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OTTTJ1MJ13AW1H PA3MEIUEHJ1H 3JIEMEHTOB 

HA TTEqATHhlX TTJIATAX 
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KaThillleBa O.B., naxOMOB B.n. Pl 1 - 10679 

OnTHMH3aUHSI pa3Memem1fl aneMeHT0B Ha neqaTHhJX nnarax 

PaCCMaTpliBaeTCSI 3aJ]aqa OfiTHMH38IIHH paaMeWeHHSI panaoaneKTPOHHblX 
318M8HTOB Ha neqaTHbJX nnarax no KpHTepmo MHHHMyMa cyMMapaoii llllHHbl , 

CBH3eii, llpor-paMMbI, Han>1caHHb1e Ha H3bIKe <t>OPTPAH ltnH 3BM E3CM-6, 
peam-rnyroT KOM6HHHp0B8HHhlfi M8TOJl napHblX nepeCTBHOBOK scex aneMeHTOB 

H MeTO!l BLJqu:cneHHSI MHHHM811bHblX CBSI3bJB8lOWHX JlepeBheB. HCXOJlHblMH 

'naHHblMH srnnmoTCSI 38KOllHP0B8HHaH npHHUH:IlH811bH8SI CXeMa li Ta6nHua 

B03MO>KHbIX ycraaoeoqHbJX Meer. KonuqeCTBO paaM8lll88MblX aneMeHTOB 

::: 100, llpH npoeepKe npor-paMM Ha 6 nnaTax, co11ep><anrnx or 20 110 93 
MIKpOCXeM, B KOpnycax DIP nonyqeHO COKpameHHe cyMMapttoH JlllHHbl CBH

aeH or 1,6 no 13 Merpoa no cpaeaeHmo c pyqHhIM paaMemem:1eM, CqerHoe 
BpeMSI < 5 MHH. nporpaMMbl BKmotteHbl B C.H:CTeMy aBTOM8TH3Hp0B8HHOr'.O 

rrpoeKTHPOBaHlHI H H3r'OTOBlleHHSI rre'IJaTHbIX nnar ,_ "fpatp· • 

Pa6ora BbtnOnHeHa B J1a6opaTOPHH Bbll!HCllHTellbHOfi TeXHHKH 

H asToMarnaamrn 0115H1. 

I 

Coo6mesue O6be)IHHeHHOro ·HHCTHTYTa SJlepHLIX HCCne)IOBaHHii. ,lly6Ha 1977 · 

Katysheva O.V., Pakhomov V.L. Pll - 10679 
Optimization of Placement of Elements on 
Printed Circuit Boar-d 

The problem of optimization of electronics component 
placement on pr-inted circuit boards (PCB) by the inter-
connection between compone~t sum length minimum is consi
der-ed. FORTRAN programs for the ~SM-6 computer perform 
a combined method of all component pair transpositions and 
that of minimal spanning trees. Encoded principal scheme 
and a table of possible adjusting places serve as input 
data. Ther-e may be up to 100 components per board. The 
testing of progr-ams on 6 PCB containing from 20 up to 
93 m/c indicated that in DIP packages sum interconnection 
length reduces fr-om 1.6 up to 13 mas compared to manual 
placement. The executive time is ~5 min. The programs 
are included into the system of PCB computer-aided design-· 
ing and producing ("Gr-aph"). 

Communication of the Joint Institute for Nuclear Research. Oubna 1977 
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B CBH3H c 60.111,molrt JIHTerpallHeJ.1- cxer.t MO'AYJIH Ha n.naTax pac.;.. 
noJiaraJOTCH noqTH Bn.noTHYJO ',zlpyr K 'APYI'Y, qTo aaTPY'AHfieT pe8.JIH-
38.!UiJO CBHaeJ.t r.tew HHUH. IlpH TaKHX yc.noBHfiX ycnemHoe ocy~eCTB
.neHHe TpaCClllpOBKlll Clll.111,HO 3aBHCHT OT KaqecT:ea paaMe~eHHH. 

CqiopMy.nlllpyeM 38,1taqy paaMe~eHlllfl B T6PYHHax TeOpHli rpaqio:e/1/. 
IlyCTI, HMeeTffi no.ne pacno.no~eHHH Il03HllHJ.1 Ha n.naT~ (YCTa.HOBOtlllhDC 
uecT), KOTopoe ojuoaHatmo OilP6'A6.llfi6TCH uaTpHl.leJ.1 paCCTOHHHii M6E
'AY OT'Ae.111,Hmrn noaHllHHMH fl = II ay-/1 . TaKyJO xe HHqiopMallHJO co
'A6PEllT H noJIHwt :ea:eemeHHwt rp~ G [~ E], uaTJJHlla cuelltHocTH 
KOToporo PEWHa UaTpHlle paCCTOfiHHJ.1 A • . 

IJaTPHlla c:eHaeJ.t J' = // J' I/ , cooTBeTCTBYJO~a.H cxeue coe'A~
Heautt U0.1lj'.ll6fi 1 TaKXe HeCeT HHqiOpYallHIO O IlOJIHOM B3BemeHHOU rpa-
qie c~[V~E1<o6H'l.Hi uy.nHHrpaqie). I(- •. ' ' 

IlpHueu JV/= l V 7 ,. l''Ae / V / H JV I - Ko.nHqecT:ea a.neueH
TOB YHoxecT:e V H V* cooTBeTCTBe~Ho. 3Ha.Ka paBeHCTBa 
3'A8CI, BC8l''Aa MOl!HO 'AOCTHqI,,BBO'Afi qJHKTHBHHe H30.11HpOB8.HIW6 3Jle
U6HTH. 

KlllE,1loe paaue~eHlie YO'AyheJ.t 38,1t88T B38.HMHO-O]Ui03Hatmoe COOT
B6TCTBlll6 uew IIHO:atecTBaulll :eepmHH V H V*, K0Topoe xapa.KTe
puayeTcll qiyHKIU!elrt, KaqecT:ea paauenieHHH . (} {llt) , l''Ae Rt - nepe
ueHaue, 0TBeq8JllIUl6 paa.nHtnil,IM KpHTepHHII_0nTHll8.JI1,ll0CTH. 
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Ta.KHU o6paaou, 38.)taqa CBO,ltl1TCH K nol1cey TaKoro B3a.HIIHO
O,ltH03HaqffOro COOTBeTCTBl1H Ye:BQty 3J16UeHTaYl1 IIHOllteCTB .V 0 V1t , 
KOTOpoe xapaKTepHayeTCH onTl111MLHblY 3HaqeHHeM ~YHK[U!l1 KaqeCTBa 
Q (ll,J • 06UUiY xpnepHeu o6HqffO HBnHeTCH Ml1HHuyu cyuuapHoi.1 

.itmmu CBHaei.l. 
0.itllaKO xapaKTepl1CTl1Kl1, BBO.ztltMble B Q {ft}, He ,ltOJilltHbl BJIH

HTL Ha Call 8JII'OpHTY paaue~eHl1H. 
B JtaHHOi.l pa60Te Bb16paH 8JII'0Pl1TM napHWC nepeCTaHOBOK c ne

Pl10,ltl1qecKl1M nepecqeToY onTHYMLHoro neca, ~o 11a11eHaer uaTpl1-
ey J' l1 Y.itanHeT O(>blqffl,li,1 H6,ltOCTaTOK TaKHX anropHTYOB I Bblp8.llta
lOIIUiHCH B CHJILHOR 3aBl1CHMOCTl1 peaynLTaTa OT HaqanLHOro paaue~e
Hl1H. lpyroi.1 He,ltQCTaTOK - peaK06 BOapaCTaHHe Bp6YeHl1 cqeTa C 
poCTOl,I qMCJia aneMeHTOB -Y.ltMOCL npeO,ltOJieTD npl1UeH6Hl1eY 6sCTpo
)tellcTBYIO~ero aJirop1mm BblqMCJieHllll Q ( Rt) • 

OnHmeu anropl1TY _no marau • 
I. CTpolilTCll noJIHHi rp~ G [V, EJ c qHCJIOM Bepm11H, paBHblU 

qHCJIY YCTaHOBOqffllX uecT MOHTaaHoro no;na nJiaTH. K8.llt.itOYY pe6py 
rp~a npHCBal1BaeTCH Bee, COOT;BeTCTBYIOUUil paCCTOHHHllll 

ll(i,iJ= V(xi-x;/'+(v,-JJ.;J~ 

r.ite {Xe/ Y;,) l1 /Xi, Y;) - KOOPJ»!HaTbl uecT Ha nnaTe. 
2. no 8JII'Opl1TMY Ilpl1ual2/ BbllfflCJIHeTCH onTHllaJILHbli.1 nec.n;na 

cJiyqanHoro nepBoHaYanLHoro paaue~eHHH. CTpOITCH rp~ G * [V:E.J. 
Ka:BQtOMY pe6py npHCBa.HBa6TCH Bee, paBHblll KOJil1YeCTBY CBHaen uellt-
.ltY HHUll,ll;eHTHblM' ~MY Bepml1HB.l0!. ' 

- 3. Ee.JIM Cn nepeCTaHOBOK ( n - KOJIHqecTllO aneueHTOll) yir.e 
He ,itae'l' y;nyqmeHHH Q f f<t), TO nepeX0,1(l1M K nyHK'l'Y 2. S'i'a 14T8pa
Ul1H IIPOH3ll0,1(l1TCH 38.)taHHOe KOJIHqecTBO paa. 

Ilpe,1tJIOllt6HHblit aJirOpl4TII H ero peaJil13a[U!H YOl'Y'l' 6blTL l1CIIOJIL-
30BaHbl ,l(Jill pasue~eHHH KOHCTPYK~ll JillCSoro ypoBHH, KOr.ita paaMe~a
ewe MO.itYJll1 - o.itaoro paaMepa. Ilpe.itnonaraetca MO.ItH~11u11poBaTL 
anropl1TY .itna 6onee o6~ero cJiyqaa • 

Cyuua 8JI6YeK70B i -on CTPOKH (l1Jil1 CTOJI6ua) YaTpl1UI,1 3 
paBHa JIOKa.JILH00 creneiH .f(CJ aToll nepm011u. 

STOT aJirOpl1TM noaB01IH6T nOJIYqMTL JIOKMLH!lll MIIHl111yY,,(50JI68 
6JIH3Kl1R K rno6anL11011y, T .K. :11 Heu yqHTSB8.IOTCH noe cnaa11. 

Bpeua cqeTa .itna roo aneMeHTOB ~ IS 11HHYT Ha BSCM-6. 

4 

,t 
.1,\; ,., 

: ~! 
- '1\ 

'J 
i 

nna Toro qTo6bl BOCIIOJ1~30BaTLCH aBTOMaTl4Y6CKl1M ~aaue~eHll
eu aneYeHTOB Ha m:iaTe IIPl1 CYeTe no Cl1CT8M6 1Tpacj)11 

/ /, Heo6xo
,1tl1YO BblnOJIHHTL CJie)tyIO~ee: 

I. B 17 II03l1Ul1l1 ynpaBJIHIO~en nep~OKapTli naKeTa paa11e~eHl1H 
( cne,nyeT aa n/K R lM} Heo6xo.itl1MO npo6HTL I, qTo oaHaqaeT nep
nsn Bapl1aHT aBTOUaTHYeCKOro paaue~eHHH. 

2. B Ta6JII1ue paaue~eHHH, noc.ne aouepa aneueHTa, uolltHo yKa
aaTL CHIIBOJI: 

ffl - Y8CT0 1 To8o llbl 3aBO,Itl1Te B 6H6Jil10T8K8 IlYCTOi.1 3JI8M8HT 1 yKa-
3blBa6T6 TOJILKO ero HUH H paaueps, a B Ta6nl1U8 paaue~eHHH yKaabl
BaeTe I r.ite ero IlOCTaBHTL • TaKHY 06paao11 YOltHO 38.)taTL npoHaBO.!IL
HOe YHOllt6CTllO uecT, KOTOpble OYJtYT l1CllOJIL30BaHbl npl1 paaue~eHHH. 
P - Ilpl13Hax,paapemaD~ml nepecTaB.!IHTL .itaHHSM 3.!I8M8H7 C ,1tpyr0M0 

aHaJIOrl1qffID!l1 8JI8118HTWIH (noueqeHHblYH BTHM ir.e nplil3HaKOM), CTaBfl 
ero Ha nrooe Kl.!eD~eeca 11ecTo. 

EcTeCTB8HHO, paa11epli M8CTa JtOJillHbl 6blTL He 118HLme paawepOB 
ane11eHTa. IlpH STOY Bil YOl18T8 38.)taTb H nepBOHaqaJILHOe paawe~e
HHe aneueHTOB; e_CJIH ir.e BH onycsaeTe yxaaaHHe pacnonoir.ea11a sne
YeHTa ( X , Y } , TO OH 6y,neT nocTaBJieH Ha nepnoe c:11060.itHoe, 
pa.Hee yKaaaHHoe, uecTo. 

llpH allTOMaTHqecKOM paa11emeHHH ytmTbll38.IOTCH CBH3l1 TOJILKO 
wew SJieYeHTaYH, He3aBl4CHMO OT Toro, ~KCHpOBaHbl 8TH 8JI8118HTli 
lIJIH HeT. 
Uelll1 seYJIH H Ill1TaHHH p6KOYeHJtYeTCH ,ltOOaBJIHTL B JtaHHSe nocne no
;nyqeHHll cxeuH paa11emeHHH Ha aTane aBTOUaTHqecKoll TpaccHpOllKlI 
MJIH nonyqeHHH ynpaBJIHIOIIUiX nepcj)O.!I8HT JtJIH nporp!lllYHO-YllPaBJIH8MO
ro o6opy,1tOBaHHll. 
Ilpl1 T8CTOBOtt npoBepKe anropHTYa Ha nnaTe KAMAK, co,nepz~ea 
63 YHKpOCX6Mll H 2 cj)HKCHpOBaHHblX paa~eua, nonyqeHo COKp~eHHe 
cywapHOi! ,l(JIHHH CBll36i Ha 3456 yy no cpaBHeHHD C paaYu~emrnu, 
3a,1(8.HHHY paapa60TqHKOY. 

CoKp~eHHe cy1111apHott .itJIHHli C~llaen He HBJilleTCH e,nHHCTBeH
Hllll pesyJILTaTOY, nonyqaeMHM npH aBTOYaTHqecKOY paawe~eHIIH. 
0,1(Ho»peueHHO COKp~aeTCH KOJIHqeCTBO nepeceqeaHU l1 lil3JIOYOB npo
B0,1(HHKOB) (T.e. npoBO,l!HHKl1 cnpHY.!IHIOTCH, yMeHLmaeTCH tn!CJIO TO
qeK I / 3 }, y11eHbmaeTca KoJll1qecTBO nepexo.itHHX OTBepcTHtt II Heo6-_ 
XO,l!HYSX cnoeB nJiaTH, cpeJtHHH ,l(JIHHa npOll0,1(Hl1KOB, paa6poc ,l!Jll1Hbl 
npOBO,ltHl1KOB OTHOCH78JILHO cpe~aero aaaqeana. 
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Bee aTo cnoco6cTByeT 6onee paBHouepHoMy aanoJIBeanro noneaaon 
nno~a,itH nnaTbl neqaTHblU MOHTaJEOM 'ynopHAOqeHHD pncyHKa UOHTa
~a, yBeJillqeanro npoueHTa aBTOMaTnqecKott TpaccnpoBKll n, B KoHeq
HOM cqeTe, ynJ'llmeanD KaqecTBa nonyqaeuwc neqaTHWC cxeu ,nnn uo
,nynen n,nepaon aneKTpoHHKn. 

ABTOpbl BupaxaroT onaro,napnocTL H.H.roBopyay aa no,n,nepxRy 
3TOll pa60Tbl. 
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