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TERfEVE G 5K N 0.01 FRITFRSERSE, FREIG NIETE 1.52 3 1.62 Z %R,
HE— DR P 2R AN g R 10, 15BN BT AR BR S5 R AR/ ME S XTI ej {B, SRFIE 0T A
REFRAS B G HAEN: 1.579 x 10719C, MXHRZEN: 1.44%.

4.3.5 AR
JEPR /0 0R AR AT % ST AR YH R SO A AN R A R, LSS I s A ) N g,
G2+ Gz~ v Qno BUEEWDEIERIHAEN: @4
¢ = 4i/q; (D)

Hrr, i, jJATFR #j, H¥R1BREEE, XERITHERICIH, Bi(nx (n—1)/2)4HL
B BIEREEN A SEI0 AR (3 i i 0 i K FA 2, K 1/ N~N /TS N R IR L e
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bim> HI
bym = k/m (2)
Hrr, k, mA IR, ASNI~NEEE, kRimal DU A R, thal DUR A B, K
U A B 5 R by AN AT LLEL, oy RN AT E by PR B — AN 5 2 I
DRI B A A 2 o RLAE, B B A% . (R

®ij = 4i/qj = bim = k/m (3)

NIIEE]
eix = qi/k )
€jm = g;/m (5)

BN, = 3.212/1.608, by, = 2/1, Bl N@., = by, EI0[1EFle;, = q1/1, ey =
q2/2-

MM CAETTE, BAT45 2 q, B q, B H Bl i P LS LEXE L, Blley Mej . XA
e ey, WNEIRHERT , BAHZETE 0.1% N IEERIE v —4, IWmGR| 2 HEHE . giitad %
P (P BCHE AN H, oo LA B S AE B N B0 2 (M IR AL PR KX 0 23 e ey~ eqs
ero  MTHRSFIME, BIWT4S 2 T F AR Y SEEGE

e=(e;+e,+e;+-+e)/l (6)
B 11 & H Python 2l R ALH AR B, EH T 1.4~1.8 X[ %R S, AT
PRGN E 25250 S8R 75 1.675 ML E 4, XM 234115 245 R ks .
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2 [F1H H I M FE S a0l 2 M/ NS EE, AERBEVLRZRMNIES A, S EEA
Bomfa it . AT VEFURAAE — 2 Hkqg = ne Xt K ZEREA S 2, I /NVeR 6 38 1 75 v
J3/INE B AT B T B A R 25 2 R, B R T At 6 5 7 2 Al /N EEL AT B AR DRy G L fT
{8, BEPmin =|1;10

J

1. Rin A HE TP, Rl RN EQmin *H%ﬁﬁéE‘Jﬂ%d\ﬂﬁ%ﬁﬁ%d\?%, -

EIEK = 6
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1
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i=1
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U1 R 2 Python 52 /& LAD VE38 HFE 45 Bon il & 14

B ANExce M 4 (Hl0: c:\data\file.xlsx) : 1.4.xlsx

1.6603924298312687
RESREBUHER

B 14 1# F Python #)3£ &9 LAD Az H A2 5 K
WRIGEE Rl 5, APFRAA S T N: 1.660 x 1071°C, FEXTIRZEN: 3.62%.

JEARHH T B =% o

4.3.7 BKEZ £ %
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3. XTI H e AT, I AN O S R LA e AR, TS BUE DY 4 NS 3
B HH SO R RIS Z IS % N G AR, AE

4, THETTZE, SN ZE TR AT

T 15 &8 A Python £l M Mzs 5 215 B S J7 2R i L R B, WTLMRBEE
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HEHEIE
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HFTE: 10e(-19)C

B 15 1% Fl Python #6947 £ X4 R T+ & A
WIN & H Python 58 i MZE T 227518 Ly 45 o il 1K :

BH#IANExce 3 H R (fHlf0: C:\data\file.xlsx) : 12.xLlsx
1.621

RESRBHER

B 16 1£ F Python M &4 75 £ ks A 57 B
MRS Rl H, AFARFCHEAMEA: 1.621 x 10719C, FAXHREZEA: 1.19%.

Python J5 LAY LB 5% .

4.3.8 MEFAH &

JEEE: FRATBA RN F A 2 T LA Y n A, BRI JO R, e RR 2
BUNIER —AMEBER 978 Ha A
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SAMEFENY || s ol s F
e, BRTRE [ | AEE | rEREE e
i &
HES1 S HE SR
AAEIRIET SRR REARAE?
T & HEAE

YT e
THHENAE

B 7 PEIRR T A RAZ A
401 /& Python 58 BAIIEM A B V28 AR P 45 SRR ] -

BEINExce 34 E1E (flaN: C:\data\file.xlsx) : 12.xlsx
1.6514496958216367

0.007226597126032821
BRESRIRHER

B 18 1% Al Python #y3& &9 #5350 X 7 ik & HAZ 5 B
MR AT, ACFRAF B T B {E: 1.651 X 1071°C, AHXFRZEN: 3.06%.
Python JFACHS JLBH 3% o
439 BRE Xk
1. S8R 2
(1) 7ESRMFETA AT P8 s E SRR, THE A B m &, g — MR E M
— AN R
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Python
class MillikanOilDrop:
def __init_ (self, voltage, time, distance=0.0015):

self.voltage = voltage
self.time = time
self.distance = distance
self.velocity = self.calculate_velocity()
self.radius = self.calculate radius()
self.mass = self.calculate_mass()
self.charge = self.calculate_charge()

def calculate_velocity(self):
return self.distance / self.time

def calculate_radius(self):
velocity = self.velocity
terml = 9 * eta * velocity / (2 * g * (rho - rho_air))
return math.sqrt(terml)

def calculate_mass(self):
volume = (4/3) * math.pi * self.radius**3
return volume * rho

def calculate_charge(self):
return (self.mass * g * d) / self.voltage

(2) TERMBETA MR AT &S, FIH Ward AR RIT MRS IF, BT RBHIRIE

Python

def infer_elementary charge hierarchical(charges, n_clusters=None):
charges_array = np.array(charges).reshape(-1, 1)
data_for_clustering = charges_array
n_samples = len(data_for_clustering)

# 1. JFHK Linkage #7f%

print("\n IEFEPATEREIR LRI 1linkage FFE. .. ")

linked = linkage(data_for_clustering, method="ward")

# 2. BHIHRE (E2C0y )

plt.figure(figsize=(12, 6))

plt.title('ERELEHIRE")

dendrogram(linked, orientation="top', distance_sort='descending’,
show_leaf_counts=True)

plt.xlabel('JHHEHF5S")

plt.ylabel('#12")

plt.grid(True, alpha=60.3)

plt.show()

(3) FRAGHOIRIE 5, PR 50 50 2R BS540 b 4 I e A S
Python

# --- JEER1: EIEIRTFNE (FIFEBMF)  ---
wess_diff = np.diff(wess_list) # —/5F# (WCSS Fi#pE/E)
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wess_diff _ratio = np.abs(wcss_diff[:-1] / wcss_diff[1:]) # 7%
B G FHEWRE /S5 FIIE)

elbow_k_idx = np.argmax(wcss_diff_ratio) + min_k # +min k: i)
FYJRIG K 15

# --- EbF2: BESFHRIEK (4HRE) ---

sil best_k_idx = np.argmax(silhouette_scores)

sil best_k = k_candidates[sil_best_k_idx]

# --- 1505 3: JHIBRZGTERIEK (FERE)  ---

gap_best_k_idx = np.argmax(gap_scores[min_k - 1:max_k_to_test])
# KGR

gap_best_k = min_k + gap_best_k_idx

# --- FE =T, PIERAK (H ---

recommended_ks = [elbow_k_idx, sil best_k, gap_best_k]

# UIERFCAIFTERTEN (=K EHABAAED . P e

try:
best_k = mode(recommended ks)[0][0]
except:
best_k = sorted(recommended_ks)[1] # 2K/l

(4) {EfE BERIMUE, R ANEE ARSI O AR 2R R e L

Python
print(f"\n 8 K = {n_clusters} #HTHRAEXEZA....")
labels = fcluster(linked, n_clusters, criterion="maxclust")
cluster_labels = labels
# 5. fHERLESD
cluster_centers = []
for i in range(1, n_clusters + 1):
center = data_for_clustering[cluster_labels == i].mean(axis=0

cluster _centers.append(center[0])
cluster_centers = sorted(cluster_centers)
print(f"\n TFEERMZEF L (CHE
J¥): {[f'{c:.6e}' for c in cluster_centers]}")
# 6. MHBICHRT (IZOMIEIRE,
elementary_charge = 0.0
if n_clusters > 1:
differences = np.diff(cluster_centers)
print (£"\n FHALHEH 001 JFE 4G 2
ff: {[f'{d:.6e}"' for d in differences]}")
if len(differences) > 1:
median_diff = np.median(differences)
mad = np.median(np.abs(differences - median_diff))
if mad > O:
modified z scores = 0.6745 * (differences - median_di
ff) / mad
filtered_diffs = differences[np.abs(modified_z_scores
) <= 3.5]

if len(filtered diffs) > o:
print (£ &l 25 2 B
7 {len(differences) - len(filtered diffs)} NE#EZEE. ")
print(f"idIEEHZE
fA: {[f'{d:.6e}"' for d in filtered_diffs]}")
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elementary_charge = np.median(filtered_diffs)
else:

print("E%: SIEFERATFRNEE, HEMEGBH A

elementary_charge = median_diff
else:

print (" AL R ZE (MAD) NE, TCEEIIEREME. ")

elementary_charge = median_diff

elif len(differences) =

print("RE—NEMHE, Ei%éffﬁﬁt7ﬁ§VFj37Eﬂif?fﬁll ")

elementary_charge = differences[0]

print (£" {8 HARE Al TH 77545 2 70 R A
: {elementary charge:.6e} C")
else:
print (" AURIE]—ANRE. KR FBUCHERE THEAER. ")
print (" A BT IR R A R R ME R T R A T, L)
if charges:
elementary charge = min(charges)
print (£" £ &/ IME Al T 76 R A
: {elementary charge:.6e} C")
else:
elementary_charge = 0

2. EGLE R
A IR Lo HME, 35 Python M AL I AT 13340 R 45 & .

0000000

70 1

60

50 1

30 A

20 A

B 19 ERFEERKE
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5.0.0 FAR Kk 0 HFF TR

EABACEE R, BT RS E SRR, Sk E, HRGEREP AR RER
Mo X FEUMFEEIZ BT T AT R I A s oL, T B S Bk
5.1.2 RB LR

JHIR VRO 25 T 045 PR UL C 77 7% o BRARTEASEE IR S5 1 g AR A5 70 N IR M52 484k
AR, ABTENVIRANE 5 2 AR, S ECE L 72 A (5 B2 R sl (R Br 45 8L, X rTEE
FAERE T R TE B AN 2 B AE e ol iy v AR S 7 VR I 4
5.1.3 ROI LT RH|=2 5] NGGARAT/ i G ik £

N 1 DR ot S 5 20 H AR R AR UR A, TR X B B AR R N H AR R P N 1y
RXER (12 B ) o BE T ORENZ X, BINEE Hhrg, FdsMuimis . 2R, %
TTEAFAE LR )

1. IR AT BEAE A7 IR X I AT = o Bl TR Rl 21 5

2 AR UGS AT B8 - E AR B 5

R, RGN R DX 3 g T AN S5 T R 0 L SIS Yo seare OB TE] o IXGINT AL 1)
BEMLRZE, 2E 05 A5 B A e 4 i q FTHE .
5.1.4 HWihiE S HERGOREE

H T AL ER RS AR R R 2, SRR T E0 48 (binning) HIRLICHERNE: 7EELEMIH,
0 S [F]— i A ARRR AR AN £12.5 53 CGEAS bin %R , AN E T —xpm, M
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Python

import cv2
import os
import numpy as np

ROI_REL

= (0.6953, 0.0420, 0.8125, 0.1125) # LKk

TEMPLATE_DIR = "templates™
os.makedirs(TEMPLATE_DIR, exist_ok=True)

# BRAWRNRAT: % x &

TEMPLATE_SIZE = (50, 80) # (width, height)
class TemplateGenerator:

def

__init_ (self):

self.cap = cv2.VideoCapture(0)
if not self.cap.isOpened():

raise Exception("TCiEITHH%K")
print(" BTG 2f . ™)
print("#EIEUH: ")

print(" - % 's' BEEEIFARE D0 A =0 8 )
print(" - AW '234', BT ETIS IR

N 2.png, 3.png, 4.png (50x80 &%) ")

def

pl"int(" _ i{:ﬁv lql j‘Eﬁn)
enhance_roi(self, roi_gray):

un ||]7,ﬁ%{$ ROI lgl,f%n nn
clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8, 8))
enhanced = clahe.apply(roi_gray)

_, binary = cv2.threshold(enhanced, ©, 255, cv2.THRESH_BINARY

+ cv2.THRESH_OTSU)

def

return binary
save_digit_templates(self, roi_binary, digits_str):
"R ROT VI N =AM IXIK, fRAFN Sex8e Rt
h, w = roi_binary.shape
digit width = w // 3
for i, digit_char in enumerate(digits_str):

x1 = i * digit width

x2 = (i + 1) * digit_width

digit _roi = roi_binary[:, x1:x2]

# 1B NG —/]N (50x80)

digit_resized = cv2.resize(digit_roi, TEMPLATE_SIZE, inte

rpolation=cv2.INTER_AREA)

# IR174 PNG

filename = os.path.join(TEMPLATE_DIR, f"{digit char}.png"

cv2.imwrite(filename, digit resized)
print(f"CfffF: {filename} (X

~f: {TEMPLATE_SIZE[@]}x{TEMPLATE_SIZE[1]})")
def run(self):

while True:
ret, frame = self.cap.read()
if not ret:
print(" X TG REHURK")
break
h, w = frame.shape[:2]
x1 = int(w * ROI_REL[0])
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yl = int(h * ROI_REL[1])
x2 = int(w * ROI_REL[2])
y2 = int(h * ROI_REL[3])

roi = frame[yl:y2, x1:x2]
if roi.size ==

continue
gray = cv2.cvtColor(roi, cv2.COLOR_BGR2GRAY)
processed = self.enhance_roi(gray)
# 4 ROI
cv2.rectangle(frame, (x1, yl), (x2, y2), (@, 255, 9), 2)
cv2.putText(frame, "Press 's' to save templates", (10, 30

)>
cv2.FONT_HERSHEY_SIMPLEX, ©.6, (@, 255, 0), 2

cv2.imshow("Live View", frame)
cv2.imshow("Processed ROI", processed)
key = cv2.waitKey(1l) & OxFF
if key == ord('q"):
break
elif key == ord('s"'):
# HIFEE (A e
print("\n BEELuAE BN =087 (0 234) ")
try:
user_input = input().strip()
except KeyboardInterrupt:
break
if len(user_input) != 3 or not user_input.isdigit():
print(" X WAL, HEWAZAET! ")
continue
# (G2 FIMiT ROI ALtk
gray_current = cv2.cvtColor(roi, cv2.COLOR_BGR2GRAY)
processed_current = self.enhance_roi(gray_current)
self.save_digit templates(processed_current, user_inp
ut)
# AL FEE SRS IR
cv2.putText(frame, f"Saved: {user_input}", (10, 60),
cv2.FONT_HERSHEY_SIMPLEX, 0.6, (@, 255, 2
55), 2)
cv2.imshow("Live View", frame)
cv2.waitKey(500) # M Z2n /K
self.cap.release()
cv2.destroyAllWindows ()
print ("BIRARBGER! ")
if _name__ == "_main__":
generator = TemplateGenerator()
generator.run()

2. T .py

Python

import cv2

import numpy as np
import os
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from datetime import datetime
import json
# Tttt 111131 }}%;}ﬁ%"’%é\ﬁdg —_— e

TEMPLATE_PATH

"0oil drop_template.png"

VIDEO PATH = ©
PIXELS PER_MM = (339-129)/0.75

L MM = 0.75
Y_START = 129
Y_END = 339
ZONE_HEIGHT = 12
X_TOLERANCE = 25

MIN_MATCH_THRESHOLD = 0.8

FPS = 30.0

rho = 886.0

g = 9.8

eta = 1.8e-5

b = 8.2e-3

p = 101325.0

d = 5e-3

€0 1.602e-19

# ============c=cocoo= W E AT E =================cc-
ROI_REL = (0.6953, 0.0420, 0.8125, 0.1125)

SAVE_PATH = "voltage_screenshots”

TEMPLATE_DIR = "templates™

os.makedirs(SAVE_PATH, exist_ok=True)
os.makedirs(TEMPLATE_DIR, exist_ok=True)
R —— Y T Y ——
def calculate_charge(v_g mm_per_s, V):

if V is None or V <= @:

return None, None

V_g =v_g mm per_s / 1000.0
try:
a = np.sqrt(9 * eta * v.g / (2 * rho * g))
etap=eta/ (1 +b/ (p* a))
m= (4/3) * np.pi * rho * (9 * eta_p * v.g / (2 * rho * g))**
(3/2)
g=m*g*d/V
n=q/ €0
return g, n
except Exception:
return None, None
# mmmmmmmeceeeeeooe BE RS mmmmmmmmmmm e
class DigitTemplateMatcher:
def _init (self):
self.templates = {}
self.load_templates()
def enhance_roi(self, roi_gray):

clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8,8))
enhanced = clahe.apply(roi_gray)

_, binary = cv2.threshold(enhanced, 0, 255, cv2.THRESH_BINARY

+ cVv2.THRESH_OTSU)

def

return binary

load templates(self):

for digit in range(10):
path = os.path.join(TEMPLATE_DIR, f"{digit}.png")
if os.path.exists(path):
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img = cv2.imread(path, cv2.IMREAD_ GRAYSCALE)
if img is not None:
self.templates[digit] = self.enhance_roi(img)
def match_digit(self, roi_digit):
if not self.templates:
return None
best match = -1
best score = -1
for digit, tmpl in self.templates.items():
resized = cv2.resize(roi_digit, (tmpl.shape[1l], tmpl.shap

e[@]))

ED)

res = cv2.matchTemplate(resized, tmpl, cv2.TM_CCOEFF_NORM

_, max_val, , _ = cv2.minMaxLoc(res)
if max_val > best_score:
best_score = max_val
best_match = digit
return best_match if best_score > 0.5 else None
def extract voltage(self, roi_gray):
h, w = roi_gray.shape
if w< 30 or h < 10: # i1l
return None
digit width = w // 3
digits = []
for i in range(3):
x1 = i * digit width
x2 = (i + 1) * digit_width
digit_roi = roi_gray[:, x1:x2]
digit = self.match_digit(digit roi)
if digit is None:
return None
digits.append(digit)
if digits[@] not in {0,1,2,3}:
return None
return digits[0]*100 + digits[1]*10 + digits[2]

def main():

template = cv2.imread(TEMPLATE_PATH, cv2.IMREAD_GRAYSCALE)
if template is None:
raise FileNotFoundError (f"if#E& MMM : {TEMPLATE_PATH}")
cap = cv2.VideoCapture(VIDEO_PATH)
if not cap.isOpened():
raise IOError (" CikfIFFH%k")
actual fps = cap.get(cv2.CAP_PROP_FPS)
if actual fps > 5:
FPS = actual fps
print(f"ffi Mm% : {FPS:.1f} FPS")

# ===== H/EQLE =====

voltage_session_active = False # 24g/&E L aHT— K IERES T
locked V = None # HETEANI A TR D
last_logged voltage str = None # /[

# ===== WK =====

trajectories = {}
frame_id = 0
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print("M BELEEBN. & v FEHREEIR GRIEBE W
% 'q' 1BH. ")
while True:
ret, frame = cap.read()
if not ret:
break
frame_id += 1
h full, w full = frame.shape[:2]

x1_roi = int(w_full * ROI_REL[@])
yl roi = int(h_full * ROI_REL[1])
x2 roi = int(w_full * ROI_REL[2])
y2_roi = int(h_full * ROI_REL[3])

roi = frame[yl roi:y2 roi, x1_roi:x2_roi]
# ===== H/EIHE ===z
if voltage session_active:
if roi.size > O:
roi_gray = cv2.cvtColor(roi, cv2.COLOR_BGR2GRAY)

voltage_int = DigitTemplateMatcher().extract_voltage(

roi_gray)

if voltage int is not None and locked V != voltage in

i
# LT R F S
locked_V = float(voltage_int)
voltage_str = f"+{locked V:.0f}V"
# A&
if voltage str != last_logged voltage_str:

timestamp = datetime.now().strftime("%Y-%m-%d

%H:%M:%S")
print(f"(M) [{timestamp}] HiJE L4}
5E: {voltage_str}")

with open(os.path.join(SAVE_PATH, "voltage lo

g.jsonl"), "a", encoding='utf-8') as f:
f.write(json.dumps({"time": timestamp,
oltage": voltage_str}, ensure_ascii=False) + "\n")
last_logged voltage str = voltage str
# HEIGRA K= (A (AL Fa)Km)
# XBPLNRIFS 5T (AR IERE A

(] Locked V %, /G4t 1= S8k
else:
# RIERBE, AREY
pass
# ===== JWHIEE =====

gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

\'

res = cv2.matchTemplate(gray, template, cv2.TM_CCOEFF_NORMED)

loc = np.where(res >= MIN_MATCH_THRESHOLD)

detections = [(pt[@] + template.shape[1]//2, pt[1l] + template

.shape[@]//2) for pt in zip(*loc[::-1])]
new_trajs = {}
for (X, y) in detections:
x_bin = round(x / X_TOLERANCE)

traj = trajectories.get(x_bin, {'t start': None, 'v_g sto

red': None, 'n_stored': None})

if traj['t_start'] is None and (Y_START - ZONE_HEIGHT <=

y <= Y_START + ZONE_HEIGHT):
traj[ 't _start'] = frame_id

38



if (traj['t_start'] is not None and
traj['v_g stored'] is None and
Y_END - ZONE_HEIGHT <=y <= Y_END + ZONE_HEIGHT):
dt = frame_id - traj['t_start']
if dt > 0:
t_sec = dt / FPS
v_g =L MM / t_sec
traj['v_g stored'] = v_g
g, n = calculate_charge(v_g, locked V)
traj['n_stored'] = n if q is not None else None
if traj['v_g stored'] is not None:
cv2.putText(frame, f"v_g={traj['v_g stored']:.2f} mm/
s", (int(x)+10, int(y)-20),
cv2.FONT_HERSHEY_SIMPLEX, 0.6, (9,255,255
)s 2)

if traj['n_stored'] is not None:
cv2.putText(frame, f"n={traj['n_stored']:.2f}", (
int(x)+10, int(y)-5),
cv2.FONT_HERSHEY_SIMPLEX, 0.6, (0,255
,0), 2)
new_trajs[x_bin] = traj
cv2.circle(frame, (int(x), int(y)), 6, (255,0,0), -1)
trajectories = new_trajs
R —
cv2.rectangle(frame, (x1_roi, yl roi), (x2_roi, y2 roi), (255
,0,0), 2)
cv2.rectangle(frame, (0, Y_START - ZONE_HEIGHT), (w_full, Y_S
TART + ZONE_HEIGHT), (©,255,255), 1)
cv2.rectangle(frame, (0, Y_END - ZONE_HEIGHT), (w_full, Y_END
+ ZONE_HEIGHT), (©,255,255), 1)
# LA
status = "V-Session: ON" if voltage_session_active else "V-
Session: OFF"
v_txt = f"V = +{locked_V:.0f} V" if locked_V is not None else
Vo= 222"
cv2.putText(frame, status, (10, 30), cv2.FONT_HERSHEY_SIMPLEX
, 0.6, (0,255,255), 1)
cv2.putText(frame, v_txt, (10, 60), cv2.FONT_HERSHEY_SIMPLEX,
0.7, (255,255,255), 2)
cv2.imshow("0il Drop + Voltage Capture”, frame)
key = cv2.waitKey(1l) & OxFF
if key == ord('q"):
break
elif key == ord('v'):
# YIS, HEE Y
voltage session_active = not voltage_session_active
if voltage_session_active:
locked V = None # §©) K##: JZ55IH V., THFEFHHG
last_logged voltage str = None
print("JFEH—FHREIRA GERERIIERED ...")
else:
print ("HEHMSIHELER")
cap.release()
cv2.destroyAlllWindows ()
print("EH")
if __name__ == "

__main__":
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3. H

main()

L Hpy

Python

import json

import os

import csv

from datetime import datetime

LOG_
CSV_

def

def

def

FILE = "voltage_screenshots/voltage log.jsonl"
OUTPUT = "voltage_screenshots/voltage_log.csv"
read_jsonl(file _path):
" A EEEL JSONL SCHF, BRI EAT
records = []
if not os.path.exists(file path):
print(f" XHEAfE(E: {file_path}")
return records
with open(file_path, "r", encoding="utf-8") as f:
for line_num, line in enumerate(f, 1):
line = line.strip()
if not line:
continue # ZkiIETT
try:
record = json.loads(line)
records.append(record)
except json.JSONDecodeError as e:
print(f" % {line_num} 17 JSON f##T5, CBkL: {e}")
return records
save_to_csv(records, output_path):
"R CSV S
if not records:
print(" LA SHEHE. ")
return
with open(output_path, "w", encoding="utf-8", newline="") as f:
writer = csv.DictWriter(f, fieldnames=["time", "voltage"])
writer.writeheader()
writer.writerows(records)
print(f"[4) C#fF CSV: {os.path.abspath(output_path)}")
main():
print(" IEfEEBHBEEHE...\n")
records = read_jsonl(LOG_FILE)
if not records:
print(" RFLIGRODFR. )
return
# FTHIZIFER] &
print(f" 3t {len(records)} Zic: ")
print("-" * 40)
for i, rec in enumerate(records, 1):
print(f"{i:2d}. {rec['time']} » {rec['voltage']}")
# i) T-F i CSV
print("\n" + "="*50)
choice = input("Z&ESFHA CSV XH? (y/n): ").strip().lower()
if choice in ("y", "yes"):
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save_to_csv(records, CSV_OUTPUT)
if __name__ == "
main()

_main__":

722 BEREEE K
FREL Python ARSI

Python

import numpy as np

import matplotlib.pyplot as plt

SRS ——— T U e A X s S ——
plt.rcParams['font.sans-

serif'] = ['SimHei', 'Microsoft YaHei', 'Arial Unicode MS'] # /L/&

H 1S A TR
plt.rcParams['axes.unicode minus'] = False # fFH 015 7 e )i
B o o m o e o e e e e

from scipy.cluster.hierarchy import dendrogram, linkage, fcluster
from scipy.stats import mode
import math
import os
# --- WEEH ---
g = 9.8
rho = 981
rho_air = 1.29
eta = 1.83e-5
d = 0.005
# --- HHE ---
class MillikanOilDrop:
def _init_(self, voltage, time, distance=0.0015):
self.voltage = voltage
self.time = time
self.distance = distance
self.velocity = self.calculate velocity()
self.radius = self.calculate_radius()
self.mass = self.calculate_mass()
self.charge = self.calculate charge()

def calculate velocity(self):
return self.distance / self.time

def calculate radius(self):
velocity = self.velocity
terml = 9 * eta * velocity / (2 * g * (rho - rho_air))
return math.sqrt(terml)

def calculate mass(self):
volume = (4/3) * math.pi * self.radius**3
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return volume * rho

def calculate_charge(self):
return (self.mass * g * d) / self.voltage
# --- I WEFFTLRE ---
def load_and_filter_data(filename):
0il drops = []
line_num = ©
min_voltage =
max_voltage =
min_time = 10.
max_time = 40.

try:
with open(filename, 'r', encoding='utf-8"') as f:
for line in f:

line_num += 1

line = line.strip()

if not line or line.startswith('#'): continue

parts = line.split()

if len(parts) != 2:
print(f"%%&: ${line_numMTH& 4R, Btk

17: {line}")

continue

try:
voltage = float(parts[9])
time = float(parts[1])

if not (min_voltage <= voltage <= max_voltage):
print(f" &% F{line_num}TH
JE ({voltage:.1f}V) L
il [{min_voltage:.1f}V, {max_voltage:.1f}V], Bkit. ")
continue
if not (min_time <= time <= max_time):
print(f" &% F{line_num}THI
[ ({time:.1f}s) #EHIEMH [{min_time:.1f}s, {max_time:.1f}s], Bkit. ")
continue
if voltage <= 0 or time <= 0:
print(f"%15: %{1line_numMTEHE TR CHL LA A]
WAUNIESED , Bkid. ™)

continue

0il drop = MillikanOilDrop(voltage, time)

0il drops.append(oil_drop)

print(f" &M {len(oil drops)}: H/E
={voltage:.1f}Vv, Hf[E]={time:.1f}s, HfjE={0il drop.charge:.6e}C")

except ValueError:
print(f" & : 2B {line_num} T H R R, Bhid it
17: {1line}")
if not oil_drops:

print("fHix: RN EESE")

return None
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print (£"\n MM, HmEk {len(oil_drops)} AMA R s .
return oil_drops

except FileNotFoundError:
print(f"fiix: AR *{filename}'")
return None
except Exception as e:
print (F"H#5iR: RECCHR RAEHTR - {str(e)}")
return None
# --- P MEEEBFRN (HERENE) ---
def calculate silhouette score(data, labels):
RIRARE: MERENESEMPBEE, JEH[-1,1]
B 1. FRBBORB (A — RN EHREY, DRES B
BRI -1 RRBORBE R0 15
n_samples = len(data)
if len(np.unique(labels)) <= 1 or len(np.unique(labels)) == n_sam
ples:

St

return -1.0 # HA&1 NFEEAINGEL N, LEX

silhouette vals = []
for i in range(n_samples):
# F1 AN
label i = labels[i]
# i HMEH
same_cluster = data[labels == label i]
# AIFENTIEH
other_clusters = data[labels != label i]

# a_i: [A—FA, i BRI THIES GERNEEE)
if len(same_cluster) > 1:
a_i = np.mean(np.linalg.norm(same_cluster - data[i], axis

=1))
else:
a_i=o90.0
# b_i: EES, 1 BRI TLIEEE CGFE 5D
b_i = float('inf")
for cluster_label in np.unique(labels):
if cluster label == label i:
continue
cluster_data = data[labels == cluster_label]
dist = np.mean(np.linalg.norm(cluster_data - data[i], axi
s=1))

if dist < b_i:
b_i = dist
# WEEFH: (bi - ai) / max(a_i, b_1)
if max(a_i, b_i) ==
silhouette_vals.append(0.9)
else:
silhouette vals.append((b_i - a i) / max(a_i, b_i))
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return np.mean(silhouette_vals)
# --- P oI HERG A (T HEREPLEE, RS ---
def calculate gap_statistic(data, linked, max_k):
[FIBRGE B L LS 1Y) WCSS A BfATLAE 1) WSS HEE>
(YRR, Ui W% KB SRS 1 S (N2 BEAL 0 AT 3 )
n_samples, n_features = data.shape
# ERBEG PR AR —H)
reference_data = np.random.uniform(
low=data.min(axis=0),
high=data.max(axis=0),
size=(10, n_samples, n_features) # “£/k 10 ZbEHIEHE, WP EED]
i3 A
)

# I FE AT WCSS
true_wcss = []
for k in range(1, max_k + 1):
labels = fcluster(linked, k, criterion="maxclust")
wcss = 0.0
for i in range(1, k + 1):
cluster_points = data[labels == 1i]
if len(cluster_points) > 0:
center = cluster points.mean(axis=0)
wcss += np.sum((cluster_points - center) ** 2)
true_wcss.append(wcss)

# I HEZZ LI WCSS HE
ref_wcss_mean = []
for k in range(1, max k + 1):
ref _wcss = []
for ref_data in reference_data:
ref_linked = linkage(ref_data, method='ward")
ref_labels = fcluster(ref_linked, k, criterion="maxclust'

wcss = 0.0
for i in range(l, k + 1):
cluster_points = ref_data[ref_labels == i]
if len(cluster points) > 0:
center = cluster points.mean(axis=0)
wcss += np.sum((cluster_points - center) ** 2)
ref_wcss.append(wcss)
ref_wcss_mean.append(np.mean(ref_wcss))

# i EREE: Log( 2% WCSS %) - Log( E3EZWCSS)
gap = np.log(ref_wcss_mean) - np.log(true_wcss)
return gap

# --- BOH: OHK HEFEE ---

def infer_elementary charge hierarchical(charges, n_clusters=None):
charges_array = np.array(charges).reshape(-1, 1)
data_for_clustering = charges_array
n_samples = len(data_for_ clustering)

# 1. FFI Linkage E/%
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print("\n IEAEHATEZ KRR LIZREL 1inkage FFE. .. ")
linked = linkage(data_for_clustering, method="ward")
# 2. BWHIKE (E2ovt)
plt.figure(figsize=(12, 6))
plt.title('EXRELEMIRE")
dendrogram(linked, orientation='top', distance_sort='descending’,
show_leaf_counts=True)
plt.xlabel (' JiEF5 "
plt.ylabel("#1i5")
plt.grid(True, alpha=0.3)
plt.show()
# 3. LIL/IRK (HEFE: BE T2+ R E0 AR5 E
if n_clusters is None:
print("\n IEZE{E FH Z RbRRlEVE S HREHE R EE K. ..")
# GHIRE K HIEZLE: 02 1k RmRENELHNEN1/2 BEFHE
JEIRE)
min k = 2
max_k_to_test = min(15, n_samples // 2) # 7 A/#Z&5/H#)15
(&P Z %2557 )
if max_k_to_test < min_k:
max_k_to_test = min_k
k_candidates = range(min_k, max_k_to_test + 1)
# I = AIMEOTERR

wcss_list = [] # FHE AR
silhouette_scores = [] # #EZ41: KL E
gap_scores = [] # RS X BRI

for k in k_candidates:
labels = fcluster(linked, k, criterion="maxclust"')

# 115 WCSS

wcss = 0.0
for i in range(1, k + 1):
cluster_points = data_for_clustering[labels == i]

if len(cluster_points) > 0:
center = cluster points.mean(axis=0)
wcss += np.sum((cluster_points - center) ** 2)
wcss_list.append(wcss)

# I ERE R

sil score = calculate_silhouette_score(data_for_clusterin
g, labels)

silhouette_scores.append(sil_score)

# I ZEEZ T E (WE Ak BFRER )
if k == k_candidates[9]:
gap_scores = calculate_gap statistic(data_for_cluster
ing, linked, max_k_to_test)
else:
gap_scores[k - min_k] = gap_scores[k - min_k] # Z//
Z TR 4R
# --- 15k 1: ILHIRTHE (RIFEEF)  ---
wcss_diff = np.diff(wcss_list) # —0F#H WCSS FENIEEZ)
wcss_diff _ratio = np.abs(wcss diff[:-
1] / wess_diff[1:]) # FELHF (FI—1 FEWEE / a1 FEFEEE)
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elbow_k_idx = np.argmax(wcss_diff_ratio) + min_k # +min k:
MR EY R K

# --- 5b52: HBAHRIEK (HHRE) ---

sil best_k_idx = np.argmax(silhouette_scores)

sil best k = k_candidates[sil best k_ idx]

# --- 1585 3: HIRG T ERIEK (GHRED  ---

gap_best_k_ldx = np.argmax(gap_scores[min_k - 1:max_k_to_test
1) # #HRAETEE

gap_best_k = min_k + gap_best_k_idx

# --- HE=TI, TERZK H ---

recommended_ks = [elbow_k_idx, sil best_k, gap_best k]

# LFEREN ARG (=K [HFBAED . B e

try:

g best k = mode(recommended ks)[0][9]
except:
best k = sorted(recommended ks)[1] # Z+/i/fE
# GG DIRRIEK (HF P, HFNEEDH 2 1N R

HL D)
while True:

labels_temp = fcluster(linked, best_k, criterion="maxclus
t)

cluster_sizes = [sum(labels_temp == i) for i in range(1,
best k + 1)]

if all(size >= 2 for size in cluster_sizes):

break
best k -=1

if best_k < min_k:
best_k = min_k
break

print(f"\n SFEPRHER K EH: ")

print(f"- AT FZEHER K = {elbow_k_idx}")

print(f"- 3B REHHEE K = {sil_best_k} (%
{silhouette scores[sil best k idx]:.3f}> ")

print(f"- [ERGIFEMER K = {gap_best_k}")

print (f"f#l& /5 RAIEFNBRIERKE K = {best_k}")

# RH| =TI AP (Eeey T

fig, axes = plt.subplots(1l, 3, figsize=(18, 6))

# FHZEE CBriFmEK)

axes[0@].plot(k_candidates, wcss_list, marker='0', linestyle='
-', color="b")

axes[0].scatter(elbow_k_idx, wcss_list[elbow_k_idx - min_k],
color="r', s=150, label=f'TFfifri K = {elbow_k_idx}")

axes[@].set_title('fRALIRTFHIVE CHNFHAD )

axes[0].set_xlabel('%ZSE (K)")

axes[@].set_ylabel('HN-FJ7fl (WCSS)')

axes[0].grid(True, alpha=0.3)

axes[0].legend()

# R EE

axes[1].plot(k_candidates, silhouette_scores, marker='o', lin
estyle="-", color="g")

axes[1].scatter(sil best k, silhouette scores[sil best k_idx]
, color="r', s=150, label=f'ixfEK = {sil_best _k}')

axes[1].set_title('%E R% (KL )

axes[1].set_xlabel('%Z5% (K)")
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axes[1].set_ylabel( "% B Z%")

axes[1].grid(True, alpha=0.3)

axes[1].legend()

# RS E A

axes[2].plot(range(1l, max_k_to_test + 1), gap_scores, marker=
‘o', linestyle='-', color='orange')

axes[2].scatter(gap_best_k, gap_scores[gap_best_k - 1], color
='r', s=150, label=f'#f{¥ K = {gap_best k}"')

axes[2].set_title('[AIfR%tit& (/rEmERLT) )

axes[2].set_xlabel(' K% (K)')

axes[2].set_ylabel (' [H][fH ")

axes[2].grid(True, alpha=0.3)

axes[2].legend()

plt.tight_layout()

plt.show()

n_clusters = best_k
# 4. R K (HHATTRAFEE
print(f"\n 8 K = {n_clusters} #HTHRAEXEZE...")
labels = fcluster(linked, n_clusters, criterion="maxclust")
cluster_labels = labels
# 5. 1fHRESL
cluster_centers = []
for i in range(l, n_clusters + 1):
center = data_for clustering[cluster labels == i].mean(axis=0

cluster_centers.append(center[0])
cluster_centers = sorted(cluster_centers)
print(f"\n THEAARKFEPL (EFF
J¥): {[f'{c:.6e}' for c in cluster_centers]}")
# 6. MBCHR (FOLERE,
elementary_charge = 0.0
if n_clusters > 1:
differences = np.diff(cluster_centers)
print (f"\n FH&RHE 0 R IG %
fA: {[f'{d:.6e}"' for d in differences]}")
if len(differences) > 1:
median_diff = np.median(differences)
mad = np.median(np.abs(differences - median_diff))
if mad > 0:
modified z scores = 0.6745 * (differences - median_di
ff) / mad
filtered_diffs = differences[np.abs(modified_z_scores
) <= 3.5]

if len(filtered_diffs) > 0:
print (£" 2% B
7 {len(differences) - len(filtered diffs)} MEHEZEMHE. ")
print ("8G5 K%
ff: {[f'{d:.6e}"' for d in filtered_diffs]}")
elementary_charge = np.median(filtered_diffs)
else:

print("E%: SIEFERAFARNEE, HEMRGBHAE.
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elementary charge = median_diff
else:

print ("5 PAEL T Z (MAD) AZ, Toikid e B A .

elementary_charge = median_diff

elif len(differences) == 1:
print("RA—NEHE, BEEMEHZEE TR T ")

elementary_charge = differences[0]

print (" FIAS MM T 77145 2 T FL T
N: {elementary_charge:.6e} C")

else:
print("Ed&: AR DMK, XATREFBUTHATHEAMER. ")
print("%‘“iﬁ@ﬁﬁﬁﬁﬁzﬂmﬁEET?%B’JWMEVE#}EEﬁiﬂml D
if charges:

elementary_charge = min(charges)
print (£" {8 HI &/ ME NS T 7T B
N: {elementary charge:.6e} C")
else:
elementary_charge = 0

# B IC AR AAL
epsilon = 1e-25
if abs(elementary charge) < epsilon:
print("\n #i%: HEBKTHEAEREITE. ")
return None, cluster_centers, cluster_labels
return elementary_charge, cluster_centers, cluster_labels
# - EEF ---
def main():
print("=" * 60)
print(" EILARMFESER - JUHATRAERERF (K ELR) ")
print("=" * 60)

filename = input("\n iEHAZIE A FIBRAEE AR (F]
U: data.txt):\n> ").strip()
if not os.path.exists(filename):
print(f"\n4fi%: XM '{filename}' AFEBLIEViIM. ")
return
print(f"\n IEZEM M ' {filename}' M#EFIE... (H/EVEE: 100V-
400V, If[EJEME: 10s-40s5)")
0il drops = load_and filter data(filename)
if not oil drops: return

charges = [drop.charge for drop in oil_drops]

print("\n IEFEBTEXEED...")
result = infer_elementary_charge hierarchical(charges)
if result is None:

print ("\n FEFRTLETEGROuHEmm&L. ")

return
elementary_charge, cluster_centers, cluster_labels = result
# R RIAHIE (2P0
print("\n" + "=" * 60)
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print(" SR AR AT

print("=" * 60)

print (f"HEWT I CHAT{E: {elementary charge:.6e} C")

print(f" AAEIL(E: 1.602176634e-19 C")

relative_error = abs(elementary_charge - 1.602176634e-
19) / 1.602176634e-19 * 100

print (f"FHXHRZE {relative_error:.2f}%")
# 52K

plt.figure(figsize=(14, 6))

plt.subplot(1, 2, 1)
plt.scatter(range(len(charges)), charges, c=cluster_labels, cmap=

‘viridis', s=120, alpha=0.8, edgecolors='black")
plt.axhline(y=elementary_charge, color='r', linestyle='--

', linewidth=2, label=f'JuHifii: {elementary charge:.6e} C')
plt.title(" MMM &M (ZURELGR) ', fontsize=14)
plt.xlabel( '/ F7+ ", fontsize=12)
plt.ylabel('Hifif&E (C)', fontsize=12)
plt.legend()
plt.grid(True, alpha=0.3)

plt.subplot(l, 2, 2)

plt.scatter(range(len(cluster_centers)), cluster_centers, s=200,
c="red', label='7/%"[»', edgecolors='black"')

theoretical_charges = [elementary_charge * (i+1) for i in range(l
en(cluster_centers))]

plt.plot(range(len(theoretical charges)), theoretical charges, 'b
--', linewidth=2, label='Fi{{{5%( (le, 2e, 3e...) ")

plt.title( &L S5HIRHMmEXLL", fontsize=14)

plt.xlabel (' JCiifi {540, fontsize=12)

plt.ylabel('Hi & (C)', fontsize=12)

plt.legend()

plt.grid(True, alpha=0.3)

plt.tight layout()

plt.show()

# ELIEH

print("\n" + "-" * 60)

print(" BRI

print("-" * 60)
for i, center in enumerate(cluster_centers):
count = sum(cluster labels == (i+l))
multiple = round(center / elementary_charge)
print(f"5%E3 {i+1}: F.OHM = {center:.6e} C, JHIH%
& = {count:2d}, ZIN {multiple}fF /cHifi")
print("-" * 60)
if __name__ == "
main()

input ("H&[EIEEIRH .. .")

__main__":

723 $F £Miik
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Python

import pandas as pd

file_path = input("i&E%iA Excel X4 (. C:\\data\\file.xlsx) : ")
df = pd.read_excel(file_path)

df=df.sort_values("Hifij(10~(-19)C)")  #Zi ascending=True, X///5G ##
1% 1 iy 2 I/ Y

a=df["Hifi (107 (-19)C)"] #IR i E, K a P (Series, 4
HERT G List [FERIE)
n=len(df)
b=[]
sum=0
cnt=0
for i in range(n-1):
delta=abs(a[i+1]-a[i]) #delta AIZ(H
b.append(delta) #HIEARM List, WPHFE B

B I 2 S HI AT
if 1.4<=delta<=1.8:

sum+=delta
cnt+=1
while len(b)>1:
c=[1] #IE—TIE ¢, FIEEHE

for i in range(len(b)-1):
delta=abs(b[i+1]-b[i])
c.append(delta)
if 1.4<=delta<=1.8:
sum+=delta

cnt+=1
b=c #/ b B ¢, Brilb AR EL A
ave=sum/cnt H#I L
print(ave)
input("IZEEBEHEET. .. ... ")
7.2.4 R ALHE
Python

import math, random
import pandas as pd
file_path = input("iE¥IA Excel XfFEgiE (fl4n: C:\\data\\file.x1lsx) : ")
df = pd.read_excel(file_path)
df=df.sort_values("Hifij(10"(-19)C)",ascending=False) # B, 4
R FIA 7 >
a=df["HLfif (107 (-19)C)"].tolist()
n=len(a)
#IRFFEH q_1/q_7
B=[]
for i in range(n):

b=[]

for j in range(i):

k=a[j]/a[i]
b.append(k)

B.append(b)
len_B=n*(n-1)/2
#7572 1/N~N/1
N=round(a[@]/a[n-1])
C=[]

for i in range(N,0,-1):
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c=[]
for j in range(1,N+1,1):
m=1/3j
c.append(m)
C.append(c)
len_C=N**2
# LB LS Tt
e=[]
cnt=[[@ for i in range(N)]for j in range (N)]
for i in range(n):
for j in range(len(B[i])):
for I in range(len(C)):
for J in range(len(C[I])):
if abs(C[I][3]-B[i]1[j])/B[i][j]<=0.001:
cnt[I][J]+=1
x=1
while((I+1)*x<=N & (J+1)*x<=N):
el=round(a[j]/x/(I+1),4)
e2=round(a[i]/x/(3+1),4)

e.append(el)
e.append(e2)
X+=1
break
# Y FHH LTS BT 107

ecnt={}

for i in e:
ecnt[i]=ecnt.get(i,0)+1

#47 it values & A (EX DT kRey

e _max=max(ecnt,key=ecnt.get)

print(e_max)

#print(ecnt)'"’

input("IZEEBEEHEET. .. ... ")
7.2.5 LAD ¥

Python

import pandas as pd

import math

file _path = input("iE#iA Excel X4 (flln: C:\\data\\file.xlsx) : ")
df = pd.read_excel(file_path)

df=df.sort_values("Hfij(102(-19)C)")

a=df["Hifi (10~ (-19)C)"].tolist() #tolist(){#/% Series #¢
A List

n=len(a)

ming=e_j=e@=a[0]/math.sqrt(6*7) # UMK K=6

maxg=a[0]*1.25
eta=(maxq/ming)**(1/300)

E=[] #IK E ST KT 77
BT 2 926X B HG T 5L
while e_j <= maxq: #L{ \eta HIfF#17#

sum=0

for i in range(n):
d=abs(a[i]-e_j*int(a[i]/e_3j+0.49))
sum+=d

E_j=sum/n/e_j

E.append(E_j)
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e _j*=eta
mine=100000 #IGFFEDE, PGB
LF GE TR B g SR 119 1
minindex=0
for i in range(len(E)):
if E[i]<mine:

mine=E[i]
minindex=1i
e_fin=e@*eta**minindex #E[1] 215 T e@*eta**i [k

%, HIE[0] 77 1% e0 7] LIFziF
print(e_fin)

input ("HEAEEBEBHEEF. ... .. ")
7.2.6 HEETTE%
Python

import pandas as pd
file_path = input("iEHiIA Excel XfFEEE (flan: C:\\data\\file.x1lsx) : ")
df = pd.read_excel(file_path)
sr=df["Hfif (10~ (-19)C)"]
def avel(a): #1155 a HITEE
s=cnt=0
for i in a:
s+=1
cnt+=1
ave=s/cnt
return ave
def ave2(a): #irH a**2 [JIFEH. 5 avel A
—&iH
s=cnt=0
for i in a:
S+=1*%*2
cnt+=1
ave=s/cnt
return ave
def find_min(a): ##)l, KGR T ZEX T T/
cal=[]
min=a[0]
min_index=0
for i in range(1,len(a)):
if a[i]<min:
min=a[i]
min_index=1i
return min_index

sig=[]
for e@ in range(1400, 1800): #E e 7F 1.400~1.800 /4.,
Ll 0.001 755 L
q=[]
e=e0/1000
for i in sr: #INBE, 1] A UL XS I G
H fiy
n=round(i/e)
g.append(i/n)
s=ave2(q)-avel(q)**2
sig.append(s)

min_sig=find_min(sig)
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m=(min_sig+1400)/1000 #IF min_sig = 2, KHERIIZH
1.402, HIEH4H

print(m)

input("EAEEREEEF...... ")
7.2.7 PRI RARE

Python

import pandas as pd
file_path = input("i&%i A\ Excel X442 (1. C\\data\\filexlsx) : ")
df = pd.read_excel(file_path)
df=df.sort_values("H.fi (102 (-19)C)")
def sig(a):
x_avel=x_ave2=0
sumT=sum2=0
for x in a:
sum71+=x
sum2+=x**2
x_avel=sum1/len(a)
x_ave2=sum2/len(a)

sig=x_ave2-x_ave1**2

return sig
a=df["H47 (107 (-19)C)"]
n=len(df)
g=min(a)
foriin range(1,20):
e=[]
q_i=q/i
for j in range(len(a)):
r=aljl/q_i
n=round(r)
e_j=a[jl/n
e.append(e_j)
d=sig(e)
e r=0
if d<0.01:
sum_e=0
forkine:
sum_e+=k
e r=sum_e/len(e)
break
print(e_r)
print(d)
input("ZEEREHEF....")

7.3 RS L
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