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Y10 Takoe “"Moaenn CMepTHOCTU"?

[Ba TMna moaenemn

1. dMnupuueckue (onucartenbHbie) MoaAenu
KonnyectBeHHble 3aKOHOMEPHOCTN CMEPTHOCTU
“3aKOHblI cMepTHOCTKN"

2. TeopeTnueckme Mmogenu
KonmyecTtBeHHble TeEOpUN CMEPTHOCTU



3auyeM HY)XXHbl Moaenn
CMEepPTHOCTHU?

1. O6HapY>XUTb U KOMMNEHCUPOBATb BO3MOXXHbIE
AedekTbl CO6paHHbIX AAHHbIX

- bopbba ¢ Heno/IHOTOM AaHHbIX MYTEM UHTEPNONALMM

- bopbba co cMelleHHOCTbIO AaHHbIX (Heaoy4erT,
rnepeoLeHKa)

2. NMporHo3npoBaHue TeHAEeHLNH CMEepPTHOCTH

3. UuTepnpetauunn (o6bsicHeHne) HabnroaaeMbix
3aKOHOMEepPHOCTEeN CMEPTHOCTH




IMnupuyeckme (onucartesibHblie)
Moaenm

Tpu 3aKOHa CMEepPTHOCTMU:

«3aKoH N'oMnepTua-Menkxema
«KOMNeHCcaLunoHHbIN 3aKOH CMEPTHOCTH

s3aMeasieHue pocta CMEPTHOCTU B CTapLUUX
BO3pacTax




MHTEHCMBHOCTb CMEPTHOCTH
OnpepneneHue
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IMnupuueckasa oyeHka Cauepa ansa
MHTEHCUBHOCTU CMEpPTHOCTM
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CBSi3b MHTEHCUMBHOCTU CMEPTHOCTH C
BEpPOATHOCTbIO CMEpPTH

u(x) = -In(1 - q,)




3akoH NoMmnepTua-Menkxema

CMEPTHOCTh MOKHO IIPEICTABUTh KaK CYMMY
HE3aBUCUMOM OT BO3pACTa KOMIIOHECHTHI
(koMnoHeHTa MenkxeMa) U BO3PAaCTHOM KOMIIOHEHTHI

(pynkum [ ommepriia), KoTopas pacTeT ¢ BO3pacToM
YKCIIOHEHIIUAJIBHO.

Hx) =A+Re%

Puck cmeptu

A — KOMMNOHeHTa MenkxemMa nnn oHoBas
CMEPTHOCTb

R e 9 — Bo3pacCTHast CMepTHOCTb; X - BO3pacT




3aKkoH f'oMnepTLua ANAa NJ10AOBbIX MyLUEK

[1OCTpPOEHO Ha
OCHOBaHUK
Tabnuubl
cMepTHOCcTM 2400
caMok Drosophila
melanogaster
onyb611MKoBaHHOM
Hall (1969).

Source: Gavriloy,
/8 | 1 Gavrilova, " The Biology
T4 45 74 of Life Span” 1991
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Logarithm of the force of mortality

3akoH NoMmnepTua-Meunkxema ans
MYUYHbIX )XYKOB

7.7

Lgla g, 104
4 32d

Logarithm of an increment

of mortality force

[loCTpoeHO Ha OCHOBaHWUU
Tabnuubl cMepTHOCTM 400
CaMOK MYYHOrO XYKa
(Tribolium confusum
Duval). onyb6nmkoBaHHbIX
Pearl and Miner (1941).

Source: Gavrilov, Gavrilova,
“The Biology of Life Span"
1991



3akoH N'oMmnepTua-MenkxemMma ans XXeHLUH
UTanuu
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[loCTpoeHO Ha OCHOBaHWUU
obULMaNBbHON
TekyLlen Tabnmubl
cMepTHoCTU UTanum
3a 1964-1967/rr.

Source: Gavrilov,
Gavrilova, “The

Biology of Life Span”
1991



Kak Mcnosib3o0BaTtb 3aKOH
F'omneprua-Meunkxema ans
NPOrHo3MpoBaHUsAA CMEPTHOCTHU?

N3yuyasa NCTopuyeckyro
AVHAMUKY KOMMOHEHT
CMEPTHOCTM I3TOro 3aKOHa:

H(x) =/@+ @; D

KomnoHeHTa Meunkxema KomnoHeHTa 'omnepTua




UcTopunyeckasa ctTabunbHOCTb

KOMNOHeHTbl F'oMmnepTua Ao 1980-x

McTopnyeckoe n3MeHeHne cMepTHOCTU 40-NeTHUX MY>XUMH
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[IpeackasaHMe nepeceyeHUss CMEPTHOCTU
IcTopnyeckne nameHeHna cMeptHocTU 40-
NETHUX XXeHLWWH Hopeernmn un daHuu

1. Hopserus, obLias
g CMepTHOCTb
2. [aHus, obuias
CMEpPTHOCTb

3. HopBerusa, Bo3pactHas
CMEepTHOCTb

4. [JaHud, BO3pacTHaq
CMEepTHOCTb
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Source: Gavrilov, Gavrilova,
“The Biology of Life Span”
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[peackasaHue amBepreHummn

CMEpTHOCTH

IcTtopnyeckaa AMHaMUKa cMepTHOCTU 40-NeTHuX
A DREaHM LY oblas

'g T CMEPTHOCTb
K44
2. My>XuunHbl, obLas
Q CMEpPTHOCTb
g5 * 3. DKEHLMHI,
> BO3pacTHas
g CMEpPTHOCTb
= 4. My>XYMHBI,
S BO3paCTHaH
. CMEpPTHOCTb
(e
8 47 ew—y—i L —rw-u _ _
§ , \ Source: Gavrilov, Gavrilova,

7870 7.;35 7950 737147 “The Biology of Life Span”
Time, years 1991




NcTopuyeckaa AMHaMMUKa

CMEPTHOCTMU
JKeHwuHbl LLBeyunn
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[danbHeullee pa3BuTue Mogenm
FoMmneprtua-Menkxema c NOMOLLbIO
¢pakKTOpHOro aHasin3a BPpeMEeHHbIX

TpeHA0B CMEPTHOCTMH

NHTEHCMBHOCTb CMepTHOCTU (age, time) =

= a,(age) + a,(age) x F (time) + a,(age) x F,(time)



®aKTOpHbIN aHA/IN3 CMEPTHOCTY
XeHLMH LliBeuun
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Cneacreue

= TeHAeHLuuun cMepTHoCTU Ao 1950-x
ronoB 6ecnosnesHbl U gaxke BpeaHbl
ANA TeKyLWuxX nporHo30B
CMEepPTHOCTH, NOCKOJIbKY "'npaBuia
Mrpbl” NOMEHANINCDH




[1lpeaBapuTesibHble BbIBOALI

« OnpepeneHHble gaHHbIe 0 6MONIOrNUECcKunX
npeaesiax CMEepPTHOCTU CYLLLECTBOBaJIM B MPOLLJIOM,
HO Tenepb 3TU npeaenbl N0O-BUANMOMY CNOCOGHDI
noaBepraTtbcs U3MEeHEeHUsIM Nnoj Bo3AeNCTBUEM
TEXHOJIOrMYeCcKoro ¥ MeguLMHCKOro rnporpecca

= TakuMm obpasoMm, He cyllecTByeT ybeauTesnbHbIX
AoKa3aTesibCTB abconroTHOro 6Monornueckoro

npeaesna CMepTHOCTU B HacTosiLLlee BpEMS.

»« Analogy for illustration and clarification: There was
a limit to the speed of airplane flight in the past (‘sound’
barrier), but it was overcome by further technological
progress. Similar observations seems to be applicable to
current human mortality decline.




KoMneHCaLlnOHHbIN 3aKOH
CMEepTHOCTMH
(KkoHBepreHuus CMepTHOCTU B

CTapLuMX BO3pacTax)
OTHOCUTENbHbIE pa3/intdnd B CMEPTHOCTU

YMEHbLLUAKTCS C BO3PACTOM MOCKOJIbKY
HU3KUN Ha4yallbHbIM YPOBEHb CMEPTHOCTU
KOMMeHcupyeTcs 6osiee BbICOKUMU
TeMnamy ee pocta (akTyapuasnbHas
CKOPOCTb CTapeHus)




KoMneHCcaLunoHHbIN 3aKOH CMEPTHOCTH
Convergence of Mortality Rates with Age

vyl (e 1707 1 — India, 1941-1950, males
2 — Turkey, 1950-1951, males
3 — Kenya, 1969, males

4 - Northern Ireland,
1950-1952, males

5 - England and Wales,

2.0

7. 1930-1932, females
6 - Austria, 1959-1961, females
7 - Norway, 1956-1960, females
sk
Source: Gavrilov, Gavrilova,
. . . “The Biology of Life Span” 1991
.72 k74 79 X//4
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KoMneHcaunoHHbIN 3aKOH cMepTHOCTU (3chdekTbl AonroneTus
poauTenen)
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KomneHcaynoHHbIN 3aKOH CMEPTHOCTU
y 71abopaTopHbIX [1PO30Hu/1

1 — drosophila of the Old Falmouth,

LQ(.”-X"M New Falmouth, Sepia and Eagle
27k Point strains (1,000 virgin
‘ females)
2 — drosophila of the Canton-S
7 ' strain (1,200 males)
2 * 3 — drosophila of the Canton-S
i, strain (1,200 females)

4 - drosophila of the Canton-S
strain (2,400 virgin females)

¢ Mortality force was calculated for
J . N 6-day age intervals.
274 ¢ k74 Source: Gavrilov, Gavrilova,

Age, days “The Biology of Life Span” 1991




Cneacreus

o Hago 6bITb roTOBbLIM K TOMY, YTO 6051e€e
BbICOKasi CKOPOCTb CcTapeHus (aKTyapHas)
MOXXeT 6biTb CBfi3aHa c 60/1ee BbICOKOU
OXXnaaeMou NpoAo/HKUTENIbHOCTU XKU3HU B
CcpaBHMBaeMbIX nonynauusax (HanpuMep,
MY>XUYMHbI U YXEHLLUHDbI)

0 Hapo 6biTb roTOBbIM K HAapYLUEHUIO
npUHLUMNA NPONOPLMOHANIbHOCTHU
cmepTHOCTU (Moaenu Kokca
NnponopLUOHaZIbHbIX PUCKOB)

0 OTHocuTenbHble 3dpdeKkTbl PaKTOPOB
PUCKa 3aBUCAT OT BO3pacTa U UMeroT
TeHAEHLMIO CHMKAaTbCA C BO3paCcTOM




3amMeasieHne pocta CMepTHOCTU B

cTapLmnx BOo3pacTax
(BbIXOA, CMEPTHOCTM Ha NNaTo)

3aMeaneHue pocta CMepTHOCTU B
CTapLUMX BO3pacTax 3aK/to4aeTcqa B
TOM, YTO CMEpPTHOCTb NnepecTaeT pacTu
SKCMOHeHLUManbHO C BO3pacTOM U B
KOHEYHOM cYeTe BbIXOAUT Ha NaTo




3aMensieHme pocTa
CMEepPTHOCTHU C BO3pPacCTOM B

. the observed
.wmm [red line]
deviates from the value
predicted by an early
model, the Gompertz law

[black line].

= Mortality of Swedish women
for the period of 1990-2000
from the Kannisto-Thatcher
Database on Old Age
Mortality

= Source: Gavrilov, Gavrilova,
“Why we fall apart.
. ! ! ! ! ! ! Engineering’s reliability theory
80 90 100 10 explains human aging”. IEEE
Age, years Spectrum. 2004.
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THE BIOSTATISTICS OF SENILITY

BY MAJOR GREENWOOD AND ]. O. IRWIN




M. Greenwood, J. O. Irwin. BIOSTATISTICS OF SENILITY

" the increase of mortality rate with age advances at a slackening rate,

that nearly all, perhaps all, methods of graduation of the type of
Gompertz's formula over-state senile mortality. "

" . possibility that with advanc-
ing age the rate of mortality asymptotes to a finite value. "

'.. The limiting values of g are
10439 for women and 0.544 for men. Some tests of the ultimate
“mortalities in non-human experience were not unfavorable, "




BbiX0o CMEPTHOCTU Ha MJ1aTo Yy

AOMallHUNX MyYX
Miimmn Aammanticg

Based on life
table of 4,650
male house flies
bublished by
Rockstein &
ieberman, 1959
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% INITIAL POPULATION

OTCyTCTBME CTapeHUd B CTapLUnX
BO3pacTax
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3aMeaneHue pocta CMepTHOCTU Y
PA3/INYHbIX BUOOB XXUBOTHbIX

becno3BOHOYHLIE:

Nematodes, shrimps, bdelloid
rotifers, degenerate medusae
(Economos, 1979)

Drosophila melanogaster
(Economos, 1979; Curtsinger
et al., 1992)

Housefly, blowfly (Gavrilov,
1980)

Medfly (Carey et al., 1992)

Bruchid beetle (Tatar et al.,
1993)

Fruit flies, parasitoid wasp
(Vaupel et al., 1998)

MnekonuTarLwme:

= Mice (Lindop, 1961; Sacher,
1966; Economos, 1979)

= Rats (Sacher, 1966)

= Horse, Sheep, Guinea pig
(Economos, 1979; 1980)

OpnHako y cneaylowmx BMaoB
3aMeanieHne CKopocTu
pOCTa CMEPTHOCTU B
CTapLiMx Bo3pacTax He
obHapy>xeHo

= Rodents (Austad, 2001)

= Baboons (Bronikowski et
al., 2002)



CyLiectByowme obbsCHeHUS
3aMens1eHnst CMePTHOCTU C
BO3pPaCTOM

eTeporeHHocTb nonynsuum (Beard, 1959; Sacher,
1966). "... sub-populations with the higher injury levels die
out more rapidly, resulting in progressive selection for
vigour in the surviving populations” (Sacher, 1966)

UcuepnaHue n3bbITOYHOCTU (pe3epBOB) opraHM3Ma
B OKCTPEeMaJibHO CTapLUMX BO3pacTaX TaK uTo
Ka)kaoe ciydyauHoe nospexxaeHue npmBoauT K
cmeptu (Gavrilov, Gavrilova, 1991; 2001)

bosiee HU3KMe pUCKN CMEpPTU MNMOXKUJIbIX U CTapPbIX
noaen n3-3a MeHee puCKOBaHHOIO noBeAeHus
(Greenwood, Irwin, 1939)

JBoJ1loLUMOHHbIe 06bsicHeHus (Mueller, Rose, 1996;
Charlesworth, 2001)



NMpBepka rmnoTtesbl CyLWecTBOBaHUSA
npeaena npoao/NKUTENIbHOCTU XXU3HMU

LQ(/”/‘X) Tlim = 104.2 years

P°
1 - Limit-to-Lifespan Hypothesis ] \L
- 2 - Gompertz Law
3 - Real Data for Swedish Males
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Source: Gavrilov L.A., Gavrilova N.S. 1991. The Biology of Life Span




Cneancreus

« BepxHero npeaena nHansuayasibHOU
NnpPoAOo/HKUTENIbHOCTU XXU3HU YesioBeKa He
cyLlecTBYeT — HeT 0cobon (bMKCMpoBaHHOM
Undpbl, KOTOpasa otaensna 6bl BO3MOXKHbIE
Be€JINYUMHDbI NPOAO/IKUTENIbHOCTU YXU3HU OT
HEBO3MOXXHbIX

= OTOT BbIBOJ OY€Hb Ba)XXe€H, MOCKOJIbKY OH
onpoBepraeT pacnpocrpaHeHHoe
npeacrasneHme o GMKCUMpoOBaHHOM
MaKCUMaJZIbHOMU NPOAOC/HKUTESIbHOCTH
YXU3HU YesioBeKa




KakoBbl 06 bsiICHEeHus
CYLLEeCTBYIOLIUX 3aKOHOB
CMEepPTHOCTM

Teopuu cTapeHus m
CMEepTHOCTH



[JonosiHuTenbHOE 3MNUpUYecKoe
HabnroaeHue:

MHorue Bo3pactHbie U3ME@HEeHUS MOXXHO
06 DBACHUTDb KYMYNATUBHbIMU 3(D(PEKTaMH
noTepm KJ1eToK Co BpeMeHeM ]
= Atherosclerotic inflammation - exhaustion
of progenitor cells responsible for arterial

repair (Goldschmidt-Clermont, 2003; Libby,
2003; Rauscher et al., 2003).

=« Decline in cardiac function - failure of
cardiac stem cells to replace dying
myocytes (Capogrossi, 2004).

= Incontinence - loss of striated muscle cells
in rhabdosphincter (Strasser et al., 2000).




Kak um nrogu, yepBu-
HeMaToAbl

C. elegans Toxe
MCNbITbIBAIOT NOTEPIO
MbILUEYHbIX KJIETOK C
BO3pacToM

Body wall muscle sarcomeres

Left - age 4 days. Right - age 18 days

Herndon et al. 2002.
Stochastic and genetic
factors influence
tissue-specific decline in
ageing C. elegans. Nature
419, 808 - 814.

“...many additional cell types
(such as hypodermis and
intestine) ... exhibit
age-related deterioration.”



UTOo A4O/HKXHA OGO BACHATD
Teopus ctapeHusa?

NouemMy opraHu3mbl 60JIbLLMHCTBA
6uonornyecKkux BUAOB, BKJIIOUAs YesioBeKa,
pa3pyLlaroTCAa C BO3pacToM?

3aKOH cMepTHOCTK TOoMnepTUa

3aMensieHue pocta CMepTHOCTU B BO3PAacCTOM U
BbIX0O[4 CMEPTHOCTHU Ha NaTo

KoMneHCaLuMOHHbIA 3aKOH CMEPTHOCTH



CtapeHue — 3TO o4yeHb obulee aBneHume!




Ctaaumn >XxU3Hv MallMH U noaeu
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Bathtub curve for human mortality as
seen in the U.S. population in 1999
has the same shape as the curve for
failure rates of many machines.



HecTapelolwasd KUHETUKa OTKa30B

TEXHNYECKNX MATEPUNAJIOB B KOHLUE XXU3HU

(steel, relays, heat insulators)
[ MANUFACTURED ITEMS |

RN

Source:
A. Economos.

A non-Gompertzian
paradigm for
mortality kinetics of
metazoan animals
and failure kinetics of
manufactured
products. AGE, 1979,
2: 74-76.
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Teopus HaAEXXHOCTWU

Teopus HaaeXHOCTH 6blJ1a UCTOPUUECKMN
pa3BuTa AJ19 ONUCAaHUA OTKA30B U
CTapeHus CJZI0XKHOr o 3J/IEKTPOHHOIro

(BoeHHOro) o6opyaosaHusi, HO cama
Teopus ABNSIeTCA AOCTAaTOYHO obLuien




YTOo Takoe Teopus HaaeXXHOCTHN?

= 1€oOpus HaAEeXXHOCTU — 3TO
obLlian Teopua OTKa3o0B CUCTEM.

:{?ﬁls;':':l‘nﬁ STATISTICAL
e RELIABILITY

ENGINEERING

e ———
BOAD & SHESINOD
OR eV
WOR A TR0

AR ey
SOVANTEA OLRERANSATY

Boris Gnedenko




KoHuUenuusa oTka3sa CUCTeMbl

= B Teopum
HaAeXXHOCTHU
OTKa3oM
Ha3biBaeTca
fiBIeHUSA Koraa
Heobxoaumas
dbyHKLUUA
nep@raer
BbIN@THATHCS




OnpepeneHue ctraperowmx u
HecTaperLwmMxX CUCTEM B TEOpUM
Hae>XXHOCTH

» CTapeHue: pacTyLiMn pUCK OTKa30B C
TeyeHueMm BpeMeHu (Bo3pacra).

» OTCyTCTBME CTapeHUs: CTapbli TaKOMU
YKe XOpPOLUMN KaK U HOBbIN' (pUCK
OTKa30B He yBeJ/IMuMBaeTcs C
BO3pPAaCcTOM)

= YBEJIMYeHUe KaJsieHaapHoro Bo3pacra
caMo no cebe HeBa)XXHO




Craperowjme M HecTaperoLjme
CUCTEMDI

Progressively failing clocks are aging
(although their ‘biomarkers' of age at
the clock face may stop at ‘forever
young' date)

Perfect clocks having an ideal
marker of their increasing age
(time readings) are not aging



CMepTHOCTb CTaperLX U HeCTaperoLmnX
cucrem

HecTapelowas Crapetowias
cuctema cucrtema

A~ YA~

Example: radioactive decay




CornacHo Teopum HaaeXXHOCTW:

CTapeHue 3TO He NMPOoCTOo yBen4veHue
BO3pacTa

BMecTo 3TOro

CTapeHue — 3TO gerpagauusa oo
HaCTyrneHus oTKa3a:

BO3HMKHOBEHME H6one3Hen 1 nocneayoulas

CMEPTb
« 'Healthy aging' is an oxymoron like
a healthy dying or a healthy disease

= More accurate terms instead of
'healthy aging' would be a delayed
aging, postponed aging, slow aging,
or negligible aging (senescence)




CornacHo Teopuv HaaeXHOCTMU:

« HacTtynnexHue 6onesumn nam
MHBaJZIMAHOCTU — 3TO NpMMep OTKa3a
opraHusma

= ECNIN pUCK TaKUX OTKa30B pacTeT C
BO3pPacTOM — 3TO CTapeHue no
onpeaeneHuro




« Cneundunueckne MexaHnU3Mbl CTapeHus
MOryT 6bITb Pa3/IN4YHbIMU Y pa3HbIX
6unonornyecknx smaos (10COCb U
yesioBek)

HO

= OgHaKo cywecTByHOT O6LUMe NPpUHLMNDbI
OTKa3a CUCTEM U CTapeHus




KoHLenuna Hage)XHOCTHON CTPYKTYPbl

» OpraHmsaLua KOMMOHEHTOB,
KOTOpble BaXXHbl ANS
HaA4EeXXHOCTU CUCTEMDI,
Ha3blBalOTCSA HaAE€)XXHOCTHOM
CTPYKTYPOU U rpadpunuecku
npeacras/ieHa CXeMoM
NIOrMYecKom B3anMOCBA3M




[1Ba OCHOBHbIX BUAa JIOrM4YecKkoun

B3aMMOCBA3U
= KOMMOHEeHTHbI
coeiluHEeHbI
nocsneanoBaTesibHO

Fails when the first component fails
Ps = p1 p2 p3 pn = pn

s KOMNMOHEeHTbI
CO€AAMHEHDbI Fails when

napaianesibHo all

components
fail

Q. =9,9,q9, ... 9 = ¢"

= KombuHauuna — lNocneposartenbHO-NapasUiesibHas cucreMa




NocnepoBaTtesibHO-
napaanenbHas
CTPYKTYpa
yesioBeyeckKkoro
opraHM3ma

- XN3HeHHO-Ba)XHble
opraHbl coeauHeHbl
nocriegoBartesfibHO

e KneTku B XXU3HEHHO-
BaXXHbIX OpraHax
coeAUHEeHbI
napanneribHO



MN36bITOYHOCTb CO3AAET KaK TOJIEPAHTHOCTDb
K noBpeXxaeHueM TaK U HaKorJieHue
nospexaeHuun (crapeHue)

Cucrema 6e3

M36bITOYHOCTU

rmbHer nocne '
nepBoro xe

c/lydanHoOro

nospexaeHus

(ctapeHue

OTCYTCTBYET)

O,
Cucrema c 07

N36bITOYHOCTbHO
HakKkanamBaert
nospexaeHus
(ctapeHue)




Moaenb HafeXXHOCTU NPOCTOMN
napasiyie/;ibHOu CUCTEMbI

MHTEHCUBHOCTb OTKa30B
CUCTEeMbI:

dS(x)  nke (1 —e™)""’

u(x) = — = -
S(x) dx 1— (1 — ™y
= nk"x™! early-life period approximation, when 1-e* = kx
= k late-life period approximation, when 7-e* = 1

@
@
2 &

Elements fail
randomly and
independently
with a constant
failure rate, k

n — initial
number of
elements



MHTEHCUBHOCTb OTKA30B KaK (PyHKLUMSNA
BO3pacTa Y CUCTEM C pa3/IM4HbIMU YPOBHAMMU
N36bITOYHOCTH

No redundancy
2 redundant components
3 redundant components

Risk of failure,
in dimensionless units, log scale

5 redundant components

90006 00

I | I I
0.0I 0.l I 10

Age, in dimensionless units, log scale . .
Failure of elements is random




CtaHaapTHbIe MoAes i HaAeXXHOCTHU
06 DBACHSAIOT

= 3aMeasieHue pocta CMepTHOCTHU
M BbIXOA4 Ha MNJ1aTO B CTapLUUNX
BO3pacTaXx

= KOMNeHCaLMOHHbIU 3aKOH
CMEpPTHOCTH




CrtaHpapTHble MoA4eN i HaAeXXHOCTU He
06 DBACHSAIOT

= 3aKOH 'oMnepTua ANna CMepPTHOCTHU
6uonornyecknx cucrem

= BMecTO 3TOro Takme Mmogenu
NnpuUBOAAT K 3aKOHY Benbynna nnu
CTeneHHOMY 3aKOHY pocTa
CMEpPTHOCTU C BO3pPaCTOM




Jdoraaka npuvwna nocse paborbl Ha
noJiypa3pyLieHHON BblYUC/IUTE/IbHOMN
TexHuke B CCCP

I = The complex
unpredictable
behavior of this
computer could
only be described
by resorting to such
'human’ concepts
as character,
personality, and
change of mood.




Hape)XHOCTHaA CTPYKTypa

(a) TexHnueckux cucteMm v (b) buosiornyeckux cUCTeM

a
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X - defect

Hu3kas
N36bITOYHOCTDb

Mano gecdexToB

Bbicokas
N36bITOYHOCTDb

MHoro pedexkrtoB



Moaenu cuctem C
pacnpeaeneHHon
N36bITOYHOCTbLIO

%8 O

LO-

O

00 00

Organism can be presented as a system
constructed of m series-connected blocks
with binomially distributed elements within
block (Gavrilov, Gavrilova, 1991, 2001)



Mopaenb opraHu3Ma C HaYvaJibHbIM
YPOBHEM NOBpeXXAeHUNn

Failure rate of a system with binomially distributed
redundancy (approximation for initial period of life):

— il
1—g ! _, BuHOmManb
0 = Cmn(qk)” [— + X = a(X, + X)n HbI/A 3aKOH
qk ‘ CMEpPTHOCTH
l;q - the initial virtual age of the system

where Xy =

gk

The initial virtual age of a system defines the law of

system’s mortality:

= X,= 0 -ideal system, Weibull law of mortality

. X, >> 0 - highly damaged system, Gompertz law of mortality



Failure rate, log scale

Jlroau cTaperoT KakK MallMHbl, MOCTPOEHHbIe C

601bLIMM KONMNMYECTBOM AedpeKTHbIX YacTeun.

.2-

10

10

0

8 .

10

-10

0 -

|

/

Initial damage equivalent to:

100 years (humanlike)
50 years
20 years

AR A™)

I I I
20 40 60 80

Age, years

=« [lo mepe TOro
KaK YMcno
nedeKTHbIX
KOMIMOHEHTOB,
HavaJibHoOe
4yucno
nedeKToB
pacTerT,
MHTEHCUBHOCTDb
OTKa30B MAlLUWH
HauuHaeT
noxoauTb Ha
MHTEHCUBHOCTDb
CMEpPTHOCTH
nogeun



'MnoTe3a HayaJZIbHOIro YPOBHSA
NnoBpeXXaeHUMN:
(Idea of High Initial Damage Load )

B3poc/sibie opraHn3Mbl U3Ha4Ya/ibHO UMEKT
BbICOKUUN YPOBEHb MOBPEXAEHNH,
COMOCTaBUMbIV C MOC/IEAYIOLNM
HaKor/1eHneM AepeKToB B rpoLecce
CTapPEHUS B TEYEHNE OCTABLLEMNCS XKU3HM.

Source: Gavrilov, L.A. & Gavrilova, N.S. 1991. The Biology of Life Span:
A Quantitative Approach. Harwood Academic Publisher, New York.




YacToTa CNOHTaHHbIX MyTaLUX OT
BO3pacTa B cepaue U KMLIeYHukKe

40 3
] Small Intestine
- 33 ] * Heart
Q 7
IS
S 25 -
o= ]
S -
= 20 ] P
o .
w 15 E . ?
% 1 ¢ * ® :.
S 10 7 o . ., .
= E ® .
5; 'g ® . * ™
0 . - | | T T | |
0 5 10 15 20 25 30 35

Age (months)

Source: Presentation of Jan Vijg at the IABG Congress, Cambridge, 2003



pakTnyecKkue cneacresms
rmnoTte3sbl HA4YaJZIbHONO YPOBHA:

[da)xe HebonbLLUOKU Nporpecc B
ONTUMMU3aALIUM NPOLLECCOB paHHero
Pa3BUTUSA MOXXET NOTEeHLMaAJIbHO
NnpMBECTU K NpoduiaKTUKe MHOIrMx
3aboneBaHumn cTraplwiero Bospacra u
OTCpOUYKe CBSI3aHHOM C BO3pPacTOM
CMEpPTHOCTH, a TaK)Xe 3HAYUTEJIbHOMY
YBeJINYEHUIO NPOAOC/HKUTESIbHOCTHU

310POBOM YXU3HMN.

Source: Gavrilov, L.A. & Gavrilova, N.S. 1991. The Biology of Life Span:
A Quantitative Approach. Harwood Academic Publisher, New York.




rlpO,EI,OJ'DKVITeJ'IbHOCTb KU3HN N MeCHAL

POXXOEHUSA
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Data source:
| : Social Security

ie Death Master File
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HoBble pe3ynbTaThl

siBnseTcsa 11 npeyBeinyeHuem
3aKOH 3aMenJieHusa pocTa
CMEepPTHOCTH?

NccnenoBaHue Ha OCHOBaAHUM MeToa
yracuux nokosieHiuu B CLLA




TPpyAHOCTUN OL|l€HKU MHTEHCUBHOCTMW
CMEepTHOCTHU B CTapLUUX BO3pacTax

» 3aMe[/IeHMEe pocTa CMEPTHOCTU MOXKET ObITb
apTedakToOM CMELLEHUNS Pa3/INYHbIX KOrOpT C

PA3/INYHbIMU YPOBHAMU CMEPTHOCTU (3P deKT
reTeporeHHOCTH)

=« CTaHOgapTHble aonylleHnUa MeToaoB
nosy4YeHns: aMNMpunYecknx oLieHoK
MHTEHCMBHOCTW CMEPTHOCTU MOryT ObITb
HEKOPPEKTHbIMU, ecrin puck rmbenn oyeHb
BbICOK

» [1peyBennyeHne Bo3pacToB AONTOXUTENEN




U.S. Social Security Administration
Death Master File

Nno3BOJISIET pa3peLuuTb NnepsBbie ABe
npo6nembi

= [103BONSAET UccneaoBaTb CMEPTHOCTL B
60nbLLINX OAHOrOANYHbBIX KOropTax

= [lO3BONAET nccneaoBaTb CMEPTHOCTL B
OlHOMEeCSA4YHOM BO3pPacTOM UHTepBare,
TO eCTb B 60siee y3KOM BO3paCTHOM

MHTEpBane




What Is SSA DMF ?

= SSA DMF is a publicly available data resource
(available at Rootsweb.com)

s Covers 93-96 percent deaths of persons 65+
occurred in the United States in the period
1937-2003

s Some birth cohorts covered by DMF could be
studied by method of extinct generations

s Considered superior in data quality compared to
vital statistics records by some researchers




1891 birth cohort
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KOHTPOJ1b 3@ KQ4eCTBOM AaHHbIX

UcciaenoBanue CMEPTHOCTH B IITATAX C
00J1ee coBeplIeHHBIMM JAHHBIMH BO3PaCTa
TOJTOKUTEJIeH

Records for persons applied to SSN in the
Southern states, Hawaii and Puerto Rico
were eliminated




Mortality for data with presumably different quality
1889 birth cohort

log hazard rate
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Mortality for data with presumably different quality

1889 birth cohort

log hazard rate
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Mortality for data with presumably different quality

Two birth cohorts

log hazard rate
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Mortality at Advanced Ages by Sex

1886 birth cohort
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Crude Indicator
of Mortality Plateau (2)

Coefficient of variation for
life expectancy is close to, or
higher than 100%

CV =0/

where o is a standard deviation
and [ is mean



Coefficient of variation for life expectancy
as a function of age

10 |

ngls2
Lswiglea

0\
98 400 105 J0¢ doe 108 40 J45

A~




Bonpocbl, uMmerujme 3HayeHue ans
aeMmorpados

[10 Kakoro ypoBHS1 MO)XXHO CHU3UTb CMEPTHOCTbL?
(HyneBoM ypoBeHb BbIrNiANT MaJIOBEPOATHbIM)

CywecTBytoT in buonornyeckme npeaenbl CHUKEHUS
CMepTHOCTU, onpeaensgemble HaaeXKHOCTbIO YenioBeyeckoro
opraHm3ma?

(HMKXHMe npeaesnibl CMEPTHOCTU B 3aBUCUMOCTU OT
BO3pacTa, NnoJia U reHeTUYeCKnX CBOUCTB
nonynsayun)

CyuwiectsoBanu N1 Kakue-nnmbo nHamkatopbl 6MoNornyeckmnx
npeaenoB CMepPTHOCTM B MPOLLIOM?

CyLLEeCTBYIOT /I MHANKATOPbI NpeaesioB CMEPTHOCTH
cenyac?



