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The article is devoted to the information support for reliability studies of large piping
and feed systems and conduits. The respective database and the development principles
of the graphic interface are described.

BBenenue

AKTyabHOCTD MCCIIEIOBAHUI COCTOSTHISA U (DYHKITHOHUPOBAHMS OOJIBINNIX TPYOOITPOBOIHBIX CH-
CTeM SHEPTEeTUKU B PA3JIUIHBIX YCJIOBUSIX, a TaKXKe OIpeJie/ieHns ‘y3KuxX Mect’ B oDecliedeHnn
nmoTpebHOCTel B dHEpropecypcax B HACTOSIIEE BPEMsi BECbMa BBICOKA. JTO CBI3AaHO CO 3Ha-
YUTEIbHBIM KOJIMIECTBOM YI'PO3 MPOIECCY HOPMAJBHOIO TOILIMBO- U 9HEPIOCHAOYKeHMsI (U3HO-
MIEHHOCTH 00OPYI0BaHUS, Ype3MepHasi KOHIIEHTPAIUs TPAHCIOPTHBIX KOMMYHUKAIWI, TTOJTUTH-
JecKre aKnuu u T. 11.). [1oj] y3KuM MecToM MbI IOHUMAEM TOT 9JIEMEHT CUCTEMbI, KOTOPBIN Orpa-
HUYUBAET MTPOU3BOJICTBEHHBIE BO3MOXKHOCTHU TocaeaHeil. [Ipu aTom y3Koe MecTo mpejicraBisier
c000i1 He 0613aTe/ILHO CaM aBAPUITHBIHN 3JIEMEHT, HO y3€JI I TPAHCIOPTHYIO JIyTY, OrPAHNYINBA-
IOIYI0 MaHEBP IO MepeajIPeCaIlii IIOTOKOB SHEPTOpecypca /i YJI0BJICTBOPEHUA TOTPEOUTEIA.
[To cyTn sTO ONITIMU3AIIMOHHAS 3a/1a9a, U B TON MM WHOI MMOCTAHOBKE OHA PeIaJiaCh MHOTTIMUI
aBTopamu |2, 3|.

B Uncruryre cucrem suepreruku uMm. JI. A. Menrentbesa CO PAH paspaborana mporpaMMHO-
BhIuncanTe/bHas cucreMa “Hed1b u ra3z Poccun”, BKmtodaomias B cedst MOJIEIN, UMUTUPYIOIINE
noBejienre Ennnoit cucremsbr razocuabxkenust (ECITY) u cucrem wedre- n zHedrenpoykrocHab-
xkeruns (ECH) B HemmaTHBIX cUTyalisaX, KOTOpas UCIOIb3YeTcs U JJisi ONpeJIeJIeHUs Y3KUX
MECT.

1. Maremarndeckas IIOCTAHOBKAa 3a/1a9N

[TocraBnennas 3amada pernaercsa MetonoMm Bacakepa — [oysmna [4] kak 3a7ad1a 0 MaKCHMAIBHOM
IIOTOKE MUHUMAJILHOI CTOMMOCTH C OI'DaHUYEHUAMHE 110 IIPOILYCKHOM CIIOCOOHOCTH Ha JIyrax, 110
obbeMaM J100bITH, XpaHeHus U moTpebsieHnd B y3/ax ceTu. Jljia cucreMbl ra3ocHabKeHHdA OHa,
UMeeT CJEAYIONINIA BUI;

max f
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1Ipu yCJIOBUAX

_f7 ]257
inj_z$ji: 0,]'7&5,757
ieN ieN; [ g=t

0 <y <dy V(i5),

rje [ — BeIWYMHA CyMMapHOIO IOTOKA I10 ceTu, S — HOMep y3Ja OOIIero MCTOYHWKA, t —
HOMED y3J1a 0011ero croka, N jJr — HOJIMHOKECTBO BXOJAIMX B y3es1 j Jyr, [N, — IOIMHOXKECTBO
BBIXOJAIINX U3 y371a j JyT, T;; — IOTOK rasza 1o mayre (i,j), d;; — HPOIyCKHAas CIIOCOOHOCTD
JyTH; TIPU OTPAHUIEHIAX

Z Cijri; — min,

(4.9)

0<z;<d; < Mf06 mag j € Ni (00bexThl Jo0bran),
0<x;; <d; < ]\@HXF st j € Ny (0ObeKThl XpaHeHust ),
0 <y <djy < M (ygacTkn Tpancmopra i, j),
0 <y <diry = Qiry 1A 1= Nawy, k=(1,...,L) (0b6bexTsl moTpedienus),

riae Cj; — yJeJbHBIE TOIJTMBHO-3HEPreTHYIeCKHe 3aTpaThl Ha cooTBeTCTBYomuxX oobekTax ECT,
Qi(k) — TpebyeMble 0ObEMBI Ta3a, JIj1d oTpeduTeseil pa3ubix Kareropuit, M. f06 — MaKCUMaJIbHbIN
o0beM JI0ObIYU B j-M y3Jie JT0ObIYH, ]\/[jHXF — MakcuMaJibHble 3arachl rasza B j-M [IXI, L —
KaTeropuu morpeduresieii.

2. Onucanue 06a3bl JJAHHBIX

JLnst obecrievenust nccieioBaTes MOJTHONW U COBpeMeHHOI nHdopMalneil pa3padaTbiBaroTcsa Oa-
3bI JJAHHBIX. B mpejytaraemoii pabore paccmarpuBaioTcs jgaHHble 00 oobekTax ECI u Hedre-
npojaykrocHabxkenus (ECH). Basbl jannbix HOpMasm3oBaHbl |1, 4o ympomaer CHHXpOHHYTO
MOIUMPUKAIINIO BCEX XPAHUMBIX KOIHI JIAHHBIX, T.K. B IPOIECCe HOPMAIU3AINH 3aBUCUMOCTH
MEK/Ty JAHHBIMU [IPOCIEKUBAIOTCS 00JIee CTPOr0, UCKJIIOYAIOTCS IIOBTOPDI JJAHHBIX. DTO YMEHb-
€T BEPOSTHOCTH BHECEHUsI OMUOOK B 0a3y M yJIyUIaeT BO3MOXKHOCTH ITPOBEPKH JTAHHBIX OJ1a-
rojapsi ux Oosbieii cortacopanHoctr. CTpyKTypa 6a3 JTaHHBIX OPHEHTUPOBAHA HA OOBEKTHI
paccMaTpUBAEMbIX TPYOOIIPOBOIHBIX CHUCTEM.

s 3ammcu B 0a3bl JIAHHBIX BbIJIEJIEHBI OObEKTHI JJOObIYN, XpaHeHUsd, IIOTPe0IeHus U TPaHC-
mopta. Ha puc. 1 n3obparkeHa KOHIENTyaJbHasA cxeMma 0as3bl JaHHBIX 00 ob0bekTax ECI. Bassr
JIAHHBIX JIPYTUX PACCMATPUBAEMBIX B CTAThe CHCTEM UMEIOT MOI00HY0 cTpyKTypy. HbOopMma-
st 00 00bEKTaX B HACTOSINEE BPEMs COJIEPYKUT MOKA3ATEH, IVIABHBIM 00Pa30M Kacaloluecs
BO3MOKHOCTH IIPOBEJICHUs ITOTOKOPACIIPEICICHUs, T. K. PEIIeHre UMEHHO 9TON OITUMU3AIIMOH-
HOII 3a/1a111 JIJaeT BO3MOXKHOCTD OIIPEJIE/ISITh Y3KHe MecTa B ceTu. Huzke nmepedunciieHbl HEKOTOPhIE
[OKa3aTe u, 3aHeceHHble B 0a3y jmaHHbX. Heckobko mokasaresieii MOXKHO YBUJIETH Ha puc. 2.

O6bekramu 1006 B B/l — ECI aBisitorest razoo0biBatorime mpenpusaTisd 1 HedTsaHbIe
KOMIIaHUY, BbIpabaTbiBaoriue nomyTbiii ras; B B/l —ECH (wedrenpoaykrsr) — nedrenepepa-
6arbiBatomue 3aBojbl; B B/l —ECH (medrh) — HedrerazomobbiBatomniue yrnpasienus. B kade-
CTBe O0BEKTOB MOTPeOJIEHNsT PACCMATPUBAIOTCA OCHOBHBIE cyObeKThl Poccuiickoit Meeparun,
9KCIIOPTHBIE TEPMUHAJIBI, & TaKyKe HEKOTOpbIe Hanbojiee KPyIHbIe MPEIPUITAST — MOTpeduTe-
qu raza (Hedru, HedTenpoayKToB). OGBEKTHI TPAHCIOPTA BKJIIOYAIOT B €051 KOMIIPECCOPHBIE
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basza manHbIX

Hobbrua

Puc. 1. Cxema 6a3bl jaHHBIX (Ta3).
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Hndopmauus o olberrax
Hyra Eneuras{544202] Kupcran_o6n(143600)

F- Mlewonreie ganmme

- Peaymorare: pacvdna
- Lyrtapran NponyesHas cnocobnoore, man. syB. mfoyr - 405.00
o Dypitaaprsfi pEcueTHeR noToK, mam. k40 /oy - 326594
o Dypitaprsil 38080 nponyokHol crocotHooTd, rum. ey, mAoyr - 7808
- Harpaenerue norors, £ aeuras > Kypoean_ofa
- MarucTpamnesei razonposag, - Tpydonposan Ypewrot-NovapsrYwropoalrog 1] 142002
e TponyckHEs crocofrocTs, MM, k46, mloyr « TE00
Pacuerseit norox, miam, kyd rdcyr - 180.00
Sanac nponycrHoi cnocodkocTu, mas. kyd. mfoyr - 0.00
Tapud Ha nepecasy, Teic. pul Areic eyl vt 00
- Yo ropHel: nokasaTes HaRERHODTHGoMM eg. - .00
- M arveTpankHeR rasonpoesd - Tpudonposaa Aradupr- JanrparualTporpeco s 3 1420+
- M arpeTpankHeiE rasenpoecd - Tpydonposos E ney Kp Por-Mongaemsineg 48] 14201
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- MesogHse GaHHbE
- PeaymeTars paciETa
- Norpetnocts, MoH. kyd, mioyr - 602
Fatqernan iosTas s M, kb peyr - 02

: PacqerHan HenonacTaERa MH, kY6 k/oyr - 000

Hyra Fuperan_ofina] FPowrercrkan1 24001
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Puc. 2. Ilpumep unrepdeiica moab3oBaTess.
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(HACOCHBIE) CTAHIUY U JIMHEHHYIO 4acTh (TPYOOIPOBOJIbI, JUCKPETHBIN TpaHcnopt). [TocienHsist
[peJICTaBIeHa B BUJE COBOKYIIHOCTH YYACTKOB, OPraHU30BAHHBIX B CETh, arPErMPOBAHHYIO JI0
HEOOXOJIUMOrO JIJIsl UCC/IeIOBaHUs YPOBHs (pacIpe/e/INTe/IbHbIE CeTH HE PACCMATPUBAIOTCS ).
[Ipu arperupoBaHuy ceTH ydTeHa HPUHAJIC?KHOCTH YYACTKOB TOMY WJIM MHOMY TPyOOIPOBO-
JIy. DTO TO3BOJIAET IIPU IIPOBEICHUN IIOTOKOPACIIPEEICHIS B BBIYUCIUTEIHLHOM SKCIEPUMEHTE
Gostee TUOKO yCTAHABJIUBATE [EHBI Ha TPAHCIOPTUPOBKY rasa (HedTH), peryjmpyst TeM caMbIM
obecrieueHne MPUOPUTETHBIX TOTpeduTe el B IepByIo ouepeib. [Ipu paspaboTke 6a3bl JaHHBIX
YyUTEeHbl BCE HUTKHU, OTPArKEHbI JUaMeTPhbl TPYOOIPOBOIOB. B 6a3y JaHHBIX 3aHECEHBI TaK¥Ke
JAHHBIE O TeorpadUIecKOM PACIOIOKEeHUH (J0Jr0oTa U IMHPOTa) 0ObEKTOB, UTO MO3BOJISET CO-
noctaBuTh pazimanbie cucrembl — ECT, ECH (puc. 3).
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Puc. 3. ®parment orobpaxkenus cucrembl “Hedrsb u raz Poccun”.

Baza nanubix cucrembr “Hedrb u raz Poccun” xapakTepusyercs C1eIyIONMUMEI TOKA3aTeIsi-
MU:

JIOOBIBAIONIUX MIPEIPUITHii — 110 ragy 28, mo Hedtu 81 1mo HedrenpomsykTam 27;

oTpeduTe el — COOTBETCTBEHHO 73, 47, 94;

XPaHUIUI — TI0 ra3y 28;

y4acTKOB — 110 ragy 336, mo nedpru 288, 1o HedrenpopaykTam 366;

JIyT — COOTBETCTBEeHHO D82, 324, T;

obrmast JUIMHA B OJHOHUTOYHOM KCIOJHEHUN mpesbimiaer 160 Thic. KM.
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3. Onucanue mHTepdeiica

[Iporpamma, ocymiecTBIstiomast uarepdeiic ¢ 6a30it, crpouT rpadudeckoe n300parKeHue CeTH,
JIyraMi KOTOPOTI'O SIBJISIIOTCA YIaCTKH CEeTH, & y3JaMi — OO0beKThI J00BITH, XPaHeHHsd, TOTPed-
JIEHUsI, TOYKU BETBJIEHUsI, B KOTOPbIX B PeaJIbHON CETH PacIojiararoTcs KOMIPECCOpHBIe (Ha-
cocHble) cTaHuu. Kpome Toro, oHa Jaer BO3MOXKHOCTBH HATJISIHOIO OTOOpayKeHWsl Ha SKpaHe
nH(MOPMAITII 0 KaXKJIOM 00beKTe: 00beMOB JOOBIYUN, XPaHEeHHs, TOTPEOIeHNsT B COOTBETCTBY-
IONMNAX y3J1aX, a TaKyKe MPOIYCKHON CIIOCOOHOCTH Ha JIFOOOM yYacTKe CEeTH, NPUHAJJIeZKAIIEM
COOTBETCTBYIOIIEMY TPYOOIPOBOY (cM. puc. 2).

[Tepes 0O6paboTKOI Oa3bl JAHHBIX IOJIB30BATEIO IIPeJIaraeTcs 3allyCTUTh PACIeTHYIO IPOo-
rpamMMmy, U B c/Iydae YTBEPIUTEILHOIO OTBETA IIPOrpaMMa K JIeT OKOHYaHus pacdeTa. PacdeTnas
nporpamma gopmupyer daitin pesynabraroB. [laiee cozmaercs daita HaCTpoeK Ha 0as3y JlaH-
HbIX. [[pu 9TOM OJIHOBpEMEHHO OCYIIECTBJISIETCS KOHTPOJIb JIAaHHBIX Ha ITOJTHOTY U COOTBETCTBHE
daiiyioB 6a3bl JaHHBIX JAPYT JAPYTYy U dailoy pe3yJbTaToB C HapaJsiebHOW BblIadell JTuarHo-
CTUPOBAHHBIX OMMOOK Ha 9KpaH. I TOJBKO 1OcIe MpoBeIeHnsT TAKOr0 aHAIN3a [I0JIH30BaTE O
IpejiaraeTcs co3iarh (Wim He co3faBaTh) rpadudeckne obpasbl Ha 9KpaHe. Jnarnoctuposa-
HUEe OIMUOOK He BCerja OTPHUIAET BO3MOXKHOCTH IOCTPOCHUSA M300parkeHus. bjarogapsi aTomy
€CTh BO3BMOXKHOCTD [OCTEIIEHHOT'O JIOBEJIEHUS JI0 HY?KHOIO COCTOsIHUSI (Ui Pa3paboTKU JIPyroro
BapuaHTa arperupoBaHmsi) Takoii cjaoxkHoil cucrembl, kKak ECI wim ECH.

Ha oxnom skpane MOryT ObITH OTKPBITHI HECKOJILKO OKOH, T. €., HAIIPUMED, MOT'YT OBITH ITOKa~
zaHbl ogHOoBpemMenHo “Hedrn” u “I'a3”, cxema 110 u 1mocje pacdera oTokopacipe/ieierus. I'pad,
COOTBETCTBYIOIINI ITPOBEJIEHHOMY ITOTOKOPACIIPEIEIEHUIO, OT UCXOIHOTO OTIUYIACTCA TEM, 9TO
HA HEM JIYTU U O0BEKTHI, KOTOPBIE SBJISIOTCS MPEHSITCTBUEM JIJIs ITPOXOXKJICHUs TTOTOKA, U30-
OparKeHbl JIPYTUM I[BETOM. TaK, KPACHBII IBET JIyTU O3HAYAET, IYTO UCIIOIb30BAHBI IIPE/IETbHBIE
BO3MOYKHOCTH y9acTKa, CHHHUI IBET — IO JyT'e HeT IOTOKA COBCEM, KPACHBIN I[BET y3J1a I'0-
BOPUT O HEJIONIOCTaBKE HEPropecypca B 9TOT y3es. TakuM oOpa3oM, aHaJIU3 yIaCTKOB U JIyT
110 MBETY I03BOJIsIeT HAllTH KOHKPETHOrO “BUHOBHUKA HEJIOIOCTABKHU IHEPTOPECyPca, KOTOPbIi
MOZKET HAXOJUTHC JOCTATOYHO JIAJIEKO OT SHEPrOJACMUIINTHOrO y3/a. DTO CBA3AHO C TEM, UTO
TPYOOIIPOBOJIHBIE CETH JIJIT TPAHCIOPTA YTJIEBOIOPOIHOIO ChIPbsl B CBSI3M C MHOTOKPATHOW 3a-
KOJIBIIOBAHHOCTBIO MMEIOT JIOCTATOYHO CJIOXKHYI0 KoHurypamuio. B caygae ¢ ECH nammane
JICKPETHOIO TPAHCIOPTa (JKeJIe3HOJ0POKHBIE, aBTOMOOU/IbHbBIE MEPEBO3KM) U BO3MOMKHOCTH
ydeTa ero B HAIUX MOJEJSIX IO3BOJSIOT B BBIUYUCAUTEILHOM SKCIEpUMEHTe 0ojiee CBOOOIHO
MaHEBPUPOBATH MOTOKaMU HedTH U HEPTEIPOJLYKTOB, IMIOCKOIBKY B 3TOM CIydae ITPOITYCKHAS
CIIOCOOHOCTh y4YacTKa He orpanuvena juamerpom TpyObl. Ilomb3oBaTesb gaHHOM TPOTpaMMBbI
NMeeT BO3MOYKHOCTh!

— MacmrabupoBaTh u300pazkenust rpada (yBeIUIUTh, YMEHBIIUTS);

— 1nojtydaTh nH(GOPMAIIIO O JIyre Wi 00beKTe;

— MEPEKJIIYAThCS B OJIMH U3 PEKUMOB IPOCMOTpa: J0 pacdera (u3 6a3bl JJAHHBIX ) UJIH TTOCTIE
pacuera (u3 daiijia pe3yIbTaToB);

— MpocMaTpUBaTh (ailjl pe3yIbTaTOB pacdera, He MOKHUIAsl ITPOrPAMMY;

— BBIOMpATH U3 CIUCKA OJINH WJIM HECKOJIBKO TPYOOIIPOBOJIOB.

[Iporpamma paszpaboTana Tak, ITO BO3MOXKHO PACIUPEHUE ee YCIYT B 00IaCTH AHAJIOTUTHBIX
HCCJIE/IOBAHNIT B CHCTEMaX yTJIECHAOKEHUS, JJIEKTPOSHEPTETUK.

Takum obpasom, 6a3a JaHHBIX U HHTePQEc TO3BOJISIOT:

— TOJIyYaTh MOJIHYIO U HATJISIHY0 HH(MOPMAIUIO O COBOKYITHON paboTe BCeX CUCTEM TOILIH-
BOCHAOKEHUST 1 UX BO3MOXKHOCTSIX I10 y/I0BJIETBOPEHUIO TOTPEOUTE el B NCCIIELyeMbIX YCIOBUSIX
bYHKITMOHUPOBAHMWST;
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— OKa3bIBaTb peaJIbHYIO IIOMOIIb B OIIpe/Je/ICHUN Y3KUX MECT B CUCTEME TOILJINBOCHAOYKECHU S
B Pa3J/IMYHbIX CUTYaIIUAX]

— TPOBOJUTH BBIYUCIUTEIbHBIN SKCIIEPUMEHT IIPU COBMECTHON paboTe OTJ/Ie/IbHBIX SHEPIe-
TUYECKIX CUCTEM.

DTO JaeT BO3MOXKHOCTBH IPOBOJINTH MeHee TPYIO0EMKWii, a TIJIaBHOe, Oojiee KadeCTBEHHBINI
1 3OPEKTUBHBIN aHAIU3 CUTYAIUd W OCYIIECTB/IATH BHIOOD COOTBETCTBYIONIUX JICHCTBUI MK
MEPOINPUATHN 110 CHUXKEHWIO HETATUBHBIX MOCJIEICTBUI OT BO3MOXKHBIX HEJIOTIOCTABOK IHEPTO-

pecypca.
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ON THE MULTIPLICATIVE PRODUCT
OF THE DIRAC-DELTA DISTRIBUTION
ON THE HYPER-SURFACE

A. KANANTHAI

Department of Mathematics, Chiangmai University
Chiangmai 50200, Thailand

OnpenesnsieTcss MyJIBTHILINKATUBHOE IIPOU3BEIEHIE PACIIPEIe/ICHN

o _ /2 2 2 o /2 2 2
rie § — nenbra-pyaknus Jupaka, r= \/xl +a5+...+ x5, 5= \/xp_H R LRI el
ap>1luqg>1(p+g=n) — pasmMepHOCTH B €BKINIOBOM HpocTpancTse R", (21,2, ..., zp) €
RP (pt1,Tpt2, ..., Tprq) € R, ¢ — BemecrBennoe uncio. [Ipu HEKOTOPLIX OrpaHUYEHHSIX
HA P U N B TAKOM MYJIBTUIIHKATHBHOM TTPOU3BEICHUN TOXYyIeHa (hopMyta st pyHKIUNT
['puHa B KBAaHTOBBIX TEOPUSIX ITOJIS.

1. Introduction

Let © = (x1,29,...,x,) be a point in the Euclidean space R" and P(x1,xs,...,z,) be any
sufficiently smooth function such that on P = P(x1, s, ..., 2,) = 0 we have grad P # 0, that
means there are no singular points on P = 0. Then the generalized function §*~Y(P) is defined
in [1, p. 211] by

(GED(P), o) = (—1)F! / WED(0, uy, us, .., ) duinduts...dut. (1.1)

ul

We write u; = P and choose the remaining w; coordinate (with ¢ = 2,3, ..., n) arbitary except
that the Jacobian of the x; with respect to the u;, which we shall denote by D(i), fail to vanish
(which is always possible so long as grad P # 0 on P = 0). In (1.1), write

u

U(u) = U(uy, us, ..., un) = 1D ( v > ,

©1(Ur, Ugy ooy Up) = @(T1, Ty ooy Tpy)-

The integral of (1.1) is taken over the P = 0 surface, where ¢(x1, zs, ..., z,,) is an infinitely
differentiable function with bounded support.
Now, consider the nondegenerated quadratic form

u=c*(x?+as4 ..+ mi) - (:L‘Z+1 + a:f)+2 +...+ x§+q) (1.2)

© A. Kananthai, 1999.
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where p > 1 and ¢ > 1 with p 4+ ¢ = n is the dimension of the space R™ and c is a real number.
Write r = \/x% +a25+..+22and s = \/JJZH + a2 5+ ...+ 22, then (1.2) can be written

u=c*r?— s> = (cr —s)(cr + s). (1.3)

Taking P = ¢r — s in (1.1), then (1.1) can be written in the form

6FD(er — s), ) = (—1)F1 /{aiikllgo(ul,UQ,...un)D(

T
u

)] dusdusg...du,. (1.4)
p=0

cr—3s) (er +s)

)
In this paper we study the multiplicative product —— = which is the generalization

of the work of M. Aguirre Tellez [2].

. . s 5
2. The generalized functions % and (017‘—4:]8)1
From (1.2), let y; = cx1, Yo = cxa, ..., Yp = ¢z, and the coordinate = = (y1, Y2, ..., Yp, Tp+1, Tpra,

y Tprq) € R and dz = dyrdys...dy,da,1day o...de, g = Pdrides...de,da,, ...de,,,, p+q = n.
We define

<5(k_1)(cr —35),p(x)) = / 5““‘”(07“ —s)p(z)dr =

P=0

= / S*V (er — 8)p(x)dy; ... dyyday,1...day g = / * D (er — 8)p(x)drydry...dryy. (2.1)
P=0 P=0
Let us transform to bipolar coordinate defined by z1 = rwq, 22 = rwo, ..., ©, = rw, and x,41 =
SWpt1s Tppa = SWpt2, -ey Tpiq=TWpig Where r= \/x1+x2 + a2 s= \/x127+1 +al 4l
Thus

drydzy...de, . = 17 s drdsdQ® dQ@ (2.2)

where dQ® and dQ@ are the elements of surface area on the unit sphere in the space RP and
R? respectively.
Choose the coordinates to be P,r and w;, then (2.2) becomes

dr1dxy...dx,,, = (cr — p)t P drd PAQ®W) a9 (2.3)
where P = ¢r — s. By (1.4) and (2.3), the equation (2.1) can be written in the form

<5(k*1)<c7~_3)7¢(;€)> — cp(—l)kl/ [aapkll { cr — P)1o(r, 5)}] P drdQ® a0, (2.4)

Cr=s

@kfl b1 akfl

opF1 (=1) 9Gk—1°
Thus (1.8) can be written as

Since P = cr — s, then

k-1
(6" (er — s),p(x)) = cp/ {—;k - {sq Lo(r, s)}] rP=DdrdQP) g9
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Let
U(r,s) = / o(r, $)d0) 0 (2.5)
Q
then

e —stay = [ [ m )]

r= cr=s

For k = 1, we have

(0(cr — s) c”/ [ s (r,s)], _ P tdr

<5(C7; - > cp/ 57 \If (r, s} P’ dr. (2.6)
T 2 S 2 Cr=s

Similarly, for P = c¢r + s we obtain

<M,s@(m’)> = cP/O S| (2.7)

or

rzzs:z2 —00 cr=—s

3. The generalized functions (cr — s)3 and (cr + s)?

We define ( »
oW cr — s)*, for cr > s,
(er—s)3 = { 0, for cr < s,

and
(—(er +8))*, for er +s <0,

A
(cr+s)* = { 0. for cr+ > 0 (3.2)

where A\ is a complex number.
The generalized function (¢ — s)i, where A is a complex number, is defined by

(er — 5)} () = / (cr — s)p(a)dz.

cr—s>0
Since
dx = dyidys...dy,dzr,11dxpyo...dv, g = Pdridxs.. doydr,...dTy,,,
we have
((er —s)}, ) = / cr — 8 o(z)rPtdrs? L dsdQ®P) d0@
cr—s>0
or

(cr —s)y p=1 g-1
<p1q1, > / / cr — ) U(r,s)r'z s 2 dsdr
roz2 r=0 Js=0

where W(r, s) is defined by (2.5).
Let u = cr and v = s, then

<T2—£’ >_Cp/r O/SOu—v)‘\IJ c U> <_>pzlv%dvd_cu
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put v = ut, we obtain

_ —/ / (11—t (= ut) B dtdu =

:cp2;l/ u)‘+gdu/ (1—t)MT (E,ut) dt:cp?;l/ VRGN u)du  (3.3)
0 0 0

C

where .
G(\ u) :/ (1 — OMT (L, ut)dt.
0 C
Now G(A,u) have poles at A = —k(k = 1,2,...), by . M. Gelfand and G. E. Shilov [1, p. 49|,

=1 (0)

Res (2, ) = e

k 12,.‘.

Thus

N

B (_1)]{?71 akfl %
Res GOVu) = 17 | 5= {t \If(g,ut)} . (3.4)
Since G(A, u) have poles at A = —k, we write

Go(u)

GOu) =37

in the neighborhood of A = —k where
Go(u) = /\lieslC G\ u) (3.5)

and G (A, u) is reguler at A = —k.
Thus (3.3) can be written in the form

cr —s)} e GO( )
- f— 2 n G )\ d
< Tpglsqgl 7(p> c /0 U )\ + k + 1( u)

= )\+k/0 u“"/ZGO(u)du—Fcp?_l/o G1(\, u)du.
e\ 3 %)

Thus )Eesk <%,@> = cp2_1/ uF2G ) (u)du.

== 0

By (3.4) and (3.5) we obtain
or — s)) b [ (C1F 1R (e u
Res (o0t o) = kn/2 {5 (2 )} du
P <T”;S% ’90> < /0 T 5 T R A !

0 0
Let s = ut. Then — = u—
et s=u en o =t
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Thus, we have

(cr —s)3 _ "7 (—kt gz, bt | OFT e ama
Res <rpglsqg“30 T k- 1) /0 “ R {52““1’(?5)} - du
B (_1)]{)716% /oo k-1 { 1 (u >} bt
(k=1 Jy [0sk! sV ks " du =

—DF o s [T po1
= Ek—)l)! czcoz /0 [—3sk_1 {s 2 ‘Il(r,s)}} rz dr

for u = cr. Putting £ = 1. Thus

- A 00 . p_1
Res <%,gp> = cp/ [qu\If(r,s)] r 2 dr. (3.6)
0 S=cr

(3.7)
Now consider the generalized function (cr + s)*. We have

((er 4 8), p) = ¢ / (—cr — s)*o(r, s)rP L1 L dsdrd QP dQ@

cr+s<0
A 0 —cr
<%,¢> :cp/ {/ (—cr—s)’\\ll(r,s)qulds} T dr.
re sz —oo LJo
Let u = ¢r and v = s. We have for v = —ut
st N L ey a1
T T = — U (- dv| (— d(=) =
(o) =e [_|f corore (Go)esa] (2) ach
_o ] P (L —ut) (—ut) 2 (—w)dt u%d Y =
o [ [ty () (' o] M (2) -
P 0 1 _
z% (—u)’\+"/2du/ 1-t)M= T (E,—ut> dt =
(—c) 2 ¢ /- 0 c

D o
= ﬁ (—u)" G (N, —u)du
—C) 2 ¢J-x
where

G\, —u) = /01(1 M (E, —ut> dt.

c

Since G(A, —u) have poles at A = —j (j = 1,2,...) we have

e G = ST s (2 )]

t=1
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Now, in the neighborhood of A = —j we write

L Go(—u) + C1 (N, —u)

T+

G\, —u) =

where Go(—u) = Pes‘ G (A, —u) and G1(A, —u) is regular function.
=—j

0
The same as before, for s = —ut and — =

ot~ "0s
cr + s)* e 0 iy (LT g _
e <? g0> = Com LT gy (e {F7u (L) p| du=

e [ [ ()]s

S=—Uu

(_1)3‘71 0 51 # p_;l
N [s U(r, s)} roz dr.

Putting j = 1 we obtain

Res <%,<p> = cp/o [3%1\11(7", s)} r'T dr. (3.8)

A=-1 T 2 8§ 2 —00 S=—cr

From (2.7) and (3.8) we obtain

o(er+s) _ Res (er + S)i. (3.9)

p—1 g-—1 p—1

r s s 2 )‘__17“282

4. The generalized function (c?r? — s2)*

We have
((@r* = "), p) = / (—(*r? — %) p(2)dr =

c2r2—52<0

=P / (—(c3r? = $2) p(r, s)rP L drdQP) s dsdQ@ =

c2r2—s2<0

/ / s2 — ArHM(r, s)rP st dr ds
s=0 Jr=0

where W(r, s) 1s defined by (2.5).
Let u = ¢®r? and v = s2. Thus

(*r® = )2 1cP P .
< rp—1gq—1 )y P 462/ / U—U \I/ UU) dudv =
——Cp / / v—u UU)U2U2dudU
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Let uw = vt we obtain

(*r? = 5%) . IR
<W7 = —cp / / t= \Ill(vt v)dt = Zcp /0 v ®(\, v)dv

where
@Qw)z/(1—w%%w@umﬁ. (4.1)

Now ®(\, v) have poles at A = —j (j =1,2,3,...), we write

¢uﬂo:ff?+¢ﬂmw.

Thus Res D(\,v) = Pg(v) and Py(A,v) is regular.

A=—j
We have (2 g2 )

cr—s)- Lo [T [ Dol
2.2 2)/\

c’r-—s

We see that <( ,g0> has a pole of order two at A= —j (j =1,2,3,...).

(027“2 o SQ)A

rp—lga—1

In the neighborhood of such A we expand in the Laurent series

rp—lga—1

(c27"2 _ S2>i B Ad N BI
rplgi=l T (N4 4)2 0 A+

¥ (4.3)

From (4.2) and (4.3), we have
2)A

o (P2 = s?)2 j Lo N B
/\limj < (A +j)? il P TS Al >= 1€ hmj (A+7) i v Py (v)dv =

(I)(J 1) (0)
(=Dt

1
by [1, p. 49]. Let j = 1, we have (A, p) = Zcpflq)o(O). By (4.1)

——cp Res/ v 0y (v)dv ——cp !
0

A=—j

Dy(0) = Res ®(A,0) = Res /1(1 — )M ER 1(0,0)dt.

Since

Uy (u,v) =V(r,s) = / o(r, 5)dQP dO@.
Q

we have ¥;(0,0) = ¥(0,0) = ¢(0)QP Q).
Thus

(CQTQ - SQ)i

1 ! -1
,\hj& <(A+1) gy el e 4c” ©(0)QPQ )\Piej /0 (1—t)M=2dt

L ® @)
—4cp ©(0)QPQ AP;e_s1

nx+nm@)
FA+1+13))°
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We have - 1 1
DI'(3 C(A+2 2
hes (COFUTGN o (TO42) 1) )
A==1 \T(A+1+3) A==1\ A+1 I'(A+1+3)
F(A+2)r(4 rr(
— tim, [s p A0 )OI
A——1 A+DTA+1+3) I'(3)
Thus
2,2 _ 2\A 1 1 oP/2 9 /2
li A+1 QM = Z¢p1 QPO — Zp-1
din (0 EmEE )~ e T e
Q7P/2 Qa/2
where Q® and Q@ are surfaces of unit sphere in R? and RY and equal to I an O
2 2

respectively.
It follows that

. <(A+1>2M7¢> _ <cp1 (27T§)(27rq%)5,g0>‘ (1.4)

P rp—lga—l

. qe . o(cr— 0
5. The multiplicative product of % and %
r 2 s 2 r 2 s 2
We define
o [ (er=s) ifer—s >0,
(er S)+_{ 0, ifer—s<0
e (~(er +5))
N —(cr+s))", ifer+s<0,
(er+9)” = { 0, if er +s>0.
From the definition, it follows that
(er — s)2(cr + 8)2 = (*r® — s%)2. (5.1)
Theorem. Given the nondegenerated quadratic form
u=c*(z?Fas4 ..+ SBIQ)) - (9512;+1 + :v127+2 +...+ xfﬂq)
where p + q = n s the dimension of the space R™ and c is a real number. Write r =

\/x% +xi+ .+ z2 and s = \/mgﬂ + 22,5 + ... + 25, ,. Then the following formula is valid.

S(ecr —s) 6(cr+s) P ln2d(x)

(
ST R TR

where & is the Dirac-delta function, x = (1,22, ...,x,) € R" and p+ q¢ = n.
Proof: From (3.7) and (3.9), we have by (5.1)

d(cr —s) O(er+s) Res (er —s)% (er+s)*

p—1 g—1 p—1 g—1 p—1 g—

rzsz rz.sz2 A=—1 r 3 g73
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= lim (A+ D" fim A+ 1) i {(AH) T iga

A——1 rs gz A1 r s s 2 A——1

Thus by (4.4)

(Bt T o) = dm (00 Ee) = ()

o (c?r? — 82)31

rz s 2 rz s 2

It follows that

for p > 1 and ¢ > 1 with p+ g = n.
In particular, with the same process as before, we obtain the formula in (see [2], p. 158, eq.

(4.4)) p=1, ¢ = 1. Then it follows that g=n — 1, r = x; and s:\/xg + a3+ ...+ a2, that is

d(z1 —8) 0(x1 + 8) _ lﬁnT_lé(x) (5.2)
ST T IG5 |
If n =4, from (5.2) we obtain
Olrs = s) @1 +5) _ Lo 5(? = 7255(195) . 5(? = 76(z)
" (s — )51 + 3)
T, — Ss)o(x1 + s
! 2 ! = mi(x) (5.3)
where

s = /a3 + a3 + x3.

The formula (5.3) is used for a perturbative calculation of Green function in quantum field
theories (see 2], p. 160, and [3]).
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