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Subsidy Winter (LIHEAP) 
Approved for a/an KY Subsidy-Electric 

P A RTNE R SHIP 
Helping People. Changing Lives. 

Agency: CKCAC Central Office 
PO Box 830,332 Hood 
Ave 

Vendor: Kentucky Ulilaies (LG&E. KU)· Grayson, Hardin, Larue. Marion. Nelson. & Waol\ington #5458 

Lebanon 40033 
UNITED STATES 

Applicant: 
Nataliya Williams 
107 Kenilworth Ct, Apt C, 
RADC�160 
Mobile---
EligibilltyCriteria 

Client Situation Past Due 

Utility Bill Applicant Name and Address 
Responsibility Match Utility Bill-Pay 

Account Number: 
Name on Account: Nataliya Williams 

This Is not a Voucher 
•voided aher 60 days• 

Household Members 
Nataliya Williams 

Household Size 
1 

Monthly Income Annual Income 

(89.43 % of the Federal Poverty Guidelines) 
Is this household in a life threatening situation? 0 Yes 0 No 

By signing the Application, I certiry and agree with each of the following statements: 
• The Information provided for the Application is accurate . 
• I understand that the receipt of assistance from tllis Program through misrepresentation is punishable by fine or impfisonmenl. 
• I have received a copy of the Notloe of Appeal. The Notice of Appeal includes a list of defined terms used in the LIHEAP Program Application. 
• I agree thal the receipt of assistance from this Program does not sllifl liability fof any property damage to the CAA or any other Program administrators. I agree to release and hold 

harmless the CAA and any other Program administrator from any property damage in conneclion with the detvery of electric or heating fuel services. 
• I am authorized to complele and submit this Application. and to release certain Confidential Information to Data Recipients, on behalf of au of the Oala Subjeels. I understand that the 
0ala Recipients nave a direct, tangible, legitimate interest in the 0ala Subjects and that the stlarlng of records and Confidential Information is necessary in lhe performance of a 
legitimate govemmenl function. I further authorize and am hereby requesting the disdosure of the Confidential Information among Data Reoipients in connection with this Application. I 
am authorized to give this consent on behalf of au of the Data Subjects . 
. I am authorized to release and hold harmless. and do hereby release and hold harmless. each 0ata Recipient from any claim. loss, demand. damage, and liability of any kind from 
each of the 0ala Subjects in connection wilh sharing of Confidential lnlormalion. 
• I aulhorize the Data Recipient to provide notification of any breach or suspected breach involving Confidential Information by &-mail at the following email address: 
I will notify the CAA if my email address changes. I understand this is one possible method of notification and other method(s) of notification may be used. '�• �,...,.,. ,...,. .... ,., ... " ..... "" """',,..,. w1/ tila � 

V
s: t&-,_ 1JiR � 

2024.12-os 

lssuedBy: Breevel White 

Community Action Kentucky 1-800-456-3452 
Cabinet lor Health and Family Services (CHFS) Ombudsman 1-800-372-2973 

� 
licant Si nature Date 

2024-12-05 

Worker Signature Date 

Application Date: 2024-12-05 
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Section I - Household Information 

Home Energy Assistance Program (HEA) 
Application Form 

Name /4dpt_ ,Jw/�2 j (mm/dd/yyyy) 

Address: � ¼ 1 
"?#/ 

Section II • HEA Program CertlficatJon: 

I understand that this is  an application to determine eligibility and does not guarantee that I will 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 �(j (Utility Provider) 

HEA Program Criteria: 

I understand that this Is an application to determine eligibility and does not guarantee that I will receive a benefit. Applications 
that meet the initial ellglblllty 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: 
• 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 must be granted access to the meter for monthly meter readings 
• The customer's account is not for a multi-unit single meter building 
• The account must not have another active payment plan in effect 
• The Customer 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 received funds through other HEA programs offered by KY 

Power fo1 the Program Year (e.g. THAW or Donation HEART) 
• KY Power HEART The account must not be 60 days or more in arrears 
• KY Power 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 
�ation and waiver of claims as well as agreeing this disclaimer. 

� I also certify that the information on this enrollment form is correct, that I will notify the Community Action 
Agency if any of my Information changes to ensure continued eligibility. 

Signature o ousehold Member 

w$!df.u ONtur Date 

Agency. Ltl.AkcltNJ 

Household placed on waitlist for HEA Program 

Date Comple1ed: 



AUTHORIZATION TO RELEASE INFORMATION AND WAIVER OF CLAIMS ("AUTHORIZATION") ,• , 

Purpose of this Authorization: To be eligible for the \-\'EA ("Program"), 
or ll:i affll�ates r:utillty"). the Commonwealth of Kentucky including the Kentucky P blic s_ervl e Co mi• io-... o,:..;i""1.-• ...,H1...,1.,.., .. -10-.-,--
Commu�1ty Action Kentucky, Inc. ("CAK") and your Community Action Agency j n {"CM") (collectively, 
lhQ "Parties'� must share, exchange and use certain Information (defined below) about applicants ti participants. We refer to the 
process of sharing, exchanging, ar:id using Information as a "release" of Information. This release of Information may take place on 
paper or e!ectro_nlcally. The purpose of this Authorization Is to: a) get your permission for the Parties to release Information about you 
,n connection with the Program; b) get your promise not to make a claim against the Parties arising from the release of Information: 
and c) ensure you understand that giving permission for the release of your Information does not guarantee your selection for or 
continued enrollment in the Program. 
Definition of Information: For purposes of this Authorization, the term "Information" means information that Includes all records 
aboul you and your electric/natural gas service account, including but not limited lo your payment records, usage data, natural gas 
consumption or usage (AMP) estimates, meter reading dates, service disconnection data, past due payments, billing due dates and 
amounts, pledges and partial payment agreements, Information about your application and eligibility for available weatherization 
programs. existing third-party notification information, other benefits or subsidies you receive to cover your home heating costs, 
amounts of other assistance provided, any intake and benefit information from the Program, social security number, driver's license 
number, age, date of birth, health Information and Information relating to disabilities (except for mental health or chemical dependency 
information from a health care provider), e·mployment Information, education level, criminal history, Income and financial Information 
and any Information collected or generated by the IRS with regard to your tax liability. 
Authorization Time Periods: If you sign this Authorization. the Parties may release your Information covering the following time 
periods: a) sixty (60) months before the date of this Authorization: and b) up through the latter of: (i) sixty (60) months after the date of 
this Authorization: or (ii) six months after the effective date that your participation in the Program ends. 

By initiating below, I accept and agree as follows: 
A. I acknowledge that It is necessary for a release of my Information by and between the Parties so that the Parties can 

determine whether I would benefit from the Program, determine the level of benefits for which I may be eligible, administer 
the Program and study the overall effectiveness of the Program. I further understand that by authorizing the release my 
Information, I am not being assured of selection for, or continued enrollment in, the Program. 

B. The Parties have my express permission to release the Information for the purposes described in this Authorization. 
C. In consideration with processing my application and determining my eligibility in the Program, I release the Parties (including 

their directors, officers, affiliates, employees and authorized agens) from any and all liability whatsoever for, and forever 
discharge and waive any claim that arises In connection with, the release of the Information for the purposes described in this 
Authorization ("Waiver of Claims"). 

0. I may withdraw this Authorization and, thus, withdraw from participation in the Progrlim, by making a written request to my 
CAA I understand that If I withdraw this Authorization, the Parties will cease to further release Information about me upon the 
expiration of six months after the effective date my participation in the Program ends except as may be required by law. I also 
understand that my withdraw! of this Authorization does not affect my Waiver of Claims above related to a release of 
Information that occurs before the expiration of six months after the effective date that my participation In the Program ends. 

X I 
Initial of Applicant/Authorized Reprdsentatlve I 

DISCLAIMER 
The Program, Including benefit amounts and eligibility requirements, may be changed from time-to-time, which changes in some 

cases may require the approval by the Kentucky Public Service Commission. Benefits will be paid only so long as funding Is available 
and you remain eligible for the benefits. Participation In a Program during any Program Year does not make you eligible lo participate 
in any Program during a subsequent Program Year, and you will be required to reapply, and your eligibility for benefits from any 
Program will be reassessed for each Program Year. 

No part of any Program benefit will be refunded or paid to you in cash. If a final bill otherwise shows a credit balance, part or all of 
which Is the result of the application of a Program benefit, a refund will be made of only that portion, if any, of the final credit balance 
that excee�s � tot.� Program benefits r.n�ed during the current Program Year. 

X <J{Qfcu!{� ten .'eee az.t� I 1&-2-?i 
Signature of AppiJ6antiAuthorlzed Representative 6ate 

nd relationship to Applicant of person signing above: 

Select £a,//; 
Relationship (POA, Spouse, Child, etc.) 



KU. 
a PPL company 

BILLING SUMMARY 
Previous Balance 
Payment(s) Received 
Balance as of 12/18/24 
Current Electric Charges 
Current Taxes and Fees 
Total current Charges as of 12/18/24 
Total Amount Due 
Pending Pledges 
Total Pending Balance 

188.45 
0.00 

$188.45 
96.33 
5.76 

$102.09 

$290.54 
-167.00 
$123.54 

Past due balance subJect to disconnection. See IMPORTANT 
INFORMATION. 

Malled 12/19/24 for Account 
AMOUNT DUE 

$123.54 

App, on/Ins or phone payments made before 7 pm ET will be postad sam 
Account Name: NATAUYA WILLIAMS 
Service Address: 107 Kenilworth Ct Apt C 

Payment Options 
(fees may apply) 

Cuatomer Service: 

RADCLIFF KY 
Mobile app - LG&E KU OOP mobile app 
Online - lge-ku.com 
Phone -(800) 981- 0600, press 1-2-3 
For fastest service, use our mobile app, websi 
automated phone system (800) 981 -0600 
24 hours a day. 
Phone reps avallable M-F, 7am - 7pm ET. 

Next read wtll occur 1/17/25 - 1/22/25 (Meter Read Portion 13) 

MONTHLY USAGE ■ ELECTRIC (kWh) SUING 

I 

� ... § :$1 � 
BILLING PERIOD AT-A-GLANCE !a � :2 I ! 

TIIISYWI WTYEAR 

Average Temperatura 42° 430 
DEC JAN FEB MAR APR MAY JUN J.JL AUG SEP Number of Days Billed 32 29 

� 2023 2024 
■ Avg. Electric Charges per Day $3.01 $1.96 

I► 4
3
• 

34• 45° 51° 55• 66° 72° so· 78° 74° 

Avg. Electric Usage per Day (kWh) 24.13 13.86 c ► 1.96 2.96 1.86 1.55 1.29 1.04 1.17 2.03 1,51 1.18 

Please return only tills portion with your payment Make checks payable to KU and write your account number on your check. 
_..,.lll!IIIJII!� 

Amount Due l / l t>/�::, 
After Due Date, Pay this Amount 
WlnterCare Donation: 
Total Amount Enclosed: 

KU. 
a PPL company 
PO Box TT1670 

$123.54 
$123 54 

St. Louis, MO 631TT-1670 

Account 
Service Address: 107 Kenilworth Ct Apt C 

NATALIYA WILLIAMS 
107 KENILWORTH CT APT C 
RADCLIFF, KY 40160-8116 

� 

OCT NOV OEC 

66· so· 42° 

0.98 1.36 3.01 
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CURRENT USAGE 

f ELECTRIC 
Meter Reading lnfonnatfon 
Actual (R) kWh Reading on 12/17124 
Actual (R) kWh Reading on 11/15/24 
Current kWh Usage 
Meter Multiplier 
Metered kWh Usage 

CURRENT CHARGES 

Meter # 5369995 
2103 
1331 
772 

1 
T12 

f B.ECllUC RIii: Rasidanllal Service • All EleClrtc 
Basic Service Charge ($0.53 x 32 Days) 
Energy Charge ($0.10533 x 772 kWh) 
Electric DSM ($0.00165 x 772 kWh) 
Fuel Adjustment ($-0.00429 x 772 kWh) 
Environmental Sureharge (0.210% CR x $96.23) 
Home Energy Assistance Fund Charge 
Total Charges 

Taxes& Fees  

Rate Increase For School Tax (3.00% x $96.03) 
Franchise Fee-Radcliff (3.00% x $96.03) 
To1al Taxes and Fees 

BILLING INFORMATION 

Rate Schedules 

16.96 
81.31 
1.27 

-3.31 
-0.20 
0.30 

$96.33 

2.88 
2.88 

$5.78 

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

Want to pay cash? Visit checkfreepay.com/en/payment-locator to find 
locations near you. By accepting or using this bartode to make a paymen� 
you agree to the fuU terms and conditions, available at 
vanilladlrect.corn/pay/terms . After successful payment using this bartode, 
you may retrieve your full detalled eRecelpt at 
vanllladirect.comtoayterecefpt . There is a limit of $500 at some locations. 
Customer Fee: $1.95. Learn more at lge-ku.com/inperson . 

■ 11 1 i 111 1 1 
799366144580006371688320341787 

OFRCE USE ONLY: 
MRU13241223, GOOOOOO This barcode can be used at locations such as: 
P188.45 
PF:NeB:E •cvs· --

fAMI.J,1)1)3LIAR � 

WinterCare 

Assistance Fund 
:;\': ·-,r. 

-)(. 
• 

7-:- * . ';f. . *'· • 
Help your neighbors stay warm with KU's 

WinterCare program. KU matches customers' donations. 
Make your donation TODAY! 

lge•ltu.com/wlntercare 

�.· . 



Page·3 Account 

IMPORTANT INFORMATION 

Past Due Balance Subject to Disconnection • Immediate Action Required 
The due date shown above applies only to the current charges. To avoid disconnection, the ENTIRE past due balance must be 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. 

lat8 Payment Charge Waiver 
The Late Payment Charge waiver on this account will expire on 12/11/25. 

Pending Pledges 
There is a pending pledge on this account We had not received the pledge payment by the lime this bill was prepared. Pledges made on a customer's 
account are reflected as "pending" until the pledge payment Is received or the pledge Is canceled. When the pledge payment is received, the amount of the 
pledge will be reflected In the "Payments" section of the next bill. If the pledge payment is not received within 40 days from the date the pledge 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 not received 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 service. Please contact us if you have any questions or to 
discuss payment arrangements. 



KU. 
a PPL company 

BILLING SUMMARY 

Previous Balance 
Payment(s) Received 
Balance as of 1/20/25 
Current Electric Charges 
Current Taxes and Fees 
Total Current Charges as of 1/20/25 
Total Amount Dua 
Pending Pledges 
Total Pending Balance 

290.54 
0.00 

$290.54 
90.87 
5.44 

$86.31 

$388.85 
-167.00 
$219.85 

DUE DATE 

2/14/25 

App, onllne or phone payments made before 1 pm ET will be postsd sam 

Account Name: NATALIYA WILLIAMS 

Service Address: 107 Kenilworth Ct Apt C 

Payment Options 
(fees may apply) 

Customer Service: 

RADCLIFF KY 
MoDlle app • LG&E KU ODP mobile app 
Online • lge-ku.com 
Phone • (800) 981-0600, press 1-2-3 
For fastest service, use our mobile app, webf 
automated phone system (800) 981-0600 
24 hours a day. 
Phone reps available M-F, 7am - 7pm ET. 

Next read will occur 2/18/25 • 2/20/25 (Meter Read Portion 13) 

MONTHLY USAGE ■ ELECTRIC (kWh) CURRENT 
SUNG 

BILLING PERIOD AT-A-GLANCE 
TlllSYEAR UST YEAR 

Average Temperature 350 

Number of Days Billed 31 

■ Avg. Electrfc Charges par Day $2.93 
Avg. Electric Usage per Day (kWh) 22.74 

......... ........ .. ...... ••-•········ ·•• 

340 

34 

$2.96 

23.71 

···••-•· 

� :8 
N 

JAN FEB MAR 

i► 34• 45° 51° 

C ► 2.96 1.86 1.55 

§ 
� 

� � � � � 

APR MAY JUN JUL AUG SEP OCT 

55• 66° 72° 80" 78° 74° 66° 
1.29 1.04 1.17 2.03 1.51 1.18 0.98 

Please return only lllis portion willl your payment Malce checks payable to KU and write your account numller on your CMCI<. 

Amount Due 2/14/25 
After Due Date, Pay this Amount 
Wf nterCare Donation: 
Total Amount Enclosed: 

KU. 
a PPL company 
PO Box 771670 

$219.85 
S219 85 

St. Louis. M0 63177-1670 

Accou 
Service Address: 107 Kenilworth Ct Apt C 

NATALJVA WILLIAMS 
107 KENILWORTH CT APT C 
RADCLIFF, KY 40160-8116 

I:: "' 

iS 

NOV DEC JAN 
2024 2025 

so· 42° 35• 
1.36 3.01 2.93 
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CURRENT USAGE 

UfflllC 
Meter Reading Information 

Actual (R) kWh Reading on 1/17/25 
Actual (R) kWh Reading on 12/17/24 
Current kWh usage 
Meter Multiplier 

Metered kWh Usage 

CURRENT CHARGES 

Meter # 5369995 

2808 
2103 
705 

1 

705 

f BIDTIIIC W� -- �Alt EleclrlC 

Basic Service Charge ($0.53 x 31 Days) 
Energy Charge ($0.10533 x 705 kWh) 
Elecb1c DSM ($0.00165 x 264 kWh) 
Becb1c DSM ($0.00243 x 441 kWh) 
Fuel Adjustment ($-0.00282 x 705 kWh) 
Environmental Surcharge (0.400% x $90.21) 
Home Energy Assistance Fund Charge 
Total Charges 

Taxas & Fees  

Rate Increase For School Tax (3.00% x $90.57) 
Franchise Fee-Radcliff (3.00% x $90.57) 
Total Taxes and Fees 

BILLING INFORMATION 

Rata Schedules 

16.43 
74.26 
0.44 
1.07 

-1 .99 
0.36 
0.30 

$90.87 

Accoun 

For a copy of your rate schedule, visit lge-ku,com/rates or call our Customer service Department 
I _ _ _ __ _ _ __________ __ _ _ _ __ __ __ c 

Want to pay caah? Visit checkfreeoay.com/en/oayment-locator to find 
locations near you. By accepting or using this barcode to make a payment, 
you agree to the full tenns and conditions, available at 
vanilladjrect.com/oay/terms . After successful payment using this bartOde. 
you may retrieve your full detailed eRecelpt at 
vani!ladirect.com/pay/e,ecejpt . There is a limit of $500 at some locations. 
Customer Fee: $1.95. Learn more at lge-ku,com/jnperson . 

■ 111 1 i 1 1 1 1  
OFACE USE ONLY: 
MRU13241223, GOOOOOO 
P290.54 
PF:N eB:E 

799366144580006371688320341787 

This barcode can be used at locations such as: 

MMD.Y�D>UAR �� 

COLO 
WEATHER 

TIPS 

Replace furnace filters every 30 days or so. Use the 
day you receive your bill from us as a reminder! 

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

2.72 
2.72 

$5.44 



Page'3 Accoun 

IMPORTANT INFORMATION 

lat8 Payment Charge Waiver 
The Late Payment Charge waiver on this account will expire on 12/11/25. 

Pending Pledg11 

There is a pending pledge on this account We had not received the pledge payment by the time this bill was prepared. Pledges made on a customer's 
account are reflected as "pending" until the pledge payment Is received or the pledge is canceled. When the pledge payment is received, the amount of the 
pledge will be reflected In the "Payments" section of the next bill. tf the pledge payment is not received within 40 days from the date the pledge 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 not received 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 service. Please contact us if you have any questions or to 
discuss payment arrangements. 



KU. 
a PPL company 

BILLING SUMMARY 
Previous Balance 
Payment(s) Received 
Balance as of 2/19/25 
Current Electric Charges 
Current Taxes and Fees 
Total Current Charges as of 2/19/25 
Total Amount Due 

386.85 
-167.00 
$219.85 
101.69 

6.08 
$107.77 
$327.62 

Malled 2120/25 for Accoun 

AMOUNT DUE DUE DATE 

$327.62 3/17/25 

App, onllne or phone payments made before 7 pm ET will be posted san 
Account Name: NATALIYA WIUIAMS 
Service Address: 107 Kenilworth Ct Apt C 

Payment Options 
(fees may apply) 

Customer Service: 

RADCLIFF KY 
Mobile app • LG&E KU ODP mobile app 
Online • lge-ku.com 
Phone • (800) 981-0600, press 1 ·2·3 
For fastest service, use our mobile app, web: 
automated phone system (800) 981-0600 
24 hours a day. 
Phone reps available M-F, 7am -7pm ET. 

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

MONTHLY USAGE ■ ELECTRIC (kWh) QMNT 
llllflG 
PfflOO 
""'ir 

BILLING PERIOD AT-A-GLANCE 
TMISnAR LASTYUR 

Average Temperature 35• 45• 
Number of Days Billed 32 29 

ti! ■ Avg. Efectrfc Charges per Day $3.18 $1.86 
1: Avg. Electric Usage per Day (kWh) 24.88 12.66 

. . .... . ····· ·•·· .... .  ......... •······· .. ......... .......... .. ...... ...................... 

lij :ll 
N 

FEB MAR 

45° 51° 

1.86 1.55 

... ........... ... 

ij 
� ,._ 

� ;1 ! 

APR MAY JUN JUL AUG 

55° 66" 72° ao· 78° 

1.29 1.04 1.17 2.03 1.51 

.. ...... · ·····················•·-•· ····· ·•· 

! � � 

SEP OCT NOV 

74° 66° 60" 
1.18 0.98 1.36 

Please return only ltlls l)Ortion with your payment Make checks payable to KU and write your account number on your check. 

Total Amount Enclosed: 

IQJ. 
a PPL company 
PO Box 771670 
St. Louis, MO 63177-1670 

Account 
Service A I I I - ,. 

I 

NATALIYA WILLIAMS 
107 KENILWORTH CT APT C 
RADCLIFF, KY 40160-8116 

AptC 

N 

r::: ,._ 
� 

DEC JAN FEB 
2024 2025 
42° 35° 36° 

3.01 2.93 3.18 
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CURRENT USAGE 

Meter Reading lnfonnatlon 
Actual (A) kWh Reading on 2/18/25 
Actual (R) kWh Reading on 1/17/25 
Current kWh Usage 
Meter Multiplier 
Metered kWh Usage 

CURRENT CHARGES 

.... 

Meter # 5369995 
3604 
2808 

796 
1 

796 

I f BECTlm RIii: Rasldenllal Service • All E1ec1rtc 
Basic Service Charge ($0.53 x 32 Days) 
Energy Charge ($0.10533 x 796 kWh) 
Electric DSM ($0.00243 x 796 kWh) 
Fuel Adjustment ($-0.00043 x 796 kWh) 
Environmental Surcharge (0.980% CR x $102.39) 
Home Energy Assistance Fund Charge 
Total Charges 

Taxes& Fees  

Rate Increase For School Tax (3.00% x $101.39) 
Franchise Fee-Radcliff (3.00% x $101 .39) 
Total Taxes and Fees 

BILLING INFORMATION 

Rate Schedules 

16.96 
83.84 
1.93 

-0.34 
-1.00 
0.30 

$101.69 

- -- ---- --

3.04 
3.04 

For a copy of your rate schedule, visit rae-ktl.com/ratas or call our Customer Service Department. 

IMPORTANT INFORMATION 

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

Want to par cash? Visit checkfreeoay.com/enlpayment-1ocator to find 
locations near you. By accepting or using this barcode to make a payment, 
you agree to the full terms and conditions, available at 
vanmadjrect.com/pay/tenns . After successful payment using this barcode, 
you may retrieve your full detalled eReceipt at 
vanll!adirect.com/oav/erecejgt . There Is a limit of $500 at some locations. 
Customer Fee: $1.95. Learn more at lae-ku.com/inperson. 

■ 11111 I 1 1 111 1 
OFFICE USE ONLY: 
MRU13241223. GOOOOOO 
P386.85 
PF:N eB:E 

799366144580006371688320341787 

This barcode can be used at locations such as: 

DOU.All-

JAMILYl!i)IDLIAII �� 

J 

······••-•········· .. -····· .... . ········•················ . . .. ........ ·····-· ...... . .  ' . -· .. 

Know what's below. 
811 befol8 you dig. 

Call 811 or visit Kentucky811.org 



Kentucky Utilities I Company 
P.S.C. No. 20, Fourth Revision of Original Sheet No. 5 

Canceling P.S.C. No. 20, Third Revision of Original Sheet No. 5 
Standard Rate 

APPLICABLE 
In all territory served. 

AVAILABILITY 

RS 
Residential Service 

Available for single-phase secoroary delivery to single family residentia service subject to the terms 
and conditbns on Sheet No. 100 of this Tariff. Tome-phase service undertlls rate schedule is restricted 
to those Customers being billed on this rate schedule as of July 1,  2004. 

RATE 
Basic Service Charge per day: $0.53 
Plus an Energy Charge per kWh: Infrastructure Variable 

$0.06556 $0.03653 
Total 
$0.10209 

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

ulnfrastructure" shaft 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 expenses 
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 Mechanism Sheet No. 86 
Fuel Adjustment Clause Sheet No. 85 
Off-System Sales Adjustment Clause Sheet No. 88 
Environmental Cost Recovery 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 Service Charge 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. 

DATE OF ISSUE: May 24, 2024 

DATE EFFECTIVE: With Service Rendered 

ISSUED BY: 

On and After June 1,  2024 

Isl Robert M. Conroy, Vice President 
State Regulation and Rates 
Lexington, Kentucky 

Issued by Authority of an Order of the 
Public Service Commission in Case No. 
2023-00010 dated May 6, 2024 

KENTUCKY 
PUBLIC SERVICE COMMISSION 

Linda C. Bridwell 
Executive Director 

cttJ-,f/.� 
EFFECTIVE 

6/1/2024 
PURSUANT TO 807 KAR 5:01 1 SECTION 9 (1) 

VI 



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; Develo1>mental: 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 cunent 
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 initial 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 
difficulties of this nature. So let's consider our tasks. 
Problem I The voltage, cu1Tent and power in the circuit (Fig. I )  with an 
inductance coil were experimentally measured: U = l 00 (V), I = l O (A), P = 600 
(W). Determine the parameters of the coil R and L, if the frequency of the ct::.,:.::llc.:...T--. 
in the circuit f = 50 (Hz). 1------.rr 

--, Figure I - Electric circuit diagram for problem 'u 
l 

½ 
The solution. Let's determine the total resistance of the coil: 

z :::: � =: JS/-fJ- = /0 0-'U/ 
The active rfsistance �f the coil can be determined from the ratio for active power. 
P= 1 r1. . � 1<. �  f1 = £f£-:: G Oh-n 

We determine the reactive resistance of the coil from the triangle of resistances: 
X ::: Vz '2. - R 2.

-, 

:: \JI o?... --G i.' ::::: 8 0 frrn 
Coil inductance: 

/_ X R � H 'I.=-w · L = 2!/( f · L- -=:. :tiffj -:::: � = O, o 2 J5 JI z 
You can solve this problem in another way - usinf the ratio for active power: 
P::  u • I cos , o c«:>s t :::;!. J? = ..f;, o o '"= o /' '1'. ' d t,f,;r . /00•/0  / b  From the known values of cos , we etennme sm<p. 

S l ·n ({J :::: 01 � 
Active and reactive resistadce of the coil: I} _ . , ,.. in . Ai O _ o R ::: z • c.tJs <f � ro • 0t = G ()n,n.,, >< - 2. S1n'f- ,v V; a - 6 
Coil inductance: 1 X 2._ u_ x =w ·  L � r:trfl 0 -= ;zr,-.;. -=-- -:Fr.So =- q 025S-rVc'
Ans\-ver: R = 6 (Ohm), L = 0.0255 (HJ!). 



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. v 
Figure 2 - Circuit diagram for problem 2 

, �olution _ 
z =v K--

::_��. t:::V.$02-1 l(ot1
.: !1J 

Total circuit resistance: 

c_ 

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 le s, and the 
total resistance Z is the hypotenuse. ...U 
Figure 3 - Triangles of resistances and voltages J_ )c u� , , 

C- lf II\ c..., 

From this triangle, we determine cosq>, where q> is the phase shift a�gle\�tween 
current and voltage: COS' t.p::: ...B-= � ;;: °' ,  
For one circuit, the resistance arfa" voltage triangles 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: 

l{ :: l( z.. -=- -�s 
- � 6 0 ,;:: /00 � 

Answer: U = 100 (B). Uj l3'  
Problem 3 Draw the receiver replacement scheme, instantaneous current and 
voltage values i � 1 l'rl S r'n { lS /; -t '30°) (A) / 
if they have the following expressions: lA. -::. U ,-,, . SJ 'n ( u5 f- -30:) /5, 
The solution lf -::-- lfl< - <ri 
Let's determine the phase shift angle between current and voltage: 1 ,J. _ p D where �,u and ,,,i are voltage and current phases, respectively, 'f1,._ :: 3 i> t 1 ,... ? 
lf -:: \.f"-- l.f'c.' ::. - 30°- 30° � -6 0 ° 

The "minus" sign indicates either active-capacitive or purely capacitive nature of 
the load, in which the cmTent sinusoid precedes the voltage sinusoid. I f  the value 
of <P 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 O to "-900" indicates that the 
substitution circuit has 2 elements: active resistance and capacitance (Fig. 4). 
Figure 4 - Scheme of replacing the receiver 

A MMfecU" : 
� p_ i.---� f-

lt{ J 



: Power Losses Are Less for Hi h-Volta e Exam�le 1 0.12.1 
i■Fhtfht{it•hi 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 O? (c) What percentage of power is lost in 
transmission l ines? 
Strategy 
We are given Pave = 100 MW,Vrms=200 kV, and the resistance of the lines 
is R=1 .00 0. Using these data, we can find the current flowing (from P=IV), 
and then the power dissipated in  the lines (f? /7<), and we take the ratio to 
the total transmitted power. 
Decision 
To find the cu rrent, rearrange the ratio Pave = lrms,..Vrms and substitute the 
known values. It gives I rms = yaJJe ... ::. .,/OOx IO"' W - 500 ,4 
Decision '"'5 -2,00 x to:> v -
Knowing the current and the specified resistance of the lines, the power 
dissipated in them is found from P<>JJe, � I f""m!:> X � _ 

) 12 � ) -Sub�ti!ution of known values gives Pav.t -=- I 2.rms x R =- { 6 DO A X l{.[)0 SL - • 
Dec1s1on 
The loss percentage is the ratio of this lost power to the total or input power 
multiplied by 100: % W:, = p.so Kw X !OD ::: (). 251/o 
Discussion 100 MW 

One-fourth of a percent is an acceptable loss. Note that if 1 00 MW of power 
was transmitted at 25 kV, a current of 4000 A would be required. This 
would result i n  a power loss in the lines of 1 6.0 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 l ines at all .  
But, as we will see in the next section, there is a current limit in 
superconductors too. In short, higher voltages 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 _ Vrrn� 
Ohm's law for alternating current is - r>r,s - R 
The expressions for the average pow,rr o� an AC circ�t are , 

Bw<--;. T r"'� x Vr""� x p(..V/(; = '!!""'!:> , l, Y-'o.>JtZ. ;::.. Ir"" f.2--. 
similar to the expressions for direcfcurrent circuits. .s 



Lecture 2 ELECTRIC CIRCUITS OF SINGLE-PHASE SINUSOIDAL 
CURRENT Moden1 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 Alternating 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 I 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 I l to 12. Power transmission is carried out with the help of high-voltage 
power lines with a relatively small current. At the �!11\.ed_ime, the losses, which are 
proportional to the square of the current �, I R , a;e significantly reduced. 
Al ternating cmTent means a current whose value and direction change periodically. 
The most common form of alternating current is sinusoidal, because: .(f-it is 
easiest to obtain this form of current; * relative simplicity of calculating 
sinusoidal current circuits; f The efficiency of electric machines and devices is 
higher with sinusoidal current. 
2. I. Characteristics and parameters of sinusoidal current It is possible to 
distinguish 4 forms of presentation of sinusoidal current: • mathematical - in 
the form of formulas; • graphic - in the form of graphs over time; • vector - in 
the form of vectors; • symbolic - in the form of complex num bers. Sinusoidal 
voltage and current in mathematical fonn_have the following fonn :  

/" /r \ £{ -:: U P'\ s,n (�t + 'r'�) • i :: l,,,.. sir>  [-fjP-t + 'f'i: ) (J, / 
where u, i - instant�neous valueJ 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]; 

f-=-1f.� = - 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 is accepted as the �ndard industrial frequency, and in the USA and Canada 
- §_Qjiz. �-::: �Jff � w  

p---f-bt;-atr" _ �: &, (ngular frequency - (one revolution per period). It is measured 
in r rad/s]; 
(�\11 - the argument of the sine is a phase that characterizes the value of the 
function at a given time; ( wt t lf w) 



� J 9{· - Primary voltage phase and, cwTent (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 \II> 0 or to the right 
\j/< 0. 

? )  Fig. 2 .2 .  Graphic representation of currents and voltages at <p=0 (a), MJ lf ;> 0{ f/ 
Figure 2 .2 shows a graphical representation of sinusoidal voltage and current. The 
phase shift cp is the difference between the initial phases of voltage and current 
(2.2) lf � 1J'&e. - it«; 
If the initial voltage and cunent phases are equal tfl.( =='t't then the phase shift 
cp=0, and the current and voltage coincide in phase (Fig. 2.2, a). 
I f  f� 7o/,,: then q>>0, and the voltage is ahead of the current in phase the value of 
the angle <p (Fig. 2 .2 ,  b ). 
The phase shift cp between sinusoidal voltage and cun-ent 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 num bers. 
The same laws are used when calculating alternating cunent circuits Ohm and 
Kirchhoff, which are valid for instantaneous values of quantities. But in this in this 
case, it is necessary to perform complex trigonometric operations. 
The calculation is simplified if the currents, voltages and emfs are presented by 
vectors rotating counterclockwise with a constant angle· at speed w - one revolution 
per period (Fig. 2.4) . . . . ) Let's write down the expression for the sinusoidal current l- ::. /�St n (Wt + 1f, 
I n  moment t=0 current i=fm,-si1Nui. This is the projection of the current on the 
ve11ical axis. Suppose that the radius vector with length i= lm rotates with a 
constant angular frequency W ::;  � = ).. � f 
against the direction of rotation of the time an-ow - one turns per period. At the 
moment oft ime t I is a vector will return to the angle wt I and current projection on 
the vertical axis will be add { ni Sih (Wt 1 + 'f ,· ) 
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. ::. [. ,-,.., 3,·11 wt 
A vector can be represented as a complex number. On i = I,.,., s,·ri I u.5 'C .,.. r i )  complex cmTent plane Im:: Irr, e.J&A!',: coITesponds to a complex nunilier -t' -:::.o 
(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 \jli is the angle between the 
axis of real numbers and vector. 
Fig. 2.5. Current image in the form of a complex numbers. 



CHffYCOt,naJihtti ttanpyra i CTPYM s MaTeMaTHlfHIB q>opMi MalOTh HaCT)'IIHHH 
BlffJUl)l: 

u =U. sin(; t + v.} i = I. sin(; t+v,} (2. 1) 

)le u, i - MHTT€Bi JHaqeHHJI HanpyrH i CTPYMY - JHaqeHHJI y 6yJl1>-S1KHH MoMeHT 
qacy; 
Um, Im - aMrmiTYJlHi JHa'leHHJI - Haii6i.n1,wi JHaqeHHJI HanpyrH i CTJ))'My; 
T - nepioJl - npoMDKOK qacy, Ja )JKHH ei.n6ysacTbC.SI noBHHH UHKJJ 
BeJIH'-IHHH, ll.{0 po3rmt)laE:TbCJI. nepio)l BHMipl0€TbCSI B ceKytt)laX [ C ]; 

3M1HeHHJI 

/ 1 . . ( = - - qacToTa CTPYMY - ttHcno nep1o)l1B 3a OJlHHHUIO qacy 3a 
T 

lfacTOTa BHMiplOE:TbCSI a repuax [fu]. B YKparni i 6inblllOCTi Kpai'H cai-ry jiK 
cTaH)lapTHa npoMHcnosa qacToTa npHHHj(To 50 ru, a s CllIA Ta Katta)li - 60 ru. 
2

7t = 21t/ = (0- Kyrosa "18CTOTa - (OJlHH o6epT 38 nepio)l). BnMipl0€TbCjf B [pa.n/c]; 
T 

( rot + 'Vu
) - apry-MeHT CHHyca - ue q>aJa, xapaKTepH3Y€ 3HattemU1 q>Yff KUi°i y 

)lam-di MOMeHT 11acy; 
i u 

I
,,, 

- - - - . 

i u ITO'-IaTKOBa 

q>aJa Hanpyr11 
CTPYMY (npH t=O); 
Ilol.faTKoea q>aJa - ue 
ITOCTiHHMH Kyr, Ha 
JIKHH c1,rnyco'i)la Ha 
no11aTKY 
Bt,nHOCHO 

a 6 KOOpJlHHaT (npH t=O) 
PHc.2.2. rpaq>i1.1He npe.ncTaeneHH.si CTp}'MiB Ta Hanpyr npn cp=O (a), amso 'V > O a6o 

rn <p>O (6) snpaso 'V < 0 . 
Ha pnc.2.2 no1<aJaHe rpaq>ilfHe Jo6pa)KeHHJI c1,rnycol)laJibHHX HanpyrM Ta CTJ>YMY-

3cyeoM q>a:3 q> Ha:3HBa€TbCSI pi3HMUX noqaTKOBHX q>a:3 HanpyrH Ta CTJ)YMY 
(2.2) 

RKIUO noqaTKOBi q>a:3H HanpyrH Ta CTJ))'MY piBHi 'Vu = 'V; , TO 3Cye q>a.3 q>=O, 

i CTPYM Ta Hanpyra cniena)lalOTb Ja q>aJOIO (pHc.2.2,a). 



RKI.llO 'Vu > \JI; , TO <p>O, 1 Hanpyra BHIIepe.n:)l(a€ Ja q>aJOIO CTJ)YM Ha 

JHaqeHHJI Kyra <p (pHc.2.2,6). 

3cys q>aJ <p MDK CHHycoi'.n:anbHHMH Hanpyro10 Ta CTJ)YM0M o.n:HaKoso'i 

qacT0TH ue JaJie)l(HTh si.z:{ BH6opy noqaTKY o6nucy (t=O). 

2.3. 3o6paaceunH cuuycoi,i:ul.llLHHX cJ,yu1ndii eenopaMH 

j KOMOJJeKCHHMH 'IHCJJ3MH 

llpH po3paXYHKY Kin 3MiHHOro CTJ)}'MY BHKOpHCTOByJOTb Ti )I( caMi JaKOHH 

OMa H Kipxroq>a, lU0 cnpaee,wrnei )l.JUI MHTT(BHX 3Ha'lCHb BeJlHl(HH. Ane B Ub0MY 

BH0aJJ.KY Heo6xi,nuo BHK0HyBaTH CKJla)lHi TJ)l-frOHOMeTPH'IHi onepaui'i. 

PoJpaxy-HoK cnpomy£TbCX, ,rKmo CTPYMH, Hanpyru Ta EPC npe.n:cTaBHTH 

BeKTopaMH, lU0 o6epTaJOTLCS np0TH rO)l.HHHHKOBO'i CTPUIKH 3 nocTiHHOIO K}'T0B0IO 

llIBHJlKiCTIO co - 0JlHH o6opoT Ja nepiOJl (pHc.2.4). 

3an11meMo BHpaJ .n:m1 CHHyco'i,n:anbHOro CTPYMY i = I
"' 

sin ( rot + \JI; ) . Y 
M0MeHT t=O CTJ)}'M i=lm sin COi • �e £ npocKuic10 CTPYMY Ha eepTHKaJibHY sicb. 

TTpHnycTHMO, mo paAiyc-BeKTOp Jl08)1(HH0IO i=lm o6epTa£TbCS 3 nocTiHHOIO 

21t 
K}'T0B0IO lf8CT0T0IO 0) = - = 21t/ np0TH HanpstMy o6epTaHHJI lf8COBO'i CTJ)iJIKH -

T 

y e 
Em - - - - - - - - -

E ' - - - - - - -
m ';\ co I 

0)l.HH o6epT 38 nepiOJl. 

8 MOMeHT qacy 11 BeKTOp 

nosepHeTLCSl Ha Kyr wt I i 

npoE:KU11' CTPYMY Ha 

0 
a Em ' x _ _ _ __ _..__1 _ ____ _ _  3�6_0_ 
t=o , o a. a.0 eepTHKaJILHY BlCb 6yJle 

- -- - - - - - - - - - - - - - - -
PHc.2.4. O6epTOBHH eeKTOp Em Ta rpaq>ilc q>yttKUi'i 

e =  E
"'

sin rot 

cKJiaJlaTH l,,,sin(cot1+'JIJ. 

BHKOpHCT8HIUI 

BCKTOplB, lUO 

o6epT8IOTLC1l, )l03B0mu: 

K0MI18KTH0 npe.ucTaBHTH Ha 0)l.H0MY pucyHKY cyteynHicTb pi3HHX CHHYCOl)J,aJibH0 

3MlHHHX BeJIH'-IHH O)l.HaK0B0t lJ8CT0TH rrpH aHaJI131 eneKTJ)HlfHHX KlJI 

CHffYCOUlaJibHoro CTJ>YMY· 



BeKTop MO)l(Ha npe,nCTaBHTH y BHrmvo KOMilJieKCHOro tfHCJia. Ha 
KOMnneKCHiH IlJIOllJ.HHi CTJ)YMY i = Im sin( cot+ 'II;) 

. . 
B1,UTTOBt.nae KOMTTJieKCHe qHCJIO npH t=O 

(pHC.2.5.). �iHcHa )(08)1(HHa BeKTOpa y BH3HaqeHOMY 

Macuna6i .nopiamoe aMnJiizy.nttoMy 3HaqeHHIO CTJ>YMY, a 

noqaTKOBa q>a.3a 'I/; - Kyry Mi)I( BiCCIO .niHCHHX 1rn:cen Ta 

seKTopoM . 

--- fipu t=O npoeKUUI eeKTopa Ha YHBHY eicL .nopieHIOe 
1 MHTI€BOMY 3HaqeHHIO CTJ)}'My: i(O) = / m sin \II; . 

\._,_ Bi.nTaK, .slKW.O pa.niyc-eeKTop o6epraTH npon-1 

+j 

I el VI, m 

i +I o �,.U--...J.....:.-----= 

Wt1 +Y-; 
PHc.2.5. 3o6pa)l{emu1 CTJ)YMY 

y BHrIIRJli KOMnneKCHOro 
1rncna 

qacoso"i CTJ)iJIKH 3 KYfOBOIO UIBH,nKiCTIO ro, TO B 6y,nb-.$1KHH MOMeHT qacy npoeKQUI 

QbOro eeKTOpa Ha YHBHY BiCh 6y.ne .nopiBHIOBaTH MHTT€BOMY 3HaqeHHIO CTJ)YMY y 

MOMeHT qacy, mo po3rm1.nacrhC.$1. 

lcHYJOTb 3 q>OpMH 38TTHCY KOMnneKCHOfO 1·UICJia, +j 

Hanpmma.n .nm1 CTJ>YMY (pHc.2.6): 

I = I eN, - noKa.30Ba rhopMa • - m '¥ ' +1 

l = Im ( cos 'II; + j sin 'V;) - TJ)lffOHOMeTJ)Hqua q>opMa; 

l = { + j( - aJire6pai'tma q>opMa, 

r 
-j 
PHc.2.6. 3o6pa)l{eHH11 

.ne si.nnoei.ntto .niHctta Ta 

KOMITJJeKCHOrO CTJ)YMY· 

y,ietta CKJia.noea CTJ)}'MY Ha KOMnneKCHiH 
MOlllHHi 

U.i q>opMH eHpa:>KaJOTh o.ntte n Te :>K 3HaqeHIDI CTJ)YMY, TOMY 

mo Mi:>K HHMH icttye 3B' $130K 

L = J,,,eiv, = 1,,,(cos\jl, + j sin \jl , ) = I' +JI" (2. 1 1 )  
�OMOBHJIHCh c11ttycot.naJibHi CTPYM, EPC i ttanpyry no3HaqaTH JJ.JUI 

MOMeHTY qacy t=O, T06TO CTJ)YMY i = Im sin ( cot + \jl;) ei.nnoemae eeKTOp 

l = JmtJ
IV, · 

Im - KOMnJieKCHa aMnJiiTy.na CTJ)yMy. Po3,niJIHBUIH Ha ✓2 OTJ)HMa€MO KOMnneKCHe 

I . . 
.niJOqe 3HaqeHH11 CTJ)yMy: l = Jz e'o/' = Ie'o/, . 



At t=O, the projection of tla1,_.vector onto the imaginary axis i s  equal instantaneous 
current value: i{o )= f t")Stti "111erefore, i f  the radius vector is rotated against of the 
time aITow with angular velocity w, 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 cu�rept (Fig. 2.6): - demonstrative forn� I = /h-, e 
- trigono111etric form;I � t,.,{�k1,·+J s,�V;} algebraic form, 'I-:: / If- v' 
Where 1 11" - respectively real and imaginary component complex current. These 
forms express the, same current value, therefore that there is a connection between 
them I=- lm eJffT; -:. ftn (COSo/� +Jsin�; )-=- I ' +JI'' ( � . I I )  
It was ah,reed that the sinusoidal cutTent, E�F m1d voltage should be indicated for 
moment of time t=O, i.e. current ,':: IP'f\$int'ffrre1pu'itds to a vector I -::::.. / n-, e!'w,' 
Im is the complex cu1Tent amplitude . .  Di.viding by.vf'�e will get a comprehensive 
effective current value: I =:. � e J�, = It.  JoJS, . ' ' 
I f  ,;ve have two currents: i, -=-J¾ 1 gj � (W-t + 'f',.) .CU\.� i2. -::. I mi s , n { US-t + \f2.... 
then them sum according to Kirchhoffs first law l-==l,+l.tdetermined 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 ,1,i of current i .  
Algebraic sum of cu1Tents 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. E lements 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. Acti\'e 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 cmTent circuit. The relationship 
between voltage and current on a resistive circuit element has the form: (2 .  I 2)U.�:: l 
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 effect current displacement at high frequencies to the external the surface of 



R�o Ma€MO .n.ea CTJ))'MH: ii = J ml 
sin (cot + \j1 I ) i i2 = / m2 sin ( cot + \j12 ) ,  TO IX 

C)'Ma 3a nepwHM 3aKOHOM Kipxr0<pa i = i, + i2 BH3Haqa£TbC.SI 38 npaBHJJOM 

.n.o.n.aeaHIDI BeKTopis a6o 

KOMnneKCHHX queen (pHc.2. 7). 3 
BeKTOpHOI .zuarpaMH MO>KHa 

rpacpi,rno .SIK aMnnny.n.y /,,,, TaK 1 

rrotJaTKosy <pa.3y \JI; CTPYMY i. 

AJire6pa'iqHiH C)'Mi CTPYMiB 
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BlJJ.IlOBt.na£ reoM�HqHa C)'Ma 
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6 BeKTopiB, JIKi 306pa>Kal0Tb BK3.3aHI 

<pyttKL{it. 

CyxyrrnicTb eeKTop1s Ha 

PHc.2. 7. ,[{imiHKa eneKTpH'IHoro Kona (a) Ta eeK'foptta 
.uiarpaMa i"i CTp)'Mie (6) 

KOMnneKCHiH nnOLQHHi Ha.3HBalOTb ee,cmopHOIO oiazpa.MOIO. BeKTOpHi sem-111HHH 
. . . . 

Ha .n.tarpaMI Il03H8lfal0Tb nponHCHHMH ntTepaMH 31 pHCKOIO 3HH3y. 

33.3BHttaH Ha BeKTOpHiH .n.iarpaMi Bi.n.KJia,n.alOTb He aMnniTy.n.Hi, a .ni10t1i 

JHa'leHH.SI aenHlfHH. IlpH 'ii no6y.noai HanpJIM OJJ.HOfO 3 BeKTOpia BH6Hpal0Tb 

)lOBinbHO, a iHUJi BeKTOpH p03TaUJOBYIOTbC.SI )lO HbOfO ni.n. KY'f8MH, JIKi 

.nopiBHIOIOTb ai.nnosi.n.HHM 3cysaM q>a3. 

Y SIBJieHHJI CHHycoi',nanbHHX eJieKTJ)H"IHHX sem-f'IHH y BHfflJl)li o6epTOBHX 

BeKTopis )la£ MO>KJUIBiCTb Ha BeKTOpHHX .niarpaMax 3)liikmoeaTH CKJia)laHHj{ Ta 

Bi.n.HiMaHHJI O)lHOHMeHHHX BeJU.fllHH. 

MeTO)l po3paxyttKY, 63.30B8HHH Ha rrpe.ncTaBJieHHi q>yttKUiH KOMnJieKCHHMH 

'IHCJiaMH, H3.3HB8IOTb KOMnneKCHHM a6o CHMBOJii"IHHM. 

2.4. EneMeHTH Kona 1Minuoro CTPYMY 



Y npouec1 po3paxyttKy aH8JI13Y peaJibHe KOJIO 3aMlHIOCTbCS 
eKaiaaneHTHOIO cxeMOIO, JIKa BM�ye PJ1.A eneMeHTiB. ,[{o 
nacHBHHX eneMeHTiB eneKTPH'-rnoro Kona si,zu{ocsT&: aKTHBHHH 

. . . . omp, lH.L{)'KTHBHICTb Ta CMHlCTb. 
A.KmusHuii onip 

AKTHBHHH onip R (pHc.2.8,a) xapaKTepinye snacTHBiCTh 
eneMeHTa He3eopoTHe nepeTeop10eaTH eneICTpwrny ettepri10 y 
Tennoey. AKTHBHHH omp c napaMeTPOM pe3HCTHBHoro 
eneMeHTa R a KOJii JMiHHoro CTPYMY· 

3e'JI30K MDK Hanpyro10 1 CTPJ'MOM Ha pe3HCTHBHOMY 
eneMeHTl Ma( BHfIDI.L{: 

U
Q 

= i • R .  

flpH QbOMY Heo6xi,n.Ho spaxosyeaTH, mo 

(2.12) 

omp 
peJHCTHBHoro eneMettTa Ha JMiHHOMY CTpYMi eumHH 3a Horo 
onip Ha nocTiHHOMY crpy-Mi. U,e nOJICHJO(TbC-'I e<peKTOM 
BHTlCHeHHJI CTPYMY Ha BHCOKHX qacTOTax Ha 30BHilllHIO 
noeepXHIO eneMeHTa, mo npH3BO.L{HTb .no <paKTW·IHOfO 
JMeHrneHHJI nnomt nonepetJHoro nepeTHHY, no -'IKiH npoTiKa£ 
CTPYM· 

IHoyKmusHicmb 

R 

t 
a 
L 

G=:j 

6 

PHc.2.8. AKTHBHHH 
onip (a), 

iH,ll)'KTHBHiCTb (6) Ta 
CMHiCTb (6) 

IHAYKTHBHiCTb L (puc.2.8,6) xapaKTepH3YC snacTHBICTb eneMeHTa 
. . . . enel<'f})HllHOro KOJia, ttanpmrna.n, KOTyuJKH lH.L{yt<THBHOCTl, nm .lU€IO CT})YMY B 

HbOMY CTBOpl0B3Ul BJiaCHe MarHtTHe none: 
q, L = -. ' (2. 13) 

.LJ.e \fl - TIOTOKO3"1ern1eHH.SI caMoitt.nyKI..{i"i eneMeHT3. IH.n)'KTHBHiCTb 
BHMipJOE:TbCS B reHpi [fH]. 

IlpH 3MiHIOB3HHi noTOKO3llenJieHHJI \fl y BHTKax KOTyuJKH 3a JaKOHOM 
eneICTpoMarttiTHO°i iH.nyi<uit Haeo.nHTbCH EPC caMoitt.nyicuit 

d'JI e = -- (2.14) L dt • 

. . L · i2 

IHJlYKTHBHiCTb spaxoeyc etteprtlO M3fHITHOfO TTOJUI w = -2- I JIBHme 



the element, which leads to the actual reduction of the cross-sectional area over 
which it flows cmTent. 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 indu�r, under the action of a 
current in it can create its own magnetic field: L-=- . (2. J 3) where 4' is the flux 
coupling of the element's self-induction. lnductance"measured in henry [Hn). 
When changing the flux linkage \J1 in the turns of the coil according to the law of 
electromagnetic induction, the EMF of self-induction is induced eL--_ � (2 . 1 4) 
Inductance takes into account the energy of the magnetic field N= �C\�d 
phenomenon, And self-ipduction, that is, when current flows in the iimuctance, an 
emf is induced: e.i.-::. --L�2. l 5) In order for current to flow through the inductance, 
it must be connected to it voltage, at each moment �time, is opposite to the emf of 
self-induction (2 . 1 6) t,.l;t.-"=- - e'--:::.L'oX 
Capacity C (Fig. 2.8, c) characterizes the prope11y of the electric element circuit, 
for example, a capacitor, accumulate electric charges and create electric field 
C -;.� (2 . 17)  But since the current is equal to, a electric charge i -=# 
then q.,� Cl' lle, (2. 1 From there, we get the relationshi between volta 1e and -c/, 
current on the capacitor elements: u.c -:. e, i'- . Capacitance is measured in l -J 
farads f Fl 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 ::::.C � 
ideal R, L, C - elements U=UP\ �•� u.\-t'f''4)(Fig. 2. 12). Circle with serial c 
connection ideal R, L, C - elements. According to Kirchhoffs 2nd law, we write 
for the instants values of quantities: l--l= u._ t U,., + Ut.-= i • P.-t it ft��t2.30) Wl1en 
using current voltage values it is necessary to use vector or comp1ex form In this 
sense, the complex of acti�p voltage is eq�1al to the sum of the complex values of 
the voltage drop: U-::: l,{Jt -t IA-t.. -r Uc.-== IR t JxJ. j It- I (2 .3 1 )  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 diagr,m, namely from the - zr triangle 0AB, we can write: U 1,==- ll� t { ul,.-u t-ii (I �)1-t (Ix,._-Ixc. )�(2 . .  32) = J f- I 

From where we get the expression of Ohm's law for a cirsrjt alternatin� current, ( X ..- X j�1cluding series-connected ideal R, L, C - elements 1 =�
+(x -i.c)i£==-

(2 .33) J.L_ '-
7. -:. �R�t(Xc..-Xc-)l. is the total resistance of the circuit. If there a�e several '"Z-

resistances (k), then total resistance takes the form 2 ::  � Rk.)?-t 'IL (2.34 )-Z: �ct.,\ 
Similarly, it can be writ!en from equatio.9./2 .3 1 ) expression for tota resis�ance in " 
complex form: Z-::. R-+J (X1,.-Xe) -= R�f:,5) where X ::: XL - Xe-
is the reactive resistance of the circuit. 
From the vector diagram (fig.) it is possible to distinguish � 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. 1 4, b). 



3a 2-HM JaK0H0M Kipxrocpa JanHUieM0 .AID1 MHTICBHX 
3HatieHb BeJIHt{HH: 

R 

TTpH 

• R L di I f ·d U = UR +UL + Uc = l • + - + - l t .  
dt C 

BHKOpHCT3HHi .llllO'lHX 

(2.30) ()'i UR • 

Ve 
Hanpyr 0 c l 

i 

L 

Heo6xi.AHO BHK0pHCT0Bysan1 BeKTopy a6o K0MnJieKCHY 
B TaKoMy cettci K0MnneKc JliIO'lOt HanpyrH 

JlOpiBHIOe Cy'Mi KOMnJieKCHHX 3Ha'leHh na,uiHIDI Hanpyru: 

U = UR +UL + Uc = lR + jxLl - jxcl •  (2.31) 

PHc.2.12. Kono 3 

nocni.zloBHHM 3 'E:)lHaHHJIM 

i.zleanbHHX R, L, C -
eneMeHTiB 

+j 

-J 

no6ynyeMo seKT0PHY JliarpaMy Jlmt l.{id cxeMH (2.1 3). 
3 seKTopttoi" JliarpaMH, a caMe 3 TJ)HKyrHHKa 0AB M0)l(Ha JamfcaTH: 

U2 = U; + (UL -uc )2 = (IR)2 +(IxL - Ixc)2 = 12
[ R2 + (xL -x/)J; (2.32) 

u 
- L  

A 

u 
Ile 

l 

3si.AKH 0TJ)HMyeMo BHpaJ JaKotty OMa .llJI.fl Kona 
3MiHHOro CTJ)YMY, w.o BKJIIO'l3£ nocni,llOBHO 3'C)lHaHi 
i..neanbtti R, L, C - eneMettTH 

I = 
U = U 

✓R2 +(xL -xc f z ' 

z = ✓ R2 + (xl - Xe )
2 

- noeHHH onip Kona. 

(2.33) 

PHc. 2 . 1 3. BeKTOpHa 

.aiarpaMa Kona 3 

nocni.zloBHHM 3 'E:.llHaHHJIM 

iJlCaJlbHHX R, L, C -

..slKrn.o onopia neKUihKa (k), TO noBHHH omp 
npHHMa£ BJffJI.flJl 

z = J('LR• )2 
+ {1:x,,. - LX0 )

2 
(2.34) 

eneMCHTIB AHanorit.tHO M0)l(Ha 3am,1ean1 3 piBH.flHHJI (2.31) 
BHpa3 )lJijl TI0BH0r0 onopy B KOMflJieKCHiH cpopMi: 

Z = R +  j(XL -Xc ) = R +  jX ,  (2.35) 

ne X = XL - X c - peaKTHBHHH onip Kona. 

3 aeKTopHoi' JliarpaMH (pHc.) M0)l(Ha BH.LUJIHTH fl. 0AB - ue TaK JBaHHH 
TJ)HKyrHHK Hanpyr (pHc.2 . 14,a). PoJ.nUIHBllIH K0)KHY CTJ)0'IKY TJ)HKyrHHKa Hanpyr 
Ha CTJ)YM, 0TJ)HM8£M0 TJ)HKyrHHK onopie (pHc.2. 14,6). 



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 
shifi between current are voltage, it is poss

,
express in tenns of voltages and 

resistan�es: lf> = a,c,t� 'i;_�l.- = ctt&j x,,- .3 .. 6). You can also write 
express1ons for cos<p and smcp <...O�� = f<.  Si t'>�= f1...-X<-:_ (2.37) 
2. 7. Kirchhofrs laws for sinusoidal cur'?int circmts KirchHITTfs laws in 
alternating current circuits are valid for instantaneous values (that is, at each 
moment of time) of electrical quantities, or for vectors and complex values of 
operating quantities. Kirchh�fs I st law: Algebraic sum of instantaneous values of 
currents in nodes is zero .� i, t.--:::. 0 (2 .38) The algebraic sum of the 
complex values of the cur�en'ts in the node is zero. Or the geo�tric sum of the 
vectors representing the currents in the node is equal to zero f-... lk. �o (2.39) 
K irchhoffs 2nd law: I f  each section of the contour of an electric-iircuit has R, L, C 
elements, then the instantaneous EMF values operating in closed circuit contour, 
are equal to theilgebraic�nn 9f instc}nLa¥,e .. fHl�\;'.alu;! �f voltage drops on sections 
of this contour:� €,c-= Z. f l�R,t rT.'4ulflfe'ft'tfrr of the complex values of 
EMF operating 11f1 close'a�li�cuit, is �qual t6 the�•m of the complex values of the 
voltage drops on its sections outline:t Ek -:__f,:. I 1<..1.J(. (2 .4 1 )  2.8. Active, 
reactive and full circuit conductivity.-Unlike sil1gle-conduction DC circuits 
in AC circuits include active, reactive and full electric circuits conductivity. All of 
them are measured in siemens [Cm]. The total conductivity of an alternating 

t 

current circuit is the inverse value proportional to total resistanca,_::omP,lex_ Ye -Jtf 
conductivity of the circle in an indicative form Y==½-=ril/f z 

e..-J 'l'(2A2) In 
I braic form, t e C<j>mplex con,;!uctiv

;g. 
of: circuit can Eejixpre�sed as: 

t _ 1· b 
Y I 

- I x - X - � --J X� - JI- - - X - J 4 3 o 
::: - -::: - (n-; "' - 1. t" - +x't.- - '--t x.2 - z� J�- -· • Z /wi1ere J R -J_ active conductivity of the circuit (note that arin the absence 

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

//2, similar appearance in direct current circuits). B==;t.?'tJ<'2.. � {-i: - reactive 
G- -b-:conductivity of the circuit. f:) -=. 11--�e- - � -� =PJL -f.,c..- (2.44) 

-p._1-t'f.. where BL, BC are inductive and ca�acitive conductivity, respectively. 

� Taking this into accou1!t, the comp!ete complex conductivity can be ,,vritten in 
Z in the form Y-::. (J- -J � =  G- -J (�L - T':>c )  (2.45) 

l Ohm's law can be written using both total resistance and total conductivity: 
l>=- ½ --=- U. y (2.46) 

( • ) U ·ut?, = .Io. +  Ir, Substitute equation (2.45) into (2.46)I =- (;{ Y ::::- U & -J f!> := B--j (2 .4 7) 
Where I�  -:.. lA (:,- - active component of current I; it coincides in phase with the 
current; _Ip:,/ lH, - 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 <p, using conductivities has the form 



¼_-JR=Ucos rp 

a 

U.=UL - U =  p C 

-J{X-X)=Usinrp 
L C 

R Zcos(JJ 

6 

X'--'X- X -Zsin (JJ L c 

Puc.2.14. TpHJ<YfHHK Hanpyr (a) Ta onopie (6) eJJeKTJ)Hquoro Kona 3 

nocni.noBHHM 3'E:.llHaHHJIM i.aeanbHHX R, L, C - eneMeHTiB 

<p, mo npe.ncTaam1e co6010 Kyr 3cyay q>a3 MDK CTJ>YMOM Hanpyrot0, Mo,1ma 

BHpa3HTH qepe3 Hanpyn1 Ta onopH: 

U - U  X - X  
<p = arctg L c = arctg L c (2.36) 

U
0 

R 

TaKO:>K MO:>KHa JanHCaTH BHpa:rn AJUI cos<p Ta sin<p 

R X - X  
COS<p=

z
; sin<p = L

Z 
C (2.37) 

2.7. laKouu Kipxrocj,a JlJIH KiJJ cHnycoiJlaJJLuoro CTPYMY 
3aKOHH Kipxroq>a B Konax JMiHHoro CTJ)YMY cnpaee;vrnai .nmr MUTT£BHX 

3HatfeHh (T06To B KO:>KeH MOMeHT qacy) eneKTJ)HqHHX eemi'UfH, a6o Alli BeKTopia 

Ta KOMnneKCHHX 3Hal.{eHh AllOlfHX eenHlfHH. 

1-H JaKoH Kipxrocpa: AA2e6pai°tJHa cyMa MummcBux 3Ha11eHb cmpyMi6 y 

8Y3lli oopi6H10€ HYl/10. 

(2.38) 

Anre6pattrna C)'Ma KOMnneKCHHX 3Hal.{eHb CTJ))'MiB y BY3Jii .nopiBHIO€ Hymo. 

A6o reOMeTJ)HlfHa C)'Ma BeKTopiB, mo 306pa:>Kal0Th CTJ))'MH y eyJni, .nopiBHIO£ 

HYJllO. 

(2.39) 

2-H JaKOH Kipxrocpa: JIKu,o KOJICHa oiflJlHKa KoHmypy elleKmpu11Ho20 KOJla 

MOC R, L, C e/leMeHmu, mooi Mummc6i 3Ha'leHHJl EPC, oi101.1i y 30.MKHeHOMY 

KOHmypf, 00pi6H1010mb all2e6pai''IHlU cyMi MUmm€6UX 3HQlleHb naOiHb Hanpy2u HQ 

Oi.n.Jl.HKQX t/b020 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 foll.owing de.�ies between circuit y,..t\ 1 conductances:(; :: Yc.os(f ,· f:>i:.  Ysm�,· Y=V(,'{2�8) Fig. 2.15. Vector diagram -v 
of an electric circuit, c which the current lags in phase rom the voltage by an 
angle shift cp, (a) and the conductivity triangle (b) 
2.9. Energy and power in sinusoidal current circuits. In the direct cu1Tent 
circuit, the power was determined as P� u�r. In circles alternating 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. 2.1 2). Let's 
take the i�itial ph,ase,,vf the current equal to zero. In this case write the �1rre.nt in 
the form 1,, -::.  1.-,, s,r,.c,.:>Civen that �,i=O, and the phase shift a,nglelO = 'r� w�g'et that . l,J 
fn this case, the applied voltage can be written as: k:::U"'s,n(w1�Jte that if T« :: 

XL >XC, then <r> > 0, and vice versa, if XL <XC, then <P��l;oJ_i[};,tantaneous 
values, the expression is valid: p; lA. • i-= U� Stf> ( W t ... (�4� J We �'i)f'1eiarately 
�onsider the components of this equation: u� f ""',;:::\f?[it. x Vti = � UI ,and l}-r 

s wi 4 xs,�urt :::.. ...1.- [CD5 u,-t ➔ {f - Uft )-Cos wi + f.f+lV'f�.= 
By substituting the componen s • onnu a . , we o tam a expression o -J_[ CJ. 

_ the instantaneous power values in general form for a circle with R, L, C elements. ,;;._ COS p -:::--Ul CC6� -U CQS ( � w-t fl(> ) . (2 .50) Thus, the instantaneous power tD)� 
of an alternating current circuit consists of two components: a constant value and a.,. J 
harmonic component that changes with doubled angular frequency. The energy '---

b entering the circle is determined bi the.pverage �l.lllf ��cjt�for the �od : 1 
p =-t )  e.Jt -;:: + � ur COS tRolt -.,,._ £ U[ � ('. \L .) I) 'Bur��� u r Ct)$ ( 

o therefore c8s<p is the power factor. Frgm the voltage triangle, so the average ��� (lT 
value for period is an active power f =: UL COS <.p-= I2 R . (2.52) 

- T )- l( j 
Therefore, the average power for the period is called active power. 

( o 1 2.9.4. Full, active and reactive power ln an electric circuit, in which there are !Lw,· 
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 
foll_gwing PO\",'.SrS. Active power that is converted into heat or mechanical work 

P-=- 1 'l R = U. 1 GfJ;;, lP (2.60) lt is measured in watts [W]. Reactive power, 
,vhich is spent on crealing magnetic and electric fields in reactive L, C elements, 
and then returns to sources Q-= /1- X -:a. ] '2 X ,__ - ( 'l.)( c. =-l/ / S;"'f 

( 2 .  6 I ) 



3 ypax}'BaHHJIM UbOro n0BHY KOMnJJeKCHY nposi.nHiCTb M0>KHa 3anHCaTH y 
Blffllil)U 

(2.45) 
3aKOH OMa M0>KHa 3anHcarn, BHK0pHCT0BYJO'IH .HK IlOBHHH onip, TaK i 

IlOBHY npOBl,llHICTb: 

l = U = VY. - z --

TTincTaBHMO e (2.46) piBHJIHHJI (2.45) 

1 = Uf_ =U(G-jB) = UG - jUB = la + lp, 

(2.46) 

(2.47) 

.ne la = UG - aKTHBHa CKJia.noea CTPYMY /; Botta cnisna.naE: no q>a:Ji 3j CTPJ'M0M; 

l
P 

= jUB- peaKTHBHa cKna,noea CTPYMY /; Botta tta 90° a6o eincTaE:, a6o 

onepe,n>Ka£: Hanpyry. 
BeKTOpHa .niarpaMa eneKrpH1.JHoro 1<ona, e .HK0MY CTPYM sincTae no q>a:Ji ain 

uanpyrw Ha Kyr 3cysy <p, 3 BHKOpHCT3HIDIM npoei.nHOCTeH Ma€ Blffllil.ll 
(puc.2.15,a): 

l = UG _a - u G 3 eeKTOpHO'i ,a:1arpaMH 

(jJ 
MO>KHa BHJUJJHTH TpHKYfHHK. 

y B RKI..l.(O po3,a:tJJHTH ec1 Horo 

a 6 

PHc.2.15. BeKTOpHa .niarpaMa eneKTpH'rnoro Kona, e 

RKOMY CTJ>YM ei.ncTac no (paJi sin Hanpyrn Ha Kyr 

3cysy cp, (a) Ta TJ)HKyrHHK nposi.nHoCTeH (6) 

eenwrnHH Ha V, 0TPHMY£MO 
TpHKYfHHK 
(pHc.2. 15,6). 

lJepeJ 

npoei.uttocTeH 

TPHKYfHHK 
npoei.n:HOCTeH MO)l<Ha OTJ)HMaTH 

H3CTyriHi 3aJie>KHOCTi Mi>K npoei.n:HOCT$1MH KOJia: 

G = Ycos<p; B = Ysin<p; Y =✓G2 + B2
. (2.48) 

2.9. EnepriH i DOT)'*HicTb y KOJJax cunyco'i,uaJJbHoro CTPYMY 
Y Koni nocTiMttoro CTJ))'MY noTy>KHiCTb BH3Ha11aJiacb JIK P = U • I .  B Konax 

3MittHoro CTPYMY, .S1Ki BKJI1011a10Tb R, L, C eneMeHTH ettepriJI MarHITHoro Ta 
eneKTpH11HOfO IlOJiiB 6e3nepepBHO 3MiHIOJOTbC.sl y lf3C1. JJ.m1. aHaJI13Y 
ettepreTH11HHX npouecie p03fllilHeMO KOJIO 3MIHHOro CTJ))'MY 3 TIOCJJl.llOBHHM 
3' €.llH8HHJIM R, L, C eneMeHTiB (pwc.2. 1 2). 

IlpuiiMeMo nottaTKosy q>a:Jy CTPYMY ptBH0IO ttynt0. B TiiK0MY BHna,nKy 



I t  is measured in var [var]. Full power S-::: U I =  f 
2 Z -::-,J f� Q �.62) It is 

measured in v
f
olt-amperes [VA]. A�tive and reactive power can be expressed in 

terms of total -= �WS tp1 Q -=  �In. tf'(2.63) The power factor expressed in terms 
of powers makes sense CDS<f::: P �2.64) The power factor shows the active power 
relative to full power source or?eceiver. 2. 1 1 . 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 
b� Ohm's law, and th.e current in unb:anche� part of the fircle - �c�rding to 

T _ -.- K1rchhoffs first law m the complex form (Fig. 2.24):1., - t �;. - Jii:. (2.69) _3L,, 
_L-:::.l, tJ;i. t I 3 (2 .  70) The currents in the branches can be determinea by complex , 1 

conductivities. From the general expression for conductivity (formula) Y-= � -J { BL-I 
you can write down the expressions for the currents in the branches 

-= I :: G-U 12- -=- -J'B1,-U I 3 =-J.B(.. u. ' (2 .7 1 )  
So, we have Io.. -=-T, = e L( . - active current component: 

Ip � I2 + l3 :: -J"(fJ,., -B<..) U =-J/3 U. the reactive component of the cmTent. 
The total curr�t is equal to the sum of the components in complex form 
I-= Ie>.. -t .l f 

. (2.72) The modulus of this current is found by the 
Pythagorean formula T -::. VJ..!._ + I� . (2.73) 
The cun-ents in the branches with inductive and capacitive elements are in 
opposition phase, and the reactive cun-ent is equal to their difference. This 
phenomenon is used for phase shift compensation. 



l u u u 
(2.69) I = =· I - - • I ---=-

-t 
R ' -2 - ·x , -3 - :X ' 

[3  
} L J C 

l = l, + l2 + [3 . (2.70) 

£1 I L C-rp}'MH y aiTKax MO)f(Ha BH3Ha1rnTH qepe3 

KOMnneKCHi npoBiAHOCTi. fa 3aranhHOrO BHpa3y ,[tJUI 

npoemHocTi (q>opMyna) X = G - j(Bi - Be )  MO)f(Ha 

PHc.2.24. EneKTpHtfHe Kono 3 
napanenLHHM 3'£.l{HaHHJIM 

weanLHHX R, L, C eneMeITTiB 

. . 
3am1caTH BHpa3H .z:tJUI CTJ)}'MlB y BlTKax 

!_, = GU; l2 = -jBL U; [3 = jBcU, 
OnKe, Ma(MO 

la = l, = GU - aKTHBHY CKJia.l{OBY CTJ)}'My; 

lP = l2 + [3 = -j( BL - Be )U = -jBU - peaKTHBHY cKJia,Aosy CTJ)}'My. 

noBHHH CTJ)}'M ,AOpiBHIO€ C}'Mi CKJia,AOBHX y KOMITJleKCHiH <l>opMi 

l =la +lp • 

Mo.nynh UhOro CTJ)}'MY 3HaXO.l{HTbCjl 3a cpopMyJlOIO ni<paropa 

I =✓I; + 1; . 

(2. 7 1 )  

(2.72) 

(2. 73) 

CTJ)}'MH y rinKax 3 iH.l{YKTHBHHM i CMHiCHHM eneMeHTaMH 3H8XQ,AjfTbCSI y npon1 

cpa3i, a peaKTHBHHH CTJ)YM ,AopieHIOC IX pi3HH.Qi. Qe JIBHme BHKOpHCTOBYIOTb ,AJUI 

K0Mnettcaui1 Jcyay q>a3. 




