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BBegenue

B cBoeM BbICTYILIEHNN TIPU MIPEACTABICHIN €KeT0IHO-
ro locranus Peneparpunomy Cobpanuio 8 wioms 2000 rona
[Ipesunent Poccuiickon Peneparuu B.B. IlyTum, B gacT-
HOCTH, CKa3al:

Mot npussirau cmompems nwa Poccuro kax na cucme-
MY OP2aH06 6AGCTU UAU KAK HA TO3ATCMEEeHHbLl opea-
nuzm. Ho Poccus — amo npeacde 6cezo aodu, komopuie
cuumaiom ee ceoum domom. Hr 6aaeonoayuwue v docmoi-
HAS HCUBHD — 2AA6HASL 3a0aua 64acmu, 410601 6aacmu.
Odnakro ce2odus 6 wawem dome dasexo do kompopma.
Fue ouens mmoeum mpydnwo pacmums demeti, obecnevu-
samo docmotinyio cmapocmy ceoum podumensm. 1pydno
HCUMD.

Hac, epascdan Poccuu, uz 20da 6 200 cmanosumcs éce
MEHDWE U MEHBULE. Y HCE HECKOABKO AT UUCAEHHOCND
HACEAECHUS CMPAHBL 6 CPEIHEM €AHCC20THO YMEHDULAETNCA
na 750 muicaw weaosex. H ecau sepums npoenozam — a
NPoRHO3bL OCHOGANBL HA Peaibrol pabome wwdel, komo-
pole 6 IMoM pazbuparomes, — yoxce wepez 15 aem poccusn
MOdCEM cMamob Mexbuie Ha 22 MUAAUOHA UEAOBEK.

Bdymatimecs 6 amy yudpy: smo — cedomas wacme
naceaenus cmpanvt. Feau womewmnss mendenyus corpa-
HUMCA, BHIHCUBAEMOCTID HAYUU OKANCEMEA Nod Yyepo30oi.
Ham peaavno 2pozum cmams dpazaewwet nayuet. Ce-
20dns demoepaduueckas cumyayus — 0dHA U3 MPEEONC-
noiz.”

Takum 06paszoM, aKTyalbHON U KU3HEHHO BayKHOW 3a-
Jadell ceroHA B Halllell cTpaie OKasbiBaeTCA Pa3BUTHE Jle-
MoTrpadrdecKon HayKn, OCO3HaHNe 3aKOHOMEPHOCTEH -
HaMUKN HapOJOHACEACHIS U TPOTUBOICHCTBIE CYIIECTBY-
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IOIIM HeTaTUBHBIM TEHIEHTINSIM B DTOM ILTAHE.

HemanoBaxmon mist 6ynyImero 3aiaden sBIA€TCAS TaK-
Ke Tepeada MOIOMOMY TTOKOIEHUIO HAKOILIEHHBIX B DTOU
cepe 3HAHUET U TOHUMAHWS CEPHE3HOCTU AeMOorpadude-
cknx npobaem B Poccnm u 3a pybexom.

[IpemonaBanme mpemvera ~Maremarndeckne momern
nemorpadgun’ Ha DKOHOMUYECKOM TOTOKE MeXaHNKO-Ma-
TeMmaTndeckoro ¢gakyiabrera MI'Y 6bu10 BBemeno B 1995
rogy. Hacrosmmu cbopunk 3agad co3mam IOMEHTOM
A.B.JlebGeneBbiM Ha OCHOBE ceMUHAPCKUX 3aHATHU, KO-
Tophle TpoBomuamch uMm B 1998-2004 rr. (cHaga-
Ja B JOTOJHeHMe K JEeKIIMOHHOMY KypcCy Ipodeccopa
O.B.Craposeposa, a zarem K cobcTBernomy Kypey). [lo
CBOEW CTPYKTYPE U COMEPKAHNIO COOPHUK B OCHOBHOM CO-
orBeTcTByeT yuebuuky O.B.CrapoBepoBa 7 Azl MmaTema-
Tudeckon nemorpaduu’ [1], a Takke comepKUT NOTOIHE-
HUs, OTHOCAIINECS K BOIIPOCAM POCTA UUCIEHHOCTH Ha-
cenernns 3eman [3], COMMATLHO-DKOHOMUYECKUM acleKTaM
nemorpadun [2] (B acTHOCTH, TTPOGIEME PACCIOEHTA 06-
[IeCTBa 1O OXOIaM B YCJIOBUSX PBIHOYHOW DKOHOMUKI)
u crpaxoBanuio kusuu [9, 10]. IpencraBienbr ocHoB-
HbIe TeopeTuIecKne MOIEIN POXK TAEMOCTH U CMEPTHOCTH
[4, 11, 12]. [Ipunoxenne conepKuT TabIUIbl Pa3IHIHBIX
nemorpadudeckunx mokazarenen. VcmoabsytoTes mammbie
ucrounukos [1, 2, 3,9, 12], a Takxke undopmanus u3 odu-
IUaTbHbIX w3nanui [ockomerara [5, 6].

B c6opruk BIodenn Kak ~abcTpakTHBIE” TeopeTH-
YecKne 3aadu, MOCBSAMEHHbIE MaTEMATHIECKOMY aHall-
3y MoJieJen T BHIBOAY (PpOPMYI, TaK 1 ~KOHKpeTHBIe  MIpH-
KJIaIHblEe, OMIPAIONTIECS Ha pealbHble (MM TPaBaomo106-
Hble) TaHible, TPeOYIoIe BLIIICIEHIS OPeIeNeHHbIX e-



MorpadudecKnx mokazarenen. Ilpu >ToM cTyaeHTH UMe-
0T BO3MOKHOCTEL MPUMEHUTEL MOAYYeHHbIE paHee 3HaHUA
B MaTeMaTHIeCKOM aHalu3e, pertennn auddepeHnmaib-
HBIX W PAasHOCTHLIX YPABHEHUH (B TOM HHCIe BEKTOPHO-
MaTPUYHBIX ), TEOPUN BEPOATHOCTEN W MaTeMaTHIeCKON
cTaTucTuke [7], Teopuu ciryvdanubix mpomneccos [8]. Psn
3a/lad MOCBAIIECH TPOBEPKE CTATUCTUIECCKUX TUIIOTES, 9ITO
nMeeT HeMaJOBaKHOe 3HadeHUe B JeMOTpadui.

[pyron acmekT 3ajad CBA3aH CO BBEJECHUEM B pealb-
Hyto mpobieMaTuky. B €acTHOCTH, TPOBOANTCA WILTIO-
crpanma ¢ mudpaMu B pyKax  geMorpadpuIecKon CHTya-
U B coBpeMennon Poccum.

Hekoroprbie 3a1a4m 0OTHOCATCA He K 9€I0BEYeCKOMY Ha-
CeNeHNIO, & K TaK Ha3biBACMBIM DKCILIYATHPYEMbBIM TTOILY-
aammaM (kuBoTHBIX) [1]. Kpome ompenenenton snadmmo-
CTH B CEILCKOM XOBAUCTBE W MPUPOAOTONL3OBAHNN, Ta-
KHe MO/ O3BOJAIOT Jerve BLIABUTH I OO LACHUTDH 3aK0-
HOMEPHOCTHU, CBOUCTBEHHLIE U Gojiee CJIOKHBIM CHCTEMaM
(HapogoHacereHuo).

Boaee cra 3agad crpynnupoBaHo B OJMHHAIIATE Te-
MaTHIeCKUX pas/eloB, MpUYeM HMEIOTCA CCBLIKH U3 I0-
CAENYIOMINX Ha Mpeabiayime. Pe3yIbTaTel HEKOTOPHIX 3a-
a9 NCIOAL3YIOTCA M perenns npyrux. Byksoun " T7 o1-
MedeHbI 3a a9l TeOPETHIeCKOro XapakTepa, oykson ~B”
— BBIYUCIUTENLHONO (A UX PEMIEHUs PasyMHO HCTONb-
30BaTh KOMITHIOTED ).

B sakirodenne, aBTOp BbIpaxkaeT Hajgekiy, U9TO €ro
TPy TOMOKET HOBBIM MOKOJEHUAM CTYICHTOB OBIAIEThH
BaKHBIM, AKTYalbHLIM W WHTEPECHLIM PEIMETOM ——
mamemamuueckoti demoepagpuet.

Bcem muTepecyrommMes coBpeMeHHON geMorpadue,



ee mpobIeMaMy W JOCTUXKEHUSAMHU, aBTOP PEKOMEHyeT
cant ” [lemockonr Weekly” (http://www.demoscope.ru).
ABTop OGmaromapen mpodeccopy O.B.Craposeposy
(IleHTpanbHBll  HKOHOMIKO-MaTeMATHIECKIH HHCTUTYT
PAH), nouenty E.B.Henypuny (Mexannko-maTeMaTndec-
kit gaxyabrer MI'Y), npodeccopy B.A HNomntesy (sxo-
nomuveckuii akyrbrer MIY), momenty JI.M.Dnueny
(KapadaeBo-Heprecckas ['ocymapcTBentas TexHoxornde-
ckast akagemin), K..-m.u. E.M.Anapeesy n E.JI.Copoko
(Ilentp nemorpaduu n sxosornu venoeka WucTtnryra
HapoIHOXO3ANCTBeHHOr0 porHosupoBanns PAH), a Tak-
Ke 3aBeyiomeMy Kadeapon TEeOpun BEPOSTHOCTEN, II.-
kopp. PAH, nmpodeccopy A.H.llupseny 3a moresnbie 3a-
MeYaHWs U MPENTOKEHS TP MOITOTOBKE COOPHUKA.



1. Moaean pocTa YUCJIEHHOCTU HAaCEJEHU.

[pocTeiieil MOAEILIO YUCTOrO pa3sMHOKEHUS (6e3
CMEPTHOCTH) € MUCKPETHBIM BPEMEHEM, YUHTHIBAOMICH
BO3PACT DAEMEHTOB IIONYIANNN, ABILeTCA Modets Pubo-
nauuy (1A map KPOAMKOB, MOPOK MAIONINX HOBLIE Mapbl 1
T.0.).

Tpa uuuonHol B MaTeMaTHIeCKON 1eMOTpadyn SBIs-
eTca Mofelb ¢ HeIPepPLIBHLIM BpeMeHeM, B KOTOPOU CKO-
POCTH poCTa HaceleHus MPOMOPIUOHAIbHA TEKYIIeH “Ir-
crennoctu (modeas Marvmyca), T.e.

2'(t) = ka(t),

rjie k — HeKOTOPBIN Kod(PPUINenT (nokazameis pocma,
ecmecmeennvili npupocm). Petiermem 5Toro ypaBHeHN,
odeBnIHO, ABAseTCa orenonenTa: x(t) = x(0)e*, ¢ > 0.

B 6omee obmmx mMomensx OIMycKaeTCA 3aBUCHMOCTD
nokaszaTeas pocTa OT BPEMEHN W YHUCICHHOCTH HaceJe-
msa: k= k(t,z). Hanpuwmep, B monenrn demoepaduue-
ckoeo 63puisa onaraioT k(x) = cx, ¢ > 0, mpu s1oM (1)
NOCTHTaeT 6ECKOHEeTHOCTH 3a KoHednoe Bpems 1. B npy-
ruX MoJensx, rjae k yoblBaeT 10 HYJIA C POCTOM &', MOXKeT
NPOUCXOMUTH CTAOUIN3AINA TNCAEHHOCTH HaCeleHnsA pu
t — o0.

1.1. B mavaabnbmi moment ¢ = ( mMmeercsa onma mapa
B3POCILIX KPOIUKOB. HallTu 4mcio map Bcex KpoJ-
KOB B JI060II MOMEHT f, eCll KazKjas B3pociad Iapa
Ha KaKJOM IIary pokjaeT OJHY IIapy MOJOJBIX, a
MOJIOJIbIE CTAHOBATCH B3POCILIME 3a €JIUHUIY Bpe-
menn (2adava Pubonauu).



1.2.

1.3.

1.4.

1.5.

1.6.

B magarsupim moment ¢ = 0 umeercs 2 mapbl B3po-
cIBIX KpoankoB. HanTu @mcno map B3pocabIx Kpo-
JUKOB B JMIOOON MOMEHT {, ecqu KaxkJasd B3pocaas
napa Ha KaJOM IIary poxkaaeT 4 mapbl MOJOBIX,
a MOJOJbIe CTAHOBATCA B3POCHBIMH 3a 2 eJIMHUIIbI
BpEMEHT.

OmnpenennTs pocT 9NCIEHHOCTN HaceTeHus x(t) ¢ mo-
KazareneMm k = k(x), rae

a) k(z)=10—ua,

6) k(z)=1"—2a% a> 0

B) k(x) =In(l/x),

¢ HadasbupiM yeaosueM x(0) = xo mpu 0 < 9 < .
B mopgenn 7 gemorpadudeckoro B3phbiBa’ HaAUTH 3a-
BHCUMOCTH MeXK1y HadalbHbIM 3Ha9eHHEeM 9UCIEeH-
HOCTH HaceleHus Ty 1 MOMEHTOM B3pbiBa 1.

(T) JokaxuTe, 9T0 B MOJIETN ¢ 3ala3[bIBAHIEM

()= fla(t =), >0,

rae [ — QyHKIES, orpaHmyueHHas Ha JIOO0M OT-
peske, a x(t) orpanndeno npn ¢t < 0, HeBO3ZMOKeEH
"B3pbIB” (T.e. JOoCTHXKEHNE GECKOHETHOTO 3HATEHS
32 KOHETHOe BPEMS ).
Nnmerorcs aBe Mogean pocTa YHCICHHOCTH Hacese-
His 3eman [3]:
) runep6ommeckas — x(t) = Cy/(Thy — 1), t < T4,
npu Cp = 2 x 101, T} = 2025;
II) TpuronomeTpudecKast

02 T2 —1

x(t) = — arcctg -

npu Cy = 1,85 x 1011, Ty = 2005, 7 = 45. Haiiru:



a) nporuos ma 2000 To1 B 06€nX MOIENSIX;

6) MOMEHT TPOXOK AeHus ypoBisa 10 Mapi. B obenx
Moensax ! ;

B) (B) mambombimee pacxoxjenne B MPOTHO3AX 10
1975 r.;

') mpefenbHoe 3HavYeHre YnucIeHHocTn B Mogenn 11;
1) KaKas 13 MO/Ieel Jydilie COOTBETCTBYET TaHHbIM
Tabr. 1.1 B pasimaabie mepuoibl XX BeKa?!

1.7. UmetoTcs 1Be M30JMPOBAHHBIE MOMYJISITHH, DKCITO-
HeHImalbHo pacTyime ¢ nokasarersmn 0,2% u 2%
(Bron). llycTh B HA9aILHBIT MOMEHT OTHOIIEHTE X
qncrennocTen 2:1.

a) HaiiTu oTHOIIIEHIE YMCIEHHOCTN TEPBON K BTOPOT
gepes 10 meT.
6) Korga qucaennocTin mOMyIAMuN CpaBHAIOTCA !

1.8. UnmeeTcs aBe M30IMPOBAHHBIE TOMYJISIUH € TOKa3a-
rensamu pocta —2% u +2% (Bron). Hycrs B Havans-
oot MoMeHnT ux wucaennoctn 100 m 10 mam.  wer.
Hantr MunuMyMm cyMMapHOU YHCAEHHOCTH Hacele-
HUS U MOMEHT €r0 TPOXOK TEHUS.

1.9. lonyasmnus 5>KCIOHEHTNAILHO pacTeT ¢ TTOKa3aTe-
JeM k, KOTOPDLIN OIEHWBAETCS € OTHOCHTEILHOU
ommubron £. [lo madambmomy yciaoBmio T meraroT
mporuo3 Ha t geT Buepen. Hautw maTepBat BO3MOXK-
wbix snadennit miust ©(10), ecaw xg = 100 mum. wer.,
k=0,01 (B rox), e =0,1.

1.10. IlycTo moxasaTens pocra k — caydaifas BeTHINHA.

! Eete m apyrue Mogern. Tax, mo pacaeTan JIyTma, Camgepcona
u Mlep6osa (Nature, 2001), 4ncieHHOCTh HaceMeHNsA 3eMIH JOCTHI-
HeT Juiib 9 MApJ. B Tedenue Gamxkanmmx 70 JeT, a 3aTeM HATHET
COKPAIIATHCA.
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Haitu cpenmioio ancrentnocTs Hacerenns (1), ecan
a) k mpuauMaeT 3Hadenus ki, . ..k, ¢ BEPOATHOCTS-
MU D1, ... Ppi

6) k mMeeT HOpMaJIbHOE PACTPEeNeHNe CO CPENHITM
ko m nucnepcmeit o2

B) k WMeeT TOKazaTelbHOE PACTIPEENeHe CO CPell-
HUM k.

2. Moaenun cMepTHOCTH.

Cuoti emepmuocmu d HazBIBaIOT Mpee] OTHOIICHIS
BEPOATHOCTH CMEPTH JeloBeKa Ha mpoMexyTke (¢, + h),
K h, ipu h — 0.

Cuaoti emepmuocmu? d(x) B BozpacTe T HasbIBAETCA
OTHOIIICHTE BEPOATHOCTH TOrO, 9TO YENOBEK, TOKUBIINN
710 BO3pacTa &, YMpeT B Bo3pacTe no x+h, Kk h, ipu h — 0.

Dynuryus doncumus® F(zx) ommchiBaeT BEpOATHOCTD
NOKUTE 10 BospacTa . PyHKINA JOKUTHA TPecTaBIsgeT
cobont "xBocT” (PYHKIUN paclpeleleHns BpEeMEHN KIT3HI
F,1.e. F(zr)=1— F(z). UMeeT MecTo cooTHOIEHTE:

F(z) = exp {—/Ox d(u) du} .

Cpedueti npodoaxcumenvrocmpio npedcmosuieti Heus-
nu 6 so3pacme y M(y) HaspiBaeTCA Cpeliee BpeMs [0
CMepTH deNoBeKa, NOKUBIIEro 10 BozpacTa y. Umeror me-
CTO COOTHOIIEHNA:

1 0 _ oo
M(y) = ,_/ Flu) du — D(y)/ D) g,
(y) o) (u)du=e ; e u;

2B crenuaabHoll JuTepaType 4acTo obozHavdaeTca depes pi(x).
3B cnenmnaabHoil auTepaType 4acTo oboanadaeTcs yepes ().
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D(y) = /Oy d(u) du.

Cymmaproe cpefree BpeMs Ku3Hu (IPOILION W TTPeNcTo-
Aen) ob1anaeT CBONCTBOM PACTH € BO3PACTOM.

Cpeduasa npodoaxcumeavnocmo scuznu Ty paBua cpe-
Hell PO JOMKUTEILHOCTH IpeJcToAINel KIT3HU B Bo3pacTe
HOJb (T.e. IJIST HOBOPOXK IEHHOTO).

Ecmu npegnonaraeTcs, 9To cMepTh MOKET HACTYIIHTh
OT Pa3IUYHBEIX IPUYIUH, 0OPa3yIOUUX TOJHYIO TPYIILY CO-
ObITHI (HECOBMECTHBIX U YYUTBHIBAIOIINX BCE BO3MOKHO-
CTH), TO BBIACIAOT CUABL CMEPMHOCTIY N0 NPUNUNAM (aHa-
JOTUYHO O6IIeN cuie cMepTHOCTH ). VIMeeT MecTo cooTHO-
IIeHIe

rae d; — cuiIa CMepTHOCTH IO 1-OH IIPUYNHE U3 1 BO3MOK-
HBIX. 3J€ech Takke MOxKeM monararth d; = d;(x).

[Ipu craTmcTuKO-IEMOrpapuIecKux NCCIeT0BAHIAX
HaceJeHne OOLIMHO pa3buBaeTcsa Ha H-JeTHUE BO3PaCTHBIE
PYIObL [Ty, k) U [Xn, +00), 2 = kh, 1 < k < n,
h =5 n=17 2, = 85. Ouenxamu cui cMEPTHOCTH IO
IpyIIIaM ABISIOTCS 603PACMHUbIE KOIGHUUYUENMBL CMEPT-
Hocmu My, (AUcTa YMePIIUX Ha Ol peeeHHOe TICIO T0 el
JIAHHOTO BO3pacTa). BBomaTcs Takike omenkn [ mis Be-
posTHOCTet nowuTus [(xy,) (Mncra qoRMBIIAX 10 AAHHO-
r'0 BO3pacTa M3 ONPEIeNeHHoro dnucia poanBumxcs). [l
OLEHKN MHTErpaIoB 0T (pyHKINN NOKUTUA MOXKHO IPIMe-
HUTH KyCOTHO-THMHENHYIO allllPOKCUMAIINIO Ha, IBYCTOPOH-
HUX MHTEepBaJax I MOKa3aTeIbHyIo — Ha OJHOCTOPOHHEM,

12



2.1.

2.2,

2.3.

2.4.

[ Fdus pliitle | ) du b

E—1 2 my

(T) Haitru pyHKIMIO NOKATHA W CPENHION TTPOIOJ-
KUTETLHOCTH TIPEACTOAINEN KU3HU B CIETYIOMINX
Monenax cuabl cMepTHOCTH! (pE 0 < o < b):

a) d(x) = a/(b/(_l l‘);)
C +x), <X
6) d(x) :{ a/(b—x), & >wx9 ’

c < 1.

Hycrs d(z) = a/(b—x), 0 < & < b, u cpenmss
npogomKnTerbHocTh Kusan 60 mer. Hantu Bepo-
ATHOCTD JOKUTHA U CPENHIOI0 TPOI0MKATETHLHOCTD
NpeACcTOoAIeN KU3HA B BO3pacTe Y JeT, eCIu:

a) a=1/2, y =50

6) b =90, y = 80.

Hycrs F(x) = (x/b)*, 0 < x < b, a > 0. Haiitn
CIITY CMEPTHOCTU W CPENHIO0 TTPOJOJKATETHHOCTE
NpeaCTOoANIeN KN3HA. BBIYUCIUThL BEPOATHOCTH 10~
KUTHA W CPEJHIO IPOIONKATEILHOCTD MPEeICcTOs-
en JKN3HU B BO3pacTe Y JeT, eCIu:

a) y=45,b=90, Ty = 72 (roma);

6) y =54, a =2, Ty = 60 (xet).

B wmodeau cmepmuocmu Xeauvemena-Iloasapda [4,
c.165] moxararoT

d(l’) — A(ac—I—B)C _I_De—E(lnac—lnF)2 _I_GHx/(l _I_GHJJ)

4 dopmyaa a) cooTBeTCTBYET 2unepboauneckoti modeau cuepm-
nocmu K. Bypacya-Huwa; Gopmyia 6) yIUTHBAET TAKXKE TeTCKYO
CMEPTHOCTH B BO3pacTe T < Zg.

13



2.5.

2.6.

2.7.

2.8.

2.9.

14

[yets A = 0,0088; B = 0,3707; C' = 0,2864;
D = 0,0008; F = 8,37; F = 25,5; G = 0,0002;
H = 1,0834 (CCCP, 1985-1986). Hautn cury
cMepTHOCTH B BozpacTe: a) 40 mer; 6) 60 xer; B)
80 meT.

Mo cure cmeprHOcTH d(2) = a + be™ (modeav
Fomnepmuya-Moiirzena):

a) HaWTH (PYHKINIO TOKITHUS;

6) seramcanTh F(90), ecmm a = 0, F(40) = 0,9 n
F(80) = 0,11.

s Tpex rpynn macerenns A, B u C BosMoXHBI Tpr
npuanasl cMmeptn (1, 2w 3). Ha rpynmy A geiictsy-
owrlu2, maB—1u3 maC—2u3. Ussectnn
CIJIBI CMEPTHOCTH 10 rpynnaM dy4, dg, de n pyHK-
umn goxutua Iy, Fg, Fp. Haiitu cuast cMepTho-
cTu o npuauHaM di, dy, d3 I COOTBETCTBYIONINE UM
DYHKIINN TOKUTHS.

[ycts B yerosuax sagaan 2.6 dy = 3%, dg =
4%0, do = 5%p. Hailtm oxmraemyro cymmapHyto
CHIYy CMEpTHOCTH B T'pytie [, rjae nefcTBYIOT Bce
TPU NPUYIUHBI, €CIN BIUAHIE TEPBON N3 HUX yAacTCA
cokpaTuTh Ha 10%.

(T) BuiBecTn nudppepentmanbioe ypaBHeHTe:

M'(y) = d(y)M(y) — 1.

(T) JoxazaTh crepyromryio (popMyry (B MOJENN ¢ fe-
[IPEPLIBHBIM BPEMEHEM ):

M(y:) = eD(yl)/

Y1

Y2

e~ P + eD(yl)_D(y2)M(y2),

nas mrobbix Yy < Y. Kak mpeobpasyercs sra dop-



2.10.

2.11.

2.12.

2.13.

2.14.

2.15.

MyJa, €CIU CIa CMEPTHOCTH d IOCTOSHHA Ha HHTEp-
Bage (y1,y2)? Kak Boipasuts M(ys) qepes M(yp)?
Hanruw M(25), ecim M(20) = 48 (aer) m cuaa
cmepTHOCTH B BozpacTe 20-24 per coctasiset 3 %o
(B rox). KakoBo mpupaiienue cpejmeil cyMMapHOi
IPONONKUTETHHOCTH KU3HU Ha DTOM OTPE3Ke BO3-
pacToB?

(B) Onennts cpenioro mpogorKuTerbHoCTh KIT3HIT
MY KIIH, KEHINH 1 BCETO HaceleHus (¢ TOTHOCTHIO
110 TO/I):

a) Mo maHubiM Tabax. 2.4;

6) mo maHHBIM TabI. 2.5.

(B) Onenuts cpennioio mpogonKuTETLHOCTE Tpe-
CTOAIIEN KU3HN MYKIUH, KEHIWH U BCENO Hacele-
HisA B Bozpacte 60 deT (¢ TOYHOCTDHIO 10 Toja):

a) Mo maHubiM Tabax. 2.4;

6) mo maHHBIM TabI. 2.5.

[To pamabiM Taba. 2.1 u 2.2 ompeneinTb, B KaKUxX
BO3PACTHBIX T'PYIINaXx CMEPTHOCTH BCET'O HaceleHUs
Bozpocaa 6omaee dem Ha H0%.

Unerorest rpynmot Hacerenus A n B co smavenmsmn
cpemmen nponorxkunTenbrocTn Kusnn 60 mw 70 xer,
Mpu¥eM UX 9UCIeHHOCTH OTHOCATCA Kak 6:4. Hantu
CPEIHIOI TPOJOJKUTENLHOCTh KU3HU BCET'O Hace-
germs. Kak oHa M3MEHUTCs, eCln COOTHOIIEHNE Y-
CIEHHOCTEN CTaHeT PABHLIM 8:2, a CPENHss PO IoJ-
KUTETLHOCTH KU3HU B KaXK JOU T'PYIITIE YBETUIUTCA
ma 1 ron?

[lo namabiM Tabn. 2.3 BBLAEINTH TOMUHUPYIOIIYIO
MPUYUHY CMEpPTH B KayKJOU BO3PACTHOW TPYyIIE U
06 BEIUHUTH UX 110 DTOMY IIPU3HAKY .
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2.16.

2.17.
2.18.

2.19.

2.20.

[To pannbiv Taba. 2.4 mas My KIUH U KEHITITH HalTH
BEPOATHOCTH:

a) noKuTH 10 60 ner, Gyayyan B BozpacTe 20 JeT;

6) moxuTh no 80 ser, 6yayun B BozpacTe 60 ser.
Pemmts zagavay 2.16 mo gamabiM Taba. 2.5.

[Iycty pysKIUN pactpegereHus TPOIOJKATETHHO-
cTH Kusnu nmeor obmmi sug F(x) = (x/90)%,
0 <2 <90, m cpenane nag MYyXKIWH W KEHIINH CO-
craBmsiior 60 deT um 72 roga. Hawtwm BeposTHOCTDL
TOTO, 9TO U3 CIyYallHO BBIOPAHHLIX MYKIUHBI W
KEHIINHBI OJTHOIO T'0Jla POXKIEHU MYKYNHA YMPeET
paHbIIIe.

B wodeau emepmuocmu V.bpacca [11, 12] upeano-
JaraeTcs, 4To

[

Y

logit F'(x) = a+ (logit Fo(z), logitu = %ln .
rjie Fo(x) — wekas ”crampaprHas’ QYHKINA pac-
mpeereHus IpoJoIKuTeTbHoCT Kusau. [lpn o =
—1, f =1 c nomorrpio Taba. 2.6 HaWTH BEpOATHOCTH
NOKHUTEL 10: a) 45 ner; 6) bb ner; B) 65 ser.

B ropoge ¢ nacerenmem B 0,5 MaIH. ¥Yea. cMEPpTHOCTH
cocrasazeT 2% B rox. Ilocrponts 95%-noBepnrent-
HBIT WHTEPBAJ [ INCIa CMEPTEN 3a TO[I.

3. Moaeau poxaaeMOCTH.

Humencusnocmpio demozpaduueckur cobvimul Ha3bl-

BaeTCA Tpeflel OTHOMEHUA BePOATHOCTH HACTYILICHUS CO-
OuITHA Ha mpoMexyTKe (t,t4+h), &k h, mpuw h — 0. [Ipeamno-
JaraeTcsA, 9To HacTYILIEHe 60J1ee OTHOIO COOBITIA TMeeT
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BepOATHOCTH o(h). Ecinm mHTeHCHBHOCTL COOLITHI A MO~
CTOsAHHA, TO YUCJIO COOBLITHH 3a BpeMs ¢ UMeeT pacipee-
genne [lyaccona co cpemunum At.

Bospacmuoi dynryuei gepmuavnocmu (depmuavio-
empio) f(x) HaspiBaeTCs Tpeie OTHOMIEHUS BEPOATHOCTI
pOKIeHUs pebeHKa KeHIHoW B BospacTe (x,x + h), K
h, mpu h — 0. Bo3MOKHOCTHIO MHOTONETHBIX POKTEHITH
nperebperaeM (MPOMOPIMOHATLHO YBETHInUBas (PepTuIb-
HOCTB ).

Bpymmo-xoadduyuenmon poxcdaemocmu® (mam mpo-
CTO CPEJHNM YUCAOM fAeTel, 6e3 yaeTa CMepTHOCTH MaTe-
peill) Ha3bIBaeTCA BEIMINHA

N, = /OOO fla)dx.

Hemmo-roadpduyuenmon poxcdaemocmu’® mazpiBaeTcs
BeJIUYMHA

No= [ f@)F(a)de,

rue F(:z;) — dpyHKIUA foKUTHA KeHinH. Taxkum obpazom
YUYUTHIBACTCA BO3pPaCTHAs CMEPTHOCTDL JKEHIIWH, CIoco0-
Hasg COKPATUTD IUCIO POXK IEHUM.

B mHOpMambHBIX yCIOBUAX HETTO U OPYTTO-KOIPDUIIN-
€HTHI MaJO OTIUIAIOTCA MEXK Y COOOM.

Cpeduum so3pacmom mamepeti Ha3bIBACTCA CPEIHUN
BOBPACT KEHIINHBI B MOMEHT POXK IeHis pebernka (He3aBn-
CMO OT O¥€epeNHOCTH poXKAenns). [l onpeienenus >Ton

> DTy BeINUNHY TakikKe HA3EIBAIOT KOIPEHuyueHmon cymmapror
poaxcdaemocmu (KCP).

5B coppememHoll AeMorpadmi dalle PacCMaTPHBAIOT HEMmo-
KoaPuyuenm 6ocnpouszsodcmea, pPaBHBIN NPOM3IBEAEHUIO HETTO-
K03hPUNMEHTA POK TAEMOCTH Ha JOMIO TeBOTYEK CPEIN POAUBIITIKCA;
CM. Takxke 3ajady 5.4.
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BEJIUINHB! (B HEMPEPHLIBHON MO/IENN ) OOLIMHO HCIONb3YeT-
ca popMyTa

1 %]
He Y9N THIBAIOIad CMEPTHOCTD.

[Ipr gemorpadpuaecknx nccIeqoBaHNAX POK JAEMOCTH
KEHCKOoe HaceleHnne o0bIMHO pa3buBaeTcsa Ha H-TeTHIE BO3-
pactuble rpynnbl (oT 15 g0 50 get). Onenkamu dpepTuib-
HOCTH ABIAIOTCA 603pacmuble KoadPduyuenmot poxrcdaemno-
emu (MucTa poKAEHU Ha OTpeeeHHoe TUCIO KEHIITH
NAHHOr0 Bo3pacTa). llpw omeHmBanmy OCTATBHBIX MOKa-
3arenen (PepTIILHOCTL B KazK JON IPYIIIe MoJaraeTcsa Mo~
crosuuol. B kadecTBe 3HaveHn BO3pacTOB I MPOCTO-
THI MOXKHO B3AThH CepearHbl NHTEPBAIOB.

Koz2opmoti HasbBalOT COBOKYITHOCTE JMIOAEH, BCTY B~
INX B HEKOTOPKII POMEKYTOK BpEMEH! B HEKOTOPOE Jle-
MOTpaduIecKoe COCTOSHNIE (BO3MOKHO, 061a,TalOMINX Tak-
Ke HEKOTOPLIM JOMOJHUTETLHBIM HabOPOM TPU3HAKOB).
HacTo paccMaTpIBaiOT KOMOPTEI 110 TOIaM POXK TeHIN (Ha-
puMep, H-IeTHIE).

[nraMuKa OTAeTbHOT ceMbl (0 TIOKOIEHNAM ) WHOT 1
OIUCHIBa€TCA BETBAIIMMCA mporeccoM |aabrona-BaTcona
[8]. Ecim kK cembe TPpUYUCIAIOTCA BCE TOTOMKN (KaK MY K-
CKOTO, TaK ¥ XKEHCKOro ToJa), TO HeOOXOANMO TaKiKe
IPeANoN0KUTE, 9TO WIEHBI CEMbH 06pa3yIOT Iaphl TOILKO
¢ JIOMBMU U3BHe (He SBISIOMINMUCS WX POJICTBEHHIKAMM
HIT B KaKOM MOKOJIEHWN ), TIPHYEM DTUX JIOJel BCerga no-
CTATOYHO A1 obpa3oBanuA mmap. bojee pearncTn<aHbl Mo-
M€V ONMUCAHNA BETBAMINMCA MPOIECCOM MYKCKUX W KEeH-
CKUX JUHUE IO OTAETLHOCTH (P DTOM CTeNeRb PONCTBa
B Mape He NT'PaeT POIH).
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Bepoamuocmbio 6viposcdenus 6emefue20ca npoyecca
¢ Ha3bIBaeTCsA BEPOATHOCTHL obpallleHus mpolecca B HY b,
HadWHas ¢ KaKOr'o-TO MOMeHTa BpeMeHu. Taxum obpa-
30M, pedb UjeT He O BLIPOKACHUN B OMOJOTMYECKOM WU
MEIUIIUHCKOM CMbICHIEe CJI0Ba, & O TMOHATUM U3 TEeOpUn Be-
TBAMINXCS TPOIECCOB, KOTOPOMY COOTBETCTBYET ITPOCTO
BeIMUpamue (ceMbn, poja, aunnn). Ecim cpemmee ducio
MOTOMKOB OOJbIIIe €IUHUIIBI, TO BEPOATHOCTHL BBIPOKJe-
HIA paBHa eIUHCTBEHHOMY Ha mpoMexyTke [0,1) perre-
HUIO ypaBHEHUS

s =g(s),
rje g(s) — mpousBosiias (PYHKIHA GHCIA TOTOMKOB, &
NMMEHHO
o
_ k
g(S) - ZPkS )
k=0
rae pr — BEPOATHOCTL MMETDH k ITIOTOMKOB (STI/I BEPOAT-

HOCTHU MOT'YT OUEHUBATHCA CTATUCTUYECKN, TP obcaeno-
BaHWUU OMPEIeNeHHOr0 Fncia ceMelHbX map). B ciydae,
eciy cpejlHee YUCIo TOTOMKOB He OoJbllle eMHIIIbI, BEPOo-
ATHOCTDL BBIPOXKEHUA paBHaA eIUMHUIIE.

3.1. IlpoBepuTh rumoTesy o MyacCOHOBOCTH MOTOKA POK-
NeHni’ 10 JaHHBIM 13 TabIuIIb! (Dcromms, 1980) ¢
HOMOIIIBIO KpuTepus Y2 Ha ypoBHe 3HaumMocT 1%.

AHBaph | PpeBpaTh-| alpeab— | NIOIb— | HOAOPH—
MapT WIOHD oKTAGPL | J1exKabphb

1824 3647 5757 7272 3704

7 3aBUCHMOCTBIO OT MeHHIOIHeﬁCH O6IHeﬁ YHMCAEHHOCTH HacCeJeHUA
U CE30HHBIMI KOJebaHMAMI 31eChb HpeHe6peFaeM.
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3.2.

3.3.

3.4.

3.5.

3.6.

20

Hairtu cpennee dmcio geTen n cpeqHui BO3PAacT Ma-
Tepen B CIeYIONINX MOJeIX BO3pacTHON (hep THIhb-
HOCTH:

a) f(t) = Aebl=%) ¢ > ¢,

6) f(t) = Ale_bl(t_to) + A2€_b2(t_t0), t 2 to,

B) f(1) = A(t —to)*(ts — V)P, t € [to, 11], o, 3 > 0.
Yrkazanue: MCIOABL30BATH ONpefelenne M CBOUCTBA
b6eTa-pyHKIINN.

B noaunomuassnoi  modeau  poxcdaemocmu
Y.Bpacca [4, c.169] BospacTHas QepTUILHOCTD
ommckBaeTca gopmynaon n3 3.2B ¢ a = 1, § = 2,
t1 = 1o+ 33. B oTux nmpenmnonoxeHnsax:

a) BBIPa3NTh HEM3BECTHBIE TTapaMeTphl MOENH e-
pe3 cpeliHee YUCIO MeTel U CPEJIHNN BO3PACT MaTe-
per.

6) mpu Ny = 2, T}, = 26,2 Hall'TH TOIKY MaKCUMyMa
QepTUILHOCTH U €70 3HavYeHue.

Hantu BeposTHOCTH BBIPOKEHUSA IS CI€TYIOTINX
pacrpenerenni Iucia neTen B ceMbe:

a) TpeXToYedHoro — {po, P1, P2 };

6) "eThIpexTouetHOro — {po, 1, P2, P}, p3 > 0;

B) DEOMETPUIECKOTO (OT HYJIA) CO CPENHIM fi.
OtennTh BEpPOSTHOCTH BBIPOKIEHUSA MO TAHHLIM
Taba. 3.3 004 KakOIOU U3 KOTOPT, OObeNuHss Be-
POSITHOCTH 9WCIa JeTen > 3.

[IycTs pactpegenernme qucia geTen 3aaio BEPOIT-
moctamu: pg = 0,1, py = 0,2, po = 0.3, ps = 0,25,
py = 0,15. Hawtu cpennee qncio geren u cpemumi
BO3PACT MaTepen, eCii TEPBLIN pebeHoK POK TaeT-
ca (B cpenmem) B 23 Toja, BToponl — depes 4 rona,
TpeTun — vepes 3 roga, I€TBEPTHIN — Yepes 2 To-



3.7.

3.8.

3.9.

3.10.

12 (CMepTHOCTRIO MpeHebperaeM, InCIeHHOCTD BO3-
PAaCTHBIX DY MaTepel moJaraeM OJINHaKOBOM ).
Hantn pacmpemenenne «ncia MaldbiuKOB B CEMbeE,
ecan BEepPOATHOCTHL PpoxAeHms Marbamka 0,515, a
pacrpenenenne o6IIETO TUCIa TETEN B CEMbe:

a) GuroMuarbioe ¢ mapamerpamu n =4, p =0, 6.
6) MyacCOHOBCKOE CO CPENHUM 2.

B wmodeau Jomwu [8, ¢.23] pacupenenenue ducaa
MYZKCKIX MTOTOMKOB (IPOJOIKAIONNX (DAMUIHIO)
omncbiBaeTcs popMmyramu:  pp = bl k> 1,
po=1=b/(1-¢),b,c>0,b+c<]1.

a) Hantu cpepmee 9mciio MyXKCKHX TTOTOMKOB (i U
BEPOSITHOCTH BBIPOXK EHUsA (DaMILINN (.

6) Pemmnte s3amavwy npu b = 0,2, ¢ = 0,6 (CIIA,
1920).

[IycTs pacnpenenenne qncia geTel B CEMbE IIyacco-
HOBCKOE CO CPETHUM A = 3, TIEPBLIN PEOEHOK PO, Ta-
eTcs B cpequeM B 22 rofa, a KakIbll CJIeTy IO
— B cpefmeM depes 2 rofa (CMEPpTHOCTBIO TIpeHe-
6peraeM, 9MCIEHHOCTH BO3PACTHBIX TPYII MaTepen
TOJaraeM ONMHAKOBON ).

a) Haiitu cpenmuil BospacT MaTepeii.

6) Kak mamennTcs cpequnii BO3pacT MaTepel, ecim
mepBLil pebenok 6yeT 3aBOAUTHLCA B CPElHEM Ha
roJ TO3Ke, a cpejHee TUCIO NeTel COKPaATUTCA B
nBa pasa’l

(B) Ho mammubiv Tada. 3.1:

a) OLEHUTL GPYTTO-KODMMPUINEHT POKJAEMOCTH I
CpeJHNN BO3PACT MaTepen;

6) OIEHNTh HeTTO-KOIPMPUIMEHT DPOXK TAEMOCTH C
yaeToM Taba. 2.4.
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3.11.

3.12.

3.13.

3.14.

3.15.

4.

(B) Pemuts sagavy 3.10 o mammbiM Taba. 2.5 u
3.2.

3a roj B Topoje ponmioch 10268 MarnbankoB m 9742
neBoukn. Ha yposre smaaumoctu 5% npoBepurs ru-
MoTEe3y O TOM, YTO:

a) POXKJAEHTA MATLINKOB 1 EBOIEK PABHOBEPOATHBI;
6) BEPOATHOCTH POKAEHUS I MATLINKOB W JEBO-
gex pasabl 0,51 m 0,49.

B ropoge A c macerenmem 1 muH. wer., 3a rom po-
auroch 10,2 TeIc. geTen, a B coceqHeM ropoge b
¢ HaceleHNEM 2 MJH. dYel. B TOT XKe I'ojl POAUIOCH
19,8 Toic. meTen. MoxHO IU yTBEPK [ATh, ITO Cpe/l-
HSS POK JaeMoCTh B A Goabine, ¥eM B b (Ha yposre
suadnmoctn 5%)7

B ropoge ¢ Hacerenmem 1 MaH. Yel. POKTAEMOCTH
cocrasazeT 1% B rox. Ilocrponts 95%-noBepnrent-
HBIT WHTEPBAJ [ INCIa POXKAEHUN 3a TO]I.
[MocTrpounts 99%-noBepuTenbHBIT WHTEPBAT AAA H-
cia MaTbIuKOB Ha 100 Thic. pOXKIeHWH, ecan Bepo-
ATHOCTH POXKJeHNA MalbunKa paBHa 0,515.

MO,L[EJII/I ABHUXKEHHNA aKTHUBHOI'O HaCeJIeHuA.

SK‘OHOJI/LUQLGCK‘U AKMUBHOE HACEAECHUE OIIPpENETACTCA 110
Ipu3HaKaM aKTHUBHOI'O YYaCTHsA B SKOHOMUIECKON nes-
TEIBbHOCTU, IIPOMU3BOACTBE MaTepHaJbHBIX 1 [OYXOBHBIX

oaar

(B omimdme oT HeTel, yYalmxcs W HepaboTato-

X HGHCI/IOHGPOB)7 a TaKiXKe IBUKCHUA (HepeXO,I[EL MeZK-

1y TPYIIIaMi) o CBOER Bode. [Pyl MOTYT BbIAENSTHCS
o TPpU3HAKAM MecTa MPOXKMBaHWsA, cpepbl NeATeIbHOCTH,
npodeccrn U KBadupuKaum U T. 1.

Ecau rpynmer gensTcs mo TeppuTOpUAIbHOMY MPU3HA-
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Ky, TO pedb WAET O MPOCTEHUINX MOJEAAT MULPAYUL.

['maBHBIM OTIMYHEM MOMETN NBUKEHUS DKOHOMITIECKH
AKTUBHOTO HAaCETeHUs OT MPYTUX AeMOTpapuIecKmX MO-
Jelen SBIAETCA TPENNoNOKeHNE O MOCTOAHCTBE OBIen
YUCIEHHOCTH HACETEHUS (CMEPTHOCTEHIO M POK NAEMOCTHIO
nperebperaeM, HaceleHne 3aMKHYTO).

Humencusnocmuio nepexroda X;j, vje 1 # j, Ha3bIBaeT-
ST TIpeiesl OTHOIIEH ST BEPOSITHOCTH TIEPEX01a IeToBeKa 13
IPYNILL ¢ B TPYINY J Ha poMexyTke (1,1 + h), K h, npn
h — 0. IlpenmoraraeTcsi, 1TO BepOATHOCTHL Holee OHO-
ro Tepexojia NMeeT BEPOATHOCTE o(h), 1 Tlepexons Jio el
MPOMCXOMST HE3ABUCUMO.

[laree B 3amavax WHTEHCUBHOCTD WHOT/Ia OMpENesIeT-
Csl KaK BEPOSTHOCTDL IEpexoja B e[UHUIy BPEMEHMH, MO-
CKOILKY DTY eIWHUITY MoJaraeM JOCTATOYHO MAaJow.

YucrennocTh HaceleHUs MO TPYNIAM OMUCHLIBAETCA
BeKTOpOM 7 = (ny,...,n,,)7, rae m — wmeao rpymm. Ec-
JU MCXOMHOU MOJENBIO ABIAETCA CTOXaCTUIECKAT, TO DTO
BEKTOD CPEJHNX 3HAYEHUN (MaTeMaTHIeCKIX OK I TAHIN)
MUCIEHHOCTEN TPYIIIL.

B memnpepniBHOU MOMenn muHaMWKa OMUCHLIBAETCS CHU-
cremMont qudpdepennarbublX ypaBHEHUN:

ni(t) = — Z Aij | i+ Z Aing, 1 <ai<m,
J=lg#i I=1,1#%

KOTOpas MOKeT OBIThH MPUBEeHa K BEKTOPHO-MATPUIHON
dopme

Aty =Cit), C=g)", li=-— > A

=157
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NurencuBaocTn nepexog0oB MOXKHO BLEIpa3UThB Yepes
MHTEHCUBHOCTH T; BBIXOa W3 I'PYIII U BepOHTHOCTeﬁ I10-
Gleqyromnx 11epexonoB p;;, a UIMCHHO!

A Ay SR
ij = TiPijs  Pig = 77 r; = Z i i = —Tq.
¢ J=1,4#i

Toraa noryaaem C = (PT — E)R, rae P = (pi;), R =
(ridi;).

B amckpeTHOI Mogenn ¢ marom BpeMeHH i motydaeM
pPeKyppEHTHOE ypaBHEHIe

n(t+ h) = An(t), A= E+hC,

rae o6bYHo mogaraoT h = 1.

B menpepuiBHoll Mojies 0HO U3 COOCTBEHHBLIX 3HAYE-
aui MaTpursl C' paBHO HYJII0, a OCTalbHBIE HUMEIOT OT-
punaTeIbuble NeHCTBUTEIbHBIE 9aCcTh, TODTOMY BCETa
IMEeT MECTO CXOJMMOCTEL K PaBHOBECHOMY COCTOAHUIO.
B amckperHonn Momenn 5To Heo6A3aTENLHO (TMpH GOTb-
X WHTEHCUBHOCTAX TEPEXOJ0B OHAa MOKET OKa3aThCA
HEYCTONINBON U He OTpaKarollel PealTbHOCTH ).

C'mpyrxmypot naceienus Ha3bIBA€TCA €0 OMUCAHTE Te-
pe3 OTHOMIEHUA YUCICHHOCTEN TPYII K OOIIeN YHCICHHO-
cTH HaceleHusA. B wacTHOCTH, AMA AUCKPETHOW MOIEIH
MOYKEM OIPEIETUTH BEKTOD

id m
)= NG = Somi).
N(t) i=

4.1. Nmeiorcs ne rpynmet (1 u 2). UnrencuBrocTs me-
pexomoB m3 1 B 2 paBHa a, u3 2 B 1 — b, mpudem
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4.2.

4.3.

4.4.

4.5.

a,b > 0. Ilpw meorpuraress,moMm, OTITIHOM OT HY-
as maganbrom ycaosnn 12(0) = (9, ny)T:

a) B MOJIeNN ¢ HEMPEPLIBHLIM BpEMeHeM HalTH pe-
wenne 7(t);

6) B MOJIeNN ¢ AUCKPETHBIM BpeMeHeM HalTH peliie-
Hite 7i (1) M ycaoBus, P KOTOPBIX DTO PeIlenne Bee-
ra HeOTPUIATENLHO;

B) IIpU KaKWX @ 11 b peltene B MOIETN € IUCKPETHBIM
BpeMeHeM cTabuin3nupyercs, Hadnnas ¢ ¢ = 17
Nwnetorest Tpu rpynmst (1, 2 u 3). UuTencuBrocTsh
nepexonoB 3 1 B 2 mw 3 paBua a, u3 28 1 u 3 — b,
u3 381 um2— ¢ upuiem a,b, c> 0.

a) Halitu mpeienbiyto cTpyKTYpY HaceJeHus.

[Ipn mavarsrom yerosmu 72(0) = (1,0,0)T:

6) HaiTu perenne ipn ¢ = b = ¢ = 1;

B) HanTu perenne npu ¢ = 1, b =4, ¢ = 9;
Uwnerorest Tpu rpynmer. UaTencuBHocTs mepexonos
u3 1 B 2 paBua a, u3 2 8 3 — b, npuvem a,b > 0,
a # b. Hanru:

a) obllee perenme;

6) pemenne mpu @ = 2, b =1, 7(0) = (1,0,0)7;
Uwnerorest Tpu rpynmer akTuBHOTO Hacerenus A, b u
B, BeposiTHOCTH BBIXOa M3 KOTOPHIX COCTABISIOT 1,
6 m 9% (B mecs). [Ipu BbIXoge U3 TPyl YeqoBEK
PABHOBEPOSITHO TEPEXOJUT B ONHY U3 ABYX NPYTHUX.
[Ipw magarbHbIX unmcaenHocTsax rpynn B 0,3, 1.3 u
0,7 muH. YeaoBek:

a) HauTH (1), MCIOAb3YA ANCKPETHYIO MO/IEND;

6) HAUTH IUCIEHHOCTH TPYTI Yepe3 TOI;

6) HAWTH MpeerbHble 9NCIeHHOCTH TPYIIT.
AxTuBHOe Hacenenne neauTcsa Ha paboTarommx (A)
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n 6ezpaboTubix (B). BeposTocTs norepsats paboTy
cocTaBisieT 2% (B MecsI), a BEPOATHOCTL HAUTH €€
— 18% (B mecsm).

a) Haiitn paBHOBeCHBIN ypoBeHb 6e3pabOTHIIL;

6) Bo ckonbko pas cokparuTcs Ge3paboTuia, ecin
6JIarogaps TOCY 1apCTBEHHON MTPOTPAMMe 3aHATOCTH
cpejfiHee BpeMsl TONCKa paboThl YMEHBITHTCS BABOe?

5. Mojgesu ecTeCTBEHHOI'O IBUKEeHUSA HaCeJeHUS.

[og ecmecmeennpim deusxcenuem naceienus MOHIMA-
eTcs ero ABMKeHre, npupallienne 1 yObiBaH1e 110 BO3PacT-
HbiM rpynnaM. Hacerenwe mpeanonraraeTcs 3aMKHY THIM.

HucaenHocTh HaceleHUs IO BO3PACTHBIM TIPYIITIaM
OTMCHIBAETCS  BEKTOPOM  (CpefHuX 3HAdYeHunn) 7 =
(n1,...,Ny), TJe m — TpelelbHBIN BO3pacT. B Mome-
I ¢ ABYMA TIOJAMM BBOJATCS TaKikKe OTNelbHbIe KOMIIO-
HEHTBI BEKTOpa, OMUCHIBAIONINE YACTO MYXKYMH U KEHIITUH
KayK10r0 BO3pacTa.

[uckperHas Mojelb ¢ €NIUHUYHBIM IIAlOM BpEeMeEHU
MOKeT OBITH 3alncaia B BEKTOPHO-MATPUIHON popMe

A(t+ 1) = Lid(t),

rae [ nazwiBaercsa mampuyet Jecau.

HenpepoiBhas netepMunupoBannas neMorpadpuaecKast
MO/Ielb € OHUM TTOJOM OTHCHIBAETCSA CHCTEMOU MHTErPO-
nudppepeHImarbubIX YPaBHEHUN B YaCTHLIX TPOU3BO/I-

HBIX: a a
z z
N + 97 :Oo—d(t,:zj)z,
2(1,0) :/ b(t, 2)=(t, z) de,
0
2(0,2) = g(x).
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3nech z(1, 1) — MIOTHOCTDL HaceJTeHus B BO3pacTe & B MO-
MEHT ¢, T.e. TIpeaes OTHOIIEHNA 9nCIa JI0Ael B Bo3pacTe
(x,x4+h)x hnpu h — 0, b(t, x) — PpepTUILHOCTH B BO3pa-
cTe & B MOMEHT ! B pacdeTe Ha OJIHOTO YeloBeKa (a He Ha
O[IHY KEeHIINHy, Kak pamee), d(t,x) — cuia cMEpTHOCTH,
g(x) — mavaxbHoe ycioBHe (OmpejenseMoe U3 MePenuch
nacenemnus). [Ipw 5ToM sABHOE BBeIeHTE MPEIETLHOTO BO3-
pacTa He 06A3aTENLHO.
Moersb ¢ AByMs HOTaMI® MMeeT aHAJOTHIHBIN BII:

822 822

— + — = —di(t, 7))z, ED + D —da(t, )z,

3nech ungexc 1 ozHadaeT onncanue pyHKINEH JKEHCKOTO,
2 — MyXKCKOTO Hacelenus, a depes by(f,x) u by(t, x) 0bo-
3HaYeHbl MHTEHCHBHOCTH POXKJEHUI NeBOYEK 1 MalbilKOB
COOTBETCTBEHHO y KEHIMHBI B BO3pacTe T B MOMEHT Bpe-
MeHU 1.

B nenpepuiBHON MO€N CTPYKTYpa HaceJeHUs OMIChI-
BaeTCsa (PYyHKIIEN

s(t:2) = 7 N(t):/ooo () da.

CmQ6UJLbeLJI/L HaceAeruem Ha3bIBacTCA HacCelleHIIe, KO-
TOpOE pacTeT, COKpallacTCA UJIM OCTAa€TCA IMOCTOAHHBIM

8Be3 y4deTa BAUAHUA Ha POXKIAECMOCTH YUCACHHOCTH MY2KCKOT'O
HaceJeHUA, KOTOpad IMpeamnoJgaracTcsa ,Z[OCT&TO‘IHOI?I.
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KaK enunmoe Teroe, 6e3 U3MeHeHus CBOEU CTPYKTYPHI.
HacTHbIM ciydaeM cTaOUIBLHOT'O SABIAETCA CMAUYULOHAPHOE
nacesenue, CoOXpaHsiolniee Kak CTPYKTYPY, TaK U IUCICH-
HOCTB. lloHATHO, YTO paBHOBeCHE 37eCh NTUHAMUYECKOE.

Cpeduum 603pacmon nacesenus HasbiBAaeTCA CPEIHNN
BO3PACT JIOJIeN, BXOISMNINX B Hacelenne. B mempepniBHOM
MOJIeNIN OH HaxXOJUTCs 1Mo hpopMyie

T.(t) = /OOO xs(t,x)dx.

Penpodyxmusnvim nomenyuasom Puwepa B Bospacre
T Ha3bIBAETCS TOKA3ATENb, OTPAKAIONINNT OTHOCHTETHHBIT
CpeHUI BKJIAJ YelOBEKa 3a €r0 OCTaBIMYIOCS KU3HL B
TATLHEUITNN POCT HaceleHus. B HempepuiBHOU MOIeNH
C OTHUM TIOJIOM OH BBIMUCAAETCS 11O (POpMyTe

ekac

c(x) = (2] /:o b(u)F(u)e™ ™ du,

rane k — moxasaTennb PoOCTa CTaOUILHOT O HELCGJIGHI/IHg. HpI/I
ITOCTOAHHBIX IapaMeTpax MOJeNn CyMMapHBIfI IIOTEHI A
HaceJleHIIA MeHAeTCA SKCIIOHEHIINaJbHO C IIOKa3aTeJdeM k,
HE3aBUCUMO OT CTPYKTYPhI HaCeJICHNA.

5.1. IlycTs Ha KaxmoMm Imary kKaxmaas B3pocias mapa
KPONIMKOB JA1O0 poxaaeT B CpelHEeM [ Tap MOJIOo-
NIBIX, T60 TTOTNGaeT ¢ BEPOATHOCTHIO p (HE OCTaBHB
MOTOMCTBA), a KaxkjJas MOJOfas CTAHOBUTCS B3PO-
caon. Broimucats marpuny Jlecanm n pekyppenTHyO

°B crHennaJbHON JUTEpaType OH Ha3bIBACTCA TaKKe Koadduyu-
enmom Jlomru.
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5.2,

5.3.

5.4.

5.5.

popmyay. Halimw cpennee wmceio map B3poCabIx Kpo-
JTUKOB B MI060I MOMEHT BPEMEHN !, eCIi B Hadalb-
HeI MoMeHT ¢ = ( mMeeTcsa ojfHa Hapa B3POCIBIX
KPOJIWMKOB, I CIeAYIONINX 3Ha9eHnl mapaMeTPOB:

a)p=1,p=01;

6) p=3,p=02

B) p=4,p=01;

r) p=6,p=0,5

Wp=1,p=005

[Ipn Kakux Ha9albHLIX YCIOBUAX CPEIHee TUCIO map
KPOJIMKOB MEHIAETCSA CTPOTO B F€OMETPUIECKON ITPO-
rpeccun? Ilpm Kakmx sHadeHMAX HapaMeTpPOB OHO
CTPEMHTCS K KOHETHOMY HEHYJIeBOMY Ipenery’

(T) Hantn crabuibHoe HaceleHne B MOJEIH €CTe-
CTBEHHOI'O [IBUKEHUA C ONHNM IIOJOM B IIPEIION0-
KEeHUN, 9TO (PepTUILHOCTL ¥ CHla CMEPTHOCTH He
3aBICAT OT BpeMenn. HallTu ycaosme pocTa Hacese-
nus.  Yrasanue: pemenne uckath B Buge z(t,x) =
c*u(z); memompzoBaTh BRIpakenne GYHKINN 10KN-
THA 9Iepe3 CIIY CMEePTHOCTH.

HaitTu cpeanuii BozpacT cTabUILHONO HaCEJEeHI 13
sagaqn 5.2 npu F(x) = (2/100)%, 0 < « < 100, n
ecTecTBenHOM Tipupocte: a) +1%; 6) —1% (B ron).
(T) Hantn crabuibHoe HaceleHne B MOJEIH €CTe-
CTBEHHOI'O JBUZKEHHA C ABYMS IOJaMI B IIPEIIION0-
KEeHUM, 9TO (PepTUILHOCTD U CUJIBI CMEPTHOCTH IS
0601X TOJIOB He 3aBUCAT OT BpeMmenu. HalTum ycio-
BIE poCTa HaceleHnsA. Ykazanue: pelneHne NCKaTh
B Buge 21(1,7) = Muy(x), 29(t, 2) = Muy(x).

(T) Hail'tu cpeauuil BO3pacT CTAIMOHAPHOI'O Ha-
cenerma w3 5.2, ecmm: a) F(z) = (1 — (2/b))*,
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5.6.

5.7.

5.8.

5.9.

5.10.

6) F(x)=(x/b)* 0<x<b, a>0.

ITo gammbiM Taba. 5.1 omeHnThH:

a) BEPOSATHOCTH POXKAEHIA MATLINKOB I NEBOYEK;
6) B KaKOM BO3DPACTe [OJU MYKYIUH W KEHIINH BbI-
PaBHUBAIOTCS.

[To mammbim Taba. 5.1 mauTm JOKaTbHBIE MaKCHMY-
MBI I MUHIMYMBI (BCETO HaCeNeHNs ), ¢ COOTBETCTBY-
IOIINMY TONaMI POXK TEHU.

(B) Omenuts npeamoraraemoe 9uCIo POXKIEHUN B
2000 romy mo mamEbiM Taba. 5.1 w Tabm. 3.2 (po-
KJIAEMOCTD ToJlaraeM HeM3MeHHON ).

(B) Ouennth mpenmonaraemMoe €HCIO CMepTen B
2000 roay mo maHHBIM Tabx. 5.1 mw Tabr. 2.5 (cmepT-
HOCTE ToJaraeM HeM3MeHHOM ).

(B) Ilycts B Momenn ¢ oHIM TIOTOM MMEETCS CTa-
OUILHOE HaceJeHre ¢ ecCTeCTBeHHBIM npupocTom 1%
(B Toq), poxmaeMocThio mo Mmogern Y.Bpacca ¢
T = 25,2 (neT) u QpyHKINEN pacipelenenus Bpe-
menn xkusan F(z) = (2/100)?. BoraucanTs pempo-
JNYKTUBHBIN TOTeHInal B Bospacre: a) 20 metr; 6) 30
aeT; B) 40 Jer.

6. O61ue Mogean IBUXKEHUS HaceJeHU.

O6IH6LH MOIEJL NBUKEHUA HACEICHUA C HENIPEPBIBHBIM
BpEMEHEM NMeEET BU

() = C(t) + @(t),

rune C — MaTpHuna MHTEHCHBHOCTEN (BO3MO)KHO7 Y4YUuThIBa-

s POKJAEMOCTH U CMEPTHOCTD) 1 G(1) — BEKTOP, ONN-

CBIBELIOHII/Iﬁ CBA3b C BHEIITHUM M POM (HpI/ITOK n3BHE WU,
HallpOTUB, OThEM HELCGJIGHI/I}I).
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Ecan rpynmet gensres o TeppUTOpHAILHOMY TTPH3Ha-
KY, PE€Ib UIET O MOJeAnr Mupayuy (¢ yIeTOM POXK TaeMO-
CTH ¥ CMEPTHOCTH ).

[IycTs b;j — MHTEHCUBHOCTD POKJCHUN NeTEU I'PYIIIIBL
J Ha 9YeJoBeKa W3 TPYNNGBI ¢, W d; — cuia CMEpTHOCTH B
rpynme ¢, 1 < 1,5 < m. Oupegemnm Marpuust B = (b;;) n
D = (d;d;;), Torna

C=BT-D+A", A=R(P-E).

Marpuna [ amaromanbha Bcerga. Martpuna B ana-
roHalbHa, €CIN MeTH OCTAIOTCS B Tpylmne ponuteren. B
mocae HeM cIydae obosnadnm b; = b; m k; = b; — d;, Torma
k; — ecTecTBEHHBIN MPUPOCT B Tpymie ¢ (KaKou HabIo-
JAIICST GBI, €CI OBl TPYIIHI ObLIN W30INPOBAHA).

[on mokasaTereM pocTa (TOMYIAINN B HeToM) Oy aeM
nonuMaTh Bermanny k Takyio, uto N(t) ~ et — .
Ecan maTpuna €' mepasnokmma, TO MpH HEOTPHUIATE b
HOM (OTJIMIHOM OT HYyJs) HAYasbHOM YCJIOBHE k OKa3bl-
BaeTcs HAHOOABITIM CcOOCTBEHHBIM 3HavdenneM (', a mpe-
JeabHas CTPYKTypa — COOTBETCTBYIOITIM COOCTBEHHBIM
BeKTOpOM. Beanmunna k J1eXuT Ha OTpe3Ke MeXIy Hal-
MEHDBINM U HAnOOAbITHM u3 k.

Mogenb ¢ IMCKpEeTHLIM BpeMeEHeM MOKET OBITH Mpe/-
cTaBlIeHa B BUE

A(t+h) = Aii(t) + d(t), A= E+hC.

B men mpnm "mHeymadHbIX” COCTaBIAIONIIX MOKET HabJIIO-
NATBCA PACXOJAUMOCTD.

ObracThb TPUMEHTMOCTH MOJIENEN OTpeNesieTCs Heo-
TPUIATENLHOCTBIO TEKYIUX YUCICHHOCTEH HaceleHus B
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rpynnax. B Monmenu ¢ HenmpepbIBHBIM BpeMeHeM 6e3 0T b-
eMa HaceJeHUA ITO yCIOBUE BLITOTHAETCSA BCera Ipu Heo-

TpUHATEIbHBIX HaYaJdbHBIX YCJIOBUAX.

6.1.

6.2.

6.3.
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[IycTb mmeeTcs momyaanus KPOAUKOB IBYX BO3pac-
TOB. 3a OJWH ITal BpeMeH! Kakjas B3pocias Ta-
pa pokaaeT [ Tmap MOJOJLIX, KazK dasd MoJomas mapa
CTAHOBUTCS B3POCION, U KPOME TOT'0, TPOM3BOIUTCS
U3bATHE | Tap B3POCIBIX KPOJUKOB (TTOCTE POK Je-
HIUN U mepexojoB). Halitnm paBHOBecHbIe 3HaveHMs
qucesa MOJOABIX U B3POCHbIX map. lIpenmnonaras, aTo
B HAYAJILHLIT MOMeHT ¢ = () uMeeTcs v Tap B3POCIBIX
KPOJIMKOB!

a) HAWTH 9UCIa Tap MOTOJABIX W B3POCIBIX KPOJT-
KOB B 10601 MOMeHT ¢ B 00IeM ciryvae (6e3 ydera
TPeGOBAHIA HEOTPHUIATETHHOCTH );

6) HalTH YCIOBWA, TPH KOTOPHIX TOMYJAINS KPO-
JUKOB pacTeT, BLIMIPAET, CTPEMUTCA K KOHETHOMY
HEHYJIEBOMY TIpeerny.

[IycTb mMeeTcs monyasiusa KPOIUKOB TPEX BO3PaACc-
TOB. Ja OfWH Iar KaKjas MOJojas mapa CTaHO-
BUTCSA B3POCIAON, KaxkK fasg B3pOCIas POXKAaeT 3 MOIO-
NBIX W CTAHOBUTCS CTapoll, u3 crapbix 1/2 ymupa-
etT. Kpome Toro, nponcxonut nabarue 4 MOIONBIX, 2
B3POCILIX 1 | cTapoil mapbl (mocie poxK feHuil, Tube-
Jen u nepexojioB). Halmu paBHOBecHOE cocTOsHIE.

(T) Nmeercs ne rpynmer (1 w 2). EcrecrBenubii
npupocT B rpytie | pasen a, B rpymme 2 — b. Kpo-
Me TOT'0, IMEETCS MMOCTOAHHBIN TOTOK CO CKOPOCTHIO
[ w3 mepBoll TpyIIBl BO BTOpyIo (MoKa rpymnma 1 me
nycra). PaccMoTpeTh Bee ciydanm pasBUTHS COObI-



6.4.

6.5.

6.6.

6.7.

THI.

(T) Umeercs 2 rpynmst (1 u 2). EcrecTBenubiit mpn-
poct B rpynne | pasen ky, B 2 — ko, HHTEHCHBHOCTH
mepexonoB n3 1 B 2 paBna [, m3 2 B 1 — [, Hanrn
YCIOBHA, TIPH KOTOPHIX MOMYJIAINAA PAcTeT, BHIMU-
paeTr, CTPEMUTCA K KOHETHOMY HEHYJIEBOMY IIPeaery
(Ipu HEOTPUIIATETLHOM, OTIIIHOM OT HYJISA HaTalb-
HOM YCJOBHM).

B ycaoBusx samatn 6.4 manTu oblee peleHne, mo-
KazaTelb pocTa 1 MPeelbHyI0 CTPYKTYPY MpH HEO-
TPHNATENLHOM, OTINIHOM OT HYJIA HadalbHOM yCJIO-
BUU, €CIU 3aJaHbl TapaMeTphl:

a) k1 =5, 11 =4, k=2 1L=1;

6) k=211 =1, ko =4,1,=2;

B) ki =6,11 =4, ky =8, 1, = 5;

r) ki =51=3ky=09,1,=2;

m) ki =1,11 =3, ke = =5, 1[5 =2.

B ycaousax sagadanm 6.4 wainrtu BekTop 7i(t), acum-
nrotuky N (1) mpu ! — 0o W mpeaerbHyio CTpYKTYpy
nacerenust ipu ky = 4, 1 = 1, ks = 8, [, = 3, na-
wamsirom yerosun 72(0) = (1, 1)T u gomommmrensrom
NpeANnoNoKEeHNN, 9TO B TPpYNIy | MoCTymaeT MOTOK
co cKopocThIo €, ecm:

a) a=1;
6) a =4;
B) a = 8.

B ropoge xuBet 4,4 MaH. MyXKYuH 1 5,6 MIH. XKeH-
mn. CmeprrocTh cpenn Hux 8 %o u 7% (B ron);
poxaaemocth y kenmmu 30 %o (B ron); Mmarbaukos
U JeBOYEK POXKJaeTcA MopoBHy. [laTh Mpornos «m-
CIEHHOCTEN MYXKIMH W KEHIIMH ropojga Ha 10 geT
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6.8.

6.9.

6.10.

BIIEpE.

B permone A ecTecTBeHHBLINI PHUPOCT COCTABIAET
—5%0 (B TOR), B permone B 410 %y (B ron), nunren-
cUBHOCTL TiepeesioB u3 B B A pasna 5%y (B Tox).
[Iycts B A u B &uByT 8 m 2 MuH. 9er. cOOTBET-
crBenno. J/larh mpornos vmcieHHOCTEN HacexeHus
permonoB Ha 20 meT BIepen:

a) 6e3 ydeTa BHEIIHEN MUTPAIWN;

6) ecim B A maeT TPUTOK U3BHE €O CKOPOCTHIO 30
THIC. 9. B O/,

B permonax A m B ecrecTBeHHBLI pupocT cocTa-
BasgeT 12%;0 u 8%y (B roa); uHTEHCHBHOCTDL Hepe-
esnoB u3 A B B pasma 7% (B roxn), m3 B B A —
5%p0 (B TOR), HCXOIHBIE TUCIEHHOCTH HACETEHHA Pe-
ruonoB 10,6 u 9.4 man. wen. [lates mporunos nwa 10
JeT BIepe.

B ropogax A m B xuBer 2 m 3 M. wenr. 3a rof
m3 A B B nepeexamo 16 Teic. wer., uz B 8 A —
36 Thic. den., mpuYeM YUCJIeHHOCTH HaceqeHus B A

Y

BeIpocaa Ha 40 Thic. wen., a B b cokpaTmrach Ha
5 Toic. der. OUeHNTH WHTEHCUBHOCTH TEPEE3NOB 1
eCcTeCTBEHHBIN TpupocT B ropogax A u B.

7. ObbeAnHeHNe U pacllelieHre 'PYII.

O6vedunenuem U maspiBaeTcs JTUHENHOE OTOOpakKe-

HMUEe BEKTOpPa JHUCICHHOCTEN Pyl B IpoCTpaHCTBO MEHDL-

el pa3sMepPHOCTH, TPU KOTOPOM HEKOTOpPHIE KOMITOHEH-

Thl CKJaIbIBalOTCA, 06pa3y}1 YUCJIEHHOCTU HOBLIX T'PVIIIT

(663 HepecequMfA MHOZKeCTB O6B€,I[I/IH}I€MBIX KOMHOHGHT).

Mampuya o6vedunenus U cocrour mz 0 n 1, npudem B
KaiKJJOM CTOX6Ile CTOUT POBHO OfHa 1.
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Pacwenaenuen S HasbiBaeTcsa JUHENHOE OTOOpaKeHTe
BEKTOpa YHCACHHOCTEHN TPYIIl B MPOCTPAHCTBO OOJBIICH
pasMepHOCTH, 06paTHOe HeKOTOpoMy obbemunenuio U B
ToM cMmbicae, 9To US = FE (cormacoBamnocTsh). Kpowme
TOTO, MAMPUYA PAcCUenierus S TOIKHA OBITH HEOTPHUIa-
TeabHa, UMEThH CYMMBI DJEMEHTOB M0 CTOJOIaM, paBHbIE
eJIMHUTE, U He UMETDH HYJIEBLIX CTPOK.

Bedywum sexmopon HasbiBaeTCA TAKOU MOJOKUTEN b
HBII BeKTOD &, 910 SUZ = ¥ (T.e. OH BOoCCTaHABINBAETCS
6e3 MCKaKEHi ).

[To Bemymemy BekTOpY & MaTpuiia S 0JHO3HAYIHO CTPO-
urcs crenyrormmm obpasom. llyers M; — MHOXKecTBO WH-
JEKCOB TPYII, OO LEANHAIONMXCA B TPYIINY j, & BCET'O HO-
BBIX DPYII M, Toraa moxaraeM S = (s;;), Tje

Sij = e M;, 1<j53<m,

€Ty
b
>
IEM,
a OCTalbHBIE DIEMEHTHI MaTPHUILI PABHBI HYJIIO.
PaccMoTpuM Mozenh JBMKEHHS 3aMKHYTOTO Hacese-
HIA ¢ HempepbiBHBIM BpemeneM 11/ (t) = Cii(t), w mycTh
n(t) = Un(t), C = UCS, Torga mis Toro, 9T00bI BHITOJ-
wsnoch 7' (1) = Cn(t), HeobX0MUMO U NOCTATOYHO BBITOJ-
HEHUA YCA06UL C60JUMOCTIU (CO6EPULEHNO20 A2PE2UPOGCa-
W)

Uvc =UCSU.

B Taxom ciydae ToBOPAT, YTO MOKHO OOBENUHATH T'PYII-
el (B coorBercTun ¢ U). [lockoabky S He onpenensercs
o U/ onHo3HaYHO, pedhb naeT O CyIeCcTBOBAHUN TAKOTO 9,
YTO YCIOBUE CBOJAUMOCTH BLITIOAHAETCA.

B kauecTBe BenyIero BeKTopa MOKHO B3ATh CTPYKTY-
Py CTaGUIBHOTO HaceleHus (ake eCl YCIOBHE CBOIMMO-
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CTI B MOJI€JIN HE BBITIOJHACTCA, 5TO NOJXKHO BECTH K y6BI—

BaHUIO HCKaXKEHUN CO BpeMeHeM)7 ambo HadalaLHoe yCIo-

BHe (Moay9daeMoe, HalpUMep, U3 MePENuc HaCeTeHus ).

7.1.

7.2.

7.3.

7.4.

7.5.
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[MMecTs rpynn o6bequHAIOTCA B TPU: TepBas, BTOpas
n deTBepTad — B TEPBYIO, TpeThd W MATaig — BO
BTOPYIO, MecTas — B TpeTbio. Hanru:

a) Marpuiy obbeaunenus U

6) MaTpuIy paciiernyenus S ¢ BeIyIM BEKTOPOM
(1,3,2,4,6,5)T;

B) pPe3YyIbTAT OOBLEJUHEHUSA ¥ DACIIEIIEHNs s
(1,2,3,4,5,6)T.

B ycroBusx zagayun 6.7. 06beqIUHUTEL TPYIIBI MY K-
9WH W KEHIINH W JaTh Tporuo3 Ha 10 geT Bmepen,
NCTIOMB3YA B KadecTBe BENYIIETO BEKTOpa:

a) HadaIbHOe YCIOBIE;

6) CTPYKTYPY CTaGUIBHOTO HaCETeHNs.

[Ipn xaxom BbIGOpe TPOTHO3 OIAMKE K paHee TOIY-
TEeHHOMY pPe3yabTaTy!

B ycaoBusix zanatn 6.9. o6beinHUTL peruoHaIbHble
TPYNNBL W 1aTh Tporro3 Ha 10 geT Bmepen, ncmorb-
3yd B KadecTBe BeIYyIIero BeKTopa HadaabHOe yCIo-
Bre. CpaBHUTH C paHee MOMYyIEHHBIM PE3YIHTATOM.
(T) OnpenernTs ycaoBus, TpH KOTOPHIX MOKHO 0O b-
eIMHATH TPYIIHI:

a) UL MOJIENH € JIBYMS TPYTITTaME;

6) 1A MOJIENN ¢ TpeMs T'PYIIaMU, eCin 06 be mHs-
I0TCA TIEpBHIE NBE;

B) B OOIIIEM CITydae.

[IyTem o6benuHenns cBeCTH MOJENb K HaUMeHbBIIe-
MY BO3MOKHOMY YUCIY TPy U HAUTH MaTPUITY C ,
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8. PerysupoBaHue IBUKeHUS HaceJIeHU.

Safada peryJInpoBaHus IBUKEHNs HaCEIEHTS CTABIT-
CsA TPENMYIIeCTBEHHO B MOJIENAX NBUKEHUA KaApoB B Op-
raHm3alnax, pasaeJeHHbIX Ha TPYIIIb.

Herpio perymmpoBanus ABIAETCS (aCHMITOTHIECKOE)
TOCTUKEHNE 3a/JaHHON HATlepe Yele60l CmpyKmypol Ha-
cenenns §. CpegcTBaMu peryIupoBaHis MOTYT ObITEH pas3-
JUYHbIE TTapaMeTpPhbl MOIEIN.

PeryaupoBanme masbiBaeTcs docmudicumbim, €CIn He-
00XOIMMbIE 3HAYEHUS PEryJIupyeMbIX apaMeTpoB JexKaT
B 00JACTH BO3MOKHBIX M3MEHEHNN (HampuMep, HeoTpuia-
TeNBHBI) W BCE MPOMERKYTOUHbIE 3HAYEHIA THCIEHHOCTEN
TPy OT HaJala [0 JKETaeMOU CTPYKTYPLI BO3MOKHDI
(MOMOKNTENHLHBI U HE CIUITKOM BETHKH ).

PeryaupoBanue maswiBaeTcs donycmumvim, €CIu Mpn
HeM o0Ilas YMCIeHHOCTh HAaceIeH!sl CO BpeMeHeM He CTpe-
MUTCSA K HYJTIO.

B mocTosaHBIX YCIOBUAX, KaK TTPABUIO, UIIETCA TaKKe
TOCTOAHHOE PeryJnpoBane (He 3aBuUCSIIee OT BPEMEHH ).
B »ToMm cayuae meneBas CTpyKTypa HaceleHUs [TOTKHA
6BITL CTAOUIBLHOU W YCTOUYMUBOU TIPU COOTBETCTBYIOIINX
3HAYEHUAX PEryJIupyeMbix mapameTpoB. Muorma storo
OKa3BIBAETCA MOCTATOTHO [ ONpPeNeleHns X 3HadeHnn.

B szamade peeyauposanus wabopom mpemnmomaraeTcs,
YTO MePexobl MeXKAy m IPyNiaMyu ONMUCHIBAIOTCA HEKO-
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Topou matputien (', 1 KpoMe TOTO, 3aaH BEKTOP MWHTEH-
CUBHOCTEN BLIXOJOB BOBHE 13 TPYNI: W = (Wi, ..., Wy).
O6osnaanm W = (w;d;;). Baamen Boimeammx 3 opram-
3allUU TPOU3BOAUTCA HAGODP HOBLIX COTPY/HUKOB, TTPUIEM
B {-YI0 TPYIIY NPUHAMAETCA JOJA ¢; OT BCEX BBIMIEIIITIX
(B emummity Bpemenu), ¢ = (i, ..., Gm). Homydaem

7'(t) = (C = W)i(t) + q(@, i(t)).

Torga maas MOCTHIKEHUA TEJIEBOU CTPYKTYPBI § MPHU IO-
CTOSHHOU YHUCJIEHHOCTHU OPTAHUBANNN MTOXYIAEM 6€EKIMOP
PEYAUPO6ANUL HAOOPOM
. (W-0C)g
q - - = 9
(40, )
a I OpraHm3alni ¢ moKasaTereM pocta o, T.e. N(1) =
Noe®', BepHO
L (aE+W —=C)g
q = Endid .
(40, )
YcnoBueM HO0CTHRKAMOCTH 3/ech aaseTcsa ¢ > 0.
B zanave peeyauposanus nepemewenuem BEKTOP Ha-
6opa ¢ mpeamonaracTCA 3aJaHHBIM, a CPEICTBAMU Pery-

JTUPOBAHUS ABIAIOTCA WHTEHCHBHOCTH (AW BEPOATHOCTN)
TepexooB MeX 1y Tpyrmnamu (T.e. sreMenThl MaTputibl C')

— BCE WM YacTh UX.
[Ipu peeyauposanuu enewnum nepepacnpedesenuen
I OBIIEN MOMeN MBUKEHS HaceTeHus

A(t) = CA(t) + a(t)

CPEJICTBOM peryinmpoBanus spiseTcsa Bexktop a(t). Ilpnm
obuien wucaennoctu waceaenus N (1) = Npe® momydaem

a(t) = N(t)(oF — 0)§.
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B dopmanbron momenrn peryinpoBaHUs BHEITHUM IIe-
pepacipeenenneM BO3MOKeEH BBIXO/T 7i(1) 13 0bxacT Heo-
TPUMATETbHLIX 3HAYEHUH, 9TO HAKJIA[bLIBAET MOTOJHNU-

TeJbHBIE YCJIOBUA OTOCTUKMMOCTH.

8.1.

8.2.

8.3.

8.4.

8.5.

8.6.

[lycTh B opranmsanun nMeoTcs jaBe rpynmb (1w 2),
MHTEHCHBHOCTH TEPEXO 0B MEXK 1Y KOTOPHIMU PaBHBI
1/3, a UHTEHCUBHOCTH YXOAOB W3 HUX BO BHEIIHUI
mup paBubl 1/6. Haiitu BekTOp peryampoBanus Ha-
60pPOM ¢ U TPOBEPUTEH €0 AOCTHKUMOCTE A CJie-
IYIONIUX TEJIEeBBIX CTPYKTYP:

2) = (1/2,1/2)1;

6) 3 = (2/5.3/5)"

5) G =(1/3.2/3)".

(T) okazaTh, 9T0 MHOKECTBO JOCTUKUMbIX CTPYK-
TYP B MOJENN PETYINPOBAHISA HAGOPOM (¢ TTOCTOSH-
HBIM JIH PACTYIAM HaceJeHneM ), BCerja HEmyCTo 1
BBITTYKJIO.

Pemmmte 3agady 8.1 mpu moMoIy peryinpoBaHs
BHEIITHUM TepepacipefeleHneM d B IPeInoN0KeHIH,
9TO CaMOCTOATENLHBIX YXO/0B BO BHEITHUH MUpP He
MPONCXOINT.

Pemmre s3agady 8.1 aus oprammsanmu, pacTyInen
DKCIIOHEHIINAILHO ¢ MoKazaTeleM a = 1/6.

Pemmre s3anady 8.3 mis oprammsanuu, pacTyInen
DKCIIOHEHIINAILHO ¢ MoKazaTeleM a = 1/6.

(T) B Mmogenn peryinpoBanus HaboOpoM s Hacele-
HUA U3 JABYX DPYII ¢ HHTEHCHBHOCTAME TEPEXOI0B
[y m31B2,l3u32B 1, n THTEHCUBHOCTAME BLIOKI-
THS Wi, Wy HAUTH HaWMEHBIIHH MOKa3aTelb POCTa
a > 0, Tpm KOTOPOM JOCTUKUMAa IeTeBas CTPYKTY-
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8.7.

8.8.

8.9.

40

pa §=(g1,9)"

B oprammzanum paboTaioT Tpu TPYIIILI ClENUAIN-
cToB mo KBanudukamun: A (muskasn), b (cpemmsn),
B (Bbicoxas). BeposTnocTn BBRIOBITHA W3 HEX Wi,
Wq, W3; THTEHCUBHOCTH TepexonoB (1 m3 A B B, [ n3
b 8 B. Ontumanbuoe cooTHOIEHE 9UCIEHHOCTEN
3ajano BeKTOpoM ¢. CHermaincToB MOKHO HaHU-
MaTh U3BHE, IPUIEM UX OOIIas INCIEHHOCTD TOJKHA
0CTaBATHLCS MOCTOAHHOMN.

a) Hatitu mabop a1 mojaepkanms meleBon CTPYK-
TYPBI.

6) llpm Kakwx WHTEHCUBHOCTAX MOBBIMIEHNUS KBa-
mudprKanmu 6y1eT 1ocTaTOYHO HabupaTh TOJIHKO B
rpymomy A7

B) [Ipn Kakux WHTEHCUBHOCTAX BBHIOBITHA OYI€T T0-
CTATOYHO HAOWPATHL TOABLKO B rpymmy A7

UneeTcst Tpu TpyTITbl, HHTEHCHBHOCTH BLIXOOB U3
KOTOPBIX paBHBL. BeposTHOCThL Tepexona u3 1 B 2
paBra p, 3 1 B3 — 1 —p, 0 < p < 1; mepexons
A KasKJOW U3 TPYNI 2 U 3 B OoCcTalbHBIE [BE TPYII-
b PAaBHOBEPOSITHLI. B mpenonoxennn, 1To MOKHO
peryampoBaTh p:

a) HAWTH TPEIeNbHYI0 CTPYKTYPY § I JH060TO p;

6) HaWTH p, obecrevdnBaloNlee TEIEBYIO CTPYKTYPY
g;

B) oIicaTh MHOXKECTBO MOCTHKIMBIX CTPYKTYD B
TAHHOW MO e,

UneeTcst Tpu TpyTITbl, HHTEHCHBHOCTH BLIXOOB U3
KOTOPBIX paBHBL. BeposTHOCThL Tepexona u3 1 B 2
paBaEa p1, w3 1 83 — 1 —py, 3 2B 1 — pp, u3
2B3 —1—=p, 0 < pro < 1; mepexonsl u3 rpyn-



bl 3 B OoCTalbHbIE [Be TPYIIbI paBHOBEPOATHLI. B
TPeATONOKEHNN, ITO MOKHO PEryIUPOBATD Py M Po!
a) HalTH TPeferbHyio CTPYKTYPY § s JIOObIX Py,
P2;

6) HallTW Py U pg, OOECTIEUNBATOIINE TENEBYIO CTPYK-
TYDPY §i

B) oIicaTh MHOXKECTBO TOCTHKUMBIX CTPYKTYD B
MAHHOU MO eI,

8.10. IlycTh mMeeTcss 3aMKHyTas CHCTeEMa U3 JABYX COOH-
MAIIAXCA TPYII ¢ ToKazaTensMmn pocta +1 m —1.
BympeTr an nonmycTuMbIM peryiampoBaHue, HampabieH-
HOe Ha JOCTHKEHHE MEeAeBON CTPYKTYPHL:

a) §=(3/5,2/5)";
6) g =(1/3,2/3)T.

9. MoTuBanusa ABUXKeHUA HaceJeHUsA

[Ipeanonaraercs, 9TO YCIOBUA KU3HU B KAk JOW TPYII-
e HaceleHWsA MOTYT OBITh OXapaKTEepPW30BaHBI oOmpee-
JEeHHBIM HAbOpOM (PAKTOPOB, W [BUKEHUE JTIOJEN MEXKIY
TpyNIaMy MOTUBUPYETCA KeTaHWeM YIAYUIINTE 9T yCIo-
BUA.

Yeao6usn ocus3ny B TPYIINEe MOIYT ONUCHIBATHCA JTUHO
BEKTOPOM 3HadeHUH (PAKTOPOB I, JUOO eINHLIM MOKa3a-
TereM — YPOSHEM JHCU3NU U, KOTOPBIN, B CBOIO O9EpElD,
aubO TPOCTO COBMALaeT ¢ YPOBHEM JAOXOMN0B (KaK TiaB-
HBIM (DAKTOPOM BBIGOPa), IGO0 TPEeJCTABIseT COOON 3Ha-
JemHre HEKOTOPO (PYHKINN u(T), ONEeHNBAIONIEN BIIAHITE
pPa3IMIHBIX (PAKTOPOB W Ha3BIBAEMOU (PynKyuetd no.ce3no-
cmau.

Dynryus npednoumenus f(¥,y) onncoBaeT YUCIEHHO
IpenodTeHe, OKa3hbiBAEMOE YEIOBEKOM YCIOBUAM {§f TIe-
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.
pen .

[Ipocrenmen pyHKIMEn TpeAnOITEeHNsS ABIACTC JIH-
HENHas:

J@E§) = a+(bj— 7)., b>0.
B sToit Mmogenn mpeanonaraeTcsa, 9TO NHTEHCUBHOCTH Tie-
PEXONOB MeXK Iy TPYIIAMI A;; MOTYT 3aBUCETE OT TPEITO-
YTeHNN HETMHENHO, HO MO Al TCA JNHeapu3alii, T.e. Cy-
MECTBYIOT TaKie CTPOTrO BO3PacTafole BhITYKIble BHU3
dbyuxmmn Gi(x), © > 0, 910

Gi()\ij) = f(:f;},:i;’j), )‘iy‘ = Gi_l(f(fiafj))a

riae I; — ycaosus B i-on rpynne. Torga nns mobbix i, 7, k
BBITTONHEHO TOK IECTBO:

Gi(Aij) = Gr(Arr) — Gr(Ari) + Gr(Ary)-

B apyrux mogensx y4umThbIBaeTCA BO3MOKHOE DPa3HO-
obpasre yCIOBUE B T'PYIIaX, XapaKTepusyeMoe HEKOTO-
PBIMU pacIpeleleHsiMI CIyIauHbIX HabopoB (haKTOPOB.
[Iyctb, nas mpocTOTHI, yCIOBUSA XapaKTEPU3YIOTCA ellu-
HBIM TIOKa3aTeleM, YpoBHeM xkusHu. Paccmorpum hyHK-
UWIO MpeanoYTeHns

1, u <,
flu,v) =% 1/2, u=w,
0, u > v.

Kosgpuyuenmom 2pynno6oti npueaerameabrocmu ¢;;
Tora HasbiBaeTcsa Beanmanna M f(&;, &), Tae & — cayqan-
HBI yPOBEHDL JKW3HU B 1-01 Tpytie. Feaw ypoBHu KusHnn
IMEIOT HelpepbIBHbIE pacnpenenenns F;, To

gi= [ (1= Bw) )
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[as mo6BIX 1, ) BLITOIHEHO TOXKAeCcTBO ¢;; + ¢;; = 1. Un-
TEHCHBHOCTH IIEPEXOJI0B ONPEIEIIIOTCA KaK A = ¢;¢;;d;,
rje ¢; > 0 (cnoco6HOCTh Jfonen YUTH W3 (-0 DPYIIIBI) 1
0 <a; <1 (HOCTYIHOCTH j-OU DPYIITILI).

Kosdpdpuimentor rpynmoBonn TpUBIeKATEILHOCTH WH-
BapWaHTHLI OTHOCHTEIHHO JdI0O0N0 MOHOTOHHO BO3pa-
CTAIOIIETO HEMPEPBIBHOTO TTPeoOpa30BaHms Ha YPOBHEM
KUBHUI BO BCEX IPYIIAX OTHOBPEMEHHO.

Bozaukarorme B oMMcamHbIX MOJIENAX BETUIWHBL Aj; >
0 MOXKHO WHTEPIPETUPOBATDL KaK MHTEHCHBHOCTI TTEPEXO-
JIOB BHYTPU TPYMI (Mepee3ioB B MpejieNax Topo/ia, perio-
Ha U T.11.) au60 NUTHOPUPOBATEL (IPU pacdeTax MeKIPYII-
MOBOTO [IBUZKEHS HACETEHIS ).

9.1. IlycTh ypoBeHb KU3HE ompeaenseTcs (PyHKINEH mo-
Je3HOCTH BUAa u(y,x2) = x71x5?, oo > 0. Hanrn
pacmpejiefieHne ypoBHsA KU3HU, ecln (PaKTOPEL 1, Lo
HE3aBUCUMBI U NMEIOT PACTIPEICACHIIS:

a) pasromepibie Ha [0,r(] u [0,7r2], r12 > 0;
6) JOrHOpMAalbHBIE C mHapameTpamu (uy,0j) u
(/u27 0-%)

9.2. NUmerorcs Tpu rpynnbl. WHTEHCHBHOCTH MEpexXonoB
u3 mepBon coctaBwioT 0,2; 0,4 u 0,8 cooTBeTCTBEH-
Ho. BoccranoBuTh MaTpuily HHTEHCHBHOCTEN Mepe-
XOMOB A MOJEIN ¢ JUHEHHON (PYHKIHEU IIPearno-
aTenus, ecan auHeapusytorrne pyuxumn Gy (r) = 22,
Galz) =e" =2, Gs(x) = (¢ —2)/(3 —x), 2 > 0.

9.3. IlycTs B rpynme A cpefuuil ypoBeHb KU3HEU ¢ U B
rpynme b — b, Hantu xosdpdpurimenT rpymmoBon
MPUBIECKATEILHOCTH (AR, €CIU PACTPEICACHIS YPOB-
g xmsnm B A n b
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a)

6) paBHOMEpHBIE (HATHHAA OT HYJIS);

B) [lapero, T.e. Buga F(z) =1— (A/2)*, > A, ¢
OJITHAKOBBIM ITapaMeTpoM (POPMBI o > 1;

IIOKa3aTeJNbHbIC]

') HOpMalIbHBIE C NUCTIEPCUAMU O, 0.

9.4. (T) Ilpu kaxom [mncie TPy MpeicTaBIeHe THTEH-
CHBHOCTEN B BHJEC A;; = ¢;¢;;¢; COKpAIaeT HYUCIO
HE3aBUCUMBIX TapamMeTpoB’

9.5. (B) Haiitu Beau<munl ¢; u g;;, B TPeATIONOKEHIN, ITO
BCe I'PYIIbBI TOJHONOCTYIHBI (T.e. Bce a; = 1), mo
MaTpuIle NHTEHCHUBHOCTEN

6 8 9
A= 10 15 18
5 8 10

10. ConuaibHO-3KOHOMUYECKOE paccoeHue.

Kosgpuyuenmom dondoe ky HasbiBaeTCs OTHOIIEHUE
cpeanero noxona cambix boraTbix 10% nacerenns x cpen-
Hemy goxony cambix oennbix 10%. KosdpduunenT (oo
IpuHIMaeT JIo6ble 3HaYeH s, He Menbinue 1.

Kpusas Jlopenya onpenensieTcss KaK MHOXKECTBO TOYEK
BUAa (,y), Kakgasd W3 KOTOPLIX O3HAYaeT, ITO [OJe &
caMoTo 6elHOTO HaceleHus MPUHAIIEKUT MO Y BCETO
noxona. Kpusas Jlopenta zaxkiiovena B e IMHITHOM KBa-
IpaTe TOoJ ero ANaroHalbio, TPOXOAUT Yepe3 ee KOHIIbI I
BBITTyKJIa BHU3. Kcam mzBecTHa (QPYHKINA pacIpeleleHis
noxonoB F(w), w > 0, KpuBas 3anaeTcs MapaMeTPUIecKn
no gopmyie

{(F(w), L) 0 > 0}, L(w) = o [ wdF(w)
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rae W — cpemuun noxon. KEcam taxum obpazom mogy-
JaeTCA MHOKECTBO U3 OTJENBHBIX TOYEK, UX COCAUHAIOT
OTPE3KAMU TIPAMBIX (KYCOTHO-IMHENHAA allTpPOKCIMAIs ).

Kosgppuyuenm ocunu G paBen oTHOIEHWTO TLIOITA TN
MeXK Ty mmaronanbio m Kpuson JlopeHta k momoBmHe IO
an e MHITIHOro KBajpaTa. Takum o6paszoM, moayvdaem

G=1 —2/0(” L(w) dF (w).

KosdpdpunmenT /lxwan nmpunnmaet 3navenns ot 0 no 1.
[Ipu conmanbHO-DKOHOMUYECKUX MCCAETOBAHUAX Hace-
JeHre UHOTIa MeIAT Ha TPYINLI OANHAKOBOW INCIEHHOCTH
0 BO3paCcTaHUIO M0XonoB. Kcim mmeercs n Tpymm, no-
I J0XOMa KOTOPBIX COCTABIAIOT T1,...,7T,, TO KOIPPU-
et /[XKUHT MOXHO ONeHuTh 1o GopMyde, CienyIomen

13 KyCO‘IHO—JH/IHGIjIHOFO HpI/I6JH/DK€HI/I}I 10:

1 n—1 7
Gzl—— 1—|—2282 5 Si:er-
n =1 7=1

Koodpputnmentor ponnos n /xunm BBOAATCA KaK MephI
CONMANBHO-2KOHOMUYECKOI'0 PacCIoeHnsa obmiecTBa 1 olle-
HUBAIOT CTelleHb HEPaBHOMEPHOCTH paclpeleleHns T0XO-
N0B Y Hacenenus (YeM oHa BbIle, TeM KOXDPUITHEHTE!
GoblIe ).

Yposuem Oednwocmu z Ha3BIBAIOT BEINYNHY, JUMA C
JTOXOaM¥ He BBIIle KOTOPOU CcamTaroTcs Hemubimu. Fc-
J1 ypOBeHb 6EHOCTH yCTAHOBACH, TO MOXKHO OpeNeluTh
pasinvgHble nokazamedu dednocmu, HapuMep

w

P, :/OZ (1__)a—1 dF(w), o>1.

z

1B cmry BEIDyKJIOCTH BHE2 Kpuboil JIopeHIa oleHKa MOTydaeTcs
HEMHOT O 3aHIKEHHOM.
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B gactaoctu, Py = H — doas 6edubir Bo BceMm HaceleHNun,
Py, = D — omuocumenvnas nersamra dorodos.

10.1.

10.2.

10.3.

10.4.

10.5.

10.6.
10.7.

(T) Hanru xoodpunnent GomgioB u KodpPUInenT
Nxvnn G pu PUKCHPOBAHHBIX HANMEHDLIIIEM TOXO-
ne a u cpenrem noxone W s cremyrommx pacrpe-
eJeHIIT:

a) paBHOMEPHOTO;

6) Ilapero.

[TocTpoutsh coorBeTcTBYOMIME KpuBble JlopeHiia.
(T) Hycrs nacenenne neanTes Ha TPYTIBL € J0XOTa-
Mu ¢ u b, a < b, mosm Tpymnn B obIeN TUCIEHHOCTHI
Hacexenus paBubl p u q. Hantn xospdpurment [l xu-
HIU.

(T) IIpn xakOM COOTHOIMIEHUN HNCIEHHOCTEN T'PYIITT
B 10.2 xoodpdpumnment /[xnnm maxkcumanen?! Hanrn
ero 3mnadenne. Permuts 3amady mpu a =4, b= 9.
[IycTh Hacenenme nemnTcs Ha IBe TPYIIIIBI, YNCIEH-
HOCTHU KOTOPBIX OTHOCATCA KakK H:l, a JOXOmbl Kak
1:5.

a) Haiitn koodpdurment [xmmm.

6) Kak on mamenuTcs, ecim BTOPYIO IPYIITY 06J0-
KUTH 10-TIPOIIEHTHHIM HAJOTOM B MOJXL3Y MEPBON !
[Tpw kaxom 3HaveHun mapamMeTpa POPMBI pacrpeie-
nerus [lapero 25% cambix 6oraThixX JTFOJeN NMEOT
50% Bcero moxoga? KakoBbl B 5ToM caydae 3Hade-
nnsg Koodpduinnentos dporgon u Jxnnm?

Ilo Ta6n. 10.1 onenutsb xKodddpunuent /lxunn'l,
Hantn mokasarean Gemmoctu P,, o = 1,2,3 mpnm

H Peantroe smadenme 0.394
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YPOBHE 6eIHOCTH 2z = 2 NI pacupeneJeHis J0X0N0B
(W =3):

a) paBHoMepHOTO Ha [1,5];

6) Hapero F(z)=1—273 o > 1;

11. HekoTopble Mogequ CTPaXOBaHUA.

Ob6ozmaunm vepes [, cpefHee 9uCIO AOMEN, TOKUBITAX
10 Bo3pacTa x m3 unciaa pomusimmxces (o = 100000.

Auckowmuvim muodcumedem (Juckonmon) HasbiBaeT-
ca Bearmanna v = 1/(1 4 1), T€e ¢ — Tog0Bas TpoLeHTHas
cTaBKa WIN Hopma doroduwocmu.

Texywetd cmoumocmpio KOWMPaKmMa Ha3bLIBAETCS B3Be-
[eHHas CyMMa BCeX MPENCTOSMIINX BBIILIAT IO HEMY, C yHe-
TOM TOT'O, 9TO CYMMa, KOTOpas MOJKHA OLITH BBITLIATEHA
gepes n Jaer, nuMeeT Bec U T.e. duckonmupyemecs.

Arxmyapnoi (oxcudaemoti) mexyweid cmoumocmpio na-
3LIBAETCS TEKYIIas CTOMMOCTH KOHTPAKTa CTPaXOBAHI
C Yy9eTOM CMEpPTHOCTU KINEHTOB U Tepepaclpeeletis
CTPaxXOBLIX B3HOCOB B TMOJb3Y BBIKUBIIHIX.

[laree Be3 e CTONMOCTD KOHTPAKTa, CTPAXOBas CyMMa
W T.1. TIOHUMAIOTCA MMEHHO B DTOM (aKTyapHOM) CMBICTE.

Tapugnoii cmaskoii (mapugom) HasbIBAIOT BENUTHHY
CTPaxoOBOT'O B3HOCA Ha €IUHUIY CTPAXOBOU CYMMBI.

Brenewm cremyromme kommymayuwonnsie Gynryuu:

Dy ="l Co= " (I, — Losy),
Ne=S"Dy, M, =Y 0
[lamee 6y1yT paccMOTpeHbl pa3imdHble MOAEINn CTpa-

XOBaHUA, I"'Ie BCIONY Yepe3 T obozHavaeTcCs BO3pacT KJIHN-
€HTa, 3aKJIYaiolero KOHTpaKT.
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Cmpazosanue wa wucmoe dodxcumue 3aKIo9aeTcs B
CTPaXOBAHUH OIPEIEICHHON CYMMBI JeHeT Ha OIIpeeIeH-
HBII CPOK N. B ciIydae cMepTu cTpaxoBaTels B IEPHOT
IENCTBUA JOTOBOpa CYMMa He BLILIAYNBACTCS U B3HOCHI
He BozBpalaoTca. Tapud cTpaxoBaHns Ha 9UCTOE TOKI-
Tne szlm = Dyyn/D,.

OObikH06ENNASL NONCUSHEHNAA PEHMA BBHILIAINBACTCI
€XKerolHo B KOHIE KaxK JOr0 roja JOKUTUS B TedeHne BCel
OCTaBIIIeNCA KU3HN 3acTpaxoBaHmoro. Tapud obbIKHO-
BeHHOU peHThl ¢y = Nyp1/D,.

IIpusedennas noxcuszmennas pewma BBILIAYUBAETCH
eXKerolHo B Hadale KaXKJIoro roja NOXKUTUA B TedeHue
BCEH OCTaBIIeNCs KU3HM 3acTpaxoBamHoro. Tapud mpm-
Begenuon peutwl d, = N,./D,. Orcoona a, = d, — 1.

Cpounoti penmoti Ha3bIBaeTCS PEHTa, BBHIILIATHI KOTO-
POl orpaHmIeHb CPOKOM 1. Tapudbl 118 0OLIKHOBEHHON
1 TPUBEICHHON CPOIHBLIX PEHT OMUCHLIBAIOTCS (POPMYTaMn
Qg — (Nl’-l-l - Nx—l—l—l—n)/Dl’ n dx:m = (Nac - Nx—l—n)/Dl’
cooTBeTcTBeHHO. OTCI0Na (Y| = Upi) — 1 + Dot/ D,

BemmamHy G, Ha3bBaloT Takke koadduyuenmon
paccpouru, T.K. OHa paBHa BeIMINHE CTOMMOCTH KOH-
TpaKTa Ha eJUHUILY €KeroNHoro CTPaxoBoro B3Hoca (Ko-
ria B3HOCKI IEJAl0OTCA €KEeT0HO, a He eTMHOBPEMEHHO TIPH
3aKTOYEHNT KOHTPAKTA).

Hooxcusnennoe emparosanue IpeamoraracT eInHOBpE-
MEHHYIO BBILIATY CTPAxOBOUM CYMMBI B CIy9ae CMEpPTH
3acTpaxoBanHoro. Tapud MOXKM3HEHHONO CTPaxoBaHMA
Ay, =M, /D,.

Cmparosanue Hcusny na cpok IpeamosaracT BLILIATY
CTPaxXOBOM CYMMBI TOALKO B ClIydae CMEPTH 10 NCTEICHIA
cpoka gorosopa n. Tapumd cTpaxoBaHmsA KI3HI Ha CPOK
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Al = (M, = Moy ) /D

B o6onx Mopensx crpaxoBaHUA KHU3HE BBIILIATa ITPE/I-
noJarazach B KOHIE TO/la CMEPTH 3aCTpaxoBaHHOro. Kean
BBIILIATa MPOU3BOUTCA HEMEIIEHHO TTOCAe CMEPTH, TapH-
dor crenyer ymuoxuTh Ha 1/ In(1 +17) &~ 1 +1/2, a 06o-
3mavaioTes onn Ay, u Aalc:ﬁl‘

Cmpazo6anue Hu3nu ¢ exce200HblMU 63HOCAMU TTPE/T-
nojaraeT ymJaaTy B3HOCOB [0 HaCTYILIEHHS CMEPTH, C T10-
CIeflYTOIIeN BBITIATON cTpaxoBoil cyMmbl. Tapud (ormo-
[IeH e BETMINHbBI €KeT0[HOTO B3HOCA K CTPAXOBON CyMMe )
P.=(/In(1+12))M,/N,.

Ilencuonnoe cmparoeanue B HamboIee MpoCTOM CIydae
IpenoraraeT, ITO BHIIATH MOKU3HEHHON PDEHTH (MeH-
CUU) B Ha9as e Kazk JI0r0 Moa HAGNHAIOTCSA O JOCTHKEHIN
OllpeleIeHHOr0 BO3pacTa P, A0 KOTOPOr'o NPeyCcMOTpeH
nepnoJ yIiaThl B3HOCOB B TedeHne m = p—x aeT. llemcn-
OHHBIN Tapud (OTHOIIEHTE BEIMINHDI €2Ker0IHOTO B3HOCA
K BeIHYUHE eKeroqHou nencun) Py = Ny /(Ny — Ny).

[lanee mpeamonaraemM, 9To TOAOBasA MPOIEHTHAA CTaB-

Ka coctapager H%, m moabsyemca gaHHbiMu Taba. 11.1.

11.1. OupegeanTs cTOMMOCTL KOHTpPaKTa Ha JOKUTHE
cpokoMm 5 neT Ha cymmy 10000 py6. mpnm 3akTroveHnn
ero B 40 xeT:

a) U MY K 9IHH;
6) I KEHIIH.

11.2. Onpegeants cToMMOCTH OOLIKHOBEHHOW W TPUBE-
TEHHON TMOXKMU3HEHHBIX PEHT € €KerOHON BLITLTATON
50000 py6. npwm 3akirodernn kKoHTpakTa B 40 meT:
a) U MY K 9IHH;

6) I KEHIIH.
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11.3.

11.4.

11.5.

11.6.

11.7.

50

Pemmts 3amaty 11.2 115 CpOYHBIX PEHT, CO CPOKOM
10 neT.

OmpenemnTsh CTOMMOCTDL KOHTPaKTa CTPaXOBaHUs
&msEn ¢ BeimaTon 100000 py6. (Hemenrento moce
CMepPTH) TIPH 3aKdiodernn ero B 50 aeT:

a) U MY K 9IHH;

6) I KEHIIH.

Pemmts 3agady 11.4 B ciydae, Korja CTpaxoBbIe
B3HOCHI YILIAYUBAIOTC exeronno. Hamtwm pasmepnt
B3HOCOB.

Pemmts zagauay 11.4, ecim KOHTPaKT 3aKIH0OYaeTCA
Ha 10 meT.

Hantu pazsmep B3HOCOB IO KOHTPAKTY MEHCHOHHOTO
CTpaxoOBaHWA TPW 3aKTfovdeHnn ero B 30 1eT ¢ exe-
roguon nencuen 25000 pyo6.:

a) MU MYJK9HH, C BBIXONOM Ha memcnio B 60 et

6) I JKEHIINH, ¢ BLIXOJIOM Ha TEHCHIo B D) JeT.



OTBETHI 1 PEIIEHNA

1. MO,L[EJII/I pocTa YUCJE€HHOCTHU HaceJeHUusd.

1.1.
a(t) = (1 +2\/5)t+1 + (1 _2\/5)%1‘

Peraem konedno-pasnocTHoe ypashenne x(t) = x(t—1)+
x(t — 2) ¢ mavanrpueiMu yeaosuamu x(0) = 1, z(1) = 2.
+

Kopmu xapakTepumcTudecKoro ypaBHEHHA Ajs = (
\/5)/2 I'paduk pertenmns npencrasien Ha puc. 1.
1.2.

x(t) = 214272 (cos ’yt—l—% sinyt), rje vy = arccos ( ) :
Pemaem xoneuno-paznoctnoe ypasuenue z(t) = x(t—1)+
4x(t — 2) ¢ magarpabivu yeaosmsvn @(0) = (1 ) ( ) =
2. KopHm XapaKTepHCTHIECKOro ypaBHEHHS A, = 2,
Ay = (5iiﬁ)/2 = ﬂ(cosy:l:i siny). I'pacduk permenns
mpeacTaBIeH Ha puc. 2.

1.3. Pemaem coorseTcTBylomue auddepennnaibube

ypaBHEHUA.

zole"

(=) + 2}06”;

(e
zole!™

(1 = ) + oet™)

w(t) = l(ao)1)*
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Yucno nap Kponuwkoes

Yucno nap B3pocnbIX KPonuKoB
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I'paduk permenns 1.3a (rormcruveckas Kpupas) TpH
x9 = 0,05, [ = 1 npencrasien ga puc. 3.

1.4. T = 1/(cxg). Pemas audpdepentnarbioe ypan-
nenue 2'(t) = cx?, nonygaem dpopmaibao (1) = zo/(1 —
cxot).

1.5. Vkazanue: pazbuTh BpeMEHHYIO OCh Ha OTPE3KHU
IUINHLL € U NENCTBOBATDL 110 WHIYKITNM.

1.6. a) 8 mupa. wer.; 6 mapa. wer.; 6) 2005 rox; 2057
rom; B) 156 mum. wer., B 1956 1.; 1) 12,9 mapn. «enr.;
1) no 1965 roma aywmie nepas mMojerb, B 1965-1990 rr.
MPOTHO3LI MAJO OTANIAIOTCS OT JAHHBIX U IPYT OT Apyra,
nocre 1990 rona mydrme BTopas.

['padpukn MOIENBLHBIX TTPOTHO30B U PEATHHBIX [TaHHbIX
npeacrasiennbl Ha puc. 4. Yepes DN o6oznadena pasnocTs
Mex 1y mpeackaszanmamn mogeren I m 11

1.7. a) npumepno 5:3; 6) depes 38,5 xet.

1.8. 63,2 man. den.; yepes 57,6 mer. Haxomurcs mu-
auvyM pyrkan z(¢) = 100e™%0% + 10e%0%.

1.9. O1 109,4 mo 111,6 muam. weu.

1.10. a) #(t) = o Zn:piek”; 6) I(t) = xoexp{kot +
=1

a?t?/2}; B) T(t) = xo/(1 — kot), 0 < ¢ < 1/ko. Bo Bcex
cayaasx maxogum Z(t) = xoMert,

2. Moaequ cMepTHOCTH.

Fla) = (1 _ %) M(z) = %;
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YUcneHHOCTh HACENEHWA, MAPA,. Yen.
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6) IIpu 0 < < zq:

Fay=(1+7)

b—ao [(I+2\ [(+=z [+ 20 e
M = 1}
() a-+1 (l—l—:z;o) +1—c((l—|—:1;) )’

npn xo < x < b:

_ zo\ " [ b—a\" b—=x

Fle)y=1(14— M(x) = .

@=(+5) (=2) M-

2.2. a) 2/3; 262; 6) 1/3; 62. Hcnoabsyem pesynbTa-

THI 2.1a, HaX0IMM HeoCTaoIIIe TapaMeTPhl I3 (POPMY.ILL
To=M(0)=>b/(a+1).

2.3. llycre z = /b, Torga noaydaem

a—1

azx 1—=2 z ab
d(:]c):b‘l—:JcU‘7 A4(3€)ZTO<1—ZU‘_5)7 TO:a—I—l;

a) 0,94; 29,4 net; 6) 0,64; 19,5 ner.

Dopmyasr g d(x), M(x) B 2.1a u 2.3 coBmnagaoT
npu a = 1.

2.4. a) 0,005; 6) 0,024; B) 0,108.

2.5. a) F(z) = exp{—az — (b/c)(e* — 1)}; 6) 0,009.
O6osnaunm u = €' v = b/c, Torna F(40) = ev(u=1),
F(80) = e =1 JlorapudpMupys U pelmas cooTBeT-
CTBYIOIINE CHCTEMbBI ypaBHEHNUN, TOMYyIaeM U 1 U, & 3aTeM
F(90) = em(/*=1),

2.6.

_da+do—dp
B 2

_da+dp —do
B 2

_dp+do—ds
==
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_ FaFy Fulg FgF,
== =25 5= "2°
Fp Fe Fy

Pemaewm cucremy Tpex JUHEHHBIX ypaBHEHNN OTHOCHTE b-
1o dy, dy, ds m morb3yeMcsa BuIpasKkeHneM (pYHKIIN TOKI-
THA 9epe3 CUITy CMEPTHOCTH.

2.7. 5,.8%0. Ilo pesyabratam 2.6 naxoanm d; = 2%o;
dy = 1%g0; d3 = 3%y. CHnxkasn BIUAHEE MEPBON TPUIMHBI
wa 10%, noxygaem df = 1,8%0 u df, = df + da + ds.

2.8. Vrkazanue: npoaudpepeHnnpoBaTh BbIpaKeHne
s M(y).

2.9. llpu mocrosmuon cuiae cmeptHocTr d Ha (Y1, Ys)
oy gaemM

1 — e~ (v2—v1)d
My) = et () 4+ L2

elvz—v)d _ |
d

2.10. 43.7 aer; 0,7 ner. llompsysich dopmymaon w3
2.9, noxygaem M (25) ~ 43,69 (roga). C apyroi cTopo-
HBI, Golee mpocToe aunerHoe npubanxkenne M(y + h) ~
(1 + hd)M(y) — h, cremyiomiee u3 audpepeHnnarbLHoro
ypasuens, naet M(25) ~ 43,72 (roga), Tak 4TO Pe3yib-

M(ys) = 790N (y,) —

TAThl TOYTH HE OTIUIAIOTCA.
2.11. a) 65, 75 u 70 xet; 6) 60, 72 w 66 JeT.
[lannbie o cmepTHOCTH U3 Tabn. 2.4 u 2.5 rpaduyeckn
oToOpakeHwl Ha puc. H n 6.
2.12. a) 15,19 u 18 netr; 6) 13, 18 w 16 ser.
2.13. Ot 20 go 55 mer.
2.14. YmenbimTcsa Ha 1 TOI.
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Yuncno goxMBLWLKMX 00 JaHHOTo BoO3pacTta
{1z 100000 yen.). Poccna, 1988
100000 pyps

90000
80000
70000
60000
50000
40000
30000
20000
10000

YMCnNo AO0OXHMBLUKMX

0
0 10 20 30 40 50 60 70 80 90
BO3pacT, net

Puc. 5:

Yuncno goxMBLWLKMX 00 JaHHOTo BoO3pacTta
{1z 100000 yen.). Poccna, 1999

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

0

YMCnNo AO0OXHMBLUKMX

0 10 20 30 40 50 60 70 80 90
BO3pacT, net

Puc. 6:

O My*®4HHbI
I XeHwHHbI
<> Bece

O My*®4HHbI
I XeHwHHbI
<> Bece
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2.15. B Bospacte 04 neT 60Je3HU OPTaHOB MbIXaHUS,
B H-34 nmeT mecyacTHBIE crydan, B 35-49 seT HOBOOOpaA3O-
BaHmA, oT H( meT HGoNe3HM CMCTEMBI KPOBOOOpAIICHNA.

2.16. a) 0,72; 0,89; 6) 0,29; 0,50. cmoabzyem popmy-
Jy YCJIOBHOW BEPOSTHOCTH.

2.17. a) 0,59; 0,86; 6) 0,23; 0,45.

2.18. 2/3. C nomolipio pe3yibTaToB 2.3 HaxomuMm
Hem3BeCTHBIE TapaMeTPhl 1A MYKINH 1 JKEHITNH: a1 = 2,
ay = 4. llycTb caydammas TpoaoIKNTETHHOCTD JKU3HE
MYKIUHBT {1, KEHIUHBI {5, TODIa NCKOMAas BEPOSTHOCTD

v <= [ (3) u(3)"

2.19. a) 0,9; 6) 0,86; B) 0,78. I'padpukn JTOruTOB M
DYHKINN JOKUTHS MPENCTaBICHEl Ha PUC. 7 U puUC. 8.

2.20. O1 9,8 10 10,2 ToIc. cmepTen. Ucmoab3yem cra-
Jaja MyacCOHOBCKOE, a 3aTeM HOpMaabHOe MPUOIKEHNe.

3. Mojgenu poxgaeMoCTH.
3.1. Tumoresa mpuammaeTcsa, T.K. Y2, ~ 11,06 <
x2.(0,01;4) =13, 3.
3.2.
a) Ny = A/b, T,, =to+ 1/b;
6) Ny = A1/by + As/bs,

A/ AgfbY
" Ay /by -|-A2/bz’

B) Ny = Al°YPHIBa+ 1,8+ 1),

a-+1

Tm = tO + (tl — to)m
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JNlorutel B Mofenu cMepTHocTH Bpacca (ctaHgapT)

-1

1,0

0,8

0,6

0,4

0,2

0,0

20 40 60 80 100
BO3pacT, net
Puc. 7:
PYHKUNA [OMNTUA B MOLENW CMepPTHOCTH Bpacca
(alpha=-1, heta=1)
20 40 60 80 100

BO3pacT, net

Puc. &:
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3.3. a) A = N,J98826,75; to = T, — 13,2. e
noab3ys gpopmyasl u3 3.2B, moaygaem N, = (331/12)A,
Tm =10+ 33-(2/5), orkyna n BbipaxkaeM TapamMeTphl; 6)
Jmax 22 0,108 1pnt tpmax = 24 (roma). Onpenensem mapame-
Tpol A, to o BeIBeeHHBIM popMmyaaM. TodKy MakcuMyMa
HaxoAnM AudpepennmpoBaiueM. 3aMeTUM, 9TO B MO/IeIN
Bpacca Bcerga typnax = to + 11.

I'padpuk BospacTHOn PyHKIHNN PePTUILHOCTH B MO/~
i Bpacca nmpn ycaosusax 3.36 npencrasien ma puc. 9.
Buamno, 9o Momenh zaBbiIaeT pOXKIa€MOCTH B MJIaAIITNX
BozpacTax (1o 15 mer).

BoapacTtHasa cpepTunbHOCTL B Mofenu Bpacca
(N,=2, T,,=26,2)
0,12

0,10

0,08 |

0,06

PoxaasmocTb

0,04 |

0,02 -

0,00
10 15 20 25 30 35 40 45 50

BO3pP&acT, net

Puc. 9:

3.4.
a) ¢ = min{po/ps, 1};
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\/(pz + p3)? 4 4pops — (p2 + ps)
q= 5 ;
P3
B) ¢ = min{1/p,1}.
3.5. a) 0,156; 6) 0,09; B) 0,067. Bo Bcex cayvasx
MCToNb3yeM pe3yibTaT 3.46.
3.6. 2,15 nmeren; 25,5 ner. [lus onpenenenus cpente-
0 BO3pacTa MaTepen MOXKHO pa3buTh WX Ha TPYINBI TT0

[OTHOMY YHCIY JeTell, BLIYUCINTL Cpelnee B KazkK Ao, a
3aTeM B3ATL B3BEIICHHYI0 CYMMY U HOPMHUpPOBaThL €€ Ha
NOJTIO JKEHIINH, nMetornnx netei (1 — po).

3.7. a) GuHOMHAIBHOE C MapaMeTpaMiu 1 = 4, Pya, =
0,309; 6) myacconoBckoe co cpenrnm 1,03, Ucnoapsyem
pOpMyIBl AIA CIyYallHOrO 9HCla HEe3aBUCHMBIX CIydall-
HBIX ClTaraeMbiX (MHATKATOPOB).

3.8.

a)

b _1—(b—|—c)

Koo 1T g e gl

6) p=1,25; g~ 0,83.

3.9. a) 24,2 rona. B rpynne kemum, nmerommx r > 1
JeTel, CpeJHNN BO3pacT MaTepel OKa3bIBaeTCS PaBHBIM
21 4+ r. Ucmoawsys gpopMyabl myacCOHOBCKOTO paciipe/ie-
aenns, moayaeM T, = 21 4+ 3/(1 — e™?). 6) Ymenbmurcs
wa 0,3 roga. 3peck nonyaaem 1, = 224+ 1,5/(1 —e™1°) ~
23, 9.

3.10. a) 2,12 geteit; 25,9 net; 6) 2,06 nerer.

3.11. a) 1,17 neteit; 25,6 net; 6) 1,13 nerer.

61



Bozmoxubie HeGoabliine pacXoxIeHUs Pe3yIbTaTOB
3.10, 3.11 ¢ ApyruMu NCTOYHUKAMHU MOTYT OBITH BhI3Ba-
HBI TPYGOCTEIO UCIOAL3YEMOTO TIPUOIUKEHUS 1/ UIn pas-
IUYUAMET B ONpeNeNeHn T MEeTONMKAX BhIYUCICHNUA.

3.12. a) runoresa oTBepraeTcs; 6) ruNoTe3A TPH-
nnMaeTcs. B obomx cayvasx mpuMenseM KPUTEPUH Xu-
kBajpar (kak u B 3.1).

3.13. /la, MoXHO yTBepKIaTh, 9TO B Topoae A cpej-
HASA POXKJaeMoCcThb Goabliie. B mpennonokennn paBeHCTBa
CPEeHIX POKTAEMOCTEN, ¢ YI€TOM OTHOIIEHUS TNCIEHHO-
CTEeN HacCEeNeHUs TOPOJOB, POKIEHUE OYePETHOT0 peben-
Ka ¢ BeposATHOCTBLIO 1/3 mpoucxonur B A u ¢ BeposTHO-
creio 2/3 B B. Beero npousonuio 30 Thic.  poxaeHuil.
[Ipumensan KpuTepuli XU-KBaJpaT, Holydaem Y2, = 6 >
\A(0,05:1) = 3,8,

3.14. Ot 9,8 no 10,2 Toic. poxgennn. Ucmorbzyem
cHadJaja MMyacCOHOBCKOE, a 3aTeM HOpMalbHOE TTPUOITMKe-
HTTE.

3.15. IIpumepno ot 5020 no 5280 Maab49mKOB.

4. Mojgenu aBuXKeHUS aKTUBHOTO HAaCeJIeHUA.
4.1.

ﬁ(t):n?—l-ng b _I_an(l)—bng 1 o~ (a4d)t,
a+b \a a+b —1 ’

n?—l—ng(b)_l_an?—bng(l
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YcnoBus HEOTPUIATENHHOCTH:
a+b<2, anl>(b—1)ny, bny > (a—1)ni.

O6osmadnm A = 1 — (a + b), Torga B I060M cirydae Bep-
no A < 1. [Ilpexge Bcero, HeoGXoAnMo TOTPEOGOBATH
A > —1, unade perenne ugeT BpaszHoc’, Henm3beKHO 3a-
X0/ B 00JaCcTh OTpHUIATENBLHLIX 3Hadennin. [laree, Heo6-
xoaumMo moTpeboBath 71(1) > 0. DToro okasbiBaeTCA N0~
CTATOYHO, MOCKOABKY BCe 3HadeHnus 7(1) Jexar aubo Ha
orpeske, coennusiomeM Touxu 17(0) u 7(1) (mpm A < 0),
aubo Ha oTpeske, coegunsonieM 1i(0) u fi(oo) > 0 (mpu
A>0). [Ipu A = 0 ¢ MmomenTa t = | HacTymaeT cTabmIN-

3aIus.
B) a+b=1.
4.2,
a)
o) 1 be
S(o0) = ——— | ac |;
be + ac + ab ab
6)
1 2
1 1
ﬁ(t) = g 1 —|— g —1 G_St;
1 —1
B)
36 5 1
1 5 1
ﬁ(t) = E 9 —|— % —4 6_7t —|— % 6_2”.
4 —1 -3

I'paduk pertenns 4.2B npencrabien wa puc. 10.
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0 a—>b 0
n(t)=10 |+« —a | e +¢ 1 | e
1 b —1
6)
0 1 0
at)y=10[+] -2 |e¥+ 2 |e
1 1 —2

I'papuk perienns 4.36 mpencrasien Ha puc. 11.
4.4.

)

o1 1 . ‘
n(t) = i 31+ 5 2 10,955" (mam. wenr.);

2 1

6) A: 0,9 mum. wer., b: 0,9 mau. wen., B: 0,5 mum. eu.
B) A: 1,8 mum. wen., B: 0,3 man. wen., B: 0,2 mum. «eu.
I'padpux pemenus npemcrabien ma puc. 12. Ha ca-
MOM Jlejle, MHTEHCUBHOCTH MEPEXOJOB MEHDIE O Bell-

Y1He, NI0ABEePKEHbl CE30HHBIM KONeGaHuaM 1 T.IL.
4.5. a) 10%; 6) B 1,9 pasa.

5. Mojgesu ecTeCTBEHHOI'O IBUKEeHUSA HaCeJeHUS.
5.1. IIpumem cpenHee Ynucao map MOJTOIBIX 3a Ny, CPe-
Hee 9ICIO map B3POCHBIX 3a N, U 11 = (ny, ng)T, TOI 1A

L= ( ; ”gl:pp) ) AL+ 1) = Li(t).
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Puc. 10:

15 20 25
Bpems

1,0

0,5

<
-

@« © -
(=]

uuAdl MLOOHHAUIU],

0,2

0,0

3,0

Puc. 11:
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YucneHHocTn rpynn, MnH. 4Yen.

0,0
0 20 40 60 80 100 120
BpemMs, Mec.
Puc. 12:

CO6CTB6HHBI€ 3HaY€eHUuA MMEIoT BI

Ma2=(gx/qlg+4p)/2, qg=1—p.

a) (5/7)1,5"+(2/7)(=0,6)"; 6) (5/8)2" +(3/8)(—1,2)";
) (/1324 + (5/13)(1,5)% 1) (1/7)2" + (3/7)(—1.5)"
%) (2/3) 1 (1/3)(~0,5)"

CTporo B reoMeTpryecKoi Iporpeccnu cpeHee GncIo
map (MOJOABIX W B3pocabix) pacteT mpu nf = (A — q)n,
T.e. Korga 7(0) — cobcTBeHHbIT BeKTOP L, COOTBETCTBY-
oyl ;. K KoHeIHOMY HeHYIEBOMY Mpeery CTPeMEITCS
mpu g =p/q, 0 < p < 1: Torma Ay = 1, |Az] < 1.

5.2. z(t,2) = ce® T F(x), rne ¢ > 0, F(x) — pynk-
A JOKUTHA, k — MOKa3aTelb poCTa, eUHCTBEHHBIT KO-
peHb ypaBHEHUsA

I\ = /OOO b(z) F(2)e™ da = 1;
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YCIOBHE pocTa:
1(0) = /OO b(z)F(x) de > 1,
0

u3 wero ciepyer k > 0, mockonbky [(A) yObiBaeT. 3ame-
M, 910 [(0) ecTh HETTO-KO>MDPUIHEHT POK JaeMOCTH (B
pacdeTe Ha OJIHOTO JYeIOBeKa).

5.3. a) 31,9 ner; 6) 43,6 rona. Y n106HO cleraTh 3aMeny
u = /100, Torma

fou(l —u?)e " du 70 _ 100f01 u(l — u?)et du

7@ = 100 , .
‘ f (1 —u2)emudu " ° 31— u?)er du

['padpukn cooTBETCTBYIONINX CTPYKTY]P TPeCTaBIeHbI
Ha puc. 13.

CTpYKTYpbI cTa0MNbHOro HaceneHuA
2,2 : : : :
2,0 |- 1%

1,8

1,6

14

1,2 L-mT TR .-

10F - .

0.8 .

0,6 .

0.4 '

0.2 s

0,0
0

Jons HaceneHun, % Ha rog,
1]
r

20 40 60 80 100
BO3pP&acT, net

Puc. 13:

67



5.4. Zl(t,}') = chl(:I;)ek(t_l’), zo(t, ) = cng(x)ek(t_l’),
riae Fi(x) m Fo(x) — QyHKINT QOKUTHS KEHITAH 1 MY K-
quH, k — eJUHCTBEHHBI KOPEHb YpPaBHEHIS

L) = [T ) Fie)e de = 1

yeaoue pocta [1(0) > 1. Bamernum, uro [1(0) ecTh
HETTO-KOB(MPPHUINEHT POKTAEMOCTH NEBOYEK, T.€. HETTO-
KO>(PpUImeHT BOCIPOU3BOCTBA.

5.5. a) b/(a+2); 6) (b/2)(a+1)/(a+ 2).

5.6. a) 0,514 nusn marbankos u 0,486 nuas geBodex; 6)
OKOJO 35 TeT.

5.7. Maxcnmywmbr: 10-14 mer (1986-1990 rr.), 40-44
roga (1956-1960 rr.), 60-64 roma (1936-1940 rr.), 70-74
roga (1926-1930 rr.). Munumymer: 30-34 roga (1966—
1970 rr.), 55-59 axer (1941-1945 rr.), 65-49 xer (1931-
1935 rr.).

Bospacrrnas crpykTypa nacerenus Poccum mpenpcra-
BJIEHA CTONOYATON AuarpamMmon Ha puc. 14.

5.8. 1,2 MaIH. pOXICHU.

5.9. 2,2 MaIH. cMepTen.

5.10. a) 0,92; 6) 0,32; B) 0,02. I'padux BO3pacTHON
JUMHAMHAKHI PEnpoayKTUBHOTO MOTEHIHaIa 11 JaHHON MO-
Jenn mpencTaBien Ha puc. 15. Bumawo, 9To morenmman
cHadana pacteT (IT0 0OycioBIeHo 3HadenneM k > 0), a
3aTeM yObIBaeT 10 HyJs.

6. O61ue MoJenu JBUXKeHHUs HaceleHUd.
6.1. Pasuosecnoe cocrosmme: | Momoabix u [/u B3po-
CIIBIX.

a) Ilyctn Ay 2 = (1 £ /1 +4u)/2, Torna
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BozpacTHadA CTPYKTYpa HaceneHus

{Poccua, 2000)

14000
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12000
10000

“rah "9 ‘UuAdl ULYOHHAU MR

BO3PAacTHbIE 5-NEeTHHE rPYNNbI

Puc. 14:
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BO3p&acT, net

Puc. 15:
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A=A

nl(t):(/w—l)m—l—l,

I\ A
na(t)=|v——|) ———+ —.
)= (v— 1) Mg

6) O6osmaunm r = v — [/, TOrga NOMYISINA pacTeT
upu r > 0, BoiMupaeT npu r < 0, cranmonapua npu r = 0
(aro cremyeT m3 popmya).

6.2. 5 MomONBIX, 3 B3pOCTBIX, 4 cTaphIX.

6.3. Cuavasa TuHaAMWKa OMUCHLIBAETCS YpPaBHEHUAME

{ { { {
nl(t) = E + (n? — 5) eat, nz(t) = _g + (ng + 5) ebt.

O,I[HELKO ecan an? < l, TO Ha9lMHasl ¢ MOMEHTa

lor = —lln( _a_n?)
a [

I'pyIIia 1 cramoBuTcs nmycTa, I B JIELJIBHefImeM
ny(t) =0, no(t) = ng(te)e?tte).

6.4. O6osHaunM U = kl — ll + kg — lz, v = klk‘z — kllz —
koly. Honyasamms pacrer, ecan au6o v > 0 mw v > 0, 1ubo
v < 0; BeIMupaeT, ecin u < 0 mw v > 0; cTpeMuTcs K Heny-
aeBomy mpeneny, ecan u < 0, v = 0. [loBenenune onpenens-
eTCs 3HaKaMI KOPHEH XapaKTepPUCTUIECKOTO ypaBHEHS,
UMeIOIIero B JaHHOM clydae Bug A? — ul + v = 0.

6.5. Permaem cucTeMbl IMHENHBIX OJHOPOIHBIX M-
pepennmarbubIX ypaBHEHUN:
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i(t) = e (;) ¥ + ¢y (_12) et k=3, &oo)= (;g)
o)
i(t) = e G) e (_21) k=3, 3(o0)= GZ)

() = e (1)e&‘ + e (_21)6"3 k=8 §e0)= (:1;@

3
iy
n(t) = e (;) e+ (_13) e, k=—1, §(c0) = (;?i);

6.6. Perraem cucTeMbl IMHERTHEIX HEOTHOPOIHBIX I~

(pepennmarbubIX ypaBHEHUN:

21 (1 13 1[4
24) = 2= 6t | + 2t L t
it) 20(1)6 +4(—1)€ +5(1)€’

)
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7(1 1(3 1 (3
2 — - 6t 2t L 8t
it) 8(1)6 24(—1)6 +12(1)€ ’

N(#) ~ %e&‘, F(o0) = (i’ﬁ)

6.7. 4,85 man. myx4un; 6,06 man. Kenmmn. Perrenne
nMeeT BU[

ﬁ(t) —0,7 7 0,008t _ 0,5 1 o —0,008¢
8 0

6.8. a) A: 7,44 mun. wen., b: 2,21 mum. wen. Pemernme

uMeeT BH]
1 1
2(1) — 0,005t | ~0,005¢
(1) (2)6 + 0 e

6) A: 8,01 mum. wer., B: 2,21 mun. wer. B gammom
ciydae BHEITHAS MUTPAINsA KOMIIEHCHPYET eCTECTBEHHYTO
yOLLIL B rpymme A, HO He BIUSET Ha INCIEHHOCTH TPYIIIHI
B, mockoabky HeT 06paTHLIX TTEPEXONOB.

6.9. A: 11,65 man. wern., b: 10,47 muma. wea. Permernue
nMeeT BU[

1 5
i(t) = 10,1( )60’0” + 0,1( )6—07002’5.
1 —7
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I'paduk perrenns npencrasaen na puc. 16. Bummo, wro
Ha pacCMaTpPHUBAEMOM OTpE3Ke BPEMEHU POCT YUCJICHHO-
CTel pPEermoHoB OAM30K K JUHEHHOMY, TaK 9TO yIOOHEn
HCTONBL30BATEL JUHENHOE TPUOINKEHHE.

13,0

YueneHHOCTH HaceNeHWA perMoHOB, MIH. Yen.

9,0 -
0 2 4 6 & 10 12 14 16 18 20
BpeMA, net
Puc. 16:

6.10. UnrencuBrnocTh nmepeesna uz A B B — 8%, u3
BB A — 12%;0; ecrecTrennsrii mpupoct B8 A — 10%, B B
— 5% (BTOM). YKazanue: UTobwl HAlTH ecTeCTBEHHDIN
IPUPOCT B T'PYIIIeE, HaJo BLIYECTH W3 HTOMOBOI'O IIPHPOCTa
MUTPAIHOHHBIN.
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7. ObbeAnHeHNe U pacllelieHre 'PYII.
7.1.

a)

1 101 00
U=[oo01010]:
0 00 0O01
6)
1/8 0 0
3/8 0 0
oo o140 |
=112 0 ol
0 3/4 0
0 0 1

B) (7/8,21/8,2,7/2,6,6)T.

7.2. a) 4,83 mun. myxaun u 6,14 v, kenmma, O6b-
eI MYKIUH U KEHITNH, TTOTyvIaeM HaceleHne ¢ TOKa-
saTenem pocta 9,36 %oo. 6) 5,05 Mman. Myxauw u 5,78 M.
xenrmma. CTpyKTypa cTabUILHOTO HACEIEHUS MMEET BH/I
(7/15,8/15)1 | moxazarers pocta 8 %Y.

Ha paccvarpuBaemMoMm oTpeske BpeMenu BLIGOD Ha-
TAILHOTO YCIOBUS B KA9eCTBE BEIYIET0 BEKTOpa faeT 6o-
Jlee TOIHBIN MTPOTHO3.

7.3. A: 11,73 v, wen., B: 10,40 mua. wen. O6nemm-
HASI pernoHalbHble TPYIIHI, TOTYy9aeM HaceleHne ¢ TMoKa-
sateqem pocta 10,12%y. OTHOocHTerbHA OmmMbKa MpPo-
r'HO3a (MO CPaBHEHMIO ¢ patee TONydeHHBIM) Meree 1%.

T.4. a) ky = kg; 6) k1 = k2, A3 = Ags; B) ecain 06b-
eWHAIOTCA TPYIILl ¢ WHAeKCaMu u3 MuoxecTBa M, To
MOJKHBI BBITIOTHATHCS YCIOBIS:

- Bce ki, 1 € M, paBHbI;
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- st moboro j ¢ M Bce A;j, i € M, paBHBL

3neck uMeeM A;; = ¢, ki = 2oy Aij-

7.5. MoxHO 00BEJUHNTD TPYIIEI IEPBYIO ¢ TPETHEH,
BTOPYIO ¢ MATOM, YeTBepTasd IpyIHa ocTaeTcs 6e3 m3Me-
neruit. Hymepys HOBbIe TPYITIBI B TON Ke TTOCAE0BATENb-
HOCTH, TOJyYaeM

11
C = 73
17

N R RN

[IpoBepsiem ycaoBus 7.4B. Ilpexme Bcero naxonmm
ki = ks =ky =11 wky = ks = 9. Umeer cmbicT ObI-
TAaTHLCS OOLENNHATH TPYHILI TOJIHKO € OMUHAKOBBIMEU k.
[Maixee mpoBepsieM paBeHCTBa [Il4 A;; Ha KaikKTOM MHOXKe-
cTBe mHIeKCoB. OKa3biBaeTCsA, B 9JaCTHOCTH, 9TO TEPBYIO
U TPETHIO TPYINLI 00BEIUHUTL MOKHO, HO I€TBEPTYIO K
HOM TIPUCOENUHUTDL YKe€ HEMb3s, TMOCKOIbKY, HaIpuMep,

)\12:2%)\42:1.

8. PerysupoBaHue IBUKeHUS HaceJIeHU.

8.1. a) (1/2,1/2)T; 6) (0,1)T; B) (—1/3,4/3)T, meno-
CTUKNMO.

8.2. Vkazanue: paccMorpers yeaosue § > 0.

8.3. a) 0, T.e. peryampoBanue He TpebyeTCs;
6) No(—1/15,1/15)T; B) No(—1/9,1/9)7 .

8.4. a) (1,1)7;6) (2/5,8/5)T; 1) (0,2)T.

8.5. a) Noe!/%(1/12,1/12)T: 6) Noe'/%(0,1/6)T;
B) Noe/5(—1/18,2/9)T.

8.6. o = max{0,lsg2/q1 — (w1 +11), ligr /g2 — (w2 +12) }.
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Perraem CUCTEMY HEPABEHCTB

(a+wi +1)g —lag2 >0
(a4 wy +12)ga —lhigr >0 .
a>0

8.7.
a)
1 (w1 + 1)

szw F—— (w2 +12)g2 — ligr | ;
191 292 393 Wsgs — l2go

6) Iy = wsgs/g2; la = (w292 + wsgs)/o1;

B) wy di060e; wy = l1g1/gs — l2; w3 = laga/ gs.

8.8. ) 5 = (1/3,2(1+)/9.2(2—p)/9)1: 6) p = (g5 -
g3/2); B) oTpesox, coegumstonii Touxu (1/3,2/9,4/9)T u
(1/3,4/9,2/9).

8.9. a)

1 1+p2

§ = L+ py ;
4+ p1 + p2 — 2pip2 21 = pipy)

6) p1 = (92— 93/2)/ 913 P2 = (91 — 93/2)/ 92;

B) 00IacTh Ha TOCKOCTH ¢1 + ¢2 + g3 = 1, orpamnu-
“eHnas TeThpexyrombanKoM ¢ Beprmmavu (1/2,1/2,0)7
(1/4,1/4,1/2)T, (2/5,1/5,2/5)T, (1/5,2/5,1/5)T. Nan-
HBI 9€ThIPEXyroIbLHIK pefcTaBlen Ha puc. 17.

8.10. a) ga; 6) mer. Vkazanue: HAUTH TOKa3aTelb
pocTa TOMYJIAINU C HeJeBOH CTPYKTYPOW; HaceleHune He
JOMKHO YOBIBATD.
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MHOXeCcTBO LOCTIKMMBIX CTPYKTYP
-

Puc. 17:

9. MoTuBanusa ABUXKeHUA HaceJeHUsA
9.1. a) QpYHKIUA pacipeleneHis

(/) — o (/e)!/

F(z) = pa— , IPH 0y 7
1/ 1
= (2)" (1= ) s =

rjie ¢ = u(ry,re). lpwm pacderax ymobmo cuenaTh 3aMeny
Y1 = x1/7r1, Y2 = ¥3/72, @ TaKKe UCIOAL30BATHL Tpadude-
CKO€ ITpeaCcTaBJICHUE.

6) JorHOpMATLHOE ¢ HapaMeTpamu ((iaq + flaqsz,
(0101)* + (0202)?).

9.2.
0,2 0,4 0,8

A=1| 0,65 0,71 0,92
0,73 1,21 2,04
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Ucnombzyem dopmyant mis (;(Ai;), nomaras k = 1, nis
i =2 mni=3. Hanpumep, G(Ag1) = 0,22 — 0,4* 4 0,2% =
—0,08, otkyga Ay; ~ 0,65 m T.1.

9.3. a) b/(a+0b); 6) 1 —a/(2b) mpu a < b, b/(2a)
mpu a > b; B) 1 — (1/2)(a/b)* pu a < b, (1/2)(b/a)”
npu a > b; v) ®((b—a)/\/oi + 03), rae ®(z) — pynxuma
CTAHIapTHOI'O HOPMAILHOTO PaclpeIeleHus.

I'padukn koapduimentos B 9.3a—8 (npn a = 1, a =
2) mpejcrapiennl Ha puc. 18. B mpunmmme, Bce onm BegyT
cebsa 0IMHAKOBO.

KoadycprnumeHTbl rpynnoBom
npuBneKarernbHoOCTH

1,0 — paBHOMeEpHOe

- - NOKa3aTenbHOoEe

0,8

0.6

Oap

0,4

02t/ f

0,0

Pnc. 18:

9.4. Ot veTnipex u GoJbIle (€CTN YIUTHIBATEL [IUATO-

naabhbie saementhl A)'2. B cayuae n rpynn marpuna A

comep:KuT n? sremenTos. B mpeacraBieHnu depes Kodd-

12 Ecan me Y4HUTHIBAaThH, TO OT IIECTU 1 OobIIe.
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pUIMEH TR UMeeTCs 2n BeIndnn ¢;, a; u n(n — 1)/2 omnpe-
NESIONINX 3HaYeHul ¢;; (¢ yaeTom ¢;; + q;; = 1), Tak 910
Bcero (n? + 3n)/2 mapameTpos.

9.5. ¢ = 12; ¢; = 30; ¢35 = 20; q12 = 2/3; ¢a3 = 3/5;
q13 = 3/4.

10. CoumanbHO-2KOHOMHYECKOE paccjoeHue.
10.1.

a)

~19W —9a G_W—a _(W—a):z;z—l—ax‘
'S T Wy9a o 7T 3w 0 YT W ’
6)
1a/W _
ky 0, G W —a yzl—(l—x)“/w.

:W—I—a7

HG,I[OCTELIOHH/IG ITapaMeTpPhbI pacnpe;[eﬂeHHfI HaXO0 UM

10,90

n3 BhIpakennn misi cpennero W: Bepxuss rpanuia paBHo-
MepHoro pacnpenenenus 2W — a, mapameTp Ppopmbl pac-
npegenenus [lapero a = W/(W — a).
I'papukn zaBucumMocT Kod(ppuimeHToB (HOHIOB U
Nxunu or W/a npencrasienst na puc. 19 u puc. 20.
Kpusere Jlopemma mis yKa3aHHLIX pacipeelennil B
cayvasx ofUHaKoBOro oTHotenus W/a u oquuakoBoro Ko-
apputimenTa /[xunm npegcrasienbl Ha puc. 21 n puc. 22.
Buano, 4To npm oqnHAKOBOM COOTHOIIEHUN CPENIHETO
U MUHUMAJbHOT'O fnoxona pacnpenenentne [lapeTo sBasercs
ropasjo 6osee "HecnpaBeTuBLIM .
10.2. U3 reoMeTpudeckoro MpeacTaBIeHus BbIBOIM
dopmyry
(b—a)pg
ap +bq
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KoadpchpnumeHtol hoHgoB

14

— NapeTto
- - paBHOMEpHOE

1,0 1,5 2,0 2,5 3,0
Puc. 19:

Koadcpdmuymnerte! DxmHn
0,6 T . .

— MapeTo

- - pABHOMEpPHOE
0,5
0,4
0,3

0,2 ===

0,1 P

1,0 1,5 2.0 2.5 3.0
Wria

Puc. 20:
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Honsa aoxoanoB

Honsa aoxoanoB

Kpueele NopeHua (W/a=3)

1,0

0.8

0,6

0.4

0,2

0,0

0,0

1,0

0,2 0,4 0,6 0.8
HdonA HaceneHuA

Puc. 21:

Kpueble NopeHua (G=1/5)

0.8

0,6

0.4

0,2

0,2 0,4 0,6 0.8
HdonA HaceneHuA

— MapeTo
,'| - - paBHOMepHoe
r
1,0
;1 — MNapeTto
¢J| - - paeHOMepHoe
ra
r
1,0

Puc. 22:
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10.3. Vb : a, (Vb — a)/(vVb+ Va); 3 : 2, 1/5.

Ucnomwzyem popmyay aas G w3 10.2, Haxo mM MaKCHMYM
muddepenrmpoparmem o p. Horyaaem p = vb/(\/a +
V).
10.4. a) 1/3; 6) ymenpumres wa 0,05.
10.5. o = 2; kf ~ 6,16; G = 1/3. HUcnonbsy-
eM pesyabTaThl 3amadu 10.16. Kpubas Jlopenna mnomx-
Ha mpoxoanTh depes Touky (0,75;0,5), orciona maxomim
W/a=2wumr.n.

10.6. 0,37.

Kycouno-mnnennas kpusas Jloperta, mocTpoentas mo
narabiM Tabx. 10.1, mpencraBrena Ha puc. 23.

Kpusana NopeHua (Poccua, 1999)

1,0

0.8 .

0,6 .

0.4 .

Honsa aoxoanoB

0,2 .

0,0
0,0 0,2 0.4 0.6 0,8 1,0

HonAa HaceneHWA

Puc. 23:

10.7. a) 1/4, 1/16, 1/48; 6) 7/8, 5/16, 1/8. B cay4ae
pacupenenenus [lapeTo Bce mokasarenn GeqHOCTH GOIb-
1e.
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11. HekoTopble Mogequ CTPaXOBaHUA.
11.1. a) 7275 py6.; 6) 7676 py6.
11.2. a) 619030 py6.; 669030 py6.; 6) 765131 py6.;
815131 py6.
11.3. a) 356956 py6.; 381064 py6.; 6) 377694 py6.;

308456 pyo.
11.4. a) 48242 py6.; 6) 32933 py6.
11.5. a) 4340 py6.; 6) 2311 py6.
11.6. a) 22751 py6.; 6) 8033 py6.
11.7. a) 2037 py6.; 6) 5964 py6.
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[TPHJO?KEHHE

Tabaumna 1.1.
Poct wucaennocru nacenenus 3eman B XX Beke [3]

l'on | Hacenenue, mim.
1900 1650*
1920 1811
1930 2020
1940 2295
1950 2450*
1955 2752
1960 3019
1965 3336
1970 3689
1975 4080
1980 4450
1985 4854
1990 5294
1995 5765
2000 6060

*

HpqueuaHue: OoTMEY€eHbl YCpENHEHHBIE NaHHbIE 10

nHTEPpBaJTy OLEHOK.



Tabaumna 2.1.
Bozpactubie koadpputinentor cmepTHocTn B P B 1988 1.

(qmcao ymeprimx 3a rop Ha 1000 denoBex gaHHOrO TONA W

Bospacta) [1]

Bospact, aeT | Myxunnwr | zZKenmunnr | Bee nacenenne
<3 5,4 4,0 4.7
5-9 0,7 0,4 0,55

10-14 0,6 0,3 0,45
15-19 1,4 0,6 1,0
2024 2,4 0,7 1,6
25-29 2.8 0,7 1,8
30-34 3.6 1,0 2,3
35-39 4,6 1,5 3,0
40-44 6,2 2,1 4,1
45-49 10,3 3.5 6,7
50-54 14,0 4.9 9,1
55-59 22,0 8,3 14,4
60-64 31,7 13,5 20,1
65-69 45,4 21,7 29,3
70-74 67,8 37,4 45,6
75-79 96,4 61,2 68,9
80-84 139,8 100,2 107,2
> 85 207.,8 174,0 178,7
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Tabauma 2.2.
Bozpactubie koadpputinentor cmepTHocTn B P B 1999 1.
(qmcao ymeprimx 3a rop Ha 1000 denoBex gaHHOrO TONA W

BO3pacta) [5]

Bospact, aeT | Myxunnwr | zZKenmunnr | Bee nacenenne
<3 4,8 3,7 4,3
5-9 0,6 0,4 0,5

10-14 0,6 0,3 0.5
15-19 2,0 0.8 1,4
2024 4.5 1,1 2.9
25-29 5,2 1,3 3,3
30-34 6,5 1,7 4,1
35-39 8,4 2,2 5,3
40-44 11.5 3,2 7,3
45-49 16,2 4,8 10,3
50-54 22,3 7,2 14.2
55-59 31,5 10,7 19,8
60-64 42,5 15,4 26,7
6569 59,0 25,4 38,2
70-74 78,5 40,7 53,1
75-79 101,3 66,2 75,3
80-84 149,9 116,1 123.,5
> 85 203,6 206,9 208,1
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Tabauma 2.3.
BospacTrbie KoodppuiineHTs 10 OCHOBHBIM TTPUYHHAM
cmeptu Beero nacenenns CCCP B 1986 r. (dumcio
ymeprimx ma 100000 gerosex) [1]

Bozpact 1 2 3 4| Bcero
0-4 2,6 8,7 246,6 | 51,9 664,4
5-9 1,0 6,4 6,0 | 16,1 44,1

10-14 1,6 5,6 29| 11,7 32,9
15-19 3.5 6,6 29| 21,9 51,4
2024 7,2 9,3 3,6 | 23,5 68,5
25-29 9,71 138 3,7 25,2 79,5
30-34 14,9 | 25,5 4,5 | 30,5 104,5
35-39 26,8 | 45,7 5,71 35,9 147,8
40-44 53,8 | 784 8,8 47,0 2297
45-49 99,8 | 124,8 124 | 52,5 339,5

50-54 202,7 | 181,7 | 22,6 | 57,6 | 5351
55-59 3715 | 276,55 | 36,7 | 60,2 | 842,0
6064 705,3 | 373,3 | 60,1 | 585 | 13222
65-69 | 1327,3 | 478,9 | 1057 | 64,4 | 21356
70-74 | 2615,0 | 599.6 | 1934 | 79,7 | 36758
7579 | 47115 | 631,5 | 328,8 | 103,4 | 5993,1
80-84 | 7879,8 | 545.4 | 514,7 | 130,2 | 9312,5
> 85 | 16489,2 | 477.4 | 1019,3 | 187,1 | 18506,0

Ocno6uble NPUUURLL CHMEPTU:

1 — 6one3nm cucTeMbl KpOBOOOpAIICHNS;

2 — HOBOOOpa30BaHNUA;

3 — Oone3HMW OPraHOB MBIXAHNUA;

4 — HecdacTHBIE Cayvaml, OTPaBICHNA, TPABMHI.
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Hucao JOXKHUBaOIX 10 HaHHOT'O BO3pacCTa B Poccun

(m3 100000 genoBek), 1988 r.

Tabauma 2.4.

13

Bospact, aeT | Myxunnwr | zZKenmunnr | Bee nacenenne
0 100000 100000 100000
5 97375 98049 97701
10 97031 97856 97431
15 96732 97703 97202
20 96065 97406 96715
25 94944 97083 95981
30 93598 96724 95114
35 91938 96247 94027
40 89832 95549 92604
45 86912 94497 90590
50 82687 92921 87650
55 76899 90560 83524
60 68906 86924 77644
65 58479 81118 69492
70 46376 72462 59027
75 33977 60154 46157
80 19732 43461 31240
85 9310 24690 16769

13 Coraacuo gammrem ” Jemockon Weekly. Ilpmioxenne. CopaBod-
HUK cTaTucTHYeckux Tadant’ . Kogonka ”Bce macenenmne” paccHn-

TaHa TpubIAnKeH
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Hucao JOXKHUBaOIX 10 HaHHOT'O BO3pacCTa B Poccun

Tabauma 2.5.

14

(m3 100000 wenoBex), 1999 r. [5]

Bospact, aeT | Myxunnwr | zZKenmunnr | Bee nacenenne
0 100000 100000 100000
5 97649 98175 97904
10 97361 97987 97664
15 97011 97803 97395
20 95966 97421 96671
25 93909 96887 95353
30 91474 96282 93805
35 88565 95507 91931
40 84917 94467 89548
45 80147 92986 86373
50 73823 90768 82041
55 66071 87731 76576
60 56735 83392 69663
65 45909 76766 60874
70 34259 67030 50152
75 22918 53762 37877
80 13258 37708 25116
85 6342 21525 13705

1M Kononka ”Bee HaceneHne” paccauTaHa IPUGIAKCHHO.
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Tabauma 2.6.
Jlorur-ipeobpazoBanns cTangapTHON PyHKIUN
pacrpeereHns MPONOTKNTEIbHOCTH KU3HU B MOJEIN
Bpacca mis mekoropsix Bozpacros [11, 12].

Bospacr, mer | logit Fy(x)
5 20,6015
10 20,5498
15 -0,5131
20 -0,4551
25 -0,3829
30 -0,3150
35 -0,2496
10 -0,1816
15 .0,1073
50 20,0212
55 0,0821
60 0,2100
65 0,3721
70 0,5318
75 0,8593
30 1.2375
85 1,722
90 2.5573
95 3,7424
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Tabauma 3.1.
Bozpactuabie koadpdurinenTs pox gaemoctn B Pd, 1988
(amcao pomuBmxes KuBbiMT Ha 1000 KeHIH JanHoro

BO3pacta) [5]

Bospact, net

15-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49
49.6 | 167,9 | 114,1 | 61,8 25,6 5,6 0,2
Tabauma 3.2.

Bozpactuabie koadpdurinenTs pox gaemoctn B Pd, 1999
(amcao pomuBmxes KuBbiMT Ha 1000 KeHIH JanHoro
BO3pacta) [5]

Bospact, net

15-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49
29.5 93,1 65,2 32,7 11,3 2,2 0,1
Tabauma 3.3.

Bpadanas poxnaemocts B CCCP (o6crenoBamme 1985 1.,
wcao gerenn na 1000 cemenmpx map)
[0 rojlaM POk aeHus xeu [1]

0 1 2 3| 4| 5| >6 | Bcero
192529 | 111 | 229 | 331 | 163 | 71 | 40 | 55 | 2267
1930-34 | 67 | 221 | 372 | 161 | 66 | 42 | 71 2461
1935-39 | 49 | 235 | 425 | 147 | 51 | 33 | 60 | 2358
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Tabauma 5.1.

Pacnpenenenne nacenenus P no mony m BozpacTy

(B ToIC. Wenr.), 2000 T. [5]

Bospact, aeT | Myxunnwr | zZKenmunnr | Bee nacenenne
<1 624 589 1213
0-4 3289 3121 6410
5-9 4239 4025 8264

10-14 6082 5848 11930
15-19 5970 5800 11770
2024 5422 5317 10739
25-29 5238 4972 10210
30-34 4804 4690 9494
35-39 5905 5975 11880
40-44 6121 6396 12517
45-49 5397 5885 11282
50-54 3893 4472 8365
55-59 2523 3264 5787
60-64 3621 5094 8715
65-69 2317 3757 6074
70-74 2034 4088 6122
75-79 744 2326 3070
80-84 335 1209 1544
> 85 266 1121 1387

Tabaumna 10.1.
Pacnpenenenne obiero ob6beMa TeHeKHBIX TOXOTOB
no 20%-rpynnam nacerenus Pocenn 8 1999 1. (%) [6]

|

IT I1I

1AY

v

6,2

106 | 14,9

21,0 | 47,3
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Tabauma 11.1.

KommyTannonusie dpynkimmn (HekoTopble 3Hadenns ) > [9]

Muyorcuumno
x D, N, | M,
30 | 21152 | 324373 | 5706
35 | 15942 | 229505 | 5013
40 | 11839 | 158413 | 4295
45 | 8613 | 106040 | 3563
50 | 6135 | 68189 | 2888
55 | 4090 | 41865 | 2096
60 | 2690 | 24439 | 1526

Kenwunot
x D, N, | M,
30 | 22271 | 397183 | 3357
35 | 17293 | 296263 | 3186
40 | 13373 | 218015 | 2991
45 | 10265 | 157646 | 2758
50 | 7820 | 111444 | 2513
55 | H831 | 76497 | 2188
60 | 4308 | 50556 | 1900

15 OxpyTaenne 1o MeIwX.
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