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HA/{EJKHOCTh OCHOBAHHH H COOPYJKEH HH B 

Y1IET M3MEH1IMBOCTM KJIMMATA ITPM OEE 
HA,il;E)K.HOCTM OCHOBAHMfi COOPY)KEHHM B 

r. rr. IIycTosoi1T 

B CTp011TeJihHhIX HopMax 11 IlpaB11Jiax (CH11II ) smrnmie CJiy'IBiimD; c:;_~rot;ICSl 
coopy)!(eH11i1, B03B0):111Mb!X Ha MHOrOJieTHeMep3JibIX nopoi:1ax , )"!11TbIBaeTC.ll: >D•'ooi:~-'.;2~:E:::Jlll C:::1!'2i:mlll:ilL 
K03cj)(jJl1L(l1eHT BHOCl1T B pacqeT OCHOBaHl15! HeKOTOpb!H 3anac npo4Hocn~ . 

roJ1q11BOCTb BOnpeK11 He6Jiaronp115!THb!M CJiyqaJ1HbIM B03):1eHCTB l15!M' rrpe·: 
cTeneHh 06ecneqeHHOCT11 He MO)!(eT 6hITh OL\eHeHa np11 i:1erepM:mu-1CTHG 
Ha):le)!(H0CTl1 Bb]q!1CJil1Tb HeB03M0)!(H0, fI03TOMY OH Ha3HaqaeTC5! .,BOJJe 
npoeKT11poBaH115!. Bep05!THOCTHhii1 noi:1xoi:1 i:1aeT KOJI11qecrneHHy10 Mepy rap:a.Hn 
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ORE 

ypoBeHb 6e3onaCHOCTl1 - 11 fI03BOJI5!eT CB5!3a Tb ero c K0:3cjlcjJ11L(l1eHTOM Ha eBHocru. ¢i"l1H:ll:CJ1c;;;;U::>EI!iil 3'~~.m-
CTblO, a 3Haq11r, 11 paccq11TaTh KO:JcjlcjJ11L(11eHT. B CTarhe npeAJIO)!(eH MeTOA ero IX!.l:::'R:Ta.. l!ID1ro;;.;Omil 
JierKo BKJIIOqeH B CH11II B Kaqecrne i:1onoJIHeH115! K coorneTcrny IOU\eMY nymcry. :M:ero 
TeMnepaTyphI 113-3a rJio6aJihHhIX 113MeHeH11i1 KJI11MaTa. 

Be'1.HOMep3JLble zpyHmb1, HaiJe)1rnocmb, puClc, onmuMU3a~UR, U3JtteHeHU.!l IC. 

ACCOUNT OF CLIMATIC CHANGE IN THE DESI . 
OF THE BASES OF STRUCTURES ON PERM.A.FROST SOD..S 

G. P. Pustovoit 

Moscow State University, Department Geology, 119899, Moscow, arobjovy Gory. 

In the government design standards (SNiP) permafrost bases of structures ol 
described in terms of coefficient of reliability. This coefficient has to provide a safety 
effect on the frozen base (the climatic factor first). But it is impossible to eval ua e the d 
calculate the coefficient of reliability, so it is set from the previous design ex per ience. . tirely, p;:obabili ty 
approach results in the quantitative characteristic of the degree of safety and gives i ·_ fun ·ona1 rela · ·p l'iih 
the coefficient of reliability, and now we are able to calculate this coe ffi cient. \ e have ro. oo culation 
procedure which can be added to the design standards. This procedure permits to ta e into a:oum bolh random 
temperature variations and its r egular global changes. 

Permafrost, reliability, risk, opt imization, climatic change 

CTpOHTeJihHhie csoil:CTBa seqHoMep3JihIX rpyH

TOB (.BMr) B 3HaqHTeJibHOH CTeneHH onpegeJI51IOTC51 

HX TeMnepaTypHbIM pe)KHMOM, npegcTaBJI5IIOIIIHM 

co6oil: npou,ecc, pa3BHBaIOIIIHHC51 BO BpeMeHH H 

nogsep)KeHHbIH CJiyqail:HbIM B031l,eil:cTBH51M, n03TO

MY H3MeHeHH51 HecyIIIeli crroco6HocTH H geci:Jop

Mau,HH OCHOBaHHH TaK)Ke 51BJI51IOTC51 CJiyqail:HbIMH 

npou,eccaMH, a HX CTOXaCTHqeCKHe CBOHCTBa H c:PaK

TOP speMeHH OKa3hIBaIOT pelllaIOIIIee BJIH51HHe Ha 

ycTOil:qHsocTh 3gaHHli H coopy)KeHHH. MeTogHKa 

pacqeTa OCHOBaHHH no npegeJihHbIM COCT051HH51M, 

HOpMHposaHHa51 B CTpOHTeJihHhIX HopMax H Ilpa

BHJiax (CHHil), C031l,aHa Ha OCHOBe onhITa CTPOH

TeJihCTBa Ha TaJiblX rpyHTax H He yqHThIBaeT Ha -

3BaHHbIX c:PaKTOpOB . .Il,JI51 npHMeHeHH51 ee K pacqe-

TaM BeqHOMep3JihIX OCHOBaBJrik n o CJie.[(HI1e H eo6-

XO!l,HMO paccMaTpHBaTh c no3~ T eo p .ITTI H a ll,e)K

HOCTH H3MeH5IIOIIIHXC51 CHCTeM , JI5I K OT OpbIX c:PaK

TOp BpeMeHH npHHil,HnHaJibHO Ba%eH H H e M O)KeT 

6hITb yqTeH BBegeHHeM K a K.HX- JIB6o egHHbIX K0-

3cPcPHil,HeHTOB, 3ag aIOIIIHX ll,OB e p HTeJihHhie rpaHH

Il,hl ll,JI51 Tex HJIH HHbIX na paM eT pOB . 

KoJIHqecTBeHHoe onH caHHe Hage)KHOCTH gaeT

rn cPYHKil,HeH, 3HaqeHHe KOTOpoH: B JII06oH: cPHK

CHpOBaHHblH MOMeHT BpeMeHH t paBHO B epo51THOCTH 

Toro, qTo BpeM51 6e30TKa3HOH pa6oTbl CHCTeMbl 

6ygeT 6oJibllle t. IlpH 3TOM nog 6e30TK a3HOCThIO 

nOHHMaeTC51 BbIIIOJIHeHHe ycJIOBHH rrpegeJihHhIX co

CT051HHH, qeM o6ecneqHBaeTC51 npeeMCTBeHHOCTb 

Bep051THOCTHbIX MeTOll,OB pacqeTa no OTHOilleHHIO K 
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Y'!ET I13 MEH'-II1BOCTI1 KJII1MATA IIPI1 OEECIIE<JEHI1!1 HA!{E>KHOCTI1 

TeOpHH rrpe::r Th OCT05IHHH H MeTOL(aM pacl.!eTa 

no C HKII . Oo rrpe eneHHe cPYHKU:HH Ha}:(e)K-

HOCTH aH B { p ICmaJlea U 8p., 1988 ]. IlpH 

coxpaHeHJill B :'ffi Mep3JIOro COCT051HH51 rpyHTOB oc

HOB3HH51 ( rrpKBIJJilI I pacrrpeL(eJieHHe 1.!HCJia OTKa-

30B IIOJl.'IHH51eTC5I 33KOH)' IlyaccoHa H cPYHKU:H51 

Ha}:(e.IKHOCTH MO)KeT 6hITb rrpeL(CT3BJieHa B BHL(e: 

I 

P (t, y) = exp { - J m [y(r) ]dr} = 
0 

= exp [-tm (y)], 

r}:(e t - BpeM51, JieT; IIOCJieL(Hee paBeHCTBO crrpa

Be}:(JIHBO rrpH OTCYTCTBHH rno6aJibHbIX H3MeHeHHH 

KJIHMaTa, Koma y = const; m (y) - MaTeMaTHl.!ec

Koe OJKHL(aHHe 1.!HCJia OTK330B 3a e}:(HHHU:Y BpeMeHH; 

BHL( 3TOH cPYHKU:HH orrpeL(eJI.SieTC51 BHL(OM pacrrpeL(e

JieHH51 H crreKTpaJibHbIMH xapaKTepHCTHKaMH CJiy-

1.!3HHOro TeIIJIOBoro rrpou:ecca B OCHOBaHHH H 

rrepHOL(Hl.!eCKOH COCTaBJI51IOIIIeli; L(JI51 BellHOMep3JibIX 

OCHOBaHHH Mbl HaITIJIH 3TY cPYHKU:HIO H rrpHBeJIH ee 

K CJieL(yIOru:eMy BHL(y: 

m (y) =exp (-y2/2)/(y Yiii), (2) 

r}:(e y - xapaKTepHCTHKa 6e30II3CHOCTH OTHO-

rneHHe 3arraca rrpol.!HOCTH (HarrpHMep, Hecyru:a51 

crroco6HOCTb MHHYC Harpy3Ka) K cpeL(HeMy KBaL(

paTHl.!eCKOMY OTKJIOHeHHIO 3TOro 3arraca. 

XapaKTepHCTHKa 6e3orracHocTH, c OJ:IHOH CTO

poHhI, IIOJIHOCTbIO onpeL(eJI51eT HaL(eJKHOCTb CHCTe

MbI, c L(pyroli - CB513aHa npOCTOH cPYHKU:HOHaJibHOH 

3aBHCHMOCTbIO c Ko::i¢¢HU:HeHTOM HaL(eJKHOCTH. Co

rnacHo CHHil 3TOT K03cPcPHU:HeHT BHOCHT B pacqeT 

OCHOBaHH51 HeKOTOpbIH 3anac npOl.!HOCTH, npH3BaH

HbIH o6ecne1IHTb ero ycTOHl.!HBOCTb BonpeKH He6na

ronpH51THhlM CJiyl.!aHHbIM B03L(eHCTBH51M, npeJKL(e 

Beem KJIHMaTHl.!eCKHM. 0L(HaKO CTeneHb o6ecnel.!eH

HOCTH He MOJKeT 6hlTb ou:eHeHa npH L(e

TepMHHHCTHl.!eCKOM IlOL(XOL(e, H K03cPcPHU:HeHT Ha

L(e.IKHOCTH Bbll.!HCJIHTb HeB03MO.IKHO, Il03TOMY OH 

H33Ha1IaeTC51 ,,BOJieBbIM" nop51L(KOM, HCXOL(51 H3 

orrhrTa npoeKTHpoBaHH51. B CHHil 3TOT K0-

3cPcPHU:HeHT ,,pacru:enHJIC51" Ha HeCKOJibKO no-pa3-

HPMY Ha3brnaeMbIX H He3aBHCHMO Ha3Ha11aeMhIX 

K03cP¢HU:HeHTOB. Il03TOMY B L(3JlbHelirneM Mbl 6y

L(eM mBOpHTb 0 K03cPcPHU:HeHTe 3anaca, IlOHHMa51 

IlOL( HHM KOM6HHaU:HIO BCex ynOM51HYTbIX Ha3Ha1Ia

eMbIX K03cPcPHU:HeHTOB. CB513b Ko::i¢¢HU:HeHTa 3a

naca K c xapaKTepHCTHKoli 6e3onarnocTH L(aeTC51 

¢opMynoli: 

K = 1/(1 - Vy), (3) 

r}:(e V - K03cPcPHU:HeHT BapHaU:HH Hecyru:eli crroco6-

HOCTH (CM. HH.IKe). 

Bo3MO.IKHOCTb pacqern K03cPcPHU:HeHTa 3anaca 

KaK pa3 H CJIY.IKHT TeM ,,pa3'beMOM" (HJIH HHTep

¢elicoM) ' qepe3 KOTOpbIH Bep051THOCTHbie MeTOL(bI 

nerKo nOL(KJII01IaIOTC51 K CHHil, TaK KaK paccl.!HTaH

Hoe 3Ha1IeHHe K03cPcPHU:HeHTa 3anaca npOCTO IlOL(-

CT3BJI51eTC51 B yCJIOBHe npeL(eJibHOro COCT051HH51, He 

Hapyrna51 npHH51TOro nop51L(Ka pacl.!eTOB. 

Pacl.!eT Ha3BaHHhIX BeJIHl.!HH Tpe6yeT perneHH51 

Tpex B33HMOCB513aHHbIX 3a}:(a11: BO-nepBbIX, L(aTb 

¢opM3JlbHOe MaTeMaTHl.!eCKOe OilHCaHHe CHCTeMbl 

,,¢yHL(aMeHT-OCHOBaHHe" B BHL(e onepaTopa, nepe

BOJ:151ru:ero BXOL(Hble B03L(eHCTBH51 Ha Hee B BblXOL(

HyIO BeJIHl.!HHY - Hecyru:yIO cnoco6HOCTb, BO-BTO

pbIX , OilHCaTb CTOXaCTH'IeCKOe IlOBeL(eHHe CHCTeMbl, 

KOrL(a BXOL(Hble H BbIXOL(Hble BeJIHllHHbl 51BJI51IOTC51 

CJiyl.!aHHbIMH npou:eccaMH, B-TpeTbHX, B u:eJI51X 

npaKTHlleCKOH npHMeHHMOCTH pe3yJibTaTOB 

yrrpOCTHTb CJIO.IKHbie 3aBHCHMOCTH, npHL(aB HM BHJ:J; 

pacl.!eTHbIX ¢opMyJI, Ta6JIHU:, rpa¢HKOB. 

IlpH perneHHH nepBoli 33L(al.!H B OCHOBY nono

.IKeHhl pacqeTHhie cxeMhI H ¢opMyJihI CHttil, CB51-

3hlBaIOru:He Hecyru:yIO cnoco6HocTb c napaMeTpaMH 

TenJIOBOro pe.IKHMa H npOl.!HOCTHbIMH xapaKTepHC

THKaMH BMr. BTOpa51 3a,i:i;aqa perneHa MeToL(aMH 

MaTeMaTHl.!eCKOH TeopHH CJiyl.!aHHbIX npou:eccoB H 

HX Bbr6pocoB; npH 3TOM Yl.!TeHa ce30HHa51 H CJIY1I3H

H351 H3MeH1IHBOCTb He TOJibKO Hecyru:eli cnoco6-

HOCTH, HOH Harpy30K Ha OCHOB3HHe. B pe3yJihTaTe 

perneHH51 TpeTbeH 3a,i:i;a1IH IlOJiyl.!eH npe,i:i;CT3BJieH

HbIH 3L(eCb MeTOJ:J; pacl.!eTa. IlOCKOJibKY H3MeH1.!H

BOCTb Harpy30K HrpaeT BTOpOCTeneHHYIO pOJib H J:J;JI51 

KanHTaJihHhrx 3,i:i;aHHH MO.IKeT Boo6ru:e He yl.!HTbI

BaThC51, Mbl onyCTHM COOTBeTCTBYIOIIIHe 1.!JieHbI B 

pacl.!eTHbIX ¢opMynax, 1.!T06br He OTBJieKaTbC51 OT 

rnaBHoro. 

Pacl.!eT Ko::i¢¢ttn:tteHTa BapttaU:HH Hecyru:eli 

cnoco6HOCTH cyru:ecTBeHHO 3aBHCHT OT crroco6a 

cPYHJ:J;aMeHTOCTpOeHH51 H THna OXJia.IKL(aIOru:eli CHC

TeMbI. 3L(eCb Mb! paCCMOTpHM caMbIH pacnpOCTpa

HeHHbIH cnoco6 (c coxpaHeHHeM Bel.!HOMep3noro 

COCT051HH51 rpyHTOB) H THil CHCTeMbI (BeHTH

JIHpyeMoe no}:(nonbe). B 3TOM cnyqae HMeeM: 

0,9(-T
0
'/A )lf3aw 

V = -2T - C l=T (4) 
m,e m , e 

r;::i;e T m,e' T 0 ' - pacl.!eTHble TeMnepaTypbI BMf, 

onpe;::i;en51eMhle no yKa3aHH51M CHHil; a, A - cpe}:(

Hee KBaL(p3THlleCKOe OTKJIOHeHHe cpeL(Hero,i:i;oBOH 

TeMnepaTypbl B03,i:i;yxa H aMilJIHTYJ:la ee Ce30HHbIX 

KOJie6aHHli; w - K03cPcPHU:HeHT 3aTyxaHH51 cny-

1.!3HHbIX KOJie6aHHH TeMnepaTypbI c rny6HHOH, 

npe,i:i;cTaBJieHHbIH B BHJ:J;e rn6JIHU:bI; c - K03cP

cPHU:HeHT' 3aBHC51Iu:HH OT THIIa cPYHJ:J;aMeHTa H OT 

BHL(a rpyHTa, npe,i:i;CTaBJieHHbIH B BHL(e Ta6JIHU:bI. 

KaK HaHTH BTOpyIO BeJIHl.!HHY' BXOJ:151Iu:YIO B 

Bbipa.IKeHHe (3) - xapaKTepHCTHKY 6e3onaCHOCTH? 

Mepoli ycTOHllHBOCTH coopy.1KeHH5l cny.IKHT ypoBeHh 

Ha,i:i;e.IKHOCTH - 3Hal.!eHHe cPYHKI!HH Ha,i:i;e.IKHOCTH B 

KOHU:e HOpMaTHBHOI'O cpoKa 3KCilJiyaTaU:HH coopy

.IKeHH51 (T. e. Bep051THOCTb 6e30TKa3HOH pa6oTbI B 

Tel.!eHHe Beem 3Toro cpoKa). Eonee HarJI51J:IHhri1 

IlOKa3aTeJib - ypoBeHb pHCKa - J:J;OilOJIHeHHe ypoB

H51 Ha}:(e.IKHOCTH AO e,i:i;HHHU:bI, T. e . Bep051THOCTb 
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r.n. IIYCTOBOHT 

oTKa3a. KaKIIM JJ;OJDKeH 6bITh 3TOT ypoBeHb? )],JI5I 

coopy:tKeHIIH c BbICOKOH CTerreHblO OTBeTCTBeHHOCTII 

(c MOpaJibHOH OTBeTCTBeHHOCTbIO) OH MO:tKeT 6hITb 

3aJJ;aH (aopMIIpoBaH) KaK IICXOJ:IHhIH rrapaMeTp. B 

3TOM cJiyqae xapaKTepIICTIIKa 6e3orraCHOCTII orrpe

JJ;eJI5leTC5l II3 Bbipa:tKeHIIH (1) II (2). B 06II1eM :tKe 

cJiyqae ee cJie):(yeT orrpeJJ;eJI5ITh II3 pemeHII5l 

OIITIIMII3all,IIOHHOH 3a):(aqII, r,J:(e MIIHIIMII3all,IIII IIO):(

Jie:tKaT cyMMapHbie rrpIIBe):(eHHble 3aTpaThI Ha 

CTpOIITeJibCTBO II 3KCITJiyaTall,IIIO coopy:tKeHII5l, 

BKJIIOqa51 u.eHy pIICKa, KOTopa5I Bbipa:tKaeTC5l qepe3 

cPYHKil,IIIO HaJJ;e:tKHOCTII. cDopMyJia JJ;JI5l pacqern 

OIITIIMaJibHOro 3HaqeHII5l xapaKTepIICTIIKII 6e3orrac

HOCTII IlplIBO):(IITC5I K BII):(y: 

y
0 

= Y2 ln [(5 - 65/te )/EV] - 2V, (5) 

r,J:(e t - JJ;JIIITeJibHOCTb cpoKa 3KCIIJiyaTall,IIII, JieT; 

E - e 0606II1eHHblH 3KOHOMIIqecKIIH K03cPcPIIIl,IIeHT, 

orrpe):(eJI5IeMbIH KaK OTHOIIIeHIIe y):(eJibHOH CTOII

MOCTII C03):(aHII5l HeCyII1eH crroco6HOCTII (Il,eHa 

1 HblOTOHa) K CTOIIMOCTII coopy:tKeHII5l, rrpIIX0):(5I

II1eHC5I Ha e,J:(IIHIIIl,Y ero Beca. 

IlOJJ;CTaBJI5l5l 3HaqeHIIe (5) B Bbipa:tKeHIIe (3), 

IIOJiyqaeM OIITIIMaJibHOe 3HaqeHIIe K03cPcPIIIl,IIeHTa 

3arraca. KaK BII):(IIM, OHO 3aBIICIIT OT oqeHb MHOI'IIX 

¢aKTOpoB: KJIIIMaTIIqecKIIX, rpyHTOBbIX, OT Ha3Ha

qeHII5l II CTOIIMOCTII coopy:tKeHII5l II ):(JIIITeJibHOCTII 

ero 3KCIIJiyaTall,IIII, TIIIIa II rJiy6IIHbl 3aJIO:tKeHII5l 

cPYHJ:laMeHTOB, CTOIIMOCTII rrpOII3BO):(CTBa pa6oT. BbI-

5IBJI5leTC5l II xapaKTep OCHOBHblX 3aBIICIIMOCTeH. 

TaK, c poCTOM CTOIIMOCTII coopy:tKeHII5l II ):(JIII

TeJibHOCTII 3KCIIJiyaTall,IIII, corJiaCHO (5) II (1), pac

TeT OIITIIMaJibHblH ypoBeHb Ha,J:(e:tKHOCTII, a BMeCTe 

c HMM II K03cPcPIIU.IIeHT 3arraca. To eCTh ):(JI5l 6oJiee 

J:IOpororo coopy:tKeHII5l, B03BOJ:IIIMoro Ha 6oJiee ):(JIII

TeJihHhIH cpoK, 3KOHOMIIqecKII BbII'O,J:(eH 6oJibIIllIH 

3arrac rrpoqHOCTII, 06ecrreqIIBaIOII1IIH 6oJiee BhICO

KYIO Ha):(e:tKHOCTb (HarrpIIMep, B ycJIOBII5IX BopKyThI 

rrpII rrpoqIIx paBHbIX: ):(JI5l 12-3Ta:tKHOro )KIIJIOro 

3):(aHII5l K = 1,8, J:IJI5l 5-3Ta:tKHoro - 1,6, ):(JI5l Bpe

MeHHOro co cpOKOM 3KCIIJiyaTall,IIII 20 JieT - 1,4) . 

3To BIIOJIHe IIOH5ITHO, KaK II TO, qTO B 6oJiee 

xoJIOJ:IHhrx II cTa6IIJihHhrx KJIIIMaTIIqecKIIX ycJioBII5IX 

OIITIIMaJibHbIH K03cPcPIIIl,IIeHT 3arraca OKa3hIBaeTC5I 

MeHhIIIe (rrpII rrpoqIIx paBHbIX ycJIOBII5IX 1 , 6 ):(JI5l 

BopKyThr II 1,3 J:IJI5l 5IKyTcKa). 

He CTOJib oqeBII):(Ha 3aBIICIIMOCTh OT rJiy6IIHbI 

3aJIO:tKeHII5l cPYHJJ;aMeHTa. c rJiy6IIHOH BCe KOJie-

6aHII5l TeMrrepaTyphl 3aTyxaIOT II K03cPcPIIU.HeHT 

BapHall,IIH v y6brnaeT, a 3HaqHT B03pacTaeT OIITH

MaJibHOe 3HaqeHIIe xapaKTepHCTIIKII 6e3orraCHOCTH 

(II, KOHeqHO :tKe, ypoBeHb Ha):(e:tKHOCTH), HO TeMrr 

3TOro poCTa HII:tKe, qeM TeMrr CHH:tKeHII5l K03cP

cPIIU.HeHTa v, II03TOMY COrJiaCHO (3 ) OIITIIMaJibHbIH 

K03cPcPHil,IIeHT 3arraca CHII:tKaeTC5l. 3To MO:tKHO rrpo 

IIJIJIIOCTpHpOBaTb CJieJJ;yIOIIllIM rrpIIMepoM, paccqH

TaHHbIM B ycJioBH5IX BopKyThI. 
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,ll_mma csa11, M 6 8 10 

Ko:i¢¢111111eHT 3arraca 1,9 1,6 1,4 
Hecyw_a51 crroco6HocTh 62 100 144 
csa11, % 
q11rno cnai:i, % 190 100 60 

O&beM 6eTOHa, % 142 100 75 
Y poseHh Ha):le)!(HOCT11 0,975 0,985 0,991 
Y poseHb p11cKa 0,025 0,015 0,009 

KaK BHJ:IIIM, c pocTOM r Jiy6IIHhI rrorpy :tKeHH5I 

CBaH COKpaII1aIOTC5l 3aTpaTbl Tpy):(a H M aTepHaJIOB 

rrpH O):(HOBpeMeHHOM 3HaqiITeJibHOM IIOBbI IIIeHllH 

ypoBH5l Ha):(e:tKHOCTH (pHCK yMeHbIIIIIJIC5l rroqTH 

BTpoe), TOr):(a KaK IIOIIbITKa IIOBbICIITb 3TOT y poBeHb 

rryTeM yBeJIIIqemrn qttcJia CBali rrpttBeJia 6h1 K pocTy 

3aTpaT. IlpIIqHHa B TOM, qTo B rre pBOM CJiyqae 

K03cPcPHil,HeHT BapIIall,lllI v y M eHbIII3eTC5I , BO BTO

poM - HeT. 3aMeTHM, qTo K03cPcPHU.IIeHT V y MeHh

maeTC5l H rrptt rroHH:tKeHttH TeMITepaTy phr BMr, 

rrpllBOJ:15l K TOMY :tKe 3cPcPeK TY IIOBbIIIIeHII5l Ha):(e:tK

HOCTII rrpH COKpaII1eHHll 3aTpaT (B ):(a HHOM rrpIIMepe 

oxJia:tK):(eHIIe BMr Ha 1 ° coK paII1aeT pac x o A 6eToH a 

Ha 15 % II yMeHbIIIa eT y poB eHb pHCKa rroqTll 

B):(BOe). 

I1TaK, 3KOHOMHqeCKII Il,eJiecoo6pa3HblM II Me

paMll IIOBbIIIIeHII5l y cToliq ffBOCTH 5IBJI5IIOTC5l OXJI3)K -

JJ;eHIIe BMr II y BeJIIIqeHtte r Jiy6 aHb1 3a Jio:tKe HII5l 

cPYHJ:13MeHTOB. IIocJie):(H ee YKa 3brnaeT Ha rrpettMy

II1eCTBO CBaHH bIX cPYH J:la M eHT OB n ep e CTOJI6 q aTbIMII 

II Ha u.eJiecoo6pa3HOCTb TaK n poeKTHpOBaTb KOHCT

PYKil,HII 3,J:(aHIIH, npe):(Ha3HaqeHHbIX K cTp OIITeJibCT

BY no npIIHil,IIIIY I, qTo6br HX M O:tKHO 6bIJIO onIIpaTh 

Ha cPYHJ:laMeHTbI c B03M O:tKHO I eHbIIIBM qlICJIOM 

3JieMeHTOB' C03):(aIOIIllIX H eo 6xo,llHMy 10 HeCYIIIYIO 

cnoco6HocTh 3a cqeT 6oJibrno:0: rJI 6IIHhI norpy

:tKeHH5l B BMr. 

IIpe):(JIO:tKeHHhrn M eTOJJ. pacqeTa rro3BOJI5leT yqecTh 

ll IlOTenJieHHe KJIIIM a Ta , eC.iIH OHO He ,, CJIIIIIIKOM 

CIIJibHOe " (KpHTepIIH ,J:(aH lllDKe) . c IIOBbIIIIeHIIeM 

TeMrrepaTy phr BMr H ecy II1a5I crro c o6H ocTb ocHo

BaHII5l 6y):(eT CHH:tKaTbC5I H B KaKOH -TO M OMeHT 

CTaHeT paBHOH Harpy 3Ke OT coop y:tKeHII5l (6y):(eT 

,,BbI6paH" Beeb 3anac rrp0qff0 CTH , 3aJio :tKeHHbIM B 

npoeKT K03cPcPIIIl,IIeHTOM K). 3nrM ,,KpHTIIq ecKIIM" 

MOMeHTOM HaII6oJie e Be p05ITHOfQ OTKa3a OCHOB3HII5l 

orrpe):(eJI5leTC5l cpe):(H5l5l JJ.OJirOBeqffOCTh. KpIITIIqec

KHM MOMeHT (KaK .11 Te~mepaTyp B M r B 3TOT 

MOMeHT) MO:tKHO HaHTH o 6 bJLlHbLv! p acq eTOM no 

CH.11II B K3:tKJ:IOM KOHKpeTHo. 1 c.nyqae, 3a ):(aBIIIIICh 

orrpe):(eJieHHhIM cu.eHapHeM rroTerr.n:emrn . 

EcJIM KpIIT.11qecKoe Bpe rn tc 1eHbIIIe cpoKa 

3KCIIJiyaTall,MM coopy:tKemrn te, 6 JJ;eM rOBOpH Tb 0 

,,CMJibHOM" IIOTerrJieHHII; ~!eHHO TaKOH CJiyqaH: 

6hIJI IICCJie):(OBaH HaMM q HCJieHHb rn MeT0):(3MII 

[XpycmaJZea u 8p., 1993 ]. )J,n:5l rrpRMeHeHM5I K 

3TOMY CJiyqaro aHaJIMTHqecKO[Q MeTO}J.a pacqeTa 

Tpe6yeTC5l ero c y IIJ,eCTB eHHa 5l rrep ep a 6oTK a , KOTO

pa5I celiqac Be):(eTC5I . 3 ):(eCb :tKe MbI paCCM OTpIIM 

,,cJia6oe" rroTerrJieHMe (tc > t, ) . 



Y'!ET J13MEH'!J1BOCTJ1 KJJJ1MATA TIP11 OEECflE'!EH11I1 HAl{E>KHOCTH 

KaK noKa3a1m pac1.1eThI, npH JIHHeMHOM TpeH)l.e 

TeMnepaTypbI B03)l.yxa 3aKOH H3MeHeHH5I xapaK

TepHCTHKH 6e3onaCHOCTH npaKTHl.leCKH He OTJIHlla

eTC5I OT JIHHeMHOro: 

y(t) = (1 - t/tc )y0 , (6) 

r)l.e HH)l.eKCOM ,,HOJib" o6o3HalleHO OTITHMaJibHOe 

3Hal.leHHe, paCCllHT3HHOe 6e3 TIOTenJieHH51. 

Bb1pa)J(eHH5I (1), (2) H (6) onHcbrnaIOT 3aKoH 

CHH)J(eHH51 Ha)l.e)J(HOCTH OCHOBaHH5I H3- 3a rJio6aJib

HOro TIOTenJieHH51 H Il03BOJI5IIOT H3MTH 3HalleHHe 

xapaKTepHCTHKH 6e3onaCHOCTH (a 3Hal.IHT, H K0-

3¢¢m.i;HeHTa 3anaca), KOTopoe Tpe6yeTrn 06ec

ne1.1HTh B Hal.laJihHblM MOMeHT. 3TO 3Hal.leHHe MO)J(

HO HaMTH H3 CJie)l.yIOIIJ,ero BTIOJIHe TIOH5ITHOro yc

JIOBlrn: npH a)l.eKBaTHOM y1.1eTe TIOTenJieHH51 ypoBeHb 

Ha)l.e)J(HOCTH )l.OJI)J(eH OCTaTbC51 TaKHM )Ke, KaKHM OH 

6hIJI 6es IlOTeTIJieHH51 npH OTITHM3JlbHOM 3Hal.leHHH 

(5) xapaKTepHCTHKH 6e3onaCHOCTH, T. e. 

P [t,, y(t)] = P (t,, Y
0
). 

flo)l.CT3BHB CIO)l.a (2) H comaCHO (6)' C)l.eJiaB 

3aMeHy dt = - (t/yo)dy, TIOJIYllHM: 

YT 

c f exp (-y2/2)/y dy = t, exp ( -y~/2), (8) 
YT - Yo1l 1c 

r)l.e YT - HCKOMOe ,,Tpe6yeMoe" 3HalleHHe. 3aMeHa 

nepeMeHHOM exp(-y2/2) = y npHBO)l.HT IlO)l.bIHTer

paJihHOe Bhlpa)J(eHHe K BHil.Y dy/ lny, T. e. HHTerpaJI 

(8) CBO)l.HTC51 K xopomo H3BeCTHOM cne11;HaJibHOM 

cPYHKIJ;HH - HHTerpaJibHOMY JIOrapmpMy, KOTOpbIM 

npH MaJihIX 3Ha1.1eHH5IX cBoero apryMeHTa xopomo 

npH6JIH)J(aeTC51 cPYHKIJ;HeM y/lny. IIocJie JIO

rapH¢MHpoBaHH51, npHBe)l.eHH5I IlO)l.06HbIX H OT6pa-

CbIB3HH51 MaJibIX llJieHOB IlOJIYllHM Hal.laJibHOe 3Ha

lleHHe xapaKTepHCTHKH 6e3onaCHOCTH, Tpe6yeMoe B 

ycJIOBH51X noTenJieHH51: 

t t 
YT = y0 [1 + t + 2ln (1 - t) (t/tc )/y~J . (9) 

IlO)l.CT3BHB 3TO 3HalleHHe B (3)' HaM)l.eM on

THM3JlbHbIM K03cPcPHIJ;HeHT 3anaca, KOTOpbIM Tpe6y

eTC51 06ecne1.1HTh c y1.1eTOM 6y)l.yIIJ,ero noTenJieHH51. 

B Ka1.1ecTBe npHMepa MhI pacc1.1HTaJIH onTH

MaJihHble 3Ha1.1eHH5I K03cPcPHIJ;HeHTa 3anaca )l.JI51 

)J(lfJibIX 3)l.3HHM (cpoK 3KCTIJiyaTaIJ;HH 50 JieT)' B03-

BO)l.HMbIX no rrpHHIJ;Hrry I B ycJIOBH51X, xapaKTepHbIX 

)l.JI51 pa:H:oHa BopKyThI, rrpH pa3JIHllHOM TeMne 

TIOTerrJieHH51 (3HalleHH51 K 6e3 IIOTerrJieHH51 B351Tbl H3 

rrpHBe)l.eHHhlX Bhime npHMepoB) . 

TeMn Ko:icjJcjJ111.(11eHT 3anaca K JIJUI 3J1aH11i1: 
noTenJJeH11ll, 5-:JTa)KHOro 12-3Ta)l{H0rQ 

rpa):l/r 

0 1,6 1,8 

0,02 1,8 2,0 

0,03 2,0 2,3 

0,04 2,2 2,7 
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