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FEpbr wwm, Pagmfod mbbgay wbpud foly wwlhgqulihpp fumwpuy b, pwhfp np bpwhy
cnmpfu b pup o fipul gloSamulubp §pdbfwd ny whpdwlugml gblghpl Jhwmudfwdplbpf
Shun  fpupfud spulpplpal Sunluhflbpf fpae bnwywpldod b oopuhe wbpd il floanbbo -
Powle gusp pligndihy ghobf mumwbndbbph wpugugnalp bphpwgupdf dwidwbwl Unwsguply -
dog dbp hfmguonph wyuinfly Swynppulubnfadp qegmfed adbgny wbped bl aaloggul-
ihpp bk gopdfrpuwghle Sl prd ubpudfily wwbggulfe dfgle

Fugmifynihs mibbgnyg whyud il vwhgnuliihpf Spdphph b dulypruh jud il
plrundihpl o juylbpp  (BeixoBeknit, 1936; Hasapos, 1947; Topiukos w
Ilenkapena, 1958; Mensenes, 1953)2; Pudhibphbpf Swidwp Jhé Shmuwppp-
prneflynide Whpljw gugling nudhy &pl‘pmzmpébpf. papurfncfymdip §pdGwljwbinod
qlwSunfnul L puw fjunmgfwdpbbph b Juwadp—gpmdunbhpl $wgmpgu gfii
Shunfinfurfynddifihph: 2whpulwpn b, np bphpuywpdhph plnbbufifncfywi ghw-
Swmnned B pum npwlpuljol Sunnljubfpbph whhenwpog b bepbp;, o b fu s fr -
huwlpml  Suninlymfymibiihph, ppwby hugdng 2bliwiyncfbpf L lnhumpnogpo-
bhpp olfprif el dholk gryncfimde noif pufuwlpubfiis Thd mwpphpnfind: U -
Unifbnl, dunlwinulp phfuwgpnul whjudfl 2rgwlilibprud funngdwh  dbbpp
fuwmmpbpugnpdfnul ki, whpud wljo o 2bliphpf pwinult whnul F, phlimpuw-
pulpusls wigfommwhplhpp npuwlp qwfwhina b Qwnfe wd b dfy vhjudply jpgu-
bnul shnfuifnul bl pfiiw pospnfd puk wuglwmbihpp b, Shmbwmpwp, ohmp £
sfinfusflite ke phTiphpf of S gmpopu ek dhiwdpnfuncfindiibpp  ofbppncdd wih f e
Sl wd, hphpugupdbph opghlympy] Swnlubfibpp: Pugh gpabipy, wwpphp
uhpudfrly bplphbhpnod  wpn thnsfiafuncf ymidibhpp  Jumwplaod b df phy wmwp-
php nuggnifyudp b smwppbp mbdughpa, npp i wymlhgnod glundwh Swudwubn
bgnafdfe fmournlyd usbo

Swpphp bplpihpnut hfpwnsfnud kY mupphp whjpd fily wwbngulibp: 4k
plnul Tipifmd wpuninbwnihpf Shunlwlpny gpuly Swhuwnupd Jhupdbp 4wl -
upuin s fumlimf gl phpnolp bnghyhu gddwppi Fe Nwnfp gdifwp b ppuwgnp-
dby wnngnphl & folfwfnpfwd bphpugupdbph  fimbbupfnf ol ghwS -
dwle Sunluig furp o gl thapdp hunnwpnolp: Ugn bngiyghy  wnwy b phpnod
uhgul foly gpywlibbpnul G fuwgddmk, hwanigdwh b jwSwgnpddwh thnpdfi
hnunmlplwde sfbpapbppug Fulob ndifwpncfd pncdiiihp,

Swpphp dwdwhwly spopdbp Lph wmfnul whjudply vwhgqulbhbph pwph-
gl Swdwp  gpuby dhy dinglbym] puwfioljoljud pimfugpbp: Upwighy

L2002 U gﬁn.ﬁﬁqﬁﬁmjﬁ b flid blols pras s whjud ngngfiufr fhumfpennunf wbuwlpwlh $hmw-

gawmflmbilbpl  pudif fupfrye
2 Ypwlwhmflyndip b’y by 15:
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adblifg ':wjmllﬁbﬁpg llulbflulll[lﬁ {Sifht'rg-
Bexes, 1953) npdbpk by, npnlg plrlll:g:';ﬂ“‘!!“‘l'
why (Bmxosckuii, 1936; Haszapos, 1304): o bl (A it
" Bbmg £ bgunby bphpusrspdbeh prmbupfmilyut BN, .,.,.,,.,f;
Syqppin wulgpulf wnbgddwl whSvwpplofimdes Yulbgnls LES L o g
:Z . *arly feer B l-!{mP"‘Jb z'!’ $ i
Spaplusluls Swalugnqnifful, yhnp b Swhghes bp wwlinquelfebp,
ghw: Upllngh bplnyyfif Swdwmp lpupny 137 ffl#'-!‘r'[bl mmjpmfmtfr Dsswuilpms
puigg qpulp dpupdbpnpby whinp b bpusprfud by TBUE CATEC o i
. : b wwl whlubpp L gputy
opptuuly bl Swhgpuwbnud zﬁmeumfl:}l:ijﬂ 4’!'1
quipd dpupdh bpw;fmfunufhbpg p dymuniE 5 )
pﬂntfpm”df "f.fl nhpp bl gpusfnud whgud il uwbqq":fﬂ“"l:fﬂ*#:::; I;hpl!uq.r.-
Bl oaspunthunpbph $nihghubbpy b L win MemPERL g, ap-
amigeby of ol dnmunfnpuyhbu: U gnidiplhipp b &y :" ‘w ;36;:: Th
pul wifbyf ghpuguung bzmhmlimp_fmh bl 0y ﬂ}' L ';l I’"— m'!;ll:” 4
mepfiafi Swdbdwmmflyudp: Ui Yrupuhwhf, np S Lunphpf % i Lﬁ“n
wfipmegPaul Jhip gnpd mbblp Pm{mf;walh thnpp .I"'-"J’:”""’l'!' ’f“'pz:;‘ P‘}" 3‘:{
gwp Shume Yu bu op Shupufnprifonds, bPk pepk Skdp dbry . I e
wilpangulpuls Swalpwlpy, nph Thenged Jh pulk wpuspuail binphp phpfoad BY
Shlps Pppl opptiuly hupbyp & phpby Rbufn$h finpdr (Benioff, 1934):

Ujuinky pufbpgnaf mgunpnfl i £ bbplfw;wglfﬂl'f ubguid il wusbiapeg el
Shenlguy wnpoddpmnpul: bphph Suwlbplingfh s pphipr ff{:mﬁpmd whgud iy
Ppinnkbufufndfl el sl bdunndwl Swdwp wbnp £ plnphy Swpdwp ;wlf': Gk
Ywnnigifwdpp wwpudnfl o shnpp L uhigud frh wipfhph bplywprifl juk Sund b~
dwin, ppuw uppp i pupulut L gpodunibph b furatifrly g o wnhuwlbinfy
purfuslulifils Bpgpfin npnpfaul § wnnaf puay hbunnul bplfpm:mpdfl duilulimly gpa-
i wnbquyupdfy bpbp punumypkvbpl dhengml: Supuwdyfud funnigfudpl
ghupnul, bpp gpw yusbpp Sunmulpugdnul mbbb Lnyh fwpgp Jiy whygud iy
wipph bplhwpnefpndip, wopo wpur wligifnud £ Shdph df purlefe Ylanbpoud boegh
wbquywpdnlbph gfnblup, npp Shwpunfnpnufl gneh s Swgiffp wandehy k-
qupupdnulibpf wwpphbpnoflyndip pumn mnhqlﬁmmqmbﬁp[; L puglpf: :

Yurnnegifwdplbpard ubigud firly nedbpfi dhdnff b apnyd ul g b wmifn -
pupwp oguuwgnpdnul b qlintfs wbqupmpddwlh hphpopn wdmbggulehpl pum
dusd wlonlpf® i gufriiph wpugugnulibpp:

Mewnp Lupuninwlpu S wpdwp L qpulighy wilidl frgunnghv Snqp wpwgmgeullibpp

bplypuyupdbpf dwifulin s Neplialy ulygpadhpny npupho bplypusgupdbph fin bl
wpefmifyuts gunf huphih & plhgnddiky wpubpbpngpudbhph fngid g wpfny ghn-
L wwmwbinud b wpuguignulp, jund mpul.;b;mqpm:ﬂd-pfl prusgunlpu g fl unie

nhwyprd ,— gl wrhquympdaibpp lund il ibple wpurgnfd gadiehippe

qpuily 5 bunugu of liruss wpsfueplyed o wi g g red b prfrls (Kapaners, 1966) :

Papdp goyyg b owwppu, ap sunthwgquitiy gdifup b fipugnpdly wmwpphp k-
inbprod i pifud qlinisfs wunmuwhmed bhpl gpund wh Sund bl wsnned™ s ﬂuunfl
whd pudbymmiflynds L dmgnul wliguid ol frlon blsuforfnefd sk puntffe wafligh iarp-
qhguwd plaflugpduk wmmgnulp, Yngbfaly bfh wgn fuigrfurd dppfilafe frlesponp-
gl gfe duulonlfs hnpnwumfr 5hn: Uyg mbuwllmpy Shuwmppppmeflgndd bl
bhplyw pugliaad wgunnfl jul Jhlp wumfifwlh nbgng mnwdgulpmls  ufunbid -
bhpp nhwlghuihpp wughlpmplbpp® duraugfi dhly o fruwsfnpf S pon gl proveff gund p—
g?pl{rq%;}hmfﬁ# wpmgugnuliehple wiglilpopih pp (Hasapos, 1947; Alford et

Npughu whpudply fionbiufafmfat juds hwplgh bowid fgwlwinphl plhgn-

Uhy wfbyf wpupy prilghwbbpp’ nbwlghogp wsblmpp, npanbp wnflyfi Shpur

‘a'wlfwmﬁrlllnuf ki Jﬁd‘wbg J}ltfu

3 I'J'[; mphy wmbyg JEkp gm 4

1y lpmwlip Sngh wpwgugalbpf fpw Spaliofwd wb gl b
k:qlfl!:u lbiqumll’ulrﬁﬁ Shwpufapmflymbip. wig wpwgugeolibph pﬁth{nlﬁjﬁﬁ&#ﬁ:; l'i';;?
pugupdf floabbopdmful phgubpugpud jud, bpwly ofpulpdwh J!-’.ll.gmt l{fl‘ml‘wqpm*ms ‘Cﬁlr-

ph fpu
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Luwr bplnygfht dpgpl duwpnid mbbgng wnwdgquljuh wpunmbdbbpp Swdwp
f,if.pnplfmgflm"ﬁ hnpniwinp dbé o (pluf, bpp wpmgugdwl  fplhnbbuffnfuh
;m!flﬁy whgbnud blip nbwhgpuh wvepblpnphbpp juiffiic Ppnp, Phuybu nbuwl-
glugle wpblpnpihpp jugdfué bl wyumndf el dhl wumnfbuwl nibgnyg géuw-
i ouglywmnpbbpf fpu, gpobp whowbl bgul wgumof el pugdwhy
wumfibwl mihgny hunngfwdpibph Jupph dnwmwdap Jbppnididuh §uwdwps

Niphidt, fipphk bplpugupdbph plumbbupfndpuh dnmwdnp pufi Gupbih &
EI"}"‘-“'I nbuljgfuwbbpl wuyblpmpbbpp, npaip Swd wupunmwufuwbnud b Jwp-
dwh dfp nprg wmwhgupm dhénf julip:

Puiyy duwd whmlpulyfrg whpudwf plulpmgpmfiniip, whyudply ppgurbiljug-
Juls pupmbaqibpp b gflowpo ook huwlnbibpp Quopfud bl whyjudply v~
gy, mppp A flifmd b dualypuhguid gl Ggmfhpp o pu: bplpugupdbpf pu-
wbluafofmefd puits o i il luilyfrg wpuiginnbwlpwh quhl b Swhppuwhnof pospoeg-
T R T e T Piayybu Gpfuwd F fbplhnod wyg wlbpfy fnogfun
qurfe £s puls nhwlgpwbhph wwhlmpp:

Dt d gpate, wifpudhbym [ qunkby dfp npht Swpdwp nugf, nph wopw-
Sl gugniffynihs niibgny bplpuyupdhph pupufinfwh swbpquhf b nbwl-
gflmbbpﬁ unphlpnplbpl oglinfd judlp bphpuympdbpfh  phmbbufufnf ot glo-
il wle Shgl Smgnppuljwbmfnip, b@h Jhip 2hlp nigned whpupd fnpglby
o fur by frl hplpuwpwpdbpl phnbbupfnfwh dufib hnunwlpfwd whghlnuf pnci-
Ihppre

Fﬂbpflpmzmp&bpﬁ fimbbufifnifpwl ghwSwmdwh §wgnppuljutind ol wws-
nfwiufmh Surd wapr wuael b vas vy s prg ruq!:b 4flmhjmll_'f: ke

1. 2umphy hplpuyupdhpl gopnifnds nidibgng papnp grpdfipugpl gpu-
anulihpp ke qpuwiy Swdwwumwupowbng  bphpwywpdbpl  plnblhopfo ol
qﬁm(wmm#mbftﬁpb pum uhyud il wwligquife, Supdf winbihipnif qnpdfpwpi nph-
wnidihpfe Gbwmbpf gpocimagpfe sl whihpp:

2. Bupnp qpunmudtibpp dbpufuwpwplhlb;  nbwlygpubbpf wihlpnplbpf*
wumuwiinolihph prgupp@dulw ghlpbdblonf smwbgumn dwljwpgulf opo-
i, opfhmly 0,5 (Mensenes, 1953):

3. bpl qpunnul thpp winmyifud  hh prrgd w8 wliu ik pf dhgngni
(Hasapos, 1947), funqdhy qpuiy Swidwp nbubghubhpp voblmpibp, Jbpu-
Sungefusplylipnsf wunoibigun (nquphPlwlwh gblpbdblonpl, bk wh gud od bl pp-
ubipf BnButoulfihpl ndihl ummbgupunw g mwpphp dwpnul:

4- Papnp wimwgmd nbwlghoihpp uuphlpnpibpp fudpufnpby pum ppbig
,ll,f;mq{ujmd puphph, anbs rpu prus duwlpnubgud fily i jugbhpp 4fdwh o pus

5. Pugnp 6 punple fbpuphpfny wyblmpibpp qéwgphy O gpophlf fpo b
qoby wiyn wuphlpnphbpl fbppl oo bhpphl wpupnopfpbbppe

Nusprepfryichpp w4 dwihi unphlpnpuyy wpunlphpugnaln bpwiwlwd po-
gupr by g fii hplpugupdbph gnnufpuh Jugpp Unyl gnpdngnifd jndiiihpp
hunnuwpifnul bh popnp nbwlghwibpp wwpblmpibpp Swdwp, npnip £l vy e~
wwufumboul b 7, 8 b owfbyf pupdp pughpht' pun dwlpnubjud il wf puyg-
ibppe Uppyniipp fyplep pognp Thy Sbnwppppny pughpl fbppl b Lhpppl wui-
peplpihppe Ugn wpupnepfybhpng ww Sl wifwd fugphpp phgSwhogg glogpnol
hwpng bl nhg-mby fbpugpfby Thhp dyneufy fpur, wyupliph Swynpy pugfls
Sudwmwmmofuwbng ayblpnplbph Jugph Ghpppl vwSdwhp fupng § LT
unfbyfe gudp, pwh Iwfunpg pogf fugph Jbpkts vwldwlp: Upno qhypbpnul
urgy fugphpl dfgh hwpng bh gfiihy wpubphbp, wiupbph wublpnpbbph nbod-
glwihpl jopmmgnpdifmd quigmbp: Uyn Swpgp wfbyp Jwhpwdwul quwpuigpp-
fwd £ wyy whin (Haaapon, 1970): :

Uighwghbym] dhghunhp qdbp puw dhopl hpnwd wipuibph juphih §
npaghy wilhiiwS wfwhwlpul vwldwhbbpp popohind ol Swdwp pum wuygh -
mpmy phmPugphpfe Ugg noggnefjudp hugwSabigd i uhyudningibpf b piidbibp-
hpl hnghlpnfe] wpfumnwbpp
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Yppunkpny wyu Jhflagp® wn Flt 5 wbpfe & qnpdppught Splpny
bphpibpnud gogniffinc adibgny wbpudfl ww qqulbp SRR T
bt wahgqulh Thele Sugnppuuimipindop b wusndiwd lfvky
b JAbbpp o fbpwdnalp gnpdfpuigpl Shdpny T~
Sbuwguw qupgugdwl oo gpdwlibbpp r
ruqguighl wbpudpl wehgqubh: BE U B ;
Gnpdppupl wwhggudyf l!mmwpbtmqnpénfmh L Spmdwlh Sw !“”p gl
v bu phmflugphy ny P Thl fofnid wy fblpmnpny,
B n wdpuiigaPyisim (MESADN
wrgupliph npny Gupgny gpfwd Jp pubp Pbph  wdpnggadfpudp (F .
1947):

Ublip wyumnby huwbyg jhlp wnboul Jwglifunncguigh b gnpdfrpuighl wuwlkiyg-
qulf huwwp pbbidwlh fpuw, app whnp b php Swnnd pUlimplpelid winwplyo;

O CTPYKTYPE CEMCMHYECKOH WKAJIbI HA
HHCTPYMEHTAJIbBHOH OCHOBE

Axaa. AH Apm. CCP, npodheccop, noktop texn. nayk A, I, HA3APOB!

Pegepar. Cymecrsyionuie cefleMIMeckie IMKaAL HCCOBCPICHHL, TAK KAK 1al0T
OUCHKY GALILHOCTH Ha OCHOBE KaMCCTHCHHBIX NPHINAKOB, CHS3ANNLIX ¢ NOBPCKACHISIMI He-
cefieMocTofikux saannil. IMpegraraeres aa yMepy ceficMudeckoll HNTEHCHBHOCTH NPHEATL Y-
Kopenne KoaeGanus nouss npn sesmaerpsicenni. [peaaaraempit npuem HOIBOANT obecnent
HPECNCTBCHNOCTL MEAAY CYVULECTBYIOULHAE CellCMIMEeCKIMIL IKATAMIL 1 celleMIMecKoil K-
JA0H HA HHCTPYMEHTANLHON ocnope.

OcHoBanues A4st CYMECTBYIOUHX CeicMUNECKIX MIKa sSIBASIOTCS Aai-
Ieie Makpoceiiemuyeckux nadaoenuit (Boixonceknit, 1936; Fopukon u Ilen-
Kapena, 1958; Meapenen, 1953: Hasapos, 1947)% BaajbHOCTh CHABIHBI
3EMICTPACEHHIT, NPEACTABIAIOUMX A5 HIZKENEPOB GOJLWION HuTEpee, olte-
HEAETCS B OCHOBHOM 110 OCTATOYHBIM  AehopManusiM coopyKenuii i or-
yactn FPYHTOB. Ol'llllell.'lllf‘t"l'llﬂ. UHTO OUEHKA HHTEHCHBHOCTH I-l[’!\T.'I(‘TPilC(‘IIIUi
10 Ka4ecTBeHHbIM MPH3HAKAM HecoBepinenna. Mmeerest A0BOABHO GOBLIOE
PASTHUHE B MEXalHYeCKHX CBOMCTRAX 3Aaniil, B NPOUHOCTH COCTABSIONLITA

! 3ap. OTACJAOM TEOPETHHECKNY  HCCACAOBANIIN Mueruryra reodusnkn 1 wiskenepioi
ceiiemoaorin AH Apm. CCP, Jenunakan.
* Jluteparypy om. wma crp. 15.
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WX CTPOHTEJLHBIX MATEPHAI0B H KOHCTPYKuuit. [lasee, ¢ TeueHHeM BpeMeHM
METOJILI CTPOHTEJLCTBA B CeACMHYECKHX pafiOHaX COBEpIIEHCTBYIOTCH, KO-
JIHYECTBO CeACMOCTOMKHX 3JaHuil yBeJMuYMBAETCH, VJy4llaeTcss KauecTBO
CTPOHTENbHBIX paboT. ITosToMy B KamaoM ceflcMHYECKOM PErHoHe MeHsIIoT-
€ YCJAOBHA CTPOMTEJILCTBA M COOTBETCTBEHHO AOJZKHBI M3MEHATHCH 06BHEK-
THEHBIE NPH3HAKK 3€MJIETPACEHHMA, TMOJYVYEeHHBle Ha OCHOBE aHaJH3a 0CTa-
T04HBIX Aeopmauuii 3aanuii. KpoMe Toro, B pasamuHbIX cefiCMHYECKHX
cTpaHax U3MEHEHHs STH MPOUCXOAAT B HECKOJIBLKO PA3THYHBIX HanpaBJeHHsx
H PA3THIHBIMM TEMIIAMH, 4TO He CNOCOGCTBYET HAKOMJIEHHIO OXHOPORHOID
rabaI01aTeILHOr0 MaTepuada. -

B pasubix cTpanax npumMeHsioTCA pasIHuHBIE CceflCMHUECKHMe IIKATEL
[pHBe/leHHe X BO B3aMMOOAHO3HAYHOE COOTBETCTBHE TAK/Ke 3aTPYIHEHO B
CHIY NPHYUKH, HIJOKEHHBIX Bhillie. [T03TOMY TPYAHO OCYILECTBHTH CTPOro
0G0CHOBAHHOE HAKONJIeHHe MHPOBOrO ONBITA MO OLEHKE HHTEHCHBHOCTH 36M-
JeTpAceldi. DTO BieYer 3a colOil TakkKe CyUleCTBeHHOE 3aTpyiHeHHe B
IHAKOIIEHHH ONELITA 1O MPOEKTHPOBAHHKIO, BO3BEACHHIO W SKCMAYaTallHH COO-
pVZKEHHA B CEHCMHYECKHX padoOHaXx.

B pasanunbie BpeMeHa AeqaquCh MOMBITKH YJIYYIIEHHS CefiCMHYECKHX
K&, MYTEM BIECEHHS] B HHX KOJMYECTBEHHBIX XapakTepHCTHK. M3 Hux
nanboiee nasecthbl nonbitkn Kankauu (Sieberg, 1923) u C. B. Measenena
(1953). Vix kputuuecknii pasGop aau B apyrom mecte (Buixosckuit, 1936:
[Hasapos, 1954).

CuaejlyeT MNOAYEPKHYTD, YTO HEBO3MOMKHO CO3AaTh TOUHYIO WIKATY AJS
OUEHKH HHTEHCHBHOCTH 3emseTpsicenus. lllkana, B ee crporom (uauueckom
NOHHMANHHH, AOJZKHA ABAATLCH (yHKUHeH oaHOro mapamerpa. Jas oxHoro
H TOrO JKe ABJEHHA MOryT OBbIThb COCTaBJEHbI Ppa3JIHYHbIEe LIKAJIbl, HO OHi
AOJAHBI OJIHO3HAYHO npeoGpasonbiBaThesi APYyr B Apyra. Kaaccuuecknm
TIpUMEpPOM  SIBJIAIOTCH TEMIMEPATYPHBIE [UKaJbl H X B3aHMHO OJHO3HAYHBIC
npeoGpasopanus JApyr B Apyra.

CoBeplueHHO APYroe MoJoKeHHe 3aHHMAIOT CeHCMHYeCKHE MIKATbL. Oun
ABAAIOTCH  PYHKUHEH MHOFHX TNapaMeTpPOB H MOITOMY MOTYT GbiTb CKOH-
CTPYHPOBaHbl JHUIb NpHGIHKenHo. PeayabTatsl GyayT TeM TouHee, yem
OoJee JOMHUHDYIOUIee 3HaYeHHe GYAET HMeThb OJMH KakKoi-1GO mapamerp
110 CPaBHEHHIO C APYTHMH. ITO 3HAYHT, YTO B ZL-MEPHOM MPOCTPAHCTBE Ma-
pamMeTpoB Mbl HMEeM JeJI0 C IHJHHAPOM C JOCTaTOYHO MaJblM MNofepey-
HbiM ceyendeM. ECTb eile ofHa BO3MOKHOCTL COCTABJEHHS MPHOJIHIKEN-
110ii CeACMHUYECKOH IIKalbl, CIH B3fiTh 38 OCHOBY KaKOM-1HG0 HHTEerpaJb-
liviii NPH3HAK, NPH NOMOLH KOTOPOTO HECKOJALKO NMAPaMeTPOB NPHBOAST-
il K 0/HOMY. B KauecTBe npHmMepa MOMKHO NPHBECTH NOMBITKY Benuno(pa
(Benioff, 1934).

3/ech BHHMaHHIO YHTATeNs MpeATaraeTcs caeayiomas CTPYKTypa ceii-
CMHYECKOH mIKaabl. JIJsi cpaBHeHHs ceHCMHYECKOH HHTEHCHBHOCTH B pas-
JAHYHBIX TOYKAX 3eMHOH NMOBEPXHOCTH HYXKHO BHIGPATb MOAXOASLLYIO MEpY.
Ecan npotsienne coopysKeHnsi MaJo 1O CPaBHEHHIO ¢ AJHHON CelCMHUEC
KOil BOJIHLI, TO TNOBEJEHHE €ro, ¢ TOYKH 3DeHHS] CTPOHTEJAbHON MEeXaHHKH H
MEXaHHKH TPYHTOB, JOCTATOYHO TOYHO OMNPEAeJSeTCsl TPeMs KOMMOHeHTA-
MII MepeMelleHHs rpyHTa NpH 3eMJeTPACeHHH B AauHoH Touke. Ilpu npo-
TAKEHIOM COOPYJKEHHH, pasMep KOTOPOro B IJIaHE HMEET T[OT JKe Mopsi-
10K, 4TO H JJHHA CEACMHYECKOH BOJHbLI, TpeGyeTcsi 3HAHHE TeX JKe mepe-
MElenHii B OCHOBAHHH B HECKOJLKHX TOUKAX /sl yYeTa PasjHuisi B Che-
HEHHAX N0 aMmIuTyaam 1 (asam,

Y B Apyrom MecTe Mbl NMOKazeM NPHHUHIHAABHYIO BOIMOKHOCTH COCTABJCHHS CEfiCMIl-
NCCKOIl IIKaJBl WA OCHOBe YCKOpeHHil NOuBH, MPHAHMAEMBIX 3a 06OGLIeHHYIO Mepy HHTEeH-
CHBHOCTH semaeTpscennil nyteM ux o6paloTKH Ha CTATHCTHYECKON OCHOBe,
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1 B COOPYREHNH OOhYLO:

- e ¢ CH.
MMpit onpezeieHns Beauyuyu CeflcMuiecky ¢ nouBbl N0 BpeMeni,

OMEPHPYIOT BTOPHMI NPON3BORNbAMM 0T cyeuteti
T. €. VCKOPeHHAMH. ; yenocpeACTBEHHO  YCKOpenie
[Mostomy ueiecoofpasio 3anmuCHBaTh (I TEHCHBHOCTH 3eMAeTpRCe .
TNOYBH Mpil 3emaerpscennsnx. Hrak, sa MepY _'; Ganitit NOYBH, AOCTABARe-
MU B NPHHLHOE MOMXHO NPHHATL YCROpeHHue l:t."'-;'rull-‘l TAKOBBIX, CMEULCHIN.
MOe aKceqeporpaMMaMi, Wam B cayuyae ““'\u“ jIX NepecueToM B YCKO-
HJIH CKOPOCTH KoaeGaumit nousw ¢ nocaeiywoutt
pexne (Kapanersn, 1966).

OnwT MOKasbiBaeT, YTO upe3sbluanto T
sanuceil Ko1e0aHuil MOYBLI, MPOH3BEALHHBIX

[Nostomy BosHuKaer norpeduocTh B MO ocTi, AAXE €CAM ST Oy~
XapaKTepHCTHKH Mephbl ceficMuyeckod I!ijTEllkl‘151“qul|I|_ C 310il TOYKH 3pe-
JeT CONpPOBOMKAATHCH YacTHYHON notepe ungop? PVINX CHCTEM ¢ OAHOIL.
HISl NPeICTAaBJASIOT HHTEpPec CNeKTpPhl peaxitil .'\. l'_'n.eh‘rp rlpnne.lelmut-'
CTeneHbio CBOGOAL, OTHECeHHble K ennHuue “.‘f""]‘m"l ;| 1951). i
ceiicMuyecknx vckopennit (Hasapos, 1947; Aliorc tm“;; n‘enocpe'tcrnelulo%l

3a Mepy ceficMHYECKOlN  HHTEHCHBHOCTIL MO atnfl, Jerde conocran-i
NPHHATH CMEKTP peakumil, Kak Go.Jee NPOCTHIX (QYHKIMH, ; ‘
JAsieMBIX MexAY coOoil. i o r

IMo-BHanMOMY, noTepst nudopMamun Aast YNpPYrHx ""_L_I{f)“ eﬁ?: “ifelf’:::"
3aTyXauneM npH NMepexoie OT Mephl MHTeHCHBHCCTH no }nte-'uf‘ua ok
pe HHTEHCHBHOCTH MO CMEKTPaM peakiluii He CTILIKOM Be. s 1=
TEJIbHO, XOTA CHEKTPbl peakuuii cocrasienbl Ha oumfu JTHHEHHBIX OCUHT-|
JATOPOB € OAHOIN CTenenbio cBOOOAL, OHN OKa3adHCh TPHTOAHBIMH - A1
NpHOJHKEHHOTO aHadH3a NOBEJeHHA COOPYIKeHHs CO MHOTHMH CTENeHsiam
cBo0oAbLI. = .

Hrak, 3a npHGANKEHHYI0 Mepy HHTEHCHBHOCTH 3CNICTPSCEHHH “_"0“‘““
NPHHATL CNEKTPhl Peakuuii, OTBEUalomue HEKOTOPOMY CTaHAapPTHOMY 3ua-
HEHHIO 3aTyXaHus, 2 "

Ho CgBPEMEI!Haﬁ ceffcMocTaTHCTHKA, KapThl ﬁ"‘”“}‘“"-"m"o paum!u-
POBAHHS M CTPOMTEJbHble NpaBiia NPUBA3ARL K CelCMHURCKOIl wkade,
OCHOBaHHO Ha MaTephatax Mmakpoceiicauki. Conpemenioi opuunaLHO
MepOoif  MHTEHCHBHOCTH 3enJerpsicennil spasercsi  CelCMHUNecKas MKaaa
Gaaabroern. Kak Gbiio yeranopaeno suiuie, ato eue 6oJjee rpydas mepa
ueM cnekTp peakunn. Hecmorpsi na 310 HeoOGXOANMO  HailTH Kakoi-ando
TOAXOAAUIHH  NYTh A48t 0GecneueHns npeemcrseniocT JMeAny  cyuecr-
pyiomell WKamoi GaaTbHOCTH  3eMJIeTPACCHHs 1 OLEHKON HHTeHCHBHOCTY
3EMJIETPACEHHST ¢ TOMOILBIO CHEKTPOE Deakilil, ecan He XOTHM HOTepsiTh
0esBo3BpaTHO HAKOMJIEHHbIE CBeACHNsl 00 HHTEHCHBHOCTH OBIBUINX 3eMmJe-
Tpsicenuil.

Jlasi coxpauenusi npeeMcTBEHHOCTH B OLEHKE HHTEHCHBHOCTH 3eMJe-
TPACEHHIT HanbGoee NPOCTLIM ABJISETCH CACAVIOULHIT NYTh.

1. CoGparn Bee cymectsyiomue HICTPYMENTAABIBIE 3ATHCH aemaerps-
CelHIT M COOTBETCTBYIOULHE MM OLEHKH HHTEHCHBHOCTH 3eMJeTpsicenuii no
CeiCMHYECKOli 1IKae © YYeTOM JOKAILHBLIX IPYHTOBBLIX YCJOBHI MYHKTOL
MHCTPYMEHTAJBHBIX Habal0AeHil.

2. Tlepecuntath Bee nOAYUSHHbIE 3anicH B CHEKTPLI peakuuii npuy
CTANAAPTHOM YPOBHE JOrapudmuueckoro aekpesmenta KoJedanmii, nanpu-
mep npu 0,5 (Measenes, 1953).

3. Ecan sanucn noayuensl 0o MHOroMasTHHKOBLIM ceifcmomerpam (Ha-
3apos, 1947), coctaButh no num CIEKTPLI peakuuil ¢ nepecueToM Ha crai- |
AAPTHBI  JOrapupMuYecKuil AeKpeMent, ecan MasiTHHKH ceiicMoMeTpol:
HMEIOT 3aTyXaHie, OTIHYHOE OT CTAHAAPTHOTO, :

CVILECTBHTL CPABHANILE:
B pasaNuHBX TOUKAX.
oavaenm  007ee YIPOUeRHOi:

py aio 0
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4. Bce noayycHHble CcMeKTpH peakuwii CrpynnupoBaTh no Galdai.
NPHAHCAHHBIM HM Ha OCHOBE JIOKaJbHbIX MaKpOCeHCMHYECKHX JaHHBLIX.

5. Hanectn Bce crekTphl, oTBeyaiowne 6 Galaam, Ha OAHH TPadHK i
BUYEPTHTL BEPXHHE H HU/KHHe oruGamomMe 3THX cnektpos. OruGalowue
orpanuyaT 06JaCTh CYUIECTBOBAaKHA BceX (PHKCHPOBAHHBIX IecTHGATIb-
HLIX 3eMJETPACEHHH B CNEKTPaJsHOM NpejcTasienud. Takue Ke omepauit
MpoAeILIBAIOTCA [ BCEX CNEKTPOB peakinwuil, oTBevawowux 7, 8 u 6oaec
faninaM 110 MaKpoceACMMYECKMM JaHHBIM. B pesyabTare moayuusm BepxHHE
i HHAHHe oruballiue a5 BCeX MHTepecywiuux Hac 6aaaos. OGaacTy, or-
paHHyeHHBIE  STHMH OruGamouuMu, B OGLIEM caydyae MOTYT HaJdaraThes
MeCTaMH JPYr Ha JIpyra, T. €. HUKHAA IpaHHla 06JacTH CHEKTPOB, OTBe-
yalglee paccMaTpHBaeMoMy GaJlny, MOKeT 0Ka3aThCHA HHZKe BepxHedl rpaui-
upt 06aacTd npeAuayiero Gaidaa. B Apyrux cayuasx mMemay 3THMH o6.aa-
¢TAAMHM MOTYT OKa3aThLCH NMPOCBETH, T. €. HEHCNO.1b30BaAHHBIE NOJA CHEKTPOn
peakuuit. IlogpoGree 3T0T BOnpoc u3ioxen B Apyrom Mecre (Hasapos,
1970).

[TpoBeasi ycpejiHeHnHble JHHHH TIO CPeIHEB3BELIEHHBLIM AaHHBIM, MOZK-
HO YCTAaHOBHThL HanGoJee BepOATHHIE TpaHUUBl A5 6aJJbHOCTH MO CEK-
TpajbibiM XapakTepHcTHKaM. B sToM HanpapiennH notpeGyeTcss KOAJIeK-
tupias paboTa CeAcMOJOroB H HHIKEHEepoB.

Wrak, B o6liemM ciyyae KaxA0# Ga/ibHOCTH OTBEYAeT KJacc CHeKTpos
peakiuii  pasHuNbLIX OYepTAHHH Kak  cayyaliHbIX (QyHKuUHHA.  IDTHM
CIHEeKTPaM COOTBETCTBYIOT 4KCEJEporpaMMbl 3eMJIETPSACEHHH Kak cavuaii-
nwix (yskuuit. Ha ocnoBanuu crynenyartoit 3asrcumocTH (6asi—crekTn,
CIEKTP—aKceJeporpaMMa) MOKHO YCTAHOBHTb KJaacC YCKOPeHHH rpyHTa,
KaK caydanublXx (PYHKIHH, NPHBA3aHHBLIX K JaHHOH 6aJJbHOCTH. '

Tlpu Tako# CTPYKType ceHCMHYECKOH IUKa/jbl BO3MOMKeH rayboknit aka-
Au3 paboThl COOPYKEHHH NPH 3eMJETPSICEHHSX, OTBEYAIOIHX aKCeJaepo-
rpaMMaM JaiHo# 6anibLHOCTH HA OCHOBAHHH CTOXACTHYECKOW TEOPHH Ceil-
cMOCTOHKOCTH C YYETOM YIPYromiacTHueckux jehopMauuil ¥ TNpefefbHLlx
COCTOAHHH.

C TeuenueMm BpeMeHH, B pe3yJbTaTe HaKOMJIeHUs: GOJblIoro (akru-
HECKOTO MaTepHala, Habophl aKceleporpaMM H CHeKTPOB pPeakiHH, NPHBS-
ganublX K jgannomy 6aJay, MOXKHO COBEpLIEHCTBOBATh B cMbicje BhiGopa
¥3 Hux HauGosiee THNHYHBIX, a TakyKe IPOU3BOJMTL KX JAanibHelimyio Iudb-
(epeniHannio B 3aBHCHMOCTH OT TPYHTOBBIX YCJAOBHil, OTAAJEHHOCTH 3IIi-
HeNTpa H TaK jaJnee,

[Ipy npuMeHEHHH TAKOro MeToja B MaKCHMaJbHOH Mepe COXpaHHTCH
PeeMCTBEHHOCTh  MEJKAY CYUIECTBYIOUHMH CeHCMHYECKHMH WIKaaaMH i
pasjiHuHLIX CTpaHax H ceHCMMYECKOH IIKaJOH Ha HHCTPYMEHTa/JbHOH oc-
jlope ¢ obecneyeHHemM YCJOBHH ero JaJbHeHIlero paspHTHA M NpeBpalleHu:i
B MEKAYHapO/JHYIO CeHCMHYECKYIo LKaldy Ha HHCTPYMEHTaJbHOH OCHOBE.

B 1essiXx COBEpLIEHCTBOBAHMA W YTOYHEHHS MHCTPYMEHTAJbHOH IUKA:
Jibl, 1esiecoo6pa3io TaKyKe XapaKTepH30BaTh €e He OJHHM YHCJIOM, a Bek-
TOPOM, T. €. COBOKYNHOCTLIO HECKOJLKHX YHCEJ, 3aMHCaHHBIX B Onpejeeil-
noM nopsijike (Hasapos, 1947).

3nech Mbl He paccMaTpHBaeM CBSI3b HHCTPYMEHTAJbHOH IIKAJbl HH-
TeHCHBHOCTH 3€MJIETPSCEHHII C MAarHHTYAOH, YTO JOMXKHO OBITH NpPeAMEeTOM
CnenHatbHoro 06cyKaeHHs.
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Abstract. Existent seismic scales which give 5
based on qualitative indications connected \\'Ilh.th?i_da“m
are imperfect. As a measure of seismic intensity .il. s | o
ration of soil vibrations during earthquakes. A way IS P =
between exlstent seismic scales and the scale on an instru
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The bases of existent seismic scale e rane 1958+ Mexng

OUSERPaHOnY (B xoncuat, - 1996; I‘opmi‘{ﬂ“‘l_ Shieie earthquakes which are
aes, 1953; Hasapos, 1947). Magnitudes 1‘1 bf‘ d mainly by residual de-
of particular interest for engineers are estimate 0 f' . i.l~‘

formations of structures and to some extent by that of so cnsitv by il

It is well known that the estimation of earthquake I‘littllbl_\r - llhe.
litative indications is imperiect. There is rather a great .s'.a;ler ng sl
mechanical properties of structures, in the strength of bullc i"?‘f " Ie y
and constructions. Furthermore, methods of construction in beismc‘ re-
gions improve in due course, the quantity of antiseismic huil‘dindgi.;.l in-
creases, the quality of construction works is improved too. Conditions
of construction in each seismic region are changed and therefore the
estimation of intensivity of earthquakes based on analysis of residual
deformations must be changed too. Moreover, in different seismic coun-
tries these changes are proceeding in somewhat diverse directions and at
divergent rates; this makes the compilation of homogeneous observa-
tional data difficult.

Diverse seismic scales are used in different countries. Their trans-
formation into a single-value conformity is difficult due to the above-
mentioned causes. It is difficult therefore to carry out a strictly substan-
tiated compllation of world experience on estimation of earthquake In-
tensity. It brings essential difficulties in the compilation of the experience
on design, construction and operation of constructions in seismic regions
too.

Attempts have been made at various times to improve the seismic
Scales by introducing quantitative characteristics. The best known at-
tempts are those made by Cancani (Sieberg, 1923) and S. Medvedev
(Measenes, 1953). Their critical analysis is given elsewhere (Buxosckuit,
1936; Hazapos, 1954).

The first point which should be emphasized is the Impossibility of
creating a strict scale for the estimation of the earthquake intensity. The
scale in its strict physical conception must be a function of one parame-
ter only. Different scales may be composed for the same phenomenon |

! Head, Dept. of Theoretical Investigations, Institute of Geophysics and Engine- |
ering Selsmolugy. Armenian Academy of Sciences, Leninakan.



ON THE STRUCTURE OF SEISMIC SCALE 13

but it should be possible for them to be transformed one into the other
in only one way. Temperature scales and their unambiguous transforma-
tions one into another are a classic example.

Seismic scales do not satisfy this condition. They are functions of
many parameters and therefore they may be constructed only approxi-
mately. The more dominant is the significance of one parameter as com-
pared with the others, the more precise will be the result. This means
that in an n-dimensional space of parameters we deal with a cvlinder
with a fairly small cross-section. Another possibility of constructing an
approximate seismic scale exists if as a basis an summary indicator will
be taken which permits the reduction of several parameters into one.
The attempt by Benioff (1934) may serve as an example.

The reader’s attention is drawn to the following structure of seismic
scale. An appropriate measure must be selected in order to compare the
selsmic Intensity at different points of the earth surface. If the length of
the structure is small in comparison with the seismic wave length, the
behaviour of the building from the standpoint of both structural and suil
mechanics is fairly precisely determined by the three components of soil
displacement at given point during the earthquake. If the length of the
structure is comparable with the seismic wave length, the knowledge of
displacements at several points of the foundation is necessary, in order
to take into account the differences of displacements by amplitudes and
phases. Second time-derivatives of soil displacement, i.e. accelerations
are used by determination of values of seismic forces in structures. It is
expedient therefore to record immediately the acceleration of soil during
earthquakes. Thus in principle, it is possible to assume soll vibration ac-
celerations as a measure nf earthquake intensity, the data being obtained
from accelerograms; in their absence soil displacements or soil vibration
rates may be used after their transformation into accelerations (Kapane-
TaH, 1966).

Experience has shown the extreme difficulties of the comparison of
soil displacements or accelerations at different points®. Therefore the need
arises to simplify the measures of seismic intensity, even if a partial loss
of information results. From this point of view spectra of elastic system
reactlons with one degree of freedom related to a unit mass are of inter-
est—spectrum of reduced seismic acceleration or response spectrum (Ha-
3apos, 1947; Alford et al., 1951).

The response spectrum may be assumed as a measure of seismic
intensity; these simpler functions are easier to correlate.

Evidently the loss of Information for elastic systems with middle
damping is not great, when transition from intensity measures based on
accelerations to that based on response spectra is carried out. Indeed

* We shall show elsewhere the principal possibility to compile a selsmic scale ba-
sed on the soll accelerations assumed to be the generalized measure of earthquake
intensitles, by their statistical analysis.
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thev turn out to be suitable for an approximate analysis of the beha\'ium-g{!
of structures with many degrees of freedom, although the response spec.
1ra were based on linear oscillators with one degree of freedom. ]

Thus response spectra corresponding to some standard value of
damping may be assumed as the approximate measure of earthquake
mtensi-lltg;vever all modern seismostatistics, selsmic region maps and bulld._‘.
ing codes are bound to the seismic scale based on macroseismic data.
The seismic scale is the present-day official measure of earthquake in-
tensitv. This is a cruder measure than the response spectra as shown
above.

In spite of this, some proper way for sc?curing the succession
between the existent scales of earthquake intensities and estimation oj
earthquakes based on the response spectra should be found if we do not
wish to irretrievably lose-the compilated information on the intensities

of previous earthquakes.
The simplest way of securing succession in the estimation of earth-

quake intensity is the following:

1. To collect all instrumental earthquake records in existence and
corresponding estimations of the earthquake intensities based on seismic
scile, taking into account the local ground conditlons at the points of
instrumental observations.

2. To recalculate all obtained records into response spectra by stand-
ard level of the logarithmic decrement of oscillations, e.g. 0,5 (Mea-
seaes, 1953).

3. To compose the response spectra by recalculation on the stand-
ard logarithmic decrement for the records obtained by means of multi-
pendulous seismometers (Hasapos, 1947) if their damping is other than
the standard one.

4. To group all the obtained response spectra by intensitles which
were ascribed to them based on local macroseismic data.

5. To plot all spectra corresponding to the intensity 6 by seismic
scale on one diagram and to draw the upper and lower envelopes of
these spectra. These envelopes will confine in spectral notion the area
of existence of all recorded earthquakes with intensity 6. The same pro-
cedures should be followed for all the response spectra corresponding to
carthquake intensitles 7, 8 and so on, according to the macroseismic da-
ta. As a result upper and lower envelopes for all intensities of interest
wili be obtained.

6. Areas confined by these envelopes may be superimposed gener-
ally in some places, i.e. the lower boundary of spectral area correspond -
ing to the following intensity may lie below the upper boundary of the
preceding intensity. in other cases there may be gaps between these
areas, i.e. unused fields of the response spectra. A detailed elucidation
of this question is glven elsewhere (Hasapos, 1970).
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“The most probable boundaries for intensities according to spectral
«<haracteristics may be estimated by drawing mean lines using average

weighted data. Joint work by seismologist and engineers is required for
this.
Thus in general, each intensity by macroseismic data corresponds

to one class of response spectra with diiferent outlines, as random func-
tions. These spectra correspond to earthquake accelerograms also as ran-
dom functions. The class of soll acceleration as random functions, con-
nected with the given intensities may be established, based on this step-
wise relationship (intensities of earthquakes by macroseismic data — re-
sponse spectra, response spectra — accelerograms).

With such a structure of the seismic scale it is possible to analyse
the behaviour of buillding during earthquakes, which correspond to ac-
«celerations of the given intensities, based on the stochastic theory of
antiseismicity; elasto-plastic deformatlons and limiting states should be
taken into consideration.

In due course as a result of the compilation of many facts, one may
improve the <ets of accelerograms and response spectra linked with the
given intensities, as regards the choice of more typical ones, and carry
.out their further differentiation too, depending on ground conditions,
distance from the eplcentre, etc,

By using such a method the succession between seismic scales
existent in different countries and the seismic scale on an instrumental
basis will be kept to a considerable extent, and conditions will be secur-
.ed for its further development and transformation into an international
seismic scale on an instrumental basis.

The expedlency of a more accurate Instrumental scale, by describ-
ing it by a vector, i.e. by a group of several numbers written down in
a definite order is not excluded.

The connection of the instrumental scale of earthquake intensities

with magnitudes Is not dealt with here; this topic should be discussed
separately.
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