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INFORMATIE DESPRE GRUPURILE ROTATIVE
ALE POLIEDRELOR REGULATE

Pavel ZABOLOTNTI
Catedra Algebra si Geometrie

The work contains a detailed description of the location of symmetry elements in sets, corresponding to every rota-
tional symmetry group 3/2, 3/4, 3/5. All these groups are described in a common coordinate system, which simplifies
both finding group symmetry element directions as well as comparing these directions for elements of different groups.
Every element of every group has a unique index, and numerous automatically computed summary tables will help
finding the angle between directions of any two symmetry axes from any of the three mentioned symmetry groups.

Dupa cercetarea structurii algebrice a principalelor serii de grupuri punctuale k, k'm, k:m, k:2, m-k:m
[1-3], a mai rdmas de cercetat seria de grupuri punctuale, generate de rotatiile elementare in jurul a doud axe
de ordin superior, agezate sub unghi ascutit una fatd de alta. Studierea acestei categorii devine mai com-
plicata, in primul rand — din cauza ordinului relativ mare al grupurilor cercetate si, in al doilea rand — din
cauza nedeterminirii ce se contine in formularea ,,axe asezate sub unghi ascutit una fata de alta”. In principiu,
acesta poate fi orice unghi de pe intervalul 0°, 90°, dar incercarea de a cerceta doud axe de ordin superior,
asezate sub un unghi ascutit arbitrar ne conduce de cele mai dese ori la grupuri nediscrete, care contin rotatii
la unghiuri oricat de mici si nu se Incadreaza in problema generala discutata aici.

Pentru rezolvarea problemei formulate, vom da la Inceput o descriere amanuntitd a grupurilor rotative
cunoscute ale poliedrelor regulate, descriere obtinutd cu ajutorul computerului si fixatd in tabele speciale, din
care pot fi extrase oricand datele concrete necesare pentru cercetare, comparare, generalizare s.a.m.d. Plus la
toate, o astfel de informatie va fi folositoare in orice alte domenii ale matematicii, legate intr-un mod sau
altul de poliedrele regulate.

Deoarece printre cele cinci poliedre regulate se intalnesc doud perechi de poliedre duale (cubul si octa-
edrul regulat, icosaedrul si dodecaedrul), care au grupuri complete de simetrie identice, aceste perechi de
poliedre au unul si acelasi grup rotativ. Ramane ca mai departe sa fie cercetate numai trei grupuri rotative, de
exemplu, cel al tetraedrului regulat (grup cu denumirea clasica 3/2), grupul rotativ al cubului (denumirea
clasica 3/4) si grupul rotativ al icosaedrului (denumirea clasica 3/5). Pentru a simplifica rationamentele, dar
si pentru a usura compararea rezultatelor referitoare la diferite grupuri, este convenabil sa reprezentdm cele
trei poliedre regulate intr-un sistem unic de coordonate, aga cum e aratat pe Figurile 1, 2 si 3. Ideea de baza
aici consta in posibilitatea de a inscrie tetraedrul regulat si icosaedrul in acelasi cub, de care este legat 1n cel
mai obisnuit mod sistemul cartezian rectangular de coordonate ilustrat pe desen. Determinand 1n acest sistem
coordonatele varfurilor poliedrului cercetat, mijlocurilor laturilor si centrelor fetelor lui, vom detine toata
informatia necesara pentru calcularea unghiurilor dintre orice doud axe de simetrie, care, dupa cum se stie,
trec anume prin aceste puncte caracteristice. Nigte programe speciale de calcul, la care nu ne vom opri
in lucrarea de fatd, gdsesc aceste unghiuri (si valoarea aproximativa a cosinusurilor lor) si le plaseaza in
Tabelele 1-15, a caror structurd este destul de fireasca si simpld, farda sd necesite explicatii suplimentare.
Anume unghiurile din aceste tabele, tiparite pe 5—6 pagini, impreuna cu tabelele rezultante relativ scurte, ce
contin pentru fiecare grup numai date alese, compactizate dupa anumite criterii, ne vor ajuta in viitor sa ne
orientam mai sigur In acest torent voluminos de informatie initiala.

Coordonatele punctelor si ale directiilor caracteristice pentru fiecare din cele trei grupuri cercetate cores-
pund listei elementelor fiecdrui grup si notatiilor de pe Figurile 1-3. Tabelul generalizat cu care se termina
descrierea fiecarui grup contine informatia compactizata din tabelele precedente, fara multiplele repetari,
desi in el sunt indicate si unghiurile triviale de 0° si 90°.
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GRUPUL 3/2; ELEMENTELE GRUPULUI
01 | 02| 03 [ o4 ] 05|06 07 08 ] 09 ] 10] 11]12
E 30 | 32 | 3 | 32| 3 | 32| 34| 32 20 | 2, | 2

GRUPUL 3/2; PUNCTE SI DIRECTII CARACTERISTICE (Fig.1)
¢ — semilatura cubului circumscris tetraedrului
GRUPUL 3/2; Varfurile cubului:
Vi( ¢, ¢, €); Va(-¢, ¢, €); Vi(-¢,-¢, ©); Vi( ¢,-¢, €); Vs(-¢,-¢,-¢); V( ¢,-¢,-¢); V7( ¢, €,-€); V3(-¢, ¢,-¢);
GRUPUL 3/2; Centrele fetelor cubului:
Fi(¢,0,0)~[Vi-V4-Ve-Vil; F2(0,¢,0) ~[V1-V2- V- Vi[5 F3(0,0,¢) ~ [V, - V- V3 - V5
Fy(-¢,0,0) ~[V5- V-V, - V3]s F5(0,-¢, 0) ~ [V5 - Vg - V- V3]5 Fg( 0, 0,-¢) ~ [V5 - Vs - V7 - Vg5
GRUPUL 3/2; Directiile axelor de ordinul 3 (AXE3):
AXE31={c,c, ¢} ~3;1~V; AXE32 ={-¢c, ¢, ¢} ~3,~V3;
AXE33 ={-c,-¢c, ¢} ~33 ~V3; AXE34 ={c,-¢c, ¢} ~34~Vy;
GRUPUL 3/2; Directiile axelor de ordinul 2 (AXE2):
AXE21={c, 0,0} ~ 2, ~ F;; AXE22={ 0, ¢, 0} ~ 2, ~ F,; AXE23={ 0, 0, ¢} ~ 23 ~ F3;
GRUPUL 3/4; ELEMENTELE GRUPULUI

01 02 03 04 05 06 07 08 09 10 11 12
13 14 15 16 17 18 19 20 21 22 23 24

E | 3, | 32 ] 3, [ 32 ] 3 [ 32 ] 3, [ 32 4 | 4> | 4
4, 4, |47 45 4, 4;° 2, 2, 23 24 25 2

GRUPUL 3/4; PUNCTE SI DIRECTII CARACTERISTICE (Fig.2) (¢ — semilatura cubului)
GRUPUL 3/4; Varfurile cubului:
Vi( ¢, ¢, €); Va(-¢, ¢, ©); Vi(-¢,-¢, €); Va( ¢,-¢, €); Vs(-¢,-¢,-¢); V( €,-¢,-€);5 V3( ¢, €,-¢); Vs(-¢, ¢,-€);
GRUPUL 3/4; Mijlocurile muchiilor cubului:
Mi(0, ¢, ¢) ~[Vi-V2]s Ma(0, -¢, ¢) ~ [V3 - V4]; Ms(-¢, 0, ¢) ~ [V2- V3]s My( ¢, 0, ¢) ~ [V - Vs
Ms( ¢, ¢, 0) ~ [Vy - V715 Mg(-¢, ¢, 0) ~ [V; - Vg]; M7( 0,-¢,-¢) ~ [V5 - V|5 Ms( 0, ¢,-¢) ~ [V7 - Vs];
My( ¢, 0,-¢) ~ [V - V75 Myg(-¢, 0,-¢) ~[ Vs - V3|5 Mii(-c,-¢, 0) ~[V3 - V5|5 My2( ¢,-¢, 0) ~[V4 - V|5
GRUPUL 3/4; Centrele fetelor cubului:
Fi( ¢,0,0)~[Vi-V4-Vs-Vi]; F2(0,¢,0) ~ [V -V;-V5-V7]; F3(0,0,¢) ~[V1 - V2-V3-V];
Fy(-¢,0,0) ~[Vs-Vg-V,-V3]; Fs(0,-¢,0) ~ [V5 - Vg - V4 - V3|5 Fg( 0, 0,-¢) ~ [V5- Vg - V7 - Vg5
GRUPUL 3/4; Directiile axelor de ordinul 4 (AXE4):
AXE41={¢c, 0, 0} ~4,~F; AXE42={ 0, ¢, 0} ~4,~ F,; AXE43={ 0, 0, ¢} ~4;~ F3;
GRUPUL 3/4; Directiile axelor de ordinul 3 (AXE3):
AXE31={c¢,¢c,c} ~3;~Vy; AXE32={-¢c,c,c} ~3,~Vy;
AXE33={-c,-c, ¢} ~ 33~ V3; AXE34={ ¢,-c, ¢} ~3,~ V43
GRUPUL 3/4; Directiile axelor de ordinul 2 (AXE2):
AXE21={0,c, ¢ } ~2,~M;; AXE22={ 0, ¢, ¢} ~2,~M,; AXE23={-c, 0, ¢} ~ 2;~M3;
AXE24={c, 0, ¢ } ~ 2,~M,; AXE25={ ¢, ¢, 0} ~ 25~Ms; AXE26={-c, ¢, 0} ~ 24~Mg;

GRUPUL 3/5; ELEMENTELE GRUPULUI
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

17 18 19 | 20 | 21 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 32

33 | 34 | 35 | 36 | 37 | 38 [ 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48

49 | 50 | 51 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 [ 60

E 2, 2, 23 24 25 26 2; 23 20 | 290 | 211 | 212 | 243 | 214 | 255

3, 1032 3, | 32 ] 33 | 332 | 34 |32 35 | 357 | 3¢ | 32| 3, | 32| 35 | 35

30 | 30 | 300 |30 5 | 52|57 |54 ] 5 |55 5| 5 |5 |5 |5

5, | 55 | 57 |54 | 55 | 58| 55 | 55 | 56 | 5 | 56 | 56
GRUPUL 3/5; PUNCTE SI DIRECTII CARACTERISTICE (Fig.3)
¢ — semilatura cubului circumscris; a — semilatura icosaedrului.
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Exprimarea semilaturii icosaedrului prin semilatura cubului circumscris

Poliedrul inscris in cub, ilustrat pe Figura 3, este caracterizat de conditiile |V{V¢|=|V2V11|=|VeV10|=2a.
insé, numai egalitatea lungimilor a trei segmente [V1,Vs], [V2V1i] si [VeVie] nu este suficientd pentru ca
poliedrul inscris sa fie regulat, adica sa aiba toate fetele — niste triunghiuri echilaterale egale. Daca insa, pe
langd conditia |V;Ve/=|V.V1i| [1], vom mai adduga cerinta |V,Ve=|V1V,|, atunci orice doud muchii ale
poliedrului cercetat vor deveni egale (|VV2|=|VeVi|, deci |[V2Ve|=|V2Vi|; AV1VeV2=AV,V1V3 — dupa trei
laturi s.a.m.d.), iar poliedrul va deveni regulat. Asadar, Incercarea de a raspunde la Intrebarea: pentru care
valoare a lui a poliedrul inscris astfel in cub va fi regulat, ne conduce la cercetarea conditiei |V;V¢|=|V1V,]
(avem 1n vedere cid egalitatea |V;V4|=|V,V1| se Indeplineste automat). Folosind coordonatele varfurilor
respective, obtinem: c2+a2+(c-a)2=4a2;—>2c2+2a2-23c-4az=0;—>a2+ac-c2=0. La rezolvarea ultimei ecuatii
patrate fata de a, obtinem solutiile a;=(-c+cV5)/2 si a;=(-c-c\5)/2. Solutia evident negativd a, nu se potri-
veste pentru distantd, asa ci pentru semilatura icosaedrului inscris in cub ramane unica solutie: a=c(5-1)/2.
Prin transformari algebrice obisnuite se obtin §i alte expresii pentru a: a=c(\5-1)/2=c\[2/(3+V5)]=c-V
[(3-V5)/2]=2¢/(/5+1); a’+a-1=0.

GRUPUL 3/5; Varfurile icosaedrului, exprimate prin a si c:
Vl( 09 -a, C); VZ( C, 0’ a); V3( a, ¢, 0); V4('aa () 0); VS('C’ Oa a); V6( 0’ a, C);
V4(0, a,-c); Vg(-c, 0,-a); Vy(-a, -¢, 0); Vio( a,-c, 0); Vi1( ¢, 0,-a); V12( 0, -a, -¢);

GRUPUL 3/5; Mijlocurile muchiilor icosaedrului, exprimate prin a si c:

M; ( 0, 0, ¢)~[V1i-Vl; M,( /2, a/2, c/2+a/2) ~ [V =V ¢ls
M; ( a/2, ¢/2+a/2, c¢/2)~[Vi3—-Vl; My(  -a/2, c/2+a/2, c¢/2)~[V4—Vls
M; ( -c/2, a/2, c/2+a/2) ~ [V s—V ¢l; Mg( /2, -a/2, ¢/2+a/2) ~ [V 1=V ,];
M, ( c/2+a/2, c/2, a2)~|V,.-Vi]; Mg ( 0, c, 0)~[V3i—-Vy];
M, (-a/2-¢/2, c/2, a2)~[V4-Vs; Mio(  -¢/2, -a/2, c/2+a/2) ~[Vs-V ];
My ( -a/2,-a/2-¢/2, c¢/2)~[V 1=V My, (c/2+a/2, -c/2, a/2) ~ |V 2 - Vyl;
M13(c/2+a/2, c/2, -3/2) ~ [V 3= V]]]; M14( -a/2, c/2+a/2, -3/2) ~ [V 4— A\ 7];
Mis( -C, 0, 0)~[Vs-Vsl; Mi( 0, 0, -¢) ~[V7-Vul;
M ( -c/2, -a/2, -¢/2-a/2) ~ [V s — V12l Mys(  -a/2, -c/2-a/2, -c/2) ~[V 9— V12l;
M19( 3/2, -c/2-a/2, -C/Z) ~ [Vl() — V12]; Mz()( C/Z, -3/2, -6/2—3/2) ~ [V11 - V12];
My ( -¢/2, a/2,-c/2-a/2) ~[V 1- Vs M,y (-¢/2-a/2, -¢/2, -a/2) ~[Vg— Vs
M,3( 0, -C, 0)~[Vo—Vuls Myy( a/2+¢/2, -¢/2, -a/2)~[Vio—Vul;
M25( C/Z, 3/2, -0/2-3/2) ~ [V11 — V7]; M26( 3/2, a/2+c/2, -C/Z) ~ [V 7= \% 3];
M,;(-¢/2-a/2, c/2, -a/2)~[Vg - V4]; M,g(-c2-a/2, -c/2, a/2)~[Vo— Vs
Mo( a2, -c2-a/2,  a/2)~[Vio— Vil; Mi( c, 0, 0)~[Vu-Val
GRUPUL 3/5; Centrele fetelor icosaedrului, exprimate prin a si c:
Fi( c/3, 0, 2ct+a)/3) ~ [V —V - Vl; Fa( (cta)/3, (ct+a)/3, (cta)/3)~[V -V -V ¢l;
F( 0, (2c+a)/3), ¢/3) ~ [V 3=V 4= Vel; Fy((-c-a)/3, (cta)/3, (ct+a)/3) ~[V &V 5=V ¢l;
Fs( -¢/3, 0, 2ct+a)/3) ~ [V s=Vi=V ¢l; Fe( (cta)/3, (-c-a)/3, (c+a)/3)~[V =V »—Viol;
F7((2¢c+a)/3), c/3, 0)~[V -V Vul; Fs( 0, (2ct+a)/3),  -c/3)~[V -V &V 4];
Fy((-2c-a)/3, c/3, 0)~[V &V s—Visls Fro((-c-a)/3, (-c-a)/3, (c+a)/3) ~ [V 5=V 1=V o];
Fu(  -¢/3, 0, (-2c-a)/3) ~ [V -V s-Vna|; Fi2((-c-a)/3, (-c-a)/3, (-c-a)/3) ~ [V 5=V V2|5
Fis( 0, (-2¢c-a)/3, -¢/3) ~[V o~Vi-Vul; Fu((ct+a)/3, (-c-a)/3, (-c-a)/3) ~ [Vi-V1i—Vi2l;
Fis( c/3, 0, (-2¢-a)/3) ~ [Vii=V7-Vui2]3 Fie((-c-a)/3, (cta/3, (-c-a)/3) ~ [V 7~V 3=V 4];
F17((-2¢-a)/3, -¢/3, 0) ~ [V s Vo=V 5]; Fis( 0, (-2c-a)/3,  ¢/3)~[V o-Vie-V 1l;
Fi(Q2cta)/3),  -¢/3, 0) ~ [Vie-Vu— V2|5 Fy((cta)/3, (cta)/3, (-c-a)/3) ~ [Vii-V =V 3];

GRUPUL 3/5; Directiile axelor de rotatie de ordinul 5 (AXES):
AXES51={0,-a, ¢} ~5, ~V; AXES52={¢, 0, a} ~5, ~V,; AXE53={a, ¢, 0} ~5;~V3;
AXES54={-a, ¢, 0} ~ 5, ~ V45 AXE55={-c, 0, a} ~ 55 ~ V5; AXE56={ 0, a, ¢} ~ 56~ V;

GRUPUL 3/5; Directiile axelor de rotatie de ordinul 3 (AXE3):
AXE31 ={ c/3, 0, (2cta)/3}~ 3, ~F;; AXE32 ={(c+a)/3, (ct+a)/3, (c+a)/3}~ 3, ~F,;
AXE33 ={ 0,(2c+a)/3), ¢/3}~3; ~F3; AXE34 ={(-c-a)/3, (cta)/3, (cta)/3}~3,~Fy
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AXE35 ={  -¢/3, 0,(2¢+2)/3}~ 35 ~Fs; AXE36 ={(c+a)/3, (-c-a)/3, (c+a)/3}~ 3¢ ~F¢;
AXE37 ={(2c+a)/3), ¢/3, 0}~ 3, ~F5; AXE38 ={ 0,2c+a)/3),  -¢/3}~ 35 ~Fy;
AXE39 ={(-2c-a)/3, ¢/3,  0}~3y~Fo; AXE310 ={( -c-2)/3, (-c-a)/3,(c+a)/3}~ 31 ~Fio.

GRUPUL 3/5; Directiile axelor de rotatie de ordinul 2 (AXE2):

AXE21 ={ 0, 0, ¢} ~2,~My; AXE22 ={ a/2, ¢/2+a/2} ~ 2, ~ My;
AXE23 ={  a/2,c/2+a/2,  ¢/2} ~25 ~ M AXE24 ={ -a/2,c/2+a/2,  ¢/2} ~24~My;
AXE25 ={ -c/2,  a/2,c¢/2+a/2} ~25 ~ Ms; AXE26 ={ -a/2, ¢/2+a/2} ~ 26 ~ Mg;
AXE27 ={c¢/2+a/2,  ¢/2,  a/2} ~2,~My; AXE28 ={ ¢, 0} ~ 25 ~ Mg;
AXE29 ={-a/2-¢/2,  ¢/2,  a/2} ~2¢ ~My; AXE210={ -a/2, ¢/2+a/2} ~ 210~ Miyo;

AXE211={ -a/2,-a/2-c/2, ¢/2} ~ 2y~ Myg; AXE212={c/2+a/2, -¢/2,  a/2} ~2;~ Myy;
AXE213={c/2+a/2,  ¢/2, -a/2} ~23~M3; AXE214={ -a/2,c¢/2+a/2, -a/2} ~2.~M,.
AXE215={ -c, 0, 0} ~ 2,5~ M;s.
GRUPUL 3/2; U22/COS(U22); Tab.1
2, 2, 2;
2, | 00.0°/1.00 | 90.0° /0.00 | 90.0°/0.00
2, | 90.0°/0.00 | 00.0° /1.00 | 90.0°/0.00
25 | 90.0°/0.00 | 90.0°/0.00 | 00.0° /1.00
GRUPUL 3/2; U33 / COS(U33); Tab.2
3, 3 33 3,
3; | 00.0°/1.00 | 705°/0.33 | 70.5°/0.33 | 70.5°/0.33
3, | 705°/033 | 00.0°/1.00 | 70.5°/0.33 | 70.5°/0.33
3; | 705°/033 | 705°/0.33 | 00.0°/1.00 | 70.5°/0.33
3, | 705°7033 | 705°/0.33 | 70.5°/0.33 | 00.0°/1.00
GRUPUL 3/2; U32/COS(U32); Tab.3
2, 2, 23
3. | 54.7°/058 | 54.7°/0.58 | 54.7°/0.58
3, | 54.7°/0.58 | 54.7°/0.58 | 54.7°/0.58
3; | 54.7°/0.58 | 54.7°/0.58 | 54.7°/0.58
3, | 547°/058 | 54.7°/0.58 | 54.7°/0.58
GRUPUL 3/2; TABEL GENERALIZAT; Tab.32GEN
Tipul Unghiul Cosinusul unghiului dintre axe Axe sub Subgrup
U concret (valoarea exacta si aproximativa) unghiul U generat
U2 00.0° COS(U22)=1 ~1.00 2, X2, 2
90.0° COS(U22)=0 ~0.00 2, X 25,3 2:2
U33 00.0° COS(U33)=108/108=1 ~1.00 3, %3 3
70.5° COS(U33)=36/36-3=1/3 ~0.33 31 % 334 32
U32 54.7° COS(U32)=V3/3 ~0.58 31 X 215003 32
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GRUPUL 3/4; U22 / COS(U22); Tab.4
2, 2, 2, 2, 2 2
2, | 00.0°/1.00 | 90.0°/0.00 | 60.0°/0.50 | 60.0°/0.50 | 60.0°/0.50 | 60.0"/0.50
2, | 90.0°/0.00 | 00.0°/1.00 | 60.0°/0.50 | 60.0°/0.50 | 60.0°/0.50 | 60.0°/0.50
2, | 60.0°/0.50 | 60.0°/0.50 | 00.0°/1.00 | 90.0°/0.00 | 60.0°/0.50 | 60.0°/0.50
2, | 60.0°/0.50 | 60.0°/0.50 | 90.0°/0.00 | 00.0°/1.00 | 60.0°/0.50 | 60.0°/0.50
25 | 60.0°/0.50 | 60.0°/0.50 | 60.0°/0.50 | 60.0°/0.50 | 00.0°/1.00 | 90.0°/0.00
2 | 60.0°/0.50 | 60.0°/0.50 | 60.0°/0.50 | 60.0°/0.50 | 90.0°/0.00 | 00.0°/1.00
GRUPUL 3/4; U33 / COS(U33); Tab.5
3 3 33 3,
3, | 00.0°/1.00 | 705°/0.33 | 70.5°/0.33 | 70.5°/0.33
3, | 705°/033 | 00.0°/1.00 | 70.5°/0.33 | 70.5°/0.33
3; | 70.5°/0.33 | 70.5°/0.33 | 00.0°/1.00 | 70.5°/0.33
3, | 70.5°/0.33 | 70.5°/0.33 | 70.5°/0.33 | 00.0°/1.00
GRUPUL 3/4; U44/COS(U44); Tab.6
4, 4, 4;
4, | 00.0°/1.00 | 90.0°/0.00 | 90.0°/0.00
4, | 90.0°/0.00 | 00.0°/1.00 | 90.0°/0.00
45 | 90.0°/0.00 | 90.0°/0.00 | 00.0°/1.00
GRUPUL 3/4; U32/COS(U32); Tab.7
2 2, 2, 2, 25 2
3, | 35.3°/0.82 | 90.0°/0.00 | 90.0°/0.00 | 35.3°/0.82 | 35.3/0.82 | 90.0°/0.00
3, | 35.3°/0.82 | 90.0°/0.00 | 35.3°/0.82 | 90.0°/0.00 | 90.0°/0.00 | 35.3°/0.82
3; | 90.0°/0.00 | 35.3°/0.82 | 35.3°/0.82 | 90.0°/0.00 | 35.3/0.82 | 90.0°/0.00
3, | 90.0°/0.00 | 353°/0.82 | 90.0°/0.00 | 35.3°/0.82 | 90.0°/0.00 | 35.3°/0.82
GRUPUL 3/4; U24/COS(U24); Tab.8
4, 4, 4;
2, | 90.0° /0.00 | 45.0°/0.71 | 45.0°/0.71
2, | 90.0° /0.00 | 45.0°/0.71 | 45.0°/0.71
2, | 45.0°/0.71 | 90.0° /0.00 | 45.0°/0.71
2, | 45.0°/0.71 | 90.0° /0.00 | 45.0°/0.71
2s | 45.0°/0.71 | 45.0°/0.71 | 90.0° /0.00
2 | 45.0°/0.71 | 45.0°/0.71 | 90.0° /0.00
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GRUPUL 3/4; U34/COS(U34); Tab.9
44 4, 45
3, | 54.7°/058 | 54.7°/058 | 54.7°/0.58
3, | 54.7°/058 | 54.7°/058 | 54.7°/0.58
3; | 54.7°/0.58 | 54.7°/0.58 | 54.7°/0.58
3, | 54.7°/0.58 | 54.7°/0.58 | 54.7°/0.58
GRUPUL 3/4; TABEL GENERALIZAT; Tab.34GEN
Tipul Unghiul Cosinusul unghiului dintre axe Axe sub Subgrup
U concret (valoarea exacta si aproximativa) unghiul U generat
00.0° COS(U22)=72/72=1 ~1.00 2, %2, 2
U22 60.0° COS(U22)=36/72=1/2 ~0.50 21 X 23456 3:2
90.0° COS(U22)=0/72=0 ~0.00 2, %2, 2:2
U33 00.0° COS(U33)=108/108=1 ~1.00 3, %3 3
70.5° COS(U33)=36/36-3=1/3 ~0.33 31 % 3234 3/2
Udd 00.0° COS(U44)=36/36=1 ~1.00 4, x 4, 4
90.0° COS(U44)=0/36=0 ~0.00 4y X 4y 5 4:4=3/4
R 35.3° COS(U32)=v2/"3 ~0.82 31X 2145 3/4
90.0° COS(U32)=0/(366) ~0.00 31X 2236 3:2
U4 45.0° COS(U24)=\2/2 ~0.71 2, X dy3 3/4
90.0° COS(U24)= 0/(36\2) ~0.00 2, x4 4:2
U34 54.7° COS(U34)=3/3 ~0.58 31 X 4y53 3/4
GRUPUL 3/5; U22/ COS(U22); Tab.10
24 2 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 210 | 211 | 212 | 213 | 214 | 25
5 00.0°(36.0°[60.0° | 60.0°|36.0° [36.0° | 72.0°|90.0° [ 72.0° | 36.0°| 60.0° [ 72.0° | 72.0° | 60.0° [ 90.0°
' 1/1.00(/0.81{/0.50 /0. 50{/0.81{/0.81|/0.31{/0.00{/0.31|/0.81 |/0. 50{/0.31{/0.31 |/0. 50{/0.00
5 36.0°(00.0°(36.0°60.0° [ 60.0° | 36.0° |36.0° [ 72.0°[90.0° [ 72.0° [ 90.0° [ 60.0° | 72.0° | 72.0° | 60.0°
2 1/0.81(/1.00|/0.81 |/0. 50|/0. 50|/0.81 |/0.81{/0.31(/0.00 |/0.31{/0.00|/0. 50|/0.31{/0.31{/0.50
5 60.0°(36.0°(00.0°|36.0°|60.0°|72.0° [36.0°36.0°| 72.0"|90.0° | 60.0° | 90.0° | 60.0° | 72.0° | 72.0°
3 1/0.50(/0.81/1.00(/0.81(/0.50/0.31{/0.81{/0.81|/0.31{/0.001{/0.50|/0.00 |/0.50{/0.31]/0.31
5 60.0°(60.0°(36.0°100.0°|36.0°(90.0° [ 72.0°|36.0°| 36.0°| 72.0° | 72.0° | 60.0° | 90.0° | 60.0° | 72.0°
4 1/0.50(/0.50(/0.81(/1.00{/0.81/0.00{/0.31{/0.81|/0.81{/0.31{/0.31//0.50(/0.001{/0.50|/0.31
5 36.0°{60.0°[60.0°[36.0°|00.0°|72.0°(90.0° [ 72.0°36.0° | 36.0° | 72.0° | 72.0° | 60.0° | 90.0° | 60.0°
5 1/0.81(/0.50(/0.50(/0.81{/1.00|/0.31|/0.00{/0.31|/0.81|/0.81{/0.31|/0.31/0.50(/0.00{/0.50
5 36.0°{36.0°(72.0°(90.0°|72.0°|00.0° | 60.0° [ 72.0° [ 72.0°| 60.0° | 60.0° | 36.0° [ 90.0° | 36.0° | 60.0°
¢ 1/0.81(/0.81//0.31(/0.00{/0.31|/1.00|/0.50{/0.31(/0.31(/0.50{/0.50|/0.81|/0.00|/0.81{/0.50
5 72.0°(36.0°(36.0°|72.0°90.0° | 60.0° [ 00.0° | 60.0° | 72.0°| 72.0° | 60.0° | 60.0° | 36.0° | 90.0° | 36.0°
7 1/0.31{/0.81//0.81(/0.31{/0.00|/0.50{/1.00{/0.50|/0.31{/0.31{/0.50|/0.50 |/0.81{/0.00|/0.81
5 90.0°|72.0°(36.0°|36.0°| 72.0° [ 72.0°| 60.0° | 00.0° | 60.0° | 72.0°| 36.0° | 60.0° | 60.0° | 36.0° [90.0°
8 1/0.00{/0.31//0.81(/0.81{/0.31]/0.31/0.50{/1.00(/0.50(/0.31{/0.81|/0.50/0.50(/0.81{/0.00
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GRUPUL 3/5;

U33 / COS(U33);

Tab.11

31

3

33

34

3s

36

3, 3s

39

310

3
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3

41.8°
/0.75

00.0°
/1.00

41.8°
/0.75

70.5°
/0.33

70.5°
/0.33

70.5°
/0.33

70.5°
/0.33
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/0.75

00.0°
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/0.33

41.8°
/0.75
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/0.75

70.5°
/0.33
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GRUPUL 3/5;

US5 / COS(U55):;

Tab.12

31

S

33

S

Ss

S6

51

00.0"/ 1.00

63.4°/0.45

63.4°/0.45

63.4°/0.45

63.4°/0.45

63.4°/0.45

32

63.4°/0.45

00.0°/ 1.00

63.4°/0.45

63.4°/0.45

63.4°/0.45

63.4°/0.45

33

63.4°/0.45

63.4°/0.45

00.0°/ 1.00

63.4°/0.45

63.4°/0.45

63.4°/0.45

54

63.4°/0.45

63.4°/0.45
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GRUPUL 3/5; U32/COS(U32); Tab.13

20 | 2 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 210 | 211 | 212 | 213 | 244 | 215

20.9°(20.9°(54.7°|69.1°|54.7° [ 20.9° | 54.7°| 90.0° [ 90.0° | 54.7°| 69.1° | 54.7°[ 90.0° | 54.7° | 69.1°

3 /0.931/0.93(/0.58/0.36]/0.58|/0.93]/0.58 |/0.00]/0.00]/0.58{/0.36{/0.58 [/0.00]/0.58]/0.36

54.7°120.9°(20.9°|54.7°|69.1°|54.7°[20.9° | 54.7°|90.0° | 90.0° | 69.1° | 69.1° | 54.7°| 90.0° | 54.7°

3 /0.581/0.93(/0.931/0.58|/0.36(/0.58 {/0.93 {/0.58|/0.00 [/0.00 {/0.36|/0.36/0.58 {/0.00 {/0.58

69.1°(54.7°(20.9°120.9°|54.7°90.0° | 54.7° [ 20.9°| 54.7°|90.0° | 54.7° | 69.1° | 69.1° | 54.7° [ 90.0°

% /0.36(/0.581/0.931/0.93|/0.58{/0.00|/0.58/0.93]/0.58|/0.00{/0.58 /0.36/0.36|/0.58 |/0.00

54.7°169.1°54.7°120.9°(20.9°(90.0° [90.0° | 54.7°| 20.9° | 54.7° [ 90.0° | 54.7°| 69.1° | 69.1° | 54.7°

34 /0.581/0.36/0.58 {/0.93{/0.93]/0.00/0.00 {/0.58{/0.93]/0.58 /0.00 {/0.58|/0.36/0.36 |/0.58

20.9°(54.7°69.1°|54.7°| 20.9°|54.7°[90.0° [ 90.0° | 54.7° | 20.9° | 54.7° | 90.0° | 54.7° | 69.1° | 69.1°

3 /0.931/0.58/0.36 {/0.58{/0.93]/0.58 |/0.00 {/0.00|/0.58/0.93 (/0.58 {/0.00{/0.58/0.36 {/0.36

54.7°154.7°(90.0°|69.1°|90.0° [ 20.9° [ 69.1° | 54.7°| 54.7° | 69.1° | 54.7° | 20.9°| 90.0° | 20.9° | 54.7°

3 /0.581/0.58(/0.00{/0.36|/0.00(/0.93 {/0.36{/0.58|/0.58 [/0.36 {/0.58|/0.93/0.00 (/0.93 {/0.58

90.0°|54.7°54.7°|90.0°| 69.1° [ 69.1°| 20.9°| 69.1° | 54.7° | 54.7°| 54.7° | 54.7° | 20.9°| 90.0° | 20.9°

3 /0.001/0.58(/0.58{/0.00(/0.36/0.36 {/0.93{/0.36|/0.58 |/0.58 [ /0.58 | /0.58]/0.93 |/0.00 {/0.93

69.1°/90.0°54.7°|54.7°|90.0° [ 54.7°| 69.1°| 20.9° | 69.1° | 54.7°| 20.9° | 54.7°| 54.7°| 20.9° [ 90.0°

3 /0.36(/0.00(/0.58(/0.58]/0.00|/0.58{/0.36{/0.93/0.36|/0.58|/0.93 {/0.58 {/0.58 /0.93/0.00

90.0°(69.1°(90.0°|54.7°| 54.7° | 54.7° | 54.7° | 69.1°| 20.9° | 69.1° [ 90.0° | 20.9° | 54.7° | 54.7° | 20.9°

3 /0.00{/0.36{/0.00 (/0.58]/0.58|/0.58{/0.58 {/0.36 (/0.93/0.36|/0.00{/0.93 {/0.58 |/0.58]/0.93

54.7°(90.0°69.1°|90.0°|54.7° | 69.1° | 54.7° | 54.7°| 69.1°| 20.9° [ 20.9° | 90.0° | 20.9° | 54.7° | 54.7°
/0.58/0.00(/0.36{/0.00|/0.58 [/0.36|/0.58/0.58 [/0.36|/0.93{/0.93 |/0.00[/0.93|/0.58 |/0.58

GRUPUL 3/5; U25/COS(U25); Tab.14
5, 5, 53 54 S5 S6

31.7°/0.85

58.3/0.53

90.0° / 0.00

90.0° / 0.00

58.3°/0.53

31.7°/0.85

58.3°/0.53

31.7°/0.85

58.3°/0.53

90.0° / 0.00

90.0°/ 0.00

31.7°/0.85

90.0°/ 0.00

58.3°/0.53

31.7°/0.85

58.3°/0.53

90.0°/ 0.00

31.7°/0.85

90.0°/ 0.00

90.0° / 0.00

58.3°/0.53

31.7°/0.85

58.3°/0.53

31.7°/0.85

58.3°/0.53

90.0° / 0.00

90.0° / 0.00

58.3°/0.53

31.7°/0.85

31.7°/0.85

31.7°/0.85

31.7°/0.85

90.0° / 0.00

58.3/0.53

90.0°/ 0.00

58.3°/0.53

90.0°/ 0.00

31.7°/0.85

31.7°/0.85

90.0°/ 0.00

58.3°/0.53

58.3°/0.53

58.3°/0.53

90.0°/ 0.00

31.7°/0.85

31.7°/0.85

90.0°/ 0.00

58.3°/0.53

90.0°/ 0.00

58.3°/0.53

90.0° / 0.00

31.7°/0.85

31.7°/0.85

58.3°/0.53

31.7°/0.85

90.0°/ 0.00

58.3°/0.53

90.0°/ 0.00

31.7°/0.85

58.3°/0.53

31.7°/0.85

90.0°/ 0.00

31.7°/0.85

58.3°/0.53

58.3°/0.53

90.0°/ 0.00

58.3°/0.53

31.7°/0.85

90.0° / 0.00

31.7°/0.85

58.3°/0.53

90.0°/ 0.00

58.3"/0.53

58.3°/0.53

31.7°/0.85

90.0°/ 0.00

31.7°/0.85

90.0°/ 0.00

31.7°/0.85

58.3°/0.53

58.3°/0.53

31.7°/0.85

90.0°/ 0.00

90.0°/ 0.00
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58.3°/0.53
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90.0°/ 0.00
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GRUPUL 3/5; U35/ COS(U35); Tab.15
5 5, 53 54 Ss S6
3. | 374°7/0.79 | 37.4°/0.79 | 79.2°/0.19 | 79.2°/0.19 | 79.2°/0.19 | 37.4°/0.79
3, | 79.2°/0.19 | 37.4°/0.79 | 37.4°/0.79 | 79.2°/0.19 | 79.2°/0.19 | 37.4°/0.79
3; | 79.2°70.19 | 79.2°/0.19 | 37.4°/0.79 | 37.4°/0.79 | 79.2°/0.19 | 37.4°/0.79
3, | 7927019 | 79.2°/0.19 | 79.2°/0.19 | 37.4°/0.79 | 37.4°/0.79 | 37.4°/0.79
35 | 374°7079 | 79.2°/0.19 | 79.2°/0.19 | 79.2°/0.19 | 37.4°/0.79 | 37.4°/0.79
36 | 374°7079 | 37.4°70.79 | 79.2°/0.19 | 37.4°/0.79 | 79.2°/0.19 | 79.2°/0.19
3; | 7927019 | 37.4°70.79 | 37.4°/0.79 | 79.2°/0.19 | 37.4°/0.79 | 79.2°/0.19
33 | 37.4°/0.79 | 79.2°/0.19 | 37.4°/0.79 | 37.4°/0.79 | 79.2°/0.19 | 79.2°/0.19
30 | 79.2°70.19 | 37.4°/0.79 | 79.2°/0.19 | 37.4°/0.79 | 37.4°/0.79 | 79.2°/0.19
30 | 374°7079 | 79.2°/0.19 | 37.4°/0.79 | 79.2°/0.19 | 37.4°/0.79 | 79.2°/0.19
GRUPUL 3/5; TABEL GENERALIZAT; Tab.35GEN
Tipul Unghiul Cosinusul unghiului dintre axe Axe sub Subgrup
U concret (valoarea exacta si aproximativa) unghiul U generat
00.0° COS(U22)=1 ~1.00 2, %2, 2
36.0° COS(U22)=(\5+1)/4 ~0.81 21 X 235610 5:2
U22 60.0° COS(U22)=36/72 ~0.50 21 X 2341114 3:2
72.0° COS(U22)=(\5-1)/4 ~0.31 21 X 2791213 5:2
90.0° COS(U22)=0 ~0.00 2y X 2835 2:2
00.0° COS(U33)=108/108 ~1.00 3.%x3 3
U33 41.8° COS(U33)=V5/3 ~0.75 31 X 3156 3/5
70.5° COS(U33)=36/36-3=1/3 ~0.33 31 X 334789.10 3/2
USs 00.0° COS(U55)=1 ~1.00 5, x5 5
63.4° COS(U55)=5/5 ~0.45 51 % 5,3456 3/5
20.9° COS(U32)=(\5+1)/(2:V3) ~0.93 31 % 2126 3/5
U3 54.7° COS(U32)=V3/3 ~0.58 31 % 2357101214 3/2
69.1° COS(U32)= (\5-1)/ 2¥3)  =0.36 31 % 241115 3/5
90.0° COS(U32)=0 ~0.00 31 X 25013 3:2
31.7° COS(U25)=V[5+15)/10] ~0.85 2, % 5.6 3/5
U25 58.3° COS(U25)=V[ 5-V5)/10] ~0.53 2, %5, 5 3/5
90.0° COS(U25)=0 ~0.00 2, X 554 5:2
U3s 37.4° COS(U35)=(\5+3)/N[6-(V5+5)] =0.79 31 X 516 3/5
79.2° COS(U35)=(\5-1)/V[6+(\5+5)] =0.19 31 X 5345 3/5
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