh BO3MOXHYIO KOPPEIISILINIO MEXAy UICTOUHNKAMU U, COOTBETCTBEHHO, YJIyYIlIaTh OLIEHKN
YUCJICHHOCTHU MOonyasiuuu. EcTecTBEHHO, YTO HE CYIIECTBYET METOIA, KOTOPBIII CMOT OBl ITOJIYYUTh
0oabIINii 00beM MHGOPMALIMK U3 ABYX UICTOUHNKOB, HEOOXOIMMBIX 111 MeToAa JImnkonbHa-IleTepce-
Ha. JIto0ast KoppeK1us TpeOdyeT JOMOJIHUTEIbHBIX UCTOUHNKOB MH(GOPMAIIMU B BUI€ JOTIOJIHUTEIbHBIX
cnuckoB. OgHAKO Jaxe HaJIM4re TPeX UCTOYHMKOB y3Ke MTO3BOJISIET 3HAYUTEIbHO YIyUYIINTh BO3MOX-
HOCTH MO IMOJIYYEeHHUIO TOCTOBEPHOTO pe3yJibrara.

CaMBbIM TIPOCTHIM METOIOM, KOTOPBI ITO3BOJISIET IPOAHAIM3UPOBATh, HET JIM KOPPEISILUU MEXIY
UCTOYHUKAMU U, IIPU HEOOXOAUMOCTHU, OTKOPPEKTUPOBATh pe3yJbTarT, siBasgeTcs MeTon Burtec [23].
st ero peajmsanuyd HEOOXOAUMO pacIiojaraTh Kak MUHUMYM TPEMSI UICTOUHUKAMU JaHHBIX (TpeMs
criuckamu). [Ipy onucaHuy pe3ysibTaTOB UCCIEIOBAHUS C TPEMsI CIIMCKAMM BO3MOXKHO CJIEIYIOIIEe
CXeMaTHUYHOE IpelcTaBIeHUe Pe3yJIbTaToB (puc. 21).

Puc. 21. CxemaTnueckoe n3o0pakeHue pe3yabTaToB CpaBHEHUS TPEX CITUCKOB.
Ha sToM puCyHKe KaXIblii CIMCOK IIpeACTaBJeH B BUAE OKpYXHOCTHU. IIpencraBuTenn m3ydaeMoi

MHOMYJISIIMU MOTYT HAaXOOMUThCS B OMHOM, OBYX WJIHM Tpex cruckaXx. CUMBOJBI, ITOKa3bIBaloOlIUe UX
YHUCJEHHOCTD, IpPEeACTaBJeHbl B MECTe IlepeceuyeHus] OKpyxKHocTeil. Tak, Hampumep, YUCIEHHOCTh
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JINI, IPUCYTCTBYIOLIMX BO BCEX TpeX CIMCKax, 0003HaueHa OyKBOI ¢, a YMCIEHHOCTD JIMI, KOTOpPhIE
HaXOIMJIUCh TOJBKO B CIIUCKE, 0003HAUEHHOM 3allITPUXOBAHHOM OKPY>KHOCTbIO, X OO0JIbIIIE HU B KAKOM
— OykBoii g. Ha mepBoM 3Tame uccienoBaTelb MOXET IIPOBECTU OLIEHKY YMCICHHOCTU IMOMYISILIUU
no JIunkoiabHy-IleTepceHy, UCIIOJb3Ysl CIIUCKU TTorapHo. O4eBUIHO, YTO B TAKOM CJIy4ae OH MOJYYUT
MpHU TpeX CIIKMCKaX TpU 3HauUeHUs1. B ToM ciydae, eCiiM OHM OJMHAKOBBI TO 3TO O3HAa4YaeT, YTO BhIPaXKeH-
HOI KOppeJsLiMKd HEeT U OLleHKaMM MOXHO BOCHOJIb30BaThcsl 0€3 JajbHeilllell koppekuuu. Eciu ke
OHU pa3INvyarTCs, TO HEOOXOAMMO BEISIBUTh HanboJiee KOppeaupyIoliie Ipyr ¢ APYTroM CIIUCKH.

JI7s1 3TOrO KaXXABIi CITMCOK OepyT B OTHEIBHOCTU M OLIEHMBAIOT TO, KAaK pacIipeleeHbl B HEM JIMIa
U3 ApYyrux crnuckoB. Hampumep, ecau B3ATh Ha puc. 21 COMCOK, 0003HAYEHHBIN 3alITPUXOBAHHOM
OKPY>KHOCTBI0, TO 00IIIee KOJIMYECTBO JIUII B 3TOM CITHUCKe OymeT paBHO cymme g + d + ¢ + e. [TokazaTenem
PaBHOMEPHOCTH pacIIpele/IcHUs B 3TOM CITMCKE ITPEeICTaBUTEICH IBYX IPYTUX CITUCKOB OyIeT OTHOIIIE-
HUe IIIaHCOB, paBHOE

o

*g

OR = 458

U

DTO OTHOLIECHUE IIAHCOB ITOKA3bIBAET, HET JIM CBSI3M MEXY IIPUHAIJICKHOCTBIO K OMHOMY U APYTOMY
CIIMCKaM, IOMEUYEHHBIM He3alITPUXOBAHHBIMU OKPYXKHOCTIMMU. Takasi CBSI3b MOXET, HAIIpUMED, BbIpa-
KaTbCsl B TOM, YTO T€, KTO 0Ka3aJiCd B OJHOM CIIMCKEe, ¢ OOJIbIICH BEPOATHOCThIO OYAYT U B APYIOM
(monoxwurenbHas cBsa3b, OR>1, meton JIuHkoabHa-IleTepceHa OyneT HenOOlLEeHBAaTh UICTUHHYIO YMC-
JICHHOCTD MOMYJISLIMM), NN Ke Te, KTO 0Ka3aJICSI B OHOM CIIMCKE, C MEHbIIIEH BEPOSTHOCTBIO OKAXYTCS
B apyroM (oTpuuareibHast cBs3b, OR<1, meron JlmHkonbHa-IleTepceHa OydeT IpeyBeIMYUBaTh
WCTUHHYIO YMCJIEHHOCTD Ionyasuun). Eciu paccuutaHHOE OTHOLIEHME LIAHCOB OJIM3KO K eIUHULIE,
5TO O3HAYaeT, YTO CBSA3M HET M MCTOYHMKU He3aBUCUMBI (oLeHKM Io JInHKoabHY-IleTepceny mo-
CTOBEPHBI).

B Tom ciyvae, eciu HaiiAeHBI 3aBUCUMBIE UICTOYHUKU, UX ClIeAyeT O0bEeAUMHUTD APYT C IPYTOM U pac-
CMaTpHUBaTh KaK OIWH CITUCOK. B manpHeliIeM aHaaIu3 CBOAUTCS K OLICHKE YUCIEHHOCTH TTOMYISIIIUKA
o metony JInnkonbHa-IleTepceHa ¢ ucmob3oBaHWEM O0BEIMHEHHOTO CITMCKA M CIIMCKA, MMEBIIIETO
HAUMEHBIITYIO KOPPEJISIINIO C IPYTUMM.

[TpousttocTpupyem 3Ty METONMKY Ha mpuMmepe. B . MockBe ObI10 TpoBeeHO UCCieIoBaHNE, HATIPaB-
JICHHOE Ha OIIEHKY KOJMYEeCTBa MOTpeOUTeIeii MHBEKIIMOHHBIX HAPKOTUKOB (JIeTaJbHOE ONMUCaHue
Metonosoruu cMm. [18]). Beiau B3SITBI JaHHBIE M3 TPeX WUCTOYHUKOB — PE3YJIbTaTOB SKCIEPTHU3BI
HapKOJIOTUYECKOTO OIbSTHEHU S, CITMCKA JIUIl, COCTOSIINX Ha y4eTe B HAPKOJOTMUYECKOM THMCTIaHCepe
M MTaHHBIX BBI30OBOB CKOPOW MOMOIIM B CBSI3W C TIEPEIO3MPOBKON HApKOTHMKOB. KoiwdecTBo Juil,
O0Ka3aBIIIMXCSI B Pa3HbIX CITMCKAaX, MPeACTaBIeHO Ha puc. 22.

CKopasA NoMolb
T
.

_/ 190

\"\.
rd

Puc. 22. Pe3ynbrarsl nccienoBaHus o onpeaeeHno ynciaenHoctn [TMH
BT. Mockse (I1natt u coaBrt., 2005, He oImyOJIMKOBaHO)
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Ha pucyHke BUIHO, 4TO He ObLJIO J0ell, KOTOpble OBl TPUCYTCTBOBAIM BO BCEX TPEX CIIUCKAX, IO3TOMY
JIJIST pacuyeTa OTHOIIEHMS IIAHCOB Halo ObLJIO BOCHOJb30BaThbCSl OTKOPPEKTUPOBAHHOU (pOpPMYIIONA,
B KOTOpPOI K KaxKAOMY 3HAa4eHUIO YKUCIeHHOCTU IpubasisaioT 0,5. Ha ocHoBaHUU IpencTaBIeHHbBIX
JaHHBIX OTHOILIEHNE IIIaHCOB JJI51 CIIKCKOB CKOPO1 TOMOIIIY U HapKoaucHaHcepa (10 JaHHBIM T'PYIIIIbL,
KOoTopasi ObljIa B CIIUCKE 3KCIEePTU3bI OIIbSIHEHU ) COCTaBUJIO

0.5%2772.5 _
355%895 — A4

OR =

OTHollIeHE LIaHCOB IJI51 CIIMCKOB CKOpOﬁ ITOMOIIM M SKCIIEPTUILI OITbAHECHN A COCTAaBUJIO

0,5 * 1382.5
89,5%15

OR = = 5,14

OTHollIeHME IIaHCOB JIJIs1 CITUCKOB HapKOAUCIIaHCEPA U SKCIIEPTU3LI OIIbAHEHMUA COCTaBUJIO

or = 9271905 _ 4 79

OueBUAHO, YTO HAMOOJbIIAs KOPPEASILMs HAOMIOAAeTCs MEXIY COUCKAMU CKOPOW MOMOIIM U DKC-
MEePTU3bl ONbSIHEHUS,IIO3TOMY 3TH [IBa CIIMCKA CleayeT OObeIMHUTD. Toraa moay4eHHbIe Pe3yIbTaThl
CBOJSTCSI K aHAJIM3Y ABYX CITMCKOB, B OMHOM M3 KOTOphIX 3086 yemoBek, a BO BTopoM — 1472 yenoBeka,
U B 000oux cnuckax nmpucyTcTByioT 90 uenosek. [1o meTony JInnkonsHa-Iletepcena yncnennocts [ITMH
TOrAa COCTaBIsIeT

_ 3086 * 1472

N 90

= 50473

YCJIOBCKA, a AUCIICPCUA

_ 3086 * 1472 *(3086 — 90)*( 1472 — 90)

Vary 90°

= 2,58 %10’

95% noseputenbHblii nHTepBaa paBeH 40 600—60 400 yenmoBek. COOTBETCTBEHHO, YMCIEHHOCTD IO-
nynsuuu [TMH B 1. MockBe, olieHeHHas 11o MeToay Buttec-JInnkonwHa-Ilerepcena, cocraBnser oT 41
10 60 ThICSY YeJI0BEK ¢ HanboJiee BEpOSITHOM YUCIEHHOCThIO OKOJIO 50 ThICSU®,

MeTton ButTec iBsieTCsI 1OCTaTOYHO ITPOCTHIM M JIETKO PeaIn3yeMbIM 1aXKe B OTCYTCTBUE 3HAUUTEJIbHBIX
BBIUMCIUTEIbHBIX MOIITHOCTEH M CIIELIMAIMCTOB, OOYUYeHHBIX paboTaTh C CUCTEMaMU CTaTUCTUYECKOM
00paboTKu 1aHHbIX. C Ipyroi CTOPOHBI, OH HE YCTPAHSIET MOJHOCTbIO BIUSIHUS CYIIECTBY IOLLENH MEX 1Y
WCTOYHUKAMU KOPPEJISILINU, TTOCKOJIBKY MOXET YCTPAHUTh JIUIITb CAMBIN 3HAYMUTEIbHBIN U3 HUX (M3 TpeX
CITMCKOB JeJ1al0TCS 1BAa, COOTBETCTBEHHO, BO3MOXHAS KOPPEISIIIUSI MEXIY OCTAIOIIMMUCS UCTOYHU-
KaMU He ycTpaHseTcs). 2KemaTeJIbHO OBLIO ObI MMETh BO3MOXHOCTH ITOCTPOUTH MaTeMaTUYeCKYIO
MOJIeJTb, KOTOpasi Obl IIO3BOJIsIJIA YUSCTh KOPPEIS Y MEXIY BCEMU CITUCKaMMU.

Takoli Mozenbio sIBJsIeTCs JOorMHelHass Moaeab. B pamkax atoit Mmonenu jorapudmbl HaOII01aeMbIX
YaCTOT MOJEJUPYIOTCA KaK UMEKIINE JUHEWHYIO CBSI3b APYT ¢ npyroM. [lomoOHBIE MOnean MMUPOKO
pacripoCTpaHEHBbI B CTATUCTUKE, N C NX ITOMOIIBIO MOACIUPYIOT pa3/IMYHbIC IMPOLIECCHI, TAKMUE, HATIPU-
Mep, KaK CMEpTHOCTH 1 3a00JIeBaeMOCTh (BIMsTHIE (hDaKTOPOB PUCKA HA 3TU mporecchl). OmHaKo B Me-

4 BoJjiee TOUHAsH OLEHKA IO METOMY JIOTJIMHEIHOrO MOAEAMPOBAHHUS JAeT 3HaYeHue OT 35 10 52 Thic. ¢ Hanbosiee BEPOSITHBIM 3HAUECHHEM
okosio 42 Tteic. XOTsl olleHKa 1o Butrec Bbllle, TOBOPUTH O TOCTOBEPHBIX Pa3IUYUsIX HEJIb3s, TOCKOJbKY TOBEPUTEIbHbIE MHTEPBAJIbI
MepPeKpPbIBAIOTCS.
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Tomax IBOMHOro oxsara’ aHaJIUTUKA MHTEPECYeT He BIMsSHUE HaOM0IaeMbIX (DaKTOPOB HA YaCTOTHI
(HabmrogaemMbie (paKTOPHI B JAHHOM Cllydyae — CIIKUCKM), a IIpeAcKa3aHue KOJIMYeCTBa UL, OKa3aBIINXCSI
BHe cniucka. [ist mpuMepa BepHeMcs K Ta0u1. 7. BuaHo, 4To mpaBast HUXKHSIS sT4eiika TaOJIULIbI IYCTYET,
MOCKOJIbKY MCCJIeIOBaTeIsIM HEU3BeCTHO, CKoIbKo IIH He oka3aiuch HU B TOM, HU B IPYTOM CIIMCKE.
[Ipy 0OBIYHOM JOTJIMHEMHOM MOAEIMPOBAHUM ObLIM Obl U3BECTHBI BCE YETHIPE YaCTOTHI U U3ydajlach
CBSI3b MeXIYy (paKTopaMu, oOpa3yloluMu Tadauny. B MeTomax xe ABOMHOro oxBaTa OyAdeT CTPOUThCS
MOJIeJIb, OIIMChIBaIOIIasl JaHHbIE Ta0JMIIbl, 1 HA OCHOBAHUU 3TOM MOJEIM OyAYT cTapaThCs IIpeicKa3aTh
CoIepKMMOe OTCYyTCTBYyloleil siueiiku. IlornmpoOyeM IOCTPOUTH JOIJIMHENMHYI0 MOJEe/Nb Ha MpUMepe
Taba. 7. 17151 MpoCcTOThl 0003HAUMM, UTO, €CJIM MHAWBUI IPUCYTCTBYET B CIIMCKE, TO 3HAUEHUE IEPEMEH-
HOI1, 0003Havalolleil 3TOT CIMCOK, COCTaBaseT 1, a eciu oTcyTcTByeT — TO (. O003HAYUM MEPBLIi
cnucok A, a Bropoii cnucok B. O60o3HauMM TakxKe 4acTOThI B TabJMIaX JaTUHCKUMU OyKBaMM Tak,
4TO YacTOTa B JIEBOI BepXHEi A4eiike (paHee 0003HaYaBLIasCs Kak X,,) Oyaer o6o3HayeHa OyKBOM a,
yacToTa JJIs cliydasi, KOrda Juila IoIaju Bo BTOPOM CIIMCOK, HO OTCYTCTBYIOT B IIEpBOM — b, cllyuyai,
KOr/a JIuilia OTCYTCTBOBAJIM BO BTOPOM CITMCKE, HO IIPUCYTCTBOBAJIM B IIepBoM — ¢. KoylnuecTBO TeX, KTO
OTCYTCTBYET B 000X CITMCKaX, 0003HauuM OyKBoii d. VI3 onpeneneHus JOIJIMHEHOM MOJIEI CAeaYeT,
4TO

In@@=a*A+p*B+const=a*1+p*1+const=a+ 3+ const
In(by=a*A+p*B+const=a*0+ *1+ const =[5+ const
Inc)=a*A+p*B+const=a*1+p*0+ const =a + const

In(d=a*A+p*B+const=a*0+*0+ const = const

Ha ocHoBaHUM TTepBBIX TpeX YpaBHEHUI MOXHO OLICHUTh TPM HEM3BECTHHIX MapaMmeTpa (Koadduiim-
SHTBI o0 ¥ B 1711 CITUCKOB M TIOCTOSIHHBIN 4JieH ypaBHeHMs const). Ha camom nmene oneHka koadduiim-
€HTOB IS CITMCKOB HAc HE OYeHb MHTEPECYeT, a BOT TO, YTO HaM HYXXHO — 3TO IOCTOSHHBIMI
yjieH ypaBHeHUsl. OH paBeH JiorapudMy KOJIMUYECTBA JIMII, HE MOMAaBIIMX HU B OAWH U3 CIIMCKOB U,
COOTBETCTBEHHO, OIICHUB €r0, MOXXHO OIICHUTH OOIIYI0 YUCIEHHOCTH Momyassuuu N =a +b + ¢ + d.

[Tocne aToro TeopeTuyeckoro BBEJAEHU S MOXHO MOMPOOOBAThH PEIIUTh CUCTEMY YpaBHEHUU JJIs1 NaH-
HBIX U3 Taba. 7. PellleHMe 3TOil cUCTEeMBbl YpaBHEeHUIT®!' mokaskiBaeT, 4yTo const = 10,34711. CooTBeT-
CTBEHHO, B35IB aHTUJIOTapu(M OT ITOU BEJIUUYUHBI (BO3BOJSI YUCJIO € B CTETEHb), MOJIydyaeM, 4YTO HU
B OJMH U3 cUCKOB He momaJjo 31 167 yenoBek. Becero ke B momynsiiimu banrkoka Torna umeercss N =
=171+ 1369 + 3893 + 31 167 =36 600 [1M H (uurcjio TO4HO COBITaacT C pacueTaMu 1o MeToay JIMHKOJIbHA-
Iletepcena).

KOHC‘{HO, OTOT IPUMEP ObLJI OUEHb IIPOCTbIM, HO OH ITOACHAET OCHOBHYIO MACIO METO1Aa JIOTJIMHEIAHOT O
MOAC/IMPOBAHUA. Ha ocHoBaHuM HabM0IaeMbIX YACTOT MBI CO3/1a€M CUCTEMY YPAaBHEHU I, ONMCHIBA-
IoHInX pacripeacjaicHue HabII01aeMbIX J'IOI‘apI/I(I)MOB 4acCTOT, a 3aT€M INbITa€MCAd OIIPCACINTDL, YEMY
paBHACTCA HeHabogaemMasi 4yactoTa (BTO BCEria 6y,I[CT MOCTOSIHHBIN 4JIeH YpaBHCHUA JIOTJIMHEMHOM
MOI[CJII/I). quSBquaﬁHO Ba>XHO TO, YTO B MOACIM MOXHO HIPEAYCMOTPETH B3aUMOJEHCTBUS MEXAY
JaHHBIMU B pa3HbIX CITMCKAX U TAKUM o6pa30M CMOICIUPOBATDh CBA3U, CYILIECTBYIOIINEC MEXKAY HUMMU.

Hano, omHaKo, OTMETUTB, UTO B IPUBEACHHOM BBIIIIE IIPUMEPE JIJIST IBYX CITUCKOB MBI HEMHOTO TTOKPH -
BUJIM nymIoi. Jlejo B TOM, 4TO pealibHO ITOJTHAS JIOTJIMHEWHAss MOIeIb JOJIXKHA Obljla ObI BKJIIOYATh
B ce0sI erle BO3MOXHOCTb B3aUMOIEUCTBUST MeXay (pakTopamMu A u B (T.e. y4UThIBaTh BO3MOXHOCTb
Toro (akta, YTO MEXIYy BepOSITHOCTSIMU TOMMaJaHus B cTMCKU A 1 B cymectByeT Koppensuus). Eciu
OBI 3TO OBIJIO YYTEHO, TO TTOJTHAST MO b JIJIST IBYX CITMUCKOB CTajia ObI TAKO:

30 BEPHEE, MHOKECTBEHHOTO OXBaTa

S HampuMep, ¢ momolnbio pouenypbl REG cuctembr SAS
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In(@=a*A+p*B+y*A* B+ const

OueBUAHO, YTO B 3TOM CJIy4yae IIPW HE TTOJTHOCTHIO 3aIlOJTHEHHOW TaOJIMIE MBI OBl TOJYYUIN TPU
ypaBHEHHS C YETHIPbMSI HEM3BECTHBIMU M HE CMOTJM Obl MX pemmnTh. Hac cmacno mpeamosoxeHue
0 HE3aBMCHMOCTH cIMCKOB A 1 B. UHBIMU cl10BaMU, TTPY MCIIOIBb30BAHNM METOIOB IBOMHOI0 OXBaTa
HEBO3MOXKHO OLIEHUTH MOJHYIO JIOTIMHEHHYIO MOJIE/Tb ¥ BCETIa IIPEAIIOIaraeTcs, YTO B3aMMOIeCTBIE
CaMOro BBICOKOTO YPOBHS OTCYTCTBYeT. C ApYroil CTOPOHBI, €CJU B PACHOPSKEHUU aHAJIUTUKA €CTh
TPU CITUCKA, TO OH PacIiojiaracT CeMbIO 3HAUCHUSIMU YaCTOT W, COOTBETCTBEHHO, MOXET PAaCCUNTHIBATh
Ha TIOCTPOEHME CEMU ypaBHEHUH C ceMbl0 HeM3BeCTHBIMHU. Ecim o0o3HaumTh crimcku A, B u C,
TO, COOTBETCTBEHHO, MOXXHO OLICHWTH BIIMSTHME KaxKJIOro crmcka mo otnenabHocTH (A, B m C) un ux
nomnapHbie B3anmoneiicteus (A * B, A * C, B * C). OueHuTh BIMSIHNUE BCEX TpeX (PaKTOPOB BMECTE
He TIpEeACTaBISIeTCS BO3MOXHBIM, ITO3TOMY IIpeaIlojlaracM, 4TO Bce Tpu (PaKkTopa OJHOBPEMEHHO
IPYT C IPYTOM He KoppeanpyioT. [loHITHO, 4TO 3TO MpenIookeHne He OCHOBAHO HU Ha YeM, KpoMe
HaIlero XeJaHMWs OIpPeNeTUTh HEM3BESCTHYIO YMCIICHHOCTD TONYISINNA, 1 ¢AMHCTBEHHON rapaHTHUel
ero CIIPaBEAJIMBOCTM OyIeT ITONBITKA KCCIIEOOBaTeNs HAWTU CHHUCKHU, KOTOPble C MWHUMAaJbHON
BEPOSITHOCTBIO KOPPEIUPYIOT APYT ¢ ApPYroM (T.e. He OpaTh OYEBMAHO CBsI3aHHbIE crucku). Ecau y
aHaJIMTHKA B PACITOPSIKEHU U €CTh 0OJIBIIIOE KOJTMYECTBO CITMCKOB, TO HEOOXOIMMO BHIOPAChIBATH TOJIBKO
TOT MMOKa3aTesb B MOJICIN, KOTOPBIN MpeArnoaaraeT 3aBUCMMOCTD MX BCEX APYT OT IPyTa, a BEPOSITHOCTh
ATOTO C POCTOM YMCJa CITMCKOB cHUXkaetcs. [loaTomy, yem Gosibllie CIIMCKOB €CTh Y aHAJUTUKA, TEM
TOYHee OyneT olleHKa HeHa0J1I01aeMOoM MOM YIS U.

Bo03M0OXHOCTHIMOCTPOSHU I MOAE/IU C OOJIBIINM KOJIMUECTBOM ITapaMeTPOB (HallpuMep, CEMbIapaMeTPOB
JIJISI TPEX CIKMCKOB) 0a3MpyeTcs ellle Ha OMHOM ITPEANOJI0XKEHN N — YTO BCe IToKa3aTe I U3MEPEeHbI a0CO-
JIIOTHO TOYHO, T.€. €CJIM Mbl IIOBTOPUM 3KCIIEPUMEHT C IOJYYEHUEM CIIMCKOB U3 TeX Xe UCTOUHUKOB,
MBI IOJIYYUM a0COJIIOTHO TaKue Xe LuGpbl (BEpHEE, COOTHOILICHUE MEX 1Y 3HAUeHUSIMU OyIeT OnuHa-
KOBBIM). DTO, €CTECTBEHHO, SIBISIETCSI BeCbMa COMHUTEIbHBIM JomylneHrueM. OaQHaKO IJIsS MOAEIU

In@@=a*A+p*B+y*A*B +const +¢,

IAc € — 1n1oKas3aTrelib, OTpa}KaIOH_II/Iﬁ KoJiebaHus 3HaUeH U B pe3yabTaTe OIJ_II/I6KI/I, Y HacC sABHO HE XBaTacT
JaHHbIX. B cjly4da€ C AByMd CIIMCKaMM HaM JA€J1aTb HEYEro, 0OAHaKoO, €CJIn y HaC €CTbh TpU UJIU boJiee
CIIMCKOB, TO IO BbITAaTbCA OLUCHUTD OIJ_[I/I6Ky MO2HO. ,HJ'[H 3TOro CJaeAyeT BHa4YaJl€ YCTaHOBUTDL, TaK JIN y2K
HEe00XOAMMO UMETh MOJEJIbCO BCEMU BO3MOXHbIMU B3aUMOJAEHUCTBUSIMU (KOHC‘{HO, 0e3B3auMOICICTBUS
BCEX Q)aKTOPOB BMECTE OTO OLICHUTDb HCJILSH). Z[J'IH 9TOro Haao 1nocja€aoBaTeJbHO IOCTPOUTDL pAd MOAC-
JIEl — OT caMbIX IIPOCTHIX K CaMbIM CJIOKHBIM, HaIllpuMeEp, 414 TPEX CIIMCKOB HpOCTCfILHaH MOAECIb
6y,I[CT BbITJIAACTD TAK:

a*A+pB*B+y*C+const+e

JIsh TpOCTOTHI 3alUCU B HaJIbHEWIIIEM MBI He OyaeM ImucaTh o WK 3, a TIPOCTO OyIeM yKa3bIBaTh
HaMMEHOBaHME CIIUCKa, TIpeAIioaras, 4To A1 KaXI0To oJ00HOT0 TToKa3aTesIsi Mbl OIICHMBaeM MHO-
xkutesb. COOTBETCTBEHHO, (hOopMYyJIa BhIIIE s IPOCTEH et MOIEIN B CJIydae TPeX CITMCKOB Oy/IeT BbI-
TJISIIETh TaK:

*cABC

bonee cnoxHble MOaEIY TOTaa OIIPCACIAIOTCA TaAKUM 06p3.30MZ

- ABCAB
+cABCAC
+ ABCBC
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*ABCAB AC
+ ABCAB BC
+ ABCBCAC
*+ ABCABBCAC

3a,I[YMaCMCH Ha CEKYHOY, 4YTO IIPOUCXOAUT, KOrga OT boJiee HpOCTOfI MOACIN MBI IIEPEXOANM K boJiee
cJIoxkHOM. PaKTUIeCKH YCTpaHACTCA OAMH U3 UICTOYHMKOB HEOIIPEACICHHOCTHU (TOT (l)aKT, 4YTO HEC yUu-
TbIBAJIOCh, HAIIpUMEDP, B3auMoOJeiicTBIE A U B) I'me 3TOT UCTOYHUK HEOIIPpEACJICHHOCTHN HAXOAMNJICA B
OoJiee HpOCTOfI moaenau? B mokasaresie olIMOKU €. COOTBCTCTBCHHO, €CJIN MbI OLICHUM, HACKOJILKO YB€-
JIMYUJICS MOKa3aTeb Ol MOKU IIPpUIIEPEXOIEC K OoJiee HpOCTOfI MOACIN, MbI 6y,£[€M BCOCTOAHUU OLICHUTD,
HACKOJIbKO BaKHBIM ObIJI UICTOYHUK HCEOIIPpECACJICHHOCTH, BHECEHHBI B MOJI€/Ib B IBHOM BU]IE. HaHpI/I—
MEP, €CJIN MMOCJIC MPEKPALLICHU A YUETA B3auMoeiicTBuss Au B YPOBEHDb HEOIIPCACIICHHOCTHU YBCJINYMNJICA
JINIIb HE3HAYUTEIBbHO, TO OYEBUTHO, YTO B3AUMOJIEICTBUE AB He HeceT 3HAUMMOM I/IH(I)OpMaLII/II/I B JaH-
HOW MOJENU U €ro MOXHO HE YUYUTHIBAThb. Takum 06p2130M, CpaBHHUBai boJiee IpOCThIC MOICIN C OoJiee
CJIOKHBIMH, MOXHO YCTAHOBUTDb, KaKNe€ B3aUMMOJEMCTBUS SBJISIOTCS 3HAYMMbBIMU, a KAKUEe — HET U,
COOTBETCTBCHHO, HO)IO6paTL Haubosee IIPOCTYIO U BMECTE C TEM Haubosee I/IH(bOpMaTI/IBHYIO MOACIb.

Taoauuna 8

Pacnpenenenne uncaa IIUH r. ToabaTTH M0 HCTOYHNKAM MH(OPMALTUAA

Chnucku Cnucky HapKoaucnaHcepa
3a/iepKaHHbIX ecTh HET
cnucku CIINJI-uenTpa cnucku CIIUJI-uenTpa
eCThb HeT eCTh HET
ecTb 80 93 37 906
HET 894 1861 1351

Jtst uaoCcTpallMi BOCMOIb3yeMCs JaHHBIMU 110 onipeaeaeHuto yucieHHoctu [TMH B omHoM poccuii-
CKOM ropojie, KOTOpoe MPOBOAMUIOCH C UCIOJb30BAHUEM TPEX CIIUCKOB — AAHHBIX HapKoAucIaHcepa,
CITMCKOB 3aJiep>KaHHbIX MUInuueid HapkomaHoB U naHHbIX CITU/I-uenTpa [18]. Bcero B Tpex crnuckax
Ob1710 5222 yesloBeKa, pacupeaesieHue IIo CIIUCKaM ITpeAcTaBiIeHo B Ta0II. 8.

OTU TaHHBIE MOXHO 3aIlucaTh B BUI€ TaKOI IIpOrpaMMBbl 1J1sl BBoa B CUCTEMY SAS:

DATA tol;
INPUT narko aids police count;
CARDS;
11180
110 894
101093
100 1861
01137
0101351
001906
000.

N I N N T N

—_ = = \O
N o= O

’

RUN;

[S—
W
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OOpatuTe BHUMaHUe, UTO B ITOCJEAHENM CTPOKE BBOJA JaHHBIX YKa3aHO, YTO Y HaC HET JaHHBIX 110 KO-
JIMYECTBY JIMII, OKa3aBILIMXCS BHE BCEX TPeX CIMCKOB (3TO OyIeT HEOoOXOIMMO [JIsS pacuyeTa 3TOro
yucia). Terepb MOXHO HauyMHATh JIOIMHEHOE MoIeMpoBaHue Ipy Iomoiuu mnpoueaypbl GEN-
MOD. IIpu BeIOOpe MOAEIN IIPUAETCS IPoaHaJIU3UPOBATh BCE MEPEUMUCISHHBIE BhIIIIE MOJASIN U Olle-
HUTbh UX 3HAYMMOCTb C TOYKHU 3peHHUs 0oJjiee IMPOCThIX Moaeseil. [Ijisa 3Toro HaM Hajuo OyaeT HalTu
B paclieyaTke, OIMCBhIBAIOIIEH MOJYYEHHYI0 MOAE/b, pa3lel, IMOoKa3blBaloOIUil OCTaTOYHYIO Bapua-
0eJIbHOCTh (JlorapudM mpasaonogodusi, LL), u Beimucarb ero 3HadeHue. [Ipocreiiiias Moaenb OyaeT
3anporpaMMHUpOBaHa Tak:

1 PROC GENMOD:;

2 MODEL count= narko aids police/

3. DIST=POISSON PREDICTED LRCI CL;
4 RUN;

Onuuu PREDICTED u CL no3BoASI0T OLEHUTh YMCAEHHOCTb U TOBEPUTEIbHbIE MHTEPBAJIbl YUCIICH-
HOCTM HeHabJ11omaeMOoi MOMyAsSILUY M0 KaXX A0 U3 Moaesiell (3T ONMLUUU IPOCAT CUCTEMY pacCUMTaTh
MpeacKa3aHHbIe 3HAUCHM I YMCIEHHOCTE! AJ151 BCeX STYeeK, B TOM YMCJIE TOM, Iie JaHHbIe OTCYTCTBYIOT
— BOT 3a4eM HYXXHO ObLIO BBOOUThH MYCTOE 3HaueHWe B (haiijie JaHHBIX). Bblnmuilem pe3yabTaThbl
MpoBeIeH S aHaan3a B TabJ. 9.

st TOro, 4TOOBI OMPEACIUTDH KAueCTBO MOJIEJIM, PACCUMTHIBAIOT Pa3HOCTH JOrapudMOB MpaBaONoI0-
Ous 1 JeST MONTYYeHHY 0 BeIMUMHY Ha pa3HOCTh cTerneHeit cBoooabl (df), mokasbiBamoInX, KaKKe ele
BapyMaHThl MOJIEJU MOTJIM Obl ObITHh MCMHOJB30BAHBI (MMOCACAHIS MOAEIb SIBJISICTCS MOJHOW U TaM YXKe
creneHeit cBoOoabl HeT) [4]. OnqHaKo 3Ta MeTOAMKA HEAOCTATOYHO XOPOIIO paboTaeT, eCv KOJUYECTBO
HaOII0IeHN T OTHOCUTEIBHO BEJIMKO, TTOCKOJIBKY JII0ObIE, TaXe HE3HAUMTEIbHbIE UBMEHEHM S B KQUeCT-
BE MpeAcKa3aHusI OKaXyTcs A0CTOBepHBbIMU. [ToaToMy 1J151 0TOOpa Moesin ObLI MPeIIoKeH psij MoKa-
3arelieil, U3 KOTOPbIX OAHMM M3 HamboJjiee afeKBaTHHIX siBJisieTcsl baiiecoBckuii MHGOpPMallMOHHBIN
kputepuii*? (BIC). ®opmyna njist OLIEeHKYW MOJCIN BBITJSIIUT TaK:

BIC=2*(LL —LL) —df *In (N),

rae LLp — Jsiorapum NpaBaonoaoous 1ist nosHoi Moxenu u LL — sorapudm npasrononodus mis
YIPOIIEHHO! Mozen, df — Kolm4ecTBO cTeneHeil CBOOOIbI IS yIPOLIEHHON Mozienn, a N — ofiiee
KOJIMUECTBO HAOIIOICHUIA.

Taoauua 9

AHaJu3 JOTIMHEHbIX MoaeJieil

Mogeab LL df | YucieHHOCTD
ABC 31392 |3 4965
ABCAB 31660 |2 | 17714
ABCAC 31467 |2 3821
A BCBC 31469 |2 4001
A BCABBC 31660 (1 18 130
ABCABAC 31671 |1 33081
ABCBCAC 31579 |1 2812
ABCABBCAC |31678 [0 [59237

32 Jlpyrue rmoKasaresiu JJist oToopa MOJIeU BKJIIOUAIOT, B YacTHOCTH, MHbopMatmonHeiit kputepuit Akaiike (AIC), KOTOPBIil pacunThIBaCTCS
o caenytonieit dopmyne: 2 * (LLp— LL)—2*df.
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CrenaeM 3T pacueThl U co0epeM ux B Tadauny (cm. Tada. 10).

Taoauna 10

O1eHKa JONTHHEHHBIX MOJIeJIei

Mogaenn BIC
ABCABBC 6,4
ABCABAC 190,4
ABCBCAC 28,4

ABCAB 402,8
ABCAC 406,83
ABCBC 20,8
ABC 549,2

CuuTaetcsl, 4TO HauboJee ageKBaTHasl MoAeab uMeeT camblii HU3KKU BIC. B nanHOM ciiyyae — 3T0
nosnHas moaeib (A B C AB BC AC), onHaxo ee ae moneau — A B CAB BC u A B C BC Tak:ke umeror
HeBbicokue 3HaueHus BIC. Hago oTMeTUTD, 4TO MH(POPMALMS O Pa3HBIX MOJEISIX — 3TO BCE, YEM MOXKET
MIOMOYb KOMIIbIOTEPHAsI TEXHUKA aHATUTUKY. OKOHYATEIbHBII OTOOP IMTPOU3BOAUTCS HE aBTOMATHUYEC-
KU, a MyTeM aHaIu3a peajJbHOCTH ITOJyYaeMbIX PE3YJIbTaTOB, CJIOK HOCTY MOAEIU U APYTUX HapaMETPOB.
Tak, B mpuBeACHHOM BbIIlIe IpUMepe HanboJjiee aeKBaTHAasI CO CTATUCTUYECKOM TOYKU 3pEHUSI MOJE/Ib
— noJiHast Mojesib. OMHAKO JaHHasl MOZAEJIb IPeACKa3biBaeT HAJIMUKME B JAaHHOM ropojie mo4Ttu 60 Thi-
csu [IH, He monmaBIIMX HU B OMHU CIIMCKMU. DTO O3HAYaeT, YTO UYBCTBUTEIbHOCTh KaxIOT0 CIIMCKa
(ompenensieMasi Kak OTHOIIEHUE KOJIMYECTBA JIMII B CITUCKE K OLICHKE 0011Ieii YMCACHHOCTH MOIYJISILIAN)
KpaiiHe Maa. [ToaToMy Hanbosiee ageKBaTHBIM OyIEeT BbIOpaTh Apyryio moxeis> — A B C AB BC —
¢ HeMHoro 0Oojiee BIcOKMM 3HadeHueM BIC, HO 3aT0 MeHBIIMM KoandecTBOM napameTpoB. CorjiacHO
3TOM MOJEIN YKUCIEHHOCTh He nonaBmux B ciucku [TMH cocrtabnsier 18 Thic. yenosek (95% AU =
= 14—22 ThIC. yen0BeK). MHOIma uMeeT CMbIC IOIbITAaThCS pa3aeauTh HAOJIOACHW S, HAIPUMED [0  TTOJ1Y
M BO3PACTY ¥ OLEHUTh YUCICHHOCTD 3TUX IOIYISLIMOHHBIX TPYIIII I10 OTASABHOCTH, a 3aTeM II0CMOT-
peThb, COBNANACT JIM CyMMapHasi YUCJICHHOCTh MOMYISLIMU B pe3yJibTaTe UCIOJIb30BaAHUS Psia OTAC/Ib-
HBIX MOJEJe C OLieHKaMU II0 OJHOIl CyMMapHON Mopaenau. AJBTepHATUBHBIM BAapUaHTOM SIBJISIETCS
MOCTPOCHME MOJIE/I C UCIIOJIb30BaHUEM JOIIOIHUTEIbHOM NH(OPMALIUY B BUAE BKIIOUAEMbIX B MOJE/Ib
MepeMEeHHBIX, TAKUX, HaIlpUMep, KaK M0JI, BO3pacT, MECTO IIPOXMBaHU U T.I1. B 11060M ciiydae Hano
MOHMMATh, UTO OLIEHKA M0 METOAY IBOMHOI0 OXBaTa IIPU OTCYTCTBUM YBEPEHHOCTHU B HE3aBUCUMOCTU
CITMCKOB (IT0 MOJEJISIM) SIBJISIETCS JIMILb OPUECHTHUPOBOYHOM, OJHAKO ITOJYyYECHHbIE OPUEHTUPOBOYHBIE
3HAYEHUSI MOXKHO MCIIOJIb30BaTh B MOAEJMPOBAHUU C MCIIOJb30BAHUEM Pa3IUYHBIX CLEHApUEB —
OT HauOoJjee OJIaronpusiTHOrO (Hampumep, ¢ MUHUMAaJbHbIM KoiauuyectBoM IIMH), no Haubonee
HebaronpusiTHoro (¢ makcuMmasnbHoil oueHkoil ITMH). Camast 6oibiiasi omnbdKa, KOTOPYH MOXKET
cAenaTh aHAJIMTUK — 3TO CYUTATh, YTO OLICHKA YMCIACHHOCTHU HEHA0I01aeMOM MOMYISLIUN SABJISIETCS
TOYHOI A0 IOCJEeIHEro YeJ0BeKa, 1aXKe eC/IM OHa IoJlyYeHa ITPU IMOMOIIY CIOKHONM MaTeMaTHU4YeCKOM
Moaenun*,

[MpuBeneHHBIC BBIIIE JaHHBIE TTOKA3bIBAIOT, YTO HAJIMUKE OOJIBIIIOT0 KOJTMYECTBA CITMCKOB, XKeJIaTeJIbHO
HE 3aBUCSIIMX WJIN MaJIO 3aBUCIIINX APYT OT APYra, MO3BOJISIET TOBBICUTh TOYUHOCTh OLIEHKU YHCJICH-
HOCTY TOMYJISIIIUY ITyTEM MOJIEIUPOBAaHUSI B3AMMOOTHOIIIEHU I MEXIY CITUCKaAMM.

3 Kak GbIJIO MOKa3aHo, MOJHBIE MOJIEN YaCTO 3aBBIIIAIOT pa3Mep Momyisamnuu [8].

3 3pech BCOMMHaeTCsl BbICKa3biBaHue Y. Uepuuiist 0 1eMOKpaTHH, 4TO 3TO IJjoxasi ¢opMa MpaBieHUs, OMHAKO aJlbTePHATUBBI — elle
xyxe. B HalleM ciydae aqbTepHaTUBOI SIBsIETCS MOJHOE OTCYTCTBUE OLEHOK YMCICHHOCTH MOMYISILIUM U HEBO3MOXHOCTD MJIaHUPOBATH
B MpPUHIIUIIE.
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WMHorma BoO3HUKAET CUTYyallMsl, IIPYU KOTOPOM HET pa3HbIX CIIMCKOB, 3 UMEETCS OIMH CIIMCOK, B KOTO-
pBIii, OIMHAKO,JIIOAU MOI'YT IOIaAaTh OAMH, 1Ba UK 0oJiee pa3. [Ipy HaIMYMKY NOHO0OHOI0 CIIMCKA MOXHO
MNpPeanoI0XUTh, YTO paclpeaesieHue KoJIMUecTBa IallMeHTOB NOAYMHSIETCs pacnpenesieHuo IlyaccoHa.
Torna 3amayeii sIBsIeTCS OIpeNeanuTh, KaKOe KOJIMYECTBO JIIoAei He IMonaald B 3TOT CIIMCOK HU pasy.
[lomoOHBIM TUN paclpeneseHUsT Ha3blBaeTCsl paclpeiaeieHueM, o0pe3aHHbIM B HyJe (IIOCKOJbKY MbI
npeamnojaaraeM, YTo MUMEITCS JKlia, KOTOpble OTCYTCTBOBAJIM B CIIMCKE BOOOIIE, HO CKOJIBKO UX — MBI
He 3HaeM). JIs1 OLIeHKM YMCIEHHOCTHU TOIMYJISLUY MOXXHO UCII0JIb30BaTh Cleaylollee IpuonxKeHue:

N = Zf—l' 2{5](2"

rae f, — Konn4ecTBo KL, 0OHAPYXKEHHBIX B CIIUCKE OAMH pa3, a f, — KoinuuecTBo 1111, 0OHAPYKEHHBIX
B CIHMCKe IBa pa3a. B kauecTBe mprumepa npuBeaeM METOAUKY olleHKU konudecTBa [IMH Ha ocHoBa-
HUM JaHHBIX TIporpaMMbl cHUXXeHUs Bpeda [11]. KoaudecTBo null, KOTOpbIEe MoOcellaau KOraa-m11uoo
LIEHTp OoOMeHa IIMNpPULEB, cOCTaBUIO 765 deymoBek. M3 Hux 473 moceTuand LIEHTP OOMeHa IIMPUILIEB
TOJIBKO OMH pa3 U 97 4eaoBeK — ABa pa3a. Mcmoab3ys ONUCaHHYIO BBIIIE (DOPMYITY, MOKHO MTOJYYUTD,
yto Koau4dectBo ITMH B ropone coctaBiser

_ 473> _
N = 765+W— 1918

MeTonuka SIBJISIETCSI JOCTAaTOYHO IIPOCTOM, 1 €€ MOXHO MCIIOJIb30BaTh sl SKCIIPECC-OLEHKU B TOM
cliydae, ec/ii JaHHBIE C IOBTOPaMU Jerko JoCTyIHbB. OmHaKO He CTOUT 3a0bIBaTh, YTO 3Ta METOIMKA
OyIeT gaBaTh OOJIBIIYIO OLIMOKY, €CJIM BEPOSTHOCTD IIPUX0aa I0C/e IEPBOr0 BU3UTA YBEIAMYMBAETCS
(4eJIoBeKY «HpaBUTCSI» IIOCEIIATh TO MECTO, OTKYyJAa IOJYUYeHbl JaHHBIC 111 GOPMUPOBAHUSI CIIMCKA)
WU, HA00OpOT, CHUKAETCs (HaIlpuMep, Takoe OyIdeT MPOUCXOAUTH B cliydyae CIIMCKOB 3aJepXKaHUuil —
4acTh OYJeT OCYKIAThCs U SIBHO HE CMOXET IIOIacTh B CIIMCOK MOBTOPHO). B mepBoM ciydyae olleHKU
OyInyT 3aHUXXEHHBIMHU, a BO BTOPOM — 3aBhlllIeHHBIMU. Kpome Toro, eciiu MmaTepuaj coOrMpaeTcs Ha IIpo-
TSIXKEHUU AJIUTEJIbHOIO MPOMEXYTKA BPpEMEeHU, B Cly4yae OTKPBITON MOIYJISIIMU OIIMOKA, CBSI3aHHAas
C BO3MOXHOCTb UMMUIPALIMU U DMUTPALIU, MOXET ObITh 3HAUUTEIbHOI.

4.3. MeToap! 1Jis1 OTKPBITOM MONMYJISIHHA

AHanu3z OTKprTOﬁ TIOITYJIAI MU OCIIOKHACTCA TEM, UHTO HE COBCEM ITOHATHO, KaKad UMCHHO YMCJICHHOCTDb
IIOITYJIAI MM MHTCPCCYCT aHAJIUTHUKA. HOHHTHO, 4TO B OTKprTOﬁ IIOITYyJIAI M (CCHI/I OHa HC ABJIACTCA
CTaHI/IOHapHOfI) YUCJICHHOCTDb MCHACTCA U, KaK ObLJIO MOKa3aHO BBIIIEC, KOrga-To CTaHHapTHbeI METOL,
HI/IHKOHLHa—HCTepCCHa JacT OLUCHKY YMCICHHOCTU IONyJdllMM B HavyaJbHbIX MOMEHT BPCMCHU,
a KOrJa-TO — B KOHEUYHBIN. HOSTOMY METOOAMKHM OLICHKMW YUCJICHHOCTU OTKpLITOﬁ TTOITYJIALI MU JOJI2KHbBI
BKJIIOYAaTb OHCHKY CKOPOCTU IIPUTOKA HOBBLIX YJICHOB B ITOITYJIALIMIO 1 CKOPOCTH OTTOKA.

Ta6auna 11
Opranauzanus JaHHBIX JJI OlleHKH NOMyasiuuu no Mmetoay beiiam (TpoiiHoro oxsara)
[Tepuon Bpems BrisgBiieHO «[Tomeueno» «[TomeueHHBIX»
HOBBIX 13 BBISIBJIEHHBIX
0 s,
1 tl n[ sl mOl
t1+t2 n2 m012’ mOZ’ m12

11 oTBETa Ha BOIIPOC, HE SIBJISICTCS JIX IMOMYASIIIMSI OTKPBITOM, OBLJIO pa3padoTaHO JOCTATOYHO MHOTO
METOIOB, U MBI HAUHEM C IIPOCTeHIIero n3 Hux — meronaa beiinu, npemyiokeHHoro emie B 1951 romy
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(apyroe Ha3BaHUEe MeTOAa — METOMI TPOMHOro oxBarta (triple catch)). DToT MeToa ya00eH AJIsI TMIOTHBIX
HCCIIeIOBaHUM 1 3Kcnpecc-oleHKH [12]. 1151 ero ucnoib30BaHUSI HEOOXOAMMO pacliojiaraTh JaHHBIMU
0 TpeM pa3jJUYHBIM BPEMEHHBLIM IlepuogaM. B KaxXablii M3 3THUX IMEPUOIOB OTMEUAIOT, CKOJBKO
YeJI0BEK BCETO ObLIO IPOaHaJIM3MPOBAHO B 3TOT HEpUOM (N) U CKOJbKO U3 HUX OBLIM BBISIBJICHBI B
npeauecTByomue rnepuoabl (m). [loaydyeHHBIe pe3yabTaThl MOXHO CBECTU B CJIENYIOIIYIO TaOJUILY
(tabu. 11).

O‘ICBI/I)IHO, 4TO JI1Mllia, IOMCYCHHLIC B HYHCBOfI nepuoag BpEMECHU, MOIJIN OBITh O6Hapy}KeHH B BI)I60pKaX
IIEPBOIo U BTOPOI'O II€EPMUOOOB. I[JIH TIEPBOro nepmroaa KOJan4eCTBo JUI C METKaAMM U3 HYJIEBOI'O I€pHOaa
paBHOMm,,. I[JIH BTOPOTO NEproaa KOTUICCTBO INL C MCTKaMM N3 HYJICBOTO IICPpUOAA PABHO T, = m02+m012,
a U3 TICPBOTO — T, = m12+m012. HOHHTHO, YTO KOJIMYECTBO BHOBb IOMCYCHHDLIX B HepBbeI Iepuoa paBHO

§, = n,—m,,. Pacnionaras srtoit I/IH(I)OpMaHI/Ieﬁ, MO2KHO OLCHMTDb YMUCJICHHOCTDb IIONYJIAIINU B IICPBOM

nepuone:

N = m* s * ne — (m — mo))* m *( Mo, + Morn)
Mo1 * 1z Mo *( mp + mmz)

HMCHCDCI/IH HOJIy‘-ICHHOfI OL€CHKHM YUCJIIEHHOCTU NIONyJIAII NN COCTABJISACT

Var, = N *(-L + L 4

h2 T2 mm )
HOHY‘ICHH&H OLICHKAa JTUCIIECPCUUN MOXKET OBITH UCIIOJIb30BaHA JJid pacy€ToOB 95% JOBCPUTCIBbHOIO UH-
T€pBaJjia, KaK OIIMCaHO BbIIIC AJIA OLICHOK I10 .HI/IHKOJ'IBHY—HCTCPCCHY. O,Z[HaKO CJICAYECT IOMHUTDb, YTO
IIPpUBCACHHBIC (l)OpMYHBI CIIpaBCAJINBbI TOJBKO JJId OTHOCUTCIbHO OOJIBIIUX BbIGOpOK. B tex ciayyasdix,
Koraa BLI60pKI/I HEBCJIUKUN, MOKHO UCITOJIb30BaTh (l)OpMy.TIBI C TaK Ha3bIBa€MbIM (paKTOpOM KOppeKII N
beiinu:

N = (7’11+ 1)* $1 % Foo
Mo1 * 1o

B aTOM ciydae BeIpaxkeHUe IJIsI TUCTIEPCUM MEHSIETCS CJIEAYIOIUM 00pa3oMm:

(Sl)2 *( n+ 1)*( n+ 2)*( Foo — 1)* 1O

Vary = N' — (Mo + D*( mo+ 2)(ra+ D*( a4+ 1)

HaubGonee MHTCPCCHBIM IJId UCCJICAOBATCIA ABJIACTCA HC YHUCICHHOCTD MOMYJIAINH, 4 BO3ZMOXKXHOCTb
OLICHUTDL CKOPOCTb UIBMCHCHU A YUCJIICHHOCTU ITOITYJIALINHA. CKOpOCTI) CHM2KCHUA YUCIICHHOCTU ITIOITYJIA-
I, KOTOpasd BKJIIOYACT B cebs Bce BBIOBITUS (CMepTHOCTI) n 3MI/IFpaHI/IIO), pPacCUYUThIBACTCA I10 CJIC-

nytoieit popmyiie:

1 1 (51 7'02)

o ¥ 1a

CKOpOCTh pocTa MoNyasILUHU (MTOSIBJIEHME HOBBIX UJIEHOB, «POXKIAeMOCTb» U UMMUT paLMsl) OLIEHUBAETCSI
1o ¢opmyiie

B = pin(Ml

3Hast YUCACHHOCTD MOMYJISLMU B IEPBIM IIEpUOJ BPpEMEHU U CKOPOCTh IIPUPOCTA U BLIOLITHS YJICHOB
MOMYJISLMU, MOXHO PacCYMTATh YMCIACHHOCTD ITONYJISILIMI B HA4aJIbHbIA MOMEHT BpEMEHU U B HYJIEBOI
MOMEHT (1, TEOpeTUYECKH, B 1000 APYyroili MOMEHT BPEMEHHU, €CJIM 3a0bITh 00 OIMACHOCTSIX 3KCTpa-
HOJSILIUH).
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[TpounntocTpupyeM JaHHBIM METOJ Ha TMIIOTeTUYECKOM HpuMepe. B pesyiabraTre cCKpuHUra B ro-
poae N Obutio BbIsIBIeHO 1200 B Y-mHOULMPOBaHHBIX IAallMEHTOB, KOTOPbIE ObLIM MOCTaBJICHBI
Ha JuCIIaHCepHBIH yueT. Yepes roa ObL10 JOMOJHUTEIbHO BhisiBaeHO ele 500 cayyaeB BUY-uHbeknu,
OIHAKO U3 TeX, KTO ObLJI BBISIBJIEH B IE€PBBIM T'OJ, KOHTAKT COXpaHMJICS Juilb ¢ 840 mamueHTaMu.
CoOTBEeTCTBEHHO, Ha BTOpOM rony Ha ydete coctostid 500 + 840 = 1340 uenoBek. Ha TpeTuii rox
Ha JUCIIAHCEPHOM Yy4YeTe IIPOIOJIXKalau COCTOSATh (ObLIM B KOoHTakTe) 700 4yesioBeK M3 BBHISIBJCHHBIX
B Xol¢ IlepBoHayajbHOro ckpuHura u 400 u3 Tex, KTO ObLI BHISIBJIEH Ha BTopoM roay. Kpome Toro,
Ha TpeTbeM roay ObL10 BhisiBJIeHO 300 HOBbIX ciydyaeB BMY-nHdeK1Iu, COOTBETCTBEHHO, Ha YyUeTe
coctostim 700 + 400 + 300 = 1400 yenoBek. Jis1 ynoOcTBa pacuyeToB 3TU LHU(PbI MOXHO ITPEACTaBUTH
TaxK (Tadn. 12).

Taoauna 12
Ucxoauble 1aHHbIE 1/ PACYETA [0 METOLY TPOMHOIO 0XBATa
Ilepuon 0 1 2
0 1200
1 840 1340
2 700 400 | 1400

B nuaroHasbHBIX 3j1eMEeHTaxX TaOJMIbl HAXOAUTCS YucaeHHOCTh BUY-uHULIMpOBaHHBIX, KOTOPbIE
COCTOSIJIM Ha AUCIIAHCEPHOM yueTe (C HUMM B TeKYyIIeM roay MMeJicsl KOHTakKT). Mcroib3ysl nmpuBe-
JIIeHHbIE BhILIE (hopMYIIbl, YucIeHHOCTs BUY-uHGuLIMpoBaHHBIX HAa BTOPOM IOy COCTaBJISIET

N = (1340 — 840)* 1340 * 700

840 * 400 = 1396

PacueTHas BenuyuHa JUCNepCU U AJIS C1ydast 3Ha4UMTEbHBIX pa3MepoB MoNyasiuuu cocTaBisieT 11 428,
a 95% noBepuTeIbHBIN MHTEepBal — OT 1186 10 1605 yenoBek. [Tokazaresb CKOPOCTH POCTa KOJMYECTBA
MHPULIMPOBAHHBIX COCTaBISET

p = 1355700 = 0226

Cnenyet obpaTuTh BHUMaHME, UTO, MOCKOJbKY aHAJIU3UPOBAINCh JaHHbBIE 32 OAWH IO/, TO OlleHKa f3
He BKJIoYaJsia B ce0s nejieHUs Ha KaKoe-T1100 4ucio (Haao ObLIo JeUTh Ha €IUHUILY), OAHAKO MOXHO
ObLJ10, HATIpUMED, MEPEBECTU CKOPOCTh B MECSUHbIE MOKa3aTeJu myTeM AejaeHus Ha 12. J11s1 Toro, 4To0b!
MepeBecTU ToKasaTelb CKOPOCTU pocTa yuciia MHPUIMPOBAHHBIX B OoJjiee YA0OHBIN, HEOOXOMUMO
B3SITh aHTUJIOrapudM OT MpousBeaeHus1 KodadduiiueHTa 3 1 BpeMeHU, 11 KOTOPOI'o paCCUYUTHIBAETCS
ckopocTh. Hammpumep, 3a omuH rog mpupoct Koandecrsa ciydaeB BUY-uHbeknm OyaeT cocTaBiasITh
¢ = 1,25. UHBIMM clTOBaMU, 3a TOI KoJnmuyecTBO ciaydaeB BUY-uHbeknu B cpeqHeM pacteT Ha 25%.
Ol11eHKa CKOPOCTU BBIOBITUS (CMEPTh UJIM TTOTEPs] KOHTAKTA BCAEACTBUE HEAOCTYTHOCTHU JIJISI CUCTEMbI
3[paBOOXPaHEHM 1) TPOBOIUTCS MyTeM pacueTa KoadduuumeHTa y:

40 — 840)* 700)

_ .13
v =560 % 400

=—0,316

Tak Xxe, Kak 1 B cllydyae CKOPOCTHU IIPUPOCTA, BEPOSITHOCTH OCTaThCs B HAOJI1I0aeMOI TPYTINe B TEUCHUE
rofia pacCUMTHIBACTCS IIyTeM B3sTUs aHTHorapudma e = 0,73. TakiuM 00pa3oM, eXeroIHO U3 KOH-
TaKTa C CUCTeMOl 3apaBooxpaHeHus Beixoauau 27% Bcex BUU-undunmpoBanHbix n 73% octaBainch
B KOHTaKTe. 3Has 3T MOKa3aTejan, MOXXHO OLEHUTDb YMCIeHHOCTh BUY-uHpUIIMPOBAaHHBIX B TIEPBBIN
u tpetuit roga. O6o3Haunm 3a N, unciaenHocts BUY-nnduumrpoBaHHbIX B epBbii rod. ITockonbKy
B KOHTaKkTe octaetcs 73% Bcex BUUY-mHODUIIMPOBAaHHBIX, 3HAUYUT, KO BTOPOMY TOAY TOI HaOIIONE-
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HUEM JOJKHBI ObLIM octathess N * 0,73 maumeHtoB. Kpome TOro, cpeaHuii mpupocT KOJIUYECT-
Ba MH(PUIMPOBAHHBIX cOCTaBIsAeT 25% B Tol, COOTBETCTBEHHO, KOJMYECTBO HOBBIX CJIy4YaeB OIIpe-
nensiercst  cootHoureHueM N * 0,25, Orcrooma cienyer, 4ro konuyectBo BHY-uHpuumposan-
HBIX KO BTOpoMy roay coctaBut N = N * (0,73 + 0,25) yenoBek. M3 npuBeseHHBIX BbIIIEC PaCYeTOB
MU3BECTHO, YTO YMCJIEHHOCTD nonyusiunu BUY-undumupoBaHHBIX Ha BTOPOM roay cocrasisieT 1396
yejgoBeK. COOTBETCTBEHHO, uucieHHOCTh BMY-uHULIMPOBAaHHBIX B MEPBbIA rof OOJXHA OBITh
N, =N /0,98 = 1424 yenoBeka. AHaJIOTUYHBIM 0OPa30M MOXKHO OLEHUTh U YMCIEHHOCTD NOIYJIALUI
B TpeTuii roa. Hago 3aMeTuTh, 4TO METOA TPOMHOrO oxBaTa 0a3upyeTcsl Ha MPEANoI0XEHU O TOM,
YTO CKOPOCTU BBIOBITHUS 1 BXOXACHUS B MOMY/ISILIMIO OCTAIOTCSI HEU3MEHHBIMU, YTO MOXKET JOCTATOYUHO
4acTO HapyllaThCsl (HalpUMep, B OIIMCAHHOM BHIIIIE IPUMEpPE PEIIPOAYKTUBHOE YMCIIO A5 TallMeHTOB
nepBoro roga coctaBsujio 0,41, a ms nmaumueHToB BTroporo — 0,22). B Takux cilydyasiXx OUeHKU CKOPOCTU
U3MEHEHHUSsI TOIYJISIUUU SIBISIOTCS COMHUTENIbHBIMU U CJEAYET I10Jb30BaThCs APYTUMU METOAdAMU,
KOTOPBIE MOJIaraloTcs Ha 3HAYUTEIbHO OOJIbllee KOJIMYECTBO BPEMEHHBIX TOUYEK.

HanbGonee yacTo MCIONAB3YIOMIUMCS [AJISI TIOJHOTO aHaJM3a OTKPBITHIX MOMYASLUN SBASETCS METOM
Hxxonu-Cebepa (Jolly-Seber), KoTopblii TpeOyeT OT uccienoBaressl AeTaabHON MH@OpMALIUU O TOM,
B KaKoii mepuof cCyObeKT MepBhlii pa3 MmomaJjl B BHIOOPKY M KaK 4acTO U B KaKUX MOCAeAYIOIINX BEIOOP-
Kax oH mnosBisiicsa. MHbIMU clloBaMU, AeNepCOHANN3UPOBaHHAsI MHGOPMALIMS, YaCTO MCITOJIb3yeMast
B JIpPYyIUX MOAEISIX ABOMHOrO OxBaTa, B JAHHOM cCjiydae SBJsIeTCS HelpuemJiiemMoil. Bmecte ¢ Tew,
pacrosarasi IepcoHUPpUIIMPOBAHHBIMU TaHHBIMU U TIpUMeH sl MeTof JIxkonu-Cebepa, nucciaenoBareiib
MOJIy4yaeT BO3MOXHOCTb OLEHUTh AMHAMUKY MOMYJSILUU, POXIAEMOCTh (M UMMUTPALIMIO) U CMEPT-
HOCTh (TJIIOC AMUTpanuio). JIas 3Toro Meroja cienyeT pacrojaraTh Kak MUHMMYM TpeMsl BpeMeH-
HBIMU TOYKaMM, OJHAKO Jydyllle, YTOObl BPEMEHHBIX TOYEK, KOIJa MPOBOAMJIACH OlleHKAa, ObLIO Obl
Ooubiire. [1J1st omcaHust 3TOTO METOIAa BOCIIOJIb3YeMCSI TUTIOTETUUECKOIM CUTyalneins.

HenaBHo HauaBIas paboTaTh IporpaMmMa CHUXKEHM S Bpelia XoueT OlleHUTh pasmep nonyasuuu [TMH,
MOJIL3YIOIIEHCS ee yeayraMu, U IMHAMUKY YUCICHHOCTH 3TOM MOy uu. JIJ1s1 9TOro perucTpupyrorcs
KJIMEHTBl MpOrpaMMbl M 3aTeM eXeHeIeAbHO TMOoABOAATCS uToru. Kaxmayio Heaenalo ompenesieTcs,
CKOJIBKO BCETO KJIMEHTOB MOCETUJIU MTPOrpaMMy, KakKoe KOJIUYECTBO M3 HUX ObLJIM HOBBIMM, @ KAKOE —
crapbsiMu. [1pu 9TOM TakXKe onpenensieTcs, Koraa BliepBbie YeJIOBEK MPUILIE]T B TPOTpaMMYy 1 TTOSIBIISLICS
JIM OH B MporpaMMe B MpPeallecTBYIOIMEe Heleau. DToil nHGopMaluu, B IPUHIIKIIE, JOCTATOYHO s
MMOCTPOCHMSI MOJIEJIN OTKPBITOM romnysituu 1o xonu-Cebepy?®.

st mocTpoeHusl MOAEAN Halo BHaYaJjle OpraHn30BaTh BCe JaHHBIC B TAOIUIIBI 110 ITIEpUOJaM IIEPBOIO
KOHTaKTa IMallMeHTOB C LieHTpoM. Hampumep, Ha BTOpoOil Henmesie ¢ LIEGHTPOM ITPOKOHTAKTUPOBAJO
12 HOBBIX KJIUEHTOB (KPOME TOTO, B LICHTP NPUIILIO 12 KIMEHTOB, KOTOPbIE BIIEPBbIC MPUIILIN B LIEHTP
Ha TepBOil Heaesle, HO IMOoKa, pa3bupasi MepBYIO CTaauio GOPMHUPOBAHUS CYMMAapHBIX TaOMUII, 3TY
UHpOpMaLIMIO MBI MpouTHopupyem). PaccmaTpuBas 12 KJIMEHTOB, KOTOpbLIe BIIEPBbIE OOPaTUJINCH
B LICHTP Ha BTOPOM HeJesIe, BLISICHSACTCS, YTO YETBEPO M3 HUX 3aTeM IOSIBUJIMCH B LIGHTPE Ha TPeThei
Henelle, IMSITEPO — Ha YETBEPTOM M 7 YeJIoBeK Ha MsTOM Henmelse. JlaHHbBIE IO BU3UTAM MOXHO CBECTHU
B cieaylollyo Tabauuy (tabiu. 13).

M3 tabaunbl 13 BUAHO, YTO KJAMEHTHI moj HoMepaMu 29 u 39 mocelnaiu LEHTP KaXAylo Heaello,
KJIMEHT moa HoMmepoM 30 He MPUXOAMJI B LIEHTP Ha YETBEPTOIl Heziese, a KJIMEHT moa HoMepom 38,
HA000pOT, TPOITYCTUJ TOJBHKO TPeThio Hedemio. st maapHEHIIMX pacuyeToB HEOOXOAMMO OILICHUTH
KOJIMYECTBO JIIO[eii, KOTOPbIC TMTOCETUIN LIEHTP B TIEPUOII, HETIOCPEICTBEHHO CICAYIONINIA 32 MePBBIM
KOHTaKTOM C IIEHTPOM (T.e. B JaHHOM CJIyyae Ha TpeTbeil HeaeneY — 13 TabauIlbl BUTHO, YTO TaKMX
ObLIO YeThIpe 4esoBeka). [lasee aHanIM3upyeTcs MHGOPMAIUS TOJIBKO MO TeM KJIMEHTaM, KOTOpbIe

S B JaHHOM Cj1y4ya€ CO3HATECJIbHO IMPUBOAATCS pa3HbIC IPUMEPHBI ITO CPABHEHUIO C METOIVKOW TpOﬁHOFO oxBara, YTOOBI IPOAEMOHCTPUPOBATH
Juamna3oH NIPUMEHCHU A METOOB aHaJIn3a YUCIICHHOCTHU HeHaO0JII01aeMbIX OTKPBITBIX l'IOyI'[.HHI.IPIfI.

3 J1nst oGJierdeHust OCBOEHMUSI 3TOTO METO/a MCXOAHbIe TabJIMIIbl, HA OCHOBAHMU KOTOPBIX MPOU3BOASITCS PACUEThl JJIs 3TOrO MpuMepa,
npuBeneHbl B [Ipunoxenuu.

7 BTOpoii riepro1 rocJie mepBoHavYabHOr0 KOHTaKTa Ha BTOPOii Hezee.
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HE MIPOKOHTAKTUPOBAJU C LIEHTPOM BO BTOPOM IIepHOe, HO IIPOKOHTAKTUPOBAIU B TPEeTheM (TaKUX
Ha 4YeTBepTOli Hexelle ObLIO Tpoe). [IBa yesloBeKa He Iocelaiu HeHTP Ha TpeThell 1 YeTBEepTOli Hefee,
HO IMOSIBUJINCH Ha TisiToi. MTak, ob1iee 4uciio Jull, KOTOphle KOHTAKTUPOBaJIM ¢ LIEHTPOM MOCJIe Iep-
BOHAYaJIbHOTO KOHTaKTa, cocTaBujio 4 + 3 + 2 = 9 yenoBek, U Tpoe OoJjiee BOOOIE HE MOSIBUIUCH
B LICHTPE.

Taoauna 13

Jlannbie mo 12 K1menTam neaTpa ausa moaean JIxxonun-Cedepa

IDN Henena

ITepBas Bropas TpeTps YeTepras [Taras
29 - 1 1

30 - - 1

31 - - -

32 -
33 -
34 -
35 -
36 -
37 -
38 -
39 -
40 -

bk ek ek ek ek ek ek ek ek ek ek e
—_— e —

—

OueHkKa YUCACHHOCTHU U AIMHAMUKY NOnyasiuuu rmo metony Jxonu-Cebepa objieryaercs, ecjiv BHavaJIe
CBECTHU pe3yabTaThl HAOIIOAEHM S B CYMMapHY10 TaOaMIly, aHAJOTUYHYIO TOM, UTO IOKa3aHa B Tab. 14.
B BepxHeit yacTu TabJMIIbI YKa3aHbl CYMMapHbIE€ Pe3yJIbTAThl 110 KaXXI0MY MEepUOIy, B KOTOPOM IIpO-
BONUTCS aHauu3 (B HalleM MHpuMepe — Heaenau). BHavaje ykas3biBaeTcsl oOllee KOJIMYECTBO JIMII,
KOTOpO€e 00parujioch B LIEHTP Ha oToi Henese (n,). Ciaeayromias CTPOKA MOKa3bIBAET YUCIO TeX, KTO
yXe ABJIAJICA KJIMEHTaMU LEHTpa B MPEILIECTBYIOIIME TEPUOABI (M) M KOJIMUYECTBO HOBBIX JIUIL,
obparuBmuxca B HeHTp (u,)*. IMoHATHO, 4TO OOLIasg YMCIEHHOCTh OOPATUBIIMXCSA B LIEHTP paBHA
CYyMME HOBBIX M «CTapbiX» KJIMEHTOB. Jlajiee UAET KOJIMYECTBO JIML, KOTOPBIC MOKUHYJIU LIEHTD (S,)
B TOM CMBICJIE, YTO OHU BEPHYJIUCH Ha3ajd, a He ObLIM yAajeHbl U3 MOMYASLUU, HAIIPUMED, [IOTOMY,
YTO OBLIM CPOYHO rOCIUTAJM3UPOBAHBL. B OOJIBIIMHCTBE Cy4yaeB 001ast YMCASHHOCTD IIPUILISAIINX 1
LIEHTP 1 MOKMHYBIINX €ro KJIMEeHTOB OyleT paBHAa, OMHAKO MOJEIb He TpeOyeT Mom00HOr0 JOIMYIEeHUS.

Hanee uget camasi CJIOXKHAas AJs 3alI0JHEHUS YacTh TaOIU1Ibl, KOTOpas TpeOyeT 3HaHU S MH(pOpMaLluKU
0 TOM, KOIJa KaXKAblii KJIMEHT MOCAeIHUIA pa3 ObLI B LIEHTPE Mepel HACTOSIIUM ITpruxoaoM. OueBUIHO,
YTO IJISI IEPBOM HEAE AU 3TU JaHHBIE HE UMEIOT CMbIC/Ia (BCe MPUILLIN IIEPBbIi pa3), 0AHAKO yKe 1711 BTOPOit
MOXHO IIPOBOIUTH pacueThl. B cTpoke yKa3aH mepuo, B KOTOPBIN KJIMEHT ITOCIeAHUI pa3 o0palaics
B LIGHTD, a B CTOJIOLIE — TOT IEepUOJ, KOTOPBbIil aHanu3upyeTcs. Tak, HarpuMep, eCiyd aHAJIU3UPYeTCs
BTOPOIi MEPUO, TO U3 24 KJIUEHTOB, 0OpaTUBLINXCS B LIEHTP HAa BTOPOIi Heaelle, 12 OblIM MOBTOPHBIMU,
KOTOpBIE y3Ke TTocellaly LIEHTP Ha IIePBOil Helesle, COOTBETCTBEHHO, YMC/I0 12 3aHOCUTCS Ha Iepeceyde-
HUEe MepBOM CTpPOKHU (Korga Obla TOCHeIHUI pa3) MU BTOPOro CTojOLA (AHAJTU3UPYEMBI TMEPUOLN,).
[TockonbKy Gosiee paHHUX MEPUOAOB He ObLIO, HUXKHSISI YaCTh 3TOTO CTOJI011a OCTAeTCsI HE 3aIT0OJIHECH-
Hoil. B Tpetuii nepuon (Ha TpeTheil Hemese) B LICHTP TakxXe oOpaTuiauch 24 KJIMWEHTa, U U3 HUX 2
MocJeIHUI pa3 oOpalllajuch B LIEHTp Ha mepBoil Heaeiae. COOTBETCTBEHHO, YMCIO 2 3aHOCHUTCS
Ha TepeceyeHuU IepBOM CTPOKM M BTOporo ctonbua. I[Ipu m3yyeHUMM KOIMYECTBA JIMI, KOTOPLIC
MPOKOHTAKTUPOBAJIHM C LICHTPOM HAa BTOPOM U TPETheil Hedenle, CAeAYeT YYUThIBATh Te€X, KTO BIIEPBLIC
00paTUIKCh B LICHTP Ha IEepBO U BTOPOI Hemessix. Takux nrofeil ObLIO ceMepo M3 YMCJia BIEPBbIC

% Ha msiToit Hefiesie KOJTMYeCTBO HOBBIX KJIMEHTOB U MX cynbba yxe He aHaJIU3UPYIOTCS, AaHAJIN3UPYETCAd TOJIBKO uHboOpMaIMs MO KJIUEHTaM,
BIIEPBbIE 0OPATUBIIMMCS B TIEPBbIE YEThIpe HEAEIU.
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MOCEeTUBIIKX LIEHTP Ha IIepBOI Helesie U YeTBEpO M3 YKCja BIepBble OOpaTUBIIMXCS Ha BTOPOM (CM.
Takxe Tao6a. 13). CyMMa 3TUX 3HAUEHUI U 3aHOCHUTCSI Ha MepeceYyeHUU BTOPOM CTPOKHU U TPEThEro
cToJIoua.

Taboauma 14
CymmapHnas Ta01Mna pe3yJbTaToB OLeHKH BU3UTOB i MeToaa JIxkoam-Cebepa
[lepuon Henenst Bu3urta
MOCJIETHETO 7 5 3 1 s
BU3MTA
1 12 2 2 1
2 11
3 11 3
4 15
n, 28 24 24 22 28
m 0 12 13 17 22
u, 28 12 11 5
s, 28 24 24 22

AHaJIOTMYHBIM 00pa30M 3aIloJIHsSIeTCs BCsl TaOIM1Ia, KOTOpasl Telepb MOXKET CYXKUTh IJ1s1 pacyeTa ABYX
BaKHEMIIMX BCIIOMOTraTeIbHbIX BEIMYMH — YMC/Ia JIUL, 00paTUBLIMXCS Ha i-0i HeAesIe U ellle XOTh pa3
MOCETUBIIMX LUEHTP MOTOM (I,) U KOJMYECTBA JIULI, KOTOPbIE MOCETUIIM LIEHTP IOCIIE NEPBOrO BU3KUTA

(2).

KoanyecTBo 11, KOTOPBIE MOCETUIM LIEHTP BIIEPBbIC Ha i-0ii HeAee U 3aTeM TTOCETUIIHU LIEHTP XOTs Obl
pas, paBHO CyMMe€ 3HAaYeHU# B CTPOKE, COOTBETCTBYIOLIEN 3TOM Henene. TlokasaTenb z BhIYUCISETCS
KaK CyMMa BCeX 3HAYCHU sSYeeK, PacloJIOKEHHBIX B CTPOKaX BBILIE i-0il U CTOJOLIAX, PACIIOI0XKEH-
HBIX Tpasee i-oro. Tak, 1 IepBO HelleIU MOKA3aTeNb Z, He ONPEENEH, TIOCKOIbKY CTPOK BbIILE HET.
s BTOpOit Hemesv ero 3HauyeHne paBHo 2 + 2 + 1 = 5. lng tperveit Henenmmyxke 2+ 1+4+4=11. U,
HaKOHelI, IJIs YeTBEPTOM HEeleIM OHO PAaBHO CyMMe siYeeK MSITOro CTOJIOMA ¢ IEPBO IO TPEThIO CTPOKMU,
Te. 1 +4+3=8.

[Tocie 3amosHeHU S Ta6.TII/IHI)I pacye€Tbl YUCJICHHOCTU TIOMYJALIMNU OJIA KaXJI0ro nepuoaa ABIAIOTCA
JOCTAaTOYHO MMPOCTbIMU. BHauaiie OLICHMBACTCA BCIIoMOrarejibHas BEJIMUYMNHA Mi:

_ s+ D*z _

Jlayiee YMCAEHHOCTD MOMYJISIIIMY PACCYMTBIBACTCS 10 ClIeAYIoNIeit (hopMyie:

- (l’ll+1)*M
Ne= 0+ D)

B ananusupyemMoMm mpumMepe YUCIACHHOCTD MOMYASILUU, U3 KOTOPOU MPUXOIUIN KJIUEHTHI IpOorpaM-
MBI, COCTaBJIsIJla Ha MEpBOI Heaesie 35 yeaoBeK, Ha BTOPO Helelie 56 JeloBeK M Ha TpeTbeil Hepaese
36 4eIoBeK.

[ToMUMO OLIEHKM YUCIIEHHOCTH Tonyisiunu, Moaenb dxonu-Cebepa, Kak U Apyrue MOIEIU OTKPbI-
TBIX MOMYJISIIIAM, MO3BOJISIET YCTAHOBUTh AMHAMUKY B 3TOM MOIMYJISLUKM — YAaCTOTY MMMUTpALIAU
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U OMUTpALIMU. DMUTPALIUS OLIEHUBAETCS Yepe3 KOJIUYECTBO JIUII, OCTAIOIIUXCS B MOMYISILIUU (MHbIMU
cinoBamu, nonojHeHue a0 1 (100%) or konmyecTBa ocTaBIIMXCS). KOIMYECTBO K€ OCTarOIIMXCS
B MOMNYJISIHUU U3MeEPsIeTCSl KaK TMPOLEHT JUL, HAXOAUBIIUXCS B TOMYISIUW B MPEALIECTBYIONIUNA
Mepuo, KOTOpble HAXOASITCS B HEil B HBIHELIHU A TIEPUOI:

M.
P = M; + s; — m;

Ilns nepsoro nepuona BpemeHu (i =1), M, ycraHaBiuBaeTcs paBHO# HyJio. Torma B onuchiBaeMOM
npumepe @, = 0,652, @, = 1,036 (3HaueHMsA @ MOTYT HEMHOT'O IIPEBHILIATH EAMHMILY M3-3a OLIMOOK M3-
MepeHMs, KaK B IPUBOJMMOM IIpUMeEpe, OJHAKO 3HAUMTEIbHOE MPEBbIIICHUE €AMHUIIbI Yallle BCETO
YKa3bIBA€T HA OWIMOKY NaHHbIX) U @, = 0,673. DTH pe3yIbTaThl MOXHO TPAKTOBATh KAaK YKa3aHME Ha TO,
YTO KaXIyI0 HEACIO LIEHTP «Tepsiyi» 0koyio 40% cBOMX KJIMEHTOB.

OlLleHKa UMMUTPALIMK ITPOBOIUTCS IMyTEM MOACYETa KOJIUUECTBA HOBBIX JINI, HA KOTOPBIX YBETUUMUJIICS
pasMmep nonyiasiiuu. Pacuet mpousBoautces no popmyiie:

Bi - Ni+l_ (Di* (Ni —n+ Si)'

KonmyecTBO HOBBIX JIMII B TOMYJISIIIUY OITPeaesieTCs KaK pa3HOCTb MEX Y YMCJIEHHOCTBIO MOITYJISILIUA
B TTOCJICAYIOIINI TIEPUOI M YMCIIEHHOCTBIO TTOMYJISIINY B HACTOSIIIIN I IIEpHOI, TTOMHOKXEHHOM Ha 4Jac-
TOTY yAepKaHUSs TUII B TporpamMe. Kpome Toro, 3 YucaeHHOCTH MOMYJISIIIAY BEIYUTACTCS KOJTMIECTBO
JIMLI, KOTOPbIE MOKMHYJIM MONYJIALMIO B PE3yIbTaTe KOHTAKTa € POrpaMmoii (pasHocThb n. 1 s,). Ecin
KOJIMYECTBO JINII, TPUIIEAIINX C BA3UTOM B [IPOTPaMMY, PaBHO KOJIMYECTBY JIUII YIIEAIINX, TO Pa3HOCTh
n, — s, obpamaercs B HONb. Micronib3ys 3Ty (hopmMyIly, MOXKHO BBISICHUTD, YTO MEXY NEPBOii M BTOPOi
HeIeIsIMU JeHCTBUS TIPOrpaMMbl YUCIIEHHOCTD MOITYJISILIMY yBeIn4YuiIach Ha 30 4eloBex.

KoHeuHO, TpOBOAUTH PYYHBIE PACUETHI, €CJIU KOJWYECTBO aHAJIU3UPYEMBIX IEPUOAOB TOCTATOYHO
BEJIMKO, a TaKXe BEJIMKO W KOJUYECTBO CyOBEKTOB, HAXOASIIMXCS ITOH HAOIIOAEHUEM, TOCTAaTOYHO
cJIoxkHO. [ToaTOMY XenaTeJIbHO UCITOb30BaTh IMIPOrPaMMHOE 00eCIieueHre, KOTOPOE MTO3BOJISIET aBTO-
MaTU3UPOBaTh 3Ty paboTy. 3a MpOoIealie roabl ObIJI0 CO3MaHO JTOCTATOYHO OOJIBIIOE KOJIMYECTBO
crnenranu3npoBaHHBIX TporpamMm, Takux Kak MARK mnian SURPH, 00br4HO KCITONB3yeMBIX CITeIIMa-
JIMCTaMM-3KOJIOraMu JIJIsl OMpeAeeHUs] YMCIeHHOCTH nonyasuuu. OgHaKo Mbl IIPOUJIIIOCTPUPYEM
aBTOMAaTHU3allMI0 PACUeTOB C MOMOIIbIO cUCTeMbl SAS, Ha KOTOPOI NMPUBOAMINCH APYyTUe MPUMEPbI
B JaHHOI pabore. las aHanu3a moTpedyeTcsl HamucaTh IporpamMmy, KoTopash OyaeT omnepupoBaTh
C MAacCCUBOM JaHHBIX, W IJII 3TOU LEJW HAUJIYYIIUM OOpa3oM IMOAXOMMT BCTPOECHHBIM MaTpUYHBIN
s13bIK SAS, HazpiBaeMbiii IML (Interactive Matrix Language). Cama nmporpamma npocTo aBTOMaTu4ecKu
BBITIOJIHSET T€ NEHCTBUS, KOTOPBIE OBLIIY OMMUCAHBI BBIIIIE;

PROC IML;

USE caprec;

READ ALL INTO catch;
m=J(NCOL(catch),NCOL(catch),0);
u=J(NCOL(catch),1,0);
r=J(NCOL(catch),1,0);
marked=J(NCOL(catch),1,0);
n=J(NCOL(catch),1,0);
z=J(NCOL(catch),1,0);

0. mmm=J(NCOL(catch),1,0);

— 0 0 N N U AW~
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11. nn=J(NCOL(catch),1,0);
12. alfa=J(NCOL(catch),1,0);
13.  Phi=J(NCOL(catch),1,0);
14.  B=J(NCOL(catch),1,0);
15. DO i=1 TO NROW(catch);

16. k=0;

17. DO j=1 TO NCOL(catch);
18. IF catchli,j]=1 THEN
19. IF k=0 THEN DO;

20. uljl=uljl+1;

21. k=j;

22. END;

23. ELSE DO;

24. mlk,j]=m[k,j]+1;

25. k=j;

26. marked[j]=marked[j]+1;
27. END;

28. END;

29. END;

30. DO j=1 TO NCOL(catch);

31. r[jl=m[j,+];

32.  END;

33. DO k=1 TO NCOL(catch);
34. DO j=1TO NCOL(catch);

35. DO i=1 TO NCOL(catch);

36. IF j>(k) & i<(k) THEN z[k]=z[k]+m[i,j];
37. END;

38. END:

39. END:

40. n=marked+tu;

41. mmm=(n+1)#z/(r+1)+marked;
42. alfa=(marked+1)/(n+1);

43. nn=mmm/alfa;

44, DO i=1TO NCOL(catch)—2;

45. Phi[i]=mmm][i+1]/(mmm]i]+n[i]—-marked[i]);
46. Bli]=nn[i+1]—Phi[i]*nn][i];

47. END;

48. PRINT n marked u r z mmm nn Phi B;

49. QUIT;

Bnauasie naHHbIE BBOJSITCSI B CUCTEMY MPU MOMOIIM oObluHOrO 1iara naHHbix DATA (He moka3zaHo),
a 3aTeM Bechb (paitn (caprec) mepenaercs B npoueaypy IML (xkomanaer USE u READ — nepBas co-
obmaetr IML, xakoit ¢aiin Hago OyOeT MCIIOJIb30BaTh, a BTOpasi CYUTHIBAET BCe coaepkumoe daiina

93



B MaTpully ¢ uMeHeM catch. Jlajee ompenessitoTcs Bce HEOOXOIMMble MaTPULbl JaHHBIX, U ¢ 15-i
CTPOKM HAUYMHAETCsI pacyeT 3HAUYCHMI [JIsl MacCHBa, aHAJIOTMYHOro Tada. 14. PacueTsl mpoMexXyTou-
HBIX MOKa3aTeJieil 1 YMCIeHHOCTHU MONYIsILUU (Nn) IPOBOASTCS MO MPUBEISHHBIM Bbllle (hOpMYyJIaM.
IIpennocnenHsisi CTpoKa BHIBOAUT Ha Ie4yaThb BCe CyMMapHbIE JaHHBIE, TaKUME KaK KOJIMYECTBO JIMII,
MOCEeTUBIIMX LIEHTP B JAaHHYIO Helelto (n), KOJMUYECTBO TeX M3 HUX, KTO paHee MocellajJ LIEHTpP
(marked), Ko1MYeCTBO HOBBIX KJIMEHTOBY (1), a TaK>Ke BCIIOMOTaTeIbHbIE BEJIMYMHBI T, Z 1 M (00603Ha-
yeHHasi mmm). 3aKJII0YaloT pacrnevyaTKy YMCAeHHOCTD MOMYISIIUMM B 3TOM IIepHOJie, BHIXKMBAEMOCTh
u ummurpauus (@ (Phi) u B, cooTBeTCTBEHHO).

Hano 3amMeTuTh, 4TO B pa3dupaeMoM MpuMepe KaK YMCICHHOCTD MOMYJISIIAY, TaK ¥ €€ TMHAMUKAa OTHO-
caTcst He Ko BceM [TMH, a muiirs K «monmyIisiiiui» mporpaMMBbl CHUXKEeHU ST Bpena. MHbIMU ciioBaMu, eclin
paHee B ropojie ObIIN MTOJTYyYeHBI OLIEHKY YMCICHHOCTU MOMYISIIUY IPYyTUMHU METOIaMu (Harpumep,
Ipeanojiarasi 3aKpbITOCTh MOMYJISIIIUY IO CITMCKaM CKOPOM TTOMOIIM, HapKOAWCIaHCepa M ILIEHTpa
CIIN], xak onmucaHO paHee), TO, CpAaBHUBAS ABa MOJYUYEHHBIX 3HAYEHUSI, MOXXHO OIIECHUTh CTEIICHb
oXBarTa 1IeJIEBOI IOITYJISILINH.

bosee TOro, AMHaMMKa IIOIIYJALIMU TAKXE MOXCT OKa3aTbCA MOJIE3HOM IIJ1S1 OLIEHKM KadecTBa Jes-
TCJIbHOCTHU IIPOIrpaMMBbI. TaK, CCJIN «OMUTpalUAgd» ABJIIACTCA BBICOKOﬁ, 9TO 0O3HA4YacT, YTO KJIIMCHTHI
HC YIOBJICTBOPCHBI KAYCCTBOM M CIICKTPOM YCJIYI U IMIO3TOMY MAJIO 3aACPXKHNBAIOTCA B IIpOrpamMme.
B ToMm ke cjirydac, €CJIM IIpU HU3KOM OXBAaTe Ha6J'IIO)Ia€TCH HU3Kad «MMMUTpalug», 3TO IMOKAa3bIBACT
HCOAOCTATOUYHYIO OCBCAOMJICHHOCTD ITOTCHIMAJIbHBIX KJIMCHTOB O ACATCIBbHOCTHU ITPOTPpaMMBI.

[IpuBeneHHOE 0OCYXIEeHME, OYEBUIHO, IIPUMEHUMO HEe TOJIbKO K IIporpaMMaM CHUXKEHUSI Bpela, HO
U K APYTUM IIporpaMMaM CUCTEeMbI 31paBOOXpPaHEHUsI, BKIOYasl, HAallpuMep, OLIEHKY AMHAMUKU UC-
MOJIb30BaHUS YCIYT 3ApaBOOXpPaHEHUsI B IEPBUYHOM 3BeHe. KpoMe Toro, oueBUAHO, YTO 3TU METObI
MOTYT OBITh HAIIPSIMYIO IIPUMEHEHHBI AJIs1 OLIEHKM KOJIMYeCTBa JIMI, OOJbHBIX 3apa3HbIMU 3a00JieBa-
HUSIMH, IIOCKOJIbKY, B OTJIMYKE OT METOAMK, OPMEHTUPOBAHHBIX HA aHAJIM3 3aKPbITON IMOMYISLIUU,
OHU JIETKO YUMTHIBAIOT IIPUPOCT KOJMUYECTBa OOJBHBIX B pe3yJbTaTe paclpoCTpaHEHUs 3apa3HOro
3a00JieBaHUS U YMEHbIIIEHNeE TyJia OOJIbHBIX B PE3YJIbTAaTe BHI3IOPOBICHUSI.

Takum o6pa30M, METOAMKMU OIIPCACICHNA YUCIICHHOCTHU OTKpBITOfI nonyiadanunu, B 0COOEHHOCTHU METO-
Jbl MHOKECTBCHHOI'O OXBaTa, K KOTOPbIM OTHOCUTCA METO/ Z[}KOJII/I-CCGCpa, ABJIIAIOTCA Ba>KHBIM MH-
CTPYMCHTOM B pa60Te 3MUAEMHUOJIOra 1 creuaaucTa o01eCcTBEHHOro 310POBbA.

¥ O6paTI/ITe BHUMaHME, YTO B IMMOCJICAHEM BPEMCHHOM MHTEPBAJIC KOJTNUYECCTBO HOBBIX Cy6’bCKTOB 0OBIYHO HE YUYUTBIBACTCA.
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3aKJarueHue

H_[I/IpOKOC pacnpoCTpaHCHUEC KOMIIbIOTCPHBIX TEXHOJIOTU N PEBOJITIOIMOHN3NPOBAJIO MHOTHUC obyiacTu
4eJ0BeYECKOM AesITeabHOCTU. B0O3MOXHOCTH KOMITBIOTCPOB INIO PCIICHMIO 3aaad IIYyTEM nepe6opa
Pa3JINYHbIX BApMAaHTOB OTKPbLIJIM HOBBLIC HAIIPpaBJICHUA B 3IINICMUOJIOTUUA. Ecnu paHbLIC pCIIacMbIC
3aJadyyn orpaHn4YmnBaJuChb JUIIb TEMU, OJIAd KOTOPbIX MOXXKHO OBbLJIO HAMTU aHAJTUTUYECKOE pelIcHuUEC, TO
ceryac 3Tu OIrpaHMYCHUA CHATBI N1 CTOXaCTUYCCKHUEC METOAbI MOACIMPOBAHUA BCC 0oJibllie 1 OOJIbIlIe
BBIABUTAaIOTCA Ha IICPBLIC IIJIaHblI B obJlactTu N3y4YCHMU A 0COOEHHOCTEU 3MUAEMUUYECKUX KPUBLIX.
Bo3MOXHOCTH MO HAKOMJEHUIO U aHaJIn3y OOJIbLINX MAaCCHBOB I/IH(bOpMaI_[I/II/I TaKX€C YBCIMYUIUCD,
n TCIICPb MOAC/IN MOTI'YT CTPOUTCA C YyYCTOM 0O0JIBILLIOTO KOJMYECTBA pa3H006p33HBIX IHapaMeTpoB 1
n3yvdaTb BJAMAHUEC UX BAPbUMPOBAHUA HA TCUCHUC SIIMIACMMUYCCKOI'O ITpoHeccca.

BmecTte ¢ TeMm Henb3s cKa3aTh, YTO MaTeMaTUYECKUE METOAbI B SMUASMHUOJOIrMY 3aHUMAIOT TO MECTO,
KOTOPOE MOIJIM OBl C YUETOM MX BO3MOXHOCTEH M TOI MH(MOPMALIM, KOTOPYIO OHU MPEAOCTaBISIOT.
B xauecTtBe mpuMepa MOXHO OTMETUTh, YTO OUEHb CJIOKHO HAWTU POCCUMCKME UCCIEeIOBaHMS, OLle-
HUBaIIUe 3MMuaeMudeckue Kpupble 1iss BUY-uHbekunm metromnaMyu oOpaTHOroO pacyeTra MU U3y-
Yalolle YMUCACHHOCTD MOMYJISLNI prcKa MeTogaMK ABoiHOro oxsata®. Bo3MoXHO, YTO MpUYMHOMK
TOMY SIBJISIETCSI OTCYTCTBHE ITOATOTOBJICHHBIX KaJApPOB, MOCKOJBKY MaTeMaTudecKasl SMUISMUOJIOTUS
MpakKTU4YeCKU He (UTYpUPYET HU B IIporpaMMax MEIUIIMHCKUX BY30B (IaXe Mo CIeLUaIbHOCTHU «Me-
JUKO-ITPOo(GUIaKTUUECKOE AeI0»), HA B IporpaMMax IocCjaeBy30BCKOI MOATOTOBKHU. YUUTHIBAsI TECHYIO
CBSI3b COBPEMEHHOI MaTeMaTU4eCKON 3MUASMUOJOTUU ¢ OMOCTAaTUCTUKOM, MOXHO OTMETUTh, UYTO U
ATOT IIPEAMET He SIBJISIETCS 00s13aTe/IbHBIM BO BCEX MEIULIMHCKUX By3aX. DTa CUTyallus JOJXKHA U3Me-
HUTbCS, U TOTAAa UHCTPYMEHThI MAaTEMAaTUYeCKOM MU AeMUOJIOT U IPUAYT Ha TIOMOIIb SIUAEMUOJIOTaM
B MX ITOBCEIHEBHON pabOTe IO M3YUCHUIO BMIUIASMUYECKOro Ipolecca U MpoUuIaKTUKe 3apa3HbIX
0oJe3Hel YeaoBeKa.

0 X0oTs KJIaCCUYECKH I TPY/I [0 MaTeMaTH4eCKOMY MOIeIMPOBaHUI0 anuaeMuii P. Annepcona u P. Mast GbLI IepeBejieH Ha PyCCKUM sI3bIK [1].
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