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llleHKOB8 f ,E, 10 - 11343 

nocTpOSHHS 3KBHDOT9HUH8nel Jl.BH KSpT aneKTpOHHOI nnOTBOCTM 

H aneKTpOMarHBTHbiX noneA 

PaccMarpuaaiOTCH a03MOJKHOCTH paapa6oraHHLIX a OIHIH nporpaMM, 

npenaasaaqeaHhiX nna npencraaneaaa aa aKpaae nacnnea ana as neure rpa~ 
DOCTpOHTenB H30nHHHA. B pa6oTe OfiHCbiB8K>TCB: CTpyKTypS BXOJl.HblX ll8HHhiX 

u npeacraaneaue aa rpa~uqecKoM ycrpoAcrae nonyqaeworo peayn»rara; 
anropHTM nonyqeHHSI TO"'eK, qepea KOTOpbl9 npOXOJlHT H301IHHHH, anrop&TN 

nopSIJlK8 C08ll.HH8HBSI nony'lJeHHblX TO'I&K H nporp8MMbl 1 peanaayJOWBO 9TH 

anropBTMbi. 

MeTOllHK8 H nporpaMMbi MoryT eibiTb acnonbaOB8Hbi nnR nony'I&HHH 

H30JJHHH:A K8pT aneKTpOHHOA DliOTHOCTH AnSI 60JJbWHX MOli&Jtyn 5&1IIt8t M8f'HHT' 

HbiX none:A ycKOpHTeneit, 601tbWHX M8f'HHTOB, npH H306p8lK8NftB pen&e~ MSCT' 

HOCTH H T.n. 

Becb KOMDJJeKC nporpaMM H8DHC8H Ha S13b1Ke c!JQPTPAH B 8BTOKOll9 

MAU!!EH. 

Pa60T8 BblDOJJHeHa B na6opaTOpHH Bbl'l!HCliBT91IbiiOA: T9XHJIKH B 8BTD

M8TH38UHH OIHIH. 

Coo6meHHe 06be/lHH9HHOI'O HHCTHTyTa ll/l9pHbiX HCCU9/lOBBHJll, lly6Ha 1978 

Shchenkova G,B, 10- 11343 

Construction of Equipotentlals for Electron Density Maps 
and Electr omagnetlc Fields 

Some features of programs developed at JJNR and intended 
for the presentation of isolines on a display screen or on a graph
plotter are considered. The input data structure and presentation of 
a result on the graph device, , the algorithm to obtain• points which 
isoline passes; the algorithm to choose an order for junction of 
this points and programs which realized this algorithm are described 
The programs may be of use to obtain isolines of electron density 
maps for big molecules of protein, magnetic field of accelerators, 
big magnets, for representation of relief etc. The program complex 
is written in FORTRAN language and MADLEN autocode for the 
BESM-6 computer, 

The investigation has been perf armed at the Laboratory of 
Computing Techniques and Automation, JJNR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06r.e/lHH8BBIJJI HHC7'HJ'y"t smepHblJC HCCR8JJOBB/lllll ./1y6Ha 

BKqxc~xre»&BKe xamHHH npxxeanmrca B HayqHKX xccne
~OBaHHHX yze AaBBo, rex He xeHee xero~xxa HCnon&
aoBaBaa SBM npo~oxaae! paaBBBaT»oa, • nocToftBHO pacm•paeTCH pe
laeKWI HI IHX Kpyr aa~aq. B ~8HHOI pa6oTe ~88TCH OnHCSHHe anro
pH!KOB • nporpaxx AlB SBM ESCM-6, npe~HaaHaqeaawx ~H nocTpoeHIR 
nocpe~c~o• SBM paan•qxwx aaonKBII. 

Mefo~.xa • nporpa..w oTpa6aTWB~KCh aa npKRepe nonyqeHaa 
asoxKBil xapT axexTpOHHOI nnoTHOCTH ~H 6on»max xoneKyn Oenxa, 
oxHaxo oa• c paBHWK ycnexox xoryT 6wT» •cnon»aoBaHH • np• nonyqe
HBH xaraHTHYX naael ycxop•Tenel, Oon»max xarHBTOB, np• •aoopaxe
HBK pen»e~ M8CTHOOTH. 

B nocae~••e roAM axtHBB3HpoB81HCh pa6orw no HayqeHHD xonexyn 
oenxo•. Hecxo~&KO ~er Ha3~ B OHHH B na6opatOPHH HelrpoHBOR ~H3H
KH c noao~•m zeRrpoBHoro AH~paxroxerpa no BpexeHH nponera npecrynH
lB K H3yqeHBD laHtaH-KarHH8BOrO HHtparafl( 

BaSHHM 5T8nOM B npo~ecce BayqeHBH MOXeKyX CXOXHNX coe~aHeHHI 
HBnserca noxyqeHBe xapT anexrpoHBOR nnorHOCTH ~aHHOB xonexynw. 
Ha OCHOBe 3THX K8pT CTpOBTCH npOCTP8HCTB6HH8H MO~enh KOneKynw. 
llonyqeHK8 Kp.aHX 88~8HHOrO ypOBHft DXOTHOOTB BpyqHym nyTeK BC
ll0Xb80B8HBK T86X~ pacnpe~eneHBH DXOTHOCTK B yaxax C6TKK Tpe6y-
8T 60X»BBX 88Tp8T Tpy~a B Bp8M6HK, 8 nonyqeHHYe npH 3TOM KapTH 
He BM6DT ~OCT&TOqHOI CT6ll6HB !OqHOCTB. 

TiporpaMKW noaBOXRDT npoaaBOXBT» pacqeT B BocnpOBSBOXK!» H8 
SBK (Ba ne&Te rpawonocTpoBTenft ax• Ba aKpaHe ~•cnneR) KpBBwe 
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sneKTPOHHOH rrnoTHOCTH AnH oonomax MoneKyn oenKa. Mero~HKa rrosBo
nHeT rronytiHTb Ha rpaWHqeCKOM ycTpOUCTBe O~HY HRH HeCKOllbKO KapT 
3R6KTpOHHOM llllOTHOCTH B HY~HOM M8CillT86e, IT03BOHHeT Bll~enHTb OT
~enoHUe yt£8CTKH KapT H C 60noill6H TOl!HOCTbiD ~aeT npe~CT8BR6HHe 0 
rrpOCTp8HCTB6HHOM CTpOeHHH OO~eKTa. 

B03MOlKHOCTb HCITORb30B8HHH COBpeMeHHHX 3Bl'.l ~RH npOl'I3B6,1(6Hl1H 
pacqeroB 11 rrocrpoeHHil HsoopalKeHHM nosBOJIWia cyllleCTBeHHO ycKopHTD 
ITO cp8BH6HJ4ID C Tp8~l'IUl'IOHHllMI4 M6T0~8Ml1 rrpouecc HCCJie~OB8HHM R ITO
BllCHTo HX 3WW6KTaBHOCTo 38 CtieT llOilBJieHHH HOBllX B03MOlKHOCTe~ 
8HaJII138. 

Beco KOMTilleKC rrporpaMM, peaJIH3Y!O!li>IM ~8HHYIO MeTO~HKy,B OCHOB
HOM H8ITI1C8H 1:!8 H3llKe QQPTPAH ( OT~eJibHlle rro.n;porpaMMhl Blll!OJIH6Hll 

H8 8BTOKO~e MA;L\JIEH) H VICl!Ollb3yeTCi! B H8CT01ll!1ee BpeMH ,ZJ;JIIl ITOJiyqe
Hl'IH CTPYKTypu MOJieKynhl 6enKa rrenCl'!H8. PaooTa llpOBO,ZJ;M8Cb Ha 

SBM E3CM-6, ID46IO!lleti B cocraae BHemHwc ycTpoltcTB rpaworrocrpoH
TeJID GALi\OkE' H rp8WHt£8CKHlt ~HOMe£! Cill',llA Ha y,n;aJI6HHO£! ~HCMelt

HOlt CTB.Hl.1Hl1/c/. !Iporpawm OWOPMn6Hll B Bld,1l8 CT8H,Z1;8pTHh!X ITO;llllpOr

paMM H MoryT OllTb BKniDtieHu B 6H6JIHOTeKy nporpaMM rpaWHtiecKwc 
ycrpo~CTB. 

B .n;aHHO.tl pa6ore Ol!HCUBarorca: 

- CTPYKTypa BXO~Hh!X ;ll8HHb!X H npe,n;CT8BH6HHe Ha rpaWHt£6CKOM 
ycrpo.tlcTBe rronytiaeworo pesynorara, 

- aJiropHTM nonytieHHH TotieK, qepes KOTopue npoxo,n;HT KpHBaH 
38,ZJ;8HHOrO ypOBHH ITJIOTHOCTH 1 

- 8.7II'OpHTI4 Bht6opa !!Opli;llK8 COe;ztHH6HHH rronytJ:eHHb!X TOl£6K 1 

- nporpaMMhl, peaJIH3YIO~He 8TH aJirOpHTMN. 

I.CrpyKTypa BXO;llHUX H BllXO;llHUX ~aHHUX. 

Kapra sneKTPOHHOlt llJIOTHOCTH sa,n;aeTCH ,n;eltcTBHTenoHUMH nono
lltHTeJioHh!MH 41!CJI8MH B Y3R8X ;llByMepHOti KB8~p8THOl1 paBHOMepHO.tl CeT
KH H 38ITHCllB86TCH B WOpMe M8TPHI.1N Ha MarHHTHOl1 JI6HTe. B pesynb
TaTe paOOTN rrporpaMM Ha rpaWHtieCKOM YCTpO~CTBe BOCllpOH3BO~HTCH 
KpHBNe 38;ll8HHh!X ypOBHe~ MOTHOCTH, COOTB6TCTBYIDIIIH8 K8pT8M SJieK
TpOHH0£1 ITJIOTHOCTH. ilpHMepu 38~8HHH T8KOlt K8PTU H COOTB6TCTBYIO~HX 
e£1 sKBHnoTeHuHaJiei! npe,n;cTaBJieHu Ha pacyHKax I H 2. Ha pxcyHKe 3 
H306paEeHa O;ztHa 143 KapT SJI6KTpOHHOlt ITJIOTHOCTJ4 KOX6KYJIN 06JIK8 
nencHHa. 
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Ha pBCYHK6 2 KpyaOqK8MH OTKeqeHU M6CT8 1 B KOTOPHX KpmBaH 

ypoBHH npoxo~BT qepes ysen ceTK•· YpoBHB • xapaKTep coe~HHeHHH 
3~aHH Cne~yD~HK o6pa30K:ypoB6Hb !50 - nyHKTBpOM, 200, 300 ••• H 

T.~. - CDnOEHOI XKHBei. Ha H8KOTOpUX yqacTKBX KPBBHX cy~eCTBymT 
IT6TXB

1 
KOTOpwe B ~eACTBBT6llbHOCTB ~OXKHH OTCYTCTBOBSTb. lleTnB 

BOSHHK!DT BS-88 HeO~HOSHaqHOCTB Onpe~eneHHH KpHBOi H8 ~aHHOK 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 !50 !50 !50 0 0 0 0 0 0 0 !50 0 0 0 

150 330 3?0 !50 0 0 0 0 0 0 !50 500 !50 0 0 
0 !50 !50 !50 !50 I50 0 0 0 0 0 !50 0 0 0 
0 0 0 !50 320 246 !50 0 0 0 0 0 0 0 0 
0 0 0 !50 254 !50 0 0 J 0 0400 0 0 0 
0 0 0 150 !50 0 0 0 0 0 0 0 0 0 0 
0 c 0 !50 150 !50 0 0 0 0 0 0 0 0 0 
0 0 150 230 380 200 !50 0 0 0 0 0 0 0 0 
0 0 150 293 4!5 218 150 0 0 0 0 200 200 0 0 
0 0 !50 260 240 421 I50 0 0 0 0 200 200 0 0 
0 0 0 I50 I50 I50 0 0 200 0 0 0 0 0 0 
0 0 0 0 0 0 0 200 200 200 200 0 0 0 0 
0 0 0 0 0 0 0 0200 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 

Pac. I 

ITpHMep sa~aHK4 xapTH a~eKTpoHHol nnoTHOCTH Ha ceTKe. 

ypoBHe paspemeHKHo Taxxe wecTa HeO~HosaaquocTK xoryT OuTb npe
o~oneRW nyTeM yaenaqeaas TOqHOCTB S~8HBH KapT aneKTPOHHOI 

DnOTBOCTB HS CeTKe.· 

2. ITporpaJUI8. RW pacqeTa T0l£8K 8KBIUIOT8R~B8HH• 

8Ta nporpaKM! paCCtiHTUBaer Ha cerKe Koop~HHaTH roqeK, qepe3 

Ko~opwe npoxo;zt•~ xpKBaR sa;ztaHHoro ypoBHH nnoTHOCTB. ITpB aTOM sa 

O~HO o0p~eHB8 K nporpaKKe RW paCCM8TpBBaeTCH TOXbKO O~HH ypo
B8Hbo PacqeT ~oqeK npo.SBO~BTCH K6TO~OM ~aueiHOI KHTepnon~BR. 
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Ha~eaawe xoop~KHa~w ro~ex, ~epes xotopwe npoxo~•~ xpBBaH aa
~aHHoro ypOBHR nHO!HOC~B, SBHOCH~CH B ta6nauy, Coe~HH6HH6 STHX 
T0~8K BWDOXHH8T no~nporpaUMa LINK , KO!OpBH 6y~eT ~TIBCBH8 HH
&8 (cu. 4). Ha pacyHHe 4a KB06paaeua 6nox-cxeua nporpaKKw RW • 

2.1. Bxo~xwe napaue~pw. 

B xa~ec~Be ~puaxaHHX napaueTpOB nporpaKKW RW aa~a~~ca 

CX8~~·· D8p&Ketpw: ~eH~~IKB~Op KBTpKqW xap~y SXIKTpOHHOI 
DXO!HOCT., 86 paaaepHOC~a, B6XB~HHB nHOTHOCTB pzcyeuol KpKBOI, 
xapaK~ep C06~BH6HKH ( nyHK!BPOK BnB cnnomaoA XHHH6A), nap8K6TPW 
aao6paaeuaR: paaxepw pacyuxa a ero cue~ea•e no X-a Y-xoop~BHataK 
ua ~eute rpa~noctpoH~exa ana aa axpaae ~acnnea. 

2o2o P8C~6T ~0~8K 8B~BHHOrO ypOBHH DnOTHOCTHo 

!xropHTU BW60p8 TOqeK 88~8HHOrO ypOBHH DXOTHOCTH COCTOH~ 
B cne~eu. rrocxe~oBa~exaao paccuarpKBa~~cR Bee aneuearw ua~
paqw. Bepytca ~axze ToqxH, ypoBeH» nno~aocTH KoTopwx Bw•e an• 
p8B8H 88~8HBOMYo ~R KB~OA BW6paHHOI TOqKH, HBSOB6K ee U6HTp8-
x•aol • o6oauaqBK 5 (pac.S), 6epytcR 8 ee coce~el. Coce~ TO~Ka 
onpe~e~ae~ca xax uexo~opaa ~pyraa ~oqxa, xoop~BHatw xo~opol 
O~Kqa»TCa ae 6oxee qeu aa O~HY Kacm~a6aym e~BHXUY no Bceu aa

:1. 2 3 

~ 5 0 

7 8 9 
PIICo5 

X=XU+XO•P 
:i+P , 

np&BXeB&RK. ~a coce~el Bw6apamTcB ~e, 
ypOB8HD nHO~HOCt• KO!OpWX KeBDme 88~B
BOrO. loop~IHBTM BCXOKOI TO~KB, pacno
X0&8HBOI K8~ U8Btp&nhBOI Toqxol K ee 
coce~oa, aaxo~atca no npaBHnau nKBel
aol HHTepnORRUHR: 

~= YU+Y<!•P . 
-J. .. p , P= Dij-QH 

rAI (I,Y)-KOOp~IBBfH BCKOMOI toqxa, Dl-a&A&HHHI ypOB6HD niOfHO_ 
ct•, (IU,YU)-xoop~KRatw ueatp&n»Hol roqx•, ITU-»en•qBHa naotuo
ct• B ueat~Hol toqxe, (IC,YC)-xoop~BBatw B coce~ael toqxe, 
fiC-BaiKqBHI DnOfROCTB B COC8AB81 f0q&8, Hai~8BHW8 KOOp~KHBTW 

3aaocarca 1 Ta6AHUY A (pxc. 6). 
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J 
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TadnM~a A roqeK 3~aHHoro ypoBHR nnoTHOCTH, 

i 2 .3 4 

xt "Y~ 2 

x .. y2 3 K 

... . . . ... . .. 

Xr Yr 2 

XN Yr•t 1 

... .. . ... ... 

x:J Y., ! I+ 1 
. . . . .. . .. ... 

PHc. 6 

2.3, 3anORHeHHe TadRHUW roqeK 3~8HHOrO ypoBHR 
nROTHOCTH, 

-

! 

TadnHua A opraHH30BaHa cne~yDmHM odpaaou. ITepBu~ H Bropo~ 
CTORdUH 38HHMa~T COOTBeTCTBeHHO X- H Y-KOOp~HHaTU HS~OHHHX T0~6K 1 
KOropHe nepe~a~rcR no~nporpauye LINK (c:u,4) ~nR nocne~ynmero 
COe~HHeHHR, B TpeTheM CTORdi~e OTMeqaeTCR KORHqeCTBO COe~HH6HH~ 1 
npoxo~Rmnx qepea ~aHHYD roqKy, a B qerBepro:u crondue, ecnn xonn
~ecrBo COe~HHeHHH dHRO HOqeTHOe 1 OTMe~aerCR nop~KOBH~ HOMep TO~KH 
no radnnue A, c Koropon npOH3owno nocne~Hee HeqerHoe coe~nHeHne. 

ECRH Xe KORH~eCTBO COe~nHeHH~ dHRO ~8THOe 1 TO CO~epXHMOe qer
Beproro crondua He nueer 3Ha~eHMR (cu,4), 3anonHeHne:u rpeThero 

n ~erBeproro CTOndUOB Be~aer no~porpaMMa LINK (cu. 4.2.). 
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3, llpaBRn8 BH6opa nop~Ka COeAHHOHHff TO~eK. 

ilOCX8 TOrO KSK H8~A8HH BC8 TO~KH, ~epea KOTOpUe npOXOAHT 

KpHBaff 38A8HHOrO ypoBHff llXOTHOCTH, H806XOAKMO onpeAOHHTh nop~OK 
HX C08AIIH8HHffo PaccMOTpHM ABS CJiy~aff: KOr;ZJ;a HOKOTOpaH TO~Ka 11I 11 

HK8X8 ~8TH08 ~HCJIO C08;ZJ;HH8HH~ H KOr;ZJ;a OHS HMena He~eTH08 ~HCJIO 

C08;ZJ;HH8H~. TaK KSK 38 O;ZJ;HH npOCMOTp TO~Ka MOX8T 6UTh C08;ZJ;HH8Ha 
He 6onee ~eM C ;ZJ;BYMH TQqKaMH, TO~Ka 1 HMeromaH qeTHOe ~HCJIO C08;ZJ;H

HeHH~1 paccuarpMBaercR KaK He n:uenmaR coe~nHeHM~. Ilo-
3TOMY ;ZJ;Hff TOqeK C ~eTHHM qHCJIOM C08;ZJ;HH8HHR He cymecTBeHH0 1 yKa-
38HW HRH HOT B T86JIHUe TOqKH, C KOTOpHMH OHa 6hlna COe;ZJ;HH8H8, 

AHanor~~Ho ;n;nH roqeK, KMemmHX He~eTHoe q11cno coe;n;HHeHH~. TaKaH 
Toqxa pacc:uaTpKBaeTcR no;n;o6Ho ToqKe, nueromen TonhKO o;n;Ho coe;n;HHe
HHe. 

llyCTh TOqKa 11I 11 He HM8JI8 COe;ZJ;HHeH~. QqeBH;ZJ;HO, ~TO O;ZJ;HOn 
H3 ,ItBYX ToqeK, C KOTOPHMII 6yAeT COeAHHeHa TO~Ka 11I 11

, ffBJiff8TCff 
6xexaRwaH. BTopoA TQqKoA, C KOTOpoA AOJ!XHS 6UTh C08;ZJ;HH8H8 TO~Ka 
11 I 11

, ffBJiffeTCH T8K8ff roqxa, ~TO! 
a) MOE,Ity COe;ZJ;HHffeMHMH TO~KSMH BeJ!HqHHa ilnOTHOCTH He ;ZJ;OJIXH8 

cymeCTBeHHO OTJ!HqaThCff OT BeJIHqHHU 38;ZJ;8HHOrO ypOBHH, 
6) pa,ItnyC KpHBH3HH KpHBoR, npoBe;ZJ;eHHOR qepea 3TH TpH TQqKH, 

( I) B pacc:uarpHBae:uon ToqKe HaH6onhmHR, 
B) paccTOHHHe ;n;o paccuaTpMBaeuon ToqKH HaMMeHhmee. 

Heo6xo;n;KMOCTh BHnonHeHHH ycnoBHH a) oqeB~Ha. TaK KaK ecnH 
:uex;n;y B03MOEHHMH TOqKaun coe;n;HHeHHH ypoBeHh nnOTHOCTH aHaqHTenh
HO OTJ!HqaeTCff OT B8J!HqHHH 38;ZJ;8HHOro, TO B T8KOM MeCTe B OnHCHBa
e:UOM npocTpaHCTBeHHOM o6~eKTe cymecrByer nw6o KpyroR nHK, nH6o 
BN8MK8, nanee 6y;n;eM cqHT8Th 1 qTo YCJIOBH8 a) BCer;n;a BHnOJIHff8TCffo 

TaK KSK B HOKOTOPHX cnyqaffX YCJIOBHff (I) O;ZJ;HOBpeMeHHO He 
BHllORHHMW, ;ZJ;OnOJIHHT8JihHH8 orpSHHqeHHH 6y;n;yT BB8;ZJ;8HN HKEe. 

nnff TOro qTo6u onpe;n;enHTh KPHBH3HY KpHBoR, npoxO;ZJ;ffm8n 
~epea TpH TOqKH 1 H8;ZJ;O HanTH annpoKCHMHpynmyro ~YHKUHD qaCTH' KpHBOn 
llXOTHOCTH 1 3&A8HHOA ,ItHCKp8THO B Tpex TO~K8X 1 no wopuyne: 

+':J'ztlz 

~i' R=l 
r,Ite Y = ~(X)-annpOKCHMHPYDmail (jlyHKUHii 1Y

1 
H Y

11
- ee nepBSH H BTD

paH npOH3BO;ZJ;HH8. 8Ty npo~e;n;ypy H806XO;ZJ;HMO npo,Iten8Th ,ItJIH BC8X B03-

MOEHHX T0~8K C08,ItKHeHHHo 

II 



PacqeT annpOKCHMHPYD~eR ~yHKUHM M ee npoM3BO~HHX HBAHeTCS 
ACCT8TO~HO Tp~OeMKHK rrpoueccoM, Tpe6yo~KM SHa~HTeX»HHX aaTpaT 
uamKHHOrO BpeMeHHo ~OCTaTO~O BM6CTO p&Aayca KpZBH3HH B ~8HHOI 
TO~Ke onpe~enHT» yron xe~y rrpRKHMH, npoxo~~BMH ~epes TO~KY "I" 
H 6naxa~mym • ~epea "I" a npe~noxaraeMyv Toqxy coeAIR6HKH ( npa
Mym, npoxoA~ID qepea ~e TO~K "A" m "B" OyAeK o6oaaa~aT» (A,B)). 
ITpH 3TOM H3 ~BYX BOSMO~HHX yrXOB ~YX nepeceKaD~HXCH npHMHX BWO•
paeTCH TOT yron, Ha CTOpOHaX KOTOporo .U6SS.T ,ll;aHHI:l6 TO~KH (p•c.7). 

-.: (I .,. ' (K.l) "~ ---c(I) 
K ''-...._ ------ --' 

~~-~·k) 

-------~ ------
~ 

- 7'-..~ '" ---~";- , ~·I) 
a) 0) 

fvw. 7 

npM aToM ycnoBHe (I)-6) aaueHHTca aa c.ueAy~ee: 
:):1)-6) - ;ron aerp,y np!UIWIR HSII001U>md. YCJIOBKH a) !! B) H6 Jl3-

ll!eHHTCH. 
PeccMOTpHM H6CKOJibKO cny~aeB B03KO~OrO COe~KH6HIIH TO~eK H8 

A8pTe aneKTpOHHOi nJIOTHOCTH. 0003BaqHM TOqKK, nonaBmBe B H6KOTOPYD 
aa;ttaHHYD E. -oxpecTHOCT» Toqxa "I" aa "!1 ,"B8

,
8 C",•E". 

I. ......_____ .,.II * !i 8TOT cnyqal llBJill8TCH npOC'feliiiHMo 
---.. .! ~ Tiycn OllDB.A•el K nr• 6y;tteT RBR 

~~ (pac.8). QqeB~Bo, q'fo BTopol acxo-
____- HOI Toqxol HBnaeTca Toqxa "C". YrOll 

Pac.8 Ke~y npHMHMK (J,I) a (C,I) HaHOOll»-
~d K paCCTOHHHe OT ncu ;~:tO "18 K6Hblll6, qeM OT "A8 KnH "E" ;~:tO "I8

, 

YcJIOBIH (II) BHflOXHeHH, 

2. llyCTb OllE~&IHel K "I" 6yAeT "B". 
(p1c.8). Ecna 61:l p•coBan qe~oBeK, 
TO OH TO'iKJ "I" C06;ltBHHJI ClH C TO'i
KOI •c•. SBY ae no yc~OBKD (II)-6) 

Pzc.9 " CBS1l&na Bw6apaeT Toqxy •E•. BaTeY 
BCAeACTBHe STOrO ae ycJIOBifl BH0Jp88TCH Toqxa ncn, a llOTOM "A", 
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0TCID;lt8 BHAH0 1 ~TO HB06XO~HKO BBeCTH ~OnOJIHHTBHnHOe orpaHH'ieHHe: 
yron Cf He ~OJIEeH Clb!Tb MBJI. ,llOCTBTOqHo, qTOcJH 'I He 6WI MeHiollle 
45°. 3To orpaHH'ieHMe xopomo annrocTpHpyeTcH cnyqaeu 3. 

3. 

PRe, 

B aToM cnyqae ClnHKaime« T01lKOA 
K 11! 11 llBJIHeTCH "C" {pac.IO). 
BTOpOM TO'iKO~ coe~KHeHHH 6~eT 

"E". 3TO e;ttRHCTBeHHBH TO'llta, 
KOTOpaH y;ttOBJieTBOpHeT yCXOBIIHK, 
OnllCBHHUM B cnyqae 2. 

ITocne Taro KaK Bee B03MOEHhle cnyqaH paso6paHhl H BHeceHH 
nonpaBKH, YCJIOBIH! COe;ttHHeHHH TO'ieK (I~ nepenHmyTCH cne~ll!.BK 
oCJpasoM: 

a) MBE;tty COe~KHHeMblMH TO'iKaMH BBJIH'iHHB nAOTHOCTH He ~OXK
Ha cymeCTBBHHO OTXH'iaTnCH OT BBJIHqKHbl 38~8HHOrO ypOBHH, 

6) yrox Mex;tty npHMhlMH HaHClonnmHH, 
(2) B) yron Me~y npHMhlMH He ueHnme 45°, 

r) paccTOHHHe MeE~Y coe~HHHeMhiMH ToqxauH HaKMeK&mee. 
Ehln paao6paH cnyqaA, Kor~a TOqKa He HYena HH o~Horo coe~w

HeHHH HnH HUBJIB qeTHOe qJ4CJIO COB;ltHHBHBM. PaCCKOTpHM cny~al, 
KOr;tta TQqKa HUeeT He~eTHOe qHCJIO C08;ltHH8H~. Tor~a BMeCTO CiBB
xa~mel Bhl6HpaeTcH TO'iKa, c KOTopon ;ttaHHaH Toqxa yxe CSuna coe
;ttHHeHa. BTopas ToqKa coe~KHeHHH onpe~enaeTcfl no anropBT.y, oDB

caHHouy Bblllle. 

4. ITo;ttnporpaMMa LINK coe;ttHHeHHH aa~amrnx Toqex. 

rro~nporpaMUa LINK nocxe;ttoBaTeJibHO paccuaTpHBaeT no ~6-
n~e A Ka~ym Toqxy 38~8HHOA KPKBOA H Bbl6HpaeT K3 OCTaJibHHX 
TBKHe TOqKH, KOTOpble nona~aroT B HBKOTOpyro aa;ttaHHYD OKpeCTHOCTn 
paCCMSTpKBaeMO~ TOqKJ4, 3TH TQqKH (HB30BeM HX B03MOKHHMB TO'llta
KH coe~HHeHHH) saHOCHTCH B TaCJnKQY B (pHc.II). 

B aaBHCHMOCTK OT KOXJ4qeCTBa coe;ttHHeHKI, K8K08 BMe~a pac
CKBTpKBaeMaH Toqxa, 143 TBCJH~hl B BhlClHpaDTCH O;ltB8 JIHOO ~e Toq
KH,y~OBHeTBOpHD~He npaBHnaK (2), C KOTOpHMH paccuaTpHBaeMall Toq_ 

Ka COB;ltHHHeTCHo 
Ha pHc.36 ~aHa 6HoK-cxeMa noAnporpaUKI:l LnrK 
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TaOx~a B BOSIIOKHHX TO~eK coe~KHeHas. 

tv: :i 2 3 4 5 

:i XI. yl I - -

2 XIi yli Ii VcXz-X~f+(Yl-YS 
1 -

... ... . -. ... . . - . .. 
::J XK yt( K 'Vti.~-X)+(Yl-Yt<)-t Ci,I,) ... (I,K) 

... . .. -.. .. . . .. . -. 

Pac. II 

4.1. BH60p H 38BOXB8BB8 ~86X~H BOSMaa.wx T0~8K C08AHH8HHB. 

~B K~Ol TOqKB H3 T86X~H A COC!aaiH8~CB !86n~ B. 
Uyc~» xoop~KBB!H atol !Oq&B Haxo~H!CH B ta6n~e A D cTpoxe I. 
loop~IR8!H !O~B •r• 38BOCB!CH B nepBHI B DO B!OPOI C!OX6nH nep
BOI C!pOKH Ta6i~ B. B !pe!~ell ctox6~e no•e~e~cs nop~KOBKI 
HOIIep TO~H DO T86X~e A. Ha Kapte 8X8K!pOHHOI DXOTHOC!B pac
CM8tpD88!CH HeKotopaa E. - oitpectuocn toua •r•. B H&IIUe E 
y~o6Ho npKBHT~ paBBHM KKBIK&XDHO DOSMOEHOMY paCc!ODHm •e~ 
;JtBJMH touau. llpocxupoaa !86n~y A, saxo~o aoop;w;uatH !O.ex, 
KO!OpHe DOD&XB B STY e -OKpec!HOCTD• Koop~HK&!H oqepe~BOI !O~B 

aaaoco B ~~61~ B B nepBym cBo6o~BJm c!poxy. B •etBep!oa 
ctoxd~e aanacHBaetca pacc~oHHae 11e~1 atol touol • ~ouol •r•. 
B Dft!Oil C!OXd~e 88DBCHB88!Cft BeXRIR& yrza M81QJ i%pJDDUIB1 upo
XO~~· qepea •r• a 6iJZala;ym • ~epes •r• • BBOBD Ba~eKJ1D. 

Sue• paccetpoamtca u, 36, .. e-- oltpecuocu toua •r•. 
loop;J;KBI!H BC8X HOBHX !Oqex, KO!OpK8 DOD&IB B I!B O&p8C!BOC!B•B 
BCB DOCXeUJII(&H D4/0p~U !&Ue BIBOCK'fCfl B oracm&Q B. la&coa
UB&Jll -oxpecuocu Be ;w;oaua npeBiiiiiU~ lr (cqHuerca, uo cet
Jta a~.;~;au c aaroa e;w;KBJDtl), to ecn aJtc~ao aosao:uoro pac
ctouu M8UJ ~JU COCI;J;B ... !O'UI.U, !U JtU 8!0 BIOJ:pi.QIUO 
JBURDI.t! Bp8JUI C~8ft B KOZO! npD8C!B It BeJipUIIUBOIQ" COe;Jt.
B8BHm !OqeJt ltpBBol. Dpa 8!011, qeM 60XDB8 DOPRXJtOBKI BOMep !OqJtB 
DO !a6XIII{8 B, TIM Mn>B8 0118 O!C!Oil! 0! !OUB •r•. 
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4.2. Coe~BB8HBI1 toqxa, HM8D~el ~eTHoe qHcno 
C08;ltKB8HHl. 

Ecxa TO~a HMena qeTaoe ••cno coe~KHeHHU (qTo aKBHBaneHTHO 
TOifY 1 qTO TOqKa He HMena C08~KB8HBI B006•e (011.3)) 1 TO no !86XB
~8 B HaxOAHrca O~HJtalaaa roqxa H npozcxo~HT HX coe~HH6HHe npz 
nOMO.B DO;~tnporpaKY~ LINKG C08~HH6HBH ;ltBYX !OqeK Ha rpa~H~6CKOM 
ycTpOIC~Be. Hpa 8TOM ~H C08;ltBHH6KHX TOqeK B COO!B6TCTBYD~KX 
CTPOK8X ~a6xKqH A B C!on6~e KonHqec~Ea coe~HHeHHI qHcno YB6X»
qHB88!CH Ha e~HHHQY. Tax xe ~~H H8~;lt6HHOI TOqKH B qeTB6p!NI 
C~oa6e~ 38HOCB!CH nop~KOBwl HOM8p DO T86XKU8 A paccMatpHB88MOA 
TQqKBo 3a!CM B COO!B8!CTBBB C DP8BKI8MB (2) B~6apaeTCH B!OpaH 
to.xa coe;~tiBeHHH. AHaxoraq&aH HHWOPII&~BH aaHOCHTCH B ta6nKQY A. 

4.3. Coe;~tHHeHHH toqxz, HMeD~el HeqeTHoe KonzqecTBO 
coe;~tHHeaal. 

EcnB !0~8 BMena Heqe!HOe KonHqecTBO C08AHH6Hal, TO ~H 
8TOI TO~B DO COAepaHMOifY qe!B8p~oro CTOX6~a COO~B6TCTBy~eA 
CTPOKB !86n~W A onpe;~tenHe~CH DOpH;ltKOBHl HOMep !OqKH, C KOTOpol 
C08;ltBH6HB8 yae npOH30aiOo 9!8 TO~a paCCII8TpKB88!CH BM8CTO 6nz
aalael. B~opaa toqxa H Heo6xo~BMaH BH~opxa~HH onpe~e~Hm!CH xaK 
B B 4.2. 

~CDOX~80B&HB6 BHm6H3XOJt6HHOI M8TO~HKB npH DOC~p08HBB Kap~ 
SX8K!pOBHOI niO~HOCTH nencBHa DOK83&nO, qfQ ORB U03BOXH8T 8~K
!BBH88 B B&~ezaee DO Cp8BH8Him C !pa;~t~HOBHKMB 118T0~811B BOCnpo
BSBO~BTD H806XO~BMH6 p&CJHKB B8 rpa~aqecKXX ycTpOICTB8X1 qfo 3H8-
qHT8X~HO odlerqano npo~ecc accxeAOBBHHR. TaKae paccuoTpeHuas lle
!O~BKa K0Jt8T 6KTD &CDOID30B8H8 npa BCCXe;ltOB&HII DOBepXHOC~eA, 
;ltXB ODBC&BBB penDe~ ll6CTHOC~B. 

B 3~JmqeHH8 BBTOP B~paaaet 6naro;~tapaocTD qneay-KoppecnoH
~eBTY AH CCCP DPOW• H.H.roDOPYHY x npo~. H.C.AftAP68Bol sa no
c~aBOBKY S&;~;aqa, DOC!OBBHHI &BTepec B DOIIO~ B pa60T8 1 I ~8Ka8 

A.n.canoaxBKoDy sa noxesBWe o6cy~euBH. 
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