JTOJATOK A
Kox mporpamu db.py

# db.py
Monmyspe poborm 3 Oaszsow nmaHux njsa ACOT.

BuxopucrToryeTbca SQLAlchemy Ta SQLite.

wiren

from sqglalchemy import create engine, Column, Integer,
DateTime, Text

from sglalchemy.orm import declarative base, sessionmaker
from datetime import datetime

from config import DB URL

# CrBOpeHHs pymis BI

engine = create engine (DB URL, echo=False)

# ®abpuka cecim

SessionLocal = sessionmaker (bind=engine)

# BasoBum kJjac mja ORM-mMomersien

Base = declarative base()

class Measurement (Base) :

mmwn

Tabnuusa BMMipoBaHb NapaMeTpliB TenjyioHocis.

mmwnw

tablename = "measurements"

id = Column (Integer, primary key=True, index=True)
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timestamp = Column (DateTime, default=datetime.utcnow,

index=True)

g = Column (Float, nullable=False) # mMacoBa BuTpaTa, Kr/c

tl = Column (Float, nullable=False) # Temmeparypa mnomaui, °C

t2 = Column (Float, nullable=False) # TemmepaTypa 3BOpPOTY,
°C

q kw = Column(Float, nullable=True) # TENJOCIOXMBAHHA 3a

iHTepBaln, kBT TOX

class Anomaly (Base) :

wrn

Tabnuis BUABJIEHMX aHOMallilM / pekoMeHnauiy 6asy 3HaHb.

wn

tablename = "anomalies"

id = Column (Integer, primary key=True, index=True)
timestamp = Column (DateTime, default=datetime.utcnow)

message = Column (Text) # TEeKCTOBe MNOACHEHHS / pPeKoMeHIalils

def init db():

wwn

Iniuianizauisa (CTBOPEHHS) CTPYKTypM 0asm OaHUX.

mmwn

Base.metadata.create all (bind=engine)
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TIOJIATOK B

Ko mporpamu acquisition.py

# acquisition.py

mwwwn

Momyne 300py (ado imiTaunil) maHmx Bin BuMipoBallbHMX IOpuilanis ACOT.
Y IneMoOHCTpalUlVHOMY BaplaHTl BUKOPUCTOBYETHCS I'eHepallls BUIAOKOBUX

SHA4YEeHb.
wun

import random
from datetime import datetime
from db import SessionlLocal, Measurement

def simulate sensor values():

mwwwn

IMiTanisa 3HaueHb CEHCOPiB.

G - Macoma BuTpara, tl - Temnepatypa nomadi, t2Z2 - Temneparypa
3BOPOTY .

3HaueHHsa nNipgibpaHi y THOOBOMYy poOodUoMy HianaszsoHl TelJoBOTO
By3Ja.

wwn

g = round(random.uniform (0.9, 1.4), 3) # x1/C
tl = round(random.uniform(75, 85), 1) # °C
t2 = round(random.uniform (45, 60), 1) # °C

return g, tl, t2

def collect measurement () :
mwiiew
OmmH umkJ 36opy (abo imiTanii) IaHUX:
- OTPMMAaHHS SBHAYeHb B1iI CEeHCOpPiB;
- CTBOpPEHHS 3anucy B 06a3i maHux.
[loepTae 06'exT Measurement.
session = SessionLocal ()
try:
g, tl, t2 = simulate sensor values()
m = Measurement (
timestamp=datetime.utcnow (),
g=g,
tl=t1,
t2=t2
)
session.add (m)
session.commit ()
session.refresh (m)
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return m
finally:
session.close ()
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JIOJIATOK B

Koxa mporpamu analytics.py

# analytics.py

mww

AHaniTuuHMM MonyJib ACOT.

Peanisye po3paxyHOK TEIJIOCHOXMBAHHSA Ta y3araJibHEH1 MNOKA3HUKMA.

from db import SessionlLocal, Measurement
from config import WATER HEAT CAPACITY, DELTA T SECONDS

def calculate instant heat (measurement: Measurement) -> float:
mwiwwn
PospaxyHOK TEIJIOCIOXVBAHHSA 3a OIVH inTepBan At
(DELTA T SECONDS) .
dopwmyia:
Q=G * c * (t1l - t2) * At / (3.6:10"6), kBT 'ToOnm
ne:
G - Macoma BuTpaTa, Kr/c;
c - nmuToMa TemnjoeMHicTe, Ix/ (kr-°C);
tl, t2 - TemMmmnepaTypu nomadi Ta 3BOPOTY;
At - TpuBajJicTb iHTepBally, C.
mwwn
delta t = measurement.tl - measurement.t2

if delta t <= 0:
return 0.0

g joules = measurement.g * WATER HEAT CAPACITY * delta t ~*
DELTA T SECONDS

g kwh = g joules / (3.6e6)

return g kwh

def update heat values():
[lpoxomMTe HO BCiX 3amnmmcax 60e3 o0uMCJIeHOTrO g kw 1 3aloBHKOE Le
rnoJie.
session = SessionLocal ()
try:
rows = session.query(Measurement) .filter (Measurement.qg kw
== None) .all ()
for m in rows:
m.g kw = calculate instant heat (m)
session.commit ()
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finally:
session.close ()

def calculate total heat() -> float:
mwiwew
Obumcioe CyMapHe TeIUJIOCHOXMBAHHA (CyMma J kw) 3a BeCk nepion y
tazi.
[loBepTae 3HauUeHHA y KBT - TOn.
mwiwew
session = SessionLocal ()
try:
rows = session.query (Measurement.g kw).all()
total g = sum(g[0] for g in rows 1f g[0] is not None)
return total g
finally:
session.close ()
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JTOJATOK T

Koxa nmporpamu knowledge base.py

# knowledge base.py

mwiwewn -

Momysb 6as3m 3HaHb ACOT.

Peanisye mpocTy NPOOYyKUIiVMHY Mozmesb (npaBwuia Turiy AKIO-TO) .

from datetime import datetime
from db import SessionlLocal, Measurement, Anomaly
from config import DELTA T MIN, EFFICIENCY MIN

def check rules for measurement (m: Measurement) :

mwiww

3acToCyBaHHA JIOKAJIbHUX IIPaBUJl OO OINHOTO BMMIiplOBaHHS.

[loBepTace CHOMCOK TEKCTOBUX [IOB1OOMIIEHD (DiarHOCTUMUHUX
BMCHOBKIiR) .

wn

messages = []
delta t = m.tl - m.t2

# IpaBuiyo 1: Majla pisHMLA TeEMIepaTyp
if delta t < DELTA T MIN:
messages.append (
"Majla pi3HMLIE TeMIepaTyp nomada-—-3BopoT (AT = {:.1f}
°cy, "
"MOXIIMB 1 TelJioBTpaT  abdo HenpaBUJIbHE HaJlallTyBaHHS
cucrtemu.".format (delta t)

)

# Copomenuit koebpiuieHT edpexkTmBHOCTi KE ~ AT / tl
if m.tl > O:
ke = delta t / m.tl
if ke < EFFICIENCY MIN:
messages.append (

"Huspkum koedpiuienT edpexrTmpHOCTLI KE = {:.2f},
nouiysbHO neperipuTtm "

"pexum poboTu TenJooBMiHHOTO
obslagHaHHga." .format (ke)

)

return messages
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def run knowledge base():
mwiew
3anyck asu 3HaHb:
- 3UNMTYBaHHS yCixX BMMI1pPHOBAHL;
— 3adCTOCYBAHHA IIpaBUIl;
- 3anmMc BUABJIEHUX aHoOMaJiii/pexomMeHmauinm mo Tabimuil anomalies.
mwiwew
session = SessionLocal ()
try:
rows = session.query(Measurement).all ()
for m in rows:
msgs = check rules for measurement (m)
for msg in msgs:
an = Anomaly (timestamp=datetime.utcnow(),
message=msqg)
session.add (an)
session.commit ()
finally:
session.close ()
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TIOJIATOK ]I

Koa mporpamu reports.py

# reports.py

Monmyne GopMyBaHHS HNPOCTMX TEKCTOBMUX 3BiTiB myma ACOT.

from db import SessionlLocal, Measurement, Anomaly
from analytics import calculate total heat

def print summary() :

wn

BuBeneHHsa y3araJjilbHeHOI iHbopMmauii:
- KijmbKiCTh BUMIipPIOBaAHL;
- CyMapHe TeIlJIOCIOXMBAaHHSA.
mwiww
session = SessionLocal ()
try:
count session.query (Measurement) .count ()
total g = calculate total heat()
print ("KinpkicTe BuUMipoBaHb y BIO:", count)
print ("3aranepHe TeIJIOCIOXMBAHHA, kBT 'ronm:", round(total g,

finally:
session.close ()

def print anomalies():

wwn

BUBeOeHHS yCixX BUABJIEHMX aHOMAJI1M / pekoMeHmauil ©asy 3HAHL.
mwiiew
session = SessionLocal ()
try:
anomalies = session.query(Anomaly) .all ()
print ("\nBuasseni anomanii Ta pexomeHmauil 6asm 3HaHL:")
if not anomalies:
print (" (HeMae BabikcoBaHmx nomim)")
for a in anomalies:
print (f"[{a.timestamp}] {a.message}")
finally:
session.close()



TIOJIATOK E

Kox mporpamu main.py

# main.py

T'oJIOBHUM MOIYJIbL (TOuKa BXOIY) aBTOMATM30BAHOIL cucTeMu OOJIiKYy
TernjiocnoxmuBaHusg (ACOT) .

[TocaimoBHiCTL:

1) Ixiuianisauig BI.

2) 36ip (imiTauig) maHUX.

3) Po3BpaxyHOK TEeIJIOCIOXMBAHHS.
4) 3Banyck GasM 3HaHb.

5) dopmyBaHHS 3BiTy.

import time

from db import init db

from acquisition import collect measurement

from analytics import update heat values

from knowledge base import run knowledge base

from reports import print summary, print anomalies

def main() :

# 1. Iniugianisauis BI
print ("Ixiuianizsania 6a3m maHux...")

init_db ()

# 2. 306ip maunmx (y peaybHiM cucTemi umka Oymne Oe3’NepepBHUM)

print ("Crapr imiTanii poborm ACOT...")

107



108

num iterations = 10 # nna memoHCcTpauil
for 1 in range (num iterations):
m = collect measurement ()
print (
f"#{i+1}: G={m.g} xr/c, tl={m.tl} °C, t2={m.t2} °C"
)
# ¥ peanbrill cucTemi TyT Byno © time.sleep (DELTA T SECONDS)

time.sleep(0.2)

# 3. OHOBJIEMO PO3PAXYHOK TEIJIOCIOXMUBAHHI
print ("\nPo3paxyHOK TENJOCIOXMBAHHSA IJ8 KOXHOTO 1HTepBaiy...")

update heat values()

# 4. BanyckaeMmo 06asy 3HAHb
print ("3anyck 6a3u 3HaHb...")

run_ knowledge base ()

# 5. dopmyemo 3BiT
print ("\nIIJCYMKOBUIA 3BIT:")
print summary ()

print anomalies ()

if name == main

main ()
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TOJATOK K

JleMoHCTpaliiHui MaTepiai
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