TOAN HQC VA AM NHAC
(Kinh tiang hwong hon anh Hodng Trong Thdi)
Trin Dinh Vign

Nhiéu nha todn hoc yéu ém nhac va thich nghién ciru vin dung todn hoc vao cdc quy ludt ciia Gm
nhgc. Tir giita thé ky truéc, thang 5-1942, gs Nguyén Thitc Hao di cé bai viét nghién ciru vé CAY
DAN BAU diing trong tap chi BAO KHOA HOC s6 5-1942.Bdo do gs Nguyén Xién cung cdc nha
khoa hoc yéu nwdc nhw gs Hoang Xuin Han, gs Ta Quang Biru, Nguy Nhw Kon Tum..sdng lp.
Chung t6i da cé dip gidi thi¢u véi ban doc trong tap chi Todn Hoc Tuoi Tré s6 thdng 3-2006 .

Thé hé tiép theo, nha gido wu tit Hodang Trong Thdi (1940 — 2008), ngwoi nhiéu nim giing day
Hinh hoc ¢ khoa todn truwong PHSP Vinh ciing rit yéu am nhac, thich fim toi , nghién citu vin
dung todn hoc vao dm nhac. Nhé lai nhitng ky niém song cung anh trong nhitng nam thdng ddy
khé khan 6 cdc dia phwong, noi trwong PHSP Vinh so tin thoi chéng My citu nwéc : Nghi Lic,
Thanh Chwong, Thanh héa. Nhin ky ni¢m nam nam ngay “ra di ” ciia anh, toi viét bai nay cé sir
dung mét phan tw ligu tiv bai bdo c6 nhan dé “ GAM BON GIAN” ciia nha toan hoc G.E. Shilov (
hinh nhw ding trong tap chi Kvant) do anh Tdi dich tw tzeng Nga sang tteng Viét lam tai liéu tham
khdo. But tich ciia anh trén mdy trang gidy thii cong mau ndu da iia thoi chong My, di go’t lai bdn
tinh hién diu, nhe nhang ciia anh, cang thwong tiéc anh. Boéi hoi xiic dpng trude sw “ra di” qud
dgt ngot khi dang dang ap v nhiéu ky vong déng gép cho sw nghiép gido duc nwéc nha. Anh ra di
da dé lai mot khodng trong lon trong ban bé, trong cdc dong nghigp ciia anh di nhiéu nim ciing
chung luwng diu cdt, ciing chia bui sé ngot véi nhau ¢ trwong PHSP Vinh. Nhitng ai, mét thoi da
tirng la gido vién hodc sinh vién truwong Vinh, nay & Ha ni déu bi hut hing vé sw thiéu ving ciia
mot hat nhin doan két gin bé vdi nhau- hat nhin HOANG TRONG THAL

1. Xay dwng thang nhac
a, Vai nét vé Aam thanh

Triede khi néi tGi viée xdy dwng thang dm nhac,ching ta néi déi nét vé am thanh, theo
cdach hiéu cia vt Iy:
Co s6 toan bé am nhac la céc ém, dwoc xdc dinh béi do cao. Vé phuong dién vat ly, am
thanh la song dan hé‘i lan truyén trong khong khi,( hodc la quda trinh rung trong khong
khi) voi mot tan s6 nao dé. Pon vi do tan s6 la Héc(Hz) la so chu ky giao dong trong
mot gidy. Tan s6 cang lom thi am cang cao. Tdn sé bé, am thap
Am thanh tram nhdt ma tai ngwoi c¢é thé nghe dwoe cé tan sé 16Hz do dai phong cam
phat ra
nhing rt it khi dung vi qua tram , tai nguwoi hau nhu khong nghe thay .

Am co tdn sé 27Hz ( 1én octa 3 lan sé dwgce nét Do) rat ré nhung ciing it khi ding.
D6 la nét nhac ddu tién phia trdi dan piano.
Am 44 Hz(lén octa 3 lan sé dwoce not Fa') la ky luc am tram nhat cia ca st giong nam
Caxpa Fexe hdt ¢ thé ky 18
Am 80Hz 1 am tram ma mét ca si binh thuwong hat dwoc.
Am thanh mdu phé bién do ém thoa binh thwong phdt ra nam trong am viee nay, dé la
not La* (435Hz).

Cdc dam cao: 1000Hz, 1200Hz van thudc pham vi cac not nhac quen thuoc. Nhitng
nhac cu khdc vweot quéd pham vi nay gom violon, sdo,dai phong cam, piano .



Nir ca si Lucrexia Aghiari hdt néi not Do* (2018hec), . Nit ca si Phdp Mado- Robanh
c6 thé hat thodi mdi not Re*( 2300Hz)

Cdc éam thanh tir 16000 Hz t&i 20000Hz I siéu dm , tai ngwoi khong nghe thdy, nguwoi
ta ding vao cdc viéc khdc nhw khoan da, tham do déay bién hodc chup dnh cdc b phdn
trong y hoc....

b. Xay dung thang nhac

Xay dung thang nhac khong don gian nhu xay dung thang nhiét do, ddi véi mot nhiét
ké thuy ngan . LAy vach Gmg v6i do dong bang 1am 0° va vach tng véi nhiét d6 khi
nude s6i lam 100° . Chia khoang cach gitta hai vach d6 ra 100 phin bang nhau, danh
dau tir 0 dén 100 ta duoc thang nhi¢t do bach phan . Hodc nhu cach chia Im thanh 100
phan bang nhau, mdi phan c6 chiéu dai lem. Thang nhac khac, néu ta chia mot quang
tam tr mot Am co tan s0 fo dén am c6 tan s6 2fo thanh cic quang nhod bang nhau nhu
kiéu mot nhiét ké thi cdc a4m thanh tao nén sé rat chdi tai , ngudi nghe khong thé chiu
n6i va phai lam cach khac.

Trudc hét, thang nhac phai thoa min hai tiéu chuan:

*S6 dam trong thang khong I6n lim . Trir mot sb it nhac cu nhu violon, violonxel,
ngudi choi c6 thé bam vao bat ky chd nao trén cin dé tao ra nhitng 4m thanh tuy ¥,
khong c6 khoang nhay. Véi nhiting nhac cu khac, cac phim dan ung véi mét sé khong
Ion am c6 dinh . Néu nhiéu qua, s& gy kho khin cho ngudi st dung.

* Hoa dm, cac Am phat ra dong thoi trong thang phai hoa quyén véi nhau.nghe ém diu
, khong c6 cam gidc choi tai.

Qua thuc nghiém, trudc hét ta nhin thiy rang am c6 tan s fo ( ndi gon 4m fo ) va 4m
2fo hoa v&i nhau tot nhat. Vi thé, thang nhac c¢é am fo thi phdi ¢é am 2fs, khoang cach
gilia chung goi la mot Octa( mot quang tam) . Ddc trung cua quang gilta 2 am 1a ty s6
tan sb cua chung Quang tam co ty sO 1a 2.

Vi du A&m Do? ¢6 tn s 13 262, Do (do 1én mot octa) ¢o tAn sb 1a 523 , 523:262 = 2.
Am ¢6 tan sb boi 3 (3f), bdi 4, bdi 5 cling tham gia vao hoa am, mac dau rat yéu. ta van
dua vao thang.

Nhu vy, ngoai chii 4&m ( Am dau tién ciia thang nhac) fo , cac 4m sau ddy ciing nam
trong thang :

9 133 11 3
fi= gf =555 fo: f2=5/4fc = 55 Sfo; fa= 4/3f0 = 2f02§

3 1 5 4 3 3 5
fa :Efo = §.3fo - fs= §fo :g.gfo : fe = 15/8fo = 5 Zfo
fr = 26
Cac am fo 1, To......... , f1 goi la Gm co bdn.trong thang nhac 7 bdc

(fo, fr, 2, f5 fa, f5, f6, f7=2f) (1)
Cac am thanh khac st dung trong am nhac déu do cac 4m co ban trong thang nhac
nang cao 1én hoic ha xuéng mot quang 8 ( tan sb giao dong clia Am sai khac mot boi sb
cua 2 hoac 1/2) .



* Nhan xét: thang nhac 7 bic khéng déu, néu cir dé nguyén khong bo sung thém mot
s6 dm nita thi viéc sir dung sé gdp khé khan, boi vi khi chuyén giai diéu 1én cao hoic
xudng thiap mot quang tuy y thi giai diéu bi méo, vi du giai diéu bai “ ngay ddu tién di
hoc “ cua Nguyén Ngoc Thién  sol sol do sol mi, fa la fa la re...Néu ta ning giai diéu
1én mot ton(giong): lalare lafa, sol sisol si mi... ,s& bi méo ¢ ndt fa . Hodc
bai Em yéu truwong em cua Hoang Van : sol sol mi sol , la sol re mi , re mi re mi sol
do...... Néu ta nang giai diéu 1én mot giong : la la fa la , si la mi fa ,si la re fa , mi fa
mi fa la re ciing bi méo. Dé khic phuc diéu do, khi nang cao 1én hodc ha thap thi giai
di¢u khong bi meo nhu cac vi du trén. Ta phai xdy dung thang nhac déu ( nghia 1a ty s6
cac am lién tiép lién nhau phai khong do1)

C.Noi qua vai nét ve qua trinh dén dén maot thang nhac déu 12 bac :

Ngudi Hy lap ¢6 xua dd c6 cong chia am giai thanh cac quang tam( quang tam la
khoang cach giita cac ndt ¢ lién quan gan giii nhat) va chia mdi quing taim thanh 12
bac

Nha toan hoc Pytago ciing phat hién thém mot qudang nédm va nhan thiy rang diém
cubi ctia quang 5 tht 12 gan tring voi quang tam thir bay.Diéu ndy cho phép ong va
nhirng nguoi ké tuc ong tao nén mot thang nhac dua trén quang 8 va quang 5, goi 1a
thang nhac Pytago
Thang nhac Pytago ton tai kha 1au, nhung khong dép tng duoc gidi am nhac. Nhuoc
diém chinh ctia no 13 cac quang 8 va quang 5 khong cing mot don vi do, 12 1an quang 5
dai hon 7 1an quang 8 :[(3/2)? — (2)"] gin bang 1,6 gin bang 1/9 quang giira Re va Do,
nén gay kho khan cho viéc 1én giay dan. Cac nhac si va cdc nha bac hoc nhu Keple(
nha thién vin hoc), Ole( toan hoc) di ¢6 nhiéu c¢b ging nghién ctru cai tién nhung khong
c6 két qua. Phai dén niam 1700, nha toan hoc kiém nhac sy ngudi Duc /fngdre -
Vecmdyo d3 dua ra mot cai tién don gian . Ong khong dung quang 5 diing ma lay gan
dung t6i muc ¢ thé chap nhan duoc. Quang % cung xuat hién ( bang khoang giita nt
Mi - Fa (349 — 330 =19) “ mgt cm dm nhac *, nhung , trong khi cm la mét don vi do tuy
y thi quing % cung lai rat thich hgp vdi cac yéu cau ciia 4m hoc va thinh gidc clia con
nguoi. Quéang 2 cung twong duong voi 1/12 quang tam . Thang nhac 12 béc déu nay
goi la su diéu hoa ngang bang hodc goi la 4m giai 6n hoa , ngay nay la co s¢ cho toan
bd nén 4m nhac chau Au. Mic dau vdy n6 chi duoc cong nhan sau dé nghi ctia Bic va
Ramé

XAy dung thang nhac déu 12 bac
Gia su trong pham vi m0t quang 8 , nhitng am cua thang 1a :

fo<hh <fh2<...<fmi <fm =2f0
Day nhiing &m do6 ciing lam thanh mdt giai di€u don gian . Bay gio ta nang giai di¢u do

len mot bac : f1, f, fa... .. fn fmer= 2fi. Dé giai diu ndy khong bi méo so véi giai
di€u xuat phat , can co dicu kién:



fi:fo=fh:fi=f:f2=... =fm : fma1 = fne1 : fm
Day{fo ,fi,....... fma, fn } 12 mot cap s6 nhan, cong boiq; q" = 2
Dé thuan tién, ta chuyén diy {fo, fi,....fn} (1) thanh
{|Og2fo ....... R Ingfm } (2)

Diy ndy 13 mot cip sb cong co cong sai d = 1/m. Sau khi dit log,fo = A . Day trén s&
la:
A, Atl/m, A+2/m, ....... , A+1 (3)

Van d¢ dat ra _bay gio 1a chon s6 m nhu the nao? Bang cac thi nghiém trén gidy dan,
nguoi ta thay rang ngoai tan s6 fo (Am co tan so giao dong fo) ra , cac giao dong co tan
s6 2fo, 3fo , 4fo déu tham gia, 5f thi nghe rat yéu.

Xét didu kién Ciing véi dm fo trong thang nhac phdi c6 dm 3fo . Cling ¢6 nghia 14 can
c6 am 3/2fo, trong khoang (fo;2fo). Ngoai s6 m ra, ta phai tim duoc s6 k (k<m) sao cho

3 . .
fk = 5 fo . Dat A=Ilog,fo va Lay log, ca hai v¢ :
3 .
log.fk = log; (5 ) + A. Suy ra phai tim cac s0 nguyén m va k sao cho

3
log2 ;) = kim (4)

2k/m —_

N W

Piéu kién ( 4) tuong duong hogc 2¥™ = 3"
Piéu kién nay khong thé thoa min vi vé trai chin, vé phai 16 . Nhu vy khong thé tim

. 3
duoc hai s6 nguyén k va m thoa man (4). Trong thang log khong c6 am > f0. Quang (f;

3
2 f0 ) goi la qudng 5 hoan toan( hodc qudng 5 diing) .

Nhung cdn phdi giit lai Zznh d" ” ciia thang nhac dé khi chuyen giai diéu khong bi
méo, con am_“hodn toan” co tan s6 ding 3/20 thi dwoc thay né bang mét am cé tan sé
giao ddng gan nhat chdp nhdn dwoc voi dm hoan toan ( do chinh la y twong * cai tién”
cua Angdré. Vecmdyo) Nghia la tim s6 hitu ty k/m gan dang v&i s6 vo ty 10g,(3/2) sao
cho sai s0 tan s6 tuong tmg < 1Hz dé tai ta khong nhan thay dugc.

Dé tim s6 hitu ty gin dung v6i s6 vO ty 2z

Lm0 [ A2, 3 A s , , .
SO hiru ty 75 =0,583 gan ding log, () dat 6 chinh xac 0,002 ( 1Hz Gng vdi 0.004
trén thang log, ) véi sai s6 mong mudn khong qua 0,004 . LAy m = 12, ta duoc thang nhac

. L 3
deéu 12 am, am thir 7 rat gan véi quang 5 hoan toan (E fo). Ta c6 bang sau :

i 0 1 3 4 |5 6 7 8 9 10 | 11 | 12

2
log.fi - 0 1 12 | 3 4 |5 | 6 7 8 9 10 | 11
log.fo 12 |12 |12 |12 (12 |12 |12 |12 |12 |12 | 12

P Il Pl I B~ =l I = B




Thang nhac 12 bac dap ung t6t cac yéu cau cua ching ta dé ra. Logarit ty sé tan s6 ciia
C . 1A fi+l Nl £ 17 2. 1 ~ , TSP S
hai dm lién nhau 1ogy( IT) luon bang so6 khong doi 7 . Cung co6 nghia la 1y 50 tan so
giao dong ciia hai ém lién nhau trong thang nhac luén bang mét sé khéng doi 2u12 gan
dung voi so hitu ty 1,055. Khodng cach gitta hai am ay la > cung, khodng hai nua
cung goi la mot cung.
Nhan xét: Thang nhac déu 12 bac nay, chira thang nhac 7 bdc noi trén (I1). Lay chu
am Do’ ¢6 tan s6 262Hz va quang 8 Do” ¢6 tan sb 523Hz. Ta c6 bang sau:

Am | Do! Re’ Mit | Fal Sol* La® Sit | Do?
Tan | f,- fi= | fo= | f3= | 4= | 5= | fo= | f7= | fg= | fo= | fio=| fra= | fi2=
sfi 262 276 204 309 330 349 | 3665 | 392 | 4116 | 440 462 494 | 523
log.f, | 8031 | 8114 | 8198 | 8217 | 8365 | 8448 | 8531 | 8615 | 8691 | 8781 | 8864 | 8948 | 9031
log,fi- 1,000
0 0083 | 0167 | 0250 | 0334 | 0417 | 0500 | 0584 | 0667 | 0750 | 0833 | 0917 | L
|ngfo
(i=012,....,11,12)

Ngoai 7 4m co ban trong quang 8(Do”— Do? , ta con 5 4m phu trong tap hop vira du 12
béc ctia thang. Chung dugc ky hiéu bang cach thém vao dau thing(#) hodc dau giam(b )
bén canh c4c 4m co ban. Vidu fi= Do hodc f:= Mi'® ...
Tir thang nhac 7 bac khong déu, sau khi bd sung thém 5 4m phuy ta c6 thang nhac 12
bac déu:

(Do , Do”,Re , Re*, Mi ,Fa ,Fa*, Son, Son”,La , La*,Si, Do)

Hoic (Do ,Re’, Re , Mi", Mi , Fa ,Son°, Son, La”, La .Si". Si, Do)

2.Gam truong, gam thir trong dm nhac

1. Pinh nghia , Thang nhac 7 bic , trong d6 khoang cach cao d6 gifta cic am lién tiép
tinh béng 1 cung hoac 2 cung thoa man quy luat dudi day dugc goi la mot gam truong,
am dau ti€n goi l1a chu am, ta goi 1a gam fo trueong:

(fo, f, fo f fa s fo £ =2f )
NN NS
1 1 ! 1 1 1 ! (1)
Néu thoa man diéu kién sau day thi goi 1a gam #her ,Am go 13 chii Am
(@, 9, G G 9 G Oy G = 200 )
NCANTINTINCT NN N
1 ! 1 1 % 1 1 (2)
Vidu thang nhac 7 bac tu nhién dau tién:



(Do', Re', Mi', Fa', Sol', La', Si', Do’) la gam Do trudng (ki hiéu la C)

NN NN NN
1 1 % 1 1 1 V2
Giit nguyén thir ty nhu vay nhung cho La' ding ddu ta c6 gam La thar
(La', Si', Do% Re’ Mi% Fa? Sol’, La?)

NN N
1 % 1 1 % 1 1

2.Dung dau thang(#) dé d6i gam ( thay d6i chi 4m). Do su can thiét khi phai 1én cao
hodc ha thap nhung van giir nguyén giai diéu trudng ( hoic thwr), ta dung diu thing(#)
hoac giang(b)

(fo. fu. f2 . f3 fa fs . f6 . fr(=2f0)).2f1. 2f2 . 2f3. 2f4

\/‘\/‘\/‘\/‘\/‘\ NN NSNS
1 1 % 1 1 1 % 1 1 %1

Vidy Tu gam Do truéng: ( Do, Re, Mi, Fa, Son, La, Si , Do), Néu ta thém dau #

vao 4m Fa (Fa") thi ta c6 gam Son truéng(G):
( Son, La, Si, Do, Re, Mi, Fa*, Son )  (3)

Hé qua. T nhan xét trén, tr gam Xon trudng( G), ap dung nhan xét trén , néu ta dat

thém dau # vao am Do ( van giit Fa") ta dugc gam Re trudng (D) :
(Re, Mi, Fa", Son, La, Si, Do, Re)

Tuong tu, tir gam Re trudng, néu cho Sol” ta c6 gam La truong ( A)...

Dung diu giang (b), ta c6 nhan xét sau :Ttr gam truong fO néu ta dit ddu giang b vao
am thu sau £5° thi dugc gam trudng nhan am th tu [am chu am (£3).

Vi dy, tir gam Do trudng, néu cho Si’ta s& duoc gam Fa truéng( F) . Tiép tuc, tir gam
Fa truong (Sib) néu cho thém mot ddu giang vao Mi°, ta co gam Si’ trudng c6 hai dau b
la Si* va Mi” .

Ta khong néi v& gam thir vi di c6 nhan xét trén : mot gam trudng c6 chit 4m 1a 4m
thir nhat fo hodc 1a gam thir ¢6 chil Am 13 4m tha 6 (f5) . Tir d6 ta c6 bang sau day dé xac
dinh gam truéng, gam thi theo cac dau thing (#) hodc dau giang (b):

Ta c6 bang cac gam theo diu thang (#) :

Khong c6 dau thing Do truéng (C ) hodc La thu ( Am)

1 d4u thing ( Fa") Son truong(G) hodc Mi thtr (Em)



2 d4u thing ( Fa* , Do")
3 d4u thing ( Fa" , Do”, Son®)

4du thiang ( Fa"Do"Son®, Re")

5 d4u thing ( Fa",Do”,Son" Re” La")

Re truéng (D) hoac Sitha ( Bm)
La truéng (A) hodc Fa® thu (F'm)

Mi truéng (E) hoic Do" thi(C*m)

Si trudng(B) hodc Son” thir (G'm)

Cac gam theo diu giang(b)

1 ddu giang (b) : Si°

2 diu giang (b) : Si®, Mi°

3 du giang(b) : Si°, Mi®, La"

4 dau giang Si®, Mi°, La", Re”

Fa truong (F) hodc Re thur (Dm)

S° truon g (B®) hoidc Son thir(Gm)

Mi® truong (E®) hodc Do thir (Cm)

La” truong (La®) hodc Fa thi(Fm)



Ap dung : Chuyén gam dé diéu chinh nang cao hoac ha thép cao d0 mot ban nhac thich
hop vai giong hat cua minh.

Vi du 1, mot ban nhac gam Do trudng(C) , néu thiy thap qua co thé nang 1én mot ton,
ta chuyen 1én Re truéng ( D), ban nhac phai c6 hai ddu thing F* va Do" '™ am déu
nang lén mot bac.

Vidy 2, mgt ban nhac gam Do tha(Cm) ba dau giang Si®, Mi®, Lab, cao qua mubn ha
thip xudng 2 ton, ta chuyén sang gam La thir(Am) bo tit ca ddu giang, cho cac ndt nhac
ha xubng 2 bac.

3. Phim dan
Hai gidy dan cung loai c6 tan so giao dong ty 1& nghich v&i chiéu dai cua chung.
Nguyén 1y nay quyét dinh viéc ché tao cac loai phim trén dan ghita hodc mandolin.
Thang nhacc cua chung ta st dung trong mét quang tam co 12 bac. Khi ta bam vao
phim va gay vao gidy s€ phat ra cac &m thanh cao thap khac nhau boi vi do dai cua gidy
dan dugc diéu chinh khi bAm vao phim dan. Van dé dat ra 1a vi tri cic phim trén can
dan nhu thé niao? Khoang cach gitta cac phim c6 déu khong? Xét mot gidy bat ky cua
dan Ghita cling nhu Mangdolin , gia str 46 dai cta gidy tinh tir phim trén cung dén con
ngua la 2a, ( khi khong dung tay bam vao phim nao). P9 dai nay tng véi tan s6 am fo

trong thang nhac déu 12 bac Ta ki hiéu di (i= ...) 1a dg dai cua gidy tng voi fi trong

thang nhac.Ta bict rang day { f, | [T s T, } 1a mot cap s6 nhan céng bdi q = otz

gn bang 1,056. Theo dinh luat 4m hoc, tin s giao ddng cua 4m thanh ty 1¢ nghich voi

do dai cua gidy. Vi vay day tuong ung { a,, ai, ....... ,anm } 13 mot cap s6 nhan c6 cong
1

boiq’ = =223, = 2a.

. 1 A pos : 1 1 s
Taco a = a,. (a )'. Diac biét a, = a,. (2M*2)2= 8., =2a., =a. Phim nam ¢ trung

diém cta gidy Gmg voi am fi, = 2f, ( f, 1én quang tdm) . Khoang cach giita cic phim
cling khong déu nhau.
Ta goi di 1a khoang cach gitra phim thri-1 va i, dj=ap—ay, ...,
1 1 1 1 1,
d=ay - a=aG) —aG) =aG) ™ (@1-3)=dE)™
! 1 O(q) O(q) 0,(q )’ ( q) O(q)
Suyraday do, di,....dm, clingla mot cap sO nhan lui c6 cong boi = 1/q = 22 <1
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