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% commann,  SUDSidy Winter (LIHEAP) =
Action IApproved  for a/anKY Subsidy-Electric  Benefituhto$167.00

PARTNERSHI!IP
Helping People. Changing Lives.
Agency: CKCAC Central Office
PO Box 830,332 Hood

Ave
l.ebanon 40033 Account Number:

USRS P Name on Account:Nataliva Williams

Vendor: Kentcky Usilies (LGSE - KU). Grayson, Hardin, Larze, Marion, Nelson. 8 Wathington #6458

Applicant:
PP ' o This is not a Voucher
Nataliya Williams *Voided after 60 days*

107 Kenilworth Ct, Apt C,

RADCLIFF Kentucky 40160 -
wobile (N ST
ataliya Williams

EligibilityCriteria
Client Situation Past Due

Utility Bill Applicant Name and Address _ i
Responsibility atch UNity 8il-Pay

Household Size Monthly Income Annual Incoms

1 [— [

{89.43 % of the Federal Poverty Guidelines)
Is this household in a life threatening situation? © Yes © No

By signing the Applicalion, | certify and agree wilh each of the following slatements:

- The Informalion provigded for the Agplication is accurale.

- lunderstand lhal the tecei&leo{ assistance from Ihis Program through misrepresenlalion is purishable by fine or impiisonment.

- L have received a copy of #ie Notice of Appeal. The Notice of Appeal inclides a list of defined lerms used in te LIHEAP Program Application.

- | agree thal (ke receipl of assistance from this Program does nol shift liabilily for any propeity damage lo the CAA or any olher Brogram administsators. | ageee lo retease and hold
harmless the CAA and any olher Program administralos from any propesly damage in connection with die debivesy of electric or healing fue! sesvices.

~1 am authorized lo complele and submil this Applicalion, and o release certain Confidential Information to Dala Rediplents, on behaif of all of the Bata Subjecis. | undersiand that e
Data Recipienls have a direct. langible, lsgilimale intecest in the Data Subjects and thal the sharing of records and Canfidential Informalion is necessaty in {he pesfosmance of a
legilrnate govermmenl funclion. | further authorize and am hereby requesling the disclosure of the Contidential Information among Data Recipients in connection wilh this Application. |
am autharized lo give this sonsent on behalf of all of the Data S!!b)ecls. .

- lam authorized lo release and hold harmless, and do hereby refease and hold harmless. each Cala Reciplent from any claim. loss, demand. damage, and liability of any kind from
each of lhe Dabs Subjecis in connection wilh sharing of Confidenlial Information. .

- lauthorize the Data Recipienl to provide nolificalion of any breach or suspecled breach involving Confidential Information by e-mall al the following email address:
| will nolify the CAA if my email address chan%;:s.l undesstand Ihis is one possibie mediod of nolifkcaticn and other me!hod(sg of notification may be used.

-| accepl weallierizabion services as available lo reduce my home healing cosls. 9
‘E& E1L% 2024-12-05

Applicant Signature Date
LT LR Breevel White 2024-12-05
Worker Signatute Dale
Gommunily Action Kenlucky 1-800-456-3452 Application Date: 2024-12-05

Cabinel for Heallk and Family Sarvices {CHFS) Ombudsman 1-800-372-2973



GNVY (K

comen ﬂmé{y
ﬁ Homa Energy Assistance Program (HEA)

PARIWIR S 0] w S Application Form

Section | -~ Household Inforimation

Name: __ A (277 é/;cﬁ _ﬂ///ﬂ’/mﬂ DOB:

7
Address: 'l 24/
Street Addr .

County of Residence: HdYA W\ Contact #:

Section Il - HEA Program Certification:

| understand that this is an application to determine eligibility and does not guarantee that | wilt receive a benefit.
Applications that meet the initial eligibility requirements may still be deemed not eligible for the program at a later
point if additional criteria for the program are not met including but not limited to:

Select K u (Utility Provider)

HEA Program Criteria:

{ understand that this is an application to determine eligibility and does not guarantee that | will receive a benefit. Applications
that meet the initial eligibility requirements may still be deemed not eligible for the program at a later pointif additional criteria
for the program are not met including but not limited to:

e  The account must be an active residential account for the Utility and cannot have their service disconnected

The household must be responsible for home energy costs as defined by the Kentucky Public Service Commission

The Utility mustbe granted access to the meter tor monthly meter readings

The customer’s accountis not for a multi-unit single meter building

The account must not have another active payment plan in effect

The Custamer must not have more than one account per customer name

The customer’s account is not for a multi-unit single meter building

LG&E / KU - The Benefit Type above is the primary heating fuel

LG&E / KU - The account must not have an arrearage of more than $700 or a credit balance

LG&E / KU - HEA funds cannot be used to pay down arrearages at the time of enrollment

KY Power HEART - Household may not be receiving or have recelved funds through other HEA programs offered by KY
Power for the Program Year (e.g. THAW or Donation HEART)

e KYPowerHEART The account must not be 60 days or morein arrears

* KYPower HEART The applicant agrees to receive information o n Kentucky Power’s payment plans

understand that eligibility for this program depends on signing a separate authorization to release
inforpation and waiver of claims as well as agreeing this disclaimer.

| aiso certify that the information on this enroliment form is correct, that ) will notify the Community Action
Agency if any of my information changes to ensure continued eligibility.

%3254% /{gz %Q&c&b [f2-5= 2¢

Signature o?\bﬁusehold fAember Date

)2-5-24
Wm ¢ Signature Date

ngerey. SN,

Household placed on waittist for HEA Program % D No
Date Compieted: ,/ 2= 15@' Zf/ Worker Initials:
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. BN

Purpose of this Authorization: To be eligible for the HEA ("Program”), Ku
or its afiliates ("Utility™), the Commonweality of Kentucky including the Kentucky Pisbiic Servize Comm

isgion or its affillelce,
Community Action Kentucky, Inc. ("CAK") and your Community Action Agency J"&mﬂ_@@ Q& ('CAA") {caliectively.
the "Parties") mus! share, exchange and use certain Information {defined below) about applicants aifd pasticipants. We refer to the

process of sharing, exchanging, and using Informalion as a “release"” of Information. This release of Information may 1ake place on
paper or electronically. The purpose of thls AuthorizationIs to; a) gel your permisslon for the Parties 1o release Informalion about you
in conneclion with the Program; b) get your promise nolto make a claim against the Parlles arising from lhe release of Information;
and c) ensure you undersiand thal giving permission for the release of your information does not guaraniee your setection for or
continued enroliment in the Program,

Definition of Informatlon: For purposes of this Authorization, the lerm “Information” means information thatincludes all records
aboul you and your eleciric/natural gas service accoun, including but not limited to your payment records, usage dala, natural gas
consumption or usage (AMP) eslimales, meler reading dates, seivice disconnection data, past due payments, bllling due dales and
amounts, pledges and partial payment agreements, Information about your application and eligibility for availabie weatherization
programs, existing third-parly notification information, other benefils or subsidies you recelve lo cover your home healing cosis,
amounts of other assistance provided, any inlake and benefitinformation from the Program, soclal securily number, driver's license
number, age, date of bisth, health Information and information relaling o disabilities (excepl for mental health or chemical dependency
information from a heallh care provider), employment informalion, education tevel, criminal history, Income and financial Information
and any information collecled or generaled by the iRS with regard to your 1ax liability.

Authorizalion Time Periods: If you sign this Authorization, the Parlies may release your Informatlon covering the foliowing lime
periods: a) sixly (6C) months before the dale of this Authorizatlon; and b) up through the lalter of: (i) sixty {(60) months afler the date of
this Authorization; or (ii) six months after the effeclive dale thal your participation in the Program ends.

By initialing below, | accepl and agree as follows:

A. | acknowledge that il is necessary for a release of my Informatlion by and belween the Parties so thal the Parties can
determine whether | would benefit from the Program, determine the level of benefits for which | may be eligible, administer
the Program angd study the overall effectiveness of the Program. ! furlher understand thal by authorizing the release my
Information, | am not being assured of selection for, or continued enrollment in, the Program.
The Parties have my express permission to release the Information for the purposes described in this Authorization.
In consideration with processing my application and determining my eligibility in the Program, | release the Parlies {including
their directors, officers, affiliales, employees and authorlzed agens) from any and all tiability whatsoever for, and forever
discharge and walve any claim that arises in connection with, the release of the Information for the purposes described in this
Authorization {"Walver of Clalms*").
| may wilhdraw this Authorization and, thus, withdraw from participatlionin the Program, by making a written request 10 my
CAA. l understand thal if | withdraw this Authorization, the Farties will cease o further release Information about me upon the
expiration of six months afler the effeclive date my participation in the Program ends excepl as may be required by law. | also
undersfand that my withdrawl of this Authorization does not affect my Waiver of Claims above related fo a release of
Information that occurs before the expiration of six months afier the effeclive date thal my participation in the Program ends.

X |

Initial of ApplicantiAuthorized Repre"semalive

DISCLAIMER

The Program, Including benefit amounts and eligibility requirements, May be changed from time-ta-time, which changes in some
cases may require the approval by the Kenlucky Public Service Commission. Benefils will be pald only so long as {unding Is available
and you remain efigible for the benefits. Parlicipation In a Program during any Program Year does not make you eligible to participate
in any Program duringa subsequent Program Year, and you will be required 1o reapply, and your eligibility for benefils from any
Program will be reassessed for each Program Year.

No part of any Program benefiit will be refunded or paid to you in cash. If a final bill otherwise shows a credil balance, pari or all of
which is the resull ofthe application of a Program benefil, a refund will be made of only that portion, if any, of the final ¢redit balance
thal exceeds th lolgl, Program benefits applied during the current Program Year.

X %2&

" ’ )
Q,&yjp( /&Z @ beetsy | ¢ L-5-24
Signalure of App IEant/Authorized Representative ate

Print name gnd relationship to Applicant of person signing above:

e é//’ ,f /éﬁ :2 '! : ; Selact ,Q//;
Printed Name

Relationship (POA, Spouse, Child, etc.)




Maited 12/19/24 for Account
AMOUNT BUE DUE DATE

] $123.54 1/16/25
a PPL company App, oniine or phone payments mads before 7 pm ET wi¥l be posted sam
Account Name: NATALIYA WILLIAMS
BIL.L ING SUMMARY Sarvice Address: 107 Kenilworth Ct Apt C
Previous Balance 188.45 RADCLIFF KY
Paymentis) Received —_ 080 Payment Options Mobile app - £ G&E KU OCP mobile app
Balance as of 12/18/24 $188.45 {fees may agply) Online - Ige-ku.com
Cuirent Electric Charges 96.33 Phone - {800) 81-0600, press 1-2-3
Current Taxes and Fees 5.76 Customer Sarvice: For fastest service, use our mobile app, websi
Total Current Charges as of 12/18/24 $102.09 g‘;‘:"m“ :"“‘e system (800) 9810600
ours a day.
Total Amount Bue $290.54 : K )
Pending Pledges 167,00 Phone reps available M-F, 7am - 7pm ET.
Total Pending Batance $123.54 )
past due balance sublectta disconnection. SeeIMPORTANT Next read will occur 1/17/25 - 1/22/25 (Meter Read Portion 13)
INFORMATION.
MONTHLY USAGE ELECTRIC (kWh) e
PERICD
~
2
* b
BILLING PERIOD AT-A-GLANCE BN ! 2 3 sz llmge - BB
mes e QBN Emm S E = DS
Average Temperature 42° a3° - '
Number of Days Billed o 29 DEC | JAN FEB MRR APR MAY JIN UL AUG SEP OCT NOV DEC

AVQ. Electﬂc Chal'ms per nay $3.01 s‘.% ;’ 430 340 450 510 550 660 720 800 780 740 660 eoa Qo
Avg. Electric Usage per Day (kWh) 24.13 13.86 = 196 | 296 186 155 128 104 117 203 15 118 098 136 36

Piease retum only this portion with your payment. Make checks payable to KU and waite your 8ccount aumber on your check.

Amount Due 1716725 $123.54

After Due Date, Pay this Amount: $123.54 Accqunt i

WinterCare Oonation: Service Address: 107 Kenilworth Ct Apt C
Total Amount Enclosed:

NATALIYA WILLIAMS
107 KENILWORTH CTAPT C
RADCLIFF, KY 40160-8116
aPPLcompany
PO Box 771670

St. Louis, M0 63177-1670



Page 2

CURRENT USAGE
Meher Reading lnfonnaﬁon Meter # 5369935
| Actual (R) KWh Reading on 12/17/24 2103
| Actual (R) kWh Reading on 11/15/24 1331
Current kWh Usage 772
. Meter Multtiplier 1
Melered kWh Usage 772
CURRENT CHARGES
| Basic Service Charge ($0.53 x 32 Days) 16.96
. Energy Charge ($0.10533 x 772 kWh) 81.31
Electric DSM ($0.00165 x 772 kWh) 1.27
Fuel Adjustment ($-0.00429 x 772 ki¥h) -3.31
Environmental Surcharge (0.210% CR x $96.23) -0.20
Home Energy Assistance Fund Charge 0.30
Total Charges $96.33
Taxes & Fees
Rate increase For School Tax (3.00% x $36.03) 2.88
Franchise Fee-Radcliff (3.00% x $36.03) 2.88
Total Taxes and Fees $5.76
BILLING INFORMATION
Rate Schedules
For a copy of your rate schedule, visit |ge-kii.com/rates or call our Customer Service Department.

Want to pay cash? Visit checkisespay com/en/payment-iocator to find
kocations nearyou. 8y accepting or using this barcode fo make a payment,
you agree to the full terms and conditions, available at
. After successhi payment using this barcode,
you may retrieve your full detailed eRecelpt at
. There is a llmnt of $500 at some locations.

Customer Fee: $1.95. Leasa more at |ge-ku.com/inperson

79936614458000637 1688320341787

OFRCE USE ONLY:

mgg?g“?z& GO0CO00  This barcede can be used at locations such as:

PF:NeB:E YCVS
MAMRY R DOLIAA  Ukdpocus

DOLL AN GDeERAL

WinterCare
Assistance Fund

Help your neighbors stay w.arm with KU's
WinterCare program. KU matches customers’ donations.
Make your donation TODAY!

Ige-ku.com/wintercare



oo [

IMPORTANT INFORMATION

Past Due Balance Subject to Disconnection - immediate Action Bequired

The due date shown above applies only to the current ¢hiarges. To avold disconnection, the ENTIRE past due balance mustbe paid in full. You may be
eligible for a new payment arrangement if previous arrangements have been paid in full. Use our mobile app, online My Account or our automated phone
system for payments and/or arrangements.

Late Paymeni Charge Walver
The Late Payment Charge waiver on this account will expire on 12/11/25.

Pending Pledges
Theseis apending pledge on this account. We had not received the pledge payment by the ime this bill was prepared. iedges made on a customer's

account are refiected as "pending” until the pledge payment s ieceived or the pledge is canceled. When the pledge payment is received, the amount of the
pledge will be reffected in the "Payments” section of the next bill. If the pledge payment is not received within 40 days from the dale the pledge is made,
the pledge is canceled and the total amount of the pledge is added to the next ill.

Late payment fees will be applied to the cuirent charges if the current amount due, including the amount of the pending pledge Is not ieceived by the
payment due date on this bill.

The total amount of this bill Includes an unpaid balance, which may lead to a disconnection of seivice. Please contact us if you have any questions or to
discuss payiient arrangements.



Malled 1/21/25 for Account
AMOUNT DUE DUE DATE

b $219.85 2/14/25
a PPL company App, onfing or phons payments made before 7 pm ET will be posted sam
Account Name: NATALIYA WILLWMS
BILLING SUMMARY Sarvice Address: 107 Kenitworth Ct Aot C
Previous Balance 290.54 RADCLIFF KY
Payment(s) Recelved — 000 Payment Options Moblle app - LG&E KU ODP mobile app
Balance as of 1/20/25 $290 84 {fees may apply) Online - ige-ku.com
Current Electric Charges 90.87 Phone - (800) 981-0600, press 1-2-3
Current Taxes and Fees 5.44 Customes Service: For fastest semwvice, use our mobile app, webs
Total Current cmme‘ as of 1/20/25 —m:s-'— g4uto|h |latsed ghone system (800) 981-0600
ours a day.
Total Amount Dua $386.85 . v .
Pending Piedges -167.00 Phone reps available M-F, 7am - 7pm ET.
Totel Pending Balance $218.85

Next read will oCour 2/18/25 - 2/20/25 (Meter Read Portion 13)

MONTHLY USAGE ELECTRIC (kWh) Qe
PERIOD
~_
g
BILLING PERIOD AT-A-GLANCE g
ﬁ;}'::}’;%’;‘;‘s’ga:? ;F gf AN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC | JaM

2024 | 2025
Avg. Electrfc Chafges par Day $2.93 $2.96 ’ 34° 45°  §1°  §5° 66° 72° 80° 78° 74° 66° 80° 42° | 35°

Avg. Electsic Usage per Day (kWh) 2274 23.71 <) 296 186 155 129 194 117 203 51 1.18 098 136 301 | 293

Please rehwn only this poriion with your payment. Make Checks payabte to KU and write yausr account number an your glieck.
Amount Due 2/14/25 $219.85 _
After Due Date, Pay this Amount $219.85 Accou : :
WinterCare Donation: Service Address: 107 Kenilworth Gt Apt C
'_rotal Qnoum Enclosed:

NATALIYA WILLIAMS
3 107 KENILWORTH CTAPTC
® RADCLIFF, KY 40160-8116
a PPL company
PO Box 771670

St. Louis. M0 63177-1670



Page 2

CURRENT USAGE

" Meter Reading Information Moter # S369995

| Actuat (R) kWh Reading on 1/17/25 2808
Actual (R) kWh Reading on 12/17/24 2103
Current kWh Usage 705

| Meter Muitiplier 1
Mabrad kWh Usage 705

CURRENT CHARGES
Basic Service Charge ($0.53 x 31 Days) 16.43 ‘

| Energy Charge ($0.10533 x 705 kWh) 74.26
Electric DSM ($0.00165 x 264 kWh) 0.44
Elecbic DSM ($0.00243 x 441 kWh) 1.07
fuel Adjustment ($-0.00282 x 705 kWh) -199

| Environmental Surcharge (0.400% x $30.21) 0.36
Home Energy Assistance Furid Charge 0.30

| Totai Charges $90.67

“_,“&Fm 5 T S AT e e ]

Rate Increase For School Tax (3.00% x $90.57)
Franchige Fee-Radgliff (3.00% x $30.57)
Total Taxes and Fees

BILLING INFORMATION
Rate Schedules

accoun [

272
272
$5.44

For a copy of your rate schedule, visitige-ku.com/rates or call our Customer Sewvice Bepartment.

Want te pay caah? Visit checkireeoay comven/pavment-focalor ¥ find
locations near you. By accepting or using this barcode o make a payment,
you ageee ¥ the full enns and conditions, availabie at

vanilladicect copt/oaviterins . After successful payment using this barcode,
you may retiiove your full dedailed eReceIpt at

vanilagirecd. con/pav/esgceipt . There is a limit of $500 at some locations.

Customer Fee: $1.95. Learn more at Iga-ka.com/inperson

o W

799366144580006371688320341787

OFFICE USE ONLY:

yg%‘gf“z?& G000D00  This barcode can be used at locations such as:
PEN eB:E YCvs FR—

FAMAYD Watpeons

coLD
WEATHER
TIPS

Replace fumace filters every 3 days or so. Use the
day you receive your bill from us as a reminder!

Visit Ige-ku.com/tips for more cool weather tips.



IMPORTANT {INFORMATION

Late Payment Gharge Walver
The Late Payment Charge waiver on this account will expire on 12/11/25.

Panding Pledges
There is a pending ptedge on this account. We had not received the pledge payment by the time this bil was prepared. Pledges made on a customer’s

account are refiected as "pending" until the pledge payment is received or the pledge is cancefed, When the pledge payment is received, the amount of the
pledge will be reflected in the "Payments" section of the next bill. f the pledge payment is not received within 40 days from the date the ptedge Is made,

the pledge Is canceled and the total amount of the pledge is added to the next bill.

Late payment fees will be applied to the current charges if the current amount due, including the amount of the pending pledge is notreceived by the
payment due date on this bill.

The total amount of this bill includes an unpaid balance, which may lead to a disconnection of seivice. Please contact us if you have any questions or o
discuss payment arrangements.



; Malled 220728 for Accou_

AMOUNT DUE DUE DATE
. $327.62 3117/25
a PPL company App, ontine or plhione payments made before 7 pm ET wi be posted san
Accownt Name: NATALIYA WILLIAMS

B"'_I'ING SUMMARY Service Address: 107 Kenilworth Ct Apt C
Previous Ba!ancq 386.85 RADCLIFF KY
Payment(s) Received — -167.00 Payment Options Mabile app - LG&E KU ODP mobile app
Balance as of 2/19/2% $219.85 (fees may agply) Online - Ige-ku.com
Current Electric Chaiges 101.69 Phone - (800) 881-0600, press 1-2-3
Current Taxes and Fees 6.08 Customer Sesvice: For fastest sesvice, use our mobile app, web:
Total Current Charges s of 2/19/25 $100.77 ;zt:mated :h°"° e B e
Total Amount Due $327.62 oursa &y

Phone reps available M-F, 7am - 7pm ET.

Next read will oceur 3/19¢25 - 3/21/25 (Meter Read Portion 13)

MONTHLY USAGE ELECTRIC (kWh) BnG
FEROO
.
E g| B
. IR
.-8 3 ~ f!_:g' z -| ‘:l I' |
BILLING PERIOD AT-A-GLANCE Basif:20mgs2:SRBEE
I ¥ = e B 3 m - BN B IR
Average Temperature m‘“;;’ wvz:; A8 S ENES “ e s
Number of Days Billed 32 29 B MAR APR MAY AN JW. AUG SEP OCT NOV DEC | JAN FEB

2024 | 2025
Avg. Electric Charges per Day $3.18 $1.86 g P 450 51° 55° B 72° 80> 78° 74° 66° 60° 42° | 35° 36°

Avg. Electsic Usage per Day (kWh) 24.88 1266 <P 186 155 129 104 117 203 151 118 098 136 301|293 318

Pigase retum odly this pofbon with your payment. Make checks payabe to KU and write yOur 66aunt number on your check.

Amount Due 3/17/25 $327.62
After Due Date, Pay this Amount: $327.62 Account m
WinterCare Donation: Service Address: nilwo AptC

L]_q@l Amount Enclosed: — J

NATALIYA WILLIAMS
- 107 KENILWORTH CTAPT C
Nl RADCLIFF , KY 40160-8116
a PPL company
PO Box 771670

St. Louis, MO 63177-1670




Page 2
CURRENT USAGE

| Meter Reading Information

J Actual (R} KWh Reading on 2/18/25 3604 l
Actual (R} kWh Reading on 1/17/25 2808 |
Current kWh Usage 796

Meter Multiplier 1|
J Me_ien_d kWh Usage 79 |

CURRENT CHARGEG

Basic Service Charge (30.53 x 32 Days)

Energy Charge ($0.10533 x 796 kwh) 83.84

Electric DSM ($0.00243 x 796 kWh) 193 |

Fuel Adjustment ($-0.00043 x 796 kWh) -0.34
Environmental Surcharge (0980% CR x $102.39) -1.00

Home Energy Assistance Fund Charge 030 |

Total Charges $101.69 |
Taxes & Fees R R ]

Rate Increase For School Tax (3.00% x $101.39)
Fianchise Fee-Radcliff (3.00% x $101.39)
Total Taxes and Fees

BILLING INFORMATION
Rate Schedules

304 |
304
$6.08

For a copy of your rate schedule, visit Jge-ku.com/rates or call our Customer Service Department.

IMPORTANT INFORMATION

Late Payment Charge Walver
The Late Payment Charge waiver on this account will expire on 12/11/25.

Want to pay cash? Visit checkireegay com/en/payment-iocator to find

locations near yau. By accepting or usingthis barcode to make a payment,
you agree to the full terms and conditions, avaitable at
. After successfuil payment using this barcode,

you may refrieve your full detalled eReceipt at
.. There s a limit of $500 at some locations.

Customer Fee: $1.95. Leamn more at lge-kucom/inperson.

o

79936614458000837 1688320341787

OFFCE USE ONLY;

ggggg‘"n& GBO0000  This barcode can be used atlocations such as:

PFN éB:E YCcvs 00ULAS GOERAS
FAMIY D Whlpeesns

Know what's helow.
811 before you dig.

Call 81 or visit Kentucky81il.org
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Canceling P.S.C. No. 20, Third Revision of Original Sheet No. 5

Standard Rate RS
Residential Service
APPLICABLE
In all territory seived.
AVAILABILITY

Available for single-phase secordary delivesy to single family residential seivice subject to the temms
and conditions on Sheet No. 100 ofthis Tariff. Three-phase service under thisrate scheduleis resticted
to those Customers being billed on this rate schedule as of July 1, 2004.
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Plus an Energy Chaige per kWh: Infrastructure Variabie Total
$0.06556 $0.03653 $0.10209 1]

“Variable" shall be the iate comprised of costs, such as fuel, that fluctuate with the production of
energy used by customers.

"Infrastructure” shall be the rate comprised of costs associated with meeting system demand that do
not fluctuate directly with energy usage as well as the portion of fixed customer-related experses
not recovered in the Basic Service Charge.

ADJUSTMENT CLAUSES
The bill amount computed at the charges specified above shall be increased or decreased in
accordance with the following:
Demand-Side Management Cost Recovery MechanismSheet No. 86
Fuel Adjustiment Clause Sheet No. 85
Off-System Sales Adjustment Clause Sheet No. 88
Environmertal Cost Recovesy Sucharge Sheet No. 87
Home Energy Assistance Program Sheet No. 92
Franchise Fee Sheet No. 90
School Tax Sheet No. 91
MINIMUM CHARGE
The Basic Sesvice Chaige shall be the minimum charge.
DUE DATE OF BILL
Customer's payment will be due within sixteen (16) business days (no less than twenty-two (22)
calendar days) from the date of the bill.
. KENTUCKY
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Lexington, Kentucky
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Issued by Authority of an Order of the 6/1/2024
Public Service Commission in Case No. PURSUANT TO 807 KAR 5:011 SECTION 9 {1)
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Solving problems on the topic "Alternating current and its characteristics"
Purpose: to acquaint students with solving problems of a practical nature, teach
them to solve analytical and graphical problems, to build vector diagrams of
current and voltage; Developmental: to develop critical thinking, the ability to use
theoretical knowledge to solve graphic composition problems, to conduct analysis
and make generalizing conclusions after solving the problem,;

Educational: to cultivate responsibility, perseverance, the ability to plan one's own
activities, to make decisions, to apply the acquired knowledge in practice. When
solving problems on the topic "Alternating current”, it is important to draw
students' attention to the fact that sometimes it is necessary to determine the cwrent
values of measuring devices, to build vector diagrams of currents and voltages, to
draw conclusions about whether the circuit diagram is capable of working under
certain conditions. In my opinion, the given tasks can help at the imtial stage to
establish knowledge that will help solve problems of applied value in future
activities, while students will not have a feeling of insecurity in the face of

dif ficulties of this nature. So let's consider our tasks.

Problem 1 The voltage, current and power in the circuit (Fig. 1) with an
inductance coil were experimentally measured: U = 100 (V), [ = 10 (A), P = 600
(W). Determine the parameters of the coil R and L, ifthe frequency of the Cllll'-"“

in the circuit f = 50 (Hz).
Figure | — Electric circuit diagram for problem 1. l ; C E

The solution. Let's determine the total resistance of the coil:
Z = °__§ ,-2- = 10 Que

The active re5|stance of the coil can be determined from the ratio for active power.
P-12.R R ;= 6922 [ Okpr
We determine the reactlve re5|stance of the coil from the triangle of resistances;
Cf“dftz Rz =\ 10t ¢? = 8 Obpr

oil inductance:
sy grgl Ledp =B =0025 Mz
You can solve this problem in another way - usmgthe ratio for active power:
P=u-I cos Cos =By = £20 o,
From the known values of cosyp, we derenrftne sm(p[ SR

Sin ?0
Active and reactive resistaiice of the coil: |
Rzz Cos@= (0 0§ = 5 Obm X =2 Sinp (008 =8

Coil inductance:
X =w-L=INFL L= 7 ff 5, = Qo255 Mz
Answer: R =6 (Ohm). L = 00255(Hm



Problem 2 What is the value of the voltmeter V2 included in the sinusoidal current
circuit (Fig. 2), if the voltmeter VI shows 60 (V); while R = 30 (Ohm); CS =40

(Ohm). Both voltmeters of the electromagnetic system.
Figure 2 — Circuit diagram for problem 2

The solution
Z=\ R =\[ep 2 yo* - fftl
Total'crrcurt-ress*ra'nce

We have a right-angled triangle for the circuit (Fig. 3), where the active resistance
R and the reactive resistance XC in the resistance scale represent the Ier and the

total resistance Z is the hypotenuse.
Figure 3 — Triangles of resistances and voltages Z

From this triangle, we determine cos&p, where (p |s the phase shift angle between
current and voltage: COS (P = = '.:’5 -0
For one circuit, the resistance an voltage trlangles are similar.
Taking into account the fact that the devices of the electromagnetic system show
the current values of sinusoidal values from the voltage triangle:
U=-Uz '%;@?‘ /OOB
Answer: U = 100 (B). 0 &
Problem 3 Draw the .;ecelver replaceément scheme, mstantaneous current and
voltage values t=Tmsin/tSE Is)
if they have the following e\pre(ssmns MZ Z ( . Siny (LJ#' "309 @
The solution (P = 4, — ¢
Let's determine the phase shift angle between current and voltage: —- 2D
where yu and wi are voltage and current phases, respectively, % = 30 ‘7’} S
(f = Y- =-20°-30°= —60°
The “minus” sign indicates either active-capacitive or purely capacitive nature of
the load, in which the cuirent sinusoid precedes the voltage sinusoid. If the value
of @ was "-900", the circuit replacement circuit would have only capacitance C.
With purely active resistance in the circuit, the phase shift angle would be zero.
The value of the phase shift angle in the range from 0 to "-900" indicates that the
substitution circuit has 2 elements: active resistance and capacitance (Fig. 4).
Figure 4 — Scheme of replacing the receiver

frfear: 2o By =

A




IS ENCERINPA]: Power Losses Are Less for High-Voltage

mm_a) What current is required to transmit 100 MW of power at

200 kV? (b) What is the power dissipated in the transmission lines if they

have a resistance of 1.00 Q? (c) What percentage of power is lost in

transmission lines?

Strategy

We are given Pave =100 MW,Vrms=200 kV, and the resistance of the lines

is R=1.00 Q Using these data, we can find the current flowing (from P={V),

and then the power dissipated in the lines (@""]2), and we take the ratio to

the total transmitted power.

Decision

To find the current, rear;\nge the raabt‘iao Pal>/0e0=x I;rb'n?a\‘l/rms and substitute the

known values. It gives £ rmg = LT ~ W

Decision %””’ 200x{odV 500A

Knowing the current and the specifift_—:*)d resi:sitgnce or&the lines, the power

dissipated in them is found from  faye = L - . * _ 2 ~

Substitution of known values gives TZms xR = (b 00 A) X(:fDDﬂ)*‘

Decision

The loss percentage is &t’t: ragosoof tr\Ls lost power t% tphe total or input power

multiplied by 100: 9 = n- %1002 9.25%,

Discussion % {00MW V /

One-fourth of a percent is an acceptable loss. Note that if 100 MW of power

was transmitted at 25 kV, a current of 4000 A would be required. This

would result in a power loss in the lines of 16.0 MW, or 16.0%, not 0.250%.

The lower the voltage, the more current is required, and the more power is

lost in fixed resistance transmission lines.

Of course, lines with lower resistance can be built, but this requires larger

and more expensive wires. If superconducting lines could be produced

economically, there would be no losses in power transmission lines at all.

But, as we will see in the next section, there is a current limit in

superconductors too. In short, higher voitages are more economical to

transmit power, and AC voltage is much easier to step up and down, so AC

is used in most large-scale power distribution systems.

Summary section T _Vrmse

Ohm's law for alternating currentis — "7 ~—g—

The expressions for the average power of an AC circuqit are,
PM¢=Zrm5’Vrms X PCW(', :réég;—; ' L Pae = If‘ms A

similar totheexpressions for di rrent circuits.




Lecture 2 ELECTRIC CIRCUITS OF SINGLE-PHASE SINUSOIDAL
CURRENT Modem electrification is created on alternating current, although
historically its predecessor was direct current. Industrial power plants around the
world produce sinusoidal alternating current electricity.

" Alternating current has become the most widespread, because: 1 Alternating
current is easier to create than direct current with the help of electric generators,
the rotor of which is rotated by a third-party drive; 2 Altemating current can be
easily converted into a current of another voltage with the help of transformers;

3 Alternating current can be transmitted over long distances with little loss. To do
this, the alternating voltage U | at power stations is increased to the value of U2
with the help of transformers, thereby reducing the value of the current from the
value of Il to [2. Power transmission is carried out with the help of high-voltage
power lines with a relatively small current. At the 5an]ze ime, the losses, which are
proportional to the square of the current ==®$R ' 3 fe significantly reduced
Alternating cuitent means a current whose value and direction change periodically.
The most common form of alternating current is sinusoidal, because: #it is
easiest to obtain this form of current; # relative simplicity of calculating
sinusoidal current circuits; g The efficiency of electric machines and devices is
higher with sinusoidal current.

2.1. Characteristics and parameters of sinusoidal current It is possible to
distinguish 4 forms of presentation of sinusoidal current: ¢ mathematical -

the form of formulas; e graphic - in the form of graphs over time; e vector - in
the form of vectors; e symbolic - in the form of complex numbers. Sinusoidal
voltage and current in mathematical form have the fpllowing form: "

L e (Al S T (L T W) (2.1)
where u, 1 - instantdneous valtes of voltage and current - values at any moment of
time;

Um, Im — amplitude values - the largest voltage and current values;
T - period - the time interval during which a complete cycle of change of the
considered quantity takes place. The period is measured in seconds {s];

- 4 €3 = - current frequency — number of periods per time unit (per second).
Frequency is measured in hertz [Hz]. In Ukraine and most countries of the world,
50 Hz 1s accepted as the s‘@ndard industrial frequency, and in the USA and Canada
- 60 tiz. %ﬁ— =0JfF

L g gular ﬁequency — (one revolution per period). It is measured
in [rad/s],
{(=t-texewy - the argument of the sine is a phase that characterizes the value of the
function at a given time, ( Wt + Lf)uf)



%) %"‘ Primary voltage phase and, current (at t=0); The initial phase is this
constant angle, on which sine wave on the beginning is shifted relative to the
beginning

coordinates (at t=0) to the left \> 0 or to the right

w< 0.

Fig. 2.2 Graphic representation of currents and voltages at ¢=0 (a), am/ Lﬂ? 0[5)
Figure 2.2 shows a graphical representation of sinusoidal voltage and current. The
phase shift o is the difference between the initial phases of voltage and current
(22) @=Y ¥

If the initial voltage and current phases are equal Yu="*"  then the phase shift
¢p=0, and the current and voltage coincide in phase (Fig. 2.2, a).

If L{ﬂ?%‘ then ¢>0, and the voltage is ahead of the current in phase the value of
the angle ¢ (Fig. 2.2, b).

The phase shift ¢ between sinusoidal voltage and current is the same frequency
does not depend on the selection of the start of accounting (t=0).

2.3. Representation of sinusoidal functions by vectors and complex numbers.
The same laws are used when calculating alternating current circuits Ohm and
Kirchhoff. which are valid for instantaneous values of quantities. But in this in this
case, it 1s necessary to perform complex trigonometric operations.

The calculation is simplified if the currents, voltages and emf's are presented by
vectors rotating counterclockwise with a constant angle at speed ® - one revolution
per period (Fig. 2.4). ' ‘

Let's write down the expression for the sinusoidal current ¢ = / mstn (UJ ¢t 7-(")
In moment t=0 current i=Imssinmawi. This is the projection of the current on the
vertical axis. Suppose that the radius vector with length i=1m rotates with a
constant angular frequency W= 27;’— =AMNE

against the direction of rotation of the time arrow - one turns per period. At the
moment of time tI is a vector will return to the angle wtl and current projection on
the vertical axis will beadd  [m Sin ('t + ;)

Using vectors that rotates, allows compactly present in one drawing a set of
different sinusoidal variable values of the same frequency in the analysis of electric
circuits sinusoidal current.

Fig. 2.4. The rotation vector Em and the graph of the function €. = E m S;Qn wt
A vector can be represented as a complex number. On ¢ = [m Si'n [ ust + LlVL' >
complex current plane [m= [m 27" corresponds to a complex number =0
(Fig. 2.5.). The effective length of the vector in defined scale is equal to the
amplitude value of the current, and the initial phase y is the angle between the
axis of real numbers and vector.

Fig. 2.5. Current image in the form of a complex numbers.



CuHycoinaibii Hanpyra i CTpyM B MaTeMaTHUHIH (opMi MalOTh HaCTyIHHH
BHTTIAA;

u=Umsin[2—:t+w“); i=1msin(2—:t+wJ, 2.1)

ne u, | — MATTEBI 3HAYEHHA HAMPYTH 1 CTPYMYy — 3HaUY€HHA Yy OyAb-sikuil MOMEHT
4acy,

Unm In — aMIIITYyAHI 3HaWIEHHA — HaHOLAB1LI 3HAYEHHS HAMIPYTH | CTPYMY;

T — mepioA ~ MPOMDKOK 4acy, 3a sikMii BIZOYBA€THCA MOBHMIA LMK 3MIHEHHS

BEJIMMHHM, 110 po3risaacThed. [lepioa BuMiploeThes B cekynaax [cl;
1 o
ba =F — 4aCTOTa CTPyMYy — HMCIO MEpIOAIB 33 OAWHHMLIO 4acy (3a CEKyHAy).

Yacrora BuMiploeTbcs B repuax [['m). B VYkpaini i 6inbmocti kpaiH CBiTy Ak
CTaHJapTHAa MpoMucioBa YactoTa npuiiHsaTo SO 'y, a B CLIIA Ta Kanazi — 60 I'u.
-2%5 =2nf = ®- KyTOBa 4acToTa — (0AMH 06epT 3a nepiox). BumipioeTscs B [pan/c];

(mt+\yu) — apryMeHT CHHYca — Ue (a3a, XapakTepu3ye 3HaudeHHA PyHKWIi Y

JIAHUH MOMEHT 4acy;,
iu i u

VoW~ 1104aTKOBA
0 . | I |
N /N i ~ ¢aza  Hanpyru i
U,
£ 0 \ ,/ ctpyMy (npH =0),

HOCTIHHHIA KyT, Ha

. ¢ | [0 /
A/ v — \\\ // / AKMIl CMHYycOiAa Ha

U1 \} — U / /’?J% u /
'/ \ I/ \ \ / / ITouaTkoBa daza — ue
£
A
\

i“- // no4aTky 3CYHYTa

"/ \_/ BiZIHOCHO MoHaTKy

a 6 koopavHat (npu 1=0)

Puc.2.2. T'padiune npeacraenenns crpymie Ta Hanpyr nipu ©=0(a), gnigo w>0 a6o
Ta >0 (6)

BrpaBo < 0.
Ha puc.2.2 noka3aHe rpadiuHe 306pakeHHA CHHYCO1RaJIbHMX HAMPYrH Ta CTPYMY.
3cyBoM a3 ¢ HA3UBAETHCA PI3HHULIN MOYATKOBHX (@3 HAMpPYTrH Ta CTPYMY
=V, V. (2.2)
SAxmo noyaTkoBi ¢a3u HaMpyru Ta CTpyMy piBHI \y, =\, , T0 3cyB ¢a3 ¢=0,

1 CTpYM Ta Hampyra cniBnanaloTh 3a ¢a3oio (puc.2.2,a).



Axwo vy, >y,;, To ¢>0, | Hanpyra BumepemXa€e 3a (pa3or0 CTPyM Ha

3Ha4eHHA KyTa «p (puc.2.2,6).
3cyB ¢az ¢ MiX CHMYCOimaJbHMMHM HAampyroio Ta CTPYMOM OIHAKOBOI

4aCTOTH HE 3aeXKHUTh BiX BUOOPY nouyaTky obuiky (=0).

2.3. 300paxkeHun CHHYCcOIZaIbHHX yHKUil BeKTopamMH
i KOMNIEKCHHMH “THCJIaMH

[Tpn po3paxyHky Kili 3MIHHOFO CTPYMY BHKOPHCTOBYIOTb Ti XK CaMi 3aKOHH
Owma H Kipxrodga, 1110 cnpase U1MBi A)19 MUTT€BUX 3Ha'€Hb BEIMYHH. AJIE B LIbOMY
BHNaAKY HEOOXUIHO BUKOHYBATH CKJIaIHI TPHrOHOMETPHYHI OMNepaiii.

Po3paxyHok cripowyerbes, skiio crpymu, Hanpyrd ta EPC npeacrasutu
BEKTOPAaMH, 110 06epTaloThCA MPOTH I'OJAM HHUKOBOI CTPUIKH 3 MOCTiifHOX0 KyTOBOIO
IMBHAKICTIO ® - 0auH o6opoT 3a nepiox (puc.2.4).

3anMuieMo BHpa3 A8 CHHYCOIAANBHOIO CTPYMY i=Imsin(0)t+\v,,). Y

MOMeHT (=0 cTpyM i=I, sin ®; . lle € Npoekui€l0 CIPYMYy Ha BEPTHKANbHY BICh.
flpunycTUMo, w0 paniyc-BeKTOp NOBXHHOIO i=/, 00epTaeTbca 3 NOCTIHHOIO

2n . .
KYyTOBOIO $aCTOTOIO () = =23f npoTH HanpsMmy o6epTaHHR 4acOBOi CTPIIKH —

oauH obepT 3a nepio.

B MoMeHT 4acy f; BeKTOp
MOBEPHETLCA HAa KYT i/ 1
npoekuis  CTpymMy Ha

s BEPTHKajbHy BICh Oyae

ciiagatu 1,sinfot+yy).

BukopHucTaHHs

Puc.2.4. O6eprosuii Bektop £, ta 1padix Gynxuii BEKTOIB, .

e=E_sinot

m ofepTaioThcs, A03BONAE
KOMIIaKTHO MpPeACTaBUTH Ha OJHOMY PUCYHKY CYKYMHICTh PI3HMX CHMHYCOiZaJbHO
3MIHHHX BEJHMYMH OJHaKOBOI YacTOTH ITPM  aHam3l eNeKTPHUUHHX Kul

CHHYCOINaJIbHOTO CTPYMY.



BekTop MO3XHa nNpeACTaBUTH Yy BHrAAAl KOMIUIEKCHOro umcia, Ha

KOMIUIeKCHili  miommui  ctpymy  i=1 sin(@t+y,)

Imej(m!]+$u‘;)

BIATOBIOAa€ KOMMIekcHe uucio [, =/ ¢ npu =0

(puc.2.5.). [ificHa [OBXKHHA BEKTOpPa Y BH3HAYEHOMY

Macuitabi JOpIBHIOE aMILITYZHOMY 3HA4YE€HHIO CTPyMy, a

Mo4aTkoBa (asa W, — KyTy Mix BICCIO A1HCHHX uncen Ta

BEKTOPOM.
fIpn =0 npoexuis BEKTOpA Ha ysABHY BiCh HOpiBHIOE PHC.2.5. 306paxenus cTpyMy

MHTTEBOMY 3Ha4YeHHIO cTpyMy: i(0)=1_sinyy,. ARG S SL

Binrak, skuo paaiyc-eektop ofepratH npotu mens
4acoBOi CTPUJIKHM 3 KYTOBOIO UIBUAKICTIO (), TO B Oy/Ib-AKHIH MOMEHT 4Yacy MpOeKL(if
LIbOro BEKTOpa Ha yABHY BiCb Oyae AOPIBHIOBATH MHUTTEBOMY 3Ha4€HHIO CTPyMY Y
MOMEHT 4acy, Ul0 po3riasfaeTbea.

IcHylors 3 ¢GopMH 3anmMCy KOMIUIEKCHOrO YHCJIa,
HamnpUKiIaa Wis ctpymy (puc.2.6):

I =1¢" - nokasosa hopma:

I1=1_(coswy; + jsiny,) - TpuronomeTpuuHa popma;

[ =1 +jI -anrebpaiuna dopma,

. _ ) ) Puc.2.6. 306paxenHs
ne [ ,I - BwnosiOHO Oiicna Ta ysBma CK/azoBa CTPyMy Ha KOMIeKCHil
KOMITJIEKCHOI'O CTPYMY. TUTOIIMHI

L[} dopMH BHpaXkalOTh OAHE i TE X 3HAYEHHA CTPYMY, TOMY
110 MK HUMHM ICHYE€ 3B’ 30K

1=1.e" =1m(cosw, +j5iml’.)=l‘ ‘”.l". (2.11)

JomoBmimmcs cunycoigansHi ctpyM, EPC 1 nanpyry mno3HayatH ana

MomeHTy 4acy =0, Tobro ctpymy i=1, sin((ot + W ,.) BLOMOBLa€ BEKTOP
-]- - Imejwv i

I, — KOMILIEKCHA aMniliTyaa cTpyMy. Po3fiinuBLm Ha J2 OTPUMAEMO KOMIINEKCHE

1, , ,
Ailo4€ 3HAYECHHS CTpyMmy: [ = 7%_ P



At t=0, the projection of the.vector onto the imaginary axis is equal instantaneous

current value: £(0)={msin Therefore, if the radius vector is rotated against of the

time arrow with angular velocity @, then at any moment of time the projection of

this vector on the imaginary axis will be equal to the instantaneous value of the

current y the point in time under consideration. There are 3 forms of writing a J.
complex number, for example, for current (Fig. 2.6): - demonstrative form; A= /h) e

- trigonometric f‘orm;:[: frv\(w‘ld;’-l'jﬂ'n%) algebraic form, T-= ] Iy- /Jd

Where l'}l"- respectively real and imaginary component complex current. These

forms express the, same current value, therefore that there is a connection between

them T= Im@'¥i = [m(cos Yo +y8iny; )= T +/I" (2.11)

It was agreed that the sinusoidal current, EI¥1F and voltage should be indicated for
moment of time t=0, i.e. currenti=/{mgin %’%reg[%n’ds to avector | — [m Pl

Im is the complex current amplitude..Dividing by,'ﬁ:we will get a comprehensive
effective current value; I = -E’é‘— Wy = I EJ“’" . ) !
If we have two currents: ¢, =T, 8 n(wWt+ Y, Md ta=Imz 5""(5151‘ i \f/‘?_'
then them sum according to Kirchhoff's first law £=t;*&, determined by the rule

addition of vectors or of complex numbers (Fig. 2.7). With vector diagram is

possible graphically both the amplitude Im and initial phase yi of current i.

Algebraic sum of currents corresponds to the geometric sum vectors that represent

the specified functions.

Fig. 2.7. The section of an electric circuit (a) is vector its current diagram (b)

The set of vectors on complex plane is called a vector diagram. Vector quantities

on the diagram are indicated by uppercase letters with a dash below. Usually, on

the vector diagram, not the amplitude, but the current is delayed values of

quantities. When constructing it, the direction of one of the vectors is chosen

arbitrarily, and other vectors are located to it at angles which are equal to the
corresponding phase shifts. Representation of sinusoidal electric quantities in the

form of rotating ones of vectors makes it possible to add and subtraction of

identical values. Calculation method based on the representation of functions as

complex numbers, called complex or symbolic. 2.4. Elements of an alternating

current circuit. In the process of calculation and analysis, the real circle is

replaced an equivalent circuit containing a number of elements. To passive

elements of the electric circuit include: active resistance, inductance and

capacitance. Active resistance R (Fig. 2.8, a) characterizes the property the

element irreversibly transforms electrical energy into thermal Active resistance is a
resistive parameter element R in an alternating cuirent circuit. The relationship )
between voltage and current on a resistive circuit element has the form: 212 Ua= ¢
At the same time, it is necessary to take into account that the resistance of a

resistive element on alternating current is higher than it DC resistance. This is due

to the ettiect current displacement at high frequencies to the external the surface of



slkuio maemo 1Ba cTpymu: 4 =1 sin(@t+vy,) i i, =1 ,sin(t +y,), 10 ix
cymMa 3a nepmHMM 3akoHOM Kipxroda i=i +i, BH3Hava€TbCA 3a MPABH/IOM
A0JlaBaHHA BEKTOPIB abo +j
KOMIUIEKCHHX uHcen (puc.2.7). 3
BEKTOPHOI nlarpamu MOXHa
rpadpiuHo gk amMnmrtyny /., TaK i

o4aTkoBy ¢a3y y; CTpyMy i.

AsrrebpaiyHiit cymi crpymiB

BIAIIOBIAA€ TIeOMETPHYHA Cyma -

BEKTOPIB, AKi 300paxaioTh BKa3aHi a 6

Gynkuii. Puc.2.7. liskka enekrpuuloro kosa (a) Ta BEKTOpHa
CykyrnHIiCTb BEKTOpiB Ha aiarpama ii cTpymis (6)

KOMIUIEKCHI TUIOUIHHI HAa3HBAIOTh 8€KMOPHOIO 0iazpamoro. BEKTOpHI BENMUHHH
Ha [diarpami Ho3Ha4aloTh MPOTHCHUMH JIITEPAMH 31 PHCKOIO 3HH3Y.

3a3BHuaii HA BEKTOPHIi miarpaMi BiAKNAaAalOTh HE aMIUNTYAHi, a Hitoui
3HaueHHs BeauudH. IIpy ii moOynoBi HanpsiM OAHOro 3 BEKTOpPiIB BHOMpaAIOThH
JOBUILHO, @ I1HUII BEKTOPH pO3TaliOBYIOThCA [JO HbLOro Mid KYTaMH, £Ki
ROPIBHIOIOTh Bi,ANOBLOHHM 3CyBaM ¢as.

VaBJIEHHA CHHYCOIANLHHX €NEeKTPHUHHX BENMYHH Yy BHrisgi o6epToBHX
BEKTOPIB Ja€ MOXJIMBICTh Ha BEKTOPHHX Jiarpamax 3AifiCHIOBAaTH CKJIaJJaHHR Ta
BiAHIMAHHSA OAHOIMEHHHUX BEIUIHH.

Mertoa po3paxynky, 6a3oBaHHii Ha NpeAcTaBjieHHI PYHKLIH KOMMJIEKCHHMH
IHCJIaMH, HA3HBAIOTh KOMIUIEKCHHM 260 CHMBOJIIYHHM.

2.4. EneMeHTH K012 3MiHHOT O CTPYMY



Y npoueci po3paxynky 1 aHajidy peajlbHE KOO  3aMIHIOEThHCA

€KBIBaJICHTHOIO CXEMOlO, fka BMillye psf eneMeHTiB. [lo R |
MaCHBHUX €JIEMEHTIB €JIEKIPHHHOTO K0J1a BIAHOCATH. aKTHBHHHH £
omnip, IHAYKTHBHICTb T4 EMHICTb. u,
Axmugnuit onip

AxtuBHH# onip R (puc.2.8,a) xapakTepu3ye BIACTHBICTb Z
€JIEMEHTA HE3BOPOTHE MEPETBOPIOBATH E€JIEKTPHYHY €HEpriio y ¢
TEMnJoBy. AKTHBHMH OMIp € napaMeTpoM pPEe3UCTHBHOIO u,
eneMeHTa R B KOJ1i 3MIHHOT'O CTPYMY.

38’930k MDK Hampyroi0 i CTPyMOM Ha PpE3HCTHBHOMY 6
€JIEMEHTI Ma€ BHUI I/ C] | l

u =iR. (2.12) LL

Iipy uboMy HEOOXiAHO BpaxoByBaTH, IO OIMIip
PE3UCTHBHOIO €jieMeliTa Ha 3MIHHOMY CTPyMi BWlIuMii 3a Horo €
omip Ha nocriiHoMy cipymi. Ue mnoscHioeTbca edexTom Pnc.2.8.. A E”)”B“"’v'

onip (a),

BUTICHEHHA CTPYMY Ha BHCOKHX YacTOTaX Ha 3OBHIIIHIO _
IHOYKTUBHICTb (6) Ta

t
MOBEPXHIO €JIEMEHTa, WO MNPU3BOAUTL RO (aKTHHHOrO eMHicTs (6)
3MEHIIEHHA TJIOW MOMEPEYHOro MepeTHHy, no fKid MpoTikae

CTpyM.

Inoyxmuenicms
IHnykTHBHiCT L (puc.2.8,6) xapakTepu3ye BJIACTHBICTH €JIEMEHTa
€NIEKTPUYHOro KO0Jia, HampHuiiaja, KOTYWKH iHAYKTHMBHOCTI, MiA Ni€l0 CTPyMYy B

HbOMY CTBOPIOBAT#H BJidCHE MarHiTHe I1oJe:

=¥ (2.13)

i
e ¥ — I1OTOKO34ErUIEHHf CcaMOIHAYKLi e/leMeHTa. [HAYKTHBHICTb
BUMIpIO€ThbCA B reupi [['H].
[Tpy 3MiHIOBaHHI MOTOKO34ensaeHHs ¥ y BHTKaX KOTYWKH 3a 3aKOHOM
€IEKTPOMAarHiTHOi iHAyKuii HaBoAuTbca EPC camoinaykiii
d¥
e =——. (2.14)
dt
L.i
2

[HAYKTHBHICTD BpaxoBy€ €HEprito MarHiTHoro nons W = i ABuile



the element, which leads to the actual reduction of the cross-sectional area over
which it flows current. Fig. 2.8. Active resistance (a), inductance (b) and
capacity

Inductance The Inductance L (Fig. 2.8, b) characterizes the property of the
element of an electric circuit, for example an inductor, under the action of a
current in it can create its own magnetic field: L= 32 (2.13) where Y is the flux
coupling of the element’s self-induction. Inductance measured in henry [Hn].
When changing the flux linkage ¥ in the turns of the coil according to the law of
electromagnetic induction, the EMF of self-induction is induced €,= aé%- (2.14)
Inductance takes into account the energy of the magnetic field e d
phenomenon, And self-induction, that is, when current flows in the uctance, an
emfis induced: &= L%—(Z 15) In order for current to flow through the inductance,
it must be connected to it voltage, at each moment (2{ time, 1s opposite to the emf of
self-induction (2.16) Wi.=—€EL=

Capacity C (Fig. 2.8, ¢) characterizes the propeity of the electric element circuit,
for example, a capacntor accumulate electric charges and create electric fiel

C= (2.17) But since the current is equal to, a electric charge C= ,
then C# W, (2.18) From there, we get the relationship between voltage and d
current on the capacitor elements: |{¢ = 2,/ {E (2. Capacitance is measured in =4

farads [F} 2.6. The ratio of sinusoidal vo tages and currents in the circuit with
serial connection of ideal R, L, C elements. A voltage is added to the circuit by | =
ideal R, L, C - elements Y= amsm {u);*%)(an 2.12). Circle with serial

connection ideal R, L, C — elements. According to Kirchhoff's 2nd law, we write
for the instants values of quantities: U=Ug + Uy +U. =L R'f 1:5" 14£2.30) When
using current voltage values it is necessary to use vector or comp ex form In this
sense, the complex of active voltage is equal to the sum of the complex values of

the voltage drop: L{"“un*' LY UVIR *JXLI—“JXc T o 31) Let's construct a

vector diagram for this circuit. Fig. 2.13. Vector circle diagram with serial

connection ideal R, L, C - elements From the ector dlabr?m namel§hom the z_ o [
- [

~ 15

triangle 0AB, we can write: [, = % 2t ZaL Ue ( R) Ix, ~Lxe)22.32)

From where we get the expression of Ohm's law for a circpit alternating current, X, -
mcluding series-connected ideal R, L, C - elements T"V'R"*?X _yc) — (2. ‘%‘%)i
W‘%ZXUFZ)_Y is the total resistance of the circuit Hthere-areseveral

resistances (k) then total resistance takes the form Z..VEZ R )"-r&g)(,, (2. ‘%4)—-2: xq._
Similarly, it can be yyritten from equauo&(z 31) expression for tota resistance in v
complex form: 2= k (, Xc R( 35) where X = Xy — Xe-

is the reactive re5151ance of the circuit.

From the vector diagram (fig.) it is possible to distinguish A 0AB - this is the so-

called voltage triangle (Fig. 2.14, a). By dividing each line of the tension triangle

on the current, we get a triangle of resistances (Fig. 2.14, b).




3a 2-uM 3akoHOM Kipxroda 3anuuieMo 15 MHUTTEBHX

3HA49€Hb BCJINYiHH!

U=Upg+U, +U =" R+L—-—+--Ildt (2.30)

[Ipn  BHKOpPHCTAHHI  AIlOYIMX  3HAYEHb  Hampyr o

| L
C |l
Puc.2.12. Koso 3

FOCHIAOBHMM 3’€AHARHAM
JOPIBHIOE CyMi KOMILIEKCHHX 3HavIEeHb M AIHHA HanpyrH: ineansuux R, L, C -

U=U,+U, +U.=IR+ jx, I — jx.I. (2.31) €NEMEHT B

HEoOXiIMO BHMKOPHCTOBYBaTH BEKTOpPY ab0 KOMMIIEKCHY
¢opmy. B TakoMy ceHCi KOMIUIEKC JiIOMOi Hamnpyru

ITo6ynyeMo BekTOpHY aiarpamy s itei cxemu (2.13).
3 BekTOpHOI AiarpaMHu, a came 3 TpukyTHHKa 0AB MoxHa 3amicaTi:

U'=Ul+(U,-U.) =(IR) + (I, - Ix )" =P[R+ (x,-x) |, (232)

3BiAkKM OTpMMYeMO Bupa3 3akoiy Oma ans kona

+ : : :
} 3MIHHOI'O CTpPYMYy, WO BKIIOYa€E MOCJIO0BHO 3’ €lHaHI
g[, uieansHi R, L, C — eneMenTH
r_Jla 1 U
= = U
2 z
P 1y JR +(x, —x¢)
gC 4
2 2 ..
~ B 2= ﬁ? + (xL —xc) — NOBHHIA orip KoJia.
Phc.2.13. Bekropha Skuo onopiB Aekuikka (k), TO TOBHHH OMip
Riarpama kona 3 npHiAMae BUIJIAA
ROCHAOBHHM 3’€IHAHHAM 2
. . 2.34
ineaneuux R, L, C- \RZR Zx ‘ Zxca) ( )
eneMenTia AHanoriiHO MOXHa 3anmcard 3 piBHAHHA (2.31)

BHpa3 A1 [TIOBHOTO OMOPY B KOMILIEKCHIH GopMi;
Z=R+j(X,-X;)=R+jX, (2.35)
ne X =X, — X, — peakTHBHH#H OMip KOJa.
3 BekTOpHOI Aiarpamu (puc.) MoxHa BHAUMTH A 0AB - ue Tak 3BaHHid

TPUKYTHHK Hanpyr (puc.2.14,a). Po3ainuBiiM KOXHY CTPOUIKY TPHKYTHHKA Hampyr
Ha CTPYyM, OTPMMA€EMO TPHKYTHHK ornopiB (puc.2.14,6).
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Fig. 2.14. The triangle of voltages (a) and resistances (b) of the electric circuit
with serial connection of ideal R, L, C — elements. which is the angle of phase

shift between current and voltage, it is possible express in tenns of voltages and
resistancest? a]otg ‘ﬁl_[.*___ M%ﬁmu can also write
expressions for cosp and smep wyp:=R° Sin Xp-Xe (2.37)

2.7. Kirchhoff's laws for sinusoidal curfént circuits Kerh]?TfS laws in

alternating current circuits are vahd for instantaneous values (that is, at each

moment of time) of electrical quantities, or for vectors and complex values of
operatmg quantities. Klrchhqf?s Ist law: Algebraic sum of instantaneous values of
currents in nodes is zero. =0 (2.38) The algebraic sum of the

complex values of the cur'tgents in the node is zero. Or the geompetric sum of the
vectors representing the currents in the node is equal to zero Ih =0 (2.39)
Kirchhoff's 2nd law: If each section of the contour of an electric. cnrcunt hasR, L, C
elements, then the instantaneous EMF values operatmg in closed circuit contour,

are equal to the Igebran wnn of instagnianepus.valu 3 f voltage drops on sections

of thus contouré (CKRK % | "s'ﬁﬁ'f ofthe complex values of

EMEF operating m?t closed Sitcuit, is equal to the‘§‘um of the complex values of the
voltage drops on its sections outhne:Z Ex ™= Ty Zk. (2.41) 2.8. Active,
reactive and full circuit conductivity. *Unlik ng,le conduction DC circuits

in AC circuits include active, reactive and full electric circuits conductivity. All of
them are measured in siemens [Cin]. The total conductivity of an alternating

current circuit is the inverse value proportional to total resnstance Complex_. Ve - i
conductivity of the circle in an indicative form Y= ’2. = 4"‘6 J'P(T42) In

~

Ig,ebralc form, the comple\ conductivily of a circuit can %e e\pressed as:
_ fa—- & = X %41{3

e —r - S =

Vsﬁ ere ﬁ’jx E"j e actlve oo ducttvnty+ é?the Cll.l‘glfl(( (no%that/;:ﬁ the absence

similar appearance in direct current circuits). 3= %ﬂi" :L—c reactive
onductivity of the circuit. = % :X"' Xir - :bL.%,; (2.44)

where BL, BC are inductive and ca%acmve condt'%aty, respectively.

Taking this into account the complete complex conductivity can be written in

in the form ’Y- G‘ J '-J BL é (2.45)

()hm s Iaw can be written using both total resnstance and total conductivity:

Substltute e—;lla[/t{l(:l/l (2.45) into (2. 46)I [,{ \/ M( JB) Ué’- J URT (2. 47) I}o

Where I a = A&~ — active component of current I; it coincides in phase with the
current; T p= ;I - reactive component of current I; it lags behind by 90°, or
predates the voltage. Vector diagram of an electric circuit in which the current lags

in phase from voltage on the shear angle @, using conductivities has the form

Zz
/ of reactive resistance X=0, the active conductivity is equal to G=I/R; it has a



U=IZ U,=U,- U= Z=/R% X2
X =.X;- )(6 =Zsing

7 =f(k2—k;)=Usmgp 7
a 6

Puc.2.14. TpukyTHuk Hanpyr (@) Ta onopis (6) eAeXTPUHHOIO KOJMa 3
NOCHIIOBEHM 3’ ¢ AHaHHAM ireanbHuX R, L, C - e1leMeHTIB

(p, wo npeacrasage coboi0 Kyr 3cyBy ¢as MDK CTPyMOM i HampyIoio, MO»(Ha

BHPA3UTH Yepe3 HANpyTH Ta OIOpH:

Pp= arctgg-éz-jﬂ = arctg——’—'—;—c- . (2.36)

Q
Tako)k MO)KHA 3alMCaTH BUPA3MU AIA COSP Ta SN

R XL“XC

cos(p=—; sinQ = 2.37
GG =5 Z (2.37)

2.7. 3akonn Kipxroda aust kil CHHYCOIAAALHOr0 CTPYMY
3akond Kipxrocda B konax 3MIiHHOrO CTpyMy CIpPaBEA/IMBi Ajif MUTTEBUX
3HaueHb (TOOTO B KOXXE€H MOMEHT 4acy) €JISKTPUHHUX BEM1HH, a0 /s BEKTOPIB
Ta KOMMNJIEKCHUX 3HAYEHH [IIOUHX BEJIHIHH.
-1 3akoH Kipxroda: Anzebpaivna cyma mummesux 3naueHo cmpymis y

8y311 00pIGHIOE HYMIO.
Y =0 (2.38)
k=1

AnrebpaitiHa cyMa KOMMJIEKCHHX 3Ha4€Hb CTPYMIB y BY3Jii HOPiBHIOE HYJIIO.
A60 reoMeTpHuHa CyMa BEKTOpIB, HI0O 300paxaloTh CTPYMH Y By3Mm, AOPIBHIOE

Hy/J 110,

n

31, =o0. (2.39)

k:l
2-it 3akoH Kipxroda: Akugo xosxcha Oirsnka KOHmMypy eiekmpuuHozo Koaa
mae R, L, C enemenmu, mooi mummesi 3unauenns EPC, Oiwovi y 3amknenomy
KOHMypi, 0opigHiolome anzebpaiuHiti CyMi MUMMEBUX 3HAYEHb NAOIHb HANPY2U Ha

OLAHKAX Y020 KOHMYpY:



(Fig. 2.15, a): From the vector diagram you can highlight a triangle. If you divide
all of it values on U, we get conduction triangle (Fig. 2.15, b). Through the triangle

conductivity can be obtained the following dependencies between circuit 'Y
conductances{s = )ICOSCP ,.5 yS!mp, }’: 278) Fig. 2.15. Vector diagram P/V
of an electric circuit, ¢ whlch the curre i

angle shift @, (a) and the conductivity triangle (b)
2.9. Energy and power in sinusoidal current circuits. In the direct cuirent
circuit, the power was determined as P: u“I . In circles altemating current,
which include R, L, C elements of magnetic energy and of electric fields
continuously change in time. For analysis energy processes, consider an alternating
current circuit with a series one connection of R, L, C elements (Fig. 2.12). Let's
take the initial phase f the current equal to zero. In this case write the curre nt in
the form t = ImSin, (gven that yn=0, and the phase shift angle(p = % we éet that . -
In this case, the applied voltage can be written as: M‘UmSm /Y] f*ﬁfdte that if
XL >XC, then ¢p > 0, and vice versa, lf XL <XC, then q)fa? %)rr' tantaneous
values, the expression is valid: P.-M L= umSm wh( ‘9’3 ’]f"{epalatcly
001151der the components of this equation: Ym f,..,_. 2ux\/Ir=9ul .and
wt+P)xsimust = L[ cos(ust+ % - ust )—CoS /wré +q>+u5ty
By substituting the componenfs ormuia , we obtain aif expression fo
_ the instantaneous power values in general form for acirclewithR, L, C elements.
P ~lll Cosg — UCQs( ws ﬂ?) . (2.50) Thus, the instantaneous power )j
of an alternating current circuit consists of two components: a constant value and a\L?
harmonic component that changes with doubled angular frequency. The ener;,y

— entermg, the circle is determmed by the verag,e Iue C %Jty for the E?_-O
S‘pdt TSI cos (ol t ,ﬂ— a.rco; (‘urcosc

\J_J*U
therefore c8so is the power factor. From the volta;,e trlang,le so the average notrer 5.,’7'
Ul

value for period is an active power P., T COS(p IQ/? (252) T
Therefore, the average power for the period is called active power.
2.9.4. Full, active and reactive power In an electric circuit, in which there are ( 2 05' '/
both active and reactive elements (Fig. 2.12), both phenomena occur
simultaneously: and irreversible conversion of source energy into heat, and
exchange (oscillations) of electromagnetic energy between the source and
consumers. Multiply each side of the voltage triangle (Fig. 2. 14, a) by the current i
we get a power triangle (Fig. 2.19). The sides of this triangle are formed by the
followmg, powers. Active power that is converted into heat or mechanical work
P =1?R=U L o5 (2.60) It is measured in watts [W] Reactive power,
which is spent on creating magnetic and electric fields in reactive L, C elements,

and then returns to sources Q (2 Y= )2)(2_ - fl)(c U{Sm\f (2.61)




3 ypaxyBaHHAM LBOrO MOBHY KOMILJIEKCHY IPOBUIHICTb MOHA 3alHCaTH Y
BUMIAI

Y=G-jB=G-j(B,-B.). (2.45)

3akoH OMa MO)KHa 3anMcaTH, BMKOPHCTOBYIOWM K I[IOBHHH omip, Tak i

II0BHY IIPOBIHICTb!

=%-uy. (2.46)
Z

ITiacraBumo B (2.46) piBusHHA (2.45)
1=UY=U(G-jB)=UG-jUB=1,+1,, (2.47)

ne I, =UG - akTHBHa ckilagoBa cTpymy /; Bona criBnagae o asi 3i crpymMom;
[,=jUB- peaktuBHa cknaposa ctpyMmy J; Boma wa 90° abo miacrae, abo
ornepemKac Hanpyry.

BekTopHa aiarpaMa eNieKTpHYHOTO KOJa, B SKOMY CTPYM BiJCTa€ o (asi BiJ
HaMmpyrd Ha KyT 3CYBY (p, 3 BHMKOPHUCTaHHAM T[POBUIHOCTEHA Ma€ BMIJIAA
(puc.2.15,a):

1=UGC u G 3  BEKTOpHOi  .giarpamu
@ MO)KHa  BHAUMTH  TPUKYTHHK.

B Sflkmo  posainuTH  BCi  itoro

BequunHd Ha U, o1pumyemo

a 6 TPHUKYTHHK MpoBiOHOCTEH

Puc.2.15. BexTopHa diarpamMa enekTPU4HOro Korsa, B (puc.2.15,6).
SKOMY CTPYM BigcTac no Qasi BiL HaNpyr# Ha Kyr Yepes TPHKYTHHK
3cyBY 9, (@) Ta TPHKYTHHK nipoBiaHOCTEH (6) NPOBIAHOCTEH MOXKHA OTPMMATH

HACT YTIHI 3aJIEKHOCTI MiXK POBIAHOCTAMH KOJ1a:

G=Ycosp; B=Ysing, Y=vJG*+B*. (2.48)

2.9. Exeprisi i NOTYXHICTh Yy K0J1aX CHHYCOIAAAbHOT 0 CTPYMY
VY KOni NOCTIHHOrO CTPYMY MOTY)KHICTh BU3Hauanace sk P=U-1. B konax
3MIHHOTO CTpyMY, siKi Bk/io4aiotTe R, L, C eneMeHTH eHepris MarsiTHOro Ta
eNeKTpU4HOr0 11071iB  Ge3repepBHO  3MiHIOIOTBCA y 4acl Jlns  aHa3y
€HEPreTHUHHUX IIPOLIECIB PO3rNAHEMO KOO 3MIHHOTO CTPyMYy 3 ITOC.HIOBHHM
3’eqHaHusM R, L, C enemeHTiB (puc.2.12).
[IpuitMemo mowuaTkoBy a3y cTpyMy piBHOIO HYmo. B Takomy BHmaaky



— 1
2 _.\[ z
It is measured in var [var]. Full power g’“ M ': Z ; lD% Q(" 62) Itis

measured In voit- amperes [VA] Active and reactive powercarmbeexpressed in
terms of total €05 (P, Q = S' th(Z 63) The power factor expressed in terms
of powers makes sense COS .._..(2 64) The power factor shows the active power
relative to full power source or‘?ecewer 2.11. An electric circuit with a parallel
connection ideal R, L, C elements. When parallel connection of ideal resistive,
inductive and of capacitive elements, the currents in the branches are determined
by Ohm's law, and the current in unbranched part of the circle - accardmg to
Klrchhoff‘s first law in the complex form (Fig. 2 24): A=

l AL Il 11 'f 3 (2.70) The currents in the branches can be determme'é by complex
conductivities. From the g general expression for conductwnty (formula) Y= & [ 8,_-—/
you can write down the expressnons for the currents in the branches

TG0 To= g8 Tz =R U | (2.71)

R So, we have Il '“'I, =G U — act.lve current component;

IP =T, +1 1z =~(f P B )W == B U the reactive component of the current.
The total currgnt is equal to the sum of the components in complex form
i\ (2.72) The modulus of this current is found by the

Pythag,orean iormula 1= VW (2.73)
The currents in the branches with mductwe and capacitive elements are in
opposition phase, and the reactive current is equal to their difference. This
phenomenon is used for phase shift compensation.

(2. 69)—_[ e

{



1 =g;
R

1=—';I=—"", 2.69
L=y L (2.69)

I=5+1,+1,. (2.70)

CTpymMM y BITKaX MOXHA BM3HAYMTH uepe3

KOMIJIEKCHI NpoBiAHOCTI. I3 3aranbHoro Bupasy s

nposiauocti (Popmyna) ¥ =G- j(B, -B.) moxua

Pnc.2.24. Enek1pniHe k0103 sanucaTH BHpa3H /U1 CTPYMIB Yy BITKaxX
NapaneibHHM 3'€ AHAHHSM [,=GU; 1,=-jB,U; I,=jB.U, (2.71)
uxeansHux R, L, C enemexTis
Onke, MaeMo
I, =1, =GU - aktuBHy ckianoBy cTpymy;
1,=1,+1,=~j(B, - B.)U =-jBU — peaktupHy ck1a0sy cTpyMy.

[ToBHMIT CTPYM AOPIBHIOE CyMi CKAAZOBMX Y KOMITIEKCHIH (opMi

1=1,+1,. 2.72)
Moayns us0ro cTpyMy 3HaxoauTscs 3a popmy ioio IMaropa
1=\[12+17. (2.73)

CTpyMH y rinkax 3 iHIYKTMBHMM | EMHICHMM €JIEMEHTAMH 3HAXOAATHCA Y MPOTH
¢a3i, a peakTUBHMI CTPYM JOPIBHIOE iX pi3HuIli. L[e aBullle BUKOPUCTOBYIOTb AT

KOMneHcauii 3cyBy ¢as3.





